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m S e n e b l o b a

mTavari redaqtori _ malxaz wiqariSvili
mTavari redaqtoris
moadgileebi _ gela yifiani damfuZnebeli

roin imedaZe giorgi laRundariZe

samecniero-saredaqcio kolegiis wevrebi:

bacikaZe Tamazi, gurgeniZe daviTi, danelia demuri, draSkoviCi

ferdinandi (slovakeTi), kviciani tarieli, kodua nodari, klimiaSvili

levani, kublaSvili murmani, kubeskova daria (CexeTi), maxvilaZe revazi,

meZmariaSvili elguja, miaCenkovi vladimeri (ruseTi), mSvenieraZe

inguSa, nadiraZe anzori, raiCiki iaroslavi (poloneTi), rekvava paata,

ripi iani (holandia), frangiSvili arCili, Cernogolovi igori

(ruseTi), CixlaZe vladimeri, Ciqovani arCili, cixelaSvili zauri,

cxvedaZe revazi, WoxoneliZe guga, xazaraZe omari, xmeliZe Tamazi,

javaxiSvili marina.

pasuxismgebeli mdivani: TinaTin maRraZe

sakontaqto tel. 65-93; 599-478422

E-mail: tinmag@mail ru

veb-gverdi: www.sheneba.ge

kompiuteruli da grafikuli uzrunvelyofa

lika laRundariZe



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(40), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

3

С Т Р О И Т Е Л Ь С Т В О
ГЛАВНЫЙ РЕДАКТОР:   М.А. Цикаришвили
ЗАМ. ГЛАВНОГО
РЕДАКТОРА:   Г.О. Кипиани; ОСНОВАТЕЛЬ:

Р.И. Имедадзе Г.О. Лагундаридзе
ЧЛЕНЫ НАУЧНО-РЕДАКЦИОННОЙ КОЛЛЕГИИ:
Т.В. Бацикадзе, Д. Гургенидзе; Д.К. Данелия; Ф. Драшкович (Словакия;); М.В.
Джавахишвили; Т.О. Квициани; Н.Д. Кодуа; Л.Д. Климиашвили; М. Кублашвили;
Р.Л. Кубескова Д. (Чешская республика); Махвиладзе; Э.В. Медзмариашвили; И.Д.
Мшвениерадзе; В.В. Мяченков (Россия); А.Д. Надирадзе; А.И. Прангишвили; Я.
Райчик (Польша); Ян Рип (Голландия); П.А. Реквава; И.А. Черноголов (Россия);
В.Ш. Чихладзе; А. Б. Чиковани; З.И. Цихелашвили; Р.М. Цхведадзе; Г.И.
Чохонелидзе; О. Г. Хазарадзе, Т.П. Хмелидзе.

Ответственный секретарь: Т.Б. Маградзе
Контактные телефоны: 65-93; 599 478422

E-mail:tinmag@mail ru
Веб-страница: www.sheneba.ge

Компьютерное и графическое обеспечение:
Л.Г. Лагундаридзе

B U I L D I N G
EDITOR-IN-CHIEF:   M. Tsikarishvili
DEPUTY EDITORS
IN-CHIEF:  G. Kipiani; CONSTITUTIVE:

R. Imedadze G. Lagundaridze
MEMBERS OF SCIENTIFIC-EDITORIAL BOARD:
T. Batsikadze; Chernogolov (Russia); V. Chikladze; A. Chikovani; G. Chokhonelidze;
D. Gurgenidze; D. Danelia; F. Drashkovich; M. Javakhishvili; T. Kvitsiani; O.
Khazaradze, T. Khmelidze; N. Kodua; L. Klimiashvili; M. Kublashvili; D. Kubeskova
(Czech Republic); R. Makhviladze; E. Medzmariashvili; V. Miachenkov (Russia); I.
Mshvenieradze; A. Nadiradze; A. Prangishvili; Y. Raichik (Poland); J. Rip (Nederland);
P. Rekvava; Z. Tsikhelashvili; R. Tskhvedadze.

Responsible secretary T. Magradze

Tel: 65-93; 599 478422
E-mail:tinmag@mai.l ru

Web-site:www.sheneba.ge
Computer and Program providing:

L. Lagundaridze



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(40), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

4

Sinaarsi
j. gigineiSvili, n. inwkirveli, g. gedevaniSvili, n. qavTaraZe.
istoriuli da monumentaluri xuroTmoZRvruli Zeglebis, mwvave
avariuli da dazianebuli Senoba-nagebobebis saproeqto-
sakonstruqtoro gadawyvetebis saqmianobasTan dakavSirebuli
riskebis prevenciisa da minimizaciis Tanamedrove
gzebi...........................................................................................................................................................................5
a. Ciqovani, d. gurgeniZe. maRali simtkicis betonis tendenciebi.............16

T. bacikaZe, n. murRulia, j. niJaraZe, v. soxaZe. integro-

diferencialuri gantolebis ekvivalenturi diferencialuri
gantolebis miReba rxevis milevadobis gaTvaliswinebiT ..........................19

p. rekvava. seismomedegi konstruqciebis daproeqtebis evrokodi 8 EN
1998-is danergvis aucilebeli komponentebi: erovnulad

gansazRvruli parametrebi ..............................................................................................23
i. qvaraia, i. CitaZe. cement-burbuSeliani mouxsnadi yalibebis msgavsi

yalibebis warmoebis SesaZlebloba saqarTveloSi ..............................................29
z. kvinikaZe, T. kokaia. ori monaTesave zedapiris moculobebs Soris

urTierTdamokidebuleba ...........................................................................................................................32
r. imedaZe, m. kiknaZe. foladis konstruqciebis usafrTxoebis

amaRleba maTi regularuli kvlevis gziT .......................................................................37
m. keWaymaZe, v. jRamaia, l. janaSia, v. mariamiZe. betoniT gaJRenTili

qsovili da misi gamoyeneba infrastruqturuli obieqtebis
mSeneblobasa da reabilitaciaSi....................................................................................................41
m. moiswrafiSvili, l. andRulaZe. sarkinigzo transportis garemoze

zemoqmedebis Sefasebis Taviseburebebi ................................................................................46
m. abazaZe. modificirebeli Tixa-fiqali efeqturi danamati

saqarTveloSi kompozituri saSeni masalebis teqnologiaSi. ................... 50
T. gabadaZe. i.sulaZe. cecxlgamZle gafarToebadi cementebi da

xsnarebi ....................................................................................................................................... ............................57
T. papuaSvili, v. jRamaia, m. sulamaniZe. blanti sagzao bitumebis

reologiuri Tvisebebi .....................................................................................................................................63

l. kaxiani, m. TavaZe. rkinabetonis konstruqciuli elementebis

muSaobisa da rRvevis meqanizmis kvleva ..........................................................................68
n. rurua, l. CxeiZe. sapirapiro RreCoebis mdgomareobis analizi da

rgoluri liandagis samedoobis prognozireba .....................................................71
i. qvaraia, S. yanCaSvili. rkinabetonis TaRovani kesonuri gadaxurvis

mowyobis praqtikuli magaliTi. ...........................................................................76

n. rurua, l. ruxaZe. mosazrebebi sarkinigzo relsebis

eleqtrokontaqturi meTodiT SeduRebis instruqciaSi

cvlilebebis Setanis Sesaxeb ..................................................................................79
milocva.....................................................................................................................................................................82
SUMMARIES.............................................................................................................................................................84



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(40), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

5

Моя сказка – мир мчится к пропасти!
Отче, вразуми: как его спасти?!
Я не милости  и не жалости –
Прошу мудрости! Хотя б малости. . .

Ю. В. Верюжский
istoriuli da monumentaluri xuroTmoZRvruli Zeglebis,

mwvave avariuli da dazianebuli Senoba-nagebobebis
saproeqto-sakonstruqtoro gadawyvetebis saqmianobasTan

dakavSirebuli riskebis prevenciisa da minimizaciis
Tanamedrove gzebi

j. gigineiSvili, n. inwkirveli, g. gedevaniSvili, n. qavTaraZe
q. Tbilisi, Sps “progresi” – inJineri-mSenebeli, Senoba-nagebobaTa
avtomatizebuli meTodebiT kvlevis da proeqtirebis inJineri; q.

Tbilisi, Sps “progresi” – arqiteqtor-restavratori; q. Tbilisi, Sps
“ABTectonic”, inJineri-mSenebeli, konstruqtori; , q. Tbilisi, Sps

“progresi” – inJineri-mSenebeli, konstruqtori.
reziume: saqarTvelSi mravladaa sxvadasxva daniSnulebis
monumentaluri xuroTmoZRvrebis Zeglebi, romelTa didi nawili
moiTxovs gadaudebel gamagreba-gaZlierebis, aRdgenis, sareabilitacio
da sarestavracio samuSaoebis Catarebas. bolo wlebSi, aseve
momravlda avariuli da dazianebuli sacxovrebeli da sazogadoebrivi
daniSnulebis Senoba-nagebobebis ricxvi. avariebis gamomwvev mizezebad
ki rogorc wesi saxeldeba: saZirkvlis qveSa gruntebSi teqnogenuri
procesebiT gamowveuli cvlilebebi, maTi teqnikuri momsaxurebis
gaumarTaoba, araswori sayofacxovrebo saeqspluatacio pirobebi da
sxva. aseT SemTxvevaSi avariuli Senoba-nageboba ganixileba, rogorc
rTuli teqnikuri sistema, romelmac ganicada deformaciebi da
ngrevebi, mzid elementebSi warmoSobilia bzarebi, xSirad
amortizebuli da faqtobrivad degradirebulia mzidi konstruqciebis
Semadgeneli masalebi da sxva.

naSromSi warmoCenilia, rogorc istoriuli Zaglebis, aseve sxva
Senoba-nagebobebis teqnikuri kvlevis, maTi daZabul-deformirebuli
mdgomareobis srulfasovani da yovelmxvrivi analizis safuZvelze
aRdgena-reabilitaciis gzebi da xerxebi Tanamedrove masalebis
gamoyenebiT.
sakvanZo sityvebi: avariuli da dazianebuli Senoba-nagebobebi,
istoriul-kulturuli xuroTmoZRvrebis Zeglebi, kompiuteruli
modelireba da gaangariSeba, konstruqciaTa daZabul-deformirebuli
mdgomareoba, riskebis prevencia, minimizacia, Tanamedrove masalebi,
aRdgena, gamagreba-gaZliereba, reabilitacia, restavracia.

1. Sesavali
dRevandeli gadmosaxedidan arqiteqturul-samSeneblo

saqmianobasTan dakavSirebuli samecniero da saproeqto saqmianoba
warmoadgens rTul process, romelic moiTxovs Rrma  codnas da pirdapir
kavSirSia mTel rig Teoriul da fundamentur mecnierebis safuZvlebTan.
rac Seexeba uSualod dazianebul Senoba-nagebobaTa konstruqciebis
gamagreba-gaZlierebisa da maTi aRdgena-reabilitaciisaTvis saWiro
proeqtirebis process, Tanamedrove moTxovnebis Sesabamisad igi SesaZloa
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moicavdes samSeneblo obieqtebis sasicocxlo ciklis etapebs:
proeqtireba, mSenebloba, eqspluatacia da degradacia.

(aqve gvsurs aRvniSnoT, rom saukuneebis manZilze qarTveli
mSenebelebis mier Seqmnili mravali arqiteqturuli Zegli dRemde
imsaxurebs sxvadasxva qveynebis specialistTa gansakuTrebul yuradRebas,
magram samwuxarod maTi didi nawili dReisaTvis mwvave avariul stadiaSia
da saWiroebs gadaudebeli aRdgena-reabilitaciis samuSaoebis Catarebas).

aRdgena-reabilitaciisa da gamagreba-gaZlierebis SemTxveva,
ganixileba, rogorc arqiteqturuli Zeglis an arsebuli Senoba-nagebobis
ZiriTadi ConCxedisa da misi iersaxis SenarCunebis procesi, romelic amave
dros gulisxmobs Senoba-nagebobis mdgradobisa da medegobis SenarCunebas
an gaumjobesebas, samSeneblo normebiT gaTvaliswinebul zemoqmedebaze -
Tanamedrove masalebisa da samSeneblo teqnikis gamoyenebiT. (laT. -
restauratio - aRdgena-restavrireba) aRiqmeba, rogorc arqiteqturuli
nawarmoebis aRdgena-restavracia im pirvelyofili mdgomareobis
Sesabamisad, rogorc es ganxorcielebuli iyo Tavdapirvelad da
garkveuli periodis Semdeg (sxvadasxva mizezTa gamo) dakarga pirvandeli
saxe.

Senoba-nagebobebis restavracia rTuli procesia, romelic moiTxovs
sxvadasxva dargis specialistebis: geologebis, arqeologebis,
arqiteqtor-restavratorebis, konstruqtorebis, istorikos-
xelovnebaTmcodneebis, teqnologebis, inJiner-mSeneblebisa da sxvaTa
Zalisxmevas saxelmwifo struqturebis TanadgomiT.

statiis avtorebis mier SerCeuli iqna ramdenime gamagreba-
gaZlierebis saproeqto  gadawyveta, romlebSic aisaxa mTeli is procesi
rac Tan axlavs aRniSnul samuSaTa Sesrulebas, romlebic aRwerili  da
ganxilulia qvemoT mocemul masalebSi.

2. ZiriTadi nawili
q. TbilisSi, pekinis q. #2-Si mdebareobs e.w. „akademikosebis saxli“,

romelic daproeqtebulia jer kidev 1940-iani wlebis bolos, mSenebloba
ki mimdinareobda 1950-ani wlebis dasawyisSi da igi warmoadgens
adgilobrivi mniSvnelobis arqiteqturul  Zegls.

sacxovrebeli saxli 8 sarTuliania, sardafiT, erT sadarbazoiani.
Senoba sworxazovani moxazulobisaa, maqsimaluri zomebiT gegmaSi

(17.60X15.20)m., Senobis simaRle H=35.50m., sarTulebis simaRle:
HsarT.=6.55+(4.00X7)m; Hsardaf.=2.80m.

Senoba CarCo-kavSirebiani sistemisaa, ganxorcielebuli, nawilobriv
monoliTuri da nawilobriv asawyobi rkina-betonis konstruqciebis
gamoyenebiT. nageboba avariulia mas Semdeg,  rac moxda fuZe gruntis
intensiuri gawylianeba, ramac  gamoiwvia  fuZe-saZirkvlebisa da Senobis
araTanabari jdenis procesebi. aqve unda aRiniSnos, rom Senobis
saZirkvlebi nawilobriv wertilovania, nawilobriv ki lenturi da isini
mxolod saZirkvlis koWiTaa erTmaneTTan dakavSirebuli. msgavsi
saZirkvlebi, rogorc wesi, gansakuTrebiT mgrZnobiarea fuZis
mzidunarianobis Semcirebis mimarT - filis an urTierT gadamkveT
koWebTan SedarebiT, sadac fuZis erTi nawilis mzidunarianobis Semcireba
iwvevs Zabvebis gadanawilebas saZirkvlis mTel farTobze da mis
araTanabar jdenasa da mobrunebas, rasac rogorc wesi moyveba simtkicis
zRvarze myofi  svetebisa da sxva mzidi konstruqciebis  gadaZabva da
msxvreva.
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Senobis deformaciis gamomwvevi mizezebi da Sedegebi:
_ zedapiruli an teqnogenuri wylebis zemoqmedeba iwvevs samSeneblo

ubnis calkeul adgilebSi fuZe-gruntebis dasvelebas, ris

Sedegadაც xdeba gruntis fiziko-meqanikuri Tvisebebis gauareseba
da maTi mzidunarianobis Sesusteba.

Tanaxmad wina periodSi Catarebuli kvlevebisa, Senobaze sawyisi
deformaciebi (1972 weli) da maTi mcire intensivobiT progresireba aRniS-
nulia saxelmwifo saproeqto institut “saqqalaqmSensaxproeqti”-is
(q. Tbilisi. 1972w.) da samecniero-saproeqto samSeneblo firma “darbazni”-
is (q. Tbilisi. 1992w.) mier Sesrulebul sainJinro-geologiuri kvlevis
masa- lebsa da daskvnebSi. Senobis mier miRebuli deformaciebi naTlad
Cans misi fasadis 2014 wlis arsebuli mdgomareobis fotosuraTebze,
ixile foto 1.

foto 1.  Senobis  teqnikuri mdgomareobis  amsaxveli fragmentis
suraTebi 2014 wlis  mdgomareobis mixedviT.

2013 wlis agvistos TveSi ss “saqqalaqmSenproeqti”-is mier
ganxorcielebul iqna damatebiTi kvlevebi, romlis mixedviTac dazustda
aRniSnuli Senobis saZirkvlis konstruqciebis gabarituli zomebis
gavrcelebis areali, CaRrmaveba da mis qveS ganlagebuli gruntebis
monacemebi.

saamSeneblo normebiT gaTvaliswinebuli Senoba-nagebobis
eqspluataciisaTvis saWiro RonisZiebebi:

_ Senobis gamagreba-gaZlierebis konstruqciuli RonisZiebebis dasaxva;
_ Senobis dasavleTidan Semomavali da mis irgvliv arsebuli miwis qveSa

komunikaciebis dadgena da dazianebebis SekeTeba, rac gamoricxavs
Senobis fuZis gruntebis damatebiT gawylianebas da gamorecxvas.

_ gamoiricxos atmosferuli wylebis CaJonva saZirkvlebSi - Senobis
kontu-ris farglebSi.

_ ganxorcieldes (Seobis konturis farglebSi) Senobis gadasma-dafuZneba
fuZeukumSvad qanebze (seismuri TvisebebiT I kategoriis qanebi)
gobiseburi filisa da naburR-ineqcirebuli ximinjebis gamoyenebiT.
imasTan dakavSirebiT, rom dRes saqarTveloSi moqmedi seismuri

samSeneblo normebis mixedviT q. Tbilisi 8 balian seismur zonas
miekuTvneba, xolo, Senoba ki aSenebulia im dros, roca q. Tbilisi 7
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balian seismur zonas ekuTvnoda. faqtobrivad Senoba seismomedegi
mSeneblobis normebis dRevandel moTxovnebs ver akmayofilebs.

naburR-ineqcirebuli ximinjebi  gamoirCeva mcire diametriT (d=120-
150mm) da didi moqnilobiT (L/d=80-120).

fuZeukumSvad qanebSi Senobis dafuZnebis SemoTavazebuli meTodi
SenobaTa seismomedegobas aumjobesebs, vinaidan fuZeukumSvadi qanebi
seismuri Tvisebebis mixedviT I kategorias miekuTvneba da am meTodiT
gaZlierebuli SenobisaTvis mosalodneli saangariSo seismuri datvirTva
ukve katastroful safrTxes ar warmoadgens (qveyanaSi moqmedi seismuri
normebis mixedviT samSeneblo teritoriis balianoba aseTi fuZis
SemTxvevaSi mcirdeba erTi baliT), maSin, roca sxva, gauZlierebelma an
arasakmarisad gaZlierebulma Senobebma SesaZlebelia mniSvnelovani
dazianebebi miiRos.

fuZeukumSvad qanebze Senobis Caankereba mcire diametris Ø120-150mm,
naburR-ineqcirebuli ximinjebisa da gobiseburi filis gamoyenebiT,
miwisZvris dros SeiZleba ganvixiloT, rogorc aqtiuri seismodamcavi
sistema, vinaidan, msgavsi konstruqciuli gadawyveta Senobaze seismuri
zemoqmedebis SemTxvevaSi SeiZleba CaiTvalos energiis efeqtur gambnev
sistemad.

naburR-ineqcirebuli ximinjebis gaangariSeba simtkiceze unda
akmayofilebdes samSeneblo normebisa da wesebis moTxovnebs, xolo
CaRunvis gavlena ximinjis gaswvriv moqmedi Zalebis gansazRvrisaTvis ki
gamoisaxeba Semdegi formulis mixedviT:

sadac: N - ximinjis gaswvriv moqmedi Zalis mniSvnelobaa;
Nkp - ximinjis gaswvriv moqmedi kritikuli Zalis mniSvneloba,

romelic miiReba gaangariSebaTa safuZvelze da SesabamisobaSi unda iyos
samSeneblo normebisa da wesebis moTxovnebTan.

Senobis sivrculi kompiuteruli modelireba da gaangariSebani
Catarebul iqna kompiuteruli programuli kompleqsis “ЛИРА САПР -2014”-is
gamoyenebiT. ixile foto suraTebi:

foto 2.  Senobis  saangariSo kompiuteruli foto 3. kompiuteruli modelis
modeli  naburR-ineqcirebuli ximinjebiT.                     fragmenti.
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foto 4.  Senobis  gaangariSebaTa  safuZvelze miRebuli deformaciebi da
maTi mniSvnelobani: a. sakuTari  woniT; b. droebiTi datvirTvebiT; g.

seismuri zemoqmedebiT
rogorc kompiuteruli modelirebisa da gaangariSebaTa analizis
safuZvelze irkveva, Senobis ximinjebze gadasmis SemTxvevam mniSvnelovnad
Secvala Senobis dinamiuri maxasiaTeblebi, magaliTad: ximinjebis
mowyobamde rxevis dominanturi periodi Seadgenda 1.05??wams??, xolo
ximinjebis mowyobis Semdeg ki Senobis sakuTari rxevis periodma Seadgina
1.35wami?/. aqedan gamomdinare fuZe ukumSvad gruntze dafuZnebuli
karkasul-kavSirebiani, SedarebiT  moqnili  Senoba,  maqsimalurad
Sordeba saSiS  zonas da minimumamde mcirdeba rezonansuli movlenis
albaToba, rac saboloo jamSi, mniSvnelovnad aumjobesebs Senobis
seismomedegobas.

magaliTi 2. q. TbilisSi, 2016wlis ivnisSi, gldanis VI m/raionis #2

sacxovrebeli saxlis me-5-e sarTulze bunebrivi airis afeTqebis Sedegad
moxda Senobis mzidi konstruqciuli elementebis ngreva, ris Sedegadac
daiRupa 7 macxovrebeli. afeTqebis talRam gamoiwvia Senobis me-5-e da me-6-
e sarTulebis gadaxurvis filebis sruli Camongreva, me-4-e sarTulis
gadaxurva ki daingra zeda sarTulebis nangrevebis masis zemoqmedebiT.
ixile foto suraTebi: foto 5-9.

sacxovrebeli Senoba daproeqtebuli iyo gasuli saukunis 70-ian
wlebis bolos, im periodSi moqmedi samSeneblo normebis Sesabamisad.
Senoba 9 sarTuliania, 4 sadarbazoTi da sardafis sarTuliT. sardafis
sarTulis simaRle 2.9m, tipiuri sarTulis simaRle 2.9m, sxveni 0.9m. Senoba
gegmaSi marTkuTxedis formisaa, maqsimaluri zomebiT RerZebSi 56.8X11.62m.
maqsimaluri mali 5.8m.

amave Senobis gamagreba-gaZlierebis samuSaoebis saproeqto
dokumentaciis damuSaveba gaTvaliswinebul iqna 3 etapad, maT Soris:
I etapi _ Senobis dazianebuli ubnebis kvleviTi samuSaoebi da

gamagreba-gaZlierebis samuSaoebis winmswreb-damzRvevi RonisZiebebis
saproeqto dokumentaciis damuSaveba.
II etapi _ Senobis dazianebuli ubnebis gamagreba-gaZlierebis
samuSaoebis saproeqto dokumentaciis damuSaveba.
III etapi _ dazianebuli sacxovrebeli binebis aRdgeniTi da saremonto

samuSaobis saproeqto dokumentaciis damuSaveba.
sacxovrebeli korpusis dazianebuli ubnebis gamagreba-gaZlierebis

samuSaoebis winmswrebad Sesrulebul iqna Senobis kompiuteruli modeli
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da ganxorcielda variantebis gaangariSeba. gaangariSebani Sesrulebul
iqna 2 ZiriTad variantad:

_ varianti I-Si gaTvaliswinebulia bunebrivi airis afeTqebis Sedegad
dazianebuli Senobis mzidi konstruqciuli elementebis mdgomareoba.

_ varianti II-Si gaTvaliswinebulia afeTqebis Sedegad dazianebuli
Senobis mzidi konstruqciuli elementebis gamagreba-gaZlierebuli
mdgomareoba.
Senobis sivrculi kompiuteruli saangariSo modeli Sedgenil iqna

Senobis avariul nawilSi ganviTarebuli deformaciebisa da ngrevebis
dinamikisa da imis gaTvaliswiswinebiT, rom Senobis qveda da zeda mzidi
konstruqciebis (kedlebi, gadaxurvis filebi da sxva) ar warmoqmnila
bzarebi, rac imis maniSnebelia, rom kedlebi muSaoben rogorc erTiani
konstruqcia koW-kedlebis saxiT. afeTqebis Sedegad warmoqmnili
dazianebebi srulad iqna asaxuli kompiuterul saangariSo modelSi.

mTavari fasadisa sarTulSua gadaxurvis mzidi konstruqciebis
mdgomareoba afeTqebis Semdeg

foto 5. bunebrivi airis afeTqebis Sedegad dazianebuli #2 sacxovrebeli
korpusis  IV sadarbazos  me-4, 5, 6, sarTulebis mdgomareoba

foto 6. Senobis avariuli blokis sivrculi kompiuteruli modeli
arsebuli mdgomareobis mixedviT (afeTqebis Semdeg)

foto 7. Senobis avariuli blokis sivrculi kompiuteruli modelis
fasadis fragmenti
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foto 8. IV, V da VI sarTulebis gadaxurvis filis modeli, liftisa da
kibis ujrediTa da RiobebiT, romelic Seiqmna afeTqebis Sedegad.

Senoba miekuTvneba msxvilpanelian Senobebs, panelebi  erTmaneTTan
dakavSirebuli aris Casatanebeli detalebis urTierT SeduRebiT, Cvens mier
ver iqna moZiebuli kvanZebis detaluri konstruqciuli gadawyvetebis
naxazebi, gare panelebi sisqiT 300mm-ia, pemza betonzea damzadebuli. Sida
panelebi sisqiT 140mm mZime betonisagan aris damzadebuli, Senobis yvela
elementis Camosxma da avtoklavuri damuSaveba xdeboda qarxanaSi, mza nawarmi
miewodeboda avtotransportiT samSeneblo oqbieqtze, sadac xdeboda misi
adgilze montaJi, amitom konstruqciebi gaangariSebuli iyo yvela am
procesis gaTvalisWinebiT.  sakedle panelebi armirebulia AIII klasis
armaturis badeebiT.

gadaxurvis filebSi  savaraudid gamoyenebulia  M200-250  markis betoni,
filebi armirebulia  mxolod qveda zonaSi AIII klasis d12 armaturis
ReroebiT bijiT 200mm, fila konturze  Tavisuflad dayrdnobilia,
gadaxurvis panelebi erTmaneTTan dakavSirebulia Casatanebeli detalebis
urTierT SeduRebiT, (SeerTebis kvanZebis detaluri naxazebi ver iqna
moZiebuli). filis sisqe 120mm.

Senoba eyrdnoba  rkina-betonis monoliTur saZirkvlis filas h=400mm,
fuZe-gruntad gamoyenebulia Tixovani grunti-Tixa Ria yavisferi,
Znelplastiuri konsitenciis, karbonatuli da TabaSiriani, srulad
wyalgajerebuli, Tixovani gruntis simZlavre 5-6 metria da Semofenilia
maikopis wyebis ZiriTadi qaniT-fiqalebrivi TixebiT. geologiuri daskvnis
mixedviT saZirkvelze deformaciis kvali da sxva defeqtebi ar SeimCneva da
damakmayofilebel pirobebSia.

saqarTvelos tertoriis seismiuri daraionebisa da  sainJinro
geologiuri kvlevebis  mixedviT samSeneblo moedani mdebareobs 8 baliani
seismiuri saSiSroebis zonaSi. SK64 skalis  mixedviT (A=0.17). vinaidan Senoba
agebulia gasuli saukunis meore naxevarSi maSin moqmedi samSeneblo normebis
Sesabamisad, angariSi Sesrulda 7 balian seismiuri saSiSroebis
gaTvaliswinebiT.

samSeneblo moedanze  qaris normatiuli datvirTva Seadgens 85 kgZ/m2, (15
wliani ganmeoradobis periodiT), Tovlis  normatiuli datvirTva 50 kgZ/m2,
(14 dRe - Tovlis safaris dReTa ricxvi).

Senobis da misi konstruqciuli elementebis rogorc erTiani sivrciTi
sistemis gaangariSeba  kompiuterul modelSi Sesrulda statikur da
dinamiur (seismur) zemoqmedebaze serTificirebuli da licenzirebuli
kompiuteruli saangariSo kompleqsis ЛИРА САПР 2014 gamoyenebiT (Sesyidvis
salincezio  nomeri 716016381), Semdegi datvirTvebis gaTvaliswinebiT:

statikuri datvirTvebi; saangariSo  modelSi warmodgenilia 3
datvirTvis saxiT.
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1) mudmivi - konstruqciuli elementebis sakuTari wonebi + iatakis
sendviCis wona.

2) droebiTi sangrZlivi - Sida tixrebis wonebi.
3) droebiTi xanmokle:

a) droebiTi sasargeblo datvirTvebi СНиП 2.01.07-85 " НАГРУЗКИ И
ВОЗДЕИСТВИА"  cxrili 3 mixedviT.

b) Tovlis datvirTva.
seismiuri zemoqmedeba saangariSo modelSi warmodgenilia 3 erTmaneTisagan

damoukidebeli datvirTvebis saxiT:
1) seismiuri zemoqmedeba "X" RerZis gaswvriv.
2) seismiuri zemoqmedeba "Y" RerZis gaswvriv.
3) seismiuri zemoqmedeba "X" RerZis gaswvriv.

kompiuterul saangariSo modelSi, Senobis mzid konstruqciebSi ZalvaTa
Tanwyobisas  gaTvaliswinebuli iqna  Semdegi kombinaciebi;

a) ZiriTadi Tanwyoba:
1- mudmivi  + dr xangrZlivi.
2- mudmivi  + dr xanmokle.
3- mudmivi  + 0.95 dr xangrZlivi  +0.9 dr xanmokle.
b)  gansakuTrebuli Tanwyoba.

0.9 mudmivi  + 0.8 DR xangrZlivi  + 0.5 dr  xanmokle  + erTerTi
seismiuri zemoqmedeba.
angariSis warmoebisas gamoyenebuli iqna saqarTveloSi moqmedi samSeneblo

normebi /1,2,3, 15-19/ da aseva sxva damxmare samecniero teqnikuri daniSnulebis

literatura /4-14/.
samSeneblo da saproeqto saqmianobaSi arsebul samuSaoTa

moculobebisa da maTi raodenobrivi statistikis mixedviT Tu vimsjelebT,
SeiZleba davaskvnaT, rom xuroTmoZRvruli Zeglebisa da Senoba-nagebobaTa
gamagreba-gaZlierebis samuSaoebis ricxvis raodenoba ganuxrelad matulobs,
rogorc industrialurad ganviTarebul saxelmwifoebSi aseve
saqarTveloSic. aqedan gamomdinare, saremonto, aRdgeniTi da gamagreba-
gaZlierebis samuSaoebis zrdam da amave dros iman, rom aseTi samuSaoebi
erTis mxvriv moiTxovs arqiteqtor-restavratorebisa da konstruqtorebis
gansakuTrebul codnas, xolo meores mxriv ki samuSaoTa warmoeba  rogorc
wesi dakavSirebulia did xarjebTan, dRis wesrigSi dadga axali Tanamedrove
teqnologiebisa da maTi Sesabamisi Tanamedrove samSeneblo masalebis
gamoyenebis sakiTxebi, romelTa ganviTarebisa da farTomasStaburi
gamoyenebis (danergvis) erT-erT aseT Tanamedrove mimarTulebas warmoadgens
polimeruli kompoziciuri masalebi.

Cven mier Sedarebis mizniT moyvanilia magaliTi, romelSic
ilustrirebulia q. TbilisSi arsebuli da dazianebuli gadaxurvis
konstruqciebis aRdgena-reabilitaciisa da gamagreba gaZlierebis
tradiciuli da Tanamedrove gzebi da masalebi. qvemoT warmodgenilia
gadaxurvis konstruqciebis gamagreba-gaZlierebis tradiciuli xerxi, romlis
mixedviTac gamagreba-gaZlierebis samuSaoebis Catareba ganzraxulia
tradiciuli meTodebiT, sadac rkinabetonis konstruqciebis gamagreba-
gaZliereba xorcieldeba maTze damatebiTi liTonis elementebis mierTebebiT,
mzid konstruqciaTa samuSao kveTis gazrdiT da aseve geometriuli da
saangariSo sqemis Secvlis gziT. aqve moyvanilia igive gadaxurvis
konstruqciebis axali da Tanamedrove meTodebiT maTi gamagreba -gaZlierebis
saproeqto-sakonstruqtoro gadawyvetebi:
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saproeqto-sakonstruqtoro gadawyvetebi:

foto 9.tradiciuli meTodebiT polimeruli foto 10. kompoziciuri masalebiT
tradiciuli meTodebiTa da Tanamedrove kompoziciuri polimeruli

masalebiT gamagreba-gaZlierebis SedarebiTi analizis safuZvelze ki irkveva,
Semdegi: 1. miuxedavadi imisa, rom maT axasiaTebT mniSvnelovani dadebiTi
Tvisebebi, aseve, gaaCniaT mTeli rigi uaryofiTi mxareebi, rmelTac SeiZleba
mivakuTvnoT: konstruqciis maRali kuTri wona (Cvens konkretul SemTxvevaSi
18 tona liTonis profilis elementebi da liTonis furceli), mniSvnelovnad
Sromatevadi samuSaoebi, maTi montaJisa da mowyobisaTvis saWiro specialuri
danadgarebi (SeduReba, “Slifovka”, SeRebva da sxva), praqtikulad xSirad
SuZlebelia an Zalian rTuldeba araswori zedapirebis SeerTeba maTi
gamagreba-gaZlierebis mizniT, samuSaoTa warmoebis didi dro da sxva. 2.
konstruqciebis kompoziciuri polimeruli masalebiT gamagreba-gaZlierebis
SemTxvevaSi ki mis gansakuTrebul upiratesobas warmoadgens is, rom mas
gaaCnia gacilebiT maRali simtkice gaWimvaze, mcire wona, ar eSinia
agresiuli gremosa da koroziis, SesaZloa nebismieri geometriuli formis
konstruqciuli elementis gamagreba-gaZliereba da aS.

qvemoT, suraTebze 11, 12 da 13 mocemulia q. TbilisSi arsebuli #1-li
Rvinis qarxnis liTonis konstruqciebis arsebuli mdgomareoba. Senoba
aSenebulia 1894wels, rusi arqiteqtoris aleqsandre ozerovis mier. 2015w
oficialurad Sedgenili daskvnebis mixedviT, konstruqciebis mdgomareoba
safrTxis Semcvelia da mcire seismuri zemoqmedebis SemTxvevaSic ki
mosalodnelia savalalo Sedegebi. winaswari gaTvlebisa da SedarebiTi
analizis safuZvelze ki tradiciuli meTodebis gamoyenebis nacvlad
gacilebiT efeqturi xdeba nagebobis gamagreba-galiereba Tanamedrove
kompoziciuri polimeruli masalebis gamoyenebiT.

suraTebi: 11, 12 da 13. q. TbilisSi arsebuli #1-li Rvinis qarxnis sardafis
gadaxurvis konstruqciebi. suraTebze naTlad Cans korozirebuli liTonis
elementebis mdgomareoba (Zlier korozirebulia liTonis ortesebri elementebi).
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suraTebi: 14, 15 da 16. q. sofiaSi arsebuli monumentaluri xuroTmoZRvrebis
Zeglebi, romelTa gamagreba-gaZliereba ganxorcielda Tanamedrove da
inovaciuri teqnologiebis gamoyenebiT ramodenime wlis win da dRemde
warmatebiT funqcionirebs.

3. daskvna
dReisaTvis saqarTvelos  teritoriaze, gansakuTrebiT ki TbilisSi

aris mravali avariuli, mwvave avariuli  da dazianebuli Senoba-nagebobani,
romelTa gamagreba-gaZliereba aucilebelia, maT Soris ki gansakuTrebuli
yuradRebis Rirsia: istoriuli monumentaluri da xuroTmoZRvruli Zeglebi,
saavadmyofoebi, skolebi, sacxovrebeli saxlebi, Teatrebi da sxva. romelTa
aRdgena-reabilitacisa da gamagreba-gaZlierebisaTvis mizanSewonilia, rom
danergil iqnas  Tanamedrove da inovaciuri teqnologiebis gamoyeneba.

fuZeukumSvad qanebze avariuli Senobis dafuZneba gamoricxavs
araTanabar jdenas, mcirdeba misi rxevebis amplituda, aumjobesebs Senobis
seismomedegobas  da  mniSvnelovnad zrdis Senobis mdgradobas  nebismieri
zemoqmedebis mimarT.

msoflios mraval qveyanaSi intensiurad inergeba avariul Senoba-
nagebobaTa gamagreba-gaZlierebis Tanamedrove xerxebi kompoziciuri
masalebisa da specialuri weboebis gamoyenebiT, romelTa aTviseba da
danergva  ramdenadme Seferxda saqarTveloSi.  dReisaTvis, Sps „progresi“-is
ZalisxmeviT ukve damuSavebulia ramdenime proeqti, romlebic  SeTanxmebulia
damkveTTan da misi ganxorcieleba mxolod drois faqtoria.

Cven mier Catarebuli avariuli Senoba-nagebobebis kompiuteruli
modelirebis, specialuri gaTvlebisa da maTi Semadgeneli konstruqciebis
daZabul-deformirebuli mdgomareobis analizis safuZvelze  dadgenil iqna,
rom zemoT aRwerili  avariuli Senoba-nagebobani eqvemdebareboda gamagreba-
gaZlierebas.

Senoba-nagebobebze avariebis, dazianebebisa da  katastrofebis
Semcireba  mizanSewonilia ganxorcieldes maTi gamagreba-gaZlierebisa da
amave dros seismomedegobis amaRlebis gziT.  magram, seismomedegobis
amaRlebis saWiroeba unda Sefasdes ara marto vizualuri  daTvalierebis
safuZvelze, aramed, maTi  detaluri, ufro xSirad ki gamagreba-gaZlierebas
daqvemdebarebuli Senobisa da misi konstruqciebis  kompiuteruli modelisa
da maTi gaangariSebebis analizis  safuZvelze.

iseT industrialurad ganviTarebul saxelmwifoebSi rogorebicaa:
iaponia, CineTi, amerika da sxva, xorcieldeba inovaciuri  samecniero-
teqnikuri da teqnologiuri  siaxleebis   finansireba  saxelmwifos
mxardaWeriT, ris deficitsac dReisaTvis ganicdian saqarTvelos  samecniero-
teqnikuri dargis warmomadgenlebi. qveynis ekonomika da inteleqtualuri
potenciali mniSvnelovnad dakninebis saSiSroebis winaSe dadgeba, Tu
uaxloes droSi ver naxavs mxardaWeras saxelmwifos mxridan.
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maRali simtkicis betonis tendenciebi

a. Ciqovani, d. gurgeniZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175 Tbilisi

saqarTvelo.)
reziume: XX saukunis bolo aTwleuli gansakuTrebiT warmatebuli
iyo betonis teqnologiaSi. axalma efeqturma Semkvrelebma,
modifikatorebma, aqtiurma mineralurma danamatebma da boWkoebiT
armirebam, SesaZlebeli gaxada zemtkice betonebis miReba. maTi
eqspluataciis vada 100 welze metia, miuxedavad imisa, rom muSaoba
uxdebaT mkacr klimatur pirobebSi da agresiul garemoSi.
sakvanZo sityvebi: maRali simtkicis betoni da cementi, super da
hiperplastifikatori, mikroboWko, polikarboqsilati, TviTSemkvri-
vebadi betoni, kontraqciuli Sekleba, mikrokaJmiwa.

1. Sesavali
maRali markis betonebis gamoyeneba wamyvani tendencia gaxda msoflio

samSeneblo praqtikaSi. obieqtebis asaSeneblad gamoyenebuli betonis
simtkicis zRvari 40 wlis ganmavlobaSi, 1970 wlidan 2010 wlis CaTvliT,
gaizarda TiTqmis 4-jer, amave dros laboratoriaSi damuSavebuli
perspeqtiuli betonebis simtkice gaizarda TiTqmis 5-jer.

2. ZiriTadi nawili
cnebaSi maRali simtkicis betoni (high strength concrete - HSC) sxvadasxva

periodSi igulisxmeboda principialurad sxvadasxva midgoma. SemoTavaze-
buli iyo maRali simtkicis betonebisaTvis migvekuTnebia is betonebi,
romelTa simtkicis zRvari  aRemateboda cementis markas, ganixileboda B
40 klasis, B 80 da ufro maRali klasis betonebi. msubuqi betonebisaTvis

maRal markad Tvlidnen zRvars R/=25 (R-simtkice, mgpa,  - saSualo
simkvrive, t/m3). evropis standartis EN-1992-1-is Tanaxmad msubuqi
betonisaTvis dadgenilia umaRlesi klasi C 80/88 (mricxvelSi simtkice
cilindruli, mniSvnelSi _ kubikuri nimuSebis), roca maTi marka

simkvrivis mixedviT aris D2,R/=44.
evropis qveynebSi maRali simtkicis betoni iTvleba C 50/60 klasidan

(ruseTSi_B 60, saqarTveloSi_X). aseTi betonis R/≈25. miuxedavad amisa
dReisaTvis ar gvaqvs erTmniSvnelovani zusti gansazRvreba, romeli
betoni unda mivakuTvnoT maRali markis betons. Tumca ukve gamoCndnen
gansakuTrebiT maRali markis betonebi (ultra high strength concrete - UHSC),
magram erTmniSvnelovnad da naTlad araa naTqvami, romeli CavTvaloT
gansakuTrebiT maRali (zemtkice) markis betonad. zogierTi monacemebiT
saubaria 100 mgpa-ze meti simtkicis betonze, zogjer asaxeleben 150 mgpa-s
da 150 mgpa-ze metsac ki. magram Tu miviRebT daSlis efeqturi energiis
kanonzomierebis cvlilebas da gaviTvaliswinebT, rom daaxloebiT 150 mgpa
simtkicis dros aRiniSneba funqciis R=f(GF) eqstremumi, maSin gansakuT-
rebiT maRali simtkicis (zemtkice) betonad unda CavTvaloT 150 mgpa-ze
meti simtkicis, radgan aseTi betonis kumSvis simtkicis daSlis xasiaTi
icvleba (betoni xdeba Zalian xisti).

Tu ganvixilavT betonis teqnologiis ganviTarebas (cxr. 1) SeiZleba
avRniSnoT, gamoyenebuli betonis moculobis zrdasTan erTad gaizarda
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betonis simtkiceebi, gansakuTrebiT XX saukunis 70-iani wlebidan. amis
mizezia maRali simtkicis cementebis da Semvsebebis gamoyeneba, SesaZlo
minimaluri w/c fardoba, betonis narevis gulmodgine arevasTan
SeTavsebuli da aseve Semdegi RonisZiebebis gamoyeneba:

 mikrokaJmiwa _ qimiurad aqtiuri wvrildispersiuli (20000 sm2/g-mde)
SiO2, amaRlebs betonis simtkices 25%-mde, imis gamo, rom amaRlebs
Semvsebis SeWidebas cementis qvasTan;

 axali Taobis super- da hiperplastifikatorebis gamoyeneba, maT
Soris polikarboqsilatebis bazaze. romelic zrdis betonis
simtkices, narevis wylis Semcvelobis SemcirebiT 40%-mde;

 mikroboWko, amaRlebs betonis simtkices moculobiTi dispersiuli
armirebis efeqtis SeqmniT;

 dwS _ dabali wyalmoTxovnilebis Semkvreli.
mTel rig qveynebSi aseul aTas tonas gadaaWarba maRali markis (80

mgpa da meti) betonis moculobam. mkvriv Semvsebze damzadebuli maRali
markis betoni zogadad emorCileba saerTo kanonzomierebas da
warmodgenilia Sesabamis ganyofilebaSi (nax. 1)

B70...B120 klasis betonebis simtkicis da deformaciis ZiriTadi
maxasiaTeblebi (rekomendirebuli) cxrili 1

maCveneblebi
betonis klasi B

70 80 90 100 110 120

Rb, n, mgpa 45 50 59 65 75 83

Rbt, n, mgpa 2,9 3,25 3,5 3,75 4,0 4,25

Eb, n, mgpa 41,5 42,5 44 45,5 47 48,5

C0
. 105, mgpa-1 3,5 3,1 2,7 2,5 2,3 2,1

L ⃰ 1,45 1,3 1,2 1,15 1,1 1,0

⃰ _ garemos 60...75% tenianobis dros

nax. 1. betonis teqnologiis ganviTarebis sqema (Carneckis mixedviT) sp _
superplastifikatori; HPC _ maRali simtkicis betoni (high performance  concrete);
SCC _ TviTSemkvrivebadi betoni (self  compacting concrete); RPC _ maRali simtkicis
betoni wvrildispersiuli aqtiuri SemvsebiT (reactive powder concrete); UHSC _
gansakuTrebiT maRali simtkicis (zemtkice) betoni (ultra high strength concrete)

maRali markis betonebis Sekleba SeiZleba iyos cementis qvis
sabaziso Seklebis 13...20% (cementis sabaziso Sekleba mis saxeobaze

w/c
w/c

w/c

w/c

w/c

w/c

w/c

boWkoplastifikatori

polikarboqsilati

mikrokaJmiwa

mikroboWko
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damokidebulebiT Seadgens saSualod 1,5...3mm/m). superplastifikatoris
gamoyenebisas SesaZlebelia Seklebis gadideba saSualod 1,3...1,7-jer.
maRali markis betonebSi mniSvnelovan rols TamaSobs konstruqciuli
Sekleba, romelic intensiurad viTardeba gamagrebis pirvel 2...5 dReSi,
aRwevs mniSvnelovan sidides da SeuZlia betonis naadrevi bzarebis
gamowveva.

aucilebelia avRniSnoT, rom betonis simtkicis amaRlebiT, garkveul
farglebSi izrdeba cementis gamoyenebis efeqturoba, e.i. mcirdeba
cementis xvedriTi xarjis maCvenebeli c/R, kg/mgpa (nax. 2)

maRali markis betonebis ekonomikuri efeqturobis Sefasebis dros
aucilebelia vicodeT, rom maRali markis betonis Rirebuleba aWarbebs
B40 klasis betonis Rirebulebas. amitom ekonomikuri efeqtis miReba
SesaZlebelia maRali markis betonis dadebiTi Tvisebebis mTliani
gamoyenebiT iseT konstruqciaSi, sadac misi gamoyeneba mizanSewonilia,
magaliTad svetebSi (cxr. 2)

nax. 2. cementis xvedriTi xarjis damokidebuleba betonis simtkiceze
1 _ dabali xarisxis masalebi; 2 _ maRali xarisxis masalebi

maRali markis betonebis gamoyenebis efeqturoba svetebSi cxrili 2
svetebis parametrebi, datvirTva 850t, simaRle 4,0m

betonis
klasi

svetis
kveTi, mm

armirebis koeficienti
(muSa armatura)

SefardebiTi
Rirebuleba

B 40 600 х 600 0,016 1

B 80 500 х 500 0,003 0,63

B 100 400 х 400 0,003 0,59

3. daskvna
axlo momavalSi betonis Teoria, teqnologia da gamoyenebis praqtika

miiRebs Semdgom ganviTarebas da SeinarCunebs wamyvan mdgomareobas saSen
masalebs Soris.

maRali markis betoni did ekonomikur efeqts mogvcems: Semcirdeba
konstruqciis kveTi da masa, saZirkveli, cementis da armaturis xarji da a.S.
magram misi gamoyeneba Cvens seismur regionSi problematuria sixistis gamo
da normatiul dokumentacias moiTxovs.
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integro-diferencialuri gantolebis ekvivalenturi
diferencialuri gantolebis miReba rxevis milevadobis

gaTvaliswinebiT

T. bacikaZe, n. murRulia, j. niJaraZe, v. soxaZe
(saqarTvelos teqnikuri universiteti. saqarTvelo, 0175, Tbilisi,

kostavas 77)

reziume: ganixileba erTi Tavisuflebis xarisxis  mqone sistema
gardamavali reJimebis dros. didi mniSvneloba eniWeba sistemis
rxevis milevadobis gaTvaliswinebas.
nagebobaTa dinamikaSi gabatonebuli foxtis meTodi ar pasuxobs
mravali eqsperimentiT dadasturebul fenomonologiur faqtebs,
xolo e.w. sorokinis meTodis mixedviT, gardamaval reJimebSi
sistemis qcevis Seswavlis dros, amplituduri funqciis
polusebidan ერთი aRwers energiis disipacias, xolo meore  ki
piriqiT energiis mozRvavebas.
naSromSi Sida xaxuniT gamowveuli rxevis milevadoba
gaTvaliswinebulia memkvidreobiTobis wrfivi blant-drekadi
TeoriiT, romlis maTematikuri modeli ganisazRvreba meore rigis
integro-diferencialuri gantolebiT.
sakvanZo sityvebi: rxevis milevadoba, sixSire, relaqsaciis guli,
masa, rezonansi, amplituda.

1. Sesavali
sazogadod, rezonansisas warmoSobili didi amplitudebi

gvaiZuleben movaridoT konstruqcia rezonansul zonebs. Tumca zogierTi
saxis dinamikuri datvirTvisas, specialuri daniSnulebis konstruqciebSi
amis gakeTeba SeuZlebelia. magaliTad, energoagregatis saZirkveli
(nageboba) sul mcire orjer xvdeba rezonansul zonaSi: erTxel
agregatis CarTvisas, xolo meored gamorTvisas (damuxruWebisas). aqedan
gamomdinare, rxevis milevadobis swori modelis SerCevas gadamwyveti
mniSvneloba aqvs. is unda iTvaliswinebdes xuT, eqsperimentiT gamovlenil
fenomologiur faqts [1]:
1. dauZabav sxeulze datvirTvis modebis momentisaTvis deformacia
yovelTvis nulia deformaciasa da Zabvas Soris fazaTa sxvaobis gamo
da es faqti ar aris damokidebuli Zalis (Zabvis) modebis siCqareze.

2. sxeulze „myisierad“ modebul Zabvisas (rac ar iwvevs sxeulis

rxeviT moZraobas) deformaciam  sasrul droSi unda miaRwios

mniSvnelobas. sadac eqsperimentulad gansazRvruli, masalis
dinamikuri drekadobis modulia „normirebuli“ sixSirisas. Semdeg
deformaciis zrdis siCqare Seneldeba imdenad, rom drois sasruli

periodis Semdeg is SeiZleba mudmivad CaiTvalos;
3. harmoniuli rxevebisas Sida xaxunis energiis milevadobis koeficienti
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ar unda iyos damokidebuli sixSireze. aq sxeulis energiis danakargia
erTi ciklisas da ganisazRvreba histrerezisis Sekruli elifsuri
maryuJis farTobiT, xolo

imave sxeulis erTeuli moculobis  potenciuri energiaa, romelic
Seesabameba Zabvis amplitudas, drekadobis moduls da ganisazRvreba

OAB samkuTxedis farTobiT (nax. 1).

4. mTeli rigi konstruqciuli masalisaTvis,

faqtobrivi drekadobis moduli
praqtikulad ar aris  damokidebuli
ciklebis sixSireze.

zogierTi  tipis plastmasebisaTvis  is
damokidebulia  ciklebis sixSireze da
emTxveva „normirebuli“  sixSirisas

modulis mniSvnelobas.  sixSiris dawevisas E
moduli izrdeba da piriqiT, sixSiris awevisas mcirdeba.

5. mudmivi amplitudisa da iseTi periodis mqone harmoniuli
datvirTvisas,  romlis drosac sxeulis inerciis Zalebi SeiZleba
ugulebelvyoT, Zabvasa da deformacias Soris fazebis Zvra da
histerezisis maryuJi unda damyardes (anu histerezisis maryuJi unda
Seikras) modebis momentidan praqtikulad 1 3 ciklis Semdeg wrfivi
integraluri damokidebuleba, memkvidreobiTi Tvisebebis mqone sistemis
wrfivi daZabuli mdgomareobis dros, SeiZleba Caiweros Semdegi saxiT

[2]:

sadac da dadebiTi mudmivebia, amasTan .
relaqsaciis guli.

zemoTmoyvanil xuT moTxovnas yvelaze metad akmayofilebs Semdegi
saxis relaqsaciis guli [2]:

aq

gamosaxuleba relaqsaciis guls aniWebs asimtotur
mdgradobas, Tumca [3] -Si  prevalirebs azri, rom relaqsaciis gulis
aramdgradoba ar moqmedebs arc  cocvadobasa da relaqsaciaze  da arc
rxevebze.

2. ZiriTadi nawili
Tavisuflebis erTi xarisxis mqone sistemisaTvis rxevis gantoleba im

SemTxvevaSi, rodesac

,
Caiwereba saxiT:

mcire parametri saSualebas gvaZlevs (6) integro-diferencialuri
gantolebisaTvis miviRoT misi ekvivalenturi meore rigis sruli

diferencialuri gantoleba, romlis aproqsimacia xdeba -is
sizustiT [4].



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(40), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

21

SemoviRoT drois Senelebis koeficienti , romelic akmayofilebs
pirobas da gansazRvravs aRmgznebi Zalis amplitudas da mis

myisier siCqares [3]:

davuSvaT , maSin

CavTvaloT, rom da arauaryofiTebia da mocemuli arian e.w.

„Senelebuli“ drois sasrul intervalze . gadavweroT (6) Semdegi

saxiT:

sadac .
mudmivTa variaciis meTodis gamoyenebiT (9) „diferencialuri“

gantolebis saerTo amonaxsni Caiwereba:

sadac

integrebis Sedegad gveqneba

აქ

da warmoebulebs eqneba saxe

gamosaxulebebis mixedviT SegviZlia CavweroT:

formulebis safuZvelze და iReben saxes

CavsvaT ში ; mcire gardaqmnebis Semdeg miviRebT:

gavawarmooT orjer -Ti, gveqneba:
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gavamravloT ze da wevr-wevrad davajamoT Tan:

integro-diferencialuri gantolebis integraluri wevri  (9) gantolebis
integralur wevrTan SedarebiT warmoadgens meore rigis mcires, amitom
(9) gantolebis aproqsimacia SesaZlebelia Semdegi diferencialuri
gantolebiT

3. daskvna
1. rxevis milevadoba gaTvaliswinebulia memkvidreobiTobis blant-
drekadobis TeoriiT, romlisTvisac cocvadobis gulad SerCeulia
benevitcis mier Seswavlili guli. es guli arsebuli gulebidan
yvelaze ukeT pasuxobs mravalricxovani eqsperimentiT dadasturebul
moTxovnebs. amdenad, misi maTematikuri modeli aisaxeba meore rigis
integro-diferecialuri gantolebaSi, romlis integraluri nawili
volteras tipisaa.

2. „gardaqmnis“ meTodze dayrdnobiT miRebuli integro-diferecialuri
gantoleba daiyvaneba ekvivalentur srul meore rigis diferencialur
gantolebaze, romlis amoxsnis meTodebi da miRebuli Sedegebis
analizi kargad aris damuSavebuli.
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seismomedegi konstruqciebis daproeqtebis evrokodi 8 EN
1998-is danergvis aucilebeli komponentebi: erovnulad

gansazRvruli parametrebi

p. rekvava
(seismomedegi mSeneblobisa da sainJinro seismologiis

saqarTvelos erovnuli asociacia, Tbilisi,murman lebaniZis q. №7)
reziume: evropul  samSeneblo standartebSi-Senoba-nagebobebis
daproeqtebis evrokodebSi EN1990-EN1999 mocemulia erovnulad
gansazRvruli patrametrebi, romelTa saSualebiT xdeba evropis
sxvadasxva qveynis specifiuri bunebriv-klimaturi, geofizikuri,
geologiuri, seismuri da Senoba-nagebobebis proeqtirebisada
mSeneblobis sxva pirobebis gaTvaliswineba.  evrokavSiris qveynebSi
moqmedi evrokodebis 10 nawili Sedgeba 58 standartisagan,
romlebSic erovnulad gansazRvruli parametrebi raodenobrivad
ganawilebulia da jamSi Seadgens 1506 parametrs. naSromSi
warmodgenilia evrokodebSi erovnuli arCevanisaTvis Riad
datovebuli erovnulad gansazRvruli parametrebis statistikuri
analizi, umTavresad evrokod 8 EN 1998-saTvis. evropuli normebis
danergva saqarTveloSi aucilebelia ganxorcieldes kompleqsuri
programuli midgomis safuZvelze adgilobrivi dainteresebuli
mxareebis monawileobiT, evropis seismur regionebSi mdebare
qveynebis gamocdilebis gaTvaliswinebiT, Sesabamisi erovnulad
gansazRvruli parametrebis SemuSavebisa da erovnuli danarTebis
momzadebis gziT.
sakvanZo sityvebi: evrokodi, erovnuli danarTi, erovnulad
gansazRvruli parametri.

1. Sesavali
saqarTveloSi samSeneblo konstruqciebis daproeqteba dReisaTvis

xorcieldeba yofili sabWoTa kavSiris 1992 wlamde moqmedi da Semdgom
periodSi modificirebuli samSeneblo normebisa da wesebis, teqnikuri
regulirebis sxva dokumentebis safuZvelze, romelTa alternativa ar
arsebobs saqarTveloSi miRebuli teqnikuri reglamentebis an sxva
normatiuli aqtebis saxiT /1/. amasTan, saqarTvelos ekonomikisa da
mdgradi ganviTarebis saministroSi SemuSavebulia evrokodebis, rogorc
saqarTveloSi moqmedi erTaderTi samSeneblo normebisa da wesebis
ganxorcielebisa da danergvis 5-wliani samoqmedo gegma (2015-2020) /2/.
aRniSnuli gegmis mixedviTerT-erT umniSvnelovanes amocanas warmoadgens
evrokodis sxvadasxva nawilisaTvis erovnuli danarTis SemuSaveba,
romelic moicavs erovnulad gansazRvrul parametrebs. saqarTvelosaTvis
samSeneblo evrokodebidan gansakuTrebuli mniSvnelobisaa evrokodi 8 -
EN 1998: „seismomedegi konstruqciebisdaproeqteba“, rac ganpirobebulia
saqarTvelos maRali seismurobiT da arsebuli infrastruqturis
mowyvladobiT.

aRsaniSnavia, rom evrokodi 8-Si Semavali nawilebis  erovnulad
gansazRvruli parametrebi saqarTvelosaTvis saWiroebs damatebiT
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samecniero kvleviTi samuSaoebis Catarebas maTi sidideebis
gansazRvrisaTvis, rac mizanSewoniliaganxorcieldes adgilobrivi
gamocdili mecnier muSakebis, eqspertebis, akademiuri wreebisa da
saqarTveloSi moqmedi sainJinro-samSeneblo profilis asociaciebis
monawileobiT.

2. ZiriTadi nawili
evrokodebi warmoadgens evropuli samSeneblo standartebis

krebuls, Senoba-nagebobebiskonstruqciuli daproeqtebisaTvis, romelic
SemuSavebulia standartizaciis evropuli komitetis mier, evrokavSiris
wevri qveynebis 250 eqspertis monawileobiT. is Seicavs 10 standarts,
romlebic Sedgeba 58 nawilisa da 4788 gverdisagan. qvemoT mocemulia
evrokodebis struqtura da Semadgenloba, sadac frCxilebSi miTiTebulia
TiToeuli evrokodis nawilebis raodenoba /2/:

EN 1990 evrokodi: konstruqciebis daproeqtebis safuZvlebi;

EN 1991 evrokodi 1: zemoqmedebebi konstruqciebze (10);

EN 1992 evrokodi 2: betonis konstruqciebis daproeqteba (4);

EN 1993 evrokodi 3: liTonis konstruqciebis daproeqteba (19);

EN 1994 evrokodi 4: kompozituri konstruqciebis daproeqteba(3);

EN 1995 evrokodi 5: xiskonstruqciebis daproeqteba(3);

EN 1996 evrokodi 6: qvis konstruqciebis daproeqteba(4);

EN 1997 evrokodi 7: geoteqnikuri daproeqteba (3);

EN 1998 evrokodi 8: seismomedegi konstruqciebisdaproeqteba (6);

EN 1999 evrokodi 9: aluminiskonstruqciebis daproeqteba (5).

aRsaniSnavia, rom EN 1990 evrokodiT regulirdeba konstruqciuli
usafrTxoeba, saeqspluatacio saimedooba da simtkice da is mWidro
kavSirSia danarCen standartebTan.
seismomedegi konstruqciebis daproeqtebis teqnikuri regulireba

xorcieldeba EN 1998 evrokodi 8-is safuZvelze, romelic Sedgeba 6
nawilisa da jamSi 636 gverdisagan, rac gamocemulia 2004-2006 wlebSi:

EN 1998-1:2004 ZiriTadi wesebi, seismuri zemoqmedeba da wesebi
SenobebisaTvis (229gv.);

EN 1998-2:2005 xidebi (146gv.);

EN 1998-3:2005 Senobebis mdgomareobis Sefaseba da aRdgena (89gv.);

EN 1998-4:2006  silosebi, rezervuarebi da milsadenebi (81gv.);
EN 1998-5:2004 saZirkvlebi, sayrdeni konstruqciebi da  geoteqnikuri
aspeqtebi (44gv.);

EN 1998-6:2005   koSkuri tipis nagebobebi, anZebi da sakvamle milebi(47gv.);

EN 1998-is mizania miwisZvris  SemTxvevaSi  uzrunvelyofil iqnas:
- adamianis sicocxlis usafrTxoeba;
- ngrevis SezRudva;
- saeqspluatacio pirobebis SenarCuneba samoqalaqo dacvis mniSvnelovani
nagebobebisaTvis.

qvemoT ufro detalurad aris mocmuli evrokodi 8-is pirveliEN

1998-1 da mesame EN 1998-3 nawilebis Semadgeneli Tavebis Sesaxeb informacia.

evrokodi 8 EN 1998-1:2004 ZiriTadi wesebi, seismuri zemoqmedeba da wesebi
SenobebisaTvis  Sedgeba Semdegi Tavebisa da danarTebisagan:
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Tavi 1: zogadi
Tavi 2: ZiriTadi moTxovnebi da miRebuli kriteriumebi
Tavi 3: gruntis pirobebi da seismuri zemoqmedeba
Tavi 4: Senobebis daproeqteba
Tavi 5:  specifiuri wesebi betonis SenobebisaTvis
Tavi 6: specifiuri wesebi foladis SenobebisaTvis
Tavi 7: specifiuri wesebi folad-betonis SenobebisaTvis
Tavi 8: specifiuri wesebi xis SenobebisaTvis
Tavi 9 : specifiuri wesebi qvis SenobebisaTvis
Tavi 10: fuZis izolacia
danarTi (informaciuli) drekadi gadaadgilebis reaqciis speqtri

danarTi (informaciuli) saZiebo gadaadgilebis gansazRvra arawrfivi
statikuri zRvruli gaangariSebisaTvis
danarTi C (informaciuli) filis daproeqteba kompoziturkoWebian
CarCoebSi xisti kvanZebiT.

evrokodi 8 EN 1998-3:2005 Senobebis mdgomareobis Sefaseba da
aRdgenapirveli standartia  evropaSi arsebuli Senobebis  Sesaxeb,
romelic Sedgeba 6 Tavisa da 3  danarTisagan:
Tavi 1: zogadi
Tavi 2: moTxovnebi qcevaze da saTanado kriteriumebi
Tavi 3: informacia konstruqciis Sesafaseblad
Tavi 4: Sefaseba
Tavi 5: gadawyvetilebebi konstruqciuli Carevis Sesaxeb
Tavi 6: konstruqciuli Carevis daproeqteba
danarTi A (informaciuli) rkinabetonis konstruqciebi
danarTi B (informaciuli) foladisa da  kombinirebuli
konstruqciebi
danarTi C (informaciuli) qvis Senobebi.

erovnuli standartebi, romlebiTac xorcieldeba evrokodis
danergva, unda Seicavdes srul teqsts, rogorc es gamoqveynebuliaevropis

standartizaciis komitetis CEN-is mier, romelsac  uZRvis erovnuli
Tavfurceli,  erovnuli winasityvaoba da    mosdevs erovnuli danarTi
(informaciuli).

erovnuli danarTi unda Seicavdes mxolod informacias im
parametrebze, romlebic Riad aris darCenili evrokodSi erovnuli
arCevanisaTvis da cnobilia, rogorc erovnulad gansazRvruli
parametri, raTa isini gamoyenebul iqnas Senobebis dasaproeqteblad da
samoqalaqo  sainJinro samuSaoebis warmoebisaTvis Sesabamis qveynebSi.
erovnulad gansazRvruli  parametrebis magaliTebia:
sidideebi da /an klasebi, romelTa alternativa mocemulia  evrokodSi;
sidideebi, romlebic gamoiyeneba  da romelTa mxolod simboloebia
mocemuli evrokodSi;
qveynis specifiuri monacemebi (geografiuli, geologiuri, seismuri,
klimaturi-Tovli, qari, sinesteda sxv.);
procedura, romelic gamoiyeneba da romlis alternativa mocemulia
evrokodSi.

is SeiZleba Seicavdesgadawyvetilebebs informaciuli danarTebis

Sesaxeb.
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erovnulad gansazRvruli parametrebis zogadi tipebi (10) da raodenoba

evrokodebSi (EN1990 – EN1999), aseve maTi procentuli Tanafardoba

mocemulia qvemoT /3/: %
1. parametrebis sidideebi 397 26.3 miTiTeba sidideebis zogierT simravleze
cxrilebze 170 11.3
3. rekomendebuli procedurebis miReba, gamoTvlis, meTodis arCeva, roca
alternativa mocemulia an Semotanilia axali procedura
50133.3
4. qveynis specifiuri  monacemebi (geografiuli, geologiuri, klimaturi
da sxv.) 18 1.25. erovnuli rukebi an parametrebis cxrilebi
1  0.1
6. diagramebi 15           1.0
7. miTiTebebi arawinaaRmdegobriv  damatebiT informaciaze  23  1.5
8. gadawyvetilebebi informaciuli danarTebis gamoyenebaze   249  16.5
9. moTxovna Semdgom, ufro detalur inforaciaze  102       6.8
10. miTiTeba informaciul danarTze an informaciaze,  romelic EN-is sxva

nawilebis teqstSia 30 2.0 zemomoyvanili erovnulad gansazRvruli
parametrebis pirveli, meore da mesame tipi iyofa saxeobebis mixedviT
qvetipebad, romlebicaRiwereba Semdegnairad:
1.1. winaswar gansazRvruli parametrebi (rekomendebuli sididiT);
1.2. winaswar gansazRvruli parametrebi (rekomendebuli sididis gareSe);
1.3. winaswar ganusazRvruli parametrebi;
2.1. fiqsirebuli cxrilebi (mxolod ujredis mniSvneloba SeiZleba
Seicvalos);
2.2. moqnili cxrilebi (striqonebi da svetebi SeiZleba Seicvalos);
3.1. rekomendebuli procedurebis / meTodebis miReba an Semotana axlebis;
3.2. qveynis procedurebi/ meTodebi;
3.3. alternatiuli amorCeva mocemuli variantebidan (rekomendebuli
sididiT);
3.4. alternatiuli amorCeva mocemuli variantebidan (rekomendebuli
sididis gareSe);
3.5. amorCeva mocemuli variantebidan (rekomendebuli sididis gareSe);
3.6. amorCeva mocemuli variantebidan (rekomendebuli sididis gareSe) an

Semotana axali procedurebis / meTodebis;
3.7. rekomendebuli procedurebis/meTodebis miReba fiqsirebuli  cxrilis
formaSi an axlebis Semotana;
3.8. rekomendebuli procedurebis/meTodebis miReba moqnili  cxrilis
formaSi an axlebis Semotana.
erovnulad gansazRvruli parametrebi raodenobrivad ganawilebulia

TiToeul evrokodSiSemdegnairad /4/-EN 1990 EC0 - 46,EN 1991 EC1 - 354,EN 1992
EC2 - 221,EN 1993 EC3 - 431,EN1994EC4 - 55, EN 1995 EC5 - 33, EN 1996 EC6 - 59,EN
1997  EC7 - 74,EN 1998 EC8 - 142,EN 1999  EC9 - 91, rac jamSi Seadgens 1506
parametrs.

erovnulad gansazRvruli parametrebi aris ricxviTi da ara
ricxviTikategoriebis. ricxviTi parametrebismniSvnelobebis alternativa
an maTidiapazoni mocemulia evrokodebSi. qveyanamunda gansazRvros
sakuTari parametrebisamecniero kvlevebisa da SeswavlissafuZvelze. Tu
Sedegebi koreqtulia,isini unda iyos kodebSi mocemuli,rekomendebuli
sidideebis limitisfarglebSi. ara ricxviTi parametrebia klasebi,
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procedurebi, romelTa alternativa aris an ar aris mocemuli evrokodis
mier. ricxviTi mniSvnelobis mqoneparametrebis  raodenoba Seadgens 579,
rac 1,2,5 da 6 tipebis jamia da 39%-ia erovnulad gansazRvruli
parametrebis sruli raodenobis.

evrokodi 8 EN 1998-is nawilebis mixedviT erovnulad gansazRvruli
parametrebis tipebi  da  raodenoba warmodgenilia 1 cxrilSi /4 /.

cxrili 1
tipi naw.1 naw.2 naw.3 naw.4 naw.5 naw.6 jami
1 20 8 5 5 3 1 42
2 12 6 1 4 - 2 25
3 19 15 2 1 - 3 40
4 4 - - - - - 4
5 - - - - - - -
6 - - - - - - -
7 3 - 1 - - - 4
8 2 9 3 2 4 6 26
9 1 - - - - - 1
10 - - - - - - -

jami 61 38 12 12 7 12 142

evrokodi 8 EN 1998-is erovnulad gansazRvruli parametrebis
mimoxilviTi analizi aCvenebs, rom evrokod 8-Si erovnulad gansazRvruli
parametrebis  udidesi   raodenoba aris 1.1 tipis (28%), Semdeg tipi 8
(18%), tipi 3.1 (17%),  da tipi 2.2 (16%).

evrokodi 8-is pirveli nawili (EN 1998-1:2004)Seicavs evrokodi 8 EN
1998-is erovnulad gansazRvruli parametrebis mTliani raodenobis 43% da
nawili 2 - 27%-s, maSin rodesac danarCeni nawilebis raodenoba Seadgens
mTliani raodenobis 30%-s.

evrokodi 8.1-is (EN 1998-1:2004) mniSvnelovaninawili daTmobili aqvs
regionis seismur saSiSroebas, seismuri zonirebis rukebs da Sesabamisi
gruntis bazisur aCqarebebs, drekadi reaqciis speqtrebis parametrebs,
seismuri zemoqmedebis bazisuri ganmeorebadobis periodebs
daungrevlobaze da dazianebis SezRudvis moTxovnis gaTvaliswinebiT,
saangariSo  speqtrisaTvis  qveda zRvris dadgenas.

evrokodi 8.3-Si (1998-3:2004) ZiriTadad ganxilulia zRvruli
mdgomareobebis raodenoba, seismuri zemoqmedebis ganmeorebis periodi,
masalebis wilobrivi koeficientebi, sandoobis koeficientebi,
inspeqtirebisa da testirebis doneebi.

aRsaniSnavia, romevropis komisiis rekomendaciebi daedo safuZvlad
evrokodebis meore Taobis damuSavebas 2015-2019 wlebSi da Semdgom
gamoqveynebas 2020 wels, romlis  ZiriTadi miznebia  arsebuli
debulebebis revizia, maTi Semdgomi harmonizacia da gamoyenebis simartive
da  Camoyalibebulia Semdegnairad /5/:

- erovnulad gansazRvruli parametrebis Semcireba, romlebic Sedegia
konstruqciuli analizis sferoSi arsebuli sxvadasxva daproeqtebis
kulturisa da procedurebis;

- erovnulad gansazRvruli parametrebis raodenobis da
mravalsaxeobis Semcireba, evrokodebis mier rekomendebuli
mniSvnelobebis zustad gamoyenebis saSualebiT;

- evrokodebis mier rekomendebuli mniSvnelobebidan gadaxris
Semcireba;
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- erovnulad gansazRvruli parametrebis sidideebis da maTi Sefasebis
meTodologiebis, aseve sxvadsxva konstruqciebis (rkinabetonis,
liTonis, kompozituri) daproeqtebis procedurebis SeTanxmeba
mecnierebisa da teqnologiebis Tanamedrove miRwevebis
gaTvaliswinebiT;

- wevr qveynebs Soris usafrTxoebis doneebis TandaTanobiT
gamoTanabreba (daregulireba);
miiCneva, rom erTnairi sidideebis da meTodebis gamoyenebiT wevri

qveynebi aamaRleben evrokodebis gamoyenebis efeqts.

3.daskvna
evropul standartebze-evrokodebze gadasvla direqtiuli

gankargulebiT SeuZlebelia. maTi danergva saqarTveloSi aucilebelia
ganxorcieldes kompleqsuri programuli midgomis safuZvelze
adgilobrivi dainteresebuli mxareebis monawileobiT, evropis seismur
regionebSi mdebare qveynebis gamocdilebisa da Sesabamisi rekomendaciebis
gaTvaliswinebiT.

evropuli standartebis -evrokodebis saqarTveloSi danergvis erT-
erTi ZiriTadi etapia erovnuli danarTebis momzadeba,romlis aucilebel
komponents waromadgens erovnulad gansazRvruli parametrebis SemuSaveba.
saqarTvelosaTvis gansakuTrebiT mniSvnelovania evrokodi 8-EN1998:
„seismomedegi konstruqciebis daproeqteba“, rac ganpirobebulia
saqarTvelos maRali seismurobiT da arsebuli infrastruqturis
mowyvladobiT.

amasTan, mniSvnelovania evrokodi 8-EN 1998-Si mocemuli 142
erovnulad gansazRvruli parametridan im parametrebis identificireba
da klasifikacia, romlebic moiTxovs  gamocdilimecnier muSakebis,
akademiuri wreebisa da eqspertebismier adgilobrivi monacemebis
safuZvelze damatebiT samecniero kvleviTi samuSaoebisCatarebas maTi
sidideebis gansazRvrisaTvis da miRebuli Sedegebis sxva qveynebSi
gamoyenebul sidideebTan  harmonizacia.
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cement-burbuSeliani mouxsnadi yalibebis msgavsi
yalibebis warmoebis SesaZlebloba saqarTveloSi

i. qvaraia, i. CitaZe

(saqarTvelos teqnikuri universiteti, m.kostavas q.#77, 0175,
Tbilisi, saqarTvelo)

reziume: statiaSi ganxilulia, monoliTuri mSeneblobisTvisaxali
tipis mouxsnadi yalibებis damuSavebisa da gamoyenebis
SesaZlebloba saqarTveloSi arsebuli samSeneblo
masalebis da nedleulis bazaze.

sakvanZo sityvebi: monoliTi, betoni, yalibi, cementi, burbuSela,
TabaSir-muyao, armatura, montaJi, mSenebloba

1. Sesavali
Uukanasknel wlebSi, evropis mTel rig qveynebSi,

kerZodgermaniaSi, avstriaSi, norvegiaSi, safrangeTSi, belorusSi
monoliTur mSeneblobaSi farTod iyenebenVST teqnologiur meTods anu

mouxsnad yalibebscement-burbuSelianი filebiT.Bbolo 15 weliwadSi,
am wesiTagebulia 1000-ze meti sxvadasxva daniSnulebis mniSvnelovani
obieqti da realurad.daadasturebulia VST teqnologiis upiratesoba,
Cveulebriv yalibebTan SedarebiT. maRali xarisxis, ekonomiurobis,
ekologiurobis da mSeneblobis vadebis TiTqmis orjer SemcirebasTan
erTad, mouxsnadi yalibebi uzrunvelyofen samSeneblo moednis
kompaqturobas, samSeneblo nagvisa da “sveli” samuSaoebis minimumamde
dayvanas. Y
yalibis ZiriTad nawils warmoadgens axali kompozitiuri masalebis
erT-erTi nairsaxeoba, saSualod 24mm sisqis dapresili Zalian mtkice
fila, romelic Sedgeba 65% cementisagan, 24% xis burbuSelisagan, 8,5%
wylisagan da 2,5 % Txevadi minisagan. filebis warmoebisaTvis saWiroa
axali qarxnebis, rac did materialur danaxarjebTan aris
dakavSirebuli.

2. ZiriTadi nawili
Amouxsnadi yalibebis dasamzadeblad axali sawaramoo

simZlavreebis amoqmedebis aucileblobis Tavidan acilebis mizniT,
kvlevis amocanad dasmuli iyo saqarTveloSi arsebuli sawrmoebis
mier gamoSvebuli masalebis gamoyenebiT, cement-burbuSeliani
yalibebis msgavsi axali tipis yalibebis Seqmna. pirvel rigSi
gasaTvaliswinebeli gaxda is faqti, rom saqrTveloSi, ukve ramdenime
welia xarisxovan produqcias amzadeben germanuli firma KNAUF–is
sawarmoebi da yvelaze optimaluriamaTi nestgamZle da Cveulebrivi
filebiT sargebloba. mouxsnadi yalibebis blokebis dasamzadeblad
aseve efeqturi da sasurvelia, adgilobriv Tbosaizolacio masalebis
SerCeva.

Aamgvari midgomiT, eqsperimentis saxiT,saqarTvelos teqnikuri
universitetis, samSeneblo warmoebis teqnologiis
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departamentSidamuSavebuli iqna sakedle yalibebis sami tipi (nax.1): a)
gegmaSi texili moxazulobis kedlebisTvis, b) da g) Sesabamisad
gegmaSi lenturi kedlebisTvis, yalibis blokis Siga da gare kedlebis
urTierTmimagrebiT kedlis sibrtyis marTobulad an aramarTobulad
ganTavsebuli TabaSir-muyaos filebisagan gakeTebuli samagrebiT.

a) b)                      g)

nax.1 sakedle mouxsnadi yalibebi KNAUF–is produqciisagan:
a) texili kedlebisTvis; b) lenturi - Sida da gare

kedlebis marTobuli samagrebis ganTavsebiT, g)lenturi - Sida
da gare kedlebis iribi samagrebis ganTavsebiT

cement-boWkovani filebiT mouxsnadi yalibebis mowyobis dros,
rogorc wesi gamoiyeneba liTonis furclovani masala romelTa
saSualebiT xorcieldeba yalibis miwodebamde, misi Sida da gare
kedlebis filebis SeerTeba da yalibis armirebis winaswar
ganxorcieleba (nax.2). aseTi yalibis dasamontaJeblad, sakmaod didi
simZimis gamo, aucilebelia amwe mowyobilobebis gamoyeneba.

a) B b)

Nnax.2. cement-boWkovani mouxsnadi yalibi (a) da yalibis Sida da
gare kedlebis SeerTeba da armireba (b)

KNAUF–is filebisgamoyenebisas, filis dabali simtkicis gamo
SeuZlebelia didi zomis “korobebis” Sekvra, magram maTi
damontaJebaxdeba amweebis gamoyenebis gareSe, rac metad
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mniSvnelovania.garda amisa gaiolebulia mouxsnadi yalibis awyoba,
romlis kedlebis SesaerTeblad sakmarisia muyao-TabaSiris filis
naWrebi da KNAUF–is sistemis martivi da msubuqi elementebi. yalibis
mosaxerxebeli zomebidan gamomdinareadvilia armirebis ganxorcieleba
da armaturis naSverebze maTi morgeba. dabetonebis Semdeg miiReba
erTiani, maRalxarisxovani monoliTuri kedeli.amasTan, yalibebis
agebis procesSi xdeba maTSi Tbosaizolacio masalis moTavsebac, rac
gamoricxavs mTeli rig damatebiT samuSaoebs.

axali tipis mouxsnadi yalibebis, cement-boWkovan yalibebTan
uSualod SedarebisSeuZleblobis gamo, ganxorcielda am gziT
dabetonebuli kedlebis da Cveulebrivi wesiT mowyobili monoliTuri
kedlebisteqnikur-ekonomiuri maCveneblebis Sedareba.

D3. daskvna

1. gaangariSebebma gamoavlina KNAUF–is produqciisagan,
damzadebuli sakedle mouxsnadi yalibebismniSvnelovani upiratesoba
tradiciulTan SedarebiT. maTigamoyeneba SesaZlebelia mcire da
saSualo sarTuliani samoqalaqo daniSnulebis monoliTuri
obieqtebis mSeneblobisas da sagrZnoblad aCqarebs mSeneblobis
process;

2. mSeneblobis tradiciul variantebSi, foladiskarkasiani an
msxvilfarebiani xis yalibebis gamoyenebis SemTxvevaSi, aucileblad
saWiroa samontaJo amwe. SemoTavazebul variantebSi esar aris saWiro.
garda amisa, Tbosaizolacio masalebis yalibebSi gaerTianebiT, ixsneba
maTi Semdgomi mowyobis saWiroeba da kedlebis sisqis optimizaciis
xarjze mcirdeba Senobis mTliani masa.

literatura

1. S.baqaniZe, v.lolaZe, n.msxilaZe,  i.qvaraia Senoba-nagebobebis
mravalSriani Semomfarglavi kedlebis dabetonebis  teqnologia
axali tipis sayalibe farebis gamoyenebiT. sagamomcemlo saxli
“teqnikuri universiteti“. Tbilisi, 2015. 103gv.
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ori monaTesave zedapiris
moculobebs Soris urTierTdamokidebuleba

z. kvinikaZe, T. kokaia
(saqarTvelos teqnikuri unuversiteti, m. kostavas q. 77, 0175,

Tbilisi, saqarTvelo)
reziume: elementaruli geometriidan cnobilia, rom Tu or
zedapirs moviyvanT iseT mdebareobaSi, romelic mocemuli sibrtyis
paraleluri nebismieri sibrtye orive zedapiris kveTaSi toldid an
proporciul figurebs mogvcems, maSin aseTi zedapirebis
moculobebi toli an proporciuli iqneba.

zedapirebis saWiro mdebareobaSi moyvana SesaZlebelia afinuri
gardaqmnebis gamoyenebiT. statiaSi naCvenenbia am debulebis
praqtikuli realizaciis aspeqtebi, rac SeiZleba gamoyenebuli iyos
samanqanaTmSeneblo obieqtebis dagegmarebis dros. aqve ganxilulia
magaliTebi.
sakvanZo sityvebi: proporciuloba, cilindris moculoba, konusis
moculoba.

1. Sesavali
afinuri geometriidan cnobilia, rom afinurad Sesabamisi

(monaTesave) figurebis moculobebi proporciulia. gamoviyenoT es
debuleba zogierTi amocanis amoxsnisas.

2. ZiriTadi nawili
ori monaTsave figuris farTobebis fardoba, am figurebis

Sesabamisi wertilebidan naTesaobis RerZamde manZilebis fardobis tolia
(naTesaobis mimarTulebiT an naTesaobis RerZis perpendikularuli
mimarTulebiT, radgan es manZilebi proporciulia). advilad
davrwmundebiT, rom ori monaTesave zedapiris moculobebs Sorisac
analogiuri damokidebuleba arsebobs: ori monaTsave zedapiris
moculobebis fardoba, am zedapirebis Sesabamisi wertilebidan naTesaobis
sibrtyemde manZilebis fardobis tolia (aseve sulerTia naTesaobis
mimarTulebiT, Tu naTesaobis sibrtyis perpen-dikularuli mimarTulebiT,
radgan es manZilebi proporciulia).

elementaruli geometriidan cnobilia, rom Tu or zedapirs
moviyvanT iseT mdebareobaSi, romelSic mocemuli sibrtyis paraleluri
nebismieri sibrtye orive zedapiris kveTaSi toldid figurebs mogvcems,
maSin aseTi zedapirebis moculobebi toli iqneba.

es principi marTebulia im SemTxvevaSic, roca kveTaSi miRebuli
farTobebi proporciulia, maSin am zedapirebis moculobebi igive sididiT
iqnebian proporciulebi.

sur.1



s

B
D

C
A

A
1

a
a1


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mkveTi sibrtyeebi, romlebic naTesaobis mimarTulebis paraleluria,

orive sivrceSi Tavis Tavs Seesabameba. (sur.1_ze erTi mkveTi  sibrtyea
naCvenebi. es sibrtye naTesaobis sibrtyis perpendikularulic aris). orive

zedapiris  sibrtyiT kveTis Sedegad, am sibrtyeze naTesauri
Sesabamisoba myardeba, sadac kveTaSi a da a/ monaTesave figurebi miiReba,

xolo naTesaobis s RerZi  sibrtyisa da naTesobis  sibrtyis kveTis

Sedegad miiReba. am figurebis  farTobebis fardoba
/a

a

S

S
, nebismieri,

Sesabamisi A da A1 wer-tilTa wyvilidan naTesaobis RerZze daSvebuli

perpendikularebis sigrZeebis
CA

AB

1

fardobis tolia. igive fardoba iqneba

Tu zedapirebs  sibrtyis paraleluri sibrtyeebiT gadavkveTT. aqedan
Cans, rom yvela piroba, romelsac zemoT ganxiluli elementaruli
geometriis principi moiTxovda arsebobs. e.i. orive zedapiris
moculobebis fardoba, naTesaobis sibrtyis perpendikularuli
mimarTulebiT, Sesabamis wertilTa wyvilidan naTesaobis sibrtyemde
manZilebis fardobis toloa.

amrigad, Tu mocemulia ori monaTesave zesapiri da gasarkvevia maTi
moculobebis fardoba, sakmarisia nebismieri monaTesave wertilTa
wyvilidan naTesaobis sibrtyemde manZili gaizomos. sur.1-ze sferos
moculoba ise Seefardeba mis monaTesave elifsoidis moculobas, rogorc
AB Seefardeba A1C-s, an rogorc AD Seefardeba A1D_s.

unda aRiniSnos, rom amocanis gamartivebis mizniT  sibrtye

naTesaobis  sibrtyis perpendikularulad aviReT. saerTod nebismieri
sibrtye naTesobis mimarTulebiT aRebuli, or zedaopirs monaTesave
figurebze gadakveTs. axla ganvixiloT is praqtikuli magaliTebi,
romlebSic zemoT ganxiluli damokidebuleba SeiZleba iqnes
gamoyenebuli. igi SesaZleblobas gvaZlevs, sivrceSi nebismierad
ganlagebuli, winaswar mocemuli mocu-lobis mqone zedapiris asagebad.
aseTi amocanis amoxsnis gza Semdegia: winaswar unda avagoT zedapiri,
romelic saZiebeli zedapiris monaTesavea da maTi moculobebi ki
erTmaneTis toli. cxadia, aseTi zedapiris ageba martivi unda iyos.
magaliTad, vTqvaT asagebia mravalwaxnaga. maSin vagebT iseT monaTesave
mravalwaxnagas, romelic fuZiT romelime gegmilTa sibrtyeze dgas. aseT
SemxvevaSi zedapiris fuZe naturaluri sididiT dagegmildeba da cxadia
martivi iqneba moTxovnili moculobis zedapiris ageba.

Semdeg naTesaobis sibrtyes virCevT (xSirad profilur gegmilTa
sibrtyis paralelur sibrtyes iReben). viRebT saZiebeli zedapiris erT
wertils ise, rom igi naTesaobis sibrtyidan  daSorebuli iyos igive
manZiliT, rogorc  misi monaTesave wertili. axla ki, Tu avagebT saZiebel
zedapirs, maSin misi moculoba, winaswar agebuli damxmare zedapiris
moculobis toli iqneba.

yovelive es magaliTze vaCvenoT.
amocana 1. vTqvaT asagebia sivrceSi ganlagebuli samwaxnaga piramida

romlis moculoba V sm3-ia, xolo wvero S(S1,S2) wertili. (sur.2)
amocanis amoxsnisaTvis moviqceT ase: avagoT saZiebeli piramidis

monaTesave S1
/A1

/B1/C1
/ piramida ise, rom misi moculoba iyos V sm3



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(40), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

34

(V= /
1

/
1

/
1 CBA

S .h). exla saZiebeli piramidis ageba daviwyoT. naTesaobis

mimarTuleba horizontalur gegmilTa sibrtyrze S1S1
/ wrfe iqneba, xolo

frontalur gegmilTa sibrtyeze ki _ S2S2
/ wrfe. profilur gegmilTa

sibrtyis paralelur naTesaobis  sibrtyis gegmils SS/ monakveTis Sua
wertilze vatarebT da saZiebel SABC piramidas vagebT. raTqmaunda
damxmare piramidis monaTesaves. cxadia agebli piramida amocanis pirobebs
akmayofilebs, magram unda aRiniSnos,

rom am amocanas uamravi amonaxsni aqvs; amasTan unda gvaxsovdes, rom
miRebuli piramidis fuZis farTobi misi monaTesave figuris toli ar
iqneba, radgan monaTesave figurebs proporciuli farTobebi gaaCniaT.

amocana 2. avagoT nebismieri daxrili cilindri, romelsac fuZed
elifsi aqvs, centriT O(O1O2 ) wertilSi da moculobiT V sm3 (sur.3).

amoxsna: vagebT horizontalur gegmilTa sibrtyeze fuZiT mdgom
cilindrs, romelsac fuZeT wrewiri aqvs, xolo moculoba ki V sm3-ia.
aseTi cilindris ageba sakmaod martivia, radgan cilindris fuZe
horizontalur gegmilTa sibrtyeze, xolo simaRle frontalur gegmilTa
sibrtyeze naturaluri sididiT gegmildeba. fuZis O1

/O2
/ centri, saZiebeli

cilindris fuZis O1O2 centris monaTesave wertilad CavTvaloT. O1O1
/

monakveTis Sua wertilze naTesaobis sibrtyis gegmili gavataroT da
avagoT monaTesave, e.i. saZiebeli zedapiri. sur.3-dan Cans, rom yovelgvari
damatebiTi mrudebis gareSe imdeni elifsis ageba mogviwia, ramdenic
zedapiris gegmilebis gamosaxvisaTvis iyo saWiro.

hA 2

B 2

C 2

S 2

S 1
A 1

C 1

B 1

B 1
/

A 1
/

C 1
/

S 1
/

S 2
/

B 2
/ C 2

/ A 2
/ 0x

 2

 1

s u r .2

O 2

O 1

O 1
/

O 2
/

 O 2
/

 O 1
/

 O 1

 O 2
 2

 1

0x

s u r .3
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O 1

O 2

O 2
/

O 1
/

3

4

5

1 2 0x

 2

 1

s u r .4

ganxiluli amocana SeiZleba Semdegi pirobiT Sevavsod: fuZis
elifsis O(O1O2) centris garda mocemulia saZiebeli cilindris i(i1i2)
RerZis gegmilebi. maSin horizontalur gegmilTa sibrtyeze mdgari
damxmare, monaTesave cilindris agebisas, misi RerZi ise unda SevirCioT,
rom misi gegmilebi saZiebeli cilindris RerZis gegmilebTan, naTesaobis
sibrtyis gegmilebze ikveTebodes. elifsis centris gegmilebis monaTesave
wertilebi ise unda SevirCioT, rom damxmare cilindris centri

horizontalur gegmilTa sibrtyeze aRmoCndes. rogorc wina amocanaSi, 
sibrtyis  gegmilebi O1O1

/ monakveTs  Suaze unda yofdes (sur.4). vagebT

naTesaobis sibrtyis 1 da 2 gegmilebs, vagrZelebT i1 da i2 gegmilebs
naTesaobis sibrt-yis gadakveTam-de 3 da 4 wertilebSi da vagebT O2

/

wertils ise, rom O25=5O2
/. amisaTvis sakmarisia 2 wertilis marjvniv

gadavzomoT 12 monakveTi.
Semdeg gavataroT 4O2

/

wrfe, romelic damxmare
cilindris frontalur
gegmils warmoadgens. O1

/

wertils  nebismierad
viRebT, mxolod O2

/-Tan
kavSiris
- wrfeze da vatarebT 3O1

/

wrfes _ damxmare
cilindris

horizontalur gegmils.
exla ki SeiZleba,
rogorc wina amocanis

SemTxvevaSi, avagoT damxmare cilindri.
ganxilul amocanebSi avageT iseTi zedapirebi, romelTa

moculobebi, damxmare monaTesave zedapirebis moculobebis toli
yofiliyo. amisaTvis virCevdiT monaTesave wertilTa wyvils ise, rom isini
naTesaobis sibrtyidan erTidaigive manZiliT yofiliyvnen daSorebuli.
aseve SegviZlia iseTi zedapirebi avagoT, romelTa moculobebi damxmare
zedapirebis moculobebze, meti an naklebi iyos. amisaTvis unda aviRoT
monaTesve wertilTa wyvili ise, rom maTi daSoreba naTesaobis sibrtyemde
moTxovnili fardobis toli iyos.

ganxilul amocanebSi zedapirebi fuZiT magegmilebel sibrtyeze
idga. es imitom xdeboda, rom damxmare zedapirebs horizontalur
gegmilTa sibrtyeze mdgars vagebdiT. winaswar mocemuli moculobis,
sivrceSi nebismieri mdebareobis zedapiris asagebad, damxmare zedapiri
ar SeiZleba romelime gegmilTa sibrtyeze idges. es ki sakmaod
arTulebs agebas. aseTi garTuleba SeiZleba Tavidan aviciloT, Tu
damxmare zedapirs fuZiT, II-IV kuTxis biseqtorul sibrtyeze davdagavT.
vTqvaT saWiroa sivrceSi nebismieri mdebareobis V sm3 moculobis
elifsuri daxrili cilindris ageba. avagoT damxmare elifsuri
cilindri, romelic II-IV kuTxis biseqtorul sibrtyeze dgas. amasTan
SeTavsebuli elifsis gegmilebi warmoadgenen R radiusian wrewirs
(centri aviRoT x RerZze) (sur.5). rogorc viciT cilindris moculoba,
elifsis farTobisa da cilindris simaRlis namravlis tolia.
cilindris fuZis elifsis erTi naxevarRerZi R_is tolia, xolo meore
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ki - R 2 . e.i. biseqtoruli sibrtyis wertilebidan gegmilTa RerZamde
manZili, am wertilebis SeTavsebuli gegmilebidan gegmilur RerZamde

manZilisa da 2 _dan namravlis tolia. ase, rom fuZis elifsis farTobi

iqneba S=RR 2 =R2 2 ; cilindris simaRleO_dan (ci-lindris zeda
fuZis centri)  biseqtorul sibrtyemde manZi-lis tolia, xolo rogorc

cnobilia es sidide, O2O1 monakveTis sidi-disa da
2

2
_is namravlis

tolia.

e.i. damxmare zedapiris moculoba

V=R2 2
2

2 I


12OO I anu V=R2I


12OO I.

aseTi moculobis
cilindris ageba sirTules ar
warmoadgens. mocemuli radiusiT

vpoulobT I


12 OO I monakveTis sidides

da vagebT damxmare cilindrs,
virCevT naTesaobis sibrtyis
gegmileb

s,
monaTesav

e wertils da vagebT sivrceSi nebismierad
ganlagebul mocemuli V sm3 moculobis
daxril elifsur cilindrs. (sur.5).
konusisTvis formula Sesabamisi iqneba

V=
3

1
R2I



12 OO I, sadac O damxmare konusis

wveroa (sur 6).
advilad davrwmundebiT, rom prizmisaTvis

gveqneba V=S I


12 OO I sadac S, prizmis fuZis

gegmilis farTobia; xolo piramidisTvis

iqneba V=
3

1
SI



12 OO I, sadac S aseve fuZis

farTobia, xolo I 

12 OO I piramidis wveros gegmilebs Soris manZilia.

3. daskvna
geometriuli figurebis gegmilebis aseTi damokidebuleba

SesaZlebelia gamoviyenoT iseTi amocanebis amoxsnisas, romlebic
saWiroa manqanaTsaSeni obieqtebis dagegmarebisas.

literatura
1. Н. Ф.Четверухин.  Проективная  геометрия. М, Просвещение. Москва  1969.
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O1
/=O2

/
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foladis konstruqciebis usafrTxoebis amaRleba
maTi regularuli kvlevis gziT

r. imedaZe, m. kiknaZe
(saqarTvelos teqnikuri unuversiteti, m. kostavas q. 77, 0175,

Tbilisi, saqarTvelo)

reziume: statiaSi avtorebi gviCveneben liTonis konstruqciebis
Seswavlasa da gamokvlevis aucileblobas, garkveuli
periodulobiT, avariulobis da nagebobis rRvevis Tavidan acilebis
mizniT. avtorebi iZlevian rekomendaciebs kvlevebis Catarebis
Tanmimdevrobis, lokaluri da farTo masStabis dazianebebis, maTi
aRmofxvris xerxebis, Sesabamisi xelsawyoebis gamoyenebis da
angariSebis Sedgenis wesis Sesaxeb.
avtorebi aCveneben, rom nagebobis mdgomareobis Seuswavlelobis da
Sesabamisi dazianebebis ugulebelyofam, ra zarali SeiZleba
gamoiwvios, rac drouli reagirebis dros Tavidan iqneboda
acilebuli.
statiis avtorebi aRniSnul TemasTan dakavSirebiT iZlevian
rekomendaciebs da daskvnebs.
sakvanZo sityvebi: mSenebloba, gamokvleva, avaria, konstruqcia,
dazianeba, usafrTxoeba.

1. Sesavali
mTel msoflioSi foladis konstruqciebis gamoyenebis dawyebidan,

gansakuTrebiT did mniSvnelobas aniWeben maT usafrTxo eqspluatacias.
Seqmnilia specieluri samsaxurebi maTi gamokvlevisa da Tvalyuris
devnebisaTvis, damuSavebulia specieluri normebi da wesebi kvlevebis
sworad CatarebisaTvis da xdeba Sesabamisi rekomendaciebis gacema.
miuxedavad amisa adgili aqvs nagebobebze avariebs da maT dazianebebs, rac
gamowveulia sxvadasxva mizezebiT.

samwuxarod Cvens qveyanaSi aris Zveli aSenebuli gamoukvleveli
nagebobebi, romlebic Zirfesvian gamokvlevas saWiroeben. gamokvlevis
ZiriTadi mizania maTi eqspluataciis usafrTxoeba da fuladi saxsrebis
ekonomia avariul situaciebSi maTi SekeTebisaTvis.

Cveulebriv kvlevebi tardeba ori saxiT: Cveulebrivi gamokvleva da
yovelmxrivi gamokvleva.

Cveulebrivi gamokvlevebi, rogorc wesi gaTvaliswinebulia TvaliT
SesamCnevi dazianebebis gamosavlenad, rac saWiroebs remonts. aseTi
kvlevebi unda tardebodes regularulad.

yovelmxrivi gamokvleva gulisxmobs sayrdenebisa da malis yvela
elementis detalur vizualur daTvalierebas. xidebis SemTxvevaSi
SeiZleba saWiro gaxdes burjebis wyalqveSa nawilis gamokvlevac. aseTi
tipis gamokvlevebi utardebaT ZiriTadad samoqalaqo da samrewvelo
nagebobebis karkasebs da aseve Zvel xidebs. yovelmxrivi gamokvleva unda
Cartardes weliwadSi erTxel, magram nagebobis mdgomareobidan
gamomdinare gamokvleva SeiZleba Catardes ramodenime weliwadSi erTxel.
yovelmxrivi gamokvlevis mizanSewonilobis gadawyvetuilebis dros
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gaTvaliswinebuli unda iyos iseTi movlenebi, rogoricaa miwisZvrebi,
wyaldidobebi, Sejaxebebi, xanZrebi da sxva.

gamokvlevisas aucilebelia ganisazRvros nagebobis individualuri
maxasiaTeblebi da Tvisebebi, ramdenadac yvela nageboba TavisTavad
garkveulwilad unikaluri konstruqciaa. konstruqciis daZabuli
mdgomareobis analizi arasakmarisia Tu is ar keTdeba natural
kvlevasTan erTad. aucilebelia gamokvlevis dros konstruqciis yovel
wertilTan miRweva, raTa sworad Sefasdes nagebobis ama Tu im
komponentis eqspluataciis pirobebi.

gamokvlevis mimarTulebis misacemad da sworad warmarTvisTvis
aucilebelia mas warmarTavdes eqsperti.

2. ZiriTadi nawili
nagebobis gamokvleva iwyeba eqspertis kabinetidan, sadac is

Seiswavlis sakvlevi nagebobis Sesaxeb informacias. Tu saWiroa Catardes
konstruqciis daZabuli mdgomareobis analizi, maSin naxazebs da sxva
saproeqto dokumentacias SeuZlia eqsperts gauwios didi daxmareba.
samwuxarod xSirad dokumentacia arasrulia an ar warmoadgens Rirebuls.
yvela SemTxvevaSi aucilebelia obieqtis winawsari vizualuri
daTvaliereba, rac exmareba eqsperts mis xelT arsebuli informaciiT
gansazRvros pirobebi, romlis mixedviT unda Catardes gamokvleva.

zogjer konstruqciis vizualuri daTvalierebis dros eqspertma
SeiZleba moiTxovos saremonto samuSaoebis Catareba an SezRudos
konstruqciis amtanunarianoba. aseTi saswrafo zomebis miReba saWiroa
imitom, rom sxvadasxva zemoqmedebebma SeiZleba gamoiwvios konstruqciebis
seriozuli dazianebebi.

suraTi 1                              suraTi 2

suraTi 3                              suraTi 4
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mocemul suraTebze naCvenebia konstruqciebis dazianebis magaliTebi
gamokvlevisaTvis saWiro xelsawyoebi

konstruqciebis gamokvleva sainJinro saqmianobis erT-erTi saxea,
romelic unda tardebodes eqspertis xelmZRvanelobiT an uSualo
monawileobiT, romelsac aqvs proeqtirebis da mSeneblobis gamocdileba.
gamokvlevis dros wamoWrili problemebis gadawyveta mkvlevaris mxridan
moiTxovs gamoavlinos saSiSi defeqtebi da gansazRvros nagebobis
potenciurad saSiSi monakveTebi. eqsperti yovelmxriv momzadebuli unda
iyos gasces nagebobis eqspluataciis vargisianobis rekomendaciebi da
mxedvelobaSi hqondes avariuli situaciis aRmofxvris aucilebloba.

gamokvlevisas eqsperti unda xmarobdes iseT xelsawyoebs, romlebic
mas xels ar SeuSlis konstruqciebze gadaadgilebaSi, romlis drosac
maqsimalurad gaTvaliswinebuli unda iyos mkvlevarTa dacvis
usafrTxoebis wesebi. dReisaTvis foladis konstruqciebis gamosakvlevad
ZiriTadad gamoiyeneben Semdeg xelsawyoebs da meTodebs: mcire zomis
specialur mikroskopebs, boriskopebs, slendiskopebs, lazerul
manZilmzomebs, meTodebidan: metrul da gamSifrav fotografiis meTods,
mauaris zolebis meTods, ultrabgeriTi kontrolis meTods,
ultrabgeriTi defeqtoskopiis meTods, kapilarul meTods, fragmentuli
amoWris meTods, nimuSebis gaWimvaze da kumSvaze SemowmebisaTvis.

naturuli gamokvlevis dros konstruqciis mdgomareobis Sesaxeb
sruli da detaluri SeniSvnebisaTvis, aucilebelia winaswar daixazos
konstruqciis sqema detalebis CvenebiT, amasTan sqemaze naCvenebi unda
iyos iq adgilebi, romlebsac unda mieqces gansakuTrebuli yuradReba.
zusti miTiTebebi warmoadgenen Catarebuli kvlevis ZiriTad safuZvels.

konstruqciis naturuli gamokvleva
konstruqciebis naturuli gamokvleva unda awarmoos jgufma ara

umcires ori kacis SemadgenlobiT. eqsperti naturuli kvlevisaTvis
momzadebuli unda iyos, rac SeiZleba maRali usafrTxoebis pirobebis
dacviT, romlis drosac unda moxdes konstruqciis im wertilebisadmi
miaxloeba, romlebzedac SeiZleba moxdes, rogorc vizualuri dakvirveba
ise fizikuri azomvebi.

xidebis kvlevis procesSi didi yuradReba unda mieqces burjebis
wylis qveSa nawils. xSirad burjebis wyalSi didi CaRrmavebisas saWiro
xdeba myvinTavebis gamoyeneba, romlebsac esaWiroeba wyalqveSa gadaRebis
Sesabamisi xelsawyoebi.

konstruqciuli dazianebebi SeiZleba aRmoCndes sxvadasxva adgilebSi,
magram ufro xSirad isini gvxvdeba, saZirkvlebSi, sayrden nawilebSi,
saval nawilSi, elementebis SeerTebebSi da gisosuri wamweebis
elementebSi. zemoTTqmulidan gamomdinare eqspertma gansakuTrebuli
yuradReba unda miaqcios: a) betonis bzarebs da daSlas; b) burjebis
gadaadgilebas da jdomas; g) bzarebs foladis konstruqciebSi; d)
dazianebul SeerTebebs; e) dazianebul elementebs; v) sustad SeerTebul
elementebs; z) adre Seremontebul adgilebs; T) konstruqciis malebSi
intensiur vibraciebs; i) aramuSamdgomareobaSi myof sayrden nawilebs; k)
ubnebs, romelTa dazianeba aRmoCenili iqna analogiur nagebobebSi.

angariSis momzadeba
eqspertis muSaobis ufro sapasuxismgeblo da bolo stadias warmoadgens

kvlevis Sedegad angariSis momzadeba. angariSi unda eyrdnobodes faqtiur
masalebs, romlebis moicavs fotomasalas, sqemebs da naxazebs movlenis
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dokumentalurad dasadastureblad. angariSis Sedgenis dros didi
yuradReba unda mieqces gansaxilveli problemis mniSvnelobas.

zogierT SemTxvevaSi angariSSi aRwerilia nagebobis mdgomareoba
rekomendaciebis gareSe sxvadasxva dazianebaTa aRmofxvris
gaTvaliswinebiT. umetes SemTxvevaSi angariSi Sedgenilia ise, romelSic
konstruqciis mdgomareobis aRwerasTan erTad mocemulia daskvnebi da
garkveuli rekomendaciebi aucilebeli saremonto samuSaoebisaTvis da
nagebobis Semdgomi eqspluataciisaTvis.

kvlevis tipis da moculobis miuxedavad eqsperti mzad unda iyos
kvlevis Sedegebis ganxilvisaTvis damkveTTan. aseTi ganxilvis Sedegad
romelime defeqtis aRmofxvras SeiZleba mieniWos upirvelesi mniSvneloba.
aseTi erToblivi ganxilva Zalian mniSvnelovania, radgan kvlevis
procesis dros aRmoCndeba iseTi dazianebebi romlebsac SeuZliaT
gamoiwvion nagebobis dangreva an metad saSiSi aris misi Semdgomi
eqspluataciisaTvis.

nagebobis eqspluataciis vada
konstruqciebis saeqspluatacio xangrZlivobaze gansazrvruli vadis

dasaxeleba SeuZlebelia. umetes SemTxvevaSi axali nagebobebisaTvis
eqspluataciis vadad saxeldeba 70-100 weli. bevri nageboba da xidi
romelic imyofeba eqspluataciaSi karg mdgomareobaSia, ar aqvs
dazianebebi, defeqtebi da muSaoben aTeulobiT wlebis ganmavlobaSi. amave
dros bevri nageboba romlebic aSenebulia mniSvnelovnad gvian,
saWiroeben kapitalur remonts an srul rekonstruqcias. amis mizezia
nagebobis eqspluataciis pirobebis an xidebisaTvis gansazrvruli
zRvruli datvirTvebis daucveloba. aqedan gamomdinare SeiZleba
davaskvnaT, rom nagebobebi regularulad unda iqnas gamokvleuli da maT
unda gaewioT normaluri eqspluatacia, raTa uzrunvelyofili iqnas maTi
gamoyenebis usafrTxoeba.

3. daskvna
statiSi mocemuli foladis konstruqciebis usafrTxo eqspluataciis

amaRlebisaTvis kvlevebis Catarebis aucilebloba naTladaa naCvenebi. am
sakiTxs didi yuradreba eqceva msoflios yvela qveyanaSi, ramdenadac
mdgomareobis gauaresebis, maTze yuradrebis miuqcevlobisa da
regularuli kvlevebis ugulebelyofam SeiZleba migviyvanos nagebobis
rRvevasTan, rac iwvevs rogorc ekonomikur zarals ise sxva socialur
problemebs. amdenad am sakiTxisadmi seriozuli damokidebuleba metad
mniSvnelovani da aucilebelia. amas gansakuTrebiT didi yuradreba unda
mieqces iseT qveyanaSi, rogoric Cveni qveyanaa, misi reliefidan da
bunebrivi pirobebidan gamomdinare.
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სურ.
1

ბეტონით გაჟღენთილი
ქსოვილი

ტილოს
ზედაპირი

3D-
ბოჭკოვანი
მატრიცა

ბეტონის
ნარევი

PVC-
ქვესაფენი

betoniT gaJRenTili qsovilida misi gamoyeneba
infrastruqturuli obieqtebis mSeneblobasa da

reabilitaciaSi
m. keWaymaZe, v. jRamaia, l. janaSia, v. mariamiZe

(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175 Tbilisi
saqarTvelo.)

reziume:naSromSi ganxilulia betoniT gaJRenTili qsovilis (tilo)
Tvisebebi, misis gamoyenebis teqnologiuri procesis aRweriloba,
gansazRvrulia misi gamoyenebis sfero da upiratesobebi
Cveulebriv betonTan SedarebiT.
dadgenilia tilos fizikuri Tvisebebi da gamocdilia Sesabamisi
standartebis safuZvelze.
betoniT gaJRenTili qsovili - Concrete Canvas (CC)-betoniT
gaJRenTili qsovili warmoadgens moqnil tilos, romelic
myardeba dasvelebiT da xdeba Txeli, mtkice wyalgaumtari da
cecxlmedegi betonis fena. igi warmatebiT gamoiyeneba rogorc
mSeneblobaSi ise dekoratiuli elementebis mosawyobad, iZleva
samSeneblo masalebis, SromiTi da drois resursis mniSvnelovan
ekonomias.

sakvanZo sityvebi:betoniT gaJRenTili qsovili, Txrilis amogeba,
ferdis dacva, yrlis amogeba, Wras da kervas betonze da sxva.

1. Sesavali
Concrete Canas (CC)-betoniT gaJRenTili qsovili warmoadgens moqnil

tilos romelic myardeba dasvelebiT da xdeba Txeli, mtkice
wyalgaumtari da cecxlmedegi betonis fena. CC saSualebas iZleva
SevqmnaT betonis konstruqcia amrevi mowyobilobis gamoyenebis gareSe.
ubralod unda gavSaloT naWris zoli da davumatoT wyali (movrwyoT).

CC Sedgeba boWkos sam ganzomilebiani matricisagan, romelic
Seicavs specialurad formirebul betonis narevs. PVC-qvesafeni naWris
zedapirze masalas qmnis sruliad wyalgaumtars. masala SeiZleba
davasveloT mosxurebiT an wyalSi srulad CaRrmavebiT. (sur.1)
gamoSrobis Semdeg boWkoebi amagrebs betons, aRkveTs bzarebis
ganviTarebas da uzrunvelyofs rRvevis usafrTxo reJims. naWeri CC
gamodis sami variantis saxiT: CC5, CC8 da CC13 sisqis 5, 8 da 13 mm

Sesabamisad. tilo CC SeiZleba
dagebuli iqnas 200 m2/sT siCqariT,
TiTqmis 10-jer swrafad vidre
Cveulebrivi gadawyveta betonisgan.

SezRuduli misawvdomobis
moednebze tilo CC SeiZleba
mivitanoT rulonis saxiT, romlis
gadatanac SeuZlia erT adamians.
(sur.2) betoni winaswar areulia,
amitom xelaxla arevis, gazomvis da
dawnexvis aucilebloba ar
arsebobs, ubralod unda davumatoT
wyali. montaJis siswrafe da
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simartive mianiSnebs imaze, rom tilo CC gacilebiT efeqturia Cveulebriv
betonTan SedarebiT. garda amisa igi advilad gadasatania.

tilo CC- msubuqi wonis produqtia wyalbadis dabali SemcvelobiT,
romelic iyenebs 95%-ze nakleb masalebs Cveulebriv betonTan SedarebiT.

tilos erT mxares PVC qvesafenis mowyobiT uzrunvelyofilia

sruli wyalSeuRwevadoba.
boWkoebiT armireba aRkveTs daxeTqvas, STanTqavs zemoqmedebis

energias da uzrunvelyofs rRvevis stabilur reJims.
tilo CC mdgradia qimikatebisadmi da amindis gansxvavebul

pirobebis mimarT da ar ganicdis degradacias mzis gamosxivebisagan.
tilo CC kargad ikeceba, advilad SeuZlia miiRos nebismieri

Txrilis an yrilis forma. advilad SeiZleba misi nebismieri formiT
gadaRunva da arsebul infrastruqturasTan misadageba. gaumyarebeli
tilo CC SeiZleba advilad daiWras ubralo xelis instrumentebis
meSveobiT.

2. betonis qsovili da misi gamoyeneba
betonis dekoratiuli gamoyeneba uamravi eqsperimentis saboloo

Sedegia, romelic tardeboda im mizniT rom igi iyos magari da xangamZle.
teqnologiis ganviTarebam, axali masalebis gamoCenam da sainJinro
mignebebma saSualeba mogvca ganvixiloT betoni molekuliarul doneze.
mecnierebs SeuZliaT Secvalon cementis Semadgenloba axali
komponentebis damatebis da aurion isini  gansakuTrebuli wesiT,
modificirebuli Semadgenloba uaryofs im Sexedulebebs rom betoni aris
xisti, monoliTuri da gaumWvirvale.

elastikuri masalebis gamoCena iyo pirveli nabiji betonis
Cveulebrivi Tvisebebis Secvlis mizezi.

gamomgoneblebma msoflios warudgines betonis qsovili, pirvelebi
iyvnen britanuli kompania Concrete Canvas, romelTac miiRes aTeulobiT
jildo TavianT SemoqmedebisTvis qsovili Sedgeba boWkosa da
cementisagan, romlis Semadgenlobac mkacrad aris gasaidumloebuli.

masala sainteresoa Tavisi gamyarebis unariT. dasvelebuli qsovili
iWmuWneba, iRuneba, iWreba da Rebulobs nebismier formas. vizualurad igi

სურ. 2

პორტატული (დაფასოებული) რულონი 5 ან 10 მ2

დაუფასოებელი რულონი 200 მ2 -მდე
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aRiqmeba rogorc qsovili. erTi dRis Semdeg igi myardeba betoniviT da ar
eSinia qimikatebis, ultra gamosxivebis, cecxlis da wylis zemoqmedebis.
gansacvifrebelma gamogonebam gamoyeneba pova betonis karvebis warmoebaSi,
droebiTi sacxovrebelis saxiT.(sur.3)

betonis qsovili ekologiurad sufTa da usafrTxoa
jamTelobisaTvis, dizainerebi misgan akeTeben magidas da skamebs da am
process eZaxian Wras da kervas betonze.(sur.4)

2.1 Txrilis amogeba -
tilo CC SeiZleba swrafad

gavSaloT raTa movaxdinoT Txrilis an
arxis amogeba. misi montaJi gacilebiT swrafia, martivi da iafi, vidre
Cveulebrivi betonis gamoyeneba, garda
amisa ar saWiroebs specialur
mowyobilobas. tilo CC igeba 200 m2/sT
siCqariT.

samkaciani jgufis meSveobiT.
(sur.5)

2.2 ferdis dacva - tilo CC
SeiZleba gamoyenebuli iqnas ferdobebis
stabilizaciisa da dacvis mizniT
nacvlad torkretbetonisa da liTonis
badisa. Cveulebriv misi dayeneba

სურ. 3

სურ. 4

სურ. 5

სურ. 5

სურ. 6
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gacilebiT Cqara xdeba, RirebulebiT naklebia da iTxovs nakleb
specialur mowyobilobas. tilo CC agreTve gamoricxavs riskebs,
romlebic dakavSirebulia betonis asxletasTan torkretirebis dros
da masalebis momtvrevasTan.(sur.6)-------2.3 yrlis amogeba - tilo CC
warmoadgens gacilebiT rentabelur alternativas vidre betonis
mosxma an torkretirebaa, meoradi yrilebis amogebisTvis is moqmedebs
rogorc efeqturi barieri Teslis gavrcelebis sawinaaRmdegod,
amcirebs teqnikuri momsaxurebis Rirebulebas da uzrunvelyofs
SeuRwevadobis da cecxlmedegobis damatebiT dones. swrafi montaJis
SesaZlebloba amcirebs moedanze daxarjul dros, xolo mcire zomis
rulonebad dafasoeba saSualebas iZleva movaxdinoT tilos montaJi
SezRudul da miudgomel adgilebSi. (sur.7)

2.4 betonis konstruqciebis aRdgena - tilo CC gamoiyeneba garemo
pirobebis zemoqmedebiT dazianebuli arsebuli betonis konstruqciebis
swrafi aRdgenis mizniT. tilo CC-is nakerebi SeiZleba iqnas

SeerTebuli Termuli
SeduRebiT an betonis duRabis
gamoyenebiT, raTa
uzrunvelvyoT  betonis mtkice

mopirkeTeba da efeqturad
SevewinaaRmdegoT wylis modinebas
(gaJonvas an SeRwevas). (sur.8)

2.5-wylis-asacilebel nagebobebis-amogeba---am SemTxvevaSi betonis
qsovilis CC gamoyeneba warmoadgens ekonomikur alternativas bitumis
safarTan SedarebiT da dazianebuli wylis asacilebeli nagebobis
gadakeTebisaTvis raTa uzrunvelyoT
nagebobis simtkice da misi dacva
eroziisagan. (sur.9)

სურ. 7

სურ. 9

სურ. 8
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ტილო CC - ის ფიზიკური თვისებები

C
C

სის
ქემმ

დაფასოებულირუ
ლონისზომამ2

დაუფასოებულირუ
ლონისზომამ2

რულონის
სიგანემ

C
C 5 5 10 200 1

C
C 8 8 5 125 1,1

C
C 13 13 N/A 80 1,1

C
C

მასა
(გაუმყარებელი) კგ/მ2

სიმკვრივე
(გაუმყარებელი)

კგ/მ3

სიმკვრივე
(გამყარებელი)

კგ/მ3

C
C 5 7,0 1500 +30 - 35%

C
C 8 12,0 1500 +30 - 35%

C
C 13 19,0 1500 +30 - 35%

3. daskvna

naSromSi ganxilulia betonis qsovili da misi gamoyenebis
magaliTebi, ZiriTadad sakiTxi exeba betonis qsovilis (tilo)
gamoyenebas sagzao da sxva infrastruqturuli obieqtebis mSeneblobasa
da reabilitaciaSi.

mSeneblobaSi betonis qsovilis gamoyeneba mTlianobaSi
uzrunvelyofs samSeneblo masalebis mniSvnelovan ekonomias (rig
SemTxvevaSi 80-90%-is farglebSi), montaJis procesi xorcieldeba
gacilebiT swrafad vidre Cveulebrivi betonis SemTxvevaSi, igi gacilebiT
efeqturia da advilia misi transportireba, montaJis procesi ar
moiTxovs specialur, rTulad mosaxmar xelsawyo iaraRebs.

literatura

1.WWW.CONCRETECANVAS.CO.UK



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(40), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

46

sarkinigzo transportis garemoze zemoqmedebis Sefasebis
Taviseburebebi

m. moiswrafiSvili, l. andRulaZe

(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175 Tbilisi
saqarTvelo.)

reziume: statiaSi ganxilulia sarkinigzo transportis garemoze
zemoqmedebis Sefasebis Taviseburebebi daproeqtebis, mSeneblobis da
eqspluataciis stadiaze.
gaanalizebulia TiToeul stadiaze sarkinigzo industriisgan mxriv
garemoze zemoqmedebis wyaroebi da mosalodneli sidide.

statiaSi warmodgenilia garemoze zemoqmedebis sididis
sqematuri gamosaxuleba rkinigzebis daproeqtebis, mSeneblobis da
eqspluataciis stadiebze maTi normaluri funqcionirebisas da
teqnogenuri avariebis zemoqmedebisas liandagis elementebis
mtyunebis SemTxvevaSi.SemoTavazebuliarkinigzebis mxriv garemoze
zemoqmedebis anTropogenul sazRvrebSi darCenisTvis saWiro
RonisZiebaTa mimoxilva.
dasaxulia sarkinigzo transportis efeqtur funqcionirebasTan
erTad teqnogenuri katastrofebis Tavidan acilebisTvis Semdgomi
kvlevis mimarTuleba.
sakvanZo sityvebi: sarkinigzo transporti, garemoze zemoqmedebis
Sefaseba

1. Sesavali
racionaluri, ekologiurad usafrTxo bunebaTsargeblobis

uzrunvelmyofi sainJinro gadawyvetilebis miRebisa da dasabuTebis
mizniT rkinigzebisa da saavtomobilo gzebis mSeneblobisa da
rekonstruqciisas garemozezemoqmedebis Sefaseba ganixileba yvela etapze
_  mSeneblobis dawyebamde, mSeneblobisas da mSeneblobis mere, romlis
mizania bunebrivi garemos zianisa da socialur–ekologiuri daZabulobis
minimizacia, agreTve gansaxilvel regionSi sameurneo saqmianobis gamo
garemos cvlilebebis prognozireba [1,2].

2. ZiriTadi nawili
ganvixiloT rkinigzebis daproeqtebis, mSeneblobisa

(rekonstruqciisa an modernizaciisa) daeqspluataciis stadiebze garemoze
zemoqmedeba.

Cvens mier SemuSavebulia sqematuri gamosaxuleba (nax.1.), romelic
gamoxatavs rkinigzebis funqcionirebis gamogaremoze zemoqmedebis sidides
misi daproeqtebis, mSeneblobis da eqspluataciis stadiebze normaluri
funqcionirebisas da teqnogenuri avariebis zemoqmedebas maTi elementebis
mtyunebisas.
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nax. 1. garemoze zemoqmedebis sididis sqematuri gamosaxuleba rkinigzebis
daproeqtebis, mSeneblobis da eqspluataciis stadiebze

rogorc naxazidan 1 Cans saproeqto stadiaze garemos mimarT
zemoqmedeba 0–is tolia, Tumca mTavari safuZveli imisa, rom axali
rkinigzebis mSeneblobisas da aseve rekonstruqciisa da modernizaciis
drosminimaluri ziani iqnas miyenebuli garemoze, swored am stadiaze
wydeba. unda aRiniSnos, rom rekonstruqcia-modernizacia naklebad rTuli
dasagegmia, vinaidan faqtobrivad saxeze gvaqvs is zemoqmedeba, rasac
rkinigzebis eqspluataciis gamo ganicdis garemo da winaswar SeiZleba
ganisazRvros is sainJinro RonisZiebebi, romlebic uzrunvelyofen
konkretuli sarkinigzo ubnis garemosTan harmoniul Tanaarsebobas.

mSeneblobis dros xdeba garemos intensiuri xelyofa, Tumca
mosapirkeTebeli samuSaoebis dros, mSeneblobis dasrulebis etapze
proeqtis mixedviT unda ganxorcieldes garemosdacviTi samuSaoebi,
romlebic uzrunvelyofen ekologiuri balansis maqsimalur aRdgenas
myari narCenebis marTviT, mcenareebis CargviT da wmendisa da mavne
niTierebaTa gauvnebelyofis sxvadasxvasamuSaoebis warmoebiT. Sesabamisad,
saerTo jamSi, sarkinigzo obieqtis mSenebloba uzrunvelyofili unda
iqnas ekologiurad usafrTxo masalebis gamoyenebiT da misi dasrulebis
Semdeg garemoze zemoqmedeba gamoixatebodes mxolod am obieqtis
konturebis farglebSi. cxadia, garemoze zemoqmedeba am SemTxvevaSi 0–s
ver gautoldeba, anu ver dadgeba ekosistemis aRdgeniTi an TviTaRdgeniTi
mdgomareoba, romelic xasiaTdeba misi sruli dabrunebiT sawyis
mdgomareobaSi, magram unda rCebodes anTropogenulobis sazRvrebSi da ar
scdebodes 8–10%–s anu adapciurobis (wonasworobis lokaluri an
statikuri gadanacvleba) farglebs.

gansakuTrebuli yuradReba unda gamaxvildes im faqtze, rom
liandagis eqspluataciisas adgili aqvs narCeni deformaciebis
dagrovebas, romelic gavlenas axdens garemoze mavne zemoqmedebis
permanentul zrdazec. saWiroa sainJinro RonisZiebebis gatareba, raTa
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SenarCunebuli iqnas rkinigzis liandagis umtyuneblobis maRali xarisxi,
riTic garantirebulad darCeba garemoze mavne zemoqmedeba
kontrolirebad da marTvad farglebSi [1].

agreTve, gansakuTrebuli mniSvneloba eniWeba rkinigzis liandagis
movla–Senaxvisa da SekeTebebis dagegmvas, raTa uzrunvelyofili iqnas
cveTis produqtebis dagrovebis minimumamde dayvana, maTi utilizaciis
SesaZlebloba, SekeTebebs Soris vadebis gazrda da sxv. Tumca, SekeTebebs
Soris vadebis gazrda unda moxdes im principiT, rom sarkinigzo obieqtis
mdgomareoba ar scdebodes saimedoobisa da umtyuno muSaobis farglebs,
liandagis TiToeul elements gaaCndes masSi warmoqmnili Zabvebis miRebis
rezervi.

satransporto mSeneblobisas garemoze zemoqmedebis Sefaseba unda
Catardes proeqtis teqnikur–ekonomikuri dasabuTebis stadiaze, romlis
drosac aucilebelia gamoyenebuli unda iqnas statistikuri monacemebic.
aseT SemTxvevaSi daproeqtebis stadiaze misi xelaxla Catareba saWiro
aRar gaxdeba, garda im SemTxvevisa, roca or stadiiani daproeqtebisas
muSa proeqtis SemuSavebisas miRebuli teqnikur–ekonomikuri dasabuTebis
gadawyvetilebebi moZvelda an gadaixeda daSesabamisad, Seicvala daaqedan
gamomdinare, mosalodnelia garemoze zemoqmedebis pirobebi
gansxvavdebodes ukve SemuSavebuli dokumentisgan. maSin saWiro gaxdeba
misi ganmeorebiT Catareba. erT stadiiani daproeqtebisas bunebriv da
socialur garemoze zemoqmedebis Sefaseba unda Sesruldes proeqtTan
erTad;

saerTo jamSi, gzS–is dokumentis SemuSavebis dros xdeba saproeqto
gadawyvetilebebis miReba, romelTa ganxorcieleba SesaZlebelia Tu isini
akmayofileben Semdeg pirobebs:
 adamianis janmrTelobisTvis ar warmoadgens safrTxes pirdapir,

iribad, kumulaciurad da sxva tipis zemoqmedebis saxiT, maT Soris
Semdgomi periodisTvisac;

 garemos ar miiyvans Seuqcevad procesebamde an
krizisulmovlenebamde rogorc mSeneblobisas, aseve misi
eqspluataciisas da likvidaciis saWiroebis dadgomisas;

 nagebobis romelime elementis/calkeuli elementebis teqnikuri
mtyunebis SemTxvevaSic ki ver gamoiwvevskatastroful Sedegebs.
romelime zemoT aRniSnuli pirobis Seusruleblobis SemTxvevaSi

saWiroa ganxilul iqnas negatiuri movlenebis kompensaciis variantebi,
radgan Zalze mniSvnelovania daproeqtebis, mSeneblobisa da
eqspluataciis stadiaze minimaluri zianis garantiis miReba, dabinZurebis
Tavidan acilebis, ekologiuri wonasworobis aRdgenis an kompensaciis
SesaZleblobiskvleva. amasTan, gaTvaliswinebuli undaiyos rogorc Tavad
sataransporto nagebobis mier garemoze, ise garemosgan satransporto
nagebobaze zemoqmedeba.

gzS–is dokumentis SemuSavebis dros saWiroa gaTvaliswinebuli
iyos operatiuli ekologiuri kontrolis kompleqsuri RonisZiebebi da
misi CarTva rkinigzebis mSeneblobisa da eqspluataciis procesSi.

3. daskvna
rkinigzebis funqcionirebis gamo garemoze zemoqmedebis analizis

mixedviT misi dasaSveb sidideebad unda miviRoT: mSeneblobis stadiaze
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ZiriTadi samuSaoebis warmoebisas garemos maqsimaluri dabinZureba 18–
20%, mosapirkeTebeli samuSaoebis Semdeg – 8–10%, xolo rkinigzebis
normaluri funqcionirebisas eqspluataciis stadiaze liandagis
SekeTebebs Soris narCeni deformaciebiT dagrovili cveTis
produqtebiTa da gadazidvebis warmoebiT dabinZureba kapitaluri
SekeTebis win ar unda aRematebodes anTropologiuri zemoqmedebis
sazRvars garemos maqsimalur dabinZurebas, anu 20%–s, xolo
kapitaluri SekeTebis Semdeg 10%–s,  rac uzrunvelyofs garemoze
zemoqmedebis Sedegebis TviTaRdgenis an aRdgenis SesaZleblobas
permanentuli  garemosdacviTi RonisZiebebis gatarebiT.

literatura
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modificirebeli Tixa-fiqali efeqturi danamati
saqarTveloSi kompozituri saSeni masalebis

teqnologiaSi.
m. abazaZe

(saqarTvelos teqnikuri universiteti, m. kostavas 77,0175 Tbilisi
saqarTvelo.)

reziume: statiaSi mocemulia aramadneuli sasargeblo wiaRiseulis
- Tixa-fiqlis, betonis dabaltemperaturuli reJimiT miRebuli
aqtiuri mineraluri danamatis, gamoyenebis efeqturobis mokle
analizi.moyvanilia eqperimentuli kvlevebis Sedegebi.
sakvanZo sityvebi: Tixa-fiqali,kompoziti,mineraluri
danamati,dehidratacia, rentgenodifraqtograma, betoni, seismomedegi
mSenebloba.

1.Sesavali
aramadneuli sasargeblo wiaRiseuli asrulebs mniSvnelovan rols

nebismieri qveynis ekonomikis ganviTarebaSi. es ganpirobebulia maTi
mravalmiznobrivi gamoyenebis SesaZleblobiT: samrewvelo da sasoflo-
sameurneo  produqciis Seqmnis procesSi, konstruqciuli masalebis
warmoebaSi (kompozituri masalebi) da sxva. rogorc cnobilia
saqarTveloSi sakmaod aris aramadneuli sasargeblo wiaRiseulis
maragebi.kerZod, saqarTvelo mdidaria: kirqvebiT, mergeliT, argilitebiT,
ceoliTebiT, TixebiT, Tixa-fiqlebiT da sxva.sxvadasxva aramadneuli
sasargeblo wiaRiseulis bazaze iwarmoeba mravali samSeneblo masala,
maTi gamoyeneba xdeba, rogorc  bunebrivi saxiT, agreTve meqanikuri,
Termuli da qimiuri damuSavebis Semdeg.

seismurad saimedo da mdgradi nagebobebis mSeneblobis
aucileblobam gaamkacra betonis nakeTobebisadmi wayenebuli moTxovnebi.
dRes msoflioSi aRiniSneba tendencia, romelic gulisxmobs mSeneblobaSi
maRali simtkicis armaturisa da maRali simtkicis  axali Taobis maRali
saeqspluatacio Tvisebebis mqone betonebis gamoyenebas.

saqarTveloSi dReisaTvis naklebadaa cnobili adgilobrivi
masalebiT axali Taobis, maRali klasis betonebis miRebis
SesaZleblobebi. amisaTvis saWiroa qveynis samSeneblo bazarze arsebuli
masalebis Tvisebebis kvleva, msoflioSi arsebuli Tanamedrove
teqnologiebis aTviseba da morgeba adgilobriv pirobebTan, normatiuli
dokumentebis Seqmna da a.S.

saqarTveloSi didi raodenobiT arsebuli aramadneuli sasargeblo
wiaRiseulis Tixa-fiqlis gamoyeneba mSeneblobaSi odiTganve xdeboda
Cvens qveyanaSi. mas  dResac iyeneben iatakebis, kedlebis, gadaxurvebis
mosawyobad, farTo moxmareba aqvs mas dizainSic, rogorc mosapirkeTebel
masalas. es ZiriTadad ganpirobebulia Tixa-fiqlis struqturis iseTi
TvisebebiT rogoricaa: maRali simkvrive, garemo pirobebis moqmedebis
mimarT mdgradoba, xolo misi vizualuri mravalferovneba, Senobebis
dizainSi misi farTod gamoyenebissaSualebas iZleva. cnobilia Tixa-
fiqlebis unikaluri Tvisebebi,kerZod Sesabamisi maRaltemperaturuli
damuSavebis Semdgom misi moculoba 3-8-jer izrdeba, rasac didi
mniSvneloba aqvs msubuqi Semvsebis keramzitis miRebisaTvis da mis bazaze
keramzitbetonis warmoebisaTvis. Tixa-fiqalze Catarebuli kvlevebis Cveni
mimarTulebaa saqarTvelosTvis aqtualuri, seismomedegi mSeneblobisaTvis
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saWiro,maRali klasis betonisaTvis, dabaltemperaturuli reJimiT
miRebuli aqtiuri mineraluri danamatisgamoyeneba. kvlevebi
ganpirobebulia kidev im faqtoriT, rom saqarTvelos zogierTi mdinaris
mier Camonatani Tixa-fiqlis didi maragebi zog SemTxvevaSi ekologiur
problemebsac ki qmnis(yvareli, md.duruji) kerZod dgeba maTi
utilizaciis problema.

2. ZiriTadi nawili
am konkretuli sakiTxis Seswavlis procesSi laboratoriulad

gamokvleul iqna Tixa-fiqlis, rogorc qimiuri Sedgeniloba da
struqtura, aseve Termuli mdgradoba, rac maRali xarisxis cementebisa
da betonis miRebis aucilebeli winapirobaa.

nimuSebis sruli gauwyloebis temperaturis dadgenis mizniT
Catarda mineralis kvleva diferencialuri Termuli analizis meTodiT.

Tixafiqlis DTA mrudze wylis disociacia ZiriTadad 100°C-ze xdeba. mcire
intensivobis endoTermuli piki 490°C-ze miuTiTebs Tixafiqlis
SemadgenlobaSi arsebuli rkina-manganumis qloridis struqturis
rRvevaze. egzoTermuli piki 700°C - ze, dehidrataciis dasrulebaze

migvaniSnebs. nimuSSi masis danakargi 3.7%-s Seadgens.
Termuli analizis safuZvelze, dehidrataciis damTavrebis

temperaturaze, moxda  Sesaswavli nimuSis Termuli damuSaveba. xolo
Semdeg rendgenodifraqtometruli analizis meTodiT Seswavlil iqna
mineralis, rogorc sawyis aseve Sesabamis temperaturaze damuSavebuli
nimuSebi.

Tixafiqlis rendgenodifraqtograma

nax. 1 sawyisi

2.490°C-ze gaxurebis Semdeg.
Tixafiqlis difraqtogramidan Cans, rom is Sedgeba  kvarcisFe-Mg-ის

ქლორიდის, Ca,Na -mindvris Spatisa da qarsisgan. nimuSis490°C-ze gaxurebam
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struqturis mcired Secvla gamoiwvia, rac ZiriTadad rkina-manganumis
qloridis struqturis rRvevaSi gamoixateba.

amrigad, saqarTvelos mineraluri nedleulis bazaze Seswavlili da
SemoTavazebulia Tixafiqali, romlebic saSeni masalebis warmoebis
Tanamedrove teqnologiebSi saWiroebisamebr SeiZleba gamoviyenoT
maRalefeqtur mineralur mikro da nano danamatad.
cxrili N1

Tixafiqalis qimiuri Semadgenloba oqsidebis saxiT.
Tixafiqali qimiuri Semadgenloba oqsidebis saxiT%
oqsidebi

% 4,7 1,32 2,83 7,59 0,58 18,73 59,5 4,1

Tanamedrove masalaTmcodneobis erT-erTi ZiriTadi amocanaa
kompoziciuri masalebis maRali xanmedegobis ganmapirobebeli struqturis
mizanmimarTuli formirebis xerxebis damuSaveba, raTa miRebuli produqti
xasiaTdebodes dasaxuli saeqspluatacio TvisebebiT warmoebis
teqnologiis maqsimaluri simartivis dros. betonis (cementis)
kompozitebis struqturis modificirebis yvelaze gavrcelebuli meTodia
mis SemadgenlobaSi maRali aqtivobis mikro da nano danamatebis Seyvana,
romelTa SemadgenlobaSia mikrokaJmiwa, mikroTixamiwa, metakaolini Tu
sxva.

Cvens SemTxvevaSi betonis modifikatorad SerCeulia
wvrildispersuli dabaltemperaturuli reJimiT (5000C) miRebuli aqtiuri
mineraluri danamati - Tixa-fiqlis fxvnili, romelic gamowvis Semdeg
dafqul iqna laboratoriul wisqvilSi, dafqvis siwmindiT - narCeni
sacerze N 008–5%.

maRali simtkicis betonebisteqnologiis erT-erT ZiriTad
moTxovnas warmoadgens maRali simkvrive, rac miiRweva Zalze mtkice
msxvili SemvsebiT misi moculobis maqsimaluri gajerebiT. es Semvsebebi
warmoqmnian uwyvet, xist karkass (Semvsebis kontaqturi ganTavseba), ris
Sedegadac betonis simtkicem SeiZleba 15-20%-iT moimatos.

maRali simtkicis betonebis teqnologiis meore ZiriTad
Taviseburebas warmoadgens gamoyenebuli cementis markaze ufro maRali
markis betonebis miReba. amis miRweva SesaZlebelia ara mxolod gazrdili
moTxovnebis Sesatyvisi masalebis gamoyenebiT, aramed betonis iseTi
struqturis SeqmniT, sadac mizanSewonilad iqneba Sexamebuli Semadgeneli
masalebis sasargeblo Tvisebebi.

betonis simtkicis zrdasTan erTad gansakuTrebuli mniSvneloba
eniWeba Semvsebi masalebis fizikur-meqanikur Tvisebebs. Tu Cveulebrivi
betonis SemTxvevaSi Semvsebi TamaSobs inertuli masalis rols, maRali
simtkicis betonebSi Semvsebebis xarisxsa da Tvisebebs TavianTi wvlili
SeaqvT betonis simtkicis zrdaSi.

msxvili Semvsebis saxiT gamoiyeneba mkvrivi mTis qanebis
damsxvreviT miRebuli RorRi. RorRis simtkice kumSvisas, wyliT
gaJRenTil mdgomareobaSi, standartis Tanaxmad, 1,5–jer unda
aRematebodes dasamzadebeli betonis markas. dasaSvebia ufro dabali
simtkicis RorRis gamoyenebac, magram es simtkice ar unda
Camouvardebodes misaRebi betonis markas. am SemTxvevaSi saWiroa RorRis
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gamocda betonSi da saTanado teqnikur-ekonomikuri dasabuTebis Semdeg
unda moxdes misi gamoyeneba.

im  SemTxvevaSi, rodesac qviSisa da RorRis granulometria da sxva
Tvisebebi  ver akmayofilebs maRali simtkicis betonebis dasamzadeblad
vargisi masalebisadmi wayenebul moTxovnebs (unda iTqvas, rom
saqarTvelos mdinareebis auzebis Semvsebebis umetesoba aseTia), cdiloben,
rom am naklis kompensireba moaxdinon modificirebuli danamatebiT.

Cvens SemTxvevaSi wvril da msxvil Semvsebebad gamoyenebulia
mdinare xramis auzis qviSa da xreSis msxvreviT miRebuli RorRi,
romelTa Cvens mier Seswavlili fizikur-meqanikuri maxasiaTeblebi
qvemoTaa mocemuli

betonis Semvsebebis - qviSa-RorRis testireba (gamoyenebuli
standartebi: EN 932, EN 933, EN 1097 da ГОСТ 8735-88):

Semvsebad rentabeluria adgilobrivi masalebis gamoyeneba, radgan
es mniSvnelovnad amcirebs betonis Rirebulebas(Semvsebi da wyali
Seadgens betonis masis85-90%-s).

mdinarexramisauzis qviSis,fizikur-meqanikurimaxasiaTeblebia:
ГОСТ 8735-88-is mixedviT, qviSis tenianoba gamocdis momentisaTvis

aRmoCnda: Wqv=5,6%; qviSis namdvili simkvrive EN 1097-7-is (piknometri)
mixedviT: ρn=2,61g/sm3; qviSis nayari moculobiTi simkvrive ГОСТ 8735-88-is
mixedviT: ρm=1,538g/sm3; carieloba qviSaSi ГОСТ 8735-88-is mixedviT: Vqv=(1-
ρm/ρn)100=41%; Tixovani, lamisebri damtvrisebri minarevebis arseboba
qviSaSi dadgenilia ГОСТ 8735-88-is Sesabamisad: igi Seadgens – 1,6%-s,rac
naklebia standartiT gansazRvrul dasaSveb normaze–3%.

qviSis granulo metruli Sedgeniloba gansazRvrulia
evrostandartN 933-2-is da ГОСТ8735-88-is Sesabamisad; eqsperimenti
Catarebulia avtomatur sacrel danadgarze

cxrili №2
md. xramis auzis qviSis marcvlovaniSedgeniloba:

narCenebi sacris naxvretis zomebi, mm gavida

№015
4,75 3,35 2,36 1,70 1,40 1,00 0,71 0,50 0,25 0,15

kerZo,gr 36 50 70 92 64 114 144 157 213 49 11
kerZo,% 3,6 5,0 7,0 9,2 6,4 11,4 14,4 15,7 21,3 4,9 1,1

sruli,% 3,6 8,6 15,6 24,8 31,2 42,6 57 72,7 94,0 98,9 100
ГОСТ8735-88-is mixedviT sruli narCenebi sacrebze Seadgens: 2,5-15,6%;1,25-
36,9%;0,63–64,85%;0,315–83,5%;0,15–98,9%.
qviSis sisxos modulia: Mს=15,6+36,9+64,85+83,5+98,9/100=3,0
gamosakvlevi qviSa ganekuTvneba e.w. msxvili qviSebis jgufs (narCeni 0,63
sacerze Seadgens 64,85%-s). nax. 3-ze naCvenebia md. xramis auzis qviSis
gacris grafiki.

rogorc grafikidan Cans, qviSis gacris mrudi moTavsda daStrixul
zonaSi, amdenad qviSa vargisia gamosayeneblad.
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naxazi3.
mdinare xramis auzis RorRis, fizikur-meqanikuri maxasiaTeblebia:

ГОСТ 8269-87-is mixedviT RorRis tenianoba gamocdis momentisaTvis

aRmoCnda:Wღ=0,9%;RorRis namdvili simkvrive EN 1097-7-is (piknometri)

mixedviT:ρნ=2,71გ/სმ3;RorRis nayari moculobiTi simkvriveГОСТ 8269-87-
ისმიხედვით:ρმ=1,42გ/სმ3;carieloba RorRSiГОСТ 8269-87-ისმიხედვით:Vქვ=(1-
ρმ/ρნ)100=47,6%;Tixovani, lamisebri da mtvrisebri minarevebis arseboba

RorRSi dadgeniliaГОСТ 8269-87-is Sesabamisad: igi Seadgens–0,42%-ს,rac
naklebia standartiT gansazRvrul dasaSveb normaze–1%.

RorRis granulometruli Sedgeniloba gansazRvrulia

evrostandartEN 933-2-ისდაГОСТ 8269-87-is Sesabamisad; eqsperimenti
Catarebulia avtomatur sacrel danadgarze (ix. cxrili 3): cxrili #3.

md. xramis auzis RorRis marcvlovani Sedgeniloba:
ნარჩენები sacris naxvretis zomebi, mm გავიდა

№5,0
19,0 16,0 12,5 9,5 8,00 6,3 5,0

კერძო,გრ 640 1618 4637 3102 1227 1939 1473 358

კერძო,% 4,23 10,79 30,91 20,68 8,18 12,93 9,82 2,39

სრული,% 4,23 15,02 45,93 66,61 74,79 87,72 97,54 99,93

RorRis marcvlovani SedgenilobaГОСТ8269-87-is mixedviT: fraqcia<5მმ-ზე-
2,39%;fraqcia5-10მმ–41,27%;fraqcia10-20მმ–56,27%.

gamokvleul iqna “haidelbergcementis”qarxnismier gamoSvebuli
portlandcementis samSeneblo-teqnikuri da fizikur-meqanikuri

Tvisebebi (gamoyenebuli standartebia:EN 196,EN 197-1,ГОСТ310-76,ГОСТ
10178-85):

1. portlandcementis namdvili simkvrive dadgenilia le-Satelies

xelsawyoze (marka62– L0025/B)evrosTan da rtEN 196-6-is Sesabamisad;
igi Seadgens:ρნ=3,09გრ/სმ3;

2. portlandcementis nayari moculobiTi masa (simkvrive)

gansazRvruliaГОСТ310.2-76-is mixedviT:
ρმ=1255კგ/მ3;
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3. portlandcementis comis normaluri sisqele dadgenilia vikas

avtomatur aparatVIKAMATIC 63-L0027/E-ზე,standartEN 196-3-
ისSesabamisad: igi Seadgens cementis masis 26%-s (wylis Semcveloba);

4. portlandcementis Sekvris vadebi dadgenilia vikas avtomatur

aparatVIKAMATIC 63-L0027/E-ზეstandartEN 196-3-is mixedviT:
Sekvris dasawyisia – 1 sT da 45wT;
Sekvris dasasruli – 4 sT da 05 wT;

5. portlandcementis dafqvis siwminde dadgeniliaГОСТ10178-85-
ისდაГОСТ6613-86-ისშესაბამისად:
narCeni №008-sa cerzeSeadgens 9%-s;

6. portlandcementis marka gansazRvrulia evrostandartEN 196-1-
ისSesabamisad (gamoyenebuli aparatura: avtomaturi programiT

samarTavi miqseri AUTOMIX EN –65-L0006/AM;samganyofilebiani

yalibi65-L0010/A,zomebiT40X40X160mm; samSeneblo duRabis sanjRrevi

danadgari65-L0012/E,cifruli mTvleliT; cementis nimuSebis

gamyarebis karada65-L0013/D;cementis Zelakebis Runvaze da kumSvaze

gamosacdeli wnexebi65-L0019/8da50-C9030Sesabamisad):
cementis nimuSebis gamocda moxda 28-e dRes;

cementis 28-dRiani Zelakebis gamocdis Sedegebi:

Runvaze:Rღ=3pl/2bh2=6,5
kumSvaze: Rკ=P/F=43,75 მპა;

am monacemebis mixedviT, evrostandartEN 197-1-ის (“cementi - nawili

1: cementis Sedgeniloba”) mixedviT, cementis  markaa- CEM 42,5 N.
Tixa-fiqliT modificirebuli betonis Sedgeniloba da testireba
zemoT moyvanili monacemebis safuZvelze ganxorcielda B40 klasis

betonis Sedgenilobis daproeqteba da damzadebul iqna e.w. sabazo
nimuSebi (6 cali kubi zomebiT 150X150X150mm) yovelgvari danamatis gareSe;
wyalcementis fardoba am SemTxvevaSi Seadgenda w/c=0,5;
Sedarebis mizniT  daproeqtebul iqna meore Sedgeniloba, sadac

maplastificirebel danamatad gamoyenebul iqnaSika-ს firmis
plastifikatori Viscocrete SF-18(1%-is odenobiT cementis masidan), ramac
saSualeba mogvca wyalcementis fardoba Segvemcirebina w/c=0,34-mde; am
seriaSic damzadebul iqna 6 kubis formis nimuSi, zomebiT 150X150X150mm;
daproeqtebul iqna aseve betonis mesame Sedgenilobac, sadac cemetis
xarji Semcirebul iqna 10%-iT, betonis SedgenilobaSi Seyvanil iqna Tixa-
fiqlis TermodamuSavebis Sedegad miRebuli wvrildispersuli
mamodificirebeli danamati cementis masis 10%-is odenobiT; betonis
Semadgeneli sxva komponentebis cvlileba ar ganxorcielebula.

nimuSebi gamocdili iqna 7 da 28 dRis asakSi. nimuSebis gamocdis
gasaSualoebuli Sedegebi moyvanilia cxrilSi №4.

cxrili №4
betonis Sedgeniloba da testireba

№
mikroSemv
sebis saxe

betonis Semadgenloba kg/m3
konusis
jdena,

sm

zogadi
simkvrive,

kg/m3

simtkice
kumSvaze,

mpa
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დ
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დ
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1 - 488 815 838 - - 244 4 2,34 2,35 41,3 53,9
2 - 488 845 858 - 4,88 166 6 2,31 2,32 57,7 70,1

3
Tixa-

fiqali 438 845 858 50 4,88 166 3 2,32 2,33 59,4 72,8

rogorc N4 cxrilidan Cans, betonis meore Sedgenilobis

(maplastificirebel danamatad gamoyenebuli iqnaSika Viscocrete SF-18-1%-ის
odenobiT cementis masidan, ramac SegvaZlebina w/c-is 0,34-mde Semcireba)
nimuSebis simtkiceebis saSualo mniSvneloba (70,1 mpa) daaxloebiT 30%-iT
aRemateba sabazo nimuSebis simtkiceebis saSualo mniSvnelobas (53,9 mpa),
xolo mineraluri mikroSemvsebis, Tixa-fiqlis, cementis masidan 10%-is
odenobiT damatebam, cementis xarjis 10%-iT Semcirebis
SemTxvevaSi,migvaRwevina betonis simtkicis kidev ufro mniSvnelovan
matebas 72,8- mpa.

3. daskvna
Sedegebis ganxilva gviCvenebs:
1. modificirebuli mineraluri danamatis Tixa-fiqlis gamoyeneba

plastifikatorTan erTad zrdis betonis simtkices kumSvaze
udanamatosTan SedarebiT daaxloebiT 35%-iT, e.i. kompleqsuri
danamatebis meSveobiT SesaZlebelia betonis klasis mniSvnelovani
amaRleba.

2. betonebSi modificirebuli danamatis (TermodamuSavebuli Tixa-fiqali)
SeyvanamsaSualeba mogvca Segvemcirebina  cementis xarji,
gagveumjobesebina betonis teqnikuri Tvisebebi.

3. rogorc zemoT iyo aRniSnuli qveyanaSi arsebobs Tixa-fiqlis
utilizaciis problema, amitom misigamoyeneba betonis warmoebaSi
agreTve xels Seuwyobs am sakiTxis mogvarebas.
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cecxlgamZle gafarToebadi cementebi da xsnarebi
T. gabadaZe. i.sulaZe

(saqarTvelos teqnikuri universiteti, m.kostavas q.77, 0175,
Tbilisi, saqarTvelo)

reziume: naSromSi ganxilulia cecxlgamZle gafarToebadi
cementebis da xsnarebis miRebis teqnologiis da Tvisebebis
Seswavlis Sedegebi. naCvenebia   gamoyenebis is sferoebi, sadac
gafarToebadi cecxlgamZle xsnarebi  mogvcemen siTbos danakargebis
Semcirebis da ekologiuri mdgomareobis gaumjobesebis saSualebas.
mocemulia alunituri gafarToebadi cementis qvis gamagrebis dros
mimdinare procesebis Seswavlis Sedegebi gaxurebisas da Semdgomi
regidrataciisas. naCvenebia gafarToebadi cementebis miRebis  axali
gzebi.
sakvanZo sityvebi: cecxlgamZle, deformacia, gafarToebadi cementi,
pirapiri, etringiti, Samoti.

1. Sesavali
cecxlgamZle cementebis da xsnarebis gamoyenebis areali Zalze

farToa. Ees aris sxvadasxva Tburi agregatebi, mbrunavi da stacionaruli
Rumelebi, sakvamle milebi da sxv.cecxlgamZle cementebis ZiriTadi
saxeebia Tixircementi, fosfaturi Semkvrelebi, Txevadi (xsnadi) mina,
portlandcementi sxvadasxva danamatebiT.
Tixircementi (1) maRaltemperaturuli (1550-16500C)sinTezis produqtia. Aam
cementis misaRebi  ZiriTadi komponentis – didi raodenobiT Tixiris
(Al2O3) Semcveli nedleulis (boqsitebis) deficiti da siZvire, gamowvis da
dafqvis procesis didi energotevadoba (daaxloebiT 1500kvt.sT/t),
miuxedavad maRali saeqsploatacio temperaturisa (17000C-mde), zRudavs
mis farTo gamoyenebas.

fosfaturi Semkvrelebi (2) aseve maRaltemperaturuli masalebia.
magram maTi gamoyeneba moiTxovs: deficitur, ZviradRirebul
komponentebs,Semkvreli kompoziciis (fosformJava+aluminis, magniumis,
TuTiis da sxv. oqsidebi) winaswar momzadebas rTuli teqnologiiT,
gamagrebis specifiur pirobebs da sxv., rac aseve zRudavs misi gamoyenebis
areals.

saintereso Semkvrelia Txevadi (xsnadi) mina (3).  igi miiReba sodis an
natriumis sulfatis SelRobiT qviSasTan da miRebuli e.w.
,,lodsilikatis’’ Tburi damuSavebiT saWiro simkvrivis mqone wyalxsnaris
miRebisTvis. Mmis safuZvelze mzaddeba rogorc cecxlgamZle, aseve
mJavagamZle cementebi, magram qimiuri Tu temperaturisadmi mdgradobis da
maRali simtkicis misaRwevad aucilebelia gamagrebis intensifikatorebis-
qromis anhidridis, natriumis siliciumftoridis an qrommanganumis
warmoebis narCeni widis gamoyeneba. amasTan pirveli ori toqsikuria,
xolo qrommanganumis wida deficituri. SesaZlebelia sxva masalebis –
kiris, cementis, metalurgiuli widebis Agamoyeneba, magram isini
gamagrebis procesis nakleb intensifikacias axdenen. Aam mWidis
gamoyenebis temperaturuli intervali gansakuTrebiT didi
cecxlgamZleobis mqone Semvsebebis (Samoti, magneziti, qrommagneziti da
sxv.) gamoyenebisas aRwevs 1100-12000C. simtkicis da cecxlgamZleobis mxriv
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saukeTeso Sedegebi miiRweva Txevadi minis wyalxsnaris gamoyenebisas
simkvriviT 1,38-1,42 t/m3.
Ggamoyenebis farTo temperaturuli intervaliT da xelmisawvdomobiT
gamoirCeva portlandcementi da misi saxeobebi. swored maT bazaze
damzadebuli cecxlgamZle cementebi,  xsnarebi da betonebi gamoiyeneba
700-14000Cda ufro met temperaturul intervalSi, romelSic muSaobs
Tburi agregatebis an maTi kvanZebis umetesoba.portlandcementis da misi
saxeobebis safuZvelze SeqmnilicecxlgamZle cementebis, xsnarebis da
betonebis Tvisebebi, miRebis da gamoyenebisteqnologia  detalurad aris
Seswavlili (4,5,6).

2. ZiriTadi nawili
portlandcementis mdgradobaze maRaltemperaturul garemoSi sxva

faqtorebTan erTad uaryofiT gavlenas axdens misi hidrataciis da
gamagrebis procesSi  cementis simtkicis ZiriTadi matareblis –
samkalciumiani silikatis hidrolizis Sedegad warmoqmnili kalciumis
hidroqsidis (portlanditis) dehidratacia 5490C, rac iwvevs struqturis
Sesustebas. dehidrataciis Sedegad warmoiqmneba kalciumis oqsidi
(Caumqrali kiri), romelmac nakeTobaSi an Tbur agregatSimuSaobis
garkveul  pirobebSi (mag. Tburi zemoqmedebis SeCerebisas garemos
sinestis zegavleniT) SeiZleba ganicados xelmeore hidratacia kiris
Caqrobis procesis Tanamdevi movleniT – moculobis mniSvnelovani
matebiT. Ees ki iwvevs simtkicis kidev ufro klebas da nakeTobis
daSlasac ki. Aam movlenis Tavidan asacileblad cementis SemadgenlobaSi
SeyavT e.w.wmindad dafqvili danamatebi (wdd), ZiriTadad siliciumis
dioqsidis Semcveli masalebi. siliciumis dioqsidi maRal (8000C da
meti)temperaturebzeSeabams gamoTavisuflebul kalciumis oqsids
sxvadasxva silikatebSi (rankiniti, geleniti), rac   Tavidan gvacilebs
kiris Caqrobis Tanamdev procesebs da zrdis simtkices.

kvlevebiT dadgenilia, rom rigi faqtorebis gaTvaliswinebiT
wddanamatad umjobesia ara bunebrivi, aramed ukve Termul zemoqmedeba
gavlili masalebis gamoyeneba (mag.Samoti, widebi, magneziti). es Tavidan
gvacilebs im arasasurvel deformaciebs, romelsac ganicdis nebismieri
bunebrivi masala gaxurebisas.  Semvsebebadac  mizanSewonilia Termuli
winaistoriis mqone masalebis (Samoti, magneziti, qromomagneziti da sxv.)
gamoyeneba, rac aumjebesebs maT cecxlgamZle Tvisebebs da amcirebs
deformaciebs gaxurebisas.cecxlgamZle cementebi portlandcementis
safuZvelze damoukideblad praqtikulad ar gamoiyeneba.

maRali saeqsploatacio Tvisebebis mqone cecxlgamZle xsnarebis da
betonebis safuZvelze nakeTobebis misaRebad an Tburi agregatebis
mSeneblobisas Tburi zemoqmedebis dawyebamde unda mkacrad iyos daculi
rigi pirobebi, kerZod: a)isini unda magrdebodnen normalur pirobebSi
aranaklebi 14 dReRame; b)garkveuli reJimiT unda ganxorcieldes Sroba
dabal temperaturebze (magaliTisTvis laboratoriuli nimuSebi Tbur
damuSavebamde unda gamoSren 105-1100C aranaklebi 32 saaTisa) g) danadgaris
gaxureba saeqsploatacio temperaturamde unda mimdinareobdes Sesabamisi
sareJimo moTxovnebis dacviT. es zomebi, axangrZliveben ra danadgaris
eqsploataciaSi Seyvanis dros, amave dros uzrunvelyofen mis
xangrZlivadsaimedo muSaobas.Aaqve unda aRiniSnos, rom cecxlgamZle
cementebis, xsnarebis da betonebis laboratoriuli nimuSebi markis
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dadgenisaTvis gamoicdeba rogorc 8000C 4sT dayovnebiT gamowvis, aseve 7
dReRame haer-nestian garemoSi Senaxvis Semdeg. es saWiroa, raTa dadgenil
iqnas kompoziciaSi Tavisufali (Seubmeli) kiris arseboba, rac gamoCndeba
simtkicis mkveTr vardnaSi an nakeTobis dabzarva-daSlaSi. swored es
maCvenebeli, (romelic unda iyos kumSvaze simtkicis samarko sididis
aranaklebi 40%), aris  cecxlgamZle xsnarebis da betonebis vargisianobis
ZiriTadi ganmsazRvreli.

mniSvnelovani saerTo nakli, romelic gaaCnia yvela ganxilul
cecxlgamZle cements da nakeTobebs maT safuZvelze, aris Cajdomis
(moculobis Semcirebis) deformaciebi jer kidev normalur pirobebSi
gamagrebisas (kontraqcia), romlebic Zlierdeba maRal temperaturebze
muSaobis procesSi. Cajdomis  deformaciebi uaryofiT gavlenas axdenen
aramartosimtkiceze, aramed agregatebis hermetulobaze (monoliTurobaze).
Cajdomis gamo  Tburi agregatebis konstruqciebis da detalebis
SemaerTebel pirapirebSi  bzarebis da RreCoebis warmoqmna mniSvnelovnad
zrdis Tbur danakargebs, xdeba  saTbobis wvis produqtebis da
dasamuSavebeli masalebidan gamoyofili mavne airebis gamosvla
teqnologiuri traqtis mTel sigrZeze, rac ekologiurad mavnes xdis
samuSao garemos.

stu-s silikatebis teqnologiis kaTedraze mimdinareobda da
mimdinareobs samuSaoebi iseTi cecxlgamZle cementebis, xsnarebis da
betonebis miRebis, TvisebaTa Seswavlis da sxvadasxva Tbur agregatebSi
gamoyenebis mizniT, romelTac maRal cecxlgamZle TvisebebTan erTad
eqnebodaT gafarToebis unari, raTa dadebiTi deformaciebis sidideebs
gadaeWarbebinaT maRali temperaturis zemoqmedebiT gamowveuli uaryofiTi
(Cajdomis) deformaciebis sidideebisaTvis. es iZleva saSualebas
SevinarCunoT Tburi agregatebis hermetuloba, rac garkveulad
aRmofxvris zemoT miTiTebul naklovanebebs, Seamcirebs Tbur danakargebs
da gaaumjobesebs ekologiur mdgomareobas.

cxadia, gafarToebad cecxlgamZle kompoziciaSi cementi:wdd:Semvsebi
gafarToebis unaris matarebeli unda iyos cementi. aseTad SerCeul iqna
imave kaTedraze damuSavebuli alunituri gafarToebadi cementi (agc) (7).
MgafarToebadi cecxlmedegi cementis misaRebad pirvelad Catarebuli
kvlevebis Sedegebi mocemulia (8). SemdgomSi gafarToebadi cecxlgamZle
cementebis da maT bazaze cecxlgamZle gafarToebadi xsnarebis da
betonebis miRebis, TvisebaTa Seswavlis da gamoyenebis xaziT didi
moculobis samuSaoebi Catarda, romelTa Sedegebi gadmocemulia (9,10,11 da
sxv.). samuSaoebi mimdinareobda da mimdinareobs sferos wamyvan
organizaciebTan: [(,,teplomontaJi’’ da ,,teploproeqti’’ q. moskovi),
(,,teplostroi’’ q. iaroslavli), (,,Tbilsresi’’, s/g ,,azoti’’ saqarTvelo) da
sxv.] TanamSromlobiT da dafinansebiT.

gafarToebadi cecxlgamZle kompoziciebis misaRebad gamokvleuli
iqna mravali rogorc adgilobrivi bunebrivi (diatomiti,spongoliti,
pemza, kvarcis qviSa dasxv.), aseve teqnogenuri (Samoti, magneziti,
qromomagneziti, korundi da sxv.). rogorc wdd, aseve Semvsebad gamoyenebis
mizniT. Dupiratesoba mieniWa teqnogenur masalebs, radgan maTi winaswari
maRaltemperaturuli damuSaveba ganapirobebda deformaciebis Semcirebas
da xels uwyobda simtkicis SenarCunebas gamowvis Semdeg farTo
temperaturul intervalSi (400-12000C). dadgenili iqna maTi damatebis
raodenobis gavlena gafarToebadi cementebis gafarToebis sidideze
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normalur pirobebSi, deformaciebze da simtkiceze gaxurebisas.  yvela
maTganisaTvis SemuSavebuli iqna cecxlgamZle gafarToebadi xsnarebis da
betonebis optimaluri Sedgeniloba. rogorc wdd, aseve Semvsebad
CamoTvlili masalebidan ZiriTadad  xelmisawvdomobis gamo upiratesoba
mieniWa Samots.

agc bazaze damzadebuli cecxlgamZle gafarToebadi sxvadasxva
Sedgenilobis cementebis da xsnarebis simtkiceebi da deformaciebi
rogorc Cveulebriv pirobebSi, ise maRali temperaturebis zemoqmedebisas
detalurad aris Seswavlili. SedarebisaTvis Seswavlil iqna igive
sakiTxebi rigiTi portlandcementis gamoyenebisas. am kvlevebma aCvena, rom
orive cementis gamoyenebisas simtkicis cvlilebis suraTi praqtikulad
erTnairia. rac Seexeba deformaciebs, portlandcementze damzadebuli
kompoziciebi Tavidanve ganicdidnen Cajdomas, rac Zlierdeboda maRali
temperaturebis zemoqmedebisas. temperaturis zemoqmedebiT Cajdomis
deformaciebs ganicdian agreTve agc bazaze damzadebuli kompoziciebic,
oRond am SemTxvevaSi, rac Zalze mniSvnelovania, gafarToebis sidideebi
yovelTvis aRemateba gaxurebisas CajdomiT gamowveul deformaciebs.es
sakiTxebi farTod aris ganxiluli (9,10,11) da Cven mier Catarebuli
mravali samecniero-kvleviTi samuSaoebis angariSebSi da maT aRar
ganvixilavT.

rogorc zemoT aRvniSneT, portlandcementis gaxurebisas mimdinare
procesebi detalurad aris Seswavlili. rac Seexeba agc gaxurebisas
mimdinare procesebs, isini  Seswavlilia Cvens mier. am kvlevebSi didi
yuradReba eqceoda gafarToebis gamomwvev naerTs–kalciumis
hidrosulfoaluminats 3CaO*Al2O3*3CaSO4*32H2O (minerali etringiti).
individualuri mineralis - etringitis gaxurebisas mimdinare procesebi
gamokvleuli iqna (12), magram am naerTis Semcveli cementis qvis
gaxurebisas mimdinare procesebi pirvelad Cvens mier iqna gamokvleuli
(13).

gansakuTrebiT saintereso aRmoCnda agc qvis gamowvis Semdgomi
regidrataciis procesebis kvlevis  Sedegebi.  dadginda, rom cementis qvis
da etringitis daSlis produqtebidan regidrataciis procesSi kvlav
xdeba etringitis kristalebis aRdgena, oRond maTi forma da zomebi
damokidebulia etringitis warmomqnel sawyis fazebze. kerZod: a)1000C
gamowvis Semdgomi regidrataciisas etringiti warmoiqmneba TabaSiris da
dabalda maRalfuZiani kalciumis aluminatebis urTierTqmedebis Sedegad;
b)200-4000C gamowvis Semdgomi regidrataciisas etringiti warmoiqmneba
xsnadi anhidritis, kalciumis hidroqsidis, kalciumis monosul-
foaluminatis da uwylo maRalfuZiani kalciumis aluminatebisgan; g)600-
10000C gamowvis Semdgomi regidrataciisas etringiti warmoiqmneba uxsnadi
anhidritis (an estrix-TabaSiris), kalciumis oqsidis da uwylo kalciumis
aluminatebisgan. zemoTqmuli saSualebas gvaZlevs  gavamravalferovnoT
axali gafarToebadi cementebis miRebis gzebi da saSualebebi.

rogorc aRiniSna, gafarToebadi cecxlgamZle cementebis da maT
bazazedamzadebuli xsnarebis efeqturoba unda gamovlindes Tburi
nagebobis monoliTurobis SenarCunebaSi, e.i. Tburi zemoqmedebis Sedegad
nagebobis calkeul elementebs Soris unda SenarCundes monoliTuroba
(mTlianoba), maT Soris ar unda warmoiqmnas RreCoebi da bzarebi. am
faqtis damadasturebeli eqsperimentebis arsi mdgomareobs SemdegSi:
rigiTi portlandcementis safuZvelze momzadebuli  cecxlgamZle
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xsnarisgan vayalibebdiT prizmis formis mqone nimuSebs zomiT 40x40x70mm.
maTi damuSaveba xdeboda zemoT aRniSnuli winaswari gamagrebis da Srobis
reJimebiT, Semdeg ori prizma Tavsdeboda yalibSi (ГОСТ310.1....4. 81mixedviT).
winaswar xdeboda SesaerTebeli zedapirebis sxvadasxva meTodiT
damuSaveba (wyliT dasveleba, daRarva, marilmJavis xsnariT damuSaveba da
sxv.).maT Soris sicarieleebs (pirapirebs) vavsebdiT  gafarToebis
sxvadasxva sididis mqone cecxlgamZle xsnarebiT (ix.naxazi).
SedarebisaTvis pirapirebs vavsebdiT rigiTi portlandcementis bazaze
damzadebulicecxlgamZle xsnarebiTac. orive SemTxvevaSi xsnaris
Sedgeniloba iyo 1:0,3:1. winaswari gamagrebis da Srobis Semdeg vatarebdiT
nimuSebis Tbur damuSavebas 200-10000C temperaturul intervalSi. nimuSebis
gamocda xdeboda Runvaze simtkicis zRvris damdgen danadgarze МИИ-100.
mrRvevi Zalis miyeneba xdeboda pirapirze misi zedapiris marTobuli
mimarTulebiT.Runvaze simtkicis arseboba migvaniSnebs konstruqciis
mTlianobaze, e.i. hermetulobaze.

mrRvevi Zala
11                   1

2 3       2

naxazi. cecxlgamZle betonis elementebs (1) Soris pirapiris (2) zedapirebs Soris
sivrcis gafarToebadi cecxlgamZle xsnariT (3) SeerTebis (Sevsebis) sqema

sxvadasxva gafarToebis mqone agc safuZvelze damzadebuli cecxlgamZle
xsnarebiT Seqmnili pirapirebis Runvaze simtkicis maCveneblebi normalur
pirobebSi gamagrebis, sxvadasxva temperaturaze damuSavebis da haer-
nestian garemoSi Senaxvis Semdeg naCvenebia cxrilSi. rigiT
portlandcementze damzadebuli cecxlgamZle xsnarebiT Seqmnili
pirapirebs  jer kidev normalur pirobebSi gamagrebisas Cajdomis gamo ar
hqondaT simtkice Runvaze (e.i. ver gvaZlevdnen monoliTs). amitom maTi
Sedegebi ar aris moyvanili. cxrili
cecxlgamZle

xsnaris
gafarToebis
sidide, %

simtkice Runvaze, kgZ/sm2

7 dReRame
normalur

Srobis Semdeg
105-1100C -ze

gaxurebis Semdeg, 0C 8000C–ze gamomwvari
nimuSebis simtkice

pirobebSi
gamagrebisas

32 saaTis
ganmavlobaSi

300 500 800 7 dReRame haer-
nestian garemoSi
Senaxvisas

0,54 10,2 10.8 8.20 4.0 1.4 1.0
1,20 18,8 20.1 10.0 4.2 2.2 1.5
1,65 25.1 26.2 15.5 8.6 3.8 2.6
2,20 22.4 22.8 12.4 7.0 2.9 2.0
2,95 21.5 22.0 8.40 5.2 1.8 0.8
3,52 15.8 10.2 2.2 0.7 0.1 ara

rogorc miRebuli Sedegebidan Cans, cecxlgamZle xsnaris
gafarToebis sididis zrda dadebiTad moqmedebs monoliTis Runvaze
simtkicis zrdaze rogorc  normalur pirobebSi gamagrebisas, aseve
Srobis Semdeg. aRniSnuls ganapirobebs aramarto gafarToebisas
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ganviTarebuli Zalebi, romlebic zrdian xsnaris betonTan SeWidulobis
xarisxs, aramed am ZalebiT gamowveuli difuziuri procesebic, rodesac
cecxlgamZle xsnaris wminda fraqciebi (agc da wdd) SeiWreba betonSi
garlveul siRrmeze. amas adasturebs is faqti, rom Runvaze gamocdisas
nimuSis gatexva xdeboda ara xsnaris da betonis SeerTebis zedapiris
gaswvriv, aramed pirapiris SuaSi. mcire gafarToebis sidide ver qmnis
SeWidulobis Sesabamis xarisxs, xolo meti gafarToebisas  Tburi
damuSavebis procesSi simtkicis maCveneblebi Runvaze mcirdeba rogorc
temperaturuli, aseve etringitis destruqciiT gamowveuli deformaciebis
gamo. amasTan es ukanaskneli miT metia, rac metia xsnaris gafarToebis
sidide, e.i metia etringitis raodenoba. moyvanili monacemebidan
gamomdinare, optimalurad migvaCnia cecxlgamZle xsnarebi, romelTa
gafarToebis sidide 1,20-2,20% farglebSia.  isini inarCuneben maRal
simtkices rogorc Tburi damuSavebis, aseve haer-nestian garemoSi Senaxvis
Semdeg.

3. daskvna
amrigad, Tbur agregatebSi da Tboteqnikur traqtebSi siTbos

danakargebis Semcirebis  da ekologiuri mdgomareobis gaumjobesebis
mizniT mizanSewonilia alunituri gafarToebadi cementebis safuZvelze
damzadebuli gafarToebadi cecxlgamZle xsnarebis da betonebis
gamoyeneba.
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blanti sagzao bitumebis reologiuri Tvisebebi

T. papuaSvili, v. jRamaia, m. sulamaniZe
(saqarTvelos teqnikuri universiteti, m. kostavas

77, 0175, Tbilisi, saqarTvelo)
reziume: warmodgenil naSromSi ganxilulia gaumjobesebuli
standartis proeqti, sadac Setanilia damatebiTi moTxovnebi da
moyvanilia evropul normebTan SesabamisobaSi. am ukanasknelSi
ufro detaluradaa mocemuli sxvadasxva saxis bitumebis
reologiuri Tvisebebisadmi wayenebuli moTxovnebi, raTa ufro
obieqturi warmodgena viqonioT bitumis e.w. „qcevaze“
asfaltbetonis SemadgenlobaSi. axali standartis proeqtSi
yuradReba gamaxvilebulia dinamikur siblanteze 60oC, kinematikur
siblanteze135oC da daZvelebis prognozze 163oC-ზე.
sakvanZo sityvebi: blanti bitumi, inertuli masala, krobadoba,
viskozimetri, parcialuri vakuumi, dinamikuri da kinematikuri
siblante, kalibraciis koeficienti, reologia, korelacia.

1.Sesavali
blanti bitumebis realuri reologiuri Tvisebebis gansazRvra da

maTi gaTvaliswineba asfaltbetonebis narevebis momzadebisas da adgilze
dagebis temperaturuli reJimebis SerCevisas saSualebas gvaZlevs
mniSvnelovnad avamaRloT inertuli masalisadmi krobadoba, Zvrisadmi
mdgradoba da Sesabamisad gavzardoT mTlianobaSi asfaltbetonis
safarebis xanmedegoba, rogorc statikuri ise dinamikuri datvirTvebis
zemoqmedebis pirobebSi.

2. ZiriTadi nawili
amJamad blanti sagzao bitumebis xarisxze moTxovna

reglamentirebulia saqarTveloSi moqmedi standartiT ГОСТ 22245-90.
amasTan unda aRiniSnos, rom masSi ar aris asaxuli bitumebis
reologiuri Taviseburebani teqnologiur da saeqspluatacio
temperaturebze. sazRvargareTis mowinave gamocdileba gviCvenebs, rom
reologiuri Tvisebis Sefaseba gvaZlevs ufro obieqtur warmodgenas
bitumis e.w. „qcevaze“ asfaltbetonis SemadgenlobaSi. Tanamedrove etapze
damuSavebulia gaumjobesuli standartis proeqti, romelSic Setanilia
damatebiTi moTxovnebi da mosulia SesabamisobaSi evropul normebTan.
mocemul naSromSi SevexebiT ZiriTad parametrebs, romelic moyvanilia
blanti bitumebis gaumjobesebul standartSi, kerZod:

dinamikuri siblante 60oC-ზე-es parametri axasiaTebs bitumis
reologiur Tvisebas safarSi zafxulis sezonis eqspluataciis pirobebSi.
dinamikuri siblante saSualebas gvaZlevs vimsjeloT asfaltbetonis
safaris mdgradobaze nakvalevis warmoqmnisa da sxvadasxva plastikuri
deformaciebis mimarT.

kinematikuri siblante 135oC-ზე es parametri axasiaTebs bitumis
teqnologiur maCvenebels asfalbetonis narevis momzadebis procesSi.
mocemuli temperaturuli reJimi maqsimalurad miaxloebulia
asfaltbetonis narevis momzadebis da adgilze misi dagebis
temperaturasTan, sagzao safarebis mSeneblobisas.
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daZvelebis gansazRvra Txel acskSi RTFOT-is meTodiT163oC-ze-
vinaidan bitumis Semkvrelis reologiuri Tvisebebi icvleba
asfaltbetonis momzadebis procesSi da ganicdis cvlilebas Semdgomi
eqspluataciisas, aqedan gamomdinare daZvelebis movlena iTvleba
mniSvnelovan Semadgenel nawilad Semkvrelis Tvisebebis normirebis dros.

rogorc cnobilia asfaltbetonis narevis momzadebis stadiaze,
agreTve misi dagebis procesSi xdeba misi intensiuri teqnologiuri
daZveleba. es meTodi saSualebas gvaZlevs ufro obieqturad movaxdinoT
daZvelebis pirobebis imitacia, vidre dRes moqmedi saxelmwifo standarti

ГОСТ 18180-72 iTvaliswinebs. daZvelebis mimarT bitumis mdgradobis
amaRlebis moTxovnebis gazrda saSualebas mogvcems gavzardoT
asfaltbetonis safaris momsaxureobis vada. agreTve axali standartis
proeqtSi damatebiT gaTvaliswinebulia bitumebis TvisebaTa rigi
maCveneblebis cvlileba daZvelebis Semdeg RTFOT-is meTodiT - dinamikuri

siblante - 60oC-ze, welvadoba 25oC-ze, penetracia 25oC-ze, simyifis
temperatura da masis dakargva.

standartis proeqtSi gaTvaliswinebulia moTxovnaTa dayofa TvisebaTa
maCveneblebis da konkretuli klimaturi pirobebis mixedviT, rac gvaZlevs
saSualebas movaxdinoT bitumebis xarisxisadmi wayenebuli moTxovnebis
diferencireba, konkretuli eqspluataciis pirobebisaTvis.

25oC temperaturaze nemsis SeRwevadobis siRrmis mixedviT pirobiTi
siblantis maxasiaTebeli Seviwrovda praqtikaSi yvelaze ufro
gamoyenebadi bitumis markisaTvis, penetraciiT 35-dan 100-mde. dinamikuri da
kinematikuri siblantis gansazRvris meTodebi reglamentirebulia

dargobriv sagzao meTodologiur dokumentebSi (ОДМ 218. 7.001-2008).
dinamikuri siblante 60oC-ze ОДМ-is moTxovnebis Tanaxmad - bitumis

Semkvrelebis  dinamikuri siblante  ganisazRvreba vakuumis viskozimetriT

60oC-ze, roca bitumi warmoadgens siTxes, miaxloebuls niutonis
siTxesTan (Zvris Zabva proporciulia deformaciis siCqaresTan).
SemoTavazebuli meTodikis  Tanaxmad viskozimetris milaki ivseba bitumis
SemkvreliT didi muxlidan Sevsebis xazis donemde. Semdeg xelsawyos

dgamen TermostatSi temperaturiT 135oC. Semdgom etapze mas moaTavseben
Termostatirebul wylis an zeTis abazanaSi, romelSic daculia mudmivi

temperatura 60oC. am operaciis Semdeg viskozimetris viwro muxlSi
miewodeba parcialuri vakuumi, bitumis Semkvrelis gadadinebis
stimulirebisaTvis.

vakuumi aucilebelia imisTvis, rom

60oC-ze bitumis Semkvrels hqondes
blant-plastiuri Tvisebebi da ar
hqondes gadadinebis saSualeba

gamocdis procesSi fiqsirdeba dro
(wamebSi), romelic aucilebelia
nivTierebis gadadinebisTvis or

nax. 1.  vakuumuri viskozimetri
dadgenil niSnuls Soris. am SemTxvevaSi dinamikuri siblante

gamoiTvleba drois namravliT viskozimetris kalibraciiskoeficientze.
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kinematikuri siblante 135oC-ze - am
temperaturaze bitumis Semkvreli xdeba
sakmaod denadi da SeiZleba gadadineba
moxdes kapilaruli milakidan mxolod
sakuTari simZimis ZaliT, amitomac am
SemTxvevaSi araa aucilebeli gamoviyenoT

parcialuri vakuumi.
bitumis Semkvrel nivTierebas Caasxamen

viskozimetris did naxvretSi Sevsebis
xazamde. Semdeg mas aTavseben zeTis abazanaSi TermostatirebisaTvis.
dabali vakuumi miewodeba patara naxvretidan an mcire wneviT didi
naxvretidan, bitumis gadadinebis stimulirebisTvis sifonis segmentze,
uSualod Sevsebis xazis zemoT. Semdeg simZimis Zalis zemoqmedebiT
bitumis Semkvreli Caedineba qvemoT kapilaruli milakis vertikalur
segmentze. cdis procesSi izomeba dro (wamebSi), romelic aucilebelia
bitumis gadadinebisaTvis or dadgenil danayofs Soris.

standartis proeqtSi SemoTavazebuli maCveneblebis cvlilebis
regresiuli analizi iZleva saSualebas gamovavlinoT zogierTi
kanonzomiereba da korelaciuri kavSirebi, kerZod:

kinematikuri siblantis gansazRvrisaTvis Cკინ=23,339*დინ0,5111, (1)
dinamikuri siblantis gansazRvrisaTvis დინ= Cკინ1,9477, (2)
sadacCკინ-kinematikuri siblantea,მმ2/წმ; დინ - dinamik. siblante,პა*წმ.

nax. 3. kinematikuri da dinamikuri siblantis cvlileba
sxvadasxva markis sagzao navTobbitumebisaTvis

dadgenilia, rom dinamikuri da kinematikuri siblantis mniSvnelobebis
korelacia urTierT Soris xdeba 99%-iani saimedoobiT. miRebuli
xarisxobrivi damokidebuleba SeiZleba gamoyenebuli iqnas Sesafasebeli
maCveneblebis prognozisaTvis. standartis danergvis pirvel etapze
sagzao mSeneblobis praqtikaSi statistikuri monacemebis SegrovebisaTvis
mizanSewonilia ganvaxorcieloT aucilebeli eqsperimentaluri Semowmeba
sertificirebul akreditirebul laboratoriebSi. es dakavSirebulia
imasTan, rom samwuxarod dRevandeli realobidan gamomdinare yvela
laboratoria ar aris aRWurvili parcialuri da vakuumuri
viskozimetriT. kinematikuri da dinamikuri siblanteebis cvlileba
sxvadasxva markis sagzao bitumebisaTvis saxelmwifo standartis proeqtis
mixedviT naCvenebia nax. 3-ze.

ნახ. 2. ვისკოზიმეტრი Zeitfuchs
დამჭერებით
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nax. 4. bitumis welvadobis da darbilebis temperaturis cvlileba nemsis
SeRwevis siRmeze damokidebulebiT

erTdroulad miRebulia mdgradi xarisxobrivi maTematikuri
gamosaxulebebi blanti sagzao bitumebis Tvisebebis yvela normirebuli
maCveneblebis cvlilebisaTvis, 25oC-ze nemsis SeRwevadobis siRrmis
maCveneblis mixedviT. (nax.4).

nax. 5. bitumis simyifis temperaturis cvlileba siblanteze
damokidebulebiT

nax.5-ze naCvenebia simyifis temperaturis cvlileba siblanteze
damokidebulebiT, romelsac agreTve gaaCnia sakmaod maRali korelacia (0,961-
0,974-is farglebSi).

nax.6. bitumis dinamikuri da kinematikuri siblantis cvlileba nemsis
SeRwevis siRmeze damokidebulebiT

amave naxazze welvadobis maCveneblisaTvis dadgenilia, rom miRebul
regresiul models gaaCnia korelaciuri kavSiri 0,949-dan 0,954-mde.
analogiurad darbilebis temperaturisaTvis mravaljeradi korelaciis
koeficientma Seadgina 0,981-dan 0,984-mde.
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kidev ufri didi sizustiT korelirdeba urTierT Soris nemsis
SeRwevadobis siRrme dinamikur (0,995-0,999) da kinematikur (0,991-0,999)
siblantes Soris (nax. 6).

miRebuli Sedegebi adastureben, rom qveda zRvruli mniSvnelobis
mixedviT sxvadasxva markis bitumebisaTvis penetraciis indeqsi moTavsebulia
0-2,5 is farglebSi da yovelTvis ar jdeba ГОСТ 22245-iT moTxovnil (-1 dan +1
mde) qveda zRvarze. mizanSewonilia davakoreqtiroT am maCveneblis
moTxovnebi qveda zRvaris mixedviT (1,4-mde da meti bitumebisaTvis,
penetraciisaTvis 130 da meti) an gadavxedoT moTxovnebs, romelic waeyeneba
darbilebis temperaturas.

blanti sagzao bitumebis da polimeriT modificirebuli bitumovani
Semkvrelebis reologiuri Tvisebebis gaTvaliswineba teqnologiuri da
saeqspluatacio temperaturebis farTo diapazonSi mogvcems saSualebas
gacilebiT safuZvlianad davniSnoT organuli Semkvrelebis warmoebis
teqnologiuri procesebi navTobgadamamuSavebel sawarmoebSi, asfaltbetonis
narevebis momzadebis reJimi sagzao samSeneblo industriis organizaciebSi,
dagebis teqnologia da asfaltbetonis narevebis datkepnis procesebi.

es saSualebas mogvcems CavataroT prognozi bitummineraluri narevis
saimedoobaze samuSao temperaturaTa farTo diapazonSi da SevafasoT
safaris xanmedegoba saavtomobilo gzebisa da aerodromebis saeqspluatacio
pirobebSi. dakvirvebebiT da cdebiT dadgenilia, rom sagzao blanti
bitumebis TvisebaTa maCveneblebis standartebs Soris arsebobs stabiluri

korelaciuri kavSiri (Kკორ=0,949-0,999). bitumebis miRebuli Tvisebebi naTlad

aris aRwerili regresiuli modelis am saxiT y=b0*xb1, rac saSualebas
gvaZlevs gansazRvruli saimedoobiT ganvaxorcieloT maTi standartuli
maCveneblebis operatiuli prognozi.

3. daskvna
 adgenili iqna, rom dinamikuri da kinematikuri siblantis mniSvnelobebis
korelacia urTierT Soris xdeba 99%-iani saimedobiT.

 miRebulia mdgradi xarisxobrivi maTematikuri gamosaxulebebi blanti
sagzao bitumebis Tvisebebis yvela normirebuli maCveneblebis
cvlilebisaTvis, 25oC-ze nemsis SeRwevadobis siRrmis mixedviT.

 welvadobis maCveneblebisaTvis dadgenilia, rom miRebul regresiul
moduls gaaCnia korelaciuri kavSiri 0,949-dan 0,954-mde.

darbilebis temperaturisaTvis mravaljeradi korelaciis koeficienti
gamoisaxa 0,981-0,984-is farglebSi.

 blanti sagzao bitumebis reologiuri Tvisebebis gaTvaliswinebiT
teqnologiuri da saeqspluatacio temperaturebis farTo diapazoni
mogvcems saSualebas mizanmimarTulad davniSnoT organuli Semkvrelebis
warmoebis teqnologiuri procesebi, zustad SevarCioT asfaltbetonebis
narevebis momzadebis reJimi, dagebis teqnologia da datkepnis saTanado
procedurebi.
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rkinabetonis konstruqciuli elementebis muSaobisa
da rRvevis meqanizmis kvleva

l. kaxiani, m. TavaZe
(saqarTvelos teqnikuri universiteti, m.kostavas q.#77, 0175,

Tbilisi, saqarTvelo)

reziume: winamdebare statiaSi ganxilulia sxvadasxva mkvlevari
mecnierebis mier Catarebuli rkinabetonis konstruqciuli
elementebis daZabul-deformirebuli mdgomareobis Seswavla
seismuri datvirTvis zemoqmedebisa  da saeqspluatacio
vargisianobis uzrunvelsayofad. ganxilulia SemTxvevebi, rodesac
SekumSul elementze realurad moqmedebs mRunavi momenti, grZivi
Zala da mgrexi momenti. literaturidan cnobilia, rom
miwisZvrisgan dangreuli nagebobebis umravlesoba mgrexi momemtiT
aris gamowveuli.
sakvanZo sityvebi:Senobebi da nagebobebi, rikinabetonis
konstruqciebi, seismedegoba, Runva, grexa, kumSva, Zalvebi.

1.Sesavali

mSeneblobis dargSi samecniero-teqnikuri progresi moiTxovs
Senobebisa da nagebobebis konstruqciebis zidvis unarisa da
saeqspluatacio vargisianobis uzrunvelsayofad proeqtirebis meTodebis
ganuwyvetliv srulyofas. optimaluri proeqtirebis sainJinro
kriteriumebis srulyofisaTvis, aucilebelia rkinabetonis muSaobis
sruliad axleburad Seswavla da saangariSo modelebis dazusteba.
dasabuTebuli praqtikuli rekomendaciebisa da normatiuli dokumentebis
Seqmnis safuZveli ki rkinabetonis Teoriis Semdgomi ganviTarebaa.
amitomac aucilebelia, mizandasaxuli eqsperimentul-Teoriuli kvlevebis
Catareba, raTa Seswavlili iqnas jer kidev Seuswavleli sakiTxebi,
kerZod, rTul deformirebul mdgomareobaSi myofi rkinabetonis
konstruqciebis xanmokle da xangrZlivi simtkicis gansazRvra statikuri
da seismuri datvirTvisas.

2. ZiriTadi nawili

rkinabetonis konstruqciuli elementebis daZabul-deformirebuli
mdgomareobis Seswavla seismuri zemoqmedebisas, warmoadgens erT-erT
aqtualur mimarTulebas nagebobebis seismomedegobis sferoSi, vinaidan
seismuri zemoqmedeba SeiZleba ganxiluli iqnas, rogorc niSancvladi
mcire cikluri datvirTva. dRemde Catarebuli eqsperimentul-Teoriuli
gamokvlevebi, romlebic Catarebulia CvenTan [4;5] da sazRvargareT [1;2;3]
srulad ver asaxaven rRvevis SemrTxvevebs. am sakiTxis Seswavla
mniSnvelovania imdenad, ramdenadac seismuri datvirTvis zemoqmedebis
dros rkinabetonis konstruqciuli elementebis bzarwarmoqmnis momenti,
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zRvruli zidvis unari da rRvevis xasiaTi xSir SemTxvevaSi gamowveulia
grexiT.

Sesaswavlia Senoba-nagebobebis rkinabetonis elementebis daZabul-
deformirebuli mdgomareobis kanonzomierebani, dazianebis dagrovebis
xasiaTi, rRvevis formebi, simtkicis da deformaciis cvlilebis xasiaTi,
xangamZleoba. rac mTavaria, Sesaqmnelia uaxlesi teqnologiebiT Seqmnili
saangariSo aparati, romelic gaiTvaliswinebs erTdroulad mRunavi
momentebis, mgrexi momentebisa da  mkumSavi Zalis erTdroul
zemoqmedebas.

am sakiTxebis Seswavlas mieZRvna mravali mecnieris i. gvozdevis, s.
aleqsandrovskis, m. gifSaZanis da sxvaTa naSromebi.

Cven qveyanaSic wlebis win Catarebuli samecniero-sakvlevi
samuSaoebi [4;5], romelic miZRvnili iyo rkinabetonis konstruqciebis
daZabul-deformirebuli  mdgomareobis SeswavlisaTvis dReisaTvis
sakmarisi ar aris.

ukanasknel wlebSi gamoqveynebul literaturaSi gansakuTrebiT
didi yuradReba aqvs daTmobili kvlevebs, sadac Seswavlilia
konstruqciuli elementebis qceva erTjerad da mravaljer ganmeorebadi
datvirTvis dros [4;5].  am samuSaoTa safuZvelze Camoyalibda garkveuli
Sexedulebebi rkinabetonis elementebis simtkicisa da deformaciuli
Tvisebebis cvlilebis, plastiuri deformaciebis dagrovebis, bzarebis
gaxsnis Sesaxebs da sxva.

seismuri tipis datvirTvebis gavlenis Seswavla rkinabetonis
konstruqciul elementebze  gansakuTrebiT farTod aris warmodgenili
qarTvel specialistTa mier  Sesrulebul kvlevebSi, romlebic
tardeboda profesorebis k. zavrievis, S. nafetvariZis, g. qarcivaZis, j.
esaiaSvilis, g. abaSiZis, p. lutiZis, a. piradovis da sxvaTa
xelmZRvanelobiT, rac dResac metad aqtualuria Cveni qveynisaTvis,
romelic seismurad aqtiur regionSi mdebareobs.

bolo wlebis miwisZvrebis Sedegebis analizma gviCvena, rom Senoba-
nagebobebis rkinabetonis elementebis CarCovani tipis konstruqciebis
daproeqtebisa da gaangariSebis sakiTxebSi yvelaferi rigze ar aris. amave
kvlevebma gviCvena, rom mzidi rkinabetonis  konstruqciebi mniSvnelovnad
ziandebian mRunavi da mgrexi momentebis erToblivi moqmedebisas, mgrexi
momentisa da mkumSavi Zalis zemoqmedebis gamo. mniSvnelovania is
garemoebac, rom eqsperimentul-Teoriul samuSaoebSi, romelic miZRvnilia
grexis sakiTxebisadmi da Sesrulebulia  a. gvozdevis, v. baikovis,
a.zalesovis, i. aizerbergis, g. qarcivaZis, l. kaxianis, [4;5], j. esaiaSvilis
da sxvaTa mier, ganixileba rkinabetonis konstruqciebis Taviseburebani
seismuri datvirTvis maRali donis dros, magram isini yovelTvis  ver
iqna gamoyenebuli konstruqciebis simtkicis Sesafaseblad.

literaturaSi mocemuli eqsperimentul-Teoriuli samuSaoebis
analizis safuZvelze dadginda, rom rkinabetonis konstruqciaTa umetesi
nawili eqspluataciis dros ganicdis rTuli Zaluri faqtorebis
kompleqsur zemoqmedebas. sxvadasxva qveynebSi Zlieri miwisZvrebis
Sedegebis analizma dagvanaxa, rom mzidi rkinabetonis konstruqciebis
mniSnvnelovani dazianebebi niSancvladi mgrexi momentis aRZvris gamo
xdeba. amgvari tipis  dazianebebi  xdeba ara marto nagebobis fuZis
moZraobis talRuri xasiaTis  da arasimetriuli Senobebis arsebobis gamo
[ 4 ], romelsac axasiaTebs masebis araregularuli ganlageba da sixistis
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cvlileba, aramed absoluturad simetriuli Senobebis konstruqciebSic,
rac, Cveni azriT, gamowveulia betonis araerTgvarovnebiT da misi
simtkicis maxasiaTeblebis ganbnevis gamo. mzid konstruqciebSi
araerTdroulad aRiZvreba mniSvnelovani aradrekadi da narCeni
deformaciebi. deformaciebis aseTi araerTdrouli warmoqmna da
Sesabamisad mniSvnelovnad gansxvavebuli dazianebebis aRZvra sxvadasxva
konstruqciebSi xels uwyobs grexis procesis ganviTarebas.

3. daskvna

sxvadasxva qveynis mecnierebis kvlevebis Sedegebis ganxilvis
safuZvelze  SegviZlia davaskvnaT:

1. ar arsebobs gamokvlevebi, romlebSic safuZvlianad Seiswavlebodes
niSancvladi mgrexi momentis zemoqmedeba calke, miT umetes, mRunav
momentTan da mkumSav  ZalasTan erTad.

2. garTulebulia Runvadi  da SekumSuli rkinabetonis elementebis
simtkicis da deformaciulobis swori Sefaseba, romelic seismuri
datvirTvis zemoqmedebis dros damatebiT ganicdian grexas.

3. rTulad deformirebadi rkinabetonis elementebis seismomedegobis
saimedo SefasebisaTvis aucilebelia maTi qcevis xasiaTisa da rRvevis
meqanizmis  dadgena seismuri tipis Zalebis zemoqmedebisagan.
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sapirapiro RreCoebis mdgomareobis analizi da rgoluri
liandagis samedoobis prognozireba

n. rurua, l. CxeiZe
(saqarTvelos teqnikuri universiteti, m.kostavas q.77, 0175,

Tbilisi,     saqarTvelo)
reziume: statiaSi ganxilulia sapirapiro RreCoebis mdgomareobis
analizi da rgoluri liandagis samedoobis prognozirebis
sakiTxebi. gaanalizebulia sapirapiro RreCoebis mowyobis da movla-
Senaxvis arsebuli normatuli dokumentebi, romlebic srulad ver
pasuxoben 25 metriani relsebis eqspluataciis moTxovnebs
urTierTsawinaaRmdego rekomendaciebis Semcvelobis gamo.
SemoTavazebulia sapirapiro RreCoebis mniSvnelobebis dajgufebis
xerxi intervaluri statistikuri rigis daxmarebiT. gansazRvrulia
piketur temperaturTa faqtiuri mkumSavi vardnis mniSvnelobebi.
warmodgenili sapirapiro RreCoebis gaxsnis grafikis analizis
safuZvelze SesaZlebelia daskvnebisa da rekomendaciebis gacema
rgoluri liandagis muSaobis saimedoobaze minimaluri saangariSo
temperaturis dadgomis momentSi, sapirapiro RreCoebis garekvis an
regulirebis gadaudebeli samuSaoebis Sesrulebis saWiroebis
Sesaxeb.
sakvanZo sityvebi: relsi, rgoluri liandagi, sapirapiro RreCo,
sapirapiro RreCoebis garekva da regulireba, intervaluri
statistikuri rigi, temperaturTa faqtiuri mkumSavi vardna,
rgoluri liandagis mdgradoba.

1. Sesavali
saqarTvelos rkinigzaze 25 metriani relsebis eqspluatacia

arsebuli sapirapiro RreCoebiT iwvevs garkveul siZneleebs. zamTrSi
izrdeba WanWikebis Wris da pirapirebis gawyvetis SemTxvevebi, romlebic
iwveven moZraobis Seferxebas da sxva dauSvebel Sedegebs. zafxulSi
maqsimaluri saangariSo an masTan axlos mdgomi temperaturis dadgomisas
xdeba rgoluri liandagis gagdeba, ramac SeiZleba gamoiwvios matareblis
marcxi da avaria.

amJamad rgoluri liandagis sapirapire RreCoebis mTliani gazomva
warmoebs weliwadSi orjer: gazafxulze da Semodgomaze. saliandago
meurneobis muSakebs unda SeeZloT sapirapiro RreCoebis faqtiuri
mdgomareobis analizi, RreCoebis garekvis da regulirebis sxvadasxva
gadaudebeli RonisZiebebis gamoyenebis aucileblobis gansazRvra,
romlebic uzrunvelyofen rgoluri liandagis saimedo muSaobas da
matareblebis moZraobis usafrTxoebis maRal dones.

arsebul normatiul dokumentaciebSi, romlebic gansazRvraven sapi-
rapiro RreCoebis mowyobis da movla-Senaxvis pirobebs, ar aris gansazR-
vruli mkacri moTxovnebi RreCoebis Tavidan dayenebis sisworeze da
eqspluataciis procesSi mis Semdgom movla-Senaxvaze. aRniSnuli
dokumentebi srulad ver pasuxobs 25 metriani relsebis eqspluataciis
moTxovnebs, Seicavs zogierT gaurkvevel, urTierTsawinaaRmdego
rekomendaciebs da garkveulwilad moZvelebulia.



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(40), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

72

2. ZiriTadi nawili
sapirapiro RreCoebis sagazafxulo gazomvis mdgomareobis gaangari-

Sebisa da analizis safuZvelze xdeba mocemul ubanze rgoluri
liandagis muSaobis saimedoobis prognozireba liandagis mdgradobis
mixedviT da gaicema rekomendaciebi sapirapiro RreCoebis garekvis an
regulirebis gadaudebeli samuSaoebis Sesrulebis saWiroebis Sesaxeb.
waZvris arsebobisas SemTxvevaSi winadRiT axdenen 25 metriani relsebis
sapirapiro RreCoebis damatebiT gazomvebs mosalodneli eqstremaluri an
masTan axlos mdgomi temperaturis dadgomisas.

sapirapiro RreCoebis saSemodgomo gazomvebis da zamTarSi mosalod-
neli pirapirebis gaxsnis agebuli grafikis analizis safuZvelze gaicema
daskvnebi da rekomendaciebi rgoluri liandagis muSaobis saimedoobaze
minimaluri saangariSo temperaturis dadgomis momentSi, aseve im piketebSi
da pirapirebSi, sadac SesaZloa pirapirebSi WanWikebis Wra an gawyveta,
sapirapiro RreCoebis garekvis an regulirebis gadaudebeli samuSaoebis
Sesrulebis saWiroebis Sesaxeb.

gaangariSebebi Catarebuli iqna axalqalaqi-ninowmindis ubanis xis
Spalebiani omboxursamagrebiani rgoluri liandagis (relsebis sigrZe 25m,

relsis tipi 65P , eqvsnaxvretiani zesadebi) erT kilometrisaTvis ( maxt =

+57 Co , mint =_38 Co ). gazomil iqna sapirapiro RreCoebis sidideebi Rt +5 Co

temperaturis dros (cxr.1) cxrili 1

sapirapiro RreCoebis gazomvis Sedegebi Rt +5 Co temperaturis dros

marcxena
Zafi

7 2 9 9 4 4 12 5 7 4 3 6 10 8 13 14 13 14 7 6

pk 1 2 3 4 5
marjvena

Zafi
1 5 2 5 1 4 1 7 6 5 5 1 5 7 2 3 10 8 3 5

marcxena
Zafi

11 10 5 8 7 11 9 12 10 9 17 13 14 15 16 5 3 4 1 2

pk 6 7 8 9 10
marjvena

Zafi
12 3 4 10 5 2 3 12 2 4 2 4 6 5 4 5 1 8 6 3

gansaxilvel ubanze marcxena Zafze RreCoebis sidide icvleba 1-dan 17
mm-mde, xolo marjvena Zafze 1-dan 12 mm-mde (cxr.1), rac ar aRemateba
RreCos konstruqciul mniSvnelobas.

Seswavlil iqna statistikuri monacemebi, anu monacemebi imis Sesaxeb,
Tu ra mniSvnelobas miiRebs RreCos sidide dakvirvebis periodSi. sapira-
piro RreCoebis mniSvnelobebis dajgufeba moxda intervaluri
statistikuri rigis daxmarebiT. amisaTvis ganisazRvra amokrebis
danawilebis intervalebis raodenoba, aseve RreCos uwyveti SemTxveviTi
mniSvnelobebis intervaluri statistikuri rigis sigrZe da sazRvrebi (1)

da (2) formulebis saSualebiT:   kXXh /minmax  (1)

sadac maxX da minX - Sesabamisad sapirapiro RreCos maqsimaluri da

minimaluri mniSvnelobaa, mm;
k - amokrebis danawilebis intervalebis raodenoba,

nk lg322,31 (2)

n - gaanalizebuli RreCoebis raodenoba.

3,780lg322,31 k intervali;   3,27/117 h .
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intervalebis raodenoba ar unda iyos 7-ze naklebi yovel 2mm-Si.
gansazRvrul iqna piketur temperaturTa faqtiuri mkumSavi vardna (3)

formuliT, amasTan (4) formuliT winaswar gamoTvlil iqna piketze saSua-
lo RreCos mniSvneloba.

  saSsaSkum.  4,3/ maxmax  ttlttt (3)

sadac t temperaturaa, romlis drosac xdeba sapirapiro RreCoebis

gazomva, Co ;

saS sapirapiro RreCos saSualo sidide orive sarelso Zafze, mm;

4,3 temperaturaTa sxvaoba, romlis drosac 25 metriani relsi

sigrZes icvlis 1 mm-iT.
piketze sapirapiro RreCos saSualo mniSvneloba gaangariSebul iqna

formuliT
8

. 


marcmarj.

saS
ii 

 (4)

sadac  marj.
i da marc.

i - sapirapiro RreCoebis jamuri mniSvnelobaa

Sesabamisad marjvena da marcxena ZafisaTvis, mm.
pirveli piketisTvis igi tolia

0,58/)52519927( saS მმ;

350,54,3557  kum.t Co

gaangariSebis Sedegebi sxva piketebsTvisac motanilia  cxril 2-Si.
cxrili 2

temperaturTa mkumSavi vardnis gaangariSeba
piketi

saS , mm
maxt Co

R.t Co
kum.t Co piketi

saS , mm
maxt Co

R.t Co
kum.t Co

1 5,0

+57 +5

35 6 7,9

+57 +5

25
2 4,8 36 7 7,6 26
3 4,6 36 8 7,6 26
4 7,8 25 9 8,8 22
5 8,3 24 10 3,5 40

gaangariSebis safuZvelze agebul iqna temperaturaTa faqtiuri mkum-

Savi vardnis kum.t grafikebi mocemul kilometrze (nax.1.a), romelic unda

Sedardes dasaSvebs. grafikze wyvetili xaziT gavlebulia ][ yt 65P tipis

relsebiani rgoluri liandagis mdgradobis pirobiT dasaSvebi mniSvnel-
oba, swori da mrude ubnebisaTvis radiusiT 600m da 300m, romlTaTvisac

yt Sesabamisad tolia 38 Co , 30 Co da 16 Co .

sapirapiro RreCoebis maqsimalurad SesaZlo mniSvnelobebis gaangari-
Sebis Sedegebi (5) formuliT minimaluri saangariSo temperaturis
dadgomisas mocemulia (nax.1.b).

   minmin 295,0 ttttl   (5)
sadac f faqtiuri sapirapiro RreCos sidide marjvena an marcxena Za-

fze, mm;
t faqtiuri sapirapiro RreCos Sesabamisi temperatura (sapirapiro

RreCos gazomvis temperatura) Co .
marjvena Zafze kilometris TiTqmis mTel sigrZeze  me-17, me-18, 21-e,

24-e, 28-e da 38-e RreCoebis garda saWiroa yvela sapirapiro RreCos gazrda
5 –8mm-iT. es samuSao gadatanil unda iqnes gazafxulze sapirapiro
RreCoebis mTliani sagazafxulo gazomvebis Semdeg.



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(40), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

74

marcxena sarelso Zafze me-4, me-5, me-8 da me9 piketebSi saWiroa yvela
RreCos Semcireba, radganac sapirapiro RreCoebma zamTris periodSi SeiZ-
leba miaRwios 28-30 mm-s. sapirapiro RreCoebis aseTma mdgomareobam
SeiZleba gamoiwvios WanWikebis gadaWra da pirapirebis gawyveta, amitom
aRniSnul piketebSi sapirapiro RreCoebis regulireba aucileblad unda
Catardes siciveebis dawyebamde. 25 metriani relsebis eqspluataciisas
WanWikebis 7 gradusiani gaRunviT zafxulis periodSi ioldeba
temperaturuli muSaoba, xolo zamTarSi iwvevs  sapirapiro RreCoebis da
pirapiris zonaSi relsebze moZravi Semadgenlobis Tvlebis dinamikur
zemoqmedebas.
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3. daskvna
temperaturaTa faqtiuri da dasaSvebi mkumSavi vardnis grafikis

analizis Sedegad SesaZlebelia Semdegi daskvnebis gakeTeba:

 swor ubnebze mxolod me-10 piketSi temperaturaTa faqtiuri
mkumSavi vardna aWarbebs dasaSveb mniSvnelobas, rac safrTxes uqmnis
relssaSpalo gisosis mdgradobas maqsimaluri saangariSo an masTan
axlos mdgomi temperaturis dadgomis momentSi. aRniSnul piketze
aucilebelia sapirapiro RreCoebis regulireba an garekva, anu RreCoebi
unda gaizardos normalur mniSvnelobebamde. kilometris danarCen ubnebze
zafxulSi uzrunvelyofili iqneba 25 metriani relsebis normaluri
eqspluatacia, amitom damatebiTi samuSaoebis Catareba ar aris saWiro;

 mrudebSi radiusiT 600 m da meti temperaturaTa faqtiuri mkumSavi
vardna, romelic aWarbebs dasaSvebs dafiqsirebulia 1, 2, 3 da 10 piketebSi.
rgoluri liandagis mdgradobis pirobiT darRvevis Tavidan acilebis miz-
niT saWiroa RreCoebis gadideba, 25 metriani relsebis RreCoebis reguli-
rebis da garekvis samuSaoebis Catareba. danarCen ubnebze zemoT
aRniSnuli samuSaoebis Catareba ar aris saWiro;

 mrudebSi radiusiT 300 m da naklebi liandagis gagdebis saSiSroeba
SenarCunebulia mTel kilometrze. 25 metriani relsebis RreCoebis
regulirebis da garekvis samuSaoebis Catarebis dros aucilebelia
sapirapiro RreCoebis gadideba.

faqtiuri RreCoebis mdgomareobis gaanalizebis dros, unda
aRiniSnos, rom RreCoebis gazrda saWiroa mxolod marjvena sarelso
Zafze, sadac RreCoebi mniSvnelobebi SedarebiT naklebia, vidre marcxena
Zafze da umetesoba axloa nulovan mniSvnelobasTan. Tu mezobeli
piketebis RreCoebis xarjze ar arsebobs sapirapiro RreCoebis
daregulirebis SesaZlebloba, maSin rgoluri liandagis normaluri
eqspluataciis uzrunvelsayofad saWiroa erTi an ori standartulad
damoklebuli relsis Cageba. amasTan damoklebuli relsebis dagebis
adgilze aucileblad unda daregulirdes sapirapiro RreCoebi.

zamTarSi sapirapiro RreCoebis maqsimalurad gaRebis gaangariSebis
Sedegebis analizi gviCvenebs, rom marjvena Zafze mcire gamonaklisebis
garda, faqtiuri  RreCoebi ver aRwevs konstruqciul mniSvnelobas. 25 met-
riani relsebis aseTi mdgomareoba zamTris pirobebSi iTvleba
sasurvelad: mcirdeba moZravi Semadgenlobis zemoqmedebis done relsebze
pirapiris zonaSi, mcirdeba moZravi Semadgenlobis da liandagis, aseve
relsebisa da moZravi Semadgenlobis savali nawilebis moSla da a.S.
magram zafxulis pirobebSi 25 metriani relsebis sapirapiro RreCoebis
mdgomareoba aradamakmayofilebelia.
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Krkinabetonis TaRovani kesonuri gadaxurvis
mowyobis praqtikuli magaliTi

i. qvaraia, S. yanCaSvili
(saqarTvelos teqnikuri universiteti, m.kostavas q.#77, 0175,

Tbilisi, saqarTvelo)
reziume: statiaSi ganxilulia, rkinabetonis TaRovani kesonuri
gadaxurvis mowyobis praqtikuli magaliTi. igi asaxavs am metad
iSviaTi tipis monoliTuri konstruqciis agebis teqnologiur
Taviseburebas.
sakvanZo sityvebi: kesoni, TaRi, karkasi, betoni, rkinabetoni, koWi,
wibo, yalibi, xaraCo, fanera

1.Sesavali
Ukesonuri gadaxurvebis mowyobis magaliTebi, sxvadasxva masalebis

gamoyenebiT, jer kidev Zvel egviptur arqiteqturaSia gvxvdeba, rac im
dros albaT gadaxurvebis masiurobis SemcirebiT ufro iyo gamowveuli,
vidre saxuravebis dekoratiulobis aucileblobiT. gansakuTrebiT didi
gavrceleba, aseTi konstruqciebis Seqmnam, rogorc sasaxleebis da
mdidruli saxlebis Werebis da kamarebis Sida zedapirebis mxatvruli
gaformebisa da sivrciTi mowyobis elementebma daiwyes Zvel romSi da
Zalian xSirad iyenebdnen renesansis epoqaSi. Tanamedrove TvalsazrisiT
igi warmoadgens monoliTuri rkinabetonis wibovani gadaxurvis erT-erT
nairsaxeobas, romlis ageba wmnida arqiteqturuli gadawyvetebis garda
xandaxan saWiro xdeba saTavsoebis akustikis, ganaTebis, vizualuri
efeqtis asamaRleblad an sulac xelovnuri ganaTebis niSebis mosawyobad.
marTkuTxa an sxva formis kesonuri CaRrmavebebi gumbaTebSi, kamarebSi,
TaRebSi da sxva arasworxazovon konstruqciebSi amJamad ZiriTadad
keTdeba sxvadasxva arastandartuli daniSnulebis obieqtebis mSeneblobis
dros da teqnologiuri TaviseburebebiT xasiaTdeba.

2.ZiriTadi nawili
q.TbilisSi, maxaTas mTaze, iveriis RvTismSoblis xatis saxelobis taZrisa
da samonastro kompleqsis mSeneblobisas, erT-erT yvelaze mniSvnelovan
obieqts warmoadgens karibWe-samrekloTi. aRniSnuli nageboba gamoirCeva
Tavisi arqiteqturuli gadawyvetiT da centraluri Sesasvleli nawilis
orive mxares moewyo TaRovani kesonuri gadaxurvebi. kesonuri gadaxurvis
tipis SerCeva am konkretuli SemTxvevaSi ganpirobebuli iyo, rogorc
mxatvruli TvalsazrisiT, ise momavalSi maRalxarisxovani ganaTebis
sistemis mowyobis aucileblobiT.
aRniSnuli mSenebloba gamoirCeva gumbaT-TaRovani rkinabetonis
konstruqciebis simravliT. KTaRovani kesonuri gadaxurvis agebac iseve
daiwyo, rogorc msgavsi sxva konstruqciebis SemTxvevaSi. pirvel rigSi,
Zalovan xaraCoebze daeyrdno da momavali TaRis qveS saWiro niSnulebze
dafiqsirda, sayalibe sistema. Yyalibis dafanerebuli zedapiri zustad
asaxavda saproeqto TaRovani konstruqcii simrudes.

Kkesonuri gadaxurvis mowyobis teqnologiuri Taviseburebis
gaTvaliswineba, saWiro gaxda TaRis armirebis dawyebisTanave. yvela sxva
monoliTuri rkinabetonis konstruqciebis armirebis dros, armaturis
karkasebis ganlagebis siswores ar aqvs gadamwyveti mniSvneloba
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konstruqciis saboloo saxis miRebaze. am SemTxvevaSi es zedmiweniT
zustad iyo gansaxorcielebeli. Aaucileblad daculi unda yofiliyo
urTierTgadamkveTi armaturis karkasebis urTierTmarTobuli ganlageba
da zomebis siswore, rac sistematiurad mowmdeboda da saWiroebis
SemTxvevaSi dauyovnebliv koreqtirdeboda (nax.1).
kesonuri, gamWoli CaRrmavebebis misaRebad,yalibis zedapirze, armaturis
karkasebs Soris myarad Camagrda absoluturad erTnairi zomis,uZiro,
kvadratuli yuTebi. maTi damzadeba winaswar moxdasadurglo saamqroSi
sayalibe laminirebuli fanerisgan.simaRleSi isini aRematebodnen
armaturis karkasebs, zustad betonis damcavi Sris zomiT. TiToeul
maTgans gasamyareblad damatebiT gaukeTda Suasadebi (nax.2).

nax.1. kesonuri gadaxurvis armireba

Nnax.2. kesonebis mosawyobi yuTebis Cadgma da Camagreba
zemoTaRniSnuli wesiT Sedgenilma erTianma sayalibe sistemam,

dabetonebamde kidev ramdenjerme moiTxova Semowmeba da Sesworeba.
ZiriTadaderTmaneTis marTobulad ganlagebuli wiboebis sisworis da
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zomebis dasacavad. mxolod yovelmxrivi Semowmebis Semdeg ganxorcielda
dabetonebis procesi da gadaxurvam miiRo saboloo saxe (nax.3).

Nnax.3 kesonuri gadaxurva dasrulebuli saxiT

3. daskvna

rkinabetonis TaRovani kesonuri gadaxurvis mowyobis procesSi,
rkinabetonis Cveulebrivi konstruqciebisagan gansxvavebiT, aucilebelia
armaturis karkasebis zusti zomebis da maTi  erTmaneTis mimarT
marTobuli ganlagebis sistematiuri Semowmeba da dacva.Ggarda  amisa
absoluturad erTnairebi unda iyvnen CaRrmavebis mimniWebeli formebi.
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mosazrebebi sarkinigzo relsebis eleqtrokontaqturi
meTodiT SeduRebis instruqciaSi cvlilebebis Setanis

Sesaxeb
n. rurua, l. ruxaZe

(saqarTvelos teqnikuri universiteti, m.kostavas q.77, 0175,
Tbilisi, saqarTvelo)

reziume: statiaSi ganxilulia mosazrebebi sarkinigzo relsebis
eleqtrokontaqturi meTodiT SeduRebis instruqciaSi cvlilebebis
Setanis Sesaxeb. SemoTavazebulia moZravi relsSemduRebeli manqaniT
relsebis SeduRebisas SenaduRi pirapirebis niSandebis wesi, aseve
SenaduRi pirapiris sakontrolo nimuSis statikur ganiv Runvaze
gamocdis sqema, datvirTvis modebiT relsis Tavze da fuZeze.
akvanZo sityvebi: eleqtrokontaqturi SeduReba, moZravi relsSemdu-
Rebeli manqana, SeduRebis niSandeba, statikur ganiv Runvaze
gamocdis sqema, ganiv statikur gaRunvaze Sesamowmebeli wnexi.

1. Sesavali
ss „saqarTvelos rkinigzis“ monacemebiT misTvis miwodebuli

relsebSi gamovlenilia defeqturi adgilebi stacionalur pirobebSi
relsebis SeduRebis teqnologiis darRvevis gamo. SenaduR pirapirebSi
defeqtebis arseboba xels uSlis liandagis normalur funqcionirebas
(defeqtebis xSiri Semowmeba, matareblebis moZraobis siCqaris Semcireba
da sxva). amitom dRis wesrigSi dadga am defeqtebis saswrafod
aRmofxvris RonisZiebebis SemuSaveba moZravi relsSemduRebeli manqanis
gamoyenebiT.

ss „saqarTvelos rkinigzis“ direqtorTa sabWos 2014 wlis 15 oqtomb-
ris #7/54 dadgenilebiT damtkicebuli „sarkinigzo relsebis eleqtrokon-
taqturi meTodiT SeduRebis teqnologiuri instruqcia“ iTvaliswinebs
relsebis SeduRebas, rogorc stacionaruli ise moZravi relsSemduRebeli
manqanebiT kontaqturi Sepirapirebis meTodiT.

2. ZiriTadi nawili
zemoT aRniSnuli instruqciis Sesabamisad relsSemduRebel stacio-

nalur sawarmoebSi SenaduR pirapirebSi relsebze unda gakeTdes

niSandeba ГОСТ 10503-is mixedviT TeTri (cisferi) zeTovani saRebaviT
yelze da fuZis zeda nawilSi nakeris orive mxridan 100mm manZilze 20mm
siganis vertikaluri zolis dadebiT (punqtebi 4.8.1 da 4.8.2. [1]). magram am
instruqciaSi araferia naTqvami, sazRvargareTis qveynebSi mommedi
instruqciebisagan gansxvavebiT, Tu rogor unda moxdes SenaduRi
pirapirebis niSandeba moZravi relsSemduRebeli manqaniT, miT umetes rom

rkinigzas gaaCnia moZravi relsSemduRebeli APT 1500 RC manqana. amitom
moZravi relsSemduRebeli manqaniT SenaduRi pirapirebis niSandebac unda
iyos gansxvavebuli. am mizniT instruqciaSi sasurvelia Caematos
damatebiTi punqti 4.8.3. Semdegi redaqciiT:

4.8.3. relsebis SeduRebisas moZravi relsSemduRebeli manqaniT Sena-
duRi pirapirebi relsebze unda moiniSnos waruxoceli TeTri zeTovani

saRebaviT ГОСТ 10503-is mixedviT liandis SigniT relsis yelze da fuZis
zeda nawilze SenaduRi pirapiris RerZidan orive mxares 250mm manZilze
ori wyvili 20mm siganis vertikaluri zolis dadebiT. manZili wyvil
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vertikalur zolebs Soris ar unda aRematebodes 20mm-s. yovel SenaduR
pirapirs unda hqondes niSandebis nomeri, romelic daitaneba relsis

yelze  waruxoceli zeTovani saRebaviT ГОСТ 10503-is mixedviT araumetes
50mm manZilze ganapira vertikaluri zolis marjvena mxares.

SenaduRi pirapiris niSandebis nomeri unda Sedgebodes saRebaviT da-
tanili xuTi elementisagan Semdegi rigiTobiT:

 relsSemduRebeli sawarmos nomeri, romelzec miwerilia moZravi re-
lsSemduRebeli manqana;

 moZravi relsSemduRebeli manqanis nomeri;

 SenaduRi pirapiris nomeri cvlis patakis da damtkicebuli formis
aRricxvis wignebis mixedviT;

 aso „T“ warmoadgens diferencirebuli Termuli damuSavebis aRniSvn-
as;

 relsis pirapiris SeduRebis wlis bolo ori cifri.
SenaduRi pirapiris niSandebis nomris elementebi imave saRebaviT er-

TmaneTisagan unda gamoiyos wertilebiT. SenaduR pirapirze saRebaviT ver-
tikaluri zolebis da niSandebis nomris moniSvna warmodgenilia nax.1-ze.

nax.1. SenaduR pirapirze saRebaviT vertikaluri zolebis da niSandebis
nomris moniSvna

zemoT aRniSnuli instruqciis meSvide TavSi – kontrolis meTodebi –
aucilebelia sakontrolo nimuSis statikur ganiv Runvaze gamocdis
sqemis Cveneba (nax.2), rac instruqciaSi ar aris asaxuli.

nax.2. sakontrolo nimuSis gamocda statikur ganiv Runvaze
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instruqciiT agreTve gaTvaliswinebulia, rom moZravi relsSemduRe-
beli manqaniT sarelso CanarTis sarelso gadabmaSi eleqtrokontaqturi
meTodiT CaduRebamde Sesrulebul unda iqnes analogiuri relsebisagan
ori pirapiris sakontrolo SeduReba. sakontrolo nimuSebis gamocda
unda moxdes SeduRebis da relsSemduRebel manqanaSi gamoRvenTili
liTonis mocilebis Semdeg pirapirebis damatebiTi damuSavebis gareSe,
araumetes 2 dRis ganmavlobaSi. vinaidan ganiv statikur gaRunvaze
Sesamowmebeli kompiuteruli programiT aRWurvili wnexebi didi
moculobisaa da ganTavsebulia stacionalur sawarmoebSi, romlebic
sakmaod didi manZiliTaa daSorebuli SeduRebis adgilebidan da
moiTxovs did dros da xarjebs. instruqciaSi saWiroa aRiniSnos, rom

moZrav relsSemduRebel APT 1500 RC manqanis kompleqtSi CarTul iqnes
SeduRebuli sarelso pirapirebis ganiv statikur gaRunvaze Sesamowmebeli
kompiuteruli programiT aRWurvili mciregabarituli wnexi, maqsimaluri
dawnevis ZaliT aranakleb 320 tonaze, xolo maqsimaluri CaRunvis sidide
Seadgendes 60mm-s. vinaidan imis gamo, rom sakontrolo nimuSebis ganiv
statikur gaRunvaze gamocdis pasuxi dauyovnebliv iqneba cnobili, amiT
gacilebiT daCqardeba SeduRebis samuSaoTa warmoeba.

3. daskvna
“sarkinigzo relsebis eleqtrokontaqturi meTodiT SeduRebis instr-

uqciaSi” gansxvavebis Setanas relsebis SeduRebis niSandebaSi staciona-
luri da moZravi relsSemduRebeli manqaniT SeduRebisas mogvcems Sena-
duRi pirapirebis aRricxianobis mowesrigebis saSualebas. aseve
SeduRebuli sakontrolo nimuSebis statikur ganiv Runvaze gamocdis
sqemis damateba gaadvilebs sakontrolo nimuSebis Semowmebas.

literatura
5. „sarkinigzo relsebis eleqtrokontaqturi meTodiT SeduRebis

teqnologiuri instruqcia“. Tbilisi, 2015. 37 gv.

6. Plasser & Theurer. Инструкция по эксплуатации. Передвижная рельсосварочная
машина APT 1500 RC 2012. 56 с.

7. Pаспоряжение ОАО  «РЖД» от 19 октября 2009 г.N 2111р. СТО РЖД 1.08.002-
2009. Рельсы железнодорожные, сваренные электроконтактным способом.
Технические условия 2009. 26 с.



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(40), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

82

guram gabriCiZis 85 wlis iubilesTan dakavSirebiT
batono guram!

seismomedegi mSeneblobis da sainJinro seismologiis saqarTvelos
erovnuli asociacia didi siyvaruliT gilocavT dabadebis 85 wlis iubiles,
gisurvebT yovelive kargs da bednier wlebs.

vsargeblobT SemTxveviT da gvinda gansakuTrebiT avRniSnoT, Tu raoden
didia Tqvens mier Setanili samecniero kvleviTi da sainJinro muSaobis
wvlili damangreveli miwisZvrebis Sedegebis analizisa da Senoba-nagebobebis
seismomedegobis amaRlebis sakiTxebSi.

batono guram, Tqven mTeli Tqveni Segnebuli cxovreba miuZRveniT
samecniero, sainJinro da sazogadoebriv saqmianobas. didia Tqveni wvlili
axalgazrda specialistebis da aspirantebis aRzrdis saqmeSi. Tqveni
samecniero moRvaweoba daiwyo 1959 wels saqarTvelos mecnierebaTa akademiis
samSeneblo meqanikisa da seismomedegobis institutSi. 1978 wlidan Tqveni
xelmZRvanelobiT institutis wamyvan samecniero ganyofilebaSi meqanikis
ramdenime mniSvnelovani problema iqna gadawyvetili da axali mimarTulebebi
iqna ganviTarebuli, ramac mogitanaT aRiareba qveynisa da ucxoeTis
samecniero wreebSi. 1991 wlidan institutis direqtoris Tanamdebobaze
muSaobis 15 wlis ganmavlobaSi Tqveni ZalisxmeviT k.zavrievis institutma
SeinarCuna samecniero potenciali, gaamyara avtoriteti da ivaldebula qveynis
seismuri safrTxeebis uzrunvelyofis funqcia. saqarTvelos mecnierebaTa
erovnuli akademiis mier TqvenTvis akademikos kiriak zavrievis saxelobis
premiis miniWeba 2009 wels iyo ara marto Tqveni mecnieruli Sedegebis
mniSvnelobis aRiareba, aramed k.zavrievis samSeneblo meqanikisa da
seismomedegobis institutis ramdenime aTeul wliani moRvaweobis maRali
Sefaseba. amasTan, ar SeiZleba ar aRiniSnos Tqvens mier gaweuli didi Sroma
pirveli erovnul samSeneblo normebisa da wesebis - „seismomedegi mSenebloba“
- damuSavebaSi, romelic moqmedebaSia 2010 wlidan, da aseve seismomedegi
mSeneblobis sferoSi evropuli kodi 8-is ramdenime nawilis gaanalizebasa da
qarTul enaze momzadebasTan dakavSirebiT.

dRes Tqven agrZelebT qveynisTvis metad sasargeblo saqmianobas
saqarTvelos mecnierebaTa erovnuli akademiis bunebrivi katastrofebis
samecniero problemebis Semswavleli komisiis swavluli mdivnis
Tanamdebobaze da imedi gvaqvs, rom kidev didxans iqnebiT CarTuli
saqarTveloSi samSeneblo mecnierebis ganviTarebisaTvis gaweul saqmianobaSi.

Cveno batono guram, kidev erTxel gilocavT saiubileo TariRs,
gisurvebT Warmag sicocxles, bednierebas da sixaruls Tqven da Tqvens
SesaniSnav ojaxs.

paata rekvava
seismomedegi mSeneblobis da sainJinro seismologiis

saqarTvelos erovnuli asociaciis direqtori



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(40), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

83

mecnierebis da masTan prqatikuli sakiTxebis
Serwymis Sesaxeb

udaoa da aRiarebulia is, rom mecniereba gamagrebuli praqtikuli

dasturiT aris sawindari misi efeqturi da racionaluri gamoyenebisa. es

exeba mSeneblobis sakiTxebsac, romelic Tanamgzavria yvela sferosi
kacobriobis ganviTarebisa. maT WirdebaT Senoba-nagebobebi dawyebuli

qarxana-fabrikebidan, kosmodromebidan, portebidan, soflis meurneobis obieqtebidan da

damTavrebuli sayofacxovrebo, sacxovrebeli da TviT qalaqebis mSeneblobebiTac.

mecnierebis da mis praqtikulad gamoyenebis Semoqmedi brZandeba pirovneba –

profesionali da es gansakuTrebiT fasobs, maSin rodesac Tviseba mecnierisa da
praqtikosisa gaaCnia erT da igive pirovnebas – anu namdvil Semoqmeds.

Cven, amJamad gvainterebs saqarTvelo, misi aRmSenebloba da kerZod sakiTxi

mSeneblobis irgvliv. samagaliTod warmogidgenT pirovnebas, romelic brZandeba mecnier-

praqtikosi mSeneblobis dargSi (mimarTuli antiseismuri ganxriT) da im problemas,
romelic gadasaWrelia.

batoni igor timCenko – saqaTvelos moqalaqe, daibada q. TbilisSi 1958 wels,

1979 wels daamTavra saqarTvelos politeqnikuri instituti, mieniWa inJiner-mSeneblis

wodeba. muSaobda saqarTvelos akademiis k. zavrievis saxelobis institutSi. teqnikur

mecnierebis kandidatia, saqarTvelos da sxvadasxva ucxouri qalaqebis uamravi TvalsaCino
da urTulesi obieqtebis inJineri da mTavari inJiner-konstruqtoria (gansakuTrebiT

antiseismuri mSeneblobis dargis mimarTulebiT), TvalsaCinoa sagangebo da kritikul

viTarebaSi sakiTxebis gadaWrisas. damatebiTi cnoba: batoni igori vaJiSvilia saqarTvelos

damsaxurebuli inJinris baton edison timCenkosi, romelsac didi Rvawli aqvs

saqarTvelos aRmSeneblobis mimarT.
baton igors hyavs meuRle, ori qaliSvili, (erT-erTi siZe qarTvelia). TviTon

batoni igori warmoadgens am gvaris saqarTveloSi mcxovreb, meeqvse Taobas. is dinji,

Camoyalibebuli pirovnebaa, komunikabeluri, sasiamovno mosaubre, gamoirCeva TavmdablobiT,

umaRlesi kompetenciiT im sakiTxebSi, romlebsac exeba.

batoni igori msoflioSi ganTqmuli amerikuli firmis Hill international baqos
filialis Sef-konstruqtori brZandeba. firmis rekonstruqciasTan dakavSirebiT, baton

igors epatiJebian msoflios sxvadasxva regionebSi samuSaod did Tanamdebobebze.

netav ratom? ratom amrekilebi arian ase dainteresebulebi am pirovnebiT?

pasuxi naTelia!! amerikelebma ician ras akeTeben, anu “sakuTeso Cven, amerikelebso”!

vfiqrobT saWiroa, rom saqarTvelos kompenenturma organizaciis xelmZRvanelebma
unda moipatiJon batoni igori, gaesaubron mas, Rrmad dafiqrdnen da saqmis interesebidan

gamomdinare miiRon gadawyvetileba misi kompetenciis, gamocdilebis da niWis gamoyenebis

Taobaze saxelmwifo samsxaurSi (ara administraciuli mimarTulebiT, aramed qmediTi,

praqtikulisa) da mis irgvliv profesionaluri saTanado birTvis Seqmnis CaTvliTac ki.
diax! am gvarad, Cveni saunje Cvens, saqarTvelos, samsxaurSi darCeba – anu “Sinaur

mRvdels Sendoba aRudgeba” da amiT bevri saWirboroto sakiTxebi samSeneblo dargSi,

saxelmwifos mxridan, gadawydeba.

Rrma pativiscemiT evgeni gogotiSvili
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J. Gigineishvili, N. Intskirveli, G. Gedevanishvii, N. Kavtaradze. MODERN WAYS TO THE
PREVENTION AND MINIMIZATION OF RISKS RELATED TO PLANNING AND DESIGN
SOLUTIONS ACTIVITY OF HISTORIC AND MONUMENTAL ARCHITECTURAL MONUMENTS
DANGEROUS AND DAMAGED BUILDINGS.
There are a lot of different purposes monumental architectural monuments in Georgia, most of which are in need
of urgent reinforcement, restoration, rehabilitation and restoration works. In recent years also are increased
dangerous and damaged residential and public buildings. As causes of accidents are usually named: changes in the
under foundation soils caused by man-made processes, malfunctions in their maintenance, improper operating
conditions and so on. In this case, the dangerous building is considered as a complex system, which has
undergone deformation and destruction, in bearing elements are originate cracks, often are damaged and actually
degraded construction materials and other components in load bearing structures.
In the paper is revealed ways and means of restoration and rehabilitation of historical monuments, as well as other
building technical research, based on their mode of deformation and versatile analysis by modern materials.
A. Chikovani, D. Gurgenidze. TRENDS IN HIGH-STRENGTH CONCRETE. Scientific-technical journal
“BUILDING” #1(40), 2016. Scientific-technical journal “BUILDING” #1(40), 2016.
The last decade of XX century has been particularly successful in concrete technology. New effective binders,
modifiers, and active mineral additives reinforcement by fibers, making it possible to obtain super strength
concrete. Their operational life is over 100 years, despite the fact that they are working in severe climate
conditions and aggressive environments.
T. Batsikadze, N. Murghulia, J. Nizharadze, V. Sokhadze, OBTAINING OF EQUIVALENT TO THE
INTEGRO-DIFFERENTIAL EQUATIONS DIFFERENTIAL EQUATION TAKING INTO ACCOUNT
THE OSCILLATION DAMPING. Scientific-technical journal “BUILDING” #1(40), 2016.
Is considered the system having one of the degrees of freedom at transitional modes. Great importance has the
taking into account of oscillation damping of the system.
The prevailing structural dynamics Vocht method does not answer on confirmed by many experiments
phenomenological  facts, while by the so-called Sorokin method, at study the of the system behavior during the
transitional mode, one of the poles of the amplitude function describes the energy dissipation, and the other on the
contrary addition of energy.
In the paper caused by internal friction vibration damping is taking into account by a viscous-elastic theory of
linear continuity, which is determined by a mathematical model of the second order integro-differential equation.
P. Rekvava, NECESSERY COMPONENTS OF EUROCODE 8 EN 1998 – DESIGN OF STRUCTURE
FOR EARTQUAKE RESISTANCE: NATIONALLY DETERMINED PARAMETERS. Scientific-technical
journal “BUILDING” #1(40), 2016.
In the European Standards for design of the buildings EN 1990-EN 1999 are given Nationally Determined
Parameters (NDPs) that take into account country specific climate, geophysical, geological, seismic, design and
construction conditions. The set of 10 European Standards contain 58 parts and 1506 NDPs. In the article is
represented statistic analysis of NDPs that were left open in Eurocodes for national choice, mainly for Eurocode 8
EN 1998. Implementation of the European Standards in Georgia must be realized on the basis of complex
program of working out NDPs and preparation of National Annexes with participation of local authorities taking
into consideration experience of EU Member States situated in seismic regions.
I.Kvaraia, I.Citadze. Production possibilities of cement-cotton irremovable casting like castings in Georgia.
Scientific-technical journal “BUILDING” #1(40), 2016.
The article discusses a new type of irremovable casting production and usage possibilities in the Georgian
manufacturing market.
Z. Kvinikadze, T. Kokaia. Mutual correspondence between volumes of two related figures. Scientific-
technical journal “BUILDING” #1(40), 2016
From elementary geometry is known , that if any plane, parallel to the given plane intersects two surfaces on
the figures, the areas of which are equal or proportional, then volumes of given surfaces are equal or proportional.
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R. Imedadze, M. Kiknadze. IMPROVEMENT OF STEEL STRUCTURES SAFETY BY THEIR
REGULAR TEST. Scientific-technical journal “BUILDING” #1(40), 2016
In the article authors show the necessity of the study and examination of the metal structures, at certain intervals,
to avoid the failures structure in order to prevent rupture. The authors make recommendations in the sequencing
studies, local and wide-scale damage, the elimination of their methods, the use of appropriate tools and reporting
of it.The authors show that in non-controlling of structure state and neglecting the damages, would cause losses
that would have been avoided due timely response. The authors provide recommendations and conclusions
dedicated to the issue of article.
Setting of surfaces in required position is possible by using of affine transformations. In this article practical

applying of this statement is shown, which may be used in machine-building designing process. Some examples
are also considered.
M. Kechakmadze, f. Jghamaia, l. Janashia, f. Mariamidze.CONCRETE CANVAS AND ITS APPLIANCE
IN CONSTRUCTION AND REHABILITATION OF MUNICIPAL FACILITIES. Scientific-technical
journal “BUILDING” #1(40), 2016
In paper are presented the features of concrete saturated fabric (concrete canvas), the description of its
technological process exploitation, is determined its exploitation sphere and advantages over the regular concrete.
Are determined and tested, on the base of the relevant standards, the physical features of concrete canvas.
Concrete saturated fabric – Concrete Canvas (CC) – represents the flexible canvas, which cure by soaking and
becomes thin, firm, waterproof and fire resistant concrete layer. CC is successful used in construction as well as in
arrangement of decorative elements, and provides the significant economy of materials of construction, operating
and time resources.
M. Moistsrapishvili, L. Andguladze. FEATURES OF ASSESSMENT OF RAIL TRANSPORT
ENVIRONMENTAL IMPACT. Scientific-technical journal “BUILDING” #1(40), 2016
In the article are considered the features of assessment of the railway transport environmental impact at design,
construction and operation stages.
Are analyzed on each stages source of the environment impact and expected value from the rail industry.
In the article is presented the schematic image of environmental impact value from the railway at design,
construction and operation stages at their normal operations and impact of anthropogenic accidents in the case of
track elements failure. Is proposed the review of measures necessary to stay within the boundaries railway
anthropogenic environmental impact.
Sets of further research directions to avoid railway transport functioning anthropogenic disasters.
M. Abazadze. MODIFIED CLAY-SLATE EFFECTIVE ADDITIVE IN GEORGIA COMPOSITE
BUILDING MATERIALS TECHNOLOGY. Scientific-technical journal “BUILDING” #1(40), 2016
In the article is stated the short analysis of application of non-metallic minerals clay-slate, obtained by concrete
low-temperature mode the active mineral additives. Are stated results of some experimental studies
T. Gabadadze, I. Suladze. Fireproof expanding cements and solutions. Scientific-technical journal
“BUILDING” #1(40), 2016
Results of study of receipt technology and properties of fireproof expanding cements and solutions are considered
in the work. There are shown the areas of application, where fireproof expanding solutions will give us an
opportunity of thermal loss reduction and improvement of ecological state. There are given the results of study of
current processes of alunite expanding cement stone hardening during its heating and further rehydration. New
ways of receipt of expanding cement are shown.
T. Papuashvili, V. Jgamaia, M. Sulamanidze. RHEOLOGICAL PROPERTIES OF VISCOUS OF ROAD
BITUMEN. Scientific-technical journal “BUILDING” #1(40), 2016
In the present paper is considered the improved project of the standard, which includes the additional
requirements and are stated in line with European norms. In the latter, more detailed are stated the requirements
for various types of asphalt rheological features, in order to uphold a more objective presentation of the so-called
bitumen "behavior" in the content of asphalt. The new standard focuses on the dynamic viscosity up to 60℃,
kinematical viscosity up to 135℃ and  aging forecasts up to 163℃.



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(40), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

86

L. Kakhiani, M. Tavadze. RESEARCH OF THE MECHANISM OF REINFORCED CONCRETE
STRUCTURAL ELEMENTS WORK AND RUPTURE. Scientific-technical journal “BUILDING” #1(40),
2016
In the presented article is considered a conducted by the variety of scientific research of reinforced concrete
structural elements mode of deformation for providing of the seismic load impacts and ensure operational
suitability. Is considered the case when on compressed element actually are acting bending moment, longitudinal
force and torque. It is known from literature that ruptured by earthquake buildings are caused by torque moment.
N. Rurua, L. Chkheidze. ANALYSIS OF THE JOINT GAPS STATE AND FORECASTING OF RING
TRACK RELIABILITY. Scientific-technical journal “BUILDING” #1(40), 2016
In this paper are considered the analysis of the joint gaps state and issues of ring track reliability forecasting. Are
analyzed joint gaps arrangement and maintenance existing normative documents, which can not fully meet the
requirements for the operation of 25 meter rails conflicting recommendations content. Are proposed joint gaps
values group method by the interval statistical series. Are defined picket temperatures actual compression drop
values . Based on the analysis of the joint gaps opening diagram are made conclusions and recommendations for
ring gauge reliability at occurrence of the minimum design temperature, on necessity of joint gaps call or
adjustment for completion of the works.
I.Kvaraia, Sh.Yancashvili. A practical example of caisson roofing arrangement of a concrete arch.
Scientific-technical journal “BUILDING” #1(40), 2016
The article discusses a practical example of caisson roofing arrangement of a concrete arch. It explains the
technological characteristics of this rare monolithic structure.
N. Rurua, L. Rukhadze. CONCEPTIONS ON AMENDMENTS IN THE METHOD OF RAIL ELECTRO-
CONTACT WELDING INSTRUCTIONS. Scientific-technical journal “BUILDING” #1(40), 2016
In the article are considered opinions on amendments of rail of electro-contact welding method instructions. Is
proposed joints welded labeling rules by movable rails welding vehicle, as well as test scheme for welded joints
control sample static lateral bending, with load application on top and bottom of rail.


