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«Основными характеристиками
архитектурой формы являются:
функциональность,   конструктивность,
эстетичность, экономичность.»
В.Е. Михайленко, А.В. Кащенко

Современные решения  безбалочных конструкций  перекрытий из
монолитного железобетона

(проблемы,  опыт применения  и  новые технические решения)
Д. Я. Гигинейшвили,  Э.Н Кристесиашвили, И.Е Тимченко, Е.Ш Цоцерия

ООО «ПРОГРЕСИ» Инженерный центр компьютерного моделирования и проектирования

1. Введение

В последнее время в сейсмических  районах  Грузии получают  распространение
железобетонные  каркасные  здания из монолитного железобетона с безбалочными
перекрытиями.

Архитекторы часто предлагают планировочные решения заведомо не сейсмостойкие или
экономически не выгодные из-за больших материальных затрат, требуемых  для обеспечения
устойчивости и сейсмостойкости здания. Произвести корректировку  подобных проектов
очень трудно по простой причине – жильцы в большинстве хотят жить в квартире с
возможностью свободной планировки. Конструктору приходиться искать разумный
компромисс с одной стороны между требованиями СНиП по устойчивости и пожеланиями
заказчика  в очень жестких границах поиска приемлемого конструктивного решения этой
проблемы.

Первое монолитное железобетонноее  каркасное 5-этажное здание с безбалочными
перекрытиями было построено в г. Тбилиси в 1999г по ул. З.Палиашвили [1]. По сравнению с
каркасными балочными конструктивными решениями жилых  зданий, безбалочные каркасы
имеют ряд архитектурных и конструктивных преимуществ:

- Плоские перекрытия имеют общую приведенную высоту в 2-3 раза меньшую, чем
перекрытия в каркасно-ригельных системах –из-за отсутствия ригеле;

- Гибкая планировка квартир. Перекрытия с гладкими потолками способствуют
применению свободной планировки и трансформации помещений путем устройства
мобильных перегородок, не связанных по нагрузкам жестко с перекрытиями;

- Консольные участки перекрытий по периметру позволяют устроить более сложные
конфигурации фасадных плоскостей, устраивать лоджии, террасы, веранды без
дополнительных усиливающих конструктивных элементов;

- Наличие гладкого потолка позволяет отказаться от дорогостоящих подвесных потолков,
упрощается установка спринклеров, воздуховодов;

- Сокращение сварочных работ;
- Экономия стали;
- Значительно упрощаются опалубочные работы и уменьшается расход материалов

опалубки;
- Высокая технологичность процессов и сокращение сроков возведения колонн, плит

перекрытий и основных внутренних перегородок.
Указанные выше преимущества позволяют получить общую экономию материальных и

трудовых ресурсов по сравнению с крупнопанельными и традиционными каркасными
зданиями.

Существуют различные варианты конструктивного решения безбалочного каркаса:
-конструктивная система с натяжением арматуры в построечных условиях (ИМС);
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-система со скрытым балочным армированием (непосредственно в теле перекрытия);
-собственно безбалочное решение перекрытия.

Основой для разрабатываемых проектов зданий с безбалочными перекрытиями на
основе сборно-монолитных конструкций в последнее время послужило конструктивное
решение, предложенное ЦНИИЭП Жилища в начале  80-х годов и называемое ''Куб''. Эта
система состояла из тонких колонн, воспринимающих вертикальные и часть горизонтальной
сейсмической нагрузки  и диафрагм жесткости, назначаемых из конструктивных соображений
и воспринимающих часть горизонтальной сейсмической нагрузки. Госстроем CCCP на
систему ''Куб'' были наложены следующие ограничения:

а) по этажности (9 этажей для 8 балльных районов);
б) по балльности района строительства (8 баллов).

Учитывая последствия разрушительных землетрясений  в Армении (1988г.),  Японии
(1995г.), Турции, Греции и на Тайване (1999г.), где массовым разрушениям подверглись
именно каркасные здания, существующее конструктивное решение зданий типа ''Куб''
вызывает у специалистов большие сомнения в их сеисмостойкости. Слабым  звеном системы
''Куб'' являются узлы опирания безбалочных перекрытий на колонны. Эти узлы требуют
дополнительной тщательной расчетной (теоретической и экспериментальной)  проверки на
практике и проектной проработки.

При указанной конструкции узла соединения колонн с надколонными плитами
перекрытий, жесткость каркаса и сопротивляемость продавливающим нагрузкам ограничены,
так как опирание надколонной плиты перекрытия на колонну осуществляется только через
искусственно созданный в условиях строительной площадки соединительный узел,
локализованный в пределах поперечного сечения колонны, геометрия и конструктивные
особенности которого не позволяют воспринимать значительные изгибающие моменты и
осевые нагрузки. Необходимость усиления узла соединения колонн с надколонными плитами
перекрытий увеличивает локальную трудоемкость монтажа и общий расход бетона на
строительной площадке.

2. Основная часть
Цель настоящей работы состоит в том, чтобы учитывая влияние различных нагрузок,

максимально снизить общий вес здания или сооружения, сократить время строительства,
уменьшить общий расход материалов, улучшить современную архитектурную планировку
внутри здания и сооружения (дать простор творческой мысли в архитектурной планировке)
при сохранении  надежности  конструктивной системы в целом.

Означенная цель достигается тем, что безбалочные перекрытия должны быть устроены
следующим образом:

1. Безбалочные перекрытия из монолитного железобетона (плоские капители) в месте
соединения с колонной в нижней части плиты с опущенной утолщенной частью;

2. Железобетонные безбалочные монолитные перекрытия (плоские капители) в месте
соединения с колонной в верхней части плиты с поднятой утолщенной частью;

3. Железобетонные безбалочные монолитные перекрытия в месте соединения с колонной без
утолщенной части плиты (скрытые капители);

4. Железобетонные безбалочные монолитные перекрытия (плоские капители), армированные
жесткими конструктивными элементами (Рис. 2 а-е);

5. Армирование железобетонных безбалочных монолитных перекрытий жесткими
конструктивными элементами, чьи концы соединены элементами жесткости и создают
скрытую капитель (Рис. 2 в,е);

6. Использованием пространственных арматурных каркасов, что также создает скрытую
капитель (Рис. 2 ж,з);

7. В случае армирования железобетонных безбалочных монолитных перекрытий (плоские
скрытые капители) жесткими конструктивными элементами, возле  их концов возможно
устройство сетки из тонкой арматуры 3-5мм.
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Плита безбалочных монолитных перекрытий может иметь одинаковую толщину как на всей
площади перекрытия, так и в месте стыковки с колонной. Плоская капитель в месте соединения с
колонной может быть вытянута вверх, или опущена вниз (при необходимости ее устройства и
наличии технологической возможности).

Расчетная ширина плоских капителей, как правило,  зависит от расстояния между колоннами -
L, типов нагрузки. Для толщины плиты-h монолитных перекрытий и малых и средних величин
нагрузок расчетная ширина капители может колебаться в пределах (0.15-0.3)L.

К колоннам  железобетонных безбалочных монолитных перекрытий (плоские и скрытые
капители) предъявляются те же требования, что и к обычным колоннам балочных перекрытий.

При увеличении пролетов возникает необходимость в повышении прочности перекрытий при
изгибе и при продавливании, а также их жесткости при экономии бетона. В этом случае
применяются различные виды эффективных конструкций перекрытий: кессонные, пустотные,
ребристые с балочными ребрами, ребристые с контурными ребрами [2, 3, 4, 7, 8, 9]. Для
конструирования элементов здания необходимо определить значения возникающих в них усилий,
выполняя расчет несущей системы здания при действии вертикальных и горизонтальных нагрузок.
В настоящее время расчеты несущей системы здания чаще всего производят методом конечных
элементов, применяя вычислительные комплексы «ЛИРА САПР», «SCAD», «Stark-ES» и др.
Ресурсы современных компьютеров дают возможность построить расчетную схему,
моделирующую здание в целом, что позволяет учесть совместную работу надземных конструкций
с деформируемым основанием и другие особенности фактической работы сооружения. В том
случае, когда горизонтальные нагрузки здания и деформации основания не оказывают заметного
влияния на напряженное состояние конструкций перекрытия (что имеет место, если несущая
система здания включает достаточно мощные ядра и диафрагмы жесткости), возможен расчет
капителей на действие вертикальных нагрузок одноэтажного фрагмента, включающего
перекрытие одного этажа, а также вертикальные конструкции (колонны и стены) выше- и
нижележащих этажей с шарнирными опорами в середине этажа по аналогии с приближенными
схемами, используемыми при расчете многоэтажных рам [4,5,6].

Возможные разновидности конструкций железобетонных безбалочных монолитных перекрытий и
варианты их армирования приведены на Рис. 1, 2.

Армирование безбалочного узла (которое должно быть проверено на поперечную силу), снижает
деформации в месте стыковки плиты и колонны, а отсутствие балок уменьшает время изготовления
перекрытия, расход материалов изделия и не препятствует свободной планировке. В местах
сопряжения колонны и плиты могут быть расположены по два элемента жесткой арматуры, которые
могут быть между собой соединены жесткой арматурой или стержнем обычной арматуры.
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Рис. 1.  Расчетная схема разрушения плиты вокруг колонны и узлы соединения безбалочных
конструкций

Устройство такого типа капителей целесообразно при широком шаге пролетов и больших
нагрузках. Для обычных пролетов (L=4-6м) и нагрузок в местах сопряжения колонны и плиты
количество жесткой арматуры применяются по одному в каждом направлении, которые могут
быть также соединены между собой (Рис. 2 в, е). Для обоих типов скрытых капителей из
жесткой арматуры для сейсмических районов целесообразно устройство дополнительных
сеток (кроме основной сетки рабочей арматуры) на концевых участках жесткой арматуры.
Место и количество расположения таких сеток определяется по расчету.

Для различных типов безригельных перекрытий при применении вычислительного
комплекса «ЛИРА САПР» автоматически строится контур продавливания, который может
быть откорректирован пользователем. Расчет поперечной арматуры производится на заданную
реакцию в зоне стыковки с колонной. В соответствующих случаях выдается сообщение о
необходимости увеличения толщины плиты, класса бетона.

Рис. 2. Варианты   безбалочных узлов для монолитного железобетона: 1- колонна из металла или
железобетона; 2, 3-арматурные сетки плиты; 4- жесткая арматура; 5-арматурные каркасы

Как показали результаты проведенного сравнительного численного анализа, устройство
безбалочных перекрытий в многоэтажном здании существенно влияет на его динамические
характеристики, величины горизонтальных перемещений, перераспределение усилий между
несущими конструкциями, армирование элементов. В отсутствие узлов пересечения колонн и
ригелей снижается общая жесткость здания в горизонтальном направлении, соответственно
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увеличивается роль диафрагм в восприятии сейсмической и ветровой нагрузки. Поэтому в
безбалочных перекрытиях по сравнению с традиционными, в случае сохранения приемлемого
процента армирования, допустимых величин ускорений и перемещений от действия ветровой
нагрузки, необходимо устанавливать, например, дополнительные диафрагмы жесткости,
увеличивать сечения колонн.

При моделировании реальных задач  на основе применения  вычислительного комплекса
«ЛИРА САПР» [12] рассматривались следующие варианты устройства несущих конструкций в
жилом комплексе на ул. Керчи в Тбилиси: 1. Многоэтажное здание с балочными перекрытиями и
диафрагмами жесткости; 2. То же, с устройством балок только по контуру перекрытия; 3. То же
здание без балок; 4. Вариант №3, но с развитыми колоннами в поперечном (наименее жестком)
направлении (Y) – сечением 100Х50см вместо 50х50;  100Х60см вместо 60х60.

В таблице показаны посчитанные основные результаты по каждому варианту:

№ Варианта Т1X, с. Т1Y, с. Перемещение Х, см Перемещение Y, см Армирование
нижних колонн, %

1 1.86 2.34 26.5 43.1 1.61
2 2.02 2.52 30.3 47.4 1.87
3 2.16 2.58 32.8 50.6 2.58
4 2.05 2.39 30.6 44.9 1.84

Из таблицы следует, что наименьшая жесткость здания и наибольшее армирование нижних колонн
имеет здание, запроектированное по варианту 3 – без ригелей. 4-й вариант с развитыми сечениями
колонн в поперечном направлении имеет  наиболее близкие характеристики с вариантом 3, где
балки установлены по периметру плит перекрытий. Можно сделать вывод, что в случае
необходимости отсутствие балок можно компенсировать дополнительными конструктивными
мероприятиями, сохраняя при этом описанные выше преимущества безбалочного перекрытия.

Рис. 3. Общий вид и типовой этаж здания (вариант 1)

3. Выводы
1. Современные решения  безбалочных конструкции отличаются простотой

изготовления и монтажа, дают широкие архитектурно-планировочные возможности.
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2. В результате проведенных нами практических исследований, численного
моделирования, рекомендуем толщину плит для безбалочных перекрытий назначать по
нижеприведенной формуле:

hпл> =  (3L1 + L2) / 100  где L1 - больший пролет, L2 - меньший пролет.
3. Расчетная ширина плоских капителей, как правило, зависит от расстояния между

колоннами - L, типов нагрузки, для толщины плиты - h монолитных перекрытий и малых и
средних величин нагрузок она может  колебаться в пределах (0.15-0.3)L.

3. Для сейсмических зон считаем целесообразным принимать  комбинированный
каркас,  в котором по периметру всего здания (в плане) и в местах расположения лестниц
устанавливаются балки, а  остальная часть конструктивного решение принимается как для
безбалочного каркаса.

4. Большепролетные железобетонные безбалочные монолитные конструкции
перекрытий и покрытий из монолитного железобетона  могут устраиваться из двух плит:
нижней плиты, верхней плиты и связывающих ребер, соединяющих верхние и нижние
плиты как ребра жесткости. Между ребрами образуются пустоты, которые при
необходимости можно заполнить тепло-звукоизоляционным материалом;

5. Толщина ребер и плит, их высота и армирование определяются по расчету с
учетом совместной работы всех составных частей комбинированной конструкции.

6. По жесткостным качествам каркас с бескапительным и с  комбинированным (с
контурными ригелями и с диафрагмами жесткости) перекрытием не уступает обычным
рамным каркасам, а в ряде случаев является экономически более  целесообразным.
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betonis da rkinabetonis konstruqciis
aRdgena

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

q. Tbilisi, saqarTvelo)

reziume: betonis da rkinabetonis konstruqciis aRdgena saSualebas
gvaZlevs SedarebiT naklebi resursis xarjviT gavaxangrZlivoT
misi eqspluataciis vada, movaxdinoT Senobis da nagebobis
restavracia da sanacia.

sakvanZo sityvebi:  remonti, restavracia, sanacia, rekonstruqcia,
defeqtebi, lokalizacia, filtracia, korozia, montaJi, demontaJi.

1. Sesavali
aRdgena SeiZleba dasWirdes qvis, betonis, rkinabetonis, liTonis, merqnis,

polimeris da sxva konstruqcias. liTonis konstruqciis remontisas
mTavaria dazianebuli nawilebis axliT Secvla, SeduReba, merqnis
konstruqciisaTvis – Zvelis axliT Secvla da damagreba WanWikiT, weboTi,
naWdeviT, betonis da rkinabetonis konstruqciisaTvis – bzarebis, nakerebis,
xvrelebis amovseba.

betonis da rkinabetonis nakeTobis da konstruqciis damzadebis yvela
stadiaze, transportirebisas, montaJisa da eqspluataciis dros, koroziuli
zemoqmedebis procesSi, xanZris da sxva mizezebisas, betonsa da armaturaSi
SeiZleba warmoiSvas esa Tu is defeqti, romelic Seamcirebs simtkices da
konstruqciis mzidunarianobas.

2. ZiriTadi nawili
dabetonebis dros nakeTobaSi da konstruqciaSi mTlianobis darRvevis da

simtkicis Semcirebis defeqtebia: mometebuli forianoba, sxvadasxva bzari,
najao, anaxleCi, xvreli, ganSreveba, armaturis gaSiSvleba, niJara,
sicariele, samuSao nakeri da naxeTqi.

betonis defeqtebs, romlebic ar amcireben mis simtkices da ar arRveven
nakeTobis da konstruqciis mTlianobas, miekuTvneba: naRvenTi, gamomarileba,
daWuWyianeba, reliefurobis darRveva, biodazianeba da sxva, romlis
acilebac SeiZleba betonis zedapiris damuSavebiT: SeRebviT, damcavi SriT
dataniT, gaJRenTviT da a.S.

qvis, betonis da rkinabetonis konstruqciis SesakeTeblad gamoiyeneba
cementis, polimercementis da polimeruli masalebi.

cxr. 1-Si warmodgenilia betonis da rkinabetonis konstruqciisaTvis
damaxasiaTebeli defeqtebi da maTi acilebis RonisZiebebi.

defeqtis saxeoba, warmoqmnis mizezi da maTi acileba cxrili 1
defeqtis
saxeoba

warmoqmnis mizezi defeqtis acilebis saSualeba

mometebuli
forianoba
(dabali
simtkice)

mometebuli w/c, uxarisxo
Semvsebis, cementis da danamatis
gamoyeneba; narevis ganSreveba,
araswori areva da Semkvriveba;
koroziiT da yinviT daSla,
maRali temperaturis da
bioorganizmebis moqmedeba.

`susti~ betonis meqanikuri
mocileba, SefiTxna an axali
dabetoneba; betonis axali Sris
datana, maT Soris armaturiT;
konstruqciis gaZliereba liTonis
elementebiT.
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bzarebi betonis Sekleba gamagrebisas,
nakeTobis gabzarva yalibidan
amoRebisas, transportirebisas,
montaJis dros, eqspluataciuri
gadatvirTvisas, xanZris dros,
armaturis koroziisas. gabzarva
fizikuri da meqanikuri
zemoqmedebisas.

cement-qviSis duRabiT SekeTeba, maT
Soris winaswari damuSavebiT,
cementis an polimercementis
duRabiTY inieqcia. lentis dakvra
polimeruli weboTi.

kavernebi,
niJarebi

betonis narevis cudi Semkvriveba,
yalibis aradamakmayofilebeli
mdgomareoba.

cementis, polimercementis da
polimerduRabiT SefiTxna.

armaturis
gaSiSvleba
da korozia

koroziuli procesis, meqanikuri
zemoqmedebis, araswori ganlagebis
Sedegi.

armaturis Jangisagan gawmenda da
cementis, polimercementis da
polimeruli SedgenilobiT
SefiTxvna.

anaxleCi,
najao

arasakmarisi simtkicis dros
dartymiTi datvirTva, ganyalibeba.

betonis nareviT, cement-qviSis,
polimercementis da polimeris
duRabiT SefiTxvna, maT Soris
armirebac.

samuSao
nakeri da
garRveva

Zveli da axali betonis cudi
SeWiduloba, Cawyobisas cudi
Semkvriveba, gansakuTrebiT
vertikaluri dayalibebisas.

betonis nareviT, cement-qviSis,
polimetcementis, polimeris
duRabiT SefiTxvna, maT Soris
armirebac.

zedapiruli
daSla,
aSreveba

koroziis da yinvis zemoqmedebis
Sedegi, abraziuli cveTa.

zedapiris gasufTaveba da masze
betonis, cement-qviSis,
polimercementis an polimerduRabis
fenis datana.

amrigad, betonis remontisaTvis saWiro ZiriTadi masalaa cement-qviSis
duRabi, betoni, polimercementis duRabi (umetesad polivinilacetatis
emulsis da sinTezuri kauCukis lateqsis safuZvelze). aseve polimerduRabi
rogorc wesi, epoqsiduri fisis safuZvelze.

bzaris zrdis aRsakveTad lokalizacias axdenen misi amoqolviT mTel
siRrmeze. sasurvelia bzaris wveromde. amisaTvis gamoiyeneba dabali
siblantis, mcire zomis molekulebis mqone masala, magaliTad, stiroli,
meTilmetakrilati.

betonis da rkinabetonis konstruqciis yvelaze gavrcelebuli defeqtia:
momatebuli forianoba, bzarebi, garegani defeqtebi.

gadidebuli forianoba betonis nakeTobis damzadebis teqnologiis
darRvevis an eqspluataciis dros warmoiSoba. amasTan xdeba struqturis
gafxviereba, kristaluri axalwarmonaqmnebsa da cementis qvas Soris
kavSirebis Sesusteba, cementis qvasa da Semvsebis marcvlebs Soris
kontaqtis gauareseba. struqturis darRveva betonis simtkicis da
konstruqciis mzidunarianobis Semcirebis mizezi xdeba, xels uwyobs
betonSi agresiuli garemos filtracias da konstruqciis swraf rRvevas.

betonis nakeTobis da konstruqciis yvelaze gavrcelebuli defeqtia
bzari, romelic SeiZleba SeuiaraRebeli TvaliT aRmoaCino. bzarebi unda
amoiqolos warmoqmnis yvela stadiaze, maTi zrdis Tavidan asacileblad.

garegani defeqti – nakeTobis an konstruqciis betoniT Seuvsebeli ubani,
romelic betonirebisas (niJara, kaverna, sicariele, naxeTqi), ganyalibebisas
(anaxleCi, amonagleji), transportirebis, montaJisa da eqspuataciis dros
(anaSrevi, anaxleCi) warmoiqmna.
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sivrcobrivi ganlagebis mixedviT bzari SeiZleba horizontaluri an
vertikaluri an daxrili iyos, mimarTuli zeviT an qveviT, betonis
zedapirze an SigniT. sivrcobrivi ganlagebis mixedviT SeirCeva defeqtis
amoqolvis samuSaoebis teqnologia: magaliTad, saremonto Sedgenilobis
iatakis bzarSi Casxma, an imave Sedgenilobis wneviT inieqcia Weris bzarSi.

betonis defeqtis Siga zedapiri SeiZleba iyos mSrali, teniani, sufTa,
gaWuWyianebuli. remontis Catarebis win betonis zedapiris mdgomareoba
gansazRvravs Srobis da gasufTavebis operaciebis Catarebis aucileblobas.

dazianebuli konstruqciis gamokvleva tardeba ramdenime etapad:
1. zogadi gamokvleva, maT Soris romelic tardeba damxmare xelsawyoebis

gamoyenebiT, gansazRvravs defeqtis ZiriTad tips, mis gavrcelebas, ganviTarebis
intensiurobas, sivrciT ganlagebas. garda amisa unda dadgindes armaturis
betonTan SeWidulobis darRveva, Casayolebeli detalebis gadaadgileba.
SemaerTebeli elementebis deformacia, konstruqciis sayrdeni farTobis
Seusabamoba saproeqto zomebTan da sxva xiluli defeqti.

2. saWiroa saproeqto dokumentacias, samuSao naxazebis da konstruqciis
saangariSo sqemebis gacnoba, samuSaoTa warmoebis Jurnals, faruli samuSaoebis
da sakontrolo nimuSebis gamocdis aqtebsm remontis, demontaJis, gadakeTebis
Sesrulebis monacemebs, gansakuTrebiT garemos agresiuli zemoqmedebisagan
dazianebulis eqspluataciis realur pirobebs.

3. saWiroa moxdes detaluri gamokvleva, raTa dazustdes konstruqciaSi
betonis da armaturis mdgomareobis monacemebi, romelic aucilebelia
aRsadgeni konstruqciis mzidunarianobis gasaangariSeblad da saremonto
samuSaoebis konkretizaciisaTvis.

betonis simtkicis cvlilebas adgenen urRvevi kontrolis meTodebiT,
etalonuri CaquCis (fizdelis, kaSkarovis, Smidtis) an ultrabgeriTi
impulsuri meTodiT xelsawyoebis УКБ-1М, УК-10П daxmarebiT. rig SemTxvevaSi
urRvevi meTodiT miRebuli Sedegis dasazusteblad gamoiyeneba meTodebi:
mowyveta CamotexviT (МГ4, ПВ1Р, ВМ 2.4); wibos CamotexviT (ПОС-30, МГ4, ПОС-50) an
nimuSis (kernis) amoburRvis.

betonis Sedgenilobis analizi tardeba cementis saxeobis da raodenobis
Semvsebis, wyalcementis fardobis, qloridebis da sxva agresiuli nivTierebis,
karbonizaciis siRrmis, betonis koroziis produqtebis gansazRvris mizniT.
analizi tardeba specializirebul laboratoriaSi (saqarTveloSi jerjerobiT
ar gvaqvs). amisaTvis SeiZleba gamoviyenoT betonis simtkicis  kontrolisaTvis
aRebuli nimuSebi.

armaturis  koroziis nimuSebis arsebobisas unda Semowmdes damcavi Sris
sisqe, risTvisac gamoiyeneba eleqtromagnituri mzomi (ИЗС-10Н, ИЗС-2).  im
SemTxvevaSi, Tu armaturis dazianeba mniSvnelovania, axdenen damcavi Sris
meqanikur mocilebas da pirdapir adgenen armaturis raodenobas, damcavi Sris
sisqes da koroziuli dazianebis xarisxs.

kvlevis miTiTebuli etapebi umetesi saxeobis dazianebisaTvis saerTo
xasiaTisaa. Tumca dazianebis yvela saxes aqvs Tavisi specifikuri Tavisebureba
da moiTxovs specialur kvlevas. magaliTad, xanZris Sedegad gamowveuli
defeqti ganirCeva koroziiT gamowveulisagan. ukanasknel SemTxvevaSi saWiroa
betonis gulmodgine qimiuri analizi, antikoriziuli dacvis gamokvleva,
gansakuTrebiT maSin, Tu konstruqcia damzadebulia winaswardaZabuli
rkinabetonisagan.

samSeneblo konstruqciaSi defeqtebis gamokvlevis da warmoSobis mizezebis
gansazRvris Semdeg zustdeba saremonto-aRdgeniTi samuSaoebis saxeoba da
moculoba. masalis, mowyobilobis da danadgarebis tipi da raodenoba.
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dazianebuli nakeToba da konstruqcia SeiZleba iyos saremontod vargisi an
uvargisi. uvargiss miekuTvneba konstruqcia geometriuli zomebis da formis
darRveviT, uxarisxo betoniT, dabali klasis da naklebi diametris armaturiT
damzadebuli, Casayolebeli detalebis armqone, msxvilbzariani, moculobiTi da
sxva defeqtebiT, romelTa gamosworeba ver aRadgens konstruqciis
mzidunarianobas da sxva eqspluataciur Tvisebebs. saremontod uvargisi
konstruqcia da nakeToba eqvemdebareba Camoweras.

saremontod vargisi nakeToba da konstruqcia, romelsac aqvs anaxleCi,
niJara, zogierTi saxeobis bzari da sxva dazianeba, SeiZleba aRvadginoT
uSualod qarxana-damamzadeblis teritoriaze. remonts eqvemdebareba iseTi
konstruqcia, romelsac teqnikuri pirobebiT gaTvaliswinebulTan SedarebiT
naklebi gadaxrebi aqvs.

eqspluataciaSi arsebuli konstruqciis remonti aris Senobis da nagebobis
remontis Semadgeneli nawili, warmodgens teqnikuri da organizaciuli
RonisZiebebis kompleqss, mimarTuls obieqtis an misi calkeuli nawilebis
saproeqto an Tavdapirveli eqspluataciuri Tvisebebis aRdgenasa da
SenarCunebaze.

remontis Catarebis periodulobaze damokidebulebiT is SeiZleba iyos
mimdinare, romelic tardeba yovelwliurad, an kapitaluri, romelic tardeba
ramdenime wlis Semdeg, cxr. 2.

sawarmoo Senobis kapitaluri remontis samagaliTo perioduloba cxrili 2

Senobis tipi
remontis perioduloba, weli

normalur pirobebSi agresiul garemoSi
rkinabetonis, liTonis an rkinabetonis
karkasiT 20...25 10...15
rkinabetonis an liTonis karkasiT 10...15 5...10
Semsubuqebuli wyobis kedlebiT, svetebi,
boZebi da gadaxurva rkinabetoniT 10...12 8...10

rekonstruqciis dros samuSaos ZiriTadi Taviseburebaa siviwrove, rac did
daRs asvams samuSaoTa organizaciis xasiaTs, gansakuTrebiT Tu is xdeba moqmed
saamqroSi. am SemTxvevaSi samuSaoebi tardeba sam etapad: gaCerebamde, gaCerebiT
da gaCerebis Semdeg. samSeneblo konstruqciis remonti xSirad ZiriTadi
sawarmos gauCereblad keTdeba.

imasTan dakavSirebiT, rom eqspluataciaSi arsebuli Senobis samSeneblo
konstruqciebi, rogorc wesi, damzadebulia sxvadasxva masalisagan (betoni,
rkinabetoni, liToni, merqani, mina, plastmasa da sxv.) remontisaTvis saWiro
masalis SerCevac xdeba gasaremontebeli konstruqciis masalis saxeobis,
mdgomareobis, xanmedegobis, fizikur-qimiuri, fizikuri da sxva parametrebTan
SexamebiT.

Tanamedrove pirobebSi remontisaTvis sul ufro met gamoyenebas poulobs
polimerul Semkvrelze damzadebuli kompozicia, romlis Tvisebebi SeiZleba
farTo sazRvrebSi vcvaloT. amisaTvis SedgenilobaSi Segvyavs sxvadasxva
nivTiereba. zogi maTgani aCqarebs, zogi ki anelebs kompozitis Sekvras, zogic
anelebs daberebas da a.S.

Senobis da nagebobis remontsa da rekonstruqciaze miRebuli saproeqto
gadawyveta arsebiT gavlenas axdens manqanaTa kompleqtis SerCevaze.

Senobis da nagebobis remontisa da rekonstruqciisaTvis samuSaoTa
warmoebis organizacias aqvs rigi Taviseburebani, vidre axal mSeneblobaze. didi
nairgvaroba, Sesasrulebeli samuSaoebis ganwerteba da mcire moculoba: iseTi
samuSaoebis kompleqsis ganxorcieleba, rac axali mSeneblobisaTvis araa



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(44), 2017
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

16

damaxasiaTebeli (konstruqciis demontaJi, gaZliereba, calkeuli
konstruqciuli elementis Secvla da a.S.).

samuSaoebi ZiriTadad SezRudul pirobebSi warmoebs, rac gadamwyvet
gavlenas axdens samuSaoTa organizaciis saerTo sqemaze.

Senobis da nagebobis rekonstruirebisas samSenebli moednis pirobebi
aisaxeba samrewvelo procesebis meqanizaciis doneze da xSirad mivyavarT im
samuSaoTa moculobis gazrdasTan, romelic xeliT sruldeba.

SezRudvis da ganwertebis faqtorebis gavleniT yvelaze Sromatevadia
montaJis da demontaJis samuSaoebi, konstruqciis da monoliTuri masivis
daSla da dangreva, SezRudul pirobebSi arsebuli saZirkvlis gaZliereba da
axlis mowyoba, aseve miwisqveSa komunikaciebis gayvana.

amitom, samuSaoebis teqnologiis da meqanizaciis optimaluri variantis arCeva
rekonstruqciis dros, arsebiTad gansazRvravs saerTo teqnikur-ekonomikuri
maCveneblis dones. SezRudul pirobebSi xSirad ver gamoiyeneba nomenklaturuli
da saWiro tipzomebis specialuri manqanebi. Senobis rekonstruqciis dros es
iwvevs iseT saSualebebis gamoyenebis aucileblobas, romelic emsaxureba
samuSaoebis meqanizacias axali Senobis da nagebobis Senebis dros.

samSeneblo obieqti xasiaTdeba gare da Siga SezRudviT. obieqtis gare
SezRudva ganpirobebulia samuSao zonis da samSeneblo manqanebis da
satransporto saSualebebis savali gzebis siviwroviT, samSeneblo moedanze
bunebrivi da xelovnuri winaRobebiT.

obieqtis Siga SezRudva fasdeba sawarmos Siga sivrceSi arsebuli
samSeneblo konstruqciebiT, specialuri da teqnologiuri aRWurvilobiT,
romelTa demontaJi teqnikurad SeuZlebelia an ekonomikurad wamgebiania. es
dabrkolebebi arTulebs samuSaoTa racionalizacias, zRudavs samuSao fronts,
samSeneblo konstruqciebis da detalebis obieqtis SigniT gadaadgilebisas
qmnis damatebiT siZneleebs.

samrewvelo obieqtis rekonstruirebis dros, moculobiT-dagegmarebiTi
gadawyvetis SecvlasTan dakavSirebiT, xSirad aucilebelia arsebuli Senobis
nawilis demontaJi. demontaJis samuSaoebs da konstruqciis gaZlierebas
yovelTvis Tan sdevs Senobis SesanarCunebeli da gasaZlierebeli konstruqciis
mdgradobis uzrunvelyofis samuSaoebis kompleqsi. es samuSaoebi Cveulebriv
xorcieldeba moqmedi saamqros pirobebSi, rac aZnelebs mis meqanizacias.
amasTan montaJis ZiriTadi saSualebebia martivi samontaJo mowyobilobebi:
jalambari, tali, polispasti, domkrati, samontaJo koWebi, rasac mivyavarT
Sromis did danaxarjebTan da moculobasTan.

3. daskvna
betonis da rkinabetonis konstruqciis remonti saSualebas gvaZlevs,

SedarebiT naklebi resursebis xarjiT gavaxangrZlivoT misi eqspluataciis

vada, movaxdinoT Senobis da nagebobis restavracia da sanacia.

literatura

1. Баженов Ю.М. Технология бетона. Москва, 2007.
2. Алимов Л.А., Воронин В.В. Технология строительных изделий и конструкций. Бетоноведение.

Москва, 2010.
3. Самойлов В.С. Справочник строителя. Москва, 2004.
4. Киреева Ю.И. Современные строительные материалы. Ростов, 2010.
5. Несветаев Г.В. Бетоны. Ростов, 2011.
6. a. Ciqovani. betonis teqnologia. Tbilisi, 2015.



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(44), 2017
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

17

samSeneblo konstruqciebis Termuli medegobis Sefaseba
T. melqaZe

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

reziume: naSromSi ganxilulia, SesaZlo sagangebo situaciebis dros,
Seqmnili xanZrebiT gamowveul zemoqmedebaze samSeneblo
konstruqciebis Termuli medegobis Sefasebis meTodika. Sesabamisad
warmodgenilia Senobis calkeuli elementebis cecxlgamZleobis
dadgenisa da Tburi gamosxivebis moqmedebaze samSeneblo
konstruqciebis medegobis amaRlebis RonisZiebebi. aseve,
gansazRvrulia xanZris Sedegad wvis Tburi gamosxivebis nakadis
simkrive, Tburi zemoqmedebis zonis gavrcelebis radiusi, foladis
simtkicis Semamcirebeli temperaturuli koeficienti da sxva
ZiriTadi parametrebi.
sakvanZo sityvebi: Senoba-nagebobebis usafrTxoeba; sagangebo
situaciebis riskis marTva; samSeneblo konstruqciebi; Termuli
medegoba.

1. Sesavali
sagangebo situaciebis riskis marTva da misi Semcirebis gaTvaliswineba

ekonomikis obieqtebis Senoba-nagebobaTa daproeqtebis procesSi,
mniSvnelovania sagangebo situaciaSi am obieqtis stabiluri muSaobisa da
mosaxleobis usafrTxoebis uzrunvelyofis TvalsazrisiT. gansakuTrebiT
xSiria, iseTi sagangebo situaciebi, romlebic dakavSirebulia masStaburi
xanZrebis warmoSobasTan. samSeneblo konstruqciebis Termuli medegobis
gansazRvris mizniT, pirvel rigSi, xdeba SesaZlo sagangebo situaciebis
Sedegad Seqmnili saxanZro sagangebo viTarebis Sefaseba. igi gulisxmobs
xanZris masStabebis da xasiaTis (saxeobis), xanZris siCqarisa da
mimarTulebis gansazRvras, aseve xanZris fizikuri da qimiuri parametrebis
dadgeniT, Termuli zemoqmedebis toqsikuri da Tburi gamosxivebis
gavrcelebis zonaTa radiusebis gamoTvlas. saxanZro viTarebis Sefaseba
xdeba prognozirebisa da saxanZro monitoringis monacemTa Sejerebis
safuZvelze.

obieqtze SesaZlo saxanZro viTarebis xasiaTi damokidebulia imaze, Tu
romeli saxis samSeneblo masalebia gamoyenebuli Senoba-nagebobebSi -
arawvadi, Znelad wvadi Tu  wvadi.

2. ZiriTadi nawili
samSeneblo liTonis konstruqciis Termomedegobaze gamokvleva

gulisxmobs: liTonis konstruqciis konstruqciul-geometriuli
maxasiaTeblebis gamokvlevas; Termomedegobis misaRebi meTodis SerCevasa da mis
dasabuTebas; metalis da saWiro Termodamcavi saSualebis dayvanili sisqis
gaangariSebas; liTonis konstruqciebis cecxlisagan dacvis mizniT
gasatarebeli teqnologiuri procesebis aRweras; konstruqciebis da misi
Termodacvis amsaxveli naxazebis da sqemebis Seqmnas da Termodacvis
ganxorcielebisaTvis aucilebeli dokumentaciis momzadebas.

samSeneblo masalis wvis xarisxis dadgenis Semdeg ganisazRvreba Senobis
calkeuli elementebis cecxlgamZleoba da Tburi gamosxivebis moqmedebaze maTi
medegobis amaRlebis RonisZiebebi.
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konstruqciis medegobaze xanZris Tburi gamosxivebis zemoqmedebis
kriteriums warmoadgens Tburi gamosxivebis nakadi, romlis drosac xdeba
Senobis konstruqciuli elementis wva anda mzidunarianobis kargva. Tburi
gamosxivebis zemoqmedebis zonis radiusis gansazRvra gulisxmobs wvis
sazRvridan im wertilamde manZilis gaangariSebas, romelic Seesabameba Tburi
nakadis simkvrivis im mniSvnelobas, romlis drosac adgili aqvs mocemuli
samSeneblo masalis aalebas anda masSi kritikuli temperaturis ganviTarebas.
samrewvelo obieqtebze xanZrebis SemTxvevaSi Tburi zemoqmedebis zonis
gavrcelebis radiusi gamoiTvleba Semdegi formuliT:

R=0,282x ,
sadac, aris xanZris keris dayvanili gabarituli zoma, m-Si. SenobaSi

xanZris SemTxvevaSi misi mniSvneloba tolia sididis - ; sadac, l da h
Sesabamisad Senobis sigrZe da simaRlea. navTobproduqtebis rezervuarze

xanZris SemTxvevaSi - = 0,8  sadac, rezervuaris diametria m.-Si.

- xanZris alis sakuTari gamosxivebis nakadis simkvrive, kvt./kv.m; -
xanZris alis gamosxivebis nakadis kritikuli simkvrive, romelic STainTqmeba
konkretuli obieqtis  zedapiris mier  da iwvevs konkretul Termul  efeqts
kvt./kv.m. aseve, xanZris alis gamosxivebis nakadis kritikuli simkvrive
gamoiTvleba, stefan bolcmanis kanonis mixedviT, formuliT:

ვტ/მ2 , sadac, Cs=5,68 ვტ/მ2∙°К4 aris absoluturi Savi

sxeulis gamosxivebis STanTqmis koeficienti; ε - gamosxivebis koeficienti anu
e.w. siSavis xarisxia, romelic gviCvenebs, stefan bolcmanis kanonis Sesabamisad,
mocemuli sxeulis  zedapiris Tburi gamosxivebis energiis fardobas igive
temperaturis absoluturad Savi sxeulis gamosxivebasTan. absoluturad Savi

sxeulis gamosxivebis koeficienti ε=1. aris gamosxivebis zedapirze

ganviTarebuli temperatura („gradusi kelvinebSi“ °К =℃+ 273.15). es is
temperaturaa, romlis farglebSic SeiZleba gaxurdes liTonis konstruqcia da
romlis sididemac ar unda gadaaWarbos kritikuli temperaturis mniSvnelobas.
liTonis konstruqciebisaTvis gacxelebis kritikuli temperatura, konkretuli
datvirTvisa da dayvanili sisqis pirobebSi, dgindeba foladis simtkicis

Semamcirebeli temperaturuli koeficientis Υთერ. saSualebiT. xolo dayvanili
sisqis mniSvneloba dgindeba konstruqciuli elenentis ganikveTis farTis

gaxurebadi zedapiris perimetrTan fardobiT da gamoiTvleba formuliT: Fდაყ.=
S/P, სადაც Fდაყ. aris metalis dayvanili sisqe; S - ganikveTis farTi; P - gaxurebadi
zedapiris perimetri. xolo, foladis simtkicis Semamcirebeli temperaturuli

koeficientis Υთერ. sidide ganisazRvreba yvelaze metad datvirTul kveTSi
Zabvis mniSvnelobis fardobiT denadobis zRvris mixedviT dadgenil

normatiuli winaRobis mniSvnelobasTan anu: Υთერ.= ,

temperaturuli koeficientis mniSvneloba Runvadi elementebisaTvis tolia:

Υთერ.= , sadac: aris plastikurobis koeficienti. misi mniSvneloba

sworkuTxa kveTebisaTvis tolia 1,5-ის; ortesebri da SvelerebisaTvis -1,17 da
milovani kveTebisaTvis - 1,25-is toli. gaWimuli ReroebisaTvis:

Υთერ.= ,

xolo, temperaturuli koeficientis mniSvneloba aracentralurad

SekumSuli da gaWimuli elementebisaTvis tolia: Υთერ.= ,

rac Seexeba gaxurebis kritikuli temperaturis mniSvnelobebs isini
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gamoiTvlebian gaWimuli da Runvadi elementebisaTvis Semdegi formulebiT:

Tკრ.=750 – 440 Υთერ., roca Υთერ.<0,6; Tკრ.=1330 (1-Υთერ.), roca Υთერ.≥0,6.
centralurad SekumSuli elementebisaTvis gaxurebis kritikuli

temperatura ganisazRvreba maTi mdgradobis dakargvis SesaZleblobis
gaTvaliswinebiT. Tavis mxriv, elementebis mdgradobis dakargvas gansazRvravs,
mdgradobis kritikul deformaciasa da moqmedi datvirtviT gamowveul
deformacias (sawyiss anu xanZramde) Soris sxvaoba. misi mniSvneloba tolia:

∆ε = ,
SekumSuli elementebisaTvis gaxurebis kritikuli temperatura, roca

Δε≤20 dgindeba ∆ε sididisa da Υთერ.-is mixedviT, xolo roca Δε >20 ,
maSin formulebiT: Tკრ.=750 – 440 Υთერ., როცა Υთერ.<0,6; Tკრ.=1330 (1-Υთერ.) , როცა Υთერ.≥0,6.

da bolos, viciT ra konstruqciuli elementebis dayvanili sisqe da
gaxurebis kritikuli temperaturis mniSvneloba vadgenT, rogorc
Termodaucveli foladis konstruqciebis, aseve, sxvadasxva Termodacvis qveS
myofi konstruqciebis Termomedegobas anu im drois xangrZlivobas, romlis
ganmavlobaSi SesaZlebelia konstruqciaSi miRweul iqnas gaxurebis kritikuli
temperatura.

gaangariSebebis Semdeg etapze gamoiTvleba Senobis Termomedegobis
xarisxi da calkeuli konstruqciebis Termedegobis zRvruli mniSvnelobebi.
miRebuli maCveneblebis Sesabamisad SeirCeva xanZarmedegi dafarvis xerxebi,
saSualebebi da maTi sisqeebi. Sesabamisad dgindeba Termomedegobis zRvruli

maCveneblebi R90, R45 da R. Termodamcavi saSualebebis Termoefeqturoba
zRvruli mdgomareobis dadgomis mixedviT iyofa Svid jgufad: 1 - araumcires

150 wuTisa (R150); me-2 - araumcires 120 wuTisa (R120); me-3 - araumcires 90 wuTisa

(R90); me-4 - araumcires 60 wuTisa (R60); me-5 - araumcires 45 wuTisa (R45); me-6 -

araumcires 30 wuTisa (R30) da me-7 - araumcires wuTisa (R).
Termodaucveli liTonis konstruqciebis mcire cecxlmedegoba

ganpirobebulia liTonis didi TbogamtarobiTa da mcire TbotevadobiT,  rac
iwvevs did temperaturagamtarobas. amitomac, siTbo swrafad vrceldeba
konstruqciis SigniT.  am mizeziT, xanZrebis an Termuli zemoqmedebis dros,
Termodaucvel liTonis konstruqciebSi temperatura swrafad aRwevs metalis
gaxurebis kritikul mniSvnelobas, romlis drosac masalis simtkicis
maxasiaTeblebi im sididemde mcirdeba, rom konstruqcia kargavs unars
gauZlos masze modebul datvirTvas da dgeba mzidunarianobis dakargvasTan
dakavSirebuli zRvruli mdgomareoba.

liTonis konstruqciebis Termomedegobis amaRlebis RonisZiebebia:

1. liTonis konstruqciebis uwvadi, maRaliTermodamcavi Tvisebebis mqone
masalebiT mopirkeTeba. am SemTxvevaSi, SesaZlebelia gamoyenebul iqnas
betonis filebi, keramikuli masalebi, baTqaSi. magaliTad 2,5 sm. sisqis baTqaSi
zrdis Termomedegobis zRvars liTonis konstruqciebisaTvis R50-mde. xolo,
naxevari aguriT mopirkeTeba - R300-mde. es meTodi Termomedegobis amaRlebis
TvalsazrisiT Zalian efeqturia, magram dakavSirebulia konstruqciis
sakuTari wonis gazrdasTan da iTxovs Sromatevad teqnologiur operaciebs;

2. liTonis konstruqciebis zedapiris specialuri Termodamcavi saRebavebiTa
da sacxebiT dafarva. am dros Termodamcavi dafarva maRali temperaturis
zemoqmedebisas amoiburceba da Termoizolirebas ukeTebs liTonis zedapirs.
magaliTad, 2-3 mm.-iani sacxiT dafarva maRali temperaturis zemoqmedebisas
garkveuli drois ganmavlobaSi liTonis konstruqciis zedapirze warmoqmnis
masalis namat fenas 25-35 mm.-s sisqis farglebSi. es xerxi saSualebas iZleva

liTonis konstruqciebis Termomedegoba gaizardos R45-R60-mde;
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3. konstruqciebis moculobaTa Sevseba mudmivi an saavario, bunebrivi an
iZulebiTi cirkulirebis mowyobilobebiTa da saSualebebiT;
4. liTonis konstruqciebis aRWurva wylis Wavlis gamfrqvevi

mowyobilobebiT;
5. saTavsoebSi damcavi Sekiduli Weris mowyoba.

rac Seexeba rkinabetonis samSeneblo konstruqciebis Termomedegobas. misi
Semcireba SeiZleba gamoiwvios: betonis simtkicis Semcirebam, misi gadaxurebis
gamo; armaturis Termulma gafarToebam da cocvadobam; konstruqciis ganikveTSi
gamWoli xvrelebisa da bzarebis warmoSobam da Termosaizolacio unaris
daqveiTebam. rkinabetonis Runvaze momuSave elementebis Termomedegoba meryeobs,
rogorc wesi, R45 - R90-is farglebSi, xolo kolonebisaTvis R90 - R150-is
farglebSi.

rkinabetonis samSeneblo konstruqciebis Termomedegobis gazrdis mizniT
rekomendebulia Semdegi RonisZiebebis gatareba: betonis damcavi fenis sisqis
gazrda; konstruqciis arawvadi masaliT mopirkeTeba; saTavsoSi Termuli
datvirTvis Semamcirebeli RonisZiebebis gatareba; konstruqciaze mosuli
meqanikuri datvirTvebis Semcireba da iseTi muSa armaturis gamoyeneba,
romelsac gaaCnia gaxurebis ufro maRali kritikuli temperatura.

3. daskvna

mosalodneli sagangebo situaciebis SemTxvevaSi, xanZriT gamowveul
Tbur zemoqmedebaze samSeneblo konstruqciebis Termuli medegobis Sefasebisa
da Tburi gamosxivebis zemoqmedebaze maTi cecxlmedegobis amaRlebis
RonisZiebebis dasaxvis mizniT, pirvel etapze, ganisazRvreba savaraudo wvis
produqtebis fizikuri da qimiuri Tvisebebis gaTvaliswinebiT xanZris Sedegad
wvis Tburi gamosxivebis nakadis simkrive, dgindeba Tburi zemoqmedebis zonis
gavrcelebis radiusi da maTi saSualebiT samSeneblo konstruqciebSi SesaZlo
maqsimaluri temperatura. Sefasebis meore etapze, temperaturis es sidide
saWiroa SevadaroT foladis simtkicis Semamcirebeli temperaturuli
koeficientiTa da konstruqciuli elementis dayvanili sisqiT dadgenil
konstruqciis kritikul temperaturas. Tu temperatura gadaaWarbebs saTanado
cecxlmedegobis ganmsazRvrel kritikul temperaturas, saWiroa daproeqtdes
cecxlmedegobis amaRlebis RonisZiebebi an gengegmaze moxdes Tburi
zemoqmedebis zonis gavrcelebis radiusis gaTvaliswinebiT obieqtebs Soris
manZilebis varireba, aseve, am obieqtebs Soris Termuli gamosxivebis amrekli
specialuri konstruqciebis gaTvaliswineba.

literatura
1. sagangebo situaciebSi kritikuli infrastruqturis dacvis safuZvlebi.

T.melqaZe. saxelmZRvanelo. sagamomcemlo saxli „teqnikuri
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SenobaTa energoefeqturobis gazrda SemomzRudi
konstruqciebis optimaluri Tboteqnikuri maxasiaTeblebis

SerCeviT

m. grZeliSvili, a. kopaliani, i. marRiSvili
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175, Tbilisi,

saqarTvelo)
reziume: statiaSi ganxilulia SenobaTa energodazogvis sakiTxebi
SemomzRudi konstruqciebis optimaluri Tboteqnikuri
maxasiaTeblebis SerCeviT da am maxasiaTeblebis mixedviT Sedgenil
SemomzRudi konstruqciebis temperaturul-tenianobrivi reJimebis
SeswavliT.
am sakiTxis Seswavla uzrunvelyofs SenobaTa Tburi energiis

moTxovnilebis minimumamde dayvanas an SenobaTa gaTbobis sistemebis
srul ugulebelyofas, ise rom ar dairRves saTavsebis mikroklimatis
uzrunvelyofis normatiuli parametrebi.
sakvanZosityvebi: energoefeqturoba, energomoTxovnileba, Tburi
reJimi, pasiuri saxli, Tboteqnikuri gaangariSeba, Tbogamtaroba,
Tbogadacema, Termuli winaaRmdegoba.

1. ESesavali
sxvadsxva eqsperimentuli SefasebebiT msoflioSi energiis ZiriTadi

wyaroebis (navTobi, gazi, naxSiri) maragi sakmarisia maqsimum 100 weli.
ganviTarebul qveynebSi moxmarebuli energiis daaxloebiT 42% modis Senoba-
nagebobebze. amitomac energoresursebis dazogvis erT-erTi ZiriTadi gza
SenobaTa energoefeqturobis gazrdaSi mdgomareobs.

2. ZiriTadi nawili
energoefeqturi mSenebloba Tanamedrove samrewvelo da samoqalaqo

mSeneblobis erT-erTi inovaciuri mimarTulebaa, romelic msoflioSi
warmatebiT viTardeba, saqarTveloSi ki jerac ar dawyebula. Tanamedrove
energoefeqturi mSeneblobis dasawyisad, pirveli msoflio energetikuli
krizisi, anu 1973 weli iTvleba.

pirveli energoefeqturi saxli (saofise Senoba) agebul iqna 1974 wels

q. manCesterSi (aSS). am Senobis energomოხმარეbis Semcireba moxda orSriani
SemomzRudi konstruqciebis, mzis radiaciis efeqturi da SenobaTa
mikroklimatis uzrunvelyofis kompiuteruli marTvis sistemebis
gamoyenebiT.

energoefeqturobis gazrdis mizniT samuSaoebi warmatebiT mimdinareobs

evropaSi. dasavleT evropis qveynebSi daaxloebiT 12000 energoefeqtუri
Senobaa agebuli. am mxriv lideri qveynebia germania, fineTi, dania.
energoefeqturi mSeneblobis teqnologiis danergviT SesaZlebeli xdeba
tradiciul SenobebTan SedarebiT 40% energiis dazogva. nax. 1 naCvenebia

საყოფაცხოვრებო energomoxmarebis sidideebi. rogorc am naxazidan Cans
energiis yvelaze didi momxmarebelia gaTbobisa da cxeli wliT momaragebis
sistemebi (86%). swored am sistemebSi unda vecadoT energomoTxovnilebebis
Semcirebas, rac mniSvnelovnad gazrdis Senobis energoefeqturobas.



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(44), 2017
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

22

nax. 1 energiis moxmareba yofacxovrebaSi 76%-gaTboba, 12%-cxeli wyali, 6%

- macivari, sarecxi manqana და ა.შ., 4% - saWmlis momzadeba, 2% - ganaTeba
SenobaTa energoefeqturobis gazrdis mravali gza arsebobs:

 SenobaTa SemomzRudi konstruqciebidan garemoSi Tbodanakargebis
Semcireba;
 sicivis xidebis minimumade dayvana;
 Senobis hermetulobis gazrda;
 gaTbobis sistemebis mqk gazrda;
 gaTbobis sistemebis marTvisa da regulirebis gaumjobeseba;
 SenobaSi modinebuli siTbos gamoyeneba;
 zafxulis pirobebSi SenobaTa gadaxurebis acileba;
 ganaxlebadi energiis gamoyeneba.

energoefeqturobis gazrdis yvelaze ekonomikuri da martivi gza SenobaTa
zemoT CamoTvlili xerxebidan pirveli samia, rac gamoixateba Senobis garsis
energoefeqturobis gazrdaSi.

Senobis garsi Sedgeba SemomzRudi konstruqciebidan (kedlebi, fanjrebi,
gadaxurva, iataki). swored maTi konstruirebis dros unda moxdes
energoefeqturi RonisZiebebis gatareba. cnobilia rom samSeneblo masalebi,
riTac agebulia Senoba warmoadgenen kapitalur-forebian sxeulebs, romlebSic
mimdinareobs siTbos da masis gadatanis rTuli procesi.

SemomzRudi konstruqciebis kompleqsuri Tboteqnikuri gaangariSebis
safuZvelze unda moxdes misi masalis da sisqis gansazRvra sanhigienuri da
teqniko-ekonomikuri maxasiaTeblebis gaTvaliswinebiT. SemomzRudi
konstruqciis kompleqsur Tboteqnikuri gaangariSebis qveS igulisxmeba misi
temperaturuli, tenianobrivi da sahaero reJimebis Seswavla. konstruqcia
SerCeuli unda iqnas ise, rom ar moxdes mis sizrqeSi temperaturis dasaSveb
zRvarze dabla dacema. temperatura kedlis sizrqeSi yovelTvis meti unda iyos
namis wertilze (t>tn), raTa ar moxdes kedlis sizrqeSi difundirebuli wylis
orTqlis kondesacia da konstruqciis mosalodneli datenianeba. konstruqciis
datenianeba iwvevs sokovani mikroorganizmebis warmoqmnas, konstruqciis
daSlas da energodanakargebis gazrdas, radganac dateninebul kedelSi
mkveTrad izrdeba misi Tbogamtarobis koeficienti.

SemomzRudi konstruqciis Tboteqnikuri angariSis aucilebeli pirobaa,

rom saWnorm
00 RR  (1)

e.i. konstruqciis normirebuli Termuli winaaRmdegobis sidide unda iyos
misi saWiro Termuli winaaRmdegobis R0

saW toli.
sadac R0

saW – SemomzRudi konstruqciis bazuri saWiro Termuli

winaaRmdegobaa, m2C/vt da igi mSeneblobis raionis gaTbobis sezonis gradus
dReebzea damokidebuli.

gaTbobis sezonSi grad. dReebis raodenoba gamoiTvleba formuliT:

grad. dR.=(tS-tg)zgaT.sez.CdR/wel. (2)
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sadac: tS – Siga haeris saangariSo temperaturaa zamTris periodSi;
tg – zamTris sezonze gare haeris saSualo temperatura;
z – gaTbobis sezonis xangrZlivoba dReRamobiT.

q. TbilisisaTvis gradus. dReebis raodenoba tolia

rodesac tg8.Cgrad. dR.=(20-4,1)121=1924CdR/wel.

rodesac tg10C grad. dR.=(20-5,3)143=2102CdR/wel.
SemomzRudi konstruqciebis Tboteqnikuri gaangariSebis dros maTi

Termuli winaaRmdegobebis bazuri mniSvnelobebi ganisazRvreba samSeneblo
normebiT [2].

q. Tbilisisa da saqarTvelos umetesi qalaqebisaTvis gradus.dReebis
raodenoba 2000 farglebSia, ris gamoc kedlebis Termuli winaaRmdegobebi unda

iyos 2,1 m2C/vt-is toli e.i. masiuri SemomzRuduli konstruqciebis (kedlebis)
Tbogadacemis koeficientis sidide unda iyos

476,0
1,2

11

0


R

K vt/m2C

saqarTvelos klimaturi pirobebisaTvis damaxasiaTebel regionebSi
kedlis normirebuli Tboteqnikuri maxasiaTeblebi naCvenebia cxril 1-Si.

cxrili 1
adgilmde-
bareoba

gaTbobis
sezonis saS.
temperatura

grad.

gaTbobis
sezonis

xangrZ. dRe-

Rameები

gaTbobis
periodis

grad. dReebi

kedlis
normirebuli

Termuli
winaaRmdegoba

m2C/vt

kedlis
Tbogadacemis
koeficienti

k=1/R0 vt/m2C

Tbilisi 4,1 121 2,1 0,476
axalqalaqi -0,8 206 4284 2,8 0,357
jvari-
gudauri

-1,9 291 6373 3,5 0,286

yazbegi -5,7 365 7380 3,8 0,263
mestia -0,4 202 4040 2,8 0,357

am cxrilSi naCvenebi kedlebis Tbogadacema gacilebiT metia vidre amas
evronormebi iTvaliswinebs, EnEv2009 normebis Tanaxmad kedlis Tbogadacema

k=0,24vt/m2C. aseTi maxasiaTeblis saSualebiT agebul saxlebs evropaSi
energoefeqturi saxlebi ewodeba. siTbos xvedriTi xarji aseTi saxlebis agebis
dros orjer mcirea vidre amas iTvaliswinebs СниП. evropaSi es normebi kidev
ufro gamkacrebulia da miRეbulia axali norma, romlis Tanaxmadac

k0,15vt/m2C. saxlebi, romlebic am moTxovnebs akmayofileben iwodebian pasiur
saxlebad. evroparlamentis gadawyvetilebis Tanaxmad 2018 wlidan agebul
saxlebSi misi kedlis Tbogadacema unda akmayofilebdes pirobas

k0,1vt/m2C.saxlebi aseTi Tboteqnikuri maxasiaTeblebiT warmoadgenen e.w.
`nulovani energomoTxovnilebis” saxlebs, rac imas niSnavs, rom aseT saxlebSi
siTbos xarji Senobis gaTbobaze nulis tolia e.i. Senoba SeiZleba agebul
iqnas gaTbobis sistemis gareSe. am Senobis SemomzRudi konstruqciebi
uzrunvelyofen rogorc sanhigienuri aseve komfortuli pirobebis srul
dacvas.

amrigad Tanamedrove energoefeqturi mSeneblobis ZiriTad kriteriumad
SeiZleba CaiTvalos SenobaTa energomoTxovnileba. wlis ganmavlobaSi Tu

SenobaTa gasaTbobad energomoTxovileba Seaდgens 90vt/m2C Senoba

energoefeqturia. Tu 45vt/m2C-ze naklebia Senoba energopasiuria; 15vt/m2C
energomoTxovnilebis dros saxli nulovani energomoTxovnilebisaa. am
ukanasknel SemTxvevaSi saxlis gasaTbobad energia ar gvesaWiroeba, igi mxolod
cxeli wylis mosamzadebladaa saWiro.
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zemoT dasaxeleბuli energomoTxovnilebis dakmayofileba ZiriTadad
damokidebulia Senobis SemomzRudi konstruqciebis Tboteqnikur
maxasiaTeblebze, romlebic ZiriTadad am konstruqciis sisqiT ganisazRvreba.

q. Tbilisis klimaturi pirobebisaTvis erTgvarovani SemomzRudi
konstruqciis sisqeebi naCvenebia cxril 2-Si.

erTgvarovani SemomzRudi konstruqciis sisqeebi q. TbilisisaTvis
cxrili 2

# kedlis masala simkvrive kg/m3 Tbogamtarobis

koeficienti vt/mC
sisqe , m

1 penოpolisტიროლის
filebi

25-30 0,044 0,09

2 eqstrudirebuli

penopოlistiroli

25-33 0,03 0,065

3 keramzitobetoni 1600 0,79 1,659
4 Tixis Cveulebrivi

gamomwvari aguri
1800 0,81 1,7

5 betoni 2400 1,86 3,9
6 rkinabetoni 2500 2,04 4,3

rogorc am cxrilidan Cans arc erTi samSeneblo masala ar zis realur

farglebSi. msubuqi Tbosaizolacio masalebis sisqeebi (96,5 sm) Zalian mcirea,
rac konstruqciuli TvalsazrisiT dauSvebelia. aseve dauSvebelia tradiciuli
samSeneblo masalebiT SemomzRudi konstruqciebis mowyoba. Tixis Cveulebrivi
gamomwvari aguris SemTxvevaSi kedlis sisqe unda iyos 1,7 m, xolo rkinabetonis
SemTxvevaSi es sisqe unda iyos ara nakleb 4,3  metrisa.

amrigad energoefeqturi Senobebis SemomzRudi konstruqciebis

daproeqtebis dros dakmayofilეbuli unda iqnas rogorc konstruqciuli
moTxovnebi, aseve Tburi reJimis pirobebi. am miznis misaRwevad saukeTeso
Sedegebs iZleva ori an mravalSriani SemomzRudi konstruqciebi.

cxril 2-Si naCvenebia orSriani Semomzudi konstruqciis (kedlis)
Tbogadacema. rodesac am kedlis konstruqciul masalad gamoyenebulia Tixis
Cveulebrivi gamomwvari aguri sisiqT 25 sm da rkinabetoni sisiqiT 20 sm.
Tbosaizolacio masalad gamoyenebulia eqstrudirebuli penopolistiroli

sisqiT 12(15), 20 da 30 სმ. samive SemTxvevaSi xdeba Tburi energiis mniSvnelovani
dazogva. amasTanave pirvel SemTxvevaSi, rodesac Tbosaizolacio Sris sisqe
12(15) sm-ia kmayofildeba EnEv2009 moTxovnebi da aseTi kedlebiT agebuli
saxlebi energoefeqturia. meore SemTxvevaSi, rodesac Tbosaizolacio Sris

sisqe 20 sm-ia, gvaqvs pasiuri saxli (k15vt/m2C). mesame SemTxvevaSi, rodesac
Tbosaizolacio Sris sisqe 30 sm-ia gvaqvs nulovani energomoTxovnilebis

saxlebi romlebic akmayofileben ZERO standarts (k0,1vt/m2C).
Tu kedlebs movawyobT erTშრians, sakedle blokebით, romlis

Tbogamtarobis koeficienti tolia 0,09 vt/mC SegviZlia mivaRwioT, rogorc
energoefeqturi aseve pasiuri saxlis standartebs.

orSriani SemomzRudi konstruqciis (kedlis) Tbogadacema
q. TbilisisaTvis cxrili 3

kedlis konstruqciuli
nawili

Tboizolacia kedlis Tbogadacema

k vt/m2C
aguris wyoba

=25 sm
=0,66 vt/mC

eqstrudirebuli
penopolistroli

=0,03 vt/mC
=12 sm 0,22

0,14
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=20 sm
=30sm

0,99

rkinabetoni

=2500 kg/m3

=20 sm

=2,5 vt/mC

eqstrudirebuli
penopolistroli

=0,03 vt/m2C
=15 sm

=20 sm
=30sm

0,19
0,14
0,1

analogiuri Tboteqnikuri angariSebi unda Catardes sxva masiuri
SemomzRudi konstruqciebisaTvis (iataki, saxuravi). maTi Tbogadacemac unda
iyos kedlis Tbogadacemis koeficientis toli. rac Seexeba SuqgamWvirvale

SemomzRud konstruqciebs (fanjrebi, aivnis karbebi, Suqfaნrebi), maTi
Tbogadacemis koeficienti pasiuri da nulovani energomoxmarebis

saxlebisaTvis 0,8 vt/mC ar unda aRematebodes.
Cveulebrivi energodamzogi saxlebisaTvis SemomzRudi konstruqciebis

bazuri Termuli winaRmdegobebi mSeneblobis raionis gradus.dReebis
mixedviT aiReba СниП-dan [2].

SemomzRudi konstruqciebis daproeqtebis dros saWiroa Catardes
kompleqsuri Tboteqnikuri gaangariSeba, rac gulisxmobs am konstruqciis
saeqspluatacio temperaturuli, tenianobrivi da sahaero reJimebis dadgenas.
eqspluataciis pirobebSi SemomzRud konstruqciebSi wylis orTqlis
difuziis dros maTi SesaZlo datenianeba iwvevs am konstruqciis
Tbogamtarobis mkveTr gazrdas, rac zrdis Tburi energiis xarjs Senobis
gaTbobaze da qmnis saTavsebSi diskomfortul pirobebs.

a)

Siga       gare (sm)
b) g)

Siga        gare (sm) Siga        gare (sm)

nax. 2 SemomzRudi konstruqciis masalis da namis werilis temperaturis
cvlilebis grafikebi mis sizrqeSi
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me-2 naxazze naCvenebia sxvadasxva konstruqciuli masalebisgan agebuli
gare kedlebis temperaturul-tenianobrivi reJimebi rogorc orSriani, aseve
erTSriani SemomzRudi konstruqciebisaTvis.

orSriani kedlebi ganxiluli gvavqs rkinabetonisTvis sisqiT 20 smM DA
Tixis Cveulebrivi gamomwvari agurisaTvis sisqiT 25 sm (erTi aguri). orive
SemTxvevaSi kedlis konstruqciuli nawili garedan dafarulia

eqstrudirebulio penopოlistირolis Tboizolaciთ. erTSriani kedlis
SemTxvevaSi ki ganxiluli gvaqvs 350 kg/m3 simkvivis penobloki sisiqiT 40 sm.

rogorc aguris (k=0,09vt/m2C) aseve rkinabetonis (k=0,1vt/m2C) SemTxvevaSi
SemomzRudi konstruqcia pasuxobs ZERO standarts, xolo erTSriani

penoblokis SemTxvevaSi k=0,22<0,24vt/m2C es konstruqcia akmayofilebs
EnEv2009-is moTxovnebs, rac mis energoefeqturobis maCvenebelia.

am grafikebze zemo mrudebi gviCeneben Sesabamis kedlis sisqeSi
temperaturis ganawilebas, xolo qveda mrudebi am temperaturis Sesabamis

namis werტilebs. q. TbilisisaTvis gare haeris saangariSo temperatura,

tg=2,1C, da fardobiTi tenianoba g=76% aRebulia СниП-is mixedviT. saTavsis

haerisaTvis t=23C, xolo =50% .
rogorc am grafikebidan Cans arc erT ganxilul konstruqciaSi

difundirebuli wylis orTqlis kondesacias adgili ara aqvs, radganac
grafikze naCvenebi temperaturuli (zemo) da tenianobrivi (qvemo) mrudebi
erTmaneTs ar kveTs.

aRsaniSnavia is faqtic, rom samive ganxiluli konstruqciisaTvis
temperaturuli sxvaoba saTavsis haerisa da gare kedlis Siga zedapirs

Soris 0,3-is farglebSia. es ki imis maCvenebelia, rom Senoba agebulia
Tbili garsisagan rac gamoricxavs adamianis mier gamosxivebiT
Tbogadacemas. es ki qmnis mikroklimatis idealur pirobebs, maSin rodesac
SenobaSi gaTbobis sistema ar funqcionirebs.

3. daskvna
Senoba-nagebobebi warmoadgenen qveynis yvelaze did

energomomxmareblebs. qveynis saerTo moxmarebuli energiis 42% swored

maTze modis. am energiis 87% modis gaთbobisa da cxeli wyalmomaragebis
sistemebze. amitom sistemebSi Tburi energiis da Sesabamisad wiaRiseuli

saTbobis dazogva energomomarაგebis prioritetuli mimarTulebaa.
energodazogvis yvelaze martivi gzaa SenobaTa energoefeqturobis

gazrda SemomzRudi konstruqciebis Tboteqnikuri maxasiaTeblebis
gaumjobesebis gziT. masiuri SemomzRudi konstruqciebis (kedlebi,

gadaxurvebi, iatakebi) Tbogadacemis Semcireba 0,1 vt/m2C–mde mogvcems
saSualebas avaSenoT saxlebi, sadac gaTbobis sistemis mowyoba saWiro ar
iqneba. dRevandeli saSeni masalebis nairsaxeoba gvaZlevs saSualebas
davaproeqtoT iseTi SemomzRudi konstruqciebi, romlebic uzrunvelyofen
SenobaTa mikroklimatis parametebs, energiis minimaluri danaxarjebiT an
mis gareSe.
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garemos daproeqteba

r. imedaZe, T. maRraZe, l. beriZe

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

reziume: ukanasknel periodSi sazogadoeba iCens maRal dainteresebas
garemos gaumjobesebis Sesaxeb, rogorc arsebul qalaqebsa da
dasaxlebul punqtebSi ise qalaqebis gasafarToebel teritoriebis
mimarT. magram sazogadoebas SeuZlia mxolod miuTiTos
naklovanebebze da gamoxatos ukmayofileba arsebul mdgomareobaze.
aucilebelia Seiqmnas qmediTi meqanizmi raTa dakmayofildes
sazogadoebis moTxovna garemos normalurad dacvasTan dakavSirebiT.
Tu yvela profesiis warmomadgeneli ar iqneba garemos dacvis
sistemis aqtiuri mxardamWeri, maSin vin aiRebs Tavis Tavze am rols.
sazogadoebasTan erTad aq pirvel rigSi aqtiurad unda CaerTon
arqtiteqtorebi, mSeneblebi, metalurgebi, transportis muSakebi da
sxva mimarTulebis warmomadgenlebi. mocemul statiaSi avtorebi
Seecadnen am sakiTxis gadawyvetis sakuTari xedva warmoedginaT,
romlebic iTvaliswineben sazRvargareTis mowinave qveynebis
gamocdilebas.
sakvanZo sityvebi: garemo, gardaqmna, dacva, urbanizacia.

1. Sesavali
dRevandel dRes mwvaved dgas problema qalaqebisa da dasaxlebul

puqtebSi da maT axlo ganlagebul teritoriebze garemos dacvasTan
dakavSirebiT. am problemas didi yuradReba eqceva mTeli msoflios mowinave
qveynebSi. es problema aqtiurad dgas saqarTvelos winaSe. garemos
daWuWyianebis Tavidan acilebis problema mwvave gaxda urbanuli
problemebis mzardi pirobebis gamo gansakuTrebiT didi qalaqebSi, maT
Soris TbilisisTvisac. avtorebis mier statiaSi mocemulia saintereso
midgoma am sakiTxebos gadawyvetisaTvis.

2. ZiriTadi nawili
inJinrebi yvelaze metad unda iyvnen dainteresebulni daamuSaon

sistemebi, romlebSic CarTuli iqneba mraval komponentSi termini
`sistemuri proeqtireba” Seadgens profesionaluri enis nawils. magram
garemos dacvis damproeqteblebs ara aqvT damuSavebuli qalaqis dacvis
sistemebi, ar awarmoeben sistemur analizs qalaqis teritoriebis dacvis
Sesaxeb. garemos damproeqteblebma unda daproeqton is samuSao, romelic
gaaumjobesebs garemos. amisaTvis miwveuli unda iyvnen sxva profesiis
adamianebi, romlebic gaakeTeben analizs daproeqtebis mimdinareobis dros
da daexmarebian maT.

magaliTad, Tu proeqtdeba qalaqis romelime saavtomobilo gza, xalxis
gadasayvanad A punqtidan B-Si, aucileblad gaTvaliswinebuli unda iyos misi
gavlena garemoze.
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aseve unda daproetdes qalaqis saavtomobilo gzebi imis
gaTvaliswinebiT, rom qalaqi izrdeba. amave dros unda ganisazRvros
qalaqis ganviTarebis sqema da gamoyenebuli iqnas saavtomobilo gzebi
qalaqis ganviTarebis xelisSemwyob faqtorad.

es magaliTebi aCveneben, rom damuSavebuli ar aris qalaqis
ganaSenianebis saWiro elementebi, romlebic daproeqtebuli unda iyos
sxvadasxva profesiis adamianebis CarTviT garemos gardaqmnis da Seqmnis
mizniT, e.i. saWiroa am ganmsazRvreli elementebis daproeqteba, rogorc
nawili saerTo problemisa.

Cven vlaparakobT sistemaze, romlis ganxorcilebisTvis saWiroa
damkveTi. (inJineri, arqiteqtori, landSaftis dizaineri, ekologi,
damgegmarebeli) da sxva. damkveTad SeiZleba agreTve mogvevlinos qarxnis
mSeneblebi, saavtomobilo gzebis sammarTvelo, satransporto kompania,
metropolitenis mSeneblebi, rkinigzis mSeneblebi, qalaqis meria, qalaqis
miwiqveSa qselebis mSeneblobis samsaxurebi, sacxovrebeli nagebobebis
mSeneblebi da sxva. swored am individualuri damkveTebisaTvis muSaoben
damproeqtebeli organizaciebi.

xSirad aseTi damkveTebi ar arseboben. amitomac saWiroa am sakiTxis
mimarT sistemuri midgoma. amisaTvis qalaqebSi  am sakiTxis gadawyveta Tavis
Tavze unda aiRos qalaqis municipalitetma garemos dacvis bunebrivi
resursebis saministrosTan erTad. Sesabamisaf damproeqteblebi, romlebic
awarmoeben garemos gaumjobesebis samuSaoebs, amave dros pasuxismgeblebi
arian sazogadoebis winaSe proeqtebis maRali xarisxiT SesrulebisaTvis,
romelsac unda akontrolebdes qalaqis meriis TanamSromlebi da
praqtikulad ganxorcilebeis dros gauwios mas teqnikuri zedamxedveloba.

garemos damproqtebelma specialistebma unda gaiTvaliswinon
mosaxleobis moTxovnebi. garemos daproeqtebis sakiTxi, scildeba calkeuli
pirebis kompetenciis zRvrebs. damkveTad unda gamodiodes mosaxleoba,
romlebic dainteresebulia garemos gaumjobesebiT da ara marto romelime
eqsperti. Sedegad warmoCndebian sazogadoebrivi damkveTebi, romlebic
dainteresebuli arian sakiTxze sistemuri midgomiT, rogorc qalaqis
tertoriebis gafarToebis, ise Cveni qlalqebis centris rekonstruqciis
dros.

dRevandel dRes aucilebelia aseTi damkveTebis arseboba, ramdenadac
faqtia, rom, qveyanaSi mimdinareobs urbanizaciis procesi, rac iwvevs
qalaqebis gazrdas, rac qveynis ganviTarebis Tanmdevia.

maSinac ki mosaxleobis zrda, rom iyos mcire, mainc Seiqmneba axali
ojaxebi da aucilebeli gaxdeba maT sacxovrebliT uzrunvelyofa,
momsaxureba da ganaTlebis kerebis da skolamdeli asakis dawesebulebebiT
uzrunvelyofa.

am sastiaSi avtorebma gvinda gaCvenoT, rom Cvens qveyanaSi mimdinareobs
qalaqebis zrda, gansakuTrebiT Cveni dedaqalaqis Tbilisis da jer kidev
araa damuSavebuli am problemis gadawyvetis koncefcia damakmayofilebeli
garemos Seqmnis mizniT. amitom unda gagrZeldes garemos gardaqmnis
RonisZiebebi qalaqebis da mis mosazRvre teritoriebisaTvis.

es sakiTxi aqtualuria msoflios yvela qveynisaTvis, romelsac did
yuradRebas da saxsrebs uTmoben. magaliTad, aSS-Si qalaqebSi Seqmnes
specialuri saproeqto organizaciebi, romlebic muSaoben saavtomobilo
gzebis, estakadebis da fabrikebis daproeqteba ganlagebaze, maT am
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sakiTxebis gadawtvetisas exmarebian TiTqmis yvela dargis speciulistebi da
mosaxleobis warmomadgenlebi.

Cvens qveyanaSi arsebuli garemos dacvis da bunebrivi resursebis
saminsitro pirdapir valdebulia yuradReba miaqcios garemos gaumjobesebas
dasaxlebul punqtebSi da mis gareT da is Tavisi SesaZleblobis mixedviT
akeTebs kidec. magram rac Seexeba qalaqebs da SedarebiT did provinciul
dasaxlebebs aq pasuximgebloba municipalitetebzea, romlebmac yuradReba
unda miaqcion aqceven qalaqebSi mimdinare mSeneblobebs, transports, sagzao
meurneobas, qalaqis miwiqveSa qselebis mSeneblobas, kavSirgabmilobis da
kulturuli obieqtebis mdgomareobas, teritoriebis aTvisebas da sxva.

municipalitetebi dRevandel DdRes ver awarmoeben qalaqebis
mSeneblobas, magram maT SeuZliaT kontroli gauwion mSeneblobas da sxva
saqmianobebs, romlebsac SeuZliaT garemos gauareseba. es samuSaoebi
yovelTvis Sesabamis doneze ar sruldeba, rac gamoisaxeba mSenebeli
organozaciebis mier garemos gauaresebaze naklebi yuradRebiT.

sxvadasxva qveynebSi es sakiTxi sxvadasxvanairad wydeba. evropis
qveynebSi (germania, safrangeTi, inglisi, italia, avstria, Sveicaria, dania,
Svecia, holandia) da sxva, agreTve amerikis SeerTebuli Statebi am sakiTxis
gadasawvetad qalaqmSeneblobis korporaciebTan erTad CarTulia
municipalitetebi. iseTi sakiTxebis gadawvetisas rogoricaa: axali ubnebis,
gzebis, miwsiqveSa qselebis, Tavisufali teritoriebis aTvisebis samuSaoebis
warmarTva, xdeba qalaqebis generaluri gegmis mixedviT.

rac Seexeba Cvens qveyanas, TbilisisaTvis, rogorc CvenTvis cnobilia
damuSavebulia generaluri gegma da yvela mSenebloba, romelic xdeba Cven
dedaqalaqSi unda daemorCilos mas. amis Sesrulebas kontroli unda
gauwios qalaqis meriis samsaxurebma, specialistebma da sazogadoebis
warmoamadgenlebma im mizniT, rom SenarCunebuli da gaumjobesebuli iqnas
janmrTeli garemo qalaqmSeneblobaSi mimdinare procesebis miuxedevad.

3. daskvna

mzardi urbanizaciis pirobebSi ufro cxadad vlindeba im faqtis
niSnebi, rom dedamiwas ar gaaCnia usazRvro SesaZleblobebi. arqiteqturebs
da mSeneblebs ukve aRar SeuZliaT daaproeqton calkeuli kompleqsebi, Tu
ar gaiTvaliswineben maT gavlenas qalaqze. damproeqteblebs mudmivad unda
axsovdeT didi da rTuli damkveTi-sazogadoeba da damkveTi organizacia.
amitom garemos damproeqteblebs esaWiroebaT miiwvion sxvadasxva profilis
specialistebi.
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mcire manqana-meqanizmebis da mowyobilobebis
gamoyeneba mSneblobaSi

i. qvaraia, a. firosmaniSvili

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

reziume: statiaSi ganxilulia, erT-erT ukiduresad SezRudul pirobebSi
mSenebare obieqtze mcire manqana-meqanizmebis da mowyobilobebis
gamoyenebis SemTxveva, romelmac Zalian gaamartiva samuSaoebis warmoeba.
sakvanZo sityvebi: mSenebloba, dabetoneba, betoni, amwe, montaJi,

demontaJi, eqskavatori, damtvirTavi, Wra.

1. Sesavali
samSeneblo procesebis warmoebis dros, Zalian didi mniSvneloba aqvs

manqana-meqanizmebis efeqturad gamoyenebas. samSeneblo praqtikaSi,
samwuxarod dResac aqvs adgili martivi samuSaoebis Sesasruleblad didi
simZlavris manqanebis da danadgarebis gamoyenebas, rac xSirad
gaumarTlebel SromiT da materialur danaxarjebs iwvevs. es ZiriTadad
ganpirobebulia samuSaoebis arasworad dagegmvisa da meqanizmebis SerCevis
dros daSvebuli SecdomebiT. adre, Tu aseTi mdgomareobis gasamarTleblad
ZiriTadad Sesabamisi meqanizmebis ar arseboba iTvleboda, amJamad
samSeneblo teqnikis bazarze nebismieri saxis da simZlavris manqana-
mowyobilobis moZiebaa SesaZlebeli. q. Tbilissi erT-erTi Zalian
mniSvnelovani obieqtis ukiduresad SezRudul pirobebSi mSeneblobisas,
samSeneblo warmoebis teqnologiuri proeqtis Sedgenis dros
gansakuTrebuli yuradReba daeTmo manqana-meqanizmebis SerCevis sakiTxs.
romelmac sakmaod mniSvnelovani kvlevebis Catareba moiTxova. kvlevebis
Sedegebis analizis Sedegad dadgenili iqna manqana-danadgarebis yvelaze
optimaluri tipebi. magaliTad: didgabaritiani amweebis gamoyenebis nacvlad,
tvirTebis mosawodeblad da betonis Casasxmelad mravalsarTuliani
Senobebis sarTulSua gadaxurvebze mini damtvirTvelis („bob-kati“)
gamoyenebam TiTqmis 60% Seamcira am mizniT xarjTaRircxviT
gaTvaliswinebuli xarjebi, xolo saqalaqo qvis kibeebis rekonstruqciis
samuSaoebis Sesrulebam mini eqskavatoris saSualebiT kidev ufro
mniSvnelovnad gazarda efeqturobis procenti.

2. ZiriTadi nawili

gansakuTrebiT didi moTxovnilebiT sargeblobs mSeneblobebze mini-
damtvirTveli “bob-kati”. es ganpirovnebulia mcire gabarituli zomis mqone
manqanis universaluri TvisebebiT. misi saSualebiT SesaZlebelia sxvadasxva
samSeneblo tvirTebis gadatana da miwodeba dasrulebuli Senobebis
sarTulebze, sadac SeuZlebelia an didi danaxarjebTan aris dakavSirebuli
sxva amwe-meqnizmebis gamoyeneba. nax.1-ze moyvanilia  Senobis saxuravze “bob-
katis” muSaobis amsaxveli foto. misi saSualebiT xdeba aseve Senobis
miudgomeli teritoriebis samSeneblo nagvisagan gawmenda da gamotana. igi
Seucvlelia aseT adgilebSi betonis misawodeblad (nax.2). misi gamoyeneba
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imdenad efeqturia, rom SenobebSi Sesayvanad xSirad specialuri Riobebi
ewyoba. nax.3-ze naCvenebia sardafSi samuSaoebis Sesasruleblad winaswar
momzadebul RiobSi “bob-katis” CaSveba, sadac man ramdenime kviris
ganmavlobaSi xeliT Sesasrulebeli samuSao sul ramdenime saaTSi
Seasrula.

nax.1. “bob-katis” gamoyeneba tvirTis misawodeblad Senobis saxuravze

nax.2. betonis miwodeba Senobis SigniT

nax.3. “bob-katis” CaSveba sardafSi specialuri Riobidan

saTanado kvlevisa da saWiro manqana-meqanizmebis gamoyenebis teqnikur-
ekonomikuri maCveneblebis Sedarebis Sedegad Zalian didi moculobis
samuSaoebis Sesruleba gaxda SesaZlebeli saqalaqo qvis kibis
rekonstruqciisas mcire eqskavatoriT. kibis daSla, rkinabetonis pandusis
mowyoba da Semdeg axali safexurebis dawyoba  SezRudul pirobebSi
TiTqmis SeuZlebeli iyo Cveulebrivi amwiT an eqskavatoriT. maTi xeliT
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Sesruleba didi materialuri da SromiTi danaxarjebis garda
dakavSirebuli iyo mSeneblobis vadebis mniSvnelovan  gazrdasTan.  mcire
muxluxiani eqskavatoriT martivad mimdinareobda aseve zedapiris
mosworebisa da qvebis awevis samuSaoebi (nax.4).

praqtikaSi myarad daimkvidra adgili mravalma sxva tipisa da
daniSnulebis mqone mcire manqana-meqanizmebma da mowyobilobebma. isini
Zalian amartiveben samSeneblo procesebis warmoebas. aRniSnul obieqtze
yvelaze xSirad iqna gamoyenebuli rkinabetonis saWreli, almasis piriani
xelsawyo. misi saSualebiT sufTad da martivad moxda Riobebis gaWra
kedelebSi da gadaxurvis  filebSi, rac winaT sangrevi CaquCiT maT
xangrZliv damuSavebas. moiTxovda.

nax.4. saqalaqo qvis kibis rekonstruqcia mcire eqskavatoriT

3. daskvna

mcire manqana-meqanizmebis da mowyobilobebis gamoyeneba Tanamedrove
mSeneblobis erT-erTi mTavari upiratesobaa. maTi dagegmva da
ganxorcieleba SesaZlebelia nebismieri moculobis samuSaos Sesabamisad,
rasac aucileblad unda uswrebdes win Sesabamisi kvleva da maTi teqnikur-
ekonomikuri maCveneblebis yovelmxrivi Sedareba. gansakuTrebiT izrdeba
maTi gamoyenebis efeqturoba ukiduresad Sezudul pirobebSi mSeneblobis
warmoebis dros.
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foladis winaswardaZabuli CarCovani konstruqcia

b. surgulaZe, n. svianaZe, l. firyulaSvili

(saqarTvelos teqnikuri universiteti, m. kostavas q. #68, 0175,
Tbilisi, saqarTvelo)

reziume: ganxilulia axli tipis foladis winaswardaZabuli CarCovani
konstruqcia, romlis konstruqciuli gadawyveta analogebisagan
gansxvavdeba maZlierebeli berketebis ganlagebiT sakoWis dasaZabad
da misi daZabvis axali-gaumjobesebuli sqemiT. aRwerili teqnikuri
gadawyvetiT miiRweva CarCovani konstruqciis yvela elementSi Zabvebis
moxerxebuli regulireba, masalis xarjis Semcireba da nagebobis
saeqspluatacio pirobebis gaumjobeseba saimedoobis gazrdiT.
sakvanZo sityvebi: winaswardaZabuli CarCovani konstruqcia, foladi,
ConCxedi (karkasi),  xidebi, svetebi, maZlierebeli ormxara berketi,
sakoWi, cilindruli sagoravebi, ferdebi, kiloebi, lilvi, damWeri
kavebi, damWimavi mowyobiloba, ZalvaTa regulireba, zidvis unari,
saimedooba, mali, sayrdenebi, Sromatevadoba, Rirebuleba.

1. Sesavali
ganxilulia axali tipis foladis winaswardaZabuli CarCovani

konstruqcia, romelic gankuTvnilia miwiszeda nagebobebis mSeneblobisTvis,
misi  gamoyeneba SesaZlebelia samrewvelo da samoqalaqo daniSnulebis
nagebobebis ConCxedis (karkasis) asagebad da xidebis mSeneblobaSi.
SemoTavazebuli axali tipis winaswardaZabuli CarCovani konstruqciis amgeb
elementebSi gamartivebulia ZalvaTa regulireba, Semcirebulia masalis
xarji da saimedoobis gazrdiT gaumjobesebulia saeqspluatacio pirobebi.

2. ZiriTadi nawili
winaswar daZabuli CarCovani konstruqcia, romelic Seicavs svetebs an

burjebs, sayrdeni nawilebiT dayrdnobil malis naSens, sakoWs, romelic
gadadebulia malis naSenis Sua nawilSi qveda mxares mowyobil
horizontalurRerZian sagoravze da boloebiT mimagrebulia maZlierebeli

ormxara berketebis TiTo bolosTan. malis naSensa da sakoWs Soris
moTavsebulia damWimi saSualeba, gansxvavdeba imiT, rom malis naSeni da
vertikaluri elementebi (svetebi) Sesrulebulia ori Sewyvilebuli
brtyeli konstruqciebisagan, romelTa Soris (RreCoebSi) gatarebulia
sakoWebi, xolo maZlierebeli ormxara berketebi Sesrulebulia samkuTxedis
formis Rerovani elementisagan, romlis marTkuTxa an blagvkuTxa wvero
aRWurvilia samkuTxa elementis sibrtyis marTobulad ganlagebuli wriuli

ganikveTis mqone horizontalurRerZiani ReroebiT. Reroebis boloebi
aRWurvilia cilindruli sagoravebiT, romlebic SeerTebulia vertikalur
sayrdeni svetebis malis mxares ganTavsebul StoebTan (an vertikaluri
elementis ganivi kveTis malis mxares ganTavsebul napirebTan). samkuTxedis
formis elementebis maxvilkuTxian wveroebs gaaCnia vertikaluri kiloebi,
naxvretebi da maTSi ganTavsebuli lilvi, xolo CarCovani konstruqciis
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horizontaluri da vertikaluri elementebis Sua nawilebis Sida mxareebi
aRWurvilia sakoWis damWeri kavebiT da damWimavi mowyobilobebiT,
romlebzec ganTavsebulia horizontaluri da vertikaluri mimarTulebis
sakoWebi. horizontaluri mimarTulebis sakoWebis boloebi saxsruladaa
mimagrebuli ormxara berketebis naSenis Sida mxares ganTavsebul wveroebze,
xolo vertikaluri mimarTulebis sakoWebis boloebi saxsruladaa
mimagrebuli ormxara berketebis naSenis gare mxares ganTavsebul wveroebze
da vertikaluri elementebis qveda ganapira sayrden kvanZebze.

arsebuli (analogiuri) winaswardaZabuli CarCovani konstruqciebis
(romelebic Sedgenilia erTmaneTTan SeerTebuli svetebisa da ori
mTlianganivkveTiani ferdebisagan an gisosovani naxevarwamweebisagan,
ferdebis an naxevarwamweebs (wamweebs) Soris garkveul simaRleze mowyobili
sakoWisagan, sayrdeni kvanZebisagan, sakoWis Casamagrebel elementebisagan,
sistemis damWimav mowyobilobasa da damWimavi Zalis mzom xelsawyosagan [4])
teqnikuri gadawyvetis uaryofiT mxares warmoadgens is, rom sistemis
daZabva xorcieldeba sayrdenebze an malis SuaSi ganlagebuli damWimavi
mowyobilobebis gamoyenebiT, aseve mniSvnelovnad didia winaswardaZabvis
Zalebi da TviTdaZabvis Zalis sidide SedarebiT mcirea winaswardaZabvis
saerTo ZalasTan SedarebiT. damWimavi mowyobilobebis, sayrdeni da sakoWis
Casamagrebeli kvanZebis geometriuli zomebis gamo xSirad SeuZlebelia maTi
gamoyeneba CarCoebis, kamarebis da sxavadasxva saxis konstruqciebis agebisas.
vertikaluri mzidi elementebis (svetebis, burjebis) ganivkveTebSi aseve
garTulebulia ZalvaTa sasurveli gadanawilebis (regulirebis) miRweva.
arsebuli teqnikuri gadawyvetilebebis uaryofiTi Sedegebi iwvevs masalis
xarjis, Sromatevadobis, zidvis unaris, saimedoobis Semcirebasa da saerTo
Rirebulebis gazrdas.

cnobilia agreTve winaswardaZabuli CarCovani konstruqcia, romelic
Seicavs svetebs, CarCos elementebs, winaswardaZabul koWebs sakoWiT,
sakoWis Casamagrebel elementebs, ormxrian berketebs da sistemis damWimav
mowyobilobas konstruqciis (CarCovani konstruqciis, or sayrdenze
ganTavsebul wamwis an  koWis, kombinirebuli kiduli xidis da a.S)
winaswardasaZabad [1,5].

aRniSnuli teqnikuri gadawyvetis uaryofiTi mxarea is, rom
konstruqciebis (ase mag. koWis an wamwis) dasaZabad berketebi ganTavsebulia
CarCos rigelis zeda niSnulze an sayrdenze, rac arTulebs iatakis an
xidis savali nawilis mowyobas, berketis muSaobis uzrunvelsayofad
aucilebelia specialuri xufi, aseve garTulebulia sakoWSi winaswari
daZabvisaTvis saWiro Zalis sididis miRweva da misi regulireba.

ganxiluli axali tipis winaswardaZabuli CarCovani konstruqcia
uzrunvelyofs zemoT moyvanili naklovanebebis acilebas.

ganxiluli axali tipis winaswardaZabuli CarCovani konstruqciis akrefa
warmoebs Semdegi TanmimdevrobiT: 1.ori Sewyvilebuli brtyeli
konstruqciisagan, maT Soris sakoWis gasatareblad saWiro saTanado RreCos
gaTvaliswinebiT, aikrifeba CarCos svetebi (an burjebi) da CarCos naSenis
malis konstruqcia (wamwe an koWi); 2.miRebuli elementebi gaerTmTliandeba
da masze moewyoba ormxara samkuTxa formis berketebi (berketebis damzadeba
SesaZlebelia rogorc erTiani tanis aseve SesaZlebelia misi calkeuli
elementebisagan damzadeba) da damWimavi mowyobilobebisaTvis saWiro
sakvanZo elementebi; 3.maZlierebeli samkuTxa formis berketebze, naSenis
malis konstruqciisa da svetebis Sua nawilSi damontaJebuli damWimavi



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(44), 2017
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

35

mowyobilobebisaTvis saWiro sakvanZo elementebze gadatardeba sakoWebi;
4.gariSebiT saWiro sididiT Catardeba akrefili CarCovani konstruqciis
erTiani daZabva da misi montaJi ConCxedis asagebad.

SemoTavazebuli CarCovani konstruqciis daZabva xorcieldeba
Semdegnairad: malis naSenisa 1 da vertikaluri elementebis 2 (svetebis an
xidis burjebis 1  SeerTebis kvanZze mowyobil samkuTxa formis ormxara
berketebis 4 malis Siga boloebis kiloebSi 8, naxvretebSi 9 ganTavsebul
wriuli ganikveTis mqone lilvze 10 da malis naSenis 1 (koWi, wamwe), Sua
nawilSi ganTavsebul sakoWis damWer kavebze 11 da damWimav mowyobilobaze
12 Camagrebulia  horizontaluri mimarTulebis (wamwis) sakoWebi 3, xolo
ormxara berketebis gare boloebis kilobSi 8, naxvretebSi 9 ganTavsebuli
wriuli ganikveTis mqone lilvze 10 da CarCovani konstruqciis vertikaluri
elementebis 2 (svetis an burjis) Sua nawilSi ganTavsebul sakoWis damWer
kavze 11 da damWimav mowyobilobaze 12 Camagrebulia vertikaluri
mimarTulebis (svetebis) sakoWebi 3. malis naSenze 2 (koWi, wamwe),
vertikalurad moqmedi Zalebis zemoqmedebiT marcxena da marjvena
berketebis 4 Siga boloebze aRiZvreba horizontaluri da vertikaluri
mimarTulebis Zalebi, xolo gare boloebze warmoiqmneba misi toli sididis
zemoT mimarTuli vertikaluri da horizontaluri Zalebi, romlebic
gamoiwvevs vertikaluri mimarTulebis sakoWis 3 TviTdaZabvas, aseve,
vertikalur elementebze moqmedi horizontaluri datvirTvebi gamoiwvevs
zemoT aRwerilis sapirispiro zemoqmedebas, anu, daiZabeba horizontaluri
mimarTulebis sakoWebi 3, xolo CarCovani konstruqciis elementebSi ZabvaTa
regulireba SesaZlebelia malis naSenisa da vertikalur elementebis SuaSi
ganTavsebuli damWimavi mowyobilobis 12 saSualebiT.

SemoTavazebuli winaswardaZabuli CarCovani konstruqciis teqnikuri
gadawyveta uzrunvelyofs Senobis ConCxedis mzidi elementebis zidvis
unaris amaRlebas, amgeb elementebSi ZalvaTa regulirebas, masalis xarjis
Semcirebas da nagebobis eqspluataciisas saimedobis gazrdas. yovelive
gamoiwvevs mSeneblobis saerTo Rirebulebis 15-20%-iT Semcirebas.

naSromSi ganxiluli axali tipis winaswardaZabuli CarCovani
konstruqciis teqnikuri gadawyvetilebis gasacnobad warmogidgenilia
grfikuli masala naxazebis saxiT, nax.1,2,3,4,5,6,7,8.

nax.1. Rerovani winaswardaZabuli        nax.2. mTlianganivkveTiani
CarCovani konstruqcia        winaswardaZabuli CarCovani konstruqcia
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nax.3. ormxara maZlierebeli berketis   nax.4. damWimavi mowyobilobis mTavari
mTavari xedi xedi

nax.5. kvanZi-1

nax.6. kvanZi-2

nax.7. kvanZi-3 nax.8. kvanZi-4
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3. daskvna

warmodgenili axali tipis CarCovani konstruqciis teqnikuri gadawyvetis
upiratesoba arsebul analogebTan ganpirovnebulia imiT, rom Senobis
ConCxedis CarCovani konstruqciis mzidi elementebis zidvis unaris
amaRleba xdeba maZlierebeli berketebiT sakoWis dasaZabavad CarCovani
konstruqciis rigelze (malis naSenze) da svetebze (vertikalur
elementebze) modebuli datvirTvebis gamoyenebiT, gamartivebulia
konstruqciis amgeb elementebSi ZalvaTa regulireba, Semcirebulia masalis

xarji da saimedobis gazrdiT gaumjobesebulia saeqspluatacio pirobebi.
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sakuTari rxevis sixSiris gansazRvra mimdevrobiTi
miaxloebis meTodiT, matriculi formiT

d. janyaraSvili, g. danelia, d. tabataZe, l. yorRanaSvili
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175,

Tbilisi, m. kostavas 77)
reziume: naSromSi moyvanilia sakuTari sixSiris gansazRvra miaxloebiTi
mimdevrobis meTodiT. formulebi warmodgenilia matriculi formiT.
miRebulia martivi da kompaqturi formulebi, romelTa saSualebiTac
erTnairi matricebis gadamravlebis gziT martivad ganisazRvreba rxevis
pirveli formis sixSire. es formulebi advilad programirdeba
kompiuterze.
sakvanZo sityvebi: sixSire, matrica, CaRunva, inerciis Zala.

1. Sesavali
dinamikuri amocanebis amoxsnisaTvis saWiroa nagebobis an Senobis

sakuTari sixSireebis gamoTvla. naSromSi ganxillia mimdevrobiTi
miaxloebis meTodiT sakuTari siSiris gansazRvra matriculi formiT. aseTi
formiT gaangariSeba mniSvnelovnad aadvilebs amocanis amoxsnas.

mimdevrobiTi miaxloebis meTodi ZiriTadad gamoiyeneba rxevis pirveli
formis siSiris gamosaTvlelad. Tu sistema Sedgeba ramodenime Seyursuli
masisgan da asrulebs Tavisufal rxeviT moZraobas, wonasworobis
mdgomareobidan ukiduresi gadaxrisas masze moqmedebs inerciuli Zalebi

Ii=miyi 2, romlebic gansazRvraven sistemis revis formas. sadac yi -
maqsimaluri gadaxra i-uri masis modebis wertilis. miviRoT inerciuli

Zalebi gare datvirTvad, gadaxrebi yi SegviZlia ganvixiloT, rogorc

CaRunvebi statikuri Pi=miyi 2 Zalebisgan. amasTan paralelurad ganvixiloT
drekadi (fiqtiuri) mdgomareoba, sadac igive sistemaSi, igive Seyursuli

masebis wertilebSi moqmedebs 2-jer Semcirebuli Zalebi miyi. radgan pirvel
SemTxvevaSi Zalebi 2-jer metia, vidre meore SemTxvevaSi amitom

gadaadgilebebi da Sinagani Zalvebic pirvel SemTvevaSi 2 jer meti iqneba
vidre meore SemTxvevaSi. amrigad Cven SegviZlia davweroT:

i2= ,                                                                        (1)

(1) formuliT i2 sidide ganisazRvreba yvela Seyursuli masebis
wertilisTvis da Tu Sedegebi gansxvavdebian erTmaneTisgan, maSin

ganisazRvreba meore, mesame da a.S. gamoTvlebiT i2 sidide. maqsimaluri
gadaxris sidide ucnobia da iqcevian Semdegnairad: winaswar sazRvraven
miaxloebiT gaRunli RerZis gantolebas, Semdgom miaxloebis meTodiT
sazRvraven sixSireebs, romlebic yvelaze axlos iqnebian WeSmarit
sixSireebTan.

2. ZiriTadi nawili
ganvixiloT amocana zogadad. vTqvaT sistemaze moqmedebs Seyursuli

Zalebi: P1=m1g,  P2=m2g, ....., Pn= mng da RerZis CaRunvis gantolebas pirveli
miaxloebisTvis miviRoT (nax.1) saxiT. CaRunvebi matriculi saxiT

ganisazRvreba: YiI =AP, (2)
sadac A - kvadratuli matricaa erTeulovani gadaadgilebebisgan
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A= ,

xolo YiI da P aris CaRunvebis da Zalebis sidideebi.
meore miaxloebis misaRebad drekad sistemas movdoT axali Zalebi:

P1=m1y1I,   P2=m2y2I,  ....., Pn=mnynI, romlebic 2 - jer mcirea vidre pirveli
Zalebi. am datvirTvebisgan CaRunvebis ordinatebi miiReba meore

miaxloebisgan (2) formuliT: Yi
II=AMAP=A1P (3)

sadac M= masebis diagonaluri matricaa Ai=AMA (2) gantolebis

Tanaxmad miviRebT A1,P=AP (4)
mesame miaxloebis misaRebad sistemas movdoT axali datvirTvebi Pi=miyiII,
romlebic 2 jer mcirea vidre winamorbedi. gadaadgileba am Zalebisgan
miiReba mesame miaxloebad da matriculi  meTodiT Caiwereba sadac A2=A1MA

YiIII=AiMAMAP=A2P, (5)
(3) da (5) formlebis Tanamad siSireebis meore mialoeba ganisazRvreba

gantolebidan A2P=A1P (4I)
sixSires mesame mialoebisTvis miviRebT:

A3P=A2P, A3=A2MA (4II)

nax.1

toli masebis SemTvevaSi m1= m2= mi=m, M=E, gveqneba:
pirveli mialoebisTvis -

meore mialoebisTvis - (4a)
mesame mialoebiTvis -
unda aRiniSnos, miRebul gantolebebSi veqtorebis toloba ar sruldeba

da am mizezis gamo tolobebis (4) და (4a) გადამრავლება A შებრუნებულზე -A-1

matricaze ar SeiZleba. moyvanili formulebi moyvanilia matriculi saxiT
da gvaZlevs sakuTari rxevebis sixSireebis ganvsazRvras meore da Semdgomi
miaxlovebiT. angariSisaTvis saWiroa SevadginoT matrica erTeulovani
gadaadgilebebisgan da diagonaluri matrica masebisgan. miRebuli
formulebi advilad programirdeba kompiuterze.

magaliTi: ganvixiloT koWi xuTi masiT (nax.2).

gadaadgilebebi: = , = , = , = , = ,

= , = , = , = , = , = ,

= , = , = , = .
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nax.2

matricebi: , , P=mg .

miviRebT: AMAP=AP,

= ;

აქედან =6.092 , =2.468 ; =6.2 , =2.49 ;

= , =2.47 ; =6.45 , =2.466 ;

=6.05 , =2.46 ; =2.47 .

erTnairi masebis SemTxvevaSi miviRebT:

= ;

აქედან =12.09 , =3.47 ; =12.205 , =3.49 ;

=12.66 , =3.44 ; =11.83 , =3.44 ;

=12.01 , =3.46 ; =3.466.

saSualo sidide pirveli sixSiris =3.466 .

3. daskvna

ricxviTi realizaciis mizniT ganxilulia xuTmasiani or sayrdenze
mdebare koWis magaliTi. gamokvlevis Sedegad dadginda, rom pirveli
miaxloeba gvaZlevs praqtikisTvis sakmaris sizustes.literatura

1. a. astvacasaturovi. samSeneblo meqanika II ნაწ. 1979 წ.
2. В.В. Сидеренкою Малые колебания в механических системах. М.2004 г.

A= M=
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cilindruli garsebis mdgradobis sakiTxisaTvis

T. bacikaZe, n. murRulia, j. niJaraZe
(saqarTvelos  teqnikuri  universiteti, m. kostavas 77,

0175, Tbilisi, saqarTvelo)

reziume: naSromSi ganxilulia cilindruli garsis mdgradobis
RerZsimetriuli amocana. SerCeulia izotropuli sxeulis
kerZowarmoebuliani gantolebaTa sistema gadaadgilebebSi. henkelis
inetgraluri gardaqmniT amocana daiyvaneba mudmiv koeficientian
Cveulebriv diferencialur gantolebebaTa sistemis amoxsnaze.A
sakvanZo sityvebi: cilindri, RerZsimetriuli, adialuri, gadaadgileba,
Zabva, rekurentuli, kvadratura.

1. Sesavali
izotropuli cilindruli garsis mdgradobis Sesaswavlad

sxeulebisaTvis gamoiyeneba cnobili kerZo warmoebulebiani
diferencialuri gantolebebi, Cawerili  cilindrul koordinatebSi.
cilindris kideebze moqmedebs RerZsimetriuli, Tanabrad ganawilebuli
mkumSavi datvirTva, am gantolebebis gardaqmnaSi Cveulebriv araerTgvarovan
diferencialur  gantolebebad.

2. ZiriTadi nawili
izotropuli sxeulis mdgradobis gantolebebs cilindrul

koordinatebSi, RerZsimetriuli datvirTvis SemTxvevaSi aqvT Semdegi saxe
[3]

am gantolebebSi ; uganzomilebo radialuri da RerZuli

koordinatebia; Rru cilindris Siga da gare radiusebia.

cilindris sigrZe. gadaadgilebis veqtoris komponentebia,  Sesabamisad

da sakoordinato RerZebis mimarTulebiT; lames koeficientia,

Zvris moduli. cilindris kideebze modebuli Tanabrad ganawilebuli
mkumSavi datvirTvis intesivobaa.

ZabvaTa komponentebi CavweroT Semdegi formiT

ganvixiloT sasazRvro pirobebis ori varianti:
1. cilindruli garsi Tavisufali kideebiT

;

2.cilindruli garsis Camagrebuli kideebisTvis gveqneba

;
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rodesac cilindris gverdiT zedapirebi dautvirTavia, sasazRvro
pirobebi Caiwereba Semdegi saxiT

;
gamoviyenoT henkelis integraluri gardaqmnebi (1) sistemisaTvis

sadac ;
aq და beselis funqciebia 1 da 2 rigis namdvili
argumentebisaTvis.

gantolebis dadebiTi fesvia; indeqsi Rebulobs 1 da 0
mniSvnelobebs (1) gantolebaTa sistemis pirveli da meore gantolebebis
Sesabamisad.
zemoT Tqmulidan gamomdinare vRebulobT

da radialuri gadaadgilebebia sazRvrebze და

; ; .
me-(7) gantolebaTa Sedgenis procesSi Cvens mier gamoyenebuli iqna
cilindruli funqciis rekurentuli Tanafardobani da sasazRvro pirobebis
meore jgufi

amgvarad kerZo warmoebulebiani erTgvarovani cvlad koeficientebian
diferencialur gantolebaTa nacvlad miviReT araerTgvarovani Cveulebriv

diferencialur gantolebaTa sistema mudmivi koeficientebiT saZiebeli da

funqciebis mimarT.
bubnov-galiorkinis meTodis gamoyenebiT miviRebT (7) sistemis zogad

amonaxsns simetriuli SemTxvevisaTvis (X=L/-normalia simetriis
sibrtyisadmi)

sadac da მე- sistemidan miRebuli maxasiaTebeli gantolebis
fesvebia

; .

,
da nebismieri mudmivebia, romlebic sasazRvro pirobebidan unda

ganisazRvros.

და gamosaxulebebis CasmiT erTgvarovan gantolebaSi, romelic (7)-
is pirvel gantolebas Seesabameba da amave dros mamravlebis dajgufebiT

da -is gaTvaliswinebiT miviRebT gantolebebs, romelTa amonaxsnebi
iqneba.

; ;
me-(7) sistemis kerZo amonaxsnebi unda moiZebnos Semdegi formiT:
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xolo gadaadgilebebi sazRvrebze , warmovadginoT Semdegi saxiT

.
da koeficientebi ganisazRvrebian (7)-dan masSi (9) -s CasmiT. da

integrebis mudmivebis gamosaTvlelad gamoviyenoT (8), me-(3) sasazRvro
pirobebis gaTvaliswinebiT, romlebic Tavis mxriv (2)-is gamoyenebiT
CavweroT gadaadgilebebSi. pirvel sasazRvro pirobas mivuyenoT (6)-iT

gaTvaliswinebuli gadaqmnebi როცა , xolo meore pirobas - roca .
miviRebT gantolebaTa Semdeg sistemas

am sistemis amoxsna 8, 9 da 10-is gaTvaliswinebiT mogvcems.; .
sadac

;;.
im SemTxvevaSi, roca da ganisazRvrebian me-(4) sasazRvro pirobebi- dan,

maSin analogiuri gziT miviRebT (12)-s, romelSic; ;; ; ;
me-(6) gardaqmnebis gamoyenebiT ganisazRvrebian saZebni da funqciebi;

−Si pirveli Sesakrebis gamosaTvlelad 1 sistemis meore gantoleba

gavamravloT −ze, Semdeg gavaintagraloT sazRvrebSi -dan 1-mde da (5)
sasazRvro pirobebis da (2)-is gaTvaliswinebiT miviRebT Semdeg gantolebas

CavsvaT (10) formulebi am gantolebaSi. aviRoT kvadratura x cvladis
mimarT da sabolood miviRebT

ganSlis koeficientebi da ganisazRvrebian 5-is pirveli jgufidan.

3. daskvna
miRebulia araerTgvarovani Cveulebriv diferencialur gantolebaTa (7)

sistema mudmivi koeficientebiT saZiebeli da funqciebis mimarT.

maTi Sedgenis procesSi  gamoyenebulia cilindruli funqciis
rekurentuli Tanafardobani da sasazRvro pirobebis meore jgufi. simetriuli
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SemTxvevisaTvis bubnov-galiorkinis meTodis gamoyenebiT miRebulia (7) sistemis
zogadi amonaxsni. kerZo amonaxsnebi moiZebna furies mwkrivebis moSveliebiT.

ganSlis koeficientebi da ganisazRvra sasazRvro pirobebis  pirveli
jgufidan.
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sust gruntebSi qvabulis mowyoba meTodiT „kedeli
gruntSi“
S. doliZე

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

reziume: statiaSi ganxilulia sust gruntebze qvabulebis da nagebobebis
safuZvlebis mosawyob samuSaoTa warmoebis arsebuli meTodebi; sust
gruntebSi qvabulis mowyobis ZiriTadi teqnologiebi; meTodis „kedeli
gruntSi“ monoliTuri, anakreb-monoliTuri da anakrebi variantebi.
ganxilululia „kedeli gruntSi“ meTodis gamoyenebis are da
dasabuTebulia misi gamoyenebis SeuZlebloba lamian, mcurav da
wyalnajer qviSovan gruntebSi qvabulis monoliTuri kedlebis
dabetonebიsას.
sakvanZo sityvebi: “kedeli gruntSi”; wyalgajerebuli gruntebi; gverdiTi
dawneva;  burRviTsateni ximinjebi; Wavluri cementacia; inventaruli
SemomzRudavebi; anakreb-monoliTuri kedlebi; samuSaoTa Sromatevadoba.

1. Sesavali
saqarTvelos did qalaqebSi, maT Soris TbilisSi, saWiroa Zveli

infrastruqturis rekonstruqcia da axali, Tanamedrove samoqalaqo da
samSeneblo obieqtebis mSenebloba, romlebic Tavis mxriv axal
infrastruqturas saWiroeben. qalaqis mosaxleobis dasaxlebis simWidrove,
istoriuli obieqtebis arseboba, qalaqis mTiani reliefi - yovelive amas
mivyavarT mSeneblobis pirobebis garTulebasTan. agreTve garSemo mcxovrebi
da moZravi mosaxleobis SewuxebasTan.

kidev erTi problema - qalaqSi aRar aris axali obieqtebis asaSenebeli
adgilebi da ufro intensiurad xdeba miwisqveSa sivrcis aTviseba. droTa
ganmavlobaSi mwvaved dgeba avtomobilebis parkirebis sakiTxi,
gansakuTrebiT qalaqis centrSi.

2. ZiriTadi nawili
mSeneblobis aseTi pirobebi saWiroebs Senobis agebis optimalur da

misaReb teqnologiis arCevas. aucilebelia Sesabamisi gamoyenebisaTvis
SesaZlebeli iseTi teqnologiebis moZieba, romlebic mibmuli iqneba
samSeneblo moedanze arsebul gruntebze an aucileblobis SemTxvevaSi
arsebuli teqnologiebis koreqtireba, Sevseba axali operaciebiT da
elementebiT, romlebic srulyofen maT gamoyenebas konkretul pirobebSi.

1. sust gruntebze qvabulebis da nagebobebis safuZvlebis mosawyob
samuSaoTa warmoebis arsebuli meTodebi.
1.1 sust gruntebSi qvabulis mowyobis ZiriTadi teqnologiebi:
1.1.1. meTodi „kedeli gruntSi“.
qvabulis SemomzRudavi konstruqciebi asruleben gruntis wylebisagan
damcavi ekranis funqcias da aucilebelia samSnebelo sivrcis
gaSrobisaTvis.

qvabulebisaTvis siRrmiT 5 m da meti gamoiyeneba Semdegi teqnologiebi:
„kedeli gruntSi“, „burRsateni ximinjebi“, da „Wavluri cementacia“. maTi
mowyoba xdeba qvabulis damuSavebamde. betonis es konstruqciebi mudmivia da
xSirad iTavseben saZirkvlis an Senobis elementebis funqcias.
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„kedeli gruntSi“ meTodis arss warmoadgens gruntSi Rarebisa da
Txrilebis amoReba da maTSi miwisqveSa monoliTuri an anakrebi
rkinabetonisagan damzadebuli SemomzRudavi konstruqciebis mowyoba.
TxrilSi gruntis damuSaveba xorcieldeba betonituri suspenziis dacvis
qveS, rac ar aZlevs Txrilis kedlebs Camoqcevis saSualebas. Semdeg xdeba
liTonis karkasis (monoliTuri varianti) an anakrebi rkinabetonis
konstruqciis montaJi. monoliTuri dabetoneba xdeba v.g.m. (vertikalurad
gadaadgilebuli mili) meTodiT. am dros  betonituri Semavsebeli
gamoidevneba Txrilidan damagroveblebSi.

arsebobs mocemuli meTodis ramdenime nairsaxeoba:
-ximinjebis meTodi, romelic xasiaTdeba burRviTsateni ximinjebis uwyveti
rigiT, romelic qmnis SemomzRudav konstruqcias.
-Txrilis meTodi, romlis ganmasxvavebel Taviseburebas warmoadgens
nebismieri konfiguraciis uwyveti kedlis amoyvana monoliTuri an anakrebi
rkinabetonisagan.
1.1.2. „kedeli gruntSi“ meTodis teqnologiuri procesi.
gansaxilveli meTodiT miwisqveSa nagebobebis mosawyobi teqnologiuri
procesi Sedgeba Semdegi Tanamimdevruli operaciebisgan.
-teqnologiuri mowyobilobis montaJi. winSaxtis (mimmarTveli kedlis) da
teqnologiuri gzebis mowyoba.
-Txrilis damuSaveba calkeuli nakveTurebiT.
-nakveTurebis armireba da betonis samuSaoTa warmoebis dawyebamde yvela
saWiro gaangariSebis Sesruleba, teqnologiuri rukis Sedgena.
-konstruqciis uxifaToba, saimedooba da xanmedegoba damokidebulia yvela
operaciis xarisxian Sesrulebaze da maTi Tanmimdevrobis mkacr dacvaze.
1.1.3. „kedeli gruntSi “ meTodis gamoyenebis are.
meTodi „kedeli gruntSi“ saSualebas gvaZlevs avagoT:
-sacxovrebeli saxlebis, samrewvelo Senobebis, xidebis saZirkvlebi.
-sxvadasxva siTxeebis Sesanaxi nagebobebi.
-miwisqveSa farexebi, sadgomebi, gadasasvlelebi, saavtomobilo gzebis
kvanZebi.
-mcire CaRrmavebis gvirabebi (metro).
-safiltracio fardebi.
-hidroteqnikuri obieqtebi.
1.1.4.„kedeli gruntSi“ teqnologiis upiratesobebi:
-qvabulis mowyobis SesaZlebloba adgilebSi, sadac SeuZlebelia sxva
meTodebis gamoyeneba an maTi gamoyeneba naklebad efeqturia.
-maRali wyalgaumtaroba.
-rTul geologiur da klimatur pirobebSi samuSaoTa warmoebis
SesaZlebloba.
-gruntis dinamiuri rxevis dabali done.
1.1.5. „kedeli gruntSi“ klasifikacia:

-daniSnulebis mixedviT:  mzidi, SemomzRudavi da antifiltraciuli.

-masalis mixedviT: rkinabetonis, betonis, gruntcementuri, Tixovani,
kombinirebuli.
-damzadebis mixedviT: monoliTuri, anakrebi, anakreb-monoliTuri.
1.2. „kedeli gruntSi“ meTodiT agebuli saZirkvlebi.

gansakuTrebul SemTxvevas warmoadgenen „kedeli gruntSi“ agebuli
saZirkvlebi, romlebic gamoiyeneba samrewvelo da samoqalaqo nagebobebis
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mSeneblobisas. „kedeli gruntSi“ SeiZleba gamoyenebul iqnas mzidi
konstruqciis saxiT an sardafis, miwisqveSa avtofarexis SemomzRudavi
kedlis saxiT SesaZlebelia maTi (suraTi 1 a) gamoyeneba qvabulis
gamagrebisTvis da SemdgomSi saZirkvlis konstruqciaSi CarTva. (1 b) xidebis
mSeneblobaSi „kedeli gruntSi“ amoyavT xidis burjebis saZirkvlebi (1 g). am
tipis saZirkvels gaaCnia racionaluri forma, radgan ganviTarebulia
Zalvebis mimarTulebiT, rac ganapirobebs saZirkvlis  masalis racionalur
danaxarjs.

sur. 1. „kedeli gruntSi“ gamoyenebis sqemebi. a)arsebul SenobasTan aSenebuli miwisqveSa
avtofarexi. b)qvabulis SemomzRudavi kedeli. c)xidis burjis saZirkveli. 1-Senobis
saZirkveli; 2-„kedeli gruntSi“; 3-gambrjeni; 4-gruntis wyalgaumtari fena; 5-burjis

tani.

„kedeli gruntSi“ sisqe meryeobs 0,4-1,0 m farglebSi. maTi siRrme aRwevs
20 m-s da SesaZloa metsac. „kedeli gruntSi“ ewyoba sxvadasxva meTodiT.
meTodis arCeva ZiriTadad damokidebulia samSeneblo moednis
hidrogeologiuri pirobebidan.

sur. 2. „kedeli gruntSi“ mowyobis sqemebi: a) gadamkveTi burRviTi ximinjebi;
b) calkeuli seqciebi, sadac 1-4 aris samuSaoTa mimdevroba;

aramdgradi mcuravi gruntebis SemTxvevaSi grZeli Txrilebis damuSaveba
saxifaToa, radgan maTi mocurebis saSiSroeba arsebobs. am SemTxvevaSi
gadamkveTi ximinjebis mowyoba mizanSewonilia. mdgrad gruntebSi
SesaZlebelia seqciuri an uwyveti meTodiT „kedeli gruntSi“ amoyvana.
qalaqebSi didi gavrceleba hpova seqciurma meTodma.

mizanSewonilia „kedeli gruntSi“ gamoyeneba wyalgajerebul gruntebSi
gruntis wylebis maRali donis dros kedlis Ziris wyalgaumtar fenaSi
CaRrmavebiT (sur. 1). agreTve miwiqveSa nagebobebis mSeneblobisas 6-10 m-ze
meti siRrmis dros, rodesac qvabulebis mowyoba wyalqceviT Znelad
Sesasrulebelia an ekonomiurad gaumarTlebeli.

a b g

a ba
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„kedeli gruntSi“ meTodis did Rirsebad miiCneva misi mowyobis
SesaZlebloba arsebul Senoba–nagebobebis axlos, ukanasknelTa dazianebis
gareSe (sur. 1a).
1.3 „kedeli gruntSi“ amoyvanis teqnologia monoliTuri betonisa an rkina-
betonisagan Txrilis meTodiT.
„kedeli gruntSi“ meTodiT samuSaoTa warmoebis teqnologia gamoiyeneba
ganviTarebul qveynebSi da Zalian gavrcelebulia did qalaqebSi. es
teqnologia maqsimalurad moTxovnadia qalaqebis istoriuli centrebis
rekonstruqciis dros, qalaqis mWidro ganaSenianebis pirobebSi, radganac
misi mSeneblobisas ar gamoiyeneba Ria qvabulebi. e.i. miiReba samSeneblo
moednis ekonomia da is uxifaToa axlomdebare Senoba-nagebobebisaTvis.
1.3.1. „kedeli gruntSi“ meTodiT mSeneblobisas warmoebuli miwis samuSaoebi.
Txrilebis damuSavebisas gamoiyeneba TxrilsaTxreli mowyobilobebis
Semdegi saxeobebi: damuSavebuli gruntis Txrilidan amoRebis xerxis
mixedviT miwismTxreli manqanebi da mowyobilobebi iyofa or jgufad;
1.manqanebi da mowyobilobebi, romelTa miwismTxrel instruments
warmoadgens greiferi, romelsac amoaqvs damuSavebuli grunti zedapirze da
aTavsebs mas. satransporto saSualebaze an grovaze.
2.manqanebi da danadgarebi, romlebic amuSaveben grunts specialuri saburRi
elementiT, am gruntis gadayvaniT muSa Tixovan xsnarSi da erlifturi
danadgariT zedapirze amotaniT.
pirvel SemTxvevaSi damuSavebuli grunti ar ereva betonitur xsnarSi,
magram izrdeba operaciebis ricxvi, romlebic dakavSirebulia greiferis
aweva-dawevasTan. meore SemTxvevaSi saWiroa xsnaris ukucirkulacia da misi
gawmenda minarevebisgan.
1.3.2. winSaxtis (mimmarTveli kedlis) mowyoba.
kedlebis RerZebis gaswvriv xdeba sawyisi Txrilis damuSaveba bunebrivad
daxrili kedlebiT 1,5 – 2,0 m. damuSavebul TxrilSi ewyoba monoliTuri
rkinabetonis mimmarTveli kedeli.
mimmarTvelma kedelma unda uzrunvelyos:
-ZiriTadi Txrilis damuSavebis saproeqto mimarTuleba;
-gruntSi greiferis aucilebeli mdebareoba;
-armaturis karkasebis masze Camokidebis SesaZlebloba, Txrilis gavlis da
betonirebisaTvis saWiro mowyobilobis mowyoba;
-kideze gadaqceuli Tixovani xsnaris gadayvana;
1.3.3. ZiriTadi teqnologiuri operaciebi.
mimmarTveli kedlis mowyobis Semdeg, „kedeli gruntSi“ mowyobisaTvis
Tanamimdevrulad sruldeba Semdegi ZiriTadi teqnologiuri operaciebi.
-Txrilis damuSaveba (mimdinareobs Tixovani xsnaris dacvis qveS)
-nakveTurebis SemomzRudavebis  dayeneba da amoReba;
-armaturuli karkasebis seqciebis dayeneba;
-Txrilis dabetoneba v.m.g. meTodiT.

samuSaoTa warmoebis procesSi Tixis xsnaris mosamzadeblad, Sesanaxad,
TxrilSi mosawodeblad, gruntisgan mis gasawmendad da mis xelmeored
gamosayeneblad samSeneblo moedanze ewyoba calke Tixis meurneoba. Tixovan
xsnars amzadeben betonituri Tixebisgan an Cveulebrivi Tixebisgan da
qarxanaSi maTgan miRebuli Tixovani fxvnilisagan. gansakuTrebuli
yuradReba unda mieqces Tixovani xsnaris simWidroves, romelic
uzrunvelyofs Txrilis kedlis nebismier adgilas garSemo gruntis da
gruntis wylebis dawnevaze aRmatebul hidrostatikuri dawnevas, romelic
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unda aRematebodes garSemo myofi nagebobebis dawnevas. Txrilis morigi
monakveTis (Cavlebis) gavlis Semdeg, mowmdeba kedlebis vertikaluroba da
warmoebs Txrilis momzadeba betonis narevis Casawyobad v.m.g. meTodiT.
amisaTvis asufTaveben Txrilis Zirs da cvlian gaWuWyianebul Tixovan
xsnars axalze. amis Semdeg iwyeben armaturis karkasebis montaJs, romelTa
zoma Seesabameba Txrilis monakveTebis zomebs. konkretuli pirobebis
gaTvaliswinebiT erT Cavlaze mzaddeba erTi an ramdenime armaturuli
karkasi. Cawyobis sizustis da gaadvilebis mizniT armokarkasebi maragdeba
gverdebze liTonis zolebiT, sisqiT 30–50 mm. muSa armaturis Reroebs
Soris manZili iniSneba 170-200 mm, rac uzrunvelyofs v.m.g. meTodiT
xarisxian dabetonebas. karkasebSi gaTvaliswinebulia milebis gasatarebeli
adgilebi.
armaturis karkasis montaJi xdeba 25–40 t tvirTamweobis mqone xidura an
isriani amweTi.

sur. 3. monoliTuri kedlis mowyobis principialuri teqnologiuri sqema: 1. mimmarTveli
kedlis mowyoba (Txrilis Tavis gamagreba); 2. Txrilis gaTxra nakveTuris sigrZeze;
3.Semomfargvlelebis dayeneba (nakveTurebs Soris zRudarebi); 4.armaturis karkasebis
montaJi; 5.vertikalurad gadaadgilebadi milis meTodiT nakveTurebis dabetoneba.

calkeuli nakveTurebis SesakavSireblad maT boloebze awyoben
SemomzRudavebs, romelTa konstruqcia damokidebulia SekavSirebis
saxeobaze. aramuSa kavSirebis SemTxvevaSi (nakveTurebSi gamwelavi Zalvebis
ararseboba) SemomzRudavebs asruleben diafragmiani foladis milebisgan.
inventarul SemomzRudavebs dabetonebis damTavrebis Semdeg 3-5 sT-Si iReben
Txrilidan da Semdeg amuSaveben momijnave nakveTurs.

stacionalur SemomzRudavebs ayeneben amwes meSveobiT nakveTuris
boloSi mTel siRrmeze sakuTari wonis meSveobiT aseTi SemomzRudavebi
Rrmavdebian Txrilis Ziridan 0,5-1,0 m siRrmeze. aucileblobis SemTxvevaSi
SesaZlebelia damatebiTi tvirTis dawolis gamoyeneba. stacionaruli
SemomzRudavebi rCebian kedelSi da warmoadgenen mudmivi konstruqciis
nawils.

dabetonebis dros aucilebelia maRalplastikuri betonis narevi (markiT
200-300, Semavsebeli -50 mm-mde, konusis jdena 16–20 sm) miewodos uwyvetad,
xolo vertikaluri betonCamomsxmeli mili dabetonebis procesSi iyos
betoniT gruntSi.

dabetonebis uwyvetoba aris v.g.m. meTodis mTavari piroba, romelic
miiRweva samSeneblo moedanze nakveTurisaTvis saWiro betonis raodenobis
miwodebiT.
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betoni Tixovan xsnarze ufro mZimea, avsebs nakveTurs qvevidan zeviT da
gamodenis Tixovan xsnars zedapirze, sadac xsnari TviTdinebiT Cadis
damuSavebis stadiaSi myof TxrilSi, an dguSis meSveobiT Semdgomi
gamoyenebisaTvis grovdeba Tixis SemkrebSi. betonireba sruldeba rodesac
winSaxtis Tavis doneSi gamoCndeba betonis narevi, betonis zedapiruli fena,
romelic dabinZurebulia TixiT, ixsneba.

1.3.4. anakreb-monoliTuri „kedeli გruntიs“ konstruqcia.
anakreb-monoliTuri „kedeli gruntSi“ konstruqcia Sedgeba rkinabetonis

sakedle blokebisgan, romlebic ewyoba sawyis TxrilSi garkveuli bijiT da
maT Soris betonis an qviSa – cementis duRabis SevsebiT, aucileblad
Semsubuqebuli karkasiT armirebuli.

sur. 4. აnakreb-monoliTuri „kedeli gruntSi“-s bloki

1.4. „kedeli გruntში“ Txrilis meTodiT amoyvanis teqnologia anakrebi
betonisagan an rkinabetonisagan.

anakrebi da anakreb-monoliTuri „kedeli gruntSi“ ewyoba mTliani
brtyeli panelebisagan, Rrutaniani panelebisagan da Txel kedliani
moculobiTi elementebisagan. Txelkedlian moculobiT elementebs aqvT
sxvadasxva moxazuloba (kolofisebri, elifsuri, mrgvali, erTujredovani,
mravalujredovani da a.S.)

elementebad danawevreba SeiZleba iyos vertikaluri da horizontaluri.
nakerebis ricxvis Semcirebis mizniT anakreb elementebs aproeqteben
siganeze maqsimalurad did zomebSi. elementis sigrZes iReben 150-500 sm.,
sisqe 20-120sm. da mets. elementis sisqe iReba Txrili ganze 10 sm_iT ufro
viwro, montaJis gamartivebis mizniT. anakrebi elementebis simaRle ar
aRemateba 15 m_s.
gamartivebis mizniT. anakrebi elementebis simaRle ar aRemateba 15 m_s.
pirapirebis forma uzrunvelyofs elementebis montaJis Catarebas Semowmebis
gareSe.

anakrebi da monoliTuri betonis Sefardeba SeiZleba iyos gansxvavebuli.
anakreb-monoliTuri kedlebis mowyobisas stacionalur SemomzRudavebad
iyeneben anakreb elementebs. saZirkvlis didi CaRrmavebis SemTxvevaSi kedlis
zeda nawili 6-12m_is simaRleze sruldeba anakrebi elementebisagan,
romlebic erTdroulad miwisqveSa nagebobis kedlebs warmoadgenen, qveda
nawili ki monoliTuri betonisgan, Tan anakrebi elementebis qveda nawili
Rrmavdeba monoliTur betonSi.

anakrebi elementebis montaJs iwyeben 6-7 m. sigrZis gamzadebuli Txrilis
arsebobis pirobebSi. miwis mTxreli manqanis muSa organosa da samontaJo
elements Soris manZili 2-3 m-ze aranaklebi unda iyos.

monoliTuri
betoni

Camketi grunti

SemomzRudavi
mili

anakrebi bloke
“kedeli gruntSi”
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„kedeli gruntSi“ meTodiT SesaZlebelia miwisqveSa saTavsoebis
mowyoba arsebuli Senobebis SigniT, maTi rekonstruqciis dros
saZirkvlebTan uSualo siaxloves. is sagrZnoblad Seamcirebs miwis
samuSaoTa moculobas Ria xerxiT damuSavebasTan SedarebiT da
anTavisuflebs wylis donis dawevis aucileblobisagan. anakrebi
rkinabetonis gamoyeneba uzrunvelyobs mSeneblobis maRal xarisxs,
sxvadasxva formis konstruqciebis gamoyenebis SesaZleblobas (Rrutaniani,
koWebi, filebi da sxv.)

sur. 5  panelebis Sepirapirebis procesi 1.anakrebi elementebi;
2. winSaxti; 3. satamponaJo xsnari; 4. mosaxsneli mimmarTveli ortesebri;

5. Casatanebeli detalebi.
agreTve kedlis sisqis Semcirebas 0,25 m-mde. magram, unda aRvniSnoT, rom

anakrebi konstruqciebi gamoirCevian maRali RirebulebiT da saWiroebs didi
anakrebi elementebis qarxnul damzadebas. garda amisa, anakrebi konstruqciebis
gamoyenebis are SezRudulia, ZiriTadad Txrilis siRrmiT 20-25-mde da montaJis
sirTuliT.

3. daskvna
anakrebi an anakreb-monoliTuri „kedeli gruntSi“ konstruqciis agebis

siCqaris gazrdis, Sromatevadobis Semcirebisa da betonis xarjis Semcirebis
saSualebas iZleva.
qvabulebis SemomzRudav konstruqciebad „kedeli gruntSi“ teqnologiis

anakrebi an anakreb-monoliTuri variantis gamoyeneba saSualebas iZleva:
-miviRoT simtkiceze da wyalgaumtarobaze betonis garantirebuli marka.
-kedlebis sufTa zedapiri da garantirebuli geometriuli formebi da zomebi.
-qarxnul pirobebSi Casatanebeli detalebis dayeneba.
-konstruqciis amoyvanis siCqaris gazrda 15-20 %-iT.
-samuSaoTa Sromatevadobis Semcireba.
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Tbilisis sabWoTa periodis 50-70-iani wlebis sacxovrebeli
masivebis mSeneblobis retrospeqtiuli analizi

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

saqarTvelo)

reziume: statiaSi ganxilulia, TbilisSi, meoce saukunis 50-70 wlebSi
aSenebuli msxvili sacxovrebeli masivebis retrospeqtiuli analizi,
romlis gaTvaliswinebiTac SesaZloa Sesabamisi kompleqsuri
kvlevebis Catareba im mizniT, rom gamovlindes masivebis
sarekonstruqcio zonebis dadgena, da SemuSavdes Sesabamisi saproeqto
samuSaoebi.
sakvanZo sityvebi: sacxovrebeli masivebi, tipiuri proeqtebi,
qalaqgegmarebiTi principebi,  mosaxleobis migracia, sacxovrebeli
kvartalebi, rekonstruqcia-reabilitacia, arqiteqturuli kompozicia.

1. Sesavali
gasuli saukunis 50-iani wlebidan, meore msoflio omis Semdgomma sabinao

krizisma da mosaxleobis mzardma migraciam soflidan qaqlaqSi, gaaCina
msxvili sacxovrebeli masivebis Seqmnis aucilebloba.

aseTi tipis sacxovrebeli masivebis mSenebloba ZiriTadad socialistur
qveynebSi mimdinereobda, isini gamoirCeodnen erTferonebiT da primitiuli
arqiteqturiT. es sacxovrebeli masivebi sabWoTa kavSiris yvela  yvela
qalaqebSi, TiTqmis erTnairi tipiuri proeqtebiT xorcieldeboda.
miuxedavad imisa, rom mSeneblobebi warmoebda imdroindeli normebis
gaTvaliswinebiT, arqiteqturuli TvalsazrisiT es masivebi sakmaod dabali
Rirebulebisaa, isini ar Seesabamebian qalaqis arqiteqturul-samSeneblo
tradiciebs da arRveven mis saerTo struqturul iersaxes.

es problema aqtualuria saqarTveloSic, sadac sabWoTa kavSiris
qalaqgegmarebiTi principebi pirdapir iyo gadmotanili da ar
iTvaliswinebda qveynis da qalaqebis landSaftur-klimatur da
arqiteqturul urbanul Taviseburebebs. Sedegad, TbilisSi da sxva
qalaqebSic aSenda msxvili sacxovrebeli masivebi, romlis tipiur
Senobebsac ukve gauvida eqspluataciis vada, aqedan gamomdinare uaxloes
periodSi, dadaqalaqi dadgeba mwvave urbanuli problemebis winaSe.

2. ZiriTadi nawili
istoriulad Tbilisi aris mtkvris xeobaze ganviTarebuli qalaqi. igi

zRvis donidan 400-770 m. simaRlezea mas amfiTeatris forma aqvs da sami
mxridan mTebi emijneba. qalaqi mdinare mtkvris gaswvriv 33 kilomatrzea
gadaWimuli da 380 kv/m moicavs.

dedaqalaqis teritoriul-demografiuli zrda sabWoTa periodis ociani
wlebidan iwyeba. komunisturi ideologia, romelic gegmiur socialistur
ekonomikur ganviTarebaze iyo damyarebuli, xSirad calmxrivad udgeboda
problemebis gadawyvetas. komunisturma lozungma, yvela ojaxs calke bina,
(komunaluri binebis pirobebSi), rogorc sabWoTa kavSiris qalaqebSi, aseve
TbilisSic gamoiwvia sacxovrebeli masivebis arnaxuli tempebiT mSenebloba.
es iyo arqiteqturulad usaxo da tipiuri sacxovrebeli korpusebiT
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gaSenebuli masivebi, Tumca ojaxebi ufasod iRebdnen individualur binebs,
e.w. socialur sacxovriss.

sabWoTa periodSi SemuSavda Tbilisis pirveli generaluri gegma (1934 w)
romelic agrZelebda qalaqis xazovani ganviTarebis tendenciebs.
mniSvnelovani iyo qalaqis meore generaluri gegmis (1954 w) realizaciis
masStabebi. am periodSi Seiqmna marjaniSvilis moedani, gayvanil iqna ganivi
magistralebi- varazis xevi, guramiSvilis quCa, dasrulda mtkvris orive
sanapiros magistraluri quCebis gayvana. garda amisa sacxovrebeli
ganaSenianebis ganviTareba daiwyo vakis, saburTalos da diRmis
mimarTulebiT. am teritoriebze aSenda pirveli sacxovrebeli kvartalebi
da masivebi.

Semdgom wlebSi (50-70 ww) kidev ufro masStaburi gaxda didi
sacxovrebeli masivebis mSenebloba varkeTilis, gldanis, avSnianis
mimarTulebebiT.

pirveli msxvili sacxovrebeli masivi iyo saburTalos raioni, romlis
ganaSenianebis proeqti SemuSavda da damtkicda TbilqalaqproeqtSi 1955
wels. im droisaTvis 725 ha saerTo teritoriidan aTvisebuli iyo mxolod
40% ZiriTadad Zveli saburTalos raioni. Zveli da axali saburTlos
pirobiT sazRvrad iTvleba vake-saburTalos magistrali (guramiSvilis
quCa), raioni mdebareobs qalaqis Crdilo-dasavleT mxares da
SemosazRvrulia CrdiloeTiT lisis maRlobebiT.

saburTalos ganaSenianebis proeqtSi gaTvaliswinebuli iyo gamwvaneba,
bulvarebis pakebis da tyeparkebis mowyoba, romelic samwuxarod nawilobriv
ganxorcielda.

proeqtis mixedviT, vaJa fSavelas prospeqtis orive mxares aSenda
sacxovrebeli kvartalebi (saSualo farTobiT 10-11 ha), romlebic erTmaneTs
emijnebian mwvane skverebiT da maTSi ganTavsebulia saSualo skolebi da
baga-baRebi. 60-iani wlebidan raionSi aigo samkurnalo da samecniero
kvleviTi dawesebulebebi, umaRlesi saswavleblebi. raioni ZiriTadad
xuTsarTuliani e.w. xruSCovkebiT aris ganaSenianebuli, xolo prospeqtis
boloSi aris rvasarTuliani sacxovrebeli saxlebic. dReisaTvis am
nagebobaTa umravlesoba, Sesabamisi kvlevebis Catarebis safuZvelze,
saWiroebs rekonstruqcia reabilitacias.

diRmis sacxovrebeli masivis proeqtis damuSaveba daiwyo 1956 wels, 270 ha
miwa gamoiyo mtkvris marjvena sanapiroze diRmisken mimavali didubis xidis
zemoT. 150 ha gankuTvnili iyo sacxovrebelze, 30 ha sportuli parkisaTvis,
amdenive unda daekavebina kulturisa da dasvenebis centralur parks, 40 ha
saxalxo meurneobis gamofenas, 20 ha kinoqalaqs. mTlianad sacxovrebeli
masivi unda ganTavsebuliyo 225 aTas kv/m sacxovrebel farTze (erT kacze 9
kv/m  Seadgenda 25000 macxovrebels daasxloebiT 6250 bina). pirobiT
kompoziciur RerZs warmoadgens 50 m. siganis da 500 m. sigrZis xeivani,
romlis orive mxares daproeqtda oTxi mikroraioni da ori sacxovrebeli
kvartali.

mSenebloba daiwyo 1960 wels, saburTalosgan gansxvavebiT aq meti
arqiteqturuli mTlianobaa gamovlenili, aqtiuri gamwvaneba mikroraionebs
Soris, sportuli kompleqsi, Sida ezoebi, mniSvnelovan rols asruleben
arqiteqturuli kompoziciis SeqmnaSi, magram, aqac, ZiriTadad 4-5
sarTuliani ”xruSCovkebi” auferuleben arqiteqturul iersaxes. 1960-ian
wlebSi damatebuli iqna jer 8 sarTuliani, mogvianebiT ki 14-16 sarTuliani
sacxovrebeli saxlebi, ramac garkveulwilad gamoacocxla ganaSenianebis
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silueti, magram es saxlebi mainc meqanikurad iyvnen CarTulebi, ris gamoc
srulyofili arqiteqturul-gegmarebiTi kompoziciis miReba ver moxerxda,
Tumca, unda aRiniSnos, rom sacxovrebeli farTis maCvenebeli sagrZnoblad
gaizarda.

navTluRis raionSi, sabWoTa xelisuflebis wlebSi gaiSala farTo
samrewvelo mSenebloba. navTluRis sadguris arsebobam ganapiroba mis
midamoebSi saswyobo meurneobebis Seqmna, ganviTarda avejisa da qaRaldis
warmoeba, aSenda liTonis konstruqciebis, manqanebis, fexcacmlis, faifuris,
qsovilebis sawarmoebi. did farTebi daikaves sxvadasxva sameurneo
nagebobebma, avtosatransporto bazebma, xis saxerxma sawarmoebma.

navTluRis teritoria farTo terasebiT gadis mtkvris marcxena
napirisken. aRmosavleTidan navTluRs sazRvravs patara mdinare
loWinisxevi, CrdiloeTidan qarTlis qedis kalTebi, Crdilo-aRmosavleTis
sazRvrebi ki uSualod samgors uaxlovdeba. 1950-60-iani wlebidan aq gaiSala
sacxovrebeli saxlebis mSenebloba. dasaxlebebi warmoiSva samrewvelo
obieqtebis irgvliv. kompleqsuri sacxovreblebis mSeneblobisaTvis gamoiyo
teritoria 60 ha farTobiT, sadac gaSenda 9 gamsxvilebuli kvartali,
TviToeuli saSualod 5 ha farTobiT, maTgan 8 kvartalSi gaSenda tipiuri,
ekonomiuri, msxvilblokiani 4-5 sarTuliani sacxovrebelo saxlebi,
romlebic gaTvlili iyo 17000 mcxovrebze. erTi kvartali gamoiyo
specialurad skolisaTvis da poliklinikisaTvis. erT heqtarze mosaxleoba
Seadgenda 470 mcxovrebs (9 kv/m erT mosaxleze), rac imdroindel
qalaqgegmarebiT normebs Seesabameboda.

amave periods ekuTvnis ”mesame masivi” (yofili 26 komisrebis raioni),
romelic arqiteqturuli TvalsazrisiT aSenebisTanave iyo moralurad
moZvelebuli, xolo gegmarebiTi TvalsazrisiT sqematuri da uRimRamo
(sacxovrebeli saxlebis jgufebi sqermaturadaa ganawilebuli mTeli am
raionis teritoriaze). korpusebs ar gaaCniaT Sida ezoebi, mTlianobaSi
warmoadgenen erT an ramdenime zolSi Tanabar manZilebze Cadgmul
sacxovrebel saxlebs. amJamad maTi umetesi nawili avariul mdgomareobaSi
imyofeba da warmoadgenen qalaqis erT-erT mtkivneul problemas, romlis
gadaWris sakiTxebi did finansebTan aris dakavSirebuli.

am qalaqgegmarebiT proeqtebSi funqciuri organizebis principebi jer
kidev ar iyo Camoyalibebuli, 1960-iani wlebidan Camoyalibda mikroraionuli
gegmareba, amis magaliTebia gldanisa da Temqis  msxvili sacxovrebeli
masivebi, sadac pirveladi momsaxurebis obieqtebis garSemo, romlebic
sayofacxovrebo-sazogadoebrivi momsaxurebis sistemis pirvel safexurs
warmoadgens, iqmneba sacxovrebeli saxlebis jgufebi. meore safexuri
mikroraiunuli centria, xolo gldanSi, romelic erT raionul erTeulad
iyo warmodgenili, dagegmarda momsaxurebis mesame safexuric, raionuli
centri. sacxovrebeli saxlebi iseTnairad iyo ganlagebuli, rom maT
Soris Seqmniliyo myudro sivrceebi, ukeT iqna gaazrebuli sacxovrebeli
jgufebis kompozicia, romelic mTeli mikroraionis erTiani kompoziciis
nawils Seadgenda. gldanis da TemqisÈdagegmarebiT TandaTan daiwyo, qalaqis
generaluri gegmis Tanaxmad, qalaq is Crdilo da Crdilo-aRmosavleT
teritoriebis aTviseba, qalaqma daiwyo zrda Tbilisis zRvis mimarTulebiT.

Temqis sacxovrebel raionSi, iseve rogorc gldanSi, gaTvaliswinebuli
iyo samsafexuriani sistema. ganaSenianebaSi gamoyenebul iqna sxvadasxva
simaRlis da gabaritebis tipiuri sacxovrebeli saxlebi, raTa Seqmniliyo
gamomsaxveli silueti da gacocxlebuliyo mikroraionis sivrcobrivi
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kompozicia da ganaSenianeba ukeT yofiliyo Serwymuli garemosTan. proeqtis
avtorebi xSirad mimarTaven grZeli, horizontaluri moculobisa da
koSkura saxlebis kontrastuli kompoziciis xerxs. amave dros, aq axali
tendenciac aris aRsaniSnavi – es aris mikroraionebSi sacxovrebeli
jgufebis Sida sivrceebis gamovlenis da maTi sivrcobrivi organizebis cda
TbilisisaTvis damaxasiaTebeli myudro ezoebis msgavsad.È

Tumca industriuli-tipobrivi mSeneblobis pirobebSi, saxlebis msxvili
masStabis mSeneblobis Zalze dabali xarisxis gamo, Zneli xdeboda
sasurveli efeqtis miRweva, mokroraionebSi dagegmarebuli iyo vrceli
mwvane farTobebi da izrdeboda maTi roli arqiteqturul kompoziciaSi,
magram maTi ganxorcieleba mxolod nawilobriv da isic uxarisxod xdeboda.

Öunda aRiniSnos, rom 50-70-iani wlebSi, TbilisSi aSenebuli
sacxovrebeli masivebis tipiur Senobebs gansazRvruli hqondaT 30-40 wliani
eqspluataciis vada, romelic faqtiurad amowurulia. aqedan gamomdinare,
mTeli rigi sacxovrebeli korpusebi avariul mdgomareobaSia, rac
aqtualurs xdis seriozuli kvlevebis Catarebas da maTi etapobrivi
rekonstruqcia-reabilitaciis samuSaoebis Catarebas. Tavis mxriv es procesi
did socialur-ekonomikur problemebTanaa dakavSirebuli.

3. daskvna
amrigad, sabWoTa periodis msxvili sacxovrebeli masivebis

retrospeqtiuli analizi saSualebas iZleva, rom Catardes am raionebis
Sesabamisi kvlevebi, romlis safuZvelzec, SesaZlo iqneba arsebuli
problemebis arqiteqtutul-qalaqgegmarebiTi gadawyvetis  principebis
SemuSaveba da masivebis sarekonstruqcio zonebis SenobaTa jgufebis
gamovlena.
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integrirebuli proeqtireba usafrTxoebisaTvis

d. saginaZe, g. miqiaSvili
(saqarTvelos teqnikuri universiteti, 0175, m. kostavas 77,

q. Tbilisi, saqarTvelo)
reziume: statiaSi ganxilulia ekologiuri faqtorebisa da globaluri
teroristuli safrTxeebis gaTvaliswinebis aucilebloba Tanamedrove
Senobebis daproeqtebisas, rac saWiroebs saerTaSoriso saproeqto
praqtikisa da gomocdilebis Seswavla–gamoyenebas. dasaxuli miznebis
misaRwevad saWiroa integrirebuli proeqtirebis meTodebis
ganxorcieleba. statiaSi ganxilulia Tu ra safrTxis Semcvelia
arsebuli gamowvevebis ignorireba Tanamedrove arqiteqturaSi. aqve
xazgasmulia sxvadasxva ganviTarebuli qveynebis praqtika, gamocdileba
da maTi gamoyenebis meTodika. yuradReba gamaxvilebulia iseT
mniSvnelovan sakiTxebze, rogoricaa proeqtirebis procesSi
usafrTxoebis da mdgradi arqiteqturis principebis gaTvaliswineba da
urTierTSerwyma. miiRebs saboloo saxes. suraTi #2 uCvenebs
modelirebis procesualur grafiks.
sakvanZo sityvebi:  integrirebuli proeqtireba, mgdradi arqiteqtura,
energo efeqturoba, Senoba-nagebobis usafrTxoeba.

bolo dromde samoqalaqo seqtoris arqiteqtorebs proeqtirebisas
afeTqebiT  gamowveuli damangreveli da sxva uaryofiTi zemoqmedebisagan
Senobebis dacvis gaTvaliswineba iSviaTad Tu uxdebodaT. es Tema
gansakuTrebiT  aqtualuri gaxda im qveynebSi, sadac, rTuli saerTaSoriso
viTarebidan gamomdinare, mkveTrad gaizarda teroristuli aqtebis
ganxorcielebis saSiSroeba da wina planze wamoiwia mSvidobiani
mosaxleobis usafrTxoebis aucileblobam.

im Senobebis daproeqteba romlebic daakmayofileben aseT gansakuTrebul
moTxovnebs, gamoirCeva daproeqtebis procesTan Tavisi
kompleqsuri/integrirebuli midgomiT, rac gulisxmobs mravali
mniSvnelovani faqtoris gaTvaliswinebas, maT Soris usafrTxoebis
uzrunvelyofas, energoefeqturobas, funqciasTan Sesabamisobas, komforts,
esTetiurobas, misadgomobas, ekonomiurobas da sxvas.

proeqtirebis adreul stadiaze profesionalebs Soris gamocdilebis
gaziarebam SeiZleba aamaRlos damproeqtebelTa mTeli gundis SemoqmedebiTi
SesaZleblobebi da gaaCinos kreatiuli ideebi SenobaTa mravalfunqciuri
sistemebis Sesaqmnelad. magaliTisaTvis, rkinabetonis kedels, romelic
uzrunvelyofs Senobis konstruqciul mdgradobas, SeuZlia Seasrulos
iseTi funqciebi, rogorebicaa teraqtisagan dacvis funqcia da trombuli
kedlis funqcia (masiuri kedeli romlis meSveobiT xdeba mzis energiis
absorbcia, SemdegSi ki misi emisia) pasiuri energiis dasakonserveblad. amis
Sedegad miiRweva energoefeqturoba, komfortuloba da, amave dros –
usafrTxoeba. saboloo jamSi Senoba iZens energoefeqturobis statuss.
eseTi konceptualuri CarCo iqmneba kompleqsuri/integrirebuli
proeqtirebis adreul etapze da iZleva grZelvadian sargebels Senoba-
nagebobis mTeli sasicocxlo ciklis manZilze.
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sur. 1
sasurveli proeqtis Sesaqmnelad sWiro xdeba Senoba–nagebobebis

industriaSi moRvawe yvela dargis profesionalis gamocdilebis
gaTvaliswineba. aseTi koordinirebuli moqmedebis saSualebas iZleva
Tanamedrove kompiuteruli teqnologiebi da qseluri sistemebi, rogoricaa
SenobaTa informaciuli modelireba (BIM). aseTi modelirebis dros
arqiteqtoris mier Seqmnili Senobis cifruli modeli gadaecema
konstruqtors, konstruqtoris mier koreqtirebuli modeli ubrundeba
arqiteqtors, SemdegSi igive modeli gadaecema meqanikuri mowyobilobebis
inJiners (HVAC), SemdegSi eleqtro inJiners, da a.S. sanam modeli ar miiRebs
saboloo saxes. suraTi 2 uCvenebs modelirebis procesualur grafiks.

sur. 2
samganzomilebiani modelirebaproeqtirebaSi CarTul sxvadasxva

profesiis adamianebs riskebis ukeT gaanalizebis saSualebas aZlevs.
arsebuli realobidan gamomdinare arqiteqtorTa is jgufebi, romelTac
uxdebaT afeTqebagamZle (rezistentul) Senobebis daproeqteba, mudmivi
konsultaciis reJimSi imyofebian usafrTxoebisa da samxedro samsaxuris
eqspertebTan, sakanonmdeblo uwyebis pirebTan da sxvadasxva sferos
konsultantebTan. arqiteqtorTa eseT jgufs „usafrTxoebis proeqtirebis

jgufs“ uwodeben (Security Design Team)[1].
maRalefeqturi, usafrTxo  Senobis daproeqtebisas arqiteqtoris
movaleobaa  maSvelebis, mexanZreebis da saswrafo daxmarebis samoqmedo
gegmis gaTvalswineba. xSir SemTxvevaSi aseTi Senobebi, rogorc wesi,
aRWurvilia tyviagaumtari fanjrebiT, amitomac maSvlebs uZneldebaT minis
Camsxvreva da SenobaSi fanjridan SeRweva samaSvelo operaciebis
Casatareblad. iseT SenobaSi sadac Znelia SeRweva da  ventilaciac

1Handbook for Blast Resistant Design of Buildings, Edited by Donald O. Dusenberry.
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minimaluria,  xanZris likvidaciisaTvis mexanZreebs sWirdebaT specialuri
mowyobilobebi da araordinaluri midgomebi. am da sxva faqtorebis
gaTvaliswinebiT proeqtirebis jgufs uxdeba damatebiTi zomebis miReba, rac
sagrZnoblad zrdis finansur xarjebs funqciurad srulyofili  Senobis
misaRebad.

minimaluri distancirebis zona. potenciuri safrTxis aTvlis
wertilidan, Senoba nagebobis distancireba iTvleba yvelaze mniSvnelovan
faqtorad, romelic afeTqebis SemTxvevaSi uzrunvelyofs Senobis
mdgradobas. rac ufro didia manZili afeTqebis wertilidan miT ufro
naklebia Senobaze damangreveli talRis zemoqmedeba. samizne obieqtTan
(Cvens SemTxvevaSi saproeqto SenobasTan) potenciuri Tavdamsxmelis mier
asafeTqebeli mowyobilobis miaxloebiT gamowveuli riskebisa da afeTqebiT
gamowveuli dazianebebis gaTvaliswinebiT SesaZlebeli xdeba prevenciuli
zomebis gatareba. es  iZleva imis  saSualebas, rom Tavidan iqnes acilebuli
Senobis konstruqciuli nawilis CamoSla da minimumamde iqnes dayvanili
adamianTa fizikuri dazianebebi. saerTaSoriso organizaciebi da samoqalaqo
seqtoris arqiteqtorebi xSirad  sargebloben amerikis SeerTebuli
Statebis Tavdacvis saministros (Department of Defense (DoD)) mier SemuSavebuli
rekomendaciebiT.
gansazRvruli raodenobis asafeTqebeli nivTierebis gamoyenebiTa da
mocemuli distanciis gaTvaliswinebiT (suraTi 3) saSualebas iZleva
ganisazRvros Tu ra donis zians miRebs Senoba–nageboba teroristuli
Tavdasxmis SemTxvevaSi.

სურათი  3. აფეთქების სპექტრი და გარემოზე ზემოქმედების ეფექტები (წყარო:
Defense threat reduction agency[2]. აშშ).

riskebis analizis Sedegad unda ganisazRvros potenciuri safrTxeebi da
asafeTqebeli mowyobilobebis gamoyenebis SesaZleblobebi regionSi.
amitomac xSir SemTxvevaSi aucileblobas warmoadgensproeqtirebaSi
usafrTxoebis sferoSi momuSave konsultantebis CarTva.

2http://www.dtra.mil/
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maRali riskebis zonaSi ganTavsebuli Senoba nagebobebis dacvisas xdeba
zonebis prioritetebad dayofa damcavi barierebis meSveobiT. eqskluziuri
distancirebis zona ganTavsebulia teritoriis Sua nawilSi sadac mTavari
Senoba–nagebobebia ganTavsebuli (ixileT suraTi #4). imis gaTvaliswinebiT
rom manqanebs SeuZliaT gacilebiT meti asafeTqebeli nivTierebis gadatana
eqskluziuri zona  mxolod qveiTad gadaadgilebis SesaZleblobas iZleva
dacvis TvalsazrisiT meorexarisxovani SenobebisaTvis (sawyobebi,
saxelosnoebi, avtosadgomebi) gankuTvnilia araeqskluziuri distanciis
zona. sakontrolo punqtze avtomanqanebis saguldagulo Semowmebis Semdeg
SesaZlebeli xdeba maTi parkireba araeqskluziur zonaSi.

sur. 4 dasacavi teritoriis dayofa eqkluziuri da araeqskluziur zonebad.
Tanamedrove arqiteqturaSi arsebobs magaliTebi rodesac arsebuli

teritoria gamoiyeneba potenciuri safrTxis distancirebisaTvis, es
SeiZleba iyos skveri, tba,  wyalsacavi, zRvis sanapiro da a.S.
integrirebuli proeqtireba da swori strategiis SemuSaveba SesaZlebels
xdis usafrTxoebis zomebis Serwymas esTetikasTan.

araerTi Tanamedrove Senobis CamoTvla aris SesaZlebeli,romlis
ganTavsebac usfrTxoebisa da esTetikis Serwymis mizniTmoxda  xelovnurad
gaSenebul kunZulze an naxevarkunZulze. qvemoT ganTavsebuli suraTebi
daniis dedaqalaq kopenhagenSi aSenebuli maRalefeqturi Senobebis
ilustraciaa, romlebic Tanamedrove moTxovnebis sruli gaTvaliswinebiTaa
aSenebuli. aRsaniSnavia daniis saxelmwifos ambiciuri gegma, 2025 wlisaTvis
kopenhageni aqcios msoflioSi pirvel mwvane dedaqalaqad, romelsac
sasaTbure gazebis gamoyofis nulovani maCvenebeli eqneba, xolo 2050
wlisaTvis daniis saxelmwifo gegmavssruliad ganTavisufldes miwisqveSa
wiaRiseulisenergo-moxmarebisagan. Sesabamisad arqiteqtura da samSeneblo
industria axali gamowvevebis winaSe dgas.

ოპერის სახლი (კოპენჰაგენი) სასწავლო ცენტრი (კოპეჰაგენი)
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გაეროს შტაბბინა (კოპენჰაგენი)
avtomobilis myisieri SeCerebis barierebi. dRevandeli urbanizaciis

pirobebSi minimaluri distancirebis uzrunvelyofa teritoriul
sirTuleebTan aris dakavSirebuli, Tumca kreatiuli arqiteqturuli
gadawyvetilebebi sasurvel Sedegebs iZleva. myisieri SeCerebis barierebi
gamoiyeneba Senoba– nagebobebis asfeTqebeli nivTierebebiT datvirTuli
avtomanqanisagan dasacvad.

maTi dajgufeba Semdegnairad xdeba:
 pasiuri zomebi.

a. statikuri bolardebi
b. miwayrilebi da ormoebi
g. rkinis konstruqciis galavani
d. rkinabetonis sayvavileebi

ა. ბ.

გ. დ.
 aqtiuri zomebi

e. asawevi barierebi
v. hidravlikuri barierebi
z. moZravi galavani
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ე. ვ. ზ.
maTi garemosTan esTetikuri morgeba arqiteqtorebisaTvis erTerTi
mniSvnelovani sazrunavia. me-5 suraTze naCvenebia vaSingtonis memorialis
irgvliv ganTavsebuli rkina betonis barierebis  Canacvlebis koncefcia
gamwvanebuli skveriT, sadac myisieri SeCerebis barierebis rols asruleben

sayvavileebi da skveris skamebi.

suraTi 5
zemoT aRniSnul detalaebze da sxva araerT mniSvnelovan faqtorze aris
gamaxvilebuli yuradreba amerikis arqiteqtorTa institutis (AIA) mier
SemuSavebul rekomendaciebSi, arqiteqtorebisa da dizainerebisaTvis.
პერიმეტრის უსაფრთხოების ზომების
გათვალისწინება, ლანდშაფტის კეთილმოწყობის
პროექტირებისას.

პერიმეტრის უსაფრთხოებისა და ლანშაფტის ესთეტიკური
შერწყმა: ხელსაყრელი მისადგომი, მინიმალური
დისტანცირების ზონა, მწვანე სახურავი ა.შ

ბარიერების გამოყენება ავტომანქანების მყისიერი
შეჩერებისათვის.

ეკოლოგიურად სუფთა ბუნებრივი ბარიერების მოწყობა
(ხეების, საყვავილეების და სკვერების განთავსება,
შადრევნებისა და რეკრიაციული ტერიტორიების
ინტეგრირება უსაფრთხების მიზნით).

საერთო შესასვლელების კონტროლი. უცხო პირთა მიმოსვლის მინიმუმამდი დაყვანა, ბუნებრივი
განათების მაქიმალურად გამოყენება.

ადვილად ხელმისაწვდომი  ღიობების დაცვა
(პრიველი სართულის ფანჯრები და კარები).

გისოსები და დამცავი მექანიზმების მოწყობა, ბუნებრივი
განათების დახშობის გარეშე.

ლიფტებისა და პარკირების სათანადო ელექტრო
მოწყობილობით აღჭურვა.

ენერგო ეფექტური სისტემებისა და განახლებადი ენერგიის
გამოყენება.

კრიტიკულად ფუნციური სისტემების
სათანადოდ დაცვის უზრუნველყოფა
(ინფორმაციოული ტექნოლოგიები, კრიტიკული
მექანიკური სისტემები)

ავტონომიური, სპეციალურად ფუნქციური სისტემებისათვის
განკუთვნილი ვენტილაციის/კონდენცირების მოწყობა.

მეთვალყურეობა
კარებისა და ფანჯრების განთავსება კარგი
ხილვადობით.

დღის სინათლესთან დაკავშირებული წესების გათვლით[3].

თავდამსხმელთათვის მისამალი  ადგილების
არარსებობა

3
http://www.wbdg.org/resources/daylighting.php
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ტერიტორიების დაყოფა საზოგადოებრივ და
პრივატულ ზონებად.

გზამკვლევი ნიშნების მოწყობა.

საზოგადო მოხმარების (მაგ. სპირპარეშო)
ადგილების სამეთვალყურეო არეალში
მოქცევა

კრილიმინალისაგან დამცავი
მოწყობილობები, სათვალთვალო კამერები.

შენობის კონტროლის სისტემაში ინტეგრირება, ენერგოეფექტური
განათებისა და სისისტემების გამოყენებით. დაბალი განათებით ან
განათების გარეშე ფუნქციონირებადი კამერების გამოყენება,
ელექტროენერგიის დაზოგვის მიზნით.

ბალისტიკური გამძლეობა

შენობის კონსტრუქციის დაპროექტება
ბალისტიკური რეზისტანტობის სტრატეგიის
გათვალისწინებით რათა არ მოხდეს შენობის
უეცარი ჩამოშლა.

პასიური  მზის ენერგიის კონსერვირების მეთოდების გამოყენებით
(მაგ. ტრომბული კედლების გამოყენება). მდგრადი/ეკოლოგიურად
სუფთა მასალების გამოყენება.

შენობა ნაგებობის ფორმისა და
კონფიგურაციის დაგეგმარება ბალისტიკური
რეზისტანტობის სტრატეგიის
გათვალისწინებით.

პასიური  მზის ენერგიის კონსერვირების მეთოდების გამოყენებით

მინიმალური დისტანცირების ზონის
გათვალისწინება.

ფანჯრების განთავსება აფეთქების ეფექტის
გათვალისწინებით.

ფრაგმენტების დამჭერი ფირის გამოყენება რომელიც ასევე
უზრუნველყოფს ენერგოეფექტურობას.

ფასადის მოსაპირკეთებელი საშუალებების
შერჩევა აფეთქების ეფექტის
გათვალისწინებით.

ეკოლოგიურად სუფთა მასალების გამოყენება თერმული
უპირატესობის გათვალისწინებით.

უფუნქციო ჩუქურთმებისა და გაფორმებების
თავის არიდება, რომელთა ფრაგმენტებსაც
შეუძლიათ ზიანის მიყენება

ესთეტიკის მიზნით მზის კონტროლისა და საჩრდილობელი
მოწყობილობების ფასადთან ინტეგრირება.

ქიმიური, ბიოლოგიური, რადიაციული საფრთხეები
შენობაში სუფთა ჰაერის მიმწოდებელი
არხების დაცულ ადგილას განთავსება.

ენერგო ეფექტური კონდენცირებისა და ვენტილაციის სისტემებში
ინტეგრირება.

შენობაში შემავალი ჰაერის ფილტრაციის
უზრუნველყოფა.

შენობის კონტროლის სისტემაში ინტეგრირება,

იშვით გამოყენებაში არსებული ფართების
დაცვა (საწყობი, მექანიკური
მოწყობილობების ოთახი, ტვირთის მიმღები
ტერიტორია).

ავტონომიური, სპეციალურად ფუნქციური სისტემებისათვის
განკუთვნილი ვენტილაციის/კონდენცირების მოწყობა.

სათადარიგო/ადეკვატური გეგმის მომზადება
ბიოქიმიური თავდასხმის შემთხვევაში.
ენერგო უსაფრთხოება

ეფექტური სისტემების შექმნა ენერგოდამოკიდებულების მინიმუმამდი დაყვანა.
ენერგოეფექტური სისტემების გამოყენება. განახლებადი
ენერგიების გამოყენება.

მობინადრეთა ჯანმრთელობაზე და უსაფრთხოებაზე ზრუნვა

დიზაინ სტრატეგია, რომელიც გამორიცხავს
ან შეამცირებს ინციდენტებს.

უსაფრთხოების მექანიზმების ინტეგრირება მდგრად
ტექნოლოგიებთან, ავტომატიზირებული მართვის სისტემების
გამოყენებით.

ჯანმრთელობის საფრთხეების პრევენცია. ბუნებრივი და მექანიკური ვენტილაციის გამოყენება,
ავტომატიზირებული მართვის სისტემებში ინტეგრირებით.

სიმაღლიდან ვარდნის ინციდენტების
პრევენცია.

მოაჯირებისა და დამცავი სისტემების ეკოლოგიურად სუფთა
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მასალებით გამოყენება. ავტომატურად მართვადი ფანჯრების
უსაფრთხოების ზომებით უზრუნველყოფა.

მოცურების, წაბორძიკებისა და დაცემის
საფრთხის პრევენცია.

დღის სინათლის ინტეგრირება შიდა განათების სისტემაში. ენერგო
ეფექტური (LED) ნათურების გამოყენება.
ელექტროლუმინიზირებული ტექნოლოგიების გამოყენება რაც არ
საჭიროებს დენის წყაროს.

ელექტრო უსაფრთხოების უზრუნველყოფა. პრაქტიკაში არსებული რეკომენდაციებისა და სტანდარტების
დაცვა ფოტოვოლტური სისტემებისა და განაწილებული
ენერგეტიკული რესურსების გამოსაყენებლად, როგორიცაა
მიკროტურბინები და გონიერი ქსელები.

ჯანმრთელობისათვის საშიში მასალების
ზემოქმედების  აღმოფხვრა. (მაგ, აქროლადი
ორგანული ნაერთები (VOCs)და
ფორმალდეჰიდი, ტყვიის შემცველი მასალები
და აზბესტით გადახურულიძველი
შენობები).

ეკოლოგიურად სუფთა/მდგრადი მასალების გამოყენება(
მაგალითად, საღებავი რომელიც არ შეიცავს აქროლვად ორგანულ
ნივთიერებებს (VOCs), ფორმალდეჰიდის შემცველი პანელები, და
ა.შ.) სპეციალურად განკუთვნილი სავენტილაციო სყსტემები:
ლაბორატორიებში, გზავნილების მიმღებ ოთახებში, ტვირთის
მიმღებ ზონებში და ა.შ.

შენობაში ჰაერის ხარისხის უზრუნველყოფა
და კონტროლი, ადკვატური ვენტილაციით.

ბუნებრივი და მექანიკური ვენტილაციის გამოყენება,
ავტომატიზირებული მართვის სისტემებში ინტეგრირებით.

ერგონომიული სამუშაო პირობების შექმნა,
რათა თავიდან აცილებულ იქნას ორგანიზმის
დეფორმაციასთან და კუნთოვან
დარღვევებთან დაკავშირებული რისკები.

მდგრადი/ეკოლოგიურად სუფთა მასალების გამოყენება, მათ
შორის, განახლებული ავეჯისა და არატოხსიკური შემადგენლობის
მასალების გამოყენება.

შენობის ეფექტური ექსპლუატაციისათვის
ტექნიკური მომსახურების უზრუნველყოფა.

შენობის ექსპლუატაციაში შესვლისას არსებული სისტემების
ეფექტური მართვის უზრუნველყოფა, ავტომატიზირებული
მართვის სისტემებში ინტეგრირებით.

ხშირი მოხმარების ნივთებისა და მასალების
სათანადო პირობებში მიღება, გაცემა და
შენახვის უზრუნველყოფა.

შენობის ეფექტური ექსპლუატაციისათვის ტექნიკური
მომსახურების პირობების დაცვით.

liteartura

1. Handbook for Blast Resistant Design of Buildings, Edited by Donald O. Dusenberry. 2010
2. Defense Threat Reduction Agency. http://www.dtra.mil/. 10.11.2015
3. State of Green. www.stateofgreen.com 14.02.2016
4. Whole Building Design Guide.http://www.wbdg.org/resources/daylighting.php.

05.06.2016
5. Source: Building Security Through Design: A Primer for Architects, Design Professionals,

and their Clients by The American Institute of Architects. Washington, DC: AIA, p. 15.
06. 2015

6. Source: WBDG Safe—Ensure Occupant Safety & Health. 15.05.2015



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(44), 2017
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

64

asfaltbetonis kompozituri masalebis
struqturebis maTematikuri modelirebis safuZvlebi

m. sulamaniZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175,

Tbilisi, saqarTvelo)
reziume: asfaltbetonis narevebis Zvrisadmi mdgradobisa da
cveTamedegobis amaRlebis mizniT ukanasknel dros farTod
gamoiyeneba kompozituri masalebi. gansakuTrebiT aRsaniSnavia
polimerbitumis Semkvrelebi, romelTa bazaze momzadebuli
asfaltbetonis narevebi gamoirCeva mniSvnelovnad gaumjobesebuli
maxasiaTeblebiT.

kompozituri masalebis struqturis SerCevaSi maTematikuri
modelirebis gamoyenebam farTo gaqaneba moipova sagzao mSeneblobaSi.
maTematikuri modelirebis gamoyeneba saSualebas iZleva SevarCioT
masalebis optimaluri fraqciuli Semadgenloba, rac uzrunvelyofs
eqspluataciis pirobebSi maTi xarisxisa da saimedobis amaRlebas da
saWiro Tvisebebis mqone axali masalebis Seqmnas.
sakvanZo sityvebi: gza, asfaltbetoni, kompozituri masalebi,
modificirebuli asfaltbetoni, maTematikuri modeli, struqturis
elementebi, elementebis matrica.

1. Sesavali
maTematikuri modelireba iTvaliswinebs mocemuli fizikuri movlenis

Sinaarss da ixilavs mxolod maTematikur gantolebebs, romelTa meSveobiT
aRwerili iqneba mocemuli fizikuri movlena, amasTan fizikuri movlenis
aRwerilobidan xdeba im gantolebebisa da parametrebis SerCeva, romlebic
arsebiT gavlenas axdenen am movlenis mimdinareobaze.

kompozituri masalebis struqturis saboloo maTematikuri modeli
warmoadgens struqturis yvela elementis ganzogadebuli koordinatebis
matricas, romelTa ganTavseba da gaangariSeba xdeba specialuri
modelirebadi algoriTmebis meSveobiT saTanado simZlavris kompiuterebiT.

2. ZiriTadi nawili
kompozituri masalebis struqturis maTematikuri modelis Seqmnisas

unda vixelmZRvaneloT maTematikuri modelirebis saerTo principebiT.
pirvel rigSi, maTematikuri modeli iTvaliswinebs konkretul fizikur

Sinaarss da ixilavs mocemuli fizikuri movlenis mxolod maTematikur
mxares, ganixilavs mxolod maTematikur gantolebebs, romelTa meSveobiT
SeiZleba aRwerili iqnas mocemuli fizikuri movlena.

meores mxriv, fizikuri movlenis yvela maTematikuri aRwerilobidan
arCeven im gantolebebsa da parametrebs, romlebic arsebiT gavlenas axdenen
am movlenis mimdinareobaze. SeuZlebelia saerTo universaluri modelis
Seqmna, romelsac SeeZleba aRweros mocemuli fizikuri movlenis yvela
procesi. nebismieri maTematikuri modeli SefardebiTia amocanis gadawyvetis
sistemis mimarT. maTematikur modelSi ZiriTadia aspeqtebis gamoyofa-
gamokvleuli iqnas mTeli rigi erTgvarovani movlenebi da meores mxriv,
gaanalizebuli iqnas ama Tu im gverdiTi movlenis gavlena, romlebic ar
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aisaxeba ZiriTad modelSi maTematikur modelSi Sesabamisi Sesworebebisa da
dazustebebis Setanis gziT.

kompozituri samSeneblo masalebis Tvisebebis maTematikuri modelis
agebis Teoriuli da organizaciuli safuZvlebi efuZneba egreTwodebul
,,kveTi“-s kanons. igive principebi misaRebia araerTgvarovani masalebis
struqturis maTematikuri modelirebis SeqmnisaTvisac.

maTematikuri modelis ageba damokidebulia struqturis tipze da
kompozitis gamosakvlevi fiziko-struqturuli Tvisebebis nakrebze.

masalis fiziko-struqturuli Tvisebebis garkveuli speqtris
gamokvlevis mizniT, SeuZlebelia Tavidanve sakmarisi sizustiT SevarCioT
saWiro maTematikuri modeli.

Teoriuli kvlevis ganxorcielebis procesSi da maTi Sedegebis
SedarebiT eqsperimentalur kvlevebTan SesaZlebelia maTematikuri modelis
dazusteba, romelTac SeiZleba qondeT araerTgvarovani xasiaTi fiziko-
struqturuli Tvisebebis gansxvavebuli tipebisaTvis.

miRebuli Teoriuli monacemebis dadastureba SedarebiTi kvlevebiT
iZleva saSualebas, raTa mocemuli maTematikuri modeli CaiTvalos
sakmarisad, rom gavxadoT is ufro ekonomiuri, SeiZleba vecadoT
aRmovfxraT zogierTi adre Setanili dazustebebi, romlebic ar axdenen an
Zalian sust gavlenas axdenen sakvlev Tvisebebze.

Cveulebriv erTi tipis fiziko-struqturuli parametrebis ricxvi
garkveulad umniSvneloa, amitom kompozituri masalebis tipebis raodenobac
SezRudulia. am SemTxvevaSi SesaZlebelia masalebis calkeuli
nakrebisaTvis da maTi fiziko-struqturuli maxasiaTeblebisaTvis
SevuTavsoT struqturis esa Tu is maTematikuri modeli, romelic yvelaze
srulad da optimalurad moergeba am nakrebs. aseTi Sesabamisobis
gansazRvris Semdeg SedarebiTi eqsperimentaluri kvlevebis raodenoba
SeiZleba SevamciroT an mTlianad gamovricxoT.

ZiriTadi sirTule struqturis matematikur aRweraSi ganpirobebulia
umravlesi praqtikuli TvalsazrisiT mniSvnelovani kompozituri masalebis
statistikuri xasiaTiT. Sesabamisad aseTi sistema ar SeiZleba aRwerili
iyos stacionaluri gantolebebis sasruli ricxviT.

kompoziciis struqturis bolo maTematikuri modelisaTvis
damaxasiaTebelia orgvarovneba, rac imaSi gamoixateba, rom erTis mxriv
struqturis komponentebis ganawilebas aqvs SemTxveviTi xasiaTi, meores
mxriv, struqtura aRiwereba sasruli raodenobis gantolebiT.

es orgvarovneba Sedis naCveneb saboloo gantolebaTa sistemaSi
specialuri parametrebiT, romelTac aqvT SemTxveviTi xasiaTi.

amave dros gantolebaTa sistemis sasruloba saSualebas iZleva
principulad ganvaxorcieloT yvela gamosakvlevi fiziko-struqturuli
parametrebis raodenobrivi angariSi. amgvarad struqturis sasruli
maTematikuri modelis orgvarovneba ar ewinaaRmdegeba statistikuri
gamocdis meTodiT araerTgvarovani kompoziciis Teoriuli kvlevis arCeul
principebs.

struqturis saboloo maTematikur modelSi warmodgenili
statistikuri kompoziciis moculoba unda iqnas SezRuduli yvela
ganzomilebaSi. Tumca struqturis elementebi ganawilebulia am moculobaSi
SemTxveviTi saxiT, TiToeuli konkretuli elementis mdebareoba mocemul
konkretul moculobaSi srulad gansazRvrulia, rac mTlianad gamoisaxeba
am elementis koordinatebis SerCeul sistemaSi, amasTan koordinatebis
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raodenoba Seesabameba struqturis elementebis formas. magaliTad, sferos
formis elementebis kompoziciisaTvis TiToeuli elementis mdebareoba
ganisazRvreba sami koordinatiT.

ganvixiloT sqematurad kompozituri masalis struqtura Semavseblis
gansxvavebuli moculobiTi koncentraciiT (nax.1).

davuSvaT, rom Semavseblis moculobiTi koncentraciis gazrdas
mosdevs kompozituri masalis romelime Tvisebis gaumjobeseba. magaliTad,
im Semavseblis raodenobis zrdasTan erTad, romlis simtkice ufro maRalia
vidre sxva Semavseblisa, izrdeba kompozitis simtkice.

a) b) g)
nax.1. kompozituri masalis struqturis sqematuri gamosaxuleba

„Semavsebeli-SemakavSirebeli matrica“ Semavseblis gansxvavebuli
moculobiTi koncentraciiT. 1-matrica; 2-Semavsebeli; 3-klasteri

kompozitis Tvisebis xarisxobrivi damokidebuleba Semavseblis
moculobiT koncentraciaze gamosaxulia (nax.1)-ze. aqedan kompoziciis
nebismieri struqtura, romelic SezRudulia SerCeuli moculobiT,
ganisazRvreba mTlianad struqturis calkeuli elementis ganzogadebuli
koordinatebis nakrebiT, romlis sistemac SeiZleba warmodgenili iqnas am
koordinatebis matriciT, romlis Senaxva xdeba kompiuteris mexsierebaSi.
nebismieri struqturuli daxasiaTeba, romelic damokidebulia mxolod
gamosakvlevi struqturis komponentebis geometriul ganawilebaze, SeiZleba
gaangariSebuli iqnas amave kompiuterze specialuri algoriTmebis mixedviT.

maTi raodenobrivi daxasiaTeba mTlianad ganisazRvreba koordinatebis
matricis elementebiT, romelic inaxeba kompiuteris mexsierebaSi. mocemuli
sasruli maTematikuri modeliT warmodgenili moculoba SezRudulia
kompiuteris mexsierebis tevadobiT, romelsac Seswevs unari Seinaxos
matricis elementebis ganzogadebuli koordinatebis ricxviTi
mniSvnelobebi. aseTi matricis angariSi agreTve unda vawarmooT specialuri
programebisa da algoriTmebis mixedviT.

kompozituri masalebis fizikuri Tvisebebis gamokvlevisaTvis
struqturis komponentebis geometriuli ganlagebis garda aucilebelia
vicodeT TiToeuli elementis fizikuri Tvisebebi. struqturis elementebis
yvela fizikuri parametrebi, romlebic savaldebuloa mocemuli
kvlevisaTvis, unda iyos mocemuli ricxobrivi parametrebis saxiT, romlebic
qmnian matricas da romelic SeiZleba SevusabamoT ganzogadebul
koordinatebis matricas.

ganzogadebuli koordinatebis matricis sistemaSi kompoziciis TiTeul
elements ukavia matricis erTi striqoni, maT Soris komponents, romelic
warmoadgens garemos Semavsebels. matricis striqoni warmoadgens
struqturis mocemuli elementis yvela aucilebeli fizikuri parametrebis
geometriul koordinatebs da ricxobriv maxasiaTeblebs.
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am matricis angariSi da ganawileba xdeba modelirebadi algoriTmis
specialuri programiT, xolo matricis elementebis amokrefis wesi
kompoziciis fiziko-struqturuli maxasiaTeblebis angariSis dros
ganisazRvreba sxva algoriTmiT, romelic damuSavebulia mocemuli
maTematikuri modelisaTvis. ganzogadebuli koordinatebis matricisa da
ricxobrivi fiziko-struqturuli maxasiaTeblebis angariSi xdeba erTi da
imave kompiuterze.

amgvarad kompozituri masalebis struqturis saboloo maTematikuri
modeli warmoadgens struqturis yvela elementis ganzogadebuli
koordinatebis matricas, romlis ganTavseba da gaangariSeba xdeba
specialuri modelirebadi algoriTmebis meSveobiT kompiuterebze.

yvelaze martivi, ekonomiuri da efeqturia struqturebis modeli, sadac
elementebi warmodgenilia sferos formiT. ganzogadebul koordinatTa
matricas am SemTxvevaSi gaaCnia svetebis minimaluri raodenoba, rac Tavis
mxriv zrdis striqonebis raodenobas, romlebic Seesabameba mocemuli
saboloo maTematikuri modelis SefuTvaSi arsebuli elementebis
raodenobas, amgvarad izrdeba warmodgeniTi moculoba.

aRniSnuli matricis angariSi, agreTve fiziko-struqturuli
parametrebis kvleva am SemTxvevisaTvis iqneba yvelaze martivi da
ekonomiuri.

miTumetes axali martivi maTematikuri modelebis meSveobiT SeiZleba
gaangariSebuli iqnas fiziko-struqturuli parametrebi, Tundac
struqturebi, romelTa elementebis forma gansxvavebulia izometriulisagan.

mocemuli maTematikuri modelis SemTxvevaSi cdomileba angariSSi devs
statistikuri Secdomis farglebSi, amitom mocemuli parametrebisaTvis ar
unda iqnas gaTvaliswinebuli struqturis nawilakebis realuri formis
sferuli formisagan gadaxra.

nawilakebis formaze mniSvnelovnad aris damokidebuli kompozituri
masalebis meqanikuri simtkicis parametrebi, agreTve maTi struqturuli
maxasiaTeblebis rigi.

amitom sferuli elementebis Sevsebis mqone maTematikuri modelebiT
SeiZleba gamokvleuli iqnas masalebi izometriuli formis elementebiT,
iSviaTad-masalebi struqturis Sevsebis mcire simWidroviT araizometriuli
formis sxeulebiT. aqedan gamomdinare arasferuli formis elementebis
mqone kompozitebis fiziko-struqturuli Tvisebebis gamokvlevis mizniT
unda iqnas agebuli gacilebiT rTuli maTematikuri modelebi elementebis
realuri formis gaTvaliswinebiT. e.i. davamuSaoT ganzogadoebul
koordinatTa matrica svetebis didi ricxviT.

es programebi gacilebiT didi moculobisaa da gaaCniaT gacilebiT
naklebi swrafqmedeba, amasTan isini efeqturia gaangariSebuli
maxasiaTeblebis WeSmaritebis TvalsazrisiT.

3. daskvna
kompozituri masalebis, kerZod polimerbitumis Semkvrelebis bazaze

momzadebuli asfaltbetonis narevebi gamoirCeva mniSvnelovanad
gaumjobesebuli maxasiaTeblebiT, rogorc Zvrisadmi mdgradobiT ise
cveTamedegobis kuTxiT.

kompozituri masalebis struqturis SerCevaSi mniSvnelovania
maTematikuri modelirebis procesi, rac saSualebas gvaZlevs SevarCioT
masalebis optimaluri Semadgenloba.
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kompozituri samSeneblo masalebis Tvisebebis amsaxveli maTematikuri
modeli efuZneba e.w. „kveTi“-s kanons.

ZiriTadi sirTule, struqturis maTematikur aRweraSi, ganpirobebulia
kompozituri masalebis statistikuri xasiaTiT, Sesabamisad aseTi sistema ar
SeiZleba aRwerili iyos stacionaluri gantolebebis sasruli ricxviT.
maTematikuri modelisaTvis damaxasiaTebelia orgvarovneba-erTis mxriv
struqturis komponentebis ganawilebas aqvs SemTxveviTi xasiaTi, meores
mxriv struqtura aRiwereba sasruli raodenobis gantolebiT.

kompozituri masalebis fizikuri Tvisebebis gamokvlevisaTvis
struqturis komponentebis geometriuli gantolebebis garda unda vicodeT
TiToeuli elementis fizikuri Tvisebebi.

struqturis elementebis fizikuri parametrebi warmodgenili unda iyos
ricxobrivi parametrebis saxiT, romlebic qmnian matricas da igi SeiZleba
SevusabamoT ganzogadebuli koordinatebis matricas.

am matricis angariSi da ganawileba xdeba modelirebadi algoriTmis
programiT.

ganzogadebul koordinatTa matricas am SemTxvevaSi gaaCnia svetebis
minimaluri raodenoba, rac Tavis mxriv zrdis striqonebis raodenobas, rac
Seesabameba saboloo maTematikuri modelis SefuTvaSi arsebuli
elementebis raodenobas. aRniSnuli matricis angariSi, agreTve fiziko-
struqturuli parametrebis kvleva am SemTxvevisaTvis iqneba yvelaze martivi
da ekonomiuri. axali martivi maTematikuri modelebis meSveobiT SeiZleba
gaangariSebuli iqnas fiziko-struqturuli parametrebi da Tundac
struqturebi, romelTa elementebis forma gansxvavebulia izometriulisagan.

sferuli elementebis Sevsebis mqone maTematikuri modelebiT SeiZleba
gamokvleuli iqnas masalebi izometriuli formis elementebiT, iSviaTad-
masalebi struqturis Sevsebis mcire simWidroviT araizometriuli formis
sxeulebiT.
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sayrdeni kedlis daproeqteba kldovan da naxevradkldovan
ferdoebze

S. baqaniZe, l. zambaxiZe, a. CxarCxalia, g. Salitauri
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175,

Tbilisi, m. kostavas 77)
reziume: aRwerilia kldovani da naxevradkldovani mTis qanebis
Sreebisgan Sedgenili ferdoebis mdgradobis sakiTxi im
SemTxvevisaTvis, roca Sreebis daxra Tanxvedrilia ferdos daxrasTan
da mdgradobis gamovlenili deficitis mniSvnelobisaTvis
kontrforsebiani sayrdeni kedeli Semowmebulia mdgradobaze.
sakvanZo sityvebi: kldovani da naxevradkldovani grunti, ferdo,
mdgradoba, sayrdeni kedeli, kontrforsi.

1. Sesavali
cnobilia, rom kldovani da naxevradkldovani mTis qanebis

Sreebisagan Seqmnil ferdoze mSeneblobisas ferdos amowmeben mdgradobaze
[1] formuliT

S=ncN- R 0 (1)

sadac: N da R-Sesabamisad, ganzogadoebuli Zvris Zalis da Zvris zRvruli

winaaRmdegobis saangariSo mniSvnelobebia t; S – mdgradobis maragi, t.

KH da nc–Sesabamisad, saimedoobisa da datvirTvaTa SeTawyobis koeficientebi.
im SemTxvevaSi, Tu (1) piroba sruldeba, ferdos mdgradoba

uzrunvelyofilia, winaaRmdeg SemTxvevaSi - saWiroa saTanado
konstruqciuli RonisZiebebis gatareba ferdos mdgradobis gamovlenili
deficitis aRmosafxvrelad.

zemoaRniSnuli metwilad Seexeba iseT ferdoebs, romlebSic kldovani da
naxevradkldovani mTis qanebis Sreebis daxra Tanxvedrilia ferdos
daxrasTan.

Cvens mier aRwerili iyo aRniSnuli sakiTxi konkretuli samSeneblo
moednisTvis [2], sadac ferdos niSnulebis vardna samSeneblo moednis
farglebSi Seadgenda 10-12 metrs [nax.1] da ferdos mdgradobis deficitma
Seadgina 11.91 t/grZ. metrze.

nax. 1 samSeneblo moednis topografiuli gegma
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amjerad gTavazobT zemoaRniSnuli mSeneblobisTvis daproeqtebuli sayrdeni
kedlis mdgradobis Semowmebas ferdos mdgradobis gamovlenil deficitze.

2. ZiriTadi nawili
zemoaRniSnuli konkretuli mSeneblobis (6 sarTuliani sacxovrebeli

saxli) saproeqto dokumentaciis konstruqciuli nawilis mixedviT,
gaTvaliswinebuli iyo kontrforsebiani rkinabetonis sayrdeni kedlis
mowyoba (kedlis gegma nax.2, xolo kedlis ganSla - nax.3). farTobi
kontrforsebs Soris gaTvaliswinebuli iyo manqanebis sadgomad.

Cvens mier Semowmebul iqna ferdos mdgradoba da micemul iqna saTanado
rekomendaciebi.

nax. 2 sayrdeni kedlis gegma

nax. 3  sayrdeni kedlis ganSla
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qvemoT gTavazobT mdgradobis gamovlenil deficitze, mxolod erTi ganivi
profilisTvis (nax.4) kontrforsebiani sayrdeni kedlis (misi elementebis
geometriuli zomebi davtoveT proeqtis Sesabamisad) Semowmebas
mdgradobaze.

nax. 4 kontrforsi

sayrdeni kedlis kontrforsebis saangariso sqema mocemulia nax.5-ze.
kontrforsebis biji – 4.5 m.

nax.5 kontrforsis saangariSo sqema

1. gruntis dawneva kedlis 1 grZ. metrze

E= 11.91 t
2. gruntis dawneva mTlianad kontrforsze

E= 11.91 4.5 = 53.6 t
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maragis gaTvaliswinebiT (K=1.5):
E= 53.6 1.5 = 80.4 t

3. kontrforsis Semowmeba gadabrunebaze:

Mgad= 80.4(4.32+3.2)=604.6 tm ;
damWeri momenti warmoadgens sayrdeni kedlis, kontrforsis, misi cokolis
da saZirkvlis masebis damWeri momentebis jams saZirkvlis gadabrunebis
wertilis mimarT.

Mdam= Mked + Mkont + Mcok + MsaZ

Mked = (0.4 9.68 4.5 2.5) (10.18-0.2) = 43.6 9.98 = 435.1 tm;

Mkon = (9.68 0.8 2.5) (10.18-1.75) = 67.8 8.43 = 571.6 tm;

Mcok = (10.18 4.27 = 86.9 = 442.3 tm;

MsaZ = (10.18 1.9 5.09 =72.5 = 369 tm.

Mdam= 1818 Mgad = 604.6 tm
4. Semowmeba Zvraze ( mocurebaze):

Q= 270.8 t

T= Q = 270.8 0.55 = 148.9 E = 80.4
5. fuZis Semowmeba Zabvebze ( gruntis R= 4 kg/ sm2 )
momentebis jami saZirkvlis simZimis centris mimarT :

Mj= Mgad – Mdam = Mgad – Mked – Mkon = 604.6 – 43.6 4.9 – 67.8 3.1 = 350.8 tm ;

= = 17.7 13.5
= 31.2 ტ/მ2 = 3.12 კგ / სმ2 R = 4 kg/ sm2

= 4.2 t/m2 = 0.42 kg/sm2 0
e.i kontrforsis mdgradoba uzrunvelyofilia.

3. daskvna
kldovani da naxevradkldovani mTis qanebisagan Sedgenili ferdoebis

mdgradoba, roca Sreebis daxra Tanxvedrilia ferdos daxrasTan,
yovelTvis uzrunvelyofili ar aris da saWiroa  sayrdeni kedlis
daproeqteba ferdos mdgradobis deficitis gaTvaliswinebiT.

literatura
1. Рекомендации по расчету устойчивости скальных откосов, М., 1986,  с. 50
2. S. baqaniZe, l. zambaxiZe g. Salitauri. kldovani da naxevradkldovani
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ferdoebis gamagrebis aucileblobis da mizandasaxulobis
geologiuri faqtorebi

n. areSiZe, g. areSiZe, o. giorgiSvili
(mSeneblobis departamenti, saqarTvelos teqnikuri universiteti,

saqarTvelo, Tbilisi, kostavas 77).

reziume: ferdoebSi da karieris bortebSi mTis qanebis fenebis
ganlagebis mixdviT dadgenilia ferdos horizontisadmi daxris
sibrtyesa  da fenebs Soris im kuTxis mniSvneloba, roca
mosalodnelia ferdoebis CamoSvaveba. ageTve  dadgenilia fenebis
kontaqtebs Soris Zvris kuTxe. moyvanilia ferdos mocemuli simaRlis
SemTxvevaSi fenebis Camocvenis daxris kuTxis mniSvneloba, romlis
drosac dasaSvebia kuTxe bortis mimdebare fenebis daxrilobisaTvis.
gaumagrebeli ferdoebis mdgradobis pirobebiT miRebulia bortis
saerTo daxris α kuTxe. ganxilulia ferdoebis kalTebze da mis
siaxloves deformaciis gamomwvevi geologiuri da hidrogeologiuri
faqtorebi. aRwerilia ferdoebis gamagrebis aucileblobis da
mizandasaxulobis geologiuri faqtorebi.
sakvanZo sityvebi: mTis qanebi, ferdo, borti, mdgradoba, SeWiduloba,
CamoSvaveba.

1.Sesavali
mewyersaSiSi ferdos, karieris bortebis (qimebis) mdgradobis

Sefasebisa da horizon tisadmi maTi daxris dasaSvebi kuTxis gansazRvrisas
ganasxvaveben ferdoebis an misi mimdebare midamos nakeveTebis  da calkeuli
kalTebis an bortebis calkeuli monakveTebis saerTo mdgradobas. ferdos
daxris kuTxe da saerTo mdgradoba ganisazRvreba: mocemuli nakvTis
inJinrul-geologiuri gakveTiT; qanebis liTologiuri SemadgenlobiT, misi
simtkicis maxasiaTeblebiT; bzarianobis saerTo intensiobiT; mocemuli
bortis an  kalTis teqtonikuri rRveviT, romelic bortis siaxloves
vrceldeba; ferdobebis Semadgeneli qanebis gamofitvisken midrekilebiT;
masaliT, romliTac Seivseba teqtonikuri rRvevis Sedegad warmoqmnili
Rrmulebi;  ferdos  fenilobis an fiqalurobis gavrcelebis orientaciiT;
ferdos kalTebidan wylis gamodevniT gamowveuli filtraciuli
deformaciiT; dacurebis zedapirze gavrcelebuli hidrostatikuri dawneviT
da sxv.

2. ZiriTadi nawili
ferdoebis an mTis kalTebis xelovnuri gamagreba misaRebia im

SemTxvevebSi, rodesac gaumagrebeli ferdoebis mdgradobis pirobebiT
miRebuli bortis saerTo daxris α kuTxe    bortebis daxris kuTxeze
damreci aRmoCndeba. daxris kuTxis mniSvneloba gamoiTvleba Semdegi

formuliT [1;2]:
i

i i i

h
arctg

a h ctg








 
. (1)

sadac: hi - aris ferdos kalTis simaRle; δi- qanobis gamonaSveri bortis

daxris kuTxe; ai - bortis simaRle.
ferdos da bortebis xelovnuri gamagreba aucilebelia yvela im

SemTxvevaSi, rodesac Sesabamis mokle monakveTebze ferdoebis kalTebs
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gaaCniaT arasakmarisi mdgradoba, Tumca es arsebiTad ar moqmedebs bortis
daxris saerTo kuTxeze. ganvixiloT ferdoebis kalTebze da mimdebare
areebis deformaciis gamomwvevi geologiuri da hidrogeologiuri
faqtorebi.

metamorfuli mTis qanebis fiqaluroba ferdoebis kalTebis
CamoSvavebas iwvevs im SemTxvevebSi, rodesac fiqaluri sibrtyeebi ferdoebis
Tavisufal sibryis mxares daxrilni arian 25°-ze meti kuTxiT. fiqaluri
sibrtyeebis ferdos kalTebis gavrcelebis mimarT diagonalurad dacemis
SemTxvevaSi ferdoebis kalTebis CamoSvaveba SeiZleba moxdes im
SemTxvevebSi, rodesac fiqaluri sibrtyeebi ferdoebis Tavisufali sibrtyis
mxares ecemian 30°-ian da meti daxris kuTxiT. Tu ferdos kalTebis dacemis
kuTxe, metia fiqaluri sibrtyeebis dacemis kuTxeze, maSin ferdos
mdgradobis uzrunvelsayofad aucilebelia Sesruldes ferdos gamagrebiTi
RonisZiebebi.

ferdobis mdgradobaze Cajdomadi mTis qanebis feniloba iseTive
uaryofiT gavlenas axdens, rogorc metaforuli qanebis fiqaluroba. im
SemTxvevebSi, rodesac ferdos Tavisufal zedapiris mxares fenebis daxris
kuTxe gadaaWarbebs qanebis fenebs Soris Siga xaxunis kuTxes, maSin
SesaZlebelia moxdes kalTis CamoSvaveba. sustad dakavSirebul fenebs
Soris SeWiduloba ar aRemateba 2-5 tZ/m2-s, amasTan afeTqebiTi samuSaoebis
zemoqmedebam, agreTve drois raRac SualedSi qanebis gajirjvebam da
gamofitvam SesaZloa ufro daaCqaros ferdos CamoSvavebis procesi. amitom
ferdobis mdgradobaze gaangariSebis dros fenebs Soris urTierT
Sewidulobis gaTvaliswineba saWiroa mxolod im SemTxvevaSi, Tu didi xnis
ganmavlobaSi SevZlebT mis mdgrad mdgomareobaSi SenarCunebas.

teqtonikuri rRveva ferdoebis kalTebis mdgradobaze zegavlenas
axdens im SemTxvevebSi, rodesac maT mimarTulebasa da ferdos daxrilobis

mimarTulebas Soris kuTxe 45-ze naklebia da rodesac teqtonikuri rRvevis
kuTxe akmayofilebs pirobas [2]:

'

cos

tg
arctg





 ,                                                                     (2)

sadac: ρ' aris teqtonikuri rRvevis dros qanebis Siga xaxunis kuTxe;
δ- gamofituli ferdos zedapiris wrfesa da rRvevis wrfes Soris

kuTxe.
ferdos kalTis amgvari ganlagebis dros iqmneba teqtonikuri rRveviT
CaWrili blokebis CamoSvavebis SesaZlebloba (nax.1). garda amisa, teqnikur
rRvevis zonaSi qanebi aRmoCndebian daqucmacebul mdgomareobaSi, xolo 50-70
metris siRrmeze gamofitvis procesma SeiZleba gamoiwvios ferdoebis
mTliani dezintegracia. ori teqtonikuri rRvevis monakveTis gadakveTisas
ferdoebis daqucmacebis zona sagrZnoblad farTovdeba.
urTierT da ferdos zedapirTan gadamkveTi didi manZilze gaWimuli grZivi
an diagonaluri teqtonikuri bzarebi xSirad warmoadgenen ferdoebis
kalTebis CamoSlis da kalTis bermebis uwyvetobis moSlis mizezs
(nax.2).ferdoebis kalTebze qanebis gamofitva droTa ganmavlobaSi
warmoadgens dabzaruli kldovani da naxevradkldovani qanebiT Semdgari
ferdoebis da aseve gamowveul fxvier qanebis naleqebiT Camocvenis da
gamoburcvis ZiriTad mizezs.
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nax. 1. fenilobiT an fiqalurobiT an diagonalurad ganlagebuli
teqtonikuri rRveviT CaWrili SesaZlo CamoSvavebuli blokis moxazuloba

nax. 2. kalTebis CamoSla teqtonikuri bzarebiT:
a - Cveulebrivi gavrcelebiT; b - diagonaluri gavrcelebiT

srulad daqucmacebuli qanebis Camocvena warmoiSveba  (rodesac
nawilaki xaxunis ZaliT ferdos zedapirze Tavs ver imagrebs) im
SemTxvevaSi, roca ferdos bunebrivi daxris kuTxeze  meti kuTxiTaa
daxrili ferdos kalTebi. droTa ganmavlobaSi ferdos CamoSvaveba an misi
calkeuli nawilebis Camocvenis procesi iwvevs kalTebis zedapirze
Camonacvenis dagrovebas da dauSveblad didi simaRlis nayaris warmoqmnas,
rac iwvevs bortebis gawmendis da saproeqto siganis an gruntis dayriT
nawilobrivi damuSavebis Semdeg TandaTanobiT gafarToebis aucileblobas.
ferdos CamoSla aseve iwvevs satransporto bortebis darRvevas, rac iwvevs
mis gafarToebis aucileblobas zeda qanobis Semcirebis da satransporto
magistralis gadawyobis xarjze.

ferdoebis kalTebis Camocvenis siCqare pirdapir damokidebulia
qanobebis gare baqnebis  daxris kuTxeebze da gamoiTvleba Semdegi

formuliT [3;4]: 0 cos (tg tg )v v     ,                                                                 (3)
sadac α aris ferdos gare baqnis horizontisadmi daxris kuTxe;
ρ- srulad daqucmacebuli qanebis bunebrivi qanobis kuTxe.

(3) formulis gamoyenebiT SesaZlebelia α1 daxris kuTxis mqone ferdos

Camonacvenis siCqaris mixedviT α2 kuTxis gadaxris kuTxiT ferdos Camocvenis
siCqareebis gansazRvra.

ferdoebis kalTebze qanebis gamofitva damokidebulia qanebis
liTologiur Semadgenlobaze, intensivobasa da bzarianobis xasiaTze,
raionis klimatur pirobebze da  sinaTlis mimarT ferdos sivrciT

ganlagebaze [5].
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3. daskvna

kalTebze qanebis gamofitva damokidebulia qanebis liTologiur
Semadgenlobaze, intensovobasa da bzarianobis xasiaTze, raionis klimatur
pirobebze da ferdos sinaTlis mimarT sivrciT ganlagebaze. ufro
intensiurad gamoifitebian sila-Tixovani da Tixovani qanebi-Tixebi,
argilitebi, arevloritebi, mergaluri Tixebi, mergelebi.

amofrqveul da metamorful qanebs Soris ufro intensiurad
gamoifitebian myife kvarcSemcveli qanebi - diabazebi, ganmeorebadi kvarcebi
da sxva. ferdoebis kalTebSi Camonacvenis gamomwvevi qanebis gamofitvis
procesebi SeiZleba SevaCeroT damcavi safariT. eluvialur da
deluvialur danaleqebis CamoSvaveba karierebTan mierTebul daxril
kldovan sibrtyeebze, Tu maTi sruli moSoreba dakavSirebulia did
xarjebTan, mizanSewonilia maTi warmoSobis adgilze gamagrebiTi ferdos
Semdgari deformaciebis SevaCeroT.

karierul velTan mierTebul bunebriv (15°-mde) daxril sibrtyeebze
eluvialur da deluvialur danaleqebis Zireuli qanebis kontaqtebi
xSirad ferdos masivis dacurebis zedapirebs warmoadgens, romelic
saukuneebis ganmavlobaSi gamofituli qanebis Zireul qanebis daxril
sibrtyeebze gadaadgilebis Sedegad warmoiqmneba. dacurebis aseT
zedapirebze SeWidulobis sidide ar aWarbebs 2 tZ/m2-s, xolo Siga xaxunis
kuTxe 10°-s. qanebis narCenebiT aseTi daxril sibrtyeebSi umciresi SeWrac
ki iwvevs misi deformaciis gaaqtiurebas. mTis qanebis Camonacveni masis
moculoba SeiZleba iyos sakmaod didi. aseTi masivebis gamagreba
specialuri kontrforsebiT SesaZlebeli da ekonomiurad mizanSewonilia.
kontrforsebi unda moewyos filtradi adgilobriv sadrenaJo masalebiT -
siliT da mTis qanebis RorRiT. rac  aseT ferdoebSi deformaciis Tavidan
asacileblad  efeqtur saSualebas  warmoadgens.

literatura

1.kviciani t. ferdos mdgradoba da zvavisebri nakadebi. gamomcemloba
„teqnikuri universiteti“. 2000. 140 gv.

2. Цытович. Механика грунтов. Изд. Высшая Школа. М.,1993.286с.
3. Арсентьев А.И. Букин И.Ю. Мироненко В.А. Устойчивость бортов и осущение  карьеров. М.,
Недра. 1992, 164 с.
4.Хуан Я.Х. Устойчивость земляных откосов. М., Стойиздат. 1998,  236 с.
5. internet saitebis monacemebi.



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(44), 2017
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

77

,,relsi–Tvali“ sistemis dinamikuri urTierTqmedebis
analizi saqarTvelos rkinigzis magaliTze matarebelTa

moZraobis usafrTxoebis amaRlebis RonisZiebebis
SemuSavebisTvis

m. moiswrafiSvili, a. koreli
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175,

Tbilisi, m. kostavas 77)
reziume: statiaSi ganxilulia ,,relsi–Tvali“ sistemis dinamikuri
urTierTqmedebis analizi saqarTvelos rkinigzis magaliTze
matarebelTa moZraobis usafrTxoebis amaRlebis RonisZiebebis
SemuSavebisTvis.

dasabuTebulia rkinigzis transportze ,,relsi-Tvali“ sistemis
dinamiuri urTierTqmedebis sakiTxis kvlevis aqtualoba saqarTvelos
rkinigzaze arsebuli SemTxvevebis statistikur analizze dayrdnobiT.
gansazRvrulia ,,relsi–Tvali“ sistemis qvesistemebi da TiToeulis
qvesistemis Semadgeneli komponentis ganxilva aspeqtproblemebis
WrilSi, romlebic warmodgenilia 4 problemis gadawyvetisTvis: ganivi
datvirTvebis Semcireba; vertikaluri datvirTvebis Semcireba;
kontaqturi Zabvebis Semcireba; moZravi Semadgenlobis dinamikis
gaumjobeseba.

statiaSi Camoyalibebulia ,,moZravi Semadgenloba–liandagis“
sistemis  urTierTqmedebis gaumjobesebis gzebi da gansazRvrulia
pirveli rigis gadasawyveti sakvanZo sakiTxebi.
sakvanZo sityvebi: ,,relsi–Tvali“ sistema; ganivi datvirTvebis
Semcireba; vertikaluri datvirTvebis Semcireba; kontaqturi Zabvebis
Semcireba; moZravi Semadgenlobis dinamikis gaumjobeseba.

1. Sesavali
saqarTvelos rkinigzisTvis sistemis ,,relsi-Tvali“ dinamikuri

urTierTqmedebis sakiTxebis Seswavlas gadamwyveti mniSvneloba gaaCnia
rogorc moZraobis usafrTxoebis gaumjobesebis, aseve rkinigzis muSaobis
ekonomikuri efeqtianobis gazrdis mizniT, rac gamoixateba materialuri
resursebis xarjvis SemcirebaSi. am sistemis gamarTul muSaobazea
damokidebuli moZravi Semadgenlobis liandagidan acdenis SemTxvevebis
arideba. matareblebis relsebidan gadasvla sarkinigzo  kompaniisTvis didi
odenobiT zianis miyenebis TvalsazrisiT SemTxvevaTa yvelaze maRal risks
warmoadgens.

agreTve, aRniSnuli sistemis Semadgenel nawilebi erTmaneTze
urTierTqmedebis gamo xasiaTdebian maRali cveTiT, rac TavisTavad iwvevs am
komponentebze saeqspluatacio-saoperacio danaxarjebis zrdas. saqarTvelos
rkinigzis teqnikuri mdgomareobis gamarTulobis SenarCunebis mizniT
relsebis da Tvlebis ganaxlebaze mosuli yovelwliuri xarjebi jamur
saeqspluatacio  xarjebis 30-40%–s Seadgens, rac saSualod aTeul
milionamde lars aRwevs.

,,relsi-Tvali“ sistemis dinamikuri urTierTobis kriteriumebis
Seswavla da daxvewa, Sesabamisi praqtikuli rekomendaciebis SemuSaveba
mniSvnelovnad gaaumjobesebs rkinigzis muSaobis parametrebs da Sesabamisad,
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misi gamovlenis mizniT moiTxovs saqarTvelos rkinigzaze arsebuli
mdgomareobis kvlevas da kvleviT miRebuli Sedegebis gaanalizebas.

winamdebare naSromSi ganxilulia: rkinigzis transportze ,,relsi-
Tvali“ sistemis dinamiuri urTierTqmedebis sakiTxis kvlevis aqtualoba
saqarTvelos rkinigzaze arsebuli SemTxvevebis statistikur analizze
dayrdnobiT, ,,relsi–Tvali“ sistemis qvesistemebis aRweriloba da
problemis gadasawyvetad pirveli rigis sakvanZo sakiTxebi.

rkinigzis transportze relsi-Tvalis sistemis dinamiuri
urTierTqmedebis sakiTxis kvlevis aqtualoba saqarTvelos rkinigzaze
arsebuli SemTxvevebis statistikur analizze dayrdnobiT ,,relsi-
Tvali“ sistemis dinamikuri urTierTqmedebis sakiTxis kvlevis aqtualobis
mizniT  Seswavlili iqna saqarTvelos rkinigzaze bolo 5 wlis
ganmavlobaSi teqnikuri Seferxebebis da saeqspluatacio wunebis
raodenobebi da arsebuli mizezebi ramac isini gamoiwvia.

2010 wlidan 2016 wlamde periodSi rkinigzaze daSvebuli wunebis
odenobam Seadgina 1700 erTeuli. am ukanasknelTagan moZravi Semadgenlobis
liandagidan acdenis da misi gaumarTaobidan mosuli wunebis raodenobam
Seadgina 618 erTeuli (ix. cxrilebi 1,2 da naxazebi 1,2).

saqarTvelos rkinigzaze bolo 5 wlis ganmavlobaSi SemTxvevaTa statistika
wunebis raodenobebisa da gamomwvevimizezebis miTiTebiT

cxrili 1
monacemebi 2010-2016 wlebSi

periodi 2016 2015 2014 2013 2012 2011 2010
sul wuni 99 172 191 273 286 368 311

mSliandagidanacdenadamoZ.Semadg.daz. 38 55 74 110 105 126 110

nax. 1. saqarTvelos rkinigzaze bolo 5 wlis ganmavlobaSi teqnikuri
Seferxebebis da saeqspluatacio wunebi

saqarTvelos rkinigzaze bolo 5 wlis ganmavlobaSi teqnikuri Seferxebebis da
saeqspluatacio wunebis raodenobebSi Tvlis relsidan acdenisa da moZravi

Semadgenlobis dazianebis mizeziT cxrili 2
sulwunebi (2010-2016) 1700

mSli an dagidanacdena da moZ. Semadg. daz. 618

danarCeni wunebi 1082
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nax. 2 . saqarTvelos rkinigzaze bolo 5 wlis ganmavlobaSi teqnikuri
Seferxebebis da saeqspluatacio wunebis statistika

rogorc cxrilebidan (cxrilebi 1 da 2) Cans moZravi Semadgenlobis
liandagidan acdenis da misi gaumarTaobidan gamomdinare wunebis odenobam
Seadgina sruli wunebis odenobis 36 %, rac warmoadgens sagangaSo
maCvenebels da TavisTavad ukavSirdeba ,,relsi–Tvali“ urTierTqmedebis
sistemis dinamikis darRvevevebs. aRniSnul cifrebze dayrdnobiT
SesaZlebelia gavakeToT daskvna, rom ,,relsi–Tvalis“ urTierTqmedebis
sistemis gaomjobesebis sakiTxebis kvleva warmoadgens aqtualur sakiTxs
rkinigzis transportze moZraobis usafrTxoebis gaumjobesebis da
saeqspluatacio xarjebis Semcirebis mizniT.
Cvens mier SemuSavebulia sqema, ,,relsi–Tvali“ urTierTqmedebis sistemis
dinamikis gaumjobesebisaTvis da Sesabamisad, misi kriteriumebis
gansazRvrisaTvis. sqemas aqvs piramiduli saxe, TiToeuli elementisTvis
gansaxilveli pirobis miTiTebiT, rac saboloo jamSi Seqmnis mraval
kriteriums da saerTo Sedegis misaRebad saWiro gaxdeba multikriteriuli
analizis gakeTeba.

aRniSnuli analizi moculobiTia da imisaTvis, rom sabolood
miRebuli iqnas realuri sainJinro RonisZiebebis nusxa, saWiroa Seswavlili
iqnas TiToeuli maTgani da gansazRvruli iqnas maTi gavlenis xarisxi
sistemis Semadgeneli elementebis gaumjobesebuli urTierTqmedebisTvis
(naxazi 3).

naxazi 3. relsi-Tvalis sistemis dinamikaSi urTierTqmedebis
gaumjobesebis kriteriumebi misi Semadgeneli qvesistemebidan gamomdinare

Semdegi sqematuri gamosaxuleba (naxazi 4) asaxavs moZravi Semadgenloba–
liandagis urTierTqmedebis gaumjobesebis gzebis dasaxvisTvis gansaxilvel
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sainJinro RonisZiebebs, romlebic unda miesadagos zemoT warmodgenil
kriteriumebs da maTi ganxilva unda moxdes misi gaTvaliswinebiT

nax. 4. moZravi Semadgenloba–liandagis urTierTqmedebis
gaumjobesebis gzebi

TviTeul am aspeqtSi sarkinigzo xazisTvis xelmisawvdomi teqnikuri
novaciebis  danergva  gamoiwvevs kontaqtis energetikuli suraTis Secvlas
sxvadasxva xarisxiT,  Sesabamisad sakontaqto zedapirebis cveTis
Semcirebas. cxrilSi 3 naCvenebia Tu rogor aisaxeba ama Tu im inovaciis
danergva  gansaxilvel problemis erT, an ramodenime aspeqtze.

moZravi Semadgenlobisa da liandagis  urTierTqmedebis
gasaumjobeseblad  sxvadasxva teqnikuri gadawyvetilebebis

mniSvnelobebi
cxrili 3

teqnikuri  gadawyvetebi aspeqtproblemebi
ganivi

datvirTvebis
Semcireba

vertikaluri
datvirTvebis
Semcireba

kontaqturi
Zabvebis
Semcireba

moZravi
Semadgenlobis

dinamikis
gaumjobeseba

resoruli Sekidvis
gaumjobeseba

+ +

relsis da Tvlebis
gapoxva

+ + +

satabike kvanZis gapoxva + +
relsis profilis
optimizacia

+ + +

Tvlebis profilis
optimizacia

+ +

moZravi Semadgenlobisa
da relsis
urTierTqmedebis
monitoringi

+ + +

liandagis
geometriuli profilis
gaumjobeseba

+ + + +

urikebis mdgomareobis
gaumjobeseba

+ + +
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rogorc sistemis Semadgeneli qvesistemebidan Cans ,,relsi-Tvalis“
urTierTqmedebis sistemis gaumjobesebis mizniT Sesaswavli sakiTxebi
dakavSirebulia qvesistemis elementebis gamarTul muSaobasTan da maTi
muSaobis efeqturobis gazrdasTan. kerZod qvesistemis Semadgeneli
elementebidan sakvlevi sakiTxebs warmoadgens moZravi Semadgenlobis da
infrastruqturis urTierTqmedebis gaumjobeseba dinamikaSi relsebze
moqmedi Zalebis da Tvalze xaxunis Zalebis Semcirebis mizniT.
amavdroulad viTvaliswinebT daSvebas, rom marTvis reJimebis darRvevis
faqtorebi iqneba ugulvebelyofili, vinaidan es ukanaskneli metwilad
adamianur faqtorebzea damokidebuli da ara teqnikur aRWurvilobaze.

3. daskvna
saerTo jamSi SeiZleba davaskvnaT, rom ,,relsi–Tvalis“

urTierTqmedebis  sistemis gaomjobesebis sakiTxebis kvleva warmoadgens
aqtualur sakiTxs rkinigzis transportze moZraobis usafrTxoebis
gaumjobesebis da saeqspluatacio xarjebis Semcirebis mizniT da misi
ganxilvis safuZveli unda iyos sistemis TiToeuli elementisTvis
gansazRvruli komponentis ganxilva aspeqtproblemebis WrilSi, romlebsac
daefuZneba sainJinro RonisZiebebi 4 ZiriTadi problemis gadawyvetisTvis:
ganivi datvirTvebis Semcireba; vertikaluri datvirTvebis Semcireba;
kontaqturi Zabvebis Semcireba; moZravi Semadgenlobis dinamikis
gaumjobeseba.
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turizmis ganviTarebis perspeqtivebi kulturuli
memkvidreobis statusis mqone dasaxlebebSi (uSgulis Temis

magaliTze)
S. gelaSvili, T. CigogiZe

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

reziume: naSromSi ganxilulia zemo svaneTis, uSgulis Temis  eTno-
kulturisa da bunebrivi landSaftis SenarCunebis mizniT da turizmis
ganviTarebis perspeqtiviT qmediTi nabijebis aucilebloba, romelic
gamoixateba Zeglebis adaptacia, restavraciaSi, miwaTsargeblobis
sakiTxebis kvelvasa da regulirebis gegmebis damuSavebaSi.
sakvanZo sityvebi: turizmi, kulturuli memvidreoba, zemo svaneTi,
uSgulis Temi.

1. Sesavali
svaneTi maRalmTiani saqarTvelos ulamazesi kuTxea, ganTavsebuli

kavkasionis qedis samxreT ferdobze. istoriuli da bunebrivi pirobebis
wyalobiT igi saukuneTa manZilze izolirebuli iyo uamravi
gamanadgurebeli istoriuli movlenisagan, romelic mezobel regionebSi
mimdinareobda, Tumca mudmivi moziare - monawile iyo qveyanaSi mimdinare
cxovrebisa da procesebisa. Sua saukuneebis svaneTis arqiteqturisa da
saxviTi xelovnebis Zeglebi da arqeologiuri masala mkafiod metyvelebs
svani xalxis mdidar kulturul warsulze.

zemo svaneTis ganumeorebeli landSafti, arqiteqturisa da peizaJis
erTianoba qmnis im momxiblav, gansakuTrebul suraTs, romliTac es mxare
sagrZnoblad gamoirCeva Cveni qveynis sxva regionebisagan.

interesi svaneTis umdidresi warsulis mimarT saukuneebis manZilze
grZeldeba. misi arqiteqturis, xelovnebis mxatvrul-istoriuli mniSvneloba
didad scildeba saqarTvelos farglebs da msoflio mniSvnelobas iZens.

2014 wels saqarTvelos mTavrobis iniciativiT, daiwyo kulturuli
memkvidreobis gadarCenis programa, rac iTvaliswinebs kulturuli
memkvidreobis statusis  mqone oTxi Zeglis, kerZod - xevsureTSi sof.
mucos, TuSeTSi sof. darTlos, mesxeTSi kldeSi nakveTi kompleqsis -
varZiisa da aseve zemo svaneTSi sofel CaJaSis  konservacia-reabilitaciis
masStaburi proeqtis ganxorcielebas.

2. ZiriTadi nawili
istoriulad zemo svaneTis uSgulis Temi Sedgeba oTxi soflisagan:

CaJaSi, Jibiani, Cvibiani da murymeli, romelTa Soris Tavisi unikalurobiT
da avTenturobiT gamorCeulia sofeli CaJaSi, romelic aseve daculia
iuneskos mier. mTavrobis mier warmodgenili kulturuli memkvidreobis
gadarCenis programa metad mniSvnelovani da udavod win gadadgmuli nabijia
Cveni saganZuris movla-Senaxvis saqmeSi. Tumca, mxolod sakonservacio
RonisZiebebi ar iqneba sakmarisi am soflis, rogorc cocxali organizmis,
samomavlo ganviTarebisa da aRorZineba-ganaxlebisaTvis. gasaTvaliswinebeli
da mniSvnelovania, rom sof. CaJaSis, rogorc arqiteqturuli kompleqsis,
gamorCeul da unikalur RirebulebaTa dacvis RonisZiebebi principulad ar
unda ewinaaRmdegebodes adgilobrivi Temis socialur-ekonomikuri
ganviTarebis perspeqtivebs.

CaJaSis kompleqsi teritoriis simciris gamo mWidrod dasaxlebul,
ganaSenianebul, erTmaneTTan mijril nagebobaTa jgufs warmoadgens. cxovrebis
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mZime pirobebis gamo adgilobrivi mosaxleoba, gansakuTrebiT ki axalgazrdoba,
mSobliur mxares sul ufro intensiurad tovebs. amas cxadyofs, rogorc
Zeglebisa da RirsSesaniSnavi adgilebis saerTaSoriso sabWos saqarTvelos
erovnuli komitetis (ICOMOS saqarTvelo) 1999 wlis agvistoSi, ise Cvens mier
2016 wels Catarebuli sociologiuri kvleva. sofel CaJaSSi mcxovrebTa
raodenoba 3-jer Semcirda  XIX saukunis monacemebTan SedarebiT.

svaneTSi tradiciulad mosaxleoba mecxoveleoba-miwaTmoqmedebis
saqmianobas misdevs. rogorc ICOMOS-i kvlevaSi aRniSnavs, mosaxleobis
Semosavlis ZiriTad wyaros warmoadgens saqarTvelos regionebSi, imereTSi,
kerZod quTaisSi, mecxoveleobiT mopovebuli produqtebis realizacia.
Sesabamisad, mosaxleobis saqmianoba saqonlis movla-patronobazea mimarTuli.
xolo turistuli biznesi, romelic adrec momavlis perspeqtivad esaxebodaT,
axla sul ufro da ufro ikidebs fexs. ojaxebi, romlebic tursitebs
maspinZloben, cdiloben elementaruli sacxovrebeli pirobebis gaumjobesebas,
raTa ufro mimzidveli gaxadon stumrebisTvis saxlis garemo (awyoben
saabazanos wylis gamacxelebeli mowyobilobebiT, saxlis SigniT amontaJeben
tualets da a.S). sof. CaJaSis mosaxleobasac gaaCnia survili umaspinZlos
turistebs, radganac TvalnaTliv xedavs, mezobeli soflebis magaliTze, am
saqmianobis sargeblianobas da miiCnevs turistul bizness samomavlo savaraudo
Semosavlis erT-erT wyarod. mosaxleoba turistebs sTavazobs Semdegi saxis
serviss: sastumrosa da saojaxo tipis sastumros gaqiravebas, kvebas, gidobas,
mZRolobas, cxenebis gaqiravebas, safexmavlo marSrutebSi gayolas da sxva.
magram mosaxleoba arsebuli sacxovrebeli fondiT ver akmayofilebs
tursitebis mzard  nakads. Sesabamisad maTi survili sacxovrebeli farTis
gafarToebasTan dakavSirebiT  realobad iqca. sacxovrebeli pirobebis
gaumjobesebis mizniT, soflis mosaxleobam TviTneburad daiwyo, sakuTar
saxlebze  sxvadasxva daniSnulebis saTavsebis miSeneba-daSeneba. amasTan, es
procesebi umetes  SemTxvevaSi spontanurad da arakvalificiurad xorcieldeba,
rac mniSvnelovnad ucvlis saxes Zegls da seriozul safrTxes uqmnis mis
avTenturobas. aRniSnul problemas masStaburi xasiaTi mieca.

msgavs precendents adgili hqonda q. mcxeTaSi, ramac didi ziani miayena
qalaqs, sadac istoriuli landSaftis dacvis zonaSi ukanonod dawyebuli
policiis, saqpatentis da iusticiis saxlis mSenebloba, 2012 wlis seqtemberSi
samTavrobo gankargulebiT dakanonda. dokumentis mixedviT teritorias,
romelic arasodes yofila ganaSenianebuli, axla regulirebadi zonis statusi
mieniWa. Sedegad 2009 wels msoflio memkvidreobis komitetis 33-e sesiis
gadawyvetilebiT mcxeTis istoriuli Zeglebi ZiriTadi nusxidan gadatanili
iqna safrTxeSi myof ZeglTa nusxaSi.

1970 wlidan sofeli CaJaSi daculia rogorc uSguli-CaJaSis muzeum-
nakrZali. sabWoTa periodSi gansazRvruli iyo  aseve mkacri dacviTi zonebi.
bolo ocwleulSi, kulturuli memkvidreobis kanonmdeblobis araerTgzis
cvlilebebis gamo, daculi landSaftis sazRvrebi Seicvala. dRes, rogorc ukve
avRniSneT, sof. CaJaSi da misi mimdebare landSafti daculia. dacvis zona
moicavs msoflio memkvidreobis Zeglis garSemo 1 km. radiussa da erovnuli
Zeglebis garSemo 500 m. radiusSi mdebare teritorias. samarTlebrivad es zona
dacul buferul zonas warmoadgens, sadac mkacradaa SezRuduli ganviTarebiTi
saqmianoba. aq arsebuli calkeuli arqiteqturuli obieqtebi da uSgulis Temis
soflebi kulturuli memkvidreobis Sesaxeb saqarTvelos kanoniT daculia
rogorc erovnuli Zeglebi.

miuxedavad zemo xsenebulisa,  Cvens mier Catarebulma kvlevam gviCvena, rom
mkacri dacviTi zonis farglebSi mimdinareobs stiqiuri ganaSenianeba, kerZod
gaCnda sofeli lamjuriSi, romelic pirvelad 2014 wlis sayovelTao aRweraSi
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fiqsirdeba. aRweris mixedviT sofelSi 48 kacia, aseve mestiis municipalitetis
gamgeobis da turizmis administraciis mier gamoSvebul cnobarSi aq
miTiTebulia oTxi saojaxo tipis sastumro. sofel lamjuriSis arsebobas
gvamcnobs uSgulis centrSi arsebuli sainformacio abra, saidanac Cans rom
uSgulis Temi Sedgeba xuTi soflisgan. kulturuli memkvidreobis erovnuli
saagentos cnobiT, aRniSnul teritoriaze ar gacemula arc erTi samSeneblo
nebarTva. 2016 wlis monacemebiT, romelic mogvawoda mestiis munivipalitetis
gamgebelma k. JorJolianma, axla sofel lamjuriSSi fiqsirdeba 15 komli, maT
Soris 26 qali da 26 kaci, sul 52 suli.

kanoni „kulturuli memkvidreobis Sesaxeb“ - muxli 45-is mixedviT
istoriulad Camoyalibebul garemoSi disonansis Semtan, misi aRqmisTvis xelis
SemSlel zonebSi, daculi kulturuli memkvidreobisaTvis, praqtikulad Tu
esTetiurad, zianis momtan nagebobebs eniWeba Seusabamo Senoba-nagebobebis
statusi. qalaqmSeneblobiTi dokumentaciis SemuSavebisa da damtkicebis dros,
aseve samSeneblo da gegmarebTi gadawyvetilebis miRebisas saqarTvelos
kanonmdeblobiT gansazRvruli organoebi valdebulebi arian gaiTvaliswinon
Seusabamo-nagebobebis demontaJi an/da koreqtirebis perspeqtiva.

3. daskvna
uSgulis TemSi bunebrivi landSaftisa da eTno-kulturis SenarCunebis

mizniT, aseve Semdgomi ganviTarebis perspeqtiviT aucilebelia drouli
reagireba:
 kanonis Tanaxmad, stiqiurad ganaSenianebul adgils unda mieniWos Seusabamo

statusi. unda moxdes arsebuli Senoba nagebobebis demontaJi an/da kvlevis
Semdeg koreqtireba;

 dResdReobiT, saxelmwifos mxridan  mimdinareobs mxolod sof. CaJaSis
konservacia, Tumca uSgulis Temis istoriuli ganaSenianebis  vizualuri
mTlianobis SenarCunebisTvis saWiroa danarCeni sami soflis sruli
konservacia;

 turistuli infrastruqturis ganviTarebis xelSewyobisTvis da aseve eTno
garemos SenarCunebisTvis, unda moxdes istoriulad Camoyalibebuli (koSki,
maCubi) sacxovrisis  adaptacia, restravracia. interieris formirebisTvis
SesaZlebelia gamoyenebuli iyos mestiaSi mdebare margianebis saxl-muzeumi,
romelic avTenturi saxiT aris Semonaxuli.

 vinaidan bunebriv-ekologiuri da istoriul-eTno-kulturuli wonasworoba
gvzRudavs masiuri ganaSenianebis axali formebis SeqmnaSi, dRis wesrigSi
dgeba: momijnave Temebis miwaTsargeblobis sakiTxebis kvelva da aseve im
soflebSi regulirebis gegmebis damuSaveba, romelTac ar gaaCniaT
gansakuTrebiT gasafrTxilebeli  gegmarebiTi  da kulturuli  Rirebuleba.
kulturuli memkvidreobis Zeglebis movla, patronoba, swori adaptireba

xels Seuwyobs qveyanaSi damatebiti investiciebis mozidvas, mosaxleobis
social-ekonomikuri pirobebis gaumjobesebas, zemo svaneTis Camoyalibebas
saerTaSoriso turistuli da kulturuli daniSnulebis adgilad.

literatura
1. uSgulis Temis, sofel CaJaSis sakonservacio samuSaoebisaTvis

mosamzadebeli gegmis eqspediciis kvlevis masalebi-sociologiuri kvlevis
Sedegebi - avt. arq. kandidati marina TumaniSvili. Tbilisi 1999 weli.

2. saqarTvelos kanoni, kulturuli memkvidreobis Sesaxeb-
https://matsne.gov.ge/ka/document/view/21076 gadamowmebulia 04.04.2017

3. saqarTvelos statistikis erovnuli samsaxuri - mosaxleobis sayovelTao
aRwera 2014w.

http://www.geostat.ge/index.php?action=page&p_id=2152&lang=geogadamowmebulia
4.04.2017w.
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brtyeli  oTxkuTxedis  Tviseba

m. begiaSvili,  n. mumlaZe, T. SubiTiZe
(saqarTvelos teqnikuri universiteti, m. kostavas q. 77, 0175,

Tbilisi, saqarTvelo)
reziume: statiaSi  ganxilulia  wrewirze  arsebuli  sami wertilis
mixedviT   meoTxe    wertilis    ageba,  romelic  igive   wrewirze
moTavsdeba.  miRebul  Bbrtyel  oTxkuTxediSi ki  Caixazeba  wrewiri.
amocanis amoxsna efuZneba wrewirSi Caxazuli da  wrewirze
Semoxazuli oTkuTxedis Tvisებebs.
sakvanZo sityvebi: wrewiri,  Caxazuli, Semoxazuli oTkuTxedi,
mopirdapire,   kuTxeebis   jami,  gverdebis jami.

1. Sesavali
sami A, B, C wertiliT  unda aigos iseTi meoTxe D wertili, rom oTxi ve

wertili  erT  sibrtyeze  iyos. miiReba brtyeli A, B, C, D oTxkuTxedi.

aRniSnuli (mocemulobebi) A, B, C wertilebi wrewirze  mdebareoben, meoTxeD wertilic amave wrewirzea, e.i. oTxive  wertili mdebareobs wrewirze.
wrewirSi Caxazuli A,  B,  C,  D oTxkuTxedi Tavis mxriv warmoadgens
wrewirze Semoxazuls,  es  wrewiri  pirveli  wrewirisagan  gansxvavebiT
mcire zomisaa.

2. ZiriTadi nawili

wrewirSi Caxazuli oTkuTxedis Tvisebis Tanaxmad mopirdapire
kuTxeebis jami udris 2d-s anu 180° da SebrunebiT. Tu oTkuTxedSi
mopirdapire   kuTxeebis jami  udris  2d-s,  maSin  mis  wveroebze SeiZleba
wrewiris  Semoxazva.

aRniSnuli amocanis agebisaTvis mniSvnelovania aseve Semoxazuli
oTkuTxedis gverdebis Tviseba. am Tvisebis'mixedviT Semoxazul
oTkuTxedSi  mopirdapire  ori  gverdis  jami   udris  danarCeni  ori
gverdis  jams. Ee.i.  imisaTvis,  rom A,  B,  C,  D oTxku TxedSi  Caiweros
wrewiri aucilebeli da sakmarisi  pirobaa Sesruldes  toloba [AB] + [CD]= [BC] + [AD] an [AD] – [CD] =[AB] – [BC].

mocemul wrewirze nebismierad  aviRoT A, B და C, wertilebi (sur. 1). igive
wrewirze grafikuli agebiT ganvsazRvroT D wertilis  mdebareoba.

Aაmocana daiyvaneba samkuTxedis cnobil agebaze:
gverdiT, am  gverdis  mopirdapire kuTxiT  da darCenili  ori  gverdis

sxvaobiT.  sur.1 – is  mixedviT [AB] < [BC]. [AC] – ze avagoT Δ AMC,    [AM]=[AB] – [BC]. < AMC=180°– (90°– ½ < MDC) = 180°– ½ < ABC.  (AM) wrfe  gadakveTs
wrewirs A D wertilze  (sur. 2).

SevniSnavT, rom ganxiluli magaliTis garda wrewirSi Caxazuli SeiZleba
iyos  marTkuTxedi, kvadrati, tolferda  trapecia, vinaidan am
oTxkuTxedebSi  mopirdapire  kuTxeTa  jami  udris 2d-s.
rogorc avRniSneT ABCD oTxkuTxedis oTxive wvero wrewirze mdebareobs.

am wrewiris  centris  mdebareoba Seesabameba oTkuTxedis  gverdebis  Sua
wertilebidan gavlebuli marTobebis gadakveTis O wertils (sur. 3).
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D wertilis  gansazRvris  Semdeg A,  B,  C,  D oTkuTxedSi  CavxazavT
wrewirs. Mmocemuli  oTkuTxedis  gverdebi masSi  Caxazuli wrewiris

sur.1 sur.2

mxebebs warmoadgens. erTi da imave wertilidan gavlebuli  ori  mxebi
tolia. wrewiris mxebi monakveTebis es Tviseba iZleva Semdeg tolobas [AB] +[CD] = [BC] + [AD] es ki, rogorc  zemoT  avRniSneT oTxkuTxedSi  wrewiris
CaxazvisaTvis aucilebeli da sakmarisi pirobaa (sur .4).

sur.3 sur.4
A

D3. daskvna

wrewirze mdebare  sami wertilis mixedviT SesaZlebelia iseTi
meoTxe  wertilis  ageba,  romelic  igive  wrewirzea  da  danarCen  sam
wertilTan erTad qmnis oTxkuTxeds. miRebul oTxkuTxedSi ki
SesaZlebelia  wrewiris  Caxazva mocemuli samuSaos grafikuli  nawili
Sesrulebulia geometriuli figurebis gegmiluri Tvisebebis   gamoyenebiT,
rac  uzrunvelyofs  zogadi  saxis  planimetriuli  amocanebis  martivad
gadawyvetas.

literatura
1. Глаголев  Н.А  проективная  геометрия. Москва „Висши  я школа’’    1966 г.

2. Александров  А. Д. / Вернер Рижин В.И Геометрия, Москва 1980 г.
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ferdos da kalapoturi wylis Camonadenis
eroziuli muSaoba
z. danelia, m. Tofuria

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

reziume: statiaSi CamoTvlilia ferdos eroziis mizezebi (faqtorebi)
da gaanalizebulia TviToeulis roli eroziis procesze.

sakvanZo sityvebi: ferdos Txevadi da myari Camonadeni, Camonadenis
eroziuli moqmedeba.

1. Sesavali
ferdos wylis Camonadeni aris upirvelesi mizezi ferdoze aRZruli

eroziuli procesis warmoSobis, radganac wylis Camonadenis ar arsebobis
SemTxvevaSi ar iqneboda ferdos eroziac. ferdos Camonadeni warmoiSoba
ZiriTadad miwis zedapirze sakmao raodenobis Txevadi naleqis mosvliT da
Tovlis da yinulis dnobiT, romlebic warmoSoben mcire Wavlebs. isini
xSirad icvlian mimarTulebebs, rac SeiZleba gamowveuli iyos maT moerve
Camotanili advilad transportirebadi nivTierebebis (magaliTad foTlebi,
mcire totebi, mcenareebi, gruntis nawilakebi) dagrovebiT raime monakveTze.
cxadia calkeuli Wavlebis mimarTuleba da siCqareebi erTnairi ar iqneba da
damokidebuli iqneba adgilobriv reliefze. es Wavlebi gzadagza
erTiandebian ufro did Wavlebad da mcire zomis nakadebad reliefis
dadablebul adgilebSi da SemdgomSi maTi SeerTeba qmnis sakmao zomis
nakadulebs da mozrdil nakadebsac. cxadia isini iwveven ferdos gruntis
erozias da mis daxevebas.

2. ZiriTadi nawili
daviwyoT ferdos eroziis mizezebis (faqtorebis) CamoTvla da

SemdgomSi maTi analizi.
1. ferdos Camonadeni rogorc ferdos eroziis mTavari faqtori;
2. Txevadi naleqis sidide da intensivobis gavlena;
3. Tovlis safaris gavlena;
4. ferdos sigrZis gavlena;
5. ferdos qanobis (daqanebis) gavlena;
6. ferdos formis gavlena;
7. ferdos eqspoziciis gavlena;
8. niadagis tipis (saxis) gavlena;
9. mcenareulo safaris gavlena;
10. niadagis zedapiris morfometruli Tvisebis gavlena;
11. adamianis sameurneo moqmedebis gavlena eroziis ganviTarebaze;
12. SeerTebuli Wavlebis da nakadurebis kalapoturi eroziis procesebi;
13. ferdos da kalapotis simRvriveebis fardobiToba maTi Camonadenis
mixedviT.
ferdoze wylis Camonadeni warmoadgens umTavres da upirveles mizezs

ferdos wylismieri eroziis warmoqmnaSi. ferdos Camonadeni Cndeba miwis
zedapirze sakmao raodenobis wvimis mosvliT, Tovlis da yinulis dnobiT.

orive SemTxvevaSi ferdos zedapirze Camonadenis intensivoba xasiaTdeba
Camonadeni siTxis fenis siRrmiT )(h da am Camonadenis saSualo siCqariT

)( saSv , anu ferdoze Camonadenis siTxis raodenobiT drois erTeulSi (1wm)

ferdos erTeul siganeze (1 metr). maSasadame,
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saSvhq  .                                    (1)

zogjer ferdos Camonadenis intensivobas axasiaTeben ara erT wamSi
Camonadeni xarjiT, aramed sxva droiT, magaliTad 1 wuTi da 1 saaTic ki.

ferdos Camonadenis intensivoba damokidebulia bunebriv pirobebze,
romelTagan umTavresia: wvimis da Tovlis naleqis dnobis raodenoba da
intensivoba miwis zedapirze. Camonadenis danakargis sidide da intensivoba
misi moZraobis gaswvriv (aorTqleba, infiltracia da sxva) ferdos
zedapiris sigrZe, daqaneba (qanobi) da ferdos zedapiris xasiaTi, misi
xorklianoba (mag. uswormasworoba, mcenareuli safaris arseboba da sxva).

rogorc ukve aRvniSneT ferdoze Camonadeni Wavlebi erTdebian didi
zomis Wavlebad da mcire zomis nakadebad ufro dadablebul adgilebSi,
cxadia maTi siCqareebi ufro naklebia.

amrigad, ferdos Camonadenis eroziuli muSaobis saerTo fonze gaCndeba
da warmoiSveba droebiT nakadulebis da nakadebis kalapoturi eroziebi
dadablebul adgilebze.

pirvel yovlisa ganvixiloT (mokled) sakiTxi Camonadenis koeficientebze

(), anu Camonadenis sididis (Q) da naleqis sididis (M) fardoba, romelmac
gamoiwvia es Camonadeni. wyalSemkrebi auzis erTi da igive farTze

M

Q
 ,                                    (2)

sadac Q da M miRebulia gamoisaxos wyalSemkreb auzis farTze Tanabrad
ganawilebul fenebad milimetrebSi.

unda aRiniSnos, rom Camonadenis koeficienti () wlis sxvadasxva dros
sxvadasxvaa. metia zaTar-gazafxulze da naklebia zafxul-Semodgomaze. es
Tanafardobebi saqarTvelos pirobebSi regionebis mixedviT meryeobs
(procentebi) 95%-51%-dan 70%-30%-mde. es meryeoba damokidebulia wlebzec
(naleqiani Tu unaleqo wlebi).

rogoria wvimis naleqis meqanizmi eroziul procesze? wvimis wveTi ecema
ra miwis zedapirs, iwvevs gruntis agregatebis meqanikur ngrevas. es ngreva
miT metia, rac ufro naklebad aris daculi is mcenareuli safariT, rac
ufro didia wvimis wveTebi da rac ufro xSirad vardeba is, anu wvimis
intensivoba.

jer kidev 1944 wels ingliselma mecnierma elisonma laboratoriul
pirobebSi Caatara dakvirvebebi am movlenaze.  gairkva, rom wvimis wveTis
dacemisas niadagis zedapirze xdeba misi agregatebis danawevreba mcire
nawilebad da maTi gafantva wveTis dacemis wertilidan sxvadasxva
mimarTulebiT. amav dros gamoirkva, rom danawevrebuli nawilakebi,
romlebic gaifantebian ferdos daxris mimarTulebiT (anu qveviT), samjer
aRemateba ferdos zemo mimarTulebiT gafantul grunts. es gviCvenebs, rom
TviTon gruntis nawilakebis gafantva, ferdos Camonadenis gareSec, xels
uwyobs gadaadgilebas ferdos dabla mimarTulebiT. ferdoze Camonadenis
fenis gaCenis SemTxvevaSic ki wveTebi agrZeleben eroziul muSaobas,
angreven ra wylis fenis zedapiridan gamoSverili gruntis nawilebs da
iwveven maT Sewonvas Camonadenis fenaSi. am fenis da misi siCqaris gazrda
iwvevs ferdos erozias ukve rogorc pirdapiri zemoqmedeba wylis nakadisa
gruntis agregatebze. cxaria, rac ufro intensiuria Txevadi naleqi, miT
metia misi eroziuli zemoqmedeba. SeiZleba erTma kokispirulma wvimam
ferdos iseTi erozia gamoiwvios, romelic bevrad meti iqneba, vidre yvela
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danarCeni drois ganmavlobaSi mosuli wvimis mier gamowveuli jamuri
erozia.

naleqis saerTo raodenobis gavlena gruntis warecxvis sidideze SeiZleba
pirvel miaxloebaSi miviRoT i.g. niilis mixedviT. naleqis jamuri

raodenobis proporciul 2,18,0 mMiAW  ,                     (3)
sadac W aris gruntis warecxvis sidide (tona heqtarze); M _ naleqebis
raodenoba milimegtrebSi; i _ ferdos zedapiris qanobi gradusebSi;
m _ naleqis intensivoba, mm/wT-Si; A _ cvladi koeficienti, romelic
iTvaliswinebs wylismieri eroziis danarCeni gauTvaliswinebel faqtorebs.

ferdos eroziaze Tovlis safaris gavlena misi intensiuri dnobis
periodSi, miuxedavad didi mniSvnelobisa, bolomde Seswavlili ar aris. Tu
wvimis naleqi modis regionis garkveul ubanze, Tovlis safari moicavs
wyalSemkrebi auzis mTel regions anu uzarmazar teritoriebs. garkveul
periodSi Tovlis dnobis Sedegad gamowveuli eroziuli procesi moicavs ra
did farTobebs bevrad ufro masStaburia, vidre wvimis zegavleniT. amaze
metyvelebs Tundac is faqti, rom mdinareTa Sewonili natanis raodenoba
aRwevs maqsimums, swored gazafxulze, anu Tovlis da yinulis dnobis
yvelaze intensiur periodze. rasakvirvelia myari natanis koncentracia
kidev ufro masStabur sidideebs aRwevs, rodesac Tovlis safaris
intensiuri dnobis periods emTxveva Tavsxma (kokispiruli) wvimebis periodi.
cxadia, myari natanis didi koncentracia gamowveulia wyalSemkrebi auzis
teritoriebis eroziiT.

ganvixiloT Tovlis safaris simZlavris da misi dnobis intensivobis
gavlena wylismieri eroziis ganviTarebaze.

simZlavre anu Tovlis safaris sisqe da misi simkvrive erT mxriv
maCvenebelia TovlSi wylis maragis, xolo meore mxriv miwis zedapiris
gayinvis xarisxis. rac metia Tovlis safaris simZlavre (erTnairi simkvrivis
SemTxvevaSi), miT meti iqneba mdnari wylis Camonadeni da amdenad meti iqneba
eroziuli procesi. amavdroulad, rac metia Tovlis safaris simZlavre, miT
ufro mcire iqneba gruntis gayinvis siRrme da xarisxi da maSasadame miT
meti iqneba gruntis mier mdnari wylis STanTqma da naklebi iqneba wylis
Camosvla da Sesabamisad eroziac.

mdnar wylis Camonadenis formirebaze da mis mier eroziuli procesis
ganviTarebaze didi mniSvneloba eniWeba Tovlis dnobis intensivobas.

samwuxarod literaturaSi moyvanili monacemebi mdnari wylebis
Camonatanis gavlenaze ferdos eroziaze Zalze mwiria da ar aris sakmarisi
raodenobrivi kanonzomierebebis dasadgenad, vinaidan gansaxilveli procesis
ganviTareba Zalze mravalferovania, cvalebadia droSi (sxvadasxva
wlebisTvis) da teritoriebis mixedviT (sxvadasxva raionebisaTvis). imisaTvis,
rom gavarkvioT am pirobebis cvlilebis xarisxi da maTi raodenobrivi
gavlena niadagis warecxvis procesze, saWiroa xangrZlivi stacionaruli
kvlevebis Catareba. kerZod

a) gruntis gayinva da dnoba haeris temperaturis gavleniT, maTi
ganviTarebis xangrZlivoba, Tovlis safaris simZlavre da dnobis
intensivoba, gruntis struqtura, misi teniaboba da sxvadasxva faqtorebi;
b) mdnari wylis ferdos da Rartafis Camonadenis ganviTarebis
damokidebuleba: Tovlis safarSi wylis maragisa da misi dnobis
intensivobaze, gazafxulis wvimis naleqze, gruntis gayinvis sidideze da
mis struqturaze, soflis meurneobis gamoyenebaze da sxva faqtorebi;
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g) gruntis Carecxvis da garecxvis procesis ganviTareba ferdos da
Rartafis (dabali fenis) Camonadenis gavleniT. kerZod, gruntis
gawylovanebiT (dasvelebiT anu rbili konstintenciis waroSobiT) da
Camonadenis fenis simZlavris momatebiT.
ferdos sigrZis gavlena ferdos eroziis ganviTarebaze mdgomareobs

imaSi, rom ferdos sakmao didi sigrZis SemTxvevaSi, Camonadenis fenis sisqe,
wyalgamyofi xazidan daSorebiT ufro mZlavri xdeba da iZens Camonadenis
did siCqares. am dros xdeba ferdos zedapiridan gumusis Camotana. ferdos
qveda nawilSi gumusis raodenoba saSualod 2,0-2,5-jer metia, vidre zemoT.
dakvirvebebiT dgindeba, rom sakmao miaxloebiT ferdos Camonarecxi

nivTierebebis xarji ferR (kg/wm) SeiZleba viangariSoT Semdegi gamosaxulebiT

5,15,175,0 MxAiR fer ,                            (4)

sadac i _ ferdos zedapiris qanobi procentebSi;
x _ Camonarecxis xarjis gazomvis manZili wyalgamyofidan;
M _ naleqis intensivoba;
A _ koeficienti gulisxmobs danarCeni gauTvaliswinebeli faqtorebis

ganlenas.
rogorc aRniSnuli (4) damokidebuleba gviCvenebs Camonarecxi

nivTierebebis saerTo sidide izrdeba ferdos sigrZis 1,5 xarisxis
proporciulad.

rac Seexeba ferdos qanobs i-s, misi gavlena ferdos zedapiris xasiaTis

mixedviT icvleba qanobi xarisxad 0,650,85 da saSualod miiReba 0,75%.
bevri mkvlevari aRniSnavs, rom ferdos forma axdens gavlenas wylismieri

eroziis intensivobaze da mimarTulebaze.
meti erozia warmoebs ferdos amozneqil ubnebze, sadac misi qanobi

qvemoT matulobs da sadac amave dros matulobs wyalSemkrebi auzis farTi
da Camonadeni wylis masa.

naklebi erozia warmoebs ferdos Cazneqil ubnebze, sadac wylis masa,
Tundac ki matulobs ferdos qvemo ubnebisken, magram vinaidan ferdos
qanobi mcirdeba, mcirdeba ferdos Camonadenis transportirebis unari da
miwis warecxva TandaTan mcirdeba Camonadenis akumuliaciis xarjze.

swor ferdoebze Camonadeni wylis masa matulobs ferdos qvemo
mimarTulebiT misi mudmivi qanobis pirobebSi. amitom wylis damangreveli
Zala izrdeba nel tempSi, mxolod ferdos gazrdis xarjze. mkveTrad
gamoxatuli warecxva vlindeba daaxloebiT ferdos naxevridan misi qveda
mesamedamde, sadac warecxva, Cazneqili deluviuri Sleifis farglebSi,
SeiZleba kidec Seicvalos akumulaciiT.

rTul, kombinirebul, magaliTad amozneqil-Cazneqil ferdoebze qanobi da
ferdos sigrZe ufro nakleb rols TamaSobs, vidre ferdos momijnave
sxvadasxva qanobis mqone ubnebis Tanafardobis xasiaTi (mimdevroba).

igive ferdos formis sami ZiriTadi tipi SeiZleba Sedegnairad
daxasiaTdes.

ferdos pirveli tipi, amozneqili formiT, xasiaTdeba gruntis warecxvis
Tanmimdevruli matebiT wyalgamyofidan hidrografiuli qselis
mimarTulebiT, ris gamoc udidesi warecxvis zona emijneba Rartafis kides.

ferdos meore tipi, amozneqil-Cazneqili formiT, xasiaTdeba ferdos
sawyisi profilis didad qanobebiT da Sedegad gruntis garecxvis udidesi
sididiT ferdos saSualo zonaSi (zogjer mis zeda nawilSic). qveda
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nawilSi, romelic hidrografiul qsels emijneba ferdos qanobi TandaTan
mcirdeba da qmnis deluviur Sleifs.

ferdos mesame tipi pirdapiri profiliT xasiaTdeba ferdos warecxviT da
garecxvis SenacvlebiT ferdos Sua da qveda zonebSi, romlebic SemdgomSi
aRmoCndebian eroziis Semdgomi ganviTarebis kerebad.

niadagis warecxvis intensivoba ferdos calkeul ubnebze aRniSnuli samive
tipis SemTxvevaSi fasdeba Semdegnairad:

ferdos pirveli tipisTvis qveda zonaSi warecxvis sidide 10,5-jer metia,
vidre zeda zonaSi.

ferdos meore tipisaTvis es Tanafardoba utoldeba 4-s, xolo ferdos mesame
tipisaTvis ki 5-s.

niadagis warecxvis saerTo sidide ferdos pirvel tipze, sxvadasxva
pirobebis tolobis SemTxvevaSi, gamodis 1,25-jer meti, vidre ferdos danarCen
or tipze.

hidrografiuli zona warmoadgens hidrografiuli qselis4 moedans da
amitom xasiaTdeba zedapiruli Camonadenis gansakuTrebiT didi
intensivobiT, romlebic aq koncentrirdeba, Camoedineba ra yvela zemoT
ganlagebul wyalSemkrebidan. mTavari nakadi awarmoebs ZiriTadad fskerul
(siRrmul) garecxvas, xolo gverdiTi ufro mcire nakadebi awarmoeben
upiratesad sanapiro garecxvas.

qselis mimdebare zona, romelic hidrografiul qsels ertymis orive
mxridan ukavia mTeli ferdos daaxloebiT mesamedi.

rasakvirvelia eroziuli procesebi, aseve bevrad aris damokidebuli
rogorc fiziko-geografiul pirobebze, aseve adamianis sameurneo
moqmedebebze da maT Tanafardobebze.

ferdos eqspoziciis gavlena. farTo gagebiT eqspoziciaSi igulisxmeba
ferdos ganlageba dedamiwis mxareebis mixedviT da Sesabamisad ganaTebis
xarisxis mixedviT, aseve qarebis moqmedebis mimarTulebis da sxva
movlenebis mimarT. cxadia ferdos CrdiloeTiT Tu samxreTiT ganlagebis
mixedviT, is sxvadasxva sididis mzis sxivebis energias Rebulobs, aseve
sxvadasxva raodenobis myar naleqs, rac ixateba sinotivis sidideze da
niadagis gamyinvarebaze, mcenareuli safaris ganviTarebaze, aseve
niadagwarmoebis da gamoqarvis procesebze.

samxreTis eqspoziciis ferdoze sinotive mcirdeba wyalgamyofidan
ferdos Zirisken. xolo CrdiloeTiT eqspoziciis ferdoze ki piriqiT
ferdos Ziridan wyalgamyofisken.

amasTan dakavSirebiT samxreTis da samxreT-aRmosavleTis ferdoebze
adgili aqvs naklebi Tovlis dagrovebas, met gamyinvarebas da niadagis
nakleb tenianobas. ferdos Camonadenis nakleb eroziul moqmedebas.

irkveva, rom qarpira ferdoebis ZirSi aRiniSneba Tovlis sisqis da
simkvrivis simcire, vidre wyalgamyofze. radganac Tovldnobis periodSi
haeris temperatura am ferdoebis ZirSi metia, vidre wyalgamyofze, amitom
Tovlis safari iq Camodis ufro Cqara da niadagis zedapiri ferdos ZirSi
ukve aswrebs gadnobas mcire siRrmeze, im dros roca wyalgamyofze jer
kidev devs Tovli. amitom mdnari wylebis Camodineba ra wyalgamyofidan

4 saWiroa aRiniSnos, rom hidrografiul qselSi igulisxeba ara marto kalapotebi,
Walebi da velebi mudmivad moqmedi nakadebis, aramed yvela droebiT moqmedi
sadinarebis, Rartafebis da sxva eroziul dadablebul adgilebs.
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ferdos ZirSi advilad warecxaven iq warmoqmnil galxobili niadagis
`araJanisebur~ zedapirul fenas.

amgvarad, qarpira ferdebi warmoadgenen erTdroulad ufro metad
gamyinvarebulebs da araTanabrad galxkobidebs. ferdos sxva eqspoziciebis
SemTxvevebSi gamyinvareba ufro naklebia da galxvoba warmoebs ufro nela
da Tanabrad. amasTan dakavSirebiT ferdos niadagis zedapiruli fena
inarCuneben met mdgradobas wylismieri eroziis mimarT. niadagis zedapiris
warecxvis odenobis Tanafardoba ferdos CrdiloeTis da samxreTis
eqspoziciebs Soris Seadgens saSualod erTi samTan.

niadagis tipis gavlena wylisier eroziaze damokidebulia niadagis
struqturaze, mis meqanikur Semadgenlobaze, masSi gumusis Semcvelobaze da
mdgomareobaze, aseve niadagis mSTanTqmelobiT kompleqsze.

struqtura gansazRvravs nestis tevadobas da Sesabamisad ferdos
Camonadenis fardobiT sidides. meqanikurad Semadgenloba gansazRvravs
niadagis ZiriTad fizikur da wylovan Tvisebebs, xolo gumusis Semcveloba
da misi mdgomareoba gansazRvravs niadagis struqturis simyares, niadagis
STanTqmelobiTi kompleqsi gansazRvravs mis agregatul SesaZleblobas da
masSi organuli nivTierebebis daSlas da mineralizacias.

aRniSnuli Tvisebebi ZiriTadad gansazRvraven niadagis unars SeiTvisos
da SeinarCunos mis zedapirze mosuli wyali da Sesabamisad gavlena iqonios
ferdos Camonadenis ganviTarebaze.

ustruqturo niadagSi SeiZleba SeaRwios wvimis ara umetes 30%, xolo
naleqis danarCeni 70% Camoedineba  mis zedapirze. struqturul niadags ki
SeuZlia SeinarCunos wliuri atmosferuli naleqis 70%.

amasTan dakavSirebiT zedapiruli Camonadenis koeficienti SeiZleba
mniSvnelovnad icvlebodes niadagis struqturulobis xarisxTan dakavSirebiT,
rac Tavis mxriv gansazRvravs ferdos Camonadenis ganviTarebas da mis
erozias.

gruntis meqanikur Semadgenlobazea damokidebuli wylis SeRwevis siCqare
niadagis forebSi. wyalSeRwevadobaze moqmedebs agreTve misi gamWoloba da
wylis temperatura.

gumusSi arsebuli organuli nivTierebebis daSla iwvevs  niadagis
agregatebis Sewebebas (`cementacias~). maSasadame gumusis arseboba niadagSi
da STanTqmedobiTi kompleqsi gansazRvraven niadagis winaRobas warecxvis
mimarT.

udidesi mniSvneloba eniWeba mcenareul safars da misi gavlena xSirad
gadamwyveti ferdos eroziis ganviTarebaSi.

mcenareuli safari pirdapiri gagebiT warmoadgens niadagis zedapiris
`safars~ wylis eroziisagan. es ganpirobebulia SemdegiT:

a) mcenare iRebs ra Tavis Tavze wvimis wveTebis meqanikur zemoqmedebas, icavs
niadags ngrevisa da gafantvisagan;
b) mcenareebi, uqmnian ra mniSvnelovan damatebiT winaRobebs wylis moZraobas
amcireben maT siCqareebs ferdos zedapirze da Sesabamisad maT eroziul
SesaZleblobebs;
g) mcenareul fesvTa sistema qmnian niadagis iseT forovan struqturas,
romlis drosac wylis Sewovis unari mniSvnelovnad izrdeba. zogjer
mcenareuli safaris forianoba imdenad didia (gansakuTrebiT tyian zolSi),
rom wvimis nebismieri raodenoba Tu Tovlis wyali Seiwoveba gruntis
safenis masaSi. magaliTad tyis safens SeuZlia STanTqas Tavis wonaze
(mSral mdgomareobaSi) 2-4-jer (zogjer 6-jer) meti wylis raodenoba;
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d) mcenareuli safaris fesvTa sistema amave dros amagrebs (rogorc bade)
niadagis nawilakebs da didad aferxebs ferdos eroziul process;
e) mcenareuli safari aCerebs Txevad CamonadenSi arsebul myari nawilakebis
Camodinebas, da garkveuli formiT asrulebs erTgvar filtris rols da
iwvevs maT kalmatacias;
v) mcenareTa safari moqmedebs niadagis gamyinvarebis xarisxzec da
xangrZlivobaze. ufro gvian iyineba zamTarSi da ufro adre lRveba
gazafxulze.
rac Seexeba dedamiwis zedapiris morfometrul Tvisebebs, amaze zemoT

ukve gvqonda saubari. ZiriTad morfometrul maxasiaTeblebs warmoadgens:

wyaldenebis qselis sixSire  (anu horizontaluri ganawevreba) da
denudaciis siRrme anu ufro zustad wylis eroziis siRrme h (vertikalur
ganawevrebis maCvenebeli). mesame morfometruli maCvenebelia – ferdos
saSualo daxriloba i, romelic warmoadgens pirvel oris warmoebuls.

rogorc gvqonda aTniSnuli, ferdos eroziis sidide (gamosaxuli
Camorecxili masalis xarji R) damokidebulia ferdos qanobze i xarisxad

0,186,0 n da ferdos sigrZeze x xarisxad 0,5. rac gamovsaxeT tolobiT
5,1xAiR n roca 0,186,0 n .                      (5)

ferdos saSualo sigrZe x, saSualo qanobis gansazRvris SemTxvevaSi
SeiZleba miviRoT tolad


1
x , amgvarad, ferdos zedapiris saSualo qanobi

iqneba 

 h

x

h
i ,

maSin ferdos eroziis sidide miiRebs saxes  1n

5,0
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 ,                          (6)

anu R pirdapirproporciul damokidebulebaSia siRrmul eroziasTan h
da ukuproporciulia wyaldenebis qselis sixSiresTan xarisxiT 0,5.

amrigad, ferdos eroziis sididis saangariSod miRebuli damokidebuleba
axasiaTebs mxolod wylis eroziis ganviTarebis pirobas ferdos kalTebze
saSualod miwis safaris raRac garkveul mcire ubanze. am TvalsazrisiT

qselis sixSiris maxasiaTeblis -s mniSvnelSi yofna da ara mricxvelSi,
aixsneba imiT, rom wyaldenebs qselis sixSiris gazrdiT mcirdeba ferdos
saSualo sigrZe, da Sesabamisad mcirdeba Camorecxili masalis raodenoba
(Tanaxmad (4) damokidebulebisa).

magram wyalSemkrebi auzis zedapiris morfometruli Tvisebebi gavlenas
axdenen aramarto ferdos eroziis ganviTarebaze, aramed kalapoturi
eroziis ganviTarebazec. amitom rac metia wyaldenebis qselis sixSire miT
ufro didi xarisxiT viTardeba wylis mier eroziis ganviTareba zogadad
miwis zedapiris am monakveTze. amave dros qsels sixSiris zrdiT, izrdeba
ferdos eroziis produqtebis mocileba aRebuli ubnidan. rac aseve
uzrunvelyofs erozias. amasTan dakavSirebiT miwis zedapiris
morfologiuri Tvisebebis gavlenis garkvevis mizniT wylis mier eroziaze,

saWiroa (6) damokidebulebaSi moviyvanoT qselis sixSiris koeficienti n .

pirvel miaxloebaSi CaeTvaloT xarisxis maCvenebeli 1n , maSin miviRebT

5,0
5,0
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sadac R _ wylis eroziis produqtebis (ferdos da kalapotis) gatanaa
miwis zedapiris garkveuli mcire ubnidan.

saWiroa aRiniSnos, rom wyaldenebis qselSi unda iqnas mxedvelobaSi
miRebuli, rogorc mudmivi wyaldenebi anu wyaldenebi, romlebic moqmedeben
mTeli weli an wlis mniSvnelovani dro, aseve droebiTi wyaldenebi,
romlebic moqmedeben mxolod atmosferuli naleqis didi raodenobiT
mosvlis periodSi an Tovlis dnobisas. am droebiTi wyaldenebis
ganfeniloba da sigrZe sakmaod didia da cvladi droSi imasTan
dakavSirebiT Tu ra raodenobis da intensivobis atmosferuli naleqia,
grunti rogori tenianobisaa, rogoria misi zedapiris gayinvis xarisxi da
sxva bunebrivi pirobebi, romlebic ganapirobeben niadagis infiltraciis
unars.

eroziis ganviTarebaze gavlenas axdens adamianis sameurneo moqmedebac.
adamianis mier sul ufro meti teritoriis niadagis aTvisebis pirobebSi,
ferdos eroziis xasiaTi mniSvnelovnad icvleba. wina `bunebrivi~ anu
`normaluri~ erozia TandaTan gadagvarda egreTwodebul `daCqarebul
eroziaSi~, rac mravaljer aRemateba `bunebrivs~. amis ZiriTadi mizezia
adamianis mier bunebrivi damcvelis – mcenareuli safaris ganadgureba
dedamiwis zedapiris uzarmazar farTobebze. rac gamowveuli iyo maTi
gadaxvniT, saZovrebad araorganizebuli gamoyenebiT, gzebis gayvaniT
daculobis pirobebis gareSe, wyalgamyvanebis ganxorcieleba Txevadi
Camonadenis swrafi mocilebis mizniT.

unda gaviTvaliswinoT, rom aTvisebuli teritoriebis farTobebi
katastrofulad izrdeba da amitom maTze aCqarebuli eroziuli procesebi
bevrad aRemateba mimdebare auTvisebel teritoriebze mimdinare bunebriv
eroziul procesebze.

amave dros eroziis winaaRmdeg brZola da eroziis mavne Sedegebis
sagrZnoblad Semcireba sruliad SesaZlebelia, Tumca mcdari iqneba fiqri,
rom brZola eroziasTan da erodirebuli niadagebis aRdgena iqneba ioli da
mokle droSi Sesasrulebeli. saWiroa didi, Tavdauzigavi da xangrZlivi
mravalwliani muSaoba, raTa SeCerdes es damRupveli procesi da Seiqmnas
iseTi axali bunebrivi pirobebi, romlis dros intensiuri miwaTmoqmedeba
ara Tu cveTavdes niadags, aramed piriqiT Tanmimdevrulad da mudmivad
aumjobesebdes mas da mis nayofierebas. amisaTvis saWiroa meurneobaSi
dainergos mecnieruli miRwevebi, rogorc saorganizacio saqmianobaSi aseve
agromelioraciul da irigaciul dargebSi. aseve saWiroa gagrZeldes
kvlevebi yvela mimarTulebiT, raTa minimumamde iqnas dayvanili mavne
eroziuli moqmedebebi.

3. daskvna
ferdos wylis mieri eroziis mizezebi mravalia da yvela maTgani

mniSvnelovania, gansakuTrebiT mxedvelobaSia misaRebi adamianis mier
daCqarebiT da xSirad araorganizebulad Catarebuli sameurneo moqmedebebi.
rac mniSvnelovnad aCqarebs da intensiurs xdis eroziul procesebs.
saWiroa didi da xangrZlivi muSaoba raTA gamoyenebul iqnas Tanamedrove
mecnieruli miRwevebi rogorc agromeliorciul da irigaciul dargebSi,
aseve saorganizacio saqmianobaSi. saWiroa Seiqmnas pirobebi, raTA aRdges
erodiruli niadagebi.

literatura
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samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(44), 2017
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

95

sayrdeni kedlebis mzidunarianobis amaRleba
horizontalurad ganTavsebuli  ximinjebiT

g. WoxoneliZe, S. baqaniZe, baSar bdullah al imam
(saqarTvelos teqnikuri universiteti, saqarTvelo 0175 Tbilisi,

kostavas 77)
reziume: ganxilulia arsebuli da saproeqto sayrdeni kedlebis
mzidunarianobis amaRlebis sakiTxi mis qveda nawilSi xistad Camagrebuli
horizontalurad ganTavsebuli monoliTuri rkinabetonis ximinjebis
saSualebiT, roca SezRuduli pirobebis gamo ver xerxdeba saWiro
gabaritebis mqone sayrdeni kedlis mowyoba.
sakvanZo sityvebi: sayrdeni kedeli, gadambrunebeli momenti, mocurebis Zala,
horizontaluri ximinji.

1. Sesavali
cnobilia, rom sayrdeni kedlebi, garda simtkicis pirobisa, Semowmebuli

unda iqnen gadabrunebaze da mocurebaze. Ggadabrunebis mimarT maTi

mdgradobis pirobaa Mdam. Mgad, xolo mocurebis mimarT: ET  , sadac:
Mdam. da Mgad. aris, Sesabamisad, damWeri da gadambrunebeli momentebi; T -
kedlis mocurebis sawinaaRmdego Zala, E - gruntis dawneva kedlis 1 grZiv
metrze.

masiuri sayrdeni kedlis SemTxvevaSi es pirobebi sruldeba kedlis
masiT, xolo drekadi (monoliTuri rkinabetonis) kedlis SemTxvevaSi –
saZirkvlis filis saTanado siganiT. M

magram praqtikaSi aris SemTxvevebi, roca saWiro xdeba arsebuli
sayrdeni kedlis mzidunarianobis amaRleba masze gruntis dawnevis
mosalodneli gazrdis gamo (mag.: gruntis zedapirze datvirTvis
mosalodneli gazrda), magram es ver xerxdeba misi gabaritebis gazrdiT,
SezRuduli pirobebis gamo. aseTive mdgomareobaa SezRudul pirobebSi
axali, sayrdni kedlis agebis SemTxvevaSic.

aseTi SemTxvevebisaTvis  Cvens mier SemoTavazebulia kedlis qveda
nawilSi, masSi xistad Camagrebuli horizontaluri ximinjebis mowyoba
garkveuli bijiT, romlebic Tavis Tavze aiReben rogorc kedelze gruntis
dawnevisagan warmoqmnil gadambrunebeli momentis, aseve mocurebis Zalis
nawils [1].

winamdebare naSromSi, ricxviTi magaliTis safuZvelze, ganxilulia
dasmuli sakiTxi.

2. ZiriTadi nawili
zemoaRniSnuli mosazreba ganvixiloT ricxviT (konkretul)

magaliTze.

sawyisi monacemebi: grunti-Tixa ( ;150 8,10  t/m3)

sayrdeni kedlis simaRle – 4 m, saZirkvlis siRrme – 1,5 m; sayrdeni kedlis 1
grZiv metrze gruntis dawneva EE =18,5 t/m;
sayrdeni kedlis masala: betonis klasi B -20; armaturis klasi A -III.
Aarsebuli an saproeqto sayrdeni kedlis saangariSo sqema ix. nax. 1
sayrden kedelze (mis 1 grZiv metrze) moqmedi gadambrunebeli momenti:

6,2433.15,18  eEM gad. t.m
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sayrdn kedelze moqmedi mxebi (mocurebis) Zala
5,18 ET t

nax. 1. sayrdeni kedlis saangariSo sqema
miviRoT arsebuli an saproeqto masiuri sayrdeni kedlis da misi
saZirkvlis Semdegi geometriuli zomebi nax. 2

nax.2 sayrdeni kedlis geometriuli zomebi

sayrdeni kedlis masa: 5,75,24
2

0,15,0
1 


Q t

0,65,25,16,12 Q t

5,130,65,7 Q t

damWeri momenti: 0,148,00,623,15,7 dam.M t.m < 6,24gad.M t.m

Mmocurebis sawinaaRmdego Zala:   75,65,05,13fQT t < 5,18E t

e.i. gadabrunebis  da mocurebis pirobebi Sesrulebuli ar aris, anu
sayrdeni kedlis miRebuli geometriuli zomebi sakmarisi ar aris.

radgan SezRuduli pirobebis gamo ar aris masiuri sayrdeni kedlis
masis gazrdis saSualeba misi sisqis gazrdiT an drekadi sayrdeni  kedlis
mowyobis saSualeba rkinabetonis saZirkvlis filis mowyobis xarjze,
amitom vawyobT sayrdeni kedlis saZirkvelSi Camagrebis doneze
horizontalur rkinabetonis ximinjebs, romlebic xistad iqnebian
Camagrebuli sayrdeni kedlis saZirkvelSi (nax. 3)
ximinjebze imoqmedebs Semdegi mniSvnelobis gadambrunebeli momenti da
mocurebis Zala:

6,100,146,24  dam.gad.
x
gad. MMM t.m;
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8,1175,1175,65,18  dam.moc.
x
moc. TTT t.

nax.3 horizontaluri ximinjebis mowyoba
ximinjebis raodenobis gansazRvra:

Tu ximinjis diametrs miviRebT 3,0d m da maT Soris manZils

6,03,022  dC m da davamrgvalebT 5,0C m-mde, maSin sayrdeni kedlis 1

grZiv metrze gveqneba 2 ximinji.
aseT SemTxvevaSi 1 ximinjze imoqmedeben:

mRunavi momenti 3,5
2

6,10
1 M t.m.

mocurebis Zala 9,5
2

8,11
1 T t.

saZirkvelSi xistad Camagrebul ximinjs vixilavT, rogorc konsolur
koWs, romelzedac mis zemoT arsebuli grunti imoqmedebs
Tanabarganawilebuli datvirTviT

9,28,1
2

5,03,0
4 


q t/m;

Mmasze moqmedi maqsimaluri mRunavi momenti
2

2lq
M


 ;

Tu bolo gamosaxulebaSi SevitanT 3,5M t.m. da 9,2q t/m

gveqneba: 5,3=2,9 2
2

45,1
2

l
l

 da 9,1
45,1

3,5
l m

e.i. Runvis pirobidan gamomdinare,  sakmarisia ximinjis sigrZe 9,1l m.

miRebuli sigrZe SevamowmoT sayrdeni kedlis  mocurebis pirobidan.

ximinjovani gruntuli ankeris daproeqteba.
evropuli standartis EN14199 [2] Tanaxmad, gruntuli ankerebis  da

gaWimvaze momuSave ximinjebis mzidunarianoba ganisazrvreba formuliT:

skkd qDlF   ,                                         (1)

amasTan, NFd  0,2 ,

sadac: dCKB KdD 
aq: ckbd - aris WaburRilis diametri;
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dK - ankeris  (ximinjis) fesvis diametris gazrdis koeficienti (Tixovani

gruntebisaTvis )3,1dK ;

kl - ankeris (ximinjis) sigrZe, viRebT 0,3kl m;

skq - ankeris (ximinjis) gverdiT zedapirebze gruntis winaaRmdegoba

(Tixovani gruntisaTvis 100skq kpa=10t/m2;

N - ankerze (ximinjze) moqmedi gamWimavi Zala;
(1) formulaSi Cveni mniSvnelobebis SetaniT gveqneba

7,36100,33,13,014,3 dF t

7,36dF t > 2  8,119,50,2 N t

e.i. ximinjebis miRebuli diametri, sigrZe da biji sakmarisia.
sayrdeni kedlis elementebis (vertikaluri kedeli da horizontaluri

ximinji) simtkiceze gaangariSebis (romelic naSromSi ar mogvaqvs [3])
Sedegad miRebuli daarmatureba, ix. nax. 4

nax. 4. sayrdeni kedlis elementebis daarmatureba:
a) vertikaluri kedlis; horizontaluri ximinjis;

3. daskvna
SezRudul pirobebSi, arsebuli an saproeqto sayrdeni kedlebis

saWiro mzidunarianobis miRweva, roca ar aris maTi gabaritebis
gazrdis saSualeba, SesaZlebelia kedlis qveda nawilSi xistad
Camagrebuli, horizontalurad ganTavsebuli ximinjebis saSualebiT.

literatura

1. saavtoro mowmoba #6613.06.07.2016 w. g. WoxoneliZe, i. mSvidobaZe, b.
Abdullah al-imam, o. mxeiZe, 06.07.2016 w.

2. DIN 1054-2005, Subsoil – Verification of the safety of earthworks and foundations. (Грунты.
Проверка безопасности земляных р1абот и фундаментов, 2005)

3. А. Б. Голышев, В. Я. Бачинский и др. Проектирование железобетонных
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xuroTmoZRvruli Zeglebis gaZlierebis ZiriTadi
Taviseburebani

i. Wanturia

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

reziume: naSromSi ganxilulia bagratis taZris zogierTi mzidi
elementis daproeqtebis Taviseburebebze da maT gavlenaze. mTliani
konstruqciis mdgradobaze.
sakvanZo sityvebi: samSeneblo konstruqciebi, saZirkveli, Senoba-
nagebobebi, deformacia, mdgradoba, simtkice.

1. Sesavali
A dazianebuli taZrebisaRdgena-gaZlirebis samuSaoebis Sesasruleblad
pirvel rigSi mimdinareobs maTi arqiteqturuli da konstruqciuli
mdgomareobis Seswavla. Knagebobis konstruqciuli kvleva dakavSirebulia
mis saangariSo sqemis dadgenasTan da mzidi konstruqciebis dazianebis
TaviseburebebTan. rTulia procesi Tu nageboba warmoadgens mniSvnelovan
arqiteqturul nimuSs da Tu ganekuTvneba kulturuli memkvidreobis ZeglTa
nusxas. swored aseTi Zeglis Sesaxeb da zogierTi mzidi konstrfuqciis
gadawyvetis Taviseburebaze gvsurs mogaxsenoT, esaa gaerTianebuli

saqarTvelos simbolo XI saukunis xuRoTmoZRvrili Zegli-bagratis taZari,
romelic gamoirCeva konstruqciuli gadawyvetis mravalferovnebiT. Tumca
drom da JamTa siavem taZars Zveli sidiade mainc ver daaklo.

2. ZiriTadi nawili
Senoba-nagebobis aRdgena−rekonstruqciisas mniSvnelovania misi

xangamZleobisa da saimedoobis uzrunvelyofa, rac xSirad ar sruldeba
daproeqtebisa da mSeneblobis xarisxobrivi kontrolis regulaciebis
(standartebi, mSeneblobis saxelmwifo normebi da wesebi), ar arsebobis
gamo.

quTaisis bagratis taZari ganekuTvneba Sua saukunis nimuSs. igi
jvargumbaTovani nagebobaa, romeli gumbaTi oTx mZlvr burjs eyrdnoboda,
Tumca meoce saukunis bolos is Camongreuli, mitovebuli da ganadgurebuli
iyo (nax.1). istoriuli Zeglis arqiteqturuli iersaxis SenarCunebis mkacri
moTxovnis pirobebSi, sakmaod rTuli da problematuri sakiTxia misi
saimedoobis amaRleba, Tumca axali teqnologiebisa   da kompiuteruli
gaangariSebis mravaferovani meTodebis daxmarebiT problema  advilad
wydeba.

nax.1 bagratis taZari
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ase moxda bagratis taZaris rekonstruqcia-gaZlierebisas, romlis  mzid
konstruqciebs warmoadgens qvis kedlebi,  romlebsac pirveli restavracia
gasuli saukunis dasawyisSi CautardaT da monoliTuri rkinabetonis Sida
karkasis (TaRnaris) kompleqsuri konstruqcia. taZris ZiriTadi mzidi funqcia
dakisrebuli aqvs svetebs, romlebic damzadda danarCeni konstruqciebidan
(antresolebi, TaRebis ,kamarebis, gumbaTis yelis da saxuravis
konstruqciebidan) statikuri da dinamikuri (maT Soris seismiuri) datvirTvebis
misaRebad. aseT SemTxvevaSi damatebiT minimalurad daitvirTeba taZris
arsebuli kedlebi da rogorc gaangariSebebma aCvenes TviTon kedlebis
horizontaluri deformaciebi 8 baliani seismiuri zemoqmedebisas akmayofilebs
saTanado moTxovnebs. yvela axali mzidi konstruqcia (antresolebi, TaRebi,
kamarebi, gumbaTis yeli da saxuravis konstruqciebi) moewyo rkinabetonis
konstruqciebis gamoyenebiT, rogorc seismurad yvelaze medegi samSeneblo
masala.

gumbaTis garsuli konstruqcia, romelSic radianulad ganlagebulia 8
kedeli da centraluri sveti, romelTa Tavze magrdeba gumbaTis saxuravi,
warmoadgens gegmaSi teqvsmetkuTxedis formis mrudwiruli moxazulobis
garsul elements.  gumbaTis yelis konstruqciebi oTxi koWkedlis
saSualebiT eyrdnoba taZris centralur svets kapitelebis sibrtyeSi.
gumbaTis koWkedlebs aerTianebs oTxi afra. am konstruqciebis montaJi
ganxorcielda saperange qvebis montaJis Semdeg.

nax2.-ze warmodgenilia rkinabetonis gumbaTis svetisa da kedlis
daarmaturebis sqemebi. Bb)

ა)
nax.2. rkinabetonis mzidi konstruqciebis daarmaturebis sqemebi:

a) svetis daarmaturebis sqema; b)kedlis daarmaturebis sqema.
G gadaxurvis monoliTuri rkinabetonis konstruqciebi moewyo arsebuli

qvis kamaris Tavze sakurTxevlis samxreTiT da CrdiloeTiT, romelTa
montaJi ganxorcielda uJangi ankerebis mowyobiT saperange qvebSi.

3.Ddaskvna
amrigad, bagratis taZris aRdgena-rekonstruqciis rTuli samuSao

procesi misi mzidi elementebis saboloo daarmaturebisa da damonoliTebis
procesiT dasrulda, romelic Tavis mxriv Sedgeboda sxvadasxva
Tanmimdevruli teqnologiuri procesebisagan.

G literatura
1.www.sopho-kilasonias-blogspot.com/2009.
2.betonisa da rkinabetonis konstruqciebi (pn 03.01-09) 171 gv.
3. v.jafariZe, d.jafariZe, t.garsevaniSvili, deformirebuli Senoba- nagebobis fuZe-
saZirkvlis da zednaSenis gamagreba-gaZliereba sxvadasxva gruntovan garemoSi,
Tbilisi, teqnikuri universiteti, 2012w. 258 gv.
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saqarTvelos teritoriis reliefuri specifiuroba da
misi gaTvaliswineba  gansaxlebaSi, rikoTi –

zestafonis  monakveTis magaliTze
g. maxaTaZe

(Tbilisis saxelmwifo samxatvro akademia, saqarTvelo 0175,
Tbilisi, griboedovis q. #22)

reziume: saqarTvelo mTiani qveyanaa. teritoriis 82% mTa-goriania da
,,daWmuWnuli”-qedebiT, mTebiTa da xeobebiT. TviTon qveyანაc SeiZleba
CavTvaloT, rogorc erTi didi „x e o b a“- CrdiloeTiT kavkasionis
mTaTa sistemiT da samxreTiT mcire kavkasioniT, romelsac lixis
qedi yofs dasavleT da aRmosavleT nawilad. swored am xeobas Soris
miuyveba dasavleT-aRmosavleT saqarTvelos damakavSirebeli mTavari
magistrali. rTuli, mTa-goriani reliefis xasiaTidan gamomdinare,
qalauri ganaSenianebis  Tema  sakmaod  aqtualuria, gansakuTrebiT
dRes, roca  kvlav gadauWrelia  Tanamedrove  qarTuli
arqiteqturis  saxis problema. amasTanave  friad  sagulisxmoa
qveynis landSaftis  unikaluri  monacemebi, rac  Tavis mxriv  faqiz
Sexebas  saWiroebs, gansakiTrebiT  ki  iseTi xeobis  magaliTze
rogoric rikoTi-ubisas  monakveTia.
sakvanZo sityvebi: ganaSenianebis mravalferovneba. meore sarTulis
ganaSenianeba. meore sarTulis sivrce. maRlivi terasuli.
individualuri terasuli. seqciur-horizontaluri. mdgradi
arqiteqtura. bioenergopasiuri saSualeba.

1. Sesavali
saproeqto teritoria mdebareobs imereTis raionSi, rikoTis gvirabidan

dasavleTis mimarTulebiT, sofel ubisas CaTvliT. ესაა 28 km. sigrZis xeoba,
sadac gadis saqarTvelos dasavleT-aRmosavleTis damakavSirebeli
magistrali.

xeoba sxvadasxva formis, daxris da simaRlis ferdobebiT xasiaTdeba,
teritoriis daaxloebiT 70% tyiania. dasaxlebulia meCxerad xaragaulis
raionebiT da sxva soflebiT. saproeqto   winadadeba  warmoadgens

erTgvar koncepts, Tu rogori midgomiT SeiZleba რთული reliefebis
aTviseba da ganviTareba, ris safuZvelzec SesaZlebeli iqneba qarTuli
realobisa da erovnuli tradiciebis gaTvaliswinebiT axali qalaqis
Seqmna.
Q qalaqis daarsebis wina piroba uZvelesi droidanve garkveul mizezobriv
movlenebs ukavSirdeboda, es SeiZleba yofiliyo gza, mdinare, zRva, raime
wiaRiseulis mopoveba,  sabado,  navTobi,  specialuri dakveTa da sxva.
amitomac qalaqs yovelTvis garkveuli daniSnuleba gaaCnda qveyanasTan
mimarTebaSi, aseve gansazRvravda qalaqis profils, masStabs, mosaxleobis
raodenobasa da ekonomikas. Tu ra mniSvneloba eqneba aRniSnul qalaqs
konkretul adgilTan da qveyanasTan mimarTebaSi, am sakiTxis dasma
dRevandel mwvave istoriul-erovnul da ekonomikur problematikas exeba:
pirveli esaa arc Tu ise axali movlena, TumcaRa dRes
katastrofuli maCvenebliT; mTis soflebidan mosaxleobis dacla da
barSi, ZiriTadad Tbilisisken wyveta. faqtiurad mTaSi sicocxlis
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gaqroba. meore problema კი esaa qveynis ekonomikuri CamorCena
garesamyarosTan mimarTebaSi.

vinaidan saqarTvelos ekonomikis wamyvani dargi ოდიდგანვე soflis
meurneobaa, gadavwyvite, rom qalaqis Seqmnis winapiroba am dargis
ganviTarebasTan yofiliyo dakavSirebuli. Aam kuTxiT qveynis ekonomikur

mdgomareobaze mwvaved aisaxeba is garemoebaც, rom qveyanaSi ar eqceვa
saTanado yuradReba sasoflo-sameurნeo produqciis gadaმamuSavebeli

sawarmoo fabrika-qarxnebis ფunqcionirebas. (garda mcire kerZo mewarmeebis
SemTxvevebisa).

saqarTvelos aRmosavleT-dasavleT gamyof teritoriaze, soflis
meurneobis gadamamuSavebeli mrewvelobis statusis qalaqi, xels
Seuwyobs qveynisTvis mniSvnelovan kulturul-sameurneo sferos

aRorZinebas და imereTis mxaris istoriul-geografiul garemoze iqneba

orientirebuli.

sur.1 saqarTvelo-imereTi                 sur.2 imereTis municipaliteti

soflis meurneoba mxaris erT-erTi mniSvnelovani dargia. memcenareobidan
ZiriTadad simindi, yurZeni da bostneuli mohyavT. mxare gamoirCeva sunelebis
damzadebiT. (mimdinareobs muSaoba sunelebis damamzadebel mini sawarmos
mSeneblobisaTvis). cnobilia Taflis miRebiT. asamde msxvili fermeruli
meurneobaa, aqedan ZiriTadebia: mecxoveleoba, mevenaxeoba, meRoreoba,
mefrinveleoba, mexileoba, memwvanileoba.

mxare   sarekreacio   resursebis   mxriv   mdidaria. gavrcelebulia
samTo, qveiTi, samTo-sacxenosno turizmi. raftingi mdinare rionze. turizmis
erT-erTi upiratesi mimarTulebaa kurortebi da gamajansaRebeli zonebi,
samkurnalo wylebi da balneologiuri kurortebi.

rTul reliefze proeqtirebis yvelaze gavrcelebuli, optimaluri
variantia  terasuli tipis  mSeneblobebi  da w e r t i l o v a n i „k o S k u
r a“   tipis sacxovrisebi. qanobis tipis teritoriebis ganaSenianeba
saqarTveloSi, swored amgvari midgomiT yalibdeboda, ris Sedegadac saxeze
gvaqvs arqiteqturis bunebasTan harmoniuli Serwyma, amasTanave daxrili
reliefebis yvelaze racionaluri xurorTmoZRvruli gadawyvetebi sivrcisa da
konkretul istoriul periodebSi, rac TavisTavad qarTveli kacis samSeneblo-
xurorTmoZRvruli  niWis da  bunebasTan cocxali kontaqtis   gamoxatulebaa.
rTuli reliefuri teritoriebis ganaSenianebis sayovelTaod cnobili
qarTuli magaliTebia: istoriuli Zegli sof. Satili - xevsureTSi, kaloiani
saxlebi xevsureTSi, sof. barisaxoSi, svanuri 20-25 m. simaRlis   ZiriTadad 4-5
sarTuliani koSkebi, xevsuruli koSkebi, da sxv. msgavsi tipis nagebobebi,
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romlebic agreTve farTodaa gavrcelebuli CrdiloeT kavkasiaSi, inguSeTsa
da oseTSi, xolo SedarebiT ufro maRali, gvxvdeba kavkasiis soflebSi.

sur.3 sof. Satili - xevsureTi sur.4 kaloiani saxli-xevsureTi. sof. barisaxo

sur. 5 svanuri koSkebi sur. 6 xevsuruli koSkebi

2. ZiriTadi nawili- saproeqto winadadebis koncefcia

saproeqto  teritoria  warmoadgens  66  mln.  kv.m.  farTobs.  igi
moicavs 16 sofels. esenia: wakva, grigaleTi, nadaburi, cicqiuri, gedsamania,
xunevi, vertyviWala, saqasria, vaSlevi, amaSukeTi, kvesrevi, maqaTubani, RoreSa,
bzinevi, boriTi da ubisa. mosaxleobis saerTo raodenobaa daaxloebiT 20-idan
25000 kacamde esaa mosaxleobis is raodenoba, romelic aucilebelia qalaqis
qvemoT CamoTvlili funqciebis ganxorcielebisaTvis, xolo qalaqgegmarebiTi
normebidan gamomdinare mosaxleobis am raodenobas vzrdiT 4-jer (pirobiTad
deda-mama, bebia-babua...) Sesabamisad qalaqi gveqneba 100000 macxovrebelze
perspeqtiviTa da saTanado infrastruqturiT 10-dan 15 wlis vadaSi gaTvliT.

sur. 7
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saproeqto winadadebaSi SenarCunebulia Teqvsmetive sofeli, romelTac
eqmnebaT Seudareblad gaumjobesebuli sacicocxlo pirobebis dakmayofileba.
qalaqis  momsaxurebis  wamyvani  dargi,  ekonomikuri  ”mamuSavebeli  RerZi”
sasoflo-sameurneo produqciis gadamamuSavebeli mrewveloba iqneba. igi
moemsaxureba rogorc adgilobriv soflebs, amave dros qveynis masStabiT
sasoflo-sameurneo produqciis miReba-gadamuSavebis centri gaxdeba.

vinarCuneb xeobaSi gamaval  mTavar gzas, romelic faqtiurad qalaqis
Sida, mTavari gzis funqcias Seasrulebs. rac Seexeba aRmosavleT-dasavleTs
Soris damakavSirebel Cqarosnul gare gzas, is warmoadgens „sruliad swor“
monakveTs da gaivlis  qalaqis  teritoriis samxreTiT. igi ori sadguriT
daukavSirdeba qalaqs, sofel RoreSaSi da sofel gedsamaniaSi. Cqarosnuli
magistrali mTiani reliefis gamo rikoTidan ubisis farglebSi daaxloebiT
11km-s gvirabSi gaivlis, xolo 8km-s gareT, ris Sedegadac movigebT drosa da
energias: rikoTidan ubisamde gadaadgilebisas 28km-is monakveTs SevamcirebT (28-
19=9) 9km-iT, anu daaxloebiT 1/3-iT.

sur. 8
saproeqto teritoria dayofilia Semdeg zonebad:
1). momsaxureba-romelic Seadgens qalaqis 35-40%-s.
2). sacxovrebeli- qalaqis 25-30%.
3). gamwvaneba-rekreacia ki garda arsebulisa, romelsac xeluxleblad
SevinarCunebT Tavisi savargulebiT, Seadgens qalaqis teritoriis 30%-s.

momsaxurebis nagebobebi ZiriTadad Tavmoyrilia mdinarisa da gzis monakveTis
gaswvriv, romelic ori saxis momsaxurebas moicavs: yoveldRiurs da sezonurs,
xolo epizoduri momsaxureoba umTavresad quTaisSi iqneba.

rogorc   vxedavT   iqmneba   xazovani   tipis   qalaqi.   xeobas   TiTqmis
mTel sigrZeze  miuyveba  mdinare  Zirula  patar-patara  SenakadebiT.
momsaxureobis

sivrceebi ZiriTadad xeobis siRrmeSi gzisa da mdinaris gaswvriv ganlagdeba.
mis Semdeg sacxovrebeli sivrceebi, Semdeg ki sameurneo savargulebi. gamwvaneba
da rekriacia teritoriis orive nawils moicavs, momsaxureobasac da
sacxovrebelsac.

qalaqis  sarekreacio  centris - sof.  xunevis  generalur  gegmaze,
wiTeli feriT aRniSnulia momsaxureobis sivrceebi, yavisferiT sacxovrebeli -
arsebulic  da  axalic,  TeTri  feriT  satransporto  gzebi,  sadgurebiTa
da moednebiT. lurji feriT ki mdinare Zirula, stafilosfriT sanapiro
sarekreacio zoli, mwvane - gamwvaneba, arsebul „mwvane“ teritoriebTan erTad.
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sarekreacio da mWidrod ganaSenianebul adgilebSi, movawyobT mdinaris
kalapots. xolo  sportis, parkebisa da dasvenebis zonebSi ki vzrdiT
kalapotis siganes da wylis dones sacurao, sanaosno da gasarTobi
momsaxurebisTvis.

sur. 9 sofeli x u n e v i. generaluri gegma

esaa centris garSemo orientirebuli tipis raionis kompozicia. centrSi gvaqvs
universaluri moedani Tavisi infrastruqturiTa da mis irgvliv mowyobili
ganaSenianebis tipebiT. esenia: 1) terasuli tipis wertilovani sacxovreblisa

da seqciuris ,,naerTi“ romlebic daproeqtdeba SedarebiT damrec ferdobebze
teritoriis CrdiloeTiT,   Semdegi mizezebidan gamomdinare:   adgilisa da
reliefis nominaciebis mixedviT gvaqvs xuTi ZiriTadi tipis ganaSenianeba (ix.
xunevis gen. gegma):

1). terasuli - romelSic Sedis maRlivi terasuli tipis sacxovreblebi.

2). individualuri terasuli tipis.

3). individualuri, cal-calke mdgomi soflis tipis ganaSenianeba.

4). maRlivi wertilovani.

5). im monakveTebSi ki  sadac xeoba viwroa vakeTeb e.w. ,,gadaxurvas,“ m e o r e
s a r T u l i s  g a n a S e n i a n e b a s,“ ZiriTadad liTonisa da minis
gamWvirvale konstruqciebis saSualebiT, sadac qveda arsebuli nawili
xeluxlebeli darCeba da gveqneba sruliad damoukidebel zeda, meore sarTulis
sivrce.

sur.10 „m e o r e   s a r T u l i s"  ganaSenianeba
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sur.11 maRlivi wertilovani  da seqciuri  tipis  sacxovreblis  naerTi

iq sadac reliefi sakmaod daxrilia, bevrad mosaxerxebelia wertilovani
maRlivi Senobebis daproeqteba, xolo swrafi komunikaciisaTvis da damatebiTi
sacxovrebeli farTebis gamo     maRlivi wertilovani sacxovrebeli  seqciuri
tipis  „mierTebiT’’  ferdobs daukavSirdeba. Sesabamisad misvla da
gadaadgileba sacxovrebelSi, moxdeba orive mxridan damoukideblad. meore
mniSvnelovani faqtori isev da isev daxrili reliefidan gamomdinareobs, esaa
sacxovreblis terasuli xasiaTi. igi faqtiurad kibiseburad miuyveba reliefs,
rac saSualebas gvaZlevs sxvadasxva raodenobis kompoziciuri variaciebis
Seqmnisa da amave dros Znelad misadgom teritoriebzec ki proeqtirebis
saSualebasa da cxovrebas. mesame faqtori landSaftis maqsimalurad
SenarCunebaSi mdgomareobs, tyiani ferdobebis gamo. vgulisxmob rac SeiZleba
minimalur  Carevas    bunebaSi,  riTic  gavufrTxildebiT,  landSapts  da
amave dros SevinaCunebT arsebul sacxovreblebsa da meurneobas.

sur.12 maRlivi terasuli ganaSenianeba.

2) meore  saxisaa  seqciuri  tipis  ganaSenianeba,  romelsac  SedarebiT
dabali qanobis ferdobebze vaproeqteb. 3) individualuri,  erT-orsarTuliani
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tipis ganaSenianeba, sakuTari miwis farTebiT, swor da SedarebiT dabal
ferdobebze.
4) meoTxe tipisaa calke mdgomi, wertilovani maRlivi  sacxovreblebi, esenic
swor da umniSvnelo daxris ferdobebze. (yovelive amis proeqtireba, rogorc
ukve avRniSne, xdeba saproeqto teritoriaze arsebuli soflebisa da saxlebis
SenarCunebiT, anu arsebul  situacias vabam  qalaquri  tipis momsaxurebasa da
infrastruqturasTan).

sur.13 fragmenti - sofeli xunevi. maRlivi-wertilovani, individualur
sacxovreblebTan erTad.

sur.14 samTo  turistuli centri

sur. 15
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21-e saukunis arqiteqturaSi aqtualuri sakiTxia energoefeqturobis
problema, e.w. ,,mdgradi arqiteqtura“. amitom Sevecade arsebuli situaciidan da
dRevandeli teqnologiuri miRwevebidan gamomdinare qalaqi yofiliyo
maqsimalurad energoefeqturi:

1). mSeneblobis procesSi grovdeba ra didi raodenobiT sawarmoo narCeni,
RoreSas teritoriaze, sadac samrewvelo raioni maqvs mowyobili, gveqneba
gamouyenebeli, gadasayreli sawarmoo narCenebis gadasamuSavebeli qarxana, maTi
kvlav gamoyenebisTvis.

2). maRliv sacxovreblebze vertikalurad moTavsdeba mzis panelebi
(ix.sur.11), romlebic dRis ganmavlobaSi mzis gadaadgilebis mixedviT
itrialeben korpusis garSemo, sensoruli teqnologiebis saSualebiT. aseTi
gadawyvetileba esTetiur SesabamisobaSi modis iseve rogorc Senobis
arqiteqturastan, amave dros mTiani reliefis bunebasTan. mzis panelebi
damontaJdeba erT sacxovrebelze im raodenobis, rac mTlianad SeZlebs erTi
sacxovrebeli korpusis Senaxvas, mzis sxivebisgan gamomuSavebuli
eleqtroenergiiT.

3). wertilovanis gadaxurvaze damontaJdeba mzis koleqtorebi, rac
sacxovrebels cxeli wyliT moamaragebs.(sur.14)

4). seqciur-horizontaluri sacxovreblebis saxuravze moewyoba
sarekreacio zona Tavisi damakavSirebeli misasvleliT vertikalur
korpusTan(sur11). igi xels Seuwyobs sacxovrebelSi klimaturi pirobebis
SenarCunebas da saxuravze mowyobil auzebSi mogrovebuli wvimis wyali
dazogavs SenobisTvis saWiro wylis marags. amgvari gadaxurva iqneba
sacxovreblis damatebiTi sarekriacio sivrcec.

5).   gamoviyenebT   bioenergopasiur   saSualebas,   rac   axali
aRmoCenaa   21 saukunis energoefeqtur ZiebebSi: Senobebi ormagi miniT
Seminulia, romelSic moTavsebulia specialuri siTxe, Waobis bunebrivi
mcenareebiT(sur.11). amis saSualebiT miiReba bunebrivi airi, romelic mTlianad
uzrunvelyofs saxls gazmomaragebiT.  misi  aranakleb  mniSvnelovani
funqciaa  sacxovrebelSi dadebiTi, sasiamovno klimaturi pirobebis SenarCuneba
da amave dros Senobis arCveulebrivi iersaxis Seqmna.

6). rac Seexeba individualur dabliv terasul sacxovreblebs aqac gveqneba
mwvane   gadaxurva   sakuTari   auzebiT (sur.16).   auzebSi   lagdeba
specialuri milebi, risi saSualebiTac vRebulobT alternatiul Tboenergias,
gagrilebasa da samjer vamcirebT eleqtroenergiis marags.

3. daskvna
„qalaqi 100 000 macxovrebelze“, warmoadgens mcdelobas, rTul reliefze

dasaxlebis sistemis Seqmnisa, sadac warmodgenilia sacxovreblis ZiriTadi
saxeobebis ganviTarebis tendenciebi 21-e saukuneSi, turistulad
mimzidvelobis, ekologiurad jansaR, funqcionalurad gamarTulobis da
ganaSenianebis mravalferovnebis gaTvaliswinebiT saqarTvelos istoriuli
kuTxis-imereTis magaliTze. muSaobis sistemuri damokidebulebis SemTxvevaSi,
saproeqto winadadeba efuZneba ganxorcielebas 2017-dan 2030 wlis monakveTSi.

literatura
1. v. beriZe-„Zveli qarTuli xurorTmoZRvrebis istoria“,
2. a. oqropiriZe. „geografiuli garemo da arqiteqtura“,
3. saqarTvelos samSeneblo seqtorSi Casatarebeli grZelvadiani (2030
wlamde) energoefeqturobis RonisZiebebis SemuSaveba evrogaerTianebis
moTxovnebTan  SesabamisobaSi moyvanis mizniT.

4. კევინ ლინჩი “Совершенная форма в градо-строительство” (1986)
5. www.Wikipedia.org - თავისუფალი ენციკლოპედია.
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rkinabetonis kedlebis mowyoba mrudxazovani
Riobebis gaTvaliswinebiT

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

Tbilisi, saqarTvelo)

reziume: statiaSi ganxilulia, rkinabetonis kedlebis mrudxazovani
Riobebis gaTvaliswinebiT mowyobis teqnologiuri procesi, romelic
dakavSirebulia sayalibo sistemebis arastandartul agebasTan.
sakvanZo sityvebi: armireba, yalibi, betoni, rkinabetoni, Riobi,

dabetoneba, montaJi, ganyalibeba.
1. Sesavali

marTlmadidebeli taZrebis da eklesia-monastrebis Senobebis kedlebi,
Tavisi arqiteturuli gadawyvetidan gamomdinare ZiriTadad  xasiaTdebian

sxvadasxva tipis mrudxazovani moxazulobis elementebiT (niSebi, sarkmelebi,
karebebi, gasasvlelebi da a.S.). rkinabetonis kedlebis agebis dros, msgavsi
Riobebis misaRebad aucilebeli xdeba gansxvavebuli sayalibo sistemebis
mowyoba. isini xSirad mxolod erTi an sul ramdenime elementis
dasabetoneblad gamoiyeneba da yoveli axali SemTxvevisaTvis individualur
gadawyvetas moiTxovs. qvemoT moyvanilia ramdenime aseTi yalibis mowyobis
magaliTi.

2. ZiriTadi nawili

mrudxazovani yalibis mowyoba, zogadad SeiZleba martivi sqemiT
gamoisaxos (nax.1). ZiriTad mzid nawils yovelTvis warmoadgens sivrciTi
karkasi, romlic aigeba erTmaneTisagan 20-25sm dacilebuli brtyeli, kargad
Sekruli, myari CarCoebis gaerTianebiT (nax.2).

1 Wrili 1-1
Kkarkasis CarCo               fanera

1

Nnax.1. martivi TaRovani yalibis agebis sqema

xis koWebiT an ZelebiT Seqmnili karkasis sworxazovani ubnebi garedan
ifareba laminirebuli faneriT. mrude nawilis mosawyobad gamoiyeneba 8mm
sisqis fanera, radganac igi kargi drekadobis gamo nebismieri moxazulobis
sibrtyis advilad dafanerebis saSualebas iZleva. analogiurad xdeba
wriuli Riobebis yalibis blokis ageba.
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nax.2 mrudxazovani sarkmlebis mosawyobi yalibis bloki
wriuli an mrudxazovani yalibis blokebis dasamontaJeblad

aucilebelia ramdenime elementiani sayalibo sistemis ageba. igi Sedgeba
uSualod am blokebisagan, romlebic orive mxridan unda moeqces  sayalibo
farebs Soris. manamde ki aucilebelia kedlis armirebis procesSi zustad
geodeziuri koordinatebis da niSnulebis mixedviT, kedlis armaturis
karkasebis mowyobis procesSi datovebuli iqnas Tavisufali adgilebi am
blokebis ganTavsebisaTvis (nax.3).

nax.4-ze naCvenebia wriuli sarkmlebis mowyobis magaliTi, romelic
yvela mrudxazovani Riobis mowyobis analogiuria. armaturis karkasSi erTi
mxridan modgmul sayalibo farSi Camagrebuli wriuli yalibebis
damontaJebis samuSaoebis dasasruleblad aucilebelia wina mxridan meore
sayalibo faris midgma da maTi gamagreba gamWoli xraxniani ReroebiT.
Sedegad wriuli sayalibe bloki uZravad eqceva sayalibo farebs Soris.
dabetonebis Semdeg maTi igive TanmimdevrobiT ganyalibebiT miiReba
dasrulebuli kedeli Sesabamisi RiobebiT (nax.5).

nax.3 sarkmlebis blokebis armirebul kedelSi Casadgmeli adgilebi
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nax.4. wriuli sarkmlis yalibis damontaJeba

nax.5. dasrulebuli sarkmelebi da Riobebi

3. daskvna
rkinabetonis kedlebSi mrudxazovani da wriuli Riobebis mosawyobad

aucilebelia winaswar iqnes damzadebuli Sesabamisi moxazulobis da
zomis daxuruli, yuTismagvari sayalibo  blokebi. maTi ganTavseba xdeba
saproeqto koordinatebis mixedviT armaturis karkasSi datovebul
sicarieleebSi da orive mxridan magrdeba sayalibo farebis saSualebiT,
rac gamoricxavs sayalibe blokis moZraobas dabetonebis procesSi.

literatura
1. i.qvaraia. gumbaT-TaRovani rkinabetonis gadaxurvebis mosawyobi

sayalibo sistemebis agebis magaliTebi da maTi realizacia.
“teqnikuri universiteti”. Tbilisi. 2017. 100gv.
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rkinigzis liandagSi  biklotoiduri mrudebis gamoyenebis
SesaZleblobis Sesaxeb

m. moiswrafiSvili, a. koreli
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175, Tbilisi,

saqarTvelo)
reziume: statiaSi warmodgenilia sakiTxi rkinigzebze mrudebis
SesaZlo klotoiduri daproeqtebis Sesafaseblad da „moZravi
Semadgenloba-liandagi“ sistemis  modelirebis safuZvelze wriuli
da biklotoiduri mrudebis SedarebiTi Sefaseba.
gaanalizebulia aRniSnul sakiTxze arsebuli kvlevebis Sedegebi da

SemoTavazebulia liandagSi biklotoiduri mrudebis gamoyenebis
SesaZleblobis dasabuTeba.
dadgenilia, rom biklotoiduri mrudSi  600 m-idan 800-m-mde

radiusis sididis SemTxvevaSi moZravi Semadgenlobis 80 km/sT
siCqariT moZraobisas gverdiTi Zalebis maqsimaluri sidideebi 5-20 kn-
iT ufro mcirea vidre moZraobisas tradiciul wriul mrudebze.
Tumca, statiaSi aseve mocemulia rekomendacia sauReltexilo
rkinigzaze saeqsperimento poligonis mowyobisa da naturuli
SedegebiT Teoriuli Sedegebis dadasturebis Taobaze.
sakvanZo sityvebi: rkinigzis liandagi; biklotoiduri mrudi.

1. Sesavali
rkinigzis liandagis sworxazovani ubnebis SeuRleba wriul ubnebTan

xorcieldeba cvalebadi radiusis mqone gadasasvleli mrudebis saSualebiT.
gadasasvleli mrudebis radiusi icvleba usasrulobidan SesauRlebel
wriul mrudis radiusamde da piriqiT. es ki uzrunvelyofs centridanuli
Zalis TandaTanobiT zrdas, rac Tavis mxriv xels uwyobs  Semadgenlobis
mdore moZraobas sworxazovani ubnidan wriulze gadasvlisas. saavtomobilo
gzebze mrudi ubnebis mowyoba xorcieldeba ori radianuli spiralis saxiT
(klotoidiT), romelTa simrude icvleba sigrZis proporciulad, rac
uzrunvelyofs avtomobilis mdored moZraobas mrudSi Cawerisas.

Cvens mier Seswavlili iqna sakiTxi rkinigzebze mrudebis SesaZlo
klotoiduri daproeqtebisa da  „moZravi Semadgenloba-liandagi“ sistemis
modelirebis safuZvelze wriuli da biklotoiduri mrudebis SedarebiTi
Sefasebis Sesaxeb, romelic Sesrulebulia uralis mimosvlis gzaTa
saxelmwifo universitetSi o. a. kravCenkos mier saprogramo kompleqsi
„universaluri meqanizmi“-is safuZvelze. es ukanaskneli Seqmnilia brianskis
saxelmwifo teqnikuri universitetis gamoyenebiTi meqanikis kaTedraze, prof.
d.i. pogorelovis xelmZRvanelobiT.

saprogramo kompleqsis „universaluri meqanizmis“ gamoyenebis ZiriTadi
mizans warmoadgenda mocemuli makrogeometriis realur ubanze, rogorc
wriul mrudebze, misi gadasasvleli mrudebiT,  ise biklotoidur mrudebze
gansazRvruliyo moZravi Semadgenlobis liandagis elementebze zemoqmedebis
gverdiTi da vertikaluri dinamikuri Zalebis sidideebi.

ganxiluli da gaanalizebuli iqna ra, zemoTmoyvanili kvlevebi, Cvens
mier SemoTavazebulia rkinigzis liandagSi biklotoiduri mrudebis
gamoyenebis SesaZleblobis dasabuTeba.
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2. ZiriTadi nawili
rkinigzis liandagis mrudebis  biklotoiduri proeqtirebis

SesaZleblobis dasabuTebis kvlevis saWiroebas warmoqmnis mrudebSi
liandagis eqspluataciis rigi problemuri sakiTxebi:

1. mrudze moZravi Semadgenlobis moZraobisas warmoiqmneba xvedriTi

winaRoba r ,kg/t
2. xdeba relsisa da Tvlebis gverdiTi zedapirebis damatebiTi cveTa,
saWiroa  liandagis movla-SenaxvisTvis damatebiTi xarjebis gaReba,

romlebic ukuproporciulia simrudis radiusis kvadratisa - R2 .
3. mrudi ubnebi moiTxovs miwis vakisis moednis gafarToebas,
orliandagiani rkinigzebis SemTxvevaSi liandagebis RerZebs Soris
manZilis gazrdas, sakontaqto xazebis sayrdenebs Soris manZilis
Semcirebas da sxva.

4. mrudze moZraobisas xdeba matareblis siCqaris SezRudva [1].
aqamde rkinigzis xazis mrud ubnebze ar mimarTavdnen biklotoidur

proeqtirebas, radgan es dakavSirebuli iyo didi sigrZis gadasasvleli
mrudis  dakvalvis siZneleebTan. dReisaTvis ukve arsebobs dakvalvisaTvis
saWiro mTeli rigi xelsawyoebi, rogoricaa: Sorsmzomebi sizustiT 1-3mm;,
eleqtronuli taxeometrebi- sizustiT 1 mm; jps-is xelsawyoebi- sizustiT
5mm;

garda amisa, mniSvnelovania zemoT naxsenebi kvlevebiT miRebuli
Sedegegebi, ramac gamoiwvia Cvens mier biklotoiduri mrudis sakiTxis
kvleva gvewarmoebina relsi–Tvalis urTierTqmedebis dinamikis
gaumjobesebis mizniT, kerZod:

1.biklotoiduri mrudis mowyobiT vidre wriuli mrudis mowyobisas
(gadasasvleli mrudi-wriuli mrudi-gadasasvleli mrudi) umjobesdeba
liandagis iseTi saeqspluatacio maxasiaTeblebi, rogoricaa gare relsis
SemaRlebis qanobi,  simrudis mdored cvlileba, liandis siganis cvlileba
da sxva.

2.moZravi Semadgenlobis da liandagis elementebis urTierTqmedebis
programuli kompleqs „universaluri meqanizmi“-iT modelirebisas gairkva,
rom praqtikulad erTnairi vertikaluri reaqciis Zalebis dros,
horizontaluri reaqciis Zalebis saSualo sidideebi 30- 45%-iT  da
zogierT SemTxvevaSi 60%_iTac naklebia biklotoidur mrudze moZraobisas,
vidre wriul mrudze. monacemebi miRebuli iqna sxvadasxva radiusis
mrudeebze sxvadasxva siCqariT moZraobisas (50km/sT-80 km/sT) Zalovani
maxasiaTeblebis SedarebiT.

Sesabamisad, kvlevis mizania Semowmebuli iqnas mudmiv radiusiani
wriuli mrudis, mis boloebSi ori gadasasvleli mrudiT, ori klotoidiT
Secvla, riTac moxdeba centridanuli Zalis TandaTanobiTi zrda, rac Tavis
mxriv uzrunvelyofs swori ubnidan mrudze gadasvlisas Semadgenlobis
mdored moZraobas.

aRniSnuli eyrdnoba im faqts, rom  biklotoidis farglebSi
regulirdeba liandis  TandaTanobiTi gafarToeba da gare relsis
SemaRlebis saWiro sidideze mdored gadasvla.

bikloidis upiratesobis Sefaseba wriul mrudTan SedarebiT SesaZloa
ori SemTxvevisas:

1. roca biklotoidis sigrZe (2lგმ) wriuli mrudis sigrZis (lწმ) tolia:
2lგმ=lწმ da moxvevis kuTxeebic tolia.
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2. biklotoidis sigrZe (2lგმ) wriuli mrudis sigrZis (lწმ) toli ar aris

(2lგმ≠lწ მ ), xolo moxvevis kuTxeebi ki tolia.
ganvixiloT  SemTxveva, sadac wriuli mrudis sigrZe tolia biklotoidis
sigrZisa, erTi da igive moxvevis kuTxeebisas. Catarebuli angariSebis

Sesabamisad, Tu gadasasvleli mrudis radiusi icvleba ∞ დან R mde,

gamoviyenebT ra lgm=1/2 lwm, miviRebT koeficientis mniSvnelobas аi· 2,5.10-5.
mniSvneloba koeficientisa, а icvleba 0,025∙10-5 დან 12,5∙10-5 mde (ix.cxrili 1)

gare relsis SemaRlebis qanobi ( i) i=2hRa (1)
maqsimaluri SemaRlebisas, roca hmax=0,15 m, qanobis maqsimaluri sidide

(1) dan tolia: i=0,3аR. (cxrili.1) cxrili 1

Lწ.მ., მ 20 50 80 120 170 400 600
а·R, i /მ 25∙10-3 10∙10-3 6,25∙10-3 4,2∙10 -3 2,94∙10-3 1,25∙10-3 0,83∙10-3

i 7,5∙10 -3 3∙10-3 1,8∙10 -3 1,26∙10-3 0,882∙10 -3 0,37∙10-3 0,25∙10-3

Lწ.მ., მ 800 1200 1500 2000 2500 3000
а·R, i /მ 0,63∙10-3 0,42∙10-3 0,33∙10-3 0,25∙10-3 0,2∙10 -3 0,17∙10-3

i 0,19∙10-3 0,13∙10-3 0,1∙10 -3 0,08∙10-3 0,06∙10-3 0,05∙10-3

300 m-ze meti sigrZis wriuli mrudebis  biklotoiduri daproeqtebisas
gare relsis SemaRlebis qanobi i<1‰. yvela sxva SemTxvevisas, SemaRlebis
qanobi rom iyos naklebi 1‰-ze, saWiroa bikloidis sigrZe iyos wriuli
mrudis lwm  sigrZeze meti.

gadasasvleli mrudis sigrZisa da wriuli mrudis radiusis Tanafardoba

ki mocemulia naxazze 1.
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nax.1. gadasasvleli mrudisa  sigrZisa da radiusis Tanafardoba
biklotoidis gamoyenebiT liandagis mrudebSi xdeba trasiis  Semoweva

Sida mxares, amitomac ubnis sigrZe mcirdeba da Sesabamisad mcirdeba
liandagis samSeneblo da saeqsploatacio xarjebi trasis Semcirebuli
sigrZis proporciulad.

miRebuli Sedegebi Zalze mniSvnelovania, Tumca arasakmarisi saboloo
daskvnis gamosatanad. imisaTvis,rom kvleva gaxdes srulyofili, saWiroa
moewyos realuri sacdeli ubani sauReltexilo rkinigzaze, ris saSualebac
am etapze saqarTvelos rkinigzas ar gaaCnia.
swored amitom, moviZieT moZrav Semadgenlobis liandagis elementebze
moqmedi Zalebis ricxobrivi mniSvnelobebis gamokvlevisaTvis
SemoTavazebuli  zemoT aRwerili modelireba moZravi Semadgenlobis
mrudeze moZraobisa, mocemuli aramilevadi aCqarebiT da „Semadgenloba -
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liandagi“ sistemis  sxva saWiro parametrebiT, programul kompleqsSi
„universaluri meqanizmi“ (um) da sinTezSi ganvixileT maT mier miRebuli da
Cveni Sedegebi.

rogorc kvlevis Sedegebma gviCvena, moZravi Semadgenlobis mrud ubnebze
moZraobis kompiuteruli modelireba saprogramo kompleqs „universaluri
meqanizmi“-T, biklotoiduri mrudis gamoyenebis dros horizontaluri
reaqciebis saSualo sidideebi naklebia, vidre wriul mrudis arsebobisas
[2].
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nax.2. gverdiTi Zalebis sidideebi

modelirebisas miRebuli grafikebi (nax.2) asaxaven reaqciuli Zalebis
sidideebis droSi cvlilebas, amitomac maTze TvalnaTliv Cans Zalebis
eqstremumebi da SeiZleba vizualurad  ganisazRvros relsze Semadgenlobis
zemoqmedebis reaqciuli Zalebis maqsimaluri ricxobrivi mniSvnelobebi.

biklotoidur mrudze da mocemuli radiusebis TviTeul tradiciuli
mowyobis wriul mrudze moZravi Semadgenlobis moZraobis siCqaris or
mocemul mniSvnelobisaTvis gansazRvruli iqna vertikaluri da ganivi
Zalebis sidideebis saSualo, minimaluri da maqsimaluri sidideebi mrudis
mTel sigrZeze da warmodgenili iqna grafikebis saxiT (nax.2).

3. daskvna
sabolood SegviZlia davaskvnaT: garda imisa, rom biklotoiduri mrudis

gamoyenebiT vaRwevT trasis sigrZis Semoklebas da sigrZis proporciulixarjebis
Semcirebas, amave dros moZravi Semadgenlobis 60 km/sT-mde siCqariT moZraobisas,
gverdiTi dartymebis maqsimaluri sidide TiTqmis orjer ufro mcirea, vidre
klasikur wriuli mrudis arsebobisas, roca radiusis sidide aris 600 m-mde da 1200
m-ze meti. aRniSnul daskvnaSi saliandago meurneobis TvalsazrisiT Zalze
mniSvnelovania 600 m-mde radiusebis mrudebSi gverdiTi dartymebis Semcirebis
sakiTxi, rogorc liandagis movla-Senaxvaze gaweuli xarjebis Semcirebis
safuZveli.

modelirebis dros miRebul Sedegebma gviCvenes, rom biklotoiduri mrudis
arsebobisas, moZravi Semadgenlobis 80 km/sT siCqariT moZraobisas, gverdiTi
dartymebis Zalebis maqsimaluri sidideebi 5-20 kn-iT ufro mcirea,  vidre
moZraobisas wriul mrudeebze, radiusiT 600 m-idan 800-m-mde.
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kulturuli landSaftis  mdgradi ganviTarebis
saerTaSoriso gamocdileba

S. gelaSvili
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175

Tbilisi saqarTvelo)
reziume: naSromSi ganxilulia kulturuli landSaftis  mdgradi
ganviTarebis saerTaSoriso gamocdileba italiaSi Cinkve-teres, val
d’orCas erovnuli parkis, aseve germaniaSi, qvemo saqsoniis sofel
vendlandis da ruseTis federaciaSi, mazenskis raionSi mdebare
eTnografiuli sofeli kimJas magaliTebze. rogorc sakiTxis
Seswavlam gviCvena, imisaTvis, rom saqarTveloSi ganxorcieldes
arsebuli unikaluri landSaftebis rogorc kulturuli
memkvidreobis marTva, aucilebelia saxelmwifo da sazogadoebis
erToblivi strategiis saxelmZRvanelo principebis Camoyalibeba,
romelTa saSualebiTac miRebuli iqneba konkretuli zomebi
landSaftis dacvis, marTvisa da dagegmarebis saqmeSi.
sakvanZo sityvebi: kulturuli landSafti, mdgradi ganviTareba,
kulturuli memkvidreoba.

1. Sesavali
dReisaTvis istoriuli Tu kulturuli memkvidreobis statusis mqone

obieqtebi mkacri realobisa da axali gamowvevebis winaSe aRmoCndnen.  maTze
uaryofiT zegavlenas mravali faqtori axdens - moZvelebuli
infrastruqtura, garemoze aranormirebuli datvirTva, uZravi qonebis
arareglamentirebuli marTva da sxva. yovelive es xels uSlis istoriuli
da kulturuli Rirebulebis mqone obieqtebis SenarCunebis politikis
efeqtur ganxorcielebas. savalalo Sedegebis Tavidan asacileblad
aucilebelia, rom aseTi Rirebulebis mqone obieqtebis marTva warmoebdes
msoflio memkvidreobis siaSi Setanili Zeglebis dacvis politikis
konteqstSi.

2. ZiriTadi nawili
kulturuli memkvidreobis dacvisa da mis ganviTarebis konteqstSi

sainteresoa istoriuli dasaxlebebisadmi garemos ganviTarebis msoflio
komisiaze (WCED) warmodgenili norvegieli mkvlevaris bruntlendis
naSromi „Cveni saerTo momavali“. igi mdgradi ganviTarebis koncefcias
akavSirebs or iseT urTierTsawinaaRmdego mimarTulebasTan, rogoricaa
ekonomikuri ganviTareba da garemos dacvis interesebi. [1] [4]

mdgradi ganviTarebis koncefcia iTvaliswinebs sazogadoebis
ganviTarebis im formebs, romelTac xangrZlivi drois manZilze SeuZliaT
daicvan adamianebis sicocxle da dedamiwaze arsebuli resursebi, iseve
rogorc bunebrivi resursebis da kulturuli memkvidreobis  dacvisas
mniSvnelovania  mdgradi ganviTarebis orientireba evoluciuri
mimarTulebiT.

amasTan, unda iTqvas, rom ekonomikuri ganviTareba da memkvidreobiTobis
dacva xSirad SeuTavseblad miiCneva, Tumca mdgradi ganviTarebis koncefcia
iZleva maTi urTierTSeTavsebis saSualebas.

Cveni kvlevisaTvis mniSvnelovani iyo turistulad aqtiuri da
warmatebuli  qveynebis gamocdilebis Seswavla-analizi, im mizniT, rom
gavcnobodiT Tu rogor ganaviTares adgilobrivi turistuli resursebi da
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amave dros rogor SeinarCunes istoriul-eTnografiuli dasaxlebebis
TviTmyofadi garemo. rogor moarges Zveli ganaSenianeba Tanamedrove
moTxovnebs da mianiWes maT axali funqcia. rogor iyeneben landSaftsa da
rogor axerxeben ekosistemis, TviTmyofadi arqiteqturisa da garemos
dauzianeblad mis CarTvas turistul infrastruqturaSi.

evropis landSftebis konvencia (ELC), romelic SemuSavebul iqna 2000
wels florenciaSi, miznad isaxavs SeinarCunos landSaftis xarisxi da
mravalferovneba misi dacvis, marTvisa da dagegmvisaTvis. landSaftis
marTva - aris mdgradi ganviTarebis perpspeqtivebis gaTvaliswinebiT qmedeba,
romelic uzrunvelyofs landSaftis regularul SenarCunebas, raTa marTos
da daabalansos socialuri, ekonomikuri da garemos dacviTi procesebiT
gamowveuli cvlilebebi; xolo landSaftis dagegmareba - esaa arsebuli
landSaftis gaumjobesebis, aRdgenisa da formirebis mizniT Sorsgamiznuli
da gadamwyveti qmedebebi. [5]

aRsaniSnavia adgilobrivi landSaftis, rogorc kulturuli
mekvidreobis dacvis magaliTi, italiaSi Cinkve-teres erovnuli parki.  esaa
italiis rivieras uswormasworo  zolis mqone sanapiros monakveTi. igi
liguriis regionSi, qalaq la-speciis dasavleTiT mdebareobs. sanapiro, aq
mdebare xuTi sofeli (monteroso-al-mare, vernaca, kornilia, manarola da
riomajore) da mimdebare gorakebis ferdobebi warmoadgenen Cinkve-teres
erovnuli parkis nawils, romelic Tavis mxriv iuneskos msoflio
memkvidreobis ZeglTa siaSia Sesuli. [6]

Cinkve-tere gamoirCeva Tavisi gansakuTrebuli silamaziT. saukuneTa
ganmavlobaSi mosaxleoba am uswormasworo, zRvaSi CaSvebul kldeebze
terasebs aSenebda. am regionis Taviseburebas isic gansazRvravs, rom igi
moklebulia Tanamedrove civilizaciasTan aqtiur kavSirebs. soflebs
erTmaneTTan sacxenosno bilikebi, matareblebi da navebi akavSireben.

aRniSnuli teritoriebis marTva or doneze - saxelmwifo da
regionaluri doneze xorcieldeba. aRsaniSnavia, rom kanonebis miReba
regionalur donezecaa SesaZlebeli.

parkis Seqmnis mTavar mizans konkretul teritoriaze kulturuli
memkvidreobis, landSaftis Taviseburebebisa da adamianebis saqmianobis
SenarCuneba warmoadgenda. rac istoriuli terasebis aRorZinebas, soflis
meurneobis ganviTarebas, turizmze orientirebuli mosaxleobis regionSi
Semobrunebasa da damagrebas gulisxmobda.

am mizanis misaRwevad aucilebeli iyo mitovebuli  teritoriebis
gamoyenebisa da  damuSavebis uflebis mopoveba, romelic daumuSavebeli
miwis Sesaxeb kanoniT regulirdeba. parkis aRorZinebisaTvis, saxelmwifos
mxridan gadadgmuli iqna garkveuli nabijebi, rac miwis mepatroneebis mier
gaweuli xarjebis 50 procentis ukan dabrunebaSi mdgomareobda. [2]

kulturuli landSaftebis aqtiuri konservaciis erT-erT magaliTs
warmoadgens italiaSi val d’orCas parkic. es regioni saTuTad
kultivirebuli borcvebiT, maT Sorisac arxebi, peizaJuri patara
qalaqebiTa da soflebiT toskanaSi, qalaq sienas samxreTidan monte-

amiatamdea gadaWimuli. maT Sorisaa qalaqebi – pienca, radikofani da
montalkino. regioni  5 komunas moicavs, misi saerTo farTobi 76000 ha.
romelTagan 71000 ha. kulturuli landSaftia, xolo 5 000 ha. industriulad
ganviTarebuli teritoriaa, romelic ar akmayofilebs iuneskos moTxovnebs.
iuneskom es regioni, rogorc kulturuli landSafti,  2004 wels
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xangrZlivi Seswavlis Sedegad aRiara. statusis mosapoveblad regionis
wardgineba  xuTive komunis iniciativiT momzadebuli marTvis gegmiT
ganxorcielda. manamde ki, 1988 wels xuTive municipaliteti SeuerTda
kulturul landSaftad gaerTianebis  dokuments. es procesi TiTqmis aTi
wlis manZilze etapobrivad xorcieldeboda. val d’orCas parkis marTvis
ZiriTadi mimarTulebebi ganisazRvra 1999-2007 wlebis regionalur
konferenciebze, rac gulisxmobda: turistuli marSrutebis ganviTarebas;
adgilobrivi landSaftis, lokaluri tradiciebis, istoriul-kulturuli
da religiuri arealebis aRmoCenasa da  CarTulobas; adgilobrivi
aramaterialuri kulturuli memkvidreobis obieqtebis gamovlenasa da maTi
ganviTarebis xelSewyobas; soflis meurneobis, mecxoveleobis, mcire
sawarmoebisa da xelosnebis stimulirebas, sakuTari unikaluri produqciis
warmoebis zrdasa da mis Semdgom realizacias.

mniSvnelovani iyo ganxorcielebuli RonisZiebebis Sedegebic: parkma
biZgi misca landSaftis xarisxis amaRlebasa da sasoflo-sameurneo
produqciis Seqmnas Soris mWidro kavSirebis damyarebas; ganxorcielda
mTeli rigi proeqtebi kulturuli memkvidreobis obieqtebis, bunebrivi da
istoriuli Rirebulebis mqone arealebisa da landSaftebTan mimarTebaSi,
maTi aRdgenis, gaumjobesebisa Tu gaaqtiurebis mimarTulebiT; ganviTarda
soflis meurneobis sxvadasxva mimarTulebi; ganviTarda sastumroebisa da
turistul-rekreaciuli qseli da misi infrastruqtura; mniSvnelovanad
gaizarda sasoflo-sameurneo miwebis Rirebuleba. val d’orCas parkis
kulturuli landSaftebi aqtiuradaa CarTuli adgilobrivi ekonomikis
ganviTarebaSi. amasTan, parkis ganviTarebis modeli kulturuli da
landSaftis Rirebulebebis, rogorc erTi mTlianobis dacvas eyrdnoba.

sxvadasxva iniciativebisa da proeqtebis erToblivi koordinirebis
mizniT, SemuSavebulia erTiani marTvis gegma, romelic morgebulia da
iTvaliswinebs evropuli landSaftebis konvenciisa da istoriul-urbanuli
landSaftebis marTvis rekomendaciebs (2011 w. parizi). [7]

avTenturi sacxovrebeli garemos da unikaluri arqiteqturis gadarCenis,
SenarCunebisa da turistuli infrastruqturaSi CarTvis erT-erT mcdelobas
warmoadgns germaniaSi, qvemo saqsoniis olqSi vendlandis magaliTi. igi
tradiciuli  wriuli struqturis mqone  germanuli soflis dasaxlebis
tipur nimuSs warmoadges. aq ganxorcielda soflis teritoriis
restavracia, gakeTda muzeumi, moewyo mcire zomis ojaxuri da municipaluri
sastumroebi. regionebis mesveurebi cdiloben miizidon turistebi. Tumca,
amave dros, gamoikveTa samwuxaro tendecia - axalgazrdoba kvlavac tovebs
sofels. vfiqrobT, am movlenis gamomwvevi mizezebis Seswavla calke
kvlevis sagans unda warmoadgendes. [3]

sainteresoa istoriuli garemos SenarCunebisa da ganaxlebis
postsabWoTa qveynebis magaliTebi. am mimarTebT TvalsaCinoa ruseTis
federaciaSi, mazenskis raionSi mdebare eTnografiuli sofeli kimJa. igi im
mcirericxoovan dasaxlebaTa ricxvs miekuTvneba, romelTac SeinarCuns
tradiciuli ieri da civilizaciisgan xelSeuxebeli landSafti.
ganaxlebuli sofeli srul warmodgenas iZleva Tu rogor cxovrobdnen
adamianebi bunebriv garemoSi 100 an 200 wlis win. [3] [8]

sofelSi faseulia ara marto arqiteqturuli Zeglebi, aramed soflis
kulturuli landSaftic, romelic gzebis, bostnebis, Robe-yoreebis da
mdeloebis erTobliobaa, da romelic eris fromirebis istoriasTan mWidro
kavSirSia. kimJas mcxovreblebma TavianTi soflis unikalurobis
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SesanarCuneblad 2004 wels Seqmens sazogadoebrivi teritoriuli
TviTmmarTveli organo “kimJa”, romlis ZiriTad saqmianobas soflis
kulturuli memkvidreobis SenarCuneba da turizmis ganviTareba
warmoadgens. Sesabamisi da drouli RoniZiebebiT kimJas mosaxleobam daicva
da SeinarCuna soflis avTenturoba, amasTan, gaiCina damatebiTi Semosavlis
wyaro.

rogorc am mimarTebiT samamulo praqtikis Seswavlam gviCvena,
saqarTvelos kanoni kulturuli memkvidreobis Sesaxeb ar icnobs
kulturuli landSaftis cnebas. [9] vfiqrobT, saqarTveloSi kulturuli
landSaftis aRnusxvis formis ararseboba alogikuria, radgan qveyanas
swored am tipologiis mravalferovneba da simravle gamoarCevs. miuxedavad
imisa, rom qvevris wesiT Rvinis damzadebis tradicia  msoflios
aramaterialuri memkvidreobis nusxaSia Sesuli, saqarTvelos iseTi
gamorCeuli, avTenturi, istoriuli, eTnikuri da agraruli kulturis
mniSvnelobis areali rogoric magaliTad alaznis velia, araa
identificirebuli rogorc kulturuli memkvidreoba da arc
registrirebulia rogorc kulturuli landSafti. rogorc kulturuli
memkvidreoba araa daculi saqarTvelosaTvis udidesi istoriuli
mniSvnelobis mravali unikaluri adgili, landSafti Tu obieqti. [9]

am saxis xarvezebis gamosworebis gzebi da saSualebebi calke kvlevis
sagansa da mniSvnelovan kvleviT mimarTulebas unda warmoadgendes, sadac
gaziarebuli unda iqnes  mdidari saerTaSoriso gamocdileba.

sayuradReboa, rom am mimarTebiT Cvens qveyanaSi  pirveli nabijebi
idgmeba, kerZod sajaro samsaxurebis daZmobilebis  proeqtis
„institucionaluri RonisZiebebis ganxorcielebis maregulirebeli
sakanonmdeblo CarCos daxvewa da saqarTveloSi kulturuli memkvidreobis
marTvis moqnili sistemis danergvis“ (TWINNING) farglebSi 2015 wlis 1-8
marts Sedga evrokomisiis saswavlo viziti. vizitis miznebi iyo:
kulturuli landSaftis raobis Secnoba da sakanonmdeblo bazaSi misi
adgilis gansazRvra konkretuli magaliTebis safuZvelze; kultruli
landSaftis marTvisa da msoflio memkvidrobis saitis marTvis sakiTxebis
gacnoba; landSafturi dagegmarebis gamocdilebis gaziareba; landSaftis
adgilobrivi dagegmarebasTan da dacvasTan, aseve teritoriis movla-
patronobasTan dakavSirebuli sakiTxebis gacnoba; adgilobrivi
ganviTarebisaTvis aramaterialuri kulturuli memkvidreobis gamoyenebis,
msoflio memkvidreobis saitebis marketingis da brendingis danergili
midgomebis adgilze Seswavla. [2]

3. daskvna
rogorc sakiTxis Seswavlam gviCvena, imisaTvis, rom saqaTveloSi

ganxorcieldes arsebuli unikaluri landSaftebis rogorc kulturuli
memkvidreobis marTva, aucilebelia saxelmwifom moaxdinos evropis
landSaftebis konvenciis ratificireba, risTvisac saWiroa Semdegi
RonisZiebebis gatareba: momzaddes sakanonmdeblo baza. arsebul normatiul
aqtebSi Setanili iqnas Sesabamisi cvlilebebi, romlTa mixedviTac
landSaftebi aRiarebuli iqneba, rogorc mosaxleobis sacxovrebeli
garemos mniSvnelovani komponenti; Camoyalibdes da ganxorcieldes
landSaftebis politika, romlis mizani iqneba maTi dacva, marTva da
dagegmareba; saxelmwifom izrunos sazogadoebis cnobierebis amaRlebaze
landSaftebis Rirebulebis, maTi rolisa da SesaZlo cvlilebebis Taobaze;
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saxlemwifom moaxdinos arsebuli landSaftebis Sefaseba da
identificireba, rac maTi gansakuTrebuli Rirebulebebis gaTvaliswinebiT
unda ganxorcieldes. aseve unda gaanalizdes is maxasiaTeblebi da
garemoebebi, romlebic maT transformirebas iwveven; landSaftis
identificirebisa da Sefasebis procedurebi unda warimarTos arsebuli
saerTaSoriso gamocdilebisa da meTodologiis gaTvaliswinebis
safuZvelze, samarTlebrivi regulirebis Sesabamisad.

garda amisa, aucilebelia landSaftebis integrirebis procesis
ganxorcieleba regionaluri dagegmarebis, kulturul, garemosdacviT,
soflis meurneobis, socialur-ekonomikur sivrceSi, rac landSaftze
pirdapiri an/da arapirdapir gavlenas axdens.

am mizniT saWiroa: saxelmwifos mxridan xeli Seewyos landSaftebis
Sefasebisa da marTvis dargis specialistebis momzadebas; saxelmwifo Tu
sxva saxis dainteresebuli asociaciebisaTvis ganaxorcieldes satreiningo
programebi, romlebic  landSaftebis marTvis politikasTan iqneba
dakavSirebuli; sauniversiteto doneze xeli unda Seewyos im disciplinaTa
swavlebis ganxorcielebas, romlebic Seiswavlian landSaftebTan
dakavSirebul faseulobebis dacvis, marTvisa da dagegmarebis sakiTxebs;
saxelmwifos mxridan finansuri xelSwyoba landSaftebis sakiTxebSi
saTanado donis  kvleviTi proeqtebis ganxorcielebisa da maTi Sedegebis
praqtikaSi danergvasaTvis; saerTaSoriso donis TanamSromloba im
qveynebTan, romelTac kulturuli landSaftebis marTvisa da maTi
ganviTarebis mdidari gamocdileba gaaCniaT.

mizanSewonilia ganxorcieldes sazogadoebis, adgilobrivi da
regionaluri xelisuflebis da sxva dainteresebuli mxareebis monawileobis
xelSewyobis yvela RonisZiebebi, raTa SesaZlebeli gaxdes erToblivi
strategiebis, zogadi da saxelmZRvanelo principebis Camoyalibeba, romelTa
saSualebiTac miRebuli iqneba konkretuli zomebi landSaftis dacvis,
marTvisa da dagegmarebis saqmeSi.
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betonisa da rkinabetonis nakeTobaTa teqnologia
kombinirebuli helioTermuli damuSavebis gamoyenebiT

d. baqraZe, T. amyolaZe, k. jinWaraZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77,

Tbilisi, saqarTvelo)
reziume: samSeneblo industriis erT-erT ZiriTad nawils Tburi
damuSaveba warmoadgens. saukeTeso xarisxis betonisa da rkinabetonis
nakeTobis Seqmna ekonomikuri siTburi procesebiT, sawvavisa da
eleqtroenergiis minimaluri xarjebiT saSualebas iZleva mniSvnelovnad
Semcirdes kapitaluri dabandebebi mSeneblobis sferoSi.

aRniSnulidan gamomdinare Seiqmna iseTi tipis danadgarebi, romlebic
siTbos ufro efeqturad iyeneben.
betonisa da rkinabetonis nakeTobaTa damzadebis teqnologiis

Semdgomma ganviTarebam da energomatareblebis ekonomiis aucileblobam,
saWiro gaxada alternatiuli energiis gamoyenebis aucilebloba.
sakvanZo sityvebi: Tburi damuSaveba; sawarmoo cikli; kapitaluri
dabandebebi; energomatareblebi; alternatiuli energia; helioTermuli
damuSaveba; stenduri teqnologia; yalib-vagonetebi, gadamcemi urikebi;
urikis jaWvuri mbiZgavi.

1. Sesavali
samSeneblo nakeTobebisa da detalebis teqnologiaSi temperaturuli

damuSavebis gamoyenebis mecnieruli damuSaveba daiwyo XX saukunis ociani
wlebidan, xolo praqtikul ganxorcielebas safuZveli Caeyara oTxmocian
wlebSi.

samSeneblo industriis erT-erT ZiriTad Semadgenel nawils Tburi
damuSaveba warmoadgens, romelzec ixarjeba samSeneblo masalebisa da
nakeTobebis warmoebis Rirebulebis 30%. Tburi damuSaveba moixmars mTliani
sawarmoo ciklos saTbob-energetikuli resursebis daaxloebiT 80%.
saukeTeso xarisxis betonisa da rkinabetonis nakeTobis Seqmna ekonomikuri
siTburi procesebiT sawvavisa da eleqtroenergiis minimaluri xarjebiT,
saSualebas iZleva mniSvnelovnad Semcirdes kapitaluri dabandebebi
mSeneblobis sferoSi.

2. ZiriTadi nawili
rogorc cnobilia, betonis nakeTobebis orTqliT damuSavebisaTvis

mravali tipis danadgari arsebobs. danadgarSi ganlagebuli dasamuSavebeli
nakeTobebis maRali wyobis SemTxvevaSi adgili aqvs nakeTobebSi
temperaturis araTanabar ganawilebas, amis gamo am procesis gasaumjobeseblad
saWiro gaxda iseTi tipis danadgarebis Seqmna, romlebSic siTbos ufro
efeqturi gamoyenebis SesaZlebloba iqneboda, aseTebia: kasetebi da paketebi,
xvrelis tipis horizontaluri gasaorTqli kamerebi da sxva.

Tburi danadgarebis momarageba orTqliT
orTqlma Tburi danadgarebis momaragebisaTvis unda gadalaxos

mimwodebel magistralSi arsebuli winaRobebi sakuTari wnevis xarjze.
amitom igi unda miewodos qarxanas an mzaddebodes qarxnis saqvabeSi,
orTqlis Warbi wneviT. amisaTvis saWiroa orTqliT momaragebis sistemis
gaangariSebis principis codna da orTqlis wnevis danakargebis gansazRvra
misi transportirebis dros.
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wnevis danakargebi transportirebis dros iyofa grZiv da adgilobriv
saxeebad.

grZiv danakargebSi Ps gulisxmoben winaRobebis daZlevas orTqlsadenis
mTel sigrZeze, romlebic gamoiTvleba formuliT

ekx dvP 2)( 2  ,

adgilobrivi winaRobebi 2)( 2vP  a ,

sadac  _ milsadenis erTeuli sigrZis xaxunis koeficienti;  _

adgilobrivi winaRobis koeficienti, v _ orTqlis nakadis moZraobis siCqare; 
_ orTqlis nakadis simkvrive;  milsadenis sigrZe; ekd milsadenis

ekvivalenturi diametri.
arxebis an siTburi danadgarebis winaRoba orTqlis nakadis

moZraobaze 2avP  ,
sadac P aero da hidrodinamikuri jamuri winaRoba; a _ saerTo aero da
hidrodinamikuri winaRobebis koeficienti; v _ nakadis moZraobis siCqare;
 arxis an danadgaris sigrZe.

orTqlsadenebSi yvela adgilobrivi winaRoba dayvanili unda iqnes
grZiv winaRobaze, anu nebismieri adgilobrivi winaRoba warmodgenili unda
iqnes misi ekvivalenturi grZivi danakargebiT orTlsadenis mTel sigrZeze.
orTqlsadenis aseTi saangariSo sigrZes ekvivalenturs uwodeben da
aRiniSneba Lekv. Tu orTqlsadenis yvela ubanze adgilobriv danakargebs

SevcvliT Lek-Ti, miviRebT Lek, maSin orTqlsadenis sruli winaRoba

)( ekssr. LLPP  .

uwyveti moqmedebis xvrelis tipis gasaorTqli kamera
xvrelis tipis horizontaluri kamera (nax. 1) warmoadgens 120100 L m

sigrZis gvirabs, siganiT 75B m, simaRle 17,10,1 H m. kameraSi Tavsdeba

17-dan 27-mde vagoneti nakeTobebiT. kamera sigrZeze iyofa Sesabamis zonebad:
temperaturis awevis, izoTermuli dayovnebis da gaciebis.

nax. 1. xvrelis tipis horizontaluri gasaorTqli

kameris sqema. 1 – kameris sigrZe: Il , IIl , IIIl Sesabamisad temperaturis awevis,

izoTermuli dayovnebisa da gacivebis zonebis sigrZeebia.
betonis nakeTobaTa damzadebis teqnologiis Semdgomma ganviTarebam da

energomatareblebis ekonomiis aucileblobam, saWiro gaxada alternatiuli
energiis gamoyenebis aucilebloba. aRniSnuli statia swored nakeTobebis
helioTermuli damuSavebis sqemas ganixilavs.

nakeTobaTa kombinirebuli helioTermuli damuSaveba SeiZleba
gamoyenebuli iqnes maTi warmoebis yvela ZiriTad teqnologiur xerxebis
pirobebSi (agregatul-nakaduris, stenduris da konveierulis), magram
yvelaze iolia misi realizeba stenduri teqnologiis pirobebSi. amave dros
stenduri yalibebis aRWurva xdeba srulyofili konstruqciis gamWvirvale

1
2 3 4 5

6

3
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saxuraviT; maT gverdulebs da zogierT SemTxvevaSi qveSebsac faraven
TboizolaciiT.

kombinirebuli helioTermuli damuSavebis dros siTburi energiis
gansakuTrebiT efeqtur damatebiT dublirebul wyaroebs warmoadgenen
sxvadasxva saxis eleqtrogamaTboblebi: milovani gamacxelebeli kabelebi da
sadenebi, milovan-Rerovani, kuTxovan-Rerovani, badisebri da sxva.

ukamero teqnologiuri xazis realizaciisaTvis saWiroa helioyalibebi –
vagonetebi, damatebiT energiis wyaro (magaliTad, infrawiTeli
eleqtrogamaTbobelebi), sarelso gza da mbiZgavebi (nax. 2, a). xvreluri kamerebi
xels uwyoben teqnologiuri xazis efeqturobis zrdas, ZiriTadad garemoSi
Tbodanakargebis SemcirebiT da kameris kedlebiT akumulirebuli mzis energiis
gazrdiT (nax. 2, b,g).

xvreluri kameris orSriani gamWvirvale stacionaluri saxuravis
daniSnulebaa konstruqciul-Tbosaizolacio msubuqi betonis an mZime betonis
nakeTobebis kombinirebuli heliodamuSaveba afskwarmomqmneli Semadgenlobebis
gamoyenebiT (nax. 2, d).

kameris konstruqcia efeqturia wlis Tbil periodSi (nax. 2, e). xvreluri
kameris gamWvirvale saxuravi warmoadgens СВИТAП-is safars, romlis mimarT
gadaadgildeba yalibi nakeTobebiT (nax. 2, v).

teqnologiuri xazis sqema, Tbotrasebis Rarebis saxuravis filebis
dasamzadeblad mocemulia (nax. 3) teqnologiuri xazi warmoadgens Caketil
konveiers dayalibebis xaziT da ori heliokameriT (gvirabuli Termokamerebis
saxiT) gamWvirvale masalis safariT, romlis daniSnulebaa weliwadSi 6 aTasi
m3 Rarebis saxuravis filebisa da sakanalizacio Webis warmoeba.

nax. 2. gvirabis tipis xvreluri kamerebis principialuri sqemebi
rkinabetonis nakeTobebisaTvis a – ukamero xazi; b – dasaSleli gvirabisebri kamera; g –
gvirabisebri kamera mosaxsnel-stacionaluri gamWvirvale orSriani masalis saxuraviT;

d – gvirabisebri kamera stacionaluri orSriani gamWvirvale saxuraviT; e –
gvirabisebri kamera stacionaluri erTSriani gamWvirvale saxuraviT; v – gvirabisebri
kamera stacionaluri orSriani gamWvirvale masalis saxuraviT da SemamWidroebeli

mowyobilobiT; 1 – srulyofili konstruqciis saxuravi; 2 – rkinabetonis nakeToba; 3 –
yalibis Tboizolirebuli gverduli; 4 – relsi; 5 – Tboizolirebuli qveSi-vagoneti; 6
– eleqtro- gamaTbobeli; 7 – amrekli; 8 – kameris kedeli; 9 – gamWvirvale dasaSleli
safari; 10 – kameris orSriani gamWvirvale safari; 11 – qveSi-vagoneti; 12 – yalibis
gverduli; 13 – helioyalibis erTSriani safari; 14 – kameris erTSriani gamWvirvale

safari; 15 – grZivi SemamWidroebeli mowyobiloba.
xazi Sedgeba rigi paraleluri sarelso gzebisagan. yalib-vagonetebiT.

erT-erTi gza warmoadgens konveiers, romlis gaswvriv ganlagebulia yalibebis
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gaxsnisa da nakeTobebis amoRebis, yalibebis gawmendis da SezeTvis, armaturis
yalibebSi dayenebis, betonis narevis Cawyobisa da vibromagidiT SemWidrovebis
postebi, agreTve betonCamwyobi da skipuri amwe betonis narevis betonCamwyobSi
CasatvirTad.

danarCeni gzebi ganlagebulia gvirabuli kameris SigniT. maTi torsis
paralelurad mowyobilia sarelso gzebi, romlebzec dayenebulia gadamcemi
urikebi mbiZgavbiT. TiToeul gzaze dganan yalib-vagonetebi, xolo erTi – maT
Soris gadamcem urikaze.

nax. 3. Tbotrasis Rarebis gadaxurvis filebis damzadebis teqnologiuri xazis sqema.
1 – sarelso gza; 2 – yalibis gaxsnis posti, 3 – yalibebis gawmendisa
da SezeTvis posti; 4 – yalibSi armaturis Cawyobis posti; 5 – beton-
Camwyobi; 6 – betonis narevis Cawyobisa da Semkvrivebis posti; 7 – yalib-
-vagonetebi; 8 – gadamcemi urikebi; 9 – mbiZgavebi; 10 – skipuri amwe;
11 – sarelso gza; 12, 14 – heliokamerebis Sesasvleli da gamosasvleli
Riobebi; 13 – orSriani minapaketebi; 15 – gadamcemi urikebi.

savele tipis gvirabisebri heliokamerebi – maTi Sesasvleli da gamosasvleli
Riobebi aRWurvilia gasagorebeli moZravi karebiT, romlebic iReba da ixureba
pirdapir da ukusvlis dros. gadasacemi urikebis specialuri gamosawevi
sabjenebiT heliokamerebis gamWvirvale safari damzadebulia orSriani
minapaketebiT, dawyobili liTonis karkasze rezinis SuasadebiT. karkassa da
minapaketebs Soris arsebuli RreCoebis hermetizacias awarmoeben gaumyarebadi
mastikiT.

heliokameris safari orqanobiania, daxris kuTxiT 1. safaris daxra
aucilebelia SigniTa zedapiridan kondensatis wveTebisa da zeda zedapiridan
mtveris gadarecxvis da atmosferuli naleqebis mosaSoreblad.

RreCo minapaketis qveda minasa da yalib-vagonetis zedapirs Soris Seadgens
30...50 mm.

yalib vagonetebi zeda gare perimetrze aRWurvilia daxrili liTonis
firfitebiT, romlebzec xraxnebiT mimagrebulia grZivi da ganivi rezinis

furclebi. firfitebis daxris kuTxe _ 4540 , maTi zoma irCeva RarebSi
garantirebuli Sesvlis pirobiT. ganivi rezinis firfitebis zoma ganisazRvreba
maTi yalib-vagonetebis buferebis zonidan gasvliT. rodesac heliokameraSi
yalib-vagonetebi ganlagebulni arian Tanmimdevrulad da maTi buferebi
mWidrod arian erTmaneTTan ganlagebuli grZivi rezinis firfitebi mdebareoben
wylian RarebSi, da qmnian hidravlikur sakets Termokameris kedlebTan.
amgvarad, heliokamerebi vagonetebiT da maTi erTmaneTTan da kameris kedlebTan
SemWidroebis saSualebiT mTel sigrZeze da simaRleSi or zeda da qveda
nawilebad.

xazi muSaobs Semdegi TanmimdevrobiT: sawyis mdgomareobaSi dayalibebis
konveierisa da Termokameris sarelso gza Sevsebulia yalib-vagonetebiT, xolo
Termokameris Sesasvleli da gamosasvleli Riobebi daxurulia gasagorebeli
karebiT. yalib-vagonetebi axladdayalibebuli nakeTiT gadaecema specialuri
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gadamcemi urikebiT heliokamerebis xazs. gadamcemi urika miiRebs ra Semdgom
yalib-vagonets axladdayalibebuli nakeTobebiT, gadaadgildeba sarelso gzaze
heliokamerebTan, specialuri sataciT aRebs heliokameris karebs da Cerdeba
zustad misi RerZis mimarT.

amis Semdeg irTveba urikis jaWvuri mbiZgavi da masze ganlagebulia yalib-
vagonetebi wabiZgebiT SeyavT TermokameraSi. rezinis grZivi firfitebi iRunebian
lekalur mimmarTvelze, da Semdeg ikaveben muSa mdgomareobas wylian RarebSi.
danarCeni yalib-vagonetebi TermokameraSi gadaadgildebian axlad
Semogorebuli yalib-vagonetis zemoqmedebis saSualebiT, maTi rezinis grZivi
firfitebi gadaadgildebian wylian RarebSi, xolo ganivi firfitebi exebian
erTmaneTs. amgvarad, Termokameris hermetuli dayofa zeda da qveda nawilebad
rCeba mudmivad ise, rogorc TermokameraSi yalib-vagonetebis statikuri
mdgomareobis dros.

yalib-vagonetebis Termokameridan gamosvlis dros misi rezinis grZivi
firfitebi isev gadaiRunebian gamosasvlel lekalur mimmarTvelebze da Semdgomi
yalib-vagoneti gamogordeba gadamcem urikaze. amis Semdeg gadamcemi urikebi
dabrundebian dayalibebis konveieris RerZze, da erTdroulad axdenen
Termokameris karebebis hermetizacias. irTveba gadamcemi urikis mbiZgavi da
mTeli Semadgenloba gadaadgildeba dayalibebis konveierze, xolo gadamcem
urikaze Semogordeba yalib-vagoneti axladdayalibebuli nakeTobiT. amis Semdeg
muSaobis cikli meordeba.

wlis civ droSi gaTvaliswinebulia siTbos energiis damatebiT wyaro –
gajerebuli wylis orTqli, romlis miwodeba xorcieldeba. gvirabul
heliokameraSi Cawyobili milebiT. aseTi kombinirebuli sqema qmnis
dublirebuli energiis wyaros gamoyenebis SesaZleblobas Ramis saaTebSi da
gazafxul-Semodgomis periodSi.

Termokamerebis dayofa simaRleSi da izolirebul zeda nawilSi arsebuli
nakeTobis uSualod Ria zedapiris gacxeleba, qmnis pirobas nakeTobis
maRalefeqturi TbodamuSavebisaTvis, energoresursebis mcire xarjiT mzis
energiis ararsebobis dros, radganac am SemTxvevaSi siTbomatarebeli (orTqli,
cxeli haeri da sxva) SeiZleba miewodos haersadenebidan an milebiT
Termokameris zeda nawilSi.

mniSvnelovnad mcirdeba energoresursebis xarji, vinaidan siTbo ar ikargeba
kameris qveda nawilSi – iatakis, kedlebis zeda nawilisa da relsebis
gasacxeleblad.

3. daskvna
aRniSnuli sqemis ganxilva gvaZlevs uflebas gavakeToT Semdegi saxis daskvna.
yalibebis gacxeleba mzis energiiT betonis narevis Cawyobamde, yalibis

TermokameraSi moTavseba nakeTobasTan erTad 15...20 wuTSi dayalibebis damTavrebis
Semdeg, kameraSi saTburis efeqtis Seqmna, mzis energiis akumulireba mziani dRis
ganmavlobaSi, rkinabetonis nakeTobis kedlebiT da kameris fskeriT uzrunvelyofen
maRali xarisxis nakeTobisa da betonis mocemul simtkicis miRebas yalib-
vagonetebis dReRamuri brunviT.

gamoTvlebi gviCvenebs, rom konveieruli teqnologiuri xazis heliokamerebiT
gamoyenebisas siTburi energiis ekonomia Seadgens 70 kg pirobiT sawvavs 1 m3 anakreb
rkinabetonze.

literatura
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istoriul-kulturuli Zeglebis diagnostikis
organizebuli  struqturis Seqmna

m. wiqariSvili, n. tabataZe
(saqarTvelos teqnikuri universiteti, saqarTvelo 0175 Tbilisi,

kostavas 77)
reziume: statiaSi ganxilulia istoriul-kulturuli Zeglebis
konstruqciebis daZabul-deformirebuli mdgomareobis marTvis
principebi da diagnostikis organizebuli struqturis Seqmnis
aucileblobis dasabuTeba.
sakvanZo sityvebi: Zegli, konstruqcia, daZabul-deformirebuli
mdgomareoba, mdgradobis marTva, diagnostika.

1.  Sesavali
diagnostikis procesis struqturuli organizaciis saerTo sqema unda

Seicavdes Semdeg poziciebs: diagnostikis miznebisa da amocanebis
gansazRvra; diagnostikis tipis gansazRvra; kvlevis meTodebis sistemis
arCeva; monacemTa damuSavebis, dagrovebisa da registraciis struqturis
Seqmna an arCeva; Sedegebis analizi da damuSaveba; Zeglis mdgomareobis
kompleqsuri ekologiuri Sefaseba; mrRvevi procesebis saeqsperto Sefaseba;
Zeglis dacvis strategia.

2.  ZiriTadi nawili
zemoT aRniSnuli poziciebis Semadgenloba SeiZleba gakoreqtirdes da

Seivsos specifikuri RonisZiebebiT, romlebSic gaTvaliswinebuli iqneba:
Zeglis pozicia uZravi kulturuli memkvidreobis reestrebis sistemaSi;
informacia rekonstruqciis obieqtebisa da axali mSeneblobebis Sesaxeb

Zeglis axlos istoriul teritoriaze;
Tanamedrove miwaTsargeblobis sazRvrebis gegmebi da a.S.
diagnostikis sistemis organizaciis modelis msgavsi tipi saSualebas

iZleva [1]:
ganvaxorcieloT Zeglis masalaze garemomcveli aris zemoqmedebis

procesebze swrafi, efeqturi kontroli;
SevafasoT obieqtis qalaqis aresTan urTierTqmedeba;
SevafasoT obieqtis funqcionaluri mTlianobisa da mdgomareobis

maCveneblebi;
gamovavlinoT konstruqciul masalebSi destruqciuli procesebis

dazianebis, rRvevisa da ganviTarebis dinamikis pirdapiri da iribi mizezebi;
SevqmnaT obieqtze garemomcveli aris zemoqmedebis Serbilebis zomebis

gansazRvrisaTvis saWiro winapirobebi;
ganvsazRvroT profilaqtikuri da makoreqtirebeli RonisZiebebis

damuSavebasTan erTad principulad axali da ekologiurad dasabuTebuli
midgomebi;

SevimuSaoT Zeglis `movlis~ sistema praqtikaSi arsebuli misi
`eqspluataciis~ sistemis nacvlad.

CamoTvlili mmarTveli RonisZiebebis gansaxorcieleblad, arqiteqturis
Zeglis dacvis mixedviT, diagnostikis sistemiT gadawyvetili amocanebis
monawileobiT, dazianebebis diagnostikis erTiani programa unda Seicavdes
qvemoT moyvanil principul poziciebs.

1. garemomcveli aris mdgomareobis Sefaseba meteorologiuri pirobebis da
klimaturi maxasiaTeblebis cvlilebis gaTvaliswinebiT.
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2. Zeglis mdgomareobis saSiSroebis mcirevadiani da xangrZlivi
prognozireba. Zeglis dabinZurebis, dazianebis gaTvaliswineba maT
konstruqciebze tenisa da temparaturis cvlilebis cikluri zemoqmedebisas
Siga damabinZureblebisa da masalaSi metastabiluri struqturebis arsebobisas.
Semadgenlobis qimiuri da fazuri analizi masalis xangamZleobis resursisa da
dabinZurebis xasiaTis, donis, saxeobis SefasebisaTvis.

3. rekomendaciebis SemuSaveba masalis mdgomareobis (xarisxis)
gaumjobesebisaTvis drois sxvadasxva periodSi, Zeglis dacvis sistemaSi
mmarTveli zemoqmedebis reJimisa da grafikis farglebSi.

4. Zeglis SenarCunebisaTvis Catarebuli RonisZiebebis efeqturobis Sefaseba
misi eqspluataciis ciklis mixedviT.

diagnostikis organizaciisas unda gaviTvaliswinoT Semdegi problemebi,
romlebsac SeiZleba Seejaxon regionaluri da saqalaqo samsaxurebi:

Zeglebis SenarCunebis uzrunvelyofaSi mniSvnelovani roli eniWeba
Zeglebis dacvis saxelmwifo organoebs, romlebic Tavisi kompetenciis
sazRvrebSi axorcieleben saxelmwifo kontrols, Tumca xSirad ara aqvT axali
teqnika da ara hyavT kvalificiuri specialistebi (gansakuTrebiT regionebSi).

dReisaTvis ar aris sruli cnobebi (saangariSo formaSi) qveyanaSi
SenarCunebuli Zeglebis raodenobisa da daniSnulebis Sesaxeb, radganac Tavis
droze dawyebuli maTi pasportizacia ar iqna miyvanili bolomde.

Zeglebis zogierTi saxeobisaTvis ar arsebobs dacvisa da gansazRvris sagnis
zusti formulireba;

ar aris gaTvaliswinebuli arqiteqturis ZeglebisaTvis sarestavracio da
saremonto RonisZiebebis gamoyenebuli teqnologiebi.

am problemebis gadawyvetisaTvis aucilebelia `xarsixis marTvis~ danergva,
rac gaTvaliswinebulia ICO-9000 da ICO-14000 seriis standartebSi.

saerTo donis diagnostikis struqtura unda iyos warmodgenili Semdegi
blokebisagan: kontroli (reJimuli dakvirveba – dakvirvebis regularuli
sistema, romelic asaxavs ZeglSi momxdar nebismier cvlilebas);

marTva (Zeglis mdgomareobis, arqiteqturis Zeglebis masalebSi da
konstruqciebSi mrRvevi procesebis, damcavi RonisZiebebis arCevis diagnostikis
ekologiuri Sefasebis avtomatizebuli sainformacio sistema – sistemuri
analizi);

 saarqivo bloki. saarqivo bloki Tavidanve unda Seicavdes informacias
Semdegi Tematuri ganyofilebebis mixedviT:

1. istoriul-bibliografiuli, istoriul-saarqivo monacemebi;
2. pirveladi saaRricxvo dokumentacia (mudmivi informacia, romelic

eqvemdebareba Sevsebas axali saarqivo wyaroebis aRmoCenisas, Zeglze aRmoCenili
axali cnobebis miRebisas da restavraciis Catarebis Semdeg);

3. dacvis dokumentebi (cvalebadi informacia).
diagnostikis saerTo sistemis ganviTarebisa da danergvis pirvel etapze

SeiZleba moxdes misi sabazo variantebis organizeba da ganxorcieleba,
saarqivo blokis gamoyenebiT, romelic Seicavs sam miTiTebul Tematur
ganyofilebas.

Zeglebis aRricxvis realizaciis programa SeiZleba Sesruldes ori gziT:
 Zveli tradiciuli formiT `pasporti~ da a.S.

axali formiT, romelSic SeTavsebulia aRricxvis formaluri moTxovnebi
da, amavdroulad, Zeglis SenarCunebisaTvis aucilebeli cnobebi. diagnostikis
sistemidan miRebuli monacemebis mixedviT mis ekologiur faqtorebze
zemoqmedebis, mdgomareobis da dazianebis da am zemoqmedebebis Sedegebisa da
sxva monacemebis aRricxva.
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dReisaTvis, saxelmwifo kontrolis safuZvels Seadgens pirveladi
saaRricxvo dokumentacia. Zeglebis dacvis saxelmwifo organoebSi arsebuli
saarqivo monacemebi, ar iZleva srul suraTs ZeglebSi mimdinare cvlilebebze.
erTi mxriv, dacvis dokumentebi (dacvis valdebulebebi da teqdaTvalierebis
aqtebi) gansazRvravs istoriisa da kulturis Zeglebis gamoyenebis da
Semcvelobis reJims, gvexmareba maTze saxelmwifo kontrolis ganxorcielebaSi
aRricxvis, dacvis, gamoyenebis da restavraciis wesebis dacviT. magram meore
mxriv, es iuridiuli forma `mkvdaria~, ar Seicavs informacias Zeglis
`sicocxlis~ Sesaxeb, Zegls ganixilavs izolirebulad, rogorc calkeul
obieqts, yurad ar iRebs mis urTierTqmedebas garemomcvel aresTan.

saproeqto dokumentaciis saarqivo baza da pirveladi saaRricxvo baza aseve
moiTxovs codnis sistematizacias memkvidreobis obieqtebis Sesaxeb. ufro
srulyofil formaSi arsebuli normatiuli da sakanonmdeblo dokumentebi
Zeglis arqiteqturuli da sainJinro-teqnikuri mdgomareobis eqspluataciasTan
da kontrolTan dakavSirebul ganyofilebebSi moiTxovs Zeglis mdgomareobis
gamokvlevis Catarebas `5 weliwadSi ara nakleb erTxel~, Tumca praqtikaSi aris
faqtebi, rodesac Zeglis restavraciis CatarebisTanave igi ganicdida iseTive
rRvevebs, rogoric arsebobda sarestavracio samuSaoebis Catarebamde. es
dakavSirebulia imasTan, rom garemomcveli aris da hidrogeologiis
gavlenasTan dakavSirebuli yvela negatiuri procesi ar iyo aRricxuli, rom es
procesebi agrZelebda moqmedebas mudmivmoqmedi ZaliT, xolo Semdgomi
teqnikuri gamokvlevis Catarebis dro, dokumentebis mixedviT, jer ar iyo. Zegli
nel-nela, magram namdvilad irRveoda.

meore gza moiTxovs diagnostikis proceduris danergvas, sxvadasxva tipis
sainformacio sistemis SemuSavebas, magaliTad, dazianebis ekologiuri
Sefasebis sainformacio sistemebi (deSss), saZiebo-sainformacio blokebi,
Zeglze moqmedi datvirTvis saxeobebis, dazianebis mdgomareobisa da saxeobis
mixedviT diagnostikuri informaciuli sistema (dis), mrRvevi procesebis
Sefasebis saeqsperto sistemebi (mpSss) da a.S. aseTi sistemebis SemuSaveba
saSualebas iZleva, Camoyalibdes Sesabamisi saxeobebis dokumentacia erTian
kompleqtSi, kulturuli memkvidreobis yovel obieqtze, rac uzrunvelyofs mis
saarqivo Senaxvas, miznobriv gamoyenebas da samuSaoebis avtomatizebuli
sistemis marTvaze gadasvlas arqiteqturis Zeglis Senaxvis uzrunvelsayofad.

dReisaTvis diagnostikis praqtikuli mniSvneloba mdgomareobs Zeglebis
dacvis sistemaSi ekologiuri problemebis warmatebiT gadawyvetaSi da, kerZod,
restavraciis xarisxis Semcirebis ekologiuri mizezebis gansazRvraSi.
diagnostika ekosistemis sazRvrebSi saSualebas iZleva mizez-Sedegobrivi
kavSiris SefasebiT ufro srulad iqnas gamovlenili dazianebis mizezebi da
ufro efeqturad aRikveTos isini.

Tu gavrcobilad visaubrebT, diagnostikis sistemis aqtualoba da
mniSvneloba mdgomareobs imaSi, rom misi arsebobisas SesaZlebelia
operatiulad miviRoT informacia ZiriTad sakiTxebze: Zeglis dacvis
mdgomareobaze; mis teqnikur dacvaze; Zeglis dacvisaTvis aucilebel
operatiuli samuSaoebis gansazRvraze; Zeglis dacvisaTvis moqmedebis
prioritetuli mimarTulebebis dagegmvisas saWiro faqtorebis gansazRvraze.

informaciiT sargeblobis organizeba SesaZlebelia, magaliTad, Zeglis
mdgomareobis xarisxis marTvis organizaciuli struqturis ciklis modelis
mixedviT.

marTvis modelis msgavsi sistemebis Seqmna saSualebas mogvcems
ganvaxorcieloT produqciis xarisxis marTvis sistemis farglebSi dacviTi
qmedebebis ganxorcieleba, ICO-9000 seriis standartebis sistemebis
meTodologiis gamoyenebiT – `xarisxis regulireba – xarisxis sistema –
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xarisxis uzrunvelyofa~, rogorc Zeglis diagnostikis dros xarisxis
mocemuli moTxovnebis dakmayofilebisaTvis aucilebeli procesebis,
meTodikebis, struqturebis organizaciuli maxasiaTeblebisa da Tvisebebis
erToblioba. aseTi modelebis farglebSi SeiZleba SemuSavdes xarisxis
marTvis (menejmentis) sistemebis sxvadasxva elementebi. aseT elemenetebs maTi
SemuSavebis Semdeg SeiZleba mivakuTvnoT diagnostikis da maTi qvesistemebis
procedurebi – informaciis sxvadasxva blokebi, maTi daxmarebiT miRebuli
saZiebo-informaciuli blokebi, saarqivo blokebi da a.S.

istoriul-kulturuli Zeglebis daZabul-deformirebuli mdgomareobis
(mdgradobis) marTvisaTvis aucilebelia Tanamedrove meToduri da
organizaciuli analizi proeqtirebaSi, romelic gansazRvrulia dRevandeli
standartebiT ICO-9000-iT, aCvenebs, rom proeqtis xarisxis uzrunvelyofisaTvis,
aucilebelia kvlevisa da diagnostikis procedurebis obieqturobis amaRleba.
„mdgradi restavraciisa” da eqspertizis xarisxis uzrunvelyofisaTvis, saWiroa
ganxorcieldes Zeglis mdgomareobis analizi misi arsebobis yvela
stadiisaTvis, rogorc es asaxulia nax. 1-ze.

nax.1-ze mocemulia sistemis diagnostikis etapebi, romlebic asaxavs
teqnikuri mdgomareobis Sefasebis meTodikis samecniero-meTodur principebs:
sistemurobas da urTierTSepirispirebas.

nax. 1. Zeglebis sicocxlis ciklis mixedviT saproeqto analizis sqema da am analizSi
sistemuri diagnostikis adgili

miRebuli informacia gamoiyeneba Zeglebis eqspluataciis ciklis sxvadasxva stadiaze.

3. daskvna
kvlevebis Sedegad dadginda, rom mdgradi restavraciisa da eqspertizis

xarisxis uzrunvelyofisaTvis saWiroa ganxorcieldes Zeglis mdgomareobis
analizi misi arsebobis yvela stadiisaTvis, risTvisac damuSavda blok-sqema.
igi  istoriul-kulturuli Zeglis mdgomareobis mdgradobis marTvis
gaumjobesebis saSualebas iZleva.

literatura
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saqarTvelos  Tavdacvis strategiuli mimoxilvis ZiriTadi
aspeqtebi  da Tanamedrove sainformacio-teqnologiuri
SesaZleblobebi, rogorc  samxedro Zlierebis wyaro

a. xatelaSvili
(saqarTvelos teqnikuri universiteti, m. kostavas # 77,0175,

Tbilisi, saqarTvelo)
reziume: Tavdacvis strategiuli mimoxilvis rekomendaciebis

ganxorcieleba warmoadgens saqarTvelos umTavres amocanas.
SezRuduli resursebi da cvladi usafrTxoebis garemo kvlav rCeba
mTavar gamowvevad. aRniSnulis gaTvaliswinebiT, saxelmwifos mizania
maqsimalurad dabalansebulad da gegmazomierad ganaxorcielos Tsm-
is rekomendaciebi,rac ganapirobebs efeqturi marTvisa da struqturis
mqone, profesiuli, mobiluri, saTanadod aRWurvili da natosTan
Tavsebadi SeiaraRebuli Zalebis Camoyalibebas, romelic SesZlebs
uzrunvelyos qveynis damoukideblobis, suverenitetisa da
teritoriuli mTlianobis dacvas, saerTaSoriso operaciebSi
monawileobas da samoqalaqo xelisuflebis daxmarebas bunebrivi da
teqnogenuri katastrofebis dros.  geopolitikuri mdebareobidan da
regionSi cvladi usafrTxoebis garemodan gamomdinare, saqarTvelo
rigi safrTxeebis da riskebis winaSe dgas.  usafrTxoebis
gamowvevebze sapasuxod, aucilebelia TavdacviTi SesaZleblobebis
Semdgomi gaumjobeseba da Tavdacvis sistemis transformacia.
sakvanZo sityvebi: qselur-centruli omi,  SeiarRebuli Zalebi,
Tanamgzavruli kavSiri.

1. Sesavali
globalizaciis epoqaSi saqarTvelos usafrTxoebis garemo

damokidebulia rogorc erovnul, aseve regionul da saerTaSoriso
faqtorebze.

teritoriuli usafrTxoeba - ruseTis mier saqarTvelos teritoriis
mniSvnelovani nawilebis okupacia safrTxes uqmnis saqarTvelos
suverenitets, saxelmwifoebriobas da politikuri, ekonomikuri da
socialuri destabilizaciis umniSvnelovanes faqtors warmoadgens.

evroatlantikuri integracia - natoSi gawevrianeba saqarTvelos
sagareo da usafrTxoebis politikis mTavar prioritets warmoadgens. qveynis
integracia evroatlantikur struqturebSi, Seqmnis erovnuli usafrTxoebis
myar garantiebs da xels Seuwyobs mSvidobisa da stabilurobis
ganmtkicebas samxreT kavkasiaSi. saqarTvelo aqtiurad aris CarTuli da
mniSvnelovani wvlili Seaqvs avRaneTSi saerTaSoriso usafrTxoebis

mxardamWeri Zalebis (ISAF) operaciaSi.
kavkasiaSi arsebuli konfliqtebi - kavkasiaSi arsebuli konfliqtebi

negatiur gavlenas axdens saqarTvelos erovnul usafrTxoebaze.
kiberusafrTxoeba - 2008 wlis ruseT-saqarTvelos omma cxadyo, rom

saqarTvelos kibersivrce mowyvladia arsebuli safrTxis winaSe da qveynis
erovnuli usafrTxoebisaTvis riskis Semcveli faqtoria.

terorizmi da transnacionaluri organizebuli danaSauli - qveynis
teritoriaze okupirebuli regionebis arseboba da regionSi arsebuli
konfliqtebi xelsayrel garemos qmnis saerTaSoriso terorizmisa da
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transnacionaluri organizebuli danaSaulisTvis. arsebobs saSiSroeba, rom
okupirebuli teritoriebi gamoyenebul iqnes iseTi aralegaluri
saqmianobisaTvis, rogoricaa narkotikebis, SeiaraRebis, masobrivi
ganadgurebis iaraRis komponentebis ukanono gadazidva da vaWroba.

2. ZiriTadi nawili
saqarTvelos SeiaraRebuli Zalebis amocanaa qveynis damoukideblobis,

suverenitetisa da teritoriuli mTlianobis dacva da saqarTvelos mier
nakisri saerTaSoriso valdebulebebis Sesruleba kompetenciis farglebSi
(saerTaSoriso samSvidobo operaciebSi monawileobis CaTvliT), agreTve,
bunebrivi da teqnogenuri katastrofebis dros samoqalaqo xelisuflebis
daxmareba.

saqarTvelos Tavdacvis strtegiuli mimoxilvis dokumentiT
gansazRvrulia qveynis winaSe mdgari samxedro xasiaTis potenciuri
safrTxeebi:
- ruseTis federaciis mier cecxlis Sewyvetis SeTanxmebiT aRebuli
saerTaSoriso valdebulebebis Seusrulebloba, okupirebul teritoriebze
saerTaSoriso samSvidobo Zalebis aryofna da okupirebuli teritoriebis
militarizacia zrdis provokaciebis risks da axali samxedro agresiis
albaTobas;
-saqarTvelos miswrafeba gaerTiandes evroatlantikur struqturebSi
miuRebelia ruseTis federaciisTvis, rac zrdis samomavlo safrTxis risks;
-CrdiloeT kavkasiaSi arsebuli daZabulobis SesaZlo eskalacia kvlav
warmoSobs saqarTvelos teritoriaze samxedro konfliqtis gadmodinebis
risks;
-mzardi damokidebuleba kiberteqnologiebze zrdis erovnuli kibersivrcisa
da kiberusafrTxoebis dacvis mniSvnelobas.

dasaxuli amocanebis Sesasruleblad da arsebuli usafrTxoebis
garemodan gamomdinare, aucilebelia TavdacviTi SesaZleblobebis
gaumjobeseba SeiaraRebuli Zalebis ufro mobilur da profesiul, natosTan
Tavsebad Zalebad gardaqmnis gziT.

arsebuli usafrTxoebis garemos gaTvaliswinebiT, sasicocxlo
mniSvnelobas iZens SeiaraRebuli Zalebis TavdacviTi sistemebis
modernizacia. am mimarTulebiT, sSZ-isTvis ZiriTad dabrkolebad rCeba
Tavdacvis SezRuduli resursebi. aRniSnuli winaaRmdegobis gadasalaxad
aucilebelia Sesabamisi modernizaciis gegmebis SemuSaveba, arsebuli
ormxrivi da mravalmxrivi TanamSromlobis gaumjobeseba.

Tavdacvis strategiuli mimoxilvis dokumentiSi xazgasmulia, rom
gansakuTrebuli mniSvneloba eniWeba faqtorebs, romlebic emsaxureba
natosTan Tavsebadi SeiaraRebuli Zalebis Camoyalibebas:
-marTvisa da kontrolis (C2) sistemis srulyofa;
-SeiaraRebuli ZalebSi dagegmvis scenaruli meTodis (centralizebuli
dagegmva decentralizebuli aRsrulebiT)danergva;
-aqcentireba meTaurTa momzadebisa da ganviTarebis Tanamedrove
programebze;
-mobiluri, kargad organizebuli, gawvrTnili da Tanamedrove SeiaraRebiTa
da teqnologiebiT aRWurvili SeiaraRebuli Zalebi.

saqarTvelos sagareo usafrTxoebis politikisa da principebis
gaTvaliswinebiT, romlebic ar ganixilavs saqarTvelos SeiaraRebul Zalebs
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sagareo politikis instrumentad, Tavdacvis strategiuli mimoxilvis
dokumentis Tanaxmad „mizanSewonilia ganxilul iqnes sakiTxi, rom
saqarTvelos SeiaraRebul Zalebs daerqvas saqarTvelos Tavdacvis Zalebi“.
aRniSnuli calsaxad adasturebs,rom saqarTvelo samxedro moqmedebebs
gegmavs mxolod sakuTari teritoriis farglebSi, rac samxedro xelovnebis
TvalsazrisiT wina planze ayenebs  sivrciTi ganviTarebis gegmebSi qveynis
samxedro-sainJiro mowyobis  aspeqtebisa da erTiani informaciuli velis
Camoyalibebis prioritetulobas.

mowinaaRmdegis samxedro SesaZleblobebis gaTvaliswinebiT, aucilebelia,
saomari moqmedebebis dagegmvisas, ZalTa Tavmoyraze dayrdnobili
midgomidan gadavideT masiur qmedebaze dayrdnobil midgomaze, romelic
gulisxmobs operaciebis warmoebas geografiulad gafantuli ZalebiT, rac

warmoadgens     qselur-centruli  omis (NCW) warmoebis ZiriTad princips.
NCW aris omis warmoebis aucileblobis  Teoria informaciul xanaSi. es

aris koncefcia, rom maRal doneze iqneba dakmayofilebuli samxedro
moTxovnebi informaciul xanaSi. qselur-centruli omi aRwers/warmoadgens
strategiul, operatiul da taqtikur doneebze procedurul da
organizaciul RonisZiebaTa erTobliobas, romelic SeiZleba qselma
uzrunvelyos, rom Seiqmnas omis gadamwyveti upiratesoba. qselur-centruli
omi cnobs informaciis centralur adgils da mis potencials rogorc
siZalieris erT-erT wyaros.es potenciali aRiqmeba rogorc calkeul
personebs, organizaciebsa da mimdinare procesebs Soris sruliad axali
urTierTdamoukidebulebis Sedegi. es axali urTierTdamoukidebuleba
ganapirobebs rogorc qcevis axal normebs, aseve samuSaos axal reJims.
gazrdili sabrZolo simZlavre aris, swored  mebrZol struqturebs Soris
axali urTierTdamoukideblobiT miRweuli erToblivi Zlisxmevis
efeqturobis Sedegi.
aRniSnuli xedva uzrunvelyofs axal konceptualur CarCo-struqturas,

ris meSveobiTac xdeba samxedro misiebis, saomari davaleba-operaciebis da
organizaciebis qmedebebis ganxilva  da Seswavla-gamokvleva. am CarCo
struqturis mizania iseTi axali perspeqtivis uzrunvelyofa, romelic xels
Seuwyobs im garantias, rom axali midgomebi da gadawyvetilebebi ar iqneba
SezRuduli moZvelebuli azrebiTa da xedvebiT.

NCW exeba adamianebis da struqturebis qcevas. NCW mimarTulia axali-
qselur-centruli azrovnebis aRqma-SeTvisebaze da
krizisuli/samxedro/saomari operaciebisTvis mis gamoyenebaze. NCW
warmoadgens erTobliv Zalas, romlis gamoyenebac SeiZleba omSi/krizisSi
monawile struqturebis yvela rgolis efeqturi urTierTdakavSirebis an
erTian qselSi efeqturi CarTvis meSveobiT. es ganisazRvreba geografiulad
gafantuli Zalebis(calkeuli erTeulebisgan Semdgar Zalebi) meTaurebis
mier saerTo sabrZolo sivrcis aRqmisa da saerTo operatiuli suraTis
flobis unariT, raTa es codna gamoyenebuli iqnas TviTsinqronizaciis da
qselur-centruli operaciebis meSveobiT zemdgomis miznis/ganzraxvis
misaRwevad. NCW uzrunvelyofs zemdgomis mier gacemuli brZanebebis
Semsruleblebamde swrafad dayvanas da efeqtur aRsrulebas.

NCW-s gaaCnia potenciali xeli Seuwyos omis taqtikuri, operatiuli da
strategiuli aspeqtebis Serwyma-integrirebas. samxedro Zalebi, rogorc
qselur-centruli erTeuli, amyarebs urTierTobebs im ZiriTad elementebs
Soris,romelic saWiroa qselur-centruli  erTeulis adre ganxiluli
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modelis sabrZolo ZaliT aRsaWurvavad. is iZleva erToblivi sabrZolo
sivrcis aRqmvisa da masSi ukeT garkvevis saSualebas, es codna da
garkveuloba uzrunvelyofs marTvisa da kontrolis sistemis efeqturobas.
saboloo Sedegad aq gvevlineba operaciebis mometebuli tempi, mometebuli
reagirebis unari, ufro dabali riskebi,ufro Semcirebuli xarjebi da
mometebuli sabrZolo efeqturoba.

3. daskvna
saomari moqmedebebis raionSi sabrZolo  moqmedebebis warmoebis

qselur– centruli omis koncefcia erTobliobaSi gulisxmobs  sabrZolo
Zlierebis/potencialis  zrdas informaciul-komutaciur  qselebis  SeqmniT.
Sedegad  miiRweva  Zalebis  da saSualebebis marTvis procesebis da
sabrZolo operaciebis tempis daCqareba, mowinaaRmdege mxaris
gamanadgurebeli Zalis efeqturi CaxSoba/dazianeba/ganadgureba, sakuTari
Zalebis sicocxlisunarianobis da mobilurobis gazrda, sabrZolo
moqmedebebis TviTsinqronizacia.

qselur–centruli omis principebiT moqmed SeiaraRebul Zalebs miecema
saSualeba   konkretul mimarTulebebze Seakavos omis warmoebis SedarebiT
didi resursis mqone mowinaaRmdege, romelic xemZRvanelobs ZalTa
Tavmoyraze dayrdnobili midgomiT.
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mwvane sarekreacio sivrceebis proeqtirebisa da
mSeneblobis ucxouri gamocdileba

T. maxaraSvili, g. xelaZe
(saqarTvelos teqnikuri universiteti, m. kostavas 68,

Tbilisi, saqarTvelo)
reziume: naSromSi warmodgenilia ucxouri gamocdilebis rogorc
masStaburi, aseve lokaluri, warmatebuli proeqtebi. aqve ganxilulia
gadawyvetebis strategiuli mniSvnelobebi, risi saSualebiTac
ganviTarebulma qveynebma SeZles landSaftur-arqiteqturuli
amocanebis gadawyveta ise, rom xeli Seuwyves qveynis rogorc
ekologiur, aseve ekonomikur ganviTarebas. ucxoeTis praqtikam aCvena,
rom problemisadmi kompleqsuri midgoma ufro warmatebul Sedegebs
iZleva, vidre problemis erTi konkretuli mimarTulebiT gadawyveta.
ganviTarebuli qveynebis gamocdilebis analizi da siRrmiseuli
gaazreba xels Seuwyobs Cvens qveyaneSi Ria gamwvanebuli sivrceebis
swori mimarTulebiT ganviTarebas.
sakvanZo sityvebi: landSaftis arqiteqtura, lokaluri sivrceebi,
Natura 2000, mwvane arqiteqtura.

1. Sesavali
vinaidan Cvens qveyanaSi dRiTi dRe ufro mwvavdeba ekologiuri

sakiTxebi da qalaqebi dganan iseTi gamowvevis winaSe, rogoricaa, mzardi
developeruli proeqtebiTa da moWarbebuli transportiT gamowveuli CO2-is
emisiebi, romlebic kidev ufro mZafrdeba mavne nargavebis da sarekreacio
sivrceebis ganadgurebis fonze, saintereso iqneba, Tu ganvixilavT
ganviTarebuli im qveynebis magaliTebs, romlebic gasuli saukunidan
ebrZvian zemoT xsenebul gamowvevebs da cdiloben gaaumjobeson qalaqebis
ekologiur-sanitaruli mdgomareoba.

2. ZiriTadi nawili
qalaqebis bunebriv garemoSi mimdinare procesebi msoflio

sazogadoebis seriozul SeSfoTebas iwvevs, rac gaxda Seswavlis,
diskusiebis, mravalricxovani publikaciebis sagani. ukanasknel wlebSi
ganskuTrebuli aqtulobiT gamoirCeva iseTi globaluri gamowvevebi,
rogoricaa: gamwvanebuli teritoriebi da masTan dakavSirebuli safrTxeebi.
evropasa da aSS-Si aqtiurad arian CarTulebi klimatis da garemos dacviTi
problemebis gadawyvetis gzebis Ziebis sakiTxvebSi da erT-erT mniSvnelovan
iniciativas warmoadgens „mwvane qalaqebis“ mSenebloba. maTi mizania:
qalaqebSi gamwevanebisa da rekreaciis wilis gazrda – energoefeqturi,
energo da resursdamzogi teqnologiebis ganviTareba saqalaqo meurneobis
sxvadasxva seqtorSi; ganaxlebadi energiis wyaroebis gamoyeneba;
ekologiurad sufTa da usafrTxo transportis ganviTarebis xelSewyoba;
CO2-is emisiebis Semcireba; qalaqebis teritoriaze mosaxleobisTvis
mdinareebisa da wyalsacavebis xelmisawvdomoba; wylis xarisxis
gaumjobeseba; mosaxleobiosTvis komfortuli sacxovrebeli, samuSao da
dasvenebis pirobebis Seqmna da sxv.

evrokavSirma miznad daisaxa evropis masStabiT ambiciuri gegmis
Sesruleba biomravalferovnebis Semcirebis procesis SesaCereblad, romlis
mTavar qvakuTxeds warmoadgens evrokavSiris masStabiT moqmedi daculi
teritoriebis qseli, romelSic gaerTianebulia 28 wevri saxelmwifo da
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ewoda „Natura 2000“. dReis monacemiT qseli aerTienebs 27 aTas obieqts da
moicavs evrokavSiris saxmeleTo teritoriis daaxloebiT 18%-s da sazRvao
akvatorias.

mWidrod dasaxlebul adgilebSi lokaluri sivrceebis kvlevam aCvena,
rom am tipis sivrceebis efeqturi marTva axdens maT xelmisawvdomobis
dabali maCveneblis kompensirebas da xels uwyobs sacxovreblad
mimzidveli, komfortuli urbanuli garemos Camoyalibebas. aRsaniSnavia
avstraliisa da sxva sazRvargareTis qveynebis urbanuli ganviTarebis
saukeTeso praqtika, sadac miwis farTis 25-50% gamoyofilia Ria
gamwvanebuli sivrceebis ganviTarebisTvis, Tumca es SesaZlebelia moicavs
rogorc kerZo, aseve sajaro sivrceebs. ganviTarebulma qveynebma daiwyes
fiqri, Tu rogor SeiZleba rekreaciulma zonam uzrunvelyos damatebiTi
sargeblis miReba rogorc ekologiuri, aseve ekonomikuri TvalsazrisiT,
rac dadebiTad aisaxeba mcire da saSualo zomis, qalaqebisa da dabebis
tipis dasaxlebebSi; ukve ganxorcielebuli praqtika warmatebiT SeiZleba
iqnes gamoyenebuli saqarTvelos im qalaqebSi, romelTac xeli moaweres
merTa SeTanxmebis xelSekrulebebs CO2-is emisiis Semcirebis Taobaze,
ramdenadac aseTi parkis yoveli heqtari wliurad STanTaqvs 10 tona
naxSirbads, rac mniSvnelovani komponentia am qalaqebis valdebulebis
SesrulebisaTvis. ganvixiloT ganviTarebuli qveynebis gamocdilebis
ramdenime magaliTi.

magaliTi 1. dikeferldi, germania.
evropis qveynebi aqtiurad axorcieleben energoparkebis proeqtirebasa

da mSeneblobas. aseTi parkis erT-erTi magaliTia dikerfeldi „Schlosspark“
germaniaSi, romlis formirebac xdeba droTa ganmavlobaSi da pasuxobs
Tanamedrove landSaftis Camoyalibebis moTxovnebs. Cinuri vercxlis balaxi
(miskantusi), simulirebuli mwvane sivrceSi, parks inovaciur elfers sZens
da uxsnis gzas momavlisaken. baRis proeqtirebis xelonebisa da
landSafturi kulturis regionuli centri 24 heqtarze 2002 wlidan
arsebobs. parki Seqmnilia samSeneblo poligonsa da mis mimdebare
teritoriaze arsebuli meoradi masalebis gamoyenebiT.

miskantusis nargavebi parkis ZiriTad esTetiur strategias warmoadgens,
amavdroulad balaxi kompleqsis energiiT momaragebis wyarocaa.

magaliTi 2.  mwvane infrastruqtura sanapiro sainJinro
samuSaoebisTvis.

wyalmcenareebiT dafaruli arealebi efeqturi saSualebaa sanapiro
zolis zRvis donis zrdisa da qariSxlisagan dasacavad, romlebsac, Tavis
mxriv, iwvevs klimatis globaluri cvlileba. igive miznis misaRwevad
wyalmcenareebiT sanapiro zolis dacvis meTodi ara mxolod uTanabrdeba
konstruqciul-samSeneblo gadawyvetilebebs, aramed axasiaTebs mTeli rigi
sxva upiratesobebi: isini cocxali organizmebia, romelic warmoadgens
gasayars mdinare demersa da mis sadrenaJe arxs Soris. parkis wvrili
xreSnarevi qviSiani niadagi dafarulia niadagsafari mcenareebiTa da
mravalwlovani wiwvovani mcenareebiT, parkis teritoria moicavs uZvelesi
tyis masivebs da bunebriv tbebs, romelTa napirebic warmodgenilia qviSisa
da wvrili qvis faqtureniT. misi umaRlesi wertilidan ki iSleba
Tvalwarmtaci xedi. hog kempenis maRal landSaftur arqiteqturul
Rirebulebas ganapirobebs aseve misi funqcionalurad swori gegmareba da
strategiuli adgilmdebareoba.
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parkis Seqmnis ZiriTad mizans warmoadgenda adgilobrivi ekonomikis
ganviTareba, regionis bunebrivi Rirebulebis aRdgena-ganviTareba da
ekoturizmis mxardaWera. iniciativis ganxorcieleba daiwyo 1980 wlis
bolos qvanaxSiris sabados daxurvis Semdeg, rodesac saWiro gaxda
ekonomikis ganviTarebis xelSewyoba. iniciativa warmatebuli aRmoCnda
mravali mimarTulebiT. ekoturizmis ganviTarebam xeli Seuwyo parkis
ekonomikurad mdgrad ganviTarebasac.

amrigad, daskvnis saxiT SeiZleba iTqvas, rom msgavsi proeqtebis
xelSewyobiT viRebT rogorc ekonomikur, aseve ekologiurad mdgrad
garemos.

magaliTi 3. evropis mwvane sartyelis iniciativa.
mwvane sartyelis iniciativa jer kidev meore msoflio omis

dasrulebas ukavSirdeba, rodesac evropa dayofili iyo dasavleT da
aRmosavleT nawilebad, erTmaneTisagan gamoyofili iyo sasazRvro zoliT
da orive mxare mkacrad icavda sazRvars. garkveul adgilebSi sazRvris
zoli farTovdeboda. mravali wlis ganmavlobaSi es zoli xelSeuxebeli
rCeboda. Tumca, rkinis fardis dacemis Semdgom, bunebis dacvis mizniT
gaCnda iniciativa aRniSnuli zoli aRmosavleT da dasavleT evropas Soris
gamxdariyo e.w. ekologiuri mwvane derefani, romelic moicavda teritorias
barencis zRvidan Savi zRvis auzamde da kveTda evropis 23 qveyanas. evropis
mwvane sartyeli ganixileba rogorc mZime landSaftur-ekologiuiri
mdgomareobis erT-eri mniSvnelovani sayrdeni. misi ganxorcielebiT xeli
Seewyo biomravalferovnebis ganviTarebas da mosazRvre qveynebis masStabiT
moxda adgilobrivi endemuri jiSebis gavrceleba da Sereva sartyelis mtel
teritoriaze. vinaidan sartyeli Seicavs sxvadasxva klimatur zonebs, misi
ganviTareba aseve xels Seuwyobs mcanereebis da cxovelebis jiSebis
sicocxlisunarianobis gaZlierebas da gazrdis maT adaptaciis unars
klimatis cvlilebasTan mimarTebaSi.

mwvane sartyelis proeqti mniSvnelovania ara marto bunebis dacvis
mizniT, aramed igi emsaxureba yofili sazRvrispira regionebis kulturuli
da soci-alur-ekonomikuri mdgomareobis gaumjobesebas. proeqtis mkafio
strategiuli xedva da amocanebi miznad isaxavs kacobriobis aqtivobis da
ekologiuri garemos harmoniul Serwymas, rac amavdroulad gazrdis
adgilobriv TemebSi saocialur-ekonomikur saSuelebebsac. proeqti exmareba
rogorc adamianis da bunebis kavSiris aRdgenas, aseve sociumis
Camoyalibebas ama Tu im konkretul regionSi.

aseve saintereso magaliTebi arsebobs mcire da saSualo proeqtebisa,
romelic uSualod qalaqis urbanul, mWidrod dasaxlebul nawilSi
ganxorcielda. magaliTisaTvis ganvixiloT mitovebuli, dasangrevad
ganwiruli estakadebi niu-iorksa da seulSi.

niu-iorkis estakadis sigrZe 2410 grZivi metria da moicavs dasavleT
manhetenis 23 kvartalsa da sam samezoblo ubans. estakada 1930 wels aSenda,
romlis mizani iyo matareblebis moZraoba aeridebinaT quCis doneze da
naklebis safrTxe Seqmnoda mosaxleobas. Tumca 1980 wlis Semdeg estakadam
funqcionireba Sewyvita da warmoadgenda qalaqis iersaxis damamaxinjebel
obieqts, Sesabamisad gaTvaliswinebuli iyo misi demontaJi. swored am
periods daemTxva landSaftis arqiteqturis aRzevebis xana niu-iorkSi da
gaCnda amortizebuli estakadis dasasvenebel parkad gadakeTebis idea. aq
erT sivrceSi gaerTianda gamwvaneba, ganaTeba, eqsterieris aveji, qvafenili
da Seiqmna harmoniuli dasasvenebel-gasarTobi sivrce qalaqis
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macxovrebelTaTvis. mwvane estakada kargi magaliTia imisa, Tu rogor
SeiZleba qalaqis mWidrod dasaxlebul nawilebSi moxdes dasaxlebebis
gaerTianeba da dakarguli komunikaciis aRdgena rogorc adamianebs, aseve
adamianebsa da bunebas Soris. rac Seexeba seulis sadguris etakadis
transformacias, igi 1970 wels aigo, raTa aRmosavleTiT mdebare yvelaze
didi tradiciuli NAMDAMEUN MARKET qalaqis dasavleT nawilSi
samanqano gziT dakavSireboda sxvadasxva skverebs. 2006 wels Catarebuli
gamokvlevebis Sedegad daadgines, rom estakadis 17 metriani konstruqcia ar
iyo usafrTxo, amitom unda momxdariyo misi daSla da ganaxleba. estakadaze
mZime manqanebis moZraoba 2009 wels aikrZala. molaparakebebi mimdinareobda
mosaxlebasTan da eqspertebTan, Tu rogor momxdariyo aRniSnuli
teritoriis ganaxleba (saerTo farTiT 9,661 kv.m) fexiT mosiaruleTaTvis.
konkursi 2015 wels Catarda. kompania „MVRDV“-is SemoTavazebiT, 938 metri
estakadis adgilze, seulis centraluri sadguris Semdeg, ganTavsedeba
seulis „dakiduli baRebi“. imedovneben, rom proeqti iqneba qalaqis
masStaburi gamwvanebis erT-erTi winapiroba, rac qalaqs ufro mimzidvels
gaxdis da gagrZeldeba mezobeli raionebis gamwvanebiT. dizainerebis
gadawyvetilebiT  dakidul baRebSi iqneba 254 saxeobis xis, buCqisa da
yvavilis jiSi, raTa Seiqmnas adgilobrivi mcenareebis biblioTeka, romelic
seulis mTeli mosaxleobisTvis iqneba xelmisawvdomi da gaxdeba saTburi
qalaqis sxva mwvane zonebisTvis.

3. daskvna
amrigad, ucxoeTs ganviTarebuli qveynebis gamocdilebis analizis

Sedegad SegviZlia davaskvnaT, rom sarekreacio dasasvenebeli parkebisa da
ekologiuri garemos ganviTareba erT-erTi mniSvnelovani komponentia qveynis
warmatebuli zrdisa da winsvlisaTvis, Sesabamisad,  urbanuli zrdis fonze
araTu amcireben Ria sivrceebs, aramed sxvadasxva meTodebis gamoyenebiT
cdiloben gazardon da ganaviTaron isini.

literatura
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betonis Sekleba
a. sayvareliZe, n. kandelaki

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

reziume: SemuSavebulia betonis Seklebis defarmaciebis
gamosaTvleli universaluri formula. formula saSualebas iZleva
maRali sizustiT avsaxoT betonis realuri Seklebis procesi garemos
fardobiTi tenianobis mTel diapazonze 1000%, gadaWrilia betonis
Seklebis arawrfivi amocana.
sakvanZosityvebi:Sekleba, wrfivi, deformacia, tenSemcveloba,
formula, fardobiTi tenianoba, kritikuli tenSemcveloba.

1. Sesavali
Catarebulia paraleluri eqsperimentebi betonis cilindrul nimuSebze,

gamoicdeboda 28 dRis asakis “standartuli” nimuSebi, tenSemcvelobiT
W=4,6% (masis mixedviT). cdebis erT nawilSi tardeboda woniTi
eqsperimentebi “standartuli” nimuSebi: nimuSis asaki 28 dRe, damzadebis

Semdeg Senaxva fardobiTi tenianobis 100% da temperaturis 201,5C
garemoSi, nimuSebis tenSemcveloba 4,6% masisi mixedviT). Tavsdeboda 70;50;20
da 0% fardobiTi tenianobis garemoSi, sadac isini ganicdidnen sxvadasxva
intensivobiT gamoSrobas. nimuSebis perioduli awonviT xdeboda masalis
tenSemcvelobis im mniSvnelobebis dadgena, romlebic Seesabameba betonis
tenSemcvelobas zemoT moyvanil, fardobiTi tenianobis garemoSi.
eqsperimentebis Catarebis meTodika dawvrilebiT /1,2,3/-Si.

paraleluri eqsperimetebis meore nawilSi “standartuli” nimuSebi
Tavsdeboda 70,50,20da 0%-ian fardobiTi tenianobis garemoSi. am pirobebis
nimuSebi ganicdidnen Seklebas, sxvadasxva intensiobiT /1,3/. xdeboda
Seklebis deformaciebis dadgena.

2.ZiriTadinawili
Catarebuli eqsperimentebiT dadginda, rom sxvadasxva intensiobiT

gamoSrobisas (Cvens SemTxvevaSi 70,50,20 da 0% fardobiTi tenianobis garemo)
TiToeuli garemos tenSemcelobis da Seklebis sidideebis nimuSebi aRweven
gamoSrobas 180 dReSi. 180 dRis Semdeg tenSemcvelobis da Seklebis
miRweuli sidideebi garemos ToToeuli denis fardobis
garemoSieqsperimentebis Catarebis da Sedgebis damuSavebis meTodebi
dawvrilebiT ixile samuSaoebSi /1,2,3,4/.

betonis Seklebisa da tenSemcvelobis sidideebi cdis dasawyisSi da
180-e dRes (cdebis damTavreba) mocemulia cxrilSi 1.

betonis Sekleba da tenSemcveloba cxrili
1

gamoSroba,fardobiTi tenianobis
garemoSi %

betonis tenSemcveloba W % betonis Seklebis
zRvruli
deformaciebi 180-e

dRes, y10-6
cdis
dasawyisi

cdis bolos 180-e dRes cdis dasawyisi cdis bolos 180-
e dRes

100 100 4,6 4,6 0
100 70 4,6 3,2 95
100 50 4,6 2,1 155
100 20 4,6 1,0 281
100 0 4,6 0 480



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(44), 2017
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

139

cxrili 1-is monacmebiT tenSemcvelobaze damokidebulebis mrudebis

(y W) agebiT davrwmundebiT, rom betonSi iseve rogorc sxva saxis cementis
fuZian kompozitebSi /1,2,3,4/ Seklebis tenSemcvelobaze damokidebulebis
grafiki Sedgeba 2 nawilisagan AB da CD (sur. 1) romlebsac aqvT sxvadasxva
daxris kuTxe tenSemcvelobis horizontalur RerZTan OW. fardobiTi

tenianobis mTel diapazonze 1000%. Seklebis deformaciis ydamokidebuleba
tenSemcvelobasTan arawrfivia (sur. 1).

AB da CD monakveTebis interpolaciiT viRebT gadakveTis E wertils,
romlis proeqciac OW RerZze warmoadgens masalis kritikul
tenSemcvelobas Wkp /1,2,3,4/.

Catarebuli eqsperimentebiT (sur. 1) dadgenilia, rom betonisaTvis
kritikuli tenSemcveloba Wkp=1,38% (masis mixedviT). tenSemcvelobis es
sidide betons aqvs 35%-iani fardobiTi tenianobis garemoSi.

cdebis Sedegebis analizi gviCvenebs, rom garemos fardobiTi

tenianobis mTel diapazonze 1000% Seklebis deformaciebis gamosaTvlelad
saWiroa ori sxvadasxva sididis wrfivi Seklebis koeficienti: fardobiTi

tenianobis daipazonSi  10035% y da fardobiTi tenianobis diapazonSi

350% y.
cnobilia Wkp tenSemcvelobis miRwevisas kapilarul-forovan tanebSi

myisierad icvleba wylis kavSiris erTi forma, kavSiris sxva formiT da
Sesabamisad wrfivi Seklebis koeficienti icvleba meore Seklebis
koeficientiT /2,4,5/.

Cvens mier SemuSavebuli cementis fuZiani kompozitebis Seklebis
meqanizms /1,3,4/ betonebisaTvis warmovadgenT Semdegi saxiT:

y10-6

1 1,38 2 3 4    4,6
sur. 1 betonis damokidebuleba tenSemcvelobaze

garemos fardobiTi tenianobis diapazonSi 10035% gamoSrobis betonis
struqturidan xdeba kapilaruli wylis aoqrTleba (fizika-meqanikurad
dakavSirebuli wyali). wylis kargviT gamowveuli kapilaruli Zalebis
moqmedeba ganapirobebs masalis Seklebas aRniSnul tenianobis diapazonSi.
am SemTxvevaSi betonis tenSemcveloba icvleba zRvarebSi

WkpWW0=Wmax=4,6%
sadac Wkp tenSemcveloba fardobiTi tenianobis garemoSi 35%; W0=Wmax –

tenSemcveloba fardobiTi tenianobis garemoSi 100% kritikuli

tenSemcvelobis Wkp miRwevis Semdeg, fardobiTi tenianobis diapazonSi 350%
betonis Seklebas ganapirobebs betonis struqturidan kristalSorisi da

300

200

100

400

500

B
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C
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SreebSorisi wylis kargviT gamowveuli Zalebis moqmedeba. am SemTxvevaSi
masalis tenSemcveloba W icvleba zRvrebSi

0WWkp

gamoSrobisas, betonis kritikuli tenSemcvelobis miRwevis Semdeg
masalis struqturaSi wylis kavSiris erT-forma (fizika-meqanikuri kavSiri)
icvleba kavSiris sxva formiT (fizika-meqanikuri kavSiri) /1,4,5/.

garemos fardobiTi tenianobis diapazonSi 10035% Sekleba gamoiTvleba
formuliT:

 0yy WW  (1)

sadac y – betonis wrfivi Seklebis koeficientia, garemos fardobiTi

tenianobis diapazonSi 10035%;

1.38%= WkpWW0= 4,6%
garemos fardobiTi tenianobis daipazonSi 350% Sekleba gamoiTvleba

formuliT:

 WW' kpyy  (2)

sadac ’y – betonis wrfivi Seklebis koeficientia, garemos fardobiTi

tenianobis diapazonSi 350%;

0%= WWkp = 1,38%
gamoTvlebiT dadgenilia: betonis wrfivi Seklebis koeficienti garemos

fardobiTi tenianobis diapazonSi 10035%
y=0,6210-2

betonis wrfivi Seklebis koeficienti garemos fardobiTi tenianobis

diapazonSi 350%
y=2,010-2

3. daskvna
cxrili 1-is monacemebiT (1) da (2) formuliT miRebuli SedegebiT

cxadia, rom garemos fardobiTi tenianobis mTel diapazonze 1000%
Seklebis deformaciebis damokidebuleba masalis tenSemcvelobaze
arawrfivia. universaluri formula (3) saSualebas gvaZlevs gadavWraT
betonis Seklebis arawrfivi amocana da gamoviangariSoT Seklebis sidide

garemos fardobiTi tenianobis mTel diapazonze 1000%. /2,3,4/

   1WW 0yy (3)

sadac y Seklebis deformaciebia drois momentSi t≥t0; t - dros nebismieri
momenti t≥t0 t0 - masalis asaki gamocdis win; t-t0 cdis xangrZlivoba Cvens

SemTxvevaSi 0 t-t0180 dRe, y – betonis wrfivi Seklebis koeficienti
kapilaruli Zalebis moqmedebis diapazoponSi (garemos fardobiTi

tenianobis diapazoni 10035%; W0 – nimuSebis (masalis) tenSemcveloba cdis
dasawyisSi t-t0=0, W – masalis tenSemcveloba drois nebismier momentSi t≥t0.

formulaSi (3) koeficienti  gamoiTvleba:

w
ww k

y

y
'
y








 (4)

sadac: ’y betonis wrfivi Seklebis koeficientia, garemos fardobiTi

tenianobis daipazonSi 350%
∆W= W- W0 ∆Wk= Wk- W0
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Wk masalis kritikuli tenSemcvelobaa cxadia
WW),4(

WW,0

k

k






roca

roca

(4)-Si zogierTi gardaqmnis Sedegad miviRebT

  
  1vWWW

1vWWW

kcp0k

cp0





sadac Wcp tenSenmcvelobis zRvaria, romlis miRwevis Semdeg, tengacvla
garemosa da masalas Soris wydeba, tenismieri wonasworobis dadgomis
Sedegad /3,4/

Cvens SemTxvevaSi 0%= WcpWW0= 4,6% masis mixedviT

cp0

cp

ww

ww
v





cp0

cpk
k ww

ww
v






aRniSnuli cvlilebis SetaniT (4) miiRebs saxes:

v1
vvk

y

y
'
y








 (5)

anroca

anroca

kk

kk

vvWW),4(

vvWW,0






 sidide 28 dRis asakis betonisaTvis icvleba zRvrebSi =00,64
formuliT (5) da ((3) gamoTvlili Seklebis y mniSvnelobebis agebiT

koordinatebSi y W davrwmundebiT Teoroiulad gamoTvlili y-is
mniSvnelobebi kargi sizustiT asaxavs eqsperimentalur grafiks y W garemo

fardobiTi tenianobis mTel diapazonze 1000%.
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wyalnajer, lamian da mcocav gruntebSi “kedeli gruntSi”

meTodiT monoliTuri kedlis agebis axali teqnologia

v. lolaZe,   S. doliZe,  i. RaribaSvili
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175, Tbilisi,

saqarTvelo)
reziume: statiaSi ganxilulia meTodi, romelic monoliTuri kedlis

amoyvanis saSualebas iZleva lamian, mcurav da wyalnajer qviSovan
gruntebSi e.w. kombainis daxmarebiT, romelic gulisxmobs
formawarmomqmneli elementis moTavsebas garsacmSi. moZravi
gadaadgilebadi orsvliani Wokebis mqone sistemebis gamoyeneba
dabetonebis procesis warmoebis dros meTodiT “kedeli gruntSi”
wyalnajer qviSovan, lamian da mcurav gruntebSi saSualebas iZleva
distanciurad marTos procesis teqnologiuri operaciebi. garsacmi
uzrunvelyofs dabetonebis procesSi formis dacvas gareSe denadi
gruntis zemoqmedebisagan.
sakvanZo sityvebi: xidis burjebi; wyalgajerebuli gruntebi; cilindruli
Sverili; gverdiTi dawneva;  burRviTsateni ximinjebi; gaTxevadebuli
grunti, inventaruli SemomzRudavebi; monoliTuri kedlebi, anakrebi
kedlebi.

1. Sesavali
saqarTvelos ekonomikuri ganviTarebis Tanamedrove etapze, ekonomikis

winsvlis misaRwevad mniSvnelovan rols TamaSobs saqarTvelos
geografiuli mdebareoba. Cvens droSi gamoikveTa resursebisa da Sromis
produqtebis mimocvlis umoklesi gza evropasa da azias Soris kaspiis
zRvidan Sav zRvamde derefanSi mTeli saqarTvelos gavliT. dasaxulia
saqarTvelos teritoriaze anakliaSi perspeqtuli portis mSenebloba.
mSenebloba optimalurad mokle droSi unda Sesruldes. imis
gaTvaliswinebiT, rom asaTvisebel teritoriaze mdebareobs wyalgajerebuli
gruntebi, nagebobebis amosayvanad saWiro qvabulebi saWiroeben iseTi
teqnologiebis gamoyenebas, romlebic uzrunvelyofen samSeneblo moednis
dacvas gruntis wylebisgan da daicaven qvabulis kedlebs wyalgajerebuli
gruntebis gverdiTi dawnevisgan.

2. ZiriTadi nawili
wyalnajer da lamian gruntebSi monoliTuri kedlis agebis axali meTodi

ganekuTvneba nagebobebisa da saZirkvlebis mowyobas meTodiT “kedeli gruntSi”.

SemoTavazubუli xerxis gamoyeneba iZleva monoliTuri betonis kedlebis
amoyvanis saSualebas wyalnajer qviSovan, lamian da mcurav gruntebSi, agreTve
betonis monoliTuri kedlebis dabetonebiT amoyvanis saSualebas wyalsacavebSi
fskeris qveda niSnulidan dawyebuli.

cnobilia saxsneli forma mkvriv da nayar gruntebSi betonis kedlebis
seqciebad dabetonebisaTvis meTodiT “kedeli gruntSi”, dablidan zeda
niSnulamde winaswar damuSavebul tranSeebSi. forma TviToeuli  dasabetonebeli
seqciisaTvis Sedgeba paraleluri farebisagan. TiToeul fars erT-erT
vertikalur kideze gaaCnia momrgvalebuli daboloeba, xolo meore kideze –
naxevrad cilindruli. Ddabetonebamde farebs aerTeben paralelurad ise, rom



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(44), 2017
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

143

momrgvalebuli kideebiT farebi Semoexves mimmarTvel ximinjs, romelic
dayenebulia dabetonebis sawyis wertilSi. formis paraleluri farebis meore
vertikalur kideze ki, warmoiqmneba cilindri, romlis diametri mimmarTveli
ximinjis diametris tolia. farebiT formis SigniT Seqmnili sivrce, betoniT
Sevsebisa da betonis gamyarebis Semdeg, warmoqmnis kedlis seqcias, romelsac
mimmarTveli ximinjis sawinaaRmdego boloze aqvs cilindri. Ecilindri
gankuTvnilia mimmarTveli ximinjis rolis Sesasruleblad kedlis seqciebad
grZivi dabetonebis gagrZelebis dros (sur.1).

sur 1.  „kedeli gruntSi“ modeli, patenti GE U 1491
1.kedlis modelis forma; 2. mimmarTveli ximinjis forma; 3. iarusebad amoyvanili

kedlis modelis seqciebi.

betonis monoliTuri kedlis amoyvana cnobili meTodiT “kedeli

gruntSi”[2], sayalibo formis gamoyenebiT, wyalnajer qviSovan, lamian an
mcurav gruntebSi rTulia, radgan SeuZlebelia aseTi saxis gruntebSi
mdgradi kedlebis mqone tranSeebis mowyoba. Ees gruntebi aris
gadaWarbebulad wyalnajeri, ris Sedegadac Tixis wyliani suspenzia,
romelic gankuTvnilia tranSeis kedlebis Camongrevisagan Sesakaveblad,
ereva garemomcvel gruntSi, da am gruntTan warmoqmnis erTian
gaTxevadebul masas, romelic ar iZleva mdgradi tranSeis Seqmnis
saSualebas, CamouSleli kedliT.

Cvens mier damuSavebuli axali meTodi [3] uzrunvelyofs monoliTuri

kedlebis dabetonebis ganxorcielebis SesaZleblobaს wyalnajer qviSovan,

lamian an mcოცავ gruntebSi, tranSeebis winaswari damuSavebis gareSe.
SemoTavazebuli winadadebis teqnikuri Sedegia monoliTuri betonis
kedlebis amoyvanis gamartiveba wyalnajer qviSovan, lamian an mcurav
gruntebSi meTodiT “kedeli gruntSi”. Sedegis miRwevas ganapirobebs
kedlebis seqciebisaTvis gankuTvnili forma, romelic axali xerxis
mixedviT saproeqto Hm niSnulamde CaeSveba uSualod gruntis zedapiridan.
gruntSi CaSvebis win, saxsnel formas, romelic Sedgeba paraleluri
farebisagan da romlis TiToeuli fars erT vertikalur boloze gaaCnia
momrgvalebuli daboloeba, xolo meore boloze – naxevradcilindruli.
mas amagreben mTlian an asawyob-dasaSleli garsacmis SigniT, romelic

იცავს formaს gaTxevadebuli gruntis moxvedrisagan. Semdeg garsacmian
formas Semoaxveven dasatovebel buniks da mimmarTvel ximinjs, romelic
dayenebulia dabetonebis sawyis wertilSi. Semdgom formas garsacmTan da
dasatovebel bunikTan erTad CauSveben gruntis gamWolad moTxovnil
niSnulamde. saxsneli forma, romelic damagrebulia damcavi garsacmis
SigniT, garsacmTan erTad warmoqmnis Tavisebur erTian sayalibe sistemas,

2

1

3
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e.i. sistemas, romelic Sedgeba formawarmomqmneli elementebis, damcavi
garsacmisa da formawarmomqmneli elementebis garsacmTan samagrisagan. es
sayalibe sistema, Semoexveva dasatovebel buniks da mimmarTvel ximinjs,
Tavisuflad gadaadgildeba mimmarTvel ximinjze, moTxovnil saproeqto Hm
niSnulamde CaSvebisa dა amowevis procesSi, kedlis seqciurad dabetonebis
aucilebel simaRlemde. betonis miwodebas formaSi axorcieleben
SlangebiT betonis tumbodan milyelis gavliT, romelic gadis garsacmis

gamWolad [3]. nax. 1–ze mocemulia kompleqsuri figura „kombaini“, romelic
Sedgeba dasatovebeli bunikisgan, formawarmomqmneli yalibisagan [2] da
garsacmisagan [3].

nax. 1. kompleqsuri figura „kombaini“-s ganSla
1. dasabetonebeli saxsneli formis fari; 2. mTliani an asawyob dasaSleli damcavi

garsacmi RiobebiT zeda nawilSi wnevis qveS gamosuli wylis mosaSoreblad;  4.
dasatovebeli buniki  RiobebiT wnevis qveS gamosuli wylis mosaSoreblad; 8,.amwes
kauWebisaTvis gankuTvnili rgolebi garsacmze; 9. betonis narevis misawodebeli

milyeli; 13. saxsneli formis farebis SesaerTebeli „boqlomi“; 15. milebi ukusarqvlebiT

formidan wylis gamosadevnad formaSi betonis narevis miwodebis dros; 17. mimmarTveli

ximinji; 22. milyeli garsacmis saxuravze garsacmis Siga sivrceSi teqnologiuri

Slangebis da eleqtro kabelebis misayvanad; 23. cilindruli Sverili dasatovebel

bunikze, romelic gankuTvnilia saketi nawiliT formis bunikze Semosaxvevad; 26.
SemzRudveli Sverili dasatovebel bunikze.

naxazi 2–ze naCvenebia „kombainis“ CaSvebis ori meTodi: 1. traversis
gamoyenebiT,  rodesac „kombaini“ efloba gruntSi simZimis Zalis ZirSi wylis
Wavlis da korpusis vibrirebiT; 2. mimmarTveli Stangis gamoyenebiT, rodesac
zemoaRniSnul sam faqtors emateba Stangidan gadacemuli dinamiuri datvirTva.

nax. 2.  „kombainis“ amweze mimagrebis sqema a) amwes kauWTan bagirebisa da traversis
(1) gamoyenebiT mimagrebis sqema b)  amwesTan xistad mierTebul mimmarTvel StangasTan

(2) mimagrebis sqema

1

ა
ბ2
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ნახაზი 3–ზე ნაჩვენებია მონოლითური კედლის ამოყვანის პროცესი ქვევიდან ზევით.

nax.3.  seqciebis amoyvanis procesi.

4. dasatovebeli buniki naxvretebiT wylis wneviT gamosasvlelad; 9. milyeli
dabetonebis dros formaSi betonis narevis misawodeblad; 10. xorTumis Slangi betonis
narevis formaSi misawodeblad; 15. milebi ukusarqvlebiT formidan wylis gamosadevnad
formaSi betonis narevis miwodebis dros; 16. formis betoniT Sevsebis done; 17.
mimmarTveli ximinji; 20. kedlis dabetonebuli seqciis cilindruli nawili; 22. milyeli
garsacmis (2) saxuravze garsacmis Siga sivrceSi eqnologiuri Slangebis da

eleqtrokabelebis misayvanad; 24. saxelo, romelic dakavSirebulia garsacmis milyelTan
(22) teqnologiuri siTxeebis, wylis da eleqtrosadenebis kabelebis Slangebis
misayvanad Siga samuSao teqnikur mowyobilobebTan, romlebic moTavsebulia sayalibe

sistemis garsacmSi (2); 28. traversი gvarlebis daxmarebiT sayalibe sistemis amwis
kakvze dasamagreblad.

3. daskvna
amrigad, elementebis zemoTaRniSnuli konstruqciuli Sexameba iZleva

dabetonebis meTodis “kedeli gruntSi” gamoyenebis saSualebas wyalnajer

qviSovan, lamian da mcurav gruntebSi. SegviZlia davaskvnaT, rom axali meTodi

gamoricxავს gaTxevadebuli gruntiს moxvეdრას dabetonebisaTvis awyobili formis

SigniT.
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Llilvze  ganTavsebuli paraboluri  kveTis mqone
mbrunavi  diskis  daZabul  deformirebuli

mdgomareobis  analizi.
z.  mWedliSvili,  a. tabataZe

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

reziume: statiaSi ganxilulia, nebismier manqana-danadgarSi arsebuli
mbrunavi detalebis: turbinebis an eleqtromanqanebis diskebis,  da
mqnevarebis  simtkiceze angariSi, romelic drekadobis Teoriis
RerZul-simetriuli amocanebis  amoxsnis  principebzea agebuli.
sakvanZo  sityvebi: mbrunavi  diski,  mqnevara,  centridanuli Zala,

Zabva,  deformacia.
1. Sesavali

ventilatorebis, turbinebis, mqnevarebisa da sxva danadgarebis swrafad
mbrunav detalebs aqvT diskis forma. aseTi diskebis ganivi kveTebi
Semoxazulia swori an mrudi xazebiT, da SeiZleba iyvnen simetriulebi an
arasimetriulebi Sua sibrtyis mimarT.

SesaZlebelia SemTxvevebi, rodesac diskis profili Semoxazulia ara
erTi mrudiT aramed Sesdgeba ramodenime ubnisagan, romlebic
Semoxazulia sxvadasxva monakveTebiT da mrudebiT.

sawarmoo SexedulebebiT cdiloben diskis profili Semoxazon swori
xazebiT, xolo Zabvebis ganawilebisa da simtkicis TvalsazrisiT
mrudwirebiani profilis diski aris ufro optimaluri.

diskis  mrudwiruli  profilebi bevr SemTxvevaSi  SeiZleba  Seicvalos
hiperboluri  Semoxazulobis  profiliT.

2. ZiriTadi  nawili

sur. 1 diskis ganivi kveTi
sur. 1-ze  mocemulia  hiperboluri  Semoxazulobis  mbrunavi  diskis

ganivi  kveTi.
am  SemTxvevaSi  diskis  sisqe radiusze  iqneba:

(1)

sadac: c da  diskis  profilis  mudmivebia, romlebic  ganisazRvreba

diskis sisqiT radiusze da Sesabamisad -iT radiusze,

formulebiT:
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romelTa  meSveobiTac miviRebT: (2)

mudmivi  kveTis  diskisaTvis
diskisaTvis,  romelic  viwrovdeba  boloSi  radiusis   gazrdisas

xolo boloSi gafarToebis  SemTxvevaSi
Tu  diski  aris  marTkuTxa  kvTis  mqone da  misi  sisqe  RerZuli

mimarTulebiT  aris  mcire,  maSin  SeiZleba  CaiTvalos,  rom
tangencialuri  da  radialuri  Zabvebi  mTels  sisqeze  ar  icvleba.

sur. 2 diskis usasrulod mcire elementi
aseTi diskis Zabvebis da deformaciebis gamosaxulbis misaRebad

saWiroa diskidan gamovyoT usasrulod mcire elementi da SevadginoT  misi
wonasworobis gantoleba, imis gaTvaliswinebiT, rom waxnagebze  momqmedi
Zalebis garda masze moqmedebs  centridanuli inerciis Zala,  romelic

tolia: (3)

gamoyofili elementis wonasworobis gantoleba centridanuli Zalebis

gaTvaliwinebiT iqneba: (4)

Tu Zabvebs da gamovsaxavT gadaadgilebebis s meSveobiT,

miviRebT: (5)

am gantolebis kerZo amonaxsni iqneba:

(6)

xolo saerTo amonaxni  iqneba: (7)

Semdeg miviRebT me-5 gantolebis srul amoxsnas:

(8)

mudmivebi da ganisazRvreba sasazRvro pirobebidan gare da  Siga
konturebze.

Tu Siga konturze arsebobs CasmiTi daZabulobebi da gare konturze
centridanuli Zalebi, maSin sasazRvro pirobebi iqneba Semdegnairi:

(9)
am  sasazRvro  pirobebis  gaTvaliswinebis  Sedegad SegviZlia  miviRoT

tangencialuri  da radialuri  Zabvebis gmosaxulebebi hiperboluri diskis
radialur kveTSi,  brunvis  RerZidan _ radiusze:

(10)
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(11)

romlebSic, pirveli Sesakrebebi warmoadgenen Zabvebs diskSi, romlebic
gamowveulia diskis masaze momqmedi centridanuli ZalebiT, xolo meore  da
mesame Sesakrebebi aris Zabvebi, romlebic ganpirobebulia Siga da gare
radiusebze arsebuli sasazRvro pirobebiT, e. i. ZabvebiT da
romlebic  moqmedeben diskis gare da Siga konturebze.

aq _ aris  tangencialuri Zabva, romelic moqmedebs diskis gare

konturis  Txel  SreSi:

puasonis koeficientia. aris  diskis kveTis formis  mudmiva.
xolo da _ integrirebis  mudmivebia.

gardaqmnebis  Sedegad  miviRebT  tangencialuri  Zabvebis  gamosa-
xulebebs  diskis ganiv kveTSi da radiusebze:

(12)

(13)
A,  B,  C,  D,  E,  F _ koeficientebis  mniSvnelobebi  aris  Semdegi

(14)

(15)

(16)

(17)

(18)

(19)
sadac:

3. daskvna
nebimieri manqana _ danadgari Seicavs mbrunav detalebs, romlebic

asruleben TavianTi simetriis RerZis garSemo sxvadasxva siCqariT brunvas.
gansakuTrebiT didi kuTxuri siCqareebiT brunaven lilvebze ganTavsebuli
simetriuli detalebi turbinebSi, eleqtroZravebsa da kinetikuri energiis
akumulatorebSi, romelTa damtvrevamac SeiZleba gamoiwvios didi
teqnogenuri katastrofa, amitomac sxvadasxva masalisagan Semdgari aseTi
detalebis simtkiceze angariSi warmoadgens Tanamedrove meqanikis
umniSvnelovanes amocanas da am amocanis erT-erTi gadawyveta naCvenebia
mocemul naSromSi.
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sasrul sxvaobaTa meTodis gamoyeneba sadawneo milsadenSi siTxis
daumyarebeli moZraobisas

g. zalikaSvili,  m. Tofuria
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175,

Tbilisi, saqarTvelo)
reziume: mocemul statiaSiGganxilulia სასრულ სხვაობაTa meTodi,
romelic saSualebas iZleva “faruli sqemiT” miviRoT sxva da sxva
amocanebis ricxviTi gadawyveta milsadenebSi saTxis daumyarebeli
moZraobisas. angariSi iwarmoeba kvanZebad romelTa koordinatebi
winaswar unda ganisazRvros. სასრულ სხვაობაTa meTodi “faruli
sqemiT” saSualebas iZleva vawarmooT gamoTvlebi cvladi bijiT
droSi damoukideblad bijisa sigrZeSi. amasTan advilad xorcieldeba
gamoTvlis Sedegebis miReba grafikuli saxiT.
sakvanZo sityvebi: milsadenebi, daumyarebeli moZraoba, sasruli
sxvaoba.

1. SesavaliA
milsadenebis daproeqtebisa da eqspluataciis dros aucilebelia

gaTvaliswinebuli iqnas  tumboebis CarTva gamorTviT an sarqvelebis
daketviT gamowveuli  siTxis daumyarebeli moZraoba.

sadawneo milsadenSi siTxis daumyarebeli moZraoba aRiwereba
diferencialuri gantolebebiT, hiperboluri tipis kerZo warmoebulebiT
romlebic Seicaven arawrfiv koeficientebs.

@2. ZiriTadi nawili
Cven SevecadeT gamogveyenebina სასრულ სხვაობაTa meTodi romelic

saSualebas iZleva “faruli sqemiT” miviRoT sxva da sxva amocanebis
ricxviTi gadawyveta milebSi saTxis daumyarebeli moZraobisas.

angariSi iwarmoeba kvanZebad romelTa koordinatebi winaswar

unda ganisazRvros. სასრულ სხვაობაTa meTodis gamoyenebisas “xiluli
sqemiT” aucilebelia daculi iqnas biji droSi da biji sakoordinato

sistemaSi rac zrdis gamoTvlebis moculobas. სასრულ სხვაობაTa meTodi
“faruli sqemiT” saSualebas iZleva vawarmooT gamoTvlebi cvladi bijiT
da igi ar aris damokidebuli bijze sakoordinato sistemaSi. amasTan
advilad xorcieldeba gamoTvlis Sedegebis miReba grafikuli saxiT.

daumyarebeli izoTermuli moZraoba kumSvadi wveTovani siTxisa sadawneo
milsadenSi aRiwereba gantolebaTa sistemiT [1].
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(1)

sadac )(,,,, QtxQP  -uganzomilebo parametrebia, romlebic Sesabamisad

gansazRvraven wnevas, moculobiT xarjs, sigrZis koordinats, dros da
danakargis koeficients milsadenis mTel sigrZeze.

dart.P

P
P

*

 ;
nom.Q

Q
Q

*





samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(44), 2017
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

150



*x
x  ;
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    saS.

Vds

QQ
Q
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niSniT * aRniSnulia sidideTa mimdinare sidideebi. dart.P – dartymis

wneva, romelic ganisazRvreb n.e. Jukovskis formuliT.

,nom.dart. Q
S

P
P 

sadac nom.Q -nominaluri moculobiTi xarjia;  -milsadenis monakveTis

sigrZe; V-bgeris siCqare mocemul milsadenSi, romelic Sevsebulia
produqtiT: d, S-milsadenis diametri da cocxali kveTis farTobi;
 -gadasaqaCi produqtis simkvrive; -winaRobis koeficienti darsi-

veisbaxis formulis Tanaxmad, koeficientis gaxazovnebis meTodi mocemulia
[1].Mmagram ricxviTi meTodis gamoyenebisas gamosaxulebis gaxazovneba

aucilebeli ar aris. I teraciis meTodiT SesaZlebelia ganisazRvros  Q -

mniSvneloba milsadenis nebismier wertilSi da SesaZlebeli xdeba
arawrfivi sistemis amoxsna (1). sistema (1) wrfivi koeficietiT SeiZleba
gardaiqmnas xarjis da wnevis Hhiperboluri tipis meore Tanrigis wrfiv
gantolebad
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 (3)

sadawneo milsadenebSi siTxis moZraobis gardamavali procesebis
Seswavlisas aucilebelia erT-erTi am gantolebis integrireba mocemuli
sawyisi da sasazRvro  pirobebiT. ganvixiloT (3) gantolebis amoxsna. sawyis
pirobebs aqvs Semdegi saxe

 xqQt 0 ;  x
t

Q

t





0

; 10  x (4)

maT mieniWebaT nulovani mniSvneloba, e. i.A

  0x da   0 x
amrigad (3) gantoleba aRwers nakadis sxva da sxva SeSfoTebis dros

xarjis gadaxras arsebulidan roca, 0t romelic warmoiqmneba milsadenis
gansaxilvel kveTebSi. SeSfoTebis mizezi SeiZleba iyos sxva da sxva an
ramodenimes kombinacia amitom
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 (7)

sadac  ,,, F - mocemuli funqciebia cvladi t –Tvis.
Tu vxsniT (2) gantolebas analogiurad Caiwereba wnevisTvis sawyisi da

sasazRvro pirobebi.
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Tu milsadenis dasawyisSi dayenebulia rezervuari an tumbo, romelic
uzrunvelyofs mudmiv dawnevas xolo milsadeni boloSi iketeba sarqveliT
maSin sasazRvro pirobebs xarjisaTvis eqneba Semdegi saxe

;0
0





xx

Q
)(tQQ

x


0
(8)

sadac )(t gansazRvravs xarjis cvlilebas daketili sarqvelis dros.

sarqvelis myisieri daketvis SemTxvevaSi sasazRvro piroba (8) miiRebs
Semdeg saxes

1
1


x
Q

(2) da (3) gantolebebis amosaxsnelad სასრულ სხვაობაTa meTodiT [5]
ganvixiloT x da t parametrebis naxevarsibrtye, romelic
SemosazRvrulia t=0, x=0 da x=1 wrfeebiT.

gavatarebT ra wrfeebis or jgufs ),...,,( nixix 10 da

),...,,( 10 jtjt davfaroT mocemuli naxevarsibrtye sworkudxedebis badiT

gverdebiT x da t .
gamoviyenoT funqciis mniSvneloba xuT wertilSi SevadginoT

funqciis  xazovani kombinacia cal-calke xuTive wertilisTvis teiloris
formulis Tanaxmad.

111111 4321   jijijijiji QCQCQCQCCOQLQ ,,,,, (9)

Kkoeficientebi SevarCioT imgvarad, rom darCenilma wevrebma miiRon
Semdegi saxe
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(10)
viyenebT ra (4) gantolebis sasazRvro pirobebs, Cawerils Semdegi saxiT

)()(),( iii xtxtxQ 22   (11)
SesaZlebelia vipovoT funqciis mniSvneloba roca t=0 da tt 

maSin  (10) gantolebis marjvena mxares gveqneba cnobili sidide. davwero Ti-

Toeuli ix wertilisaTvis (10) saxis gantolebebs da miviRebT gantolebaTa

sistemas Sedgenils n-1 gantolebisaTvis, t2 ucnobiT. (10) gantolebis
marcxena mxares ugulvebelyoT droebiTi indeqsebi, ris Sedegad miiRebs
Semdeg saxes:

iiii bQaQaQa   11211 (12)

miRebuli gamosaxuleba amovxsnaT Semdegi saxiT:

111   iiii EDQQ (13)

CavsvaT (13) gamosaxuleba (12) gantolebaSi miviRebT

amrigad ;
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Tu davuSvebT, rom (14) gantolebaSi 1i miviRebT

2

011
2

2

1
1 



 Qb

QD




maSin

;
2

1
1 


D

2

011
1 

 Qb
E




……… cnobilia sasazRvro pirobidan da amrigad viciT 0Q , 1D da

1E vpoulobT 2D da 2E da a. S. 11  nn ED , -mde agreTve (13) gamosaxulebidan

ganvsazRvravT 1nQ Semdgom TanmimdevrobiT vpoulobT Q yvela

mniSvnelobas t2 fenaze.

D3. daskvna

diferencialuri gantolebis sasrul sxvaobaTA meTodiT amoxsna
mosaxerxebelia imiT, rom cifrebze Sesasrulebeli operaciebi
erTgvarovania. garda amisa gansaxilveli “faruli sqema” mdgradia
gamoTvliTi cdomilebebisagan t da x nebismieri TanafardobisaTvis rac
saSualebas iZleva SeuzRudavad avirCioT intervali rac mniSvne-lovnad
zrdis gaangariSebaTa sizustesa da siCqares.
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gaxseneba

Pprofesori jemal esaiaSvili,

saxelovani mecnieri da inJineri

saqarTvelos sainJinro sazogadoebam didi
danaklisi ganicada, gardaicvala kidev erTi
gamoCenili inJineri, teqnikur mecnierebaTa
doqtori,sainJinro akademiis akademikosi,
saqarTvelos damsaxurebuli
mSenebeli,saqarTvelos teqnikuri universitetis
samSeneblo fakultetis  samoqalaqo da
samrewvelo mSeneblobis departamentis
profesori, mravali problemuri samecniero
sakiTxebis mkvlevari, jemal esaiaSvili.

Pprofesor jemal esaiaSvilis mravalmxrivi moRvaweoba, exeboda
samSeneblo saqmis xarisxis amaRlebas, samecniero kadrebis momzadebas,
studentebisa da magistrebis leqciebis wakiTxvas, Tu sxva saqmianobas,
yovelTvis maRali profesionaluri gadawyvetebiT gamoirCeoda.

teqnikuri universitetis damTavrebis Semdeg muSaobda saqarTvelos
saxelmwifo filarmoniis mSeneblobaze, sadac miiRo pirveli gamocdileba
mSeneblobis warmoebaSi. Semdegi iyo balneologiuri samedicino korpusi
TbilisSi, me-8 samSobiaro saavadmyofo da mravali sxva.
1963-2006 wlebSi muSaobda k.zavrievis saxelobis samSeneblo meqanikisa da

seismomedegobis institutSi ufros inJinrad,ufros mecnier muSakad,
rkinabetonis meqanikis ganyofilebis gamged, institutis direqtoris
moadgiled samecniero dargSi.

eweoda aqtiur samecniero moRvaweobas saqarTveloSi rkinabetonis
konstuqciebisa da seismomedegi mSeneblobis gaangariSebebis meTodebis
srulyofisaTvis. Pprofesori jemal esaiaSvili iyo 1972-2006 wlamde
institutis eqspertTa sabWos, q. Tbilisis meriis sagangebo situaciebis
saqarTvelos samSeneblo saqmianobis samTavrobaTaSoriso sabWosTan
arsebuli seismomedegi mSeneblobis da saSiSi bunebrivi procesebisagan
sainJinro dacvis komisiis wevri, saqarTvelos erovnuli uSiSroebis sabWos
qveynis seismuri dacvis mudmivi komisiis wevri, Senoba-nagebobebis
seismousafrTxoebis Sefasebis centris direqtori.

Mmravali naSromi aqvs gamoqveynebuli rkinabetonis reologiuri meqanikis
kvlevis sakiTxebze, seismomedegobis sakiTxebze, nagebobaTa aRdgena-
gaZlierebisa da maTi saimedoobis Sefasebis sakiTxebze, aqtiurad
monawileobda erovnuli samSeneblo normebis SeqmnaSi (seismomedegi
mSenebloba da rkinabetonis konstruqciebi).

Bbolo wlebis ganmavlobaSi muSaobda l. samxaraulis saxelobis
saeqsperto biuroSi konstruqtorad.
P jemal esaiaSvili saqarTvelos teqnikuri universitetis  samSeneblo

fakultetis profesori iyo mravali wlis ganmavlobaSi, kiTxulobda
leqciebs rkinabetonisa da qvis konstruqciebSi, rkinabetonis
seismomedegobis speckurss bakalavrebisa da magistrebisaTvis.

misi xelmZRvanelobiT daculia samagistro da sadoqtoro disertaciebi.
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didi danaklisia batoni jemalis am qveynidan wasvla misi kolegebis,
megobrebis, TanamSromlebis da masze keTilganwyobili studentebisaTvis.

Bbatoni jemalis xsovna didxans darCeba Cvens mexsierebaSi.

saqarTvelos sainJinro akademia,

saqarTvelos teqnikuri universiteti,

samSeneblo fakulteti, a. soxaZis saxelobis

samoqalaqo da samrewvelo mSeneblobis

departamentis TanamSromlebi.
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axali teqnologiebi
penetroni hidrosaizolacio masala

penetronis oficialuri warmomadgeneli saqarTveloSi Sps
„hidrosaizolacio teqnologiebia“.

penetronis istoria saqarTveloSi 10 wlis win daiwyo. mniSvnelovani
proeqtebiT datvirTulma wlebma sruli sicxadiT daadastura penetronis
upiratesoba, rogorc saukeTeso SeRwevadi hidroizolacio masala  da
daumkvidra Seuryeveli pirveloba bazarze.

saqarTvelos Tavisi geografiuli mdebareobiT aris mTisZira raionebi,
amitom zRvispireTi. klimaturi pirobebi ar aris yovelTvis keTilsaimedo
betonisa da rkinabetonis konstruqciebisTvis. Cvens qveyanas mdidari da
uZvelesi istoria gaaCnia mSeneblobis dargSi. amasTanave Tanamedrove
mSenebloba swrafi tempiT mimdinareobs. ase rom saimedo hidroizolacia
moTxovnadia, rogorc restavraciisTis, aseve axal samSeneblo proeqtebSi.

Cveni kompaniis muSaobis mTeli periodis ganmavlobaSi ar yofila
SemTxveva, rom penetrons uaryofiTi Sedegi eCvenebina. kompaniis mimarT ar
arsebobs pretenziebi da reklamaciebi, sayvedurebi klientebisagan,
mSeneblebisagan hidroizolaciis xarisxTan dakavSirebiT.

pirvel rigSi, es aris TviTon produqtis unikalurobis damsaxureba,
saTao ofisis teqnikuri personalis mudmivi mxardaWeris,  konsultaciebis
da ra Tqma unda Cveni kompaniis profesionaluri da pasuxismgebliani
midgomis damsaxurebaa.

CvenTan TanamSromloben aTobiT warmatebuli samSeneblo kompaniebi:
„haidelbergbetoni,“ „arsi,“ „zimo,“ „burji,“ „atu,“ „anagi,“ „GWP,“ „metra
parki,“ „xareba,“ „beka kapitali,“ „kapital vostoki,“ „hausart luqsi,“  da a.S.

Cvens angariSzea 350-ze meti ganxorcielebuli proeqti, maT Soris didi
wili aqvs maRali arqiteqturuli da istoriuli mniSvnelobis mqone
proeqtebs.

penetronma Tamamad SeiZleba iTqvas, moicva mTeli saqarTvelo.
penetronis sistemis masalebi warmatebiT iqna gamoyenebuli iseT

proeqtebSi, rogoricaa msxvili biznesis centrebi, sabanko dawesebulebebi,
msoflio mniSvnelobis sastumro kompleqsebi, kulturul da istoriul
obieqtebi, sacxovrebel kompleqsebi miwisqveSa parkingebiT.

am klasis praqtikulad yvela obieqti aSenebulia oroginaluri
proeqtebiT da isini gaxdnen Tavisi qalaqebis axali RirsSesaniSnaobebi.
gana SeiZleba vinme datovos gulgrilad, magaliTisTvis, „prokredit bankis“
saTao ofisis arqiteqturulma iersaxem da konstruqtiulma
gadawyvetilebam? germanulma kompaniam masalebis specialuri datestvis
Semdeg upiratesoba mianiWa hidrosaizolacio danamats „penetron-admiqsi“.
penetronis sistemis masalebi gamoyenebul iqna Tibisi bankis quTaisis
filialis mSeneblobisas. xolo „saqarTvelos bankis“ saTao ofisis
adgilmdebareoba gamoirCeva aqtiurad moqmedi , sulfatebiT gajerebuli
gruntis wylebiT. aRniSnuli Senobis mzidi konstruqciebis miwisqveSa
nawilSi penetronis masalebis mTeli xazi iqna gamoyenebuli
hidroizolaciis aRsadgenad.

pasuxismgeblobis gansakuTrebuli grZnobiT miudga kompania
kulturulad da istoriuli mniSvnelobis obieqtebis mSeneblobisa da
rekonstruqciis saqmes. aRsaniSnavia saxelmwifo operis Teatris



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #1(44), 2017
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

156

rekonstruqcia, xelovnebisa da musikis centris Senoba baTumSi, TbilisSi,
parlamentis Senobis mopirdapired, Tanamedrove xelovnebis muzeumi.

penetronis sistemis masalebi aqtiurad gamoiyeneba infrastruqturul
proeqtebSi, wyalmomaragebis sistemaSi, Sadrevnebis, auzebis, xidebis,
gvirabebis mSeneblobaSi.

hidroizolaciis saSulebebi bevria, aris rulonuri, membranuli,
SeRwevadi. penetronis sistemis gamoyenebis mravali upiratesoba gaaCnia. aq
miTiTebulia is upiratesobani, romelTa gamo arCevans akeTeben penetronze:

ratom penetroni?
-penetroni aTwleulobiT gamocdili masalaa. is gamoyenebulia

milionobiT obieqtze mTeli  msoflios masStabiT. aryofila SemTxveva, rom
penetronis jgufis masalebs ar gaemarTlebina Tavisi daniSnuleba an
warmoCeniliyo cudi mxridan, is globaluri brendia, romlis xarisxi
droiTa da praqtikiT aris gamyarebuli.

-penetronis gamoyenebis teqnologia martivia. penetron-admiqsi Seereva
betons momzadebisas da sakmarisia mxolod Camosxma; xolo konstruqciis
arsebobis SemTxvevaSi waesmeva mas nebismieri mxridan da SeRwevadi Tvisebis
saSualebiT atans mTel betonSi.

-penetrons gaaCnia masalebis sruli kompleqsi da teqnologia, romelic
Seucvlelia dazianebuli da wyalgaumtari betonis konstruqciebis
aRsadgenad. amdagvarad, Zvelis dangreva aucilebeli ar aris, misi
restavracia SesaZlebelia penetroniT.

-penetroni  kompleqsurad icavs betons ara marto wylisa da
nestisagan, aramed sxva agresiuli garemosganac. kerZod, medegia
sulfatebis, tute, mJava, PH, zRviswylis, navTobis mimarT. izrdeba
konstruqciis yinvagamZleoba. amgvarad, misi gamoyeneba SieZleba kaSxalebSi,
dambebSi, portebSi, gamwmend nagebobebSi, sasmeli wylis rezervuarebSi,
naTvobsacavebSi, miwisqveSa nagebobebSi, brtyel gadaxurvebSi.

-penetroni, SeiZleba iTqvas, rom “Wkviani” masalaa. penetroniT
damuSavebuli betoni iZens TviTaRdgenisa da TviTmkurnalobis Tvisebas, rac
niSnavs imas, rom mikrobzarebis gaCenis SemTxvevaSi, penetronis uxsnadi
kristalebi iwyebs gamravlebas da napralebs amoavsebs  da es procesi
mimdinareobs mudmivad, sanam betoni arsebobs .

-penetroniani  betonis hidrostatikuri maCvenebeli aRwevs W 20 = 20
atmosferos! plastipikatorebis moqmedeba dafuZnebulia forebis
Semcirebaze, xolo penetronisa - ki amovsebaze. garda amisa, sxvadasxva
danamatebisagan damzadebuli betoni ar aris daculi mikrobzarebisgan, rac
aucileblad Cndeba nagebobis eqspluataciis periodSi da iwvevs
hidroizolociis darRvevas, penetrons ki gaaCnia zemoTaRniSnuli “Wkviani”
Tviseba TviTmkurnalobisa da aRdgenisa rac usrunvelyofs mudmiv
hidroizolacias.

-penetroni samudamod da garantirebulad icavs betons mTeli misi
arsebobis manZilze. muSaobis periodi imdenivea, ramdensac Zlebs Tavad
konstruqcia. maSin, roca hidroizolaciis sxva saxeobebi periodulad
Sesacvlelia da mravalgzis saremonto danaxarjebTan aris
dakavSirebuli.SeiZleba iTqvas, rom penetroni praqtikulad uvadoa.

-penetroni ekologiurad sufTaa da uvnebeli. is betonis zedapirze
fenas ar tovebs, ar xdeba “CaxuTva,” betoni agrZelebs sunTqvas. penetroni
daSvebulia sasmel wyalTan.
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-penetronis  warmoeba serTificirebulia saerTaSoriso xarisxis
sistemiT ISO 9001. is flobs yvela saWiro serTifikats da misi xarisxianoba
dadasturebulia msoflios cnobili da avtoritetuli institutebisa da
laboratoriebis mier.

-penetroni, SeiZleba iTqvas, aris srulyofili  SeRwevadi
hidroizolacia, romelsac badalia ar hyavs msoflioSi Tavisi
unikalurobiTa da inovaciurobiT!

rac Seexeba momavlis gegmebs, Cveni kompania apirebs uSualo
monawileoba miiRos iseTi infrastruqturuli proeqtebis ganxorcielebaSi,
rogoricaa portebis, hesebis, sarwyavi sistemis, wyalmomaragebis sistemis,
gzebis, xidebis, gvirabebis da sxva mSeneblobaSi.

Sps “hidrosaizolacio teqnologiebi”-s
direqtori jimSer Sengelia
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SUMMARIES
J. Gigineishvili, Elina Kristesiashvili, Igor Timchenko, Edisher Tsotseria. Modern Flat Slab
Construction of Monolithic Reinforced Concrete. Scientific-technical journal “BUILDING” #1(44), 2017
Flat slab construction of reinforced concrete frame buildings is widely spread out in Georgia due to its positive
features – architectural free planning, building height reduction, easier sprincler installation, cheaper and faster
installation of framework and more simple arrangement of reinforcement in comparison with traditional slabs
with beams. In the Paper the different technical solution of  flat slab details are presented and discussed. An
equation for flat slab thickness evaluation is proposed. A set of comparative numerical analyses of high rise
buildings with flat slab, perimeter beams, different diaphragm layout & column sections  have been performed.
It was shown that in case of proper layout of shear walls and sufficient column sections the horizontal rigidity
of structure is similar to structure with flat slab.  A special detail should be provided in column-slab
intersection zone for shear forces including the proposed patented original reinforcement detail of the column
capital.
L. Klimiashvili, d. Gurgenidze, A. Chikovani. REPAIR AND RESTORATION OF CONCRETE AND
REINFORCED CONCRETE. Scientific-technical journal “BUILDING” #1(44), 2017
The repairs of concrete and reinforced concrete structures gives the possibility by the relatively less resources,
to extend the term of its service life, to restore and rehabilitate the building.
T.Melkadze. „Assessment of the Thermal Endurance of Building Constructions”. Scientific-technical
journal “BUILDING” #1(44), 2017
The paper discusses the thermal endurance of the construction after thermal influence caused by the fire
during an emergency. It also identifies fire resistance of particular elements of the construction and the
ways to increase the endurance of a construction during a thermal radiation. In addition, the paper
determines the density of thermal radiation flow from fire, spread radius of thermal influence zone,
temperature coefficient decreasing solidity of steel etc.
M. Grdzelishvili, A. Kopaliani, I. Marigishvili. IMPROVEMENT OF BUILDINGS ENERGY
EFFICIENCY BY SELECTING THE OPTIMUM THERMAL CHARACTERISTICS OF BUILDING
ENVELOPES. Scientific-technical journal “BUILDING” #1(44), 2017
In the article are considered the issues of buildings energy saving by selecting the optimum thermal
characteristics of the building envelopes and studying the temperature-humidity modes of the structures that
are drawn up by these characteristics.
The study of this issue ensures the reduction up to minimum of the needs in heating power requirement or
completely neglected the heating systems of the buildings so that not to violate the normative parameters of the
microclimate of the premises.
R. Imedadze, T. Magradze, L. Beridze. ENVIRONMENTAL DESIGN. Scientific-technical journal
“BUILDING” #1(44), 2017
In recent times, society has been highly interested in improving the environment in existing urban and
populated areas, as well as in cities expanding areas. But the society can only indicate the shortcomings and
express dissatisfaction with the existing situation. It is necessary to create an effective mechanism in order to
satisfy the demands of the society regarding to the normal protection of environment. If all professions are not
active supporters of the environmental system, then who will take over this role? Together with the society,
firstly in these should be actively involved in the architects, builders, metallurgists, transport workers and
representatives of other directions. In this article, authors tried to present their own vision of the issue, which
provides for the experience of the advanced countries of foreign countries.
I.Kvaraia A.Pirosmanishvili. The use of Small machinery and equipment in construction Industry.
Scientific-technical journal “BUILDING” #1(44), 2017
This article discuses case of using small machinery and equipment in extremely restricted conditions on

construction site, using of which simplified the process of construction.
B. Surguladze, N. Svianadze, L. Pirkurashvili. Pre-stressed Steel Frame Structure. Scientific-technical
journal “BUILDING” #1(44), 2017
A new type of pre-stressed steel frame structure is being reviewed, the structural solution of which is
distinguished from its analogues by the location of amplifiers for straining a coil using a new improved
scheme for its strain. By means of mentioned technical solution effective regulation of strains in all
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elements of the frame structure is achieved, as well as the reduction of material cost and the improvement
of operation conditions of the structure by increasing reliability.
D. jankarashvili. G. Danelia, D. Tabatadze. Determination of natural osciliation frequency by successive
approximation method in matrix form. Scientific-technical journal “BUILDING” #1(44), 2017
The article gives successive approximation method for determination of natural oscillation frequency in matrix
form. Using the formulas obtained add multiplying the identical matrices, the firat frequency of oscillation is
determined. These formulas are essily programmed for digital computera.
T. Batsikadze, N. Murghulia, J. Nizharadze. ON ISSUE OF SUSTAINABILITY OF CYLINDRICAL
SHELLS. Scientific-technical journal “BUILDING” #1(44), 2017
In the work is considered the cylindrical she stability axially symmetric problem. is selected The system of
private equilibrium equations of isotropic body in the displacements. With the Henkel integral transformation
the task will be reduced on the solution of common differential equations with constant coefficients.
Sh. Dolidze. The construction of foundation pits in weak soils using the "wall in the ground" method.
Scientific-technical journal “BUILDING” #1(44), 2017
The article considers the existing methods of constructing pits and foundation of buildings in weak soils, the
main technologies of foundation construction in weak soils. Lonolithic, prefabricated-monolithic and
prefabricated versions of the "wall in the ground" method. “Considered the area of application of the above
method and justified the inability to use the above method for erecting a foundation pit in water-saturated
sandy and floating soils.
T. Makharashvili,   G. khoperia. Retrospective analysis of  construction of residential areas in Soviet
Tbilisi in 1950-70 years. Scientific-technical journal “BUILDING” #1(44), 2017
Summary: The article discusses and analysis the construction of large residential areas in Tbilisi in years
1950 to 1970, it is possible to use this analysis to conduct apropriate modern projects, and establishe
constructione zones for modern residential areas.
D. Saginadze, G. Mikiashvili. Integrated design process for the buildings’ security. Scientific-technical
journal “BUILDING” #1(44), 2017
The critical concerns of the modern architecture are discussed in this article. The advanced architectural
approach requires taking into consideration the environmental challenges and threats from terrorist networks.
To tackle the chalanges and deliver a sustainable design, architects shall adopt values of integrated design
process, follow the international practice and experience in this field. The article underlines the consequences
of ignorance of such critical subjects in design and planning process. Hereby it highlights the best practices and
experience developed by advanced countries. The article also points out the necessity of balance between
security and sustainability in the modern architecture.
M. Sulamanidze. MATHEMATICAL MODELING OF STRUCTURES OF ASPHALT CONCRETE
COMPOSITE MATERIALS. Scientific-technical journal “BUILDING” #1(44), 2017
Composite materials are widely used in the last period in order to increase the stability and wear resistance of
the asphalt concrete mixtures. Particularly important are the polymerbium binders, prepared on basis of them
asphalt concrete mixtures has significantly improved characteristics.
The application of mathematical modeling in the selection of composite materials structure has gained wide
implementations in road construction. The application of mathematical modeling gives the possibility to select
the optimal fractional composition of materials, ensuring their quality and reliability in operation and creation
of new materials with required properties.
Sh. Bakanidze, L. Zambakhidze, A. Charchkhalia, G. Shalitauri. Designing of the sustaining wall on
rocky and semi-rock slopes. Scientific-technical journal “BUILDING” #1(44), 2017
Is described the stability of including the rocky and semi-rocks layers slopes for the case when the inclination
of the layers are adjusted to the slope inclination and for the values of revealed stability deficiencies the
sustaining wall with counterfors have been tested on stability.
N. Areshidze, G. Areshidze, O. Giorgishvili. GEOLOGICAL FACTORS OF NECESSITY AND
PURPOSE OF SLOPE’S STRENGTHENING. Scientific-technical journal “BUILDING” #1(44), 2017
Accordingly of arrangement in the slopes and career borders the layers of mountain rocks is determined the
value of the angle between the slope’s horizontal inclination plane and layers when the slopes failure is
expected. The angle of shear between the contact of layers is also determined. In the case of the stated height of
slope is determined the value of layers angle of failure, at that permissible angle related to the adjacent layers
of border. With the conditions of non-fixed slopes stability is obtained the α angle of the total inclination of
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board. Are considered the geological and hydrogeological factors that cause the deformation of the slope and
the nearby areas. The geological factors of necessity and purpose of the slopes strengthening are described.
M. Moistrapishvili, A. Corelli. ANALYZING DYNAMIC INTERACTION OF "RAIL-WHEEL"
SYSTEM ON THE EXAMPLE OF GEORGIAN RAILWAY FOR THE DEVELOPMENT OF TRAIN
TRAFFIC SAFETY MEASURES. Scientific-technical journal “BUILDING” #1(44), 2017
In the article is considered the analysis of dynamic interaction of the "rail-wheel" system for the development
of train traffic safety measures on the example of Georgian Railways.

Based on the statistical analysis of the case on the Georgian Railway, is justified the importance of research
on the dynamic interaction of the system "rail-wheel" on railway transport.
Are determined the "rail-wheel" system subsystems and the consideration of each subsystem constituent
component in the aspect of the problems that are presented for solving of 4 problems: reduction of transversal
loads; reduction of vertical loads; reduction of contact stresses; improve of rolling stock dynamics.

In the article are stated the ways for improving of interaction of the "rolling stock-rail" system and the key
are defined issues to be firstly solved.
Sh. Gelashvili, T. Chigogidze. Prospects for the development of tourism in settlements with the status of
cultural heritage (On the example of the Ushguli community). Scientific-technical journal “BUILDING”
#1(44), 2017
This article is about saving of ethnocultural and natural landscape of community of Ushguli of up Svaneti and
necessary actions for future developments at tourism. This includes preservation and adaptation of monuments
and landmarks and creation of plan of research and regulation for land.
M. Begiashvili, N. Mumladze, T. Shubitidze. FEATURES OF PLANAR RECTANGLE. Scientific-
technical journal “BUILDING” #1(44), 2017
In the article is considered the construction by existing three points of fourth point on the circle that is placed
on the same circumference. In the obtained planar rectangle will be inscribed the circle. The solution of the
task is based on the properties of inscribed rectangle in the circle rectangle.
Z. Danelia, M. Topuria. EROSIVE BEHAVOUR OF SLOPE AND BED WATER RUNOFF. Scientific-
technical journal “BUILDING” #1(44), 2017
In the article are listed the causes of slope erosion (factors) and are analyzed the role of each of the erosion
processes.
G. Chokhonelidze, Sh. Bakanidze, Bashar Bdulah Al-Imam. INCREASING OF SUSTAINING WALLS
LOAD BEARING ABILITY BY HORIZONTALLY ARRANGES PILES. Scientific-technical journal
“BUILDING” #1(44), 2017
Is considered the issue of increasing of existing and design sustaining walls load bearing ability by arranges in
its lower part of the horizontally positioned monolithic reinforced concrete piles when due the restricted
conditions are impossible to arrange the sustaining wall with the necessary overall dimensions.
I. Chanturia. The main peculiarities of strengthening the architectural monuments. Scientific-technical
journal “BUILDING” #1(44), 2017
In the work are considered the peculiarities of designing some of the Bagrati Cathedral elements and their
impacts on total structure stability.
G. Makhatadze. SPECIFICITY OF GEORGIAN TERRITORY RELIEF AND ITS CONSIDERATION
IN RESETTLEMENT, ON THE EXAMPLE OF RIKOTI - ZESTAFONI SECTION. Scientific-
technical journal “BUILDING” #1(44), 2017
Georgia is a mountainous country. 82% of its area is mountainous and is "folded" with ranges, mountains and
ravines. The country itself can also be considered as one of the largest "ravine" - with Greater Caucasus
mountainous system in north and Minor Caucasus in the south that is divided by Likhi Ridge to the west and
east parts. Exactly this is the main railway line connecting west-east Georgia. Due to the complex nature of the
mountainous terrain, the topic of the towns development is quite relevant, especially today when the problem
of modern Georgian architecture remains unresolved. In addition, the unique landscape of the country is very
important, which in turn requires a fascinating touch, especially on the example of valley such as the Rikoti-
Ubisa section.
I. Kvaraia. Arranging of reinforced concentrate wall of curved openings. Scientific-technical journal
“BUILDING” #1(44), 2017
The article discusses the technological process of the arrangement of reinforced concentrate wall of curved
opening, which is connected to the construction of non-standard mold systems.
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M. Moistrapishvili, A. Corelli. ON POSSIBILITY OF USING BICLOTOID CURVES IN RAILROAD
TRACK. Scientific-technical journal “BUILDING” #1(44), 2017
In the article is presented the issue of assessing possible clotoid design on railways and is carried out
comparative assessment of circular and biclotoid curves based on the modeling of the "rolling stock-rail"
system.
Are analyzed the results of the research on the mentioned subject and is offered the justification of biclotoid

curves application possibility in the railroad.
Is determined that in the biclotoid curve in case of radius from 600 m up to 800 m at rolling stock movement

with the maximum speed of 80 km/h the maximal values of lateral forces are up to 5-20 kN less than at
movement in the traditional circular curves. However, in the article also are stated the recommendation for
arrangement of pass railway of experimental testing area and on confirmation of full-scale test results with the
theoretical results.
Sh. Gelashvili. International experience in sustainable development of cultural landscape. Scientific-
technical journal “BUILDING” #1(44), 2017
This article describes experiences of sustainable development of cultural landscape on the example of the parks
of the Cinque Terre and Val d 'Orcia in Italy, as well as the village of Wendland in Germany, Lower Saxony
and the ethnographic village of Kizhma Mazenskogo area of the Russian Federation. A study showed that in
Georgia, for the realization of landscape management, such as cultural heritage, it is necessary to develop a
unified strategy principles guidance of the State and society, in which concrete measures will be taken for their
protection, management and planning.
D. Bakradze, T. Amkoladze, K. Jincharadze. CONCRETE AND REINFORCED CONCRETE
TECHNOLOGY WITH APPLICATION OF COMBINED HELIOTHERAPY TREATMENT.
Scientific-technical journal “BUILDING” #1(44), 2017
One of the main components of the construction industry is thermal processing. The creation of the best quality
concrete and reinforced concrete products by economic heat processes, with the minimum cost of fuel and
electricity, will significantly reduce capital investment in the construction field. Based on this was developed
such type of equipment that more efficient utilities the heat. The subsequent development of the concrete and
reinforced concrete manufacturing technology and the necessity of energy efficiency, made it necessary to use
alternative energy.
M. Tsikarishvili, N. Tbatadze. Controlling of structural stability of stress and strained historical and
cultural monuments and creation an organized structure of diagnostics. Scientific-technical journal
“BUILDING” #1(44), 2017
In the article it is presented the principles of structural stability controll of stress and strained historical and
cultural monuments and substantiates the necessity of creating an organized structure of diagnostics.
A. Khatelashvili. Main Aspects of Strategic Defence Review of Georgia and Modern Information-
Technological Capabilities as a Source of Military Strength. Scientific-technical journal “BUILDING”
#1(44), 2017
Implementation of recommendation of strategic defence review is the main goal of Georgia. Limited resources
and variable security environment still remain to be the main challenge. Taking into consideration the above
mentioned, the goal of the state is to implement the recommendations of strategic defence review in a highly
balanced and regular manner. The mentioned activity will ensure the formation of professional, mobile,
relevantly equipped armed forces with effective management and structure compatible with NATO standards.
Armed forces of the mentioned type will ensure defence of the independence, sovereignty and territorial
integrity of the country, participation in international operations and will also render assistance to civil
authorities during natural and technological disasters. Georgia faces a number of threats and risks due to its
geopolitical location and variable security environment existing in the region. Further improvement of
defensive capabilities and transformation of the defense system is necessary in response to security challenges.
T. Makharashvili,  G. kheladze. Foreign countries experience in Design and constructing of green open
spaces. Scientific-technical journal “BUILDING” #1(44), 2017
the research presents and analyses real life case studios from overseas realities, successful lange scale and local
projecst, Hereby, the strategic importance of sequence of decisions made by developed countries that have
enhanced the solution of landscape architectural task, rogether with accelerating tge ghowth of ecological and
economic advancement The experience of foreign countries shows that the comprehensive approach to the
problem proves to be more effective, rather than working in one specific direction.
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A. Sakvarelidze, N. Kandelaki. Shrinkage of concrete. Scientific-technical journal “BUILDING” #1(44),
2017
The following paper describes the issues of shrinkage researched. Experiment were conducted over cylindrical
specimens with diameter 70 mm and length 300 mm. Specimens were kept in environment of 100% relative
humidity during 28 days after preparation and afterwards were tested in environment of 100, 70, 50, 20 and 0%
relative humidity.
The shrinkage deformation changes of spiciment containing mousture were determined during the tests.
Mechanism of concrete were developed.
Nonlinear dependence of shrinkage of moisture content materials were proven.
It is the first time that a universal model of concrete and solving nonlinearity of shrinkage over the entire range
of relative humidity is developed.
Theoretical calculations are in consensus with experimental data.
V. Loladze, Sh. Dolidze, I. Garibashvili. New technology for building monolithic walls using the "wall in
the ground" method in water-saturated and muddy soils. Scientific-technical journal “BUILDING”
#1(44), 2017
In the article the invention is considered, which makes it possible to erect a monolithic pit wall in water-
saturated sandy and floating soils with the help of the so-called " "Combine", which is a joint construction of
the forming element and the protective shell. The connection between the two elements of the construction is
carried out with the help of moving two-way rods, which enable to control the technological processes of
concreting. The protective shell excludes the possibility of contacting the internal form with the external
flowing soil.
Z. Mchedlishvili, A. Tabatadze. ANALYZING OF MODE OF DEFORMATION OF HAVING
PARABOLIC SECTION ROTARY DISK ON THE SHAFT. Scientific-technical journal “BUILDING”
#1(44), 2017
In the article are considered the strength analysis of existing in arbitrary machines rotary details: turbines or
electro-machines discs, and wheels that are constructed on the principle of solving axial-symmetrical tasks in
theory of elasticity.
G. Zalikashvili, M. Topuria. USE OF FINITE DIFFERENCES METHODS AT LIQUID UNSTEADY
FLOW IN PRESSURE PIPELINE. Scientific-technical journal “BUILDING” #1(44), 2017
In this article is considered the method of finite difference that gives the possibility by "hidden scheme" to
obtain a numerical solution of various tasks at liquid unsteady flow in the pipeline. The calculation is made by
nodes whose coordinates should be preliminary determined. The finite difference method by "hidden scheme"
gives the possibility to carry out calculations with a variable step independently of time in the length of step. In
addition, it is easy to obtain calculation results in graphical form.
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