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Sesavali 

 cneba “liTonis konstruqciebi” aerTianebs maT konstruqciul 

formas, damzadebis teqnologiasa da montaJis xerxebs. liTonis 

konstruqciebis ganviTarebis done ganisazRvreba maTi gamoyenebis 

moTxovnilebisa da teqnikuri bazis SesaZleblobebiT: metalurgiis, 

liTondamuSavebis, samSeneblo mecnierebisa da teqnikis ganviTarebiT. 

aqedan gamomdinare, liTonis konstruqciebis ganviTarebis istoria 

SeiZleba daiyos Semdeg periodebad: 

 I periodi (me-12saukunidan me-17 saukunis dasawyisamde) xasiaTdeba 

im droisaTvis unikalur nagebobebSi (sasaxleebi, taZrebi da a. S.) 

liTonis gamoyenebiT sakoWebisa da samagrebis saxiT qvis  wyobisTvis. 

 II periodi (me-17 saukunis dasawyisidan me-18 saukunis 

dasawyisamde) dakavSirebulia liTonis nivnivebisa da taZrebis 

sivrciTi gumbaTovani konstruqciebis gamoyenebasTan. 

 III periodi (me-18 saukunis dasawyisidan me-19 saukunis Sua 

wlebamde) dakavSirebulia Tujis Reroebisa da detalebis Camosxmis 

procesis aTvisebasTan. Sendeba Tujis xidebi da samoqalaqo da 

samrewvelo Senobebis gadaxurvis konstruqciebi. Tujis elementebis 

SeerTebebi keTdeba saketebiT an WanWikebiT. 

 IV periodi (me-19saukunis 30-ani wlebidan me-20 saukunis 20-ian 

wlebamde) dakavSirebulia swraf teqnologiur progresTan im drois 

teqnikis yvela sferoSi, kerZod, metalurgiasa da liTondamuSavebaSi.     

80-ani wlebis bolos Tujisgan rkinis gamodnoba warmoebda martenisa 

da konvertorul RumelebSi. 1840 wels aTvisebul iqna profiluri 

naglinisa da naglini furclebis miRebis procesi. 1830-ian wlebSi 

Seiqmna moqlonuri SeerTebebi. foladma, TvisebebiT ufro 

srulyofilma masalam, TiTqmis mTlianad Caanacvla Tuji samSeneblo 

konstruqciebSi. wamweebis konstruqciuli forma TandaTanobiT 

ixveweboda: iribnebis SemotaniT gisosma miiRo dasrulebuli forma; 

sakvanZo SeerTebebi WanWikebis nacvlad keTdeba moqlonebiT 

fasonurebis gamoyenebiT. 
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 V periodi (me-20 saukunis 20-ani wlebidan me-20 saukunis 70-ian 

wlebamde) xasiaTdeba damoqlonebuli konstruqciebis TiTqmis 

mTlianad SecvliT ufro msubuqi da ekonomiuri SenaduRi konstruq-

ciebiT. farTo ganviTareba poves: furclovanma konstruqciebma 

navTobis, gazis, qimiuri da metalurgiuli mrewvelobisaTvis; 

kavSirgabmulobis maRlivma nagebobebma; eleqtrogadamcemi sadenebis 

sayrdenebma; didi tvirTamweobis xidura amweebianma samrewvwlo 

Senobebma; sazogadoebrivi daniSnulebis Senobebma. liTonis 

konstruqciebis sawarmoo baza gadaiqca industriis mZlavr dargad. 

 VI periodi (me-20 saukunis 70-ani wlebis Semdeg). samrewvelo da 

samoqalaqo mSeneblobis ganviTarebam gamoiwvia liTonis 

konstruqciebis didi mravalferovneba, romelTa mzidi konstruqciebi-

saTvis foladi warmoadgens Seucvlel samSeneblo masalas. farTo 

gamoyeneba poves aluminis Senadnobebisagan damzadebulma msubuqma 

konstruqciebma. damuSavda da praqtikaSi dainerga miwiszeda da 

kosmosuri transformirebadi konstruqciebi. liTonis konstruqciebis 

mecnieruli safuZvlebis ganviTarebam, gansakuTrebiT Tanamedrove 

kompiuteruli teqnikis danergvam, mniSvnelovnad srulyo da 

gaamravalferovna konstruqciuli forma, rasac Sedegad moyva 

masalebisa da Sromis naklebi danaxarjebi. 

 liTonis konstruqciebi sainJinro nagebobebSi gamoiyeneba 

Rerovani an mTliani sistemebis saxiT. konstruqciuli formisa da 

daniSnulebis mixedviT isini SeiZleba daiyos Semdeg saxeebad: 

1. samrewvelo Senobebi. erTsarTuliani samrewvelo Senobebis 

konstruqciebi liTonis an Sereuli karkasiT. liTonis karkasi 

ZiriTadad gamoiyeneba didi malis, simaRlisa da tvirTamweobis 

xidura amweebiT aRWurvil SenobebSi. Sereul karkasian SenobebSi 

gadaxurvis liTonis konstruqciebi eyrdnoba rkinabetonis svetebs. 

2. mravalsarTuliani Senobebis karkasebi. mravalsarTuliani 

Senobebi liTonis karkasiT ZiriTadad gamoiyeneba samoqalaqo 

mSeneblobaSi didi qalaqebis mWidro ganaSenianobis pirobebSi da 

zogierTi saxeobis samrewvelo SenobebisTvis.   
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3. Senobebis didmaliani gadaxurvebi. 100-150m-de malis mqone 

sazogadoebrivi daniSnulebis Senobebi (sportuli nagebobebi, 

Teatrebi, sagamofeno pavilionebi, bazrebi da sxv.), sawarmoo Senobebi 

(laboratoriebi, TviTmfrinavmSenebeli saamqroebi, angarebi, 

gemTmSenebeli elingebi da sxv.). didmaliani gadaxurvis sistemebi da 

konstruqciuli formebi mravalferovania. SesaZlebelia, rogorc 

brtyeli, aseve sivrciTi sistemebi: koWovani, CarCovani, TaRovani, 

gumbaTovani, garsisebri, kiduli, kombinirebuli.  

4. koSkebi da anZebi. gamoiyenebian radiokavSirisa da satelevizio 

koSkebad, eleqtrogadamcemi sadenebis sayrdenebad, navTobisa da 

geodeziur koSkurebad, sakvamle da saventilacio milebad, samrewvelo 

etaJerebad, Saxtiszeda Uurnalebad da bevr sxva nagebobebSi. 

5. xidebi da estakadebi. xidebic, didmaliani gadaxurvebis 

msgavsad, gamoirCevian mravalferovani sistemebiT: koWovani, TaRovani, 

kiduli, kombinirebuli. 

 6. furclovani konstruqciebi. furclovani konstruqciebi 

warmoadgenen sxvadasxva formis Txelkedlian garss da unda iyos ara 

mxlod mtkice, aramed mkvrivic (siTxe- da airSeuRwevadi). gamoiyeneba 

sxvadasxva daniSnulebis rezervuarebSi, gazgolderebSi, bunkerebSi, 

silosebSi, didi diametris milgayvanilobebSi, sabrZmede kompleqsis, 

qimiuri da navTobgadamamuSavebeli warmoebis sxvadasxva nagebobebSi. 

maTi eqspluatacia xSirad xorcieldeba maRali an dabali 

temperaturis pirobebSi. konstruqciis muSaobis am pirobebs kargad 

akmayofilebs foladi da aluminis Senadnobebi. 

7. amweebi da sxva moZravi konstruqciebi. aq gaerTianebulia 

xidura, koSkura, jojgina da gadamtvirTavi amweebi, didi 

eqskavatorebisa da sxvadasxva daniSnulebis samSeneblo manqanebis 

konstruqciebi, hidroteqnikuri nagebobebis saketebi da WiSkari da sxv. 

8. unikaluri daniSnulebis konstruqciebi. maT SeiZleba 

mivakuTvnoT miwiszeda da kosmosuri transformirebadi konstruqciebi 

_ gasaSlel-dasakeci xidebi da gasaSleli refleqtoruli antenebi, 

radioteleskopebi kosmosuri radiokavSirisaTvis, navTobisa da 
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bunebrivi airis dazvervisa da mopovebis sazRvao platformebi, mzis 

koncentratorebi, atomuri energiis mrewvelobis konstruqciebi da sxv. 

konstruqciuli formisa da statikuri sqemebis mravalferovneba 

ganpirobebulia konstruqciis danSnulebiT, Eqspluataciis Tavisebure-

bebiTa da moqmedi datvirTvebis xasiaTiT. konstruqciebis es 

mravalferovneba gaerTianebulia ori ZiriTadi faqtoriT: 

1. liTonis konstruqciebisaTvis sawyis masalas warmoadgens 

naglini liToni, romelic iwarmoeba standartis (sortamentis) 

mixedviT: furceli, kuTxedi, Sveleri, tesebri, ortesebri, mili da a. 

S. am masalisagan iqmneba mravalferovani konstruqciuli formebi. 

2. yvela konstruqcia erTiandeba damzadebis erTi teqnologiuri 

procesiT, rasac safuZvlad udevs liTonis civi damuSaveba (Wra, 

Runva, gaxvreta da a. S.) da detalebis SeerTeba konstruqciul 

elementebad da sistemebad (asawyob-SesaduRebeli da asawyob-

dasamoqlonebeli operaciebi). 

liTonis konstruqciebis gamoyenebis farTo diapazoni 

(romlebzec moqmedebs didi datvirTvebi sakuTari wonisa da 

danadgarebisagan, aqvT didi malebi da simaRle) ganpirobebulia rigi 

dadebiTi TvisebebiT, upirveles yovlisa, saimedoobiT, maRali 

simtkiciTa da simsubuqiT. 

liTonis konstruqciebis saimedooba uzrunvelyofilia maTi 

reluri muSaobis (Zabvebisa da deformaciebis ganawileba) axlo 

TanxvedriT saangariSo monacemebTan. liTonis konstruqcioebis masala 

(foladi, aluminis Senadnobebi) xasiaTdeba struqturis didi 

erTgvarovnebiT (erTnairi meqanikuri TvisebebiT yvela mimarTulebiT) 

da sakmaod uaxlovdeba Teoriul-saangariSo winapirobebs masalis 

drekadi da drekad-plastikuri muSaobis Sesaxeb. 

simsubuqe. mzid konstruqciebSi gamoyenebuli masalebidan 

(liTonis, rkinabetonis, qvis, xis) liTonis konstruqciebi yvelaze 

msubuqia, miuxedavad foladis maRali simkvrivisa (ρ = 7850 kg/m3) 

betonTan (ρ = 2400 kg/m3) da merqanTan (ρ = 500 kg/m3) SedarebiT. 
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konstruqciis simsubuqis maCvenebeli С m-1, ganisazRvreba masalis 

simkvrivis SefardebiT saangariSo winaRobasTan С=ρ/Ry. rac naklebia  

С-s mniSvneloba, miT msubuqia konstruqcia. saangariSo winaRobis 

maRali mniSvnelobebidan gamomdinare, mcirednaxSirbadiani C245 

foladisTvis С=3.2∙10
-4m-1, maRali simtkicis C590  foladisTvis  С=1.3∙10

-

4m-1, AD31-T1 aluminis SenadnobisTvis С=2.16∙10
-4m-1, D16-T 

duraluminisTvis С=1.1∙10
-4m-1, B20 klasis betonisTvis С=21.4∙10

-4m-1,  

fiWvis merqnisTvis С=3.6∙10
-4m-1. 

aluminis Senadnobisgan damzadebul konstruqciebs, romlis 

simtkicec axlosaa mcirednaxSirbadiani foladis simtkicesTan, xolo 

simkvrive (ρ = 2700 kg/m3) daaxloebiT samjer naklebia foladis 

simkvriveze, gaaCnia simsubuqis С maCveneblis yvelaze dabali 

mniSvneloba.    

industriuloba. liTonis konstruqciebi ZiriTadad mzaddeba 

qarxnebSi, romlebic aRWurvili arian Tanamedrove danadgarebiT, rac 

uzrunvelyofs maTi damzadebis industriulobis maRal xarisxs. maTi 

montaJi mSeneblobis adgilze aseve xorcieldeba industriuli 

meTodebiT _ maRalmwarmoebluri teqnikis gamoyenebiT, rac minimumamde 

amcirebs xelis mZime samuSaoebs da aCqarebs nagebobis eqspluataciaSi 

Seyvanas.  

siTxe SuRwevadoba da air SeuRwevadoba. liTons gaaCnia ara 

marto maRali simtkice, aramed maRali simkvrivec, rac uzrunvelyofs 

airisa da siTxis SeuRwevadobas. liTonisa da SenaduRi SeerTebebis 

simkvrive warmoadgens aucilebel pirobas furclovani konstruqciebis 

dasamzadeblad.  

meqanikuri dazianebebisadmi naklebi midrekileba gadazidvis, 

montaJisa da eqspluataciis procesSi. 

remontis SesaZlebloba. liTonis konstruqciebi SedarebiT 

advilad eqvemdebareba gaZlierebas, teqnikur gadaiaraRebas da 

rekonstruqcias. kargad eTviseba sxvadasxva komunikaciis, axali 

teqnikuri mowyobilobis arsebul karkasTan mimagrebas SeduRebis 

saSualebiT. 
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liTonis konstruqciebs gaaCniaT uaryofiTi Tvisebebic, romelTa 

aRmosafxvrelad saWiroa specialuri zomebis miReba. 

korozia _ liTonis daSla garemosTan qimiuri da eleqtro-

qimiuri urTierTqmedebis Sedegad. liTonis konstruqciebs axasiaTebT 

SedarebiT dabali koroziamedegoba, gansakuTrebiT agresiul garemoSi. 

foladi, romelic ar aris daculi tenisgan, mavne airebiT 

dabinZurebuli atmosferosgan, marilebisgan, mtverisgan, iJangeba  da 

uvargisi xdeba eqspluataciisTvis. araxelsayrel pirobebSi, 

TandaTanobiT, ori-sami wlis Semdeg xdeba sruli rRveva.  

mniSvnelovnad maRalia aluminis Senadnobebis koroziamedegoba. 

korozias kargad ewinaaRmdegeba Tuji. 

liTonis konstruqciebis koroziamedegobis gasazrdelad 

folads umateben specialur malegirebel elementebs, konstruqcias 

periodulad faraven damcavi afskiT (laqi, saRebavi da sxv.), agreTve, 

gasufTavebisa da dacvis gasaioleblad, aproeqteben racionaluri 

konstruqciuli formis elementebs ubeebisa da xvrelebis gareSe, 

sadac SeiZleba Tavi moiyaros tenma da mtverma.   

dabali cecxlmedegoba. liTonis konstruqciebs gaaCniaT 

SedarebiT dabali cecxlmedegobis zRvari, romelic ganisazRvreba im 

drois monakveTiT, romlis ganmavlobaSic konstruqcia inarCunebs 

mzidunarianobas.   

t = 200ºC temperaturis dros iwyeba foladis drekadobis modulis 

Semcireba, xolo rodesac t = 600ºC (aluminis SenadnobebisTvis t = 300ºC) 

foladi mTlianad gadadis plastikur mdgomareobaSi, deformirdeba 

da kargavs mzidunarianobas. amitom saxanZro TvalsazrisiT saSiSi 

Senobebis liTonis konstruqciebi (sawyobebi sawvavi da advilad 

aalebadi masalebiT, sacxovrebeli da sazogadoebrivi Senobebi da a.S.) 

daculi unda iyos cecxlgamZle SemosviT (betoni, keramika, 

specialuri safari da sxv.).   

liTonis konstruqciebis daproeqtebisas gaTvaliswinebuli unda 

iyos Semdegi ZiriTadi moTxovnebi: 

eqspluataciis pirobebi. saproeqto davalebaSi mocemuli 

eqspluataciis pirobebis dakmayofileba warmoadgens ZiriTad 
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moTxovnas damproeqteblisaTvis. es moTxovna ZiriTadad gansazRvravs 

sistemas, nagebobis konstruqciul formasa da masalis saxeobas. 

teqnikuri moTxovnebi. mdgomareobs simtkicis, mdgradobisa da 

sixistis uzrunvelyofaSi. es moTxovnebi ganisazRvreba liTonis 

konstruqciebis daproeqtebis samSeneblo normebisa da wesebis 

mixedviT. aqve ganixileba saimedoobis moTxovna, romelic mdgomareobs 

imaSi, rom konstruqciam unda imuSaos Seuferxeblad eqspluataciis 

mocemuli saangariSo periodis ganmavlobaSi, da konstruqciis 

xangamZleobac, rac ganisazRvreba misi fizikuri da moraluri cveTis 

vadiT. fizikuri cveTa ZiriTadad dakavSirebulia koroziis 

procesTan, xolo moraluri cveTa, eqspluataciis pirobebis 

cvlilebasTan. 

 liTonis ekonomia. samSeneblo konstruqciebSi liTonis 

gamoyeneba mizanSewonilia maSin, rodesac misi Secvla sxva masaliT 

araracionaluria. liTonis ekonomiis moTxovna ganpirobebulia 

mrewvelobis yvela dargSi misi didi moTxovnilebiT da SedarebiT 

maRali RirebulebiT (liTonis Rirebuleba Seadgens mTlianad 

konstruqciis Rirebulebis naxevarze mets).  

 konstruqciis transportabeluroba.  liTonis konstruqciebis 

qarxanaSi damzadebidan gamomdinare, proeqtSi gaTvaliswinebuli unda 

iyos mSeneblobis adgilze misi transportireba mTlianad an 

nawilebad (gasagzavni elementebi) Sesabamisi satransporto 

saSSualebebis gamoyenebiT. gasagzavni elementi unda Caetios 

saavtomobilo an sarkinigzo gabaritSi.  

 teqnologiuroba. konstruqcia unda daproeqtdes damzadebis 

teqnologiisa da montaJis moTxovnebis Sesabamisad Tanamedrove 

mowinave teqnologiebis gaTvaliswinebiT, rac uzrunvelyofs 

Sromatevadobis maqsimalurad Semcirebas. 

 swrafi montaJi. konstruqcia unda eqvemdebarebodes mcire droSi 

agebas Tanamedrove samontaJo saSualebebis gamoyenebiT. nagebobis 

swrafi Seyvana eqspluataciaSi iZleva damatebiTi mogebis saSualebas.  

 swrafi montaJis mTavari principia miwaze konstruqciis 

winaswari awyoba msxvil blokebad, Semdeg misi aweva da dayeneba 
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saproeqto mdgomareobaSi minimaluri moculobis samontaJo 

samuSaoebis CatarebiT simaRleze.    

 esTetiuroba. konstruqcias, daniSnulebisgan damoukideblad, 

unda qondes harmoniuli fora, sasiamovno garegnuli ieri, rac 

gansakuTrebiT mniSvnelovania sazogadoebrivi Senobebisa da 

nagebobebisTvis, unda asaxavdes erovnul Taviseburebebsa da 

tradiciebs. 

 Senobebis da nagebobebis daproeqteba moicavs saZiebo, 

saangariSo da sakonstruqtoro samuSaoebs, romelic mimarTulia 

Senobebisa da nagebobebis optimaluri moculobiT-gegmarebiTi da 

sakonstruqtoro gadawyvetisaken. 

 daproeqteba moicavs or stadias _ damkveTis mier gacemuli 

saproeqto dacaleba da muSa naxazebi. 

 saproeqto davalebaSi dgindeba mSeneblobis teqnikuri 

SesaZlebloba da ekonomikuri mizanSewoniloba. funqciuri 

moTxovnebisa da eqspluataciis pirobebis gaTvaliswinebiTa da 

samSeneblo normebisa da wesebis dacviT, muSavdeba  konstruqciis 

gaerTmTlianeba. daproeqtebis stadiaSi xdeba arqiteqturul-

samSeneblo gadawyvetebis mokle aRwera da dasabuTeba, ganixileba 

liTonis konstruqciebis gamoyenebis mizanSewoniloba, ganisazRvreba 

nagebobis ZiriTadi konstruqciuli sqema, SeirCeva Sesabamisi 

konstruqciebi. muSavdeba ZiriTadi naxazebi: gegmebi da Wrilebi mzid 

da SemomzRudavi konsstruqciebis sqematuri gamosaxulebiT. 

 liTonis konstruqciebis samuSao proeqti Sedgeba ori 

nawilisagan _ samuSao naxazebi "lk" (liTonis konstruqciebi) da 

detalebis samuSao naxazebi "lkd" (liTonis konstruqciebi, detalebi). 

"lk"  proeqts  asrulebs saproeqto organizacia (ganmartebiTi baraTi, 

gaangariSeba, gaerTmTlianebis sqema, ZiriTadi kvanZebis naxazebi, 

liTonis specifikacia). "lkd" proeqts "lk"-s safuZvelze asrulebs 

qarxnis sakonstruqtoro biuro qarxnis teqnikuri Taviseburebebis 

gaTvaliswinebiT.   
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Tavi 1. daproeqtebis safuZvlebi 

1.1. mSeneblobaSi gamoyenebuli liTonebis 

daxasiaTeba  

mSeneblobaSi ZiriTadad gamoiyeneba Cveulebrivi xarisxis 

foladebi da aluminis Senadnobebi. 

konstruqciaSi liTonis muSaoba xasiaTdeba simtkiciT, 

drekadobiT, plastikurobiT, SeduRebadobiT da sxva meqanikuri 

TvisebebiT, romlebic Tavis mxriv damokidebulia liTonis qimiur 

Semadgenlobaze, gamodnobis meTodsa da ganJangvis xarisxze. 

samSeneblo konstruqciebSi foladis gamoyenebis erT-erTi 

mTavari ganmsazRvreli niSania masSi naxSirbadis procentuli 

Semcveloba. am niSnis mixedviT isini iyofa naxSirbadmcire (0.09_0.22%) 

foladebad, romlebic gamoiyeneba samSeneblo konstruqciebSi, 

saSualonaxSirbadian (0.25_0.5%) foladebad _ manqanaTmSeneblobaSi da 

maRalnaxSirbadian (0.6_1.2%) foladebad _ saiaraRo mrewvelobaSi. 

naxSirbadmcire foladi xasiaTdeba maRali plastikurobiT,  

WedadobiT, kargi SeduRebadobiT da ar gaaCnia myife rRvevis tendecia. 

yvela es Tviseba savsebiT pasuxobs samSeneblo foladebis mimarT 

wayenebul moTxovnebs. 

konstruqciuli foladebis meqanikuri Tvisebebis gasaumjobeseb-

lad maTi damzadebisas mkacrad kontroldeba mavne elementebis 

Semcveloba, rogoricaa fosfori, gogirdi, Jangbadi da azoti, romle-

bic zrdian simyifes. aseve kontroldeba malegirebeli elementebi – 

nikeli, qromi, titani, molibdeni da sxv., romlebic zrdian simtkices, 

plastikurobas da, masalis SeduRebadobisa da wrTobadobis Tvisebebs. 

ganJangvis xarisxis mixedviT foladi iyofa mduRare, naxevrad 

mSvid da mSvid saxeebad. mduRare ewodeba folads, romlis miRebis 

procesSi xdeba gazebis didi raodenobiT gamoyofa (duRili), rac 

xels uwyobs gazebis mcire buStebis warmoqmnas da maT garSemo 

sxvadasxva araliTonuri CanarTebisa da minarevebis koncetracias, rac 

mniSvnelovnad amcirebs foladis xarisxs. mSvidi foladi, romelic 



12 

 

civdeba gazebis intensiuri gamoyofis gareSe, miiReba masSi sxvadasxva 

ganmJangavebis SeyvaniT _ siliciumis, manganumis, aluminisa da sxv. 

danamatebis saxiT, ris Sedegadac sxmulis zedapirze warmoiqmneba 

(15%) wida, xolo sxmulis danarCeni nawili maRali xarisxis 

erTgvarovani foladia. 

mSeneblobaSi upiratesad gamoiyeneba naxevradmSvidi foladi, 

romelsac mSvid foladTan SedarebiT aqvs ufro maRali teqnikur-

ekonomikuri maxasiaTeblebi da dabali Rirebuleba. Tumca, 

amaRlebuli da maRali simtkicis foladebi ZiriTadad mzaddeba 

mSvidi foladisagan, romelic xasiaTdeba ufro maRali 

erTgvarovnebiT da myife rRvevisadmi winaaRmdegobiT. 

normativebidan gamomdinare, foladis samrewvelo miwodeba 

xorcieldeba sami _ a, b da g jgufis mixedviT. samSeneblo 

konstruqciebis didi pasuxismgeblobidan gamomdinare, maTi 

damzadebisTvis gamoiyeneba g jgufis foladi, meqanikuri Tvisebebisa 

da qimiuri Semadgenlobis sagarantio maxasiaTeblebiT. 

nebismieri markisaTvis, foladis kategoria xasiaTdeba qimiuri 

SemadgenlobiT, droebiTi winaRobiT, fardobiTi wagrZelebiTa da sxva 

maxasiaTeblebiT, romlebsac iTvaliswineben konstruqciuli formebis 

daproeqtebisas. 

meqanikuri Tvisebebis mixedviT, konstruqciuli foladebi 

iyofian: Cveulebrivi (C235_C285), amaRlebuli (C345_C390) da maRali 

simtkicis (C440_C590) foladebad. Cveulebrivi simtkicis yvelaze 

gavrcelebul konstruqciul foladebs miekuTvneba: naxSirbadiani fo-

ladebi _ С235 (ВСт3кп2), С245 (ВСт3пс6), С255 (ВСт3сп5) da С255 (ВСт3Гпс5). 

amaRlebuli simtkicis foladebs miekuTvneba: mcired legirebuli 

manganumiani _ С345 (09Г2), С345 (14Г2); siliciummanganumiani _ С345  

(09Г2C), С390 (10Г2C1); qromsiliciumnikeliani spilenZis SemcvelobiT _ 

С345 (15ХСНД), С390 (10ХCНД); mcired legirebuli vanadiumisa da 

spilenZis SemcvelobiT _ С390 (15ХГ2СФД) da mcired legirebuli 

foladebi nitriduli ganmtkicebiT _ С390 (14Г2АФ), С390 (15Г2АФДпс). 

maRali simtkicis foladebs miekuTvneba: Termulad ganmtkicebuli 
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legirebuli foladebi _ С440 (15Г2СФ), С440 (16Г2АФ), С590 (12Г2СМФ)  da 

sxv.   

naxSirbadiani foladebis aRniSvnaSi (magaliTad ВСт3пс6): aso В 

gansazRvravs miwodebis jgufs; Ст3 _ foladis markas, пс  _ naxevrad 

mSvids, ganJangvis xarisxiT; ricxvi 6 _ miwodebis kategorias. mcired 

legirebuli foladebisaTvis gamoiyeneba malegirebeli elementebis 

asoebiT aRniSvna (Г – manganumi; С – siliciumi; Х – qromi; Н – nikeli; 

Д – spilenZi; А – azoti; Ф – vanadiumi; П – fosfori; Т – titani; М – 

molibdeni; Р – bori) da cifrebi, romlebic miuTiTeben elementebis 

Semcvelobas procentebSi. ase magaliTad, mcired legirebuli 15Г2СФ 

markis foladi gaiSifreba Semdegi saxiT: naxSirbadis Semcveloba 

0.15%, manganumis _ 2%, siliciumisa da vanadiumis _ 0.3_1% (aso ricxvis 

gareSe aRniSnavs elementis Semcvelobas 0.3_1%). 

konstruqciebSi aseve gamoiyeneba deformirebadi aluminis 

Senadnobebis profilebi, romlebic mzaddeba wneviT damuSavebiT _ 

dawnexiT, gamoWimviT, glinviT da StampviT. qimiuri Semadgenlobis 

mixedviT ganasxvaveben aluminis Senadnobebis xuT jgufs, romlebic 

gamoiyeneba mSeneblobaSi: alumin-manganumiani (АМцM); alumin-

magniumiani (АМг2M, АМг21/2Н); silicium-magniumiani (АД31Т, АД31Т1, 

АД31Т5); TuTia-magniumiani (1915, 1915Т, 1925, 1925Т); spilenZ-magniumiani 

(Д1,  Д6,  Д16,  Д18 da a.S.). 

aluminis Senadnobebis damuSavebis xasiaTi dafiqsirebulia 

Senadnobis markis aRniSvnaSi damatebiT asoebiT da cifrebiT: М _ 

rbili (momwvari); Н _ mopirsalebuli (civnaWedi); 1/2Н _ naxevrad 

mopirsalebuli; Т _ nawrTobi da bunebrivad daZvelebuli; Т1 _ 

nawrTobi da xelovnurad daZvelebuli; ТН _ wrTobis Semdeg 

mopirsalebuli (civnaWedi) da xelovnurad daZvelebuli. silicium-

magniumiani Senadnobebis markebis  (АД da АД31) aRniSvnebSi:  А _ 

aluminis Senadnobi; Д _ deformirebadi; 31 – Senadnobis nomeri, xolo 

TuTia-magniumian SenadnobebSi (1915, 1925): cifri 1 aRniSnavs aluminis 

Senadnobs, cifri 9 miuTiTebs TuTiis Semcvelobas, bolo ori cifri _ 

Senadnobis nomers. 
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dasaproeqtebel konstruqciebSi gamosayenebeli foladebisa da 

aluminis Senadnobebis markebs irCeven samSeneblo normebisa da wesebis 

moTxovnebis mixedviT. 

 

1.2. foladisa da aluminis Senadnobebis  

meqanikuri Tvisebebi 

foladis meqanikuri Tvisebebis ZiriTadi maxasiaTeblebia: 

simtkice, drekadoba, plastikuroba da midrekileba myife rRvevisadmi. 

masalis simtkice ganisazRvreba gare Zalovani zemoqmedebisadmi 

winaRobiT. drekadoba aris masalis Tviseba, aRidginos pirvandeli 

mdgomareoba gare Zalovani zemoqmedebebis moxsnis Semdeg. 

plastikuroba axasiaTebs masalis Tvisebas, gare datvirTvebis moxsnis 

Semdeg miiRos narCeni deformaciebi (ar daubrundes pirvandel 

mdgomareobas). simyife xasiaTdeba masalis rRveviT mcire deformaciis 

dros, drekadi muSaobis sazRvrebSi. 

foladis simtkice, drekadoba da plastikuroba ganisazRvreba 

foladis specialuri nimuSebis gaWimvaze gamocdis mixedviT (fig. 1). 

gamocdis Semdeg igeba gaWimvis diagrama (fig. 2), romelic gamosaxulia 

Zabvebsa da fardobiT wagrZelebebSi: 

                       ⁄                                                                      (1) 

sadac    aris normaluri Zabva, mpa; F – datvirTva, kn; A – nimuSis 

kveTis sawyisi farTobi   sigrZis sazRvrebSi, sm2; ε _ fardobiTi 

wagrZeleba, %; l0 _ nimuSis sawyisi sakontrolo sigrZe, sm; Δl  _ 

elementis wagrZeleba sakontrolo ubanze, sm. 

 

 

 

 

 

 

fig. 1. foladis gaWimvaze gamosacdeli nimuSis sqema 



15 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

fig. 2. sxvadasxva markis foladis gaWimvis SedarebiTi diagramebi 

I – Cveulebrivi xarisxis; II – amaRlebuli simtkicis;  

III-V _ maRali simtkicis; VI-IX _ maRali simtkicis bagirebis 

naxSirbadmcire foladis nimuSis (mrudi I ) gaWimvis SemTxvevaSi 

folads gaaCnia drekadi muSaobis mcire ubani, romelic xasiaTdeba 0-1 

monakveTiT.  

σ RerZze 1-li wertilis proeqcia warmoadgens proporciulobis 

zRvars, anu udides Zabvas, romlis Semdgomi zrdisas irRveva 

proporciuli damokidebuleba Zabvebsa da deformaciebs Soris, rac 

gamoisaxeba hukis kanoniT 

                                                E = σ / ε = tg α ,                                                        (2) 

sadac E aris  proporciulobis koeficienti, anu drekadobis moduli, 

mpa. 

σ RerZze me-2 wertilis proeqcia, romelic mdebareobs 1-l 

wertilze zeviT, axasiaTebs foladis drekadobis zRvars Re, anu 

udides Zabvas, romlis Semdgomi zrdisas, gare datvirTvis moxsnis 

Semdeg, nimuSSi rCeba narCeni deformaciebi. me-3 wertilis miRwevisas 

iwyeba masalis denadoba, anu deformaciebis zrda, praqtikulad 

mudmivi normaluri Zabvis pirobebSi. masalis am mdgomareobis 
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damaxasiaTebeli Zabvis mniSvnelobas ewodeba denadobis zRvari Ryn, 

xolo pirobiTad horizontalur ubans me-3 da me-4 wertilebs Soris 

uwodeben denadobis ubans. naxSirbadmcire foladebisaTvis denadobis 

zRvrad miiReba Zabva, romelsac Seesabameba fardobiTi wagrZeleba 

sididiT 0.2%. 

datvirTvis Semdgomi zrdisas nimuSSi Zabvebi izrdeba, Tumca 

deformaciebi Zabvebze gacilebiT swrafad izrdeba. masalis muSaobis 

am ares ewodeba plastikurobis stadia, romlis gamoyenebac 

konstruqciebis gaangariSebisas warmoadgens mniSvnelovan interess 

foladis ekonomiis TvalsazrisiT. 

masalis simtkice xasiaTdeba udidesi ZabviT, romlis miRwevisas 

iwyeba nimuSis rRveva (wertili 5). am Zabvas ewodeba droebiTi 

winaRoba Run, an simtkicis zRvari. gaWimvis diagramidan Cans, rom rbil 

samSeneblo foladebs Seesabameba zRvruli fardobiTi wagrZeleba E ε 

= 20-25%. 

foladis simtkicis gazrdisas (mrudebi II da III ) SeiniSneba 

denadobis ubnis SesamCnevi Semcireba, xolo zogierTi foladebisaTvis 

misi sruli arqona. es Tviseba amcirebs foladis saimedoobas, zrdis 

ra mis midrekilebas myife rRvevisadmi. 

ZiriTadi maCveneblebi, romlebic axasiaTebs foladis plastikur 

Tvisebebs, aris fardobiTi wagrZeleba δ5 (%), da pirobiTi dartymiTi 

siblante an=j/sm2. dartymiTi siblante axasiaTebs foladis 

midrekilebas myife rRvevisadmi da warmoadgens kuTr samuSaos, 

romelic ixarjeba standartuli nimuSis dasarRvevad. naxSirbadmcire 

foladebisaTvis, normaluri temperaturis dros an=70_100 j/sm2). 

temperaturis awevisas dartymiTi siblante izrdeba, xolo klebisas _ 

mcirdeba. 

naglinis meqanikuri Tvisebebis, saxisa da sisqis, agreTve masalis 

muSaobis gamoyenebis xarisxis mixedviT konstruqciuli foladebi 

iyofa 21 jgufad. saswavlo miznebisaTvis SeiZleba gamoyenebul iqnas 1 

da 2 cxrilebSi  moyvanili saangariSo maxasiaTeblebi.  
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cxrili 1 

foladis naglinis normatiuli da saangariSo winaRobebi 

gaWimvaze, kumSvasa da Runvaze 

 

 

foladi 

normatiuli winaRoba, mpa saangariSo winaRoba, mpa 

denadobis 

zRvaris 

mixedviT Ryn 

droebiTi 

winaRobis 

mixedviT Run 

denadobis 

zRvaris 

mixedviT Ry 

droebiTi 

winaRobis 

mixedviT Ru 

C235 

C45 

C255 

C285 

C345 

C375 

C390 

C440 

C590 

235 

245 

245 

275 

325 

355 

390 

440 

590 

360 

370 

370 

390 

470 

490 

540 

590 

685 

230 

240 

240 

270 

320 

345 

380 

430 

575 

350 

360 

360 

380 

460 

480 

525 

575 

670 

 

cxrili 2 

foladis naglinis saangariSo winaRobebi Telvaze 

droebiTi

winaRoba 

Run, mpa 

saangariSo winaRoba, mpa 

Telva 
sagoravebis diametruli 

kumSva (Tavisufali Sexebisas, 

SezRuduli moZraobis 

konstruqciebSi) 

Rcd 

torsuli 

zedapiris 

(morgebis 

SemTxvevaSi) Rp 

adgilobrivi 

cilindrul 

saxsrebSi 

(mWidrod 

Sexebisas) Rlp 

360 

370 

380 

390 

400 

430 

440 

450 

460 

470 

480 

490 

510 

540 

570 

590 

351 

361 

371 

380 

390 

420 

429 

439 

449 

459 

468 

478 

498 

527 

556 

576 

176 

180 

185 

190 

195 

210 

215 

220 

224 

229 

234 

239 

249 

263 

278 

288 

9 

9 

9 

10 

10 

10 

11 

11 

11 

11 

12 

12 

12 

13 

14 

14 
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drekadobis stadiaSi muSaobisas, gaWimvis, kumSvis da Runvis 

saangariSo winaRoba ganisazRvreba masalis denadobis zRvaris 

mixedviT Semdegi formuliT 

                                    
   

   
                                 (3) 

xolo drekad-plastikur stadiaSi muSaobisas ki formuliT 

    
   

   
                                (4) 

sadac Ryn aris foladis denadobis zRvari, mpa; Run _ foladis 

simtkicis zRvari, mpa; γm _ masalis saimedoobis koeficienti, γm=1.025 

(C590 da C590K foladebis garda); C590 da C590K foladebisTvis γm=1.05. 

samSeneblo foladebis mniSvnelovani meqanikuri Tvisebebia: 

civWedva, daZveleba, Zabvebisa da daRlilobis araTanabari ganawileba. 

civWedva aris foladis drekadi muSaobis aris gazrda ζadm >Ryn 

denadobis zRvaris zeviT winaswari gaWimviT (fig. 3). foladis 

xelmeored datvirTvisas is iwyebs drekad muSaobas dasaSveb Zabvamde 

ζadm , Tumca am dros mniSvnelovnad izrdeba misi simyife. 

 
 

 

 

 

 

 

 

fig. 3. foladis gaWimvis diagrama civWedvisas 

a – maRali simtkicis foladis diagrama; bσ– rbili foladis diagrama, 

gaWimuli plastikur mdgomareobamde (wyvetili xazi) da datvirTvis moxsnisa 

da xelmeored datvirTvis Semdeg (mTliani xazi); c – foladis diagrama 

gantvirTvisas, romelic Seesabameba plastikuri muSaobis zRvrul ares 
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deformaciuli da Termuli daZvelebis Sedegad foladi icvlis 

Tavis Tvisebebs droTa ganmavlobaSi, umjobesdeba  drekadi Tvisebebi 

da  mcirdeba plastikuroba. 

liTonis konstruqciebis rRvevis yvelaze didi saSiSroeba 

maSinaa, rodesac samuSao kveTebSi warmoiqmneba sxvadasxva saxis 

Sesusteba _ naxvretis, amonaCarxis an CanaWris saxiT (fig. 4). 

 

 

 

 

 

 

 

fig. 4. amonaCarxebis gavlena Zabvebze Sesustebul kveTSi 

(K – Zabvebis koncentraciis koeficienti) 

Sesustebis saxeze damokidebulebis mixedviT maT napirebTan 

warmoiqmneba gazrdili Zabvebi (Zabvebis koncetracia), romlebic or-

samjer aRemateba normalur ζ Zabvebs Seusustebel kveTebSi. 

gaangariSebisas es movlena aucilebelia gaTvaliswinebul iqnes 

mcired legirebuli foladebis gamoyenebisas. rbil naxSirbadian 

foladebSi es movlena arc ise saSiSia, radgan saangariSo stadiaSi 

Zabvebi Tanabrdeba. 

yvelaze saSiS zemoqmedebas liTonze axdens daRliloba, rac 

gamoixateba liTonis rRveviT mravaljer ganmeorebadi, gansakuTrebiT 

niSancvladi, datvirTvis zemoqmedebisas. liTonis daRlilobis 

SemTxvevaSi konstruqciis rRveva, rogorc wesi, myisieri, myifea. 

daRlilobisagan rRvevisadmi konstruqciis winaaRmdegobas 

amtanunarianoba ewodeba. konstruqciebis daproeqtebisas, romlebic 

muSaobs dinamikuri da niSancvladi datvirTvis pirobebSi, miRebuli 

normebi iTvaliswinebs saangariSo winaRobebis dawevas, SenaduRi 

konstruqciebis da Zabvebis koncentraciis gamomwvevi SeerTebebis 

moculobis Semcirebas. 
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aluminis Senadnobebis meqanikuri Tvisebebi damokidebulia 

qimiur Semadgenlobasa da maTi damuSavebis pirobebze. absoluturi 

sidideebis mixedviT (fig. 5) isini axlos aris Cveulebrivi da 

gazrdili simtkicis foladebTan, Tumca aris ufro deformirebadi da 

xasiaTdeba naklebad gamoxatuli plastikuri TvisebebiT.  

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 5. sxvadasxva markis aluminis gaWimvis diagramebi 

1 _ B95T1; 2 _ B95M; 3 _ 1915T; 4 _ AД31T1; 5 _ AД31T; 6 _ AMц; 7 _ Д16T 

aluminis Senadnobebis saangariSo winaRoba (cxrili 3) 

gamoiTvleba formuliT  

                          ⁄    (5) 

sadac    aris normaluri winaRoba, romelic aiReba minimaluri 

mniSvnelobis toli denadobis zRvaris mixedviT Ryn, romlis 

mniSvnelobadac pirobiTad miiReba Zabva, romelsac Seesabameba 

fardobiTi narCeni deformacia 0.2%;   >1 _ usafrTxoebis koeficienti 

masalis mixedviT;   ≤1 _ muSaobis pirobebis koeficienti, romelic 

amcirebs saangariSo winaRobas mZime pirobebSi konstruqciis 

eqspluataciis SemTxvevaSi.  
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cxrili 3 

mSeneblobaSi gamosayeneblad rekomendebuli aluminis Senadnobe-

bis saangariSo winaRobebi, mpa 

daZabuli mdgomareoba 

Termulad 

ganumtkicebuli 

alumini 

Termulad  

ganmtkicebuli  

alumini 

АМг2М АМг21/2Н АД31Т АД31Т1 
1915, 

1925, 

1925Т 

1915Т 

gaWimva, kumSva, Runva Ry 70 125 55 125 180 200 

Wra Rs 40 75 35 75 105 120 

torsuli zedapiris 

Telva (morgebis dros) 

Rp 

105 185 80 185 270 300 

adgilobrivi Telva 

mWidrod Sexebisas Rlp 

50 90 40 90 135 150 

 

1.3. foladisa da aluminis profilebis sortamenti 

sortamenti ewodeba naglini (fig. 6, a), civnaRuni (fig. 6, b, g) an 

dawnexili (fig. 6, d) naxevarfabrikatebisa da nakeTobebis katalogs, 

sadac miTiTebulia maTi ZiriTadi geometriuli zomebi, ganikveTis 

formebi, daSvebis mniSvnelobebi da sigrZis erTeulis masebi. 

foladisa da aluminis naxevarfabrikatebi samSeneblo 

konstruqciebisTvis iyofa or ZiriTad jgufad _ furclovani da 

profiluri. 

furclovan foladsa da alumins, gluvi da daprofilebuli 

furclis saxiT, aqvT profilis sxvadasxva sisqe da simaRle. isini 

farTod gamoiyeneba burulis, kedlebis, kiduli Werebis, gisosovani 

konstruqciebis sakvanZo fasonurebis, SenaduRi ortesebsri 

konstruqciebis mosawyobad, agreTve garsebis, membranebis da sxva 

specialuri furclovani konstruqciebis saxiT. garda amisa, 

furclovani foladi da aluminis Senadnobebi gamoiyeneba 

Txelkedliani naRuni profilebis sawarmoeblad. 

glinvis meTodiT mzaddeba sqelkedliani foladi sisqiT 4_160 mm, 

furclis siganiT 1250_2600 mm da sigrZiT 8 m-de; civad naglini 

furclovani foladi sisqiT 1 mm-de, furclis siganiT 2000 mm da 
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sigrZiT 5 m-de daprofilebuli fenilebisTvis; universaluri 

farTozoliani foladi sisqiT 6_60 mm, siganiT 200_1050 mm da sigrZiT 

18 m-de gamoiyeneba SenaduRi koWebisa da svetebisaTvis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 6. profilebis warmoeba 

a _ foladis cxlad naglini saglinav dganebze: 1 _ zoli; 2 _ Sveleri;  

3 _ ortesebri; 4 _ TanabarTaroebiani kuTxovana; 5 _ araTanabarTaroebiani 

kuTxovana; 6 _ tesebri;  b _  foladis civad naRuni saRunav wnexebze:  

1 _6 _ operaciebis Tanmimdevroba; g _ foladis civad naRuni lilvakebSi 

gawelviT: 1 _7 _ operaciebis Tanmimdevroba; d _ aluminis cxeli dawnexiT:  

1 _ aluminis namzadi; 2 _ Zalovani cilindri; 3 _ matrica; 4 _ puansoni;  

5 _ naxvreti matricaSi  

dasamzadeblad yvelaze universaluri, konstruqciulad 

xelsayreli da ekonomiuria _ kuTxedi, ortesebri, Sveleri da 

milisebri profili (fig. 7). 

foladis, TanabarTaroiani da araTanabarTaroiani kuTxedis 

profilebi farTod gamoiyeneba im elementebSi, romlebic muSaoben  

RerZula Zalebze (gaWimva an kumSva), agreTve sxvadasxva elementebis 

kombinirebuli kveTebisa da SeerTebebis misaRebad. ortesebri koWebi, 

Taroebis daxrili Siga waxnagebiT, ZiriTadad gamoiyeneba Runvad 
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elementebSi _ koWebsa da svetebSi, agreTve aracentralur kumSvaze 

momuSave Sedgenil kveTebSi. 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 7. naglini foladis profilebis ZiriTadi tipebi 

a – sortamenti (zRvruli zomebi mm-Si); 1-2 – TanabarTaroiani da 

araTanabarTaroiani kuTxedi; 3 – ortesebri; 4 – farToTaroiani ortesebri;  

5 – Sveleri; 6 – viwro, paralelurTaroiani Sveleri; 7 – farToTaroiani 

tesebri; 8 – mili; b – Sedgenili kveTis magaliTebi 

farTodaa gavrcelebuli farToTaroebiani ortesebri 

(paralelurwaxnagebiani Taroebi) simaRliT 1000 mm-de da siganiT 400 

mm-de. isini racionalurad gamoiyeneba svetebSi, amwisqveSa koWebSi, 

gadaxurvis konstruqciebsa da xidis malis koWebSi. 

Cveulebriv ortesebrTan SedarebiT, didi ekonomikuri 

efeqtruobiT (14-19%) gamoirCeva 120-300 mm simaRlis, viwro, paralelur 

Taroebiani Txelkedliani ortesebri. maT racionalurad iyeneben 

msubuq gadaxurvebSi. 

Svelerebi ufro xSirad gamoiyeneba Sedgenil kveTebSi 

(romlebic upiratesad muSaoben RerZul Zalebze da Runvaze, iSviaTad 

aracentralur kumSvaze), svetebsa da ZelebSi. gadaxurvis grZivebSi da 

kedlis Calangaris elementebSi gamoiyeneba naglini Txelkedliani 

Svelerebi viwro, paralelurwaxnagebiani TaroebiT. masalis xarjis 
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mixedviT isini 16-20%-iT msubuqia Cveulebrivad naglin SvelerebTan 

SedarebiT. 

nivnivur da nivnivqveSa wamweebSi zeda da qveda sartyelebad 

xSirad gamoiyeneba farToTaroebiani tesebri, romelic miiReba 

farToTaroebiani ortesebris grZivi mimarTulebiT or nawilad 

daSliT.   

simaRlis farTo diapazoni (100_500 mm)  da Taroebis sigane 

(100_400 mm) saSualebas iZleva es profilebi gamoyenebul iqnas 

wamweebSi, romlebic ganicdian msubuq da mZime datvirTvebs. 

gisosovan konstruqciebSi _ wamweebSi, TaRebSi, CarCoebSi, 

gumbaTebSi da sxv. _ farTod gamoiyeneba eleqtroSenaduRi mrgvali da 

marTkuTxa milebi, agreTve cxlad naglini naxSirbadovani da mcired 

legirebuli foladis mrgvali milebi. nebismieri centraluri RerZis 

mimarT Tanabari inerciis gamo, milebis gamoyeneba gansakuTrebiT 

efeqturia centralurad SekumSul da centralurad gaWimul 

elementebSi, agreTve SekumSul-gaRunul elementebSi, Runvis sibrtyis 

cvladi mimarTulebisas. 

milisebri kveTis gamoyenebis mizanSewoniloba izrdeba 

konstruqciaze agresiuli garemos zeqmedebis pirobebSi, agreTve 

gazrdili arqiteqturuli moTxovnebisas, kerZod, Sekiduli Weris 

gareSe konstruqciis eqspluataciis SemTxvevaSi. analogiur 

konstruqciebSi milisebri profilebis gamoyeneba kuTxedebTan 

SedarebiT, iZleva liTontevadobis Semcirebas 20-25%-iT. 

foladis konstruqciebSi naglin profilebTan erTad warmatebiT 

gamoiyeneba civnaRuni profilebi (fig. 8). maTi gamoSveba xorcieldeba 

naglini profilebis msgavsad _ TanabarTaroebiani da araTanabar-

Taroebiani kuTxedebis, TanabarTaroebiani Svelerebis, C-s magvari, 

varclisebri da zetisebri, agreTve Caketili sworkuTxa profilebis 

saxiT. damzadebis pirobebis mixedviT naRuni profilebis sisqe ar 

aRemateba 8 mm, rac didwilad ganapirobebs maT gamoyenebas msubuq 

konstruqciebSi, romlebic iReben mcire saangariSo datvirTvebs, mag. 

grZivebi, msubuqi wamweebi, Suqfarnebis dgarebi da tixrebi. 
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naRuni profilebis erT-erTi upiratesobaa kveTis nebismieri 

formis miRebis SesaZlebloba gamoyenebis pirobebidan gamomdinare. 

 

 

 

 

 

 

 

 

 

 

fig. 8. foladis Txelkedliani naRuni profilebi (zRvruli zomebi mm-Si) 

mzid da SemomsazRvrel konstruqciebSi gamoyenebuli aluminis 

deformirebadi Senadnobebis warmoeba xorcieldeba glinuli 

furclebisa da lentebis dawnexili profilebis, agreTve sxvadasxva 

profilis gofrirebuli furclebis saxiT (fig. 9). mzid 

konstruqciebSi gamoyenebisaTvis gankuTvnili aluminis dawnexili da 

naRuni profilebis forma foladis naglini da naRuni profilebis 

analogiuria, magram SezRudulia naklebi zomebiT, rac ganisazRvreba 

matricis diametriT (ix. fig. 6, d.)  

winaswar daZabul da kidul konstruqciebSi gamoiyeneba 

sxvadasxva tipis foladis bagirebi, romlebic mzaddeba maRali 

simtkicis mavTulisagan diametriT 0.22_4 mm, gaglejis (rRvevis) 

droebiTi winaRobiT 1200_2600 mpa (fig 10). 
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fig. 9. aluminis profilebi 

a, b – dawnexili profilebis sortamenti (zRvruli zomebi mm-Si);  

g – civnaRuni Reroebis kveTebi; d – gofrirebuli furclebis kveTebi 
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bagirebs amzadeben erTmagi SegrexiT (calkeuli mavTulebis 

gadaxlarTviT), ormagi SegrexiT _ gvarli (mavTulebi, gadaxlarTuli 

wnebad, xolo wnebi _ bagirad) da sammagi SegrexiT _ kabeli (miiReba 

ramdenime gvarlis gadaxlarTviT). 

 

 

 

 

 

 

 

nax. 10. foladis bagirebisa da konebis kveTebi  

a – spiraluri 37 mavTulisagan (1+6+12+18); b – mravalwniani gvarli wnuli 

gulaniT; g – spiraluri daxuruli tipis, ori fena solisebri da erTi fenis 

zetismagvari mavTuliT; d –paralelur mavTulebiani kona  

kidul konstruqciebSi farTodaa gavrcelebuli TK 

konstruqciis 1x37 (1+6+12+18) spiraluri tipis bagirebi, ТЛК-РО tipis 

6x36 (1+7+7/7+14+7+7) (1+6) ormagi dagrexis bagirebi (gvarlebi), 

daxuruli tipis bagirebi da sxv. bagirebis asoebiT aRniSvna 

gansazRvravs: TK _ mavTulebis wertilovani Sexeba; ТЛК _ mavTulebis 

wertilovani da xazovani Sexeba. cifruli aRniSvna gansazRvravs 

mavTulebis ganlagebis formulas da maT raodenobas erT grexilSi. 

mcire malis kidul gadaxurvebSi gamoiyeneba perioduli 

profilis Rerovani cxlad glinuli foladis armatura Reros 

nominaluri diametriT 16-40 mm. 

 

1.4. liTonis konstruqciebis gaangariSeba 

zRvruli mdgomareobis meTodiT  

liTonis konstruqciebis gaangariSeba xorcieldeba zRvruli 

mdgomareobis meTodiT _ Zalovan zemoqmedebebze, sayrdenebis 

gadanacvlebaze, temperaturasa da sxva zemoqmedebebze. 
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zRvruli ewodeba konstruqciis iseT mdgomareobas, romlis 

drosac is veRar akmayofilebs saeqspluatacio moTxovnebs, anu 

konstruqcia kargavs garegan zemoqmedebaze winaaRmdegobis gawevis 

unars an ar aris daculi normaluri saeqspluatacio pirobebi, 

vinaidan deformaciebma miaRwia dasaSvebze met sidides. 

zRvruli mdgomareobis meTodiT kveTis gansazRvrisas igi 

SeirCeva minimalurad aucilebeli, maqsimalurad SesaZlo Zalis 

zemoqmedebis pirobidan gamomdinare, yvelaze araxelsayrel 

saeqspluatacio pirobebSi. 

liTonis konstruqciebis gaangariSeba xorcieldeba zRvruli 

mdgomareobis ori jgufis mixedviT: mzidunarianobis dakargvaze da 

normaluri eqsploataciis SeuZleblobaze. 

zRvruli mdgomareobis pirveli jgufis mixedviT gaangariSeba 

warmoebs simtkiceze, mdgradobaze da amtanunarianobaze. maTematikurad 

is Caiwereba utolobis saxiT: 

          ≤                                    (6) 

sadac Ncal aris saangariSo Zalva konstruqciaSi, saangariSo 

datvirTvebis yvelaze araxelsayreli kombinaciisas; Ф _ konstruqciis 

mzidunarianoba, romelic warmoadgens konstruqciis geometriuli 

zomebisa da masalis winaRobis funqcias;  Fn  _ normatiuli datvirTva, 

romelic SeirCeva samSeneblo normebisa da wesebis mixedviT; γ –

gadatvirTvis koeficienti, datvirTvis yoveli saxeobisTvis (sakuTari 

masisTvis γg =1.1÷1.3; droebiTi ganawilebuli datvirTvisTvis           

γv=1.2÷1.4; Tovlis datvirTvisTvis γs=1.4÷ .6  qaris datvirTvisTvis 

γw=1.2÷ .3);   _ kveTis geometriuli maxasiaTebeli; Ryn  – masalis 

normatiuli winaRoba; γc – muSaobis pirobebis koeficienti; γn – 

saimedoobis koeficienti daniSnulebis mixedviT; γm _ saimedoobis 

koeficienti masalis mixedviT; koeficientebi γc, γn, γm SeirCeva 

samSeneblo normebisa da wesebis mixedviT. 

zRvruli mdgomareobis pirveli jgufis mixedviT gaangariSeba 

xorcieldeba yvela mzidi konstruqciisTvis gamonaklisis gareSe. 
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zRvruli mdgomareobis meore jgufis mixedviT gaangariSeba 

xorcieldeba dasaSvebi gadaadgilebebis mixedviT (CaRunvebi, jdomebi, 

mobrunebis kuTxeebi, rxevebi da sxva). 

zRvruli mdgomareobis meore jgufi maTematikurad SeiZleba 

Caiweros Semdegi utolobis saxiT 

     ≤  [  ⁄ ]⁄                              (7)   

sadac f aris CaRunvis isari an konstruqciis gadaadgileba 

normatiuli datvirTvebisgan;[   ] _ fardobiTi CaRunvis an 

gadaadgilebis zRvruli sidide, romelic dadgenilia liTonis 

konstruqciebis proeqtirebis normebiT an miTiTebulia teqnologiur 

davalebaSi; lef  _ Reros saangariSo sigrZe:   – Reros geometriuli 

sigrZe. 

meore jgufis zRvruli mdgomareobis mixedviT gaangariSdeba 

mxolod is konstruqciebi, romlebic ganicdis did deformaciebs an 

gadaadgilebebi zRudaven normaluri eqspluatacias SesaZleblobas.    

datvirTvebi, romlebic zemoqmedeben liTonis konstruqciebze, 

moqmedebis xangrZlivobidan gamomdinare, iyofa mudmiv da droebiT 

datvirTvebad. droebiTi datvirTvebi, Tavis mxriv, iyofa xangrZliv, 

xanmokle da gansakuTrebul datvirTvebad. 

mudmiv datvirTvebs miekuTvneba: konstruqciis sakuTari masa; 

gadaxurvis, Weris, kedlebis masa; gruntis wneva; winaswari daZabvis 

zemoqmedeba da sxv.  

droebiT xangrZlivad moqmed datvirTvebs miekuTvneba: droebiTi 

tixrebis masa, stacionaluri danadgarebis masa, datvirTva 

gadaxurvebze (sawyobebis, elevatorebis da sxva), agreTve xangrZlivi 

temperaturuli teqnologiuri zemoqmedebebi.  

xanmokle datvirTvebs miekuTvneba: adamianebisa da saremonto 

masalebis masa; datvirTvebi, romlebic warmoiqmnebian damzadebis, 

gadazidvis da samSeneblo konstruqciis agebis dros; datvirTvebi 

moZravi amwe-satransporto danadgarebisagan (xiduri da kiduli 

amweebisgan); Tovlis, qarisa da yinulis datvirTvebi. 
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gansakuTrebul datvirTvebs miekuTvneba seismuri da afeTqebiTi 

zemoqmedebebi; datvirTvebi, romelic gamowveulia teqnologiuri 

procesebis mkveTri darRveviT da sxv. 

eqspluataciis procesSi nagebobebi ganicdian sxvadasxva 

datvirTvebis zemoqmedebas, amitom samSeneblo normebisa da wesebis 

Tanaxmad, gaangariSebisas iTvaliswineben datvirTvis Tanwyobis or 

kategorias: ZiriTadi Tanwyoba, romelic Sedgeba mudmivi, xangrZlivi 

da xanmokle datvirTvebisagan; gansakuTrebuli Tanwyoba, romelic 

Sedgeba mudmivi, xangrZlivi, SesaZlo xanmokle da erT-erTi 

gansakuTrebuli datvirTvisagan. 

datvirTvebis ZiriTad Tanwyobaze gaangariSebisas, ori an meti 

xanmokle datvirTvis SemTxvevaSi, maTi jami mravldeba Tanwyobis 

koeficientze sididiT 0.9; gansakuTrebul Tanwyobaze gaangariSebisas 

_ 0.8-ze. gansakuTrebuli datvirTva am SemTxvevaSi miiReba Semcirebis 

gareSe. 

 

1.5. elementebis gaangariSeba centralur gaWimvaze 

da kumSvaze 

elementebis muSaoba centralur gaWimvasa da kumSvaze 

warmoiqmneba maSin, rodesac grZivi Zala N gadis gasaangariSebeli 

elementis sigrZeze nebismieri ganivi kveTis simZimis centrSi (fig. 11).  

centralurad gaWimuli da centralurad SekumSuli elementebis 

simtkiceze gaangariSeba masalis muSaobis drekad stadiaSi 

xorcieldeba formuliT: 

                                ≤      ,                              (8) 

sadac An aris kveTis farTobi, neto (Sesustebebis gamoklebiT); Ry _ 

masalis saangariSo winaRoba denadobis zRvris mixedviT (ix. cxr. 1). 

centralurad gaWimuli elementebis, romelTa eqspluatacia 

SesaZlebelia liTonis drekadi muSaobis zRvris miRma, simtkiceze 

gaangariSeba xorcieldeba formuliT: 

                                 ≤         ,                          (9) 
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sadac Ru aris masalis saangariSo winaRoba droebiTi winaRobis 

mixedviT (ix. cxrili 1); γu=1.3 – saimedoobis koeficienti konstruqciis 

elementebisaTvis, romlebic gaangariSdeba simtkiceze droebiTi 

winaRobis mixedviT. 

 

  

 

 

 

fig. 11. Reroebis muSaoba centralur gaWimvaze da kumSvaze 

centralurad SekumSuli elementebis mzidunarianobis amowurva 

xdeba denadobis zRvarze naklebi kritikuli Zabvebis dros. es 

aixsneba imiT, rom centralurad SekumSuli elementebi 

saeqspluatacio Tvisebebs kargaven ara kveTis rRvevis gamo, aramed 

Reros mdgradobis dakargviT (gamoburcva), amitom centralurad 

SekumSuli Reroebi gaangariSdeba mdgradobaze grZivi Runvis θ 

koeficientis gaTvaliswinebiT (romelic amcirebs saangariSo 

winaRobas), formuliT: 

                                    ≤     ,                          (10) 

sadac A aris Reros ganivi kveTi Sesustebebis gareSe (WanWikebisa da 

moqlonebis naxvretebisaTvis).  

θ koeficientis mniSvneloba damokidebulia elementis 

moqnilobaze  ̅, romelic SeiZleba ganisazRvros formuliT: 

                                   ̅       ,                             (11) 

sadac,        aris Reros saangariSo sigrZe:   – Reros geometriuli 

sigrZe (elementis Camagrebis wertilebs Soris manZili);   – Reros 

sigrZis dayvanis koeficienti, romelic gamoxatavs elementis 

boloebis Camagrebis gavlenas (fig. 12);   – elementis ganivi kveTis 

inerciis radiusi.  
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fig. 12. centralurad SekumSuli Reros saangariSo sigrZis gansazRvrisaTvis 

praqtikuli miznebisaTvis, θ koeficientis mniSvneloba 

ganisazRvreba interpolaciiT cxrili 4-is da cxrili 5-is mixedviT, 

Sesabamisad, foladis konstruqciebisa da aluminis SenadnobebisaTvis. 

cxrili 4 

foladis centralurad SekumSuli elementebis grZivi Runvis 
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SeniSvna: koeficient  -is mniSvnelobebi cxrilSi gadidebulia 1000-jer. 
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cxrili 5 

aluminis centralurad SekumSuli elementebis grZivi Runvis 

koeficientebis φ mniSvnelobebi 
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SeniSvna: koeficient  -is mniSvnelobebi cxrilSi gadidebulia 1000-jer. 

 

1.6. Runvadi elementebis gaangariSeba 

Runvaze momuSave yvelaze gavrcelebuli elementebia liTonis 

koWebi, romlebic datvirTulia koWis grZivi RerZis 

perpendikularulad erT an or mTavar sibrtyeSi (x-x da y-y) Tanabrad 

ganawilebuli, Seyursuli an kombinirebuli datvirTviT (fig. 13). 
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fig. 13. Reros muSaobis sqema Runvis dros 

a – koWis saangariSo sqema; b – ganivi kveTi; g, d – normaluri Zabvebis 

epiurebi; e –mxebi Zabvebis epiura 

ganivi Runvis dros liTonis Reros saangariSo kveTebSi 

warmoiqmneba mRunavi momentebi da ganivi Zalebi. am dros, maqsimaluri 

normatiuli Zalebis (maqsimaluri mRunavi momentis) moqmedebis zonaSi, 

saangariSo kveTi SeiZleba iyos masalis drekadi muSaobis sazRvrebSi 

(fig. 13, g) an masalis muSaobis plastikur stadiaSi (fig. 13, d). 

elementebis, romlebic iRunebian erT-erT mTavar sibrtyeSi 

(magaliTad x-x), simtkiceze gaangariSebas drekad stadiaSi 

axorcieleben formuliT: 

                                      ≤     ,                         (12) 

sadac Mx aris mRunavi momenti, moqmedi x-x RerZis mimarT; Wxn ,min _ 

kveTis (neto) winaRobis minimaluri momenti x-x RerZis mimarT. 

Runvadi elementebis saangariSo kveTebSi mxebi Zabvebis τ 

mniSvneloba unda akmayofilebdes Semdeg pirobas 

                           τ          ≤                               (13) 

sadac    aris saangariSo ganivi Zala, moqmedi x-x RerZis mimarT; Sx _ 

kveTis (bruto) Zvradi nawilis statikuri momenti x-x neitraluri 

RerZis mimarT; Ix _ kveTis (bruto) inerciis momenti x-x i RerZis mimarT; 

  _ koWis kedlis sisqe; Rs = 0.58Ryn / γm _ masalis saangariSo winaRoba 

Zvraze. 
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saangariSo kveTSi koWis kedlis naxvretebiT Sesustebisas, me-(13) 

formulaSi τ-s mniSvneloba unda gamravldes α koeficientze, romelic 

ganisazRvreba formuliT: 

                               α          ,                         (14) 

sadac a aris naxvretebis biji; d _ naxvretis diametri. 

 or mTavar sibrtyeSi (x-x da y-y) erTdrouli Runvisas, simtkiceze 

gaangariSeba xorcieldeba formuliT:  

               ≤                            (15) 

sadac x da y aris kveTis gansaxilveli wertilis koordinatebi 

mTavari RerZebis mimarT. 

Wradi da uWri mTliankveTiani koWebis simtkiceze gaangariSeba 

plastikuri deformaciebis ganviTarebis da momentebis gadanawilebis 

gaTvaliswinebiT, xorcieldeba samSeneblo normebisa da wesebis 

Sesabamisad.  

 

1.7. RerZul Zalasa da Runvaze momuSave 

elementebis gaangariSeba  

aracentraluri kumSva  da aracentraluri gaWimva  warmoiqmneba 

elementis saangariSoO kveTSi mRunavi momentis M da grZivi mkumSavi an 

gamWimavi N Zalis erTdrouli moqmedebis dros (fig. 14). 

590 mpa-de denadobis zRvris mqone foladisagan damzadebuli, 

aracentralurad SekumSuli, SekumSul-gaRunuli, aracentralurad 

gaWimuli da gaWimul-gaRunuli elementebis simtkiceze gaangariSeba 

muSaobis plastikur stadiaSi (im pirobiT, rom   ≤  .    da          

       )>0.1) xorcieldeba Semdegi formuliT:  

(
 

      
)
 

 (
  

             
)  (

  

             
) ≤         (16) 
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sadac n, cx da cy _ koeficientebi, romlebic damokidebulia koWis 

kveTis zomebsa da formaze, SeirCeva samSeneblo normebisa da wesebis 

mixedviT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 14. aracentralurad SekumSuli da gaWimuli Reroebis sqemebi 

masalis drekadi muSaobis dros simtkiceze gaangariSeba 

xorcieldeba formuliT:  

 

  
 (

  

   
)   (

  

   
)  ≤     .                (17) 

aracentralurad SekumSulma da SekumSul-gaRunulma Reroebma 

mdgradoba SeiZleba dakargon (λx da λy moqnilobaze damokidebulobiT), 

rogorc mRunavi momentis (Mx) moqmedebis sibrtyeSi, aseve momentis 

moqmedebis marTobul sibrtyeSi, Tu λy< λx (Reros lxef da lyef saangariSo 

sigrZeebis gaTvaliswinebiT).  

mdgradobaze gaangariSeba momentis moqmedebis sibrtyeSi 

xorcieldeba formuliT: 

       ≤                                 (18) 

sadac  e aris aracentraluri kumSvis dros saangariSo winaRobebis 

Semcirebis koeficienti; mTliankedliani ReroebisaTvis ganisazRvreba 
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“samSeneblo normebisa da wesebis” mixedviT; damokidebulia pirobiT 

moqnilobaze  ̅ da dayvanil fardobiT eqscentrisitetze  mef  

                                     (19) 

sadac η _ kveTis formis gavlenis koeficientia (ix. samSeneblo 

normebi da wesebi); m=eA/Wc _ fardobiTi eqscentrisiteti (e=m/N – 

eqscentrisiteti; Wc – kveTis winaRobis momenti yvelaze SekumSuli 

boWkosaTvis), romelic gisosebiani da Tamasebiani gamWoli 

ReroebisTvis, pirobiT dayvanil moqnilobasa λ̅   da fardobiT 

eqscentrisitetze damokidebulebiT, ganisazRvreba formuliT  

       ,                            (20) 

sadac a aris manZili Runvis sibrtyis perpendikularuli, kveTis 

mTavari RerZidan  yvelaze SekumSuli Stos RerZamde, magram aranakleb 

Stos kedlis RerZamde manZilisa. 

mdgradobaze gaangariSeba momentis moqmedebis marTobul 

sibrtyeSi warmoebs formuliT:  

      ≤                                                                 (21) 

sadac c da θy _ sidideebi, romlebic ganisazRvreba "samSeneblo 

normebisa da wesebis" mixedviT.  

 rodesac    ≤      maSin aracentralurad SekumSuli da 

SekumSul-gaRunuli elementebis simtkiceze gaangariSeba saWiro ar 

aris; Tu mTliankedliani ReroebisTvis mef >20 da gamWoli 

ReroebisTvis m >20, maSin mdgradobaze gaangariSeba saWiro ar aris. 
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Tavi 2. liTonis konstruqciebis SeerTebebi 

2.1. saerTo cnebebi 

liTonis konstruqciebis SeerTebebi gankuTvnilia calkeuli 

elementebis erTmaneTTan SesauRleblad. SeerTebis saxis SerCeva 

damokidebulia SesaerTebeli elementebis daZabuli mdgomareobis 

saxeze, moqmedi datvirTvis sididesa da xasiaTze, SesauRlebeli 

elementebis formaze, SeerTebis muSaobis pirobebsa da sxv. 

liTonis konstruqciebSi gamoiyeneba SenaduRi, WanWikuri da 

moqlonuri SeerTebebi. 

yvelaze gavrcelebulia SenaduRi SeerTebebi. maT gasakeTeblad 

saWiroa naklebi dro da liToni WanWikur da  moqlonur SeerTebebTan 

SedarebiT. SeduRebis gamoyeneba uzrunvelyofs SeerTebis maRal 

simtkices, procesis avtomatizacias, SenaduRi nakeris maRal xarisxs 

misi Sesrulebisas ara marto saqarxno pirobebSi, aramed samSeneblo 

moedanzec. amitom, SenaduRi SeerTebebi gamoiyeneba yvela tipis 

liTonis konstruqciebSi. 

WanWikuri SeerTebebi gamoiyeneba asawyob-dasaSleli da 

stacionaruli konstruqciebis samontaJo da muSa SeerTebebSi. maTi 

dadebiTi Tvisebebia: SeerTebis simartive da saimedooba, xolo 

uaryofiTi: liTonis gazrdili xarji, SeerTebis damyoloba 

(deformirebadoba) WanWiksa da naxvrets Soris RreCoebis arsebobis 

Sedegad. Wraze da gaWimvaze momuSave maRali simtkicis WanWikebis 

gamoyenebis SemTxvevaSi mcirdeba SeerTebis deformirebadoba, Tumca 

izrdeba Sromatevadoba.  

moqlonuri SeerTebebi SezRudulad gamoiyeneba, radganac isini 

sxva SeerTebebTan SedarebiT ufro Sromatevadi da ZviradRirebulia. 

Tumca, moqlonuri SeerTebebis saimedooba niSancvladi da vibraciuli 

datvirTvebisas, gansazRvravs maTi gamoyenebis sferos muSaobis mZime 

reJims konstruqciebSi (rkinigzis xidebSi, samrewvelo etaJerebSi 

dinamikuri zemoqmedebis dros da sxv.). 
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2.2. SenaduRi SeerTebebi.  

SeduRebis saxeebi da maTi mokle daxasiaTeba 

SeduRebis ZiriTadi saxea eleqtrorkaluri SeduReba, romelic 

dafuZnebulia eleqtruli rkalis warmoqmnaze foladis Rerosa 

(eleqtrodsa) da SesaduRebel foladis detalebs Soris (fig. 15, a). 

eleqtruli rkali warmoqmnis 1500℃ temperaturaze mets. am 

temperaturaze xdeba ZiriTadi liTonisa da eleqtrodis dnoba ris 

Sedegadac kontaqtis zonaSi warmoiqmneba SenaduRi nakeri, romelic 

aerTebs SesaduRebel elementebs. maRali plastikuri Tvisebebis mqone 

xarisxiani nakeris misaRebad, SeduReba xorcieldeba dacul airovan 

garemoSi, romelic warmoiqmneba nakeris zonaSi eleqtrodze datanili 

specialuri sagozavis (sacxis) wvis Sedegad, romelic Seicavs 

malegirebel danamatebs da qmnis widis fenas, rac icavs liTons 

daJangvisa da swrafi gacivebisagan. 

eleqtrorkalur SeduRebasTan erTad farTod gamoiyeneba 

aireleqtruli SeduReba. misi upiratesoba eleqtrorkalur 

SeduRebasTan SedarebiT aris maRali mwarmoebluroba, dabali 

Rirebuleba, maRali temperatura (3200℃) da CaduRebis meti siRrme 

(fig. 15, b). 

SenaduRi SeerTebebis simtkiceze mniSvnelovan gavlenas axdens 

nakeris struqtura – mikroforebis arseboba, bzarebi, simyife da sxv. 

nakerebSi bzarebis warmoqmna dauSvebelia. ganasxvaveben cxeli da civi 

SeduRebis bzarebs. cxeli bzarebi Cveulebriv warmoiqmneba nakeris 

gacivebisas 1000℃-ze meti temperaturis dros, xolo civi bzarebi _ 

Seklebis Sedegad. 

SeduRebis Rirseba xasiaTdeba nakeris CanaduRis siRrmiT, anu 

daduRebuli liTonis SeRweviT ZiriTad liTonSi, rac Cveulebriv 

Seadgens 1.5_2 mm. es miiRweva SesaduRebel elementebs Soris arsebuli 

RreCosa da nawiburebis specialurad damuSavebis Sedegad. 
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fig. 15. SeduRebis sqemebi  

a – eleqtrorkaluri; b – aireleqtruli; 1 – liTonis eleqtrodi;            

2 – specialuri sagozi; 3 – SesaduRebeli mavTuli; 4 – SesaduRebeli 

elementebi; 5 – SeduRebis nakeri; 6 – denis wyaro; 7 – naxSirorJangi 

(naxSirbadovani foladebis SeduRebisas) an argonis airi (aluminis 

Senadnobebis SeduRebisas); 8 – eleqtrosaWeri; 9 – sanTura;                  

10 – damWeri (Waxraki); 11 – eleqtrorkali 

 

 

 

 

 

 

 

 

 

fig. 16. avtomaturi SeduRebis sqema flusis qveS (gansazRvruli qimiuri 

Semadgenlobis masala)  

1 – stendi; 2 – SenaduRi nakeri; 3 – widis qerqi; 4 – flusi;  

5 – ZiriTadi liToni; 6 – TviTmavali meqanizmi; 7 – eleqtroduli 

mavTuli; 8 – saSemduReblo Tavi 
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yvelaze xarisxiani nakerebi miiReba saSemduReblo agregatebiT 

Sesrulebuli avtomaturi SeduRebisas (fig. 16). 

naxevrad avtomaturi SeduRebisas saSemduReblo agregati 

moZraobs xeliT, xolo SeduRebis procesi xorcieldeba avtomaturad 

(sarCilisa da flusis miwodeba).  

3 mm-ze meti sisqis furclebis SesaduReblad gamoiyeneba 

wertilovani da lilvakuri eleqtroSeduReba (fig. 17), romelic 

sruldeba specialur saSemduReblo danadgarebze. naklebad gamoiye-

neba airuli SeduReba, romelic dafuZnebulia Jangbadis nakadSi 

acetilenis wvis zonaSi liTonis dnobaze. 

 

 

 

 

 

 

 

fig. 17. eleqtroSeduRebis saxeebi 

a – wertilovani; b – lilvakuri; 1 – eleqtrodebi an gorgolaWebi;    

2 – SesaduRebeli elementebi; 3 – SenaduRi nakeri;  

4 – denis wyaro 

nakerebis ganlagebis mixedviT isini SeiZleba iyos qveda (0-600), 

vertikaluri (600-1200) da Weris (1200-1800) (fig. 18). samuSaod yvelaze 

mosaxerxebeli, xarisxiani da ekonomiuria qveda nakerebi. vertikaluri 

da Weris nakerebi rTulia samuSaod, amitom maT upiratesad iyeneben 

samontaJo SeduRebisas. saqarxno pirobebSi vertikaluri da 

gansakuTrebiT Weris nakerebis Tavidan asacileblad gamoiyeneba 

specialuri sabrunavebi (fig. 19, a). 

nakeris didi sisqis SemTxvevaSi, misi xarisxis gaumjobesebis 

mizniT, SeduRebis procesSi axorcieleben nakeris TanamimdevrobiT 

gasqelebas, rogorc fig. 19, b, g-zea naCvenebi. 
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fig. 18. nakerebis klasifikacia sivrceSi mdebareobis mixedviT 

1 – Weris kuTxuri nakeri; 2 – qveda kuTxuri nakeri; 3 – horizontaluri 

sapirapire nakeri; 4 – vertikaluri kuTxuri nakeri 

 

 

 

 

 

 

 
fig. 19. SeduRebis samuSaoebis warmoeba 

a – mbrunavi sagoravis sqema; b – V-s magvari nakeris gasqelebis 

Tanmimdevroba; g _ X-is magvari nakeris gasqelebis Tanmimdevroba 

 

 

 

 

 

 

 

 

 

 

 

fig. 20. daduRebuli liTonis gamocda Runvaze simtkicisa da plastikurobis 

gansazRvrisaTvis 
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SenaduRi nakeris xarisxis Sesamowmeblad, gaWimvaze gamocdis 

garda, mas agreTve cdian Runvaze (fig. 20). am SemTxvevebSi SeerTebidan 

amoWrian specialur nimuSs. 

490 mpa-de denadobis zRvris mqone foladis konstruqciebis 

SesaduReblad eleqtrodebis ZiriTadi tipebia: Э-42, Э-42А, Э-46, Э-46А, Э-

50, Э-50А, xolo 500 mpa-ze meti denadobis zRvris mqone foladis 

konstruqciebis SesaduReblad: Э-60, Э-70, da Э-85. daduRebuli liTonis 

masis Sesamcireblad normebiT rekomendebulia ufro maRali markis 

mqone eleqtrodebis gamoyeneba, vidre SesaduRebeli elementebis 

foladis markebia. 

aluminis konstruqciebs aduReben argonrkaluri SeduRebiT 

aluminis mavTulis misarTiani udnobi volframis eleqtrodiT da 

dnobadi volframis eleqtrodiT. xarisxiani nakeris misaRebad saWiroa 

SesaduRebeli elementebisa da mavTulis gulmodgine qimiuri 

damuSaveba. 

 

2.3. SenaduRi SeerTebis tipebi  

da maTi gaangariSeba 

konstruqciis mixedviT SenaduRi SeerTebebi iyofian pirapira, 

pirgadadebiT, kombinirebul da pirdgmul saxeebad (cxrili 6). yvelaze 

saimedo da masalis xarjis mixedviT ekonomiuria pirapira SeerTebebi. 

SenaduRi nakeris Tavsa da boloSi warmoqmnili kraterisa da 

SeuduReblobis gavlenis aRmosafxvrelad, agreTve nakerisa da 

ZiriTadi liTonis Tanabari simtkicis misaRwevad, pirapira 

SeerTebebSi keTdeba iribi nakeri. pirapira nakerebi gamoiyeneba 

furclebis, naglini profilebis (ortesebri, Sveleri, kuTxedi da 

sxv.), agreTve grZiv Zalvebze momuSave elementebis SesaerTeblad. 

pirgadadebiT SeerTebebi, masalis ufro meti danaxarjisa da 

naklebi saimedoobis miuxedavad (Zabvebis mniSvnelovani koncentraciis 

gamo), aseve, farTod gamoiyeneba. aseT SeerTebebs akeTeben zesadebebiT 

an maT gareSe – Zalvis gaswvriv ganlagebuli flanguri, an Zalvis 

perpendikularulad ganlagebuli torsuli, kuTxuri SeduRebiT. 
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flangur nakerebSi warmoqmnili Zabvebi gamoirCeva didi 

araTanabrobiT, Tumca zRvrul mdgomareobaSi Zabvis epiurebi nakerSi 

Tanabrdeba, rac iZleva saSualebas kuTxuri nakerebis gaangariSeba 

Catardes im daSvebiT, rom nakeris sigrZeze da kveTis farTze Zalvebi 

Tanabradaa ganawilebuli. 

aseve farTod gamoiyeneba kombinirebuli da pirdgmuli 

SeerTebebi, romlebic gamomdinareoben SeerTebis pirveli ori 

ZiriTadi tipidan.   

centralur gaWimvaze an kumSvaze momuSave SenaduRi pirapira 

nakeris gaangariSeba warmoebs formuliT (22), im daSvebiT, rom nakeris 

sigrZesa da ganiv kveTze Zabvebi Tanabradaa ganawilebuli  

          ≤      ,                            (22) 

sadac t aris SesaerTebeli elementebidan ymciresi sisqe; lw – nakeris 

saangariSo sigrZe, romelic tolia 2t sididiT Semcirebuli mTliani 

sigrZis, an mTeli sigrZis, rodesac nakeris boloebi gadis pirapiris 

gareT. 

grZivi an ganivi Zalebis moqmedebisas, kuTxurnakerebiani 

SenaduRi SeerTebebi gaangariSdeba Wraze or kveTSi (fig. 21) _ nakeris 

liTonSi  (kveTi 1)  

        ≤         ,                        (23) 

da Sednobis sazRvarze liTonSi (kveTi 2)  

        ≤         ,                        (24) 

sadac lw aris nakeris saangariSo sigrZe, romelic aiReba mTlian 

sigrZeze 10 mm-iT naklebi;     da     _ koeficientebi, romlebic 

damokidebulia SeduRebis saxeze, SeduRebis mavTulis diametrze, 

nakeris kaTetis simaRlesa da foladis denadobis zRvarze. 580 mpa-de 

denadobis zRvris mqone foladis elementebis SeduRebisas maT iReben 

me-7 cxrilidan; xolo rodesac denadobis zRvari 580 mp-ze metia, maSin 

  =0.7 da   =1;     da     _ nakeris muSaobis pirobebis koeficientebi 

(γwf = γwz = 1, Tu garemos temperatura _40℃-ze naklebi sr aris);    _ 

nakeris kaTeti. 
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fig. 21. kuTxurnakeriani SenaduRi SeerTebis saangariSo kveTebis sqema  

1 – kveTi nakeris liTonSi; 2 – kveTi Sednobis sazRvarze liTonSi 

samSeneblo normebisa da wesebis Sesabamisad, agreTve 

axorcieleben kuTxurnakerebiani SenaduRi SeerTebebis gaangariSebas 

nakeris liTonSi da Sednobis sazRvarze liTonSi, nakerebis 

ganlagebis sibrtyeSi da sibrtyis perpendikularulad  momentis 

moqmedebaze (SeerTebebSi, romlebSic nakeris liTonis simtkice metia 

SesaduRebeli elementebis liTonis simtkiceze). 

foladis konstruqciebSi SenaduRi nakerebis saangariSo 

winaRobebis mniSvnelobebi moyvanilia me-8 cxrilSi, xolo aluminis 

konstruqciebSi argonrkaluri SeduRebiT Sesrulebuli SenaduRi 

nakerebis saangariSo winaRobebi _ me-9 cxrilSi. 

SenaduRi nakerebis konstruirebisas unda vixelmZRvaneloT 

Semdegi pirobiT: kuTxuri SenaduRi nakeris minimaluri saangariSo 

sigrZe ar unda iyos 40 mm-ze naklebi da 85    -ze meti; kuTxuri 

nakeris maqsimaluri kaTeti    unda iyos ara umetes 1.2t, sadac t _ 

SesaerTebeli elementebis umciresi sisqea; kf–is minimaluri 

mniSvneloba ar unda iyos 4 mm-ze naklebi, xolo maqsimaluri ara 

umetes 25 mm. 

SenaduRi nakerebis simZlavreebis Sedarebisas, maTi kaTetebis    

da moculobebis    mixedviT, Cans, rom             da        =4, e.i. 

nakeris kaTetis gadidebiT misi simtkice izrdeba pirvel xarisxSi, 

xolo daduRebuli liTonis raodenoba kvadratSi (fig. 22). yvelaze 

xelsayrelad miiCneva nakerebi, roca    6 ÷    mm. pirapirul SenaduR 

nakerebs yovelTvis aproeqteben uwyveti saxiT, xolo kuTxuri 

flanguri nakerebi SeiZleba iyos uwyveti da wyvetili saxiT. wyvetil 
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nakerSi minimaluri sigrZe da wyveta konstruqciuli mosazrebebiT ar 

unda iyos 50 mm-ze naklebi (cxr. 10). 

 

 

 

fig. 22. nakeris simZlavris da moculobis Tanafardoba 

cxrili 7 

   da   koeficientebis mniSvnelobebi, 580 mpa-de denadobis 

zRvaris mqone foladis elementebis SeduRebisas 

SeduRebis saxe 

SesaduRebeli 

mavTulis diametris 

mixedviT, d, mm 

nakeris 

mdebareoba 

ko
ef

ic
ie
nt

i 

   da    

koeficientebis 

mniSvnelobebi nakeris 

kaTetebis SemTxvevaSi, 

mm 

3-8 9-12 
14-

16 

18 da 

meti 

avtomaturi, 

 d=35 

navisebri 
   1.1 0.7 

   1.15 1 

qveda 
   1.1 0.9 0.7 

   1.15 1.05 1 

avtomaturi da 

naxevradavtomaturi 

d=1.4-2 

navisebri 
   0.9 0.8 0.7 

   1.05 1 

qveda 
   0.9 0.8 0.7 

   1.05 1 

xeliT,  

naxevrad avtomaturi 

mTliankveTiani 

mavTuliT d<1.4, an 

fxvnilovani 

mavTuliT 

navisebri, qveda, 

horizontaluri, 

vertikaluri, 

Weris 

 

   0.7 

   1 

 

S e n i S v n a: koeficientebis mniSvnelobebi Seesabameba SeduRebis 

normalur reJims. 
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cxrili 8 

SenaduRi SeerTebis saangariSo winaRobebi foladis 

konstruqciebSi, mpa 

na
g
l
in

is
 d

r
o
eb

iT
i 

w
in

aR
o
b
a 

 
 
 
 

pirapira SeerTebebi 

Zv
r
a 

 
 
 
 

 
 
 

Wraze 

momuSave 

kuTxuri 

SeerTebis 

nakeri 

el
eq
t
r
o
d
is

 t
ip
i kumSva, gaWimva da Runva 

avtomaturi, naxevrad 

avtomaturi da xeliT 

SeduRebisas nakeris 

xarisxis fizikuri 

kontroliT 
g
aW

im
va
 d

a 
R
u
nv
a 

av
t
o
ma
t
u
r
i,
 n

ax
ev
r
ad

 

av
t
o
ma
t
u
r
i 

an
 x

el
iT

 

S
ed

u
R
eb

is
as

, 
 0
,8
5 

 
 
 
 

na
ke
r
is

 l
iT

o
ni

s
 m
ix

ed
vi
T
  

 
 
 
 

l
iT

o
ni

s
 d

an
ad

u
R
is

 

s
az

R
va
r
z
e 
  

 
 
 

denadobis 

zRvaris 

mixedviT 

       

droebiTi 

winaRobis 

mixedviT 

       

345 210 335 178 122 152 155 

Э-42, 

Э-42А 
365 230 355 195 133 160 164 

390 280 380 238 162 172 175 

440 300 430 255 174 194 198 
Э-46, 

Э-46А 

460 325 450 276 188 202 207 
Э-50, 

Э-50А 

510 355 500 302 206 204 229 

Э-60 570 375 520 319 217 228 256 

590 400 535 340 232 240 265 

685 515 595 438 299 280 308 Э-70 

 
S e n i S v n a: saangariSo winaRobebi gansazRvrulia samSeneblo normebisa 

da wesebis mixedviT.  
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cxrili 9 

aluminis konstruqciebSi argonrkaluri SeduRebiT Sesrulebuli 

SenaduRi nakerebis saangariSo winaRobebi, mpa 

aluminis 

marka 
SesaduRebeli mavTulis marka 

SenaduRi 

nakeri 

nakeris 

mimdebare 

zonaSi 

pirapi-

ra 

ku
T
x
u
r
i 

 
 
 
 

pirapi-

ra 

f
l
an
g
u
r
i 

  
 
 
  

 

 
 
 
 

 
 
 
 

 
 
 
  
 

 
 

  
 
  

АД1М СвА1 25 15 20 25 15 25 

АМцМ СвАМг3 40 25 30 40 25 40 

АМг2М 

АМг21/2Н 

СвАМг3 65 40 45 65 40 65 

АДЗ1Т СвАМг3; 1557 55 35 45 55 35 50 

АДЗ1Т5 
СвАМг3; 1557 volframis eleqtrodiT 65 40 45 65 40 60 

igive dnobadi eleqtrodiT 65 40 45 65 40 75 

АДЗ1Т1 
СвАМг3; 1557 volframis eleqtrodiT 80 50 45 80 50 80 

igive dnobadi eleqtrodiT 80 50 45 80 50 105 

1915 

1557 volframis eleqtrodiT 145 90 110 145 90 130 

igive dnobadi eleqtrodiT 145 90 110 145 90 145 

1915 

(t=5...12mm) 

1557 volframis eleqtrodiT 160 105 110 160 105 145 

igive dnobadi eleqtrodiT 160 105 110 160 105 160 

 

cxrili 10 
SenaduRi nakerebis pirobiTi aRniSvnebi 

 
nakerebi 

nakerebis aRniSvnebi 

qarxnuli samontaJo 

 
pirapira 

 

uwyveti kuTxuri 

 

wyvetili kuTxuri 
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2.4 WanWikuri da moqlonuri SeerTebebi,  

maTi gaangariSeba da konstruireba 

samSeneblo konstruqciebis SeerTebebSi gamoiyeneba uxeSi, 

normaluri da amaRlebuli sizustis, agreTve maRali simtkicis 

WanWikebi. 

uxeSi da normaluri sizustis WanWikebiT SeerTebebs axasiaTebs 

damyoloba, rac gamowveulia WanWikebis winaswari moWeris naklebi 

sididiTa da aseve, WanWiksa da naxvretis kedlebs Soris didi RreCoe-

biT (normaluri sizustis WanWikebis RreCoebi Seadgens 0.3-0.5 mm-s, 

xolo uxeSi sizustis WanWikebisa _ 2-3 mm-s). SeerTebebis deformadobis 

Sesamcireblad gamoiyeneba amaRlebuli sizustis WanWikebi, romlebsac 

aqvT uaryofiTi daSvebebi –0.43-dan –0.52 mm-de, an maRali simtkicis 

WanWikebi, romlebic uzrunvelyofen N Zalvebis gadacemas mimxeb 

sibrtyeebs Soris warmoqmnili xaxunis meSveobiT. amis gamo, uxeSi da 

normaluri sizustis WanWikebi gamoiyeneba erTi elementis meoresTan 

dasamagreblad araZiriTad SeerTebebSi, Suqfarnebis konstruqciebSi, 

kavSirebSi, teqnologiur moednebze da sxv. 

ZiriTad mzidi konstruqciebis (koWebi, fermebi, CarCoebi da sxv.) 

samuSao da samontaJo SeerTebebSi gamoiyeneba amaRlebuli sizustisa 

da maRali simtkicis WanWikebi. WanWikebi mzaddeba diametriT 12-48 mm 

da Reros sigrZiT 25-300 mm (fig. 23). Cveulebrivi foladis WanWikebi 

mzaddeba foladebisagan markiT: ВСт3; ВСт5; 14Г2; 15ГС da sxv., xolo 

maRali simtkicis WanWikebi, foladebisagan markiT: 40Х, 48ХФА, 30X3МФ, 

30X2НМФА da sxv. foladebis meqanikuri Tvisebebidan gamomdinare 

WanWikebi iyofian simtkicis klasebis mixedviT. foladis 

konstruqciebSi yvelaze gavrcelebuli klasebia: 4.6; 5.6; 8.8; 10.9; 

SenaduR SeerTebebTan SedarebiT, moqlonur SeerTebebSi masalis 

xarji da Rirebuleba 10_15 %-iT metia, xasiaTdeba didi 

SromatevadobiT. moqlonebi mzaddeba specialur wnexebSi, mrgvali 

cilindruli formis (diametriT 13-31.5 mm), TaviT. meore Tavi keTdeba 

damoqlonebis dros. naxvretis diametri aiReba moqlonis diametrze 

1_1.5 mm-iT meti. naxvretis momzadeba xdeba CaWyletiT, gaburRviT, an 
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jer CaWyletiT da Semdeg saWiro diametrze gaburRviT. daniSnulebis 

mixedviT maT aqvT Tavis sxvadasxva forma (fig. 24). SeerTebebSi 

moqlonebi yendeba damoqlonebis cxeli an civi xerxiT. upiratesoba 

eniWeba cxlad damoqlonebis xerxs, radganac gacivebisas moqlonis 

Rero mokldeba da xdeba furclebis Zlieri moWimva. moqlonebisaTvis 

gamoiyeneba rbili foladi Ст2 da Ст3 denadobis zRvriT 220 mpa da 

mcired legirebuli foladi 09Г2 denadobis zRvriT 300 mpa. 

 

 

 

 

 

fig. 23. normaluri sizustis WanWiki 

 

 

 

 

 

fig. 24 moqlonebis tipebi 

a – naxevarad wriulTaviani; b – naxevrad farulTaviani;  

g – farulTaviani; d – amaRlebulTaviani 

aluminis SemomzRud konstruqciebSi, SenaduR SeerTebebTan 

SedarebiT, upiratesoba eniWeba WanWikur da moqlonur SeerTebebs, 

radganac is ar iwvevs masalis struqturul cvlilebebs da Sedegad, 

eqspluataciisas gamoirCeva maRali saimedoobiT. aluminis WanWikebi da 

moqlonebi Cveulebriv mzaddeba imave markis aluminisagan, romliTac 

damzadebulia SesaerTebeli elementebi _ АМг21/2Н, АД31Т5, АД31Т1, 1925 

da 1915. aluminis Senadnobebisagan damzadebuli moqlonebi yendeba civ 

mdgomareobaSi, raTa gamoricxuli iqnes gaxurebis mavne gavlena 

damoqlonebis procesSi. aluminis mzid konstruqciebSi farTod 

gamoiyeneba amaRlebuli da normaluri sizustis da moTuTiebuli an 

mokadmiumebuli foladis WanWikebi.  
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WanWikuri da moqlonuri SeerTebebi ZiriTadad muSaobs Zvraze. am 

dros WanWikebis da moqlonebis rRveva SeiZleba moxdes maTi Reroebis 

gadaWriT Wris sibrtyeSi an SesaerTebeli elementebis naxvretebis 

zedapirebis Telvis Sedegad (fig. 25). Telvis Zalebi iwveven furclis 

amotexas naxvretebs Soris an naxvretsa da elementis kides Soris 

(fig. 25, g). garda amisa, WanWikuri da moqlonuri SeerTebebi muSaobs 

gaWimvaze. 

 

 

 

 

 

 

fig. 25. moqlonuri da WanWikuri SeerTebebis muSaobis sqemebi 

a – Reros Wra erTWrad SeerTebaSi; b – Reros Wra orWrad SeerTebaSi;       

g – elementis Telva; d – gaWimva 

miRebulia, rom SeerTebis simZimis centrSi gamavali grZivi Zala 

N Tanabrad nawildeba yvela SeerTebaze, rac saSualebas iZleva 

TiToeuli WanWikisa da moqlonis mzidunarianoba CaiTvalos Tanabrad. 

aseT SemTxvevaSi, saangariSo Zalva, romlis atanac SeuZlia calkeul 

WanWiks, gamoiTvleba Semdegi formulebiT: 

Wraze  

             ;                            (25) 

Telvaze 

         ∑  ;                            (26) 

gaWimvaze 

         ,                             (27) 

sadac,    ,    ,     aris WanWikuri SeerTebebis saangariSo winaRobebi, 

romlebic ganisazRvreba 11-14 cxrilebidan;         _ WanWikis Reros 

ganivi kveTis saangariSo farTobia;     _ WanWikis Reros ganivi kveTis  

neto farTobi, romelic metrul kuTxviliani WanWikebisaTvis aiReba 
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me-15 cxrilidan; Σt – erTi mimarTulebiT Telvadi elementebis 

umciresi jamuri sisqe; ns – erTi WanWikis saangariSo Wris ricxvi 

(SesaerTebel elementebis raodenobaze erTiT naklebi);    _ SeerTebis 

muSaobis pirobis koeficienti, misi mniSvneloba aiReba me-16 

cxrilidan. 

SeerTebaSi WanWikebis n raodenoba ganisazRvreba formuliT 

                                           (28) 

sadac      aris erT WanWikze moqmedi saangariSo Zalvis umciresi 

mniSvneloba, ganisazRvreba 25, 26 da 27 formulebiT;    _ muSaobis 

pirobebis koeficienti, romelic mravalWanWikian SeerTebebSi tolia  

1-is, xolo erTWanWikian SeerTebebSi samSeneblo normebisa da wesebis 

mixedviT. 

moqlonuri SeerTebebi gaangariSdeba analogiuri formulebiT. 

cxrili 11 

foladis WanWikebis saangariSo winaRobebi Wraze da gaWimvaze, mpa 

daZabuli 

mdgomareoba 

saangariSo winaRobebi WanWikebisaTvis klasiT, mpa 

4,6 4,8 5,6 5,8 6,6 8,8 

Wra, Rbs 

gaWimva, Rbt 

150 

175 

160 

160 

190 

210 

200 

200 

230 

250 

320 

400 

 
SeniSvna: moyvanilia saangariSo winaRobebis mniSvnelobebi erTWanWikiani 

SeerTebebisaTvis. 
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cxrili 12 

WanWikebiT SeerTebuli foladis elementebis Telvis saangariSo 

winaRobebi 

SesaerTebeli 

elementebis 

foladis 

droebiTi 

winaRoba Run, 

mpa 

WanWikebiT SesaerTebe-

li elementebis 

saangariSo winaRoba 

Telvaze Rbp, mpa 

SesaerTebeli 

elementebis 

foladis 

droebiTi 

winaRoba Run, 

mpa 

WanWikebiT SesaerTebe-

li elementebis 

saangariSo winaRoba 

Telvaze Rbp, mpa 

amaRlebu-

li 

sizustis 

normaluri 

da uxeSi 

sizustis 

amaRlebu-

li 

sizustis 

normaluri 

da uxeSi 

sizustis 

345 

365 

390 

440 

370 

400 

445 

540 

335 

365 

400 

485 

460 

510 

570 

590 

580 

685 

820 

870 

520 

610 

725 

_ 

 

cxrili 13 

aluminis WanWikebis saangariSo winaRobebi Wraze da gaWimvaze 

WanWikebi 
daZabuli 

mdgomareoba 

WanWikebis saangariSo winaRoba mpa 

АМг5п АВТ1 

normaluri 

sizustis 
Wra, Rbs 

80 85 

amaRlebuli 

sizustis 
90 95 

normaluri da 

amaRlebli 

sizustis 

gaWimva, Rbt 125 160 
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cxrili 14 

aluminis elementebis saangariSo winaRobebi Telvaze moqlonur 

da WanWikur SeerTebebSi 

SeerTebebi 

saangariSo winaRoba Telvaze, mpa, aluminisTvis: 

А
Д

1
М

 

А
М

ц
М

 

А
М

г2
М

 

АМг21/2Н, 

АДЗ1Т1 

А
Д

З
1
Т

 

А
Д

З
1
Т

5
 

1925Т, 

1925, 

1915 1
9
1
5
Т

 

moqlonuri, 

Rrp   
40 65 110 200 90 160 280 320 

WanWikuri, 

Rbp   
35 60 100 180 80 145 250 290 

 

cxrili 15 

WanWikebis ganivi kveTis farTobebi 

d, mm 16 18 20 22 24 27 30 36 42 48 

Ab, sm2 2.01 2.54 3.14 3.80 4.52 5.72 7.06 10.17 13.85 18.09 

Abn, sm2 1.57 1.92 2.45 3.03 3.52 4.59 5.60 8.26 11.20 14.72 

 

cxrili 16 

foladis WanWikuri SeerTebebis muSaobis pirobebis koeficientebi 

SeerTebaTa daxasiaTeba muSaobis pirobebis 

koeficienti  b 

mravalWanWikiani, Wraze da Telvaze gaangariSe-

bisas, Semdegi jgufis WanWikebisTvis:  

    amaRlebuli sizustis 

    uxeSi da normaluri sizustis 

WanWikuri, 380 mp-mde denadobis zRvris mqone 

foladis konstruqciebis elementebSi Telvaze 

gaangariSebisas 

 

1 

0.9 

 

0.85 

 
S e n i S v n a: koeficientebi gaTvaliswinebuli unda iqnas erTdroulad. 
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erTi maRali simtkicis WanWikis qveS (fig. 26), xaxunis zedapiris 

mier miRebuli saangariSo Zalva Qbh gamoiTvleba formuliT: 

                ,                          (29) 

sadac      .      aris maRali simtkicis WanWikis saangariSo 

winaRoba gaWimvaze, aiReba me-17 cxrilidan; μ _ xaxunis koeficienti, 

aiReba me-18 cxrilidan; γn _ saimedoobis koeficienti, aiReba me-18 

cxrilidan;     _ WanWikis ganivi kveTis neto farTobi, ganisazRvreba 

me-15 cxrilidan; γb _ SeerTebis muSaobis pirobebis koeficienti (γb=0.8, 

roca n<5; γb=0.9, roca 5<n<10 da γb=1-is, roca n 10). 

 

 

 

 

 
 

fig. 26. maRali simtkicis WanWikis muSaobisTvis 

 

 

 

 

\ 

 

fig. 27. WanWikebisa da moqlonebis ganlageba SeerTebaSi 
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cxrili 17 

maRali simtkicis WanWikebis meqanikuri Tvisebebi 

xraxnis 

nomina-

luri 

diametri 

d, mm 

foladis 

marka  

umciresi 

droebiTi 

winaRoba 

Rbun, n/mm2 

xraxnis 

nomina-

luri 

diametri 

d, mm 

foladis 

marka  

umciresi 

droebiTi 

winaRoba 

Rbun, n/mm2 

16-27 

40X 

„seleqti“ 
1100 

36 

40X 

„seleqti“ 
750 

38X 

“seleqti“ 

40ХФА 

“seleqti“  

1350 30ХЗМФ 1100 

30ХЗМФ 1550 

42 

40X 

„seleqti“ 
650 

 

30Х2НМФА 1550 30ХЗМФ 1000 

30 

40Х  

“seleqti“ 950 

48 

40X 

„seleqti“ 
600 

30ХЗМФ, 

35Х2АФ 
1200 30ХЗМФ 900 
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cxrili 18 

saimedoobisa da xaxunis koeficientebi maRali simtkicis 

WanWikebiT SeerTebebisaTvis 

SesaerTebeli zedapirebis 

damuSavebis (gasufTavebis) 

xerxi 

WanWike-

bis 

moWim-

vis 

reguli-

rebis 

xerxebi 

xaxunis 

koefi-

cienti 

  

koeficienti  n 

datvirTvisas, da 

naxvretebisa da WanWikebis 

nominalur diametrebs 

Soris sxvaobis SemTxvevaSi 

δ, mm 

dinamikuri da 

roca δ=3-6; 

statikuri da 

roca δ=5-6 

dinamikuri 

da roca δ=1; 

statikuri da 

roca δ=1-4 

silaWavluri, 

safantsatyorcni an safant- 

Wavluri, ori zedapiris, 

kvarcis qviSiT an safantiT 

konservaciis gareSe 

M 

α 

0.58 

0.58 

1.35 

1.2 

1.12 

1.02 

igive, konservaciiT, 

moliTonebiT, TuTiis an 

aluminis daxerxviT 

M 

α 

0.5 

0.5 

1.35 

1.2 

1.12 

1.02 

kvarcis qviSiT an safantiT 

erTi zedapiris 

konservaciiT polimeruli 

weboTi da korborundis 

fxvnilis moyriT, foladis 

jagrisiT meore zedapiris 

konservaciis gareSe 

M 

α 

0.5 

0.5 

1.35 

1.2 

1.12 

1.02 

Airealuri, ori zedapiris, 
konservaciis gareSe 

M 

α 

0.42 

0.42 
1.35 
1.2 

1.12 
1.02 

foladis jagrisebiT, ori 

zedapiris, konservaciis  

gareSe 

M 

α 

0.35 

0.35 

135 

1.25 

1.173 

1.06 

damuSavebis gareSe  
M 

α 

0.25 

0.25 

1.7 

1.52 

13 

1.2 

 
S e n i S v n a: WanWikebis moWimvis regulirebis xerxebis aRniSvnebi: M – 

dagrexis momentis mixedviT; α _ qanCis mobrunebis kuTxis mixedviT.      

SeerTebaSi maRali simtkicis WanWikebis raodenoba n  

ganisazRvreba formuliT 

 n ≥ N/γcQbh .                             (30) 
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maRali simtkicis WanWikSi warmoqmnili aucilebeli RerZuli 

Zalva, romelic mowmdeba tarirebuli qanCsaWeriT moWimvis dros, 

tolia 

 Pb=Rbh/An .                              (31) 

WanWikebs SeerTebebSi ganalageben rigobrivi an Wadrakuli wesiT, 

rogorc es naCvenebia fig. 27-ze. 

WanWikebs Soris ubnebze SesauRlebeli elementebis mdgradobis 

uzrunvelyofis pirobidan gamomdinare, SemaerTebel WanWikebs, rogorc 

wesi, ganalageben erTmaneTisagan maqsimalur manZilze. liTonis 

ekonomiis mizniT, pirapirebsa da kvanZebSi WanWikebs ganalageben 

minimalur manZilze, romelic dgindeba amotexaze simtkicis 

uzrunvelyofisa da WanWikebis gaurTuleblad dayenebis pirobidan 

gamomdinare (cxrili 19). 

cxrili 19 

WanWikebis ganlageba SeerTebebSi 

manZilis daxasiaTeba WanWikebs Soris manZili 

manZili WanWikebis centrebs Soris  

nebismieri mimarTulebiT 

  a) minimaluri 

  b) maqsimaluri ganapira rigebSi,   

rodesac ar aris mosaCarCoebeli 

kuTxovanebi: gaWimvaze da kumSvaze 

  g) maqsimaluri Sua rigebSi, 

agreTve ganapira rigebSi, rodesac 

aris mosaCarCoebeli kuTxedebi:  

  gaWimvaze  

  kumSvaze 

 

 

2.5d – 3d 

8d an 12t 

 

 

 

 

 

16d an 24t 

12d an 18t 

manZili WanWikis centridan elementis 

kidemde 

  a) minimaluri Zalis moqmedebis    

gaswvriv 

b) igive, Zalis moqmedebis  ganivad: 

     CamonaWeri nawiburebisas 

     gaglinuli nawiburebisas 

   g) maqsimaluri  

   d) minimaluri maRali simtkicis 

WanWikebisaTvis, nebismieri 

nawiburiT da Zalis nebismieri 

mimarTulebisTvis 

 

 

2d 

 

 

1.5d 

1.2d 

4d an 8t 

1.3d 

 

a R n i S v n e b i: d _ WanWikis naxvretis diametri; t _ yvelaze Txeli gare 

elementis sisqe. 
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cxrili 20 

WanWikebis naxvretebis pirobiTi aRniSvnebi 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Tavi 3. koWebi 

3.1. koWebis  tipebi da maTi statikuri sqemebi 

liTonis koWebi miekuTvneba Runvad elementebs da ZiriTadad 

gamoiyeneba 6-18 m malis mqone mravalsarTulian samrewvelo da 

samoqalaqo SenobebSi, agreTve erTsarTulian samrewvelo SenobebSi 

amwisqveSa koWebis, kiduli transportis savali koWebis da iSviaTad 

18-24 m malis mqone gadaxurvebis mzidi koWebis saxiT.   
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damzadebis simartividan gamomdinare, yvalaze racionaluria 

ortesebri da Sveleris tipis naglini profilebi. rodesac naglini 

koWebi ar akmayofilebs simtkicis, sixistisa da saerTo mdgradobis 

pirobebs, anu didi malebisa da didi mRunavi momentebis SemTxvevaSi, 

farTed gamoiyeneba Sedgenili SenaduRi ortesebri koWebi, xolo im 

konstruqciebSi, romlebzec moqmedebs dinamikuri da vibraciuli 

datvirTvebi _ Sedgenili koWebi, maRali simtkicis WanWikebiT da 

moqlonuri koWebi (fig. 28). 6 m-de malebis SemTxvevaSi, foladis 

naglini da aluminis dawnexili koWebis magivrad mizanSewonilia 

gamoyenebul iqnas Sveleris an kolofisebri tipis foladis naRuni 

profilis koWebi (ix. fig. 8).  

 

 

 

 

 

 

 

 

 

 

fig. 28. koWebis kveTis tipebi 

a _ naglini ortesebri Sida daxrili waxnagebiani TaroebiT; b _ igive, 

Txelkedliani viwro paraleluri TaroebiT; g _ SenaduRi, FfarTo 

Taroebiani tesebrebiT; d _ furclebisagan SenaduRi; e, v _ moqlonuri an 

maRali simtkicis WanWikebiT  

Sedgenili SenaduRi koWebi SeiZleba iyos mTliankedliani an 

wriuli, ovaluri an mravalkuTxa naxvretebiT, romlebic gamoiyeneba 

sainJinro komunikaciebis gayvanisa da sxva miznebisaTvis (fig. 29, a, b). 

naxvretebs Soris SualedebSi yendeba sixistis wiboebi, romlebic 

uzrunvelyofen koWis kedlis mdgradobas. 
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mSeneblobaSi agreTve gamoiyeneba koWebi perforirebuli 

kedlebiT (fig. 29 g, d), romlebic miiReba cxladnaglini ortesebri 

profilis koWebis texili xaziT gaWriT grZivi mimarTulebiT. 

Semdgom, orive nawils gadaadgileben zigzagebis pirdgmulad 

SeerTebamde da aduReben. profilis sigrZis, simaRlis da texili 

xazis formidan gamomdinare, SeiZleba miRebul iqnas perforirebuli 

koWis gansxvavebuli naxvretebi da sxvadasxva simaRle. yvelaze 

optimaluri profili SeiZleba miviRoT simaRlis gazrdiT 1.5 h-mde. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 29. koWებis tipebi 

a _ mTliankedliani; b _ perforirebuli naxvretebiT; g, d _ perforirebuli, 

naglini profilis kedlis gaWriTa da SeduRebiT; e _ winaswar daZabuli 

sakoWiT 

perforirebul koWebs igive masa aqvT, rac naglin profilebs, 

amasTan, maTi mzidunarianoba da simtkice mniSvnelovnad maRalia, 

vidre sawyisi profilisa. gamomdinare aqedan, perforirebuli koWebi 

SeiZleba gamoyenebul iqnes met malebSi da meti datvirTvisas. aseTi 

koWebis gamoyeneba umjobesia didi malebisa da mcire datvirTvebis 

dros. aseT SemTxvevaSi ganivi Zalebis gavlena Zabvebze vertikalur 
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kedelSi umniSvneloa. perforirebuli koWebis gamoyeneba iZleva 

foladis 20-30%-iT ekonomias. Tumca, damzadebis ufro maRali 

Rirebulebis gaTvaliswinebiT, maTi gamoyeneba unda iyos ekonomikurad 

gamarTlebuli.  

malis gadidebis an koWze saangariSo datvirTvis gazrdis 

SemTxvevaSi racionaluria foladis winaswar daZabuli koWebis 

gamoyeneba (fig. 29, e), romelSic winaswar daZabuli gvarli 

ganlagebulia maqsimaluri gaWimvis zonaSi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 30. koWebis statikuri sqemebi 

a _ erTmaliani Wradi; b _ ormaliani uWri; g _ mravalmaliani uWri  

statikuri muSaobis TvalsazrisiT koWebi SeiZleba iyos 

erTmaliani Wradi, ormaliani da mravalmaliani uWri, konsoluri da 

ukonsolo (fig. 30). mSeneblobaSi umetesad gamoiyeneba erTmaliani 

Wradi koWebi, rogorc yvelaze martivi montaJsa da eqspluataciaSi. 
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damzadebis SromatevadobiT uWri koWebi CamorCeba Wrad koWebs, Tumca 

masalis xarjisa da simtkicis mixedviT isini ufro efeqturebia, rac 

ganapirobebs maT farTo gamoyenebas mravalsarTulian karkasebSi. 

amasTan, gansakuTrebuli yuradReba eqceva temperaturuli zemoqmedebis 

gaTvaliswinebasa da sayrdenebis jdomas, radganac uWri koWebi Zlier 

mgrZnobiarea aseTi zemoqmedebisadmi. 

koWis generaluri zoma ewodeba mis saangariSo mals lef da kveTis 

simaRles h (fig. 31). koWis namdvil an konstruqciul zomebs l niSnaven 

sayrdeni baqnebis zomebis gaTvaliswinebiT, romlebic damokidebulia 

baqnis masalis mzidunarianobaze. sayrden kvanZebs Soris manZili lo 

damokidebulia nagebobebis eqspluataciis pirobebze da iniSneba 

daproeqtebis procesSi. koWis simaRlis optimaluri mniSvneloba  

damokidebulia saangariSo malze, datvirTvaze, foladis markaze, 

koWis daniSnulebasa da a.S., da mdebareobs zRvrebSi h/lef = (1/10–1/15). 

koWis kveTis simaRlis minimaluri mniSvnelobebi, eskizuri 

daproeqtebisas, SeiZleba miRebul iqnas 21-e cxrilis mixedviT, 

rodesac qn/qd = 1.2 (sadac qn da qd –grZivi normatiuli da saangariSo 

datvirTvebia). 

 

 

 

 

 

 

 

fig. 31. koWis generaluri zomebi 

koWebis sistemas, romliTac gadaxurulia sxvadasxva 

daniSnulebis Senobebi da nagebobebi, koWovani gadaxurva ewodeba. 

koWovani gadaxurva Seicavs mTavar koWebs, romlebic ganlagebulia 

bijiT L=6-9 m,  damxmare koWebs, romlebic eyrdnoba mTavar koWebs 

bijiT b=1.5-3m da fenils koWebs, romlebsac aproeqteben bijiT a=0.5-1.2m 

(fig. 32). mTavari, damxmare da fenilis koWebis urTierTganlagebidan 
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gamomdinare, ganasxvaveben koWovani gadaxurvis sam ZiriTad tips: 

gamartivebuli, normaluri da garTulebuli. 

cxrili 21 

koWebis simaRlis miaxloebiTi mniSvnelobebi 

zRvruli 

CaRunvebi 

malis 

mimarT 

hmin mniSvnelobebi droebiTi winaRobis Run dros, mpa 

370 430 450 510 590 685 

[f /lef ] = 1/250 lef /23.0 lef /18.7 lef /16.7 lef /14.3 lef /12.8 lef /11.0 

[f /lef ] = 1/400 lef /14.4 lef /11.7 lef /10.5 lef /8.9 lef /8.0 lef /6.9 

[f /lef ] = 1/600 lef /9.7 lef /7.8 lef /7.0 lef /6.0 lef /5.3 lef /4.6 

 

gamartivebuli tipis gadaxurva Sedgeba gadaxurvis fenilisagan 

da fenilis koWebisagan, romlebic Cveulebriv ganlagebulia 

gadaxurvis mcire gverdis paralelurad da eyrdnoba kedlebs an sxva 

mzid konstruqciebs (fig. 32, a).  

normaluri tipis gadaxurva Sedgeba urTierTmarTobulad 

ganlagebuli koWebisa da fenilisagan. koWebs, romlebic ganlagebulia 

ujredis grZeli gverdis mimarTulebiT, mTavari koWebi ewodeba, xolo 

koWebs, romlebzec dalagebulia fenili da eyrdnoba mTavar koWebs _ 

damxmare koWebs uwodeben. mTavari da damxmare koWebis 

urTierTganlagebidan gamomdinare ganasxvaveben normaluri tipis 

gadaxurvis sam saxes: damxmare koWebis zeda ganlagebiT (fig. 32, b); 

damxmare da mTavari koWebis erT doneze  ganlagebiTa (fig. 32, g) da 

damxmare koWebis dadablebuli ganlagebiT (fig. 32, d).  
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fig. 32. koWovani gadaxurvis sqemebi 
a _ gamartivebuli tipis gadaxurva; b _ normaluri, damxmare koWebis ganlagebiT 

mTavari koWis zeda Taroze; g _ igive, damxmare koWebis ganlagebiT mTavari koWis 

zeda Taros doneze; d _ igive, damxmare koWebis dadablebuli ganlagebiT; e _ 

garTulebuli; 1 _ mTavari koWi; 2 – damxmare koWi; 3 _ fenilis koWi; 4 _ fenili.  
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garTulebuli tipis koWovani gadaxurva,  mTavari da damxmare 

koWebis garda, damatebiT Sedgeba fenilis koWebisagan, romlebic 

ganlagebulia damxmare koWebis marTobulad da uSualod eyrdnoba 

maT (fig. 32, e).   

koWovani gadaxurvis SerCeva damokidebulia gadaxurvis 

konstruqciaze (liTonuri fenili, rkinabetonis filebi da sxv.), 

teqnologiuri danadgarebis, Sekiduli Weris da sxva faqtorebis 

arsebobaze, amitom koWovani gadaxurvis tipi, yoveli konkretuli 

SemTxvevisaTvis, ganisazRvreba variantuli daproeqtebiT. 

yvelaze martivad asagebi da masalis xarjis mixedviT 

ekonomiuria koWovani gadaxurvebi damxmare koWebis zeda ganlagebiT, 

magram mas gaaCnia uaryofiTi mxarec _  gadaxurvis didi samSeneblo 

simaRle. gadaxurvis samSeneblo simaRlis SezRudvis SemTxvevaSi, 

yvelaze mizanSewonilia koWovani gadaxurva damxmare da mTavari 

koWebis erT doneze  ganlagebiT. koWovani gadaxurvebi, damxmare 

koWebis dadablebuli ganlagebiT da garTulebuli sistemiT, umetesad 

gamoiyeneba teqnologiuri danadgarebis dayrdnobis an gadaxurvis 

mcirezomiani filebis SemTxvevaSi. 

 

3.2. naglini da Sedgenili SenaduRi koWebis ganivi 

kveTis gaangariSeba 

umetes SemTxvevaSi koWovan gadaxurvaze moqmedebs Tanabrad 

ganawilebuli datvirTva, romelic gaangariSebisas daiyvaneba xazovan 

datvirTvad fenilis, damxmare da mTavar koWebze, maTi satvirTo 

farTobebidan (fig. 33). koWebis gaangariSeba mimdinareobs imave 

TanamimdevrobiT, rogoriTac gadaecema datvirTva _ fenilis, damxmare 

da mTavar koWebze. kveTis SerCevas win uswrebs koWebis statikuri 

gaangariSeba, romlis Sedegadac ganisazRvreba saangariSo mRunavi M 

momentebi da saangariSo ganivi Q Zalebi QdamaxasiaTebel kveTebSi.  

koWebis gaangariSebas axorcieleben ori zRvruli mdgomareobis 

_ mzidunarianobis da CaRunvebis mixedviT. naglini koWebis (ortesebri, 

Sveleri da sxva profilebis) gaaangariSebisas, sortamentis mixedviT, 
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SeirCeva saWiro profili, romelic Semowmdeba simtkiceze, sixisteze 

da mdgradobaze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 33. koWovani gadaxurvis elementebze datvirTvis gansazRvrisaTvis  

A1 , A2 , A3 – damxmare koWis, mTavari koWisa da svetis satvirTo farTobebi  

profilis SesarCevad, saangariSo mRunavi momentis mixedviT, 

gamoiTvleba kveTis saWiro winaRobis momenti formuliT: 

             ,                           (32) 

xolo plastikuri deformaciebis ganviTarebis gaTvaliswinebiT 

gaangariSebisas  _ formuliT: 

          ⁄                               (33) 

sadac c1 aris koeficienti, romelic ganisazRvreba samSeneblo 

normebisa da wesebis mixedviT.  
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kveTis saWiro inerciis momenti I, magaliTad, lef malis mqone 

Wradi erTmaliani koWisTvis, romelic datvirTulia Tanabrad 

ganawilebuli normatiuli datvirTviT qn , SeiZleba gamoiTvalos koWis 

fardobiTi CaRunvis Semowmebis formulidan: 

             
 3    ≤ [    ⁄⁄ ]                       (34) 

Semdegi formuliT: 

           
 3     [    ⁄⁄ ]                        (35) 

sadac [    ⁄ ] aris zRvruli fardobiTi CaRunvis Sebrunebuli sidide, 

romelic aiReba samSeneblo normebisa da wesebis mixedviT (sarTulSua 

gadaxurvis mTavari koWisaTvis [    ⁄ ]       damxmare koWisaTvis 

[    ⁄ ]     . 

winaRobis Wn,min da inerciis Imin minimaluri momentebis mixedviT 

sortamentidan SeirCevea ortesebri an Sveleri W-sa da I-s uaxlesi 

didi mniSvnelobebiT. amis Semdeg SerCeuli kveTi mowmdeba 

maqsimaluri ganivi Qmax Zalis zemoqmedebaze (13) formuliT. Tu ganiv 

Zalaze Semowmeba ver akmayofilebs simtkicis pirobebs, sortamentSi 

SeirCeva Semdegi profili da meordeba Semowmeba. sabolood SeirCeva 

profili, romlisTvisac daculi iqneba piroba  τ ≤ Rsγc.  

SenaduRi ortesebri koWis kveTi ganisazRvreba winaRobis 

minimaluri momentisa Wmin=M /Ryγc da, kedelsa Aw da Taros Af Soris 

kveTis farTobis optimaluri ganawilebis mixedviT (kedlis 

moqnilobaze damokidebulobiT hω/tω). simetriuli ortesebri koWis 

(fig. 34)  SemTxvevaSi,   kveTis farTobis yvelaze xelsayreli ganawileba 

miiReba, rodesac hw/tw=100-150 (cxrili 22). 

rac ufro Txelia kedeli miT ekonomiuria koWi. es aixsneba imiT, 

rom mRunavi momentis 85% aiTviseba Taroebis muSaobiT da mxolod 15% 

kedliT. koWSi aRZruli ganivi Zala ki, TiTqmis mTlianad aiTviseba 

kedlis muSaobiT. 
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fig. 34. Sedgenili SenaduRi koWis gaangariSebisTvis 

cxrili 22 

hw-sa da tw-s praqtikuli Tanafardobebi 

Hw , m 0.8 1 1.25 1.5 1.75 2 

Tw , mm 8-6 10-8 10-9 12-10 14-12 14 

 

SenaduRi koWis simaRlis SerCevisas, rogorc wesi, ganixilaven 

sam sidides: optimalur simaRles hopt, romlis drosac koWis masa 

minimaluria; minimalur simaRles hmin, romlis drosac kveTi 

akmayofilebs sixistis pirobas da maqsimalur simaRles hmax, romelic 

SesaZlebelia gadaxurvis mocemuli samSeneblo simaRlis farglebSi. 

pirveli miaxloebiT kveTis optimaluri simaRle SeiZleba 

ganisazRvros gamartivebuli formuliT: 

     6 √       ⁄                              (36) 

xolo kveTis simaRlis minimaluri hmin mniSvneloba zRvruli CaRunvis 

pirobidan gamomdinare _ 21-e cxrilis mixedviT. amasTan, Semdgomi 

gaangariSebisas rekomendebuli ar aris koWis simaRlis hmin-ze 

naklebis (masalis gazrdili xarjis gamo) da hmax-ze metis 

(arqiteqturul-konstruqciuli mosazrebidan gamomdinare) miReba. 22-e 

cxrilis mixedviT, miRebul simaRleze damokidebulebiT koWis kedlis 
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sisqis tw daniSvnis Semdeg, optimaluri simaRlis hopt mniSvneloba 

zustdeba formuliT: 

      .  √       ⁄  .                          (37) 

Semdeg, maqsimaluri ganivi Zalis mqone kveTSi, udidesi mxebi 

Zabvebis pirobidan gamomdinare, ganisazRvreba koWis kedlis 

aucilebeli sisqe formuliT: 

        3         .                          (38) 

amis Semdeg, imis gaTvaliswinebiT, rom ori Taros sisqe 

saorientaciod tolia 4tw-si, iniSneba koWis kedlis hω simaRle da 

kedlis tw sisqe.  

saangariSo mRunavi momentis aTvisebis aucileblobidan 

gamomdinare, koWis erTi sartyelis minimalurad aucilebeli kveTis 

farTobi gaisazRvreba formuliT: 

   3        .                            (39) 

sartyelis sigane SeiZleba ganisazRvros formuliT: 

         .                              (40) 

amasTan, gaTvaliswinebuli unda iqnes koWis (bf    mm)  

moxerxebulad Camagrebisa da saerTo mdgradobis uzrunvelyofis 

konstruqciuli moTxovnebi:  

     3⁄    ⁄   ,                            (41) 

agreTve, denadobis zRvris mixedviT Ry=210 mpa saangariSo winaRobis 

mqone foladis sartyelis gamoSverili nawilis adgilobrivi 

mdgradobis uzrunvelyofis moTxovnebi   

  ≤ 3   ,                               (42) 

sxva markebis mcired legirebuli foladebisTvis  

  ≤ 3   √      .                           (43) 

SenaduRi koWis kveTis SerCevis Semdeg ganisazRvreba kveTis 

faqtiuri inerciis momenti I, winaRobis momenti W da statikuri 

momenti S formulebiT: 
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   ⁄       ,                          (44) 

      ,                               (45) 

               ⁄⁄ .                         (46) 

Semdeg mowmdeba SerCeuli kveTis simtkice da sixiste (12), (13) da (14) 

formulebiT. 

perforirebuli koWebis (fig. 35) statikuri gaangariSeba warmoebs 

uiribano wamweebis gaangariSebis analogiurad. saangariSo kveTebSi 

warmoiqmneba mRunavi M momenti gare datvirTvebisgan, agreTve 

adgilobrivi mRunavi momentebi ganivi Q Zalis moqmedebisgan. Runvis 

x_x RerZis mimarT simetriul koWSi mowmdeba normaluri Zabvebi or 

damaxasiaTebel wertilSi (1 da 2) Semdegi formulebiT: 

      ⁄               ⁄ ≤                              (47) 

       ⁄             ⁄  ≤                                (48) 

 

 

 

 

 

 

 

 

 

 

fig. 35. perforirebul kedliani koWis gaangariSebisTvis 

agreTve, mxebi Zabvebi formuliT 

       ⁄ ≤     ,                            (49) 

sadac M aris mRunavi momenti koWis kveTSi; Q1 = Q/2 – ganivi Zala, 

romelic moqmedebs erT tesebr kveTSi; Q – ganivi Zala koWis kveTSi; 

Q2 – ganivi Zala koWis kveTSi sayrdenidan (c+s-0.5a) manZilze (fig. 35); 
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       da        _ udidesi da umciresi winaRobis momentebi tesebr 

kveTSi; Ix – koWis kveTis (naxvretebiT) inerciis momenti. 

 

3.3. foladis koWebis mdgradobis cneba. 

sixistis wiboebis konstruqcia 

movlenas, romlis drosac koWi kargavs mdgradobas da Runvis 

SemTxvevaSi icvlis formas, koWis saerTo mdgradobis dakargva 

ewodeba. am mdgomareobaSi xdeba koWis grexa, sartyelebis gadaxra 

gegmaSi (fig. 36). saerTo mdgradobis dakargvisas koWSi warmoiqmneba 

rTuli daZabuli mdgomareoba, romelic dakavSirebulia RunvasTan 

horizontalur x-x da vertikalur y-y sibrtyeebSi, da grexasTan koWis 

grZivi RerZis irgvliv. 

ortesebri kveTis mqone koWis (romelic ganicdis Runvas kedlis 

sibrtyeSi) saerTo mdgradobaze gaangariSeba xorcieldeba formuliT: 

      ≤     ,                           (50) 

sadac Wc aris koWis SekumSuli sartyelis winaRobis momenti;    _ 

koWis saerTo mdgradobis keficienti. 

 

 

 

 

 

 

 

 

 

 

fig. 36. konsoluri koWis saerTo mdgradobis dakargvis forma 

1 – koWis Tavdapirveli mdgomareoba; 2 – formis cvlileba mdgradobis 

dakarvis SemTxvevaSi 
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koWis kedlis sibrtyeSi Runvisas, saerTo mdgradobis dakargva 

damokidebulia koWis saangariSo sigrZis lef fardobaze Taros 

siganesTan bf. miaxloebiT SeiZleba CaiTvalos, rom rodesac lef / bf ≤13, 

maSin koWi saerTo mdgradobaze SeiZleba ar Semowmdes. koWi aseve ar 

kargavs saerTo mdgradobas im SemTxvevaSic, rodesac masze datvirTva 

gadaecema koWis SekumSul sartyelze SeduRebiT an WanWikebiT 

mimagrebuli rkinabetonis filebis an daprofilebuli fenilis 

meSveobiT.  

koWebSi saerTo mdgradobis dakargvasTan erTad SeiZleba moxdes 

kedlis adgilobrivi mdgradobis dakargva mxebi Zabvebis moqmedebis 

gamo (upiratesad sayrdenebTan axlos) (fig. 37), kedlis da sartyelis 

mdgradobis dakargva normaluri Zabvebis moqmedebisgan da normaluri 

da mxebi Zabvebis erTdrouli moqmedebisagan, agreTve koWis SekumSuli 

sartyelis mdgradobis dakargva normaluri Zabvebis moqmedebisagan 

(fig. 38, fig. 39). 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 37. mxebi Zabvebis moqmedebisgan koWis kedlis adgilobrivi mdgradobis 

dakargvis forma 
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  fig. 38. normaluri Zabvebis            fig. 39. normaluri Zabvebis           

  moqmedebisgan koWis kedlis             moqmedebisgan koWis SekumSuli                      

  adgilobrivi mdgradobis               sartyelis da kedlis mdgradobis                                   

  dakargvis formebi                      dakargvis forma 

sayrdenTan axlos koWis kedelma SeiZleba dakargos mdgradoba 

(fig. 37. a) amoiburcos kumSvis gavleniT da warmoiqmnas koWis grZivi 

RerZis mimarT 450 kuTxiT daxrili talRebi. amoburcvis Tavidan 

asacileblad ewyoba ganivi, sixistis vertikaluri wiboebi (fig. 37, g), 

romlebic kveTen SesaZlo amoburcvis talRebs. wiboebis biji 

damokidebulia kedlis moqnilobaze, sartyelebis kedelTan 

misaduRebeli calmxrivi an ormxrivi nakerebis arsebobasa da sxva 

faqtorebze.     

pirveli miaxloebiT, ganiv ZiriTad sixistis wiboebs Soris 

manZili, kedlis moqnilobasTan damokidebulebiT, SeiZleba miviRoT _ 

amax≤2hef, rodesac  ̅  3.   da 2.5 hef ,  rodesac  ̅ ≤ 3.  , sadac  ̅  aris 

kedlis pirobiTi moqniloba, romelic ganisazRvreba formuliT: 

 ̅        ⁄  √    .                           (51) 

ganivi wibos gamoSverili nawilis sigane bh , wyvili simetriuli 

wiboebis arsebobis SemTxvevaSi, unda iyos aranaklebi hef/30+40 mm, 

xolo mxolod calmxrivi wibos dros _ aranaklebi hef/24+50 mm, 

amasTan, wibos sisqe unda iyos aranaklebi    √     (fig. 40). 
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calmxrivi ganivi sixistis wiboebi SeiZleba Sesrulebuli iqnes koWis 

kedelze frTiT  miduRebuli erTeuli kuTxedisagan.  

 

 

 

 

 

 

 

 

 

 

 

 

fig. 40. sixistis ganivi wiboebis  fig. 41. ganivi ZiriTadi wiboebiT 

konstruqciebi SenaduR koWebSi     da damatebiTi grZivi wiboTi 

1 _ sayrdeni wibo; 2 _ sixistis wibo        gaZlierebuli koWebi                                                              

1 _ ZiriTadi ganivi wibo; 2 _ mokle                           

ganivi wibo; 3 _ damatebiTi grZivi  

                                           wibo 

maRal Txelkedlian koWebSi geometriuli zomebis fardobiT 

     ⁄   6 √      ZiriTad ganiv wiboebTan erTad kedlis SekumSul 

zonaSi ewyoba horizontaluri grZivi wiboebi (fig. 41, a), xolo 

ZiriTad ganiv wiboebs Soris koWis Taroebze didi Seyursuli 

tvirTebis ganlagebis SemTxvevaSi, SekumSuli zona damatebiT 

Zlierdeba Sualeduri mokle wiboebiT (fig. 41, b). grZivi da 

damatebiTi mokle ganivi wiboebiT koWis kedlis gamagrebisas, 

konstruqciulad isini miyvanil unda iqnes Sesabamis ZiriTad ganiv da 

grZiv wiboebTan, da koWis TaroebTan. realuri daproeqtebisas, wiboebs 

Soris kedlis nakveTurebi gaangariSdeba mdgradobaze warmoqmnili 

daZabuli mdgomareobis gaTvaliswinebiT. 
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3.4. naglini da Sedgenili koWis pirapirebi. 

koWis Camagrebis kvanZebi 

koWis pirapirebi SeiZleba iyos qarxnuli, romelic keTdeba 

qarxanaSi elementebis sigrZis gazrdis mizniT, romlebic Sedian 

calkeul gasagzavn elementSi, da samontaJo, romelic keTdeba 

samSeneblo moedanze; maTi daniSnulebaa calkeuli gasagzavni 

elementebis SeuRleba muSa konstruqciad (fig. 42). samontaJo 

pirapirebis raodenoba da maTi ganlageba proeqtdeba transportirebis 

pirobebidan gamomdinare. samontaJo pirapirebi mniSvnelovnad Zviria 

qarxnulze, vinaidan isini saWiroebs damatebiT masalas pirapirebis 

zesadebisaTvis da samontaJo WanWikebs, amitom maTi raodenoba unda 

iyos minimaluri. 

 

 

 

 

 

 

 

 

 

 

 

fig. 42. koWis pirapirebi 

a _ qarxnuli xtulad Taroebsa da kedelze; b, g _ samontaJo SeTavsebuli 

(cifrebiT naCvenebia pirapiris SeduRebis Tanmimdevroba); d _ pirapiri 

zesadebebis gamoyenebiT 

yvelaze martivia pirapiri, rodesac xorcieldeba sartyelebisa 

da kedlis erT kveTSi Sepirapireba. Tumca, aseTi pirapiri maqsimaluri 

mRunavi momentis moqmedebis zonaSi ver uzrunvelyofs pirapirisa da 

ZiriTadi liTonis Tanabar simtkices. amis gamo, yvelaze daZabul 

zonebSi awyoben xtul nakers _ TaroebSi keTdeba iribi pirapiruli 
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nakeri, romelic uzrunvelyofs SeerTebis maRal saimedoobas (fig. 42, 

a, b). SeduRebis dros, jdomis deformaciebis gavlenis Sesamcireblad, 

pirapirul nakers akeTeben fig. 42, g-ze cifrebiT naCvenebi 

TanamimdevrobiT. pirapiruli nakeris SeduRebis Semdeg, mis orive 

mxares, 500 mm-is daSorebiT, Taroebs aduReben kedelTan.   

mniSvnelovani momentebisa da ganivi Zalebis moqmedebisas, naglin 

da Sedgenil koWebSi pirapiris saimedoobis gazrda SeiZleba miRweul 

iqnes zeda da qveda Taroebze horizontaluri da koWis kedelze 

ormxrivi vertikaluri zesadebebis gamoyenebiT (fig. 42, d). aseT 

SemTxvevaSi, zesadebis kveTi da zesadebis TarosTan misamagrebeli 

flanguri SenaduRi nakerebi gaangariSdeba S Zalis mixedviT, romelic 

ganisazRvreba formuliT: 

           ,                           (52) 

sadac    aris mTliani saangariSo mRunavi momenti koWis pirapirSi; 

             – koWis kedelSi moqmedi mRunavi momentic;     da     - 

kedlis da koWis mTliani kveTis inerciis momentebi; z _ zeda da qveda 

Taroebis centrebs Soris manZili.  

zesadebis koWis kedelTan misamagrebel nakerebs sazRvraven  

Sesabamisad nakeris liTonis da Sednobis sazRvris liTonis mixedviT 

formulebiT: 

          ≤                                   (53) 

          ≤            .                       (54) 

koWebi eyrdnoba svetebs zemodan an uerTdeba gverdidan. 

erTsarTulian samrewvelo da samoqalaqo SenobebSi upiratesad 

gamoiyeneba pirveli SemTxveva, romlis variantebic svetis 

konstruqciuli gadawyvetidan gamomdinare naCvenebia fig. 43-ze.  

pirvel variantSi (fig. 43, a) koWi svetze eyrdnoba vertikaluri 

sayrdeni sixistis wiboTi, romelic CamoSverilia qveda Tarodan 10-15 

mm-iT. Telvis saWiro farTobis uzrunvelsayofad,  sixistis sayrdeni 

wiboebis torsebi unda gairandos. orStoian svetze koWebis 

dayrdnobis SemTxvevaSi (fig. 43, b) sayrdeni sixistis wiboebi 
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daSorebulia koWis torsidan da emTxveva svetis Stoebis kedlebis 

sibrtyeebs. am SemTxvevaSi aucilebelia sayrdeni sixistis wiboebis 

morgeba da miduReba ara marto koWis kedelze, aramed mis Taroebzec.  

dayrdnobis aseT variantebSi sayrdeni reaqcia gadaecema pirobiT 

dgars, romelic Sedgeba sixistis wiboebis kveTisa da wibos orive 

mxridan  .6  √     siganis kedlis zolisagan: 

 ≤ (       6  √    )   ,  roca a ≤ 1.5t ,              (55) 

  ≤ (       6  √    )   ,  roca a > 1.5t .              (56) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 43. koWebis dayrdnobis variantebi svetebis saTaveze 

svetebze koWebis gverdidan mierTebis SemTxvevaSi ganasxvaveben 

SeuRlebis kvanZis saxsrul da xist gadawyvetas. saxsruli 

dayrdnobisas Camagreba ar ewinaaRmdegeba sayrden kvanZSi koWis 

Tavisufal mobrunebas, rac gansazRvravs koWis muSaobas erTmaliani 

Wradi sistemis saxiT (fig. 44).  

daniSnulebis mixedviT koWi SeiZleba mierTdes an svetis Taroze 

(fig. 44, a, d, e), an svetis kedelze (fig. 44, b, g). koWis sayrdeni 
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reaqciis gadacema svetze xorcieldeba WanWikuri miltuCa SeerTebis 

meSveobiT (fig. 44, a, b) an, svetis Taroebze an kedelze miduRebuli, 

brtyeli firfitis an araTanabarTaroiani kuTxedis formis sayrdeni 

magidis daxmarebiT (fig. 44, g, d, e). samuSaoTa moxerxebulad 

warmoebisaTvis, upiratesoba eniWeba sayrdeni reaqciis gadacemas 

sayrdeni magidis meSveobiT. sayrdeni magidis svetze misamagrebeli 

SenaduRi nakerebis gaangariSeba warmoebs (53) da (54) formulebiT.  

svetebze koWebs xistad aerTeben CarCovani karkasis daproeqtebis 

SemTxvevaSi an maSin, rodesac gadaxurvis koWi karkasis vertikalur 

kavSirebSi asrulebs gambjeni koWis funqciasac (fig. 45). xisti 

Camagrebis SemTxvevaSi, koWis zeda da qveda Taroebi horizontaluri 

Tamasebis (fig. 45, a) an vertikaluri kavSirebis sakvanZo furclebis 

(fig. 45, b) meSveobiT xistad magrdeba svetebze, rac winaaRmdegobas 

uwevs koWis mobrunebas sayrden kvanZSi. 

sakvanZo Tamasebi da furclebi iReben sayrden kvanZSi mRunavi 

momentis moqmedebisgan warmoqmnili       Zalis horizontalur 

mdgenelebs. koWis xistad Camagrebis SemTxvevaSi, sayrdeni reaqcia 

svets gadaecema saxruli Camagrebisas sayrdeni reaqciis svetze 

gadacemis analogiurad. saxsrulTan SedarebiT, xisti kvanZis mowyoba 

ufro Sromatevadia, Tumca 30%-iT mcirdeba liTonis xarji koWze.  

koWebis urTierTSeuRlebis kvanZebi aseve SeiZleba iyos 

saxsruli da xisti (fig. 46). samuSaoTa warmoebis simartivis mxriv 

upiratesoba eniWeba saxsrul kvanZebs.  

damxmare koWebis mTavar koWebTan calmxrivi SeuRlebis 

SemTxvevaSi (fig. 46, a-g), damxmare koWebis Runvis Sedegad warmoiqmneba 

mTavari koWebis grexa, rac ukiduresad arasasurvelia. am movlenis 

Tavidan asacileblad, damxmare koWis sawinaaRmdego mxares awyoben 

sixistis wibos, xolo damxmare koWis qveS, mTavari da damxmare 

koWebis kedelze da Taroebze SeduRdeba sakvanZo furceli (fig. 46, d, 

e).  
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fig. 46. koWebis kvanZebi 

a-g _ saxsruli; d-v _ xisti. 

koWebis xistad urTierTSeuRlebas, rogorc wesi, akeTeben mTavar 

koWTan damxmare koWebis ormxrivi mierTebis SemTxvevaSi (fig. 46, v). 

konstruqciulad aseTi SeuRleba keTdeba svetTan koWis SeuRlebis 

xisti kvanZis analogiurad. 

SenaduR koWebSi sartyelebis kedelTan SeuRleba xorcieldeba 

uwyveti kuTxuri nakerebiT. nakerebi ewinaaRmdegeba sartyelisa da 

kedlis urTierTZvras, ris Sedegadac maTSi aRiZvreba mxebi Zabvebi, 

romelic warmoadgens ganivi Zalis zemoqmedebis funqcias (fig. 47). 

udidesi mniSvnelobis mxebi Zabvebi warmoiqmnebian sayrdenTan axlos. 

 

 

 

 

 

 

 

 

 
fig. 47. koWis sartyelebis kedelTan SeerTebis gasaangariSeblad 

a _ Zvra Runvis dros; b _ SenaduRi nakerze moqmedi mxebi Zabvebi; g _ kveTi 

Tarosa da kedlis pirapirze  
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Taros kedelTan misamagrebeli SenaduRi nakeris sisqes 

sazRvraven nakeris liTonisa da Sednobis sazRvris liTonis muSaobis 

pirobebidan gamomdinare, formulebiT: 

                                               (57) 

                                               (58) 

sadac    aris koWis neitraluri RerZis mimarT Taros statikuri 

momenti;    _ neitraluri RerZis mimarT koWis mTliani kveTis inerciis 

momenti.  

aluminis Senadnobis dawnexili da SenaduRi koWebis gaangariSeba 

da konstruireba xorcieldeba foladis koWebis analogiurad. Tumca, 

aluminis Senadnobebis koWebis didi deformadobis gaTvaliswinebiT, 

maTi minimaluri simaRle meti unda iyos vidre foladis koWebisa, 

amitom hmin da hopt  mniSvnelobebi aluminis Senadnobis koWebisaTvis 

ganisazRvreba formulebiT: 

     (     3. ⁄       )[   ]                        (59) 

      .6 √    .                            (60) 

aluminis Senadnobis koWebis konstruirebisas saWiroa miRebuli 

iqnas h ≤ 5b. 

aluminis Senadnobis koWis saerTo mdgradobis Semowmebisas, φb 

koeficientis mniSvneloba aRebuli unda iqnas samSeneblo normebisa 

da wesebis mixedviT.   

 

Tavi 4. svetebi 

4.1. centralurad SekumSuli svetebi 

svetebis daniSnulebaa koWovani gadaxurvidan, gadaxurvis 

wamwidan, samuSao baqnidan da sxva konstruqciebidan datvirTvis 

gadacema qvemoT mdebare konstruqciaze an saZirkvelze. centralurad 

SekumSul svetSi tolqmedi modebulia svetis RerZis gaswvriv da 
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iwvevs saangariSo ganivi kveTis centralur kumSvas. centralurad 

SekumSuli sveti, iseve rogorc aracentralurad SekumSuli sveti, 

Sedgeba sami ZiriTadi nawilisagan: saTavis, Rerosa da bazasagan (fig. 

48). centralurad SekumSuli sveti gamoiyeneba erTsarTulian (fig. 48, 

a, b) da mravalsarTulian (fig. 48, g) samoqalaqo da samrewvelo 

SenobebSi, rodesac horizontaluri Zalvebi aiTviseba vertikaluri 

kavSiris sistemiT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 48. centralurad SekumSuli svetebi 

a _ mTliankedliani; b _ gamWolkedliani; g _ mTliankedliani 

mravalsarTulian SenobaSi; 1 _ saTave; 2 _ Rero; 3 _ baza 

kveTis mixedviT arCeven mTliankedlian svetebs, romlebic 

Sedgeba naglini ortesebri, milovani an sxvadasxva Ria profilis 

kombinaciebisagan (fig. 49), da gamWol svetebs, romlebic Sedgeba 

erTmaneTTan TamasebiT an, kuTxedebiT an SvelerebiT Sedgenili 

gisosebiT SeerTebuli ori an oTxi Stosagan (fig. 50). Stoebis 

TamasebiT SeerTeba Ggamoiyeneba maSin, rodesac Stoebis RerZebs Soris 

manZili ar aRemateba 500-600 mm-s. meti daSorebis SemTxvevaSi Tamasebi 
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gamodis mZime, amis gamo mizanSewonilia gamoyenebuli iqnes calkeuli 

kuTxedebiT Sedgenili gisosi. 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 49. centralurad SekumSuli mTliankedliani svetebis kveTis tipebi 

 

 

 

 

fig. 50. centralurad SkumSuli gamWolkedliani svetebis kveTis tipebi 

1 _ kveTi; 2 _ gisosi. 

mxolod boloebiT damagrebuli centralurad SekumSuli 

svetebis daproeqtebisas cdiloben uzrunvelyofili iqnes maTi 

Tanabari mdgradoba kveTis inerciis mTavari x-x da y-y RerZebis mimarT. 

aqedan gamomdinare, SedarebiT dabali svetebisTvis kveTebis yvelaze 

racionaluri formebia: farToTaroebiani ortesebri, mili da sami 

furclisagan Sedgenili SenaduRi ortesebri kveTi. didi sigrZisa da 

mcire datvirTvebis SemTxvevaSi, masalis xarjis mixedviT, gamWoli 

svetebi ufro efeqturia, vidre mTliankedliani, magram gaZnelebulia 

SesauRlebeli koWebis damagreba.  
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centralurad SekumSli svetis gaangariSeba iwyeba saangariSo 

grZivi Zalis gansazRvriT 

        ,                              (61) 

sadac,      aris 1 m2 satvirTo farTobze dayvanili yvela mudmivi da 

droebiTi datvirTvebis jamuri intensiuroba; A3 – svetis satvirTo 

farTobi. 

svetis kveTis saWiro farTobi SeiZleba ganisazRvros 

centralurad SekumSuli Reros mdgradobis uzrunvelyofis pirobidan 

gamomdinare, formuliT: 

            .                          (62) 

winaswari gaangariSebisaTvis grZivi Runvis   koeficients iReben: 

foladis svetebisaTvis  =0.75-0.85, aluminis svetebisaTvis  =0.6-0.75. 

Acal-is mniSvnelobis mixedviT, naglini profilebis sortamentidan 

irCeven mTliankedliani svetis Reros, romlis ganivi kveTis farTobi 

      .  

foladis sami furclisagan Sedgenili mTliankedliani 

ortesebri Reroebis kveTis zomebis dadgenisas xelmZRvaneloben 

Semdegi mosazrebebiT: sartyelebisTvis gamoiyeneba tf =8-40 mm sisqis 

furclebi, kedlisaTvis tw=6-16 mm; dasaSvebi moqnilobidan gamomdinare, 

kveTis simaRle da sigane SeirCeva (1/14 _ 1/29) H sazRvrebSi (cxrili 

23). mniSvnelovani grZivi Zalebis dros rekomendebulia svetis 

moqniloba SeirCes λ = 60-90 sazRvrebSi, magram araumetes 120-isa 

(samSeneblo normebisa da wesebis mixedviT).  

kveTis daniSnulebis Semdeg isazRvreba misi faqtiuri 

geometriuli maxasiaTeblebi: A,  ix,  iy,  λx,  λy,   x    y , xolo Semdeg  x da 

 y-dan ganisazRvreba  min–s mniSvneloba. kveTi iTvleba SerCeulad, Tu 

me-(10) formuliT Zabvebis Semowmebis Sedegad ar gamovlindeba 

gadaZabva, xolo dauZabavoba ar aRemateba 5%-s SenaduRi da 

kombinirebuli profilebisTvis an Tu SesaZlebeli ar aris misi 

Semcireba naglini profilebis sortamentis farglebSi. 
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   cxrili 23  

svetebis miaxloebiTi gabaritebi 

kveTis dasaxeleba 
gabaritebi moqnilobisas, mm 

λ=60 λ=90 λ=120 

SenaduRi 

farToTaroebiani  

ortesebri  

                           

milisebri                 3           

Caketili, ori 

kuTxedisagan 
               36          

gamWoli, ori 

Svelerisgan 
       3       3           

gamWoli, oTxi 

kuTxedisagan 
       6       3           

 

centralurad SekumSuli Reroebis gaangariSebisas kveTis 

inerciis radiusebis miaxloebiTi mniSvnelobebi ganisazRvreba     

cxr. 24-is mixedviT. 

SenaduRi ortesebri kveTis inerciis momentebi mTavari RerZebis 

mimarT SeiZleba ganisazRvros Semdegi formulebiT: 

        
         (   ⁄      )

 
                      (63) 

        
    ⁄ ,                                 (64) 

centralurad SekumSuli svetebisTvis agreTve unda Sesruldes 

kedlis saangariSo simaRlisa hef da sisqis t zRvruli fardobis 

piroba (51)-e formuliT gansazRvruli pirobiTi moqnilobis  ̅ 

mniSvnelobaze damokidebulebis mixedviT. ortesebri kveTisTvis 

daculi unda iyos Semdegi pirobebi: 

      √       roca  ̅ ≤  .                         (65) 

    ⁄  ( .36   .  ̅)√       magram ara umetes  √      , roca  ̅      .   (66)                       

sxva tipis kveTebisTvis     ganisazRvreba samSeneblo normebisa 

da wesebis mixedviT. 
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cxrili 24 

kveTis inerciis radiusebis miaxloebiTi mniSvnelobebi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

gamWoli Reroebis mdgradobaze gaangariSeba warmoebs (62)-e 

formuliT, im pirobiT, rom grZivi Runvis koeficientebis 

mniSvnelobebi ganisazRvreba (67), (68) da (69) formulebiT pirobiTi 
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dayvanili moqnilobis  ̅    ̅  √      mniSvnelobaze (ganisazRvreba 

samSeneblo normebisa da wesebis mixedviT) damokidebulebiT:  

      .  3   . 3       ̅  √  ̅   ,  roca      ̅  ≤              (67) 

   .    3   ⁄  ( . 3     .3   ⁄ )  ̅   ( .      . 3   ⁄ ) ̅  
  ,   (68)        

 roca   .    ̅  ≤  .        

  33   ̅  
       ̅    ⁄ ,  roca    ̅    .  .                 (69) 

gamWoli svetebis Tamasebi da gisosebi uzrunvelyofs yvela 

Stos erTobliv muSaobas da mTlianobaSi svetis Reros sixistis 

mniSvnelovan gazrdas. gisosebiani gamWoli svetebis konstruirebisas 

(fig. 51, a, b) kvanZebs Soris calkeuli Stoebis moqniloba ar unda 

aRematebodes 80-s da mTliani Reros   ̅  –is mniSvnelobas. Tamasebian 

Sedgenil ReroebSi (fig. 51, g), Tamasebs Soris ubnebSi calkeuli 

Stoebis moqniloba ar unda aRematebodes 40-s.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 51. gamWoli svetebis gisosebis tipebi 

a – samkuTxa; b – iribanuli; g – TamasebiT 
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SemaerTebeli gisosis an Tamasebis gaangariSeba warmoebs 

pirobiT ganiv Zalaze     , romelic miiCneva mudmivad Reros mTel 

sigrZeze da ganisazRvreba empiriuli formuliT: 

      .          [( 33    ⁄ )   ]                   (70) 

sadac β aris koeficienti, romelic        an       fardobebidan 

naklebi mniSvnelobis tolia;   – koeficienti, romelic Sedgenili 

RerosTvis aiReba SemaerTebeli elementebis sibrtyeSi;      _ 

SemaerTebeli elementis sibrtyeSi an mis marTobul sibrtyeSi grZivi 

Runvis koeficientebis naklebi mniSvneloba;  =N/A – kumSvis Zabva 

elementSi. 

SemaerTebeli gisosebis gaangariSeba warmoebs wamweebis 

elementebis gaangariSebis analogiurad, sadac iribanaSi Zalva 

SeiZleba ganisazRvros formuliT: 

                                         (71) 

sadac α aris gisosis daxris kuTxe kveTis ganivi RerZis mimarT; n –

gisosebis elementebis raodenoba, romlebic ganlagebulia erT doneze. 

SemaerTebeli Tamasebis gaangariSeba warmoebs uiribno wamweebis 

gaangariSebis analogiurad Tamasis gadamWreli F Zalis da momentis 

M1 moqmedebaze, romelic Tamasas Runavs sakuTar sibrtyeSi (fig. 51, g): 

       ,                             (72) 

        ,                             (73) 

sadac    aris pirobiTi ganivi Zala, romelic ganisazRvreba     -is 

mixedviT Reros erT doneze mdebare SemaerTebeli Tamasebis 

raodenobaze damokidebulebiT.  

gisosis kuTxedebisa da Tamasebis svetis Stoebze gadayvana xdeba 

naglini profilebis Taroebze dasamagrebeli SenaduRi nakerebis 

ganlagebis pirobidan gamomdinare. TamasebisaTvis es sidide ar unda 

iyos 20-30 mm-ze naklebi. 
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4.2. aracentralurad SekumSuli svetebi 

aracentralurad SekumSulad iTvleba sveti, romlis saangariSo 

kveTSi moqmedebs grZivi Zala N da mRunavi momenti M. aseTi svetebi 

farTod gamoiyeneba karkasul samrewvelo SenobebSi.  

Reros konstruqciuli gadawyvetidan gamomdinare ganasxvaveben 

aracentralurad SekumSuli svetebis sam tips:  

1. mudmivkveTiani (fig. 52, a) (konsoliT amwisqveSa koWisaTvis), 

romelic gamoiyeneba maSin, rodesac fermis qveda sartyelamde simaRle 

ar aRemateba 12 m-s da xiduri amwis tvirTamweoba ara aRemateba 20 t-s; 

2. cvladkveTiani (fig. 52, b, g) (safexurovani), mTliankedliani da 

gamWoli, romelic farTod gamoiyeneba samrewvelo Senobebis 

karkasebSi, rodesac xiduri amwis tvirTamweoba aRemateba 20 t-s. am 

svetis amwiszeda nawils aproeqteben mTliankedliani ortesebri 

kveTis saxiT, xolo amwisqveSa nawili SeiZleba iyos, rogorc 

mTliankedliani ise kuTxedebisagan Sedgenili gamWoli gisosis saxis; 

3. gancalkevebuli tipis (fig. 52, d), romelic gamoiyeneba mZime 

reJimis saamqroebSi, rodesac amwis tvirTamweoba aRemateba 150 tonas 

da simaRle 20 metramdea. aseT svetebSi Stoebi erTmaneTTan 

dakavSirebulia vertikalur sibrtyeSi moqnili TamasebiT, ris 

Sedegadac TiToeuli Sto asrulebs damoukidebel funqcias: ZiriTadi 

Sto muSaobs ganivi CarCos sistemaSi da iRebs datvirTvas gadaxurvis, 

kedlebisa da xiduri amweebis ganivi zemoqmedebisagan; amwisqveSa dgari 

muSaobs, rogorc centralurad SekumSuli (mxolod xiduri amwis 

vertikaluri datvirTvis moqmedebisagan).   

mTliankedliani da gamWoli aracentralurad SekumSuli svetis 

amwisqveSa nawilis ganivi kveTis damaxasiaTebeli tipebi  moyvanilia 

fig. 53-ze.  

aracentralurad ESekumSuli svetebis daproeqtebisas maT 

gabaritebs winaswar niSnaven konstruqciuli mosazrebiT. sxvadasxva 

tipis svetebis kveTis simaRle h SeiZleba miaxloebiT SerCeul iqnas 

cxr. 25-is mixedviT. mTliani kveTebi ufro xistia vidre gamWoli, isini 

ufro advili dasamzadebelia, Tumca maTi gamoyeneba rekomendebulia, 
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rodesac kveTis simaRle h ar aRemateba 1.2 m-s. meti simaRlis dros 

maTi gamoyeneba ekonomikurad mizanSewonili ar aris. 

 

 

 

 

 

 

 

 

 

 

 

 

 
fig. 52. samrewvelo Senobebis aracentralurad SekumSuli svetebis ZiriTadi 

tipebi 

a _ mTliankedliani mudmivi kveTis; b _ mTliankedliani safexurovani;  

g _ gamWoli safexurovani; d _ gamWoli gancalkevebuli; 

svetebis simaRle aseve ganisazRvreba konstruqciulad 

teqnologiuri mowyobilobis simaRlis gaTvaliswinebiT, saZirkvlis 

Cadgmis siRrmiT, xiduri amweebis gabaritebiT da amwis zeda gabaritsa 

da gadaxurvis konstruqciis Zirs Soris manZiliT, romelic 

Cveulebriv miiReba 200-250 mm. 

aracentralurad SekumSul svetebs angariSoben Senobis ganivi 

karkasis sistemaSi maTi muSaobis gaTvaliswinebiT. saangariSo Zalvebi 

svetebSi ganisazRvreba kompiuteruli programis meSveobiT, romelic 

saSualebas iZleva gaTvaliswinebuli iqnas Zalvebis sxvadasxva 

kombinaciebi karkasis elementebSi (ix. p. 6.3). aracentralurad 

SekumSuli svetebis moqniloba iniSneba centralurad SekumSuli 

svetebis analogiurad. saangariSo grZivi Zalisa da mRunavi momentis 

gansazRvris Semdeg, xorcieldeba kveTebis gaangariSeba (16), (17), (18), 

(21) formulebiT. 
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fig. 53. safexurovani svetebis amwisqveSa nawilis kveTis tipebi 

a, b _ mTliankedliani; g, d _ gamWoli; 1 _ kveTi; 2 _ gisosi. 

cxrili 25 

svetis amwiszeda da amwisqveSa nawilebis sigrZeebsa da kveTis 

simaRles Soris minimaluri Tanafardobebi 

l, l1, l2, m 

mudmivi 

kveTis 

svetebi 

h/l 

cvladi kveTisa da gancalkevebadi tipis 

svetebi 

amwisqveSa nawili h1/l1 amwiszeda 

nawili h2/l2 

 
mTliani gamWoli 

10-12-mde 1/15 1/10-1/14 1/9-1/12 

1/8-1/12 15-20 1/18 1/12-1/16 1/11-1/14 

25-30 1/20 1/15-1/20 1/13-1/17 

 

4.3. erTStoiani da orStoiani svetis baza 

baza ewodeba svetis sayrden nawils, romelic svetSi aRZrul 

Zalvas gadascems saZirkvels. bazis konstruqciuli gadawyveta 

damokidebulia svetis tipze da saZirkvelSi Camagrebis xasiaTze 

(saxsruli an xisti). ganasxvaveben centralurad (fig. 54, a, b, g) da 

aracentralurad (fig. 54, d, e) SekumSuli erTStoiani svetis bazebs. 
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umartivesi baza  Sedgeba Reros dafrezul torsze miduRebuli 

sayrdeni filisgan (fig. 54, a). aseTi gadawyveta mizanSewonilia svetSi 

mcire grZivi Zalis moqmedebis dros da svetis fundamentze 

saxsrulad Camagrebisas.  

grZivi Zalis gadidebisas sayrdeni filis farTobi 

mniSvnelovnad izrdeba, Sesabamisad, aucilebeli xdeba sixistis 

wiboebis gamoyeneba, raTa SenarCunebuli iqnas filis minimaluri sisqe 

(fig. 54, b, g). aseT SemTxvevaSi traversa emsaxureba Zalvebis ufro 

Tanabar ganawilebas svetidan filaze da zrdis filis 

mzidunarianobas saZirkvlis reaqtiuli wnevis Sedegad gamowveul 

Runvaze misi muSaobisas. 

 

 

 

 

 

 

 

 

 

 

fig. 54. erTStoiani svetebis bazebis tipebi 

a _ centralurad SekumSuli, Reros dafrezuli torsiT;  

b, g _ centralurad SekumSuli, Zalas gadaecema SenaduRi nakerebis 

meSveobiT; d, e _ aracentralurad SekumSuli; 1 _ sayrdeni fila;  

2 _ sixistis wibo; 3 _ traversas furceli; 4 _ saankero WanWikebi;  

5 _ sayenebeli yunwebi xraxnebiT; 6 _ sayeluri    

sayrdeni filis farTobi Apl uzrunvelyofs datvirTvis gadacemas 

svetidan fundamentze da ganisazRvreba formuliT: 

         ,                              (74) 

sadac N aris saangariSo grZivi Zala svetSi bazis doneze;    _ 

betonis saangariSo winaRoba RerZul kumSvaze, romelic pirveli 
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jgufis zRvruli mdgomareobisaTvis, M150, M200 da M300 betonis 

markebisaTvis Sesabamisad aiReba 6.5, 8 da 13 mpa;   _   -s gazrdis 

koeficienti, romelic damokidebulia saZirkvelis zeda Taros 

farTobis Af da sayrdeni filis muSa farTobis fardobaze   √      
 , 

magram ar unda aRematebodes 1.5-s.  

bazis sayrdeni filis sisqe tpl SeiZleba ganisazRvros formuliT: 

    √6    ,                           (75) 

sadac M aris saangariSo mRunavi momenti (1 sm siganis zolze) 

sayrdeni filis ubnebze sixistis wiboebs Soris. 

mcire Zalvebis dros dasaSvebia traversebis daproeqteba  

svetidan traversze SenaduRi nakerebis meSveobiT Zalvis gadacemiT 

(fig. 54, b, g). aracentralur kumSvaze momuSave svetebSi awyoben 

mRunavi momentis moqmedebis sibrtyeSi ganviTarebul xist bazebs.  

erTStoian mTliankedlian svetSi, mcire mRunavi momentis 

moqmedebisas, gamoiyeneba 10-12 mm sisqis furclebis erTkedliani Ria 

qusli  (fig. 54, e), romelic xelsayrelia samuSaoTa warmoebisas. 

orStoiani mTliankedliani svetisTvis gamoiyeneba 

gancalkevebultraversiani qusli, romelsac aqvs erTi sayrdeni 

furceli (fig. 55), xolo gancalkevebulStoiani svetebisTvis 

gamoiyeneba ori damoukidebeli quslisagan Sedgenili baza (fig. 56). 

 

 

 

 

 

 

 

 

 

fig. 55. mTliankedliani svetis qusli gancalkevebuli traversiT 
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fig. 56. safexurovani tipis gamWoli svetebis qusli gancalkevebuli 

traversebiT 

bazis saZirkvelze Camagrebis zonaSi vertikalurebis garda aseve 

warmoiqmneba saZirkvlis zedapirze quslis mZvreli horizontaluri 

ganivi Zalebi, agreTve mRunavi momentebi, romlebic cdiloben 

saZirkvels moglijon quslis erTi nawili da miwnexon meore nawili. 

Zvra aiTviseba sayrden filasa da saZirkvels Soris warmoqmnili 

xaxunis Zalebis mier, agreTve saankero WanWikebis Wraze muSaobiT. 

mRunavi momenti aiTviseba saankero WanWikebis muSaobiT gaWimvaze 

(amoglejaze). saZirkvelSi saankero WanWikebis Camagrebis siRrme 

damokidebulia mRunavi momentis sidideze da saankero mowyobilobis 

konstruqciaze (fig. 57). centralurad SekumSuli svetisaTvis saankero 

WanWikebis diametri SeirCeva konstruqciulad _ d=22-26 mm. 

aracentralurad SekumSuli svetisaTvis saankero WanWikebis diametri 

da raodenoba nb gaangariSdeba formuliT: 

          ⁄               ,                     (76) 
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sadac     aris svetis StoSi momentisgan gamowveuli grZivi Zala, 

romelic cdilobs quslis amoglejas saZirkvlidan (ix. fig. 56);      – 

erT saankero WanWikze dasaSvebi maqsimaluri saangariSo Zalva, 

romelic ganisazRvreba 26-e cxrilis mixedviT.  

 

 

 

 

 

 

 

 

 

 
fig. 57. ankeruli damagrebis tipebi 

a, b _ Zalvebis gadacema SeWidebis Zalebis meSveobiT; g _ Zalvebis gadacema 

sayrdeni sayeluris meSveobiT 

svetis amoyvanis erT-erTi sapasuxismgeblo etapia misi dayeneba 

saZirkvelze, romelmac unda uzrunvelyos saTavis da amwisqveSa Stos 

sayrdeni baqnis saproeqto niSnulebis mkacri dacva, agreTve 

eqspluataciis procesSi unda ewinaaRmdegebodes svetis Cajdomas. 

yvelaze xSirad gamoiyeneba Semdegi xerxi _ svetis bazas ayrdnoben 

winaswar dayenebul da simaRleSi gasworebul 50-60 mm sisqis liTonis 

qvesadebebze, Semdeg filis qveS SeyavT cementis duRabi, romelsac 

gamudmebiT tkepnian (fig. 58). 

 

 

 

 

 

fig. 58. svetis sayrdeni filis qveS duRabis Casasxmeli mowyobiloba 

1 _ liTonis qvesadebi; 2 _ tkepna; 3 _ yalibi; 4 _ xisti cementis duRabi; 5 _ 

saZirkveli 
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cxrili 26 

saankero WanWikebis mzidunarianoba,        mpa 

WanWikis 

diametri 

d, mm 

20 22 24 27 30 36 

    , kn 315 394 454 598 725 1060 

WanWikis 

diametri 

d, mm 

42 48 56 64 72 76 

    , kn 1400 1870 2620 3450 4420 5010 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

4.4. svetis saTavis konstruqciebi,   

pirapirebi da detalebi  

svetis saTavis daniSnulebaa wamweebidan da koWebidan Zalvis 

gadacema svetis Reroze. ganasxvaveben mTliankedliani  da 

gamWolkedliani svetis saTaveebs (fig. 59). 

 

 

 

 

 

 

 

fig. 59. svetis saTavis tipebi 

a, b _ mTliankedliani svetebis; g _  gamWolkedliani svetebis; 1 _ svetis 

Rero; 2 _ sayrdeni fila; 3 _ macentrebeli firfita;  

4 _ sixistis wibo 

mTliankedlian svetSi saTavis horizontalur sayrden furcels 

aZliereben sixistis wiboebiT, romlebic amavdroulad xels uwyobs 

svetis mTliani saangariSo kveTis CarTvas muSaobaSi. datvirTvis 
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dacentrebisTvis sayrden furcelze aduReben macentrebel firfitas, 

romlis sigane ar aRemateba 100 mm. gamWolkedlian svetSi (fig. 59, g) 

sayrdeni furclis qveS akeTeben simaRleSi ganviTarebul sixistis 

wibos, romlis gaangariSeba warmoebs am wiboebis sibrtyeSi moqmed 

ganiv Zalasa da momentze, gamWolkedlian svetSi SemaerTebeli 

Tamasebis gaangariSebis msgavsad (ix. fig. 51). 

svetSi pirapirebi SesaZlebelia iyos qarxnuli da samontaJo. 

qarxnul pirapirebs akeTeben svetis ReroebSi SeduRebiT. isini 

emsaxureba naglini profilebis an furclebis dagrZelebas, Tu isini 

ar akmayofileben svetis saproeqto sigrZes (fig. 60). pirapirebma unda 

uzrunvelyos nakerisa da ZiriTadi liTonis Tanabarsimtkice. 

Taroebze da kedelze pirapira nakerebs akeTeben xtulad (fig. 60, a), 

xolo zesadebebis gamoyenebis SemTxvevaSi dasaSvebia pirapiris 

mowyoba erT kveTSi (fig. 60, b, g). 

 

 

 

 

 

 

 
fig. 60. Ria profilebis elementebiani svetebis qarxnuli SenaduRi 

pirapirebi  

qarxnul   pirapirebSi  Zalvebi  gadaecema  SenaduRi  nakerebiT. 

milovan, centralurad SekumSul svetSi, Sesapirapirebeli milebis 

diametrebisa da kedlis sisqeebis tolobis SemTxvevaSi, gamoiyeneba 

pirapira SeduReba (fig. 61, a), xolo aracentralurad SekumSulebSi _ 

pirapira SeduReba ZiriTad milSi mokle milovani sadebis CayenebiT 

(fig. 61, g). meore varianti ufro Sromatevadi da liTontevadia, magram 

ufro mtkice da saimedoa eqspluataciaSi. milovani Reros diametris 
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cvlilebis SemTxvevaSi, pirapirSi Tavsdeba mrgvali firfita, romlis 

sisqe ganisazRvreba gaangariSebiT, rogorc konturze saxsrulad 

dayrdnobili firfitis SemTxvevaSi (fig. 61, b ). 

 

 

 

 

 

 
fig. 61. milovani svetebis qarxnuli SenaduRi pirapirebi  

samontaJo pirapirebi gankuTvnilia svetis calkeuli samontaJo 

nawilebis SesaerTeblad erT mTlianobaSi, romelTa transportireba 

SezRudulia. aseT pirapirebs akeTeben samSeneblo moedanze. awyobis 

sizustis uzrunvelsayofad gamoiyeneba winaswar gamzadebul 

naxvretebSi dayenebuli samontaJo WanWikebi, svetis Reroebisa da 

Stoebis SeuRlebis torsebis frezva (Rarva), xolo saWiroebis 

SemTxvevaSi damatebiTi SenaduRi pirapiris Sesruleba (fig. 62). 

 

 

 

 

 

 

fig. 62. mTliankveTiani svetis samontaJo pirapirebis variantebi 

 a _ Ria profilebisaTvis, mkumSavi Zalis moqmedebisas; b _ igive, mkumSavi 

Zalisa da momentis erTdroulad moqmedebisas;  

g-e _ milovani profilebisaTvis 
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milovan ReroebSi miltuCa SeerTebebis mowyobisas (fig. 62, g, d), 

sapirapire firfitebis diametri unda uzrunvelyofdes mosaWimi 

maRali simtkicis WanWikebis Tavisufal dayenebas.  

 

 

 

 

 

 

 

 

 

 

 

fig. 63.  amwisqveSa koWis dayrdnoba konsolze 

a _ mTliankedlian svetebSi; b _ gamWolkedlian svetebSi 

yvelaze metad daZabuli da dasamzadeblad Sromatevadi zonebia 

mudmivi kveTis mqone svetis RerosTan amwisqveSa konsolis mimagrebis 

ubani (fig. 63), agreTve safexurovani svetebis amwiszeda da amwisqveSa 

nawilebis SeuRlebis zona (fig. 64). am kvanZebSi moqmedebs normaluri 

da ganivi Zalebi, agreTve mniSvnelovani mRunavi momentebi. am Zalvebis 

gadacema elementidan elementze xorcieldeba saangariSo SenaduRi 

nakerebiT. daproeqtebisas saWiroa Tavidan aviciloT svetis am zonaSi 

samontaJo pirapirebis mowyoba. 
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fig. 64. safexurovani tipis svetebSi amwiszeda nawilis  

mimagrebis xedi  

a _ mTliankedlian amwisqveSa StosTan; b _ gamWolkedlian amwisqveSa  

StosTan 

 

Tavi 5. wamweebi 

5.1. nivnivuri gadaxurvebi. saerTo cnebebi   

nivnivuri gadaxurva warmoadgens SemomzRudavi konstruqciebis 

nawils, romelic icavs nagebobas atmosferuli zemoqmedebebisagan da 

gansazRvravs mis xangamZleobas. erTsarTulian sazogadoebriv da 

samrewvelo SenobebSi gadaxurvis daproeqtebas gadamwyveti 

mniSvneloba aqvs, vinaidan is Seadgens mSeneblobis Rirebulebis 20_30 

% da da Sromatevadobis 30 %. gadaxurvis konstruqciis SerCeva 

mniSvnelovan gavlenas axdens mTeli nagebobis moculobiT-

dagegmarebiT gadawyvetaze: svetebis bijze; zeda ganaTebis mowyobaze, 

burulze, kiduli Weris aucileblobaze, kiduli mowyobilobis 

damontaJebis SesaZleblobaze, amweebsa da a.S. 
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ganasxvaveben daTbunebul da civ nivnivur gadaxurvebs. pirveli, 

meorisagan gansxvavebiT, atmosferuli zemoqmedebebisagan Senobis 

dacvis garda, uzrunvelyofs Tbodacvas. 

nivnivuri gadaxurvebis daproeqtebisas iTvaliswineben gare 

datvirTvebis xasiaTs da zemoqmedebas, masalebis Tbogamtarobis 

gavlenas, agreTve antikoroziul da xanZarsawinaaRmdego dacvas. 

 

5.2. nivnivuri wamweebi, moxazuloba da gisosis 

tipebi 

wamwe ewodeba kvanZebSi erTmaneTTan SeerTebuli sworxazovani 

Reroebisagan Sedgenil geometriulad ucvlel gisosovan gamWol 

konstruqcias, romelic moicavs zeda SekumSul da qveda gaWimul 

sartyels, dgarebs da iribnebs. igi warmoadgens samSeneblo mzid 

konstruqcias, romelic gamoiyeneba didi malis mqone gadaxurvebSi. 

wamweze datvirTva, rogorc wesi, modebulia kvanZebSi. wamwis 

elementebSi warmoiqmneba RerZuli gamWimavi da mkumSavi Zalvebi, rac 

uzrunvelyofs masalis mzidunarianobis ufro sruli gamoyenebis 

SesaZleblobas, vidre Runvad elementebSi (koWebSi).  

wamwis geometriuli sqema ganisazRvreba sartyelebis 

moxazulobiTa da gisosis  saxeobiT. sartyelebis moxazulobis 

mixedviT nivnivuri wamwis ZiriTadi tipebia: paralelur sartyelebiani 

(fig. 65, a); trapeciisebri (fig. 65, b); samkuTxa (fig. 65, g) da 

segmenturi (fig. 65, d); 

damzadebisa da formis mixedviT yvelaze martivia paralelur 

sartyelebiani da trapeciisebri wamweebi. damzadebis simartivem 

ganapiroba maTi farTo gamoyenebis SesaZlebloba sxvadasxva 

daniSnulebis samrewvelo da samoqalaqo SenobebSi. maRali teqnikur_ 

ekonomikuri maCveneblebis gamo isini FwarmatebiT gamoiyeneba 18-120 m 

malebSi da aqvT SedarebiT mcire samSeneblo simaRle sxva 

moxazulobis wamweebTan SedarebiT.  

samkuTxa moxazulobis wamweebs aqvT yvelaze didi simaRle, 

amitomac damzadebisa da transportirebis pirobebidan gamomdinare maT 
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iyeneben malebSi, romelTa sigrZe ar aRemateba 36 m-s. maTi gamoyeneba 

SenobebSi da nagebobebSi umTavresad ganisazRvreba mcirezomiani 

saburule masalebis gamoyenebiT (brtyeli da talRovani 

azbestcementis furclebi, saburule foladi, kramiti da sxv.) civ 

burulebSi, romlebic moiTxoven did daqanebebs (25_45º). 

 

 

 

 

 

 

 

 

 

fig. 65. nivnivuri wamweebi 

masalis xarjis mixedviT yvelaze ekonomiuria segmenturi 

wamweebi; maTi gamoyenebis efeqturoba izrdeba malis zrdasTan erTad. 

Tumca, segmentur wamweebs, samkuTxa wamweebis msgavsad, axasiaTebT 

damzadebis didi Sromatevadoba, rac dakavSirebulia gisosis 

elementebis sigrZeebis did nomenklaturasTan, agreTve segmenturi 

fermebisTvis damaxasiaTebel zeda sartyelis simrudesTan. damzadebis 

Sromatevadobis Sesamcireblad, praqtikuli gamoyenebisTvis segmenturi 

fermebi icvleba poligonaluriT (zeda sartyelis ZiriTad kvanZebs 

Soris sworxazovani elementebiT) (fig. 65, v).  

gadaxurvis nivnivur wamweebs SeiZleba hqondeT sruliad 

sxvadsaxvanairi moxazuloba, romelic pasuxobs dasaproeqtebeli 

obieqtis arqiteqturul-esTetiur da funqciur moTxovnebs. 

sazogadoebriv SenobebSi zogjer gamoiyeneba Tevzisebri (fig. 65, e) da 

Seafrebuli (fig. 65, T) wamweebi, xolo samrewvelo SenobebSi _ zeda 
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sartylis ganapira kvanZebze dayrdnobili paralelursartyelebiani 

wamweebi (fig. 65, z)  da sxv. 

minimaluri masisa (minimaluri masa miiReba sartyelebisa da 

gisosis masebis tolobis SemTxvevaSi) da saWiro sixistis pirobidan  

gamomdinare, wamwis optimaluri simaRlis Sefardeba malTan miiReba 

h/l=1/4_1/5. Tumca, am SemTxvevaSi wamwe gamodis didi simaRlis, rac 

arTulebs mis transportirebas da montaJs, garda amisa, izrdeba 

Senobis moculoba, amitom wamweebis rekomendebuli simaRle naklebia 

optimalurze. 

nebismier datvirTvaze wamwis ucvleloba miiRweva gisosis 

mowyobiT, rac warmoqmnis samkuTxedebis sistemas. zeda sartyelis 

gaswvriv gisosis kvanZebs Soris manZils ewodeba wamwis paneli _ lm, 

romlis zomac SeirCeva gadaxurvis filebis siganis mixedviT 1.5 an 3 m 

da aris 6 m modulis jeradi.  

yvelaze gavrcelebulia samkuTxa gisosi (fig. 66, a, b), radganac 

misi zigzagis saerTo sigrZe da masSi kvanZebis raodenoba naklebia 

sxva tipis gisosebian wamweebTan SedarebiT. qveda sartyelis mimarT 

gisosis daxris racionaluri kuTxe Seadgens 45_50º. samkuTxa gisosis 

naklia sartyelebis panelebis mniSvnelovani sigrZe, gansakuTrebiT 

wamweebis didi malebis SemTxvevaSi, ris gamoc adgili aqvs kvanZis 

gareTa datvirTvebs, rac uaryofiTad moqmedebs konstruqciis 

efeqturobaze. panelis sigrZis Sesamcireblad samkuTxa gisosSi 

amateben dgarebs, romlebic orientirebulia zeda kvanZidan wamwis 

qveda sartyelze da piriqiT. 

samkuTxa gisosis nairsaxeobaa rombisebri cxaurebi, romlebsac 

aqvT maRali sixiste da didi ganivi Zalebisadmi winaaRmdegobis 

gawevis kargi unari (fig. 66, g, d). mcire simaRlis wamweebSi gamoiyeneba  

iribnuli gisosebi, romlebic gamoirCeva Zalvis niSnis regulirebis 

SesaZleblobiT (fig. 66, e, v). qveda sartyelis mimarT iribnuli 

gisosis daxris racionaluri kuTxe Seadgens 35_45º. paralelur 

sartyelebian da trapeciisebr wamweebSi mizanSewonilia gisosebi 

daproeqtdes daRmaval_gaWimuli iribnebiT, xolo mokle dgarebi _ 

SekumSuli (fig. 66, e). samkuTxa da segmenturi moxazulobis wamweebis 
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iribnul gisosebSi daRmavali elementebi SekumSulia, xolo aRmavali 

_ gaWimuli. Tumca, kvanZis gaerTmTlianebis TvalsazrisiT gisoss 

aproeqteben daRmavali iribnebiT. 

 

 

 

 

 

 

 

 

 

 

fig. 66. wamwis gisosis sistemebi 

jvaredini cxaurebi (fig. 66, z) mizanSewonilia gamoyenebul iqnan 

niSancvlad datvirTvebze momuSave wamweebSi. gisosis upiratesoba 

mdgomareobs imaSi, rom masSi iribnebi muSaoben mxolod gaWimvaze. 

iribanaSi kumSvis warmoqmnis SemTxvevaSi misi didi moqnilobis gamo 

igi gamoiTiSeba muSaobidan. 

uiribno wamweebi (fig. 66, T) gamoiyeneba sarTulSua 

gadaxurvebSi, rodesac wamweebs Soris sivrce gamoiyeneba 

saeqspluatacio sarTulad. am wamweebis naklovani mxarea sartyelebsa 

da dgarebSi mniSvnelovani mRunavi momentebis warmoqmna, rac iwvevs 

foladis gazrdil xarjs. 

zeda sartyelis panelis sigrZis Semcireba agreTve SesaZlebelia 

wamwis ZiriTad gisosSi specialuri Sprengelebis damatebiT  (fig. 67, 

a. b), romlebic erTdroulad amcirebs iribnebis Tavisufal sigrZesac 

wamwis sibrtyeSi (fig. 67, a). 
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fig. 67. Sprengeluri gisosebis sistemebi 

wamweebis daproeqtebisas iTvaliswineben maqsimalur SesaZlo 

gabarits, romelic rkinigziT transportirebis SemTxvevaSi simaRleSi 

ar unda aRematebodes 3.8 m, xolo siganeSi _ 3.2 m. im SemTxvevaSi, 

rodesac SeuZlebelia samontaJo markis miTiTebuli gabaritis dacva, 

wamwis Sua zonaSi amateben rTul Sprengels (fig. 67, g, d) an wamwes 

anawevreben simaRleSi (ix. fig. 66, g, d). samrewveli Senobis 

daproeqtebisas gamoiyeneba tipuri unificirebuli foladis wamweebi 

maliT 24, 30 da 36 m (fig. 68). 

samrewvelo Senobebis parametrebis unificirebis mizniT 

miRebulia, rom tipuri wamweebis mali iyos 6 m-s jeradi; zeda 

sartyelis qanobi _ erTnairi, rac saSualebas iZleva, malis 

sigrZisagan damoukideblad, sayrdenTan SenarCundes wamwis erTnairi 

simaRle. 
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fig. 68. tipuri unificirebuli  nivnivuri wamweebi 

a _ trapeciisebri (1_9 – fermis kvanZebi); b _ paralelursartyelebiani;  

g _ samkuTxa;  d _ calferda 

wamweebiT gadaxurvis efeqturobis erT-erTi ZiriTadi 

maCvenebelia gadasaxuri farTobis kvadratul metrze dayvanili 

konstruqciis masa.  nivnivur wamweze liTonis xarji damokidebulia 

gadasaxuri malis sidideze, saangariSo datvirTvaze da masalis 

mzidunarianobaze. 25_40 kn/m2 saangariSo datvirTvisas da 280 mpa 

denadobis zRvris mqone foladisagan damzadebuli wamweebis sakuTari 

masa SeiZleba ganisazRvros miaxloebiTi formuliT: 

                                                                     m = kl,                                                               (77) 

sadac k  aris sakuTari masis koeficienti, romelic gansazRvreba fig. 

69-ze moyvanili grafikiT. 



109 

 

 

   

    

 

 

 

 

 

fig. 69. nivnivuri wamweebis sakuTari masis grafiki 

nivnivuri wamweebis optimaluri biji ganisazRvreba wamweebsa da 

grZivebze liTonis minimaluri jamuri xarjis pirobidan gamomdinare 

da Seadgens 6_12 m, amasTan, rogorc aCvena daproeqtebis gamocdilebam, 

liTonis xarji gadaxurvis  1 m2 -ze  TiTqmis erTnairia. 

 

5.3.  nivnivuri gadaxurvis gaerTmTlianeba 

ganasxvaveben nivnivuri gadaxurvis sam ZiriTad konstruqciul 

sqemas (fig. 70). 

ugrZivo sqemisTvis damaxasiaTebelia 3_12 m bijiT ganlagebuli 

nivnivuri wamweebi, romlebic faraven ZiriTad mals l, da maT Soris 

kavSirebis sistema. gadaxurvis filebs, ZiriTadad rkinabetonisas, 

alageben uSualod wamweebis zeda sartyelebze. es aris yvelaze 

gavrcelebuli gadawyveta erTsarTuliani samrewvelo SenobebisaTvis 

(fig. 70, a). 

normaluri, anu grZivebiani sqema agreTve sakmaod aris 

gavrcelebuli. mas iyeneben im SemTxvevaSi, rodesac gadaxurvis 

filebad gamoiyeneba daprofilebuli fenili an mcire zomis 

azbestcementis filebi. grZivebi SeiZleba iyos naglini an civad 
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naRuni Svelerebi, xolo rodesac wamweebis biji 6 m-ze metia _ 

gisosovani grZivebi (fig. 70, b). 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 70. nivnivuri gadaxurvebis konstruqciuli sqemebi 

a _ martivi; b _ normaluri; g _ garTulebuli; 

1 _ nivnivuri wamwe; 2 _ igive, meorexarisxovani; 3 _ grZivebi;  

4 _ kavSirebi; 5 _ ganmbjenebi; 6 _ gadaxurvis panelebi; 

garTulebul sqemas iyeneben didmalian gadaxurvebSi. igi Sedgeba 

mZime nivnivqveSa wamweebisagan, romlebzec Semcirebuli bijiT 

eyrdnoba malis nivnivuri wamweebi, xolo maTze alageben grZivebs an 

filebs (fig. 70, g).  

gaerTmTlianebis sqemis SerCeva xorcieldeba variantebis 

SedarebiT ZiriTadi maCveneblebis mixedviT, rogoricaa  

liTontevadoba, damzadebis Sromatevadoba da dayvanili xarjebi. 

 



111 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 71. nivnivuri gadaxurvis sivrciTi muSaoba 

a _ wamweebis deformacia mdgradobis dakargvis SemTxvevaSi ukavSiro 

sistemaSi; b _ wamweebis zeda SekumSuli sartyelebis  deformacia 

mdgradobis dakargvis SemTxvevaSi kavSirebian sistemaSi; 1 _ horizontaluri 

kavSirebi; 2 _ vertikaluri kavSirebi; 3 _ grZivebi. 

nivnivuri gadaxurvis saerTo sivrciT sixistes qmnian wamweebi, 

grZivebi da maT Soris ganlagebuli horizontaluri da vertikaluri 

kavSirebis sistema (ix. p. 6.1). gamWol brtyel fermas sakuTar sibrtyeSi 

aqvs mcire horizontaluri sixiste, amitomac mdgradobas iZens 

mxolod sxva wamwesTan erTad xist_sivrciT blokSi. elementebs, 

romlebic aerTianeben or fermas xist blokSi, ewodebaT kavSirebi 

(fig. 71, b). 
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5.4. gadaxurvis burulis elementebi 

gadaxurva Seicavs nivnivur wamweebs, kavSirebs, grZivebsa da 

buruls. samrewvelo da samoqalaqo Senobebisa da nagebobebisaTvis 

gamoiyeneba Tbili da civi burulebi. 

liTonis  nivnivuri wamweebisaTvis farTod gamoiyeneba msubuqi 

Tbili burulebi, romelic Sedgeba foladis daprofilebuli fenilis, 

maTbuneblis, asfaltis moWimvis da 3_4 Sriani ruberoidis xaliCisagan 

bitumis mastikaze (fig. 72). aseT buruls awyoben naglini an naRuni 

Svelerebis grZivebze bijiT 3 m, romlebic mimagrebulia wamwis zeda 

sartyelis kvanZebSi mcire zomis kuTxedebiT, an uSualod wamweebis 

zeda sartyelebze. aseTi daxurvebis upiratesobaa mcire sakuTari 

wona, romelic ar aRemateba 300_500 n/m2. 

 

 

 

 

 

 

 

 

 

 

 

fig. 72. Tbili buruli 

a _ daprofilebul fenilze; b _ rkinabetonis filebze; g _ daprofilebul 

feniliani gadaxurvis detalebi; 1 _ hidrosaizolacio xaliCa; 2 _ cementis 
moWimva; 3 _ maTbunebeli; 4 _ orTqlizolacia; 5 _ rkinabetonis fila; 

6 _ daprofilebuli fenili; 7 _ grZivi; 8 _ wamwe 
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daprofilebuli fenili grZivebze da wamweebis zeda 

sartyelebze magrdeba 6 mm diametris TviTWradi WanWikebiT, bijiT 300 

mm, xolo furclebis erTmaneTTan SeuRleba xorcieldeba 5 mm  

diametris specialuri moqlonebiT. garda aRniSnuli daxurvebisa, 

grZivebze agreTve ewyoba msubuqi keramzitbetonis filebi, romlebic 

erTdroulad asrulebs mzid da Tbodamcvel funqciebs da samSrian 

azbestcementis panelebs, maTbunebeli Sua SriT. 

nivnivuri gadaxurvis ugrZivo sqemebSi SesaZlebelia gamoyenebul 

iqnas msxvilpaneluri wibovani rkinabetonis filebi zomiT 1.5x6   da 3x6 

m, samaRliT 300 mm, da 3x12 m, simaRliT 450 mm. filebi wamweebis zeda 

sartyelebze magrdeba Casatanebel detalebze miduRebiT. aseTi 

gadaxurvebis naklovani mxarea rkinabetonis filebis didi sakuTari 

wona (1600_1900 n/m2), rac iwvevs gadaxurvis ZiriTadi mzidi 

konstruqciebis masalis mniSvnelovan  zrdas. 

 

 

 

 

 

 

 

 

fig. 73. civi buruli grZivebze 

a _ mcirezomiani brtyeli filebiT (minis, azbocementis da sxva);  

b _ minaprofilitiTa da minablokebiT; g _ daprofilebuli furclebiT 

(foladis, aluminis, minaplastikis da sxv.); d _ burulis detalebi: 

1 _ ferma; 2 _ grZivi; 3 _ kuTxedi; 4 _ tesebri profili; 5 _ brtyeli 

filebi; 6 _ minablokebi; 7 _ daprofilebeli furceli; 8 _ mamWidroebeli 

Suasadebi; 9 _ fasonuri firfita; 10 _ kavi; 
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gauTboblad Senobebsa da nagebobebSi SeiZleba gamoyenebul 

iqnas civi burulebi, rogoricaa mcire zomis minisebri azbestcementis 

filebi, minablokebi da minaprofiliti, daprofilebuli fenili da 

minaplastiki, agreTve rkinabetonis filebi maTbuneblis gareSe (fig. 

73). msubuqi tipis civi daxurvebi ewyoba grZivebis sqemis mixedviT, 

grZivebs Soris wvrili filebis dasamagreblad damatebiTi 

gamanawilebeli profilebis damatebiT. nivnivuri wamwis moxazulobam 

unda uzrunvelyos zeda sartyelis qanobi, damaxasiaTebeli burulis 

masalisTvis 27-e cxrilis rekomendaciebis Sesabamisad.  

     cxrili 27 

burulis dasaSvebi qanobi da masa, kg/m2 

 

 

 

 

 

 

 

nivnivur gadaxurvebSi gamoiyeneba mTliankedliani (naglini an 

naRuni profilebi) da gisosovani grZivebi. mTliankedlian grZivebs 

iyeneben im SemTxvevebSi, rodesac fermebis biji  ar aRemateba 6 m-s da 

daniSnulebidan gamomdinare aqvs sxvadasxva saangariSo kveTi (fig. 74). 

 

 

 

fig. 74. mTliankedliani grZivebis tipebi 

a _ burulebi naglini profilebisgan; b _ burulebi kiduli WerisTvis;  

g _ burulebi civnaRuni profilebisgan 
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mTliankedliani grZivebis gaangariSeba xorcieldeba burulis,  

Tovlisa da Sekiduli Weris wonisagan gadmocemul datvirTvebze. 

mTliankedliani grZivis saangariSo sqema erTmaliani Wradi koWis 

sqemis analogiuria (fig. 75). Sesabamisad, grZivis saWiro kveTi, 

inerciis erT-erTi mTavari RerZis mimarT Runvisas, SesaZlebelia 

gaangariSdes formulebiT (32) da (33), xolo iribi Runvis SemTxvevaSi 

(fig. 76)  formuliT:  

                                σ = (Mx /1.12Wx) + (My /1.47Wy) ≤ Ryγc ,                                   (78) 

sadac 1.12 da 1.47 koeficientebia, romlebic iTvaliswinebs plastikuri 

deformaciebis ganviTarebas Sveleruli da ortesebri kveTis 

mTliankedlian koWebSi. 

 

 

 

 

 

 

 

 

fig. 75. grZivis saangariSo sqema       fig. 76. mTliankedliani grZivis      

saangariSo sqema irib Runvaze  

irib Runvas adgili aqvs im SemTxvevaSi, rodesac  nivnivuri 

wamwis zeda sartyelis daxris kuTxe horizontis mimarT aRemateba 20º. 

wamwis zeda sartyelis didi qanobis SemTxvevaSi qanobis mdgeneli 

cdilobs grZivebis gadayiravebas. amis Tavidan asacileblad, qanobis 

mdgenelis gaswvriv yvela grZivi erTmaneTTan magrdeba 16_18 mm 

diametris armaturis mavTulis WimebiT, romlebic kexSi magrdebian 
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mzidi konstruqciebis sartyelebTan. gisosovani grZivebis gamoyeneba 

mizanSewonilia nivnivuri wamweebis 6 m-ze meti bijis SemTxvevaSi, 

vinaidan mTliankedliani grZivis gamoyeneba am SemTxvevaSi  moiTxovs 

liTonis did xarjs. 

 gisosovani grZivis martivi da yvelaze msubuqi konstruqciaa 

wnel_Sprengeluri grZivi gisosiT da mrgvali foladisagan 

damzadebuli qveda sartyeliT (fig. 77). aseTi grZivis  naklia qveda 

sartyelTan gisosis wnelebis SeuRlebis kvanZebSi SenaduRi nakerebis 

kontrolis sirTule, agreTve sifrTxile transportirebisa da 

montaJis dros.  

 

 

 

 

 

 

fig. 77. wnel-Sprengeluri  grZivi 

a _ sqema; b _ konstruqcia 

mSeneblobis praqtikaSi farTo gamoyeneba moipova naglin 

elementebianma gisosovanma grZivma (fig. 78). am grZivis zeda sartyeli 

gadawyvetilia Sewyvilebul_Svelerebiani sammaliani uWri koWis 

saxiT, rac uzrunvelyofs mis mcire wonasa da maRal mdgradobas 

aracentraluri kumSvis dros. kvanZebSi elementebis  SeuRleba 

xorcieldeba eleqtromoqlonebiT an SenaduRi nakerebiT, rac qmnis 

maRal saimedoobas eqspluataciis dros. gisosovani grZivebis 

gaangariSeba xorcieldeba nivnivuri wamweebis gaangariSebis 

analogiurad (ix. p. 5.5). 
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fig. 78. tipuri Sprengeluri grZivi eleqtromoqlonebiani (an SeduRebuli) 

naglini Svelerebisgan   

a _ geometriuli sqema; b, g _  Zalvebi grZivis elementebSi; 

d _ sayrdeni kvanZi; e _ qveda sartyelis kvanZi. 

 

5.5. nivnivuri wamweebis muSaobis Taviseburebebi 

da gaangariSeba 

nivnivuri wamweebis gaangariSebas axorcieleben fermis yovel 

kvanZze moqmedi Seyursuli F Zalebis moqmedebaze (fig. 79) formuliT:  

                                        F = lmbΣ(gnγg + vnγv + snγs),                                                (79) 

sadac gn , vn , sn  aris Sesabamisad normatiuli mudmivi, droebiTi da    

Tovlis datvirTvebi. 

Tu zeda sartyelis daxris kuTxe α >20º, (79)-e formulaSi  

burulis sakuTari wonisgan datvirTva iqneba gnγg /cos α. kiduli Weris, 

amwe-koWis, Suqfarnebis da a.S. arsebobis SemTxvevaSi, maTgan 

gamowveuli datvirTvebi agreTve moqmedebs wamwis Sesabamis kvanZebSi 

Seyursuli Zalebis saxiT. 
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fig. 79. nivnivuri wamwis saangariSo sqema 

nivnivuri wamwis elementebSi saangariSo Seyursuli Zalebis 

moqmedebisas warmoiqmnebian grZivi mkumSavi da gamWimi Zalvebi, xolo 

wamwe mTlianad Rebulobs CaRunvas f (fig. 80). ugrZivo sqemebSi, panelis 

SuaSi modebuli (rkinabetonis wibovani filebis dayrdnobis 

SemTxvevaSi) Seyursuli Zalisagan, an sartyelis sigrZeze wrfivi 

ganawilebuli datvirTvisgan, wamwis zeda sartyelma SesaZlebelia 

ganicados adgilobrivi Runva. am momentebis mniSvnelobebi 

ganisazRvreba im varaudiT, rom zeda sartyeli muSaobs rogorc 

erTmaliani Wradi koWi 

                                          MF = Flm /4;         Mcal = (qg + qs)lm
2
/8,                                    (80) 

sadac F aris Seyursuli Zala panelis SuaSi; qg , qs _ saangariSo 

wrfivi datvirTvebi sakuTari wonisa da Tovlisagan. 
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fig. 80. vertikaluri datvirTvis qveS momuSave nivnivuri wamwe 

 

 

 

 

 

 

 

 

 

fig. 81. Zalvebis gansazRvra wamwis elementebSi   

a, g _ saangariSo sqemebi; b _ maqsvel-kremonas diagrama ZiriTadi 

sistemisaTvis; d _ maqsvel-kremonas diagrama Sprengeluri sistemisaTvis 

nivnivuri wamweebis elementebSi Zalvebi ganisazRvreba calcalke 

TviToeuli datvirTvisagan grafikul-analizuri meTodiT _ maqsvel-

kremonas diagramis agebis gziT an analizuri _ kvanZebis amokveTis 

meTodiT. pirveli meTodi gamoiyeneba rTuli moxazulobis 

sartyelebis da gisosis cvladi daxris kuTxis mqone wamweebis 

gasaangariSeblad, xolo meore _ martivi wamweebisaTvis. maqsvel-

kremonas diagramis asagebad Reroebs aRniSnaven cifrebiT da asoebiT 
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(fig. 81), analizuri gziT sazRvraven sayrden reaqciebs da ageben gare 

da Semdeg Siga Zalebis mravalkuTxeds. 

Sprengeluri gisosebis SemTxvevaSi Tadapirvelad ageben 

diagramas ZiriTadi sqemisTvis, anawileben ra Seyursul Zalebs 

Springeluri kvanZebidan ZiriTad kvanZebze, xolo Semdeg ageben 

Zalvebis diagramas Sprengelur wamweSi. amis Semdeg SejamebiT 

sazRvraven Zalvebs TanamTxvevad ReroebSi. Reroebis kveTis tipis 

SerCervisas xelmZRvaneloben cxriliT 28.  

cxrili 28 

msubuqi da saSualo wamweebis elementebis kveTebis tipebi 

 

 

 

 

vinaidan wamweebis elementebSi ZiriTadad warmoiqmnebian 

centraluri  gaWimvis an kumSvis Zalebi,  cdiloben kveTebi SearCion  

Tanabrad mdgradi mTavari RerZebis mimarT, amitom wamweebisaTvis 

ufro damaxasiaTebelia ori TanabarTaroiani an araTanabarTaroiani 

kuTxedebiT, SvelerebiT, mrgvali an sworkuTxa milebiT Sedgenili 

kveTebi. SekumSuli zeda sartylebisaTvis yvelaze mizanSewonilia ori 

araTanabarTaroiani kuTxediT Sedgenili (mokle TaroebiT 

erTmaneTTan dayenebuli) kveTi, rac zrdis sixistes wamwis marTob 

sibrtyeSi.  

calkeul kuTxedebian kveTebs iyeneben mcired datvirTul an 

konstruqciul ReroebSi, Tumca mSeneblobaSi agreTve gamoiyeneba 

msubuqi wamweebi, romlebic mTlianad damzadebulia TanabarTaroiani 

calkeuli kuTxedisagan. aseTi wamweebi gamoirCeva ufro maRali 

koroziamedegobiT da efeqturad gamoiyeneba agresiul garemoebian 

SenobebSi. 

naglini an grexil-SenaduRi profilebisagan damzadebuli 

wamweebis axal konstruqciul gadawyvetebTan SedarebiT, Sewyvilebul 
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kuTxedebiani wamweebi ufro mZime da damzadebaSi Sromatevadia. 

liTonis xarjis mixedviT ufro ekonomiuria mrgvali foladis 

milebisagan damzadebuli wamweebi, Tumca maTi damzadeba ufro 

Sromatevadia marTkuTxa milebisa da calkeuli kuTxedebisagan 

damzadebul wamweebTan SedarebiT. aluminis Senadnobebisagan 

damzadebuli wamweebis Reroebi foladis profilebis analogiuria. 

Ria profilebis gamoyenebis SemTxvevaSi (kuTxedi, tesebri, Sveleri), 

maT boloebSi iTvaliswineben specialur gasqelebebs, e.w. bulbebs. 

wamwis gaWimuli elementis kveTis saWiro farTobi An,cal 

gaiangariSeba me-(8) formulis Sesabamisad 

                                                            An,cal = N /Ryγc ,                                                        (81) 

xolo SekumSuli elementisTvis me-(10) formulis  Sesabamisad 

                                                             Acal = N /φRyγc .                                                       (82) 

wamwis gaWimuli elementis ganivkveTs irCeven sortamentiT, ise 

rom ganivkveTis farTobis namdvili mniSvneloba A ≥ An,cal .   

SekumSuli elementis ganivi kveTis gansazRvra damokidebulia 

grZivi Runvis koeficientze θ, amitom SekumSuli Reroebis 

gaangariSeba xdeba Tanamimdevruli miaxloebis meTodiT. θ 

koeficientis mniSvneloba pirveli miaxloebiT aiReba Semdegi 

rekomendaciebis Sesabamisad:  

foladis konstruqciebisaTvis      θ1 = 0.6_0.7, rodesac  N < 200 kn, 

                                                                     θ1 = 0.7_0.8, rodesac 200 < N<1000kn, 

                                  θ1 = 0.8_0.9, rodesac N ≥ 1000kn;                                                                         

aluminis Senadnobebis                  θ1 = 0.5_0.6, rodesac  N < 200 kn,     

konstruqciebisaTvis            θ1 = 0.6_0.7, rodesac 200 < N<1000kn,       

      θ1 = 0.7_0.8, rodesac N ≥ 1000kn. 

SekumSuli da gaWimuli elementebis zRvruli moqniloba 

izRudeba sakuTari masisagan Reroebis Cazneqilobis Tavidan 

asacileblad, samontaJo da saeqspluatacio datvirTvebze mdgradobis 

uzrunvelsayofad, dinamikuri zemoqmedebebisas vibraciis likvidaciis 
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mizniT. samSeneblo normebisa da wesebis Sesabamisad SekumSuli da 

gaWimuli elementebis zRvruli moqnilobis mniSvnelobebi aiReba 29-e 

cxrilis mixedviT. 

cxrili 29 

SekumSuli da gaWimuli elementebis zRvruli moqnilobebi 

 
elementebi 

 

 
SekumSuli 
Reroebi 

gaWimuli Reroebi 

uSualo 
dinamikuri 

zemoqmedebebis 
dros 

statikuri 
datvirTvebis 

dros 

mZime reJimis 
SenobebSi 

sartyelebi, 
sayrdeni 
iribnebi da 
dgarebi 

 
120 (100) 

 
250 (200) 

 
400 (300) 

 
250 

sxva 
elementebi 

150 (120) 350 (300) 400 (300) 300 

gadaxurvis 
kavSirebi 

200 (150) 400 (300) 400 (300) 300 

 
SeniSvna: frCxilebSi mocemulia mniSvnelobebi aluminis SenadnobebisTvis. 

wamwis SekumSulma Reroebma SeiZleba dakargon mdgradoba 

rogorc Tavis sibrteSi, aseve wamwis sibtryidan, amitom sazRvraven 

Reros maqsimalur moqnilobas, romelsac Seesabameba grZivi Runvis 

minimaluri koeficienti. viTvaliswinebT ra, rom SekumSuli Reroebis 

mdgradobis dakargva SeiZleba moxdes mxolod Camagrebul kvanZebs 

Soris, Camagrebis xasiaTis GgaTvaliswinebiT (fig. 82 da 83), Reroebis 

saangariSo sigrZeebi SeirCeva 30-e cxrilis mixedviT. 

 

 

 

 

 

 

 

 

fig. 82. wamweebis zeda sartyelis elementebis  

saangariSo sigrZeebis gansazRvrisaTvis 



123 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 83. wamweebis gisosis elementebis   

saangariSo sigrZeebis gansazRvrisaTvis 

cxrili 30 

brtyeli wamweebis SekumSuli elementebis saangariSo sigrZeebi lef 

 
 
 
grZivi Runva 

martivi gisosiT 
(ix. fig. 82) 

rTuli gisosiT 
(ix. fig. 83) 

 
 
sarty
lebi 

gisosi  
 
sarty-
lebi 

gisosi 
sayrde

ni 
iribneb
i da 

dgareb
i 

 
sxva 

elemente
bi 

sayrde
ni 

iribneb
i da 

dgareb
i 

 
sxva 

elemente
bi 

wamwis 
sibrtyeSi 

 
 

l 

 
 

l 

 
 

0.8l 

 
 

l 

 
 

l 

 
 

0.8l 

wamwis 
marTobul 
sibrtyidan 

 
 

l1 

 
 

l1 

 
 

l1 

 
 

l1 

 
 

l1 

 
 

l1 

 

aRniSvnebi: l _ manZili uaxloes kvanZebs Soris wamwis sibrtyeSi; l1 _ manZili 

kvanZebs Soris, romlebic damagrebuli arian wamwis sibrtyidan gadaadglebis 

Tavidan asacileblad.  
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wamwis sibrtyeSi gisosis elementebis saangariSo sigrZis 

gansazRvrisaTvis 0.8 koeficientis  Semotana iTvaliswinebs Reroebis 

drekad Camagrebas fasonurebSi, idealursaxsriani saangaariSo 

sqemisagan gansxvavebiT. Caketil profilebiani sartyelebisa da 

gisosis mqone wamweebisaTvis, romelTa gisosis elementebi 

sartyelebTan mierTebulia pirmidgmiT, sibrtyeSi da wamwis sibrtyidan 

gisosis elementebis saangariSo sigrZis gansazRvrisas iReben 

koeficients 0.9. garda amisa, gisosis ZiriTadi SekumSuli elementebis 

gaangariSebisas iTvaliswineben muSaobis pirobebis koeficients γc = 0.8 

(ix. p. 1.4.), romelic amcirebs saangariSo winaRobas imis gamo, rom 

grZeli (λ ≥ 60), mcired datvirTuli Reroebi SeiZleba deformirdes 

samuSaoebis warmoebis procesSi. Sedegad SeiZleba gaCndes sawyisi 

eqscentrisiteti, romelic metad saxifaToa eqspluataciis periodSi. 

Reroebis kveTebis SerCeva mosaxerxebelia 31-e cxrilSi moyvanili 

formis mixedviT. 

 

5.6. wamwis konstruirebis safuZvlebi. 

kvanZebis gaangariSeba  

wamwis kvanZebis konstruirebis safuZvelia kvanZSi Semavali 

yvela Reros RerZebis kvanZis centrSi gadakveTa (fig. 84, a). am 

SemTxvevaSi miiRweva RerZuli Zalvebis SenarCuneba yovel Rerovan 

elementSi. kvanZSi RerZebis gancentrebis SemTxvevaSi (fig. 84, b) 

tolqmedi Zala Ftot sartyelis mimarT modebuli iqneba e2 

eqscentrisitetiT, ris Sedegadac kvaZSi gaCndeba damatebiTi mRunavi 

momenti M = Ftot e2. damatebiTi momentis gaCena iwvevs wamwis sibrtyeSi 

kvanZis dagrexas Nm ZalebiT da ReroebSi aracentralur kumSvas da 

gaWimvas, rac gamoiwvevs masalis xarjis gazrdas.    

sakvanZo fasonurebis gabaritebi ganisazRvreba pirobiT, rom 

Rerovani elementebis mimagreba xorcieldeba flanguri SenaduRi 

nakerebiT an maRali simtkicis WanWikebiT, SesauRlebel  elementebs 

Soris 40_50 mm RreCos gaTvaliswinebiT (fig. 85). damzadebis 

Sromatevadobis Semcirebis mizniT, fasonurebs unda hqondeT martivi 
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marTkuTxa forma, xolo SeerTebis simtkicis uzrunvelsayofad 

ganivkveTis zomebi unda iyos iseTi, rom uzrunvelyofili iqnes 

fasonurebisa da Rerovani elementebis Tanabari simtkice. dauSvebelia 

fasonuras daproeqteba Zalvis RerZis mimarT asimetriulad, radganac 

am SemTxvevaSi warmoiSoba adgilobrivi mRunavi momentebi (fig. 85, d). 

 

 

 

 

 

 

 

 

 

fig. 84. Reroebis dacentreba wamwis kvanZebSi  

a _ swori; b _ araswori 

 

 

 

 

 

 

 

 

fig. 85. fasonuras mimagreba sartyelebTan da iribnebTan 

a, b _ swori; g, d _ araswori. 
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wamwis yvela kvaZSi fasonuras sisqes iReben erTnairs  SekumSul 

sayrden iribanaSi moqmedi saangariSo Zalvis mixedviT (cxrili 32), 

vinaidan, am kvaZSi, Reros torssa da sayrdeni kvanZis sixistis wiboebs 

Soris ubanze, fasonuras mdgadobis dakargvis saSiSroeba iqmneba. 

didmalian fermebSi dasaSvebia sayrdeni kvanZis fasonura aRebul 

iqnas 2 mm-iT sqeli sxva fasonurebTan SedarebiT. 

cxrili 32 

wamweebis fasonurebis rekomendebuli sisqe 

 

saangariSo 

Zalva sayrden 

iribanaSi, kn 

150_de 160- 

250 

260_ 

400 

410_ 

600 

610_ 

1000 

1010_ 

1400 

1410_ 

1800 

1800-ze 

meti 

fasonuras 

sisqe, mm 

6 8 10 12 14 16 18 20 

 

Wradi Reroebis sakvanZo fasonurasTan mimagrebis SenaduRi 

nakerebis gaangariSebas awarmoeben mocemul ReroSi moqmed Zalvaze. 

fasonuras uwyvet sartyelTan mimagrebis nakerebi  unda gaangariSdes 

panelebSi Zalvebis sxvaobaze (fig. 85, a). Wrad sakvanZo fasonurebian, 

sartyelebis Reroebze zesadebebian, sapirapire kvanZebSi fasonuras 

sartyelTan misamagrebili nakerebis gaangariSebas axdenen gisosis 

elementebSi tolqmed Zalvaze. 

 

5.7. msubuqi wamweebis konstruireba 

nivnivuri wamweebi SeiZleba daeyrdnos foladis an rkinabetonis 

svetebze, aguris an betonis kedlebze, agreTve nivnivqveSa 

konstruqciebze. mSeneblobis praqtikaSi agreTve gamoiyeneba wamwis 

xisti  mimagreba svetze gverdidan (fig. 86), rac uzrunvelyofs 

saangariSo malisa da konstruqciis sartyelebSi saangariSo Zalvebis 

Semcirebas. zeda sartyelSi grZivi Zalebis gadacema svetze 

xorcieldeba sartyelis kuTxedebis Taroebze da  svetis  saTavsis 

horizontalur furcelze miduRebuli sapirapire zesadebiT, xolo 

qveda sartyelSi _  torsuli sayrdeni wiboTi. 
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fig. 86. tipuri unificirebuli wamweebis sayrdeni kvanZebi (1_4) wamweebis 

svetTan gverdidan mimagrebis SemTxvevaSi 

a _ dayrdnoba ganapira svetze; b _dayrdnoba Sua svetze. 

tipur gadawyvetebSi (ix. fig. 68), wamweebis sayrdeni kvanZebis 

unifikaciis mizniT, foladis an rkinabetonis svetebze dayrdnobis 

SemTxvevaSi iyeneben saxsrul Camagrebas, romlis drosac wamwis 

sayrdenis reaqcia svetis saTaviss gadaecema vertikaluri sayrdeni 

wibos torsiT (fig. 87). foladis svetebis gamoyenebis SemTxvevaSi, 

ganapira RerZebze mibmas aproeqteben RerZulad (fig. 87, a), 

rkinabetonis svetebis dros ki mibma nulovania (fig. 87, b). sayrdenis 

zeda dgari gankuTvnilia wamwis zonaSi Semomfargvleli panelebis 

dasamagreblad. 

wamweebis yvelaze sapasuxismgeblo kvanZebia samontaJo pirapira 

kvanZebi (fig. 88). am kvanZebis saWiroeba aixsneba nivnivuri wamwis 

calkeul samontaJo elementebad danawevrebis (ufro xSirad or 

naxevarfermad, malis SuaSi _ sartyelebSi maqsimaluri grZivi 
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Zalvebis moqmedebis zonaSi) aucileblobiT. naxevarwamweebis urTierT-

Senacvlebadobis pirobidan gamomdinare, samontaJo elementebad 

danawevreba agreTve gulisxmobs sakvanZo  fasonurebis or tol 

nawilad danawevrebas. 

 

 

 

 

 

 

 

 

 

 

 

fig. 87. tipuri unificirebuli wamweebis sayrdeni kvanZebi (1_4)        

ganapira (a, b) da Sua (g) svetze zevidan dayrdnobis SemTxvavaSi 

samontaJo pirapiris umartivesi konstruqcia naCvenebia fig. 88, a-

ze. zeda sartyelSi pirapiri gadaxurulia simetriulad ganlagebuli 

sapirapire kuTxedebiT, romlebic miduRebulia zeda sartyelis 

kuTxedebis TaroebTan. sapirapire kuTxedebs naxevarwamweebTan, 

pirapiris yovel mxares, winaswar amagreben or-ori samontaJo WanWikiT. 

qveda (horizontalur) sartyelSi sapirapire kuTxedebs ganalageben 

xtulad, rac amaRlebs pirapiris saimedoobas, vinaidan am SemTxvevaSi 

pirapiri daxurulia erTi sapirapire  kuTxediT da kvanZis fasonuriT. 
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fig. 88. wamweebis zeda da qveda sartyelebis samontaJo pirapirebi 

a _ kuTxedi sapirapire zesadebebiT; b _ furclovani sapirapire zesadebebiT 

amave moTxovnebs pasuxobs fig. 88, b-ze naCvenebi kvanZis 

konstruqcia. es gadawyveta pirvelTan SedarebiT ufro Sromatevadia, 

magram xasiaTdeba meti mzidunarianobiTa da saimedoobiT. samontaJo 

sapirapire kvanZebis ZiriTadi daniSnulebaa sapirapire elementebis 

kveTisa da sartyelebis kveTis Tanabari simtkicis uzrunvelyofa. 

wamweebis kvanZebis Sualeduri kvanZebis konstruqciuli gadawyvetebi 

naCvenebia fig. 89-ze. 

wamweebze rkinabetonis wibovani filebis dayrdnobis adgilebSi 

sartyelebis kuTxedebis Taroebs aZliereben ara umetes 150x150 sm 

zomis horizontaluri sakvanZo  firfitebiT (fig. 89, a, b ). nulovani 

Zalvis mqone ReroebSi, foladis damatebiTi ekonomiis misaRebad 

dasaSvebia calmagi  kuTxedis gamoyeneba (fig. 89, g). am SemTxvevaSi, da 

agreTve sartyelebSi ufro mcire kveTis mqone kuTxedebze 

gadasvlisas, Sewyvilebuli an ufro didi kveTis mqone kuTxedebi 

kvanZis centrs gadacilebian 300_500  mm-iT (fig. 89, d) 
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fig. 89. tipobrivi unificirebuli wamweebis Sualeduri kvanZebi da wamweebis 

elementebSi SemaerTebeli Tamasebis mowyoba 

pirapirSi saangariSo kveTad miiCneva sakvanZo fasonuras 

furclisa da zesadebis firfitebisagan Sedgenili kveTi. ori kuTxe-

disgan, Svelerisgan da a.S. Sedgenili Reroebis erToblivi muSaoba 

uzrunvelyofilia im SemTxvevaSi, Tu maT Soris Cadgmulia SemaerTe-

beli Tamasebi (fig. 89, z). SekumSul Reroebis sigrZeze Tamasebs 

ayeneben bijiT ≤40ix (sadac ix kuTxovanas inerciis radiusia x_x RerZis 

mimarT), xolo gaWimuli elementebisTvis _ bijiT ≤80ix. Tamasebis sisqe 

aiReba wamweebis ZiriTadi sakvanZo fasonurebis sisqis toli. 

foladis ekonomiis erT-erTi ZiriTadi mimarTulebaa foladis 

milisebri konstruqciebis gamoyeneba. Teoriulma da eqsperimentulma 

kvlevebma, agreTve mSeneblobaSi milisebri elementebisagan damzadebu-

li nivnivuri wamweebis gamoyenebam aCvena, rom Cveulebrivi profilebi-

sagan damzadebul wamweebTan SedarebiT, foladis erTi da igive 

markis SemTxvevaSi da Tanabar saeqspluatacio pirobebSi, foladis 

ekonomia aRwevss 15_20 %-s, xolo 400_500 mpa droebiTi winaRobis mqone 

foladebis SemTxvevaSi, masalis xarji SeiZleba Semcirdes 30_40 %-mde. 
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milisebri wamweebi, foladis ekonomiasTan erTad, xasiaTdeba 

damzadebis naklebi SromatevadobiT saSemduReblo samuSaoebis 

moculobebis Semcirebis gamo. 

mrgvali milebisagan nivnivuri wamweebis daproeqtebisas 

upiratersoba eniWeba iseT konstruqciul sqemebs, romlsac aqvT 

samkuTxa gisosi, kvanZebSi gisosis araumetes ori elementis 

SeuRlebiT. Sprengeruli gisosebi, kvanZebis konstruirebis sirTulis 

gamo, milisebr wamweebSi rekomendebuli ar aris. milisebri kveTis 

gamoyenebis maqsimaluri efeqti miiRweva konstruqciis yvela 

SekumSuli Reros saangariSo sigrZeebis tolobis SemTxvevaSi. 

milisebr wamweebSi dasaSvebia eleqroSenaduRi an cxlad 

deformirebuli milebis gamoyeneba diametriT 40_530 mm, Tumca yvelaze 

mizanSewonilia milebi gare diametriT 140_180 mm-de da kedlis sisqis 

diametrTan SefardebiT: 1/35 _ 1/45 sartyelebisaTvis; 1/70_1/ 100 gisosis 

SekumSuli elementebisaTvis da 1/100 gisosis gaWimuli elementebisaT-

vis. amasTan, milis minimaluri sisqe unda iyos aranaklebi 3 mm. 

milisebri wamweeebis sakvanZo SeerTebebi SeiZleba iyos 

fasonurebis gareSe, sakvanZo fasonurebiTa da sakvanZo CasadgmelebiT: 

cilindruli, prizmuli da sferuli formis (fig. 90). masalis xarjis 

mixedviT yvelaze efeqturia ufasonuro SeerTebebi milebis cilindru-

li SeuRlebiT (fig. 90, a-g), romlebic gamoiyeneba gisosis sartyelTan 

aranakleb 30º daxris kuTxis da gisosis elementebisa da sartyelebis 

diametrebis Sefardebis aranakleb 1/3-is SemTxvevaSi. gabrtyelebul 

boloebiani milebis ufasonuro SeerTebebi (fig. 90, z, i, k) ufro 

martivi dasamzadebelia, magram naklebad saimedoa muSaobaSi. 

fasonurebiani kvanZebi (fig. 90, d, m, s, t) iSviaTad gamoiyeneba, 

vinaidan isini saWiroebs masalis did xarjs. aseTi SeerTebebi 

mosaxerxebelia wamweebis sayrdeni kvanZebisaTvis svetebze zevidan 

dayrdnobis SemTxvevaSi (fig. 90, s, t). sakvanZo Casadgmelebiani kvanZebi 

(fig. 90, o, p) gamoirCeva universalobiT, maT farTod iyeneben nivnivuri 

wamweebis sxvadasxva tipebSi (gansakuTrebiT sivrciTSi), magram masalis 

xarjis mxriv CamorCebian ufasonuro SeerTebebs.  
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fig. 90. gisosovani konstruqciebis kvanZebi mrgval milebiani  ReroebiT 

SenaduR pirapirebs (fig. 91, a-k), rogorc wesi, qarxnul pirobebSi 

amzadeben. maTi daniSnulebaa sartyelebis sigrZis gazrda an 

sxvadasxva diametris milebis SeuRleba. maRali  simtkicis WanWikebian 
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pirapirebs (fig. 91, l-n) (torsuli miltuCebiT an grZivi wiboebiT) 

aproeqteben samontaJo saxiT, gasagzavni markebis erT mTlian 

konstruqciad SesauRleblad. miltuCa SeerTebebi WanWikebiT 

gaTvaliswinebulia, rogorc gaWimuli, aseve SekumSuli 

elementebisaTvisac. 

 

 

 

 

 

 

 

 

 

fig. 91.  milisebri Reroebis SenaduRi (a_k) da WanWikuri (l_n) grZivi 

pirapirebi 

24 da 30 m malis mqone samrewvelo Senobebis gadaxurvebis 

ekonomikuri efeqturobis gazrdis moTxovnam gamoiwvia nivnivuri 

wamweebis axali konstruqciuli gadawyvetebi: farToTaroebiani 

tesebri da ortesebri, marTkuTxa kveTis naRun_SenaduRi, calkeuli 

kuTxedi da kuTxedortesebri (cxlad glinuli Svelerisa da kuTxedis 

kombinirebuli kveTi) profilebis gamoyenebiT. 

am gadaxurvebis saerTo niSania _ burulis ugrZivo gadawyveta, 

daprofilebuli fenilis uSualod nivnivuri wamweebis zeda 

sartyelebze daydnobiT. daprofilebuli fenilis mzidunarianobidan 

gamomdinare, nivnivuri wamweebis biji miiReba 3 an 4 m. nivnivuri 

wamweebi eyrdnoba nivnivqveSa wamweebze maliT 12 m. nivnivuri da nivniv-

qveSa wamweebi paralelur sartyelebiania da burulis qanobi 1.5º-ia. 
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aRsaniSnavia farToTaroebiani tesebri da ortesebri profile-

bisgan damzadebuli wamweebis konstruqciebi (fig. 92). isini warmatebiT 

gamoiyeneba daprofilebuli da rkinabetonis fenilebian gadaxurvebSi. 

am tipis nivnivur wamweebSi sartyelebs akeTeben farToTaroebiani 

tesebri profilebisagan, xolo gisoss _ wyvili kuTxedisagan. gisosis 

tipobrivi sqemis arsebiTi naklovanebaa _ kvanZebSi gaganierebebis 

mowyoba tesebris kedelTan miduRebuli furclovani fasonurebis 

saxiT. gisosis kuTxedebis mWidro mibjenisaTvis SeduRebis nakeri 

pirapiris adgilas unda iyos gulmodgined damuSavebuli. sakvanZo 

gaganierebebis Tavidan acileba SesaZlebelia im SemTxvevebSi, TuU 

gisosi damzadebulia calkeuli kuTxedebisgan, Svelerebisgan an 

tesebrebisgan, rodesac kvanZSi Tavs iyris mxolod ori elementi _ 

samkuTxa dgarebis gareSe, iribnuli an jvaredina tipis gisosebis 

dros. 

 

 

 

 

 

 

 

 

 

 

 

fig. 92.  farToTaroebiani tesebri sartyelebis mqone tipobrivi nivnivuri 

wamweebis kvanZebi  
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farToTaroebiani tesebri profilebiani wamwis qarxnuli kvanZebi 

mzaddeba wyvilkuTxediani tradiciuli wamweebisaTvis damaxasiaTebeli 

teqnologiiT. samontaJo pirapirebi sruldeba SeduRebiT ori wyvili 

zesadebis gamoyenebiT _ vertikalurebis, romelTagan TiTo-TiTo 

yovel naxevarwamweze miduRebulia qarxanaSi, da horizontalurebis, 

romlebis miduRdeba xdeba samSeneblo moedanze. zesadebebis dayenebis 

sizustes uzrunvelyofs maTi winaswari SeuRleba sartyelebTan 

normaluri sizustis WanWikebis gamoyenebiT. 

 

 

 

 

 

 

 

 

 

 

 

fig. 93. marTkuTxa kveTis milebisagan damzadebuli nivnivuri wamwis kvanZebi 

samSeneblo praqtikaSi farTodaa gavrcelebuli marTkuTxa 

kveTis  naRun-SenaduRi profilebisagan damzadebuli nivnivuri da 

nivnivqveSa wamweebi (fig. 93). marTkuTxa kveTis milebisagan 

damzadebuli wamweebis sakvanZo SeerTebebs akeTeben fasonurebis 

gareSe, gisosis elementebis uSualod sartyelebTan miduRebis gziT. 

amasTan, gisosis elementebis kveTis siganes iReben 20_30 mm-iT naklebs 

sartyelis elementebis kveTis siganesTan SedarebiT, rac 
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uzrunvelyofs SenaduRi nakerebis normalur ganlagebas da ar iwvevs 

Taroebis adgilobriv Runvas. aseTi wamweebis zeda sartyels aqvs 

simaRlis mixedviT ganviTarebuli marTkuTxa kveTi, romelic muSaobs 

aracentralur kumSvaze. nivnivuri wamweebis samontaJo sapirapire 

kvanZebs akeTeben miltuCebis gamoyenebiT da normaluri sizustis 

WanWikebiT. 

 

 

 

 

 

 

 

 

 

 

 

fig. 94. calkeuli kuTxedebisagan  SenaduRi SeerTebebis CadnobiT 

damzadebuli wamwis kvanZebi 

ugrZivo gadaxurvebis (nivnivuri wamweebis bijiT 3_4 m) saukeTeso 

teqnikur_ekonomikuri maCveneblebi aqvT calkeuli kuTxedebisagan 

SenaduRi SeerTebebis CadnobiT damzadebuli wamweebiT gadaxurvebs  

(fig. 94). am wamweebSi sartyelebi da gisosi mzaddeba Tanabar da 

aranabarTaroebiani kuTxedebisagan. elementebis yvela qarxnuli 

SeerTeba Sesrulebulia fasonurebis gareSe, rkaluri wertilovani 

SeduRebiT, iZulebiTi gamWoli CaduRebiT. 25 mm diametris SenaduRi 

wertilebi misamagrebel elementebSi ganlagebulia simetriulad 

elementis RerZis mimarT erT an or rigad bijiT 60 mm. erTi wertilis 
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mzidunarianoba Seadgens 135 kn-s. imisaTvis, rom gisosis kuTxedebis 

Taroebis da sartyelebis Sexebis zedapirze SesaZlebeli iyos 

aranakleb ori SenaduRi wertilis ganTavseba, RerZebs acentreben 

sartyelis wiboze. qveda gaWimuli sartyelis samontaJo pirapiri 

sruldeba zesadebebiT maRali simtkicis WanWikebze, xolo zedasi _ 

sartyelis kuTxedebis torsebis frezviT. 

naRun-SenaduRi sworTkuTxa profilebisagan, calkeuli kuTxede-

bisagan da kuTxedtesebrebisagan damzadebul wamweebs angariSoben 

iseve, rogorc xistkvanZebian mravaljer statikurad urkvev sistemebs, 

kvanZgare datvirTvebisa da kvanZebSi gancentrebis gaTvaliswinebiT. 

 

5.8. mZime didmaliani wamweebis konstruireba 

60_150 m malebSi gamoiyeneba e.w. mZime wamweebi, orkedliani kveTis 

mqone elementebiT (fig. 95). aseTi kveTebis gamoyeneba gamowveulia 

imiT, rom naglini kuTxovanebis kveTebi ver akmayofilebs sartyelebSi, 

xandaxan ki konstruqciebis gisosebSi warmoqmnil Zalvebs. upiratesad 

gamoiyeneba SenaduRi Н-is  da   П-is magvari kveTebi (fig. 95, a), vinaidan 

isini saSualebas iZleva daproeqtdes kvanZebSi Reroebis SeuRlebis 

SedarebiT martivi  variantebi. fig. 95, b-ze naCvenebia mZime wamwis 

aluminis Senadnobebisgan dawnexili profilebis kompleqti.  

mZime didmalian wamweebs SeiZleba hqondeT sxvadasxva 

moxazuloba, magram maTTvis saerToa samkuTxa an rombisebri gisosebis 

gamoyeneba SprengelebiT, romlebic wamwis sibrtyeSi amcirebs zeda 

aracentralurad SekumSuli sartyelis saangariSo sigrZes (fig. 96). 

didi malebis SemTxvevaSi iyeneben paralelursartyelebian da 

trapeciisebr winaswar daZabul wamweebs (fig. 96, a-g). 

wamwis sakuTari masis Sesamcireblad upiratesoba eniWeba 

segmentur an poligonur moxazulebebs (fig. 96, d, e), romelTa 

gamoyeneba didi simaRlis gamo SezRudulia 100 m-mde malebiT. 

mZime wamweebis sartyelebis kveTis simaRle, rogorc wesi, ar 

aRemateba 1/15 lm ,  xolo kveTis sigane b ≤ 400_500 mm.  
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fig. 95.  mZime nivnivuri wamweebis foladis (a) da aluminis (b) SenaduRi 

elementebis kveTebi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
fig. 96. didmaliani nivnivuri wamweebi paraleluri sartyelebiT (a, g), 

trapeciisebri (b) da segmenturi (d, e) 
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mZime wamweebis konstruirebis ganmasxvavebeli Taviseburebaa 

sartyelebisa da gisosis elementebis kveTis formis cvalebadoba 

moqmedi Zalvis sididisa da niSnis mixedviT, kveTis siganis 

SenarCunebis pirobidan gamomdinare (kvanZebSi maTi SeuRlebis 

uzrunvelsayofad). mZime wamweebis konstruirebis dros acilebul 

unda iqnas kvanZebSi Reroebis gancentreba, vinaidan didi Zalvebis 

SemTxvevaSi yvelaze mcire eqscentrisitetebic ki iwvevs mniSvnelovani 

mRunavi momentebis gaCenas kvanZebSi.  

imis gaTvaliswinebiT, rom didmalian wamweebs, didi simaRlis 

gamo,  anawevreben gasagzavn elementebad calkeuli Reroebis saxiT, 

unda vecadoT sakvanZo SeerTebebis maqsimaluri gamartiveba, raTa 

montaJis dros SesaZlebeli iyos maRali xarisxis WanWikebiani 

SeerTebebisa da SeduRebiTi samuSaoebis Catareba. calkeuli 

Reroebisgan awyobil mZime wamweebSi upiratesoba eniWeba SeerTebebs 

maRali simtkicis WanWikebiT. am SemTxvevaSi, samontaJo pirapirebs 

ganalageben Reroebze kvanZebTan axlos. milisebri kveTebis gamoyenebis 

SemTxvevaSi, mZime wamweebisaTvis yvelaze racionaluria WanWikebiani 

SeerTebebi vertikaluri fasonurebiT an miltuCebiT. mZime wamweebis 

damaxasiaTebeli kvanZebi naCvenebia fig. 97-ze da fig. 98-ze. 

 mZime didmalian wamweebSi, agreTve maRali simtkicis foladisa 

da aluminis wamweebSi, Reroebis didi grZivi deformaciebis Sedegad 

(dagrZeleba _ gaWimuli Reroebis, damokleba _ SekumSuli Reroebis), 

warmoiqmneban mniSvnelovani vertikaluri CaRunvebi da sayrdeni 

kvanZebis horizontaluri gadaadgilebebi. konstruqciis eqspluatacia-

ze zomaze meti CaRunvebis gavlenis Tavidan asacileblad,  wamweebSi 

awyoben samSeneblo awevas, romlis sidide miiReba mTliani mudmivi da 

naxevari droebiTi datvirTvisagan gamowveuli CaRunvis sididis toli 

(fig. 99, a). 
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fig. 97. mZime wamwis kvanZebi 

(a-g) _ SenaduRi; (d-v) _ maRali simtkicis WanWikebiT 

 

 

 

 

 

 

 

fig. 98. mZime wamwis sayrdeni kvanZebi 
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fig. 99. mZime wamwis muSaobis sqema 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 100. mZime wamwis sayrdenis tipebi 

a, b _ uZravi; g, d – sagoravebiani 
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wamwisa da karkasis sayrdeni (damWeri) elementebis muSaobaze 

horizontaluri gadaadgilebis gavlenis gamosaricxad, mZime 

wamweebisaTvis aproeqteben uZrav da moZrav sayrdenebs (fig. 99,  b). l = 

30_60 m malebis SemTxvevaSi uZrav sayrdens akeTeben filisebri an 

tangenciuri saxsrebis saxiT (fig. 100, a, b), xolo moZravs _ 

erTsagoraviani sayrdenis saxiT (fig. 100, g). l = 60_120 (150) m malebis 

dros iyeneben uZrav balansirul sayrdens (fig. 101, a), xolo moZrav 

sayrdenad _ or an mravalsagoravian (nax. 101, d) an balansirul 

sayrdens (fig. 101, b).  

 

 

 

 

 

 

 

fig. 101. mZime wamwis balansiruli sayrdenebi 

a _ uZravi; b _ moZravi 

cilindruli sagoravis diametri SeiZleba ganisazRvros 

formuliT  

d = Fv  / n lcd  Rcd , 

sadac Fv aris sayrdeni reaqcia; n – sagoravebis raodenoba; d _ 

sagoravis diametri; lcd _ sagoravis sigrZe; Rcd – Tavisufali Sexebis 

dros sagoravebis saangariSo winaRoba diametrul SekumSvaze. 

 

 

 



144 

 

5.9. winaswar daZabuli wamweebis konstruqciuli        

gadawyvetebi  

winaswari daZabvis ZriTadi ideaa konstruqciaSi an mis 

elementebSi gare saeqspluatacio datvirTvebis zemoqmedebisagan 

warmoqmnili Zabvebis sawinaaRmdego niSnis winaswari sawyisi Zabvebis 

Seqmna. amis Sedegad izrdeba konstruqciis drekadi muSaobis areali, 

vinaidan gare datvirTvebi jer aqrobs winaswar daZabvas, xolo Semdeg 

aviTarebs ZiriTad Zabvebs masalis saangariSo winaRobamde. winaswari 

daZabva gamoiyeneba liTonis konstruqciebis efeqturobis 

asamaRleblad (liTonis xarjis Sesamcireblad), xolo zogierT 

SemTxvevaSi sixistis gasazrdelad. 

winaswar daZabvas ufro xSirad iyeneben RerZul gaWimvaze 

momuSave ReroebSi (fermebis elementebi da sxva gisosovani 

konstruqciebi) an Runvaze momuSave elementebSi (koWebi). Tumca, 

winaswar daZabuli moqnili elementi _ bagiri, Txeli furceli, 

saarmature Rero _ SeiZleba muSaobdes kumSvaze winaswari daZabvis 

sididis sazRvrebSi, rac farTod gamoiyeneba liTonis sxvadasxva 

konstruqciebSi (vanturi wamweebi, membranebi da sxv.) maTi 

mzidunarianobis gasazrdelad. winaswari daZabva farTod gamoiyeneba 

calkeuli konstruqciuli elementebisa da mTlianad nagebobebis 

mdgradobis amaRlebis mizniT. igi gansakuTrebiT efeqturia mZime 

didmalian wamweebSi.  

winaswari daZabva mniSvnelovnad zrdis wamwis mzidunarianobas 

da sixistes, gamomdinare aqedan saSualebas iZleva Semcirdes 

konstruqciis samSeneblo simaRle da miRebul iqnas liTonis 25_30 %-

ani ekonomia  tradiciul gadawyvetebTan SedarebiT. magram amave dros 

izrdeba wamwis damzadebis Sromatevadoba, vinaidan winaswari daZabvis 

samuSaoebi gadaaqvT samSeneblo moedanze. 

cnobilia winaswari daZabvis mravali xerxi, Tumca brtyeli 

wamweebisaTvis yvelaze misaRebia maRali simtkicis masalebisgan 

(foladis bagirebi, konebi da wnulebi) damzadebuli sxvadasxva saxis 

sakoWebis mowyobaze dafuZnebuli xerxi. 
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sakoWebis ganlagebis mixedviT winaswar  daZabuli wamweebi iyofa 

or ZiriTad tipad: wamweebi, romlebSic sakoWebi ganlagebulia 

yvelaze datvirTuli yoveli Reros sazRvrebSi (fig. 102, a); wamweebi, 

romlebSic sakoWebi ganlagebulia mTeli malisa da yvelaze 

datvirTuli Reroebis jgufis sazRvrebSi (fig. 102, b-v). meore tipi 

ufro efeqturia da gaaCnia mravali konstruqciuli forma. am tips 

agreTve miekuTvneba wamweebi gamosatani Sprengeluri sakoWebiT, 

romelTa ganmtvirTavi  zemoqmedeba ZiriTadi wamwis elementebze 

gansakuTrebiT mniSvnelovania (fig. 102, z-l). aseTi wamweebis naklia 

konstruqciis didi samSeneblo simaRle.  

statikuri TvalsazriiT winaswar daZabul wamweebs ufro xSirad 

aproeqteben, rogorc Wrad erTmalians (fig. 102 a-l), agreTve 

konsolurs (fig. 102, m) da mravalmalians (fig. 102, n, o).  

winaswar daZabul wamweebSi Reroebis kveTebs aproeqteben 

iseTives, rogorc winaswar  dauZabav Cveulebriv wamweebSi (fig. 103). 

amasTan, Reroebis winaswar daZabuli sakoWebis ganlageba kveTis 

inerciis mTavari RerZebis  mimarT unda iyos simetriuli, xolo 

tolqmedi Zala unda gadiodes kveTis centrze. Reros sigrZis gaswvriv 

sakoWis fiqsireba xorcieldeba milebSi an sixistis wiboebze, 

romlebic miduRebulia kveTis profilur elementebze. 

 

 

 

 

 

 

 

fig. 103. winaswar daZabuli wamweebis elementebis  kveTebi 
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sakvanZo SeerTebebis gadawyveta Cveulebrivi wamweebis 

analogiuria, im kvanZebis gamoklebiT, romlebSic sakoWi Reroebi 

daankerebulia. aseT kvanZebSi aproeqteben saankero sabrjenebs 

winaswari daZabvis Zalvis sakoWidan sartyelis elementis kveTze an 

iribnebze gadasacemad (fig. 104, a-d). 

wamweebis didi malebisa da sakoWebis SezRuduli sigrZeebis 

SemTxvevaSi, wamweebis winaswar daZabuli ubnebis qarxnul pirobebSi 

damzadebisa da maTi samontaJo blokebad danawevrebis SemTxvevaSi, 

iqmneba winaswar daZabuli Reroebis (sakoWebis CaTvliT) Sepirapirebis 

aucilebloba sigrZis gaswvriv. ganasxvaveben pirapiris ramdenime 

variants imaze damokidebulebiT,  Tu ramdeni sakoWia pirapiris orive 

mxares da rogoria  pirapirSi erTi  winaswar daZabuli  elementidan  

meoreze Zalvis gadacemis principi. yvelaze gavrcelebulia pirapiri, 

romelSic SenarCunebulia sakoWis TanaRerZuloba, xolo Zalva 

gadaecema Cveulebrivi furclovani zesadebebiT (fig. 104, e). pirapiri 

SeiZleba rekomendebul iyos masSi Zalvis cvlilebis SemTxvevaSi (fig. 

104, v), agreTve mZlavri ReroebisaTvis pirapirSi didi Zalvebis dros 

(fig. 104, z).  

 ankeruli mowyobilobebi da diafragmebi unda iyos xisti, raTa 

uzrunvelyofil iqnes kvanZis aradeformadoba sakoWebis Stoebidan 

gadacemuli Seyursuli Zalis zemoqmedebis Sedegad. sakoWis daZabvis 

procesSi, rodesac wamweze ar moqmedebs saangariSo saeqspluatacio 

datvirTvebi, sartyelSi warmoiqmneba didi mkumSavi Zalvebi da 

Sedegad, SeiZleba dakargos mdgradoba. am movlenis Tavidan 

asacileblad miwis zedapirze awarmoeben samontaJo blokebis 

gamsxvilebul awyobas ori dawyvilebuli wamwis saxiT, da mxolod 

amis Semdeg axdenen sakoWis daWimvas. am mizezis gamo, arc Tu 

iSviaTad, brtyel wamweebs cvlian samkuTxa ganivi kveTis sivrciTi 

wamweebiT. 
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winaswar daZabuli wamweebis muSaobis saimedoobis 

uzrunvelsayofad daZabul Reros sabrjen kvanZSi myarad aankereben. am 

mizniT, mSeneblobis praqtikaSi gamoiyeneba sxvadasxva gadawyvetebi 

(fig. 105). Sesasruleblad yvelaze martivia masrul_Rerovani ankeri 

(fig. 105, a) da Rarisebri (varclisebri)  ankeri sacobiT (fig. 105, b). 

aseT ankerebs iyeneben SedarebiT daWimvis mcire saangariSo Zalvebis 

SemTxvevebSi (1500 kn-de). didi Zalvebis SemTxvevaSi (6000 kn-de) iyeneben 

Wiqur ankerebs solebis CaWedviT (fig. 105, g) an advildnobadi 

Senadnobis CasxmiT (fig. 105, d).  

 

 

 

 

 

 

 

 

 

fig. 105. winaswar daZabuli Reroebis daankerebis saxeebi 

winaswar daZabul wamweebs, mTel sartyelze an Reroebis jgufze 

sakoWebiT, angariSoben rogorc statikurad urkvev sistemebs, 

romlebSic zedmet ucnobebad Rebuloben sakoWebsa da zedmet 

ReroebSi Zalvebs. konstruqciis gaangariSeba warmoebs 

TanamimdevrobTi miaxloebis meTodiT. calkeul ReroSi adgilobrivi 

Zabvis SemTxvevaSi, gaWimuli xisti Rerosa da sakoWis kveTebi 

SesaZlebelia ganisazRvros masalis saangariSo winaRobis sruli 

gamoyenebis pirobidan gamomdinare, formulebiT: 
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sadac Am da Ap aris profiluri Reros da sakoWis Reros kveTebis 

farTobebi; Ry da Rdh _ profiluri Reros da sakoWis Reros saangariSo 

winaRobebi; E da Edh _ profiluri Reros da sakoWis Reros drekadobis 

modulebi. 

vinaidan, sakoWis winaswari daZabvis procesSi,  profiluri Rero 

ganicdis mkumSav Zalvebs, misi zRvruli moqniloba ar unda 

aRematebodes λ=120 mniSvnelobas. 

samSeneblo praqtikaSi farTod aris gavrcelebuli blokuri da 

blokur_paneluri winaswar daZabuli didmaliani foladisa da 

aluminis konstruqciebi (fig. 106). aseT konstruqciebSi damZabav 

elementad gamoiyeneba Txelkedliani t=1_3 mm sisqis furceli, 

romelic blokis sartyelebis ZiriTad kveTTan erTad muSaobs 

kumSvaze da gaWimvaze, agreTve asrulebs Semomfarglavi zedapiris 

funqcias. Txelkedlian furcels daWimaven naglini an naRuni 

elementebisagan Semdgar xist karkasze, romelic warmoadgens sivrciT 

bloks da Seicavs calkeuli kuTxovanebisagan awyobil rombul 

gisosebian or vertikalur wamwes.  

blokis sixiste ganivi mimarTulebiT miiRweva jvaredina 

diafragmebiT, romlebic normaluri sizustis WanWikebiT magrdeba 

grZiv sasartyele kuTxedebTan miduRebul ganiv ganmbjenebTan. 

rombuli gisosis elementebs sartyelebis kuTxedebTan amagreben 

maRali simtkicis WanWikebiT.  
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fig. 106. didmaliani winaswar daZabuli blokuri wamwe  

Txelfurclovani SemosviT 

a _ sqema; b _ blok-paneli 

damzadebis Sromatevadobis Semcirebis MmizniT damuSavebulia 

konstruqciis blokur_paneluri varianti, romelic blokurisgan imiT 

gansxvavdeba, rom didmalian konstruqcias anawevreben panelebad, 

romelTa gabaritebi ar aRemateba satransporto Sesaleblobebs. 

araumetes 13.6 х 3 m zomis daZabuli panelebi miaqvT samontaJo moedanze, 

sadac specialuri konduqtorebis gamoyenebiT aerTianeben mTliani 

saangariSo sigrZis blokebad. 

foladis Txelfurcelovan Semosvas amzadeben 10ХНДП markis 

maRali simtkicis an BСт3kп2 markis naxSirbadiani foladisagan,  xolo 

aluminis variantSi _ AMг21/2H markis SenadnobiT. SesaZlebelia 

kombinirebuli blokuri konstruqciebi, romlebSic Txelkedliani 

furclebi gakeTebulia aluminisgan, xolo karkasi _ foladisgan.  
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amis gamo, aluminis variantTan SedarebiT, gadaxurvis Rirebuleba 

mcirdeba 1.5-jer. dasaxelebuli konstruqciebis gamoyeneba 

SesaZlebels xdis 10_20%-iT Semcirdes mzidi konstruqciis masa, 1.5-

jer Semcirdes samSeneblo simaRle maRali sixistis SenarCunebiT, 

uzrunvelyofil iqnes burulis SeTavsebuli gadawyveta da Semcirdes 

mSeneblobis saerTo Rirebuleba. 

 

Tavi 6. erTsarTuliani samrewvelo Senobis 

karkasebi 

6.1. karkasebis saerTo daxasiaTeba da maTi 

daproeqtebisaTvis wayenebuli ZiriTadi 

moTxovnebi 

erTsarTuliani samrewvelo Senobebi gankuTvnilia teqnologiuri 

procesebisaTvis, romelTa ganTavseba mravalsarTulian SenobebSi 

SeuZlebelia an ekonomikurad mizanSewonili ar aris. maT umTavresad 

miekuTvneba manqanaTmSeneblobisa da metalurgiuli qarxnebis 

saamqroebi, Tboenergosadgurebis mTavari korpusebis Senobebi, 

saaviacio angarebi da sxv. sawarmoo procesis xasiaTis, amweebis 

arsebobis da tvirTamweobis mixedviT Tanamedrove samrewvelo 

Senobebs aqvT sxvadasxva malebi da simaRleebi, da gare  datvirTvebis 

zemoqmedebis Sedegad konstruqciul elementebSi warmoiqmnebian 

mniSvnelovani Zalvebi (fig. 107). 

erTsarTuliani samrewvelo Senobebis foladis karkasi moicavs 

konstruqciuli elementebis kompleqss (svetebi, nivnivuri da 

nivnivqveSa wamweebi, amwisqveSa koWebi, grZivebi, Calangarebisa da 

kavSirebis elementebi), romlebic erTmaneTTan SeuRlebiT qmnian 

sivrciT geometriulad ucvlel sistemas (fig. 108). es sistema moicavs 

ganiv CarCoebs, romlebic Sedgebian saZirkvelSi xistad Camagrebuli 

svetebisa da svetebTan saxsrulad an xistad dakavSirebuli nivnivuri 

wamweebisagan, romlebic Rebuloben karkasze moqmed vertikalur da 

horizontalur datvirTvebs. CarCovani karkasis sixiste da mdgradoba 
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uzrunvelyofilia vertikaluri da horizontaluri kavSirebis 

muSaobiT, romlebsac amontaJeben svetebs Soris da wamweebis  

(rigelebis) sartyelebis sibrtyeSi, agreTve gadaxurvis xisti diskoTi 

(msxvilzomiani filebis gamoyenebis SemTxvevaSi). 

CarCos generaluri mali ewodeba manZils svetebis amwiszeda 

nawilis RerZebs Soris ganivi mimarTulebiT, xolo CarCoebis biji _ 

manZils CarCoebs Soris Senobis gaswvriv. ZiriTadi samSeneblo 

masalebis ekonomiuri xarjvis mixedviT foladis karkasebi gamoiyeneba 

malebSi aranakleb 24 m. 

samrewvelo mSeneblobaSi horizontaluri da vertikaluri 

zomebisTvis gamoiyeneba erTiani moduli M=600 mm. am modulis 

Sesabamisad, erTsarTuliani SenobebisTvis foladis karkasis malebi 

miiReba 6 m-is jeradi _ 24, 30, 36 m da a.S. svetebis biji ganapira da 

Sualeduri rigebisTvis miiReba ^6 an 12 m. mravalmalian SenobebSi, 

sadac aucilebelia didi zomis produqciis malidan malSi gadacema, 

svetebis mali Siga rigebSi agreTve 6 m-is jeradia da SeiZleba 

gaizardos 18, 24 da met metramde. CarCos simaRle H iatakis donidan 

nivnivuri wamwis qveda sartyelis RerZamde unda iyos 1.2 m-is (2M) 

jeradi 10.8 m simaRlemde da 1.8 m-is (3M) jeradi 10.8 m-ze meti simaRlis 

SemTxvevaSi. 

erTsarTuliani sawarmoo Senobebi SeiZleba iyos erTmaliani da 

mravalmaliani. gamsxvilebuli awyobisa da uwyveti teqnologiuri pro-

cesebis mqone manqanaTmSeneblobis, metalurgiuli da sxva warmoebebis 

srulyofisaTvis saWiroa sxvadasxva saamqroebis erT WerqveS blokire-

ba. blokirebuli Senobebi warmoadgens didi farTobis korpusebs, 

romlebic moicavs sxvadasxva tvirTamweobis xiduri da kiduli amwee-

biT aRWurvil sxvadasxva simaRlis grZiv da ganiv malebs (fig. 107). 

karkasis muSaobaze did gavlenas axdens xiduri amweebi, romelTa 

muSaobis reJimic mTlianobaSi gansazRvravs sawarmoo korpusis 

muSaobis reJims: msubuqi, saSualo, mZime da gansakuTrebiT mZime. 

Senobebis reJimi gaiTvaliswineba konstruqciebis daproeqtirebisa da 

gaangariSebis dros specialuri koeficientebiT samSeneblo normebisa 

da wesebis moTxovnebis Sesabamisad. 
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fig. 108. erTsarTuliani  samrewvelo Senobis foladis karkasis 

konstruqciuli sqema 

1 _ svetebi; 2 _ amwisqveSa koWebi; 3 _ nivnivuri wamweebi;  

4 _ wamweebis grZivebi; 5 – vertikaluri kavSirebi fermebs Soris;  

6 _ fermebis horizontaluri kavSirebi; 7 _ Suqfarnis CarCoebi;  

8 _ Suqfarnis horizontaluri kavSirebi; 9 _ faranis grZivebi;  

10 _ Suqfarnis vertikaluri kavSirebi; 11 _ svetebis vertikaluri kavSirebi 

maRali temperaturisa da agresiuli garemos SemTxvevaSi, 

sawarmoo Senobebis daproeqtebisas iTvaliswineben foladis 

konstruqciebis specialur dacvas gadaWarbebuli gaxurebisa 

(keramikiT da betoniT mopirkeTeba, amrekli ekranebis mowyoba da sxv.) 

da koroziisagan (zeTis saRebavebiT, bitumis laqiT,  liTonebiT 

dafarva da sxv.). dabali temperaturis PpirobebSi (_40º-dan _65ºC-de) 

saeqspluatacio Senobis konstruqciebis gaangariSeba xdeba drekad 

stadiaSi, mcirdeba temperaturuli nakveTurebis zomebi, karkasze 

yendeba damatebiTi kavSirebi, gaiTvaliswineba Zabvebis koncentraciis 

Sesamcirebeli RonisZiebebi.  

foladis karkasis montaJis daCqarebisa da Sromatevadobis 

Semcirebis mizniT farTod iyeneben msxvili blokebiT montaJis 
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konveirul meTods. am meTodis Rirsebaa awyobis procesis danawevreba 

martiv operaciebad, romlebic sruldeba kargad mowyobil asawyob 

stendebze blokebis Semdgomi gadaadgilebiT erTi postidan meoreze 

da awevis zonaSi, moZravi urika-platformebis saSualebiT.  

 

6.2. sawarmoo Senobebis karkasis elementebi 

rogorc zemoT iyo aRniSnuli,  karkasebis ZiriTadi elementebia 

mTliani an gamWoli kveTis mqone dgarebiTa da rigelebiT Sedgenili 

ganivi CarCoebi (fig. 108). mTliankveTian rigelebs (koWebs) aqvT 

naklebi samSeneblo simaRle gamWolkveTianTan SedarebiT, martivia 

dasamzadeblad da mosaxerxebelia transportirebis dros, magram 

saWiroeben liTonis met xarjs vidre gamWolkveTiani rigelebi 

(fermebi). amitom karkasul sawarmoo SenobebSi rigelis ZiriTad 

tipebad miRebulia paralelur sartyelebiani, trapeciisebri an 

segmenturi nivnivuri wamweebi (ix. p. 5.2).  20 t-ze meti tvirTamweobis 

xiduri amweebis SemTxvevaSi iyeneben mTliankveTian safexurovan 

svetebs, an gamWol svetebs, romlebic Sedgeba erToblivad momuSave 

gare da amwisqveSa Stoebisagan (ix. p. 4.2). 

upiratesad gamoiyeneba Sereuli tipis svetebi, romlebSic 

amwiszeda nawili keTdeba mTliankedliani, naglini an SenaduRi 

ortesebris saxiT, xolo amwisqveda _ gamWoli, TamasebiT an iribnuli 

gisosiT DdakavSirebuli naglini profilis ori Stos saxiT. 125 t da 

meti tvirTamweobis mZime xidur amweebian SenobebSi iTvaliswineben 

gancalkevebuli tipis svetebs, romlebic Sedgeba erTmaneTisgan 

damoukideblad momuSave gare da amwisqveSa Stoebisagan. ganivi 

mimarTulebiT Senobis sixistis gasazrdelad nivnivur wamwes xistad 

aerTeben svetze. aseTi gadawyveta miiRweva nivnivuri wamwis mierTebiT 

svetis gare StosTan gverdidan (fig. 109, a). wamwis sartyelebis 

svetebTan SeuRleba xorcieldeba Savi WanWikebiT. 

mravalmaliani Senobis Sua rigebis bijis 12_24 m-mde gazrdis 

SemTxvevaSi nivnivuri wamweebi svetebs Soris SualedSi eyrdnoba 

nivnivqveSa wamweebze (fig. 109, b). rogorc wesi, nivnivqveSa wamweebi 
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warmoadgens paralelur sartyelebian wamweebs (fig. 110), romlebic 

svetebis amwisqveSa nawilTan agreTve SeuRlebuli arian Savi 

WanWikebiT (fig. 115, a). 

 

 

 

 

 

 

 

 

fig. 109. fermis svetTan SeerTebis kvanZebi 

a _ nivnivuri da nivnivqveSa wamweebis svetTan SeerTeba; b _ nivnivuri wamwis 

nivnivqveSasTan SeerTeba 

 

 

 

 

 

 

 

 

 fig. 110. nivnivqveSa 

 wamweebis unificirebuli 

 tipuri sqemebi 
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amwisqveSa konstruqciebis ZiriTadi mzidi elementebia _ mTliani 

an gamWoli ganivkveTis mqone amwisqveSa koWebi. mliankedliani 

mzaddeba naglini ortesebrisagan, kuTxedebiT an brtyeli furclebiT 

gaZlierebuli zeda sartyeliT. maT iyeneben svetebis 6 m bijis da 20 

t-mde tvirTamweobis amweebis SemTxvevaSi. ufro meti tvirTamweobis 

SemTxvevaSi, amwisqveSa koWebs akeTeben ortesebri ganivkveTisas sami 

SeduRebuli furclisagan. mTliankedliani amwisqveSa koWebi SeiZleba 

iyos Wradi da uWri. uWri  koWebis damontaJeba Sromatevadia, magram 

ufro xistia da 10_13 %-iT msubuqia Wradze. 

gisosovani amwisqveSa koWebis gamoyeneba mizanSewonilia svetebis 

12 m da meti bijis, 75 t-mde tvirTamweobis msubuq da saSualo reJimze 

momuSave amweebis SemTxvevaSi. am SemTxvevaSi, mTliankedlianTan 

SedarebiT, foladis ekonomia Seadgens 15-20 %. didi malebisa da mZime 

xiduri amweebis SemTxvevaSi, sixistis gasazrdelad, amwisqveSa koWs 

aerTianeben nivnivqveSa wamwesTan, Sedegad miiReba kombinirebuli 

konstruqcia, romelsac ewodeba amwisqveSa_nivnivqveSa wamwe. amwisqveSa 

koWebi eyrdnoba svetebis amwisqveSa Stoebze sayrdeni torsuli 

wiboebiT da magrdeba WanWikebiT, xolo gare StosTan _ misamagrebeli 

TamasebiT (ix. fig. 52 da 63). karkasis konstruqciuli sqemis 

gaerTmTlianeba moicavs kavSirebis sistemis mowyobas svetebze da 

wamwebze. wamwis zeda da qveda sartyelebze amontaJeben horizontalur 

kavSirebs, xolo wamweebs Soris _ vertikalur kavSirebs (fig. 111). 

zeda sartyelebze horizontalur kavSirebs amontaJeben ganivi 

mimarTulebiT, riTac uzrunvelyofen wamweebis zeda sartyelis 

SekumSuli elementebis mdgradobas vertikaluri datvirTvebisagan (ix. 

Tv. 5). ugrZivo sistemaSi zeda sartyelebSi kavSirebis funqcias 

asrulebs rkinabetonis filebi, romlebsac zeda sartyelTan amagreben 

SeduRebiT, xolo kavSirebs awyoben mxolod temperaturuli nakveTu-

rebis napirebSi montaJis dros. horizontalur kavSirebs wamweebis 

qveda sartyelebSi awyoben rogorc ganivi aseve grZivi mimarTulebiT. 

qveda sartyelebSi ganiv kavSirebs, rogorc wesi, awyoben Senobebisa da 

temperaturuli nakveTuris torsebSi, rac aucilebelia Senobis 

torsze moqmedi qaris datvirTvisagan dasacavad (fig. 112, b). 
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fig 111. kavSirebis sistemis sqemebi 

a-g _gadaxurvaze, svetebis bijiT 6 m; d-v _gadaxurvaze, svetebis bijiT 12 m; 

z-k – svetebs Soris 

 

 

 

 

 

 

 

 

fig. 112. karkasis ganivi deformacia amwis adgilobrivi datvirTvisagan 

a _ wamweebis qveda sartyelebis horizontaluri kavSirebis gareSe; 

b _ igive, horizontaluri kavSirebiT 



160 

 

qveda sartyelebze grZivi kavSirebi umTavresad gamoiyeneba 

mTeli gadaxurvis sivrciT muSaobaSi CarTvis mizniT amweebis 

adgilobrivi (fig. 112, a) an sxva datvirTvebis moqmedebis dros. qveda 

sartyelebSi kavSirebs ZiriTadad iyeneben muSaobis mZime reJimian 

SenobebSi. 

wamweebs Soris vertikalur kavSirebs awyoben wamweebis sayrden 

dgarebs Soris da wamweebs Soris SualedSi bijiT ara naklebi 12 m. 

maTi ZiriTadi daniSnulebaa _ xisti ucvleli sivrciTi blokis Seqmna, 

romelic Sedgeba ori nivnivuri wamwisa da zeda da qveda sartyelebis 

ganivi kavSirebisagan. 

msubuqi da saSualo muSaobis reJimian SenobebSi kavSirebs 

amzadeben calkeuli kuTxedebisa da milebisagan, romlebic nivnivuri 

wamweebis kvanZebTan miemagreba WanWikebiT, xolo mZime reJimis 

SenobebSi _ milebisa da Svelerebisagan SeduRebiT. ori wamwisa da 

kavSirebis sistemiT warmoqmnil xist blokebTan danarCen wamweebs 

aerTeben ganmbjenebiT an grZivebiT zeda sartyelebSi, xolo muSaobis 

mZime reJimis SenobebSi _ qveda sartyelebSic, maTi vibraciis Tavidan 

asacileblad (fig. 111). kavSiris elementebSi kumSvis Zalvebis Tavidan 

asacileblad mas aproeqteben jvrisebri formiT.  

gaWimvaze da kumSvaze momuSave, samkuTxa gisosiani kavSirebis 

mqone wamweebSi liTonis xarji metia jvaredin gisosian wamweebTan 

SedarebiT, magram maTi damzadeba da montaJi ufro iolia, rac 

ganapirobebs maTi gamoyenebis upiratesobas.  

gadaxurvis kavSirebis garda, karkasis svetebs Soris ewyoba 

vertikaluri kavSirebi grZivi mimarTulebiT (fig. 111, z, k), rac 

uzrunvelyofs Senobis karkasis sixistesa da ucvlelobas grZivi 

mimarTulebiT: grZivi mimarTulebis qaris zemoqmedebisagan; xiduri 

amweebis zemoqmedebisagan gamowveul grZivi samuxruWo Zalebisagan; 

agreTve, zrdis svetebis mdgradobas marTob sibrtyeSi. umartivesi 

konstruqciaa jvaredini an iribnuli kavSiris sistemebi (fig. 111, z, T). 

Sua rigebSi Tavisufali gasasvlelisTvis ewyoba portaluri an 

naxevrad portaluri kavSirebis sistemebi (fig. 111, i, k). 
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sakedle Semofargvlis, WiSkrebis, fanjrebisa da sxva 

elementebis dasamagreblad gamoiyeneba torsuli da grZivi 

Calangarebi, romlebic Sedgeba dgarebis, rigelebisa da 

ganmbjenebisagan (fig. 113). torsuli Calangari iRebs qaris 
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horizontalur datvirTvas da gadascems mas karkasis torsul CarCos. 

torsuli Calangaris tradiciuli gadawyveta naCvenebia fig. 113, a. 

ZiriTad vertikalur dgarebs ayeneben 6 an 12 m intervaliT, ayrdnoben 

ganivi kavSiris wamweze nivnivuri wamwis doneze (fig. 113, d) da 

saxsrulad saZirkvelze. ganivi CarCos simaRlis mixedviT ZiriTadi 

dgarebi SeiZleba iyos mTliankedliani (H≤18 m) an gamWoli gisosovani 

wamweebis saxiT (H> 18 m). rigelebi, ganmbjenebi da Sualeduri dgarebi, 

rogorc wesi, keTdeba naRuni Svelerebis an naglini ortesebrebisagan. 

ganivi CarCos didi malisa da simaRlis SemTxvevaSi, torsuli 

Calangari SeiZleba Sesruldes mTel perimetrze dayrdnobili 

jvaredina_Rerovani sivrciTi konstruqciis saxiT (fig. 113, v). aseTi 

gadawyvetis Rirsebebia:  sartyelebis RerZebSi Calangris samSeneblo 

simaRlis Semcireba 2-jer, foladis xarjis Semcireba 2_3-jer da gare 

xedis mniSvnelovani gaumjobesoba. grZivi Calangari (fig. 113, b, g) 

torsuli Calangaris tradiciuli gadawyvetis analogiuria. 

 

6.3. ganivi CarCos gaangariSeba. saerTo cnebebi 

statikuri TvalsazrisiT erTmaliani ganivi CarCo SesaZlebelia 

iyos ori tipis: orsaxsriani (saxsrebiT rigelis svetebTan SeuRlebis 

kvanZebsa da sayrdenebze) da usaxsro. erTsarTuliani samrewvelo 

SenobebisTvis yvelaze gavrcelebulia usaxsro tipis CarCo. igi 

samjer statikurad urkvevia, amitom misi gaangariSeba SeiZleba 

ganxorcieldes gadaadgilebebis an Zalebis meTodiT. 

statikuri gaangariSebisTvis konstruqciuli sqemis mixedviT 

adgenen saangariSo sqemas da saangariSo vertikalur da 

horizontalur datvirTvebs erTi CarCos satvirTo farTobisa da 

xiduri amweebis zemoqmedebis gaTvaliswinebiT (fig. 114 ). CarCos 

elementebSi Zalvebi ganisazRvreba calcalke yoveli datvirTvisaTvis, 

Semdeg maTi kombinaciis gziT ganisazRvreba yvelaze araxelsayreli 

Sexameba, romelsac iReben saangariSod. 
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fig. 114. erTmaliani CarCos gaangariSebisaTvis 

a _ konstruqciuli sqema; b _ saangariSo blokis sigane; 

g _ saangariSo sqema 

statikuri gaangariSebisTvis aucilebelia CarCos elementebis 

kveTebis inerciis momentebis Tanafardobebi. erTgvarovani foladis 

gamoyenebis SemTxvevaSi, es Tanafardobebi miaxloebiT SeiZleba 

miRebul iqnas:  

erTmaliani CarCoebisTvis 

          ⁄                              ⁄    

mravalmalianebisTvis 

            ⁄       

sadac Jinf aris erTmalian SenobaSi svetis amwisqveSa nawilis kveTis 

inerciis momenti; Jinf,i _ igive,  gare rigis svetebisaTvis; Jsup _ 

erTmalian SenobaSi svetis amwiszeda nawilis kveTis inerciis momenti; 

Jinf,e _ igive, Sua rigis svetebisaTvis; Jb _ nivnivuri wamwis ganivi 

kveTis inerciis momenti. 

imis gaTvaliswinebiT, rom inerciis momentebis fardobis 

cvlileba 30 %-s sazRvrebSi mcired aisaxeba saangariSo momentebis 

mniSvnelobebze, SeiZleba, konstruqciuli mosazrebebiT, wamwis kveTis 

daniSuli inerciis momentis (ix. p. 6.3) meSveobiT ganisazRvros CarCos 

danarCeni elementebis inerciis momentebi. 
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CarCoebiani karkasebis gaangariSebis Tanamedrove tendencia, 

adgilobrivi da amweebis datvirTvebis moqmedebisas, iTvaliswinebs 

mTliani konstruqciis sivrciT muSaobas, anu yvela ganivi CarCosa da 

kavSirebis sistemis erTobliv muSaobas erT sivrcobriv blokSi. 

CarCovani karkasis aseTi gaangariSeba iZleva liTonis xarjis 

mniSvnelovan ekonomias, gansakuTrebiT amweebis Seyursuli 

datvirTvebis zemoqmedebis dros. SenobebSi, romlebSic rigelebi 

svetebTan saxsruladaa SeuRlebuli, nivnivur wamwes (rigels) 

angariSoben, rogorc or sayrdenze dayrdnobil Cveulebriv wamwes an, 

rogorc mravalmalian uWr (gauWrel) wamwes. svetebs angariSoben, 

rogorc saZirkvelSi Camagrebul, aracentralurad SekumSul Reroebs 

(ix. p. 1.10). 

 

Tavi 7. mravalsarTuliani Senobis karkasi 

7.1. konstruqciuli sqemebi.  

svetebis da koWebis ganivkveTis tipebi 

gazrdili sarTulianobis (16_30 sarTuli) da maRliv SenobebSi 

(30 sarTulze meti) foladis konstruqciebis gamoyeneba aixsneba 

upiratesobebiT, romlebic gaaCnia folads, rogorc konstruqciul 

masalas: minimaluri ganivi kveTis mqone svetebis didi bijiT daproeq-

tebis SesaZlebloba; mcire sakuTari masis mqone karkasis maRali 

mzidunarianoba; dagegmarebis maqsimaluri moqniloba Senobis moculo-

bis gamoyenebis maRali koeficientiT; mSeneblobis industrializacia 

sruli qarxnuli damzadebis elementebisgan, rac amcirebs mSeneblobis 

vadebs; montaJis dros sveli procesebis Tavidan acileba; Senobis 

demontaJis SesaZlebloba eqspluataciis vadis dasrulebis Semdeg.  

karkasis elementebia: svetebi, gadaxurvis koWebi (rigelebi), 

sixistis vertikaluri kavSirebi da gadaxurvis horizontaluri 

diskoebi gadaxurvis filis CaTvliT. maRlivi da gazrdili 

sarTulianobis Senobis karkasi iRebs da saZirkvels gadascems yvela 

vertikalur da horizontalur datvirTvas. Senobis simaRlis 
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gazrdisas yvelaze saxifaTo zemoqmedebad iTvleba qaris 

horizontaluri datvirTva, amitom mravalsarTuliani Senobis karkasis 

Tanamedrove  klasifikacia dakavSirebulia horizontaluri datvirTve-

bis aRqmis xerxTan (fig. 115). 

 20 sarTulamde SenobebSi didi gavrceleba pova damyoli sakvanZo 

SeerTebebis mqone kavSirebianma sqemam (fig. 115, a). sxva sqemebTan 

SedarebiT mas gaaCnia rigi upiratesobebisa, romelTa Soris mTavaria 

koWebis svetebTan SeuRlebis simartive da agebis naklebi 

Sromatevadoba. horizontalur sixistes uzrunvelyofs vertikaluri 

kavSirebi, romlebsac, rogorc wesi, ayeneben CarCoebis yvela ganiv da 

grZiv sibrtyeebSi. vertikaluri kavSirebi keTdeba iribnuli, naxevrad 

iribnuli da jvaredini gisosebis saxiT, romlebic ganlagebulia 

CarCos erT malSi mTel simaRleze (fig. 116). upiratesoba unda 

mieniWos naxevrad iribnul sqemas, romelsac kavSirebis elementebis 

naklebi sigrZe aqvs, amave dros mcirdeba mTavari koWebis mali da 

Sedegad masalis xarjic.  

sarTulianobis 30_50 sarTulamde gazrdis SemTxvevaSi iyeneben 

CarCovan (rodesac eqspluataciis pirobebiT karkasSi SeuZlebelia 

kavSirebis ganlageba) da kombinirebul CarCo_kavSirebian sqemebs (ix. 

fig. 115, b, g). horizontaluri sixistis gasazrdelad kavSirebiani 

malebis betoniT SevsebiT iqmneba sixistis diafragmebi an ewyoba 

kolofisebri rkinabetonis birTvi, romelic agreTve gamoiyeneba 

vertikalur sakomunikacio Saxtad. aseT sqemebSi sixistis Semdgomi 

gazrda miiRweva simaRleze or an met iarusSi gisosovani xisti 

rostverkis mowyobiT (ix. fig. 115, d). 

60-ze met sarTulian SenobebSi gamoiyeneba ukarkaso sqemebi 

ganivi mzidi kedlebiT, romlebic asrulebs sixistis diafragmebis 

rols (ix. fig. 115, e, v). horozontaluri datvirTvebis moqmedebis 

dros, ganivi kedlebis erToblivi muSaobis uzrunvelyofa 

xorcieldeba gadaxurvis diskebiT, kedlebis SevsebiT da, gare da Siga 

kedlebis sibrtyeSi mdebare horizontaluri da vertikaluri 

kavSirebis sistemiT. aseT sqemebSi gamoiyeneba xistad daarmirebuli 

(naglini profilebisgan) monoliTuri rkinabetonis kedlebi. 
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fig. 116. vertikaluri  kavSiris wamweebis gisosis tipebi 

a _ iribnuli; b _ jvaredini; g _ naxevrad iribnuli; 

maRlivi Senobebis SesamsubuqebladAda sixistis asamaRleblad 

gamoiyeneba kolofisebri sqemebi Siga karkasiT da kolofisebri 

mravalseqciani sqemebi (ix. fig. 115 z, T). 

am konstruqciuli sqemebis Tavisebureba imaSi mdgomareobs, rom 

horizontalur datvirTvebs iRebs gare kedlebis kolofis 

ganviTarebuli ganivi kveTi, xolo vertikalurebs _ karkasis Siga 

elementebi, ris gamoc kolofisebri sqemebi xasiaTdebian 

horizontaluri zemoqmedebebis mimarT gazrdili gamZleobiT. 

mzidi ganiv kedlebiani sqemebisagan gansxvavebiT, kolofisebr 

sistemebSi kedeli gadawyvetilia, rogorc uiribno tipis xisti 

sivrciTi gisosovani saxis. es iZleva Senobis mTeli perimetris 

Seminvis saSualebas. udidesi horizontaluri sixistiT gamoirCeva 

gareTa Semomfarglav sibrtyeSi mdebare kolofisebri sistema 

sivrciTi iribnuli GgisosiT (ix. fig. 115, i). 

svetebis ganivi kveTebis gavrcelebuli tipebia: ortesebri, 

marTkuTxa da kvadratuli kolofisebri profilebi, jvaredini, 

milisebri, agreTve kuTxedebis da sqelfurclovani foladisagan 

Sedgenili profilebi (fig. 117). farTo gamoyeneba aqvT ortesebr 

kveTebs, romlebic gamoirCeva karkasis montaJis minimaluri 

SromatevadobiT (fig. 117, a). 
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marTkuTxa kveTebi xSirad gamoiyeneba kolofisebr sqemebSi mzidi 

gisosovani kedlebisaTvis, amasTan kveTebis gabaritebi kedlis 

sibrtyeSi 30_150 sm-ia, xolo kedlis marTobul sibrtyeSi _ 20_60 sm. 

karkasis Siga svetebisaTvis, romlebTanac ganlagebulia tixrebi, 

mosaxerxebelia jvaredini kveTebi, romlebic tixarSi svetis damalvis 

saSualebas iZleva (fig. 117, b). 

maRlivi SenobebisTvis agreTve gamoiyeneba kombinirebuli 

profilebi (fig. 117, v, z), romlebic uzrunvelyofen kveTis maqsimalur 

mzidunarianobas minimaluri gabarituli zomebiT. koWebisaTvis 

umTavresad gamoiyeneba simaRleSi ganviTarebuli ortesebri,  

Svelerisebri da kolofisebri kveTebi (fig. 118). foladis ekonomiis 

mizniT, ortesebri kveTis Sedgenili SenaduRi koWebi SeiZleba iyos 

mRunavi momentis epiuris cvlilebis Sesabamisi cvladi simaRlis. 

koWebi qmnis koWovan ujreds, romlis daproeqtebis safuZvlebi 

mocemulia me-3 TavSi. 

 

 

 

 

 

 

 

 

 

fig. 117. svetis ganivkveTis tipebi 

a _ ortesebri; b _ jvrisebri; g _ marTkuTxa; d _ kvadratuli;  

e _ milisebri; v _ kuTxedebiT kombinirebuli;  

z _ sqelfurclovani foladiT kombinirebuli; 
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sarTulSua gadaxurvis samSeneblo simaRle ekonomikuri 

mosazrebiT izRudeba 350_400 mm-iT. amitom mTavari koWebis simaRles 

iReben optimalur mniSvnelobaze naklebs, gamomdinare Ffardobidan 

h/l=1/10_1/18. kolofisebri sqemis maRliv SenobebSi, didi malis gamo, 

sarTulSua gadaxurvis mzidi konstruqcia SeiZleba gakeTdes 

jvaredini koWebiT an wamweebiT (ix. fig. 196, 209), romlebic Senobis 

gegmis formidan gamomdinare muSaoben ori da meti mimarTulebiT. 

 

 

 

 

 

 

 

 

 
fig. 118. koWebis (a_v ) da wamweebis  (z_l) ganivkveTebis tipebi 

 

 

 

 

 

 
fig. 119. sarTulSua gadaxurvis ZiriTadi sistemebi 

a _ foladis mzidi daprofilebuli feniliT; b _ igive, rkinabetonis filiT; 

1 _ mTavari koWi; @2 _ damxmare koWi; 3 _ foladis daprofilebuli fenili;  

4 _ betonis fila; 5 – iatakis konstruqcia; 6 _ kiduli Weris konstruqcia 
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kavSirebian, CarCovan da CarCo_kavSirebian karkasebSi gare 

kedlebs akeTeben msubuqi betonis erTSriani kiduli panelebis saxiT 

an mravalSrians, romlis gare da Siga fenebi damzadebulia 

daprofilirebuli foladis an aluminis Senadnobisagan, xolo Sua 

fena msubuqi efeqturi maTbuneblisagan. kolofisebr sistemebSi 

kedlebs aproeqteben mzidi gisosovani saxiT, romlebic Sedgeba 

ortesebri an kolofisebri kveTis svetebisa da koWebisagan. aseT 

kedlebSi svetebis biji ar aRemateba 3 m-s. 

gadaxurvis Semomfarglav konstruqciebad gamoiyeneba monoliTu-

ri gadaxurvebi foladis daprofilebul fenilze an rkinabetonis 

filebi foladis koWebze. foladis fenilze gadaxurvis mali, rogorc 

wesi, ar aRemateba 3 m-s, xolo foladis koWebze _ 6 m-s. didi malebis 

SemTxvevaSi ewyoba rkinabetonis wibovani filebi (fig. 119). 

 

7.2. mravalsarTuliani Senobis karkasis muSaoba 

mravalsarTuliani Senobis karkasze moqmedi ZiriTadi datvirTve-

bia: vertikaluri _ karkasis konstruqciisa da sarTulSua gadaxurvis 

sakuTari masisgan gamowveuli mudmivi Tanabrad ganawilebuli 

datvirTvebi; droebiTi _ mowyobilobebisa da adamianebisagan 

gamowveuli Tanabrad ganawilebuli datvirTvebi; mudmivi da droebiTi 

_ manqanebisgan, mowyobilobisgan da a. S. gamowveuli Seyursuli 

datvirTvebi; horizontaluri – qarisgan araTanabrad ganawilebuli 

datvirTvebi; seismuri datvirTvebi (fig. 120);  

mravalsarTuliani Senobis an nagebobis foladis karkasis 

gaangariSeba xorcieldeba mzidunarianobaze pirveli jgufis zRvruli 

mdgomareobis, da sixisteze _ meore jgufis zRvruli mdgomareobis 

mixedviT. rigelis svetebTan xistad SeuRlebis mqone CarCovan 

karkasebSi, karkasis yvela elementi erTdroulad erTveba muSaobaSi 

sivrciTi CarCos nebismier ubanSi modebuli horizontaluri 

datvirTvebis asaTviseblad. amasTan, qaris horizontaluri 

datvirTvebi, romlebic moqmedeben gare kedlebze, gadaxurvebis 

meSveobiT gadaecemian karkasis yvela CarCoze (fig. 121, a). kavSirebian 
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sistemebSi rigelebi da svetebi iReben mxolod vertikalur 

datvirTvebs, xolo horizontalur datvirTvebs iReben vertikaluri 

kavSiris wamweebi, romlebic ganlagebuli arian rogorc gare 

Semomfarglav sibrtyeSi, agreTve Senobis Siga RerZebze (fig. 121, b). 

 

 

 

 

 

 

 

 

 

 

fig. 120. saangariSo datvirTvebi karkasze 

a _ qaris Cqarosnuli dawnevis pulsacia; b _ qaris statikuri moqmedeba; g _  

ganivi Wrili vertikaluri datvirTvis variantebiT; 

 

 

 

 

 

 

 

fig. 121. karkasis muSaobis sqemebi horizontalur zemoqmedebaze  

a _ CarCosebri; b _ kavSirebiani; 1 _ sixistis grZivi vertikaluri diskoebi; 2 

_ igive, ganivi; 3 _ sixistis horizontaluri diskoebi; 
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mravalsarTuliani Senobis an nagebobis karkasis gaangariSebisas 

vertikaluri mudmivebi da droebiTi datvirTvebi daiyvaneba gadaxur-

vis koWebze modebul wrfiv, Tanabrad ganawilebul an Seyursul 

datvirTvebamde maTi normatiuli mniSvnelobebis da gadatvirTvis 

koeficientebis gaTvaliswinebiT. qarisagan gamowveuli horizontaluri 

datvirTva ganisazRvreba Semdegi miaxlovebiTi formulebiT: 

                           qω,1 = ω (0.8 + 0.6) γωs ,                                         (87) 

                                                               qω,2 = qω,1 kω ,                                                         (88) 

                                                       qω,3 = 0.24 (2qω,2 + qω,1) ,                                               (89) 

sadac  ω aris qaris Cqarosnuli normatiuli dawneva, romelic 

ganisazRvreba samSeneblo normebisa da wesebis mixedviT, kn/m2;  qω,1 da 

qω,2 _ qaris ganawilebuli datvirTvis epiuris statikuri nawilis 

ordinatebi, Sesabamisad miwidan 10 m-is simaRleze da Senobis zeda 

niSnulze, kn/m; kω  _ simaRlis koeficienti, romelic ganisazRvreba 

samSeneblo normebisa da wesebis mixedviT; γω = 1.2 _ gadatvirTvis 

koeficienti qaris datvirTvisaTvis; 0.8 da 0.6 _ aerodinamikuri 

koeficientebi; qω,3 _ qaris dinamikuri Cqarosnuli dawnevisgan 

gamowveuli ganawilebuli datvirTvis epiuris ordinata, kn/m2;  s _P 

CarCoebis biji, m. 

miwis doneze sruli mRunavi momenti, romelic moqmedebs mTel 

nagebobaze, ganisazRvreba formuliT:   

                                           M = (H
 2

/ 3) [(qω,1 / 2) + qω,2] (1 + ξ / 5) ,                                   (90)                        

sadac ξ aris dinamikurobis koeficienti, romelic aiReba samSeneblo 

normebisa da wesebis mixedviT. ХХ                       

qaris datvirTvis statikuri nawilisgan gamowveuli mRunavi 

momenti tolia:  

                                                  Ms = (H
 2

/ 6) (2qω,2 + qω,1) .                                                (91) 

kavSirebiani sqemis mqone karkasis  statikuri gaangariSeba iTvaliswi-

nebs sivrciTi konstruqciis danawevrebas calkeul brtyel sistemebad, 

romlebic muSaoben, rogorc wesi, ganivi mimarTulebiT (fig. 122, a). 

saangariSo sqema warmoadgens mravalsarTulian CarCos rigelebis 

svetebTan saxsruli SeuRlebiT da kavSiris wamwiT erT-erT malSi. 
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aseTi CarCos rigelebi, romlebic datvirTulia Tanabrad 

ganawilebuli mudmivi da droebiTi datvirTvebiT, muSaoben rogorc 

Wradi koWebi da maTi gaangariSeba warmoebs me-3 TavSi moyvanili 

meTodikiT. rigelebis sayrdeni reaqciebi karkasis svetebze gadaecema 

grZivi N Zalebis saxiT.   

yvela sarTulze rigelebis simetriuli datvirTvis SemTxvevaSi 

svetebSi warmoiSveba mxolod centraluri kumSvis Zalvebi. 

eqspluataciis procesSi datvirTvis yvelaze uaresi variantia malebis 

calmxrivi droebiTi datvirTva (fig. 122, b), rac iwvevs adgilobrivi 

Mloc mRunavi momentebis warmoqmnas svetebSi (fig. 122, g), amitom 

svetebis daproeqtirebis dros sruldeba ori gaangariSeba: pirveli _ 

centralur kumSvaze, romelic gamowveulia maqsimaluri mkumSavi 

Zalisgan Nmax; meore _ aracentralur kumSvaze, romelic gamowveulia 

adgilobrivi Mloc  mRunavi momentisa da Sesabamisi N grZivi Zalis 

erToblivi moqmedebiT. adgilobrivi mRunavi momentis mniSvneloba 

gamoiTvleba formuliT 

 Mloc = Gmax e1 _ Gmin e2 , (92) 

sadac Gmax, Gmin aris rigelis sayrdeni reaqciebi, romelic 

datvirTulia Sesabamisi datvirTvebiT q = (qg + qv) da qg;  e1 , e2 _ sayrdeni 

reaqciebis modebis Sesabamisi eqscentrisitetebi svetis RerZis mimarT. 

qaris horizontaluri datvirTva mTlianad gadaecema kavSirebis 

sistemas CarCos kvanZebze modebuli Seyursuli Zalebis saxiT (fig. 122, 

d). aseTi sistemis gaangariSeba xorcieldeba rogorc saZirkvelSi 

Camagrebuli konsoluri statikurad rkvevadi wamwis (ix. p. 5.5). 

rigelisa da svetebis xisti SeuRlebis mqone CarCosebri 

konstruqciuli sqemis gaangariSeba xorcieldeba samSeneblo meqanikis 

meTodebiT kompiuteris gamoyenebiT, rogorc mravaljer statikurad 

urkvevi sistemis. saangariSo vertikaluri da horizontaluri 

datvirTvebis moqmedebisas svetebisa da rigelebis kveTebSi 

ganisazRvreba saangariSo mRunavi momentebi Mcal,  grZivi Ncal da ganivi 

Qcal Zalebi (fig. 123, a). amasTan, ganixileba saangariSo datvirTvebis 

yvelaze araxelsayreli kombinacia. 
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fig. 122. kavSirebiani karkasis gaangariSebisTvis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 123 CarCosebri karkasis gaangariSebisTvis 
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CarCos kveTebSi vertikaluri datvirTvisagan gamowveuli 

momentebis mniSvnelobebi SeiZleba ganisazRvros miaxloebiTi 

gaangariSebiT. amisTvis mravalsarTuliani CarCodan amoiWreba erTi 

rgoli (fig. 123, b). 21-e da 23-e cxrilebis gamoyenebiT iniSneba CarCos 

rigelisa da dgaris gabarituli zomebis miaxloebiTi  mniSvnelobebi 

da 63-e formuliT ganisazRvreba saangariSo rgolSi Semavali yvela 

dgarisa da rigelis inerciis momentebi. realuri mRunavi momenti 

datvirTul 2_3 ReroSi, kvanZ 2@-Si, ganisazRvreba formuliT: 

 M2,3 = Mf, 2 [(Σk2 _ kr,2,3) / Σ k2] , (93) 

sadac Mf, 2 aris fiqtiuri mRunavi momenti 2_3 ReroSi sayrdenze 2; Σ k2 

_ kvanZ 2-Si mierTebuli Reroebis wrfivi sixisteebis jami; kr,2,3 _ 2_3   

Reros (rigelis) wrfivi sixiste.  

kvanZ 2-Tan mierTebul dautvirTav ReroSi (magaliTad 1_2) 

realuri mRunavi momenti SeiZleba analogiurad gamoiTvalos 

 M2,1 = Mf, 2 (kr,1,2 / Σ k2) . (94) 

Reros boloebis xistad Camagrebis SemTxvevaSi (fig. 123, g), 

Tanabrad  ganawilebuli datvirTvisgan gamowveuli fiqtiuri mRunavi 

momenti Reros sayrdenze  gamoiTvleba formuliT: 

Mf, 2 = _ q  
  /12 . 

rigelis da dgarebis Reroebis wrfivi sixiste Sesabamisad 

ganisazRvreba formulebiT: 

 kr = 6EJb /l ;      kc = 6EJc /Hi . (95) 

gadaxurvebze sxvadasxva datvirTvis SemTxvevaSi ganixileba 

CarCos yvela damaxasiaTebeli rgoli da maTTvis ganisazRvreba 

saangariSo mRunavi momentebi. svetebSi vertikaluri datvirTvebisgan 

gamowveuli grZivi N Zalvebi ganisazRvreba kavSirebis karkasis 

analogiurad. 

qaris horizontaluri datvirTvisagan gamowveuli saangariSo 

mRunavi momentebi, agreTve, SesaZlebelia ganisazRvros miaxloebiT. 
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amisTvis, mravalsarTulian CarCos anawevreben erTsarTulianebad 

CarCos dgarebsa da rigelebSi momentebis epiurebis nulovani 

wertilebis dadgenili mdebareobiT: dgarebSi _ zeda sarTulSi, zeda 

rigelis RerZidan 0.6H manZilze; Sualedur sarTulSi 0.5H;  qveda 

sarTulSi 0.4H zeda rigelidan; rigelebSi _ 0.5l. qaris datvirTviT 

gamowveuli mRunavi momenti ganisazRvreba formuliT 

 Mω = Qω H/2 , (96) 

sadac Qω aris ganivi Zala erT dgarSi saxsaris doneze, romelic 

ganisazRvreba gansaxilveli saxris RerZis zeviT moqmedi qaris jamuri 

datvirTvis fardobiT saangariSo sqemis ganivkveTSi arsebul 

vertikaluri dgarebis raodenobasTan (fig. 123, v). 

 

 

 

 

 

 

fig. 124. vertikaluri kavSirebis (a_g) da  horizontaluri  

rostverkis wamweebis (d, e) muSaoba  

 

 

 

 

 

fig. 125. gegmaSi vertikaluri kavSirebis ganlagebis variantebi 

a _ kibis ujredis garSemo; b _ Siga RerZebze, perimetrze lenturi Seminvis 

SemTxvevaSi; g _ yru torsuli kedlebis SemTxvevaSi; d_v _ didi 

sarTulianobis mqone SenobebSi; 1 _ sveti; 2 _ kavSirebi; 

CarCos elementebSi saangariSo Zalvebs Rebuloben vertikaluri 

da horizontaluri datvirTvebisagan gamowveuli mRunavi momentebis, 



177 

 

normaluri da ganivi Zalebis dajamebiT. saangariSo kveTebis 

mzidunarianobis Semowmebas axorcieleben (16) _ (21) formulebiT. 

meore jgufis zRvruli mdgomareobiT gaangariSeba zRudavs 

mravalsarTuliani Senobis zeda sarTulis horizontalur 

gadadgilebas f ≤ (1/600_1/800)H. am pirobis Sesasruleblad 

rekomendebulia nagebobis simaRlis Sefardeba mis siganesTan 

akmayofilebdes pirobas _ H/B ≤ 7. 

 statikaSi mravalsarTuliani Senoba warmoadgens saZirkvelSi 

Camagrebul Runvad Reros (fig. 124). kavSiris viwro wamwis SemTxvevaSi 

(fig. 124, b), kavSirebis mniSvnelovani grZivi deformaciebis gamo, 

karkasi ganicdis did horizontalur gadaadgilebebs, amitom 

horizontaluri sixistis gasazrdelad, calkeul CarCoebSi, Senobis 

mTel siganeze, SeiZleba moewyos kavSiris wamwe (fig. 124, g). im 

SemTxvevaSi, rodesac aseTi kavSirebi aferxebs Senobis normalur 

eqspluatacias, kavSirebis viwro wamweebi SeiZleba gaZlierdes 

damatebiTi kavSiriT gare dgarebTan (fig. 124, d) an rostverkis 

horizontaluri wamwis meSveobiT (fig. 124, e). kavSiris wamweebis 

mowyobis adgilebi naCvenebia fig. 125-ze. 

 

7.3. SenobaTa sistemebis gaerTmTlianeba.  

koWis svetTan SeerTebis kvanZebi 

sarTulSua gadaxurvis konstruqciebi qmnian horizontalur xist 

diskoebs, romlebic aerTianebs Senobis vertikalur mzid 

konstruqciebs da uzrunvelyofs mTliani nagebobis erTobliv 

muSaobas. sarTulSua gadaxurvis koWuri ujredebis mowyoba 

ganisazRvrba Senobis arqiteqturul-konstruqciuli formis mixedviT. 

gadaxurvis mowyobis damaxasiaTebeli tipebi naCvenebia fig. 126-ze. 

gadaxurvis horizontaluri sixiste miiRweva gadaxurvis 

rkinabetonis filebis saSualebiT, xolo gaZlierebis aucileblobis 

SemTxvevaSi, damatebiTi horizontaluri kavSirebis mowyobiT konturis 

SigniT (fig. 126, a) an perimetrze (fig. 126, b, g). 



178 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 126. sarTulSua gadaxurvebis gaerTmTlianebis sqemebi Senobis gegmis 

sxvadasxva formis SemTxvevaSi 

 

 

 

 

 

 

 

fig. 127. CarCovani karkasis kvanZebis saangariSo sqemebi 

a _ ganapira RerZze; b _ Sua RerZze; 1 _ sveti; 2 _ koWi; 
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CarCovan karkasebSi, dgarebTan rigelis SeuRlebis kvanZebSi, 

warmoiqmneba M mRunavi momenti da N normaluri grZivi Zala (fig. 127). 

mRunavi momenti iSleba wyvil Ns Zalebad, romlebic svetsa da koWis 

Taroebze miduRebuli SemaerTebeli firfitebiT gadaecema svets, 

                             
,/ ss lMN                            (97)  

sadac sl  aris Tamasebis RerZebs Soris mxari. 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 128. koWebis svetebTan SeerTebis kvanZebi 

a _ koWis da svetis ortesebri kveTis SemTxvevaSi; b _ kvadratuli kveTis 

svetisa da ortesebri koWis SemTxvevaSi; g _ koWis da svetis marTkuTxa 

kolofisebri kveTis SemTxvevaSi; 1 _ sveti; 2 _ koWi; 3 _ SemaerTebeli 

firfita; 4 _ samontaJo elementi; 5 _ sayrdeni magida; 6 _ sixistis wibo; 

ganivi Zalebi svetze gadaecema sayrdeni magidis meSveobiT. 

ortesebri svetebisa da koWebis SemTxvevaSi, svetebSi SemaerTebeli 

Tamasebis RerZis gaswvriv saWiroa sixistis wiboebis mowyoba, raTa 

Tavidan iqnas acilebuli Taroebis adgilobrivi Runva, romelic 

TamasebSi normaluri Zalebis moqmedebisganaa gamowveuli, (fig. 128, a). 

kolofisebri kveTis mqone svetebis gamoyenebisas, SemaerTebeli 

Tamasebis sigane aiReba svetis siganis toli (fig. 128, b). kolofisebri 

kveTis koWebisa da svetebis gamoyenebis SemTxvevaSi, unda 
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miviswrafodeT imisken, rom SesauRlebeli elementebis kveTis siganeebi 

iyos erTnairi. es saSualebas iZleva moewyos vertikaluri sapirapire 

zesadebebi, romlebic miduRebulia elementebis gverdiTa waxnagebze 

(fig. 128, g). samontaJo samuSaoebis gamartivebisaTvis koWebsa da 

zesadebebSi datanebulia xvrelebi, romlebSic, SeTavsebis Semdeg, 

gatardeba samontaJo sadebi. am operaciis Semdeg xorcieldeba 

samontaJo SeduReba. 

jvaredina svetebSi nebismieri kveTis koWebi eyrdnoba svetebis 

vertikalur furclebze miduRebul sayrden magidebs, romlebic 

Sesrulebulia kuTxedebisagan. svetebSi magidebi axorcielebs 

sixistis wiboebis funqciasac. koWebs magidebTan amagreben samontaJo 

WanWikebiT, xolo Semdeg amagreben svetTan trapeciisebri TamasebiT, 

romlebic koWis Taroebze flanguri nakerebiTaa miduRebuli (fig. 129). 

Tamasebis rTuli forma ganisazRvreba qveda flanguri nakerebis koWis 

Taroze mowyobis aucileblobiT. 

milovani kveTis mqone svetebis SemTxvevaSi, ganivi Zala 

koWebidan gadaecema svetebis gaswvriv miduRebuli vertikaluri 

sayrdeni firfitebis meSveobiT (fig. 130). aseT SemTxvevaSi svetis 

kedlis CaRunvisagan dasacavad, kvanZSi ayeneben svetis tanTan, 

vertikalur wiboebTan da koWis TaroebTan miduRebul or mrgval an 

mravalwaxnaga firfitebs. igive firfitebi asrulebs Tamasebis 

funqciasac, romelTa meSveobiT xorcieldeba xist kvanZebSi sayrdeni 

momentis svetze gadacema. kvanZis naklad SeiZleba CaiTvalos Weris 

nakerebis Sesrulebis aucilebloba wriul firfitasa da koWis zeda 

sartyels Soris. 

erTmagi an ormagi kuTxedebisagan Sesrulebuli kavSirebis 

elementebs samontaJo WanWikebiTa da SeduRebiT amagreben sakvanZo 

SeerTebebSi Semaval vertikalur wiboebTan (fig. 131). damakavSirebeli 

elementebis sakvanZo fasonurebTan misamagrebeli SenaduRi nakerebis 

gaangariSebas awarmoeben kavSiris fermebis gaangariSebis Sedegad 

gansazRvrul Zalvebze. 

 

 



181 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 129. koWebis jvaredina svetebTan SeerTebis kvanZebi 
1 _ sveti; 2 _ koWi; 3 _ SemaerTebeli firfita; 4 _ sayrdeni magida 

 

 

 

 

 

 

 

 

fig. 130. koWebis svetebTan SeerTebis kvanZebi svetebis samkuTxa badis 
SemTxvevaSi 

a _ mrgvali milis saxiT; b _ eqvswaxnaga milis saxiT; 1 _ sveti; 2 _ koWi;  
3 _ SemaerTebeli vertikaluri wibo; 4 _ naxvretebiani mrgvali furceli  
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fig. 131. kavSirebis Camagrebis kvanZebi CarCovan (a, b) da kavSirebian (g) 

karkasebSi 

1 _ sveti; 2 _ koWi; 3 _ kavSirebi 
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fig. 132. portalebis sayrdeni konstruqciebis sistemebi 

a, b _ CarCosebri; ; g _ jvaredina wamweebiani; d _ TaRovani; e _ koWovani;     
v _ gisosovani CarCosebri; z _ jvaredini rostverkiT da konusuri 

sayrdenebiT; T _ V-s formis sayrdenebiT; 1 _ erTmaliani CarCo;              

2 _ konsoluri CarCo; 3 _ jvaredini wamweebi; 4 _ TaRebi; 5 _ koWi;           

6 _ gisosovani sayrdenebi; 7 _ konusuri sayrdenebi; 8 _ V-s formis 

sayrdenebi; 9 _ koWovani rostverki; 10 _ gamanawilebeli fila; 11 _ piloni; 

12 _ sveti; 13 _ wertilovani saZirkveli; 14 _ filovani saZirkveli;          

15 _ jvaredin lenturi saZirkveli; 

arc Tu ise iSviaTad, mSeneblobis praqtikaSi, funqcionaluri 

Tavisufali sivrcis organizebis mizniT, romelic gamoiyeneba, rogorc 

qalaqgegmarebiTi nawili, manqanaTa sadgomi, gasasvlelebi da a.S., 

warmoiqmneba Senobis ZiriTadi moculobis miwis zedapiridan 

dacilebis aucilebloba. am amocanis gadasaWrelad karkass ayrdnoben 

specialur konstruqciebze, romlebsac portalebi ewodebaT (fig. 132.). 

portalis mzidi konstruqciis ZiriTad nawils Seadgens erTmaneTTan 

mZlavri koWebiTa da fermebiT dakavSirebuli ganivi da grZivi 

CarCoebi, romlebic erTobliobaSi qmnis xist ucvlel sistemas. 

konstruqciulad portalebs akeTeben xisti da moqnili armaturiT 

armirebul monoliTur rkinabetonSi.  
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7.4. Sekidul sarTulebiani Senobebis 

konstruqciuli sqemebi 

konstruqciuli TalsazrisiT, Sekidul sarTulebiani Senobebi 

principulad gansxvavdebian mravalsarTuliani Senobebisagan. 

konstruqciuli sqemis ZiriTad nawils warmoadgens sivrciTi 

vertikaluri tanebi – Saxtebi, romlebSic ganTavsebulia kibisa da 

liftebis komunikaciebi da iTviseben yvela vertikalur da 

horizontalur datvirTvebs. sarTulebs kideben konsolur 

saTavisebze, romlebsac aqvT koWuri rostverkis an jvaredini fermebis 

sistemis saxe, romlebic eyrdnobian Senobis vertikalur tans. 

mravalsarTuliani Senobebis karkasebisaTvis damaxasiaTebeli  

SekumSuli dgarebis sakidebiT Secvlis wyalobiT, Sekidul 

sarTulebiani Senobebi naklebad masalatevadia tradiciul 

mravalsarTulian karkasebTan SedarebiT, aqvT meti sasargeblo farTi, 

axasiaTebT gazrdili seismomedegoba, saWiroeben miwis samuSaoebis 

nakleb moculobas da amave dros saSualebas iZlevian Seiqmnas 

originaluri arqiteqturul-konstruqciuli formebi.  

konstruqciuli sqemebi mTavari sayrdenebis raodenobis mixedviT 

SeiZleba daiyos or mTavar jgufad: erTtanian da, or da mravaltanian 

sistemebad. yovel jgufSi, konsoluri rostverkebis 

adgilmdebareobis, raodenobis, konstruqciuli formisa da sxva 

niSnebis mixedviT, SemoaqvT damatebiTi klasifikacia. 

samSeneblo praqtikaSi, umetes wilad, ganviTareba hpova 

erTtanianma sistemebma erTi konsoluri rostverkiT, romelic 

ganTavsebulia mTavari tanis saTavsze (fig. 133). amasTan, rostverki 

warmoadgens koWebis (fig. 133, a) an fermebis (fig. 133, g, d, e) sistemas. 

rostverkis elementebSi (fig. 133, e) minimaluri Zalvebi warmoiqmneba 

maSin, rodesac ZiriTadi elementebis daxris kuTxe horizontalis 

mimarT Seadgens 30-35º. koWisebr rostverkebSi mRunavi momentis 

Sesamcireblad, tanis simaRleze, sarTulebis raodenobidan 

gamomdinare, awyoben or, sam da met rostverks (fig. 133, b). 
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fig. 133. dakidul sarTulebiani erTtaniani (erTWauriani) Senobebis 

konstruqciuli sqemebi 

a _ kiduli; b _ kiduli jgufuri; g-e _ kiduli, Rerovani doinjiani sistemis 

sxvadasxva geometriiT; 1 _ tani (Wauri) (koSki);  2 _ mzidi koWovani 

rostverki; 3 _ sakidrebi; 4 _ koWovani ujredi; 5 _ saZirkveli; 6 _ mzidi 

doinjiani sistema 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 134. dakidul sarTulebiani erTtaniani kombinirebuli Senobebis 

konstruqciuli sqemebi  

a _ jgufuri, koWovani rostverkebiT; b _ jgufuri, Rerovani 

doinjiani sistemebiT 
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aseve SesaZlebelia kombinirebuli sistemebi, romlebic 

nawilobriv Sekidulia da nawilobriv konsolur rostverkebze 

dayrdnobili (fig. 134, a, b). kombinirebul sistemebs iyeneben maSin, 

rodesac gadaxurvis sisqis Sesamcireblad an sarTulis garkveul 

monakveTebze didi datvirTvebis gadasacemad, vertikaluri sayrdenebis 

biji Seadgens 3-6 m-s.  

 

 

 

 

 

 

 

 

 

fig. 135. dakidul sarTulebiani ortaniani Senobebis konstruqciuli sqemebi 

a _ kiduli; b , g _ kombinirebuli, xiduri tipis; 1 _ tani; 2 _ gisosovani 

rostvetki; 3 _ sakidari; 4 _ sveti; 5 _ koWi; 

ortanian konstruqciebSi Senobis mTavar vertikalur 

elementebad gamoiyeneba ori sakibe-salifto Saxta, romelzec maliani 

saxide nagebobebis msgavsad, eyrdnoba koWis, wamwis an vanturi 

sistemebis gadaxurvis damWeri konstruqciebi (fig. 135). 

sarTulSoris gadaxurvebs, romlebic Sesrulebulia koWuri 

ujredebis an jvaredina wamweebis saxiT, damWer konstruqciaze kideben 

sakidebis mudmivi an cvladi bijiT. sakidebs Soris maqsimaluri 

manZili, rogorc wesi, ar aRemateba 12 m-s. 

fig. 135, b-ze moyvanili sqemis msgavsad, ortanian SenobebSi 

SesaZlebelia damWeri konstruqciebis mowyoba or an met iarusSi,  an 

damatebiTi vanturi sakidebiT (fig. 135, g). bolo or SemTxvevaSi, 

damWer konstruqciaSi an Sekiduli karkasis koWebSi, warmoiqmneba 

damatebiTi horizontaluri Fc Zalvebi, romlebic iwveven malis 

konstruqciebis grZiv kumSvas. 
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aRweril sqemebTan erTad, SesaZlebelia Sekidul sarTulebiani 

Senobebisa da nagebobebis sxva variantebic, romlebic ZiriTadad 

gansxvavdeba mTavari mzidi konstruqciis konstruqciuli formiT, 

romelic SeiZleba gadawyvetili iyos TaRis, CarCos an V–s msgavsi 

profilis saxiT. 

 

7.5. Sekidul sarTulebiani Senobis gaangariSeba da 

konstruireba  

Sekidul sarTulebiani Senoba, statikuri TvalsazrisiT, 

warmoadgens saZirkvelSi Camagrebul, mudmivi da droebiTi 

vertikaluri da horizontaluri (qaris) datvirTebis zemoqmedebis qveS 

myof konsolur Reros. yvela datvirTvas Rebulobs Senobis tani, 

romelSic vertikalur grZiv Nc Zalebs sazRvraven, rogorc Senobis 

konstruqciis sakuTari masisa da sarTulebze sasargeblo datvirTis 

jams. saZirkvlis zedapiris doneze, tanis saangariSo kveTSi 

horizontaluri datvirTvisagan gamowveul mRunav moments sazRvraven 

(90) da (91) formulebiT. 

tanis kolofa kveTis gaangariSebas awarmoeben, rogorc 

aracentrulad SekumSul Reros, amasTan gasaTvaliswinebelia, rom 

xanZarsawinaaRmdego TvalsazrisiT, mTavari tani rkinabetonisaa. 

tanebis (Waurebis) rkinabetonis kedlebis sisqe ganisazRvreba SenobaSi 

sarTulebis raodenobis mixedviT da qveda sarTulebis doneze 40-80 

sm-ia, xolo zeda sarTulebSi _ 20-60 sm. 

gansakuTrebuli yuradReba eTmoba saZirkvlebis daproeqtebas, 

vinaidan horizontaluri Zalebis zemoqmedebiT isini iReben udides 

mRunav moments da gadascemen safuZvels (fuZes). saZirkvlebad iyeneben 

Rrma saten ximinjebs gafarToebuli qusliT, masiur (mTlian 

monoliTur rkinabetonis filebs da sxv.). 

gadaxurvis konstruqciebis, romlebic warmoadgens 

horizontalur xist diskoebs, konstruireba warmoebs koWovani 

ujredebis saxiT, sadac mTavari da damxmare koWebi erT donezea  

ganlagebuli. gadaxurvis koWebi muSaobs, rogorc Wradi erTmaliani an 
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uWri mravalmaliani sistemebi, xolo zogierT SemTxvevaSi, rogorc 

jvaredini koWebis an fermebis sistemebi. Runvadi elementebis 

gaangariSebis meTodika unda iTvaliswinebdes maT saangariSo sqemas. 

analogiurad awarmoeben rostverkis elementebisa da sayrdeni koWebis 

an fermebis gaangariSebas. 

vertikaluri sakidebi muSaobs centralur gaWimvaze Ft 

Zalebisagan, romelTa mniSvnelobac mcirdeba zemodan qvemoT. fig. 136-

ze naCvenebia rostverkis ZiriTadi kvanZebi, romlebic Sesrulebulia 

fig. 133-ze warmodgenili konstruqciuli sqemebis Sesabamisad. 

sakidebad gamoyenebulia 600-800 mpa denadobis zRvris mqone maRali 

simtkicis foladis mrgvali Reroebi. Reroebs kvanZebSi amagreben 

qanCebisa da kontrqanCebis meSveobiT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 136. doinjian sistemebSi saWimrebis Reroebis damagrebis kvanZebi 

1 _ sayrdeni CarCo; 2 _ saWimaris Rero; 3 _ sakidari; 4 _ ganmbjeni; 
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fig. 137. sarTulSua gadaxurvis mzidi konstruqciis sakidarTan damagrebis 

kvanZi 

1 _ moqnili sakidari; 2 _ rigeli (wamwe); 3 _ pirapiris zesadebi;  

4 _ mosaWeri sayrdeni magida; 5 _ maRali simtkicis WanWikebi 

 

 

 

 

 

 

 

 

fig. 138. sarTulSua gadaxurvis koWovani ujredis xist sakidarTan 

damagrebis kvanZi 

1 _ furclovani sakidari; 2 _ koWi; 3 _ sayrdeni kavi; 4 _ pirapiris kuTxedebi; 

5 _ samontaJo WanWikebi;  6 _ maRali simtkicis muSa WanWikebi; 7 _ samontajo 

sadebi 

sarTulSua gadaxurvis koWebsa da fermebs, mrgvali ReroebiT an 

brtyeli firfitebiT damzadebul sakidebTan amagreben specialuri 

satacebis gamoyenebiT maRali simtkicis WanWikebiT (fig. 137 da 138). 
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specialur sayrden magidebian satacebs winaswar amagreben sakidebze, 

xolo Semdeg normaluri sizustis WanWikebiTa da SeduRebiT maTze 

amagreben sarTulSua gadaxurvis koWebs an wamweebs (fig. 137). sxva 

SemTxvevebSi, satacebi SeiZleba damagrdes Tavad koWebze, xolo 

sakidebze fiqsacia ganxorcieldes samontaJo lilvakiT (fig. 138). 

Senobis yvela liTonis elementis damontaJebis Semdeg axorcieleben 

gare kedlebis sibrtyeebis dabetonebas sakidebTan erTad. 

 

Tavi 8. didmaliani CarCovani konstruqciebi 

8.1. CarCoebis statikuri da konstruqciuli sqemebi 

CarCo warmoadgens brtyel konstruqcias, romelic Sedgeba 

sworxazovani, texili an mrudwiruli malis elementisagan _ 

rigelisagan da maTTan mierTebuli vertikaluri an daxrili 

elementebisagan _ dgarebisagan. CarCovan konstruqciebSi, rigelebisa 

da dgarebis xisti SeuRlebis wyalobiT, analogiur ganiv CarCosTan 

SedarebiT, romelsac svetebze saxsrulad dayrdnobili wamwis an 

koWis saxe aqvs,  liToni ufro metad efeqturad gamoiyeneba da 

mniSvnelovnad izrdeba rigelis sixiste. CarCoebis daproeqteba 

mizanSewonilia 60 m-ze meti malebis dros, TumcaRa maT SeuZliaT 

warmatebuli konkurencia gauwion 24-60 m malis mqone wamweebsa da 

koWebs. 

statikuri muSaobis TvalsazrisiT CarCo SesaZlebelia iyos 

samsaxsriani, orsaxsriani da usaxsro (fig. 139). samsaxsriani CarCoebi 

(fig. 139, a) ufro metad liTontevadia, amitom maTi gamoyeneba 

SezRudulia mcire malebiTa da simaRleebiT. maT iyeneben im 

SemTxvevaSi, rodesac mali da simaRle naxevarCarCos mTlianad 

saqarxno pirobebSi damzadebisa da samSeneblo moedanze 

transportirebis saSualebas iZleva. orsaxsriani CarCoebi (fig. 139, b) 

ufro xSirad gamoiyeneba, vinaidan maTSi sakmaod srulad vlindeba 

dgarebSi rigelis Camagrebis efeqti da isini saZirkvlis jdomis 

mimarT nakleb  mgrZnobiarea. 
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masalis xarjis TvalsazrisiT, yvelaze ekonomiuri, usaxsro 

CarCoebia (fig. 139, g), romelTac maT iyeneben didmaliani 

CarCoebisaTvis. TumcaRa, aseTi CarCoebi sakmaod mgrZnobiarea 

sayrdenebis jdomisa da temperaturuli zemoqmedebis mimarT. maTi 

daproeqteba SesaZlebelia kldovani an naxevrad kldovani gruntebis 

fuZeze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 139. didmaliani CarCoebis sistemebi 

a  _ samsaxsriani mTliankedliani, gisosovani an kombinirebuli 

naxevarCarCoebiT; b  _ orsaxsriani gisosovani; g _ usaxsro gisosovani;  

1 _ rigeli; 2 _ dgari; 

didmaliani CarCovani konstruqciebi gamoiyeneba sazogadoebrivi 

daniSnulebis Senoba-nagebobebSi _ sagamofeno pavilionebSi, Teatrebsa 

da sanaxaobriv darbazebSi, daxurul bazrebsa da msxvil marketebSi, 

stadionebsa da sportul darbazebSi; samrewvelo daniSnulebis 

Senoba-nagebobebSi – aviasaamwyobo saamqroebSi, angarebSi, gemTmSene-

bel elingebSi, avtoparkebSi, universalur samrewvelo Senobebsa da 

sxv. CarCovani konstruqciebis gamoyeneba uzrunvelyofs nagebobis 

maRal arqiteqturul-dagegmarebiT moqnilobas da saSualebas iZleva 
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gadawyvetili iqnas praqtikulad nebismieri arqiteqturul-samSeneblo 

da teqnologiuri amocanebi foladis mniSvnelovani ekonomiiT. 

rigelisa da dgarebis urTierTganlageba saSualebas iZleva miRebul 

iqnas CarCoebis mravalferovani konstruqciuli formebi, romlebic 

akmayofileben konkretul moculobiT-gegmarebiT gadawyvetas.  

orsaxsrian mTliankedlian CarCoebs aqvT ortesebri, rogorc 

wesi, cvladi kveTis rigeli da dgarebi, romlebic Seesabameba Zalebis 

epiuras. yvelaze xSirad iyeneben, damzadebis mxriv naklebad 

Sromatevad, sami furclisgan SenaduR kveTs (fig. 140). mTliankedliani 

CarCoebis kveTis simaRled iReben malis 1/30 – 1/40-s, magram ara 

umetess 2 metrisa ekonomikuri mosazrebiT. kedlisa da Taroebis, 

agreTve kveTis simaRlisa da siganis Tanafardobebi emorCileba 

ortesebri koWebis daproeqtirebis kanonebs. 

 

 

 

 

 

 

 

fig. 140. mTliankedliani CarCoebis SenaduRi kveTebis tipebi 

mTliankedliani CarCos metwilad gavrcelebuli formaa – 

erTmaliani orsaxsriani CarCo horizontaluri an daxrili rigeliT 

(fig. 141, a, b). malis 60 m-mde gazrdis SemTxvevaSi, texil rigeliani 

CarCo xdeba ufro metad ekonomiuri, magram amave dros iTxovs 

rigelisa da dgarebis SeuRlebis kvanZebs Soris sakoWis dayenebas 

ganmbjenis asacileblad (fig. 141, g). aucileblobis SemTxvevaSi, 

dasaproeqtebeli nagebobis Weris qanobis organizebis an 

arqiteqturuli mosazrebebidan gamomdinare, CarCos rigeli an dgari 

SeiZleba iyos daxrili (fig. 141, e, v). aseT CarCoebSi, kvanZis SekumSul 

zonaSi Zabvebis Zlieri koncentraciis warmoqmnis Tavidan 

asacileblad, maxvili kuTxeebi unda daproeqtdes ara nakleb 450-isa.  
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fig. 141. mTliankedliani CarCoebis konstruqciuli sqemebi 

mTliankedliani CarCoebi, mcire deformaciulobis gamo, kargad 

muSaobs xiduri an kiduli amweebiT aRWurvil nagebobebSi (fig. 141, z, 

T). am da sxva SemTxvevaSic, CarCos rigelis simaRle SesaZloa aRebul 
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iqnas malis 1/20-1/40. erTmalian CarCoebSi, romlebic datvirTula     

25 tonaze meti tvirTamweobis mqone xiduri amweebiT, rekomendebulia 

iatakis donis qvemoT, sayrdeni saxsrebis doneze sakoWis (Semkvrelis) 

mowyoba (fig. 141, z). 

maRali teqnikur-ekonomikuri maCveneblebi axasiaTebT uWr 

mravalmalian CarCoebs (fig. 142, i), Tumca, agebis Sromatevadobis 

TvalsazrisiT, maTi gamoyeneba SesaZlebelia mxolod specialuri 

moTxovnebis gaTvaliswinebiT, magaliTad, minimaluri CaRunvebis 

miRweviT an masalis plastikur stadiaSi muSaobis gamoyenebiT. 

ori dgaris mqone erTmaliani CarCoebis garda (fig. 141, a-z), 

mSeneblobis praqtikaSi SesaZloa gamoyenebul iyos erTdgariani Г–s an 

Т-s magvari CarCoebi (fig. 141, k, l), an rTuli CarCoebi (fig. 141, m) 

daxrili an horizontaluri rigeliT. rigelis simaRles, CarCos 

dgarTan Camagrebis adgilas, iReben konsolis Sverilis 1/4-1/6-s, im 

pirobiT, rom uzrunvelyofili iqneba burulis (Weris) normaluri 

eqspluatacia. 

60-80 m-ze meti malebis dros, mTliankedlian CarCoebs cvlian 

gamWolkedliani (gisosurkedliani) CarCoebiT, romelTa rigelisa da 

dgarebis kveTebs aproeqteben gisovani wamwis analogiurs (fig. 142). 

orsaxsrian gamWol CarCoebs aproeqteben saxsrebiT saZirkvlis doneze. 

aseT CarCoebSi rigelis simaRle, mTliankveTianTan SedarebiT, izrdeba 

malis 1/8-1/15-mde (fig. 143, a-g). 

 

 

 

 

 

 

 

fig. 142. gamWoli CarCos kveTis tipebi 

usaxsro gamWol CarCoebs, orsaxsrianebTan SedarebiT, meti 

sixiste aqvT, amitom aseT CarCoebSi rigelis simaRle SeiZleba 
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Semcirdes malis 1/12-1/20-mde. gamWoli CarCos efeqturoba izrdeba 

dgarisa da rigelis sixisteebis Tanazomadobis SemTxvevaSi. amiasaTvis, 

gamWoli CarCos dgaris siganes iReben rigelis panelis (3-6m) tols. am 

SemTxvevaSi, dgaris wrfivi sixiste (sixistis Sefardeba elementis 

sigrZesTan) aWarbebs rigelis sixistes, ris gamoc rigelis Camagrebis 

efeqti izrdeba. 

gamWoli CarCos gantvirTvis udidesi efeqti miiRweva CarCos 

rigelisa da dgarebis winaswari daZabviT (fig. 143, d-z), rac CarCos 

sistemaSi warmoqmnis vertikaluri datvirTvisgan gamowveuli 

momentebis sapirispiro niSnis mRunav momentebs. winaswari daZabvis 

Zalis mniSvneloba SeirCeva konstruqciis minimaluri masis miRebis 

pirobidan. CarCovan konstruqciebSi dasaZab sakoWs akeTeben montaJis 

dros da ganaTavseben gaWimul zonaSi vertikaluri statikuri 

datvirTvisagan gamowveuli mRunavi momentebis epiuris Sesabamisi 

moxazulobis mixedviT. 

specialur nagebobebSi (angarebi, elingebi da sxv.) 

mizanSewonilia daproeqtdes uWri, ormaliani, winaswar daZabuli 

CarCoebi (fig. 143, i), romlebic lokaluri sworxazovani sakoWebis 

ganTavsebis saSualebas iZleva. aseTi gadawyveta winaswar daZabul 

CarCoebSi amartivebs kvanZebis konstruqcias.  

CarCovani gadaxurvebis gaerTmTlianebis sqema Tavisi 

struqturiT axlosaa erTsarTuliani samrewvelo Senobis gadaxurvis 

sqemasTan, romelSic rigeli svetebTan saxsruladaa SeuRlebuli (fig. 

144). Tumca, CarCovan konstruqciebSi yovelTvis saWiroa gadaxurvis 

gaswvriv qveda sartyelebze horizontaluri kavSirebis mowyoba, 

vinaidan rigelis dgarebTan SeerTebis kvanZebis mimdebare zonebSi, 

qveda sartyelebSi warmoiqmneba mkumSavi Zalvebi. garda amisa, 

gadaxurvis torsebis gaswvriv, xist blokebSi, ori ganapira CarCos 

zeda da qveda sartyelebs aerTeben horizontaluri kavSirebiT, xolo 

CarCoebs Soris vertikalur kavSirebs ayeneben ara umetes 18 m 

manZilze. 
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fig. 143. gamWoli CarCoebis konstruqciuli sqemebi 

 



197 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 144. didmaliani CarCovani gadaxurvis gaerTmTlianeba 

a _ zeda sartyelebis gaswvriv; b _ qveda sartyelebis gaswvriv;  

1 _ horizontaluri kavSirebi zeda sartyelebis gaswvriv;  

2 _ horizontaluri kavSirebi qveda sartyelebis gaswvriv; 3 _ vertikaluri 

kavSirebi CarCos rigelebs Soris; 4 - vertikaluri kavSirebi CarCos dgarebs 

Soris; 5 _ torsuli Calangari 

90 m-de malis mqone CarCoebs aproeqteben, rogorc brtyels, 

bijiT 6 an 12 m. didi malebis SemTxvevaSi da amwisqveSa koWebis ar 

arsebobis dros, mizanSewonilia bijis 18-24 m-de gazrda, xolo 

zogierT SemTxvevaSi 36 m-de (fig. 145, a, b). am SemTxvevaSi, CarCoebs 

Soris ayeneben paralelur sartyelebian gisosovan wamweebs, romlebic 

CarCos zeda da qveda sartyelebTan erT donezea mimagrebuli.  
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fig. 145. gisosovani wamweebiT kombinaciebis variantebi 

1 _ CarCo; 2 _ wamwe 

90 m-ze meti sigrZis malebis SemTxvevaSi, maTi mdgradobis 

mizniT, rogorc wesi, aproeqteben Sewyvilebul (fig. 145, g) an samkuTxa 

ganivi kveTis mqone CarCoebs. am SemTxevaSi, CarCoebis bijma SesaZloa 

miaRwios 60 m-s. aseTi gadawyvetebi mizanSewonilia angarebis 

mSeneblobaSi, anu iq, sadac funqciuri mosazrebebidan gamomdinare, 

CarCoebs ganalageben Senobis gegmis didi zomis mimarTulebiT, da ara 

misi grZivi RerZis ganivad. CarCoebs Soris dasayenebeli wamweebis biji 

mizanSewonilia daproeqtdes 6 m-is toli, grZivebis gareSe uSualod 

maTze gadaxurvis filebis dasalageblad. meti bijis SemTxvevaSi 

wamweebze alageben grZivebs da yovel nakveTurSi awyoben wamweebiT 

gadaxurvis gaerTmTlianebis sqemebis analogiur kavSirebis sistemas.  
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8.2. CarCovani konstruqciebis gaangariSeba 

SenobebSi CarCovan konstruqciebze moqmedebs: rigelis sigrZeze, 

sakuTari wonisagan gamowveuli, Tanabrad ganawilebuli vertikaluri 

datvirTva; Werisa da Tovlis wona; xiduri an kiduli koWuri amwisgan 

gamowveuli Seyursuli datvirTva; rigelis, dgarTan SeerTebis kvanZSi, 

qaris dawnevisagan gamowveuli horizontaluri Seyursuli Zala (fig. 

146). qaris zemoqmedebis gansazRvrisas gaiTvaliswineba _ qaris moqme-

debis mxridan dawneva 0.8qw, xolo sapirispiro mxridan _ gawova 0.6qw. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 146. mTliankedliani orsaxsriani (a) da usaxsro (b) CarCoebis 

gaangariSebisaTvis  

uZrav sayrdenebiani orsaxsriani CarCoebi – erTjer statikurad 

urkvevi sistemebia, sadac ucnob Zalas warmoadgens sayrden kvanZebSi 

horizontalurad modebuli Fh ganmbjeni. usaxsro CarCoebi samjer 

statikurad urkvevi  sistemaa, sadac ucnob ganmbjenTan Fh erTad 

warmoiqmneba ucnobi sayrdeni M momenti da vertikaluri Fv Zala. 

CarCovan konstruqciebSi ganmbjenSi aRZrul Zalvas Rebulobs fuZe, 
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xolo susti fuZeebis dros _ iatakis niSnulis qveviT sayrden 

saxsrebSi ganlagebuli sakoWi. CarCos simaRle SeiZleba iyos 

nebismieri, Tumca erTnairi malebis SemTxvevaSi, rac ufro maRalia 

CarCo, miT ufro naklebi ganmbjeni Zala warmoqmneba masSi. 

CarCoebis gaangariSebas, umetes SemTxvevaSi axorcieleben ZalTa 

an gadaadgilebaTa meTodiT, ris Sedegadac CarCos yvela 

damaxasiaTebel kveTSi sazRvraven M, N da Q Zalvebis saangariSo 

sidideebs. grZivi-ganivi Runvis pirobebSi, grZivi mkumSavi Zalebis 

arseboba mniSvnelovnad moqmedebs sistemis deformirebul 

mdgomareobaze, amitom CarCoebis gaangariSebas awarmoeben 

deformirebuli sqemis mixedviT. aseT SemTxvevaSi, gaangariSebis 

sirTule mniSvnelovnad izrdeba. gaangariSebis gamartivebis mizniT 

ugulebelyofen gaWimvisa da kumSvis deformaciebs Runvis deformaci-

ebTan SedarebiT da gaangariSebas awarmoeben aradeformirebuli sqemis 

mixedviT, ZalTa damoukideblad moqmedebis principis gaTvaliswinebiT. 

CarCoebis umetesobisaTvis damuSavebulia cxrilebi da 

formulebi, romelTa daxmarebiTac SesaZlebelia ganisazRvros 

datvirTvebisgan gamowveuli ganmbjenebi da sayrdeni momentebi. am 

sidideTa gansazRvris Semdeg, statikis wonasworobis gantolebebis _ 

0 x da 0 y  daxmarebiT, CarCos damaxasiaTebel kveTebSi 

sazRvraven normalur da ganiv Zalebs. aRniSnuli cxrilebisa da 

formulebis gamoyenebisas gaiTvaliswineba rigelisa da dgaris wrfivi 

sixisteebis Tanafardoba k = ksup / kc, romelic pirvel miaxloebaSi 

rekomendebulia miviRoT 2-is tolad. orsaxsriani marTkuTxa 

CarCosTvis (fig. 146, a), rigelis sigrZeze Tanabrad ganawilebuli 

datvirTvisgan gamowveuli ganmbjenisa da momentebis mniSvnelobebs 

Sesabamisad pouloben formulebiT: 
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horizontaluri Zalisgan W, romelic modebulia me-2 kvanZSi: 
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usaxsro marTkuTxa CarCosTvis (fig. 146, b), analogiuri 

datvirTvebisgan gamowveuli, ganmbjenebisa da momentebis 

mniSvnelobebi ganisazRvreba Semdegi formulebiT: 
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M da N Zalvebis mniSvnelobebis mixedviT axorcieleben CarCos 

kveTis SerCevas da miRebuli k-s mniSvnelobebis Semowmebas. Tuki 

sixisteebis Tanafardobis namdvili mniSvneloba kcai, misi pirveli 

miaxloebiT mniSvnelobisgan 20%-ze metad gansxvavdeba, saWiroa kveTis 

koreqtireba da ganmeorebiTi gaangariSeba k-s axali, gasaSualebuli 

mniSvnelobisTvis. miaxloebiT gaangariSebebSi rigeli gaiangariSeba 

mxolod mRunavi momentis moqmedebaze, vinaidan N grZivi Zala, 

simciris gamo, SeiZleba ugulebelvyoT. 
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fig. 147. orsaxsriani gamWoli CarCos gaangariSebisTvis 

mTliankedliani CarCos dgari gaangariSdeba mdgradobaze, 

rogorc aracentralurad SekumSuli Rero. gisosovan CarCoebSi 

Zalvebis gansazRvrisaTvis, gansakuTrebiT rigelis trapeciisebri an 

poligonaluri moxazulobis dros, mosaxerxebelia kremonas diagramis 

gamoyeneba (fig. 147). amasTan, ganmbjensa da vertikalur sayrden 

reaqciebs winaswar sazRvraven analizuri gziT. 
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8.3. CarCoebis konstruireba 

CarCovan konstruqciebSi yvelaze sapasuxismgeblo kvanZad 

iTvleba rigelisa da dgaris SeuRlebis kvanZi. kvanZis diagonalur 

kveTSi neitraluri RerZi kveTis RerZidan inacvlebs Siga kuTxis 

mxares, rac kvanZis SekumSul zonaSi iwvevs mniSvnelovani 

adgilobrivi Zabvebis warmoqmnas. amis gamo, mTliankveTiani CarCoebis 

Semavali kuTxeebi mzaddeba iribi-vutebiT (fig. 148, a-d) an mrudze 

mdovre gadasvliT (fig. 148, e, v). kvanZSi gamWimi Zalvebis aRsaqmelad 

gaWimuli boWkoebis mxridan aucilebelia furclovani zesadebis  

gaTvaliswineba, romelic mieduReba rigelisa da dgaris sartyelebs 

(fig. 148, a).  

ortesebri kveTis kedlis mdgradobisaTvis, SeuRlebis kvanZSi 

mkumSavi Zalvebis mimarTulebiT, keTdeba sixistis wiboebi. 

mTliankedlian da gisosurkedlian CarCoebSi, rigelis dgarTan 

SeuRlebis kvanZebi mzaddeba qarxnis pirobebSi, rac mniSvnelovnad 

zrdis maT saimedoobas eqspluataciis procesSi. 

msubuqi gamWoli CarCoebis gasagzavn markebad danawevreba 

xorcieldeba rigelis sazRvrebSi, nulovani momentis kveTis 

siaxloves (fig. 149, a) an CarCos dgaris sazRvrebSi (fig. 149, b). 

kuTxvanis profilian CarCoebSi pirapiri sruldeba sapirapire 

kuTxedebis SeduRebiT, xolo milovan CarCoebSi miltuCebiT, maRali 

simtkicis WanWikebis gamoyenebiT. mZime, didmalian CarCoebs aproeqteben 

maRali simtkicis WanWikebiT sruladasawyob konstruqciad (fig. 149, g). 

CarCoebSi, konstruqciuli TvalsazrisiT, SedarebiT rTulia 

sayrdenisa da saWeqis saxsrebis mowyoba. 
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fig. 148. mTliankedlian CarCoebSi rigelis dgarTan SeuRlebis kvanZebi  

 

 

 

 

 

 

 

 

 

 fig. 149. gamWol CarCoebSi rigelis dgarTan SeuRlebis kvanZebi 
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60 m-mde malis mqone CarCoebSi, 2500 kn-ze naklebi sayrdeni 

reaqciebis dros, upiratesad gamoiyeneba martivi konstruqciis 

filisebri saxsrebi (fig. 150, a; fig. 151, a, g), isini kargad muSaoben 

horizontalur rigelebiani da vertikalur dgarebiani CarCoebis 

kvanZebSi. didi sayrdeni reaqciebis dros gamoiyeneba balansiruli 

saxsrebi (fig. 150, b; fig. 151, b), romlebic Sedgeba zeda balansiris, 

saZirkvelTan mimagrebuli qveda balansirisa da maT Soris 

dasayenebeli cilindruli poWoWikisagan. 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 150. mTliankedliani CarCoebis saZirkvelze dayrdnobis kvanZebi 

a _ filovani saxsari; b _ cilindruli saxsari; 

SeuRlebis kvanZebSi CarCos elementebs aZliereben sixistis 

wiboebiTa da damatebiTi furclebiT, romelTa daniSnulebaa 

Seyursuli kvanZuri Zalis gadanawileba mTel saangariSo kveTze (fig. 

152). 
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 fig. 151. gamWoli CarCos dgaris saZirkvelze dayrdnobis kvanZebi 

a _ filovani saxsari; b _ balansiruli cilindruli saxsari; 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 152. klitis (saWeqis, kexis) saxsrebi 

a, b _ mTliankedlian CarCoebSi; g _ gamWol CarCoebSi; 
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filisebri da balansiruli saxsrebis gamoyeneba uzrunvelyofs 

sayrden da klitis (saWeqis, kexis) kvanZebSi saWiro mobrunebis kuTxis 

miRebas, aseve, grZivi da ganivi Zalebis gadacemisTvis aucilebel 

simtkices. klitis saxsrebis saeqspluatacio mdgomareoba miiRweva 

mosaWimi WanWikebis dayenebiT, romlebsac aseve SeuZliaT CarCoebsa da 

TaRebSi qaris gawovis Zlieri moqmedebis dros warmoqmnili gamWimavi 

Zalebis aTviseba. sayrden kvanZSi sakoWs amagreben CarCos dgaris 

SekumSuli Stos TarosTan (fig. 151, g). Taros mdgradobisTvis iyeneben 

sixistis ormxriv wiboebs. fig. 153-ze moyvanilia aluminis Senadnobis, 

maRali simtkicis foladis orsakoWiani, 60 m malis mqone winaswar 

daZabuli CarCos konstruirebis magaliTi. liTonis ekonomiis mizniT,  

CarCos SekumSuli dgari Sesrulebulia asawyobi rkinabetonisagan da 

aqvs ortesebri ganivi kveTi. 

 

Tavi 9. TaRovani konstruqciebi 

9.1. TaRebis statikuri da konstruqciuli sqemebi 

CarCosgan gansxvavebiT TaRi warmoadgens mrudxazovan 

(rkalisebr) konstruqcias, romliTac gadaixureba mali or sayrdens 

(saZirkvlebs, pilonebs an svetebs) Soris. samrewvelo, sazogadoebriv 

da sasoflo-sameurneo Senobebsa da nagebobebSi gamoyenebuli  

liTonis TaRovani konstruqciebis mali SeiZleba iyos 30-150 m. 

ganmbjenis arsebobidan gamomdinare konstruqciis dabali masis gamo, 

agreTve imis gamo, rom TaRSi upiratesad warmoiqmneba mkumSavi Zalvebi 

da umniSvnelo mRunavi momentebi, TaRebi mizanSewonilia gamoyenebul 

iqnas 60-80 m-ze meti malebis SemTxvevaSi. 

statikuri sqemis mixedviT TaRebi SeiZleba iyos samsaxsriani, 

orsaxsriani da usaxsro (fig. 154). TaRebis mizanSewonilobaze 

SeiZleba vimsjeloT mRunavi momentebis epiuris mixedviT. udidesi 

mRunavi momentebi warmoiqmneba samsaxsriani TaRis malis meoTxedSi, 

amitom isini yvelaze mZimeebia da Sesabamisad, naklebad gamoiyeneba. 

usaxsro TaRebSi momentebi malis Sua nawilSi minimaluria da izrdeba 
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SedarebiT mcire ubnebze sayrdenebTan axlos, amitom isini yvelaze 

msubuqi konstruqciebia. Tumca, CarCoebis analogiurad, usaxsro 

TaRebis gamoyeneba SesaZlebelia mxolod aradeformirebad gruntebze, 

winaaRmdeg SemTxvevaSi masalebis xarji saZirkvelze mniSvnelovnad 

gadafaravs masalis ekonomias, romelic miiRweva TaRSi. 

 

 

 

 

 

 

 

 

 
fig. 154. TaRebis statikuri            fig. 155. TaRebis tipebi f / l fardo- 

sqemebi da Tanabrad                     baze damokidebulebiT 

ganawilebuli datvirTvisagan          1 _ damreci; 2 _ sworxazovani; 

gamowveuli momentebis epiurebi        3 _ naxevarwriuli; 4 _ SemaRle- 

1 _ samsaxsriani; 2 _ orsaxsriani;      buli; 5 _ isruli; 

3 _ usaxsro;  

orsaxsriani TaRebi, usaxsrosTan SedarebiT, naklebad 

mgrZnobiarea temperaturul da deformaciul zemoqmedebaze da aqvT 

meti sixiste, vidre samsaxsrian TaRebs. amis garda, maT aqvT mRunavi 

momentis ufro Tanabari ganawileba danarCen or statikur sqemasTan 

SedarebiT. orsaxsriani TaRebi masalis xarjis mixedviT sakmaod 

ekonomiuria, maTi damzadeba da montaJi martivia da am Tvisebebis gamo 

sargebloben gamoyenebis upiratesobiT Senobebsa da nagebobebSi. 

CarCosTan SedarebiT, TaRs ukavia meti sivrce, vinaidan TaRovan 

gadaxurvebSi (damrecobis gamo) sayrdenebTan axlos arsebobs 

SezRuduli eqspluataciis zonebi. TaRebis yvelaze xelsayreli 

simaRle Seadgens malis 1/4_1/6-s, magram eqspluataciis pirobebidan 

gamomdinare TaRebis moxazuloba SeiZleba iyos nebismieri (fig. 155). 

TaRebis minimalurad dasaSvebi damrecoba aiReba aranakleb malis 1/8, 
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xolo maqsimaluri aweuloba (SemaRleba) isrul TaRebSi araumetes 

ori malisa. 

Tanabrad ganawilebuli datvirTvis moqmedebisas, TaRebSi 

momentebis minimaluri mniSvneloba miiRweva maSin, rodesac TaRis 

moxazuloba emTxveva wnevis mruds. am SemTxvevas Seesabameba 

kvadratuli parabolis mixedviT Semoxazuli TaRi. damrec TaRebSi, 

damzadebis gamartivebis mizniT, paraboluri mrudi SeiZleba 

Secvlili iqnes wrewiris rkaliT, rac ar iwvevs Zalvebis 

mniSvnelovan zrdas. TaRebis simaRlis gazrdis SemTxvevaSi 

normaluri Zala da ganmbjeni mcirdeba, xolo mRunavi momenti 

mniSvnelovnad izrdeba. amas didwilad xels uwyobs qaris datvirTvis 

gavlena, rac iwvevs gansxvavebul zemoqmedebas TaRze dawnevisa da 

gawovis mxridan, rac iZleva or araTanabar wnevis mruds. 

 

 

 

 

 

 

 

 

 

 

 

fig. 156. orsaxsriani TaRis konstruqciuli sqemebi  

da kveTebis tipebi 

a _ mTliankedliani; b _ gamWoli; 

konstruqciuli TvalsazrisiT liTonis TaRi SeiZleba iyos 

mTliani da gamWoli (gisosovani). mTlian TaRs, romlis simaRle malis 

1/50_1/80-ia (fig. 156, a), iyeneben 60 m-de malebSi. zogjer, funqciuri 

mosazrebebidan, TaRebs aproeqteben ori sworxazovani elementiT. aseT 

TaRebSi kveTis simaRles iReben malis 1/15_1/20-s farglebSi. 
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mrudxazovan TaRebTan SedarebiT es TaRebi naklebad efeqturebia. 

mTliani TaRebis kveTebi sruldeba SenaduRi farToTaroebiani 

ortesebris, milis da TamasebiT SeerTebuli ori Svelerisgan an 

ortesebrisgan Sedgenili kveTebis saxiT. Sedgenil kveTebs aqvT didi 

sixiste TaRis sibrtyidan, amitom maTi gamoyeneba mizanSewonilia didi 

malebis SemTxvevaSi. 

60 m-ze meti malis SemTxvevaSi upiratesad aproeqteben gamWol 

TaRebs paraleluri sartyelebiT (fig. 156, b). gamWol TaRebs naklebi 

sixiste aqvT, amitom aseT TaRebSi kveTis simaRles zrdian malis 

1/30_1/60-de. gamWoli TaRebis sartyelebi keTdeba kuTxedebis, 

Svelerebis, milebisa da ortesebrisagan. didi malebisa da Zalvebis 

SemTxvevaSi gamWoli TaRebi keTdeba samkuTxa an oTxkuTxa ganivi 

kveTis mqone sivrciTi saxis. gamWol TaRebSi sartyelebi vertikaluri 

da horizontaluri mimarTulebiT SeuRlebulia samkuTxa an iribanuli 

tipis gisosovani kavSirebiT, romlebic keTdeba erTeuli kuTxedebiT, 

SvelerebiT an ortesebriT. 

mTliankedliani da gamWoli TaRebis kveTebi rekomendebulia 

mTel sigrZeze iyos mudmivi. Tumca, or da samsaxsrian TaRebSi, 

liTonis ekonomiis mizniT, dasaSvebia daproeqtdes namglisebri an 

segmenturi moxazulobebis TaRebi (fig. 157). 

 

 

 

 

 

 

 

 

fig. 157. TaRebis moxazuloba 

a _ samsaxsriani; b _ orsaxsriani;  

1 , 3 _ namglisebri; 2 _ segmenturi; 4 _ paralelur sartyelebiani; 
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ganmbjeni TaRur konstruqciaSi aiTviseba sakoWis mier, romelic 

mowyobilia sayrdeni kvanZebis doneze (fig. 158, a). Tumca, sakoWi xels 

uSlis mTeli Senobis normalur eqspluatacias da saWiroebs 

sakidrebze masalis damatebiT xarjs. didmalian sazogadoebriv da 

samrewvelo SenobebSi sakoWisgan ganTavisufleba xorcieldeba 

ganmbjenis gadacemiT xist sayrdenebze, ganivi CarCoebis (fig. 158, b), 

pilonebis (fig. 158, g), tribunebis (fig. 158, g) saxiT an uSualod 

saZirkvlebze (fig. 158, e). sust gruntebSi saZirkvlis zomaze metad 

gadanacvlebis Tavidan asacileblad iatakqveSa sakoWi SeiZleba 

moewyos mniSvnelovani ganmbjeni Zalvebis SemTxvevaSi (fig. 158, e). 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 158. TaRebSi ganmbjenis aTvisebis variantebi  

mTliani TaRebis daproeqtebisas maTi biji Senobis gaswvriv 

rekomendebulia miRebul iqnas 6-12 m, xolo gamWoli TaRebis 

SemTxvevaSi _ 12-24 m. TaRebs Soris 6 m bijis dros gadaxurvas 

aproeqteben kavSirebis gareSe, filebis dalagebiT uSualod TaRis 

zeda sartyelze. xolo 12-24 m bijis dros kavSirebad gamoiyeneba 6 m 

bijiT ganlagebuli gisosovani fermebi, xolo filebs alageben maTze 

an kavSiris fermebze 3 m bijiT ganlagebul damatebiT kavSirebze (fig. 

159). 
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fig. 159. TaRovani gadaxurvis gaerTmTlianeba Sewyvilebuli TaRebis 

SemTxvevaSi 

TaRebze nivnivuri gadaxurvis mowyoba CarCos nivnivuri 

gadaxurvis analogiuria. TaRovani gadaxurvis ganmasxvavebeli 

Taviseburebaa _ TaRebs Soris, ara umetes 12 m bijiT, vertikaluri 

grZivi kavSirebis mowyobis aucilebloba, romlebic uzrunvelyofen 

qveda SekumSuli sartyelis mdgradobas zeda sartyelebze 

horizontaluri kavSirebis arsebobisas. 

60 m-ze meti malebis SemTxvevaSi, calkeul brtyel TaRebs 

aerTianeben wyvil-wyvilad 3-6 m siganis blokebad, romelTa Soris 

manZili 18-24 m-ia. aseTi gadaxurvis saerTo mdgradoba izrdeba 

blokebs Soris damatebiTi horizontaluri kavSirebis mowyobiT zeda 

sartyelebis sibrtyeSi, gadaxurvis kexis gaswvriv. aseT SemTxvevaSi 

kavSirebis sistemaSi rTaven wamwe-grZivebis zeda sartyelebs. TaRovan 

gadaxurvebSi wamwe-grZivebis simaRle, Camagrebis gaTvaliswinebiT, 

SeiZleba iyos maTi malis 1/15_1/20.  
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9.2. TaRovani konstruqciebis gaangariSeba 

 SenobebSi da nagebobebSi TaRebze moqmedebs vertikaluri mudmivi 

(sakuTari masa) da droebiTi (Tovli) datvirTvebi, agreTve droebiTi 

qaris datvirTva (fig. 160). orsaxsriani TaRi warmoadgens erTjer 

statikurad urkvev sistemas, romelSic ucnobia Fh ganmbjenis sidide. 

kvadratuli parabolis an masTan miaxloebuli sxva mrudis 

moxazulobis, f / l < 1/8 damrecobis mqone or da samsaxsrian TaRebSi 

Tanabrad ganawilebuli datvirTvisagan gamowveuli ganmbjeni 

ganisazRvreba formuliT 

                                                              Fh = qg l
2
/8f ,                                                        (109) 

sadac qg aris saangariSo mudmivi datvirTva TaRze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 160. orsaxsriani TaRis gaangariSebisTvis 

TaRebSi, damrecobiT f / l ≥ 1/8, saangariSo mudmiv datvirTvas 

warmoadgenen ori simetriuli proeqciis saxiT _ qg,1 (saWeqSi) da qg,2 

(quslSi), amitom ganmbjenis dazustebuli mniSvneloba mocemuli 

SemTxvevisTvis gaiangariSeba formuliT: 
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                                                  Fh = (qg,1 l
2
/8f) + (qg,2_ qg,1)l

2
/24.                                      (110) 

TaRebis damrecobaze damokidebulebiT, agreTve icvleba 

saangariSo Tovlis datvirTvis mdebareoba. TaRebSi damrecobiT f / l < 

1/8, saangariSo Tovlis datvirTvas iReben Tanabrad ganawilebuls 

TaRis sigrZeze (ix. datvirTva 3), xolo, rodesac f / l ≥ 1/8 _ or 

variantad: pirveli _ Tanabrad ganawilebuli datvirTvis saxiT, meore 

_ ori araTanabari samkuTxedis saxiT (ix. datvirTva 4), romelTa 

gavlena gaangariSebis dros SeiZleba miaxloebiT Seicvalos 

calmxrivi Tanabrad ganawilebuli datvirTviT qs (ix. datvirTva 2). 

 ganmbjenis sidides droebiTi Tovlis datvirTvisgan, am 

SemTxvevebisTvis, gamoiTvlian formulebiT: 

                                                             Fh,s,1 = qs l
2
/8f ,                                                    (111) 

                                                            Fh,s,2 = qs l
2
/16f .                                                   (112) 

 TaRis RerZis gaswvriv moqmedi M, N, Q Zalvebi nebismier kveTSi 

sayrdenidan x manZilze gamoiTvleba formulebiT: 

                                                            Mx = Mb _ Fh y ,                                                     (113) 

                                                       Nx = Qb sin α + Fh cos α ,                                               (114) 

                                                      Qx = Qbcos α _ Fh sin α .                                               (115) 

sadac Fh aris mudmivi an droebiTi datvirTvisagan gamowveuli 

ganmbjeni; Mb da Qb _ vertikaluri saangariSo datvirTvebisgan 

gamowveuli koWuri momenti da ganivi Zala, rodesac TaRi ganixileba 

rogorc l malis mqone koWi; y _ saangariSo kveTis RerZuli wertilis 

ordinata; α _ kuTxe saangariSo kveTSi TaRis RerZis mxebsa da 

horizontals Soris. 

 usaxsro TaRSi mRunavi momenti udides mniSvnelobas aRwevs 

quslebSi da miaxloebiT SeiZleba ganisazRvros formuliT 

                                                              M = qg,s l
2
/64 ,                                                       (116) 

sadac qg,s aris mudmivi datvirTvisa da Tovlis jamuri saangariSo 

Tanabrad ganawilebuli datvirTva. 
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 Zalvebi mudmivi kveTis gamWoli TaRebis elementebSi (fig. 161) 

ganisazRvreba Mx -is , Nx -is da Qx –is meSveobiT formulebiT: 

 zeda sartyelSi 

                                                  Nsup = _ [(Nxa2 / h) _ (Mx / h)] ,                                        (117) 

 qveda sartyelSi 

                                                 Ninf = _ [(Nxa1 / h) + (Mx / h)] ,                                          (118) 

 iribnebSi 

                                                         Nd = Qx / cos (β _α) ,                                                   (119) 

 vertikalur dgarebSi 

                                                            Nc = Qx / cos α .                                                       (120) 

sadac a aris manZili kveTis simZimis centridan Sesabamis sartyelamde. 

 

 

 

 

 

 

 

fig. 161. gamWoli TaRis elementebis kveTis gaangariSebisaTvis 

 gamWoli TaRebis elementebis kveTebi Zalvis niSanze 

damokidebulebiT ganisazRvreba (81) an (82) formulebiT, xolo mTliani 

TaRebis kveTebi _ (17) da (18) formulebiT. or da samsaxsrian TaRebSi 

grZivi Zalisa da mRunavi momentis yvelaze araxelsayreli Tanwyobis 

SemTxvevaSi saangariSo kveTi aiReba malis meoTxedSi, xolo usaxsro 

TaRebSi _ sayrdenze. 

 gaangariSebis dros mniSvnelovania TaRebis saerTo mdgradobis 

Semowmeba. sibrtyidan TaRebis mdgradoba miiRweva vertikaluri 

kavSirebis damontaJebiT (ix. fig. 159), romlebic daproeqtebis 

pirobebiT ar unda aRematebodes TaRis sartyelis 16-20 siganes. 

sartyelis mdgradoba Tavis sibrtyeSi kmayofildeba Semdegi pirobiT 

                                                             Ncr > (1.2 _ 1.3)N ,                        (121) 
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sadac N aris saangariSo grZivi Zala malis 1/4-Si (mTlian malze 

mudmivi datvirTvisa da naxevar malze droebiTi Tovlis 

datvirTvisagan); Ncr _ saangariSo kritikuli Zala TaRis, rogorc 

mrudxazovani SekumSuli Zelis, mdgradobis dakargvisas.   

 TaRovan konstruqciebSi kritikuli Zala miaxloebiT SeiZleba 

ganisazRvros eiler-iasinskis formuliT; am SemTxvevaSi saangariSo 

sigrZed lef miiReba TaRis sigrZis naxevari (ix. fig. 160, a): 

                                                         Ncr = π
2
EJx / μ    

  .                                                   (122) 

 saangariSo sigrZis koeficienti μ, romelic iTvaliswinebs TaRis 

simrudes da damokidebulia f/l fardobaze, ganisazRvreba cxrili 33-iT. 

cxrili 33  

μ koeficientis mniSvnelobebi TaRovan konstruqciebSi 

 

TaRis statikuri sqema 

μ fardobisas f / l 

0.05 0.2 0.3 0.4 

 

 samsaxsriani 

 orsaxsriani 

 usaxsro                 

 

0.6 

0.5 

0.35 

 

0.6 

0.55 

0.375 

 

0.6 

0.6 

0.4 

 

0.65 

0.65 

0.425 

  
 gaangariSeba qaris datvirTvaze aucilebelia Catardes 

TaRebisTvis, romlebSic f / l > 0.2 . 

 

9.3. TaRebis konstruireba 

 TaRebis kvanZebis konstruireba praqtikulad ar gansxvavdeba 

CarCoebis kvanZebis konstruirebisagan. CarCoebis msgavsad TaRebSi 

yvelaze rTulia sayrdeni da klitis (kexis, saWeqis) saxsrebi. am 

kvanZebis maxloblad gamWol TaRebs, rogorc wesi, konstruqciuli 

mosazrebebidan aqvT mTliani kveTi, rac, CarCovani konstruqciebisgan 

gansxvavebiT, gansazRvravs mTliani da gamWoli TaRebis saxsrovani 

kvanZebis msgavsebas. 

 TaRebSi sakoWi SeiZleba ganTavsdes sayrdeni saxsrebis doneze 

(fig. 162, b) an sayrdenebis zeviT, riTac izrdeba Senobis sasargeblo 
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simaRle (fig. 162, b). meore SemTxvevaSi awevis isrebis fardoba f1/f ar 

unda iyos 0.5-ze naklebi. arasruli saangariSo datvirTvisas 

Cakidulobis likvidaciisaTvis sakoWs mTel sigrZeze kideben TaRze 

sakidrebis meSveobiT. sakidrebis raodenoba ganisazRvreba sakoWis 

gaWimuli elementis maqsimaluri moqnilobis uzrunvelyofis 

pirobidan Semdegi formuliT 

                                                                 lef ≤ 400i ,                                                            (123) 

sadac i aris sakoWis kveTis inerciis radiusi horizontaluri RerZis 

mimarT. 

 

 

 

 

 

 

 

fig. 162. sakoWian TaRSi sakidebis gansazRvrisaTvis 

a _ sayrdeni saxsrebis doneze; b _ sayrdenebis zemoT; 

  XX saukunis dasawyisSi TaRebs ZiriTadad aproeqtebden 

sagamofeno pavilionebisa da vagzlebisTvis. am proeqtebidan, 

konstruirebis TvalsazrisiT, sainteresoa rkinigzis sadgurebis 

platformebis gadasaxuri uWri mravalmaliani TaRebi. pirvel 

SemTxvevaSi (fig. 163, a), vagzalis gadaxurvis mravalmaliani TaRi aris 

mTliankedliani, Tanabari 21 m-iani malebiT da sayrdenebis zeviT 

vertikaluri ubnebiT,  sayrdenebis maxloblad Senobis zonebis 

maqsimalurad srulad gamoyenebis mizniT.  meore SemTxvevaSi (fig. 163, 

b), moskovis yazanis vagzlis gadaxurvis mravalmalian TaRs (proeqti) 

aqvs Sesabamisad sxvadasxva simaRlis erTi 56.7 m-is toli mTavari mali 

da 33. 92 m-is toli ori gverdiTi mali. mocemuli malebis SemTxvevaSi, 

gisosovani TaRebis wriuli moxazuloba saSualebas iZleva 

uzrunvelyos sayrdenispira zonebis normaluri eqspluatacia.  
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 Tanamedrove mravalmalian TaRebs aproeqteben sakoWian an 

usakoWo erTmaliani konstruqciis saxiT. sayrdenebis doneze sakoWia-

ni, 78 m malis mqone foladis TaRiTaa gadaxuruli sportis sasaxle 

luJnikebSi (fig. 164, a). gamWoli TaRis sartyelebi Sesrulebulia П-s 

magvari SenaduRi profiliT, romlebic SeerTebulia kuTxedebiani 

gisosiT. oTxi kuTxedisagan Sedgenili sakoWi kveTSi jvris formisaa. 

 sainteresoa 90.2 m malis, gamWol burjebiani saaviacio angaris 

TaRovani gadaxurva. Senobis sasargeblo simaRlis gasazrdelad 

foladis  gisosovani  TaRi  Sesrulebulia  sakoWis  gareSe.  TaRis 

sayrdeni kvanZi aweulia 7 m simaRleze. burjs aqvs rTuli CarCos 

forma, romlis erT-erTi elementi warmoadgens Rerovan elements, 

romelic tolqmed Zalas sayrden kvanZSi gadascems gare saZirkvlebze 

(fig. 164, b). 

 Nfig. 164, g-ze warmodgenilia kombinirebuli TaRi kolofisebri 

kveTis sixistis koWis saxis sakoWiT. TaRebi dayenebulia 12 m-iani 

bijiT, rac saSualebas iZleva dalagdes saxuravis mzidi farebi da 

Camoikidos kiduli amweebis koWebi uSualod sixistis koWze. Senobis 

gareT gamotanili TaRis mdgradoba uzrunvelyofilia TaRsa da 

sixistis koWs Soris ganlagebuli cvladi simaRlis vertikaluri 

kavSiris wamweebiT. 

moskovSi dinamos stadionis gadaxurvisaTvis SemuSavebuli iqna 

trapeciis moxazulobis nakecovani (naoWa) garsis formis TaRovani 

gadaxurva (nax. 164, e). 6X9 m zomis nakecovani elementis sisqe 100 mm-ia, 

xolo samfenovan paketSi gareTa brtyeli aluminis furclebis sisqe 1 

mm. aseTi elementis Sua fena warmoadgens aluminis fiWur filas. 

 dinamos stadionis gadasaxurad warmodgenili iyo agreTve TaRis 

meore originaluri gadawyveta _ sakoWebis sistemiT winaswar 

daZabuli TaRi maliT 180 m (fig. 164, d). TaRSi winaswardaZabuli 

sakoWebis Semotanam mniSvnelovnad gazarda konstruqciis sixiste 

calmxrivad TaRis datvirTvisas droebiTi Tovlis datvirTviT. 
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 CarCovani konstruqciisagan gansxvavebiT, didmalian TaRs aqvs 

kveTis iseTi gabariti, romelic saSualebas iZleva TaRi danawevrdes 

mTlianad saqarxno pirobebSi damzadebul msxvil satransporto 

elementebad. TaRis, 12 m-de sigrZis brtyeli an sivrciTi blokebis 

formis, satransporto elementebs samSeneblo moedanze samontaJo 

kvanZebis daxmarebiT awyoben msxvil blokebad (naxevari TaRi an 

mTliani TaRi) da saeqspluatacio mdgomareobaSi aawyoben mobrunebis 

meTodiT horizontaluri mdgomareobidan vertikalurSi. 

 sakoWiani didmaliani sivrciTi TaRis satransporto elementebad 

danawevrebis magaliTi da am TaRis sapirapire samontaJo kvanZebi 

naCvenebia   fig.  165-ze.   damzadebis   gamartivebisTvis   am   TaRis   

mrudxazovani moxazuloba Secvlilia texili moxazulobiT, romelic 

Sedgenilia 12 m sigrZis samkuTxa kveTis sworxazovani blokebiT.          

 

Tavi 10. gisosovani naoWebi  

10.1. gisosovani  naoWebis statikuri da 

konstruqciuli sqemebi 

liTonis gisosovani naoWi warmoadgens umartives sivrciT 

konstruqcias, Sedgenils brtyeli gisosovani wamweebisagan, romlebic 

monacvleobiT daxrili arian sxvadasxva mimarTulebiT, ise rom 

gadaxurvis ganiv kveTSi, talRis mTel sigrZeze, isini warmoqmnis 

erTnair samkuTxa an prizmul formas (fig. 166). 

naoWebis Rirsebas, tradiciuli brtyeli wamweebiT gadaxurvebTan 

SedarebiT, warmoadgens maTi didi regularoba, rac gansazRvravs  

gazrdil arqiteqturul-esTetikur Tvisebebs, romlebic xels uwyobs 

am konstruqciebis gamoyenebas Sekiduli Weris gareSe. maTi 

daproeqteba mizanSewonilia Seduri gadaxurvebis saxiT samrewvelo da 

sazogadoebrivi daniSnulebis SenobebSi, sadac naoWis erT-erTi 

daxrili sibrtye ifareba SuqgamWvirvale, xolo meore yru paneliT. 

aseT SemTxvevaSi naoWis Seminul sibrtyes ayeneben vertikalurad (fig. 

166, b) an horizontis mimarT didi kuTxiT (fig. 166, v, z). naoWovan 
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konstruqciebs iyeneben 18-36 m malebis SemTxvevaSi, Tumca 

SesaZlebelia ufro didi malebis gadaxurvac.   

naoWebi SesaZloa eyrdnobodes foladis an rkinabetonis svetebs 

(fig. 167, a), nagebobebis kedlebs an nivnivqveSa konstruqciebs (fig. 167, 

b). svetebze dayrdnobisas, naoWis talRis maqsimaluri sigane ar unda 

aWarbebdes 6 m-s. naoWovani gadaxurvis mdgradobisaTvis,  svetebis 

sibrtyeSi, sayrdeni kvanZebis doneze, orive torsze awyoben sakoWebs, 

xolo sartyelis sigrZeze, ganapira talRebSi, ganmbjenis 

asaTviseblad, ayeneben horizontalur brtyel wamweebs an sakoWebis 

sistemas. nivnivqveSa wamweebi zrdis naoWovani gadaxurvis svetebis 

bijs, rac Senobis ufro metad moqnili gegmarebiTi gadawyvetis 

SesaZleblobas iZleva. gisosovan naoWebs, brtyel wamweebTan 

SedarebiT, meti sixiste gaaCniaT, amitom maTi simaRle SeiZleba 

Semcirebul iqnas malis 1/10-1/15-mde. 

SenobebSi farTod gamoiyeneba samkuTxa naoWebi (fig. 166, a, b, T), 

rogorc yvelaze martivad dasamzadebeli. gisosebis sistema aseT 

naoWebSi naCvenebia fig. 168-ze. jvaredina gisosis SenTxvevaSi (fig. 168, 

a), elementebi muSaoben mxolod gaWimvaze, rac maTi, moqnili maRali 

simtkicis foladisagan daproeqtebis saSualebas iZleva. 

 

 

 

 

 

 

 

 

 

 

 

fig. 166. naoWebis wamweebi 
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fig. 167. naoWovani gadaxurvis saerTo xedi 

a _ naoWebis uSualod svetebze dayrdnobis SemTxvevaSi; b _ naoWebis 

nivnivqveSa wamweebze dayrdnobis SemTxvevaSi; 1 _ gisosovani naoWi;           

2 _ horizontaluri gverduli (bortis) elementi; 3 _ igive, vertikaluri;  

4 _ nivnivqveSa wamwe; 5 _ sakoWi svetebis sibrtyeSi; 6 _ naoWis ganapira 

talRis sakoWi; 7 _ sveti; 

umetes SemTxvevebSi, naoWebs aproeqteben samkuTxa an poligonuri 

ganivi kveTis mqone erTmaliani sistemebis saxiT. aucileblobis 

SemTxvevaSi, maT ganixilaven, rogorc uWr mravalmalian da konsolur 

sistemebad. arqiteqturuli mosazrebebiT, gisosovan naoWebs SeiZleba 

qondeT cvladi kveTi simaRlis gaswvriv da talRis cvladi sigane. 

aseTi naoWebi mosaxerxebelia mrgvali, trapeciisebri da sxva rTuli 

gegmebis gadasaxurad. cvladi kveTis naoWebSi gisosis yvelaze metad 

gavrcelebuli tipia iribanuli sistema (fig. 168, b). 
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fig. 168. gisosovani naoWebis sistemebi 

a _ jvaredini; b _ iribanuli; g _ kombinirebuli; d _ samkuTxa damatebiTi 

SprengelebiT; e _ uiribno TaRiT; 

 

10.2. gisosovani naoWebis gaangariSeba da 

konstruireba  

gisosovani naoWi muSaobs grZivi da ganivi mimarTulebiT. 

vertikaluri datvirTvebis zemoqmedebisagan naoWi grZivi 

mimarTulebiT muSaobs, rogorc brtyeli daxrili wamweebis sistema, 

romelTa datvirTvis farTobi erTi naoWis talRis  b siganis tolia 

(fig. 169). amasTan, naoWis talRis erT sibrtyeze wrfiv saangariSo 

datvirTvas gansazRvraven misi daxris kuTxis gaTvaliswinebiT 

               
,

cos

2

)(

2









 



bsg

q                  (124) 

sadac, g aris mudmivad ganawilebuli datvirTva; s – Tovlis 

ganawilebuli datvirTva. 

erTmalian naoWSi saangariSo mRunavi momenti ganisazRvreba 

formuliT: 

                   
,

8

2lq
M                       (125) 
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fig. 169. naoWis ganiv KkveTze datvirTvis modebis sqema 

dadebiTi mRunavi momentis zemoqmedebisas, naoWis sartyelebSi 

warmoiqmneba grZivi mkumSavi (zedaSi) da gamWimi (qvedaSi) Zalvebi. 

ganapira sartyelebs angariSoben qα datvirTvis zemoqmedebaze, xolo 

danarCens _ 2qα datvirTvaze. sartyelebSi grZivi Zalvebis 

gansazRvrisas, daxrili wibos simaRles Rebuloben 2/cosb  tols. 

naoWovani gadaxurvis ganapira talRebSi sartyelebs Soris 

dasayenebeli sakoWebis kveTs, gamosaxaven me-(8) formuliT, romelSic N 

tolia  

                mmy lqlqN   sin ,                     (126) 

sadac lm aris
 
naoWis sartyelis panelis sigrZe. 

nivnivqveSa wamwis gaangariSeba, naoWis talRis sayrdeni reaqciis 

sididis toli Seyursuli ZalebiT datvirTuli, nivniva wamwis 

gaangariSebis analogiuria. 

 

 

 

 

 

fig. 170. naoWebis ganivi kveTis variantebi 

a _ calkeuli kuTxedisgan Sedgenili damoukidebeli brtyeli wamweebiT;  

b _ igive, milovani sartyelebiT; g _ SeTavsebuli milovani sartyelebiT;  

d _ igive, ortesebri profilebis sartyelebiT; 
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fig. 171. gisosovani naoWebis sakvanZo SeerTebebi 

a _ Sewyvilebul kuTxedebiani sartyelebiT; b _ igive, milebiT;  

g _ SeTavsebuli milovani sartyeliT; d _ ortesebri sartyeliT;  

e _ igive, calmagi kuTxediT; 1 _ sartyelis kuTxedi; 2 _ mili;  

3 _ ortesebri; 4 _ gisosis kuTxedi; 5 _ saketi mowyobiloba;  

6 _ soli; 7 _ muSa WanWikebi; 8 – fasonura; 

18 m-mde malis mqone naoWebs ageben sruli qarxnuli damzadebis 

brtyeli gisosovani wamweebisagan. didi malebis SemTxvevaSi naoWebs, 

wamweebis msgavsad, awyoben ori naxevarwamwisagan malis sigrZis 

gaswvriv. montaJis pirobidan gamomdinare, naoWebis sartyelebs aproeq-

teben upiratesad Sewyvilebuli kuTxedebis an milebisagan, iSviaTad 

calkeuli (erTeuli) milovani an ortesebri kveTis saxiT (fig. 170). 

Sewyvilebul elementebs sartyelis sigrZeze auRleben 

WanWikebiT (fig. 171, a) an foladis solebiT (fig. 171, b), romlebic 

aferxebenen am elementebis erTmaneTis mimarT gadanacvlebas. 

calkeuli elementis saxiT daproeqtebuli sartyelis SemTxvevaSi, 

naoWis elementebs erTmaneTTan amagreben maRali simtkicis WanWikebiT, 

sartyelze miduRebuli daxrili furclebis (iribnebis) daxmarebiT 

(fig. 171, g, d, e). 



229 

 

Tavi 11. badisebri kamarebi 

11.1. badisebri kamarebis statikuri da 

konstruqciuli sqemebi 

am tipis konstruqciebs ganekuTvneba erTsartyeliani (erTbadiani) 

cilindruli garsebi da orsartyeliani kamarebi (fig. 172, a, b). 

erTbadian garss, romlis Sua zedapiri miiReba wrfis nebismier 

mrudwirul mimmarTvelze srialiT, ewodeba cilindruli garsi. 

mrudwiruli mimmarTvelis saxeobidan gamomdinare, ganasxvaveben 

wriul, parabolur, elifsur da sxva tipis cilindrul garsebs, 

romelTa Soris yvelaze metad gavrcelebulia wriuli cilindruli 

moxazulobis garsi. 

kedlebze an saZirkvelze dayrdnobili erTsartyeliani 

cilindruli kamaris ZiriTadi elementebia badisebri garsi da 

gisosovani torsuli diafragmebi (fig. 172, a). oTx svetze kuTxeebiT 

dayrdnobil cilindrul garsSi malis gaswvriv damatebulia 

vertikaluri da horizontaluri gisosovani gverduli (bortis) 

elementebi (fig. 172, b), romlebic zrdian garsis sixistes.  

 

 

 

 

 

 

 

 

fig.172. erTsartyeliani badisebri garsebis ZiriTadi formebi 

a _ cilindruli kamara; b _ cilindruli garsi; 1 _ badisebri garsi;  

2 _ gisosovani diafragma; 3 _ vertikaluri gverduli (bortis) elementi;  

4 _ igive, horizontaluri; 

 erTsartyeliani badisebri kamaris mali ewodeba manZils talRis 

ganivi mimarTulebiT, romelic SesaZloa iyos 24-80 m, xolo gazrdili 
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mdgradobisas, romelic miiRweva fenilis gisosTan erTobliv 

muSaobaSi CarTviT, 100 m-mde. erTsartyeliani badisebri kamaris awevis 

isari iniSneba malis 1/6 _ 1/8, xolo cilindrul garsebSi _ 1/6 _ 1/10. 

badis Rerovani elementebis kveTis simaRles Rebuloben talRis b 

siganis 1/80 _ 1/200. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 173. badisebri garsebis badeebis sistemebi 

a _ rombisebri; b _ samkuTxa grZivi ReroebiT; g _ samkuTxa ganivi ReroebiT; 

d _ iribnuli; 

erTsartyelian cilindrul garsebSi da kamarebSi SeiZleba 

gamoyenebul iqnas badeebis sxvadasxva sistemebi. umartivesia 

rombisebri (rombuli) sistema (fig. 173, a), radgan TiToeul kvanZSi 

uRldeba mxolod oTxi Rero. Tumca, aseTi sistema ver uzrunvelyofs 

konstruqciis sixistes grZivi mimarTulebiT, amitom mas iyeneben 

mxolod cilindrul kamarebSi (fig. 172, a) maliT ara umetes 36 m. 

erTbadian konstruqciebSi yvelaze metad gamoiyeneba fig. 173, b, g-ze 

gamosaxuli badeebis sistemebi. aseT badeebSi, cilindrul msaxvelTan 

Reroebis daxris kuTxe miiReba 45 – 600.  
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cilindruli garsi SeiZleba iyos erTmaliani an mravalmaliani, 

erTtalRiani an mravaltalRiani. pirvel SemTxvevaSi mravalmaliani 

garsis pirapirze ewyoba saerTo diafragmebi, xolo meoreSi – saerTo 

gverduli (bortis) elementebi. erTbadiani garsebis saerTo 

mdgradobis uzrunvelyofa xorcieldeba torsuli diafragmebiT, 

romelTa geometriuli sqemebi naCvenebia fig. 174-ze. 

 

 

 

 

 

 

 

fig. 174. badisebri garsebis torsuli diafragmis sqemebi 

ekonomiurobisa da eqspluataciis moxerxebulobis TvalsazrisiT 

umetesad gavrcelebulia diafragmebi segmenturi wamweebis saxiT (fig. 

174, b, g). Tumca, maTi gamoyeneba mizanSewonilia mxolod erTmalian 

garsebsa da kamarebSi. mravalmalian kamarebSi warmatebiT gamoiyeneba 

saZirkvelze dayrdnobili TaRovani tipis diafragmebi (fig. 174, d-e). 

amasTan, mravalmaliani Senobis torsebze toveben diafragmebs 

segmenturi wamweebis saxiT. naklebad ekonomiuria CarCovani 

diafragmebi (fig. 174, a), romelTa gamoyenebasac asabuTeben funqciuri 

an arqiteqturuli mosazrebebiT.  

orsartyeliani gisosovani kamarebi – orbadiani garsebi da 

prizmuli kveTis  kamarebi (fig. 175), erTbadian garsebTan SedarebiT 

gamoirCeva met sixistiTa da mzidunarianobiT. aseTi konstruqciebiT 

SesaZlebelia 700 m-mde malebis gadaxurva, Tu maTi awevis isris 

malasTan Sefardeba f/l = 1/6 – 1/10, xolo kveTis simaRlis simrudis 

saSualo radiusTan FSefardeba h/r = 1/20 – 1/100. 
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fig. 175. orbadiani garsebis ZiriTadi formebi 

a _ regularuli naoWovani; b _ prizmuli; 

orbadiani garsi (fig. 175, a) Sedgeba jvaredina wamweebisa da ori 

an sami mimarTulebis TaRebis sistemisagan. ZiriTad muSa funqcias 

asrulebs ganivi gisosovani TaRebi, romlebic saZirkvels gadascemen  

datvirTvisgan gamowveul ZiriTad Zalvebs, xolo grZivi sworxazovani 

wamweebi xels uwyoben Zalvebis gadanawilebas ganiv TaRebs Soris da 

mniSvnelovnad zrdian orbadiani garsis sixistes.  

samkuTxa an prizmuli ganivi kveTis orsartyeliani kamarebi, 

TavianTi statikuri da konstruqciuli sqemebiT, axlos arian 

gisosovan orsaxsrian TaRebTan. orsartyeliani gisosovani kamarebi 

aseve torsebiT eyrdnoba xist diafragmebs, romlebadac SesaZloa 

gamoyenebul iqnas mTliani kedlebi, segmenturi wamweebi da sxva 

konstruqciebi. badisebri kamarebis optimalur gadawyvetas Rebuloben 

l/B=1 Tanafardobis dros. Tumca, Senobebisa da nagebobis  

daproeqtebisas dasaSvebia am Tanafardobis 1.5 –mde gazrda.  

 

11.2. badisebri kamarebis gaangariSeba da 

konstruireba  

grZivi kideebiT kedlebze an saZirkvelze, xolo torsebiT xist 

diafragmebze dayrdnobili badisebri cilindruli garsis 
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miaxloebiTi gaangariSeba xdeba, rogorc orsaxsriani TaRis, romlis 

saangariSo sigane kamaris ujredis a zomis tolia (fig. 176). 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 176. badisebri garsebis gaangariSebisaTvis 

kamaris geometriuli parametrebi, mocemuli malisa da f 

aweulobis isrisas, ganisazRvreba formulebiT: 
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sadac R aris kamaris simrudis radiusi; θ0 – centraluri kuTxe 

kexidan kamaris sayrdenamde; S – kamaris rkalis sigrZe. 

panelebis n raodenobis SemTxvevaSi, kamaris RerZis gadatexis 

wertilebis koordinatebi sigrZis naxevarze tolia: 

                       
;sin nn Rx                       (130) 

                    ).cos1( nn Rfy                     (131) 

kamaris saangariSo zolSi, mudmivi saangariSo datvirTvisagan 

gamowveuli ganmbjeni da vertikaluri reaqciebi Sesabamisad SeiZleba 

gamosaxul iqnas Semdegnairad: 
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sadac θ0 aris centraluri kuTxe radianebSi; qg = ga _kamaris sakuTari 

masidan da Weris masidan miRebuli wrfivi saangariSo datvirTva; kco –

kamaris drekadi mokumSvis (moWimvis) gamTvaliswinebeli koeficienti, 

romelic miaxloebiT ganisazRvreba formuliT 
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kamaris saangariSo zolSi, Tanabrad ganawilebuli Tovlis 

datvirTvisagan gamowveuli ganmbjeni da vertikaluri reaqciebi 

Sesabamisad iqneba: 

             
,

8

)551( 422

1,

1,,
f

klq
F

cs

sh

 
              (135) 

             
,

2

)21(1,

1,,2,1,,1,




s

svsv

q
FF                  (136) 

sadac α = a /l, kamarebisaTvis, Tu θ0 ≤  500, α = 0. 

cxrili 34 

kε, S da φ0 mniSvnelobebi (radianebSi) f/l damokidebulebidan 

gamomdinare 

f/l 1/2 1/3 1/4 1/5 1/6 1/7 1/8 1/9 1/10 

S 1.57 l 1.28 l 1.16 l 1,10 l 1,07 l 1,05 l 1,04 l 1,03 l 1,02 l 

kε 1 1.2628 1.4488 1.5747 1.6533 1,7073 1.742 1.7681 1.7873 

θ0 1.57 1.176 0.927 0.761 0.643 0.557 0.49 0.437 0.395 

 

kamaris saangariSo zolSi, samkuTxa sqemis mixedviT modebuli 

Tovlis datvirTvisagan gamowveul ganmbjensa da vertikalur 

reaqciebs pouloben formulebiT: 
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formulebSi (135), (136), (138), (139) Tovlis datvirTvebs qs,1 da qs,2, 

kamaris saangariSo zolisTvis, iReben samSeneblo normebisa da wesebis 

mixedviT. 

kamaris saangariSo zolis nebismier kveTSi, normaluri da ganivi 

Zalebis mRunavi momentebi ganisazRvreba formulebiT (113). (114), (115). 

erT da orsartyeliani kamarebis calkeul ReroebSi grZivi 

mkumSavi Zalvebi SesaZloa ganisazRvros Sesabamisad formulebiT (140) 

da (141) daxris α-s kuTxis gaTvaliswinebiT: 
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sadac h aris orsartyeliani kamaris kveTis simaRle sartyelebis 

RerZebSi. 

badisebri kamaris mdgradobis uzrunvelsayofad aucilebelia 

(121)-e pirobis  Sesruleba, amasTan kritikuli Zala kamaraSi 

miaxloebiT Seadgens 
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sadac E0 aris badisebri kamaris dayvanili drekadobis moduli, 

romelic ganisazRvreba formulebiT (143) da (144); Jx –wyvili Reroebis 

an ReroTa jgufis ganivi kveTis inerciis momenti Sesabamisad 

erTsartyelian an orsartyelian kamaraSi; μ – koeficienti, SeirCeva 

cxr. 33-is mixedviT. 

E0-s mniSvneloba erT da orsartyeliani kamarebisTvis 

Sesabamisad tolia: 
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sadac E foladis drekadobis modulia, romelic gamoiyeneba kamaris 

Reroebis dasamzadeblad, A – erTi Reros ganivi kveTis farTobi. 
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badisebri cilindruli kamarebisa da garsebis konstruqciul 

gansakuTrebulobas warmoadgens is, rom ori mezobeli kvanZis 

Reroebis RerZebi ar mdebareobs erT sibrtyeSi. am Tvisebis gamo 

badisebr kamarebsa da garsebSi gamoiyeneba iseTi profilebi (milebi, 

Svelerebi, ortesebri), romelTa grZivi RerZis mimarT mcire kuTxiT 

dagrexa kveTSi ar iwvevs mniSvnelovan Zabvebs.  

kamarebsa da garsebs awyoben upiratesad mokle Rerovani 

elementebisagan da specialuri sakvanZo detalebisagan, romlebic 

Rerovani elementebis sxvadasxva kuTxiT mimagrebis saSualebas iZleva. 

umetes SemTxvevaSi iyeneben WanWikur SeerTebebs, romelTa magaliTebic 

naCvenebia fig. 177-ze. msoflio praqtikaSi, badisebr kamarebSi farTo 

gamoyeneba poves sakvanZo SeerTebis sistemebma “triodetik”, ifi (ix. 

fig. 204) da “oktaplat” (ix. fig. 205).  

 

Tavi 12. ormagi simrudis gadaxurvis 

konstruqciebi 

12.1. gumbaTovani konstruqciebi. 

ZiriTadi tipebi da maTi daxasiaTeba 

gumbaTi ewodeba dadebiTi gausis simrudis1 mqone sivrciT 

konstruqcias, romlis zedapiri miiReba brtyeli mrudis brunviT 

vertikaluri uZravi brunvis swori RerZis garSemo. mSeneblobis 

praqtikaSi ufro metad gavrcelebulia wriuli gegmis mqone gumbaTebi, 

romlebic mbrunavi mrudiT Semoxazul zedapirze damokidebulebiT, 

SeiZleba iyos: sferuli, isruli, elifsuri, paraboluri, konusuri 

(fig. 178) da a.S. 

 
1 gausis simrude warmoadgens mTavari simrudeebis namravls 1/R1 · 1/R2 , sadac R1 da R2  

mocemul wertilSi mrudi zedapiris urTierTperpendikularuli kveTebis 

simrudeebia. Tu simrudis centrebi mdebareobs zedapiris erT mxares, maSin zedapirs 

aqvs dadebiTi gausis simrude (gumbaTi, damreci garsi). Tu es centrebi mdebareobs 

zedapiris orive mxares, maSin zedapirs aqvs uaryofiTi gausis simrude (hipari). Tu 

erT-erTi radiusi tolia usasrulobis, maSin zedapirs aqvs nulovani gausis simrude 

(badisebri cilindruli kamara).  
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fig. 178. gumbaTis sqemebi 

a _ sferuli; b _ isruli; g _ elifsuri; d _ paraboluri; e _ konusuri 

konstruqciuli niSnebiT gumbaTi SeiZleba iyos wibovani, 

wibovan-rgoluri da badisebri. wibovani gumbaTi warmoadgens sivrciT-

TaRovan konstruqcias, romelic Sedgenilia radialuri mimarTulebiT 

ganlagebuli brtyeli mrudxazovani wiboebisgan, romlebic qveda 

nawilSi erTmaneTTan SeerTebulia gaWimvaze momuSave sayrdeni 

rgoliT, xolo gumbaTis wveroSi _ kumSvaze momuSave zeda rgoliT 

(fig. 179, a). saxuravis panelebi lagdeba gumbaTis wiboebTan 

saxsrulad SeerTebul rgolur grZivebze. 

 wibovan-rgoluri gumbaTebi wibovanebisagan gansxvavdeba imiT, 

rom gumbaTis muSaobaSi CarTulia rgoluri grZivebi, romlebic 

wiboebTan  erTad  qmnis  xist  sivrciT  sistemas  (fig. 179, b).  

wriul-rgolur gumbaTSi rgoluri grZivebi, saxuravis panelebis 

dayrdnobis garda, uzrunvelyofs saerTo mdgradobas da amcirebs 

gumbaTis wiboebis saangariSo sigrZes sakuTari  sibrtyidan.  am  saxis 

gumbaTis saerTo sixistisaTvis awyoben kavSirebis minimum oTx panels, 

romlebic warmoadgens ori mezobeli wibosgan Sedgenil seqtorebs, 

romlebic Tavis mxriv erTmaneTTan SeerTebulia jvaredina 

kavSirebiTa da ganmbjeni-grZivebiT. 
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fig. 179. Rerovani gumbaTebis ZiriTadi sistemebi 

a _ wibovani; b _ wibovan-rgoluri; g _ badisebri (Svedleris sistema);  

d _ varskvlavisebri (fioplis sistema); e _ badisebri (Civitis sistema);  

v _ badisebri, rombuli badis safuZvelze; 1 _ meridianuli wibo’  

2 _ sayrdeni rgoli; 3 _ zeda rgoli; 4 _ grZivebi; 5 _ kavSirebi; 
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 wibovan da wibovan-rgolur gumbaTebs ufro xSirad aproeqteben 

damreci sistemebis saxiT aweulobis isriT (1/5_1/8)Dinf  da gare 

diametriT Dinf =24_100 m. wiboebis simaRle rekomendebulia (1/60_1/100)Dinf, 

xolo wiboebis biji gare diametrze 6-12 m, Dinf –is mniSvnelobidan 

gamomdinare. 

 wibovan-rgoluri gumbaTebis ganviTarebas warmoadgens 

Svedleris gumbaTi, romelic zemoT aRniSnulebisagan gansxvavdeba 

imiT, rom jvaredina kavSirebi dayenebulia yovel oTxkuTxa ujredSi, 

ris gamoc mniSvnelovnad izrdeba gumbaTis sixiste. aseTi gumbaTis 

diametri SeiZleba gaizardos 200 m-de (fig. 179, g). 

 gumbaTebis mSeneblobis Tanamedrove praqtikaSi upiratesi 

gamoyeneba poves samkuTxa ujredebian badisebrma gumbaTebma, agreTve 

gumbaTebis geodeziurma sistemebma, romelTa Reroebi warmoadgens 

sferoSi Caxazul mravalkuTxedebis wiboebs. samkuTxa ujredebian 

badeebze   dafuZnebuli   gumbaTebis   agebis   principi  mdgomareobs  

gumbaTis zedapirze brtyeli badis daproeqtebaSi. amisaTvis gumbaTs 

anawevreben garkveuli raodenobis erTnair sivrciT seqtorebad, 

romelTagan TiToeuli iyofa ufro patara samkuTxa ujredebad. 

 dayofis varskvlava sistema (fioplis gumbaTi) miiReba Svedle-

ris sistemidan TiToeuli horizontaluri rgolis θ = π/n (n _ gumba-

Tis waxnagebis raodenoba) kuTxiT mobrunebiT (fig. 179, d). varskvlava 

dayofis SemTxvevaSi rgolis Reroebis garda yvela sxva Reros 

aZleven erTnair sigrZes, ris Sedegadac viRebT CebiSevis wesier bades. 

 Civitas sistemaSi (fig. 179, e) iarusis yvela kvanZi mdebareobs 

erT horizontalur sibrtyeSi, rac gumbaTis dayofisas saSualebas 

iZleva daproeqtdes rgolebs Soris manZilebi, an erT iarusSi rgolis 

elementebis sigrZeebi, erTnairi sididis. 

 meridianuli mimarTulebiT ganlagebuli Reroebis sigrZeebis 

tolobiT gamoirCeva fig. 179, v-ze gamosaxuli rombuli bade, romelic 

agebulia CebiSevis wesieri badis safuZvelze. 

 erTi tipis Rerovani da sakvanZo elementebis misaRebad yvelaze 

mizanSewonilia dodekaedrisa (r. b. fuleris dayofa; fig. 180, a) da 
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ikosaedris sferuli badeebis safuZvelze agebuli geodeziuri 

gumbaTebi (m. s. tupolevis dayofa; fig. 180, b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 180. geodeziuri gumbaTebis agebis sqemebi 

a _ dodekaedris safuZvelze; b _ wakveTili ikosaedris safuZvelze;  

g _ sferuli samkuTxedebis Sevsebis variantebi (A_D _ dayofis tipebi); 

  sferuli samkuTxedebis patara ujredebad dayofiT 

SeiZleba miRebul iqnas samkuTxa, xuTkuTxa, eqvskuTxa da rombuli 

saxis badeebi, rac badisebr gumbaTebs aniWebs saintereso 

arqiteqturul formebs (fig. 180, g). erTsartyelian badisebr gumbaTebs 

aproeqteben 150 m-de diametriT, xolo orsartyelianebs, (1/100_1/150)Dinf 

kveTis SemTxvevaSi, 600 m-de. geodeziuri gumbaTebis ori sqemis 

Sedarebidan Cans, rom Reroebisa da panelebis tipzomebis raodenobis 

mixedviT ufro racionaluria dodekaedrze dafuZnebuli sqemebi. 

 

 

 

 

a) a) b) 

g) 
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12.2. wibovani da wibovan-rgoluri gumbaTebis 

gaangariSeba 

 wibovani gumbaTebi, romlebic Sedgebian kliteSi (saWeqi, kexi) 

SeerTebuli TaRebisgan, warmoadgens mravaljer statikurad urkvev 

sistemas (fig. 181, a). maTi gaangariSeba, miaxloebis sakmarisi xarisxiT, 

SeiZleba vawarmooT, rogorc samsaxsriani TaRebis, romlebic 

Sedgenili arian ori urTierTsawinaaRmdegod mdebare wiboebisagan. 

vertikaluri datvirTva saangariSo samsaxsrian TaRze, romelic aiReba 

sferuli trapeciis farTobis mixedviT, SeiZleba Seicvalos samkuTxa 

datvirTviT, romlis maqsimaluri ordinata gare perimetrze qg,1=gainf 

(ainf aris sayrden rgolze wiboebs Soris manZili). simetriuli 

vertikaluri datvirTvis SemTxvevaSi ganmbjeni da sayrdeni reaqcia 

saangariSo TaRSi SeiZleba gamoisaxos formulebiT: 

 Fh = qg,1 D
2
inf /24f,      (145) 

 Fv = qg,1 Dinf /4.     (146) 

 RerZuli mkumSavi Zalva TaRis wiboSi sayrdeni rgolis doneze 

ganisazRvreba formuliT:   √  
      . wiboebis xSiri ganlagebis 

SemTxvevaSi (ainf ≤ 6 m) saangariSo TaRSi warmoqmnili ganmbjenis gavlena 

SeiZleba Seicvalos sayrdeni rgolis an zeda rgolis sigrZeze 

modebuli Tanabrad ganawilebuli datvirTviT, Sesabamisad Fh/ainf  da 

Fh/asup.  

 sayrden rgolSi gamWimavi da zeda rgolSi mkumSavi Zalvebi 

Sesabamisad tolia: 

                                                    Ninf  = Fh Dinf /2ainf ,                                                (147) 

                                                   Nsup = Fh dsup /2asup .                        (148) 

 wibovan-rgoluri gumbaTis gaangariSeba RerZsimetriul 

datvirTvaze, wibovani gumbaTis gaangariSebis analogiurad, daiyvaneba 

pirobiTi sakoW-rgolebiani brtyeli samsaxsriani TaRis gaangariSeba-

ze, ris gamoc wiboebSi mcirdeba Zalvebi, da Sesabamisad, mcirdeba 
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masalebis xarji (fig. 181, b). zedmeti ucnobebis x1, x2 … gavlena 

ganisazRvreba kanonikuri gantolebebis sistemis amoxsniT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 181. gumbaTebis gaangariSebisTvis 

a _ wibovani; b _ wibovan-rgoluri; 

 realuri daproeqtebis dros yvela tipis gumbaTi agreTve 

gaangariSdeba arasimetriul qaris da Tovlis datvirTvebze, vinaidan 

es datvirTvebi gumbaTebSi iwvevs saxifaTo gamWimav Zalvebs rgoluri 

mimarTulebiT da mniSvnelovan adgilobriv mRunav momentebs sistemis 

wiboebsa da rgolebSi. 

 

12.3. badisebri garsebis gaangariSeba 

 badisebri gumbaTebis gaangariSebas awarmoeben umomento Teoriis 

mixedviT, romlis gamoyenebis pirobebia: garsis dayvanili sisqis 

cvlilebis simdovre, misi meridianis simrudis radiusis mudmivoba, 

datvirTvis cvlilebis simdovre, gumbaTis kideebis Tavisufali 

gadaadgileba radialuri da wriuli mimarTulebiT. am pirobebSi 
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RerZsimetriuli uwyveti (mTliani) Tanabrad ganawilebuli datvirTvis 

moqmedebis SemTxvevaSi badisebri gumbaTis daZabuli mdgomareoba 

xasiaTdeba mxolod normaluri F1 da F2 Zalebis warmoqmniT, romlebic 

moqmedebs Sesabamisad meridianuli da wriuli mimarTulebiT       

(fig. 182, a). 

 umomento sferuli garsis wonasworobis ZiriTad gantolebas 

aqvs  saxe 

                                                               F1 + F2 = pR,                                                   (149) 

sadac p = g · cos θ aris Tanabrad ganawilebuli wneva gumbaTis zedapiris 

erTeulze; g _ Tanabari datvirTva gumbaTis zedapiris gaswvriv 

(badisebri gumbaTis sakuTari masa, foladiT Sesrulebis SemTxvevaSi 

miaxloebiT SeiZleba miRebul iqnas gm = (3_6) Dinf  (kg/m2), xolo aluminis 

Senadnobebis SemTxvevaSi gm = (2_4) Dinf  (kg/m2). 

 gumbaTis geometriuli maxasiaTeblebi ganisazRvreba formule-

biT (fig. 182, b): 

                                                          R = (D
2

inf /8f ) + f /2,                                              (150) 

                                                          sin θ0 = 0.5 Dinf /Rθ ,                                              (151) 

                                                               Sinf  = π Dinf ,                                                     (152) 

sadac Sinf  aris sayrdeni rgolis sigrZe. 

      meridianuli Zalva rgolis sigrZis erTeulze, romelic 

mdebareobs sferos centridan y manZilze gumbaTis mokveTili nawilis 

horizontalur sibrtyeSi, SeiZleba gansazRvroT wonasworobis 

gantolebidan:  

                      2F1πr sin θ = G = _ g2π R (R_ y),                                   (153) 

sadac  G aris gumbaTis mokveTili nawilis wona; θ _ cvladi kuTxe 

garsis meridianul kveTSi; r _ paralelis radiusi gansaxilveli 

kveTis doneze. 

 F1 mimarT (153)-e gantolebis amoxsniT miviRebT 

 F1 = _ gR/(1+cos θ). (154) 
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 rgoluri Zalva meridianis sigrZis erTeulze, y doneze, SeiZleba 

miviRoT (149)-e gantolebaSi (154)-dan F1-is mniSvnelobis CasmiT: 

 F2 = _ gR [cos θ _1/(1+cos θ)]. (155) 

 Tanabrad ganawilebuli Tovlis datvirTvisagan gamowveuli, 

gumbaTis mokveTili nawilis doneze moqmedi F1-is da F2-is Zalebis 

mniSvnelobebi ganisazRvreba formulebiT: 

 F1,S = _ SR/2;    (156) 

                                                        F2,S = _ SR cos 2θ /2,                                              (157) 

sadac S aris saangariSo Tovlis datvirTva gumbaTis horizontaluri 

zedapiris 1 m2-ze. 

 gumbaTze qari moqmedebs zedapiris mimarT normalurad, 

iribsimetriuli sqemiT (fig. 182, g). 

 sferul garsSi qaris zemoqmedebisagan gamowveuli radialuri 

da rgoluri Zalvebi SeiZleba ganisazRvros formulebiT: 

                               F1,w = wR cos θ sin θ (2/3 _ cos θ + cos
3
θ/3) /sin

3
θ,                       (158) 

                       F2,w = wR sin θ [sin θ _ cos θ (2/3 _ cos θ + cos
3
θ/3) /sin

3
θ,        (159) 

sadac w _ saangariSo qaris datvirTva 1 m2 vertikalur zedapirze 

gumbaTis fuZis doneze. 

 saangariSo zolebis a da b siganis gaTvaliswinebiT (fig. 182, d), 

datvirTvis yoveli saxisgan SeiZleba miviRoT saangariSo Zalvebi 

meridianuli da rgoluri mimarTulebis ReroebSi, formulebiT: 

 N1 = F1a /2cos α, (160) 

                                                                 N2 = F2b.                                                        (161) 

 gumbaTis mdgradobis SesanarCuneblad vertikalur sibrtyeSi 

aucilebelia Semdegi pirobis Sesruleba: 

                                              N1 ≤ Ncr ,      Ncr = E √       
 

                                          (162) 

sadac J aris gumbaTis kveTis inerciis momenti a meridianuli zolis 

siganeze, erTsartyeliani da orsartyeliani gumbaTebisTvis 

Sesabamisad ganisazRvreba formulebiT: 
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 J = π (d
4

e _ d
4
i) /64, (163) 

                                                               J = Ah
2
/2,                                                          (164) 

sadac de da di aris milis gare da Sida diametri; A _ sartyelis ganivi 

kveTis farTobi. 

 

12.4. badisebri garsebis tipebi 

da maTi konstruqciuli gadawyvetebi 

 badisebri garsebi warmoadgens erTi tipis Rerovani da sakvanZo 

elementebis gamoyenebaze dafuZnebul konstruqcias. badisebr garss, 

rogorc wesi, aqvs dacentrili gegma da miiReba sferodan, gegmaSi 

kvadratuli, samkuTxa an eqvskuTxa formis amokveTiT (dadebiTi gausis 

simrudis garsebi) an brunvis hiperboloidis zedapiridan kvadratuli 

an rombuli formis amokveTiT (uaryofiTi gausis simrudis garsebi) 

(fig. 183).  

 dadebiTi gausis simrudis (fig. 183, a) damreci badisebri 

garsebis dayofis ZiriTadi xerxi mdgomareobs sawyis zedapirze  

CebiSevis wesieri badis datanaSi, romelic warmoadgens orTogonalur 

msaxvelebze damagrebul, erTi sigrZis mopirdapire gverdebis mqone 

ujredebs. badis oTxkuTxa ujredebis kuTxur zonebSi yendeba 

gamWimavi rgoluri Zalvebis amTvisebeli diagonaluri Reroebi. 

 hiperboluri paraboloidis saxis badisebr garsebSi (fig. 183, b-

d) zedapiris dayofa xorcieldeba marTkuTxa konturis gverdebis 

paraleluri sworxazovani msaxvelebiT, rac saSualebas iZleva 

ramdenime elementaluri seqciisagan aigos sxvadasxva formis 

gadaxurvebi da SenarCunebuli iqnas Rerovani da sakvanZo elementebis 

tipuroba. gegmaSi nebismieri formis badisebri garsis saintereso 

formebi SeiZleba miviRoT daxrili msaxvelebis meTodis gamoyenebiT. 

am meTodis arsi mdgomareobs brunviT zedapirze mudmivi kuTxuri 

bijiT mrudi xazebis datanaSi, romlebic ar emTxveva meridianebsa da 

paralelebs (fig. 183, e, v). 
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fig. 183. badisebri garsebis warmoqmnis sqemebi (1-4 _ dayofis tipebi) 

 brtyeli daxrili msaxvelebis bade saSualebas iZleva aigos 

garsebis rTuli zedapirebi, romlebic Sedgebian kvadratuli an 

mravalkuTxa gegmis mqone brunvis hiperboloidis samkuTxa (fig. 184, a) 

da trapeciisebri (fig. 184, b) fragmenetebisgan, agreTve rTuli garsebi 

sferos tipis samkuTxa da trapeciisebri fragmentebisgan (fig. 184, g, 

d). axali tipis badisebri garsebi SeiZleba gamoyenebuli iqnas malebis 

farTo diapazonSi (30_150 m). 60 m-ze meti malebis SemTxvevaSi maTi 

sixistisa da mdgradobis gasazrdelad rekomendebulia gamoyenebul 

iqnas gisosis orbadiani struqtura, kveTis malTan fardobiT 

1/100_1/150. 
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fig. 184. rTuli garsebis sqemebi, romlebic warmoiqmnebian daxrili 

msaxvelebiT 

 

12.5. damreci badisebri garsebis gaangariSeba 

 gegmaSi kvadratuli damreci sferuli garsi, mudmivi simrudiT: 

 Rx = Ry = R = (i
2
/8f ) + f /2,  (165) 

romelic datvirTulia Tanabrad ganawilebuli datvirTviT g, 

SeiZleba gaangariSebuli iqnes miaxloebiT, umomento Teoriis 

mixedviT, rogorc ori mimarTulebiT momuSave kamara (fig. 185). 

amisaTvis badisebr garss ori mimarTulebiT anawevreben 1 m siganis 

zolovan-TaRebad, romelTa boloebze ganisazRvreba vertikaluri 

sayrdeni reaqciebi da ganmbjeni, formulebiT: 

 Fv,x = Fv,y = gl /4;                                     (166) 

 Fh,x = Fh,y = gl
2
 /16f.  (167) 

 TaRebis boloebSi grZivi mkumSavi Zalvebi  

                                                          F1 = √      
 .                                                    (168) 
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 garsis kvadratul moxazulobaSi Caxazuli, wakveTili sferuli 

segmentis farglebSi, mudmivi da Tovlis datvirTvebisgan gamowveuli 

meridianuli da rgoluri Zalvebi, badisebri garsebis msgavsad, 

SeiZleba ganisazRvros Sesabamisad (154 _ 157) formulebiT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 185. badisebri damreci garsis gaangariSebisaTvis 

 fig. 185, b, g-ze moyvanilia gegmaSi kvadratul garsSi, mudmivi 

Tanabrad ganawilebuli datvirTvisagan gamowveuli, zusti meTodiT 

gaangariSebuli Zalvebis epiurebi. am epiurebidan Cans, rom damrec 

garsSi arsebobs orRerZa kumSvis are, da mxolod kuTxur zonebSi, 

diagonalis RerZis perpendikularulad, warmoiqmneba mTavari gamWimavi 

Zalvebi maqsimaluri mniSvnelobiT F2=1.71gR da maT mimarT 

perpendikularuli mTavari mkumSavi Zalvebi  F1 = _ 1.71gR. damrec 

garsze moqmedi saerTo gare datvirTva wonaswordeba konturis 

diafragmis zeda sartyelis gaswvriv modebuli Zvris Zalebis Q 

vertikaluri proeqciebis jamiT (fig. 185, e, v). 

 nax. 185, b, g-ze gamosaxuli epiurebis Sesabamisad, Zvris Zalis 

maqsimaluri ordinata warmoiqmneba garsis kuTxeSi (fig. 185, e) da aqvs 

Semdegi saxe: 
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                                                Qmax = √   .       / √   .    .                                 (169) 

  gansaxilvel kveTSi, saangariSo Zalvebi badisebri konstruqciis 

ReroebSi, maTi bijis gaTvaliswinebiT, ganisazRvreba badisebri 

gumbaTebis analogiurad formulebiT (160) da (161).  

 damreci garsis diafragma miaxloebiT SeiZleba gaangariSdes 

rogorc Cveulebrivi sakoWiani orsaxsriani TaRi an segmenturi ferma, 

romelic datvirTulia q=Fv intensivobis Tanabrad ganawilebuli 

datvirTviT. 

 damreci garsis mdgradoba uzrunvelyofili iqneba, Tu daculi 

iqneba piroba 

                                         g ≤ gcr ,   sadac  gcr = 10
4
 E √    ⁄ 

 / R2
.                              (170) 

 

12.6. hiperboluri paraboloidis (hiparis) formis  

badisebri garsebis gaangariSeba 

 hiparis formis garsi, Tanabrad ganawilebuli datvirTvis 

moqmedebisas, imyofeba daZabul mdgomareobaSi, rac zedapiris 

nebismier wertilSi xasiaTdeba Zalvebis tolobiT F1 = F2 (nax. 186, a, b). 

amasTan, Cazneqili parabolis mimarTulebiT (fig. 186, d) warmoiqmneba 

gamWimavi Zalvebi, xolo amozneqilis (fig. 186, e) mimarTulebiT _ 

mkumSavi. 

 badisebr garsSi da sasazRvre (kidur) sartyelSi drekadi 

deformaciebis gavlenis ugulebelyofiT, SeiZleba davuSvaT, rom 

Tanabrad ganawilebuli datvirTva srulad wonaswordeba ori 

mimarTulebis diagonalur TaRebSi warmoqmnili normaluri ZalebiT. 

 imis gaTvaliswinebiT, rom garsze moqmedi datvirTva 

erTdroulad modebulia orive TaRze, SeiZleba ganisazRvros gamWimavi 

da mkumSavi Zalebis mniSvnelobebi 1 m siganis TaRebSi 

                                            F1 = F2 = 0.5g (√  · l)
2
 /8f = gl

 2/8f.                                      (171) 
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 hiperboluri garsebi xasiaTdebian mudmivi intensiobis Zvris 

ZalvebiT, romlebic tolia  Q = F1 = _ F2  (fig. 186, g). maqsimaluri 

mkumSavi Zalva bortis (kidur) elementSi Nb,max, misi horizontTan 

daxris kuTxis gaTvaliswinebiT, warmoiqmneba sayrdenTan, rogorc 

Zvris Zalvebis jami bortis (kiduri) elementis sigrZeze 

                                                         Nb, max = Ql /cos α.                                                   (172) 

  vertikaluri sayrdeni reaqcia, hiparis or sayrdenze 

dayrdnobis SemTxvevaSi, ganisazRvreba formuliT 

                                                                 Fv = gl
2
/2 .                                                        (173) 

 ganmbjeni, romelic mimarTulia erTfurcliani hiparis sayrdeni 

diagonalis mimarTulebiT (fig. 186, a), tolia 

                                                         Fh = 2Nb, max /cos 45
°
.                                              (174) 

 oTxfurclian hiparSi sayrdeni reaqcia da Zalva sakoWSi 

Sesabamisad tolia:  

                                                           Fv = 4gl
2
/4 = gl

2
,                                                  (175) 

                                                           Fh = Nb, max /cos α.                                                 (176) 

 oTxfurclian hiparSi saerTo bortis (kiduri) elementi 

gaangariSdeba jamur mkumSav Zalvaze damwevi (Semamcirebeli) 0.85 

koeficientis  gaTvaliswinebiT, romelic iTvaliswinebs sasazRvro 

efeqts hiparis furclebis SeuRlebisas 

                                                            N = 2 Nb, max 0.85.                                                 (177) 

 Zalvebi garsis calkeul orTogonalur da diagonalur 

ReroebSi, maTi bijis gaTvaliswinebiT, ganisazRvreba nax. 186, v, z 

gaTvaliswinebiT. 

 

12.7. gumbaTebisa da badisebri garsebis  

konstruireba 

 wibovani da wibovan-rgoluri gumbaTebi Sedgeba mTliani an 

gamWoli, brtyeli an sivrciTi wiboebisagan, romlebic Tavisi 

konstruqciiT gvanan mTlian an gamWol TaRebs. wiboebi (TaRebi) 
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sayrdeni konturiT SeuRlebulia liTonis (fig. 187) an rkinabetonis 

sayrden rgolTan, romelic muSaobs Runvaze or urTierTmarTob 

sibrtySi x_x da  y_y.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 187. gumbaTis wiboebis sayrden rgolTan SeuRlebis kvanZebi 

a _ erTsartyelian wibovan gumbaTebSi; b _ orsartyelian wibovan gumbaTebSi;  

g _ badisebr gumbaTebSi  

 rgolis simaRle aiReba svetebs Soris manZilis 1/10_1/15, xolo 

sigane _ aranakleb kveTis simaRlis 1/5. wiboebis xSiri ganlagebis  

(3_6 m) SemTxvevaSi, sayrden rgols gegmaSi aqvs wrewiris forma; ufro 

meCxeri ganlagebisas _ mravalkuTxedis forma. rgolis mravalkuTxa 

formis SemTxvevaSi gumbaTis wiboebi rgolTan SeuRlebuli arian 

gadatexis kvanZebSi. 

 sayrden svetebs Soris SualedebSi wiboebis SeuRleba rgolTan 

rekomendebuli ar aris mniSvnelovani mRunavi momentebis warmoqmnisa 

da foladis gazrdili xarjis gamo. gumbaTis wveroSi sayrdeni 

rgolis analogiurad aproeqteben zeda SekumSul rgols. radialuri 

wiboebis SeuRleba zeda da qveda rgolebTan SeiZleba iyos xisti an 

saxsruli. saxsruli SeerTebis SemTxvevaSi zeda rgolis sixistisa da 
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mdgradobis gasadideblad rgols aZliereben Sida ganmbjenebiT. 

wibovan gumbaTebSi grZivebs, rogorc wesi, aproeqteben Sveleris tipis 

naRuni profilebis saxiT, romlebic gumbaTis wiboebs miemagreba 

WanWikebiT saxsrulad. 

 wibovan-rgolur gumbaTebSi grZivebi keTdeba rogorc naglini 

profilebiT, aseve paralelursartyelebiani msubuqi gisosovani 

wamweebis saxis. grZivis Camagreba koWovani ujredis kvanZebis tipis 

mixedviT saxsruli an xistia, magram gaangariSebulia rgoluri 

Zalvebis aTvisebaze.  

 badisebr gumbaTebsa da garsebSi sakvanZo SeerTebas aqvs 

gadamwyveti mniSvneloba masalatevadobis, damzadebisa da awyobis 

Sromatevadobis, agreTve Rirebulebis gansazRvrisas. gamoiyofa 

sakvanZo SeerTebebis gadawyvetis sami ZiriTadi jgufi, romlebic 

erTmaneTisgan gansxvavdeba Reroebis SeerTebis principebiTa da 

Rerovani elementebis orientaciis SesaZleblobebiT. 

 pirvel jgufs miekuTvneba sakvanZo SeerTebebi, romelTa Reroebi 

orientirebulia sakvanZo elementis mxeb sibrtyeze. aseT SeerTebebSi 

sakvanZo fasonurebi keTdeba sworkuTxa (fig. 188, a), wriuli an 

nebismieri sxva formis daStampuli furclebisagan. 

 meore jgufis sakvanZo SeerTebis tipuri magaliTia fig. 188, b-ze 

gamosaxuli kvanZi, romelSic Reroebi orientirebulia brunviT 

sxeulze _ Rru sferul fasonuraze. brunviT sxeulad agreTve 

SeiZleba gamoyenebuli iqnas cilindri, tori, konusi an 

mravalkuTxedi (ix. fig. 204, 205). 

 badisebri garsebisa da gumbaTebisaTvis yvelaze mosaxerxebelia 

mesame jufis sakvanZo SeerTebebi, romlebSic Reroebi qmnian konas da 

gadaikveTebian normalTan damTxveul wirze. cnobili gadawyvetebidan 

am jgufs miekuTvneba “ifi”-s da “triodetiki”-s kvanZebi (ix. fig. 204), 

agreTve gabrtyelebuli milebis SeerTebis kvanZebi vanuri SeduRebiT 

(ix. fig. 205) da kvanZebi radialurad ganSladi fasonurebiT (fig. 188, 

e). kvanZis mxeb sibrtyeSi Reroebs Soris 7°-is farglebSi kuTxeebis 

cvlileba miiRweva fasonuras furclis gadaRunviT, rasac xels 

uwyobs yelis arseboba TiToeul furcelze. 
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fig. 189. 236.5 m diametris badisebri gumbaTis konstruirebis magaliTi 

 badisebri gumbaTebis asawyobi elementebis qarxnuli mzaobis 

donis amaRlebam gamoiwvia samkuTxa, rombuli da eqvskuTxa formis 

paneluri konstruqciebis Seqmna, romlebic perimetrze moCarCoebulia 

xisti wiboebiT. moCarCoebuli wiboebis kedlebis grexaze dabali 

sixistis gamo, panelebi erTmaneTTan mWidrod magrdeba WanWikebiT 

waxnagebis sigrZeze, mobrundebian ra erTmaneTis mimarT gansazRvruli 

kuTxiT. sakvanZo SeerTebebi keTdeba WanWikebiT, radialurad ganSladi 

sakvanZo fasonurebis gamoyenebiT. 

 aseTi gadawyvetis magaliTia brunvis elifsoidis formasTan 

miaxloebuli badisebri garsi, ekvatorze diametriT 236.5 m (fig. 189).                
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Tavi 13. jvaredin-Rerovani konstruqciebi 

13.1. zogadi cnobebi. 

agebis principebi 

jvaredin-Rerovani ewodeba gadaxurvis sivrciT konstruqcias, 

romelic Sedgeba gadakveTis kvanZebSi erTmaneTTan gadabmuli 

(dakavSirebuli) koWebisa da wamweebisagan, romlebic muSaoben   

Runvaze ori an meti mimarTulebiT. am elementebis formisa da 

SeerTebis xasiaTidan gamomdinare, jvaredin-Rerovani konstruqciebi 

SeiZleba daiyos jvaredina koWebad an wamweebad, jvaredin-Rerovan 

filebad, firfitovan-Rerovan sistemebad. jvaredina koWebi an wamweebi  

Sedgeba ori an sami mimarTulebiT gadamkveTi vertikaluri wiboebisgan 

(koWebis an wamweebisgan) (fig. 190). 

gadasaxuri gegmis gverdebis mimarT wiboebis ganlagebis 

mixedviT, ganasxvaveben orTogonalur (fig. 190, a-z); diagonalur (fig. 

190, T) da samkuTxa (fig. 196, i-m) sistemebs. 

orTogonaluri da diagonaluri sistemebi, brtyeli wiboebis 

mcire grexiTi sixistis gamo, ar aRiqvamen mgrex momentebs, amitom 

isini ufro liTontevadia, vidre samkuTxa sistemebi. orTogonalur da 

diagonalur sistemebSi grexiT sixistes zrdian diagonaluri 

Reroebis dayenebiT sartyelebis badeebis kuTxur zonebSi (fig. 190, b), 

sadac moqmedebs maqsimaluri mZvreli Zalebi, an konstruqciis mTel 

gegmaze (fig. 190, g, d). 

jvaredin-Rerovani filebis konstruqcia Sedgeba mravaljer 

ganmeorebadi elementaruli ujredebisgan (piramidebi, prizmebi da a.S.), 

romelTa agebac efuZneba kristalografiis kanonebs (fig. 191). aseT 

konstruqciebs uwodeben regularul sistemebs (fig. 191, a, b). 

geometriuli struqturis darRvevisas, magaliTad, konstruqciis 

sazenito farnebian zonebSi calkeuli gamotovebuli Reroebis 

SemTxvevebSi, sistema xdeba araregularuli, xolo organizebuli 

araregularobisas – diferencirebuli (fig. 191, g-z, k, l).. 
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fig. 190. vertikaluri jvaredina koWebiTa da wamweebiT gadaxurvis ZiriTadi 

sqemebi  

dResdReobiT, mSeneblobis praqtikaSi, ufro metad 

gavrcelebulia pentaedrebze (naxevaroqtaedrebze) dafuZnebuli 

regularuli orTogonaluri Rerovani sistemebi (fig. 191, a) da 

tolgverda samkuTxa tetraedrebze dafuZnebuli regularuli 

sistemebi (fig. 191, v). 

jvaredin-Rerovani filebis zeda da qveda sartyelis badeebs 

SeiZleba hqondeT erTnairi an gansxvavebuli agebuleba (fig. 191, g-v), 

rac mniSvnelovnad moqmedebs sistemaSi warmoqmnil mRunav da mgrex 

momentebze, agreTve mis liTontevadobasa da damzadebis 

Sromatevadobaze. 

mniSvnelovan interess warmoadgens naklebad Seswavlili 

sistemebi _ zeda orTogonalurad da qveda diagonalurad 



260 

 

ganlagebuli sartyelebis badeebiT (fig. 191, e). maTSi, zeda SekumSul 

Reroebs aproeqteben mokleebs, xolo qveda gaWimulebs – grZelebs; 

sakvanZo SeerTebebis ricxvi, romelic gansazRvravs damzadebis 

Sromatevadobas, mcirdeba 20-25%-iT. aseTive RirsebebiT xasiaTdeba 

ufro rTuli badeebic sistemebSi, romlebic Sedgebian eqvskuTxa da 

rvakuTxa safuZvelze Seqmnili piramidebisagan (fig. 191, k-m). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 191. wesieri da naxevrad wesieri mravalkuTxedebisgan Sedgenili 

jvaredin-Rerovani konstruqciebis sqemebi 

jvaredin-Rerovani filebiT gadasaxuri gegmebis didi 

mravalferovneba SeiZleba miRweul iqnes kvadratuli, samkuTxa da 

eqvskuTxa fuZeebiani piramidebisagan gadaxurvis kombinirebuli 

gadawyvetis gziT (fig. 191, l, m). firfitovan-Rerovani (kesonuri) 

sistemebi Sedgebian Txelkedliani aluminis piramidebisagan, romlebic 

asruleben Sua fenis rols orsartyelian konstruqciebSi, rac maT 

aniWebs did sixistes. Txelkedlian piramidebs, kvadratuli an 

samkuTxa fuZiT, ZiriTadad amzadeben aluminis Senadnobebisagan. 
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piramidis mdgomareobidan gamomdinare – wveroTi zeviT an qveviT 

– kesonis fuZis gaZlierebuli wiboebi muSaoben rogorc sistemis zeda 

an qveda sartyelebi, xolo meore sartyels warmoqmnis piramidis 

wveroebSi saxsrulad Camagrebuli Rerovani elementebi. 

Txelkedliani piramidebisagan Semdgari konstruqciebis 

gaerTmTlianebuli sqemebi TanxvdomaSi arian jvaredin-Rerovani 

filebis sqemebTan. jvaredin-Rerovani konstruqciebi ewinaaRmdegeba 

sistemis nebismier wertilSi modebul da nebismieri mimarTulebiT 

moqmed garegan Zalebs. 

jvaredin-Rerovani konstruqciis sivrciTi muSaobidan 

gamomdinare, Zalvebi gadanawildeba maqsimalurad datvirul da 

naklebad datvirTul elementebs Soris. Sedegad, maRldeba 

saeqspluatacio saimedooba da mcirdeba konstruqciis mgrZnobiaroba 

didi Seyursuli datvirTvebis, seismuri zemoqmedebebis, moZravi 

datvirTvebis da a.S. mimarT. garda amisa, am konstruqciebs aqvT maRali 

sixiste, rac aucilebel SemTxvevebSi 10 tonamde tvirTamweobis amwe-

mowyobilobebis dakidebisa da Senobis eqspluataciis procesSi 

sayrdenebis gadaadgilebis, aseve Cveulebrivi wamweebiT gadaxurvis 

simaRlesTan SedarebiT konstruqciis gadaxurvis samSeneblo simaRlis 

orjer Semcirebis saSualebas iZleva. 

sivrciTi konstruqciebis sxva tipebisagan gansxvavebiT, jvaredin-

Rerovani konstruqciebi uzrunvelyofs Tovlis naklebaddamkavebeli, 

mzisgan damcavi, wyalmdinare brtyeli saxuravebis mowyobis 

simartives, xolo qveda brtyeli zedapiri, kvanZebis xSiri bijiT, 

aiolebs msubuqi Sekiduli Weris da, transformirebadi kedlebisa da 

tixrebis mowyobas. 

jvaredin-Rerovani filebi, Sedgeba ra sruli saqarxno damzade-

bis mcire zomis unificirebuli Reroebisa da sakvanZo elementebisa-

gan, gansxvavebul konstruqciul formebSi elementebis urTierTSena-

cvlebis saSualebas iZleva, rac xels uwyobs maT masiur warmoebas 

maRalmwarmoeblur nakadur-meqanizebul xazebze da damkveTis 

ganacxadis mixedviT Semdgom dakompleqtebas. konstruqciis gasagzavni 

markebis mcire zomisa da masis wyalobiT, xorcieldeba maTi 
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kompaqturi transportireba nebismieri saxis transportiT, advilad 

iwyoba msxvil blokebad xeliT miwaze da muSa niSnulze montaJdeba 

msubuqi TviTmavali amweebis, jalambrebis an blokebis daxmarebiT.  

jvaredin-Rerovani konstruqciebi gamoirCeva kargi 

arqiteqturul-esTetiuri TvisebebiT, rac Sekiduli Weris gareSe maTi 

gamoyenebis saSualebas iZleva ara marto samrewvelo, aramed 

sazogadoebrivi daniSnulebis SenobebSic. cnobilia aseTi konstruq-

ciebis racionalurad gamoyenebis Semdegi sferoebi: samrewvelo 

mSeneblobaSi – erTsarTuliani calke mdgomi da blokirebuli 

universaluri daniSnulebis sawarmoo Senobebi, angarebi; samoqalaqo 

mSeneblobaSi – didi sportuli darbazebi, sagamofeno pavilionebi, 

daxuruli bazrebi, Teatrebisa da kinoTeatrebis gadaxurvebi, 

teqnikuri momsaxurebis sadgurebi, garaJebi; sasoflo-sameurneo 

mSeneblobaSi – sasoflo-sameurneo teqnikis saremonto meqanikuri 

saxelosnoebi; daxuruli sadgomebi, sazogadoebrivi nagebobebi. 

jvaredin-Rerovani konstruqciebis karkasebis SevsebisaTvis 

ekonomiurad gamarTlebulia Semsubuqebuli fenilebis _ damatebiT 

msubuq grZivebze daprofilebuli foladis furclis an 

merqanburbuSelis filis, brtyeli azbestcementis furclis, faneris 

da msgavsi Semonakeris karkasuli farebis gamoyeneba.  

jvaredin-Rerovani konstruqciebis optimaluri simaRle 

damokidebulia rig faqtorebze, rogoricaa: elementTa erTtipovneba, 

gadaxurvis dayrdnobisa da datvirTvebis xasiaTi, kiduli 

transportisa da SemomRobis arseboba. konturze dayrdnobis 

SemTxvevaSi samSeneblo simaRle SeiZleba aRebul iqnas malis 1/15_1/25, 

xolo Siga konturze dayrdnobisas (konsolebiani) an uWri 

mravalmaliani variantis dros, malis 1/15_1/40. 

konstruqciis optimaluri simaRle mniSvnelovnad damokidebulia 

sayrdeni zonis xasiaTsa da sayrdenebis raodenobaze. oTx wertilze 

dayrdnobisas, ganviTarebuli sayrdeni kapitelebis SemTxvevaSic ki, 

konstruqciis deformaciulobis pirobidan gamomdinare, optimaluri 

simaRle meryeobs malis 1/12_1/18 farglebSi. iribnebis optimaluri 
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daxriloba, liTonis minimaluri xarjisa da yvela Reros sigrZeTa 

tolobidan gamomdinare, Seadgens 45_600. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 192. jvaredin-Rerovani konstruqciebis ganivi kveTis variantebi  

Rerovani elementebisaTvis, optimizaciis pirobidan gamomdinare, 

miiReba ZiriTadi moduluri zoma (sartyelis badis zoma kvanZebis 

RerZebSi) 3 m da moduluri sistemis Sesabamisi damatebiTi zomebi 1.5, 2 
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da 4.5 m, rac xels uwyobs sivrciTi konstruqciebis mravalferovan 

formawarmoqmnas.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

fig. 193. kombinirebuli jvaredin-Rerovani sivrciTi konstruqcia SprengeliT 

mSeneblobis praqtikaSi farTo gamoyeneba poves calkeuli 

Reroebisa da sakvanZo elementebisagan asawyobma jvaredin-Rerovanma 

konstruqciebma. aseTi konstruqciebisaTvis damaxasiaTebelia 
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sartyelebisa da gisosis yvela Reros erTnairi sigrZe: pentaedrebis 

safuZvelze agebuli sistemebisaTvis h=0.707a; tetraedebis safuZvelze 

agebuli sistemebisaTvis h=0.816a, sadac h – konstruqciis simaRlea 

sartyelebis RerZebSi; a – ujredis moduluri zoma. 

jvaredin-Rerovani konstruqciebiT SesaZlebelia 100 m-mde da 

meti malebis gadaxurva, amasTan orsartyelian (erTSrian) sistemebs 

(fig. 192, a) iyeneben 60 m-mde malebis dros. malis 100 m-mde gazrdisas, 

unificirebuli elementebis SenarCunebis pirobidan gamomdinare, 

mizanSewonilia sam an oTxsartyelian (or an samSrian) mzid 

konstruqciaze gadasvla (fig. 192, b-v). malis Semdgomi zrda miiRweva 

gisosovani filis saxis kombinirebuli konstruqciis daproeqtebiT, 

romelic gaZlierebulia naglini profilebis an maRali simtkicis 

bagirebisagan damzadebuli SprengeliT. aseTi konstruqciis magaliTi 

naCvenebia fig. 193-ze. 

 

13.2. jvaredin-Rerovani konstruqciebis dayrdnobis 

variantebi 

aseTi konstruqciebis mniSvnelovani Taviseburebaa maTi dayrdno-

bis SesaZlebloba wiboebis gadakveTis nebismier wertilSi, romlebic 

mdebareobs, rogorc sistemis konturze, aseve konturis SigniTac, ra 

SemTxvevaSic warmoiqmneba konsoluri ganakidebi (fig. 194). 

gegmaSi svetebis ganlagebas da maT Soris manZils niSnaven 

gegmaSi sivrciTi karkasis konfiguraciisa da Senobis funqciuri 

daniSnulebidan gamomdinare. amasTan, xelmZRvaneloben Semdegi 

mosazrebebiT: Senobisa da nagebobebis yvela funqciuri moTxovnebis 

dakmayofileba; konstruqciis ekonomiuri gadawyveta masalebis xarjsa 

da Sromatevadobaze; ekonomiuri montaJis saWiro moTxovnis dacva. 

aseTi konstruqciebis gamoyenebisgan met efeqts Rebuloben  

kvadratuli (1:1) an kvadratulTan miaxloebuli (1:1.2) svetebis badis 

SemTxvevaSi, rac uzrunvelyofs sivrciTi sistemis Tanabar daZabvas 

ori mimarTulebiT. 
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fig. 194. jvaredin-Rerovani sivrciTi konstruqciebis dayrdnobis variantebi:  

a _ konturuli; b _ Sidakonturuli; g _ kombinirebuli;  d _ Tavisufali;  
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sayrdenebis konturuli ganlageba (fig. 194, a) racionaluria 

darbazis tipis SenobebSi, sayrdenebisgan mniSvnelovani Tavisufali 

sivrcis misaRebad. konturze sayrdenebis gadaadgilebiT SesaZlebelia 

mTliani konstruqciis daZabuli mdgomareobis regulireba. 

mizanSewonilia varianti kuTxis sayrdenebis gareSe (fig. 1954a, poz. 2), 

radganac am SemTxvevaSi kuTxis konsolebi gantvirTaven ara marto 

sayrden xazs, aramed konstruqciis ZiriTad farTobsac. 

Tavisufali dagegmarebis TvalsazrisiT, konstruqciis dayrdnoba 

oTx kuTxur wertilze, warmoadgens idealur variants (fig. 194, a, poz. 

3). Tumca, masalis xarjidan gamomdinare, aseTi varianti 

gaumarTlebelia, radgan konturis wiboebi ganicdis did Zalvebs. 

aseTi dayrdnoba, damatebiTi gaZlierebis gareSe, SeiZleba daiSvas 

svetebis SedarebiT mcire badeebis SemTxvevaSi (12_18 m-mde). 

didi badeebis SemTxvevaSi, sayrdenebs ganalageben konstruqciis 

konturis SigniT, warmoiqmneba konsoluri ganakidebi, romelTa 

ganmtvirTavi gavlenis gamo SesaZlebeli xdeba elementebSi Zalvebis 

gadanawileba _ sayrdenebs Soris da sayrdenebis zemoT, malSi maTi 

gaTanabreba.  

calke mdgom seqciebSi liTonis minimaluri xarji SeiZleba 

miRweul iqnes sayrdenebis konturis SigniT ganlagebiT da 

konstruqciis perimetrze konsoluri ganakidebis warmoqmniT, romelTa 

Sverilic l1 Seadgens ZiriTadi l malis 1/3_1/4-s (fig. 194, b). uWri 

sivrciTi konstruqciebisaTvis mizanSewonilia sayrdenebis regularu-

li ganlageba 18x18 da 24x24 m zomis badeze  (fig. 194, g), xolo 

konsolur Sveriliani, svetebis ufro didi badis SemTxvevaSi – l1 

perimetrze, romelic Seadgens ZiriTadi l malis 1/4_1/5-s (fig. 194, g, 

poz. 9). 

mogrZo gegmebis (gverdebis SefardebiT meti 1:2-ze) gadaxurvisas 

rekomendebulia konstruqciis, kvadratTan miaxloebul ubnebad 

danawevreba da pirapiris xazze sayrdenebis an nivnivqveSa 

konstruqciebis mowyoba (fig. 194, d, poz. 11). nivnivqveSa 

konstruqciebad SesaZloa gamoyenebul iqnes koWebi, wamweebi an 

CarCoebi, TaRovani konstruqciebi zednaSeniT, vantebi. 
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nivnivqveSa konstruqciebs, maTi tipis, Senobis daniSnulebisa da 

sxva faqtorebidan gamomdinare, sivrciTi konstruqciis mimarT 

ganalageben erT doneze, zevidan an qvevidan (fig. 195, a-e). Senobis 

Weris sisufTavisa da gasaTbobi moculobis Semcirebis TvalsazrisiT, 

mizanSewonilia sivrciTi konstruqciis ganTavseba nivnivqveSa 

konstruqciis qveda sartyelis pirispir. jvaredin-Rerovan 

konstruqciebSi aseT wamwes aproeqteben moduluri Reroebisgan 

trapeciisebri an samkuTxa zednaSenis saxiT da, rogorc wesi, iyeneben 

Suqfarnad (fig. 195, v, z). 

farTod iyeneben sivrciTi jvaredina konstruqciebis vantebTan 

kombinirebis variantebs, ris Sedegadac warmoiqmneba kiduli 

konstruqciebi (fig. 196). svetebis gazrdili bade SeiZleba miRebul 

iqnes konstruqciis dakidebiT calkeul wertilebSi (fig. 196, a-g), an 

misi dakidebiT kidul vantze (fig. 196, d-v). pirvel sam sqemaSi vantis 

daxris kuTxe horizontTan unda iyos aranaklebi 300. 

gvarlebis umcires sigrZes Rebuloben maTi ganlagebiT 

marTkuTxedis orTogonalur RerZebze. mzidi gvarlebis diagonalurad 

ganlagebisas maTi sigrZis zrdis xarjze izrdeba masalis xarji 

gvarlebze, Tumca konstruqcia xdeba ufro msubuqi da ekonomiuri. 

aseTi gadawyveta ufro xelsayrelia gadaxurvaze satransporto 

mowyobilobis dakidebis SemTxvevaSic.  

sivrciT jvaredina konstruqciebian erTsarTulian karkasebs 

aproeqteben 54x54 m-mde zomis calkeuli seqciebis saxiT an maTi 

kombinaciebiT, rogorc wesi, Cveulebrivi sqemiT – saZirkvelSi 

Camagrebuli sayrdeni svetebiT, romlebic gadaxurvis konstruqciis 

sivrciT gisosTan saxsrulad aris SeerTebuli. 

konstruqcia SesaZloa eyrdnobodes uSualod qveda an zeda 

sartyelis kvanZebs, Rerovani piramidebis saxis gamoSveril sayrden 

kapitelebs an jvaredis saxis specialur sayrden kapitelebs (fig. 197). 

sayrden sakvanZo elementebs svetis saTavesTan amagreben SeduRebiT an 

WanWikebiT. 
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fig. 195. jvaredin-Rerovani sivrciTi konstruqciis (1 ) nivninqveSa wamweze (2) 

dayrdnobis variantebi 
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fig. 196. kombinirebuli jvaredin-Rerovani konstruqciebi vantebiT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 197. burulisa da kedlebis mowyobis sqemebi 

1 _ jvaredin-Rerovani konstruqcia; 2 _ sveti; 3 _ gamoSverili sayrdeni 

kapiteli; 4 _ CaSenebuli sayrdeni kapiteli; 5 _ buruli; 6 _ kedeli; 
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gadaxurvebis mravalmalian uWr jvaredina konstruqciebSi, aseve 

didmalian darbazul nagebobebSi, sadac sayrden dgarebs perimetrze 

aproeqteben bijiT 6_12m, saWiroa moewyos vertikaluri kavSirebi, 

romlebic saSualebas iZleva gaTvaliswinebuli iqnes svetebis 

saxsruli SeerTeba gadaxurvis konstruqciasTan da saZirkvlebTan, 

rac foladis damatebiT ekonomias iZleva. 

 

13.3. jvaredin-Rerovani konstruqciebis 

gaangariSeba 

ori urTierTgadamkveTi koWisagan Semdgari umartivesi sistemis 

gadakveTis kvanZSi modebuli F Zala aRiqmeba orive koWis erTdrouli 

muSaobiT. erTnairi malebis lx=ly da erTnairi sixisteebis EJx=EJy dros, 

Zala Tanabrad nawildeba orive koWze da TiToeul maTganze moqmedebs 

mRunavi momenti Mx=My=Fl/8, rac imave malisa da sixistis mqone 

erTmalian Wrad koWSi moqmed momentze (M=Fl/4) 2-jer naklebia (fig. 

198, a, b). erTnairi malebis, magram koWebis sxvadasxva sixisteebis dros 

EJx>EJy, meti sixistis mqone koWi Rebulobs momentis met nawils, 

vinaidan naklebi sixistis mqone koWi miyveba meore koWis deformacias 

(fig. 198, g). aseTive efeqti miiReba im SemTxvevaSic, Tu orive koWis 

sixiste erTnairia, magram erTi koWi meoreze moklea.  

erTnairi sixisteebis mqone oTxi wamwisagan Sedgenil ufro 

rTul konstruqciaSi (fig. 199), romlis gadakveTis kvanZebi 

datvirTulia F ZalebiT, ufro metad datvirTuli iqneba ganapira 

wamweebi 2 (fig. 199, a), vinaidan isini mdebareoben wamwe 3-is sayrden 

kvanZebTan axlos. 1 da 3 wamweebis  gadakveTis kvanZi mxolod 

vertikalurad gadaadgildeba, xolo 2 da 3 wamweebis  gadakveTis 

kvanZebSi, vertikaluri gadaadgilebis garda, xdeba me-2 wamwis 

kuTxuri gadaadgileba sakuTari sibrtyidan (grexa). Tu wamwe 2-s 

eqneboda grexiTi sixiste, igi gauwevda winaaRmdegobas me-3 wamwis 

Runvas da mTel konstruqcias wiboebSi eqneboda naklebi CaRunva da 

naklebi Zalvebi. amgvarad, jvaredina konstruqciis muSaoba mTlianad 

damokidebulia mis geometriul sqemaze, wiboebis an calkeul Rerovani 
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elementebis sixisteze, maT urTierTmdebareobaze, dayrdnobisa da 

datvirTvis modebis xasiaTze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                  fig. 199. jvaredina wamweebis (1-3)      

                                  muSaoba grexaze 

 

  fig. 198. jvaredina koWebis muSaoba 

   Seyursul Zalaze 

 

 

konstruqciis wiboebis mier mgrexi momentebis aRqmis unarze 

damokidebulebidan gamomdinare, aseTi konstruqciebi statikuri 

muSaobis pirobebis mixedviT iyofa or jgufad. pirvel jgufs 

miekuTvneba konstruqciebi geometriulad cvladi sasartylo badeebiT, 

romlebic ar muSaoben grexaze (orTogonaluri sistemebi 

diagonalebis gareSe). meore jgufs miekuTvneba konstruqciebi 

geometriulad ucvleli sasartylo badeebiT, romlebic muSaoben 

grexaze (samkuTxa da eqvskuTxa konstruqciebi orTogonaluri 

diagonalebiT da muSaobaSi CarTuli gadaxurvis xisti diskis 

sartyelebiT). pirveli tipis konstruqciebi muSaoben, rogorc 

g) 
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jvaredina koWebi (wamweebi), xolo meore tipis – rogorc 

izotropiuli filebi. 

saangariSo-Teoriuli TvalsazrisiT, jvaredin-Rerovani 

konstruqciebi warmoadgens gareganad da Sinaganad mravalgzis 

statikurad urkvev sistemebs, amitom maTi gaangariSeba warmoebs 

sayrdenebis konstruqciuli da sixistis Taviseburebebis 

gaTvaliswinebiT, maT Soris nagebobebis mzidi ConCxebisa da 

teqnologiuri mowyobilobebis karkasebis, Tu es ukanasknelni 

warmoadgenen jvaredina konstruqciebis damatebiT sayrdenebs. aseTi 

konstruqciebis zust gaangariSebas, rogorc diskretuli saxsrul-

Rerovani sistemisa, axdenen kompiuteruli specialuri programebis 

saSualebiT. 

teqnikuri proeqtis stadiaze, xSirad iyeneben jvaredina 

konstruqciebis miaxloebiT gaangariSebis meTodebs, romlebic 

dafuZnebulia konstruqciis namdvili saangariSo sqemis warmodgeniT 

diskretuli sistemis maxasiaTeblebis eqvivalenturi drekad 

maxasiaTeblebiani orTotropiuli an izotropiuli filis saxiT. aseTi 

cvlileba saSualebas iZleva gaangariSebis Sedegebi miRebul iqnas 5-

20% sizustiT h/l ≤ 1/15 Tanafardobis SemTxvevaSi da filis Zvraze 

muSaobis gaTvaliswinebiT.  

filebis Runvis klasikuri Teoriis safuZvelze, jvaredin-

Rerovani konstruqciebis miaxloebiTi gaangariSebis meTodiT 

ganisazRvreba: saangariSo momentebi Mx, My, Mxy da ganivi Zalebi Qx, Qy 

izotropiuli filebis an jvaredina koWebis cxrilebis mixedviT; 

normatiuli datvirTvebis zemoqmedebisagan gamowveuli konstruqciis 

damaxasiaTebeli wertilebis CaRunvebi; Zalvebi ReroebSi (filaSi 

Zalvebis Rerovan konstruqciaSi Zalvebze gadamyvani formulebis 

daxmarebiT) (cxrili 35). 
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                                                          cxrili 35    

drekadi maxasiaTeblebi da Zalvebi jvaredin-Rerovani 

konstruqciis elementebSi 
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pirobiTi aRniSvnebi:  zeda bade;          qveda bade;        irib-

nebi; Asup  da  Ainf  _ Sesabamisad zeda da qveda sartyelebis farTobebi;                   

n = Asup / Ainf ;  α _ iribnebis daxris kuTxe horizontalur sibrtyesTan. 
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gegmaSi kvadratul jvaredin-Rerovan konstruqciebSi Tanabrad 

ganawilebuli datvirTvisagan gamowveuli momentebisa da ganivi 

Zalebis epiurebi warmodgenilia fig. 200-ze. gegmaSi samkuTxa da 

eqvskuTxa moxazulobis konstruqciebisaTvis momentebis epiurebi, 

sayrdenebis mdebareobis sxvadasxva variantebisaTvis, warmodgenilia 

fig. 201-ze. momentebisa da ganivi Zalebis epiurebis ordinatebis 

mamravlebs Rebuloben Sesabamisad _ ql
2
10

-3 da  ql10
-3, sadac q=(g+v+s)a – 

wiboze wrfivi, Tanabrad ganawilebuli datvirTvaa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 200. gegmaSi kvadratul jvaredin-Rerovan konstruqciebSi Tanabrad 

ganawilebuli datvirTvisagan gamowveuli momentebisa da ganivi Zalebis 

epiurebi dayrdnobis sxvadasxva variantebis SemTxvevaSi 
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13.4. elementebisa da kvanZebis konstruqciuli 

gadawyvetebi 

jvaredin-Rerovani konstruqciebis efeqturoba didadaa 

damokidebuli sakvanZo SeerTebis gadawyvetaze, ramdenadac kvanZebSi 

saWiro xdeba 8_18 Reros sxvadasxva kuTxiT SeerTeba. umartivesi 

sistemebi Sedgeba vertikalur sibrtyeSi gadamkveTi koWebis an 

gisosovani wamweebisgan. 

koWebis gadakveTisas, erTi mimarTulebis koWebi gatardebian 

gamWolad, xolo meore mimarTulebisas – aproeqteben mokle sadebebis 

saxiT, amasTan pirapirebs gadafaraven horizontaluri furclovani 

fasonurebiT, romlebic magrdeba orive mimarTulebis koWis sartye-

lebTan samontaJo WanWikebiT da muSa SenaduRi nakerebiT (fig. 202, a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 202. SeuRlebis kvanZebi 

a _ jvaredina koWebis; b _ jvaredina wamweebis;  

1 _ zeda sartyeli; 2 _ pirapiris zesadebi; 3 _ WanWikis naxvreti  

wamweebis gadakveTisas, kvanZSi iTvaliswineben jvaredin 

fasonuras, sartyelebis elementebs, unificirebis mizniT, Wrian 

kvanZebSi, xolo pirapirs gadafaraven analogiuri horizontaluri 

furclovani fasonuraTi (fig. 202, b). marTkuTxa gegmaze jvaredina 
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fermebis gamoyenebis SemTxvevaSi, simtkicis pirobidan gamomdinare, 

mokle mimarTulebis wamweebs akeTeben maRali simaRlisas, xolo 

grZeli mimarTulebis wamweebs – naklebi simaRlisas. aseTi xerxi 

saSualebas iZleva grZeli mimarTulebis wamweebi gatardes mokle 

mimarTulebis wamweebis sartyelebs Soris, rac aiolebs montaJs da 

amartivebs fermebis gadakveTis kvanZebs. 

Reroebis SeerTebis xerxis mixedviT ganasxvaveben dasaSlel  

(RerZula an Wrad WanWikebze; perforirebuli, solisebri an sxva saxis 

satacebiT) da dauSlel (SenaduR) SeerTebebs. samSeneblo moedanze 

awyobis simartivisa da maRali teqnikur-ekonomikuri maCveneblebis 

gamo, msoflio praqtikaSi farTod gamoiyeneba dasaSleli SeerTebebis 

mqone konstruqciebi (fig. 203). maT Soris yvelaze metad 

gavrcelebulia ”mero”-s sistemebi  (germania), romelTa modifikacias 

warmoadgens sistema “marxi” (fig. 203, a). 

es gadawyveteebi warmoadgens erTWanWikian SeerTebebs, romlebic 

Sedgeba mravalwaxnaga naxevarsferuli an sferuli, SesaerTebeli 

Reroebis mimarTulebiT orientirebuli kuTxvil naxvretebiani 

sakvanZo elementisagan.  milovani Reroebi aRWurvilia bunikebiT, 

romlebic Sedgeba milTan miduRebuli cilindruli sadebisagan, 

romlis RerZul naxvretSic gatarebulia maRali simtkicis WanWiki 

milisiT da dafiqsirebulia wkiriT. SeerTebis muSa mdgomareoba 

miiRweva milisis brunvis daxmarebiT WanWikis sakvanZo elementSi 

CaxraxniT, sakvanZo elementisa da sadebis sakontaqto zedapirebTan 

milisas torsuli zedapirebis mWidrod Sexebamde da WanWikis Tavis 

sadebis sakontaqto zedapirTan mWidrod Sexebamde. 

SeerTebaSi gamWimavi Zalvebi gadaecema maRali simtkicis 

WanWikiT, romelic daproeqtdeba 10.9 an 12.9 simtkicis klasis mixedviT. 

WanWikebis rekomendebuli diametrebia:P20, 22, 30, 36, 42 da 48 mm. kumSvis 

Zalva gadaecema milisas saSualebiT, romelsac, rogorc sakvanZo 

elements, aproeqteben konstruqciuli foladebisgan denadobis 

zRvariT ara naklebi 36 mpa. sakvanZo elementis sayrdeni zoma, 

Reroebis mierTebis pirobidan gamomdinare, saorientaciod unda 

dainiSnos maRali simtkicis WanWikis ara naklebi 4.5 d. 
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sistema “kokil”-is sakvanZo SeerTebas (fig. 203, b) WanWikis 

Rerovan elementTan SeuRlebis gamartivebuli principi aqvs, Tumca 

jamisebri fasonuras didi sisqe, romelic saWiroa mdgradobisaTvis, 

mniSvnelovnad zrdis kvanZis liTontevadobas. sxvadasxva profilebis 

gamoyenebis TvalsazrisiT sainteresoa sistema “triadametik”-is sakvan-

Zo SeerTeba (fig. 203, g), romlis mzidunarianoba SeiZleba daregulir-

des sakvanZo fasonurebis sisqiTa da Wradi WanWikebis raodenobiT. 

aSS-i farTod gamoiyeneba sistema “iunistrat”-is kvanZi (fig. 203, 

d), romelSic 4_8 mm sisqis sakvanZo fasonura damzadebulia 

daStampviT, da masTan WanWikebiT mimagrebulia naRuni Ria profilebi. 

am gadawyvetas gaaCnia SedarebiT dabali mzidunarianoba da zRudavs 

malis zomebs 18_24 m-s farglebSi. aseTive nakli gaaCniaT sistema 

“triodetik”-is da “ifi”-s kvanZebs (fig. 203, e, v). 

SenaduRi SeerTebebis upiratesoba, WanWikovan SeerTebebTan 

SedarebiT, mdgomareobs maT mier mniSvnelovnad didi Zalvebis 

aTvisebis SesaZleblobaSi, amitom maTi gamoyeneba mizanSewonilia didi 

malebisa da datvirTvebis SemTxvevaSi. SeduRebiT Sesrulebul  aseT 

SeerTebas warmoadgens sistema “otkaplat”-is kvanZi (fig. 204, a). 

diskur sadebian, ori daStampuli naxevarsferosagan SeduRebul Rru 

sferos torsebiT aduReben milovan Reroebs. Rru sferos gare 

diametrs iReben mocemul kvanZSi Semavali Rerovani elementebis 2dmax 

tols, xolo sferos sisqes – diametris 1/25 – 1/30. 

“cniisk”-is kvanZSi gamoyenebulia saabazane SeduReba (fig. 204, b). 

garkveuli kuTxeebiT CamoWril, milebis gabrtyelebul boloebs 

SeuRlebis kvanZSi avseben gamdnari liToniT. am kvanZis Rirsebaa – 

sakvanZe fasonurebis ararseboba da Sedegad, liTonis minimaluri 

xarji. Sewyvilebul kuTxedebiani ReroebisTvis kvanZebSi iyeneben 

brtyeli furclebisagan SeduRebul jvaredina fasonurebs (fig. 204, g), 

xolo marTkuTxa milebisaTvis – fasonurebis gareSe gadawyvetas (fig. 

204, d). SeduRebiT srulasawyobi jvaredin-Rerovani konstruqciebis 

saerTo naklia awyobis mniSvnelovani Sromatevadoba, nakerebis 

xarisxis kontrolis sirTule da SeduRebis didi Zabvebis arseboba. 
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fig. 211. 
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aseTi konstruqciebis awyoba aseve SesaZlebelia qarxanaSi 

winaswar damzadebuli gamsxvilebuli samontaJo blokebiT, gegmaSi  

kvadratuli, samkuTxa an eqvskuTxa piramidebis saxiT. 

umetes SemTxvevaSi piramidis konstruqcia keTdeba kombinirebuli 

– fuZis elementebiT, romlebic warmoadgens sartyelebs, 

Sesrulebulia erTmagi kuTxedebiT, xolo gisosi – milebiT. ori 

piramidis Sepirapirebisas fuZis sibrtyeSi ori kuTxedisgan 

warmoiqmneba sartyelis Rero. piramidebis wveroebs aerTeben milovani 

ReroebiT, romlebic miduRebulia piramidis wveros kvanZTan WanWikiT 

mimagrebul horizontalur sakvanZe fasonurasTan, rogorc sistema 

“piramitek”-is kvanZebSi (fig. 204, e, v), an milovan varskvlava 

fasonurasTan, rogorc “marxi”-s kvanZSi (fig. 204, z). 

Tu piramidis fuZe mzaddeba milovani Reroebisagan, maSin 

Reroebis SeerTeba fuZis kvanZebSi SeiZleba Sesruldes SeduRebiT, 

saxsruli anjamebis saxis specialuri mowyobilobis daxmarebiT 

piramidebis SeuRlebis Semdeg (fig. 204, T).  

firfitovan konstruqciebs amzadeben aluminis Senadnobebisagan, 

vinaidan am SemTxvevaSi, koroziamedegobis gamo, SesaZlebelia erT 

konstruqciaSi mzidi da Semomfarglavi funqciebis SeTavseba. 

furclis sisqes, romlisganac amzadeben kesonur piramidas, iReben 

konstruqciis simaRlis 1/300 – 1/500, oRond ara naklebs 2 mm-isa. 

piramidebis erTmaneTTan SesauRleblad, fuZesTan, vertikalur an 

horizontalur sibrtyeSi aRunaven gverdebs, romlebsac Casvamen  

kuTxedebisgan damzadebul or CarCos Soris, amagreben ortesebris 

TarosTan an sxva profilTan da maTTan aerTeben aluminis moqlonebiT 

an WanWikebiT, xolo piramidis wveroebs aerTeben milovani ReroebiT 

(fig. 205). 
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fig. 205. aluminis piramidebisgan agebuli firfitovan-Rerovani sistemebis 

konstruireba 

a-g _ kesonebis formebi; d _ ori piramidis SeuRlebis fragmenti;  

1 _ Txelkedliani piramida; 2 _ milovani Rero; 3 _ sartyelis kuTxedebi;  

4 _ sartyelis ortesebri; 5 _ jvarisebri Suasadebi;  

6 _ konusuri rozeti; 7 _ mimWeri sayeluri; 8 _ mosaWimi WanWiki;  

9 _ saerTebeli WanWiki; 10 _ moqlonebi 

sakvanZo mowyobiloba Txelkedliani piramidis wveroSi Sedgeba 

sami ZiriTadi dawnexilii detalisagan: kuTxviliani naxvretebis mqone 

sakvanZo fasonurisagan _ Reroebis SesaerTeblad da konusuri 

rozetisagan _ Txelkedliani piramidis waxnagebis SesaerTeblad; 

mimWeri sayelurisa da mosaWimi WanWikisagan. piramidis waxnagebi, 

mdgradobis asamaRleblad, SeiZleba gaZlierebul iqnas daStampviT an 

kuTxedis saxis sixistis wiboTi. 
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Tavi 14. kiduli gadaxurvebi 

14.1. kiduli gadaxurvebis saerTo daxasiaTeba 

 kiduli ewodeba gadaxurvebs, romlebSic mzidi konstruqciebis 

ZiriTadi elementebi muSaoben gaWimvaze. kiduli gadaxurvebis 

umetesobaSi ZiriTad mzid elementad gamoiyeneba bagiri _ maRali 

simtkicis mavTuliT daxveuli gvarli, gawyvetaze 1200-1800 mpa da meti 

droebiTi winaRobiT (fig. 206, a). bagiri-gvarlis an armaturis 

Reroebis gamoyenebis SemTxvevaSi sistemas uwodeben kiduls moqnili 

vantebiT. Tu vanta Sesrulebulia xisti ReroebiT, magaliTad naRuni 

(grexili) ortesebriT an fermebiT, maSin aseT sistemas uwodeben 

kiduls xisti vantebiT an Runvad-xisti elementebiT. 

kiduli konstruqcia aseve SeiZleba iyos liTonis an 

rkinabetonis winaswar daZabuli garsis saxis. furclovani foladis 

an aluminisgan Sedgenil liTonis garsebs uwodeben membranul 

konstruqciebs. 

 Senobebis gadaxurvisTvis moqnili Zafis gamoyenebis idea 

pirvelad warmodgenil iqna v. g. Suxovis mier, romelmac 1896 wels 

daaproeqta da niJni novgorodSi aaSena im droisaTvis rekorduli 

zomis  pavilionebi _ 30X70 m; 50X100 m da diametriT 68 m. kiduli 

konstruqciebis meore dabadeba TariRdeba 1953 wliT, aSS-Si relei-

arenis 92X97 m zomis, gvarlebiani unagira badisebri gadaxurvis agebis 

Semdeg. am droidan daiwyo kiduli konstruqciebis farTo gamoyeneba 

sxvadasxva daniSnulebis Senobebsa da nagebobebSi, rogoricaa: 

sportuli da sagamofeno nagebobebi, daxuruli bazrebi da 

universaluri darbazebi, msxvili garaJebi, angarebi da elingebi, 

agreTve samrewvelo daniSnulebis universaluri Senobebi. 

 kiduli konstruqciebis Rirsebebia: maRali simtkicis foladebis 

mzidunarianobis maqsimalurad srulad gamoyeneba, erT konstruqciaSi 

mzidi da Semomfargvleli funqciebis SeTavseba, ris gamoc damatebiT 

mcirdeba gadaxurvis masa, seismomedegoba. 

 



285 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 206. moqnili Zafis muSaoba 

a _ sakuTari masisgan; b-d _ vertikaluri datvirTvisagan; e _ qaris 

horizontaluri datvirTvisagan 

 sakmaod mcire masis konstruqciebiT SeiZleba gadaixuros      

40-300 m malebi, xolo xidebis konstruqciebSi 1000 m-ze meti. malis 

gadidebiT kiduli konstruqciebis efeqturoba izrdeba. 

kiduli konstruqciebis formawarmoqmnis SesaZleblobebi 

saSualebas iZleva Seiqmnas Senobebisa da nagebobebis sruliad 

sxvadasxvagvari arqiteqturul-konstruqciuli kompoziciebi. mcire 

masis gamo kiduli konstruqciebis transportireba da montaJi 

gaadvilebulia. 

 kiduli sistemebi ganmbjeniani sistemebia. ganmbjenis 

asaTviseblad iyeneben mZlavr sayrden konstruqciebs: moRunuli 

formis svetebsa da pilonebs (fig. 207, a, b), CarCoebsa da tribunebis 

konstruqciebs (fig. 207, g-d), saWimrebs (fig. 207, e-v), agreTve Sekrul 

sayrden konturebs (fig. 208, m, n, t, u), romlebic iTviseben did 

Zalvebs da saWiroeben masalis mniSvnelovan xarjs. yvela es 

mowyobiloba arTulebs da aZvirebs kidul konstruqciebs da 

mniSvnelovnad amcirebs maTi gamoyenebis efeqturobas. 
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fig. 207. sayrdeni konstruqciebis saxeebi 
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fig. 208. kiduli gadaxurvebi 

I _ erTsartyeliani sistemebi moqnili an xisti ZafebiT; II _ orsatyeliani 

kiduli sistemebi; III _ vanturi wamweebi; IV _ unagirisebri badeebi;           

V _ kombinirebuli sistemebi; VI _ membranuli garsebi; a _ damatebuli 

datvirTviT; b _ kiduli garsi; g _ Runvadi-xisti; d _ simisebri;             
e _ amozneqili; v _ Cazneqili;  z _ amozneqil-Cazneqili; T _ gvarluri;      
I _ gvarluri, grZivi ganmbjeni ReroTi; k _ gvarluri, ganivi xisti 

ganmbjenebiT; l _ hiperboluri paraboloidis saxis bade; m _ bade mzidi 
TaRiT; n _ bade gvarl-sadgariT; o _ erTmaliani; p _ orkonsoluri;         
J _ erTkonsoluri; r _ damatebuli datvirTviT; s _ daZabuli gvarluri 

wamwiT; t _ kiduli; u _ unagirisebri 
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kiduli konstruqciebis uaryofiT Tvisebebs agreTve miekuTvneba 

maTi gazrdili deformaciuloba, rac gamowveulia maRali simtkicis 

foladis Semcirebuli drekadobis moduliT (E≈1.5_1.8)104 kn/sm2) naglin 

foladTan SedarebiT, da araTanabari datvirTvebis moqmedebiT 

gamowveuli kinematikuri cvalebadoba (ix. fig. 206, b-v).  

kinematikuri gadaadgilebebis Sesamcireblad kidul sistemebSi 

aproeqteben mastabilizebel mowyobilobebs:  1 kn/m2-ze meti wonis 

datvirTvis damateba (fig. 208, a, b); mzidi gvarlis (Cazneqili) 

winaswari daZabva mastabilizebeli gvarliT (amozneqili), ganmbjenebis 

(fig. 208, e), sakoWebis (fig. 208, v, T, s) an maTi kombinaciiT (fig. 208, 

z), aseve maTi urTierTdaZabva badeebSi (fig. 208, l-n, u); sistemaSi 

xisti elementebis Setana (fig. 208, g, i, o-J).  

kiduli konstruqciebis daproeqtebisas yuradReba eqceva 

gadaxurvidan wylis arinebas da saxuravis hermetizacias. 

 konstruqciuli formebis, ZiriTadi mzidi elementis saxis, 

gadaxurvis stabilizaciis xerxis da sxva niSnebis mixedviT kiduli 

konstruqciebi SeiZleba daiyos eqvs jgufad (fig. 208.) Tavis mxriv 

TiToeuli jgufi, sistemaSi elementebis urTierTganlagebis mixedviT, 

SeiZleba daiyos qvejgufebad, romlebic erTmaneTisgan gansxvavdebian 

daproeqtebis TaviseburebebiT.  

 

14.2. erTsartyeliani kiduli gadaxurvebi 

 erTsartyelian kidul gadaxurvebs miekuTvneba: mzidi moqnili 

Reroebis an gvarlebisagan Sedgenili sistemebi, romelTa 

stabilizacia miiRweva maTze dawyobili fenilis masiT, romelic 

torsebidan winaswaraa moWimuli da kvanZebSia damonoliTebuli (fig. 

209, a); xisti Zafebis an wamweebisagan Sedgenili sistemebi (ix. fig. 214); 

ganivi koWebis an wamweebis gamoyenebiT daZabuli, moqnil Zafebiani 

sistemebi (ix. fig. 216). 

 mSeneblobaSi yvelaze metad gamoiyeneba erTsartyeliani 

gadaxurvebi rkinabetonis an keramzitbetonis filebiT. aseTi 

sistemebis upiratesobaa konstruqciis didi sixiste da 



289 

 

cecxlmedegoba, naklebi saeqspluatacio xarjebi sxva garsebTan 

SedarebiT, xolo naklia gadaxurvis didi masa, rac iwvevs gvarlebze 

foladisa da sayrdeni konstruqciebis masalis gazrdil xarjs. 

 

fig. 209. erTsartyeliani gadaxurvebi rkinabetonis filebiT 

a _ saWimrebiT; b _ koWis an wamwis saxis xisti sayrdeni konturiT;  

1 _ mzidi vantebi; 2 _ grZivebi; 3 _ saWimrebi; 4 _ svetebi;                     
5 _ rkinabetonis asawyobi filebi; 6 _ sayrdeni konturis koWebi;             

7 _ kavSirebi; 8 _ torsis koWi; 9 _ torsis wamwe 

erTsartyeliani gadaxurvis winaswari daZabva rkinabetonis 

filebis gamoyenebiT (fig. 210) SeiZleba ganxorcieldes Semdegi 

TanamimdevrobiT: vantebze specialuri kakvebis saSualebiT Camokideben 

filebs; filebze awyoben balasts, ris Sedegadac filebs Soris 

nakerebi farTovdeba; nakerebs avseben cementis duRabiT; Semavseblis 

saproeqto simtkicis miRwevis Semdeg xsnian balasts; drekadi Zalebis 

moqmedebis Sedegad Zafebis Cakidulobis isari mcirdeba, xolo 

fenilis filebi moiWimebian. garsis daZabul mdgomareobaSi 

SesanarCuneblad balastisgan datvirTva unda iyos meti, vidre 
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droebiTi datvirTva gadaxurvaze. gamoiyeneba winaswari daZabvis sxva 

xerxebic. 

 

fig. 210. rkinabetonis asawyobi filebis tipebi erTsartyeliani kiduli 

gadaxurvebisTvis 

1 _ kakvi; 2 _ vanta; 3 _ armatura; 4 _ sagebis momzadeba dasabetoneblad   

 erTsartyeliani gadaxurvebi rkinabetonis filebiT SeiZleba 

iyos gegmaSi sworkuTxa, wriuli, elifsuri da sxva formis. erTmalian 

cilindrul gadaxurvebs (ix. fig. 209, b) aqvT gvarlebis 

perpendikularuli mimarTulebiT, mcire simrudis amozneqilobis mqone 

cilindruli forma. es simrude uzrunvelyofs gadaxurvidan wylis 

anirebisTvis aucilebel saxuravis daqanebas. aseT gadaxurvebSi 

Reroebs Soris manZili ar aRemateba 6 m. gadaxurvis masis 

Sesamcireblad mizanSewonilia igi davniSnoT 1.5-3 m. sayrden konturad 

xelsayrelia gamoyenebul iqnas CarCovani karkasi, romelsac 

gadaxurvis sibrtyeSi gaaCnia gamanawilebeli wamwe an koWi-fila, 

romelic gamoiyeneba vanturi Reroebis Casamagreblad da ganmbjenis 

asaTviseblad. 
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 gegmaSi sworkuTxa mravalmaliani gadaxurvebis daproeqtebisas 

sayrden konstruqciebad SeiZleba gamoyenebul iqnas koWebi svetebiT an 

CarCoebi (fig. 211). meore SemTxveva umjobesia, radganac Senoba 

Tavisufldeba Sida svetebisgan da mniSvnelovnad mcirdeba miwis 

samuSaoebis moculoba. 

 

 

 

 

 

 

 

 

 

 

 

fig. 211. mravalmaliani erTsartyeliani sworkuTxa gadaxurvebis sqemebi 

a _ mzidi svetebiT; b _ mzidi CarCoebiT; 1 _ mzidi vantebi; 2 _ saWimrebi;  

3 _ svetebi; 4 _ CarCoebi; 5 _ kavSirebi; 6 _ rkinabetonis filebi;             

7 _ sayrdeni konturis koWebi; 

 erTsartyeliani gadaxurvebi rkinabetonis filebiT mizanSewo-

nilia daproeqtdes gegmaSi wriul Senobebze (fig. 212). aseTi 

gadaxurvebis ZiriTadi Rirsebaa gvarlebis ganmbjenis amTvisebeli 

rkinabetonis sayrdeni rgolis arseboba. 

 ganasxvaveben aseTi gadaxurvebis or principul formas _ 

Cazneqils (fig. 212, a) da karvisebrs (fig. 212, b). Cazneqil sistemaSi 

kumSvaze momuSave gare sayrden rgolTan erTad gaTvaliswinebulia 

gaWimvaze momuSave liTonis Siga rgoli. aseT sistemaSi gvarlebi 

ganTavsebulia meridianulad da Siga rgolze damagrebulia 35-50 sm 

manZilze., rac gansazRvravs Siga rgolis diametrs _ 6-12 m. 

rkinabetonis filebis dalagebis pirobidan gamomdinare. gare rgolze 

Reroebis Camagreba ar unda aRematebodes 6 m-s.  
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fig. 212. erTsartyeliani wriuli gadaxurvis sqemebi 

a _ radialuri Siga rgoliT; b _ radialuri Siga sayrdeniT;  

g _ orTogonaluri badiT; 1 _ mzidi vanta; 2 _ sayrdeni rgoli;  

3 _ Siga rgoli; 4 _ sveti; 5 _ rkinabetonis fila; 6 _ kavSirebi 

 karvisebri gadaxurvebis ganmasxvavebeli Tavisebureba isaa, rom 

mniSvnelovani datvirTva gadaxurvidan gadaecema Siga rgolis 

meSveobiT, romelic muSaobs aracentralur gaWimvaze,  rkinabetonis 

Sua sayrdenis saSualebiT. radialur gadaxurvebSi vantebis 

Cakidulobis isari SeiZleba dainiSnos gadasaxuri malis 1/10_1/20. 

 erTsartyeliani, gegmaSi wriuli kiduli sistemebis saerTo 

naklia vantebze dalagebuli trapeciisebri rkinabetonis filebis tip-

zomebis didi raodenoba, samkuTxa seqtorebis mravaljer ganmeoreba-

dobis SemTxvevaSic. filebis tipzomebis Semcirebis mcdelobam gamoiw-

via orTogonalur badiani Cazneqili sistemis Seqmna Siga rgolis 

gareSe (fig. 212, g). magram aseT konstruqciaSi, filebs Soris nakerebis 

didi siganis gamo, agebisas izrdeba sveli procesebis moculoba. 

Cazneqili sistemebis naklia gadaxurvidan wylis arinebis gaZneleba. 
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 erTsartyeliani sistemebi radialuri vantebiT SeiZleba 

gamoyenebul iqnas gegmaSi sworkuTxa gadaxurvebisTvisac. am mizniT 

sayrden rgols kiduli garsiT damatebiTi vantebiT Camokideben 

sworkuTxa sayrdeni konturis kuTxur sayrdenebze (fig. 213). am 

SemTxvevaSi damatebiTi vantebisagan gamowveuli ganmbjeni iSleba 

(gadanawildeba) SemzRvudelis sibrtyeebSi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 213. erTsartyeliani radialuri gadaxurvis sqemebi SenobebisTvis 

a _ kvadratuli gegmiT; b _ sworkuTxa gegmiT; 1 _ mzidi vantebi;  

2 _ sayrdeni konturi; 3 _ centraluri rgoli; 4 _ svetebi; 5 _ kuTxis 

sayrdenebi; 6 _ damatebiTi vantebi 

erTsartyeliani kiduli gadaxurvebi gaWimuli Runvad-xisti 

elementebiT, romlebic Sesrulebulia SenaduRi an naglini ortesebri 

profilebisgan, an moRunuli da sworxazovani wamweebisgan, gadaxurvis 

stabilizaciisTvis ar saWiroebs specialur RonisZiebebs. am funqcias 

asrulebs sakuTriv elementebi, romlebsac SeuZliaT miiRon gamWimavi 

da mRunavi Zalvebi (fig. 214). amis gamo xisti Zafis Cakidulobis isari 

SeiZleba Semcirdes malis 1/20_1/30-mde Zafebis 3-4.5 m bijis SemTxvevaSi. 

mTliani naRuni ortesebris kveTis simaRle aiReba malis 1/40_1/50, 

xolo wamwis simaRle malis 1/35_1/45. simaRle damokidebulia mudmivi 
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da droebiTi datvirTvebis Tanafardobaze, agreTve gadaxurvis saWiro 

sixisteze. 

  

 

 

 

 

 

 

 

 

 

 
 

 
fig. 214. gaWimuli Runvad-xist elementebiani gadaxurvebis magaliTebi 

a _ olimpiuri sacurao auzi (moskovi); b _ universaluri sportuli darbazi 

(moskovi); 1 _ rkinabetonis sayrdeni TaRebi 2x3.3; 2 _ TaRebis rkinabetonis 

sayrdenebi; 3 _ kiduli mrudxazovani wamweebi; 4 _ kavSirebi; 5 _ fenilis 

dafebi; 6 _ svetebi; 7 _ sayrdeni konturi; 8 _ kiduli sworxazovani wamweebi; 

9 _ sayrdeni konturis furclovani sakoWi; 10 _ grZivebi; 11 _ tribunisqveSa 

CarCoebi; 

 xist Zafebiani gadaxurvebis upiratesobebia: konstruqciuli 

formis simartive, damzadebis industriuloba, Cveulebrivi foladebis 

gamoyeneba. naklia: maRali liTontevadoba, gadaxurvis arasivrciTi 

muSaoba. gamomdinare aqedan Runvad-xist Zafebiani erTsartyeliani 

kiduli gadaxurvebi mizanSewonilia daproeqtdes SedarebiT patara 

malis gadaxurvebSi, romlebzec modis mcire mudmivi da didi 

droebiTi datvirTvebi. 

 Runvad-xist Zafebiani kiduli gaxurva gamoyenebulia or 

olimpiur obieqtze moskovSi: 126x104 m zomis elifsuri formis 

sacurao auzi, romelic gadaxurulia kvadratuli parabolis 

moxazulobis wamweebiT, da 78X66 m zomis arawesieri eqvskuTxedis 
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formis mqone sportuli darbazi, romelic gadaxurulia kliteSi 

blagvi Semavali kuTxiT gadamkveTi sworxazovani wamweebiT (fig. 214). 

Tavisi teqnikur-ekonomikuri da konstruqciuli maxasiaTeblebiT orive 

gadaxurva mniSvnelovnad CamorCeba membranuls. 

 bagir-koWovan sistemebs (fig. 216) axasiaTebT momatebuli sixiste 

Runvaze, romelic izrdeba sayrden konturSi Camagrebuli wamweebis 

ganiv konstruqciad gamoyenebis SemTxvevaSi. gadaxurvis konstruqcia 

iZens sivrciT sixistes, kargad muSaobs adgilobrivi datvirTvis dros 

da saSualebas iZleva gamoyenebul iqnas msubuqi konstruqciis 

saxuravi. aseT konstruqciebSi Cakidulobis isari ar unda iyos malis 

1/15-ze naklebi.  

moqnil Zafebiani erTsartyeliani kiduli gadaxurvebis gaangari-

Sebis miaxloebiTi xerxi mdgomareobs imaSi, rom ganisazRvreba moqni-

li Zafis da saWimebis kveTebi, xolo wriul nagebobebSi agreTve gare 

sayrdeni Dda Siga Sua rgolebis kveTebic. mzidi elementebis kveTis 

SerCeva xorcieldeba montaJis stadiaSi, radganac jamuri datvirTva 

gadaxurvaze damZabavi balastis gaTvaliswinebiT saangariSo datvir-

Tvaze metia. zRvrul mdgomareobaSi nagebobis saangariSo sqemad miiRe-

ba brtyeli moqnili Zafi, sayrdenebiT erT an sxvadasxva doneebze. 

saangariSo datvirTva vantze cilindrul gadaxurvaSi (fig. 215, 

a), winaswari daZabvis gaTvaliswinebiT, ganisazRvreba formuliT: 

                                               q=qg+(1.2_1.3)qs=ga+(1.2_1.3)sa ,                                    (178) 

sadac g aris saangariSo mudmivi datvirTva vantebis, gadaxurvis 

filebisa da saxuravis 1m2-is sakuTari wonisagan; s _ saangariSo 

Tovlis datvirTva gadaxurvis 1m2-ze; a _ vantebs Soris manZili. 

 gaWimvisagan Zafis deformaciis gaTvaliswinebis ugulebelyofiT, 

ganmbjeni saangariSo datvirTvisagan SeiZleba gaangariSebuli iqnas 

formuliT: 

 Fh = M0 / y = ql
2 
/ 8f,    (179) 

sadac M0 aris q datvirTvisagan gamowveuli mRunavi momenti koWSi 

maliT l; y _ vantis wiris ordinata. 



296 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 215. erTsartyeliani kiduli sistemebis gaangariSebisaTvis 

a _ marTkuTxa gegmiT; b _ wriuli gegmiT; 

 vantis sayrdeni reaqciis vertikaluri mdgeneli 

 Fv = ql / 2.    (180) 

 Zafis gaWimvis maqsimaluri Zalva moqmedebs sayrdenTan 

                               √  
     .                          (181) 

 moqnili Zafis gaangariSebisas gansakuTrebiT mniSvnelovania 

gaangariSeba zRvrul mdgomareobaTa meore jgufis mixedviT _ 

droebiTi datvirTvisagan gamowveuli  dasaSvebze meti CaRunvebis 

Sedegad konstruqciis normaluri eqspluataciis SeuZleblobis 

mixedviT. es gaangariSeba xdeba miaxloebiTi meTodebiT. droebiTi 

datvirTvis moqmedebisagan gamowveuli, moqnili Zafis saangariSo 

vertikaluri CaRunvis zRvruli sidide unda akmayofilebdes Semdeg 

pirobas 

 ∆f / l = 3qs,n l
2
 / 128EAf

 2
 ≤ 1/200,      (182) 

sadac qs,n  aris Zafis malis 1m2-ze normatiuli droebiTi datvirTva; E _ 

Zafis drekadobis moduli; A _ Zafis kveTis farTobi. 
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 Tu ganmbjeni gadaecema gare ankerebze, maSin Zafis dayvanili 

sigrZe saWimebis sigrZeebis gaTvaliswinebiT tolia: 

                                                  S = l (1+8f
2
 / l

2
)+2l1sec

2
θ,                                               (183) 

sadac l1aris saWimis horizontaluri proeqcia (gegmili) svetis 

RerZidan saZirkvelTan Camagrebis RerZamde; θ _ saWimis daxris kuTxe 

horizontTan. 

 Zalvebi daxril da vertikalur saWimebSi (ix. fig 207, e, v) 

gaangariSdeba Sesabamisad formulebiT: 

 N1 = Fh B /a   cosθ,       (184) 

 N1 = Fh B /aa2,     (185) 

sadac B saWimebis bijia. 

 Cazneqili tipis erTsartyelian radialur vantur sistemebSi 

(fig. 215, b) Zalvebi wina gaangariSebis analogiurad gamoiTvleba: 

Fh = ql
2 
/ 24f ;     Fv = ql / 4;    

                                           √  
        √  36    ⁄ .                  (186) 

 mzidi vantis ganivi kveTis saWiro farTobi ganisazRvreba 

tolobidan 

 Aca = 1.6 N / η 100Run,      (187) 

sadac 1.6 aris masalis saimedoobis koeficienti; η _ koeficienti, 

romelic iTvaliswinebs bagiris gamwyveti Zalvis Semcirebas 

mavTulebis jamur gamwyvet ZalvasTan SedarebiT (η=0.81-0.85 _ 1x37 

konstruqciis ТК da 6x19 konstruqciis ЛК-Р bagirebisTvis; η=0.75-0.8 _ 

6x36 konstruqciis ТЛК-РО bagirebisTvis;  η=1 _ daxuruli mzidi 

bagirebisTvis); Run _ bagiris mavTulebis droebiTi winaRoba gawyvetaze, 

mpa (ТК, ТЛК-РО, ЛК-Р bagirebisTvis  Run = 1176, 1372, 1568, 1666, 1764, 1862 da 

1960;   daxuruli bagirebisTvis Run = 1078, 1176, 1274, 1372); 100 _ mpa-is 

n/sm2-Si gadasayvani koeficienti. 
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 Siga rgolis gamWimavi da gare sayrdeni rgolis mkumSavi Zalvebi 

ganisazRvreba formuliT: 

                                                        Nt = Fh l / 2a.                                                    (188) 

 Runvad-xisti Zafebis zusti gaangariSeba sakmaod rTulia, amitom 

mudmivi datvirTvisagan, Tokis mrudis msgavsad, moRunuli xisti 

Zafebis kveTebi SeiZleba SeirCes miaxloebiTi xerxiT. xisti Zafis 

gamWimavi Zalva ganisazRvreba (182)-e formuliT, xolo mRunavi momenti 

– formuliT: 

                                                        M = Mb _ Fh f,                                                    (189) 

sadac Mb _koWuri momentia Zafis kveTSi.  

 vantur-koWuri sistemebi (fig. 216), romlebSic koWebs vantTan 

yovel gadakveTaze aqvT saxsrebi, gaiangariSeba rogorc Seyursuli 

ZalebiT datvirTuli erTsartyliani moqnili Zafebi. 

 

 

 

 

 

 

 

 

 

 

 

fig. 216. vantur-koWuri sistemebis gaangariSebisaTvis 

1 _ mzidi vanta; 2 _ sayrdeni konturi; 3 _ mravalmaliani uWri koWebi;       

4 _ igive, konturze Camagrebuli  

 uWri koWebis SemTxvevaSi, sixistidan gamomdinare, maT SeuZliaT 

Seasrulon sistemaSi Zalvebis gadamanawilebeli an sistemis 

mastabilizebeli elementebis funqcia, gansakuTrebiT araTanabari 

datvirTvisas. gadanawilebis efeqti izrdeba sistemis winaswari 
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daZabvis SemTxvevaSi (koWebis winaswari moRunviT, amozneqilobiT 

zeviT). gaangariSeba warmoebs jvaredini koWebis sistemis analogiurad 

koWebisa da Zafebis sixistis gaTvaliswinebiT (ix. p. 12.3). 

 miaxloebiT gaangariSebebSi dasaSvebia vanta gaangariSdes 

rogorc erTsartyeliani sistema, xolo koWi, rogorc mravalmaliani 

uWri konstruqcia, romlisTvisac Sualedur sayrdenebs warmoadgens 

vantebi. radialur sistemebSi moqnili vantebis gare sayrden rgolTan 

mierTebis kvanZeni naCvenebia fig. 217-ze, xolo Siga gaWimul rgolTan 

_ fig. 218-ze. pirvel SemTxvevaSi kvanZebi damaxasiaTebelia kumSvaze 

momuSave Sekruli sayrdenkonturiani yvela tipis kiduli 

konstruqciebisaTvis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 217. radialur sistemebSi rkinabetonis gare sayrden rgolTan vantebis 

mierTeba 

a _ gadamyvani rgoliT; b _ Sewyvilebuli SverilebiT; g _ mosaWimi 

WanWikebiT; 1 _ kolofisebri rgoluri elementi; 2 _ rkinabetonis gare 

sayrdeni rgoli; 3 _ vantebi; 4 _ Sewyvilebuli Sverilebi; 5 _ Casasxmeli 

milisi; 6 _ maRali simtkicis WanWikebi; 7 _ saxsari 
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fig. 218. radialur sistemebSi Siga sayrden rgolTan vantebis mierTebis 

variantebi 

 

14.3. orsartyeliani winaswar daZabuli gadaxurvebi 

     orsartyeliani  winaswar  daZabuli  gadaxurva  ewodeba sistemas, 

romelic Sedgeba ori moqnili Zafisgan, romlebic ganlagebulia erTi 

meoris zeviT da erTmaneTTan dakavSirebulia paralelurad 

ganlagebuli saWimebiT (fig. 2219 a), ganmbjenebiT (fig. 219, b) an maTi 

kombinaciiT (fig. 219, g). winaswari daZabvis gamo, rac xorcieldeba 

saWimebisa da ganmbjenebis daxmarebiT, orsartyelian sistemebs aqvT 

naklebi drekadi deformaciebi erTsartyelianTan SedarebiT, rac qmnis 

karg winapirobebs mzidi sistemisagan damoukideblad momuSave msubuqi 

saxuravebis gamoyenebisaTvis. Tumca, vertikaluri Zabvadi elementebi 

xels ar uSlian moqnili Zafebis horizontalur gadaadgilebebs, amis 

gamo aseTi konstruqciebis kinematikuri gadaadgilebebi naklebad 

gansxvavdeba erTsartyeliani sistemebisagan. 
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 ekonomiurad ufro gamarTlebulia linzisebr-amozneqili 

sistemebi (fig. 2219 b), vinaidan mzidi da mastabilizebeli 

gvarlebisTvis maT aqvT saerTo sayrdeni konstruqcia da xels 

uwyoben wylis martiv arinebas. Tumca, SekumSuli dgarebi saWiroeben 

liTonis mniSvnelovan xarjs, es ki amcirebs mocemuli sqemis 

efeqturobas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 219. marTkuTxa gegmis mqone orsartyeliani kiduli gadaxurvebis sqemebi 

a _ Cazneqili; b _ amozeqili; g _ amozneqil-Cazneqili; 1 _ mzidi vanta;      

2 _ mastabilizebeli gvarli; 3 _ saWimrebi; 4 _ sayrdeni;                      

5 _ xisti ganmbjenebi; 6 _ moqnili sakoWebi;  

 orsartyeliani sistemis yvelaze gavrcelebuli konstruqciuli 

formebia _ radialurad ganlagebul gvarlebiani wriuli gadaxurvebi 

(fig. 220, a-g), maT Soris “velosipedis borblis” tipis sistema (fig. 

220, a). 
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fig. 220. wriuli da marTkuTxa gegmis mqone orsartyeliani kiduli gadaxurvebis sqemebi 

a _ radialuri, orsartyeliani centraluri rgoliT; b _ radialuri, orsartyeliani sayrdeni 
rgoliT; g _ radialur-nakecovani (naoWa), orsartyeliani sayrdeni rgoliT;                    

d _ gadajvaredinebuli vantur wamweebiani orTogonaluri sistema sayrdeni rgoliT;          
e _ kvadratuli gegmis mqone, gadajvaredinebuli vantur wamweebiani diagonaluri sistema 
gisosovani sayrdeni konturiT; 1 _ mzidi vantebi; 2 _ sayrdeni rgoli; 3 _ centraluri 

rgoli; 4 _ svetebi; 5 _ grZivebi; 6 _ kavSirebi; 7 _ gisosovani sayrdeni konturi  
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 saxuravis montaJisas zemoTCamoTvlili yvela sistema saWiroebs 

grZivebis mowyobas, rac zrdis masalebis xarjs, gansakuTrebiT gegmiT 

wriul sistemebSi. ori (fig. 220, d, e) an sami mimarTulebiT 

ganlagebuli, paralelur vantebiani wamweebis sistemebSi fenili 

lagdeba sistemis kvanZebze grZivebis gareSe. 

 jvaredini vanturi wamweebi saSualebas iZleva Seiqmnas gegmaSi 

marTkuTxa gadaxurvebi saWimebis gareSe (fig. 220. e). aseT 

konstruqciebSi ganmbjens iTviseben sistemis Sua sibrtyeSi, 

gadaxurvis perimetrze ganlagebuli horizontaluri xisti wamweebi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
fig. 221. kvadratuli gegmis mqone orsartyeliani radialuri        

gadaxurvis sqemebi 

a _ Runvadi sayrdeni konturiT; b _ uRunvadi sayrdeni konturiT;            

1 _ svetebi; 2 _ gisosovani sayrdeni konturi; 3 _ koWuri sayrdeni konturi;  

4 _ Siga rgoli; 5 _ mastabilizebeli gvarlebi; 6 _ mzidi vantebi 

 kvadratul gegmaSi, oTx kuTxeze dayrdnobisas, SesaZlebelia 

vantebis radialurad ganlageba (fig. 221, a). am SemTxvevaSi konturis 

wamweebi unda iyos samkuTxa kveTis, erTi vertikaluri waxnagiT, 

romelic svetebs Soris malSi muSaobs Runvaze. perimetrze svetebian, 

gegmaSi marTkuTxa radialur sistemebSi xisti Runvadi konturis 
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Sesacvlelad SeiZleba gamoyenebuli iqnes gvarli-qvesakravebi, 

romlebic ganmbjens gadascemen svetebze ganTavsebul koWuri sayrdeni 

konturis kuTxeebSi (fig. 221, b). 

 orsartyeliani winaswar daZabuli sistemebi, erTsartyelianis 

msgavsad, SeiZleba iyos erTmaliani da mravalmaliani, agreTve 

karvisebri, rgolebis ganlagebiT erT an sxvadasxva doneze. 

orsartyelian sistemebSi mizanSewonilia gvarlebs Soris 

horizontaluri manZili dainiSnos 3-6 m, xolo manZili dgarebs an 

sakoWebs Soris 2.5-4 m. SekumSuli dgarebis gamoyenebis SemTxvevaSi 

(maTi raodenobisa da foladis xarjis Sesamcireblad) maTi biji 

SeiZleba gaizardos 4.5-6 m-de. 

 orsartyeliani sistemebis daproeqtebisas gansakuTrebiT 

mniSvnelovania gvarlebis Cakidulobis isris daniSvna, romelTa 

sidideebi SeiZleba meryeobdes malis 1/10_1/30-s farglebSi. mzidi 

vantebis Cakidulobis optimaluri isaria malis 1/8_1/15 da SeiZleba 

daiSvas aranklebi 1/20; mastabilizebeli gvarlebisTvis Cakidulobis 

isari SeiZleba iyos igive an ramdenadme naklebi. 

 imis gaTvaliswinebiT, rom gvarlebis kveTis farTobebis 

Tanafardoba mniSvnelovnad ar moqmedebs sistemis CaRunvebze, 

miaxloebiT gaangariSebebSi igi SeiZleba dainiSnos datvirTvebis 

TanafardobasTan damokidebulebiT: 

rodesac  s   g ,      Ast / Aca   1_1.2 ; 

  rodesac s = g ,      Ast / Aca   0.6 _0.8 ;                              (190) 

               rodesac  s   g ,     Ast / Aca   0.3 _0.6 . 

 liTonis sayrden konturTan da Siga rgolTan vantebis 

mierTebis kvanZebi naCvenebia fig. 222-ze. xolo ganmbjenebis Camagreba 

vantebTan _ fig. 223-ze. mdgradobis uzrunvelyofis pirobidan 

gamomdinare, gare rgolis sigane aiReba malis 1/50_1/80, xolo misi 

simaRle _ siganis 0.3_0.4 da damokidebulia rgolis mzid svetebs 

Soris manZilze. 
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fig. 222. vantebis mierTeba liTonis bortis elementTan 

 

fig. 223. ganmbjenebis Camagreba vantebs Soris orsartyelian sistemebSi 

a _ sartyelSi erTeuli vantis SemTxvevaSi; b _ Sewyvilebuli vantebis 

SemTxvevaSi; 1 _ ganmbjeni; 2 _ vanta 

 zRvrul mdgomareobaSi, sruli mudmivi qg da droebiTi qs 

datvirTebis zemoqmedebis dros orsartyelian sistemebis gvarlebis 

miaxloebiTi gaangariSeba (fig. 224), imis daSvebiT rom damZabavi  

(mastabilizebeli) gvarlebi iTiSebian muSaobidan, SeiZleba 

Sesruldes erTsartyeliani sistemis analogiurad. Tumca, saangariSo 

datvirTvebis  moqmedebis  dros  mastabilizebeli  vantebis winaswari   
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daWimulobis Zalvas inarCuneben maTi sawyisi daWimulobis 20-30%-is 

farglebSi, rac Seesabameba damatebiT droebiT datvirTvas        ∆qs = 

(0.2÷0.3) qs. amitom, erTsartyeliani sistemebisagan gansxvavebiT, 

orsartyelian sistemebze saangariSo datvirTvebi iqneba: mzidi 

gvarlisTvis _ qca = qg + (1.2_1.3) qs;  mastabilizebeli gvarlisTvis _     

qst = (1.2_1.3) qs . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 224. orsartyeliani kiduli sistemebis gaangariSebisaTvis 

a _ marTkuTxa gegmiT; b _ wriuli gegmiT 

 Zalvebi sistemis damZabav dgarebsa da sakoWebSi ganisazRvreba 

Sesabamisad formulebiT: 

      Nc = qca s, (191) 

                                                                   Nt = qst s,                                                 (192) 

sadac s  ganmbjenebis an sakoWebis bijia.  
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14.4. gvarluri wamweebi 

gvarluri wamwe warmoadgens orsartyeliani sistemebis Semdgom 

ganviTarebas. orsartyeliani sistemebisagan gansxvavebiT, gvarlur 

wamweebSi sakoWebi (Semkvrelebi) da ganmbjenebi Secvlilia samkuTxa an 

iribnuli gisosiT, ris gamoc mTeli sistema geometriulad ucvleli 

da ufro metad xisti xdeba (fig. 225). gvarluri wamweebis es Tvisebebi 

gansazRvraven maTi racionaluri gamoyenebis sferos, kerZod 

araTanabari da didi droebiTi datvirTvebis mqone gadaxurvebSi.. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 225. winaswar daZabuli vanturi wamweebis sqemebi 

a-g _ Cazneqili gisosis sxvadasxva tipiT ; d _ amozneqili; e _ amozneqil-

Cazneqili; 1 _ mzidi vanta; 2 _ mastabilizebeli gvarli; 3 _ saWimari;        

4 _ sveti; 5 _ xisti ganmbjenebi; 6 _ moqnili sakoWebi: 7 _ gadaxurvis 

filebi; 8 _ grZivi 
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 gvarlur wamweebSi upiratesad gamoiyeneba moqnil elementebiani 

samkuTxa gisosebi (fig. 225, a, b), romlebSic aRiZvreba, rogorc 

gamWimavi, aseve mkumSavi Zalvebi. SekumSuli iribnebis muSaobis 

uzrunvelsayofad, gisosSi, winaswari daZabvis gamoyenebiT, mudmivad 

inarCuneben gamWimav Zalvebs. iribnul gisosebSi (fig. 225, g-e) 

SekumSul elementebs amzadeben xisti profilebisgan. 

vanturi wamwe warmoadgens statikurad urkvev sistemas, amitom 

misi gaangariSeba xdeba samSeneblo meqanikis ZiriTadi meTodebiT. 

miaxloebiT gaangariSebebSi, wamweebis gvarluri sartyelebis kveTebi 

SeiZleba ganisazRvros orsartyeliani kiduli sistemebis 

analogiurad, xolo Zalvebi gisosSi – rogorc mocemuli 

moxazulobis Cveulebriv xist wamweebSi. 

 

 

 

 

 

 

 

 

 

 

fig. 226. vanturi wamweebis kvanZebi 

gisosSi Zalvebis gansazRvris Semdeg, niSnaven winaswari daWimvis 

Zalas, romelic absoluturi mniSvnelobiT unda iyos iribnebSi 

maqsimalur mkumSav Zalvaze meti. Semdeg, winaswar daWimvis Zalis 

gaTvaliswinebiT, gisosis yvela elementSi pouloben saboloo 

Zalvebs. gisosis elementebs niSnaven mudmivi kveTis, romlis farTs 

sazRvraven maqsimaluri gamWimavi Zalvis mixedviT. vanturi wamweebis 

damaxasiaTebeli kvanZebi naCvenebia fig. 226-ze. vantur wamweebiani 

gadaxurvebis konstruqciuli formebi orsartyeliani sistemebis 

konstruqciuli formebis analogiuria. 
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14.5. unagirisebri gadaxurvebi 

unagirisebri gadaxurva warmoadgens sistemas, romelic Sedgeba 

(umetes SemTxvevaSi) hiperboluri paraboloidis zedapiris mqone 

daZabuli badisagan da xisti an kombinirebuli sayrdeni konturisagan 

(fig. 227). badeebi warmoiqmneba ori saxis orTogonalurad ganlagebu-

li urTierTmarTobuli gvarlebisagan, romelTagan erTi mzidia 

(Cazneqili bade), xolo meore  – mastabilizirebeli (amozneqili bade). 

sayrdeni konturis konstruqciidan gamomdinare, SeiZleba 

Seiqmnas kompoziciurad mravalferovani arqiteqturul-konstruqciuli 

formebis mqone unagirisebri gadaxurvebi da mTlianad Senobebi. 

gamomdinare aqedan, unagirisebrma badeebma farTo gavrceleba moipoves 

samSeneblo praqtikaSi. 

sayrdeni konturebis ufro metad gavrcelebuli tipebia _ 

erTmaneTis mimarT daxrilad ganlagebuli da saZirkvelze, svetebze an 

mzid kedlebze dayrdnobili, ori an sami TaRisgan Seqmnili 

kombinaciebi (fig. 227, a, 228). aseT konstruqciul gadawyvetebs gaaCniaT 

gaerTmTlianebis kargi SesaZleblobebi sazogadoebrivi daniSnulebis 

didmaliani Senobebis daproeqtebis dros. daxrili TaRebis gamoyeneba 

SesaZlebelia gvarl-qvesakravebisa (fig. 227, g) da koWebis saxis 

sworxazovani konturebis kombinaciaSi (fig. 227, v). aseve, SesaZlebelia 

unagirisebri badeebis gamoyeneba mravalmalian mravalujredian 

SenobebSi (fig. 227, z). 

TaRovan konturebTan erTad xSirad iyeneben Caketil konturebs 

_ martivi da rTuli formis moRunuli rgolebis saxiT (fig. 227, b), 

marTkuTxa tipis (fig. 227, d), romlebic masalis xarjis mixedviT 

CamorCebian TaRovan konturebs. 

unagirisebri badeebiani nagebobis funqciurad aucilebeli 

formebis garda, am tipis konstruqciebis formawarmoqmnis 

SesaZleblobebidan gamomdinare, daproeqtebis praqtikaSi gvxdeba 

didmaliani gadaxurvebi, romlebic xasiaTdeba konstruqciuli 

sirTuliT da saWiroebs masalis did xarjs. aseTi gadaxurva aqvs 

tokioSi, “ioig”-is olimpiuri kompleqsis did sacurao auzs (fig. 229). 
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fig. 227. unagirisebri badeebis ZiriTadi sqemebi 

a _ ori daxrili TaRiT Sedgenili Caketil konturiani; b _ rTuli 

mrudxazovani konturiT; g _ daxrili TaRebiT da gvarl-qvesakravebiT;       

d _ kvadratul gegmiani, xazovani sayrdeni konturiT; e _ vertikaluri 

TaRiT; v _ kombinirebuli gadawyveta TaRiT, koWiT da gvarl-qvesakravebiT;  

z _ ramdenime sayrdeni TaRiT; 1 _ sayrdeni konturi; 2 _ TaRi; 3 _ koWi;      

4 _ piloni; 5 _ gvarl-qvesakravi; 6 _ bade 
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fig. 228. badisebri kiduli gadaxurvebis magaliTebi 

a _ estrada talinSi (estoneTi); b _ sacurao auzi odesaSi (ukraina);  

1 _ foladis TaRi; 2 _ rkinabetonis TaRi; 3 _ svetebi; 4 _ gvarlebi;  

5 _ pilonebi 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 229.  tokios (iaponia) olimpiuri kompleqsis sacurao auzis rTuli 

badisebri gadaxurvis sqema 

1 _ pilonebi; 2 _ gvarl-qvesakravebi; 3 _ ankeruli saZirkvelebi;              

4 _ konturis koWebi; 5 _ vanturi wamweebi; 6 _ kavSirebi; 7 _ ganmbjeni koWebi 
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Zalvebis ganawilebis TvalsazrisiT, unagirisebri gadaxurvis 

saukeTeso zedapiria hiperboluri paraboloidis zedapiri. am 

SemTxvevaSi, mzid da mastabilizirebel Zafebs, yovel gvarlSi f/l
2 

mudmivi fardobis, Cazneqili da amozneqili kvadratuli parabolis 

forma aqvT, rac gadaxurvaze Tanabrad ganawilebuli datvirTvis 

dros uzrunvelyofs Zalvebis tolobas yvela gvarlSi. mzidi Zafebis 

optimaluri Cakidulobis isrebi fca=(1/8_1/15)lca, xolo mastabilizirebe-

lis _ fst = (1/10_1/25)lst, Tumca arsebuli konstruqciebis umravlesobaSi 

isini miiReboda malis 1/20-is siaxloves.  

gvarlebs Soris manZili damokidebulia Weris mzid elementebze 

da tenturi da afskovani gadaxurvebisaTvis miiReba ara umetes 1 

metris, xolo xist fenilebiani gadaxurvebisaTvis ara umetes 3 metris. 

unagirisebri badeebis winaswari daZabva iZleva iseTi sistemis Seqmnis 

SesaZleblobas, romelSic mastabilizirebel gvarlebs SeuZliaT 

aiTvison kumSvis Zabvebi vertikaluri datvirTvebisgan da amiT 

daexmaron mzid gvarlebs gaWimvaze muSaobaSi. 

unagirisebri badeebis muSaoba aseve gansxvavdeba orsartyeliani 

sistemebis muSaobisagan imiT, rom yovel mzid gvarls Seesabameba, ara 

erTi mastabilizirebeli gvarli, aramed yvela mastabilizirebeli 

gvarlebis erToblioba, anu sistema mTlianobaSi muSaobs, rogorc 

sivrciTi. 

unagirisebri sistemebis efeqturoba didadaa damokidebuli 

sayrdeni konturis masalatevadobaze. konturze masalis xarjis 

Semcireba SeiZleba misi araRunvadad, paraboluri daxrili TaRebis da 

elifsuri an mrgvali sivrciTi rgolis saxiT daproeqtebisas. Tumca, 

konturi araRunvadia mxolod gadaxurvaze mudmivi, Tanabrad 

ganawilebuli datvirTvebis moqmedebisas. droebiTi datvirTvis 

calmxrivi moqmedebisas, sayrden konturSi Cndeba mRunavi momentebi, 

rac iTxovs konturis gaZlierebas.  

unagirisebr gadaxurvebs angariSoben vertikalur, sakuTari 

wonisa da Tovlisagan gamowveul, da horizontalur, qaris 

datvirTvebze. gadaxurvebis zusti gaangariSeba xorcieldeba 

samSeneblo meqanikis meTodebiT kompiuteruli programebis 
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gamoyenebiT, rogorc mravaljer statikurad urkvevi sistemebis. 

unagirisebri konstruqciebis miaxloebiTi gaangariSeba mastabilize-

beli gvarlis winaswari daZabvis SenarCunebis gaTvaliswinebiT, sruli 

vertikaluri saangariSo datvirTvisas, SeiZleba ganxorcieldes 

orsartyeliani sistemebis analogiurad. saangariSod iReben unagirise-

bri badis mTavari RerZebis sibrtyeebSi mdebare Zafebs (fig. 230). 

 

 

 

 

 

 

 

 

fig. 230. unagirisebri gadaxurvis gaangariSebisaTvis 

TaRovani an rTuli Caketili konturebis gaangariSebas 

awarmoeben TaRebisa (ix. p. 9.2) da ormagi simrudis garsebis  

konturebis (ix. p. 11.5) gaangariSebebis analogiurad. unagirisebri 

badeebis stabilizacias axorcieleben mowyobilobebiT mastabilizire-

beli Zafebis daWimviT (ix. fig. 217) an sayrdeni konturis 

gansazRvruli kuTxiT SemobrunebiT. iSviaTad, badeebs Zabaven mzidi 

Zafebis winaswari datvirTviT. unagirisebr badeebSi gvarlebis 

gadakveTis damaxasiaTebeli kvanZebi naCvenebia fig. 231-ze, xolo badis 

gvarlebis gvarl-qvesakravebTan SeerTeba – fig. 232-ze. 
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fig. 231. vantebis gadakveTis kvanZebi unagirisebr gadaxurvebSi 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 232. gvarl-qvesakravTan vantebis mierTebis kvanZebi 
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14.6. kombinirebuli sistemebi 

kombinirebul sistemebs miekuTvneba gadaxurvebi, romlebic 

Sedgeba gaWimuli vantebis an Zafebisgan da SekumSul-gaRunuli 

koWebis, wamweebis an sxva xisti elementebisagan (fig. 233). aseTi 

konstruqciebis Rirsebas warmoadgens mniSvnelovani sixiste, romelic 

winaaRmdegobas uwevs adgilobriv CaRunvas araTanabari datvirTvisas, 

amitom kombinirebulma sistemebma farTo gamoyeneba poves 20 tonamde 

tvirTamweobis kidul amweebian samrewvelo Senobebis didmalian 

gadaxurvebSi.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 233. maliani kombinirebuli konstruqciebis sqemebi 

a-d _ sxvadasxva tipis sakidrebiT; e , v _ igive, damatebiTi saWimrebiT;  

1 _ mzidi gvarli; 2 _ martivi sakidrebi; 3 _ rTuli sakidrebi; 4 _ koWebi;   

5 _ wamweebi; 6 _ svetebi; 7 _ filebi; 8 _ damatebiTi saWimrebi 
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kiduli konstruqciebis uaryofiTi Tvisebebia: Wers zemoT Ria 

gvarlebis arseboba, romlebic atmosferuli faqtorebis (temperatura 

da tenianoba) zemoqmedebiT ganicdian korozias; vanturi konstruqcie-

bis damzadebis SedarebiTi Sromatevadoba da montaJis dros vantebis 

winaswari daZabvis regulirebis sirTule. koroziisagan dasacavad 

saWiroa Ria nawilebisa da kvanZebis mudmivi kontroli da Rebva. 

umetesad gavrcelebulia brtyeli, gare uganmbjeno 

kombinirebuli sistemebi, romlebSic xist konstruqciad gamoyenebulia 

brtyeli koWebi an wamweebi (fig. 233). kombinirebuli sistemebis 

CaRunvebi ZiriTadad warmoiqmneba mrudwiruli Zafebis an wrfivi 

vantebis drekadi deformaciebis Sedegad. damrecobis Semcirebisas, 

maTi deformaciuloba izrdeba da mTeli sistema Rebulobs 

mniSvnelovan CaRunvebs, amitom Zafis damrecobas zRudaven malis 

1/8_1/12 Cakidulobis isriT, xolo vantebis minimaluri daxris kuTxeebs 

aproeqteben ara umcires 300. 

xisti konstruqciis samSeneblo simaRle damokidebulia sakidebs 

Soris manZilze da aiReba am manZilis 1/12_1/15. kombinirebuli 

konstruqciebiT SeiZleba gadaixuros 200 m-mde malis, marTkuTxa da 

kvadratuli gegmis mqone Senobebi. 

mSeneblobis praqtikaSi farTod gamoiyeneba konsoluri kiduli 

konstruqciebi (konslebis erTmxrivi an ormxrivi ganlagebiT) (fig. 

234). kidul konstruqciebad, Cveulebrivi brtyeli wamweebis an koWebis 

garda, SeiZleba gamoyenebul iqnas talRovani, prizmuli an kolofi-

sebri garsebi (fig. 234, b, g), aseve Zabrisebri garsebi (fig. 234, d). 

kiduli konstruqciebis saxiT farTodaa danergili jvaredin-

Rerovani filebi. sivrculad momuSave sistemis konstruqciis 

magaliTia 72X144 m zomis avtobusebis garaJis kombinirebuli 

gadaxurva sankt-peterburgSi (fig. 235). 
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fig. 235. avtobusebis garaJis kombinirebuli gadaxurva kiduli sivrciTi 

konstruqciiT sankt-peterburgSi 

1 _ gisosovani fila; 2 _ mzidi gvarlebi; 3 _ rkinabetonis svetebi;  

4 _ pilonebi; 5 _ ganmbjenebi; 6 _ CaSenebuli SenaduRi kapiteli  

fig. 234. konsoluri 

kombinirebuli 

konstruqciebis sqemebi 

a _ fermebiT; b, g _ naoWebiT 
da talRovani garsebiT;      

d _ Zabrisebri tipis;         
e _ erTkonsoliani, mzidi 

CarCoTi; v _ erTkonsoliani, 

saWimrebiT; 1 _ gvarli;       

2 _ brtyeli an sivrciTi 

wamwe; 3 _ CarCo; 4 _ sayrdeni 
dgari; 5 _ gare rgoli;       

6 – Sida rgoli; 7 _ saWimari 
gvarli  
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kombinirebuli konstruqciebis gaangariSebas awarmoeben 

samSeneblo meqanikis meTodebiT, rogorc statikurad urkvevi 

sistemebis. sistemis zRvrul CaRunvebs amowmeben montaJis stadiaSi da 

Rebuloben ara umetes malis 1/300 – 1/500. miaxloebiT gaangariSebebSi 

dasaSvebia ar iqnas gaTvaliswinebuli gadaxurvis calkeuli nawilebis 

erToblivi muSaoba, Zafi CaiTvalos uWimrad da elementebis (moqnili 

da xisti) gaangariSeba Catardes cal-calke statikur datvirTvebze. 

 

14.7. membranuli garsebi 

 membranuli konstruqciebi warmoadgens sivrciT konstruqciebs, 

romlebic  Sedgenilia liTonis Txeli furclisa da xisti sayrdeni 

konturisagan. Txel furcels aqvs mcire RunviTi sixiste, amitom 

ZiriTadad muSaobs gaWimvaze, rac saSualebas iZleva maqsimalurad 

srulad iqnas gamoyenebuli liTonis mzidunarianoba da sxva brtyel 

da sivrciT konstruqciebTan SedarebiT miviRoT minimaluri masis 

gadaxurva. sxva tipis kiduli konstruqciebisgan membranuli 

gadaxurvebis ganmasxvavebeli Taviseburebaa erT masalaSi mzidi da 

SemomsazRvreli funqciebis SeTavseba, ris gamoc miiRweva 

konstruqciis damatebiTi Semsubuqeba da masalatevadobis Semcireba. 

 100 m-de malis SemTxvevaSi simtkicis pirobiT, foladis membranis 

sisqe ar aRemateba 1-1.5 mm-s, rac praqtikulad ganuxorcielebadia 

koroziamedegobis pirobidan gamomdinare, amitom 10Г2С1 markis 

naxSirbadmcire an 17Г2С da 17Г2СФ markis mcired legirebuli foladis 

membranis sisqes aproeqteben aranakleb 4-6 mm-sa. rig obieqtebze 2mm 

sisqis ОХ18Т1 markis uJangavi foladis gamoyenebam ar gamoiRo 

dadebiTi efeqti misi maRali Rirebulebisa da gauTvaliswinebeli 

statikuri movlenebis gamo, rac dakavSirebulia adgilobrivi 

amozneqis warmoqmnasa da temperaturis zemoqmedebiT konstruqciis 

sxvadasxva zonaSi furclis mdgradobis dakargvasTan. membranul 

gadaxurvaSi Mmasalis simtkicis srulyofili gamoyeneba miiRweva 

naxevrad mopirsalebuli АМГ21/2Н markis aluminis Txeli furclis 

gamoyenebis SemTxvevaSi.  
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 aluminis Senadnobebis gamoyenebas aqvs specifikuri uaryofiTi 

Tvisebebi, rac dakavSirebulia temperaturis zemoqmedebiT gamowveul 

damatebiT ZabvebTan da deformaciebTan, drekadobis dabal modulTan, 

xanZarmedegobis dabal zRvarTan, zolebis cud SeduRebadobasTan, 

agreTve maRal RirebulebasTan. 

 membranuli konstruqciebiT SeiZleba gadaixuros praqtikulad 

nebismieri mali. Cakidulobis isari aiReba malis 1/15_1/25-s farglebSi. 

malis gadidebiT membranuli konstruqciebis ekonomikuri 

mizanSewoniloba izrdeba. magram membranuli konstruqciebis 

gamoyenebis gamocdilebam aCvena, rom maT SeuZliaT konkurencia 

gauwion mcire da saSualo malis (18-36 m) mqone liTonis sxva 

konstruqciebs. 

 membranuli Txelfurcliani gadaxurvebi muSaobis xasiaTidan 

gamomdinare SeiZleba daiyos or tipad _ lenturi gadaxurvebi da 

membranuli garsebi (fig. 236). lenturi gadaxurvebi Sedgenilia 

erTmaneTTan daukavSirebeli calkeuli lentebisagan da muSaoben 

erTsartyeliani vanturi konstruqciebis analogiurad. am tips agreTve 

miekuTvneba ori urTierTmarTobuli mimarTulebiT gadaxlarTuli 

lenturi sistemebi (fig. 236, g), agreTve orSriani unagirisebri 

winaswar daZabuli gadaxurvebi Sreebs Soris maTbunebliTa da 

maTbuneblis gareSe (fig. 236, v, z). gadaxlarTul lentebian 

gadaxurvebSi miiRweva ori mimarTulebis lentebis erToblivi muSaoba, 

izrdeba konstruqciis sixiste araTanabari datvirTvis dros.  

membranul garsebSi calkeuli lentebi SeduRebis, maRali 

simtkicis WanWikebis an moqlonebis gamoyenebiT erTiandeba mTlian 

(uwyvet) sivrciT konstruqciad, romelsac Seswevs unari aiTvisos 

Zvris Zalvebi. amis gamo membranul garsebs, lentur membranebTan 

SedarebiT, gaaCniaT meti mzidunarianoba da sixiste, saWiroeben 

masalis nakleb xarjs malis konstruqciaze da saSualebas iZleva, 

konturis sxvadasxva gadawyvetasTan erTad, Seiqmnas sainteresi 

arqiteqturul-konstruqciuli formebi. 
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fig. 236. membranuli gadaxurvebis ZiriTadi saxeebi 

a _ gausis nulovani simrudis mqone cilindruli Cazneqili garsi foladis 

sixistis wiboebiT; b _ gausis dadebiTi simrudis mqone Cazneqili gadaxurva 

wriuli gegmiT ; g _ igive, gadaxlarTuli lentebiT; d _ gausis uaryofiTi 

simrudis mqone karvisebri garsi; e _ hiperboluri paraboloidis formis, 

gausis uaryofiTi simrudis mqone erTSriani gadaxurva; v _ gausis 

uaryofiTi simrudis mqone orSriani unagirisebri gadaxurva Caketili 

konturiT; z _ igive, Ria konturiT 

 

 membranuli garsebis formebi adre ganxiluli kiduli 

gadaxurvebis zedapirebis msgavsia. isini SeiZleba iyos nulovani 

gausis simrudis (cilindruli da konusuri); dadebiTi gausis 

simrudis (sferuli, elifsuri paraboloidis saxis) da uaryofiTi 

gausis simrudis (karvisebri, unagirisebri). isini aseve SeiZleba iyvnen 

erTnairi an gansxvavebuli formis zedapirebisgan Sedgenili (fig. 237). 

Sedgenil garsebs aqvT ara marto gamomsaxvelobiTi arqiteqturuli 

forma, aramed sistemaSi damatebiTi xisti da drekadi elementebis 

SemotaniT konturSi  mcirdeba mRunavi momentebi, uSualod membranaSi 

mcirdeba Zalvebi, izrdeba sistemis sixiste.  

yvela tipis membranuli gadaxurvebis mniSvnelovani upiratesobaa 

agebis SedarebiT dabali Sromatevadoba da Rirebuleba, rac 

gamowveulia 740-2300 mm siganis rulonuri lentebis gamoyenebiT. 
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fig. 237. Sedgenili membranuli gadaxurvebis zedapirebis formebi 

a, d, v-T _ gausis uaryofiTi simrudiT; b, g, e _ gausis nulovani simrudiT; 

 

 membranuli konstruqciebi kiduli konstruqciebis tipuri 

warmomadgenelia. RunviTi sixistis uqonlobis gamo aucilebelia 

gadaxurvis stabilizacia normaluri eqspluataciis uzrunvelsayofad. 

membranuli gadaxurvebis, iseve rogorc vanturi sistemebis, 

stabilizebas axorcieleben gadaxurvis damZimebiT; sayrden konturTan 

membranis moWimvis gziT garsis winaswari daZabviT; vanturi wamweebis 

daWimvis saSualebiT gadaxurvis geometriis cvlilebiT; safuZvelTan 

saWimrebiT ganivi koWebis  mizidviT;  konstruqciaSi,  mrudxazovani 

wamweebis an koWebis saxiT, xisti_Runvadi elementebis SemotaniT. 

stabilizebis wesis arCeva damokidebulia membranuli gadaxurvis 

tipze, mis zomebze, gegmis formaze, sayrdeni konturis konstruqciaze 

da a.S. 

 izmailovoSi (moskovi), 2 mm sisqis cilindruli membranebisgan 

agebulia 72X66 m zomis, gegmaSi marTkuTxa, diagonaluri 

gamaZlierebel elementebiani, universaluri sportuli darbazis 

kombinirebuli gadaxurva (fig. 238, a). 
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krilatskoeSi (moskovi) aSenebulia 168X138 m zomis velotrekis 

kombinirebuli gadaxurva, romelic Sedgeba 4 mm sisqis hiperboluri 

paraboloidis formis ori SeuRlebuli unagirisebri garsisgan, 

romlebic moTavsebulia TaRebze dakidebul, 6 mm sisqisa da 750 mm 

siganis foladis mimmarTvel zolebze (fig. 238, b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 238. nagebobebis magaliTebi cilindruli da unagirisebri membranuli 

gadaxurvebiT 

a _ cilindruli formis universaluri sportuli darbazi izmailovoSi 

(moskovi); b _ unagirisebri formis velotreki krilatskoeSi (moskovi);       

1 _ foladis membrana; 2 _ foladis mzidi diagonaluri zoli;                

3 _ moarSiebuli (moCarCoebuli) rkinabetonis elementi; 4 _ sveti;            

5 _ liTonis TaRebi; 6 _ rkinabetonis sayrdenebi; 7 _ mimmarTveli Svelerebi; 

8 _ foladis mimmarTveli zolebi t=6mm; 9 _ kavSirebi 

 

sankt-peterburgSi universaluri sportuli darbazisTvis 

ganxorcielebulia gegmaSi wriuli, 160 m zomis, vanturi wamweebiT 

stabilizebuli, 6 mm sisqis furclebiani Cazneqili membrna (fig. 239,a). 
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 universaluri stadioni moskovSi zomiT 224 X183, gadaxurulia 

5mm sisqis Cazneqili membraniT. Mmembrana stabilizebulia 10 m bijiT 

dayenebuli, radialurad ganlagebuli, 2.5 m simaRlis kiduli 

wamweebiT (fig. 239, b). 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 239. nagebobebis magaliTebi Cazneqili membranebiT 

a _ universaluri sportuli darbazi sankt-peterburgSi;  

b _ universaluri stadioni moskovSi; 1 _ Txelfurclovani membrana;  

2 _ rkinabetonis sayrdeni rgoli; 3 _ mastabilizebeli vanturi (a) da xisti 

(b) wamweebi; 4 _ svetebi; 5 _ Suqfarnis zednaSeni; 6 _ sayrden konturTan 

membranis mimagrebis sistema; 7 _ jvaredina koWebiani centraluri fila;     

8 _ kavSirebi 

membranuli konstruqciebis umniSvnelovanesi elementia sayrdeni 

konturi, romelic membranisgan iRebs udides Zalvebs da gadascems 

sayrdenebze an saZirkvelze. nagebobis formidan gamomdinare, sayrdeni 

konturi SeiZleba iyos brtyeli an sivrciTi, wrfivi an mrudwiruli 

moxazulobis, Caketili an Ria, sigrZeze dayrdnobili an malSi 

sayrdenebis gareSe. 
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 membranuli gadaxurvebis yvela tipSi ZiriTad Zalvebs sayrden 

konturSi warmoadgens mkumSavi Zalvebi. amis garda, konturSi or 

urTmarTobul sbrtyeSi SeiZleba warmoiSvas mRunavi momentebic, xolo 

membranis eqscentrisitetiT mimagrebisas _ mgrexi momentebic, amitom 

saydeni konturis kveTi (fig. 240) viTardeba or sibrtyeSi, maTgan erTi 

mdebareobs sayrden kvanZSi membranis mxeb sibrtyeSi, xolo meore _ 

vertikalur sibrtyeSi. 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 240. sayrdeni konturis kveTebi 

a-d _ liTonis; e–T _ rkinabetonis 

 masalis xarjis mixedviT ufro mizanSewonilia Caketili 

konturi, romelSic jaWvuri Zalvebis horizontaluri mdgenelebi 

aiTviseba gadaxurvis doneze, xolo svetebs gadaecema mxolod 

vertikaluri reaqciebi. Ria konturi mxolod im SemTxvevaSi SeiZleba 

iyos gamarTlebuli, rodesac igi SeuRlebulia konstruqciasTan 

(magaliTad, tribunebis), romelsac SeuZlia Tavisi masiT aiTvisos 

ganmbjeni. 

 konturis TaRovani konstruqciebis saxiT gadawyvetis 

SemTxvevaSi, ganmbjeni aTvisebuli unda iyos sakoWebiT an uSualod 

saZirkvlebiT. TaRebis dayrdnoba svetebze an pilonebze ar aris 
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rekomendebuli maTze masalis mniSvnelovani xarjis gamo. dayrdnobili 

sayrdeni konturis SemTxvevaSi mRunavi momentebi warmoiSoba mxolod 

gadaxurvis sibrtyeSi, amitom sayrdeni konturis kveTebs aqvs 

ortesebris forma (fig. 240, a, b). ori urTierTmarTobuli 

mimarTulebiT mRunavi momentebis arsebobisas sayrdeni konturi 

keTdeba mTliani kolofisebri (fig. 240, g) an samkuTxa (an sxva) ganivi 

kveTis mqone sivrciTi wamwis saxiT (nax. 240, d). 

 oridan erT-erT sibrtyeSi aracentralurad SekumSuli sayrdeni 

konturis yvelaze racionaluri gadawyvetas warmoadgens rkinabetonis 

variantebi (fig. 240, e-T), xolo am gadawyvetebSi _ asawyob-monoliTuri 

(fig. 240, v), romelic uzrunvelyofs agebis vadebis Semcirebas da 

konturis maRal simtkices. membranis Txeli furceli sayrden 

elementze magrdeba maRali simtkicis WanWikebis meSveobiT (fig. 240). 

furclebi lagdeba sayrdeni konturis mTlian horizontalur 

furcelze da firfitis, kuTxedis an sxva profilis mTliani 

elementis gamoyenebiT myarad amagreben konturis mTel sigrZeze. 

xaxunis koeficientis gasazrdelad misaWeri elementebis zedapiri 

ifareba epoksidis fisis friqciul-saizolacio afskiT, romelic 

aluminis membranis gamoyenebis SemTxvevaSi, sxvadasxvagvari liTonebis 

kontaqtis zonaSi aseve asrulebs eleqtroqimiuri koroziisgan 

damcavis funqcias (fig. 241, a). 

liTonis konturebSi sayrdeni lentebi aiReba 300-400 mm siganis 

da konturis ZiriTad kveTs mieduReba mTliani nakerebiT, romlebic 

ganivi wiboebis dayenebis adgilebSi araumetes 300 mm bijiT 

gaZlierebulia damatebiTi nakerebiT. rkinabetonis konturebSi 

sayrdeni firfita mieduReba ankeris Reroebs, romelTa diametri 

araumetes 20 mm-ia, xolo betonSi maTi Camagrebis siRrme gluvi 

ReroebisTvis aranakleb 40 diametris tolia. orSrian unagirisebr 

gadaxurvebSi lentebi sayrden konturTan uRldeba damWimi 

mowyobilobis saSualebiT (fig. 241, b).  

membranul gadaxurvebSi Weri (buruli) ar gansxvavdeba 

Cveulebrivi tradiciuli gadawyvetebisagan: orTqlizolacia, 

maTbunebeli, masworebeli moWimva, hidroizolacia. mTlian membranul 
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gadaxurva-garsebSi, Txeli liTonis furclebis erTmaneTTan mWidrod 

SeerTebis SemTxvevaSi, orTqlizolacia saWiro ar aris _ mis funqcias 

asrulebs Txeli furceli. membranuli gadaxurvebis deformaciulobis 

gaTvaliswinebiT, hidrosaizolacio xaliCis qveS cementis moWimva 

Zlierdeba foladis naqsovi badeebiT, xolo xaliCa _ minaqsoviliT. 

daZabul unagirisebr gadaxurvebSi maTbunebeli ganTavsebulia 

lentebis fenebs Soris an mzid lentze miwebebulia Signidan. zeda 

damZabavi lenti erTdroulad asrulebs hidrosaizolacio fenis 

funqciasac. 

 

 

 

 

 

 

 

 

 

 

 

 

fig. 241. rkinabetonis sayrden konturTan lentebis mimagrebis kvanZebi 

a _ naSveri, damWimi mowyobilobebis gareSe; b _ igive, damWimi 

mowyobilobebiT; 1 _ Txelfurclovani membrana; 2 _ friqciuli fena;  

3 _ zeda mimWeri elementi; 4 _ qveda mimWeri elementi; 5 _ maRali simtkicis 

WanWiki; 6 _ pirapiris firfita; 7 _ saankero Rero; 8 _ WanWikovani saxsari;   

9 _ xisti armaturiT armirebuli bortis elementi; 10 _ igive, moqnili 

armaturiT; 11 _ damWimi mowyobiloba; 12 _ maTbunebeli  
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 membranuli gadaxurvebi rTuli, mravaljer statikurad urkvevi 

sistemebia. maTi daZabuli mdgomareoba damokidebulia membranisa da 

sayrdeni konturis erTobliv muSaobaze, zedapiris formaze da 

datvirtvebis modebis xasiaTze, amitom daproeqtebisas maTi 

gaangariSeba warmoebs ricxviTi an analizuri meTodebiT, 

kompiuteruli programebis gamoyenebiT. umetes SemTxvevebSi 

gaangariSeba warmoebs Txeli furclis masalis drekadi muSaobis 

pirobiT da geometriuli arawrfivobis, anu konstruqciis yvela 

elementis deformaciis Sedegad nagebobis formis cvlilebis 

gaTvaliswinebiT. 

membranuli gadaxurvebis miaxloebiTi gaangariSeba, sistemis 

geometriuli arawrfivobis gauTvaliswineblad, SeiZleba Sesruldes 

vanturi sistemebis Sesabamisi gadaxurvebis miaxloebiTi gaangariSebis 

analogiurad. amasTan, gaangariSeba warmoebs membranis 1 m siganeze 

saangariSo malis mimarTulebiT. Sedegad viRebT Zalvebis gazrdil 

mniSvnelobebs, radgan, vanturi sistemebisgan gansxvavebiT, membrana 

kargad muSaobs Zvraze da xels uwyobs sayrden konturSi mkumSavi 

Zalvebisa da mRunavi momentebis Semcirebas.                    
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pirobiTi aRniSvnebi 

A _ farTobi; 

A _ kveTis geometriuli  maxasiaTebeli; 

Ab  _ WanWikis kveTis farTobi; 

Abn  _ WanWikis kveTis farTobi, neto; 

Af  _ koWis Taros kveTis farTobi; 

Aca  _ mzidi bagiris kveTis farTobi; 

Ainf  _ qveda sartyelis kveTis farTobi; 

An  _ kveTis farTobi neto; 

Ast _ mastabilizebeli bagiris kveTis farTobi; 

Asup  _ zeda sartyelis kveTis farTobi; 

Aω  _ koWis kedlis kveTis farTobi; 

Acal  _ saWiro kveTis farTobi; 

Ap  _ sakoWi Reros kveTi; 

Apl  _ sayrdeni filis farTobi; 

B _ bijis moduli; 

D _ cilindruli sixiste; 

Dinf  _ gumbaTis sayrdeni rgolis diametri; 

Dxy  _ grexis sixiste; 

E  _ drekadobis moduli; 

E0  _ badisebri kamaris dayvanili drekadobis moduli; 

Edh  _ sakoWi Reros drekadobis moduli; 

F  _ Zala, datvirTva; 

Fn  _ normatiuli Zala, normatiuli datvirTva; 

Fb  _ RerZuli Zala maRali simtkicis WanWikSi; 

Fh  _ horizontaluri Zala, ganmbjeni; 

Fbra  _ samuxruWo Zala; 

Ft  _ horizontaluri Zala; 

Fc  _ grZivi mkumSavi Zala; 

Ftot  _ jamuri Zala; 

Fv  _ vertikaluri Zala, sayrdeni reaqcia; 

G  _ wona; 

G  _ mudmivi datvirTva; 

H  _ sarTulis simaRlis moduli; 

I  _ kveTis inerciis momenti; 
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Ib  _ koWis kveTis inerciis momenti; 

Iinf   _ svetis qveda Stos kveTis inerciis momenti; 

Isup  _ svetis zeda Stos kveTis inerciis momenti; 

Iω  _ koWis kedlis kveTis inerciis momenti; 

L  _ sigrZe, mali, bijis moduli; 

M  _ moduli; 

M  _ mRunavi momenti; 

Mcal   _ saangariSo mRunavi momenti; 

Mloc   _ adgilobrivi mRunavi momenti; 

Ms _ qaris datvirTvis statikuri nawilisgan gamowveuli mRunavi   

momenti; 

Mω  _ qaris datvirTvisgan gamowveuli mRunavi momenti; 

Mω  _ koWis kedelze moqmedi mRunavi momenti; 

N  _ grZivi Zala; 

Nb  _ erTi WanWikis muSaobiT aTvisebuli saangariSo Zala; 

Nc  _ grZivi Zala SekumSul elementSi; 

Nt  _ grZivi Zala gaWimul elementSi; 

Ncal  _ saangariSo grZivi Zala (Zalva); 

Ncr  _ kritikuli Zala; 

Nbm  _ svetis StoSi momentisgan gamowveuli grZivi Zala; 

Nd  _ grZivi Zala iribanaSi; 

Nr  _ grZivi Zala rgolSi; 

Ninf  _ grZivi Zala qveda sartyelSi; 

Nsup  _ grZivi Zala zeda sartyelSi; 

Ns  _ Zalva TamasebSi; 

Q  _ ganivi Zala, Zvris Zala; 

Qbh  _ erTi maRali simtkicis WanWikis qveS zedapiris mier aTvisebuli   

saangariSo Zalva;  

Qcal  _ saangariSo ganivi Zala;  

Qfic  _ pirobiTi ganivi Zala SemaerTebeli TamasebisTvis; 

Qs  _ ganivi Zala  mosuli erT sibrtyeSi ganlagebul Tamasebis 

sistemaze; 

Qω  _ qaris datvirTvisgan gamowveuli ganivi Zala; 

R  _ simrudis radiusi; 

Rba  _ saZirkvlis WanWikebis saangariSo winaRoba gaWimvaze; 

Rbh  _ maRali simtkicis WanWikebis saangariSo winaRoba gaWimvaze; 
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Rbp  _ WanWikuri SeerTebis saangariSo winaRoba Telvaze; 

Rbs  _ WanWikebis saangariSo winaRoba Wraze; 

Rbt  _ WanWikebis saangariSo winaRoba gaWimvaze; 

Rcd  _ катков glinulas saangariSo winaRoba diametrul kumSvaze; 

Rdh  _ maRali simtkicis mavTulis saangariSo winaRoba gaWimvaze; 

Rlp  _ cilindrul saxsrebSi (poWoWiki), mWidro Sexebisas, saangariSo  

winaRoba adgilobriv Telvaze; 

Rp  _ foladis saangariSo winaRoba torsuli zedapiris Telvaze 

(morgebis SemTxvevaSi); 

Rs  _ foladis saangariSo winaRoba Zvraze; 

Ru  _ foladis saangariSo winaRoba gaWimvaze, kumSvaze da Runvaze 

droebiTi winaRobis mixedviT; 

Rωf  _ kuTxuri nakeris saangariSo winaRoba Wraze (pirobiTze), nakeris 

liTonis gaswvriv; 

Rωu  _ pirapiris SenaduRi SeerTebis saangariSo winaRoba gaWimvaze, 

kumSvaze da Runvaze droebiTi winaRobis mixedviT; 

Rωs  _ pirapiris SenaduRi SeerTebis saangariSo winaRoba Wraze; 

Rωy  _ pirapiris SenaduRi SeerTebis saangariSo winaRoba gaWimvaze,   

kumSvaze da Runvaze denadobis zRvaris mixedviT; 

Rωz  _ kuTxuri nakeris saangariSo winaRoba Wraze (pirobiTze), 

liTonis Sednobis sazRvris gaswvriv; 

Ry  _ foladis da aluminis Senadnobebis saangariSo winaRoba 

gaWimvaze, kumSvaze da Runvaze denadobis zRvaris mixedviT; 

Rbun  _ WanWikebis foladis normatiuli winaRoba; 

Run  _ foladis droebiTi winaRoba gaglejaze (gawyvetaze); 

Rωun  _ nakeris  liTonis normatiuli winaRoba droebiTi winaRobis  

mixedviT; 

Ryn  _ foladis da aluminis Senadnobebis denadobis zRvari; 

S  _ bruto kveTis Zvradi nawilis statikuri moment neitraluri 

RerZis mimarT; 

S  _ Tovlis datvirTva; 

S  _ kamaris rkalis sigrZe; 

S  _ zesadebisa da Tamasis gadamWreli Zalva; 

Sinf  _ gumbaTis sayrdeni rgolis sigrZe; 

V  _ droebiTi datvirTva; 

Vf  _ SenaduRi nakeris moculoba; 

W  _ qaris datvirTva; 
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Wx , Wy  _ bruto kveTis winaRobis momentebi Sesabamisad  x-x da  y-y 

RerZebis mimarT; 

Wxn , Wyn  _ neto kveTis winaRobis momentebi Sesabamisad  x-x da  y-y 

RerZebis mimarT; 

 

a  _ manZili, zoma; 

aH  _ dartymiTi siblantis pirobiTi sidide; 

ainf  _ gumbaTis qveda sayrdeni rgolis gaswvriv wiboebs Soris manZili; 

asup  _ gumbaTis zeda centraluri rgolis gaswvriv wiboebs Soris  

manZili; 

b  _ sigane; 

bef  _ saangariSo sigane; 

bf  _ Taros sigane; 

bh  _ wibos gamoSverili, kiduli nawilis sigane; 

c;cx;cy  _ simtkiceze gaangariSebis koeficientebi (plastikuri 

deformaciebis ganviTarebis gaTvaliswinebiT)  Runvis dros 

Sesabamisad  x-x da  y-y  RerZebis mimarT; 

d  _ diametri; 

e  _ Zalis eqscentrisiteti; 

f  _ CaRunvis isari; 

g  _ mudmivi ganawilebuli datvirTva; 

h  _ simaRle; 

hef  _ kedlis saangariSo simaRle; 

hinf  _ svetis qveda amwisqveSa Stos simaRle; 

hsup  _ svetis zeda amwiszeda Stos simaRle; 

hopt  _ kveTis optimaluri simaRle; 

hω  _ kedlis simaRle;  

i  _ kveTis inerciis radiusi; 

i  _ zedapiris qanobi; 

k  _ liTonis erTgvarovnobis koeficienti; 

k  _sakuTari masis koeficienti; 

kf  _ kuTxuri nakeris kaTeti; 

kc  _ dgaris wrfivi sixiste; 

kco  _ kamaris drekadi mokumSvis (moWimvis) gamTvaliswinebeli 

koeficienti; 

kω  _ nagebobis simaRleze damokidebuli, qaris Cqarosnuli dawnevis 

cvlilebis gamaTvaliswinebeli koeficienti;  

kr  _ rigelis wrfivi sixiste; 

kε  _ badisebri kamarebis gasaangariSebeli koeficienti; 

l  _ malis sigrZe; 
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lc  _ dgaris, svetis, ganmbjenis sigrZe; 

lcd  _ sagoravis sigrZe; 

ld  _ iribanas sigrZe; 

lm  _ fermis, TaRis da a.S. sartyelis panelis sigrZe; 

ls  _ Tamasas sigrZe; 

lω  _ SenaduRi nakeris sigrZe; 

lef  _ pirobiTi saangariSo sigrZe; 

l0  _ sawyisi sigrZe;  or sayrdens Soris manZili sinaTleSi; 

m  _ fardobiTi eqscentrisiteti; 

m  _ sakuTari masa; 

mef  _ dayvanili fardobiTi eqscentrisiteti; 

nb  _ WanWikebis raodenoba SeerTebaSi; 

ns  _ erTi WanWikis saangariSo Wrebis raodenoba; 

p  _ wneva; 

q  _ ganivi Zala sigrZis an siganis erTeulze; 

qco  _ wrfivi datvirTva mzid gvarlze kidul da vantur 

konstruqciebSi; 

qcal  _ saangariSo wrfivi datvirTva; 

qg ,qs ,qω  _ wrfivi datvirTva, Sesabamisad sakuTari masisgan, Tovlisgan 

da qarisgan; 

qst  _ wrfivi datvirTva mastabilizebel gvarlze kidul da vantur 

konstruqciebSi; 

qα  _ kuTxurad moqmedi wrfivi datvirTva; 

r  _ radiusi; 

s  _ Tovlis ganawilebuli datvirTva; 

t  _ temperatura; 

t  _ sisqe; 

tf  _ Taros (sartyelis) sisqe; 

tpl  _ sayrdeni filis sisqe; 

ts  _ wibos sisqe; 

tω  _ kedlis sisqe; 

v  _ droebiTi ganawilebuli datvirTva; 

ω  _ qaris ganawilebuli datvirTva; 

α  _ kuTxe; 

α  _ mxebi Zabvebis gazrdis koeficienti koWis kedlis Sesustebis 

SemTxvevaSi; 

β  _ kuTxe; 

βf , βz  _ kuTxuri nakeris gaangariSebis koeficientebi Sesabamisad 

nakeris liTonsa da nakeris liTonis sazRvrze; 

γ  _ moculobiTi wona; 
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γb  _ SeerTebis muSaobis pirobebis koeficienti; 

γc  _ muSaobis pirobebis koeficienti; 

γg , γv , γs, γω _ koeficientebi, Sesabamisad mudmivi, droebiTi, Tovlis da 

qaris datvirTvebisaTvis; 

γn  _ saimedoobis koeficienti daniSnulebis mixedviT; 

γm  _ saimedoobis koeficienti masalis mixedviT; 

γu  _ saimedoobis koeficienti droebiTi winaRobis mixedviT; 

γωf , γωz _ SenaduRi nakeris muSaobis pirobebis koeficienti; 

δ5  _ fardobiTi wagrZeleba; 

ε  _ fardobiTi wrfivi deformacia; 

η  _ kveTis formis gavlenis koeficienti; 

η  _ koeficienti, romelic iTvaliswinebs bagiris gamwyveti Zalvis 

Semcirebas mavTulebis jamur gamwyvet ZalvasTan mimarTebaSi; 

θ _ mobrunebis kuTxe, daxris kuTxe; 

λ _ moqniloba (        ⁄  

  _ pirobiTi moqniloba ( λ  λ̅√   ⁄  ); 

λef _ gamWoli kveTis mqone Reros dayvanili moqniloba; 

λ  
̅̅ ̅̅  _ gamWoli kveTis mqone Reros pirobiTi dayvanili moqniloba: 

λ  
̅̅ ̅̅  λ  √   ⁄  ; 

λ 
̅̅̅̅  _ kedlis pirobiTi moqniloba  λ   √    ⁄⁄  ); 

λx ; λy _ elementebis saangariSo moqnilobebi Sesabamisad  x-x  da  y-y 

RerZebis perpendikularul sibrtyeebSi; 

μ  _ SekumSuli Reros dayvanili sigrZis koeficienti; 

μ  _ xaxunis koeficienti; 

ν  _ foladis ganivi deformaciis koeficienti (puasonis koeficienti); 

ξ  _ dinamikurobis koeficienti; 

θx , θy   _ grZivi Runvis koeficienti; 

θb   _ saangariSo winaRobis Semcirebis koeficienti mdgradobis 

dakargvis Runva-grexiTi formis SemTxvevaSi; 

θe   _ saangariSo winaRobis Semcirebis koeficienti aracentraluri 

kumSvis SemTxvevaSi; 

ξ  _ uganzomilebo parametri; 

ρ  _ simrude; 

ρ  _ simkvrive; 

ζadm  _ dasaSvebi Zabva; 

ζx , ζy  _ normaluri Zabvebi, Sesabamisad  x-x  da  y-y  RerZebis 

paraleluri; 

η  _ mxebi Zabva. 
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