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xisa da plastmasis samSeneblo konstruqciebis winamdebare 
saxelmZRvanelo Sedgenilia arsebuli silabusebis mixedviT da moicavs 
programiT gaTvaliswinebuli xisa da plastmasis konstruqciebis 
konstruirebisa da gaangariSebis safuZvlebs. 
 wigni gankuTvnilia samSeneblo profilis umaRlesi teqnikuri 
profesiuli saswavleblebis studentebisaTvis. igi SeiZleba gamoiyenon 
agreTve monaTesao specialobis studentebma, magistrebma, mSeneblobis 
administratorebma, menejerebma, inJinrebma, damproeqteblebma, mecnier-
TanamSromlebma da am saqmiT dainteresebulma yvela pirma. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
profesor giorgi jafariZis saerTo redaqciiT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
saqarTvelos teqnikuri universitetis profesiuli ganviTarebis, 
mecnierebisa da kulturis centri, 2008 
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xisa da plastmasis samSeneblo konstruqciebi 
 

kursis aRwera: 
kursi moicavs xisa da plastmasis samSeneblo konstruqciebis 

proeqtirebisa da gaangariSebis safuZvlebs. ZiriTadi aqcenti 
gakeTebulia tradiciul konstruqciebze, agreTve ganxilulia axali 
tipis msubuqi mzidi konstruqciebi. 
 

kursis kompenteciebi. 
kursis gavlis Semdeg students SeeZleba: 

• daaproeqtos xis masalisgan damzadebuli mzidi samSeneblo 
konstruqcia _ fenili, koWi, wamwe, kamara, TaRi, CarCo da sxv. 
moaxdinos misi gaangariSeba statikuri datvirTvebis 
zemoqmedebisas; 

• sworad Seafasos da SearCios ama Tu im konkretul SemTxvevaSi 
gamoyenebuli konstruqciis funqcionaluri Sesabamisoba; 

• uzrunvelyos mzidi konstruqciebis dacva temperaturis, 
mavneblebis da atmosferuli zemoqmedebisagan; 

• mianiWos prioriteti iseT konstruqciebs, romlebic ufro 
efeqturia saqarTvelos klimaturi pirobebisaTvis. 
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winasityvaoba 
 
xisa da plastmasis samSeneblo konstruqciebis winamdebare 

saxelmZRvanelo dawerilia msoflios mowinave teqnikur umaRles 
saswavleblebSi moqmedi saswavlo programebis Sesabamisad da 
gankuTvnilia samSeneblo profilis sainJinro specialobis 
studentebisaTvis. 

ganaTlebis mimdinare reformis moTxovnebis gaTvaliswinebiT 
avtoris mizani iyo Seqmniliyo, arsebuli qarTuli da rusuli 
saxelmZRvaneloebisgan gansxvavebiT, principulad axali tipis 
saxelmZRvanelo, romelSic ZiriTadi aqcenti gakeTebuli iqneboda 
praqtikuli mSeneblobisaTvis saWiro samSeneblo konstruqciebis 
ganxilvaze, agreTve miRebuli Teoriuli codnis ganmtkicebaze ricxviTi 
magaliTebis wignSi CarTvis gziT. 

saxelmZRvanelo Tavisi struqturiT moxerxebulia gadmocemuli 
masalis aRqmis TvalsazrisiT, radganac wignSi mocemuli Teoriuli 
masala sabazisoa da ar aris gadatvirTuli rTuli saangariSo 
formulebiTa da grafikuli nawiliT. 
 wignSi ganxilulia xisa da plastmasis samSeneblo konstruqciebi. 
saswavlo masala gadmocemulia mecnierebisa da teqnikis bolo 
miRwevebis gaTvaliswinebiT konstruqciebis warmoebis, damzadebis 
teqnologiis, praqtikuli gamoyenebis, transportirebis, montaJis da 
komerciis TvalsazrisiT. 

Tanamedrove etapze samSeneblo konstruqciebis warmoeba swrafi 
tempiT viTardeba, Cndeba axali masalebi, farTovdeba axali asortimenti, 
inergeba teqnologiis optimizaciis meTodebi, ixveweba gaangariSebis da 
daproeqtebis sakiTxebi, amitom sasurvelia studentebma 
saxelmZRvaneloze muSaobisas damatebiT isargeblon uaxlesi saswavlo, 
normatiuli da samecniero literaturiT. 

avtori siamovnebiT miiRebs yvela realur SeniSvnas gamoTqmuls 
saxemZRvanelos mimarT. 

didi madloba gvinda gadavuxadoT sgms, stu, CIDA, CCID-USA-s 
erTobliv proeqts winamdebare saxelmZRvanelos gamocemis inciativisa 
da TanadgomisaTvis. gvinda aRvniSnoT saxelmZRvanelos redaqtoris 
profesor giorgi jafariZis, agreTve inJiner marika sanoZisa da 
samSeneblo fakultetis magistrebis nino tabataZisa da geronti 
gogolaZis didi kvalificiuri Sroma wignis teqstobrivi da grafikuli 
nawilis momzadebis dros.  
Q  
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Sesavali 
 

merqani warmoadgens yvelaze Zvel  da imavdroulad Tanamedrove 
perspeqtiul saSen masalas. cocxali bunebis produqtSi - merqanSi 
Tavmoyrilia bevri dadebiTi Tviseba, rac uzrunvelyofs mis farTod 
gamoyenebas mSeneblobaSi. igi xasiaTdeba simsubuqiT, kargi xvedriTi 
simtkiciT, Tbosaizolacio TvisebebiT, advilad muSavdeba, Tavis Tavze 
iRebs dartymiT datvirTvebs, aqrobs vibracias, webvadia, aqvs SesaniSnavi 
teqstura, ferTa sasiamovno gama, advili mosapovebelia da sxv., xolo 
rac Seexeba iseT uaryofiT mxareebs, rogoricaa wvadoba, dabali 
biomedegoba, sokovani daavadebebi, lpobisaken midrekileba, mavneblebis 
gaCena da sxva - es Tvisebebi SedarebiT advilad aRmoifxvreba merqnis 
konservirebis gziT, rac iTvaliswinebs mis damuSavebas antiseptikebiT, 
antiperinebiT, zeTebiT, saRebavebiT, laqebiT. 

tyis masivebis  kvlavwarmoebis swori organizacia saSualebas 
iZleva uwyvetad miviRoT xis masalebi im raodenobiT, romelic Wirdeba 
kacobriobas. merqnis racionaluri gamoyenebisaTvis aucilebelia kidev 
ufro daixvewos merqnis unarCeno gadamuSavebis meTodebi, elementebis 
damzadebis teqnologiebi da maTi gaangariSebis Teoriebi, raTa 
minimaluri danaxarjebiT miviRoT Senobebisa da nagebobebis,  
komerciuli TvalsazrisiT misaRebi, mzidi da Semomfargvleli 
konstruqciebi. 

 

 
 
nax. 1. Zelebisagan ganxorcielebuli xis nagebobebis ZiriTadi formebi: 1 - 
marTkuTxa; 2 - kvadratuli; 3 - mravalkuTxa; 4 - orqanobiani; 5 - oTxqanobiani; 
6, 7 - piramida; 8 - mravalwaxnagovani karvisebri; 9 - kexiani qvabiseburi; 10 - 
oTxwaxnagovani qvabiseburi; 11 - mravalwaxnagiani qvabiseburi. 
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bunebrivia, rom xis nagebobebma Tavidanve didi gamoyeneba poves 
tyiT mdidar regionebSi, sadac Cveni welTaRricxvis dasawyisidan 
agebdnen sxvadasxva daniSnulebis xis nagebobebs - sacxovrebel saxlebs, 
sasaxleebs, taZrebs, cixe-simagreebs, safortifikacio xidebs da sxv. 
yvelaze xandazmul, dRemde SemorCenil nagebobad, iTvleba sami aTasi 
wlis win iaponiaSi aSenebuli iaponuri taZari, romelic adgilobrivi 
wiTeli xis merqnisgan iyo agebuli. sakmaod gavrcelebulia agreTve xis 
konstruqciebis gamoyeneba Zvel romSi sacxovrebeli saxlebis, taZrebis 
gadaxurvebis da xidebis asaSeneblad. 

Tavdapirvelad xis saxlebis ZiriTad konstruqciul elements  
horizontalurad ganlagebuli Zelurebi warmoadgenda, romlebic 
erTmaneTTan SeerTebuli iyo kotebiT, WdobebiT da sxva elementebiT, 
romlebsac asrulebdnen maRalkvalificiuri xelosnebi. nax.1-ze 
mocemulia Zelurebisagan ganxorcielebuli nagebobebis ZiriTadi 
formebi. 

xis konstruqciebis masiuri gavrceleba daiwyo me - 17 saukunidan, 
rodesac holandielebma, wylis energiis gamoyenebiT daiwyes morebis 
sigrZeSi daxerxva da ficrebis amoReba samrewvelo daniSnulebiT. 
dReisaTvis saqveynod aris cnobili samoqalaqo da sakulto 
daniSnulebis xis nagebobebi, rogoricaa wminda petres eklesiis xis 
Spili simaRliT 130m (q. riga, 1666w.), preobraJenskis eklesia kiJaSi (nax. 
2), agebuli 1714w., saadmiralos koSkis xis Spili sankt-peterburgSi 
(1738w.) (nax. 3), eklesia kondopongSi onegis tbis napirze (1774w.), samefo 
sasaxle kolomenskoeSi (1681w.), 48m malis mqone xis wamweebiT 
gadaxuruli moskovis maneJi (1817w.), ostankinos sasaxle (1793w.), rkinigzis 
gzagamtari cxramaliani xis xidebi mdinareebze mstaze da verebinaze 
(1851w.), Zmebi grubenmarebis mier SveicariaSi agebuli xidi maliT 100m; 
sportuli darbazis gumbaTovani saxuravi diametriT 91,5m (aSS, Stati 
montana, 1956w.); iutas Statis universitetis sportuli centris xis 
gumbaTi diametriT 105m (aSS, 1968w.) da mravali sxva.  

             
 
 
 
 

nax. 2. preobraJenskis 
eklesia kiJaSi (ruseTi). 

nax. 2. saadmiralos koSkis xis Spili 
(sankt-peterburgi, ruseTi). 
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me - 19 saukunis meore naxevridan, rodesac mSeneblobaSi gamoCnda 
foladisa da rkinabetonis konstruqciebi, morebisa da Zelebis nacvlad 
aqtiurad daiwyes ficrul-lursmnuli da Semdeg dawebebuli didzomiani 
elementebis damzadeba. Seiqmna agreTve xis sivrciTi badisebri 
gadaxurvebi. pirveli msoflio omis periodSi ki, liTonis mwvave 
deficitis gamo, xis konstruqciebi farTod gamoiyeneboda samoqalaqo, 
samrewvelo da TavdacviTi nagebobebis gansaxorcieleblad. 

calke unda aRiniSnos xis konstruqciebis ganviTareba da 
gamoyeneba amerikis SeerTebul StatebSi, sadac sxva qveynebis 
gamocdilebis safuZvelze masiurad daiwyes cnobili sistemebisa da 
elementebis srulyofa da danergva mSeneblobaSi. amis dasturia 
mravalgisosiani taunisa da buris wamweebi, wamweebi rgolisebr 
sogmanebze, qargilovan - badisebri TaRebi, dawebebuli konstruqciebi da 
mravali sxva. 

Zveli istoriuli wyaroebidan (arqiteqtori vitruvi, geografi 
straboni) Cans, rom saqarTveloSic farTod iyenebden merqans 
sacxovrebeli saxlebis (e.w. `darbazis~ tipis), eklesiebis, sasaxleebis 
da TavdacviTi nagebobebis asaSeneblad. sayovelTaod cnobilia, rom 
qarTvelebis upirvelesi sakaTedro taZari _ sveticxoveli, 
Tavdapirvelad xis konstruqciisagan yofila agebuli. 

xis nagebobebis maRali seismomedegoba ganapirobebs saqarTveloSi 
maT farTod gamoyenebas, radganac Cveni qveyana moqceulia maRali 
seismuri aqtivobis regionSi. cnobili 1991 wlis Zlieri miwisZvris 
Sedegad, mTel rig raionebSi (raWa, zemo imereTi, Sida qarTli) 
pirwmindad daingra an sagrZnoblad dazianda qvisa da agurisagan 
aSenebuli 1...2 sarTuliani sacxovrebeli saxlebi, aseve rkinabetonis 
asawyobi konstruqciebisagan damzadebuli mravalsarTuliani da 
erTsarTuliani samrewvelo obieqtebi. es im dros, rodesac Zlieri 
miwisZvris zonebSi moxvedrili arc erTi xis saxli ar dangreula da ar 
dazianebula.  

yovelive zemoTqmulis safuZvelze SeiZleba davaskvnaT, rom 
saqarTvelos pirobebisaTvis mizanSewonilia sasoflo mSeneblobaSi 
upiratesad gamoyenebul iqnes xisa da plastmasis msubuqi seismomedegi 
samSeneblo konstruqciebi. 

msoflio mowinave qveynebis samSeneblo gamocdileba gviCvenebs, rom 
merqani, plastmasa, liToni, rkinabetoni ki ar upirispirdeba erTmaneTs, 
aramed gamoiyeneba iseTi urTierTSeTanxmebiT, romelSic TiToeuli 
masalis Tvisebebi racionalurad aris warmodgenili da problemisadmi 
aseTi midgoma nebismieri samSeneblo firmisTvis komerciuli 
TvalsazrisiT misaRebia. 

xisa da plastmasis samSeneblo konstruqciebis kvlevaSi, 
proeqtirebaSi, gaangariSebis meTodebis Seqmnasa da dazustebaSi da 
sakuTriv mSeneblobaSi mniSvnelovani wvlili iseT mecnierebs miuZRviT, 
rogorebic arian: i. kulibini, v. Suxovi, i. korobovi, s. peselniki, v. 
dereviagini, g. karlseni, v. ivanovi, v. bolSakovi, m. kagani, a. gubenko, g. 
svencicki, b. osvenski, i. slickouxovi, a. Sengelia, d. arleninovi, i. 
boitemirova, i. zotova, a. freidini, l. kovalCuki, k. piatikrestovski, i. 
linkovi, h. jekobsi, r. devisi, e. kidueli, v. kinzi, d. robinsoni, d. 
xoori, i. natereri, b. bartelemi, k. holmi, p. kalioniemi, r. jonsoni, o. 
petersoni, t. li, a. hakseveri, a. Stami, j. maiersi da sxv. 
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saqarTveloSi xisa da plastmasis konstruqciebis ganviTarebas 
SedarebiT mokrZalebuli xasiaTi hqonda, Tumca mainc SeiZleba zogierTi 
qarTveli mecnieris dasaxeleba, romlebic am dargSi muSaobdnen da 
gamoqveynebuli SromebiTa da praqtikuli saqmianobiT Tavisi kvali 
daaCnies dargis Seswavlas. esenia: d. doliZe, p. uridia, i. beriSvili, v. 
javaxiSvili, b. saluqvaZe, g. abaSiZe, a. grZeliSvili, a. guguciZe da sxv. 

imeds gamovTqvamT, rom momavalSi damoukidebeli saqarTvelos 
samSeneblo industria Tavis kanonier adgils miuCens saerTo da 
specialuri daniSnulebis xisa da plastmasis konstruqciebs. saWiro 
iqneba damuSavdes axali tipis, qarxnuli wesiT damzadebuli, 
didgabaritiani konstruqciebi, amaRldes damzadebis xarisxi, moxdes 
konstruqciebis standartizacia da unificireba, raTa erTnairi 
elementebisa da detalebis gamoyenebiT miRebul iqnes konstruqciebis 
ufro farTo nomenklatura, Seiqmnas xis mrewvelobis narCenebis da 
dabali xarisxis merqnis gadamamuSavebeli warmoeba, amaRldes xis 
konstruqciebis saeqspluatacio moTxovnebi da kapitaluroba saimedobis, 
cecxlgamZleobis da xanmedegobis gazrdiT teqnologiisa da kontrolis 
meTodebis srulyofis xarjze. aSendes dawebebuli xis konstruqciebis 
mwarmoebeli qarxana da moxdes merqanTan erTad sxva tradiciuli 
masalebis kompleqsuri gamoyeneba. 
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Tavi 1. merqani, rogorc konstruqciuli samSeneblo masala 
 

1.1. saerTo cnobebi xis masalis Sesaxeb. jiSebi. sortamenti. 
 
merqani warmoadgens Zvirfas samSeneblo konstruqciul masalas. 

igi tyis produqtia, romlis maragi racionaluri damzadebis pirobebSi 
eqvemdebareba mudmiv aRdgenas. tyis masivebs Cveni qveynis sakmaod didi 
farTobi (≈ 30%) uWiravs da ZiriTadad gavrcelebulia mesxeTisa da 
kavkasionis mTebis misadgomebTan, aWaraSi, afxazeTSi, guriaSi da zemo 
imereTSi. 
 saqarTvelos tyeebSi umetesad gavrcelebulia foTlovani jiSebi 
(75%), xolo wiwvovan jiSebs SedarebiT mokrZalebuli (25%) raodenoba 
uWiravs. tyeebis saSualo wlovanebaa 97 weli. 1 ha farTobidan mzaddeba 
0,46m3 masala, rac ruseTis maCvenebels 4-jer CamorCeba, xolo evropuli 
saxelmwifoebis maCveneblebs _ 7...8-jer, rac mkveTrad miuTiTebs ara 
marto saqarTvelos, aramed ruseTis mniSvnelovan CamorCenas im donesTan 
SedarebiT, romelsac miaRwies tyis resursebis merqanwarmoebaSi da 
merqangamoyenebaSi evropulma saxelmwifoebma. 
 samSeneblo industriaSi ZiriTadad gamoiyeneba wiwvovani jiSis 
merqani (fiWvi, naZvi, lariqsi, soWi da kedari), romelic xasiaTdeba didi 
simtkiciT, xis tanis swori formiT, rac masalis moculobis 
maqsimaluri gamosavlianobis SesaZleblobas iZleva da naklebad 
lpobasaSiSia foTlovan jiSebTan SedarebiT, radganac mis tanSi fisebis 
sakmao reodenobaa. 
 wiwvovani jiSebis merqnisagan amzadeben xis konstruqciebis 
ZiriTad elementebsa da detalebs. yvelaze maRali xarisxiT gamoirCeva 
fiWvisFmerqani, romelic xasiaTdeba simsubuqiT, maRali simtkiciT. aqvs 
mkveTrad gamoxatuli muqi-wiTeli an Ria-yviTeli feris guli, didi 
raodenobiT Seicavs fiss (18...20 kg fisi 1m3 merqanze). simkvrive mSral 
mdgomareobaSi icvleba zRvrebSi 4...7,1kn/m3. merqnis gamosavali moris 
ganivkveTis 80...90% Seadgens. rac Seexeba naZvs, igi TvisebebiT 
uaxlovdeba fiWvs, magram aqvs didi raodenobiT rokebi, advilad 
lpobadia da atmosferuli zemoqmedebisadmi naklebad mdgradia. cvladi 
tenianobis da xangrZlivi saeqspluatacio vadis mqone konstruqciebSi 
mizanSewonilia konservirebuli naZvis merqnis gamoyeneba. 
 lariqsi (foTlovana) mdidaria fisebiT da mSvenieri samSeneblo 
masalaa im konstruqciebisaTvis, romlebic SexebaSi arian wyalTan an 
gruntTan. aqve unda aRiniSnos, rom didi simkvrivis gamo igi Zneli 
dasamuSavebelia, moiTxovs Srobis zedmiwevniT zust teqnologias, 
midrekileba aqvs bzarebis gaCenisaken. misi masivebiT dafarulia 
ruseTisa da amerikis kontinentis didi farTobebi. 
 foTlovani jiSebi (muxa, wifeli, kopiti, akacia, aryis xe, verxvi, 
cacxvi da sxv.) TiTqmis ar gamoiyeneba samSeneblo konstruqciebis 
dasamzadeblad, radganac didi midrekileba aqvT lpobisadmi da 
imavdroulad deficitur masalas warmoadgens, amitom maTi gamoyenebis 
sferoa droebiTi nagebobebi da Senobebi. gamonakliss warmoadgens muxa 
da aryis xe. muxisgan amzadeben Sedgenili xis konstruqciebisaTvis 
SemaerTebel detalebs (wirwkimalebi, sogmanebi), agreTve qvesadebebs, 
Suasadebebs, baliSebs da mcire zomis detalebs konstruqciis im 
adgilebisaTvis, sadac xdeba kumSvisa da Telvis didi Zabvebis Tavmoyra 
boWkoebis mimarTulebis ganivad an merqnis boWkoebisadmi raRac kuTxiT. 



 10

aryis xis merqani Seucvleli masalaa faneris warmoebaSi.  
samSeneblo saqmeSi, ZiriTadad gamoiyeneba mrgvali da daxerxili 

xis masala. 
 mrgvali xis masala (mori) ewodeba sufTad Camoxerxili boloebiTa 
da qerqisa da rokebisgan gawmendil tanis nawils, romelsac damatebiTi 
damuSavebis gareSe iyeneben anZebis, koSkebis, wamweebis, xaraCoebis, 
qargilebis, xidebis mosawyobad, agreTve ximinjebad saZirkvlebis qveS. 
mors wakveTili konusis forma aqvs da axasiaTebs woweba (diametris 
cvalebadoba sigrZeSi), romelic yovel grZiv metrze Seadgens 1sm-s. 
diametri Cveulebrivad aiReba wvrili bolos zomis mixedviT. mrgvali 
xis masala diametris Sesabamisad mzaddeba kunZebis (40...60 sm), morebis 
(16...39sm), latanmorebis (8...15sm) da latanebis (2...7 sm) saxiT. moris 
diametri misi sigrZis SuaSi SeiZleba gamovTvaloT formuliT 

0,4d d= + lsaS , sadac, d  aris wvrili bolos diametri, l  - moris sigrZe. 

morebis standartuli sigrZeebia: 4; 4,5; 5; 5,5; 6 da 6,5m. 
 daxerxili xis masala miiReba morebis grZivad daxerxviT. 
 xis damamuSavebeli sawarmoebis mier gamoSvebuli produqciis 
nomenklaturas, sadac Tavmoyrilia yvela saWiro geometriuli 
maxasiaTebeli xis masalis nawarmze, sortamenti ewodeba (danarTi, cxr. 
11). daxerxili xis masalis saxeebi mocemulia nax. 1.1-ze. 
 mSeneblobaSi yvelaze metad gamoiyeneba ficari da Zeli. 
 ficari ewodeba iseT daxerxil masalas, romlis sigane orjer da 
ufro metad Warbobs mis sisqis (nax. 1.1, d, e, z, T). ficris sisqe icvleba 
1,1...10 sm-mde, xolo sigane _ 6...25 sm. ficris maqsimaluri sigrZea 6,5m 
gradaciiT 0,25m. arsebobs Txeli ficari sisqiT 3,5h ≤ sm da sqeli 

ficari 3,5≥ sm. Tu ficars oTxive gverdi sufTad aqvs Camoranduli, mas 
sufTa ficari ewodeba (nax. 1.1, e); Tu ori didi gverdi garanduli aqvs, 
maSin igi naSurian ficars warmoadgens (nax. 1.1, d). 

       

nax. 1.1. daxerxili xis masalis saxeebi: a - 
ornawiburiani Zeli; b - samnawiburiani 
Zeli; g - oTxnawiburiani Zeli; d - 
naSuriani ficari; e - sufTa ficari; z - 
sufTa ficari blagvi naSuriT; T - sufTa 
ficari maxvili naSuriT; i - Zelaki; k - 
nagverduli; l - ficruli nagverduli; m 
- naSuriani Spali (wonala); n - sufTa 
Spali. 
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Zeli ewodeba iseT masalas, romlis ganivkveTis sisqe da sigane 
metia 10 sm-ze. igi SeiZleba iyos ori -, sami - da oTxnawiburiani (nax. 1.1, 
a, b, g). ganivkveTis maqsimaluri zomebia 27,5sm. praqtikulad Zeli, 
romlis ganivkveTis zomebi metia 15 sm-ze deficituria, amitom maTi 
gamoyeneba SezRudulia. 

merqnis damuSavebis sizustis, sisufTavis da mankebis raodenobis 
mixedviT dadgenilia xis masalis xarisxebi (I, II, III da IV). aqedan 
mSeneblobaSi ZiriTadad gamoiyeneba II da III xarisxis masala. I xarisxis 
masalas iyeneben manqanaTmSeneblobaSi, gemTmSeneblobaSi, vagonmSeneb- 
lobaSi da sxv., xolo IV xarisxisas _ xis taris dasamzadeblad. 
 

1.2. merqnis aRnagoba da Semadgenloba 
 

xis samSeneblo konstruqciebi ZiriTadad mzaddeba wiwvovani  
jiSis merqnisagan, amitom SemovifargloT aseTi jiSis merqnis 
anatomiuri Semadgenlobis SeswavliT, romelic gansxvavdeba  foTlovani 
jiSis merqnisagan struqturis simartiviTa da erTgvarovnebiT. 

merqani xis produqtia, amitom mas milovani (fenovan-boWkovani) 
aRnagoba aqvs. merqnis ZiriTad masas warmoadgens xis tanis 
mimarTulebiT ganlagebuli boWkoebi, romlebic wagrZelebuli 
sworkuTxovani ganivkveTis siRrueebiani  ujredebisagan-traqeidebisagan 
Sedgeba. kedeli ki organuli nivTierebis-ligninis da celulozisagan 
romlis siganea 50mkm, sigrZe 3mm. 

Tu ganvixilavT xis horizontalur (torsul) gadanaWers (nax.1.2) 
davinaxavT gulis irgvliv koncentrulad ganlagebul wriul rgolebs. 
TiToeuli aseTi rgoli Seesabameba xis tanis sisqeSi  wliur zrdas da 
mas wliur rgolebs uwodeben. am rgolebis sisqe icvleba wlovanebiT 
jiSze, zrdis pirobebze da tanSi adgilmdebareobaze damokidebulebiT. 
xis gadanaWerze wliuri rgolebis raodenoba mkacrad Seesabameba xis 
wlovanebas. 

 

 
 
TiToeuli wliuri rgoli Sedgeba ori nawilisagan:  Sinagani-ufro 

ganieri da naTeli Sre, gazafxulze warmoiSoba rbili, adreuli 
merqnisagan, rodesac xe swrafad izrdeba. mis ujredebs Txeli kedlebi 
da farTo siRrueebi aqvs (nax 1. 3, a); garegani - viwro muqi Sre, romelic 
magari, nagvianebi merqnisagan aris Sedgenili da zafxulSi Cndeba. mis 

nax. 1.2. wiwvovani jiSis merqnis aRnagoba: a - xis 
tanis ganivkveTi; b - saerTo xedi; g - 
mikrostruqtura; 1 - merqnis boWkoebi; 2 - guli; 3 - 
naqurTeni; 4 - gulgula; 5 - adreuli wliuri 
boWkoebi; 6 - gviani wliuri boWkoebi; 7 - ujredebi-
traqeidebi. 
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ujredebs ufro sqeli kedlebi da viwro siRrueebi aqvs (nax. 1. 3, b), ris 
gamoc merqnis simtkice damokidebulia masSi aseTi nagvianebi merqnis 
fardobiT Semcvelobaze. magaliTad, fiWvSi is 10...30%-is farglebSi 
meryeobs.  

 
Tanamedrove kvlevebiT dadgenilia, rom traqeidis ujredis kedeli 

warmoadgens fenovan garss (nax 1. 4.), Sedgenils Txeli pirveladi, sqeli 
meoradi, Sua da Siga fenebisagan. 

 
TiToeuli fena Sedgeba spiralurad ganlagebuli mikro- 

fibrilebisagan, romelTa safuZvels warmoadgens kristaluri 
celuloza. ujredis kedlis SemadgenlobaSi gansakuTrebul rols 
TamaSobs lignini, Tu merqnis maRali simtkice gaWimvaze 
uzrunvelyofilia ZiriTadad celulozis mikrofibrilebiT, kumSvaze 
simtkices ganapirobebs lignini. 

wiwvovan merqans gaaCnia Sveuli da horizontaluri fissavali 
gzebi da erTriga da mravalriga gulgulas sxivebi, romlebic aseve 
emsaxurebian merqanSi fisis gadaadgilebas. 
 

1.3. merqnis fizikur - meqanikuri Tvisebebi 
 

merqnis fizikur - meqanikuri Tvisebebidan samSeneblo saqmeSi 
yvelaze ufro mniSvnelovania: tenianoba, Tbogamtaroba,  temperaturuli 
gafarToeba, simtkice, simkvrive, sixiste da simagre. 

tenianoba warmoadgens merqnis nimuSSi arsebuli tenis masis 
Sefardebas TviT am nimuSis masasTan absoluturad mSral 
mdgomareobaSi. igi procentebSi izomeba da gamoiTvleba formuliT: 

nax. 1.3. fiWvis merqnis adreuli da gviani 
traqeidebis ganivi Wrili. 

nax. 1.4. traqeidis garsis aRnagobis sqema.  
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1 2

2

100,−
= ⋅

G GW
G

                    (1.1) 

sadac 1G  aris nimuSis wona gamoSrobamde; 2G  - imave nimuSis wona 

gamoSrobis Semdeg. 
tenianoba mniSvnelovan gavlenas axdens mis Tvisebebze. yvelaze 

maRali tenianoba (200%-mde) aqvs mdinareSi  dacurebul morebs. axlad 
moWrili xis merqnis tenianoba 80...100...%-ia. dasawyobebis procesSi da 
Srobisas merqnis tenianoba mcirdeba 40, 25, 20 da 10%-mde. mSralad iseTi 
merqani iTvleba, romlis tenianoba 15%<W . 

merqnis datenianoba da gamoSroba iwvevs misi ujredebis kedlebis 
zomebis cvlilebas, rasac mosdevs merqnis elementebis gajirjvebisa da 
SeSrobis deformaciebi. imis gamo, rom am deformaciaTa sidideebi 
sxvadasxva mimarTulebiT sxvadasxvagvaria, merqnis tenianobis cvlileba 
iwvevs daxerxili xis masalis dabrecas, daafrakebas da bzarebis gaCenas, 
xolo momatebuli tenianoba^(20%)Alpobis ZiriTadi mizezia. 

tenianobis gazrda-SemcirebiT 30%-mde xdeba maqsimaluri SeSroba 
da gajirjveba boWkoebis ganivad, anu wliuri rgolebis marTobulad da 
aRwevs 4%, xolo tangencialuri mimarTulebiT - wriuli rgolebis 
paralelurad izrdeba 10%-mde. maTi minimaluri mniSvnelobaa 0,3% 
boWkoebis grZivad 30% zeviT tenianobis gazrdisas, Tavisufali wylis 
xarjze, merqnis SeSroba da gajirjveba ar xdeba. 

praqtikaSi miRebulia, rom sxvadasxva tenianobis mqone merqnis 
simtkiceebis maxasiaTeblebi dayavT standartul tenianobaze (12%) 
formuliT: 

( )12 1 12 ,α= + −⎡ ⎤⎣ ⎦WB B w                   (1.2) 
sadac 12B  aris saZiebeli simtkice 12% tenianobisas; w  - tenianoba 

gamocdis momentSi; WB  - merqnis simtkicis zRvari faqtiuri 

tenianobisas; α  - Semasworebeli koeficienti, romelic merqnis 
jiSisagan damoukideblad tolia: kumSvisa da Runvis dros 0,04, gaWimvaze 
- 0,01, xolo axleCis deformaciis dros - 0,03. 

merqanSi SeiZleba iyos ori saxis wyali (teni) -SekavSirebuli 
(higroskopuli) da Tavisufali (kapilaruli). SekavSirebuli wyali 
imyofeba merqnis boWkoebis SigniT, xolo Tavisufali - avsebs 
sicarieles boWkoebs Soris. maT garda merqanSi SeiZleba iyos agreTve 
qimiurad SekavSirebuli wyali, romelsac mxolod merqnis qimiuri 
gadamuSavebis dros aqvs mniSvneloba. 

merqnis boWkoebSi SekavSirebuli wylis maqsimalur raodenobas 
higroskopulobis (gajerebis) zRvari ewodeba. aseT mdgomareobaSi 
merqnis tenianoba damokidebulia haeris fardobiT tenianobaze da 
temperaturaze. gajerebis zRvris zemoT merqnis tenianobis gazrda 
SesaZlebelia mxolod Tavisufali wylis xarjze. 

unda gaviTvaliswinoT, rom sqel masalaSi (morebi, Zelebi) 
tenianoba gulisken maRalia, zedapirebisken ki dabali, rac iwvevs 
ganivkveTSi tenianobis uTanabrobas. 

Tbogamtaroba merqnis milovan - forovani struqturis gamo Zlier 
mcirea, gansakuTrebiT boWkoebis ganivad, rac sxva saSen masalebTan 
SedarebiT merqans saSualebas aZlevs gamoyenebul iqnes, rogorc kargi 
Tbosaizolacio masala, gansakuTrebiT Senoba-nagebobebis msubuqi 
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Semomfargvleli konstruqciebisaTvis. magaliTad, 15sm sisqis xis kedeli 
Tbogamtarobis mxriv 2,5-iani aguris kedlis identuria. 

temperaturuli gafarToeba. gamocdileba gvaCvenebs, rom merqnis 
simtkicis zRvari da drekadobis moduli temperaturis momatebisas 
mcirdeba, rac iwvevs xis konstruqciebis deformaciis zrdas. amaRlebul 
temperaturaze simtkicis kleba ZiriTadi mizezi xdeba zafxulis cxel 
TveebSi xis konstruqciebis elementebis rRvevisa, maSin roca 
elementebSi Zabvebi ufro naklebia, vidre zamTris TveebSi. 

uaryofiTi temperaturis SemTxvevaSi merqanSi myofi teni yinulad 
iqceva, miiReba e.w. gayinuli merqani, romlis simtkice kumSvaze, ganiv 
Runvaze da axleCaze izrdeba, magram merqani ufro myife xdeba da masSi 
warmoiqmneba bzarebi. 

zemoT aRniSnulidan gamomdinare merqnis simtkicis eqsperimentuli 
meTodebiT gansazRvrisas, mxedvelobaSi miiReba ara marto tenianoba, 
aramed eqspluataciis pirobebis Sesabamisi temperatura. ama Tu im 
temperaturaze merqnis simtkicis zRvris gamoTvla warmoebs standartul 

020 C  temperaturaze dayvanis gziT, formuliT: 

( )20 20 ,σ σ β= − −t t                    (1.3) 
sadac σ t  aris merqnis simtkice mocemul temperaturaze 0C ; 20σ  - igive 

020 C  temperaturaze; β  - temperaturis Semasworebeli koeficienti, 
romelic aiReba cxrilidan (danarTi, cxr. 24). 

 1.3 formula gamoiyeneba 10...50 0C  temperaturis diapazonSi. 020 C  
temperaturaze gadaangariSeba unda moxdes tenianobaze gadaangariSebis 
Semdeg. 
 temperaturul-tenianobis pirobebis mixedviT xis konstruqciebi 
dayofilia oTx jgufad _ А, Б, В, Г. А jgufSi Sedis konstruqciebi, 
romlebsac muSaoba uxdebaT gamTbar SenobebSi; Б - civ SenobebSi; В - 
Ria cis qveS' Г - wyalSi, an gruntTan SexebaSi. (danarTi, cxr. 4) 

simtkice. merqans sakmaod maRali simtkice axasiaTebs Zalis 
moqmedebisas boWkoebis gaswvriv. am dros boWkoebis ujredebis garsi 
muSaobs yvelaze xelsayrel pirobebSi da merqans gaaCnia maqsimaluri 
simtkice. magaliTad, sufTa fiWvis merqnis simtkicis zRvris saSualo 
mniSvnelobebia: gaWimvaze - 100mpa, Runvaze - 75mpa, kumSvaze - 40mpa, magram 
realur konstruqciebSi ar xerxdeba aseTi maRali simtkicis sruli 
gamoyeneba, radganac xis konstruqciebis mzidunarianobaze mniSvnelovan 
gavlenas axdens realuri merqnis bunebrivi mankebi _ bzarebi, rokebi, 
iribboWkoianoba, orgulianoba, agreTve konstruqciaze datvirTvebis 
moqmedebis mimarTuleba da xangrZlivoba. 

boWkoebis ganivi mimarTulebiT Zalis moqmedebis dros ujredis 
garsebi advilad iWyliteba an Sreebad iSleba, amitom kumSvaze, 
gaWimvaze, axleCaze merqnis simtkice dabalia da ar aRemateba 6,5mpa-s. 

garda aRniSnulisa merqnis simtkice damokidebulia mis 
milovanboWkovan, anizotropiul da araerTgvarovan aRnagobaze, agreTve 
xis jiSze, nagvianebi merqnis procentul Semcvelobaze, tenianobaze, 
temperaturasa da sxva faqtorebze. 

merqnis simtkiceze did gavlenas axdens datvirTvebis modebis 
siCqare da xangrZlivoba. standartuli nimuSebis gamocdiT dadgenilia, 
rom rac metia datvirTva (Zabva), miT ufro swrafad irRveva nimuSi. aseve 
eqsperimentebiT dadgenil iqna, rom merqnis winaRoba datvirTvis 
xangrZlivobasTan erTad mcirdeba da miiswrafis garkveuli mudmivi 
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sididisaken, romelsac merqnis xangrZlivi winaRobis zRvari ewodeba. 
amis Semdeg, rac ar unda xangrZlivad moqmedebdes datvirTva, nimuSi ar 
irRveva (nax. 1.5). 

 
nax. 1.5. merqnis xangrZlivi winaRobis mrudi. 

 
 merqnis xangrZivi winaRoba droebiTisagan gansxvavebiT merqnis 
simtkicis realur maxasiaTebels warmoadgens. 
 

1.4. merqnis dacva lpobis, xanZris da entomologiuri mavneblebisagan 
 

merqani, Tavisi mravali dadebiTi TvisebiT, warmoadgens Zvirfas 
konstruqciul samSeneblo masalas, magram amave dros naklebad saimedoa 
eqspluataciaSi, vidre rkinabetoni, liToni, qva an aguri. 
 radganac merqani organuli warmoSobis masalaa, igi advilad 
eqvemdebareba lpobas da daSlas cecxlis zemoqmedebis dros, amitom xis 
konstruqciebis daproeqtebis da damzadebis procesSi gadamwyveti 
mniSvneloba eniWeba maT dacvas lpobisa da cecxlisagan. 
 merqani eqspluataciis mTel periodSi ganicdis cvlilebebs 
fotoqimiuri, fizikuri, meqanikuri, biologiuri faqtorebis, agreTve 
garemos zemoqmedebis gamo. garda amisa atmosferuli zemoqmedebis 
gavlenis saxe da xarisxi damokidebulia merqnis jiSze, struqturaze da 
misi zedapiris damuSavebis xerxze. 
 mSeneblobis periodSi merqnis dacva pirvel rigSi iTvaliswinebs 
tenianobis gavlenis SezRudvas an gamoricxvas. rogorc zemoT iyo 
aRniSnuli, merqnis Zlieri datenianeba iwvevs konstruqciebis SeSrobis 
da gajirjvebis deformaciebs, agreTve bzarebis gaCenas, rac uaryofiTad 
moqmedebs mis simtkiceze, xanmedegobaze da garegan saxeze. garda amisa, 
sisvele xels uwyobs saxlis sokoebis gaCenas, romlebic Slian merqans. 
aseT merqans metad etaneba merqanWamia mwerebi (xoWoebi, Termitebi, 
moluskebi da sxv.), romelTagan merqnis dasacavad sasxveno gadaxurvebis 
`sasmen fanjarebze~ akraven sufTa naqsov badeebs. 
 masalis transportirebisa da daStabelebisas igi daculi unda 
iyos atmosferuli naleqebis pirdapiri moxvedrisagan. ar SeiZleba xis 
detalebis SefuTva haergaumtar masalaSi 8...10 dReze meti xniT, radganac 
am dros merqans uCndeba obi da sxvadasxva baqteriebi, romlebic aseve 
xels uwyoben mis daSlas da xarisxis daqveiTebas. 
 xis konstruqciebi, romlebic eqspluatacias ganicdis Ria cis qveS, 
aucileblad unda damuSavdes qimiurad da dafaruli wyalSi uxsnadi 
saRebavebiT. 

haerze myofi elementebis tenisagan dasacavad mimarTaven Semdeg 
konstruqciul RonisZiebebs: 

• saxuravis sakmaod didi Sveris mowyoba; 

• fasadebs daSorebuli CaSenebuli detalebis mowyoba; 

• saxuravidan wylis swrafi gadayvana; 
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• miwis donidan xis elementebis daSoreba aranakleb 30sm-isa wylis 
Sxefebisagan dasacavad; 

• konstruqciis da SeficvrisaTvis racionaluri profilebis SerCeva; 

• Senobaze safarvelis, sacvres, wveTovani arxebis da sxvaTa swori 
ganlageba; 

• wylis Semkrebi kuTxeebis, Rarebis, pirapirebis SesaZlo minimaluri 
raodenoba; 

• dasvelebuli elementebis swrafi Srobis uzrunvelyofa. 
didi mniSvneloba eniWeba xis konstruqciebis konstruqciul 

dacvas lpobisagan (nax. 1.6). igi uzrunvelyofs konstruqciebis 
eqspluataciis iseT reJims, rodesac tenianoba ar aRemateba lpobisaTvis 
xelSemwyob dones. daxurul SenobaSi xis elementebis dacvas 
uzrunvelyofs maRali xarisxis wyalgaumtari buruli. saxuravs unda 
qondes aucilebeli qanobi da maTSi ar unda moewyos wylis Siga 
gadayvanisaTvis saWiro wyalSemkrebi milebi da SenaRarebi. kapilaruli 
tenisagan dasacavad betonsa da merqans Soris ewyoba bitumis 
hidroizolacia. xis konstruqciebis dayrdnoba saZirkvelze xdeba 
iatakis niSnulis zeviT 20...30sm-ze. 

 

 
nax. 1.6. merqnis konstruqciuli dacva lpobisagan; a - usxveno daTburebuli 
saxuravi; b - sxveniani daTbunebuli saxuravi; g - dacva kondensatisagan; d - 
dacva atmosferuli naleqebisagan; e - dacva kapiliarul tenisagan; 1 - 
konstruqcia; 2 - Tboizolacia; 3 - buruli; 4 - sasule; 5 – orTqlizoliacia; 6 
- hidroizolacia. 
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 konstruqciebis datenianeba haeris kondensatiT rom ar moxdes, 
saxuravSi ewyoba orTqlsaizolacio fena da sasule xvrelebi, 
romlebic uzrunvelyofen maT ganiavebas. merqnis kargi ganiaveba xels 
uwyobs mis gamoSrobas eqspluataciis mTeli periodis ganmavlobaSi da 
praqtikulad gamoricxavs lpobas. 
 garda aRniSnulisa, miRebuli unda iyos sifrTxilis Semdegi 
zomebi: SeerTebebSi gamoyenebuli liTonis detalebi unda iyos uJangavi 
an moTuTiebuli; horizontaluri an daxrili xis zedapirebi yovelTvis 
daculi unda iyos buruliT; xis elementebs Soris nakerebi ise unda 
ganvalagoT, rom saxifaTo Sedegis gareSe SeiZlebodes elementis 
gamocvla da SekeTeba. 
 nestian da svel saTavsebs, rogorebicaa samzareulo, saabazano, 
saSxape, cxensadgomi, saZroxe, saRore da sxv., unda qondeT sakmarisi 
saSualebebi ganiavebisaTvis, raTa haeris saSualo fardobiTi tenianoba 
SeZlebisdagvarad iyos dabali. 
 maRali tenianobis pirobebSi momuSave xis elementebi moiTxovs 
gansakuTrebul qimiur dacvas lpobisagan. mudmivad svel mdgomareobaSi 
momuSave xis elementebi, romlebic damuSavebulia qimiurad, muSaobs 
minimum 20 wels mainc. sveli saTavsebis Siga SeficvrisaTvis gamoiyeneba 
mxolod tenmedegi merqani (naZvi, lariqsi, muxa). 
 usardafo SenobebSi pirveli sarTulis xis iatakis mowyobis 
SemTxvevaSi iataki miwis donidan aSorebuli unda iyos minimum 30 sm-iT 
da es sivrce kargad unda niavdebodes. miwis zedapirs faravs 
orTqlsaizolacio masaliT (polieTilenis afski). 

sxva masalasTan (miwa, liToni, betoni) SexebaSi myofma merqanma 
teni rom ar miiRos, saWiroa maT Soris unakero hidrosaizolacio fena. 

merqnis lpoba xismrRvevi sokoebis cxovelmoqmedebis Sedegia, xe 
maTTvis warmoadgens sakvebs. sokoebiT dazianebuli merqani fers icvlis 
da xdeba mura an yavisferi, mcirdeba misi meqanikuri simtkice. process 
Tan axlavs merqnis skdoma da bolos, misi daSla. arsebobs xismrRvevi 
sokoebis sami jgufi: tyis, sawyobis da saxlis. saerTod ki maTi 
nairsaxeobebi 1000 aRemateba, 

tyis sokoebi azianebs cocxal xeebs tyeSi da amdenad xis 
konstruqciebisaTvis isini uSualod saSiSi ar arian. tyis sokoebiT 
daavadebuli merqani dabali xarisxis masalas miekuTvneba, Tumca 
mSeneblobaSi misi gamoyeneba SezRuduli ar aris. 

sawyobis sokoebi Cndeba ukve moWril xeebze, romlebic SexebaSi 
arian gruntTan _ maTi Senaxvisas tyeSi, sawyobebSi an xangrZlivi 
transportirebis dros. am sokoebs zogjer defeqtur mdgomareobamde 
miyavT Ria haerze momuSave samSeneblo konstruqciebi (svetebi, anZebi, 
koSkebi, xidebi) an maTi nawilebi. 

sokoebis Soris yvelaze mavnesa da saSiSs warmoadgens saxlis 
sokoebi. romlebic merqans arRvevs xis konstruqciebis eqspluataciis 
dros. aseTebia: Cveulebrivi, TeTri, afskismagvari da maRaros sokoebi. 

RonisZiebebi merqnis lpobisagan dasacavad unda daviwyoT masalis 
damzadebis, transportirebis da Senaxvis momentidan da gavagrZeloT 
Senobebis mTeli eqspluataciis ganmavlobaSi. radganac merqnis 
izolireba sokoebis gamCeni sporebisa da dadebiTi temperaturisagan 
praqtikulad SeuZlebelia, zogierTi iSviaTi gamonaklisis garda 
(wyalqveSa nagebobebi), merqnis lpobisagan dacvis ZiriTad RonisZiebebs 
miekuTvneba sterilizacia, konstruqciuli da qimiuri meTodebi. 
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merqnis sterilizacia warmoadgens maRaltemperaturuli Srobis 
saSualebas haerze an kamerebSi. konstruqciuli dacva gulisxmobs xis 
konstruqciebis eqspluataciis iseTi reJimis Seqmnas, rodesac merqnis 
tenianoba ver aRwevs lpobisaTvis saWiro kritikul dones, xolo qimiuri 
dacva aucilebelia im  SemTxvevebSi, rodesac mosalodnelia 
konstruqciis datenianeba (xidebi, anZebi, koSkebi, ximinjebi, estakadebi, 
eleqtroenergiis gadamcemi sadenebis sayrdenebi da sxv.). am 
konstruqciebis lpobisagan qimiuri dacva xdeba maTi gaJRenTviT an 
dafarviT sokoebis momwamlavi nivTierebebiT _ antiseptikebiT, romlebic 
ZiriTadad ori saxisaa: zeTovani (petrolatumi, parafini, bitumi, 
gogirdi, mcenareuli zeTebi, siliciumis organuli polimerebi, 
polieTilenglikoli) da wyalSi xsnadi (ftori, dinitrofenoli, 
natriumis qloridi, pentaqlorfenoli, TuTiis qromqloridi). 

garda sokoebisa, xis konstruqciebs sagrZnob zians ayenebs 
biologiuri (entomologiuri) mavneblebi _ mwerebi da moluskebi 
(sipinebi), romelTagan yvelaze metadaa gavrcelebuli xoWoebi (saxlis, 
avejis, ulvaSa, grZelcxvira, ximinjis), termitebi, prasikuro da zRvis 
xis mRrRnelebi (limnoria, xeliura, xomaldis Wia da sxv.). 

biologiuri mavneblebisagan merqnis dazianebis klasikuri 
magaliTia WianaWamebi (nax. 1.7), romelic SeiZleba iyos zedapiruli an 
siRrmiTi. merqnis ZiriTadi damzianeblebia ara zrdadasrulebuli 
mwerebi, aramed maTi Wuprebi, romlebic ikvebebian merqniT da misi 
qerqiT, mwerebi ZiriTadad azianeben wiwvovani jiSis merqans. 

biologiuri mavneblebisagan da mRrRneli xoWoebisagan merqnis 

dasacavad yvelaze efeqturia merqnis gadaxureba 080 C  da met 
temperaturaze, romlis drosac es mavneblebi mTlianad ispoba, agreTve 
masalis qimiuri damuSaveba zeTovani saRebavebiT (antiseptikebiT). 
eqspluataciaSi myof konstruqciebSi mavneblebisa da maTi matlebis 
ganadgurebisaTvis mimarTaven Sebolvas sawamlavi gazebiT da xvrelebSi 
sawamlavi nivTierebebis xsnarebis Sesxurebas. 

 

 
 

xis konstruqciebisaTvis gadamwyveti mniSvneloba aqvs maT dacvas 
cecxlisagan da maRali temperaturis zemoqmedebisagan. mniSvnelovani 

nax. 1.7 WianaWamebi: a - zedapiruli; 
b - siRrmiTi mrgval masalaSi; 
g - siRrmiTi daxerxil masalaSi. 
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gaxureba iwvevs merqnis Termul daSlas, romlis drosac gamoiyofa 

naxSirbadis Semcveli sxvadasxva gazebi: mxuTavi ( )CO , naxSirorJangi 

( )2CO , meTani ( )4CH , eTileni ( )2 4C H , propani ( )3 8C H , agreTve wylis 

orTqli. es gazebi uerTebian ra Jangbads, warmoSoben als _ wvis 
ZiriTad niSans. wvis procesi mimdinareobs siTbosa da sinaTlis 
gamoyofiT da mas ori faza axasiaTebs: aliseburi wva da naxSiris 
Rvivili. 
 merqnis aaleba SeiZleba moxdes rogorc cecxlTan SexebiT, ise 
cxeli gazebis zemoqmedebiT. dasawyisSi, temperaturis aweviT merqanSi 
swrafad orTqldeba teni da vidre misgan mTlianad ar ganTavisufldeba 

merqani, misi temperatura ar aRemateba 0100 C . temperaturis aweviT 

150...210 0C -mde merqani Sreba, icvlis fers (yviTeldeba) da Cndeba qimiuri 
destruqciis (pirolizis) pirveli niSani _ danaxSireba. aaleba iwyeba 

210 0C  temperaturis zeviT da masala gadadis wvis egzoTermul stadiaSi 

(siTbos gamoyofa). 260 0C  temperaturaze ki ukve iwyeba gamoyofili 
nivTierebebis xangrZlivi da myari wva da Sesabamisad temperaturis aweva, 

xolo 450 0C -s zeviT aliT wva gadadis naxSiris ualo wvaSi da 

temperatura aRwevs 900 0C -s. 
 xis konstruqciebis cecxlisagan dacvis ori gza arsebobs - 
konstruqciuli da qimiuri. konstruqciuli iTvaliswinebs saTavsis 
racionalur daproeqtebas da nagebobis optimaluri zomebis SerCevas. 
konstruqciuli moTxovnebiT SezRudulia xis Senobis sarTulianoba da 
farTobi. kedlebSi da gadaxurvebSi haeris sivrceebi (ubnebi) 
erTmaneTisagan gamoiyofa xanZarsawinaRo diafragmebiT, romlebic 
mzaddeba uwvi masalisagan. gaTbobisaTvis sakedle Rumelebis gamoyenebis 
SemTxvevaSi sakvamle milebi izolirebuli unda iyos kedlebisagan. 
konstruqciul zomebs miekuTvneba agreTve kedlebze azbest-cementis 
Txeli furclebis, aluminis, aluminis folgis da polimeruli uwvi 
afskebis akvra xanZris sawinaaRmdegod. 
 cecxlisagan xis konstruqciebis dacvis qimiur saSualebebs 
miekuTvneba zedapiruli dafarva da Rrma gaJRenTva antiperinebis 
gamoyenebiT. zedapiruli dafarvisaTvis iyeneben sxvadasxva saxis laqebsa 
da emals. 
 zedapiruli dafarvis efeqti damyarebulia imaze, rom temperaturis 
zemoqmedebis Sedegad es laqebi da emalebi afuvdebian da garkveuli 
drois ganmavlobaSi ar aZleven cecxls masalis zedapirTan Sexebis 
saSualebas, rac xels uwyobs wvis procesis dawyebis gadavadebas. 
 xis konstruqciebis gaangariSebisas mxedvelobaSi unda iqnes 
miRebuli maTi cecxlmedegoba. samSeneblo normebis Sesabamisad yovel 
konstruqciul elements, Senobis cecxlmedegobis mixedviT gaaCnia  
Tavisi cecxlmedegobis zRvari, romelic ricxobrivad meryeobs 0,25...2,5 
sT Soris. 

samSeneblo konstruqciebis da maTi elementebis cecxlmedegoba 
aris unari xanZris pirobebSi SeinarCunon zidvis unari, agreTve 
winaaRmdegoba gauwios gamWoli xvrelebis (Riobebis) warmoqmnas da 
masalis kritikul temperaturamde gacxelebas (СТ СЭВ 384-76). merqnis 
cecxlmedegobis zRvari ganisazRvreba im monakveTiT, romlis 
ganmavlobaSi merqani ar kargavs Tavis saeqspluatacio Tvisebebs da 
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warmoadgens dros (saaTebSi an wuTebSi) cecxlis moqmedebis dawyebidan, 
vidre ar dadgeba konstruqciisaTvis erT-erTi zRvruli mdgomareoba. 
 Senobebi da nagebobebi cecxlmedegobis TvalsazrisiT iyofa xuT 
xarisxad, romlebic ganisazRvrebian ZiriTadi konstruqciebis 
cecxlmedegobis da cecxlis gavrcelebis zRvrebis mixedviT. rac ufro 
metia cecxlmedegobis zRvari da naklebia cecxlis gavrcelebis zona, 
maT ufro maRalia Senobis cecxlmedegobis xarisxi. magaliTad, I 
xarisxis cecxlmedegobis mqone nagebobas aSeneben cecxlgamZle 
masalisagan, xolo V xarisxisaTvis cecxlmedegobis da cecxlis 
gavrcelebis zRvrebi normirebuli araa. Senobebis daproeqtebis dros 

aucilebelia nagebobebis faqtiuri cecxlmedegobis zRvari ( f∏ ) meti 

iyos mis saWiro mniSvnelobaze ( saW∏ ). xanZarsaSiSroebis moTxovnac 

swored imaSi mdgomareobs, rom Sesrulebuli iqnas piroba ( f saW∏ ≥∏ ). 

 Sekideuli Weris mowyobis SemTxvevaSi misi karkasis elementebi 
unda damzaddes cecxlgamZle masalisagan. 
 Senobis cecxlmedegobis xarisxisagan damoukideblad buruli, 
nivnivebi, sasxveno gadaxurvis Seficvra, iataki, karebebi, WiSkrebi, 
fanjrisa da Suqfarnis alaTebi, kedlebis da sxvenis mopirkeTeba 
dasaSvebia ganvaxorcieloT wvadi masalisgan. amave dros nivnivebis da 
sasxveno gadaxurvis Seficvras unda Cautardes cecxlisagan dacvis 
RonisZiebebi. 
 mzidi xis konstruqciebis cecxlmedegobis zRvris dadgena 
xorcieldeba eqsperimentuli da Teoriuli gziT. eqsperimentuli gza 
dakavSirebulia masalebis, finansebis da drois did danakargTan, amitom 
praqtikuli TvalsazrisiT ufro misaRebia cecxlmedegobaze 
gaangariSebis Teoriuli gza specialuri gamocdebis Catarebis gareSe.  

 
1.5. samSeneblo faneri 

 
samSeneblo faneri (firficari) konstruqciuli, mravalfeniani, 

qarxnuli wesiT damzadebuli furclovani samSeneblo masalaa. igi 
Sedgeba kenti raodenobis Sponebis Txeli fenebisagan. Sponebi mzaddeba 
aryis xis an sxva wiwvovani jiSis merqnisagan. mezobeli Sponebis 
boWkoebi urTierTmarTobi mimarTulebiTaa ganlagebuli (nax. 1.8), xolo 
faneris gare Sponebs erTnairi mimarTuleba aqvT. 

        
samSeneblo saqmeSi ZiriTadad gamoiyeneba dawebebuli da 

dabakelitebuli wyalmedegi faneri. faneris Sponebis dawebeba xdeba 
fenolformaldehiduri tipis wyalmedegi sinTezuri weboebis 
gamoyenebiT, rac iZleva amaRlebuli wyalmedegobis markis faners, 
romlis gamoyeneba daSvebulia tenianobis yvela jgufis Senoba-
nagebobebis konstruqciebSi. 

nax. 1.8  samSeneblo faneris 
ganivkveTis detali: 1 - grZivi 
fena; 2 - ganivi fena. 
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dawebebuli faneris furclebis sisqea 1,5...12mm; sigrZe - 2240, 2135, 
1525, 1220mm; sigane - 1525, 1220 da 725mm. amaTgan praqtikaSi yvelaze metadaa 
gavrcelebuli Sevidfeniani faneri sisqiT 8...12mm da furclis zomebiT 
1525x1525mm. 15mm-ze meti sisqis faners faneris filebi ewodeba da misi 
sisqe 120mm-s aRwevs. 

dabakelitebul faners iseTi agebuleba aqvs, rogorc dawebebuls, 
magram misi gare fenebi (an erTi gare fena) ara marto Sewebebulia Sua 
fenebTan, aramed damatebiT gaJRenTilia wyalmedegi sinTezuri fisebiT. 
aseTi faneris furclebis sisqea 5...18mm, sigrZe - 1550...7700mm, sigane - 
1200...1500mm da isini ZiriTadad gamoiyeneba momatebuli tenianobis 
pirobebSi momuSave konstruqciebSi. 

dawebebuli faneris simtkice gare fenebis mimarTulebiT ufro 
maRalia, vidre ganivad, radganac grZivad fenebis raodenoba erTiT metia 
da gare fenebi ganlagebulia Runvisas maqsimaluri Zabvebis zonaSi. 
Wraze faneris simtkice 2,5-jer aRemateba merqnis simtkices Wraze 
boWkoebis mimarTulebiT, rac faneris did upiratesobaze miuTiTebs. 
mankebis gavlenac faneraSi mcirea. 

jvaredina struqturis gamo faners merqanTan SedarebiT naklebi 
anizotropuloba axasiaTebs. amasTan, mas ufro maRali simtkicis 
maCveneblebi, dabali bgera-da Tbogamtaroba, qimiurad agresiuli 
garemosa da atmosferuli zemoqmedebisadmi maRali medegoba axasiTebs. 
am dadebiTi Tvisebebis erToblioba samSeneblo konstruqciebSi misi 
farTod gamoyenebis SesaZleblobas iZleva, upirveles yovlisa, 
Semomfargvleli konstruqciebis, webofaneris koWebis, panelebis, 
wibovani da qargilovan-badisebri TaRebis dasamzadeblad. 
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Tavi 2. xis konstruqciebis mTliankveTiani elementebis gaangariSeba 
 

2.1. zRvruli mdgomareobaTa meTodiT gaangariSebis safuZvlebi 
 
yvela tipis samSenelo kostruqciebis gaangariSeba warmoebs 

zRvruli mdgomareobis meTodiT. 
konstruqciis mdgomareoba zRvrulia, roca igi  veRar 

akmayofilebs wayenebul saeqspluatacio moTxovnebs, e.i. aris 
mzidunarianobis amowurvis zRvarze da dakarguli aqvs garegani 
zemoqmedebisadmi winaRobis unari, an ar aris daculi normaluri 
saeqspluatacio pirobebi, radgan deformaciebma miaRwies zRvrul 
dasaSvebze met sidides. 

gaangariSebis mizani is aris, rom konstruqciam eqspluataciis 
pirobebSi ar miaRwios da ar gadalaxos zRvruli mdgomareoba.  

xisa da plastmasis konstruqciebis gaangariSebisas iyeneben ori 
jgufis zRvrul mdgomareobas: I jgufi iTvaliswinebs gaangariSebas 
simtkicesa da mdgradobaze datvirTvebis saangariSo mniSvnelobisaTvis, 
xolo II jgufi - deformaciebze gaangariSebas normatiuli datvirTvebis 
qveS. 

I jgufis zRvruli mdgomareoba xasiaTdeba konstruqciis 
mzidunarianobis dakargviT, ris Sedegac igi uvargisi xdeba. aseTebia: 
rRveva, mdgradobis dakargva, gadabruneba, dauSvebeli cocvadoba, 
rezonansuli rxevebi. 

aseTi zRvruli mdgomareobebi gamoiricxeba, rodesac sruldeba 
Semdegi pirobebi: 

saang.

axl,

σ

τ

≤

≤

R

R
                     (2.1) 

e.i. roca normaluri (σ ) an amxleCi (τ ) Zabva ar gadaaWarbebs 

raRac zRvrul sidides [ ]R , romelsac masalis saangariSo winaRoba 

ewodeba. 
II jgufis zRvruli mdgomareobisaTvis damaxasiaTebelia iseTi 

niSnebi, romlebic konstruqciis eqspluatacias aZnelebs an aferxebs 
didi deformaciebis gamo, magram mTlianad ar gamoricxavs mis 
saeqspluatacio SesaZleblobas, e.i. am dros konstruqcia uvargisia 
mxolod normaluri eqspluataciisaTvis. unda dakmayofildes piroba 

,⎡ ⎤≤ ⎢ ⎥⎣ ⎦l l
f f                      (2.2) 

 e.i. Runvaze momuSave elementebi vargisia normaluri 
eqspluataciisaTvis, roca maqsimaluri fardobiTi CaRunva ar aRemateba 
normebiT dadgenil zRvrul dasaSveb mniSvnelobas. 
 konstruqciebis zRvrul mdgomareobaTa meTodiT SefasebisaTvis 
praqtikaSi SemoRebulia cnebebi: normatiuli da saangariSo datvirTvebi 
da winaRobebi; muSaobis pirobebis da masalis usafrTxoebis 
koeficientebi da sxva parametrebi. 

 
2.2. datvirTvebi da zemoqmedebebi 

 
xisa da plastmasis samSeneblo konstruqciebis gaangariSebisaTvis, 

samSeneblo normebisa da wesebis Sesabamisad, ZiriTadad gaiTvaliswineba 
mudmivi datvirTva ( g ) Senobis konstruqciebisa da sxva elementebis 
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sakuTari wonisagan da xanmokled moqmedi droebiTi datvirTva Tovlisa 
( S ) da qarisagan (w ). garda amisa mxedvelobaSi miiReba agreTve 
datvirTvebi adamianebis wonisagan, manqana-danadgarebisagan da avejisagan. 

mudmiv datvirTvebSi, garda sakuTari wonisa, Sedis agreTve 
winaswari daZabviT gamowveuli Zalvebi, gruntis wneva da sxv. droebiTi 
datvirTvebi moqmedebis xangrZlovobis mixedviT SeiZleba iyos 
xangrZlivi droebiTi (manqana-danadgarebis masa, siTxeebis da gazebis 
wneva, datvirTvebi wignTsacavebsa da sawyobebSi, zogierT SemTxvevaSi 
Tovlis datvirTva), xanmokle droebiTi (adamianis wona, Tovlis, qaris 
da amwis datvirTvebi, temperaturul-klimaturi zemoqmedebebi) da 
gansakuTrebuli (miwisZvra, afeTqeba, mewyeri, yamiris jdena). yvelanair 
datvirTvis saxes gaaCnia normatiuli da saangariSo mniSvnelobebi. 

nagebobaze misi normatiuli eqspluataciis dros moqmedi 
datvirTis maqsimalur mniSvnelobas normatiuli datvirTva ewodeba. 

saangariSo datvirTva ganisazRvreba normatiulis SesaZlo 
cvalobadobis safuZvelze. amisaTvis datvirTvis normatiuli 
mniSvneloba mravldeba datvirTvis saimedobis koeficientze γ , romlis 

mniSvneloba aiReba datvirTvis saxis mixedviT da umetes SemTxvevaSi 
metia erTze (1,1...1,6). 

; ,n n
saang. m saang. drγ γ= ⋅ = ⋅g g P P                        (2.3) 

sadac ng  aris mudmivi normatiuli datvirTva; nP  - droebiTi 

normatiuli datvirTva; mγ  - mudmivi datvirTvis saimedobis koeficienti, 

drγ  - droebiTi datvirTvis saimedobis koeficienti. 

 eqspluataciis dros konstruqciebi da nagebobebi ganicdian 
ramdenime saxis datvirTvis erTdroul zemoqmedebas. amitom 
gaangariSebis dros gaiTvaliswineba sxvadasxva datvirTvebis Sexamebis 
SesaZlebloba, risTvis Semotanilia datvirTvebis Sexamebis koeficienti 

_ 1Sex <n . arsebobs ZiriTadi Sexameba (mudmivi datvirTva + xangrZlivi 

droebiTi + aranakleb ori saxis xanmokle droebiTi) da gansakuTrebuli 
Sexameba (mudmivi + xangrZlivi droebiTi + SesaZlo xanmokle droebiTi 
+ erT-erTi gansakuTrebuli saxis datvirTva). ZiriTadi Sexamebis 

koeficienti 0,9Sex =n , gansakuTrebulis - 0,8Sex =n , 

 mudmivi normatiuli datvirTva ng  Sedgeba ori nawilisagan. 
pirveli nawili _ gasaangariSebel konstruqciaze gadmocemuli yvela 
Semomfargvleli elementisa da masalebis masa. TiToeuli elementisagan 
gadmocemuli datvirTva ganisazRvreba am elementis moculobis 
gadamravlebiT mis simkvriveze da konstruqciebis ganlagebis  bijze; 
meore nawili _ datvirTva ZiriTadi mzidi konstruqciis sakuTari 
wonisagan, romelic winaswari gaangariSebis dros SeiZleba ganisazRvros 
miaxloebiT, Tu konstruqciis elementebis zomebs winaswar davniSnavT: 

,1000
1

n n
n
s.w.

s.w.

+
=

−l

g Sg

K

                              (2.4) 

sadac n
s.w.g  aris mzidi konstruqciis sakuTari wona daxurvis proeqciis 

1m2 farTobze an malis 1 grZiv metrze; ng  - mudmivi datvirTva 

Semomfargvleli (damWeri) nawilebis sakuTari wonisagan; nS  - droebiTi 
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Tovlis datvirTva; l  - konstruqciis saangariSo mali; s.w.K  - sakuTari 

wonis koeficienti, romelic gamoxatavs farTobze an malze mosul 
erTeulovani datvirTvis Sesabamisi masalis xarjs (danarTi, cxr. 20) 

 normatiuli Tovlis datvirTva nS  miiReba mSeneblobis raionis 

mixedviT da damokidebulia Tovlis safaris normatiul wonaze 0S , 

romelic mocemulia normebSi [5] gadaxurvis horizontaluri proeqciis 
1m2-ze. es sidide mravldeba μ  koeficientze, romelic iTvaliswinebs 

saxuravis daxris kuTxes da formas. e.i. normatiuli datvirTva 0
n μ=S S . 

orqanobiani saxuravisaTvis, roca daxris kuTxe 025α ≤ , maSin 1μ = ; roca 
060α ≥ , 0μ = ; roca 0 060 25α> > , maSin 0 0(60 ) / 35μ α= − . es datvirTva 

warmoadgens Tanabrad ganawilebuls da SeiZleba moqmedebdes mTel 
malze an malis nawilze. 
 mrudi moxazulobis saxuravisaTvis (segmenturi wamwe, TaRi, kamara) 
μ  koeficientis mniSvneloba damokidebulia fardobaze / lf , sadac f  
aris TaRis awevis isari; l  - mali. 
 saangariSo Tovlis datvirTva S  miiReba normatiuli mniSvnelobis 

nS  gadamravlebiT datvirTvis saimedobis koeficientze: 

.nγ=S S                                 (2.5) 
γ  koeficienti damokidebulia normatiuli mudmivi da Tovlis 

datvirTvebis fardobze da roca / 0,8n n >g S , maSin 1,6γ = , xolo Tu 

/ 0,8n n ≤g S , maSin 1,4γ = , rac imaze miuTiTebs, rom msubuqi 
saxuravebisTvis am koeficientis mniSneloba metia, vidre masiuri mZime 
saxuravisaTvis. 

 adamianis wona instrumentebiT miiReba toli: normatiuli 0,1knn =P  

da saangariSo 0.1 1,2 0,12knn γ= ⋅ = ⋅ =P P . 

 
magaliTi 2.1. ganvsazRvroT orqanobian saxuravze moqmedi Tovlis datvirTvis 
saangariSo da normatiuli mniSvnelobebi. mSeneblobis adgili q. Tbilisi. 

saxuravis daxris kuTxe horizontTan 016α = . normatiuli mudmivi datvirTva 

0,8 2kn/m=g . 

Aamoxsna: klimaturi daraionebis mixedviT (danarTi, cxr. 18) Senoba imyofeba II 

zonaSi. Tovlis safaris wona 0 0,7 2kn/m=S . saxuravis formis koeficienti, roca 
0 016 25α = < , 1μ = . normatiuli Tovlis datvirTva 0 1 0,7 0,7 2kn/mn μ= = ⋅ =S S . 

sakuTari wonisa da Tovlis normatiuli datvirTvebis fardoba 

/ 0,7 /1 0,7 0,8n n = = <g S , amitom datvirTis saimedobis koeficienti 1,6γ = . 
saangariSo Tovlis datvirTva saxuravis proeqciis 1m2-ze 

1,6 0,7 1,12 .2kn/mnγ= = ⋅ =S S  

qaris datvirTva. qaris normatiuli datvirTva damokidebulia mis 

siCqariseul dawnevaze 0w , aerodinamikur koeficientze c  da Senobis 

simaRlis gavlenis gamTvaliswinebel k  koeficientze: 
0 ,n =w w kc                                (2.6) 

sadac 0w  mniSvneloba aiReba normebidan mSeneblobis raionis mixedviT 

(danarTi, cxr. 19); k  koeficientis mniSvneloba damokidebulia Senobis 
simaRleze, Tu igi ar aRemateba 10m-s, maSin 1=k ; aerodinamikuri 
koeficienti c  damokidebulia Senobis formaze, mis absolutur da 
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fardobiT zomebze, daxrilobaze, saxuravis fardobiT simaRleze da 
qaris dawnevis mimarTulebaze. 

 Tu saxuravis daxris kuTxe 014α ≤ , maSin qaris datvirTva moqmedebs, 
rogorc gawova (pasiuri mxare) da igi ki ar zrdis, aramed amcirebs 
Zalvebs mzid konstruqciebSi. amitom mis mniSvnelobas ar iTvaliswineben 
da gaangariSebis dros igi midis simtkicis maragSi. 
 qaris datvirTva aucileblad unda iqnes gaTvaliswinebuli Senobis 
svetebis da kedlebis, samkuTxa da isriseburi formis konstruqciebis 
gaangariSebaSi. 
 saangariSo qaris datvirTva miiReba normatiuli datvirTvis 
gadamravlebiT saimedobis γ  koeficientze: 

0 .γ=w w                              (2.7) 
 

2.3.  merqnis droebiTi, normatiuli da saangariSo winaRobebi. 
drekadobis da Zvris modulebi. 

ME 
merqnis droebiTi winaRoba (simtkicis zRvari) ganisazRvreba 

standartuli nimuSebis laboratoriuli gamocdebisas. standartuli 
nimuSebis gamocda warmoebs xanmokle datvirTvebze laboratoriul 
pirobebSi, specialuri saxelmwifo standartebis dacviT. nimuSebis 
SerCeva ki warmoebs erTgvarovani elementebis erTobliobidan 
SemTxveviTi SerCevis meTodis gamoyenebiT. 

 merqnis normatiuli winaRoba nR  warmoadgens sufTa merqnis 
ZiriTad maxasiaTebels. misi gamoTvlisaTvis awarmoeben sufTa 
standartuli nimuSebis mravalricxovan gamocdebs 12% tenianobis 
pirobebSi gaWimvaze, kumSvaze, Runvaze, Telvaze da axleCaze. am 
gamocdebis Sedegebs gaaCniaT didi gabneva, amitom aucilebelia maTi 
damuSaveba maTematikuri statistikis meTodebis gamoyenebiT da variaciis 
(cvalebadobis) koeficientis gaTvaliswinebiT, romlis mniSvneloba 
gamoiTvleba formuliT: 

(1 )n
dr nη= − ⋅R R V                            (2.8) 

sadac drR  aris merqnis droebiTi winaRoba; V - variaciis  koeficienti, 

romelic damokidebulia daZabulobis saxeobaze da masalis xarisxze. 

misi mniSvneloba icvleba zRvrebSi 0,15...0,25; nη -mamravli, romlis sidide 

damokidebulia uzrunvelyofis doneze (sarwmuno albaToba) da 
ganawilebis funqciis simkvrivis saxeze. normatiuli winaRobisaTvis 
normaluri  ganawilebis pirobebSi, roca uzrunvelyofa minimumis 

mixedviT 0,95=P , 1,65nη = , xolo saangariSo winaRobisaTvis, roca 

0,99=P , 2,33η = . 

merqnis saangariSo winaRoba R  warmoadgens realuri 
konstruqciuli elementis realuri merqnis simtkicis ZiriTad 
maxasiaTebels. aseT merqans gaaCnia bunebrivi dasaSvebi mankebi da 
muSaobs datvirTvis qveS  mravali wlis ganmavlobaSi. 

igi gamoiTvleba formuliT: 

,
n

xg

γ
=

m

R m
R                                (2.9) 

sadac nR  aris masalis normatiuli winaRoba; γ m  - masalis saimedobis 

koeficienti, romelic damokidebulia miRebuli uzrunvelyofis doneze 
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da masalis simtkicis cvlilebis maCvenebelze. xgm  - datvirTvis 

xangrZlivobis koeficienti. 
xanmokle datvirTvebis dros standartruli nimuSebis gamocdisas 

1xg =m ; myisieri datvirTvisas 1xg >m , xolo xangrZlivad moqmedi 

datvirTvebisaTvis, anu realurad moqmedi datvirTvebisaTvis, 1xg <m . 

 datvirTvis xangrZlivobis koeficientis mniSvneloba 

damokidebulia datvirTvis moqmedebis saangariSo droze dτ  da 

gamoiTvleba formuliT:  

1,03 1 .
18,5

dr

xg

τ⎛ ⎞
= −⎜ ⎟

⎝ ⎠

l g
m                   (2.10) 

0,66xg =m  sidide miRebulia bazisurad da mis mimarT xdeba sxva 

reJimebisa da datvirTvebis SexamebisaTvis saangariSo winaRobis 
normireba Sesabamisi muSaobis pirobebis koeficientis SemotaniT, 
romlis mniSvneloba gamoiTvleba formuliT: 

.
0,66

xg=
m

m                      (2.11) 

γ m  aris masalis saimedobis koeficienti da iTvaliswinebs realuri 

merqnis simtkicis Semcirebas agebulebis araerTgvarovnebisa da 
sxvadasxva mankebis arsebobis gamo. igi gamoiTvleba formuliT: 

1 .
1

nηγ
η

−
=

−m
V
V
                    (2.12) 

 Senobebi da nagebobebi ganirCeva erTmaneTisagan pasuxismgeblobis 
xarisxiT, romelic gaiTvalisiwineba (2.9) formulaSi daniSnulebis 

saimedobis koeficientis γ n  SemotaniT: 

.
n

xg

γ γ
=

m n

R m
R                     (2.13) 

γ n  koeficientis mniSvneloba aiReba Senobebisa da nagebobebis 

pasuxismgeblobis klasis mixedviT. normebiT gaTvaliswinebulia 
nagebobebis pasuximgeblobis sami klasi I, II da III, romlebsac Seesabameba 

γ n -is mniSvnelobebi 1; 0,95 da 0,9, xolo droebiTi Senobebisa da 

nagebobebisaTvis muSaobis vadiT 5 wlamde, 0,8γ =n  (danarTi, cxr. 1) 

 
magaliTi 2.2. gamovTvaloT SekumSuli fiWvis xis elementisaTvis normatiuli 
da saangariSo winaRobis mniSvnelobebi Semdegi monacemebis mixedviT: masalis 
xarisxi - II; Senobis klasi - I; droebiTi winaRobis mniSvneloba miRebuli 
standartuli nimuSebis gamocdis Sedegad 38mpadr =R . 

amoxsna: I klasis Senobis Sesabamisi daniSnulebis saimedobis koeficienti 
1γ =n . 

mamravlebi 1,65nη =  da 2,33η = . 

datvirTvis xangrZlivobis gamTvaliswinebeli koeficienti 0,66xg =m . 

variaciis koeficienti 0,16%=V  (miiReba gamocdili nimuSebis Sedegebis 
maTematikuri statistikis meTodebiT damuSavebiT).  

masalis saimedobis koeficienti 
1 1 1,65 0,16 1,174.
1 1 2,33 0,16

nηγ
η

− − ⋅
= = =

− − ⋅m
V
V
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normatiuli winaRoba 

( ) ( )1 38 1 1,65 0,16 27,97 .mpan
dr nη= − = − ⋅ =R R V  

saangariSo winaRoba 

27,97 0,66 15,72 .
1,174 1

mpa
n

xg

γ γ
⋅

= = =
⋅m n

R m
R  

fiWvis (naZvis) jiSis merqnis saangariSo winaRobebis mniSvnelobebi 
mocemulia danarTis me - 2 cxrilSi. sxva jiSis merqnis saangariSo 

winaRobebis misaRebad es monacemebi unda gamravldes gadamyvan gadm  

koeficientze (danarTi, cxr. 3). 
merqnis anizotropiuli aRnagobis gamo, xis konstruqciebis 

muSaobaze temperaturis, tenianobis, agresiuli garemos, ganivkveTis 
zomebis da sxva faqtorebis gaTvaliswineba xdeba masalis muSaobis 
pirobebis m  koeficientis saSualebiT, romelzec saWiro SemTxvevaSi 
damatebiT unda gamravldes normatiuli da saangariSo winaRobebi. yvela 
calkeuli SemTxvevis mixedviT m  koeficientis mniSvnelobebi mocemulia 
danarTSi, cxr. 4,5,6,7,8. 

merqnis drekadobis moduli miiReba nimuSebis xanmokle 

laboratoriuli gamocdebisas 315 10 mpaxanm = ⋅E , xolo deformaciebze 

gaangariSebisas - xangrZlivad moqmedi datvirTvebisas, xis jiSisagan 

damoukideblad boWkoebis gaswvriv 410 mpa=E . Zvris moduli boWkoebis 
grZivad da ganivad 500mpa=G . puasonis koeficienti boWkoebis ganivad, 

roca Zala moqmedebs boWkoebis grZivi mimarTulebiT 90.0 0,5ν = , xolo 

boWkoebis grZivad, roca Zala moqmedebs boWkoebis ganivi mimarTulebiT 

90.0 0,02ν = . 

konstruqciebisaTvis, romlebic eqspluataciis sxvadasxva 
pirobebSi imyofebian da maTze moqmedebs amaRlebuli temperatura, 
mudmivi da droebiTi xangrZlivad moqmedi datvirTvebi, drekadobis da 

Zvris modulis mniSvnelobebi mravldeba koeficientebze tm , eqsm , xangm . 

Tu konstruqciebis eqspluataciis haeris temperaturaa +35 0C -mde, 

maSin 1t =m , xolo 35...50 0C  temperaturis farglebSi 0,8t =m . 

0.75...1eqs =m     (danarTi, cxr. 4). 

Tu konstruqciebSi mudmivi da droebiTi xangrZlivad moqmedi 
datvirTvebisagan Zabva aRemateba yvela datvirTvebis jamuri 

moqmedebisas aRZrul Zabvis 80%-s, maSin 0,8xang =m . 

 
2.4. xis elementebis gaangariSeba 

 
xis konstruqciul elementebs warmoadgens mTliankveTiani ficrebi, 

Zelebi, Zelakebi, morebi, naxevarmorebi, romelTa geometriuli zomebi 
mocemulia sortamentSi (danarTi, cxr. 11). isini SeiZleba iyvnen 
calkeuli konstruqciebi (koWebi, dgarebi), aseve rTul konstruqciaSi 
Semavali Reroebi. maTi gaangariSeba gaWimvaze, kumSvaze, Runvaze, 
Telvaze, axleCaze, gaWimvasa da kumSvaze Runvisas, xdeba zRvruli 
mdgomareobis meTodiT ($ 2.1) Sesustebisa da muSaobis pirobebis 
gaTvaliswinebiT. elementSi moqmedi Zalvebi da deformaciebi 
ganisazRvreba samSeneblo meqanikis cnobili formulebiT. 
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elementebis Semowmeba simtkiceze gulisxmobs ganivkveTSi Zalvebis 
gansazRvras, romlebic ar unda aRematebodes merqnis saangariSo 
winaRobebs da maqsimaluri CaRunvebis gansazRvras, romlebic Tavis 
mxriv ar unda aRematebodes normebiT dadgenil zRvrul CaRunvebs 
(danarTi, cxr. 10). 

elementebis ganivkveTebis SerCeva mdgomareobs iseTi optimaluri 
zomebis dadgenaSi, romelTa mixedviT elementis simtkice da mdgradoba 
sakmarisi iqneba moqmedi datvirTvebis misaRebad, xolo CaRunvebi - ara 
umetes maTi zRvruli mniSvnelobebisa. 

centraluri gaWimva. gaWimvaze muSaobs wamweebis qveda sartyelebi, 
kamarebisa da TaRebis Semkravebi, kavSirebis elementebi da gamWoli 
konstruqciebis zogierTi Reroebi. gamWimavi Zala N  moqmedebs elementis 
grZivi simetriis RerZis gaswvriv da misi ganivkveTis nebismier wertilSi 
Cndeba normaluri Zabva σ , romelic sigrZis nebismier nawilSi 
erTnairia. 

gaWimvaze merqani muSaobs, rogorc drekadi masala da aqvs sakmaod 
maRali simtkice. nax. 2.1-ze naCvenebia gaWimvaze gamosacdeli sufTa 
standartuli nimuSi da gaWimvis diagrama, romelzedac kargad Cans, rom 
merqani Zalis modebis momentidan rRvevamde muSaobs, rogorc drekadi 
masala (damokidebuleba Zabvasa da deformacias Soris 
pirdapirproporciulia), xolo calkeuli nimuSebis simtkice aRwevs 
100mpa. realuri merqnis simtkice ki gacilebiT naklebia, radgan merqans 
gaaCnia sxvadasxva tipis mankebi da konstruqcia muSaobs xangrZlivad da 
ara ramdenime wuTiT, rogorc nimuSis gamocdis procesSi. 

 

    
 
 gaWimuli xis elementis muSaoba metad sapasuxismgebloa, amitom 
mas, rogorc wesi, amzadeben I xarisxis masalisagan. im adgilebSi, sadac 
gaWimuli elementi Sesustebulia sxvadasxva xvrelebiT an CaWrebiT, misi 
simtkice mcirdeba Sesustebis napirebTan Zabvebis koncentraciis Sedegad, 
rasac iTvaliswineben saangariSo winaRobis Semcirebis gziT. Sesustebebi 
iTvleba, rogorc erT ganivkveTSi SeTavsebuli, Tu maT Soris manZili ar 
aRemateba 20sm-s. 
 centralur gaWimvaze gaangariSeba warmoebs formuliT: 

0 ,g

σ

σ = ≤
N R m
A

                   (2.14) 

nax. 2.1. gaWimuli elementi: a - deformaciis 
grafiki da nimuSi; b - muSaobis sqema, 
rRveva da Zabvis epiura. 
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sadac N  aris moqmedi gamWimavi Zala; σA  - ganivkveTis neto farTobi; gR  

- saangariSo winaRoba gaWimvaze (danarTi, cxr. 2), 0 0,8=m  - Sesustebis 

adgilebSi Zabvebis koncentraciis gamTvaliswinebeli koeficienti, Tu 

elementSi Sesustebebi ar aris, maSin 0 1=m . 

 
nax. 2.2. 

 
magaliTi 2.3. SevarCioT I xarisxis merqnisagan damzadebuli Zelis 

ganivkveTi, romelzec moqmedebs gamWimavi Zalva / 200=N kn. Reros ganivkveTi 
Sesustebulia 2 erTmaneTis mijriT mdebare 22=d mm wriuli xvretebisagan (nax. 
2.2), romlebic gamodian Zelis ufro farTe gverdze. xvretebs Soris daSoreba 
15sm. Senobis pasuxismgeblobis klasi II. konstruqcia miekuTvneba 
saeqspluatacio pirobebis Б1 jgufs. 
amoxsna: saangariSo gamWimavi Zalva Senobis pasuxismgeblobis klasis Sesabamisi 
daniSnulebis mixedviT saimedobis koeficientis (danarTi, cxr.1) 
gaTvaliswinebiT 

/ 200 0,95 190kn.γ= ⋅ = ⋅ =nN N  
radganac Sesustebebs Soris daSoreba 15sm<20sm, amitom Sesustebis 

koeficienti 0,8=m  da saangariSo winaRobis mniSvneloba boWkoebis gaswvriv 

10 0,8 8 0,8 .2mpa mpa kn/smg = ⋅ = ⋅ = =R R m  (danarTi, cxr. 2) 

Zelis ganivkveTis saWiro farTobi 
190 237,5 .
0,8

2smsaW

g

= = =
NA
R

 

sortamentis cxrilidan (danarTi, cxr.11) virCevT ganivkveTs 

15 20 300 .2smbr = × = × =A b h  
 SevamowmoT piroba 

.n br Ses saW= − ≥A A A A  
2300 2 2,2 15 234 237,5 .sm smn saW= − ⋅ ⋅ = < =A A  

 piroba ar aris dakmayofilebuli, amitom gavzardoT ganivkveTi. 

15 22,5 337,5 .2smbr = × = × =A b h  
2337,5 2 2,2 15 271,5 237,5 .sm smn saW= − ⋅ ⋅ = > =A A  

 piroba dakmayofilebulia. 
Semowmeba simtkiceze 

190 0,7 7 8 .
271,5

2kn/sm mpa mpag

g

σ = = = = < =
N R
R

 

centraluri kumSva. kumSvaze muSaobs wamwis zeda sartyeli, 
dgarebi, iribebi, svetebi da gamWoli konstruqciebis zogierTi Rero. 
elementis simetriis RerZis gaswvriv moqmedi N  mkumSavi Zalis gavleniT 
ganivkveTis nebismier wertilSi Cndeba normaluri mkumSavi Zabva σ . 
 merqani kumSvaze muSaobs ufro saimedod, vidre gaWimvaze, magram 
ara drekadad. rogorc deformaciis grafikidan Cans (nax. 2.3, a) simtkicis 
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zRvris naxevramde deformaciis zrda mimdinareobs xazovani kanoniT da 
merqani drekadad muSaobs. datvirTvis Semdgomi zrdisas deformacia 
ufro uswrebs Zabvis zrdas, rac merqnis muSaobis drekadplastikur 
xasiaTze miuTiTebs. 
 
 
 

 
 

 
 
 
 
 
 centralurad SekumSuli elementis gaangariSeba warmoebs 
ganivkveTis Sesustebebis gaTvaliswinebiT zRvruli mdgomareobis I da II 
jgufis mixedviT. 
 gaangariSeba simtkiceze: 

k

n

σ = ≤
N R
A

                              (2.15) 

sadac N  aris moqmedi mkumSavi Zala; kR  - merqnis saangariSo winaRoba 

kumSvaze boWkoebis grZivad; nA  - ganivkveTis neto farTobi (Sesustebebis 

gaTvaliswinebiT). 
 gaangariSeba mdgradobaze: 

k

saang.

σ
ϕ

= ≤
N R

A
                             (2.16) 

sadac saang. br=A A  Tu 0, 25Ses br≤A A ; 4 / 3saang. n=A A , Tu 0, 25Ses br>A A  da 

Sesusteba nawiburebze ar gamodis (nax. 2.4, a). simetriuli Sesustebis 

dros, romelic gamodis nawiburebze (nax. 2.4, b) saang. n=A A ; saang.A  - 

nax. 2.3. SekumSuli elementi: a - deformaciis grafiki da nimuSi; b 
– muSaobis sqema, rRveva da Zabvis epiura; g - grZivi Runvis ϕ  

koeficientis grafiki moqnilobaze damokidebulebiT; d - Reros 
boloebis Camagrebis tipebi da saangariSo sigrZeebi. 
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saangariSo farTobi; brA  - bruto farTobi; nA  - neto farTobi; SesA  - 

Sesustebuli farTobi. 
 

 
 
arasimetriuli Sesusteba ganixileba eqscentruli kumSvis 

SemTxvevaSi. ϕ  aris grZivi Runvis koeficienti damokidebuli 

moqnilobaze da ganisazRvreba formulebiT: 
2

, 70=1 - Tu
100

λϕ α λ⎛ ⎞ ≤⎜ ⎟
⎝ ⎠

                        (2.17) 

2 , 70,= Tuϕ λ
λ

>
A                   (2.18) 

sadac koeficienti 0,8α =  merqnisaTvis da 1α =  fanerisaTvis; λ  - 
mTliankveTiani Reros moqmiloba, romelic damokidebulia Reros 
saangariSo sigrZeze (nax. 2. 3, d) da Reros ganivkveTis inerciis r  
radiusze 

0 ,λ =
l
r

                                 (2.19) 

sadac 0 μ=l l . l  aris Reros geometriuli sigrZe; μ  - Reros boloebis 

Camagrebis tipze damokidebuli koeficienti (nax. 2.3, d). 
 ganivkveTis inerciis radiusi 

,br

br

=
Jr
A

                                (2.20) 

sadac brJ  da brA  aris Sesabamisad Reros ganivkveTis bruto inerciis 

momenti da farTobi. 
 A  mniSvneloba damokidebulia masalaze, kerZod merqnisaTvis 

3000=A , fanerisaTvis 2500=A , polieTeruli minaplastikisaTvis 1097=A , 
organuli minisaTvis 580=A  da a.S 
 xis konstruqciebis SekumSuli elementis maqsimaluri moqniloba 
normebis mixedviT SezRudulia, raTa Tavidan iqnes acilebuli 
elementis didi deformaciebi. zRvruli moqnilobebis sidideebi 
mocemulia danarTSi, cxr. 12. 
 
magaliTi 2.4. SevarCioT kvadratuli ganivkveTis 400=l sm sigrZis Zelisagan 
damzadebuli, boloebiT saxsrovnad damagrebuli, dgaris ganivkveTi 

datvirTuli / 200=N kn mkumSavi ZaliT. dgars Sesustebebi ara aqvs. 

nax. 2.4. elementis Sesustebebi: a - nawiburebze 
ar gamodis; b - gamodis nawiburebze. 
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konstruqcia damzadebulia II xarisxis fiWvis merqnisagan da ekuTvnis 
saeqspluatacio pirobebis A2 jgufs. daniSnulebis mixedviT konstruqciis 
saimedobis koeficienti 0,95γ =n . 
amoxsna. dgarze moqmedi saangariSo Zala daniSnulebis mixedviT saimedobis 
koeficientis gaTvaliswinebiT 

/ 200 0,95 190kn.γ= ⋅ = ⋅ =nN N  

davuSvaT moqniloba 80λ = , maSin misi Sesabamisi grZivi Runvis 
koeficienti 

2 2

3000 3000 0,47.
80

= =ϕ
λ

=  

ganivkveTis saWiro farTobi 
190 311 .

0,47 1,3
2smsaW

kϕ
= = =

⋅
NA
R

 

ganivkevTis saWiro simaRle 

311 =17,6sm.saW =h  

aviRoT kvadratuli ganivkveTis Zeli zomebiT 
17,5 17,5× = ×b h  (danarTi, cxr. 11) 

ganivkveTis farTobi 217,5 17,5 306sm= × =A ; 
inerciis radiusi 0,289 0,289 17,5 5,1sm= = ⋅ =r h ;   

saangariSo sigrZe 0 1 400 400sm= ⋅ =l ; 

moqniloba 0 / 400 / 5,1 78 70λ = = = >l r , amitom Sesabamisi grZivi Runvis 

koeficienti 2 23000 3000 /80 0,5= / =ϕ λ = . 
SevamowmoT miRebuli ganivkveTi simtkiceze: 

190 1,22 12,2 15 1 15 .
0,5 306

2kn/sm mpa mpak eqsσ
ϕ

= = = = < ⋅ = ⋅ =
⋅

N R m
A

 

ganivi Runva. Runvaze momuSave elementebs miekuTvneba koWebi, 
grZivebi, nivnivebi, fenilebi da sxv. Runvad elementebSi 
datvirTvebisagan, romlebic moqmedeben grZivi RerZis ganivad, 
warmoiSoba mRunavi momentebi M  da ganivi Zalebi Q , romelTa 
mniSvnelobebi ganisazRvreba samSeneblo meqanikis meTodebiT. 
 mRunavi momentis moqmedebiT elementis ganivkveTSi Cndeba Runvis 
Zabva σ , romelic iwvevs ganivkveTis zeda nawilis kumSvas da qveda 
nawilis gaWimvas, ris Sedegadac elementi iRuneba. 

Runvis diagrama (nax. 2.5, a), kumSvis diagramis analogiurad, 
daaxloebiT naxevramde sworxazovania, Semdeg ki ixreba da aCvenebs 
CaRunvebis mkveTr zrdas. nimuSis rRveva iwyeba ganapira SekumSul 
boWkoebSi naoWebis gaCeniT da mTavrdeba qveda gaWimuli boWkoebis 
gaglujiT. normaluri Zabvebis ganawileba ganivkveTSi simaRleze 
araTanabaria (nax. 2.5, g) da muSaobis meore stadiaze mrudi 
moxazulobisaa, neitraluri RerZi inacvlebs gaWimuli nawilisaken, rac 
miuTiTebs merqnis drekadplastikur muSaobaze. rekomendebulia Runvaze 
momuSave xis konstruqciebi damzaddes II xarisxis merqnisagan saangariSo 

winaRobiT 13R =R mpa. 

ganiv Runvaze momuSave elementis gaangariSeba iTvaliswinebs 
Semowmebas simtkiceze saangariSo datvirTvebis qveS da Semowmebis 
sixisteze normatiuli datvirTvebis zemoqmedebisas, anu datvirTvis 
saimedobis koeficientis gauTvaliswineblad. 

simtkiceze gaangariSeba warmoebs formuliT: 
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,R

saang

σ = ≤ ⋅ b
N R m

w
                           (2.21) 

sadac M  aris saangariSo mRunavi momenti; RR  - merqnis saangariSo 

winaRoba Runvaze; saangw  - ganivkveTis saangariSo winaRobis momenti 

(mTliankveTiani elemenetebisaTvis saang n=w w ); bm  - ganivkveTis zomebis 

gamTvaliswinebeli koeficienti. 
 

 
nax. 2.5. Runvadi elementi: a - Runvis diagrama da nimuSi; b - muSaobis sqema da 
mRunavi momentis epiura; g - rRvevis sqema da normaluri Zabvebis epiurebi; d - 

muSaobis sqema iribi Runvis dros da Zabvebis epiurebi. 
 
 Runvaze momuSave mokle Zelebi ( 6≤l h ), elementebi, romlebic 
Zalian datvirTulia sayrdenebze, rTuli profilis koWebi (magaliTad, 
ganivkveTis ortesebri formisas, rodesac kedlis sisqe gacilebiT 
naklebia sartyelebis siganeze) mowmdeba mxebi Zabvebis moqmedebaze, 
formuliT: 

,br
ax

br saang

τ = ≤
QS R

J b
                 (2.22) 

sadac Q  aris saangariSo ganivi Zala; brS  - elementis ganivkveTis Zvradi 

nawilis bruto statikuri momenti neitraluri RerZis mimarT; brJ  - 

ganivkveTis inerciis momenti; saangb  - elementis saangariSo sigane; axR  - 

merqnis saangariSo winaRoba axleCaze (danarTi, cxr. 2). 
 sixisteze (CaRunvebze) Semowmeba xdeba formuliT 

[ ]≤f f                     (2.23) 
sadac [ f ] aris normebiT gansazRvruliACaRunvis zRvruli mniSvneloba 

(danarTi, cxr. 10); f - normatiuli datvirTvisagan gamowveuli CaRunvis 
realuri mniSvneloba, romelic gamoiTvleba masalaTa gamZleobis 
cnobili formulebiT. magaliTad, or sayrdenze Tavisuflad mdebare 
koWisaTvis, romelzec moqmedebs Tanabrad ganawilebuli datvirTva 
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45 ,
384

n

br

= ⋅
lqf

EJ
                 (2.24) 

sadac nq  aris normatiuli datvirTvis intensivoba; l  - elementis mali; 

E  - merqnis drekadobis moduli; brJ  - ganivkveTis bruto inerciis 

momenti. 
 simtkiceze da sixisteze gaangariSebis garda, mcire siganis mqone 
Runvadi elementebi mowmdeba brtyeli formis deformaciis mdgradobaze, 
romelic mocemulia literaturaSi. 
 
magaliTi 2.5. SevarCioT or sayrdenze mdebare =l 4 m malis mqone koWis 
ganivkveTi, Tu masze moqmedebs Tanabrad ganawilebuli datvirTva: normatiuli 

1 1,7kn/mn =q , saangariSo 1 2,2kn/m=q  (nax. 2.6). konstruqcia I xarisxis merqnisaganaa 

damzadebuli da ekuTvnis saeqspluatacio pirobebis Б1 jgufs. daniSnulebis 
mixedviT saimedobis koeficienti 1γ =n . 
amoxsna. ganvsazRvroT datvirTvis mniSvnelobebi daniSnulebis mixedviT 
saimedobis koeficientis ( γ n ) gaTvaliswinebiT 

1 1,7 1 1,7kn/m;n n γ= ⋅ = ⋅ =nq q  

1 2,2 1 2,2kn/m.γ= ⋅ = ⋅ =nq q  

SevarCioT koWis ganivkveTi simtkicis mixedviT. 
440 338 ,
1,3

MW
R

= = =saW

R

3sm  

sadac 
2 22,2 4,0 4,4 440

8 8
kn.m kn.sm.

⋅
= = = =

lqM . 

 davniSnoT ganivkveTis sigane 10=b sm, maSin ganivkveTis saWiro simaRle 

iqneba 6 / 6 338/10 14,2h W b= = ⋅ =saW saW sm. sortamentis mixedviT (danarTi, cxr. 11) 

aviRoT koWis ganivkveTi Semdegi zomebiT 10 15× = ×b h sm. 
 

 
nax. 2.6 

 
miRebuli ganivkveTis winaRobis momenti 

2 210 15 375
6 6

3sm .
⋅

= = =
bhW  

Semowmeba simtkiceze 
440 1,18 11,8 13 1 13 .
375

2kn/sm mpa mpaR eqsσ = = = = < ⋅ = ⋅ =
M R m
W

 

 Semowmeba CaRunvaze 
3 35 5 0,017 400 1 1 ,

384 384 1000 2820 200 200

n ⋅ ⋅ ⋅ ⎡ ⎤= = = = =⎢ ⎥⋅ ⋅ ⎣ ⎦

l
l l
f q f

EJ
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sadac 
3 310 15 2820

12 12
4sm ;

⋅
= = =

bhJ  

1,7 0,017kn/m kn/sm;n = =q  

10000 1000 2mpa kn/sm .= =E  

amrigad, koWi akmayofilebs rogorc simtkicis, ise sixistis pirobebs.  
iribi Runva (nax. 2.5, d). Tu elementze moqmedi datvirTvis 

mimarTuleba ar emTxveva ganivkeTis erT-erTi mTavari RerZis 
mimarTulebas, adgili aqvs e.w. irib Runvas. misi klasikuri magaliTia 
daxrili saxuravis sworkuTxa ganivkveTis grZivebi. mrgvali ganivkveTis 
elementebSi irib Runvas adgili ara aqvs, radganac yvela RerZi 
ganivkveTis simetriis RerZia. 
 vertikalurad moqmedi Tanabrad ganawilebuli datvirTva iribi 
Runvisas, roca elementis ganivkveTi daxrilia horizontis mimarT raRac 

α  kuTxiT, iSleba mTavari x  da y  RerZebis mimarTulebiT: cosα= ⋅xq q , 

sinα= ⋅yq q . ganisazRvreba Sesabamisi mRunavi momentebi xM  da yM , ris 

Semdeg simtkiceze Semowmeba warmoebs formuliT: 

,Rσ = + ≤yx

x y

MM R
W W

                           (2.25) 

sadac 2 / 8= lx xM q , 2 / 8= ly yM q  (Tanabrad ganawilebuli datvirTvisas); xW  

da yW  ganivkveTis winaRobis momentebia x  da y  RerZebis mimarT, 
2 / 6=xW bh  da 2 / 6=yW hb . 

 sixistis Semowmebis mizniT ganisazRvreba mTliani CaRunvis 
mniSvneloba Semdegi formuliT 

2 2 ,zRv= + ≤x yf f f f                   (2.26) 
sadac xf  da yf  CaRunvis mniSvnelobebia x  da y  RerZebis mimarT.  

 SekumSul-moRunuli da gaWimul-moRunuli elementebi. SekumSul - 
moRunuli elementebi (nax. 2.7) erTdroulad muSaoben kumSvaze da 
Runvaze. aseTia, magaliTad wamwis SekumSuli sartyeli, romelSic 
damatebiT Runvas iwvevs saxuravis elementebisagan gadmocemuli 
kvanZebsSorisi datvirTvebi. kumSva-Runvas SeiZleba adgili qondes Reros 
ganivkveTis calmxrivi Sesustebis, simrudis da elementze Zalis 
eqscentrulad modebis SemTxevebSi. amitom am saxis deformacias 
sxvanairad eqscentrul kumSvasac uwodeben. 

SekumSul-moRunuli elementebis gaangariSeba warmoebs formuliT: 

,R

saang. saang.

σ
ξ

= + ≤
N M R

A W
                      (2.27) 

sadac M  aris grZivi Zalebis da ganivi datvirTvebis zemoqmedebiT 
miRebuli mRunavi momenti; ξ  - grZivi Zalisagan gamowveuli damatebiTi 

mRunavi momentis ( /d ξ= = + ⋅M M M N f ) gamTvaliswinebeli koeficienti da 

gamoiTvleba formuliT: 
2

1 .
3100 br k

λξ = −
N
A R

                  (2.28) 

 
gaWimul-moRunuli (nax. 2.8) elementebis (wamwis qveda sartyeli da 

sxv.) gaangariSeba xdeba formuliT: 
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,g

saang. saang. R

σ = + ≤
⋅

N M R
A W R

                      (2.29) 

sadac ganivkveTis farTobis da winaRobis momentis saangariSo 

mniSvnelobebi saang. br=A A , saang. br=W W , Tu ganivkveTSi Sesustebebi ar aris. 

Tu Sesustebebia, maSin saang. n=A A , saang. n=W W . 

 

 
 

 saangariSo winaRobis fardoba gaWimvaze da Runvaze /g RR R  

uzrunvelyofs am Zabvebis miyvanas saerTo mniSvnelobamde, rac 
aucilebelia misi SedarebisaTvis gaWimvaze saangariSo winaRobasTan. 
 

 
 
Telva. datvirTvis moqmedebis mimarTulebaze damokidebulebiT 

Telvis sami saxe arsebobs: Telva boWkoebis gaswvriv, boWkoebis ganivad 
da boWkoebis mimarTulebisadmi raRac kuTxiT. 

samSeneblo normebis mixedviT merqnis Telva da kumSva boWkoebis 
gaswvriv erTnairia, radganac muSaobis xasiaTis mixedviT isini 
erTmaneTis analogebia. am dros ( 0α = ) merqnis ujredebis kedlebi 

nax. 2.8. gaWimul-moRunuli elementi: a – 
muSaobis sqema da mRunavi momentebis 
epiurebi; b – normaluri Zabvebis 
epiurebi. 

nax. 2.7. SekumSul - moRunuli elementi: 
a - muSaobis sqema da mRunavi momentebis 
epiurebi; b - normaluri Zabvebis 
epiurebi. 
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muSaobs yvelaze xelsayrel pirobebSi da saangariSo winaRoba 
maqsimaluria. 

boWkoebis ganivad Telvisas ( 090α = ) ujredebis kedlebi muSaobs 
yvelaze araxelsayrel pirobebSi, ujredi iWyliteba Sinagani 
sicarieleebis gamo, rac did deformadobas iwvevs da saangariSo 
winaRoba minimaluria. merqnis Telva boWkoebis ganivad SeiZleba 
xdebodes mTel farTobze, adgilobrivad mTel siganeze da sigrZis 
nawilze da farTobis nawilze (nax. 2.9, a,b,g). 
 

 
 

boWkoebis mimarTulebisadmi raRac α  kuTxiT Telvis dros merqnis 
simtkices da deformadobas aqvs saSualedo mniSvnelobebi da igi 
damokidebulia α  kuTxis sidideze. am SemTxvevaSi saangariSo winaRoba 
Telvaze gamoiTvleba formuliT: 

3

,
1 1 sin

0

T
T

T

T90

α

α

=
⎛ ⎞

+ −⎜ ⎟⎜ ⎟
⎝ ⎠

RR
R

R

                         (2.30) 

sadac TR  aris merqnis saangariso winaRoba Telvaze boWkoebis gaswvriv; 

0T90
R  - igive boWkoebis ganivad. 

 zogadad Telvaze saangariSo formulas aseTi saxe aqvs: 

,T
T

T

ασ = ≤
N R
A

                          (2.31) 

sadac TN  aris Telvis saangariSo Zala; TA  - Telvis farTobi. 

 merqnis mankebi umetes SemTxvevaSi ar amcireben merqnis simtkices 
Telvaze muSaobisas da amitom maTi raodenoba da saxeebi ar izRudeba. 

axleCa. axleCis T  Zalis moqmedebisas elementis grZivi ganivkveTis 
sibrtyis paralelurad aRiZvreba axleCis τ  Zabva, romelic ZiriTadad 
moqmedebs merqnis boWkoebis grZivad an iSviaTad boWkoebis ganivad an 
raRac α  kuTxiT. merqnis simtkice axleCaze SedarebiT mcirea misi 

nax. 2.9. merqnis Telva boWkoebis 
ganivad da boWkoebisadmi raRac 
kuTxiT: a - mTel farTobze; b - 
adgilobrivi (mTel siganeze da 
sigrZis nawilze); g - farTobis 
nawilze (nawil siganeze da nawil 
sigrZeze); d - sayeluris qveS 
(boWkoebisadmi raRac kuTxiT). 
 



 38

boWkovan-milovani aRnagobis gamo. amasTan ganivi mimarTulebiT merqnis 
boWkoebi gacilebiT sustia, vidre grZivi mimarTulebiT da ganivad maTi 
gawyveta axleCis deformaciis dros advilad xdeba. axleCis dros 
elementis rRveva xdeba myifed, TiTqmis wamierad da iSleba nawilebad 
SesamCnevi winaswari deformaciis gareSe. 
 merqnis mankebi sxvadasxva xarisxiT axdens gavlenas simtkiceze 
axleCis dros. ZiriTadi mankebi-rokebi _ ar amcireben simtkices, piriqiT 
bevrjer exmarebian merqans axleCaze muSaobisas. didi amxleCi Zabvebis 
moqmedebis zonaSi dauSvebelia bzarebis arseboba. 
 axleCas iwvevs ori urTierTsawinaaRmdego mimarTulebis Zvris 
gamomwvevi wyvilZala T  (nax. 2.10, a). am Zalebis gamomwvevia elementze 
moqmedi ganivi Q  Zalebi. ganivkveTis simaRleSi τ  Zabvebi nawildeba 
araTanabrad. sworkuTxovani ganivkveTisaTvis is maqsimaluria 
neitraluri RerZis gaswvriv, xolo nulovani zeda da qveda waxnagebTan. 
ganivkveTis siganeSi maTi mniSvneloba ar icvleba. 
 axleCaze saangariSo formulas zogadad aseTi saxe aqvs: 

,saS
ax

ax

σ = ≤
T R
A

                   (2.32) 

sadac axA  aris axleCis saangariSo farTobi; saS
axR  - axleCaze saangariSo 

winaRobis saSualo mniSvneloba, romelic axleCis sibrtyis sigrZeze 
Zabvebis araTanabari ganawilebis gamo gamoiTvleba formuliT: 

,
1

saS ax
ax

axβ
=

+
l

RR

e

                   (2.33) 

 
 

nax. 2.10. axleCaze momuSave elementebi. 
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sadac axR  aris merqnis saangariSo winaRoba axleCaze boWkoebis grZivad 

(danarTi, cxr. 2); β  - koeficienti, romelic calmxrivi axleCisas tolia 

0,25 da ormxrivisas - 0,125; axl  - axleCis sibrtyis saangariSo sigrZe, 

romelic aiReba ara umetes elementSi CaWris 10 siRrmisa; e  - amxleCi 

Zalis mxari. Sefardeba / 3ax ≥l e . 0,5=e h  - calmxrivi axleCisas; 0,25=e h - 
ormxrivi axleCisas ( h  - elementis ganivkveTis simaRlea). 
 boWkoebis mimarTulebasTan amxleCi T  Zalis α  kuTxiT 
moqmedebisas merqnis saangariSo winaRoba ganisazRvreba formuliT: 

3

.
1 1 sin

0

ax
ax

ax

ax90

α

α

=
⎛ ⎞

+ −⎜ ⎟⎜ ⎟
⎝ ⎠

RR
R

R

              (2.34) 

simtkice axleCis dros mowmdeba formuliT: 

,axτ = ≤
QS R
Jb

                 (2.35) 
sadac Q  aris ganivi Zala; S , J  da b  - ganivkveTis statikuri momenti 
inerciis momenti da sigane. 
 
magaliTi 2.6. SevamowmoT II xarisxis merqnis simtkice axleCaze Runvadi 
elementis, romelzedac moqmedebs maqsimaluri ganivi Zala 24=Q kn. elementis 

ganivkveTis zomebia: sigane 12=b sm; simaRle 22=h sm. 
amoxsna. II xarisxis merqnis saangariSo winaRoba axleCaze Runvisas 1,6ax =R mpa 
(danarTi, cxr. 2). ganivkveTis statikuri da inerciis momentebi: 

2 212 22 726
8 8

3sm
⋅

= = =
bhS ; 

3 212 22 10648
12 12

4sm
⋅

= = =
bhJ . 

amxleCi Zabva 
24 726 0,136 1,36 1,6 .

10648 12
2kn/sm mpa mpaaxτ ⋅

= = = = < =
⋅

QS R
Jb
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Tavi 3. xis konstruqciebis elementebis SeerTebebi 
 

3.1. zogadi cnobebi 
  

mSeneblobaSi gamoyenebuli xis elementebis geometriuli zomebi 
sortamentiT SezRudulia (ganivkveTSi 27,5sm-mde, sigrZeSi - 6,5m-mde), 
amitom calke maTi gamoyeneba SeiZleba mxolod mcire malis mqone 
koWebis da dabali zidvis unaris mqone dgarebSi. bunebrivia es SezRudva 
saSualebas ar iZleva sortamentiT gamoSvebuli xis masalis gamoyenebiT 
davamzadoT didi malisa da simaRlis samSeneblo konstruqciebi, Tu ar 
gamoviyenebT calkeuli elementebis SeerTebebs. 
 sigrZeSi elementebis SeerTebas ewodeba wazrda, siganeSi - 
SemWidroeba, xolo raRac kuTxiT da sayrdenebze mimagrebas - Caankereba.  

Tanamedrove xis samSeneblo konstruqciebis swrafad ganviTarebas 
xeli Seuwyo elementebis SeerTebebis axali saxeobebis da damzadebis 
meTodebis danergvam. saerTod, SeerTeba xis konstruqciebis yvelaze 
sapasuxismgeblo nawilia, radganac am adgilebSi yvelaze naTlad 
ikveTeba merqnis anizotropiuli aRnagobis uaryofiTi Tvisebebi. 

SeerTebebis ganxorcielebisas elementebSi xSirad keTdeba CaWrebi 
da xvrelebi, romlebic asusteben ganivkveTs da adideben deformadobas, 
amitom rRveva swored SeerTebaSi iwyeba, ris gamoc mis swor 
konstruqciul gadawyvetaze, gaangariSebasa da Sesrulebazea 
damokidebuli mTlianad konstruqciis simtkice. 

muSaobis xasiaTis mixedviT SeerTebebi SeiZleba davyoT eqvs 
jgufad: 

1. Telvaze da axleCaze momuSave (jdobebi, sogmanebi); 
2. upiratesad Runvaze momuSave (wirwkimalebi); 
3. gaWimvaze momuSave (Wimebi, WanWikebi, sakidebi, zedebi); 
4. amoZrobaze momuSave (lursmnebi, Surupebi); 
5. Zvraze momuSave (dawebebuli konstruqciebi); 
6. elementebis SemTxveviTi gadaadgilebis sawinaaRmdego (avariuli 

kavSirebi - WanWikebi, Canglebi). 
SeerTebis yvela saxeobas, webos garda, axasiaTebT damyoloba, 

amitom isini iwveven konstruqciisa da calkeuli elementebis damatebiT 
deformaciebs. SeerTebebis damyoloba uzrunvelyofs kvanZebis calkeul 
elementebsa da kavSirebs Soris Zalvebis gaTanabrebas, rac amcirebs 
Zabvebis koncentracias SeerTebebSi da amaRlebs mis saimedobas. 

SeerTeba ar unda iwvevdes SesaerTebeli elementebis ganivkveTebis 
mniSvnelovan Sesustebas, unda uzrunvelyofdes elemenetebis mWidro da 
zustad SeerTebas, maT erTobliv muSaobas, iZleodes SeerTebis 
xarisxianad ganxorcielebis da eqspluataciis procesSi misi muSaobis 
Semowmebis saSualebas, iyos martivi, saimedo datvirTvebis xangrZlivi 
moqmedebis pirobebSi da ar axasiaTebdes myife rRveva. 
 

3.2. kontaqturi SeerTebebi 
 

xis elementebis kontaqturi SeerTebis qveS igulisxmeba SeerTeba, 
romelSic Zalva erTi elementidan meores gadaecema Camoranduli da 
Sesabamisad damuSavebuli sakontaqto zedapirebiT. aseT SeerTebebSi 
damatebiT gamoyenebuli muSa makavSireblebi asruleben fiqsaciis 
funqcias da erTdroulad warmoadgenen avariul makavSireblebs, anu 
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isini muSaobaSi ebmebian mxolod konstruqciis an misi calkeuli 
detalebis avariis dros. 

kontaqtur SeerTebaSi merqani ZiriTadad muSaobs Telvaze. kumSva 
boWkoebis marTobulad gvxdeba dgaris horizontalur xis elementTan 
(wolana, rigeli, koWi) SeerTebebSi (nax. 3.1, a,b).Kroca mkumSavi Zalis 
mniSvneloba didia saWiro xdeba sakontaqto zedapiris farTobis gazrda, 
rac miiRweva maRali simtkicis merqnis (muxa, wifela, akacia, kopiti) an 
liTonis (Sveleris gadanaWeri) qvesadebis gamoyenebiT (nax. 3.1, g,d). 
zogjer mimarTaven dgaris sayrden nawilSi xis sadgmelebis 
gamoyenebasac (nax. 3.1, e) 

Tu sayrdenis farTobis gazrda SeuZlebelia raime konstruqciuli 
mosazrebiT, maSin Telvaze merqnis winaRobis gasazrdelad iyeneben 
sxvadasxva saxis zedebs (faneri, liTonis furceli), romelic 
konstruqciis gverdiT waxnagebs miemagreba wirwkimalebis an webos 
saSualebiT (nax. 3.2, a,b). am dros Telvaze winaRobis amaRlebis efeqti 
miiRweva konstruqciisagan gadmocemuli Zalis (sayrdeni reaqcia) 
gadanawilebiT sayrdenze zedebis daxmarebiT. 

sainteresoa nax. 3.2, b-ze mocemuli variantic. am meTodis azri 
Semdegia: didi ganivkveTis ficrul-dawebebuli koWis sayrdeni nawilidan 

45 0 -iani kuTxiT amoiWreba ganivkveTis nawili, Sebrundeba 90 0 -iT da 
ukanve Caewebeba. am operaciis Semdeg koWis sayrdeni nawili Semowmdeba 
Telvaze boWkoebis grZivad (da ara ganivad, rogorc Cveulebriv 
SemTxvevaSi), webovani nakeri - Wraze, xolo merqani webos nakeris 

mimarTulebiT-Telvaze grZivi boWkoebis mimarT 45 0 -iani kuTxiT. 

 

 
 kontaqturi zedapirebiT SeerTebis adgilebSi merqnis muSaoba 
Telvaze raRac kuTxiT mimdinareobs xis iseTi elementebis SeerTebaSi, 

nax. 3.2. dawebebuli koWebis sayrdeni 
nawilebis gaZliereba: a - faneris 
zedebiT da lursmnebiT; b - dawebebuli 
sadgmeliT. 

nax. 3.1. dgaris SeerTeba horizontalur 
xis elementTan: a - fiqsirebuli 
cilindruli wirwkimalebis gamoyenebiT 
(1); b - igive liTonis kuTxovanebiT (2); g - 
magari jiSis merqnis qvesadebiT (3); d - 
igive, liTonis SveleriT (4); e - xis 
sadgmelebiT (5), WanWikebi (6). 
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sadac SesaerTebeli elementebis simetriis RerZebi erTmaneTTan qmnian 

kuTxes sididiT 0180α <  (nax. 3.3). 
gverdiTi zedebis an Suadebis daniSnulebaa Tavis Tavze miiRon 

ganivi Zalebi da fiqsacia gaukeTon SesaerTebel elementebs. 
 

 
 

3.3. Subluri miyrdnoba 
 

Subluri miyrdnoba warmoadgens kumSvaze momuSave elementebis 
SeerTebis yvelaze martiv da saimedo saxeobas (nax. 3.4.). isini muSaoben 
Telvaze da maTi gaangariSeba warmoebs elementSi aRZrul grZiv mkumSav 
Zalaze (formula 2.31). gaWimvaze aseTi SeerTebebi ar muSaobs. 

grZivi Subluri miyrdnobis SeerTebis pirapiri ori mxridan 

gadaxurulia xis zediT, romlis sisqe 1/ 3zδ ≥ b , sadac b  aris 

SesaerTebeli elementis ganivkveTis sisqe, xolo zedis sigrZe 1/ 3z ≥l h , 
sadac b  elementis simaRlea. pirapiris zedebi Sekrulia mosaWimi 
WanWikebiT, romelTa raodenoba aiReba konstruqciulad. 

 

 
nax. 3.4. Subluri miyrdnoba: a – grZivi, merqnis boWkoebis gaswvriv; b – ganivi, 
boWkoebis ganivad; g – daxrili, boWkoebis mimarTulebisadmi raRac kuTxiT; 1 – 
SesaerTebeli elementi; 2 – mosaWimi WanWikebi; 3 – zedi; 4 – liTonis damagreba; 

5 – sayrdeni; 6 – manWvali; 7 – Telvis Zabvis epiurebi; α  - Telvis kuTxe. 

nax. 3.3. SekumSuli xis elementebis 
kontaqturi SeerTeba. 
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ganivi Subluri miyrdnoba warmoadgens ori Reros SeerTebas marTi 
kuTxiT, rodesac erTi SekumSuli elementis torsi eyrdnoba meore 
elementis fenas da uerTdeba ara muSa makavSireblebiT (nax. 3.4, b). 
magaliTad, ase uerTdeba dgarebi karkasis zeda da qveda horizontalur 
elementebs. aseT SeerTebebSi merqani dgaris torsSi muSaobs Telvaze 
boWkoebis gaswvriv, xolo horizontaluri elementis fenaSi boWkoebis 
ganivad. gaangariSebisaTvis sakmarisia Telva boWkoebis ganivad, radganac 
am dros merqnis saangariSo winaRoba gacilebiT naklebia, vidre Telva 
boWkoebis grZivad. 
 
magaliTi 3.1. SevamowmoT dgarze dayrdnobili koWis ganivi Subluri 
miyrdnobis simtkice Telvaze. koWis ganivkveTia 20 20sm× = ×b h . dgarSi moqmedi 
grZivi mkumSavi Zala 70kn=N . 

amoxsna. Telvis farTobis sigrZe 20T sm=l . merqnis saangariSo winaRoba 
adgilobriv Telvaze boWkoebis ganivad koWis sigrZis nawilze (nax. 3.4,b) 

8 81 1,8 1 2,48 .
1,2 20 1,20

2
k90T90

T

mpa = 0, 248kn/sm
⎛ ⎞ ⎛ ⎞= + = + =⎜ ⎟ ⎜ ⎟+ +⎝ ⎠⎝ ⎠l

R R  

Telvis farTobi 20 20 400 2
T sm= × = × =A b h . 

Zabva 
70 .
400

2 2
T90

T

= 0,175kn/sm 0, 248kn/smσ = = < =
N R
A

 

daxrili Subluri miyrdnoba (nax. 3.4, g) warmoadgens ori 
SekumSuli elementis SeerTebas, romelTa simetriis RerZebi erTmaneTTan 
qmnian raRac α  kuTxes. am dros SesaZlebelia erTi elementis torsuli 
ganivkveTi marTobuli iyos Reros RerZis mimarT an orive daxrili iyos. 
aseTi SeerTebis gaangariSebisas sakmarisia merqnis Telvaze Semowmeba im 
Rerosi, romlis torsic daxrilia RerZis mimarT. 

 
3.4. konstruqciuli da Subluri QWdobebi 

 
aseTi Wdoba warmoadgens SeerTebis saxeobas, romelSic 

warmoiSveba gacilebiT naklebi sididis Zala, vidre misi 
mzidunarianobaa da amitom ar saWiroebs gaangariSebas (nax. 3.5). xis 
konstruqciebSi yvelaze metadaa gavrcelebuli konstruqciuli Wdobis 
saxeebi: meoTxediT, narandiT, naxevarCaWriT da iribi CaWriT. 

 

nax. 3.5. konstruqciuli 
Wdoba: a - Wdoba 
naxevarCaWriT; b - iribi 
CaWriT; g - SeuRleba 
meoTxediT; d - SeuRleba 
narandiT; 1 - SesaerTebeli 
elementi; 2 - WanWiki. 
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meoTxediT SeerTeba gamoiyeneba ficris siganeSi nawiburebiT 
SesaerTeblad. amisaTvis TiToeuli ficris erT nawiburze zeviT 
amoiReba calmxrivi Rari, xolo meore nawiburze igive-qveviT. aseT 
SeerTebebs ZiriTadad iyeneben gare kedlebis SeficvrisaTvis, raTa 
daicvan kedlebi qarisa da atmosferuli naleqebis SeRwevisagan. 
 narandiT SeuRleba warmoadgens ficrebis an Zelebis SemWidroebas 
nawiburebiT, rodesac ficris (Zelis) erT nawiburze sisqis SuaSi 
amoRebulia Rari, xolo meore nawiburze gamonaSveri, romlebic awyobis 
dros mWidrod Sedian erTmaneTSi da qmnian SeerTebas. aseT SeerTebebs 
iyeneben fenilebis mosawyobad, raTa ficrebma (Zelebma) Runvaze 
erToblivad imuSaon da imave dros saxuravSi ar Camocvivdes 
gamaTbuneblad gamoyenebuli widis nafxvenebi an mineraluri bambis 
boWkoebi. 
 QWdoba naxevarCaWriT gamoiyeneba Zelebis an morebis boloebis 
SesaerTeblad. amisaTvis boloebze sisqis naxevarze keTdeba CaWrebi da 
SeerTeba moiWimeba WanWikebiT. aseTi SeerTebis magaliTia sanivnive 
fexebis SeerTeba saxuravis kexSi. 
 iribi CaWra gamoiyeneba Zelebis an morebis siganeSi wasazrdelad. 
amisTvis SesaerTebeli boloebi CaiWreba iribad, daedeba erTmaneTs da 

moiWimeba WanWikiT. CaWris sigrZe konstruqciulad miiReba 2CaW =l h , sadac 

h  ganivkveTis simaRlea. am tipis SeerTebebs iyeneben grZivebis sigrZeSi 
wasazrdelad.  
 Subluri Wdoba (nax. 3.6) warmoadgens SeerTebis saxeobas, romelSic 
SekumSuli elementidan Zala gadaecema meore elements uSualod, 
yovelgvari muSa kavSirebis gareSe. aseTi Wdobebi ZiriTadad gamoiyeneba 
Zelebisagan (morebisagan) ganxorcielebuli wamweebis sayrden da Sualed 
kvanZebSi. Wdoba yovelTvis ikvreba avariuli WanWikebiT. 

 
nax. 3.6. Subluri Wdoba: 1 - wamwis zeda sartyeli; 2 - wamwis qveda sartyeli; 3 - 

avariuli WanWiki; 4 - koWqveSa; 5 - minaWedi; 6 - sayrdeni baliSi; кс - axleCis 
sibrtye. 
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 Sublurma Wdobam SeiZleba dakargos mzidunarianoba Tu dadgeba 
zRvruli mdgomareoba SekumSuli elementis mibjenis farTobis Telvis 
an qveda elementis axleCis pirobidan. 

 axleCaze gaangariSeba warmoebs amxleCi (gamWimavi) gN  Zalis 

mixedviT 

,g saSA
ax ax

ax

τ = ≤
N

R
A

                  (3.1) 

sadac 
1

saSA ax
ax

axβ
=

+
l
l

RR  aris axleCaze merqnis saangariSo winaRobis saSualo 

mniSvneloba; ax ax= ⋅lA b - axleCis farTobi. 

 Telvaze gaangariSeba warmoebs Telvis ac  farTobze moqmedi kN  

Zalvis mixedviT ( k T=N N ): 

 ,k

T T,

T

ασ = ≤
N

R
A

                           (3.2) 

sadac 
cos
saW

T α
⋅

=
h b

A ; b  _ ganivkevTis sigane. 

 Zelebisa da morebisaTvis wamwis ganapira kvanZebSi CaWris siRrme 

ar unda aRematebodes ( )1
3saW ≤h h d , xolo Sualed kvanZebSi ( )1

4saW ≤h h d . 

 
3.5. SeerTebebi liTonis makavSireblebis gamoyenebiT 

 
liTonis makavSireblebis gamoyenebiT xis elemenebis SeerTeba 

iseTi saxeobaa, romelSic erTi elementidan meores Zalva gadaecema 
foladis WanWikebis, Reroebis, lursmnebis, xraxnebis, sakidebis, 
Canglebis, Wimebis, dakbiluli firfitebis da sxva liTonis nakeTobebis 
saSualebiT. aqedan yvelaze gavrcelebul liTonis makavSireblebs 
warmoadgens WanWikebi da lursmnebi. 

WanWiki warmoadgens standartul nakeTobas damzadebuls dablad 
legirebuli foladisagan markiT C38/23. xis konstruqciebSi 
gamoyenebuli WanWikebi mzaddeba Cveulebrivi damuSavebiT da maT `Sav~ 
WanWikebs eZaxian. maT aqvT sakmaod didi sigrZeebi, romlebic 
Seesabamebian xis konstruqciebis gabaritebs da sakmaod sqeli oTxkuTxa 
sayelurebi, romlebic uzrunvelyofen WanWikSi aRZruli Zalvis 
gadanawilebas merqnis Telvas farTobze. praqtikaSi yvelaze metad aris 
gavrcelebuli WanWikebi diametriT 12, 16 da 20mm. 

WanWikebis dasayeneblad SesaerTebel elementebSi, burRis erTi 
gavliT, keTdeba WanWikis Sesabamisi diametris xvreli. xvrelebis 
gasakeTeblad zogjer iyeneben specialur Sablonsac. SeerTebebSi 
SeiZleba iyos mosaWimi, gaWimuli da Runvadi WanWikebi. 

SeerTebebi mosaWimi WanWikebiT emsaxureba calkeuli elementebis 
mkvriv SeerTebas ganivi SemWidroebisas, amitom maTSi aRiZvreba 
umniSvnelo Zalebi da maTi gaangariSeba aucilebeli ar aris. diametrs 
iReben konstruqciuli mosazrebiT, magram ara naklebi 12mm-isa da 
SesaerTebeli elementebis jamuri sisqis 0,05-isa. droTa ganmavlobaSi 
mosaWimi WanWikebi, merqnis SeSrobis gamo, iTxoven regulirebas. 
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SeerTebebi gaWimuli WanWikebiT gamoiyeneba xis konstruqciebis 
saankero mimagrebisaTvis sayrdenebze, Sekiduli Werisa da 
mowyobilobebis dasamagreblad da kvanZur SeerTebebSi. aseTi WanWikebis 
gaangariSeba warmoebs saangariSo datvirTvebisagan WanWikSi aRZrul 
gamWimav Zalaze Sesustebuli ganivkveTis kuTxvilze farTobis mixedviT 
(nax. 3.7) formuliT: 

,
0,8

σ = ≤
N R

A
                   (3.3) 

sadac R  aris foladis saangariSo winaRoba, 235=R mpa; 0,8 - 
koeficienti, romelic iTvaliswinebs Zabvebis koncentracias kuTxvilze; 
A  - ganivkveTis farTobi. 
 

 
  

WanWikis sayeluris qveS merqani mowmdeba adgilobriv Telvaze 
formuliT (2.31). TviTon sayeluri ki gaangariSdeba Runvaze moTelili 
merqnis reaqtiul wnevaze, rogorc kvadratuli firfita gverdis sigrZiT 
b  da dayrdnobili centriT WanWikis Tavze. am dros maqsimaluri mRunavi 
momenti d  diametris naxvretiT Sesustebuli sayeluris Sua ganivkveTSi 

/16=M Nb . winaRobis momenti /saW =W M R , xolo saWiro sisqe 

6 /saW saWδ = W R . 

 
magaliTi. 3.2. gaviangariSoT sanivnivo wamweze Sekiduli gadaxurvis grZivebis 
gaWimuli WanWikis sakidari. sakidarSi moqmedi gamWimavi Zala 35kn=N . foladis 

saangariSo wanaRoba 235 .2mpa = 23,5kn/sm=R . 

amoxsna. WanWikis kuTxvilze saWiro ganivkveTis farTobi. 
2/ 0,8 35/ 0,8 23,5 1,86saW sm= = ⋅ =A N R . aviRoT WanWiki diametriT 2,2sm=d . WanWikis 

ganivkveTis farTobi kuTxvilze 2 21,88 1,86saWsm sm= > =A A . (danarTi, cxr. 22). 

 merqnis saangariSo winaRoba adgilobriv Telvaze sayeluris qveS 

boWkoebis ganivad 4 2
T90 mpa = 0, 4kn/sm=R  (danarTi, cxr.2). Telvis saWiro farTobi 

sayeluris qveS 

235 87,5 .
0,4saW

T90

sm= = =
NA

R
 

aviRoT kvadratuli sayeluri gverdis zomiT 10sm=b . 

Telvis farTobi sayeluris qveS 2 2 2 20,25 10 0,25 3,14 2,2π= − = − ⋅ ⋅ =A b d  
2 2 2 2 296,2 96,2 10 100sm sm sm= = < = =b . amitom gavzardoT sayeluris zoma. aviRoT 

11sm=b . 2 2 2 2 20,25 11 0,25 3,14 2,2 117,2smπ= − = − ⋅ ⋅ =A b d .O 
Telvis Zabva 

nax. 3.7. SeerTeba gaWimuli 
WanWikebiT: a - WanWiki; b - WanWikisa 
da merqnis muSaobis sqema; g - 
sayeluris muSaobis sqema; 1 - 
sayeluri; 2 - Tavi; 3 - Rero; 4 - 
qanCi; 5 - Zabvis epiurebi. 
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235 0,3 .
117,2

kn/smσ = = =
N
A

 

maqsimaluri mRunavi momenti sayeluris ganivkveTSi 
35 11 24,1 .

16 16
kn.sm

⋅ ⋅
= = =

N bM  

sayeluris saWiro winaRobis momenti 

324,1 1,03 .
23,5saW sm= = =

MW
R

 

sayeluris saWiro sisqe 

6 6 1,03 0,84 .
11 2,2

saW

saW smδ ⋅
= = =

− −

W
b d

 

sayeluris sisqes viRebT 9mmδ = . 
Runvaze momuSave WanWikebiT SeerTeba miekuTvneba e.w. wirwkimalebis 

klass (nax. 3.8). romelSic makavSireblebi (WanWikebi) ZiriTadad Runvaze 
muSaoben, nawilobriv ki Wraze. aseTi SeerTebebi warmatebiT gamoiyeneba 
xis konstruqciebis pirapirebSi da kvanZebSi, sadac isini 
ewinaaRmdegebian SesaerTebeli elementebis urTierTZvras. am elementebSi 
Zalvebi SeiZleba iyos mkumSavi, gamWimavi an niSancvladi. sayelurebi 
analogiuria momWimavi WanWikebis. WanWikSi Runvasa da Wras iwvevs 
merqnisagan gadmocemuli reaqtiuli Zalvebi. 

 
nax. 3.8. SeerTebebi ÙRunvad WanWikebze: a - ganlagebis sqema; b - saangariSo 
sqemebi; g - muSaobis sqema; 1 - pirdapiri ganlageba; 2 - Wadrakuli; 3 - liTonis 
zedebiT; 4 - SeerTebebi kuTxiT; 5 - simetriuli orWradi; 6 - arasimetriuli 
erTWradi; 7 - merqnis Telvis Zabvis epiura. 
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WanWikebis ganlagebis sqemebi da maT Soris manZilebi mocemulia 
nax. 3.8-ze. SeerTebis mzidunarianoba pirdapir damokidebulebaSia 
SesaerTebeli elementebis Zvris sibrtyeebis (WraTa ricxvis) 
raodenobasTan. Tumca gaangariSebisas Wris Zabvebi WanWikebSi SedarebiT 
mcirea da isini ar gansazRvraven SeerTebis mzidunarianobas. 

SeerTebebSi Runvadi WanWikebis gaangariSeba warmoebs saangariSo 
datvirTvebisagan aRZruli N  grZivi Zalis mixedviT. SeerTebis cal 
mxareze WanWikebis saWiro raodenoba ganisazRvreba formuliT:  

,saW

Wr

=
Nn

Tm
                      (3.4) 

sadac Wrm  aris SeerTebaSi WraTa (nakerebis) ricxvi; T -erT Wraze 

WanWikis minimaluri mzidunarianoba, romelic damokidebulia WanWikis 
diametrze d , Sua elementis sisqeze c , ganapira elementebis sisqeze a , 
simetriulobaze da elementebs Soris kuTxeze koeficientiT αk , romlis 

mniSvnelobebi mocemulia 3.1 cxrilSi. 
cxrili 3.1.  

koficienti αk  

foladis, aluminis da minaplastikis 
wirwkimalebisaTvis diametriT, mm 

kuTxe 
gradusebSi 

12 16 20 24 

muxis 
wirwkimalebisaTvis

30 
60 
90 

0.95 
0.75 
0.7 

0.9 
0.7 
0.6 

0.9 
0.65 
0.55 

0.9 
0.6 
0.5 

1.0 
0.8 
0.7 

 
WanWikis mzidunarianoba simtkiceze ganisazRvreba Semdegi formulebiT: 
 
WanWikis Runvis pirobidan xis zedebis SemTxvevaSi: 

( )2 21,8 0,02 ;R α= +T d a k                          (3.5) 

igive liTonis zedebis SemTxvevaSi: 
22,5 ;R α=T a k                              (3.6) 

Sua elementis Telvis pirobidan: 

0,5 ;α=cT cdk                              (3.7) 

ganapira da ufro Txeli erTWradi elementis Telvis pirobidan: 

0,8 ;α=aT adk                              (3.8) 

ganapira da ufro sqeli erTWradi elementis Telvis pirobidan: 

0,3 .α=aT adk                              (3.9) 

liTonis zedebiT SeerTebebi ZiriTadad gamoiyeneba konstruqciis 
kvanZebSi, xolo xis zedebiT- koWebSi, wamweebis sartyelebSi, kamaris 
kexis kvanZSi da sxva. 

Runvadi WanWikebiT SeerTebis analogiuria SeerTebebi Runvadi 
liTonis ReroebiT, romelic daaxloebiT 25%-iT iafia. mokle foladis 
Reroebi SeerTebebSi liTonis zedebiT eyreba merqnis yru xvrelebSi 
(ara gamWolSi). isini gaangariSdeba, rogorc erTWradi simetriuli 
Runvadi makavSireblebi da uwodeben yru wirwkimalebs. 

Tu foladis WanWikebs muSaoba uxdebaT tenian an agresiul 
garemoSi, umjobesia isini SevcvaloT aluminis (markiT Д-16) an 
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minaplastikis (markiT АГ-4С) WanWikebiT. maTi mzidunarianoba erT Wraze, 
Sesabamisad gamoiTvleba formulebiT: 

2 2 2 21,6 0,02 1,45 0,02R Rda= + = +T d a T d a            (3. 10) 

lursmovani SeerTeba martivi, magram metad Sromatevadi SeerTebis 
saxeobaa da SedarebiT iSviaTad gamoiyeneba. misi sortamenti mocemulia 
danarTSi (cxr. 15). xis konstruqciebSi umetesad gamoiyeneba lursmnebi 
diametriT 3, 4, 5 da 6mm. merqanSi lursmnis Casoba xdeba xelis an 
pnevmatikuri CaquCis daxmarebiT. 

SeerTebaSi lursmnebis ganlagebis wesebi gamoricxavs 
SesaerTebeli elementebis gaxleCas, romelic miT ufro mosalodnelia, 
rac sisqe naklebia, amitom lursmnis diametri miiReba ara umetes 
elementis sisqis meoTxedisa. lursmnebis ganlagebis da muSaobis sqemebi 
mocemulia nax. 3.9-ze. 

 

 
 

nax. 3.9. SeerTebebi Runvadi lursmnebis gamoyenebiT: a - ganlagebis sqemebi; b - 
saangariSo sqemebi; 1,2 - pirdapiri da Wadrakuli ganlageba; 3 - liTonis 

zedebSi; 4 - SeerTebebSi kuTxiT; 5 - simetriuli orWradi; 6 - arasimetriuli 
erTWradi. 

 
lursmnovani SeerTebis gaangariSeba principulad ar gansxvavdeba 

WanWikebiT SeerTebisagan. 
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magaliTi 3.3. davadginoT erTi vertikaluri ficris or horizontalur 
ficarTan SeerTebisaTvis saWiro lursmebis zomebi da raodenoba. samive 
ficris ganivkveTi erTnairia 5 15sm× = ×b h . vertikalur ficarze moqmedebs 
grZivi gamWimavi Zala =11,6knN . 

amoxsna. vertikaluri ficris bolo Sedis horizontaluri ficrebis SuaSi da 
erTmaneTs uerTdebian lursmnebiT diametriT = 0,5smd  da sigrZiT =15sml . 

SeerTeba orWradia ( Wr = 2n ) da simetriuli. SesaerTebeli elementis sisqea 

= 5sm=a c . lursmnis wamaxvilebuli wveris zoma 0 1,5 0,5 0,75=1,5 sm= ⋅ =l d ; ficrebs 

Soris SesaZlo RreCos zoma Rr = 0, 2δ sm; manZili SeerTebis nakeridan lursmnis 

muSa sigrZis bolomde  
(anu ra sigrZezea lursmani Casuli ganapira elementSi) 
 1 02 Rr =15 - 2 5 - 0, 75 - 2 0, 2 = 3,83sm.δ= − − ⋅ ⋅l la b   

lursmnis mzidunarianoba erT Wraze: 
lursmnis Runvis pirobidan 

2 2 2 22,5 0,01 2,5 0,5 0,01R = 3,83 = 0, 77kn;= + ⋅ + ⋅T d a  

Sua elementis (ficris) Telvis pirobidanL: 
0,5 0,5 5 0,5= =1, 25kn;= ⋅ ⋅cT cd  

ganapira elementis Telvis pirobidan 

1 10,8 0,8 3,83 0,5= =1,53kn.= ⋅ ⋅aT a d  

lursmnis saangariSo amtanunarianoba min R = 0, 77kn=T T . 

lursmnebis saWiro raodenoba 
11,6

0,77 2saW

min Wr

= 7,53cali.= =
⋅

Nn
T n

 

viRebT 8 cal = 5mmd  da =150mml  lursmans da SeerTebis 
ganxorcielebisaTvis TiToeul mxares vasobT 4 cals. konstruqciuli 
mosazrebiT, gaangariSebis gareSe, SeerTebas vaZlierebT erTi cali momWimavi 
WanWikiT diametriT W =12mmd . 

xraxnuli SeerTebebi (nax. 3.10). xraxni warmoadgens standartul 
foladis nakeTobas da Sedgeba Tavis, gluvi da dakuTxvili 
nawilebisagan. misi diametri izomeba gluvi nawilis mixedviT. 

 

 
xraxns, romlis diametri 12mm<d , ewodeba Surupi. mas aqvs 

sferuli an brtyeli Tavi ganaWeriT, romelSic Cadis xelis an eleqtro 
saxraxnisis piri, romelTa daxmarebiTac igi Caixraxneba merqanSi. Tu 
xraxnis diametri 12mm≥d , maSin mas uwodeben yru WanWikebs. maT aqvT 
kvadratuli an eqvskuTxa Tavi da Caixraxneba merqanSi qanCis gasaRebis 
saSualebiT.  

nax. 3.10. xraxnuli SeerTebebi: 
a - yru WanWiki; b - Surupi; g 
- xraxnebis muSaobis sqema 
Runvaze; d - igive amoZrobaze. 
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 xraxnebi gamoiyeneba liTonis zedebis merqanTan misamagreblad. 
merqanSi naxvretis diametri miiReba xraxnis gluvi nawilis diametris 
0,8 nawili, raTa xraxnis dakuTxvili nawili mWidrod Caixraxnos 
merqanSi. maT Soris daSoreba boWkoebis gaswvriv miiReba 10d , ganivad - 
5d ; gluvi nawilis CaZirva merqanSi - 4d . 

amoZrobaze momuSave xraxnebiT ganxorcielebuli SeerTebebi 
miekuTvneba SeerTebebis klass gaWimuli makavSireblebiT. aseT 
SeerTebebSi xraxnebi ewinaaRmdegebian merqnidan liTonis detalebis 
aglejvas, romlebSic aRiZvrebian gamWimavi Zalebi. xraxnis saangariSo 

winaRoba amoZrobaze metia, vidre lursmnis da Seadgens xr =1mpaR . 

xraxnis mzidunarianoba amoZrobaze gamoiTvleba formuliT:      

xr xr 1= π lT R d                     (3.11.)  
d  aris xraxnis gluvi nawilis diametri; 1l  - xraxnis dakuTxvili 

nawilis sigrZe. 
 zogierT SemTxvevaSi xraxnebi iseT SeerTebebSic gamoiyneba, sadac 
maT uwevT muSaoba Runvaze da maTi gaangariSeba iseve xdeba, rogorc 
Runvadi WanWikebis.                              
 SeerTeba sakidiT miekuTvneba gaWimuli makavSireblebis SeerTebis 
klass. mas iyeneben iseTi elementebis SesaerTeblad, romlebSic 
moqmedeben ganivi gamWimavi N  Zalebi. amitom mas SeiZleba qondes 
marTkuTxa, naxevradmoRunuli an moRunuli forma. sakidebis ganivi 
elementebi Sedgeba furclovani an profilirebuli foladisagan. maT 
erTmaneTTan dasakavSirebelad iyeneben WanWikebs. es WanWikebi 
gaangariSdeba gaWimvaze, xolo ganivi elementebi - Runvaze. gaWimvaze 
gaangariSdeba agreTve moRunuli sakidebi. merqani sakidebis qveS, 
Cveulebrivad, gaangariSdeba Telvaze. 
 SeerTebebi Canglebis gamoyenebiT miekuTvneba konstruqciuli 
ESeerTebebis klass (nax. 3.11.). Canglebi mzaddeba wriuli (an kvadratuli) 
ganikveTis foladis Rerosagan diametriT 10...18mm  da gamoiyeneba 
damatebiTi an mafiqsirebeli kavSirebisaTvis nagebobebSi, romlebic 
aSenebulia morebis an Zelebisagan - xidebis sayrdenebi, morebisagan 
ganxorcielebuli wamweebi, xaraCoebi, yalibebi da sxv. ficrul 
konstruqciebSi Canglebis gamoyeneba dauSvebelia. 

 
nax. 3.11. SeerTebebi Canglebis gamoyenebiT. 
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Canglebi, rogorc wesi, Caesoba SesaerTebel elementebSi boloebiT 

(kotebiT) merqnis winaswar gaburRvis gareSe. erTi Canglis 
mzidunarianobaEnormebiT gansazRvruli ar aris. 
 SeerTebebi Cawebebuli foladis ReroebiT warmoadgens dawebebuli 
xis elementebis weboze SeerTebis nairsaxeobas, romelic xorcieldeba 
perioduli profilis mokle armaturis ReroebiT klasiT А-II da А-III, 
diametriT 12...25mm. isini Caewebeba sworkuTxa RarebSi zediT an mrgval 
xvretebSi da uzrunvelyofen SeerTebis pirapiris simtkices (nax. 3.12). 
Casawebebelad ZiriTadad gamoiyeneba epoqsidur - cementis webo. merqnis 
tenianoba aseT SeerTebebSi ar unda aRematebodes 12%. 
 

 
 
nax. 3.12. SeerTebebi Cawebebuli ReroebiT: a - grZivad Cawebebuli; b - daxrilad 

Cawebebuli; 1 - armaturis Rero; 2 - xvreti; 3 - Rari; 4 - Zelaki (zedi). 
 

Raris an xvretis zoma miiReba armaturis Reros diametrze 5 mm-iT 
meti. 
 Casawebebeli armaturis Reros mzidunarianoba amoZrobaze an 
CaWyletaze, boWkoebis grZivad da ganivad, gaWimul da SekumSul xis 
elementebSi (naZvi, fiWvi) ganisazRvreba formuliT: 

( )0,005 ,ax axπ= +lT d R K                                (3.12) 
sadac l  aris Cawebebis siRrme; d  - Reros diametri; 2,1ax mpa=R  - merqnis 

maqsimaluri saangariSo winaRoba axleCaze SeerTebebSi boWkoebis 

grZivad; axK  - koeficienti, romelic iTvaliswinebs Cawebebis sigrZeSi 

axleCis Zabvis ganawilebas da gamoiTvleba formuliT: 

( )1,2 0,02 .ax = − ⋅
lK
d

                                 (3.13) 
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 grZivad Cawebebuli Reroebis raodenoba, romelzec moqmedebs 
gamWimavi an mkumSavi N  Zala, gamoiTvela formuliT: 

.saW =
Nn
T

                                       (3.14) 
daxrilad Cawebebuli Reroebi muSaoben Zvraze da merqnis Telvaze 

boWkoebis ganivad. dasawyisSi muSaobas drekadi xasiaTi aqvs, Semdeg 
gadadis plastikurSi da SeerTeba irRveva didi deformaciebis 
ganviTarebiT merqnis adgilobrivi Telvis gamo. aseTi SeerTebis 
mzidunarianoba ufro metia, vidre grZivad Cawebebuli Reroebis. Zabvis 
araTanabari ganawilebis koeficientis mniSvnelobac sagrZnoblad metia. 

SeerTebebi daxrilad Cawebebuli foladis ReroebiT efeqturad 
gamoiyeneba konstruqciebis sayrdenebsa da Sualed kvanZebSi. 

s. turkovskis (moskovi) mier Catarebulma Teoriul-
eqsperimentalurma kvlevebma aCvena, rom daxrilad Cawebebul Reroebs 
aqvT sakmarisi simtkice da warmatebiT SeiZleba iqnas gamoyenebuli 
dodgabaritiani dawebebul xis konstruqciebSi grZivi Zalebis misaRebad, 
magaliTad dgarebis xist damagrebaSi, gaWimuli elementebis pirapirebSi, 
CarCoebis xist kvanZebSi da sxva.                            
 
magaliTi 3.4. SevarCioT grZivad Cawebebuli armaturis Reroebis raodenoba, 
ganivkveTi da Cawebebis siRrme ori Zelis SeerTebis pirapirisaTvis. Zelebis 
ganivkveTia 17,5 17,5sm× , romlebSic moqmedebs saangariSo datvirTvebisagan 
gamowveuli grZivi gamWimavi Zala =125knN . 

amoxsna. wyvilad ganTavsebuli Reroebis maqsimaluri diametri 
/ 7 =17, 5/7 = 2, 5sm=d b . aviRoT Rero diametriT 2, 2sm=d  Cawebebis siRrme 

10 10 2, 2 = 22sm= = ⋅l d . axleCis Zabvis uTanabrobis koeficienti 

221,2 0,02 1,2 0,02 1.
2,2ax = − ⋅ = − ⋅ =

lK
d

 

merqnis saangariSo winaRoba axleCaze 2,1 0,21 .2ax mpa kn/sm= =R   

erTi Reros saangariSo mzidunarianoba amoZrobaze  

( ) ( )0,005 3,14 22 2,2 0,005 0,21 1,1 32ax ax knπ= + = ⋅ + ⋅ ⋅ =lT d R K  

Reroebis saWiro raodenoba 
125
35,2saW

min Wr

= 3,9cali.= =
Nn

T n
 

aviRoT 4 cali Rero diametriT 2,2sm=d , А– II klasis, 280 28 2mpa kn/sm= =R . 

4 Reros ganivkveTis jamuri farTobi 3,8 15,2 .24 sm= ⋅ =A  
SevamowmoT Reroebis simtkice amoZrobaze (gaWimvaze): 

125 8,2 28 .
15,2

2 2kn/sm kn/smσ = = = < =
N R
A

 

 
SeerTebebi liTonis dakbiluli firfitebiT (ldf). isini 

warmoadgens foladis furclisagan damzadebul 1,2....2mm sisqis 
firfitebs, romlebSic amoStampulia lursmnis magvari kbilebi 
amoRunuli 900. xis elementebis ldf-ze ganxorcielebuli SeerTebebis 
(nax. 3.14) upiratesobaa maRali industriuloba da ekonomiuroba. 
SeerTebis awyoba xdeba erTdoulad orive mxridan wnexis saSualebiT 
(wneva 5mpa), specializirebul sawarmoebSi an xis gadamamuSavebel 
saamqroebSi. 
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nax. 3.13. liTonis dakbiluli firfita sisqiT 2mm. 
 
 

 
 

nax 3.14. SeerTeba liTonis dakbiluli firfitebiT. 
 

ldf rekomendebulia davamzadoT furclovani naxSirbadiani 
foladiT markiT 0,8кп an 10кп sisqiT 1,2 da 2mm da dafaruli iyos 
antikoroziuli TuTiis an aluminis feniT. 
 ldf-s SeerTebebze ganxorcielebuli xis konstruqciebi 
gaangariSdeba Zalvebze, romlebic aRiZvrebian maTSi mudmivi da 
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droebiTi datvirTvebisagan Senobis eqspluataciis periodSi, agreTve 
transportirebisa da montaJis dros. 
 SeerTebis gaangariSeba daiyvaneba ldf-s saWiro farTobis 
gansazRvraze, romelic kontaqtSia elementis orive mxareze da TviTon 
firfitis simtkicis Semowmebaze. 
 firfitis saWiro muSa farTobi (konturze 10mm zolis gamoklebiT) 
ganisazRvreba formuliT: 

,
2f

β

=
NA
R

                      (3.15) 

sadac N  aris Zalva misaerTebel elementSi: 0,2(cos 2 3)β β= +R  ldf-s 

saangariSo amtanunarianoba ( βR -s gansazRvrisaTvis arsebobs grafikebi); 

β  - kuTxe Zalisa da boWkoebis mimarTulebebs Soris. 
 Zabva firfitebSi, romlebic SeerTebebSi SeiZleba muSaobdes 
gaWimvaze, kumSvaze da Wraze, ar unda aRematebodes saangariSo 
sidideebs. 

 
3.6. SeerTebebi weboze 

 
webo warmoadgens bunebriv an sinTezur nivTierebas, romelsac 

iyeneben sxvadasxva masalebis Sesawebeblad. weboTi ganxorcielebuli 
SeerTeba xisti SeerTebis saxes warmoadgens. xis konstruqciebis 
Sesawebeblad ZiriTadad gamoiyeneba fenoluri (fenolformaldehiduri), 
rezorcinuli, fenolur-rezorcinuli, karbamiduli, saxuroe da sxva 
saxis weboebi. 

merqnis dawebebis dros webos xarji Seadgens 200...300 grams 1m2 
farTobze. webovan nakers yvelaze maRali simtkice axasiaTebs im 
SemTxvevaSi, roca Sesawebebeli elementebis zedapirebi paraleluria 
merqnis boWkoebis mimarTulebis. Sewebebis simtkiceze did gavlenas 
axdens merqnis simkvrive. rac metia simkvrive, miT metia Sewebebis 
simtkice. Sewebebisas gamoiyeneba mxolod mSrali merqani ( 10...20%=w ). 

dawebebul xis konstruqciebSi, rogorc wesi, mimarTaven sworkuTxa 
formis Sedgenil ganivkveTs. rekomendebuli ar aris xis elementebis 
kuTxuri SeerTeba dawebebis saSualebiT, radganac aseTi SeerTebis 
simtkice Zalian mcirea. aseve ar aris mizanSewonili dawebebuli 
Sedgenili koWis tesebri an ortesebri ganivkveTi, vinaidan aseT koWebSi 
kedlisa da Taros dakavSireba konstruqciis sust adgils warmoadgens. 

xis konstruqciebis Sewebebis nakeris kontroli warmoebs 
ultrabgeriTi defeqtoskopiis gamoyenebiT, agreTve rentgenis an gama 
sxivebis saSualebiT. 

webovani SeerTebis pirapirebi, ganlagebisa da muSaobis xasiaTis 
mixedviT, SeiZleba davyoT sam jgufad (nax. 3.15): sibrtyiTi (fenovani) 
pirapiri, pirapiri nawiburebiT da erTdroulad sibrtyiTi da 
nawiburebiT. sibrtyiTi warmoadgens ficrebis sibrtyiT SeerTebas. 
nawiburebiT - ficrebis SeerTebas nawiburebiT. igi gamoiyeneba 
didgabaritiani dawebebuli elementebis damzadebisas, roca ganivkveTis 
sigane metia, vidre calkeuli ficrebis sigane. sibrtyiTi da nawiburebiT 
SeerTebebis (nax. 3.15, 3) magaliTia, roca erTi ficari sibrtyiT uerTdeba 
meore ficars nawiburiT. aseTi SeerTebis gamoyenebas praqtikaSi unda 
veridoT, radgan Sewebebis sibrtyeSi, Runvaze momuSave elementSi, 
waermoiSoba arasasurveli amxleCi Zabva. 
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nax. 3.15. webovani SeerTebebi: a - sibrtyiTi; b - ulvaSiseburi; g - kbilana; d - 
kuTxuri; 1 - sibrtyiTi pirapiri; 2 - pirapiri nawiburebiT; 3 - sibrtyiTi da 
nawiburiT; 4 - kbilana; 5 - faneris ulvaSisebri pirapiri; 7 - kuTxuri kbilana 
pirapiri. 
 

 sworxazovan elementebSi Sesawebebeli ficrebis sisqe 42f mmδ ≤ , 

xolo mrudxazovanSi - ar unda aRematebodes 33mm. praqtikaSi masiuri 
dawebebuli xis konstruqciebis dasamzadeblad ZiriTadad iyeneben 
ficrebs sisqiT 25...26mm. 
 dawebebuli xis elementebis gaangariSeba mTliankveTiani 
elementebis gaangariSebis analogiurad warmoebs, mxolod Runvaze da 
eqscentrul kumSvaze momuSave elementebi Semowmebuli unda iqnes 
axleCaze, webovan nakerSi mosalodneli Seuwebeblobis gamo, Semdegi 
formuliT: 

,ax

ax

τ = ≤
QS R

Jbm
                  (3.16) 

sadac Q  aris moqmedi ganivi Zala; S  - ganivkveTis nawilis statikuri 

momenti, romelic ganicdis axleCas; J  - ganivkveTis inerciis momenti; b  

- webovani nakeris sigane; axm  - muSaobis pirobebis koeficienti da aiReba 

0,6-is toli. 
 SeerTebaTa sxva ganxilul saSualebebTan SedarebiT xis 
elementebis SeerTeba weboTi ufro srulyofili da progresulia. mas 
iseTive wili uWiravs xis konstruqciebSi, rogorc SeduRebiT SeerTebas 
liTonis konstruqciebSi. amJamad weboTi SeerTeba xis konstruqciebSi 
gamoyenebuli yvelanairi SeerTebebis 85...90% Seadgens. 
 

3.7. SeerTebebi xis makavSireblebiT 
 

aseTi tipis makavSireblebs miekuTvneba magari jiSis merqnisagan 
damzadebuli sogmanebi da wirwkimalebi. 
 sogmani iseT sadebs ewodeba, romelic ZiriTadad kumSvaze muSaobs 
da SesaerTebeli elementebis urTierTZvras ewinaaRmdegeba. igi Tavsdeba 
winaswar amoRebul budeSi (nax. 3.16). sogmanebiT SeerTebaSi Zalvebis 
gadacemis dros sogmani da SesaerTebeli elementebi Telvasa da 
axleCaze muSaoben. 
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nax. 3.16. SeerTeba xis sogmanebis gamoyenebiT: a - saerTo xedi; b - sogmanis 

muSaobis sqema; −a a - axleCis sibrtye; v  - ganmbjeni; l i  - sogmanis sigrZe; f  - 

CaWris simaRle; b  - sogmanis sigane. 
  

sogmanebiT SeerTebis Taviseburebas warmoadgens ganmbjenis 
arseboba, romelic sogmanze eqscentrulad modebuli Zalebis  gavleniT 
warmoiSoba da sogmanis mobrunebas cdilobs, amitom ganmbjenis 
Casaqrobad saWiro xdeba muSa Semkravi foladis WanWikebis dayeneba. 
 xis prizmuli sogmanebi ori tipisaa: grZivi da ganivi. grZivi 
sogmanis SemTxvevaSi misi da SesaerTebeli elementebis boWkoebis 
mimarTuleba erTmaneTs emTxveva, xolo ganivi sogmanebisas misi 
boWkoebis mimarTuleba SesaerTebeli elementebis boWkoebis 
mimarTulebis marTobulia. meore SemTxvevaSi, sogmanis budeSi mWidrod 
Casmis uzrunvelsayofad, isini SeiZleba davamzadoT ori solismagvari 
elementisagan. 
 praqtikulad sogmanebiT SeerTeba sakmaod rTuli 
gansaxorcielebelia, radganac budeebSi sogmanebi erTnairi sizustiT 
unda iyos Casmuli, winaaRmdeg SemTxvevaSi, Zalis modebis Semdeg, 
mWidrod Casmuli sogmanebi adre CaerTveba muSaobaSi, danarCeni gvian, 
rac aseTi SeerTebis arasaimedo muSaobaze miuTiTebs. garda amisa 
sogmanebisaTvis budeebis amoReba da WanWikebisaTvis xvretebis gakeTeba 
mniSvnelovnad asustebs SesaerTebeli elementebis ganivkveTs. 
 yovelive zemoTqmulis da kidev sxva uaryofiTi mxareebis, 
gansakuTrebiT ki axleCaze cudi muSaobis gamo, sogmanebiT SeerTebebs 
iSviaTi gamonaklisis garda aRar mimarTaven. 
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 wirwkimali (nageli) ewodeba Reros an firfitas, romelic 
SesaerTebeli elementebis urTierTZvras ewinaaRmdegeba, TviTon Runvaze 
muSaobs, xolo SesaerTebeli elementebis merqani - Telvaze. masalad 
gamoiyeneba magari jiSis merqani, foladi, alumini da plastmasa. 
SeerTebebi SeiZleba iyos erTWradi, orWradi da mravalWradi, rac 
damokidebulia SesaerTebeli elementebis raodenobaze. ganawileba 
SeiZleba iyos sworkuTxa, Wadrakuli an iribi. 
 xis samSeneblo konstruqciebSi yvelaze metadaa gavrcelebuli 
muxis firfitovani wirwkimalebi (nax. 3.17), romlebic warmoadgens 
standartuli zomebis firfitebs, ZiriTadad Runvaze muSaoben da 
SesaerTebeli sqeli Zelebis winaswar amoRebul budeebSi ismebian. isini 

mzaddeba ori standartuli zomis: 54 12f f mmδ = ×l  da 72 16mm× . SeerTebaSi 

firfitebis RerZebs Soris manZili 9 fδ=S , xolo budis CaWris siRrme ar 

unda aRematebodes Zelis ganivkveTis simaRlis mexuTeds. Tu 
SesaerTebel elementebis saerTo sigane 15sm≤b , maSin keTdeba gangmiri 
firfitebi (romelic Zelis mTel siganeze gadis, nax. 3.17, a), xolo Tu 

15sm>b  - yru firfitovani wirwkimalebi (nax. 3.17, b). 

 
nax. 3.17. SeerTebebi firfitovan wirwkimalebze: a - gangmiri firfitebiT; b - yru 

firfitebiT. 
 
 fiWvis (naZvis) merqnis elementebis SeerTebisas muxis an aryis xis 
firfitovani wirwkimalis mzidunarianoba 

0,75 ,f f=T b                    (3.17) 
sadac fb  aris firfitovani wirwkimalis sigane, romelic gangmiri 

wirwkimalebisaTvis miiReba SesaerTebeli elementebis siganis toli 

f =b b , xolo yru wirwkimalebisaTvis - 0,5f =b b . 
 rodesac SesaerTebeli elementebi damzadebulia sxva jiSis 
merqnisagan, saWiroa gaangariSebaSi Semasworebeli koeficientis Seyvana, 
romlis mniSvnelobebi mocemulia samSeneblo normebsa da wesebSi. 
 



 59

Tavi 4. sibrtyiTi mTliankveTiani xis konstruqciebi 
 

4.1. zogadi cnobebi 
 
sibrtyiT mTliankveTian xis konstruqciebs miekuTvneba 

konstruqciebi, romlebsac aqvT mTliani ganivkveTi (gisosis elementebis 
gareSe) da gare datvirTvebisagan warmoSobili Siga Zalvebi moqmedeben 
konstruqciis sibrtyeSi. 

aseTi tipis xis konstruqciebi SeiZleba iyos ori saxeobis: 
a) koWebi, grZivebi, nivnivebi, dgarebi _ romelTa parametrebi 

(sigrZe, ganivkveTis zomebi) Tavsdeba daxerxili xis masalis sortamentis 
monacemebSi; 

b) firfitovan wirwkimalebze (an sogmanebze) ganxorcielebuli 
Sedgenili koWebi, lursmnovani koWebi jvaredina ficruli kedliT, 
Sedgenili dawebebuli koWebi, dgarebi, kamarebi, CarCoebi, samkuTxa 
ganmbjeniani sistemebi - romelTa geometriuli parametrebi aRemateba 
sortamentis monacemebs. 

sibrtyiTi mTliankveTiani xis konstruqciebi ZiriTadad mzaddeba 
qarxnuli wesiT, Tumca SesaZlebelia maTi damzadeba adgilzec - 
samSeneblo moedanze, kvalificiuri muSaxelisa da saWiro teqnikuri 
aRWurvilobis arsebobis pirobebSi. konstruqciis tipis SerCevisas 
saWiroa mxedvelobaSi iqnes miRebuli mzid konstruqciebs Soris 
daSoreba (biji), moxazuloba, Semomfargvleli konstruqciis saxeoba, 
konstruqciis fardobiTi simaRle, forma, ganivkveTis dasaSvebi zomebi, 
arqiteqturuli da xanZarsawinaRo moTxovnebi, adgilobrivi pirobebi, 
komerciuli mxare, mSeneblobis xangrZlivoba da mravali sxva faqtori. 

Sedgenili koWebis mali l =6...30m, ganmbjeniani samkuTxa sistemebis 
l =9...60m, wriuli moxazulobis kamarebis l =12...72m, xolo CarCoebis mali 
l =9...36m. 

 
4.2. fenilebi da molartyva 

 
ficrebisa da Zelakebisagan ganxorcielebuli fenilebi gamoiyeneba 

sxvadasxva tipis gadaxurvebSi. rulonuri burulis qveS iyeneben ormag 
fenils. zeda damcavi fena keTdeba mijriT miwyobili ficrebisagan qveda 
ficrebis mimarTulebisadmi 45...600 kuTxiT. qveda muSa fenilis ficrebi 
an Zelakebi ewyoba upiratesad grZivebis marTobulad da gauxSoebulad 
(erTmaneTisagan daSorebiT) ficrebis mzidunarianobis ukeT gamoyenebis 
mizniT, agreTve fenilis orive fenis kargi ganiavebisaTvis. muSa fenis 
Zelakebs Soris manZili aiReba 1...1,5m. aseTi konstruqcia qmnis saxuravis 
xist disks, romelic uzrunvelyofs Senobis gadaxurvis xis 
konstruqciebis sivrciT sixistes da xels uwyobs burulze moqmedi 
Seyursuli datvirTvis gadanawilebas saxuravis farTobis nawilze. 

SesaZlebelia erTfeniani fenilebis gamoyenebac, romlebsac qveda 
mxridan milursmnuli aqvs gamanawilebeli ficrebi an Zelakebi. 

rodesac saxuravis burulad gaTvaliswinebulia furclovani 
masalis (foladis, aluminis, azbestcementis, minaplastikis furclebi) 
an kramitis gamoyeneba, maSin gadaxurvebSi iyeneben ficrebisagan an 
Zelakebisagan ganxorcielebul molartyvas (gauxSoebuli fenili) 
ganivkveTebiT ara naklebi 50X50mm. Zelakebis ganlagebis biji 
damokidebulia burulis saxeobasa da zomebze. 
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Tanamedrove mSeneblobaSi saxuravebisaTvis ZiriTadad iyeneben 
asawyob standartul saxuravis farebs, rac mniSvnelovnad aCqarebs 
saxuravis montaJs da amcirebs xis masalebis xarjs (nax. 4.1). 

fenilebi da molartyva muSaobs ganiv Runvaze. maTi gaangariSeba 
xdeba koWis ormaliani sqemiT datvirTvebis orgvari Sexamebisas (nax. 4.2): 

 

 
 

nax. 4.1. gadaxurvis fenilis ficrul-lursmnovani farebi: a - fari ormagi 
jvaredina feniliT; b - fari erTmagi iribebiani feniliT; 1 - ficrebi; 2 - 
lursmnebi; 3 - iribi damcveli fenili; 4 - gauxSoebuli muSa fenili; 5 - 

iribebi; 6 - ganivebi. 
 

 
 

nax. 4.2.  fenilebisa da molartyvis saangariSo sqemebi: a - Tanabrad 
ganawilebuli datvirTvis sqemebi; b - igive, Seyursuli datvirTvisaTvis; g, d - 
muSaobis statikuri sqemebi: g - datvirTvebis pirveli Sexameba; d - 
datvirTvebis meore Sexameba. 
 
 1. mudmivi da Tovlis datvirTvis erTdrouli moqmedebisas 
gaangariSeba xdeba simtkicesa da CaRunvaze (pirobiTad vRebulobT 
fenilis zols siganiT 1m) formuliT: 

,maq

R R R

n

σ = ≤
M

R m
W

                           (4.1) 

sadac 20,125( )maq = + lM g S  aris maqsimaluri mRunavi momenti; 1,15R =m  - 

muSaobis pirobebis koeficienti; g  da S  - mudmivi da Tovlis 

datvirTvebis saangariSo mniSvnelobebi. 
CaRunva 
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[ ]
42,13 ,

384 150

n

= ⋅ ≤ =
l lqf f

EJ
                       (4.2) 

sadac nq  aris mudmivi da droebiTi (Tovlis) datvirTvebis jamuri 
normatiuli mniSvneloba. 

2. mudmivi da Seyursuli droebiTi datvirTvis (adamianis wona 
instrumentebianad 1, 2kn=P ) Sexamebisas gaangariSeba warmoebs mxolod 

simtkiceze. Seyursuli Zalis modebis yvelaze araxelsayreli adgilia 
sayrdenidan 0,432 l  manZili (nax. 4.2, g). am SemTxvevaSi maqsimaluri mRunavi 
momenti 

20,07 0,21 ,maq = +l lM g S                 (4.3) 
xolo Zabva gaangariSdeba 4.1. formuliT. 
 saxuravis qanobis ganivad ganlagebuli gauxSoebuli fenilis 
gaangariSeba xdeba irib Runvaze (2.25) da (2.26) formulebiT. fenilis 
saangariSo sigane miiReba ficrebis ganlagebis bijis toli mxolod 
erTi ficris ganivkveTis gaTvaliswinebiT an 1m-is toli da am dros 
mxedvelobaSi miiReba am siganeze ganlagebuli yvela ficris ganivkveTi. 
Seyursuli datvirTva 1, 2kn=P  iTvleba mTlianad modebulad TiToeul 

ficarze, Tu maT Soris biji 15sm>B . Tu 15sm≤B  maSin ficarze moedeba 
am datvirTvis naxevari (nax. 4.2, b). 
 
magaliTi 4.1. SevarCioT da SevamowmoT Tbili saxuravis ormagi erTmaneTisadmi 
kuTxiT orientirebuli ficruli fenili (nax. 4,1, a) Semdegi monacemebis 

mixedviT: saxuravis qanobi i = 1: 4 , 0α= 14 , sinα= 0,25 , cosα= 0,97 . fenilis faris 
sigrZe ml = 3 , romelic eyrdnoba mL = 1,5  bijiT ganlagebul grZivebs. 
ficrebisagan ganxorcielebuli uwyveti iribi fenili ganivkveTiT 

sm1 1b × h = 10×1,6 , milursmnulia muSa fenilze 045 -iani kuTxiT. saWiroa 
ganisazRvros muSa fenilis ficrebis ganivkveTi da biji. 
 fenilze moqmedi Tanabrad ganawilebuli da Seyursuli datvirTvebis 
horizontaluri gegmilis normatiuli da saangariSo mniSvnelobebia: 

 sakuTari wonisagan - n kn/m1g = 0,7 ; kn/m1g = 0,8 ; 

 Tovlisagan - n kn/m1S = 1,5 ; kn/m1S = 2,4 ; 

 adamianis wonisagan (instrumentebianad) - kn1P = 1,2 . 

 konstruqcia damzadebulia me-2 xarisxis merqnisagan da miekuTvneba 
pasuxismgeblobis I klass da saeqspluatacio pirobebis Б2 jgufs. 
amoxsna. nagebobis pasuxismgeblobis I klasisaTvis daniSnulebis mixedviT 
saimedobis koeficienti nγ = 1 (danarTi, cxr. 1), amitom datvirTvebis 
mniSvnelobebi igive rCeba: 

kn/m1g = 0,8 ; kn/m1g = 0,8 ; n kn/m1S = 1,5 ; kn/m1S = 2,4 ; kn1P = 1,2 . 

 fenilis faris saangariSo sqema warmoadgens ormalian saxsrovnad 
dayrdnobil uWr koWs (nax. 4.2). malis horizontaluri gegmili 

m.l = L× cosα= 1,5×0,97 = 1,45  
 pirobiTad mB = 1  siganis muSa fenilis ganivkveTis SerCevisas 
visargebloT saangariSo datvirTvaTa pirveli SexamebiT (g + s) : 

kn/m.q = g + s = 0,8+ 2,4 = 3,2  

 me-2 xarisxis merqnis saangariSo winaRoba Runvaze R mpaR = 13  (danarTi, 

cxr. 2). 
 saangariSo mRunavi momenti Sualed sayrdenze 
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2 2ql 3,2×1,45M = = = 0,84 = 84
8 8

kn.m kn.sm.  

 winaRobis saWiro momenti 

3
saW

R

sm .
M 84W = = = 65
R 1,3

 

aviRoT ficrebis ganivkveTi smb× h = 10× 2,5 . 
 ficrebis saerTo saWiro sigane fenilis 1m siganis zolze 

2saW sm.
⋅

2

6W 6 65B = = = 65,5
h 2,5

 
 ficrebis ganlagebis biji 

1
saW

sm.
⋅ ⋅100 b 100 10a = = = 16

B 62,5
 

 fenilis amtanunarianobaze Semowmeba saangariSo datvirTvaTa meore 
Sexamebis dros (g + 2p) mimdinareobs konstruqciis sakuTari wonisa 

kn/mq = g = 0,8  da samuSao instrumentebiT aRWurvili ori muSis wonis 

kn⋅P = 2 1,2 = 2,48  gaTvaliswinebiT. es ukanaskneli datvirTva moqmedebs ganapira 

sayrdenebidan yvelaze araxelsayrel manZilze, romelic tolia 
a = 0,43l = 0,43×1,45 = 0,625kn . 

 maqsimaluri mRunavi momenti ganviTardeba Seyursuli datvirTvis 
moqmedebis wertilSi: 

 1,45 kn.m = 86kn.sm.⋅ ⋅ ⋅ ⋅l2 2M = 0,07ql +0,21P = 0,07 0,8 1,45 +0,21 2,4 = 0,86  

 Semowmeba simtkiceze 

2
f eqs xanmkn/sm mpa mpa,⋅ ⋅ = ⋅ ⋅

M 86σ= = = 1,49 = 14,9 < R m m 13 1,2 1= 15,6
W 65

 

sadac eqsm = 1 aris eqspluataciis pirobebis koeficienti; xanmm  - xanmokle 

datvirTvebis gamTvaliswinebeli koeficienti (danarTi, cxr. 4,6). 
 CaRunvaze Semowmebas vaxdenT normatiuli datvirTvebis pirveli 
Sexamebis mixedviT sakuTari wonisa da Tovlis erToblivi moqmedebisaTvis 

5n n n kn/m = 0,022kn/sm.q = g + s = 0,7 +1, = 2,2  

 inerciis momenti 4sm
3 3bh 62,5× 2,5J = = = 81

12 12
; 

drekadobis moduli 2mpa = kn/smE = 9000 900 ; 

fenilis fardobiTi CaRunva 
n ⋅ ⎡ ⎤

⎢ ⎥⋅ ⎣ ⎦

3 3f 2,13 q l 2,13 0,022 145 1 f 1= × = × = < = .
l 384 EJ 384 900 81 197 l 150

 

amrigad, simtkicisa da sixistis pirobebi dakmayofilebulia da fenili 
vargisia eqspluataciisaTvis. 

 
4.3. grZivebi da nivnivebi 

 
grZivi warmoadgens saxuravis mzid konstruqciul elements, 

dayrdnobils sanivnive konstruqciebis zeda sartyelze. igi SeiZleba 
damzadebuli iqnes ficrebis, Zelebis, dawebebuli elementebis an 
morebisagan. konstruqciis daniSnulebisa da malis mixedviT 
ganasxvaveben erTmalian Wril, konsolur-koWovan da mravalmalian uWr 
grZivebs (nax. 4.3). qanobiani saxuravis SemTxvevaSi grZivebi yovelTvis 
irib Runvaze muSaoben. 

erTmaliani Wrili grZivebi advili dasamzadebeli da 
dasamontaJebelia, pirapirebi ewyoba sanivnive konstruqciebze 
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dayrdnobis adgilebSi pirmidgmiT. aseTi grZivebi araekonomiuria, 
radganac malis SuaSi, Tanabrad ganawilebuli datvirTvisagan, 
warmoiSoba maqsimaluri mRunavi momenti. isini gamoiyeneba mcire 
malebisa da datvirTvebis SemTxvevaSi. 

 

 
 

nax. 4.3. saxuravis grZivebi: a, b - Wrili; g - konsolur-koWovani; d - 
mravalmaliani uWri Sewyvilebuli ficrebisagan. 

 
konsolur-koWovani grZivebi mravalmaliani statikurad rkvevadi 

sistemaa. maTi damzadebisaTvis gamoiyeneba Zelebi (zogjer morebic), 
romlebic sigrZeSi erTmaneTs ukavSirdebian iribi pirapirebis 
ganlagebis adgilebSi. pirapirebi Sekrulia WanWikebiT, raTa adgili ar 
qondes Zelebis gadaadgilebas SemTxveviTi Zalebis moqmedebis Sedegad 
(nax. 4.3, g). saangariSo sqemaSi pirapirebis adgilas Tavsdeba saxsrebi. 
pirapirebi ewyoba TiTo malis gamoSvebiT im adgilebSi, sadac mRunavi 
momentis mniSvnelobebi minimaluria (an nulovania). 

Tu saxsrebs movaTavsebT sayrdenebidan 0,15l  manZilze, maSin 
momentebi sayrdenze da malis SuaSi tolia, ris Sedegadac miiReba 
grZivis tolmomentiani gadawyveta. momentebi yvela malSi erTnairi rom 
iyos, ganapira malebis sigrZe miiReba Semcirebuli, 0,8l -is toli. am 
dros mRunavi momentebi malSi da sayrdenze gamoiTvleba formuliT: 

2

,
16

=
lqM                       (4.4) 

sadac q  aris grZivze moqmedi Tanabrad ganawilebuli saangariSo 

datvirTva; l  - grZivis mali. 
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 maqsimaluri CaRunva ki toli iqneba: 
42 ,

384

n

= ⋅
lqf

EJ
                     (4.5) 

sadac nq  aris grZivze Tanabrad ganawilebuli normatiuli datvirTva. 

 Tu saxsrebi ewyoba sayrdenebidan 0,21l  manZilebze, maSin miiReba 
grZivebis tolCaRunvebiani sqema, roca ganapira malebis garda, yvela 
malSi CaRunvebi erTnairia, xolo Tu ganapira malebis zomas aviRebT 
0,79l , maSin am malebSic CaRunvebi danarCen malebSi CaRunvebs 
gautoldeba. 
 aseT pirobebSi mRunavi momentebisa da CaRunvebis mniSvnelobebi 
gamoiTvleba formulebiT: 

2 2 41; ; .
24 12 384

n

mal say= = = ⋅
l l lq q qM M f

EJ
            (4.6) 

datvirTvis mdgeneli qanobis sibrtyeSi ( xq ) iwvevs grZivSi Zvris 

Zalvebis gaCenas, romelsac Tavis Tavze Rebulobs muSa da damcavi 
fenili. 

konsolur-koWovani grZivebis naklia, is rom daxerxili xis 
masalis maqsimaluri 6,5m sigrZis SemTxvevaSi, aseTi grZivebis mali ar 
aRemateba 4,5m-s pirapirebis ganTavsebis zemoT ganxiluli sqemebis gamo. 

mravalmaliani uWri Sewyvilebuli ficrebisagan damzadebuli 
grZivebi (nax. 4.2, d) mzaddeba wiboze dayenebuli da erTmaneTTan 
dalursmnuli Sewyvilebuli ficrebisagan, romelTa pirapirebi ewyoba 
sxvadasxva sibrtyeSi yoveli sayrdenis marcxniv da marjvniv 0,21l  
manZilze, e.i. im adgilebSi, sadac mRunavi momenti icvlis niSans. 

aseTi grZivis saangariSo sqemas warmoadgens mravalmaliani uWri 
saxsrovnad dayrdnobili koWi, romlis yvela mali Tanatolia. 
maqsimaluri mRunavi momenti warmoiSoba Sua sayrdenebze 

2 /12maq say= = lM M q  da grZivis bolodan meore sayrdenze 2 /101 = lM q . 

ganivkveTebis SerCeva da normalur Zabvebze Semowmeba xdeba maqsimaluri 
momentis mixedviT (formula 2.21). 

CaRunvebze vamowmebT mxolod pirveli da bolo malis grZivebs, 
romlebSic normatiuli datvirTvebisagan gamowveuli deformaciebi 
maqsimaluria, formuliT: 

32,5 1 .
384 200

n ⎡ ⎤= ⋅ ≤ =⎢ ⎥⎣ ⎦
l

l l
f q f

EJ
                 (4.6) 

 ficrebis pirapiris TiToeul mxareze saWiro lursmnebis 
raodenoba gaangariSdeba ganiv Zalaze formuliT: 

,say

R

min l min2
= =

l x

MQn
T T

                   (4.7) 

sadac minT  aris erTi lursmnis mzidunarianoba; ll x  - manZili sayrdenidan 

lursmnebis rigis tolqmedamde. 
 Tu ganapira malis sidides ar SevamcirebT 0,8l -mde, maSin saWiro 
xdeba igi gavaZlieroT mesame ficris damatebiT. 
 
magaliTi 4.2. gasaangariSebelia saxuravis ormaliani ficrul-dawebebuli 
grZivi Semdegi monacemebis mixedviT: grZivis mali (manZili mzid sanivnive 
konstruqciebs Soris) mlB = = 5 ; saxuravis qanobi i = 1:10 , Sesabamisi αtg = 0,1 , 
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α 0 1= 5 42 , αsin = 0,0993 , αcos = 0,9966 . grZivis 1m-ze mosuli sruli (mudmivi + 
Tovli) datvirTvis mniSvnelobebi: normatiuli - 3,115kn/m, saangariSo - 4,623kn/m 
(nax. 4.4). 
amoxsna. grZivis saangariSo mali i = 500 - 2 8/2 = 492⋅l sm , sadac 8sm - sayrdeni 
moednis sigane sm-Si, romelic tolia mzidi konstruqciis zeda sartyelis 
siganis naxevrisa (rac imas niSnavs, rom dasaproeqtebeli mzidi konstruqciis 
zeda sartyelis sigane ar unda iyos sm -ze⋅2 8 = 16  naklebi). 

 mRunavi momentis maqsimaluri mniSvneloba Sua sayrdenze 
2 2
iq 4,623× 4,92M = = = 13,99

8 8
l

knm.  

grZivi muSaobs irib Runvaze, amitom mRunavi momentebis Semdgenebi 
ganivkveTis mTavari RerZebis mimarT toli iqneba: 

 
knm;

knm.

α
α

= ⋅

= ⋅
x

y

M = Mcos 13,99 0,9966 = 13,94
M = Msin 13,99 0,0993= 1,39

 

 grZivis ganivkveTis gverdebis Tanafardoba miiReba 2η= h/b = . 
 grZivis ganivkveTis saWiro winaRobis momenti 

3
saW

R

sm ,
η ⋅ ⋅ ⋅

=
5 5

x yM + M 13,94 10 + 2 1,39 10W = = 1286
R 1300

 

saidanac 

 
saW saW

saW saW

sm

sm

33h = 6ηw = 6× 2×1286 = 24,9 ;

b = h /2 = 24,9/2 = 12,45 .
 

 miviRoT grZivis ganivkveTi 15X25sm, Sedgenili 10 fena me-2 xarisxis 
dawebebuli ficrebisagan, TiToeuli sisqiT 25mm (nax. 4.5). 
 daniSnuli ganivkveTis geometriuli maxasiaTeblebi: 

; ;

; .

3 3

3 3

sm sm

sm sm

2 2 2 2

x y

3 3 3 3

x y

bh 13× 25 hb 25×13W = = = 1354 W = = =704
6 6 6 6

bh 13× 25 hb 25×13J = = = 16928 J = = = 4577
12 12 12 12

 

SevamowmoT grZivis ganivkveTi simtkiceze maqsimaluri mRunavi momentis 
moqmedebaze: 

2
R n/sm (13mpa)

⋅ ⋅
+ =

5 5
yx

x y

MM 13,94 10 1,39 10σ= + = 1226 < R = 1300
W W 1354 704

 

grZivis sruli CaRunva ganisazRvreba ganapira sayrdenebidan  l0,375  
manZilze, sadac moqmedebs maqsimaluri mRunavi momenti 

 ≤ l2 2
x y

1f = f + f ,
200

 

sadac xf  da yf  sruli CaRunvis Semdgenebia da gamoiTvlebian formulebiT: 

31,15 0,0993 492
10 4577

31,15 0,9966 492
10 16928

4 4

x 6
y

4 4

y 6
x

g sin2,13 2,13f = = 0,22 ,
384 EJ 384

g cos2,13 2,13f = = 0,6 .
384 EJ 384

⋅ ⋅ ⋅
=

⋅ ⋅

⋅ ⋅ ⋅
=

⋅ ⋅

α

α

l

l

n
s

n
s

sm

sm

 

maSin 

sm⋅2 2 1f = 0,22 +0,6 = 0,64 < 500 = 2,5 .
200
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nax. 4.4. uWri ormaliani ficrul - dawebebuli grZivebi: a, d - saangariSo 
sqemebi; b - saxuravis konstruqcia; g - grZivis pirapiri da dayrdnoba mzid 
konstruqciaze; 1 - mzidi konstruqcia; 2 - grZivi; 3 - ori fena uwyveti muSa 
fenili, δ = 35 ; 4 - orTqlizolacia - erTi fena pergamenti; 5 - gamaTbunebeli - 
ori fena qafplastis filebi, δ = 140 ; 6 - cementis moWiva, δ = 20 ; 7 - sami fena 
ruberoidi; 8 - misabjeni kuTxedi ×L70 5 ; 9 - lursmnebi ×5 100 ; 10 - WanWikebi 
d = 20 , l = 300 . (zomebi mocemulia mm-Si). 
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 saxuravis qanobis mimarTulebiT moqmed Semdgens αx(g = gsin )  grZivis mzid 
konstruqciaze dayrdnobis wertilebSi Tavis Tavze Rebulobs kuTxedis 
gadanaWeri 70 5×L , romelic mimagrebulia mzidi konstruqciis zeda sartyelTan 
da grZivTan lursmnebis ( 5=d mm, 100=l mm) saSualebiT. grZivis pirapirebi 
ewyoba sayrdenze ganivkveTis naxevarze CaWriT. pirapiris Sesakravad 
gamoyenebulia WanWikebi 20=d mm, 300=l mm (nax. 4.5, g). 
 grZivis mzid konstruqciaze damagrebis kvanZis aqsonometriuli 
gamosaxuleba naCvenebia 4.5. naxazze. 
 

 
 

nax. 4.6. grZivis mzid konstruqciaze damagrebis detali: 1 - grZivi; 2 - mzidi 
konstruqcia; 3 - pirapiri; 4 - misabjeni kuTxedi ×L70 5 ; 5 - lursmnebi d = 5 , 

l = 100 ; 6 - WanWikebi d = 20 , l = 300  (zomebi mocemulia mm-Si). 
 

 daxrili nivnivebi gamoiyeneba mciremaliani martivi tipis 
saxuravis mosawyobad. aseTi nivnivebi mzaddeba ficrebis, Zelebis an 
morebisagan da ganlagdeba qanobis mimarTulebiT. sworad daproeqtebis 
SemTxvevaSi isini uganmbjeno konstruqciebs warmoadgenen. nivnivebSi rom 
ar aRiZvras ganmbjeni, saWiroa sanivnivo fexis mauerlatze an grZivze 
dayrdnobis sibrtye iyos horizontaluri. ganmbjens, romelic aRiZvreba 
sanivnive fexSi grZivi Zalebis moqmedebisagan, Tavis Tavze Rebulobs 
horizontaluri rigeli an wyvili Semkravi. 
 
 

nax. 4.5. grZivis ganivkveTi. 
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4.4. samfenovani panelebi 
 
gadaxurvis samfenovani paneli Sedgeba xis mzidi karkasisa da 

faneris Semosvisagan, romlebic erTmaneTTan dakavSirebulia weboTi da 
qmnian kolofismagvar ganivkveTs, (nax. 4.7). SemosvisaTvis gamoiyeneba 
wyalmedegi faneri sisqiT ara naklebi 8mm. wiboebis sisqe miiReba 33...43mm. 
aucileblobis SemTxvevaSi wiboebi SeiZleba iyos dawebebul - ficruli. 
 aseTi tipis, xe - faneris panelebis farTod gamoyenebas saxuravisa 
Tu kedlebis Semomfargvlel konstruqciebad, ganapirobebs maTi maRali 
mzidunarianoba sakmaod mcire masis pirobebSi, rac saSualebas aZlevs 
faneris Semosvebs SeiTavsos Semomfargvleli da mzidi funqciebi. 
 Sua fenisaTvis gamosayenebel masalebs unda gaaCndeT mcire 
simkvrive, sakmarisi simtkice kumSvaze da Zvraze, iyos biomedegi, 
SeZlebisdagvarad cecxlmedegi. am moTxovnebs yvelaze kargad Seesabameba 
qafplasti da mineraluri bamba, romlebsac damatebiT SesaniSnavi 
Tbosaizolacio Tvisebebi axasiaTebT. Sua fenis sisqe aiReba 
Tboteqnikuri da konstruqciuli moTxovnebis gaTvaliswinebiT. 
 saqarxno pirobebSi panelis damzadebisas faneris zeda Semosvaze 
ekvreba erTi fena ruberoidi, xolo adgilze montaJis Semdeg - danarCeni 
ori fena. 
 xe - faneris dawebebuli panelebiT SeiZleba gadaixuros mali 
sigrZiT 3...6m, xolo Tu grZiv wiboebs davamzadebT dawebebuls - 9m-mde. 
panelis sigane miiReba faneris furclis siganis Sesabamisi (1535mm), 
simaRle ki Seadgens malis 1/30-1/40 nawils. faneris gare fenis boWkoebis 
mimarTuleba unda emTxveodes panelis sigrZis (malis) mimarTulebas, rac 
imiT aris ganpirobebuli, rom sigrZeSi faneris furclebi gadaebas 
erTmaneTs `ulvaSiseburad~ da imavdroulad ukeTesad gamoviyenoT 
faneris simtkice. 
 standartuli zomis (1,5X6m) samfenovani panelis konstruqcia 
naCvenebia nax. 4.7-ze. 

panelSi grZivi wiboebis raodenobas gansazRvravs faneris zeda 
Semosvis Runvaze muSaobis piroba Seyursuli datvirTvis moqmedebisas 

(adamianis wona instrumentebiT 1knn =P ; 1,2 1,2knn= ⋅ =P P ). amave dros 

iTvleba, rom es Seyursuli datvirTva nawildeba 100 sm siganis zolze. 
wiboebiani samfenovani panelis gaangariSeba simtkicesa da 

deformaciebze warmoebs samSeneblo meqanikis Cveulebrivi meTodebiT 
Semosvebisa da wiboebis sixisteebis fardobis gaTvaliswinebiT, radganac 
merqnisa da faneris drekadobis modulebi mniSvnelovnad  gansxvavdebian 
erTmaneTisagan. geometriuli maxasiaTeblebis dayvana xdeba im masalaze, 
romelSic saWiroa Zabvebis gansazRvra. SemosvebSi normaluri Zabvebis  
ganawileba damokidebulia wiboebs Soris daSorebaze - rac metia 
daSoreba, miT metia Zabva. 

saerTod xe - faneris dawebebul konstruqciebSi Zabvebis gamoTvla 
warmoebs drekadobis Teoriis meTodebis gamoyenebiT, rac Seexeba 
samfenovan panelebs, maTi gaangariSeba sakmaod rTulia da igi 
gaSuqebulia literaturaSi [22, 31, 45].  
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nax. 4.7. xe-faneris samfenovani paneli: a - zedxedi; b - gverdxedi; g - ganivi 
Wrili; d - panelebis pirapiri sayrdenze; e - panelis grZivi pirapiri; 1 - zeda 
Semosva; 2 - qveda Semosva; 3 - grZivi wiboebi; 4 - pirapiris Zelakebi; 5 - 
damaTbunebeli; 6 - muyao; 7 - orTqlizolacia; 8 - ruberoidi; 9 - kompensatori; 
10 - lursmnebi; 11 - panelis ganivi Zelakebi; 12 - ganivi Zelakebi. 

 
4.5. xis koWebi 

 
koWebi sarTulSua da sasxveno gadaxurvebisa da samuSao baqnebis 

konstruqciaTa ZiriTadi mzidi elementebia da ZiriTadad Runvaze 
muSaoben. maTi gaangariSeba warmoebs simtkicesa da sixisteze. 
ganivkveTis didi simaRlisa da didi malis saWiroebis SemTxvevaSi 
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iyeneben Sedgenil koWebs. isini mravalgvaria: Sedgenili, dawebebuli, 
armirebuli, xe-faneris, lursmnovan-ficruli, moRunuli ficrul-
dawebebuli, mTliankveTiani Zelebisa da morebisagan da sxv. 
 

4.5.1. Sedgenili koWebi 
 

Sedgenil koWebs amzadeben 2 an 3 Zelisagan, romlebic, Zvris 
Zalebis misaRebad, erTmaneTTan sigrZeze dakavSirebulia meqanikuri 
makavSireblebiT _ sogmanebiT, firfitovani an cilindruli 
wirwkimalebiT, WanWikebiT (nax. 4.8). 

 

 
nax. 4.8. Sedgenili koWis tipebi: a - firfitovan wirwkimalebze (dereviaginis 

koWi); b - grZiv sogmanebze; g - ganiv daWimul sogmanebze; d - daxril 
sogmanebze. 

 
 Sedgenili koWis sigrZe SezRudulia daxerxili xis masalis 
sortamentiT da ar aRemeteba 6,5m-s. isini ZiriTadad gamoiyeneba 
erTmaliani koWebis saxiT mcire zomis Senobebis sarTulSua da sasxveno 
gadaxurvebSi, agreTve mciremalian xidebSi. 
 koWebs damzadebis procesSi eZleva samSeneblo aweva datvirTvis 
moqmedebis sawinaaRmdego mimarTulebiT, romlis sidide gamoiTvleba 
empiriuli formuliT:  

0

,
2

nak

samS

δ
=

l n
f

h
                   (4.8) 

sadac l  aris koWis mali; 0h  - ganapira Zelebis RerZebs Soris manZili; 

nakn  - koWSi horizontaluri nakerebis ricxvi; δ  - wirwkimalebis 

saangariSo deformacia, romelic aiReba 20mm. 
 wirwkimalebis (sogmanebis) Casma budeebSi umjobesia moxdes 
koWisaTvis konstruqciuli samSeneblo awevis micemis Semdeg, rac 
makavSireblebs aiZulebs koWis datvirTvisas mWidrod Cajdnen budeebSi 
da swrafad CaerTon muSaobaSi. xSirad merqnis SeSrobis mavne gavlenis 
mosacileblad koWis ZelebSi akeTeben grZiv Rarebs, romelTa CaWris 
siRrme miiReba simaRlis 1/6. 
 SeerTebebis gaangaSeba xdeba Zvris Zalebze, romlebic aRiZvrebian 
ganivi Q  Zalis moqmedebisagan Zelebis SeerTebis sibrtyeSi da malis 
marcxena da marjvena naxevrebSi urTierTsawinaaRmdego mimarTuleba 
aqvT. 
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 simtkiceze da deformaciebze gaangariSebisas aucilebelia 
gaviTvaliswinoT makavSireblebis damyoloba sixistis Semamcirebeli 

koeficientebis sk , fk  daxmarebiT, romlis mniSvnelobebi SesaerTebeli 

Zelebis raodenobasa da malze damokidebulebiT mocemulia cxrilSi 4.1. 
 

cxrili 4.1 
damyolobis gamTvaliswinebeli 

koeficientebis mniSvnelobebi Sedgenili 
koWis Runvaze gaangariSebisaTvis 

 
koWis mali, m 

koeficientebis 
aRniSvna 

koWSi 
fenebis 
ricxvi 

2 4 6 9 da meti 

sk  
2 
3 
10 

0.7 
0.6 
0.4 

0.85 
0.8 
0.7 

0.9 
0.85 
0.8 

0.9 
0.9 
0.85 

fk  
2 
3 
10 

0.45 
0.25 
0.07 

0.65 
0.5 
0.2 

0.75 
0.6 
0.3 

0.8 
0.7 
0.4 

 
4.5.2. dawebebuli koWebi 

 
 dawebebuli Sedgenili koWebi ficrebisagan warmoadgens 
industriuli wesiT damzadebuli xis konstruqciebis ZiriTad saxeobas 
(nax. 4.8). 

 
 

nax. 4.9. xis dawebebuli koWebi: a - koWis tipebi; b - ganivkveTis tipebi; g - 
ficrebis xarisxi; 1 - erTqanobiani koWi; 2 - orqanobiani; 3 - texili 
moxazulobis kexSi kbila pirapiriT; 4 - moRunuli; 5 - sworkuTxovani 
ganivkveTi; 6 - ortesebri ganivkveTi; 7 - relsismagvari ganivkveTi; 8 - 
ganivkveTSi ganTavsebuli ficrebis xarisxi. 
 

dawebebuli koWi warmoadgens Sewebebuli Txeli ficrebis pakets. 
misi geometriuli zomebi da ganivkveTis forma SeiZleba iyos 
praqtikulad nebismieri da damokidebuli ar aris daxerxili xis 
masalis sortamentis SezRudvebze. damyol makavSireblebze 
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ganxorcielebuli elementebisagan gansxvavebiT dawebebuli koWebi 
faqtiurad monoliTur (mTliankveTian) konstruqciebs warmoadgenen. 

koWis ganivkveTis simaRle miiReba (0,08...0,12) l , xolo sigane 
SeiZleba iyos 40sm-mde, Tumca praqtikaSi dawebebuli koWis sigane 
miiReba 17sm, rac saSualebas iZleva aseTi koWebi davamzadoT siganeSi 
mTliani ficrebisagan. 

ficrebis SewebebisaTvis gamoiyeneba sinTezuri weboebi. merqnis 
tenianoba 15%≤w . koWis ganivkveTis simaRle sayrdenze ar SeiZleba iyos 

40sm-ze naklebi. ficrebis sisqe sworxazovan elementebSi 42mmfδ ≤ , xolo 

mrudxazovanSi - 33mmfδ ≤ . 

7 metramde malis SemTxvevaSi mimarTaven ortesebr an relsis 
magvari magvari ganivkveTis dawebebuli koWebs, romelTa kedeli 
ganxorcielebulia wiboze dayenebuli ficrebisagan. aseTi koWebis 
naklad iTvleba wibosTan Taros Sewebebis sirTule da naklebi 
saimedoba. 

6...15 metramde malebis dros gamoiyeneba Sedgenili koWebi, 
romlebic sibrtyeebiT Sewebebuli ficrebiT arian ganxorcielebuli. 
sigrZeSi ficrebi erTmaneTs ukavSirdeba kbila pirapirebiT, romlebic 
ewyoba xtulad (gancalkevebiT). maT Soris daSoreba unda iyos ara 
naklebi ficris 20 sisqisa. 

15 metrze meti malebis SemTxvevaSi umjobesia gamoviyenoT texili 
moxazulobis an moRunuli koWebi. 

saerTod xis dawebebuli koWebis maqsimaluri malia 24m, radganac 
ufro didi malebis SemTxvevaSi Zlier rTuldeba maTi damzadeba da 
transportireba, xolo eqspluataciis dros isini sagrZnob deformaciebs 
ganicdian. amitom didi malebisaTvis umjobesia gamoviyenoT kamarovani an 
gamWoli xis konstruqciebi. 

dawebebuli koWebis mdgradobis uzrunvelyofisaTvis koWis h  
simaRlis Sefardeba b  siganesTan SezRudulia da daculi unda iqnes 
piroba / 6≤h b . ortesebri ganivkveTis koWis kedlis sigane (sisqe) aiReba 
ara naklebi koWis Taros siganis naxevrisa da ara naklebi 80mm-isa. 
datenianebis sawinaaRmdegod koWis zeda fena gadaxuruli unda iyos 
2,5sm sisqis antiseptirebuli ficriT. 

dawebebuli koWebis simtkiceze gaangariSeba warmoebs 
mTliankveTiani koWebis analogiurad, xolo maqsimaluri CaRunva mudmivi 
an cvlad ganivkveTiani koWebisa, romlebic saxsrovnad arian 
dayrdnobili, mxebi Zabvebis gavlenis gaTvaliswinebiT, gamoiTvleba 
formuliT: 

[ ]
2

0 1 ,
⎡ ⎤⎛ ⎞= + ≤⎢ ⎥⎜ ⎟

⎝ ⎠⎢ ⎥⎣ ⎦l
f hf c f
k

                (4.9) 

sadac 
4

0
5

384

n

= ⋅
lqf

EJ
 aris mudmivi ganivkveTis koWis CaRunva simaRliT h  

Zvris deformaciis gauTvaliswineblad normatiuli datvirTvisagan; h  - 
ganivkveTis maqsimaluri simaRle; l  - koWis mali; E  - merqnis 
drekadobis moduli; J  - koWis ganivkveTis inerciis momenti neitraluri 

RerZis mimarT; 00,15 0,85⎛ ⎞= +⎜ ⎟
⎝ ⎠

hk
h

 - ganivkveTis cvalebadobis koeficienti 

(mudmivi ganivkveTis koWisaTvis 1=k ); 0h  - koWis ganivkveTis simaRle 
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sayrdenze; 015,4 3,8= +
hC
h
 - Zvris deformaciis gamTvaliswinebeli 

koeficienti [4, danarTi 4, cxr. 3]. 
 

4.5.3. armirebuli xis koWebi 
 

armirebuli koWebis ZiriTad masalas warmoadgens wiwvovani jiSis 
merqani, romelsac gaaCnia sakmaod maRali da stabiluri meqanikuri 
Tvisebebi da mdgradia saeqspluatacio zemoqmedebebis mimarT. 

armatura gamoiyeneba rogorc liTonis, ise plastmasis 
(minaplastiki). misi SerCevisas aucilebelia gaviTvalsiwinoT ara marto 
simtkicis, aramed drekadi maxasiaTeblebic, radganac normaluri Zabvebis 
fardoba armaturasa da merqanSi maTi erToblivi muSaobisas 
damokidebulia maTi drekadobis modulebis TanafardobasTan. Tu 

armaturisa da merqnis fardobiTi deformaciebi a mε ε= , maSin Zabvas 

armaturaSi a
a m

m

σ σ= ⋅
E
E

, sadac aσ  da mσ  armaturaSi da merqanSi 

ganviTarebuli normaluri Zabvebia; aE , mE  - Sesabamisi drekadobis 

modulebi. 
mSeneblobaSi gamoyenebuli liTonebidan aseT moTxovnebs pasuxobs 

foladis da aluminis Senadnobebi, Tumca foladis armaturis gamoyeneba 
ufro efeqturia. yvelaze racionaluria perioduli profilis А - II da 
А - III klasis armaturebis gamoyeneba. 

armirebuli koWebis zeda da qveda zonaSi armaturis Reroebis 
moTavsebas axdenen or ganapira ficarSi Rarebis winaswari amoWriT 
(nax.4.10). 

 
nax. 4.10. armirebuli xis koWebi: a - calfa armirebiT; b - orfa armirebiT. 

 
 cilindruli Raris diametri aiReba armaturis diametrze 1mm-iT 

meti 1mma= +d d . es 1mm-iani RreCo saWiroa webos masis ganTavsebisaTvis.  
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 armaturis merqanSi CawebebisaTvis gamoiyeneba epoqsiduri weboebi, 
romelTa sicocxlisunarianoba Seadgens 45...80wT-s. 
 armirebuli koWebis amtanunarianoba bevrad aRemateba ficruls da 
masze ufro saimedocaa, radgan gaWimul zonaSi rokebis moxvedra did 
gavlenas ver axdens konstruqciis muSaobaze. 
 foladis armaturasa da merqans Soris webovan nakers waeyeneba 
Semdegi moTxovnebi: maRali meqanikuri simtkice da sakmarisi sixiste; 
dasveleba-gaSrobis mravaljeradi ciklisadmi mdgradoba; xanmedegoba; 
datvirTvis xangrZlivi moqmedebisas mcire cocvadoba; teqnologiuroba; 
saimedoba. 
 armirebuli xis konstruqciebis datvirTvisas rRvevamde 
TvalnaTliv ikveTeba daZabul-deformirebuli mdgomareobis 
damaxasiaTebeli sami stadia: drekadi, drekad-plastikuri da rRvevis 
stadia. Tanac, am pirobebSi armaturasa da merqans Soris kavSiri 
idealuria, vidre konstruqcia ar dairRveva, rac ZiriTadad xdeba 
merqnis gaWimuli boWkoebis wyvetiT. 
 Runvaze da kumSvaze momuSave armirebuli xis konstruqciebi 
gaiangariSeba zRvruli mdgomareobis ori jgufis mixedviT: 1 - 
simtkicesa da mdgradobaze II - deformaciebze (CaRunvebze). 
 gaangariSebebSi gamoiyeneba konstruqciis ZiriTad masalaze _ 
merqanze dayvanili ganivkveTis geometriuli maxasiaTeblebi: 

( )
3
0 1 3 ;

12day μ= +
bhJ n                   (4.10) 

 ( )
2
0 1 3 ;

6day μ= +
bhW n                   (4.11) 

( )
2
0 1 2 ,

8
bhS n= + μday                   (4.12) 

sadac 0 2= −h h a  aris ganivkveTis muSa simaRle, h  - ganivkveTis sruli 

simaRle; a  - damcveli fenis sisqe; b  - ganivkveTis sigane; 
4

4

21 10 21
10

a

m

⋅
= = =

En
E

 - armaturisa da merqnis drekadobis modulebis 

fardoba; 
0

μ = sA
bh

 - armirebis koeficienti; sA  - armaturis ganivkveTis 

farTobi. 
 sxva maxasaTeblebi: 

merqnis drekadobis moduli 410 ;mpam =E ; 

armaturis drekadobis moduli 421 10 ;mpaa = ⋅E ; 

ganivkveTis farTobi ;=A bh ; 
Semowmeba simtkicesa da sixisteze 

( )2
0

6 1 3 ,Rσ μ= + ≤
M n R

bh
                        (4.13) 

( )
3

3
0

5 .
384 1

n

m

⎡ ⎤= ⋅ ≤ ⎢ ⎥+ ⎣ ⎦
l

l l
f q f

E n bh
              (4.14) 

 
magaliTi 4.2. SevarCioT xis dawebebuli orqanobiani koWis ganivkveTi orfa 
armirebiT (nax. 4.10, b) Semdegi monacemebis mixedviT: mali ml = 12 ; zeda waxnagis 
qanobi i = 1:12 . koWze moqmedebs Tanabrad ganawilebuli datvirTva koWisa da 
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saxuravis sakuTari wonisa da Tovlisagan: normatiuli n kn/m1q = 8,42 ; saangariSo 

kn/m1q = 13,68 .  

 konstruqcia miekuTvneba pasuxismgeblobis II klassa da saeqapluatacio 
pirobebis Б jgufs. merqani I, II da III xarisxisaa. 
amoxsna. armirebuli koWis ekonomikuri efeqturobis SefasebisaTvis, jer 
gaviangariSoT Cveulebrivi dawebebuli xis koWi. 
 pasuxismgeblobis klasis (II) Sesabamisad da daniSnulebis mixedviT 
saimedobis koeficientis ( 0,95γ n = ) gaTvaliswinebiT, datvirTvebi Rebuloben 
mniSvnelobebs: 

n n kn/m = 0,08kn/sm;γ⋅ ⋅1 nq = q = 8,42 0,95 = 8  
kn/m = 0,13kn/sm.γ⋅ ⋅1 nq = q = 13,68 0,95 = 13  

 koWis ganivkveTi SevadginoT ficrebisagan, romelTa ganivkveTi 
Camoxerxvisa da garandvis Semdeg toli iqneba 1 1 sm× ×b h = 16,5 2,6 . merqnis 
saangariSo winaRobebi (danarTi, cxr. 2): 

15 ; 1,5 ;mpa mpaR axl= =R R  

 koWis ganivkeTis simaRle sayrdenebze ganisazRvreba simtkicis pirobidan 
axleCaze 

3 3 78 47,3
2 2 16,5 0,15

sm,0,saW

axl

⋅
= = =

⋅ ⋅
Qh

bR
 

sadac ganivi Zala sayrdenze 
13 12 78

2 2
kn.

⋅
= = =

lqQ  

miviRoT 50sm = 0,5m0 =h . 
koWis simaRle malis SuaSi 

0
120,5 1

2 12 2 12
m.= + = + =

⋅ ⋅
lh h  

 ganvsazRvroT saxifaTo zonis mdebareoba da Sesabamisi ganivkveTi 
SevamowmoT simtkiceze. gaangariSeba vawarmooT Semdegi TanamimdevrobiT: 

0 12 0,5 3
2 2 1

m;
⋅

= = =
⋅

l hx
h

 

( ) ( )13 3 12 3
175

2 2
kn.m =17500kn.sm;

− ⋅ −
= = =

l
x

qx x
M  

( ) ( )0
0

2 1 0,5 2 3
0,5 0,75

12
m;

− ⋅ − ⋅ ⋅
= + = + =

lx

h h x
h h  

2

6

2
316,5 75

15500sm ;
6

⋅
= = =x

x
bhW  

Zabva 

1,13 217500
kn/sm =11,3mpa < =12,97mpa,

15500
σ = = =x

x
x

M R
W

 

sadac 15 0,915 1,05 0,9 12,97mpaR sw f eqs⋅ ⋅ ⋅ = ⋅ ⋅ ⋅ =R = R m m m . 

 aq swm , fm  da eqsm  koeficientebis mniSvnelobebi aRebulia danarTidan 

(cxrili 4,7,8). 
 SevamowmoT koWi CaRunvaze malis SuaSi, risTvisac gansazRvroT 
ganivkveTis cvalebadobisa da Zvraze damyolobis gamTvaliswinebeli k  da c  
koeficientebi da inerciis momenti; 
 

0 0,50,15 0,85 0,15 0,85 0,57;
1

= + = + ⋅ =
hk
h
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0 0,515,4 3,8 15,4 3,8 17,3;
1

= + = + ⋅ =
hc
h

 

3

12

3
5 416,5 100

13, 75 10 sm .
12

⋅
= = = ⋅

bhJ  

 CaRunva ganivkveTis cvalebadobisa da Zvraze damyolobis koeficientebis 
gauTvaliswineblad 

4 4

5

5 5 0,08 1200 1,57 .
384 384 1000 13,75 10

n

sm
⋅

= ⋅ = ⋅ =
⋅ ⋅

lqf
EJ

 

sadac 10000E = 2 2mpa =100000kgZ/sm =1000kn/sm  merqnis drekadobis modulia. 

 fardobiTi CaRunva 
2 2

0
1001 1,55 1 17,3
1200 1 1 .

0,57 1200 395 300

⎡ ⎤ ⎡ ⎤⎛ ⎞ ⎛ ⎞+ +⎢ ⎥ ⎢ ⎥⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠⎢ ⎥ ⎢ ⎥ ⎡ ⎤⎣ ⎦ ⎣ ⎦= = = < =⎢ ⎥⋅ ⋅ ⎣ ⎦

l
l l l

hf c
f f

k
 

gaviangariSoT armirebuli koWi. 
 armaturisa da merqnis drekadobis modulebis fardoba 

5

4

2,1 10 21.
10

a

m

⋅
= = =

En
E

  

orfa armirebisas ganivkveTis armirebis koeficienti 

0,03μ = =sA
A

 

 ganivkveTis saWiro maqsimaluri simaRle 

( ) ( )
5

33
12 12 13,75 10 70,2

1 3 16,5 1 3 21 0,03
sm.saW μ

⋅ ⋅
= = =

+ + ⋅ ⋅
Jh

b n
 

 koWis ganivkveTi SevadginoT 21 cali 40mmδ =  sisqis ficrebisagan da 
gveqneba 21 40 840mm = 84sm= ⋅ =h . 
 sayrdenze koWis simaRle gamovTvaloT i = 1:12 (0,08%) qanobis 
gaTvaliswinebiT 

120084 0,08 36
2

sm.saW = − ⋅ =h  

 SevamowmoT miRebuli ganivkveTi simtkiceze saxifaTo ganivkveTSi: 
12 0,36 2,57 257
2 0,84

m sm;
⋅

= = =
⋅

x  

36 257 0,08 57sm;= + ⋅ =xh  

( ) ( )
3

. 1 3 1 3 21 0,03
12

x
x

bhJ n ⋅
= ⋅ + = ⋅ + ⋅ ⋅ =μday

3
416,5 57

735910sm ;
12

 

( ) ( )13 2,57 12 2,57 157,5
2 2

kn.m =15750kn.sm;
⋅

= − = − =lx
qxM x  

Zabva

.

0,61 15 0,915 0,95 0,9
2

x x
x

x

M h R m m m
J

⋅
= = = ⋅ ⋅ ⋅ = ⋅ ⋅ ⋅

⋅ ⋅
σ R sw f eqs

day

215750 57
kn/sm = 6,1mpa < =11,73mpa,

2 735910
 

sadac swm , fm , eqsm  koeficientebis mniSvnelobebi aRebulia cxrilebidan 

(danarTi, cxr. 4,7,8). 
 ganivi Zala sayrdenze: 

13 12
2 2

= 78kn.
⋅

= =
lqQ  

statikuri momenti sayrdenze: 
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( ) ( )
2

1 2 1 2 21 0,03
8

2
416,5 36

6040sm .
8

say

day.say μ ⋅
= ⋅ + = ⋅ + ⋅ ⋅ =

bh
S n  

 inerciis momenti sayrdenze: 

( ) ( )
3

1 3 1 3 21 0,03
12

3
416,5 36

185400sm .
12

say

day.say μ ⋅
= ⋅ + = ⋅ + ⋅ ⋅ =

bh
J n  

 SevamowmoT Sewebebis nakeris simtkice sayrdenze mxebi Zabvebis mixedviT: 

0,256
0,6

278 6040
kn/sm = 2,56mpa > 2, 4mpa.

0,6 16,5 185400

day.say

ax

day.say

τ ⋅
= = = =

⋅ ⋅

QS
R

bJ
 

 piroba ar aris dakmayofilebuli, amitom gavzardoT ganivkveTi. aviRoT 
22 cali 40mmδ =  sisqis ficrebisagan Sedgenili ganivkveTi da gveqneba 

22 40 880mm = 88sm= ⋅ =h . 
Sesabamisad: 

120088 0,08 40
2

sm;say = − ⋅ =h  

12 0,4 4 2,73 273
2 0,88

x ⋅
= ⋅ = =

⋅
m sm;  

40 273 0,08 61,84sm;= + ⋅ =xh  

( ). 1 3 21 0,03
3

416,5 61,84
939743sm ;

12
day

⋅
= ⋅ + ⋅ ⋅ =xJ  

( )13 2,73 12 2,73 164,5
2

kn.m =16450kn.sm.
⋅

= − =xM  

Zabva 

0,54 216450 61,84
kn/sm = 5, 4mpa < 11,73mpa.

2 939743
R sw f eqsσ ⋅

= = ⋅ ⋅ ⋅ =
⋅x R m m m  

78kn.=Q  

( )1 2 21 0,03
2

316,5 40
7359sm .

8
day.say

⋅
= ⋅ + ⋅ ⋅ =S  

( )1 3 21 0,03
3

416,5 40
255200sm .

8
day.say

⋅
= ⋅ + ⋅ ⋅ =J  

0,23 278 7359
kn/sm = 2,3mpa > 2, 4mpa.

0,6 16,5 255200
axτ ⋅

= = =
⋅ ⋅

R  

 Tu SevadarebT gaangariSebiT miRebul ganivkveTebs, davinaxavT, rom 
armirebul koWSi merqnis xarji 13%-iT naklebia, vidre Cveulebrivi koWis 
(Cveulebriv koWs Wirdeba 2,57m3 merqani, xolo armirebuls - 2,05m3). 

 
4.5.4. xe-faneris dawebebuli koWebi 

 
xe-faneris dawebebuli koWebi Sedgeba wyalmedegi faneris kedlisa, 

ficruli sartyelebis da wiboebisagan, romlebic Sewebebulia 
erTmaneTTan. ganivkveTis formis mixedviT arsebobs ortesebri an 
yuTismagvari, xolo konturis moxazulobis mixedviT - 
swvrivsartyelebiani, orqanobiani da mrudi moxazulobis zeda 
sartyeliT. aseT koWebs gaaCniaT sakmaod mcire masa da didi zidvis 
unari. 
 sakedle faneris sisqe aiReba 10...12mm. koWis simaRle - 

(0,12...0,08)= lh . faneris kedlis mdgradobis uzrunvelsayofad koWis 

malis yovel (0,12...0,08)l  manZilze ficrebisagan ewyoba sixistis wiboebi, 
romelTa adgilmdebareoba kedlis faneris pirapirebs uTavsdeba (nax. 
4.11). gaWimuli qveda sartyelis ficrebSi ewyoba kbilovani pirapirebi, 



 78

xolo SekumSul zeda sartyelSi-pirmidgmiTi. kedlis faneris pirapirebi 
orive mxridan gadaixureba faneris zedebiT da dawebdeba kedelTan. 

 
nax. 4.11. xe-faneris dawebebuli wibovani koWi: a - winxedi; b, g - yuTismagvari da 
ortesebri ganivkveTi; 1 - sartyeli; 2 - faneris kedeli; 3 - ficruli wiboebi; 4 

- sartyelis pirapiri; 5 - kedlis pirapiri. 
 

sartyelebis ficrebi SeiZleba ganlagebuli iyvnen 
horizontalurad an vertikalurad. sartyelebis kedelTan misawebeblad 
sartyelebs ukeTdebaT CaWrebi (Rarebi) im angariSiT, rom Sewebebis fenis 
sigane ar aRematebodes 10sm-s, raTa koWis muSaobis procesSi merqnis 
deformaciisas boWkoebis ganivad ar moxdes merqnis nakerebSi Zabvebis 
koncentracia. zeda sartyeli mzaddeba II xarisxis masalisagan, qveda ki I 
xarisxisagan. 
 xe-faneris dawebebuli koWebi SeiZleba gamoyenebul iqnas maliT 
18m-mde, Tumca msoflio samSeneblo praqtikaSi gvxvdeba 45m malis 
koWebic. 
 wibovani koWebis gaangariSeba warmoebs Runvaze kedlisa da 
sartyelebis erToblivi muSaobis gaTvaliswinebiT (damyoloba 
mxedvelobaSi ar miiReba). gaangariSebisas aucilebelia merqnisa da 
faneris drekadobis modulebis gansxvavebis gaTvaliswinebac 

( 0,9 9000E E= =f m mpa ). Sesabamisad xdeba geometriuli maxasiaTeblebis 

dayvana im masalaze, romelSic veZebT Zabvas. 
 sartyelebSi (merqanSi) Zabvebis gansazRvrisaTvis ganivkveTis 
geometriuli maxasiaTeblebi gamoiTvleba formulebiT: 

;f

day.merq. merq. f
merq.

⎛ ⎞
= + ⋅⎜ ⎟⎜ ⎟

⎝ ⎠

E
A A A

E
                      (4.15) 

;f

day.merq. merq. f
merq.

⎛ ⎞
= + ⋅⎜ ⎟⎜ ⎟

⎝ ⎠

E
J J J

E
               (4.16) 

;f

day.merq. merq. f
merq.

⎛ ⎞
= + ⋅⎜ ⎟⎜ ⎟

⎝ ⎠

E
S S S

E
               (4.17) 

2
,day.merq.

day.merq. =
J

W
h

                  (4.18) 
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sadac merq.A , merq.J , merq.S  aris sartyelebis ganivkveTis farTobi, inerciis 

da statikuri momentebi Sesabamisad; fA , fJ , da fS  - igive, faneris 

kedlisaTvis; fE , merq.E  - fanerisa da merqnis drekadobis modulebi; h  - 

koWis ganivkveTis simaRle.   
 koWis faneris kedeli mowmdeba Wraze sayrdenze  moqmedi 
maqsimaluri ganivi Zalis mixedviT 

 ( )6 ,mpa
day.f.

Wr.f.

day.f. f.

τ
δ

= ≤
⋅

QS
R

J
              (4.19) 

sadac f.δ  aris kedlis faneris sisqe. 

 igive formuliT Semowmdeba fanerisa da sartyelebis Sewebebis 
simtkice. am dros axleCis farTobis sigane aiReba sartyelebis 
gaormagebuli simaRlis toli, xolo mricxvelSi faneris nacvlad 

Caismeba merqnis (sartyelebis) statikuri momenti - day.merq.S . 

 faneris kedlis mdgradobis uzrunvelyofisaTvis grZivi 

mimarTulebiT kedlis sisqe / 50kedδ ≥ h . Tu kedlis sisqe am sidideze 

naklebia, saWiro xdeba igi SevamowmoT normaluri da mxebi Zabvebis 
moqmedebaze. 
 xe-faneris koWis CaRunva damokidebulia merqnis sartyelis da 
faneris kedlis inerciis momentebisa da drekadobis modulebis 
sidideebze, sartyelebis RerZebs Soris ganivkveTis simaRleze (malis 

SuaSi - /h , sayrdenebze - /
0h ), agreTve kedlebSi mxeb Zabvebze. 

maqsimaluri CaRunva gamoiTvleba formuliT: 

( ) [ ]
45 ,

384 300
qf f

E J E J k k
= ⋅ ≤ =

⋅ + ⋅ ⋅ ⋅ τ

l ln

merq merq f f cv

        (4.20) 

sadac orqanobiani koWis ganivkveTis cvalebadobis gamTvaliswinebeli 
koeficienti 

/
0
/0, 4 0,6 ;cv = +

hk
h

 

xolo koeficienti 

2
1 .

1 100
τ =

⎛ ⎞+ ⎜ ⎟
⎝ ⎠l

k
h

 

 

nax. 4.12. xe-faneris koWi talRovani 
faneris kedliT: a - ortesebri 
erTmagi kedliT; b - yuTismagvari - 
ortesebri ormagi kedliT.  
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 mciremaliani koWebis SemTxvevaSi, amJamad warmatebiT gamoiyeneba 
xe-faneris ortesebri koWebi talRovani faneris kedliT (nax. 4.12). isini 
mudmivi simaRlis ortesebri ganivkveTis konstruqciebia. sartyelebSi 
gamoyenebulia II xarisxis calkeuli ficrebi, romlebSic specialuri 
mowyobilobis daxmarebiT keTdeba sinusoiduri moxazulobis Rarebi, 
romlebSic Caismeba an Cawebdeba talRovani faneri. aseT faners 
sakmarisi ganivi sixiste gaaCnia, rac gamoricxavs sixistis wiboebis 
mowyobis aucileblobas. 

aseTi koWebis gaangariSebisas mxedvelobaSi unda miviRoT is, rom 
kedeli praqtikulad ar muSaobs normalur Zabvebze Runvisas da am 
Zabvebs Tavis Tavze Rebuloben sartyelebi. garda amisa, Tavisi formis 
gamo, kedeli warmoadgens damyol elements, amitom simtkiceze da 
deformaciebze gaangariSebas awarmoeben, rogorc Sedgenil koWs 
damyoli kedliT. 
 kedlis sartyelebTan SeerTebis webovani nakeri mowmdeba amxleC 
Zabvebze, kedeli - mdgradobaze, xolo mTlianad koWis ganivkveTi 
simtkicesa da CaRunvebze. 

 
4.6. xis kamarebi 

 
 xis kamarebi dReisaTvis mzidi xis konstruqciebis yvelaze 
gavrcelebul saxes warmoadgens da gamoiyeneba samrewvelo, sportuli, 
sasawyobe, sagamofeno, sakoncerto, sasoflo-sameurneo da sxv. 
daniSnulebis SenobaTa gadaxurvebSi maliT 12...80m. isini ganmbjeniani 
konstruqciebia. 
 praqtikaSi yvelaze gavrcelebulia xis dawebebuli kamarebi (nax. 
4.13). 

 
nax. 4.13. xis dawebebuli kamarebi: a – segmenturi moxazulobis; b – samkuTxa; g 

– isrisebri; d – texili; 1 – Semkravis gareSe; 2 – SemkraviT. 
 

 konstruqcia Zalian martivia da Sedgeba minimaluri raodenobis 
elementebisagan. didi mniSvneloba aqvs agreTve SesaniSnav arqiteqturul 
gamomsaxvelobasac. aseTi kamarebis did upiratesobad, sxva 
konstruqciebTan SedarebiT, iTvleba maTi maRali medegoba cecxlis, 
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lpobisa da qimiurad agresiuli garemos mimarT, rasac zogjer 
gadamwyveti mniSvneloba aqvs praqtikuli da komerciuli TvalsazrisiT. 
 dawebebuli kamarebi ganirCevian erTmaneTisagan statikuri sqemis, 
moxazulobis, ganmbjenis miRebis xerxis, ganivkveTis da masalis 
mixedviT. 
 muSaobis statikuri sqemis mixedviT dawebebuli kamara SeiZleba 
iyos: orsaxsrovani mrudi moxazulobis, samsaxsrovani mrudi 
moxazulobis, samsaxsrovani sakuTxa, samsaxsrovani texili da 
samsaxsrovani isrisebri. 
 kamaris awevis isari icvleba zRvrebSi (1/2...1/7) l . ganivkveTi 
SeiZleba iyos sworkuTxa, yuTismagvari an ortesebri. ganivkveTis 
simaRle miiReba (1/30…1/50) l . 

 
 
nax.  4.14. xis dawebebuli samsaxsovani kamaris sayrdeni kvanZebi: a, b - 
eqscentruli kvanZebi; g - dacentruli kvanZi; d - Subluri miyrdnobiT; e - 
qusla saxsari; v - WanWikebiT ganxorcielebuli saxsari. 
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nax. 4.15. xis dawebebuli samsaxsrovani kamaris kexis kvanZebi: a, b, g, d - 
Subluri miyrdnoba mafiqsirebeli zedebiT; e-plastikuri saxsari; z-WanWikebiT 
ganxorcielebuli saxsari; T-fila saxsari. 
 
 samSeneblo praqtikaSi yvelaze gavrcelebulia sworkuTxa 
ganivkveTis ficrul-dawebebuli mrudi moxazulobis da samkuTxa 
kamarebi, romlebic qarxnuli wesiT damzadebul konstruqciebs 
warmadgenen. 
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 samsaxsrovani kamaris naxevarkamara garda kumSvisa, muSaobs 
Runvazec. mudmivi da droebiTi datvirTvebisagan ganivkveTebSi aRZruli 
mRunavi momentebis mniSvnelobebi SeiZleba xelovnurad SevamciroT 
naxevarkamaris grZivi RerZis eqscentrulad ganlagebiT, rac miiRweva 
sayrdeni (nax. 4.14) da kexis (nax. 4.15) kvanZebis Sesabamisi konstruqciuli 
gadawyvetiT. 
 mrudi moxazulobis kamaris muSa ganivkveTi Sedgeba Sewebebuli 
ficrebisagan ficris sisqiT 33mm-de da simaRlisa da siganis fardobiT 

/ 4≤h b . minimaluri simaRle, zRvruli moqnilobidan gamomdinare 

120zR =S , Seadgens / 36min =h S  (sadac S  aris naxevarkamaris sigrZe). 

 sayrdenze gaCenil horizontalur ganbjens Tavis Tavze Rebulobs 
Semkravi an masiuri saZirkvlebi, xolo Sveul reaqciebs - saZirkvlebi an 
svetebi. 
 mcire malebis SemTxvevaSi (24m-mde) kexSi naxevarkamarebis SeerTeba 
xdeba pirmidgmiT da gadaixureba ormxrivi xis zedebiT WanWikebze (nax. 
4.15, a,b) romlebic uzrunvelyofen pirapiris sixistes kamaris sibrtyis 
marTobulad. didi malebis  SemTxvevaSi ki sayrdensa da kexSi ewyoba 
liTonis quslebi (nax. 4.14, d, e, z; Nnax. 4.15, g, d, e, z, T).  

SemkravisaTvis gamoiyeneba profilovani (kuTxedi, Sveleri) an 
wriuli ganivkveTis foladi.  

samsaxsovani kamara warmoadgens statikurad rkvevad sistemas. 
Zalvebi mis ganivkveTSi damokidebuli ar aris sayrdenebis Gjdenasa da 
Semkravis deformaciaze. kexis kvanZis arseboba ganapirobebs kexSi 
samontaJo pirapiris mowyobis aucileblobas, rac naxevarkamaris 
transportirebis saSualebas iZleva. 

orsaxsriani kamarebis gamoyenebis sfero SezRudulia, radganac 
maTi transportireba didi gabaritebis gamo problemuria. Zalvebi 
ganivkveTebSi ki mniSvnelovnad aris damokidebuli  sayrdenebis jdenasa 
da Semkravis deformaciaze. 

kamarebi Semkravis gareSe marTalia Zalzed martivi 
konstruqciebia, magram moiTxovs mZime, masiuri sayrdenebis mowyobas 
horizontaluri ganmbjenis arsebobis gamo.  

kamarebis gaangariSeba warmoebs datvirTvebis Semdeg Sexamebaze: 
1) mudmivi mTel malze + Tovli mTel malze ganawilebuli kosinusis 

kanoniT; 
2) mudmivi mTel malze + Tovli ganawilebuli samkuTxedis kanoniT. 

am datvirTvebis mixedviT ganisazRvreba saangariSo Zalvebi , ,M N Q , 
xolo Semdeg maqsimaluri mRunavi momentisa da grZivi Zalis mixedvis 
SeirCeva ganivkveTi. gaangariSeba mimdinareobs, rogorc SekumSuli-
moRunuli elementis. 

 
4.7. xis CarCoebi 

 
CarCo xis mzidi konatruqciebis ZiriTad klass miukuTvneba. misi 

forma sruliad Seesameba samrewvelo da samoqalaqo Senobebis formas. 
vertikaluri dgarebi da daxrili rigelebi karg safuZvels 
warmoadgenen kedlebis SemomzRudavi konstruqciebis da saxuravis 
fenilebis mosawyobad. praqtikaSi yvelaze metadaa gavrcelebuli 
CarCoebi maliT 12...24m, Tumca zogjer misi mali 60m aRwevs. 

statikuri sqemis mixedviT xis CarCoebi SeiZleba iyos statikurad 
rkvevadi da erTjer statikurad urkvevi. samsaxsrovani CarCoebi       
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(nax. 4.16, a) warmoadgens statikurad rkvevad sistemas. am sqemis 
upiratesoba is aris, rom mis ganivkveTebSi aRZruli Zalvebi 
damokidebuli ar aris saZirkvlebis jdenaze, xolo saxsrovani sayrdeni 
da kexis kvanZebis gadawyveta gamoirCeva simartiviT. uaryofiT mxared ki 
SeiZleba CaiTvalos didi mRunavi momentebis gaCena karnizis kvanZebSi. 

 

 
 

nax. 4.16. xis CaraCoebis statikuri sqemebi: a - samsaxsrovani; b - orsaxsrovani 
xisti sayrdenebiT; g - orsaxsrovani saxsrovani sayrdenebiT. 

 
 orsaxsrovani sqema xisti sayrdeni kvanZebiT (nax. 4.16, b) 
warmoadgens erTxel statikurad urkvev sistemas. am sqemis upiratesobaa 
karnizis kvanZebSi mRunavi momentebis ar arseboba, rac saSualebas 
iZleva rigelad gamoyenebul iqnas xis dawebebuli koWi, kamara 
SemkraviT, segmenturi da samkuTxa wamweebi. uaryofiT mxares warmoadgens 
rTulad gansaxorcilebeli xisti sayrdeni kvanZebi, romlebSic 
moqmedeben didi mniSvnelobis mRunavi momentebi, agreTve ganivkveTebSi 
Zalvebis damokidebuleba saZirkvelebis jdenaze. 
 orsaxsrovani sqema saxsrovani sayrdeni kvanZebiT (nax. 4.16, g) 
warmoadgens erTxel statikurad urkvev sistemas sayrdenebze nulovani 
mRunavi momentebiT, magram samagierod karnizis kvanZebia Zalian 
gadatvirTuli da rTuli mosawyobi, radaganac am kvanZebSi moqmedebs 
maqsimaluri mRunavi momentebi. 
 konstruqciuli mosazrebiT xis CarCoebi SeiZleba iyos sam da 
orsaxsrovani dawebebuli ficrebisagan, masiuri mTliankveTiani da 
dawebebuli xe-faneris. aqedan yvelaze metadaa gavrcelebuli xis 
dawebebuli (ficrul-webovani) samsaxsrovani CarCoebi. isini arsebobs 
udoinjo da ori an oTxi doinjiani (nax. 4.17). aseTi CarCoebis 
elementebis ganivkveTebi Sedgenilia dawebebuli ficrebisagan, sigane 
erTnairia, xolo simaRle - cvalebadi. doinjis elementebis ganivkveTebi 
mudmivia.È nax. 4.18-ze mocemulia xis dawebebuli CarCoebis karnizis 
kvanZis zogierTi gadawyveta, xolo nax. 4.19-ze _ sayrdeni kvanZebi É 

 
 

nax. 4.17. xis dawebebuli samsaxsrovani CarCoebi: a - moRunul-dawebebuli; b - 
texil-dawebebuli; g - oTx daoinjiani; d - or doinjiani; e - Siga sayrdeni 

doinjebiT; z - gare iribnebiT. 
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nax. 4.18. xis dawebebuli CarCoebis karnizis kvanZebi: a - kbila pirapirze; b - 
kbila pirapirze xuTkuTxa SuadiT; g - kbila pirapirze mrudi moxazulobis 

SuadiT dawebebuli ficrebisagan; d - faneris sakvanZo furcliT; e - 
wirwkimalebze; z - Cawebebuli liTonis ReroebiT. 

 

 
 

nax. 4.19. xis dawebebuli samsaxsrovani CarCos sayrdeni kvanZebi: a - 
mudmivkveTiani dgariT; b - cvladkveTiani dgariT; 1 - dgari; 2 - liTonis 

qusli; 3 - WanWiki; 4 - ankeri; 5 – SeduReba. 
 
 moRunul-dawebebuli samsaxsrovani CarCo (nax. 4.17, a) Sedgeba ori 
Г-es magvari formis sworkuTovani ganivkveTis elementebisagan, romelic 
simaRleSi cvladkveTiania da karnizis kvanZSi moRunulia. aseTi CarCos 
dadebiTi mxarea is, rom igi ori didgabaritiani nawilisagan Sedgeba, 
rac amcirebs Sromatevadobas montaJis dros, xolo cvladi ganivkveTi 
uzrunvelyofs merqnis ekonomias. aqvs uaryofiTi mxarec, rac 
gamoixateba naxevarkamaris transportirebaSi, radganac qarxana 
damamzadeblidan montaJis adgilamde mitana bevr sirTulesTan aris 
dakavSirebuli. garda amisa mkumSavi Zalebi CarCos moRunul nawilSi 
gacilebiT didia, vidre sworxazovan elementebSi, xolo saangariSo 
winaRoba kumSvaze, romelic damokidebulia moRunvis radiusis moRunuli 
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ficrebis sisqesTan fardobaze, gacilebiT naklebia, rac iwvevs masalisa 
da webos xarjis gazrdas. 
 texil-dawebebuli samsaxsrovani CarCo (nax. 4.17, b) Sedgeba ori 
naxevarCarCosgan. karnizis kvanZSi rigeli da dgari SeerTebulia 
erTmaneTTan xisti kbila pirapiriT (nax. 4.18, a). rigelsa da dgars 
cvladi ganivkveTi aqvs _ maqsimaluri RerZis gadatexvis wertilSi 
(karnizis kvanZSi). aseT CarCos rigi upiratesobisa gaaCnia: advilad 
dasamzadebelia, montaJi martivia, gamoirCeva mcire masala - da 
SromatevadobiT. qarxanaSi SekveTis Sesrulebisas mimarTaven Semdeg 
meTods: amzadeben sworkuTxa ganivkveTis dawebebul pakets, mere Wrian 
diagonalze da Rebuloben, erTi dawebebis operaciiT, rigelis (dgaris) 
cvladkveTian or nawils, riTac miiRweva merqnis ekonomia Camorandvis 
(gaTlis) dros da Sesabamisad webos ekonomia. aseTi CarCoebi karnizis 
kvanZSi grZivebisa da fenilis dayrdnobisas ar saWiroeben damatebiT 
gasaZlierebel Reroebs. 
 uaryofiTi mxarea is, rom naxevarCarCoebi didi gabaritebis gamo 
rTuli gadasatania. garda amisa, karnizis kvanZi, sadac moqmedebs 
maqsimaluri mRunavi momentebi, muSaobs normalur mkumSav Zabvebze 
boWkoebis mimarTulebisadmi mniSvnelovani sididis kuTxiT, ris gamoc 
merqnis saangariSo winaRoba mcirdeba da Sesabamisad izrdeba ganivkveTi. 
karnizis kvanZSi ganivkveTebis Semcireba SesaZlebelia faneris zedebis, 
liTonis Reroebis an xuTkuTxa Casadgmeli Suadis gamoyenebiT (nax. 4.17, 
b), romliTac xelovnurad vcvliT kuTxes boWkoebis mimarTulebebs 
Soris pirapiris sasargeblod. 
 dawebebuli xis samsaxsrovani oTx doinjiani CarCo (nax. 4.17, g) 
Sedgeba ori dgaris, ori cvladkveTiani naxevarrigelis da mudmivi 
ganivkveTis oTxi cali doinjisagan, romlebic rigels aerTeben dgarTan. 
doinjebi dgarTan erTad qmnian rigelisaTvis sayrdenebs, rac iwvevs 
rigelSi mRunavi momentebis Semcirebas. aseve Zalian mcirdeba mRunavi 
momentebi dgarebSi. aseTi CarCo warmoadgens asawyob-dasaSlel sistemas 
sworxazovani dawebebuli elementebisagan, romelTa transportireba 
araviTar sirTules ar warmoadgens. uaryofiTi mxarea is, rom CarCo 
Sedgeba 8 elementisagan da amitom izrdeba misi damzadebis 
Sromatevadoba. doinjebi nawilobriv zRudaven Senobis Siga sivrces, 
amitom aseTi CarCoebis gamoyeneba mizanSewonilia fardulebis asagebad. 
 dawebebuli xis samsaxsrovani or doinjiani CarCo (nax. 4.17, d) 
Sedgeba ori dgaris, ori cvladkveTiani naxevarrigelis da ori mudmivi 
ganivkveTis doinjisagan. aseTi CarCos uaryofiTi mxarea karnizis kvanZSi 
mniSvnelovani sididis gamWimavi Zalvebis arseboba, romelTa misaRebad 
saWiro xdeba kvanZSi damatebiT liTonis samagrebis mowyoba. mRunavi 
momentebic rigelSi da dgarSi metia, vidre oTx doinjianSi. aqac 
doinjebi zRudaven Senobis Siga sivrces. samagierod, CarCo advilad 
dasamzadebeli da asawyobia, konstruqciebi transportirebadia da 
gamoirCeva dabali masalatevadobiT. 
 dawebebuli xis samsaxsrovani CarCo Siga sayrdeni doinjebiT (nax. 
4.17, e) Sedgeba ori cvladkveTiani rigelis, ori doinjisa da ori 
mudmivkveTiani dgarisagan. dadebiTi Tvisebebi iseTive aqvs, rogorc sxva 
doinjian CarCoebs. uaryofiTi ki is aris, rom qaris datvirTvebze dgari 
muSaobs gaWimvaze RunviT, rac arTulebs kvanZebis mowyobas. doinjebi 
didi sigrZisaa da maTi ganivkveTi iniSneba zRvruli moqnilobis 
mixedviT. 
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 dawebebuli xis samsaxsrovani CarCo gare sayrdeni iribnebiT (nax. 
4.17, z) gansxvavdeba wina ganxiluli CarCosagan iribnebis gare 
ganlagebiT, romlebic gaWimvaze muSaoben da SeiZleba damzadebuli iqnes 
dawebebuli merqnisagan an foladisagan. 

dawebebuli xis orsaxsrovani CarCoebi (nax. 4.20) Sedgeba sami 
konstruqciuli elementisagan - ori dgarisa da horizontalur 
rigelisagan. maTi ZiriTadi dadebiTi mxarea damzadebisa da 
transportirebis simartive da koWovani rigelis konstruqciebi, 
romlebic gacilebiT advili dasamzadebelia, vidre moRunuli an texili 
naxevarrigelebi. garda amisa, horizontaluri rigelebi mosaxerxebelia 
Sekiduli Weris mosawyobad. uaryofiTia CarCos awyobis teqnologiuri 
sirTule da elementebSi Zalvebis cvalebadoba sayrdenebis jdenis 
SemTxvevaSi. 

 

 
 

nax. 4.20. xis dawebebuli orsaxsrovani CarCoebi: a - xisti sayrdeni kvanZebiT da 
kamariT; b - igive wamwiT; g - saxsrovani sayrdeni kvanZebiT da ficrul-

dawebebuli koWiT. 
 

Zelebis, sqeli ficrebis an morebisagan awyobili xis 
mTliankveTian CarCoebs gaaCniaT zogierTi upiratesobebi. magaliTad, 
isini SeiZleba davamzadoT uSualod samSeneblo moedanze da Sesabamisad 
Rirebulebac naklebia, vidre dawebebuli CarCoebis, romlebic mxolod 
qarxnuli wesiT mzaddeba. aseTi CarCoebis malia 15 m-de, damzadeba 
Sromatevadia, moiTxovs deficitur, didi ganivkveTis masalas da 
saWiroebs maRali kvalifikaciis muSa-xels. 
 doinjiani mTliankveTiani CarCoebi (doinjiani sistemebi) 
damzadebuli Zelebis an morebisagan, warmoadgens umartives 
konstruqciebs (nax. 4.21). maTi mali mcirea da ar aRemateba 9m-s. aseTi 
CarCoebis rigelebi SeiZleba damzadebuli iqnes webo-faneris 
konstruqciebisagan, Tumca moiTxovs deficitur samSeneblo faneras da 
aqvs dabali cecxlmedegoba. 
 

 
 

nax. 4.21. mTliankveTiani doinjiani xis CarCoebi Zelebisa da morebisagan: a - 
samsaxsrovani doinjiani; b - samsaxsrovani buRaur-doinjiani; g - samsaxsrovani 

rigel-doinjiani; 1 - dgari; 2 - rigeli; 3 - doinji; 4 - buRauri; 5 - rigeli. 
 
 nebismieri moxazulobis CarCos elementebSi Zalovani faqtorebis 
(M , N ,Q ) dadgena warmoebs samSeneblo meqanikis cnobili meTodebiT da 
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saxelmZRvaneloSi moyvanili ar aris. rac Seexeba konstruqciul 
gaangariSebas - ganivkveTis zomebis dadgenas, igi warmoebs Zalovani 
faqtorebis maqsimaluri mniSvnelobebis mixedviT da mere mowmdeba 
simtkiceze da deformaciebze. 
 

4.8. xis dgarebi 
 

dgari ewodeba nagebobis karkasis Sveulad dayenebul elements, 
romelic masze dayrdnobili konstruqciebidan datvirTvebs gadascems 
saZirkvels. 

xis dgarebi SeiZleba iyos mTliankveTiani, Sedgenili, dawebebuli 
da gamWoli (gisosovani). 

mTliankveTiani dgarebi mzaddeba Zelebis, morebis an sqeli 
ficrebisagan. isini gamoiyeneba gadaxurvis, fardulebis, muSa moednebis, 
platformebis, eleqtrogadamcemi xazebis sayrdenebad, agreTve gamWoli 
konstruqciebis Sveul Reroebad. dgarebi iafiani, martivi tipis 
konstruqciebia da amitom sakmaod farTodaa gavrcelebuli 
mSeneblobaSi. 

dgarebis geometriuli zomebi da mzidunarianoba SezRudulia 
sortamentiT. sigrZe ar aRemateba 6,4m, xolo ganivkveTis didi zoma _ 
20sm-s. 

kvadratuli da wriuli ganivkveTis dgarebi gamoiyeneba im 
SemTxvevaSi, roca boloebi damagrebulia saxsrovnad da maTze moqmedebs 
mxolod mkumSavi Zalebi, xolo dgarebi sworkuTxovani ganivkveTiT an 
sqeli ficrebisagan gamoiyeneba maSin, roca maTze moqmedebs ara marto 
mkumSavi Sveuli, aramed horizontaluri (magaliTad qari) datvirTvebic, 
romlebic iwveven Runvis deformaciebs da Sesabamisad horizontaluri 
datvirTvebis moqmedebis mimarTulebas amTxveven ganivkveTis did zomas. 

morebisagan ganxorcielebuli dgarebi ZiriTadad gamoiyeneba 
eleqtrogadamcemi xazebis sayrdenebad, romlebic Semkravi celuRebis an 
msxvili mravalRerovani mavTulebis daxmarebiT ebmebian miwaSi Casobil 
rkinabetonis Zelebs. xis dgaris qveda bolo miwis zedapiridan aweuli 
unda iqnes sul mcire 80sm. 

aseTi dgarebis gaangariSeba warmoebs, rogorc SekumSuli an 
SekumSul-gaRunuli Reroebis boloebis Camagrebis sqemebze 
damokidebulebiT. gaangariSeba xdeba simtkiceze da mdgradobaze. 

Sedgenili dgarebi ganxorcielebulia WanWikebiT an lursmnebiT 
erTmaneTTan SeerTebuli Zelebis, morebis an sqeli ficrebisagan. 
zogjer maT Soris, masalis ekonokiis mizniT, Suasadebebis gamoyenebasac 
mimarTaven (nax. 4.22). aseT dgarebs amzadeben maSin, roca maqsimaluri 
ganivkveTis mTliankveTiani dgaris mzidunarianoba arasakmarisia didi 
datvirTvebis gamo. 

Sedgenili dgarebis gaangariSeba warmoebs simtkicesa da 
mdgradobaze or sibrtyeSi-materialuri RerZebisa ( −x x ) da Tavisufali 
RerZis ( −y y ) mimarT-formuliT: 

.N R
A

= ≤σ
ϕ k                   (4 21) 

materialuri RerZis mimarT gaangriSeba warmoebs, rogorc 
mTliankveTiani dgarebisa, romelTa sigane Semdgeneli elementebis 
siganeTa jamis tolia. am dros damyoloba mxedvelobaSi ar miiReba. 
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Tavisufali RerZis mimarT gaangariSebisas mxedvelobaSi miiReba 
misi mometebuli moqniloba igive ganivkveTis mTliankveTian dgarebTan 
SedarebiT, rasac iwvevs damyoloba SeerTebebSi. mometebul moqnilobas 
Tavisufali RerZis mimarT ewodeba dayvanili moqniloba da gamoiTvleba 
formuliT 

 
 

nax. 4.22. Zelebisagan Sedgenili dgarebi: a - mTliankveTiani; b - gamWoli 
SuasadebebiT; g - muSaobis sqema; 1 - Zelebi; 2 - WanWikebi; 3 – Suasadebebi. 

 

( )2 2
1 ,y y= +λ μ λ λday                   (4.22) 

sadac 21 / ,d nak makμ = + ly k bhn n  aris moqnilobis dayvanis koeficienti; dk  - 

SeerTebis damyolobis koeficienti, romelic damokidebulia WanWikis 

diametris ( d ) Zelis sisqesTan ( 1h ) Sefardebaze (danarTi, cxr. 16); nakn  - 

nakerebis raodenoba Zvris sibrtyeSi. ori Zelakisagan Sedgenili uRreCo 

dgarebisaTvis 1nak =n , xolo RreCoebisa da Suasadebebis SemTxvevaSi 

2nak =n ; l  - dgaris sigrZe; makn  - makavSirebelTa raodenoba 1 grZiv 

metrze; 1λ  - erTi Zelis moqniloba 1l  manZilze WanWikebiY damagrebis 

SemTxvevaSi (nax. 4.22); /λ = ly r - dgaris moqniloba SeerTebaTa 

damyolobis gauTvaliswineblad; /=r J A  - ganivkveTis inerciis radiusi. 

 mdgradobis koeficienti yϕ  ganisazRvreba dayvanili moqnilobis 

mixedviT formulebiT: 

3000
2
day

ϕ
λ

=y , roca 70λ >  da 

2

1 0,8 day

100

λ
ϕ

⎛ ⎞
= − ⎜ ⎟⎜ ⎟

⎝ ⎠
y , roca 70λ ≤ . 
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 Sedgenili Zeluri Reroebis ganivkveTis SerCeva warmoebs winaswar 
daniSnuli moqnilobis mixedviT materialuri RerZis mimarT da is 

miiReba [ ] 120λ ≤ . ganivkveTis saWiro simaRle saWh , roca Reros sigrZea l , 

gamoiTvleba gamosaxulebidan: /(0, 29 )saW λ= lh . 

 
magaliTi 4.3. SevarCioT da SevamowmoT boloebiT saxsrovnad Camagrebuli 
Sedgenili dgaris ganivkveTi, romlis sigrZea ml = 3 . dgari Sedgeba 
sworkuTxovani ganivkveTis ori Zelisagan, romlebic SeerTebulia 
Suasadebebisa da RreCos gareSe WanWikebiT (nax. 4.22, a). dgarze moqmedi mkumSavi 

Zala / knN = 180 . konstruqcia, romelic damzadebulia me-2 xarisxis merqnisagan, 

miekuTvneba pasuxismgeblobis I klass da saeqspluatacio pirobebis А2 jgufs. 
amoxsna. dgarze moqmedi saangariSo mkumSavi Zala daniSnulebis mixedviT 
saimedobis koeficientis ( γ n ) gaTvliswinebiT 

/ kn.γ= ⋅ ⋅nN N = 180 1= 180  

sadac 1γ =n  (danarTi, cxr.1) 

 merqnis saangariSo winaRoba kumSvaze 13 1,3 2mpa kn/smkR = =  (danarTi, cxr. 2) 

 davuSvaT Sedgenili dgaris moqniloba materialuri RerZis mimarT 

[ ]80 120λ λ= < = . Sesabamisi grZivi Runvis (mdgradobis) koeficienti 

3000 3000 0,47
802 2

ϕ
λ

= = =y . 

 davuSvaT Sedgenili ganivkveTis Zelebis sigane smb = 15 . ganivkveTis 
saWiro simaRle 

3000 13
0,289 0,289 80

smsaW .
λ

= = =
⋅

lh  

 aviRoT TiToeuli Semadgeneli Zelis ganivkveTi b h = 15 10× ×1 sm . 

ZelebisÛSeerTebas vaxdenT mmd = 20  diametris WanWikebiT, bijiT 1 sml = 50 . 
 SevamowmoT Sedgenili dgaris simtkice da mdgradoba ganivkveTis 
materialuri −x x  RerZis mimarT (nax. 4.22, a). 
 ganvsazRvroT dgaris mTliani ganivkveTis farTobi, inerciis radiusi, 
moqniloba, mdgradobis koeficienti: 

12 300 ;2sm⋅ ⋅A= bh = 2 15 10 =  

0,289 0,289 4,35 ;sm⋅xr = b = 15 =  

300 70;
4,35x

x

= = = 69 <
r

λ l
 

2 2691 0,8 1 0,8 0,68.
100 100

λϕ
⎛ ⎞ ⎛ ⎞= − = − =⎜ ⎟ ⎜ ⎟

⎝ ⎠⎝ ⎠
x

x  

SevamowmoT ganivkveTi: 

2
f eqskn/sm mpa mpa

ϕ
⋅ = ⋅

⋅x

N 180σ= = = 0,85 = 8,5 < R m 13 1= 13
A 0,68 300

 

 SevamowmoT dgaris simtkice da mdgradoba Tavisufali −y y  RerZis 
mimarT makavSirebelTa damyolobis gaTvaliswinebiT. 
 ganvsazRvriT calkeuli Zelis ganivkveTis farTobi, misi RerZis 
daSoreba −y y  RerZamde, ganivkveTis inerciis radiusi 

1 1 150 ;2sm⋅A = bh = 15 10 =  

10 5 ;
2

sm1ha = = =
2
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3 3
2 2 4 41

1
15 102 2 150 5 10 ;

12 12
sm

⎛ ⎞ ⎛ ⎞⋅
= + ⋅ = + ⋅ =⎜ ⎟ ⎜ ⎟

⎝ ⎠⎝ ⎠
x

bhJ A a  

410 5,76 .
300

sm= = =x
x

Jr
A

 

 dgaris moqmniloba makavSirebelTa damyolobis gauTvaliswineblad 
300 52.
5,76

λ = = =
l

y
yr

 

 SeerTebis damyolobis koeficienti mmd = 20  diametris WanWikebisaTvis, 
roca 1/d h = 2/20 = 1/5 < 1/2 , ganisazRvreba formuliT: 

0,075d ⋅1

1,5 1,5k = = =
dh 2 10

 

 makavSirebelTa ricxvi 2mak c/m=n ; 

nakerebis ricxvi 1nak =n ; 

moqnilobis dayvanis koeficienti 

2 2

0,075 15 20 11 1 1
300 2

k bhn
n

⋅ ⋅ ⋅
= + = + =

⋅
μ

l
d nak

day
nak

.  

calkeuli Zelis ganivkveTis inerciis radiusi, manZilebi WanWikebs Soris 
da misi moqniloba: 

0,289 0,289 sm;= = ⋅1r h 10 = 2,89  

50sm=l 1  

1
1

50 17 24
2,89

λ = = = <
l
r

, amitom iTvleba, rom 1 0λ =  

dayvanili moqniloba 

( )2 2
1 1 52 52 70y y y y= + = = ⋅ = <λ μ λ λ μ λday .  

 Sesabamisi mdgradobis koeficienti 
2 2521 0,8 1 0,8 0,78.

100 100y

⎛ ⎞ ⎛ ⎞= − = − =⎜ ⎟ ⎜ ⎟
⎝ ⎠⎝ ⎠

λ
ϕ day

 

SevamowmoT ganivkveTi simtkiceze: 

x

N 180σ= = = 0,77 =7,7 < R 13
A 0,78 300

=
⋅ϕ

2
kkn/sm mpa mpa.  

 amrigad, Sedgenili dgaris SerCeuli ganivkveTi akmayofilebs simtkicisa 
da sixistis pirobebs da vargisia eqspluataciisaTvis. 
 xis dawebebuli dgarebi (nax. 4.23) mzaddeba mxolod qarxnuli 
wesiT. maTi geometriuli zomebi SeiZleba iyos nebismieri da 
damokidebulia datvirTvebze da Senobis daniSnulebaze. 
 kvadratuli ganivkveTis dgarebis (nax. 4.23, a) ganivkveTis zomebi 
bevrad aRemateba sortamentiT daSvebul ficris siganes, amitom 
dawebebuli paketis ganxorcielebisas ficrebs erTmaneTTan aerTeben ara 
marto sibrtyeTi, aramed nawiburebiTac. aseT dgarebs iyeneben calkeuli 
Senobis Siga konstruqciebisaTvis, romlebzec modis didi datvirTvebi 
da gaangariSdeba simtkiceze da mdgradobaze mkumSavi saangariSo 

Zalebis mixedviT muSaobis pirobebis swm  da fenm  koeficientebis 

(danarTi, cxr. 7,8) gaTvaliswinebiT. 
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nax. 4.23. xis dawebebuli dgarebi: a - mudmivkveTiani kvadratuli ganivkveTiT; b - 
mudmivkveTiani sworkuTxovani ganivkveTiT; g - cvladkveTiani sworkuTxovani 

ganivkveTiT. 
 
 sworkuTxa ganivkveTis mTliankveTiani da cvladkveTiani dgarebi 
(nax. 4.23, b,g) ZiriTadad gamoiyeneba samrewvelo Senobis gare kedlebis 
mosawyobad da gadaxurvis mzidi sanivnive konstruiqciebis sayrdenebad. 
ganivkveTis didi gverdis mimarTuleba kedlis sibrtyis marTobulia. 
aseTi dgarebis SeerTeba saZirkvelebTan (nax. 4.24) xistia, xolo zeda 
bolos mierTeba mzid gadxurvis konstruqciebTan - saxsrovani. maTi 
gaangariSeba xdeba kumSvaze RunviT, radganac mkumSavi Sveuli 
datvirTvebis garda moqmedebs horizontaluri qaris datvirTva. 
 

 
 

nax. 4.24. cvladkveTiani xis dawebebuli dgaris sayrdeni kvanZebi: a - saankero 
magidiT; b - Cawebebuli foladis ReroebiT; g - saankero magida; 2-ankeri; 3-

WanWikebi; 4- Cawebebuli armaturis Reroebi. 
 

cvladkveTiani dgaris ganivkveTis sigane b  ar icvleba, xolo 
simaRle h  maqsimaluria qveda sayrdenze, sadac moqmedebs mRunavi 
momentis maqsimaluri mniSvneloba, xolo zeda saxsrovan boloze-
minimaluria,mRunavi momentis ararsebobis gamo. 

zeda bolos ganivkveTis simaRle iniSneba masze dayrdnobili 
konstruqciisaTvis saWiro sayrdeni farTobidan gamomdinare da unda 
akmayofilebdes Telvis pirobas, xolo qveda sayrdeni bolos simaRle 
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ganisazRvreba dgaris zRvruli dasaSvebi moqnilobis, mzidunarianobis 
da saZirkvelze xisti mimagrebis pirobebidan gamomdinare. 

xisti sayrdeni kvanZis mosawyobad umjobesia mivmarToT awyob-
dasaSlel variants saankero WanWikebisa da magidis gamoyenebiT (nax. 4.23, 
a), radgan Cawebebuli armaturis gamoyeneba SeuZlebels xdis saWiroebis 
SemTxvevaSi SevcvaloT  dgari, Tumca isic unda aRiniSnos rom 
SeerTebis es ukanaskneli saxeoba Zalian martivi gansaxorcielebelia da 
did danaxarjebs ar moiTxovs. kvanZis gaangariSeba xdeba sayrdenze 

moqmedi maqsimaluri gamWimavi gN  Zalis mixedviT. romelic ganisazRvreba 

sayrdenze moqmedi Ms  mRunavi momentis mixedviT: 

,
2

M NN = −
lg
s                                        (4.22) 

sadac 0= −e h h  aris wyvili Zalis mxari (nax. 4.24, b); N  - grZivi Zala. 

 

 
 

nax. 4.25 gamWoli dgarebi: a – samkuTxa; b – sworkuTxa; g – ganivkveTis saxeebi. 
 

 saankero magidebis gamoyenebiT xisti sayrdeni kvanZis gaangariSeba 
daiyvaneba gaWimul zonaSi moTavsebuli ori magidis dgarTan 
misamagrebeli WankWikebis raodenobis gansazRvraze, xolo Cawebebuli 
armaturis Reroebis gamoyenebisas saWiroa gamovTvaloT maTi raodenoba 
amoZrobaze muSaobis pirobidan. am dros erTi Reros mzidunarianoba 
damokidebulia diametrze d , Reros merqanSi Cawebebis sigrZeze da 

merqnis saangariSo winaRobaze axleCaze axR . gamWoli dgarebi (nax. 4.25) 

mzaddeba Zelebisagan da gamoiyeneba mzidi gadaxurvis konstruqciebis 
sayrdenebad im raionebSi, sadac SeuZlebelia dawebebuli dgarebis 
damzadeba. maTi simaRle SeiZleba iyos 10m da meti. kvanZebi, rogorc 
wesi, xorcieldeba WanWikebis gamoyenebiT (nax. 4. 26). 
 sworkuTxa gamWoli dgari advili dasamzadebelia, radganac misi 
gisosis Reroebi erTnairi sigrZisaa, magram zeda boloSi ori kvanZi 
aqvs, romlebic moiTxoven dgaris marTob sibrtyeSi damagrebas. samkuTxa 
dgari ufro ekonomiuria masalis xarjis mxriv, zeda boloSic erTi 
kvanZi aqvs, magram rTuli dasamzadebelia  gisosis   Reroebis 
sxvadasxva sigrZeebis gamo. sartyelebi SeiZleba Sedgebodes erTi an ori 
Zelisagan. umjobesia ori Zelisagan Sedgenili mokle SuasadebiT, 
radganac am SemTxvevaSi Zalzed martivdeba gisosis Reroebis mimagreba 
sartyelebTan da konstruqcias aqvs didi sixiste, rac arc Tu ise 
umniSvnelo momentia dgaris muSaobis TvalsazrisiT.  
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nax. 4. 26. gamWoli dgaris kvanZebi: a - zeda; b - qveda sayrdenze; g - Sualeduri; 
1 - sartyeli; 2 - WanWiki; 3 - liTonis koWi; 4 - ankeri; 5 - liTonis kuTxedi; 6 - 

gisosis elementebi; 7 - liTonis zedi. 
 

gamWoli dgarebis gaangariSeba efuZneba imas, rom maTze moqmedebs 
Sveuli N  da horizontaluri qaris w  datvirTvebi da saangariSo 
sqemad miiReba Sveulad mdgari konsoluri wamwe, romelic saxsrovnad 
aris mimagrebuli saZirkvelze. mcire simaRlis dgarebi ki gaangariSdeba, 
rogorc SekumSul-gaRunuli elementi xisti qveda da saxsrovani (an 
Tavisufali) zeda sayrdenebiT. 

dgaris sartyelebis gaangariSeba simtkiceze da mdgradobaze xdeba 
or sibrtyeSi. dgaris sibrtyeSi. misi saangariSo sigrZe miiReba kvanZebs 
Soris manZilis toli, xolo mis marTob sibrtyeSi misi saangariSo 
sigrZe miiReba kvanZebs Soris manZilis toli, xolo mis marTob 
sibrtyeSi - manZili horizontalur kavSirebs Soris. orZelian 
sartyelebSi gaTvaliswinebuli unda iqnas makavSirebeli elementebis 
damyoloba.   

gisosis Reroebi gaangariSdeba simtkiceze da mdgradobaze 
kumSvisas, an marto simtkiceze gamWimavi Zalis moqmedebisas kvanZebSi 
maTi saxsrovnad Camagrebis mxedvelobaSi miRebiT. sworkuTxa dgaris 
zeda bolos liTonis koWi mowmdeba Runvaze malis SuaSi moqmedi 
Seyursuli datvirTvis moqmedebisas. 

sayrdeni kvanZis gaangariSeba xdeba sartyelebSi moqmedi gamWimavi 
Zalebis mixedviT.  
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Tavi 5. gamWoli sibrtyiTi xis konstruqciebi 
 

5.1. zogadi cnobebi 
 

gamWoli sibrtyiTi xis konstruqciebi Sedgeba zeda da qveda 
sartyelebisa da maTi damakavSirebeli gisosebis sistemisagan. 
sartyelebi SeiZleba iyos erTmagi an ormagi ganivkveTis, xolo gisosis 
elementebi - dgarebi da iribnebi ganxorcielebulia calkeuli 
mTliankveTiani Reroebisagan. koWebisagan gansxvavebiT sartyelebis 
SesaerTeblad mTliani kedlis nacvlad gisosis gamoyeneba 
mniSvnelovnad amcirebs masalis xarjs, amsubuqebs konstruqcias, magram 
zrdis Sromatevadobas. 

SenobaTa gadaxurvebis mzidi sibrtyiTi gamWoli xis 
konstruqciebis ZiriTad saxeobas warmoadgens wamwe. wamweebis ZiriTad 
upiratesobad iTvleba masalebis racionaluri ganawileba sartyelebsa 
da gisosis elementebSi, statikuri rkvevadoba, awyoba-daSlis 
SesaZlebloba, rac aadvilebs transportirebas da sxv. 

saerTodD konstruqciis tipis SerCeva - mTliankedliani Tu 
gamWoli-damokidebulia teqnikur-ekonomikur monacemebze, nagebobis 
daniSnulebaze, saxanZro usafrTxoebis moTxovnebze, garemo pirobebze. 
magaliTad, qimiurad agresiul garemoSi gamWoli konstruqciebis 
gamoyeneba mizanSeuwonelia, radganac gisosis elementebi da kvanZebi 
agresiuli mtveris TavmoyrisaTvis erTgvari damatebiTi adgilia, 
romelic uerTdeba haeris tens, warmoqmnis mJavebsa da tuteebs, rasac 
SeuZlia gamoiwvios merqnis rRveva, garda amisa wamwis kvanZebis 
SeerTebebSi gamoiyeneba liTonis elementebi (WanWikebi, zedebi, 
profilebi), romlebic damatebiT damuSavebas moiTxoven agresiuli 
garemos zemoqmedebisagan dasacavad. 

cecxlmedegobis TvalsazrisiT umjobesia didi ganivkveTisa da 
sigrZis dawebebuli elementebisagan damzadebuli wamweebi. maTi 
moxazuloba SeiZleba iyos samkuTxa, trapeciuli, xuTkuTxa an 
segmenturi. 

damzadebis simartiviT gamoirCeva Zelebisagan (morebisagan) 
ganxorcielebuli samkuTxa an mravalkuTxa wamweebi, romelTa 
gamoiyeneba sasurvelia sasoflo mSeneblobaSi da iseT raionebSi, sadac 
xe-tye warmoadgens adgilobriv samSeneblo masalas. 

gamWoli konstruqciebi, rogorc wesi, gamoiyeneba statikurad 
rkvevad sistemebSi, radganac urkvev sistemebSi xis konstruqciebis 
SeerTebaTa damyoloba da merqnis deformacia gaSrobisa da gajirjvebis 
Sedegad iwvevs wamwis elementebSi arasasurveli Zalvebis gadanawilebas, 
ris gamoc zogierTi elementi gadaitvirTeba. 

wamwis konturis moxazulobis SerCevisas xalmZRvaneloben Semdegi 
mosazrebebiT: Tu burulisaTvis dagegmilia kramitis, minaplastikis, 
Tunuqis, azbestcementis furclebis an sxva calobiTi masalis 
gamoyeneba, romelic moiTxovs saxuravis daxris SedarebiT did kuTxes, 
maSin arCeven samkuTxa wamweebs, xolo rulonuri burulisaTvis - 
danarCeni moxazulobis wamweebs. samrewvelo obieqtebis usxveno Tbili 
gadaxurvebisaTvis iyeneben xuTkuTxa da mravalkuTxa, xe-liTonis 
didpanelian samkuTxa an egmenturi (mrudi) moxazulobis wamweebs 
Sedgenil-kveTiani zeda sartyeliT. 
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gamWoli xis konstruqciebis dasamzadeblad gamoiyeneba tyis 
masalebi, merqani, plastmasa da foladi. ama Tu im masalis SerCeva 
damokidebulia elementis daZabul mdgomareobaze. Cveulebriv pirobebSi 
wamwis gaWimul elementebs amzadeben foladisagan. Tu agresiuli garemo 
gvaqvs da aucilebelia maTi xisagan damzadeba, maSin gaWimul elementebs 
amzadeben dawebebuli ficrebisagan, raTa gamoiricxos mankebis 
uaryofiTi gavlena maT muSaobaze. igive mizeziT qveda sartyelsac 
akeTeben dawebebuls. Tu wamwis yvela elementi damzadebulia 
dawebebuli Rerosagan, maSin misi cecxlmedegoba gacilebiT maRalia, 
vidre xe-liTonis wamwisa, rasac zogjer gadamwyveti mniSvneloba eniWeba 
wamwis masalis SerCevisas. 

xis wamwes, romlis qveda sartyeli da gisosis zogierTi elementi 
ganxorcielebulia liTonisagan, xe-liTonis wamwe ewodeba. 

Tu wamwis zeda sartyelze modebulia arakvanZovani datvirTvebi, 
maSin igi umjobesia davamzadoT dawebebuli ganivkveTis, romelic 
Zelisagan gansxvavebiT, ukeTesad muSaobs kumSvaze RunviT. 

yvela tipis xis wamweebi iyofa or ZiriTad jgufad: 1) xis 
dawebebuli wamweebi ZiriTadi ReroebiT dawebebuli merqnisagan; 2) xis 
mTliankveTiani wamweebi ZiriTadi elementebiT Zelebis, morebis da 
ficrebisagan. ganvixiloT zogierTi maTgani. 
 

5.2. dawebebuli wamweebi 
 

dawebebuli wamweebi mzaddeba mxolod qarxnuli wesiT maliT 
18...30m. awevis isari (1/ 4...1/ 7)= lf . moxazulobis mixedviT arsebobs 
samkuTxa, segmenturi da xuTkuTxa (nax, 5.1). aseTi wamweebis zeda 
sartyels aqvs sworxazovani an moRunuli forma, didi sworkuTxovani 
ganivkveTi da SeuZliaT aitanon saxuravis fenilisagan gadmocemuli 
kvanZebsSorisi datvirTva. ganivkveTis sigane ar aRemateba 17sm-s, im 
mosazrebiT, rom paketSi ar moxdes ficrebis erTmaneTTan nawiburebiT 
Sewebeba. ganivkveTis simaRle nebismieria, magram Sesawebebeli ficrebis 
sisqis jeradi. 

 
nax. 5.1 dawebebuli wamweebi: a - samkuTxa daRmavali iribnebiT; b - samkuTxa 

aRmavali iribnebiT; g - segmenturi; d - xuTkuTxa. 
 
 qveda sartyeli, rogorc wesi, keTdeba gawyvilebuli foladis 
kuTxedebisagan TaroebiT SigniT da kvanZebis mowyobis gamartivebis 
mizniT aqvs saerTo sigane toli zeda sartyelis siganisa. 
 gisosis Reroebi, romlebSic moqmedebs didi mkumSavi an mcire 
gamWimavi Zalebi, mzaddeba dawebebuli sworkuTxovani ganivkveTis igive 
siganis, rac aqvs zeda sartyels, xolo didi ZaliT gaWimuli elementebi 
mzaddeba gawyvilebul foladis kuTxedebisagan an calfa armaturis 
Reroebisagan. 



 97

 dawebebul samkuTxa wamwes daRmavali iribnebiT (nax, 5.1, a) aqvs 
zeda sartyelis didi daxra da gamoiyeneba saxuravebSi sadac wvimis 
wylis mosacileblad xmaroben kramits an mis msgavs calobiT masalas. 
misi zeda sartyeli Sedgeba 4 an 6 sworxazovani elementisagan, 
romlebic kvanZebSi uerTdebian erTmaneTs eqscentristetiT, raTa 
xelovnurad SevamciroT kvanZebs Soris moqmedi datvirTvebisagan 
warmoSobili mRunavi momentebis mniSvnelobebi. qveda sartyelSi 
gamoiyeneba ganwyvilebuli foladis kuTxedebi. dawebebuli merqnisagan 
damzadebuli gisosis yvela iribani SekumSulia, xolo dgarebi gaWimuli 
da damzadebulia calfa foladis armaturis Rerosagan. 
 dawebebuli samkuTxa wamwe aRmavali iribnebiT (nax. 5.1, b) iseTivea, 
rogorc daRmavali iribnebiT. gansxvaveba imaSia, rom aq dgarebi 
SekumSulia da mzaddeba merqnisagan, xolo iribnebi gaWimuli da 
mzaddeba calfa foladis armaturis Reroebisagan. 
 segmenturi dawebebuli wamweebi (nax. 5.1, g) gamoiyeneba Tbil 
saxuravebSi, sadac burulad xmaroben rulonur masalebs. maT gisoss 
samkuTxa sqema aqvT. wamwis konstruqcia Zalian racionaluria, radgan 
zeda sartyelis wriuli moxazulobis gamo gisosis elementebSi 
Zalvebis simcire SesaZlebels xdis isini ganxorcieldes merqnisagan 
(mTliankveTiani an dawebebuli), rac amartivebs kvanZebis konstruqcias. 

 
nax. 5.2. segmenturi xe-liTonis  wamwe maliT 24 m: a - geometriuli sqema; b - 

sayrdeni da Sualedi kvanZebi: g, d - zeda sartyelis pirapirebis variantebi _ 
Subluri moyrdnobebiT (g) da foladis SuasadebiT (xis zedebi pirobiTad 

naCvenebi ar aris). 
 
 segmenturi wamweebis Taviseburebaa zeda sartyelis mrudxazovani 
blokebis (maTi raodenoba malebis mixedviT aris 3 an 4 cali) 
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unificireba 12, 15, 18, 21 da 24m malebisaTvis. TviT blokis ganivkveTi 
sworkuTxaa da ise SeirCeva, rom dakmayofildes ganivi mdgradobis 
piroba ( / 4≤h b ). ficrebis sisqis SerCevisas ki daculi unda iyos piroba 

/ 300δ >R , sadac R  aris zeda sartyelis simrudis radiusi; δ  - ficris 
sisqe. 
 wamwis qveda gaWimuli sartyeli foladis ori kuTxedisagan aris 
Sedgenili da mis gaswvriv moTavsebuli kvanZebis mowyoba xdeba 
foladis zedebisa da WanWikebis gamoyenebiT, xolo zeda sartyelis 
blokebi erTmaneTs uerTdeba simetriis RerZze Subluri miyrdnobiT, 
gadaixureba ori mxridan ficruli zedebiT da moiWimeba liTonis 
WanWikebiT. 
 Sekiduli Weris arsebobis SemTxvevaSi, qveda sartyelis panelebis 
sigrZis (kvanZebs Soris manZilis) Sesamcireblad, zeda sartyelis 
kvanZebidan CamoeSveba foladis Reroebi, romlebic wamwis statikuri 
muSobis sqemas ar cvlis, radganac Sekidul Werisagan gadmocemuli 
datvirTva, am Reroebis saSualebiT, damatebiT moedeba zeda sartyelis 
kvanZebs. 24m malis segmenturi wamwis kvanZebi mocemulia nax. 5.2-ze. 
 xuTkuTxa dawebebuli wamweebic (nax. 5.1, d) rulonuri 
saxuravisaTvisaa gaTvaliswinebuli da zeda sartyelis mcire daxra 
axasiaTebs. maT xSirad iyeneben sammalian SenobebSi Siga malis 
gadasaxuravad. qveda sartyelis Sua paneli da sayrdeni iribnebi, 
romlebSic moqmedebs didi gamWimavi Zalebi, keTdeba foladis 
gawyvilebuli kuTxedisagan, xolo SekumSuli dgarebi da Sua iribnebi, 
romlebSic moqmedeben mcire sididis niSancvladi Zalebi, mzaddeba 
dawebebuli merqnisagan. aseTi wamweebi, segmenturTan SedarebiT, 
araekonomiuria. 
 dawebebuli wamweebis kvanZebi mravalferovania. segmenturi da 
samkuTxa wamweebis sayrdeni kvanZebi xorcieldeba foladis quslis 
gamoyenebiTY(nax. 5.2, b) da analogiuria Semkraviani dawebebuli kamaris 
sayrdeni kvanZisa. wamwis zeda sartyeli ebjineba sayrden filas, 
romelic diafragmebisa da gverdiTa traversebis saSualebiT uerTdeba 
qveda sartyels. segmenturi wamwis sayrdeni kvanZi dacentrilia, xolo 
samkuTxasi - gadawyvetilia eqscentrisitetiT. 
 qveda sartyelis yvela Sualedi kvanZi dacentrilia da gisosis 
SekumSuli elementebis kvanZTan mierTebisaTvis gamoiyeneba Subluri 
miyrdnoba foladis kuTxedebis mokle gadanaWrebis da WanWikebis 
saSualebiT, xolo gaWimuli elementebis misaerTeblad - foladis 
zolovani zedebi da WanWikebi. 
 

5.3. mTliankveTiani xis wamweebi 
Ó Ó  

mTliankveTiani wamweebis zeda sartyeli yovelTvis mzaddeba 
xisgan, xolo qveda sartyeli da gisosis elementebi - xis an 
foladisagan. aseTi wamweebi SesaZlebelia damzaddes nebismier xis 
gadamuSavebel warmoebaSi. maTi uaryofiTi mxarea is, rom xis masalis 
geometriuli zomebis sortamentiT SezRudvis gamo, datvirTvebi 
aucileblad modebuli unda iyos kvanZebSi, romelTa ricxvi sakmaod 
didi gamodis. Sesabamisad izrdeba wamwis elementebis raodenoba da 
damzadebis Sromatevadoba. 

samkuTxa mciremalian Zelur wamwes (nax. 5.3) daRmavali iribnebiT 
aqvs Zeluri oTxpaneliani zeda sartyeli, iseTive qveda sartyeli da 
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iribnebi, xolo Sua gaWimuli dgari ganxorcielebulia foladis 
Rerosagan. Sekiduli Weris arsebobis SemTxvevaSi, datvirTvebis zeda 
kvanZebSi mosadebad, damatebiT ewyoba liTonis dgarebi. aseTi wamweebi 
simartivis gamo gamoiyeneba 12m-mde malis gadaxurvebSi. zogjer qveda 
sartyels foladis kuTxedebis an armaturisaganac akeTeben.  

 

 
nax. 5.3. Zeluri wamweebi: a - Zeluri samkuTxa mciremaliani; b – mravalkuTxa. 

 
 mravalkuTxa Zeluri wamwe (nax. 5.4) warmoadgens rulonuri 
saxuravis mqone Senobis ZiriTad mzid sanivnive konstruqcias. misi qveda 
gaWimuli sartyeli mzaddeba foladis gawyvilebuli kuTxedebisagan, 
xolo danarCeni elementebi-Zelebisagan. gisoss aqvs samkuTxa-dgarebiani 
sqema. aseTi wamweebis gisosis elementebSi Zalvebis sidideebi mcirea da 
liTonis Reroebis aucilebloba gamoricxulia. 
 

 
nax. 5.4. mravalkuTxa xe-liTonis Zeluri wamwe maliT 24m. 

 
 mravalkuTxa xe-liTonis Zeluri wamwis damzadeba marTalia 
Sromatevadia, magram isini SeiZleba gamoviyenoT gadaxurvebSi maliT  
30m-mde. kvanZebis simartivis gamo, maTi awyoba SiZleba ganxorcieldes 
uSualod samSeneblo moedanzec ki, rac xsnis didgabaritiani 
konstruqciebis transportirebis sirTuleebs. 
 sayrdeni kvanZis gadawyveta analogiuria segmenturi wamwis 
sayrdeni kvanZis. zeda sartyelis Sualedi kvanZi, sadac Tavs iyris zeda 
panelis ori Zeli da gisosis ori iribani, ganxorcielebulia foladis 
SenaduRi yuTismagvari Suadebis daxmarebiT (nax. 5.4, d), xolo qveda 
sartyelis kuTxedebs gare mxridan emagreba foladis mcire zomis 
firfitebi (`yunwi~), romlebSic gaeyreba RerZuli WanWiki da romelzec 
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Camoecmeba iribnebis boloebze WanWikebiT mimagrebuli bunikebi 
(zolovani foladis firfitebi). 
 didmaliani samkuTxa xe-liTonis wamwe (nax. 5.5) gamoiyeneba 18...24m 
malebis mqone Senobebis gadaxurvebSi saxuravis qanobiT 1:2...1:4. 
optimaluri simaRle Sedgens (1/ 4...1/ 6)l . zeda sartyeli Sedgeba 
dawebebuli mudmivkveTiani erTnairi zomis oTxi panelisagan (panelebi 
SeiZleba damzaddes Zelebisaganac), dgarebi-Zelebisagan, xolo qveda 
sartyeli da gaWimuli iribnebi  wriuli ganivkveTis foladisagan. aseTi 
wamweebi Tanamedrove tipis konstruqciebs warmoadgens. kvanZebi 
umartivesad aris gadawyvetili. Tu transportirebis saSualeba ar aris, 
maSin misi awyoba xdeba uSualod samSeneblo moedanze. kvanZebis 
minimaluri raodenobisa da maRali mzidunarianobis gamo aseTi wamweebi 
farTod aris gavrcelebuli ara marto sasoflo daniSnulebis, aramed 
samrewvelo obieqtebis mSeneblobaSic. 

 
nax. 5.5. didmaliani samkuTxa xe-liTonis wamwe maliT 18m. 

 
5.4. wamweebis gaangariSebis safuZvlebi 

 
geometriuli gaangariSebisas unda ganisazRvros yvela Reros 

geometriuli sigrZe simetriis RerZze, daxris kuTxeebi horizontaluri 
proeqciis da erTmaneTis mimarT. sigmentur wamweSi aucilebelia 
gamoiTvalos zeda sartyelis simrudis radiusi da sisqe, moRunuli 
elementebis (rkalebis) Sesabamisi qordebi, misi horizontaluri 
proeqciebi da Reros aRunvis isari. amisaTvis mizanSewonilia segmenturi 
kamaris geometriuli gaangariSebis gamoyeneba. 

saangariSoO datvirTvebi, romlebic moqmedeben wamweze, aris 
mudmivi da droebiTi. mudmiv datvirTvebSi g  Sedis saxuravis yvela 

elementisa da sakuTriv wamwis wona, saimedobis γ  koeficientis da 

wamweebs Soris bijis B  gaTvaliswinebiT. mudmivi datvirTva iTvleba 
Tanabrad ganawilebulad wamwis mTel malze, xolo Tovlis (droebiTi) - 
Tanabrad ganawilebulad mTel malze an malis naxevarze. segmentur 
wamweze SeiZleba moqmedebdes agreTve samkuTxedis kanoniT ganawilebuli 
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Tovlis datvirTva malis naxevarze nulovani ordinatiT kexSi da 
maqsimaluriT sayrdenze. 

qaris datvirTvas w  wamweebis gaangariSebisas, rogorc wesi, 
mxedvelobaSi ar iReben, radganac igi moqmedebs, rogorc gawova da 
amcirebs Zalvebs wamwis ReroebSi ZiriTadi datvirTvebisagan. 

Sekiduli Weris, Sekiduli mowyobilobebis da sasxveno gadaxurvis 
arsebobis SemTxvevaSi, maTgan gadmocemuli datvirTva umjobesia 
modebuli iyos wamwes zeda kvanZebSi. 

statikuri gaangariSeba iTvaliswinebs grZivi Zalebis gansazRvras 
wamwes ReroebSi yvela saangariSo datvirTvebisa da maTi Sexamebisagan. 
zeda sartyelze moqmedi Tanabrad ganawilebuli datvirTva pirobiTad 
iTvleba modebulad kvanZebSi. segmenturi wamwis zeda sartyelis 
moRunuli panelebi pirobiTad icvleba misi qordebiT. radganac yvela 
wamwe warmoadgens statikurad rkvevad sistemas (iTvleba rom yvela 
kvanZi saxsrovania), amitom elementebSi grZivi Zalebis gansazRvra 
SeiZleba moxdes analizuri-kvanZebis amokveTis meTodiT, an grafikul-
analizuriT-maqsvel-kremonas diagramis agebiT (nax. 5.6). 

 
nax. 5.6. Zalvebis gansazRvra elementebSi maqsvel-kremonas diagramis agebiT: a - 

samkuTxa; b - segmenturi; I - sqemebi da datvirTvebi; II - maqsvel-kremonas 
Zalvebis diagrama. 

 
 Zalvebis gansazRvra ReroebSi simetriuli wamwisaTvis SeiZleba 
marto erTi, magaliTad marcxena naxevarSi Semdegi TanamimdevrobiT: 
pirvel rigSi, Tanabrad ganawilebuli Tovlis datvirTvisaTvis, 
ganisazRvreba Zalvebi marcxena naxevarSi, Semdeg marjvenaSi. es SeiZleba 
ganvixiloT erTi diagramis saSualebiT, roca datvirTulia marcxena 
naxevari. Zalvebi marjvena naxevaris datvirTvis dros toli iqneba 
Zalvebisa ReroebSi dautvirTav naxevaze. 
 mTel malze Tanabrad ganawilebuli Tovlis datvirTvisaTvis 
Zalvebi ReroebSi toli iqneba naxevarmalze datvirTvebis dros Zalvebis 
algebruli jamisa. mudmivi datvirTvisaTvis ReroebSi Zalvebi toli 
iqneba Tovlis datvirTvisaTvis ReroebSi miRebuli Zalvebis 
gadamravlebiT mudmivi da droebiTi datvirTvebis fardobaze - /g S . 
segmenturi wamwis ReroebSi Zalvebis gansazRvra samkuTxedis kanoniT 
ganawilebuli Tovlis datvirTvisaTvis xdeba damoukideblad 
datvirTvis marcxena an marjvena naxevarze moqmedebisas. 

yvela tipis wamwis zeda sartyelSi moqmedebs mxolod mkumSavi 

Zalebi kN , qveda sartyelSi - mxolod gamWimavi gN , samkuTxa wamwes 
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daRmaval iribnebSi - mxolod mkumSavi kN  da dgarebSi -Èmxolod 

gamWimavi gN . segmenturi da mravalkuTxa wamweebis gisosis elementSi 

moqmedebs orive niSnis Zalebi. 
sxavdasxva datvirTvebis da maTi Sexamebisagan gamoweuli grZivi 

Zalebis mniSvnelobebi SeaqvT cxrilSi, romlis formac mocemulia 5.1 
magaliTSi. 

mRunavi momentebi moqmedebs mxolod wamweebis zeda sartyelis 
panelebSi im SemTxvevaSi, Tu maTze moqmedebs kvanZebsSorisi 
datvirTvebi. zeda sartyelis Reroebi ganixileba, rogorc elementebi 
saxsrovnad dayrdnobili kvanZebSi, romlebzec moqmedebs kvanZebSorisi, 
magaliTad Tanabrad ganawilebuli datvirTva da adre gansazRvruli 
grZivi Zalebi. swor ReroebSi grZivi N  Zalebi moqmedebs RerZis 
gaswvriv, xolo moRunul ReroebSi momWimavi qordis gaswvriv (nax. 5.7) 

 
nax. 5.7. wamwis zeda sartyelis elementebis muSaobis sqemebi: a - segmenturi 

wamwis; b - samkuTxa da xuTkuTxa wamwis 
 
Tanabrad ganawilebuli datvirTvis q  moqmedebisas es mRunavi momentebi 

swor swM  da moRunul moRM  ReroebSi gamoiTvleba formuliT: 

2

,
8sw = − ⋅
lqM N e                     (5.1) 

2

,
8moR = − ⋅
lqM N f                    (5.2) 

sadac l  aris swori Reros an moRunuli Reros qordis horizontaluri 

proeqcia; 00,5( )= −e h h  - grZivi Zalis eqscentrisiteti swor ReroSi, 

romlis ganivkveTis simaRlea: SuaSi - h , RerZis boloSi 0h ; 2 / 8= lf r  - 
moRunuli Reros awevis isari; r  - moRunuli Reros simrudis radiusi. 
 segmentur wamweSi maqsimaluri mRunavi momenti M  da ganivi Zala 
Q  aRiZvreba zeda sartyelis sayrden ReroebSi samkuTxedis kanoniT 
moqmedi Tovlis datvirTvis dros. 
 Reroebis ganivkveTis SerCeva (konstruqciuli gaangariSeba) 
warmoebs dasaSvebi zRvruli moqnilobebis λ  mixedviT, romelic miiReba: 
zeda sartyelis ReroebisaTvis - 120, gisosis SekumSuli ReroebisaTvis - 
150, gaWimuli qveda sartyelis foladis ReroebisaTvis 400. sartyelebis 
panelebis saangariSo sigrZeebi wamwis sibrtyeSi miiReba kvanZebs Soris 
manZilis toli, xolo mis marTob sibrtyeSi - horizontalur kavSiris 
elementebs an grZivebs Soris manZilis toli. 
 zeda sartyelis ganivkveTi SeirCeva mRunavi momentisa da grZivi 
Zalis mixedviT. ganivkveTis simaRle iniSneba winaswar marto grZivi 
Zalis N  an marto mRunavi momentis mixedviT Semdegi formulebiT: 
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0,7 ; ;saW

saW saW

k

= =
ANA h

R b
                  (5.3) 

6
; ,

0,8
saW

saW saW

R

= =
WMW h

R b
                     (5.4) 

sadac b  aris ganivkveTis sigane. 
 zeda sartyelis Reroebis Semowmeba simtkiceze warmoebs, rogorc 

SekumSul-moRunuli elementis. ganisazRvreba misi saangariSo sigrZe 0l , 

ganivkveTis farTobi A , winaRobis momenti w , inerciis radiusi r , Reros 
moqniloba λ , mdgradobis (grZivi Runvis) koeficienti ϕ , deformaciis 

gamTvaliswinebeli koeficienti ξ , mRunavi momenti deformaciis 

gaTvaliswinebiT dM  da kumSvis maqsimaluri Zabva σ , romelic ar unda 

iyos meti merqnis kumSvis saangariSo winaRobaze kR , romlis 

gansazRvrisaTvis unda gaviTvaliswinoT ganivkveTis sigane b  da 

muSaobis pirobebis koeficientebi: ganivkveTis simaRlis sm  da 

dawebebul paketSi ficrebis sisqe fenm . 

 SekumSuli Reroebis gaangariSeba mTliankveTiani elementebis 
analogiuria. unda gaviTvaliswinoT is, rom gisosis da qveda sartyelis 
elementebis sigane toli iyos zeda sartyelis ganivkveTis siganisa, raTa 
kvanZebis konstruqciuli gadawyveta gamartivdes. foladis gaWimuli 
elementebis ganivkveTebis SerCeva warmoebs foladis konstruqciebis 
daproeqtebis samSeneblo normebisa da wesebis Sesabamisad. 
 xis wamweebis kvanZebis gaangariSeba. kvanZebSi Subluri miyrdnobis 
gaangariSeba Telvaze mkumSavi Zalis moqmedebisas boWkoebis grZivad, 
ganivad an raRac kuTxiT, warmoebs mTliankveTiani elementebis Telvaze 
gasaangariSebeli formulebiT. 
 Sublur jdobebze ganxorcielebul kvanZebSi zeda sartyelis 
Zelis Semowmeba xdeba Telvis Zabvebze mkumSav Zalasa da qveda 
sartyelis Zelis boWkoebis mimarTulebas Soris kuTxeze 
damokidebulebiT, xolo qveda sartyelis Zeli mowmdeba, CaWris siRrmis 
doneze, axleCaze Sesabamisi T  Zalis mixedviT, romelic tolia qveda 
sartyelSi moqmedi N  gamWimavi Zalisa. es gaangariSeba warmoebs 
formuliT: 

,ax.saS

ax

τ = ≤
T R
A

                             (5.5) 

sadac axleCis farTobi ax ax= lA b ; ;
0, 251

ax.
ax.saS

ax

=
⎛ ⎞+⎜ ⎟
⎝ ⎠

l
RR

e

 0,5 .=e h  

gadra aRniSnulisa saWiroa CaWrisagan Sesustebuli qveda 
sartyelis ganivkveTi Semowmdes simtkiceze. 
 wamweebis eqspluataciis dros, kvanZebis damyolobis gamo, qveda 
sartyeli ganicdis mcire, magram TvaliT SesamCnev CaRunvas. am movlenis 
sawinaaRmdegod saWiroa wamwes damzadebis momentSi mivceT samSeneblo 
aweva malis 1/200. igi wamwis statikuri gaangariSebisas mxedvelobaSi ar 
miiReba, Tumca gaiTvaliswineba geometriuli zomebis gamoTvlisas. 
 xis Senobis karkasis ZiriTadi mzidi konstruqciebis sivrciTi 
sixistis uzrunvelsayofad ewyoba kavSirebi, romlebic Rebuloben 
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horizontalur datvirTvebs. isini SeiZleba iyos ganivi da grZivi, 
qanobis, Sveuli da daxrili. 
 grZivi kavSirebis sibrtyeebi mzidi konstruqciebis sibrtyeTa 
marTobulad arian ganlagebuli. 
 grZivi da ganivi kavSirebi ganlagebulia wamwis qveda sartyelis 
sibrtyeSi ZiriTadi mzidi konstruqciebis marTobulad. daxrili 
(qanobis) kavSirebi akavSireben ori mezobeli wamwis zeda sartyelebs da 
qmnian sivrciT bloks, romelsac unari aqvs miiRos horizontaluri 
datvirTvebi. maT Soris manZili ar unda aRematebodes 30 metrs, magram 
raodenoba unda iyos ara naklebi orisa SenobaSi. Sveuli kavSirebi 
ewyoba wamwis kexis kvanZis dgaris sibrtyeSi Senobis grZivi 
mimarTulebiT. zogjer maT akeTeben daxrili iribnebis sibrtyeSic 
(magaliTad, samkuTxa wamweebSi). 
 
magaliTi 5.1. gaviangariSoT da davaproeqtoT samkuTxa dawebebuli xe-liTonis 
eqvspaneliani wamwe maliT 24m, simaRliT 4m, damzadebuli me-2 xarisxis 
merqnisagan. wamweze moqmedebs saangariSo datvirTva konstruqciebis sakuTari 
wonisagan kn/mg = 4  da Tovlisagan kn/mS = 10 , romlebic Tanabradaa 

ganawilebuli mTel malze. zeda sartyeli damagrebulia marTob sibrtyeSi 
yvela kvanZSi da TiToeuli panelis mesamedze 1,4 metrSi. 
amoxsna. zeda sartyelis daxris kuTxe  

2 2 4 0,333,
24

α ⋅
= = =

l
ftg  0 /18 25 ,α =  cos 0,95.α =  

 
nax. 5.8. wamwis geometriuli zomebi. 

zeda sartyelis naxevris sigrZe 
12 12,65

0,95
m.

α
⋅ll 1

0,5 0,5= = =
cos

 

qveda sartyelis panelis sigrZe 
24 4

6 6
m.

ll 2 = = =  

zeda sartyelis panelebis sigrZe 
12,65 4,22

3 3
m.

ll 1
3 = = =  

dgarebis sigrZeebi: 
4 1,33

3 3
m;l 1-2

f= = =  2 2 4 2,67
3 3

m;
⋅l 3-4

f= = =  4m.l 5-6 = f =  

iribnebis sigrZeebi: 
2 21,33 4 4,18m;+ +l l l2 2

2-3 1-2 2= = =  
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2 22,67 4 4,81m.+ +l l l2 2
4-5 3-4 2= = =  

 statikur gaangariSebas vawarmoebT Semdegnairad: Zalvebi wamwis marcxena 
naxevarze Tovlis datvirTvisagan kn/mS = 10 . pirobiTi datvirTvebi zeda 

sartyelis kvanZebSi; 
10 4 20

2 2
kn;

⋅
= =

l 2
1 4

SP P = =  

10 4 40kn.= = ⋅l2 3 2P P S = =  

sayrdeni reaqciebi: marcxena 
3 3 10 24 90

8 8ax kn;
⋅ ⋅lSR = = =  

marjvena 
10 24 90

8 8
kn

⋅l
B

SR = = = . 

 grZivi Zalvebi N  wamwes ReroebSi, Tovlis datvirTvis marcxena 
naxevarze moqmedebisas, ganisazRvreba maqsvel-kremonas diagramis agebiT (nax. 
5.6). roca Tovlis datvirTva moqmedebs marcxena naxevarze, maSin Zalvebi 
ganisazRvreba igive diagramiT dautvirTavi marjvena naxevris ReroebSi 
Zalvebis mixedviT. miRebuli Sedegebi Setanilia 5.1. cxrilSi. 

cxrili 5.1. 
grZivi Zalebi N (kn) wamwis marcxena naxevris ReroebSi 

Zala 

Tovlis datvirTvisagan 
Tovlis 

datvirTvisagan Reroebis 
aRniSvna 

mudmivi 
datvirTvisagana 

kn/mS = 10  
marcxena 

naxevarmalze 
l /2  

marjvena 
naxevarmalze 

l /2  

mTel 
malze 

 

malis 
naxevarze 

l /2  

mTel 
malze 

l  
 zeda sartyeli 

1(1 )−O B  

2 (3 )−O Г  

3(5 )−O Д  

-128 
-102 
-76 

-224 
-160 
-96 

-96 
-96 
-96 

-320 
-256 
-191 

-352 
-262 
-171 

-448 
-358 
-268 

 qveda sartyeli 

1(1 )−U A  

2 (4 )−U A  
+121 
+96 

+212 
+150 

+90 
+90 

+302 
+240 

- 
- 

+423 
+336 

 dgarebi 

1(1 2)−V  

2 (3 4)−V  

3(5 6)−V  

- 
+8 
+32 

+ 
+20 
+40 

- 
- 

+40 

- 
+20 
+80 

- 
- 
- 

- 
+28 
+96 

 irbnebi 

1(2 3)−Д  

1(4 5)−Д  
-26 
-29 

-64 
-72 

- 
- 

-64 
-72 

- 
- 

-90 
-101 

 
 wamwis Reroebis ganivkveTebis SerCeva da Zabvebze Semowmeba. maqsimaluri 
mkumSavi Zala sartyelSi kn1N = O = 448 . winaswar davniSnoT ganivkveTi Runvis 

gauTvaliswineblad. ficrebisagan Sedgenili dawebebuli Reros ganivkveTis 
sigane aviRoT smb = 14 , merqnis saangariSo winaRoba kumSvaze roca smb > 13 , 

15 1,5 2
k mpa kn/sm=R = . ganivkveTis saWiro farTobi 

448 498 ,
0,6 0,6 1,5

2
saW

k

sm
⋅

NA = = =
R

 

sadac koeficienti 0,6 iTvaliswinebs mRunavi momentisa da CaRunvis gavlenas. 
 ganivkveTis saWiro simaRle 498/14 35,6saW saW sm=h A /b = = . aviRoT ganivkveTi 

14 36sm× = ×b h  Sedgenili 33mmδ =  sisqis 11 fena ficrisagan Camorandvis Semdeg 
(nax. 5.9) muSaobis pirobebis koeficientebi merqnis saangariSo winaRobisaTvis 
aRebuli ganivkveTis simaRlisa da ficris sisqisaTvis 1s =m  da 1fen =m . grZivi 

Zalis eqscentrisiteti miviRoT 5sm=e . 
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 mRunavi momenti mocemuli maqsimaluri grZivi Zalisa da Reros 
horizontaluri proeqciis 2 4m=l  gaTvaliswinebiT, toli iqneba: 

( ) ( )
kn.m kn.sm.

l 2 2
2g + s 4 +10 4

M = - N × e = - 448×0,05 = 5,6 = 560
8 8

 

ganivi Zala 

( ) ( )
kn.

α⋅ ⋅
l 2g + s 4 +10 4

Q = = = 29
2 cos 2 0,95

 

 SevamowmoT ganivkveTi maqsimaluri grZivi Zalisa 448kn=N  da mRunavi 

momentis 560kn.sm=M  moqmedebaze: 

zeda sartyelis panelis geometriuli sigrZe 3 422sm=l ; 

ganivkveTis farTobi 14 36 504 2sm= ⋅ = ⋅ =A b h ; 
ganivkveTis winaRobis momenti 

2 214 36 3024
6 6

3sm
⋅ ⋅

= = =
b hw ; 

ganivkveTis inerciis radiusi 0,29 0,29 36 10,44sm= ⋅ = ⋅ =r h ; 
moqniloba 

3 422 40,4
10,44

λ = = =
l
r

; 

 CaRunvis gamTvaliswinebeli koeficienti 
2 2448 40,41 1 0,678;

3000 3000 1,5 504k

λξ ⋅
= − −

⋅ ⋅ ⋅ ⋅
N = =

R A
 

 mRunavi momenti Runvis deformaciis gaTvaliswinebiT 
560 826

0,678d kn.sm.
ξ

=
MM = =  

Zabva 

826d 2
kkn/sm mpa mpa.

MN 448σ= + = + = 1,16 = 11,6 < R = 15
A w 504 3024

 

 SevamowmoT 3O  Rero: grZivi Zala 3 268kn= =N O . 

( ) ( )2 2
2g + s 4 +10 4

M = - N × e = - 268×0,05 = 14,6 = 1460
8 8

l
kn.m kn.sm.;  

2 2268 40,41 1 0,81;
3000 3000 1,5 504

N = =
R A

⋅
= − −

⋅ ⋅ ⋅ ⋅
λξ

k

 

1460 1802
0,81

MM = ==
ξd kn.sm.;  

1802d 2
kkn/sm mpa mpa.

MN 268σ= + = + = 1,13 = 11,3 < R = 15
A w 504 3024

 

nax. 5.9. zeda sartyelis ganivkveTi. 
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 amxleC Zabvebze Semowmeba xdeba ganivi Zalis mixedviT 29kn=Q . Reroebis 

boloebze ganivkveTis simaRle grZivi Zalis eqscentrisitetis 5sm=e  
gaTvaliswinebiT 0 2(0,5 ) 2 (0,5 36 5) 26sm= − = ⋅ ⋅ − =h h e . dawebebuli elementebis 

merqnis saangariSo winaRoba axleCaze 1,5 2
a mpa = 0,15kn/sm=R . ganivkveTis sigane 

14sm=b ; statikuri momenti 2 2
00,125 0,125 14 26 1183 3sm= = ⋅ ⋅ =S bh ; inerciis momenti 

3 3
0 /12 14 26 /12 20505 4sm= = ⋅ =J bh . 

 axleCis Zabva 

2
akn/sm mpa mpa.τ ⋅

⋅
QS 29 1183= = = 0,12 = 1,2 < R = 1,5
Jb 20505 14

 

 zeda sartyels brtyeli formis deformirebis mdgradobaze ar vamowmebT, 
radganac wamwis marTob sibrtyeSi igi yovel 1,4m-ze Camagrebulia da 
mdgradobis dakargva mosalodneli ar aris. 
 iribnebis ganivkveTis SerCeva. SevarCioT da SevamowmoT meore 4-5 iribanis 
ganivkveTi. sigrZe 4,84 - 5 sm=l . mkumSavi Zala 1012 kn=Д . merqnis saangariSo 

winaroba kumSvaze 15 2
k mpa = 1,5kn/sm=R . miviRoT ganivkveTi 14 23,1sm× = ×b h  

3,3smδ =  sisqis 7 fena ficrebisagan Sedgenili (nax. 5.10). 

 
 Reros saangariSo sigrZe 0 4 5 4,81sm−= =l l ;  

ganivkveTis farTobi 14 23,1 323,4 2sm= ⋅ = ⋅ =A b h ; 
inerciis radiusi 0,29 0,29 14 4,06sm= ⋅ = ⋅ =r b ;  
moqniloba 

[ ]4 5 481 118 150.
4,06

λ λ−= = = < =
l

r
 

grZivi Runvis koeficienti 

2 2

3000 3000 0,22.
118

ϕ
λ

= = =  

Zabva 

2
kkn/sm mpa mpa.

ϕ ⋅
N 101σ= = = 1,42 = 14,2 < R = 15
A 0,22 323,4

 

 pirveli 2-3 iribanis ganivkveTs, romlis sigrZe naklebia 4-5 iribanis 
sigrZeze da Zalvac naklebia, konstruqciulad viRebT igives. 
 qveda sartyelis ganivkveTis SerCeva. maqsimaluri grZivi gamWimavi Zala 

kn1N =U = 423 . foladis saangariSo winaRoba 240 2mpa = 24kn/sm=R . ganivkveTis  

saWiro farTobi 
423 17,63 .
24

2
saW sm=

NA = =
R

 

 viRebT ganivkveTs Sedgenils ori cali foladis araTanabarTaroiani 
kuTxedisagan _ 2 100 63 6× ×L  (nax. 5.11). erTi kuTxedis ganivkveTis farTobi 

9,59 2sm . qveda sartyelis ganivkveTis farTobi 2 9,59 19,18 17,632 2
saWsm sm= ⋅ = >A A =  

nax. 5.10. iribnebis ganivkveTi. 
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 Sua dgaris ganivkevTis SerCeva. gamWimavi Zala kn5-6N =V = 96 . avRoT А-I 
klasis wriuli ganivkveTis armaturis Rero boloebze kuTxviliT. foladis 

saangariSo winaRoba 225 2mpa = 22,5kn/sm=R . kuTxvilze Zabvis koncentraciis 

koeficienti 0,8=k . ganivkveTis saWiro farTobi kuTxvilze 

96 5,33
0,8 22,5

2
saW sm=

⋅
NA = =

0,8R
 

 aviRoT Rero diametriT mmd = 36 , romlis diametria kuTxvilze 30,8mm 

(danarTi, cxr. 22), xolo ganivkveTis farTobi 7,44 5,332 2
saWsm sm> A = . 

 meore dgaris ganivkveTis SerCeva. grZivi gamWimavi Zala kn2N =V = 28 . 

ganivkveTis saWiro farTobi kuTxvilze 
28 1,56 .

0,8 22,5
2

saW sm=
⋅

NA = =
0,8R

 

 aviRoT Rero diametriT mmd = 20 , romlis diametri kuTxvilze 16,75mm 

(danarTi, cxr. 22), xolo ganivkveTis farTobi 2,18 1,562 2
saWsm sm> A = . 

 wamwis kvanZebis gadawyveta da gaangariSeba. sayrdeni kvanZi 
gadawyvetilia foladis quslis daxmarebiT, romelic Sedgeba sayrdeni filis, 
ori fasonurasa da misabjeni filisagan (nax. 5.12). zeda sartyeli miyrdnobilia 
misabjen filas da emagreba fasonurebs WanWikebiT. misabjeni fila 
CaduRebulia fasonurebs Soris. qveda sartyeli SeduRebiT uerTdeba 
fasonurebs. fasonurebi daduRebulia sayrden filaze, romelic eyrdnoba 
svetis Tavs, kedels an nivnivqveSa kosntruqcias. 

 
 saWiroa SevamowmoT zeda sartyelis torsuli nawili Telvis Zabvebze. 
Telvis Zala kn1N = O = 448 . torsis simaRle 1h , sme= 5  eqscentrisitetis 

gaTvaliswinebiT 
sm.⋅1h = h - 2e = 36 - 2 5 = 26  

Subluri miyrdnobis farTobi 364 2
T sm⋅1A = bh = 14 26 = . 

merqnis saangariSo winaRoba Telvaze boWkoebis gaswvriv 15T mpaR = . 

nax. 5.11. qveda sartyelis ganivkveTi. 
 

nax. 5.12. sayrdeni kvanZi: 1 - fasonura; 2 - 
zeda sartyeli; 3 - qveda sartyeli; 4 - 
ankeri; 5 - misabjeni fila; 6 - WanWiki; 7 - 
SeduRebis nakeri; 8 - sayrdeni fila. 
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Zabva 

364
2

T
T

kn/sm mpa mpa.
N 448σ= = = 1,23 = 12,3 < R = 15
A

 

 kexis kvanZis pirapirisaTvis gamoiyeneba foladis samkuTxa formis 
samagri, romelsac ori mxridan eyrdnoba zeda sartyelis Reroebi, xolo 
zemodan Sua dgaris foladis Reros sayeluri (nax. 5.13). kvanZSi zeda 
sartyelis Reros Sublur miyrdnobas ar vangariSobT, radgan Telvis farTobi 
iseTivea, rogorc sayrden kvanZSi, xolo mkumSavi Zala aq naklebia. 

 
 zeda sartyelis Sualedi kvanZic Subluri miyrdnobiTaa gadawyvetili 
(nax. 5.14). iribanis misaerTebladac Subluri miyrdnoba da foladis Tamasebia 
gamoyenebuli 

 
  
 gaviangariSoT iribnebis Subluri miyrdnoba Telvaze. gamWimavi Zala 

kn2N = Д = 101 . 

 ganivkveTis saWiro farTobi 
101 67,3 .
1,5

2
saW

T

sm=
NA = =
R

 

 miviRoT iribanis ganivkveTi: smb = 14 , sm1h = 10 . 
 ganivkveTis farTobi 

1 14 10 140 67,3 .2 2
saWsm sm= ⋅ = ⋅ = >A b h A =  

 kvanZebSi gamoyenebuli foladis elementebis gaangariSeba warmoebs 
foladis konstruqciebis samSeneblo normebisa da wesebi Sesabamisad. 
 

 
 
 
 
 

nax. 5.13. kexis kvanZi: 1 - zeda sartyeli; 
2 - Sua dgari; 3 - samkuTxa formis 
samagri; 4 - sayeluri; 5 - foladis zedi; 
6 – WanWikebi. 

nax. 5.14. zeda sartyelis Sualedi 
kvanZi:'1 - zeda sartyeli; 2 - dgari; 
3 - iribani; 4 - foladis Tamasa; 5 - 
foladis zedi; 6 – WanWikebi. 

nax. 5.15. qveda sartyelis Sualedi 
kvanZi: 1 - foladis samagri; 2 - WanWiki; 
3 - iribani; 4 - dgari; 5 - qveda 
sartyeli. 
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Tavi 6. didmaliani xis konstruqciebi 
 
 didmalians miekuTvneba Senobebisa da nagebobebis iseTi 
gadaxurvebi, romelTa sayrdenebs Soris Tavisufali manZili aRemateba 
24...30m-s. aseTi tipis gadaxurvebis daproeqteba da ganxorcieleba 
scildeba masiuri mSeneblobis CarCoebs da miuTiTebs qveynis samSeneblo 
teqnikisa da industriis ganiviTarebis maRal dones. 
 didmalian xis konstruqciebidan praqtikaSi ufro metad 
gavreclebulia sivrciT konstruqciebi, naklebad ki brtyeli 
konstruqciebi. 
 

6.1. sivrciTi xis konstruqciebi. zogadi cnobebi da klasifikacia 
 

 sivrciTi ewodeba iseT samSeneblo konstruqcias, romlis RerZuli 
zedapiri ar emTxveva brtyeli konstruqciis (kamara, CarCo, wamwe) Sveul 
RerZul zedapirs. igi gaangariSdeba ara erT, aramed or sibrtyeSi da 
amasTanave yvela elementi monawileobas Rebulobs konstruqciis 
muSaobaSi. sivrciTi muSaobis efeqtis gamo sivrciTi konstruqciebi 
xasiaTdeba dabali masalatevadobiT da woniT, vidre brtyeli xis 
konstruqciebi, amaRlebuli sixistiTa da saimedobiT. adgilobrivi 
defeqtebi da dazianebebi ar iwvevs aseTi konstruqciebis avariul 
mdgomareobas. umetes SemTxvevaSi, sivrciT konstriqciebSi SeTavsebulia 
mzidi da Semomfargvleli funqciebi, rac aseTi sistemebis 
ekonomikurobis maRal xarisxs ganapirobebs da erTdoulad iZleva didi 
malebis gadaxurvis SesaZleblobas. 
 geometriuli formis mixedviT arCeven xis sivrciTi konstruqciebis 
Semdeg saxeebs: 1) prizmuli (nakecebi, TaRebi); 2) cilindruli (nulovani 
gausis simrudis); 3) elifsuri (dadebiTi gausis simrudis); 4) 
hiperboluri (uaryofiTi gausis simrudis). naklebi gavrceleba hpova 
kombinirebulma garsebma da nebismierma formebma. konstruqciuli 
gadawyvetis mixedviT ki isini Semdegnairad SeiZleba iqnes dajgufebuli: 
1) qargilovan - badisebri; 2) brtyeli mzidi konstruqciebi: 3) 
Txelkedliani garsebi; 4) kombinirebuli; 5) Txelkedliani kiduli da 
wibovani garsebi; 6) stuqturebi. 
 serTod sivrciTi konstruqciebis upiratesobas warmoadgens is, 
rom SesaZleblobas iZleva gadaixuros gegmaSi rTuli formis saTavsebi; 
miRweul iqnas Senobis sasargeblo moculobis SesaZlo maqsimumi, 
reaqciebi sayrden kedlebze da saZirkvelze ganawildes Tanabrad, 
amaRldes nagebobis saimedoba da sxv. 

 
6.2 nakecebi 

 
nakecovani gadaxurva warmoadgens zedapirs, romelic Seqmnilia 

daxrili brtyeli waxnagebis sistemisagan. isini erTmaneTs uerTdebian 
didi gverdebiT raRac kuTxiT da eyrdnobian torsul diafragmebs an 
wiboebs mokle gverdebiT. 

nakecis zedapiris forma SeiZleba iyos samkuTxa, trapeciuli an 
marTkuTxa. xSirad gamoiyeneba mravaltalRiani konstruqcia, iSviaTad 
erTtalRiani. miuxedavad am konstruqciebis maRali masaltevadobisa, 
isini farTod gamoiyeneba mSeneblobaSi damzadebis siadvilisa da 
originaluri arqiteqturuli gamomsaxvelobis gamo. nakecebiT 
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gadaxuruli Senobis gegma SeiZleba iyos marTkuTxa, mravalkuTxa an 
mrudwiruli moxazulobis (wriuli, ovaluri da sxv.): bolo SemTxvevaSi 
nakecebi ganlagdeba radialurad. zidvis unaris asamaRleblad zogjer 
nakecebs aproeqteben ganmtvirTavi konsolebiT. 

nakecebs amzadeben xisa da polimeruli masalebisagan. waxnagebad 
SeiZleba gamoyenebuli iqnes dawebebuli, webo-faneris, 
merqanburbuSelovani, ficrul-lursmnovani koWuri elementebi da 
brtyeli samfenovani panelebi. ganivi sixistis asamaRleblad iyeneben 
ganmbjenebs, sixistis wiboebs an Semkvrelebs, romlebsac ganalageben 
nakecis grZivi mimarTulebiT. nakecovani gadaxuris sqemebi mocemulia 6.1 
naxazze. 

 
nax. 6.1. nakecovani gadaxurvis sqemebi: a - marTkuTxa waxnagebiT; b - samkuTxa 
waxnagebiT; g - mravaltalRiani nakecis formebi; d - nakecis parametrebi; e - 

mravalkuTxa radialuri nakecebi. 
 

nakecis mali - manZili sayrden elementebs Soris, rogorc wesi, 
miiReba 20...30m-is farglebSi, Tumca zogjer aRwevs 45 metrsac. awevis 
isris ( f ) fardoba malTan ( l ) miiReba 0,5...0,1 toli (polimeruli 
masalebisaTvis ki 0,06...0,05), waxnagebis daxris kuTxe - 20...450. xis 
nakecebis sigane icvleba 1,8-dan 6,8m-mde zRvrebSi, xolo polimerulis - 
1m-mde. waxnagis sisqe (0,05...0,03)≥ lt . 
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konstruqciuli TvalsazrisiT nakecebi SeiZleba iyos 
Txelkedliani, wibovani da samfenovani. pirvel SemTxvevaSi nakecis 
waxnagebi warmoadgens ficrul-lursmnovan, ficrul-webovan an webo-
faneris ortesebr koWebs. wibovan nakecebs amzadeben Zelebisagan 
ganivkveTis maqsimaluri zomebiT 15sm, romlebsac erT an orive mxareze 
webos an lursmnebis saSualebiT amagreben furclovani masalis an 
ficris Semosvas. samfenovani nakecebis elementebi ki yvelaze xSirad 
mzaddeba plastmasisagan (gare fenebi - minaplastiki, Sua - qafplasti) an 
samSeneblo fanerisagan. nakecis calkeuli elementebis erTmaneTTan 
SesaerTeblad gamoiyeneba grZivi wiboebi an SenaRaris Zelebi. 
makavSireblad ixmareba webo, lursmani, WanWiki an manWvali (nax. 6.2). 

 

 
nax. 6.2. samkuTxa moxazulobis prizmuli nakecebi: a - samfenovani waxnagebiT;   

b - ficrul-webovani waxnagebiT. 
 
 prizmuli nakecebi warmoadgens sivrciT, mravaljerad statikurad 
urkvev sistemas. aseTi sistemis zusti gaangariSeba sakmaod rTuli da 
Sromatevadia. gaangariSebis SedarebiT martivi Sereuli meTodi 
mocemuli aqvs prof. v. vlasovs. 
 nakecis ganivkveTis da datvirTvis simetriulobis SemTxvevaSi 
grZivi RerZis mimarT grZeli nakecebisaTvis ( / 3>l b ), roca ganivkveTis 
konturis wertilebis gadaadgileba gacilebiT naklebia wiboebis 
CaRunvaze, sadac xdeba mezobeli waxnagebis SeerTeba wibos mTel 
sigrZeze cilindruli saxsriT da romelic ar iTvaliswinebs waxnagebis 
winaRobas grZiv Zvraze, nakeci SeiZleba gaviangariSoT, rogorc Runvaze 
momuSave koWi Sesabamisi ganivkveTiT. masSi ganisazRvreba grZivi 
normaluri da mxebi Zabvebi. 
 ganivi mimarTulebiT nakecis waxnagebi gaangariSdeba datvirTvis 
normaluri Semdgenis moqmedebaze, rogorc oTxi mxriv saxsrovnad 
dayrdnobili firfita. grZeli gverdebiT igi eyrdnoba mosazRvre 
waxnagebs, xolo mokleTi - torsul diafragmebs an sixistis wiboebs. 
grZel nakecebSi waxnagebi ganivi mimarTulebiT ganicdian deformacias 
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adgilobrivad moqmedi gare datvirTvebis gavleniT. webo-faneris 
nakecebis gare Semosva wiboebs Soris unda Semowmdes adgilobriv 
Runvaze, rogorc oTxi mxriv xistad Camagrebuli firfita. 
 gansakuTrebul yuradRebas moiTxovs arasimetriuli datvirTva, 
romelic iwvevs nakecis grexvas grexvis centris mimarT da ganapira 
nakecebis muSaoba. imisaTvis, rom damatebiT ar CavataroT ganapira 
nakecebis zusti gaangariSeba, aucilebelia gavzardoT misi sixiste 
konstruqciuli RonisZiebebiT, riTac SevzRudavT mis gadaadgilebebs 
ganivi mimarTulebiT. 
 samfenovan nakecebSi TiToeuli waxnagi Sedgenilia samfenovani 
filebisagan (nax. 6.2, a), sadac gare fenebad (Semosva) gamoyenebulia 
wyalmedegi faneri, minaplastiki, azbestcementi an alumini, xolo Sua 
fenad - qafplasti. aseTi nakecis TiToeuli waxnagi grZivi mimarTulebiT 
gaangariSdeba, rogorc Runvaze momuSave erTmaliani koWi, romlis malia 
misi sigrZe, xolo datvirTvad miiReba mis sibrtyeSi moqmedi Sveuli 
datvirTvis Semdgeni. ganivi mimarTulebiT nakecis waxnagi gaangariSdeba 
Runvaze, rogorc sxvadasxva simaRlis sayrdenebze saxsrovnad 
dayrdnobili fila. filis mali tolia misi siganis. 

 
6.3. xis stuqturuli konstruqciebi 

 
 struqturuli konstruqciebi an ubralod struqturebi ewodeba 
iseT sivrciT filebs da garsebs, romlebic Sedgeba regularul - 
Rerovani an regularul - firfitovani warmonaqmnebisagan. 
 struqturebs ZiriTadad amzadeben foladisa da aluminisagan, 
iSviaTad - armocementisagan, rkinabetonisagan da xisagan. nebismieri 
struqtura Sedgeba ori badisebri sartyelisagan, romlebic erTmaneTTan 
dakavSirebulni arian dgarebiTa da iribanebiT. struqturis saxeoba 
damokidebulia kvanZebSi Semavali Reroebis (an wamweebis) raodenaobaze 
da maT daxraze. iseTi struqturebi, romlebic Sedgenilia 
urTierTgadamkveTi sami mimarTulebis xazovani elemenetebisagan, kargad 
muSaoben grexvaze da xasiaTdebian amaRlebuli sixistiT. ufro naklebi 
sixiste gaaCniaT struqturebs, Sedgenils ori mimarTulebis 
urTierTgadamkveTi elementebisagan. 
 struqturebis dadebiT Tvisebebs miukuTvneba konstruqciuli 
elementebis unifikacia, montaJis simartive, konstruqciis maRali 
sivrciTi sixiste. arqiteqturuli gamomsaxveloba, sistemis 
mravalbmuloba, rac amaRlebs konstruqciis saimedobis xarisxs 
lokaluri avariebis SemTxvevaSi, kvanZebis sixSire, rac aadvilebs 
Sekiduli transportis mowyobilobebis damagrebas, samSeneblo simaRlis 
Semcireba, transportirebis siadvile da sxv. 
 kvanZSi Semaval Reroebs Soris kuTxe gegmaSi miiReba 90, 60, an 450 
toli. Tu Reroebi kvanZSi SeerTebulia xistad, maSin miiReba statikurad 
urkvevi sistema. saxuravis zomebisa da gamoyenebuli burulis saxeobis 
mixedviT struqturis ujredis zomebi SeiZleba icvlebodes 2,4...7,2m-is 
farglebSi, xolo sakuTriv filis mali ( l ) aRwevs 30m-s. filis simaRle 

(1/16...1/ 30)= lh . sistemis saerTo mdgradobis uzrunvelyofa xdeba 
feniliT an damxmare koWebis saSualebiT. 
 koWuri elementebi SeiZleba iyos erTmagi an gawyvilebuli (nax. 6.3). 
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nax. 6.3. xis struqturebi urTierTgadamkveTi koWebisagan: a - struqturebis 

sqemebi; b - kvanZuri SeerTebebi. 
 

regularuli struqturis filebi efeqturia gamoviyenoT iseTi 
saTavsebis gadasaxuravad, romlis gverdebis zomebis Tanafardoba ar 
aRemateba 1:1,5. ufro meti Tanafardobis SemTxvevaSi struqturis 
gamoyeneba araracionaluria, radganac fila iwyebs muSaobas koWuri 
sqemiT mcire gverdis mimarTulebiT (erTRerZa). Tu aucilebelia grZeli 
saTavsis gadaxurva, maSin mizanSewonilia nivnivqveSa mzidi 
konstruqciebis (wamweebi, kamarebi, koWebi) mowyoba, romlebic dayofen 
saxuravs kvadratul an masTan miaxloebul ujredebad. 

 

 
nax. 6.4. struqturuli filebis dayrdnobis variantebi: a - konturuli; b - 

konturSiga; g - Sereuli; d - Tavisufali. 
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 struqturuli konstruqciis dayrdnoba SeiZleba iyos: konturuli 
(kedlebi, sanivnivo konstruqciebi); konturSiga konsolebiT, roca 
sayrdenebi gadaadgilebulia konstruqciis SigniT, riTac iqmneba 
nebismieri Sveris konsolebi; Sereuli, roca sayrdenebi ganlagebulia 
konturzec da SigniTac; Tavisufali, rodesac sayrdenebi ewyoba 
nebismierad, dasaproeqtebeli Senobis teqnologiis Taviseburebebis 
gaTvaliswinebiT (nax. 6.4). 
 konturSiga dayrdnobis SemTxvevaSi konsolis Sveris sidide 
rekomendebulia (0,1...0,3)l  farglebSi. Tanabrad ganawilebuli 
datvirTvis moqmedebis SemTxvevaSi kargi efeqti miiRweva, roca konsolis 
Sveris sigrZis fardoba filis malTan aris 0,25. 
 Sereuli dayrdnoba rekomendebulia gamoviyenoT uWr 
maravalmalian gadaxurvebSi, romlebsac gegmaSi aqvT svetebis 
kvadratuli an sworkuTxa bade. 
 Rerovani struqturebis formawarmoqmna samSeneblo moedanze 
warmoebs qarxnuli wesiT damzadebuli gasagzavni markebis saxiT. 
 struqturis awyobis Sromatevadobidan gamomdinare misi 
formawarmoqmna damokidebulia calkeuli elementebis zomebze, wonaze, 
gadatanis manZilze, satransporto saSualebebze da sxv. praqtikaSi 
iyeneben konstruqciuli sqemis formirebis Semdeg xerxebs: erTi ujredis 
Sesabamisi calkeuli Reroebi; gisosis mokle elementebi da grZeli 
sartyelebi; brtyeli wamweebi; sivrciTi Rerovani piramidebi da 
damatebiTi xazovani elementebi. TiToeul am xerxs gaaCnia Tavisi 
dadebiTi da uaryofiTi mxareebi. 
 

 
 
nax. 6.5. urTierTgadamkveTi mTliankveTiani koWebis variantebi SeerTebis 600-iani 
kuTxis SemTxvevaSi : a - horizontaluri foladis Tamasebis varskvlavis 
gamoyenebiT; b - Sveuli foladis Tamasebis varskvlavis gamoyenebiT; g - 
gaWimul zonaSi moTavsebuli foladis Tamasebis gamoyenebiT, romlebic 
erTmaneTze arian dadebuli da koWebs emagrebian wirwkimalebis daxmarebiT; d - 
varskvlavi gawyvilebuli koWebisaTvis lursmnovani TamasebiTa da WanWikebiT. 
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 sufTa xis struqturebi praqtikaSi iSviaTad gvxvdeba. ufro meti 
gavrceleba pova xe - liTonis stuqturulma konstruqciebma, sadac zeda 
sartyelis da gisosis elementebad gamoyenebulia merqani, xolo qveda 
sartyelis gaWimul elementebad - liToni. 
 mTliankveTiani urTierTgadamkveTi koWebis sistemis struqturaSi 
yvela koWi muSaobs Runvaze. ganivi Zalvebi iwvevs Zvris Zabvebs koWis 
kedelSi. ganikveTis SerCevisaTvis ZiriTadia Runvisa da Zvris Zabvebi 
samagrebiT Sesustebul ganivkevTSi. CaRunvis kriteriumi, romelic yvela 
sxva SemTxvevaSi gadamwyvetia, urTierTgadamkveTi koWebis ganivkveTis 
SerCevisas, maTi maRali statikuri urkvevobis gamo, xSirad meore 
xarisxovani xdeba, Tumca igi aucilebelia gaviTvaliswinoT samSeneblo 
awevis sididis gamoTvlisas. sixiste grexisas mxedvelobaSi ar miiReba. 
6.5 da 6.6 naxazebze mocemulia urTierTgadamkveTi koWebis gadawyvetis 
sxvadasxva variantebi SeerTebis 600 da 900-iani kuTxis SemTxvevaSi.  
 urTierTgadamkveTi gamWoli koWebisaTvis (faqtiurad 
wamweebisaTvis) mRunavi momentebi, romlebic gadamwyveti iyo 
mTliankveTiani koWebis ganivkveTis SerCevisas, gardaiqmnebian grZiv 
Zalvebad gisosis elementebSi. aseTi sistemis kvanZebis gadawyvetis 
varianti mocemulia 6.7 naxazze.  

 

 
nax. 6.6. urTierTgadamkveTi mTliankveTiani koWebis kvanZebis variantebi 
SeerTebis 900-iani kuTxis SemTxvevaSi: a - jvaredinad erTmaneTze gadadebuli 
koWebi. SeerTebisaTvis gamoyenebulia wirwkimalebi an WanWikebi; b - Sveul 
milze miduRebuli foladis Tamasebis varskvlavis gamoyenebiT; g - foladis 
furclebisagan damzadebuli varskvlavis gamoyenebiT, roca koWebs boloSi 
aqvT amonaWrebi mowyobilobebis montaJisaTvis, varskvlavebi Caismeba CanaWrebSi 
an gawyvilebul koWebs Sua da magrdeba WanWikebis saSualebiT; d - foladis 
Tamasebisagan damzadebuli varskvlavis gamoyenebiT mravalelementiani koWebis 
SesaerTeblad. 
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 urTierTgadamkveTi koWovani sistemis statikuri gaangariSeba 
warmoebs ZalTa meTodiT, sadac fenili mxedvelobaSi miiReba, rogorc 
urTierTgadamkveTi koWebis zeda Taro, an gisosovan sistemas cvlian 
mTlianiT _ konstruqcias gaiangariSeben, rogorc filas. 

 

 
nax. 6.7. urTierTgadamkveTi gamWoli koWebis kvanZebis variantebi: a - zeda da 
qveda sartyelebi erT sibrtyeSi. damagreba zolovani foladis jvaredebiT; b - 
qveda sartyelebi erT sibrtyeSi. zeda sartyelebi ganlagebulia erTmaneTze 
gadadebiT. konstruqciis sxvadasxva simaRle gansxvavebuli malebis 
SemTxvevaSi; g - zeda da qveda sartyelebi ganlagebuli arian erTmaneTze 
gadadebiT. konstruqciebis gansxvavebuli simaRleebi; d - igive konstruqciebis 
erTnairi simaRleebi. 
 
 konturiT dayrdnobili webo-faneris filebis statikuri 
gaangariSebisas saangariSo Zalvebis da CaRunvebis gamoTvlisas 
konstruqcia SeiZleba ganvixiloT, rogorc urTierTgadamkveTi koWebis 
sistema. am filebis ganivkveTi Sedgeba wiboebisagan da faneris 

Tarosagan (Semosvisagan) siganiT xa , erTi mimarTulebiT da faneris 

Taroebisagan, siganiT ya  da armaturis Reroebisagan - meore 

mimarTulebiT, xolo ganivkveTis inerciis momentebis mniSvnelobebi, 
dayvanili faneraze (elementis dayvanili ganivkveTis inerciis momenti 
misi simZimis centrze gamavali RerZis mimarT) tolia: 
 koWebisaTvis mTliani wiboebis gaswvriv 

( )2 2
1 1 2 2 ;x rxredx

E
J h h a J

E
= + +δ δ m

f900

                       (6.1) 

 koWebisaTvis Sedgenili wiboebis gaswvriv 

( ) ( )2 2 2 2
1 1 2 2 1 1 2 ,yredy

EJ h h a A h A
E

= + + +δ δ a
a a a

f

                 (6.2) 
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sadac 1δ , 2δ , aris Sesabamisad SekumSuli da gaWimuli faneris Taroebis 

(Semosvis) sisqeebi; 1h , 2h  - manZilebi ganivkveTis neitraluri RerZidan 

SekumSul an gaWimul nawiburamde; xa , ya  - wiboebs Soris daSoreba 

Sesabamisi mimarTulebebiT; rxJ  - xis wibos inerciis momenti ganivkveTis 

neitraluri RerZis mimarT; Ea , Em  - armaturisa da merqnis drekadobis 

modulebi; Ef , 0f90
E  - faneris drekadobis modulebi ganapira fenebis 

mimarTulebiT da mis marTobulad; a1A , a2A  SekumSuli da gaWimuli 

zonis armaturis ganivkveTis farTobebi; a1h , a2h  - manZilebi neitraluri 

RerZidan Sesabamisad SekumSuli an gaWimuli armaturis simZimis 
centramde. vipoviT ra cxrilis daxmarebiT saangariSo Zalvebs, Semdeg 
gaviangariSebT normaluri Zabvebis saSualo mniSvnelobebs SekumSuli 
da gaWimuli faneris TaroebSi ori mimarTulebiT formulebiT: 

 1σ = x
x

redx

M h
J

 da 2 .y
y

redy

M h
J

=σ                      (6.3) 

 
6.4. gumbaTebi 

 
 samSeneblo warmoebis teqnologiis Tanamedrove dones pasuxobs 
gumbaTovani sivrciTi konstruqciebi dawebebuli xis wiboebiTa da 
Semomfargvleli elementebiT ficrebisagan, panelebisagan xis karkasze 
da filebisagan faneris an konstruqciuli plastmasebis safuZvelze. 

gumbaTovani gadaxurva warmoadgens sivrciTi konstruqciebis 
yvelaze gavrcelebul formas. gumbaTis moxazuloba damokidebulia 
arqiteqturul da teqnologiur moTxovnebze, masalis saxeobaze, 
elementebis tipizaciaze, damzadebis simartiveze, transportirebaze da 
konstruqciis montaJze. gumbaTis diametri webo-faneris elementebisagan 
aRwevs 90m-mde. cnobilia xis gumbaTebi maliT 91, 105, 153 da 162m, xolo 
firma `veierxozes~ (aSS) mier damuSavebulia xis gumbaTis proeqti 
stadionis gadasaxuravad maliT 257m. 

 gumbaTze moqmedi datvirTvebis ZiriTad saxeobebs miekuTvneba 
konstruqciis sakuTari wona, Tovli, teqnologiuri datvirTvebi da qari. 
gumbaTis gaangariSebis meTodika damokidebulia garsis tipze da 
datvirTvis saxeobaze. datvirTva gumbaTze SeiZleba moqmedebdes RerZul-
simetriulad an arasimetriulad. pirvels miekuTvneba konstruqciis 
sakuTari wona, agreTve, rogorc varianti, Tovlis ganawilebuli safaris 
da simetriulad ganlagebuli Sekiduli mowyobilobebis wona; meores - 
qaris datvirTva; rogorc varianti - calmxrivi Tovlis da simetriuli 
mowyobilobebis masa. 

gumbaTis garsi iTvleba damrecad, Tu awevis isris fardoba 
diametrTan / 0, 2≤f D . Tu es fardoba ar aRemateba 0,25, maSin qaris 
moqmedeba gumbaTze iwvevs uaryofiT wnevas, rac gantvirTavs mas da 
sakmarisi sakuTari wonis SemTxvevaSi igi mxedvelobaSi ar miiReba. 

konstruirebis principebidan gamomdinare ansxvaveben wibovan, 
wibovan-rgolur da badisebr gumbaTebs (rac Seexeba Txelkedlian 
gumbaT-garsebs, isini amJamad naklebad gamoiyeneba da amitom 
saxelmZRvaneloSi ar ganvixilavT). nebismieri, am saxis gumbaTebidan, 
Sedgeba wiboebis sistemisagan (karkasi), sayrdeni rgolebisagan da 
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Semomfargvleli konstruqciebisagan - fenili, Semosva, paneli. es 
ukanaskneli SeiZleba CarTuli iyos karkasis muSaobaSi. 

 
6.4.1. wibovani gumbaTebi 

 
 wibovani gumbaTi (nax. 6.8, a) Sedgeba Semdegi ZiriTadi 
elementebisagan: wris rkalis Sesabamisad moRunuli webo-fanerisa an 
ficrul-dawebebuli wiboebisagan (kamarebisagan), romlebic ganlagdebian 
meridianuli mimarTulebiT erTmaneTisgan Tanabari daSorebiT, romelic 
maqsimaluria qveda sayrden rgolTan da minimaluri - zedasTan. kamarebi 
SeiZleba iyos mudmivkveTiani an cvladkveTiani kveTis simaRlis matebiT 
quslidan kexisaken. im SemTxvevaSi, Tu kamarebad gamoyenebulia 
sworxazovani elementebi, maSin miiReba konusuri gumbaTi. 
 zeda (kexis) sayrdeni rgoli SeiZleba iyos xis an liTonis da 
emsaxureba kamarebis zeda boloebis SeerTebas, xolo qveda sayrdeni 
rgoli, romelsac wris an wesieri mravalkuTxedis forma aqvs, sruldeba 
rkinabetonisagan, iSviaTad xisagan. gumbaTis kamarebis zemoTa grZivebi 
da ficruli fenilebi an webo-faneris filebi, romelTa daniSnulebaa 
gare datvirTvebis miReba da radialur kamarebze gadacema. erTdroulad 
es elementebi gadaxurvis sivrciT mdgradobas uzrunvelyofs. kamarovani 
wiboebis yoveli meoTxe an mexuTe wyvili qanobis sibrtyeSi ikvreba 
liTonis kavSirebiT (WimebiT), Tumca zogjer am daniSnulebiT xis 
Zelebsac iyeneben, gawyvilebuli kamarebis minimaluri raodenoba, 
romelic ikvreba kavSirebiT, Seadgens sams. 

 

nax. 6.8. xis gumbaTebi: a - wibovani; b - wibovan-rgoluri; g - wibovani gumbaTis 
wibos saangariSo sqema; d - igive wibovan-rgoluri gumbaTisaTvis; 1 - wibo; 2 - 
zeda (kexis) sayrdeni rgoli; 3 - qveda sayrdeni rgoli; 4 - Sualedi rgoli; 5 - 

kavSirebi. 
 

 kamarebis ganivkveTis simaRle aiReba zRvrebSi (1/ 50...1/ 75)D , sadac 

D  gumbaTis diametria. qveda sayrden rgolze kamaris biji Seadgens 
4,5...6m.  
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grZivebis arsebobis SemTxvevaSi masze ewyoba ori fena ficruli 
fenili-grZivi da iribi. 

6.9. naxazze mocemulia 48m diametris mqone konusuri xis wibovani 
gumbaTis konstruqcia kvanZebis CvenebiT, sadac mzid naxevarkamarebad 
gamoyenebulia dawebebuli ficruli mudmivkveTiani koWebi. 

wibovani gumbaTis gaangariSeba misi RerZis mimarT vertikalur 
simetriul datvirTvaze daiyvaneba calkeuli brtyeli kamarebis 
gaangariSebaze, romelTaganac TiToeuli Rebulobs datvirTvas 
samkuTxedis formis satvirTo farTobidan. Sesabamisad, Cveulebrivi 
kamarebisagan gansxvavebiT, naxevarkamaris malis farglebSi mis grZiv 
metrze mosuli satvirTo farTobi da, aqedan gamomdinare, kamaris grZivi 
metris datvirTva cvalebadia (maqsimumi qveda sayrdenTan da minimumi -
zedasTan). 

 

nax. 6.9. konusuri xis wibovani gumbaTi: a - gumbaTis gegma; b, g - wiboebis zeda 
sayrden rgolTan mimagrebis variantebi; d - qveda sayrden rgolTan (an 
saZirkvelTan) wiboebis mimagrebis kvanZi; e - gumbaTis ganivi Wrili; 1 - wibo; 2 - 
grZivebi; 3 - kavSirebi; 4 - fenili; 5 - liTonis zeda sayrdeni rgoli; 6 - 
liTonis Tamasa; 7 - kbila sogmani; 8 - sixistis wibo; 9 - plastikuri saxsari; 10 
- soli dawebebuli merqnisagan; 11 - polimerbetoni; 12 - sayrdeni rgolis 
magida. 
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mudmiv (sakuTari wona, fenilebi, hidroizolacia, buruli) da 

droebiT (Tovli) datvirTvaze kamaris saangariSo sqema warmodgenilia 
6.10 naxazze. 

mudmivi datvirTvebis epiuris udidesi ordinata 

( ) 02
,g g g B

D
= + ⋅

l
k s

                         (6.4) 

sadac gk  aris kamaris grZivi metris wona; sg  - saxuravis 1m2 wona; B  - 

manZili kamarebs Soris qveda sayrdeni rgolis doneze; 0l  - kamaris 

rkalis sigrZe; D  - gumbaTis diametri. 
 

 
nax. 6.10. mudmiv da droebiT datvirTvebze wibovani gumbaTis saangariSo sqema. 

 
 igive ordinata Tovlis saangariSo datvirTvebisagan 

0 2 ,fS S B= ⋅ ⋅ ⋅γ μ                         (6.5) 

sadac 0S  aris miwis horizontaluri zedapiris 1m2 mosuli Tovlis 

datvirTvis normatiuli mniSvneloba; γ f  - datvirTvis saimedobis 

koeficienti; 2μ  - saxuravis profilze damokidebuli koeficienti [5, 

danarTi 3, sqema 2, varianti 2]. 
 mRunavi momentebis mniSvnelobebi kamaris nebismier ganivkveTSi 
gamoiTvleba formuliT: 

2 ,M qD=α                            (6.7) 
sadac = +q P S  aris datvirTvis sruli mniSvneloba: D  - gumbaTis 
diametri; α  - koeficienti, romelic damokidebulia datvirTvis epiuris 
saxeze da aiReba /X D  fardobaze damokidebulebiT cxrilebidan. 

Zalva mravalkuTxedis qveda sayrden rgolSi, roca wiboebi 
dayrdnobilia mravalkuTxedis wveroebze Tanabari daSorebiT 

,
2cos

HN =
α

                           (6.8) 

sadac H  aris wibos (kamaris) sayrdeni reaqciis Tarazuli Semdgeni 
(ganmbjeni); α  - sayrdeni rgolis gverdebs Soris Siga kuTxis naxevari. 

zeda SekumSuli sayrdeni rgoli mowmdeba kumSvaze mdgradobis 
gaTvaliswinebiT da Telvaze pirapirebSi: 
kumSvis Zalva rgolSi 

1 cos ;N T r= ϕrg rg
                        (6.9) 

rgolis Semowmeba mdgradobaze 
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                  (6.10) 

sadac T1  aris rgolis erTeul sigrZeze mosuli meridianuli Zalva; ϕ  - 

rgolis Sesabamisi centraluri kuTxis naxevari Arg , Erg , Jrg , rrg  - 

Sesabamisad rgolis ganivkveTis farTobi, masalis drekadobis moduli, 
inerciis momenti da simrudis radiusi vertikaluri RerZis mimarT. 

gumbaTze sanaTuris arsebobisas miaxloebiT gaangariSebisaTvis 
ganixileba naxevarkamara, romlis saangariSo sqema 6.11 naxazzea naCvenebi, 

sadac Ps  aris sanaTuridan gadacemuli datvirTva, xolo = +q g P  - 

mudmivi da droebiTi datvirTvebis jami. 
 

 
nax. 6.11. sanaTuriani wibovani gumbaTis naxevarkamaris saangariSo sqema 

 
naxevarkamaris sayrdeni reaqciis Semdgenebi 

( )0 10,5 ;s= + +V P q q l                  (6.11) 
1 1 1 1

1
.

6 3
q qH P

f
⎛ ⎞= + +⎜ ⎟
⎝ ⎠

l l l
s                         (6.12)   

 
6.4.2. wibovan-rgoluri gumbaTebi 

 
wibovan-rgoluri gumbaTebi Sedgeba iseTive ZiriTadi 

elementebisagan, rogorc wibovani. gansxvaveba mxolod isaa, rom mas 
damatebuli aqvs Sualedi horizontaluri rgolebi (nax. 5.14, b), 
romlebic warmoadgenen wesier mravalkuTxedebs, Sedgenils dawebebuli 
ficruli koWebisagan. maTi zomebi mcirdeba sayrdenidan kexisaken. es 
rgolebi gumbaTis yvela wibos aerTianebs erTian sivrciT konstruqciad, 
romelsac gaaCnia gacilebiT meti zidvis unari, vidre wibovan gumbaTs. 

aseT gumbaTs rgoluri grZivebis (rgolebis) sibrtyeSi ar gaaCnia 
Tavisufali gadaadgilebebi. rgoluri grZivebis ganivkveTis simaRle 
miiReba gumbaTis diametris 1/100...1/150 nawili. wiboebis SeerTeba 
rgolebTan saxsrovania. gumbaTi gaangariSdeba, rogorc sivrciTi 
Rerovani statikurad urkvevi konstruqcia igive datvirTvebze, rogorc 
wibovani gumbaTi. statikuri gaangariSebisas wibos ganixilaven, rogorc 
pirobiTi samsaxsrovani kamaris naxevars, romelsac Sualedi wriuli 
rgolebis mimagrebis wertilebSi damatebuli aqvs horizontaluri 
sayrdenebi. aseT SemTxvevaSi, wiboebSi aRiZvreba mRunavi momentebi - 
dadebiTi da uaryofiTi, gacilebiT mcire sididis, vidre wibovan 
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gumbaTSi - grZivi da ganivi Zalvebi. es gaangariSeba mosaxerxebelia 
Catardes deformaciebis meTodiT. wiboebis ganivkveTebi SeirCeva da 
mowmdeba kumSvaze RunviT. 

wibovan-rgoluri gumbaTis saangariSo sqema mocemulia 6.12 naxazze. 
pirobiTi Semkravis (rgoluri grZivis) ganivkveTis farTobi 

RerZul-simetriuli datvirTvisas gamoiTvleba formuliT: 

2 rg rg
S

S

π
=

A E
A

nE
                      (6.13) 

sadac n  aris wiboebis raodenoba gumbaTSi; rgA , Erg  - Sesabamisad 

rgolis ganivkveTis farTobi da drekadobis moduli; AS , ES  - 

Sesabamisad pirobiTi Semkravis ganivkveTis farTobi da drekadobis 
moduli. 

 
nax. 6.12. wibovan-rgoluri gumbaTis saangariSo sqema. 

 
ucnobi Zalvebi SemkravSi mozanSewonilia gamovTvaloT ZalTa 

meTodiT, risTvisac saWiro iqneba amoixsnas gantolebaTa sistema, sadac 
ucnobebis raodenoba Seesabameba Semkravebis (e.i. rgolebis) raodenobas. 

rgoluri ganivebis Semowmeba simtkiceze warmoebs formuliT: 

,N R
A

= ≤σ
ϕ

rg

k
rg

                          (6.14) 

xolo meridianuli wiboebisa - formuliT 

,N M R
A W

= + ≤σ
ξ

w w

k
w w

                      (6.15) 

sadac Nrg , Nw  - Sesabamisad, grZivi Zalaa rgolur grZivebSi da 

meridianul wiboebSi; Arg , Aw  - Sesabamisad, rgoluri grZivis da 

meridianuli wibos ganivkveTis farTobi; ϕ  - grZivi Runvis koeficienti; 

Mw  - mRunavi momentis maqsimaluri mniSvneloba meridianul wiboSi; Ww  - 

meridianuli wibos ganivkveTis statikuri momenti; ξ  - damatebiTi 

mRunavi momentis gamTvaliswinebeli koeficienti (Cvens SemTxvevaSi 1ξ = , 
radganac wibo mTel sigrZeze eyrdnoba drekad fuZes garsis fenilis 

saxiT); Rk  - merqnis saangariSo winaRoba kumSvaze. 
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 arasimetriuli datvirTvebis moqmedebis SemTxvevaSi gumbaTi 
gaangariSdeba wibovani gumbaTis analogiurad. 

gumbaTebis gaumjobesebul konstruqciul sqemas, romelSic 
gaTvaliswinebulia sistemis kavSirebis gazrda, warmoadgens wibovan-
rgoluri gumbaTi gisosovani kavSirebiT (nax. 6.14, a), romelic ewyoba 
wibovan-rgoluri gumbaTis yvela oTxkuTxa ujredSi diagonalebis saxiT. 
isini ebmebian muSobaSi da mniSvnelovnad amcireben Zalvebs wiboebsa da 
rgolebSi. aseTi gumbaTis saerTo xedi mocemulia 6.13 naxazze. 
 

 
 

nax. 6.13. wibovan-rgoluri gumbaTi badisebri kavSirebiT, diametriT 91,5 m (Stati 
Montana, aSS). 

 
6.4.3. badisebri gumbaTebi 

 
 badisebri gumbaTebi warmoadgens brunviT sferul zedapirSi 
Caweril mravawaxnagebs. bade Sedgeba samkuTxedebis, trapeciebis, 
rombebis, xuTkuTxedebis, eqvskuTxedebis an sxva figurebis 
erTobliobisagan. gisosis elementebi kvanZebSi SeerTebulia saxsrovnad. 
badisebri gumbaTi warmoadgens gambjenian sistemas, romelsac Rebulobs 
qveda sayrdeni rgoli. gumbaTebis badisebrma sqemebma farTo gavrceleba 
pova didi diametris (257 metramde) garsebis mSeneblobaSi. 
 praqtikaSi yvelaze metad gavrcelda gumbaTebi samkuTxa 
ujredebiT, rasac gansazRvravs wibovan-rgoluri gumbaTebi gisosovani 
kavSirebiT. ansxvaveben badisebri zedapirebis miRebis or meTods. 
SedarebiT damreci gumbaTebisaTvis misaRebia pirveli meTodi, romelic 
emyareba brtyeli badis agebas mravali erTnairi sivrciTi zedapiris 
seqtorebisagan da Semdeg mis daproeqtebas gumbaTis mrudwriul 
zedapirze. aseTs miekuTvneba badisebri gumbaTebis Semdegi sqemebi: 1) 
wibovan-rgoluri gisosovani kavSirebiT (Svedleris gumbaTi) (nax. 6.14, a); 
2) varskvlavisebri sqema (feplis gumbaTi) (nax. 6.14, b); 3) Civitas sqema 
(nax. 6.14, g) 4); rombuli sqema (nax. 6.14, d). 
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nax. 6.14. badisebri gumbaTebis sqemebi: a - wibovan-rgoluri gisosovani 
kavSirebiT; b - varskvlavisebri; g - Civitas sqema; d - sqema `rombi~. 

 
badisebri zedapiris agebis meore meTodi ufro gamosadegia 

SemaRlebuli sferuli gumbaTebisaTvis da dafuZnebulia sferoSi 
Cawerili wesieri mravalwaxnagebis - dodekaedris (Tormetwaxnaga) da 
kosaedris (ocwaxnaga) TandaTanobiT danawevrebaze. elementaruli 
samkuTxedebi sferos danawevrebis Semdeg SeiZleba gaerTiandnen rombul, 
samkuTxa, eqvskuTxa panelebad. 

badisebri zedapiris miRebis es meTodi farTod gamoiyeneba 
plastmasebis, webo-faneris da xis asawyobi gumbaTebis mSeneblobaSi. 

plastmasisa da xis badisebri asawyobi gumbaTebi, diametriT 6...8m, 
gamoiyeneba sacxovrebel saxlebSi, xolo 50 metramde malis SemTxvevaSi 
wakveTili sferuli garsis saxiT - radioteleskopis antenis uliTono 
TavSesafarSi (radarebSi). xuT da eqvswaxnaga webo-faneris 
piramidebisagan awyobili mravalwaxnaga gumbaTis magaliTi mocemulia 
6.15 naxazze. 

 
6.15. mravawaxnaga badisebri gumbaTi: a - fasadi; b - gegma; g - Zalvebis 

gansazRvra ReroebSi; d - adgilobriv mdgradobaze Semowmeba. 
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 badisebri gumbaTebis yvelaze gavrcelebuli samkuTxa ujredovani 
sqemis dros TiToeul kvanZSi Tavs iyris 5 an 6 Rero, romelTa 
SeerTebac saxsrovania. mcire malebis SemTxvevaSi, kvanZis montaJisaTvis 
iyeneben zolovani foladisagan damzadebul U  - magvar elementebs (nax. 
6.16, a), romlebic moTavsebuli arian foladis rgolSi, xolo didi 
malebis SemTxvevaSi mizanSewonilia gamoyenebul iqnes faneris an 
foladis (nax. 6.16, b) horizontaluri firfitebi, romlebiTac kvanZi 
ikvreba ori mxridan lursmnebis (xraxnebis) saSualebiT. zogjer 
mimarTaven liTonis Sveuli firfitebis gamoyenebasac wirwkimalebze 
(nax. 6.16, d). 
 

 
 

nax. 6.16. badisebri gumbaTebis kvanZebi: a - U  - magvari zedebi zolovani 
foladisagan foladis rgolSi; b - faneris firfitebi kvanZis orive mxares; g - 
foladis firfita, Casmuli Reroebis Sua horizontalur CanaWerSi da 
damagrebuli xraxnebiT; d - Sveuli foladis firfita, Casmuli Reroebis 
Sveul CanaWrebSi da damagrebuli wirwkimalebiT. 
 

metad saintereso konstruqcias warmoadgens amerikis SeerTebuli 
Statebis firma `vaierxozer~-is (q. takoma) mier damuSavebuli daxuruli 
stadionis gumbaTis proeqti diametriT 257m. (nax. 6.17). gumbaTis 
konstruqciisadmi interesi imiT aris ganpirobebuli, rom aseTi 
unikaluri malis SemTxvevaSi (dReisaTvis msoflioSi yvelaze didi mali 
aqvs q. hiustonis stadionis foladis gumbaTs - 196m) konstruqciul 
masalad gamoyenebul iqna ara foladi an rkinabetoni, aramed 
dawebebuli merqani. aseTi gadawyveta miRebul iqna ekonomiuri 
mosazrebebiT. xis gumbaTis Rirebulebam Seadgina 66 dolari 
horizontaluri farTobis 1m2-ze. aris azri, rom es iqneba msoflioSi 
yvelaze iaffasiani didmaliani gumbaTi. misi mSenebloba 
gaTvaliswinebulia stadionebis gadasaxuravad amirikis oTx qalaqSi: 
detroitSi, filadelfiaSi, niu-orleansa da portlendSi. gumbaTis 
awevis isari 76 metria. 
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nax. 6.17. 257m diametris badisebri gumbaTis proeqti (aSS): a - gumbaTis 

fragmenti; b - meridianuli wibos ganivkveTi. 
 

konstruqciis mTavar elementebs warmoadgens samkuTxa 
kolofismagvari cvladkveTiani radialuri wiboebi (nax. 6.17, b). misi 
ganivkveTis maqsimaluri simaRlea 334sm, sigane - 274sm. TiToeul wibos 
aqvs ori qveda sartyeli da erTi zeda, romlebic warmoadgenen 
dawebebul ficrul elementebs. samive sartyels erTnairi simaRle aqvT - 
61sm. qveda sartyelebis siganea 36sm, zedasi - 91sm. wiboebis 
kedlebisaTvis gamoyenebulia 76mm sisqis mravalfeniani samSeneblo 
faneri gaZlierebuli sixistis elementebiT. 

wiboebs Soris rombuli bade Seqmnilia dawebebuli 
wirTxlebisagan. wiboebi eyrdnoba qveda sayrden rgols, romelic 
agreTve damzadebulia dawebebuli merqnisagan da kolofismagvari 
ganivkveTi aqvs. masSi gadis winaswardaZabuli foladis bagirebi, 
romlebic Rebuloben ganmbjens. fenilad gamoyenebulia rombis formis 
faneris panelebi. burulad-aluminis Senadnobis furclebi. 

badisebri gumbaTebis gaangariSeba warmoebs umomento TeoriiT, 
rogorc mTliankveTiani RerZul-simetriuli garsebis. Zalvebi gumbaTis 

ReroebSi ganisazRvreba meridianuli 1T  da rgoluri 2T  Zalvebis 

gamravlebiT Reroebs Soris Sesabamis manZilze gumbaTis gansaxilvel 
ganivkveTSi da am Zalvebis proeqcirebiT Reroebis mimarTulebaze (nax. 
6.15). roca badis ujredi warmoadgens tolgverda samkuTxeds, maSin 
Zalvebi ReroebSi: 
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( )

( )

1 2
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                        (6.16) 

sadac l  aris ujredis gverdis sigrZe; S  - Zvris Zalva. 

 grZivi 1N , 2N  da 3N  Zalvebis garda ReroebSi SeiZleba aRiZvras 

mRunavi momentebic adgilobrivi datvirTvisagan, romelic aucilebelad 
unda gaviTvaliswinoT Reroebis gaangariSebisas eqscentrul kumSvaze. 
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 badisebri gumbaTis adgilobrivi mdgradobis dakargva xasiaTdeba 
kvanZis centris gadaadgilebiT sferos centris mimarTulebiT (nax. 6.15, 
d). adgilobriv mdgradobaze gaangariSebisas kvanZis Rero mowmdeba grZiv 
Runvaze, roca misi saangariSo sigrZe tolia 

3
3π

=
l

l
l

r
hR

s
                         (6.17) 

sadac rw  aris Reros ganivkveTis inerciis radiusi; l  - Reros 

geometriuli sigrZe; h  - piramidis kvanZis wveros aweva mezobel 
kvanZebTan SedarebiT (nax. 6.15, d). 
 gumbaTis saerTo mdgradobis uzrunvelsayofad aucilebelia, rom 
gumbaTze mosuli radialuri Tanabrad ganawilebuli wneva ar 
aRemetebodes kritikul mniSvnelobas: 

21,6 ,
EAr

g
r

=
l

R
kr

                         (6.18) 

sadac E , A , rR , l  - Sesabamisad Reros drekadobis moduli, ganivkveTis 

farTobi, inerciis radiusi da geometriuli sigrZea; r  - sferos radiusi. 
 

6.5. garsebi 
 

ormagi simrudis zedapirebiani xis garsebidan yvelaze meti 
gavrceleba pova hiperbolurma garsebma, rac ganapiroba aseTi garsebis 
Tvisebam - Seqmnan mrudi zedapirebi sworxazovani elementebisagan. maTgan 
konstruqciis simartiviTa da arqiteqturuli gamomsaxvelobiT 
gamoirCeva ori tipi - hiperboluri paraboloidi (hipari) da brunviTi 
paraboloidi. hiparebis saborto elementebic sworxazovani aqvT, Tumca 
zogjer iyeneben Sedgenil garsebs mrudwriuli ori, sami, oTxi da meti 
hiparisagan. maTgan yvelaze praqtikulia oTxi hiparis SeuRleba. am 
SemTxvevaSi gamoiyeneba oTxkuTxa hiparebi da konstruqciuli gadwyveta 
martivdeba. konturze garsi eyrdnoba svetebs an wamweebs. konturis 
sayrdeni elementebi warmoadgens xist elementebs TavianT sibrtyeSi da 
moqnilebs mis marTobulad. ZiriTadi sayrdenebi ganlagebulia garsis 
kuTxeebSi an kexSi (qolgismagvari garsebi), xolo TviT kuTxeebs 
SeiZleba hqondeT konsoluri gadwyveta. 

amis Sesabamisad xdeba Semkravebis ganlageba, romlebsac SeiZleba 
qondeT orTogonaluri an diagonaluri mimarTuleba. 

sworkuTxa hiparebi saSualebas gvaZlevs, SevqmnaT Sedgenili 
garsebi mravalmaliani samrewvelo SenobebisaTvis (nax. 6.19). maTgan 
umeteswilad iyeneben `jvrismagvar~ saxuravebs (nax. 6.19, a) da 
`qolgismagvar~ garsebs (nax. 6.19, b, g). zeda bunebrivi ganaTebisaTvis 
gamoiyeneba calkeul hiparebs Soris darCenili Riobebi. sazRvargareT 
gavrceleba pova Rarismagvarma garsebma (nax. 6.19, d). garda tolgverdiani 
hiperboluri paraboloidebisa, gamoiyeneba agreTve aratolgverdebiani 
hiparebi, romelTa gegmac SeiZleba iyos rombisebri. aseTi garsebi 
kompleqtdeba ramdenime tipis erTnairi rombuli elementisagan, 
magaliTad SeiZleba moviyvanoT mravaltalRovani TaRovani gadaxurva 
rombismagvari filebisagan hiparebis saxiT sworkuTxa gegmis 
SenobisaTvis (nax. 6.19, e). SesaZlebelia agreTve mravaltalRovani 
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saxuravis konstruqciuli sqemebi, romelic aerTianebs diagonaluri 
wiboTi SeerTebul rombul da samkuTxa garsebs (nax. 6.19, v). 

hiparebi Tanabari warmatebiT Sendeba rogorc dadebiTi, ise 
uaryofiTi gausis simrudiT. didmaliani samoqalaqo daniSnulebis 
SenobisaTvis iyeneben iribkuTxa hiparebs. saborte elementebi mzaddeba 
dawebebuli ficrebisagan siganiT 50...200mm, simaRliT 150...300mm da ikvreba 
WanWikebiT (nax. 6.20). ganapira zonebSi garsis tani sayrdenebTan da 
kvanZebSi Zlierdeba damatebiT erTi - ori fena ficrebiT. garsis tani, 
xisti da saborte elementebi unda Seesabamebodes xis konstruqciebis I 
da II kategoriebs. 

 
 

 

 
nax. 6.18. hiperboluri paraboloidebis konstruqciuli sqemebi: a - SeuRleba 

ori elementisagan; b - igive, sami elementisagan; g, d, e - igive oTxi 
elementisagan; z - igive xuTi elementisagan. 

 
 

 

 
nax. 6.19. hiperboluri paraboloidebisagan Sedgenili mravaltalRovani 

saxuravis konstruqciuli sqemebi. 
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nax. 6.20. hiperboluri garsebis saborte elementebi: 1 - garsis tani; 2 - garsis 

tanis gaZliereba; 3 - saborte elementebi; 4 - WanWikebi. 
 
 hiparebi miekuTvneba ganmbjenian konstruqciebs. ganmbjens Tavis 
Tavze Rebulobs foladis Semkravi an saZirkvlebi. garsis masa Seadgens 
20...30kg/m2. 
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Tavi 7. plastmasebi 
 

7.1. zogadi cnobebi plastmasebis Sesaxeb 
 

plastmasebi ewodeba masalebs, romelTa safuZvels warmoadgens 
xelovnuri an bunebrivi maRalmolekuluri sinTezuri polimerebi, 
romlebsac Tviseba aqvT maRali temperaturis da wnevis gavleniT miiRon 
nebismieri forma da gacivebis Semdeg SeinarCunon igi eqsplutaciis 
mTeli periodis ganmavlobaSi. 

plastmasa kompoziciuri masalaa da misi Semadgeneli 
komponentebia: Semkvreli, Semavsebeli, maarmirebeli, plastifikatori, 
gamamagrebeli, stabilizatori, Semaferadebeli, katalizatori, 
formawarmomqmneli, antistatiki. am komponentebisagan ZiriTadia 
Semkvreli nivTiereba - polimeri, romelic bunebrivi an xelovnuri 
sinTezuri masalaa da is plastmasis safuZvels warmoadgens. bunebrivi 
polimeris nimuSia merqnis celuloza (C6H10O5), xolo sinTezur 
(xelovnur) polimerebs, romlebic miiReba polimerizaciis reaqciis 
Sedegad, miekuTvneba: polivinilacetati, polivinilqloridi, 
polimeTilmeTakrilati, polipropileni, polistiroli, polieTileni da 
sxv. polikon-densaciis reaqciis daxmarebiT ki miiReba 
fenolformaldehiduri polimerebi: rezorcinul-formaldehiduri, 
karbamiduli, polieTeruli, poliuretanuli, epoqsiduri, 
kaJbadorganuli da sxv. 

Semavsebeli Tavisebur karkass warmoadgens da plastmasaSi 
Seitaneba masalis ekonomiisa da simtkicis uzrunvelsayofad. formis 
mixedviT igi SeiZleba iyos marcvlovani, boWkovani, fenovani da sxv. 
Semavseblis saxeebia: azbesti, merqnis boWko, minis boWko, xis fqvili, 
talki, kvarculi fqvili, bariti, carci, qaRaldi, bambeulisa da minis 
boWkovani qsovilebi, xis Sponi, muyao da sxv. 

plastifikatori plastmasas aniWebs moqnilobasa da elastiurobas. 
aadvilebs mis gadamuSavebas, adidebs siTbo- da yinvamedegobas, amcirebs 
sixistesa da sificxes. plastmasaSi plastifikatoris raodenobam 
SeiZleba miaRwios polimeris masis 30...50%, is unda iyos qimiurad 
inertuli, mcireaqroladi da uvnebeli nivTiereba. plastifikatorebad 
gamoiyeneba glicerini, dioqtilfTalagi da sxva umaRlesi spirtebis 
ftalatebi. 

maarmirebeli ZiriTadad gamoiyeneba fenovani plastmasebisaTvis. 
misi saxeebia: qaRaldi, minis boWko, boWkovani qsovilis nairsaxeobebi, 
Sponi da sxv. 

gamamagreblis daniSnulebaa damzadebis procesSi teqnologiurad 
daaCqaros plastmasis gamyarebis dro, Tumca zogierTi tipis 
plastmasebis warmoebaSi gamoiyeneba ingibitoric, romelic piriqiT, 
anelebs plastmasis gamyarebis process. 

stabilizatori xels uwyobs plastmasis Tavdapirveli fizikur-
meqanikuri Tvisebebis SenarCunebas xangrZlivi eqspluataciis pirobebSi, 
anu amcirebs destruqciis procesebis siCqares sxvadasxva faqtorebis 
moqmedebisas (temperatura, mzis radiacia da sxv.). 

Semaferadeblis (pigmentis) daniSnulebaa mices plastmasas 
garkveuli feri. igi mineraluri an organuli sinTezuri nivTierebaa, 
romelic kargad ixsneba Semkvrel masalaSi da siTbomedegia plastmasis 
warmoebisaTvis saWiro temperaturis zRvrebSi. 
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katalizatori (damaCqarebeli) TviTon ar monawileobs gamyarebis 
procesSi, magram misi arseboba xels uwyobs gamyarebas. magaliTad 
fenolformaldefiduri polimerebisaTvis katalizatorad gamoiyeneba 
kiri da urotripini. 

forawarmomqmneli danamatebi gamoiyeneba qafplastebis warmoebaSi. 
igi xels uwyobs Termoplastikuri an Termoreaqtiuli fisis aqafebas 
cxel mdgomareobaSi. 

antistatiki amcirebs polimeruli masalebis eleqtrizacias maTi 
gadamuSavebis da eqspluataciis dros. plastmasebis didi nawili 
(polivinilqloridi, polistiroli, polionefili da sxv.) advilad 
agrovebs eleqtrul muxts, radganac isini bunebiT dieleqtrikebia, anu 
eleqtrobis cudi gamtarebia, amitom aseTi plastmasebi iTxoven 
antiseptikebis damatebas. isini SeiZleba iyos zedapirulad aqtiuri 
nivTierebebi da eleqtroobis gamtari Semavseblebi (Wvartli, grafiti, 
liTonis fxvnili da sxv.). 

samrewvelo plastmasebis warmoeba daiwyo me-19 saukunis pirvel 
naxevarSi, rodesac genkokma gamoigona kauCukis gadamamuSavebeli 
Tanamedrove mowyobilobebis prototipebi (1820w.), renom aRmoaCina 
vinilqloridi (1835w.), butlerovma aRwera formaldehidis polimerebi 
(1859w.), parksonma miiRo parksaini (1862w.) da sxv. aRsaniSnavia, rom am 
saukuneSi iqna agreTve miRebuli iseTi plastmasebi, rogoricaa stiroli, 
celuloidi, akrili, metakrilati, viskozas abreSumi, polikarbonati, 
Sardonis abreSumi (pirveli xelovnuri abreSumi), nitroceluloza, 
galatiti da sxv., xolo me-20 saukuneSi plastmasebis warmoeba saocrad 
swrafad ganviTarda, ramac gamoiwvia maTi farTo gamoyeneba 
mSeneblobaSi, gemTmSeneblobaSi, TviTmfrinavTmSeneblobaSi, 
manqanaTmSeneblobaSi, sasporto mrewvelobaSi da sxv. am saukunis 
pirmSoa bakeliti, neopreni, organuli mina, poliuretani, epoqsidi, 
polieTileni, polipropileni, polikarbonati, poliformaldehidi da 
aseulobiT sxva dasaxelebis plastmasebi. gansakuTrebiT unda aRiniSnos 
maRali simtkicis Tanamedrove plastmasebis (kevlari, aramidi) miReba, 
romelTa simtkice aRemateba foladis simtkices. 

temperaturis zemoqmedebis gavlenis mixedviT ganirCeva 
plastmasebis (polimerebis) ori jgufi: Termoplastikuri da 
Termoreaqtiuli. 

Termoplastikuri plastmasebi gaxurebisas rbildeba, xolo 
gacivebisas gadadian myar mdgomareobaSi. 

Termoreqtiuli plastmasebi Rebuloben plastikurobas mxolod 
damzadebis procesSi da gacivebisas myardebian, xolo xelmeored 
gaxurebisas inarCuneben struqturasa da formas TviT daSlisa da wvis 
porcesSic ki, anu xelmeored gaxurebisas aRar gadadian plastikur 
mdgomareobaSi. 

samSeneblo saqmeSi gamoyenebul konstruqciul plastmasebs 
gaaCniaT rogorc dadebiTi, ise uaryofiTi Tvisebebi. 

dadebiTi Tvisebebia: 
_ maRali simtkice (50...100mpa), romlic zogierTi tipis plastmasisaTvis 
aRemateba foladis simtkices da Seadgens 1000mpa; 
_ mcire simkvrive, romelic icvleba 20kg/m3-dan (qafplsti) 2000kg/m3-mde 
(minaplastiki); 
_ radiogamWirvaloba; 
_ antimagnituroba; 
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_ maRali eleqtroizolacia; 
_ qimiuri da biomedegoba; 
_ gadamuSavebis simartive; 
_ elementebisaTvis sxvadasxva formis micemis SedarebiTi siadvile; 
_ afskebisa da qsovilebis warmoeba; 
_ webovani da SeduRebiT SeerTebis ganxorcielebis saSualeba. 

 
uaryofiT Tvisebebs ganekuTvneba: 

_ maRali deformatiuloba (dabali drekadobis moduli);  
_ simtkicis Semcireba datvirTvebis xangrZlivad moqmedebisas; 
_ dabali zedapiruli simagre; 
_ daZveleba, anu saeqspluatacio Tvisebebis gauareseba atmosferuli 
zemoqmedebis Sedegad; 
_ wvadoba toqsikuri gazebis gamoyofis TanxlebiT.  

dReisaTvis arsebobs platsmasebis uaryofiTi Tvisebebis gavlenis 
Semcirebis gzebi da saSualebebi. magaliTad, deformadobis 
Sesamcireblad mimarTaven samfenovani da milovani elementebisa da 
sivciTi konstruqciebis garsebis gamoyenebas. daZveleba da 
cecxlsaSiSroeba SeiZleba Semcirebul iqnas plastmasaSi specialuri 
danamatebis SetaniT da zedapiruli damcveli fenebis gamoyenebiT. 
praqtikulad mizanSewonilia plastmasis elementebi vamuSaoT xisa da 
liTonis konstruqciebTan kombinaciaSi. 

 
7.2 konstruqciuli plastmasebi 

 
konstruqciuli ewodeba iseT plastmasebs, romlebic samSeneblo 

konstruqciebis da detalebis dasamzadeblad gamoiyeneba. maT unda 
qondeT maRali simtkice, sixiste da sakmarisi winaRoba atmosferuli 
zemoqmedebisadmi da cecxlgamZleoba. am moTxovnebs ZiriTadad 
akmayofileben plastmasebis Semdegi nairsaxeobebi: minaplastiki, 
organuli mina, polikarbonati, polivinilqloridi, qafplasti, 
foroplasti, fiWaplasti, merqanfenovani plastikebi, merqanboWkovani 
filebi, merqanburbuSelovani filebi, plastmasis afskebi da 
haergaumtari qsovilebi, sinTezuri weboebi, maRali simkvrivis 
polieTileni, polistiroli da sxv. 

qvemoT warmodgenil 7.1 cxrilSi, sazRvargareTul monacemebze 
dayrdnobiT moyvanilia dReisaTvis arsebuli ZiriTadi polimeruli 
masalebis dasaxelebebi, maTi saerTaSoriso asoiTi aRniSvnebi, agreTve 
miTiTebulia Tu romel jgufs ekuTvnis esa Tu is masala - 
Termoplastikurs Tu Termoreaqtiuls.  

 
cxrili 7.1 ZiriTadi polimeruli masalebi, maTi saerTaSoriso aRniSvna 

da jgufebi (Termoplastikuri TuU Termoreaqtiuli) 
 

dasaxeleba 
Semok- 

lebuli 
aRniSvnebi 

Termopla-
stikuri 

Termore- 
aqtiuli 

1 2 3 4 
akrilonitrilbutadienstiroluri plastmasebi ABS _  
celulozis karboqsimeTili CMC _  
kazeini CS _  
celulozis acetati CA _  
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celulozis butirat acetati CAB _  
celulozis propionat acetati CAP _  
celulozis nitrati CN _  
celulozis propionati CP _  
krezol_formaldehidi CF  _ 
dialilis ftalati PDAP  _ 
epoqsidi EP  _ 
eTilceluloza EC _  
melaminoformaldehidi MF  _ 
eTilenpropileni FEP _  
fenolformaldehidi PF  _ 
poliakrilis mJava PAA _  
poliakrilnitrili PAN _  
neiloni (poliamidi) PA _  
polibutadienakrilnitrili PBAN _  
polibutadienstiroli PBS _  

polikarbonati PS _  

polidialilfTalati PDAP  _ 
polieTileni PE _  
terefTalatis polieTileni PETP _  

polimeTilqlorakrilati PMCA _  

polimeTilmetakrilati (organuli mina) PMMA _  
polimonoqlortrifToreTileni PCTFE _  
poliacetali (polioksimeTileni) POM _  
polipropileni PP _  
polistiroli PS _  
politetrafToretileni PTFE _  
polivinilacetati PVAc _  
polivinilis spirti PVAL _  
polivinilbutirali PVB _  
polivinilqloridi (pvq) PVC _  
polivinilqloridacetati PVCAc _  

polivinilfToridi PVF _  

polivinilformali PVFM _  

silikonuri plastmasebi SJ  _ 

stirolakrilnitrati SAN _  

stirolbutadienuri plastmasebi SBP _  

stirolkauCukis plastmasebi SRP  _ 

Sardovanaformaldehidi UF  _ 

uretanuli plastmasebi UP  _ 

  
minaplastiki warmoadgens kombinirebul konstruqciul saSen 

masalas da Sedgeba ori ZiriTadi komponentisagan - Semkvrelisa da 
maarmireblisagan. Semkvrelad gamoyenebulia Termoreaqtiuli sinTezuri 
fisebi (polieTeruli, epoqsiduri, fenolformaldehiduri), 
romelTacPteqnologiuri da saeqspluatacio Tvisebebis gasaumjobeseb- 
lad damatebuli aqvT sxvadasxva modificirebuli danamatebi, xolo 
maarmireblad gamoiyeneba minis boWko, minis Zafi da minis  qsovili.D 



 135

minis boWko uzrunvelyofs minaplastikis simtkicesa da medegobas 
dartymis mimarT. igi miiReba gamdnari minis masisagan, romelic 
wagrZeldeba mcire diametris xvrelebSi - filerebSi da gapoxil 
mdgomareobaSi daexveva mbrunav dolze (nax.7.1). minis boWkos diametri 
daaxloebiT 10mkr tolia, simtkicis zRvari gaWimvaze 200mpa, drekadobis 
moduli - 70000mpa. igi gamoiyeneba uwyveti da danawevrebuli saxiT (nax. 
7.2). danawevrebuli warmoadgens qaosurad ganlagebul 50mm-de sigrZis 
boWkoebis masas.  

 
nax. 7.1 uwyveti minis boWkos miRebis sqema: 1 - eleqtroRumeli Txevadi miniT; 2 

- sapoxi aparati; 3 - Zrava mbrunavi doliT; 4 - minis boWko; 5 - filerebi. 
 

 
nax. 7.2. minaplastikebi. a - brtyeli; b - talRovani; 1 - uwyveti armirebiT; 2 - 
qaosurad ganlagebuli danawevrebuli minaboWkoTi; 3 - ganivi talRebiT; 4 - 

grZivi talRebiT; 5 - talRis ganivkveTi. 
  

minaplastikebi sakmao medegobas iCenen daZvelebisa da 
atmosferuli zemoqmedebis mimarT. Ria cis qveS xangrZlivi 
eqspluataciis Semdegac maTSi araviTari mniSvnelovani cvlilebebi ar 
aRiniSneba. 
  minaplastikis simkvrive tradiciul saSen masalebTan SedarebiT 
mcirea (1,5...1,9t/m3), rac mis did simtkicesTan Sexamebuli konstruqciebis 
simsubuqis sawindaria da aqtiurad ganapirobebs mis gamoyenebas 
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seismurad aqtiur raionebSi. igi wyaluJonadi masalaa, Tumca xangrZlivi 
datenianebisas sinestes STanTqavs da Sesabamisad misi simtkice ecema. 
praktikaSi minaplastiki gxvdeba gamWvirvale da gaumWviri saxiT, rac 
damokidebulia Semkvreli da Semavsebeli masalebis saxeobaze. saxanZro 
TvalsazrisiT minaplastikebis umetesoba wvadia, magram specialuri 
danamatebis daxmarebiT isini SeiZleba gadavaqcioT Znelad wvad 
masalebad, rac metad mniSvnelovania praqtikuli da komerciuli 
TvalsazrisiT. 
 temperaturisa da tenis moqmedebis Sedegad minaplastikis simtkice 
da drekadobis moduli mcirdeba, amitom gaangariSebebSi aseTi 
pirobebisaTvis saangariSo winaRobisa da drekadobis modulis 
normatiuli mniSvnelobebi unda gamravldes saTanado Semasworebel 
koeficientze. minaplastkis simtkice proporciulad aris damokidebuli 
masSi minis boWkos procentul Semcvelobaze. 

mSeneblobaSi yvelaze metadaa gavrcelebuli polieTeruli 
minaplastikebi, romlebSic maarmireblad gamoyenebulia qaosurad 
ganlagebuli danawevrebuli minis boWko. maT silikatur minasTan 
SedarebiT axasiaTebT ukeTesi fizikur-meqanikuri Tvisebebi. gadaxurvebSi 
minaplastikebi mizanSewonilia gamoviyenoT industriul raionebSi 
ganlagebul samrewvelo SenobebSi, radganac aseT raionebSi haeris 
agresiulobis gamo, furclovani foladi an azbestcementis furclebi 
(Siferi) swrafad eqvemdebareba korozias da gamodis wyobidan. qimiurad 
agresiul garemoSi ki minaplastikebi, merqanTan erTad, Seucvleli 
masalaa. 

saxuravis garda brtyeli da talRovani furclovani 
minaplastikebi gamoiyeneba samfenovani panelebis, sakedle blokebis, 
kibis saxelurebis, lavgardanis saCexis, wyalSemkrebi milebis da 
Rarebis, sxvadasxva profilis nakeTobebis (Sveleri, kuTxovana...) 
dasamzadeblad, SenobaTa Ffasadebis SemosvisaTvis, rkinabetonisa da 
liTonis konstruqciebis damcvel fenad, rodesac konstruqciebs mZime 
agresiul garemoSi uxdebaT muSaoba (Sxefsacivari). aseTi dafarva 
rkinabetonis elementebis muSaobas 4...5-jer axangZlivebs. talRovani 
minaplastikebi farTod gamoiyeneba TaRovani, qolgisebri, cilindruli, 
sferuli, prizmuli garsebis dasamzadeblad, sadac isini 
Semomfargvlelis garda mzidi elmentebis rolsac asruleben. 

minaplasetikebis armirebisaTvis gamoiyeneba minis boWko an mis 
safuZvelze damzadebuli masalebi, rogoricaa minis Zafi, minis qsovili, 
minis CaliCi, minis Wilobi da sxv. tentovani da pnevmatikuri 
konstruqciebisaTvis gamoiyeneba rezinanarevi qsovilebi, romelTa 
dasamzadeblad gamoiyeneba sinTezuri an bunebrivi boWkoebi da afskebi, 
romlebic armirebulia qsoviluri badeebiT. amrigad, polimeruli 
kompozitebis maarmirebeli komponentebi ZiriTadad warmoadgenen 
bunebriv, sinTezur an xelovnur boWkoebs, merqnis an boWkovani 
agebulebis mqone mcenareebis gadamuSavebis produqtebs. armirebaSi 
gamoyenebuli elementebi kanonzomierad nawildeba polimerul 
matricaSi, anu orientirdeba. swored maarmireblis orientaciazea 
ZiriTadad damokidebuli polimeruli kompozitebis simtkicisa da 
drekadi Tvisebebis maCveneblebi. 

ganirCeva polimeruli kompozitebis armirebis Semdegi sqemebi (nax. 
7.3): 
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nax. 7.3. plastmasis armirebis sqemebi: a - erTi mimarTulebiT; b - 
urTierTmarTobi ori mimarTulebiT; g - iribad jvarediniani; 

d - kombinirebuli; e - Tanabari. 
 
  _ erTi mimarTulebiT, rodesac boWkoebis mimarTuleba emTxveva 
saangariSo Zalvis mimarTulebas; 

_ urTierTmarTobi ori mimarTulebiT, roca boWkoebi mimarTulia 
ori urTierTmarTobi mimarTulebiT, romlebic emTxveva saangariSo 
Zalvebis mimarTulebas; am SemTxvevaSi armirebis procenti sxvadasxva 
mimarTulebiT SeiZleba iyos erTnairi an gansxvavebuli; 

_ iribad jvaredini, rodesac boWkoebis ganlagebis mimarTuleba 
raRac kuTxes qmnis Zalvis moqmedebis mimarTulebasTan; 

_ kombinirebuli, rodesac boWkoebi orientirebulia sxvadasxva 
mimarTulebiT ise, rom miviRoT SedarebiT Tanabarmtkice masala; 

_ Tanabari, rodesac boWkoebi qaoturad aris orientirebuli. 
minateqstoliti minaplastikis nairsaxeobaa da mzaddeba brtyeli 

furclebis saxiT sisqiT 0,5...35mm. igi erT-erTi yvelaze efeqturi 
plastmasaa, romelic warmatebiT gamoiyeneba dinamikur datvirTvebze 
momuSave konstruqciebSi. amzadeben minis qsovilisa da 
fenolformaldehiduri fisisagan. aqvs armirebis kombinirebuli 
stuqtura. medegia qimiurad agresiuli garemos mimarT. 

minateqstolitebi anizotropiul minaplastikebTan SedarebiT 
naklebad deficituri da iafi masalaa. maT ZiriTad upiratesobas maRali 
Tbomedegoba warmoadgens, ar iwvis da eqspluatacia SesaZlebelia 
xangrZlivi droiT 20000C temperaturamde, SezRuduli droiT 35000C 
temperaturamde da xanmokle droiT 10000C temperaturamdec ki. 

minaplastikebis simtkicisa da drekadobis maxasiaTeblebi 
mocemulia danarTSi (cxr. 26). 

organuli mina (polimeTilmetakrilati) konstruqciuli 
plastmasaa, romelic mTlianad Sedgeba Termoplastikuri 
polimeTilmetakrilatis fisisagan, yovelgvari danamatebis gareSe. igi 
gamWvirvale msubuqi masalaa simkvriviT 1,18...1,19gr/sm3, sinaTlis 
sxivgamtarobiT 90%, ultraiisferi mzis sxivebis gatarebiT 75%. advili 
dasamuSavebelia, Sewebebisa da SeduRebis kargi unariT xasiaTdeba. 
organul minas sakmaod maRali simtkice (10mpa) gaaCnia Runvisas, magram 
simagris, sixistis da Tbomedegobis dabali maCveneblebi aqvs, rac mas 
uaryofiTad axasiaTebs. misi drekadobis modulia 3000mpa. zedapiri 
advilad ikawreba. sinaTlis moqmedebiT ar yviTldeba, ar xdeba myife, 
Tumca droTa ganmavlobaSi ifareba vercxlisferi feniT (mikrobzarebis 
badiT), romelic advilad Sordeba gaxexviT. 

fanjris Cveulebriv minasTan SedarebiT organuli minis 
upiratesobaa is, rom ar gaaCnia simyife (msxvrevadoba) da kargad atarebs 
sinaTlis sxivebs. mSeneblobaSi warmatebiT gamoiyeneba gadaxurvebSi da 
sakedle panelebSi, agreTve iseTi saTavsebis asagebad, sadac saWiroa 
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adamianisaTvis gamajansaRebeli mikroklimatis Seqmna (mzis abazanebis 
misaRebi, saTavsebi sanatoriumebsa da dasasvenebel saxlebSi), xolo 
formis miRebis simartive da dabali Tbomedegoba saSualebas iZleva 
misgan davamzadoT gadaxurvis mrudi moxazulobis konatruqciebi 
(TaRebi, kamarebi, garsebi, Suqfarnebi da sxv.) 

Tu organuli minisagan damzadebul konstruqcias muSaoba uxdeba 
tenian an cxel (40...500C) garemoSi, maSin masalis saangariSo 
maxasiaTeblebi mcirdeba 20...25%-iT. mSeneblobaSi gamoyenebuli organuli 
minis fizikur-teqnikuri maxasiaTeblebi mocemulia danarTSi (cxr. 29). 

polikarbonati konstruqciuli plastmasaa, romelic miiReba 
polieTeruli naxSirmJavasa da cximovani da aromatuli mwkrivebis 
dioqsuri naerTebis safuZvelze. igi maRali dartymiTi simtkicis myari 
nivTierebaa. mdgradia wylis, wylis gamxsnelebis, zogierTi agresiuli 
garemos da atmosferuli zemoqmedebebisadmi. 

saSeni masalebi polikarbonatisagan ZiriTadad mzaddeba 
gamWvirvale furclebisa da mravalfenovani filebis saxiT, romlebsac 
gamoiyeneben fanjrebis SeminvisaTvis, Suqfarnebis mosawyobad, 
sxivgamtari saxuravebisaTvis, sasoflo-sameurneo daniSnulebis 
saTburebisaTvis da sxv. sxivgamtaroba Seadgens 40...90%, gamodis 
sxvadasxva feris, iRuneba oTaxis temperaturazec an odnavi gaxurebiT, 
webvadia, advilad montaJdeba da iwmindeba. masalis simkvrivea 1,2gr/sm3. 
eqspluataciis misaRebi temperaturaa – 45 ... +1200C. 

viniplasti (xisti viniplasti, polivinilqloridi) yvelaze 
gavrcelebuli da iafi samSeneblo masalaa. miiReba Termoplastikuri 
polivinilqloridis (pvq) fisis safuZvelze, winaswar damzadebuli 
firTa fenebis Sewebebis da dawnexis Sedegad.  

viniplasti SeiZleba iyos gamWvirvalec da gaumWvirvale, reziniviT 
moqnili da amave dros myaric. misi simagre damokidebulia 
plastifikatoris danamatis raodenobaze. igi mcire simkvriviT, kargi 
elastikurobiT, maRali simtkiciTa da qimiurad agresiuli garemos 
mimarT medegobiT xasiaTdeba. viniplastis furclebis sisqea 2...20mm, 
sigane 500...650mm, sigrZe 1200...1500mm. 

xisti viniplasti gamoiyeneba TviTmzidi panelebis, wyalSemkrebi 
milebisa da Rarebis, santeqnikuri mowyobilobebis dasamzadeblad, 
agreTve iatakis safarisaTvis, kedlebis mopirkeTebisaTvis da sxv. misgan 
amzadeben Svelerebs, kuTxovanebs, kibis safexurebis zedafenebs, kibis 
moajiris garsacmebs. xSirad iyeneben rogorc antikoroziul masalasac, 
radganac kargad ewinaaRmdegeba sxvadasxva mJavebis, tuteebis, marilebis 
xsnarebis zemoqmedebas. dasavleTis bevr qveyanaSi (aSS, kanada, inglisi, 
safrangeTi, germania, ungreTi, Svecia) xisti viniplastisagan dawnexiT 
amzadeben safanjre blokebs moqnili SemamWidroebeli TamasebiTurT. 

viniplasti cudad iwvis, magram 7500C temperaturaze iwyebs 
darbilebas, gaxurebisas ki iSleba. misi gadamuSavebisaTvis iyeneben 
eqstruziis, pnevmoformirebis (boTlebis dasamzadeblad), vakuum-
formirebis, wneviT Camosxmis, kalandvris, qsovilze zedapiruli datanis 
(gamoiyeneba pnevmatikur da tentovan konstruqciebSi) da centridanuli 
Camosxmis meTodebs. pvq gamoyenebas poulobs afuebul mdgomareobaSic 
(qafplasti). viniplasti Semdgomi qlorirebiT iZens amaRlebuli 
Tbomedegobis Tvisebas da amitom SesaZlebelia misgan cxeli wylis 
milebis damzadebac. 

viniplastis teqnikuri maxasiaTeblebi mocemulia danarTSi (cxr.30). 
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gansakuTrebiT unda aRiniSnos pvq-s gamoyeneba Tanamedrove 
metaloplastmasis kar-fanjrebis profilebis damzadebisas. didi 
perspeqtivebi aqvs agreTve liTonis badeebiT armirebuli viniplastis 
samSeneblo konstruqciebis danergvas Tanamedrove mSeneblobaSi. 

qafplasti zemsubuqi, efeqturi Tbosaizolacio konstruqciuli 
masalaa. igi miiReba Termoplastikuri fisis cxel mdgomareobaSi 
aqafebiT an Termoreaqtiuli fisis aqafebiT da erTdroulad 
gamamagreblis damatebiT. damzadeba mimdinareobs Cveulebrivi 
atmosferuli wnevis qveS. qafplasti dabali simtkicis, magram maRali 
Tbo- da bgerasaizolacio Tvisebebis mqone Zalzed iafi masalaa. 
simkvrive icvleba zRvrebSi 30...100kg/m3, simtkice kumSvaze - 0,2...0,5mpa, 
Zvraze - 0,1...0,7mpa. Tbogamtarobis koeficienti - 0,02...0,045kkal/m.sT.grad. 

qafplasti SeiZleba iyos wvadi, Znelad wvadi da TviTCaqrobadi. 
mcire masis, dabali Tbogamtarobis da sakmarisi simtkicis gamo 
qafplastebi efeqturad gamoiyeneba sakedle da gadaxurvis samfenovani 
filebisa da panelebis dasamzadeblad. qafplastebis Tbosaizolacio 
Tvisebebs gansazRvravs misi simkvrive (damokidebulia fisis saxeobaze), 
forebis zomebze da forebSi arsebuli airis saxeobaze (airi miiReba 
qafwarmoqmnis procesSi). 

qafplastebis maRali Tbosaizolacio Tvisebebis brwyinvale 
damadasturebeli magaliTia didi britaneTis sarkinigzo sistemis 
sareleo jixurebi, gamoyenebuli antarqtidis pirobebSi. jixuris 
samfenovani gare kedlebis sisqea 3,2sm, romelic Sedgeba ori fena 
(TiToeuli sisqiT 0,3sm) minaplastikis furclebisagan da 3,2sm sisqis Sua 
fenisagan, romlisTvisac gamoyenebul iqna fenoluri qafplasti. kedlebi 
idealurad inarCunebs saTavsSi siTbos. aRsaniSnavia, rom Tboteqnikuri 
gaangariSebiT es kedlebi warmatebiT cvlis aguris kedlebs sisqiT 80sm! 

foroplasti forovani struqturis masalaa, romelic Zalian 
Camogavs qafplasts, magram gansxvavdeba misgan ufro maRali ten- da 
wyalSTanTqmis unariT, amaRlebuli TbogamtarobiT da dabali 
eleqtrosaizolacio TvisebebiT. 

fiWaplasti Sedgeba regularulad meorebadi gamWoli 
ujredebisagan, romlebic mimarTul arian panelis an filis zedapiris 
marTobulad (nax. 7.4). ujredebis kedlebi mzaddeba Termoreaqtiul 
polimerebSi gaJRenTili moqnili an xisti furclovani masalis 
(qaRaldi, kraft-qaRaldi, bambis qsovili, minaqsovili, faneris Sponi, 
aluminis folga, merqanboWkovani fila da sxv.) cxeli dawnexiT. 
upiratesoba eZleva arawvad masalebs. 

 

 

nax. 7.4. fiWaplastebi. a - 
eqvskuTxa, talRovani da wriuli 
formis gapoxili qaRaldis an 
qsovilis fiWebiT; b - xisti 
furclovani masalis fiWebiT. 
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ujredebis agebuleba Zalian Camogavs futkris fiWebis agebulebas, 
saidanacaa warmoSobili am plastmasebis dasaxelebac. 
fiWaplastmasebisaTvis maRali Tbo- da bgerasaizolacio Tvisebebis 
misacemad ujredebs avseben fxvnilisebri qafplastiT da konstruqciis 
waxnagebs Semoawebeben sxvadasxva tipis furclovan uwvad masalebs, raTa 
konstruqcias mieces damTavrebuli saxe. 

fiWaplastebis, rogorc konstruqciuli masalebis Rirseba is aris, 
rom mcire simkvrivis (15...60kg/m3) pirobebSi SeuZliaT aitanon sakmaod 
didi datvirTvebi. 

merqanfenovani plastikebi (mfp) mzaddeba fenolformaldehidur an 
karbamidul fisSi gaJRenTili furclovani faneris Sponebisagan, 
romelic Sewebebuli arian erTmaneTTan cxeli dawnexvis procesSi 
(15000C) maRali wnevis qveS (15...20mpa). upiratesoba eniWeba aryis xis, 
wifelisa da cacxvis Spons. fenebSi Sponis boWkoebis mimarTulebebis 
mixedviT mfp mzaddeba oTxi saxis (nax. 7.5): 

 
mfp - А - yvela fenaSi merqnis boWkoebis mimarTuleba erTnairia; 
mfp - Б - yovel 5...20 fenas paraleluri mimarTulebis boWkoebiT 

enacvleba erTi fena marTobuli mimarTulebiT; 
mfp - В - yovel mosazRvre fenaSi boWkoebis mimarTuleba 

urTierTmarTobulia; 
mfp - Г - yovel Semdeg fenaSi boWkoebis mimarTuleba mobrunebulia 

winas mimarT 30...350-iT. 
samSeneblo konstruqciebSi yvelaze metad gamoiyeneba mfp - Б. mfp 

warmoadgens furclovan saSen masalas sisqiT 3...60mm, siganiT 700...1300mm 
da sigrZiT 750...5600mm. simkvrive tolia 1,3gr/sm3. merqanfenovan plastikebs 
axasiaTebT maRali wyalmedegoba, maT ver azianebs biologiuri 
mavneblebi. 

miuxedavad imisa, rom merqanfenovani plastikebi SesaniSnavi 
masalaa, maTi gamoyeneba mSeneblobaSi SezRudulia maRali fasis gamo, 
Tumca Seucvleli masalaa xis elementebis gaZlierebisa da remontis 
dros, agreTve xis konstruqciebis elementebis SeerTebis saSualebaTa 
dasamzadeblad - nagelebis, sogmanebis, zedebis, sadebebis da sxvaTa 
saxiT. 

merqanboWkovani filebi (mbf) furclovani masalaa da miiReba 
daqucmacebuli merqnis narCenebis sinTenzuri polimeris (an kanifolis 
emulsiis) da teqnologiuri danamatis cxeli dawnexiT. damzadebis 
teqnologia SeiZleba iyos mSrali da sveli.  

simkvrivis mixedviT mbf SeiZleba iyos zemagari (950kg/m3), magari 
(800…950kg/m3), dabali simtkicis anu naxevradmagari (400…800kg/m3) da rbili 
(≤ 400kg/m3). mbf gamodis standartuli zomebis sisqiT 3...6mm, siganiT 
1200...1800mm, sigrZiT 1200...3600mm. samSeneblo konstruqciebSi gamoiyeneba 
mxolod magari da zemagari filebi aucilebeli antiseptirebiT, 
radganac Cveulebriv mdgomareobaSi isini wyalsaSiSia. 

merqanburbuSelovani filebi (nax. 7.6), rogorc saxelwodeba 
gviCvenebs, mzaddeba merqnis burbuSelisgan, romelic gaJRenTilia 
Termoreaqtiul sinTezur fisebSi. gamoyenebulia cxeli dawnexis meTodi. 

nax. 7.5. merqanfenovan plastikebSi 
Sponebis ganlageba. 
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aseTi filebi nebismieri mimarTulebiT maRali simtkiciT xasiaTdeba, 
kargi konstruqciuli masalaa da amave dros karg Tboteqnikur da 
akustikur Tvisebebs amJRavnebs. 

 

 
 
Tu Semkvrelad gamoiyeneben fenolformaldehidur fiss, maSin 

miiReba wyalmedegi filebi, xolo karbamiduli fisis gamoyenebis 
SemTxvevaSi - dabali wyalmedegobis. struqturis mixedviT es filebi 
SeiZleba iyos erTfeniani, rodesac sisqeSi erTgvarovani agebuleba aqvs 
da 3, 5 da mravalfenovani, rodesac sisqeSi merqnis nawilakebi da 
Semkvreli ganTavsebulia fenebad. 

merqanburbuSelovani filebis muSa zedapiri umetes SemTxvevaSi 
gaxexilia (sufTaa), Tumca gare fenisaTvis SeiZleba gamoyenebul iqnas 
faneris Sponi, qaRaldis fenovani plastiki, afski da sxv. simkvrive 
Seadgens 550...800kg/m3, sisqe 10...26mm, sigane 12000...2440mm, sigrZe 2400...5500mm. 

mSeneblobaSi merqanburbuSelovani filebi gamoiyeneba Siga 
kedlebis mopirkeTebisaTvis, saxuravis burulis qveSa fenilis 
mosawyobad, parketisqveSa iatakisaTvis da sxv. 

cementburbuSelovani filebi (cbf) mzaddeba merqnis burbuSelisa 
da portlandcementisagan  Cveulebriv pirobebSi. simkvrive Seadgens 
1200...1350kg/m3. geometriuli zomebia: sisqe 8...40mm, sigane 1200...1250mm, sigrZe 
3200...3600mm. 

mSeneblobaSi cbf gamoiyeneba Siga aramzidi SemomzRudavi 
konstruqciebisaTvis. 

arboliti SedarebiT axali saSeni masalaa, gavrcelebulia 
ruseTSi da gamoiyeneba dabalsarTuliani saxcovrebeli saxlebis 
asaSeneblad. igi warmoadgens msxvilmarcvlovan kompoziciur masalas, 
romelic miiReba formamimRebi narevis gamyarebiT. narevis Semadgeneli 
komponentebia: 

_ swrafadmyarebadi portlandcementi; 
_ kiri hidravlikuri danamatebiT; 
_ danawevrebuli celulozis nedleuli (xis gadamamuSavebeli 

mrewvelobis danawilebuli narCenebi, naxerxi, bambisa da brinjis 
Reroebi); 

_ qimiuri danamatebi betonis narevis gamyarebis dasaCqareblad da 
celulozis Semavsebelis neitralizaciisaTvis (kalciumis qloridi, 
Txevadi mina, Tixamiwa); 

_ wyali. 
arboliti simkvrivis mixedviT arsebobs Tbosaizolacio (≤ 500kg/m3) 

da konstruqciuli (500...800kg/m3). 
mSeneblobaSi gamoiyeneba monoliTuri arboliti, arbolitis mcire 

zomis blokebi, msxvili blokebi da oTaxis (saTavsos) kedlis zomis 

nax. 7.6. merqanburbuSelovani filebi. 
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identuri panelebi. garda amisa, sacxovrebel saxlebSi iyeneben 
arbolitis sxva konstruqciul elementebs, rogoricaa gadaxurvis 
filebi, zRudarebi, saventilacio blokebi da sxv. 

 
7.3. plastmasis konstruqciebis elemenmtebis gaangariSebis safuZvlebi 

 
plastmasis samSeneblo konstruqciebis elementebis gaangariSeba, 

tradiciul samSenelo konstruqciebis analogiurad, zRvrul 
mdgomareobaTa meTodiT warmoebs. plastmasebs axasiaTebT maRali kuTri 
simtkice da SedarebiT mcire drekadobis moduli, amitom plastmasis 
konstruqciebisaTvis gadamwyvetia meore zRvruli mdgomareoba, anu 
gaangariSeba deformaciebze. yuradsaRebia isic, rom gaangariSebis 
nebismier SemTxvevaSi, gaTvaliswinebuli unda iqnas plastmasis 
cocvadoba da daZveleba, ris gamoc konstruqciaze moqmedi datvirTvebi 
iyofa mudmiv, droebiT xangrZliv da droebiT xanmokle saxeebad. 

droebiT xangrZlivs miekuTvneba datvirTvebi, romlebic 
konstruqciaze moqmedeben ramdenime dRidan ramdenime Tvemde periodSi 
(Tovli, gare temperaturis sezonuri an Tviuri cvalebadoba da a.S.), 
xolo droebiT xanmokles miekuTvneba datvirTvebi, romlebic moqmedeben 
erTi dReRamis farglebSi (qari, haeris temperaturis dReRamis 
cvalebadoba, mzis radiaciis siTburi zemoqmedeba, adamianebis, 
instrumentebis da masalebis wona samontaJo da saremonto samuSaoebisas 
da sxv.). 

plastmasis konstruqciebis gaangariSeba rekomendebulia Catardes 
xangrZlivi saangariSo winaRobis R , xangrZlivi drekadobis E  da Zvris 
G  modulebis mixedviT, magram Tu xanmokle datvirTvebisagan 
gamowveuli Zalvebi Seadgens mTliani jamuri datvirTvis zemoqmedebiT 
gamowveuli Zalvebis 50%-ze mets, maSin masalis saangariSo 

maxasiaTeblebi unda gamravldes 1,3 koeficientze, e.i. / 1,3=R R , / 1,3=E E , 
/ 1,3=G G . 

plastmasis konstruqciuli elementebis simtkiceze gaangariSeba 
(gaWimva, kumSva, ganivi Runva) warmoebs xis konstruqciebis elementebis 
gaangariSebis analogiurad (ix. Tavi 2), xolo centralurad SekumSuli 
elementebis gaangariSeba mdgradobaze da Runvadi elementebisa 
deformaciebze (sixiteze), agreTve SekumSul-moRunuli elementebis 
gaangariSeba warmoebs plastmasis Tvisebebis TaviseburebaTa 
gaTvaliwinebiT, rac qvemoT aris mocemuli. 

 
7.3.1. plastmasebis xangrZlivi winaRoba 

 
plastmasis simtkiceze mniSvnelovan gavlenas axdens datvirTvebis 

xangrZlivi zemoqmedeba. plastmasis xangrZlivi winaRobis xasiaTi 
iseTivea, rogorc merqnis. Tu elementSi Zabva ar aRemateba garkveul 
zRvars, maSin deformaciebs aqvs milevadi xasiaTi, xolo Tu Zabva 
aWarbebs am zRvars, maSin deformaciebi droSi izrdeba da plastmasis 
elementi irRveva. 

mudmivi datvirTvis zemoqmedebisas Zabvis maqsimalur mniSvnelobas 

xgσ , romlis atanac ganusazRvreli droiTi SeuZlia plastmasis 

elements, ewodeba xangrZlivi winaRobis zRvari. igi ganisazRvreba 
plastmasis TiToeuli saxisaTvis da TiToeuli daZabuli 
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mdgomareobisaTvis xangrZlivi winaRobis diagramis (mrudis) daxmarebiT, 
romelic aigeba standartuli nimuSebis gamocdiT xanmokle da 
xangrZlivad moqmedi datvirTvebis zemoqmedebisas. xangrZlivi winaRobis 
fardobas simtkicis zRvarTan ewodeba plastmasis xangrZlivi winaRobis 
koeficienti da gamoiTvleba formuliT 

,xg

xg

s.zR.

σ
σ

=k                       (7.1) 

sadac xgσ  aris xangrZlivi winaRoba; s.zR.σ  - plastmasis simtkicis zRvari 

(droebiTi winaRoba). 
plastmasis elementebis gaangariSebaSi datvirTvebis xangrZlivi 

zemoqmedeba gaiTvaliswineba xangrZlivi winaRobis koeficientis 
daxmarebiT. am koeficientis ricxviT mniSvnelobebi zogierT saxeobis 
plastmasisaTvis mocemulia cxrilSi 7.2. 

 
cxrili. 7.2. 

plastmasebis xangrZlivi winaRobis koeficientis xgk  mniSvnelobebi 

masala xgk  

polieTeruli minaplastiki 
minaplastiki markiT `СВАМ~ 
minaplastiki markiT `АГ-4С~ 
konstruqciuli plastmasebi 
hargaumtari kapronis qsovilebi 

0.2...0.4 
0.6...0.7 
0.75 
0.30 
0.50 

 
7.3.2. tenianobis, temperaturis da atmosferuli zemoqmedebis gavlena 

plastmasis simtkicesa da deformaciulobaze 
 

sufTa polimeri wyalSi xangrZlivad moTavsebis Semdeg, rogorc 
wesi, ar icvlis Tavis simtkicesa da drekadobis maxasiaTeblebs, 
gamonakliss Seadgens Sardovanaformaldehiduri polimerebi. 
konstruqciuli plastmasebi ki, romelTa SemadgenlobaSi aucileblad 
Sedis Semavsebeli, wyalSi moTavsebis Semdeg icvlis Tavis fizikur-
meqanikur Tvisebebs. magaliTad, minis boWkos Semavsebelze damzadebuli 
minaplstikis Tvisebebis cvladobadoba tenis gavleniT ganpirobebulia 
imiT, rom tenis gavleniT xdeba minis boWkos meqanikuri rRveva, agreTve 
minis qimiuri destruqcia. wyali agreTve amcirebs adgezias minis 
boWkosa da Semkvrels Soris. tenianobis amaRleba yvelaze metad 
gavlenas axdens polieTeruli minaplastikis simtkiceze da 
deformaciulobaze, xolo yvelaze naklebad - fenolformaldehiduri 
fisis Semkvrelze damzadebul minaplastikze. minaplastikebis mier wylis 
STanTqmis Semcireba SeiZleba miRweul iqnas minis boWkos damuSavebiT 
hidrofobur narevebSi.  

temperaturis amaRleba erTmniSvnelad amcirebs plastmasebis 
simtkicesa da drekad Tvisebebs. saerTod plastmasebis gamoyeneba 
rekomendebulia garemoSi, sadac temperatura icvleba diapazonSi 00...600C. 
uaryofiT temperaturaze plastmasa xdeba myife. 

atmosferuli garemos, amaRlebuli temperaturis da tenianobis 
zemoqmedebis qveS momuSave plastmasebis saangariSo winaRobebi 
ganisazRvreba normalur pirobebSi momuSave masalebis saangariSo 
winaRobebis gadamravlebiT muSaobis pirobebis koeficientebze:  
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;= ⋅t
tR R m                       (7.2) 

;= ⋅w
wR R m                                 (7.3) 

         , ;t w
t wR R m m= ⋅ ⋅                     (7.4) 
,= ⋅f

fR R m                       (7.5) 
sadac tR , tm  aris maRal temperaturaze momuSave masalebis saangariSo 

winaRoba da muSaobis koeficienti; ,t wR  - saangariSo winaRoba maRali 

temperaturisa da tenianobis pirobebSi; fR , fm   - igive atmosferos 

pirobebSi, tm , wm  da fm  koeficientis mniSvnelobebi saqarTveloSi 

gavrcelebuli rusuli  warmoebis minaplastikebisaTvis mocemulia 
danarTSi (cxr. 34, 35).  
 atmosferuli da temperaturul-tenianobiTi reJimis zegavlena 
plastmasis drekadobisa da Zvris modulebis mniSvnelobebze iseTivea, 
rogorc saangariSo winaRobisaTvis. 
 deformaciebze gaangariSebisas mxedvelobaSi miiReba xanmokle da 

xangrZlivi drekadobis da Zvris modulebis mniSvnelobebi xgE , xgG  da E , 

G . xanmokle drekadobis da Zvris modulebis mniSvnelobebi miiReba 
standartuli nimuSebis xanmokle statikuri gamocdebis Sedegad, 
rogorc nimuSis Zabvis nazrdisa da fardobiTi deformaciis nazrdis 
fardoba.  

xangrZlivi drekadobisa da Zvris modulebis mniSvnelobebi miiReba 
standartuli nimuSebis xangrZlivi statikuri gamocdebis Sedegad Zabvis 
im donisaTvis, romelic Seesabameba masalis xangrZliv saangariSo 
winaRobas. igi warmoadgens nimuSis Zabvis fardobas fardobiTi 
deformaciis maqsimalur mniSvnelobasTan (denadobis deformaciis 
Caqrobis dros).  
 

7.3.3 centralurad SekumSuli elementebis gaangariSeba mdgradobaze 
 

plastmasis centralurad SekumSuli marTkuTxa ganivkveTis 
elementis gaangariSeba mdgradobaze warmoebs  formuliT: 

,k
saang

σ
ϕ

= ≤
N R

A
                    (7.6) 

sadac ϕ  aris grZivi Runvis koeficienti; saangA  - elementis ganivkveTis 

saangariSo farTobi da rodesac ganivkveTSi Sesustebebi ar aris, maSin 

saang br=A A , xolo simetriuli Sesustebebisas saang neto=A A ; kR  - masalis 

saangariSo winaRoba kumSvaze (danarTi, cxr. 25).  
 grZivi Runvis ϕ  koeficientis mniSvneloba masalis drekadi 

muSaobis farglebSi   

,kr

s.z.
k

σ
ϕ

σ
=                                  (7.7) 

sadac s.z.
kσ  aris elementis simtkicis zRvari kumSvisas; krσ  - Zabvis 

kritikuli mniSvneloba, romelic gamoiTvleba eileris cnobili 
formuliT:  

2

2 ,kr

πσ
λ

=
kE                      (7.8)  
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sadac kE  aris plastmasis drekadobis moduli Zalis moqmedebis 

mimarTulebiT; saangl  - elementis saangariSo sigrZe, romelic 

damokidebulia misi boloebis Camagrebis xasiaTze. 
 sabolood grZivi Runvis  koeficienti 

2

2
kr

s.z. s.z.
k k

σ πϕ
σ λ σ

= =
kE                    (7.9) 

 elementis muSaoba drekadobis farglebSi xasiaTdeba imiT, rom 
kritikuli Zabvebi proporciulobis zRvarze naklebia an misi tolia, e.i. 

2

2 ,pr
kr k

πσ σ
λ

= ≤
E                   (7.10) 

saidanac  
2

pr
k

πλ
σ

=
kE                     (7.11) 

sadac pr
kσ  aris plastmasis elementis kumSvaze proporciulobis 

pirobiTi zRvris Sesabamisi Zabva. 
 saerTod, sainJinro gaangariSebebSi, proporciulobis zRvrebi 
xanmokle da xangrZlivi datvirTvebisas pirobiTad erTnairi miiReba. 
 gaangariSebis dros iTvaliswineben datvirTvebis moqmedebis 
xangrZlivobas da bunebrivia, rom plastmasis yvela meqanikuri 
maxasiaTeblebi am faqtoris mxedvelobaSi miRebiT unda iqnas 
gansazRvruli, e.i. 

2

2 ,
s.z.
xg

πϕ
λ σ

=
E

                           (7.12) 

2

,E
k

≥
πλ

σzRvr s.z.
xg pr

                 (7.13) 

s.z.
xgσ  aris kumSvaze simtkicis zRvari datvirTvis xangrZlivad 

moqmedebisas; prk  - proporciulobis koeficienti, romelic miiReba 

proporciulobis zRvris SefardebiT simtkicis zRvarTan. 
plastmasis centralurad SekumSuli elementebis zRvruli 

moqnilobis minimaluri mniSvnelobebi da sxva maxasiaTleblebi 
mocemulia cxril 7.3-Si. 

 
cxrili. 7.3 

masala 
,nkR  

mpa 

,s.z. n
xg xgσ = R
mpa 

,E  
mpa prk  ϕ  zRλ

minaplastiki polieTeruli 90 27 3000 0.6 2

1097
λ

43 

minateqstoliti markiT `КАСТ-В~ 95 57 19000 0.8 2

3295
λ

64 

minaplastiki markiT `СВАМ~ 400 200 24000 0.8 2

1189
λ

39 

minaplastiki markiT `АГ-4С~ 200 120 15000 0.8 2

1230
λ

39 
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organuli mina 80 24 1400 0.3 2

580
λ

 44 

viniplasi 75 22,5 1600 0.55 2

703
λ

 36 

 
im SemTxvevaSi, rodesac masalas muSaoba uxdeba drekadobis 

zRvrebs iqeT, anu proporciulobis zRvrebs gareT, maSin elementis 

moqniloba 2 / sz
kλ π σ< kE , rac imas niSnavs rom kritikuli Zabvebi 

elementSi aRemateba proporciulobis zRvars. am dros masalis moduli 
cvalebadi xdeba, amitom gaangariSebaSi SemoaqvT e.w. dayvanili 
drekadobis modulis cneba, romelic ganivkveTisaTvis tolia 

4 ,
1

day

cv

= ⋅

+
k

E E
E
E

                          (7.14) 

sadac kE  aris drekadobis moduli porporciulobis zRvrebSi; cvE  - 

drekadobis cvalebadi moduli, romelic plastamasis TiToeuli 
saxisaTvis calke unda iqnas gamoTvlili. 

Tu ganvixilavT elementis kumSvis diagramas (nax. 7.7.), maSin A  
wertilSi drekadobis cvalebadi moduli, romelic Seesabameba kritikul 
Zabvas, ganisazRvreba formuliT: 

 
nax. 7.7. plastmasis elementis kumSvis diagrama. 

 

.cv

σ β
ε

= =
dE tg
d

                    (7.15) 
am SemTxvevaSi kritikuli Zalisa da grZivi Runvis koeficientis 

mniSvnelobebi ganisazRvreba formulebiT: 
2

2 ,day

kr

saang

π
=

E J
N

l
                    (7.16) 



 147

2

2 .day

sz
k

π
ϕ

λ σ
=

E
                    (7.17) 

unda aRiniSnos, rom konstruqciuli plastmasebis zogierTi 
masalisaTvis Sedgenilia Reros moqnilobis (λ ) grZivi Runvis 
koeficientTan (ϕ ) damokidebulebis grafikebi, romliTac sargebloba 

Tavidan agvacilebs yovel konkretul SemTxvevaSi ricxviT 
gaangariSebebs. 

 
7.3.4. Runvaze momuSave plastmasis elementebis gaangariSeba sixisteze 

 
Runvadi elementebis gaangariSeba sixisteze (deformaciebze) 

warmoebs normatiuli datvirTvebis yvelaze araxelsayreli variantis 
mixedviT. gaangariSebis arsi imaSi mdgomareobs, rom konstruqciis 
realuri CaRunvebi ar unda aRematebodes normebiT dadgenili zRvruli 
CaRunvebis mniSvnelobebs. 

drekadi wiris difercialuri gantolebidan gamomdinare, Zvris 
Zalebis moqmedebis gaTvaliswinebiT, miRebul iqna CaRunvebis 
gansazRvris Semdegi saangariSo formulebi: 

_ or sayrdenze saxsrovnad dayrdnobili koWisaTvis, rodesac 
mTel malze moqmedebs Tanabrad ganawilebuli datvirTva 

4 2

2

5 9,61 ,
384

β⎛ ⎞
= ⋅ +⎜ ⎟

⎝ ⎠

qf
EJ
l

l
                 (7.18) 

 _ or sayrdenze saxsrovnad dayrdnobili koWisaTvis, rodesac 
malis SuaSi moqmedebs Seyursuli datvirTva 

2 2

2

121 ,
48

β⎛ ⎞
= ⋅ +⎜ ⎟

⎝ ⎠

Pf
EJ
l

l
                  (7.19) 

  _ cali boloTi xistad Camagrebuli konsoluri koWisaTvis, 
rodesac mTel malze moqmedebs Tanabrad ganawilebuli datvirTva 

4 2

2

8,51 ,
2,83

β⎛ ⎞
= ⋅ +⎜ ⎟

⎝ ⎠

Pf
EJ

l
l

                 (7.20) 

sadac E  drekadobis modulia datvirTvis xangrZlivi moqmedebis 
gaTvaliswinebiT; J  - koWis ganivkveTis inerciis momenti; l  - koWis 

saangariSo mali; 2β  - is mniSvneloba ganisazRvreba Semdegi martivi 
gamosaxulebebidan: 

1. marTkuTxa ganivkveTisas 

( )2 20, 25 1 ,β μ= ⋅ + h                                           (7.21) 

2. wriuli ganivkveTisas 

( )2 20,17 1 ,β μ= ⋅ + d                             (7.22) 
3. ortesebri ganivkveTisas 

( )2 21, 24 1 ,β μ= ⋅ + h                             (7.23) 
sadac h  aris ganivkveTis simaRle; d  - wriuli ganivkveTis diametri; μ  - 

puasonis koeficienti ( /gan grZμ ε ε= ; /ε = Δl l ). 
zemoT moyvanili formulebis analizi aCvenebs, rom mxebi Zabvebis 

mier gamowveuli Zvrebi yvelaze met gavlenas axdens ortesebri 
ganivkvetis koWebis, agreTve mciremaliani da SedarebiT maRali 
ganivkveTis mqone koWebis CaRunvebze. 
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7.4. minaplastikis talRovani furclebi 
 

minaplastikis talRovani furclebi gamoiyeneba, rogorc calke, 
ise sxva masalebTan kombinaciaSi, radganac maTi talRis zomebi emTxveva 
talRovani azbestcementis (Siferis) da aluminis furclebis zomebs. igi 
kargi masalaa sxivgamtari saxuravebis an Riobebis mosawyobad, Sveuli 
gare mopirkeTebisaTvis, fasadebis arqiteqturaSi, tixrebis da 
manaTobeli Werebis mosawyobad, kibisa da liftis Saxtebis SemosaRobad, 
samfenovani panelebis dasamzadeblad, sazafxulo kafe-sasadiloebis, 
pavilionebis, fardulebis, savaWro obieqtebis, zRvispira nagebobebis, 
satransporto magistralebze swrafi momsaxurebis obieqtebis 
gadasaxuravad da sxv. 

talRovani, anu profilirebuli minaplastikebis warmoebis 
ganviTarebas xeli Seuwyo maTi damzadebis simartivem da tradiciuli 
saSeni masalebis RirebulebasTan siaxlovem. ZiriTadad maTi 
upiratesobaa - mcire masa, koroziamedegoba, atmosferomedegoba, formis 
micemis simartive, ferebisa da feradovnebis didi gama. Tu SevajerebT 
sazRvargareTuli gamocdilebis Sedegebs, vnaxavT, rom gamWirvale 
minaplastikebis gamoyenebis wili yvela tipis minaplastikebis mimarT 
Seadgens 83...91%. 

talRovani furclebi warmoadgenen civi saxuravis daxril mza 
elementebs. isini ewyoba saxuravis qanobis mimarTulebiT xis an liTonis 
grZivebze. aseT saxuravebSi qanobis sidide ar unda iyos naklebi 1:10. 
furclebis erTmaneTze gadadebis sidide miiReba 200...250mm. radganac am 
furclebs dabali simtkice da sixiste aqvT, amitom grZivebs Soris 
daSoreba ar unda aRematebodes 150sm, xolo yoveli furceli unda 
eyrdnobodes minimum or grZivs mainc. 
gamWirvale minaplastikis talRovani furclebi (nax. 7.8) gaangariSdeba 
Runvaze Tovlisagan gadmocemul Tanabar ganawilebul datvirTvaze 
(sakuTari wona simciris gamo mxedvelobaSi ar miiReba), rogorc erTi an 
ormaliani saxsrovnad dayrdnobil koWebi. Seyursuli datvirTva masze 
ar unda moqmedebdes. saangariSo malad miiReba manZili sayrden grZivebs 
Soris. 

 

 
nax. 7.8. gamWirvale minaplastikis talRovani furclis saerTo xedi. 
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talRovani furclebi gaangariSdeba masalaTa gamZleobis cnobili 
formulebiT, romlebic miesadageba ganivkveTis erT talRis an siganis 
erTeuls. geometriuli maxasiaTeblebi mosaxerxebelia gamoiTvalos, 
roca furclis sigane 1b = m  Semdegi formulebiT: 

talRebis saangariSo raodenoba 

;t

t

=
bn
b
                      (7.24) 

 ganivkveTis inerciis momenti 
2

0,125 1 ;
8

2
t2

t t t t 2
t

π
δ

⎛ ⎞
= +⎜ ⎟⎜ ⎟

⎝ ⎠

h
J n b h

b
                       (7.25) 

 ganivkveTis winaRobis momenti 
2 .

t tδ
=

+
JW

h
                              (7.26) 

 talRovani furclebis Semowmeba mzidunarianobasa da mdgradobaze, 
Runvis pirobidan gamomdinare, warmoebs formuliT: 

,σ
ϕ

=
M
w

                                (7.27) 

sadac 2 / 8M q= l  aris mRunavi momentis mniSvneloba, rodesac furclis 
saangariSo sqemas warmoadgens erTi an ormaliani saxsrovnad 
dayrdnobili koWi; ϕ  - furclis mdgradobis koeficienti Runvisas 

( )
1,92

,
4

h E

R h b
=

+

δ
ϕ t t t

2 2
R t t

                   (7.28) 

sadac E  aris masalis drekadobis moduli; RR  - masalis saangariSo 

winaRoba Runvaze. 
 furclis mzidunarianobis Semowmeba Wraze warmoebs formuliT 

,
2 Wr

t t t

τ
δ

= ≤
Q R

n h
                            (7.29) 

sadac WrR  aris masalis saangariSo winaRoba Wraze; 0,5=Q ql  - ganivi 

Zala erTmaliani sqemisaTvis da 0,625=Q ql  - ormaliani sqemisaTvis. 
 muSaobis ormaliani sqemisaTvis furclis CaRunvaze Semowmeba 
warmoebs formuliT: 

32,13 1 .
384 75

n ⎡ ⎤= ⋅ ≤ =⎢ ⎥⎣ ⎦
f q f

EJ
l

l l
                (7.30) 

 Tu furclis saangariSo sqema erTmaliania, maSin formulaSi 2,13 - 
koeficientis nacvlad Seva koeficienti 5. 
 
 magaliTi. 7.1. SevarCioT da SevamowmoT daxrili saxuravis burulisaTvis 
gamoyenebuli gamWirvale minaplastikis talRovani furclebis ganivkveTi. 
furclebis sigrZea mL = 2,2 , sigane mb = 1  da ewyobian xis grZivebze, romelTa 
Sorisac bijia m= 1l . fenilze moqmedebs Tanabrad ganawilebuli Tovlis 

datvirTva: normatiuli n kg m kn m kn smS = 120 / = 1,2 / = 0,012 / ; saangariSo 
n kn m kn smγ⋅ ⋅tS = S = 1,2 1,6 = 1,92 / = 0,0192 / . sadac γ t = 1,6  aris datvirTvis 

saimedobis koeficienti TovlisaTvis. fenilis sakuTari wona mxedvelobaSi ar 
miiReba misi simciris gamo. 
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 fenilis saangariSo sqemas warmoadgens ormaliani saxsrovnad 
dayrdnobili uWri koWi maliT m= 1l  (nax. 7.9). 

 
nax. 7.9. fenilis saangariSo sqema. 

 

saxuravis qanobi i = 1: 3= tgα ; 0α= 18 ; sinα= 0,309 ; cosα= 0,9511 . 
saangariSo datvirTvis Semdgenebi: 

kn m kn smα ⋅xS = Ssin = 1,92 0,309 = 0,59 / = 0,0059 / ; 

kn m kn smα ⋅yS = Scos = 1,92 0,9511= 1,83 / = 0,0183 / . 

 ganivkveTis SerCeva xdeba yS  Semdgenis moqmedebaze, romelic iwvevs 

furclis Runvis deformaciebs, rac Seexeba xS  Semdgens, romelic iwvevs 
furcelSi grZiv Zalebs, misi simciris gamo mxedvelobaSi ar miiReba. 
 maqsimaluri saangariSo mRunavi momenti da ganivi Zalebi warmoiSobian 
Sua sayrdenze. 

2 2100 22 kn sm;
⋅ ⋅yS 0,0183M = = = ,88 .
8 8

l
 

2 2100
kn

⋅ ⋅ ⋅ ⋅y5 S 5 0,0183Q = = = 1,14 .
8 8

l
 

 aviRoT polieTeruli minaplastikis talRovani furceli Semdegi zomebis 
(nax. 7.10): 

 
nax. 7.10. gamWvirvale minaplastikis talRovani furclis geometriuli zomebi. 
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sisqe f mmδ = 2 ; talRebis biji t smb = 20 ; talRis simaRle t smh = 5,4 ; furclis 

sigane mb = 1 ; talRebis raodenoba / t=n b b = 100/20 = 5  (danarTi, cxr. 36) 

 polieTeruli minaplastikis saangariSo winaRobebi Runvasa da Wraze 

(axleCaze) normaluri saeqspluatacio pirobebisaTvis 2
R mpa kgZ smR = 15 = 150 /  da 

2
Wr mpa kgZ smR = 9 = 90 /  (danarTi, cxr. 25). 

igive atmosferuli pirobebisaTvis: 

;a 2
R R mpa kgZ sm⋅ ⋅1R = R k = 15 0,65 = 9,75 = 97,5 /  

.a 2
Wr Wr mpa kgZ sm⋅ ⋅1R = R k = 9 0,65 = 5,85 = 58,5 /  

drekadobis moduli 2mpa kgZ smE = 3000 = 30000 / ; 

,a 2mpa kgZ sm⋅ ⋅2E = E k = 3000 0,8 = 2400 = 24000 /  

sadac 1k  da 2k  - saangariSo winaRobis Semamcirebeli koeficientebi 
atmosferul pirobebSi masalis eqspluataciis dros. 
 furclis ganivkveTis inerciis momentis da winaRobis momentis 
mniSvnelobebi amoviweroT cxrilidan (danarTi, cxr. 36), romelSic mocemuli es 
sidideebi furclis erTi talRisaTvis aris gaTvaliswinebuli. Cvens 
SemTxvevaSi furcels 1m siganeze aqvs 5 talRa, amitom roca t smb = 20 , t smh = 5,4  

da t mmδ = 2 , maSin 

79 ,4sm⋅J = 5 15,8 =  

.W = 5 5,65 = 28,25⋅ 3sm  
furclis mdgradobis koeficientis mniSvneloba Runvisas: 

( ) ( )2 2

1,92 1,92 0,2 5,4 24000 0,99,
97,5 4 5,4 204

t t

a 2 2
R t t

δ
ϕ

⋅ ⋅ ⋅ ⋅
= = =

⋅ ++

h E

R h b
 

simtkicis pirobaze Semowmeba: 

2M 22,88σ= = = 0,82 = 8,2 < R = 9,75 ,
w 0,99 28,25⋅ϕ

a
Rkn/sm mpa mpa  

rac imas niSnavs, rom piroba dakmayofilebulia. 
furclis Semowmeba Wraze: 

2 2 5 5,4 0,2
2Q 1,14= = = 0,11 = 1,1 < R = 5,85

n h ⋅ ⋅ ⋅
τ

δ
a
Wrkn/sm mpa mpa.

t t t

 

furclis Semowmeba sixisteze normatiuli datvirTvis qveS: 
n ⋅ ⋅ ⎡ ⎤⋅ ⎢ ⎥⋅ ⋅ ⎣ ⎦

3 3f 2,13 q 2,13 0,012 100 1 f 1= = = < = .
384 EJ 384 240 79 285 75

l
l l

 

gamWirvale minaplastikis talRovani furclis xis grZivTan mimagrebis 
detali naCvenebia nax. 7.11-ze. 

 

 
 

nax. 7.11. gamWvirvale minaplstikis 
talRovani furclis xis grZivTan 
mimagrebis kvanZi: 1 - talRovani 
furceli; 2 - grZivi; 3 - Surupi; 4 - 
liTonis sayeluri; 5 - rezinis 
sayeluri; 6 - xis naWris qvesadebi. 
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magaliTi 7.2. SevarCioT da SevamowmoT gamWirvale minaplstikis talRovani 
furclis ganivkveTi, romelic gamoyenebulia Sveuli gare kedlis Suqgamtari 
nawilisaTvis. furclis sigrZea mL = 2,2 , sigane mb = 1  da isini mimagrebuli 
arian sakedle horizontalur xis grZivebs ganivkveTiT 10×15sm (nax. 7.12). 

 
nax. 7.12. gamWvirvale minaplastikis talRovani furclebis sakedle 

horizontalur xis grZivebTan mimagrebis fragmenti: 1 - talRovani furceli; 2 
- xis grZivi; 3 - sveti; 4 - Surupebi. 

 
 talRovan furclebze moqmedebs qaris Tanabrad ganawilebuli aqtiuri 

datvirTva: normatiuli 2 2kn m kgZ m0w = 0,6 / = 60 /  (V klimaturi raioni, danarTi, 

cxr. 19); saangariSo kn/m kgZ/m⋅ ⋅ 2 2
0q = w kc = 0,6 0,75 0,8 = 36 , sadac k = 0,75  aris 

koeficienti, romelic iTvaliswinebs qaris wnevis cvalebadobas Senobis 
simaRleze damokidebulebiT [5, p. 6.5]; c = 0,75  - aerodinamikuri koeficienti 
qaris aqtriuri dawolis mxridan [5, p. 6.6, danarTi 4]. 
 aviroT polieTeruli minaplastikis talRovani furceli sisqiT 

t mmδ = 1,5 , talRis simaRliT t mmh = 35  da talRis sigrZiT t mmb = 125 . masalis 

saangariSo winaRobis mniSvnelobebi aviRoT wina magaliTis analogiurad: 
a 2
R mpa kn smR = 9,75 = 0,975 / ; a 2

Wr mpa kn smR = 5,85 = 0,585 / ; a 2mpa kn smE = 2400 = 240 / . 

 furclis gaangariSeba warmoebs, rogorc or sayrdenze Tavisuflad 
mdebare koWi, datvirTuli Tanabrad ganawilebuli q  datvirTviT. koWis 

saangariSo mali tolia grZivebis Soris daSorebisa SuqSi sm0 = 100 - 10 = 90l , 
sadac 10sm grZivis ganivkveTis siganea. 
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 furclis ganivkveTis geometriuli maxasiaTeblebi amoviweroT 
cxrilidan (danarTi, cxr. 36). 

; ; .4 3 2
t t tsm sm smJ = 3,13 w = 1,71 A = 2,32  

 saangariSo mRunavi momentisa da ganivi Zalis mniSvnelobebi gamoiTvleba 
formulebiT: 

2

8t kn.m kn.sm
⋅

⋅ ⋅
2

0q 0,36 0,9M = b = 0,125 = 0,0045 = 0,45 ;
8
l

 

2
kn.

⋅0q 0,36 0,9Q = = = 0,162
2
l

 

furclis mdgradobis koeficienti Runvisas 

( ) ( )2 2

1,92 1,92 0,15 3,5 240 0,78.
0,975 4 3,5 12,54

a
t t

a 2 2
R t t

δ
ϕ

⋅ ⋅ ⋅ ⋅
= = =

⋅ ++

h E

R h b
 

simtkicis pirobaze Semowmeba: 

2M 0,45σ= = = 0,337 = 3,37 < R = 9,75 .
w 0,78 1,71⋅ϕ

a
Rkn/sm mpa mpa

t

 

furclis Semowmeba Wraze: 

2 2 5 3,5 0,15t t t

a
Wrkn/sm mpa mpa.τ

δ⋅ ⋅ ⋅ ⋅
2Q 0,162= = = 0,031 = 0,31 < R = 5,85

n h
 

Semowmeba sixisteze: 

0 12,5 0,85ta
t

sm
⋅ ⋅ ⋅ ⋅

⋅ ⋅
⋅ ⋅

4 -4 4wf 5 5 0,6 10 90= b = =
384 E J 384 240 3,13

l
l

 

⎡ ⎤
⎢ ⎥⎣ ⎦

f 0,85 1 f 1= = < = .
90 106 75l l

 

yvela piroba dakmayofilebulia. 
 

7.5. moTxovnebi wayenebuli polimeruli masalebisadmi 
 

 polimerul saSen masalebs waeyenebaT saeqspluatacio-teqnikuri, 
xanmedegobis, esTetikurobis, industriulobis, teqnologiurobis, 
sanitarul - higienuri da ekonomikuri efeqturobis moTxovnebi. 

saeqspluatacio-teqnikuri moTxovnebi iTvaliswinebs masalisa da 
nakeTobebis Sesabamisi saWiro fizikur-meqanikuri Tvisebebis 
dakmayofilebas. igi mkacrad reglamentirebulia saxelmwifo 
standartebiTa da normatiuli dokumentebiT. am moTxovnebis 
dasabuTebisaTvis awarmoeben masalebis gamocdas misi meqanikuri, 
Tboteqnikuri, eleqtrofizikuri da specifikuri Tvisebebis dasadgenad. 
gamocda SeiZleba iyos xanmokle-laboratoriul pirobebSi, an 
xangrZlivi, romelic tardeba naturalur konstruqciebze.  

xanmedegobis moTxovnebi ganisazRvreba masalebisa da nakeTobebis 
saeqspluatacio da funqciuri daniSnulebis pirobebiT da zogierTi 
jgufis plastmasebisaTvis reglamentirebulia. plastmasis xanmedegobis 
gansazRvris meTodebs miekuTvneba atmosferomedegobisa da 
SuqTbomedegobis gansazRvris meTodi, romelic ar iTvliswinebs 
masalebis gamocdas daZabul mdgomareobaSi da agresiul garemoSi. misi 
ori modifikacia arsebobs-gamocda bunebriv klimatur pirobebSi 
specialur stendebze da gamocda laboratoriul klimatur pirobebSi 
xelovnuri amindis aparaturaze (vezermetrze). am gamocdebiT SeiZleba 
davadginoT iseTi Tvisebebi, rogoricaa: zedapiris elvarebis dakargva, 
feris Secvla, bzarebis gaCena, erozia, dabreca, ganSreveba, obis 
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warmoqmna, Semaferadlebis migracia, plastifikatoris gamoZeveba 
zedapirze, absoluturi da fardobiTi masis cvlileba, dieleqtrikuli 
SeRwevadoba, eleqtruli simtkice, kuTri zedapiruli da moculobiTi 
eleqtrowinaRoba da sxv. 

esTetikuri moTxovnebi ganisazRvreba masalis daniSnulebis 
mixedviT. normatiul dokumentebSi regalamentirebulia ferTa gama da 
masalis asortimenti faqturisa da formis mixedviT. 

industrialobisa da teqnologiurobis moTxovnebi iTvaliswinebs 
plastmasis konstruqciebis damzadebis Sesabamisobas Tanamedrove 
samSeneblo warmoebis industriul meTodebTan. amaSi igulisxmeba 
simsubuqe, msxvilzomianoba, qarxnuli wesiT damzadebis SesaZlebloba, 
meqanikuri damuSavebis SesaZlebloba, webvadoba da sxv. 

sanitarul-higienur moTxovnebs miekuTvneba samrewvelo da 
samoqalaqo mSeneblobaSi gamoyenebuli masalebis da nakeTobebis 
Sefasebis Semdegi kriteriumebi: 

_ masalebi ar unda gamocemdes SenobaSi mdgrad specifikur suns 
xangrZlivi drois ganmavlobaSi; 

_ masalebi ar unda gamoyofdes aqrolad nivTierebebs da 
gamoricxuli unda iyos maTi akumulaciis SesaZlebloba; 

_ masalisagan gamoyofil nivTierebas ar unda gaaCndes 
karcerogenuli, mutagenuri da teratogenuri Tvisebebi; 

_ masalebi xels ar unda uwyobdes mimdebare haeris masaSi 
mikrofloris zrdas; 

_ masalis zedapirze akumulirebuli eleqtruli muxtis sidide ar 
unda aRematebodes 200 volts; 

_ masalebi ar unda auaresebdes saTavsis mikroklimats da ar unda 
cvlides adamianis fiziologiur reaqciebs; 

_ masalis feri unda Seesabamebodes fiziologiur da higienur 
moTxovnebs. 

ekonomikuri efeqturobis moTxovnebi gansazRvravs polimeruli 
masalebis mSeneblobaSi gamoyenebis mizanSewonilobas. praqtika 
gviCvenebs, rom msxvilpaneliani 9-sarTuliani sacxovrebeli saxlis 
mSenebloba grZeldeba 1...2 Tve, xolo misi mopirkeTebis samuSaoebi - 3...6 
Tve (es im dros, roca mopirkeTebis samuSaoebis Rirebuleba Senobis 
saxarjTaRricxvo Rirebulebis 12...15% Seadgens) da am samuSaoebis 
Sromatevadoba Seadgens 20...25%. polimeruli masalebis gamoyeneba zrdis 
mopirkeTebis samuSaoebis industrializacias da sagrZnoblad amcirebs 
mis Rirebulebas. polimeruli iatakebis mowyobis SemTxvevaSi muSis 
Sromis nayofiereba izrdeba 50...60%. 

polimeruli masalebi saSualebas gvaZlevs mivaRwioT sxva ufro 
deficituri nedleulis sagrZnob ekonomias. ase, magaliTad, 1000m2 
polimeruli iatakis SemTxvevaSi miiRweva 60...70m3 daxerxili xis masalis 
ekonomia; yoveli tona plastmasis santeqnikuri nakeTobebi cvlis 5t 
Tujisa da 0,2 t ferad liTons. Tbosaizolacio Tvisebebis mixedviT 5sm 
sisqis qafpolistiroli 50sm sisqis aguris kedlis ekvivalenturia. 

 
7.6. polimerul masalebTan muSaobis usafrTxoebis teqnika 

 
 polimerul masalebTan muSaobas usafrTxoebis wesebi 
iTvaliswinebs am masalebis specifikurobas da reglamentirebulia 
Sesabamisi instruqciebiT, miTiTebebiT da a.S. 
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 polimerul laqsaRebavebTan da fisebTan muSaobis dros unda 
gvaxsovdes, rom: 
 _ gamxsnelad akrZalulia benzolis gamoyeneba; 
 _ ar SeiZleba iseTi laqsaRebavebis gamoyeneba, romelTa 
SemadgenlobaSi Sedis qlorirebuli naxSirwyalbadebi da meTanoli; 
samuSaoebis warmoebisas personali aRWurvili unda iyos specialuri 
damcavi saSualebebiT (pirbade, airwinaRi da sxv.) da saTavsSi muSaobdes 
gamwovi ventilacia, gansakuTrebiT im SemTxvevaSi Tu masalebi Seicaven 
poliuretanul an epoqsidur fisebs, tyviis SenaerTebs an aromatul 
gamxsnelebs; 
 _ samuSaoebis damTavrebis Semdeg aucilebelia Siga saTavsis 
oTxjeradi sruli ganiaveba. 
 rulonur, furclovan an filovan masalebTan muSobis dros: 
 _ ruloni da furclebi unda daiSalos SenobaSi 18...250C 
temperaturis dros, xolo samuSao adgilis ganaTeba ar unda iyos 25 
luqsze naklebi; im SenobaSi, sadac linoliumis SeduRebas awarmoeben 
maRali sixSiris eleqtrodeniT an cxeli haeriT - aranaklebi 40 
luqsisa; 
 _ im SenobaSi sadac mimdinareobs linoniumis SeduReba, yovel 
saaTSi unda moxdes haeris samjeradi Secvla-ganiaveba, xolo uSualod 
SesaduRebeli samuSao adgili uzrunvelyofili unda iyos uwyvetad 
momuSave gamwovi sistemiT; 
 _ maRali sixSiris generatorebis qveS da uSualod siaxloves 
iatakze dafenili unda iyos rezinis xaliCa. 
 SesaduRebel mastikebTan muSaobis dros: 
 _ aucilebelia samuSoebi mimdinareobdes sxva samuSoebisagan 
izolirebulad SenobaSi, romelic kargad niavdeba; 
 _ akrZalulia organuli gamxsnelebis Semcvleli mastikebis Zlier 
gacxeleba da cecxlis aliT sargebloba; 
 _ civ mastikebTan muSaobisas xelebis dasacavad rekomendebulia 
damcveli pastis (ПМ-1, ХИОТ), sxvadasxva sacxis an rezinis 
xelTaTmanebis gamoyeneba. 
 uwyveti iatakebis mowyobisas SenobaSi, romelic cudad niavdeba, 
sasunTqi organoebis dasacavad gamoiyeneba Cveulebrivi airwinaRi 
(markiT БКФ) an milovani airwinaRi (ПК-2). 

kategoriulad akrZalulia sakvebi produqtebis Senaxva, sigaretis 
moweva da Ria cecxlis gamoyeneba im SenobaSi, sadac mimdinareobs 
muSaoba polimeruli masalebis gamoyenebiT. 
 plastmasebis xanZarsaSiSroebis sakiTxebic, analogiurad, 
usafrTxoebis teqnikasTan reglamentirebulia Sesabamisi instruqciebiTa 
da miTiTebebiT. 
 yvela tipis laqi, emali, saRebavi, mastika, romlebic Seicaven 
organul gamxsnelebs, advilad aalebadia, amitom saWiroa vicodeT maTi 
xanZris Caqrobis saSualebebi. aseTebia: tetraqloruli cecxlsaqrobi 
ОП-3 da ОП-4 markis cecxlsaqrobi. qimiuri qafis cecxlsaqrobi ОП-1 
gamoiyeneba magari an sxva polimeruli saSeni masalebis xanZris 
Casaqrobad. 
 xanZris Caqrobis saSualebebs miekuTvneba agreTve: qimiuri qafi, 
air - meqanikuri qafi, wylis orTqli, gafrqveuli wyali, inertuli 
gazebi da sxv. 
 



 156

7.7. metaloplastmasis kar-fanjrebi 
 

metaloplastmasis konstruqciebis gamoyenebas mSeneblobaSi 20...30 
wlis istoria aqvs. misgan amzadeben kar-fanjrebs, vitraJebs, tixrebs, 
zamTris baRebs, Suqfarnebs da sxv. am periodis  ganmavlobaSi 
metaloplastmasma gabatonebuli mdgomareoba daikava axal mSeneblobaSi, 
sadac misi wili 80...90% aRwevs da praqtikulad gamoaZeva tradiciuli 
safanjre konstruqciebi. amJamad saqarTveloSi metaloplastmasis 
konstruqciebis damamzadebeli 300-mde firma muSaobs da maT mier 
damontaJebuli kar-fanjrebis saerTo raodenoba wliurad 2 mln m2 
farTobs Seadgens, rac TvalnaTliv miuTiTebs am mimarTulebis 
perspeqtulobaze. 

metaloplastmasis fanjrebi (nax. 7.13) saSualebas iZleva 
idealurad davicvaT saTavsi garedan civi haeris SeRwevisagan, rac 
miiRweva minapaketis,  dasagmanavi rezinis, pirapirebis hermetizaciis da 
mravalkameriani profilis gamoyenebiT. es fanjrebi saimedod icaven 
saTavs mtvrisa da xmaurisagan, ar saWiroeben SeRebvas da sakmaod 
martivi mosavlelia. samkameriani profilebi da minapaketebi zamTarSi 
warmatebiT icaven fanjrebs gayinvisa da Signidan kondensatis 
gaCenisagan, xolo zafxulSi inarCuneben oTaxis sigriles. 
metaloplastmasis fanjrebis ZiriTad masalas warmoadgens 
polivinilqloridis (pvq) profilebi. pvq ekologiurad sufTa masalaa. 
igi produqia naxSrbadis, wyalbadisa da qloris naerTis da Sedgeba 43% 
navTobproduqtebisa da 57% qvamarilisa da sufris marilisagan. xanZris 
SemTxvevaSi pvq zedapirze ar vrceldeba ali da ar xdeba mavne airebis 
gamoyofa, rac xanZarsaSiSroebis TvalsazrisiT metad dadebiTi 
movlenaa. 

 
 

nax. 7.13. metaloplastmasis fanjris fragmenti: 1 - frTis profili; 2 - kamerebi; 
3 - liTonis profili; 4 - dasagmanavi rezini; 5 - minapaketi; 6 - CarCos profili. 
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Tanamedrove, sami da oTxkameriani profilebi (`Kemmerling~, 
`Roplaste~, `KBE~, `Rehau~, `Aluplast~, `Salamander~, `LG~, `Alfapen~, `Pakpen~ da 
sxv.) gamoirCevian kargi Tbo-da bgerasaizolacio TvisebebiT, mdgradi 
arian iseTi klimaturi zemoqmedebisadmi, rogoricaa mzis sxivebi, qari, 
wvima, yinva, xolo maTi Sesabamisobis sertifikatebi da praqtikuli 
gamocdileba utyuarad adastureben aucilebel higienur normebsa da 
moTxovnebs. Tu metaloplastmasis fanjara normalurad aris 
damzadebuli, maSin igi realurad gamoricxavs siTbos gaJonvis gzebs, 
rac xis fanjarebisaTvis bunebrivi movlenaa. 

 
nax. 7.14-ze warmodgenilia metaloplastmasis, orfrTiani Cveulebrivi 

gaRebis, fanjris xedi, xolo nax. 7.15-ze erTfrTiani fanjara gaReba-
gadmokidebiT. nax. 7.16-ze naCvenebia metaloplastmasis fanjrebis gaRebis 
ramdenime varianti. 
 Cveulebrivi gaRebis paralelurad metaloplastmasis profilebi 
saSualebas iZleva davamzadoT horizontalurad gasawev-gamosawevi 
fanjrebi (nax. 7.17) da karebebi. 

 
 

 
nax. 7.16. metaloplastmasis fanjrebis gaRebis variantebi. 

nax. 7.14. metaloplastmasis orfeniani 
fanjara Cveulebrivi gaRebiT. 

nax. 7.15. metaloplastmasis erTfeniani fanjara 
gaReba-gadmokidebiT. 
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Cveulebrivi metaloplastmasis kar-fanjrebis dasamzadeblad 

gamoiyeneba ZiriTadi (nax. 7.18)   da damxmare (nax. 7.9) profilebi, xolo 
gasawev-gamosawevi seriis fanjrebisaTvis - ZiriTadisagan principulad 
gansxvavebuli ganivkveTis profilebi (nax. 7.20), rac gamowveulia aseTi 
fanjarebis muSaobis specifikiT. 

 

 
nax. 7.18. metaloplastmasis kar-fanjrebis ZiriTadi profilebi: 1 - CarCos 
profili; 2 - tixaris profili; 3 - frTis profili; 4 - karis profili; 5,6, 

samine samagri `Stapiki~; 7,8 - samine samagri rezinebiT. 
 

nax. 7.17. metaloplastmasis gasawev-
gamosawevi fanjara. 
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nax. 7.19. metaloplastmasis kar-fanjrebis damxmare profilebi: 1 - kuTxuri 

SeerTebis profili; 2,3 - kolofismagvari profilebi; 4 - plastmasis mili; 5 - 
kuTxuri brunvis profili; 6 - kuTxuri brunvis profilis aparati; 7,8 - karis 

gulis profili (lambiri); 9,10 - pirapiris profili. 
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nax. 7.20. metaloplastmasis gasawev-gamosawevi kar-fanjrebis profilebi: 1 - 
CarCos profili; 2 - frTis profili; 3 - damatebiTi dekoratiuli profili. 

 
metaloplastmasis fanjrebSi plastmasis plastmasTan da minis 

plastmasTan SesaerTeblad gamoiyeneba Tanamedrove teqnologiiT 
damzadebuli kauCuknarevi dasagmani rezini (Savi, nacrisferi, TeTri). 
fanjrebis RreCoebis hermetizaciisaTvis did mniSvneloba eniWeba 
rezinis tipis sworad SerCevas. plastmasis profilebi, damamzadebeli 
firmebis Sesabamisad, sagrZnoblad gansxvavdebian erTmaneTisagan 
ganivkveTis geometriuli zomebiT, amitom, bunebrivia yvela profils 
Wirdeba masze aprobirebuli dasagmanavi rezini. zogierTi tipis 
dasagmanavi rezinis ganivkveTebi mocemulia nax. 7.21-ze. 

 
plastmasis profilebisa da dasagmanavi rezinis paralelurad 

metaloplastmasis kar-fanjrebis ZiriTadi nawilia minapaketi. 
minapaketi warmoadgens ori-, sami- an oTxi fena minisagan Sedgenil 

nakeTobas, romelic konturze isea erTmaneTTan dakavSirebuli, rom 
Seqmnas hermatulad Caketili sivrce. 

damzadebis xerxebisa da konstruqciuli Taviseberebebis 
TvalsazrisiT mzaddeba dawebebuli, narCili da SenaduRi minapaketebi 
(nax. 7.22). narCil minapaketebSi ganiv CarCod gamoiyeneba tyviis 
Senadnobisagan damzadebuli lartya (zoli), romelic Caismeba 
minapaketis konturis gaswvriv da mierCileba orive minas maRal 
temperaturaze sarCilavis gamoyenebiT, xolo SenaduR minapaketebSi 
xdeba konturis (kideebis) gacxeleba maRal temperaturaze da SemdegSi 
minis masis formireba da SeduReba.     

praqtikaSi yvelaze metadaa gavrcelebuli orfeniani dawebebuli 
minapaketebi, romelTa dasamzadeblad gamoiyeneba aluminis lartya, 

nax. 7.21. dasagmanavi rezinis saxeebi. 
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romlis saSualebiTac konturze ewebeba minebi da amgvarad miiReba 
Caketili kolofismagvari konstruqcia. lartya uzrunvelyofs minebs 
Soris saWiro daSorebas da nakeTobis saerTo sixistes. minebsa da 
CarCos Soris warmoqmnili temperaturuli deformaciebi kompensirdeba 
dasawebebeli elastikuri masiT (tiokoli), an plastikuri mastikebiT 
rac uzrunvelyofs konstruqciis xanmedegobas. dasawebeblad gamoiyeneba 
iseTi masalebi,romlebic eqspluataciis pirobebSi xangrZlivad 
inarCuneben elastikurobas, aqvs kargi adgeziuri Tvisebebi minisa da 
CarCos masalis mimarT, ar atareben orTqlsa da haers da medegi arian 
mzis sxivebisa da temperaturis mimarT. masa unda iyos denadi da kargad 
avsebdes RreCoebs minasa da CarCos Soris, qondes vulkanizaciis Tviseba 
da gamrkvrivebisas ar gamoyofdes aqrolad nivTierebebs. CarCos 
lartyaSi unda Caiyaros tenis gamwovi nivTiereba (silikogeli), romelic 
lartyis Siga arsebuli nasvretebidan uzrunvelyofs paketSi 
moxvedrili zedmeti tenis STanTqmas, rac gamoicxavs minapaketis 
daorTqvlas Siga mxridan. 

 
nax. 7.22. minapaketis saxeebi: a - dawebebuli; b - SenaduRi; g - norCili; 1 - mina; 
2 - Sua Sre minebs Soris; 3 - aluminis lartya; 4 - tiokoli; 5 – silikogeli. 

 
bolo statistikuri monacemebiT saqarTveloSi amJamad 

yovelwliurad mzaddeba daaxloebiT 2,5 mln m2 farTobis dawebebuli 
minapaketebi, xolo dasavleT epropaSi daaxloebiT 65 mln m2. Tu 
gaviTvaliswinebT imas, rom TbilisSi minapaketebis warmoeba daiwyo XX 
saukunis bolosa da XXI saukunis dasawyisSi (firmebi `mimosi~, 
`plasfani~, `magTi~, `elita~, `albatrosi~ da sxv.), maSin 10...12 wlis 
ganmavlobaSi miRweuli progresi aSkaraa, rac miuTiTebs Cvens qveyanaSi 
cxovrebis donisa da samSeneblo industriis ganuxrel zrdas. 
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 minapaketebis damzadebis teqnologiuri cikli Sedgeba Semdegi 
ZiriTadi operaciebisagan: 
 _ minis daWra, garecxva da gaSroba; 
 _ aluminis lartyis profilebis daWra da maTi zedapirebis 
gasufTaveba cximisagan; 
 _ aluminis lartyis daWrili profilebis gavseba silikogelis 
tenmSTanTqavi fxvniliT da CarCoebis awyoba plastmasis specialuri 
keTxedebis (`klifsebis~) gamoyenebiT; 
 _ paketis awyoba minebisa da gamzadebuli aluminis lartyis 
CarCoebis saSualebiT; 
 _ minapaketis konturis Sevseba tiokolis hermetikis gamoyenebiT; 
 _ tiokolis hermetikis vulkanizacia bunebriv pirobebSi an 
TermokameraSi 600C temperaturaze. 
 tiokolis hermetikis momzadeba warmoebs saamqroSi TeTri 
(komponenti A) da Savi (komponenti B) masebis SereviT, TanafardobiT 10:1. 
bunebriv pirobebSi masis gamyarebisaTvis sakmarisia 2 saaTi. 
 minaplastebis Tboizolacia proporciul damokidebulebaSia mis 
sisqesTan. praqtikaSi ZiriTadad gamoiyeneba 20-24mm sisqis minapaketi, 
romelic Sedgeba ori fena 4mm sisqis minebisa da 12-16mm sisqis aluminis 
lartyisagan. iSviaTad xmaroben 6 da 9mm sisqis lartyebsac. 
 praqtikuli gamocdilebidan gamomdinare, 20mm sisqis paketis 
(minebis sisqiT 4 + 4mm) zedapiris  maqsimaluri farTobi mizanSewonilia 
ar aRemetebodes 4m2-s, xolo Tu paketSi erTi fena minis sisqea 6mm, maSin 
– 6m2-s. 
 minapaketebis transportireba da montaJi warmoebs Sveul 
mdgomareobaSi specialuri safenebis, stelaJebis da vakuumuri 
samarjvebis gamoyenebiT. hermetizaciadarRveuli minaparketi 
eqspluataciisaTvis uvargisia. 
 

7.8. fenovani plastmasis konstruqciebi 
 

fenovani plastmasis konstruqcia formiTa da konstruqciuli 
gadawyvetiT brtyeli an mcire simrudis mqone filaa, romelSic fenebi 
erToblivad muSaobs. TiToeuli fena erTdroulad asrulebs mzid da 
saizolacio funqciebs. fenovani konstruqciebi SeiZleba iyos erT-, or- 
an samfenovani da ZiriTadad gamoiyeneba saxuravis, sakedle da 
sarTulSua gadaxurvis panelebad. praqtikaSi yvelaze masiuri 
gavrceleba moipoveba samfenovanma panelebma (nax. 7.23). 

samfenovani paneli sami ZiriTadi nawilisagan Sedgeba-Semosvis ori 
gare fenisagan, Sua fenisagan (Suali) da moCarCoebisagan, romelic 
perimetrze gars akravs panels, uzrunvelyofs mis saimedo simtkices da 
mzid konstruqciasTan mimagrebas. 

SemosvisaTvis, romelic ZiriTad mzid elements warmoadgens, 
gamoiyeneba furclovani masala, rogoricaa minaplastiki, fanera, 
alumini, foladi da azbestcementi. 

Sua fenas unda qondes mcire simkvrive, sakmarisi simtkice kumSvaze 
da Zvraze, iyos biomedegi, Tbomedegi da SeZlebisdagvarad cecxlmedegic. 
am moTxovnebs yvelaze kargad pasuxobs qafplasti, fiWaplasti da 
mineraluri bambis filebi. mis sisqes gansazRvravs Tboteqnikuri da 
konstruqciuli moTxovnebi. masalis ekonomiis mizniT xSirad mimarTaven 
Sua fenisaTvis siRrueebiani qafplastis gamoyenebas. 
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nax. 7.23. samfenovani filebi da panelebi. a - gegma; b - mTlianSualiani filis 
ganivkveTi; g - wiboebiani filis ganivkveTi; d - mTlianSualiani panelebis 
ganivkveTi; e - gamWirvale panelebis ganivkveTi; 1 - Semosva; 2 - Sua fena; 3 - 
moCarCoeba; 4 - wiboebi; 5 - Suali; 6 - talRovani elementi. 
 

moCarCoebisaTvis igive masala gamoiyeneba, rac SemosvisaTvis, 
riTac miiRweva konstruqciaSi temperaturuli Zabvebis maqsimaluri 
Semcireba. moCarCoebad SeiZleba gamoyenebul iqnas minaplastiki, 
samSeneblo faneri, alumini, merqanfenovani plastiki, maRali simtkicis 
merqani, azbestcementis profili, merqanboWkovani filebi da sxv. merqnis 
gamoyenebis SemTxvevaSi upiratesoba eZleva moCarCoebas, damzadebuls 
dawebebuli Zelakebisagan, radganac am dros miiRweva elementis meti 
erTgvarovneba da Sesabamisad mcirdeba Zelis dabrecvis SesaZlebloba 
tenianobis cvlilebisas. 

konstruqciis elementebis erTmaneTTan SeerTeba xdeba webos 
saSualebiT, Tumca zogjer Surupebsac iyeneben webos paralelurad. 

samfenovani panelis Senobis mzid konstruqciasTan mimagrebis 
erTerTi saxeoba naCvenebia nax. 7.24-ze. 
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nax. 7.24. samfenovani filis Senobis mzid konstruqciasTan mimagrebis varianti: 
1 - Semosva; 2 - Suali; 3 - moCarCoeba; 4 - saWvrituli; 5 - pvq; 6 - manWvali; 7 - 

Tamasa; 8 - Wimi; 9 - nakeris Sevseba; 10 - rezinis Suasadebi; 11 - mzidi 
konstruqcia; 12 - samagri kuTxovana. 

 
 konstruqciuli gadawyvetis mixedviT samfenovani panelebis oTxi 
tipi arsebobs (nax. 7.23). 

I tipis paneli. aseT panelSi mRunavi momentisagan gamowveuli 
normalur Zalebs Tavis Tavze Rebulobs xisti wiboebi da Semosva. am 
dros wiboebis jamuri sixistis fardoba orive Semosvis sixistesTan 
metia 0,8 /a l  

0,8w w

day Sem

>∑E J a
E J l

                  (7.31) 

sadac l  aris panelis saangariSo mali; a  - grZivi wiboebis biji; EJ  - 
wiboebis da Semosvis sixiste. 
 II tipis paneli. aseTs miekuTvneba wiboebiani panelebi wiboebis 
mcire RunviTi sixistiT, romlisaTvisac wiboebis jamuri sixistis 
fardoba Semosvebis sixistesTan tolia an naklebia 0,8 /a l  

0,8w w

day Sem

≤∑E J a
E J l

                  (7.32) 

 aseTi tipis panelis gaangariSebisas SeiZleba davuSvaT, rom 
normalur Zalebs Tavis Tavze Rebulobs mxolod Semosvebi da wiboebi 
muSaobaSi ar monawileoben. 
 III tipis paneli. aseTi tipis panelebi Sedgeba Semosvebisagan, 
wiboebisagan da srulad Sevsebuli Sua fenisagan (qafplasti), romelic 
Sewebebulia zeda da qveda SemosvebTan. 
 IV tipis  paneli. aseTi tipis panelis konstruqciuli elementebia 
Semosvebi da uwyveti Sua fena.  sxvanairad aseT panelebs `sendviCebsac~ 
uwodeben. maT axasiaTebT didi deformaciuloba.  
 I, II da III tipis panelebSi Zvris Zalebs Rebuloben wiboebi, xolo 
IV tipis panelebSi - uwyveti Sua fena. 
 III da IV tipis panelebSi mRunavi momentisagan gamowveul normalur 
Zabvebs Rebuloben Semosvebi, garda amisa am panelebSi, romlebic 
muSaoben martivi koWis sqemiT, zeda Semosva ikumSeba, xolo qveda 
iWimeba. minaplastikis da liTonis Semosvebi erTdroulad asruleben 
hidro- da orTqlsaizolacio funqciebs. Sua fena uzrunvelyofs 
Semosvebis erTdroul muSaobas, SekumSuli zeda Semosvis mdgradobas da 
SemosvebTan erTad monawileobas Rebulobs adgilobrivi Seyursuli 
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datvirTvebis miRebaSi. agreTve asrulebs Tbo- da bgerasaizolacio 
funqcias.polieTeruli minaplastikis gamWirvale paneli gaangariSdeba, 
rogorc I da II tipis panelebi. isini gamoirCevian dabali 
deformaciulobiT, radganac am masalas gaaCnia dabali drekadobis 
moduli. 
 samfenovani panelebis gaangariSeba warmoebs samSeneblo meqanikis 
cnobili meTodebiT. gaiTvaliswineba Semosvebisa da wiboebis sixisteebis 
fardoba. gaangariSebisas gansakuTrebuli yuradReba eqceva SemosvebSi 
normaluri Zabvebis araTanabar ganawilebas. drekadobis TeoriiT 
gansazRvruli normaluri Zabvebis maqsimaluri mniSvneloba aRemateba 
saSualo mniSvnelobas. es gansaxvaveba miT metia, rac metia wiboebis 
biji. 
 samfenovani panelebis gaangariSeba warmoebs I da II jgufis 
zRvruli mdgomareobis mixedviT (gaangariSeba simtkiceze da 
deformaciebze). I jgufis zRvrul mdgomareobaze gaangariSeba warmoebs 
saangariSo datvirTvebis, xolo meore jgufis - normatiul 
datvirTvebze. gadaxurvis panelebisaTvis saangariSo datvirTvebs 
warmoadgens sakuTari wona da Tovli, xolo sakedle panelebisaTvis 
sakuTari wona da qari. 
 panelis zeda Semosva mowmdeba mdgradobaze da adgilobriv 
Runvaze xanmokled moqmed Seyursul datvirTvaze, romelic tolia 1000n. 
muSaobis pirobebis koeficienti miiReba 1,2, xolo Seyursuli Zala 
(memontaJis wona instrumentebiT) moqmedebs panelis zeda Semosvis 
farTobis nawilze 10 10× sm Tanabrad ganawilebulad. maSin adgilobrivi 
datvirTvis intensivoba gamoiTvleba formuliT: 

1000 1,2 12 .
10 10

2
adg n/sm

⋅
= =

⋅
P                 (7.33) 

 ganiv Runvaze gaangariSebisas samfenovani paneli ganixileba, 
rogorc fila, Tavisuflad dayrdnobili ormxrivad an konturiT. 
 Tu ganvixilavT IV tipis panels liTonis SemosvebiT da 
dayrdnobils konturiT da Tu sruldeba piroba  

2

3
8 ,G

c q c
⎛ ⎞ ≥ ⋅⎜ ⎟
⎝ ⎠

l δ                   (7.34) 

sadac q  aris Tanabrad ganawilebuli datvirTva; G  - Sua fenis masalis 

drekadobis moduli; 0 δ= +c c  - ganivkveTis saangariSo simaRle; δ  - 

Semosvis sisqe, maSin aseTi paneli gaangariSdeba, rogorc moqnili 
firfita. 
 rac Seexeba geometriul zomebs, yvela tipis panelis 
gaangariSebisas daculi unda iyos Semdegi pirobebi: 

01000; 200 4; 10.day

δ
≤ ≥ ≥ ≥

cE
G c

l           (7.35) 

sadac 2/1day μ= −E E  aris Semosvis masalis dayvanili drekadobis 

moduli; μ  - Semosvis masalis puasonis koeficienti; G  - Sua fenis 

masalis Zvris moduli; E  - Semosvis masalis drekadobis moduli. 
 samfenovani panelebis muSaobis xasiaTi, agreTve misi Semadgeneli 
nawilebis masalebis fizikur-meqanikuri Tvisebebis sxvadasxvaoba 

gaiTvaliswineba dayvanili geometriuli maxasiaTeblebis ( , ,day day dayE J w ) 

SemotaniT, romelic gamoiyeneba gaangariSebebSi. garda amisa, 
gaTvaliswinebuli unda iqnes temperaturul-tenianobis faqtorebis 
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zemoqmedebisagan panelebSi aRZruli Zalvebi, agreTve daSvebulia, rom 
zeda da qveda Semosvebi erTnairi sisqisaa (sinamdvileSi 
gansaxvavebulia) da ganxorcielebulia erTnairi masalisagan, 
moCarCoebis da Siga grZivi wiboebis drekadobis modulebi erTnairia. 
inerciis ( J ) da winaRobis (w ) momentebis mniSvnelobebi ganisazRvreba 
dayvanili maxasiaTeblebis mixedviT. 

rogorc zemoT iyo aRniSnuli simtkiceze gaangariSebisas 
gaiTvaliswineba Zabvebi, romlebic aRiZvrebian panelis elementebSi gare 

datvirTvebisagan (σ q ) da tenianobisa ( tenσ ) da temperaturis ( temσ ) 

cvlilebisagan. simtkicis pirobas eqneba saxe: 

sruli ten tem saangσ σ σ σ= + + ≤q R                 (7.36) 
 tenianobisa da temperaturuli cvalebadobisagan gamowveuli 
Zabvebis gaCenas xels uwyobs is, rom panelebi dakavSirebuli arian 
erTmaneTTan da emagrebian mzid konstruqciebs, rac zRudavs maT 
Tavisufal deformaciebs. 
 panelis SemosvebSi saSualo normaluri Zabvebi saangariSo 
datvirTvebisagan (I, II da III tipis panelebi) gamoiTvleba formuliT: 

,saS saang

day

σ = ≤
M R

w
                  (7.37) 

sadac M  aris mRunavi momenti panelis siganis erTeulze; dayw  - 

winaRobis momenti panelis ganivkveTis siganis erTeulze; saangR  - panelis 

Semosvis masalis saangariSo winaRoba. 
 Zvris Zabvebi wiboebSi gamoiTvleba formuliT: 

,Wrτ = ≤
QS R
JB

                   (7.38) 
sadac Q  aris ganivi Zala; S  - wibos ganivkveTis statikuri momenti; J  - 

inerciis momenti; b  - wibos sigane; WrR  - masalis saangariSo winaRoba 

Wraze. 
 panelis CaRunva, romliTac ganisazRvreba sixiste normaluri 
datvirTvisa da temperaturul - tenianobis zemoqmedebis Sedegad maTi 
araxelsayreli SeTanwyobis dros, ar unda aRematebodes zRvrul 
CaRunvas: 

/ ,
f ff f f f f ⎡ ⎤= + ≤ = ≤ ⎢ ⎥⎣ ⎦l l
maqtemp,ten

maq maq zR maqan        (7.39) 

sadac 
⎡ ⎤
⎢ ⎥⎣ ⎦

f
l

 aris zRvruli CaRunvis normirebuli sidide. /f  CaRunva 

Tanabrad ganawilebuli normatiuli datvirTvisagan panelis oTxive 
tipisaTvis, rodesac igi ormxriv Tavisuflad aris dayrdnobili da 
gamoiTveleba formuliT: 

4
/ 5 ,

384

n

= ⋅
qf

D
l

                            (7.40) 

sadc nq  aris datvirTvis normatiuli mniSvneloba; D  - panelis RunviTi 
sixiste (panelis siganis erTeulze) saangariSo masalis mimarTulebiT 

da, magaliTad I tipis panelisaTvis w=D E J . 

 fenovani plastmasis konstruqciebis gaangariSebebi dawvrilebiT 
aris mocemuli literaturaSi [39, 40, 42, 43]. 
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7.9. plastmasis garsebi 
 

garsebi plastmasis erT-erTi yvelaze efeqturi konstruqciebia, 
romlebSic kargad kompensireba plastmasis iseTi nakli, rogoricaa did 
deformadoba da amave dros xdeba mzidi da Semomfargvleli funqciebis 
SeTavseba. mcire sisqis pirobebSi garsebs SeiZleba hqondeT nebismieri 
sivrciTi forma da sakmaod didi mali, rasac ganapirobebs sivrciTi 
muSaobis efeqti. plastmasis garsebs axasiaTebs iseTi dadebiTi 
Tvisebebi, rogoricaa simsubuqe, sinaTlegamtaroba, mdgradoba, radio 
talRebis daubrkoleblad SeRwevadoba, mSeneblobis industrializacia, 
ferTa farTo gama, atmosferomedegoba, biomedegoba, dabali 
masalatevadoba da sxv. 

 
garsebi gamoiyeneba iseT Senoba-nagebobebSi, sadac dauSvebelia 

Sualedi sayrdenebis arseboba. 
garsebis, rogorc sivrciTi konstruqciebis erT-erTi ZiriTadi 

saxeobis, klasifikacia SeiZleba moxdes sxvadasxva niSnis mixedviT. 
aseTebia: masala, geometria, dayrdnobis saxeoba, konstruqciuli 

nax. 7.25. plastmasis garsebis tipebi: a - 
struqturuli (sivrciTi filebis tipi); b - 
erTmagi simrudis da prizmuli; g - ormagi 
dadebiTi simrudis da amozneqili; d - ormagi 
uaryofiTi simrudis; 1,2 - elementebis erT da 
orRerZa ganlagebiT; 3,5 - cilindruli; 4, 6, 
prizmuli; 7 - Caketili; 8 - kiduli; 9 - 
elifsuri; 10 - piramiduli; 11 - sferuli; 12 - 
mravalwaxnaga (geodezuri); 13 - Caketili 
elifsuri; 14 - kiduli elifsuri; 15, 16 - 
hiperboluri; 17, 18 - karvisebur-hiperboluri; 19, 
20 - Zabrisebri da qolgisebri hiperboluri; 21, 
22 - dakiduli hiperboluri (unagira da 
centraluri sayrdenebiT). 
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gansakuTrebuloba, muSaobis xasiaTi, Senobis gegmis moxazuloba, 
ganmbjenis arseboba, Tavisufali mali da sxv. am mravalsaxeobidan 
geometriuli formis mixedviT plastmasis garsebi iyofa sam jgufad: 
struqturuli, erTmagi da ormagi simrudis (nax. 7.25). 

struqturuli garsebi Sedgeba erT sibrtyeSi ganlagebuli 
Txelkedliani sivrciTi elementebisagan (piramiduli, trapeciuli, 
TaRovani, hiperboluri),  romlebic erTmaneTTan SeeTebulia meqanikuri 
saSualebebiT an weboTi. aseTi garsebi muSaobs, rogorc konturiT an 
calkeuli nawilebiT dayrdnobili filebi. amitom maT sxvanairad 
sivrciTi filis tipis garsebsac uwodeben. 
 erTmagi simrudis garsebs miekuTvneba cilindruli da muSaobis 
xasiaTis mixedviT maTTan axlos mdgomi prizmuli garsebi da TaRebi. am 
jgufis nairsaxeobas warmoadgens kiduli cilindruli garsebi. 
elementebs, romlebisaganac awyoben cilindrul garsebs da TaRebs aqvT 
oTxwaxnaga piramidis forma; SeiZleba agreTve gamoyenebul iqnes ori da 
samfenovani sworkuTxa ganivkveTis rombuli ujredebi, brtyeli 
samfenovani elementebi da sxv., romlebic erTmaneTTan meqanikuri 
saSualebebiT arian dakavSirebuli. 
 ormagi simrudis garsebi SeiZleba iyos dadebiTi da uaryofiTi 
gausis simrudis da am niSan-Tvisebis mixedviTYiyofian or qvejgufad. 
pirvelSi Sedian elifsuri amozneqili da kiduli garsebi, sferuli da 
sxva saxis amozneqili gumbaTebi, agreTve maTi msgavsi amozneqili 
mravalwaxnaga garsebi, karvebi da gumbaTebi. asawyob-samontaJo erTeulad 
gamoiyeneba samfenovani samkuTxa an mravalwaxnaga moxazulobis 
elementebi. aSeneben agreTve mTlianplastmasis (monoliTur) garsebs. 
meore miekuTvneba sxvadasxva tipis hiperboluri garsebi - karvisebri, 
Zabrisebri, qolgisebri, unagirisebri. aseTi garsebi ZiriTadad mzaddeba 
monoliTuri plastmasisagan. 
 plastmasis garsebiT gadaxuruli malebi xSirad 3...30m-is 
farglebSia, Tumca cnobilia msoflio praqtikaSi aSenebuli plastmasis 
garsebi, maliT 220 m-mde. garsebis konstruqciuli sisqe icvleba 15...30sm-
is farglebSi, xolo saxuravis farTobis 1m2 wonaa 7...20kg. 
 

7.9.1. sferuli gumbaT-garsebi 
 
 gumbaT-garsebi SeiZleba iyos erTfenovani da mravalfenovani. 
erTfenovani gumbaTebisaTvis ZiriTad konstruqciul masalas 
warmoadgens minaplastiki an organuli mina. es ukanaskneli gamoiyeneba 
mcire diametris gumbaTebisaTvis. mravalfenovani gumbaTebi ZiriTadad 
Sedgeba sami fenisagan _ ganapira Semosvisa da Sualisagan. SemosvisaTvis 
gamoiyeneba minaplastiki, xolo SualisaTvis _ qafplasti an fiWaplasti. 
faneris Semosvis SemTxvevaSi Sualad gamoiyeneba mineraluri boWko, 
mineraluri bamba da sxv. 
 plastmasis gumbaT - garsebs amzadeben monoliTurs da asawyobs. 
monoliTuri gumbaTebi gamoiyeneba mcire malebSi, ZiriTadad saxuravis 
SuqfarnisaTvis, xolo rac Seexeba asawyob gumbaTebs, aq metad 
sapasuxismgeblo etaps warmoadgens asawyobi elementebis moxazulobis, 
zomebis da pirapirebis ganxorcielebis teqnologiis SerCeva. 7.26 
naxazze naCvenebia 20m diametris plastmasis gumbaT-garsi. 
 seqtor - panelisa (13) da xufis (14) konstruqcia samfenovania, 
sadac SemosvisaTvis gamoyenebulia II jgufis polieTeruli minaplastiki, 
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xolo Sua fenad (Sualad) seqtorSi - qafpolistiroli (4), xufSi ki 
fiWaplasti carieli fiWebiT (SuqgamtarobisaTvis). 
 qaris datvirTvis moqmedebisas gumbaTis mcire sakuTari wonis gamo 
SesaZlebelia misi mowyveta sayrdeni rgolisagan, ris gamoc saWiroa 
Semowmebul iqnes gumbaTis SeerTeba sayrden rgolTan momwyvet 
datvirTvaze, xolo rgoli, romelic Cvens SemTxvevaSi SekumSulia, unda 
Semowmdes mdgradobaze. 
 gumbaTi Sedgeba gaumWviri seqtor-panalebisa (13) da zeda 
Suqgamtari xufisagan (14). amgvarad, mocemul gumbaTSi mxolod ori 
tipis asawyobi elementia. 

 
nax. 7.26. plastmasis sferuli gumbaT-garsi. a - geometriuli sqema; b - sayrdeni 
kvanZi; g - meridianuli pirapiri; 1 - zeda Semosva; 2 - qveda Semosva; 3 - 
pirapiris zedi; 4,5 - qafpolistiroli; 6 - Z-is magvari profilis minaplastikis 
gadanaWeri; 7 - Sveleri; 8 - Siga mosaarSiebeli Sveleri; 9 - gare 
mosaarSiebeli Sveleri; 10 - liTonis kuTxovanebi; 11 - rkinabetonis sayrdeni 
rgoli; 12 - TviTkuTxvili xraxni; 13 - seqtor-paneli; 14 - zeda gamWirvale 
xufi. 
 
 gumbaTis gaangariSeba warmoebs umomento Teoriis gamoyenebiT, 
romelic realurad aRwers garsis muSaobas. simetriuli datvirTvis 
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dros gumbaTis elementaluri farTobi (nax. 7.27) wonasworobaSi imyofeba 

meridianuli 1T  da rgoluri 2T  Zalvebis moqmedebiT, maTgan 2T  Zalva 

horizontaluri kveTis mimarTulebiT mudmivia, xolo 1T  - cvladi. 

 
 1T  da 2T  Zalvebis gansazRvra gumbaTis sakuTari wonisagan. 

gumbaTis rgolur a-a kveTis (nax. 7.26, a) 1grZ. m-ze mosuli 1T  Zalva 

ganisazRvreba formuliT 

1
1 ,

1 cosϕ
= − ⋅

−
T gR                            (7.41) 

xolo meridianuli kveTis 1grZ. m-ze mosuli 2T  Zalva - formuliT 
2

2
cos cos 1 ,

1 cos
ϕ ϕ

ϕ
+ −

= − ⋅
+

T gR                        (7.42) 

sadac g  aris gumbaTis 1m2-is wona; R  - gumbaTis radiusi. 

 roca 0ϕ = , e.i. gumbaTis wverosaTvis 

1 2 0,5 .= = −T T gR                   (7.43) 
 roca 090ϕ = , maSin  

1 = −T gR da 2T gR=                 (7.44) 
Sesabamisi epiurebi naCvenebia nax. 7.28-ze. 
 

 
nax. 7.28. gumbaTis sakuTari wonisagan gamowveuli 1T  da 2T  Zalvebis epiurebi. 

 

 gumbaTis rgolur kveTs, romelSic 2 0=T , ewodeba gadasvlis 

wertili. gadasvlis wertils zemoT gumbaTi 2T  rgoluri Zalvebis 

moqmedebiT SekumSulia, xolo qvemoT - gaWimuli. mudmivi datvirTvis 

dros gadasvlis wertilis  mdebareobas Seesabameba kuTxe 0 /
2 51 49ϕ = . 

 1T  da 2T  Zalvebis gansazRvra Tovlis datvirTvisagan. gumbaTis a-a 

rgolur kveTSi 
 

1 0,5 ;= −T pR                            (7.45) 
2

2 0,5cos 2 ,ϕ= −T pR                 (7.46) 
sadac p  aris gumbaTis horizontaluri proeqciis 1m2-ze mosuli Tovlis 

datvirTva. 
roca 0ϕ =  

1 2 0,5 .= = −T T pR                  (7.47) 

nax. 7.27 
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roca 090ϕ =  

1 0,5 ;= −T pR                           (7.48) 

 2 0,5 .=T pR                   (7.49) 
am SemTxvevaSi gadasvlis wertils Seesabameba kuTxe 045ϕ = . 

7.29 naxazze naCvenebia 1T  da 2T  Zalvebis epiurebi Tovlis 

datvirTvisagan. 

 
nax. 7.29. gumbaTSi Tovlis datvirTvisagan gamowveuli 1T  da 2T  Zalvebis 

epiurebi. 
 

Zalvebis gansazRvra qaris datvirTvisagan. qaris datvirTvisagan 
Zalvebi gumbaTSi SeiZleba ganisazRvros 7.30, a nax.-ze mocemuli epiuris 
mixedviT. praqtikaSi es epiura icvleba ori epiuriT - qaris simetriuli 
gawovis (nax. 7.30, g) da iribsimetriuli qaris datvirTvis (nax. 7.30, b). 

 
nax. 7.30. sferul gumbaTze  moqmedi qaris datvirTvebis saangariSo sqemebi. 

 
damreci gumbaTis qaris datvirTvaze gaangariSebisas, roca 

0,25≤ lf  sakmarisia gaTvaliswinebul iqnes mxolod qaris gawova, 
romelic moqmedebs kanoniT 

2
0 cos ϕ=q qs                             (7.50) 

sadac 0qs  qaris dawnevis saangariSo mniSvnelobaa. 

 gumbaTze simetriuli datvirTvis moqmdebisas, rogorc zemoT iyo 

aRniSnuli, masSi aRiZvreba mxolod 1T  da 2T  Zalvebi, romlebic 

ganisazRvrebian formulebiT: 
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( )
( )

2
0

1

2
2 0

2

1 cos cos

3 1 cos
,

1 cos cos3cos
1 cos 3

q R
T

q R
T

⎫+ +
⎪=

+ ⎪
⎬

⎛ ⎞+ + ⎪= −⎜ ⎟ ⎪+⎝ ⎠ ⎭

ϕ ϕ

ϕ

ϕ ϕϕ
ϕ

s

s
              (7.51) 

 
roca 0ϕ =  
 

1 2 00,5 ,T T q R= = s                              (7.52) 

roca 090ϕ =  

1 0
1 ;
3

=T q Rs                      (7.53) 

2 0
1 .
3

= −T q Rs                               (7.54) 

gadasvlis wertilis Sesabamisi kuTxe 0 /40 20ϕ = . 

 qaris simetriuli gawovis moqmedebisas 1T  da 2T  Zalvebis epiurebi 

naCvenebia 7.29 naxazze. 

 
nax. 7.29. gumbaTSi 1T  da 2T  Zalvebis epiurebi qaris simetriuli gawovis 

moqmedebisas. 
 

roca 0,25>f l , maSin damatebiT gaiTvaliswineba iribsimetriuli 

datvirTva. am dros 1T  da 2T  Zalvebi icvleba ara marto meridianuli, 

aramed gumbaTis horizontaluri Wrilis mimarTulebiTac. garda amisa, 
qaris iribsimetriuli datvirTvisas warmoiSoba agreTve Zvris S  Zalvebi 

romlebzec unda Semowmdes gumbaTis konstruqcia da sayrdeni nawili. 1T , 

2T  da S  Zalvebi qaris iribsimetriuli datvirTvis moqmedebisas 

SeiZleba ganisazRvros cxrilebisa da grafikebis daxmarebiTac. 
qveda sayrden rgolze moqmedebs gumbaTis reaqciis Tarazuli 

Semdgeni, toli 1 cosϕ= = −N Hr T k , sadac 1T  aris meridianuli Zalva 

sayrdenis rgolis doneze. 
Zalva sayrden rgolSi 

1 cos ,N Hr T r= = − ϕk                   (7.55)  
sadac r  aris gumbaTis qveda sayrdeni rgolis radiusi. 
 zeda sayrden rgolSi mkumSavi Zalva 

1 1 1,N T r= − /                               (7.56) 

sadac 1T /  aris meridianuli Zalva zeda sayrdeni rgolis doneze; 1r  - 
gumbaTis zeda sayrdeni rgolis radiusi. 
 gumbaTis reaqciis Sveuli Semdgeni 
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1 sin .V T= − ϕk                             (7.57) 

V -s dadebiTi mniSvnelobisas sayrdeni reaqcia mimarTulia zeviT, 
xolo uaryofiTisas - qveviT. es imas niSnavs, rom mosalodnelia 
gumbaTis sayrdenidan awyveta, rasac SeiZleba adgili hqondes qaris 
saangariSo dawolisa da gumbaTis sakuTari wonis mcire mniSvnelobisas. 

gumbaTis mdgradobaze Semowmeba iTvaliswinebs radialuri 

kritikuli datvirTvis ( Pkr ) da misi Sesabamisi kritikuli meridianuli 

Zalvis (T1kr ) gansazRvras, romelic gumbaTSi moqmed maqsimalur 

meridianul ( 1T ) Zalvaze naklebi unda iyos. 

radialuri kritikuli datvirTvis mniSvneloba ganisazRvreba 
formuliT: 

2

20
⎛ ⎞= ⎜ ⎟
⎝ ⎠

E hP
Rkr                    (7.58) 

sadac R  aris sferos radiusi, E  - masalis drekadobis moduli. 
 kritikuli meridianuli Zalva 

2=T P R1kr kr                    (7.59) 
 7.58 formula miekuTvneba erTfeniani konstruqciis gumbaTebs. 
samfenovani minaplastikis gumbaTebisaTvis (nax. 7.26) miiReba garsis 

dayvanili sisqe hday , romelic miaxloebiT gamoiTvleba formuliT: 

( )33 2 ,h h h= + −δday S S                 (7.60) 
sadac hS  aris Sua fenis (Sualis) sisqe; δ  - Semosvis sisqe. 

 
magaliTi. 7.3. gasaangariSebelia minaplastikis samfenovani sferuli gumbaT-
garsi diametriT 20m. mSeneblobis raioni q. soxumi. gumbaTi aweulia miwis 
donidan 10m simaRleze. garsis gare fenebisaTvis gamoyenebulia II jgufis 
polieTeruli minaplastiki minis boWkos SemcvelobiT 20% [31 cxr. 7], sisqiT 
3mm, masiT 1400kg/m3; xolo Sua fenisaTvis ПС-1 markis qafpolistiroli [31, cxr. 
31], sisqiT 80mm, masiT 80kg/m3. gumbaTi Sedgeba asawyobi gaumWviri seqcia-
elementebisagan da gamWirvale zeda xufisagan, romelTa SeerTebac naCvenebia 
nax. 7.26-ze, kveTi 2-2. 

m
⋅

⋅

2 2 2 2+ 4f 20 + 4 5R = = = 12,5
8f 8 5

l
, 

sadac f = 0,5 m aris gumbaTis sferos awevis isari (nax. 6.20). 
 gumbaTis kamaris rkalis sigrZe 

2πR 2 3,14 12,5 53S = = 23,1
180 180

⋅ ⋅ ⋅
=

ϕk m , 

sadac sayrdeni rgolis Sesabamisi kuTxe kϕ : 

012,5 5,0cos 0,6; 53 ; sin 0,8
12,5k k kϕ ϕ ϕ−

= = = = . 

gumbaTis zeda Suqfarnis (xufis) diametris Sesabamisi kuTxe ϕf : 

0 02,5sin 0,2; 11 30 ; cos 0,98
12,5f f fϕ ϕ ϕ= = = = . 

 gumbaTis seqtoris fuZis rkalis sigrZe 

m
⋅ ⋅/ 2πR 2 3,14 10= = = 3,92

16 16
l , 

xolo qordis sigrZe 
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03602 sin 2 10 0,195 3,9
32

// m= = ⋅ ⋅ =rl . 

 gumbaTis 1m2-is wona: 

minaplastiki 2 21400 0,003 2 1,1 = 9, 2 kn m = 92n m⋅ ⋅ ⋅ . 

qafpolistiroli 2 280 0,08 1,1 = 7,04 kn m = 70 n m⋅ ⋅ . 

                                  sul 2162n m . 
pirapirebis Sevsebis gaTvaliswinebiT 

2n m⋅g = 162 1,1= 178 . 

roca ϕ = 0 , (7.43) formulis Tanaxmad 

n m⋅ ⋅1 2T = T = -0,5gR = -0,5 178 12,5 = -1113 . 

 1T  da 2T  Zalvebis mniSvnelobas, roca fϕ
0 /= 11 30 , vRebulobT igives, 

rogorc 0ϕ = -is dros, radganac cos 0,98 1fϕ = ≈ . 

 roca 053kϕ = , (7.41) da (7.42) formulebis Sesabamisad 

1
1 1 178 12,5 1391

1 cos 1 0,6
T gR= − = − ⋅ ⋅ = −

+ +ϕk

n m ; 

2 2

2
cos cos 1 0,6 0,6 1 178 12,5 56 .

1 cos 1 0,6
T gR

+ − + −
= − = − ⋅ ⋅ =

+ +

ϕ ϕ

ϕ
k k

k

n m  

 gamWimi rgoluri Zalvis 2T  mniSvneloba aRmoCnda mcire imis gamo, rom 

gumbaTis Ziri (qveda sayrdeni rgoli) axlos aris gadasvlis wertilTan. 
 Zalva gumbaTis sayrden rgolSi gamoiTvleba (7.55) formuliT: 

1 cos 1391 0,6 10 8346nkϕ= − = ⋅ ⋅ =N T r , 

xolo gumbaTis Sveuli reaqcia _ (7.56) formuliT: 

1 sin 1391 0,8 1113n mkϕ= − = ⋅ =V T r . 

 1T  da 2T  Zalvebis gansazRvra Tovlis datvirTvisagan. 

saxuravis formis gaTvaliswinebuli koeficienti [5, p. 5.3] 

1
20 0,5

8 8,5
μ = = =

f
l

. 

wriuli moxazulobis zedapirebisaTvis Tovlis datvirTvis normatiuli 
mniSvneloba unda gamravldes 23,1 20 1,15= = =K S l  koeficientze, romelic 
iTvaliswinebs gansxvavebas gumbaTis rkalis sigrZesa da mis proeqcias Soris. 
 Tovlisgan gamowveuli Tanabrad ganawilebuli normatiuli datvirTva 

2
0 1 500 1,15 0,5 288n mn

T μ= ⋅ ⋅ = ⋅ ⋅ =P P K , 

sadac 2
0 500n m=P  aris Tovlis datvirTvis normatiuli mniSvneloba q. 

soxumisaTvis. 
 gadaxurvis normatiuli sakuTari wonis fardoba Tovlis datvirTvis 
normatiul mniSvnelobasTan 

0

178 1,1 0,32 0,8
500

n

= = <
g
P

, 

amitom, Sesabamisi datvirTvis saimedobis koeficienti TovlisaTvis 

γ f = 1,6 [5, p. 5.7] 

 gadaxurvis horizontaluri proeqciis 1m2-ze mosuli Tovlis datvirTvis 
saangariSo mniSvneloba 

2288 1,6 461n mn
T γ= ⋅ = ⋅ =fP P . 

roca 0ϕ = , (7.47) formulis Tanaxmad 
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1 2 0,5 0,5 461 12,5 2881n m= = − = − ⋅ ⋅ = −T T pR . 

roca 053kϕ = , (7.45) formulis Tanaxmad 1 2881n m= −T  

roca 0cos2 cos106 0,276kϕ = = − , maSin (7.46) formulis Tanaxmad 

2 0,5cos2 0,5 0,276 461 12,5 795n mkϕ= − = ⋅ ⋅ ⋅ =T pR . 

Zalva sayrden rgolSi 

1 cos 2881 0,6 10 1729nkϕ= − = ⋅ ⋅ =N T r . 

gumbaTis Sveuli reaqcia 

1 sin 2881 0,8 2305n mkϕ= − = ⋅ =V T . 

 1T  da 2T  Zalvebis gansazRvra qaris datvirTvisagan. radganac 0,25=f l , 

Zalvebi 1T  da 2T  ganisazRvreba mxolod qaris simetriuli gawovisagan. 

 qaris datvirTvis normatiuli mniSvneloba q. soxumisaTvis 2450n mn
0 =q . 

 misi saangariSo mniSvneloba gamoiTvleba formuliT 
n n
0 0 γ= ⋅ ⋅ ⋅ efq q K C , 

sadac 2450n mn
0 =q ; 1,4γ =f  _ saimedobis koeficienti qaris datvirTvisaTvis [5, p. 

7.11], K  _ koeficienti, romelic iTvaliswinebs qaris siCqaris cvlilebas 
Senobis simaRlis mixedviT. roca Senobis simaRle 10≤h m da Senoba 
ganlagebulia zRvis sanapiroze, maSin 1=K  [5, cxr. 6]; eC  _ aerodinamikuri 
koeficienti, romelic gumbaTebisaTvis (sfero) miiReba: roca 

0 0 0 090 90 53 37kϕ− = − = , 0,12=eC  [5, danarTi 4, sqema 12, a]. 

2450 1,4 1 0,12 76n ms
0 = ⋅ ⋅ ⋅ =q . 

roca 0ϕ = , maSin (7.52) formulis Tanaxmad 

1 2 0,5 0,5 76 12,5 475 .n ms
0= = = ⋅ ⋅ =T T q R . 

roca 053kϕ = , maSin (7.51) formulis Tanaxmad 

( )
( )

( )
( )

2 2

1

1 cos cos 1 0,6 0,6 76 12,5
388

3 1 0,63 1 cos
n m

s
k k 0

k

ϕ ϕ

ϕ

+ + + + ⋅
= = =

++

q R
T  

2
3

2

2
3

1 cos cos
3cos

1 cos 3

1 0,6 0,6 76 12,53 0,6 183 .
1 0,6 3

q R
T

⎛ ⎞+ +
⎜ ⎟= − =
⎜ ⎟+⎝ ⎠

⎛ ⎞+ + ⋅
= ⋅ − = −⎜ ⎟

+⎝ ⎠

ϕ ϕ
ϕ

ϕ

s
k k 0

k
k

n m

 

Zalva sayrden rgolSi 

1 cos 388 0,6 10 2328n.kϕ= − ⋅ ⋅ = − ⋅ ⋅ = −N T r  

rac imas niSnavs, rom saangariSo qaris datvirTvis moqmedebiT sayrdeni rgoli 
SekumSulia. 

gumbaTis Sveuli reaqcia 

1 sin 388 0,8 310n mkϕ= − = − ⋅ = −V T . 

 1T , 2T , N  da V  Zalvebis niSnebi qaris datvirTvisagan sawinaaRmdegoa am 

Zalvebis niSnebisa mudmivi da Tovlis datvirTvebisagan, amitom saangariSo 
kombinaciebSi qarisa da Tovlis datvirTvebs vixilavT cal-calke. 
 I kombinacia: gumbaTis sakuTari wona + Tovli: 

0ϕ =   da  0 /11 30fϕ =  

  1 2 1113 2881 3994n m= = − − = −T T ; 
053 ,=ϕk  
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1 1191 2881 4272n m= − − = −T ; 

2 56 795 851n m= + =T ; 

8346 1729 10075n= + =N ; 
1113 2305 3418n m= + =V . 

II kombinacia: gumbaTis sakuTari wona + qari: 

0ϕ =   da  0 /11 30fϕ =  

1 2
0,91113 475 436
1,1

n m= = − + = −T T ; 

053kϕ =  

1
0,91391 388 750
1,1

n m= − + = −T ; 

2
0,956 183 137
1,1

n m= − = −T ; 

0,98346 2328 4500
1,1

n= − =N ; 

0,91113 310 600
1,1

n m= − =V . 

gumbaTis konstruqciuli gaangariSeba 
samfenovani panelebis Semosvis simtkiceze Semowmeba 

2 24272 71 1500
2 100 2 0,3 100

n sm n sm
1maqσ
δ

= = = < =
⋅ ⋅ ⋅

T
R . 

 gumbaTis seqtorebs Soris xraxnuli SeerTeba meridianuli mimarTulebiT 
mowmdeba rgolur 2T  Zalvaze, xolo rgoluri mimarTulebiT seqtorebsa da 

gumbaTis xufs Soris meridianul 1T  Zalvaze roca 0 /11 30fϕ = . 

rogorc moyvanili saangariSo kombinaciebidan Cans, saangariSo Zala 
moqmed weboxraxnul SeerTebaze tolia 

3994n m1saang 2saang= =T T . 

 vRebulobT TviTkuTxvil xraxnebs diametriT d = 4 mm da ganvalagebT 
bijiT 50mm _ webovani nakeris dawnexis pirobidan gamomdinare. 
 roca webovani nakeris siganea 4sm, maSin 1m weboxraxnul SeerTebaze 
daiSveba gadamWreli Zalva [31, cxr. 47]: 

35 4 1000 140000n > 3994n= ⋅ ⋅ =N . 
 sinamdvileSi simtkicis maragi metia, radganac cxrilSi [31, cxr. 47] 
weboxraxnuli SeerTebis saangariSo winaRobebi Wraze mocemulia ufro sqeli 
minaplastikebisaTvis, vidre Cvens magaliTSi gvqonda ganxiluli. 
 gumbaTis Semowmeba awyvetaze saangariSo qaris datvirTvis dros gumbaTi 
mimagrebulia liTonis kuTxvilebze (10) (nax. 7.26) TviTkuTxvili xraxnebis (12) 
saSualebiT, romlebiTac eWireba agreTve minaplastikis Svelerebi (8), (9) da 
Semosva saerTo sisqiT 13mm, liTonis kuTxovanebi Tavis mxriv Caankerdeba 
sayrden rgolSi. miviRoT minaplastikis sangariSo winaRoba simtkicis maragiT 

21500n smT k= =R R , maSin minaplastikis Telvis pirobidan xraxnis zidvis unari 

erT Wraze 

1500 1,3 0,4 780n/
T Tx = = ⋅ ⋅ =T R A . 

foladis xraxnis zidvis unari Wris pirobidan 
2 23,14 0,40,6 13000 0,6 980

4 4
n//

x Wr neto Wr
π ⋅

= = ⋅ = ⋅ =
dT R A R . 
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 sayrdeni rgolis erT grZiv metrze saWiro xraxnebis raodenoba, 
romelmac unda miiRos gumbaTis uaryofiTi Sveuli reaqciebi, gamoiTvleba 
formuliT: 

xr.min

=
Vm

T
. 

 Cvens SemTxvevaSi, orive kombinaciis dros, Sveuli reaqciebis sidideebi 
gamovida dadebiTi (gumbaTis sakuTarma wonam gadaaWarba uaryofiT moqmedebas). 
amitom xraxnebis raodenobas vRebulobT konstruqciulad _ yovel 50 sm-ze erT 
cals. 
 gumbaTis Semowmeba mdgradobaze. gumbaTis dayvanili sisqe gaangariSeba 
(7.60) formuliT: 

( ) ( ) 333 3 32 8 2 0,3 8 5sm3
day S Sδ= + − = + ⋅ − =h h h . 

II jgufis polieTeruli minaplastikis drekadobis moduli 2300000n sm=E   
kritikuli radialuri datvirTva 

2 2
2300000 5 0,0024

20 20 1250
n smkr

⎛ ⎞ ⎛ ⎞= = =⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

E hP
R

. 

kritikuli meridianuli Zalva 
12500,0024 150 15000 4272

2 2
n sm n m n m1kr kr= = ⋅ = = >

RT P . 

 
7.10. pnevmatikuri konstruqciebi 

 
7.10.1. zogadi cnobebi 

 
pnevmatikuri ewodeba iseT samSeneblo kosntruqcias, romlis 

zidvis unari uzrunvelyofilia haeris Siga Warbi wneviT. mis ZiriTad 
elements warmoadgens garsi, romelSic daWirxnilia haeri. garsis 
dasamzadeblad gamoiyeneba elastikuri haergaumtari qsovilebi. 

pnevmatikuri samSeneblo konstruqciebi (psk) xasiaTdeba simsubuqiT, 
seismomdgradobiT, anakrebobisa da transportabelurobis maRali 
xarisxiT da kompaqturobiT. misi awyoba da daSla martivia da did 
danaxarjebs ar moiTxovs. am dadebiT TvisebebTan erTad maT uaryofiTi 
mxareebic axasiaTebT, saxeldobr: didi deformadoba da adgilobrivi 
meqanikuri dazianebis SesaZlebloba (qsovilis gaxvreta da amasTan 
dakavSirebiT Siga Warbi wnevis daqveiTeba), rasac konstruqciis zidvis 
unaris dakargva mosdevs; cecxlsaSiSroeba da mcire saeqspluatacio 
periodi. 

arsebobs pnevmatikuri samSeneblo konstruqciebis Semdegi saxeebi: 
haerze dayrdnobili, pnevmokarkasuli, vantur - pnevmatikuri da 
linzismagvari. aqedan yvelaze gavrcelebulia haerze dayrdnobili da 
pnevmokarkasuli psk (nax. 7.30). 

haerze dayrdnobili konstruqciebi gamoirCeva simartiviT (nax.7. 31) 
da didi malebis (60 m-mde) gadaxurvis SesaZleblobiT. konstruqcia 
Sedgeba garsis, SekumSuli haeris, sayrdeni konturis, Sesasavleli rabis 
da haerdasaWrisni mowyobilobisagan. gadaxurva haer- da wyalgaumtari 
qsovilisagan damzadebul garss warmoadgens. misi zidvis unaris 
uzrunvelyofa garsis Siga da gare wnevebis sxvaobiT warmoebs. 
SekumSuli haeri, romelic avsebs garss, sistematurad unda iyos Warbi 
wnevis/ misi intensiuroba gaangariSdeba im pirobidan, rom Siga Warbi 
wneva meti unda iyos garsze moqmedi Tovlis wonisa, da qaris dawolaze, 
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raTa SenarCunebul iqnes garsis dadebiTi simrude. praqtikulad wnevaTa 
sidide miiReba 200...500pa., wnevis aseT sidides saTavsSi myofi adamiani 
praqtikulad ver SeigrZnobs da erTdroulad igi garsis formis 
stabilurobas da mdgradobas uzrunvelyofs. 

 
haerze dayrdnobili pnevmokarkasuli 

geometriuli formebi linzebi 
gaZlierebuli 

bagirebiT an badiT 
panelebi 

martivi Sedgenili rTuli (baliSebi) erTmaliani mravalmaliani 

R
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nax. 7.30. pnevmatikuri samSeneblo konstruqciebis saerTo klasifikacia. 
 
wnevaTa sxvaoba kompresoriT an ventilatoriT Seiqmneba da mis 

SesanarCuneblad saWiroa saTavsis hermetuloba, risTvisac garsis 
samontaJo nakerebisa da saTavsSi Sesasvleli rabis specialur 
konstruqciebs iyeneben. 

 
nax. 7.31. haerze dayrdnobili (gasaberi) konstruqciebi: a - saerTo saxeebi; b - 
ganivkveTis sqema; g - saangariSo sqema; 1 - pnevmogumbaTi; 2 - pnevmoTaRi 
sferuli torsebiT; 3 - pnevmoTaRi; 4 - garsi; 5 - rabi; 6 - sayrdeni konturi; 7 - 
haeris dasaberi mowyobiloba. 
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garsis napirebs gaaCniaT sayrdeni sartyeli maRali simtkicis 
qsovilis zolis saxiT, romelSic damatebiT Catanebulia foladis 
bagiri maryuJebiTurT. am maryuJebis saSualebiT xdeba garsis mimagreba 
sayrden konturTan. gars gaaCnia agreTve samontaJo nakerebi, (nax. 7.32) 
romlebic Zalzed aadvileben misi damzadebis, transportirebis da 
montaJis process. 

 
 

nax. 7.32. qsoviluri garsis samontaJo hermetuli nakeri: a - awyobamde; b - 
awyobis Semdeg; 1 - garsis SemaerTebeli elementebi; 2 - samontaJo nakeris 
maryuJi; 3 - Zafis gviristi; 4 - safarveli; 5 - bagiri; 6 - sahermetizacio lenti; 
7 - safarvelis misamagrebeli zonaris liversebi. 
 

garsis xangrZlivi samsaxuris SemTxvevaSi sayrdeni konturi 
sruldeba betonis lenturi saZirkvlis saxiT, xolo droebiTi 
nagebobisaTvis _ ankerebis saxiT. garsis ankerebTan mimagrebis 
variantebi naCvenebia 7.33 naxazze. sayrdeni konstruqciis SemadgenlobaSi 
Sedis agreTve iatakic, romelic ganicdis Warbi wnevis zemoqmedebas. 
rabis konstruqcia umetes SemTxvevaSi qsovilur - karkasulia. haeris 
daberva xdeba erTi an ori dabali wnevis ventilatoriT (an 
kompresoriT). zamTris pirobebSi, Senobis eqspluataciis dros, 
ventilatorebs ematebaT kaloriferebic SenobaSi Tbili haeris 
misawodeblad. Siga Warbi wnevis SenarCuneba xdeba avtomaturad. 

pnevmokarkasuli konstruqcia Sedgeba calkeuli sworxazovani an 
mrudi formis hermetulad Caketili wriuli ganivkveTis balonebisagan 
(pnevmoReroebisagan). balonis ganivkveTis diametri SeiZleba iyos 0,2...0,5m. 
balonis garsi mzaddeba ori an sami fenis maRali simtkicis 
haergaumtari qsovilisagan, romelsac, rogorc wesi, damagrebuli aqvs 
rezinis kamera garsis haergaumtarobis amaRlebisaTvis. balonis SigniT 
haeri datumbulia maRali wneviT (0,5mpa). aseT wnevas aviTarebs 
kompresori an avtomanqanis tumbo. 

karkasis grZivi sixiste da mdgradoba gaWimuli moqnili 
makavSireblebiT xorcieldeba, romlebic karkasis boloebSi specialur 
saWimarebs emagreba, xolo am saWimarebis meore boloebSi - yamirSi 
Camagrebul ankerebs. 

pnevmokamarebis mimagreba saZirkvelebTan rekomendebulia iyos 
saxsrovani, konstruqciis didi deformirebadobis gamo. kamaris ganmbjeni 
specialurad mowyobil Semkvrels an TviT saZirkvels gadaecema. 
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haerze dayrdnobili konstruqciebisagan gansxvavebiT, 
pnevmokarkasul konstruqciebs dabali zidvis unari axasiaTebT, ris 
gamoc maT iyeneben SedarebiT mcire zomis malebSi _ 6m koWebisaTvis da 
15m-mde kamrebisaTvis. 

 

 
nax. 7.33. garsis ankerTan mimagrebis variantebi: a - kaTenaruli sartyelis 
gamoyenebiT; b - xisti konturuli sartyelis gamoyenebiT; 1 - garsi; 2 - 
kaTenaruli sartyeli; 3 - kapronis bagiri; 4 - saWimari; 5 - ankeri; 6 - 
safarveli; 7 - xisti sartyelis mili; 8 - ankeris quro; 9 - sogmani. 
 

kombinirebuli pnevmatikuri konstruqciebi haerze dayrdnobili da 
pnevmokarkasuli konstruqciebis muSaobis principebis erTobliv 
gamoyenebas gulisxmobs. faqtiurad igi pnevmokarkasulia, magram 
saTavsos eqspluataciis gansakuTrebul SemTxvevaSi, rodesac 
gadaxurvaze moqmedebs didi intensiurobis Tovlis an qaris datvirTvebi, 
saTavsos SigniT haeris datumbviT Seiqmneba Warbi wneva da gaizrdeba 
gadaxurvis tvirTmzidaoba. kombinirebuli pnevmatikuri konstruqciebis 
Rirebuleba metia, vidre pirveli orisa, magram, miuxedavad amisa, didi 
malebis gadaxurvebisaTvis maT upiratesoba eniWebaT. 
 

7.10.2. masalebi pnevmatikuri konstruqciebisaTvis 
 
pnevmatikuri konstruqciebis garsis dasamzadeblad gamoiyeneba 

rbili qsovilebi da armirebuli firebi. iSviaTad gamoiyeneba erTfeniani 
firebi da Txeli liTonis furclebi. am masalebs unda gaaCndeT 
sakmarisi simtkice, sirbile, elastikuroba, simsubuqe, xanmedegoba, 
agreTve ar unda atarebdnen tensa da haers, zogierT SemTxvevaSi saWiroa 
iyvnen Suqgamtarebic. 

firi gacilebiT iafia qsovilze, magram aqvs didi deformadoba, 
mcire simtkice da SedarebiT mcire saeqspluatacio xanmedegoba, amitom 
igi gamoiyeneba droebiT pnevmatikur konstruqciebSi, romelTa 
samsaxuris vada ar aRemateba erT-or weliwads. nagebobebSi, romlebic 
gaTvaliswinebulia xangrZlivi eqspluataciisaTvis, agreTve mzid 
elementebSi rekomendebulia mxolod qsovilis gamoyeneba. 
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qsoviluri masalebi mzaddeba bunebrivi, xelovnuri an sinTezuri 
boWkoebisagan. bunebrivs miekuTvneba: bamba, seli, qereli; xelovnurs _ 
viskoza, minaboWko. sinTezuri boWkoebi, romlebic yvelaze farTod 
gamoiyeneba qsovilebSi, iyofa Semdeg jgufebad: poliamiduri (kaproni, 
neiloni, dederoni, perloni, siloni, stiloni da sxv.); polieTeruli 
(lavsani, dakroni, grizuteni, dioleni, trevira, teteroni, terileni da 
sxv.); poliakrilnitrinuli (nitroni, ordoni, draloni da sxv.); 
polivinilspirtuli (vinoli, viniloni da sxv.). 

imisaTvis, rom qsovili gaxdes haer- da tengaumtari da, amasTanave, 
naqsovi daculi iqnas gare zemoqmedebisagan, mimarTaven mis dafarvas 
sinTezuri kauCukiT an polivinilqloriduli fisebiT. 

safeiqro qsovilebi SeiZleba iyos erTfeniani da dublirebuli. 
erTfenian qsovilSi safuZvelis mimarTuleba emTxveva rulonis 
mimarTulebas, xolo misaqselebi ZiriTadis marTebulia. dublirebul 
qsovilSi SeiZleba iyos naqsovis ori an ramdenime fena, romlebic 
erTmaneTs ukavSirdeba gamJRenTi nivTierebebiT. safuZvlis boWkoebis 
fisSi orientaciis mixedviT qsovilebi SeiZleba iyos paralelurad an 
diagonalurad dublirebuli. dublirebuli qsovilis simtkice da 
xangamZleoba gacilebiT maRalia, vidre erTfenianis. 

fisebiT gaJRenTva xdeba qsovilis rogorc erTi, aseve orive 
mxridan (nax. 7.34). 

 
nax. 7.34. qsovilis konstruqcia: a - orfeniani diagonalurad dublirebuli 
qsovilis konstruqciis sqema: 1 - paraleluri fena (rulonis gaswvriv); 2 - 
diagonaluri fena; 3 - diagonaluri fenis webovani nakeri; b - qsovilebis 
ganivkveTis sqemebi: I - erTfenovani calmxrivi gaJRenTviT; II - erTfenovani 
ormxrivi gaJRenTviT; III - orfenovani; 4 - naqsovi; 5 - gaJRenTva. 

 
sinTezuri fisebi warmoadgens Termoplastikuri polimerebis 

gadamuSavebis produqts. praqtikulad, nebismieri saxis Termoplastikuri 
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polimeris gadamuSavebiT SeiZleba miRebul iqnas firi, magram 
cxovrebaSi ZiriTadad gamoiyeneba polieTilenis, poliamidis da 
polieTeris firebi. simtkicis gazrdisa da deformirebis Semcirebis 
mizniT mimarTaven firebis armirebas lavsanis, kapronis, minaboWkos da 
sxva masalebis qsoviluri badeebiT. 

garsis damzadebis procesSi qsovilis an firis naWrebs 
erTmaneTTan aerTeben dawebebis (nax. 7.35) an SeduRebis saSualebiT 
Zafuri gviristiT. firebis SeerTebisas gviristis gamoyeneba akrZalulia. 
pirapiris gaangariSebis dros qsovilis kveTis Sesusteba gviristiT 
gaiTvaliswineba Semasworebeli koeficientis saSualebiT, romelic 
aiReba 0,85. 

centraluri evropis saxelmwifoebSi pnevmatikuri konstruqciebis 
masalad ZiriTadad gamoiyeneba polivinilqloridiT (pvq) dafaruli 
polieTeruli qsovilebi, agreTve neiloni. aSS-Si iyeneben 
politetraftoreTileniT dafarul minis qsovils, romelic agreTve 
farTod vrceldeba axlo aRmosavleTis qveynebSi da germaniaSi. 

saerTod, msoflioSi pnevmogarsebisaTvis qsovilebis 
dasamzadebeli firmebia: `berdeiri~, `diuponi~, `sideiri~, `ouens korning 
faiberglasi~, `kemikel febriks korporeiSen~ (aSS); `ferzaidagi~, 
`krameri~, `liukenhauzi~; `briTiS nailon spinersi~ (inglisi) da sxv. 

 
nax. 7.35. qsovilebis SeerTeba: 1 - qsovili; 2 - sahermetizacio zonari; 

3 - gviristi. 
 

pnevmoqsovilebis unikaluri masalebi iqna Seqmnili amerikis 
SeerTebul StatebSi 70...80-ian wlebSi. maTgan pirvel rigSi aRsaniSnavia 
tefloniT dafaruli minaqsovili, romelic specialurad iqna 
damuSavebuli didmaliani qsoviluri gadaxurvebisaTvis. bolo 15 wlis 
ganmavlobaSi am masalisgan gadaxuruli iqna 30-ze meti (kolejebi la 
verneSi da santa klaraSi, stadioni aiovas Statis CrdiloeTSi, 
daxuruli stadioni 80 aTas mayurebelze q. pontiakSi, stadionebi 
vankuverSi, vaSingtonSi, indianapolisSi, sirakuzaSi da mraval sxv.). 
firma `berdeir~-ma Seqmna specialuri SesaduRebeli aparati am 
qsovilisaTvis, romelic uzrunvelyofs mis saimedoebas. teflonisa da 
minaboWkos kompoziciis damuSavebiT miRebul iqna masala `Sirfili~, 
romelsac gaaCnia rogorc maRali simtkice da kargi saeqspluatacio 
Tvisebebi, aseve amaRlebuli cecxlmedegoba, xanmedegoba ara naklebi 20 
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wlisa da mravali sxva iseTi Tviseba, romlebic mas aqcevs TiTqmis 
idealur masalad didmalian pnevmatikur gadaxurvebSi. 

teflonur saxuravs qsovilur safuZvelTan SeerTebis Semdeg aqvs 
moyviTalo-movardisfro feri. Tumca TviT tefloni gamWvirvale Ria 
ferisaa da mzis sxivebis xanmokle moqmedebis Semdeg xdeba misi 
gauferuleba, ris gamoc saxuravis masala Rebulobs metad sasiamovno 
lamaz mkrTal TeTr fers. radganac tefloni qimiuri da samrewvelo 
damabinZurebeli nivTierebis mimarT inertulia, amitom is mudmivad rCeba 
sufTa da TeTri feris; mtveri da WuWyi, romelic SeiZleba mis 
zedapirze dagrovdes, advilad irecxeba wvimis dros da praqtikulad 
saxuravi, yovelgvari damatebiTi xarjebis gareSe, bunebrivad, wlis 
nebismier dros, gamoiyureba mimzidvelad. garda aRniSnulisa, Sifrils 
aRmoaCnda unikaluri Tviseba _ aireklos mzis energiis 70% sinaTlis 
absolituri gamtarobis pirobebSi, rac saSualebas iZleva zafxulobiT 
minimaluri danaxarjebiT SenobaSi SevinarCunoT normaluri temperatura. 
es sakiTxi gansakuTrebiT aqtualuria sportuli moednebis da 
stadionebis gadaxurvebSi, sadac aTi aTasobiT mayurebeli iyris Tavs. 
aRsaniSnavia isic, rom garsSi gavlis Semdeg mzis sxivebi ganicdis 
gardatexas da interieris mxridan ganaTeba tovebs Tanabrad gabneuli 
Suqis sasiamovno STabeWdilebas, sxvanairad rom vTqvaT, Sirfilis Suqis 
speqtri Siga mxridan uaxlovdeba dRis Suqis speqtrs. ra Tqma unda, 
yovelive es iZleva eleqtroenergiis did ekonomias. 

aSS-is samSeneblo normebis Tanaxmad pnevmoqsovilebis simtkicis 
maragis koeficienti 4-is tolia. 

80-iani wlebis dasawyisSi amerikelebis mier miRebul iqna axali 
organuli boWko kevral-aramidi, romlis meqanikuri Tvisebebi 
uaxlovdeba foladisas, Tumca masze xuTjer msubuqia. uzarmazari 
simtkice (2760mpa), maRali drekadobis moduli (131000mpa) da mcire 
simkvrive (1,45g/sm3) uzrunvelyofs am boWkoebis upiratesobas Cveulebriv 
minaboWkosTan SedarebiT. 

kevral-aramidis boWkos saxelwodeba msoflioSi damkvidrda 
rogorc `aramidi~. aSS-Si kevlaris ori saxeobaa: kevlari 29 da kevlari 
49. kevlaris cecxl- da Tbomedegoba gacilebiT maRalia, vidre sxva 
organuli masalebisa; kevlaris boWko ar dneba (misi daSla iwyeba 4200C 
temperaturaze), ar kargavs simtkices amaRlebuli tenianobisas da aqvs 
sakmaod dabali Termuli gafarToebis koeficienti. 

aramiduli boWkoebi inarCunebs saeqspluatacio Tvisebebs 1600C 
temperaturamde, rac gacilebiT maRalia, vidre igive maCvenebeli 
neilonisa da polieTerisaTvis. mdgradia organuli gamxsnelebis, sawvavi 
da sapoxi masalebis, tuteebis da mJavebis mimarT. 

yovelive zemoT CamoTvlil dadebiT TvisebebTan erTad kevlars 
aqvs uaryofiTi Tvisebebic, magaliTad ultraiisferi sxivebis gavleniT 
igi mniSvnelovnad kargavs simtkices, rac nawilobriv zRudavs misi 
gamoyenebis SesaZleblobas, Tumca SesaZlebelia moinaxos misgan dacvis 
ekonomikuri gadawyveta. 

 
7.10.3. saangariSo datvirTvebi 

 
pnevmatikuri konstruqciebisaTvis yvelaze damaxasiaTebeli 

datvirTvis saxea haeris Siga Warbi wneva. misi sidide iseTi unda iyos, 
rom gamWimma Zalvebma garsSi mTlianad an nawilobriv Caaqros gare 
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datvirTvebisagan (Tovli, qari, teqnologiuri datvirTvebi) aRZruli 
mkumSavi Zalvebi. 

garsis sakuTari wona mcirea da gawonaswordeba haeris Siga Warbi 
wneviT, romelic tolia 10...20 paskalis, rogorc wesi, sakuTari wonis 
gavlenaze garsis gaangariSebas axdenen mxolod gamonaklis SemTxvevaSi. 

Tovlis datvirTva haerze dayrdnobil pnevmatikur nagebobebze 
mniSvnelovnad mcirea, vidre samSeneblo normebSi mocemuli misi 
normatiuli mniSvnelobaa. garsis gakrialebul zedapirze, romelic 
sistematur rxevebs ganicdis qaris datvirTvisagan da icvlis formas 
haeris Siga Warbi wnevis arastabiluri donis gamo, Tovlis 
mravaldRiani dagroveba ar xdeba. miRebulia, rom Tovlis datvirTvis 
intensiuroba gavutoloT bolo 10 wlis manZilze erT dRe-RameSi 
mosuli Tovlis maqsimalur wonas. klimaturi raionebis mixedviT misi 
mniSvneloba moyvanilia 6.1 cxrilSi. 
 

cxrili 6.1 
Tovlis datvirTvis normatiuli mniSvnelobebi haerze dayrdnobili 

pnevmatikuri nagebobebis gaangariSebisaTvis. 
 

klimaturi raionebi I II UIII IV V VI 
Tovlis datvirTva S0 , mpa 0,1 0,1 0,15 0,2 0,25 0,3 

 
7.10.4. pnevmatikuri garsebis gaangariSebis safuZvlebi 

  
nebismieri saxis pnevmatikuri konstruqciis gaangariSebis mizania 

rbili garsis daZabul-deformirebuli mdgomareobis gansazRvra. garsi 
haeris Siga Warbi wnevisa da gare datvirTvebis moqmedebis Sedegad 
yovelTvis unda imyofebodes wonasworobis mdgomareobaSi. 

miuxedavad imisa, rom psk garegnulad mcired gansxvavdebian 
Cveulebrivi xisti masalebisagan damzadebuli garsebisagan, statikuri 
gaangariSeba moicavs rig mniSvnelovan momentebs, romlebic realurad 
ganasxvaveben aseT garsebs xisti nagebobebisagan. 

pnevmatikuri konstruqciebisaTvis gamoyenebuli rbili, Txeli 
qsovilebi da afskebi gamoirCevian maRali simtkiciT gaWimvaze da 
absoluturad ver Rebuloben Tavis Tavze mkumSav, ganiv Zalebsa da 
mRunav momentebs. amitom, aseT SemTxvevebSi, rodesac gare datvirTvebi 
pnevmogarsSi iwveven kumSvis Zabvebs, mimarTaven winaswar daZabvas Warbi 
wnevis saSualebiT. 

psk-is daproeqteba moicavs Semdegi amocanebis gadawyvetas: 1) 
garsis optimaluri formis SerCeva; 2) Zalovani zemoqmedebis sididis da 
xasiaTis dadgena; 3) garsis masalis fizikur-meqanikuri Tvisebebis 
dazusteba da saangariSo winaRobis mniSvnelobis dasabuTeba; 4) 
datvirTvebis moqmedebis Sedegad garsis gadaadgilebebis 
(deformaciebis) gansazRvra; 5) garsis daZabul-deformirebuli 
mdgomareobis gansazRvra. 

arsebobs haerze dayrdnobili garsebis gaangariSebisadmi midgomis 
sami ZiriTadi etapi: 
1) garsebis Teoriis wrfivi umomento (membranuli) gantolebebis 
gamoyeneba Semdegi gamartivebebiTa da daSvebebiT: garsi ar ganicdis 
deformaciebs; SesaZlebelia garsis danawevreba martivi geometriuli 
formis mqone ubnebad, ris drosac ugulebelyofilia Zabvebis da 
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deformaciebis erToblivi moqmedebis piroba. es midgoma (e.w. 
elementaruli Teoria), miuxedavad garsebis umomento Teoriis 
mzamzareuli formulebisa, ar uzrunvelyofs angariSis Sedegebis saWiro 
sizustes da ganixileba, rogorc variantuli daproeqtebis pirveli 
miaxloeba. 
2) garsis wonasworobis gantolebis Sedgena Siga Warbi wnevisa da gare 
Zalebis erToblivi moqmedebebisas masalis drekadi Tvisebebis da 
anizotropiulobis gaTvaliswinebiT, garsTa klasikuri Teoriis 
safuZvelze. aseTi midgoma dakavSirebulia did maTematikur 
sirTuleebTan, radganac saWiro xdeba mravalucnobiani arawrfivi 
diferenciuli gantolebebis sistemis amoxsna. praqtikaSi ifarglebian 
zogierTi kerZo SemTxvevis ganxilviT, kerZod ki simetriulad 
datvirTuli brunviTi da cilindruli garsebisa. cilindruli garsebis 
SemTxvevaSi grZivi datvirTva miiReba ganawilebuli msaxvelis 
mimarTulebiT, rac saSualebas iZleva ganvixiloT igi, rogorc 
erTganzomilebiani. 
3) gaangariSebis ricxviTi meTodebis gamoyeneba, kerZod sasruli 
elementebis meTodi (sem), romelic rbili garsebisaTvis intensiurad 
muSavdeba da ixveweba mraval qveynaSi (aSS, iaponia, gfr, Svecia). sem 
efuZneba kontinualuri amocanebis Secvlas diskretuliT. es meTodi 
iTvaliswinebs garsis zedapiris danawevrebas sasruli zomis 
elementebad, romelTa qmedeba SeiZleba daprogramebuli iqnes 
kompiuterebze gasaangariSeblad. 
 datvirTvis modebis SemTxvevaSi elementebis mTeli sistemis 
wonasworoba irRveva, romelic aRdgeba kvanZebis gadaadgilebis Semdeg, 
programis Sesabamisad. es amocana wydeba TandaTanobiTi miaxloebis 
meTodiT egm gamoyenebiT. 
 saerTod rbili garsebis gaangariSeba moiTxovs sakmaod rTuli 
maTematikuri aparatis gamoyenebas da igi saxelmZRvaneloSi moyvanili ar 
aris. 
 

7.10.5. momavlis pnevmatikuri konsruqciebi 
 

samSeneblo industriis ganviTarebis maRali tempi, Tanamedrove 
qalqaTmSeneblobis mniSvnelovani samecniero-teqnikuri progresi da 
sazogadoebis esTetikur-funqcionaluri moTxovnebis gazrda 
ganapirobebs arqiteqturis da mSeneblobis ganviTarebis 
prognozirebisadmi did interess. Tavis mxriv, prognozireba 
dakavSirebulia materialur-teqnikuri bazisa da samSeneblo masalebis 
xarisxovriv ganviTarebasTan. 

dasavleTis qveynebSi swrafi tempebiT mimdinareobs cementis, 
keramikis, minis da polimerebis bazaze damzadebuli xelovnuri 
samSeneblo masalebis nomenklaturis gafarToeba. konstruqciuli 
masalebis yvelaze tevad dargs warmoadgens samSeneblo industria. 
magaliTad, aSS-Si mSeneblobas xmardeba qveyanaSi gamoSvebuli foladis 
32%, aluminis 33%, Savi liTonebis sxmulebis 26%, spilenZis 24%, tyviis 
10% da plastmasis 32%. bolo 30 wlis manZilze ki tradiciuli 
samSeneblo masalebis warmoeba gaizarda 2...3-jer, aluminis _ 55-jer, 
xolo plastmasis _ TiTqmis 100-jer. am periodSi axali mSeneblobis 
moculoba gaizarda daaxloebiT 3,3...3,5-jer. 
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msoflioSi cnobili eqspertebis azriT momavlis yvelaze 
perspeqtiul samSeneblo masalebad miCneulia plastmasebi, feradi 
liTonebi, foladi, mina da gakeTilSobilebuli merqani. yvelaze 
uperspeqtivod ki - bunebrivi qvis masalebi da keramika. rac Seexeba 
betonsa da rkinabetons, isini jer kidev darCebian dominantebad 2020 
wlamde, Semdeg ki TandaTanobiT dauTmoben wamyvan adgils SedarebiT 
msubuq masalebs. 

momavlis TvalsazrisiT metad perspeqtiul konstruqciebs 
warmoadgens pnevmatikuri konstruqciebi. miuxedavad imisa, rom 
dReisaTvis Seqmnilia SesaniSnavi Tvisebebis mqone xelovnuri masalebi, 
momavalSi kidev Seiqmneba ufro ukeTesi masalebi - maRali simtkicisa da 
xanmokle, uwvadi, siTbo- da yinvamedegi, iafi da teqnologiuri. 
gaumjobesdeba da daixveweba haeris miwodebis sistemebi, romlebic 
srulad gamoricxaven garsis SigniT haeris wnevis davardnas. Seiqmneba 
mzis energiaze dafuZnebuli temperaturul-tenianobiTi reJimis 
maregulirebeli mowyobilobebi. yovelive es momavalSi gamoiwvevs 
tradiciuli xisti masalebisagan agebuli kapitaluri nagebobebis 
gabatonebuli mdgomareobis nawilobriv Seviwroebas pnevmatikuri 
konstruqciebisagan, gansakuTrebiT ki haerze dayrdnobili rbili 
garsebisgan. 

pnevmatikuri samSeneblo konstruqciebis ganviTarebis perspeqtivebs 
gansazRvravs maTi ori ZiriTadi Tviseba: didi malebis gadaxurvis da 
garsis Siga sivrcis garemosgan izolaciis SesaZlebloba. es 
konstruqciebi mxolod im SemTxvevaSi gaxdeba masiuri, rodesac 
saSualebas mogvcems garsis qveS ganvaTavsoT mTeli qalaqi, 
agrosamrewvelo kompleqsi, karierebi, msxvili samSeneblo raionebi da 
sxv. advili warmosadgenia, ra upiratesobas moitans aseTi garsebi 
arqtikul an tropikul zonebSi mSeneblobaze zomieri klimaturi 
garemos Seqmnis TvalsazrisiT. 

didi malebis gadaxurvis problema warmoadgens samSeneblo 
xelovnebis erT - erT yvelaze `mudmiv" problemas. Tu mxedvelobaSi ar 
miviRebT xidmSeneblobas, zRvruli malebis gadaxurvebi unda pasuxobdes 
ara marto teqnikur SesaZleblobebs, aramed mis mizandasaxulobasac. 
sxvanairad rom vTqvaT, miznis miRwevis aucilebloba mSeneblobis winaSe 
ayenebs ama Tu im proeqtis teqnikuri gadawyvetis saWiroebas. dRemde 
zRvrul malebad iTvleba 100 aTas mayurebelze gaTvaliswinebuli 
stadionis gadaxurva gegmaSi zomebiT  200X300m. 

ufro didi farTobis gadaxurvis saWiroeba SeiZleba dadges 
mxolod garsis Siga klimatis garemosagan izolaciis moTxovnis 
pirobebSi. swored am aspeqtma, momavalSi, SesaZloa gansazRvros haerze 
dayrdnobili nagebobebis mimarTuleba. 

praqtikulad didi malebis gadaxurva SesaZlebeli gaxda bagirebiT 
da badeebiT gaZlierebuli pnevmogarsebis gamoCenis Semdeg. Sedegebmac 
ar daayovna. bagirebiT gaZlierebuli 168m malis mqone garsi (stadioni, 
aSS), dReisaTvis rekorduli zomisaa, magram ar warmoadgens zRvruls. 
damuSavebulia gacilebiT meti sididis garsebis proeqtebi, romelTagan 
grandiozulobiTa da soliduri dasabuTebiT gamoirCeva prof. f. otos 
(germania) mier damuSavebuli farTod cnobili garsis proeqti qalaqis 
Tavze arqtikaSi. qalaqi 20 aTas mcxovrebze moTavsebulia 2 km diamtrisa 
da 240m simaRlis Suqgamtari gumbaTis qveS. garsis Zalovan safuZvlad 
gamoyenebulia 270mm diametris polieTeruli Zafis bagiri muSaobis 100 
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wliani garantiiT. orfenovani garsi daWerilia Siga Warbi wneviT 250pa. 
polimerebis qimia da damzadebis teqnologiis Tanamedrove done savsebiT 
sakmarisia am proeqtis gansaxorcieleblad. 

aqve unda aRiniSnos isic, rom Zalze didi malebis gadaxurvebi 
ekonomikurad yovelTvis gamarTlebuli ar aris. aviRoT, magaliTad, 
agrosamrewvelo kompleqsis an qalaqis gadaxurva. aseTi gadaxurva, 
albaT upriani iqneba, ganvaxorcieloT ufro ekonomikurad - gruntSi 
Caankerebuli saWimarebis saSualebiT, romlebsac ganvalagebT vTqvaT, 
yovel 100 metrSi da isini bunebrivia arafers SeuSlian xels. am gziT ki 
faqtiurad SesaZlebeli iqneba gadaxurvis nebismieri zomis farTobebi. 

qalaqTmSenebloba. Tu garsis qveS moTavsdeba qalaqi, igi daculi 
xdeba atmosferuli zemoqmedebisagan, rogoricaa qari, naleqebi, 
temperaturis cvlileba. haeris insolacia eqvemdebareba kontrolsa da 
regulirebas. aseTi garsi faqtiurad warmoadgens Tavisebur diafragmas, 
romelic yofs bunebriv klimatian sivrces xelovnur klimatiani 
sivrcisagan. igi gamoyofs garemosagan ara adamians, aramed mTel mis 
sadgoms. amitom saxlebs ukve aRar moeTxovebaT Cveulebrivi tradiciuli 
Tvisebebi: siTbomedegoba, yinvagamZleoba, uJonadoba. saxuravi, romelic 
ar ganicdis Tovlis, wvimis da qaris moqmedebas, Seicvlis formas da 
konstruqcias, dakargavs ra hidrosaizolacio da wylis gadamyvanis 
funqciebs. Senobis ConCxi, gaTavisuflebuli qarisa da Tovlis 
datvirTvebisagan, gaxdeba gacilebiT msubuqi. 

garsidan Camonadeni sufTa wyali SesaZlebeli iqneba gamoviyenoT 
miznobrivad da dRis wesrigidan moxsnis mtknari wylis problemas. 
saWiro aRar iqneba saniaRvre kanalizacia, quCebis gawmenda Tovlisagan, 
rac sakmaod Zviri jdeba. magaliTad, q. moskovSi yoveli zamTrisas 
Tovlis gawmendaze dakavebulia 1500 avtomanqana, romelTa marto 
satransporto xarjebi 1990 wlis monacemebiT Seadgenda 5...6 miliard 
maneTs weliwadSi. 

aseTi garsis Siga sivrcis gaTboba ufro ekonomiuri iqneba, 
radganac gasaTbobi Senobebis zedapiris farTobi daaxloebiT 50-jer 
aRemateba garsis zedapiris farTobs. r. fuleris monacemebiT, siTbos 
saerTo danakargebi 10-jer Semcirdeba. 

arsebebs kidev metad saintereso mosazrebac: garsis SigniT 
moTavsebuli qalaqi, Tavisi SenobebiTa da xalxiT, xom ar iqneba 
sakmarisi imdeni siTbos gamosayofad, romelic bunebrivad daiWers 
gumbaTs? SeiZleba, gadavxuroT ra qalaqi afskiT, zamTarSi mainc ar 
dagvWirdeba haeris damWixni kompresorebis muSaoba? SeiZleba Tu ara am 
dros saerTod Ria davtovoT rabebi? am da mraval sxva kiTxvebze pasuxs 
momavali gagvcems. 

soflis meurneoba. haerze dayrdnobili garsebiT msxvili 
agrosamrewvelo kompleqsebis gadaxurva soflis meurneobis winaSe axal 
perspeqtivebs Slis. 

sasiTbure efeqtis gamoyeneba, ten-Termuli reJimebis marTva, 
xelovnuri atmosferos Seqmna sasurveli qimiuri SedgenilobiT - 
yvelaferi es SeiZleba mimarTul iqnes sasoflo-sameurneo kulturebis 
savegetacio periodis Sesamcireblad, weliwadSi ramdenime mosavlis 
aReba, mwiri miwebis aTviseba da sxv. 

kanadelma specialistebma, TavianTi samxreTis raionebis magaliTze 
gamoTvales, rom aseTi garsebis gamoyeneba saSualebas iZleva xvna da 
Tesva gadmovwioT 4-6 kviriT adre gazafxulze da miviRoT adreuli 



 188

mosavali. Tesvis damTavrebis Semdeg garsi ixsneba da mas iseve ayeneben 
gvian Semodgomaze mosavlis dasamwifeblad, agreTve mosavlis aRebis 
procesis dasacavad atmosferuli naleqebisagan. 

atmosferoSi qimiuri Sedgenilobis cvlileba saSualebas iZleva 
miviRoT maRali mosavali. rusi mecnieri v. kovda da v. kunini aRniSnaven, 
rom haerSi naxSirmJava gazis 10-jer gazrda iwvevs mosavlianobis 
amaRlebas daaxloebiT 5-jer. 

 

 
nax. 7.36. samrewvelo kompleqsis saWimarebiani garsis qveS. 

 
meores mxriv, JangbadiT atmosferos gaRaribebiT (magaliTad 

sacavebSi) SeiZleba miRweul iqnas sasoflo-sameurneo produqciis 
Senaxvis vadis gazrda da gamoricxos maTi gafuWeba. ingliselma 
mecnierebma daadgines, rom Tu marcvalsacavSi SevwyvitavT haeris 
miwodebas, maSin swrafad nadgurdeba mavneblebi Jangbadis ukmarisobis 
gamo. Tu sacavs davxuravT 0,2% haergaumtari garsiT, maSin SesaZlebebli 
iqneba gauniaveblad sawyobSi sveli marcvlis moTavseba. 

saintereso mosazrebas gvTavazoben abu-dabis (arabeTis emiratebi) 
mecnierebi: Tu pnevmogarsis SigniT movaTavsebT zRvis wyals, igi mzis 
gavleniT aorTqldeba, mtknari kondensanti gaCndeba garsis Siga 
zedapirze da Semdeg igi tenis saxiT ecema miwaze, sadac SeiZleba 
bostneulis moyvana. 

 

 

nax. 7.37. Ria karieris damuSaveba bagirebiT gaZlierebuli garsis qveS. 
 

 cnobilia, rom mTebi mkveTrad cvlis mimdebare teritoriebis 
klimats. iaponurma firmam `taio kogiom~ wamoayena winadadeba saudis 
arabeTis uwylo udabnoSi dayenebul iqnas 10km sigrZisa da 600m 
simaRlis gasaberi mTagrexili, romelic daakavebs zRvidan monaber 
tenian haers. cxeli haeri, ava ra mTagrexilis wveromde, gacivdeba, 
gardaiqmneba Rrublad da wvimis saxiT daubrundeba udabnos. advili 
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warmosadgenia, ra mogebis motana SeuZlia haeriT agebul aseT mTebs 
arabeTsa Tu afrikis udabno adgilebisaTvis. 
 mSenebloba. dReisaTvis CrdiloeTis samSeneblo praqtikaSi sakmaod 
xSirad iyeneben pnevmatikur garsebs saTburebis saxiT, ara marto 
betonis, saxuravis, SeduRebis samuSaoebis sawarmoeblad, aramed ori da 
samsarTuliani Senobebis asagebad. Sors ar aris is dro, rodesac haerze 
dayrdnobili garsebiT gadaixureba sacxovrebeli, sazogadoebrivi an 
samrewvelo kompleqsebi (nax. 7.36). ufro metic, maTi gamoyeneba efeqturi 
iqneba sasargeblo wiaRirseulis Ria karierebis eqspluataciisaTvis (nax. 
7.37). gansakuTrebiT polaruli wris iqiT mdebare raionebisaTvis. 
 axali horizontebi iSleba pnevmatikuri konstruqciebis 
gamoyenebisa kosmosur mSeneblobaSi. sxva planetebze dedamiwelebis 
`koloniebis~ gasaSeneblad isini albaT Seucvleli konstruqciebi iqneba 
(nax. 7.38). SesaZlebelia rbili garsebis gamoyeneba akvanavtikaSic. 
 

 
nax. 7.38. pnevmatikuri nagebobebi planetebze. 


