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Sesavali 

 

transformirebadi, gasaSleli konstruqciebi da nagebobebi Zalze 

xSirad  gvxvdeba sainJinro praqtikaSi. maT jer kidev uxsovari droidan 

iyenebdnen. Tanamedrove etapze, arqiteqturuli, funqciuri da garemos 

eqstremaluri pirobebis gansakuTrebuli moTxovnebidan gamomdinare, 

calkeuli konstruqciebis da sainJinro nagebobebis transformaciis 

unari ganapirobebs maTi gamoyenebis aucileblobas dedamiwaze da 

kosmosSi.  

transformirebadi sainJinro sistemebi _ gasaSleli, gasaxsnel-

dasakeci, mravaljeradi gamoyenebis, mobiluri da formacvalebadi 

konstruqciebi, nagebobebi da Senobebi, xidebis, daxurvebis, miwiszeda 

didi zomis radioteqnikuri kompleqsis, aseve orbituli teqnologiuri 

moednebis da platformebis, didgabaritiani kosmosuri radio da 

energetikuli refleqtorebis, mzis ialqnebis da batareebis da sxvaTa 

saxiT, gamoiyeneba Cveulebriv da eqstremalur pirobebSi. 

zogjer, transformirebadi  konstruqciebi  da nagebobebi nawilia 

konkretuli sainJinro kompleqsebisa, romlebic sxvadasxva daniSnulebis, 

samoqalaqo da samxedro, miwiszeda da kosmosuri sistemebis  

SemadgenlobaSi Sedian. es imiT aixsneba, rom xSir SemTxvevebSi nageboba 

Tu konkretuli konstruqcia ganixileba erToblivad maTi samontaJo, 

satransporto da ganTavsebis saSualebebTan erTad.  

imisda mixedviT, Tu romeli sistemis Semadgeneli nawilia 

sainJinro transformirebadi kompleqsi, igi unda akmayofilebdes 

sakomunikacio, satransporto, energetikul, radioteqnikur an sxva mraval 

moTxovnas. 

winamdebare naSromi moicavs sakiTxTa farTo speqtrs. masSi 

ganxilulia transformirebadi _ gasaSleli sainJinro sistemebis Teoria; 

gaanalizebulia dedamiwiseuli da kosmosuri konstruqciebis da 

nagebobebis Seqmnis logika; ganxilulia sainJinro transformirebadi 

kompleqsebi da konstruqciebi, romelTac analogi ar gaaCniaT; 

Seswavlilia maTi Seqmnis teqnologiuri procesebi; gaanalizebulia 

konstruqciebisa da nagebobebis daZabul_deformirebuli mdgomareobis 

stadiebi kvlevis eqsperimentuli da cnobili Teoriuli meTodebiT. 
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wigni gankuTvnilia maTTvis, vinc ganazogadebs da aviTarebs 

nagebobaTa formaTwarmoqmnis da formacvalebadobis procesebs, formisa 

da struqturis logikas. qmnis axal transformirebad konstruqciebs, 

nagebobebs da Senobebs, rogorc kosmosSi, aseve dedamiwaze. 

winamdebare naSromSi ganxiluli transformirebadi _ gasaSleli 

sainJinro sistemebis Teoria da praqtika daainteresebs mecnierebs, 

akademiuri wris warmomadgenlebs, studentebs, damproeqteblebs da 

specialistebs, romlebic konstruqciaTa formaTwarmoqmnis dargSi 

muSaoben, maT Soris mSeneblebs, meqanikosebs, radioinJinrebs, kosmosuri 

teqnikis Semqmnelebs, samxedro inJinrebs, arqiteqtorebs da sxvebs. 
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I. transformirebadi struqturebis kvlevebis da gamoyenebis 

ZiriTadi mimarTulebebi 

 

I.1. transformirebadi sainJinro sistemebis samecniero kvlevis 

ZiriTadi meTodebi 

 

samSenebo konstruqciebis da nagebobebis erT-erTi umTavresi 

samecniero mimarTulebaa maTi formaTwarmoqmnis Teoriis kvleva. 

formaTwarmoqnis Teoria moicavs konstruqciebisa da nagebobebis 

formis Seqmnisa da formaTwarmoqmnis procesebis gansazRvras, rac 

efuZneba cnebebis, kategoriebis, kanonebisa da principebis sistemur 

ganxilvas. 

samSeneblo konstruqciebisa da nagebobebis formis logika moicavs 

formalizebul da araformalizebul elementTa simravles, rac 

gansazRvravs formaTwarmoqmnis kvlevis samecniero da SemoqmedebiT 

procesebs. 

amasTan, formaTwarmoqmnis procesi da zogadad misi Teoria 

naklebad aris sistemurad Seswavlili, am mxriv iseT aqtualur dargSi, 

rogoric aris transformirebadi – gasaSleli konstruqciebi da 

nagebobebi. 

gansxvavebuli tipis, axali, didgabaritiani, sxvadasxva funqciuri 

daniSnulebis mqone, gasaSleli nagebobebis Seqmnis problemis dasma da 

misi gadawyveta kompleqsuri amocanaa. 

miuxedavad dasmuli problemis mravalmxrivobisa, erTi SexedviT 

qaosur konkretul amocanebs Soris, mainc ikveTeba umTavresi 

mimarTuleba misi gadawyvetisa: es aris nagebobebis saerTo struqturisa 

da formis SerCeva mraval SesaZlo gadawyvetaTa Soris. 

nagebobis SeqmnisaTvis, struqturisa da formis winaswar SerCeva, 

rac pirvel rigSi unda Seesabamebodes mis funqciur daniSnulebas, unda 

pasuxobdes mraval amocanas, maT Soris: 

 nagebobis zomebs da wonas; 

 nagebobis dakecili satransporto paketis gabaritebs; 

 nagebobis formacvalebadobisa da funqciuri formis fiqsaciis 

procesebs; 
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 nagebobis geometriuli parametrebis sizustes da maTi SenarCunebis 

unars; 

 nagebobis mzidunarianobis _ simtkicis, sixistisa da 

deformaciulobis moTxovnebis dacvas statikuri, dinamikuri da 

temperaturuli zemoqmedebebis dros; 

 nagebobis Seqmnis konstruqciul masalebs; 

 nagebobis transformaciis amZravi meqanizmebis saxeobebs da 

energetikul uzrunvelyofas; 

 nagebobis damzadebis teqnologias; 

 nagebobis srulmasStabiani gamocdis sqemebis realizaciis 

SesaZleblobebs dedamiwis da kosmosuri garemos imitaciis Seqmnis 

pirobebSi; 

 nagebobis da misi samontaJo da satransporto saSualebis, aseve 

kosmosuri aparatis urTierTkavSiris sqemebs da sxva mraval 

amocanas. 

maTi gadawyvetis Semdeg ukve SesaZlebelia, mkacrad 

formalizebuli mimarTulebebiT, SemoTavazebuli nagebobis kvleva da 

optimaluri parametrebis SerCeva. am mxriv, mniSvnelovania nagebobis da 

misi konstruqciuli nawilebis, elementebisa da kvanZebis yovelmxrivi 

gaangariSeba da struqturis daZabul-deformirebuli suraTis dadgena 

misi transportirebis, orbitaze gatanis, gaSlis, formis fiqsaciis da 

eqspluataciis etapebis gaTvaliswinebiT. 

asevea eqsperimentuli kvlevebis meTodebis gamoyenebis sakiTxebic. 

Tumca, am mxriv, kosmosuri bazirebis nagebobebis dedamiwis pirobebSi 

eqsperimentuli kvlevebisas da srulmasStabiani gamocdebis dros, 

aucilebeli moiTxovnaa maTi ganxorcielebis axali teqnologiuri 

sqemebis SemuSaveba. 

amdenad, Tu axali tipis nagebobis Seqmnis etapebs ganvixilavT, 

mecnieruli kvlevis meTodebis da saSualebebis mxriv, rogorc aRiniSna,  

problematuria swored pirveli etapi, rodesac unda ganisazRvros 

nagebobis struqtura da forma, rogorc mravalfunqciuri da 

mravaldargobrivi mimarTuleba, romlis gadawyvetaSi aucileblad unda 

iqnes gaazrebuli yvela Tu ara umTavresi amocanebi mainc, romlebic 
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ganapirobeben saboloo jamSi nagebobis _ misi struqturisa da formis 

dadebiT gadawyvetas. 

aseTi midgomiT isaxeba Semdegi logikuri svla: 

 pirvel etapze iqmneba nagebobis struqtura da forma; 

 meore etapze iwyeba misi Seswavla. 

rogorc aRiniSna, dasmuli amocanis sirTule da problemuroba 

swored pirvel etaps Seexeba, sadac Tundac raRac kanonzomierebiT unda 

moxerxdes mravali konstruqciuli sqemidan – nagebobis struqturidan 

da formidan, ramodenime perspeqtiuli variantis SerCeva da Serwyma, rac 

nagebobis dasrulebuli sqemis saxiT ganapirobebs mis winaSe dasaxuli 

funqciis Sesrulebas. 

1972 wels gamomcemlobam “Wiley-Interscience”, inglisur enaze, gamosca 

J.Christopher Jones monografia “Design Metods Seeds of Human Futures” _ sainJinro 

da mxatvruli konstruireba. wignSi faqtiurad gadmocemulia 

proeqtirebis analizis meTodebi. 

wignSi aseve moyvanilia citatebi, romlebSic gadmocemulia am 

problematikis sirTule _ “teqnikuri konstruireba – es aris, samecniero 

principebis, teqnikuri informaciisa da warmosaxvis gamokvleva” – 

fildeni. 

wignSi moyvanili gamonaTqvamebi miuTiTebs imaze, rom saWiroa sami 

parametris Serwyma. es aris mecnierulad dasabuTebuli principebi, 

teqnikuri informacia da sistemis Semqmnelis warmosaxvis da Semecnebis 

unari. 

TavisTavad mniSvnelovania, rodesac konstruirebis procesSi 

mecnierebisa da teqnikuri informaciis wili izrdeba. amasTan, kidev 

ufro mniSvnelovania, Tu teqnikuri informacia, ukve axal safexurze 

iqneba formalizebuli da igi ukve axali samecniero debulebebis saxiT 

ufro WeSmarits gaxdis konstruirebisTvis gankuTvnil informacias. 

am procesis gagrZelebas warmoadgens, konstruqciuli sistemis 

Semqmnelismier, mesame parametris, warmosaxvis meti sistematizacia, 

radgan igi upiratesad araformalizebul  elementebs miekuTvneba. 

amocana mdgomareobs imaSi, rom konstruirebis sami parametris – 

mecnierebis, samecniero-teqnikuri informaciis da konstruqciuli 
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sistemis Semqmnelis warmosaxvis unaris, rogorc erTiani procesis 

Semadgenlebis, axali kvlevebis safuZvelze ufro meti nawili gaxdes 

sistematizebuli elementi, rac ganapirobebs arsebuli mecnierebis   

gaRrmavebas da gafarToebas an, ukeTes SemTxvevaSi, axali samecniero 

mimarTulebis Seqmnas. 

swored am mizans emsaxureba 1977 wels, germaniaSi gamomcemloba VEB 

Verlag Für Bauwesen–is mier gamocemuli Oskar Büttener_is da Erhard Hampe_s 

monografia _ Bauwerk Tragwerk Tragstruktur (oskar biuttneri, erhard hampe _ 

nageboba_mzidi konstruqcia_mzidi struqtura). 

wignSi, sistemuri midgomiT da logikuri msvlelobiT, 

ganmartebulia mzidi sistemebis evolucia da konkretuli daxurvis 

konstruqciebis adgili da roli mzid sistemebSi. aseve, mniSvnelovania 

is, rom  samSeneblo procesebi ganxilulia sami aTasi wlis ganmavlobaSi 

gansazRvruli, mecnierulad dasabuTebuli kriteriumebiT. magaliTad, 

mzid sistemaSi malis zrdasa da iatakis erT kvadratul metrze 

daxurvis wonas Soris Tanafardoba. miRebuli kanonzomiereba, rogorc am 

wyaroSi, aseve sxva SromebSic aris ganxiluli, maT Soris, 

grafikuladac, sadac miTiTebulia Sesabamisi wlebi da im wlebSi 

dominirebuli daxurvis konstruqciebi saTanado dayvanili wonis 

CvenebiT. 

ganxiluli logikiT, aseve SesaZlebelia, Senoba-nagebobis 

konstruqciuli jgufebis mixedviT, grafikuli warmodgena funqciebis 

gadanawilebisa sainJinro da arqiteqturul dargebs Soris. 

mniSvnelovania e. toroxas wignidan, “formis logika”, moyvanili 

citata _ “yovel avtors aqvs saWiro saproeqto gadawyvetis mimarT 

midgomis Tavisi wesebi da meToduri xerxebi”.  

aRsaniSnavia v. zelenskis citata _ “konstruqtor-mSeneblis 

SemoqmedebiTi muSaobis arsi mdgomareobs konstruqciuli formebis 

povnaSi, romlebic eTanxmeba meqanikis kanonebs da ekonomiurad 

uzrunvelyofilia samSeneblo samuSaoebis Sesrulebis konkretuli 

pirobebis gaTavliswinebiT”. 

da bolos, isev amonaweri e. toroxas wignidan _ “formis logika” – 

“Tumca mzidi konstruqciis proeqtis Seqmnis procesi warmoadgens 
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SemoqmedebiT process da igi, rogorc nebismieri sxva SemoqmedebiTi  

procesi, unda eqvemdebarebodes gansazRvrul saerTo wesebs... statikuri 

gaangariSebis SesaZleblobebi emsaxureba mxolod struqturis 

elementebis zomebis dazustebas an am zomebis winaswari daniSvnis 

sisworis Semowmebas” (yvela citata wignidan. oskar biutneri, erxad 

xampe, gv. 23). 

am mxriv, aseve metad mniSvnelovania cnobili germaneli mecnieris 

f. ottos mier dawerili wignisa “tenturi da vanturi samSeneblo 

konstruqciebi”, frei ottosa da fridrix Sleieris avtorobiT 

gamocemuli 1966 wels (Zugbeanspruchte Konstruktionen. Gestalt, Struktur und 

Berechnung von Bauten aus Seilen, Netzen und Mebranen Herausgegeben von Frei Otto) da 

misi Targmani, romelic gamoica moskovSi 1970 wels. 

wignis pirvel nawilSi aris mcdeloba daZabuli mdgomareobis 

konstruqciis geometriuli formisa da masalis fizikuri Tvisebebis 

mixedviT ganisazRvros konstruqciebis zogadi klasifikacia. 

logikis mixedviT, aseve mniSvnelovania g. riules monografia  

“sivrciTi daxurvebi/konstruqcia da agebis meTodebi (germanulidan 

naTargmni, moskovi, 1974), v.v. ermolovis wigni “sainJinro konstruqciebi” 

(“umaRlesi skola”, moskovi 1991 w.) da sxva mravali gamocema da 

samecniero statia. 

aRniSnul SromebSi, umTavresia is rom, konkretuli klasis 

konstruqciebi da nagebobebi, miuxedavad maTi simravlisa, 

mravalmxrivobisa da mravalferovnebisa, sistematizebuli da 

klasificirebulia mwyobri samecniero midgomebiT, sadac kvlevis saerTo 

logikuri meTodebisa da xerxebis mxriv upiratesoba eniWeba 

struqturul-funqciur meTods. 

rogorc cnobilia _ struqturul-funqciur (struqturuli) meTods 

safuZvlad udevs mTlian sistemebSi maTi struqturis gamoyofa, romelic 

warmoadgens elementebs Soris mdgradi damokidebulebebis, 

urTierTakvSirebisa da erTmaneTis mimarT maTi rolis erTobliobas. 

struqtura moiazreba, rogorc raRac invariantuli (ucvleli) 

gansazRvruli gardaqmnebisas, xolo funqcia, rogorc “daniSnuleba” 

mocemuli sistemis yoveli elementisa. 

struqturul-funqciuri meTodis ZiriTadi moTxovnebia: 
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a) sistemuri obieqtis agebulebis struqturis Seswavla; 

b) misi elementebis da maTi funqciuri maxasiaTeblebis gamokvleva; 

g) am elementebisa da maTi funqciis cvlilebis analizi;  

d) sistemuri obieqtis ganviTarebis (istoriis) ganxilva; 

e) obieqtis, rogorc harmoniulad da funqcionirebadi sistemis 

warmodgena, romlis yvela elementi “muSaobs” am harmoniiis 

SesanarCuneblad.  

ZiriTadad struqturul-funqciuri meTodi daedo safuZvlad 

transformirebadi sainJinro sistemebisa da transformirebadi karkasul-

sayrdeniani sistemebis Teoriis Seqmnas. 

aRniSnul sistemebSi, transformaciis SesaZleblobebidan 

gamomdinare, nagebobebis struqtura da forma umTavresi, saerTo da 

niSandoblivia, rac gansazRvravs didgabaritiani, formacvalebadi 

sistemebis ZiriTad Tvisebebs. 

transformirebadi, didi zomis nagebobebis SeswavlaSi kvlevebis 

empiruli da Teoriuli meTodebis didi wilia. magaliTad, rodesac 

transformirebad sistemebSi vixilavT formacvalebadobis saxeobebs, aq 

kvlevebis empiruli meTodi iqna gamoyenebuli, romelic dakvirvebisa da 

Sedarebis gziT ganisazRvra. 

aRniSnuli amocanis gadawyvetis dros kvlevebis Teoriuli 

meTodebidan, aseve gamoyenebulia azrobrivi eqsperimentis meTodi. igi 

warmoadgens modelirebis gansakuTrebul saxes. aseT eqsperimentSi 

mkvlevari azrobrivad qmnis idealur obieqtebs, adarebs maT erTmaneTs 

garkveuli dinamikuri modelis farglebSi, azrobrivad axdens, ra 

moZraobis da im situaciebis imitacias, romlebic SeiZleba warmoiSvas 

realur eqsperimentSi. amasTan, idealuri modelebi da obieqtebi xels 

uwyoben yvelaze ufro mniSvnelovani, arsebiTi kavSirebisa da 

damokidebulebebis “sufTa saxiT” gamovlenas, SesaZlo situaciebis 

azrobriv gadaTamaSebas, arasaWiro variantebis ganTesvas. 

amasTan, transformaciis ZiriTadi, sistemebis empiruli meTodiT 

kvlevebis garda gamoyenebulia Teoriuli Semecnebis meTodis saxeoba – 

formalizacia, maTi urTierTdamokidebulebis klasifikaciiT. 

formalizacia aris Sinaarsiani codnis asaxva niSan-simboloebis 

saxiT (formalizebul enaze), igi iqmneba azris zusti gamoxatvisaTvis, 
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araerTmniSvnelovani gagebis SesaZleblobis gamoricxvis mizniT. 

formalizaciis dros obieqtebis Sesaxeb msjeloba gadayavT niSnebiT 

(formulebiT) operirebis sibrtyeSi, rac dakavSirebulia xelovnur 

enebTan (maTematikis, logikis, qimiis da a.S. ena). 

ZiriTadi masala transformirebadi sistemebisa Sedgenilia 

Teoriuli kvlevis meTodebiT, romelSic dominirebs zemoT aRniSnuli 

struqturul-funqciuri modeli. amasTan, rac Seexeba samecniero 

kvlevebis Semecnebis saSualebebs, aq upiratesad gamoyenebulia Semecnebis 

logikuri saSualebebi. misi gamoyeneba msjelobis da damtkicebis 

procesSi, mkvlevars saSualebas aZlevs akontrolos realuri 

argumentebi da ganacalkevos isini yalbi mtkicebulebebisagan. 

kvlevebSi aseve gamoyenebulia kvlevebis maTematikuri saSualebebi. 

maTematika _ mecniereba raodenobrivi damokidebulebebisa da 

sivrciTi formebis Sesaxeb, saSualebas iZleva ganxilul iqnas ara marto 

uSualod abstragirebuli  raodenobrivi damokidebulebebi da sivrciTi 

formebi, aramed logikurad SesaZlebelic, romlebic logikuri wesebiT 

gamoyavT cnobili damokidebulebebidan da formebidan. 

Semecnebis aRniSnuli saSualeba ZiriTadad gamoyenebulia 

transformirebadi sistemebis, rogorc formacvalebadi simravlis 

parametrebis gansazRvris gamosaxatavad. 

nagebobis ukve miRweuli struqturis da formis gansazRvris 

Semdeg, misi Sesaswavlad farTod aris gamoyenebuli samecniero 

kvlevebis maTematikuri saSualebebi, romelic moicavs ukve cnobil da 

aRiarebul meqanikis, maTematikis da Tanamedrove programuli 

uzrunvelyofis saSualebebs. 

SromebSi gansakuTrebuli mniSvneloba aqvs karkasul-sayrdeniani 

struqturis Seswavlas, nagebobis sayrdeni karkasebis, karkasebs Soris 

sivrcis Sevsebisa da sakontaqto zonebis gansazRvras. 

am mxriv, upiratesad gamoyenebul iqna kvlevebis Teoriuli meTodis 

erT-erTi Semadgeneli _ azrobrivi modelireba, romelic agreTve 

warmoadgens praqtikaSi adre ar arsebuli, axali sistemebis 

konstruirebis xerxs. mkvlevari Seiswavlis ra realuri procesebis 

damaxasiaTebel Tvisebebs da maT tendenciebs, wamyvani ideis safuZvelze, 

eZebs maT axal SeTanwyobas, axorcielebs maT azrobriv 
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gadakonstruirebas, e.i. axdens Sesaswavli sistemis saWiro mdgomareobis 

modelirebas. amasTanave, iqmneba modeli-hipoTezebi, romlebic avlenen 

Sesaswavli sistemis komponentebs Soris kavSiris meqanizmebs, rac 

Semdgom,  praqtikaSi mowmdeba. 

amdenad, axali nagebobis _ axali formisa da struqturis Seqmnis 

pirvel etapze, wina planze gadmodis logikuri safuZvlebis Semecneba, 

sistemis formisa da struqturis dadgena da am mxriv sawyis da 

sasazRvro  pirobebSi, rac SeiZleba meti formalizebuli debulebis 

gansazRvra. 

rac Seexeba SemoTavazebuli sistemis formisa da struqturis 

Seswavlas, optimizacias da maTi Sedegebis mixedviT TviT, struqturisa 

da formis nawilobrivi an mTliani cvlilebis aucileblobas, es ukve 

mkacrad formalizebuli, arsebuli an axali meTodebiT xorcieldeba. es 

amocanebi ukve meore etapis, aseve metad mniSvnelovani, samuSaoebia. 

 

1. 2. transformirebad konstruqciaTa gamoyenebis 

ZiriTadi mimarTulebani 

 

teqnikis sxva dargebTan SedarebiT sainJinro praqtikaSi 

mSeneblobis process, kerZod, samSeneblo konstruqciebis Seqmnas, 

garkveuli konservatizmi axasiaTebs. es ZiriTadad Seexeba sistemis 

tradiciul formebs, masalebis SerCevas da agebis xerxebs, Tumca am 

mimarTulebaSic aris bevri axali  da originaluri gadawyveta. 

samSeneblo konstruqciebi, zogadi saxiT, yovelTvis gamoxatavdnen 

maTi aSenebis dros da epoqas. samSeneblo konstruqciebisadmi  

wayenebuli funqciuri da arqiteqturuli moTxovnebis 

dasakmayofileblad saWiro formebis miRweva sxva faqtorebTan erTad 

ganisazRvreba konstruqciuli masalebis TvisebebiT, agebis teqnologiiT 

da mSeneblobis meTodiT. 

zemoaRniSnuli  sakiTxebis gadawyvetisas warmoebis teqnikuri, 

ekonomikuri, materialuri, mecnieruli da inJinruli uzrunvelyofa da 

mSeneblobis pirobebi ZiriTad maxasiaTeblebs warmoadgenen. aseT 

urTierTdamokidebulebaSi samSeneblo konstruqciebis ganviTareba 

yovelTvis mimdinareobs gadasawyveti amocanebis moTxovnebis mixedviT. 
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samSeneblo konstruqciebis ganviTareba ara marto inJinruli, 

aramed gacilebiT ufro farTo Tvalsazrisis sakiTxia, romelic 

socialuri, ekonomikuri, religiuri, istoriuli, zneobrivi da sxva 

problemebis mravalferovan speqtrs moicavs. 

inJinruli TvalsazrisiT, kerZod, konstruqciebSi, prioritetul 

sakiTxad gvevlineba formebis warmoqmnis principi. metwilad, axali 

konstruqciebis formisa da struqturis gansazRvra efuZneba mravali 

axali sqemis SemuSavebas masalatevadobisa da damzadebis xarjebis 

gaTvaliswinebiT, magram, amasTanave, naklebad iTvaliswineben nagebobaTa 

aSenebis meTodebs.  

es sakiTxebi xSirad xdeba  mSeneblobis xerxis SerCevis ZiriTadi 

kriteriumi, romelsac mniSvnelovanwilad eqvemdebareba masalis saxeoba, 

garkveuli formebi da  struqtura. aseTi gaxlavT realoba da igi 

zogjer warmoadgens principebis gansazRvris TviTmaregulirebels. 

swored amiT aixsneba upiratesoba da popularoba, vTqvaT, asawyobi 

struqturebisa monoliTurTan SedarebiT, romelTac xSirad aniWebs 

prioritets ekonomikuri gaangariSeba. zogjer piriqiTac xdeba da a.S. 

xSirad TviT mSeneblobis pirobebic gansxvavebulia. zogjer isini  

eqstremaluria, romlis drosac sainJinro konstruqciebisa da Senoba-

nagebobebis mSenebloba aratradiciul gadawyvetebs moiTxovs. 

eqstremaluri pirobebi sxvadasxva dargisa da teqnikis 

saxeobebisaTvis SeiZleba sxvadasxvagvarad Camoyalibdes. samSeneblo 

konstruqciebis  Seqmnisas es SeiZleba iyos: 

 mkveTrad SezRuduli mSeneblobis  vadebi; 

 araordinaruli garemos arseboba kosmosis, wylis, atmosferos saxiT 

da a.S.; 

 samSeneblo procesebi Znelad misadgom adgilebSi da rTul 

pirobebSi; 

 konstruqciebis ageba katastrofebisa da saomari moqmedebis zonebSi; 

  nagebobebisa da konstruqciebis daCqarebuli adgilgadanacvleba; 

  konstruqciis formis perioduli Secvlis moTxovna; 

 konstruqciebis mravalgzis gamoyenebis saWiroeba, rogorc erT, ise 

sxvadasxva adgilas; 
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 garda amisa, axlad warmoSobili gansakuTrebuli pirobebi, motivebi 

da sxva. 

eqstremalur pirobebSi konstruqciebis Seqmnas cvlileba Seaqvs  

amocanis gadawyvetis SerCevisa  da Sefasebis logikaSi. 

saeqspluatacio da funqciuri parametrebis miRwevisas zogjer 

ekonomikuri maCveneblebi ukana planze aRmoCndeba da wina planze 

gadmodis problemebis gadaWris teqnikuri da teqnologiuri parametrebi. 

zemoaRniSnuli pirobebi xSirad minimumamde amcireben imis 

garantias, rom adgilze moxdes calkeuli konstruqciebis Seqmna. amitom 

nakeTobis egreT wodebuli „saqarxno mzaobis“ done SeZlebisdagvarad 

maqsimalurad maRal niSnulamde unda iqnes ayvanili. 

konstruqciis struqturis agebis arqiteqtura da formebis 

warmoqmnis procesi, TiTqosda mravali variantis arsebobis miuxedavad, 

realurad xorcieldeba ori mimarTulebiT: 

 formis ageba da Secvla konstruqciis funqcionirebis adgilas,  

misi struqturis calkeuli elementebisagan awyobis safuZvelze; 

 formis ageba da Secvla konstruqciis funqcionirebis adgilas im 

sistemis geometriis transformaciaze dayrdnobiT, romelsac aqvs 

winaswar Seqmnili Sesabamisi struqtura urTierT-dakavSirebuli 

calkeuli elementebis safuZvelze. 

formaTwarmoqmnis ganxiluli ori mimarTuleba “asawyobi”´da 

“transformirebadi” struqturebis gamoyenebiT gamoricxavs mSeneblobaSi 

damkvidrebul formaTwarmoqmnis “monoliTur” struqturas, radgan igi 

warmoadgens “transformirebad” struqturebSi  kerZo SemTxvevas. 

es ori mimarTuleba, romlebic zemoT ganvixileT, mTlianad 

moicaven formebis warmoqmnis procesebis yvela SesaZlo geometriul da 

fizikur models. winaswari SefasebisaTvis unda aRvniSnoT, rom 

monoliTuri mSeneblobis procesSi figurirebs ori komponenti, es aris: 

„formebi“ anu „yalibi“ da gamyarebadi masa. 

 Tu gamyarebad masas ganvixilavT Semadgeneli  komponentebis 

doneze, vnaxavT, rom igi Sedgeba, e.i. „iwyoba“ calkeuli elementebisagan, 

romlebic erTmaneTTan amyareben qimiur an sxvagvar bmas _ kavSirs, da 

gadaiqceva formacvlad anu transformirebad sistemad, an rCeba 
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calkeuli elementebis ubralo anakrebad. garkveuli drois Semdeg, 

rodesac kavSirebis gamyarebiTi SeqmniT moxdeba “formis fiqsacia”, 

gamyarebul konstruqcias moxsnian „formebs“ – yalibs. 

 orive qvevariantSi dasaxuli formebis warmoqmna, e.i. 

transformacia, xorcieldeba damatebiTi droebiTi sabmulebiT, – 

„formebiT“, romlebic funqcionireben struqturis SigniT mudmivi bmebis 

warmoqmnamde. swored amiT aixsneba “monoliTuri” struqturis mikuTvneba 

transformirebadi struqturebisadmi. 

 rac Seexeba kosmosSi  mSeneblobas, droTa ganmavlobaSi isini sul 

ufro aqtualuri xdeba. kacobrioba ukve  Seudga kosmosis aTvisebas da 

aq ukan aRar daixevs. mecnieruli, sawarmoo, teqnikuri da teqnologiuri 

procesebi sul ufro mWidrod ukavSirdeba orbituli teqnologiis 

sistemebs. isini gansazRvraven sazogadoebis civilizaciis dones da 

saqmianobas. bevri problemis efeqtiani gadawyveta kosmosisa da 

kosmosuri teqnikis gareSe araTu momavalSi, ukve dRes aris SeuZlebeli, 

rom aRaraferi vTqvaT planetebis aTvisebasa da supersadgurebis 

mSeneblobaze.  

 aqedan gamomdinare, kosmosis problemebi  ver eteva mxolod 

safreni aparatebisa da raketamatareblebis specialistTa saqmianobis 

sferoSi da scildeba mas. isini moiTxoven adamianTa saqmianobis yvela 

sferos warmomadgenelTa TanamSromlobas. kosmosTan adamianis kontaqtis 

pirvel etapze dRis wesrigSi  dadga mSeneblobis – kosmosuri 

mSeneblobis sakiTxi. es dakavSirebulia praqtikul saqmianobasTan da 

mravalmxriv kvlevebTan.  

 magram ukve  SegviZlia vTqvaT, rom orbitul nagebobebSi 

gamoyenebas hpovebs da inergeba ara marto axali koncefciebi, aramed 

dedamiwaze Seqmnili ukve cnobili konstruqciebic. es gasagebic aris _ 

kacobrioba xom aTaswleulebis manZilze dagrovil gamocdilebas 

xSirad iyenebs Tavis SemoqmedebiT saqmianobaSi.  

 kacobriobis azrovnebas, „dedamiwa-kosmosis“ sqemiT moqmedebisas, ar  

SeiZleboda, ar SeemCnia ukukavSiric – „kosmosi-dedamiwa“ – miT umetes, 

rom mSeneblobaSi „uwonadobis“ gamoyeneba “kosmosuri epoqis” dadgomamde 

didi xniT adre daiwyo. magaliTisaTvis SegviZlia davasaxeloT amweze 

Camokidebuli mZime tvirTebis xeliT orientacia, kvanZebis Sepirapirebis 
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an gadanacvlebis dros. swored es aris nakeTobis „gauwonadoba“, e.i 

gravitaciis faqtoris nawilobrivi moxsna, rac kosmosis pirobebis 

imitacias warmoadgens. 

 dedamiwisgare mSenebloba dResdReobiT savsebiT  tradiciulad 

gamoiyureba _ nagebobebi, sadgurebi da saTavsebi sicocxlis  

uzrunvelyofisa da teqnikis funqcionirebisaTvis, energoresursebis 

akumulaciisa da gacemisaTvis; mzis batareebi; koncentratorebi; 

amreklebi da ialqnebi; teqnologiuri baqnebi; mzidi karkasebi; 

zomagrZeli da mRobavi elementebi da a.S. ai, im sainJinro nagebobaTa 

mTeli anakrebi, romlebic  unda vaSenoT kosmosis erTob specifiur da 

eqstremalur pirobebSi. swored es ganasxvavebs maT ukve cnobili 

inJineruli gadawyvetebisagan. 

 miwiszeda nagebobebisagan kosmosur sainJinro nagebobaTa 

gansxvavebis xarisxi nairgvaria. igi klebulobs im konstruqciebis 

mimarT, romlebic navaraudevia aSendes eqstremalur pirobebSi da Znelad 

misadgom adgilebSi dedamiwaze. aseTi midgoma bunebrivia, vinaidan 

yvelaze fantastikur kosmosur teqnikasac ki adamiani qmnis  dagrovili 

codnisa da gamocdilebis gamoyenebiT, romlebic aseve dedamiwazea 

SeZenili. 

 amitom, sul cota dro, mxolod 25-35 weliwadi, dasWirda imas, rom 

kosmosur sainJinro nagebobaTa mSeneblobis problemis gadawyvetaSi 

mSeneblebiv CarTuliyvnen. 

 kosmosSi did sainJinro konstruqciaTa ageba da maTTvis 

„mSeneblobis“ statusis miniWeba wyvets ara marto formalur, aramed  

meTodur amocanasac. sawyis etapze kosmosSi didi sainJinro 

konstruqciebis SemuSavebas inerciiT mohkides xeli kosmosuri teqnikis 

profesionalebma: radistebma, meqanikosebma, masalaTmcodneebma, 

energetikosebma, eleqtromeqanikosebma da  sxvebma. amitom, nagebobis 

SeqmnaSi sruliad bunebrivad vawydebodiT rTuli meqanikuri da sxva 

manqanebis agebis principTa did siWarbes. amave dros, nagebobebis  Seqmna 

samSeneblo mecnierebis daxmarebiT, arsebuli tradiciebisa da dargis 

specialistTa gamocdilebis gaTvaliswinebiT, Zirfesvianad amartivebs 

amocanis gadawyvetas. amitom aRniSnul problematikaSi samSeneblo 

konstruqciebis specialistebis sabazo yofna uzrunvelyofs samuSaoTa 
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Sesrulebis ufro mosaxerxebeli gadawyvetilebis da meTodebis 

danergvas. 

 kosmosSi transformirebadi konstruqciebis gamoyenebis didi 

perspeqtivebi ar scildeba sistemis formaTwarmoqmnis zogadi logikis 

farglebs. isini  mxolod amdidreben gadawyvetis variantebs, rac 

ukukavSiris meoxebiT xels Seuwyobs tradiciuli, dedamiwiseuli 

transformirebadi konstruqciebis gamoyenebas da ganviTarebas. 

didi sainJinro konstruqciebi kosmosSi _ es niSnavs mSeneblobis 

procesis gadasvlas kosmosur sivrceSi. yvela teqnikuri gadawyveta, 

teqnologiuri principebi da konstruqciuli sqemebi, Sesabamisi 

cvlilebebiT, garkveul viTarebebSi SeiZleba gamoyenebul iqnes 

orbitaze, ase rom, usamarTloba iqneboda migveniWebina romelime 

maTganisaTvis universaluri prioriteti. 

orbitebze sainJinro nagebobebis Seqmna SeiZleba ganxorcieldes 

oTxi ZiriTadi xerxiT an maTi kombinirebiT: 

funqcionirebis adgilze konstruqcia SeiZleba mitanil iqnes 

saproeqto formis mqone mza nakeTobis saxiT, aseTi produqciis 

orbitebze  mitana yvelaze saimedo da, erTi SexedviT, SedarebiT martiv 

xerxs warmoadgens. magram didi gabaritis nagebobisaTvis, Tu 

gaviTvaliswinebT woniTs parametrebs da  raketa matareblebis satvirTo 

nakveTurebis tevadobas, aseTi midgoma teqnikuri da ekonomikuri 

TvalsazrisiT erTob SezRudulia. 

problemebis gadaWris meore gadawyveta _ es aris ukve kosmosSi 

awyobili konstruqciis mitana erTi orbitidan meoreze. magram es ufro 

ganekuTvneba tvirTis transportirebis amocanebs, vidre sistemebis 

formaTwarmoqmnis xerxebs. 

orbitebze konstruqciebis calkeuli mza elementebisagan awyoba, 

kosmonavtTa saqmianobis aqtivizaciis Semdeg, robotebisa da specteqnikis 

gamoyenebiT sul ufro xelmisawvdomi xerxi xdeba, magram mocemul 

etapze maTi gamoyeneba mainc SezRudulia. 

 amitom, Tu gaviTvaliswinebT garemos eqstremalurobas, metwil 

SemTxvevebSi orbituli kompleqsebis muSaobis avtomatur reJimebs, 

robototeqnikasTan dakavSirebul problemebs da kosmonavtTa manevrebis 

SezRudulobas, cxadi xdeba, rom dedamiwaze an orbitalur sadgurze 
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winaswar Seqmnili nagebobis da konstruqciis dakecili satransporto 

paketidan kosmosSi gaSlis _ transformaciis xerxi prioritetul  

pozicias inarCunebs. 

rac Seexeba kosmosSi mSeneblobas elementTa da nakeTobaTa 

damzadebis teqnologiuri ciklebis ganxorcielebiT, es perspeqtiva 

ufro masStaburad gvesaxeba kosmonavtikis ganviTarebis momdevno da arc 

Tu Soreul etapebze. amasTan erTad, sxva xerxebTan kombinirebiT, 

masalis „formis damamaxsovrebeli” nivTierebis gamyarebis teqnologiuri 

procesebis gamoyeneba, profilebisa da TviT fermebis agregatuli 

damzadeba ukve dRes aris aqtualuri. 

rogorc aRiniSna, konstruqciebis Seqmna maTi transformirebis 

safuZvelze prioritetulad gvesaxeba kosmonavtikis ganviTarebis 

amJamindel etapze. 

kosmosSi mSeneblobisaTvis perspeqtiuli konstruqciuli 

gadawyvetebisa da maTi gamoyenebis xerxebis analizis dros vrwmundebiT, 

rom xelovnuria sqemebis da procesebis gadanawileba perspeqtiuli 

jgufebis saxiT. amas adasturebs dedamiwaze mSeneblobis istoriac da 

misi Tanamedrove ganviTarebac.  

yoveli konkretuli sqema, TiToeuli teqnologiuri mimarTuleba da 

yoveli masalis tipi Sefasebul unda iqnes  ara zogadad, aramed 

konkretuli amocanisaTvis gankuTvnili, dazustebuli teqnikuri 

moTxovnebis Sesabamisad. transformirebad  sistemebSi konkretul 

gadawyvetebs warmoadgenen fermebis, koWisebri, vanturi, vanturReroiani, 

furclovani, garsuli, brtyeli da sivrciTi, agreTve winaswardaZabuli,  

cnobili da axali konstruqciebis sxvadasxva saxeobebi. 

magram  kosmosuri bazirebis transformirebadi konstruqciebis 

TiToeuli sqemis realizaciisaTvis gansakuTrebul interess warmoadgens 

sistemis formacvalebadi struqturebi. magaliTad, fermebis konstruqcia 

SeiZleba aigos saxsrebisa da Reroebisagan, agreTve pnevmatikuri 

afskisebri milebisagan, romlebic ibereba an ivseba plastikuri masiT, es 

masa Semdeg myardeba. 

es adasturebs, rom transformirebadoba ar warmoadgens 

konstruqciis damaxasiaTebel niSans romelime sqematuri klasisadmi misi  
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mikuTvnebis TvalsazrisiT, rogorc es metwil klasifikaciebSia 

miRebuli.  

transformirebadi sistemebisaTvis aseve ar warmoadgens 

konstruqciul niSans misi dinamikuri safuZvlebi. sistemis 

maxasiaTebeli, miuxedavad imisa, aris igi meqanikuri, avtomaturi, Tu 

xelisa, centridanulad Tu sxvagvarad gasaSleli, ar zRudavs sqemebis 

klass maTi realizaciisaTvis. magaliTad, centridanulad SeiZleba 

gaiSalos ara marto vanturi sistemebi, romlebic tradiciulad 

Seesabameba am gadawyvetebs, aramed agreTve zomagrZeli fermis 

elementebi, Tu moxdeba am konstruqciebis modificireba aseTi amocanebis 

Sesabamisad. 

survili, movaxdinoT transformirebadi konstruqciebis 

klasificireba maTi sqemebis saxeobebisa da jgufebis mixedviT, 

konstruqciuli erTiani sistemisagan calke, safuZvels aris moklebuli. 

yvela arsebuli transformirebadi sistema Tavis adgils poulobs 

konstruqciebis sqemaTa arsebul gradaciebSi, maTi „transformirebadoba“ 

Tu „awyobadoba“ sxvadasxva saxeobaTa konstruqciebis teqnologiur 

Taviseburebas warmoadgens. 

 amitom, transformirebadi konstruqciebis Seswavlisas wina planze 

gadmodis transformaciis realuri struqturebi, formaTa warmoqmnis 

kinematikuri da dinamikuri safuZvlebi. 

 kosmosuri nagebobani praqtikulad, iseve rogorc dedamiwiseuli 

sistemebi, TavianTi funqciuri daniSnulebis mixedviT SeiZleba iyos: 

 Zaluri; 

 preciziuli; 

 mRobavi. 

es funqciuri Tvisebebi emateba konstruqciis eqspluataciis 

moTxovnebs da ayenebs pirobebs, romlebic ganmsazRvrel gavlenas axdenen 

gasaSleli konstruqciis SerCevis principebze. magaliTad, preciziuli 

konstruqciebis SemTxvevaSi, romlebic didi saeqspluatacio gabaritebiT 

gamoirCeva da SezRudulia dakecili paketis zomebiT, gaZnelebulia 

transformirebadi fermuli struqturebis gamoyeneba, vinaidan uamravi 

meqanikuri saxsrisa da elementis arseboba ganapirobebs folxvas da 
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cdomilebebs damzadebisas. es arTulebs zusti saproeqto geometriis 

miRwevas da iwvevs deformaciis zrdas, rac transformaciisaTvis  

xelisSemSleli faqtoria. 

aRniSnuli garemoeba gansakuTrebiT iCens Tavs maSin, rodesac ferma 

statikurad urkvevadia. amis mizezi gaxlavT is, rom fermis kvanZebisa da 

Reroebis geometriis umniSvnelo cvlilebis dros Reroebi, romlebic 

xSirad gaSlis energoSemcvelebs da formis saboloo fiqsatorebs  

warmoadgenen, bolomde ver imarTeba, da, amis Sedegad ver uzrunvelyofen 

formaTwarmoqmnis procesis  dasrulebas. 

transformaciis meSveobiT konstruqciuli sistemebis formebis 

warmoqmna unda akmayofilebdes im gansakuTrebul moTxovnebs, romlebsac 

vuyenebT axali  formebis Seqmnas praqtikulad yvelgan – rogorc 

dedamiwaze, ise kosmosur sivrceSi. 

magram am moTxovnebis dakmayofilebis drosac ki, transformaciis  

gziT konstruqciis formaTwarmoqmna Tavis gadawyvetis sirTulis da 

ZviradRirebulebis gamo mkacr Sefasebas moiTxovs.  

transformirebadi sistemis SeqmnisaTvis saWiro dro, teqnikuri 

gadawyvetis kvalobaze, umeteswilad ufro  metic ki aris im drosTan 

SedarebiT, romelic analogiuri aratransformirebadi sistemebis 

damzadebas sWirdeba. amasTan, arcTu iSviaTad, saWiroa maRali 

kvalifikaciis muSaxelis, ZviradRirebuli masalebis, rTuli  

meqanizmebisa da mowyobilobis gamoyeneba. magram Sromisa da 

danaxarjebis  akumulacia transformaciis startamde xdeba.  

mecnierebis da teqnikis  Semdgom ganviTarebasTan erTad dRis 

wesrigSi dadgeba amocana, SevqmnaT sainJinro konstruqciebi  

eqstremaluri pirobebisTvis da swored am mimarTulebiT  gvesaxeba 

perspeqtiulad transformirebadi sistemebis farTo gamoyeneba. 

zemoaRniSnulidan naTlad Cans, rom zogadad transformirebadi 

sistemis analizi da maTi logika erTob mravalferovani da 

mravalmxrivia. amdenad, sawyis etapze, aucilebeli xdeba sainJinro 

transformirebadi sistemis maTematikuri modelis SemuSaveba da 

maTematikuri logikis safuZvelze ganzogadebuli Tvisebebis 

Camoyalibeba. erTi sityviT, saqme Seexeba transformirebadi sistemebis 

Teorias, rogorc formaTwarmoqmnis kanonzomierebis gansazRvras. 
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II. transformirebadi sainJinro sistemebis Teoria 
 

II.1. transformirebadi konstruqciebis zogadi  niSnebi 
 

sityva  „transformacia“ laTinuri  „transformatico“-dan momdinareobs  

da niSnavs gardasaxvas, saxecvlilebas da sxvas. 

am terminis xmarebis  diapazoni sakmaod farToa. igi  praqtikulad 

mecnierebis, teqnikisa da xelovnebis yvela sferoSi gamoiyeneba. 

transformirebadoba sainJinro sistemebSi ganisazRvreba Semdegi 

terminebiT: „transformirebadi nagebobebi”, „transformirebadi 

konstruqciebi“, „transformirebadi daxurvebi“ da a.S. 

magram praqtikulad, literaturaSi, yofa-cxovrebisa da teqnikis 

sxvadasxva sferoSi, xmaroben terminebs, „gasaSleli“, „dasakeci“, 

„gamosawevi“, “gasaberi“, „maraosebri“, „garmonisebri“, „pantografiuli“ da 

a.S., romlebic transformirebadi konstruqciebis azrobriv sinonimebs  

da dazustebebs warmoadgenen. 

arada, isini yvelani erTad asaxaven erTian transformirebad  

sistemas, vinaidan is saerTo da principuli niSnebi, rac zemoCamoTvlil 

konstruqciebs axasiaTebs, es aris maTi transformirebadoba. 

transformirebadi konstruqciebi jer kidev uZveles xanaSi 

gamoiyeneboda gasaberi tyavis baliSebis – navtikebis saxiT, romlebic 

wylis dabrkolebis individualuri gadalaxvis saSualebas warmoadgenen. 

transformirebadi konstruqciebi iyo agreTve gasaSleli Tokis kibeebi, 

romlebic sxvadasxva mizniT gamoiyeneboda. transformirebadi 

konstruqciebis magaliTia qolgebi, xomaldebis asawevi ialqnebi, 

maraoebi, karis da fanjris asawev-gadmosawevi saCrdiloblebi da 

mravali sxva. 

transformirebadi konstruqciebi, dakecili saxiT umetes 

SemTxvevaSi kompaqturi  da mciregabaritiania. isini ioli gadasatania 

yovelgvari transportiT.  

amasTan, transportabeloba rodia gasaSlel konstruqciaTa da 

nagebobaTa savaldebulo da sakmarisi niSani. magaliTad, gasaSleli 

xidebi, romlebic warmoadgenen msxvil  stacionarul transformirebad 

sainJinro nagebobebs, saWiroebisamebr iSleba, magram amave dros aseTi 

xidebi yovelTvis ar aris transportabeluri. 
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amrigad, aris transformirebadi konstruqciebi transportabeluri 

da aratransportabeluri, magram orives aqvs unari – Seicvalos forma. 

konstruqciis formis Secvla niSnavs misi calkeuli elementebis 

erTmaneTis mimarT fardobiT urTierTgadaadgilebas. magram konstruqciis 

zogadi formis yvela cvlileba rodi ganapirobebs sistemis 

transformirebadobas. 

magaliTad, mravali prizmis erToblioba, erTmaneTis mimarT 

nairgvari ganlagebisas warmoSobs gansxvavebul formebs (fig. II.1). 

 

fig. II.1 _ asawyob konstruqciaSi kubebis gadanawileba 

sxvadasxva formis mixedviT 
 

amave dros, mravali elementis es erToblioba transformirebad  

sistemad gvevlineba mxolod maSin, rodesac elementebi garkveuli saxiT 

aris dakavSirebuli erTmaneTTan da warmoSoben erTgvar mTlianobas. am 

pirobebis gareSe elementTa aseTi simravle warmoadgens asawyob 

konstruqciebs, romlebic ar unda gavaigivoT transformirebad 

konstruqciebTan. 

elementebis sistema, romelsac SeuZlia Seicvalos forma, 

mravalferovania. sistemebi, romlebSic erTmaneTTan dakavSirebul 

Semadgenel elementebs SeuZliaT gadaadgildnen erTurTis mimarT, 

SeiZleba daiyos or ZiriTad jgufad. 

pirveli  jgufis sistemebi TavianTi funqcionirebis procesSi 

transformirdebian, anu drois TiToeul SualedSi yvela elementis 

mdebareoba erTurTis mimarT  sxvadasxvaa. aseTi sistema warmoadgens 

meqanizms, e.i. sxeulTa sistemas, romelic gankuTvnilia erTi an ramdenime 

sxeulis moZraobis gardaqmnisaTvis sxva sxeulebis saWiro moZraobad. 

aseTi sistemis magaliTia saaTi, romlis elementebi drois sxvadasxva 

SualedSi erTurTis mimarT sxvadasxvagvarad aris ganlagebuli. 
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meore jgufis sistemebi funqcionireben transformaciis Sedegad 

warmoqmnili fiqsirebuli geometriuli formis stadiaSi. magaliTad, 

CamosaSvebi Storebi transformaciis Semdeg asruleben Tavis  funqciebs, 

faraven ra Senobis Sida nawils gare sivrcisagan. 

orive SemTxvevaSi sistemis funqcionirebad igulisxmeba sistemis 

mier Tavisi uSualo daniSnulebis Sesrulebis procesi.  

aris sistemebi, romlebSic  Sexamebulia orive jgufis niSnebi, e.i. 

isini erTdroulad warmoadgenen meqanizmebsac da transformirebad 

sistemebsac. aseTi sistemis magaliTad SeiZleba moviyvanoT gasaberi 

aerostati, romelic etapobrivad, situaciis mixedviT icvlis formas da 

airiT gaberili asrulebs Tavis funqcias.  

transformirebad sistemebs konkretul SemTxvevebSi SeiZleba 

hqondeT   nairgvari  forma.  magaliTad,  gasaSleli  savarZlis  Senaxva 

dakecili saxiT ufro mosaxerxebelia da gadasatanadac iolia (fig. II.2. 

a). 

 
fig. II.2 _ gasaSlel-dasakeci savarZeli: 

a _ dakecili mdgomareoba; b _gaSlili, saeqsploatacio mdgomareoba; 

c _ Sualeduri fiqsirebuli forma; d _ gaSlili saeqsploatacio mdgomareobis 

gansxvavebuli forma. 
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transformaciis Semdeg, gaSlili saxiT (fig. II.2.b) savarZeli iRebs 

funqciur formas, anu iseT formas, roca masSi SeiZleba Cajde. 

elementebis mdebareobis mixedviT mas aseve SeiZleba mieniWos 

gansxvavebuli funqciuri forma (fig. II.2.c). savarZlis formis 

fiqsirebuli mdgomareoba miiRweva ara marto funqcionirebis procesSi, 

aramed elementebis sxvagvari mdebareobis drosac (fig. II.2.d). 

savarZlis konstruqciis transformaciis yvela etapze mis formaSi 

daculia calkeuli elementebis urTierTdakavSirebis da mTlianobis 

struqtura. 

ganvsazRvravT ra transformirebadi sistemebis fiqsirebuli 

formebis fizikur azrs, SegviZlia vTqvaT, rom igi Seesabameba meqanikur 

sistemaTa wonasworobas. 

zogadad transformirebadi sistema warmoadgens meqanizmisa da 

nagebobis sinTezs. gaSlis etapze igi srulyofili meqanizmia, xolo 

gaSlil mdgomareobaSi transformirebadi _ gasaSleli sistema 

warmoadgens nagebobas. 

amdenad, transformirebadi konstruqciebi, rogorc rTulad 

organizebuli struqtura moiTxovs mis Tanmimdevrul ganxilvas da 

sistematizacias. 

 
II. 2. formaTwarmoqmnis procesebi  

 
mSeneblobis swrafi tempi, dasaxul samuSaoTa didi moculoba, 

maRali xarisxi da saimedooba, ekonomiuroba da industriuloba, 

esTetikuroba da sxva moTxovnebi, romlebsac konstruqciebs vuyenebT, 

ganapirobeben imis saWiroebas, rom SeirCes an Seiqmnas efeqtiani saSeni 

masalebi, SemuSavdes konstruqciis damzadebisa da awyobis axali 

teqnologiebi, uzrunvelyofil iqnes nakeTobis transportireba, 

maqsimaluri saqarxno mzaoba, mTeli procesis oრganizaciis, 

meqanizaciisa da avtomatizaciis maRali done – konstruqciis 

daproeqtebiT dawyebuli da misi ganxorcielebiT damTavrebuli.  

teqnikuri amocanis efeqtian gadawyvetasTan dakavSirebul mraval 

sakiTxTa Soris erT-erTi ZiriTadia nagebobis konstruqciuli forma. 

mSeneblobis ganviTarebis mTeli istoria, rogorc sainJinro, ise 



23 

 

arqiteqturuli TvalsazrisiT, uSualo kanonzomier kavSirSia 

konstruqciis formebis ganviTarebasTan. 

konstruqciis axali formebis Zieba da Seswavla dRes moicavs 

mkvlevarTa da specialistTa farTo wres. unda aRiniSnos, rom igi 

samSeneblo xelovnebis da mecnierebis nomer pirveli prioritetia. 

formaTwarmoqmnis procesebis Seswavla mkvlevarTa Tanabar 

interess iwvevs rogorc teqnikis, ise cocxali bunebis dargSi.  

Cven aq ar CavuRrmavdebiT bionikuri meTodis gamoyenebis sakiTxebs. 

mocemul etapze misi meSveobiT ZiriTadad wydeba amocanebi iseTi formis 

SerCevis, romlebic uzrunvelyofen konstruqciebis da nagebobebis 

gaumjobesebul saeqსpluatacio da fizikur-meqanikur Tvisebebs da 

srulyofil, bunebriv da bunebasTan Serwymul arqiteqturas.  

konstruqtorTa amocanaa gansazRvron ara marto konstruqciis 

optimaluri forma, aramed, agreTve misi ganxorcielebis, e.i. 

konstruqciis sakuTari formis miRwevis saukeTeso da misaRebi xerxebi. 

swored es mxare, konstruqciis formirebis realurad SesaZlo da 

xelmisawvdomi xerxebis gamovlena, gvevlineba metwilad teqnikuri 

gadawyvetis da konstruqciis Seqmnis problemis gadaWris donis 

Sefasebis ZiriTad kriteriumad. 

formaTwarmoqmnis kanonzomierebaTa ganmartebasTan erTad, interess 

warmoadgens formis ganxorcielebis ZiriTadi xerxebis arsic. kerZod, 

ufro konkretulad daismis kiTxva: ra xerxebiT iqmneba konstruqcia, e.i. 

rogor SeiZleba mimdinareobdes misi sakuTari formis Camoyalibeba.  

sainJinro konstruqcia – es aris urierTdakavSirebuli elementebis 

sistema. rogorc elementebis sistemas, mas aqvs struqtura _ obieqtis 

mdgradi bmebis erToblioba, romlebic uzrunvelyofen mis mTlianobas 

da igiveobas sakuTari Tavisadmi.  

nebismieri formis konstruqciis amosavali wertilia misi 

Semadgeneli elementebi da maTi urTierTdamagrebis kavSirebi.  

realur pirobebSi xSirad waSlilia mkafio sazRvari calke 

warmodgenil elementsa da calke warmoqmnil bmebs Soris, vinaidan 

funqcionalurad isini erTmaneTTan aris Serwymuli. miuxedavad amisa, 

amocanis gadawyvetis mwyobri sistematizaciisaTvis mosaxerxeblad 

isaxeba sistemis elementebis da maTi bmebis urTierTgamijvna.  
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konstruqciis formirebis procesi iwyeba  elementebisa da bmebis 

SerCeviT. konstruqciis formis miRwevisa da ganxorcielebis mizniT, 

SeiZleba warmoiSvas pirobebi axali, damatebiTi, egreT wodebuli 

fiqsaciis bmebis konstruqciaSi mowyobisa. 

nebismier SemTxvevaSi konstruqciis forma aris mravali sxvadasxva 

elementis konkretuli simravle, romlebic, rogorc ukve aRvniSneT, 

garkveul kavSirSia erTmaneTTan da warmoSobs garkveul sistemas. 

formis Secvla arsebiTad igivea, rac konfiguraciis geometriis 

Secvla. amitom, formis yoveli cvlilebis dros warmoiSoba elementebis 

axali simravle, vinaidan TiToeul maTgans aqvs Semadgeneli elementebis 

Tavisi kerZo geometriuli ganlageba.  

vinaidan konstruqciis forma elementTa simravlis konkretuli 

sistemaa, am ukanasknelis Secvla niSnavs sistemis Secvlas.  

Tu konstruqciis formis warmoqmna an Secvla yovelTvis niSnavs 

konstruqciis sistemis warmoqmnas an Secvlas, struqtura aseT 

viTarebaSi ucvleli rCeba, an icvleba.  

ganvixiloT im sistemisagan agebuli forma, romelsac qmnis ~N~ 

elementebis simravle dakavSirebuli ~C~ bmebis erTobliobiT (fig. II.3). 

  

a)                                   b) 

 

 

 

 

 

    

                                         c)  

 

 

 

fig. II.3 _ formebi, romelic Seqmnilia “N” elementebis 

         simravliT da “C” bmebis erTobliobiT. 

                   a – forma I; b – forma II; c  _ forma III. 

 

N 

C 

C 
N 

N 

C 
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 rogorc vxedavT, sabmurebis tipisa da sigrZis Seucvlelad, 

sxvadasxva SesaZlo zemoqmedebis meSveobiT, icvleba kvadratuli sistemis 

forma (fig. II.3.a) rombiseburi sistemis formad (fig. II.3.b). forma I 

gardaisaxa forma II-ad, anu moxda formaTwarmoqmna struqturis 

Seucvlelad.  

 struqturis calkeuli kavSirebis deformaciebiT, formis 

cvlilebis sailutraciod, ganvixiloT forma I (fig. II.3.a), romelSic 

ucvleli raodenobiT aris datovebuli “N” elementebis raodenoba. 

elementTa axal simravles, romelic warmoqmnis forma III-is mqone axal 

sistemas (fig. II.3.c), viRebT struqturis deformaciis cvlilebis Sedegad 

bmebis damoklebisa da dagrZelebis gziT. Fforma III warmoiSva bmulebis 

~aramdgradobis~ Sedegad, zemoaRniSnuli formaTwarmoqmnisagan 

gansxvavebiT (fig. II.3.b), roca bmebi mdgradi rCeboda. @ 

 Aaxali formebis Seqmnis gavrcelebuli SemTxvevaa sistemis 

Semadgeneli elementebis raodenobis cvlileba. formaTwarmoqmnis aseTi 

procesebi mimdinareobs axali elementebis damatebiT da axali 

sabmurebis warmoSobiT an maTi klebiT (fig. II.4). 

   

                        a)                                            b) 

 

 

                     forma I                     forma II 

 

 

 

                        c) 

                             forma III  

        

fig. II.4 _ axali formis Seqmna sistemis elementebis 

  damatebiT an klebiT 

 a _ forma I; b _ forma II; c _ forma III. 
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 formaTwarmoqmnis yvela saxeobaSi konstruqciis elementebi 

SeiZleba iyos rogorc erTnairi, ise nairgvari. 

 amdenad, formaTwarmoqmnis yvela SesaZlo procesi  efuZneba or 

komponents: 1) N _ sistemis elementebs, da 2) C _ struqturis bmebs.  

 axali formebi SeiZleba Seiqmnas yvela SemTxvevaSi, rodesac 

elementebis raodenoba icvleba _    an mudmivi rCeba _   . TiToeul 

SemTxvevaSi struqturis bmebi aseve icvleba _   , an mudmivi rCeba _     

es niSnavs, rom formaTwarmoqmnis dros SeiZleba  dacul iqnes Semdegi 

oTxi kombinacia: 

               

               

               

               

 Kkonstruqciis formaTwarmoqmnis procesSi calke unda ganvixiloT 

misi struqtura - bmebis erToblioba. 

 yovel bmas axasiaTebs ori  ZiriTadi parametri: 

 1) geometriuli – G;    2) meqanikuri – M.  

bmis  geometriuli  parametri gansazRvravs mxolod uSualod 

gadabmuli elementebis urTierTganlagebas, xolo meqanikuri _ maTs 

Zalur urTierTkavSirs da Tavisuflebis xarisxs. TvalsaCinoebisaTvis 

ganvixiloT sami urTierTdakavSirebuli elementis a, b da d-s  

struqtura (fig. II.5). 

 

 

 

 

 

fig. II.5 _ elementebis da maTi bmebis geometriuli 

da meqanikuri Tvisebis gamovlena. 

 

struqturis geometriuli parametrebi gulisxmobs bmebis sigrZes - 

a,b,c, da maT orientacias sibrtyeze an sivrceSi. meqanikuri parametrebi 

gulisxmobs: bmebis zambarulobas _ a, Rerovan _ b da moqnil Rerovan, 

B 

D A 

a b 

c 
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calmxriv _ c kavSirebs, aseve elementTan  Camagrebis xarisxs. kavSirebis 

Camagreba xarisxis mixedviT SeiZleba iyos saxsruli, xisti da sxva. 

yvela SemTxvevaSi, rodesac formaTwarmoqmna ar mimdinareobs  da 

konstruqcias fiqsirebuli forma aqvs, an formaTwarmoqmna struqturis 

Seucvlelad sruldeba, bmebi iTvleba mdgrad _   . 

 Bbmebi, romlebsac ecvlebaT geometriuli an meqanikuri 

maxasiaTeblebi, an – orive erTad, iTvleba aramdgradad _   . 

 FformaTwarmoqmnas konstruqciebSi ganapirobebs Sida da gare 

Zaluri  faqtorebi. AamasTan, SesaZlebelia N elementebis raodenobis da 

struqturis geometriuli da meqanikuri maxasiaTeblebis kombinaciis 

Semdegi variantebi: 

                     

                     

                     

                     

                     

                     

                     

                     

 

CamoTvlili kombinaciebi  formaTwarmoqmnis sxvadasxva SemTxvevebs 

warmoadgenen.  realur pirobebSi es procesebi SeiZleba mimdinareobdes 

maTi ramdenime kombinaciis arsebobisas.  

amasTan, aseve unda aRiniSnos, rom Tu gardaqmnis kombinaciaSi 

icvleba elementTa raodenoba an mimdinareobs maTi gadajgufeba, bmebis 

moxsnis an damatebis gziT, maSin aseTi procesi Seesabameba mSeneblobas 

asawyobi elementebisagan da isini ar arian transformirebadi sistemebi. 

xolo Tu  procesis kombinaciaSi elementTa raodenoba ar icvleba 

da bmebi maT Soris daculia, aseT sistemebs transformirebads uwodeben. 

aRniSnuli logikidan gamomdinare simbolikebi  jgufdeba 

Semdegnairad: 

I. asawyobi sistemebi 

                         

       II. transformirebadi sistemebi 
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rTul kombinaciebSi erToblivad sruldeba formaTwarmoqmnis 

rogorc pirveli, ise meore procesebi. 

unda gaviTvaliswinoT, rom funqcionalur formaSi, sistemis 

wonasworobis misaRwevad, SeiZleba saWiro gaxdes damatebiTi bmebi.  

ganasxvaveben formaTwarmoqmnis formamdgrad, forma aramdgrad da 

formadazustebul tipebs.  

formamdgradi tipebi Seesabameba transformaciis iseT saxeobas, 

rodesac procesis dawyebidan damTavrebamde zustad xdeba prognozireba 

da formaTwarmoqmna mimdinareobs am prognozis Sesabamisad. 

transformaciis formamdgradi procesis magaliTi naCvenebia fig. II. 6-ze. 

                     N 

 

 

 

fig. II.6 _ formamdgradi transformacia. 

 

 Fforma aramdgrad transformaciebSi process aqvs 

formaTwarmoqmnis nebismieri, dauprognozebeli etapebi. transformaciis 

forma aramdgradi procesebis magaliTi mocemulia fig. II.7-ze. 

   N    

 

 

 

fig. II.7 _ forma aramdgradi transformacia. 

 

 rac Seexeba sistemis transformaciis formadazustebul procesebs, 

aq prognozirebas eqvemdebareba formaTwarmoqmnis sawyisi da saboloo 

etapebi. Sualeduri etapebi SeiZleba mimdinareobdes transformaciis 

sxvadasxva sqemebiT. zogierT SemTxvevaSi formadazustebuli 

transformaciis procesi aris sinTezi formamdgradi da 
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formaaramdgradi transformaciisa. formadazustebli transformaciis 

magaliTi mocemulia fig. II.8-ze. 

 

N 

 

 
 

fig. II.8 _ formadazustebuli transformacia 

 
bmebis  Tvisebebi gansazRvraven formis transformaciis qcevas. 

mdgrad da aramdgrad bmebs  zogjer axasiaTebT Tviseba, gadaiqcnen 

Sesabamisad bmis aramdgrad an mdgrad saxeobebad.  

             

xdeba, rom  bmis gadaqcevis procesebi Seqcevadia: 

      

 xolo zogjer  ki perioduli: 

            

rodesac  formaTwarmoqmnis ZiriTad tipebs vaanalizebT, unda 

aRvniSnoT, rom transformaciisas formamdgradi procesebi, am cnebis 

pirdapiri azriT, niSnavs formis mdgradobas mTeli procesis drois 

yovel SualedSi, sxvadasxvagvaris zemoqmedebis mimarT. amasTan, 

nebismieri konstruqciuli sistema SeiZleba gaxdes iseTi Zalovani 

zemoqmedebis obieqti, romlis drosac igi kargavs formis mdgradobas. 

amitom, rodesac forma mdgrad transformacias ixilaven, gulisxmoben 

mxolod mis mdgradobas formis cvlilebis etapebze da ara mdgradobis 

dakargvis Zalovani zemoqmedebiT. 

 

II.3. sistemis transformirebadi struqturebi da geometria  

 

zogadi saxiT, rogorc aRiniSna, transformirebadi sistemebi, 

formis fiqsirebuli da transformaciis stadiebis arsebobis 

gaTvaliswinebiT, warmoadgenen sainJinro nagebobebisa da meqanizmebis 

sinTezs. sistema transformaciis procesSi meqanizmia, xolo fiqsirebul 

mdgomareobaSi nageboba. 
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amdenad, transformirebadi konstruqciebis sistematizacia 

konkretuli parametrebis mixedviT metad mravalmxrivia, romelTa Soris 

erT-erTi da metad mniSvnelovania transformirebadi sistemebis 

geometria – forma da misi cvalebadobis kanonzomierebebi. 

ganxiluli realuri  konstruqciuli sistemebi gviCveneben, rom 

urTierTdakavSirebuli elementebidan calk-calke TiToeulma, 

gamonaklisis gareSe sxvadasxvagvari Zalovani zemoqmedebis dros 

SeiZleba ganicados deformacia. Ees niSnavs, rom egreT wodebuli sawyisi 

elementi, romelic sabazoa da Teoriulad absoluturad myarad aris 

miCneuli, realur pirobebSi drekadobisa da plastikurobis Sedegad, 

sxvadasxvagvari zemoqmedebis dros, TviTon icvlis formas da gadaiqceva 

aramdgradi bmebis mqone elementarul transformirebad sistemad.  

 sakiTxis aseTi dayenebis dros, formaTwarmoqmnis unaris mixedviT, 

iSleba sistemaTa klasifikaciis yvela sazRvari, vinaidan qreba ~mdgradi 

bmebis~ cneba.  

realuri masalebisagan damzadebul konstruqciebSi 

transformirebadi sistema SeiZleba ganxilul iqnes, rogorc calkeuli 

martivi konstruqciuli elementebi.  

 zemonaTqvamidan gamomdinare, Tu ganvixilavT fermis konstruqcias, 

rogorc transformirebad sistemas molekuluri bmis doneze, 

geometriulad misi transformacia ganisazRvreba drekadi an drekad_ 

plastikuri deformaciebiT.  

 formaTwarmoqmnis principebis ganzogadebis TvalsazrisiT aq 

winaaRmdegoba ar aris. Mmagram Tu ganvixilavT  iseTi elementebisagan 

Sedgenil konstruqciul sistemebs, romelTa deformaciulobac ar 

asrulebs mniSvnelovan rols konstruqciis formis zogad cvlilebebSi, 

maSin aseTi elementebi SeiZleba CaiTvalos absoluturad xistad (fig.II.9, 

a). 

Tu konstruqciebSi transformaciis procesis dros, yovel etapze, 

forma miiRweva drekadi, drekad-plastikuri an plastikuri 

deformaciebis xarjze, maSin am SemTxvevaSi deformaciis absoluturad 

dauqvemdebarebel elementad SeiZleba CaiTvalos molekuluri done da 

deformirdeba mxolod molekulebs Soris arsebuli  bmebi (fig. II.9, b).  
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     N 

       a) 

 

 

 

       b) 

 

fig. II.9 _ transformaciebi, romlebic xorcieldeba:  

a _ xisti, saxsrulad dakavSirebuli elementebisagan da b _ drekadi deformaciebiT, 

romelic sruldeba masalis molekulur doneze, romlis elementad miCneulia 

molekulebi, xolo bmebad molekulebs Soris arsebuli kavSirebi. 

 

amrigad, transformirebadi SeiZleba iyos konstruqciebi, romlebic 

Seicaven mudmivi raodenobis mdgrad bmebs da akmayofileben sistemis 

geometriuli cvalebadobis pirobebs. amasTan, maT SeiZleba gaaCndeT 

aramdgradi bmebis rogorc cvalebadi, aseve mudmivi raodenoba. 

transformirebad sistemebs aqvT fiqsirebuli formebi da 

gardasaxvis formebi. es ukanasknelni warmoiSobian transformaciis 

procesSi da maTi realizacia xdeba wrfivi, brtyeli, garsisebri da 

moculobiTi formaTwarmoqmnis gziT.  

aseTi gardaqmnebi ganapirobeben erTganzomilebiani, 

organzomilebiani da samganzomilebiani fiqsirebuli formebis sxvadasxva 

kombinaciebs. 

 SesaZlo gardaqmnebis klasifikaciisaTvis SemoviRoT Sesabamisi 

simbolika:  

 erTganzomilebiani forma –      F = f (x); 

 organzomilebiani forma  –   F = f (x;у); 

 samganzomilebiani forma  –   F = f (x;у;z). 

ufro konkretulad, simbolikis gamoyenebis gziT formebi ase 

gamovsaxoT. 

  wrfivi forma –  

  

  brtyeli forma –  
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 Mmrudxazovani forma –     

 

 Ggarsisebri forma –     

 

  sivrcul-mrudxazovani forma –     

  

  moculobiTi forma –       

 

simbolikis gamoyenebiT, ZiriTadi geometriuli formebis 

gardaqmnebis kombinacia SegviZlia amgvarad gamovxatoT: 

 

I. erTganzomilebiani forma erTganzomilebianad da piriqiT: 

F'=f '(x)   ↔     F" =f "(x) 

 

1) wrfivi forma wrfivad 

                         

  

 

II. erTganzomilebiani forma organzomilebianad da piriqiT: 

     F'= f '(x)   ↔     F" = f "(x;у) 

 

1) wrfivi forma brtylad 

  

 

                       

 

2) wrfivi forma mrudxazovnad 

                                                                         

 

  III. erTganzomilebiani forma  samganzomilebianad da piriqiT 

F'=f '(x)   ↔     F" =f "(x;у;z) 

 

 

↔ 

↔ 

↔ 
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1) wrfivi forma moculobiTad  

                         

                                                                         

 

2) wrfivi forma sivrcul-mrudxazovnad 

                         

                                                                         

 

3) wrfivi forma garsisebur formad 

                           

                                                                      ↔      

 

  IV. organzomilebiani forma organzomilebianad da piriqiT, 

F'=f '(x)   ↔     F" =f "(x;у) 

 

1) brtyeli forma brtylad 

           

 

2) mrudxazovani forma mrudxazovnad 

                    

3) mrudxazovani forma brtylad 

 

 

V. organzomilebiani forma samganzomilebianad da piriqiT 

                 F'=f '(x)   ↔     F" =f "(x;у;z) 

 

1) brtyeli  forma sivrcul-wrfivad 

 

2) brtyeli  forma garsiseburad 

 

3) brtyeli forma moculobiTad 

                      

 

↔ 

↔ 

↔ 

↔ 

↔ 

↔ 

↔ 

↔ 
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4) mrudxazovani forma sivrcul-mrudxazovnad 

 

 

5) mrudxazovani forma moculobiTad  

 

                     

VI. samganzomilebiani forma samganzomilebianad da piriqiT 

                  … F'=f '(x;y;z)   ↔   F" =f "(x;у;z)   

 

1) sivrcul-mrudxazovani forma garsiseburad 

 

                       …… 

2) sivrcul-mrudxazovani forma moculobiTad 

 

                               …… 

3) sivrcul-mrudxazovani forma sivrcul-mrudxazovnad 

 

                             

4) garsisebri forma garsisebrad 

 

 

5) garsisebri forma moculobiTad 

 

 

6) moculobiTi forma moculobiTad 

                   

  

 Kkombinaciebis jgufebis ganxilva gviCvenebs, rom formebis zogadi 

geometriis TvalsazrisiT, maTi warmoqmnisas SesaZlebelia 

sxvadasxvagvari gadasvlebi,  rogorc maTi ganzomilebis, ise tipis 

mimarT _ wrfivi, brtyeli, mrudxazovani, sivrcul-mrudxazovani, 

garsisebri da moculobiTi. 

 

↔ 

↔ 

↔ 

↔ 

↔ 

↔ 

↔ 

↔ 
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Tu transformirebad sistemebs formis gardaqmnis dros aqvT 

Tviseba gardaisaxon mxolod `erTi mimarTulebiT~. magaliTad, wrfivi 

formis moculobiTad transformaciis Semdeg sistemas ar ZaluZs 

ukutransformireba, aseT sistemebs uwodeben `calmxriv 

transformirebads~,  sxva SemTxvevebSi isini `ormxriv transformirebadi~ 

iqneba. 

simbolurad `calmxrivi~ da `ormxrivi~ transformacia SeiZleba 

Semdegnairad Caiweros: 

  calmxrivi: 

  ormxrivi: 

sistemebs, romelTac SeuZliaT erTi  mimarTulebiT erTxel 

transformireba, ewodebaT `erTetapiani~, xolo sistemebs, romelTac 

SeuZliaT Sesabamisad ganagrZon formebis warmoqmna - `mravaletapiani~:  

 

erTetapiani: 

mravaletapiani: 

  

Tu transformirebadi sistema calmxrivi  da erTetapiania, es niSnavs, 

rom igi “erTjerad-transformirebadia”. 

 sxva SemTxvevebSi aseT sistemebs ewodebaT “mravaljerad-

transformirebadi” sistemebi. 

 Tu mravaljerad-transformirebad sistemebSi gardaqmna xdeba 

mxolod or formas Soris, da TiToeuli  maTgani Tanamimdevruli 

rigiTobiT warmoiqmneba, aseTi sistema iqneba “erT tipad 

transformirebadi”:  

 

                                D     da a.S. 

                                       an 

                                       da a.S. 

 xolo Tu gardaqmna ganapirobebs sxvadasxva formebis warmoqmnas, 

sistema iqneba “mraval tipad transformirebadi”, 

     

 

→ 

↔ 

→ 

→ → → 

→ → 

→ → → 
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 Tu erT SemTxvevaSi mraval tipad transformirebadi sistemis 

yoveli konkretuli formis warmoqmnis rigiToba ar aris damokidebuli 

sxva formebis warmoqmnis Tanamimdevrobaze, maSin sistemas ewodeba 

“nebismierad transformirebadi”: 

 

 

 

     ………… 

 

 xolo Tu yoveli konkretuli formis warmoqmnis wesi 

damokidebulia sxva konkretuli formebis warmoqmnis rigiTobaze, maSin 

sistema iqneba “aranebismierad aratransformirebadi”: 

 

      

  

Tu garkveuli  formebis warmoqmnis rigiToba periodulad 

meordeba, maSin sistema iqneba “periodulad transformirebadi”:  

 

    

 

 

 

 

 

II.4. transformirebadi sistemebis ZiriTadi parametrebi 

 
formis – wrfivis,  brtyelis an moculobiTi tipis miuxedavad 

realur  pirobebSi  transformirebad sistemas  aqvs sami ganzomileba da 

warmogvidgeba samganzomilebiani  sxeulis saxiT. igi  Sedgeba  mravali 

urTierTdakavSirebuli elementisagan Tavisi gansazRvris ariT _ F (x; у; z). 

gansazRvris are axasiaTebs TiToeuli sistemis sakuTar geometrias 

da ukavia gansazRvruli moculoba sivrceSi – gansazRvris moculoba 

Vgans. warmoadgens transformirebadi konstruqciis elementebs da bmebis 

jamur moculobas. 

→ → 

→ → → → 

→ → → → → 

→ → → → 
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transformirebadi sistemebisaTvis gansakuTrebuli mniSneloba aqvs 

gabarituli SefuTvis moculobas Vg.S. e.i. im minimalur moculobas, 

romelSic is aris moTavsebuli. gabarituli SefuTvis moculobaSi Sedis 

agreTve gamWoli da Sida Riobebis moculoba.  

sivrceSi  gabarituli  SefuTvis moculoba aRiwereba misi 

zedapiriT _ SSef., romelsacMyvela SesaZlo zedapirTagan, romlebic 

garedan ekvris konkretul transformirebad sistemas, yvelaze mcire, 

minimaluri farTobi aqvs da ar iTvaliswinebs araviTar sicarieles da 

Riobs sistemaSi.  

transformirebadi sistemis gabaritebs uwodeben marTi oTxkuTxa 

prizmis wiboebis sigrZes _ Ех, Еу, Еz. masSi Tavsdeba transformirebadi 

sistema, romelic mWidrod ekvris prizmis  wiboebsa da waxnagebs. 

gansazRvris are F (x; у; z), misi moculoba Vgans., gabarituli SefuTvis 

moculoba Vg.S. da gabaritebi Ех, Еу, Еz aris transformirebadi sistemis 

ZiriTadi geometriuli parametrebi. swored maTzea damokidebuli misi 

sxva maxasiaTeblebi, romlebic aseve mniSvnelovan rols asruleben 

TiToeuli sistemis Sefasebisas. 

Zalze xSirad, transformirebadi sistemis Rirsebad iTvleba misi 

SefuTvis simWidrovis maRali xarisxi - nS.s., romelic dgindeba 

gansazRvris aris da gabarituli SefuTvis moculobaTa TanafardobiT: 

   ს  =  
    ს 

     
 ≤1 

ufro srulyofili konstruqciuli sistemebi  TiTqmis yovelTvis 

gamoirCeva SefuTvis simWidrovis koeficientis matebis tendenciiT.  

transformaciis stadiebSi,  sistemis yoveli konkretuli formis 

dros, mudmivad rCeba gansazRvris aris moculoba Vgans.. = const. danarCeni 

parametrebi, gabarituli SefuTvis moculoba da TviTgabaritebi SeiZleba 

icvlebodes an mudmivad darCes. Mmagram transformaciis yvela 

SemTxvevaSi, rogorc wesi, Seicvleba sistemis gansazRvris are, vinaidan 

xdeba erTi simravlis meored gardaqmna. 

ganvixiloT transformirebadi sistema Semdego parametrebiT _ F (x; 

у; z); Vgans.; Vg.S; da Ех, Еу, Еz. zemoaRniSnulis gaTvaliswinebiT, transformaciის 

procesebis Semdegi albaTobaa mosalodneli:  
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1. F (x; у; z) ~        Vgans. _   Vg.S.. 
_          (Ех, Еу, Еz) ~ 

2. F (x; у; z) ~        Vgans. _  Vg.S..~             (Ех, Еу, Еz) ~ 

3. F (x; у; z) ~        Vgans _    Vg.S..
_          (Ех, Еу, Еz) _ 

  
yvela kombinaciaSi SenarCunebulia sistemis gansazRvris aris 

ucvleli moculoba. amas adasturebs is garemoeba, rom konstruqciul 

sistemebSi transformaciis stadiebis dros materialuri elementebis 

raodenoba ar icvleba. Ees mtkiceba Seesabameba transformirebadi 

sistemis parametrebs. Mmagram  misi namdviloba yovelTvis dasturdeba 

procesis saguldagulo analiziT. 

ganvixiloT hermetuli transformirebadi sistemis magaliTi, 

romelic Sedgeba saxsrulad dakavSirebuli oTxi brtyeli wibosagan da 

maTze ori mxridan mimagrebuli elastiuri garsisagan (fig. II.10).   

N 

fig. II.10 _ transformirebadi sistemis ganzsazRvris aris 

        ucvlelobis konkretuli magaliTi: 
 

                     a - hermetuli transformirebadi sistema gabervamde; 

                                    b - hermetuli transformirebadi sistema gabervis Semdeg. 

 
Tavdapirvelad SeiZleba mogveCvenos, rom sistemis gansazRvris aris 

moculoba airiT gavsebamde (fig. II.10.a) naklebi iyo, vidre gavsebis 

Semdeg (fig. II.10.b). arada, sulac ar aris ase. Aairi aq meore sistemas 

warmoadgens, romliTac P wnevis qveS ivseba hermetuli moculobis 

transformirebadi sistema. Aamitom  materialuri  nawilis eE.i. 

gansazRvris aris moculoba  transformaciamdec da mis Semdegac, 

mudmivi  rCeba.  
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aq  masalebis elastiurobis mimarT ori SemTxveva ganixileba: 

— pirvel SemTxvevaSi elastiuri masala ar ganicdis wagrZelebebs da 

am variantSi masalis moculobis zrdis problema ar arsebobs; M 

— meore SemTxvevaSi elastiuri masala ganicdis wagrZelebebs, magram 

amasTan misi moculoba ucvleli  rCeba, radganac wagrZelebas 

Sedegad mohyveba elastiuri  masalis sisqis Semcireba _ gaTxeleba.  
 

sistemis transformacia xasiaTdeba transformaciis sididiT – Vtr., 

romelic warmoadgens transformirebadi sistemis meoradi  da pirveladi  

formis gabarituli SefuTvis moculobaTa sxvaobas: 

Vtr.= V"g.S. – V'g.S. 

 transformaciis procesebSi igi SeiZleba iyos dadebiTi,  

uaryofiTi an nulis toli.  

0 <  Vtr  ≤ 0 

sistemis transformacia, roca 0 <  Vtr  < 0  gasaazreblad iolia, 

magram SemTxveva Vtr = 0  erTgvar ganmartebas moiTxovs.  

Tu moculoba, romelsac igi ikavebs sivrceSi misi Sida da gamWoli 

Riobebis gaTvaliswinebiT, transformaciis dros ar icvleba, maSin 

gveqneba Vtr = 0. swored maSin Vtr.= V"g.S. – V'g.S.=0 (fig. II.11). 

 
fig. II.11 _ transformacia pirveladi da meoradi formis 

gabarituli SefuTvis moculobis Seucvlelad 

a _ transformirebadi sistema oTxkuTxa prizmis sicarieliT; 

b – transformaciis Semdeg igive gare zomebis mqone transformirebadi 

    sistema ori oTxkuTxa prizmis Sida sicarieliT, romlis moculoba  

        a SemTxvevaSi gamosaxuli sxeulis Siga oTkuTxa prizmis moculobis tolia. 
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transformaciis mniSvnelovani parametria misi jeradoba. 

transformaciis jeradoba SeiZleba iyos erTganzomilebiani – 

wrfivi, organzomilebiani da samganzomilebiani anu moculobiTi.  

erTganzomilebiani – transformaciis wrfivi jeradoba nw 

gamosaxavs  meoradi formis SefuTvis moculobis gabaritebis Е"х, Е"у, Е"z 

Tanafardobas pirveladi formis gabaritebTan - Е'х, Е'у, Е'z.  

nx
w =

х

х

Е

Е




 ;    ny

w  =
y

y

E

E




;       nz

w 
z

z

E

Е




  . 

transformaciis organzomilebiani, zedapiruli jeradoba nz 

gamoxatavs meoradi formis gabarituli SefuTvis moculobis 

Semomfarglavi zedapiris SS." Tanafardobas pirveladi formis aseTive 

mniSvnelobasTan SS.':  

nz = 
  
  

  
   

transformaciis samganzomilebiani, moculobiTi jeradoba – nmoc. 

gamoxatavs meoradi formis gabarituli SefuTvis moculobis V"g.S. 

Tanafardobas pirveladi formis aseTive maCvenebelTan  V'g.S.: 

nmoc= 
    

  

    
  

sistemis transformaciis xarisxis  SefasebisaTvis imis kvalobaze, 

Tu ra SefardebiT SeiZleba Seicvalos sigrZe, farTobi an moculoba, 

SemoviRoT gardobiTi transformaciis sidede _ η.  

isini gamoixateba Semdegi formulebiT: 

ηx =
х

xx

E

EE
'

 
;  

ηy 
Y

YY

E

EE



 
 ; 

ηz = 
  
     

 

  
 ; 

ηზ = 
  
     

 

  
 ; 

ηმოც = 
    
       

 

    
  

sistemis rogorc urTierTdakavSirebuli materialuri elementebis 

simravlis formaTwarmonaqmna mimdinareobs sivrcesa da droSi. 



41 

 

transformaciis dro _ ttr. miRebulia drois Sualedad pirveladi  

formis gansazRvris aris gardaqmnis  pirveli niSnebis gamoCenidan, 

meoradi formis warmoSobis momentamde. 

gansakuTrebuli praqtikuli mniSvneloba aqvs transformirebadi 

sistemebis masis maxasiaTeblebs. iseve, rogorc sxva sistemebSi, am 

ukanasknelebSi ZalaSi rCeba kriteriumi _ ra masa modis sigrZis 

farTobis da moculobis erTeulze.  

sigrZis erTeulis wilad mosuli masis gansasazRvravad sistemis 

masa iyofa maqsimaluri gabaritis sigrZeze. 

                                gg
maxЕ

G
  

farTobis erTeulis wilad mosuli masa ganisazRvreba masis 

gayofiT gabarituli SefuTvis Semomfargvleli zedapiris farTze: 

gs  
 

  
 

moculobis erTeulis wilad mosuli masa ganisazRvreba masis 

gayofiT gabarituli SefuTvis moculobaze: 

      Vg  
 

     
 

 transformirebadi sistemis elementTa simravles aqvs simZimis 

Teoriuli centri, romlis gansazRvris drosac, realurisagan 

gansxvavebiT, yvela elementis da bmebis xvedriTi wona erTmaneTis tolia. 

 transformaciis procesSi mTeli sistemis gadataniTi moZraobis 

gauTvaliswineblad, simZimis centri sivrceSi SeiZleba uZravad darCes an 

gadaadgildes (fig. II.12). 

         a)                                                                           b) 

 

 

 

 

 

 

 

 

      

fig. II.12 _ simZimis Teoriuli centris mdebareoba sistemis  

transformaciis procesebisas:  

Y 

Z 

X F2(X2;Y2;Z2) 

O2(X'2;Y'2;Z'2) 

O1(X'1;Y'1;Z'1) 

F1(X1;Y1;Z1) 

O1(X'1;Y'1;Z'1) Y 

Z 

F2 (X2 ;Y2;Z2) F1(X1;Y1;Z1) 
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a _ transformirebadi sistemebis Teoriuli centri ar gadaadgildeba; 

b _ transformirebadi sistemis Teoriuli centri gadaadgildeba. 

 

warmodgenil figuraze, pirvel SemTxvevaSi miuxedavad sistemis 

transformaciisa, ramac misi gansazRvris are Secvala, simZimis centri O1 

ucvleli darCa. meore SemTxvevaSi ki, sistemis transformaciis Sedegad 

simZimis centri O1 wertilidan gadaadgilda O2 wertilSi. 

 transformirebadi sistemis pirveladi formis simZimis centridan 

meoradi formis simZimis centrisaken mimarTul  ̅ veqtors, sivrceSi 

mTeli sistemis gadataniTi moZraobis gauTvaliswineblad, ewodeba 

`transformaciis mimarTuleba~, xolo TviT sistemas - `mimarTulad 

transformirebadi~ (fig. II.13). 

 

 

 

 

 

 

 

 

 
fig. II.13 _ mimarTulad transformirebadi sistema 

 ganvixiloT miumarTavad transformirebadi sistema, romelic 

sivrceSi daumagreblad aris ganlagebuli (fig. II.14).  

N 

 

 

 

 

 

 

 

 

fig. II.14 _ miumarTavad transformirebadi sistema 

Y 

Z 

F 

F2(X2;Y2;Z2) 

O2(X'2;Y'2;Z'2) 

O1(X'1;Y'1;Z'1) 

F1(X1;Y1;Z1) 
F 

F2(X2;Y2;Z2) 

Y 

Z 

X O1(X'1;Y'1;Z'1) 

F1(X1;Y1;Z1) 
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transformirebadi sistemis gansazRvris sxvadasxva aris miuxedavad 

- F1(X1; Y1; Z1) da F2(X2; Y2; Z2) simZimis centri ucvleli iqneba O1(X'1; Y'1; Z'1). 

magram Tu amave sistemas pirvelad formaSi, gansazRvris ariT  F1(X1; 

Y1; Z1), transformaciamde davamagrebT А wertilSi, gansazRvris Semdegi are 

iqneba ara F2(X2; Y2; Z2) (ix. fig. II.14), aramed F3(X3; Y3; Z3). anu, simZimis centri 

O1(X'1; Y'1; Z'1) wertilidan gadainacvlebs O3(X'3; Y'3; Z'3) wertilSi. es niSnavs, 

rom  sistema mimarTulad transformirebadi  gaxda (fig. II.15).  

 

 

 

 

 

 

 

 

       

 

 

fig. II.15 _ miumarTavad transformirebadi sistemis gardaqmna 

      mimarTulad transformirebad sistemad 

 

mimarTulad transformirebadi sistemebi TavisTavad ver iqneba 

sakuTriv mimarTuli da sakuTriv miumarTavi. MmimarTuloba  SeiZleba 

ganvixiloT rogorc mTlianad sistemisaTvis, ise misi calkeuli 

fragmentebisaTvis. Amis kvalobaze ganasxvaveben zogad F  da fragmentul 

mimarTulobas F  fr.. 

zogadi mimarTuloba – es aris fragmentul mimarTulobaTa 

veqtorebis jami:  

    F = F 1 fr. + F 1 fr. + . . . + F n fr.  

Tu sistema miumarTavia ( F  = 0), masSi yovelTvis moiZebneba 

fragmentuli  mimarTulobani,  romlebic  gansxvavdebian  nulisagan     

F fr. ≠ 0. 

F3(X3;Y3;Z3) 

Y 

Z 

X O1(X'1;Y'1;Z1) 

F1(X1;Y1;Z1) 

O3(X'3;Y'3;Z'3) A1(XA;YA;ZA) 

F 
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simZimis centris gadaadgilebis kvalobaze ganasxvaveben simetriul 

transformacias. 

rodesac meoradi formis simZimis centri pirveladi  formis 

simetriis xazze rCeba, transformacias uwodeben `simetriuls~, xolo 

sistemas, romelsac SeuZlia simetriulad transformireba _ 

`simetriulad transformirebads~. sxva SemTxvevebSi saqme gvaqvs 

transformaciis arasimetriul sistemebTan. 

 sxvadasxva fragmentis transformacia SeiZleba warmoebdes 

sxvadasxva siCqariT. Mmagram mTeli sistemis  transformaciis siCqare 

xasiaTdeba transformaciis dayvanili siCqariT _     
 რ

.  

    
 რ

 
| ⃗|

  რ 
 

sadac | | aris transformaciis veqtoris sigrZe, xolo ttr. _ 

transformaciis dro.  

transformirebad sistemebs, romlebSic fragmentebis transforma-

ciis siCqare erTmaneTis tolia, `TanabarsiCqariani~ ewodeba.  sapirispiro 

SemTxvevaSi isini `sxvadasxvasiCqariani~ arian.  

konkretul konstruqciul sistemebSi sxvadasxvasiCqariani  

transformacia ganapirobebs faqtorTa Tavisebur gadanawilebas.  

 

II.5. transformirebadi sistemebis nairsaxeobani 

 

 sivrceSi qcevis zogadi xasiaTis TvalsazrisiT, transformirebadi 

sistemebi SeiZleba iyos transportabeluri, mobiluri, dinamikuri, 

statikuri, asawyob-transformirebadi da transformirebad-asawyobi. 

ganvixiloT TiToeuli SemTxveva cal-calke. 

 Tu transformirebadi sistemis fiqsirebuli  formis  gabarituli  

SefuTvis minimaluri moculoba Vg.S., gabaritebi Ех, Еу, Еz da masa G 

ganapirobeben misi satransporto saSualebiT gadaadgilebis 

SesaZleblobas – sistema transportabeluria. 

 Tu transformirebadi sistemis fiqsirebuli, saeqsloatacio 

formebis gabarituli SefuTvis maqsimaluri moculoba da gabaritebi 

ganapirobeben mis transportirebas – sistema mobiluria. 
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 magaliTad, Tu konstruqciis dakecili paketi transportirebas 

eqvemdebareba _ sistema transportabeluria. xolo Tu gaSlili  

konstruqcia moZraobs _ sistema mobiluria.  

 Tu transformaciis Semdeg transformirebad sistemas Seswevs 

eqsploataciis adgilze manevrirebis unari, ise, rom amasTan SeinarCunos 

aremares morgebis garkveuli xarisxi, maSin igi dinamikuria. Ddinamikuri 

iqneba iseTi  sistemebic, romelTa Semadgeneli nawilebi  

gadaadgildebian erTurTis mimarT (fig. II.16).  

 a)                                                                                           b) 

 

 

 

 

 

 

 

                 

 

 

fig. II.16 _ dinamikuri transformirebadi sistemis sqematuri asaxva: 

a _ dinamikuri transformirebadi sistema, romelic funqcionirebis pirobebSi 

manevrirebs; 

b _ dinamikuri transformirebadi sistema, romlis calkeuli nawilebi 

funqcionirebis stadiaze erTmaneTis mimarT gadaadgildeba. 

  

sxva SemTxvevaSi transformirebadi sistema statikurad iTvleba.  

gansakuTrebuli yuradReba unda  davuTmoT transformirebad-

asawyobi sistemebisagan asawyob-transformirebadi sistemebis gansxvavebis 

arss.  

Tu formaTwarmoqmnis stadiaSi Tavdapirvelad calkeuli 

pirveladi, e.w. Semadgeneli transformirebadi  formebi erT mTlian 

sistemad iwyoba, xolo Semdeg xdeba transformacia, aseTi sistema 

asawyob-transformirebadi iqneba (fig. II.17). 

 

 

Y 

Z 

X 

A 

Y 

Z 

X 
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                                   a)                                    b)                                          c) 

 

  

 

 

 

 

 

fig. II.17 _ asawyob_transformirebadi sistemis sqematuri modeli: 

a _ calkeuli transformirebadi sistemebis gaerTianeba; 

b _ transformirebadi sistema awyobili ori calkeuli transformirebadi 

sistemisagan;  

c _ awyobili transformirebadi sistemis transformacia. 

 
Tu Tavdapirvelad mimdinareobs calkeuli sistemebis 

transformacia, Semdeg ki maT awyoben da aerTianeben, sistema 

transformirebad–asawyobi  iqneba (fig. II.18). 

N            a)                          b)                                    c) 

   N 

 

 

 

 

 

 

 

fig. II.18 _ transformirebad_asawyobi sistemis modeli 

a _ calkeuli sistemebi transformirebaze; 

b _ calkeuli sistemebi transformaciis Semdeg; 

c _ transformaciis Semdeg awyobili, calkeuli transformirebadi sistemebi 

da Sedgenili axali asawyobi sistemebi. 

 

bmaTa ganawilebis TvalsazrisiT, transformirebadi sistemis 

strquturebi SeiZleba iyos mTliani da diskretuli (fig. II.19). 

  

 

+ 

+ 
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fig. II.19 _ mTliani transformirebadi struqturis da diskretuli    

transformirebadi struqturis sqematuri modelebi 

 

a _ oTxkuTxa formis drekadi gaWimuli apkis transformacia P Zalebis 

moqmedebiT: I _ transformaciamde; II _ transformaciis Semdeg. 

b _ calkeuli elementebiT da maTi makavSirebeli bmebiT ganxorcielebuli 

transformirebadi sistemis transformacia: I _ transformaciamde; II _ 

transformaciis Semdeg. 

 

mTliani transformirebadi struqturis magaliTia drekadi, Wimvadi 

apki, romelsac yvela mimarTulebiT aqvs molekulaTaSorisi kavSirebi, 

anu bmebi, xolo diskretuli transformaciis magaliTia, calkeul 

aratransformirebad konstruqciul elementebs Soris gadebuli bmebiT 

Seqmnili transformirebadi  konstruqciuli struqtura. 

amasTan, saWiroa mkafiod gaimijnos erTmaneTisagan mTliani da 

diskretuli  transformirebadi sistemebis da mTliani  da diskretuli 

konstruqciebis cneba. 

aRniSnuli saxelwodebani ar gansazRvraven transformirebadi 

sistemebis konstruqciul Taviseburebebs, aramed isini axasiaTeben 

konstruqciis transformirebad struqturebs.  

aseTive debuleba udevs safuZvlad erTgvarovani da nairgvarovani, 

izotropiuli da anizotropiuli transformirebadi sistemebis 

gansazRvras.  
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Tu transformirebad sistemaSi yvela mimarTulebiT aris mxolod 

erTnair saxeobaTa mdgradi da aramdgradi sabmulebi, mas `erTgvarovani~ 

ewodeba. winaaRmdeg SemTxvevaSi  aseTi sistema `nairgvarovani~ iqneba.  

sxvadasxva mimarTulebiT sistemas SeiZleba hqondes unari 

erTnairad an sxvadasxvanairad ganicados transformireba. pirvel 

SemTxvevaSi igi izotropiuli iqneba, meoreSi _ anizotropiuli.  

 

II.6. transformaciis tipebi da formebi 

 

procesebisa da formaTwarmoqmnis mravalferovnebis miuxedavad  

transformirebadi struqturis klasifikacia tipebisa da saxeobebis 

mixedviT SedarebiT martivad xdeba.  

ganasxvaveben formis transformaciis organul da araorganul tips.  

pirvel SemTxvevaSi transformacia xdeba mxolod konstruqciis 

masalebis Sida agebulebis elementTa gadaadgilebis gziT. magaliTad: 

gaWimuli rezinebis, gasaberi uWimvadi da Wimvadi afskebis da drekadi 

firfitebis Runvis Sedegad formebis Secvla, organul transformaciebs 

miekuTvneba.  

organuli tipis transformaciis procesSi SeiZleba davakvirdeT 

SemTxvevas, rodesac fardobiTi TvalsazrisiT, forma ar icvleba, aramed 

xdeba misi masStaburi proporciuli zrda an Semcireba. 

meore SemTxvevaSi, e.i. araorganuli tipis dros, transformacia 

xdeba im elementTa urTierTgadaadgilebis Sedegad, romlebic Tavad 

warmoadgenen konstruqciis sqemis detalebs.  maTi sakuTari 

deformaciebi, romlebic Sida agebulebis Sedegia, mxedvelobaSi ar 

miiReba. aseTi tipis magaliTia sxvadasxva saxeobaTa saxsrovani 

meqanizmebi. Sesabamisad, transformirebad sistemasac araorganuli 

ewodeba.  

realur pirobebSi  vxvdebiT formis transformaciis rogorc 

organulsa da araorganul, ise Sereul tipebs. 

transformaciis procesSi formis cvla ZiriTadi faqtoria im 

elementTa simravlis qcevisa sivrceSi, romlebic warmoSoben sistemis 

figuras.  
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transformaciis mimarTebiT yovelTvis moiZebneba elementTa iseTi 

aqtiuri simravleebi, romlebic ganlagdeba ara mimdinare procesebis 

neitralur RerZebze, aramed mis napirebze, Sida an gare mxareebze da 

gars Semoweren figuris moxazulobas. 

amis mixedviT movniSnoT sapirispiro wertilebi, romlebic 

simravlis elementebs warmoadgenen, da Sesabamisad Rru formebis Sida 

wertilebi `plius~ da `minus~ niSnebiT (fig. II.20). 

 

      

 

 

 

 

 

 

     

N 

fig. II.20 _  mTliantaniani da Rrutaniani transformirebadi sistemebis  

          ganapira wertilebis aRniSvna “+” da “_” simboloebiT 

 

a _ mTliantaniani transformirebadi sistema da misi formis transformacia; 

b _ Rrutaniani transformirebadi sistema da misi formis transformacia. 

 

yvela es forma iyofa figuris transformaciis or ZiriTad formad 

_ spiraluri da naoWuri transformaciis formad. 

 1. spiraluri forma _ gaswvrivi SeTavseba ganisazRvreba sistemis 

mTel sigrZeze `sapirispiro zedapirebis~ simravlis elementTa sistemis 

urTierTdaaxloebiT an daSoriSorebiT (fig. II.21). 

 

  а)                                                                  b) 

 

 

Nfig. II.21 _ spiraluri formiT transformirebadi sistema 

a _ figura transformaciamde; b _ figura transformaciis Semdeg. 

 

+      +      +      +      + 

-   -   -   -   -   

+   +   +   +   +   + 

                       

+ + + 
+ + + 

            

а) 

+   +   +   +   +   + 

                       

                       

+   +   +   +   +   + 

+ 

  

  
        

    

      
    

+ 
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+ 
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simbolurad spiraluri forma SeiZleba Caiweros Semdegi saxiT: 

      +        +         +        +        +       + 

 

            ―      ―       ―       ―      ―      ― 

SemoTavazebul sqemaSi da mis simbolur CanawerSi moCans arsi 

SeTavsebisa, rodesac xdeba gare da Sida zedapirebis urTierTSeTavseba.   

realur pirobebSi spiraluri forma  erTob xSiria. swored aseT 

saxeobas ganekuTvnebian dasaxvevi konstruqciebi. 

2. naoWa forma _ ganivi SeTavseba ganisazRvreba sapirispiro 

zedapirTa iseTi urTierTSeTavsebiT, romlis drosac zedapirTa erTi 

dasaxelebis simravlis elementebi uaxlovdebian an scildebian 

erTmaneTs (fig. II.22).  

                       а)                                                                   b) 

 

 
 

      
fig. II.22  naoWa formiT transformirebadi sistema 

a _ figura transformaciamde; b _ figura transformaciis Semdeg. 

 

simbolurad igi ase SeiZleba Caiweros: 

+       ―        +       ―       +       ― 

 

+       ―        +       ―       +       ― 
  

rogorc sqemidan da simboluri Canaweridan Cans, pliusiani 

zedapirebi uaxlovdebian an cildebian pliusian zedapirs, xolo 

minusiani zedapirebi uaxlovdebian an cildebian minusian zedapirs.  

bevri transformirebadi konstruqciis unars ganapirobebs ganivi 

SeTavseba, e.i. transformaciis naoWa forma.  

swored es ori forma transformaciisa gansazRvravs formaT-

warmoqmnas, romlis Sedegad xdeba erTi figuridan meores miReba. yvela 

sxva SemTxveva warmoadgens maT nairsaxeobas da kombinaciebs. amis 

magaliTebi SeiZleba mravlad iqnas ganxiluli.  

+

+

++
+

+ +

+

++

+

+

+-    
-    
-    
-    

-    -    
-    
-    -    

-    

+   +   +   +   +   +   +   +   +   + 

 - - - -  - - - - -  -  
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transformirebadi sistemebis  agebulebis interpretireba sakmaod 

rTulia. Aamave dros, TiToeuli rTuli transformirebadi sistema 

SegviZlia warmovidginoT rogorc elementaruli transformirebadi 

sistemebisagan Sedgenili.  

magram aq ar unda agverios erTmaneTSi `transformirebadi sistemis 

elementebis~ da `elementaruli  transformirebadi sistemis~ cnebebi. maT 

Soris didi gansxvavebaa.  

elementaruli  transformirebadi  sistema TavisTavad moicavs 

urTierTdakavSirebul elementebs. imis kvalobaze, Tu ra doneze 

ganvixilavT  sistemas, aseTi  elementebi SeiZleba iyos mikro da 

makrosxeulebi, romlebic  monawileobas iReben transformaciaSi.  

sistemas, romelSic ar moiZebneba  iseTi  bmebi, romelTa 

dacalkeveba gamoiwvevs transformaciis romelime formis dakargvas, 

uwodeben elementarul transformirebad sistemas.  

aseTi sistemis magaliTia Cveulebrivi drekadi zambara (fig. II.23).  

   

 

 
fig. II.23 _ elementaruli transformirebadi sistemis – zambaris magaliTi, 

rodesac bmis gancalkevebiT warmoqmnili ori zambara inarCunebs 

transformaciis naoWa formis unars. 

 

Tu transformacia Seicavs ramdenime formas, igi Sedgeneli formis 

transformaciaa (fig. II.24). 

 

 

 

 

fig. II.24 _ Sedgenili formis transformirebadi sistema: 

                    a _ sistema transformaciamde; b _ sistema transformaciis Semdeg; 

I _ transformaciis naoWa forma; II _ transformaciis spiraluri forma. 

 
realur pirobebSi  xSirad vxvdebiT transformaciis formis ufro 

rTul saxeobas – iarusebians, rodesac erTi  forma ukve Seicavs Tavis 

TavSi  meores (fig. II.25). 

1 

2 a) b) 
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fig. 2.25 _ iarusebiani transformirebadi sistema: 

a _ sistema transformaciamde; b _ spiraluri formiT daxveuli, naoWa 

transformirebadi sistema. 

      
SeiZleba iTqvas, rom transformaciis forma SeiZleba iyos 

erTiarusiani da mravaliarusiani, amasTan procesi SeiZleba 

mimdinareobdes cal-calke TiToeul iarusze an erTdroulad. 

 
II.7. transformirebadi sistemebis dinamikuri struqtura 

 
dinamikuri analizis TvalsazrisiT, transformirebadi  

konstruqciuli sistemebi Sedgeba wamyvani, amyoli da Zaluri 

nawilebisagan. transformirebad nawils, romelsac naklebi Tavisuflebis  

xarisxi aqvs, `wamyvani~ struqtura ewodeba, vinaidan  swored is aris 

ZiriTadad formaTwarmoqmnis wamyvani faqtori. danarCeni 

transformirebadi  nawilebi `amyolad~ iTvleba.  

Zaluria is nawili, romelic gansazRvravs im Zaluri  faqtorebis 

warmoSobas, romlebic uzrunvelyofen samuSaos Sesrulebas 

transformaciis dros, xolo zogjer damatebiT Zalisxmevasac 

fiqsirebuli  formis misaRwevad.  

 transformirebadi sistemis sqema, romelic Sedgeba “wamyvani”, 

“amyoli”  da “Zaluri” nawilebisagan warmodgenilia fig. II.26-ze.  

      

 

 

 

 

    N 

fig. II.26 _ transformirebadi sistemis sqema, romelic Sedgeba 

 “wamyvani” _ 1, “amyoli” _ 2  da “Zaluri” _ 3 nawilebisagan.  

  

a) b) 

2 

3 

1 

a) 
b) 
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figuraze warmodgenil sqemaSi ori Rerosagan Sedgenili sistema 

wamyvania. amasTan, Reroebis erTi  boloebi saxsrulad aris SeerTebuli  

erTmaneTTan, xolo meoreebi ki gadabmulia bagiriT, romelic amyol 

nawils warmoadgens. 

mTeli am sistemis transformirebas axdens Zaluri nawili grexis 

zambaris meSveobiT.  

teqnikuri  gadawyvetis TvalsazrisiT, Zaluri nawilebi SeiZleba 

iyos mosaxsneli an aramosaxsneli, magram es rodi  cvlis  mTlianad 

Zaluri  nawilebis gansazRvris arss. amasTan erTad, miRebulia agreTve 

cnebebi: `SeTavsebuli~ da `SeuTavsebeli~ Zaluri  nawilebi.  

rodesac Zaluri nawili warmodgenilia wamyvanis saxiT, rogorc 

drekadi  Reroebi, an amyolis saxiT, rogorc drekadi zambara, maSin 

adgili aqvs SeTavsebul transformirebad sistemas (fig. II.27).  

          

          a)      

 

 

  

 

         b) 

 

 

 

     

 

fig. II.27 _ SeTavsebuli transformirebadi sistemis sqematuri modeli: 

a _ Zalovani nawilis da wamyvami nawilis SeTavseba; 

b _ amyoli nawilis da Zalovani nawilis SeTavseba; 

1 – amyoli nawili; 2 – wamyvani da Zalovani SeTavsebuli nawili;  

3 _ amyoli da Zalovani SeTavsebuli nawili; 4 – wamyvani nawili; 

 

xSirad SeimCneva wamyvani  da amyoli  nawilebis SeTavseba, e.i. saqme 

gvaqvs SeTavsebul sistemasTan. aseTi SeTavsebis magaliTia – gasaberi 

elastikur-Wimvadi buSti (fig. II.28). 

 

2 

   1 

2 

   1 

3 

4 

3 

4 
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             a)                                                                   b) 

 

 

 

 

 

 

 

 

Nfig. II.28 _ wamyvani nawilis da amyoli nawilis urTierTSeTavsebuli 

transformirebadi sistema. 
 

a _ sistema transformaciamde; b – sistema transformaciis Semdeg; 

1 – amyoli da wamyvani urTierTSeTavsebuli sistemebi; 2 – Zalovani sistemebi. 

 
gansakuTrebul SemTxvevebSi, Tu Zalovani nawilisaTvis saWiro 

gaxda mosaxmari energoresursebis gardaqmna, sistemebi  aRiWurveba 

energogardamqmneli manqanebiT.  

sistemis transformacia dinamikuri procesia, romlis drosac 

warmoiSoba inerciis Zalebi. es Taviseburebani ufro dawvrilebiT 

SegviZlia davaxasiaToT konkretuli magaliTebiT.  

yoveli  transformacia Tavisi  bunebiT Zalovani faqtoria. Aamave 

dros, ganasxvaveben sistemis rogorc Zalovan, ise ara Zalovan  

transformacias.  

Tu transformaciis Semdeg sistemis elementebSi ar aris  Zalovani 

faqtori – Runva, SekumSva, gaWimva da grexa, transformacias `ara 

Zalovans~  uwodeben (fig. II.29). 

    N 

 

 

 

 

 

 

 

fig. II.29 _ sistemis ara Zalovani transformacia 

2 

1 

1 

1 

2 
2 

a) b) 
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a _ sistema transformaciamde; b – sistema transformaciis Semdeg; 

1 – oTxkuTxa saxsrovani transformirebadi konturi; 2 – daZabuli zambara; 3 – 

dauZabavi zambara; 

 

xolo Tu procesis dasrulebis Semdeg  elementebSi rCeba  

zemoaRniSnuli Zalebi, transformacias `Zalovans~ uwodeben (fig. II.30). 

     N 

 

 

 

 

 

fig. II.30 _ sistemis Zalovani transformacia: 

 

a – sistema transformaciamde; b – sistema transformaciis Semdeg; 

1 – wamyvani nawili; 2 – amyoli nawili; 3 – Zalovani nawili. 

 

aseT SemTxvevaSi transformaciis Semdeg bagiri daWimulia, wamyvani 

nawilis Reroebi ganicdian Runvas, xolo Zalovan zambaraSi kvlav rCeba 

akumulirebuli drekadi Zalebi.  

 

II.8. transformirebadi sistemebis klasifikaciisa da  

gamoyenebis zogierTi sakiTxebi 

 

ukanasknel dros tardeba farTo diapazoniT transformirebadi 

konstruqciuli sistemebis sxvadasxva tipebis Seqmnis da gamoyenebis 

samuSaoebi. sul ufro didi yiradReba eTmoba maT Teoriul analizs, maT 

Soris klasifikaciis sakiTxebsac. 

magram arsebuli klasifikaciis nawilSi ZiriTad nakls warmoadgens 

formaTwarmiqmnis Sesazleblobebisa da sistemis konstruqciuli niSnebis 

organuli sakiTxebis erTmaneTSi Sereva, rac ganapirobebs garkveul 

cdomilebebs klasifikaciis miRebul variantebSi. 

transformirebadi sistemebis klasificireba unda moxdes sami 

ZiriTadi mimarTulebiT calk-calke: 

1) formaTwarmoqmnis procesebis geometriuli niSnebis mixedviT; 

a) b) 

1 

1 

2 
2 

3 3 
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2) gaSlis Zalovani sistemis mixedviT; 

3) konstruqciuli niSnebis mixedviT. 

 

Cvens mier SemoTavazebul klasifikaciaSi pirveli da meore 

mimarTulebebi axalia. am mimarTulebebis arsi ukve ganxiluli iyo. 

mesame mimarTulebaSi _ klasifikaciebi konstruqciuli niSnebis 

mixedviT _ transformirebad konstruqciaTa gradacia vrceldeba 

tradiciul sistemebze _ wamweebi, wibovani, kombinirebuli, pnevmo-vanturi 

da sxva, imisda mixedviT, romel maTgans warmoadgens transformirebadi 

struqtura funqcionalur, fiqsirebul mdgomareobaSi. 

aseve mniSvnelovania isic, rom konstruqciuli sistemebis 

formaTwarmoqmna transformaciis daxmarebiT unda akmayofilebdes im 

gansakuTrebul moTxovnebs, romlebic waeyeneba axali formebis 

warmoqmnas praqtikulad yvelgan _ rogorc dedamiwaze, ise kosmosur 

sivrceSi. 

am moTxovnebs miekuTvneba: 

1. konstruqciuli formis Seqmna umokles vadebSi; 

2. konstruqciuli sistemis swrafi gadadislokaciis SesaZlebloba; 

3. konstruqciuli formis mravaljeradi gamoyenebis SesaZlebloba; 

4. konstruqciuli formebis nairsaxeoba da sxva. 

magram am moTxovnebis dacvis SemTxvevaSic ki formaTwarmoqmna 

transformaciiT ar aris ufro martivi procesi, vidre formamdgradi 

konstruqciebis warmoqmnis procesi, romlebsac miekuTvneba asawyobi an 

monoliTuri sistemebi. 

transformirebadi sistemis SeqmnisaTvis aucilebeli dro teqnikuri 

gadawyvetis mixedviT, zigjer aWarbebs kidevac analogiuri 

aratransformirebadi sistemebis damzadebaze daxarjul dros. amasTan, 

araiSviaTad saWiroa maRali kvalifikaciis muSaxelis, ZviradRirebuli 

masalebis, rTuli meqanizmebisa da mowyobilobis gamoyeneba. magram 

Sromisa da danaxarjebis akumulacia xdeba transformaciis startamde, 

sistemis funqcionireba ki ganpirobebuli an transformaciis procesiT, 

an transportirebiT da Semdeg _ winaswar urTierTdakavSirebuli 

elementebisagan Seqmnili mza sistemis transformaciiT. 
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III. gaWimuli konstruqciuli sistemebi 
 

III.1. gaWimuli arqiteqturis – „fensile architecture“, rogorc gaWimuli 

transformirebadi struqturebis erT-erTi ZiriTadi mimarTulebebi 

 

gaWimuli sistemebi moicavs konstruqciaTa  sxvadasxva  saxeobebis 

simravles, romelTa saeqspluatacio forma miiRweva da SenarCundeba 

gaWimvis Sedegad. maTi arqiteqturis amosavali poziciaa momuSave 

sistemebi, romlis yvela elementi iWimeba da amasTan erTad maTi 

saeqspluatacio formac gaWimviT miiRweva  (fig. III.1) 

 

 

 

 

 

 

fig. III.1 _ konstruqciuli elementi romlis forma miiRweva  

misi gaWimvis Sedegad 

a – konstruqciuli elementi deformirebul mdgomareobaSia gaWimvamde; 

b – konstruqciuli elementis forma miRweulia misi gaWimviT. 
 

aRsaniSnavia is, rom konstruqciuli elementis deformirebuli 

mdgomareoba SeiZleba gamowveuli iyos misi drekadi, drekadplastikuri 

da da plastikuri deformaciebiT. 

fig. III.1-ze warmodgenili konstruqciuli elementis formaT_ 

warmoqmna erTniSnad Seesabameba transformaciis process – dakecili 

mdgomareobidan gaSlil mdgomareobaSi gadasvlas. 

amdenad, gaWimuli konstruqciuli sistemebi, rogorc nagebobaTa 

klasebis erT-erTi mimarTuleba, aseve warmoadgenen gaWimul 

transformirebad  konstruqciul struqturas. 

gaWimuli konstruqciuli sistemebi bolo aTwleulebSi farTod 

gavrcelda mSeneblobaSi. maT gamoyeneba hpoves ara marto samoqalaqo da 

samrewvelo mSeneblobaSi aramed specialur nagebobebSic, romlebic 

eqstremalur pirobebSi iqmneba. am mxriv calke unda aRiniSnos kosmosuri 

nagebobebi, sadac „gaWimul arqiteqturas“ – gaWimul transformirebad, 

konstruqciul struqturas gansakuTrebuli mniSvneloba eniWeba. 

a) 

b) 

N N 

N N 
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„gaWimul arqiteqturas“ mravali niSandoblivi da upiratesi 

Tvisebebi gaaCnia, magram maT Soris gamorCeulia minimaluri wona,  

formacvalebadobis unari  transformaciis meTodiT da gansakuTrebuli 

arqiteqturuli formebis  simravle. 

gaWimuli struqturebis minimaluri wona miiRweva imiT, rom 

konstruqciuli elementebi yovelTvis gaWimulia, Tundac maSin, rodesac 

gare Zalebisagan isini kumSviT Zalvebs iTviseben. swored amitom, 

radganac konstruqciuli elementebis  muSa mdgomareobas warmoadgens 

gaWimva, maTi konstruqciuli masalis simtkice maqsimalurad aris 

gamoyenebuli. Sesabamisad, gansxvavebiT  SekumSuli elementebisagan, 

sadac grZivi Runvis faqtoridan gamomdinare dominirebs daZabulobis 

Semcirebis aucilebloba, mdgradobis dakargvis pirobebis 

gaTvaliswinebiT, gaWimul elementebSi maqsimalurad xdeba masalis 

simtkicis aTviseba. amasTan, aRniSnuli faqtoris gamo maTSi aseve aRar 

aris maRali da zemaRali simtkicis masalebis gamoyenebis 

xelisSemSleli pirobebi, rac kidev ufro amsubuqebs gaWimul 

konstruqciul sistemas. 

arqiteqturuli formebis simravlis, Sesaxeb mogvianebiT iqneba 

msjeloba. 

rac Seexeba „gaWimuli“ transformirebadi struqturis 

formaTcvaleba-dobas da misi saboloo formis miRwevas, zogadad adgili 

aqvs Semdeg meTodebs: 

— transformirebadi konstruqciuli struqturis formis miRweva, gare 

Zalebis zemoqmedebis gareSe, konstruqciul elementebSi Sinagani 

Zalvebis aRZvriT (fig. III. 2, a); 

— formis miRweva moqnili, hermetuli transformirebadi 

konstruqciuli struqturis gaWimviT, rac ZiriTadad miiRweva maTi 

SevsebiT airiT, siTxiT, fxvieri an plastikuri masiT (fig. III.2, b); 

— formis miRweva moqnili, hermetuli konstruqciuli struqturis 

gaWimviT, masSi airis, siTxis, fxvieri an plastukuri masis SeSvebiT, 

ris Semdeg xdeba moqnili struqturis gaxisteba da Sedegad 

SeWmuxnuli airis, siTxis, fxvieri an plastikuri masis gamodevna 

konstruqciidan (fig. III. 2, c); 
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— formis miRweva dakecili, xisti, hermetuli transformirebadi 

konstruqciuli struqturis gaWimviT, masSi airis, siTxis, fxvieri an 

plastukuri masis SeWmuxvniT. konstruqciis gaSlili 

transformirebadi struqturis formis mdgradi SenarCunebiT umetes 

SemTxvevaSi xdeba konstruqciidan airis, siTxis, fxvieri an 

plastikuri masisi gamodevna (fig. III. 2, d).  

— formis miRweva moqnili transformirebadi konstruqciuli 

struqturis gareSe ZaliT daWimviT da misi mimagrebiT xist 

konstruqciasTan, romelic upiratesad muSaobs kumSvaze da Runvaze 

(fig. III. 2,  ). 

— formis miRweva moqnili an xisti elementebisgan Semdgari 

transformirebadi konstruqciuli struqturis gaerTianebiT kumSva 

da Runvaze momuSave gasaSlel transformirebad konstruqciul 

struqturasTan da misi saSualebiT erTiani struqturis 

transformacia – gaSla da fiqsacia (fig. III. 2, f). 

ganxiluli meTodebiT „gaWimuli“ transformirebadi 

konstruqciuli struqturebis formacvalebadobis procesebis 

sailustracioT ganxiluli konkretuli magaliTebi _ a, b, c, d, e, f _ 

naCvenebia fig. III.2-ze. 

 
fig. III.2 _ „gaWimuli“ transformirebadi konstruqciuli struqturebis 

formaTwarmoqmnis sqemebi 
 

I  _ dakecili moqnili transformirebadi konstruqciuli struqtura;  
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II _ gaSlili  transformirebadi konstruqciuli struqtura; 

III _ gaSlili  transformirebadi konstruqciuli struqtura gamyarebis 

procesSi; 

IV _ gamyarebuli  transformirebadi konstruqciuli struqtura. 
 

a) 1 _ daWmuWnuli apki wamocmuli lilvze; 2 _ lilvi; 3 _ centridanuli ZaliT 4 

gaSlili apki 3, rac gamoiwvia lilvis 2 brunvam; 

b) 1 _ hermetuli figura dakecil mdgomareobaSi; 2 _ hermetul figurasTan 

mierTebuli baloni; 3 _ argoni balonSi; 4 _ balonis Camketi dakecilia; 5 _ 

hermetuli figura gaSlilia; 6 _ hermetuli figuris gamWimavi argoni, 

romelic balonidan 2 gadavida figuraSi Camketis 4 gaxsnis Semdeg. 

c) 1 – hermetuli figura dakecil mdgomareobaSi; airis baloni; 3 _ airis balonis 

Camketi; 4 _ gamyarebuli masala balonSi aerozolis saxiT; 5 _ aerozilis 

balonis Camketi; 6 _ airi; 7 – gamyarebuli aerozoli; 8 – airiT gaberili 

figura, romelSic onkani 3-is gaxsniT Sevida airi; 9 _ gamyarebuli aerozolis 

nivTierebiT gaxistebuli gaSlili figura; 10 _ xisti figura, romlidanac 

gamosulia airi da moxsnilia balonebi. 

d)  1 _ xisti, dakecili, hermetuli transformirebadi konstruqciuli struqtura; 

2 _ airiT gavsebuli baloni; 3 _ Camketi; 4 _ saketi; 5 _ xisti gasaSleli 

konstruqciuli transformirebadi struqtura; 6 _ saketi moxsnilia; 7 _ 

baloni moxsnilia. 

e)  1 _ xisti rgoli; 2 _ mrgvali drekadi apki; 3 _ gaWimuli drekadi apki 

konturze Camagrebuli 4 xist rgolTan. 

f)  1 _ xisti transformirebadi konstruqciuli struqtura; 2 _ moqnili, dakecili 

transformirebadi struqtura, romelic rgolzea Camagrebuli; 3 _ gaWimuli 

transformirebadi konstruqciuli struqtura, romelic gaSlil, xist 

transformirebad konstruqciul struqturazea 4 mimagrebuli 5. 

 

aRsaniSnavia, rom gaWimuli transformirebadi konstruqciuli 

struqturis xisti sayrdenebi stacionarulia, Tu transformirebadi 

struqtura orive SemTxvevaSi  warmoadgens sayrden, Zalovan elementebs, 

romlebic iTviseben  gaWimuli struqturidan  maTze gadacemul 

gambrjenis Zalebs. 

daWimuli struqturebis mzidi elementebi damzadebulia: 

— Zafebisagan, romlebic SeiZleba realurad warmoadgendnen mavTulebs, 

bagirebs, trosebs, xist profilebs da xisti  elementebisagan 

Sedgenil grZiv konstruqciebs; 

— badeebisagan, romelic Sedgeba  urTierTgadamkveTi da gadakveTis 

adgilebSi  erTmaneTTan dakavSirebuli mravali Zafebisagan; 

— membranisagan, romelic Tavisi fizikuri bunebiT axlos dgas badesTan 

da isini idealizebulia rogorc badeebi, romelTa mosazRvre  

kvanZebi  usasrulod axlos arian ganTavsebuli erTmaneTTan; 



61 

 

— xisti furclovani masalisagan. 

 miuxedavad imisa, Tu konkretul SemTxvevaSi realurad ras 

warmoadgenen mavTulebi, maTi muSaobis xasiaTidan gamomdinare, isini 

iyofian or ZiriTad saxeobad _ moqnil Zafebad da vantebad. 

 moqnili Zafebi RerZuli mimarTulebiT gaWimvis garda, aseve 

ganicdian ganivi Zalebis zemoqmedebas da Sesabamisad iReben erTaderT 

formas konkretuli ganivi Zalebis zemoqmedebis suraTis mixedviT (fig. 

III.3). 

 

 

 

 

 

 

 

 

 

 

fig. III.3 _ moqnili Zafebis formebi maTze  moqmedi Zalebis Sesabamisad 
 

a – moqnili Zafis forma, masze ganivad momqmedi Tanabarganawilebuli datvirTviT; 

b – moqnili Zafis forma, masze ganivad momqmedi Seyursuli datvirTviT. 

warmodgenili sqemebis mixedviT, q Tanabarganawilebuli tvirTiT 

da p  Seyursuli ZaliT, pirvel etapze unda daitvirTos 0-0 sworis 

gaswvriv A da B sayrdenebze Cabmuli moqnili Zafi. meore etapze, maTi 

zemoqmedeba iwvevs Zafis deformacias imis Sesabamisad, Tu ra 

moxazulobis Teoriuli mRunavi momentis epiiura ganviTardeba malSi. 

amis saSualebas iZleva moqnili Zafebi, romelTa sigrZe metia, vidre A da 

B sayrdenebs Soris  gavlebuli swori monakveTis sigrZe. 

moqnili Zafebi warmoadgenen “gaWimul arqiteqturaSi” 

gavrcelebuli mravalricxovani da mravalferovani kiduli sistemebis 

Seqmnis ZiriTad elementebs, romelTac, rogorc ganvixileT, axasiaTebT 

kinematikuri gadaadgileba. 

rac  Seexeba Zafebis meore saxeobas – vantebs, igi moqnili 

Zafebisagan gansxvavdeba imiT, rom ar ganicdis ganivi datvirTvis 

zemoqmedebas. masze  Zalebi modebulia mxolod  Camagrebis kvanZebSi da 
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amdenad mis ganivkveTSi aRiZvreba  mxolod RerZuli gamWimavi Zalebi. 

misi forma or Casatex kvanZs Soris aris wrfivi (fig. III.4.) 

 

 

 

 
fig. III.4 _ vantis muSaobis sqema, romelic ganicdis mxolod  

grZivi RerZis mimarTulebiT gaWimvas da ar ganicdis  

Zalebis ganiv zemoqmedebas 
  

msgavsad moqnili Zafebisa „gaWimul arqiteqturaSi“ vantebic mravali 

konstruqciebis SemadgenlobaSia, rogorc ZiriTadi mzidi elementebi. 

 

III. 2. transformirebadi sistemebi, romelTa forma miiRweva mxolod 

 gaWimuli konstruqciuli struqturebiT 

 

aRniSnuli sistemebis gavrcelebul klass warmoadgens pnevmomzidi 

konstruqciebi. aRniSnuli klasis konstruqciebi, rogorc wesi mzaddeba 

calkeuli elementebis – pnevmo koWebis, pnevmo dgarebis, pnevmo TaRebis, 

pnevmo CarCoebis, pnevmo baliSebis, pnevmo orTotropiuli da 

pnevmoizotopuli filebis da sxvaTa saxiT maTi saSualebiT ki xdeba 

sxvadasxva formis da nagebobebis Seqmna-Seneba (fig. III.5). 
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fig. III.5 _ pnevmomzidi konstruqciebi, warmoqmnili dasaxvevi an  

dasakeci, sxvadasxva hermetul formebSi airebis Warbi  

wneviT CaWirxvnis Sedegad 
 

a _pnevmo koWi; b _ pnevmo dgari; c – pnevmo TaRi; d – pnevmo CarCo; 

e – pnevmo orTotropuli fila paraleluri tixrebiT; f – pnevmo 

orTotropuli fila daxrili tixrebiT; g _izotropuli pnevmo filebi 

sartyelebis daSoriSorebuli momWerebiT; h _ izotropuli pnevmo filebi mWidrod 

ganTavsebuli sartyelis makavSirebeli momWimebiT. 

 

 

aRniSnuli pnevmomzidi konstruqciebis saeqspluatacio forma 

miRweulia masSi CaWirxnuli gazebis, rogorc dabali, aseve  maRali 

wnevebiT. saTanadod es iwvevs misi geometriuli zomebis cvalebadobas.

 magaliTad Tu dabalwneviani pnevmo TaRisTvis, sadac wnevebi aRwevs 

mxolod 20-25 kilopaskals, ganivkveTis diametris Sefardeba simrudis 

radiusis sidideebTan cvalebadobs 1/8 _ 1/14 Soris, maRalwnevian 

pnevmoTaRebSi aRniSnuli sidide cvalebadobs 1/20 _ 1/45 Soris. 

amasTan, maRali wnevebis ganviTareba pnevmomzid konstruqciebSi 

moiTxovs konstruqciuli masalebis naqsovi Semadgenlobis maRal 

simtkices gaWimvaze, magaliTad: pnevmoTaRebSi ganviTarebuli maRali 

80_750 kilopaskalis wnevebis pirobebSi, TaRis qsovili unda iyos 

Tavidan bolomde mTliani, gadabmebis gareSe da orive mxridan dafaruli 

analogiuri wnevebis gazis gaumtari Semavsebelisagan. 

aseTi moTxovnebis dakmayofileba, maRalwnevian pnevmomzid 

konstruqciebSi, arTulebs  maTi miRwevis  teqnikur da teqnologiur  

gadawyvetebs da procesebs. iwvevs Rirebulebis 2,5 _ 5 – jer gazrdas, 

Cveulebriv, dabalwnevian pnevmomzid konstruqciebTan SedarebiT. amasTan 

umTavres pirobad da Znelad misaRwevad mainc rCeba maRalwnevian 

konstruqciebSi  hermetuloba, rac kidev ufro rTuldeba didi malebis 

SemTxvevaSi. 

zogadad pnevmomzidi konstruqciebi gavrcelebulia 6-24 metri 

malebis mqone nagebobebSi, Tumca aris gamonaklisebi, rodesac pnevmo 

TaRebiT gadaxurulia 50 metrze malis mqone nagebobebic. 

pnevmomzidi konstruqciebiT  xmeleTze, wyalSi, haerSi da kosmosSi 

xdeba sxvadasxva formis nagebobebis Seqmna, romelic SeiZleba iyos 
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dgarebisa da koWebisagan Sedgenili, cilindruli garsebis  da gumbaTis 

formebis da sxva (fig. III.6). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

fig. III.6 _ dakecili, daxveuli an ubralod daWmuWnuli, hermetuli, 

garkveuli formis nakeTobis gaziT Sevsebis SemTxvevaSi, transformaciis  

procesiT xdeba sxvadasxva formis pnevmoxisti nagebobebisa da  

konstruqciebis formaTwarmoqmna 
 

1 _ damzadebuli nakeToba dakecili satransporto paketis saxiT;  

2 _ gaziT datenili baloni an kompresori;  

3 _ gazis balonis an kompresoris mierTebis saSualeba nakeTobasTan;  

4 _ nakeTobis hermetuli, gasaxsnel-dasakeci sarqveli; 

5 _ pnevmomzidi, transformaciis Sedegad warmoqmnili daWimuli struqturebi – 

nagebobebi da konstruqciebi. 

 

garda, pnevmomzidi hermetul-transformirebadi konstruqciuli 

struqturisa, bolo periodSi aseve iqmneba sistemebi romelTa forma 

warmoiqmneba sxva konstruqciaze mibmis gareSe. amis magaliTad SeiZleba 

moviyvanoT aerostati, romelic masSi arahermetulad ganTavsebuli 

haeris da gareT arsebul haeris temperaturebis sxvaobis Sedegad 

warmoqmnis formas (fig. III.7), rac ukavSirdeba aseve wnevaTa sxvaobas Siga 

da gare zedapiris sxvadasxva monakveTebSi. 
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fig. III.7 _ arahermetuli transformirebadi konstruqcia, romelic formas 

aRwevs SedarebiT gamTbari haeris zeswrafviT, nawilobriv Semofarglul  

sivrceSi warmoqmnili maRali dawneviT 
 

a _ arahermetuli transformirebadi konstruqcia dakecil mdgomareobaSi; 

b _ arahermetuli transformirebadi konstruqcia gaSlil mdgomareobaSi; 

1 _ arahermetuli transformirebadi konstruqcia; 2 _ siTbos gamomyofi wyaro. 
 

dakecil arahermetul konstruqciebSi, Siga moculobaSi xdeba 

gamTbari haeris SeSveba, rac ganpirobebulia misi aRmZvreliT.  gareT 

arsebuli civi haeris masebTan SedarebiT _ t1 < t2. amis gamo gasaber 

konstruqciaSi warmoiqmneba SedarebiT maRali wneva, vidre es mis gareT 

aris, rac iwvevs konstruqciis gabervas. amasTan, imis gamo, rom gamTbari 

haeriT  arahermetulad Sevsebuli konstruqcia ufro msubuqia vidre mis 

mier dakavebuli sivrcis gareT arsebuli, SedarebiT dabal-

temperaturiani haeris wona, konstruqcia iwyebs haerSi maRla awevas da 

amasTan formis SenarCunebas, risi pirobac aris Siga sivrceSi haeris 

mudmivi gaTboba siTbos  wyaros saSualebiT.  

miuxedavad ganmartebisa, rom „formis miRweva  mxolod  

konstruqciuli struqturis gaWimviT“ aris SesaZlebeli yovelgvar  

stacionalur sxva gasaSlel konstruqciaze mibmis gareSe, fig. IV.7-ze 

warmodgenili sqema, rogorc transformirebadi struqtura, akmayofilebs 

aRniSnul moTxovnas. amasTan mSeneblobaSi damkvidrebuli klasifikaciis 

mixedviT igi TiTqmis Seesabameba haersayrdenian pnevmoxist 

konstruqciebis klass, rac SeiZleba sakamaTo iyos. magram  TviT arsi 
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konstruqciis trasformaciisa, rac CvenTvis aris aucilebeli, srulad 

Seesabameba gaWimuli  transformirebadi konstruqciuli struqturis 

logikas. 

rodesac ganixileba pnevmosistemebi da gansakuTrebiT pnevmomzidi 

kosmosuri sistemebi metad mniSvnelovania ganxilva iseTi magaliTebisa, 

rodesac konstruqcia Tavisi formaTwarmoqmnis etapze pasuxobs 

„gaWimuli arqiteqturis“ moTxovnebs, imasTan dakavSirebiT, rom 

konstruqciis yvela elementSi formis miRwevisas warmoiSveba mxolod 

gamWimavi Zalvebi. 

magram arseboben konstruqciebi, romlebic  gaWimviT formis 

miRwevis Semdeg, eqspluataciis pirobebSi, mis calkeul an mTlian 

nawilSi muSaoben kumSvaze. aseTebs miekuTvnebian gamyarebadi 

pnevmokonstruqciebi da konstruqciebi, romelTa dakecva 

ganxorcielebulia konstruqciuli masalis drekad-plastikuri da ufro 

metad plastikuri deformaciis xarjze. 

aseTi konstruqciebi aris pnevmaturi konstruqciebisa da xisti 

konstruqciebis hibridebi. maTi gamoyenebis perspeqtivebi droTa 

ganmavlobaSi kidev ufro gaizrdeba. 

ganvixiloT zemoT aRniSnuli  tipis sxvadasxva formis transfor-

mirebadi konstruqciebi. 

gadazidvebis praqtikaSi daclili WurWlis, magaliTad kasrebis, 

transportirebisas tvirTebis moculobis Semcirebis mizniT, rig 

SemTxvevebSi gamoiyeneba kasris daWmuWvna, misi am saxiT transportireba 

da Semdgomi gamoyenebis dros kasrisTvis, misi „gaberviT“ pirveladi 

saeqsploatacio formis miniWeba (fig. III.8). 
 

 

 

 

 

 

 

 

 
 

 

fig. III.8 _ kasris  cilindruli formis transformirebis procesebi misi 

 daWmuWvnisa da Semdgom etapze, xelaxla formis miniWeba kasris “gaberviT“ 

1 

a) b) c) d) 

1 

1 

2 

2 

2 

2 

4 

4 

4 

4 

3 3 
3 

5 

6 

P 

2 
7 P 

3 2 



67 

 

 

a – orive mxridan daxufuli, cilindruli kasris ganTavseba wnexis qveS; 

b – wnexis mier daWmuWnuli kasri; c – carieli kasris daWmuWnuli, kompaqturi, 

satransporto paketi; d – “gaberili”, saeqsploatacio forma, aRdgenili kasrisa. 
 

1 _ kasris gverdiTi cilindruli nawili; 2 _ kasris zeda da qveda xufi; 3 _ kasris 

gaziT Sevsebis sarqveli; 4 _ wnexi; 5 _ gazis baloni an kompresori; 6 _ gazis 

mimwodebeli mowyobiloba; 7 _ kasris daWmuWnuli nawili. 

  

Tu ganvixilavT fig. III.8 – ze warmodgenili procesebis sqemebs, 

cxadi gaxdeba, rom daWmuWnuli mdgomareobidan kasris, sawyisi – 

saeqspluatacio formis warmoqmna xdeba kasris gverdiTi zedapiris 

gasworebiT _ gaWimviT. gaWimvis Zalebs ganapirobebs kasrSi, Warbi wneviT 

Seyvanili gazi. 

amdenad formaTwarmoqmnis stadiaze kasris cilindruli gverdiTi 

zedapiri da misi xufi ganicdis gaWimvas, magram Semdgom kasris 

konstruqciaSi aRiZvreba nebismieri niSnis Zalvebi, rac miuRebelia 

“gaWimuli arqteqturis” ideologiiT Seqmnili sistemisaTvis. 

aRniSnuli _ gabervis meTodis gamoyeneba Zalian mosaxerebelia 

gabrtyelebuli xisti milebis daxveul mdgomareobaSi transportirebis 

Semdeg etapze (fig. III.9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. III.9 _ gabervis meTodis gamoyeneba xisti profilis milebis  gabtyelebuli, 

daxveuli mdgomareobidan saeqsploatacio, mrgvali profiliani  

milebis misaRebad 
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a – xisti, mrgvali profilis mili; b – milis mrgvali konturis ganivkveTi; 

c –  gabrtyelebuli mili; d _ gabrtyelebuli milis ganivkveTis profili 

deformirebul mdgomareobaSi; e _ daxveuli, gabrtyelebuli mili; f – milis gaSla 

da profilis aRdgena masSi Warbi wnevis SeqmniT; g – Warbi Siga wnevis Sedegad 

gabrtyelebuli da daxveuli mili gaiSala da misi ganivkveTi gaxda wriuli 

moxazulobis konturi. 

 

1 _  mili gaSlili da ganivkveTis  wriuli konturiT; 2 _ milis wriuli konturi;  

3 _ gabrtyelebuli mili; 4 _ gabrtyelebuli milis ganivkveTis profili; 5 _ 

daxveuli, gabrtyelebuli mili _ dakecili milis satransporto paketi; 6 _ milis 

bolos germetizacia; 7 _ milis meore boloSi mowyobili gazis maRali wnevis 

sarqveli. 

 

milis  gabrtyeleba xdeba mis gayolebaze, zemodan da qvemodan q 

intensivobis Zalis modebiT, romlis Semdeg ukve gabrtyelebuli mili 

exveva kompaqturi satransporto paketis saxiT. aseT mdgomareobaSi, 

eqsploataciis adgilas milis erT boloze ewyoba germetuli xufi, 

xolo meore boloze magrdeba gazis maRali wneviT milSi Seyvanis 

sarqveli, saidanac xdeba milis “gaberva” – maRali wnevis mqone gaziT 

Sevseba. milis SigniT warmoqmnili Warbi wnevis Semdeg mili iSleba, 

swordeba da amasTan  gabrtyelebuli ganivkveTi Rebulobs wriuli 

konturis formas. 

milis gabrtyeleba, daxveva, Semdeg gaSla da profilis aRdgena 

warmoadgens formis transformaciis etapebs. amasTan, daxveuli da 

gabrtyelebuli milis gaSla da wriuli profilis aRdgena, rac 

ganpirobebulia misi „gaberviT“, zustad Seesabameba „gaWimuli 

arqiteqturis“ principebs. 

formis miRwevis Semdeg, gasworebuli da ganivkveTis wriuli 

profilis aRdgenis milze momqmedma Zalebma, SeiZleba gamoiwvios misi 

kumSva, Runva an grexva, rac bunebrivia gamoiwvevs masSi realuri mkumSavi 

Zalvebis aRZvrasac, rac aRar Seesabameba “gaWimuli arqiteqturis” 

principebs. 

msgavs procesebSi, rodesac xdeba gare Zalebis saSualebiT xisti 

profilebis daWmuWvna, daxveva an dakecva, rac Sedegia maTSi plastikuri 

deformaciebis ganviTarebisa, metad mniSvnelovania aRniSnuli procesebis 

gegmazomieri da mizanmimarTuli warmarTva. es aucilebelia imisaTvis, 

rom moxdes didgabaritiani konstruqciis dapataraveba da aseve ar 
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moxdes dasapataravebel sxeulSi kedlis iseTi dazianeba, rac gamoiwvevs 

misi Siga moculobis hermetizaciis darRvevas. 

konstruqciis gegmazomieri da mizanmimarTuli dakecvis magaliTad 

SeiZleba ganvixiloT toris formis konstruqcia, romelTa gamoyenebis 

erT-erT magaliTad SeiZleba ganvixiloT kosmosuri didi gasaSleli 

refleqtorebi. refleqtoris Zalovani gamSleli rgoli SeiZleba 

Sesrulebuli iyos gasaSleli, xisti konstruqciisagan, romlis 

formaTwarmoqmna _ gaSla xdeba toris mcire formis “ gaberviT” da 

saproeqto sididis, didi toris warmoqmniT (fig. III.10). 

  

 

 

 

 

 

 

 

 

 

 

 

 

fig. III.10 _ toris formis, xisti konstruqciis transformaciis_dakecvisa da 

gaSlis SesaZleblobebi misi SekumSviT da “gaberviT” 
 

a – tori gaSlil mdgomareobaSi; 

b _ tori dakecil-satransporto paketis mdgomareobaSi; 

1 _ gaSlili toris xisti talRovani forma;  

2 _ sarqveli; 

3 _ dakecili toris xisti, naoWovani forma. 

  
tors, misi centris mimarT meridianul sibrtyeebSi ukeTdeba odnav 

SesamCnevi talRiseburi profili. masze meridianuli mkumSavi q 

datvirTvis Sedegad tori diametriT – D transformirdeba _ ikeceba 

mcire diametris _ d torad. misi dakecva ganpirobebulia toris 

talRovani tanis SeWmuxvniT, ris Sedegadac igi ukve Rebulobs naoWovan 

formas. aseTi transformaciis Sedegad aseve xdeba toris ganivkveTis 

zomis cvalebadobac. Tu gaSlis D diametriani toris ganivkveTis 
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maqsimaluri zoma Seadgens h, misi dakecvis SemTxvevaSi, roca diametri 

Semcirda d-mde toris ganivkveTis simaRlem, piriqiT, moimata da gaxda H. 

toris gegmazomieri dakecva swored misi talRovani tanis 

saSualebiT xdeba. toris dakecvisas tanis talRis sigrZe mcirdeba da 

Sesabamisad matulobs talRis amplituda. masalis aseTi 

formacvalebadoba, rogorc iTqva ganapirobebs toris gegmazomier da 

mizandasaxul prognozirebad dapataravebas da misi ganivkveTis zrdas. 

toris gaSlisaTvis xdeba misi “gaberva” P Warbi wneviT, romlis 

Sedegad toris naoWovani tani iSleba, gadadis talRisebur formaSi da 

iSleba _ Rebulobs sawyis, saeqspluatacio formas. 

ganxiluli magaliTebi ( ix. fig. III.8, fig. III.9 da fig. III.10), erTis 

mxriv Seesabameba „gaWimuli konstruqciebis“ arqiteqturis ideologias, 

oRond, mxolod formaTwarmoqmnis stadiaze. rac Seexeba meore stadias – 

konstruqciis muSaobas sasargeblo datvirTvebze, aq isini ganixileba, 

rogorc Cveulebrivi, xisti masalisagan Seqmnili nakeTobebi, romlebic 

aseve itanen mkumSavi Zalvebis warmoqmnas. 

amdenad, ganxilul magaliTebSi moyvanili da maTi tipis sxva 

konstruqciebi SeiZleba miviCnioT hibridul, pnevmomzid struqturebad. 

naxevrad pnevmomzidi konstruqciuli struqtura SeiZleba aseve 

iyos kombinirebuli  da aramTliantanianic. es is SemTxvevebia, roca 

xisti nawilis  garsacmis gaSla xorcieldeba masSi ganTavsebuli, 

moqnili masalisagan damzadebuli gasaberi baliSiT. aseT SemTxvevaSi 

garsacmis germetuloba aRar aris aucilebeli da igi SeiZleba  

badisebri, naxvretebiani, an sxva saxis amonaWrebis mqone, aramTliani 

xisti konstruqcia iyos. amis magaliTad SeiZleba ganvixiloT 

garsacmisagan Rerovani gumbaTis formaTwarmoqmna, rodesac gumbaTis 

satransporto paketi, calkeuli elementebis plastikuri deformaciebis 

Sedegad dakecilia da masSi ganTavsebulia germetuli, drekadtaniani 

gasaberi baliSi. swored baliSis gaSlis Sedegad dakecil gumbaTSi 

warmoiqmneba Zalvebi, romlis Sedegad iwyebs gasworebas plastikuri 

deformaciebis Sedegad deformirebuli calkeuli Reroebi. aseTi 
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procesi saboloo jamSi ganapirobebs gumbaTis gaSlili, saeqspluatacio 

formis miRwevas (fig. III.11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. III.11 _ erTSriani, badisebri gumbaTis transformaciis stadiebi 

ganxorcielebuli kombinirebuli, naxevrad pnevmomzidi, hibriduli 

transformirebadi konstruqciuli struqturiT 
 

a _ naxevrad  pnevmomzidi, kombinirebuli, erTSriani badisebri xisti Reroebisagan 

Sedgenili gumbaTi dakecil mdgomareobaSi, romelSic ganTavsebulia gasaberi 

baliSi;  

b – gumbaTi gaSlil mdgomareobaSi, romelic gaerTianebulia gaberil baliSTan 

erTad;  

c _ dakecili, gazisagan daclili baliSi gazis balonTan erTad mocilebulia 

gaSlili gumbaTisagan; 

d _ gaSlili, erTSriani badisebri gumbaTi. 
 

1 _ badisebri gumbaTis Reroebi deformirebulia plastikuri deformaciebiT; 

2 _ gasaberi baliSi GganTavsebuli gumbaTSi; 3 _ germetuli baliSis gazis  

balonis mierTebis sarqveli; 4 _ gazis baloni an kompresori; 5 _ baliSis, 

konteinerisa da gumbaTis konturis SemaerTebeli droebiTi samagrebi; 6 _ gumbaTis 

wriuli periferialuri konturi; 7 _ gumbaTs gasworebuli Reroebi, romlebic 

qmnian erTSriani badisebri gumbaTis struqturas. 

 

dakecili  gumbaTidan 1 gaSlili gumbaTis 7 formaTwarmoqmnis 

Semdeg, romelic ganxorcielda baliSis 2 gabervis Zalovani 

zemoqmedebiT, droebiTi samagrebis 5 moxsniT, gumbaTis periferiuli 

Rerovani konturidan 6, SesaZlebelia baliSis 2, baliSis sarqvelis 

mowyobilobis 3 da baliSis airis damteni balonis 4, an kompresoris 

moxsna gaSlili gumbaTisagan 7. amdenad rCeba gaSlili formis 

erTSriani Rerovani baliSebis gumbaTi. 
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Tavisi saeqspluatacio formiT “gaWimuli arqiteqturis” saxasiaTo 

hibriduli, gaWimuli transformirebadi struqturebisagan SeiZleba 

formaTwarmoqmna dabali, saSualo da maRali wnevebis Seqmnis Sedegad. 

rac metia transformirebadi gaWimuli zedapiris farTi, miT naklebi 

dawnevaa saWiro misi saeqspluatacio saproeqto formis misaRebad. 

zogadad dawnevis sidide did diapazonSi 0,5 _ 700 kilo paskalis 

farglebSia. 

mniSvnelovania is, rom gansakuTrebiT maRali wnevebis Seqmnisas, 

Cveulebriv “gaWimul konstruqciebTan” SedarebiT, mocemul SemTxvevaSi 

hermetizaciis dacva aucilebelia mxolod konstruqciuli struqturis 

gaSlis da formis miRebis etapebze. es ki gamoricxavs im Znelad misaRwev 

aucileblobas _ hermetizacias yvela etapze, maT Soris saeqspluatacio  

pirobebSic, rac Cveulebriv “gaWimuli struqturebiT” Seqmnil 

transformirebadi konstruqciuli sistemisTvis aris aucilebeli.   

 

III.3. sistemebi, romelTa forma miiRweva gaWimuli konstruqciuli 

struqturis mibmiT stacionalur, mudmivi da ucvleli  

formis mqone konstruqciul sistemasTan, romelTac  

SeuZliaT upiratesad mkumSavi  Zalvebis aTviseba 
 

aRniSnuli sistemebis maxasiaTebeli ZiriTadi konstruqciuli sqema 

warmodgenili iyo fig. III.2.e-ze. ganxiluli sqemidan Cans, rom aseTi 

sistemebi ori ZiriTadi nawilisagan Sedgeba _ transformirebadi, 

gaWimuli konstruqciuli struqturisagan, romelic mibmulia 

stacionarul mudmiv da ucvleli formis mqone struqturasTan. 

aRniSnuli sistemis analizis mixedviT, gaWimul konstruqciul 

struqturas gaaCnia unari, masalis Sinagani struqturidan gamomdinare 

TvisebiT ganicados transformacia _ gaiSalos an daikecos da 

saproeqto formas miaRwios gaWimvis Sedegad. 

konstruqciis struqturis es Tviseba ganapirobebs, misi, 

kompaqturad daxveva-dakecvis saSualebas. aseTi minimaluri gabaritebis 

satransporto paketis saxiT xdeba maTi transportireba daniSnulebis 

adgilamde. montaJis dros daxveuli konstruqciuli struqtura iSleba 

da bolo etapze xdeba misi saproeqto gaWimva. am saxiT transformaciis 

Sedegad struqtura Rebulobs saeqspluatacio formas. 
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konstruqciuli struqturis dakecva-daxvevis unari da elementebis 

gaWimul mdgomareobaSi muSaobis gamo, miRweuli minimaluri wona 

ganapirobebs aRniSnuli konstruqciuli struqturis dadebiT Tvisebas. 

amasTan, mas gaaCnia naklovanebebic, rac struqturis did  

deformaciulobasTan aris dakavSirebuli. ufro metic, erTSrian 

struqturebs kinematikuri gadaadgilebac ki gaaCnia. swored 

struqturebis deformaciulobis Semcirebis da rig SemTxvevebSi xisti 

konstruqciis deformaciebTan miaxloebis mizniT, xdeba sxvadasxva 

konstruqciuli sqemebis, maT Soris “gaWimuli fermebis”, Seqmna da sxva. 

pirvel rigSi ganvixiloT ra saxis da ra formis aris is sistema, 

romelzec xdeba transformirebadi, gaWimuli konstruqciuli 

struqturis mibma, romelic sayrdeni karkasis rolSi gvevlineba. 

am mxriv, ganvixiloT gaWimuli erTSriani transformirebadi 

konstruqciuli struqturis  paralelurgverdebiani sayrdenebi (fig. 

III.12) 

 
fig. III.12 _ gaWimuli erTSriani – moqnili Zafebisagan Semdgari, 

transformirebadi konstruqciuli struqtura paralelurgverdebiani 

sayrdenebiT 
 

1 _ moqnili Zafi; 2 _ moqnili Zafebis sayrdeni koWi; 3 _ koWis dgarze dayrdnobis  
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kvanZi; 4 _ Runva-kumSvaze momuSave dgari; 5 _ dgaris fuZe-saZirkveli; 6 _ moqnili 

Zafebis sayrdeni uWri koWi; 7 _ uWri koWis dayrdnobis Sualeduri, xisti kvanZi;  

8 _ kumSvaze momuSave dgari; 9 _ kumSvaze momuSave dgaris fuZe-saZirkveli; 10 _ 

dgarisa da mWimis SeerTebis kvanZi; 11 _ mWimi-gaWimuli bagiri; 12 _ mWimis boloSi, 

gruntSi ganTavsebuli ankeri. 

 

rogorc warmodgenili sqemidan Cans, moqnili Zafebi erT 

SemTxvevaSi SeiZleba Caeban koWs – CD, romelic iTvisebs Zafebis  

daWimvisagan _ S,  warmoqmnil mRunav moments M. aseT SemTxvevaSi didia 

mRunavi momentis maqsimaluri mniSvneloba. garda amisa, CD koWi, romelic 

aris dayrdnobili dgarze, masSic ganapirobebs ara marto kumSvas, aramed 

Runvasac. dgaris Runvis faqtori ganpirobebulia, dgaris Tavze 

gadacemuli horizontaluri reaqciiT, romelic koWSi warmoiqmneba masSi 

Camagrebuli gaWimuli Zafebisagan. 

SeiZleba gvqondes sayrdeni koWis gansxvavebuli, ufro 

Semsubuqebuli muSaobis suraTic. magaliTad, uWri koWi AB, romelic aseve 

ganicdis masSi Camagrebuli bagirisagan Runvas, gacilebiT ukeTes 

daZabul-deformirebul mdgomareobaSia vidre es iyo CD  koWis 

SemTxvevaSi. es Sedegia imisa, rom dgarebs, koWis dayrdnobis adgilebSi 

Caebmeba mWimebi _ gaWimuli bagirebi, romlebic ZiriTadad iTviseben im 

horizontalur datvirTvebs, rasac ganapirobebs gaWimuli Zafebi. amis 

Sedegad koWSi warmoiqmneba mRunavi momenti – M1 _ romlis maqsimaluri 

sidide gacilebiT naklebia mRunavi momentis _ M _ sididesTan SedarebiT. 

Tu warmodgenili sqemis ganxilvas gavagrZelebT, erT SemTxvevaSi, 

naxazis mixedviT “N” sibrtyeze ganlagebuli “Q” donis qvemoT 

ganTavsebuli fuZe-saZirkveli 5, romelsac uwevs Runva-kumSvaze momuSave 

dgaris daWera, gacilebiT rTul daZabul mdgomareobaSia, vidre dgari 8 

– is damWeri fuZe-saZirkveli, romelic ZiriTadad muSaobs mxolod 

SekumSuli dgaris dasafiqsireblad. 

gegmaSi oTxkuTxa, gansakuTrebiT ki, wagrZelebuli formis, kidul 

sistemebSi garTulebulia ganmbrjenebis aTviseba, romelic kiduli 

sistemis yoveli moqnili Zafis Camagrebis adgilebSi warmoiqmneba. aseT 

SemTxvevebSi gacilebiT garTulebulia ganmbrjenebis aTviseba 

wagrZelebuli nagebobebis boloebSi vidre, Sualedur kolonebs Soris 

ganTavsebul sayrden koWebze (fig. III.13). 



75 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. III.13 _ oTxkuTxa wagrZelebuli, mravalmaliani gaWimuli, kiduli 

sistemisagan ganxorcielebuli daxurva. sawyis da bolo malSi daxurva 

ganxorcielebulia filebis saxiT, rac “koWi-kedelis” principiT aris didi 

sixistis horizontalur sibrtyeSi da uzrunvelyofs kiduli sistemis 

ganmbrjenis aTvisebas 

1 _ moqnili Zafebi;  

2 _ moqnili Zafebis Camagrebis Sualeduri koWebi; 

3 _ Sualeduri gverdiTi dgarebi, romlebzec Sualeduri koWebia ganTavsebuli; 

4 _ ganapira  fila, romelSic moqnili Zafebia Camagrebuli. aRniSnuli fila 

moqnili Zafebis ganmbrjenebs iTvisebs “koWi-kedelis” principze muSaobiT; 

5 _ ganapira filis dasayrdnobi dgarebi; ^ 

6 _ moqnili mWimis, filisa da dgaris SeerTebis adgili;  

7 _ moqnili mWimi;  

8 _ moqnili mWimis saankero mowyobiloba;  

9 _ mWimebis gareSe filis dasayrdeni dgari.k 

  

aseve, Tu ganvixilavT warmodgenili daxurvis sqemis daZabul-

deformirebul suraTs, naTeli gaxdeba is, rom Sualedur sayrden 

koWebze _ Ei Fi,  mosazRvre Zafebis arasimetriuli datvirTvis Sedegad 

warmoqmnili S2 1S   damZabavi Zalebis SemTxvevaSic,  Sualeduri koWebi da 

gverdiTi dgarebi sakmaod daZabul mdgomareobaSia.  

ganapira malebis filiT daxurvis SemTxvvevaSi, fila, rogorc 

“koWi-kedeli”, gacilebiT iolad aitans bagirebis Cabmebis Sedegad maTSi 

warmoqmnil mRunav momentebs - M.  
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amasTan, mniSvnelovania is, rom aseT SemTxvevaSic ki dgarebis mier 

aTviseba kidul sistemisagan ganapirebSi gadacemuli horizontaluri 

Zalebisa ucvleli rCeba. misi aTviseba, rogorc wina SemTxvevaSi (ix. fig. 

III.12), wydeba ori xerxiT. pirveli gulisxmobs bagirovani mWimebis 

mowyobas bolo dgarebze, xolo meore TviT filis sayrdeni dgarebis 

gaZlierebul Runva_kumSvaze muSaobas. 

 SedarebiT icvleba viTareba, rodesac gegmaSi nageboba aris 

oTxkuTxa formis, oRond misi sigrZis da siganis Sefardeba 1:1 an 1:2-mde 

icvleba, da rac mTavaria moqnili Zafebi erTmaneTis marTobulad arian 

ganlagebulni (fig. III.14). 

 

 

 

 

 

 

 

 

 

 

 

 

fig. III.14 _ orTogonalurad ganTavsebuli moqnili Zafebis Camagreba oTxkuTxa 

konturis mqone CarCos tipis sayrdenTan 
 

1 _ orTogonalurad ganlagebuli urTierTgadamkveTi moqnili Zafebi; 

2 _ sayrdeni xisti, CarCosebri konturi; 3 – daxurvis konstruqciisagan – gaWimuli 

sistemisagan da CarCosebri konturisagan  gadmocemul Zalebze, RerZul kumSvaze 

momuSave kolonebi. 

 

rogorc sqemidan Cans, warmodgenil sistemaSi ufro optimalurad 

nawildeba Zalvebi sayrden konturSi vidre es iyo wina or SemTxvevaSi (ix. fig. 

III.12 da fig. III.13). 

mocemul SemTxvevaSi ABCD  oTxkuTxa CarCo, masze orTogonalurad 

ganlagebuli bagirebis Camagrebisagan, CarCos kvanZSi da  malSi gadanawilebiT 

iTvisebs mRunav moments _ M _s. aRsaniSnavia, rom swored mRunavi momentis 

gadanawileba malSi da kvanZebSi  ufro optimalurs xdis mTlianad CarCosebri 
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sayrdenis muSaobas. amasTan, mocemul SemTxvevaSic ar gamoiricxeba  nagebobaSi 

daankerebuli bagirovani mWimebis gamoyeneba 

sayrdeni konturis daZabul-deformirebuli suraTis muSaobis kidev ufro 

gaumjobesebul SemTxvevas warmoadgens mrudxazovani  konturebi. maTi 

gamoyeneba SesaZlebelia, rogorc erT rigad ganlagebuli, aseve 

urTierTgadamkveTi, moqnili Zafebis SemTxvevaSi. amasTanave, aucilebelia 

Seiqmnas rogorc konstruqciuli, aseve arqiteqturuli pirobebi (fig. III.15). 

  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

fig. III.15 _ ovalur sayrden konturze damagrebuli kiduli sistemebi 

a _ sivrciTi ovaluri formis sayrdeni konturi, paralelurad ganTavsebuli 

daWimuli ZafebisaTvis; 

b _ wriuli formis sayrdeni konturi, orTogonalurad ganTavsebuli daWimuli 

ZafebisaTvis. 

 

warmodgenil sqemebze, pirvel SemTxvevaSi, daWimuli Zafebis 

paralelurad ganTavsebuli xisti monakveTebi AC  da BD  sayrdenisa, 

warmoadgens erTgvar makavSirebels gaWimuli Zafebis boloebze 

ganTavsebuli sayrdenis mowyobilobebisa AD  da BC, romelTac TaRis  

formebi aqvs. aseTi sqema ganapirobebs wagrZelebuli formis kiduli  

daxurvebis mowyobisaTvis optimalur gadawyvetas. sayrdenebis TaRur 
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monakveTebSi ZiriTadad warmoiSveba mkumSavi Zalvebi, romlebic Semdeg 

gadaecema sayrdenis wagrZelebul monakveTebs, sadac xdeba maTi aTviseba. 

amasTan sagulisxmoa, rom C, D, B  da A  wertilebSi adgili aqvs  CD da AB  

gaswvriv  moqmedi Zalebis warmoqmnas, rac TaRis ganmbrjenebis 

reaqciebia. maTi aTviseba xdeba, rogorc sayrdenebis grZeli elementebis 

kveTis gaZlierebiT, aseve sxva mravali konstruqciuli sqemebis 

ganxorcielebiT. 

xisti sayrdenis muSaobis optimaluri forma miiRweva warmodgenili 

sqemebis b _ SemTxvevaSi. mocemul sayrdenSi, gaWimuli, orTogonalurad 

ganlagebuli urTierTgadamkveTi Zafebisagan _ bagirebisagan warmoiqmneba 

minimaluri  sididis mRunavi momentebi. konstruqcia ZiriTadad muSaobs 

kumSvaze. 

sayrdeni konturebis ganxilvasTan erTad, aseve analizia 

Casatarebeli TviT gaWimuli, moqnili ReroebiT Seqmnili sistemis 

mimarT. sakiTxi Seexeba erTSrian gaWimul, kidul sistemas, umetes wilad 

ki paralelurad ganTavsebul gaWimul moqnil Zafebs. miuxedavad mravali 

dadebiTi Tvisebisa isini, rogorc aRiniSna xasiaTdebian didi 

deformaciulobiT, rac gamowveulia maTi kinematikuri gadaadgilebis 

saSualebiT da amasTan Zalian mcire woniT,  rac arasimetriuli 

datvirTvebis, an qaris zemoqmedebisas iwvevs maT did farglebSi 

deformaciebs (fig. III.16). 
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fig. III.16 _ or sayrdenze  Camagrebuli moqnili Zafis  deformaciebi 

 sxvadasxva formis datvirTebisas 
 

a _ moqnili Zafis deformacia mudmivi datvirTvisas; b _ moqnili Zafis deformacia 

mudmivi da arasimetriuli, sapirispirod moqmedi datvirTvisas; 
1 _ Zafis RerZis forma mudmivi datvirTvisas; 2 _ Zafis RerZis Fforma 

 

warmodgenili sqemebis mixedviT irkveva, rom Tu zemodan qvemoT 

moqmedi mudmivi intensivobis datvirTva iwvevs bagiris, moqnili Zafis, 

simetriul mrude Cakidulobas, arasimetriuli da amasTan qvemodan zemoT 

momqmedi maqsimaluri sididis q intensivobis datvirTvis damateba iwvevs 

Zafis “talRis” formis deformacias. 

aseTi didi sididis, kinematikuri deformaciebis SezRudvisaTvis, 

gansakuTrebiT stacionarul daxurvebSi gamoiyeneba SedarebiT didi 

wonis, rkinabetonis Cveulebrivi filebi, romlebic Tavisi  SemomzRudavi, 

Semomfargvleli funqciis garda, sakuTari didi wonis faqtoriT, aseve 

iwvevs bagiris deformaciebis dastabilizebas (fig. III.17). 
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fig. III.17 _ erTSrian  kidul daxurvebSi, mzidi moqnili Zafis-bagiris 

stabilizacia SedarebiT didi wonis, Tanabarganawilebuli mudmivi datvirTviT 
 

a _ sakuTari wonisagan da filebis wonisagan gamowveuli moqnili Zafis _ 

bagiris deformacia;  

b _ sakuTari wonisagan, filebis wonisagan da amasTan sapirispiro 

mimarTulebiT momqmedi arasimetriuli datvirTebisagan gamowveuli 

moqnili Zafis bagiris deformacia. 

 

amdenad fig. III.16-ze da fig. III.17-ze warmodgenili sqemebis _  

bagirebis deformaciebis SedegebiT mkafiod Cans, rom moqnili Zafebis 

didi kinematikuri deformaciebis Semcirebisa da stabilizaciisaTvis 

metad mosaxerxebelia, erTSrian kidul sistemebSi daxurvis SedarebiT 

didi  wonis filebis  gamoyeneba (fig. III.18). 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. III.18 _ moqnili Zafis deformaciebi sxvadasxva datvirTvebze 
 

1 _ moqnili Zafi datvirTulia mcire intensivobis sakuTari woniT da am dros misi 

maqsimaluri CaRunvis isaria h1;  

h1 
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2 _ Zafi datvirTulia mcire intensivobis sakuTari woniT da qvemodan zemoT momqmedi 

asimetriuli datvirTviT. am dros misi maqsimaluri aweva aris h2, xolo Cazneqva h
1

2;  

3 _ moqnili Zafi datvirTulia sakuTari woniT da SemomzRudavi filebis woniT da am 

dros misi  maqsimaluri Cazneqva aris h3;  

4 _ Cazneqili Zafi  datvirTulia sakuTari woniT, daxurvis filis woniT da 

arasimetriuli, sapirispiro mxares momqmedi datvirTviT. am dros Zafis maqsimaluri 

Caweva aris h4 da mTlianad bagiri, mcire gadaxrebiT talRuri formisaa. 

 

 rogorc warmodgenili sqemidan irkveva, arasimetriuli sapirispiro 

datvirTvisa da mcire intensivobis mudmiv datvirTvasTan SedarebiT, 

gacilebiT naklebi deformaciebia didi intensivobis mudmivi datvirTvis 

SemTxvevaSi, rodesac bagirze aseve moqmedebs sapirispiro niSnis 

arasimetriuli datvirTva. 

 erTSriani kiduli sistemebis didi deformaciebis Semcirebis 

mizniT, literaturul wyaroebSi, aseve mocemulia moqnili Zafebi – 

bagirebi, romlebic damatebiT momWimebiT aris aRWurvili (fig. III.19). 

 

 

 

 

 

 

 

 
 

 

fig. III.19 _ or sayrdenze Camagrebuli moqnili Zafis  deformaciebis  

Semcireba mWimebis saSualebiT, romelic erTi boloTi ukavSirdeba moqnil 

Zafs, xolo meore boloTi Camagrebulia dgarebze. 

 
1 _ moqnili Zafis Camagrebis kvanZi; 2 _ moqnili Zafi; 3 _ vanturi mWimebi; 

4 _ vantis da moqnili Zafis SeerTebis kvanZi; 5 _ vantebis Camagrebis  

kvanZi dgarze; 6 _ dgari. 

 

 

aRsaniSnavia, rom aRniSnuli sistema ufro uaxlovdeba orSrian-

orsartyelian kidul sistemas, romelic Semdgom aris ganxiluli, vidre 

erTSrian kidul sistemas. amis sademonstraciod warmodgenil sqemaze 

SeiZleba gavagrZeloT mWimebis mowyoba, vidre kvanZ 4-Si ara erTi vanti, 

aramed ukve ori vanti iqna mimagrebuli moqnil Zafze – bagirze (fig. 

III.20). 
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fig. III.20 _ mWimebiT gamagrebuli erTSriani moqnili Zafis sqema, romelic  

aseve SeiZleba ganxilul iqnas, rogorc orSriani-orsartyeliani  

kiduli-bagirovani sistema 

 

Tu fig. III.20-ze  warmodgenili  sqemis  Semadgenel elementebs igive 

numeraciiT avRniSnavT, rogorc fig. III.19-zea warmodgenili, maSin iolad 

warmovidgenT, rom ori bagiris da moqnili Zafis 

urTierTdamakavSirebeli kvanZis 4 arsebobiT  sistema gadaiqceva 

orsartyelian bagirovan sistemad. masSi bagri 2 aris  mzidi bagiri, 

xolo bagirebi 3,  romelTagan ori ikribeba kvanZ 4-Si warmoadgens 

orSriani kiduli sistemis tipiur mastabilizebel qveda bagirovan 

sartyels. 

transformirebadi struqturebis Seswavlis mxriv, gansakuTrebul 

yuradRebas imsaxureben erTSriani kiduli sistemebi. isini SeiZleba 

ganxorcieldnen moqnili Zafebisagan _ bagirebisagan da daxveuli 

furclebisagan, romlebisganac SeiZleba membranebis miReba. aRniSnuli 

transformirebadi konstruqciuli struqturebi erTobliobaSi muSaoben 

xist sayrdenebTan da aseve Sualedur xist da zogierT SemTxvevaSi, aseve 

vantur bagirovan sayrdenebTan. maTi urTierTSeTanxmebiT da sxvadasxva 

saxiT urTierTganlagebiT iqmneba sxvadasxva konfiguraciis, 

arqiteqturulad gamomxatveli figurebi. isini farTod gamoiyeneba mcire 

da didmalian nagebobebSi. maT Sesaxeb qvemoT iqneba ganmartebebi 

warmodgenili, radganac maTi geometriuli formebi metwilad miekuTvneba 

ormagi simrudis  zedapirs. 
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rogorc kiduli sistemebis mxriv, aseve maTi transformirebadi 

konstruqciuli struqturebis Seqmnis mxriv Zalian mravalferovania 

orSriani-orsartyeliani bagirovani sistemebi. 

orsartyeliani bagirovani sistema xasiaTdeba ramodenime 

aucilebeli elementis simravliT (fig. III.21). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. III. 21 _ orsartyeliani bagirovani sistemis Semadgeneli aucilebeli 

elementebi da maTi gaerTianebis Sedegad miRebuli orsartyeliani bagirovani 

sistemis ZiriTadi sqemebi 

 
 

a _ ZiriTadi elementebis krebuli; b _ amozneqili, xisti RerovankavSirebiani, 

orsartyeliani bagirovani sistema; c _ Cazneqili, moqnilReroebiani _ vantebiani 

kavSirebiT ganxorcielebuli orsartyeliani bagirovani sistema. 

1 _ sayrdeni; 2 _ mzidi bagiri; 3 _ mastabilizebeli bagiri; 4 _ mzid da 

mastabilizebel bagirebs Soris xisti kavSirebis Reroebi; 5 _ mzid da mastabilizebel 

bagirebs Soris moqnili Rerovani kavSirebis vantebi. 
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aRniSnuli sistemebi SeiZleba aseve ganvixiloT transformirebad 

konstruqciul struqturebad, romlebic stacionalur, xist da 

formaucvlel sayrdenebzea Casamagrebeli. amasTan, formaTwarmoqmna maTi 

transformaciiT, dakecva-gaSlis sxvadasxva sqemebiT aris SesaZlebeli 

(fig. III.22). 

 

 

 

 

 

 

 

 

 

 

 

 

fig. III.22 _ orsartyeliani bagirovani, transformirebadi  

konstruqciuli struqturis formacvalebadoba, dakecva-gaSla  

sxvadasxva sqemebiT 
 

a _ orsartyeliani, xistkavSirebiani bagirovani struqturis transformaciebi; 

b _ orsartyeliani, moqnilkavSirebiani bagirovani struqturis transformacia. 
 

1 _ orsartyeliani, xistkavSirebiani bagirovani struqtura N ZaliT gaWimvis 

Sedegad saeqspluatacio formas iRebs; 2 _ stacionaluri sayrdenebi, romelSic 

CamagrebiT daWimuli bagirovani struqtura saeqspluatacio formas inarCunebs; 

3 _ struqturis transformacia dakecvis meTodiT; 4 _ struqturis transformacia 

daxvevis meTodiT; 5 – orsartyeliani, moqnilkavSirebiani bagirovani struqtura, 

daWimuli N ZalebiT iZens saeqspluatacio formas; 6 _ struqturis transformacia 

nebismieri dakecva-daxvevis meTodiT. 

 

axla ganvixiloT orsartyeliani bagirovani sistemebis saproeqto 

formebi da maTi Cabma stacionalur formaucvlel sayrdenebTan. 

amozneqili, orsartyeliani bagirovani sistemebi, romlebic mzid 

da mastabilizirebel bagirebs Soris xisti kavSirebiT miiRweva, 

ZiriTadad ori principuli sqemis mixedviT xorcieldeba (fig. III.23). 
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fig. III.23 _ orsartyeliani bagirovani sistemebis principuli sqemebi 
 

a _ bagirovani sistemis sqema gancalkevebuli – mzidi da mastabilizebeli 

bagirebis daSorebuli CamagrebiT sayrdenebze. 

b _ bagirovani sistemis sqema mzidi da mastabilizebeli bagirebis sayrdenebze, 

erTmaneTTan SeerTebiT da sayrdenebSi CamagrebiT. 
 

1 _ mzidi bagiri; 2 _ mastabilizebeli bagiri; 3 _ xisti, Rerovani kavSirebi  

dgarebis saxiT; 4 _ mastabilizirebeli bagirebis sayrdeni kvanZi dgarze; 5 _ mzidi 

bagiris sayrdeni kvanZi dgarze; 6 _ dgari; 7 _ mWimebi; 8 _ ankeri; 9 _ mzidi da 

mastabilizebeli bagirebis  gamaerTianebeli  sayrdeni kvanZi. 

 

ganxiluli sqemebidan ufro gavrcelebulia b poziciaze 

gamosaxuli sistema, romlis mzidi da mastabilizebeli bagirebi 

erTiandebian sayrden kvanZSi. amasTan, misi ganivkveTis simaRle malis 

SuaSi – H = f1+f1  naklebia, vidre a _ poziciaze warmodgenili sitemisa, 

romlis ganivkveTis simaRle malis SuaSi Seadgens HH=f1+f1+h. 

ZiriTadi mizani erTSriani kiduli sistemidan orSrian – 

orsartyelian sistemaze  gadasvlisa aris misi kinematikuri 

deformaciebis Semcireba, rac mocemul SemTxvevaSi miiRweva 

mastabilizebeli bagiris winaswardaZabviT. swored ukve arsebuli 

gaWimvis Zabvebi mastabilizebel bagirSi iZleva  saSualebas, isic 

CaerTos  sistemis muSaobaSi manam,  sanam aRZruli mkumSavi Zalvebi ar 

gadaaWarbeben  arsebuli winaswari gaWimvis Zalvebs. am saxiT sistema 

gacilebiT naklebdeformaciulia vidre erTSriani kiduli sistema, Tumca 

f1 

f1 

h 

f1 

f1 

H=f1+f1+h 

H=f1+f1 

2 

1 

2 

2 

4 

7 

5 

6 

6 

3 

3 

7 

8 

8 

9 

a) 

b) 



86 

 

mocemul sqemebSi naklebi sididiT, magram mainc, kvlav SenarCunebulia 

kinematikuri gadaadgilebebi. mocemuli kiduli sistemisaTvis erT-erTi 

ZiriTadi dadebiTi Tvisebaa is, rom maTi daxurvebSi gamoyenebis 

SemTxvevaSi gaiolebulia amozneqili zedapiridan wylis gadayvanis 

problema da aseve faqtiurad gamoricxulia „Tovlis tomrebis“ 

dagroveba daxurvis zedapirze. 

rac Seexeba orsartyelian kidul sistemas, mzidi da  

mastabilizebeli bagirebis vantebiT dakavSirebiT, aq ori sqema aris  

dominanturi (fig. III.24). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. III.24 _ orsartyeliani bagirovani struqturis moqnilkavSirebiani sqemebi 
 

a _ erTmaneTisagan h manZiliT dacilebuli mzidi da mastabilizebeli bagirebi; 

b _ erT Sua wertilSi gadamkveTi mzidi da mastabilizebeli bagirebi. 
 

1 _ mzidi bagiri; 2 _ winaswardaWimuli mastabilizebeli qveda amozneqili bagiri; 

3 _ moqnili Rerovani _ vanturi kavSirebi mzid da mastabilizebel bagirebs Soris; 4 

_ mzidi bagiris dgarTan mierTebis kvanZi; 5 _ dgari; ^6 _ mastabilizebeli bagiris 

dgarTan mierTebis kvanZi; 7 _ mWimi; 8 _ ankeri; 9 _ zeda da qveda mzidi da 

damastabilizebeli bagirebis urTierTgadakveTis kvanZi. 
 

pirvel rigSi unda aRiniSnos, rom warmodgenili orsartyeliani 

bagirovani struqtura vanturi urTierTkavSiriT moqnil sartyelebs  

Soris warmoadgens „gaWimuli struqturis“ tipiur gansaxierebas. igi 

garda sayrdeni dgarebisa Sedgeba mxolod gaWimuli elementebisagan, rac 
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Tavis mxriv ganapirobebs konstruqciuli masalebis ekonomiur 

gamoyenebas maTi gaWimvis gamo. 

Tu aRniSnuli struqturebi gamoyenebuli iqneba daxurvebSi, maSin 

TviT Senobis Siga moculobis aTvisebis mxriv iqmneba optimaluri piroba 

imis gamo, rom mastabilizebeli bagiri amozneqil mdgomareobaSia. rac 

Seexeba mzid, Cazneqil, gare bagirs, igi qmnis or naklovan mxares. erTis 

mxriv es aris daxurvidan  wylis gadayvanis sakiTxi da meore, ki 

Cazneqil daxurvaSi „Tovlis tomrebis“ warmoqmnis SesaZlebloba. 

rac Seexeba deformaciebs, orsartyeliani bagirovani struqtura 

moqnili kavSirebiT TiTqmis iseTivea, rogorc wina SemTxvevaSi – 

orsartyeliani, xisti ReroebiT dakavSirebuli bagirovani sartyelebis 

struqtura. Tumca, fig. III.24-ze warmodgenili b – poziciis sqema ufro 

mdgradia deformaciebis mimarT, radganac zeda da qveda bagirebi, malis 

SuaSi erT wertilSi ikveTeba da amiT warmoiqmneba samkuTxedis Sekrul 

konturTan miaxloebuli formis sistema, rac meti sixistiT gamoirCeva. 

simaRlis mxriv Cazneqil da amozneqil bagirebs Soris 

urTierTdacilebis maqsimaluri simaRle Seadgens HH1=f1+f1+h , xolo maTi 

erT wertilSi gadakveTis SemTxvevaSi maqsimaluri simaRle Seadgens 

HH2=f1+f1,  rac  h-iT naklebia pirvel SemTxvevasTan SedarebiT. 

 daxurvis ganivkveTSi sakuTari simaRlis da deformaciulobis 

Semcirebis mxriv optimaluria zeda da qveda bagirebis,  

urTierTgadamkveTi kombinirebuli sqemis Seqmna, sadac erT sistemaSia 

SeTavsebulia sartyelebs Soris xisti da moqnili kavSirebi (fig. III.25). 

 

 

 

 

 

 

 

 

 
fig. III.25 _ kombinirebuli sqema mzidi da mastabilizebeli bagirebis 

urTierTgadakveTisa da maT Soris xisti da moqnili kavSiris gamoyenebisa 

 

1 _ mzidi bagiri; 2 _ mastabilizebeli bagiri;  

3 _ xisti, Reroiani kavSiri;4 _ moqnilReroiani kavSirebi;   

C _ mzidi da mastabilizebeli bagirebis urTierTgadakveTis wertili; 
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A _ mzidi bagiris dgarTan Camagrebis kvanZi; B _ mastabilizebeli bagiris dgarTan 

Camagrebis kvanZi; 5 _ dgari. 

 

warmodgenil sqemaSi orsartyeliani sistemis ganivkveTis simaRle, 

malis SuaSi aris minimaluri da igi tolia HH3=f1+f1−h.  amasTan ori 

samkuTxa sqema ACB, romelic ganTavsebulia daxurvis boloebSi, dgarebis 

CaTvliT da sartyelebis urTierTgadakveTis wertilebs Soris 

ganTavsebuli xistkavSirebiani orsartyeliani struqtura, qmnis sistemis 

deformaciulobis kidev ufro Semcirebis pirobebs. miuxedavad amisa, 

sistemisaTvis kvlav damaxasaiaTebelia garkveuli sididis – kinematikuri 

gadaadgilebebi.  

“gaWimul arqiteqturaSi” minimaluri deformaciuloba, anu mxolod 

gaWimvaze momuSave Reros drekadi wagrZelebebis Sedegad ganpirobebuli 

“drekadi deformaciebi”, miiRweva orsartyelian sistemaSi _ vantur 

fermebSi, rodesac mzidi da mastabilizebeli bagirebi samkuTxa formis 

gaWimuli bagirebisagan, vantebisagan aris urTierTdakavSirebuli (fig. 

III.26). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
fig. III.26 _ orsartyeliani, vanturi, winaswardaZabuli ferma _ bagirovani 

struqtura zeda da qveda vanturi sartyelebis, samkuTxa formiT ganlagebuli 

da winaswar daWimuli iribnebiT 
 

a _ vanturi winaswardaZabuli fema erTmaneTis mimarT dacilebuli zeda da 

qveda bagirebiT – sartyelebiT; 
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b _ vanturi winaswardaZabuli ferma zeda da qveda sartyelebis 

urTierTSexebiT; 

c _ zeda da qveda sartyelebis urTierTSexebis kvanZi; 
 

1 _ zeda sartyeli; 2 _ qveda sartyeli;  3 _ moqnili iribnebi; 4 _ dgarebi; 5 _ 

mWimebi; 6 _ fermis kvanZebi. 

 

warmodgenili sistema principulad gansxvavdeba ganxiluli, 

kiduli, orsartyeliani sistemisagan. masSi, rogorc fermaSi, nebismier 

dros warmoSobili Zalvebi, Tu isini Sesabamis kveTebSi ar  aRemateba 

Sesabamis elementebSi winaswar daZabulobiT warmoqmnil gamWimav 

Zalvebs, xdeba iseTi  deformaciebi, rogorc analogiuri formis  xisti 

elementebisagan Sedgenil fermebSi. amdenad, bagirovani,  

winaswardaZabuli fermis deformaciebi mxolod drekadi mdgenelebisagan 

Sedgeba, rac gamoricxavs kinematikur gadaadgilebas. 

rogorc wesi, zeda Cazneqili sartyelis Cawevis isris Sefardeba  

malTan  L  miiReba f1/L = 
20

1
 – 

15

1
 - mde, xolo qveda sartyelis awevis isars f1  

Sefardeba malTan L  miiReba  f1/L = 1/20 – 1/30; 

amasTan, daxurvebSi rekomendirebulia, rom zeda sartyelisTvis f1/L 

=1/17,  xolo qveda sartyelisTvis  f1/L = 1/25, im pirobiT, rom zeda 

sartyeli, iseve, rogorc qveda sartyeli da iribnebi warmoadgenen 

vantebs, fermis zeda sartyelze – vantebze gare datvirTvebi modebulia 

mis kvanZebze. 

bagirovani fermebiT  SesaZlebelia sakmaod didi _ 100 metramde da 

meti sigrZis malebis daxurva. amasTan sistema warmoadgens 

transformirebad konstruqciul struqturas. misi transportireba 

damzadebis adgilidan gamoyenebis adgilamde SesaZlebelia dakecil 

mdgomareobaSi. amas emateba „gaWimuli arqiteqturisTvis“ damaxasiaTebeli 

minimaluri wona, romelic gaaCnia bagirovan fermebs. 

rac Seexeba kidul sistemebs da maT Soris orsartyelian bagirovan 

sistemebs, isini didi upiratesobiT gamoiyenebian  rodesac gaaCniaT 

mrgvali sayrdeni konturi, romelSic xdeba maTi sxvadasxva sqemiT 

ganTavseba (fig. III.27). 
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fig. III.27 _ wriul  konturSi ganTavsebuli orsartyeliani sistemebi 
 

a _ radianuli ganTavseba; b _ orTogonaluri ganTavseba; 

c _eqvskuTxa formiT ganTavseba; d _ samkuTxa formiT ganTavseba. 
 

1 _ sayrdeni konturi,  romelic bagirovani sistemisagan ZiriTadad  muSaobs kumSvaze 

da aseve Runvazec; 2 _ radianulad ganTavsebuli bagirovani sistema; 3 _ wriuli doli, 

sadac uerTdeba da ikveTeba radialurad ganTavsebuli orsartyeliani bagirovani  

fermebi; 4 _ orTogonalurad ganTavsebuli orsartyeliani bagirovani fermebi; 5 _ 

orTogonalurad ganTavsebuli bagirovani sistemebis urTierTgadakveTis kvanZebi; 6 _ 

eqvskuTxa formiT dakavSirebuli bagirovani orsartyeliani sistemebi; 7 _ eqvskuTxa 

formiT ganTavsebuli bagirovani sistemebis urTierTgadakveTis kvanZebi; 8 _ samkuTxa 

formiT dakavSirebili bagirovani orsartyeliani sistemebi; 9 _ samkuTxa formiT 

ganTavsebuli bagirovani sistemebis sartyelebis urTierTgadakveTis kvanZebi. 

 

wriul konturze Camagrebuli bagirovani orsartyeliani sistemebi, 

gamoyenebulia mSeneblobaSi gadaxurvis konstruqciad. isini aseve 

gamoyenebulia sxva nagebobebSic, gansakuTrebiT ki kosmosur did  

gasaSlel refleqtorebSi. amdenad, maT Sesaxeb ufro detaluri garCeva 

SemoTavazebuli iqneba sxva TavebSi. 

transformirebadi struqturebis mxriv, da aseve stacionalur 

nagebobebSi didi upiratesobiT gamoiyeneba bagirovani badeebi,  romlebic  

umetes konstruqciul gadawyvetebSi qmnian unagirisebr, 

urTierTgadamkveT, winaswardaZabul badisebr sistemebs. 

aRniSnuli sistemis daproeqtebis pirvelsave etapebze metad 

mniSvnelovania zedapiris formis geometriis gansazRvra da misi daZabvis 

sidideebis dadgena. SerCeuli forma optimaluri unda iyos im mxriv, rom 

datvirTvebis Sedegad badeSi aRZruli Zalvebis Sedegad gamowveuli 

deformaciebi iyos minimaluri. am pirobebis dacva xSir SemTxvevebSi 

gacilebiT ukeTesad xdeba maSin, rodesac  winaswardaZabuli bagirovani 

bade aRwevs hiperboluri paraboloidis formis zedapirs,  romlis 

gantoleba Semdegi saxisaa: 
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Z = f x2/a2 – fsy
2/b2 

formulidan gamomdinare avagoT da ganvixiloT hiperboluri 

paraboloidis mqone zedapiri (fig. III.28). 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

fig. III.28 _ hiperpoloiduri paraboloidis sqema da misi geometriis  

ZiriTadi parametrebi 
 

OX, OY, OZ _ sivrciTi, orTogonaluri, kordinatuli sistema; “N“ _ hiperboluri 

paraboloidis zedapiri; f _ mzidi bagiris Cakidebis isari;  

f3_ mastabilizebeli bagiris awevis isari; a da b  _ naxevarmalebi X da  Y 

RerZebis mimarTulebiT; „M“ _ OX da OY  urTierTgadamkveTi RerZebis paralelurad, O 

wertilidan fs  manZilze gadatarebuli hiperboluri paraboloidis gadamkveTi sibrtye. 
 

1 _ mTavari mzidi parabola; 2 _ mTavari mastabilizebeli parabola; 

 3 _ mTavari hiperbola; 4 _ mTavari  mastabilizebeli parabolis paraleluri 

paraboloidebi, romlebic badisebr sisitemaSi, SeiZleba warmoadgendnen bagirebis  

moxazulobas; 5 _ mTavari mzidi parabolis paraleluri parabola, romelic badisebr  

sistemebSi SeiZleba  warmoadgendnen bagiris moxazulobas. 

 

 warmodgenili sqemis mixedviT Tu vimsjelebT mTavari mzidi  

parabolis da mTavari mastabilizirebeli parabolis RerZi erTi da 

igivea, isini emTxveva erTmaneTs da mdebareobs OZ RerZze gamaval wrfeze. 

rac Seexeba mTavari hiperbolis namdvil RerZs is mdebareobs X1 _ X1 

wrexazze; romelic O1  wertilze aris gadatarebuli, xolo mTavari 

hiperbolis warmosaxviTi  RerZi mdebareobs Y1 – Y1 wrfeze, romelic aseve 

aris gadatarebuli O1  wertilze. 

 rac Seexeba hiperboluri paraboloidis RerZs misi mdebareoba 

emTxveva  OZ  wrfes. 
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konstruqciis Seqmnis dros, gaTvaliswinebuli unda iyos is, rom 

hiperboluri paraboloidi ar warmoadgens mbrunav zedapirs. igi 

SeiZleba agebuli iqnas mTavari parabolis paraleluri gadaadgilebiT. 

konstruqciuli TvalsazrisiT aseve mniSvnelovania da sxvadasxva  

pirobebSi sagulisxmoa is, rom hiperboluri paraboloidi sabolood 

SeiZleba agebul iqnas  urTierTgadamkveTi swori Reroebisagan 

Sedgenili badiT (fig. III.29).  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

fig. III.29 _ wrfivi  monakveTebisagan agebuli hiperboluri paraboloidi 
 

1 _ urTierTgadamkveTi swori monakveTebi, romlebic qmnian bades; 2 _ zedapiris 

paraboluri ganapira konturi; 3 _ zedapiris warmosaxviTi mzidi parabolis konturi; 4 

_  sibrtyeze, swori  xazebis gdakveTis SemaerTebeli  

hiperboluri konturi. 

 

amdenad, literaturaSi farTod gavrcelebuli termini an fraza, 

bagirebis _ Zafebis ganTavsebisa hiperboloiduri parabolis zedapiris 

mTavari RerZebis mimarT sxvadasxva kuTxiT, garkveul gaugebrobas 

Seicavs da is dasazustebulia. unda miviCnioT, rom avtorebs 

mxedvelobaSi hqondaT zedapiris mTavari mzidi da mastabilizebeli 

parabolebi da maT mimarT gadatarebuli badis  wrfeebis daxris 

kuTxeebi (fig. III.30). 
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fig. III.30 _ orsimrudiani  zedapiris mqone bade, romlis Semadgeneli wrfivad 

ganlagebuli bagirebi garkveuli kuTxiT aris ganlagebuli zedapiris 

 mTavari parabolis mimarT 
 

1 _ mTavari mzidi parabola; 2 _ mTavari mastabilizebeli parabola;  

3 _  badis urTierTgadamkveTi wrfivi  Reroebi;  

4 _ orsimrudiani zedapiris xisti konturi. 

 

 warmodgenil sqemaze aseve  sayuradReboa is faqti, rom badis 

Semadgeneli  Zafebi ar aris ganlagebuli zedapiris mTavari 

paraboloidis paralelurad da isini, rogorc aRiniSna, mas garkveuli 

kuTxiT kveTen. aseT SemTxvevaSi izrdeba maTi sigrZeebi, _  mcirdeba da 

mocemul SemTxvevaSi nulamde dadis maTi simrude, saTanadod izrdeba 

maTSi warmoqmnili Zalvebi, rac saboloo jamSi ganapirobebs badis 

muSaobis uaryofiT daZabul-deformirebul suraTs. 

 wrfivi, ganlagebuli bagirebiT Sedgenili badis SemTxvevaSi, 

yvelaze mniSvnelovania is, rom daxurvis konstruqciaSi faqtiurad qreba 

stabilizaciis efeqti. sworxazovani Reroebi, romlebic warmoqmnian 

zedapirs, ganiv datvirTvas iTviseben mxolod da mxolod Tavisi drekadi 

deformaciebiT, rac ganapirobebs maTSi Zalian didi Zalvebis warmoqmnas. 

amdenad konstruqciis optimaluri gadawyvetisaTvis ufro 

mizanSewonilia da umetes SemTxvevebSi aucilebelicaa badis Semadgeneli 

swori bagirovani elementebi, yoveli ujredis Semdeg,  adgendes ufro 

did kuTxes mosazRvre ujredis swor elementTan. es niSnavs imas, rom 

badis TiToeuli bagiri sayrdenebs Soris iyos sagrZnoblad Cazneqili an 

amozneqili (fig. III.31). 
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fig. III.31 _ hiperboluri paraboloidis zedapiris mqone winaswardaZabuli 

kiduli konstruqcia, romlis sayrden konturebs Soris ganTavsebul bagirebs 

gaaCniaT sagrZnobi Cazneqva da amozneqva 
 

a _ orTogonalurad ganlagebuli bagirebi; b _ erTmaneTis mimarT 

paraboloidurad ganlagebuli bagirebi. 

1 _ hiperboluri  paraboloidis zedapiri, Seqmnili bagirovani badisagan; 

2 _ sayrdeni konturi; 3 _ mTavari mzidi, Cazneqili parabolis paralelurad 

ganTavsebuli bagirebi; 4 _ mTavari Cazneqvis parabola;   

5 _ mTavari mastabilizebeli, amozneqili parabolis paralelurad ganTavsebuli 

bagirebi; 6 _ mTavari mastabilizebeli amozneqili parabola; 7; 8 _ gaorebuli, 

erTmaneTis mimarT kuTxiT ganTavsebuli da mTavari mzidi da mastabilizebeli 

parabolebis mimarT simetriulad daxrili badis Semadgeneli bagirebi; 9 _ badeSi 

bagirebis gadaadgilebis SezRudvisaTvis, maT gadakveTaze mowyobili Semkravi kvanZebi. 

 

warmodgenil sistemebSi mTavari parabolebis Cakidvis isris 

Sefardeba Sesabamis malebTan f/L cvalebadobs 1/10 – dan 1/40-mde. 

hiperboluri paraboloidebis zedapirebi, romlebic mocemul 

SemTxvevebSi miiRweva Cazneqili da amozneqili bagirebisagan Sedgenili 

badiT, daZabul-deformirebuli suraTiT analogiuria orSriani, 

orsartyeliani bagirovani sistemis muSaobisa. 

sayrden, praqtikulad uZrav, konturze Camagrebuli Cazneqili 

bagirebi warmoadgenen mzid elementebs da saeqspluatacio datvirTvis 

pirobebSi isini ZiriTadad iWimeba. rac Seexeba amozneqil 

mastabilizebel bagirebs, romlebic aseve Semadgeneli elementebia 

badisa, maTi winaswari daWimvis SemTxvevaSi, rogorc orSrian kidul 

sistemebSi, aqac mastabilizebel funqcias asruleben. amasTan winaswari 

daWimvisagan warmoSobili gamWimavi Zalvebi unda aWarbebdes im mkumSav 

Zalvebs, romlebic datvirTvebisagan warmoiSveba mastabilizebel 

bagirebSi. 
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ori sxvadasxva simrudis mqone zedapirSi oTxkuTxa  ujredebis 

mqone badeebi, orsartyeliani bagirovani sistemebis analogiurad 

gamoirCevian met-naklebi deformaciulobiT da maT Soris kinematikuri 

gadaadgilebis unariT. amasTan maTi deformaciulobis parametrebi 

gacilebiT naklebia erTSrian  kidul  sistemebTan SedarebiT. 

gansxvavebul suraTs iZleva iseTi hiperboluri paraboloiduri 

zedapirebi, romlebic agebulia ara oTxkuTxa ujredebis formis mqone 

badeebisagan, aramed samkuTxa formis ujredebis mqone  badeebisagan. maTi  

ganxorcielebis forma warmodgenili iyo fig. III.31-ze. 

mniSvnelovania is, rom samkuTxa ujredebi, gansakuTrebiT 

xelsayrel pirobebs qmnis Semomfargvleli, sxvadasxva saxis, maT Soris 

minis filebis gamoyenebisaTvis. es aixsneba imiT rom yovel samkuTxedze 

SeiZleba sibrtyis ageba da masTan mxolod erTis.  

aseTi midgomebiT SeiZleba aseve sxvadasxva arqiteqturuli da 

konstruqciuli formebis miReba (fig. III.32). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
fig. III.32 _  ormagi, sxvadasxva niSniani simrudis radiusis mqone  

winaswardaZabuli bagirovani badeebisagan da maTi sayrdenebisagan  

Seqmnili formebi 
 

a _ kiduli  badisebri konstruqcia ganTavsebul or paralelur  TaRs Soris;  

b _ kiduli bagirovani konstruqcia Sualeduri  TaRovani sayrdeniT da ganapira 

„vardnili“ TaRebis sayrdenebiT; c _ ori urTierTgadamkveTi xisti TaRebis da maT 
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Soris ganTavsebuli amozneqili bagirebis sayrdenebze Cabmuli, kiduli badisebri 

konstruqcia; d _ ormagi sxvadasxva niSniani radiusis mqone winaswardaZabuli 

bagirovani badisagan agebuli zedapiri moqnili konturebiT da pilonebiT. 
 

1 _ TaRovani sayrdeni; 2 _ Cazneqili bagirebi; 3 _ amozneqili bagirebi;  

4 _ hiperboluri bagirovani konturi, Camagrebili TaRebis boloebze;  

5 _ mWimebi ankerebiT; 6 _ Sualeduri TaRovani sayrdeni; 7 _ wibovani sayrdeni;  

8 _ amozneqili bagirovani sayrdeni; 9 _ Cazneqili bagirovani sayrdeni;   

10 _ piloni; 11 _ mWimis Cabmis kvanZi, sadac aseve Camagrebulia bagirovani bade; 12 

_ mWimi; 13 _ ankeri; 14 _ bagirovani konturis sayrdeni; 

15 _ wertilovani ankeri, sadac emagreba konturis bagirovani sayrdenebi; 

 

fig. III.32-ze warmodgenili sqemebi, garda urTierTgadamkveTi 

bagirovani badeebisa, aseve SeiZleba ganxorcieldes sxvadasxva 

sinTetikuri metalizebuli da organuli masalebisagan damzadebuli 

qsovilebisa da apkebisagan. amis Sedegad miiReba kiduli konstruqciuli 

sistemebi, romlebic Tavisi arqiteqturuli formis mixedviT aseve 

mravalferovania.  

amisaTvis maTi konstruqciuli masala uzrunvelhyofs saproeqto 

formis warmoqmnas dakecili an daxveuli, mcire zomis paketis gaSliT. 

formis transformaciebi, gansakuTrebiT karvis tipis 

konstruqciul sistemaSi, misi gamoyenebis adgilze transformaciis da 

montaJis Semdeg, roca konstruqcias miRebuli aqvs dasrulebuli saxe, 

SeiZleba kvlavac gagrZeldes. aseT viTarebaSi montaJis Semdgomi 

transformaciebi, rac konstruqciis arqiteqturuli da funqcionaluri 

moTxovniT aris gansazRvruli, warmoadgenen dasrulebuli formis 

meorad transformaciebs. meoradi transformaciebi, magaliTad karvis 

tipis nagebobebSi SeiZleba gansazRvruli  iyos misi mravaljeradi 

akecviTa da gaSliT. amis saWoroebas gansazRvravs Tundac wvimis 

pirobebSi mTliani nagebobis moqceva daxurvis qveS (fig. III.33).  

 

 

 

 

 

 

 

 

fig. III.33 _ saproeqto formis miniWebis Semdeg, konstruqciis daxurvis 

fenilis meoradi transformaciis ganxorcieleba – akecva da gaSla 

a) b) 
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a _ karkasi gaSlil mdgomareobaSi;  

b _ karkasi meoradi transformaciis dros. 
 

kidul sistemebSi, konstruqciuli formis miReba aseve 

SesaZlebelia liTonis an sxva masalisagan damzadebuli furclebisagan. 

aseT konstruqciebs “gaWimul arqiteqturaSi” membranebs uwodeben. maT 

SeiZleba gaaCndes sruliad gansxvavebuli formebi da maT Soris fig. 

III.34-ze warmodgenili formac.  

 

 

 

 

 

 

 

 

 

fig. III.34 _ daxurvis membranuli konstruqcia ganxorcielebuli  

liTonis furclebisagan 

 
1 _ liTonis furclebi saproeqto mdgomareobaSi, rodesac is warmodgenilia 

membranis saxiT da igive liTonis furceli daxveul mdgomareobaSi; 2 _ Sualeduri 

sayrdeni konturi; 3 _ ganapira sayrdeni konturi _ Runvaze momuSave kedlis saxiT; 4 – 

dgarebi; 5 – ganapira sayrdeni uWri koWi; 

6 _ uWri  koWisa da ZiriTadad kumSvaze momuSave dgaris SeerTebis adgilas 

Casabmeli mWimebi; 7 _ ankerebi. 
 

 

rodesac ganixileba sistemebi, romelTa forma miiRweva gaWimuli, 

transformirebadi konstruqciuli struqturis mibmiT stacionalur, 

mudmiv da ucvleli formis mqone konstruqciul sistemebTan, romelTac 

SeuZliaT upiratesad mkumSavi da mRunavi Zalvebis aTviseba, aucileblad 

unda iqnes aseve ganxiluli pnevmosayrdeniani _ haersayrdeniani 

konstuqciuli struqturebi.  

Cven rbili  garsebidan ukve _ pnevmokonstruqciebi ganvixileT, maTi 

erTi nawili, romelTa forma miiRweoda mxolod gaWimuli 

konstruqciuli struqturebiT _ pnevmomzidi. maTi ganmasxvavebeli niSani 

pnevmosayrdenian konstruqciul struqturebTan aris is, rom isini saWiro 
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formis misaRebad ar saWiroeben mibmas ucvleli formis konstruqciul 

sistemasTan. 

 

zogadad rbili garsebis _ pnevmokonstruqciebisTvis umTavresia 

misi zedapiris _ garsis Semqmneli masalebi. maT mravali moTxovnebi 

waeyenebaT – xangamZlemedegoba, uwvadoba, rig SemTxvevebSi yinvagamZle-

oba, Suqgaumtaroba an  gamWvirvaloba, sxvadasxva Seferiloba, SedarebiT  

mcire Rirebuleba, teqnologiuroba da sxva. 

amasTan, rbili garsebis konstruqciuli masalebi aucileblad unda 

iyvnen haergaumtarebi, rom Seqmnan da SeinarCunon garemosagan 

gansxvavebuli Siga atmosferuli wnevebi. isini ar unda atarebdnen wyals 

da aseve unda SeinarCunon saeqspluatacio pirobebi  mzis speqtris 

ultraiisferi gamosxivebis pirobebSi. kosmosis pirobebSi masalis 

mimarT wayenebuli pirobebi kidev ufro didia da igi sxva mraval 

moTxovnasTan erTad moicavs: kosmosuri radiaciis, temperaturaTa 

sxvaobis didi diapazonis da vakuumis pirobebSi xangrZlivi medegobis 

SenarCunebas. 

rac Seexeba pnevmosayrdenian rbil garsebs, isini upiratesad 

mzaddebian organuli da sinTetikuri masalebisagan damzadebuli sqeli 

Zafebis qsoviT da maTi dafarviT bunebrivi da xelovnuri nivTierebebiT. 

masalis saangariSo winaRoba rulonis marTobulad Seadgens 

10_25kn/m, xolo mis gaswvriv igi 15-20%-iT naklebia. masala, rogorc wesi, 

mzaddeba 1_2 metri siganis rulonebis saxiT. maTi eqspluataciis vada 

sxvadasxvaa da cvalebadobs 5 –dan 35 wlamde vadebSi. amasTan maTi wona 

Seadgens 500_100 gr/m2-ze. 

formebis da garsis zedapiris danawevrebis mxriv pnevmosayrdeniani 

struqturebi SedarebiT nakleb mravalferovania vidre pnevmomzidi 

struqturebi, magram  isini mainc mravalferovan speqtrs qmnian. fig. III.35-

ze warmodgenilia tipiuri konstruqciis sqema pnevmosayrdeniani rbili 

garsisa-gumbaTisa, romelic danaoWebulia, gaZlierebulia, radianul-

wibovani, gaWimuli bagirovani struqturiT.  
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fig. III.35 _ pnevmosayrdeniani, transformirebadi konstruqciuli struqtura 

rbili garsisa, romelic gaZlierebulia gumbaTis zedapirze radianulad 

ganTavsebuli, gaWimuli bagirebisagan Semdgari, wibovani 

 transformirebadi konstruqciuli struqturiT 
 

a _ pnevmosayrdeniani gumbaTi gaberil mdgomareobaSi;   

b _ gumbaTis gare xedi bagirebTan erTad;  

c _ gumbaTi da bagirovani sistema,  rodesac gumbaTis Siga areSi aRar aris 

Warbi wneva da mTlianad konstruqciuli sistema CafuSulia; 

d _ gumbaTis, moqnili masalisagan damzadebuli konstruqcia bagirebTan erTad 

dakecilia da mas aqvs gacilebiT mcire gabaritebis mqone paketis zoma. 
 

1 _ rbili konstruqciis gumbaTi; 2 _ Warbi wnevis momwodebeli danadgari; 

3 _ Siga wnevis intensivoba  momqmedi gumbaTis  da iatakis zedapirebze;  

4 _ radianulad ganTavsebuli bagirebi; 5 _ gumbaTis da bagirebis mibmis kvanZebi; 

6 _ CafuSuli gumbaTi; 7 _ stacionaruli brtyeli sistema _ iataki; 8 _ CafuSuli, 

kompaqturad dakecili gumbaTi. 
 

rogorc ganxiluli struqturebis analizidan Cans, gaWimuli 

konstruqciis mimagreba xist stacionarul an formaucvlel sistemasTan 

ukve niSnavs imas, rom mTliani nageboba aris kombinirebuli – anu igi 

Sedgeba elementebisagan, romlebic muSaoben mxolod da mxolod 

gaWimvaze da aseve  im elementebisagan, romlebic arian xisti da muSaoben 

rogorc kumSvaze, aseve Runvaze. miuxedavad aseTi klasikuri ganmartebisa 

„gaWimul arqiteqturaSi“  zogierT avtors mainc calke jgufad moyavT 

e.w. gaWimuli struqturebis kombinirebuli sistemebi. aseTi sistemis erT-

a) b) 

c) d) 
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erTi tipiuri magaliTia fig. III.36-ze warmodgenili xisti kiduli xidis 

sqema.  

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. III.36 _ kiduli xidis kombinirebuli konstruqcia 
 

1 _ xidis mTavari funqciuri elementi _ xisti konstruqciisagan Sedgenili 

sistema, romelzec savali nawilia ganlagebuli; 2 _ bagirovani mWimebi; 3 _ bagirovani 

mWimebis Cabmis kvanZebi xist, kumSva-Runvaze momuSave saval nawilTan;  

4 _ pilonebi; 5 _ pilonis Tavakze ganTavsebuli kvanZi, sadac emagreba mWimebi 6. 

Tu ganvixilavT  warmodgenil sqemebs da SevadarebT maT kiduli 

sistemebis, ukve ganxilul sxva sqemebs, davinaxavT erT principul 

gansxvavebas. Tu kiduli sistemebis ganxilul sqemebSi ZiriTadi 

saeqspluatacio funqciis matarebeli TviT kiduli struqturaa, romelic 

mibmuli iyo xist sayrdenebTan, mocemul SemTxvevaSi ZiriTadi 

saeqspluatacio funqciis matarebelia xisti, savali nawilis momcveli 

sistema, romelic gaZlierebulia bagirebiT-mWimebiT. amdenad, kiduli 

kombinirebuli sistemebi, erTis mxriv, xSirad ufro warmoadgenen xist 

sistemebs, romelTa muSaobis Semsubuqebas an dayrdnobis gansxvavebul 

formas emsaxureba gaWimuli bagirebi _ vantebi.  

aseT kombinirebul sistemas aseve miekuTvneba is konstruqciebi, 

sadac unda moxdes bagirebis ara TviTdaZabva konstruqciuli sqemidan 

gamomdinare, aramed maTi winaswari daZabva mometebuli ZaliT _ daWimva. 

aRniSnuli konstruqciis daZabul-deformirebuli suraTi ganvixiloT 

vertikalurad aRmarTuli, xistad Camagrebuli konsoluri dgaris 

magaliTze, romelic mWimebiT aris gamagrebuli (fig. III.37).  
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fig. III.37 _ dgaris da mWimebis daZabuli stadiebi winaswardaWimvis da 

Semdgom qaris zemoqmedebis dros 
 

a _ dgaris mWimebi winaswar iZabeba N Zalis sididiT;  b _ dgarze momqmedi 

qaris datvirTva, romelic mWimebSi damatebiT warmoqmnis Q  Zalvas; 

c _ sgaris da mWimebis sistema, romelic inarCunebs mWimebis gaWimulobas 

winaswardaZabvis da masSi qaris  datvirTviT gamowveuli kumSvis Zalvebis erTdrouli 

zemoqmedebis Semdeg. 
 

1 _ dgaris xisti dgari; 2 _ dgarTan bagiris mierTebis kvanZi; 3 _ bagirovani 

mWimebi-vantebi; 4 _ vantebis saZirkvelSi Camagrebis kvanZi; 5 _ saZirkvelis kvanZebis 

done. 
 

warmodgenil figuraze _ a vantebi winaswar iWimeba-iZabeba N ZaliT, 

amis Semdeg – b sqemaze xdeba masze qaris  q intensivobis datvirTis 

Cveneba, romelic  N  Zalis gauTvaliswineblad vantebSi warmoqmnis Q  

Zalvebs. qaris zemoqmedebis mxares Q Zalva gamWimavia xolo meore mxares 

adgili aqvs vantSi mkumSav Zalvas – “Q” warmoqmnas. 

aucilebeli piroba gaWimuli vantis kumSvaze muSaobisa aris is, 

rom qarisagan kumSva iyos naklebi vidre vantis winaswardaZabvis Zala 

anu N_ Q   ˃O, sqema c. 

aRniSnuli sqemaze ganxiluli struqturis daZabul-deformirebuli 

suraTi warmoadgens imis tipiur magaliTs, Tu rogor SeiZleba imuSaos 

bagirma mkumSavi Zalvebis aTvisebaze. 

aseTi principiT mravali konfiguraciis  konstruqciebi  iqmneba. 

rogorc ganxilvam aCvena nebismieri kiduli sistema, TavisTavad 

konstruqciuli masalis organuli Tvisebidan  gamomdinare, aris 

transformirebadi konstruqciuli struqtura, romelic formis 

misaRebad, misi gaWimvisa da gaWimul mdgomareobaSi formebis 

N N 
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SenarCunebis mxriv, mocemul SemTxvevaSi Caebmeboda xist kumSva-Runvaze 

momuSave stacionarul an arastacionarul, formaucvlel an 

formacvalebad struqturas. 

 

III. 4. erTiani formis miRweva gaWimuli transformirebadi 

konstruqciuli struqturis mibmiT xist transformirebad 

konstruqciul struqturasTan 

 

erTiani, didi gabaritebis mqone formis miRwevisaTvis minimaluri  

zomis paketidan,  kiduli transformirebadi struqturis SemTxvevaSi, 

aucilebelia aseve TviT misi misamagrebeli xisti sistema Tavadac 

warmoadgendes transformirebad konstruqciul sistemas. swored aseT 

SemTxvevaSi miiRweva konstruqciis winaSe wayenebuli mkacri moTxovnebi. 

miuxedavad imisa, rom aseTi erTiani, srulad transformirebadi formis 

Seqmna moiTxovs  garTulebul teqnologias, Semadgeneli kvanZebis da 

elementebis simravles, rac aseve  zrdis mis TviTRirebulebas, Sedegi 

mainc orientirebulia konstruqciuli formis ganxorcielebis 

optimalur mimarTulebaze. miT umetes, maT Seqmnas eqstremalur 

situaciebSi  da garemoSi, aseve  nagebobebis mravaljeradi da sxvadasxva 

adgilebSi gamoyenebis SemTxvevaSi. 

aRniSnuli faqtorebi ganpirobebulia imiT, rom aris moTxovna 

iseTi konstruqciuli  struqturebis Seqmnaze, romelTac dakecil 

mdgomareobaSi gaaCniaT satransporto paketis minimaluri zomebi, isini 

iolad transportirdebian,  aqvT sruli saqarxno mzadyofna da gaSlil 

saeqspluatacio mdgomareobaSi, romelic gamoyenebis adgilas drois 

umcires intervalSi miiRweva, warmoadgenen didi gabaritebis mqone 

nagebobebs. 

aRniSnuli, srulad transformirebadi konstruqciuli  struqturis 

gamoyenebis magaliTia didi gasaSleli kosmosuri refleqtorebi, romlis 

Seqmnas eZRvneba warmodgenili kursis didi nawili. swored gasaSleli 

refleqtorebis  ganxilvisas iqna sruli speqtriT warmodgenili 

aRniSnuli transformirebadi konstruqciuli struqturebi. 
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kompiuteruli uzrunvelyofa – m. xorxeli; g. qoriZe; s. maisuraZe 

pasuxismgebeli gamocemaze – v. okmelaSvili 
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