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winasityvaoba 

 
monografiaSi samSeneblo konstruqciebisa 

da nagebobebis optimaluri daproeqtebis 
klasikuri meTodebi warmodgenilia, rogorc 
arawrfivi maTematikuri daprogramebis amocanebi, 
xolo mravali cvladis, mravaleqstremumiani 
miznis funqciis globaluri eqstremumis mosanaxad 
gamoyenebulia optimizaciis stoqasturi meTodebi, 
kerZod SemTxveviTi Zebnisa da simZimis centrebis 
meTodebi. aRniSnuli meTodebi yvelaze 
warmatebulad wyvitaven dasmul amocanebs.  

naSromSi ganxiluli realuri amocanebis 
amoxsnis Teoriul masalasTan erTad 
warmodgenilia “swrafi beisikis” algoriTmul 
enaze Sedgenili kompiuteruli programebi. 

Mmonografia gaTvaliswinebulia mkiTxvelTa 
farTo wrisaTvis-mecnieri muSakebis, inJiner-
konstruqtorebis, Sesabamisi specialobis 
doqtorantebis, magistrantebisa da 
bakalavrebisaTvis. 

ra Tqma unda monografia dazRveuli ar 
iqneba naklovanebebisagan. amitom  mkiTxvelTa 
saqmian SeniSvnebs avtori yuradRebiT miiRebs. 

Aavtori gulwrfel madlobas uxdis 
mSeneblobis kompiuteruli daproeqtebis 
sistemebis mimarTulebis xelmZRvanels, srul 
profesors murman kublaSvils da samSeneblo 
konstruqciebis mimarTulebis xelmZRvanels, srul 
profesors inguSa mSvenieraZes xelnaweris 
kritikul ganxilvaSi aqtiuri monawileobisaTvis. 
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Sesavali 
 

 Pproblemis  aqtualoba. gazrdili 
moTxovnebi, romelic waeyeneba samSeneblo 
konstruqciebsa da nagebobebs simtkicis, 
mdgradobis, ekonomiurobis da sxva kriteriumebis 
TvalsazrisiT moiTxoven inJinrebisagan dasvan da 
gadawyviton samSeneblo konstruqciebisa da 
nagebobebis rTuli-optimalri amocanebi. 
A saerTod adamianis praqtikuli moRvaweobis 
erT-erTi ZiriTadi principia mocemul pirobebSi 
saukeTeso gadawyvetilebaTa miReba. im sferoebSi, 
sadac SesaZlebelia Sesabamisi problemebis 
formalizacia, aRniSnuli principis realizacia, 
rogorc wesi, optimizaciis amocanebTanaa 
dakavSirebuli. 

konstruqciebis wonis optimizaciis 
problema didi xania ipyrobs gansakuTrebul 
yuradRebas da amitom am sakiTxebisadmi miZRvnilia 
samecniero gamokvlevaTa mniSvnelovani raodenoba 
[1,2,3,4]. optimaluri proeqtirebisadmi interesi 
gansakuTrebiT  gaizarda aviaciis da kosmosuri 
teqnikis, gemTmSeneblobis, zusti 
manqanaTmSeneblobis dargebis swraf 
ganviTarebasTan da mSeneblobaSi 
maRalsarTuliani Senobebis da caTambjenebis  
agebis aucileblobasTan dakavSirebiT. 
optimaluri proeqtirebis safuZvelze miiRweva ara 
marto safreni aparatebisa da samSeneblo 
konstruqciebis wonis Semcireba, aramed maTi 
meqanikuri maxasiaTeblebis mniSvnelovani  
gaumjobeseba.  

optimizaciis nebismieri amocanis gadawyveta 
xdeba gansazRvruli meTodiT, romelic 
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damokidebulia dasaproeqtebeli amocanis 
pirobebze, dasaproeqtebeli konstruqciis 
Seswavlis xarisxze, damproeqteblis momzadebis 
doneze da a.S.  

miuxedavad optimaluri amocanebis 
gadawyvetis meTodebis mravalferovnebisa yvela 
isini pirobiTad SeiZleba daiyos sam jgufad: 
variantTa Sedarebis, eqstremaluri amocanebis 
amoxsnis maTematikur da maTematikuri 
daprogramebis meTodebad. 

variantTa Sedarebis meTodis arsi 
mdgomareobs mocemuli teqnologiuri davalebis 
mixedviT konstruqciis an nagebobis gaangariSebis 
ramodenime SesaZlebeli variantis damuSavebaSi da 
miRebuli Sedegebis SedarebaSi garkveli 
kriteriumis mixedviT, 
romelic gansazRvravs obieqtis xarisxs. 
SedarebiTi simartive am meTodisa saSualebas 
iZleva amoixsnas nebismieri sirTulis amocanebi, 
sistemis tipis, Semadgeneli da geometriuli 
parametrebis, masalebis, elementebis formebisa da 
kveTebis, kvanZebis tipebisa da SeerTebebis 
varirebiT. variantTa meTodiT konstruqciis 
daproeqteba SeiZleba SedarebiT daCqardes da 
Sromatevadoba Semcirdes, masis gansazRvris 
pirobisas, i. lixtarnikovis [5] meTodikis 
gamoyenebiT. 

 variantTa Sedarebis meTodis ZiriTad nakls 
warmoadgens, is rom igi Zalian Sromatevadia da 
saukeTesos xarisxSi erT-erTi ganxiluli 
variantis miReba, maSin rodesac namdvili 
optimalri varianti SeiZleba aRmoCndes ganxilul 
variantebs miRma. 

eqstremaluri amocanebis amoxsnis 
maTematikurma meTodebma gamoyeneba hpoves 
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proeqtirebis iseT amocanebSi, romlebic Seicaven 
umetesad erT an or saZebn parametrs [6]. Aam 
meTodebiT Cveulebrivad gansazRvraven 
konstruqciis erT-erT parametrs, magaliTad 
kveTis optimalr simaRles, saukeTeso mals da a.S. 

meTodis arsi mdgomareobs saoptimizacio 
funqciis (an funqcionalis) analizuri 
gamosaxulebis SedgenaSi (konstruqciis wona an 
Rirebuleba) da Semdeg mis gamokvlevaSi 
eqstremumze. 
E eqstremaluri amocanebis amoxsnis 
maTematikuri meTodebis ZiriTad nakls 
warmoadgens pirdapiri analizuri 
damokidebulebis dadgenis sirTule miznis 
funqciasa da saoptimizacio parametrebs Soris. 
agreTve siZnele dakavSirebuli miznis funqciis 
globalur eqstremumis monaxvasTan, gansakuTrebiT 
mravalparametrebian amocanebSi.  
 problemas kidev ufro arTulebs da amZimebs 
is SemTxveva, roca miznis funqcia ar aris gluvi 
da SeiZleba gaaCndes ara marto wyvetis 
wertilebi, aramed kritikuli wertilebis iseTi 
simravle, rogoricaa “xevi”, “qedi”, “plato” da 
sxva. 

maTematikuri daprogramebis meTodebis 
gamoyenebiT mniSvnelovan wilad ixsneba is 
siZneleebi, romlebic aRiZvrebian analizuri gziT 
konstruqciis optimaluri parametrebis 
gansazRvrisas [7,8]. am meTodebis daxmarebiT 
SesaZlebelia amoixsnas amocanebi, romlebic 
aRiwerebian ara marto mkacri gantolebebiT, 
aramed bevrad ufro moqnili utolobebiT, 
romlebic SemosazRvraven dasaSvebi amonaxsnebis 
ares. 
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winamdebare monografiaSi damuSavebulia  
samSeneblo konstruqciebisa da Senoba-nagebobebis 
fuZis deformaciis optimaluri daproeqtebis 
axali meTodebi, romlebic iyeneben miznis 
funqciis globaluri eqstremumis mosanaxad 
optimizaciis Tanamedrove stoqaxtur meTodebsa 
da   kompiuterul teqnologiebs. 

naSromis mizani da praqtikuli mniSvneloba. 
monografiis mizans warmoadgens samSeneblo 
konstruqciebis da nagebobebis optimaluri 
daproeqtebis meTodebis damuSaveba,  romlebic 
miznis funqciis globaluri eqstremumis mosanaxad 
iyeneben optimizaciis Tanamedrove stoqaxtur 
meTodebsa da   kompiuterul teqnologiebs, rac 
Sedegebis swrafad da dasaSvebi sizustiT miRebas 
uzrunvelyofs. 

kvlevis meTodebi. monografiaSi 
gamoyenebulia optimizaciis, maTematikuri 
daprogramebis, matricTa Teoriis da samSeneblo 
meqanikis meTodebi. 
 mecnieruli siaxle. samSeneblo 
konstruqciebis da nagebobebis optimaluri 
daproeqtebis amocanebi ganxilulia, rogorc 
arawrfivi maTematikuri daprogramebis amocanebi, 
sadac mravali cvladis multimodaluri funqciis 
globaluri eqstremumis mosanaxad gamoyenebulia 
SemTxveviTi Zebnisa da simZimis centrebis 
meTodebi. am meTodebis gamoyenebis safuZvelze 
damuSavebulia sxvadasxva konstruqciebis da 
nagebobebis optimaluri parametrebis 
gaangariSebis Semdegi meTodebi: 
      1. grexadi cilindruli zambaris minimaluri 
wonis ganmsazRvreli [9].    
      2. Senoba-nagebobebis fuZis deformaciis 
minimaluri mniSvnelobis gaangariSebis [10,11]. 
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3. samRerovani wamwis optimaluri 
parametrebis  gaangariSebis, romelic eyrdnoba 
wamwis sixistis funqciis zogad formulas [12]. 

 4. svetis ganivi kveTis parametrebisa da 
svetis grZivi Runvisas  saangariSo winaRobis 
Semamcirebeli koeficientis optimaluri 
parametrebis SerCevis [13].  

5. ortesebri ganivi kveTis mqone koWis 
simaRlisa da sisqis, aseve horizontaluri 
Taroebisa da kedlis damakavSirebeli 
koeficientebis optimaluri mniSvnelobebis 
gaangariSebis [14]. 
      6. uban-uban mudmiv kveTiani svetis 
optimaluri diametrebisa da sigrZeebis  
gaangariSebis [15]. 

naSromis aprobacia. monografiis Sedegebi 
moxsenebulia saerTaSoriso samecniero 
konferenciaze “informaciuli teqnologiebi 
marTvaSi”. (q. Tbilisi, 2007 w.) da “informaciuli 
da gamoTvliTi teqnologiebi” (q. Tbilisi, 2-6 
maisi, 2010 w), da saqarTvelos teqnikuri 
universitetis “mSeneblobaSi kompiuteruli 
daproeqtebis sistemebis” mimarTulebis 
gafarToebul samecniero seminarze 2009 w.   

publikaciebi. Mmonografiis  Temaze 
gamoqveynebulia 7 nabeWdi Sroma.   
 monografiis struqtura da moculoba. 

monografia Sedgeba Sesavlis, xuTi Tavis, 
Sedegebis gansjis, daskvnis, danarTis, 10 cxrilis, 
21 naxazis  da gamoyenebuli literaturis 48 
dasaxelebisagan. naSromis saerTo moculoba 
Seadgens 243 nabeWd gverds. 

naSromis ZiriTadi Sinaarsi. 
SesavalSi mocemulia problemis aqtualobis 

dasabuTeba, Camoyalibebulia naSromis ZiriTadi 
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miznebi da amocanebi, miTiTebulia amocanis 
gadawyvetis mecnieruli siaxle, gadmocemulia 
TiToeuli Tavis mokle Sinaarsi. 
 naSromis pirvel TavSi mocemulia 
optimizaciis zogadi amocanis dasma da 
sasrulganzomilebiani optimizaciis amocanebis 
klasifikacia. ganxilulia  eqstremumis Zebnis 
Tanamedrove meTodebi, rogoricaa: gradientis [16] 
da misi modifikaciis-uswrafesi daSvebis [17,18], 
globaluri eqstremumis monaxvis Ψ gardasaxvis 
[19,20], simZimis centrebis [21,22], Zebnis aris 
TandaTanobiT Semcirebis [16] da SemTxveviTi Zebnis 
meTodebi [23]. Aam meTodebis SesaZleblobebis da 
gamoyenebis sferoebis  kritikuli analizis 
Sedegad naSromSi dasmuli samSeneblo 
konstruqciebis da nagebobebis optimaluri 
parametrebis gansazRvrisaTvis mizanSewonilad 
miCneul iqna SemTxveviTi Zebnisa da simZimis 
centrebis meTodebis gamoyeneba, radganac es 
meTodebi yvelaze ufro srulyofilad eZeben 
mravali cvladis, rTuli konfiguraciis mqone, 
mraval eqstremumiani funqciis globalur 
eqstremums.       
 naSromis meore TavSi ganxilulia grexadi 
cilindruli zambaris optimaluri wonis 
gansazRvris amocana [9]. optimaluri wonis  miReba 
xdeba zambaris mavTulis da zambaris saSualo 
diametris SerCevis gziT. miuxedavad imisa, rom 
proeqtirebis dasmuli amocana mcire 
ganzomilebisaa (or parametriania) igi amoxsnisas 
qmnis mniSvnelovan siZneleebs, radganac gaaCnia 
Zlieri (mkacri) arawrfivoba. igi miekuTvneba 
arawrfivi daprogramebis amocanebis – kerZod, 
geometruli daprogramebis amocanaTa klass. 
amitom maT amosaxsnelad gamoyenebulia 
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eqstremumis monaxvis SemTxveviTi Zebnisa da 
simZimis centrebis meTodebi. miRebuli Sedegebi 
Sedarebulia analizuri gziT miRebul SedegebTan, 
saidanac Cans, rom aRniSnuli meTodebi sakmaod 
didi, sainJinro praqtikisadmi misaRebi sizustiT 
xsnian amocanas.  
      naSromis mesame TavSi gaanalizebulia 
Senoba-nagebobis fuZisa da saZirkvlis erToblivi 
deformaciis Tanamedrove  meTodebi [10] da 
miTiTebulia  maTi gamoyenebis yvelaze 
mizanSewonili sferoebi, mocemulia konkretuli 
rekomendaciebi. aseve mocemulia Senoba-nagebobebis 
fuZis deformaciis Sreobrivi Sejamebis meTodis 
kompiuteruli realizaciis SesaZlebloba. 
gansazRvrulia fuZis parametrebis: siganis, 
sigrZisa da CaRrmavebis is mniSvnelobebi, 
romlebic uzrunvelyofen fuZis minimalur 
deformacias [11]. 
 AnaSromis meoTxe TavSi mocemulia wamweebis 
gaangariSebis meTodebis [24,25,26] mokle mimoxilva, 
rogoricaa: samomento wertilis, kvanZebis 
amokveTis, dagegmilebis da sxva. maT Soris, 
naSromSi ganxiluli samRerovani wamwis 
wonasworobis gantolebis dasawerad, SerCeul iqna 
kvanZebis amokveTis meTodi. 
 naSromis  amave TavSi dasmulia samRerovani 
wamwis optimaluri kveTebis SerCevis zogadi 
amocana. amasTan dakavSirebiT gaanalizebulia 
dasmuli sakvlevi-sainJinro amocanis irgvliv 
arsebuli meTodebi, ris Sedegadac dadgenilia, 
rom gadawyvetilia dasmuli amocanis mxolod 
kerZo SemTxvevebi [1] da isic orRerovani wamwis 
SemTxvevaSi, Aamitom dasaxul iqna dasmuli 
amocanis zogadi saxiT gadaWra. am mizniT 
Camoyalibebulia Teorema samRerovani wamwis 
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sixistis zogadi funqciis Sesaxeb da mocemulia 
misi damtkiceba [12]. mocemulia agreTve amocanis 
gadawyvetis algoriTmebi. 

naSromis mexuTe TavSi damuSavebulia svetis 
ganivi kveTis parametrebisa da svetis grZivi 
Runvisas saangariSo winaRobis Semamcirebeli 
koeficientis optimaluri mniSvnelobebis 
gansazRvris axali meTodi [13] mocemuli 
datvirTvis gaTvaliswinebiT. am meTodis 
gamoyenebiT SesaZlebelia viangariSoT svetis 
kveTebis optimaluri parametrebi mdgradobis 
mocemuli  maragis  gaTvaliswinebiT. garda  amisa 
SemuSavebulia algoriTmi arsebuli (cnobili) 
iteraciuli meTodis kompiuterze realizaciis 
mizniT. kritikulad ganalizebulia iteraciuli 
meTodis muSaoba da dadgenilia  meTodis 
naklovani mxareebi. orive meTodiT miRebuli 
Sedegebi Sedarebulia erTmaneTTan da naCvenebia 
axali meTodis upiratesoba.   

amave TavSi mocemulia ortesebri ganivi 
kveTis mqone koWis optimaluri parametrebis 
gansazRvris meTodi [14]. dasmuli amocana 
warmodgenilia rogorc arawrfivi maTematikuri 
daprogramebis amocana. saoptimizacio funqcias 
warmoadgens koWis wonis ganmsazRvreli funqcia, 
romelic warmodgenilia rogorc oTxi 
damukidebeli cvladis funqcia. meTodi 
saSualebas iZleva dadgindes koWis 
horizontaluri Taroebis da kedlis optimaluri 
geometriuli zomebi, romlis drosac miiRweva 
saoptimizacio funqciis minimumi. 
 naSromis amave TavSi ganxilulia sami kerZo 
amocana uban-uban mudmivi ganivkveTis mqone svetis 
farTobebisa da sigrZeebis arCevisa [15] iseTnairad, 
rom svetma gauZlos,  vertikalurad momqmedi 
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mkumSavi Zalis zemoqmedebas gamozneqvis gareSe. 
nagulisxmevia, rom TiToeuli elementis ganivi 
kveTis geometriuli forma aris fiqsirebuli da 
simetriuli vertikaluri RerZis mimarT. 
 naSromis bolos mocemulia miRebuli 
Sedegebis gansja da saboloo daskvnebi. 
moyvanilia agreTve citirebuli literaturis sia. 
 gamoyenebiTi programebis paketebis Sedgenis 
didma gamocdilebam [44,45,46,47,48] SesaZlebloba 
mogvca, monografiis farglebSi, dagvemuSavebina 
samSeneblo konstruqciebisa da nagebobebis 
optimaluri daproeqtebis Teoriul meTodebTan 
erTad, maTi kompiuterze realizaciis programebi.  

naSromis danarT nawilSi mocemulia 
algoriTmul ena QBASIC-Si dawerili, 
monografiaSi damuSavebuli, TiToeuli meTodis 
kompiuteruli realizaciis programa. 
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Tavi I 
 

optimizaciis Teoriuli sakiTxebi 
 

1.1. optimizaciis zogadi amocanis dasma 
 
 maTematikuri TvalsazrisiT 
sasrulganzomilebiani optimizaciis amocanebis 
gadawyveta, zogad SemTxvevaSi, mravali cvladis 
ricxviTi funqciis eqstremumis moZebnas 
iTvaliswinebs. 
 davuSvaT mocemulia damoukidebeli cvladis 

ricxviTi funqcia  f(x)=f(x1  , x 2  , .  .  . x n  ),  romelic 

gansazRvrulia evklides n ganzomilebiani sivrcis 

raRac  Q simravleze, e,i. Q ⊂    R n .  f(x)-s miznis 
funqcias an, ubralod, saoptimizacio funqcias 
uwodeben, Q-s dasaSvebi amonaxsnebis simravles an 
mokled dasaSveb simravles. 
 Ooptimizaciis amocana SemdegSi mdgomareobs: 
saWiroa dasaSvebi Q simravlis elementebs Soris 

iseTi x *  =(x *
1 ,x *

2 , .  .  .,x *
n ) amonaxsni SevarCioT, 

romlis drosac miznis funqcia f(x) Tavis 
eqstremalur (maqsimalur an minimalur) 
mniSvnelobas miaRwevs. garkveulobisaTvis 
davuSvaT, rom veZebT f(x) funqciis minimums. 
amgvarad, imisaTvis, rom Q simravleze f(x)  
funqciis minimizaciis  amocana gadavwyvitoT,  

saWiroa vipovoT   iseTi  x *  ⊂Q veqtori  da misi 

Sesabamisi f *  = f(x * ), romlis drosac adgili eqneba 
Semdegi pirobis Sesrulebas: 
               f(x * ) ≤   f(x)  ∀ x ∈  Q .                                        (1.1) 
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x * -s optimalur amonaxsns uwodeben, xolo 

f(x * )   - optimums. is faqti, rom x *  amonaxsni 
optimaluria, romlis drosac f(x) funqciis 
mniSvneloba   Q simravleze Tavis dasaSveb 
minimalur mniSvnelobas aRwevs, Semdegnairad 
Caiwereba: 

         f(x * )= min{ f(x) , sadac x ∈Q⊂R n },                   (1.2) 
xolo sasrulganzomilebian sivrceSi minimizaciis 
amocanis maTematikuri formulirebisaTvis gveqneba 

                               min{f(x)│x∈Q⊂R n }.                     (1.3) 
 Tu arsebobs x * wertilis iseTi midamo 

εΩ (x * ),  0>ε , sadac (1.1) utoloba samarTliania 

aRniSnuli midamos yvela x * ∈Q∩ εΩ (x * ), 
wertilisaTvis, maSin x * lokaluri minimumis 
wertils warmoadgens, xolo (1.1) utolobas 
adgili aqvs Q  simravlis yvela x ∈ Q 
wertilisaTvis, maSin - absoluturi (globaluri) 
minimumis wertils. 
 Llokaluri minimumis wertili absoluturi 
minimumis wertils yovelTvis ar emTxveva. 
Llokaluri da absoluturi minimumis wertilebis 
damTxvevas adgili aqvs mxolod im SemTxvevaSi, 

roca Q⊂R n  amozneqili simravlea, xolo am 
simravleze gansazRvruli f(x) funqcia – 
amozneqili funqciaa.  
 
                              
1.2. sasrul ganzomilebiani optimizaciis 

amocanebis klasifikacia 
 
 optimizaciis statikuri amocanebis 
klasifikacia ZiriTad dakavSirebulia dasaSvebi 
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amonaxsnebis Q simravlesTan, romelic 

Semdegnairad SeiZleba iyos gansazRvruli: Q= R n  

an Q≠   R n . 
 pirvel SemTxvevaSi adgili aqvs upirobo 
minimizaciis amocanas, romelSic saWiroa 

moiZebnos iseTi x * ∈ R n  wertili, sadac (1.1) 

utoloba samarTliania  R n  simravlis yvela 
wertilisaTvis SezRudvebis gareSe. meore 
SemTxvevaSi ki saqme gvaqvs pirobiTi minimizaciis 
amocanasTan, sadac dasaSvebi Q  simravle 
garkveuli saxis SezRudvebiTaa gansazRvruli. 
 Tu Q simravle mocemulia Semdegi saxiT: 

         Q = {  x∈R n I g i (x)≤  0, i=1,m ; h j (x)=0, j=1,k},    (1.4) 
sadac yvela ricxviTi g i   da h j   funqcia 

gansazRvrulia R n –ze, maSin optimizaciis 
statikuri amocana maTematikuri daprogramebis 
amocanas warmoadgens. Aam klasis amocanebs Soris 
ganansxvaveben utolebebiT mocemuli SezRudvebiT, 
sadac Q simravles aqvs (1.4) saxe da k=0; amocanebs 
tolobebiT mocemuli SezRudvebiT, roca (1.4) -Si 
m=0; amocanebs Sereuli saxis SezRudvebiT, roca 
m≠ 0 da k≠ 0. 
 Aamgvarad, maTematikuri daprogramebis 

zogadi amocana mdgomareobs damoukidebeli x 1  , x 2  
, .  .  . x n   cvladebis iseTi mniSvnelobebis 

moZebnaSi, romlis drosac miznis f(x)=f(x 1 ,x 2 , .  . x n ) 
funqcia dasaSveb Q simravleze Tavis minimalur 
mniSvnelobas miaRwevs. formulirebuli amocana 
kompaqturad Semdegnairad Caiwereba: 

    min{f(x)│g i (x)≤0;h j (x)=0;x∈R n }                               (1.5)                
 maTematikuri daprogramebis (1.5) amocanis 
Taviseburebas, romelic mas klasikuri analizis 
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eqstremaluri amocanebisagan ganasxvavebs, 
SezRudvebSi arsebuli utolbaTa sistema 
ganapirobebs. aRniSnulis gamo SeuZlebeli xdeba 
pirobiTi minimizaciis amocanebis gadasawyvetad 
lagranJis Tanamamravlebis safuZvelze 
SemuSavebuli cnobili meTodebis gamoyeneba. 
 imis mixedviT, Tu rogori saxiTaa 
warmodgenili f(x), g(x) da   h(x) funqciebi, adgili 
aqvs maTematikuri daprogramebis sxvadasxva 
amocanas. Tu f(x), g(x) da h(x)  wrfivi funqciebia, 
maSin (1.5) amocanas wrfivi daprogramirebis 
amocanas uwodeben. 
 wrfivi daprogramebis amocanebi maTematikuri 
daprogramebis yvelaze martivi da Seswavlili 
sakiTxebia. aseTi tipis amocanebis amosaxsnelad 
ZiriTadad simpleqs meTodi gamoiyeneba. 
 maTematikuri daprogramebis yvelaze ufro 
zogadi, farTo klasia arawrfivi daprogramebis 
amocanebi. Aam kategoriis amocanebs miekuTvneba 
yvela is amocana, romelsac erTi mainc arawrfivi 
SezRudva an arawrfivi miznis funqcia gaaCnia. 
 Aarawrfivi daprogramebis amocanebis 
ZiriTad sirTules warmoadgens f(x), g(x) da h(x) 
funqciebis arawrfivoba da yvelaferi rac f(x) 
funqciis absoluturi (globaluri) eqstremumis 
gansazRvras ukavSirdeba. Ggarda amisa, problemas 
kidev ufro arTulebs da amZimebs is SemTxveva, 
roca miznis funqcia aragluvia da SeiZleba 
gaaCndes ara marto wyvetis wertilebi, aramed 
kritikuli wertilebis iseTi simravle, rogoricaa 
“xevi”, qedi, “plato” da sxva. 
 monografiaSi dasmuli amocanebi ZiriTadad 
arawrfivi daprogramebis amocanebs miekuTvnebian, 
xolo realuri obieqtebisaTvis lokaluri 
eqstremumis Sesaxeb aprioruli informacia 
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praqtikulad ar arsebobs, amitom optimizaciis 
amocanebSi Zebna ZiriTadad mimarTulia 
absoluturi eqstremumis gansazRvrisaTvis. 
 

 
1.3.Mmravalganzomilebiani optimizaciis 
pirveli rigis determinirebuli meTodi 

 E 
Eeqstremumis Zebnis pirveli rigis meTodebSi 

gadaadgilebis mimarTulebis )(kd  veqtori 
saoptimizacio funqciis gradientis saSualebiT 
ganisazRvreba amitom maT gradientul meTodebs 
uwodeben. )(xf  funqciis minimizaciis SemTxvevaSi 

)( )()( kk xfd −∇=  da amitom formula miiRebs Semdeg 
saxes: 

..,.2,1,0,0),( )()()1( =>∇−=+ kxfxx k
k

k
kk λλ    (1.6) 

 kλ  bijis SerCevis wesis mixedviT 

ganansxvaveben gradientuli meTodis sxvadasxva 

modifikacias. saWiroa SevniSnoT, rom roca kλ  

Zalian mcire sididea, marTalia adgili aqvs 
mizniis funqciis klebas         

)()(()( )()()()1( kk
k

kk xfxfxfxf <∇−=+ λ ,                (1.7)  

magram moTxovnili sizustiT eqstremumis 
misaRwevad iteraciebis Zalian didi raodenobaa 
saWiro. meoris mxriv,  bijis SedarebiT did 
mniSvnelobas SeuZlia  gamoiwvios (1.7) pirobis 
darRveva. 

 
1.4. gradientuli meTodi mudmivi bijiT 

 
 pirveli rigis meTodebs Soris umartivesia 
gradientuli meTodi mudmivi bijiT [16], sadac 
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0>= λλk . aRniSnul meTodSi eqstremumisaken 

moZraoba Semdegi rekurentuli formulis 
safuZvelze xorcieldeba:         

..,.2,1,0,
)()(

)(1 =
∇∇

∇
−=+ k

xfxf
xfxx

kTk

k
kk λ .          (1.8)  

am formuliT gadaadgilebas adgili aqvs 
manam, sanam (1.7) piroba ar dairRveva. Ppirobis 
darRvevis SemTxvevaSi algoriTmiT 

gaTvaliswinebulia kx wertilSi dabruneba da am 
wertilidan antigradientis mimarTulebiT 

gadaadgileba Semcirebuli 2λ bijiT. Bbijis 
Semcirebas adgili aqvs manam, sanam misi 
mniSvneloba ragind mcire 0>δ  sidideze naklebi 
ar aRmoCndeba.                

gamoTvlis procesis damTavrebis 
kriteriumad SeiZleba miviRoT pirobebi: 

   δ≤−+ )()1( kk xx an ε≤−+ )()( )()1( kk xfxf ,            (1.9)  

sadac δ  da ε     raRac dadebiTi ricxvebia, 
romlebic axasiaTeben minimizaciis amocanis 
gadawyvetis sizustes, an piroba  

              ε≤∇ )( )(kxf .                       (1.10) 

   

1.5. uswrafesi daSvebis meTodi 
 

 uswrafesi daSvebis meTodi [16,18], romelic 
koSis saxelTanaa dakavSirebuli, Cveulebrivi 
gradientuli meTodis garkveli saxesxvaobaa da 

misgan imiT gansxvavdeba, rom 0>kλ  bijis sidide 

SeirCeva Semdegi pirobidan:  

))(())(( )()()()( min kkk
k

k xfxfxfxf ∇−=∇− λλ
λ

.          (1.11) 
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 ukanaskneli pirobis Tanaxmad, 
antigradientis mimarTulebiT moZraoba grZeldeba 
manam, sanam )(xf  funqciis mniSvneloba mcirdeba. 
rogorc ki funqciis Semcireba Sewydeba, 
ganisazRvreba axali mimarTuleba da procesi 
analogiurad warimarTeba manam, sanam gamoTvlebis 
damTavrebis (1.9, 1.10) pirobebi ar dakmayofildeba. 
Cveulebrivi gradientuli meTodisagan 
gansxvavebiT, aRniSnul meTods eqstremumis 
wertilis misaRwevad naklebi raodenobis 
iteraciebi sWirdeba, ris gamoc igi SedarebiT 
ufro swrafqmedia. 

 
 

1.6. absoluturi eqstremumis Zebnis 
Tanamedrove  meTodebi 

 
 ganvixiloT minimizaciis Semdegi amocana: 

min{f(x)│x=(x 1  , x 2  , .  .  . x n  )∈Q⊂R n },                  (1.12) 
sadac f(x) multimodaluri funqciaa. 
 Zalian xSirad praqtikul amocanebSi miznis 
funqcias aqvs multimodaluri saxe, amitom ufro 
mizanSewonils warmoadgens maTi minimumis 
mosaZebnad gamoviyenoT globaluri anu 
absoluturi eqstremumis Zebnis meTodebi. 
 
 

1.7. SemTxveviTi gadarCevis meTodi 
 

 
 SemTxveviTi gadarCevis meTodi [23] 
absoluturi eqstremumis Zebnis umartivesi 
meTodia, romelic ε  sizustiT krebadobas 
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mxolod N→∞  raodenobis statistikuri cdebis 
safuZvelze uzrunvelyofs. aRniSnuli meTodiT 
mravali cvladis funqciis globaluri 
eqstremumis moZebvna didi raodenobis cdebis 
Catarebas iTvaliswinebs, rac gamoTvliTi xasiaTis 
mniSvnelovan SromatevadobasTanaa dakavSirebuli. 
 marTlac, vTqvaT Zebnis dasaSvebi are 
warmoadgens n-ganzomilebian kubs, romlis 
moculoba tolia V=1, xolo ε –midamos 
moculobaa V=ε n  , maSin ε  – midamoSi SemTxveviTi 
wertilis moxvedris albaToba Seadgens p(N)=1-(1-
ε n ) N . maSasadame, statistikuri cdebis is 
raodenoba, romlis safuZvelze  p albaTobiT 
SeiZleba vamtkicoT, rom ε  sizustiT moZebnili 
optimaluri mniSvneloba WeSmarit mniSvnelobas 
Seesabameba, tolia  

                                 N=(
ε
1 ) n ln[1/(1-p)].                (1.13) 

magaliTad, organzomilebiani amocanis 

SemTxvevaSi (n=2), roca p=1/2 da ε  =10 3− , saWiroa 
aranakleb 

N=(1/10 3− ) 2  ln[1/(1-1/2)] =    10 6 ln2=0.69.10 6 , 
raodenobis statistikuri cdebis Catareba. 

 
1.8. Zebnis aris TandaTanobiT Semcirebis 

meTodi 
 

am meTodis [16], arsiAmultimodaluri 
(mravaleqstremumiani) funqciis gansazRvris  aris 
TandaTanobiT SemcirebaSi mdgomareobs. vTqvaT, 
f(x), x∈R n  funqciis absoluturi minimumi 
Tavdapirvelad iZebneba n–ganzomilebian kubSi. 
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    a j ≤   x≤   b j       j=1,2, . . . , n  .                       (1.14) 
 algoriTmis Tanaxmad, k-ur iteraciaze 

Catardeba N k  - uri raodenobis statistikuri 
cdebis seria da saukeTeso Sedegs daimaxsovreben. 
sxva sityvebiT rom vTqvaT, (1.14) areSi SemTxveviTi 

wesiT generirebuli wertilebidan SeirCeva is x )(
0
k  

romelsac saoptimizacio funqciis minimaluri f )(k
o  

mniSvneloba Seesabameba. (k+1) iteraciaze N )1( +k  
raodenobis cdebi Catardeba hiper kubSi, romlis 

centri damaxsovrebul x )(
0
k  wertilSia, xolo wibo 

c>1 - jer Semcirebulia. miRebul areSi 
SemTxveviTi wertilebis generireba Semdegi 
formulis safuZvelze ganxorcieldeba: 

x cabx j
k
l

k
j

k
j

k
j 2/)21)(( )()()(

0
)1( ξ−−−=+   j=1,2, .  .  .,n,       (1.15) 

sadac jξ – Tanabradganawilebuli SemTxveviTi 

ricxvia [0;1] intervalSi. momdevno iteraciebSi, c 
koeficientis gazrdis safuZvelze, Zebnis are (1.14) 
kvlav Semcirdeba da procesi gagrZeldeba manam, 
sanam ar Sesruldeba krebadobis piroba 

  │b j - a j │  ≤ ε , ε >0, j=1,2, .  .  . ,n                        (1.16) 
 ganxiluli algoriTmi garkveuli sizustiT 
uzrunvelyofs absoluturi eqstremumis moZebnas, 
magram im pirobiT, Tu (1.14) aris Semcirebis 
procesSi saZebni absoluturi eqstremumi ar 

daikargeba. Aam pirobis Sesruleba mxolod N k ∞→  
raodenobis statistikuri cdebis CatarebiT aris 
SesaZlebeli. 
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1.9. Ψ - gardaqmis principi 
 
  ganvixiloT mravali cvladis funqciis [19,20] 

maqsimizaciis amocana 

      max { f(x)│x=(x 1  , x 2  , .  .  . x n  )∈Q⊂R n }.         (1.17)               
  ZiriTadi arsi Ψ - gardaqmis principisa, 

romelic absoluturi eqstremumis mxolod 
mniSvnelobis gansazRvras uzrunvelyofs, SemdegSi 
mdgomareobs. arawrfivi L  operatoris gamoyenebis 
safuZvelze n  cvladis f(x)  funqcia gardaiqmneba 
analizisaTvis SedarebiT ufro martiv, erTi 

cvladis uwyvet, monotonurad klebad Ψ (ς ) 
funqciad, sadac ς   argumenti saoptimozacio f(x) 
funqciis  skalarul mniSvnelobas warmoadgens, 

roca x ∈Q, e.i LL{f(x)}→Ψ (ς ). 
aRniSnuli gardaqmna xorcieldeba f(x) 

funqciis lebegis dayofiT nax.1.1a,  ris Sedegad 
funqciis mniSvnelobaTa cvlilebis [inf f(x),sup f(x)] 
intervali danawildeba toli sididis Sualedebad 
ise, rom Sesruldes piroba: 

          inf f(x)=ς 1<ς 2 <...<ς p <ς μ = supf(x),  
            ς 1+p  -ς p = ς∇ ,                (1.17)  

sadac μ – lebegis doneebis ricxvia. 

f(x) funqciis lebegis dayofis safuZvelze 
miiReba mimdevroba simravleebisa  

Q p (ς )= { x│f(x)≥  ς p } ⊂Q,    p=1, μ ,               
(1.18)    

romlis TiToeuli elementis zoma SeiZleba 
ganisazRvros formuliT 

Ψ (ς p ) = ∫
Q

. . . ∫ [f(x)- ς p ] dxx p ),( ςθ ,     (1.19) 
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sadac ),( px ςθ Semdegi tipis maxasiaTebeli funqciaa 

         ),( px ςθ = 
⎪⎩

⎪
⎨
⎧

∉

∈

).(,0

),(,1

ς

ς

p

p

Qx

Qx
            (1.20)        

saWiroa SevniSnoT, rom f(x) funqciis 
minimizaciis SemTxvevaSi (1.17) da (1.18) 
gamosaxulebebSi utolobis niSnebi sawinaaRmdego 
niSniT unda Seicvalos. 

geometriulad Ψ (ς p ) warmoadgens zomas im 

(n+1) ganzomilebiani moculobisa, romelic f(x) 
funqciis zedapirsa da ς p   hipersibrtyes Soris 

warmoiqmneba. 

(1.19) formulis saSualebiT agebuli Ψ (ς ) 
funqcia (nax. 1.1b) uwyveti, diferencirebadi da 
monotonurad mkacrad klebadi erTganzomilebiani 
funqciaa. cxadia, aseTi funqciis analizi bevrad 
ufro martivia, vidre mravalganzomilebiani 
multi modaluri funqciisa. Mmtkicdeba [20], rom 
f(x)  funqciis maqsimizaciis an minimizaciis dros, 
p indeqsis gazrdis Sedegad,  
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nax. 1.1a. f(x) funqciis lebegis dayofa 
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N             nax.1.1b. )(ςψ  funqcia 
 

uwyveti, diferencirebadi da monotonurad 
mkacrad klebadi erTganzomilebiani )(ςψ  funqcia 

mcirdeba da Tavis minimums aRwevs f(x)  funqciis 
absoluturi eqstremumis dros, romlis sidide 

tolia *ς , e.i  

              
*ςς→

Lim 0)( =ςψ .                  (1.21) 

rogorc vxedavT, mravali cvladis f(x)  
funqciis absoluturi mniSvnelobis gansazRvris 

amocana  gardaqmnili Ψ (ς ) funqciis nulis 

moZebvnis amocanamde daiyvaneba, rac erTcvladiani 

Ψ (ς )=0 gantolebis amoxsnasTanaa dakavSirebuli. 

amgvarad, Ψ  gardaqmnis principis 
safuZvelze saoptimizacio f(x) funqciis  

absoluturi eqstremumis mxolod skalaruli f * 
mniSvneloba ganisazRvreba. miuxedavad imisa, rom 
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gardaqmnis aRniSnul proceduraSi gansazRvra 

damoukidebeli cvladebis im x * =(x *
1 ,x *

2 , . . . x *
n ) 

veqtorisa, romlis drosac eqstremaluri  f *  
mniSvneloba miiReba, ar aris gaTvaliswinebuli, 
Ψ gardaqmnis principma farTo gamoyeneba hpova 
sainJinro praqtikaSi da mis safuZvelze 
SemuSavebul iqna optimizaciis mTeli rigi 
meTodebi   [20], romelTagan erT-erTs qvemoT 
ganvixilavT. 
 

1.10. simZimis centrebis meTodi 
 

simZimis centrebis meTodi [21] SemuSavebulia 
im faqtebis mtkicebis safuZvelze, romlis 
Tanaxmad multimodaluri  f(x) funqciis lebegis 
dayofis Sedegad warmoqmnili erTmaneTSi 

Calagebuli SemosazRvruli da Caketili Q Ρ , 
p=1,2,.,ℜ , simravleebis simZimis centrebis {x Ρ } 
mimdevroba krebadia absoluturi eqstremumis 

x *wertilSi. 
 ganvixiloT maqsimizaciis Semdegi amocana: 

                max{f(x) │ x = (x 1 , x 2 , . . . x n )∈Q⊂R n ,        (1.22) 
sadac f(x) multimodaluri funqciaa, romelic 
gansazRvrulia SemosazRvrul       da     Caketil   
Q⊂R n ,   simravleze. davuSvaT, rom x * =x *

1 , x *
2 , . . . , 

x *
n  absoluturi eqstremumis wertilia, sadac   

                                                 f(x * )  >  f(x) ∀ x n )∈Q. 
f(x) funqciis lebegis dayofiT funqciis 

mniSvnelobaTa cvlilebis [inf f(x), sup f(x)]   
intervali davanawiloT toli sididis 
Sualedebad ise, rom Sesruldes piroba 
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inf f(x) = ℜ<<<<< ςςςς .......21 p = sup f(x),        
ς ς−+1p p  ,                                  (1.23) 

sadac ℜ lebegis doneebis ricxvia. 
 aRniSnuli dayofis Sedegad warmoiqmneba 

simravleebis {Q Ρ (ς )} mimdevroba, sadac  
Q Ρ (ς ) = {x│f(x) ≥ pς } ⊂  Q , ℜ= ,...,3,2,1p .                   (1.24) 
 (f(x) funqciis minimizaciis SemTxvevaSi (1.23) 
da (1.24) gamosaxulebebSi utolobis niSnebi 
sawinaaRmdego niSniT unda Seicvalos). 
 zogad SemTxvevaSi, f(x) - is zedapiris 

konfiguraciaze damokidebulebiT, Q Ρ (ς ) simravle 

SeiZleba Sedgebodes ramdenime ll ,i =1,2. . . r p  
qvesimravleebisagan, sadac r p  lokaluri 

eqstremumis ricxvia pς  doneze, e.i.  

                            Q Ρ (ς ) = U )(ςil .                               (1.25) 
 mtkicdeba [21], rom roca ς ℜ→ ς , sadac ς ℜ= 
sup f(x), miiReba uwyveti mimdevroba erTmaneTSi 

Calagebuli SemosazRvruli da Caketili Q Ρ (ς )  
simravleebisa, romelTa zoma nulisken miiswrafis. 
maSin, funqcionaluri analizis cnobili Teoremis 
Tanaxmad, aRniSnul simravleebs erTaderTi 

saerTo wertili gaaCnia.  radgan x * ∈ Q * {x│f(x) ≥ pς  
= sup f(x),   amitom am erTaderT wertils 
warmoadgens f(x) funqciis absoluturi eqstremumis 

x * wertili. 

I  Q Ρ (ς )  = I ( )(ςilU  =  x *  .                                 (1.26) 
 vinaidan Q Ρ (ς )   simravlis  nebismieri 

wertilic miiswrafis x * -sken, amitom es 
ukanaskneli SeiZleba gansazRvrul iqnas rogorc 

Q Ρ (ς ), p=1,2, . . . ,ℜ     simravleebis simZimis 
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centrebis {x p (ς )} mimdevrobis zRvari, roca 

ℜ→ ςς , e.i. 

x * = lim{x p (ς )},                                  (1.27) 
sadac  

  x p (ς ) = dxxfdxxfx pQ
Q

p p

p

22 ])([..])([... ςς ∫∫∫ ∫ −− .      (1.28) 

 (1..28) gamosaxulebis analizuri gamoTvla 
rTulia. Uumetes SemTxvevaSi misi realizacia 
praqtikulad SeuZlebelia, radgan integrirebis 

Q Ρ  aris cxadi saxiT gansazRvra ver xerxdeba. 
amitom Semotanilia Semdegi maxasiaTebeli 
funqcia: 

       
⎪⎩

⎪
⎨
⎧

<

≥
=

p

p
p xf

xf
x

ς

ς
ςθ

)(,0

)(,1
),( ,                              (1.29) 

romlis gaTvaliswinebiT gveqneba 

            x p (ς ) = 

dxxxfdxxxfx ppQ
Q

pp p

p

),(])([..),(])([... 22 ςθςςθς ∫∫∫ ∫ −− .      

(1.30) 
 simZimis centrebis koordinatebis 
gamosaTvlelad gamoyenebulia monte–karlos 
meTodi, risTvisac saWiroa (1.30) gamosaxulebis 
sasrulo jamebis saxiT warmodgena: 
              

x p (ς )= /),(]([ )(2)(

1

)(
p

i
p

i
L

i

i xxfx ςθς−∑
=

),(]([ )(2)(

1
p

i
p

i
L

i
xxf ςθς−∑

=

,                          (1.31)         

sadac L raodenobaa im statistikuri cdebisa, roca 
f(x) ≥  pς  (minimizaciis SemTxvevaSi - roca f(x) <= 
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pς ). saWiroa SevniSnoT, rom monte-karlos meTodi, 

Tavisi zogadobisa da realizaciis simartivis 
gamo, TiTqmis erTaderT saSualebas warmoadgens 
didi ganzomilebis jeradi integralebis 
gamosaTvlelad. 
 (1.31) formulis saSualebiT gansazRvruli 
x(ς ) funqcia SeiZleba CaiTvalos rogorc 

skalaruli ς  argumentis SemTxveviTi funqcia da 

didi ricxvebis centraluri zRvruli Teoremis 
Tanaxmad [27], erTTan miaxloebuli albaTobiT, 
gveqneba 

x p (ς )=  x p (ς ). 
 amgvarad lebegis zogierTi fiqsirebuli pς , 

doneebisaTvis monte-karlos meTodiT gamoiTvleba 
ra simZimis centrebis koordinatebis 

mniSvnelobebi x )(ςpj , j=1,2,… n; p=1,2, …ℜ , im 

SemTxveviT amorCeuli cvladebisaTvis, romlebic 

Seadgenen Q Ρ (ς ) simravleebs, miiReba wertilTa 
mimdevrobebis Semdegi sistema: 

                                   { 1, pp xς }, p=1,2 . . . ℜ , 
                                 { 2, pp xς }, p=1,2 . . .                     (1.32) 

                                     . . . . . . . . . . . . . . .  
                                   { pnp x,ς }, p=1,2 . . . ℜ , 
romelTa zRvrul wertils, rogorc zemoT iyo 
aRniSnuli f(x) funqciis absoluturi eqstremumis 

wertilis x *
1 , x *

2 , . . . , x *
n  koordinatebi warmoadgens. 

 vinaidan absoluturi eqstremumis midamoSi  

f(x) ≥ pς  xdomilobis albaToba umniSvneloa, amitom 

(1.32) mimdevrobebis zRvruli wertilis anu (1.22) 
amocanis optimaluri amonaxsnis moZebvna 
dakavSirebulia Sesabamisi empiriuli wertilebis 
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aproqsimaciasTan. Aaproqsimaciis Sedegad 

gansazRvruli x )(ςjj x=  analizuri 

damokidebulebis safuZvelze, sawyisi  (1.22) 
amocana daiyvaneba erTganzomilebiani 
optimizaciis amocanaze 

max{ f[x( )]ς │ ςςςςς Δ+Δ−∈ ℜℜ ,[ },                        (1.33) 
romelSic eqsrtemumis Zebnis strategia Semdegi 
rekurentuli formuliT ganisazRvreba: 

        )]([1 iii xf ςλςς ∇+=+ ,  ℜ− ςς 0               (1.34) 

sadac λ  proporciulobis koeficientia, ]1,0{∈λ . 

 SevniSnoT, rom f(x) funqciis minimizaciis 
SemTxvevaSi (1.33) amocanaSi adgili eqneba 
minimizaciis erTganzomilebiani amocanis 
gadawyvetas. 
 simZimis centrebis meTodi miaxloebiTia. igi 
mravali cvladis multimodaluri funqciis 

absolutur eqstremums – 1/ N    sizustiT eZebs, 
sadac N statistikuri cdebis raodenobaa. meTodis 

cdomilebas ZiriTadad x ){ςj , j=1,2, . . . n funqciuri 
damokidebulebis cdiseuli wertilebis 
gansazRvra da maTi aproqsimacia ganapirobebs, 
vinaidan f(x) funqciis zedapiris sxvadasxva 
konfiguraciis dros aRniSnuli funqciebi 
SeiZleba arasakmarisi sigluviT daxasiaTdnen da 
empiriuli wertilebis aproqsimaciis Sedegad 
cdomilebebi warmoiSvas. 
 meTodis gansakuTreblobas warmoadgens is, 
rom misi gamoyenebisas swrafad xdeba globaluri 
eqstremumis midamos lokalizacia, xolo SemdegSi 
optimaluri wertilis mdebareobis dazusteba 
SesaZlebelia nebismieri determinizebuli 
meTodiT. 
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 zemoTmocemuli meTodebis gaanalzebis 
Sedegad mivediT Semdeg daskvnamde:  

1. SemTxveviTi gadarCevis meTodi martivia 
kompiuteruli realizaciis TvalsazrisiT, xolo 
rac Seexeba didi raodenobis cdebis Catarebas 
parametrebis saWiro sizustiT miRebis mizniT ar 
warmoadgens dabrkolebas Tanamedrove 
kompiuterebisaTvis. 

2. Ψ - gardaqmnis meTodi iZleva saSualebas 
moinaxos saoptimizacio funqciis mxolod 
globaluri eqstremumi da ar iZleva saSualebas 
moinaxos parametrebis is mniSvnelobebi, romelTa 
drosac globalur eqstremums aqvs adgili. 
parametrebis optimaluri mniSvnelobebis 
sapovnelad Ψ –gardaqnis meTodTan erTad saWiroa 
sxva determinirebuli meTodebis gamoyeneba.  
 3. simZimis centrebis meTodi SeiZleba iTqvas, 
rom aris yvelaze warmatebuli da zusti meTodi, 
magram misi gamoyeneba moiTxovs sakmaod rTul 
maTematikur aparats. 
 Aamgvarad, monografiaSi dasmuli amocanebis 
gadasawyvetad SesaZlebelia gamoviyenoT zemoT 
CamoTvlili yvela meTodi, magram umetes 
SemTxvevebSi yvelaze mizanSewonilad migvaCnia 
SemTxveviTi gadarCevis da gansakuTrebul 
SemTxvevebSi ki simZimis centris meTodebis 
gamoyeneba. 
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Tavi II 
cilindruli zambaris optimaluri wonis 

gansazRvra 
 

2.1. amocanis dasma 
 

Tanamedrove pirobebSi zambarebi farTod 
gamoiyenebian teqnikis sxvadasxva dargSi, 
dawyebuli masalebis gadammuSavebeli “klasikuri” 
teqnologiuri manqanebiT, damTavrebuli yvelaze 
swrafmavali safreni aparatebiT. yvela 
SemTxvevaSi minimaluri wonis mqone zambarebis 
proeqtireba aris Zalian mniSvnelovani amocana.  

ganvixiloT grexaze momuSave cilindruli 
zambara, nax. 2.1.  

 

 
           nax.2.1. cilindruli zambara 
 

SemoviRoT Semdegi aRniSvnebi:. 
d  - mavTulis diametri; D – zambaris saSualo 
diametri; N – aqtiur xviaTa ricxvi;  
Q – araaqtiur xviaTa ricxvi (daboloebaTa xviebi); 
E – iangis moduli; G – daZvris moduli; P – 
modebuli datvirTva; k – grexis daZabulobis 
koncentraciis koeficienti; g – Tavisufali 
vardnis aCqareba; M- modebuli mgrexavi momenti; c 
– zambaris indeqsi; θ – dagrexis kuTxe; σ - 
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daZabuloba Runvisas; maxσ - dasaSvebi maqsimaluri 

daZabuloba Runvisas; ρ - zambaris masalis 

simkvrive. 
 Ggrexaze momuSave zambarebis [1,41] 
parametrebs Soris arsebobs Semdegi 
damokidebuleba: 

  k = (4c-1)/(4c-4) + 0.615/c.                        (2.1) 
 zambaris wona Caiwereba Semdegi saxiT: 

                         F=(N+Q)π 2 Dd 2 ρ g/4.                            (2.2) 
zambaris wona aiReba rogorc miznis funqcia, 

romlis minimizacia unda gakeTdes. Tu zambara 
datvirTulia Tavisi RerZis garSemo mgrexavi M 
momentiT, maSin  Runvis  daZabuloba  zambaris  

mavTulSi tolia σ  = 10,2Mk/d 2 , sadac  k grexis 
daZabulobis koncentraciis koeficientia da 
ganisazRvreba eqperimetuli gziT. igi tolia 

k=1,425(d/D) 115,0  . 
momentsa da grexis kuTxes Soris 

damokidebulebas aqvs saxe 

        θ  = 3670 NDM/Ed 4 ,                                               (2.3) 
sadac θ izomeba gradusebSi. 
 mocemuli θ kuTxis dros (2.3) 
gantolebidan SesaZlebelia gavigoT aqtiur 
xviaTa ricxvi NN da CavsvaT (2.2) gamosaxulebaSi, 
miviRebT: 
                                     
F=π 2 ρ gQDd 2 /4+π 2 ρ gEθ d 6 /(14680.M)= 

                                       
=π 2 ρ g(QDd 2 /4+Eθ d 6 /(14680.M)).                             (2.4) 

masalis rRvevis Tavidan acilebis mizniT, 
daZabuloba mavTulis Runvisas saWiroa naklebi 

iyos, vidre maxσ : 
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                    14,5 M/ d 885,2 D 115,0  - maxσ ≤ 0.                       (2.5) 
 garda amisa moiTxoveba, rom mavTulis 
diametris zomebi iyos moTavsebuli sazRvrebSi, 
romelic ganpirobebulia sortamentebiT, mocemuli 
mavTulisaTvis. 

                     d1 ≤ d ≤d 2 ,                                         (2.6)  

sadac  d 1 da d 2  zambaris mavTulis diametris 
qveda da zeda sazRvrebia Sesabamisad. 

gabarituli pirobebidan gamomdinare agreTve 
mocemulia zambaris saSualo diametri 

                                  D 1  ≤ D ≤ D 2 ,                                  (2.7) 

sadac  D 1 da D 2  zambaris saSualo diametris 

qveda da zeda sazRvrebia Sesabamisad. 
 rac Seexeba  zambaris indeqs, romelic 
ganisazRvreba formuliT c = D/d, metwilad unda 
akmayofilebdes utolobas  
                                  8 ≤ D/d ≤12.                                    (2.8) 

gamoyeneba zambarebisa romelTa indeqsi c<4 
ar aris rekomendirebuli, radganac daxveva aseTi 
zambarebisa gaZnelebulia da xviebis gareTa 
boWkoebSi SeiZleba warmoiSvas bzarebi da 
Canaglejebi.  

amgvarad minimaluri wonis mqone zambaris 
proeqtirebis amocana miiyvaneba  d da D cvladebis 
SerCevis amocanamde, romelic uzrunvelyofs (2.4) 
miznis funqciis (zambaris wonis) minimizacias da 
amavdroulad daakmayofilebs SezRudvebs (2.5, 2.6, 
2.7, 2.8). 
 imasTan dakavSirebiT, rom funqcia (2.4) da 
SezRudva (2.5, 2.8) arian arawrfivi funqciebi, 
amitom warmodgenili amocana aris arawrfivi, 
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ufro metic is miekuTvneba geometriuli 
daprogramebis amocanaTa klass. 
 Tumca zambaris daproeqtebis mocemuli 
amocana mcire ganzomilebisaa, misi miznis (2.4) 
funqciis da (2.5, 2.8) SezRudvebis Zlierad 
gamoxatuli arawrfivoba Qqmnian garkveul 
siZneleebs ricxviTi amoxsnebis miRebisas. 
     msgavsi amocana [1] gadawyvetilia 
gamartivebuli magaliTisa 

Tvis    kuna-takeris     pirobebisa  da   
lagranJis   mamravlis   

gamoyenebiT, magram aseTi midgoma iZleva 
SesaZleblobas miviRoT  amonaxsni mxolod im 
SemTxvevaSi, Tu miznis funqcia aris amozneqili. 
Ggarda amisa am meTodis gamoyenebisas ar SeiZleba 
gaviTvaliswinoT yvela is SezRudva rasac 
konstruqtorebi uyeneben zambarebs.  
      miznis funqciis (2.4) globaluri minimumis 

mosanaxad ufro  
mkacri     moTxovnebis    gaTvaliswinebisas    
aucilebelia konstruqtorebma gamoiyenon amoxsnis 
sxva meTodebi, romelsac eZRvneba qvemoT 
moyvanili paragrafebi 
 
2.2. amocanis amoxna SemTxveviTi Zebnis meTodiT 

 
 SeTxveviTi Zebnis meTodi [23), rogorc zemoT 
iyo aRniSnuli, cnobilia rogorc erT-erTi 
warmatebuli meTodi, romelic uzrunvelyofs 
procesis krebadobas ε  sizustiT mxolod 
statistikuri cdebis didi raodenobis S→ ∞   
Catarebis SemTxvevaSi. 

cnobilia, rom  S raodenobis statistikuri 
cdebis Catarebis Semdeg albaToba globaluri 
eqstremumis monaxvisa ε  sizustiT tolia 
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               P(S) = 1-(1- ε Ν ) S ,                                       (2.9) 
sadac N cvladebis ricxvia. 
 (2.9) gamosaxulebidan SeiZleba ganisazRvros 
Casatarebeli statistikuri cdebis raodenoba   

                      S = (1/ε  ) N  ln [1/(1-P)] .                           (2.10) 
 im SemTxvevisaTvis roca N=2, P=1/2 da ε  =0,001  
Casatarebeli statistikuri cdebis radenoba 
tolia: 

S = (1/10 3− ) 2 ln [1/(1-1/2)]   = 10 6 ln 2 = 0,69.10 6 . 
qvemoT moyvanilia amocanis gadawyvetis 

algoriTmis formalizebuli aRwera: 
1. winaswar ganisazRvreba algoriTmis 

muSaobisaTvis saWiro parametrebi: 
      - damoukidebeli cvladebis raodenoba - N; 
      - SezRudvaTa raodenoba - M; 
      - damoukidebeli cvladebis savaraudo 
cvlilebis qveda da zeda sazRvrebi; 
      - Casatarebeli statistikuri cdebis 
raodenoba – S; 
      - maqsimalurad SesaZlo didi ricxvi  R 
=10E+35 
      2. daiwyeba statistikuri cdebis Catarebis 
cikli. 
 3. SemTxveviTi ricxvebis generatori 
ciklurad daiwyebs SemTxveviTi ricxvebis 
gamomuSavebas, romlebic SemdegSi formirdebian 

rogorc saZebni parametrebi  x 1 da x 2 .     
  4. gamoiTvleba yvela SezRudvis 
mniSvneloba Sesabamisad da moxdeba   maTi 
Semowmeba ciklurad. 
  5. yvela SezRudvis pirobis Sesrulebis 
SemTxvevaSi, gamoiTvleba miznis funqciis F –s 
mimdinare mniSvneloba da moxdeba Semowmeba 
pirobaze F<R. Tu es piroba dakmayofilda, maSin 
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R-s  mieniWeba F-s mniSvneloba, romelic 
damaxsovrdeba manqanis mexsierebaSi sxva saZiebel 

x i  (i=1,2) parametrebTan erTad, raTa gamoyenebul 

iqnas Semdgomi ciklis Sesrulebisas, rogorc R 
cvladis axali mniSvneloba. 
 winaaRmdeg SemTxvevaSi, e.i. pirobis ar 
dakmayofilebis SemTxvevaSi programa ubrundeba 
me-2 punqtis Sesrulebas. 
 zemoTaRwerili procesi ganmeordeba manam, 
sanam Catarebuli statistikuri cdebis raodenoba 
ar iqnba meti vidre S. 
 programis muSaobis saboloo Sedegi iqneba 
minimaluri wertilis koordinatebi da miznis 
funqciis minimaluri mniSvneloba. garda amisa 
programis saSualebiT gamoiTvleba meTodis 
swrafqmedebis parametrebi, kerZod, miznis 
funqciis mniSvnelobis gamoTvlis raodenoba. 
SemTxveviTi Zebnis meTodi martivia kompiuterze 
sarealizaciod, magram moiTxovs didi raodenobis 
statistikuri cdebis Catarebas, rac yovelTvis ar 
aris moxerxebuli. qvemoT moyvanili meTodi 
daculia am naklisagan. 

 
2.3. amocanis amoxsna simZimis centrebis meTodiT 

 
ganvixiloT minimizaciis Semdegi amocana: 

( ){ }1 2min ( ) , , , n
nf x x x x x R= ∈Ω ⊂K ,         (2.11)         

sadac ( )f x  mraval eqstrmumiani funqciaa, 

romelic gansazRvrulia SezRudul da Caketil 

simravleze nRΩ⊂ . vTqvaT, ( )1 2, , , nx x x x∗ ∗ ∗ ∗= ∈ΩK  aris 

absoluturi minimumis wertili. 



 37 

 simZimis centrebis meTodi SemuSavebulia 
Semdegi Teoremis safuZvelze. 

Teorema. simZimis centrebis Tanmidevroba 

( ){ }x ζ sruli metrikuli sivrcis SemosazRvrul da 

Caketil simravleze ( ) ( ){ }x f xζ ζΩ = ≤ ⊂ Ω , sadac 

ζ aris ( )f x  funqciis skalaruli mniSvneloba, 

romelic warmoqmnilia saminimizacio ( )f x  

funqciis lebegis dayofis Sedegad, krebadia 

absolutri eqstremumis x∗  wertilSi, roca 

( )inf f xζ ζ ∗→ = , e.i 

                   ( )limx x
ζ ζ

ζ
∗

∗

→
= ,                 (2.12) 

sadac  

        ( ) ( )
( )

( )
( )

,

,

x x dx
x

x dx
ζ

ζ

ρ ζ
ζ

ρ ζ
Ω

Ω

=
∫ ∫

∫ ∫

L

L
.                  (2.13) 

   (2.13) gamosaxulebiT mocemuli mravajeradi 
integralis gamosaTvlelad gamoiyeneba monte-
karlos meTodi, romelic Tavisi realizaciis 
simartivis TvalsazrisiT SesaZloa iyos TiTqmis 
erTaderTi misaRebi saSualeba didi ganzomilebis  
mravaljeradi integralebis gamosaTvlelad. 
magram problema mZimdeba imiTac, rom integrirebis 

are ( )ζΩ  zogad SemTxevaSi ver iqneba 

gansazRvruli cxadi saxiT. Tu SemovitanT 
maxasiaTebel funqcias, romelsac aqvs saxe         

( )
( )
( )

1, ,
,

0 , ,

при x
x

при x

ζ
θ ζ

ζ

∈ Ω⎧⎪= ⎨
∉ Ω⎪⎩
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maSin ( )ζΩ  are SeiZleba Seicvalos saoptimizacio 

funqciis gansazRvris sawyisi ariT da 
gamosaxuleba (2.13) SeiZleba gadavweroT Semdegi 
saxiT: 

            ( )
( ) ( )

( ) ( )

, ,

, ,

x x x dx
x

x x dx

ρ ζ θ ζ
ζ

ρ ζ θ ζ
Ω

Ω

=
∫ ∫

∫ ∫

L

L
.         (2.14) 

gamosaxulebebSi (2.13) da (2.14) –Si ( ),xρ ζ  woniTi 

funqciaa. Tu mas avirCevT 

( ) ( ),
q

x f xρ ζ ζ= − , 2q ≥ , 

maSin saoptimizacio funqciisagan damoukideblad 

miiReba uwyveti gluvi ( )x ζ  damokidebuleba, 

amavdroulad sigluve ukanasknelisa moimatebs 
xarisxis maCvenebel qzrdasTan erTad. 

praqtikulad mniSvneloba 2q =  iZleva 
damakmayofilebel Sedegebs. Tu gaviTvaliswinebT 
miTiTebuli  damokidebulebis uwyvetobas, (2.12) 
gamosaxulebidan vRebulobT     

( )x x ζ∗ ∗= . 

     amgvarad, vipoviT ra ζ ∗  mniSvnelobas, 

romelic Seesabameba saoptimizacio ( )f x funqciis 

minimalur mniSvnelobas da CavsvamT mas (2.14) 

gamosaxulebaSi, miviRebT minimumis x∗ saZiebel 
koordinatebs. 

 meTodis Teoriuli safuZveli da misi 
praqtikuli gamoyenebis magaliTebi mocemulia 
naSromebSi [21, 22]. qvemoT moyvanilia (2.4)-(2.8) 
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amocanis simZimis centrebis meTodiT amoxsnis 
algoriTmi. 

algoriTmi. meTodi gulisxmobs SemTxveviTi 
ricxvebis arCevas ganawilebis Tanabari kanoniT, 

romelic miiyvaneba saoptimizacio ( )f x  funqciis 

gansazRvris Ω  areSi. aviRebT ix   SemTxveviT 
veqtors (erTi  mcdeloba), SegviZlia gamovTvaloT 

( )f x  funqcia. ramdenadac amocanis ricxviTi 

amoxsnisas SeuZlebelia mivceT uwyveti speqtri ζ  
cvladis mniSvnelobebis, amitom ganvsazRvravT mis 

diskretul mniSvnelobebs pζ , 1,2,...,p k= , romlebic 

daSorebuli arian erTmaneTisagan mudmivi 
ζΔ sididiT,  sadac k lebegis dayofaTa doneebis 

raodenobaa saoptimizacio funqciis arsebobis 
areSi. 

gamoTvla pζ  ganxorcielebulia Semdegnairad. 

tardeba winaswari S statistikuri cdebis 
SedarebiT mcire raodenoba. praqtikuli 
mosazrebebidan gamomdinare, miRebulia, rom  

0.1S N= , sadac N ZiriTadi statistikuri cdebis  
raodenobaa. winaswari cdebis mocemul seriaSi 
adgili aqvs saoptimizacio funqciis 

mniSvnelobebis gamoTvlas ( )( )i if x ζ= , 1,2,...,i S= , 

cvladebis sxvadasxva SemTxveviTi 

mniSvnelobebisaTvis ix ∈Ω , da maT Soris 

( )minB ii
ζ ζ= minimaluris da ( )maxT ii

ζ ζ=  

maqsimaluris damaxsovrebas. gamocdaTa am seriis 
damTavrebisas ganisazRvreba: 
− lebeguri dayofis biji  

( )1
T Bc

ζ ζ ζΔ = − , 
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sadac 0c >  – romeliRaca dadebiTi koeficienti, 
romelic axasiaTebs lebeguri dayofis 
simWidroves. praqtikuli mosazrebebidan 
gamomdinare rekomendirebulia c  aviRoT 
pirobebidan 10 20c≤ ≤ ; 
− lebeguri dayofis doneTa mniSvneloba   

2
T B

p pζ ζζ ζ+
= − Δ ,  1,2,...,p k= . 

  monte-karlos meTodis ricxviTi 
realizaciisaTvis vatarebT ZiriTadi cdebis 
serias N, winaswar gardaqmnili (2.14) 
gamosaxulebisaTvis, romelsac aqvs saxe 

           ( )
( ) ( )

( ) ( )
1

1

, ,

, ,

N
i i i

i
N

i i

i

x x x
x

x x

ρ ζ θ ζ
ζ

ρ ζ θ ζ

=

=

=
∑

∑
.            (2. 15) 

      wertilebi, romlebic miiReba (2.15) 

gamoTvliT sxvadasxva pζ , 1,2,...,p k= , warmoqmnian 

TanamimdevrobaTa sistemas 

                     { }1,p pxζ ,  1,2,...,p k= , 

                     { }2,p pxζ ,  1,2,...,p k= ,       (2.16) 

                      M                M   

                  { },p npxζ ,  1,2,...,p k= , 

romlebic aproqsimirdebian (magaliTad umciresi 
kvadratebis meTodiT) meore rigis polinomiT da 
maT aqvT saxe 

          2( )j j j jx ζ α ζ β ζ γ= + +% ,   1,2,...,j n= ,      (2.17) 
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moinaxeba koeficientebi jα , jβ , jγ , 1,2,...,j n= ,  

maproqsimirebeli polinomis. 

 miRebuli analizuri (2.17) damokidebulebis 
safuZvelze, sawyisi amocana (2.11) miiyvaneba 
minimizaciis erTganzomilebian amocanamde: 

                        

( ) [ ]{ }min 2 , 2j k kf x ζ ζ ζ ζ ζ ζ⎡ ⎤ ∈ − Δ + Δ⎣ ⎦% ,          (2.18) 

ris Sedegadac ganisazRvreba globaluri minimumis 
wertilis saZebni kordinatebis miaxloebiTi 

optimaluri mniSvnelobebi:  ( )* *
j jx x ζ= % , 1,2,...,j n= , 

sadac ζ ∗ aris (2.18) amocanis amonaxsni, da 
Sesabamisad saoptimizacio funqciis Sesabamisi 

mniSvnelobac ( )1 2, ,..., nf f x x x∗ ∗ ∗ ∗= . 

     amgvarad, struqturuli TvalsazrisiT, 
simZimis centrebis algoriTmi Sedgeba sami 
etapisagan. 

  pirvel etapze tardeba winaswari 
statistikuri cdebi da ganisazRvreba lebeguri 

dayofis doneebis diskretuli mniSvnelobebi pζ , 

1,2,...,p k= . 

      meore etapze tardeba ZiriTadi statistikuri 
cdebis seria, romlis drosac formirdeba 
empiriuli wertilebis TanamimdevrobaTa sistema 
(2.16). 

      mesame etapze xorcieldeba miRebuli 
monacemTa sistemis damuSaveba da koordinatuli 

gansazRvra ( )jx ζ% , 1,2,...,j n=  analizuri 

funqcionaluri damokidebulebebis, romlis 
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Sedegadac sawyisi mravalganzomilebiani 
minimizaciis amocana (2.11)  daiyvaneba 
erTganzomilebiani (2.18) optimizaciis amocanamde, 
romlis amoxsniT ganisazRvreba dasaxuli 
amocanis optimaluri Sedegebi. 

      simZimis centrebis algoriTmi aris 
miaxloebiTi. misi cdomileba ZiriTadad 
ganpirobebulia (2.16) sistemis empiriuli 
wertilebis raodenobiT da maTi aproqsimaciiT. 
meTodis gansakuTrebuli damaxasiaTebeli Tvisebaa 
is, rom misi gamoyenebisas swrafad xdeba 
globaluri eqstremumis midamos lokalizacia, 
romelSic globaluri eqstremumis wertilis 
dazusteba SesaZlebelia ganxorcieldes nebismieri 
determinirebuli meTodiT.  

 

 
2.4. cilindruli zambaris gaangariSebis magaliTi 

 
gaangariSebebisaTvis saWiro sawyisi monacemebia: 

 E = 2.10 11  pa;  maxσ = 1,5.10 8  pa;  θ=  20 0 ;  M = 0,3 n.m.;   

ρ . g  = 7,7.10 4  n/m 3 ;   
            Q = 2 xv.;  d 1  = 0,0028 m;  d 2 = 0,01 m; D 1 = 0,029 m ;   
D 2 =0,04 m ; 

SemovitanoT Semdegi aRniSvnebi 

cvladebisaTvis d x→ 1 , 

 D x→ 2 . zogierTi gardaqmnis Catarebisa da 

ricxviTi monacemebi Setanis Semdeg amocana (2.4, 
2.5, 2.6, 2.7, 2.8) SeiZleba  CamovayaliboT 
Semdegnairad:  

moiTxoveba vipovoT globaluri minimumi 
funqciisa  
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                    F = 3,14 2 .7,7.10 4 .(0,5.x 2
1 .x 2 +2.10 11 . 20. 

x 6
1 /(14680.0,3)), 

Semdegi SezRudvebisas 

                           14,5.0,3/x 885,2
1 . x 115,0

2 -1,5.10 8≤ 0; 
                               0,0028 <x 1 < 0,01;                                                   
                                 0,029< x 2 <0,04;        
                                   8 <  x 2 / x 1 <12.  
 Aamocanis amoxsnis Sedegebi moyvanilia 
cxril N#2.1                                                  

 
zambaris optimaluri parametrebi. cxrili #2.1. 

 

� 

# 

zambaris 
optimaluri  

parametrebi 

Ffunqciis 
mniSvnelo-

baTa 
gamoTvlis 
raodenoba  

Aamocanis 
amoxsnisaTvis 
gamoyenebuli 

meTodi 

1 x 1 =2.805957Е-03; 
x 2 =2.926359Е-02; 
F min =0.4240097 

 lagranJis 

2 x 1 =2.80044Е-03; 
x 2 =2.902923Е-02; 
F min =0.419227 

690000 SemTxveviTi 
Zebnis 

3 x 1 =2.80001Е-03; 
x 2 =3.043002Е-02; 
F min =0.422853 

145 simZimis 
centrebis 

 
    yovelive zemoT aRniSnulis gaTvaliwinebiT 
SegviZlia davaskvnaT, romAgansazRvrulia 
cilindruli zambaris optimaluri wona, 
SemTxveviTi Zebnisa da simZimis centrebis 
meTodebis gamoyenebiT.  
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 am meTodebiT miRebuli Sedegebi Sedarebul 
iqna erTmaneTTan da agreTve lagranJis meTodiT 
miRebul SedegTan. samive meTodiT miRebuli 
Sedegebi emTxvevian erTmaneTs inJinruli 
TvasazrisiT misaRebi sizustiT. garda amisa 
meTodebi Sedarebul iqna swrafqmedebis 
TvalsazrisiTac, aRmoCnda, rom simZimis centrebis 
meTodi ufro swrafqmedia vidre SemTxveviTi 
Zebnis meTodi. Aam maxasiaTeblis dasadgenad 
daTvlili iqna  amocanis amoxsnisaTvis saWiro, 
miznis funqciis mniSvnelobis gamoTvlis, 
raodenoba. Cvens mier ganxilul magaliTSi 
simZimis centrebis meTodis gamoyenebisas miznis 
funqciis mniSvneloba gamoiTvala 145 –jer, maSin 
rodesac SemTxveviTi Zebnis meTods dasWirda am 
mniSvnelobebis gamoTvla 690000 –jer. 

SemTxveviTi Zebnisa da simZimis centrebis 
meTodebi uzrunvelyofen rTuli eqstremaluri 
amocanis inJinruli TvalsazrisiT praqtikaSi 
miRebuli sizustiT amoxsnas.  

danarTi #1-Si mocemulia zambaris 
minimaluri wonis gansazRvris programebi 
SemTxveviTi Zebnis (ZAMBARA-1) da simZimis 
centrebis (ZAMBARA-2) meTodebis gamoyenebiT.   
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Tavi III 
fuZis da saZirkvlis erToblivi 

deformaciis  gaangariSebis Tanamedrove 
meTodebi  

 
 Senoba-nagebobis simtkice mTlianadaa 
damokidebuli saZirkvlis da fuZis erTobliv 
deformaciaze. amitomac fuZis da saZirkvlis 
erToblivi deformaciis gaangariSebis meTodis 
SerCevas aqvs  didi praqtikuli mniSvneloba [10]. 
 fuZis da saZirkvlis erToblivi deformaciis 
(dajdomis) gansazRvris ramdenime meTodi arsebobs 
[29,30], aqedan ZiriTads warmoadgens: 
      1. fuZis dajdomis gaangariSeba Sreobrivi 
Sejamebis meTodiT, rodesac grunti ganixileba 
rogorc wrfivad-deformirebadi naxevarsivrce; 
       2. fuZis dajdomis gaangariSeba wrfivad 
deformirebadi Sris meTodiT, rodesac grunti 
ganixileba rogorc wrfivad-deformirebadi Sre; 
       3. fuZis dajdomis gaangariSeba 
eqvivalenturi Sris meTodiT, rodesac 
gaiTvaliswineba gruntis gverdiTi gaganiereba. 

fuZis deformaciaze gaangariSebisas, 
saSualo wneva saZirkvlis Zirze (p) ar 
undaAaRematebodes fuZe-gruntis saangariSo 
winaRobas (R). Nnapira wneva, rodesac saZirkvelze 
moqmedebs mRunavi momenti, ar unda aRematebodes 
1,2R. saZirkvlis zomebi iniSneba winaswar 
konstruqciuli mosazrebiT an R-is mixedviT. 
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3.1. Sreobrivi Sejamebis 
meTodi 

 
es meTodi rekomendebulia samSeneblo 

normebiTa da wesebiT [31]. gaangariSebis meTodika 
mdgomareobs SemdegSi: 

1. gruntis sisqe saZirkvlis Ziris dabla 
daiyofa elementarul Sreebad siRrmeze, 
daaxloebiT 3b, sadac b aris saZirkvlis 
sigane. gruntis Sris sisqe (hi) aiReba 
araumetesi 0,4b. fuZis dayofa warmoebs 
geologiur Wrilze, rogorc es naCvenebia 
nax. 3.1. 

2. RerZisadmi (marcxniv), romelic gadis 
saZirkvlis Ziris simZimis centrze, ageben 
wnevis epiurebs gamowveuls gruntis 

sakuTari wonisagan σzg (bunebrivi wnevis 
epiuras) da damatebiTs (Semamkvrivebels) 

wnevis epiuras σzp. 
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nax.3.1. gruntis geologiuri Wrili. 

bunebrivi wnevis σzg mniSvnelobebs Z 
siRrmeze saZirkvlis Ziridan, sazRvraven 
formuliT: 

          
n

zg n i i w w
1

d h h ,′σ = γ + γ + γ∑                  (3.1) 

sadac ′γ  _ gruntis kuTri wona, mdebare 

saZirkvlis Ziris  maRla;              
            dn _ saZirkvlis CaRrmaveba miwis bunebrivi 
zedapiridan; 
    n   _ Sreebis ricxvi Z 
farglebSi; 
      iγ  _ gruntis i-uri Sris kuTri wona;      



 48 

          hi     _ imave gruntis i-uri Sris sisqe (miviRoT 
0,2b). 
     wγ  _ wylis kuTri wona;   
       wh  _ miwisqveSa wylis simaRle 

wyalSemkavebeli gruntis   zedapiris maRla;               
wyalgamtari gruntebis kuTri wona, mdebare 

miwisqveSa wylis donis dabla, miiReba wylis 
Semativtivebeli moqmedebis gaTvaliswinebiT. 
wyalgaumtari gruntis kuTri wona miiReba wylis 
Semativtivebeli moqmedebis gaTvaliswinebis 
gareSe, magram gaiTvaliswineba wylis svetis wneva 

w whγ .  

damatebiTi wnevis zpσ mniSvnelobebi z 
siRrmeze saZirkvlis Ziridan, gamoiTvleba 
formuliT: 

( )z p 0 z g op pσ = α = α − σ ,              (3.2) 

 sadac po _  damatebiTi vertikaluri wneva 
fuZis zedapirze;  
    p  _ saSualo Zabva saZirkvlis Zirze;E 
         zgoσ _ bunebrivi wneva gruntis sakuTari 

wonisagan saZirkvlis Zirze; 

        α _ wnevis Semamcirebeli koeficienti [31, 
damat. 2, cxr.1],                      damokidebuli 
saZirkvlis Ziris formaze, saZirkvlis gverdebis 

fardobaze bη = l  da fardobiT siRrmeze     

2z
b

ξ =  [31,damateba 2, cxrili 1]. 

3. ganisazRvreba gruntis aqtiuri zonis 
siRrme (H). fuZis aqtiuri zonis qveda zRvari 
miiReba siRrmeze Z=Hc, sadac kmayofildeba piroba 

zp zg0, 2′ ′σ = σ . Tu es piroba ar Sesrulda, maSin 
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adideben saZirkvlis siganes 0,25m jeradobiT 
saZirkvlis orive mxareze, an adideben saZirkvlis 
CaRrmavebas 0,5m jeradobiT. Tu es piroba ar 
Sesrulda,  maSin mimarTaven saZirkvlis siganis da 
CaRrmavebis erTdroulad gadidebas. gamoTvlebi 
meordeba manam sanam ar miiReba sasurveli Sedegi. 

4. gamoiTvleba fuZis dajdomis sidide (S). 
fuZis dajdomis sidide S  Sreobrivi Sejamebis 
meTodiT gamoiTvleba formuliT:  

           
n zpi i

1 i

h
S ,

E
σ

= β∑                      (3.3)  

sadac β  aris koeficienti, romelic udris 0,8;             

zpiσ - damatebiTi normaluri Zabvis 

saSualo mniSvneloba gruntis i–iur 

SreSi, romelic udris 
2

10 zp
zpi

P σ
σ

+
=  

da a.S. 
mniSvneloba Ei _ imave gruntis i-uri 
Sris deformaciis moduli; 
hi  _ imave Sris sisqe; 
n  _ Sreebis ricxvi aqtiuri zonis farglebSi. 

magaliTi 1.  saWiroa ganisazRvros 
saZirkvlis dajdomis sidide, romelic aigeba 
geologiur pirobebSi (nax.3.1), Semdeg monacemebze: 

1. saZirkvlis CaRrmaveba d=1,5m, saZirkvlis 
sigane b=2,0m da sigrZe a=2,8m. saSualo wneva 

saZirkvlis Zirze p = N/A = 1624 290
2 2,8

kpa.=
⋅

  

2. fuZe gruntebis Tvisebebi da fenebis 
sisqeebi, moyvanilia #3.1 cxrilSi. miwisqveSa 
wylis horizonti mdebareobs 1,6 m-ze saZirkvlis 
Ziris dabla. Tixnari meore fenaSi miiReba 
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wyalJonadi da Tixa mesame fenaSi ganixileba 
praqtikulad wyaluJonadi (wyalSemkavebeli).F 

             
fuZe gruntebis Tvisebebi da fenebis   sisqeebi                  

                                                      cxrili #3.1. 

fen-
ebi 

gruntebis 
tipi 

fenebis 
sisqe, 

M 

deformaciis 
moduli, mpa 

gruntis 
kuTri wona 

iγ ,kn/m3 

I qviSa 3.1 18 

wylis 
hidrostati-
kuri wnevis 
gareSe, 

II,1 16γ =  

II Tixnari 2.4 16 

wylis 
hidrosatati-
kuri wnevis 
gaTvaliswine-
biT 

sb,2 10,3γ =  

III Tixa 2.0 17 

wylis 
hidrostati-
kuri wnevis 
gareSe, 

III,3 18γ =  

N 

ganisazRvreba zgoσ  da  0 zgop p= −σ  (nax.3.1): 

zgo II1 nd 16 1,5 24mpaσ = γ = ⋅ =
 

0 zgop p 290 24 266 kpa= −σ = − =
 

aqtiuri zonis sisqis  monaxvisaTvis 

sazRvraven zgσ  da zpσ  sxvadasxva siRrmeze 3.1 da 

3.2 formulebiT. Semdeg pouloben siRrmes, sadac 

kmayofildeba piroba zp zg0, 2 .′ ′σ = σ . α-s mniSvnelobebi 
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miiReba normebidan [31, damateba 2, cxrili 1], roca 

2z
b

ξ =  da 
a 2,8 1,4
b 2,0

η = = = . Sedegebi SeaqvT #3.2 

cxrilSi. 
Tanaxmad #3.2 cxrilisa aqtiuri zonis qveda 

zRvari mdebareobs siRrmeze      Hc = z′  = 4,8m, 
sadac zp zg28 0, 2 27, 4′ ′σ = ≤ σ = . 

saZirkvlis sruli dajdomis sidide gaiangariSeba 
(3.3) formuliT: 

S = S1 + S2 + S3 = 0,015 + 0,0085 + 0,0012 = 0,024 m = 2,4 sm. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 



wnevis Semamcirebeli  da aqtiuri zonis 
zRvrebis damokidebuleba.  

cxrili #3.2 

fenebi 
2z
b

ξ =  Z, m α zpσ , 

kpa 
zgσ , 

kpa 
Si, m 

pirveli -
qviSa 
 
 
-3.1 

0 
0.4 
0.8 
1.2 
1.6 

0 
0.4 
0.8 
1.2 
1.6 

1.000 
0.972 
0.848 
0.682 
0.532 

266 
259 
226 
181 
142 

24 
30 
37 
43 
50 

1
0,8 0, 4 266 259S ...
18000 2

⋅ +⎛ ⎞= +⎜ ⎟
⎝ ⎠

 

 

1S 0,015=  

meore _ 
Tixnari 
 
 
 
-5.5 

2.0 
2.4 
2.8 
3.2 
3.6 
4.0 

2.0 
2.4 
2.8 
3.2 
3.6 
4.0 

0.414 
0.325 
0.260 
0.210 
0.173 
0.145 

110 
86 
69 
56 
46 
39 

54 
58 
62 
66 
71 
75 

 
 

S2=0,0085 

33 
28 

106 
137 

mesame _ 
Tixa 
 4.4 

4.8 
5.2 
5.6 
6.0 

4.4 
4.8 
5.2 
5.6 
6.0 

0.123 
0.105 
0.091 
0.079 
0.070 

24 
21 
19 

168 
200 
231 

 
 
 
 

S3=0,0012 



aRniSnuli meTodis gamoyenebis sfero Zalian 
farToa, saxeldobr: 

1. samrewvelo da samoqalaqo nagebobaTa 
(SenobaTa) saZirkvlebis dajdomis 
gasaangariSeblad, rodesac saZirkvlis sigane 
naklebia b<10m-ze: 

2. aseve, rodesac aqtiuri zonis farglebSi 
ar mdebareobs gruntis iseTi fena, romlis 
deformaciis moduli E>100mpa(1000kg/sm2); 

3. gansakuTrebiT maRlivi Senobebis 
SemTxvevaSi. sardafiani Senobis mowyobiT an 

saZirkvlis CaRrmavebiT SeiZleba γdn mivuaxlovoT 
saSualo wnevis sidides saZirkvlis Zirze, ris 
gamoc dajdomis sidide SeiZleba mkveTrad 

SevamciroT. Tu γdn gautolebT p-s, maSin, cxadia 
nagebobis dajdoma SeiZleba nulis toli gaxdes. 

 
3.2. wrfivad deformirebadi Sris meTodi 

 
     es meTodi rekomendebulia samSeneblo 
normebiTa da wesebiT [31]. Tanaxmad daproeqtebis 
normebisa fuZis dajdomis sidide gamoiTvleba 
formuliT: 

                 
n

c i i 1

1m i

pbK K KS
K E

−−
= ∑ ,         

(3.4) 
sadac p aris damatebiTi (Semamkvrivebeli) wneva 
saZirkvlis Zirze,  roca b<10m; 
b  _ saZirkvlis sigane an wriuli saZirkvlis 
diametri; 
KC   _ koeficienti, romelic aiReba normebidan [31, 
damateba 2,cxr.2]; 
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Km _ koeficienti, romelic aiReba normebidan [31, 
damateba 2,cxr.3]; 
n    _Sreebis ricxvi fuZis saangariSo sisqis 
farglebSi (H ); 
 Ki da Ki-1 –koeficientebi, aRebuli normebidan [31, 
dam. 2. cxr.4] damokidebuli saZirkvlis gverdebis 
fardobaze da fardobiT CaRrmavebaze saZirkvlis 

Ziridan, roca 
b
Zi

i
.2

=ξ  da 
b
Zi

i
1

1
.2 −

− =ξ ; 

Ei _ gruntis i-uri fenis deformaciis moduli; 
Z _ manZili saZirkvlis Ziridan Sesabamisad 
gansaxilveli fenis zedapiramde. 

 
nax.3.2. gruntis Wrili. 

wrfivad deformirebadi Sris sisqed (H) 
(nax.3.2) miiReba manZili saZirkvlis Ziridan im 
fenis zedapiramde, romlis deformaciis moduli 

E≥100mpa (1000kg/sm2). Tu saZirkvlis sigane b≥10m, 
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maSin mis mniSvnelobas pouloben normebidan [31, 
damateba 2, punqti 8]. 

magaliTi 2. ganisazRvros saZirkvlis 
dajdomis sidide (3-4) formuliT zemoT 
ganxiluli magaliTis (nax.3.1 da cxr.3.1) mixedviT 
farglebSi siRrmiT daaxloebiT 3b=3.2=6m. aqtiuri 
zonis sisqe (simZlavre) miiReba nax.2-dan im fenis 

zedapiramde, romlis E ≥ 100mpa da udris H = 1,6 + 
2,4 + 2,0 = 6m. 

sawyisi monacemebi dajdomis 
gasaangariSeblad: 

Kc = 1,0,  radgan [31, dam.2,cxr.2]-dan 
2H 2 6 6,0;
b 2

⋅′ξ = = =   

Km = 1,0, radgan [31, dam. 2, cxr.3]-dan E≥10mpa 
da b<10m; 

Ki da Ki-1 , radgan  [31, dam. 2, cxr.4]-dan, roca 
a 2,8 1,4
b 2,0

η = = = ; 

pirveli fenisaTvis K1 = 0,394 da Ki-1=0, radgan 
1

1
2Z 2 1,6 1,6;
b 2

⋅
ξ = = =  

meore fenisaTvis K2 = 0,708 da Ki-1= 0,394, 

radgan 2
2

2Z 2 4 4,0;
b 2

⋅
ξ = = =  

mesame fenisaTvis K3 = 0,814 da Ki-1= 0,708, 

radgan 3
3

2Z 2 6 6,0;
b 2

⋅
ξ = = =  

ganisazRvreba saZirkvlis dajdomis sidide (3-4) 
formuliT 

266 2 1 0.394 0 0,708 0,394 0,814 0,708S 0,026
1 18000 16000 17000
⋅ ⋅ − − −⎡ ⎤= + + = =⎢ ⎥⎣ ⎦

m 2,6sm
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aRniSnuli meTodis naklia: 
1. ar iTvaliswinebs miwisqveSa wylis 

arsebobas; 
2. ar iTvaliswinebs damatebiTi Zabvebis 

cvlilebas fuZis siRrmeSi. 
amitom es meTodi SeiZleba CaiTvalos rogorc 

miaxloebiTi meTodi. 
   AaRniSnuli meTodis gamoyeneba mizanSewonilia: 

1. rodesac aqtiuri zonis farglebSi 
mdebareobs iseTi gruntis fena, romlis 

deformaciis moduli E ≥ 100mpa (1000kg/sm2); 
2. rodesac saZirkvlis sigane b≥10m da 

E≥10mpa(100kg/sm2); 
3. aseve es meTodi gamoiyeneba maSinac, rodesac 

b<10m da E<10mpa (100kg/sm2). 
 

@3.3. fuZis dajdomis gansazRvra 
eqvivalenturi Sris meTodiT (n. citoviCis 

meTodi) 
 

es meTodi ZiriTadad gamoiyeneba saZirkvlis 
dajdomis gaangariSebisaTvis rogorc erTgvarovan 
aseve araerTgvarovan gruntebSic. 

saZirkvlis dajdoma erTgvarovan gruntebSi 
gamoiTvleba prof n. citoviCis meTodiT, Semdegi 
formuliT: 

  s = hs ao po,                                    (3.5) 
sadac ao  aris fardobiTi kumSvadobis 
koeficienti, kpa-1; 
po _ damatebiTi vertikaluri wneva saZirkvlis 
Zirze, kpa; 
hs _ eqvivalenturi Sris sisqe. 
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  eqvivalenturi Sris sisqe ganisazRvreba 
formuliT 

  sh A b= ω ,                                    (3.6) 

sadac Aω    aris eqvivalenturi Sris koeficienti, 
romelic damokidebulia puasonis koeficientze v, 
saZirkvlis Ziris formaze da saZirkvlis 
sixisteze (30, cxr.6.5). 

damatebiTi wnevis epiura n. citoviCis 
mixedviT miaxloebiT miiReba samkuTxa, simaRliT 
2hs.  

im SemTxvevaSi, rodesac nagebobis fuZe 
araerTgvarovania da Sedgeba sxvadasxva 
fenebisagan, saZirkvlis dajdomis sidide 
ganisazRvreba formuliT: 

S = hs aosaS po,                                   (3.7) 
sadac aosaS  aris gruntebis fardobiTi 
kumSvadobis koeficientis saSualo mniSvneloba, 
kpa-1 ; 
  gruntebis fardobiTi kumSvadobis saSualo 
koeficienti n. citoviCis mixedviT ganisazRvreba 
kumSvadobis zonis farglebSi siRrmiT H=2hs, 
formuliT 

n

o i oi i2
1s

1a h a z
2hsaS = ⋅ ⋅∑ ,                           (3.8) 

sadac n _ aris fenebis ricxvi aqtiuri zonis 
farglebSi; 
hi _ gruntebis i-uri fenis sisqe, m; 
aoi_ gruntis i-uri fenis fardobiTi kumSvadobis 

koeficienti, kpa 1− ; 
zi _ manZili eqvivalenturi samkuTxa epiuris qveda 
wertilidan i-uri fenis Suamde, m. 

magaliTi 3. saWiroa ganisazRvros 
saZirkvlis dajdomis sidide (3.5) formuliT 
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winaganxiluli 1-li magaliTis monacemebze (nax.3.1 
da cxrili#3.1). angariSi mimdinareobs Semdegi 
TanmimdevrobiT: 

a) rodesac grunti erTgvarovania (magaliTad 
Tixnari) 

1) gansazRvraven bunebriv wnevas da 
damatebiT wnevas saZirkvlis Zirze  

zgo

o zgo

d 16 1,5 24
p p 290 24 266

kpa
kpa

′σ = γ = ⋅ =
= −σ = − =  

2) sazRvraven gruntis eqvivalenturi Sris 
simZlavres (hs)   

rodesac  V=0,30  da 
a 2,8 1,4
b 2,0
= = , maSin [30,cxr.6.5]-

dan ωA  = 1,32. 
eqvivalenturi Sris simZlavre 

sh A b 1,32 2 2,7mω= ⋅ = ⋅ ≈ . 
3) fardobiTi kumSvadobis koeficienti 

0
2

0,57a 0,0036
E 16000
β

= = = -1kpa  

4) saZirkvlis dajdomis sidide iqneba 
S = hs a0 p0 = 2,7. 0,000036.266=2,9sm. 

b) rodesac fuZe araerTgvarovania da fuZe 
Sedgeba sxvadasxva fenebisagan: 

1) sazRvraven bunebriv da damatebiT wnevebs 
saZirkvlis Zirze 

zg

0 zgo

d 16 1,5 24
p p 290 24 266

mpa
mpa

′σ = γ = ⋅ =
= −σ = − =  

2) monaxaven gruntebis eqvivalenturi Sris 
simZlavres (hs) da eqvivalenturi Sris simaRles. 
eqvivalenturi Sris simZlavre: 

rodesac  V=0,30  da 
a 2,8 1,4
b 2,0
= = . 
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maSin [30,cxr.6.5]-dan Aω  = 1,32. 
sh A b 1,32 2 2,7mω= ⋅ = ⋅ ≈ . 

Semamkvrivebeli wnevis epiuris simaRle 
nax.3.3. 

H = 2hs = 2⋅2,7 = 5,4m. 
moinaxeba fardobiTi kumSvadobis koeficientebi 

(a0i) da iβ -is mniSvnelobebi [30,cxr.2.1]-dan: 

1
01

1
2

02
2
3

03
3

0,72a 0,000040
E 18000

0,57a 0,000036
E 16000

0, 43a 0,000026
E 17000

β
= = =

β
= = =

β
= = =

-1

-1

-1

kpa

kpa

kpa

 

 
nax. 3.3. gruntis Wrili, sadac naCvenebia  
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Semamkvrivebeli wnevis epiuris simaRle H . 
 
 nax.3-dan sazRvraven fuZis sisqes  (hi) da 
manZilebs yoveli fenis Suadan 2hs siRrmemde: 

h1=1,6m,      Z1=5,4-0,8=4,6m; 
h2=2,4m,      Z2=5,4-1,6-1,2=2,6m 
h3=1,4m,      Z3=5,4-1,6-2,4-0,7=0,7m 
SevitanoT es mniSvnelobebi me-8 formulaSi 

0
1,6 0,000040 4,6 2,4 0,000036 2,6 1,4 0,000026 0,7a 0,0000

2 2,7 2,7saS
⋅ ⋅ + ⋅ ⋅ + ⋅ ⋅

= =
⋅ ⋅
 

4) sazRvraven saZirkvlis (fuZis) srul 
dajdomas 

s o oS h a p 2,7 0,000040 266 0,029 2,9saS m sm= = ⋅ ⋅ = =  

gaangariSebebi gviCvenebs, rom dajdoma 
monaxuli eqvivalenturis Sris meTodiT, miiReba 
ramdenadme meti, vidre gansazRvruli Sreobrivi 
Sejamebis meTodiT. Aam meTodis naklia is, rom 
wylis gavlenas ar iTvaliswinebs, aseve E daPp-es 
cvlilebas siRrmeSi.  
   Ddajdomis gaangariSebis eqvivalenturi Sris 
meTodi gamoiyeneba gansakuTrebiT maSin, rodesac 
nagebobis fuZe Sedgeba erTgvarovani 
gruntebisagan. Tu nagebobis fuZe Sedgenilia 
araerTgvarovani gruntebisagan, maSin 
eqvivalenturi Sris meTodi SeiZleba gamoyenebuli 
iqnas rogorc miaxloebiTi (inJinruli) meTodi.B 
  yovelive zemoTaRniSnulis Semdeg SeiZleba 
gavakeToT Semdegi daskvna: rom Cvens mier 
miRebuli gaangariSebiT  da literaturaSi 
moyvanili Sedegebis Sedarebis safuZvelze 
wrfivad deformirebadi Sris meTodiT da 
eqvivalenturi Sris meTodiT gaangariSebuli 
saZirkvlebis dajdomis sidideebi mniSvnelovnad 
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aRemateba Sreobrivi Sejamebis meTodiT miRebuls. 
amitom zemoT aRniSnuli fuZis deformaciis  
gasaangariSebeli meTodebi SeiZleba miviRoT, 
rogorc miaxloebiTi (inJinruli) meTodebi. ufro 
zusti Sedegebis miReba SeiZleba maSin, roca fuZe 
warmodgenili iqneba erTgvarovani gruntebisagan, 
saZirkvlis Ziris zomebi iqneba mniSvnelobiT 

(b≥10m), aseve roca gruntebis deformaciis moduli 

iqneba mniSvnelovani (E≥100mpa). 
aqedan  gamomdinare, fuZis deformaciis 

gasaangariSeblad Sreobrivi Sejamebis meTodi 
SeiZleba miviRoT erT-erT ZiriTad (tradiciul) 
meTodad anu yvelaze warmatebul meTodad. Mmisi 
upiratesoba mdgomareobs imaSi, rom igi 
iTvaliswinebs gruntebis saxeobas da maT 
mdgomareobas, Zabvebis Semcirebas fuZis siRrmeSi 
da gruntebis fenebis deformaciis modulis 
cvlilebas, aseve iZleva miwisqveSa wylebis 
gavlenis mxedvelobaSi miRebis saSualebas. 

 

3.4. Senoba-nagebobebis fuZis deformaciis 

Sreobrivi  

Sejamebis meTodis kompiuteruli realizacia 

da optimaluri parametrebis gansazRvra!
 

3.4.1. Sesavali da amocanis dasma 
 

 Senoba-nagebobebis simtkice, rogorc zemoT 
iyo aRniSnuli, damokidebulia im fuZeze, 
romelzedac is unda aSendes. amitom fuZis 
deformaciis zust gaangariSebas gansakuTrebuli 
mniSvneloba eniWeba. fuZis deformaciis 
gaangariSebisaTvis saWiro sawyisi parametrebis 



 62 

SerCeva xdeba Senobis specifikidan gamomdinare 
damproeqteblis mier, misi Teoriuli da 
praqtikuli gamocdilebidan gamomdinare. TviT 
gaangariSebis siswore gamoCndeba mxolod 
saboloo etapze da Tu Sedegi ar aris 
damakmayofilebeli, maSin damproeqtebels Tavidan 
uxdeba gaangariSebebis Catareba, oRond Secvlili 
sawyisi parametrebiT. es procesi SeiZleba 
ramodenimejer ganmeordes, sanam ar iqneba 
miRweuli sasurveli Sedegi, rac sakmaod 
Sromatevad samuSaos warmoadgens. 
 sadisertacio  naSromSi  damuSavebulia 
Senoba-nagebobebis fuZis Sreobrivi Sejamebis 
meTodis kompiuteruli realizaciis algoriTmi 
da ganisazRvreba fuZis parametrebis optimaluri 
mniSvnelobebi [11].  
 
 

3.4.2. ZiriTadi nawili 
 

 fuZis deformaciis gaangariSebis ramdenime 
meTodi arsebobs [29,31]. ganvixiloT Sreobrivi 
Sejamebis meTodis kompiuteruli realizaciis 
SesaZlebloba. Sreobrivi Sejamebis meTodi 
rekomendebulia samSeneblo normebiTa da wesebiT 
[31] da warmoadgens erT-erT ZiriTad meTods fuZis 
deformaciis gasaangariSeblad samrewvelo da 
samoqalaqo mSeneblobaSi.  fuZis S  deformacias 
Sreobrivi Sejamebis meTodiT gamoiTvlian: 

        S =  β ∑
=

n

i 1
izp ,σ h i /E i ,         (3.9) 
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sadac β  uganzomilebo koeficientia da tolia 

0,8; izp ,σ - damatebiTi vertikaluri normaluri 

Zabvis saSualo mniSvneloba gruntis  i–ur Sreze. 

igi tolia miTiTebuli Zabvebis ( 1, −izpσ  da izp ,σ ) 

naxevar jamisa  Z 1−i  da Z i Sreebis sazRvrebis 

vertikalze da romelic gadis saZirkvlis Ziris 

simZimis centrze; h ida E i  Sesabamisad aris i–uri 
Sris gruntis sisqe da deformaciis moduli; n – 
Sreebis ricxvi. 
 vertikaluri normaluri Zabvis aseTi 
ganawilebisas siRrmeze fuZe SeiZleba 
warmovadginoT QqvemoT moyvanili sqemis 
Sesabamisad nax. 3.4. 
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nax. 3.4. gruntis gafarToebuli geologiuri 
Wrilis sqema. 
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 fuZis deformaciis Sreobrivi Sejamebis 
meTodiT gaangariSebisas saWiroa ganisazRvros 
vertikaluri Zabvebi gamowveuli gruntis sakuTari 

woniT zgσ  da damatebiTi Zabvebi gamowveuli gare 

datvirTvebiT zpσ . 

 vertikaluri Zabva, romelic gamowveulia 
gruntis sakuTari woniT Z siRrmeze gamoiTvleba 
formuliT: 

zgσ =
'γ dn + ∑

=

n

i 1
γ i hi ,         (3.10) 

sadac 
'γ  gruntis kuTri wonaa, romelic 

mdebareobs saZirkv-lis Ziris maRla;  dn – 
manZili miwis  zedapiridan saZirkvlis Ziramde; hi  

da iγ -  gruntis i-uri Sris sisqe da  kuTri 

wona Sesabamisad. 
 gare datvirTviT gamowveuli damatebiTi 
vertikaluri Zabva Z siRrmeze gamoiTvleba 
formuliT: 

zpσ =α .P0= α (P- 0zgσ ),         (3.11) 

sadac α koeficientia, romelic aiReba cxrili 
N#3.3 – dan saZirkvlis Ziris formaze, gverdebis 
Tanafardobaze da fardobiT siRrmeze 
damokidebulebiT.  

 
               α -koeficientis mniSvnelobebi.                        
cxrili #3.3 
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   α Kkoeficienti saZirkvlebisaTvis     
 

bz /2
=ξ

 

 
wriu-
li 

Ggverdebis marTkuTxa damokidebulebisas bl /=η tolia 

   
1.0 

 
1.4 

 
1.8 

 
2.4 

 
  3.2 

 
5 

10≥η  

lent-
uri 

0.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
0.4 0.949 0.960 0.972 0.975 0.976 0.977 0.977 0.977 
0.8 0.756 0.800 0.848 0.866 0.876 0.879 0.881 0.881 
1.2 0.547 0.606 0.682 0.717 0.739 0.749 0.754 0.755 
1.6 0.390 0.449 0.532 0.578 0.612 0.629 0.639 0.642 
2.0 0.285 0.335 0.414 0.463 0.505 0.530 0.545 0.550 
2.4 0.214 0.257 0.325 0.374 0.419 0.449 0.470 0.477 
2.8 0.165 0.201 0.260 0.304 0.349 0.383 0.410 0.420 
3.2 0.130 0.160 0.210 0.251 0.294 0.329 0.360 0.374 
3.6 0.106 0.131 0.173 0.209 0.250 0.285 0.319 0.337 
4.0 0.087 0.108 0.145 0.176 0.214 0.248 0.285 0.306 
4.4 0.073 0.091 0.123 0.150 0.185 0.218 0.255 0.280 
4.8 0.062 0.077 0.105 0.130 0.161 0.192 0.230 0.258 
5.2 0.053 0.067 0.091 0.113 0.141 0.170 0.208 0.239 
5.6 0.046 0.058 0.079 0.099 0.124 0.152 0.189 0.223 
6.0 0.040 0.051 0.070 0.087 0.110 0.136 0.173 0.208 
6.4 0.036 0.045 0.062 0.077 0.099 0.122 0.158 0.196 
6.8 0.031 0.040 0.055 0.064 0.088 0.110 0.145 0.185 
7.2 0.028 0.036 0.049 0.062 0.080 0.100 0.133 0.175 
7.6 0.024 0.032 0.044 0.056 0.072 0.091 0.123 0.166 
8.0 0.022 0.029 0.040 0.051 0.066 0.084 0.113 0.158 
8.4 0.021 0.026 0.037 0.045 0.060 0.077 0.105 0.150 
8.8 0.019 0.024 0.033 0.042 0.055 0.071 0.098 0.143 
9.2 0.017 0.022 0.031 0.039 0.051 0.065 0.091 0.137 
9.6 0.016 0.020 0.028 0.036 0.047 0.060 0.085 0.132 
10.0 0.015 0.019 0.026 0.033 0.043 0.056 0.079 0.126 
10.4 0.014 0.017 0.024 0.031 0.042 0.052 0.074 0.122 
10.8 0.013 0.016 0.022 0.029 0.037 0.049 0.069 0.117 
11.2 0.012 0.015 0.021 0.027 0.035 0.045 0.065 0.113 
11.6 0.011 0.014 0.020 0.025 0.033 0.042 0.061 0.109 
12.0 0.010 0.013 0.018 0.023 0.031 0.040 0.058 0.105 
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sworkuTxa saZirkvlis siganesa da fardobiT 

siRrmes Soris damokidebuleba tolia bz/2=ξ ,  

zpσ -s gansazRvrisas, xolo 0,0 zgPP σ−=  

damatebiTi  vertikaluri  wnevaa  fuZeze.  (Tu b ≥   
10 m,   maSin P0 = P), P saSualo wnevaa saZirkvlis 

Zirze. 
0,zgσ -  gruntis woniT gamowveuli 

vertikaluri Zabva fuZis Ziris doneze. b-  
saZirkvlis sigane,  

l - saZirkvlis sigrZe, A= b. l  - saZirkvlis fuZis 

farTobi, bl/=η -  saZirkvlis sigrZisa da siganis 
Sefardeba. 
 wnevis epiurebs aqtiuri zonis qveda 
zRvaramde ageben pirobidan:  

     zp'σ =0,2 zg'σ ,               (3.12) 

 nax.3.4-ze naCvenebia zp'σ , zg'σ epiurebi. S 
–is Yyvela sididis dadgenis Semdeg gamoiTvleba 
misi mniSvneloba. Tu piroba S < SzR (sadac SzR 
deformaciis zRvruli mniSvnelobaa) 
dakmayofilda, maSin SeiZleba iTqvas, rom amocana 
amoxsnilia. winaaRmdeg SemTxvevaSi Seicvleba 

parametrebi b da d n  da gamoTvlebi gagrZeldeba 

manam, sanam ar miiRweva sasurveli Sedegi. 
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3.4.3. Senoba-nagebobis fuZis deformaciis 
Sreobrivi Sejamebis meTodis kompiuteruli 

realizaciis algoriTmi 
  

algoriTmi SeiZleba CamovayaliboT 
Semdegnairad: 
  1. winaswar formirdeba monacemTa bazis 

relaciuri modeli, rac gulisxmobs kη -s 

Sesabamisi k
i ηα )( monacemebis  cxrilis saxiT 

ganTavsebas kompiuteris mexsierebaSi. mexsierebaSi 
ganTavsdeba agreTve gare datvirTvis mniSvneloba, 
gruntis fenebisa da saZirkvlis parametrebi 
(rogoricaa fenebis kuTri wonebi, saZirkvlis 
sigane, CaRrmaveba da sxva saWiro parametrebi). 

2. programis Sesrulebaze gaSvebisas 

gamoiTvleba  rη =l/b-s realuri mniSvneloba. 

Tu rη = kη , maSin  angariSisaTvis aiReba bazaSi 

ganTavsebuli cxrilis  k
i ηα )(

 Sesabamisi 

mniSvnelobebi, winaaRmdeg SemTxvevaSi moxdeba 

realuri rη - s sazRvrebis gansazRvra, romlis 

dadgenis Semdeg gamoiTvleba Sesabamisi 

r
i ηα )( mniSvnelobebi interpoliaciis 

formulis gamoyenebiT, romelsac Semdegi saxe 
aqvs: 
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=

r
i ηα )(

 

)()(
1

1 )()(
kr

ii

kk

kk

k
i ηηα ηη

αα
η

ηη −+ −
−

+

+

. (3.13)  

garda amisa programa daiTvlis 0,zgσ  = γ dn 

da P = N / b.l - wnevas saZirkvlis Zirze, Semdeg 

gamoiTvlis izp ,σ da izg ,σ  mniSvnelobebs, 

formulebis 0, .)( Pi
rizp ηασ =  da 

izg ,σ =
'γ dn + ∑

=

n

i 1
γ i hi Tanaxmad. 

3. daiwyeba jamis cikluri gamoTvla  

         ∑
=

+ −=
n

i

izpizpQ
1

2
1,, σσ

                 (3.14) 

4. ciklidan gamosvlis Semdeg gamoiTvleba  

 QS
iE
H

j
β= .                     (3.15) 

 j icvleba 1,2... m, sadac m fenebis ricxvia da H - 
gamoTvlebis bijis sidide. analogiuri ciklebi m 
–jer ganmeordeba da misi raodenoba 
ganpirobebulia gruntis geologiuri pirobebiT.  

5. saboloo etapze fuZis jamuri 
deformaciis sidide ganisazRvreba formuliT 
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       S=S1+S2+ . . .+Sm  ,                

(3.16) 

sadac S 1  , S 2 , . . . ,S m
 aris Sesabamisi fenebis 

deformaciebi. 
ganvixiloT magaliTi: 

1. magaliTi. ganvsazRvroT saZirkvlis 
dajdomis sidide, roca saZirkvlis sigane 
b=2 m., sigrZe l = 2,8 m da CaRrmaveba 
bunebrivi reliefidan dn=1,5 m. fuZe 
Sedgeba wvrili qviSisagan sisqiT h1=1,6 m, 

1γ =18 kn/m3, E1=18 mpa, Tixnarisagan sisqiT 

h2=2,4 m, 2γ =17 kn/v3, E2 =17 mpa,  da saSualo 

simsxos qviSisagan sisqiT h3=2,4 m, 3γ  =19 

kn/m3,  E3 =30 mpa. miwisqveSa wylis done 
mdebareobs miwis zedapiridan 3,1 m. 
siRrmeze, romlis qvemoT mdebare Tixnaris 
kuTri wonaa 10,3 kn/m3. wneva saZirkvlis 
zedapirze N=1881/(2x2,8)=336 kpa. 

qvemoT moyvanil cxril #3.4-Si mocemulia 
erTi da igive magaliTis gaangariSebis ramdenime 
varianti:  

magaliTis gaangariSebis variantebi.         cxrili #3.4 
magaliTis  
parametrebi 

kompiuterze miRebuli Sedegebi 

  I - fena II –  
fena 

III –  
fena 

jami 

b l dn N S1 S2 S3 S 
2 2.8 1.5 1881 0.0205434 0.0080326 0.0014415 0.03001 
2.5 2.8 1.5 1881 0.0159955 0.0052951 0.0009177 0.021514 
2 2.8 2 1881 0.0194487 0.0077986 0.0013995 0.02914 

#
1 
2 
3 
4 2.5 2.8 2 1881 0.0147298 0.0050980 0.0008835 0.020711 
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3.4.4. optimaluri parametrebis gansazRvra 
SemTxveviTi  

Zebnis meTodis gamoyenebiT 

 
 fuZis deformacis sididis gansazRvrisas 
dgeba sakiTxi misi optimaluri mniSvnelobis 
SerCevis  Sesaxeb. SemoviRoT aRniSvnebi X1=b da 
X2=dn, maSin  S SegviZlia warmovadginoT rogorc 
ori cvladis funqcia S = F(X1,X2),  bunebrivi 
reliefidan an sxva ekonomikuri an inJinruli 
mosazrebebidan gamomdinare davadginoT fuZis 
siganis X1 da CaRrmavebis X2 SesaZlo cvlilebebis 
areebi, vTqvaT esenia b1 da b2, da dn1 da dn2 
Sesabamisad, e.i. gvaqvs Semdegi SezRudvebi: A 

b1 ≤   X1 ≤  b2 ,                                                  (3.17) 
da  

 dn1 ≤  X2 ≤  dn2 .                                           ( 3.18) 
amgvarad fuZis deformaciis optimaluri anu 

minimaluri mniSvnelobis povnis  amocana 
daiyvaneba arawrfivi daprogramebis amocanamde Dda 
SeiZleba CamovayaliboT Semdegnairad: 
vipovoTFS=F(X1,X2) funqciis minimaluri 
mniSvneloba, rodesac sruldeba (3.17) da (3.18) 
pirobebi.  

vinaidan ucnobia  S=F(X1,X2) funqciis 
analizuri saxe da amave dros ucnobia misi 
unimodalobis sakiTxi misi eqstremumis mosanaxad 
ver gamoviyenebT eqstremumis moZebvis maTematikaSi 
cnobil klasikur-gradientis meTods. amitom aseT 
SemTxvevaSi yvelaze mizanSewonilia gamoviyenoT 
eqstremumis monaxvis SemTxveviTi Zebnis 
(gadarCevis) meTodi [23], romelic ε  sizustiT 
krebadobas  V→ ∞  raodenobis statistikuri 
cdebis Catarebis safuZvelze uzrunvelyofs. 
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aRniSnuli meTodiT mravali cvladis funqciis 
globaluri eqstremumis moZebvna didi raodenobis 
cdebis Catarebas iTvaliswinebs, rac 
SromatevadobasTan aris dakavSirebuli,Mmagram es 
nakli Tanamedrove kompiuterebis gamoyenebiT 
gadalaxulia. 

cnobilia, rom V raodenobis statistikuri 
cdebis Catarebis Semdeg ε  midamoSi erTi 
wertilis moxvedris albaToba Seadgens P(V)=1-(1-
ε q ), sadac q parametrebis raodenobaa. maSasadame 
statistikuri cdebis is raodenoba, romlis 
safuZvelze P albaTobiT SeiZleba davamtkicoT, 
rom ε  sizustiT moZebnili optimaluri 
mniSvneloba WeSmarit mniSvnelobas Seesabameba 

   V=
q

⎟
⎠
⎞

⎜
⎝
⎛
ε
1 ln [ ])1/(1 p− .                                        (3.19) 

magaliTad, organzomilebiani amocanis 

SemTxvevaSi (q=2), roca P=1/2 da ε =10 3− , saWiroa 
aranakleb  

       V= (1/ 10 3−  )2 ln [ ])5.01/(1 −   = 106 ln2 = 0.69.106 , 
raodenobis statistikuri cdebis Catareba. 
 qvemoT moyvanilia amocanis amoxsnis 
formalizebuli algoriTmis aRwera: 
 1. winaswar ganisazRvreba algoriTmis 
sawyisi parametrebi: 
      - damoukidebeli cvladebis raodenoba –  q;  
      - SezRudvaTa raodenoba, romelic dadebulia 
damoukidebel cvladebze; 
      - damoukidebel cvladTa SesaZlo cvlilebis 
areebi (zeda da qveda zRvrebi); 
      - Casatarebeli statistikuri cdebis 
raodenoba - V; 
      - maqsimalurad SesaZlo didi ricxvi R. 
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      2. sruldeba statistikuri cdebis Catarebis 
cikli. 
 3. SemTxveviTi ricxvebis generatori 
ciklurad gamoimuSavebs SemTxveviT ricxvebs, 
romlebic Semdeg formirdeba, rogorc saZebni 
parametrebi X1  da X2.   
 4. gamoiTvleba SezRudvaTa yvela 
mniSvneloba da ciklurad Semowmdeba maTi 
Sesrulebis piroba. 
 5. yvela pirobis dakmayofilebis SemTxvevaSi 
gamoiTvleba F funqcia da Semowmdeba F<R 
pirobaze. Tu es piroba daculi iqneba, maSin R-s 
mieniWeba F-is toli mniSvneloba, e.i. R=F, romelic 
Seinaxeba mexsierebaSi (masTan erTad mexsierebaSi 
Seinaxeba agreTve X1 da X2 parametrebis 
mniSvnelobebi), raTa gamoyenebul iqnes Semdegi 
ciklisas. winaaRmdeg SemTxvevaSi, e.i, roca F ≥  R, 
programa ubrundeba me-2 punqtis Sesrulebas. 
 zemoTaRwerili procesi meordeba manam, sanam 
statistikuri cdebis Catarebis ricxvi  V-s ar 
gadaaWarbebs. 
 Aamgvarad programis muSaobis saboloo 
Sedegs warmoadgens miznis funqciis,  e.i Senobis 
fuZis deformaciis minimaluri mniSvneloba da 
saZirkvlis siganisa da CaRrmavebis is 
mniSvnelobebi, romlis drosac  funqciis 
minimalur mniSvnelobas aqvs adgili. garda amisa 
programa gansazRvravs swrafqmedebis parametrsac-
miznis funqciis gamoTvlis raodenobas. 
 aRniSnuli naSromi SeiZleba gamoiyenon 
rogorc samSeneblo, satransporto da 
hidroteqnikuri fakultetebis studentebma 
laboratoriuli da sakurso samuSaoebis 
Sesrulebisas, aseve saproeqto organizaciebSi 
momuSave inJiner-teqnikurma personalma. 
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danarTiSi mocemulia Senoba-nagebobis fuZis 
deformaciis Sreobrivi Sejamebis meTodis da 
optimaluri parametrebis gansazRvris programa 
(FUDZE). 
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Tavi IVA 
 

 wamwis gaangariSebis ZiriTadi meTodebi 
 

iseTi konstruqcia rogoric brtyeli wamwea, 
Zalian xSirad gamoiyeneba  mSeneblobasa da 
proeqtirebaSi. nebismieri wamwe, da misi Reroebi, 
rogorc misi Semadgeneli nawilebi, iRebs 
TavisTavze raime datvirTvas. Reroebis 
aucilebeli simtkicisa da  TiToeuli maTganis 
daZabulobis gaangariSeba mocemuli datvirTvis 
dros, warmoadgens, erTerTi mniSvnelovan 
elements mSeneblobisaTvis mzadebisas.   
 

4.1. samomento wertilis xerxi 

 es xerxi [24] gamoiyeneba mxolod im 
SemTxvevaSi, rodesac SesaZlebelia wamwe 
gakveTili iqnas or nawilad ise, rom gankveTaSi 
moxvdes mxolod iseTi Reroebi, romelTagan 
saZiebeli Reros garda yvela danarCeni ikveTeba 
erT wertilSi (kvanZSi). Aam wertilis mimarT Tu 
davwerT wamwis erTi romelime nawilis 
wonasworobis pirobas, masSi Seva mxolod erTi 
ucnobi. wertils, romlis mimarTac iwereba 
wonasworobis gantolebebi, samomento wertili 
ewodeba. maSasadame, samomento wertilis xerxiT 
Zalvis gansazRvrisaTvis saWiroa gavataroT 
gamWoli kveTi, ise, rom gadaikveTos saZiebeli 
Reroc, xolo danarCen Reroebs unda hqondeT erTi 
saerTo kvanZi (samomento wertili). Semdeg ki 
ukuvagdoT wamwis erT-erTi nawili, romlis 
qmedeba danarCenebze SevcvaloT (SeTanxmebiT) 
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gamWimavi (kvanZidan gamomavali) ZalebiT da 
SevadginoT piroba momentTa jamis saxiT 

samomento wertilis mimarT∑ = 0kM . wonasworobis 

gantolebis amoxsnis Semdeg Tu Cven miviReT 
saZiebeli Zalva dadebiTi niSniT, es niSnavs, rom 
ReroSi Zalva yofila marTla gamWimavi, 
winaaRmdeg SemTxvevaSi igi mkumSavia. Zalvebis 
gamoTvlas wamweebis ReroebSi win Uuswrebs 
sayrdeni reaqciebis gamoTvla. sayrdenTa reaqciebi 
wamweebSi gamoiTvleba analogiurad, rogorc or 
sayrdenze mdebare koWSi.  

 

4.2.Ddagegmilebis xerxi 

 zogJer ZalvaTa gansazRvra samomento 
wertilis xerxiT SeuZlebelia, saxeldobr, Tu 
danarCeni gadakveTili Reroebi paraleluri arian. 
aseT SemTxvevaSi gamoiyeneba dagegmilebis xerxi 
[24]. wamwe ikveTeba or nawilad da ganixileba erT-
erTi nawilis wonasworoba. ukugdebuli nawilis 
nacvlad wamwis ReroebSi mosdeben gamWimav grZiv 
Zalebs. vadgenT wonasworobis gantolebas, kerZod 
paraleluri sartylebis marTobuli RerZis 

mimarT Zalvebis gegmilebs vutolebT ∑ = 0Y . 

4.3. kvanZebis amokveTis meTodi 

Cvens mier Sesrulebul monografiaSi 
gamoyenebuli gvaqvs wamwis gasaangariSeblad 
swored es meTodi da amitom masze SevCerdebiT 
ufro detalurad. am meTodiT [28] moxerxebulia 
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visargebloT maSin, roca saWiroa moinaxos 
Zalvebi wamwis yvela Reroebze. is miiyvaneba 
ZalTa wonasworobis pirobebis TanmimdevrobiT 
ganxilvamde, romlebic ikribebian TiToeul 
kvanZebSi, wamwis ReroebSi Zalvebis 
gansasazRvravad. aqtiuri Zalebi da reaqciebi 
sayrdenebze arian gareSe Zalebi, aqtiuri Zalebi 
da sayrdenebis reaqciebi waroadgenen gare Zalebs 
mTeli wamwisaTvis, rogorc myari sxeulisaTvis; 
Zalvebi ReroebSi am SemTxvevaSi warmoadgenen 
Sinagani Zalebs. amitom Zalvebis 
gaangariSebisaTvis aucilebelia ganvixiloT 
wamwis nawilis wonasworoba, romelTaTvisac 
saZiebeli Zalvebi arian garegani Zalebi.  

wamweebis gaangariSebisaTvis kvanZebis 
amokveTis meTodiT aucilebelia davicvaT qvemoT 
mocemuli moqmedebis Semdegi gegma: 

1. amorCeva sxeulis (an sxeulebis), romelTa 
wonasworoba unda iqnes ganxiluli. amocanis 
gadasawyvetad saWiroa ganvixiloT sxeulis 
wonasworoba, romelzedac modebulia mocemuli da 
saZebni Zala  an Zalebi, romlebic toli iqnebian 
saZebnis (magaliTad, Tu  gvinda gavigoT dawola 
Reroze, maSin SeiZleba ganvixiloT sxeulis 
wonasworoba, romelzedac modebulia am Zalis 
ricxobrivad toli Reroebis reaqciis Zala da 
a.S.)     

2. rodesac mocemuli Zalebi moqmedeben erT 
sxeulze, xolo saZebni meoreze an rodesac 
rogorc erTi aseve meore Zalebi moqmedeben 
erTdroulad ramdenime sxeulze, SeiZleba 
aRmoCndes aucilebeli ganvixiloT sistemis 
wonasworoba am sxeulebis an wonasworoba 
TiToeuli sxeulisa calcalke TanmimdevrobiT.  
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3. gamosaxuleba moqmedi (aqtiuri) Zalebis. mas 
Semdeg rac davadgenT TiToeuli sxeulis an 
sxeulebis  wonasworobas ganixileba saWiroeba 
naxazze gamoisaxos am sxeulze (an sxeulebze) 
moqmedi yvela gare Zala,  rogorc mocemuli, aseve 
saZebni, maT Soris yvela kavSirebis reaqciebi.   

4. wonasworobis pirobebis Sedgena. 
wonasworobis pirobebs adgenen ZalebisaTvis, 
romlebic moqmedeben sxeulze (an sxeulebze), 
romelTa wonasworoba ganixileba. 

5. gansazRvra, sayrdenTa reaqciis, mTeli wamwis 
wonasworobis gantolebis gamoyenebiT, romelic 
ganixileba rogorc myari sxeuli, amoxsnis 
sisworis Semowmeba da miRebuli Sedegebis 
gamokvleva. 

6. amovkveToT kvanZi, romelSic ikribeba ori 
Rero nax.4.1 da ganvixiloT misi wonasworoba 
aqtiuri Zalebis da gadaWrili Reroebis reaqciaTa 
moqmedebiT; ganvsazRvroT es reaqciebi. 
7. gadavideT kvanZidan kvanZze da ganvixiloT 
analogiurad TiToeuli kvanZis wonasworoba 

 
nax.4.1. wamwe amokveTili kvanZiT. 
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4.4.Fwamwis Reroebis ZalvaTa gansazRvra  
maqsvel-kremonis diagramebis saSualebiT 

 
 Ees aris grafikuli xerxi [28] wamwis 
Reroebis Zalvebis gaangariSebis. maqsvel-kremonis 
diagramis ageba mdgomareobs,  Zalvuri 
mravalkuTxedis agebaSi, fermis yvela kvanZisaTvis, 
erT naxazSi iseTnairad, rom arcerTi  Zalva  ar 
ganmeordes orjer (nax.4.2) 
 

 
nax.4.2. maqsvel-kremonis diagrama. 
 
 Mmaqsvel-kremonis xerxiT wamwis 
gaangariSebisas saWiroa Semdegi Tanamimdevrobis 
dacva: 
       mTeli wamwe ganixileba rogorc myari 
sxeuli da ganisazRvreba sayrdenebis reaqciebi, 
wonasworobis gantolebis gamoyenebiT. 
       uglvebelvyoT sayrdenebi da gamovsaxoT 
wamweze modebuli yvela garegani Zala, maT Soris 
sayrdenebis reaqciebi, iseTnairad, rom es 
veqtorebi ganlagdnen wamwis konturis gareT. 
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       sibrtyis nawili,  SemosazRvruli wamwis 
konturiT da garegani Zalebis moqmedebis xazebiT, 
agreTve rac SemosazRvrulia  wamweTa ReroebiT, 
avRniSnoT asoebiT: kvanZebi avRniSnoT  romauli 
cifrebiT, Reroebi arabuli cifrebiT. 
 avagoT Sekruli mravalkuTxedi garegani 
Zalebis, gadavdoT Zalebi im TanamimdevrobiT, 
rogorc isini gvxvdebian wamwis Semovlisas 
(mimarTuleba nebismierad), Zalebi aRiniSneba 
patara asoebiT, Sesabamisi aRniSvnebiT sibrtyis 
momijnave nawilebSi. 
 Sesabamisad igive naxazze, avagoT Zaluri 
mravalkuTxedi TiToeyli kvanZisaTvis (kvanZebi 
SeirCeva iseTnairad, rom ricxvi ucnobi Zalvebisa 
ReroebSi toli iyos oris), kvanZis Semovlis 
mimarTuleba unda emTxveodes sibrtyis Semovlis 
mimarTulebas.  
 Rero iTvleba SekumSulad, Tu mimarTuleba, 
miTiTebuli cnobili ZalebiT, mimarTulia 
kvanZisaken, winaaRmdeg SemTxvevaSi Rero 
gaWimulia.  
 gavzomoT diagramebze monakveTebi, romlebic 
asaxaven saZiebel Zalvebs wamwis ReroebSi, da 
vipovoT Zalva ZalTa miRebul maStabis 
gaTvaliswinebiT. 
 

4.5.Fwamwis Reroebis Zalvebis gansazRvra  
kveTebis meTodiT (riteris meTodi) 

 
 wamwis calkeuli ReroebSi, ZalvaTa 
gansasazRvravad, agreTve moxerxebulia riteris 
meTodiT sargebloba [28], gansakuTrebiT maSin, 
roca vatarebT SemowmebiT angariSebs (nax.4.3). 
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 nax.4.3. Priteris sqemiT  
      gaangariSebisaTvis. 
 

kveTebis meTodiT gaangariSebisas 
rekomendebulia  moqmedebebis Semdgomi 
TanamimdevrobiT Sesruleba: 
       aqac iseve rogorc wina SemTxvevaSi, mTeli 
wamwe ganixileba rogorc myari sxeuli, romelic 
imyofeba Zalebis brtyeli sistemis zemoqmedebebis 
qveS.  ganisazRvreba sayrdenebis reaqciebi, 
wonasworobis gantolebis gamoyenebiT. 
 wamwes yofen kveTebis or nawilad, romlebic 
gadian sam Reroze, romlebSic (an erTerT 
romeliRacaSi) moiTxoveba ganisazRvros Zalebi, 
da ganixileba wonasworoba erTerT am nawilSi. 
moqmedebas ugulvelyofil  nawilSi cvlian 
Sesabamisi ZalebiT, da mimarTaven mas gankveTili 
Reros gaswvriv kvanZidan, e.i. Tvlian mas 
gaWimulad. 
 Semdeg dgeba wonasworobis gantoleba 
iseTnairad, rom TiToeul gantolebaSi Sediodes 
erTi ucnobi Zala. 
 miRebuli gantolebebidan ipovnian ucnob 
Zalvebs ReroebSi. Tu pasuxSi miiReba niSani “-“, es 
niSnavs, rom Rero SekumSulia, winaaRmdeg 
SemTxvevaSi Rero gaWimulia. 
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4.6. samRerovani wamwis optimizaciis 
analizuri amoxsnis meTodi  

 
 [1] SemoTavazebulia samRerovani wamwis 

optimizaciis analizuri meTodi, romelic 
mdgomareobs SemdegSi: 

vTqvaT, mocemulia samRerovani wamwe nax. 4.4  

         nax.4.4. samRerovani simetriuli wamwe. 
 
……Pproeqtirebis mizans warmoadgens 

calkeuli Reroebis b 1 ,b 2  da b 3  ganivi kveTebis 

SerCeva iseTnairad, rom wamwis wona iyos 
minimaluri da kmayofildebodnen SezRudvebi 
dadebuli daZabulobaze, grZivi Runvisas 
mdgradobaze, wanacvlebasa da Reroebis zomebze. 

amgvarad funqcionali 0ψ … warmoadgens 

konstruqciis wonas 
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                ),2.2(. 3210 baabbag ++= ρψ             

(4.1) 
sadac g.ρ  aris masalis kuTri wona. saerTo 

kvanZis horizontaluri da vertikaluri 

wanacvlebebi 1z   da 2z  mocemuli 
konstruqciisaTvis miiRebian  drekadobis Teoriis 
mixedviT sasrulo elementebis meTodis 
gamoyenebiT. am gantolebas aqvs Semdegi saxe: 
                          ,0).( =− SzbK                        
(4.2) 

sadac −= )(,],[ 21 bKzzz T sixistis dadebiTad 

gansazRvruli matrica, −S datvirTvis veqtori. 
         

,
)22()(

)((
)(

23131

3131
40
2

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

++−

−+
=

bbbbb

bbbb
bK E

  (4.3) 

            
⎥
⎦

⎤
⎢
⎣

⎡
=

ϑ
ϑ

sin
cos
P
P

S
,  

sadac Ε  iungis modulia, ϑ datvirTvis modebis 
kuTxea, romelic aiTvleba horizontaluri 
RerZidan. Zabva TiToeul Reroze miiReba 
deformaciis gamoTvlis gziT kvanZis wanacvlebaze 
damokidebulebiT da hukis kanonis gamoyenebiT: 

20
)(

1
21 zzE +=σ , 102

2Ez=σ , 20
)(

3
12 zzE −=σ .    (4.4) 

dasaSvebi Zabvebis gamoyenebiT ,3,2,1, =ia
iσ  

romelic gansazRvrulia TiToeuli RerosaTvis, 
SezRudvebi miiReben Semdeg saxes:   
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,0121201 ≤−+= Ε azz σψ
          (4.5   

,022102 ≤−=Ε az σψ                    (4.6)  

.0312203 ≤−−= Ε azz σψ         (4.7) 

SezRudvebi mdgradobaze ganisazRvreba 
damokidebulebidan, romelic arsebobs inerciis 
momentsa da TiToeuli Reros ganivi kveTis 

farTobebs Soris, romelsac eqneba saxe 2.bI β= , 

sadac b Reros ganivi kveTis farTia, β  - 
uganzomilebo mudmivi. aseTi damokidebuleba 
miiReba Tu davafiqsirebT ganivi kveTis formas da 
misi yvela zoma icvleba erTi da igive 
proporciiT. RerZul datvirTvebs aqvs saxe 

,3,2,1,. == ibF iii σ cxadia Reroebis gaWimva iTvleba 

dadebiTad. yovelive zemoTaRniSnulis Semdeg 
SezRudvebs mdgradobaze aqvT saxe 

,.3,2,1,/. 22 =≤ iLIEF iii π  Tu gamoviyenebT (4.4) 

formulebs, miviRebT:      

,0
200

..
20

).( 2
1

2
121

4 ≤−
+

−=
bEbzzE βπ

ψ                   (4.8) 

 ,0
100

..
10

.. 2
2

2
22

5 ≤−−=
bEbzE βπ

ψ                        (4.9) 

0
200

..
20

).( 2
3

2
312

6 ≤−
−

−=
bEbzzE βπ

ψ .                 (4.10)    

SezRudvebi wanacvlebaze SeiZleba 
CamovayaliboT Semdegnairad: 

        0117 ≤−= azzψ ,                           (4.11) 

         0228 ≤−= azzψ ,                         (4.12) 
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sadac az1  da 
az2  mocemuli zeda sazRvrebia 1z  da 

2z  cvladebisaTvis. 

bolos moiTxoveba, rom ganivi kveTis 
farTobebi iyvnen ara uaryofiTebi, e. i. 
sruldebodes piroba: 

    0,0,0 31121019 ≤−=≤−=≤−= bbb ψψψ .        (4.13) 

amgvarad wamwis proeqtirebis amocana  

ganixileba rogorc  321 ,, bbb  cvladebis iseTi 

mniSvnelobebis arCevaSi, romlebic akeTeben wamwis 
wonis funqciis (4.1) minimizacias da akmayofileben 
SezRudvebs (4.5-4.13).  

Uunda aRvniSnoT, rom gadaadgilebebi 1z  da 

2z  mocemul formulirebaSi TamaSoben 
mniSvnelovan rols, Tvlian rom isini 
gamoiTvlebian konstruqciisaTvis, romelic 
aRiwereba (4.2) gantolebiT.  es cvladebi 
gansazRvraven konstruqciis gamoZaxils modebul 
datvirTvaze da iwodebian mdgomareobis 
cvladebad, xolo gantoleba (4.2)  mdgomareobis 
gantolebad. 

ramdenadac )(bK  dadebiTad gansazRvruli 
matricaa, is aris aragansakuTrebuli. garda amisa, 
is aris diferncirebadi funqcia proeqtirebis 
cvladebis mimarT. Tanaxmad Teoremisa aracxadi 
funqciis Sesaxeb (e.xogi [1], paragrafi 1.4, Teorema 
1.3), gantoleba (4.2) gansazRvravs z-s, rogorc b-s 
mimarT diferencirebad funqcias. Aamdenad 
principSi SesaZlebelia amoixsnas (4.2) gantoleba 
z-s mimarT, e.i. )(bz ϕ= . amis Semdeg SesaZlebelia 

Caisvas miRebuli mniSvnelobebi (4.5-4.12) 
SezRudvebSi, maSin miviRebT optimizaciis amocanas 
cxadi saxiT proeqtirebis cvladebis mimarT.  
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 aqve unda mivaqcioT yuradReba e. xogis mier 
gakeTebul SeniSvnas, rac mdgomareobs imaSi, rom 
Tundac aseT martiv SemTxvevaSic ki msgavsi 
gardaqmnebi ara praqtikuliao, radganac realur, 
e.i didi ganzomilebis mqone amocanebSi es 
SeuZlebeliao. (Cven qvemoT SevecdebiT  e. xogis 
mier gamoTqmul am SeniSvas davupirispiroT 
mocemuli sakiTxis gadawyvetis ufro efeqturi 
xerxi.) 
 zemoT aRniSnuli siZnelis gamo e. xogi  
amartivebs amocanas da ganixilavs samRerovani 
wamwis im SemTxvevas, rodesac datvirTva 20000=P   

funts modebulia datvirTvis ori kuTxiT: ϑϑ =1  

da ϑπϑ −=2 , da dadebulia SezRudva mxolod 

Zabvebze, ferma CaTvlilia simetriulad ise, rom 

31 bb = . 

 Zabvis sidide 1-l Reroze, roca ϑϑ =1  igivea 

rac Zabvis sidide me-3 Reroze, roca ϑπθ −=2  da 
piriqiT. Sesabamisad, sakmarisia ganvixiloT 
pirveli piroba da davadoT SezRudva Zabvaze 
mxolod 1 da 2 ReroebisaTvis. nagulisxmevia 
agreTve, rom  ϑ   icvleba 0-dan 90 gradusamde. Aam 
SemTxvevaSi garkveuli gardaqmnebis Semdeg 
gantoleba (4.1) Rebulobs Semdeg saxes: 

   ⎥
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⎤
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⎣

⎡

+ 21

1

.20

0

bb

b
. ⎥

⎦
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=
E

2.10
. ⎥

⎦

⎤
⎢
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⎡
ϑ
ϑ

sin.
cos.

P
P

.           (4.14) 

(4.1) gantolebaTa sistemis amoxsnas eqneba Semdegi 
saxe: 

         
Eb
sz

.
.2.10

1

1
1 = ,    

Ebb
s

z
)..2(

.2.10

21

2
2

+
= ,       (4.15) 

sadac ϑcos1 Ps =  da ϑsin2 Ps = . CavsvaT 21 , zz -is 
mniSvnelobebi (4.5) da (4.6) formulebSi da 
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gaviTvaliswinoT agreTve 2000021 == aa σσ  

funti/diumi 2 . Sesabamisad SezRudvebisaTvis 
gveqneba: 

     ,020000)
.2

(
2
2

21

2

1

1
1 ≤−

+
+=

bb
s

b
s

ψ             (4.16) 

     ,020000)
.2

.2
21

2
2 ≤−

+
=

bb
s

ψ                  (4.17) 

radganac 2/0 πϑ ≤≤ sidideebi 1s  da 

2s arauaryofiTia. saproeqto cvladebi aseve unda 
iyvnen arauaryofiTi, amitom  

          013 ≤−= bψ   da     024 ≤= bψ .         (4.18) 

Tu mxedvelobaSi ar miviRebT mudmivebs 
10. .ρ g , romlebic principSi ar cvlian 

proeqtirebis amocanas, miviRoT wonis 
funqcionali (4.1) aseTi saxiT: 

           210 .2.2 bb +=ψ                         (4.19) 

 
 

4.7. funqciaTa amozneqilobis Semowmeba 
  

miznis funqcia 0ψ da funqciebi 3ψ  da 4ψ , 

romlebiTac mocemulia SezRudvebi, warmoadgenen 
wrfiv funqciebs da amitom arian amozneqilni. 

1ψ  da 2ψ  funqciebis (4.16) da (4.17) meore 
rigis warmoebulebis matricebi Sesabamisad tolia 
[1]: 
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s
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da 
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⎥
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pirveli matrica dadebiTad ganszRvrulia, 
xolo meore naxevrad dadebiTad gansazRvrulia, 
amgvarad amocana agreTve amozneqilia. Sesabamisad 
Teoremebisa [e. xogi 2.6, 2.7] da kuna-takeris 
pirobebidan gamomdinare mivdivarT Semdeg 
gantolebebamde: 
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+ bb
sv ,                       @(4.2.4)      

 0. 13 =bv ,                                        (4.2.5) 

 02.4 =bv ,                                  (4.2.6) 

sadac .4,3,2,1,0 =≥ ivi  
radganac gvaqvs oTxi SezRudva mocemuli 

utolobis saxiT, amitom arsebobs  2 164= SesaZlo 
SemTxveva aqtiuri SezRudvebis. am SemTxvevaSi 

01 =b (Sesabamisad 03 =b ) SesaZlebelia mxolod 

roca 090=ϑ da ganixileba rogorc kerZo 

SemTxveva. Tu ,02 =b maSin wamwe  statikurad 

rkvevadia da optimaluri proeqti pasuxobs 
mTlianad Reroebis Zabvebs. danarCen SemTxvevebSi 
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SeiZleba aviRoT 01 >b  da 02 >b , Sesabamisad 

Tanaxmad (4..20) da (4.21), .043 == vv Tanaxmad (4.20) da 

(4.21) gamomdinareobs, rom SemTxveva 021 == vv  
SeuZlebelia, amitom aucilebelia ganxilul iqnas 
oTxi sxvadasxva SemTxveva. 

 SemTxveva 1. sidideebi 1v  da 2v  ar arian 0-is 

toli, anu 01 =ψ  da 02 =ψ , amitom pirveli Rero 
(Sesabamisad mesame Rero) da meore Rero mTlianad 
arian datvirTulebi. (4.22) da (4.23) - dan 
vRebulobT, rom 

)(10.5,
)2.10( 12

5
24

1
1 ssbsb −== − . unda 

aRiniSnos, rom utolobidan 21 ss >  gamomdinareobs 

utoloba 02 <b , rac SeuZlebelia. amitom am 
SemTxvevaSi adgili aqvs mxolod utolobas 

21 ss ≤ (anu 045≥ϑ ). 

 (4.20) da (4.21) gantolebebis amoxsnisas 1v  da 

2v  mimarT, miviRebT:P 

)3(10.5,2,/3 12
9

21
2

11 ssvsbv −== − . amitom 02 ≥v saTvis 

samarTliania 12 3ss ≥  an )6.71(3 0≥≥ ϑϑtg .  

SemTxveva 2. aq 1v 0≠  da 2v =0  anu 01 =ψ  da 
pirveli Rero 
(da Sesabamisad mesame Rero) mTlianad daZabulia. 

(4.21)- dan gvaqvs ./).2( 2
2

211 sbbv += CavsavaT es 
gamosaxuleba (4.20)-Si da amovxsnaT miRebuli 

gantoleba 01 =ψ -Tan erTad, miviRebT: 

    ,
3
.(10.2.5.2 21

1
5

1
sssb += −                (4.26) 

  
3
.

)(1
3

(10.5.2 21
1

1

25
2

ss
s

s
s

b +−= − .           (4.27) 



 90 

imisaTvis, rom Sesruldes utoloba 02 ≥b  

saWiroa 123 ss ≥  an 04.18≥ϑ . 

saWiroa kidev Semowmdes SezRudva 2ψ -saTvis 

(4.17). CavsvaT (4.17)-Si 1b  da 2b  da (4.26) da (4.27)- dan 

vRebulobT utolobas 3/ 12 ≤ss . es niSnavs, rom 

SezRudva 2ψ -saTvis sruldeba mxolod 06.71≤ϑ . 
amdenad mocemuli SemTxveva migviyvans optimalur 

amoxsnamde mxolod maSin, roca 6.714.18 0 ≤≤ϑ . 

SemTxveva 3. aq  01 =v da 2v ≠ 0  anu 02 =ψ  da 

mxolod meore Rero aris srulad daZabuli. (4.20) 

–dan gamomdinareobs, rom 2
2

212 /).2(2 sbbv +=  da 

(4.21)- dan 2
2

212 /).2( sbbv += . es ori Tanafardoba 
araTavsebadia, amitom am SemTxvevaSi amonaxsni ar 
arsebobs.  

SemTxveva 4. gansakuTrebulad ganvixiloT 

zemoT aRniSnuli SemTxvevebi, rodesac an 1b =0, an 

2b =0. orive SemTxvevaSi wamwe xdeba statikurad 
rkvevadi da zemoT gamoyenebuli gantolebebi 
ZabvebisaTvis aRmoCndeba uvargisi. SemTxvevisaTvis 

02 =b  datvirTva 1P  da 3P , romlebic moqmedeben 

pirvel da mesame Reroebze, tolia: 

).cos.(sin210000),cos.(sin210000 31 ϑϑϑϑ −=+= PP
 radganac 1P  da 3P  proeqtisaTvis, romelic 

aris mTlianad daZabul elementebiani 
(TanabradgamZle) 

                31 )cos(sin
2

1
20000

b
P

b =−== ϑϑ .  

radganac 1b >0, maSin 03 =v . (4.2.1) 

gamomdinareobs, rom ,0)/(.4 21
2

11 >+= ssbv xolo (4.21) 

–dan )./()3( 21124 ssssv ++−=  amitom 04 ≥v utolobis 
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SesrulebisaTvis aucilebelia, rom -3 03 12 ≥+− ss , 

e.i .4.18 0≤ϑ amgvarad optimaluri amonaxsi arsebobs, 

roca .4.18 0≤ϑ Tu 01 =b , maSin amonaxsi arsebobs 

mxolod, roca 090=ϑ . Sesabamisad 12 =b diumi 2 . 
amgvarad, modebuli datvirTvis nebismieri 
mimarTulebiT modebisas arsebobs amocanis 
erTaderTi optimaluri amonaxsni.    
 
 

4.8. samRerovani wamwis optimizaciis 
grafikuli meTodi SemoTavazebuli s. 

riCkovis mier  
 

 [39] ganxilulia s. riCkovis mier 
SemoTavazebuli meTodi samRerovani wamwis nax.4.4 
parametrebis optimaluri mniSvnelobebis 
sapovnelad. dasmulia zustad igive amocana 
rogorc es wina paragrafSi iyo. 
 drekadobis Teoriis wrfivi 
damokidebulebiT miiReba saerTo kvanZis 

horizontaluri 1u  da vertikaluri 2u  
wanacvlebebi, romlebic iqnebian funqciebi 
drekadobis E modulis, zomis a , Reroebis ganivi 
kveTebis ( 321 ,, bbb ) da modebuli R datvirTvis. am 

damokidebulebas matriculi formiT eqneba saxe: 
         0][])].[([ =− RubK .                        (4.28) 

aqac Zabvebi TiToeul Reroebze miiReba 
deformaciis gamoTvliT kvanZebis wanacvlebis 
gziT da hukis kanonis gamoyenebiT.    

a
uuE

2
)(

1
21 +=σ , a

Eu2
2 =σ , a

uuE
2

)(
3

12 −=σ .   (4.29) 

saTanado SezRudvebs aqvT Sedegi saxe: 
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,012121 ≤−+= Ε a
a uug σ                       (4.30) 

,0222 ≤−=Ε a
a ug σ                      (4.31) 

.031223 ≤−−= Ε a
a uug σ                      (4.32) 

  0,0,0 321 ≤−≤−≤− bbb .                  (4.33) 

(4.28) gantolebaTa sistemis amoxsnis Sedegad 
miiReba: 

               
Ebb

aPu
Eb
aPu

)2(2
,

21
2

1
1

+
== . 

gamovricxoT mdgomareobis cvladebi (4.30) da 
(4.31 dan, miviRebT: 

  0
)2(22

0

211
1 ≤−

+
+= σ

bb
P

b
Pg ,            (4.34) 

   0
2

0

21
2 ≤−

+
= σ

bb
Pg ,                   (4.35) 

          0,0 21 ≤−≤− bb .                     (4.36) 
saTanado gamartivebis Semdeg miznis 

funqcias eqneba saxe: 

       2122)( bbbF += .                     (4.37) 

 pirobidan 01 =g   da 02 =g  miiReba funqciebi 

)( 112 bfb =    da )( 122 bfb = , romlebsac gaaCniaT saxe: 

 

            
1

11
2 21

)1(2
b
bbb

−
−

= ,                      (4.38) 

            
2

)1(2 1
2

b
b

−
=                         (4.39) 
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 areebi, sadac SezRudvebi irRveva, 

mdebareoben 1g  da 2g  mrudeebis qvemoT (nax.4.5).  
 

   

nax. 4.5. miznis funqcia )(xf da 21 , gg SezRudvebis 

funqciebi 1b da 2b parametrebis sivrceSi. 

  
Tu romelime kveTisaTvis cvladebis 
mniSvnelobebis arc erTi SezRudva ar irRveva, 
maSin is miuTiTebs, rom aseTi konstruqcia 
SesaZlebelia (Tumca SesaZloa ara optimaluri). 
Tu erTerTi SezRudvebidan darRveulia, 
konstruqcia ar aris SesaZlebeli.   

 mTeli rigi miznis funqciis kF  

mniSvnelobebisaTvis  avagoT funqciebi 
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.2.2 12 bFb k −= SevarCioT iseTi mniSvneloba, rom 

erTerT wertilSi { }0,0 21 >> bb , grafiki 

12 2.2 bFb k −=  funqciisa exebodes grafiks 

)( 112 bfb = . mocemuli pirobebisaTvis optimaluri 

aris konstruqcia, romelic Seesabameba wertilebs 

}4045.0,79.0{ 21 == bb , romelSic funqciis 

2122)( bbbF += =2.639 mniSvnelobis wrfe exeba 

SezRudvis wirs 01 =g . 
 am meTodebis ganxilvis Semdeg SegviZlia 
gavakeToT Semdegi daskvna: zogadad dasmuli 
amocanis gadawyveta warmoadgens rTul sakiTxs. 
amitom avtorebi amartiveben amocanas da 

ganixilaven SemTxvevas roca 31 bb = . yovelive es 

iZleva saSualebas gamartivdes miznis funqcia da 
SezRudvebi. miuxedavad amisa mainc saWiroa 
Sromatevadi analizuri kvlevebis Catareba (kuna-
takeris aucilebeli pirobis ganxilva), raTa 
daamtkicon funqciaTa amozneqiloba, rac amocanis 
mcirediT garTulebis SemTxvevaSi praqtikulad 
SeuZlebelia.  

rac Seexeba [39] ganxilul grafikul meTods 
isic aseve martivi SemTxvevisaTvis aris 
gankuTvnili da ASeiZleba iTqvas, rom  atarebs 
sailustracio xasiaTs da ar gamodgeba zogadi 
xasiaTis amocanebis gadasawyvetad. 

yovelive zemoTqmulis gamo mizanSewonialia 
ufro srulyofili meTodebis damuSaveba. 
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4.9. samRerovani wamwis optimaluri 
parametrebis gansazRvris meTodi 

SemTxveviTi Zebnis algoriTmis gamoyenebiT 
 

 

4.9.1. amocanis dasma 

 
 samRerovani simetriuli wamwis optimaluri 
parametrebis gansazRvris amocanebi dasmulia da 
nawilobriv, gamartivebuli SemTxvevebisaTvis, 
gadawyvetilicaa e. xogis da i. aroras [1] da s. 
riCkovis [39] wignebSi. magram [1, 39] – is avtorebi 
miznis funqciis minimaluri mniSvnelobis 
mosanaxad iyeneben gradientis meTods. cnobilia, 
rom am meTodis gamoyenebisas saWiroa 
gamoiTvalos ara marto funqciis, aramed misi 
gradientis mniSvnelobac, rac qmnis damatebiT 
siZneleebs. amasTan, am meTodis gamoyenebisas 
aucileblad unda viyoT darwmunebuli imaSi, rom 
miznis funqcias aqvs erTaderTi minimumis 
wertili, rac praqtikaSi yovelTvis ar sruldeba. 
ar gamodgeba im SemTxvevaSic, roca miznis funqcia 
aris mravaleqstremumiani. 
 Ggarda amisa aRniSnuli avtorebis wignebSi 
ar aris gamoyvanili samRerovani wamwis sixistis 
funqciis zogadi formula, rac CarCos 
konfiguraciis mcirediT Secvlisas SeuZlebels 
xdis konkretuli sixistis funqciis gamoyenebas 
Semdgomi gamoTvlebisaTvis. amitom am 
mimarTulebiT axali, ufro srulyofili, 
meTodebis damuSaveba kvlavac aqtualuria.  
monografiaSi SemoTavazebuli meTodi daculia 
zemoT aRniSnuli naklovanebebisagan [12]. 
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ganvixiloT samRerovani simetriuli wamwis 
daproeqtebis amocana (nax.4.6). daproeqtebis mizans 
warmoadgens wamwis Reroebis ganivi kveTebis 
farTobebis arCeva iseTnairad, rom wamwe iyos rac 
SeiZleba msubuqi da akmayofilebdes misi 
statikuri datvirTvisas SezRudvebs: 
daZabulobaze, grZivi Runvisas mdgradobaze, 
gadaadgilebaze da  Reroebis zomebze. 

 
             nax.4.6. samRerovani wamwe 

 
mocemuli wamwis wonis funqcias eqneba saxe:         

F ϕϕρψ cos)sin.(. 3210 bbba ++= ,                   (4.40) 

sadac 321 ,, bbb  aris wamwis 1,2,3 Reroebis 

ganivi kveTebis farTobebi Sesabamisad (saZiebeli 
parametrebia). ϕ -kuTxe, romelsac wamwis kidura 

Reroebi adgenen abcisTa 1z  RerZTan. θ - 
datvirTvis modebis kuTxe. ρ - wamwis Reroebis 
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masalis kuTri wona, romlisganac damzadebulia 
wamwe. S -statikuri datvirTva, romelic modebulia 
saerTo kvanZze. a - naxazze naCvenebi zoma. 

saerTo kvanZis horizontaluri 1z  da 

vertikaluri 2z  gadaadgilebebi miiReba 
drekadobis Teoriis wrfivi damokidebulebidan. 
mocemuli wamwis SemTxvevaSi am damokidebulebebs 
matriculi saxiT [1] Semdegi saxe aqvs:  

          0)( =− SzbK ,                     (4.41) 

sadac Tzzz ],[ 21= , )(bK - sixistis dadebiTad 
gansazRvruli matrica. is aris saZiebeli 
parametrebis diferencirebadi funqcia da 
aracxadi funqciis Sesaxeb Tanaxmad Teoremisa [1] 
z  ganisazRvreba rogorc b -s diferencirebadi 
funqcia. S  statikuri datvirTvis veqtoria. 
 daZabuloba TiToeul Reroze miiReba 
deformaciis gamoTvlis gziT, saerTo kvnZis 
gadaadgilebiT da hukis kanonis gamoyenebiT: 

=1σ a
zzE

.2
)( 21 + ,  ,2

2 a
Ez=σ   a

zzE
.2

)( 12
3

−=σ ,  (4.42) 

sadac E - iungis moduli. 
dasaSvebi daZabulobis gamoyenebisas 

,0
iσ 3,2,1=i , romelic gansazRvrulia TiToeuli 

RerosaTvis, SezRudvebi miiReben Semdeg saxes: 

211 zzE +=ψ / a.2 - 0
1σ 0≤                     (4.43) 

   0/ 0
222 ≤−= σψ azE ,                     (4.44)   

    −−= azzE 2/123ψ 0
3σ 0≤ .                (4.45) 

imisaTvis, rom gvqondes SezRudvebi 
mdgradobaze  inerciis momentebsa da ganivi 
kveTebis farTobebs Soris (TiToeuli RerosaTvis) 

damokidebulebas mivceT Semdegi saxe: 2bI β= , 

sadac b ganivi kveTis farTobia, xolo β - 
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uganzomilebo mudmivi. I - inerciis momenti. 

RerZul Zalvas aqvs saxe iii bF σ.= , 3,2,1=i , amasTan, 

Reroebis gaWimva miRebulia dadebiTad. Tu 

gaviTvaliswinebT, rom ,/. 22
iii EIF lπ≤− 3,2,1=i . 

SezRudvebs mdgradobaze eqnebaT Semdegi saxe: 

azzE 2/)( 214 +−=ψ - )sin/(cos. 22
1

2 ϕϕβπ abE 0≤ ,     (4.46) 

0)sin./(cos/ 22
2

2
25 ≤−−= ϕϕβπψ abEaEz ,          (4.47)  

−−−= azzE 2/)( 126ψ )sin./(cos 22
3

2 ϕϕβπ abE 0≤ .    (4.4.8) 

SezRudvebi gadaadgilebaze SeiZleba 
CamovayaliboT Semdegnairad: 

     17 z=ψ - 0
1z 0≤ ,                        (4.49) 

     28 z=ψ - 0
2z 0≤ ,                        (4.50) 

sadac 0
1z  da 0

2z   winaswar mocemuli 
SezRudvebis zeda zRvrebia Seasabamisad. 

bolos moiTxoveba, rom kveTebis farTobebi 
akmayofilebdnen pirobebs:  

 "
11

'
1 bbb ≤≤ ,  "

22
'
2 bbb ≤≤ ,  "

33
'
3 bbb ≤≤ ,        (4.51) 

sadac '
3

''
2

'
2

''
1

'
1 ,,,, bbbbb  da ''

3b  saZiebeli parametrebis 

zeda da qveda sazRvrebia, Sesabamisad. 
Aamgvarad wamwis daproeqtebis amocana 

SeiZleba ganvixiloT rogorc iseTi  saproeqto 

parametrebis 321 ,, bbb  arCevis amocana, romelic 

minimizacias gaukeTebs wamwis wonas (4.40) da 
daakmayofilebs (4.43_4.51) pirobebs. 

Uunda aRvniSnoT, rom gadaadgilebebi 1z  da 

2z  mocemul formulirebaSi mniSvnelovan rols 
asrulebs. es cvladebi gansazRvraven 
konstruqcias modebul datvirTvaze da iwodebian 
mdgomareobis cvladebad. 
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zemoT aRniSnuli optimizaciis amocanis 
gadasawyvetad pirvel rigSi saWiroa  davadginoT 

)(bK  sixistis funqciis saxe. vinaidan aRniSnuli 
amocana saxelmZRvaneloebSi iwodeba rogorc 
wamwis klasikuri amocana, amitom mizanSewonilia 
sixistis funqciis gansazRvris sakiTxi 
CamovayaliboT Teoremis saxiT. 

 

4.9.2 samRerovani wamwis sixistis 
funqciis gansazRvra 

 
 Teorema. Tu samRerovani wamwe aris 
simetriuli centraluri Reros mimarT (ix. nax.4.6), 
wamwis kidura Reroebis abcisTa RerZTan daxris 
kuTxe 2/0 πϕ <<  Rebulobs nebismier magram 
fiqsirebul mniSvnelobas. Tu wamweze modebulia 
statikuri datvirTva S , romlis modebis kuTxe 
icvleba 2/0 πθ << , maSin aseTi wamwis sixistis 
funqcias eqneba Semdegi saxe: 

                 =)( pK  

,
)sin.//sin/()sin.cos./sin.cos./(

)cos.sin/cos.sin./()cos./cos./(
2

3322
2

113311

3311
2

33
2

11

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

++−

−+
=

ϕϕϕϕϕϕ

ϕϕϕϕϕϕ

lEblEblEblEblEb

lEblEblEblEb

                                                          (5.52) 
sadac il , 3,2,1=i  wamwis Reroebis sigrZeebia, 

Sesabamisad.                                                  
damtkiceba: amovkveToT kvanZi da ganvixiloT 

misi wonasworoba (nax.4.7). 
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      nax.4.7. samRerovani wamwe amokveTili kvanZiT.    

     

wamwis wonasworobis gantolebas aqvs Semdegi saxe:  

∑ =++−= 0cos.cos.cos. 31 θϕϕ SNNX , 

0sin.sin.sin. 321 =+−−−=∑ θϕϕ SNNNY .           (4.53)

 matriculi saxiT es ukanaskneli Caiwereba 
Semdegnairad [4]  

     ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−−

−
ϕϕ
ϕϕ

sin1sin
cos0cos

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

θ
θ

sin.
cos.

3

2

1

S
S

N
N
N

=0.       (4.54) 

ufro kompaqturia misi Cawera veqtoruli 
saxiT: 

AN       0.
→→

=+ SNA ,                              (4.55) 
Sadac 

      =A  ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−−

−
ϕϕ
ϕϕ

sin1sin
cos0cos

,   =S ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
θ
θ

sin.
cos.

S
S

.   (4.56) 

A  matricis transponirebul matricas aqvs saxe: 
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⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−
−

−−
=

ϕϕ

ϕϕ

sincos
10

sincos
TA .                (4.57) 

gadaadgilebebsa da deformaciebs Soris  
Semdegi damokidebulebaa: 

                0. =Δ+
→→

ZAT .                      (4.58) 
    fizikur gantolebebs (hukis kanonis mixedviT) 
eqnebaT saxe: 

                     
→→

=Δ NB. ,                    (4.59) 
sadac 

          
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
=

)/(00
0)/(0
00)./(

33

22

11

Ebl
Ebl

bEl
B .        (4.60) 

amgvarad gvaqvs Semdegi algebruli 
gantolebaTa sistema:  

   

⎪
⎪

⎩

⎪
⎪

⎨

⎧

==Δ

=Δ+

=+

→→

→→

→→

)63.4(0.

)62.4(0.

)61.4(0.

NB

ZA

SNA
T          

CavsvaT (4.63)-is gamosaxuleba (4.62)-Si 
miviRebT: 

             
⎪⎩

⎪
⎨
⎧

=+

=+
→→

→→

0..

0.

NBZA

SNA
T

              (4.64) 

 (4.64) gantolebaTa sistemis meore 
gantoleba gadavweroT Semdegnairad: 

                
→

−
→

−= ZABN T ..1 ,                   (4.65) 
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sadac 1−B , warmoadgens B matricis Sebrunebul 
matricas da aqvs saxe: 

                     
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
=−

33

22

11
1

/00
0/.0
00/.

lEb
lbE

lbE
B . 

  (4.65)-is mniSvneloba SevitanoT (4.64) sistemis 
pirvel gantolebaSi, maSin gveqneba: 

                  0... 1 =−
→→

− SZABA T .               (4.66) 

avRniSnoT =)(bK TABA .. 1− da vuwodoT  

sixistis matrica.     
exla SevitanoT am ukanasknelSi Sesabamis 
matricaTa mniSvnelobebi, miviRebT: 

     =)(bK TABA .. 1− = 

= ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−−

−
ϕϕ
ϕϕ

sin1sin
cos0cos

.
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

33

22

11

/00
0/.0
00/.

lEb
lbE

lbE
.

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−
−

−−

ϕϕ

ϕϕ

sincos
10

sincos
= 

      

= ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−−

−
ϕϕ
ϕϕ

sin1sin
cos0cos

. =
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−
−
−−

3333

22

1111

/sin./cos
/0

/sin./cos..

lEblEb
lEb

lEblbE

ϕϕ

ϕϕ
         

)67.4(,
sin.//sin./()sin.cos./sin.cos./(

)cos.sin/cos.sin./()cos./cos./(
2

3322
2

113311

3311
2

33
2

11

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

++−

−+
=

ϕϕϕϕϕϕ

ϕϕϕϕϕϕ

lEblEblEblEblEb

lEblEblEblEb

rac unda dagvemtkicebina. 
konkretuli magaliTis SemTxvevaSi, roca 
045=ϕ , 231 all == , al =2 , maSin sixistis funqcia 
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)(bK tolia:         
).4/(.2)( aEbK = ⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛

++−

−+

23131

3131

.22()(

)()(

bbbbb

bbbb
,  (4.68) 

 Tu (4.68)-s SevitanT (4.41)-is gamosaxulebaSi, 
gveqneba:     

).4/(.2 aE ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

++−

−+

23131

3131

.22()(

)()(

bbbbb

bbbb
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛

2

1

2

1

S
S

z
z

.  (4.69) 

es ukanaskneli SeiZleba gadavweroT 
Semdegnairad: 
                    

⎪⎩

⎪
⎨
⎧

=+++−

=−++

θ

θ

sin.)..22()(

cos.)()(

2231131

231131

Szbbbzbb

Szbbzbb
 .           (4.70) 

mudmivi sidide ).4/(.2 aE  SeiZleba 
gaviTvaliswinoT (4.70) sistemis amoxsnis Semdeg. 
(4.70) gantolebaTa sistemis amonaxsns eqneba 
Semdegi saxe: 
                     

,
)().22).((

).(sin.).22.(cos.
2

3123131

31231
1 bbbbbbb

bbSbbbS
z

−−+++

−−++
=

θθ
        (4.71) 

                     

,
)().22).((

).(cos.).(sin.
2

3123131

3131
2 bbbbbbb

bbSbbS
z

−−+++

−−+
=

θθ
            (4.72) 

 
(4.70) gantolebaTa sistemis amoxsnisas 
gasaTvaliswinebelia, rom sistemis determinanti 
ar unda udrides nuls. 
            

0)()22).(()(det 2
3123131 ≠−−+++= bbbbbbbbK .     (4.73) 
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4.9.3. zogadi magaliTis amoxsna 
 
 

davweroT zogadi wrfivi algebrul 
gantolebaTa sistemis determinantis mniSvneloba: 

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+=Δ )sinsin.coscos 2

3

3

2

22

1

12

3

32

1

1 ϕϕϕϕ
l
b

l
b

l
b

l
b

l
b

 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−− ϕϕϕϕϕϕϕϕ sin.cossin.cos.cos.sincos.sin

3

3

1

1

3

3

1

1

l
b

l
b

l
b

l
b

= 

=
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
++⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

2

3

3

1

1

3

3
2

2

2

1

1

3

3

1

122

sin
.cos.sin

l
b

l
b

l
b

l
b

l
b

l
b

l
b

ϕ
ϕϕ .4.74) 

nax.4.6-ze wamwis Reroebi qmnian marTkuTxa 

samkuTxedebs, sadac ada 2l  arian kaTetebi, xolo 

1l  da 3l  arian hipotenuzebi. amdenad SegviZlia 

davweroT: 

        
ϕ

ϕ
ϕ cos

,.,
cos 321

altgalal === . 

       amave dros kuTxe ϕ -s gradusuli zoma 
gadaviyvanoT radianulze, miviRebT: 

ϕϕπα 0174.0
360

..2
0 ==  da gamoTvliTi formulebis 

gamartivebis mizniT SemoviRoT Semdegi 
aRniSvnebi: 

r== ).0174.0sin(sin ϕα ,  

p== ).0174.0cos(cos ϕα ,  

q== ).0174.0sin(sin ϑγ ,  
da  

v== ).0174.0sin(cos ϑγ . 
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yovelive zemoTaRniSnulis da saTanado 
gamartivebis  Semdeg formula (4.6.1) miiRebs 
Semdeg saxes: 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ −−⎟

⎠
⎞

⎜
⎝
⎛ ++⎟
⎠
⎞

⎜
⎝
⎛ +=Δ

2
213

3
213122 ...
.
.....

a
pb

a
pb

a
pb

ra
pb

a
pb

a
pb

a
pbpr = 

 = ⎥⎦
⎤

⎢⎣
⎡ −−+++ 2

2133
2

131

4
2 )()).((.. bbb

r
bbbb

a
pr .           (4.75) 

 

)sin...sin..(sin.

)cos.sin..cos.sin.(cos.

2

3

3

2

22

1

1

3

3

1

1

1

ϕϕϑ

ϕϕϕϕϑ

l
b

E
l
bE

l
bES

l
b

E
l
bES

++

−

=Δ . 

 
zemoT miRebuli aRniSvnebisa da saTanado 

gamartivebis Semdeg es ukanaskneli gadaiwereba 
Semdegnairad: 
 

      =
++

−
=Δ

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

).....(.

23221

2
321

1

pr
a
b

E
ra
pbEpr

a
bEqS

pr
a
b

Epr
a
b

EvS
 

 

= ⎥⎦
⎤

⎢⎣
⎡ −−++ ).....(.).....( 2

3
2

1
2

32
2

1 prbprbqsprb
r
pbprbsv

a
E

.    (4.76) 

2Δ -isaTvis gveqneba:   

2Δ =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

−
+

=
ϑϕϕϕϕ
ϑϕϕ

sin.)sin.cos./sin.cos./(
cos.)cos./cos./(

3311

2
33

2
11

SlEblEb
SlEblEb   
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= ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

−

+

ϑϕϕϕϕ

ϑϕϕ

sin.)sin.cos./.sin.cos./.(

cos.cos./.cos./(
2

3
2

1

3
3

3
1

SabEabE

SabEaEb
. 

Tu gaviTvaliswinebT zemoT miRebul 
aRniSvnebs gveqneba: 

      [ ])..).(.)..(. 2
31

3
312 qrpbbqpbb

a
SE

−−+=Δ ,        (4.77) 

amgvarad sistemis amonaxsns eqneba saxe: 

       
Δ
Δ

= 1
1z    da 

Δ
Δ

= 2
2z .                     (4.78) 

 
 

4.9.4. amocanis amoxsnis algoriTmi. 

 
amocanis amosaxsnelad viyenebT  globaluri 

eqstremumuis monaxvis SemTxveviTi Zebnis 
algoriTms [23]. 
 qvemoT moyvanilia amocanis gadawyvetis 
formalizebuli meTodi; 
1. winaswar ganisazRvreba meTodis muSaobisaTvis 
saWiro sawyisi monacemebi. 
- damoukidebeli cvladebis raodenoba - N ; 
- SezRudvaTa raodenoba M ; 
- saZiebeli parametrebis qveda da zeda sazRvrebi; 
- statikuri cdebis raodenoba - S; 
- minD ricxvis mniSvneloba (maqsimalurad 
SesaZlo didi ricxvi). 
2. daiwyeba statikuri cdebis cikli. 
3. SemTxveviTi ricxvis generatori ciklurad 
gamoimuSavebs SemTxveviT ricxvebs, romlebic 
formirdeba rogorc saZiebeli parametrebi. 
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4. gamoiTvleba determinanti formuliT (4.75) da 
Semowmdeba pirobaze 0det <> . misi dakmayofilebis 

SemTxvevaSi amoixsneba gantolebaTa sistema 1z  da 

2z -is mimarT. amasTan erTad gamoiTvleba yvela 
SezRudvis mniSvnelobebi.  

5. 1z  da 2z  mniSvnelobebis gaTvaliswinebiT 
ciklurad Semowmdeba  pirobiT moTxovnili 
SezRudvebi. Tu yvela piroba erTdroulad 
dakmayofilda gagrZeldeba me-6 punqti. erTerTi 
SezRudvis daukmayofilebis SemTxvevaSi programa 
ubrundeba me-2 punqtis Sesrulebas. 
6. gamoiTvleba miznis funqciis mimdinare 

mniSvneloba 0ψ  da Semowmdeba piroba 0ψ minD≤ . 

Tu es piroba Sesruldeba, maSin minD -s mieniWeba 

0ψ -is mniSvneloba, romelic Seinaxeba (masTan 

erTad Seinaxeba saZiebeli parametrebis mimdinare 
mniSvnelobebi), raTa gamoyenebul iqnas Semdegi 
ciklis ganmeorebis SemTxvevaSi.  
 winaaRmdeg SemTxvevaSi, e.i. roca 

0ψ > minD programa ubrundeba 2-e punqtis 

Sesrulebas. 
 zemoT aRniSnuli procesi meordeba manam 
sanam Catarebuli statikuri cdebis raodenoba ar 
iqneba meti S -ze. programis muSaobis saboloo 

Sedegebi iqneba 32,1 ,bbb mniSvnelobebi, romlebic 

mianiWeben 0ψ  funqcias minimalur mniSvnelobas. 

    yovelive zemoT aRniSnulis Sedegad SeiZleba 
gavakeToT Semdegi daskvna: damuSavebulia 
samRerovani simetriuli wamwis sixistis funqciis 
zogadi formula da wamwis Reroebis ganivi 
kveTebis  optimaluri mniSvnelobebis gansazRvris 
meTodi. aRniSnuli meTodi iZleva saSualebas 
SevarCioT Reroebis ganivi kveTebis farTobebi 
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iseTnairad, rom wamwis wona iyos minimaluri 
mocemuli datvirTvebisa da SezRudvebis dros. 
meTodi eyrdnoba globaluri eqstremumis monaxvis 
SemTxveviTi Zebnis algoriTms. damuSavebulia 
gamoyenebiTi programebis kompleqsi, romelic 
iZleva, inJinruli TvalsazrisiT, misaRebi 
sizustiT dadgindes wamwis optimaluri 
parametrebi. 
      danarTiSi mocemulia samRerovani wamwis 
optimaluri parametrebis gaangariSebis programa 
(WAMWE). 
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Tavi V 

 
svetebis  da koWis optimaluri ganivi 

kveTis gaangariSeba 
 

 
svets farTod iyeneben, rogorc sayrden 

konstruqciul elements, koWebiani moednebis, 
sarTulTSorisi gadaxurvis, estakadebis, 
gzagamtarebis, milsadenebisa da sxva mravali 
daniSnulebis obieqtze. 

amJamad arsebobs mravali meTodi svetis 
gasaangariSeblad [6,33,34]. ganivi kveTis SerCevisas 
aucilebelia miviRoT rac SeiZleba ekonomiuri 
gadawyveta, datvirTvis sididis gaTvaliswinebiT. 
Aarsebuli meTodebis umetesoba  ZiriTadad 
eyrdnoba xeliT gaangariSebas. Tanamedrove 
kompiuteruli teqnologiebis arsebobam moiTxova, 
erTi mxriv, arsebuli meTodebis kompiuteruli 
realizacia da, meore mxriv, iseTi algoriTmebisa 
da meTodebis damuSaveba, sadac gaangariSebebi 
mTlianad Sesruldeba  kompiuteruli programebis 
mier. 

disertaciis qvemoT moyvanili paragrafebi 
miZRvnilia swored  aseTi sakiTxebis gadaWrisadmi.  
 

5.1. svetis ganivi kveTis gaangariSeba 
iteraciuli meTodiT da misi kopiuteruli 

realizacia 
 

vTqvaT, mocemulia marTkuTxa ganivi kveTis 
mqone foladis sveti [32], romelic Camagrebulia 
orive boloTi (nax.5.1). svetis sigrZea L da ikumSeba 
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Ρ ZaliT. svetis ganivi kveTis gverdebs Soris 
arsebobs Tanafardoba, b(i):h(i)=3:2. mocemulia 

agreTve kumSvis dasaSvebi Zabva R y . amocanaa 

svetis sasurveli ganivi kveTis SerCeva winaswar 
mocemuli sizustiT.  
     iteraciuli meTodiT amocanis amoxsna 
gulisxmobs svetis ganivi kveTis TanamimdevrobiT 
SerCevas, romlis drosac ar dairRveva 

mdgradobis piroba: 

cyiAi
P

p Ri γσ ϕ .)( )().( ≤= ,(5.1)         

sadac )(ipσ  aris gasaanga-

riSebeli (pirobiTi) Zabva, 

A(i) – svetis ganivi kveTis 

farTobi, ϕ (i) - grZivi 
Runvisas saangariSo 
winaRobis Semamcirebeli 
koeficienti, romelic 
aiReba [34]-Si mocemuli 
cxrilidan, romlis 
fragmenti mocemulia  

cxril #5.1-Si, cγ muSaobis 

pirobebis koeficientia, 
romelic Cvens SemTxvevaSi 
miCneulia 1-is tolad, e.i  

nax. 5.1. marTkuTxa       cγ =1, xolo i iteraciis  
ganivkveTiani sveti.       nomeria.                 
. 

ganvixiloT es meTodi ufro dawvrilebiT. 
miTiTebuli cxrilidan aiReben ϕ  nebismier 

mniSvnelobas, magaliTad  )1()( ϕϕ =i da 

gansazRvraven dasaSveb Zabvas mdgradobaze, 
romelic toli iqneba: 
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grZivi Runvis Semamcirebeli koeficientis  
damokidebuleba moqnilobaze cxrili #5.1 

k 1 2 3 4 5 6 7 8 9 10 11 1

2 

13 14 15 16 

Reros 

moqnil. 

koefic. 

)(kλ  

0 10
 

20
 

30
 

40
 

50 60
 

70
 

80 90
 

10
0 

11
0 

12
0 

13
0 

14
0 

15
0 

fola-

dis 

marka. 
Ст2. 
Ст3. 
Ст.4 

)(kϕ  1 0
.9
9
 

0
.9
6
 

0
.9
4
 

0
.9
2
 

0
89

0
.8
6
 

0
.8
1 

0
7
5

0
.6
9
 

0
.6
0
 

0
.5
2
 

0
.4
5
 

0
.4
0
 

0
.3
6
 

0
.3
2
 

  

              yy Rii ).()( ϕσ = .            (5.2) 

gansazRvraven svetis ganivi kveTis farTobs 
(5.1) formulidan: 

           )()( i
P
av

iA σ=
,          (5.3) 

sadac )(iavσ   aris Zabvebis mimdinare saSualo 

mniSvneloba,  romlis Sesaxeb laparaki gveqneba 
qvemoT. sawyisi momentisaTvis misi mniSvneloba 

tolia ).(iyσ                                                 

svetis ganivi kveTis farTobi gamoiTvleba 
agreTve damokidebulebidan: 

)()().()( 2
2
3 ihihibiA == , saidanac )()( 3

2 iAih = . 

inerciis radiusi ganisazRvreba formuliT: 
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12
)(

)().(.12
)().(

)(

23

)( ih
ihib
ihib

iA
I xij ===

. 

Reros moqniloba )(' iλ  ganisazRvreba 
formuliT: 

        )(
.' )( iji lμλ =

,                (5.4) 

sadac μ  aris sigrZis dayvanis koeficienti da igi 
orive boloTi damagrebuli Reros SemTxvevaSi 
aiReba ½1/2- is ½ toli. 

Reros moqnilobis gaangariSebuli 
koeficientiT ganisazRvreba ukve miTiTebuli @#5.1 
cxrilis mixedviT ϕ  koefi- 

cientis axali mniSvneloba:                    

)],()([)()1( '
10

)1()( kiki kk λλϕϕ ϕϕ −−=+ +−
  (5.5) 

sadac )(kλ  Reros moqnilobis koeficientis k-uri 
mniSvnelobaa.  

)1( +iϕ  koeficientis mixedviT 
ganisazRvreba mdgradobaze dasaSvebi Zabvis axali 
mniSvneloba: 

   yy Rii ).1()1( +=+ ϕσ .             (5.6) 

moqmedi Zabva toli iqneba:  

   
,)( )(iA

Pi =σ
                     (5.7) 

      gansxvaveba procentebSi gamoiTvleba 
formuliT:       
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%5%100.)1(
)()1( ≤+

−+
i

ii

y

y

σ
σσ

      (5.8) 

Tu es ukanaskneli aRmoCndeba dasaSvebi 
procentis farglebSi (magaliTad 5%), maSin 
iteraciuli procesi damTavrebulad CaiTvleba, 
winaaRmdeg SemTxvevaSi ϕ (i)- s mieniWeba )1( +iϕ  

toli mniSvneloba, e.i. )1()( += ii ϕϕ , xolo 

miRebuli ori  Zabvidan ganisazRvreba saSualo 

2
)()1()1( ii

av
yi σσσ ++=+ , procesi daiwyeba 

Tavidan da gagrZeldeba manam, sanam ar 
dakmayofildeba moTxovnili piroba (5.8). 

iteraciuli procesis damTavrebis Semdeg 
unda Semowmdes piroba  

            zcr σσ ≤ ,                  (5.9) 

e.i kritikuli Zabva crσ  unda iyos naklebi zRvrul 

zσ Zabvaze ( zσ garkveli markis foladebisaTvis 
gansazRvrulia da winaswaraa cnobili), rac 
SeiZleba ganxorcieldes qvemoT mocemuli 
TanamimdevrobiT. 

mdgradobis pirobidan gamomdinare dasaSvebi 

mkumSavi Zala dP  tolia: 

      )(.).()().( iARiiAiP yyd ϕσ ==                      

kritikuli Zala iqneba: 

      )().(.. iAimPmP ydcr σ== .           (5.10) 

      kritikuli Zabva gamoiTvleba formuliT:  
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yiA
iARim

iA
P

cr Rimycr ).()(
)(.).(.

)( ϕσ ϕ ===
,(5.11) 

sadac m  aris mdgradobis maragis koeficienti da 
gamoiTvleba Semdegnairad:  

  
.).( y

cr
Rim ϕ

σ=
                  (5.12) 

cxril #5.2-Si moyvanilia iteraciuli  
meTodis kompiuterze realizaciis Sedegebi 
mocemuli konkretuli magaliTisaTvis: P=20 t., 

LL=2m., 1600=yR kg/sm 2 , zσ =2200 kg/sm 2 . 

 

 

 



 

iteraciuli meTodiT miRebuli Sedegebi. cxrili #5.2 
ite-

ra--

ci-
is 

no-

meri 

i 

Gkoefi-

cient 

)()( 1 ixi =ϕ  

mniSvne-

loba 

ganivi  

kveTis  

sigane  

)()( 2 ixib =  

(sm) 

ganivi  

kveTis  

simaRle 

)(.
)(

23
2 ix
ih

=
=

 

(sm) 

ganivi 

kveTis 

farTobi 

)(iA  

(sm
2
) 

Reros 

moqni-

loba 

)(iλ  

Mmiznis 

funqciis 

mniSvneloba  

)(
100)).()((

i
ii

y

y
σ
σσ −

 

(%) 

1 1 4.330127 2.8867751 12.5 120 122.2222 

2 0.45 5.085476 3.390317 17.24138 102.1763 24.44441 

3 0.5825894 5.355252 3.570168 19.11915 97.02909 4.317034 

4 0.6267332 5.411532 3.607688 19.52312 96.01998 0.699289 

5 0.6358202 5.420952 3.613968 19.59115 95.85313 0.11321 

6 0.6373218 5.422485 3.61499 19.60223 95.82603 0.01832661 

7 0.6375657 5.422733 3.615156 19.60403 95.82164 0.00295528 

8 0.6376052 5.422773 3.615182 19.60432 95.82093 0.000478623 

9 0.6376116 5.422781 3.615187 19.60436 95.82081 0.000053845 

10 0.6376128 5.422781 3.615187 19.60437 95.8208 0.000017948 

 
  
 



 
 

iteraciuli meTodis analizis Sedegad 
SegviZlia davaskvnaT: mis Rirseba aris is, rom igi 
ar iyenebs rTul maTematikur aparats, rac advil 
gasagebs xdis mas momxmareblisaTvis. aseve 
advilia misi programuli realizacia- advilad 
programirebadia. 
 meTodis naklad SeiZleba CaiTvalos is, rom: 

1. meTodi  iteraciulia da ar aris mocemuli 
misi krebadobis mkacri maTematikuri dasabuTeba. 
Tumca intuiciurad procesi krebadi unda iyos, 
rasac adasturebs kompiuterze Catarebuli 
gamoTvlebi. 

2. meTodi ar aris gankuTvnili svetis ganivi 
kveTis optimaluri parametrebis gansasazRvravad. 
misi gamoyenebisas, ukeTes SemTxvevaSi, SeiZleba 
miviRoT mxolod pirveli daTvlis Sedegad 
miRebuli parametrebis gaumjobesebuli varianti 
da ara optimaluri parametrebi. 

   3. meTodSi iteraciuli procesis Sewyvetis 
mizniT gamoiyeneba Zabvebis ori mezobeli 
mniSvnelobis sxvaobis simcire, rac gluvi 
funqciis SemTxvevaSi (da gansakuTrebiT im 
funqciebis SemTxvevebSi, romlebsac aqvT uban-uban 
mudmivi hipersibrtyeebi) ar aris mizanSewonili, 
radganac iteraciuli procesi SeiZleba gaCerdes 
ufro adre vidre miiReba sasurveli da, miT ufro, 
optimaluri parametrebi.  

    4. iteraciuli procesis damTavrebis Semdeg 
saWiroa, damatebiT kidev  Sesruldes 
gaangariSebis bolo etapi, egreT wodebuli, 
sakontrolo gaangariSeba.  sakontrolo 
gaangariSebis Sesrulebis Semdeg  SesaZlebelia 
AaRmoCndes, rom ar sruldeba piroba (5.9), maSin 
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gaurkveveli xdeba, Tu rogor unda moiqces 
momxmarebeli da ra RonisZieba unda gaataros 
konkretulad, raTa gaaumjobesos gamoTvlebis 
Sedegebi. 
 yovelive zemoT aRniSnuli 
naklovanebebisagan  Tavisufalia qvemoT 
warmodgenili meTodi, romelic efuZneba 
globaluri eqstremumis monaxvis SemTxveviTi 
Zebnis meTods. 
 

 

5.2 svetis ganivi kveTisa da ϕ  koeficientis 
optimaluri mniSvnelobebis gansazRvra 

 
zemoT ganxiluli amocana mcire 

modifikaciis Semdeg advilad daiyvaneba arawrfivi 
daprogramebis amocanaze, Tu SezRudvas davadebT 
svetis ganivi kveTis erT-erT gverds, vTqvaT b-s. 
rac Seexeba ϕ  koeficients, masze isedac 

dadebulia SezRudvebi zemoT mocemuli #5.1 
cxrilidan gamomdinare, igi icvleba 0 – dan 1-is 
CaTvliT, e.iϕ ∈(0,1]. SezRudvebi SeiZleba davadoT 

Reros moqniloba λ -s da agreTve mdgradobis 
maragis koeficient m –s e.i. gveqneba: 

   1)(0 ≤< iϕ ,                    (5.13) 

    21 )( bibb ≤≤ ,                (5.14)  

        21 λλλ ≤≤
             (5.15) 
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,0).( ≥−m
y

cr
Riϕ

σ
         (5.16) 

sadac 1b  da 2b  Sesabamisad aris svetis ganivi 

kveTis b gverdze dadebuli SezRudvis zeda da 

qveda zRvaria, xolo 1λ     da   2λ -  Reros 

moqnilobis zeda da qveda zRvari. Lλ  SeiZleba 
ganisazRvros ori gziT, erTi iqneba mis zusti 
gansazRvra (5.4) formulis Tanaxmad, romelic 
saTanado gardaqmnis Semdeg Caiwereba 
Semdegnairad: 

       
,)(

..33
)(

.
ibij
ll μμλ ==

        (5.17) 

xolo meore mxriv is SeiZleba ganisazRvros #5.1 
cxrilis mixedviT 
      

)],1()(/[10)).()(()( +−−+= kkikk ϕϕϕϕλλ  (5.18) 

sadac k gansazRvravs #5.1 cxrilSi λ -sa da ϕ -s 

ganTavsebis nomers, xolo i SemTxveviT arCeuli ϕ -

is nomeria. arCevani am ori formulidan aris 
uSalod konstruqtoris prerogativa. miznis 
funqciad miviRoT:        

,)()( )().( yiAi
P

yp RRii −=−= ϕσψ
   (5.19 

maSin amocana Camoyalibdeba, rogorc arawrfivi 
daprogramebis amocana. SemoviRoT aRniSvnebi: 

)()(),()( 21 ixibixi ==ϕ . am ukanasknelTa 
mniSvnelobebi ganvixiloT rogorc SemTxveviTi 
sidideebi da SevitanoT (5.1) formulaSi, gveqneba: 
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.)(
)().(.2

.3
2
21 ixix

P
p i =σ

 (5.20) 

(5.20) gamosaxulebis Casma (5.19) –Si mogvcems miznis 
funqciis Semdeg gamosaxulebas: 

     
.)(

)().(2
3

2
21

yixix
P Ri −=ψ

    (5.21) 

yovelive amis Semdeg optimizaciis amocana 
SeiZleba Semdegnairad CamovayaliboT: 

      vipovoT )(1 ix  da )(2 ix  cvladebis is 

mniSvnelobebi, romlis drosac )(iψ  funqcia 
miiRebs minimalur mniSvnelobas  SezRudvebis 
(5.13,5.14,5.15 da 5.16) gaTvaliswinebiT. 
      )(iψ  funqciis minimaluri mniSvnelobis 

mosaZebnad gamoviyenoT eqstremumis monaxvis 
SemTxveviTi Zebnis meTodi [23]. analogiuri 
midgomebi gamoyenebulia agreTve sxvadasxva 
teqnikuri xasiaTis amocanebis gadasawyvetad [35,36]. 

algoriTmi muSaobs Semdegnairad: 
1. winaswar gansazRvraven sawyis monacemebs, esaa: 

   a). Aamocanis pirobidan gamomdinare 

monacemebi P =20000 kg, yR =1600kg/sm 2 , zσ =2200 

kg/sm 2 , 96,92 21 == λλ , m≥1.35, b 1 = 4,1 sm da b 2 = 6,15 
sm. 

   b). SezRudvaTa raodenoba M=7 da 
saZiebeli cvladebis raodenoba N=2. 

   g). Casatarebeli cdebis raodenoba  S=10 6  
da Teoriulad SesaZlo maqsimaluri ricxvi, 
vTqvaT D=99000.. 
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2. ciklurad programis mier moxdeba saZiebeli 
cvladebis SemTxveviTi mniSvnelobebis arCeva,  
maTi  formireba winaswar mocemuli SezRudvebis 
gaTvaliswinebiT da SezRudvaTa mniSvnelobebis 
gamoTvla.  
3. Semowmdeba SezRudvebi da yvela maTganis 
Sesrulebis SemTxvevaSi gamoiTvleba saSualedo 
cvladi LL-is mniSvneloba, winaaRmdeg SemTxvevaSi 
programa ubrundeba me-2 punqtis Sesrulebas.   
4. Semowmdeba piroba LL=M. misi Sesrulebis 
SemTxvevaSi (5.21) formuliT gamoiTvleba miznis 
funqcia )(iΨ -is mniSvneloba.  

5. Semowmdeba piroba )(iΨ < D. Tu es piroba 

Sesrulda, maSin D= )(iΨ da daibeWdeba@#5.3 

cxrilis mTeli striqoni. winaaRmdeg SemTxvevaSi 
marTva gadaecema programis me-2 punqts. Ees 
procesi gagrZeldeba ciklurad manam, sanam cikli 
ar Sesruldeba S- jer.  
6. Sedegad  miiReba miznis funqciis globaluri 
minimumis mniSvneloba da sabolood daibeWdeba 
saZiebel sidideTa optimaluri mniSvnelobebi, 
romelic asaxulia #5.3 cxrilis bolo striqonSi. 
Tu globaluri minimumebis raodenoba iqneba 
erTze meti, maSin programa uzrunvelyofs maT 
gamoyofas da gaanalizebas.cxril #5.3-Si 
mocemulia gasaangariSebeli parametrebis 
cvlilebis dinamika miznis funqcis minimaluri 
mniSvnelobisken miswrafebis procesSi. 

 
 
 



marTkuTxa kveTis mqone svetis 
saangariSo parametrebis cvlilebis dinamika. cxrili #5.3 

ite 

ra-

ci-

is 

nome-
ri i 

Gkoef. 

)()( 1 ixi =ϕ
 mniS-ba 

ganivi  

kveTis  

sigane  

)(
)(

2 ix
ib =

 

ganivi  

kveTis  

simaRle  

)(.
)(

23
2 ix
ih =

 

ganivi 

 kveTis 

 farTobi 

)(iA  

Mmdgra- 

dobis  

maragis  

koef. 

m 

Reros 

moqni-

loba 

)(iλ  

miznis 

funqciis 

mniSvn- 

eloba 

)(iψ  

1 0.833041 5.553528 3.702352 20.56111 1.650579 93.56489 432.3385 

2 0.660427 5.428033 3.618689 19.64236 2.081986 95.72808 58.25903 

3 0.6049361 5.523695 3.682463 20.34081 2.272996 94.07023 25.37048 

4 0.6194906 5.490804 3.660536 20.09928 2.219565 94.63373 6.255737 

5 0.6278929 5.456161 3.63744 19.84646 2.189864 95.2346 4.949585 

6 0.6227601 5.478972 3.652648 20.01276 2.207913 94.83809 4.730957 

7 0.6325184 5.438817 3.625878 19.72048 2.17385 95.53829 3.390381 

8 0.6323828 5.443747 3.629165 19.75625 2.174316 95.45176 0.830444 

9 0.6077284 5.555163 3.703442 20.57323 2.262524 93.53735 0.375366 

10 0.6370887 5.425104 3.616736 19.62117 2.158255 95.77979 0.054199 

11 0.6206809 5.496184 3.664123 20.13869 2.215330 94.5411 0.038330 

12 0.6063724 5.560676 3.707117 20.61408 2.267584 93.44461 0.024658 

13 0.6124895 5.532889 3.688593 20.40858 2.244936 93.9139 0.005004 

14 0.6366367 5.426941 3.617961 19.63446 2.159788 95.74736 0.002075 

opt. 

mniS. 

0.6366367 5.426941 3.617961 19.63446 2.159788 95.74736 0.002075 



 
amgvarad SegviZlia davaskvnaT, rom 

damuSavebulia svetis ganivi kveTis parametrebisa 
da svetis grZivi Runvisas saangariSo winaRobis 
Semamcirebeli koeficientis optimaluri 
mniSvnelobebis gansazRvris meTodi mocemuli 
datvirTvis gaTvaliswinebiT. amocana 
warmodgenilia rogorc arawrfivi daprogramebis 
amocana da miznis funqciis minimaluri 
mniSvnelobis gansasazRvravad gamoyenebulia 
eqstremumis monaxvis SemTxveviTi Zebnis meTodi. am 
meTodis gamoyenebiT SesaZlebelia viangariSoT 
svetis kveTebis optimaluri parametrebi 
mdgradobis mocemuli maragis  gaTvaliswinebiT.  
garda amisa kompiuterze realizebulia svetis 
ganivi kveTis parametrebis gansazRvris 
iteraciuli meTodi. kompiuterze Catarebulia 
eqperimentebi da damuSavebulia programebis 
kompleqsi, romlebic inJinruli TvalsazriT 
saWiro sizustiT iZlevian Sedegebs.  aRniSnuli 
midgoma SeiZleba gamoyenebul iqnas im 
SemTxvevebSic, rodesac svetis kveTebs eqnebaT 
kvadratuli, wriuli  da milisebri formebi, 
xolo meTodis mcireodeni modifikaciis 
SemTxvevaSi misi gamoyeneba SeiZleba sxva ufro 
rTuli konfiguraciis mqone svetebis kveTebis 
SemTxvevaSic. 

danarTiSi mocemulia kolonis kveTis 
gaangariSebis sxvadasxa programebi (KOLONA).  

 

5.3. Sedgenili ortesebri koWis optimaluri  
parametrebis gansazRvra 
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Sedgenili, ortesebri ganivi kveTis mqone, 
koWi gamoiyeneba im SemTxvevaSi, rodesac naglini 
koWi ver akmayofilebs simtkicis, sixistis, saerTo 
mdgradobis da sxva moTxovnebs. garda amisa, 
Sedgenili koWi gamoirCeva liTonis xarjvis 
ekonomiurobiT. aseTi koWebis optimaluri 
parametrebis SerCevisadmi miZRvnilia cnobili 
mecnierebis e. belenias, n. streleckis, k. 
muxanovis, n. Juravskis [38,6,33,37] da sxvaTa Sromebi. 
yvela avtoriEcdilobs am problemis gadawyvetas, 
marTalia gansxvavebuli, magram mainc martivi, 
aramkacri iteraciuli gziT. inJinruli intuicia 
da didi praqtikuli gamocdileba maT saSualebas 
aZlevs, miRebuli Sedegebis mravaljeradi 
gadamowmebis gziT, miuaxlovdnen sasurvel mizans. 
magram unda aRiniSnos, rom am gziT miRebuli 
Sedegebi ar SeiZleba CaiTvalos optimalurad 
Tanamedrove gagebiT.  

v. trofimoviCisa da v. permiakovis [2] 
naSromebSi ganxilulia liTonis konstruqciebis 
optimizaciis meTodebi, magram isini ZiriTad 
maTematikur aparatad iyeneben wrfivi maTematikuri 
daprogramebis, kerZod, simpleqs meTods. magram es 
meTodi gamosadegia mxolod wrfivi amocanebis 
SemTxvevaSi, amitom SezRudulia maTi gamoyenebis 
sfero.  

praqtikaSi cnobilia, rom  umetes 
SemTxvevaSi saqme gvaqvs arawrfiv amocanebTan. 
aseTi tipis amocanebis amoxsna dakavSirebulia 
multimodaluri xasiaTis, mravalparametriani, 
rTuli konfiguraciis, arawrfivi miznis funqciis, 
agreTve arawrfivi SezRudvebis mqone amocanebis 
gadawyvetasTan, rac mraval sirTulesTanaa 
dakavSirebuli. Tanamedove pirobebSi arawrfivi 
maTematikuri daprogramebis meTodebisa da 
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kompiuteruli teqnologiebis ganviTarebam 
SesaZlebloba mogvca am problemisadmi sxvagvarad 
Segvexeda. miT ufro, rom cnobili amerikeli 
mecnierebi e. xogi da i. arora [1] am sakiTxis 
gadawyvetis zemoT aRniSnuli midgomisadmi 
gansakuTrebul interess iCenen. 

 

5.3.1. amocanis dasma 
vTqvaT, dasaproeqtebelia Sedgenili, 

ortesebri ganivi kveTis mqone, foladis koWi, 
rogorc es naCvenebia nax.5.2-ze. koWs unda hqondes 
minimaluri wona, maSin rodesac dadebulia 
SezRudva Taroebze momqmed Runvis Zabvebze, koWis 
saerTo mdgradobaze, Taroebisa da kedelis 
adgilobrivi mdgradobis kargvaze.  

koWis erTi grZivi metris sruli masa tolia  
kedlisa da Taroebis masebis jamis. igi 
gamoiTvleba formuliT: 
            

),21(22 212121 kkththkkthggg wwwwwww +=+=+= ρρρ   (5.22) 

sadac wh aris koWis kedlis simaRle; 

−wt koWis kedlis sisqe; 

−1k koWis kedlis simaRlis da Taros siganis 
damakavSirebeli  koeficienti; 

−2k koWis kedlis sisqis da Taros sisqis 
damakavSirebeli koeficienti; 
−ρ foladis simkvrive. 

cvladebi 21 ,,, kkth ww  gansazRvraven koWis 

ganivi kveTis formas da iwodebian saproeqto 
parametrebad. 
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         nax.5.2.    ortesebri koWi 

maxσ  maqsimaluri normaluri Zabva 

gamoiTvleba formuliT: 

         
xI
cM .max

max =σ ,       (5.23) 
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sadac 
2
0hc =  aris manZili koWis neitraluri 

RerZidan SekumSuli (gaWimuli)  Taros RerZamde; 

maxM -koWze moqmedi maqsimaluri mRunavi momenti; 

xI - ganivi kveTis inerciis momenti x  RerZis 

mimarT. imis gaTvaliswinebiT, rom ww ht <<  da 

0hhw ≈ , gveqneba: 

               )61(
12
.

21

3

kk
ht

I ww
x += .                (5.24) 

Sesabamisad, Zabvaze SezRudva gamoisaxeba 

utolobiT 0max ≤− yRσ , anu Tu am ukanasknel 

gamosaxulebaSi  gaviTvaliswinebT (5.23) da (5.24) 
gamosaxulebebis mniSvnelobebs, maSin Zabvaze 
SezRudva SeiZleba Semdegnairad CavweroT [1]: 

               0
)..61(.

6

21
2

max ≤−
+ y

ww

R
kkht

M
,            (5.25) 

sadac yR  koWis masalis saangariSo winaRobaa. 

 koWis Taroebisa da kedlis adgilobrivi 
mdgradobis gansazRvris mizniT ganxilulia 
rogorc amerikeli mecnierebis [1], aseve rusi 
mecnierebis [38,6] midgoma. 
 Aadgilobrivi mdgradobis dakargvis  
ganxilvisas, gamoburcvis formebi aiReba 
iseTnairad, rogorc firfitis mdgradobis 
dakargvisas. 
 Tarosa da kedlisaTvis gamoburcvis 

koeficientebi Sesabamisad tolia 385.0=pfK  da 

62.3=pwK . amgvarad, Taroebisa da kedlisaTvis 

adgilobrivi mdgradobis dakargvis SezRudva 
gamoisaxeba Semdegi utolobebiT [1]: 

               ,0max ≤− crfσσ                      (5.26) 
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da 

        0max ≤− crwσσ ,                       (5.27 

sadac crfσ da crwσ  Taroebisa da kedlis 

gamoburcvisas kritikuli Zabvebia  da iangariSeba 
formulebiT: 

      22
12 )/.()/(54.1 wwcrf htkkE=σ ,           (5.28) 

      2)/(7.21 wwcrw htE=σ .                   (5.29) 

Tu (5.28) da (5.29) gamosaxulebebs CavsvamT me-
(5.26) da me-(5.27) gamosaxulebebSi Sesabamisad 

SezRudvebisaTvis gveqneba:  

      0)/.()/(54.1 22
12max ≤− ww htkkEσ ,        (5.30) 

      0)/(7.21 2
max ≤− ww htEσ ,              (5.30a)  

      koWis Taros adgilobrivi mdgradobis 
uzrunvelyofis mizniT aucilebelia dacul iqnas 
Semdegi piroba [38,6]: 

                      
yw

w

R
E

tk
hk

5,0
2 2

1 ≤ .                     

A zemoT moyvanili gamosaxulebis saTanado 
gardaqmnis Semdeg gveqneba: 
                         

             0).()( 22
12 ≤− wwy htkkER .            (5.31) 

  imisaTvis, rom uzrunvelyofil iqnes koWis 
kedlis adgilobrivi mdgradoba, misi grZivi 
sixistis wibos damatebiTi gamagrebis gareSe, 
aucilebelia dacul iqnes Semdegi piroba [38,6,33]:          

                               5,5/
E
R

ht y
ww ≥ . 

 Aukanaskneli gamosaxulebis saTanado 
gardaqmnis Sedegad miviRebT:   

                   0)/(25,30 2 ≤− wwy htER .        (5.31a) 
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zemoT moyvanili (5.30 da 5.31) da (5.30a da 
5.31a) formulebis analizis Sedegad vaskvniT, rom 
koWis Taros adgilobrivi mdgradobis 
uzrunvelyofis SemTxvevaSi (5.31) formuliT 
mocemulia  ufro mkacri  moTxovna vidre (5.30) 
formuliT, xolo koWis kedlis adgilobrivi 
mdgradobis SemTxvevaSi (5.30a) formuliT 
mocemulia ufro mkacri moTxovna, vidre (5.31a) 
formuliT. konstruqtoris prerogativas 
warmoadgens,  Tu romel formulebs airCevs igi 
gaangariSebebisaTvis, Cvens mier ganxiluli 
magaliTis SemTxvevaSi arCeulia rogorc 
amerikeli, aseve rus mecnierTa mier 
SemoTavazebuli formulebi.                              

SezRudvebi dadebulia agreTve koWis 

moqniloba 
wt
h

=λ -ze, simaRle h -ze, koWis kedlis 

simaRlis da Taros siganis damakavSirebel 1k  da 
koWis kedlis sisqis da Taros sisqis 

damakavSirebeli  2k    koeficientebze. 

SezRudva koWis moqnilobisaTvis 
wt
h

=λ  

Caiwereba:  

             21 λλ ≤≤
wt
h

,                   (5.32) 

sadac 1λ  da 2λ  aris Sesabamisad λ -s cvlilebis 

qveda da zeda zRvari. 

1h , 2h , ''
2

'
2

''
1

'
1 ,,, kkkk  koWis parametrebis zRvruli  

mniSvnelobebia da maT gansasazRvravad 
vsargeblobT e. belenias [38] mier mocemuli 
rekomendaciebiT. 
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Tanabrad ganawilebuli datvirTvis 
SemTxvevaSi koWis  CaRunva f  gamoiTvleba 
formuliT: 

            ,.384/).(5 4 EIlgpf nn +=                (5.33) 

sadac np  da ng  aris koWis erT grZiv metrze 
mosuli droebiTi da mudmivi normatiuli 
datvirTvebi; l  - koWis mali; −EI koWis sixiste 
Runvaze;  

koWis simaRlis qveda zRvruli mniSvneloba 

1h  ganisazRvreba sixistis pirobidan: 

         n
g

n
p

nn
y

gnpn
gp

f
l

E
lR

h
..

..
24
5

1 +
+

⎥
⎦

⎤
⎢
⎣

⎡
= ,             (5.34) 

sadac pn da gn aris datvirTvebis saimedobis  

Sesabamisi koeficientebi; yR -koWis masalis 

saangariSo winaRoba. 

koWis simaRlis zeda sazRvari 2h  
ganpirobebulia misi samSeneblo simaRliT, rac 
warmoadgens gadaxurvis da misi konstruqciis 
maqsimalur SesaZlo simaRles. Aamave dros  

222 htkhh ww ≤+= . misi arCeva ganpirobebulia 

teqnologiuri moTsovniT. amgvarad, koWis 
simaRleze dadebul SezRudvebs aqvs saxe: 

            21 hhh ≤≤ .                      (5.35) 
koWis kedlis sisqe gamoiTvleba rogorc 

Juravskis [38], aseve empiriuli formuliT. 
Juravskis formulis Tanaxmad: 

                
s

w hR
Qt

2
3

1 = ,                      (5.36) 

sadac Q  maqsimaluri ganivi Zalaa, xolo sR -

saangariSo winaRoba Wraze. 
empiriul formulas aqvs saxe 
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            1000/372 htw += .                      (5.37) 

konstruqtors am ori formuliT miRebuli 
Sedegidan SesaZlebloba aqvs daadginos, erTi 
mxriv, garkveuli miaxloebiT, koWis kedlis sisqe, 
romelic SemdegSi gamoTvlebis procesSi 
dazustdeba, xolo meore mxriv, isargeblos koWis 
simaRlesa da kedlis sisqes Soris proeqtirebis 
praqtikidan gamomdinare dadgenili rekomendebuli 
damokidebulebiT [38].   Aamgvarad, koWis kedlis 
sisqeze dadebul SezRudvebs eqneba saxe: 

           21 www ttt ≤≤ ,                     (5.38)  

sadac 1wt  da 2wt  koWis kedlis sisqis cvlilebis 

qveda da zeda sazRvrebia. 
 Cveulebrivad koWis horizontaluri Taros 
sigane, misi saerTo mdgradobis uzrunvelyofis 
pirobidan gamomdinare, aiReba koWis kedlis 

simaRlis 0,2-dan 0,5-mde [38,42,43], maSasadame k 1 -
isaTvis  SezRudvas eqneba saxe: 

                   5.02.0 1 ≤≤ k .                  (5.39) 

 koWis horizontaluri Taros sisqe aiReba 

koWis kedlis sisqis 2-dan 3-mde [38], maSasadame k 2 -
isaTvis SezRudvas eqneba saxe: 

                    32 2 ≤≤ k .                    (5.40) 
koWis parametrebis gaangariSeba unda moxdes 

agreTve iseTnairad, rom ar dairRves koWis 
saerTo mdgradobis piroba, e.i. daculi unda iyos 
piroba: 

                   yRW
M

≤
σϕ

max ,                    (5.41) 

sadac ϕ б aris koWis mdgradobis koeficienti, 

xolo W - koWis winaRobis momenti. qvemoT 
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moyvanil formulaTa martivad Caweris mizniT 
winaswar SemoviRoT Semdegi aRniSvnebi:  

wf hkb 1= -Taros sigane; 

wf tkt 2= -Taros sisqe; 

fw thh 2+= -koWis simaRle; 

fwo thh += -Taroebis RerZebs Soris manZili. 

koeficienti 1ϕ  gamoiTvleba formuliT: 

yx

y

R
E

l
h

I
I 2

1 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=ψϕ , 

sadac yI da xI  inerciis momentebia y  da x  
RerZebis mimarT da gamoiTvleba formulebiT: 

         
12

2
3
ff

y

bt
I =         da        

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+++= 2

33

)
22

(
12

2
12

wf
ff

ffww
x

ht
tb

tbht
I , 

ψ  koeficienti ganisazRvreba samSeneblo 

normebiTa da wesebiT [38] da damokidebulia koWis 
Camagrebaze, datvirTvis saxeobaze da misi modebis 
adgilze, agreTve koWis kveTis damaxasiaTebel  
parametr α -ze.  ψ  koeficienti zemoT ganxiluli 
koWis SemTxvevaSi  gamoiTvleba Semdegnairad: 
              αψ 08,06,1 += , 
sadac  

          ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
= 3

3
2

5,0
1.8

ff

o

of

f

tb
th

hb
lt

α . 

unda aRiniSnos, rom roca 85,00 1 ≤< ϕ , maSin 

1ϕϕσ = , roca 0,85< 1ϕ <1,55, maSin kritikuli Zabva 

imyofeba masalis muSaobis drekad-plastikur 
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zonaSi da σϕ  gamoiTvleba  formuliT [38] 

121,068.0 ϕϕσ += , xolo roca 55,11 ≥ϕ , maSin 1=σϕ . 

amgvarad σϕ -s saangariSo  algoriTmi 

SeiZleba CavweroT Semdegnairad: 

⎪
⎩

⎪
⎨

⎧

>
<<+

≤<
=

.55,1,1
55,185,0,21,068,0

85,00,

1

11

11

ϕ
ϕϕ

ϕϕ
ϕσ

if
if

if
 

koWis saangariSo winaRobis momenti W iangariSeba 
formuliT: 

2/h
I

W x= , 

sadac Ix koWis inerciis momentia x RerZis mimarT 
da gamoiTvleba  formuliT (Taroebis inerciis 
momenti sakuTari RerZis mimarT maTi simciris 
gamo mxedvelobaSi ar aris miRebuli). 

2
0

3

2
2

12
⎟
⎠
⎞

⎜
⎝
⎛+=
h

tb
ht

I ff
ww

x . 

zemoT aRniSnulis gaTvaliswinebiT formula 
(5.41) sabolood Caiwereba Semdegnairad: 

   [ ] y
ffww

R
htbht

hM
W

M
≤

+
= 2

0
3

maxmax

)2/(212)(
)2/(

σσ ϕϕ           (5.42) 

 amgvarad, yovelive zemoT aRniSnulis Semdeg 
amocana sabolood SeiZleba Semdegnairad 
CamovayaliboT: 

saWiroa vipovoT dasaproeqtebeli Sedgenili, 
ortesebri ganivi kveTis mqone, koWis is 

parametrebi ( 21 ,,, kkht ww ), romelic miznis (5.22) 

funqcias mianiWebs minimalur mniSvnelobas, 
mocemuli SezRudvebis 
(5.25,5.30,5.30a,5.32,5.35,5.38,5.39,5.40,5.41) dros.  
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es amocana, rogorc xedavT miekuTvneba 
arawrfivi maTematikuri daprogramebis amocanas, 
romlis amosaxsnelad viyenebT globaluri 
eqstremumis monaxvis SemTxveviTi Zebnis 
algoriTms. 

 
5.2.3. Aamocanis amoxsnis algoriTmi 

 
amocanis amoxsnis algoriTmi Semdegnairad 

muSaobs: 
1. dasawyisSive ganisazRvreba yvela sawyisi 

monacemebi. aq igulisxmeba ara marto is monacemebi 
rasac, iTvaliswinebs teqnikuri davaleba 
ortesebri koWis SemTxvevisaTvis, aramed isinic 
rac saWiroa kompiuteruli gamoTvlebis 
Casatareblad. magaliTad, statistikuri cdebis 

raodenoba S, SezRudvaTa 1M  da cvladebis N   
raodenoba, sawyis momentSi miznis funqciis 
mniSvnelobis Sesadarebeli Teoriulad SesaZlo 
didi ricxvis sidide. 

2. daiwyeba statistikuri cdebis Catarebis 
procesi, romlis drosac SemTxveviTi ricxvebis 
generatoris mier gamomuSavdeba ricxvebi, romelic 
Semdeg Sesabamis  SezRudvaTa gaTvaliswinebiT 
formirdeba rogorc saproeqto parametrebis 
mniSvnelobebi. 

3.  moxdeba winaswar mocemuli pirobis 
Sesabamisad yvela SezRudvis Semowmeba. Tu yvela 
piroba erTdroulad Sesruldeba marTva gadaecema 
momdevno me-4 punqtis Sesrulebas, winaaRmdeg 
SemTxvevaSi marTva gadaecema 2-e punqtis 
Sesrulebas da airCeva saproeqto parametrebis 
axali - gansxvavebuli mniSvnelobebi.  

4. gamoiTvleba miznis funqciis mniSvneloba 
da Sedardeba winaswar arCeul did ricxvs. Tu 
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miznis funqciis mniSvneloba naklebi iqneba am 
ricxvze, maSin am ricxvs mieniWeba miznis funqciis 
mniSvneloba da Seinaxeba igi saTanado 
parametrebTan erTad, raTa gamoyenebul iqnes 
Semdegi gamoTvlebisaTvis. winaaRmdeg SemTxvevaSi, 
marTva gadaecema me-2 punqtis Sesrulebas da 
gagrZeldeba cikluri procesi. es cikluri 
gamoTvlebi gagrZeldeba manam, sanam ar Catardeba 
yvela S  cda. Sedegad miviRebT miznis funqciis 
minimalur mniSvnelobas da parametrebis im 
mniSvnelobebs, romelic uzruvelyofs miznis 
funqciis optimalur mniSvnelobas. 
 

5.2.4. magaliTi da Sedegebi 
 

mocemulia koWis parametrebi (parametrebis 
mniSvnelobebi da SezRudvebi aRebulia [1,38] – 
dan):       

0
)..61(.

6

21
2

max ≤−
+ y

ww

R
kkht

M
,                        

0)/.()/.(54.1 22
12max ≤− ww htkkEσ ,                   

0)/.(7.21 2
max ≤− ww htEσ ,  

  [ ] y
ffww

R
htbht

hM
≤

+ 2
0

3
max

)2/(212)(
)2/(

σϕ
                                

5.02.0 1 ≤≤ k , 

,32 2 ≤≤ k  

1502,103 ≤≤ h  sm, 

2,10,1 ≤≤ wt  sm, 

275400max =M kn.sm, 

150125 ≤≤
wt
h

, 
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S =3000000, 
ρ =7,85 t/m3=7,85 .10 3− kg/sm3 =7,85 .10-5 kn/sm3 
yR = 23 kn/sm2, 

E=2,06.104 kn/sm2, 
N =4, 

1M  =14.  
gaangariSebis Sedegebi moyvanilia qvemoT 

mocemul 5.4 cxrilSi. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



cxrili 5.4 
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Taros 
sigane 

k 1 .hw mm 

              
 
 
 
 
 
Taros 
sisqe 

k 2 .twm

m 

 
 
 
 
 
 
 
k 1 k 2  

 
koWis 
erTi grZivi 
metris 
wona  
(miznis 
funqcia) 
g kg. 

1 2 3 4 5 6 7 8 9 

I nawili. gaangariSebebi Catarebulia, rodesac 1k  da 2k   parametrebi icvlebian a,b,c,d 
marTkuTxediT Semofarglul areSi (nax.2.). 

1 10.603 1394.578 0.201 2.760 279.893 29.274 0.554 244.726 
2 10.045 1286.293 0.245 2.430 316.181 24.412 0.597 222.6163 
3 10.514 1326.256 0.227 2.156 301.197 22.672 0.489 216.681 
4 10.290 1387.741 0.213 2.138 295.910 22.005 0.455 214.326 
5 10.072 1363.882 0.202 2.385 276.179 24.029 0.483 212.032 
6 10.057 1392.063 0.212 2.104 296.263 21.164 0.447 208.346 
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7 10.107 1407.887 0.203 2.114 287.145 21.369 0.431 208.040 
1 2 3 4 5 6 7 8 9 
8 10.006 1394.761 0.210 2.136 292.958 21.376 0.448 207.877 

Ooptimaluri mniSvnelobebi: 
 10.006 1394.761 0.210 2.136 292.958 21.376 0.448 207.877 

II nawili. gaangariSebebi Catarebulia, rodesac 1k  da 2k  parametrebi icvlebian a,e,f,g 
marTkuTxediT Semofarglul areSi 21 5.0 kk =  wiris gaswvriv. 

1 11.411 1393.347 0.229 2.183 319.042 24.917 0.5 249.623 
2 10.579 1340.434 0.238 2.094 320.011 22.156 0.5 222.635 
3 10.045 1395.618 0.245 2.034 343.054 20.433 0.5 220.103 
4 10.310 1322.557 0.216 2.311 286.078 23.833 0.5 214.096 
5 10.028 1338.768 0.249 2.006 333.624 20.121 0.5 210.784 
6 10.004 1341.214 0.229 2.179 307.739 21.801 0.5 210.670 
7 10.003 1340.379 0.240 2.003 334.518 20.041 0.5 210.513 
8 10.006 1339.880 0.236 2.109 317.545 21.111 0.5 210.505 
9 10.003 1340.017 0.203 2.462 272.117 24.631 0.5 210.466 
10 10.002 1340.167 0.228 2.189 306.011 21.901 0.5 210.446 
11 10.001 1340.034 0.231 2.164 293.375 22.884 0.5 210.444 
12 10.000 1340.359 0.237 2.102 318.807 21.021 0.5 210.439 

Ooptimaluri mniSvnelobebi: 
 10.000 1340.359 0.237 2.102 318.807 21.021 0.5 210.439 
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 (cxrilSi moyvanili Sedegebi mZimis Semdeg sami Tanrigis sizustiT aris mocemuli, 
kompiuteruligaTvlebi Sesrulebulia ufro didi sizustiT.)



 

ganvixiloT exla Tu ra SesabamisobaSi 
modis zemoT aRniSnuli meTodiT miRebuli 
Sedegebi, e. belenias mier [38] gamoTqmul 
mosazrebebTan. e. belenia aRniSnavs, rom 
optimaluri simaRlis mqone koWisaTvis  Taroebis 
masebis jami tolia koWis kedlis masis da 
Sesabamisad Taroebis farTobebis jami koWis 
kedlis farTobis. 

CavweroT maTematikurad zemoT aRniSnuli 
mosazreba. farTobTa toloba (ix. nax.5.3.) 
Semdegnairad Caiwereba: 

              wwww ththkk =212 ,                 (5.43)    

sadac 0≠wwth  da ∞≠wwth . vinaidan (5.43)  

tolobis orive mxares aris erTi da igive, magram 
fiqsirebuli sxvadasxva sidide, amitom  zemoT 
aRniSnul farTobTa toloba ar aris 

damokidebuli h w   da  t w   arCevaze, samagierod igi 
mTlianadaa damokidebuli k1 da k2 koeficientebis 
mniSvnelobebze. es ukanaskneli toloba 
samarTliania k1 da k2-is koeficientebis mxolod 
im  mniSvnelobebisaTvis, romlebic akmayofileben 
(5.39) da (5.40) SezRudvebs da romelTa namravli 
tolia  

          5.021 =kk ,                      (5.43a) 
winaaRmdeg SemTxvevaSi toloba (5.43) ar iqneba 
samarTliani.  

vinaidan k1 da k2   koeficientebi urTierT 
calsaxa sidideebi arian da maT Soris arsebobs 
ukuproporciuli damokidebuleba, ufro meti 
TvalsaCinoebis mizniT, avagoT maTi urTierT 
damokidebulebis grafiki nax.5.3.  da amave 
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grafikze davitanoT e. belenias mier  
rekomendebuli k1 da k2   koeficientebis zRvrul 
mniSvnelobaTa xazebi. es xazebi qmnian Caketil 
a,b,c,d marTkuTxeds.  

amgvarad toloba (5.43) samarTliani iqneba k1 
da k2-is mxolod im  mniSvnelobebisaTvis, 
romlebic iqnebian moTavsebuli a,b,c,d 
marTkuTxediT SemosazRvruli 21 /5.0 kk =  wiris 
nawilze. magram, wiris am monakveTze SeiZleba 
moiZebnos  k1 da k2   koeficientebis usasrulo 
raodenoba, romelTa drosac kmayofildeba (5.43a) 
toloba, amitom e. belenias mosazrebas uku Zala 
ara aqvs, e.i. zemoT aRniSnuli farTobTa  

toloba ar aris sakmarisi piroba h w  da tw 
optimaluri mniSvnelobebis 
 

nax.5.3. koWis kedlis simaRlis da Taros siganis 

damakavSirebeli 1k  da koWis  

kedlis sisqis da Taros sisqis damakavSirebeli 2k   

       koeficientTa urTier damokidebulebis grafiki. 

g 
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misaRebad, romlebic uzrunvelyofen  koWis  
minimalur wonas.   

imisaTvis, rom erTdroulad miviRoT koWis 
minimaluri wona da farTobTa toloba saWiroa: 

1. SevamciroT 1k  da 2k  koeficientebis 

cvlilebis diapazoni (ix. nax.5.3) Semdegnairad  

25,02,0 1 ≤≤ k  da 5,22 2 ≤≤ k . 
2. vuzrunvelvyoT gamoTvliTi procesis 

warmarTva iseTnairad, rom vimoZraoT mxolod 

marTkuTxediT SemosazRvruli wiris 21 /5,0 kk =  
gaswvriv. 

sabolood miviRebT miTiTebuli cxrilis 
meore nawilSi mocemul Sedegebs. analizidan Cans, 

rom  Tu 21.kk <0.5, maSin koWis kedlis farTobi 

metia Taroebis farTobTa fA  jamis, e.i. fw AA >  , 

Tu 21.kk >0.5, maSin fw AA < da bolos, Tu 21.kk =0.5, 

maSin fw AA = . 

cxrilis pirvel nawilSi motanilia 
optimaluri Sedegebi, rodesac gaangariSebebi 
Sesrulebulia a,b,c,d marTkuTxediT 
SemosazRvruli k1 da k2 parametrebis cvlilebis 
SemTxvevaSi, xolo cxrilis meore nawilSi 
motanilia, agreTve, optimaluri Sedegebi, rodesac 
gaangariSebebi Sesrulebulia a,e,f,g marTkuTxediT 

SemosazRvruli 21 /5,0 kk =  wiris gaswvriv 
moZraobisas. miRebuli Sedegebis Sedarebidan 
gamomdinareobs, rom pirvel SemTxvevaSi 
vRebulobT optimaluri wonis mqone koWs, magram 
mcirediT darRveuli iqneba zemoT aRniSnuli 
farTobTa toloba, xolo meore SemTxvevaSi ufro 
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meti wonis mqone koWs, magram daculi iqneba ukve 
naxsenebi   farTobTa toloba.   

amgvarad orive SemTxvevaSi daculia yvela 
moTxovnili SezRudva. pirvel SemTxvevaSi 
miRweulia koWis minimaluri wona, xolo meore 
SemTxvevaSi uzrunvelyofilia koWis Taroebis 
farTobTa jamisa da koWis kedlis farTobis 
toloba, rac Taroebsa da kedelze datvirTvis 
Tanabrad gadanawilebis SesaZleblobas iZleva.  

im SemTxvevaSi Tu  k1   da   k2 koeficientebze 
dadebuli SezRudvebi Seqmnian  marTkuTxeds, 

romelic gareT datovebs 21 /5,0 kk = wirs,   maSin 
koWis wonis minimizacia moxdeba, magram koWis 
Taroebis farTobTa jamisa da koWis kedlis 
farTobis toloba arasodes ar iqneba daculi. 

qvemoT moyvanil cxril #5.5-Si mocemulia 
saangariSo formulebi, sadac  SesaZlebelia 
zemoT aRniSnuli meTodiT miRebuli Sedegebis 
sisworis Semowmeba, maTi aRniSnul formulebSi 
uSualo Casmis gziT. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
saangariSo formulebi da Sedegebi.                cxrili #5.5 

sawyisi monacemebi:  M=275400  kn.sm; E=2,06.104 kn/sm2;                               
R=23 kn/sm2; 00785.0=ρ  kg/sm 3 ;   L = 1200 sm .                                                                  

# rekvizitis 
dasaxeleba 

saangariSo formula miReb-
uli 

Sedegi 

norma 

1 erTi grZivi metri 
koWis wona (miznis 
funqcia) 

)21( 21kkthg ww += ρ  207.8776 
kg 

 

2 koWis kedlis 
simaRle 

hw 139.4761 
sm 

(103,2-1500) 
sm 

3 koWis kedlis sisqe  tw = tk 1,00631 
sm sm 

(1,0-1,2) sm 

4 horizontaluri 
Taros siganisa da 
koWis kedlis 
simaRlis 
damakavSirebeli 
koeficienti 

1k  0.21004 
1k =(0.2-

0.5) 

5 horizontaluri 
Taros sisqisa da 
koWis kedlis 
sisqis 
damakavSirebeli 
koeficienti 

2k  2.1363 
2k =(2-3) 
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6 horizontaluri 
Taros sigane 

hk1 w 
29.29585 
sm 

 

7 horizontaluri 
Taros sisqe 

tk2 w 
2.137647 
sm 

 

8 SezRudva Zabvaze  

y
ww

R
kkht

M
≤

+
=

)61(
6

21
2

max
maxσ  

22.6644 
sm2 

≤ 23 kn/sm 

9 kritikuli Zabva 
Taros 
gamoburcvisas 

22
12 )/()/(54.1 wwcrf htkkE=σ  168.9075 

kn/sm2 
max ≤− crfσσ

 

10 kritikuli Zabva 
kedlis 
gamoburcvisas 

2)/(7.21 wwcrw htE=σ  23.0078 
kn/sm2 

max − crwσσ
 

11 koeficientTa 
namravli 

21kk  0.4487125 0.5 

12 horizontaluri 
Taroebis 
simetriis RerZebs 
Soris manZili 

ww tkhh 20 +=  141.613747 
sm 

 

13 koWis simaRle 
ww tkhh 22+=  143.751394 

sm 
 

14 koWis moqniloba 
=λ

wt
h

 
143.6608 125_150 

15 koWis saerTo 
mdgradoba (1) 

b = k1 * hw                                                             
 
d =k2 * t w                                                               

29.29582 
sm 
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ho = hw + k2 * t w                                                    
 
Ub = .3 * (.41 + .0032 * b / d + (.73 - .016 * b / 
d) * b / ho) * SQR(E / R)  

 
2.137647 
sm        
 
141.613747 
sm        
 
5.023407 
sm 

16 koWis Taros 
adgilobrivi 
mdgradoba 

b/(2.k2.tw) RE /5.0≤  6.852352 0,5.29,92745
=14,963725 

17 koWis inerciis 
momenti koWis 
grexisas 

 Ik = 1.3 / 3 * (h * t w ^ 3 + 2 * b * d ^ 3)              310.4187 
sm4 

 

18 koWis inerciis 
momenti y RerZis 
mimarT 

Iy = 2 * d * b ^ 3 / 12                                             8957.815  

19 koWis inerciis 
momenti x RerZis 
mimarT (1) 

Ix = t w * (h - 2 * d) ^ 3 / 12 + 2 * (b * d ^ 3 / 12 
+ b * d * (d / 2 +       
(h - 2 * d) / 2) ^ 2) 

854246.1  

20 koWis inerciis 
momenti x RerZis 
mimarT (2) 

I = t w * (h - 2 * d) ^ 3 / 12 + 2 * b * d * (h / 2) 
^ 2  
 

873299.1  

21 koeficienti, 
romlis mixedviT 

α  = 8 * (L * d / (b * ho)) ^ 2 * (1 + (.5 * ho * t 
w ^ 3 / (b * d ^ 3)))     

3.816662  
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ganisazRvreba ψ   
22 koeficienti, 

romelic 
ganisazRvreba 
СниП II-23-81 

ψ  = 1.6 + .08 * α                                                1.9053329  

23 saangariSo 
winaRobis 
Semamcirebeli 
koeficienti 

1ϕ  = ψ  * (Iy / Ix) * (h / L) * (E / R) 
 

2.143681  

24 
 
 
 
 

saangariSo 
winaRobis 
Semamcirebeli 
koeficienti 

⎪
⎩

⎪
⎨

⎧

>
≤<+

≤<
=

1,1
55,185,0,21,068,0

85,00,

1

11

11

ϕ
ϕϕ

ϕϕ
ϕ σ

if
if

if

 

1  

25 winaRobis  momenti 
 

W = I / (h / 2) 12150.13 
sm3 

 

26 
 
 
 

koWis saerTo 
mdgradoba (2) 
 
 

W
M

.
max

max
σϕ

σ =  
22.66642 
kn/sm2 

≤ 23 kn/sm 

27 koWis kedlis 
adgilobrivi 
mdgradoba  E

Rh
t yw
w 5.5
≥  

1.00631 0.847358 



      amgvarad am paragrafis dasasruls SeiZleba 
gavakeToT Semdegi daskvna: Sedgenili ortesebri 
ganivi kveTis mqone koWis otimaluri parametrebis 
gansazRvris amocana miyvanilia arawrfivi 
maTematikuri daprogramebis amocanamde. 
gansazRvrulia, ara marto koWis kedlis 
simaRlisa da sisqis,  aramed, koWis kedlis 

simaRlis da Taros siganis damakavSirebeli 1k  da 
koWis kedlis sisqis da Taros sisqis 
damakavSirebeli  k2  koeficientebis optimaluri 
mniSvnelobebi, mocemuli SezRudvebis dros. 
damuSavebulia am meTodis realizaciis algoriTmi 
da kompiuteruli programa (ORTE).    
 
 
5.4. uban-uban mudmivi ganivi kveTis mqone 

svetis optimaluri daproeqteba 
 

5.4.1. amocanis dasma 
   davaproeqtoT uban-uban mudmivi ganivi kveTis 
mqone sveti, rogorc  es naCvenebia nax.5.3-ze. 
Aamocana mdgomareobs elementebis ganivkveTis 
farTobebis da sigrZeebis arCevaSi iseTnairad, 
rom svetma gauZlos vertikalur datvirTvas 

gamozneqvis gareSe kumSavi P 0 Zalis 

zemoqmedebisas. nagulisxmevia, rom TiToeuli 
elementis ganivi kveTis geometriuli forma aris 
fiqsirebuli (wriuli) da simetriuli 
vertikaluri RerZis mimarT, amdenad ganivi kveTis 

ib farTi mTlianad axasiaTebs i-ur elements.  

   minimizacias eqvemdebareba svetis moculoba, 
amitom wonis funqcias eqneba saxe: 
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      F=∑
k

ii Lb
1

,                                             (5.44)               

sadac L i  da – b i  aris svetis i-uri elementis 

sigrZe da fuZis farTi Sesabamisad, xolo  k – 
elementebis saerTo raodenobaa da igi Cvens 
SemTxvevaSi tolia k= 3. 
   meqanikuri sistemebisa da konstruqciebis 
optimaluri proeqtirebis analogiuri amocanebi 
ganxilulia [1],  yvela am amocanebSi miznis 
funqciis minimaluri mniSvnelobis sapovnelad 
gamoiyeneba ganzogadoebuli uswrafesi daSvebis 
meTodi. Aam meTodis gamoyeneba ar iqneba 
mizanSewonili im SemTxvevaSi, roca miznis 
funqcias gaaCnia rTuli saxe, kerZod mravali 
eqstremumi, pirveli gvaris wyveta da sxva. aseT 
SemTxvevebSi ufro mizanSewonilia gamoviyenoT 
globaluri eqstremumis monaxvis Tanamedrove 
meTodebi [23].  
   zemoTaRniSnuli amocana SeiZleba davyoT sam 
qveamocanad. 
   pirveli amocana iTvaliswinebs (5.44) funqciis 
minimaluri mniSvnelobis povnas, rodesac 
cvladebs warmoadgenen radiusebi, xolo svetis 
TiToeuli elementis sigrZeebi warmoadgenen 
sxvadasxva, magram fiqsirebul sidideebs. 
maTematikurad pirveli amocana SeiZleba CavweroT 
Semdegnairad: 
   vipovoT minimumi  
                                        

F=∑
k

ii Lb
1

=∑
k

ii LR
1

2π =∑
k

ii LX
1

2π  ,                     (5.45)                   
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roca kmayofildeba SezRudvebi, erTi mxriv, 

romelic dadebulia kveTebis radiusebze (X i =R ida 

R q1 ≤  X 1 ≤  X 2  . . .  ≤  X k       ≤  X kz  ): 
          R q1  ≤  X 1  ≤R z1 ,                                                    (5.46)               

  R z1 ≤X 2 ≤R z2 ,                                                     (5.47)               
R z2 ≤X 3 ≤R z3 ,                                                     (5.48)               

Dda meore mxriv Zabvebze kolonebis SekumSvisas: 

 - P 0 /(3,14. X 2
1 ) - 1γ .L 1 +P1≥0 ,                                      (5.49)               

 -(P 0 + 1γ .L 1 )/(3,14. 2
2X ) - 2γ .L 2 +P2≥0,                          (5.50)                

  -( P 0 + 1γ .L 1 + 2γ .L 2 )/(3,14. 2
3X ) - 3γ .L 3 +P3  ≥0,          (5.51)               

sadac γ i  - aris svetis masalis erTeuli 

moculobis wona, P i  aris TiToeuli elementis 

zRvruli Zabva, romlis miRwevisas xdeba 

normaluri muSaobis pirobebis darRveva. R q1  da 

R z1  aris R 1 radiusis cvlilebis qveda  da zeda 

zRvari Sesabamisad, xolo R z2  da  R z3  aris 2R  da 

R 3 radiusebis cvlilebis zeda zRvrebi 

Sesabamisad.                               



 150 

i
Li

Po

    nax. 5.4 uban-uban mudmivi ganivi kveTis mqone 
sveti  

    
meore amocana gulisxmobs  (5.44) funqciis 

minimaluri mniSvnelobis povnas, rodesac 
cvladebs warmoadgenen svetis elementebis 
sigrZeebi, xolo elementebis radiusebi 
warmoadgenen sxvadasxva, magram fiqsirebul 
sidideebs. maTematikurad meore amocana SeiZleba 
CavweroT Semdegnairad: 
   vipovoT minimumi  

               F=∑
k

ii Lb
1

=∑
k

ii LR
1

2π =∑
k

ii XR
1

2π ,          (5.52)               
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   roca SezRudvebi akmayofileben pirobebs, 
romelic dadebulia erTi mxriv, elementebis 

sigrZeebze  (X i =L z1 ≥X 1 ≥X 2  ≥ ... X k ≥    L kq ): 
L q1  ≤  X 1  ≤L z1  ,                                                (5.53)               

           L q2 ≤X 2 ≤  L q1  ,                                                (5.54)               
L q3 ≤X 3 ≤L z2  ,                                                 (5.55)               

Dda meore mxriv Zabvebze kolonebis SekumSvisas: 

        -P 0 /(3,14.R 2
1 )- 1γ .X 1 +P1≥0,                                   (5.56)               

         -(P 0 + 1γ .X 1 )/(3,14. 2
2R )- 2γ .X 2 +P2≥0,                   (5.57)                

       -( P 0 + 1γ .X 1 + 2γ .X 2 )/(3,14. 2
3R )- 3γ .X 3  +P3  ≥0,     (5.58)              

sadac γ i  aris svetis masalis erTeuli 

moculobis wona, L q1  da L z1  aris L 1 elementebis 

sigrZeebis  cvlilebis qveda  da zeda zRvari 

Sesabamisad, xolo L z2  da  L z3  aris L 2  da L3 

sigrZeebis cvlilebis zeda zRvrebi Sesabamisad. 

P i  aris  TiToeuli elementis zRvruli Zabva, 

romlis miRwevisas xdeba normaluri muSaobis 
pirobebis darRveva. 
   mesame amocana iTvaliswinebs X=P0 maqsimaluri  
mniSvnelobis povnas,  sxvadasxva magram 

fiqsirebuli R ida L i  – mniSvnelobebis dros, 

rodesac moiTxoveba Sesruldes Semdegi 
SezRudvebi: 

- X.(3,14. R 2
1 )- 1γ .L 1 +P1≥0,                                   (5.59)               

-(X.+ 1γ .L 1 )/(3,14. 2
2R )- 2γ .L 2 +P2≥0,                            (5.60)               

    -(X+ 1γ .L 1 + 2γ .L 2 )/(3,14. 2
3R )- 3γ .L 3 +P3≥0,                (5.61)                
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5.4.2.A SemTxveviTi Zebnis meTodiT amocanis  
amoxsnis algoriTmebis  aRwera  

  
pirveli amocanis amoxsnis algoriTmis 

blok-sqema mocemulia nax.5.5a da nax.5.5b-ze 
algoriTmi muSaobs Semdegnairad:  
1. winaswar ganxorcieldeba sawyisi monacemebis 
Setana, rac gulisxmobs svetis elementebis 
sigrZeebis (L1,L2,L3), svetis erTeuli sigrZis 
Sesabamisi wonebis (GAMA1,GAMA2,GAMA3), 
cvladebis raodenobis N-sa da SezRudvaTa 
raodenobis M-is Setanas. 
2. iwyeba statistikuri cdebis cikli. 
3. Semdeg iwyeba qvecikli, romlis daniSnulebas 
warmoadgens SemTxveviTi ricxvebis generireba 
Tanaxmad algoriTmisa 
           X(I)=AA(I)+(BB(I)-AA(I))*RND,                            (5.62)               
sadac   AA(I) da BB(I) aris asarCevi radiusebis 
zeda da qveda sazRvrebi Sesabamisad. RND 
SemTxveviTi ricxvebis generatoria, romelic 
gamoimuSavebs SemTxveviT ricxvebs [0;1] intervalSi, 
xolo am ricxvebis mocemul sazRvrebSi 
mosaTavseblad gamoiyeneba zemoT miTiTebuli 
algoriTmi. 
4. gamoiTvleba SezRudvaTa mniSvnelobebi Tanaxmad 
formulebisa 

  G(I)=R1Q+X(1),                                            (5.63)               
                 G(2)=R1Z-X(1),                                            (5.64)                
                  G(3)=R1Z+X(2),                                          (5.65)                
                  G(4)=R2Z-X(2),                                           (5.66)         
                   G(5)=R2Z+X(3),                                          (5.67)                
                   G(6)=R3Z-X(3),                                           (5.68)                
                   G(6)=R3Z-X(3),                                           (5.69)                
  G(7)= -P0/(3.14*X(1)^2-GAMA1*L1+P1,                      (5.70)     
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G(8)= -(P0+GAMA1*L1)/(3.14*X(2)^2)- 
                   - GAMA2*L2+P2,                                         (5.71)      
               G(9)= -(P0+ GAMA1*L1+  
                 +GAMA2*L2)/(3.14*X(3)^2)+P3.                   (5.72)           
5. keTdeba Semowmeba   me-4 punqtSi gamoTvlili 
SezRudvebisa Ppirobaze G(K)>=0 da daiTvleba 
Sesrulebul SezRudvaTa raodenoba L=L+!. 
6. Semowmdeba piroba L=M, toloba niSnavs, rom X(I)-
is  arCeuli mniSvneloba akmayofilebs yvela 
SezRudvas da procesi gagrZeldeba Semdegi 
punqtis Sesasruleblad. winaaRmdeg SemTxvevaSi 
procesi ubrundeba axali statistikuri cdis 
Catarebas.  
7. gamoiTvleba miznis funqcia Tanaxmad 
formulisa 
          F=3.14*(X(I)^2*L1+X(2)*L2+X(3)^2*L3).              (5.73)         
8. Mmiznis funqciis F gamoTvlili mniSvneloba 
Sedardeba Fmin  
(romelic winaswar iyo SeCeuli rac SeiZleba 
didi, magram sasr- 
ulo ricxvi) da Tu piroba F<Fmin Sesrulda, maSin 
xdeba naklebi mniSvnelobebis damaxsovreba. 
9. daibeWdeba parametrebis XM(I) da miznis funqciis 
mimdinare mniSvnelobebi da procesi gagrZeldeba 
axali statistikuri cdis SemTxvevaSi da 
ganmeordeba zemoT CamoTvlili yvela punqti. 
10. procesi gagrZeldeba manam sanam ar Sesruldeba 
piroba S ar iqneba meti miTiTebuli statistikuri 
cdebis raodenobaze. 
11. sabolood daibeWdeba parametrebis da miznis 
funqciis optimaluri mniSvnelobebi. 
  danarTSi mocemulia am algoriTmis 
kompiuteruli realizaciis programa (uban-uban1). 
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N                nax. 5.5a. 
amocana #1-is amoxsnis algoriTmis blok-
sqema (i-nawili) 
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N                nax. 5.5b. 
amocana #1-is amoxsnis algoriTmis blok-sqema  
(II-nawili) 
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meore amocanis amoxsnis algoriTmis blok-
sqema mocemulia nax.5.6a da 5.6b,-ze. algoriTmis 
muSaobis principi igivea rac pirveli amocanis 
SemTxvevaSi, gansxvaveba mxolod SezRudvebisa da 
miznis funqciis mniSvnelobebis gamoTvlaSia, e.i 
gansxvavdebian mxolod me-4 da me-7 punqtebi. Uufro 
konkretulad meore amocanis SemTxvevaSi me-4 
punqtSi gamoiTvleba SezRudvaTa mniSvnelobebi 
Tanaxmad formulebisa 
                  G(I)=L1Q+X(1),                                         (5.4.31)  
                  G(2)=L1Z-X(1),                                          (5.4.32)   
                  G(3)=L2Q+X(2),                                        (5.4.33) 
                  G(4)=L2Q-X(2),                                         (5.4.34) 
                   G(5)=R3Q+X(3),                                      (5.4.35) 
                  G(6)=R2Q-X(3),                                         (5.4.36) 
      G(7)= -P0/(3.14*R1^2)-GAMA*X(1)+P1,               (5.4.37)               
G(8)= -(P0+GAMA1*X(1))/(3.14*R2^2) –    
          -GAMA*X(2)+P2,                                               (5.4.38) 
 G(9)= -(P0+ GAMA1*X(1)+  
           +GAMA2*X(2))/(3.14*R3^2)+P3,                      (5.4.39) 
xolo me-7 punqtSi miznis funqcia gamoiTvleba 
Tanaxmad formulisa 
    F=3.14*(R1^2*X(1)+R2^2*X(2)+R3^2*X(3)).          (5.4.40) 
 danarTSi mocemulia am algoriTmis 
kompiuteruli realizaciis programa (uban-uban2). 
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N                  nax. 5.6a. 
Aamocana #2-is amoxsnis algoriTmis blok-sqema 
(I-nawili) 
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                           nax. 5.6b. 
Aamocana #2-is amoxsnis algoriTmis blok-sqema  
(II-nawili) 
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mesame amocanis amoxsnis algoriTmi 
mocemulia nax.5.7a, da 5.7b-ze. am algoriTmis 
muSaoba  gansxvavdeeba wina ori amocanis 
algoriTmebis muSaobisagan, radgan am SemTxvevaSi 
veZebT saoptimizacio funqciis (am SemTxvevaSi 
X=P0) maqsimalur mniSvnelobas. Semdegi 
SezRudvebis dros 

          G(1)=P-X.(3,14R 2
1 )- 1γ .L 1 +P1,                          (5.4.41)       

G(2)=-(X+ 1γ .L 1 )/(3,14. 2
2R )- 2γ .L 2 +P2,                        (5.4.42) 

 G(3)=-(X+ 1γ .L 1 + 2γ .L 2 )/(3,14. 2
3R )- 3γ .L 3 +P3.            (5.4.43)   

Nnax. 5.6a da 5.6b-ze mocemuli blok-sqemis aRwera 
1. winaswar ganxorcieldeba sawyisi monacemebis 
Setana, rac gulisxmobs svetis elementebis 
radiusebis (R1,R2,R3) da sigrZeebis (L1, L2, L3),  
svetis erTeuli sigrZis Sesabamisi wonebis 
(GAMA1,GAMA2,GAMA3), cvladebis raodenobis N=1-
sa da SezRudvaTa raodenobis M=3-is Setanas. 
2. Semdeg iwyeba cikli statistikuri cdebis. 
3. Semdeg iwyeba qvecikli, romlis daniSnulebas 
warmoadgens SemTxveviTi ricxvebis generireba 
Tanaxmad algoriTmisa 
                 X(I)=AA(I)+(BB(I)-AA(I))*RND,                   (5.4.44) 
sadac   AA(I) da BB(I) aris asarCevi datvirTvis 
qveda da zeda sazRvrebi Sesabamisad. RND 
SemTxveviTi ricxvebis generatoria, romelic 
gamoimuSavebs SemTxveviT ricxvebs [0;1] intervalSi, 
xolo am ricxvebis mocemul sazRvrebSi 
mosaTavseblad gamoiyeneba zemoT miTiTebuli 
algoriTmi. 
4. gamoiTvleba SezRudvaTa mniSvnelobebi Tanaxmad 
formulebisa: 
       G(1)= -X(1)P0/(3.14*R1^2)-GAMA1*L1+P1,        (5.4.45) 



 160 

G(2)= -(X(1)+GAMA1*L1)/(3.14*R2^2) –  
           -GAMA2*L2+P2,                                               (5.4.46) 
G(3)= -(P0+ GAMA1*L1+ GAMA2*L2)/(3.14*R3^2)-  
           -GAMA3*L3+P3                                               (5.4.47). 
5. keTdeba Semowmeba   me-4 punqtSi gamoTvlili 
SezRudvebisa Ppirobaze G(K)>=0 da daiTvleba 
Sesrulebul SezRudvaTa raodenoba LL=LL+!. 
6. Semowmdeba piroba LL=M, toloba niSnavs, rom 
X(I)-is  arCeuli mniSvneloba akmayofilebs yvela 
SezRudvas da procesi gagrZeldeba Semdegi 
punqtis Sesasruleblad. winaaRmdeg SemTxvevaSi 
procesi ubrundeba axali statistikuri cdis 
Catarebas.  
7. gamoiTvleba miznis funqcia Tanaxmad 
formulisa P=X(1). 
8. Mmiznis funqciis X(1) gamoTvlili mniSvneloba 
Sedardeba P (romelic winaswar iyo SeCeuli - rac 
SeiZleba Mmcire ricxvi) da Tu piroba X(1)>P 
Sesrulda, maSin moxdeba Mmeti mniSvnelobis 
damaxsovreba. 
9. daibeWdeba parametrebis XM(I) da miznis funqciis 
mimdinare mniSvnelobebi da procesi gagrZeldeba 
axali statistikuri cdis SemTxvevaSi. Aaxali 
cdis SemTxvevaSi ganmeordeba zemoT CamoTvlili 
yvela punqti. 
10. procesi gagrZeldeba manam sanam ar Sesruldeba 
piroba S ar iqneba meti miTiTebuli statistikuri 
cdebis raodenobaze.  
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11. sabolood daibeWdeba parametrebis da miznis 
funqciis optimaluri mniSvnelobebi. 
 danarTSi mocemulia am algoriTmis 
kompiuteruli realizaciis programa (uban-uban3) 

N                 nax. 5.7a. 
amocana #3-s amoxsnis algoriTmis blok-
sqema (I-nawili) 
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LL=M

Mmiznis funqciis mniSvnelobis gamoTvla 
 

P=X(I) 

X(I)>P

            P=X(I) 

ki

ara

Mmimdinare 
mniSvnelobebis. beWdva 

P(I)

ara 

ki 

N                          nax. 5.7 b 
Aamocana #3-is amoxsnis algoriTmis blok-sqema 
 (II-nawili) 
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paragrafis dasasruls SegviZlia gavakeToT 
Semdegi daskvna: ganxilulia samSeneblo 
konstruqciis, kerZod uban-uban mudmivkveTiani 
svetis optimaluri parametrebis gaangariSebis 
amocana, sadac ZiriTad matematikur aparatad 
gamoyenebulia globaluri eqstremumis monaxvis 
SemTxveviTi Zebnis meTodi.   

Seqmnilia programaTa kompleqsi, (ix. danarTi 
programa uban-uban 1,2,3) romelic momxmarebels 
saSualebas aZlevs iangariSos, inJinruli 
TvalsazriT misaRebi sizustiT, svetis ara marto 
minimaluri  wona, aramed parametrebis is 
mniSvnelobebi, romlis drosac amas aqvs adgili. 
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Sedegebis gansja 
 

     monografiis mTavar Sedegad SeiZleba 
CaiTvalos is, rom damuSavebulia samSeneblo 
konstruqciebisa da nagebobebis optimaluri 
parametrebis gansazRvris axali meTodebi. am 
meTodebis gamoyenebiT SesaZlebelia 
mniSvnelovnad Semcirdes masalebis xarji da 
amaRldes ekonomikuri efeqti. garda amisa yvela 
meTodi aris realizebuli kompiuterze da aris 
SesaZlebloba rTuli eqstremaluri amocanebis 
dasaSvebi sizustiT, martivad da swrafad 
gadawyvetis. 
 dasaxuli amocanebis gansaxorcieleblad 
saWiro gaxda optimizaciis arsebuli meTodebis 
safuZvliani Seswavla, agreTve samSeneblo 
konstruqciebisa da nagebobebis im klasis 
amocanaTa gamoyofa, sadac parametrebis 
optimaluri SerCevis gziT miiRweoda sasurveli 
Sedegi.  
 optimizaciis Tanamedrove meTodebidan 
Seswavlili iqna: gradientis da misi modifikaciis 
uswrafesi daSvebis, globaluri eqstremumis 
monaxvis ψ -gardasaxvis, simZimis centrebis, Zebnis 

aris TandaTanobiT Semcirebis da SemTxveviTi 
Zebnis meTodebi. zogad SemTxvevaSi  praqtikaSi 
arsebuli optimizaciis amocanebis gadawyveta 
seriozul problemebTan aris dakavSirebuli. Ees  
ganpirobebulia, jer-erTi, amocanis sakmaod didi 
ganzomilebiT, meore-realuri procesebisaTvis 
damaxasiaTebeli arsebuli arawrfivobiT da 
mesame-rTuli saxis sistemaTa SezRudvebis 
arsebobiT. problemas kidev ufro amZimebs is 
SemTxveva, rodesac saoptimizacio funqcia 
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multimodaluria da saWiroa absoluturi 
eqstremumis gansazRvra. zemoT aRniSnuli 
sirTuleebis dasaZlevad yvelaze warmatebulad 
gamoiyeneba SemTxveviTi Zebnisa da  simZimis 
centrebis meTodebi, amitom monografiaSi 
eqstremumis mosanaxad swored am meTodebis 
gamoyenebazea aqcenti aRebuli. 

samSeneblo konstruqciebisa da nagebobebis 
amocanaTa klasidan, sadac SesaZlebeli iqneboda 
parametrebis SerCevis gziT migveRo sasurveli 
Sedegebi, Sewavlil iqna: grexaze momuSave 
cilindruli zambaris, Senoba-nagebobis fuZisa da 
saZirkvlis, samRerovani simetriuli wamwis, 
marTkuTxa  da ortesebri ganivi kveTis mqone 
Zelisa da koWis gaangariSebis sakiTxebi.  

zambaris sakiTxTan dakavSirebiT 
damuSavebulia grexaze momuSave  cilindruli 
zambaris optimaluri parametrebis SerCevis 
meTodi, rac gulisxmobs zambaris mavTulis da 
zambaris saSualo diametrebis iseTnairad 
SerCevas, rom miRebul iqnas zambaris minimaluri 
wona. amocanis maTematikuri modelis gacnobis 
Semdeg miznis funqcia da erT-erTi funqcia, 
romelic gansazRvravs  SezRudvas aRmoCndnen 
mkacrad arawrfifi funqciebi. amocana amoxsnilia 
SemTxveviTi Zebnis da simZimis centrebis 
meTodebis gamoyenebiT. Oorive meTodiT miRebuli 
Sedegebi Sedarebul iqna erTmaneTs da agreTve 
lagranJis meTodiT miRebul Sedegebs, aRmoCnda, 
rom samive meTodiT miRebuli Sedegebi emTxvevian 
erTmaneTs praqtikaSi inJinruli TvalsazrisiT 
miRebuli sizustiT. garda amisa meTodebi 
Sedarebul iqna swrafqmedebis TvalsazrisiTac. 
aRmoCnda, rom simZimis centrebis meTodi ufro 
swrafqmedia vidre SemTxveviTi Zebnis meTodi, am 
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maxaiaTeblebis dadgena SesaZlebelia Tu 
daviTvliT amocanis amoxsnisaTvis saWiro miznis 
funqciis mniSvnelobaTa gamoTvlis raodenobas. 
magaliTad naSromSi ganxiluli magaliTis 
SemTxvevaSi simZimis centrebis meTodis 
gamoyenebisas 145-jer gakeTda miznis funqciis 
mniSvnelobis gamoTvla, xolo SemTxveviTi Zebnis 
meTodis SemTxevaSi miznis funqciis mniSvnelobis 
gamoTvla saWiro gaxda 690000-jer.      
 damuSavebulia Senoba-nagebobis fuZis da 
saZirkvlis erToblivi deformaciis iseTi 
parametrebis, rogoricaa: CaRrmavebis, sigrZisa da 
siganis optimaluri mniSvnelobebis gaangariSebis 
meTodi. am mizniT Seswavlili iqna: a). fuZis 
dajdomis gaangariSebis Sreobrivi Sejamebis 
meTodi, rodesac grunti ganixileba rogorc 
wrfivad deformirebadi naxevarsivrce, b). fuZis 
dajdomis gaangariSeba wrfivad deformirebadi 
meTodiT, rodesac grunti ganixileba rogorc 
wrfivad deformirebadi Sre, g). fuZis dajdomis 
gaangariSebis eqvivalenturi Sris meTodi, 
rodesac gaTvaliswinebulia gruntis gverdiTi 
gaganiereba. am meTodebis Seswavlisa da 
kritikuli analizis safuZvelze, romelic 
mocemulia mesame TavSi kompiuterze 
sarealizaciod SerCeul iqna fuZis dajdomis 
Sreobrivi Sejamebis meTodi, rogorc yvelaze 
warmatebuli da praqtikaSi farTod gamoyenebadi. 
damuSavda Sesabamisi algoriTmebi, ramac mogvca 
SesaZlebloba dagvedgina fuZis jamuri 
deformaciis S  sidide, romelic SemdegSi 
ganvixileT, rogorc mravali cvladis (SemTxeviTi 
parametrebis) funqcia da   vipoveT misi 
minimaluri mniSvneloba SemTxveviTi Zebnis 
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meTodis gamoyenebiT, rasakvirvelia parametrebis 
Sesabamis mniSvnelobebTan erTad. 

samRerovani simetriuli wamwis Reroebis 
optimaluri kveTebis gansasazRvravad saWiro 
gaxda dasmuli sakvlevi-sainJinro amocanis 
irgvliv arsebuli literaturis analizi, ris 
Sedegadac dadginda, rom dasmuli sakiTxi 
gadawyvetilia mxolod calkeuli martivi, kerZod, 
orRerovani wamwis SemTxvevaSi, e.i. rodesac 
SesaZlebelia miznisa da SezRudvaTa funqciebis 
analizuri gamokvleva an maTi warmodgena 
grafikulad. samRerovani wamwis SemTxvevaSi, 
rodesac zemoT aRniSnul funqciebs aqvT rTuli 
saxe, maSin miTiTebuli meTodebis gamoyeneba 
SeuZlebelia. 
   ASeswavlili da gaanalizebuli  iqna 
agreTve statikurad rkvevadi wamwebis 
gaangariSebis xerxebi, rogoricaa: samomento 
wertilis, kvanZebis amokveTis, dagegmilebis da 
sxva xerxebi. maT Soris SerCeuli iqna Cveni 
SemTxvevisaTvis yvelaze moxerxebuli “kvanZebis 
amokveTis xerxi”. am SemTxvevaSi iwereba 
wonasworobis gantolebebi da am gantolebebiT 
ganisazRvreba saZiebeli Zalvebi.  

samRerovani wamwis SemTxvevaSi aucilebeli 
iyo misi maTematikuri modelis zogadi saxiT 
Cawera, rac arsebul literaturebSi ar iyo 
miTiTebuli. Aamitom saWiro gaxda aseTi modelis 
SemuSaveba, romelic SemdgomSi Camoyalibda 
Teoremis saxiT da damtkicda. 

wamwis optimaluri parametrebis gansazRvris 
amocana dayvanil iqna arawrfivi daprogramebis 
amocanamde. miznis funqciis eqstremumis mosanaxad 
mizanSewonili gaxda mravali cvladis funqciis 
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eqstemumis monaxvis SemTxveviTi Zebnis meTodis 
gamoyeneba.  
 damuSavebul  iqna marTkuTxa kveTis mqone 
svetis optimaluri farTobis SerCevis axali 
meTodi. imisaTvis, rom Segvedarebina am meTodiT 
miRebuli Sedegebi arsebuli iteraciul 
(TanmimdevrobiTi miaxloebis) meTodiT miRebul 
SedegTan, saWiro gaxda iteraciuli meTodis 
kompiuteruli realizacia da misi gamokvleva. 
gamokvlevis Sedegad dadginda, rom iteraciul 
meTods gaaCnia susti mxareebi, romelic 
dawvrilebiTaa Camoyalibebuli mexuTe Tavis 5.1 
paragrafSi. axali meTodi iZleva ra kveTis 
optimaluri parametrebis SerCevis SesaZleblobas 
igi amavdroulad Tavisufalia im 
naklovanebebisagan, romelic cnobil iteraciul 
meTods gaaCnia. garda amisa am meTodis gamoyeneba 
SesaZlebelia agreTve maSinac, rodesac svetebs 
eqnebaT kvadratuli, wriuli an milisebri 
konfiguraciebi.    
 damuSavebulia Sedgenili, ortesebri ganivi 
kveTis mqone, koWis optimaluri parametrebis 
SerCevis axali meTodi. es meTodi gansxvavebiT 
sxva arsebuli meTodebisagan iZleva 
SesaZleblobas erTdroulad dadgindes koWis 
minimaluri wonis uzrunvelmyofeli oTxi 
parametris mniSvneloba, rogorebicaa: koWis 
kedlis sisqe da simaRle, aseve koWis 
horizontaluri Taroebisa da kedlis 
damakavSirebeli  koeficientebis mniSvnelobebi. 
kompiuterze Catarebulma gaangariSebebma 
daadastures am meTodis sicocxlisunarianoba.  
 damuSavebulia agreTve uban-uban mudmivi 
ganivi kveTis mqone svetebis optimaluri 
parametrebis SerCevis meTodi. Eaq amocanebi 
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Camoyalibebulia sami sxadasxa SemTxvevisaTvis. 
kerZod, rodesac saWiroa cal-calke SeirCes 
svetis ganivikveTis diametris, svetis sigrZis da 
svetze modebuli datvirTvis optimaluri 
mniSvnelobebi.    
 Yyvela meTodis kompiuterze realizaciis 
programebi mocemulia Sesabamis danarTebSi da 
sadisertacio naSroms Tan erTvis. 
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saboloo daskvna 
 

samSeneblo konstruqciebis optimaluri 
parametrebis gansazRvris amocanebi ganxilulia, 
rogorc arawrfivi maTematikuri daprogramebis 
amocanebi, sadac mravali cvladis 
multimodaluri funqciis globaluri eqstremumis 
mosanaxad gamoyenebulia SemTxveviTi Zebnisa da 
simZimis centrebis meTodebi. am meTodebis 
gamoyenebis safuZvelze damuSavebulia erTiani, 
ganzogadoebuli midgoma samSeneblo 
konstruqciebis da nagebobebis parametrebis 
optimizaciis sakiTxisadmi, romlebic  Tanamedrove 
daproeqtebis rTuli eqstremaluri, amocanebis 
gadawyvetas uzrunvelyofen sainJinro praqtikaSi 
misaRebi sizustiT. Aam mizniT: 

1. damuSavebulia  grexadi cilindruli 
zambaris optimaluri wonis gansazRvris meTodi. 
optimaluri wonis  miReba xdeba zambaris 
mavTulis da zambaris saSualo diametris SerCevis 
gziT. miuxedavad imisa, rom proeqtirebis dasmuli 
amocana mcire ganzomilebisaa (or parametriania) 
igi amoxsnisas qmnis mniSvnelovan siZneleebs, 
radganac gaaCnia Zlieri (mkacri) arawrfivoba. igi 
miekuTvneba arawrfivi daprogramebis amocanebis – 
kerZod, geometruli daprogramebis amocanaTa 
klass. amitom maT amosaxsnelad gamoyenebulia 
eqstremumis monaxvis SemTxveviTi Zebnisa da 
simZimis centrebis meTodebi. aRniSnuli meTodebi, 
arsebuli analizuri meTodebisagan gansxvavebiT, 
warmatebiT muSaoben maSinac, roca 
mravalparametriani miznis funqcia aris 
mravaleqstremumiani da aradiferencirebadi, 
gaaCnia pirveli gvaris wyvetis wertilebi da 
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mudmivi platoebi. am meTodebiT miRebuli Sedegebi 
Sedarebulia analizuri gziT miRebul SedegebTan, 
saidanac Cans, rom aRniSnul meTodebs gaaCniaT 
sakmaod didi sizuste. 
      2. damuSavebulia Senoba nagebobebis fuZis 
deformaciis optimaluri mniSvnelobis 
gansazRvris kompleqsuri meTodi. es meTodi 
saSualebas iZleva davadginoT fuZis parametrebis 
(sigrZe, sigane da CaRrmaveba) is mniSvnelobebi, 
romlebic uzrunvelyofen fuZis dajdomis 
minimalur mniSvnelobas, risi miRwevac marto 
fuZis deformaciis gansazRvris Sreobrivi 
Sejamebis meTodis gamoyenebiT ar iyo 
SesaZlebeli. 

3. miRebulia samRerovani simetriuli wamwis 
sixistis funqciis zogadi formula. sakiTxi 
Camoyalibebulia Teoremis saxiT da mocemulia 
misi damtkiceba. miRebuli formula  saSualebas 
iZleva viangariSoT wamwis parametrebi misi 
konfiguraciis cvlilebis SemTxvevaSic. amis 
safuZvelze SemoTavazebulia samRerovani 
simetriuli wamwis optimaluri parametrebis 
gansazRvris meTodi. aRniSnuli meTodi 
SesaZleblobas iZleva SevarCioT Reroebis ganivi 
kveTebis farTobebi iseTnairad, rom mocemuli 
datvirTvebisa da SezRudvebis dros wamwis wona 
iyos minimaluri.  

aRniSnuli midgoma sxva arsebuli analizuri 
da grafikul meTodebisagan gansxvavebiT 
SesaZleblobas iZleva amoixsnas ufro rTuli da 
zogadi xasiaTis amocanebi. 
     4. damuSavebulia, marTkuTxa ganivi kveTis 
mqone,    svetis parametrebisa da grZivi Runvisas 
saangariSo winaRobis Semamcirebeli koeficientis 
optimaluri mniSvnelobebis gansazRvris axali 
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meTodi, romelic arsebuli iteraciuli 
meTodisagan gansxvavebiT svetis optimaluri 
parametrebis gansazRvris SesaZleblobas iZleva. 
aRniSnuli meTodi SesaZlebelia gamoyenebul iqnas 
ara marto marTkuTxa kveTis mqone svetis 
optimaluri parametrebis saangariSod, aramed im 
SemTxvevebSic, rodesac kveTebs eqnebaT 
kvadratuli, wriuli an milisebri konfiguraciebi. 

5. damuSavebulia Sedgenili, ortesebri 
ganivi kveTis mqone, koWis optimaluri 
parametrebis gansazRvris axali meTodi. dasmuli 
amocana warmodgenilia, rogorc arawrfivi 
maTematikuri daprogramebis amocana. 
SemoTavazebuli midgoma saSualebas iZleva, adre 
arsebuli meTodebisagan gansxvavebiT, 
erTdroulad davadginoT koWis horizontaluri 
Taroebis da kedlis optimaluri geometriuli 

zomebi ),,,( 21 kkth , riTac miiRweva koWis minimaluri 
wona,  

6. gamokvleulia uban-uban mudmivi 
ganivkveTis mqone svetis optimaluri farTobebisa 
da sigrZeebis arCevis sami kerZo amocana, 
iseTnairad, rom svetma mkumSavi Zalis 
zemoqmedebisas gauZlos vertikalur datvirTvas 
gamozneqvis gareSe. nagulisxmevia, rom TiToeuli 
elementis ganivi kveTis geometriuli forma aris 
fiqsirebuli da simetriuli vertikaluri RerZis 
mimarT. 

7. TiToeuli meTodisaTvis damuSavebulia 
agreTve gamoyenebiTi programebis kompleqsi, 
romelic SesaZleblobas iZleva, inJinruli 
TvalsazrisiT, misaRebi sizustiT dadgindes 
naSromSi ganxiluli samSeneblo konstruqciebis 
da nagebobebis optimaluri parametrebi. 
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danarTi 
 

zambaris minimaluri wonis gansazRvra 
SemTxveviTi Zebnis meTodis gamoyenebiT (zambara1) 
 
│DIM X(2), G(7), XM(2) 
│CLS                                                                            
│AA(1) = .002                                                                   
│BB(1) = .01                                                                    
│AA(2) = .02                                                                    
│BB(2) = .04                                                                    
│N = 2                                                                          
│M = 7                                                                          
│S = 690000                                                                     
│ TT = 0                                                                        
│ HH = 0                                                                        
│RMIN = 1E+35                                                                   
│FOR J = 1 TO S                                                                                    
│FOR I = 1 TO N                                                                 
│X(I) = AA(I) + (BB(I) - AA(I)) * RND                                           
│NEXT I                                                                         
│G(1) = 1.5 * 10 ^ 11 - 4.35 * X(1) ^ (-2.885) * X(2) ^ (-.115)                 
│G(2) = X(1) - .0028                                                            
│G(3) = .01 - X(1)                                                              
│G(4) = X(2) - .029                                                             
│G(5) = -X(2) + .04                                                             
│G(6) = X(2) / X(1) - 8                                                         
│G(7) = 12 - X(2) / X(1)                                                        
│  L = 0                                                                        
│FOR K = 1 TO M                                                                 
│  IF G(K) >= 0 THEN                                                            
│   L = L + 1                                                                   
│  ELSE                                                                         
│  END IF                                                                      
│NEXT K                                                                         
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│ IF L = M THEN                                                           
│ F = 3.14 ^ 2 * 7.7 * 10 ^ 4 * (.5 * X(1) ^ 2 * X(2) + 2 * 10 ^ 
11 * 20 / (14680 * .3) * X(1) ^ 6) 
│   IF F < RMIN THEN                                                            
│    RMIN = F                                                                   
│     FOR I = 1 TO N                                                            
│      XM(I) = X(I)                                                             
│     NEXT I                                                                    
│PRINT "XM(1)="; XM(1), "XM(2)="; XM(2), "RMIN="; RMIN                 
│     TT = TT + 1                                                                                     
│   ELSE                                                                        
│   END IF                                                                      
│ ELSE                                                                          
│   HH = HH + 1                                                                 
│ END IF                                                                        
│NEXT J                                                                         
│ PRINT "XM(1)="; XM(1), "XM(2)="; XM(2), "RMIN="; RMIN                
│ PRINT "TT="; TT, "HH="; HH                                                    
│END                                                          
  miRebuli Sedegebi: 
 
XM(1)= 4.415584E-03         XM(2)= .0354948             
 RMIN= 5.373535 
XM(1)= 4.407764E-03         XM(2)= 3.897142E-02         
RMIN= 5.344174 
XM(1)= 3.302573E-03         XM(2)= 3.293174E-02         
RMIN= 1.031044 
XM(1)= 3.245305E-03         XM(2)= 2.948918E-02         
RMIN= .9234501 
XM(1)= 3.199849E-03         XM(2)= 3.408791E-02         
RMIN= .8726725 
XM(1)= 3.20249E-03          XM(2)= 3.059642E-02         
RMIN= .8629723 
XM(1)= 2.876508E-03         XM(2)= 3.301932E-02         
RMIN= .4943315 
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XM(1)= 2.831778E-03         XM(2)= 3.247833E-02         
RMIN= .4544268 
XM(1)= 2.802455E-03         XM(2)= 2.966115E-02         
RMIN= .4224638 
XM(1)= 2.800581E-03         XM(2)= 2.921377E-02         
RMIN= .4196756 
XM(1)= 2.800402E-03         XM(2)= 2.911013E-02         
RMIN= .4192289 
XM(1)= 2.800447E-03         XM(2)= 2.902923E-02         
RMIN= .4190227 
 
optimaluri mniSvnelobebi: 
 
XM(1)= 2.800447E-03         XM(2)= 2.902923E-02         
RMIN= .4190227 
 
meTodis swrafqmedebis maCvenebeli parametrebi: 
 
TT= 12        HH= 625450 
 
 

 
simZimis centrebis meTodiT zambaris minimaluri  

wonis gansazRvra (zambara2) 
 

│CLS                                                                           
│N = 2: M = 7 
│REM INPUT "N="; N                                                              
│REM INPUT "M="; M                                                              
│DIM X(N), G(M), AX(N), BX(N), BBX(N)                                           
│REM DO                                                                         
│REM FOR I = 1 TO N                                                            
│REM PRINT "A("; I; ")=";                                                       
│REM INPUT AX(I)                                                                
│REM PRINT "B("; I; ")=";                                                       
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│REM INPUT BX(I)                                                                
│REM NEXT I                                                                     
│REM INPUT "H="; H                                                              
│REM INPUT "EPS="; E                                                            
│REM INPUT "S="; S                                                              
│REM LOOP WHILE S = 0                                                           
│AX(1) = .0028: BX(1) = .011: AX(2) = .029: BX(2) = .04                       
│H = .1: E = .001: S = 100                                                      
│DEF FNF :                                                                      
│F = 3.14 ^ 2 * 77000 * (.5 * X(1) ^ 2 * X(2) + 2 * 
100000000000# * 20 / (14680 
│TT = TT + 1                                                                    
│END DEF                                                                        
│DEF FNG :                                                                      
│G(1) = 1.5 * 100000000000# - 4.35 * X(1) ^ (-2.885) * X(2) 
^ (-.115)           
│G(2) = X(1) - .0028                                                            
│G(3) = .01 - X(1)                                                              
│G(4) = X(2) - .029                                                             
│G(5) = -X(2) + .04                                                             
│G(6) = X(2) / X(1) - 8                                                         
│G(7) = 12 - X(2) / X(1)                                                        
│END DEF                                                                        
│DIM Z(10, N), Q(10), P(10), L(10), A(3, 3), B(3)                               
│DIM E(N, 3), XX(N), FF(N), Y(N), BB(N), PP(N), R(3)                          
│S1% = .1 * S:  MN = 5E+35:  MX = 0:  TT = 0                                    
│SS1% = 0                                                                       
│FOR I = 1 TO N: BBX(I) = BX(I) - AX(I): NEXT I                                 
│DO                                                                             
│GOSUB VARIABLE                                                                 
│Z = FNG                                                                        
│LL = 0                                                                        
│FOR J = 1 TO M                                                                 
│IF G(J) >= 0 THEN                                                              
│LL = LL + 1                                                                    
│ELSE                                                                           
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│END IF                                                                         
│NEXT J                                                                         
│IF LL = M THEN                                                                
│Z = FNF                                                                        
│IF F < MN THEN MN = F                                                          
│IF F > MX THEN MX = F                                                          
│SS1% = SS1% + 1: PRINT SS1%;                                                   
│ELSE                                                                           
│END IF                                                                         
│LOOP WHILE SS1% < S1%                                                          
│M1 = .1 * (MX - MN) / 2 
│MX = (MX + MN) / 2                                                             
│FOR K = 1 TO 10:  Q(K) = MX - K * M1:  NEXT K                                
│P% = 0: PRINT                                                                  
│DO                                                                             
│GOSUB VARIABLE                                                                 
│Z = FNG                                                                        
│LL = 0                                                                         
│FOR J = 1 TO M                                                                 
│IF G(J) >= 0 THEN                                                              
│LL = LL + 1                                                                    
│ELSE                                                                           
│END IF                                                                         
│NEXT J                                                                         
│IF LL = M THEN                                                                 
│Z = FNF                                                                        
│FOR K = 1 TO 10                                                                
│IF F >= Q(K) THEN EXIT FOR                                                     
│V5 = (F - Q(K)) / S                                                            
│P(K) = P(K) + V5:  L(K) = L(K) + 1                                             
│FOR I = 1 TO N                                                                 
│Z(K, I) = Z(K, I) + X(I) * V5                                                  
│NEXT I                                                                         
│NEXT K                                                                         
│P% = P% + 1: PRINT P%;                                                         
│ELSE                                                                           
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│END IF                                                                         
│LOOP WHILE P% < S                                                              
│AP% = 0:  FOR K = 1 TO 10                                                      
│IF L(K) <= 0 THEN EXIT FOR                                                     
│AP% = AP% + 1                                                                  
│NEXT K:  V3 = P(1) 
│FOR K = 1 TO AP%                                                               
│FOR I = 1 TO N:  Z(K, I) = Z(K, I) / P(K):  NEXT I                             
│P(K) = P(K) / V3                                                               
│NEXT K:  PRINT                                                                 
│PRINT "THE RESULTS OF STATISTIC TESTS FOR S="; 
S                               
│FOR K = 1 TO AP%:  PRINT K;                                                    
│PRINT USING "##########.####"; Q(K);                                           
│FOR I = 1 TO N                                                                 
│PRINT USING "######.####"; Z(K, I);                                            
│NEXT I:  PRINT                                                                 
│NEXT K                                                                         
│FOR K = 1 TO 4                                                                 
│L(K) = 1:  NEXT K                                                              
│FOR K = 2 TO AP%                                                               
│L(1) = L(1) + K:  V2 = K * K                                                   
│L(2) = L(2) + V2:  L(3) = L(3) + K * V2                                        
│L(4) = L(4) + V2 * V2:  NEXT K                                                 
│FOR K = 1 TO 4                                                                 
│L(K) = L(K) / AP%:  NEXT K                                                     
│PRINT "THE RESULTS OF APPROXIMATION" 
│FOR L = 1 TO N                                                                 
│FOR K = 1 TO AP%:  P(K) = Z(K, L):  NEXT K                                     
│GOSUB APPROXIM                                                                 
│FOR I = 1 TO 3:  E(L, I) = R(I):  NEXT I                                       
│PRINT USING "+#####.#####"; R(1); R(2); R(3)                                 
│NEXT L                                                                         
│PRINT "OPTIMUM  SEARCH"                                                        
│FX = MX:  QX = AP%:  HX = .5:   HMN = .0001                                   
│FOR K = 1 TO 2                                                                 
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│DO                                                                             
│QX = QX + HX                                                                   
│FOR L = 1 TO N                                                                 
│X(L) = (E(L, 1) * QX + E(L, 2)) * QX + E(L, 3)                                 
│NEXT L                                                                         
│Z = FNG                                                                        
│LL = 0                                                                         
│FOR J = 1 TO M                                                                 
│IF G(J) >= 0 THEN                                                              
│LL = LL + 1                                                                    
│ELSE                                                                           
│END IF                                                                         
│NEXT J                                                                         
│IF LL = M THEN                                                                 
│Z = FNF                                                                        
│IF F < FX THEN                                                                 
│FX = F                                                                         
│FOR I = 1 TO N:  XX(I) = X(I):  NEXT I                                         
│PRINT "Q="; QX; "F="; FX;                                                      
│ELSE                                                                           
│END IF                                                                         
│ELSE                                                                           
│QX = QX - HX:  HX = HX / 2                                                     
│END IF                                                                         
│LOOP WHILE ABS(HX) > HMN                                                       
│HX = -1                                                                        
│NEXT K                                                                                                
│F = FX:  PRINT                                                                 
│FOR I = 1 TO N                                                                 
│X(I) = XX(I):  PRINT "XMIN("; I; ")=";                                         
│PRINT USING "######.######"; X(I)                                              
│NEXT I                                                                         
│PRINT "FMIN=";                                                                 
│PRINT USING "######.######"; F;                                                
│PRINT "   FN="; TT                                                             
│PRINT "THE  PROBLEM IS OVER"                                                   
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│END                                                                            
│APPROXIM:  B(1) = 0:  B(2) = 0:  B(3) = 0 
│A(1, 1) = L(4):  A(1, 2) = L(3):  A(1, 3) = L(2)                               
│A(2, 1) = L(3):  A(2, 2) = L(2):  A(2, 3) = L(1)                               
│A(3, 1) = L(2):  A(3, 2) = L(1):  A(3, 3) = 1                                  
│FOR K = 1 TO AP%:  V2 = K * K                                                  
│B(3) = B(3) + P(K)                                                             
│B(2) = B(2) + K * P(K)                                                         
│B(1) = B(1) + V2 * P(K)                                                        
│NEXT K                                                                         
│FOR K = 1 TO 3                                                                
│B(K) = B(K) / AP%                                                              
│NEXT K                                                                         
│FOR I = 1 TO 2:  FOR J = I + 1 TO 3                                            
│A(J, I) = -A(J, I) / A(I, I)                                                   
│FOR K = I + 1 TO 3  
│A(J, K) = A(J, K) + A(J, I) * A(I, K)                                          
│NEXT K                                                                         
│B(J) = B(J) + A(J, I) * B(I)                                                   
│NEXT J                                                                         
│NEXT I                                                                         
│R(3) = B(3) / A(3, 3)                                                          
│FOR I = 2 TO 1 STEP -1:  V1 = B(I)                                             
│FOR J = I + 1 TO 3:  V1 = V1 - R(J) * A(I, J):  NEXT J                         
│R(I) = V1 / A(I, I)                                                            
│NEXT I                                                                         
│RETURN                                                                         
│VARIABLE:                                                                      
│FOR I = 1 TO N:  X(I) = AX(I) + BBX(I) * RND:  NEXT I                       
│RETURN   
 
THE RESULTS OF STATISTIC TESTS FOR S= 100 
 1          4.2830     0.0034     0.0338 
 2          3.8745     0.0033     0.0338 
 3          3.4661     0.0033     0.0337 
 4          3.0576     0.0033     0.0336 
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 5          2.6491     0.0033     0.0336 
 6          2.2406     0.0032     0.0335 
 7          1.8321     0.0032     0.0335 
 8          1.4236     0.0031     0.0333 
 9          1.0152     0.0030     0.0330 
 10          0.6067     0.0029     0.0323 
THE RESULTS OF APPROXIMATION 
    -0.00001    +0.00001    +0.00334 
    -0.00002    +0.00014    +0.03358 
OPTIMUM  SEARCH 
Q= 10.5 F= .4882856 Q= 11 F= .4434166 Q= 11.125 F= 
.4324487 Q= 11.15625 F=.4297236 Q= 11.17188 F= 
.4283637 Q= 11.17578 F= .428024 Q= 11.17773 
F=4278542 Q= 11.17871 F= .4277693 Q= 11.17896 F= 
.4277481 Q= 11.17908 F=.4277374 Q=-8.820923 F= 
.4266635 Q=-8.852173 F= .4239374 Q=-8.859985 
F=.423257 Q=-8.863892 F= .4229169 Q=-8.86438 F= 
.4228745 Q=-8.864624 F= .4228532 
XMIN( 1 )=     0.002800 
XMIN( 2 )=     0.030430 
FMIN=     0.422853   FN= 145 
THE  PROBLEM IS OVER 
 

 
 

fuZisa da saZirkvlis parametrebis gansazRvra 
SemTxveviTi Zebnis meTodiT (FUDZE) 

 
│' fudzis angariSi Semtxveviti metodit                                         
↑ 
│CLS 
│DIM X(2), G(7), XM(2)                                                         ░ 
│DIM AL(17), AL1(17), AL2(17), AL3(17), AL4(17), SI(17), 
SS(3)                 ░ 
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│OPEN "SIGMA23.BAS" FOR INPUT AS #1                                         
░ 
│FOR I = 1 TO 17                                                               ░ 
│INPUT #1, AL1(I), AL2(I), AL3(I), AL4(I)                                      
░ 
│NEXT I                                                                        ░ 
│CLOSE #1                                                                      ░ 
│OPEN "SIGMABB.BAS" FOR APPEND AS #2                                    
░ 
│INPUT " gruntis kutri zona-G1)"; G1                                           
░ 
│INPUT " fudzis siganis qveda zgvari-B1"; BQ                                   
░ 
│INPUT " fudzis siganis zeda zgvari-B2"; BZ                                    
░ 
│INPUT " chagmavebis qveda zgvari-D1"; DQ                                      
░ 
│INPUT " chagmavebis zeda  zgvari-D2"; DZ                                      
░ 
│INPUT " fudzis sigrze-L"; LL                                                  
░ 
│INPUT "Seitanet gare zemoqmedebis sidide"; NN                               
░ 
│'=================================                                        
░ 
│AA(1) = BQ                                                                    ░ 
│BB(1) = BZ                                                                    ░ 
│AA(2) = DQ                                                                    ░ 
│BB(2) = DZ                                                                    ░ 
│N = 2                                                                         ░ 
│M = 4                                                                         ░ 
│S = 1000                                                                      ░ 
│ TT = 0                                                                       ░ 
│ HH = 0                                                                       ░ 
│RMIN = 1E+35                                                                  ░ 
│FOR J = 1 TO S                                                                ░ 
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│FOR I = 1 TO N                                                                ░ 
│X(I) = AA(I) + (BB(I) - AA(I)) * RND                                          
░ 
│NEXT I                                                                        ░ 
│G(1) = BQ + X(1)                                                              ░ 
│G(2) = BZ - X(1)                                                              ░ 
│G(3) = DQ + X(2)                                                              ░ 
│G(4) = DZ - X(2)                                                              ░ 
│  L = 0                                                                       ░ 
│FOR K = 1 TO M                                                                ░ 
│  IF G(K) >= 0 THEN                                                           ░ 
│   L = L + 1                
│  ELSE                                                                        ↑ 
│  END IF                                                                      ░ 
│NEXT K                                                                        ░ 
│ IF L = M THEN                                                                ░ 
│ETA = LL / X(1)                                                               ░ 
│IF ETA = 1 THEN GOTO 1                                                        
░ 
│IF ETA = 1.4 THEN GOTO 2 
│IF ETA = 1.8 THEN GOTO 3                                                      
░ 
│IF ETA = 2.4 THEN GOTO 4                                                      
░ 
│   IF ETA > 1 AND ETA < 1.4 THEN GOTO 5                                       
░ 
│   IF ETA > 1.4 AND ETA < 1.8 THEN GOTO 6                                    
░ 
│   IF ETA > 1.8 AND ETA < 2.4 THEN GOTO 7                                    
░ 
│1 : FOR I = 1 TO 17                                                           ░ 
│AL(I) = AL1(I)                                                                ░ 
│NEXT I                                                                        ░ 
│GOTO 10                                                                       ░ 
│2 : FOR I = 1 TO 17                                                           ░ 
│AL(I) = AL2(I)                                                                ░ 
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│NEXT I                                                                        ░ 
│GOTO 10                                                                       ░ 
│3 : FOR I = 1 TO 17                                                           ░ 
│AL(I) = AL3(I)                                                                ░ 
│NEXT I                                                                        ░ 
│4 : FOR I = 1 TO 17                                                           ░ 
│AL(I) = AL4(I)                                                                ░ 
│NEXT I                                                                        ░ 
│GOTO 10                                                                       ░ 
│5 : FOR I = 1 TO 17                                                           ░ 
│AL(I) = AL1(I) + (AL2(I) - AL1(I)) / (1.4 - 1) * (ABS(ETA - 1))               
░ 
│NEXT I                                                                        ░ 
│GOTO 10                                                                       ░ 
│6 : FOR I = 1 TO 17                                                           ░ 
│AL(I) = AL2(I) + (AL3(I) - AL2(I)) / (1.8 - 1.4) * (ABS(ETA - 
1.4))           ░ 
│NEXT I                                                                        ░ 
│GOTO 10                                                                       ░ 
│7 : FOR I = 1 TO 17                                                           ↑ 
│AL(I) = AL3(I) + (AL4(I) - AL3(I)) / (2.4 - 1.8) * (ABS(ETA - 
1.8))           ░ 
│NEXT I                                                                        ░ 
│GOTO 10                                                                       ░ 
│10 : SIG0 = G1 * X(2)                                                         ░ 
│AB = X(1) * LL                                                                ░ 
│P = NN / AB                                                                   ░ 
│P1 = P - SIG0                                                                 ░ 
│FOR I = 1 TO 17                                                               ░ 
│SI(I) = AL(I) * P1                                                            ░ 
│NEXT I                                                                        ░ 
│PRINT                                                                         ░ 
│PRINT "G1="; G1, "LL="; LL, "NN="; NN, "ETA="; ETA                        
░ 
│H1 = .4                                                                       ░ 
│E1 = 18000                                                                    ░ 
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│K = 1                                                                         ░ 
│S = 0                                                                         ░ 
│FOR I = 1 TO 5                                                                ░ 
│S = S + (SI(K) + SI(K + 1)) / 2                                               
░ 
│K = K + 1 
│NEXT I                                                                        ░ 
│SS(1) = S * .8 * H1 / E1                                                      ░ 
│PRINT                                                                         ░ 
│PRINT "SS(1)="; SS(1)                                                         
░ 
│H2 = .4                                                                       ░ 
│E2 = 17000                                                                    ░ 
│S = 0                                                                         ░ 
│FOR I = 1 TO 6                                                                ░ 
│S = S + (SI(K) + SI(K + 1)) / 2                                               
░ 
│K = K + 1                                                                     ░ 
│NEXT I                                                                        ░ 
│SS(2) = S * .8 * H2 / E2                                                      ░ 
│PRINT "SS(2)="; SS(2)                                                         
░ 
│H3 = .4                                                                       ░ 
│E3 = 30000                                                                    ░ 
│S = 0                                                                         ░ 
│FOR I = 1 TO 5                                                                ░ 
│S = S + (SI(K) + SI(K + 1)) / 2                                               
░ 
│K = K + 1                                                                     ░ 
│NEXT I                                                                        ↓ 
│SS(3) = S * .8 * H3 / E3                                                      ↑ 
│PRINT "SS(3)="; SS(3)                                                         
░ 
│SUM = SS(1) + SS(2) + SS(3)                                                   
░ 
│PRINT                                                                         ░ 
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│PRINT "SUM="; SUM                                                             
░ 
│'FOR I = 1 TO 17                                                              ░ 
│'PRINT #2, AL(I)                                                              ░ 
│'NEXT I                                                                       ░ 
│'END                                                                          ░ 
│  F = SUM                                                                     ░ 
│   IF F < RMIN THEN                                                           ░ 
│    RMIN = F                                                                  ░ 
│     FOR I = 1 TO N                                                           ░ 
│      XM(I) = X(I)                                                            ░ 
│     NEXT I                                                                   ░ 
│PRINT "XM(1)="; XM(1), "XM(2)="; XM(2), "RMIN="; RMIN                 
░ 
│     TT = TT + 1                                                              ░ 
│ELSE                                                                          ░ 
│   END IF                                                                     ░ 
│ ELSE                                                                         ░ 
│   HH = HH + 1                                                                ░ 
│ END IF                                                                       ░ 
│NEXT J                                                                        ░ 
│ PRINT                                                                        ░ 
│ PRINT "XM(1)="; XM(1), "XM(2)="; XM(2), "RMIN="; 
RMIN, "ETA="; LL/XM(1)   
│ PRINT                                                                        ░ 
│ PRINT "TT="; TT, "HH="; HH                                                   
░ 
   END 
 
     Sedegebi:                                                  
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 
2.433971E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 
2.346463E-02     
│XM(1)= 2.43131              XM(2)= 1.89524              RMIN= 
2.309111E-02    ░ 
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│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 
2.270204E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 
2.248676E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 
2.240545E-02     
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 
2.226671E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 
2.220332E-02     
│XM(1)= 2.495368             XM(2)= 1.9657               RMIN= 
2.217303E-02    ░ 
│XM(1)= 2.495368             XM(2)= 1.9657               RMIN= 
2.217303E-02    ░ 
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 
2.433971E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 
2.346463E-02     
│XM(1)= 2.43131              XM(2)= 1.89524              RMIN= 
2.309111E-02    ░ 
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 
2.270204E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 
2.248676E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 
2.240545E-02     
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 
2.226671E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 
2.220332E-02     
│XM(1)= 2.495368             XM(2)= 1.9657               RMIN= 
2.217303E-02    ░ 
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samRerovani wamwis optimaluri parametrebis  
           gaangariSebis programa (wamwe)                  
 
 
│CLS 
│DIM AA(3), BB(3), G(14), X(3), XM(3)                                          
░ 
│S = 10000                                                                     ░ 
│FI = 45                                                                       ░ 
│TE = 45                                                                       ░ 
│A = 10                                                                        ░ 
│S1 = 20000                                                                    ░ 
│ALFA = 6.28 * FI / 360                                                        ░ 
│TETA = 6.28 * TE / 360                                                        
░ 
│R = SIN(ALFA)                                                                 ░ 
│P = COS(ALFA)                                                                 ░ 
│Q = SIN(TETA)                                                                 ░ 
│V = COS(TETA)                                                                 ░ 
│B11 = .5                                                                      ░ 
│B12 = 1                                                                       ░ 
│B21 = .2                                                                      ░ 
│B22 = .5                                                                      ░ 
│B31 = .4                                                                      ░ 
│B32 = .8                                                                      ░ 
│L1 = 20000                                                                    ░ 
│L2 = 300000                                                                   ░ 
│L3 = 120000                                                                   ░ 
│ OPEN "SERAREP.BAS" FOR APPEND AS #1                                   
░ 
│AA(1) = B11                                                                   ░ 
│BB(1) = B12                                                                   ░ 
│AA(2) = B21                                                                   ░ 
│BB(2) = B22                                                                   ░ 
│AA(3) = B31                                                                   ░ 
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│BB(3) = B32                                                                   ░ 
│N = 3                                                                         ░ 
│M = 14                                                                        ░ 
│ DMIN = 9900000                                                               ░ 
│FOR j = 1 TO S                                                                ░ 
│ FOR I = 1 TO N                                                               ░ 
│ X(I) = AA(I) + (BB(I) - AA(I)) * RND                                         
░ 
│ NEXT I   
   DET = R ^ 2 * P ^ 4 / A ^ 2 * ((X(1) + X(3)) * (X(1) + X(2) / 
R ^ 3 + X(3)) –  
   (X(1) - X(2)) ^2)                                                            ░ 
│DET1 = (S1 * V * (X(1) * R ^ 2 * P + X(2) * P / R + X(3) * R 
^ 2 * P) - S1 *  
│Q * (X(1) * R * P ^ 2 - X(3) * R * P ^ 2)) / A                                
░ 
│DET2 = (S1 * (X(1) + X(3)) * P ^ 3 * Q - S1 * (X(1) - X(3)) * 
P ^ 2 * R * Q)  / A                                                                            
│Z1 = DET1 / DET                                                               ░ 
│Z2 = DET2 / DET                                                               ↓ 
│IF DET <> 0 THEN                                                              ░ 
│ G(1) = X(1) - B11                                                            ░ 
│ G(2) = B12 - X(1)                                                            ░ 
│ G(3) = X(2) - B21                                                            ░ 
│ G(4) = B22 - X(2)                                                            ░ 
│ G(5) = X(3) - B31                                                            ░ 
│ G(6) = B32 - X(3)                                                            ░ 
│ G(7) = L1 - ABS(Z1 + Z2) / (2 * A)                                           
░ 
│ G(8) = L1 - ABS(Z2) / A                                                      
░ 
│ G(9) = L1 - ABS(Z2 - Z1) / (A * 2)                                           
░ 
│G(10) = (Z1 + Z2) / (2 * A) + 3.14 ^ 2 * X(1) * P ^ 2 / (2 * R ^ 
2)           ░ 
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│G(11) = Z2 / A - 3.14 ^ 2 * X(2) * P ^ 2 / (A * R ^ 2)                        
░ 
│G(12) = -((Z2 - Z1) / (2 * A) + 3.14 ^ 2 * X(3) * P ^ 2 / (A * R 
^ 2))        ░ 
│G(13) = L2 - ABS(Z1)                                                          ░ 
│G(14) = L3 - ABS(Z2)                                                          ░ 
│LL = 0                                                                        ░ 
│FOR K = 1 TO M                                                                ░ 
│  IF G(K) >= 0 THEN LL = LL + 1                                               
░ 
│NEXT K 
│ IF LL = M THEN                                                               ░ 
│  PSI = A * (X(1) + X(2) * R + X(3)) / P                                      
░ 
│  IF PSI < DMIN THEN                                                          
░ 
│    DMIN = PSI                                                                ░ 
│    DET0 = DET                                                                ░ 
│    Z11 = Z1                                                                  ░ 
│    Z22 = Z2                                                                  ░ 
│    FOR I = 1 TO N                                                            ░ 
│      XM(I) = X(I)                                                            ░ 
│    NEXT I                                                                    ░ 
│PRINT #1, "b1="; XM(1); "b2="; XM(2); "b3="; XM(3); 
"Fmin="; DMIN              
│ELSE                                                                          ░ 
│  C = 5                                                                       ░ 
│  END IF                                                                      ░ 
│ END IF                                                                       ░ 
│ END IF                                                                       ░ 
│ NEXT j                                                                       ░ 
│ PRINT #1, "OPTIMUMI"                                                         
░ 
│PRINT #1, "b1="; XM(1); "b2="; XM(2); "b3="; XM(3); 
"Fmin="; DMIN              
│END                                                                           ░ 
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testuri  magaliTis amoxsnisas miRebuli Sedegebi: 
│b1= .9313097 b2= .437144 b3= .5494145 Fmin= 25.30023                 
│b1= .9809766 b2= .4614337 b3= .4224947 Fmin= 
24.45085                         
│b1= .8475578 b2= .494001 b3= .4975725 Fmin= 23.95152                 
│b1= .8261883 b2= .4701002 b3= .4926387 Fmin= 
23.34087                          
│b1= .8421259 b2= .4374392 b3= .414176 Fmin= 22.13063                 
│b1= .8246458 b2= .4298104 b3= .4260634 Fmin= 
21.97534                         
│b1= .8873044 b2= .3602926 b3= .4060631 Fmin= 
21.88376                         
│b1= .8473355 b2= .3956157 b3= .4112552 Fmin= 
21.74509                         
│b1= .8328182 b2= .416217 b3= .4009693 Fmin= 21.60031                 
│b1= .8222463 b2= .4288194 b3= .4012675 Fmin= 21.581                   
│ 
 
              optimaluri mniSvnelobebi                     
│b1= .8222463 b2= .4288194 b3= .4012675 Fmin= 21.581                   

 
 

iteraciuli meTodiT (itera) 
 
│CLS 
│DIM FI(21), SY(21), FF(21), H(21), B(21), LAM1(21), J(21), 
SI(21), LAM(40)     
│OPEN "MONCX1.BAS" FOR INPUT AS #1                                         
░ 
│FOR I = 1 TO 21                                                               ░ 
│INPUT #1, LAM(I), FI(I)                                                       ░ 
│NEXT I                                                                        ░ 
│CLOSE #1                                                                      ░ 
│OPEN "MONCX2.BAS" FOR APPEND AS #2                                      
░ 
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│P = 20000                                                                     ░ 
│L = 200                                                                       ░ 
│SC = 1600                                                                     ░ 
│MIU = .5                                                                      ░ 
│FI = FI(1)                                                                    ░ 
│SYC = FI * SC                                                                 ░ 
│FOR I = 1 TO 20                                                               ░ 
│SY(I) = FI * SC                                                               ░ 
│FF(I) = P / SYC                                                               ░ 
│H(I) = SQR(2 / 3 * FF(I))                                                     ░ 
│B(I) = 1.5 * H(I)                                                             ░ 
│J(I) = SQR(H(I) ^ 2 / 12)                                                     ░ 
│LAM1 = MIU * L / J(I)                                                         ░ 
│FOR II = 1 TO 40                                                              ░ 
│IF LAM(II) > LAM1 THEN                                                        
░ 
│  K = II - 1                                                                  ░ 
│  GOTO 2                                                                      ░ 
│ELSE                                                                          ░ 
│END IF                                                                        ░ 
│1 : NEXT II                                                                   ░ 
│2 : N = LAM1 - LAM(K)                                                         
░ 
│QN = FI(K) - (FI(K) - FI(K + 1)) * N / 10                                     
░ 
│PRINT #2, "J(I)="; J(I); "LAM1="; LAM1; "LAM(K)="; 
LAM(K); "N="; N; K; II      
│PRINT #2, "X1="; FI; "X2="; B(I); "X3="; H(I); "F="; FF(I); 
"I="; I           ░ 
│FI = QN                                                                       ░ 
│SY(I + 1) = QN * SC                                                           ░ 
│SI(I) = P / FF(I)                                                             ░ 
│PR = ABS((SY(I + 1) - SI(I))) / SY(I + 1) * 100                               
░ 
│'IF ABS(PR) < 5 THEN GOTO 3                                                   
░ 
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│PRINT #2, "SY(I+1)="; SY(I + 1); " SI(I)= "; SI(I); "PR = "; 
PR               ░ 
│SYC = (SY(I + 1) + SI(I)) / 2                                                 
░ 
│NEXT I                                                                        ░ 
│3 : END                                                                       ░ 

Sedegebi: 
│J(I)= .8333334 LAM1= 120 LAM(K)= 110 N= 9.999992  12  
13                      ↑ 
│X1= 1 X2= 4.330127 X3= 2.886751 F= 12.5 I= 1                                 
░ 
│SY(I+1)= 720.0001  SI(I)=  1600 PR =  122.2222                                
░ 
│J(I)= .9787003 LAM1= 102.1763 LAM(K)= 100 N= 
2.176323  11  12                  
│X1= .45 X2= 5.085476 X3= 3.390317 F= 17.24138 I= 2 
│SY(I+1)= 932.1431  SI(I)=  1160 PR =  24.44441                                
░ 
│J(I)= 1.030619 LAM1= 97.02909 LAM(K)= 90 N= 7.029091  
10  11                   
│X1= .5825894 X2= 5.355252 X3= 3.570168 F= 19.11915 I= 
3                        
│SY(I+1)= 1002.781  SI(I)=  1046.072 PR =  4.317034                          
░ 
│J(I)= 1.04145 LAM1= 96.01998 LAM(K)= 90 N= 6.019981  
10  11                    
│X1= .6267382 X2= 5.411532 X3= 3.607688 F= 19.52312 I= 
4                        
│SY(I+1)= 1017.312  SI(I)=  1024.426 PR =  .699289                            
░ 
│J(I)= 1.043263 LAM1= 95.85313 LAM(K)= 90 N= 5.853134  
10  11                   
│X1= .6358202 X2= 5.420952 X3= 3.613968 F= 19.59115 I= 
5                        
│SY(I+1)= 1019.715  SI(I)=  1020.869 PR =  .11321                              
░ 
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│J(I)= 1.043558 LAM1= 95.82603 LAM(K)= 90 N= 5.826035  
10  11                   
│X1= .6373218 X2= 5.422485 X3= 3.61499 F= 19.60223 I= 
6                        ░ 
│SY(I+1)= 1020.105  SI(I)=  1020.292 PR =  1.832661E-02                  
↓ 
│J(I)= 1.043606 LAM1= 95.82164 LAM(K)= 90 N= 5.82164  
10  11                    
│X1= .6375657 X2= 5.422733 X3= 3.615156 F= 19.60403 I= 
7                        
│SY(I+1)= 1020.168  SI(I)=  1020.199 PR =  2.955528E-03                  
░ 
│J(I)= 1.043613 LAM1= 95.82093 LAM(K)= 90 N= 5.82093  
10  11                    
│X1= .6376052 X2= 5.422773 X3= 3.615182 F= 19.60432 I= 
8                        
│SY(I+1)= 1020.179  SI(I)=  1020.183 PR =  4.786233E-04 
│J(I)= 1.043615 LAM1= 95.82081 LAM(K)= 90 N= 5.820808  
10  11                   
│X1= .6376116 X2= 5.422781 X3= 3.615187 F= 19.60436 I= 
9                        
│SY(I+1)= 1020.18  SI(I)=  1020.181 PR =  5.384503E-05                    
░ 
│J(I)= 1.043615 LAM1= 95.8208 LAM(K)= 90 N= 5.820801  
10  11                    
│X1= .6376128 X2= 5.422781 X3= 3.615187 F= 19.60437 I= 
10                       
│SY(I+1)= 1020.181  SI(I)=  1020.181 PR =  1.794834E-05                  
░ 
│J(I)= 1.043615 LAM1= 95.8208 LAM(K)= 90 N= 5.820801  
10  11                    
│X1= .6376128 X2= 5.422781 X3= 3.615187 F= 19.60437 I= 
11                       
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maTkuTxa kolonis optimaluri kveTis 
gaangariSeba,                            rodesac 

Reros moqniloba(lambda) gamoiTvleba  
miaxloebiT da SezRudvebis gareSe (kolona1) 

 
│CLS                                                                           ░ 
│DIM X(2), G(5), XM(2), LAM(21), FI(21)                                        
░ 
│OPEN "MONCX1.BAS" FOR INPUT AS #2                                          
░ 
│FOR I = 1 TO 21                                                               ░ 
│INPUT #2, LAM(I), FI(I)                                                       ░ 
│NEXT I                                                                        ░ 
│CLOSE #2                                                                      ░ 
│LK = 200                                                                      ░ 
│MIU = .5                                                                      ░ 
│P = 20000                                                                     ░ 
│SIGM = 1600                                                                   ░ 
│L1 = .1                                                                       ░ 
│L2 = 1                                                                        ░ 
│L3 = 4.1                                                                      ░ 
│L4 = 6.15                                                                     ░ 
│ OPEN "KOLKOL.BAS" FOR APPEND AS #1                                      
░ 
│AA(1) = L1                                                                    ░ 
│BB(1) = L2                                                                    ░ 
│AA(2) = L3                                                                    ░ 
│BB(2) = L4                                                                    ░ 
│N = 2                                                                         ░ 
│M = 5                                                                         ░ 
│S = 10000000                                                                  ░ 
│ SP = 2200                                                                    ░ 
│ MA = 1.35                                                                    ░ 
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│ TT = 0                                                                       ░ 
│ HH = 0                                                                       ░ 
│DMIN = 9900000                                                                ░ 
│FOR J = 1 TO S                                                                ░ 
│FOR I = 1 TO N                                                                ░ 
│X(I) = AA(I) + (BB(I) - AA(I)) * RND                                          
░ 
│NEXT I                                                                        ░ 
│G(1) = X(1) - L1                                                              ░ 
│G(2) = L2 - X(1)                                                              ░ 
│G(3) = X(2) - L3                                                              ░ 
│G(4) = L4 - X(2)                                                              ░ 
│G(5) = -MA + SP / (X(1) * SIGM)                                               
░ 
│  LL = 0                                                                      ░ 
│FOR K = 1 TO M                                                                ↓ 
│  IF G(K) >= 0 THEN                                                           ↑ 
│   LL = LL + 1                                                                ░ 
│  ELSE                                                                        ░ 
│  END IF                                                                      ░ 
│NEXT K                                                                        ░ 
│ IF LL = M THEN                                                               ░ 
│  SIG = P / (X(1) * X(2) * 2 / 3 * X(2))                                      
░ 
│  DELTA = ABS(SIG - SIGM)                                                     
░ 
│  H = 2 / 3 * X(2)                                                            ░ 
│  IF DELTA < DMIN THEN                                                        
░ 
│    DMIN = DELTA                                                              ░ 
│    FOR I = 1 TO N                                                            ░ 
│      XM(I) = X(I)                                                            ░ 
│    NEXT I                                                                    ░ 
│     H = 2 / 3 * XM(2) 
│     F = XM(2) * H                                                            ░ 
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│     MA1 = SP / (XM(1) * SIGM)                                                
░ 
│PRINT #1, "X1="; XM(1); "X2="; XM(2); "X3="; H; "F="; F; 
"DMIN="; DMIN         
│FIAN = XM(1)                                                                  ░ 
│FOR II = 1 TO 20                                                              ░ 
│IF FI(II) < FIAN THEN                                                         ░ 
│K = II - 1                                                                    ░ 
│GOTO 1                                                                        ░ 
│ELSE                                                                          ░ 
│END IF                                                                        ░ 
│NEXT II                                                                       ░ 
│1 : NN = FI(K) - FIAN                                                         ░ 
│QL = LAM(K) + (FI(K) - FIAN) * 10 / (FI(K) - FI(K + 1))                       
░ 
│R = MIU * LK / QL                                                             ░ 
│PRINT #1, "LAM="; QL; "R="; R; "m1="; MA1                                     
░ 
│ELSE                                                                          ░ 
│   END IF                                                                     ░ 
│ IF DELTA = 0 THEN                                                            
░ 
│   TT = TT + 1                                                                ░ 
│PRINT #1, TT; "OPTIMUMI"                                                      
░ 
│ FOR I = 1 TO N                                                               ░ 
│      XM(I) = X(I)                                                            ░ 
│     NEXT I                                                                   ░ 
│     H = 2 / 3 * XM(2)                                                        ░ 
│     F = XM(2) * H                                                            ↓ 
│     MA1 = SP / (XM(1) * SIGM)                                                
↑ 
│PRINT #1, "X1="; XM(1); "X2="; XM(2); "X3="; H; "F="; F; 
"DMIN="; DMIN         
│FIAN = XM(1)                                                                  ░ 
│FOR II = 1 TO 20                                                              ░ 
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│IF FI(II) < FIAN THEN                                                         ░ 
│K = II - 1                                                                    ░ 
│GOTO 2                                                                        ░ 
│ELSE                                                                          ░ 
│END IF                                                                        ░ 
│NEXT II                                                                       ░ 
│2 : NN = FI(K) - FIAN                                                         ░ 
│QL = LAM(K) + (FI(K) - FIAN) * 10 / (FI(K) - FI(K + 1))                       
░ 
│R = MIU * LK / QL                                                             ░ 
│PRINT #1, "LAM="; QL; "R="; R; "m1="; MA1                                     
░ 
│PRINT #1, "**********"                                                        ░ 
│ ELSE                                                                         ░ 
│   END IF                                                                     ░ 
│ ELSE                                                                         ░ 
│ END IF                                                                       ░ 
│NEXT J                                                                        ░ 
│HH = S - TT                                                                   ░ 
│ PRINT #1, "OPTIMUMI"                                                         
░ 
│ H = 2 / 3 * XM(2)                                                            ░ 
│ F = XM(2) * H                                                                ░ 
│ MA1 = SP / (XM(1) * SIGM)                                                    
░ 
│PRINT #1, "X1="; XM(1); "X2="; XM(2); "X3="; H; "F="; F; 
"DMIN="; DMIN         
│PRINT #1, "LAM="; QL; "R="; R; "m="; MA; "m1="; MA1                     
░ 
│ PRINT #1, "S="; S; "TT="; TT; "HH="; HH                                      
░ 
│END                                                                           ░ 
 
 

Sedegebi: 
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│X1= .7349927 X2= 5.193519 X3= 3.462346 F= 17.98176 
DMIN= 86.73584              
│LAM= 82.50121 R= 1.212103 m1= 1.870767 
│X1= .5723816 X2= 5.672579 X3= 3.781719 F= 21.4521 
DMIN= 28.82532               
│LAM= 103.4523 R= .966629 m1= 2.402243                                         
░ 
│X1= .6049361 X2= 5.523695 X3= 3.682463 F= 20.34081 
DMIN= 25.37048              
│LAM= 99.45155 R= 1.005515 m1= 2.272967                                       
░ 
│X1= .7101529 X2= 5.130031 X3= 3.42002 F= 17.54481 
DMIN= 5.201172               
│LAM= 86.64118 R= 1.154186 m1= 1.936203                                       
░ 
│X1= .6913494 X2= 5.215229 X3= 3.476819 F= 18.13241 
DMIN= 4.572998              
│LAM= 89.77509 R= 1.113895 m1= 1.988864                                       
░ 
│X1= .9091907 X2= 4.546197 X3= 3.030798 F= 13.7786 
DMIN= 3.496826               
│LAM= 43.60312 R= 2.293414 m1= 1.512334                                       
░ 
│X1= .5154034 X2= 6.033152 X3= 4.022101 F= 24.26595 
DMIN= .8637695              
│LAM= 110.6566 R= .9036963 m1= 2.667813                                       
░ 
│X1= .6657258 X2= 5.306742 X3= 3.537828 F= 18.77434 
DMIN= .18396                
│LAM= 92.69714 R= 1.078782 m1= 2.065415                                       
░ 
│X1= .5091758 X2= 6.0682 X3= 4.045467 F= 24.5487 
DMIN= 5.065918E-02             
│LAM= 111.5463 R= .8964886 m1= 2.700443                                       
░ 
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│X1= .7412459 X2= 5.029421 X3= 3.352947 F= 16.86339 
DMIN= 1.086426E-02          
│LAM= 81.45902 R= 1.227611 m1= 1.854985                                       
░ 
│X1= .7305082 X2= 5.066259 X3= 3.377506 F= 17.11132 
DMIN= 4.882813E-03          
│LAM= 83.24863 R= 1.201221 m1= 1.882251                                       
░ 
│X1= .5394904 X2= 5.895333 X3= 3.930222 F= 23.16997 
DMIN= 3.051758E-03          
│LAM= 107.5637 R= .9296817 m1= 2.548702                                       
░ 
│X1= .6598497 X2= 5.33063 X3= 3.553753 F= 18.94374 
DMIN= 2.929688E-03           
│LAM= 93.35004 R= 1.071237 m1= 2.083808                                       
░ 
│X1= .6464754 X2= 5.385485 X3= 3.590323 F= 19.33563 
DMIN= 1.464844E-03          
│LAM= 94.83607 R= 1.054451 m1= 2.126918                                       
░ 
│X1= .8674606 X2= 4.649174 X3= 3.099449 F= 14.40988 
DMIN= 4.882813E-04          
│LAM= 57.51313 R= 1.738733 m1= 1.585086                                       
░ 
│X1= .9990742 X2= 4.332133 X3= 2.888089 F= 12.51159 
DMIN= 2.441406E-04          
│LAM= .9258398 R= 108.01 m1= 1.376274                                          
░ 
│X1= .788842 X2= 4.875348 X3= 3.250232 F= 15.84601 
DMIN= 0                      
│LAM= 73.52634 R= 1.360057 m1= 1.743061                                       
░ 
│1 OPTIMUMI                                                                    ░ 
│X1= .788842 X2= 4.875348 X3= 3.250232 F= 15.84601 
DMIN= 0                      
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│LAM= 73.52634 R= 1.360057 m1= 1.743061                                      
░ 
│**********                                                                    ░ 
│2 OPTIMUMI                                                                    ░ 
│X1= .5478727 X2= 5.850067 X3= 3.900044 F= 22.81552 
DMIN= 0                     
│LAM= 106.5159 R= .9388269 m1= 2.509707                                       
░ 
│**********                                                                    ░ 
│OPTIMUMI                                                                       
│X1= .5478727 X2= 5.850067 X3= 3.900044 F= 22.81552 
DMIN= 0                     
│LAM= 106.5159 R= .9388269 m= 1.35 m1= 2.509707                         
░ 
│S= 1E+07 TT= 2 HH= 9999998                                                    
░ 
 
 

 
marTkuTxa kolonis optimaluri kveTis 

gaangariSeba 
rodesac Reros moqniloba (lambda) iangariSeba 

zusti formuliT da SezRudvebis gareSe (kolona2) 
│CLS                                                                           ░ 
│DIM X(2), G(5), XM(2)                                                         ░ 
│LK = 200                                                                      ░ 
│MIU = .5 
│P = 20000                                                                     ░ 
│SIGM = 1600                                                                   ░ 
│L1 = .1                                                                       ░ 
│L2 = 1                                                                        ░ 
│L3 = 4.1                                                                      ░ 
│L4 = 6.15                                                                     ░ 
│ OPEN "KOLKOL2.BAS" FOR APPEND AS #1                                    
░ 
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│AA(1) = L1                                                                    ░ 
│BB(1) = L2                                                                    ░ 
│AA(2) = L3                                                                    ░ 
│BB(2) = L4                                                                    ░ 
│N = 2                                                                         ░ 
│M = 5                                                                         ░ 
│S = 10000000                                                                  ░ 
│ SP = 2200                                                                    ░ 
│ MA = 1.35                                                                    ░ 
│ TT = 0                                                                       ░ 
│ HH = 0                                                                       ░ 
│DMIN = 9900000                                                                ░ 
│FOR J = 1 TO S                                                                ░ 
│FOR I = 1 TO N                                                                ░ 
│X(I) = AA(I) + (BB(I) - AA(I)) * RND                                          
░ 
│NEXT I                                                                        ░ 
│G(1) = X(1) - L1                                                              ░ 
│G(2) = L2 - X(1)                                                              ░ 
│G(3) = X(2) - L3                                                              ░ 
│G(4) = L4 - X(2)                                                              ░ 
│G(5) = -MA + SP / (X(1) * SIGM)                                               
░ 
│  LL = 0                                                                      ░ 
│FOR K = 1 TO M                                                                ░ 
│  IF G(K) >= 0 THEN                                                           ░ 
│   LL = LL + 1                                                                ░ 
│  ELSE                                                                        ░ 
│  END IF                                                                      ░ 
│NEXT K                                                                        ↓ 
│ IF LL = M THEN                                                               ↑ 
│  SIG = P / (X(1) * X(2) * 2 / 3 * X(2))                                      
░ 
│  DELTA = ABS(SIG - SIGM)                                                     
░ 
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│  IF DELTA < DMIN THEN                                                        
░ 
│    DMIN = DELTA                                                              ░ 
│    FOR I = 1 TO N                                                            ░ 
│      XM(I) = X(I)                                                            ░ 
│    NEXT I                                                                    ░ 
│     H = 2 / 3 * XM(2)                                                        ░ 
│     F = XM(2) * H                                                            ░ 
│     MA1 = SP / (XM(1) * SIGM)                                                
░ 
│PRINT #1, "X1="; XM(1); "X2="; XM(2); "X3="; H; "F="; F; 
"DMIN="; DMIN        ░ 
│RJ = SQR((2 * X(2) / 3) ^ 2 / 12)                                             
░ 
│QL = MIU * LK / RJ                                                            ░ 
│PRINT #1, "m1="; MA1; "LAM="; QL; "RJ="; RJ                                   
░ 
│ELSE                                                                          ░ 
│   END IF                                                                     ░ 
│ IF DELTA = 0 THEN                                                            
░ 
│   TT = TT + 1 
│PRINT #1, TT; "OPTIMUMI"                                                      
░ 
│ FOR I = 1 TO N                                                               ░ 
│      XM(I) = X(I)                                                            ░ 
│     NEXT I                                                                   ░ 
│     H = 2 / 3 * XM(2)                                                        ░ 
│     F = XM(2) * H                                                            ░ 
│     MA1 = SP / (XM(1) * SIGM)                                                
░ 
│RJ = SQR((2 * X(2) / 3) ^ 2 / 12)                                             
░ 
│QL = MIU * LK / RJ                                                            ░ 
│PRINT #1, "X1="; XM(1); "X2="; XM(2); "X3="; H; "F="; F; 
"DMIN="; DMIN         
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│PRINT #1, "m1="; MA1; "LAM="; QL; "RJ="; RJ                                   
░ 
│PRINT #1, "**********"                                                        ░ 
│ ELSE                                                                         ░ 
│   END IF                                                                     ░ 
│ ELSE                                                                         ░ 
│ END IF                                                                       ░ 
│NEXT J                                                                        ░ 
│HH = S - TT                                                                   ░ 
│ PRINT #1, "OPTIMUMI"                                                         
░ 
│ H = 2 / 3 * XM(2)                                                            ░ 
│ F = XM(2) * H                                                                ░ 
│ MA1 = SP / (XM(1) * SIGM)                                                    
░ 
│'RJ = SQR((2 * X(2) / 3) ^ 2 / 12)                                            
↓ 
│'QL = MIU * LK / RJ                                                           ↑ 
│PRINT #1, "X1="; XM(1); "X2="; XM(2); "X3="; H; "F="; F; 
"DMIN="; DMIN         
│PRINT #1, "m="; MA; "m1="; MA1; "LAM="; QL; "RJ="; RJ                  
░ 
│ PRINT #1, "S="; S; "TT="; TT; "HH="; HH                                      
░                                                                  

Sedegebi: 
 

│X1= .7349927 X2= 5.193519 X3= 3.462346 F= 17.98176 
DMIN= 86.73584              
│m1= 1.870767 LAM= 100.0507 RJ= .9994932 
│X1= .5723816 X2= 5.672579 X3= 3.781719 F= 21.4521 
DMIN= 28.82532               
│m1= 2.402243 LAM= 91.60124 RJ= 1.091688                                     
░ 
│X1= .6049361 X2= 5.523695 X3= 3.682463 F= 20.34081 
DMIN= 25.37048              
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│m1= 2.272967 LAM= 94.07023 RJ= 1.063036                                     
░ 
│X1= .7101529 X2= 5.130031 X3= 3.42002 F= 17.54481 
DMIN= 5.201172               
│m1= 1.936203 LAM= 101.2889 RJ= .9872749                                     
░ 
│X1= .6913494 X2= 5.215229 X3= 3.476819 F= 18.13241 
DMIN= 4.572998              
│m1= 1.988864 LAM= 99.63422 RJ= 1.003671                                     
░ 
│X1= .9091907 X2= 4.546197 X3= 3.030798 F= 13.7786 
DMIN= 3.496826               
│m1= 1.512334 LAM= 114.2967 RJ= .874916                                       
░ 
│X1= .5154034 X2= 6.033152 X3= 4.022101 F= 24.26595 
DMIN= .8637695              
│m1= 2.667813 LAM= 86.12666 RJ= 1.161081                                     
░ 
│X1= .6657258 X2= 5.306742 X3= 3.537828 F= 18.77434 
DMIN= .18396                
│m1= 2.065415 LAM= 97.91605 RJ= 1.021283                                    
░ 
│X1= .5091758 X2= 6.0682 X3= 4.045467 F= 24.5487 
DMIN= 5.065918E-02             
│m1= 2.700443 LAM= 85.62922 RJ= 1.167826                                     
░ 
│X1= .7412459 X2= 5.029421 X3= 3.352947 F= 16.86339 
DMIN= 1.086426E-02          
│m1= 1.854985 LAM= 103.3151 RJ= .9679126                                     
░ 
│X1= .7305082 X2= 5.066259 X3= 3.377506 F= 17.11132 
DMIN= 4.882813E-03          
│m1= 1.882251 LAM= 102.5639 RJ= .9750021                                     
░ 
│X1= .5394904 X2= 5.895333 X3= 3.930222 F= 23.16997 
DMIN= 3.051758E-03          
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│m1= 2.548702 LAM= 88.1401 RJ= 1.134557                                       
░ 
│X1= .6598497 X2= 5.33063 X3= 3.553753 F= 18.94374 
DMIN= 2.929688E-03           
│m1= 2.083808 LAM= 97.47726 RJ= 1.02588                                       
░ 
│X1= .6464754 X2= 5.385485 X3= 3.590323 F= 19.33563 
DMIN= 1.464844E-03          
│m1= 2.126918 LAM= 96.48438 RJ= 1.036437                                     
░ 
│X1= .8674606 X2= 4.649174 X3= 3.099449 F= 14.40988 
DMIN= 4.882813E-04          
│m1= 1.585086 LAM= 111.7651 RJ= .894734                                       
░ 
│X1= .9990742 X2= 4.332133 X3= 2.888089 F= 12.51159 
DMIN= 2.441406E-04          
│m1= 1.376274 LAM= 119.9444 RJ= .8337194                                    
░ 
│X1= .788842 X2= 4.875348 X3= 3.250232 F= 15.84601 
DMIN= 0                      
│m1= 1.743061 LAM= 106.5801 RJ= .9382612                                     
░ 
│1 OPTIMUMI                                                                    ░ 
│X1= .788842 X2= 4.875348 X3= 3.250232 F= 15.84601 
DMIN= 0                      
│m1= 1.743061 LAM= 106.5801 RJ= .9382612                                     
░ 
│**********                                                                    ░ 
│2 OPTIMUMI                                                                    ░ 
│X1= .5478727 X2= 5.850067 X3= 3.900044 F= 22.81552 
DMIN= 0                     
│m1= 2.509707 LAM= 88.82211 RJ= 1.125846                                     
░ 
│**********                                                                    ░ 
│OPTIMUMI                                                                      ↓ 
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│X1= .5478727 X2= 5.850067 X3= 3.900044 F= 22.81552 
DMIN= 0                     
│m= 1.35 m1= 2.509707 LAM= 88.82211 RJ= 1.125846                       
░ 
│S= 1E+07 TT= 2 HH= 9999998                                                    
░ 
 
 

 
 

marTkuTxa kolonis optimaluri kveTis 
gaangariSeba  

Reros moqniloba (lambdas) miaxloebiTi 
formuliT  

gamoTvlisas da SezRudvebiT (kolona3) 
│CLS                                                                           ░ 
│DIM X(2), G(7), XM(2), LAM(21), FI(21)                                        
░ 
│OPEN "MONCX1.BAS" FOR INPUT AS #2                                          
░ 
│FOR I = 1 TO 21                                                               ░ 
│INPUT #2, LAM(I), FI(I)                                                       ░ 
│NEXT I                                                                        ░ 
│CLOSE #2                                                                      ░ 
│LK = 200                                                                      ░ 
│MIU = .5                                                                      ░ 
│P = 20000                                                                     ░ 
│SIGM = 1600                                                                   ░ 
│L1 = .1                                                                       ░ 
│L2 = 1                                                                        ░ 
│L3 = 4.1                                                                      ░ 
│L4 = 6.15                                                                     ░ 
│LAM1 = 93                                                                     ░ 
│LAM2 = 96                                                                     ░ 
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│ OPEN "KOLKOL6.BAS" FOR APPEND AS #1                                    
░ 
│AA(1) = L1                                                                    ░ 
│BB(1) = L2                                                                    ░ 
│AA(2) = L3                                                                    ░ 
│BB(2) = L4                                                                    ░ 
│N = 2                                                                         ░ 
│M = 7                                                                         ░ 
│S = 10000000                                                                  ░ 
│ SP = 2200                                                                    ░ 
│ MA = 1.35                                                                    ░ 
│ TT = 0                                                                       ░ 
│ HH = 0                                                                       ░ 
│DMIN = 9900000                                                                ░ 
│FOR J = 1 TO S                                                                ░ 
│FOR I = 1 TO N                                                                ░ 
│X(I) = AA(I) + (BB(I) - AA(I)) * RND                                          
░ 
│NEXT I                                                                        ░ 
│G(1) = X(1) - L1                                                              ░ 
│G(2) = L2 - X(1)                                                              ░ 
│G(3) = X(2) - L3                                                              ░ 
│G(4) = L4 - X(2)                                                              ░ 
│G(5) = -MA + SP / (X(1) * SIGM)                                               
↓ 
│FIAN = X(1)                                                                   ░ 
│FOR II = 1 TO 20                                                              ░ 
│IF FI(II) < FIAN THEN                                                         ░ 
│K = II - 1                                                                    ░ 
│GOTO 3                                                                        ░ 
│ELSE                                                                          ░ 
│END IF                                                                        ░ 
│NEXT II                                                                       ░ 
│3 : NN = FI(K) - FIAN                                                         ░ 
│QL = LAM(K) + (FI(K) - FIAN) * 10 / (FI(K) - FI(K + 1))                       
░ 
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│G(6) = LAM2 - QL                                                              ░ 
│G(7) = QL - LAM1 
│                                                                              ░ 
│  LL = 0                                                                      ░ 
│FOR K = 1 TO M                                                                ░ 
│  IF G(K) >= 0 THEN                                                           ░ 
│   LL = LL + 1                                                                ░ 
│  ELSE                                                                        ░ 
│  END IF                                                                      ░ 
│NEXT K                                                                        ░ 
│ IF LL = M THEN                                                               ░ 
│  SIG = P / (X(1) * X(2) * 2 / 3 * X(2))                                      
░ 
│  DELTA = ABS(SIG - SIGM)                                                     
░ 
│  H = 2 / 3 * X(2)                                                            ░ 
│  IF DELTA < DMIN THEN                                                        
░ 
│    DMIN = DELTA                                                              ░ 
│    FOR I = 1 TO N                                                            ░ 
│      XM(I) = X(I)                                                            ░ 
│    NEXT I                                                                    ░ 
│     H = 2 / 3 * XM(2)                                                        ░ 
│     F = XM(2) * H                                                            ░ 
│     MA1 = SP / (XM(1) * SIGM)                                                
░ 
│PRINT #1, "X1="; XM(1); "X2="; XM(2); "X3="; H; "F="; F; 
"DMIN="; DMIN         
│FIAN = XM(1)                                                                  ░ 
│FOR II = 1 TO 20                                                              ░ 
│IF FI(II) < FIAN THEN                                                         ░ 
│K = II - 1                                                                    ░ 
│GOTO 1                                                                        ░ 
│ELSE                                                                          ░ 
│END IF                                                                        ░ 
│NEXT II                                                                       ↓ 
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│1 : NN = FI(K) - FIAN                                                         ↑ 
│QL = LAM(K) + (FI(K) - FIAN) * 10 / (FI(K) - FI(K + 1))                       
░ 
│RJ = MIU * LK / QL                                                            ░ 
│PRINT #1, "m1="; MA1; "LAM="; QL; "RJ="; RJ                                   
░ 
│ELSE                                                                          ░ 
│   END IF                                                                     ░ 
│ IF DELTA < .0015 THEN                                                        
░ 
│   TT = TT + 1                                                                ░ 
│PRINT #1, TT; "OPTIMUMI"                                                      
░ 
│ FOR I = 1 TO N                                                               ░ 
│      XM(I) = X(I)                                                            ░ 
│     NEXT I                                                                   ░ 
│     H = 2 / 3 * XM(2)                                                        ░ 
│     F = XM(2) * H                                                            ░ 
│     MA1 = SP / (XM(1) * SIGM)                                                
░ 
│PRINT #1, "X1="; XM(1); "X2="; XM(2); "X3="; H; "F="; F; 
"DMIN="; DMIN        ░ 
│FIAN = XM(1)                                                                  ░ 
│FOR II = 1 TO 20                                                              ░ 
│IF FI(II) < FIAN THEN                                                         ░ 
│K = II - 1                                                                    ░ 
│GOTO 4                                                                        ░ 
│ELSE                                                                          ░ 
│END IF                                                                        ░ 
│NEXT II 
│4 : NN = FI(K) - FIAN                                                         ░ 
│QL = LAM(K) + (FI(K) - FIAN) * 10 / (FI(K) - FI(K + 1))                       
░ 
│RJ = MIU * LK / QL                                                            ░ 
│PRINT #1, "m1="; MA1; "LAM="; QL; "RJ="; RJ                                   
░ 
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│PRINT #1, "**********"                                                        ░ 
│ ELSE                                                                         ░ 
│   END IF                                                                     ░ 
│ ELSE                                                                         ░ 
│ END IF                                                                       ░ 
│NEXT J                                                                        ░ 
│HH = S - TT                                                                   ░ 
│ PRINT #1, "OPTIMUMI"                                                         
░ 
│ H = 2 / 3 * XM(2)                                                            ░ 
│ F = XM(2) * H                                                                ░ 
│ MA1 = SP / (XM(1) * SIGM)                                                    
░ 
│FIAN = XM(1)                                                                  ░ 
│FOR II = 1 TO 20                                                              ░ 
│IF FI(II) < FIAN THEN                                                         ↓ 
│K = II - 1                                                                    ↑ 
│GOTO 5                                                                        ░ 
│ELSE                                                                          ░ 
│END IF                                                                        ░ 
│NEXT II                                                                       ░ 
│5 : NN = FI(K) - FIAN                                                         ░ 
│QL = LAM(K) + (FI(K) - FIAN) * 10 / (FI(K) - FI(K + 1))                       
░ 
│RJ = MIU * LK / QL                                                            ░ 
│PRINT #1, "X1="; XM(1); "X2="; XM(2); "X3="; H; "F="; F; 
"DMIN="; DMIN        ░ 
│PRINT #1, "m="; MA; "m1="; MA1; "LAM="; QL; "RJ="; RJ                  
░ 
│ PRINT #1, "S="; S; "TT="; TT; "HH="; HH                                      
░ 
│END                                                                           ░ 
 

Sedegebi:                         
░ 
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│X1= .660427 X2= 5.428033 X3= 3.618689 F= 19.64236 
DMIN= 58.25903               
│m1= 2.081986 LAM= 93.28589 RJ= 1.071973 
│X1= .6404388 X2= 5.324386 X3= 3.54959 F= 18.89939 
DMIN= 52.35974               
│m1= 2.146966 LAM= 95.50681 RJ= 1.047046                                     
░ 
│X1= .6411217 X2= 5.379027 X3= 3.586018 F= 19.28929 
DMIN= 17.23584              
│m1= 2.144679 LAM= 95.43092 RJ= 1.047878                                     
░ 
│X1= .6512365 X2= 5.363211 X3= 3.575474 F= 19.17602 
DMIN= 1.521362              
│m1= 2.111368 LAM= 94.30706 RJ= 1.060366                                     
░ 
│X1= .6566857 X2= 5.343492 X3= 3.562328 F= 19.03527 
DMIN= 2.429199E-02          
│m1= 2.093848 LAM= 93.70159 RJ= 1.067218                                     
░ 
│X1= .6598497 X2= 5.33063 X3= 3.553753 F= 18.94374 
DMIN= 2.929688E-03          ░ 
│m1= 2.083808 LAM= 93.35004 RJ= 1.071237                                     
░ 
│X1= .6464754 X2= 5.385485 X3= 3.590323 F= 19.33563 
DMIN= 1.464844E-03          
│m1= 2.126918 LAM= 94.83607 RJ= 1.054451                                     
░ 
│1 OPTIMUMI                                                                    ░ 
│X1= .6464754 X2= 5.385485 X3= 3.590323 F= 19.33563 
DMIN= 1.464844E-03          
│m1= 2.126918 LAM= 94.83607 RJ= 1.054451                                     
░ 
│**********                                                                    ░ 
│2 OPTIMUMI                                                                    ░ 
│X1= .6464754 X2= 5.385485 X3= 3.590323 F= 19.33563 
DMIN= 1.464844E-03          
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│m1= 2.126918 LAM= 94.83607 RJ= 1.054451                                     
░ 
│**********                                                                    ░ 
│OPTIMUMI                                                                      ░ 
│X1= .6464754 X2= 5.385485 X3= 3.590323 F= 19.33563 
DMIN= 1.464844E-03          
│m= 1.35 m1= 2.126918 LAM= 94.83607 RJ= 1.054451                       
░ 
│S= 1E+07 TT= 2 HH= 9999998                                                    
░ 
 
 
 

marTkuTxa kolonis optimaluri kveTis 
gaangariSeba,                             rodesac 
Reros moqniloba (lambda) iangariSeba zusti 
 formuliT da SezRudvebis gaTvaliswinebiT 

(kolona4) 
│CLS                                                                           ░ 
│DIM X(2), G(7), XM(2)                                                         ░ 
│LK = 200                                                                      ░ 
│MIU = .5                                                                      ░ 
│P = 20000                                                                     ░ 
│SIGM = 1600                                                                   ░ 
│L1 = .1                                                                       ░ 
│L2 = 1                                                                        ░ 
│L3 = 4.1                                                                      ░ 
│L4 = 6.15                                                                     ░ 
│LAM1 = 93                                                                     ░ 
│LAM2 = 96                                                                     ░ 
│ OPEN "KOLKOL7.BAS" FOR APPEND AS #1                                   
░ 
│AA(1) = L1                                                                    ░ 
│BB(1) = L2                                                                    ░ 
│AA(2) = L3                                                                    ░ 
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│BB(2) = L4                                                                    ░ 
│N = 2                                                                         ░ 
│M = 7                                                                         ░ 
│S = 10000000                                                                  ░ 
│ SP = 2200                                                                    ░ 
│ MA = 1.35                                                                    ░ 
│ TT = 0                                                                       ░ 
│ HH = 0                                                                       ░ 
│DMIN = 9900000                                                                ░ 
│FOR J = 1 TO S                                                                ░ 
│FOR I = 1 TO N                                                                ░ 
│X(I) = AA(I) + (BB(I) - AA(I)) * RND                                          
░ 
│NEXT I                                                                        ░ 
│G(1) = X(1) - L1                                                              ░ 
│G(2) = L2 - X(1)                                                              ░ 
│G(3) = X(2) - L3                                                              ░ 
│G(4) = L4 - X(2)                                                              ░ 
│G(5) = -MA + SP / (X(1) * SIGM)                                               
░ 
│RJ = SQR((X(2) * 2 / 3) ^ 2 / 12)                                             
░ 
│QL = MIU * LK / RJ                                                            ░ 
│G(6) = LAM2 - QL                                                              ░ 
│G(7) = QL - LAM1                                                              ░ 
│  LL = 0                                                                      ↑ 
│FOR K = 1 TO M                                                                ░ 
│  IF G(K) >= 0 THEN                                                           ░ 
│   LL = LL + 1                                                                ░ 
│  ELSE                                                                        ░ 
│  END IF                                                                      ░ 
│NEXT K                                                                        ░ 
│ IF LL = M THEN                                                               ░ 
│  SIG = P / (X(1) * X(2) * 2 / 3 * X(2))                                      
░ 
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│  DELTA = ABS(SIG - SIGM)                                                     
░ 
│  H = 2 / 3 * X(2)                                                            ░ 
│  IF DELTA < DMIN THEN                                                        
░ 
│    DMIN = DELTA                                                              ░ 
│    FOR I = 1 TO N                                                            ░ 
│      XM(I) = X(I)                                                            ░ 
│    NEXT I                                                                    ░ 
│     H = 2 / 3 * XM(2) 
│     F = XM(2) * H                                                            ░ 
│     MA1 = SP / (XM(1) * SIGM)                                                
░ 
│RJ = SQR((XM(2) * 2 / 3) ^ 2 / 12)                                            
░ 
│QL = MIU * LK / RJ                                                            ░ 
│PRINT #1, "X1="; XM(1); "X2="; XM(2); "X3="; H; "F="; F; 
"DMIN="; DMIN        ░ 
│PRINT #1, "m1="; MA1; "LAM="; QL; "RJ="; RJ                                  
░ 
│ELSE                                                                          ░ 
│   END IF                                                                     ░ 
│ IF DELTA < .0015 THEN                                                        
░ 
│   TT = TT + 1                                                                ░ 
│PRINT #1, TT; "OPTIMUMI"                                                      
░ 
│ FOR I = 1 TO N                                                               ░ 
│      XM(I) = X(I)                                                            ░ 
│     NEXT I                                                                   ░ 
│     H = 2 / 3 * XM(2)                                                        ░ 
│     F = XM(2) * H                                                            ░ 
│     MA1 = SP / (XM(1) * SIGM)                                                
░ 
│PRINT #1, "X1="; XM(1); "X2="; XM(2); "X3="; H; "F="; F; 
"DMIN="; DMIN         
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│RJ = SQR((X(2) * 2 / 3) ^ 2 / 12)                                             
░ 
│QL = MIU * LK / RJ                                                            ░ 
│PRINT #1, "m1="; MA1; "LAM="; QL; "RJ="; RJ                                   
░ 
│PRINT #1, "**********"                                                        ░ 
│ ELSE                                                                         ░ 
│   END IF                                                                     ↓ 
│ ELSE                                                                         ↑ 
│ END IF                                                                       ░ 
│NEXT J                                                                        ░ 
│HH = S - TT                                                                   ░ 
│ PRINT #1, "OPTIMUMI"                                                         
░ 
│ H = 2 / 3 * XM(2)                                                            ░ 
│ F = XM(2) * H                                                                ░ 
│ MA1 = SP / (XM(1) * SIGM)                                                    
░ 
│RJ = SQR((XM(2) * 2 / 3) ^ 2 / 12)                                            
░ 
│QL = MIU * LK / RJ                                                            ░ 
│PRINT #1, "X1="; XM(1); "X2="; XM(2); "X3="; H; "F="; F; 
"DMIN="; DMIN         
│PRINT #1, "m="; MA; "m1="; MA1; "LAM="; QL; "RJ="; RJ                  
░ 
│ PRINT #1, "S="; S; "TT="; TT; "HH="; HH                                      
░ 
│END                                                                           ░ 
 

 
Sedegebi:                               

░ 
│X1= .833041 X2= 5.553528 X3= 3.702352 F= 20.56111 
DMIN= 432.3385               
│m1= 1.650579 LAM= 93.56489 RJ= 1.068777 
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│X1= .660427 X2= 5.428033 X3= 3.618689 F= 19.64236 
DMIN= 58.25903               
│m1= 2.081986 LAM= 95.72808 RJ= 1.044626                                     
░ 
│X1= .6049361 X2= 5.523695 X3= 3.682463 F= 20.34081 
DMIN= 25.37048              
│m1= 2.272967 LAM= 94.07023 RJ= 1.063036                                     
░ 
│X1= .6194906 X2= 5.490804 X3= 3.660536 F= 20.09928 
DMIN= 6.255737              
│m1= 2.219565 LAM= 94.63373 RJ= 1.056706                                     
░ 
│X1= .6278929 X2= 5.456161 X3= 3.63744 F= 19.84646 
DMIN= 4.949585               
│m1= 2.189864 LAM= 95.2346 RJ= 1.050039                                       
░ 
│X1= .6227601 X2= 5.478972 X3= 3.652648 F= 20.01276 
DMIN= 4.730957              
│m1= 2.207913 LAM= 94.83809 RJ= 1.054429                                     
░ 
│X1= .6325184 X2= 5.438817 X3= 3.625878 F= 19.72048 
DMIN= 3.390381              
│m1= 2.17385 LAM= 95.53829 RJ= 1.046701                                       
░ 
│X1= .6323828 X2= 5.443747 X3= 3.629165 F= 19.75625 
DMIN= .8304443              
│m1= 2.174316 LAM= 95.45176 RJ= 1.04765                                       
░ 
│X1= .6077284 X2= 5.555163 X3= 3.703442 F= 20.57323 
DMIN= .3753662              
│m1= 2.262524 LAM= 93.53735 RJ= 1.069092                                     
░ 
│X1= .6370887 X2= 5.425104 X3= 3.616736 F= 19.62117 
DMIN= 5.419922E-02          
│m1= 2.158255 LAM= 95.77979 RJ= 1.044062                                     
░ 
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│X1= .6206809 X2= 5.496184 X3= 3.664123 F= 20.13869 
DMIN= 3.833008E-02          
│m1= 2.215309 LAM= 94.5411 RJ= 1.057741                                       
░ 
│X1= .6063724 X2= 5.560676 X3= 3.707117 F= 20.61408 
DMIN= .0246582              
│m1= 2.267584 LAM= 93.44461 RJ= 1.070153                                     
░ 
│X1= .6124895 X2= 5.532889 X3= 3.688593 F= 20.40858 
DMIN= 5.004883E-03          
│m1= 2.244936 LAM= 93.91391 RJ= 1.064805                                     
░ 
│X1= .6366367 X2= 5.426941 X3= 3.617961 F= 19.63446 
DMIN= 2.075195E-03          
│m1= 2.159788 LAM= 95.74736 RJ= 1.044415                                     
░ 
│OPTIMUMI                                                                      ░ 
│X1= .6366367 X2= 5.426941 X3= 3.617961 F= 19.63446 
DMIN= 2.075195E-03          
│m= 1.35 m1= 2.159788 LAM= 95.74736 RJ= 1.044415                       
░ 
│S= 1E+07 TT= 0 HH= 1E+07                                                      
░ 
│                                                                              ░ 
 
 
 
 
 
 
 
 
 
 
ortesebri ganivi kveTis mqone koWis optimaluri 
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    parametrebis gaangariSebis programa (orte) 
 
│' ortesebri kochis  optimaluri parametrebis gaangariSeba                    
│CLS 
│DIM AA(4), BB(4), G(14), X(4), XM(4)                                          
░ 
│S = 3000000                                                                   ░                    
│T1 = 10                                                                       ░ 
│T2 = 12                                                                       ░ 
│h1 = 1032                                                                     ░ 
│H2 = 1650 - 300 - 8                                                           ░ 
│K11 = .2                                                                      ░ 
│K12 = .5                                                                      ░ 
│K21 = 2                                                                       ░ 
│K22 = 3                                                                       ░ 
│R0 = .00785                                                                   ░ 
│MM = 275400                                                                   ░ 
│C = 1                                                                         ░ 
│SY = 23                                                                       ░ 
│R = 23                                                                        ░ 
│E = 2.06 * 10 ^ 4                                                             ░ 
│ OPEN "ORTEREP.BAS" FOR APPEND AS #1                                   
░ 
│AA(1) = T1                                                                    ░ 
│BB(1) = T2                                                                    ░ 
│AA(2) = h1                                                                    ░ 
│BB(2) = H2                                                                    ░ 
│AA(3) = K11                                                                   ░ 
│BB(3) = K12                                                                   ░ 
│AA(4) = K21                                                                   ░ 
│BB(4) = K22                                                                   ░ 
│DD1 = 125                                                                     ░ 
│DD2 = 150                                                                     ░ 
│N = 4                                                                         ░ 
│M = 13                                                                        ░ 
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│ DMIN = 9900000                                                               ░ 
│FOR j = 1 TO S                                                                ░ 
│ FOR I = 1 TO N                                                               ░ 
│ X(I) = AA(I) + (BB(I) - AA(I)) * RND                                         
░ 
│ NEXT I                                                                       ░ 
│ G(1) = X(1) - T1                                                             ░ 
│ G(2) = T2 - X(1)                                                             ↓ 
│ G(3) = X(2) - h1                                                             ↑ 
│QQ = 6 * MM / (X(1) / 10 * (X(2) / 10) ^ 2 * (1 + 6 * X(3) * 
X(4)))           ░ 
│ G(5) = SY - QQ                                                               ░ 
│G(6) = X(3) - K11                                                             ░ 
│G(7) = K12 - X(3)                                                             ░ 
│G(8) = X(4) - K21                                                             ░ 
│G(9) = K22 - X(4)                                                             ░ 
│dd = X(2) / X(1)                                                              ░ 
│G(12) = 1.54 * E * (X(4) / X(3)) ^ 2 * (X(1) / X(2)) ^ 2 - SY                 
░ 
│G(13) = 21.7 * E * (X(1) / X(2)) ^ 2 - SY                                     
░ 
│G(4) = H2 - 2 * X(4) * X(1) - X(2)                                            
░ 
│dd = (X(2) + 2 * X(4) * X(1)) / X(1)                                          
░ 
│G(10) = dd - DD1                                                              ░ 
│ll = 0                                                                        ░ 
│FOR k = 1 TO M                                                                ░ 
│  IF G(k) >= 0 THEN ll = ll + 1                                               
░ 
│NEXT k                                                                        ░ 
│ IF ll = M THEN                                                               ░ 
│ PSI = (2 * X(3) * X(4) * X(1) * X(2) + X(1) * X(2)) * R0                     
░ 
│  IF PSI < DMIN THEN                                                          
░ 
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│    DMIN = PSI                                                                ░ 
│    FOR I = 1 TO N                                                            ░ 
│      XM(I) = X(I)                                                            ░ 
│    NEXT I                                                                    ░ 
│  k1h = X(3) * X(2)                                                           ░ 
│  k2t = X(4) * X(1)                                                           ░ 
│  Q = (2 * k1h * k2t + X(1) * X(2)) * R0                                      
░ 
│  GIB = (X(2) + 2 * X(4) * X(1)) / X(1)                                       
░ 
│  Lam = (X(2) / X(1)) * SQR(R / E)                                            
░ 
│SLF = 1.54 * E * (X(4) / X(3)) ^ 2 * (X(1) / X(2)) ^ 2                        
░ 
│SLW = 21.7 * E * (X(1) / X(2)) ^ 2                                            
░ 
│QQ = 6 * MM / (X(1) / 10 * (X(2) / 10) ^ 2 * (1 + 6 * X(3) * 
X(4))) 
│SA = QQ                                                                       ░ 
│PRINT #1, "t="; XM(1); "h="; XM(2); "gmin="; DMIN; "k1h="; 
k1h; "k2t="; k2t;  ░ 
│"GIB="; GIB; "k1="; X(3); "k2="; X(4); "k1k2="; X(3) * X(4); 
"Sa="; QQ;       ░ 
│"Slf="; SLF; "Slw="; SLW                                                      
░ 
│k1 = X(3)                                                                     ░ 
│k2 = X(4)                                                                     ░ 
│h = X(2)                                                                      ░ 
│t = X(1)                                                                      ░ 
│Lam = (X(2) / X(1)) * SQR(R / E)                                              
↓│                                                                               
│kk = k1 * k2                                                                  ░ 
│  GIB = (X(2) + 2 * X(4) * X(1)) / X(1)                                       
░ 
│SLF = 1.54 * E * (X(4) / X(3)) ^ 2 * (X(1) / X(2)) ^ 2                        
░ 
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│SLW = 21.7 * E * (X(1) / X(2)) ^ 2                                            
░ 
│ELSE                                                                          ░ 
│  C = 5                                                                       ░ 
│  END IF                                                                      ░ 
│ END IF                                                                       ░ 
│ NEXT j                                                                       ░ 
│PRINT #1, "OPTIMUMI"                                                          
░ 
│PRINT #1, "t="; XM(1); "h="; XM(2); "gmin="; DMIN; "k1h="; 
k1h; "k2t=";       ░ 
│k2t; "GIB="; GIB; "k1="; k1; "k2="; k2; "k1k2="; kk; "Sa="; 
SA; "Slf=";       ░ 
│SLF; "Slw="; SLW                                                              ░ 
│END                                                                           ░ 
│ 
 
 
 

 
 

 
Sedegebi: 

 
1032<=H<=1500, 0,2<=k1<=0,25; 2<=k2<=3 

1 t= 10.6039 h= 1394.578 gmin= 244.7267 k1h= 279.8931 
k2t= 29.27443          ↑ 
GIB= 137.0371 k1= .2007009 k2= 2.760724 k1k2= .5540797 
Sa= 18.52807 
Slf= 347.0406 Slw= 25.84473 SA2= 18.11225 W= 15205.18 
Ixx= 1104753           ░ 
F1= 1 Iy= 10698.28 Ik= 0 Ix= 1070365                                         
░ 
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2 t= 10.04526 h= 1286.293 gmin= 222.6163 k1h= 316.1813 
k2t= 24.4126          ░ 
GIB= 132.9103 k1= .2458082 k2= 2.430261 k1k2= .5973781 
Sa= 21.68724          ░ 
 Slf= 189.1227 Slw= 27.26274 SA2= 21.22661 W= 12974.28 
Ixx= 866109.7          ░ 
 F1= 1 Iy= 12860.9 Ik= 0 Ix= 841257.9                                         
░ 

 
3 t= 10.51453 h= 1326.256 gmin= 216.6817 k1h= 301.1974 
k2t= 22.67252         ░ 
GIB= 130.4481 k1= .2271035 k2= 2.156302 k1k2= .4897038 
Sa= 22.68664          ░ 
Slf= 179.7567 Slw= 28.09652 SA2= 22.30492 W= 12347.05 
Ixx= 846761.4          ░ 
F1= 1 Iy= 10325.28 Ik= 0 Ix= 825759.2                                        
░ 

 
4 t= 10.28991 h= 1387.741 gmin= 214.3266 k1h= 295.9105 
k2t= 22.00503         ░ 
GIB= 139.1413 k1= .2132318 k2= 2.138506 k1k2= .4559976 
Sa= 22.31938          ░ 
Slf= 175.4329 Slw= 24.57724 SA2= 21.9896 W= 12524.1 
Ixx= 896569.8            ░ 
 F1= 1 Iy= 9502.8 Ik= 0 Ix= 876265                                            
░ 

│ 
5 t= 10.07226 h= 1363.882 gmin= 212.032 k1h= 276.1793 
k2t= 24.0298           ░ 
GIB= 140.1811 k1= .202495 k2= 2.38574 k1k2= .4831005 
Sa= 22.62171            ░ 
Slf= 240.163 Slw= 24.37966 SA2= 22.23334 W= 12386.8 
Ixx= 874472.2            ░ 
 F1= 1 Iy= 8436.698 Ik= 0 Ix= 852210.9                                        
░ 
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 6 t= 10.05719 h= 1392.063 gmin= 208.3459 k1h= 296.2631 
k2t= 21.16471         ░ 
GIB= 142.6236 k1= .2128231 k2= 2.104437 k1k2= .4478728 

Sa= 22.99429          ░ 
Slf= 161.9041 Slw= 23.33256 SA2= 22.6733 W= 12146.45 
Ixx= 871138.4           ░ 
F1= 1 Iy= 9172.627 Ik= 0 Ix= 852289.9                                        
░ 
 
 
7 t= 10.10707 h= 1407.887 gmin= 208.04 k1h= 287.1454 
k2t= 21.36949           ░ 
GIB= 143.5258 k1= .2039549 k2= 2.11431 k1k2= .4312239 
Sa= 22.99224           ░ 
Slf= 175.7002 Slw= 23.03787 SA2= 22.68192 W= 12141.83 
Ixx= 880662.4          ░ 
 F1= 1 Iy= 8432.347 Ik= 0 Ix= 861827.8                                        
░ 

 
8 t= 10.00631 h= 1394.761 gmin= 207.8776 k1h= 292.9582 
k2t= 21.37647         ░ 
GIB= 143.6608 k1= .2100419 k2= 2.1363 k1k2= .4487125 
Sa= 22.99048            ░ 
Slf= 168.9075 Slw= 23.0078 SA2= 22.66644 W= 12150.12 
Ixx= 873298.3           ░ 
F1= 1 Iy= 8957.803 Ik= 0 Ix= 854245.3                                        
░ 
 
OPTIMUMI                                                                      ░ 
t= 10.00631 h= 1394.761 gmin= 207.8776 k1h= 292.9582 
k2t= 21.37647            ░ 
GIB= 143.6608 k1= .2100419 k2= 2.1363 k1k2= .4487125 
Sa= 22.6644             ░ 
Slf = 168.9075 Slw= 23.0078  SA2= 22.66644 W= 12150.12 
Ixx= 873298.3           ░ 
F1= 1 Iy= 8957.803 Ik= 0 Ix= 854245.3                                                  
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Semowmebis programa 
 

│' Belenia2-s mixedvit Semowmeba                                                
│CLS                                                                            
│'sawyisi monacemebi                                                            
│t = 10.00631                                                                   
│h = 1394.761                                                                   
│k1 = .2100419                                                                  
│k2 = 2.1363                                                                  
│L = 1200                                                                                                
│OPEN "BEL2rep.BAS" FOR APPEND AS #2                                       
│E = 2.06 * 10 ^ 4                                                              
│M = 275400                                                                     
│ro = .00785                                                                    
│R = 23                                                                        
│g = ro * h * t * (2 * k1 * k2 + 1)                                             
│Sa = 6 * M / (t / 10 * (h / 10) ^ 2 * (1 + 6 * k1 * k2))                       
│Slf = 1.54 * E * (k2 / k1) ^ 2 * (t / h) ^ 2                                   
│Slw = 21.7 * E * (t / h) ^ 2                                                   
│hk = (h + 2 * k2 * t) / 10                                                     
│ho = (h + k2 * t) / 10                                                         
│b = k1 * h / 10                                                                
│d = k2 * t / 10                                                                
│Ub = .3 * (.41 + .0032 * b / d + (.73 - .016 * b) * b / ho) * 
SQR(E / R)       
│p = SQR(E / R)                                                                 
│PRINT #2, "g="; g; "Sa="; Sa; "Slf="; Slf; "Slw="; Slw; 
"Ub="; Ub; "p="; p                                                                               
│tk = t / 10                                                                    
│Ik = 1.3 / 3 * (hk * tk ^ 3 + 2 * b * d ^ 3)                                   
│Iy = 2 * d * b ^ 3 / 12                                                        
│Ix = tk * (hk - 2 * d) ^ 3 / 12 + 2 * (b * d ^ 3 / 12 + b * d * (d / 
2 +       
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│(hk - 2 * d) / 2) ^ 2)                                                         
│alfa = 8 * (L * d / (b * ho)) ^ 2 * (1 + (.5 * ho * tk ^ 3 / (b * d ^ 
3)))     
│ps = 1.6 + .08 * alfa                                                                               
│Fb = ps * (Iy / Ix) * (hk / L) * (E / R)                                       
│I = tk * (hk - 2 * d) ^ 3 / 12 + 2 * b * d * (hk / 2) ^ 2                     
│W = I / (hk / 2)                                                               
│sigma = M / (1 * W)                                                                               
│PRINT #2, "Ik="; Ik; "Iy="; Iy; "Ix="; Ix; "alfa="; alfa; "Fb="; 
Fb; "I="; I;  
│"W="; W; "sigma="; sigma   
  END 

 
├──────── 

Semowmebis Sedegebi: 
 

g= 207.8778 Sa= 22.99046 Slf= 168.9075 Slw= 23.00781 
Ub= 5.023407 
p= 29.92745  p1= 3.341414E-02                                                           
Ik= 310.4187 Iy= 8957.815 Ix= 854246.1 alfa= 3.816662 Fb= 
2.143681             
I= 873299.1 W= 12150.13 sigma= 22.66642                                        
tamd=-8.111375 -86.68021 keamd=-9.073101 keamd2= 
.1532722 RSlw= 32.0731        
RSlf= 109.6802                                                                 
 

 
 

uban-uban mudmivi  kveTiani svetebis 
optimaluri  

radiusebisa da wonis angariSis programa 
(uban-uban1) 
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│CLS 
│DIM X(3), G(9), XM(3)                                                          
│                                                              
│INPUT " R1-is qveda sazRvari"; R1Q                           
│INPUT " R1- zeda sazRvari"; R1Z                             
│INPUT " R2-is zeda sazRvari"; R2Z                           
│INPUT " R3-is zeda sazRvari"; R3Z                           
│INPUT " P0 datvirTvis mniSvneloba"; P0                     
│'=================================                       
│AA(1) = R1Q                                                                    
│BB(1) = R1Z                                                                    
│AA(2) = R1Z                                                                    
│BB(2) = R2Z                                                                    
│AA(3) = R2Z                                                                    
│BB(3) = R3Z                                                                    
│L1 = 5                                                                         
│L2 = 3                                                                         
│L3 = 2.5                                                                       
│GAMA1 = 2                                                                      
│GAMA2 = 5                                                                      
│GAMA3 = 10 
   P1= 17 
   P2= 20 
   P3=  25                                                                   
│N = 3                                                                          
│M = 9                                                                         
│S = 1000                                                                       
│ TT = 0                                                                        
│ HH = 0                                                                        
│FMIN = 200000                                                                  
│FOR J = 1 TO S                                                               │                   
│FOR I = 1 TO N                                                                
│X(I) = AA(I) + (BB(I) - AA(I)) * RND                                           
│NEXT I                                                                         
│G(1) = R1Q + X(1)                                                              
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│G(2) = R1Z - X(1)                                                              
│G(3) = R1Z + X(2)                                                              
│G(4) = R2Z - X(2)                                                              
│G(5) = R2Z + X(3)                                                              
│G(6) = R3Z - X(3)                                                              
│G(7) = -P0 / (3.14 * X(1) ^ 2) - GAMA1 * L1+P1                                   
│G(8) = -(P0 + GAMA1 * L1) / (3.14 * X(2) ^ 2) - GAMA2 * 
L2+P2                     
│G(9) = -(P0 + GAMA1 * L1 + GAMA2 * L2) / (3.14 * X(3) ^ 
2) - GAMA3*L3 +P3               
│' FOR I = 1 TO M                                                               
│' PRINT G(I)                                                                   
│' NEXT I                                                                       
│  L = 0                                                                        
│FOR K = 1 TO M                                                                 
│  IF G(K) >= 0 THEN                                                            
│   L = L + 1                                                                   
│  ELSE                                                                         
│  END IF                                                                       
│NEXT K                                                                         
│                                                                               
│ IF L = M THEN                                                                 
│  F = 3.14 * (X(1) ^ 2 * L1 + X(2) ^ 2 * L2 + X(3) ^ 2 * L3)                   
│   IF F < FMIN THEN                                                            
│    FMIN = F                                                                   
│     FOR I = 1 TO N                                                            
│      XM(I) = X(I)                                                             
│     NEXT I                                                                    
│PRINT "X1="; XM(1), "X2="; XM(2), "X3="; XM(3), "FMIN="; 
FMIN                  
│ELSE                                                                           
│   END IF                                                                      
│ ELSE                                                                          
│   HH = HH + 1                                                                 
│ END IF 
│                                                                               
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│NEXT J                                                                         
│ PRINT "OPTIMUMI"                                                              
│ PRINT "X1="; XM(1), "X2="; XM(2), "X3="; XM(3), 
"FMIN="; FMIN                 
│ PRINT                                                                         
│ PRINT "TT="; TT, "HH="; HH                                                    
│                                                                               
│END                                                                            
 

 
uban-uban mudmivi ganivkveTiani svetebis  

optimaluri  
radiusebis gansazRvra (Sedegebi) 

  
sxvadasxva datvirTvebis (P0) dros 

 
R1-is qveda sazRvari? 0.5 
 R1-is zeda sazRvari? 1 
 R2-is zeda sazRvari? 1.5 
 R3-is zeda sazRvari? 2 
 P0 datvirTvis mniSvneloba? 5 
 
X1= .8527738  X2= 1.266712  X3= 1.789759  FMIN= 
51.67777 
X1= .6447812  X2= 1.150974  X3= 1.88737   FMIN= 
46.96923 
X1= .8545189  X2= 1.022676  X3= 1.707016  FMIN= 
44.1904 
X1= .8239106  X2= 1.131896  X3= 1.639671  FMIN= 
43.83131 
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X1= .5500261  X2= 1.051511  X3= 1.899442  FMIN= 
43.48703 
X1= .6422402  X2= 1.022825  X3= 1.647886  FMIN= 
37.64765 
X1= .5369767  X2= 1.052726  X3= 1.665847  FMIN= 
36.75067 
X1= .6283145  X2= 1.044948  X3= 1.515475  FMIN= 
34.51271 
X1= .5577351  X2= 1.086887  X3= 1.524059  FMIN= 
34.24548 
X1= .5786138  X2= 1.050099  X3= 1.525628  FMIN= 
33.91497 
 
Ooptimaluri mniSvnelobebi: 
 
X1= .5786138  X2= 1.050099  X3= 1.525628  
FMIN= 33.91497 
 
 
 
R1-is qveda sazRvari? 0.5 
 R1-is zeda sazRvari? 1 
 R2-is zeda sazRvari? 1.5 
 R3-is zeda sazRvari? 2 
 P0 datvirTvis mniSvneloba? 15 
 
X1= .8527738  X2= 1.266712  X3= 1.789759  FMIN= 
51.67777 
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X1= .8574082  X2= 1.266511  X3= 1.780505  FMIN= 
51.53804 
X1= .8261883  X2= 1.450167  X3= 1.615798  FMIN= 
51.02155 
X1= .8433622  X2= 1.343561  X3= 1.694618  FMIN= 
50.71445 
X1= .8335215  X2= 1.331335  X3= 1.60654   FMIN= 
47.86484 
 
Ooptimaluri mniSvnelobebi: 
 
X1= .8335215  X2= 1.331335  X3= 1.60654   FMIN= 
47.86484 
R1-is qveda sazRvari? 0.5 
 R1-is zeda sazRvari? 1 
 R2-is zeda sazRvari? 1.5 
 R3-is zeda sazRvari? 2 
 P0 datvirTvis mniSvneloba? 20 
 
 
X1= .9863645  X2= 1.402134  X3= 1.837413  
FMIN= 60.29657 
X1= .9749528  X2= 1.423094  X3= 1.720608  
FMIN= 57.24057 
O 
optimaluri mniSvnelobebi: 
 
X1= .9749528  X2= 1.423094  X3= 1.720608  
FMIN= 57.24057 
 



 232 

 
uban-uban mudmiv kveTiani svetebis 

optimaluri  
sigrZeebis da wonis angariSis programa 

(uban-uban2) 
 
│CLS 
│DIM X(3), G(9), XM(3)                                                         ░               
│INPUT " L1-is qveda sazRvari"; L1Q                          
│INPUT " L1- is zeda sazRvari"; L1Z                                              
░ 
│INPUT " L2-is qveda sazRvari"; L2Q                          
│INPUT " L3-is zeda sazRvari"; L3Q                           
│INPUT " P0 datvirTvis mniSvneloba"; P0                    
│'=================================                      
░ 
│AA(1) = L1Q                                                                   ░ 
│BB(1) = L1Z                                                                   ░ 
│AA(2) = L2Q                                                                   ░ 
│BB(2) = L1Q                                                                   ░ 
│AA(3) = L3Q                                                                   ░ 
│BB(3) = L2Q                                                                   ░ 
│R1 = 1                                                                        ░ 
│R2 = 1.5                                                                      ░ 
│R3 = 2                                                                        ░ 
│GAMA1 =2 
   GAMA2=5 
   GAMA3=10                                                                      ░ 
│ P1=30 
    P2=50 
    P3=60                                                                             ░ 
│N = 3                                                                         ░ 
│M = 9                                                                         ░ 
│S = 1000                                                                      ░ 
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│ TT = 0                                                                       ░ 
│ HH = 0                                                                       ░ 
│FMIN = 200000                                                                 ░ 
│FOR J = 1 TO S                                                                ░ 
│FOR I = 1 TO N                                                                ░ 
│X(I) = AA(I) + (BB(I) - AA(I)) * RND                                          
░ 
│NEXT I                                                                        ░ 
│G(1) = L1Q + X(1)                                                             ░ 
│G(2) = L1Z - X(1)                                                             ░ 
│G(3) = L2Q + X(2)                                                             ░ 
│G(4) = L1Q - X(2)                                                             ░ 
│G(5) = L3Q + X(3)                                                             ░ 
│G(6) = L2Q - X(3)                                                             ░ 
│G(7) = -P0 / (3.14 * R1 ^ 2) - GAMA * X(1) +P1                    
│G(8) = -(P0 + GAMA * X(1)) / (3.14 * R2 ^ 2) - GAMA * X(2) 
+P2                     
│G(9) = -(P0 + GAMA * X(1) + GAMA * X(2)) / (3.14 * R3 ^ 
2) - GAMA * X(3) +P3      
│' FOR I = 1 TO M                                                              ↓ 
│' PRINT G(I)                                                                  ↑ 
│' NEXT I                                                                      ░ 
│  LL = 0                                                                      ░ 
│FOR K = 1 TO M                                                                ░ 
│  IF G(K) >= 0 THEN                                                           ░ 
│   LL = LL + 1                                                                ░ 
│  ELSE                                                                        ░ 
│  END IF                                                                      ░ 
│NEXT K                                                                        ░ 
│ IF LL = M THEN                                                               ░ 
│  F = 3.14 * (R1 ^ 2 * X(1) + R2 ^ 2 * X(2) + R3 ^ 2 * X(3))                  
░ 
│   IF F < FMIN THEN                                                           ░ 
│    FMIN = F                                                                  ░ 
│     FOR I = 1 TO N                                                           ░ 



 234 

│      XM(I) = X(I)                                                            ░ 
│     NEXT I                                                                   ░ 
│PRINT "X1="; XM(1), "X2="; XM(2), "X3="; XM(3), "FMIN="; 
FMIN                  
│ELSE                                                                          ░ 
│   END IF                                                                     ░ 
│ ELSE                                                                         ░ 
│   HH = HH + 1                                                                ░ 
│ END IF                                                                       ░ 
│NEXT J                                                                        ░ 
│ PRINT "OPTIMUMI"                                                             
░ 
│ PRINT "X1="; XM(1), "X2="; XM(2), "X3="; XM(3), 
"FMIN="; FMIN                 
│ PRINT                                                                        ░ 
│ PRINT "TT="; TT, "HH="; HH                                                   
░                                                             
│END    
 

 
Kuban-uban mudmivkveTiani svetebis  

optimaluri  
sigrZeebis gansazRvra (Sedegebi) 

  
sxvadasxva datvirTvebis dros 

 
L1- is qveda sazRvari? 3 
 L1-  is zeda sazRvari? 4 
 L2-is qveda sazRvari? 2 
 L3-is zeda sazRvari? 1 
 P0 datvirTvis mniSvneloba? 5 
 
X1= 3.705548  X2= 2.533424  X3= 1.579519  FMIN= 
49.37281 
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X1= 3.289562  X2= 2.301948  X3= 1.77474   FMIN= 
48.88323 
X1= 3.709038  X2= 2.045353  X3= 1.414033  FMIN= 
43.85705 
X1= 3.647821  X2= 2.263793  X3= 1.279342  FMIN= 
43.5164 
X1= 3.28448   X2= 2.045649  X3= 1.295773  FMIN= 
41.04069 
X1= 3.404834  X2= 2.269732  X3= 1.055593  FMIN= 
39.98509 
X1= 3.256629  X2= 2.089897  X3= 1.030951  FMIN= 
37.93967 
 
svetebis sigrZeebisa  da wonis optimaluri 
mniSvnelobebi: 
OPUMI 
X1= 3.256629  X2= 2.089897  X3= 1.030951  FMIN= 
37.93967 
 
 
 
 
 
 
L1- is qveda sazRvari? 3 
 L1-  is zeda sazRvari? 4 
 L2-is qveda sazRvari? 2 
 L3-is zeda sazRvari? 1 
 P0 datvirTvis mniSvneloba? 20 
 
X1= 3.705548  X2= 2.533424  X3= 1.579519  FMIN= 49.37281 
X1= 3.289562  X2= 2.301948  X3= 1.77474   FMIN= 48.88323 
X1= 3.709038  X2= 2.045353  X3= 1.414033  FMIN= 43.85705 
X1= 3.647821  X2= 2.263793  X3= 1.279342  FMIN= 43.5164 
X1= 3.28448   X2= 2.045649  X3= 1.295773  FMIN= 41.04069 
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X1= 3.404834  X2= 2.269732  X3= 1.055593  FMIN= 39.98509 
X1= 3.256629  X2= 2.089897  X3= 1.030951  FMIN= 37.93967 
 
svetebis sigrZeebisa  da wonis optimaluri 
mniSvnelobebi: 
 
X1= 3.256629  X2= 2.089897  X3= 1.030951  FMIN= 37.93967 
 
L1- is qveda sazRvari? 3 
 L1-  is zeda sazRvari? 4 
 L2-is qveda sazRvari? 2 
 L3-is zeda sazRvari? 1 
 P0 datvirTvis mniSvneloba? 30 
 
X1= 3.705548  X2= 2.533424  X3= 1.579519  FMIN= 
49.37281 
X1= 3.289562  X2= 2.301948  X3= 1.77474   FMIN= 
48.88323 
X1= 3.709038  X2= 2.045353  X3= 1.414033  FMIN= 
43.85705 
X1= 3.647821  X2= 2.263793  X3= 1.279342  FMIN= 
43.5164 
X1= 3.28448   X2= 2.045649  X3= 1.295773  FMIN= 
41.04069 
X1= 3.404834  X2= 2.269732  X3= 1.055593  FMIN= 
39.98509 
X1= 3.256629  X2= 2.089897  X3= 1.030951  FMIN= 
37.93967 
 
svetebis sigrZeebisa  da wonis optimaluri 
mniSvnelobebi: 
 
X1= 3.256629  X2= 2.089897  X3= 1.030951  FMIN= 
37.93967 
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uban-uban mudmivkveTiani svetebis 
optimaluri (maqsimaluri)DA  

datvirTvis angariSis programa (uban-
uban3) 

 
│CLS 
│DIM X(1), G(3)                                                                ░                    
│AA(1) = 5                                                                     ░ 
│BB(1) = 50                                                                                             
│R1 = 1                                                                        ░ 
│R2 = 1.5                                                                      ░ 
│R3 = 2                                                                        ░ 
│GAMA1 = 2                                                                     ░ 
│GAMA2 = 5                                                                     ░ 
│GAMA3 = 10                                                                    ░ 
│L1 = 5                                                                        ░ 
│L2 = 3                                                                        ░ 
│L3 = 2.5                                                                      ░ 
│ P1=20 
    P2=35 
    P3= 45                                                                            ░ 
│N = 1                                                                         ░ 
│M = 3                                                                         ░ 
│S = 1000                                                                      ░ 
│P = 0                                                                         ░ 
│FOR J = 1 TO S                                                                ░ 
│FOR I = 1 TO N                                                                ░ 
│X(I) = AA(I) + (BB(I) - AA(I)) * RND                                          
░ 
│NEXT I                                                                        ░ 
│G(1) = -X(1) / (3.14 * R1 ^ 2) - GAMA1 * L1 +P1                                  
░ 
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│G(2) = -(X(1) + GAMA1 * L1) / (3.14 * R2 ^ 2) - GAMA2 * L2 
+P2                     
│G(3) = -(X(1) + GAMA1 * L1 + GAMA2 * L2) / (3.14 * R3 ^ 
2) - GAMA3 * L3 +P3       ░ 
│ LL = 0                                                                       ░ 
│FOR K = 1 TO M                                                                ░ 
│IF G(K) >= 0 THEN                                                             ░ 
│ LL = LL + 1                                                                  ░ 
│ ELSE                                                                         ░ 
│ END IF                                                                       ░ 
│NEXT K                                                                        ░ 
│IF LL = M THEN                                                                ░ 
│IF X(1) > P THEN P = X(1): PRINT "P="; P                                      
░ 
│END IF                                                                        ↓ 
│NEXT J                                                                                                  
│ PRINT "OPTIMUMI"                                                             
░ 
│ PRINT "P="; P                                                                ░ 
│ PRINT                                                                        ░ 
│END   
 
 

miRebuli Sedegebi: 
 
P= 29.00408 
P= 31.07834 
P= 31.25116 
P= 31.30382 
P= 31.36721 
 
 

Ooptimaluri (maqsimaluri) datvirTva 
 
P= 31.36721 
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