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obieqtze Sesrulebuli samSeneblo samuSaoebis faqtobrivi
danaxarjebis saeqsperto Sefasebis meTodika

a. sabaxtariSvili, d. mxeiZe, a. velijanaSvili,
m. wiqariSvili, n. rodonaia

(saqarTvelos teqnikuri universiteti, infrastruqturis mSeneblobis
asociacia)

reziume. statiaSi mocemulia avtorTa jgufis mier damuSavebuli
obieqtze Sesrulebuli samSeneblo samuSaoebis faqtobrivi
danaxarjebis saeqsperto Sefasebis meTodika, romelic ganxiluli iyo
„infrastruquris mSeneblobis“ da „mSeneblobis inspeqtirebis
akreditebul pirTa“ asociaciebSi, levan samxaraulis sasamarTlo
eqspertizis erovnul biuroSi, sxvadasxva saministroebSi. axla statiis
saxiT warmodgenilia farTo samSeneblo sainJinro da samecniero
wreebisaTvis gansaxilvelad. SemdgomSi moxdeba winmdebare meTodikis
(SeniSvnebis gaTvaliswinebiT) mTavrobisaTvis wardgena da reglamentis
saxiT gamocema mTavrobis dadgenilebiT.
sakvanZo sityvebi: meTodika, samSeneblo obieqti, eqspertiza,
Sesrulebuli samuSaoebi.

1. zogadi debulebebi

meTodikis mizania samSeneblo samuSaoebis gamartivebuli wesiT
saxelmwifo Sesyidvis procesSi mimwodeblis mier gaweuli faqtobrivi
danaxarjebis dadgenisTvis savaldebulo moTxovnebis da pirobebis
gansazRvra.

2. terminTa ganmarteba

1. am meTodikaSi gamoyenebul terminebs, aqvs Semdegi mniSvneloba:
a) faqtobrivi danaxarjebi - gamartivebuli wesiT saxelmwifo Sesyidvis
farglebSi mimwodeblis mier Sesrulebuli samSeneblo samuSaoebis, aseve
kanoniT gaTvaliswinebuli Sromis usafrTxoebis RonisZiebebis
ganxorcielebisaTvis  gaweuli da mocemuli reglamentiT gansazRvruli wesiT
dadasturebuli Tanxobrivi danaxarjebi;
b) ZiriTadi masalebi - masalebi, romlebic materialuri formiT Sedis
saboloo produqtis SemadgenlobaSi;
g) damxmare masalebi - masalebi, romlebic saqarTveloSi moqmedi teqnikuri
regulirebis dokumentebis Tanaxmad aucilebelia warmoebis procesSi, magram
materialuri formiT ar Sedis saboloo produqtis SedgenilobaSi;
d) sxva masalebi - saqarTveloSi moqmedi teqnikuri regulirebis dokumentebis
moTxovnebis Sesabamisad, konkretuli samuSaos Sesasruleblad saWiro
damatebiTi masalebi, romlebic saqarTvelos kanonmdeblobiT samoqmedod
daSvebul samSeneblo normebsa da wesebSi mocemuli formiT xarjTaRricxvis
Sedgenisas fiqsirdeba erTiani/krebsiTi saxiT;
e) normatiuli danaxarjebi - saqarTveloSi moqmedi teqnikuri regulirebis
dokumentebis, maT Soris „saqarTvelos teritoriaze samSeneblo sferos
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maregulirebeli teqnikuri reglamentebis aRiarebisa da samoqmedod daSvebis
Sesaxeb“ saqarTvelos mTavrobis 2014 wlis 14 ianvris №52 dadgenilebiT
gansazRvruli dokumentebis moTxovnebis Sesabamisad, konkretuli samuSaos
Sesasruleblad saWiro raodenobis resursebi;
v) Sesrulebul samuSaoTa aqti - mimwodebelsa da Semsyidvels Soris
gaformebuli xelSekrulebis pirobebiT gaTvaliswinebuli, mimwodeblis mier
garkveuli moculobis samuSaoebis dasrulebis damadasturebeli dokumenti;
z) faruli samuSaoebis aqti - saqarTveloSi moqmedi teqnikuri regulirebis
dokumentebis, agreTve saproeqto moTxovnebis (saproeqto dokumentaciis
arsebobis SemTxvevaSi) Sesabamisad Sesrulebuli faruli (dafaruli)
samuSaoebis, Semsyidvelis an/da Semsyidvelis mier daniSnuli zedamxedvelis
mier, dadasturebis dokumenti;
T) xarjTaRricxva - Semsyidvelsa da mimwodebels Soris gaformebuli
xelSekrulebis danarTis saxiT warmodgenili dokumenti, romelic moicavs
Sesasrulebel samuSaoTa ganfasebul CamonaTvals, agreTve Sesabamis zednadeb
xarjebs, gegmur mogebasa da sxva saTanado danaricxebs, agreTve saeqsperto
momsaxurebis Rirebulebas (aseTis arsebobis SemTxvevaSi);
i) sabazro fasebi - Sesabamisi kompetenciiT aRWurvili saxelmwifo
struqturebis, mSenebelTa asociaciebis, kavSirebis an/da maT mier
gamocemuli/aRiarebuli meTodologiis Sesabamisad, saeqsperto
organizaciebis, inspeqtirebis organoebis, an/da sxva organizaciebis mier
Catarebuli, gamocemuli/aRiarebuli bazris kvlevebiT dadgenili sabazro
fasebi, romlebic asaxaven bazris monacemebs Sesabamisi periodisaTvis da
xelmisawvdomia nebismieri dainteresebuli pirisaTvis. amasTanave kvlevis
Sedegad miRebuli TiToeuli monacemi unda efuZnebodes mikvlevadi,
fiqsirebuli monacemebis analizs, rac saWiroebis SemTxvevaSi uzrunvelyofs
kvlevis nebismieri Sedegis gadamowmebis SesaZleblobas.
2. am meTodikaSi gamoyenebul sxva terminebs gaaCnia „saxelmwifo Sesyidvebis
Sesaxeb“ saqarTvelos kanoniT gansazRvruli mniSvneloba.

3. mimwodeblis mier eqspertizaze warsadgeni pirveladi dokumentebis
CamonaTvali

1. samSeneblo samuSaoebis faqtobrivi danaxarjebis anazRaurebis mizniT,
mimwodebelma unda waradginos Semdegi dokumentacia:
a) SemsyidvelTan gaformebuli xelSekrulebis asli;
b) Sesrulebul samuSaoTa aqtebi, romlebSic cal-calke aris gamoyofili
ZiriTadi, sxva da damxmare masalebi, Sromis anazRaureba, manqana-meqanizmebis
gamoyeneba, zednadebi xarjebi, Sromis usafrTxoebis RonisZiebebisTvis
gaweuli xarjebi, agreTve gegmuri dagrovebis da sxva saTanado danaricxebi
da saeqsperto momsaxurebis xarjebi (aseTis arsebobis SemTxvevaSi). amasTanave,
romlebic Sedgenilia saqarTvelos kanonmdeblobiT samoqmedod daSvebul
samSeneblo normebsa da wesebSi mocemuli resursuli meTodiT, erTeulze
normatiuli xarjis dacviT, Sesabamisi Sifrebis da erTeul samuSaoze xarjis
normis miTiTebiT;
2. zemoaRniSnuli dokumentebis garda faqtobrivi danaxarjebis
anazRaurebis mizniT, mimwodebelma, aseTis arsebobis SemTxvevaSi, unda
waradginos, Semdegi dokumentacia:

a) SemsyidvelTan gaformebuli xelSekrulebis yvela danarTis, masSi
ganxorcielebuli cvlilebebisa da misgan gamomdinare gaformebuli
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SeTanxmebebis, gauTvaliswinebel samuSaoebze SemsyidvelTan SeTanxmebis aqtis
da masze darTuli damowmebuli xarjTaRricxvis aslebi;

b) Sesrulebul gauTvaliswinebel samuSaoTa aqtebi, romlebSic cal-
calke aris gamoyofili ZiriTadi, sxva da damxmare masalebi, Sromis
anazRaureba, manqana-meqanizmebis gamoyeneba, zednadebi xarjebi, Sromis
usafrTxoebis RonisZiebebisTvis gaweuli xarjebi, agreTve gegmuri dagrovebis
da sxva saTanado danaricxebi da saeqsperto momsaxurebis xarjebi (aseTis
arsebobis SemTxvevaSi). amasTanave, romelic Sedgenilia saqarTvelos
kanonmdeblobiT samoqmedod daSvebul samSeneblo normebsa da wesebSi
mocemuli resursuli meTodiT, erTeulze normatiuli xarjis dacviT,
Sesabamisi Sifrebis da erTeul samuSaoze xarjis normis miTiTebiT;

g) Semsyidvelis, an/da Semsyidvelis davalebiT, teqnikuri
zedamxedvelobis ganmaxorcielebeli piris mier dadasturebuli faruli
(dafaruli) samuSaoebis aqtebi;

d) xelSekrulebiT gaTvaliswinebuli samuSaoebis Sesasruleblad
gamoyenebuli aucilebeli ZiriTadi da damxmare masalebis:

d.a.) Sesyidvis da samSeneblo samuSaoebis ganxorcielebis xelSekrulebiT
gaTvaliswinebul obieqtamde transportirebis damadasturebeli dokumentacia;

d.b.) sakuTrebaSi arsebuli maragebis moculobis da Rirebulebis
damadasturebeli dokumentacia da samSeneblo samuSaoebis ganxorcielebis
xelSekrulebiT gaTvaliswinebul obieqtamde transportirebis
damadasturebeli dokumentacia;

d.g.) sakuTar, an mflobelobaSi arsebul karierebSi, qarxnebSi,
saamqroebSi da a.S. masalebis damzadebis SemTxvevaSi, mwarmoeblis mier
damowmebuli kalkulaciebi zednadebi xarjebisa da gegmuri mogebis
gaTvaliswinebiT (zednadebi xarjebisa da gegmuri mogebis daangariSeba
xorcieldeba mimwodebelsa da Semsyidvel organizacias Soris dadebuli
xelSekrulebiT gansazRvruli da teqnikuri reglamentiT - „samSeneblo
samuSaoebis saxelmwifo Sesyidvisas zednadebi xarjebisa da gegmuri mogebis
gansazRvris wesi“ gansazRvruli procentebis farglebSi), agreTve samSeneblo
samuSaoebis ganxorcielebis xelSekrulebiT gaTvaliswinebul obieqtamde
transportirebis dokumentacia;

e) sxvadasxva tipis masalis (mag.: duRabis, mozaikis da sxva) obieqtze
damzadebis teqnologiuri procesis Sesaxeb monacemebis Semcveli kalkulacia;

v) xelSekrulebiT gaTvaliswinebuli samuSaoebis Sesasruleblad
gamoyenebuli aucilebeli SromiTi resursis gamoyenebasTan dakavSirebuli
dokumentacia (magaliTad: SromiTi kontraqtebi, brZanebebi, saxelfaso
uwyisebi, tabelebi da sxva);

z) xelSekrulebiT gaTvaliswinebuli samuSaoebis Sesasruleblad
gamoyenebuli aucilebeli manqana-danadgarebis sakuTrebis, ijaris, an sxva
safuZvliT kanonieri mflobelobis damadasturebeli dokumentebi;

T) xelSekrulebiT gaTvaliswinebuli samuSaoebis Sesasruleblad
qvekontraqtorTan dadebuli xelSekruleba;

i) Sesabamisi laboratoriuli kvlevebis Sedegebis amsaxveli dokumentebi;
k) qvekontraqtoris mier mimwodebelTan gaformebuli xelSekrulebiT

gaTvaliswinebul samuSaoebTan dakavSirebuli, am muxlis №1 punqtis „b“
punqtiT da me-2 punqtis „a - i“ punqtebiT gansazRvruli dokumentacia da
mimwodebelTan gaformebuli Sesabamisi xelSekruleba. agreTve, aseTis
arsebobis SemTxvevaSi, misi yvela danarTi masSi ganxorcielebuli
cvlilebebisa da misgan gamomdinare gaformebuli SeTanxmebebi,
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gauTvaliswinebel samuSaoebze mimwodebelTan gaformebuli SeTanxmebis aqtebi
da masze darTuli damowmebuli xarjTaRricxvis aslebi.

4. faqtobrivi danaxarjebis dadgena

samSeneblo samuSaoTa faqtobrivi danaxarjebis dadgenis mizniT
xorcieldeba:

1. Sesrulebuli samuSaoebis moculobebis Semowmeba, rac moicavs:
a) Sesrulebuli samuSaoebis moculobebis dadasturebas,

eqspertizis/inspeqtirebis winaSe dasmuli SekiTxvis/amocanis specifikidan
gamomdinare, maTi xiluli nawilis adgilze SeswavliT (fotofiqsacia, azomviTi
samuSaoebi da sxva) miRebuli monacemebis mixedviT, xarjTaRricxvis (aseTis
arsebobis SemTxvevaSi) Sesabamisi monacemebis farglebSi;

b) dokumenturi analizis safuZvelze, Sesrulebuli faruli samuSaoebis
moculobebis gaTvaliswinebas/gauTvaliswineblobas faruli samuSaoebis aqtSi
moyvanili monacemebis mixedviT, xarjTaRricxvis (aseTis arsebobis SemTxvevaSi)
Sesabamisi monacemebis farglebSi. im SemTxvevaSi, Tu faruli samuSaoebis aqtis
monacemebi gadamowmebadia samuSaoebis xiluli nawilis adgilze Seswavlis gziT,
mocemuli aqtis monacemebsa da adgilze Seswavlis Sedegad dadgenil monacemebs
Soris gansxvavebebis gamovlenis SemTxvevaSi, Sesrulebul samuSaoTa aqtSi
fiqsirdeba Seswavlis Sedegad miRebuli monacemebi Semsyidvelsa da mimwodebels
Soris SeTanxmebuli xarjTaRricxvis (aseTis arsebobis SemTxvevaSi) farglebSi;

2. TiToeuli samuSaos erTeuli moculobis saxarjTaRricxvo Rirebulebis
da mocemuli muxlis pirveli punqtis Sesabamisad ganxorcielebuli Sesworebis
(aseTis arsebobis SemTxvevaSi) gaTvaliswinebiT, TiToeuli faqtiurad
Sesrulebuli moculobis samuSaos saxarjTaRricxvo Rirebulebis gansazRvra;

3. Sesrulebuli samuSaoebis aqtis Semowmeba, rac moicavs:
a) mimwodeblis mier warmodgenil Sesrulebul samuSaoTa aqtSi mocemuli

masalis, SromiTi da manqana-meqanizmebis danaxarjebis (ganzomilebis erTeulebis
CaTvliT) dadasturebas normatiuli danaxarjebis farlebSi;

b) sxvadasxva tipis masalebis (mag: duRabebis, mozaikebis da sxva) obieqtze
damzadebis SemTxvevaSi, mimwodeblis mier warmodgenil teqnologiuri procesis
Sesaxeb monacemebis Semcveli kalkulaciebis Sesabamisad gaxarjuli masalebis
moculobebis, SromiTi da manqana-meqanizmebis danaxarjebis (ganzomilebis
erTeulebis CaTvliT) dadasturebas normatiuli danaxarjebis da saproeqto
dokumentaciiT(aseTis arsebobis SemTxvevaSi) gaTvaliswinebuli moTxovnebis
Sesabamisad;

g) am meTodikis me-3 muxlis me-2 punqtis „d“ da „e“ qvepunqtebiT gansazRvrul
dokumentebSi mocemuli erTeulis Rirebulebebze da raodenobaze dayrdnobiTa da
am reglamentis me-4 muxlis pirveli punqtis da me-3 punqtis „a“ da „b“
qvepunqtebis Sesabamisad ganxorcielebuli Sesworebis (aseTis arsebobis
SemTxvevaSi) gaTvaliswinebiT, TiToeuli samuSaos Sesasruleblad gaxarjuli
masalebis Rirebulebis dadgenas;

d) am meTodikis me-3 muxlis me-2 punqtis „v“ qvepunqtiT gansazRvrul
dokumentebze dayrdnobiTa da am meTodikisis me-4 muxlis pirveli punqtis da me-3
punqtis „a“ da „b“ qvepunqtebis Sesabamisad ganxorcielebuli Sesworebis (aseTis
arsebobis SemTxvevaSi) gaTvaliswinebiT, TiToeuli samuSaos Sesasruleblad
gaweuli SromiTi danaxarjebis Rirebulebis dadgenas, rac xarjTaRricxvis an/da
masSi SromiTi danaxarjebis erTeulebis fasebis ararsebobis SemTxvevaSi
xorcieldeba maTi erTeulebis sabazro fasebis farglebSi;

e) am meTodikis me-3 muxlis me-2 punqtis „z“ qvepunqtiT gansazRvrul
dokumentebze dayrdnobiTa da am meTodikis me-4 muxlis pirveli punqtis da me-3
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punqtis „a“ da „b“ qvepunqtebis Sesabamisad ganxorcielebuli Sesworebis (aseTis
arsebobis SemTxvevaSi) gaTvaliswinebiT, TiToeuli samuSaos Sesasruleblad
gaxarjuli manqana-danadgarebis danaxarjebis Rirebulebis dadgenas, rac
xarjTaRricxvis an/da masSi manqana-danadgarebis danaxarjebis erTeulebis
fasebis ararsebobis SemTxvevaSi xorcieldeba maTi erTeulebis sabazro fasebis
farglebSi; im SemTxvevaSi, Tu manqana-danadgarebi gamoyenebulia saijaro
xelSekrulebebis safuZvelze, eqspertizis damkveTis moTxovniT, saijaro
Rirebulebis dadgenis mizniT xorcieldeba Sesabamisi bazris kvlevis monacemebis
gamoyeneba, an aseTis ar arsebobis pirobebSi, bazris kvlevis Catareba;

v) am meTodikis me-4 muxlis pirveli da me-3 punqtis „a“ da „b“ qvepunqtebis
Sesabamisad ganxorcielebuli Sesworebis (aseTis arsebobis SemTxvevaSi)
gaTvaliswinebiT, mimwodeblis mier warmodgenil Sesrulebul samuSaoTa aqtSi
mocemuli samSeneblo samuSaoebis Sesasruleblad gaxarjuli „sxva masalebis“
Rirebulebis dadasturebas, maTi normatiuli danaxarjebis Sesabamisad;

4. jamuri faqtobrivi danaxarjebis dadgena-dadastureba:
a) iseTi xarjTaRricxvis arsebobis SemTxvevaSi, romelSic cal-calke aris

gamoyofili ZiriTadi da damxmare masalebi, Sromis anazRaureba, manqana-
meqanizmebis gamoyeneba: am muxlis pirveli da me-3 punqtebis Sesabamisad,
xelSekrulebis xarjTaRricxviT gaTvaliswinebuli erTeulis fasebis, agreTve
ZiriTadi da damxmare masalebis, Sromis anazRaurebis, manqana-meqanizmebis
gamoyenebis saxarjTaRricxvo Rirebulebebis mixedviT;

b) iseTi xarjTaRricxvis arsebobis SemTxvevaSi, romelSic ar aris cal-
calke gamoyofili ZiriTadi da damxmare masalebi, Sromis anazRaureba, manqana-
meqanizmebis gamoyeneba:  TiToeuli samuSaosTvis gaxarjuli masalis, SromiTi
resursisa da manqana-meqanizmebis danaxarjebis, mocemuli muxlis pirveli da
mesame punqtebis Sesabamisad gansazRvruli, jamuri faqtobrivi Rirebulebis
dadgena-dadastureba, faqtiurad Sesrulebuli moculobis samuSaos
saxarjTaRricxvo Rirebulebis farglebSi da am gziT dadgenili
(dadasturebuli) yvela Sesrulebuli samuSaos jamuri faqtobrivi Rirebulebis
Sekreba;

g) im SemTxvevaSi, rodesac mimwodebeli gaTavisuflebulia xarjTaRricxvis
wardgenis valdebulebisagan: am muxlis pirveli da mesame punqtebis Sesabamisad.

5. Sesrulebul samuSaoTa aqtSi mocemuli saeqsperto momsaxurebis
Rirebulebis dadastureba faqtiurad ganxorcielebuli danaxarjis Sesabamisad
da xarjTaRricxvaSi mocemuli Rirebulebis farglebSi.

6. daskvna

Camoyalibebulia gamartivebuli wesiT saxelmwifo Sesyidvis procesSi
Sesrulebuli samuSaoebis faqtobrivi danaxarjebis Sefasebis da dadgenis
meTodika. aseve saeqsperto Sefaseba-inspeqtirebis procedura. meTodikis Seqmna
xels Seuwyobs Sesabamisi saxelmwifo reglamentis damtkicebas mTavrobis
mier.

literatura
1. saqarTvelos teritoriaze samSeneblo sferos maregulirebeli teqnikuri
reglamentebis aRiarebisa samoqmedo daSvebis Sesaxeb“ saqarTvelos mTavrobis
#52 dadgenileba 2014 wlis 14 ianvari;
2.samSeneblo normebi da wesebi (СНиП-nawili IV);
3. teqnikuri reglamenti-samSeneblo samuSaoebis saxelmwifo Sesyidvebisas
zednadebi xarjebisa da gegmiuri mogebis gansazRvris Sesaxeb (saqarTvelos
mTavrobis 2014 wlis 14 ianvris #55 dadgenileba).
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Senoba-nagebobaTa fuZe-gruntebis nawilobriv gamagrebis
SemTxvevaSi fuZis saangariSo sidideebis SerCevis Sesaxeb

i.mSvidobaZe, g. WoxoneliZe, z. kakulia, S. kavsaZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175, Tbilisi,

saqarTvelo)

reziume. statiaSi ganxilulia SemTxveva, rodesac xdeba saZirkvlis
nawilobrivi gamagreba. aseT SemTxvevaSi, gansakuTrebiT mniSvnelovania,
Tu rogor SeirCeva fuZe-gruntebis maxasiaTeblebi ise, rom maT ar
gamoiwvion Senobis bzari fuZis gamagrebul da gasamagrebel nawilebSi.
imisaTvis, rom ar warmoiSvas bzari, gansakuTrebuli mniSvneloba aqvs
gruntis simtkicis maxasiaTeblebis SerCevas – gruntis Siga xaxunis
kuTxe -sa da kuTr  SeWidulobas С-s.
statiaSi daskvnis saxiT mocemulia Sp Zalisa da saZirkvlis farTobis
SerCevis iseTi meTodi, rodesac gamagrebuli fuZis deformacia aRar
moxdeba.
sakvanZo sityvebi: fuZe-gruntebi, gamagreba, gruntis simtkicis
maxasiaTeblebi.

1. Sesavali

cnobilia, rom Senoba-nagebobaTa saZirkvlis zomebis SerCevisas, Tixovani

gruntebis SemTxvevaSi, vxelmZRvanelobT fuZis pirobiT saangariSo 0R -iT

winaRobiT. Ddaculi unda iyos fuZis mdgradobis Semdegi piroba.

F

N
P

 (1)

sadacPP aris fuZeze mosuli saSualo wneva, kg/sm2;

 N fuZeze gadacemuli datvirTvebis jami, maTi moqmedebis

ZiriTadi TanwyobisaTvis, t.

0R _ gruntis saangariSo winaRoba.

im SemTxvevaSi, rodesac saZirkvlis zomebs winaswar varCevT, 0R -s viRebT

samSeneblo normebisa da p.n.02.01.08 cxrilebidan. Tu piroba ar iqna
dakmayofilebuli, maSin saZirkvlis zomebs vcvliT da angariSs viwyebT
xelaxla, vidre ar dakmayofildeba (1) piroba (simtkicis piroba).

simtkicis pirobis dakmayofilebis Semdeg, unda dakmayofildes saZirkvlis
deformaciis pirobac:

zRfuZ SS  , (2)

sadac: fuZS aris fuZis dajdomis sidide, sm;

zRS fuZis dajdomis zRvruli sididea, romelic mocemulia

normebSi.
Tu piroba (2) ar dakmayofildeba, saZirkvelis zomebs cvlian (zrdian

saZirkvlis farTobs), vidre ar dakmayofildeba (2) piroba. magaliTad,

samoqalaqo nagebobebSi zRS tolia 12 sm-is da Tu ar iqna dakmayofilebuli es

piroba, iZulebuli varT gavzardoT saZirkvlis farTobi.
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sakiTxis amdagvari gadawyveta, rodesac magrdeba saZirkvlis mxolod
nawili, ar gamodgeba. magaliTad, gvaqvs saZirkveli, romlis sigrZea 20 m.
wyalma daaziana saZirkveli mxolod 10 metrze. normebiT dasaSvebia, rom
gamagrebuli saZirkveli dajdes 12 sm-mde, rac arasworia, radgan Zveli da
axali saZirkvlebis SeuRlebis wertilSi gaCndeba bzari.

2. ZiriTadi nawili
statiaSi ganxilulia SemTxveva, rodesac xdeba saZirkvlis nawilobrivi

gamagreba. aseT SemTxvevaSi, gansakuTrebul mniSvnelobas iZens fuZe-gruntebis
maxasiaTeblebis ise SerCeva, rom maT ar gamoiwvion Senobis bzari fuZis
gamagrebul da gasamagrebel nawilSi. Tu magrdeba Senobis fasaduri kedlis
saZirkveli, bzari uaryofiTad imoqmedebs Senobis fasadis arqiteqturul
mxareze. zemoaRniSnul SemTxvevaSi, imisaTvis, rom ar warmoiSvas bzari,

mniSvnelovania gruntis simtkicis maxasiaTeblebis _ gruntis  Siga xaxunis
kuTxisa da С kuTri  SeWidulobis sworad SerCeva.

aRniSnuli maxasiaTeblebi ganisazRvreba laboratoriuli meTodiT, Wris
xelsawyoze. gruntis simtkicis maCveneblebi Tixovani gruntisaTvis isazRvreba
formuliT:

CPtgS p   (3)

sadac Sp _ gruntis Zvris Zala, kg/sm2;
PP _ moqmedi vertikaluri datvirTvaa, kg/sm2;

 _ gruntis Siga xaxunis kuTxe da izomeba gradusebiT;
C _ gruntis kuTri SeWiduloba, kg/sm2.

ra aris gruntis kuTri SeWiduloba. gruntebis meqanikis Tanamedrove
TeoriiT kuTri SeWiduloba gamoxatavs gruntis unars SeinarCunos
marcvlebis urTierTkavSiri. igi uzrunvelyofilia gruntis marcvlebis
urTierTmizidulobiT.

cnobilia, rom Tixovani gruntis marcvali garSemortymulia wyliT,
romelic warmoSobs gruntis marcvlis garSemo or Sres. pirvel Sres ewodeba
higroskopuli wyali, xolo meores _ apkuri wyali.  higroskopuli wylis
raodenobis dasadgenad saWiroa grunti gamovaSroT da davtovoT ase oTaxis
temperaturaze. mSrali gruntis nawilakebi xasiaTdeba Tavisufali energiiT
da isini miierTeben haeridan wyals, ris Sedegadac gruntis garSemo
warmoiqmneba higroskopuli wyali, romelic imdenad didi ZaliT aris
mierTebuli gruntis marcvalTan, rom myar mdgomareobaSia. igi maRal
temperaturaze Cveulebiriv orTqldeba. aRsaniSnavia, rom TviTon gruntis
marcvali uaryofiT muxts atarebs. e.i. misi mizidulobis are uaryofiTi
muxtis energiiT aris damuxtuli, amitom igi izidavs dadebiTi muxtis
matarebel sxeulebs da maT Soris wyals.

cnobilia rom, wyali xasiaTdeba dipoluri TvisebiT. rac niSnavs, rom misi
uaryofiTi da dadebiTi muxtebi orientirebulia. mas erT mxares aqvs
dadebiTi muxti, xolo meore mxares _ uaryofiTi muxti. wylis molekula
dadebiTi muxtiT ukavSirdeba gruntis marcvlis uaryofiT muxts da gruntis
marcvlis garSemo miiReba higroskopuli wyali. qvemoT naCvenebi gvaqvs wylisa
da gruntis urTierTqmedebis sqema.
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Nsur. 1. uaryofiTad damuxtuli, koloiduri nawilakis agebuleba
wyalxsnarSi. Ddifuziuri Sris kaTionebi garSemortymulia wylis

molekulebiT. wylis molekulebis nawili mizidulia uSualod nawilakebis
zedapiriT. 1 – higroskopuli wyali, 2 – difuzuri wyali

Aamrigad, gruntSi arCeven  wylis or saxes: SekavSirebul wyals, romlis
arsebobac uzrunvelyofilia gruntis nawilakebis mizidulobiT da
Tavisufal wyals, romelic ganTavsebulia gruntis forebSi, igi Cveulebrivi
wyalia da emorCileba hidravlikis kanonebs, maT Soris gruntSi wylis
filtraciis kanonebs.

Cven detalurad SevCerdebiT gruntSi arsebuli wylis bunebaze, radgan
wyali did gavlenas axdens gruntis simtkiceze. rogorc (2) formulidan, Cans,
gruntis simtkice bevradaa damokidebuli misi SeWidulobis Zalaze – C-ze.

gruntebis meqanikis Tanamedrove TeoriiT C SeiZleba daiSalos or
mdgenelad:

stb CCC  (4)

sadac Cb bunebrivi SeWidulobis Zalaa, romelic uzrunvelyofilia gruntis
zemoaRniSnuli mizidulobis ZalebiT, Tavisi formirebis sawyis etapze;

Cst struqturuli SeWidulobaa, romelic gruntma SeiZina Tavisi
formirebis dros.

struqturuli SeWidulobis Zalis sidide SeiZleba Seicvalos imisda
mixedviT, Tu rogor garemoSi iqneba grunti. rac Seexeba Cb-s igi ucvleli
sididea.

AaRniSnuli sidideebis gansazRvrisaTvis, viyenebT gruntis laboratoriul
meTods. Cb isazRvreba xelsawyo rvianas saSualebiT. am SemTxvevaSi grunti
Tavsdeba rvianaSi, romlis kveTic cnobilia da udris 1 sm2. Tu rvianas
movdebT Zalas da gavzrdiT mas, moxdeba gruntis gawydeba aRniSnul
sibrtyeSi da es iqneba gruntis C SeWidulobis Zala.

aviRoT daSlili struqturis nimuSi da CavdoT rvianaSi, romelsac eqneba
igive simkvrive, rac hqonda dauSleli struqturis grunts da imave rvianebis
saSualebiT ganvsazRvroT misi gawyvetis Zala. am SemTxvevaSi gawyvetaze
winaRobas uwevs mxlod gruntis bunebrivi SeWiduloba, vinaidan struqturuli
SeWiduloba grunts aRar aqvs. es iqneba Cb. amrigad, miviRebT:

bst CCC 
xolo Wris formula miiRebs saxes :

st.CPtgS p   (3)
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Tu (3) pirobiT SeirCeva pS Zala da saZirkvlis farTobic, Senobis fuZis

deformacia ar moxdeba. formulidan kargad Cans, rom pS Zala mcirdeba, e.i.

gruntis winaRoba mcirdeba, rac imas niSnavs rom, PP Zalis moqmedebis Sedegad
saZirkvlis farTobi unda gaizardos ise, rom dakmayofildes (3) piroba.

Ct-s gansazRvra SeiZleba Semdegnairadac.
rodesac nimuSs vWriT saWiroa is aviRoT daSlili struqturiT da imave

simkvriviT, rogoric aqvs grunts. Wra movaxdinoT Cveulebrivi meTodiT, ris

Sedegadac Sp-s miviRebT Semcirebuli stC sididiT.

3. daskvna

amrigad, imisaTvis, rom ar moxdes gamagrebuli nimuSis fuZis dajdoma
unda davicvaT mdgradobis Semdegi piroba

rogorc praqtikam gviCvena, . Aamrigad, zogadad (3) pirobis

dakmayofilebisaTvis saWiroa Zvris formula akmayofilebs pirobas:

(5)

Tu gasamagrebeli saZirkvlis fuZes SevarCevT (5) pirobiT, maSin
gamagrebuli fuZis deformacia aRar moxdeba.

literatura
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stCPtgS p  

2

C
C st

2

C
PtgS p  
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Road Preservation Management System (RPMS)

P. Nadirashvili, T. menaqarishvili, Z. Meladze, I. Urushadze
(Georgian Technical University, Georgia, 0175, Tbilisi, Kostava st. 77)

Summery. Traffic intensively and axle load play vital role on motorway pavement layers lifecycle
characteristics. Thus, perfecting the pavement layers management systems become actively
discussed issue in the world. Article looks at the main criteria of assessment in order to improve
above-mentioned systems. Improving and perfecting given criteria gives a good opportunity to
better the motorway operation characteristics as well as to reduce the cost needed for construction
and also bring the vehicle operation expenses to the minimum.
Keywords: Road usability, traffic congestion, road visibility, system.

1. Introduction
The purpose of the Total RPMS is to highlight the importance of understanding the issues related to

Road Preservation Management.
Developments in microcomputers and pavement management technology have provided the tools

needed to manage roads economically. This article highlights the importance of issues related to Total
Road Preservation Management System (RPMS) and why roads should be managed and not simply
maintained. The article also explains the RPMS system for performing condition surveys and condition
prediction and developing work plans with the objective of optimising resources.

2. Importance of (RPMS)
The key principles underpinning RPMS planning are:

 Preservation should be service outcome focused. The preservation effort should be linked to
specific road performance targets and more generally to agreed minimum service level outcome
targets

 Preservation should be based on analysis of demand and evaluation of delivery methods (Supply
Chain Management). Simply repeating past practices is not good enough

 Preservation planning should encompass the broader issues of skill training and development,
information systems, organisational structure and culture in addition to technical matters

 RPMS requires Project Managers to seek out practices and develop specific procedures to meet
the particular needs within each contract length.

These criteria should be part of the performance based contract quality plan and the basis of
implementing RPMS services.  Preservation management planning should be a synthesis of top down
leadership, and bottom up operational and supply chain management skills.

RPMS planning involves itemising the routine maintenance costs of the pavement section and
comparing the cost with alternative solutions such as corrective maintenance, resurfacing, rehabilitation,
and reconstruction to optimise the resource utilisation and satisfy the customers’ needs for the duration
of the contract.

EXCEL/Access spreadsheet database of the roading network (e.g. Location, GPS coordinates,
lengths, widths pavement types, traffic counts, digital photo, digital video) is a good starting point and
could be developed to include secondary referencing (e.g., preservation treatment quantity, costs, and
past CBR bearing capacity information etc.).

High-speed subjective condition assessment (e.g., road durability and deformation, based on
number of potholes, scabbing, rutting, cracking, shoving, and flushing, visibility, road usability, average
traffic speed & ride, road user comfort & safety, road & shoulder cleanliness, road & shoulder
vegetation road skid resistance) is good for primary condition assessment of the pavement.
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FIGURE 1: Flow Chart for RPMS Planning

Primary condition assessment of the pavement will be performed every month on the total Km
length in 250-m sections (if possible) based on the following criteria:
1. ROAD USABILITY (wt. = 12)
2. AV TRAFFIC SPEED & RIDE (wt. = 11)
3. ROAD USER COMFORT & SAFETY (wt. = 12)
4. ROAD DURABILITY (wt. = 15)
5. ROAD DEFORMATION (wt. = 14)
6. ROAD & SHOLDER CLEANLINESS (wt. = 13)
7. ROAD & SHOLDER VEGITATION (wt. = 12)
8. ROAD SKID RESISTANCE (wt. = 11)

Maximum Total weight age = 100
Performance will be monitored every month the total Km in 250-m sections based on the above

criteria.
The measurement of pavement condition can be monitored by assessment of pavement surface

condition (ride, skid resistance, surface distress) and traffic congestion and road visibility.
Subjective assessment can be made by a trained observer in a moving vehicle by rating the

pavement surface characteristics and visibility on a comparative scale of 1 to 5 generally defined in road
user terms as:

1. Excellent: defect not present to any significant extent,
2. Good: defect causes a slight safety risk and some discomfort at environment speed, but an

experienced driver is not significantly affected.
3. Fair: defect compromises safety risk and discomfort to the extent that environment speed is not

reasonably possible, but immediate intervention is not yet necessary.
4. Mediocre: intervention required as soon as possible.
5. Poor: immediate intervention required to make the road safe.

For primary condition rating purpose, the surface characteristics, traffic congestion and road visibility
can be weighted (total weight age should be = 100) and multiplied by the impact scale (1 (good) to 5
(poor) and summed to arrive at a single score. Copy of EXCEL spreadsheet is shown below.



samecniero-teqnikuri Jurnali ,,mSenebloba“
SCIENTIFIC-TECHNICAL JOURNAL “BUILDING“ #1(48), 2018
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

17

FIGURE 2: RPMS Primary Condition Assessment Explained

FIGURE 3: EXCEL spreadsheet sample for RPMS Primary Condition Assessment.
Primary condition assessment will give an indication at network level, the pavement sections that

need secondary assessment.
A distinction must be made between:
 Surface deterioration such as - stripping, flushing, scabbing, minor (surface) cracking and

pavement structural deterioration such as - rutting, shoving, fatigue cracking, depression, and
corrugation

 Edge defects such as - edge drop, and edge break
 Unsealed road surface deterioration, such as - scour, corrugation etc and structural

deterioration such as rutting, and shoving.
Furthermore, a trained observer in a moving vehicle can quantify the symptoms of the deterioration

or a guesstimate of the optimum treatment selection. EXCEL spreadsheet attached below can help you
to identify the quantities and costs of the maintenance work involved to successfully manage the supply
chain, to add real value for customers as shown in Figure 5A & 5B.

FIGURE 5: EXCEL spreadsheet sample for RPMS guesstimate of the optimum treatment selection
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FIGURE 5A: RPMS optimum preservation treatment solutions
Exchange rate GEL 2.45 Infilation 5% Intrest Rate 12%

PAVEMENT
PERFORMANCE

RPMS INDEX
FROM

RPMS INDEX
TO

Preservation Treatment
Solutions Total KM PBC KM Maint KM Maint % UNIT Rate $

1$= GEL 2.45
Rate Year 1 $ Year 1 GEL Year 2 $ Year 2 GEL

Excellent 100 150 Do Nothing                    117             82 70% M1  $                        - GEL 0.00  $                    - GEL 0.00  $                    - GEL 0.00
All 100 500  Routine Maint                    117           117 100% M2  $                    0.60 GEL 1.47  $      491,400.00 GEL 1,203,930.00  $      491,400.00 GEL 1,203,930.00

Good 151 200 Patch                    117 2.34 2% M2  $                  10.00 GEL 24.50  $      163,800.00 GEL 401,310.00  $      163,800.00 GEL 401,310.00
Good 151 200  Crack Seal                    117 5.85 5% LM  $                    0.50 GEL 1.23  $        20,475.00 GEL 50,163.75  $        20,475.00 GEL 50,163.75

Fair 201 300  Slurry Seal, Chip Seal,                    117 0 0% M2  $                    2.50 GEL 6.13  $                    - GEL 0.00  $                    - GEL 0.00

Mediocre 301 400
Deep Patch Design Life

10 Years                    117 0.234 0.2% M2  $                  20.00 GEL 49.00  $        32,760.00 GEL 80,262.00  $        32,760.00 GEL 80,262.00

Mediocre 301 400
 25 mm Asphalt Shape

Correction,                    117 0 0.2% M2  $                    7.00 GEL 17.15  $                    - GEL 0.00  $                    - GEL 0.00
Mediocre 301 400 Fabric & Chip Seal,                    117 9.36 8.0% M2  $                    7.00 GEL 17.15  $      458,640.00 GEL 1,123,668.00  $      458,640.00 GEL 1,123,668.00

Poor 401 500  50 mm Asphalt Overlay                    117 0 0.0% M2  $                  12.00 GEL 29.40  $                    - GEL 0.00  $                    - GEL 0.00

Poor 401 500
 Fabric & 50 mm Asphalt

Overlay                    117 0 0.0% M2  $                  14.00 GEL 34.30  $                    - GEL 0.00  $                    - GEL 0.00
Total KM
Treated 17.784 15% Total  $   1,225,428.75 GEL 3,002,300.44  $   1,283,782.50 GEL 3,145,267.13

Total KM
Preserved 11.934 10%

Rate PerLane
KM  $          5,236.88 GEL 12,830.34  $          5,486.25 GEL 13,441.31

Rate Per  KM  $        10,473.75 GEL 25,660.69  $        10,972.50 GEL 26,882.63

FIGURE 5B: Sample RPMS optimum preservation treatment solutions per km cost estimate

Detailed engineering investigation must be carried out to establish the structural integrity of the
pavement prior to carrying out any maintenance treatment for structural deterioration (e.g., walkover
inspection, dynamic cone penetrometer (DCP) readings, test pits, thickness, physical characteristics of
pavement layers, laboratory tests on field samples).

3.  Conclusions
Use of a knowledge-based expert RPMS system to predict the performance of the pavement will

take at least 24 months, depending on the quality of condition assessment and treatment selection
information.

In the broadest definition, RPMS system is an orderly process for providing, operating,
maintaining, repairing, and restoring a network of pavements. Over a period of 24 months RPMS
system will provide valuable information and strategies for network-level program and for specific
projects within the program. Furthermore, the system will provide technical information on programs
and project requirements as well as cost information for budgets and projections.

There are many barriers to overcome in order to implement effective RPMS to satisfy the customer and
fully optimise supply chain management to satisfy the stakeholder. But if all factors can be brought
together, customers and stakeholders can expect high rewards and success into the future.
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raWa-leCxumis regionis socialur-ekonomikuri da
demografiuli mdgomareoba

T. maxaraSvili, d. baxtaZe
(saqarTvelos teqnikuri universiteti, m. kostavas q. 77, 0175 Tbilisi,

saqarTvelo)
reziume. naSromSi ganxilulia saqarTvelos erT-erTi mTiani regionis,
raWa-leCxumis rTuli socialur-ekonomikuri da demografiuli
mdgomareoba.
sakvanZo sityvebi: socialur-ekonomikuri problemebi, mosaxleobis
Semcireba, umuSevroba, demografiuli mdgomareoba.

1. Sesavali
miuxedavad bolo drois pozitiuri tendenciisa raWa-leCxumSi, iseve

rogorc saqarTvelos sxva mTian regionebSi, sakmaod rTuli socialur-
ekonomikuri mdgobareoba rCeba, rac iwvevs regionis adgilobrivi
mosaxleobisgan daclas. Tu axlo momavalSi situacia ar gamosworda
SesaZlebelia, es procesi Seuqcevadi gaxdes.

2. ZiriTdi nawili
saqstatis monacemebiT regionSi ekonomikurad aqtiuri mosaxleobis

raodenoba 29,6 aTass (mosaxleobis 62%), TviTdasaqmebulTa raodenoba 19,5
aTass, xolo umuSevrobis done 21%-s Seadgens. 2011 wels regionSi daqiravebiT
dasaqmebulTa saSualo wliuri raodenoba 1,965 adamians (regionis
mosaxleobis 4,2%) Seadgenda, rac umniSvnelod aRemateboda 2010 wlis
analogiur maCvenebels. aqedan, 133 adamiani msxvil, 938 _ saSualo, xolo 894 _
mcire sawarmoSi iyo dasaqmebuli. dasaqmebulTa raodenoba dargebis mixedviT
Semdegnairad aris ganawilebuli:

dasaqmebis dargobrivi struqtura (2011 w. saqstatis monacemebiT)

daqiravebulTa Sromis saSualo Tviuri anazRaureba 2011 wels 259,8 lars
Seadgenda (adgilobriv kerZo fizikur da iuridiul pirebTan _ 240,2 lari,
ucxoel/ucxour kerZo fizikur da iuridiul pirebTan _ 480,7 lari, rac 2010
wlis analogiur maCvenebelze 83,4 lariT naklebia. Sromis saSualo Tviuri
anazRaureba msxvil sawarmoebSi 533,6 lars, saSualo sawarmoebSi 314 lars,
xolo mcire sawarmoebSi 134,4 lars Seadgenda. saSualo Tviuri anazRaurebis
odenobiT raWa-leCxumi saqarTvelos regionebs Soris bolo adgils ikavebs
da 2,7-jer Camouvardeba amave wlis saqarTvelos analogiur saSualo
maCvenebels (690,9 lari).
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regionSi Zalze maRalia siRaribis maCveneblebi. 2012 wels umweo
mdgomareobaSi myofi ojaxebis monacemTa erTian bazaSi registrirebuli iyo
12,3 aTasi ojaxi, romelTagan Semweobas iRebda 7,2 aTasi ojaxi. erTian bazaSi
registrirebuli ojaxebis raodenobis procentuli maCvenebliT, raWa-leCxumis
regioni saqarTvelos regionebs Soris bolo adgils ikavebs. Rarib
mosaxleobas Soris, yvelaze metia 40_60 wlebisa da 70 wels zeviT asakobrivi
jgufis wili. amasTan, am ukanasknelTa raodenoba mniSvnelovnad aWarbebs im
Sromisunariani mosaxleobis raodenobas, romelic saarsebo Semweobas iRebs.
es maCveneblebi naTlad asaxavs regionSi arsebul rTul viTarebas, rogorc
dasaqmebis, ise demografiis mxriv.

regionSi iricxeba sapensio da socialuri paketis mimRebi 10,9 aTasi piri,
rac mosaxleobis 23,4%-s Seadgens da mniSvnelovnad aRemateba qveynis saSualo
procentul maCvenebels (19,05%). am TvalsazrisiTac, raWa-leCxumi saqarTvelos
regionebs Soris bolo adgils ikavebs.

demografiuli mimoxilva
raWa-leCxumis regioni Seiqmna 1995w. romlis farTobia 4600 kv.km. ese igi

qveynis teritoriis 6,6%. mxareSi Sedis 258 dasaxlebuli punqti _ 3 qalaqi, 2
daba da 253 sofeli. mxaris mosaxleobis 19,4% cxovrobs qalaqebsa da dabebSi,
xolo 80,6% soflebSi. maRalmTian dasaxlebebs miekuTvneba 238 dasaxleba maT
Soris ambrolauris municipaliteti 64 (800 m-ze zeviT), onis municipalitetis
63 (1000 m-ze zeviT), cageris municipalitetis 53 (1000 m-ze zeviT). mosaxleobis
simWidrove regionis teritoriaze Seadgens 10,2 adamians kv.km-ze. regionSi
moqmedebs sami TviTmmarTveli erTeuli: ambrolauris, lentexis da onis
municipalitetebi. samxareo doneze saxelmwifos aRmasrulebel xelisuflebas
warmoadgens saxelmwifo rwmunebuli _ gubernatori, romlis administracia
q. ambrolaurSia ganTavsebuli. q. ambrolauri dedaqalaqidan 280 km-iT aris
daSorebuli.

regionSi Seqmnilia rTuli demografiuli viTareba, rasac ganapirobebs
Sobadobis dabali da sikvdilianobis maRali maCveneblebi, reproduqciuli
asakis mosaxleobis simcire da aRniSnul asakSi dauqorwinebelTa didi
raodenoba, aseve Siga da gare migracia, romlis maCveneblebi saqarTvelos
maRalmTian regionebSi gansakuTrebiT maRalia. migraciuli procesebi,
ZiriTadad, gamowveulia iseTi faqtorebiT, rogoricaa samuSao adgilebis
nakleboba, rTuli sayofacxovrebo pirobebi, soflis meurneobisTvis rTuli
samuSao garemo da sustad ganviTarebuli socialuri infrastruqtura.
Sromisunariani mosaxleoba samuSaos saZieblad, ZiriTadad, TbilisSi,
quTaisSi da sazRvargareT miemgzavreba. migracia uaryofiTad aisaxeba
regionis mosaxleobis asakobriv struqturaze.

regionSi mosaxleobis ricxovnobis Semcirebis meore mniSvnelovani
faqtoria mosaxleobis bunebrivi matebis uaryofiTi saldo.

regionis demografiuli mdgomareobis retrospeqtiva: cxrili 1.
mxare TariRi mosaxleobis raodenoba (aTasi kaci) SeniSvna

raWa-leCxumi
da qvemo
svaneTi

1770წ. 51,2

statistikaSi
mocemuli
monacemSi
gaTvaliswinebulia
svaneTis mTliani
mosaxleobac.

1897წ. 108,2

1914წ. 149,6

1926წ. 120,1

1939წ. 126,2

1959წ. 106

1989წ. 78,6

2007წ. 48,5
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saqarTvelos masStabiT demografiuli TvalsazrisiT yvelaze rTuli
mdgomareobaa raWa-leCxumSi. sadac 1926_1989 wlebSi mosaxleoba TiTqmis
orjer Semcirda. saqarTvelos arc erT istoriul-geografiul provinciaSi
ase masobrivad ar miutovebia mSobliuri kuTxe mkvidr mosaxleobas. es miT
ufro dasanania, rom regionis soflebis meti nawili mTiswineTsa da
dabalmTian zonaSi mdebareobs da met-naklebad uzrunvelyofilia saxnav-
saTesi miwebiT. am miwebis da sxva bunebrivi resursebis gonivrulad
gamoyenebis SemTxvevaSi, aq 2_3 jer met mosaxleobas SeuZlia uzrunvelyos
Tavisi Tavi sursaTiT da arsebobis sxva saSualebebiT. samwuxarod raWa-
leCxumSi imdenad farTo xasiaTi miiRo migraciam, rom regioni srul
depopulacias ganicdis _ yovelwliurad gardacvlilTa ricxvi bevrad
sWarbobs dabadebulTa raodenobas. axalgazrdobis masobrivi migraciis
Sedegad soflebSi darCnen TiTqmis mxolod xandazmulebi, ris gamoc
minimumamde Semcirda Sobadoba, sikvdilianoba ki mkveTrad gaizarda. amitom
70-iani wlebis meore naxevridan dawyebuli, yovelwliurad gardacvlilTa
raodenoba sWarbobs dabadebulebs. 10 wlis ganmavlobaSi (1979_1989w.w.) raWa-
leCxumSi daibada 6517 bavSvi, gardacvlilTa raodenobam ki Seadgina 9256, anu
2739-iT meti gardaicvala, vidre daibada. imave periodSi mudmivi mosaxleobis
saerTo raodenoba Semcirda 11612 kaciT, rac imis Sedegia, rom bunebrivi
gamravlebis Sewyvetis garda, regioni datova 8873 kacma. swored aseTma
intensiurma migraciam gamoiwvia  asakobrivi struqturis mkveTri gauareseba
da yovelwliurad dabadebulebTan SedarebiT gardacvlilTa meti raodenoba.
rac saqarTvelos am erT-erT umSvenieres kuTxes sruli daclis saSiSroebas
uqmnis.

mniSvnelovania bunebis stiqiuri movlenebis uaryofiTi gavlena
mosaxleobis dinamikaze. sakmaod xSiria dedamiwis sxvadasxva kuTxeSi
katastrofuli miwisZvrebiT gamowveuli mosaxleobis didi danaklisi. am mxriv
gamonakliss arc raWa-leCxum _ qvemo svaneTis regioni warmoadgens. istoriul
warsulSi araerTxel momxdara damangreveli miwisZvra, maT Soris
aRsaniSnavia 1350 wlis leCxum-svaneTis miwisZvra, 1991 wlis 29 aprils
momxdari raWis miwisZvra, romelsac 200-mde adamiani emsxverpla, dazianda
46000 sacxovrebeli saxli, 1000 sawarmo, usaxlkarod darCa 100 000-mde
adamiani, 1992 wlis oqtomberSi sofel barisaxos midamoebSi. aRniSnulma
garemoebam sxva faqtorebTan erTad gamoiwvia  regionidan migraciuli talRis
warmoqmna.

axlandeli demografiuli mdgomareoba
dReisaTvis regionis soflebSi aRwarmoebis procesi SemaSfoTebelia.

soflebis umetesobaSi adgili aqvs depopulacias. saqstatis monacemebiT onis
municipalitetis soflebis demografiuli mdgomareoba 2013 wlis ianvridan
seqtembris CaTvliT:

cxrili 2.
sofeli axaldabadebuli gardacvlili bunebrivi matebis

koeficienti -%iT
Rebi 1 6 -5
Wiora 0 3 -3
glola 2 5 -3
bari 0 3 -3
uwera 2 9 -7
sori 2 4 -2
laCTa 1 5 -4
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qristesi 0 2 -2
pipileTi 0 4 -4
nakieTi 0 3 -3
sakao 0 3 -3
Rari 2 4 -2
komandeli 2 2 0

analogiuri situaciaa sxva municipalitetebSic. magaliTad q. cagerSi
bolo 10 wlis ganmavlobaSi  daibada 214 da gardaicvala 560 adamiani. xolo
2013 wlis 1 ianvridan 1 ivlisamde daibada 16 da gardaicvala 192 adamiani.

mosaxleobis depopulaciis paralelurad iklebs moswavleTa raodenoba
skolebSi, sadac statistikurad  aseve SemaSfoTebeli monacemebia.
raWaSi mudmivad mcxovrebi mosaxleoba 90-iani wlebis Semdeg ganaxevrda.
mosaxleobis Semcirebis gamo soflebis umravlesobaSi gauqmda samedicino
punqtebi, daixura skolebi, aman ki xeli Seuwyo maT mTlianad daclas.
mxolod onis raionSi 11 sofelia, romelSic arc zafxulSi da arc zamTarSi
aRaravin cxovrobs. igive bedi elis im soflebsac, sadac mxolod moxucebia
darCenili. samsaxuris saSovnelad Tu ganaTlebis misaRebad raWveli
axalgazdebi did qalaqebSi gadadian sacxovreblad. bevri maTgani ukan aRarc
brundebada da, Sesabamisad, regioni mosaxleobis gareSe rCeba. procesis ase
gagrZelebis SemTxvevaSi raWa 15 weliwadSi aRar iarsebebs.

3. daskvna
bolo wlebSi SeimCneva garkveuli pozitiuri Zvrebi. Tumca es jer kidev

arasakmarisia imisTvis rom aRdges am regionis sruli demografiuli balansi.
amitom aucilebelia ufro intensiurad ganxorcieldes socialuri proeqtebi,
turizmi da dasveneba, gaumjobesdes infrastruqtura, ris Sedegadac
mosaxleobas gauCndeba interesi daubrundes regions da aqtiurad CaerTos
raWa-leCxumis ganviTarebaSi.

raWa-leCxumis regions aqvs bunebriv-klimaturi, sasoflo-sameurneo,
turistul-rekreaciuli potenciali da ganviTarebis realuri perspeqtiva, rac
socialur-ekonomikuri da demografiuli mdgomareobis gamosworebis
winapirobaa.
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betonis Sedgenilobis gaangariSebisaTvis
axali rekomendebuli formulebi

z. gociriZe, i. gociriZe
(Sps `torent~-is samSeneblo testirebis laboratoria `binuli~,

Tbilisi)

reziume. mocemulia mZime betonis Sedgenilobis daproeqtebis axali
meTodebi, emyareba Semdeg principebs. betonSi msxvili Semavseblis
sicarieles avsebs mxolod qviSa da ara cementqviSis duRabi, romelsac
iTvaliswinebs gaangariSebis absoluturi moculobebis klasikuri
meTodi. gaangariSebis axali rekomendaciebi optimalurad zrdis qviSis
raodenobas betonSi. betonis narevi xdeba ufro gaumjobesebuli
teqnologiuri Tvisebebis.
sakvanZo sityvebi: wyalcementis faqtori, cementis EKC klasebi,
inertuli masalis jamuri raodenoba.

1. Sesavali
betonis Sedgenilobis daproeqtebis safuZvlad dReisaTvis aRebulia

absoluturi moculobis meTodebi, romelic gamoqveynebuli iyo qarTveli
mecnierebis SromebSi (k. zavrievis skola), jer kidev gasuli saukunis 30-
ian wlebSi. magram dRes ar SeiZleba ar gaviTvaliswinoT
evrostandartebis rekomendaciebic.

2. ZiriTadi nawili

gaangariSebis pirvel etapze Zalian mniSvnelovania wyalcementis
faqtoris gansazRvra, romelic mravali formuliTaa gamosaxuli, magram
yvelaze praqtikuli gamoyeneba ipova Sveicarieli mecnieris bolomeis
formulam:

W/C  =  A.Rc /(Rcon . + 0.5.A.Rc),
sadac A koeficientia da damokidebulia Semavseblis xarisxze: maRali
xarisxisaTvis tolia 0.65; rigiTi xarisxisaTvis _ 0.6; dabali xarisxisaTvis
_ 0.55.

Rcon betonis markaa; Rc cementis marka.
Cveulebriv betonSi, roca W/C > 0.4, formulaSi viRebT `+~-s, maRali

simtkicis betonSi, roca W/C< 0.4, viRebT `_~.
am dros ZiriTadi gamsazRvrelia simtkice kumSvaze. magaliTad, “400”

markis cementis 400 kg/sm2 (anu 40 mpa); “500” markis ki _ 500 kg/sm2 (anu 50 mpa)
da a.S.

evropis cementis asociaciis mier dadgenilia cementis EKC klasebi
EKC_32.5; EKC_42.5; EKC_52.5.

dazustebulia cementis klassa da markas Soris damokidebuleba (1)
Rc

kl=1.224.Rc – 15.31
am damokidebulebis gaTvaliswinebiT bolomeis formula miiRebs saxes:

W/C  =  A. (Rc
kl+15.31) /(1.224.Rcon . + 0.5.A. (Rc

kl+15.31) ) (1)
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wylis xarjis gansazRvra xdeba betonis narevis Cawyobadobis mixedviT
cxrilebis saSualebiT (2). Semdeg ki iangariSeba cementis xarji
formuliT:

C = W : W/C
Semdgom etapze klasikuri meTodiT inertuli masalebis gaangariSeba

unda moxdes absoluturi moculobebis jamis principiT. viciT, rom
betonis yvela komponentebis jami udris 1000 litrs da Tu
gaviTvaliawinebT, rom msxvili Semavseblis (RorRi an xreSi) sicarieles
Seavsebs cementi, qviSa da wyali, misi marcvlebis gaweviT, vRebulobT
RorRis an xreSis saWiro raodenobis formulas. Semdeg ki advilia qviSis
raodenobis gamoTvlac. magram am gavrcelebuli meTodiT miRebuli wvrili
da msxvili Semavseblis Tanafardoba praqtikulad aradamakmayofilebel
Sedegs gvaZlevs. rogorc wesi, betonSi aklia qviSa. amitom Teoriuli
gaangariSeba ver poulobs praqtikul gamoyenebas. betonis kvanZebSi
operatorebi iZulebuli arian intuiciiT, gamocdilebis mixedviT,
stiqiurad gazardon betonSi qviSis raodenoba, rac betonis xarisxze
uaryofiTad moqmedebs.

amitom Cven gTavazobT gaangariSebis praqtikaSi gamarTlebul axal
meTods, romelic agebulia cota gansxvavebul Semdeg principebze.

betonis narevs vyofT or nawilad: inertul (RorRi, qviSa) da webod
(cementi, wyali). Tu aviRebT saqarTvelos inertul masalebze damzadebuli
1kub.m betonis narevis wonas 2350kg da pirveli formuliT gaangariSebul
cementisa da wylis raodenobas, maSin martivad gamovTvliT inertulis
jamur (Ag) raodenobas

Ag = 2350 _ (C+W), kg (2)
cementis webos ekonomiis mizniT inertulSi msxvili Semavseblis

sicariele Sevsebuli unda iyos qviSiT marcvlebis gawevis koeficientis
gaTvaliswinebiT da ara qviSa-cementis xsnariT, romelsac gvTavazobs
klasikuri gaangariSeba. maSin miviRebT tolobas

Ag = a.VcA.CA + CA = CA.( a.VcA+1)
aqedan

CA = Ag /(a.VcA+1) (3),

sadac CA RorRis raodenobaa; VcA RorRis sicariele nayar mdgomareobaSi;
a RorRis (xreSis) marcvlebis gawevis koeficientia, igi ZiriTadad

damokidebulia cementis raodenobaze. sxvadasxva rekomendaciis
gaanalizebiT miRebuli gvaqvs am koeficientis gamosaTvleli formula:

a=1.1+0.0009.C (4)
sabolood iangariSeba qviSis raodenobac:

FA = Ag _ CA (5)
betonis komponentebis Teoriuli gaangariSebis Semdeg gadamowmeba

xdeba betonis narevis faqtobrivi moculobiTi wonis da sabolood
Semowmdeba betonis komponentebis faqtobrivi absoluturi moculobebis
jami, romelic toli unda iyos 1000 litrisa 5% cdomilebiT, anu

C/ρc + W + CA/ρCA +FA/ρFA = 1000+5%
aq ρC, ρCA, ρFA Sesabamisad cementis, RorRisa da qviSis simkvriveebia.
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3. daskvna

rekomendebuli formulebiT (1_5) gaangariSebul betonis SedgenlobaSi
gazrdilia, magram optimaluria qviSis raodenoba da es meTodi
warmatebulad danergili saqarTvelos aTeulobiT betonis qarxanaSi:
TbilisSi, marneulSi, axalqalaqSi, igoeTSi, CoxataurSi, xelvaCauri da
sxva.

am gaangariSebiT gamoSvebuli betonis xarisxi mTlianad upasuxebs
betonis Tanamedrove teqnikur da teqnologiur moTxovnebs.

literatura
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marTkuTxa filaSi maqsimaluri CaRunvis
gansazRvra betonis cocvadobis deformaciebis

gaTvaliswinebiT

z. maZaRua, d. tabataZe, d. janyaraSvili
(saqarTvelos teqnikuri universiteti, m. kostavas q. # 77, 0175, Tbilisi,

saqarTvelo)
reziume. warmodgenilia rkinabetonis marTkuTxa filaSi maqsimaluri
CaRunvis gansazRvris wesi misi agebis rigis (agebis Tanamimdevrobis)
da betonis cocvadobis deformaciebis gaTvaliswinebiT. cocvadobis
deformaciebis gaTvaliswineba xdeba cocvadobis daZvelebis Teoriis
safuZvelze, radganac rkinabetonis konstruqciebisaTvis es Teoria
saukeTesod aris miCneuli.
sakvanZo sityvebi: marTkuTxa fila, cocvadoba, daZvelebis Teoria,
deformacia.

1. Sesavali

naSromSi ganixileba marTkuTxa filis damontaJebis erT-erTi
gavrcelebuli meTodi: kedlebis amoyvanis (filis konturis mowyobis) Semdeg
xdeba filis montaJi. am dros fila oTxive kidiT Tavisuflad (saxsrulad)
aris dayrdnobili (sur. 1,a) da sasargeblo (saeqspluatacio) q datvirTvis
moqmedebis SemTxvevaSi, maqsimalur CaRunvas aqvs saxe (sur. 1,b,g).

sur. 1

2. ZiriTadi nawili

SesavalSi aRwerili proceduris Semdeg grZeldeba kedlebis amoyvana da
fila oTxive kidiT ukve xistadaa Camagrebuli (sur. 2,a). garkveuli drois

gasvlis Semdeg ( 0)t  filaSi cocvadobis deformaciebis ganviTarebis gamo

damatebiT aRiZvreba t
cW CaRunva (sur. 2,b,g), xolo sruli maqsimaluri CaRunva

drois am momentisaTvis iqneba t
c cW W . statia eZRvneba am jamuri maqsimaluri

CaRunvis gansazRvras.
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sur. 2

jer ganvixiloT cW -s gansazRvris wesi saangariSo sqemis qvesqemebad

warmodgenis saSualebiT. sur. 1, a-ze warmodgenilia e.w. mocemuli sistema, e.i.
oTxive kidiT saxsrovnad dayrdnobili marTkuTxa fila, romelzedac
moqmedebs Tanabrad ganawilebuli q intensiurobis datvirTva. sur. 1, b-ze
mocemulia am filis kveTi, romelic miiReba x RerZze gatarebuli

vertikaluri sibrtyiT. rogorc ukve iyo aRniSnuli, cW aris filis

maqsimaluri CaRunva, xolo 1y da 2y  mobrunebis kuTxeebi Sesabamisad 1y da

2y RerZebis garSemo.

cW -s gansazRvrisaTvis mocemuli sistema (sur. 1) warmovadginoT

saangariSo sqemiT (sur. 3), romelic aisaxeba ori ( da ) qvesqemebis

erTobliobiT.  qvesqemis mixedviT fila dayrdnobilia marjvena da narcxena

kideebiT, xolo -s mixedviT – wina da ukana kideebiT. Tanabrad ganawilebuli

datvirTva modebulia  qvesqemis filaze. am datvirTvis moqmedebiT  qvesqemis
Sesabamisi filis marcxena da marjvena kideebze mobrunebis kuTxeebi iqneba
ufro didi, vidre es sinamdvileSia, radgan dayrdnoba wina da ukana kideebiT

(sur. 3,) xels uSlis CaRunvis da e.i. mobrunebis kuTxeebis Tavisuflad

ganviTarebas  qvesqemis Sesabamis filaSi. es xelis SemSleli Zalovani

faqtorebi aRvniSnoT 1ym da 2ym Tanabrad ganawilebuli momentebiT. cxadia, 

qvesqemaSi am momentebs eqneba  qvesqemis mixedviT moqmedi momentebis
sawinaaRmdego niSnebi, radganac mocemuli sistemis aRdgenisas (ix. sur. 1, a)
isini unda abaTilebdnen erTmaneTs. am momentebs ewodeba urTierTqmedebis
Zalovani faqtorebi. isini fiqtiuri parametrebia da igulisxmeba, rom rogorc

, aseve  qvesqemiT warmodgenil filaze moqmedeben rogorc gare Zalovani
faqtorebi. deformaciebis Tavsebadobis pirobas (am SemTxvevaSi mobrunebis

kuTxeebis tolobas  da  qvesqemebis mixedviT) filis 1y RerZis garSemo

eqneba saxe:
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m q m
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sadac 1
q

y
 aris 1y RerZis garSemo mobrunebis kuTxe  qvesqemis mixedviT,

romelic gamowveulia q intensiurobis mqone Tanabradganawilebuli garegani

datvirTvisagan. 1
m

y
 aris 1y RerZis garSemo mobrunebis kuTxe  qvesqemis

mixedviT, romelic gamowveulia 1 1ym  momentisagan. aRvniSnoT, rom rogorc q,

ise 1 1ym   qvesqemis mixedviT iwvevs filis Runvas. 1
m

y
 aris 1y RerZis

garSemo mobrunebis kuTxe  qvesqemis mixedviT, romelic gamowveulia 1 1ym 

momentisagan da  qvesqemis mixedviT iwvevs filis grexas.

sruliad analogiurad ganisazRvreba 1xm , Tu garegan Tanabrad

ganawilebul datvirTvas movdebT  qvesqemis filaze (sur. 4). am SemTxvevaSi

deformaciebis Tavsebadobis pirobas (e.i. mobrunebis kuTxeebis tolobas  da

 qvesqemebis mixedviT) 1x RerZis garSemo eqneba saxe:

1 1 1 1 1
m q m

x x x x xm m         (3)
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sadac 1
q

x
 aris 1x RerZis garSemo mobrunebis kuTxe  qvesqemis mixedviT,

romelic gamowveulia q intensiurobis mqone Tanabrad ganawilebuli garegani

datvirTvisagan. 1
m

x
 aris 1x RerZis garSemo mobrunebis kuTxe  qvesqemis

mixedviT, romelic gamowveulia 1 1xm  momentisagan.

sur. 3 sur. 4

aRvniSnoT, rom rogorc q, ise 1 1xm   qvesqemis mixedviT iwvevs filis

Runvas. 1
m

x
 aris 1x RerZis garSemo mobrunebis kuTxe  qvesqemis mixedviT,

romelic gamowveulia 1 1xm  momentisagan da  qvesqemis mixedviT iwvevs

filis grexas.
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cW -s realuri mniSvnelobis gansazRvrisaTvis viyenebT sur. 5-ze

warmodgenil qvesqemebs.  qvesqemis mixedviT filaze modebulia rogorc

mocemuli q intensiurobis mqone Tanabrad ganawilebuli datvirTva, ise *q
intensiurobis mqone Tanabrad ganawilebuli urTierTqmedebis datvirTva,
romelic fiqtiuri parametria da qvesqemebSi warmodgenil firfitebze

moqmedebs rogorc gare Zalovani faqtori.  qvesqemiT warmodgenil

firfitaze imoqmedebs mxolod es *q intensiurobis mqone datvirTva. am

ukanasknelis gansazRvrisaTvis viyenebT deformaciebis Tavsebadobis pirobas

(am SemTxvevaSi c wertilis vertikaluri gadaadgilebis tolobas  da 
qvesqemebis mixedviT):

* *
c c cq q       (5)

saidanac 



 c

cq



* (6)

sur. 5

am formulebSi c
 , c

 da c
 urTierTqmedebis momentebis gaTvaliswinebiT

miRebuli vertikaluri gadaadgilebebia. e.i.

;    ;

;    .

q m q m
c c c c c c

q m q m
c c c c c c

     

          

       

   
(7)

sadac q
c
 aris filis c wertilis vertikaluri gadaadgileba anu

maqsimaluri gadaadgileba  qvesqemis mixedviT, romelic gamowveulia q

intensiurobis mqone Tanabrad ganawilebuli datvirTvisagan; m  filis c
wertilis vertikaluri gadaadgileba, romelic gamowveulia 1ym da 2ym

fiqtiuri momentebiT; q
c
 da q

c
  filis c wertilis vertikaluri

gadaadgilebebi Sesabamisad  da  qvesqemebis mixedviT, romelic gamowveulia

1q  intensiurobis mqone Tanabrad ganawilebuli datvirTviT; m
c c 

wertilis vertikaluri gadaadgileba, romelic gamowveulia 1 1ym  da 2 1ym 

momentebiT  qvesqemis mixedviT; m
c c  wertilis vertikaluri gadaadgileba,

romelic gamowveulia 1 1xm  da 2 1xm  momentebiT  qvesqemis mixedviT.

y

c

x

x

q

q
*

y

c



q
*



samecniero-teqnikuri Jurnali ,,mSenebloba“
SCIENTIFIC-TECHNICAL JOURNAL “BUILDING“ #1(48), 2018
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

30

(5)-is marjvena nawili Tanaxmad, romelic gamosaxavs max cW W -s, 
qvesqemis mixedviT gveqneba

*
c cW q .                                 (8)

aqve aRvniSneT, rom amocanis simetriulobis gamo x da y RerZebis mimarT

(ix. sur. 1,a) parametrebi 1 2y y   , 1 2x x   , 1 2y ym m da 1 2x xm m .

oTxive kidiT xistad Camagrebuli filis (nax. 2, a) maqsimaluri CaRunvis

gansazRvra xdeba zemoT warmodgenili gziT, magram (1)(8) formulaSi Semavali
parametrebi Seesabamebian 2, a naxazze warmodgenil sistemas. rogorc nax. 1,a-s,
ise sur. 1,b-s Sesabamisi formulebi mocemulia [1] SromaSi.

rogorc zemoT iyo aRniSnuli, cocvadobis deformaciebi viTardebian
sur. 2,a-ze gamosaxuli sistemis arsebobisas. am deformaciebis
gaTvaliswinebiT vaxdenT cocvadobis daZvelebis Teoriis safuZvelze. misi
diferencialuri gantolebis erT-erTi ZiriTadi saxea [2]

t t t td d d    sr ,                             (9)

sadac td sr aris sruli deformaciis cvlileba drois t momentisaTvis; td 
drekadi deformaciis cvlileba drois imave t momentisaTvis; t drekadi

deformacia

(1 )t
t k e     (10)

aris cocvadobis maxasiaTebeli drois t momentisaTvis; k cocvadobis
saboloo maxasiaTebeli anu t -is mniSvneloba, rodesac t   ;   cocvadobis

zrdis siCqaris koeficienti. k da  ganisazRvreba eqsperimentebiT da

mocemulia cxrilebSi betonis asakisa da damzadebis pirobebis
gaTvaliswinebiT [3].

me-(5) sistema gadavweroT Semdegnairad:
*( )c c cq      . (11)

0t  droisaTvis *q gadaiqceva drois funqciad, c
 mudmivi sididea,

radganac gare datvirTva mudmivia.
amitom (9)-s gaTvaliswinebiT (11) miiRebs saxes:

* *( ) ( )c c t c c t t c tdq q d d              ,                 (12)

anu
*

*( ) ( )t
c c c c t c

t

dq
q

d
       


     .                      (13)

am diferencialuri gantolebis amoxsna *
tq -s mimarT aris:

* (1 )tc
t

c c

q e



  


 


.                          (14)

*
tq -s saboloo mniSvnelobis, e.i. *

kq -s gansazRvrisaTvis vsargeblobT me-

(10) gantolebiT:

(1 )t k ke    
    (15)

da (14) miiRebs saxes:

* (1 )kc
k

c c

q e



  


 


. (16)
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(8)-s Tanaxmad cocvadobis gaTvaliswinebiT sur. 2,a-ze warmodgenili
sistemisaTvis gveqneba

*k
c c kW q  ,                                (17)

xolo filis WeSmariti maqsimaluri CaRunva iqneba

k
c cW W W maqs . (18)

3. daskvna

betonis cocvadobis deformaciebis gaTvaliswinebis Sefasebis mizniT
Catarda filis gaangariSeba sur. 1,a-ze warmodgenili sistemis mixedviT

Semdegi sawyisi monacemebiT: 1a  m; 2b  m; 0,3v  ; 0,2h  kn/sm2 da 3000E  kn/sm2.

gaangariSeba Catarda cocvadobis deformaciebis gaTvaliswinebis gareSe, e.w.

datvirTvis drekad-myisier stadiaSi ( 0)t  . am dros filis maqsimalurma

CaRunvam Seadgina 0,92cW  sm.

sur. 2,b-ze warmodgenilma sistemam t   droisaTvis cocvadobis

deformaciebis gavlenis gamo miiRo 0,21t
cW  sm sididis maqsimaluri CaRunva.

amrigad, naSromSi ganxiluli marTkuTxa filis damontaJebis
Tanmimdevrobis gaTvaliswineba, rac gulisxmobs betonis cocvadobis
deformaciebis gamovlenas, maqsimalur CaRunvas zrdis 23%-iT. amitom
cocvadobis movlenis gaTvaliswineba mizanSewonilad migvaCnia.
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samfenovani damreci garsis gaangariSeba ganivi wnevisa da
temperaturis zemoqmedebisas

T. gardafxaZe, m. gardafxaZe
(axali umaRlesi saswavlebeli, Wyondidelis q. #26)

reziume. garsis arawrfivi deformaciis amocanis variaciuli
formulirebis bazaze miRebulia ormagi simrudis mqone samfenovani
garsisaTvis Zalovani da siTburi zemoqmedebisas daZabul-
deformirebuli mdgomareobisa da am mdgomareobis mdgradobis
gansazRvris amocanis sasrul elementTa formuliT formulirebas.
sakvanZo sityvebi: garsi, temperatura, wneva, mdgradoba, waxnagi.

1. Sesavali
Txeli garsi gavrcelebuli konstruqcaa teqnikis srulad gansxvavebul

dargebSi – aviaciaSi, gemTmSeneblobaSi, qimiur da energetikul
manqanaTmSenebobaSi, samrewvelo da samoqalaqo mSeneblobaSi, kosmosur
teqnikasa da sxv.

konstruqciis elementebis damzadebisas, tradiciulTan erTad sul ufro
metad iyeneben zemtkice fenovan kompoziciur masalebs, romelTa
ganmasxvavebeli maxasiaTebelia – maTi Tviebebis anizotropia.

aseTi masalisagan sxvadasxva meTodiT iqmneba Zalovani konstruqciis
tipuri elementi – mravalfeniani garsi. Tumca tradiciuli masalisagan
damzadebuli mravalfeniani garsic efeqturad gamoiyeneba Zalovan
konstruqciebSi.

erT-erTi umTavresi problema, romelic gaangariSebas axlavs Tan, es aris
konsruqciis Txevadkedliani garsisebri elementebis madgradobis problema
mkumSavi Zabvis arsebobisas anu am elementebis mzidi SesaZleblobebis
gansazRvra.

konstruqciis sferuli elementebis simtkicisa da mzidi SesaZleblobebis
gamokvlevisaTvis moiTxoveba upervelesad maTi daZabul-deformirebuli
mdgomareobis gansazRvra – rasac mivyavarT garsTa Teoriis arawrfivi
sasazRvro amocanebis amoxsnis efeqturi meTodebis damuSavebamde [1-6].

geometriulad arawrfivi, konstruqciulad anizotropuli mravalfena
garsisaTvis Zalovani da siTburi zemoqmedebisas konstruqciis Zalovani –
deformirebuli mdgomareobis gansazRvrisa da inJinruli gaangariSebis
efeqturi ricxviTi meTodebis damuSaveba, maTi realizacia kompiuterze da
parqtikaSi danergva aris deformirebadi myari sxeulis meqanikis aqtualuri
samecniero amocana.

2. ZiriTadi nawili
ganixileba samfenovani damreci garsi, romelic warmoadgens R=320 mm

radiusis mqone wrewirSi Caxazul wesier eqsvwaxnagas. garsis sakoordinato
zedapiri paraboluri zedapiria (sur. 1), romelic mTel konturze xistadaa
Camagrebuli [7-11].

h1=h2=1 mm, h2=18 mm filis sisqeebia.
gamWvirvale fenebis meqanikuri da Tbofiziuri maxasiaTeblebia:

Sua fena _ E=55000 mpa, =0,25, 1=810-6

gare fena _ E=91000 mpa, =0,25, 1=1110-6



samecniero-teqnikuri Jurnali ,,mSenebloba“
SCIENTIFIC-TECHNICAL JOURNAL “BUILDING“ #1(48), 2018
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

33

fila datvirTulia Tanabari Siga q=0,1 mpa wneviT da gacxelebulia mTel
sisqeze (sur. 1).

Cveni amocanaa: gamovikvlioT ra
damokidebulebaa garsis daZabul-
deformirebul mdgomareobasa da amozneqis H
sidides Soris H<16 mm sazRvrebSi.

filis sasrul elementTa modeli
warmoadgens OABCO konturiT SemosazRvruli
filis meoTxeds, Semdegi sasazRvro pirobebiT:

 O kvanZi: U1=U2=1=2=0;

 OA waxnagi: U2=2=0;

 OC waxnagi: U1=1=0;

 AB waxnagi: xisti Camagreba;

 CB waxnagi: xisti Camagreba.

gamoTvlebi Sesrulda gansaxilveli
fragmentis or sasrul elementad dayofis

SemTxvevaSi:
sur. 1.

 nx=4,  ny=8;
 nx=8,  ny=16.

runges moTodiT Sesworebam am SemTxvevaSi Sedagina 3,4%, ase, rom
saboloo sizuste 1%-is farglebSia.

im SemTxvevaSi, rodesac H=0 da firfitebis mTeli konturi xaistadaa
Camagrebuli, xolo Siga wneva ugulebelyofilia, maqsimaluri daZabulobebi
aRiZvreba mesame fenis zeda boWkoebze. es daZabulobebi gamoiTvleba
analizuri formuliT:

227
1

1 








TE
i mpa

amave suraTze, mocemuli q Siga wnevisaTvis naCvenebia damokidebulebebi

OA konturis gaswvriv i daZabulobebis intensivobis ganawilebasa, T()
temperaturisa da filis H amozneqilobis sxvadasxva mniSvnelobas Soris. aqvea

mocemuli filis SuaSi gaRunvis Sesabamisi 0 mniSvnelobebi. suraTidan Cans,
rom H amozneqilobis gazrdisas daZabulobis  intensivoba centrSi
monotonurad klebulobs, xolo konturis A wertilSi monotonurad izrdeba

filis amozneqilobis isris optimaluri mniSvneloba 04 mm sazRvrebSia.
konturze U1=U20, =1=2=0 sasazRvro pirobebiT Catarebuli

gaangariSebis Sedegi 2 suraTze ormagi mrudiTaa naCvenebi. am SemTxvevaSi
Sedegebi praqtikulad ar aris damokidebuli H-ze, (mocemul zomebSi
gansxvaveba ar aRemateba 3%-s).

A wertilSi filis sazRvris mxebis gaswvriv gadaadgileba aris 0,2 mm,
xolo A wertilSi – 0,24 mm.

xistad moZravi Camagrebisas daZabuloba 2-jer naklebia, vidre xistad
uZravi Camagrebisas.
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nax. 2

3. daskvna
samfenovani damreci garsis arawrfivi deformaciisas variaciuli

formulirebis safuZvelze, miRebulia siTburi zemoqmedebisas daZabul-
deformirebuli mdgomareobis gansazRvrisa da mdgomareobis mdgradobis
gaangariSeba wnevisa da temperaturis zemoqmedebisas.

damuSavebulia kritikuli datvirTvebisa da mdgradobis dakargvis
ganmsazRvreli algoriTmebi. proceduraTa bazaze Sedgenilia obieqturad
orientirebul pragoramaTa paketi, romelic axdens daZabuli amocanis
realizebas.
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mSral, cxel klimatur pirobebSi eqspluataciisaTvis
gankuTvnili rkinabetonis konstruqciebis gaangariSebis

safuZvlebi
b. surgulaZe k. maxarobliZe

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

reziume. ganxilulia rkinabetonis konstruqciebis daproeqtebis
safuZvlebi romelTa eqspluatacia  xdeba mSrali, cxeli da dabali
temperaturis zemoqmedebis pirobebSi. kerZod, Seexeba rkinabetonis
kontruqciebs, romlebzec sistemurad zemoqmedebs cvladi temperatura
(maqsimaluri, maRali - 40°C da meti, saSualo maqsimaluri temperatura
yvelaze cxeli TvisaTvis - 29... 30°C. haeris tenianoba 50...55%-ze naklebi
da dabali teqnologiuri temperaturis -90...196°C) mocemulia betonis
temperaturuli deformaciebis diagrama gaxurebisa da gacivebisas
rkinabetonis konstruqciebis gaangariSebis safuZvlebi, romelTa
eqspluatacia xdeba mSrali da cxeli klimatis pirobebSi.
sakvanZo sityvebi: rkinabetonis konstruqciebi, deformacia, betonis
simtkice,  betonis klasi, gaxureba, temperaturuli Sekleba,
gafarToeba,  temperatura, uTanabrobis koeficienti da  Sexameba.

1. Sesavali
naSromSi ganxilulia  rkinabetonis konstruqciebis daproeqtebis

safuZvlebi, romelTa eqspluatacia  xdeba mSrali, cxeli da dabali
temperaturis zemoqmedebis pirobebSi. kerZod, Seexeba rkinabetonis

kontruqciebs, romlebic ganicdian cvladi (maqsimaluri, maRali 40°C da meti,

saSualo maqsimaluri temperatura yvelaze cxeli TvisaTvis 29... 30°C. haeris

tenianoba 50...55%-ze naklebi da dabali teqnologiuri temperaturis -90...196°C)
temperaturis sistematur zemoqmedebas, warmodgenilia betonis temperaturuli
deformaciebis diagrama gaxurebis da gacivebis  dros, mocemulia
rkinabetonis konstruqciebis gaangariSebis safuZvlebi, romlebsac
eqspluatacia uxdebaT mSrali da cxeli klimatis pirobebSi.

2. ZiriTadi nawili
klimaturi faqtorebi konstruqciuli elementebis zidvis unaris

(muSaobis) daqveiTebaze zegavlenas axdens pirdapir, myisierad an
TandaTanobiT, aCqarebs ra intensiurad daqveiTebis process.    saqarTveloSi
aris adgilebi, romlebic xasiaTdeba mSrali, cxeli klimatiT. zafxuli aq
aris xangrZlivi drois ganmavlobaSi (weliwadSi 100 dReze meti) maRali

temperaturiT maqsimaluri 40°C da meti, saSualo maqsimaluri temperatura

yvelaze cxeli TvisaTvis 29... 30°C. am dros haeris tenianoba SeiZleba iyos

50...55%-ze naklebi.
aseTi klimaturi pirobebisaTvis rkinabetonis konstruqciebis

daproeqteba iTvaliswinebs Taviseburebebs, romlebic unda gviTvaliswinoT
betonis momzadebis, Cawyobisa da Cemdgom gamyarebis procesis ganmavlobaSi. es
gamowveulia ZiriTadad imiT, rom mSrali, cxeli klimatis dros wylis,
betonis mWida Semvsebi masalebis temperatura sagrZnoblad metia, vidre
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normalur pirobebSi, ris gamoc gamomSrali Semvsebi met wyals Seiwovs,
riTac cvlian betonis simtkicisa da deformaciulobis maxasiaTeblebs.[1]

betonisa da rkinabetonis konstruqciebi, romlebic muSaoben mSrali,
cxeli klimatis pirobebSi, unda akmayofilebdnen gaangariSebis moTxovnebs,
rogorc simtkicis mixedviT (pirveli jgufis zRvruli mdgomareobebi), ise
normaluri eqspluataciisaTvis vargisianobis (meore jgufis zRvruli
mdgomareobebi) mixedviT.

rkinabetonis konstruqciebs gaiangariSeben haeris temperaturisa da
tenianobis zemoqmedebis gaTvaliswinebiT datvirTvebis yvela SesaZlo
araxelsayreli SexamebisTvis, muSaobis Semdeg stadiebze:

pirveli _ gare haeris zafxulis saangariSo temperaturamde xanmokle
gaxureba;

meore _ xangrZlivi perioduli gaxureba zafxulSi da gaciveba zamTarSi
gare haeris Sesabamisi temperaturebis saangariSo mniSvnelobamde.

nax. 1

rkinabetonis elementebis normaluri da daxrili kveTis gaangariSeba
gare datvirTvebze am SemTxvevaSi xdeba imave meTodiT, rac normaluri
klimaturi pirobebisaTvis. gasakuTrebiT cxeli da mSrali klimaturi
pirobebis gaTvaliswineba xdeba imiT, rom simtkicis gamosaangariSebeli
formulebSi betonis simtkicis maxasiaTeblebi SehyavT  betonis  muSaobis

pirobebis  gamTvaliswinebel koeficientebze gamravlebuli: kumSvaze da

gaWimvaze (ix. cxrili 1).
koeficientebi და iTvaliswinebs betonis simtkicis Semcirebas mzis

radiaciis, garemo haeris tenianobisa da kontruqciis masiurobisagan. betonis
sawyis drekadobis moduls kumSvisa da gaWimvis dros iReben, rogorc

Cveulebrivi klimatis dros, gamravlebuls koeficientze. ukanaskneli
iTvaliswinebs betonis drekadobis modulis Semcirebas cxeli klimatis

pirobebSi. aiReba pirveli cxrilidan.
maSasadame, im rkinabetonis konstruqciebis gaangariSeba, romelTa

eqspluatacia xdeba mSrali, cxeli klimatis pirobebSi, warmoebs rogorc

Cveulebrivi pirobebisaTvis, oRond koeficientis gaTvaliswinebiT. [2]
magaliTad, Runvadi elementis gaangariSeba simtkiceze marTkuTxa

normaluri kveTis mixedviT, rodesac ≤ ,- warmoebs pirobidan:
M≤ ( -x/2)+

neitraluri RerZis mdebareoba ganisazRvreba pirobidan:= -
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Tu > , maSin B30 da naklebi klasis betonisaTvis da A-II da A-III klasis
armaturisaTvis SeiZleba visargebloT pirobiT, oRond x unda SevcvaloT

x= ℎ , anu
M≤ ( -0.5 )+ ( − )

cxrili 1

yvelaze
cxeli Tvis

haeris tenianoba

W, %

konstruqciis
muSaobis stadia

kumSvaze betonis muSaobis

pirobebis koeficienti , როდესაცℎ tolia, sm-obiT

≤10 >10

20 da naklebi
pirveli 0,75/0,95 0,80/0,90
meore 0,70/0,80 0,75/0,85

40
pirveli 0,80/0,90 0,85/0,95
meore 0,75/0,85 0,80/0,90

60
pirveli 0,85/0,95 0,90/1,0
meore 0,80/0,90 0,85/0,95

70 და მეტი
pirveli 0,90/1,0 0,95/1,0
meore 0,85/0,95 0,90/1,0

SeniSvna: 1. ℎ elementis kveTis dayvanili simaRle, romelic kontruqciis
masiurobas axasiaTebs da warmoadgens kveTis farTobs gayofils im
perimetris naxevarze, romelsac Sexeba aqvs gare haerTan.

2. mocemulia koeficientebi mocemulia wiladis saxiT, sadac
mricxvelSia koeficienti im konstruqciisaTvis, romelic mzis radiaciisagan
daucvelia, mniSvnelSi ki im koncentaciisaTvis, romelic daculia.

3. koeficientebi და miiReba iseTive, rogorc -Semcirebuli 0,05-ით.
აქ gamoiTvleba normebSi moyvanili formuliT, im gansxvavebiT, rom= , − ,
aq და plastikuri Seklebisa da tenianobis gavlenisagan zRvruli

Seklebis deformaciebia da aiReba normisis mixedviT. danarCeni sidideebi, , , , , -aiReba rogorc Cveulebrivi klimaturi pirobebisaTvis.

rkinabetonis eelementis mTliani CaRunva tolia Zalovani

zemoqmedebisagan gamowveul CaRunvas damatebuli betonis araTanabari

gaxurebisagan  gamowveuli CaRunva:= + ,
aq Zalovani CaRunva gamoiTvleba, rogorc Cveulebrivi klimaturi

pirobebisTvis, sadac elementis simrudes angariSoben, rogorc daubzaravi, ise
dabzaruli ubnebisTvis, magram saangariSo formulebSi Semavali betonis

simtkicisa da deformaciulobis maxasiaTeblebi unda gamravldes Sesabamis ,
და koeficientebze. [3]
rac Seexeba elementis simrudes, romelic gamowveulia elementis

araTanabari gaxurebiT, igi gamoiTvleba formuliT:

= ∗
sadac elementis kveTis farglebSi temperaturis uTanabrobis koeficientia
da gamoiTvleba normis mixedviT;
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−temperaturuli deformaciebis koeficienti, romelic mZime
betonisaTvis aris ( …. ) ∗ ;γ =1,1 _ temperaturis mixedviT saimedoobis koeficientia.

dabali temperaturis zemoqmedeba rkinabetonis konstruqciaze SeiZleba
daiyos klimatur da teqnologiur zemoqmedebebad. klimaturi zemoqmedeba
mosalodnelia Senobebsa da nagebobebze CrdiloeTis mkacr klimatur
pirobebSi. saqarTvelos mTian regionebSi aris adgilebi, sadac xangrZlivi
zamTari icis mkacri yinvebiT. aseT pirobebSi mSeneblobisas zamTris
saangariSo temperatura miiReba yvelaze civi xuTdReulis saSualo sidide

mSeneblobis raionze damokidebulebiT. dabali teqnologiuri temperaturis (-
90...196°C) zegavlenis qveS muSaoben gaTxevadebuli airebis da sxva amgvari
masalebis rezervuarebi.

Catarebulma eqsperimentebma aCvena, rom pirveladi gayinvis Sedegad
betonis simtkice izrdeba. Semdgomi galxobisa da gayinvis ramdenime ciklis
Semdeg, piriqiT _ mcirdeba. es imiT aixsneba, rom betonis forebSi arsebuli
wyali iyineba, romelic gafarToebis gamo iwvevs betonSi mikrobzarebs. es
bzarebi ki izrdeba gayinva-galxobis ramdenime ciklis Semdeg. simtkicis
Semcireba gansakuTrebiT maSin xdeba intensiurad, rodesac gayinva-galxobis
process ganicdis wyliT gajerebuli betoni. es movlena saTanadod aris

asaxuli normebSi simtkicis Semamcirebeli γ - gamoyenebiT, romelzec
mravldeba betonis simtkicis maxasiaTeblebi (cxrili 2).

cxrili 2

konstruqciis
eqspluataciis pirobebi

garemo haeris
saangariSo

temperatura °C

koeficienti γ
konstruqciisaTvis

betonisagan
mZime msubuqi

perioduli gayinva da
galxoba wyliT gajerebul
mdgomareobaSi

naklebi -40° 0,7 0,8

naklebi -20° 0,85 0,9

igive, roca elementis wyliT
gajereba xdeba epizodurad

naklebi -40° 0,9 1,0
-40°-ზე მეტი 1,0 1,0

imisaTvis, rom Semcirdes dabali temperaturis uaryofiTi gavlena,
zomebis miReba betonSi wylis SemcirebisTvis. mWidro struqturis betonebis
gamoyeneba, romelSic Semvsebis marcvlebs Soris sivrce ukavia cementis qvas.
aseTi betonis damzadebisaTvis karg Sedegs iZleva superplastifikatorebis
gamoyeneba. aseve, pirapirebisa da kvanZebis dasamonoliTebeli betonis klasi
unda iyos iseTive, rogorc SesaerTebeli elementebisa. [2]

rkinabetonis konstruqciebSi gamoyenebuli armatura dabali
temperaturis xangrZlivi zemoqmedebis gamo, xdeba msxvrevadi da misi
deformaciuloba mkveTrad mcirdeba. amis gamo mosalodnelia armaturis
gawyveta da elementis myife rRveva. armaturis civmetexoba (msxvrevadoba
dabali temperaturis dros) damokidebulia foladis klassa da markaze,
gamodnobis xerxze, SenaduRi pirapirebis arsebobaze, datvirTvebis xasiaTze

da sxv. Rerovani markis, armaturebidan gamoiyeneba: A-I klasis, ВСт3сп markis;  A-
II klasis, 18Г2С klasis,; A-III klasis, 25Г2С markis (mxolod xeliT Sekrul
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karkasebsa da badeebSi). SezRudulad (t=-30°C) gamoiyeneba A-IV klasis, 20XГ2С
markis da A-V klasis ,, A-VI klasis, A-V klasis,, A -V და A -VI klasis, armatura.

mavTulovani armatura: Cveulebrivi da maRali simtkicis, gluvi da

daRaruli, agreTve saarmaturo bagirebi gamoiyeneba SeuzRudavad. -40...-30°C
temperaturis dros Casatanebeli detalebisaTvis statikuri datvirTvis

SemTxvevaSi gamoiyeneba markis ВСт3пс6 naxSirbadiani foladi, xolo dinamikuri
da mravaljer ganmeorebadi datvirTvebisaTvis _ naxSirbadiani foladi markis

ВСт3пс5.
rkinabetonis konstruqciebis daproeqtrebisas, romelTa eqspluatacia

xdeba dabali temperaturis zemoqmedebis pirobebSi, saWiroa dainiSnos
betonis klasi simtkicis mixedviT, marka yinvamedegobis mixedviT, xolo
saWiroebis SemTxvevaSi _ marka wyalSeuRwevobis mixedviT.

rodesac garemo haeris saangariSo temperatura dabalia -40°C-ze,
temperaturul nakerebs Soris daSoreba aiReba naklebi, vidre Cveulebrivi
temperaturis dros. oRond am SemTxvevaSi aucilebelia mzidi konstuqciebis

temperaturuli gaangariSeba Sesabamisi specialuri normebis  gamoyenebiT.[4]

3. daskvna

rkinabetonis konstruqciebis daproeqtebisas, romelTa eqspluatacia
xdeba mSrali, cxeli da dabali  temperaturis zemoqmedebis pirobebSi,
aucilebelia miRebuli iqnas Sesabamisi RonisZiebebi, radgan am konstruqciaze
cvladi temperatura sistematurad zemoqmedebs. gaxurebisa da gacivebis
Sedegad betonis deformaciis miuxedavad Senoba rom mainc akmayofilebdes
eqspluataciis pirobebsa da vadebs, unda vixemZRveneloT Sesabamisi
specialuri normebiT.
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ganivi Zvris bzaris gavlena Runvadi elementis
simtkiceze rkinabetonis rRvevis meqanikis meTodebis

gamoyenebiT

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

saqarTvelo)

reziume. ganxilulia rkinabetonis Runvadi elementebis bzarmedegoba,
bzarebis gaCena, tipebi, gaangariSebis meTodebi eqsperimentul
monacemebze dayrdnobiT. moyvanilia gaangariSebis formulebi da
saangariSo sqemebi rkinabetonis rRvevis meqanikis meTodebis
gaTvaliswinebiT.
sakvanZo sityvebi: rRveva, bzari, sixiste, Zabva, simtkice, bzarmedegoba,
Zabvis intensivobis koeficienti.

1. Sesavali

cnobilia, rom rkinabetoni araerTgvarovani samSeneblo masalaa, romelic
kargad muSaobs kumSvaze, cudad – gaWimvaze. orive SemTxvevisas masSi Cndeba
teqnologiuri da datvirTviT gamowveuli bzarebi. konstruqciul
gaangariSebebSi didmaliani elementebi bzarmedegobis uzrunvelsayofad
mzaddeba winaswar daZabuli, romelsac bzari ar uCndeba an bzaris sidide
naklebia normatiul masalebSi mocemul dasaSveb sidideebze.

dauZabavi elementebis bzarmedegobaze gaangariSebisas normatiul
masalebSi mocemulia mravali empiriuli koeficienti, romelic bzaris
gavlenas rkinabetonis elementebSi, sixisteze, simtkicesa da xangamZleobis
dadgenaze mcirediT aumjobeseben.

statiaSi ganxilulia eqsperimentul monacemebze dayrdnobiT miRebuli
maxasiaTebeli parametrebis gamoyeneba arsebuli problemis gadasaWrelad.

2. ZiriTadi nawili

rogorc 21-e saukunis mSeneblobis praqtika gviCvenebs, rkinabetonis
konstruqcia mSeneblobaSi gamoyenebul masalebs Soris jerjerobiT
Seucvlelia, amitom misi gaangariSebis srulyofa aucilebelia.

rkinabetonis konstruqciebis bzarmedegbis gaumjobesebis sakiTxebiT
msoflioSi mravali mecnieria dainteresebuli. aseTi samuSaoebi Catarebulia
saqarTveloSic [1, 2, 3] da gamoyenebulia metad sapasuxismgeblo obieqtebis
daproeqtebisa da konstruirebisas. literaturidan cnobilia, rom
rkinabetonis Runvad da aracentraluradASekumSul elementebSi warmoiqmneba
teqnologiuri da datvirTviT gamowveuli bzarebi, rac amcirebs elementis
simtkices (zidvisunari), xangamZleobas da iwvevs elementis rRvevas. bzari
Cndeba mRunavi momentiT – normaluri bzari, ganivi ZaliT - daxrili bzari da
mxebi, horizontaluri ZaliT – ganivi Zvris bzarebi.

normatiul masalebSi moyvanili empiriuli koeficientebi elementis
bzarmedegobaze gaangariSebisaTvis arasakmarisia.
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sur.1 Runvad elementSi arsebuli bzarebi:
1 - normaluri; 2 - daxrili; 3 – ganivi Zvris

elementis kveTSi teqnologiur bzarebს emateba mravlobiTi datvirTviT
gamowveuli bzarebi, amdenad rkinabetonis arsebuli gaangariSebis meTodebi
elementis muSaobis realur suraTs ver asaxavs.

statiaSi ganxilulia ganivi Zvris bzaris gavlena rkinabetonis elementis
simtkiceze, sixisteze, deformaciasa da xangamZleobaze.

literaturidan cnobilia, rom rkinabetonis elementSi arsebuli
bzarebis wverze adgili aqvs Zabvebis koncentracias, misi gaxsnis da sigrZis
zrda damokidebulia energiaze, romelsac kveTSi arsebuli datvirTvisagan
gamowveuli gamWimi da mkumSavi Zabvebi qmnis.

rRvevis meqanikis meTodebis gamoyeneba saSualebas iZleva gamovTvaloT
bzaris sigrZe, gaxsnis sidide, davadginoT elementis zidvis unari,
deformacia da xangamZleoba.

arsebul normatiul masalaSi Zabvis koncentraciis koeficientis
mniSvnelobebi gaTvaliswinebuli ar aris. igi dadgenilia mravali mkvlevaris
mier Catarebuli eqsperimentuli monacemebis damuSavebis Sedegad [1, 2, 3]

betonis da armaturis klasebis mixedviT, aris mudmivi sidide iseve, rogorc
drekadobis moduli da puasonis koeficienti.

rkinabetonis konstruqciebis rRvevis meqanikis meTodebiT gaangariSebisas
viyenebT (sur. 2) Zabva-deformaciebis damokidebulebis III stadias.

N
sur. 2

III stadiis dros elementis bzarmedegobaze gaangariSeba Zalovani
parametrebis mixedviT warmoebs:

kumSvisas = ∙ ∙ , (1)
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Runvis da aracentralurikumSvisas= ∙ ∙ , (2)= ∙ ∙ , (3)

sadac = ∙ ℎ aris kveTis farTobi;

- winaRobis momenti;; _ Zabvis intensivobis kritikuli koeficienti; aiReba cxrilidan
betonis klasis mixedviT.

– koeficienti, romelic gamoiTvleba firmuliT:

= /
elementis kveTSi bzarmedegobis amowurva xaiaTdeba mravlobiTi bzaris

warmoqmniT, bzaris ℓ sigrZis da siganis gazrdiT, armaturis CarTulobiT,
romelic amcirebs bzaris gaxsnas da uzrunvelyofs TandaTanobiT mdovre
rRvevas.

kveTSi bzarmedegobis parametrebi, rogoricaa Zabvis intensivobis
kritikuli koeficienti icvleba, Zalovani parametrebic iReben Semdeg saxes:

kumSvisas = ∙ ∙ , (4)
Runvis da aracentraluri kumSvisas= ∙ ∙ , (5)= ∙ ∙ , (6)

sadac = + ∙ aris dayvanili kveTis farTobi

– dayvanis koeficienti

– dayvanili kveTis winaRobis momenti horizontaluri ganivi
bzaris warmoqmnisas.
III stadiis dros ganivi Zvris bzaris sigrZe aRwevs SesaZlebeli sididis

maqsimums. mrRvev Zalas kveTSi ewinaaRmdegeba bzaris qvemoT mdebare SekumSili
betoni, armatura da neitralur RerZTan (sur. 2) gaWimuli betoni. saangariSo
formulebis misaRebad vsargeblobT wonasworobis gantolebiT ∑ = 0 da ∑ = 0.

eqsperimentebiT [2] dadgenilia, rom pirveli ganivi Zvris bzaris
warmoqmnis da gazrdisas, SekumSul betonSi bzaris zemoT mdebare betonis
fena aSrevdeba (amotydeba) sisqiT , rac iwvevs kveTis simaRlis Semcirebas,
mcirdeba zidvis unari, sixiste. igi grZeldeba Semdegi ganivi Zvris bzaris
warmoqmnamde, betonis SekumSuli zonis momdevno aSrevebamde da grZeldeba
rRvevamde.

maqsimaluri mRunavi momenti, romelic III stadiis wonasworobis

pirobiT ∑ = 0, miiRebs saxes:= / − 2 ℎ − 2 −4 + ( / ℎ ( ) − 1)( − )(ℎ − )( − ) ( ) +
+ /2 − − 2 ℎ − 13 ( + 2 + −
− / (ℎ + − − ) ℎ − + −2 (7)

Mmeore wonasworobis piroba ∑ = 0 aseTi saxisaa:
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2 ( , , ) + / (ℎ + − − ) = / − 2 +
+ ( / ℎ ( ) − 1)( − )( − ) ( ) + /2 − − 2 (8)

sadac ( ) = 3 1.13 + 0.285 ;
( , , ) = 3.52(1 − ) / − 4.351 − + 2.13(1 − ) + ( ) 1 −1 −

rogorc (7) da (8) gamosaxulebebidan irkveva, formulebSi Sesulia ganivi

Zvris bzaris – sidide da SekumSuli zonis -is da sidideebi. pirveli

fenis aSrevebis Semdeg kritikuli Zala aRwevs maqsimalur sidides,
warmoiqmneba axali horizontaluri bzari da ase Semdeg. elementi Semdeg
gadadis daZabul-deformirebuli mdgomareobis IV stadiaSi, warmoiqmneba
axali horizontaluri bzari, Semdeg – axali bzari da dgeba rkinabetonis

elementis zRvruli mdgomareoba. am stadiaSi SekumSuli zona < ℎ + − ,
xolo fardobiTi simaRle > 1 − ℎ

sur. 3 Runvadi elementis normaluri kveTis
rRvevis IV stadia

IV stadia aris rRvevis stadia, sadac elementis rRveva mimdinareobs
mdovred garkveuli drois ganmavlobaSi, armaturis denadobis gamo.
neitraluri RerZi gadis normaluri bzaris maxloblad.
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3. daskvna

rkinabetonis Runvadi elementis gaangariSebam rRvevis meqanikis meTodebis
gamoyenebiT, romelic damyarebulia eqsperimentuli kvlevis Sedegebis
analizze, gviCvena, rom mrRvevi Zalvebis gamosaTvlel formulebSi
aucileblad unda iyos gaTvaliswinebuli horizontaluri ganivi Zvris bzaris

da normaluri bzaris sidide.
1. eqsperimentebiT dadasturda, rom rkinabetonis elementis rRvevas xels

uwyobs bzarmedegobaze arasworad gaangariSebuli elementebis mzid
konstruqciebad gamoyeneba.

2. horizontaluri ganivi Zvris bzari iwvevs SekumSuli zonis aSrevebas,
kveTis simaRlis, simtkicis da sixistis Semcirebas.

3. rRvevis procesis SeCereba SeuZlebelia, warmoiqmneba axali momdevno
bzari da ase Semdeg.

4. rkinabetonis elementebis rRveva rom SeCerdes, saWiroa axali
teqnologiebis gamoyenebiT Seiqmnas betonis iseTi Semadgenloba,
romelSic teqnologiuri bzarebis gaCenis SesaZlebloba dayvanili
iqneba minimumamde.

21-e saukunis Senoba-nagebobebis usafrTxoebis garantia aris masalaTa
bzarmedegobis maxasiaTeblebis Seswavla eqsperimentebis saSualebiT.
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maRali rigis sizustis kvadratuli formulebis Sesaxeb
singularuli integralebisTvis

g. yifiani

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

reziume. woniani singularuli integralisTvis gaxsnili konturebis
SemTxvevaSi agebulia maRali rigis sizustis markovis tipis
kvadratuli formula. aseTi saxis integralebis daTvlisTvis
Sedgenilia kompiuteruli programebi Mathematica simbolur enaze.
sakvanZo sityvebi: singularuli integrali, gaxsnili konturi,
kvadratuli formula, ricxviTi amoxsna.

1. Sesavali

rogorc cnobilia [1], [2], [3] Zalian bevri gamoyenebiTi praqtikuli tipis
amocana (maT Soris samSeneblo) daiyvaneba gaxsnili konturebis Semcvel
singularul integralur gantolebebze. inJinrebisaTvis aseTi gantolebis
zustad amoxsnebad Zalian Znelia, amitom dgeba sakiTxi maTi ricxviTi
amoxsnis meTodebis damuSavebis Sesaxeb. bunebrivia, rom upirvelesi sakiTxia
TviTon am gantolebaSi Semavali singularuli integralis miaxloebiTi
gamoTvla garkveuli tipis kvadratuli formulebiT.

koSis guliani singularuli integralis miaxloebiT gamoTvlebs
eZRvneba mravali naSromi. gansakuTrebiT Zalian bevri cnobili mecnieris (ix.
[3-4]) naSromia miZRvnilia sakiTxisadmi Tu rogori yofaqceva da Sefaseba
miiReba kvadratuli formulebisa integrirebis wiris boloebis
maxloblobaSi, rasac udidesi mniSvneloba aqvs aseTi singularuli
integralis Semcveli singularuli integraluri gantolebis ricxviTi
amoxsnebis SeswavlisaTvis.

2. ZiriTadi nawili

ganvixiloT Semdegi saxis singularuli integrali:( ) ( ) − ( )− (−1 < < 1)
(1)

sadac ( ) woniTi funqciaa. ( ) unda akmayofilebdes garkveul Tvisebebs
[1], imisaTvis, rom arsebobdes (1) integraluri koSis mTavari mniSvnelobiT.
[1]. aseTi integralisTvis ganvixiloT markovis tipis kvadraturuli
formula [5].
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( ) ( ) − ( )− ≈ ( ) − ( )− (−1 < < 1)
(2)

(igulisxmeba, rom ( ) _ woniTi funqciaa da akmayofilebs sigluvis

Tvisebas. amasTanave, roca = , ( ) ( )
_Si igulisxmeba Sesabamisi

zRvruli mniSvneloba)
Tu _is mniSvnelobas ∈ (−1,+1) Sualedidan SevarCevT ise, rom
sruldebodes piroba ∫ ( ) − ∑ = 0 (3)

maSin -is aseTi mniSvnelobebisaTvis singularuli integralisTvis

∫_∫ ( ) ( )
miviRebT Semdeg kvadraturul formulas:

( ) ( )− ≈ ( )− , (−1 < < 1)
sadac A _ mudmivi ricxvebia, romlebic Seesabameba markovis tipis
kvadraturul formulas. aseTi tipis kvadraturuli formulebis agebas
mravali Sroma eZRvneba [5-6].

3. daskvna

naSromSi agebulia axali maRali rigis sizustis markovis tipis
kvadraturuli formula, romelic aumjobesebs [5-6]-Si miRebul Sedegebs.
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or sayrdenze Tavisuflad mdebare rkinabetonis
Sedgenili kveTis koWis xangrZlivi datvirTviT muSaobis

eqsperimentuli kvleva

g. nozaZe

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

reziume. eqsperimentuli kvlevebis safuZvelze damuSavda rkinabetonis
Sedgenili kveTis konstruqciebis gaangariSebis meTodika, betonis
cocvadobis deformaciis albaTuri bunebis gaTvaliswinebiT da
ganisazRvra cocvadobis deformaciis zRvruli maxasiaTeblis, rogorc
SemTxveviTi sididis gaangariSebis Sesabamisi ZalvaTa da ZabvaTa
SesaZlo gadaxrebis sazRvrebi.
sakvanZo sityvebi: cocvadobis zRvruli maxasiaTebeli, cocvadoba,
deformacia, Zabva, Zalva.

1. Sesavali

eqsperimentis ZiriTadi mizania or sayrdenze Tavisuflad mdebare
Sedgenili kveTis koWSi ganviTarebuli xangrZlivi deformaciebis, kerZod,
cocvadobis deformaciis kvleva, xangrZlivi deformaciis ganviTarebis
Sedegad aRZruli Zalvebis sididis dadgena, aseve maTi gavlena konstruqciis
mzidunarianobaze.

2. ZiriTadi nawili

am sakiTxze Catarda Teoriuli kvleva [5], Teoriuli gamoTvlebis
(Teoriuli eqsperimentis) gasamyareblad, gadavwyviteT praqtikulad
gamogvecada am tipis konstruqcia. amisaTvis stu-is laboratoriaSi damzadda
Sedgenili kveTis, T-s formis ganivkveTis mqone ori identuri koWi. Taro
30X10X200 sm, damzadda B20 klasis betonisgan, xolo wibo 10X20X200 sm,

damzadda B15 klasis betonisgan. gaWimuli zona armirebulia A-III klasis 12 mm-

iani armaturiT. cocvadobis maxasiaTebeli B20 klasis betonisTvis φ1=3,1, ხოლო
B15 klasis betonisTvis φ2=2,8. inerciis momentebi: I1=250000 სმ4 და I2=30000 სმ4 ;
betonis ganivkveTis farTobi: A1=300 სმ2;  A2=200 სმ2.

pirveli koWi gamoviyeneT eqsperimentis pirveli etapisTvis (statikuri
gamocda), risi meSveobiTac davadgineT kritikuli Zala da bzarwarmoqmnis
momenti [5], amis Semdeg gadavediT eqsperimentis meore etapze, kvlevis
ZiriTadi mizani iyo Sedgenili kveTis or sayrdenze Tavisuflad mdebare
koWSi xangrZlivi deformaciebisgan, kerZod, cocvadobis deformaciisgan
ganviTarebuli Zalvebis (mRunavi momentis) kvleva. amisaTvis xangrZlivi
datvirTviT davtvirTeT meore koWi, romelic damzadda 2016 wlis 13
ivliss, koWi xangrZivi datvirTviT daitvirTa damzadebidan 96 dRis Semdeg,
2016 wlis 17 oqtombers. koWze movdeT kritikuli  datvirTvis 20%, 2,0 tZ.
(20 kn). saangariSo sqema mocemulia sur. 1-ze.
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eqsperimentis dawyebidan eqvsi Tvis Semdeg gamoikveTa cocvadobis
deformaciis ganviTarebis dinamika. miRebuli Sedegebis Teoriuli
gaangariSebis SedegTan Sedarebam damakmayofilebeli Sedegi mogvca.

sur. 1. saangariSo sqema

am SedgiT da sxva mecnierTa mier Catarebuli eqsperimentebis
statistikurma damuSavebam gviCvena [1,2,3,4], rom Zabvebi, romlebic
reducirebuli kveTisTvis aris gamoTvlili, sakmaod axlos aris Zabvebis
uSualo daTvlis meTodiT miRebul sididesTan.

sur. 2. datvirTuli koWi
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3. daskvna

1. rkinabetonis Sedgenili kveTis konstruqciebSi cocvadobis
deformaciis Sedegad ganviTarebuli Zabvebis SesaZlo gadaxrebis
sazRvrebi meryeobs -45%-dan +50%-mde, xolo am deformaciebisgan
ganviTarebuli Zalvis (mRunavi momentis) SesaZlo gadaxrebis
sazRvrebi meryeobs -20%-dan  +50%-mde;

2. rkinabetonis Sedgenili kveTis konstruqciebSi cocvadobis zRvruli
maxasiaTeblis SesaZlo gadaxrebs  25%-is farglebSi, Seesabameba
mRunavi momentis SesaZlo gadaxris mniSvneloba  5%-is farglebSi.

3. rkinabetonis Sedgenili kveTis konstruqciebis sainJinro
gaangariSebebSi dasaSvebia gamoyenebul iqnes cocvadobis zRvruli
maxasiaTeblis SesaZlo gadaxrebi -30%-dan  +45%-mde, rasac Seesabameba
Zabvis da Zalvis SesaZlo gadaxrebi -10%-dan  +10%-mde.
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konusur garsebTan miaxloebuli danaoWebuli piramiduli
garsebis gaangariSeba

e. maCaiZe
(fizikuri aRzrdisa da sportis saxelmwifo saswavlo universiteti,

WavWavaZis gamziri, Tbilisi, 0162, saqarTvelo)

reziume. damuSavebulia konusur garsTan miaxloebuli danaoWebuli
piramiduli garsebis iseTi konstruqciebi, romlebic Sedgeba brtyeli
elementebisagan da aqvs mogrZo marTkuTxedis forma. aseTi garsebis Sua
zedapiri, romelsac aqvs mudmivi simrude erTi mimarTulebiT da
texiloba meore mimarTulebiT.
sakvanZo sityvebi: garsi, texiloba, Sua zedapiri, sivrciTi sistemebi.

1. Sesavali

Txelkedliani garsovani konstruqciebi gamoiyeneba teqnikis sxvadasxva
dargSi – manqanaTmSeneblobaSi, saaviacio da gemTmSeneblobaSi, mSeneblobaSi,
farTo gamoyeneba pova samrewvelo, sasoflo-sameurneo, savaWro, kulturul-
sportuli nagebobebis gadaxurvis racionaluri gadawyvetis saqmeSi.

didmaliani nagebobebis mSeneblobam, maRali gamZleobiTi maxasiaTeblebis
Tanamedrove dabalmoduliani masalebis danergvam moiTxova aucilebloba
gaangariSebuliyo didi CaRunvebi sisqesTan mimarTebiT Txelkedliani
konstruqciebis gaangariSebisas [1-6].

mrewvelobis saxvadasxva dargis ganviTareba mSeneblobaSi
dakavSirebulia arsebuli Txelkedliani konstruqciebis srulyofisa da
axlis SeqmnasTan, konstruqciebisa, romlebSic Sedis garsovani, firfitovani,
Reroiani da iseTebi, romlebsac sivrciTi konstruqciebi aqvs arqiteqturul
gamomxatvelobasTan mimarTebaSi. dRes maTi gamoyenebis ZiriTadi
ganmsazRvrelia energiisa da resursebis dazogva Senobebsa da nagebobebSi.
aseTi konstruqciebis efeqturoba ufro met mniSvnelobas iZens Sesrulebis
kompleqsur an kombinirebul variantebSi. magaliTebad SeiZleba moviyvanoT
konstruqciebi betonisa da fibrobetonis, betonisa da minaplastmasis da sxva
kveTebiT. magram, konstruqciis aseTi variantebi kveTis mTlianobas arRvevs.
aucilebelia maTi gaangariSeba Sedgenili konstruqciebis sqemis mixedviT.

es problema axal aqtualurobas iZens rekonstruciisa da energiis
damzogi funqciebis SeqmnasTan dakavSirebiT, rac miiRweva Sereuli (fenovani)
konstruqciebis gamoyenebiT [7-11].

gansaxilveli klasis sivrciTi konstruqciebis arsebuli sainJinro
meTodebis umravlesoba gamartivebul midgomebzea damyarebuli.
gadawyvetilebebi iqmneba im varaudebze, rom kompleqsuri konstruqcia muSaobs
rogorc erTiani _ sruldeba kveTis yvela nawilis deformaciis
erTdroulobis (erTianobis) hipoTeza. dRes dagrovilma axalma monacemebma
Txelkedliani rkinabetonis elementebis, maT Soris, rkinabetonis
winaaRmdegobis (gamZleobis) Tanamedrove fizikuri modelis deformaciisa da
napraldaxeTqvis gamZleobis Sesaxeb, asaxva ver pova Semadgeneli kveTis
konstruqciebis gamokvlevebsa da daproeqtebis praqtikaSi. amis gamo,
SeuZlebelia srulad da adekvaturad Sefasdes datvirTuli konstruqciebis
muSaoba, agreTve maTi racionaluri da saimedo daproeqteba.
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2. ZiriTadi nawili
ganvixiloT garsi, romelsac aqvs wakveTili piramidis zedapiri sakmaod

didi raodenobis waxnagebiT, e.i. miaxloebulia konusurTan. aseTi sistemebis
wonasworobisa da deformaciis pirobebi Seizleba gamoisaxos (1)
gamartivebuli gantolebebiT, romlebic miRebuli aRniSvnebis
gaTvalisiwnebiT, Caiwereba Semdegi saxiT [11]:
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 aris kuTxe konusis wverosTan, romelic Semoxazulia gansaxilvevli
piramiduli zedapiris irgvliv.

kompleqsuri gardaqmnis saSualebiT (1) gantoleba miiRebs saxes:
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gantolebisagan, magram (3)-Si Semavali 2 laplasis operators aqvs cvladi
koeficientebi da amitom gantolebis amoxsnas eqneba gansxvavebuli saxe.

gare datvirTva gavSaloT trigonometriul mwkrivebad x koordinatis
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 11 chz ;  12 shz ;  33 chz ;  34 shz
Tu gamoviyenebT sistemis ciklur simetrias, SeiZleba amoxsna

warmovadginoT     

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m

i

in
1

*
11

*
0101

2*
00  formuliT.  funqciis

namdvili da warmosaxviTi nawilebis gancalkevebis Semdeg ganvsazRvravT
gadaadilebebs, Zalebs da momentebs.

3. daskvna
rkinabetonis Sedgenili garsuli gaangariSebisas statikur-geometriuli

da fizikuri hipoTezebi, miRebulia uwyveti garsuli panelebisaTvis da
SemoRebulia damatebiTi samuSao hipoTezebi, romlebic iTvaliswineben
Sedgenili konstruqciebis deformaciebis specifikas.

miRebulia Zvris kavSirebis ekvivalenturi dayvanili sixistis gantoleba
rkinabetonis Sedgenili garsuli principebis zogierTi konstruqciuli
variantis gaangariSebasTan mimarTebiT.
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adgilobrivi inertuli masalebiT damzadebuli udanamato
asfaltbetonis da gogirdasfaltbetonis nimuSebis gamocda

yinvamedegobaze

d. bedukaZe
(saqarTvelos teqnikuri universiteti, m. kostavas q. # 77,

0175, Tbilisi, saqarTvelo)
reziume. mocemulia adgilobriv inetrul masalebze damzadebuli
udanamato asfaltbetonis da gogirdasfaltbetonis nimuSebis gamocda
yinvamedegobaze. gamovlenili Sedegebis safuZvelze eqsperimentulad
dadginda, rom udanamato asfaltbetonis nimuSebTan SedarebiT,
yinvamedegobis saukeTeso maCvenebeli aCvena bitumis 20-30%-iT
modificirebuli gogirdiT Canacvlebulma gogirdasfaltbetonis
nimuSebma.
sakvanZo sityvebi: asfaltbetoni, modificirebuli gogirdi,
gogirdasfaltbetoni, yinvamedegoba.

1. Sesavali
zamTarSi asfaltbetonis forebSi arsebuli wyali iyineba, moculobaSi

matulobs 8-10%-iT da warmoqmnis 20 mgpa wnevas. gayinva-gadnobis procesis
mravaljeradi ganmeorebis Sedegad forebis kedlebi TandaTan iSleba, rac
sabolood iwvevs asfaltbetonis struqturis daSlas. aRniSnuli problemis
gadasaWrelad metad mniSvnelovania moewyos iseTi fenilebi, romlebsac
eqnebaT yinvamedegobis gazrdili maCveneblebi.

2. ZiriTadi nawili
eqsperimentuli gziT ganvsazRvreT adgilobriv inertul masalebze

damzadebuli udanamato asfaltbetonis da gogirdasfaltbetonis nimuSebis

yinvamedegobis koeficienti `CONTROLS”-is firmis yinvamedegobis
ganmsazRvreli danadgaris gamoyenebiT (sur. 1.)

nax. 1 yinvamedegobis ganmsazRvreli danadgari
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aRniSnul danadgarze nimuSebis gayinva-gadnobis 25, 50, 75 ciklis Semdeg,
hidravlikur wnexze ganvsazRvreT udanamato asfaltbetonis da
modificirebuli gogirdis 10, 20, 30%-is danamatiT damzadebuli
gogrdasfaltbetonis nimuSebis simtkice kumSvisas da Sesabamisad

gamovTvaleT yinvamedegobis koeficienti Kყ (nimuSebis 25, 50, 75 ciklis Semdeg
simtkice kumSvisas fardobiT sawyis wyalgajerebuli nimuSis simtkicesTan)
(ix. cxrili1).

cxrili 1
yinvamedegobis koeficientis gansazRvra datvirtvis 25, 50 da 75 ciklis dros

yinvamedegoba

maCvenebeli

Semkvreli ГОСТ 9128-97-ის
მოთხოვნები Б
ტიპის მარკა II-

სადმი

udanamato

ა/ბ (БН
60/90)

გბშ- (10 %
gogirdi)

გბშ-(20 %
gogirdi)

გბშ-(30 %
gogirdi)

simtkice kumSvisas, mpa, Semdeg temperaturebze:

20 °С wyalg. nimuSi 5.80 6.10 7.10 7.70 არა ნაკლებ 2.5
25 ციკლის შემდეგ 5.70 6.00 7.00 7.60 -
50 ციკლის შემდეგ 5.60 5.90 6.90 7.50 -
75 ციკლის შემდეგ 5.50 5.80 6.80 7.40 -

yinvamedegobis koeficienti Kყ -

25 ციკლის შემდეგ 0.983 0.984 0.986 0.987 -
50 ციკლის შემდეგ 0.966 0.967 0.972 0.974 -

75 ციკლის შემდეგ
0.948 0.951 0.958 0.961 -

sur. 2. yinvamedegobis koeficientis damokidebuleba gayinva-
galRobis ciklebze Б tipis asfaltbetonisaTvis БН 60/90 markis

bitumze (1) da gbS-ze gogirdis SemcvelobiT 10% (2), gbS-ze
gogirdis SemcvelobiT 20% (3) da  30 % (4) SemcvelobiT.

უდანამატო ა/ბ
(БН 60/90)

გბშ- (10 %
გოგირდი)

გბშ-(20 %
გოგირდი)

გბშ-(30 %
გოგირდი)
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უდანამატო ა/ბ (БН 60/90) გბშ- (10 %  გოგირდი)

გბშ-(20 %  გოგირდი) გბშ-(30 %  გოგირდი)
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udanamato asfaltbetonis da modificirebuli gogirdis 10, 20, 30%-is
SemcvelobiT damzadebuli gogirdasfaltbetonis nimuSebis yinvamedegobis
koeficientis ricxobrivi maCveneblebis gansazRvris mixedviT avageT
Sesabamisi grafiki (sur. 2).

aRniSnulma gamokvlevam aCvena, rom 10%-ianma modificirebuli gogirdis
danamatiT damzadebulma gogirdasfaltbetonis nimuSebma udanamato
asfaltbetonis nimuSebTan SedarebiT yinvamedegobis 25, 50 da 75 ciklis
Semdeg aCvena 5.3%, 5.4% da 5.5%-iT meti simtkice.

20%-ianma modificirebuli gogirdis danamatiT damzadebulma
gogirdasfaltbetonis nimuSebma udanamato asfaltbetonis nimuSebTan
SedarebiT yinvamedegobis 25, 50 da 75 ciklis Semdeg aCvena 22.8%, 23.2% da
23.6%-iT meti simtkice.

30%-ianma modificirebuli gogirdis danamatiT damzadebulma
gogirdasfaltbetonis nimuSebma udanamato asfaltbetonis nimuSebTan
SedarebiT yinvamedegobis 25, 50 da 75 ciklis Semdeg aCvena 33.3%, 33.9% da
34.5%-iT meti simtkice.

3. daskvna

rogorc gamokvlevebidan Cans, 10%-iani gogirdis Semcvelobisas
yinvamedegobis koeficienti udanamato asfaltbetonis yinvamedegobis
koeficientTan SedarebiT umniSvnelod izrdeba, rac  aixsneba imiT, rom
mTeli gogirdi qimiurad uerTdeba bitums da ar gamodis
struqturawarmomqmneli danamatis saxiT.

miRebuli SedegebiT SesaZlebelia davaskvnaT, rom gbS-s 20-30%-is
modificirebuli gogirdis Semcvel gogirdasfaltbetonebs aqvT ufro maRali
yinvamedegobis maCveneblebi udanamato asfaltbetonTan da 10%-iani
modificirebuli gogirdis Semcvel gogirdasfaltbetonebTan SedarebiT.

literatura
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Rvarcofuli gamonatanebi

l. janaSia

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

reziume. Rvarcofuli gamonatani warmoiqmneba Rvarcofuli nakadis
gavlis Sedegad. Tavisi xasiaTiT igi warmoadgens bunebrivi stiqiuri
movlenebidan erT-erT yvelaze saxifaTo movlenas, romelic iwvevs
sagzao infrastrugturis dazianebasa da ngrevas. xSir SemTxvevaSi igi
iwvevs msxverpls adamianebs Soris. Rvarcoful gamonatanTan brZola
xdeba kompleqsuri RonisZiebebiT, romelic gulisxmobs samuSaoebis
dayofas or jgufad: aqtiur da pasiur RonisZiebebad.
sakvanZo sityvebi: baraJi, talvegi, daproeqteba da sxva.

1. Sesavali
pirvel rigSi RvarcofsawinaaRmdego RonisZiebebi im punqtebSi unda

daiwyos, sadac Rvarcofuli nakadebi ufro saxifaToa. Semdegi amocana
Rvarcofuli nakadebis siCqaris Semcireba, xolo amis miRwevis Semdeg unda
gamagrdes wyalSemkrebi auzis zedapiri balaxovani da tyis mcenareebiT,
radganac Rvarcofis warmoqmna, Cveulebriv gamowveulia mcenareebis
ganadgurebiT (ferdebis gadaxvna, saqonlis Zoveba da a. S.).

aRniSnuli samuSaoebi, romlis mizania saboloo jamSi SeaCeros
Rvarcofis warmoqmnis procesi da aRkveTos xramis mieri gamonatanebis
warmoqmnis Semdgomi SesaZlebloba, unda mivakuTnoT mTis nakadebTan brZolis
aqtiur meTodebs.

pasiur meTodebs unda mivakuToT sxvadasxva saxis xelovnuri nagebobis
mowyoba, magaliTad: galerebis, Rvarcofgamtaris, (romelic atarebs
Rvarcoful nakads gzis zemoT) baraJebi  da a. S.

xazgasmulia, rom brZolis marto pasiuri meTodebi warmoadgenen mxolod
droebiTi RonisZiebebia da xSirad arasakmarisia, radgan brZolis marto
pasiuri meTodebi aRweven Tavis mizans mxolod zogierTi xelsayreli
pirobebis dros.

umravles SemTxvevaSi brZolis pasiuri meTodebis gamoyenebis
paralelurad sruliad aucilebelia aqtiuri meTodebis gamoyeneba.

moviyvanoT Rvarcoful nakadebTan brZolis aqtiuri meTodebis mokle
aRwera:

a)  gamagrebis da gatyianebis samuSaoebisaTvis gamosayofi farTobis
gansazRvra (damcavi zoli);

b) damcavi zoliT sargeblobis SemzRudavi zomebis miReba, raTa
ferdobebma ar ganicados meqanikuri rRvevebi saqonlis Zovebisgan, moxvnisgan
an gaCexvisgan;

v) damcavi zoli gatyianeba da aucileblobis SemTxvevaSi ferdobis
dateraseba;

g) tyeebi da balaxovani mcenareebi xels im SemTxvevaSi uwyobs
ferdobebis stabilizacias, rodesac talvegs aqvs didi daxriloba, magram
pasiuri RonisZiebiT miiRebs gamaTanabrebel qanobs.

2. ZiriTadi nawili
waurecxavi kalapotis misaRebad da masTan erTad kalapotis napirebis

Camongrevis SesaZleblobis Tavidan asacileblad, aucilebelia SevqmnaT
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pirobebi, rom xramSi Sesabamisi samuSaoebis meSveobiT, iqces gamaTanabrebel
qanobad.

amisaTvis talvegis marTobulad Sendeba  baraJebis rigi (sur. 1), mis
miRma grovdeba gamonatani, romelic aqcevs talvegs safexurebis mwkrivad.
maTi saerTo daxriloba miaxloebuli iqneba gamaTanabrebel qanobTan. baraJebi
ara erTdroulad ar Sendeba, aramed TandaTanobiT, natanebis daleqvis
mixedviT.

sur.1 baraJebis Tanamimdevruli mowyoba

samuSaoebis sruliad sapasuxismgeblo nawilia baraJis miRma kalapotis
gamagreba, radgan kalapotis gamorecxvam SeiZleba gamoiwvios baraJis ngreva.

baraJebis mSeneblobisas rekomendebulia Tanamimdevrobis dacva: yoveli
Semdgomi baraJis mowyoba xdeba mxolod imis Semdeg, rac warmoqmnis wina
gamaTanabrebel qanobs. amasTan daileqeba msxvili gamonatanis umetesi raodenoba.

xramis gasamagrebeli samuSaoebis daCqarebis mizniT am ukanasknels yofen
monakveTebad, 5_10 Zlieri kapitaluri tipis baraJebiT, xolo am monakveTbis
SigniT Semsubuqebuli tipis baraJebis mowyobis samuSaoebs atareben erTdroulad
zemodan qvemoT.

baraJis Ziris gamorecxvis Tavidan asacileblad, baraJis Ziri unda iyos
gansakuTrebiT saguldagulod gamagrebuli da aRWurvili risbermiT.

xevis gamagrebiTi samuSaoebis da Rvarcoful nakadebTan brZolis mTeli
kompleqsi warmoadgens satyeo-samelioracio da hidroteqnikuri samuSaoebis
sakmaod rTul SeTavsebas, romelic sruldeba Cveulebriv drois ramdenadme
grZel periodSi, 5_10 welSi.

amasTan gamoyenebuli hidroteqnikuri nagebobebis tipebi (baraJebi, sagdebi
nagebobebi da a. S.), agreTve satyeo-samelioracio samuSaoebis meTodebi
(ferdobebis gatyianebis da terasebis mowyobis sxvadasxva xerxebi, tyis tipis
SerCeva sxvadasxva niadagis safarisaTvis da a. S.) aRwerilia dawvrilebiT p.

demonces naSromSi `Практическое руководство к облесению и задернению гор”, Тифлис
1891 г.
2.1. Rvarcoful gamonatanTan brZolis SesaZlo meTodebi

sanam gadavalT Cven mier rekomendebuli RonisZiebebis aRweraze, pirvel
rigSi mivuTiTebT, rom RvarcofsawinaaRmdego RonisZiebis proeqtis Sesadgenad
aucilebelia Semdegi monacemebis wardgena:
1. mTlianad auzis gegma, situaciis dataniT (xelovnuri nagebobebi, saxnavebi,
dasaxlebebi da a. S.);

2.safaris ruka mTlianad auzisTvis, yvela saxis niadagis maxasiaTeblebis
datanebiT;

3.mTliani auzis zedapiris geologiuri aRnagobis ruka;
4.auzis zedapirze mcenareuli safaris ruka;



samecniero-teqnikuri Jurnali ,,mSenebloba“
SCIENTIFIC-TECHNICAL JOURNAL “BUILDING“ #1(48), 2018
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

59

5.mTlianad raionis geologiuri ruka (literaturuli wyaroebis mixedviT).
aRniSnul rukebze datanili unda iyos damewyrili ubnebi, nayarebi, wyaroebis
gamosasvlelebi da sxva;

6.mTlianad (xramis) ganivi profilebi wyalgamyofidan SesarTavamde da grZivi
profili;

7.gamonatani masalis granulometriuli gazomvebis monacemebi;
8.mTlianad xramis da misi zemoqmedebis dawvrilebiTi aRwera saZiebo jgufis
ufrosis piradi aRweris monacemebis mixedviT da mkvidri mxcovani mosaxleobis
gamokiTxvis monacemebis mixedviT, romlebic cxovroben gansaxilveli auzis
teritoriaze an mis mezoblad;

mkvidri mosaxleobis Cvenebebidan metad mniSvnelovania: damangreveli
Rvarcofuli nakadebis gavlis TariRi, maTi sidide (horizonti, gansakuTrebiT
didi CaTreuli lodebis diametri), SeniSnuli siCqare, damangreveli moqmedebebi
(xidebis, jebirebis, sagubarebis, wisqvilebis, gzebis ngreva da a.S.), am movlenebis
ganmeorebis sixSire da sxva unda iyos aRwerili.
9. saavtomobilo da aseve sarkinigzo gzebis movla-Senaxvis ufrosis monacemebi

mocemul xramze (xevze) aSenebul xidebTan, xidqveSa kalapotebSi Catarebuli
gawmendis Sesaxeb, rac ganpirobebulia Rvarcofuli natanebis (nariyis)
arsebobiT;

10. uaxloesi meteorologiuri sadguris monacemebi naleqebis dRiuri maqsimumis
Sesaxeb Tveebis mixedviT, dakvirvebis yvela wlebSi (absoluturi da saSualo
dRiuri maqsimumi); monacemebi kokispiruli wvimebis xangrZlivobisa da
intensiurobis Sesaxeb;

11. dawvrilebiTi savele Canawerebi Catarebuli sainJinro-teqnikuri,
hidrogeologiuri da geologiuri gamokvlevebis Sesaxeb.

2. 2 Rvarcof sawinaaRmdego nagebobebis proeqtebisaTvis rekomendebuli
gadawyvetilebebi.

ZiriTadi zomebis daniSvnis principebi:
zemoT xsenebulis safuZvelze, rekomendebulia Semdegi zogadi sqema,

romelic dayofilia sam rig samuSaoebad aucilebeli Tanamimdevrobis wesiT.
aRniSnuli sqema, ra Tqma unda, ver gadaWris mocemul, Zalian rTul da

naklebad damuSavebul sakiTxs.
calkeul SemTxvevebSi Rvarcofuli gamonatanis winaaRmdeg brZolis

mizanSewonili gadawyvetilebebi SesaZloa mniSvnelovnad gansxvavdebodes aq
mocemuli zogadi sqemisagan.

pirveli rigis samuSaoebi.
a. zogadi xasiaTis RonisZiebebi:

1.aikrZalos saqonlis Zoveba im ubnebze, sadac dazianebulia balaxovani safari
manam, sanam ar aRdgeba igi;

2.aikrZalos saqonlis Zoveba satyeo ubnebze, tyis safaris aRdgenis mizniT;
3.aikrZalos tyis gaCexva satyeo ubnebze, satyeo uwyebis nebarTvis gareSe;
4.yvela arsebul saxnav ubnebze Catardes xvna mxolod horizontalSi, aikrZalos
ferdobebis xvna;

5.aikrZalos 9-100-ze  meti cicabo ferdobebis xvna da gaSendes maTze Rirebuli
merqnis (xe-tyis) jiSebi (TuTis, kaklis da a. S.).

b. satyeo-samelioracio RonisZiebebi da ferdobebis gamagreba farTo satyeo-
samelioracio RonisZiebebis kompleqsidan pirvel rigSi unda Catardes Semdegi:

1.Sewydes zedapiruli wylebis SeRweva damewyril ubnebze samTo arxebis
gayvaniT;

2.gamagrdes 25-300-ze meti daxris mqone cicabo ferdobebi.
g. hidroteqnikuri samuSaoebi
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1.xidTan misasvleli da gamosasvleli kalapotis mowyoba, maTTvis qanobis
micemiT, romelic uzrunvelyofs kalapotSi moxvedrili nariyis gatanas sakmao
manZilze nagebobis farglebs gareT. amasTan dakavSirebiT, aucilebel
SemTxvevebSi, xdeba xevis arsebuli kalapotis gawmenda da CaRrmaveba;

2.kalapotebis da konusebis gamagreba gaangariSebuli siCqareebis Sesabamisad;
3.xidTan misasvlel kalapotSi, ramdenime kapitaluri tipis baraJebis mowyoba;
4.ZiriTadi (kapitaluri tipis) baraJebis mowyoba talvegis mTel sigZeze;
5.calkeul SemTxvevebSi sayrdeni kedlebis mowyoba mcocavi ferdobebis
gasamagreblad.

meore rigis samuSaoebi:
1.msubuqi baraJebis Tanmimdevruli mowyoba, nariyis daleqvis mixedviT,

erTdroulad xevis mTel monakveTze, romelic gayofilia kapitaluri baraJebiT;
2.xevis gaswvriv sayrdeni kedlebis ageba, romelic gaamagrebs xevis napirebs.
mesame rigis samuSaoebi:
xevis ferdobebis gamagreba buCqovani, tyisa da balaxovani safaris gaSenebiT

da aucileblobis SemTxvevaSi ferdobebze terasebis mowyoba (satyeo-
samelioracio samuSaoebi).

3. daskvna
(nagebobis elementebis ZiriTadi zomebis SerCevis principebi)
misasvleli kalapotebi
xidamde da xidis Semdeg erTgvarovani qanobis Seqmnis SesaZleblobis

arsebobis SemTxvevaSi, romelic uzrunvelyofs myari masalebis gadatanas, xidamde
misasvleli kalapotis farTi miRebulia iyos xidis cocxali kveTis sididis
toli.

aucileblobis SemTxvevaSi ki, adgilobrivi pirobebidan gamomdinare, xidamde
kalapotis qanobi iyos meti, vidre xidis qveS  da xidis misasvleli kalapotis
sigane iniSneba ufro meti, vidre xidis cocxali kveTis sigane, raTa SenarCundes
erTnairi siCqare rogorc xidis qveS, ise mis misasvelTan.

kalapotebis daxra iniSneba imis gaangariSebiT, rom erTi mxriv, ar miviRoT
dasaSveb sidideze ufro meti siCqare, romlic gamoiwvevs xidis warecxvas, xolo
meore mxriv, ar miviRoT dasaSveb sidideze ufro naklebi siCqare, romlic
gamoiwvevs xidis qveS natanis daleqvas.

Rvarcoful nakadSi qvebis diametrebis mniSvnelobebi, romelic gansazRvravs
kalapotis daxris qveda zRvars, miRebulia iyos nariyze qvebis adgilze gazomili
diametris saSualos toli.

xidis misasvleli kalapotis sigrZe miRebulia _ iyos 50-100 m. sigrZis toli,
xolo xidis gamosasvleli kalapotis sigrZe _ 40-80 m., adgilobrivi pirobebisa
da hidravlikuri gaangariSebis mixedviT.
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sabWoTa periodis sacxovrebeli ganaSenianebis
sakanonmdeblo normatiuli baza

g. xoferia
(saqarTvelos teqnikuri universiteti, m. kostavas q. 77, 0175, Tbilisi,

saqarTvelo)

reziume. ganixilulia sabWoTa periodis qalaqgegmarebiTi mSeneblobis
sakanonmdeblo normatiuli bazis ZiriTadi parametrebi, maTi dadebiTi
da uaryofiTi mxareebi.
sakvanZo sityvebi: normatiuli baza, ganaSenianebis parametrebi,
samSeneblo normativebi da wesebi, sacxovrebeli ganaSenianeba, sabaziso
monacemebi, ganaSenianebis regulaciebi.

1. Sesavali
sabWoTa periodis sacxovrebeli ganaSenianebis sawyis etapebs miekuTvneba

omamdeli da omisSemdgomi periodebi, rodesac jer kidev ar aris
Camoyalibebuli mwyobri gegmarebiTi nomatiuli baza da rodesac qveyana omis
Sedegad dangreuli qalaqebis aRdgeniT iyo dakavebuli. magram, ukve 1950-iani
wlebis meore naxevridan daiwyo Camoyalibeba qalaqmSeneblobisa da zogadad
mSeneblobis normatiulma dokumentebma, romlebic muSavdeboda samSeneblo
samecniero kvleviT institutebSi. 1958 wels, winamorbedi cnobarebis
safuZvelze, miRebul iqna qalaqgegmarebiTi ganaSenianebis samSeneblo wesebi
da normebi `snip~-i (СН 41-58).

2. ZiriTadi nawili
kvlevaSi ganxilulia, sabWoTa periodis samSeneblo normebisa da wesebis

`snip~-ebis Camoyalibebis da ganviTarebis oTxi etapi, romlebic miRebulia
1958, 1966, 1975 da 1989 wlebSi.

1958 wels gamocemul „snip“-Si, sabWoTa ideologiisgan gamomdinare, masSi
mocemuli normebi da wesebi, imperatiulad moqmedebda ssr kavSiris mTel
teritoriaze. aq pirvelad dafiqsirda sacxovrebeli e.w. seliteburi zonis
organizebis axleburi, Tavisufali dagegmarebis principi, ramac faqtobrivad
Secvala, adre arsebuli ganaSenianebis perimetruli dagegmareba, Seiqmna
mikroraionuli sistema, daiwia ganaSenianebis simWidrovem, gaCnda meti
sivrcobrivi Tavisufleba. amasTanave, dokumentSi SenarCunebuli iyo wina
periodis qalaqmSeneblobiTi azrovnebis rudimentebic.

sacxovrebeli masivis an mikroraionis masStabiT analizis Casatareblad
vsargeblobT, zemoxsenebuli 1958, 1966, 1975 da 1989 wlebSi gamocemuli
samSeneblo normebisa da wesebis (snip) saxelmZRvaneloebiT (СН 41-58, СНиП II-
К.2-62, СНиП II-60-75*, СНиП 2.07.01-89*) da ganvixilavT sacxovrebeli masivebis
ganaSenianebis morfologiis ganmsazRvreli ZiriTadi normatiul maCveneblebs,
romlebic dajgufebulia funqciur-Tvisobrivi principebiT.
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ganaSenianebis sabaziso maCveneblebi: cxrili 1.

cxrildan Cans, rom 1958_1989 wlebis periodSi ganaSenianebis sarTulebis
raodenoba 4-5 dan 9-12-16 sarTulamde gaizarda. erT sul mosaxleze farTobis
norma, ZiriTadad 9-12 kv/m iyo (miuxedavad imisa, rom cxrilSi mateba 18 kv/m
mdea). amavdroulad mikroraionebis farTobi erT kacze (brutto) mcirdeba
33kv/m-dan 22 kv/m-mde, xolo sacxovrebeli fondis simWidrove (netto) ucvleli
rCeba.
ganaSenianebis normatiuli daSorebebi Senobebs Soris: cxrili 2
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cxrilSi naCvenebia ganaSenianebaSi arsebuli normatiuli daSorebebi (m)-obiT
dasaSvebi manZili SenobaTa grZiv mxareebs Soris 1958-dan 1975-mde izrdeba
30-49 m. xolo bolo monacemiT iklebs 20 metramde. insolaciis normebi
(saaTebSi) aris standartulad 2.5 sT. aseve mocemulia ganaSenianebis
minimaluri daSorebebi wiTeli xazidan, mTavari QquCisa da saqalaqo
daniSnulebis gzis (avtobani) savali nawilis kididan, es parametrebic aris
stabiluri oTxive periodis normativebiT.

ganaSenianebis struqturuli elementebis maxasiaTeblebi: cxrili 3

cxrilSi asaxulia sacxovrebel ganaSenianebaSi ganTavsebuli sxvadasxva
daniSnulebis sportuli da bavSvTa saTamaSo moednebi, maTi normatiuli
farTobebi erT sul mosaxleze, aseve daSorebebi da radiusebi sacxovrebeli
korpusis fanjrebamde da sanagve bunkerebamde. es monacemebi TiTqmis
stabilurad ucvlelia.

agreTve normativebiT regulirdeboda saganmanaTleblo obieqtebis
ZiriTadi parametrebic. bagebisa da sabavSvo baRebis saproeqto teritoriis
farTobi erT sul mosaxleze Seadgenda saSualod 25_40 kv/m-s, skolis
teritoriis 14_60kv/m-s. gansazRvruli iyo adgilTa raodenobebi 1 aTas
mosaxleze baga da sabavSvo baRebis 70_90 adgili, skolebis 150_180 adgili.
maTi samomsaxureo zonis radiusebi baga da sabavSvo baRebisTvis 300_500
metri, skolebisTvis 750_1000 metriani radiusi. unda aRiniSnos, rom `snip~-i
iTvaliswinebda sarezervo teritoriis farTobebs, ganviTarebis perspeqtiviT.

momdevno cxrilSi moyvanilia avtosadgomebis ganTavsebis normativebi, am
parametrebs didi yuradReba eTmoboda, vinaidan avtomobilebis raodenoba
yovelTvis iyo geometriuli progresiiT zrdadi, Sesabamisad yoveli axali
normatiuli dokumentebis momzadebisas xdeboda maTSi cvlilebebis Setana.
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avtomobilebisa da avtosadgomebis ganTavseba: cxrili-4

3. daskvna
amrigad, Catarebuli analitikuri kvlevis Sedegad,  sadac visargebleT,

sabWoTa periodis samSeneblo normebisa da wesebis (snip) saxelmZRvaneloebiT,
gamocemuli 1958, 1966, 1975 da 1989 ww (СН 41-58, СНиП II-К.2-62, СНиП II-60-75*,
СНиП 2.07.01-89*), SeiZleba Semdegi daskvnis gakeTeba. samSeneblo normatiuli
bazis SefasebaSi SesaZloa gamovyoT rogorc dadebiTi, ise uaryofiTi
mxareebi:

kerZod, is faqtori, rom arsebuli sakanonmdeblo parametrebi
aregulirebdnen ganaSenianebis dagegmarebas, da Sedegad im periodis
qalaqgemarebaSi TiTqmis ar SeiniSneba gegmarebiTi qaosiuroba da uxeSi
darRvevebi, SeiZleba CaiTvalos dadebiTad.

is garemoeba, rom sacxovrebeli da sazogadoebrivi daniSnulebis
nagebobebi, ekonomiis gamo, ZiriTadad Sendeboda tipuri standartuli
proeqtebiT, romelTac arqiteqturul-esTetikuri TvalsazrisiT, aranairi
faseuloba ar gaaCndaT, udavod  sabWoTa periodis samSeneblo normatiuli
bazis uaryofiTi mxarea.
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saavtomobilo gzebis sivrculi simdovris uzrunvelyofa
i. miqava

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

reziume. satransporto nakadis gamtarunarianoba aris erT-erT
winapiroba ganviTarebuli da mowyobili saavtomobilo gzebis qselis
mimarT. sivrculi daproeqtebis mizania gazardos saavtomobilo gzis
gamtarunarianoba da gaaumjobesos gadaadgilebis pirobebi. sivrculi
daproeqteba ZiriTadad damyarebulia trasirebis empiriul wesebze da
mxazvelobiTi geometriis meTodebis gamoyenebaze. gzis perspeqtiuli
gamosaxulebebis gamoxazviT mowmdeba da umjobesdeba misi sivrculi
simdovre.
sakvanZo sityvebi: gza, simdovre, gamtarunarianoba, esTetika, mrudi,
klotoida.

1. Sesavali
Tanamedrove pirobebSi aRiarebulia, rom Cqarosnuli saavtomobilo gza

unda iyos optikurad mdovre. gzis simdovris mimarT moTxovnebi Semdegnairad
ganisazRvreba: pirveli, Cqarosnuli moZraobis usafrTxoebis pirobis
uzrunvelyofa da meore, esTetikuri moTxovnebis dakmayofileba, radganac
sagzao nagebobebi iseTi elementebia, romlebic sakmaod did zegavlenas
axdens landSaftze. landSaftur-arqiteqturuli mosazrebebis Tanaxmad, gzas
unda hqondes sasiamovno da harmoniuli forma nebismieri wertilidan
Sexedvisas. amrigad, gzis simdovre unda iyos uwyveti anu mudmivi. trasis
mudmivi simdovre miiRweva gzis elementebis warmatebuli TanafardobiT da am
elementebis uwyveti gadasvliT erTi saxeobidan meoreSi im pirobiT, rom
TviTon trasis yvela elementi iqneba optikurad naTeli, rac imas niSnavs, rom
realur pirobebSi ar unda ganicdidnen optikur damaxinjebas.

moTxovna, rom gzis simdovre unda iyos mudmivi, wamoWrilia jer kidev
XX saukunis 40-ian wlebSi germanelma inJinrma hans lorensma da manve Seqmna
garkveuli empiriuli formulebi gzis simdovris uzrunvelsayofad. imasTan
dakavSirebiT, rom empiriul wesebs saerTo xasiaTi aqvs xelsayreli
Tanafardoba trasis elementebs Soris, yovel konkretul SemTxvevaSi,
dgindeba optikuri analizis safuZvelze, gzis monakveTebis perspeqtiuli
gamosaxulebebis an modelebis gamoyenebiT. gzis simdovris optikuri
Semowmebis es meTodi aris Zalian Sromatevadi da aferxebs daproeqtebis
temps.

2. ZiriTadi nawili
2.1. trasis elementebis Tanafardoba

gzaze moZraobisas xSirad vamCnevT, rom mrudi, romelic Soridan
gveCveneba gardatexilad, miaxloebisas TandaTanobiT xdeba mdovre, xolo
mrudis dasawyisidan garkveul distanciaze igi simdovris xarisxs srulad
akmayofilebs. Soridan xiluli gzis mkveTri mosaxvevi rogorc mZRols, ise
mgzavrs uqmnis arasasiamovno STabeWdilebas, amitomac SeZlebisdagvarad
saWiroa amis aRmofxvra. imis gaTvaliswinebiT, rom mrudis dasawyisTan
miaxloebisas misi simdovre umjobesdeba, mizanSewonilia mivaRwioT
damakmayofilebel simdovres ara marto mrudis farglebSi, aramed mis
farglebs gareTac. Cazneqili mrudis xilvadobis manZili DS ganisazRvreba
grZiv profilSi swori monakveTis sigrZisa da amozneqili mrudis sigrZis
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jamiT, imis Sesabamisad roca Y=0.8 m-s (X aiTvleba mrudis dasawyisidan an
bolodan). amasTanave, mZRolis Tvali mrudis tangensidan amaRlebulia 0,7
m-iT. saboloo jamSi mZRolis Tvali gzis saval nawilidan 1,5 m-iT zemoTaa.

mrudis S sigrZe, rodesac Y=0.8 m-s, mrudis radiusis sididesTan
damokidebulebiT, mocemulia pirvel cxrilSi. cxrili 1

dakvirveba gviCvenebs, rom mrudis sigrZe xelsayrel TanafardobaSi unda
iyos swor monakveTebTan. rac ufro grZelia swori monakveTi, miT ufro
grZeli unda iyos mrudi mis Semdeg. im SemTxvevaSi, Tu mrudi perspeqtivaSi
aRiqmeba, rogorc gardatexa, maSin misi simdovris gaumjobeseba xdeba
radiusis gazrdiT.

didi raodenobis perspeqtiuli gamosaxulebis analizis safuZvelze
dadgenilia, rom Tanafardoba gegmisa da grZivi profilis elementebs Soris
unda akmayofilebdes 2 cxrilSi moyvanil damokidebulebas. cxrili 2.

es monacemebi xelsayrelia gamoviyenoT daproeqtebisas mrudis saorientacio
sigrZis daniSvnisaTvis, rac damokidebuli iqneba kuTxis wveromde manZilze.
qvemoT, me-3 cxrilSi mocemulia mrudebis minimaluri sigrZeebi, romlebic
uzrunvelyofen sakmaris simdovres, mrudis dasawyisamde arsebuli manZilis
mixedviT. am monacemebiT, martivia miRebuli saproeqto gadawyvetilebebis
optikuri analizi. cxrili 3.

mrudisa da sworis Tanafardobis garda, perspeqtivaSi yuradReba unda
mieqces mosaxvevis simrudes. rac ufro didia mosaxvevis simrude gegmaze,
perspeqtivaSic miT ufro metad xvdeba igi xedvis mcire kuTxis qveS.

2.2. mudmivi siCqariT moZraobis SesaZleblobis uzrunvelyofa
sagzao SemTxvevebis raodenobis Semcirebis yvelaze efeqturi RonisZieba

daproeqtebisas aRmoifxvras yvela monakveTi, sadac moZraobis siCqare
Semcirdeba. erT-erT aseT monakveTs ganekuTvneba mrudebis monakveTebi.
imisaTvis, rom aRmovfxraT mrudebis monakveTebze siCqaris Senelebis faqtebi,
mrudis simdovre unda iyos imdenad damajerebeli, rom mZRoli mrudTan
miaxloebisas darwmunebuli iyos arCeuli siCqaris realizaciis
SesaZleblobaSi, rac axlos iqneba saangariSo siCqaresTan da ise gaiaros
mrudis monakveTi. sifrTxilis xarisxi calkeul mZRolebs Soris SeiZleba
iyos sxvadasxva, amitomac avtomobilTa nakadis Tanabarzomieri moZraobis
uzrunvelyofis mizniT, SemoTavazebulia 1,5-jer gaizardos saangariSo
siCqaris Sesabamisi normatiuli xilvadobis manZili, rac aseve uzrunvelyofs
mrudis simdovres.
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Tu zemoT moyvanil daskvnebs gamoviyenebT daproeqtebis procesSi,
wriuli mrudis minimaluri radiusi unda ganisazRvros gardatexis kuTxis
sididisa da mrudis rekomendebuli sigrZis mixedviT. cxrili 4.

2.3. trasis momijnave elementebis SeuRleba
perspeqtiuli gamosaxulebebis optikuri analizis safuZvelze dadgenilia,
rom TandaTanobiTi gadasvla ar aris sakmarisi wriuli mrudis da swori
monakveTis SeuRlebis adgilebSi gegmaze da grZiv profilSi radiusiT 5 000
m-ze naklebi mniSvnelobis dros da Sebrunebuli mrudebis SeuRlebis
adgilebSi gegmasa da grZiv profilSi 5 000 m-ze naklebi radiusis SemTxvevaSi.
am SemTxvevebSi sakmarisi TandaTanobiTi gadasvla xorcieldeba gardamavali
mrudebis SemoRebiT, romelic damokidebulia saangariSo siCqaresa an manZilze
mrudis dasawyisamde, romlis parametrebic ar iqneba naklebi qvemoT mocemul
mniSvnelobebze. gardamavali mrudis saxiT gamoiyeneba klotoida:

L•R= A2

sadac L aris manZili mrudis dasawyisidan mis nebismier wertilamde; R
moxvevis radiusi imave wertilSi; A mrudis maxasiaTebeli parametri.
horizontaluri da vertikaluri mrudebisaTvis gegmaSi da grZiv profilSi,
parametrebis minimaluri mniSvnelobebi aiReba me-5 cxrilSi mocemuli
mniSvnelobebis mixedviT.

cxrili 5.

grZiv profilSi, klatoidis Cazneqil mrudTan SeuRlebis SemTxvevaSi,
aucilebelia maT sawyis wertilebs Soris gadanacvlebis optimalur sidideTa
gaTvaliswineba. klotoidis sigrZe am SemTxvevaSi garkveul farglebSi
izRudeba, me-6 cxrilSi. cxrili 6.

klotoida, rogorc gzis elementi, SesamCnevi rom gaxdes, trasis
mimarTulebis cvlilebam mis farglebSi unda miaRwios aranakleb 30-s.
Sesabamisad, moxvevis mcire kuTxeebis dros 60-mde, mizanSewonilia
SeuRlebuli klotoidebis gamoyeneba, wriuli monakveTebis Casmis gareSe.erTi
mimarTulebis wriuli mrudebis SeuRlebisas, romelTa radiusebis

Tanafardoba tolia R1/R2>2, gadasvlis TandaTanoba miiRweva klotoidis

monakveTiT, romlis simrudec icvleba 1/R1-dan 1/R2-mde farglebSi.
avtomobilis marTvis maqsimaluri komfortis uzrunvelsayofad,
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SesauRlebeli ukuklotoidebis parametrebi unda iyos erTnairi. parametrebis

zRvruli dasaSvebi Tanafardoba toliaA1/A2≤2.
vertikaluri Cazneqili mrudis bolos SeuRleba mudmivi qanobis mqone

wriuli mrudis dasawyisTan an horizontaluri mrudis dasawyisTan dasaSvebia.
gzis simdovre damakmayofilebelia orive mimarTulebiT Sexedvisas. monakveTis
simdovre damokidebulia Semdeg Tanafardobaze Rv:Rh, amitom am SemTxvevaSi
aucilebelia Semowmeba perspeqtivis gaTvaliswinebiT.

gacilebiT rTulad mosaxerxebelia vertikaluri Cazneqili mrudis
amozneqil sivrcul mrudTan SeuRleba. Cazneqili mrudis mxridan moZraobisas,
gzis perspeqtiva sruliad damakmayofilebelia. amis sawinaaRmdegod, amozneqili
mrudis mxridan moZraobisas, gansazRvrul intervalze, roca Tvali jer kidev
odnav aris amaRlebuli mxebs zemoT, romelic gadis gadaRunvis wertilSi,
SeimCneva mkveTri gardatexvebi gzis marcxena mxris xazebze. marjvena mxares
Sesabamisi xazebi mdovrea. Tu gaviTvaliswinebT, rom aradamakmayofilebeli
perspeqtiva SeimCneva agreTve amozneqili mrudidan Cazneqil mrudze gadasvlisas,
maSin zemoT ganxiluli SeuRleba SeiZleba CaiTvalos misaRebad. unda aRiniSnos,
rom proeqtirebis praqtikaSi xSirad aris saWiroeba gegmaze mrudis SeTavsebisa
vertikalur amozneqil mrudTan.

Cazneqili mrudis, mis momdevno Cazneqil an amozneqil klotoidasTan
SeuRlebis SemTxvevaSi, unda vecadoT, rom klotoidis dasawyisi umniSvnelod
faravdes Cazneqili mrudis bolos. Cazneqili vertikaluri mrudis sigrZis
Seucvlelad, moyvanili pirobisdakmayofileba SeiZleba gegmaze klotoidis
parametris gazrdiT.

gegmaze Sebrunebuli klotoidebis SeuRleba Sebrunebul wriul mrudebTan,
grZiv profilSi qmnis STabeWdilebas savali nawilis nawiburebis
talRiseburobis Sesaxeb. Sebrunebuli klotoidebis monakveTis optikuri
simdovre miiRweva grZiv profilSi Sebrunebuli gardamavali mrudebis
gamoyenebiT, im pirobiT, rom gegmasa da grZiv profilSi gadaRunvis wertilebi
SeTavsebuli iqneba. Tu grZivi profilis da proeqtebisas gamoiyeneba mxolod
wriuli mrudebi, maSin aRniSnuli deformaciis Tavidan acilebis mizniT,
Sebrunebul mrudebs Soris profilSi unda iqnas daproeqtdes swori monakveTi.

3. daskvna
didi raodenobis perspeqtiuli gamosaxulebis analizis safuZvelze

rekomendaciebi da Tanafardobebi,  raTa gamartivdes trasis sivrculi
simdovris miRweva proeqtirebis procesSi. dakvirvebebis Sedegad dadginda
xelsayreli Tanafardobebi rogorc mrudebisa da swori monakveTebis
sigrZeebs Soris, ise gegmisa da grZivi profilis elementebs Soris.
ganxilulia avtomobilTa nakadis Tanabarzomieri moZraobis uzrunvelyofis
piroba da misi miRwevis gza. moyvanilia gegmisa da grZivi profilis
elementebis SeuRlebis xelsayreli meTodebi da magaliTebi.
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mravalSriani betonis nakeTobis miRebis principi,
erTstadiani dayalibebis teqnologiis gamoyenebiT

g. sulTaniSvili
(saqarTvelos teqnikuri universiteti, m. kostavas 77,

0175, Tbilisi, saqarTvelo)
reziume. mravalSriani nakeTobis damzadebis Tanamedrove meTodebi
iTvaliswinebs mravalstadiur teqnologiebs. am teqnologiebiT
xorcieldeba TiToeuli Sris damzadeba, romelic sabolood ganixileba
erT nakeTobad. aRniSnuli teqnologiebi ZviradRirebulia da
Sromatevad procesebTan aris dakavSirebuli.
mravalSriani betonis nakeTobis dasamzadeblad Cven gTavazobT mZime da
msubuq Semavseblebze damzadebuli betonis narevis vibroganSrevebis
teqnologias. betoni narevis ganSrevdeba Semavseblebis moculobiTi
masis sxvadasxva gvarobis da betonis tiqsotropiis xarjze gajirjveba
vibraciis dros. aseTi teqnologiiT damzadebuli SemomzRudavi
elementebi mniSvnelovnad ufro iafia.
sakvanZo sityvebi: vibroganSreveba, betonis tiqsotropia, vibracia,
simtkice, mdgradoba.

1.Sesavali
mravalSriani betonis nakeTobis damzadebisaTvis erTstadiani

teqnologiiT vibrognSerevebis gziT saWiroa gamoyenebuli iqnas minimum ori
saxis Semavsebelis gamoyeneba mZime da msubuqi,  aseve mowyobiloba, romelic
uzrunvelyofs betonis narevis xangrZliv vibrirebas. am meTodis gamoyenebiT
miRebuli minimaluri fenebis raodenoba aris sami, xolo  betonis simkvrive
nakeTobaSi cvalebadia da mcirdeba TandaTnobiT qveda zedapiridan zedasken,
rac damokidebulia Semavseblis marcvlebis moculobiT masaze.

2. ZiriTadi nawili
dasaxuli miznis misaRwevad Cven gTavazobT, Sreebis warmosaqmnel masalad

iseTi Semavseblebis gamoyenebas, romelTac eqneba maqsimalurad gansxvavebuli,
kontrastuli moculobiTi masebi. aseTi narevebi Semavseblis granulebis
sakuTari wonis zemoqmedebiTac ganSrevdeba.

mZime betonis Sreebis misaRebad masalis saxiT viyenebT Cveulebrivi,
mkvrivi mTis qanebis mZime Semavseblebs. eqsperimentebSi gamoviyeneT mkvrivi
Semavseblis garecxili fraqcia zomiT 5_10 mm, darkveTis garecxili qviSis
fraqcia 0-5 mm, aseve darkveTis qviSis mtvrisebri fraqcia. Semkvrel masalad
gamoviyeneT cementi romlis aqtivobaa 200_300, laboratoriuli cdebis
monacemebiT. plastificirebuli danamatis saxiT betonis narevSi
superplastifikatori (СП RУSO  FLOUID OPTIMA 208), romelic  emateboda
cementis masis 0,3-3%-mde odenobiT. miRebuli narevis CamosxmiT kubebad zomiT
15×15×15sm, Semdgom maTi vibraciiT narevis ganSrevebamde, vadgendiT aucilebel
teqnologiur parametrebs, betonis mravalSriani nakeTobis Sreebis
dasayalibeblad. vibrireba mimdinareobda Tanamimdevruli  etapebiT sqemis
mixedviT. [1-5]

yoveli etapis Semdgom izomeboda Sris sisqe, xolo Sris amoRebuli
nawili brundeboda formaSi. Tu Sris sisqe iyo daaxloebiT winaswar
dadgenili Tb sididis toli (sm), maSin vibrirebis dro iTvleboda
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dadgenilad. Tu ki Sris sisqis zoma aRmoCndeboda Tb dadgenilze naklebi,
maSin mimdinareobda Semdgomi damatebiTi etapi vibrirebisa 30 wamidan im
momentamde, vidre polistirolis warmoqmnili  zeda Sris Semdgomi ori,
mimdevrobiTi etapiT rCeboda mudmivi, erTnairi. etapebis saerTo raodenoba
Seadgenda 3-s, an 4-s.

formidan amoRebul nimuSs vxerxavdiT betonis warmoqmnili Sreebis
struqturis analizisaTvis. betonis narevis Sedgeniloba eqvemdebareboda
koreqcias plastikurobis cvliT betonis Txevadi nawilis cvalebadi
SedgenlobiT an wylisa da cementis urTierTobis cvlilebiT, an
plastificirebuli danamatebis raodenobis gazrdiT, an narevSi Txevadi
nawilis gazrdiT. narevis Txevadi nawilis koreqtireba ganisazRvreboda
Semavseblebis granulTSorisi  sicarieliT, romelic gankuTvnili iyo Tb da
Kb Sreebis warmosaqmnelad betonis nakeTobaSi.

betonis mTliani masis SerCeva mimdinareobda  laboratoriul betonsarevSi
zemoqmedebiT formaSi Casxmuli betonis narevis ganSreveba mimdinareobda
aucilebeli datvirTviT. miRebuli eqsperimentuli nimuSebis gamyareba
mimdinareobda laboratoriuli reJimis kameraSi, romelic uzrunvelyofda
mocemuli temperaturuli reJimis pirobebSi  betonis gamoSrobas. aq unda
aRiniSnos Semdegi: aucilebelia betonis Sris winaswari dayovneba Cveulebriv,
normalur temperaturaze, minimum 1-1,5 sT-s, raTa marcvlebSorisi xsnaris
karkasma miiRos misi minimaluri sawyisi simtkice. Semdgom miiRweva
temperaturis neli aweva maqsimum 600C-ze. Cvens eqsperimentebSi  xelsayreli
dayovnebis dros CaviniSneT 9 saaTian nakeTobis sruli gamoSrobisaTvis
reJimis kameraSi.

sur 1. nimuSis gaxerxvis Semdeg Cans ganSrevebuli betonis struqtura:
1 - Tbosaizolacio Sre; 2 _ gamWoli Sre; 3 _ konstruqciuli Sre; 4 _

damcavi Sre. Sreebis sisqe mocemulia santimetrebSi.

1

2

3

4 0,48

5,35

5,63

1,64
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sur 2. Tbosaizolacio (T) Sris da konstruqciuli (K) Sris  nimuSebi,
romelic gamoixerxa betonis kubidan betonis ganSrevebuli narevis

Sedgenlobis koreqtirebiT. zomebi mocemulia santimetriT.

Semdeg cxrilSi mocemulia betonis narevis Sedgeniloba kg/m3, mZime da
msubuqi penopolistirolis SemavseblebiT kubebis formebSi zomiT aris
15X15X15 sm.

cxrili
ცემენტი

მ 300, კგ/მ3

ღორღი
5-10 მმ,

კგ/ მ3

ქვიშა
0- 5 მმ,

კგ/მ3

ქვიშის
მტვრისებრი

ფრაქცია, კგ/მ3

აფუებული
პოლისტიროლ
ის გრანულებ,

ლიტრი

C პკგ/მ3 წყალიი,
ლიტრი

წყალ /
ცემეტი

436 523 319 71 593 4,36 268 0,614

cda mimdinareobda 8 dRis ganmavlobaSi reJimis kameridan nimuSebis
gamoRebis Semdeg. wvaze simtkice ganisazRvreboda nimuSebisaTvis, romlebic
ixerxeboda betoniT ganSrevebuli Sridan - prizmebSi, zomiT 5X5X9 sm da
kubikebSi, zomiT - 5X5X5 sm. eqsperimentuli nimuSebis gamocda Cven mier
Catarda laboratoriul pirobebSi hidravlikur wnexze, marTvis avtomaturi
sistemiT. eqsperimentis dros miRebuli monacemebi, gamodioda wnexiT marTuli
sistemis ekranze, ix. sur-ze.

sur. 3

5

9

5

5

5

5

9

5



samecniero-teqnikuri Jurnali ,,mSenebloba“
SCIENTIFIC-TECHNICAL JOURNAL “BUILDING“ #1(48), 2018
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

72

betonis Sreebis simtkicisa da woniTi maCveneblebi mocemuli Semdeg
cxrilSi

cxrili

ბეტონის შრე საშუალო
მოცულობითი
მასა γ0, კგ/მ3

γ0t/ γ 0 K Rb, კგძ/სმ2 R პრ,
კგძ/სმ2

Rპნ/R ბ

T 710 0,3 8,3 9,94 1,19

K 236 93,9 77,5 0,825

Catarebuli cdis pirobebSi, simtkice Seadgenda 0,5 saboloo simtkicidan,
maSin mosalodnelma simtkicem unda Seadginos: Rb = 16,7 kgZ/sm2 da Rpr = 19,9
kgZ/sm2, xolo konstruqciuli SrisTvis _ Rb = 187 kgZ/sm2 da Rpr=155 kgZ/sm2.
masalebis aseTi simtkice mravalSriani Semofargluli elementisaTvis
savsebiT misaRebia.

mravalSriani betonis nakeTobis damzadebis tradiciuli meTodisa da
SemoTavazebuli meTodiT Sreebad dabetonebiT teqnologiuri operaciebis
Sedarebisas Cans, rom mravalSriani betonis Cven mier SemoTavazebuli
meTodiT damzadebisas, teqnologiuri operaciebis raodenoba mcirdeba 5
poziciiT.

3. daskvna

1.Seswavlilia betonis mravalSriani nakeTobis  Siga struqtura, romelic
miRebulia betonis nakeTobis Sreebis vibroganSrevebis dros 2-2,5 wT-is
farglebSi. SemoTavazebuli teqnologia uzrunvelyofs miviRoT nakeToba
mkafio, Tbosaizolacio da konstruqciuli SreebiT, aseve maT Soris
betonis narevis nawilis gamWoli SriT. aseTi Siga struqtura
uzrunvelyofs sakmaod mtkice kavSirs Sreebs Soris.

2.gansazRvrulia woniTi da simkvrivis maCveneblebi, romlebic warmoiqmneba
betonis narevis Tbosaizolacio da konstruqciuli vibroganSrevebiT.
miRebuli monacemebis safuZvelze SegviZlia davamtkicoT, rom betonis
Sreebis miRebuli maxasiaTeblebi misaRebia SemoTavazebuli teqnologiiT
Semofargluli elementebis mosamzadeblad.
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raWa-leCxumis regionSi turizmis da dasvenebis
infrastruqturis ganviTarebis potenciali

T. maxaraSvili, d. baxtaZe

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

reziume. ganxilulia saqarTvelos erT-erTi mTiani regionis, raWa-
leCxumis turistuli infrastruqturis mdgomareoba da misi ganviTrebis
potenciali.
sakvanZo sityvebi: turistuli infrastruqtura, samTo turizmi,
dasveneba, rekreaciis pirobebis gaumjobeseba, potencialis efeqturi
gamoyeneba.

1. Sesavali
raWa-leCxumis regionis bunebriv-geografiuli pirobebi _ mimzidveli

landSafti, klimaturi pirobebi, mTis sufTa haeri, wiwvovani da foTlovani
tyeebis sixSire, kulturuli Zeglebis simravle, mineraluri wylebisa da sxva
bunebrivi resursebis siuxve qmnis unikalur pirobebs sxvadasxva saxis
turizmis (saavtomobilo, sacxenosno, salaSqro da samonadireo turizmi,
ekoturizmi da sxv.) ganviTarebisaTvis.

2. ZiriTdi nawili
regionSi ukve arsebobs saqarTvelos araerTi cnobili kurorti: Sovi,

uwera, qveSvake, sortuani, xidikari, bugeuli, laSiWala, ZuRuri, axalWala,
zesxo, muaSi, sadac asamde samkurnalo-mineraluri da gogirdiani wyali
moipoveba. Tumca am etapze regionSi turizmis ganviTarebas xels uSlis
infrastruqturis mouwesrigebloba da investiciebis nakleboba. amJamad,
regionis kurortebis umravlesobis infrastruqtura mTlianad moSlilia da
srul reabilitacias saWiroebs.

regionis kurortebs Soris havis, klimatisa da mineraluri wylebis
samkurnalo TvisebebiT gansakuTrebiT gamoirCeva Sovsa da uweras kurortebi.
SesaZlebelia kurort Sovis samTo-saTxilamuro kurortad gardaqmna, ris
Semdegac kurorti SeZlebs damsvenebels weliwadis nebismier dros
moemsaxuros da regionis socialur-ekonomikur ganviTarebaSi didi wvlili
Seitanos. samTo-saTxilamuro kurortis mSeneblobisaTvis SesaniSnavi
pirobebia sof. SqmerSic. turistebisTvis mimzidveli adgilebia Saorisa da
lajanis wyalsacavebi. Saoris wyalsacavi ambrolauris muncipalitetis
ulamazesi adgilia, romlis irgvliv gvxvdeba unikaluri jiSis tyeebi da
kulturul-istoriuli Zeglebi. Saorze arsebobs potenciali yvela sezonis
turizmis (m.S. saTxilamuro turizmis) ganviTarebisTvis.

amJamad, regionSi (ambrolaurSi, onSi, lentexsa da SovSi) funqcionirebs
ramdenime komfortuli sastumro rac, ra Tqma unda arasakmarisia mTeli
regionis masStabiT. regionSi Zalze arasakmarisia kvebis obieqtebis
raodenoba. aRsaniSnavia, rom 2012 wels q. ambrolaurSi funqcionireba daiwyo
turizmis sainformacio centrma, romlis ZiriTadi amocana Sesabamisi
investiciebis moZieba da sxvadasxva saxis turistuli marSrutis Sedgenaa.

daculi teritoriebis biomravalferovneba
regionSi turizmis ganviTarebis potencials xels uqwobs is garemoeba,

rom aq 230 aTas ha-ze, zRvis donidan 500_4600 m-is simaRleze mdebareobs raWa-
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leCxum-qvemo svaneTis gegmarebiTi daculi teritoriebi, romlebic
warmoadgens centraluri kavkasionis gegmarebiTi daculi teritoriebis
nawils da moicavs raWa-leCxum-qvemo svaneTis erovnul parks,  bunebis 12
Zegls da 4 aRkveTils (daculi teritoriis erT-erTi saxe, romelsac
miniWebuli aqvs specialuri statusi). aRkveTilebi gamoirCeva karstuli
RrmulebiT, platosebri ubnebiT, kirqvuli serebiTa da Rrmad CaWrili
eroziuli kanionebiT. bunebis Zeglebi SerCeulia maTi unikaluri fizikur-
geografiuli maxasiaTeblebis _ karstuli reliefis da kirqvis substratze
ganviTarebuli mcenareulobis TaviseburebiT. erovnuli parkis teritoriaze
gavrcelebul mcenarebTagan 164 kavkasiis endemia, 26 _ saqarTvelos endemi,
xolo 5 _ raWa-leCxum-qvemo svaneTis floris endemi. aseve gavrcelebulia
ZuZumwovarTa 51 da frinvelTa 152 saxeoba, maT Soris saqarTvelos „wiTel
nusxaSi“ Setanili saxeobebi, rac teritoriis biomravalferovnebis
mniSvnelobaze miuTiTebs. erovnuli parki aris maRali donis ekologiuri
Rirebulebisa da ekoturizmis ganviTarebis potencialis mqone teritoria.
SesaZlebelia gegmarebiT dacul teritoriaze turistuli potencialis
gamoyeneba frinvelebsa da cxovelebze dakvirvebis, aseve botanikuri da
ekologiuri (magaliTad, karstul mRvimeebSi) turebis organizebiT. erovnul
parkSi SesaZlebelia alpinizmis ganviTarebac. dReisaTvis, erovnuli parkis
infrastruqtura ar aris Seqmnili. Tumca, msoflio bankis dafinansebiT ukve
momzadebulia menejmentis gegmebi 5-wliani marTvisTvis. aRniSnuli garemoeba
xels Seuwyobs erovnuli parkis mimdebared mcxovrebi mosaxleobis CarTvas
ekoturistul saqmianobasa da sxvadasxva socialur proeqtSi. SesaZlebeli
gaxdeba mosaxleobis gadamzadeba gidis servisis uzrunvelsayofad, agreTve
saojaxo sastumroebisa da kvebis obieqtebis ganviTareba da adgilobrivi
produqciis realizacia, rac xels Seuwyobs regionSi socialur-ekonomikuri
pirobebis gaumjobesebas.

dasaxlebaTa iersaxe da sivrciTi dagegmva

regionSi arsebuli dasaxlebebis infrastruqturuli iersaxe _ Senoba-
nagebobebis, ezoebis, quCebis, trotuarebis, moednebis, skverebis, parkebis
iersaxe, saqarTvelos sxva regionebis analogiurad, aradamakmayofilebelia.
amis erT-erTi umniSvnelovanesi ganmapirobebeli faqtoria arqiteqturul-
samSeneblo sferos regulirebis qmediTi sistemis ararseboba. Tumca
ukanasknel wlebSi, mniSvnelovani yuradReba eTmoba municipaluri centrebis
keTilmowyobas da gare ganaTebis samuSaoebs.

magram aqve unda aRvniSnoT raWa-leCxumis regionSi arc mxaris da arc
municipalur doneze ar xorcieldeba sivrciT-teritoriuli dagegmva.

infrastruqturis ganviTareba mniSvnelovania agreTve raWa-leCxumis
mravalricxovani kulturuli memkvidrfeobis Zeglebis SesanarCuneblad,
romelic mravladaa regionSi, Tumca maTi mdgomareoba didwilad savalaloa.
kulturul-istoriuli Zeglebi turistuli potencialis erT-erTi umTavresi
faqtoria. xSir SemTxvevaSi swored Zeglebis sanaxavad Camodis turisti
(rogorc qveynis moqalaqe, aseve ucxoeli stumari) regionSi. arCevani ki
sabednierod sakmaod farToa, iqneba es sakulto, saero Tu safortifikacio
nagebobebi, interesi maT mimarT erTnairad didia. magaliTad SeiZleba
moviyvanoT yvelasTvis cnobili, X saukunis unikaluri CuqurTmebiT morTuli
nikorwmindis taZari, mravalZalis XI saukunis eklesia (romelic ramdenime
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wlis win aRadgines) aq inaxeba jalal-ad-dinis muzaradi da Sah-abasis xmali,
xotevis, barakonis eklesiebi, Tu onis sinagoga...

aranakleb sainteresoa qvemo da zemo raWis xis, farTo aivniani Tu mTis
raWis duroiani, qviT naSeni saxlebi, svanur koSkebs rom mogvagonebs
(mouvlelobis gamo samwuxarod mxolod erTaderTi saxlis nangrevebia
SemorCenili sofel RebSi). TiTqmis dakargulia is samSeneblo teqnologia
riTac xalxuri arqiteqturis es brwyinvale nimuSebi iqmneboda. imedi unda
viqonioT rom regionSi, aqa-iq kidev SemorCa ukve xanSi Sesuli durgali Tu
kiriT xuro, romelsac jer kidev axsovs xeloba da saero arqiteqturis
Seqmnis tradiciebi, romlebic saukuneebi gadaecemoda mSoblidan Svilebs.

dRes didebuli nangrevebis Semyure xvdebiT Tu rogori STambeWdavi
iqneboda Sua saukuneebSi regionis damcveli cixe-koSkebi. axla ukve mravali
brZolebis da miwisZvrebisgan nangrevebad qceuli minda cixe da kvara cixe,
Takveris cixesimagris naSTebi...

mniSvnelovania rom gaumjobesdes ara marto Zeglebis mimdebare
teritoriis keTilmowyoba, aramed mTlianad regionis infrastruqtura.
keTilmoewyos turistuli centrebi gansakuTrebiT mniSvnelovani Zeglebis
siaxloves. sadac turisti miiRebs saWiro informacias ZeglTan dakavSirebiT.
aqve iqneba kvalificirebuli gidebis biuro, mcire kafe Tu muzeumi, sankvanZi
da medpunqti. SemuSavdes Zeglis aRdgenis Tu konservaciis koncefcia.
winaaRmdeg SemTxvevaSi samudamod davkargavT imas, rac jer kidev SemogvrCa,
riTac yoveli Cvengani amayobs.

aranakleb aRsaniSnavia unikaluri, am mxarisTvis damaxasiaTebeli
sasoflo-sameurneo teqnologiebi, iqneba es xvanWkaris ganTqmuli Rvinis
dayeneba, Tu raWuli loris damzadebis teqnologias. amis gareSe ar arsebobs
regionis kultura da aranakleb sainteresoa turistisTvis, romelic
adgilobrivi yofa-cxovrebis sanaxavad da gasacnobad aris Camosuli.

raWa-leCxumi, saqarTvelos mTiani regionebis msgavsad mdidaria
mravalferovani xalxuri folkloriT, simReriT, cekviT, sxvadasxva
dResaswaulebis aRniSvnis tradiciiT. gansakuTrebiT popularulia mariamoba,
rodesac TiTqmis mTeli raWa ikribeba mravalZalis eklesiasTan. am
gansakTrebuli dRis gamo, momsvlelTaTvis mgzavrobis gasamartiveblad
oriode wlis winaT moasfaltda samanqano gzis nawili. Tumca es, ra Tqma
unda, sakmarisi ar aris Tu mTlianad regions gadavxedavT.

satransporto da sainJinro infrastruqtura
saavtomobilo gzebs (dasaxlebebis Sida gzebis CaTvliT) regionSi

1543,5 km ukavia. maT Soris asfalt-betonis safariT dafarulia 121,2 km,
gruntiT - 1414,1 km, xolo betoniT _ 8,2 km. regionis teritoriaze
saerTaSoriso mniSvnelobis gza ar gadis. aq arsebul gzebze ganlagebulia
185 xidi, romelTa saerTo sigrZe 3855 grZiv metrs Seadgens.

aRsaniSnavia, rom asfaltis an betonis safariT ar aris dafaruli
municipaluri centrebisa da Sesabamisi dasaxlebebis damakavSirebeli
adgilobrivi mniSvnelobis saxelmwifo gzebis, agreTve sakurorto
dasaxlebebamde misasvleli gzebis didi nawili.

turisruli potencialis efeqturi gamoyeneba da misi gazrdis
xelSewyoba

saqarTvelos mTavrobisTvis cnobilia raWa-leCxumis turistuli
potenciali da regionis 2014_2021 wlebis ganviTarebis gegmaSi mniSvnelovani
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adgili ukavia. aq detalurad aris aRwerili Tu ra RonisZiebebis gatarebas
gegmavs xelisufleba:

mizani 6:  turizmis mravalmxrivi ganviTareba.
amocana 6.1.  programuli da infrastruqturuli iniciativebis momzadeba,

marTva da ganxorcieleba.
turizmis ganviTarebis regionuli da municipaluri programebis

SemuSaveba
turizmis, rogorc kompleqsuri industriis ganviTarebis

SesaZleblobebis Seswavla da gamovlena, Sesabamisi iniciativebis SemuSaveba,
ganxorcieleba da popularizacia;

turizmis saxeebis ganviTarebis xelSewyoba da popularizacia;
turizmis ufro efeqturi marTvisaTvis, Sesabamisi saxelmwifo grantebisa

da programebis aTviseba-ganxorcielebaSi kerZo struqturebis CarTva
turistuli infrastruqturis, iseve rogorc Sesabamisi politikis

SeqmnaSi adgilobrivi mosaxleobis CarTulobis  donis gazrda;
specialuri sainvesticio paketebis momzadeba da maTi SeTavazeba

investorebisaTvis;
turistuli saagentoebis, Sesabamisi kadrebis da regionSi turistuli

nakadebis organizebuli Semodinebis xelSewyoba;
turizmis keTilmowyobili sainformacio centrebis Seqmna da amoqmedeba
Sovis,  uweris, laSiWalis kurortebisa da Saoris teritoriis

infrastruqturis mowesrigeba da Sesabamisi sainvesticio winadadebebis
momzadeba;

lentexis municipalitetSi kurort muaSis, zesxos, yoruldaSis da
bavaris turistuli da sakurorto potencialis amoqmedeba;

regionis sakurorto da sarekreacio obieqtebis, maTTan misasvleli
gzebisa da infrastruqturis mowesrigeba; regionis masStabiT sainformacio
infrastruqturis srulfasovani mowyoba;

turistTa dabinavebis adgilebisa da kvebis obieqtebis (maT Soris,
swrafi kvebis obieqtebis) mowyoba Tanamedrove standartebis Sesabamisad,
keTilmowyobili kempingis punqtebis Seqmnis xelSewyoba regionis yvela
municipalitetSi.

amocana 6.2. mravalferovani turistuli produqtis Seqmna da regionis
reklamireba.

turistuli marSrutebis Seqmna-ganaxleba; kulturuli, saTavgadasavlo,
samkurnalo, sportuli da sxva turebis organizebis xelSewyoba;

sxvadasxva saxis da masStabis tradiciuli sportuli dResaswaulebis,
Sejibrebebis, folkloruli festivalebis, konkursebis, olimpiadebis aRdgena-
ganviTarebis organizeba;

adgilobrivi naturaluri produqtebis, adgilobrivi warmoebis,
ekologiurad sufTa da bevr qveyanaSi ganTqmuli Rvinoebis popularizacia;

specialuri vebgverdisa da banerebis gakeTeba; rukebis, gzamkvlevebis,
broSurebis da sareklamo rgolebis momzadeba da gavrceleba;

adgilobrivi tradiciuli nawarmisa da suvenirebis warmoebis
ganviTarebis xelSewyoba.
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3. daskvna
yovelive zemoaRniSnuli naTlad gvaCvenebs rom regions turistuli

ganviTarebis kuTxiT didi potenciali aqvs. Tumca, aqve xazi unda gavusvaT
imas, rom es SeuZlebeli iqneba saWiro infrastruqturis da turizmisTvis
aucilebeli servisebis ganviTarebis gareSe. sabednierod, saqarTvelos
mTavrobaSi SeiniSneba am kuTxiT interesis mateba. igegmeba sxvadasxva proeqti,
sakanonmdeblo cvlilebebi. Seiqmna egredwodebuli „mTis kanoni“ (romlis
detalur ganxilvas sasurvelia calke statia davuTmoT).  yvelasTvis
cnobilia, rom turizmis ganviTreba ara marto regionisTvis, aramed mTlianad
qveynisTvis umniSvnelovanesia. ar aris sakmarisi mTvrobam mxolod
adgilobrivi mosaxleobis subsidirebasa da erTjerad proeqtebze izrunos.
ufro mniSvnelovania jansaRi, usafrTxo garemos Saqmna, xarisxiani jandacva
da sakomunikacio sistemebi, danarCens ukve Tavad mosaxleoba mixedavs.
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didmaliani Senobebis gadaxurvis konstruqciebis
xanmedegobis sakiTxebi

k. maxarobliZe
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175, Tbilisi,

kostavas 77)

reziume. ganxilulia didmaliani Senoba-nagebobebis gadaxurvis
konstruqciebis xanmedegobis sakiTxebi, kerZod, mravalfunqciuri
sistemebis (mTlianad kompleqsis) saimedooba. mocemulia didmaliani
gadaxurvis konstruqciuli elementis mwyobridan gamosvlis
intensiurobis mrudi, aseve mTlianad Senoba-nagebobis da misi
calkeuli konstruqciis elementis saSualo xanmedegobis maCveneblebi.
sakvanZo sityvebi: didmaliani konstruqciebi, xanmedegoba, saimedooba,
intensiuroba, mravalfunqciuri sistemebi, mrudi, saimedoobis done,
kompleqsi da datvirTvebi.

1. Sesavali
naSromSi ganxilulia didmaliani Senoba-nagebobebis gadaxurvis

konstruqciebis xanmedegobis sakiTxebi, kerZod, is Seexeba mravalfunqciuri
sistemebis (mTlianad kompleqsis) saimedoobas.  mocemulia eqspluataciis
periodSi gadaxurvis saimedoobis cvlilebis mrudi. aseve didmaliani
gadaxurvis konstruqciuli elementis mwyobridan gamosvlis intensiurobis
mrudi, mTlianad Senoba-nagebobis da misi calkeuli konstruqciis elementis
saSualo xanmedegobis maCveneblebi.

2. ZiriTadi nawili

didmaliani Senoba-nagebobebis gadaxurvis konstruqciebi mraval
elementiani da mravalfunqciuri sistemebia. sistemis saimedooba mTlianad
kompleqsSi damokidebulia mis Semadgenel elementebze. Tumca mcxovrebTaTvis,
dasaqmebulebisa da momsaxure personalisaTvis aucilebelia mTlianad Senoba-
nagebobis saimedooba, magaliTad, elementebis erTianoba da kompleqsi, gadabma,
Sepirapireba da SeuRleba, aseve maTi saimedooba ara mxolod simtkicis,
aramed eqspluataciisac (sainJinro sistemebis funqcionirebis saimedoobis
CaTvliT).
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zemoT CamoTvlilTan erTad daproeqtebis, mSeneblobisa da eqspluataciis
praqtikaSi xSirad konstruqciis simtkice ganixileba rogorc mTavari, xolo
saimedooba, SenarCunebul iqnes saeqspluatacio maCveneblebi SemomzRudavi
konstruqciebisa _ rogorc meorexarisxovani. axali saxlebis da proeqtebisas
saeqspluatacio maxasiaTeblebi ar aris saangariSo etalonad miCneuli.
magaliTad, elementebs da maT SeuRlebis wertilebs angariSoben simtkiceze
da deformaciebze, Tumca dasaSvebi deformaciebi yovelTvis ar uzrunvelyofs
Senobis komfortul normatiul mdgomareobas. amis gamo elementebis
SeerTebis adgilebis saeqspluatacio maCveneblebs irCeven upiratesad
konstruqciulad da ara angariSis gziT.

daproeqtebisas aucileblad unda gaviTvaliswinoT faqtorebi, romlebic
zegavlenas axdenes konstruqciis saimedoobaze: gamosayenebeli elementebis
xarisxi da raodenoba; elementebisa da detalebis muSaobis reJimi; damzadebis
standartizacia da unifikacia; detalebis, kvanZebisa da elementebis
gamokvlevisa da remontis Catarebis SesaZlebloba.

Senobis samontaJo samuSaoebis wesebis darRvevis; masalebisa da
makompleqtebeli nakeTobebis Sesabamisi kontrolis ararsebobis; Sefasebis
darRvevisa da masalebis araxariasxianiT Secvlis; arasaxarbielo pirobebSi
didi xnis ganmavlobaSi Senaxuli konstruqciuli elementebis gamoyenebis;
konkretuli operaciebisa da axali mza produqciis gamoSvebamde arasakmarisi
kontrolis, aseve TviTon montaJis teqnologiis darRvevis Sedegad SeiZleba
warmoiqmnas pirobebi, rac uaryofiTad imoqmedebs mTlianad Senoba-nagebobis
konstruqciis saimedoobaze.

Senoba-nagebobebisa da misi Semadgeneli elementebis saimedoobaze
eqspluataciis periodSi zegavlenas axdenes Semdegi faqtorebi: Sinagani
daZabuloba, Zalvebi konstruqciaSi, romelic ar Seesabameba konstruqciul
mniSvnelobebs; gare zemoqmedeba; teqnikuri momsaxurebis sistema;  momsaxure
da saremonto personalis teqnikuri kvalifikacia.

miRebulia CavTvaloT, rom saeqspluatacio saimedooba udris TviT
produqtisa (Senoba, meqanizmi) da moxmarebis (adamianuri faqtori)
saimedoobas. es bolo mosazreba moicavs moxmarebis yvela faqtors da
gamoixateba nagebobis saimedoobis metad an naklebad mniSvnelovan SemcirebiT.
am yvelafris uaryofiTi gavlenis SemcirebisaTvis gansazRvrul rols
asrulebs saorganizacio RonisZiebebi: teqnikuri momsaxure personalis
swavleba da momzadeba; konstruqciebis mwyobridan gamosvlis statistikuri
maCveneblebis Segrovebis organizeba adgilze; sistemis eqspluataciisaTvis,
maTi profilaqtikisa da remontisaTvis specialuri instruqciebisa da
meTodebis SemuSaveba.

dResdReobiT, sacxovrebeli da sazogadoebrivi Senobebi, iseve rogorc
qalaqebis sainJinro nagebobebi, ganicdian sirTuleebis maStabebis
mniSvnelovan cvlilebas. Tanamedrove Senobebi SeiZleba miviCnioT, rogorc
didi teqnikuri sistema, meqanizmi. aseTi sistemebi aqvT didi raodenobis
sxvadasxva saxis komponentis gaerTianeba, romelTac aqvT rTuli erTmaneTze
gadaxlarTuli kavSirebi da araTanabari cvladi datvirTvebi. gancalkevebul,
patara determinirebul sistemebTan da nagebobebTan sapirispirod didi
sistemebi iqcevian araprognozirebulad, stoqastikurad. TavisTavad, Senobebis,
rogorc sistemis sirTuleebis daZlevaSi miRweulma naxtomma unda gamoiwvios
cvlilebebi daproeqtebis meTodebSi. mcire sistemebis (Senoba, meqanizmi)
SemuSaveba da kvleva eyrdnoba konstruqciuli elementebisa da kvanZebis
damzadebis detalur analizs, gaangariSebis amocanebisa da meTodebis
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specializaciasa da konstruirebas. xolo didi sistemebis Seqmna piriqiTaa,
igi gulisxmobs patara sistemebis sinTezsa da integracias. [1]

sistemebi miekuTvneba SedarebiT farTo gagebas, sadac ganixileba
Semavali elementebis mravalsaxeoba da urTierTdamokidebuleba, aseve
konstruqciebis muSaobis dinamika (eqspluataciis periodSi) da logikur
sazRvrebSi maTi daqvemdebareba (analizis deduqciuri meTodi).

rTuli sistemebis sawyisad, maT Soris Senobebisa da nagebobebisa,
iTvleba formebis mravalferovneba (poliformizmi), romelTa kontrolic
xorcieldeba  calkeuli elementebis angariSsa da konstruirebaSi.  rTuli
sistemebis dros SeiZleba igi daviyvanoT iseT modelamde, romlebic Sedgebian
uamravi gacilebiT martivi nawilisagan. Senobebisa da didmaliani
gadaxurvebis konstruqciebis saimedooba gamoisaxeba droTa ganmavlobaSi
cvalebadobiT, masalebis Tvisebebis da garemo pirobebiT (datvirTvebi da
zemoqmedebebi). masalebis Tvisebebisa da maCveneblebis faqtorebze dayrdnobiT
Senobis agebis damTavrebisas gansazRvraven mis Tavdapirvel saimedoobas,
romelic eqspluataciis pirveli dRidan TandaTanobiT mcirdeba (suraTi 1) Tu

davinteresdebiT saimedoobis, xanmedegobis minimaluri dasaSvebi zRvariT Nmin

saangariSo vadis ganmavlobaSi, maSin SeiZleba nagebobis gaZvirebis xarjze

mivaRwioT N0 maRal sawyis saimedoobis dones, romelic Tp periodisaTvis, Nmin -is
toli iqneba.

am yovelives zogadi, simboluri SeTanxmebiT SegviZlia vuwodoT sawyisi
rezervacia. sawyisi rezervaciis gansazRvra metwilad ekonomistebis amocanad
iTvleba. ra Tqma unda, SeiZleba gavagrZeloT yvelaferi Tavdapirveli
rezervaciis gareSe, magram aseTi TanamimdevrobiT dagvWirdeboda remontebi

(mrudi 2), romelic SeinarCunebda nagebobis saimedoobis maCvenebels Nmin donis
zeviT mTeli eqspluataciis ganmavlobaSi.

sur. 1- gadaxurvis saimedoobis cvlileba eqspluataciis periodSi
1 - Teoriuli mrudi; 2 - Teoriuli mrudi rezervebis SemTxvevaSi; 3 -

kapitaluri remontis Sedegad saimedoobis gazrda; 4 - xanmedegobis gazrda.

rom warmovidginoT mTlianad eqspluataciis periodSi xanmedegobis
cvlilebebi, mizanSewonili iqneba SevafasoT gadaxurvis muSaobis sqema drois
ganmavlobaSi. nebismieri konstruqciuli elementis eqspluataciis mTliani
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dro SeiZleba davyoT sam periodad: testirebis, normaluri eqspluataciisa da
intensiuri gamoyenebis periodebad.

me-2 suraTze mocemulia didmaliani gadaxurvis konstruqciuli elementis
mwyobridan gamosvlis intensiurobis mrudi, romelic dayofilia sam
periodad.

testirebis anu sacdeli eqspluatacis periodSi mwyobridan gamosvlis
intensiuroba didia, radgan konstruqciuli elementebis kompleqsi SeiZleba
Seicavdes didi raodenobiT defeqtur elementebs, romlebic mwyobridan
gamodian erTimeoris miyolebiT; mokle droSi mwyobridan gamosvlis
intensiuroba swrafad mcirdeba da miaxloebiT stabiluri sididis xdeba,
radgan ukve yvela defeqturi elementi gamovida mwyobridan da isini an
Searemontes, an gamocvales. am dros nagebobaSi bunebrivi procesebis
mizezebiT gamowveuli (magaliTad Senobis jdeniT, rxevebiT da a. S.)
mwyobridan gamosvla fiqsirdeba da vlindeba teqnologiuri xasiaTis
defeqtebi _ montaJi, transportireba, da samuSaoebis warmoeba.

testirebis periodis Semdeg mwyobridan gamosvlis intensivoba xdeba
mudmivi, stabiluri _ iwyeba normaluri eqspluataciis periodi, am periodis
Cavardnebs ewodebaT uecari. rodesac konstruqciuli elementebis gamoyenebis

dro aRwevs Tu-s, maSin Tavs iCens Zlieri datvirTviT nagebobis gamoyeneba _

intensiuri gamoyenebis periodi, da Cavardnebis intensiuroba izrdeba Tp-mde,
romelic warmoadgens, rogorc mTlianad Senoba_nagebobis, ise misi calkeuli
konstruqciebis, elementebis saSualo xanmedegobis maCvenebels.

nax. 2. konstruqciis mwyobridan gamosvlis intensiuroba, drois funqcia
eqspluataciisas 1 - testirebis periodi; 2 - normaluri eqspluataciis

periodi; 3 - intensiuri gamoyenebis periodi
normaluri eqsluataciis periodi xasiaTdeba moulodneli CavardnebiT.

amis mizezi SeiZleba iyos datvirTvebis koncentracia, romelic Tavismxriv
warmoadgens SemTxveviT movlenas. ase rom, gadabmis adgilebis mwyobridan
gamosvla gaJonvis an gayinvis saxiT normaluri eqspluataciis periodSi
SeiZleba gaCndes moulodnelad, magaliTad, temperaturuli datvirTvis
koncentrireba saizolacio masalis romelime monakveTSi moxdes da Sedegad
saizolacio masalisa da betonis an liTonis SeuRlebis adgilas bzarebis
gaCena gamoiwvios.

intensiuri gamoyenebis periodSi, magaliTad, saizolacio masalis
gadabmis adgilas, izrdeba mwyobridan gamosvlis raodenoba, rac
dakavSirebulia masalis daZvelebis movlenasTan, misi elastikurobis
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SemcirebasTan, Sedegad bzarebis gaCenasTan da betonTan an liTonTan
SeWidulobis daqveiTebasTan. [2]

3. daskvna

didmaliani Senoba-nagebobebis gadaxurvis konstruqciebis xanmedegobis
SenarCunebisa da gazrdisaTvis, kerZod, es exeba mravalfunqciuri sistemebis
(mTlianad kompleqsis) saimedoobas, aucilebelia samSeneblo masalebis
maRali xarisxi, rezervebisa da remontebis gaTvaliswineba. didmaliani
gadaxurvis konstruqciuli elementebis mwyobridan gamosvlis intensiurobis
Semcirebis, aseve mTlianad Senoba-nagebobis da misi calkeuli konstruqciebis
elementebis saSualo xanmedegobis maCveneblebis gazrdisaTvis aucilebelia
xarisxian masalebTan erTad gaumjobesdes mSeneblobis xarisxi kerZod
kvanZebi maRali xarisxiT Sesruldes.
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Некоторые принципы  интегрального управления водными ресурсами
Грузии

М.Вартанов, Э. Кечхошвили
Институт водного хозяйства им. Ц.Е. Мирцхулава Грузинского технического
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Резиюме: В настоящее время известны методы управления водными ресурсами,
позволяющие снизить их дефицит, в определенной мере решить проблему экологической
стабилизации региона. Эффективным способом решения водных вопросов может
стать метод интегрального управления водными ресурсами, применение которого на
водных объектах Южного Кавказа позволит сократить дефицит водных ресурсов и в
конечном счете избежать водного кризиса.
Ключевые слова: водные ресурсы, рациональное использование, интегральное
управление, уменьшение дефицита.

1.ВВЕДЕНИЕ

Вопросы, связанные с необходимостью расширенных комплексных исследований,
охватывающих взаимосвязи водообеспечения, экологии и экономики  Южного Кавказа требуют
проведения фундаментальных исследований взаимосвязей всех отраслей преобразования и
использования водных ресурсов, их взаимодействия между собой и с окружающей средой с
установлением количественных оценок возможных экологических нарушений и созданием
природоохранных и водоохранных мероприятий. Наряду с этим, необходимо расширение
информации с целью формирования общественного мнения в сторону объективной оценки
водных отношений между республиками Южного Кавказа.

На современном этапе научно-технического прогресса всегда могут быть найдены решения
и осуществлены необходимые мероприятия по разумному распределению водных ресурсов
Южного Кавказа и стабилизации экологической обстановки. При реализации этой проблемы
методы  интегрального управления водными ресурсами могут стать эффективным средством
решения проблемы дефицита водных ресурсов.  Именно при таком подходе к проблеме
использования водных ресурсов можно не опасаться водного кризиса [1].

2.Основная часть

Характеристики географических и геоморфологических условий Грузии определяют  как
своеобразие гидрографической сети, так и специфику использония водных ресурсов.
Необходимо отметить, что использование водных ресурсов осложнено многообразием типов
водохозяйственных систем (ирригационные, энергетические, системы водоснабжения,
рекреационные и др.), а также требованиями обеспечения экологической устойчивости
осваиваемых территорий. Существенные осложнения вызывают также природные факторы, в
частности,  большая сезонность и неравномерность распределения  многолетнего стока рек, в
особенности в горных условиях восточного региона страны, где в период  подъема уровня вод
сток рек зачастую достигает 90% их годовой величин.

Разнообразие рельефно-климатических условий обусловливает многообразие источников
питания рек, что создает  большие различия в размерах и сроках наступления паводков и
наводнений.

На территории Западной Грузии на всех уровнях потребления водных ресурсов народным
хозяйством (как в годовом, так и в сезонном разрезе) дефицит воды отсутствует и в ближайшей
перспективе не предвидится (общий ресурс вод 59,12 км3). Потребность народного хозяйства  в
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воде существенно перекрывается  ее природным стоком. Здесь имеются реальные возможности
для размещения  водоемких объектов, в частности, вполне целесообразно строительство
водохранилищ энергетического назначения.

Напряженный водный баланс Восточной Грузии (общий ресурс вод 28,64 км3), все
увеличивающаяся потребность в оросительной воде, делает необходимым создание
гидротехнических водохранилищных систем, в основном, ирригационного назначения. В
настоящее время на территории Грузии располагается 51 водохранилище (общий объем
3,482 млн м3), из которых 32 - имеют объем более 1 млн м3.

Как известно, крупнейшей рекой Восточной Грузии, как и всего Южного Кавказа является
река Кура, бассейн которой (198300 км2) включает территории  Турции, Ирана, Грузии, Армении
и Азербайджана. Кура, пересекая  границы трех сопредельных государств (Турция, Грузия,
Азербайджана), представляет собой пример трансграничного водного потока.

Воды Куры и ее притоков широко используются для нужд национальной экономики в
целях энергетики, ирригации, водоснабжения и т.д. Однако малая водность рек во всей
восточной области Южного Кавказа наряду с большим водопотреблением, обусловливает
напряженность и дефицит в водохозяйственном балансе.

В настоящее время, когда ощущается дефицит водных ресурсов в Закавказье, задача
полного и рационального их использования приобретает особую остроту. В этой связи возникает
объективная  необходимость проведения  расширенных комплексных исследований,
охватывающих взаимосвязи водообеспечения, экологии и экономики,  фундаментального
изучения отраслей преобразования и использования водных ресурсов, их взаимодействия между
собой и с окружающей средой с установлением количественных оценок возможных
экологических нарушений и возможностью осуществления природоохранных и водоохранных
мероприятий. Наряду с этим, с целью формирования  объективного общественного мнения, в
странах рассматриваемого региона необходимо средствам массовой информации шире освещать
вопросы водных отношений.

Общеизвестно, что вода не признает административных границ. Она, согласно законам
физики, проходит сложный цикл гидрологического круговорота – выпадает в виде осадков на
земную поверхность, формируя водотоки (реки), откуда может быть изъята для использования,
испаряется в атмосферу, снова превращаясь в осадки. Часть воды, выпавшей на поверхность
земли в виде осадков, пополняет свободную емкость зоны аэрации и фильтруется в
нижележащие слои, грунтов, превращаясь в подземные воды, которые, в свою очередь, тесно
связаны с поверхностными водотоками. Вода внутри гидрографического бассейна находится в
постоянном движении и естественным путем пересекает различные административные границы,
которые установлены человеком, исходя из геополитических соображений. Таким образом, ясно,
что для управления всеми возможными факторами, влияющими на гидрологический цикл,
необходимо, чтобы весь речной бассейн находился в поле зрения управленческих действий
единой организации или консорциума тесно взаимодействующих организаций, при этом
координация их действий должна происходить как в горизонтальной, так и вертикальной
плоскостях.

При горизонтальной (межотраслевой) координации, водохозяйственные организации
должны справедливо представлять интересы всех водопользователей различных секторов
экономики, а также обеспечивать приоритетность водосбережения и сохранности окружающей
среды в границах каждой гидрографической единицы. Проблема заключается в том, что
различные виды водных ресурсов управляются различными ведомствами. Например,
поверхностные воды управляются министерствами сельского хозяйства, энергетики, другими
ведомствами. При этом министерство сельского хозяйства  прежде всего обеспечивает
реализацию интересов орошаемого земледелия, а министерство гидроэнергетики – интересы
производителей электроэнергии. Использование подземных вод координируется геологическими
ведомствами. Питьевое водоснабжение находится в ведении коммунальных служб или местных
органов власти. Промышленное водопользование осуществляется соответствующими
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министерствами промышленности. Как правило, все вышеуказанные ведомства свои действия не
координируют между собой. В настоящее время практически никто не владеет сводной по стране
информацией, а существующие  формы отчетности в каждом отдельном ведомстве
несопоставимы с формами  других ведомств. Ввиду того, что главным условием межотраслевой
интеграции является согласование интересов отраслей для обеспечения возможности
совместного использования общих водных ресурсов в соответствии с согласованными
графиками, а также сбросовых вод одних отраслей другими должны быть разработаны
механизмы решения конфликтов при интегрировании противоречивых интересов. Этого можно
добиться участием представителей водопользователей различных отраслей в общественном
управлении на том или ином уровне водохозяйственной иерархии. Создаваемые на паритетных
началах общественные органы должны обеспечивать консенсус на основе выработки
взаимоприемлемых правил регулирования и взаимодействия. При этом инструментами увязки
являются: общее планирование и согласование использования водных ресурсов;  координация
развития отраслей;  информационный обмен; участие в представляющих взаимный интерес
материальных и финансовых затратах.

Управление водными ресурсами (по вертикали) современной водохозяйственной системы,
особенно при орошении земель, представляет собой многоуровневую схему подачи и
распределения воды, начиная с бассейна, магистрального питания, каналов II и III порядка,
оросительной сети  водопользователей до поливных участков фермеров. Основные потери воды,
равно как и перебои в обеспечении водой, происходят при нестыковке управления на различных
уровнях иерархии, и они определяют общую неэффективность работы систем управления. Мы
страдаем не от дефицита воды, а от дефицита (качества) управления. Поэтому одной из главных
задач интегрального управления водными ресурсами является правильная увязка деятельности
различных уровней иерархии.

Надо отметить, что наряду с  институциональными механизмами увязки имеются также
управленческие, юридические и финансовые инструменты увязки. Среди инструментов
управления следует отметить [2]:
− строгий учет воды на всех уровнях систем от бассейна до фермерского хозяйства и жесткое
нормирование потребления воды;
− составление взаимоувязанных планов водораспределения и водопользования для всех уровней
иерархии, предусматривающих ликвидацию организационных потерь;
− система отчетности - не только квартальной и годовой, но и оперативной, отвечающей
определенным показателям и критериям, и обеспечивающей их соблюдение в процессе
организации управления с помощью корректировок распределения воды и водоподачи;
− совершенствование диспетчерского управления, обеспечивающее выполнение критериев
управления – равную водообеспеченность водопользователей и стабильность водоподачи при
соблюдении приоритета экологических и коммунально-промышленных требований и
соблюдении ограничений, связанных с безопасностью гидротехнических сооружений;
− корректировка планов водораспределения и водопользования с использованием специально
разработанных компьютерных моделей в случае изменения гидрологических, климатических,
хозяйственных или других условий.

Все эти инструменты связаны с информационно - управленческой системой, которая
является важным элементом обеспечения принципов интегрального управления водными
ресурсами. Юридические и экономические инструменты тесно взаимоувязаны и дополняют друг
друга. Перечислим основные из них:  права на воду водопользователей и их защита
государством; договорные отношения между водопользователями и водохозяйственными
организациями, а также между водохозяйственными организациями различных уровней
иерархии; законодательство об ответственности за нарушение прав на воду и договорных
отношений; плата за услуги по подаче воды и другие услуги по обеспечению водопользователей
(дифференцированная в зависимости от качества услуг);
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плата за загрязнение; плата за воду, как за ресурс; государственное регулирование прав и
обязанностей водохозяйственных объектов и водопользователей, а также обязательства
государства по поддержке и тех и других; поощрительные и льготные меры по рационализации
водопользования – как для водопользователей, так и для водохозяйственных организаций;
штрафные санкции за переборы воды.

Чрезвычайно важным элементом реализации принципов интегрального управления
водными ресурсами  является широкое вовлечение общественных организаций в само
управление. Проблемы управления водными ресурсами необходимо рассматривать в контексте
взаимоотношений гражданского общества и государства. Участие общественности призвано
создать атмосферу прозрачности и открытости, при которой вероятность принятия решений, не
отвечающих общественным интересам, снижается. Чем выше уровень общественного участия,
тем менее благоприятны условия для коррупции и игнорирования общественных интересов. Это
платформа для справедливых, ответственных решений по водораспределению в условиях
нарастающего дефицита воды, с учетом обеспечения охраны природы и развития общества.

3. Выводы

В настоящее время, когда ощущается дефицит водных ресурсов в Закавказье, задача полного
и рационального их использования приобретает особую остроту. В этой связи возникает
объективная  необходимость проведения  расширенных комплексных исследований,
охватывающих взаимосвязи водообеспечения, экологии и экономики,  фундаментального
изучения отраслей преобразования и использования водных ресурсов, их взаимодействия между
собой и с окружающей средой с установлением количественных оценок возможных
экологических нарушений и возможностью осуществления природоохранных и водоохранных
мероприятий

Для управления всеми возможными факторами, влияющими на гидрологический цикл,
необходимо, чтобы весь речной бассейн находился в поле зрения управленческих действий
единой организации или консорциума тесно взаимодействующих организаций, при этом
координация их действий должна происходить как в горизонтальной, так и вертикальной
плоскостях.

Чрезвычайно важным элементом реализации принципов интегрального управления
водными ресурсами  является широкое вовлечение общественных организаций в само
управление. Проблемы управления водными ресурсами необходимо рассматривать в контексте
взаимоотношений гражданского общества и государства.
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pirveli gvaris singularuli integraluri gantolebis
ricxviTi amoxsnebi gaxsnili konturebis SemTxvevaSi

g. yifiani
(saqarTvelos teqnikuri universiteti, m. kostavas q. # 77,

0175, Tbilisi, saqarTvelo)

reziume. pirveli gvaris singularuli integraluri gantolebisaTvis
agebulia markovis tipis kvadraturuli formulebis Sesabamisi
ricxviTi amoxsnis maRali rigis sizustis sqema. miRebulia Sesabamisi
Sefasebebi.
sakvanZo sityvebi: singularuli integrali, gaxsnili konturi,
kvadratuli formula, ricxviTi amoxsna.

1. Sesavali

ganixileba pirveli gvaris [1] singularuli integraluri gantolebis1 ( )− + 1 ( , ) ( ) = ( ), ∈
(1)

ricxviTi amoxsnis sakiTxebi, gaxsnili konturebis SemTxvevaSi garkveul
daSvebebSi saZebni amonaxsnis funqciaTa klasis mimarT. aseT gantolebebze
miiyvaneba, magaliTad dirixles amocana sibrtyeze WrilebisaTvis [1], Rerosa
da Zelis grexis amocanebi, sibrtyis temperaturuli stacionaruli amocana,
nebismierad ganlagebuli bzarebis SemTxvevaSi ([2] T. VII), aseve drekadobis
Teoriis ZiriTadi sasazRvro amocanebi.

mravali avtoris mier ganxilulia sxvadasxva sqema aseTi gantolebis
ricxviTi amoxsnebisaTvis, maT Soris, ufro rTul SemTxvevebSi, roca
gantolebis indeqsi uaryofiTi ricxvia. am mxriv gansakuTrebiT aRsaniSnavia
a. jiSkarianis [8-9], i. lifanovis [10-11], b. musaevis [12-13], m. kublaSvilis [3]
Sromebi.

miuxedavad amisa, aRniSnul SromebSi, rogorc wesi, ganixileba pirveli
gvaris singularuli gantolebis gulisa da integralebis wiris mimarT
garkveuli SezRudvebi. integrirebis wirad aRebulia namdvili RerZis
monakveTi. nebismieri konturis SemTxvevaSi gantolebis gardaqmna monakveTis
Semcvel gantolebad principulad SesaZlebelia, magram xSirad Zalian
arasasurvelia. gansakuTrebiT iseT gantolebebSi, romlebic ukavSirdeba
praqtikul amocanebs. xSirad aseTi gardaqmnebi rTulia, radganac
gamoyenebebSi ufro xSirad iZulebulni varT gamoviyenoT garkveuli sawyisi
monacemebi. meore mniSvnelovani sakiTxia gamoTvlili sqemebis krebadobis
siswrafe.

mocemul naSromSi ganxiluli sqema gamoiyeneba pirveli gvaris
singularuli integraluri gantolebis ricxviTi amoxsnebisTvis, nebismieri
gaxsnili konturis SemTxvevaSi, im daSvebiT, rom mocemul zust gantolebas
amoxsnebis gansaxilvevl klasSi aqvs erTaderTi amoxsna.

marjvena mxarisa da gulis mimarT garkveul daSvebebSi SesaZlebelia
mivaRwioT krebadobis sakmaod maRal rigs.
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2. ZiriTadi nawili

CavTvaloT, rom (1) gantolebaSi gaxsnil gluv konturia, Cven

CavTvliT, rom is mocemulia parametruli saxiT = ( ) ( ≤ ≤), , da ( ) ze mocemuli funqciebia, romlebic akmayofilebs

helderis pirobas (ix. [1]).

veZeboT (1) gantolebis amonaxsni, romelic SemosazRvrulia - boloze

da SemousazRvrelia - ze. aseT amonaxsns, rogorc cnobilia (ix. [1] § 68),
aqvs Semdegi saxe: ( ) = −− ( ) (2)
sadac K da f-ze zemoT moyvanil daSvebaSi, funqcia -ze akmayofilebs
helderis pirobas. Tu gaviTvaliswinebT (2) _ tolobas, maSin (1) gantoleba
miiRebs Semdeg saxes:1 −− ( )− + 1 −− ( , ) ( ) = ( )∈ (3)

rogorc aRvniSneT aseTi gantolebebis ricxviT amoxsnebs miZRvnili aqvs
uamravi naSromi (ix.  [3], [4], [5], [6] da a.S.), magram es sqemebi Zalian rTulia da
inJinrebs maTi gamoyeneba uWirT. mirian kublaSvilma naSromSi ([7]) Zalian
gaamartiva es sqemebi. aRniSnul naSromSi gamoyenebulia es idea markovis tipis
kvadraturuli formulebisaTvis, kerZod:; ( ; ) ≡ ∫ ( ) , ( ∈ , ≠ , ) (4)

singularuli integrali icvleba
( ; ) ( ; ) markovis tipis

kvadraturuli formuliT ( ix. [5]) xolo regularuli integrali K ( ; ) =∫ ( , ) ( ) ( ; ) - Cveulebrivi kvadraturuli formuliT,

markovis koeficientebiT da kvanZebiT (ix. [5])  da (3) - zusti integraluri
gantoleba ( ; ) ≈ ( ; )( ; ) + ( ; ) (5)

Tu (5)-Si -is nacvlad CavsvamT ( , ) = ( = 1, 2,… , , =1, 2,… , ) miviRebT wrfiv gantolebaTa sistemas ( , ) wertilebSi ( )
ucnobebis mimarT. Tu amovxsniT am sistemas da ( ) amonaxsnebiT avagebT( ; ) - lagranJis sainterpolacio mravalwevrs, maSin
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( ; ) = ( ) ( ), ( ) = ( )( − ) ∕( ), ( )
= ( − )

mtkicdeba, rom roca K ( , ), ( ) ∈ ( )( ) adgili aqvs Sefasebas:( ) − ( ; ) ≤ ( > + 1, < < 12)
sadac φ aris (3) gantolebis amonaxsni, xolo - raime mudmiva.

3. daskvna

amrigad, (3) gantolebisaTvis agebulia markovis tipis maRali rigis
sizustis ricxviTi amoxsnis sqemebi. Sedgenili Sesabamisi kompiuteruli
programa Mathematica – simbolur enaze. miRebuli Sedegebi sxvadasxva
praqtikuli gamoyenebiTi tipis amoxsnebisaTvis sworad asaxavs realur
suraTs.
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ferTa sivrciTi harmoniebis agebis principebi
arqiteqturul kompoziciebSi

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

saqarTvelo)
reziume. nagebobaTa arqiteqturis, maTi Siga sivrceebis, konstruqciebis,
funqciuri daniSnulebisa da emociuri datvirTvis harmoniuli sinTezis
misaRwevad, metad mniSvnelovania feris ara mxolod dekoratiul-
esTetikuri faqtoris, aramed masTan dakavSirebuli asociaciuri
SegrZnebebis gamoyenebac, rac warmoSobs saWiro fsiqoemociur ganwyobas,
qmnis  gansakuTrebul, mocemuli funqciis Sesabamis fsiqologiur klimats.

adamianis gonebaSi wlebis ganmavlobaSi Camoyalibuli  ferTa
kombinaciebis zegavlenis gaTvaliswineba mis fsiqosomatur sistemasa da
asociaciur SegrZnebebze, iZleva amgvari kavSirebis gamoyenebis
SesaZleblobas arqiteqturul garemoSi adamianis qmediTi funqciebis
Sesabamisobis misaRwevad. yovelive es SesaZlebelia sworad gamoyenebuli
ferTa simboloebis mniSvnelobiTa da asociaciuri efeqtis gavlenis
gamoyenebiT.
sakvanZo sityvebi: ferTa asociaciuri SegrZnebebi, ganwyoba, arqiteqturuli
garemo.

1. Sesavali
adamianis  mier  gare samyaros  aRqmaze   ara  mxolod  erTi feri,

aramed sxvadasxva feris Sexameba axdens zegavlenas. amgvari ferTa
erToblioba yalibdeba ferebis jgufebisagan, romelTac sivrcisa da drois
garkveul momentSi xedavs da aRiqvams adamiani. ferTa Serwyma alamazebs da
amZafrebs adamianis SegrZnebebs garemos mimarT, TumcaRa feris ganxilva
mxolod aseTi midgomiT (misi dekoratiulobis TvalsazrisiT) ar iqneboda
swori, radgan mas SeuZlia garemos sxvadasxvagvarad interpretireba da
metamorfozac.

„Cven aRviqvamT Cvens garemos rogorc „warmodgenas“ da vqmniT mas
arsebuli  mdgomareobis mixedviT, rogorc motivacias Cveni survilebis

aRsasruleblad...“,  wers goeTe (iohan volfgang fon goeTe (17491832 ww.),
germaneli mwerali da moazrovne, poeti da filosofosi, mxatvari da
xelovnebis Teoretikosi, diplomati da saxelmwifo moRvawe; mas ekuTvnis

„ferTa Teoria“ (1810 w.)  am dargSi erT-erTi umniSnelovanesi mecnieruli
naSromi niutonis Semdeg). goeTes poeturi filosofiiT, ferTa erTobliobaSi
wormoiSoba  sulieri sawyisi, xolo  SegrZnebis sferos aqvs cis samreklos

agebuleba, romlis „fanjrebi  Tvalebi“ gare samyaros afiqsireben, samyaros,
romelic mocemulia  ferTa erTianobiT da maTi  harmoniuli srulyofiT.

ferebi informaciis udidesi wyaroa, gvesaubrebian ra uZvelesi eniT,
avlenen TavianT xasiaTs da daniSnulebas. adamiani ganarCevs ferTa am uZveles
simboloebsa da niSnebs, romelsac dResac iyenebs, imisaTvis, rom mis garemoSi
simSividem da urTierTgagebam daisadguros. aseTi informaciisaTvis
damaxiaTebeli niSnebis gacnobiereba ki xdeba upirveles yovlisa adamianTa
azrovnebisa da sazogadoebis ganviTarebis Sedegad.
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2. ZiriTadi nawili
saukuneebis ganmavlobaSi adamiani Tavad qmnis sakuTar garemos, romelic

pirvel rigSi misi sxeulis agebulebasa da sivrceSi mis mdgomareobasTan aris
dakavSirebuli, radganac gveliviT mucliT  mxoxavi rom yofiliyo, mas
sxvagvari garemo dasWirdeboda, iseve, rogorc Sesabamisi garemo aqvs arwivs,
cxensa Tu sxva cxovels... adamiani dgas, ixedeba, Tavisuflad moZraobs
sivrceSi da, rac mTavaria, SeuZlia am garemos Secnoba da Tavis Tavze
morgeba. Sesabamisad, igi moTxovnilebisamebr cvlis ra proporciasa Tu fers,
agebs Tavis gansakuTrebul garemos, sadac axdens sakuTari gancdebis
identificirebas: simaRlisaken mimarTuli nageboba (mag. koSki), froidiseuli

SexedulebiT (zigmund solomon froidi (18561939 ww.), avstrieli fsiqologi,
fsiqiatri da nevrologi, fsiqoanalizis fuZemdebeli), agresiuli gancdis
matarebelia; vertikaluri, ,,aqtiuri“ wyobis sapirispirod ki, rogorc
simSvidisa da pasiurobis sawyisi, gvesaxeba horizontalurad ganviTarebuli
arqiteqtura (mag. kaTedrali).

sxvadasxva istoriul epoqaSi formisadmi damokidebulebasTan erTad
icvleboda feris gamoyenebis kriteriumebic. Tavdapirvelad fers eniWeboda
umetesad simboluri mniSvneloba, rasac  vxvdebiT babilonis zikuratebsa Tu
CineTis sasaxleebSi, indoeTis, iaponiisa da egviptis taZrebSi. Sua saukuneebis
goTikuri taZrebis idumal interierSi feri gamoiyeneba rogorc ideologiuri
zemoqmedebis erT-erTi saSualeba: ferad vitraJebSi gamWoli mzis sxivebi
qmnida ferTa poliqromul nakads, romelic  morwmuneTaTvis sulier sawyiss
ganasaxierebda  da maT religiur eqstazs aZlierebda.

arqiteqturas, rogorc adamianis moRvaweobis yovel dargs, gaaCnia Tavisi
istoria da Teoria. zogadad arqiteqturis arsi aris epoqisa Tu  stilis
Sesatyvisi sivrcis formirebis  daufleba, sadac aRsaniSnavia ori aspeqti:

1. aRqma  rodesac arqiteqtoris xedva ar unda Semoifarglebodes sagnis
mxolod garegani iersaxiT, radgan yoveli epoqis Tu adamianis socialuri,
politikuri, kulturuli, Tu sxva kriteriumi garkveulwilad zemoqmedebas
unda axdendes mis cnobierebasa da SemoqmedebiT xedvaze;

2. asaxva (aRwarmoeba)  rodesac arqiteqtura warmogvidgeba sxvadasxva
epoqis maxasiaTeblis rolSi: imperiis periodebSi (mag. germaniis raixi,

faraonebis dinastiis mmarTveloba egvipteSi)  monumentis saxiT; arabeTis
saxelmwifoebrivi wyobisa da religiuri SezRudvebis amsaxveli nagebobebiT
(mag. algambras sasaxlis daxuruli sivrceebi); anda aRorZinebis xanis
arqiteqtura, romelic asaxavs axlebur midgomas samyarosadmi; dasasrul,

Tanamedrove arqiteqtura, misTvis damaxasiaTebeli SegrZnebiT „sivrce  dro“,
rodesac mosaZebnia axleburi xerxebi da midgomebi am  umniSvnelovanesi
kavSiris ukeT warmosaCenad.
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arqiteqtura uSualod zemoqmedebs adamianebze, mis emociebze.
warmoqmnili wminda praqtikuli moTxovnilebebidan, arqiteqtura amavdroulad
warmoSobs ganwyobis sakvanZo xasiaTs: dadebiTs an uaryofiTs. igi TavisTavad
ar unda warmoadgendes nagebobaTa wyobis SemTxveviT erTobas, gaTvlils
mxolod adamianTa maqsimaluri raodenobis gansaTavseblad.

Cveni yofis sxvadasxva mxare: aqtiuri Tu pasiuri (iseTi, rogoricaa
moZraoba, komunikacia, aRgzneba, anda gantvirTva, dasveneba, intimi da sxv.),
Sesabamis garemos saWiroebs. garemos xasiaTi ganapirobebs garkveul ganwyobas
da arqiteqturac, Tavis mxriv, qmnis Sesabamis situacias. es marTebulia
yoveli epoqisaTvis, sulerTia es iqneba renesansi Tu Tanamedrove
arqiteqtura. Sua saukuneebis taZarSi Sesuli adamiani winaswar ganwyobili
iyo imisaTvis, rom monawileoba  mieRo religiur ritualSi, rasac xels
uwyobda konkretuli arqiteqturuli nageboba da misi interieri. saopero
warmodgena, rac ar unda kargi akustikis mqone, magram misTvis Seusabamo

SenobaSi da interierSi idgmebodes (mag. yidvagayidvisTvis gankuTvnili
savaWro sivrce, mecnierebaTa sasaxlis sakonferencio darbazi, Tu liTonisa
da rkinabetonis  konstruqciebiani qarxnis saamqro), igi metad rTulad
aRsaqmeli iqneba msmenelisaTvis.

Cven vcdilobT sakuTari gancdebisa da SegrZnebebis Sesabamisobis
miRwevas im xelovnur samyaroSi, sadac yoveli CvenTagani Tavisi cxovrebis
umetes nawils atarebs da romelsac Cven Tavadve vqmniT. swored aqedan

momdinareobs arqiteqturis mTavari daniSnuleba  Seqmnas ganwyobis
modaluroba sivrceSi (filosofiuri termini, semantikuri kategoria,
SegrZnebaTa Tviseba fsiqologiaSi).

zogadad, sivrce SeiZleba ganvixiloT rogorc garemo, sadac sagnebi,

adamianebi da sxva cocxali arsebebi Tanaarseboben. Senoba  nagebobebi
garedan warmoadgens sagnebs, xolo SigniT ki sivrceebs. orive Tavis  mxriv

gankuTvnilia  garkveuli  ganwyoba  qmedebisaTvis:  Senoba  nagebobis
garegani iersaxe da Tviseba mWidro kavSirSi unda iyos Sida sivrcis
arqiteqturasTan, mis arqiteqtonikasTan. araerT SemTxvevaSi ki Senobis forma
da feri Seusabamo ganwyobis matarebelia imisTvis, Tu ra unda xdebodes
SigniT, am  formis miRma.

adamiani  da  garemo  gavlenas  axdenen  erTmaneTze. garkveulwilad,
Sexedulebebi sazogadoebaSi Taobidan Taobas gadaecema yoveldRiuri
komunikaciis saSualebiT, sxvadasxva kulturaSi maTi meSveobiT
gansxvavebuli  Cvevebi  da tradiciebi  viTardeba. amgvari  informaciis
miRebis procesi moicavs ideebisa da cnebebis urTierTkavSirs da Semdgomi
gadamuSavebis meSveobiT daskvnebis gakeTebis SesaZleblobas.  gacnobierebuli
emociebi aerTianebs iseT gancdebs, romelic SemecnebiT azrovnebas moiTxovs
da SeiZleba daazianos an gaaumjobesos adamianis TviTaRqma. es faqtori
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mniSvnelovan rols TamaSobs momavali Taobis  warmatebasa  da  moralur
ganviTarebaSi.

emocia mniSvnelovan rols asrulebs adamianis cxovrebaSi da mis
ganviTarebaSi, xolo misi gansazRvra urTulesi procesia. pozitiuri gancda
gulisxmobs dadebiT emociebs, rogoricaa sixaruli, erTguleba, siyvaruli,
aRtaceba, enTuziazmi, simSvide...  negatiuri  gancda,   Sesabamisad,  uaryofiT
emociebs  moicavs - Relvas,  SiSs, wuxils, danaSaulis grZnobas, sevdas...

adamianTa emociurma reaqciam ferebis sxvadasxva dajgufebaze
garkveuli asociaciebi da maTi simboluri mniSvnelobebi warmoSva. magaliTad,
balaxis mwvane - cis cisferTan SerwymiT gvagonebs bunebis gaSlili
mdeloebis  simSvides  da  gonebas  gantvirTvisken  ubiZgebs.

feri - es aris pirvelic, rac TvalSi gvxdeba axal sivrceSi da
ukanasknelic, rac Cvens mexsierebaSi rCeba. ferTa Serwymis araswori
SerCevisas, SeiZleba dairRves nebismieri kompoziciuri struqturis emociuri
datvirTva. ferisa da formis  Serwymas  Tavisi energetika aqvs, magaliTad,
mTis mwvervalebis wvetiani, kuTxovani, myife xazebi aZlierebs emociur
tonuss; peizaJebis mwvanisa da yavisferis ferTa gama qmnis simSvidisa da
stabilurobis SegrZnebas; zRvis lurji xedebi ayuCebs tkivils da amSvidebs
nervul sistemas...

aq  naTlad  vlindeba  kavSiri:  feri  forma  asociacia. rogorc Cans,
dRevandel realobaSic ferTa asociaciebi dakavSirebulia ara marto
sagnebTan, aramed sxva cnebebTanac. uZvelesi droidan erT-erT aseT
kavSirTagan koconi-kera isaxeba, sadac cecxlis da, Sesabamisad, wiTlis
agresia Tanaarsebobs sxva SegrZnebebTan, rogoricaa siTbo, urTierTkavSiri,
komunikacia...  amitomac  mis  irgvliv adamianebi ikribebodnen yoveldRiuri
sazrunavis Semdeg, aq xdeboda informaciis gacvla-gaziareba, gantvirTva.
amgvari SegrZnebebis kavSirze dayrdnobiT, Tanamedrove interieris
arqiteqturis daproeqtebisas  SesaZlebelia  erT-erTi, metad  mimzidveli
xerxis  gamoyeneba,  romelsac  warmatebiT  iyeneben  medicinaSi  stresis
mosaxsnelad (e. w. STagonebis Tanamimdevruli  warmarTvis  meTodi),  rac
saSualebas mogvcems  Cvens  aseT  arastabilur  cxovrebaSi  movipovoT
Zalze saWiro emociuri wonasworoba.

ferTa kombinaciebis asociaciuri SegrZnebebi adamianis fiziologiaze,
azrovnebaze, keTildReobasa da ,,fsiqologiur komfortze“ axdens
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zegavlenas,  rac  SemdgomSi  ganapirobebs   mis   qcevas.  qceva  ki  aris
cocxali arsebis, subieqtis garemosTan urTierTqmedebis forma. ,,sanam
cocxali arseba raime qcevas mimarTavs, mas ukve manamde aqvs es qceva
ganwyobis  saxiT  mocemuli“. TiTqmis erTi saukunis win d.uznaZis mier

gamoTqmuli ideebi dResac aqtualuria (dimitri uznaZe (18861950 ww.),
qarTveli fsiqologi, filosofosi, pedagogi da sazogado moRvawe;
fsiqologiis qarTuli samecniero skolis damfuZnebeli, Tbilisis
saxelmwifo universitetis da saqarTvelos mecnierebaTa akademiis erT-erTi
damfuZnebeli, „ganwyobis Teoriis“ avtori). misi azriT moTxovnileba aris
erT-erTi subieqturi faqtori, romelic aucilebelia qcevis
gansaxorcieleblad. magaliTad, Tu adamians Semecnebis moTxovnileba aqvs, is
saTanado situacias eZebs amis dasakmayofileblad.

moTxovnilebisa da situaciis Tanxvedris Sedegad adamians uyalibdeba
ganwyoba. ganwyoba gansazRvravs adamianis garkveul emociur damokidebulebas
axali informaciisadmi, winaswar amzadebs mas garkveuli qcevisaTvis da
Sesatyvisi Zalebisa da SesaZleblobebis mobilizacias axdens.  Tanamedrove
fsiqologTa  nawili miiCnevs, rom adamianis nebismieri emociuri gancda misi
garemosadmi adaptaciis Sedegad yalibdeba. Sesabamisad, SeuZlebelia adamianis
emociuri reaqciebisa da maTi gamomwvevi situaciebis, maT Soris sivrcobrivis,
erTmaneTisagan gancalkeveba.

3. daskvna
dRevandeli progresis pirobebSi, rodesac mniSvnelovnad Seicvala

adamianis miswrafebebi, arqiteqturac, Tavisi sivrciTi garemos azrobrivi
gadawyvetiT, unda upasuxebdes am axal moTxovnebs. swored amitom
dizainerebis mizania ara marto axali saintereso struqturebis Seqmna,
romelic upasuxebs Tanamedrove stilis moTxovnebs, aramed iseTi sivrcis
SeTavazeba, romelic Seqmnis Sesaferis pirobebs adamianTa dadebiTi
ganwyobisTvis. amis miRweva ki SesaZlebelia Sesabamis asociaciur SegrZnebebis
kavSirze dayrdnobiT awyobil ferTa sivrciTi harmoniebis gamoyenebiT, rac
Tavisi komfortiT daexmareba adamians ganviTarebisa da TviTrealizaciis
urTules procesSi. amgvari  principiT  agebuli  ferTa kompoziciebis
saSualebiT SesaZlebloba iqmneba sazogadoebrivi  daniSnulebis SenobaTa
interieris sxvadasxva sivrce aramarto gansxvavebuli interesebis adamianTa
jgufebisTvis gaxdes maqsimalurad komfortuli, aramed aseve mniSvnelovnad
gaumjobesdes SezRuduli SesaZleblobis mqone pirTaTvis  maTi yofis
pirobebi.

aqedan gamomdinare, metad mniSvnelovania, sazogadoebrivi daniSnulebis
Senoba-nagebobebis da daproeqtebisas ferTa sivrciTi harmoniebis agebis iseTi
principebis gaTvaliswineba, romlebic ferTa simboloebis mniSvnelobebis da
maTi kombinaciebiT Seqmnili asociaciuri efeqtis zegavleniT aris
ganpirobebuli.
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rkinabetonis koWuri filebis zidvis unaris (simtkicis)
faqtoruli analizi

l. avaliSvili, i. rTvelaZe, n. nakveTauri
(saqarTvelos teqnikuri universiteti,saqarTvelo, 0175, Tbilisi,  m.

kostavas q. 77)

reziume. samagistro samuSaos farglebSi Teoriulad gamokvleulia
rkinabetonis Teoriis fundamenturi sakiTxi  kveTis SerCevis
aqtualur sainJinro amocana, kerZod, samSeneblo praqtikaSi farTod
gavrcelebuli Runvadi elementis – koWuri filis simtkice; amisaTvis
Seswavlilia simtkiceze moqmed faqtorTa zegavlena diferencirebulad
raodenobrivi SefasebiT, parametrebis varirebis safuZvelze realur
diapazonSi. simtkicis faqtoruli analiziT miRebuli cxrilebisa da
diagramis formis Sedegebi gauadvilebs damproeqtebels Sromas.
sakvanZo sityvebi: rkinabetonis koWuri fila, simtkice, zidvis unari,
betonis klasi, armaturis klasi, daarmaturebis procenti.

1. Sesavali
saqarTvelos respublikis rkinabetonis konstruqciebis moqmedi erovnuli

normativebis [1] Tanaxmad, samSeneblo konstruqciebis gaangariSeba warmoebs
zRvrul mdgomareobaTa meTodiT. konkretulad, dasaxuli amocana -
rkinabetonis koWuri filis simtkicis analizi ganekuTvneba gaangariSebas I
zRvruli mdgomareobis - zidvis unaris (simtkicis) mixedviT gaangariSebas.
daproeqtebis Sedegad SerCeuli unda iyos racionaluri (optimaluri), e.i.
datvirTvis yvelaze saSiSi SexamebisaTvis SerCeul unda iqnas erTdroulad
usafrTxo da ekonomikurad xelsayreli kveTi. rkinabetonis koWuri filis
zidvis unaris analizi da masze moqmed faqtorTa swori raodenobrivi
Sefaseba optimaluri daproeqtebis sawindari da aqtualuri sainJinro
amocanaa. amitom igi iwvevs rogorc samecniero, ise praqtikul interessac.
warmodgenili Teoriuli kvlevis Sedegi - cxrilebi da diagramebi
Seamsubuqebs damproeqteblis Sromas, miscems mas swor saproeqto orientacias.

2. ZiriTadi nawili
cnobilia, rom rkinabetonis mTeli sarTulSua gadaxurvis moculobis

udides nawils _ 60-70%-s Seadgens filis moculoba. cxadia, filis
konstruqciuli sistebis swor gadawyvetas, mis simtkices didi mniSvneloba
aqvs Senobis sixistisa da zidvis unarisaTvis.

koWuri fila konturiT dayrdnobili filisagan imiT gansxvavdeba, rom
koWuri filis udidesi gverdis Sefardeba umcires gverdTan 2 da metia; filis

saangariSo sigane miiReba b=1მ=100სმ; xolo daarmaturebis racionaluri

procenti μ%=0,3÷0,6%; filis sisqe Cveulebriv wibovan sarTulSua

gadaxurvebSi miiReba hფ=(5-10)სმ.
zidvis unaris (simtkicis, igive zRvruli momentis) dasadgenad viyenebT

simtkicis pirobebs:

M ≤R h A (betonis, SekumSuli zonis mixedviT) (1)

M≤ A ηh (armaturis, gaWimuli zonis mixedviT) (2)
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amocanis arsi aris is rom filis simtkiceze moqmed yvela faqtoris
zegavlena Sefasdes  diferencirebulad da raodenobrivad (procentobiT)
faqtorTa varirebiT realur praqtikul diapazonSi.

zRvruli momentebi isazRvreba simtkicis pirobiT:

ზღვრ = A ηh (3)
filis simtkiceze moqmedi faqtorebia;

armaturis klasebi: A-I,  A-II,  A-III,  A-IV;
daarmaturebis procenti: μ% = 0,3 ÷ 0,6%;
kveTis simaRle (filis sisqe) hფ= 5-10 სმ;
betonis klasebi: B – 15; B – 20; B – 25; B – 30;
η koeficienti aiReba cxrilebidan -is mixedviT.

= µ
b

s

R

R

pirvel suraTze mocemulia filis geometriuli sidideebi, xolo pirvel
cxrilSi _ filis geometriuli zomebi.

sur. 1

cxrili 1
№ b (სმ) h (სმ) h0 (სმ) b h0 (სმ)2

1 100 5 3,5 350
2 100 6 4,5 450
3 100 8 6,5 650
4 100 9 7,5 750
5 100 10 8,5 850

qvemoT cxrilebSi (cxr.2, cxr.3, cxr.4, cxr.5) mocemulia moqmedi

normativebis mixedviT gaangariSebuli zRvruli momentebi ( ზღვრ.) ramdenime
erTeuli SemTxvevisaTvis.

cxrili 2

№
h0

(სმ) Rb RS µ
(სმ)2

η
ზღვრ.

კნ.მAS AS(ცხრ)

1 3,5

(B
-1

5)
8.

5მ
პა

A
-I

, 2
25

მპ
ა

0.
00

3

1.05 1.05

0.
08

0.
96

0.79
2 4,5 1.35 1.42 1.38
3 6,5 1.95 1.98 2.78
4 7,5 2.25 2.26 3.66
5 8,5 2.55 2.55 4.68

cxrili 3
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# µ% RS

(მპა)
Rb

(მპა)
b h0

(სმ)2

h0

(სმ)

(სმ)2

η
ზღვრ.

კნ.მAS AS(ცხრ)

1 0,3
A

-I
, 2

25

B-
15

;  
8,

5

25
0

3.5 2.55 2.55 0.08 0.96 4.68

2 0,4 4.5 3.40 3.52 0.11 0.945 6.4
3 0,5 6.5 4.25 4.53 0.13 0.935 8.1
4 0,6 8.5 5.1 5.03 0.16 0.92 8.9

cxrili 4

№ Rb

(მპა)
A- µ% RS

(მპა)
h0

(სმ)
b h0

(სმ)2

(სმ)2

η
ზღვრ.

კნ.მ
AS AS(ცხრ)

1

B-
15

;  
8,

5

A-I

0.
5%

228

6.
5

65
0

3.
25

3.52 0.13 0.935 4.8
2 A-II 280 3.93 0.16 0.92 6.6
3 A-III 365 3.52 0.21 0.9 7.5
4 A-IV 510 3.93 0.3 0.85 11.1
5 BP-I 360 3.52 0.21 0.9 7.4

programiT dagegmilia yvela SesaZlo variantis gaangariSeba, anu
zRvruli momentebis sruli speqtris miReba samagistro Sromis farglebSi.
cxrilebis da diagramebis saxiT miRebuli Sedegi gauadvilebs
damproeqtebels Sromas, vinaidan miscems ra mas swor saproeqto
orientacias. aseve dagegmilia miRebuli zRvruli momentebis faqtoruli
analizi, romelic aamaRlebs samagistro naSromis samecniero da
praqtikul Rirebulebas.

cxrili 5

№ B- Rb

(მპა)
h0

(სმ)
b h0

(სმ)2

µ% RS

(მპა)

(სმ)2

η
ზღვრ.

კნ.მ
AS AS(ცხრ)

1 B-15 8.5

6.
5

65
0

0.
5

A
-I

;  
22

5

3.
25

3,
52

0.13 0.935 4.8
2 B-20 11.5 0.1 0.95 4.9
3 B-25 14.5 0.08 0.96 4.94
4 B-30 17.0 0.07 0.965 4.97

qvemoT mocemulia ramdenime damaxasiaTebeli grafiki Semdegi funqciouri

damokidebulebebisaTvis:

ზღვრ.=ƒ(h0); ზღვრ.=ƒ(AS); ზღვრ.=ƒ(RS); ზღვრ.= ƒ(Rb); ზღვრ.= ƒ(µ%);
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3. daskvna

koWuri filis zRvruli momentebis (simtkicis) faqtorulma analizma
gamoavlina Semdegi:

sur. 2
sur. 3

sur. 4 sur. 5

sur. 6
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1. filis muSa simaRlis gazrda (h0) 100%-iT; iwvevs zRvruli momentis
gadidebas 83.3%-iT;

2. filis muSa armaturis kveTis farTobis (AS)-zrda 50%-iT; iwvevs
zRvruli momentis gadidebas 47,4%-iT;

3. armaturis klasis amaRleba A-I-dan A-IV-mde (simtkicis amaRleba 55%-iT)
iwvevs zRvruli momentis gazrdas 56,8%-iT;

4. betonis klasis amaRleba B-15-dan B-30-mde (50%-iT) amaRlebs zRvrul
moments 3.42%-iT;

5. filis kveTis daarmaturebis procentis gazrda 0.3%-dan 0.6%-mde (anu
100%-iT) iwvevs filis zRvruli momentis momatebas 47%-iT.

literatura
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milocva

Jarosław Rajczyk

Jarosław Rajczyk was born on May 27, 1958. He is a graduate of
the Technical Research Institute of the Mining of the Family in
Częstochowa that he graduated in 1978. He completed his university
studies in 1978-1983. in the Leningrad Institute of Engineering and
Construction. The title of PhD in technical sciences was awarded in 1998
by the State University of Architecture and Construction in St.

Petersburg based on the paper: "Optimization of the elements of plate mechanical tools used in the
technology of processing precast concrete products".

He obtained the postdoctoral degree of habilitation in technical sciences at the State
Polytechnical University in Saint Petersburg based on his thesis on "Scientific basis for the
selection of geometrical structure and kinematics of disc working tools for concrete surface
treatment machines.

The general scientific achievements are 180 publications, including 18 compact items and 30
patents, including 3 foreign ones.

In scientific activity, he specializes in the following areas:
• comprehensive mechanization of technological processes including the technology of

molding and processing of concrete surfaces;
• mechanization of technological processes related to the construction and maintenance of

engineering structures - road construction;
• instrumental assessment of the quality of building technological processes and testing the

properties of concrete and asphalt-concrete composites.
In the 1989-1990 he completed a one-year internship at the Department of Architecture at the

State University of Architecture and Construction in Saint Petersburg and in 1992 a six-month
internship at the Institute of Economics and Construction Organization at the Vienna Technical
University. In 1993, he completed a scientific internship at the Technical University in Darmstadt,
Germany. He has building qualifications, to manage construction works in the construction and
construction specialty.

He has been employed at the Faculty of Civil Engineering since 1984. Since 2000, he has
been the Head of the Department of Building and Materials Technology in the years 2005-2012, he
was the Dean of the Faculty of Civil Engineering.

From 2012, prof. Jarosław Rajczyk performs the functions of Deputy Dean for Science and
conducts classes in, among others, from objects: technology of construction works, construction
machinery and equipment, transport construction.

During his work at the Faculty of Civil Engineering at Częstochowa University of
Technology, he was the supervisor of over 200 engineering and master's theses as well as three
doctors of technical sciences who complement the creative achievements also outside the country.
He reviewed numerous doctoral and postdoctoral dissertations in Poland and abroad.

Since 2008, he has been an editor of the Scientific Bulletin of the Faculty of Civil
Engineering and a member of the College of Editorial Staff at the Technical University of Ostrava
and the University of Architecture and Construction in Yerevan. In the years 2005-2012 at the
Faculty of Civil Engineering he created a laboratory for the needs of road construction. Since 2005
he is member of editorial board of International Scientific Journal of Georgian Technical University
"Mshenebeli". Since 2013 he is member of editorial board of International Scientific Journal of
Georgian Aviation University "Air Transport".
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In 2017 Jarosław Rajczyk was awarded by a diploma for successful cooperation with the
scientists of Batumi Shota Rustaveli State University, in particular in the preparation of young
scientific personnel in this field.

He is a member of International Scientific and Organizing Committees of I - X International
Conferences on Contemporary Problems of Architecture and Construction.

The confirmation of the recognition of achievements in scientific and research work and
didactics were numerous awards granted, including the First Degree Award of the Rector of the
Częstochowa University of Technology for the scientific activity Medal of Merit for the
Częstochowa University of Technology, Medal of the National Education Commission. In
recognition of his creative patent activity, he was awarded the Officer's Cross of the Order of

Invention awarded by the Greatest Regard of the Kingdom of Belgium, as well as the
Commander's Cross and the Grand Officer's Cross.

With his creative activity Mr. Jaroslav (Jarek) met his 60th anniversary. His friends, relatives,
colleagues, and disciples were once convinced that the Georgian people have a great friend, a great
person.

From the 60th anniversary of Mr. Jaroslav (Iarek), he has a precious family. Spouse Mrs.
Marlene, who was engaged and is engage her share, always looks proud.

We wish you a healthy, long life, Mr. Jaroslav with your beautiful family.

Editorial board of the Journal "Mshenebeli"
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SUMMARIES
A. Sabakhtarishvili, D. Mkheidze, A. Velijanashvili, M. Tsikarishvili, N. Rodonaia. METHODS OF
EXPERT EVALUATION OF ACTUAL COST OF CONSTRUCTION WORKS PERFORMED AT THE
SITE. Scientific-technical journal “BUILDING” #1(48), 2018
In the article is considered the methods of expert assessment of the actual expanses of the construction works
performed by the group of authors, which were considered the "construction of infrastructure" and "construction
inspection accreditation persons" association as well as in various ministries. The article is presented in the form
for comprehensive consideration in wide civil engineering and scientific circles. The following will be presented
to the Government by considering the presented method (considering the comments) and issuing the Rules of
Procedure by the Government Decree.
I. Mshvidobadze, G. Chokhonelidze, Z. Kakulia, Sh. Kavsadze. ON SELECTION OF DESIGN VALUES
BUILDINGS IN THE CASE OF PARTIAL REINFORCEMENT OF FOUNDATION STRUCTURES.
Scientific-technical journal “BUILDING” #1(48), 2018
In the article is considered the case when occurs the partial reinforcement of the foundation. In such a case, it is
especially important to know how the ground-based features are selected so that they do not cause the building
cracking in reinforced  as well as under reinforcing parts of building. In order not to originate a cracks, it is of
particular importance to select the ground characteristics of the soil - the internal friction angle of the ground φ
and the specific cohesion C.
In the article as a conclusion is stated a method of selection of Sp force and foundation area where the deformation
of the reinforced base will not occur.
T. maxarashvili, D. bakhtadze. Socio-economic and demographic situation in the Racha-Lechkhumi region.
Scientific-technical journal “BUILDING” #1(48), 2018
The article discusses the difficult social-economic and demographic situation in Racha-Lechkhumi region of
Georgia.
G. Gotsiridze, I. Gotsiridze. New reccomended formulas for calculating compostition of concrete. Scientific-
technical journal “BUILDING” #1(48), 2018
The article presents new methods of hard concrete composition based on the following principles: only sand is
able to fill the emptiness of thick filling, not the mixture of cement and sand, which is considered the classic
method of calculating the absolute volume. The new recommendations for calculation increase the amount of sand
in the concrete. The concrete mixture becomes more advanced with the technological properties.
Z. Madzagua, D. Tabatadze, D. Jankarashvili. DETERMINATION OF MAXIMUM DEFLECTION IN
RECTANGULAR PLATE WITH TAKING INTO ACCOUNT OF  CONCRETE CREEPING
DEFORMATIONS. Scientific-technical journal “BUILDING” #1(48), 2018
In the paper is presented the rule for determining maximum deflection in the reinforced concrete rectangular plate,
taking into account the order of its construction (sequence of construction) and concrete creeping deformations.
The creeping deformations are taken into account based on the life cycle theory, because this theory is considered
as the best for reinforced concrete structures.
T. Gardapkhadze, M. Gardapkhadze. THE ANALYSIS OF THE SANDWICH DEPRESSED SHELL AT
ACTION OF TRANSVERSE PRESSURE AND TEMPERATURE. Scientific-technical journal
“BUILDING” #1(48), 2018
On the base of the variation formulation of the shell’s nonlinear deformation is derived the formula of the finite
elements formulation of the task of determining the mode of deformation of having double curvature sandwich
shell under action of force and heat influence.
B. Surguladze, K.Makharoblidze. Basics for calculating reinforced concrete structures for use in dry, hot
climatic conditions. Scientific-technical journal “BUILDING” #1(48), 2018
When designing reinforced concrete structures that are operated in conditions of dry, hot and cold temperatures, it
is necessary to take appropriate measures, since they are subject to systematic influences of variable temperatures.
Due to reinforced concrete temperature deformations, we must follow the appropriate special rules to ensure that
the building meets the operating conditions.
L. Kakhiani, A. Tsakiashvili, M. Tavadze. INFLUENCE OF SHEAR CRACKING ON STRENGTH OF
BENDING ELEMENTS WITH APPLICATION OF REINFORCED CONCRETE FRACTURE
MECHANICS. Scientific-technical journal “BUILDING” #1(48), 2018
In the article are considered the crack growth resistance, cracks origination, their types, calculation methods based
on experimental data for the reinforced concrete bending elements. The design formulas and calculation schemes
are stated with taking into account the methods of reinforced concrete fracture mechanics.
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G. Kipiani. High order accuracy of quadratic formulas for singular integrals. Scientific-technical journal
“BUILDING” #1(48), 2018
In case of the contours opened for the weighted singular integration, the Markov type square formula of high-
order accuracy is constructed. Computer programs are designed to count such integrations on Mathematica

symbolic language.
G. Nozadze. EXPERIMENTAL RESEARCH OF BEHAVIOR UNDER LONG-TERM LOAD OF
REINFORCED CONCRETE COMPOSITE CROSS-SECTION BEAM SIMPLY SUPPORTED ON TWO
SUPPORTS. Scientific-technical journal “BUILDING” #1(48), 2018
Based on experimental studies was developed the methods of calculation of reinforced concrete composite cross-
sections structures with taking into account of probable nature of the concrete creeping deformation and is defined
ultimate characteristic of the creeping deformation as deviation boundaries for probability value calculation for
corresponding forces and stresses.
E. Machaidze. THE ANALYSIS OF THE ENCLOSED THE CONE SHELLS CORRUGATED PYRAMID
SHELLS. Scientific-technical journal “BUILDING” #1(48), 2018
The structure of the corrugated pyramidal shells close to the cone shell is developed that are composed from
planar elements and have a long rectangle shape. The middle surface of such a shell that has a constant curvature
in one direction and a break in the other direction.
D. Bedukadze. Frost Resistance Test of Samples of Asphalt-Concrete Based on Local Inert Materials
without Additions and Sulfur Asphalt Concrete. Scientific-technical journal “BUILDING” #1(48), 2018
In article the frost resistance test of asphalt concrete, based on local inert materials without additions and of sulfur
asphalt concrete is described. Based on experimental investigation result there was established that the best frost
resistance revealed the sample of sulfur asphalt concrete with the 20-30% modified sulfur, comparatively to
samples without addition.
L. Janashia. Alluviums of mudflow. Scientific-technical journal “BUILDING” #1(48), 2018
The alluviums of mudflow is formed as a result of mudflow. By its nature, this is one of the most dangerous
events from a natural catastrophic event that damages and destroys the road infrastructure.In many cases, people
themselves become victims. The fight against alluviums of mudflow is carried out by complex measures, which
include the division of work into two groups: active and passive measures.
G. khoperia. The Legislative basis of the Living Development of the Soviet Period. Scientific-technical
journal “BUILDING” #1(48), 2018
The article concerns the basic features of the legislative basis of the urban planning development of the Soviet
period and their positive as well as negative sides.
Namely, the fact that the existed legislative features regulated the planning of development and, as the result, the
planning chaos and evident errors have not been traced in the urban planning of that period, can be evaluated as
positive.
The circumstance that private and public buildings, because of economy, mainly used to be built in accordance
with standardized designs, which, from the architectural-aesthetic point of view did not have any value,
undoubtedly is the negative side of the constructive normative basis of the Soviet period.
I. Mikava. Provision of spatial smoothness on highways. Scientific-technical journal “BUILDING” #1(48),
2018
For a well-developed and organized network of highways one of the preconditions is a high traffic flow capacity.
The goal of spatial design is to increase the capacity of the highway and improve traffic conditions.Spatial design
for the most part is based on empirical rules of tracing and on the use of principles of descriptive
geometry.Checking and improving spatial smoothness is achieved by drawing perspective images of the road.
G. Sultanishvili. Principle of the multilayer concretemixture acceptance used of single-styage technology.
Scientific-technical journal “BUILDING” #1(48), 2018
Modern methods used for manufacturing of multilayer products and structures inter alia consider the multi-stage
technologies.  Each of necessary layers is produced separately through such technology, and then, usually in a
separate stand, they are combined into one item.  Usually this is a rather expensive, energy-consuming, multi-
cycle and a long process in terms of working hours.
For the manufacture of multilayer concrete products, we propose to use the technology of vibra-breakdown of
concrete mixture containing heavy and light fillers and binder within a single batching.  Breakdown of a single
concrete mix occurs due to the difference of volume weights of fillers and thixotropy of the concrete - dilution at
vibration. Made  of walling  elements  through such technology, economically significantly cheaper.
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T. maxarashvili, D. bakhtadze. Tourism and recreation development potential of Racha-Lechkhumi region.
Scientific-technical journal “BUILDING” #1(48), 2018
The article deals with the state of the tourism infrastructure of mountain region Racha-Lechkhumi and its
development potential.
K. Makharoblidze. Questions of the durability of the structures of the overlap of large-span buildings.
Scientific-technical journal “BUILDING” #1(48), 2018
For maintenance and improvement of overlapping structures of large buildings, in particular, this is due to the
reliability of multifunctional systems (the whole complex), it is necessary to use high-quality building materials
and to take into account reserves and repairs. To reduce the failure rate of the structural elements of the large
slabs, as well as for the growth of the average indices of durability of the entire building structure and its
individual elements, it is necessary that with quality materials the quality of construction should be achieved with
the help of high-quality joints.
M.Vartanov. E.KechkoShvili. Some principles of integral management water resources of Georgia.
Scientific-technical journal “BUILDING” #1(48), 2018
At present, methods have been developed for solving the problem of the distribution of the water resources of the
South Caucasus, stabilizing the ecological situation in the territory under consideration.When implementing this
problem, integrated water resources management methods can be an effective means of reducing the scarcity of
water resources. It is with this approach to the problem of using water resources that one can not be afraid of a
water crisis.
G. Kipiani. Numerical solutions of the singular integral equation of the first kind in case of open contours.
Scientific-technical journal “BUILDING” #1(48), 2018
For the singular integral equation of the first kind, a high-order accuracy chart of numerical solution
corresponding to Markov's square formulas is built. Appropriate assessments have been received.
M. Tsalkalamanidze. Principals of Creating Special Harmony with Color in Architectural Design.
Scientific-technical journal “BUILDING” #1(48), 2018
It is important to consider not only decorative and esthetic, but also an associative aspect when choosing colors
for inner space of the building. Choice of color should help to create emotional connection with building’s design
and its function. Harmonious environments create socioemotional mood, special climate that is better aligned with
the function of the given space.
Based on abovementioned, it is crucial, that interior design of public spaces, use colors that are chosen with nature
in mind. Colors used should be based on principals of associative and symbolic cues and be harmonious.
L. Avalishvili, I. Rtveladze, N. Nakvetauri. Factor analysis of the bearing capacity (strength) of reinforced
concrete beam slabs. Scientific-technical journal “BUILDING” #1(48), 2018
In this work the durability of a reinforced concrete beam slabs is theoretically studied. The impact of factors
influencing permanence was studied, differentiated with a quantitative estimate on the basis of variation of the
corresponding parameters in the real range. As a result of the factorial analysis of the studied element – reinforced
concrete beam slabs, tables and graphics are obtained to facilitate work of the constructor, which determines the
practical value of this study.
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