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ВЛИЯНИЕ РЕЗУЛЬТАТОВ ЧИСЛЕННОГО АНАЛИЗА И
КОНСТРУКТИВНОГО РЕШЕНИЯ  НА АРХИТЕКТУРУ

ГОСТИНИЧНОГО КОМПЛЕКСА «HILTON» В г. БАТУМИ
ГИГИНЕЙШВИЛИ Д. Я. , к.т.н. ТИМЧЕНКО И. Э.  , к.т.н. ГИГИНЕЙШВИЛИ Д. Я.

ООО «ПРОГРЕСИ» (Инженерный центр по компьютерному моделированию и
проектированию строительных объектов), пр-т В. Пшавела, 16, 0136, г.Тбилиси, Грузия, тел:

(+995) 599 18 55 26, (+995) 577 95 33 87. E-mail: johnigig@gmail.com.
ООО «ПРОГРЕСИ» (Инженерный центр по компьютерному моделированию и

проектированию строительных объектов), пр-т В. Пшавела, 16, 0136,  г.Тбилиси, Грузия,
тел:  (+995) 577 49 45 11. E-mail: igortimchenko@gmail.com.

Аннотация. Целью данной работы является оценка предложенного архитектурно-
планировочного решения и разработка более приемлемой конструктивной системы всего
комплекса в целом. В статье рассматриваются актуальные вопросы проектирования и
создания надежных и одновременно оптимальных конструкций гостиничного комплекса
«HILTON» в г. Батуми. На примере строящегося комплекса рассмотрен вопрос
оптимальной связи между функцией и формой, а также прочностью, устойчивостью,
надежностью и стоимостью здания с учетом гидрогеологических и сейсмических
особенностей площадки строительства. Первоначальный вариант проекта гостиничного
комплекса «HILTON» в г. Батуми представлял собой сложную конструктивную схему
разновысотных зданий и сооружений на едином фундаменте. В результате серии
прочностных расчетов в первоначальный проект были внесен ряд усовершенствований.
Изменения, внесенные в конструктивную часть проекта, улучшили не только прочностные
характеристики зданий, но и благоприятно повлияли на архитектурный облик всего
комплекса в целом. В данной работе рассмотрены различные варианты архитектурно-
планировочных и конструктивных особенностей на основе соответствующих
компьютерных моделей, приведены результаты прочностных расчетов. Численные
исследования выполнены с применением методов компьютерного моделирования на основе
многовариантного анализа уже существующих проектных решений, а также новых
вариантов, предложенных с целью выбора наиболее оптимального и приемлемого варианта
как с точки зрения архитектурно-планировочных, так и конструктивных решений.
Расчетный анализ комплекса выполнен с применением вычислительного комплекса «ЛИРА».
Проанализировано напряженно-деформированное состояние разных вариантов комплекса и
установлена наиболее приемлемая конфигурация как архитектурных, так и
конструктивных особенностей несущих каркасов и фундирования комплекса. Выполненный
анализ напряженно-деформированного состояния гостиничного комплекса позволил
определить оптимальные его габариты, форму и конструктивные особенности и
реализовать их в окончательном варианте проекта. В настоящее время строительство
комплекса завершено, и он успешно функционирует.
Ключевые термины: архитектурно-планировочное решение, компьютерное
моделирование, расчетный анализ, прочность, устойчивость, надежность
основания и фундаментов, расчет несущих конструкций, экономичность,
конструктивные системы, многовариантное проектирование, неравномерные
осадки, сейсмика, акселерограмма.

1. Введение
«Эстетика инженера и эстетика архитектора связаны единством, но первая

из них переживает бурный расцвет». Ле Корбюзье
Город Батуми расположен в западной Грузии на прибрежной полосе Чёрного моря на

Батумском мысе, у подножия холмов Южного Кавказа (т.н. западные склоны Аджаро-
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Гурийского хребта), растянутых вдоль побережья и создающих неповторимо красивые
пейзажи города. В г. Батуми влажный субтропический климат. Средняя температура в
январе +7.1˚С.

Старый город характеризуется строениями европейского стиля, удачным сочетанием
архитектурных стилей XIX века и современности. В последние годы бульвар вдоль моря
существенно обновили и расширили: практически построен новый бульвар длиной 15 км (до
2004г. он был протяженностью всего 2км). На обновленном бульваре проложены новые
дорожки, установлены аттракционы и др. В г. Батуми построен и функционирует целый ряд
новых гостиниц: «Медея», «Кемпинский», «Шератон» и д.р. Завершается строительство
нового комплекса гостиницы «HILTON».

Первоначальная концепция комплекса гостиницы «HILTON» основывалась на таком
архитектурном подходе, который ставил целью создание девелоперного ансамбля мирового
уровня, учитывающего желания и намерения не только клиентов и операторов, но и вкусы и
интересы гостей и жителей города Батуми. Исходя из этого, архитектурно-планировочные
решения гостиничного комплекса «HILTON» в г. Батуми были разработаны
специализированными проектными организациями ООО «РТКЛ» и ООО «РАМБОЛ». За
основу решения архитектурных и объемно-планировочных задач было принято
проектирование комплекса, состоящего из двух асимметричных разновысотных башен
(H=88м, H=50м), возводимых на едином фундаменте (Рис. 1 и 4). Гл. архитектор проекта -
Джос Бортсквик, гл. конструктор – Джони Гигинейшвили.

После внимательного изучения представленного первого варианта строящегося
гостиничного комплекса «HILTON» и результатов компьютерного моделирования возникла
идея переработать представленный проект, сохранив его основные концепции. Основная
мотивация переработки проекта: различные высоты башен комплекса вызывают
неравномерные осадки, что в свою очередь создаёт серьезные проблемы при определении
конструктивных особенностей: геометрические размеры конструкций были заданы с
применением деформационных и сейсмических швов вокруг всего периметра высотных
зданий. Такое решение в свою очередь вызвало определенные проблемы как в конструкциях
фундаментов, так и в армировании несущих элементов.

Существующие архитектурно-планировочные решения, разработанные ООО «РТКЛ» и
ООО «РАМБОЛ», были переработаны в творческом союзе с ООО «ПРОГРЕСИ» с точки
зрения осуществления наиболее приемлемой технологии фундирования и строительства и с
учетом достаточно сложных условий строительства (комплекс расположен между озером и
морем, на слабых грунтах (Рис. 2). Сложность фундирования здания заключалась не только в
наличии подземных вод и мягкопластичных глин и песков в основании здания [1, 2], но и в
неприемлемых конструктивных решениях комплекса, вызывающих существенный перекос.
Поэтому взамен предложенной архитектурной и конструктивной системы была принята
усовершенствованная каркасная система как для офисной части здания, так и для «жилого
дома», что после детальной проработки и было согласовано с заказчиком.

Рассмотрение вариантов архитектурных и конструктивных решений, с учетом
статических, ветровых и сейсмических нагрузок, а также гидростатического давления воды,
проводилось на основе компьютерного моделирования с применением вычислительного
комплекса «ЛИРА». Главное внимание сосредотачивалось на вопросах устройства
фундаментов на едином основании, а также на архитектурной выразительности комплекса в
целом. При этом определяющим оставалось гармоничное сочетание архитектурных форм
комплекса с надежностью несущих элементов конструкций в сочетании с минимизацией
стоимости строящегося объекта.

Согласно первоначальному (первому) варианту архитектурной части проекта,
конструкции подвального этажа высотного корпуса и подиума были отделены друг от друга
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сейсмическим швом (Рис. 3, 4). На основании рассмотрения всех возможных факторов и
многовариантного расчёта и по результатам сравнения вариантов нами был сделан вывод,
что взамен устройства сейсмических швов между башнями, подвальной частью и
подиумом, устройство сейсмического шва целесообразно только между высотными
частями здания и подиумом выше подвальных этажей. На уровне обоих подвальных этажей
предпочтительнее объединение конструкций в монолитный горизонтальный диск с целью
создания мощного и единого коробчатого фундамента под высотной частью комплекса, что
значительно улучшило условия работы конструкций всего комплекса. При этом происходит
существенное увеличение жесткости подвальных конструкций по сравнению с
предыдущими решениями, улучшаются деформационные и динамические показатели,
сокращается армирование фундаментной плиты и других несущих элементов конструкций.

Каждая из рассмотренных моделей имела определенные достоинства и недостатки с точки
зрения архитектурно-планировочных решений, но единого мнения, которой из них отдать
предпочтение, не существовало. Согласно первому варианту, когда разность высот зданий
составляла 5 этажей и более (Рис. 1, 4), в конструкциях фундаментов возникали
существенные неравномерные деформации и усилия.  Неравномерные деформации в свою
очередь были обусловлены не только разными высотами башен, но и наличием
деформационных и сейсмических швов в конструкциях подвальных перекрытий (Рис. 3, 4).

Район строительства, по данным геологических изысканий, расположен в 8-ми бальной
сейсмической зоне. Распределение водонасыщенных песчаных и глинистых пород
неравномерно как в глубину, так и в горизонтальном направлении. Компьютерное
моделирование и расчет несущих конструкций комплекса как единой пространственной
системы на постоянные, временные и кратковременные вертикальные нагрузки, а также на
горизонтальные сейсмические и ветровые воздействия с учетом пульсаций и ускорений,
произведён с применением вычислительного программного комплекса «ЛИРА-Windows”.
Пространственная компьютерная модель и расчетная схема задачи приведена на Рис. 5, 6.

В окончательном варианте архитектурно-планировочных решений комплекс приобрёл
следующие размеры:

• габариты плана строительной площадки гостиничного комплекса 104х85м;
• высота гостиничной башни H=81.835м;
• высота жилой башни H= 81.269м;
• высота подиума в гостиничной части H=20.485м;
 высота подиума в жилой части H=14.100м.

Цель
Целю данной работы является оценка существующего и предложенного архитектурно-

планировочного и конструктивного решения более приемлемой системы всего комплекса в
целом. В статье рассматриваются актуальные вопросы проектирования и создания надежных
и одновременно оптимальных конструкций с учетом фундирования гостиничного комплекса
«HILTON» в г. Батуми. На примере строящегося комплекса рассмотрен вопрос оптимальной
связи между функцией и формой, а также прочностью, устойчивостью, надёжностью и
стоимостью здания. Первый вариант гостиничного комплекса «HILTON» в г. Батуми
представлял собой сложную конструктивную схему разновысотных зданий и сооружений,
с подвальным этажом на двух уровнях, на сплошной железобетонной фундаментной плите.
В данной работе рассмотрены различные варианты архитектурно-планировочных и
конструктивных особенностей на основе соответствующих компьютерных моделей,
выполнены расчеты и приведены результаты этих расчетов. Изменения, внесенные в
конструктивную часть проекта, улучшили не только прочностные характеристики зданий
комплекса, но и благоприятно повлияли на архитектурный облик всего комплекса в целом.

Выбор  типа фундаментов для гостиничного комплекса «HILTON»
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При проектировании гостиничного комплекса «HILTON» (Комплекс разноэтажных зданий
на свайном основании) возникло характерное противоречие. С одной стороны, компактность
здания в плане и относительно  благоприятные инженерно-геологические условия площадки
позволяли рассматривать вариант устройства фундаментов на естественном основании на
сплошной монолитной железобетонной плите. Под небольшим слоем техногенных грунтов
(толщиной до 1,5 м) на глубину до 10-12 м от поверхности залегают озерно-ледниковые
пылеватые супеси тугопластичной консистенции и плотные пылеватые пески, подстилаемые
полутвердыми моренными супесями. С другой стороны, расчеты фундаментной плиты на
основании, работа которого описывалась различными моделями (двухпараметрическая
модель упругого полупространства, трехмерное упруго-пластическое основание), показали
что при приложении на фундаментную плиту нагрузок от  разновысотных башен, она
получает существенные неравномерные осадки.
Такая величина осадок допускается региональными геотехническими нормами (ТСН 50-302-
96). Тем не менее, возникающая при этом неравномерность осадок в 1,5 раза превышает
допустимое значение даже для плиты толщиной 1.5-1.75 м. Таким образом, вариант
фундаментной плиты оказался проблематичным. Его реализация возможна лишь в том
случае, если надземные конструкции здания обеспечивают восприятие усилий,
обусловленных сопротивлением развитию неравномерных осадок фундаментов. Иными
словами, требовался совместный расчет здания и основания изменение всего проекта.
Авторы проекта надземных конструкций после убеждения в том, что  предложенный вариант
выгодно отличается от первоначального, согласились на изменение всего проекта
гостиничного комплекса в целом.
Вариантом, обеспечивающим нормативную неравномерность осадок здания без учета его
жесткости, оказались свайные фундаменты. Всего было погружено порядка 200 свай длиной
18-25м. Очевидно, что стоимость свайных фундаментов существенно превысила стоимость
плиты.
В результате, единственно возможным вариантом с точки зрения оптимального
конструктивного  решения, а также прочности, устойчивости и  надежности  с учетом
долголетней эксплуатации  является применение комбинированной плитно-свайной
конструкции фундамента.

Методика
В основу работы вложены проведенные многовариантные исследования проектируемого

гостиничного комплекса «НИЛТОН» в г. Батуми. Численные исследования проводились с
применением методов компьютерного моделирования методом конечных элементов [3-5] на
основе многовариантного анализа уже существующих проектных решений, а также новых
вариантов, созданных с целью выбора наиболее оптимального и приемлемого варианта как с
точки зрения архитектурно-планировочных, так и конструктивных решений.. Пакет
искусственных акселерограмм сгенерирован на основе геолого-геофизических данных площадки
строительства [6-9].

Результаты
Выполнено компьютерное моделирование сложной конструктивной системы комплекса

гостиницы «НИЛТОН» в г.Батуми на основе применения вычислительного комплекса «ЛИРА».
Проанализировано напряженно-деформированное состояние разных вариантов комплекса и
установлена наиболее приемлемая конфигурация как с учетом архитектурных, так и
конструктивных особенностей несущих элементов конструкций и фундаментов.

Научная новизна и практическая значимость
В результате применения современных компьютерных технологий численного моделирования

разных вариантов архитектурно-планировочных и конструктивных решений всего комплекса в
целом, а также с учетом геологических и гидрологических особенностей и внешнего воздействия
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получены наиболее оптимальные решения как с точки зрения архитектурной, так и
конструктивной.

Выполненный анализ напряженно–деформированного состояния гостиничного комплекса
позволил определить оптимальные габариты, форму и конструктивные особенности всего
комплекса, воспринимающего постоянные, длительные, временные, кратковременные, а также
внешние воздействия, такие как: гидростатическое давление воды, тепловые, ветровые,
сейсмические и др. воздействия и выбрать наиболее оптимальный вариант как для внешней
формы самого комплекса, так и с учетом его конструктивных особенностей.

Рис. 1. Первый вариант проекта гостиницы «HILTON» в г. Батуми (вид главного  фасада
здания со стороны озера)

Рис. 2. Место расположения гостиницы «HILTON» в г. Батуми, на генплане  города
сейсмические швы

Рис. 3. Красными линиями отмечены сейсмические горизонтальные разделяющие швы на
плане и в конструкциях по первому варианту проекта.
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сейсмические швы сейсмические швы

Рис. 4. Красными линиями отмечены сейсмические вертикальные разделяющие швы в
конструкциях по первому варианту проекта

Рис. 5. Полная пространственная компьютерная расчетная модель второго варианта
гостиничного комплекса «HILTON» в г. Батуми

Рис. 6. Общий вид гостиничного комплекса Фото 7. Вид строящегося гостиничного
«HILTON» в г. Батуми со стороны моря по комплекса «HILTON» в г. Батуми

второму варианту (Рендер) со стороны  озера на период начала февраля 2015 г
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3.Заключение
1. На принятие окончательного архитектурно-планировочного решения  по гостиничному комплексу
«HILTON» большое влияние оказал ландшафт между морем и озером, а также неповторимо красивый
пейзаж - сочетание  моря, гор и приморского бульвара, что вдохновило на создание необычайно
красивого ансамбля.

2. На основе всестороннего компьютерного  моделирования и компьютерных технологий, с учетом
различных факторов и результатов многовариантного проектирования гостиничного комплекса
«HILTON» в г. Батуми, были приняты  новые  архитектурные и конструктивные решения. Принятые
решения удовлетворяли всем нормативным требованиям по прочности, деформативности,
устойчивости, расходам строительных материалов и др. На основании тщательного анализа
полученных результатов многовариантного проектирования был получен улучшенный продукт более
надежного и экономичного решения сложных конструктивных систем и градостроительных задач.

3. По результатам компьютерного моделирования взамен двух разновысотных башен было принято
решение запроектировать их одинаковой высоты.

4. Конструкция фундаментов выполнена в виде единого двухъярусного коробчатого сечения по всей
площади проектируемого здания без деформационных швов взамен сплошной фундаментной плиты и
двухъярусного подвала перекрытия, разрезанного вокруг каждой башни сейсмическими швами.

5. Изменения, внесенные в конструктивную часть проекта, усовершенствовали не только
прочностные характеристики комплекса, но и благоприятно повлияли на архитектурный облик здания.

6. Весь комплекс спланирован так, чтобы открывался возможно широкий вид на море, горы и город.
Уделяется внимание и тому, чтобы строения не затеняли друг друга и близлежащее здание
университета.

7. Пропорции объемов башен, с одной стороны, и соотношение параметров подиума и башен, с
другой, рассчитаны так, что весь комплекс хорошо воспринимается не только в масштабе человека, но и
города в целом.

8. Посмотрев сегодня со стороны на великолепный комплекс «HILTON» в г. Батуми, убеждаемся,
что инженерная мысль и компьютерное моделирование позволяет решать сложнейшие инженерные
задачи с учетом всевозможных факторов и принимать оптимальные решения!

Л И Т Е Р А Т У Р А
1. Geotechnical Conditions of the Construction Site of Black Sea Hotel and Residence in Batumi. Vol. 1, 2.

“TUOVI” Ltd, 2009.
2. Probabilistic seismic hazard assessment of the Black Sea Hotel construction site taking into account local

soil conditions (seismic microzonation). Study of engineering-geological properties of soils by means of seismic
prospecting methods. Seismic Consulting Ltd. Tbilisi, 2008.

3. Городецкий, А. С. Компьютерные модели конструкций / А. С. Городецкий, И. Д. Евзеров. – Киев:
Факт, 2005. – 343 с.

4. Gorodetsky A. S., Evzerov I. D. Kompiuternye modeli konstruktsiy Computer models of structures].
Kiev, Fact Publ., 2005. 343 p.

5. ЛИРА 9.4. Примеры расчета и проектирования: учебное пособие / В. Е. Боговис, Ю. В.
Гензерский, Ю. Д. Гераймович, А. Н. Куценко, Д. В. Марченко, Д. В. Медведенко, Я. Е. Слободян, В. П.
Титок. – Киев : Факт,, 2008. – 280 с.

6. Bardet, J. P., Ichii, K., and Lin, C. H. (2000). EERA, A Computer Program for Equivalent linear
Earthquake site Response Analysis of layered soils deposits, University of Southern California, Los Angeles.

7. Schnabel, P. B., Lysmer, J., and Seed, H. B. (1972). SHAKE: A Computer Program for Earthquake
Response Analysis of Horizontally Layered Sites. Report No. UCB/EERC-72/12, Earthquake Engineering
Research Center, University of California, Berkeley.

8. Seed, H. B. and Idriss, I. M. (1970). Soil Moduli and Damping Factors for Dynamic Response Analysis.
Report No. UCB/EERC-70/10, Earthquake Engineering Research Centre, University of California, Berkeley.

9. SIMQKE. A Program for Artificial Motion Generation. User’s Manual and Documentation. NISEE.
10. Гигинейшвили Д.Я., Инцкирвели Н.А. Особенности архитектурно-планировочного решения,

расчета и проектирования гостиничного комплекса «HILTON» в городе Батуми. МИНИСТЕРСТВО
ОБРАЗОВАНИЯ И НАУКИ УКРАИНЫ. СТРОИТЕЛЬСТВО, МАТЕРИАЛОВЕДЕНИЕ,
МАШИНОСТРОЕНИЕ. Сборник научных трудов. Выпуск 81. Днепропетровск. 2015. стр.72-79.



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #2(37), 2015
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

13

PHYSICAL MODELING OF STRESS-STRAIN STATE
HORIZONTAL IMPERVIOUS SCREEN

IN THE FORMULATION OF THE FINITE ELEMENT METHOD
B. Galinskiy, PhD in Technical Sciences,

C. V. Maksimenko, PhD in Technical Sciences,
Research Institute of Building Production, Kyiv, Ukraine

Summary: A method for determining the stress-strain state (SSS) of the horizontal impervious
screen, which is arranged in the ground using the technology of horizontal directional
drilling under construction to protect groundwater from contamination by toxic runoff and
radionuclides, were developed.
The technique allows simulating and determining the SSS of screen elements for any
ground conditions and any type of foundation. Deformation and stress arising in the
elements of the screen were determined for a given soil conditions and the vertical loads
from the building.

Keywords: horizontal impervious screen, technique, the stress-strain state, strain, stress, force.
The relevance of the problem of the protection of soils and aquifers from pollution from industrial

and radioactive waste increases every day. Over time, under the influence of both internal and external
factors the damage of waterproofing of waste storage often occurs. Also filtration flows occur,
contaminating the surrounding soil and groundwater.

Localization of filtration flow of contaminated water formed under repository is possible by the
developing of additional waterproofing. When waterproofing layer of soil, located under the
repository at a depth of 30m and a large area of repository, developing of perfect impervious
diaphragm on the perimeter of the repository made, for example, by "wall in the ground" method can
be economically justified. [1].

If the w a t e r p r o o f i n g soil layer is deeper or absent, there is a need for its artificial creation
by developing, for example, of horizontal impervious screen (HIS) (Fig.1).

The Research Institute of Building Production (RIBP) develops and implements the technology of
vertical walls and impervious membranes using the “wall in the ground” method around buildings,
including vertical “walls in the ground” between pre-drilled vertical wells.

Creation of horizontal wells by the horizontal directional drilling  (HDD)  method with the use of
drilling systems, which are widely used in Ukraine, allowed substantiating the new technology
[2,3,4,5,6 ] of a similar impervious screen under the structure, in the horizontal plane or the plane
authentic to the structure’s sole (Fig. 2,3).

The technology of HIS developing under construction, includes the drilling of horizontal wells
using HDD method, pulling the separation elements from polymer pipes (SE) in the wells, the
development of soil between wells with a separation elements by soil-development working body and
filling of formed horizontal the cavity by impervious material (IM) - clay-cement-sand paste. [7]

Fig.1 Scheme of protection of groundwater against pollution
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Fig. 2 The technology of HIS development under construction
1 – excavator, 2 – truck crane, 3 – bulldozer, 4 – drain pipe, 5 – gravel for drainage, 6 – HDD

installation, 7 – drill rod, 8 – drill head, 9 – horizontal well, 10 – actuator, 11 – hauling winch, 12 – IM,
13 – HIS, 14 – underground passage

Fig. 3 Detail of HIS
1 - HIS, 2 - separating element of the polymer pipe; 3 – divider of separating element from a

polymeric sheet (rib); 4 - surrounding soil
For several years, RIBP conducts research of technological parameters of the development of

horizontal screens under facilities. This researches aimed at studying the effect of the vertical
pressure on force movement of the working body in the sand; assessing the impact of the vertical
pressure on the formation of a horizontal screen from hardening material or a polymer film; the
selection of compositions of hardening plugging materials to ensure continuity and i m p e r v i o u s
reliability of horizontal screen and determination of their characteristics; studying and evaluating of
ways of filing of impervious materials in a horizontal cavity formed by soil-development working
body, etc.

Some issues that today remain poorly understood are the stress-strain state (SSS) of the elements
of the HIS and influence of upstream structures and ground on the deformation on the screen.

SSS of soil mass while creating the HIS and the corresponding calculated ratio can be
determined by using a mixed variation formulation. The problem is formulated based on the virtual
work principle:

s *DdS- Lu*P dS - u *N0, (1)

where: {u} - the vector of generalized displacements; {P} - vector of surface load; {} - the
vector of generalized strains; S - area of the surface of the body, where external forces P are given;
- nodal displacement; L - length of the circuit, where kinematic boundary conditions are given;
{N - vector of external loads; [D] - the matrix of generalized stiffness characteristics.

Equation (1) implies that the generalized deformations {} are defined by a generalized
displacements {u} in the formulation of the finite element method (FEM) based on the virtual work
principle with the amount of possible work of internal and external forces equal to zero.

In this paper, simulation of the SSS while HIS creation is solved in the formulation of physically
nonlinear plane problem by step method in increments, i.e. by simulating of monotonic loading on
the i-th step we obtain the total deformations {} and forces {σ} in the form of:
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{x , y ,γxy }i = {} i-1 + {∆}i ,
{σx , σy ,τxy }i = {σ} i-1 + {∆σ}i , (2)
{∆σ}i = [D]i [B]  {}i ,

where [B] - matrix of differentiation; elasticity matrix [D]i is calculated on each i-th step of
loading. The convergence of this method is shown in [8].

In this example of simulation of SSS HIS in the FEM formulation  we conditionally selected
soil multilayered array with length of 60m, 18m deep subsidence thickness with two layers of soil
when the angle of inclination of the bottom layer of soil were between 5 and 15 degrees.

Horizontal screen of clay-sand-cement paste density γ2= 1.3-1.5t /m3, arranged at the level of -
5.0m from ground level (zero) under the building length of 25m. For HIS construction in the ground
the process of  laying of spacers 630mm in diameter with 2.0m step with additional vertical
partitions which can be represented as a stiffener was simulated.

For a detailed study of the SSS of screen elements we used mesh refinement from 1 to 0.1m in
the calculation scheme of FEM, with a total dimension of the problem 39185 unknowns, number of
elements - 27445, the number of nodes -19242. The boundary conditions on the contour were
simulated by "null-elements".

In computer simulation we considered the building with two variants (types) of foundations
(Fig. 4): the first - a solid base plate, the second - separate foundations.

The load of overlying structures weight was applied on a level of the top of the foundations.
We considered only the vertical component of the load.
а) b)

Fig. 4 Design scheme FEM for soil mass with a horizontal screen.
a) - option 1; b) - option 2

1 - horizontal screen; 2 - solid base plate (Option 1); 3 - separate foundations (Option 2);
Gravity load of soil are calculated automatically based on the volume weight of the soil

layers γ1 = 1.8t \ m3; γ2 = 1.9t \ m3. Resistive load of the building on foundations was set using steps
up to 30 ton \ m2.

To study the SSS of elements of the HIS - horizontal screen in the form of a cavity thickness of
150 mm, formed after the passage of soil-development body and filled with clay-cement-sand paste
density ρ = 1.3-1.5t \ m3 and polymer spacers 630mm in diameter, filled with the same material we
used two-step nonlinear calculation:

step 1 - calculation taking into account only own weight of soil and the load on the foundations;
step 2 - calculation considering the construction of horizontal wells with SE and horizontal

cavity filled with IM (Fig. 5).
As a result of the non-linear stepwise calculation and research of SSS of elements of the

screen we defined strains (X, Z) of soil mass, polymer spacers and horizontal screen, as well as
stretching - compression (N) and shear (Qz) forces in the elements of the screen.

The results of calculations for buildings with different types of foundations: solid base plate
(option 1) and freestanding foundations (option 2) are shown in Figures 6-10.
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а) b)

Fig. 5 The second step of the calculation
a) - construction of horizontal wells with SE; c) – construction of  horizontal cavity filled by IM

1 - horizontal wells with SE; 2 - horizontal cavity and PP filled with IM

а) b)

c)

d)

c) d)

Fig. 6 Fields of soil mass and screen deformation
a) option-1- horizontal (X); b) option-1- vertical (Z) c) option-2- horizontal (X); d) option-2-

vertical (Z)
а) b)

Fig. 7 Deformation of SE horizontal (X) and vertical (Z)
а) option-1; b) option-2

а) b)

Fig. 8 The force N in the elements of the horizontal screen
а) option-1; b) option-2
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Fig. 9 The force Qz in the elements of the horizontal screen for option1
a) b)

с)

d)

b) d)

Fig. 10 The maximum tensile and compressive stresses in the ground array and the screen
a) option-1-tensile; b) option 1 - compression
c) option-2-tensile; d) option 2 – compression

The results of computer simulations of SSS HIS and conducted stepwise calculations showed
that with the vertical pressure on the ground not exceeded 30 t / m2 in the layer of horizontal screen,
made of clay-sand-cement paste for a building with a solid base plate (option 1) the tensile forces
within 0.1-0.8 kg / m (Fig 8) and maximum stressdoes not exceed 2.5 kg / cm2 (Fig 10) arise.  At
the same time compressing the separating element does not exceed  30mm  (Fig 7a). For the
building with a freestanding foundation (option 2) these values are lower: tensile forces are in the
range 0.1-0.4 kg / m (Fig.8b), and compression of the separating element is not greater than 10mm
(Fig.7b).

Comparison of results of  HIS modeling with the results of laboratory studies on the modeling
bench conducted in RIBP [9], where compounds of hardening clay-sand-cement paste were selected
and its specifications were defined, have shown that stress in the screen obtained while modeling
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the SSS does not exceed the strength characteristics of the screen, which under compression range
from 19 to 28 kg / cm2, and under flexural tensile are within 3,75- 5.77 kg / cm2.

Although the calculated stresses in the screen is significantly smaller than its strength
characteristics obtained in the laboratory, we do not exclude variants if HIS construction in which
for certain geological and hydrogeological conditions and loads from an upstream building  stresses
in the screen  may exceed its strength characteristics.

In this case, to improve the impervious reliability of HIS, located under facilities with hazardous
chemicals or radioactive substances, there is a technological possibility to add a polymer film in a
horizontal cavity formed in the ground, in addition to the clay-cement-sand paste [3, 9].

Conclusions and recommendations

1. A method for determining the stress-strain state (SSS) of the elements of the horizontal
impervious screen and ground in the formulation of FEM was developed.

2. The developed technique allows simulating and determining the SSS of the elements of the
screen for any ground conditions and any type of foundations.

3. The simulation of SSS of horizontal screen and soil in the formulation of FEM for specific soil
conditions, for buildings with two types of foundations (solid plate and stand-alone
foundations) and vertical pressure on the ground not exceeding 30 t / m2 identified
deformations and stresses arising in the elements of the screen. Herewith the tensile forces are
in the range 0.1-0.8 kg / m, the maximum stresses do not exceed 2.5 kg / cm2 and compression
of the SE is in the range 10-30mm.

4. For specified conditions under which the screen stresses may exceed its strength characteristics
to improve the impervious reliability of screen we propose to construct a horizontal screen
from hardening clay-cement-sand paste and polymer film.
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External and internal influence upon the architecture of religious
educational establishments of Ukraine

O. Zhovkva
PhD in Architecture, Deputy Head ( Department, Directorate for Urban Development and
Architecture, Kiev City  tate Administration) E-mail:glavarch@ukr.net

Abstract: The article outlines key external and internal factors forming the architecture of
theological educational establishments as well as their influence on the object of research.
The article suggests the models of theological educational establishments for various
project and construction zones, taking into account the natural climate factor influence on
forming these establishments.
Keywords: factors, theological educational establishments.

Formation of religious educational establishments is dramatically affected by external
(exogenous) and internal (endogenous) factors. External factors include mentality, poly - and
monoconfessionalism of the society (let's call this phenomenon the historical - religious factor),
socio - educational, natural - climatic and urban development factors.

Sacred-symbolic, functional-technological, economic-social and architectural-constructive
factors have internal influence on religious educational establishments.

Historically, Ukraine is polyconfessional state, wherein the level of religiosity of citizens is
uneven. Growth of religious communities is also uneven. Religiosity of the east and west of
Ukraine is also affected by the fact, in what environment they existed and exist now. East of
Ukraine did not know the serious effects of other confessions. Here orthodoxy (from 1686 - Russian
Orthodoxy) was dominant. While in the west, the Orthodoxy traditionally coexisted with other
confessions (Catholicism, Protestantism). That is why today, in a period of religious pluralism in
our country, we observe such active surge of activity of the non-Orthodox confessions in the east of
Ukraine. In this regard, the fact that here Protestant and Jewish churches become more and more
influential is quite unparadoxical. Crimean Tatar population lives traditionally in southern Ukraine,
which certainly led to the large number of Moslem communities.

Thus, the formation of a network of religious educational establishments is directly influenced
by the communities of particular faith, because they tend to act as initiators of the construction of
religious buildings and their complexes, religious educational establishments, etc., thus forming,
town-planning network.

Reforming of religious education is promoted by educational-social factor. Today, modern
people, especially the elite of the society, are usually highly educated people, requiring for
intellectually, spiritually, mentally and even physically strong spiritual leader. In this regard, it is
inadmissible for the priest to be below its parishioners in the intellectual and spiritual development.
This factor has the same effect on the clergy of all confessions.

While training in the religious educational establishment, the future priests should be able to
fully master not only professional spiritual knowledge, but also to receive a comprehensive
education. Thus, the impact of educational-social factor sets the task of finding new more
progressive types of religious educational establishments (most likely multifunctional educational
complexes), increasing functional and architectural-compositional qualities of religious educational
establishments for organization of educational and training process at the modern high level to the
architects.

Natural-climatic factor is one of the most important factors influencing on the formation of
religious educational establishments. The natural-climatic conditions affecting the architectural
solution include: climatic conditions, the nature of the relief, the presence of green space, utilities,
and site design geometry.
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Influence of the abovementioned conditions is demonstrated in the accounting of regulations
concerning the orientation and insolation of basic premises of the religious educational
establishments - classrooms and auditoriums, their aeration, in the organization of recreational
spaces, organization of the cloisters, additional summer areas for southern territories, using
elements of nature. Climate largely determines the character of the building and architectural
features. The geotechnical conditions and terrain relief are also very important. Thus, the territory
of Ukraine can be divided into four project-construction zones - Central, Eastern, South-East and
Western. According to such zoning, the religious architecture and architecture of the religious
educational establishments have their local peculiarities and differences in different zones. Models
of religious educational establishments for listed above natural-climatic and design-construction
zones are proposed in the course of study.

Town-planning factor influences upon the development and formation of a network of religious
educational establishments. This factor covers a complex set of socio-economic, architectural-art
and town-planning problems. Prerequisites for the development of new types of religious
educational establishments are: the type of the city and its planning structure, density and religious-
demographic composition of the population. Due to the rise of the religiosity of society, the
architectural science has the task to develop quite flexible range of types of religious educational
establishments for cities with high, medium and low levels of religiosity.

When designing the religious educational establishments, the placement of such establishments
in the urban formations has a significant impact on the architectural - planning organization. The
establishments may be located in urban, suburban and country areas. With the development of
housing construction and development of new areas of economy, the issue of the land fund arises.
In this regard, in the construction, especially in large and major towns, there is a tendency to an
increase in housing density, which in its turn leads to the need of integration of religious
educational establishments and formation of complexes.

Sacred-symbolic factor significantly affects the architecture of religious educational
establishments. This factor actively influences on the design of the sacred core of such
establishments. Sacred symbols are strongly pronounced in ecclesiastical art and can be seen from
time immemorial to the present day. In general, the religious symbols can be called a bridge
between the earthly and the spiritual.

Design factor affects upon the choice of structural layout when designing religious educational
establishments. Selection of the rational structural layout sometimes is crucial for the whole image
of the building. Today there are searches for such structural layout that will increase the possibility
of planning flexibility of this type of buildings.

Functional-technological factor actively affects the formation of comfortable conditions for
students of one or another functional area of the religious educational establishments. In general,
the factor is closely linked to the economic and political situation in the country. For example, a
change of ideology (the dominance of atheism) leads to the decline and conversion of religious
educational establishments.

At the same time, the freedom of religion, and increase in funding from the state of the
spiritual aspects of society’s life contribute to the increase in their number.
Given this circumstance, when designing the modern religious educational establishments, one

should provide for flexibility of the architectural-planning structure, which, if necessary, will help
to adapt these establishments to other social facilities.

Consideration of economic factor in the course of designing the religious educational establishments is
the desire to get the best quality-price ratio of construction, as well as facility cost-effective in the subsequent
operation. The issues of an economic nature, primarily, include temporary and permanent costs. Temporary
costs are associated with the process of design, coordination of project documentation and construction.
Fixed costs are associated with subsequent
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maintenance of the establishment.
Thus, given the endogenous and exogenous factors when designing the religious educational

establishments it is possible to get objects more rational, expressive with architectural and artistic
point of view, and more optimal their functionally planning solutions.
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mSeneblobis proeqtebis eqspertiza nagebobaTa
seismomedegobis amaRlebis sawindaria

m. bediaSvili
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175 Tbilisi

saqarTvelo.)
reziume: sxvadasxva saxis nagebobebis proeqtebis eqspertiza, maTi
seismomedegobis da eqspluataciaSi sandoobis uzrunvelyofis
sakiTxebi, ganxilulia winamdebare statiaSi. moyvanilia “ mSenebel
eqspertTa saqarTvelos asociaciis” eqspertebis mier gamovlenili
Secdomebi, Tu lafsusebi. moyvanilia eqspertizis arealis
gafarToebis saWiroeba mSeneblobis iseT nawilebSi, rogoricaa
arqiteqturuli, xarjTaRricxva, xanZarsawinaaRmdego nawilebi da
sxva.
sakvanZo sityvebi: seismomedegoba, eqspertiza, xanZarsawinaaRmdego
RonisZiebebi,  xarjTaRricxva.

1. Sesavali
mSeneblobis dargSi organizaciuli sakiTxebis garkveuli

mougvareblobis miuxedavad, amJamad saqarTveloSi namdvili samSeneblo
bumia.

Sendeba mravalsarTuliani sacxovrebeli da sazogadoebrivi obieqtebi.
maT Soris TbilisisTvis uCveulo 40 sarTuliani nageboebic. aSenda da
Sendeba Tbilisis da baTumis aeroportebi. 25 sarTuliani “Seratoni”-s
klasis sastumro baTumSi, sarkinigzo magistralebi da navTobsadenebi
baqodan foTamde, yulevamde da a.S.

saukunis mSeneblobas miekuTvneba ukve aSenebuli wmida samebis
sakaTedro taZari TbilisSi, taZari zugdidSi da mravali sxva.

ZiriTadi moTxovna am nageboebis proeqtebisadmi aris maTi mdgradoba
da seismomedegoba maRali intensivobis seismoraionebSi. kerZod 8 da 9
balian regionebSi.

aseT pirobebSi gansakuTrebiT maRali moTxovnebia wayenebuli
mSeneblobis proeqtebis eqspertizisadmi.

2. ZiriTadi nawili
saqarTveloSi moqmedi saxelmwifo eqspertizis sistemis daSlis

Semdeg mTavrobis mier SemuSavebuli iyo da moqmedebaSia 2007 wlis 01
ianvridan “gansakuTrebuli mniSvnelobis obieqtebis mSeneblobis
proeqtebis savaldebulo eqspertizis Catarebis droebiTi wesi”, romlis
mixedviTac eqspertizas daqvemdebarebuli proeqtebis nawilebia:

a) sainJinro-geologia da sainJinro-hidrogeologia;
b) fuZeebi da saZirkvlebi;
g) ZiriTadi mzidi samSeneblo konstruqciebi.
amasTan “saeqsperto daskvnis” damkveTisaTvis Cabarebis Semdeg, mxolod

SeniSvnebis ganxilvisa da gasworebis gaTvaliswinebiT gaicema  “saboloo
saeqsperto daskvna”, romelic erTmniSvnelovnad undi iyos dadebiTi an
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uaryofiTi da romlis mixedviT SeiZleba gaices mSeneblobis dawyebis
nebarTva.

damtkicebulia agreTve gansakuTrebuli mniSvnelobis obieqtTa nusxa
savaldebulo eqspertizisaTvis.

amasTan, mSeneblobis nebarTvis gamcemi organo mxolod eqspertis
pirovnebis srulfasovnad Semowmebis Semdeg gadascems eqsperts an
saeqsperto organizacias saproeqto dokumentacias eqspertizis
Casatareblad.

qvemoT moviyvanT ramodenime magaliTs Cems da Cveni eqspertebis mier
ganxiluli proeqtebis eqspertizis Sedegebidan.
1. cnobilia “wmida samebis sakaTedro taZris” mniSvneloba qarTveli eris
sulieri ganviTarebisaTvis.

amitom saproeqto dokumentacias, romelic Tavdapirvelad warmodgenili
iyo 45 albomis saxiT (saavtoro jgufis xelmZRvanelebi: arqiteqtori
arCil mindiaSvili da inJinrebi emzar kiziria da levan kurtaniZe)
Cautarda eqspertiza.

SeniSvnebi da winadadebebi ganxiluli iqna da gaTvalsiwinebulia muSa
stadiis proeqtSi.

gansakuTrebuli yuradReba mieqca: taZris statikur da dinamikur
datvirTvebze gaangariSebis sakiTxebs, saZirkvlis filis, romelic 3500 m3

betons Seicavda, dabetonebis teqnologiur sakiTxebs cxeli, wvimiani,
qariani, civi amindebis pirobebSi, filis ganSrevebisagan, dabzarvisagan da
mzidunarianobis dakargvisagan dacvas, betonis cocvadobis sakiTxebs da
a.S.

es sakiTxi taZris proeqtis samuSaoTa warmoebis proeqtSi ganxiluli
ar iyo.

amitom, eqspertizis stadiaze Cvens mier, amis Taobaze, miTiTebuli iyo,
ris Semdeg damuSavda da proeqtis SemadgenlobaSi Sevida saZirkvlebis da
zeZirkvlebis betonirebis warmoebis Tanmimdevrobis da specialuri
RonisZiebebis Catarebis meTodebi.

aseve wamoiWra taZarSi umaRlesi donis akustikis, ganaTebis, ventilaciis
da haergacvlis sakiTxebi.

amJamad taZari aSenebulia da gvaqvs imis garantia, rom igi saukuneebis
ganmavlobaSi moemsaxureba xalxs.

2. Tbilisis saerTaSoriso aeroportis mSeneblobis da misi daproeqtebis
istoria albaT saqarTvelos gareTac kargadaa cnobili.

roca proeqti warmoadgines eqspertizaze, rogorc gviTxres,
mSeneblobis nebarTa ukve gacemuli iyo da Cveni eqspertiza formalur
xasiaTas atarebda.

magram moxda piriqiT: eqspertizam daadgina, rom es udidesi mniSvnelobis
sahaero karinWe uxeSi darRvevebiT iyo daproeqtebuli:

a) qaris datvirTva mosalodnelze 2,5-jer naklebi iyo gaTvaliswinebuli;
b) saZirkvlebi dafuZnebuli iyo Sreobriv gruntis Semadgenel sust

gruntebze da ar iyo sainJinro-geologiuri kvlevebis Sedegebi
gaTvaliswinebuli;

g) da bolos, Senoba ar iyo gaangariSebuli seismur zegavlenaze.
eqsperti iZulebuli iyo gaeca uaryofiTi daskvna, miuxedavad imisa, rom

qveynis xelmZRvanelobis moTxovniT mSeneblobis vadebi iwureboda da rom
investori mxare, TurqeTi, sakmaod Ria zewolas axdenda.
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ramodenime maRali donis TaTbiris Semdeg, romelSic mTavrobis
xelmZRvaneli muSakebic monawileobdnen, gadawyda proeqti daebrunebinaT
Turquli mxarisaTvis gadasamuSaveblad.
Turqi damproeqteblebis sasaxelod unda iTqvas, rom maT 3 Tvis vadaSi

moaxdines Senobis gadaangariSeba realur sainJinro-geologiur pirobebSi
dafuZnebisaTvis da Senobaze faqtiurad SesaZlo moqmed Zalvebze:
rogorc qarze, ise seismur zemoqmedebaze.
axla Tamamad SegviZlia vTqvaT, rom nagebobis konstruqcia, misi mzidi

konstruqciuli elementebi saukuneebs gauZlebs.
rac Seexeba Jurnalistebis mier atexil aJiotaJs saxuravidan wvimis

wylis gamoJonvis Sesaxeb, es gamowveuli iyo saxuravis fenilad uxarisxo
masalis gamoyenebiT, rac ukve komerciul sakiTxs Seexeba.

3. eqspertiza Cautarda imJamad TbilisSi mSenebare maRliv Senobas:
“biznescentrs WavWavaZis gamzirze”, Seswavlili iyo misi fuZe-saZirkvlebi
da konstruqciuli nawilebi. es faqtiurad   ormocsarTuliani Senoba,
romelic ori blokisagan Sedgeba, garegnulad Zalzed efeqturad
gamoiyureba.

developeruli kompania “aqsisi” daproeqtebis stadiaze gaecno ucxo
qveynebis gamocdilebas, maT normebs da kodebs. gaangariSeba Catarda
samkomponentiani sinTezuri aqselogramis gamoyenebiT, romlebic miRebuli
iyo 2002 wlis aprilSi q. TbilisSi momxdari miwisZvris Canawerebis
damuSavebiT.

eqspertizis SeniSvnebi exeboda mzidi birTvis sixistis gazrdas,
Senobis droebiTi normatiuli datvirTvis sidides, betonis da
dabetonebis teqnologiis sakiTxebs, mcocavi yalibebis gamoyenebas
sixistis birTvebis amoyvanisas, drenaJis mowyobis sakiTxebs IV miwisqveSa
sarTulebis mowyobis dros, Senobis kuTxeebSi ganlagebuli kolonebis
grexvis gaTvaliswinebiT specialuri sakidebis gamoyenebis sakiTxebs da
sxva.

SeniSvnebi gaTvaliswinebuli iyo damproeqteblis mier, mSeneblobac
daiwyo, magram cnobili saerTaSoriso situaciebidan gamomdinare, dRemde
SeCerebulia. amJamad ganaxlda, magram amdeni xnis SeCerebul mSeneblobas
sWirdeba mzidi konstruqciebis faqtiuri mdgomareobis Semowmeba.

4. aseve Cautarda  eqspertiza germaneli arqiteqtoris batoni maieris da
qarTveli konstruqtoris n. ediSeraSvilis urTules obieqts sarfSi:
“sakontrolo gamSvebi punqti”, romelic ganxorcielda
liTonkonstruqciebSi, ormoci metris simaRlisaa da 14 metriani
konsolebiT xasiaTdeba.

eqspertizis dros gamovlenili SeniSvnebis gaTvaliswinebam proeqti
aqcia erT erT originalur nagebobad, romelic aSenda saqarTveloSi
bolo wlebSi.
am proeqtma gaimarjva saqarTvelos ekonomikisa da mdgradi ganviTarebis

saminsitros mier gamocxadebul konkursSi.
5. kidev erTi magaliTi. ingliseli specialitebis mier baTumSi

daproeqtebuli iyo “hiltoni”-s sastumro. erT saZirkvelze dafuZnebuli
ori korpusi - 90 m-is da 50-metris. Cvenma eqspertma batonma j.
gigineiSvilma moiTxova proeqtis koreqtireba. oqsfordis eqspertebTan
Sexvedris Semdeg gadawyda ori erTnairi simaRlis -19 sarTulianis ageba.
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zemoT aRniSnuls davamatebT, rom eqspertizas gadis yvela
mniSvnelovani samrewvelo nageboba: cementis sawarmoebis, metalurgiis,
rkinigzis magistralebis, navTobsadenebis da sxva daniSnulebis obieqtebi.

proeqtirebis stadiaze Catarebuli eqspertiza mniSvnelovnad zrdis
SenobaTa da negebobaTa seismomedegobis garantias.

amitom gavkadnierdebiT da SevniSnavT: Senobebis mTavari
damaxasiaTebeli faqtoria maTi arqiteqturuli gegmarebiT Tu
dizaineruli gadawyveta. adamianis sacxovrebeli saxli unda komfortuli
da racionaluri iyos. CvenSi, ki rom aSendeba Senoba, Semdeg iwyeba misi
krikika da xSir SemTxvevasi gakicxvac.

Cemi azriT arqitequruli proeqti unda eqvemdebarebodes sajaro
ganxilvas da aucileblad arqiteqtorTa kavSiris da mSenebelTa
monawileobiT.

gana mniSvnelovani ar aris ra daujdeba damkveTs an saxelmwifos
asaSenebeli obieqtis mSenebloba. maxsovs, adre asobiT aTasi laris
ekonomias vaRwevdiT nagebobis xarjTaRricxvis eqspertizis dros.

an ramdenad usafrTxoa proeqti xanZris zemoqmedebisas. miwisZvris
dros, xom xanZriT miyenebuli zaralic gansazRvravs miyenebul zarals.

amitom eqspertizis areali unda gaizardos da moicavs
zemoTxsenebuli proeqtis nawilebs.

amitom, CvenSi Seiqmna “mSeneblobis eqspertTa saqarTvelos asociacia
(”mesa”)”, romlis mizania damoukidebel maRalkvalificirebul eqspertTa
gaerTianeba, Senoba-nageboebebis saimedoobis uzrunvelyofa,
saxelmwifoebrivi midgoma eqspetebisadmi, sakonsultacio momsaxurebis
gaweva da a. S.

”mesa”-s SemadgenlobaSi arian evrokavSiris eqspertebi arqiteqturis,
konstruqciebis, geologiis dargis sakiTxebSi, misi specialistebi gaecnen
sxvadasxva qveynebSi eqspertizis Catarebis gamocdilebas, maT Soris
iaponiaSi, inglissa da sxva qveynebSi.

esenia kote odiSvili, anzor Ciqobava, joni gigineiSvili, vaJa
odilavaZe, guram Ciqovani, murman samxaraZe, ioseb metreveli, profesori
guga WoxoneliZe da sxva.

”saeqsperto daskvnebis” warmodgena aragansakuTrebuli mniSvnelobis
obieqtebis (mag. kotejebis, mcire sarTuliani sacxovrebeli saxlebis,
komerciuli daniSnulebis Senobebis da sxva) mSeneblobaze nebarTvis
asaRebad savaldebulo ar aris.Aam SemTxvevaSi eqspertiza damkveTis
surviliT SeiZleba ganxorcieldes. magram eqspertizis Catareba garkveuli
xarjebis gawevasTan aris dakavSirebuli da damkveTebi xSir SemTxvevaSi
amas eridebian. es Secdomaa maTi mxridan. vinaidan proeqtSi Secdomebi ara
mxolod Senobis naklebsaimedoobis mizezi SeiZleba iyos, aramed,
samSeneblo masalebis araekonomiuri gamoyenebis da mSeneblobis
gaumarTlebeli gaZvirebisac.  proeqtebSi Secdomebis (damproeqtebelTa
arasakmarisi kompetenturobis gamo an kompetenturi damproeqtebelis mier
naCaqarevad Sesrulebuli samuSaoebis SemTxvevaSi) Sedegad mSeneblobaze
zedmetad gaweuli xarjebi an mSeneblobis Semdeg Secdomebis gasworebis
xarjebi mravaljer SeiZleba aRematebodes eqspertizis Catarebaze saWiro
xarjebs.
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SeSfoTebas iwvevs qalaqis arqiteqturis mesveurTa SemoRebuli wesi:
naklebad aqceven yuradRebas SenobaTa mdgradobas da seismomedegobas. aqvT
mxolod erTi moTxovna-proeqtis sainJinro nawili da sainJinro-
geologiuri kvlevis angariSi unda iyos mSenebare obieqtze. aqvs Tu ara
eqspertiza gavlili amiT qalaqi ar interesdeba. es mankieri stilia da
unda aRmoifxvras.

xazs gavusvam, rom kvalificiuri eqspertizis Catareba mniSvnelovnad
aswevs Senoba-nagebobaTa seismoedegobis saimedoobas da mdgradobas,
eqspertizis Catarebis mosalodneloba xels Seuwyobs damproeqtebelTa
mxridan Senoba-nagebobis teqnikur-ekonemikuri maCveneblebis mimarT
yuradRebis metad gamaxvilebas.

3. daskvna

maRali seismuri riskis raionebSi, rogoricaa saqarTvelo,
mSeneblobisaTvis gankuTvnili proeqtebi, unda akmayofilebdnen moqmedi
samSeneblo normebis da wesebis moTxovnebs.

am moTxovnebs unda amowmebdnen saTanado dargis maRali
kvalifikaciis eqspertebi.

eqspertTa moTxovna aucileblad ganxiluli unda iyos proeqtis
avtorebis mier da Setanili iqnas saproeqto dokumentaciaSi.

mxolod eqspertis saboloo daskvnis dadebiTi Sefasebis Semdeg
miecema proeqts mSeneblobis ufleba.

dasmulia sakiTxi proeqtis sxva nawilebis eqspertizis aucileblobis
Sesaxeb-magaliTad arqiteqturis, xarjTaRricxvis, xanZarsawinaaRmdego
RonisZiebebis da mSeneblobis organizaciis.

litetratura

1. “mSeneblobis nebarTvis gacemis wesisa da sanebarTvo pirobebis
Sesaxeb”. saqarTvelos mTavrobis #57 dadgenileba.Qq. Tbilisi 2009
weli 24 marti.

2. “mSeneblobis nebarTvis gacemis wesisa da sanebarTvo pirobebis
Sesaxeb”. #57 dadgenilebaSi cvlilebebis Setanis Taobaze.
saqarTvelos mTavrobis dadgenileba #315 2001 wlis 12 agvisto.Qq.
Tbilisi.
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betonis Sedgenilobis daproeqteba
qimiuri danamatebiT

a. Ciqovani, g. gureSiZe, d. vardiaSvili
(saqarTvelos teqnikuri universiteti, kostavas 77, q. Tbilisi,

saqarTvelo)
reziume: amJamad saqarTveloSi TiTqmis yvelaferi monoliTuri betoniT
da rkinabetoniT Sendeba. betonis narevis momzadeba, gadatana, Cawyoba,
Semkvriveba Tanamedrove saSualebebiT xdeba da amis gakeTeba qimiuri
danamatebis gareSe SeuZlebelia. amitom arsebiTia vicodeT betonis
Sedgenilobis gaangariSeba qimiuri danamatebis gamoyenebiT.

sakvanZo sityvebi: qimiuri danamati, Sedgenilobis gaangariSeba,
wyalcementis fardoba, koeficienti, wylis xarji, komponenti, konusis
jdena, wyalmoTxovnileba.

1. Sesavali
betonis da rkinabetonis Tanamedrove teqnologiaSi erTerTi yvelaze

perspeqtiuli da efeqturi mimarTulebaa sxvadasxva moqmedebis qimiuri
danamatis farTo gamoyeneba. misi Seyvana betonis narevSi cementis masis
umniSvnelo meaTedi da measedi procentis raodenobiT, arsebiT gavlenas
axdens betonis gamagrebis qimiur procesebze, uzrunvelyofs fizikur-
teqnikuri, maT Soris simkvrivis, simtkicis, wyaluJonadobis,
koroziamedegobis, yinvamedegobis da sxva Tvisebebis gaumjobesebas.

amiT aixsneba is, rom msoflioSi danamatiani betonis raodenoba
mudmivad izrdeba, rig qveynebSi ki gamoSvebuli betonis mTeli raodenoba
mzaddeba danamatebis gamoyenebiT.

2. ZiriTadi nawili
betonis narevis da betonis Tvisebebis gasaumjobesebeli danamatis

nomenklatura yovelwliurad farTovdeba. magram es ar moiTxovs
TiToeuli saxeobis danamatisaTvis betonis Sedgenilobis gaangariSebis
gansakuTrebul meTods. yvela SemTxvevaSi betonis Sedgenilobis gansazRvra
xdeba miRebuli meTodikiT, mxolod gaiTvaliswineba danamatis gavlena
ZiriTad damokidebulebaze `Sedgeniloba-Tviseba~, romelsac viyenebT
angariSSi. amasTan unda gaviTvaliswinoT, rom danamati ar cvlis
damokidebulebis xasiaTs, kerZod betonis narevis plastikurobis da wylis
xarjis, betonis simtkicis da cementis markis da wyalcementis fardobis
damokidebulebas. cvlis mxolod maT Soris damokidebulebis raodenobriv
Tanafardobas.

msgavsi cvalebadobis sidide damokidebulia danamatis dozirebaze
da unda gaTvaliswinebuli iqnes im rekomendaciebis safuZvelze romelic
mocemulia danamatis teqnikur pirobebSi an instruqciaSi, an unda
dadgindes winaswari gamocdebis safuZvelze.

naxazze 1 naCvenebia danamatis damokidebuleba betonis narevis
wyalmoTxovnilebaze. danamatis Seyvana amaRlebs betonis narevis
plastikurobas, amcirebs TanabarZvradi narevebisaTvis misaRebi wylis
xarjs, magram ZiriTadi damokidebuleba kj = f(w), aqvs erTnairi xasiaTi
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rogorc Cveulebriv, ise danamatian betonis narevSi. icvleba mxolod
mrudis mdebareoba da Sesabamisad mis mixedviT miRebuli raodenobrivi
Sedegi. Tu cnobilia, rom danamati amcirebs betonis narevis
wyalmoTxovnilebas 10 an 20%-iT, SeiZleba avagoT Sesabamisi mrudebi da
mis mixedviT ganvsazRvroT wylis is xarji, romelic mogvcems saWiro
plastikurobis narevs.

nax. 1. danamatebis gavlena betonis narevebis
wyalmoTxovnilebaze

1 – betonis narevis superplastifikatoriT; 2 – betonis narevi
lingosulfonatis danamatiT; 3 – udanamato betonis narevi

kompleqsuri danamatis gamoyenebis SemTxvevaSi misi gavlena betonis
narevis wyalmoTxovnilebaze SeiZleba Sefasdes maplastificirebeli
komponentis saxeobis da dozirebis mixedviT. gamagrebis damaCqareblis
Seyvanisas saorientaciod angariSoben, rom narevis Zvradobis
damokidebuleba wylis xarjze ar Seicvleba da wylis xarji ganisazRvreba
rogorc Cveulebrivi udanamo betonisaTvis.

betonis narevSi cementis xarjiT 200...450 kg, cementis mineralogiuri
Sedgenilobis cvlileba praqtikulad ise mcire gavlenas axdens
wyalmoTxovnilebaze, rom am gavlenas ugulvelyofen. am SemTxvevaSi
Tvlian, rom betonis narevis wyalmoTxovnileba mudmivia. plastifikatoris
da superplastifikatoris Seyvana ar cvlis am kanonzomierebas, magram
cvlis wyalmoTxovnilebis raodenobriv mniSvnelobas da im sazRvrebs,
sadac es damokidebuleba mJRavndeba (nax. 2).

nax. 2. superplastifikatoris da cementis xarjis gavlena
betonis narevis wyalmoTxovnilebaze:

1 – betonis superplastifikatoriT; 2 – udanamato betoni

am danamatebis Seyvana ara marto betonis narevis wyalmoTxovnilebas
amcirebs, aramed zeda zRvars swevs cementis didi xarjis mxares. e.i.
betonis narevis wyalmoTxovnilebis mudmivobis kanoni SenarCundeba,
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superplastifikatoris SeyvaniT cementis xarjze 550...600 kg/m3-mde, amitom
cementis maRali xarjis SemTxvevaSi araa saWiro damatebiTi cementis
doza, romelic rekomendirebulia udanamato betonisaTvis.

betonis simtkicis cement-wylis fardobaze damokidebulebis
xasiaTic aseve ar icvleba qimiuri danamatebis gamoyenebis SemTxvevaSi.
plastifikatoris da superplastifikatoris Seyvanas SeuZlia Secvalos

)( wcb fR  mrudis mdebareoba, udanamato betonis mrudTan SedarebiT. Tu

danamati iwvevs betonis narevSi damatebiTi haeris CaTrevas, maSin betonis
simtkice erTi da igive c/w dros cota Semcirdeba. Tu danamati xels
uwyobs ufro mkvrivi cementis qvis miRebas, maSin simtkice cota imatebs.

Sesabamisad mrudi )( wcb fR  moTavsdeba imaze maRla, vidre Cveulebrivi

betonis mrudi (nax. 3).

nax. 3. superplastifikatoris gavlena  betonis simtkicesa da cementwylis
fardobis damokidebulebaze: 1 – betonis superplastifikatoriT; 2 –

udanamato betoni
betonis simtkicis formulebSi koeficientebis mniSvneloba an mrudis

mdebareoba SeiZleba dadgindes winaswari gamocdebis SedegebiT. betonis
Sedgenilobis gaangariSebis dros SeiZleba gamoviyeniT cnobili formulebi,
betonis simtkicis mosalodneli cvlileba unda gaviTvaliswinoT

Semasworebeli koeficientis bdan RRK 2 SeyvaniT. Tu danamatiKbetonis 28

dRis simtkiceze gavlenas ar axdens, maSin koeficienti 12 K .
plastifikatoris da superplastifikatoris Seyvana afarToebs im

farglebs, romelSidac aRiniSneba sworxazobrivi damokidebuleba betonis
simtkicesa da cement-wylis fardobas Soris. plastifikatorian betonSi

sworxazobrivi damokidebulebis cvlileba dgeba roca 3,3wc ,

superplastifikatoriani betonebisaTvis – roca 4wc (nax. 3). danamatis

es gavlena betonis Tvisebebze maRali c/w maCveneblis dros, uflebas
gvaZlevs maRali simtkicis betonis gaangariSebisas visargebloT

formuliT )5,0(  wccb ARR .

e.i. Cveulebrivi da maRali simtkicis betonis gaangariSea movaxdinoT
simtkicis erTi da igive formuliT.

betonis damzadebis dros Tu cementis xarji rCeba ucvleli, maSin
plastifikatoris an superplastifikatoris jamuri gavlena betonis
Tvisebebze yalibdeba maTi gavleniT cementis qvis simkvriveze da betonis

simtkicis amaRlebaze (mudmivi w/c dros), rac gaiTvaliswineba 2K

R
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koeficientiT da im efeqtiT, romelic miiRweva wylis SemcirebiT da amis
Sedegad c/w fardobis zrdiT. naxazze 3 simtkicis am cvlilebis

ilustrirebas warmoadgens 1R da 2R monakveTebi.
Sedgenilobis gaangariSeba warmoebs Semdegi TanmimdevrobiT:
1. Cveulebrivi betonisaTvis cnobili cxrilebiT an grafikebiT

ganisazRvreba wylis xarji, betonis narevis saWiro plastikurobis
moTxovnis Sesabamisad da Semdeg ukve danamatiani betonisaTvis dadgindeba

wylis w1-is xarji: ww1 1K ,

sadac 1K miiReba zemoTmoyvanili rekomendaciebis Sesabamisad;
2. ganisazRvreba cement-wylis fardobis mniSvneloba:

5,02  ARKR cbwc .

3. ganisazRvreba cementis xarji: wcwc  ;

4. cnobili formulebiT viangariSebT RorRis da qviSis xarjebs.
amasTan maplastificirebel-haerCamTrevi danamatebis gamoyenebis SemTxvevaSi
marcvlebis gawevis koeficienti unda miviRoT 0,1...0,2-iT meti, vidre
Cveulebrivi betonisaTvis. es uzrunvelyofs masalis ukeTes Sekrulobas
da erTgvarovnebas.

miRebuli betonis Sedgeniloba unda Semowmdes sasinj narevebSi.

3. daskvna
Tanamedrove mSeneblobaSi gansakuTrebuli mniSvneloba eniWeba

betonis xarisxis da efeqturobis mudmiv amaRlebas, teqnologiis
srulyofas, Sromis nayofierebis zrda-daCqarebas betonis da rkinabetonis
warmoebaSi. es miiRweva cementis modifikaciis, intensiuri teqnologiis,
axali saxeobis betonis da duRabis, aqtiuri mineraluri komponentebis
gamoyenebiT da am yvelaferSi Zalian did rols TamaSobs qimiuri danamati,
romelic mizanSewonilad cvlis betonis narevis da betonis Tvisebebs.
amitom qimiurdanamatiani betonis Sedgenilobis gaangariSeba aqtualuri –
saWiro sakiTxia.
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fenovani elifsoidaluri garsebis arawrfivi deformaciis
amocanebis ricxviTi amoxsna dazustebuli Teoriis

safuZvelze
e. abramiZe, el. abramiZe, v. WankotaZe

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

reziume: dazustebuli Teoriis erTi variantis safuZvelze, fenovani
elifsoidaluri garsebis RerZsimetriuli arawrfivi deformaciis
amocanebis amosaxsnelad, miRebulia am klasis amocanebis amomxsneli
diferencialur gantolebaTa sistema. moyvanilia elifsoidaluri
garsis deformaciis kerZo magaliTi. am magaliTis ricxviTi
realizaciiT miRebuli Sedegebis safuZvelze Catarebulia garkveuli
analizi, Sefasebulia sasazRvro pirobebis cvlilebiT gamowveuli
zegavlena garsis deformirebul-daZabul mdgomareobaze.
sakvanZo sityvebi: fenovani garsi, arawrfivi deformacia, ganivi Zvris
deformaciis araerTgvarovneba, sasazRvro pirobebi, arawrfivi
diferencialuri gantolebebi.

1. Sesavali
ganixileba fenovani garsebi, romlebic Sedgenilia mniSvnelovnad

gansxvavebuli meqanikuri maxasiaTeblebis mqone fenebisagan. am klasis
fenovani garsebis deformirebul-daZabuli mdgomareobis Sesaswavlad
mniSvnelovania garsis sisqis gaswvriv Zvris deformaciebis araerT-
gvarovnebis gaTvaliswineba.

fenovani garsebisaTvis, rogorc mTliani paketisaTvis, wrfeTa an
kirhof-liavis hipoTezebis gamoyeneba ar iZleva ganivi Zvris deformaciebis
araerTgvarovnebis gaTvaliswinebis saSualebas.

fenovani garsis TviToeuli fenis sisqis gaswvriv, Tu davuSvebT
tangencialuri gadaadgilebebis wrfivi kanoniT cvlilebas, maSin Zvris
deformaciebis araerTgvarovneba fenovani garsis sisqis gaswvriv iqneba
gaTvaliswinebuli. am SemTxvevaSi fenovani garsis daZabuli mdgomareobis
aRmwer diferencialur gantolebaTa sistemis rigi damokidebuli iqneba
garsis fenaTa ricvze, rac konkretuli amocanebis amoxsnisas mniSvnelovan
sirTuleebs qmnis.

zemoxsenebuli sirTuleebis gadasalaxavad SemoTavazebulia
dazustebuli Teoriis erTi varianti. dazustebuli Teoriis am variants
safuZvlad udevs garsis fenebSi sisqis gaswvriv wrfivi elementebis
lokaluri kuTxiT mobrunebis daSveba, rac ganpirobebulia ganivi Zvris
deformaciebiT, amasTanave moTxovnilia fenovani garsis fenebis Sexebis
zedapirebze Zabvebisa da gadaadgilebebisaTvis uwyvetobis pirobebis
Sesruleba [3,4]. aseTi daSvebebi iZleva imis saSualebas, rom fenovani
garsebis deformirebul-daZabuli mdgomareobis aRmwer diferencialur
gantolebaTa sistemis rigi garsis fenaTa ricxvze aRar iyos
damokidebuli.

2. ZiriTadi nawili
moviyvanoT SemoTavazebuli dazustebuli Teoriis SemTxvevaSi

orTotropuli fenovani garsebis geometriulad arawrfivi
deformaciis Teoriis ZiriTadi gantolebebi da Tanafardobebi.
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dazustebuli Teoriis mocemuli variantebisaTvis tangencialur gada-
adgilebebis gamosaxulebebs aqvT Semdegi saxe [4].
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sadac: ,u - sakoordinato zedapiris tangencialuri gadaadgilebebia,

  , sakoordinato zedapiris normalis sruli mobrunebis

kuTxeebia, )0()0( ,   - warmoadgenen im fenis ganivi Zvris deformaciebs,

romelSic gadis sakoordinato zedapiri. tangencialuri gadaadgilebebis

gamosaxulebebSi Semavali )(
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)(
1 ,,, iiii bbaa sidideebs aqvT naSrom [3]-Si moyva-

nili gamosaxulebebis analogiuri saxe.
tangencialuri gadaadgilebebis (1) gamosaxulebis gaTvaliswinebiT

deformaciis komponentebi warmoidgineba Semdegi saxiT
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zemoTmoyvanil (3), (4) gamosaxulebebSi Semavali ,æ,æ,æ,,,  
sidideebis gamosaxulebebi, fenovani garsis elementis wonasworobis
gantolebebi da amasTanave drekadobis Tanafardobebis gamosaxulebebi,
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romlebic garsebis SemTxveva Sihukis kanonis rols TamaSoben moyvanilia
[4-6] SromebSi.

SemdgomisaTvis ganixileba fenovani brunviTi garseb is RerZsimetri-
uli deformaciis amocana.

fenovani garsebis deformaciis aRmwer zogad gantolebebidan,
brunviTi garsebis RerZsimetriuli deformaciis SemTxvevisaTvis,
miRebulia aRniSnuli klasis amocanebis amomxsneli diferencialur
gantolebaTa sistema, romelsac aqvs Semdegi saxe:
sadac




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zemoTmoyvanil (5) gantolebaTa sistemasa da (6) gamosaxulebaSi Semava-

li * , , , , , ,ij ij i i i i ia d f a b d c sidideebi ganisazRvrebian garsis geometriul da

meqanikur maxasiaTeblebis saSualebebiT.
gantolebaTa (5) sistemas, Tu davamatebT saTanado sasazRvro pirobebs

miviRebT arawrfiv sasazRvro amocanas.
SemoTavazebuli dazustebuli Teoriis safuZvelze SeviswavloT

samfenovani erTnairi wriuli xvrelebis mqone izotropuli
elifsoidaluri brunviTi garsis deformirebul-daZabuli mdgomareoba
(nax.1). sasazRvro amocanis ricxviTi realizaciisas igulisxmeba, rom
sakoordinato zedapiri gadis Sualeduri fenis SuaSi. avRniSnoT – h1 , h2,

h3-iT Sesabamisad Sida, Sualedur da gare fenebis sisqeebi, amasTanave am
fenebis drekadobis modulebia - E1, E2, E3, xolo puasonis koeficientia -ν.
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ganvixiloT samfenovani elifsoidaluri brunviTi garsis deformire-
bul-daZabuli mdgomareoba Semdegi sasazRvro pirobebis SemTxvevaSi:

1) garsis sasazRvro konturebze moqmedeben Zalebi, romlebic
paralelurni arian brunviTi RerZis, e. i.

0 , ,

0 ,

0 .

n z s s

z s s

s

S S S N N sin Q cos P
Q N cos Q sin
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 

 
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

nax. 1                          nax. 2
2) garsis sazaRvro konturebze moqmedeben brunviTi RerZis paraleluri

Zalebi, radialuri gadaadgilebisa da mRunavi momentis ar arsebobis
SemTxvevaSi, e.i.
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nax.3
3) garsis erTerTi konturi xistad aris Camagrebuli, xolo meore

konturze sruldeba 2) sasazRvro pirobebi, e. i.
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nax. 4
brunviTi elifsoidaluri garsis xoz sibrtyiT gadakveTis Sedegad

miRebuli elifsis parametrul gantolebas aqvs Semdegi saxe

0 0

s ,

( )

sin

x aco t
t t t

z b t


  


(7)

sadac a da b warmoadgenen elifsis naxevarRerZebs. sasazRvro amocana
Camoyalibebuli 1) da 2) sasazRvro pirobebis SemTxvevaSi warmoadgens

simetriuls ( 0 0,t t )Sualedis 0t  wertilis mimarT. aqedan gamomdinare

sasazRvro amocanis amoxsna 1) da 2) sasazRvro pirobebis SemTxvevaSi

daiyvaneba  ( 0 , 0t ) intervalze mis amoxsnamde. amavdroulad 0t  wertilSi

moicema simetriis pirobebi:

0, 0,sQ u  s = 0 .
zemoT moyvanil (5) gantolebaTa sistemisaTvis Camoyalibebuli

arawrfiv sasazRvro amocanis amoxsnisaTvis gamoiyeneba gawrfivebis
meTodi da diskretuli orTogonalizaciis mdgradi ricxviTi meTodi [1,2].

samfenovani elifsoidaluri garsisaTvis sasazRvro amocanis
ricxviTi realizacia, zemoxsenebul sasazRvro pirobebis SemTxvevaSi,
ganxorcielebulia garsis geometriuli da meqanikuri maxasiaTeblebis
Semdegi ricxviT mniSvnelobebisaTvis:

1 2 3 1 3

2 0

150; 50; 0,1; 1; 0,3; 100000;

5
; 0,0001; 0,3; t .

12

a b h h h E E E

E cE c 


       

   

am naSromSi moyvanili grafikebi gamoxataven 0t t wertilSi CaRunvis

wsididesa da wriuli xvrelis konturze moqmedi P Zalas Soris
damokidebulebas.

grafikebi agebulia sasazRvro amocanebis amoxsniT miRebuli ricxviTi
Sedegebis saSualebiT. sasazRvro amocanebis amoxsna Catarebulia Se-
moTavazebuli dazustebuli Teoriisa (I) da kirhof-liavis Teoriis (II),
rogorc wrfivi aseve arawrfivi variantebis safuZvelze. naxazebze moyva-
nili daStrixuli wrfeebi asaxaven wrfivi TeoriiT, xolo uwyveti wirebi
arawrfivi TeoriiT miRebul amonaxsnebs.

SemoTavazebuli amocanis amoxsnis Sedegebi sazazRvro pirobebis 1), 2),
da 3) variantebisaTvis warmodgenilia Sesabamisad 2, 3 da 4 naxazebze. aq
moyvanili grafikebidan gamomdinareobs, rom garsis CaRunva w konturze,
masze moqmedi 2p   Zalis zemoqmedebis SemTxvevaSi sasazRvro pirobebis

1) variantisaTvis gacilebiT didia, vidre 2) da 3) variantebis SemTxvevaSi.
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naxaz 2-dan gamomdinareobs, rom sasazRvro pirobebis 1) variantisaTvis,
garsis sisqis gaswvriv Zvris deformaciebis araerTgvarovnebis
gaTvaliswineba iwvevs CaRunvis zrdas, rogorc wrfivi,  aseve arawrfivi
Teoriebis SemTxvevaSi. naxazebidan 3 da 4 gamomdinareobs, rom sasazRvro
pirobebis 2) da 3) variantebis SemTxvevaSi garsi naklebad damyolia
deformaciis aqedan aseve gamomdinareobs, Tu rogor zegavlenas axdens
sasazRvro pirobebis cvlileba garsis xarisxobriv maxasiaTeblebsa da
CaRunvis sidideze.

3. daskvna

fenovani elifsoidaluri garsebis arawrfivi RerZsimetriuli
deformaciis amocanebis ricxviTi amnoxsnisaTvis miRebulia
diferencialur gantolebaTa sistema, sadac gaTvaliswinebulia garsis
sisqis gaswvriv Zvris deformaciis araerTgvarovneba. moyvanilia kerZo
magaliTi samfenovani elifsoidaluri garsis deformaciis. am ukanasknelis
ricxviTi realizaciiT miRebuli Sedegebi Sedarebulia wrfivi TeoriiT
miRebul SedegebTan. Catarebulia miRebuli Sedegebis analizi,
Sefasebulia sasazRvro pirobebis cvlilebiT gamowveuli zegavlena
samfenovani elifsoidaluri garsis deformirebul-daZabul mdgomareobaze.
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urbanul–qalamSeneblobiTi problemebi Tbilisis magaliTze.

g. jibuti

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

reziume: bolo wlebma aCvena, rom saqarTvelos teritoriebis
urbanuli daproeqtebis, ZiriTadi meTodebi da aspeqtebi
gaumarTavia, ris gamoc qveyana savalalo mdgomareobaSia.
qveyanaSi sufevs arqiteqturuli da urbanuli krizisi.
mimdinareobs istoriul-kulturuli memkvidreobis ngreva.
qalaqSi mdgomareoba dRiTidRe uaresdeba.
naSromSi dasaxulia is amocanebi da aucilebeli samoqmedo
gegmebi, problemebis gadaWris aucilebeli pirobebi, romlis
gaTvaliswinebac rac SeiZleba male unda moxdes.

sakvanZo sityvebi: balansi, racionaluri dagegmva, policentruli
sistema, mdgradi ganviTareba,  disciplinaTaSorisi midgoma.

1. Sesavali
qalaqgegmareba, aris gzamkvlevi qalaqmSeneblobis sawarmoeblad,

prioritetebis Camoyalibeba swored am etapze xdeba. Amas mosdevs
qalaqebis, Temebis, an maTi nawilebis mdgradi ganviTarebis CarCo pirobebis
Seqmna da ganmtkiceba. gansakuTrebiT gasaTvaliswinebelia socialuri,
ekonomikuri da garemos dacviTi faqtorebi, am ukanasknels ki bolo
wlebis ganmavlobaSi, wamyvani roli ukavia. sur.1.

sur.1

2. ZiriTadi nawili
Tbilisis dagegmarebis struqtura da misi ganaSenianebis xasiaTi,

mniSvnelovan wilad qalaqis reliefuri pirobebiT ganisazRvreba. Tbilisi
tipiuri xazovani qalaqia, rTuli landSaftiT. mis CamoyalibebaSi didi
roli Seasrula bunebrivma garemom, gansakuTrebiT ki md. mtkvarma,
romelic Tbilisis urbanuli ganviTarebis RerZs warmoadgens. sur. 2
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Tanamedrove Tbilisi dRes, developerebis madasa da sazogadoebas
Soris omis asociaciebs iwvevs. Tbilisi ar misdevs Tanamedrove qalaqebis
sworad ganviTarebis gzas, da am gzaze gasvlis erTerT umniSvnelovanes
faqtorebSi moiazreba kulturuli, ganaTlebuli sazogadoeba-axalgazrdoba
da maTi kritikuli midgomebi, Tundac ucxouri gamocdilebebidan, aseve
arasamTavrobo organizaciebi.

sur.2
rac dRes Cvens qalaqSi xdeba martivad, rom vTqvaT sruliad

normaluria, “rogori sazogadoebac varT, iseTi qalaqi gvaqvs”. dRes,
qalaqgegmareba dasulia, erTi konkretuli nakveTis ganviTarebaze da masze
raimes aSenebis msurveli cdilobs, aiTvisos TiToeuli kvadratuli metri ris
gamoc qalaqSi simWidrovis done aris saocrad maRali da SesamCnevad
Semawuxebeli. dRevandeli realoba imaSi mdgomareobs, rom qalaqi ver
ikinZeba calke aRebuli nakveTebiT, es gacilebiT rTuli fenomenia da
aucilebelia qalaqis danaxva zemodanac anu aucilebelia konceptualuri
xedva.

Zalian mZime mdgomareobaSia sarekriacio, satransporto,
sazogadoebrivi, kulturuli memkvidreobis dacvisa da landSaftis
zonebi.

dRes qalaqSi arsebuli mZime situaciis ganmapirobebeli, erTerTi
umniSvnelovanesi mizezi aris, yvelafris centrSi Tavmoyra, ar xdeba centris
gantvirTva, ar xdeba periferiasa da centrs Soris kargi urTierTkavSiri, ar
aris ganviTarebuli aglomeracia,  ar aris Seqmnili calkeuli klasterebi,
romlebic gantvirTavs qalaqs da aacilebs datvirTebs centrs. arsebobs
pirdapiri damokidebuleba qalaqis sididesa da mizidulobis Zalas Soris anu
rac ufro didia qalaqi, miT ufro mets izidavs igi. migracias ki aqvs erTi
veqtori centriskenuli, rac saboloo jamSi iwvevs uzarmazar
koncentraciebs, gamomdinare aqedan, aucilebelia moxdes gantvirTva.
globalisturi midgobi iseTi, romelic ar iTvaliswinebs adgilobriv
Taviseburebs, Tundac kulturuls an/da suliers da a.S qalaqebSi iwvevs
garkveuli rRveva. sur.3



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #2(37), 2015
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

39

A sur.3
aucilebelia fiqri da qmedebebi qalaqis dabalansirebul ganviTarebaze

rasac meorenairad, mdgradi ganviTareba ewodeba. mdgradi ganviTarebis dros,
socialuri ganviTareba igive ekonomikuri ganviTareba da garemos dacva
dabalansebulia. roca raimes vaSenebT, mSenebloba yovelTvis aris calkeul
sferoebTan mimarTebaSi, eseni SeiZleba iyos; kulturuli memkvdreoba,
garmos dacva, insolacia, ekologia, infrastruqtura es sxvadasxva
moTxovnebi ki sxvadasxva disciplinis centrebSi zis amitomac qvia am
midgomas, disciplinaTa Sorisi midgoma.

sazogadoeba ar aris saTanadod informirebuli im garemos Sesaxeb, sadac
is cxovrobs, Sesabamisad igi naklebadaa CarTuli sazogadoobriv
sivrciTmowyobis procesebSi, sazogadoeba pasiuria da mivdivarT qaosamde,
ris gamoc sivrciTimowyobac instituciurad aris moSlili da
samarTlebrivad ara sakmarisad ganviTarebuli.

3. daskvna
aucilebelia Seiqmnas regulaciebi, unda moxdes saqalaqo politikis

depolitizireba, unda gaviTavisoT sazogadoebam da qalaqis marTvelobamac,
rom urbanuli politika, qalaqis marTva, menejmenti srulebiT ar niSnavs
meore xarosxovan politikas.

unda moxdes urbanuli indikatorebis sistemis danergva, SerCeuli
maCveneblebis mixedviT, Sefaseba-gazomva qalaquri garemos xarisxisa, rac
moicavs uamrav sakiTxs maT Soris: ekonomikur, socialurs, kulturuls,
garemos dacviT, satransporto, saxcovrisis sakiTxebs da a.S – msoflioSi
iSviaTadaa qalaqi darCenili, romelic ar misdevs am praqtikas. SesaZlebelia
davfiqrdeT generalur gegmaSi axali koreqtivebis Setanazec.

literatura
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rkinabetonis garsebis dabetonebis dros wamoWrili
problemebis gadawyveta

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

Tbilisi, saqarTvelo)
reziume: statiaSi ganxilulia rkinabetonis garsebis dabetonebis
dros wamoWrili problemebi da maTi gadaWris gzebi. mTavar
sirTules warmoadgens yvelaze daxrili, sayrdenebTan axlo mdebare
zedapiris yalibis mowyoba da rkinabetonis garsis saproeqto sisqis
SenarCuneba, radganac wriuli moxazulobis konstruqciebis
dabetonebis SemTxvevaSi gaZnelebulia betonis masis sasurvel
CarCoebSi moqceva.
savanZo sityvebi: rkinabetoni, yalibi, armatura, karkasi, betoni,
kedeli,  garsi, farebi, montaJi, demontaJi.

1. Sesavali
naxevradwriuli formis garsuli rkinabetonis monoliTuri

konstruqciebis mowyobisTvis mzaddeba analogiuri moxazulobis yalibi,
romlis armirebis ganxorcielebis Semdeg SesaZlebelia dabetonebis
samuSaoebis warmoeba. sworxazovani elementebis dabetonebis procesisagan
gansxvavebiT am SemTxvevaSi warmoiSveba garsis sayrden, TiTqmis
vertikalurad ganlagebul nawilebSi gare yalibebis damontaJebisa da
maTi damagrebis problemebi. Aaseve garTulebulia dabetonebis dros
mrudxazovan, sakmaod daxril zedapirze betonis saproeqto sisqis
SenarCuneba. aRniSnuli problemebis gadasawyvetad SesaZlebelia sxvadasxva
xerxis gamoyeneba, romelTagan erT-erTi moyvanilia winamdebare statiaSi.

2. ZiriTadi nawili
naxevradwriuli formis mqone rkinabetonis TaRovani gadaxurvis

mosawyobad agebuli da saproeqto mdgomareobaSi damontaJebuli sivrciTi
sayalibe sistemis armirebis Semdeg aucilebelia dabetonebis procesis
rac SeiZleba optimaluri gadawyveta. sworxazovani elementebis
dabetonebis procesisagan gansxvavebiT am SemTxvevaSi, sayrdenebis uSualo
siaxloveSi
kedeli gare sayalibe sistema damWeri armaturis Rero CamagrebiT

karkasi bade

yalibi

fanera-ficriT

Nnax.1.  naxevradwriuli formis garsuli gadaxurvis dabetoneba
a) yalibis mowyobiT, b) faneris yalibis CamagrebiT
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garsis zedapiri TiTqmis vertikalur mdgomareobaSia, rac moiTxovs gare
sayalibe sistemebis mowyobas (nax.1.a). miudgomlobis gamo, es procesi, did
SromiT danaxarjebTan da rac mTavaria sayalibe sistemis gamargebis
sirTuleebTan aris dakavSirebuli. gaZnelebulia aseve maTi Semdgomi
demontaJi da yalibebis dauzianeblad amoReba. Aam dros gacilebiT
mizanSewonilia faneris farebis gamoyeneba, romelTa simyare
uzrunvelyofilia aRniSnul faneraze grZivi mimarTulebiT, 25-30 sm-iT
erTmaneTisagan dacilebuli  30-40mm sisqis ficrebis ganTavsebiT. mTavar
amocanas am dros warmoadgens Txeli, sakmaod drekadi yalibis karkasTan
mimagreba da misi mdgomareobis uZravad dafiqsireba. Camagrebis procesi
xorcieldeba faneraze ganTavsebuli ficrebis gare zedapiridan
mowyobili armaturis Reroebis saSualebiT. maTi boloebi mWidrod
magrdeba TaRovani gadaxurvis armaturis karkasTan, rac uzrunvelyofs
sayalibe faneris karkasTan mizidvas da amavdroulad TviT fanera-yalibis
gamagrebas (nax1.b da nax.2). yvela saWiro RonisZiebis saTanado doneze
Sesrulebis Semdeg SesaZlebelia dabetonebis samuSaoebis warmoeba,
romelic gansakuTrebul sifrTxiles moiTxovs betonis vibrirebis
TvalsazrisiT. Yyvela zoma unda iyos daculi, rom ar moxdes dabetonebis
dros yalibis daZvra da sayrdenebis siaxloveSi garsis sisqis
saproeqtosTan SedarebiT ufro meti sisqis miReba. garsis sisqis
SenarCuneba sxva, SedarebiT naklebad daxril nawilebSi sasurvelia
moxdes betonis gamyofi, mavTulis teqnologiuri badis gamoyenebiT. igi
uzrunvelyofs mrude zedapiris calkeul ubnebad SemosazRvras da
betonis Tanabar ganawilebas dabetonebisas (nax.3).

N
nax.2. faneris yalibis mowyoba, ficrebis Nnax.3. rkinabetonis garsuli da
samagri aramaturis Reroebis ganTavsebiT              gadaxurva
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3. daskvna

1. naxevrawriuli moxazulobis garsuli monoliTuri rkinabetonis
konstruqciebis mowyobis dros sayrdenebTan axlos mdebare
gansakuTrebulad daxrili zedapirebis dabetonebis procesis gamartivebis
mizniT Zalze xelsayrelia drekadi yalibis mowyoba fanerebze
ganTavsebuli grZivi ficrebis gamoyenebiT, romlebic garedan mimagrebuli
armaturis Reroebis saSualebiT mWidrod magrdeba garsis karkasze;

2. mrudxazovani rkinabetonis garsebis daxrili zedapirebis
dabetonebis dros, garsis saproeqto sisqis SenarCunebis da betonis
Calagebis gamartivebis mizniT sasurvelialia betonis gamyofi mavTulis
teqnologiuri badis gamoyeneba, romelic uzrunvelyofs mrude zedapiris
calkeul ubnebad SemosazRvras da betonis Tanabar ganawilebas.

literatura
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gruntebisa da sagzao samosis konstruqciuli
fenebis armireba

r. ZnelaZe, m. keWaymaZe, l. CiloCava, m. sulamaniZe
(Sps `saqgzamecniereba” politkovskaias 8a, Tbilisi, saqarTvelo)

reziume: statia exeba gruntebisa da sagzao samosis safuZvlis
konstruqciuli fenebis armirebas geosinTetikuri masalebis
gamoyenebiT _ kerZod maRali simtkicis polieTilenis
perforilebuli furcliT e.w. geo-badiT. misi gamoyeneba saSualebas
iZleva SevamciroT safuZvlis mzidi fenis sisqe da gavzardoT
safaris samsaxuris vada safuZvlis fenebis simtkicis gazrdis
xarjze. geobadis gamoyeneba uzrunvelyofs mzidi fenis formirebas
sakontaqto zedapirze damcavi fenis Seqmnis xarjze, rac
gamoricxavs mzidi da damatebiTi fenebis erTmaneTSi arevas.

sakvanZo sityvebi: gruntis armireba, geosinTetika, geobade,
polieTilenis furceli, poliestri da sxva.

1. Sesavali
ukanasknel wlebSi msoflioSi gansakuTrebuli yuradReba eqceva

adgilobrivi sagzao samSeneblo masalebis da gansakuTrebiT gruntebis
farTo masStabiT gamoyenebis sakiTxebs, mis stabilizacias da gamagrebis
meTodebs, rac xels uwyobs gruntebisa da sagzao samosis arabmuli
konstruqciuli fenebis fiziko-meqanikuri maxasiaTeblebis mkveTrad
gaumjobesebas.

mocemul statiaSi yuradReba aris gamaxvilebuli gruntebis
armirebaze geosinTetikuri masalis e.w. geobadis meSveobiT.

2. ZiriTadi nawili
bolo wlebSi mTel msoflioSi gansakuTrebuli yuradReba eqceva

gruntebisagan mowyobil konstruqciuli elementebis armirebas
polimeruli rulonuri masalebisagan rogoricaa geosinTetika. is
SeiZleba gamoyenebuli iqnas sust gruntebze mowyobili yrilebis
safuZvelis armirebisaTvis, ximinjovan fuZeze mowyobili avtogzis
yrilebis safuZvlebis armirebisaTvis, cicabo ferdobis da sayrdeni
kedlebis armirebisaTvis da sxva.

am mizniT SeiZleba gamoyenebuli iqnas maRali simkvrivis
polieTilenis perforirebuli furceli (bade), moqsovili (gadaxlarTuli)
geobade, an maRalmoduluri poliesteri. ukanasknel wlebSi farTo
gamoyeneba pova geobadem, romlebic damzadebulia polivinilakomolis an
aramedisagan moqsovis gziT.

tradiciul meTodebTan SedarebiT geosinTetikis gamoyenebis
SemTxvevaSi igi naklebad mgrZnobiarea gruntebSi arsebuli agresiuli
nivTierebebisadmi (normaluri koncentraciis pirobebSi), Zalian advilia
dasagebad da mowyobis Rirebuleba SedarebiT dabalia. xSir SemTxvevaSi
geosinTetikis gamoyeneba iZleva saSualebas movixmaroT adgilobrivi
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grunti da amiT Tavidan aviciloT misi Secvla ufro maRali fiziko-
meqanikuri maxasiaTeblebis mqone gruntiT, rogorc wesi armirebuli
gruntebi nakleb zians ayenebs garemos.

mTeli rigi dadebiTi mxareebis garda misi gamoyeneba SeiZleba iqnas
SezRuduli imisda mixedviT Tu romeli polimerisaganaa damzadebuli
geobade da rogoria misi cocvadobis deformaciis maxasiaTeblebi.

armirebisaTvis gamoyenebuli nebismieri geosinTetikis gamoyenebis
efeqturoba xasiaTdeba mTeli rigi parametrebis erTobliobiT, rogoricaa:

Pgag _myisieri simtkice gaglejaze; romelic ganisazRvreba
laboratoriuli wesiT deformaciis zrdis normirebuli siCqaris
pirobebSi;

ε _fardobiTi wagrZeleba imave pirobebSi gaglejvisas;

A1 _ cocvadobis faqtori, romeliTac xasiaTdeba gaglejvaze myisieri
simtkicis Semcireba datvirTvis xangZlivad modebis pirobebSi;

A2 _ dazianebulobis faqtori, romeliTac xasiaTdeba gaglejvaze
myisieri simtkicis Semcireba masalis arabmul gruntebSi dagebis Semdeg
Semdgomi datkepnisas;

A3 _ faqtori, romelic iTvaliswinebs pirapirebis, nakerebis da
sxvaTa  arsebobas;

A4 _garemos zemoqmedebisadmi mgrZnobiarobis faqtori (biologiuri an
qimiuri zemoqmedebisas);

μ _geosinTetikis gruntTan SeWiduloba;
garda zemoaRniSnuli faqtorebisa Semodis maragis koeficienti Y,

romelic damokidebulia konstruqciis tipze da qveyanaSi moqmed
standartebze, an sxva normatiul dokumentebze, agreTve moqmed
datvirTvebze da TviTon konstruqciis geometriaze.

geosinTetikis gaglejvaze myisieri simtkicis gamosaTvleli saerTo
formula Semdegi saxisaa:

P = Psaang. x A1 x A2 x A3 x A4 x Y
sadac Psaang. _saangariSo gamWimavi Zalva, romelic warmoiSoba
geosinTetikaSi da romelic damokidebulia konstruqciis tipze da

angariSis meTodikaze.

calke unda aRiniSnos koeficienti μ _ romelic ar Sedis formulaSi.
swored SeWiduloba gansazRvravs Psaang.mobilizacias geosinTetikaSi
gruntTan kontaqtis SemTxvevaSi. geobadeebis SeWiduloba gruntTan
SedarebiT maRalia vidre qsovilur masalebTan, rac moiTxovs saankero
kavSirebis sigrZis gazrdas.

zemoT CamoTvlili faqtorebidan gansakuTrebiT unda gamoiyos
polimerebis cocvadobisadmi midrekilebis sakiTxi, romelic xSirad
ZiriTad rols TamaSobs geosinTetikuri masalis SerCevisas.

rogorc kvlevebi gviCvenebs didi saangariSo samsaxuris vadis mqone
konstruqciebisaTvis, romlis drosac adgili aqvs geosinTetikaze
datvirTvis mudmivad moqmedi Semadgenlis zemoqmedebas, aucilebelia
gaTvaliswinebuli iqnas, polimeris cocvadobis faqtori da deformaciis
dasaSvebi mniSvnelobebi armirebuli gruntis konstruqciis eqspluataciis
procesSi.
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amgvarad geosinTetikis arCevisas, sapasuxismgeblo
konstruqciebisaTvis xangZlivi samsaxuris vadiT, upiratesoba eniWeba
poliestras geosinTetikas, rac dadasturebulia msoflioSi mravali
konstruqciis eqspluataciis magaliTze, romlebic armirebulia magaliTad
,,fortrakis” geobadiT, ,,stabelenkis” geonaWriT (qsoviliT), romlebic
damzadebulia maRal moduluri poliestrasagan.

evropuli warmoebis geosinTetikur masalebs aucileblad axlavs
sertifikaTi sadac miTiTebulia yvela zemod aRniSnuli koeficientebis
sidideebi rac saSualebas aZlevs damproeqtebels SearCios iseTi masala
romelic uzrunvelyofs konstruqciis xanmedegobas an mis deformacias
eqspluataciis periodSi im farglebSi romelic Cadebulia teqnikur
davalebaSi.

sagzao samosebis konstruqciuli fenebis armireba fenebis sakontaqto
sibrtyeze badis meSveobiT saSualebas iZleva miRweuli iqnas kompromisi
mSeneblobis (remontis) SedarebiT arc ise maRal fassa da saavtomobilo
gzis SedarebiT maRal  xarisxobriv maxasiaTeblebs Soris, ormagi
orientirebis bade warmoadgens prtyel polipropilenis bades, romelic
specialurad aris damuSavebuli susti gruntebis pirobebSi mSeneblobis
gansaxorcieleblad, romelsac SeuZlia aiRos Tavis Tavze maRali
dinamikuri da statikuri datvirTvebi, gruntis probebidan gamomdinare
gamoiyeneba bade simtkiciT 20-idan 45 kn/m.

sagzao samosis armirebisas bade ideba safuZvlis damatebiT qviSis
fenaze an miwis vakisis zedapirze mzidi safuZvlis qveS qviSis fenis
ararsebobis SemTxvevaSi (nax. 1).

nax. 1
sagzao samosis konstruqciuli fenebis armirebisaTvis badis

gamoyenebis Tanamedrove gamocdilebam gviCvena ro,,
rom igi saSualebas iZleva:

_ SevamciroT safuZvlis mzidi fenis sisqe da gavzardoT safaris
samsaxuris vada, safuZvlis fenebis simtkicis gazrdis xarjze;
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_ gavaumjobesoT mzidi fenis formireba sakontaqto zedapirze damcavi
fenis Seqmnis xarjze, rac xels uSlis mzidi da damatebiTi fenebis
masalebis erTmaneTSi arevas;

gavaumjobesoT sagzao samosis mTeli konstruqciis muSaobis pirobebi
dinamikuri datvirTvebis qveS, msxvilfraqciani masalebis calkeuli
nawilakebis erToblivi muSaobis xarjze, rac ganpirobebulia maTi
moTavsebiT meseris calkeul ujredebSi.

sagzao mSeneblobis garda geosinTetika farTod gamoiyeneba miwisqveSa
nagebobebis mosawyobad, rogoricaa gvirabebi da sadrenaJo sistemebi. igi
sadac ar unda iqnas gamoyenebuli saSualebas iZleva SevamciroT
samuSaoebis moculobebi da Semoziduli Zvirad Rirebuli sagzao
saamSeneblo masalebis xarji.

3. daskvna

SromaSi ganxilulia gruntebis stabilizaciis meTodi
geosinTetikuri masalis gamoyenebiT, ZiriTadad sakiTxi exeba gruntebis
armirebas sinTetikuri masalisagan damzadebuli geobadis meSveobiT.

geobadis gamoyeneba mTlianobaSi uzrunvelyofs sagzao samosis
mTeli konstruqciis muSaobis arsebobis gaumjobesebas dinamikuri
datvirTvebis qveS, msxvilmarcvlovani fraqciebis calkeuli nawilakebis
erToblivi muSaobis xarjze, rac ganpirobebulia maTi gadanawilebiT
badis calkeul ujredebSi.
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rkinabetonis gumbaTis yelis yalibis damzadeba-
damontaJebis teqnologiuri procesi

i.qvaraia1, T.dvaliSvili2

(1 saqarTvelos teqnikuri universiteti, m.kostavas q.#77, 0175;
2 Sps „bk kapitali“, yifSiZis q.#13, 0179, Tbilisi, saqarTvelo)

reziume: statiaSi aRwerilia rkinabetonis gumbaTis sayrdeni
kedlebis mowyobis dasawyebad saWiro, didi diametris mqone wriuli
yalibis sadurglo saamqroSi srulad damzadebis da saproeqto
mdgomareobaSi miwodeba-damontaJebis samuSaoebis Sesrulebis
procesi.

savanZo sityvebi: rkinabetoni, yalibi, gumbaTi, karkasi, kedeli,
betoni,  montaJi, demontaJi.

1. Sesavali
Nnebismieri tipis rkinabetonis gumbaTis mowyobisaTvis aucilebelia

misi ZiriTadi sayrdeni konstruqciis ageba. Eeklesia-monastrebis gumbaTebi,
rogorc wesi idgmeba sxvadasxva simaRlis mqone gumbaTis yelze. taZris
ZiriTadi monoliTuri tanidan gumbaTis yelze gadasasvleli wriuli
moxazulobis mqone konstruqciis teqnologiurad srulfasovani
Sesruleba gansakuTrebiT sapasuxismgeblo momentia. mravalsaukunovani
praqtikidan gamomdinare swored aRniSnul adgilebSi aris gamovlenili
yvelaze seriozuli dazianebebi, rac aucileblad gasaTvaliswinebelia
axali mSeneblobis warmoebis dros. rkinabetonis gamoyenebisas did
yuradRebas da maRal profesionalizms  moiTxvs daxvewili sayalibe
sistemis  ageba.

2. ZiriTadi nawili
sayalibe sistemebis agebisasUAaucilebelia saproeqtiT moxazulobis

yalibis zedapiris miReba. ganxilul konkretul SemTxvevaSi, Senobis
ZiriTadi monoliTuri nawilidan gumbaTis yelze gadasasvleli rTuli
wriuli moxazulobis yalibis mosawyobad sadurglo saamqroSi aewyo xis
karkasi (nax.1). aRniSnuli karkasis gare zedapiris 6mm sisqis faneriT
dafarvis Semdeg sayalibe sistemam miiRo dasrulebuli saxe (nax.2).

Nnax.1. sayalibe sistemis karkasis ageba
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nax.2. sayalibe sistema dasrulebuli saxiT
sayalibe sistemis sadurglo saamqroSi agebis Semdeg aranakleb

mniSvnelovani iyo misi saproeqto mdgomareobaSi gadatanis sakiTxis
gadawyveta.  aRniSnuli konstruqciis wona 5 tonas aRemateboda. koSkura
amwis tvirTamweobidan gamomdinare  saxifaTo gaxda misi miwodeba samuSao
adgilamde, radganac rTuli iyo 12m diametris da 1,5m meti simaRlis mqone
mTliani konstruqciis wonasworobis dacva da winaswar dafiqsirebul
niSnulebze zustad damontaJeba. ramdenime SesaZlo variantidan SeirCa
yvelaze optimaluri.  wriuli yalibis agebis procesSi ganxorcielda
sayalibe sistemis or Tanabar nawilad gayofa, romelTa SesaerTeblad
gamoyenebuli iqna moZravi kavSirebi. aRniSnuli kavSirebiT advilad
xdeboda sayalibe sistemis erTianobis aRdgena da Zalze martivdeboda
montaJis da demontaJis procesi.  amasTan erTad, sayalibe sistemis gamyofi
sibrtyis maxloblad TiToeuli nawilis sixistis SesanarCuneblad moewyo
pararelursartyelebiani liTonis fermebi. Adamoukidebeli nawilebis
simZimis centrebis dadgenis Semdeg ganxorcielda maTi aweva da
damontaJeba saproeqto mdgomareobaSi koSkura amwiT (nax.3 da nax.4).

nax.3. sayalibe sistemis erTi naxevris gadaadgileba koSkura amwiT
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Nnax.4 yalibis pirveli naxevris damontaJeba saproeqto mdgomareobaSi.

3. daskvna

1. rTuli moxazulobis mTliani wriuli yalibis agebis dros mTavar
amocanas warmoadgens misi karkasuli nawilis konstruqciis tipis sworad
SerCeva da srulfasovnad Sesruleba, romelmac unda uzrunvelyos mTeli
sayalibe sistemis mdgradoba rkinabetonis samuSaoebis Sesrulebis dros;

2. winaswardamzadebuli xis sayalibe sistemis samontaJo adgilamde
miwodebis da zustad dafiqsirebis samuSaoebis Sesrulebis gaadvilebis
mizniT Zalze mosaxerxebelia sayalibe sistemis or Tanabar nawilad
gayofa, romelTa mdgradobis uzrunvelyofa xdeba martivi tipis liTonis
fermis mowyobiT.
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Kkulturuli memkvidreobis dacva qalaqmSeneblobiT
dokumentaciaSi

S. quriZe.
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175 Tbilisi

saqarTvelo.)
reziume: kulturuli memkvidreobis dacvisa da SenarCunebis problema
karga xania gascda nacionaluri interesebis sazRvrebs da msoflio
ganzomilebis problemad iqca. ama Tu im konvenciasa Tu qartiaze
xelmomweri TiToeuli saxelmwifo pasuxismgebelia am saerTaSoriso
samarTlebrivi aqtebis moTxovnaTa Sesrulebaze. xelmowerili
dokumentebis Tanaxmad, Sesabamis nacionalur kanonmdeblobaSi Sedis
Sesworebebi da xdeba memkvidreobis sistemis reformireba.

mcxeTis ansamblis saerTaSoriso standartebis Sesabamisi dacvis uzrun-
velyofis mizniT iuneskos msoflio memkvidreobis komitetma miiRo gada-
wyvetileba „A Heritage & Tourism Master Plan for Mtskheta, Georgia - UNESCO &
UNDP-SPPD Pilot Project“-is Seqmnis Sesaxeb.

„A Heritage & Tourism Master Plan for Mtskheta, Georgia - UNESCO & UNDP-SPPD
Pilot Project“ asaxavs, kulturuli landSaftis koncefciis ganviTarebas
istoriul qalaqSi da integrirebul konservaciasTan gazrdil
damokidebulebaSi amasTanave iZleva saSualebas moxdes misSi
saerTaSoriso mosazrebebisa da rekomendaciebis gaTvaliswineba
evrointegraciis konteqstSi.

„A Heritage & Tourism Master Plan for Mtskheta, Georgia - UNESCO & UNDP-SPPD
Pilot Project“, rogorc iuneskos mier kulturli memkvidreobis sferoSi
damkvidebul midgomebze dafuZnebuli dokumentis profesiuli wreebisaTvis
xelmisawvdomobis uzrunveluofa da qalaqgegmarebiT dokumentebSi am
gamocdilebis saxelmZRvanelod gamoyeneba.
sakvanZo sityvebi: master-plani, gen-gegma, kulturuli landSafti, kul-
turuli memkvidreoba, qalaquri landSafti, qalaqmSeneblobiTi dokumentacia.

ori saxis siyvaruli ori saxis moqalaqeobas warmoSobs: uflisadmi
siyvaruli ierusalimis (zeciuri qalaqis) moqalaqeebad gvaqcevs, ama
soflisadmi siyvaruli ki babilonis moqalaqeebad  (codvili qalaqi). dae,
hkiTxos yovelma CvenTaganma sakuTar Tavs: ra uyvars da mixvdeba, romeli
qalaqis moqalaqea igi. (netari avgustine „RvTis qalaqis Sesaxeb“).

kulturuli da bunebrivi memkvidreoba warmoadgens, ara mxolod msoflios
TiToeuli xalxis, aramed mTeli kacobriobis fasdaudebel da aunazRaurebel
monapovars. misi nebismieri nawilis dakargva aRaribebs mTeli msoflios
xalxebs. am memkvidreobis zogierTi obieqti, maTTvis damaxasiaTebeli gansa-
kuTrebuli Rirsebis gamo, SeiZleba gamorCeuli msoflio faseulobis memkvid-
reobad iqnas aRiarebuli da am TvalsazrisiT, imsaxureben maTi arsebobisa-
Tvis ufro da ufro mzardi safrTxeebisagan gansakuTrebul dacvas.1

1. Sesavali
kulturuli memkvidreobis dacvisa da SenarCunebis problema karga

xania gascda nacionaluri interesebis sazRvrebs da msoflio
ganzomilebis problemad iqca. ama Tu im konvenciasa Tu qartiaze
xelmomweriTiToeulisaxelmwifo pasuxismgebelia am saerTaSoriso samarT-

1 iuneskos 17 generaluri sesia; muxli 4 (parizi, 17 oqtomberi-21noemberi,1972 w.)
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lebrivi aqtebis moTxovnaTa Sesrulebaze. xelmowerili dokumentebis
Tanaxmad, Sesabamis nacionalur kanonmdeblobaSi Sedis Sesworebebi, xdeba
memkvidreobis sistemis reformireba. amdenad, kulturuli da bunebrivi
memkvidreobis saferoSi, karga xania mimdinareobs erTiani msoflio
samarTlebrivi sivrcis formireba. evrokavSiris mier aRiarebul
principebTan saqarTvelos kanonmdeblobis Sesabamisobis uzrunvelyofis
mizniT, 1998 wlis 1 seqtembridan saqarTvelos parlamentis mier miRebuli
yvela kanoni da sxva normatiuli aqti unda Seesabamebodes evropis
kavSiris mier dadgenil standartebsa da normebs.

“arqiteqturuli memkvidreobis dacvis evropuli konvencia”2 xelismomw
er evropis sabWos wevr saxelmwifoebs avaldebulebs gaataros
integrirebuli konservaciis politika, romlis mixedviTac -
arqiteqturuli memkvidreobis dacva warmoadgens urbanuli dagegmarebis

umniSvnelovanes amocanas3. amdenad, urbanuli dagegmareba, istoriul-
kulturuli memkvidreobis dacvis valdebulebiT eqceva konvenciis
moqmedebis sivrceSi. es gansakuTrebul aqtualobas aniWebs
qalaqTmSeneblobiTi dokumentaciis axal, konvenciur moTxovnebTan
Sesabamisobis uzrunvelyofas.

mcxeTis ansamblis saerTaSoriso standartebis Sesabamisi dacvis
uzrunvelyofis mizniT iuneskos msoflio memkvidreobis komitetma miiRo
gadawyvetileba „mcxeTis memkvidreobisa da turizmis master-planis“4

Seqmnis Sesaxeb. igi saerTaSoriso profesiuli Zalebis TanamSromlobasa
da gamocdilebazea dafuZnebuli. mastergegmis preambulaSia gacxadebuli,
„xelisuflebis mier am dokumentis Sesrulebaze pasuxis¬mgeblobis aReba
imisTvisaa saWiro, rom swori mimarTuleba mivceT diskusias mcxeTis
memkvidreobis dacvisa da ganiTarebis Sesaxeb. mcxeTis mastergegma pirveli
da sasicocxlod aucilebeli nabijia am mimarTulebiT. misi warmateba
didadaa damokidebuli masSi naxsenebi yvela konvenciisa Tu qartiis
ganuxrel Sesrulebaze. es mcxeTisTvis yvelaze didi gamowvevaa.“5

meTodologiuri TvalsazrisiT, aranakleb mniSvnelobas iZenda
mcxeTis mastergegmis magaliTze iuneskos mier SemuSavebuli Tanamedrove
midgomebis saqarTvelos kulturuli memkvidreobis dacvis praqtikaSi
danergva - “mcxeTis istoriuli ansambli Seicavs yvela im ZiriTad
elements, romelic SeiZleba gamoyenebul iqnes, rogorc prototipi
saqarTvelos sxva istoriuli qalaqebis memkvidreobis dacvisa da
aTvisebisaTvis"6.

saqarTvelos kulturuli memkvidreobis dacvis erovnuli saagentos
mier SemuSavebuli „mcxeTa. msoflio memkvidreobis Zeglebis marTvis gegma“

2 granada 1985 w.
3 A general plan is the policy of acceptable land uses in ach jurisdiction. Each city and county adopts and updates their
General Plan to guide the growth and land development of their community, for both the current period and the long
term. The General Plan is the foundation for establishing goals, purposes, zoning and activities allowed on each land
parcel to provide compatibility and continuity to the entire region as well as each individual neighborhood.
4 master-plani SemuSavebulia iuneskos msoflio memkvidreobis centris eqspertebis mier
(2001–2003 ww).
5 master-plani SemuSavebulia iuneskos msoflio memkvidreobis centris eqspertebis mier
(2001–2003 ww).
6 bernar bize 1997 w.
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(2012w.), calke Tavs uTmobs mcxeTis memkvidreobisa da turizmis master-
planis Sefasebas - „mcxeTis memkvidreobisa da turizmis master-plani aris
yvelaze sruli da ganaxlebuli marTvis instrumenti mcxeTis msoflio
memkvidreobis obieqtTan dakavSirebiT, romelic misi maRali xarisxis
miuxedevad ver iqna sisruleSi moyvanili misi SemuSavebidan xuTi wlis
ganmavlobaSi”7.

master-planSi warmodgenilia detaluri strategia ara marto
msoflio memkvidreobis ZeglebTan, aramed istoriul qalaqebTan da maT
kulturul landSaftTan dakavSirebiT. is scdeba konservaciis sakiTxebs
da ganixilavs rogorc kulturuli da bunebis memkvidreobis
maxasiaTeblebs, romelic
moicavs infrastruqturis ganviTarebasa da socialur konteqts konservaci
asTan mimarTebaSi.

Gmaster-plani SemuSavda saerTaSoriso da erovnul eqspertTa
TanamSromlobis Sedegad. Kumentis avtorebma eklesiebisa da arqeologiuri
obieqtebis istoriul-arqiteqturul Rirebulebas daumates bunebrivi
garemocva, qalaqis perspeqtiva da xedi.

mcxeTis bunebrivi landSafti, romelsac qmnis ori mdinare da
ferdobebi warmoadgens „vizualur mTlianobas, romelic mniSvnelovan
rols asrulebs qalaqis adgilmdebareobis Sefasebasa da misi Zeglebis
aRqmaSi“8.

master-plani asaxavs, kulturuli landSaftis koncefciis
ganviTarebas
istoriul qalaqSi da integrirebul konservaciasTan gazrdil damokidebu
lebaSi amasTanave iZleva saSualebas moxdes misSi saerTaSoriso
mosazrebebisa da rekomendaciebis (evrointegraciis konteqstSi)
gaTvaliswineba.

2. ZiriTadi nawili

„mcxeTis memkvidreobisa da turizmis master-rplanis“ dokumentis
aqtualuroba ganpirobebulia masSi asaxuli saerTaSoriso
meTodologiuri gamocdilebisa da iurdiuli praqtikis adgilobriv
pirobebTan adaptaciis moTxovnebi, evrointegraciis programis
valdebulebebidan gamomdinare9 da gaerTianebuli erebis organizaciis
egidiT momqmedi evropis ekonomikuri komisiis rekomendaciebi:
„teritoriul–sivrciTi dagegmareba, efeqturi marTvisa da ganviTarebis
sakvanZo instrumenti gardamavali ekonomikis mqone qveynebisTvis
gansakuTrebuli aqcentebiT“.

am rekomendaciebis adresatebs Soris pirdapir dasaxelebulia saqarT-
velo, aqedan gamomdinare „mcxeTis memkvidreobisa da turizmis master-
plani“ CvenTvis gansakuTrebiT mniSvnelovania, vinaidan igi zemoxsenebul
Temebs ukve moicavda 2003 wlisaTvis.

7UNESCO/UNDP, 2003 w.
8 UNESCO/UNDP, 2003 წ.
9 asocirebisSesaxebSeTanxmeba erTis mxriv, evrokavSirs da evropis atomuri energiis
gaerTianebas da maT wevr saxelmwifoebsa da meores mxriv, saqarTvelosSoris, AA & DCFTA
(2014)
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rodesac 2003 wels „mcxeTis memkvidreobisa da turizmis master-plani“
iqna warmodgenili, msoflio memkvidreobis komiteti ganuwyvetliv
axsenebda da sTxovda saxelmwifo mxares, rom mieRoT dokumenti da
daewyoT misi Sesruleba10.

msoflio memkvidreobis komitetma „mcxeTis memkvidreobisa da
turizmis masterplanis“ damtkicebis moTxovniT, 28-e sesiaze mimarTa
saqarTvelos mTavrobas,11 igive mimarTvas imeorebs komiteti 29-e sesiazec.
saqarTvelos mTavrobis mier am dokumentis damtkicebis moTxovnis
ignorireba iqca mcxeTis Zeglebis, safrTxeSi myof soflio memkvidreobis
Zeglebis nusxaSi Setanis erT–erT ZiriTad faqtorad.

qarTuli marTlmadidebeli samyarosaTvis mtkvrisa da aragvis
xerTvisi yoveli eris „naTliRebis adgili da qarTvelTa iordanea“. es
adgili warmoadgens qarTlSi qristianobis saxelmwifo religiad
gamocxadebisa da qarTuli eklesiis dafuZnebis udides sulier simbolos,
sivrcis aTvisebis qristianuli modelis umniSvnelovanes sakralur
adgils. warmarTuli da antikuri saqalaqo sivrcis axlebur, qristianul
dagegmarebas Tavisi filosofiuri msoflmxedvelobidan gamomdinare
Sesabamisi ganviTareba da struqturuli cvlilebebic mohyva (zeciuri
qalaqis gageba), mogvianebiT profanuli da sakraluri sivrceebis
gasamijnad mefe vaxtang gorgasalis mier administraciuli erTeuli
TbilisSi gadadis, xolo sulieri centri mcxeTaSi rCeba, rogorc zeciuri
qalaqis prototipi. unda aRiniSnos, rom imdroindeli „pilicentriuli
meTodi“ sakmaod sicocxlis¬unariani gamodga.

„saqarTvelos erTianobis simbolos da erTiani eklesiis“ funqcia saqa
rTvelos mTeli istoriis manZilze, mravalgzis omianobis miuxedavad
mcxeTam pirnaTlad Seasrula. rasac ver vityviT saqarTvelos uaxlesi
istoriis “gmir” xelusuflebaze, romlebic Tvlian, rom istoria ar
gvqonda da exla qmnian mas. pirveli aseTi Carevebi istoriul garemoSi
komunistebis epoqas ukavSirdeba, romelic dRemde grZeldeba.

urbanizaciis procesis mzardi da dinamiuri xasiaTi sagrZnob
negatiur zegavlenas axdens istoriuli qalaqebis dacvaze. globalizaciis
epoqaSi totaluri samSeneblo bumis progresirebadi zewolis pirobebSi,
istoriuli qalaquri landSaftebis konservaciasTan amave dros urTulesi
problemis mniSvnelobas iZens. istoriuli qalaquri landSaftis
koncefcia Caisaxa, rogorc bolo ori aTeuli wlis manZilze SemuSavebuli
midgomebis analizis, kritikuli Sefasebisa da axali gamowevebis
gaTvaliswinebaze dafuZnebuli xedva. istoriul qalaqebsa da maT
unikalur garemoze Tanamedrove arqiteqturis negatiuri zemoqmedebis
Tavidan acileba ZeglTa dacviTi saerTaSoriso organizaciebis da
iuneskos gansakuTrebuli Zalisxmevis sagans warmoadgens. urbanuli
ganviTarebis dRevandel etapze qalaqebis uZrav qonebasa da
infrastruqturaSi Cadebuli investiciebi urbanuli garemos transfomaciis
ZiriTad mastimulirebel Zaladaa gadaqceuli. istoriuli qalaquri
landSaftis mkveTri negatiuri cvlilebebis ZiriTadi mizezi am Zalis
aSkara calmxivi komerciuli xasiaTia. istoriuli ganaSenianebis sivrciT-

10 WHC, 2005, 2007
11 sujou. CineTi. 28.07.2004w.
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gegmarebiTi cvlilebebis procesSi sul ufro mniSvnelovan adgils ikavebs
Tanamedrove arqiteqtura. cvlilebebis dinamiur xasiaTTan erTad, SeSfoTebas
iwvevs am arqiteqturis qalaqis kulturul da bunebriv arealebSi SeWris
masStabebi. aSkarad ikveTeba istoriuli qalaquri landSaftebis ganadgurebisa da
istoriuli qalaqebis fizikuri da vizualuri mTlianobis dakargvis safrTxe.
aseT viTarebaSi, Tanamedrove ganaSenianebis istoriuli qalaquri landSaftis
konteqstSi harmoniuli Caweris uzrunvelyofa – qalaqis memkvidreobis dacvis
Teoriisa da praqtikis erT-erT principul sakiTxs warmoadgens. istoriuli
qalaqebisaTvis Seusabamo msxvilmasStabiani samSeneblo aqtiobis pirobebSi, sul
ufro mkveTrad ikveTeba ZeglTadacviTi saerTaSoriso organizaciebis protesti
im urbnuli gadawyvetilebebis mimarT, romlebmac safrTxis winaSe daayenes
evropisa Tu msoflios kulturuli faseulobis mqone qalaqebi. dRes qalaqebi
iseTi faqtorebis zewolas ganicdian, romlebic „istoriuli ansamblebis dacvisa
da Tanamedrove rolis Sesaxeb“ iuneskos 1976 wlis rekomendaciis miRebis dros
ar arsebobdnen. „istoriuli centrebis vizualuri gavlenis zonebSi Tanamedrove
etapisaTvis damaxasiaTebeli giganturi masStabis Senoba-nagebobebisa da
kompleqsebis proeqtebis lokalizebis msgavsi precedentebi dRemde ucnobia“12.

Tanamedrove etapze kulturli memkvidreobis cneba gacilebiT farTea,
vidre 1972 wlis msoflio memkvidreobis konvenciaSia mocemuli. triadis -
„Zegli“, „ansambli“ da „RirsSesaniSnavi adgilebi“ - ganmartebiT
igulisxmeba. iuneskos generalurma konferenciam, Tavis 35–e sesiaze
(16.10.2009w.) daadgina, rom qalaqis memkvidreobasTan dakavSirebuli moqmedi
normatiuli aqtebi Sevsebuli unda yofiliyo istoriuli qalaquri
landSaftebis Sesaxeb axali rekomendaciiT.

bolo wlebis mniSvnelovan tendencias Seadgens landSafturi
midgomis koncefciis aRiareba, rac asaxulia iuneskos mier miRebul
rekomendaciaSi - „istoriuli qalaquri landSaftebis dacvis Sesaxeb’’
(2011w...10.). aRniSnuli rekomendacia iTvaliswinebs Tanamedrove socialur-
ekonomikuri gardaqmnebis Sedegad warmoqmnil gamowvevebs. scildeba ra
istoriuli centris ansamblebisa da maTi garemocvis Sesaxeb tradiciuli
warmodgenebis sazRvrebs, istoriuli qalaquri landSaftis cneba, vrcel
geografiul konteqstTan erTad, moicavs miwaTsargeblobis modelebsa da
tenikuri infrastruqturis elementebs, sivrciTi organizaciis, vizualuri
kavSirebisa da topografiis aspeqtebs.

nebismieri qalaqis xelisuflebis interesi infrastruqturis, sacxov-
reblisa Tu saofise obieqtebis investirebaSi didia, amasTanave savaraudoa
am tendenciis xangrZlivi drois manZilze SenarCunebis albaToba. Seqmnl
viTarebaSi sakvanZo mniSvnelobas iZens istoriul qalaqebSi
modernizaciisa da investiciebis interesebis istoriuli qalaquri
landSaftebis dacvis moTxovnebTan Sesabamisobis uzrunvelyofa.

arsebuli saerTaSoriso xelSekrulebebi13; istoriuli qalaqebis
dacvis qartia14; rekomendacia istoriuli ansamblebis dacvisa da
Tanamedrove rolis Sesaxeb15 moicaven ganvlil 20–30 wlamde istoriul
periods. isini yuradRebas amaxvileben mcire dasaxlebebze an qalaqebis
calkeul nawilebze da ara zogadad istoriul qalaqebze farTo gagebiT.
arcerTi zemoaRniSnuli dokumenti ar asaxavs im or sakvanZo problemas,
romlebmac bolo wlebSi srulad ganapirobes Tanamedroveobis dRis

12 franCesko bandarini–iuneskos msoflio memkvidreobis centris direqtori, iuneskos
regionuli konferencia.sankt–peterburgi. 29.01–2.02. 2007w.
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wesrigi. es problemebia, upirveles yovlisa, mdgradi ganviTareba  da
aramaterialuri kulturuli memkvidreoba16.

iuneskos mier dadgenili standatebis mixedviT, qalaqis istoriuli
zonidan msxvilmasStabiani ganaSenianeba iseT manZilze unda iyos
lokalizebuli, romelic uzrunvelyofs istoriuli centris vizualuri
mTlianobis SenarCunebas. istoriul saqalaqo landSaftze orientirebuli
midgoma garemos xarisxis SenarCunebasa da gaumjobesebazea mimarTuli. igi
uzrunvelyofs qalaqis memkvidreobis dacvisa da socialur–ekonomiuri
ganviTarebis miznebis integracias. igi efuZneba dabalansebul da mdgrad
urTierT¬kavSirs, erTis mxriv, qalaqur da bunebriv garemos Soris, meores
mxriv, dRevandeli da momavali Taobebis moTxovnilebasa da warsulis
memkvidreobas Soris. eWvs ar iwvevs axali qalaqTmSeneblobiTi midgomis
aucilebloba. man unda moicvas memkvidreobis materialuri da aramateria-
luri aspeqtebi, CauRrmavdes ekologiur problemebs, daicvas saTayvanebeli
adgilebi (Genius loci) da maTTan asocirebuli faseulobebi, qalaqis
dangreuli da dakarguli adgilebis aRorZinebiT aRadginos socialuri da
kulturuli siamaye.

sadReisod, kulturuli memkvidreobis sferoSi fexs ikidebs iseTi
terminebiT operireba, rogoricaa „istoriuli saqalaqo landSaftebi“;
“aramaterialuri kulturuli memkvidreoba“. am cnebebebis damkvidreba,
Tavis mxriv, Sesatyvisi iurdiuli, gegmarebiTi da marTvis instrumentebis
SemuSavebas iTxovs. landSafturi midgoma uzrunvelyofs kulturuli
memkvidreobis ara calkeuli obieqtebis, aramed istoriuli gegmarebiTi
struqturis, qalaqis aramaterialuri kulturuli memkvidreobis,
arqiteturul–sivrciTi dominantebis, bunebrivi da kulturuli
landSaftebis erTian mTlianobaSi dacvasa da SenarCunebas.

iuneskos 2011 wlis „istoriuli qalaquri landSaftebis
rekomendaciis“ principebis sruli Sesabamisobis pozitiur magaliTs
warmoadgens parizis istoriuli centris farglebSi senis sanapiroebis
rekonstruqcia. parizis senis sanapiroebi da maTTan erTad mTeli
istoriuli centri 1991 wels Setanili iqna iuneskos msoflio
memkvidreobis siaSi.

Tu gadavxedavT saerTaSoriso ZiriTadi qalaqebis reitingis aTeuls
rogoricaa ICP17, AT Kearney18, PwC19, ercer20, EUI21, Cans, rom yvelaze
warmatebul qalaqebs gaaCniaT „master–plani“. droa aseTi midgoma
dainergos saqarTveloSi evrointegraciis dokumentaciis moTxovnebis

13 arqiteqturuli memkvidreobis evropis qartia.evropis sabWo, 1975
14 vaSingtonis qartia. ikomosi, 1987
15 iunesko, 1976w.
16 iuneskos konvencia – aramaterialuri kulturuli memkvidreobis dacvis Sesaxeb, 2003 w.
17 Innovation Cities Program - This program is designed to give you the data, training and tools turns your ideas into
innovation where you are. www.innovation-cities.com
18 A.T. Kearney, Top management consulting firm in strategy, operations, and information technology,
www.atkearney.com
19 PwC - PricewaterhouseCoopers - the world's largest consulting and auditing network. http://www.pwc.com/
20 Mercer University , www.mercer.edu
21 EUI - For European Institute established in 1951 in Saarbrücken, Germany, see Europa-Institut of Saarland
University, for other uses, see European University (disambiguation)
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Sesabamisad. pirvel rigSi  gairkves, Tu ra fundamenturi gansxvavebaa
„master–plansa“ da gengegmas Soris, rogor SeiZleba Seicvalos
saqarTvelos qalaqebSi am mimarTulebiT mdgomareoba da ra sikeTe moaqvs
aseT qalaqmSeneblobiT dokumentebs. „master–plani“ - es aris dokumenti,
qalaqis strategiuli sivrciTi dagegmarebis. aseTi dagegmva grZelvadiania
da aqcentirebulia konkretul miznebsa da amocanebze. „master–planis“
rogorc strategiuli ganviTarebis dokumentacias adgens xelisufleba
eqspertebisa da moqalaqeebis aqtiuri monawileobiT.

rogorc zeviT avRniSneT, mcxeTis ansamblis saerTaSoriso
standartebis Sesabamisi dacvis uzrunvelyofis mizniT iuneskos msoflio
memkvidreobis komitetma miiRo gadawyvetileba „mcxeTis memkvidreobisa da
turizmis master–planis“  Seqmnis Sesaxeb, amis Semdeg gaxda saqarTveloSi
es termini cnobadi. am dokuments saerTaSoriso doneze maRali Sefaseba
hqonda, magram, samwuxarod SeuZlebeli gaxda misi warmateba,
ganxorcielebis kuTxiT. proeqtis saerTaSoriso mxardaWeris miuxedavad
saxelmwifo moxeleTa mxridan, „mcxeTis memkvidreobisa da turizmis
ganviTarebis master-plani“ kanonis ZaliT ver iqna aRsrulebuli. maSin
rodesac es dokumenti iTargmna qarTul enaze, is cnobilia mxolod
SezRuduli raodenobis profesionalebisTvis da Znelad xelmisawvdomia
misi sruli versia.

xSirad gaigonebT, rom ama Tu im qalaqs saqarTveloSi gaaCnia gen-
gegma, an raime amis msgavsi dokumenti, miuxedavad imisa arsebuli
dokumenti vargisiania Tu ara. gen-gegma aris kidev erTi dokumenti,
romelic sruliad gansxvavebulia mTeli rigi specifikaciebiT. magaliTad
TbilisSi bolo e.w. gen-gegma SemuSavda da ZalaSi Sevida 2009 wels. am
dokumentis Sinaarsi profesiuli wreebisaTvis cnobilia. igi miznad
isaxavs da koncentrirebulia miwis regulirebis, gamoyenebisa da
sxvadasxva obieqtebis mSeneblobis sanebarTvo wesebze, anu ganixileba
rogorc samomxmareblo dokumenti qalaqSi. am SemTxvevaSi yvelaze
mniSvnelovani is aris, rom wakiTxvis Semdeg am dokumentiT, SeuZlebelia
imis gageba, Tu rogor xedaven qalaqs misi avtorebi, magaliTad aTi wlis
ganmavlobaSi. samagierod Tqven SegiZliaT naxoT romeli kategoriis
Senoba–nageboba SegiZliaT aaSenoT ama–Tu im adgilze, sad ra SezRudvebia
an zonebi, magram ar aris naTeli, Tu ratom an risTvisaa yvela es
CamonaTvali, an am rekomendaciebis da normebis ukan ra momavalia. maSin
ismeba kiTxva ra sargeblobas mogvitans gen–gegmis garda iseTi damatebiTi
iuridiuli dokumenti, rogoricaa „master–plani“.

aseTi dokumenti efeqturia mxolod maSin, rodesac mas iyenebs Wkviani
mmarTveli, romelic damokidebulia da orientirebulia amomrCevelze.
mTavari gansxvaveba „master–plansa“ da arsebul generalur gegmebs Soris
is aris, rom rom „master–plans“ aqvs konceptualuri xedva–strategia,
romelic grZelvadiania, perspeqtivaSi gansazRvravs da amaxvilebs
yuradRebas imaze, Tu ra iqneba qalaqSi grZelvadian momavalSi, rac aZlevs
mas mTel rig upiratesobebs sxva dokumentebisagan gansxvavebiT.

magaliTisaTvis Tbilisis gen-gegmam Tavis droze araerTi gaugebroba
da kiTxvebi warmoSva, amasTanave misi miRebis dRidan dRemde ara erTi
saCivari da gancxadeba Sedis Tbilisis meriaSi. amis statistika wlebis
ganmavlobaSi blokirebulia da misi gansazRvra am etapze SeuZlebelia.



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #2(37), 2015
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

57

rogorc saerTaSoriso statistikuri gamocdileba gviCvenebs  reitingul
siebSi Semavali qalaqebisaTvis, „master–planis“ SemTxvevaSi, pretenzia da
kiTxvebi jamurad xuTi aTass ar aRemateba (tokio, niuiorki, pekini da sxv.).
aseTi gansxvavebis mizezi martivia: strategiuli ganviTarebis „master–
plani“, miznad isaxavs moqalaqeTa ganxilvaSi CarTulobas, rogorc
ZiriTadi ideebis damuSavebis periodSi, agreTve uSualod Seqmnisa da
dasrulebuli dokumentis – ganxilvis procesSic.

xelisuflebam da muSa jgufma unda Caataros sociologiuri kvleva,
mrgvali magidis ganxilvebi, gamoaqveynos Sualeduri Sedegebi presaSi.
ufro metic, es urTierToba sazogadoebasTan da moqalaqeebTan unda iyos
uwyveti da ormxrivi, agreTve saWiroa ara marto virtualuri, aramed
cocxali da xSiri komunikacia mosaxleobasTan. „master–planis“
mosamzadebeli samuSaoebisas moqalaqeebi xdebian partniorebi qalaqis
mTavrobasTan. yvela moqalaqe grZnobs mis CarTulobas dokumentis
Seqmnisas da esmis, rom qalaqis momavali maszea damokidebuli da uSualo
srulfasovani monawilea procesebis. „master–planis“ SemuSavebisas,
adgilobrivi TviTmmarTvelobis yvela departamentebi Tu uwyebebi
erTvebian procesSi.

uwyebebs Soris pasuxis mgebloba xSirad Tanmxvedria, ganmeorebiTi an
ewinaaRmdegeba erTmaneTs. TviTeuli aregulirebs Tavis saqmianobis prog-
ramas. miuxedavad imisa maregulirebeli dokumentebi arseboben Tu ara,
uamravi problemebidan gamomdinare, yvela maTgani cdilobs mniSvnelovani
nabijebi gadadgas, raTa Seiqmnas axali quCebi da gzebi, ganaviTaros
miwisqveSa Tu miwiszeda komunikaciebi, magram aseTi programebi umetesad
ar Seesabameba erTmaneTs. aseTi programebi gankuTvnilia, rogorc wesi,
maqsimum ori biujetis ciklze, da orientirebulia erTjerad
gadawyvetilebebsa Tu erTjerad dokumentebze, romelic kerZo an viwro
dargobrivi interesebiTaa ganpirobebuli.

„master–planis“ ignorireba da arqona TvalsaCinos xdis
mmarTvelobis realur saxes, rac sabiujeto flangvis, qalaqebisa da
kulturuli memkvidreobis ganadgurebis, korufciisa da sxva saxis
problemebisa da cru dapirebebis korianteliTaa gamoxatuli. „master–
plani“ iZleva saSualebas da aCvenebs yvela Cinovniks, rac mTavaria
xelisuflebas, rom igi – daqiravebulia droebiT, magram ar aris mxolod
departamentebisa Tu Sida struqturuli erTeulebis erTjeradi kompleqti,
aramed igi aris erTiani Sekruli centri, grZelvadiani programisa da
gadawyvetilebebis gansaxorcieleblad mdgradi ganviTarebis konteqstSi.

nebismieri „master-planis“, garda zemoT aRniSnuli upiratesobe-bisa,
gaaCnia erTi problema - es aris, faqtobrivad, misi grZelvadianoba. rac
Seexaba gen-gegmas, igi xorcieldeba TiTqmis SeumCnevelad, zogierTi
masStaburi, kerZo erTpirovnuli gadawyvetilebebisa. gen-gegma iZleva saSu-
alebas davinaxoT „master-planis“ cxovrebaSi realizebis TandaTanobiTi
nabijebi da misi kriteriumebia:

a) faseulobiTi - nebismieri zemoqmedeba istoriul qalaqze da
urbanul teritoriaze unda iwarmoebodes maTdami pativiscemiT da
materialuri da aramaterialuri faseulobebis mniSvnelobis
gaTvaliswinebiT.
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b) socialuri - TiToeuli Careva istoriul qalaqSi mimarTuli unda
iqnes adgilobrivi mosaxleobis cxovrebis xarisxis da garemos gaumjobe-
sebisaken.

g) xarisxobrivi - mxolod disciplinaTaSoris midgomebze
dafuZnebuli urbanuli ganviTarebis generaluri gegmis arsebobis
pirobebSia SesaZlebeli.

cvlilebebis memkvidreobis dacvis, socialuri da ekologiuri piro-
bebis gaumjobesebis urTierT dabalansebul miznebisken mimarTva;

TiTouli istoriuli teritoriisa  da misi garemocvis, rogorc  erTi
mTelis ganxilva, es ki imdenadaa mniSvnelovani, ramdenadac TiToeulis
wonasworoba da gansakuTrebuli xasiaTi misi Semadgeneli elementebis
sinTezzea damokidebuli.

finansuri da fiskaluri daZabulobisas - qalaqi yovelTvis saWiroebs
investiciebsa da damatebiT kapitals. aseT dros namdvili investorisaTvis
yovelTvis mniSvnelovania, rom gaigos, rogor qalaqSi daabanda, ra
teritoriebi ganviTardeba, romeli sferoebi? Rirs ki investireba
samomavlod? Tu investori, zogierT SemTxvevaSi ar aris darwmunebuli,
konkretuli programis xedvaSi an ganviTarebis perspeqtivaSi aseT dros
„master–plani“ SeiZleba iyos misTvis programis ganviTarebis garanti.

istoriul qalaqebSi cvlilebebi dafuZnebuli unda iyos bunebrivi
resursebis ganadgurebis Tavidan acilebasa da bunebrivi balansis
pativiscemaze. cvlilebebi gamoyenebul unda iqnes istoriul qalaqebSi
ekologiuri pirobebis srulyofis, mwvane sivrceebis gavrcelebisa da
xelmisawvdomobis stimulaciisaTvis; aseve, bunebrv resursebze
zomagadasuli zewolis Tavidan acilebisaTvis.

a) urTierTkavSiri - nairobis  rekomendaciis  mixedviT (muxli 3.)
„TiTouli istoriuli teritoria da misi garemocva unda ganixilebodes
erToblivad, rogorc erTi mTeli. TiToeulis wonasworoba da gansakuTre-
buli xasiaTi damokidebulia misi Semadgeneli elementebis sinTezze.

b) xelisufleba - efeqturi marTva iTvaliswinebs yvela
dainteresebuli mxaris farTo harmoniuli urTierTqmedebis organizebas:
xelisuflebis arCeviTi organoebis, municipaluri samsaxurebis,
saxelmwifo dawesebulebebis, eqspertebis, profesiuli organizaciebis,
universitetebis, macxovreblebis da a.S. es gansakuTrebiT mniSvnelovania
dacvis da istoriuli qalaqebis aRdgenisa da mdgradi ganviTarebis
TvalsazrisiT.

politikuri Tanamdebobis pirebis pirdapiri CarTva „master–planSi“
iZleva saSualebas aseTma figuram politikurad gaimyaros Tavisi imiji
moqalaqeebis TvalSi, misi statusi da adgili  samomavlod qalaqSi. es
aris erT-erTi mTavari Tavisebureba „master–planis“, politikuri
moxeleebisaTvis. „master–plani“ ar aris qalaqis meris an romelime
xelmZRvaneli piris iniciativiT Seqmnili dokumenti, isini misi Sesrulebis
uzrunvelyofis garantebi arian. amomrCevelisaTvis Zalian mniSvnelovania,
rom gaigos, Tu ra momavali eqneba mas am politikosebTan da
mmarTvelebTan erTad.

lideri qalaqebi, romlebic saerTaSoriso sareitingo sistemis
aseulSia, or safexuriani struqtura aqvT. zeda doneze arsebobs sivrcis
ganviTarebis strategia da qalaqis „master–plani“, rogorc erTi mTeli
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dokumenti, xolo meore safexurze warmodgenilia: miwaTsargeblobis, mcire
teritoriebze sasurveli ganaSenianebis da sxv. saxis dokumentebi. xSirad
am or safexurs Soris aris fenis saxiT mcire sqemebi, romlebic gavlenas
axdens transportis ganviTarebasa da sainJinro infrastruqturis,
bunebrivi da xelovnuri landSaftis sferoebSi – es sqema, adaptirebuli
saxiT, SeiZleba gamoyenebul iqnas saqarTvelos nebismier dasaxlebul
punqtSi. magaliTad konservaciis gegma, es gegma unda efuZnebodes mTeli
qalaqis urbanuli ganviTarebis koncefcias, amasTanave, unda Seicavdes
arqeologiur, istoriul da sociologiur-kulturul faseulobebs, rac
Tavis mxriv unda iqces istoriuli qalaqis dacvisa da  SenarCunebis
programad, marTvis gegmasTan SeTanxmebiT da Semdgomi mudmivi
monitoringiT. konservaciis  gegmam unda gansazRvros nebismieri
cvlilebebis pirobebi, wesebi, miznebi da Sedegebi. masSi gansazRvruli
unda iyos romeli Senobebi da sivrceebi unda SenarCundes... TiToeuli
Carevis SemTxvevaSi dacvis gegmam unda moicvas, rogorc materialuri aseve
aramaterialuri elementebi, imisaTvis, rom SenarCunebuli iqnes adgilis
identuroba. aseT SemTxvevaSi gveqneba grZelvadiani strategia, agreTve
teritoriebis ganviTarebis detaluri gegmebi dadgenili periodis
ganmavlobaSi. qalaqebs aucileblad unda hqondes sakuTari marTvis
instrumenti, raTa Tavi davizRvioT diqtatoruli Tu sxva msgavsi saxis
gadaxrebisagan.
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ПОСТРОЕНИЕ ФУНКЦИИ ВЛИЯНИЯ ГРИНА ДЛЯ
ПРЯМОУГОЛЬНОЙ ПЛАСТИНЫ, ШАРНИРНО ОПЕРТОЙ ПО

КОНТУРУ

Чкоидзе Р.B, Степнадзе И.В.
(Грузинский технический университет, ул. М.Костава  77, 0175, Тбилиси,

Грузия)

Резюме:В работе рассматривается прямоугольная пластина (рис. 1), как основная
система для расчета плит сложного очертания в плане методом расширения
заданной системы . Для основной системы строится функция влияния Грина с
использованием энергетического метода Ритца . При составлении выражения
полной энергии, потенциальная энергия деформации (потенциал внутренних сил)
вычисляется как по изображению принятому в классической теории упругости ,
так и модифицированному изображению Пример показал, что между
полученными результатами значительные различия.
Ключевые слова: Основная, расширения системы, функция Грина,
модифицированная формула.

1. ВВЕДЕНИЕ
Как известно расчет плит и оболочек сложного очертания в плане под произвольной

поперечной нагрузкой при любых граничных условиях представляет собой достаточно
сложную задачу и часто решение её невозможно.

Представленная работа является частью множества работ, целью которых является
полноценность расчетных схем указанных плит, выбор метода решения, совершенствование
и уточнение расчета, основываясь на научные труды.

2. ОСНОВНАЯ ЧАСТЬ
Решение задачи с учетом вышеуказанных условий проведено в двух вариантах.

Рассмотрен изгиб прямоугольной однородной и изотропной плиты, шарнирно опертой по
контуру и нагруженной сосредоточенной силой в точке с координатами x=x0 и y=y0 (рис .1)

рис. 1
Выражение функции прогибов выбираем в виде ряда

где функции удовлетворяет граничным условиям шарнирногоопирания плиты.
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Для  шарнирно опертой по контуру пластинки имеем следующие граничные условия:

и

Убедимся, что ряд (1) удовлетворяет этим условиям. Действительно, на грани пластинки при

и, следовательно, прогиб На грани

а значит и прогиб Точно так же обращаются в нуль прогибы на гранях
и .   Таким  образом, граничные условия (a) и (b) для прогибов выполняются.
Вторые производные функции прогибов

В эти производные входят синусы тех же аргументов, что и в функцию прогибов (1)
Поэтому вторые производные прогибов и обращаются в нуль на всех гранях
пластинки при , , Следовательно граничные условия (a) и (b) для
изгибающих элементов тоже выполняются.
В зависимости от членов ряда (1) решение может быть получено с любой степенью
точности.
Постоянные параметры выбирают из условий, чтобы функция по возможности
точнее представляла искомую функцию . Из различных методов отыскания
постоянных параметров применим метод Ритца.

Подсчитаем полную потенциальную энергию системы

Вариант А
Потенциальная энергия деформации (потенциал внутренних сил) плиты

С учетом (1):

Возведение в квадрат двойного ряда, равносильно перемножению двух многочленов, где
каждый член первого ряда умножается на каждый член второго ряда. Чтобы отличить члена
одного ряда от членов другого ряда, в одном из них индексы m и n заменим соответственно
на k и l.
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Тогда выражение (4) сведется к следующему ряду:

Интегралы входящие в (5):

Аналогично первому:

С учетом (6) и (7) находим:

Где
-цилиндрическая жесткость пластины, E-модуль упругости, h-толщина пластины, -
оэффициент Пуассона.
Энергию внешних сил (потенциал внешних сил) подсчитаем по формуле:

где сосредоточенная сила, приложенная в точке пластины (x0, y0); – прогиб под силой

Подставляем (8) и (10) в (2) получаем:

Известен принцип минимума потенциальной энергии: из всех мыслимых и немыслимых
перемещений упругого тела перемещения, удовлетворяющие условиям устойчивого
равновесия, сообщают потенциальной энергии системы минимальное значение.
Следовательно, коэффициенты ряда (11) нужно выбирать так, чтобы потенциальная энергия
системы имела минимум. На основании этого принципа должны выполняться условия:
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Подставим (13) в (1) получаем

При

Получаем формулу для определения прогиба в точке с координатами (x, y) от единичной
силы, приложенной в точке с координатами (x0, y0),  т.е. :
Прогиб плиты в общем виде определяется функцией

Вариант В
Рассмотрим такую же задачу. Решим ее таким же методом, такой же

последовательностью, но с той разницей, что потенциальную энергию мы будем вычислять
не по формуле (3), а по модифицированному изображению .

В работе рассматривается обобщенный закон Гука и полученное на его основе
выражение упругого потенциала. Показано, что равенство коэффициентов, входящих в закон
Гука, симметричных относительно главной диагонали тензоров напряжений и деформаций,
достигается искусственным допущением несоответствий между напряжениями и
деформациями. В результате этого и выражение упругого потенциала получается
некорректным. Для случая общей анизотропии рассматриваемого упругого тела в работе
определяется реальный физический смысл членов выражения обобщенного закона Гука и
упругого потенциала и получается соответствующее корректное    выражение.

Где
–модуль сдвига Внося (1) в (17) получаем
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С учетом (5; 6; 7)в (18)

Энергию внешних сил (потенциал внешних сил) подсчитаем по формуле (10).
Подставляем (10) и (19) в (2) получаем:

На основании принципа минимума потенциальной энергии должны выполняться условия:

Подставим (22) в (1) получаем

При

Получаем формулу для определения прогиба в точке с координатами (x, y) от единичной
силы, приложенной в точке с координатами (x0, y0),  т.е. :

Прогиб плиты в общем виде определяется функцией

Если координаты (x, y) точки, в которой разыскивается прогиб, считать постоянными и
изменять только положение единичной силы (x0, y0), то функция , рассматриваемая теперь
как функция переменных (x0, y0), будет выражать зависимость прогиба от координат
(x0, y0) точки приложения силы . Функция называется функцией Грина, а
ее графическое представление поверхностью влияния прогиба плиты в точке с координатами
(x, y).
Поверхность влияния прогиба плиты в точке с координатами (x, y) представляет собой
изогнутую поверхность рассматриваемой плиты при действии единичной силы в этой точке.

С использованием формул (15) и (24) с целью сравнения результатов рассмотрены
следующие числовые примеры

Мпа(26)
Ограничимся одними членами рядов
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3. ЗАКЛЮЧЕНИЕ

С использованием энергетического метода Ритца построены две отличные друг от
друга функции Грина для прямоугольной плиты, шарнирно опертой по контуру. В одном
случае потенциальная энергия деформации пластины подсчитана с использованием
существующей формулы классической теории упругости, во втором случае с
использованием модифицированной  формулы.  В задачах, подобных рассмотренной задаче
применение вышеупомянутой формулы происходит впервые. Рассмотренный числовой
пример показал, что между полученными результатами значительные различия.
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cvlad sixistiani an izotropuli filebis Runva Seyursuli
Zalis moqmedebiT

j. togoniZe
(Sps `gzaproeqti” t. tabiZis 28, Tbilisi, saqarTvelo)

statia eZRvneba profesor a. kakuSaZis xsovnas

reziume: Tanamedrove nagebobaTa mSeneblobisas sul ufro xSirad
gvxvdeba gegmaSi rTuli moxazulobis rkinabetonis gadaxurvis
filebi, romelTa angariSi Runvaze jer kidev warmoadgens
samSeneblo meqanikis aqtualur amocanas. arsebobs ramodenime
Teoria romelTa Sorisac erT-erTi aris gansaxilvel filasTan
SedarebiT martivi moxazulobis fiqtiuri filis Semotana
angariSebSi, romelic mTlianad moicavs saangariSo filas da
romlisTvisac amave dros cnobilia grinis gavlenis funqcia [1]. A

aqedan gamomdinare naSromi exeba gegmaSi rTuli moxazulobis
filebis angariSisaTvis fiqtiuri (ZiriTadi) sistemis, kerZod ki
sworkuTxa xistad Camagrebuli, cvladsixistiani da
anizotropuli filebisaTvis grinis gavlenis funqciis Sedgenas,
sadac miRebulia Sesabamisi gantolebebi da sixistis cvlilebebis
gamomsaxveli axali mniSvnelobebi, dafuZnebuli sixisteebs Soris
Semdeg tolobaze:      y,xDy,xDy,xD 213  .

sakvanZo sityvebi: fila, gavlenis funqcia, cvladsixistiani,
anizotropuli, sixisteebi da sxva.

1. Sesavali
cnobilia, rom gegmaSi rTuli moxazulobis an farTo naxvretebis

mqone filebis angariSisTvis xSirad mimarTaven martivi moxazulobis
fiqtiuri (anu ZiriTadi) sistemebis Semotanas angariSebSi, romelTvisac
cnobilia grinis gavlenis funqciis gamosaxuleba [1,2]. aqedan gamomdinare
interess warmoadgens gegmaSi sworkuTxa, xistad Camagrebuli
anizotropuli (magaliTad, drekadobis modulis fenobrivi cvlilebebiT)
an filis sisqis naxtomiseburi cvlilebebiT (ZiriTadad ganpirobebuli
sixistis koWebis arsebobiT) miRebuli filis angariSi Seyursul Zalaze.
aRniSnuli amocanis gadasawyvetad naSromSi gamoyenebulia variaciuli
xerxi, kerZod, relei-ritcis meTodi [3].

2. ZiriTadi nawili
cvladsixistiani orTotropuli filis sruli potencialuri energia,

Seyursuli Zalis moqmedebis dros gamoisaxeba Semdegi saxiT:

        dxdyP
y

yxD
yx

yxD
x

yxDЭ
a b










































   


,

2

2

2

22

2

2

22

2

2

1

0 0

2,,2,
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1 (1)

sadac Tanabarsixistiani filis SemTxvevaSi
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3  (2)

Aaq h aris filis sisqe, E da G drekadobis da Zvris moduli.

(1)-Si radialuri gadadgilebis (x,y) funqcia mocemuli sasazRvro
pirobebis gaTvaliswinebiT warmovadginoT furies ormagi
trigonometriuli mwkrivis saSualebiT
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
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sadac Amnkoeficienti ucnobia da eqvemdebareba amoxsnas.
Sesabamisad, (1) gamosaxulebaSi Semavali cvladi cilindruli

sixisteebic gamovsaxoT furies ormagi trigonometriuli mwkrivis

meSveobiT, im pirobis dacviT, rom      y,xDy,xDy,xD 213  , maSin gvqneba:
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sadac: Dimnkoeficientebi ganisazRvreba TviT am gamosaxulebebis
safuZvelze [4] da gegmaSi sworkuTxa cvladsixistiani, magaliTad urTierT
gadamkveTi sixistis wiboebis (koWebis) mqone orTotropuli filebisaTvis
gamoisaxeba Semdegi saxiT:
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miRebul gamosaxulebaSi Di0 – aris koWebis zemodan mdebare filis
cilindruli sixiste da gamoiTvleba (2)-Si mocemuli gamosaxulebidan an

fenovani konstruciebis SemTxvevaSi [5]-dan Dir=EirIir _ Sesabamisad (ri) da (rj)
koWebis sixisteebia, sadac E aris drekadobis moduli I ki koWebis inerciis
momenti maTi simZimiscentris mimarT.

(3) da (4) gamosaxulebis (1) gantolebaSi SetaniT da bolos relei-

ritcis pirobis 0
A

Э

mn





dakmayofilebiT miviRebT Amn – parametrebis

gansaszRvrav zogad gantolebas.
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sadac: mivcemT ra m da n Sesabamis mniSvnelobebs, vadgenT imden
gantolebas, ramden parametrsac viRebT (3) gamosaxulebaSi. magaliTad 7
parametris SemTxvevaSi gveqneba:
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miRebul gantolebaTa sistemis amoxsnidan vRebulobT A11, A12, ...A33

sidideebis mniSvnelobebs. CavsvamT ra maT iseve (3) gamosaxulebaSi,
miviRebT filis CaRunvis gantolebas Seyursuli Zalis moqmedebis dros.
xolo Tu erTeuli Zalis modebis koordinatebs jx da y CavTvliT

mimdinared, miviRebT grinis gavlenis fuqncias  kkjjkj y,x,y,xW filis

romelime k(x,y) wertilebisaTvis, romelic matriculi formiT Caiwereba
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sadac
2 2

1 cos 1 cosk k
mnk

m x nyK
a b
       

  
2 2

1 cos 1 cosj j
mnj

m x n y
h

a b
   

    
  

xolo G aris ricxviTi kvadratuli matrica, romlis mniSvnelobebi
sxvadasxva a, b da Dimn sidideebis SemTxvevaSi sxvadasxvaa.

miRebuli zogadi (6) gamosaxulebebidan SegviZlia gadavideT kerZo
SemTxvevebzec, magaliTad orTotropuli, Tanabar sisqiani filisaTvis (5)

gamosaxulebidan miviRebT: 1 10

16

35mnD D , 2 20

16

35mnD D , 3 30

16

49mnD D

izotropuli filebis SemTxvevaSi ki D10=D20=D30=D miRebuli kerZo
SemTxvevebi ganxilulia SromebSi [2,6].

rac Seexeba furies (3) da (4) mwkrivebis krebadobas igi TiToeul (x,y)
wertilSi Tanabrad krebadia [7].

3. daskvna

SromaSi ganxilulia gegmaSi sworkuTxa cvlad sixistiani
anizotropuli filebisaTvis grinis gavlenis funqciis gamoyvana da
miRebulia cilindruli sixisteebis gamomxatveli axali gamosaxulebebi,

romelic dafuZnebulia pirobaze      y,xDy,xDy,xD 213  .

miRebuli Sedegebi gamoiyeneba gegmaSi nebismieri moxazulobis cvlad
sixistiani an izotropuli filebis angariSisaTvis, rogorc ZiriTadi
sistema.
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Senoba-nagebobaTa fuZeebSi wyalnajeri Tixovani gruntebis
eleqtroqimiuri meTodiT damuSaveba

v. jafariZe, t. garsevaniSvili, n. areSiZe

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

reziume: Catarebuli kvlevebis safuZvelze sainJinro-geologiur
aspeqtSi ganzogadoebulia saqarTvelos dalebebul da datorfil
wyalnajer gruntovan garemoSi eleqtroqimiuri gamoSrobis meTodi,
romelic gamoiyeneba Tixovani, wyalnajeri gruntebis SemTxvevaSi,
qvabulis ferdis mdgradobis, aseve merwyul regionebSi, danaleq da
aramdgrad sust gruntebSi.
sakvanZo sityvebi: tenianoba, wyalnajeri, regioni, eleqtroqimiuri,
eleqtrolituri, filtracia.

1. Sesavali
xSirad gvixdeba sxvadasxva tipis Senoba-nagebobaTa aSeneba

sxvadasxva saxis da rTul sainJinro-geologiur pirobebSi arsebul
gruntebze. aucileblobidan gamomdinare xSirad saWiro xdeba mSeneblobis
dawyeba araxelsayrel da arasaimedo gruntze: qvedamuSavebul
teritoriebze (sadac moxda Ria wesiT sasargeblo wiaRiseulis amoReba da
Semdgom maTi Sevseba), dajdomad an jirjvad gruntebze: mewyrul
raionebSi, datorfil, danaleq da sxva aramdgrad sust gruntebze.

2. ZiriTadi nawili
saZirkvelTmSeneblobis sakiTxi mWidrodaa dakavSirebuli sainJinro

geologiisa da gruntis garemosTan. amdenad, samSeneblo, sainJinro
teqnikuri kvlevis sakiTxi metad sapasuxismgebloa. gruntis simtkicis
maxasiaTeblebis arasrulyofilma Sefasebam SeiZleba gamoiwvios metad
mZime Sedegi. es gansakuTrebiT exeba msxvil mSeneblobebs. kerZod,
dasavleT saqarTvelos regioni, sadac ZiriTadad datorfili da
dalebebuli gruntebia, romlebic xasiaTdeba mZime sainJinro-geologiuri
pirobebiT da iTxoven rTuli amocanis gadawyvetas saZirkvelTmSeneblobis
sferoSi.aseTi samuSaoebi SeiZleba ganxorcieldesgruntebis
eleqtroqimiuri damuSaveba-gamagrebiT, romelic gvaZlevs SesaZleblobas
gavamkvrivoT gruntebi bunebriv rTul garemoSi gruntis eleqtroqimiuri
damuSavebiT da amiT avamaRloT nagebobis muSaobis saimedooba.

gruntis eleqtroqimiuri damuSaveba gamoiyeneba: fuZis
mzidunarianobis asamaRleblad, qvabulebisa da Txrilebis gayvanisas
ferdis gayvanisas mdgradobis Sesakavebel saSualebad, warmoadgens
gayinvis Sedegad jirjvad gruntebTan brZolis saSualebas,
asevegamoiyeneba mewyerisa da ferdobebidan gruntebis Sesakaveblad.

eleqtroqimiuri damuSavebis, kerZod eleqtro-smosis, meTodi
gamoiyeneba Tixovani gruntebis gasaZliereblad da aradrenirebul Znelad
SeRwevad wvril mtverovan qviSaqvebSi, romelTa filtraciis koeficienti
0.5 m/dRe-Rameze naklebia.
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arsebobs gruntebis eleqtroqimiuri damuSavebis ramdenime
saxesxvaoba. esaa eleqtrogamoSroba, gruntis eleqtrolituri damuSaveba
da eleqtrosilikatizacia. yvela aRniSnul meTods aqvs Tavisi gamoyenebis
garkveuli sfero, romelic xasiaTdeba gruntis: SedgenilobiT, TvisebebiT,
filtraciuli SesaZleblobebiT da gamkvrivebis moTxovniT
(mizani).eleqtro-gamoSroba gamoiyeneba wylis donis dasawevad, rodesac
wylis damwevi saSualebebi uZluria gamoaSros grunti da uzrunvelyos
qvabulis da tranSeis kedlebis mdgradoba.

gansakuTrebiT xelsayrelia aRniSnuli meTodis gamoyeneba Tixovan
da wvril qviSebSi, romlebic Seicaven sakmarisi raodenobis dakavSirebul
wyals, romelic ar eqvemdebareba gravitaciul ukudenas. gruntis
eleqtrogamoSrobas da eleqtrolitur damuSavebas aqvs bevri saerTo,
vinaidan gruntSi mimdinareobs erTi da igive fizikoqimiuri procesi, xolo
sawarmo procesebis pirobebSi gamoiyeneba analogiuri danadgarebi.
arsebiTi Tavisebureba eleqtrolituri gamoSrobis isaa, rom xasiaTdeba
ukuqcevadi reaqciiT. e. i. gruntis dasveleba misi damuSavebis Semdeg
Seqcevadia, rac aisaxeba eleqtrodenis sanmokle droiT zemoqmedebiT.

gruntis eleqtroqimiuri Seswavla-damuSavebaze specialistebis mier
Sesrulebulia mravalricxovani samuSao sxvadasxva gruntovan pirobebSi.
miuxedavad amisa, aRniSnuli gruntis gamkvrivebis meTodma ver pova saWiro
gamoyeneba mSeneblobisTvis naklebi informaciis miwodebis gamo.

miuxedavad arsebuli sawarmoo gamocdilebisa da Catarebuli
cdebisa, yvela aRniSnuli xelovnurad gamkvrivebuli meTodidan gruntis
eleqtroqimiuri damuSaveba jerjerobiT iTvleba erTaderT meTodad
aradrenirebuli Tixovani, wvrili qviSaqviani da mtverovani gruntebis
gasamkvriveblad. grunti eleqtroqimiuri damuSavebisas ar saWiroebs rTul
danadgarebs. igi SeuZlia Seasrulos nebismierma samSeneblo organizaciam.

rogorc aRvniSneT, eleqtroqimiuri damuSaveba ZiriTadad gamoiyeneba
dabali filtraciis mqone gruntebSi, rogoricaa wvrili da mtverovani
qviSebi, qviSnari, Tixnari, Tixa, lami, gaxrwnili torfi. aRniSnuli
meTodis dadebiT mxared iTvleba is, rom gruntis gamkvriveba xdeba
mudmivi eleqtrodeniT. gruntSi mudmivi denis gatarebisas da aseve
eleqtrolitis miwodebisas warimarTeba mravali fizikur-qimiuri
procesebi gruntis gamoSrobis da gamkvrivebis mimarTulebiT. esaa
eleqtroosmosi, eleqtrolizi, cvalebadi reaqciebi. ris safuZvelze
gruntSi mimdinareobs Tixovani nawilakebis koagulacia, axali naerTis
warmoqmna-dagroveba, rac  cvlis gruntis struqturas. CamoTvlili
procesebi da reaqciebi cvlis gruntis maxasiaTeblebs, ris safuZvelze
grunts eZleva axali samSeneblo Tvisebebi. gruntis filtraciis
koeficientidan da gamkvrivebis xarisxis moTxovnidan gamomdinare,
eleqtroqimiuri gruntis damuSaveba iyofa sam ZiriTad saxed:
eleqtrogamoSroba, eleqtrolituri damuSaveba da eleqtrosilikatizacia.

aRniSnuli saxeobis damuSavebis gamoyenebis sfero ZiriTadi
fardobiTi maCvenebelia _ filtraciis koeficientia.gamomdinare iqidan,
rom yvela procesi da reaqcia mimdinareobs gruntis nawilakebis
zedapirze, e. i. Txevadi da mkvrivi kontaqtis fazaze, ZiriTad zegavlenas
eleqtroqimiur damuSavebaze axdens gruntis nawilakebis kuTri zedapiri,
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forovani garemo da cvalebadi kaTionebi, rac damokidebulia ionur da
Semcvlel kaTionebis Sedgenilobaze.

gamomdinare iqidan, rom gruntis eleqtroqimiuri damuSaveba SeiZleba
Sesruldes gruntSi qimiuri reagentebis danamatiT an mis gareSe, grunti
xangrZliv ukuqcevadad mkvrivdeba. rodesac gruntis filtraciis
koeficienti 0.005 m/dRe-Rameze metia (wvrili qviSa, Tixnarebi da zogierTi
qviSnarebi) SeiZleba miviRoT mxolod qimiuri reagentebis danamatiT, sadac
SesaZlebelia gamoyenebul iqnes Txevadi mina xsnari kalcium qlori,
alimkalcis Sabi, gogirdmJavas da sxva, romelic forovan xsnarSi Seicavs
sakmarisi raodenobis cvalebad ionebs.

Tixnarebis Tixebis gamagrebisas, romlis filtraciis koeficienti
naklebia 0.005 m/dRe-Rameze, forovan xsnarSi Seicavs sakmarisi raodenobis
cvalebad ionebs, SeiZleba miviRoT ukuqcevadi gamkvriveba qimiuri
danamatis gareSe, magram gadidebulieleqtroenergiis xarjiT.

eleqtroqimiuri damuSaveba qimiuri danamatis gareSe ZiriTadad
gamoiyeneba gruntis droebiT gamoSrobisTvis. aq ZiriTad rols TamaSobs
eleqtrosmosi.

gruntis eleqtroqimiur damuSavebas xSirad mimarTaven saZirkvlis
fuZeSi wyalnajeri bmulis Tixovan, mtverovan, dalebebul gruntSi, roca
Kf filtraciis koeficienti icvleba KKf=1 10-2-1 10-4 m/dRe-Ramis farglebSi.
gruntis simtkice izrdeba 4 6 kgZ/sm2-mde da uzrunvelyofs gruntis
wyaluJonvadobas. gruntSi saZirkvlis orive mxares CaerWoba milovani
eleqtrodebi, romlebic SeerTebulia mudmivi denis wyarosTan. anodSi
TviTdinebiT Caedineba CaCl2 _ marilxsnari, Semdeg Fe2(SO4) an Al2(SO4),
kaTodidan amoitumbeba Canadeni gruntis wyali. mil-anodebis liTonis
xarjis ekonomiis mizniT mas cvlian qviSovan naten masaSi armaturis
Reroebis CayolebiT, denis gamtarianobis gaumjobesebis mizniT. samuSao
Zabva _  _ 100-120 volti, eleqtroenergiis xarji 60 100 kilovatsaaTi/m2

gruntis gasamagreblad.
filtraciis koeficientze da mudmivi denis zemoqmedebasTan

dakavSirebuli, wyali gadadis Tavisufal mdgomareobaSi da diddeba
kapilarebis kveTi; inieqtoreleqtrodebad iyeneben daxvretil milebs,
romlebsac ganalageben saZirkvlis grZivi kedlis mimarTulebiT orive
mxares, 0.6-0.8 metri bijiT 10-150 daxris kuTxiT ornairi polusis
eleqtrodebs aerTeben gamtarebiT da CarTaven mudmivi denis qselSi.

saZirkvlis fuZeSi gruntis gamagreba-damuSaveba eleqtroqimiuri meTodiT:
1 _ eleqtrodi; 2 _ gamagrebuli grunti
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milebi, romlebic kaTodebs warmoadgenen, gaerTianebulia miliT,
saidanac mimdinareobs dagrovili wylis amotumbva, xolo milebSi,
romlebic anodis rols asruleben, Cawnexen qimiur xsnars. gruntis
Semagrebis gaumjobesebis mizniT, eleqtrodebs drogamoSvebiT ucvlian
polusebs, rac gruntSi warmoqmnis eleqtromamoZravebel Zalas.

gruntis eleqtroqimiuri meTodi SeiZleba gamoyenebuli iqnes
gruntis gamoSrobis, gruntebis damuSavebis mzidunarianobis gazrdis an
deformaciis Semcirebis mizniT, risTvisac saZirkvlis orive mxares 0.6-2.4
metris daSorebiT (bijiT) Caasoben mil-eleqtrodebs, inieqtor anodSi
miewodeba CaCl2-is xsnari, Semdeg Fe2(SO4) an Al2(SO4), xolo inieqtor-
kaTodidan amoiqaCeba Casuli wyali.

3. daskvna

eleqtroqimiuri meTodi sagrZnoblad cvlis gruntis qimiur-
mineralur da mineralogiur Sedgenilobas, agreTve amcirebs mis
dispersiulobas. dadgenilia, rom gruntis gamkvriveba grZeldeba
eleqtroqimiuri damuSavebis Semdegac da iwvevs gruntis simtkicis zrdas.
Tu eleqtrodebad gamoviyenebT milebs, romlebic qveda nawilSi
gaxvretilia da mudmivi denis gatarebasTan erTad milSi, romelTanac
SeerTebuli iqneba dadebiTi polusi, CavuSvebT qimiur xsnars, igi
gadaadgildeba denis mimarTulebiT da gamoiwvevs gruntis nawilakebis
SemWidrovebas, riTac izrdeba gruntis simtkice da sxva maCveneblebi. misi
dadebiTi mxare isaa, rom igi grunts akargvinebs gajirjvebis unars.

literatura

1. Г. Н. Шинкин, В. Ф. Калгонов. Электрохимическая обработка грунтов. М.
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sarTulTSorisi monoliTuri gadaxurvis Tanamedrove
konstruirebis sakiTxebi

l. kaxiani, k. maxarobliZe, l. balanCivaZe

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

reziume: statiaSi gadmocemulia monoliTuri sarTulTSorisi
gadaxurvis Tanamedrove konstruirebis Sesaxeb.
aRwerilia gadaxurvis Semamsubuqebeli elementebis
gamoyenebis da maTi konstruirebis principebis Sesaxeb.
statiaSi aseve moyvanilia filis konstruirebis kveTebi,
dasaSvebi zomebi, rogorc filis aseve masSi
moTavsebuli armaturis.

sakvanZo sityvebi: gadaxurva, betoni, armatura, yalibi, konstruireba.

1. Sesavali
rogorc cnobilia sarTulTSorisi gadaxurva Senoba-nagebobebSi

mzidi konstruqciebis moculobis daaxloebiT 60%-s Seadgens. igi Senobis
simtkicisa da seismomedegobis uzrunvelyofisaTvis ZiriTadi elementia.
sarTulTSorisi gadaxurvis simtkiceze, sixisteze aris damokidebuli
Senibebis mdgradoba da usafrTxo eqsploatacia.

2. ZiriTadi nawili
Senoba-nagebobebis sarTulTSoris gadaxurvaSi gamoyenebuli

konstruqciebi damzadebis mixedviT sxvadasxva: 1) asawyobi, 2) asawyob-
monoliTuri da 3) monoliTuri.
1. asawyob gadaxurvebSi gamoyebulia Rrutaniani, wibovani filebi da

asawyobi rigelebi.
2. asawyob-monoliTur gadaxurvebSi gamoyenebulia monoliTuri rigelebi

da asawyobi filebi.
3. monoliTuri gadaxurvebi Sedgeba monoliTuri rigelebiT, monoliTuri

wibovani da konturiT dayrdnobili filebiT.
garda zemoT ganxiluli gadaxurvebisa, mSeneblobaSi bolo dros

farTod gamoiyeneba ukoWo gadaxurvebi.
Semamsubuqebeli gadaxurva warmoadgens (nax. 1) kesonuri gadaxurvis

iseT tips, sadac rkinabetonis muSaobis principi daculia. wibo
daarmaturebulia muSa ReroebiT, xolo filis tanSi moTavsebulia msubuqi
betonisagan damzadebuli kubebi an xelovnuri masalisagan damzadebuli
burTebis msgavsi elementebi sicarieliT.

aseTi filebi iangariSeba rkinabetonis normatiul masalebSi
mocemuli moTxovnebis mixedviT. maTze moqmedebs mudmivi da droebiTi
datvirTva, saangariSo sqema aris ori boloTi Tavisuflad dayrdnobili
an mravalmaliani uWri fila.

gaWimuli muSa Reroebi, romelic moTavsebulia wiboSi iangariSeba

Sesabamisi M mRenavi momentisa da Q ganivi Zalis mixedviT.
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mavTulovani bade, romelic moTavsebulia filis zeda da qveda
fenebSi, aiReba konstruqciuli mosazrebiT, damokidebulia filis siganeze
da manZilze filis kididan sicarielebis kidemde. SeduRebuli
mavTulovani bade aiReba -I klasis ∅ 3 8 mm diametris, orive sibrtyeSi
lagdeba erTnairi bade. Reroebs Soris manZili aiReba araumetes 200 mm-isa.

Semsubuqebuli sarTulTSorisi gadaxurva simtkicisa da sixistis
mixedviT unda Semowmdes, isini masalis xarjis mixedviT ufro ekonomiuria.
mcirdeba nagebobis wona, rac iwvevs gadaadgilebis Semcirebas,
gadaadgilebis Semcireba pirdapirproporciulia Zalvebisa, es ukanaskneli
ki – kveTis zomebisa da armaturis kveTis farTobis.
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nax. 1

3. daskvna

1. statiaSi ganxiluli Tanamedrove Semsubuqebuli sarTulTSorisi
gadaxurva aris ufro msubuqi da betonis da armaturis xarjis mixedviT
ekonomiuri.

2. aseTi gadaxurvis mowyoba momgebiania mravalsarTuliani karkasuli
Senobebis gadaxurvebSi, radgan amcirebs sarTulTSorisi gadaxurvis masas
, mcirdeba inerciis Zalebi, romelic gamoiwvevs gadaadgilebis Semcirebas
da zRudavs bzarebis gaCenas.

3. gadaadgilebis Semcireba iwvevs Zalvebis M, Q Semcirebas, kveTebisa
da armaturis xarjis Semcirebas.

ekonomiuria Tu ara aseTi gadaxurva, saWiroa Catardes mravlobiTi
eqsperimentebi, miRebuli monacemebis damuSavebis mixedviT SesaZlebeli
gaxdeba betonisa da armaturis realuri xarjis dadgena.

literatura
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bitumis modificireba polieTilenis garsiT da mis
safuZvelze asfaltobetonis damzadebis teqnologia

l. CiloCava, m. keWaymaZe, m. sulamaniZe
(Sps `saqgzamecniereba” palitkovskaias 8a, Tbilisi, saqarTvelo)

reziume: statia exeba asfaltobetonis narevSi bitumis gamoyenebis
teqnologiaSi cvlilebis Setanas, misi polieTilenis garsSi
moTavsebiT ra drosac ar gamoiyeneba bitumis Termul damuSavebasTan
dakavSirebuli arcerTi operacia da teqnologiuri procesi, misi
amrevSi miwodebis momentamde. ris gamoc martivdeba asfaltobetonis
qarxnis aRWurviloba da mcirdeba energomoxmareba, Sesabamisad
mcirdeba miRebuli asfaltobetonis TviTRirebuleba.
statiaSi aseve ganxilulia maRali wnevis polieTileniT
modificirebuli bitumisa da mis safuZvelze damzadebuli
asfaltobetonis narevis Tvisebebi. kafsulirebuli bitumis
teqnologiiT miRebuli asfaltobetonis Tvisebebis gamocdis
Sedegebi miuTiTebs, rom misi yvela maCvenebeli miesadageba ГОСТ 9128-
84 moTxovnebs
sakvanZo sityvebi: asfaltobetoni, bitumi, modificireba, polieTileni,

da sxva.
1. Sesavali

asfaltobetonis damzadebis teqnologiis gaumjobesebis erT-erT
mimarTulebas, romelic xels uwyobs misi TviTRirebulebis Semcirebas da
asfaltobetonis qarxnis SemadgenlobaSi Semavali aRWurvilobis
gamartivebas, warmoadgens kafsulirebuli bitumis gamoyeneba e.i garsSi
moTavsebuli bitumis gamoyeneba (magaliTad maRali wnevis polieTilenSi
moTavsebuli bitumi). garda zemoaRniSnuli mimarTulebisa, amgvari
teqnologiis gamoyenebiT saSualeba gveZleva gavaumjobesoT
asfaltobetonis iseTi Tvisebebi (yinva da Tbomedegoba, bzarwarmoqmnisadmi
medegoba da sxva) bitumSi polimeris damatebiT, romelic warmoadgens
bitumis garss, im SemTxvevaSi Tuki mivaRwevT maTi Tavsebadobis saTanado
dones.

literaturidan cnobilia, rom bitumis maRali wnevis polimeriT
modificireba SesaZlebelia, ris Sedegad miebuli polimerbitumis
Tvisebebi radikalurad gansxvavdeba fuZe bitumis Tvisebebisagan.
zemoaRniSnulis gaTvaliswinebiT SegviZlia davaskvnaT, rom
kafsulirebuli bitumi arevis Sedegad gardaiqmneba kvazidispersul
masalad, romelic ar izileba, gardaiqmneba eRTgvarovan masad da misi
miReba SesaZlebelia weliwadis nebismier dros, SegviZlia SevinaxoT
Cveulebriv sacavSi, Sesanaxad gamoviyenoT tomara an rbili rezinis
konteineri, gadavitanoT Cveulebrivi transportiT. am xerxiT
asfaltobetonis damzadebisas radikalurad icvleba asfaltobetonis
narevis momzadebis teqnologia. aseTi bitumiT narevis momzadebis dros ar
gamoiyeneba bitumis Termul damuSavebasTan dakavSirebuli arcerTi
operacia da teqnologiuri procesi, misi amrevSi miwodebis momentamde.
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Sedegad martivdeba asfaltobetonis qarxnis aRWurviloba da mcirdeba
energomoxmareba.

2. ZiriTadi nawili
zemoaRniSnuli kafsulirebuli bitumis gamoyenebiT asfaltobetonis

narevis damzadebis teqnologiis aqtualoba saxezea. am saxis kompleqsuri
davalebis ganxilvisas, romelic exeba bitumis gansazRvruli diametris
nawilis maRali wnevis polieTilenSi kafsulirebas, pirvelyovlisa unda
gaviTvaliswinoT Tu ra Tvisebebi eqneba aseTi teqnologiiT
modificirebul bitums.

literaturaSi moZiebuli Sedegebi bitumisa da maRali wnevis
polieTilenis qimiur Tavsebadobaze Catarebuli cdebis Sesaxeb,
saSualebas iZleva, rom gamovitanoT daskvna  maTi Tavsebadobis Sesaxeb.
amasTan saWiroa modificirebuli Semkvrelis gaucxelebel mdgomareobaSi
amrevSi miwodebis teqnologis gamocda, ra drosac polieTilenis kafsula

arevis procesSi (arevis temperatura 190-200oС) kontaqtSia gacxelebul
mineralur masalasTan da bitumTan erTad cxeldeba operaciis saWiro
temperaturamde. amasTan polieTileni unda gadnes (polieTilenis dnobis

temperatura 110 oС) da Tanabrad gadanawildes narevSi Semavali mineraluri
masalis zedapirze. calsaxad naTelia, rom aseTi teqnologia
radikalurad gansxvavdeba arsebuli teqnologiisagan ra drosac bitumis
gacxeleba arevis temperaturamde xdeba amrevs gareT. saWiroa aseTi
teqnologiiT miRebuli asfaltobetonis Tvisebebis gadamowmeba.
modificirebuli Semkvrelis damzadebis pirobebis da gadarevis procesis
cvlilebis gamo, mosalodnelia miRebuli asfaltobetonis narevis
Tvisebebi gansxvavdebodes zemoT moyvanili maRali wnevis polieTileniT
modificirebuli bitumiT damzadebuli asfaltobetonis Tvisebebisagan da
normatiuli dokumentebiT moTxovnili maCveneblebisagan.

dasmuli iyo ori amocana:
1. maRali wnevis polieTilenisa da БНД 90/130 bitumis Termodinamiuli

Tavsebadobis gansazRvra eqsperimentalurad;
2. maRali wnevis polieTileniT modificirebuli bitumiT

damzadebuli asfaltobetonis Tvisebebis eqsperimentaluri
gansazRvra:

maRali wnevis polieTilenisa da БНД 90/130 bitumis Termodinamiuli
Tavsebadobis gansazRvra moxda ori damoukidebeli meTodiT;
1. kompiuteriT marTuli mbrunavi qanqaris gamoyenebiT, romelic

saSualebas iZleva uwyvetad dagvefiqsirebina Zvris moduli (G) da

meqanikuri danakargebis kuTxis tangensi (tgδ) eseigi saSualeba gvqonda
migveRo relaqsaciuri speqtri. gamokvleuli iyo bitumisa da
polieTilenis narevis dinamiur-meqanikuri Tvisebebi temperaturis
farTo intervalSi; dadginda aRniSnuli masalebis narevSi fazuri
gadasvla; dadginda bitumisa da maRali wnevis polieTilenis qimiuri
komponentebis Tavsebadoba.

2. farTod gavrcelebuli derivatografiuli analizis safuZvelze.
relaqsaciuri speqtroskopiis meTodiT miRebuli Sedegebis analizis
safuZvelze SesaZlebelia davaskvnaT;
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 bitumSi maRali wnevis polieTilenis 15%-mde arsebobis SemTxvevaSi
miiRweva komponentebis damakmayofilebeli Tavsebadoba (narevs gaaCnia
gamyifebis erTnairi temperatura).
 imave raodenobis maRali wnevis polieTilenis Semcveloba

modificerebul bitumSi zrdis asfaltobetonis yinvamedegobas 30oС-iT.
modificirebis Sedegad bitumis gamyifebis temperatura izrdeba

dabaltemperaturul intervalSi daaxloebiT 30oС-iT, +5oС-idan -25oС-mde.
es monacemebi srulad dadasturda derivatografiuli analiziT

Catarebuli sakontrolo gamocdebis Sedegad rac Seexeba maRaliwnevis
polieTileniT modificirebuli bitumiT damzadebuli asfaltobetonis
Tvisebebis gansazRvras, romelic miRebul iqna gadarevis procesSi
kafsulirebuli bitumis miwodebis teqnologiis gamoyenebiT. unda
aRiniSnos, rom Sesabamisi eqsperimentebis Catarebis dros gamoiyeneboda
Semdegi recepti: RorRi fr (5-10)mm – 65%; bunebrivi qviSa – 15%; mineraluri
fxvnili – 6%; bitumi БНД 90/130 – 6%. asfaltobetonis narevi mzaddeboda
mineraluri masalisa da bitumis Serevis gziT or temperaturul reJimSi:P

15 wuTis ganmavlobaSi 170oС da 2 saaTis ganmavlobaSi 175oС.

3. daskvna
kafsulirebuli bitumis teqnologiiT miRebuli asfaltobetonis (A

tipi) Tvisebebis gamocdis Sedegebi miuTiTebs, rom misi yvela maCvenebeli
miesadageba ГОСТ 9128-84 moTxovnebs. miRebuli Sedegebi esadageba
zemoTnaxsenebi sxva avtorebis mier maRali wnevis polieTilenis (1-1.5%
moculobiT) da БНД 90/130 bitumis gamoyenebiT miRebuli bitumpolimeruli
Semkvrelis gamoyenebiT miRebuli asfaltobetonis Sedegebs. es gvaZlevs
imis safuZvels, rom gavagrZeloT muSaoba am mimarTulebis ganviTarebaze,
romelic iZleva asfaltobetonis cxeli narevis damzadebis teqnologiis
gaumjobesebis saSualebas.

literatura
5. Ковалев Я.Н., Романюк В.Н. Капсулирование битума химически совместимой

полимерной добавкой, свойства модифицированного вяжушего и асфалътобетона на
его основе / Наука и техника в дорожной отрасли. - 2007. - N1. - С. 29-31.

6. Mohammad T. Awward and LinaShbeeb. The Use of Polyethylene in Hot Asphalt Mixtures.

7. Молчанов Ю.М. Физические и механические своиства полиетилена, полипропилена и
полиизобутилена.



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #2(37), 2015
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

80

Senoba-nagebobebis monitoringis sistemebis
ganviTarebis tendenciebi

u. ZoZuaSvili
(saqarTvelos teqnikuri universiteti, m. kostavas q. N72, 0175 Tbilisi,

saqarTvelo)
reziume: naSromSi gaanalizebulia Senoba-nagebobebis monitoringis
sistemebis ganviTarebis tendenciebi. analizidan gamoikveTa, rom
aucilebelia monitoringis avtomatizirebuli sistemis SemuSaveba
samSeneblo konstruqciebis mdgomareobis eqsperimentul-Teoriuli
analizis safuZvelze  naturuli konstruqciebis da misi danergvisas
mSeneblobis dros an Senobebis da nagebobebis eqspluataciis procesis
dros usafrTxoebis uzrunvelyofisTvis. risTvisac unda Sesruldes
Semdegi: konstruqciis daZabul-deformirebuli mdgomareobis
monitoringis sistemebis  kritikuli analizi; teqnikuri da programuli
kompleqsis SemuSaveba samSeneblo konstruqciebis dinamikuri
maxasiaTeblebis gansazRvrisaTvis (sakuTari rxevis sixSire, rxevis
forma, milevis koeficienti); samSeneblo konstruqciebis dinamikuri
monitoringis kompleqsuri teqnologiis SemuSaveba, romelic Seicavs
informaciuli modelirebis teqnologias, sasrul elementTa meTodis
(se) modelirebis teqnologias da Teoriuli da saeqsperimento
modaluri analizis teqnologias.
sakvanZo sityvebi: Senoba-nageboba, monitoringi, sistemebi, gadamwodebi,
sasrul-elementTa meTodi.

1. Sesavali
Tanamedrove mSenebloba xasiaTdeba, axali masalebis, angariSis

meTodebis, konstruqciuli gadawyvetilebebis, samuSaos Sesrulebis
meTodebis  danergvis maRali tempebiT. aseT pirobebSi mniSvnelovan rols
TamaSobs samSeneblo konstruqciebis eqsperimentuli gamokvlevebi.
samSeneblo konstruqciebisa da Senobebis mimdinare teqnikuri
mdgomareobis SefasebisTvis bolo wlebSi daisaxa avtomatizirebuli
sistemebis ufro farTod gamoyenebis tendencia. am sistemebs uwodeben
monitoringis sistemebs  (ms)  da isini  umeteswilad  gamoiyenebian
obieqtebis teqnikuri mdgomareobis Sefasebisas manqanaTmSeneblobis
dargSi, kosmosuri da saaviacio teqnikis, wyalqveSa navebis da gemebis
aseve,  mniSvnelovnad mcire moculobiT mSeneblobisas da Senobebisa da
nagebobebis Semdgomi eqspluataciis dros. [1].

2. ZiriTadi nawili
ГОСТ Р 22.1.12-2005-Si [2] monitoringis es sistemebi klasificirebulia

rogorc Senobeba–nagebobebis sainJinro sistemebis struqturirebuli
monitoringis da marTvis sistemebi.

Tanaxmad ГОСТ Р 22.1.12-2005-is p.4.6-sa unda uzrunvelyos:
• avariuli situaciebis prognozireba da gafrTxileba obieqtis

funqcionirebis parametrebis  kontrolis gziT da maTi mimdinare
mniSvnelobebis normidan gadaxrebis gansazRvra;
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• obieqtebis funqcionirebisaTvis saWiro  parametrebis procesebis
mniSvnelobebis Sesaxeb   informaciis Segrovebis,  gadacemis  da
damuSavebis uwyetoba;

• formireba da gadacema formalizebuli operatiuli informaciisa
teqnologiuri sistemebis mdgomareobis Sesaxeb  da obieqtebis
iJinrul-teqnikuri konstruqciebis mdgomareobis cvlilebis Sesaxeb
obieqtis, sadispeCero samsaxurSi;

• formireba da gadacema formalizebuli Setyobinebisa sagangebo
mdgomareobis Sesaxeb obieqtebze, maT Soris gamowveuls
teroristuli aqtebiT, saerTo sadispeCero samsaxurSi;

• avtomatizirebuli an sistemis iZulebiTi amuSaveba mosaxleobis
gafrTxilebis mizniT sagangebo mdgomareobis Sesaxeb da saWiroebis
SemTxvevaSi evakuaciisTvis saWiro qmedebebi;

• avtomatizirebuli an iZulebiTi gafrTxileba  Sesabamisi
specialistebisa, romlebic pasuxs ageben obieqtis usafrTxoebaze;

• avtomatizirebuli an iZulebiTi amuSaveba sagangebo mdgomareobis
gamafrTxilebeli an likvidaciisaTvis saWiro sistemis garkveuli
algoriTmiT, romelic  gankuTvnilia konkretuli obieqtisaTvis da
sagangebo mdgomareobis konkretuli saxeobisTvis da sxva qmedebebi.
Semdgom Tanaxmad ГОСТ Р 22.1.12-2005-is p.4.7-sa monitoringis

sistemebis SemadgenlobaSi unda Sevides Semdegi komponentebi:
• gazomviTi saSualebebis kompleqsi, avtomatizaciis saSualebebi da

Semsrulebeli meqanizmebi;
• mravalfunqciuri sakabelo sistema;
• informaciis gadacemis qseli;
• obieqtebis inJinruli sistemebis sadispeCero marTvis

avtomatizirebuli sistema;
• administraciuli resursebi.

faqtiurad ГОСТ Р 22.1.12-2005-Si iyo formulirebuli moTxovnebi
monitoringis sistemebze ara marto teqnologiur sistemebze da
mowyobilobebze,  aramed nagebobebis da Senobebis samSeneblo
konstruqciebze, romelSic ukve Sedis rogorc aucilebeli CarTvis qmedeba
saproeqto dokumentaciaSi monitoringis ZiriTadi mdgomareobis da
samSeneblo konstruqciebisa, rogorc mSeneblobis ise eqspluataciis dros.

monitoringis sistema yendeba  Senobebisa da nagebobebis
konstruqciaze gare datvirTvebis (statikuri, seismuri, qaris)
kontrolisaTvis da Tan urTaven gadamwodebis krebuls (temperaturis,
deformaciis, gaRunvis, daxris, rxevis,  aCqarebis, tenianobis, koroziis).
gadamwodebi bolo dros  cifruli saxiT interfeisis meSveobiT
gadascemen informacias  kompiuters.  kompiuteri, romelic  monitoringis
sistemis centraluri  nawilia gamoiyeneba gazomvebis mniSvnelobebis
analizisTvis  samSeneblo konstruqciebis elementebSi  dazianebis
adgilis  gamoaSkaravebisa da dadgenisaTvis.

monitoringis sistemam unda imuSaos ganuwyvetliv xangrZlivi
periodis ganmavlobaSi ramodenime Tvidan ramodenime wlamde. amitom ufro
xSirad ixmareba  sakabelo da ufro naklebad usadeno gadamcemi
monitoringis sistemebi.
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gansxvavebiT Senobis gegmiuri daTvalierebisa, Sesrulebuli
specialistebis mier weliwadSi orjer, monitoringis sistema saSualebas
iZleva Catardes instrumentuli kontroli  uwyvetad-mocemuli drois
intervaliT, rogorc mSeneblobis dros  aseve misi Semdgomi
eqspluataciis dros  Senobebsa da nagebobebSi.

Sedegebis  analizi  xorcieldeba sxvadasxva  meTodebiT, anazomi
monacemebis   mixedviT.  saerTo SemTxvevaSi  monacemebis   klasifikacia
SeiZleba konstruqciis moqcevis xasiaTis kriteriumiT. Tu vafasebT
konstruqcias statikuri datvirTvis dros (mudmivi, moklevadiani, Tovlis),
maSin angariSis,  deformaciis, Zabvis da sxva  gazomvis monacemebis
damuSavebis dros gamoiyeneba statikis meTodebi. Tu ganixileba
konstruqciis dinamikuri muSaoba (magaliTad,datvirTva  qarisgan an
teqnikuri mowyobilibisgan) maSin gamoiyeneba dinamikuri meTodebi.

Tanaxmad [3]-isa Senobebisa da nagebobebis eqspluatacia konstruqciis
avariuli mdgomareobis dros, gruntis safuZvelis CaTvliT, ar daiSveba. am
SemTxvevaSi yalibdeba  samSeneblo konstruqciebis da fundamentis
monitoringis aucilebeli reJimi.

3. daskvna
kvlevis Sedegad dadginda, rom aucilebelia monitoringis

avtomatizirebuli sistemis SemuSaveba samSeneblo konstruqciebis
mdgomareobis eqsperimentul-Teoriuli analizis safuZvelze  naturuli
konstruqciebis da misi danergvisas mSeneblobis dros  an Senobebis da
nagebobebis eqspluataciis procesis dros usafrTxoebis
uzrunvelyofisTvis.

aRniSulis misaRwevad unda Sesruldes Semdegi amocanebi:
 konstruqciis daZabul-deformirebuli mdgomareobis monitoringis
sistemebis  kritikuli analizi samamulo da ucxouri praqtikidan;
 teqnikuri da programuli kompleqsis SemuSaveba samSeneblo
konstruqciebis dinamikuri  maxasiaTeblebis gansazRvrisaTvis (sakuTari
rxevis sixSire, rxevis forma, milevis koeficienti);
 samSeneblo konstruqciebis dinamikuri monitoringis kompleqsuri
teqnologiis SemuSaveba, romelic Seicavs informaciuli modelirebis
teqnologias, sasrul elementTa meTodis (se)  modelirebis teqnologias
da Teoriuli da saeqsperimento modaluri analizis teqnologias.
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sawarmoo menejmentSi  sawarmoo funqciis
gamoyeneba

g. tyeSelaSvili z. kupataZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175 Tbilisi

saqarTvelo.)

reziume: statiaSi ganxilulia sawarmoo faqtorebis erTobliobasa
da gamoSvebuli produqciis maqsimalur SesaZleblobas Soris
damokidebuleba. miTiTebulia, rom sawarmoo funqcia yovelTvis
konkretulia da gankuTvnilia mxolod mocemuli teqnologiisaTvis
da axali teqnologiis danergva niSnavs axal sawarmoo funqcias.

aRniSnulia, rom sawarmoo funqciis kobba-duglasis
orfaqtoriani modeli yvelaze martivia. Mmisi daxmarebiT xdeba
Sromisa da kapitalis urTierTdamokidebulebis amoxsna.

miTiTebulia, rom erTma romelime sawarmoo zemoqmedebam drois
raRac monakveTSi SesaZlebelia mogvces dadebiTi efeqti, magram
Zireul gaumjobesebis misaRwevad aucilebelia warmoebaze momqmedi
yvela faqtoris cvlileba.
sakvanZo sityvebi: sawarmoo faqtorebi, sawarmoo funqcia, sawarmoo
menejmenti, produqcia, warmoebis danaxarjebi.

1. Sesavali
sawarmoTa  efeqtianobis uzrunvelyofis da sabolood warmoebuli

produqciis konkurentunarianobis asamaRleblad, mizanSewonilia
menejmentis iseTi Tanamedrove meTodebis danergva, rogorebicaa sawarmoo
funqcia da misis yoveldRiuri gamoyeneba sawarmoo gadawyvetilebis
miRebaSi.

sawarmoo funqcia-esaa damokidebuleba sawarmoo faqtorebis
erTobliobasa da gamoSvebuli produqciis maqsimalur SesaZleblobas
Soris-warmoebuli mocemuli faqtorebis gamoyenebiT.22

sawarmoo funqcia yovelTvis konkretulia, gankuTvnilia mxolod
teqnologiisaTvis. Aaxali teqnolgiis danergva niSnavs axal sawarmoo
funqcias.

sawarmoo funqciiis gamoyenebiT ganisazRvreba danaxarjebis
minimaluri raodenoba, mocemuli raodenobis produqciis sawarmoeblad.

2. ZiriTadi nawili
sawarmoo funqcia, imisagan damoukideblad, Tu ra saxis produqcia

iwarmoeba, xasiaTdeba Semdegi ZiriTadi TvisebebiT:
1. warmoebis moculobis gazrdas, mxolod erTi romelime faqtoris
gamoyenebiT, aqvs zRvari. (ar SeiZleba momuSaveTa didi ricxovnebis
daqiraveba erT SenobaSi gansaTvaseblad Tundac imitom, rom yvelas
ar eyofa adgili);

22 Емцов Р.Г., Лукин Ь.Ю. Микроэкономика. М., 1999. с. 174-176.
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2. warmoebis faqtorebi SeiZleba iyos urTierTSemcvlelni an
urTierTSemavsebelni (muSebi da instrumentebi, warmoebis
avtomatizacia);
yvelaze zogadi formiT sawarmoo funqcia gamoiyureba Semdegi saxiT:

(Q=f (K, L, M, T, N),
sadac, Q-produqciis gamoSvebis moculobaa; K-kapitalia(mowyobilobebia);
M – nedleuli da masalebi; L-Sroma; T-teqnologia; N- amewarmeo xerxebi.

yvelaze martivia sawarmoo funqciis kobba-duglasis orfaqtoriani
modeli, romlis daxmarebiTac amoixsneba Sromis (L) da kapitalis (K)
urTierTdamokidebuleba. es faqtorebi urTierTSecvladi da
urTierTdamatebiTia.23

Q=AK α . L β
sadac, A sawarmoo koeficientia, igi uCvenebs yvelafuqnciis

mwarmoeblobas da icvleba bazuri teqnologiis cvlilebasTan erTad (30-40
weliwadSi erTxel);

K, L-kapitali da Sroma Sesabamisad
α, β-warmoebis moculobis mniSvnelobis koeficientebia Sromisa da

kapitalis danaxarjebTan mimarTebaSi.
Tu α=0,25, maSin kapitalis danaxarjTa zrda 1%-iT, gamoiwvevs

warmoebis moculobis zrdas 0,25%-iT.24

Kkobba-duglasis sawarmoo funqciaSi elastikurobis koeficientis
analizis safuZvelze SeiZleba gamovyoT:

1. proporciulad mzardi sawarmoo funqcia, roca α + β=1 (Q=k 0,5 l 0,2);
2. araproporciulad mzardi α + β > 1 (Q=K 0,9 + L 0,8);
3. klebadi α + β <1 (Q=K 0,4+L 0,2);
ganvixiloT firmis moRvaweobis mokle periodi, romelSic cvladebis

ori faqtoridan arsebobs mxolod Sroma. Aam situaciaSi firmas SeuZlia
gazardos warmoebis moculoba SromiTi resursebis xarjze. kobba
duglasis sawarmoo funqcia gamoxatulia  naxazze (mrudi MPL).

moklevadian periodSi moqmedebs zRvruli warmadobis klebis kanoni,
maSin, roca erTi sawarmoo faqtori rCeba ucvleli. kanonis moqmedeba
gulisxmobs sawarmooo teqnikis da teqnologiis cvlilebas im SemTxvevaSi,
rodesac firmaSi xdeba axali gamogonebebis da sxva teqnikuri srulyofis
gamoyeneba. SesaZlebelia produqciis moculobis zrda imave sawarmoo
faqtorebis cvlilebebis gziT. e.i. teqnikurma progresma SeiZleba
Secvalos kanonis moqmedebis principi.

sawarmoo faqtorebidan kapitalis ucvlelobis misi fiqsirebul
elementad warmodgenis SemTxvevaSi, firmas SeuZlia warmoebis moculobis
zrda SromiTi resursebis xarjze. magram warmodgenili kanonis Tanaxmad,
erTi resursis zrdam sxvebis ucvlelobis SemTxvevaSi SeiZleba
migviyvanos am faqtoris ukugebis Semcirebamde. SromiTi resursebis zrdis
politikam Cvens SemTxvevaSi SesaZloa Seamciros firmis teqnikur-
ekonomikuri parametrebi sxva faqtorebis ucvlelobis SemTxvevaSi. 25

23 Симкина Л.Г., Корнейчук Б.В. Микроэкономика. Производство и издержки. Санкт-Петербург. 2008. с.128.
24 Тарануха Ю.В., Земляков Д.Н. Микроэкономика. М., 2006. с. 70-83.
25 Богатко А.Н. Основы экономического анализа хозяйственного субьекта.М., 2012. с. 108-123.
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Sromis zRvruli warmadoba – esaa warmoebis zrda miRebuli Sromis
erTeulis gadidebis xarjze.

L

TP
MP L

L 




analogiurad ganisazRvreba kapitalis zRvruli produqti MPk

klebadi mwarmoeblurobis kanonze dayrdnobiT gavaanalizoT saerTo
(TPL), saSualo (APL) da zRvruli (MPL) produqtebis amsaxveli mrudebi (nax.
N1).

nax.1  saerTo, saSualo da zRvruli warmoebis
dinamika da urTierTkavSiri.

saerTo produqtis moZraobis mrudi (TPL) jer izrdeba mkveTrad,
Semdeg xdeba misi zrdis Semcireba, xolo garkveuli drois Semdeg is
mkveTrad mcirdeba anu SromiTi resursis Semdgomi zrda uaryofiTad
aisaxa produqciis moculobaze. Analogiuri mdgomareoba SiniSneba
warmoebis sxva faqtoris magaliTzec da saSualo an zRvruli produqciis
pirobebSidac. 26

aseTi kanonzomiereba vlindeba warmoebis danaxarjebis SemTxvevaSic
(ix. Nax. 2), rogorc naxazebidan Cans:

Nnax. N 2. Ffirmis saSualo da grZelvadiani danaxarjebi.

26 Ronald William Shephard. Theory of Cost and Production Functions. Princenton University Press. 2014. 308
p.
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1. xangrZliv periodebSi warmoebis danaxarjebi ganicdis cvlilebas;
2. drois mokled periodSi danaxarjebis mrudebi produqciis

erTeulze Cazneqilia (ATC1, ATC2, ATC3);
3. drois xangrZliv periodSi icvleba warmoebis yvela faqtori.
saerTo produqciis zrdis SemTxvevaSi Tavidan firmis saSualo

danaxarjebi mcirdeba, Semdeg igi xdeba garkveuli periodis ganmavlobaSi
mudmivi, xolo faqtoris dadebiTi gavlenis amowurvis Semdeg danaxarjebi
izrdeba. Aaqedan SegviZlia davaskvnaT, rom romelime sawarmoo faqtoris
zemoqmedebam SeiZleba drois raRac momentSi mogces dadebiTi efeqti,
magram Zireuli gaumjobesebis misaRwevad aucilebelia warmoebaze moqmedi
yvela faqtoris cvlileba, xolo TiToeuli faqtoris variaciis done
ganisazRvreba mocul konkretul SemTxvevaSi firmis SesaZleblobaze, misi
gare da Sida faqtorebis moqmedebaze.
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upirapiro liandagSi relsebis CaduRebis gziT sarelso
gadabmebis defeqturi adgilebis aRdgenis teqnologiis

SerCeva

n. rurua, l. ruxaZe

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

reziume: statiaSi ganxilulia upirapiro liandagSi relsebis
CaduRebis gziT sarelso gadabmebis defeqturi adgilebis aRdgenis
teqnologiis SerCeva defeqturi adgilis adgilmdebareobisa da
raodenobis gaTvaliswinebiT. SemoTavazebulia upirapiro liandagis
sarelso gadabmaSi moZravi relsSemduRebeli manqanis gamoyenebiT
eleqtrokontaqturi xerxiT relsebis CaduRebis teqnologiis ori
meTodi: SesaduRebeli sarelso gadabmebis SeduReba moWimviT da
SesaduRebeli sarelso gadabmis SeduReba winaswari gamoRunviT an
zemoT aRniSnuli orive meTodis erTdroulad gamoyeneba.
gansazRvrulia upirapiro liandagis sarelso gadabmis dagrZelebis
mniSvnelobebi temperaturaze damokidebulebiT, misi liandagSi
Camagrebis temperaturasTan sxvaobis mixedviT. dadgenilia upirapiro
liandagis sarelso gadabmebSi temperaturuli Zalebis epiuris
mniSvnelobebi samuSaoTa warmoebis zonaSi misi eleqtrokontaqturi
SeduRebiT aRdgenamde.
sakvanZo sityvebi: upirapiro liandagi, sarelso gadabma, relsis
defeqti, relsSemduRebeli manqana, matareblebis moZraobis
usafrTxoeba, eleqtrokontaqturi SeduReba, relsebis SeduReba
moWimviT, relsebis SeduReba winaswari gamoRunviT, sarelso
gadabmebis liandagSi Camagrebis temperatura.

1. Sesavali
ss „saqarTvelos rkinigzis“ monacemebiT upirapiro liandagis

sarelso gadabmebSi relsebis SeduRebis teqnologiis darRvevis gamo
gamovlenilia defeqturi adgilebi, romelTa raodenobam Seadgina 1118
adgili. defeqtebi garegnuli niSan-TvisebebiT klasificirdeba rogorc
,,amowva“ da НТД/ЦП-2-93-is mixedviT aRiniSneba kodiT 99.3, xolo am
defeqtebiT gamowveuli relsis texvisas aRiniSneba kodiT 66.3.

,,amowvis“ mizezs warmoadgens relsis zedapirsa da SeduRebis manqanis
denmimwodebel eleqtrods Soris RreCos arseboba, rac gamowveulia gasul
wlebSi moijare organizaciis mier relsSemduRebeli manqanis
denmimwodebeli eleqtrodis zedapiris araTanabari cveTis, an
SesaduRebel relssa da denmimwodebel eleqtrods Soris liTonis xenjis
an gratis (naRvenTis) nawilis moxvedris gamo (nax.1, nax.2).
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nax.1. xedi SenaduRi relsis
fuZis Ziris mxridan

nax.2. „amowva“- defeqti SenaduRi
relsis frTis fuZis kidesTan

zemoT aRniSnuli defeqtebis arseboba xels uSlis liandagis norma-
lur funqcionirebas (defeqtebis xSiri Semowmeba, matareblebis moZraobis
siCqaris Semcireba da sxva). amitom dRis wesrigSi dadga am defeqtebis
aRmofxvris RonisZiebebis SemuSaveba.

2. ZiriTadi nawili
upirapiro liandagis sarelso gadabmebSi saSiSi defeqtebis

aRmoCenisas miRebul unda iqnas maTi aRmofxvris da sarelso Zafis
aRdgenis RonisZiebebi matareblebis moZraobis usafrTxoebis
uzrunvelyofis mizniT. sarelso gadabmebis aRdgena tardeba or an sam
etapad: moklevadiani, droebiTi da saboloo (sruli).

zemoT aRniSnul ubnebze saWiroa saboloo aRdgenis Catareba
eleqtrokontaqturi xerxiT moZravi relsSemduRebeli manqanis gamoyenebiT.

sarelso gadabmis saboloo aRdgenis dros aRsadgeni sarelso
gadabmebis boloebis mimarT defeqturi relsis adgilis ganlagebis
mixedviT ganasxvaveben sarelso gadabmaSi relsebis CaduRebis teqnologiis
ori meTods: 1.SesaduRebeli sarelso gadabmis SeduRebas moWimviT;
2.SesaduRebeli sarelso gadabmis SeduRebas winaswari gamoRunviT. Cvens
SemTxvevaSi saWiroa defeqturi SenaduRi pirapirebis mdebareobis da
raodenobis mixedviT orive meTodis erTdroulad gamoyeneba.

SeduRebiT sarelso gadabmebis aRdgena warmoebs sarelso gadabmebis

Camagrebis temperaturis dros± Co5 .
SeduReba SesaduRebeli sarelso gadabmis moWimviT sruldeba im

SemTxvevaSi, rodesac aRsadgeni adgili sarelso gadabmebis boloebidan ar
aris daSorebuli 150m-ze metad.

winaswari gamoRunviT SeduRebis dros (nax.3) samagrebidan
Tavisufldeba mxolod sarelso gadabmis nawili. CD 5 metris sigrZis
ubanze sarelso gadabmis gadaadgilebis gaadvilebis mizniT mozambare
klemebi gadayavT aramuSa mdgomareobaSi (“Pandrol”-is tipis samagrebis
SemTxvevaSi), xolo AB da EF 50 m sigrZis ubnebze mozambare klemebi unda
iyos muSa mdgomareobaSi, raTa gamoiricxos sarelso gadabmis gadaagileba.
DE ubanze (sigrZiT 40-50 metri) sakleme WanWikebi an mozambare klemebi
unda moixsnas.
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nax.3. sarelso gadabmis gamoRunvis sqema:

BC - sarelso CanarTi l ; CD - mozambare klemebis gadayvana aramuSa mdgomareobaSi

(“Pandrol”-is tipis samagrebis SemTxvevaSi); DE - sarelso gadabmis gamoRunvis

zona, relsi samagrebisgan Tavisufalia; AB da EF monakveTebze sarelso gadabma

Camagrebulia; B da C -SeduRebis adgilebi

sarelso CanarTis sigrZe toli unda iyos B da C wertilebs Soris

manZils ( CBl  ) damatebuli maragi ori pirapiris SeduRebaze, or CaWraze

(2mm) da damatebuli narCeni CaRunvis isris maragi (5-6mm), anu

522   CBllCan , mm

sarelso CanarTis SeduReba xdeba sarelso gadabmis bolosTan B
kveTSi. B kveTSi sarelso gadabmis bolos acdena sarelso CanarTis

mimarT ( acdl ) unda Seesabamebodes:

651  acdl , mm

bolo SenaduRi pirapiris gaciebis Semdeg (2-3 wuTi SeduRebis
damTavrebis Semdeg) sarelso gadabmis gamoRunul nawils asworeben ganivi
Zalis zemoqmedebiT.

im SemTxvevaSi, Tu sarelso gadabmis SeduRebiT aRdgenis samuSaoebi
Sesruldeba misi Camagrebis temperaturaze ufro dabal temperaturaze,
misi SeduRebis win aRdgenis samuSaoTa warmoebis ubanze gaangariSebul
unda iqnes sarelso gadabmis dagrZelebis mniSvneloba misi temperaturuli
Zalebis farglebSi (sarelso gadabmis Camagrebis temperatura).

nax.4-ze naCvenebia sarelso gadabmaSi temperaturuli Zalebis epiura
samuSaoTa warmoebis zonaSi misi eleqtrokontaqturi SeduRebiT
aRdgenamde.

nax.4. samuSaoTa warmoebis zonaSi sarelso gadabmaSi temperaturuli
Zalebis epiura SeduRebamde  da sarelso gadabmis  erT-erTi bolos

gaWimva sarelso gadabmis Camagrebis temperaturis aRsadgenad: B da C -
SeduRebis adgilebi.

sarelso gadabmis msunTqavi monakveTi ganisazRvreba formuliT

rtEFrNl t  /s



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #2(37), 2015
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

90

sadac tN sarelso gadabmaSi warmoqmnili temperaturuli Zalaa,

gamowveuli temperaturaTa sxvaobiT misi Camagrebis
temperaturasTan SefardebiT;

 - sarelso foladis temperaturuli xazobrivi gafarToebis
koeficienti,  =0,0000118;

E - sarelso foladis drekadobis moduli, E =2,1105megpa
( E =2,1106kg/sm2);

F - relsis ganivi kveTis farTobi, sm2; 65P tipis axali
relsisaTvis F =82,56sm2;

t - samuSaoTa warmoebisas sarelso gadabmis temperaturaTa
sxvaoba misi Camagrebis temperaturasTan SefardebiT;

r - sigrZivi winaRoba liandagis grZivi gadaadgilebis mimarT
erTi sarelso ZafisaTvis da stabilizirebuli balastis
SemTxvevaSi tolia r =12kn/m, xolo arastabilizirebuli
balastis SemTxvevaSi tolia r =7kn/m.

SeduRebis samuSaoebis ubnis sigrZe, sadac saWiroa aRdgenil iqnes

temperaturuli Zala ( tN ), ganisazRvreba formuliT

l Canl + Tl + sl
am ubnis aucilebeli dagrZelebis mniSvneloba ganisazRvreba pirobiT

l Canl( + Tl + tl )s

samuSaoTa warmoebis ubanze sarelso gadabmis dagrZeleba
xorcieldeba sarelso gadabmis boloebis samagrebidan gaTavisuflebiT

ubanze s.gl , romelic erTvis pirvel SeduRebul pirapirs ( B wertili) da

misi gaWimviT hidravlikuri damWimi mowyobilobis saSualebiT. imisaTvis
raTa saSemduReblo samuSaoebis warmoebis zonaSi aRdgenil iqnes sarelso

gadabmis Camagrebis temperatura, anu tN temperaturuli Zala, amisaTvis

saWiroa samagrebidan gaTavisuflebuli sarelso gadabmis bolo nawili

gaiWimos tN + N ZaliT, sadac N = tN ( Canl + Tl + sl )/( s.gl - sl ).

aqedan gamomdinareobs, rom samuSao ubanze sarelso gadabmis
Camagrebis temperaturul reJimSi Sesayvanad hidravlikuri damWimi
mowyobilobis gamWimi Zalva unda iyos aranakleb

hdmN mTlN tN + N

samagrebidan gaTavisuflebuli sarelso gadabmis ubnis sigrZe s.gl ar

unda iyos naklebi

 
s

hdm

sTCan
s.g l

NN
Nlll

l
t

t 





im SemTxvevaSi, roca hdmN da mTlN mniSvnelobebi daaxloebiT

Tanabaria, maSin  „nawilobriv ukan dabrunebis“  sidide ganisazRvreba
pirobiT

0l = 2
hdmN / EFr2

temperaturuli Zalebis regulirebis Semdegc AE ubanze maTi
mniSvneloba sarelso gadabmis mTlianobis aRdgenis samuSaoebis Catarebis

ubanze da masTan misasvlelebze unda Seesabamebodes tN -s.
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3. daskvna
saqarTvelos rkinigzaze upirapiro liandagis sarelso gadabmebSi

relsebis SeduRebis teqnologiis darRvevis gamo gamovlenili defeqturi
adgilebis aRmofxvra SesaZlebelia upirapiro liandagSi defeqturi
adgilebis amoWriT da masSi relsebis eleqtrokontaqturi xerxiT
CaduRebis gziT moZravi relsSemduRebeli manqanis gamoyenebiT.
gaangariSebulia samuSao ubanze sarelso gadabmis Camagrebis
temperaturul reJimSi Sesayvanad hidravlikuri damWimi mowyobilobis
gamWimi Zalvis mniSvnelobebi. dadgenilia upirapiro liandagis sarelso
gadabmebSi temperaturuli Zalebis epiuris mniSvnelobebi samuSaoTa
warmoebis zonaSi misi eleqtrokontaqturi SeduRebiT aRdgenamde.
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qarTuli maRalxarisxovani “biologiurad aqtiuri”
bunebrivi sasmeli wylis miwisqveSa saeqspluataciod

dasaSvebi maragebis nawilis efeqturi gamoyenebis Sesaxeb

z. cixelaSvili, p. giorgaZe, d. gurgeniZe, g. WiWinaZe, m. onezaSvili
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175 Tbilisi

saqarTvelo.)
reziume: msoflioSi arsebuli sasmeli wylis mwvave deficitis
fonze, ,,saqarTvelos sasmeli wylis resursebis racionaluri
gamoyenebiT qveynis socialur-ekonomikuri swrafi ganviTarebis
programa–koncefciis” - mixedviT agebuli logistikur-inovaciuri
proeqtis - ,,wyali-erovnuli simdidre“-s  Sesabamisad qveyanaSi
sasmeli wylis Camomsxmel-damfasoebeli industriis Seqmna da
saeqspluataciod dasaSvebi maragis nawilis (2 m3/wm)  mza produqciis
saxiT Camosxma da misi komerciuli realizacia saerTaSoriso
bazrebze momgebiani iqneba rogorc saqarTvelos ekonomikisaTvis,
aseve mimzidveli sainvesticio proeqtebis mozidvis saqmeSi.
sakvanZo sityvebi: miwisqveSa bunebrivi sasmeli wyali, proeqti,
wylis Camomsxmel-damfasoebeli industria.

1. Sesavali
msoflios arc erT qveyanas ar gadaulaxavs ekonomikuri krizisi da ar

miuRwevia Tavisi ganviTarebis umaRles mwvervals adgilobrivi bunebrivi

resursebis racionalurი gamoyenebis gareSe.
saqarTvelos, miuxedavad mdidari bunebrivi resursebis sxvadsxva

maragebisa, ar gaaCnia msoflio donis iseTi sabadoebi rogorc es
bunebrivi maRalxarisxovani miwisqveSa sasmeli wylis saeqspluataciod
dasaSvebi maragebia. swored amiT gamoirCeva qarTuli “biologiurad
aqtiuri” bunebrivi miwisqveSa sasmeli wyali msoflio bazrebze
damkvidrebuli da brendis mqone “xelovnurad gamdidrebuli” (sasmeli
wylis standartamde miyvanili) arsebuli wylebisagan.

saqarTvelos efeqturi socialur-ekonomikuri ganviTarebis erT-erT
umTavres pirobad SeiZleba CaiTvalos mis arealSi arsebuli bunebrivi
miwisqveSa sasmeli wylis saeqspluataciod dasaSvebi maragebi, rogorc
adamianisaTvis sasicocxlo daniSnulebis produqti. saqarTvelos
ekonomikaSi am resursis prioritetuloba SeiZleba gansazRvros Semdegi
faqtorebiT: bunebrivoba, biologiuri aqtivoba, stabiluroba,
mudmivganaxlebadoba, arasezonuroba, saerTaSoriso masStabiT maRali

xarisxi, konkurentunarianoba, aseve saerTaSoriso bazrebze mwvave msoflio
deficitis fonze yoveldRiuri mzardi moTxovnileba da dabandebuli
kapitalis ukugebis xanmokle periodi.

sasmeli wylis bunebrivi resursebis kapitalizaciis teqnologiebi:
sawarmoebis sawesdebo kapitalSi bunebrivi resursebis sabazro
Rirebulebis CarTvis daSveba; mineraluri resursebis saxelmwifo
rezervad, strategiul resursebad da farTod gavrcelebul resursebad
dayofa; msoflio finansur resursebSi CarTvis meqanizmebis gamoyeneba da
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maRali menejmenti sabrokero saqmianobasTan erTad - “biologiurad

aqtiuri“ bunebrivi sasmeli wylis industriis Seqmnis SemTxvevaSi - iZleva
saqarTvelos Sida samrewvelo produqciis zrdis ekonometrul models da
igi saqarTvelos swrafi socialur-ekonomikuri ganviTarebis erT-erT
qvakuTxeds warmoadgens.
A am mizniT saqarTvelos sainJinro akademiis mecnierTa erTi jgufis mier

(p. giorgaZe, z. cixelaSvili, a. frangiSvili, z.gasitaSvili, l.klimiaSvili,
l.maxvilaZe, g.soselia, l.RoReliani, n.CxeiZe, a.CxeiCe, ir. miqelaZe da sxv.)
akademokos p.P.giorgaZis xelmZRvanelobiT SemuSavebulia ,,saqarTvelos
sasmeli wylis resursebis racionaluri gamoyenebiT qveynis socialur-
ekonomikuri swrafi ganviTarebis programa-koncefcia: ,,wyali-erovnuli

simdidre’’, romelic emyareba 2009 wlis 9 ianvris amerikis SeerTebuli
Statebi-saqarTvelos qartias strategiuli partniorobis Sesaxeb da
romelic adasturebs partniorobis gaRrmavebas ori eris sakeTildReod.
aRniSnuli miznad isaxavs ormxrivi prioritetebis farTo speqtriT qveynebs
Soris TanamSromlobis gafarTovebas da igi efuZneba saerTo
Rirebulebebsa da saerTo interesebs, maT Soris: ekonomikuri
Tavisuflebis ganviTarebas, samuSao adgilebis Seqmnasa da ekonomikur

zrdas, biznes garemos Semdgom gaumjobesebაsa da saerTaSiriso bazarze
saqonlisa da momsaxurebis daSvebis xelSewyobas.

2. ZiriTadi nawili
saerTaSoriso eqspertebi varaudoben, rom uaxloes aTwleulSi

sasmeli wyali gaxdeba erT-erTi umniSvnelovanesi resursi
kacobriobisaTvis. kerZod, gaeros monacemebiT 2025 wlisTvis navaraudevma
sasmeli wylis msoflio deficitma ukve gadmoiwia  2015 wlis periodSi.
Tanamedrove etapze saqarTvelo am resursis erT-erTi didi mflobelia da
misi momavali ekonomikuri ganviTareba, prioritetulad dakavSirebuli
iqneba qveynis wiaRSi arsebuli miwisqveSa bunebrivi sasmeli wylis
Camomsxmel-damfasoebeli sawarmoo industriis Seqmnasa da Sesabamisad mza
produqciis saerTaSoriso bazrebze gatanasa da komerciul
realizaciasTan,  am bazrebze sacaWro adgilisa da ukonkurentod
(rogorc „biologiurad aqtiuri“ bunebrivi sasmeli wylis produqciis)
brendis mopovebasTan.

... saqarTvelo mxolod maSin gadarCeba da daimkvidrebs Rirseul
adgils msoflioSi, Tu is, Tavis tradiciebze dayrdnobiT, Seqmnis
Tanamedrove teqnologiebsa da miRwevebze dafuZnebul qarTul
saxelmwifos...[1].

saqarTvelo maRalxarisxovani bunebrivi sasmeli wylis resursebiT
mTel kontinentze erT-erTi umdidresi qveyanaa (Tumca sabWoTa periodSi
wylis kadastrze es resursi saerTd ar iyo aRniSnuli). saqarTvelos
bunebrivi sasmeli wylis ZiriTad wyaros warmoadgens  mudmivganaxlebadi
miwisqveSa dabalmineralizebuli bunebrivi sasmeli wylebi, romlebic
wylis maRali xarisxiT, mudmivganaxlebadobiTa da uxvi debetiT
xasiaTdebian. amasTan sayuradReboa erTianad moviyvanoT saqarTvelos
mtknari wylis resursebis maragebis maxasiaTebeli parametrebi mdinareebis,
miwisqveSa wylebis, myinvarebis,  tbebis da wyalsacavebis mixedviT [2]:
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- aRricxulia 26 aTasze meti mdinare, romelTa sigrZe 59 aTasi
kilometria, jamuri mdinareuli CamonadeniT 65 800 kuburi metri. aqedan
dasavleT saqarTveloze modis -75 %;
- saqarTvelos miwisqveSa mtknari wylebis bunebrivi maragebi weliwadSi
Seadgens 18 000 kubur metrs. es resursebi saqarTvelos teritoriaze
uTanabrod aris ganawilebuli, aqedan: 67% dasavleT saqarTveloze modis,
xolo 33-aRmosavleT saqarTveloze.   mTel teritoriaze mosaxleobis
wyalmomaragebis mizniT gaWrilia 1 700 WaburRili:
- myinvarebi Tavmoyrilia didi kavkasionis samxreT kalTis centralur
nawilSi. maTi raodenoba 734-s aRwevs. iq akumlirebulia 30 100 kuburi
metri mtknari wyali. aqedan yovelwliur wyalbrunvaSi monawileobs
mxolod 5%, danarCeni saukuno maragebs warmoadgens;
- tbebis raodenoba 850-s aRwevs. aqedan 97,3% mtknaria. tbebiT yvelaze
mdidaria samxreT saqarTvelo;
- saqarTvelos teritoriaze eqspluataciaSia 44 wyalsacavi, romlebSic
daregulirebulia 3,32 kuburi km. Camonadeni. isini, ZiriTadad, ori
mimarTulebiT-irigaciasa da energetikaSi - gamoiyeneba. G

saqarTvelos SeuZlia Tavisi maRalxarisxovani bunebrivi sasmeli
wylis maragebidan Tavisi wvlili Seitanos dedamiwis mosaxleobis sasmeli
wyliT uzrunvelyofis globaluri problemis gadawyvetaSi (aRsaniSnavia,
rom wyali Sedis humanuri daxmarebis programis aucilebel racionSi), ise
rom qveyanam ziani ar miiRos mosaxleobisa da sxva obieqtebis sasmeli
wyliT uzrunvelyofis saqmeSi.  am azrs izireben da aviTareben  zemoT
aRniSnuli programa-koncefciis da Sesabamisad wylis proeqtis „wyali
erovnuli simdidreas“ SemmuSavebeli mecnier-avtorTa da cnobil sazogado
moRvaweTa jgufi.

sasmeli wylis ra maragi aqvs dRes saqarTvelos? - hidrogelogiis
dargis cnobil qarTvel mecnierTa mier (ioseb da guram buaCiZeebi, levan
xaratiSvili da sxv,) dadgenilia, rom es saprognozo maragi - 573 m3/wamSi
odenobiT ganisazRvreba [2,3], xolo saeqspluataciod dasaSvebi bunebrivi
sasmeli wylis maragebis raodenoba ki - 301 m3/wamSi, romelic dRe-RameSi 26
miliard litrs gvaZlevs. cnobilia, rom adamianis fiziologiuri normis
dasakmayofileblad  dRe-RameSi 2,5 litri wylis miRebaa saWiro, anu Tu am
cifrs gavamravlebT msoflios  mosaxleobis raodenobaze - 7 miliardze,
maSin am mizniT saWiro iqneba ara naklebi 17 miliardi litri. Sedegi
naTelia - saqarTvelos Tavisi miwisqveSa bunebrivi sasmeli wylis
saeqspluatacio dasaSvebi maragebidan, adamianis  yoveldRiuri
fiziologiuri moTxovnilebis normis Sesabisad, SeuZlia daakmayofilos
dedamiwis 7 miliardiani mosaxleoba. agreTve   humanitaruli daxmarebis
programis uzrunvelsayofad  gaero-s saqarTvelodan SeuZlia Seivsos da
gaitanos hidrogeologiuri pirobebiT daculi maRalxarisxovani
(saerTaSoriso standartebis Sesabamisi)  ekologiurad sufTa
„biologiurad aqtiuri“ bunebrivi wyali, ise, rom  ziani ar miagdgeba
qveynis sasicocxlo mniSvnelobis resursebs - qveyanis balansze
gamoyenebisTvis rCeba  ara nakleb 9 miliardi litri/dRe-RameSi odenobis
wyali sayuradReboa moviyvanoT wylis globaluri partnioroba - GWP-s
Tavmjdomaris margaret ketli-karlsonis gamonaTqvami  „wylis politikis“
Sesaxeb: wylis usafrTxoeba XXI saukuneSi mdgradi ganviTarebis ZiriTadi
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problemaa da msoflioSi wylis marags safrTxe emuqreba - miwisqveSa
wylebis done mcirdeba, bevri mdinare zRvamde ver aRwevs, deltebi da
vetlandebi qreba, wylis xarisxi ki ganuwyvetliv uaresdeba;

- miliardze meti adamianisTvis sasmeli wyali
miuwvdomelia.kacobriobis erTi mesamedi cxovrobs wylis saSualo da
maRali deficitis mqone regionebSi. 2025 wlisTvis ki analogiur pirobebSi
icxovrebs mosaxleobis ori mesamedi;

- wylis krizisis problemis gadawyveta mdgomareobs ara axali
teqnologiebis danergvaSi, aramed wylis moxmarebis sqemis marTvis
cvlilebebSi. amisaTvis saWiroa „wylis politikis“ dadgena da cxovrebaSi
gtareba;

- 2025 wlisTvis 4 miliardamde adamiani aRmoCndeba sasmeli wylis
mwvave deficitis pirobebSi.

amgvari totaluri problemis fonze, ,,saqarTvelos sasmeli wylis
resursebis racionaluri gamoyenebiT qveynis socialur-ekonomikuri swrafi
ganviTarebis programa –koncefciisa” da amis safuZvelze  Sedgenili
wylis proeqtis ,,wyali-erovnuli simdidres’’ Semqmnelma mecnier-avtorTa
da  damfuZnebelTa jgufma miznad daisaxa logistikur-inovaciuri
proeqtis Sesabamsad saqarTvelos maRalxarisxovani miwisqveSa bunebrivi
sasmeli wylis nawilis (2 m3/wamSi moculobiT) gamoyeneba komerciuli
realizaciis mizniT [3]. proeqti iTvaliswinebs sasmeli wylis Camomsxmel-
damfasoebeli qarxnebis, Sav zRvaze sakuTari portterminalis mSeneblobas,
Sesabamisi infrastruqturis mowyobas da a.S.

amasTan dakavSirebiT saqarTvelos SeuZlia, Sesabamisi sainvesticio
politikis gatarebiT, awarmoos  maRalxarisxovani „biologiurad aqtiuri“
bunebrivi miwisqveSa sasmeli wyali Tavisi sasaqonlo niSniT (brendis
mosapoveblad) da bunebrivi sasmeli wylis mza produqcia gaitanos
msoflio bazrebze  komerciuli realizaciis mizniT.

aRsaniSnaviaisic, rom [2] ...“saqarTvelos kanonmdebloba naTlad
aregulirebs saqarTveloSi  wylis resursebiT sargeblobis sakiTxebs da
nebismier investors SeuZlia moaxdinos investireba da imoqmedos
kanonmdeblobiT dadgenil farglebSi. Cvens qveyanaSi bolo wlebSi
gatarebuli ekonomikuri da politikuri reformebis Sedegad investors
aRar esaWiroeba saxelmwifos mxridan raime garantiebis gacema,
Tanamonawileoba  an sxva saxis qmedeba“.

3. daskvna

msoflioSi arsebuli sasmeli wylis deficitis totaluri
problemis fonze ,,saqarTvelos sasmeli wylis resursebis racionaluri
gamoyenebiT qveynis socialur-ekonomikuri swrafi ganviTarebis programa -

koncefcia” - ,,wyali-erovnuli simdidre’’. Sesabamisad avtorTa jgufis mier
SemuSavebuli logistikur-inovaciuri proeqtis mixedviT sasmeli wylis
nawilis (2 m3/wamSi moculobiT)  komerciuli realizacia sasargeblo
iqneba, rogorc saqarTvelos ekonomikisaTvis, aseve mimzidveli
sainvesticio proeqtebis ganviTarebisa da ganxorcielebis mizniT, kerZod:



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #2(37), 2015
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

96

1. mSeneblobis saproeqto Rirebuleba srul asaxvas hpovebs Semosavlebis
saxiT saxelmwifo biujetSi, ZiriTadad dasaqmdeba mxolod adgilobrivi
mosaxleoba.

2. koncefcia-programis ganxorcielebiT (or weliwadSi) qveynis yovelwliuri
fuladi Semosavali gaizrdeba 12 mlrd. aSS dolariT (msoflio bazris

sabiTumo fasis 1 litri 24 centis RirebulebiT).
3. daiwyeba erovnuli ekonomikis swrafi aRmavloba-ganviTareba, rasac

mohyveba saxelmwifo biujetis daCqarebuli zrda 3 mlrd. aSS dolariT.
4. Seiqmneba mravalaTasiani samuSao adgili saSualo xelfasiT 800 aSS

dolari.
5. moixsneba siRaribis arsebuli mwvave problemebi.
6. SeCerdeba migraciuli procesebi.
7. Seiqmneba navTobisa da gazis sabadoebis mflobeli warmatebuli arabuli

qveynebis mzgavsi uprecendento modeli, im upiratesobiT, rom sasmeli
wylis resursi aramilevadi mudmivganaxlebadi sasicocxlo daniSnulebis
produqtia.

8. etapobrivad ganxorcieldeba “saqarTvelos kanoni” Tavi-V 47 - 48 muxlebiT
gaTvaliswinebuli valdebulebaTa Sesruleba. rac sakuTari mosaxleobis
keTildReobisaTvis mzrunvelobiTi damokidebulebis uprecendento
magaliTi iqneba xelisuflebis mxridan.

9. sasmeli wylis bunebrivi resursebis kapitalizaciis modelis gamoyeneba
(saerTaSoriso safondo bazrebze misi materializeba fasiani qaRaldebis
saxiT) iZleva srul garantias gaaZlieros Cveni qveynis konkurentunariani
upiratesoba.

10.ganxorcieldeba soflisa da satyeo meurneobis, energetikis, msubuqi
mrewvelobis da sxva strategiuli sainvesticio ekonomikuri proeqtebis
dafinanseba, rac qveynis ekonomikuri damoukideblobis gardauvali wina
pirobaa.

11. ganviTardeba da xeli Seewyoba mimzidvel saerTaSoriso sainvesticio
politikis gatarebas.
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25 metriani relsebis muSaobis reJimisa da eqspluataciis
pirobebis gansazRvra

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

saqarTvelo)
reziume: statiaSi ganxilulia 25 metriani relsebis muSaobis reJimi da
saeqspluatacio pirobebi, kerZod, klimatur pirobebze damokidebulebiT
25m relsebis eqspluataciis SesaZlo reJimebi. SemoTavazebulia 25m
relsebis RreCoebis cvalebadobis grafiki sapirapiro WanWikebis
gaRunviT da gaRunvis gareSe zamTarSi minimaluri saangariSo
temperaturis dadgomisas. gansazRvrulia relsebis temperaturis

wliuri amplitudis cvalebadoba saqarTvelos rkinigzaze (73 Co -dan
95 Co -mde), relsebis maqsimaluri (+52 Co -dan +64 Co -mde) da minimaluri

saangariSo temperatura (-8 Co -dan -38 Co -mde). dadgenilia maqsimaluri
konstruqciuli RreCos sidide 25m relsebis wliuri cvalebadobis
kompensaciisaTvis, romelic icvleba 24-28mm-s farglebSi. dadgenilia
dasaSvebi temperaturuli amplitudis mniSvneloba, romelic iZleva 25m
relsebis eqspluataciis saSualebas sapirapiro RreCoebis sezonuri
regulirebis gareSe.
sakvanZo sityvebi: relsi, mrudis radiusi, rgoluri liandagi,
liandagis waZvra, sapirapiro konstruqciuli RreCo, upirapiro
liandagi, sapirapiro RreCoebis garekva da regulireba, temperaturis
wliuri amplituda, sarelso foladis xazobrivi gafarToebis
koeficienti, sarelso foladis drekadobis moduli.

1. Sesavali
ukanasknel wlebSi SeiniSneba relsebis sigrZis matebis tendencia.

Mmagram upirapiro liandagis ucilobeli upiratesobisa da farTod
gavrcelebis miuxedavad 25 metriani rgoluri liandagi kidev didxans
iqneba eqspluataciaSi.

moZravi Semadgenlobis Tvlebidan relsebze gadacemuli
temperaturuli da dinamikuri Zalebi ganapirobebs liandagis waZvras,
romelTa Sedegad liandagSi warmoiqmneba damatebiTi mkumSavi da gamWimi
Zalebi, romlebic arTuleben rkinigzis liandagis eqspluatacias da
zafxulis periodSi qmnian liandagis gagdebis, xolo zamTarSi pirapiris
da sarelso gadabmis gawyvetis saSiSroebas. magram zemoT aRniSnuli es
damatebiTi Zalebi yovelTvis ver arRveven liandagis mdgradobas da
simtkices, radgan es damokidebulia liandagis konstruqciaze, relsebis
dagebis pirobebze, liandagis dagebis dros sapirapire RreCoebis
sidideebis SecdomiT SerCevaze, RreCoebis faqtiuri sidideebis gadaxraze
rekomendebulisagan, upirapiro liandagis sarelso gadabmebis Camagrebis
temperaturaze da a.S.

2. ZiriTadi nawili
liandagis swor da mrude ubnebSi sxvadasxva tipis 25 metriani

relsebis muSaobis analizma SesaZlebloba mogvca dagvedgina, rom
mravalricxovani faqtorebis gaTvaliswinebiT rgoluri liandagis
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eqspluatacia SesaZlebelia sapirapiro RreCoebis sezonuri garekviT da
regulirebiT an mis gareSe. sapirapiro RreCoebis sezonuri garekva da
regulireba damatebiTi Sromatevadi samuSaoa da daiSveba mxolod
gamonaklis SemTxvevebSi, roca ukve gamoyenebulia yvela sxva RonisZiebebi,
xolo 25 metriani relsebis saimedo muSaoba ar aris uzrunvelyofili
zafxulis an zamTris pirobebSi, ris Sedegadac iqmneba liandagis
gavardnis an pirapirebis gawyvetis saSiSroeba.

klimatur pirobebze damokidebulebiT 25 metriani relsebis
eqspluatacia SesaZlebelia qvemoT CamoTvlili reJimebidan erT-erTSi:

 sapirapiro RreCoebis sezonuri garekvis da regulirebis gareSe,
sapirapiro WanWikebis gaRunvis dauSveblobiT minimaluri saangariSo an
masTan axlo mdebare temperaturis dadgomisas. eqspluataciis aseTi
pirobebi SesaZlebelia uzrunvelyofil iqnes rkinigzis xazis gegmis da
liandagis zeda naSenis konstruqciaze damokidebulebiT relsebis
temperaturis wliuri amplitudis cvalebadobis pirobebSi, romelic

ZiriTadad ar aRemateba 90 Co -s;

 sapirapiro RreCoebis sezonuri regulirebis gareSe, sapirapiro
WanWikebis gaRunvis samuSaoebis CarTvis xarjze relsebis temperaturis

dasaSvebi cvalebadobisas 7 Co da 14 Co -ze. amasTan sapirapire WanWikebis
CarTva 14 gradusian gaRunvaze dasaSvebia gamonaklis SemTxvevebSi. 25
metriani relsebis eqspluataciis aseTi pirobebi uzrunvelyofilia im
raionebSi, sadac wliuri temperaturuli amplituda ar aRemateba

110 Co -s;

 sapirapiro RreCoebis sezonuri regulireba (gazafxulze da
Semodgomaze), gansakuTrebiT liandagis mrude ubnebSi, Sesabamisad
damoklebuli an dagrZelebuli relsebis CagebiT SemdgomSi maTi
standartuli relsebiT SecvliT. 25 metriani relsebis eqspluataciis
aseTi pirobebi uzrunvelyofilia gansakuTrebiT mkacr klimatur

raionebSi, sadac wliuri temperaturuli amplituda aRemateba 110 Co .
sapirapiro WanWikebis CarTva gaRunvis samuSaoebSi ar iZleva 25

metriani relsebis eqspluataciis problemebis mTlianad gadawyvetis
saSualebas sapirapiro RreCoebis sezonuri garekvis da regulirebis
gareSe, gansakuTrebiT mcireradiusian mrudebSi.

Tavisuflad mdebare relsebis sigrZis cvalebadoba SezRudulia
arsebuli RreCoebis konstruqciuli zomebiT, romlebic damokidebulia
WanWikebis diametris da zesadebebSi da relsebis boloebSi saWanWike
naxvretebis zomebze. saqarTvelos rkinigzaze sapirapire RreCos
konstruqciuli mniSvnelobaa 21 mm. liandagis mimdinare movla-Senaxvis
instruqciis [1] mixedviT dabal temperaturaze 25 metriani relsebis
SemTxvevaSi sapirapire WanWikebis gaRunvis da gadaWris Tavidan acilebis
pirobiT, pirapirebSi RreCos sidide ar unda aRematebodes 22 mm-s, roca
sapirapire naxvretis diametria 36 mm da 24 mm-s, roca sapirapire naxvretis
diametria 40 mm.

relsebis temperaturis wliuri amplituda saqarTvelos rkinigzaze

meryeobs 73 Co -dan 95 Co -mde. relsebis maqsimaluri saangariSo temperatura

icvleba +52 Co -dan +64 Co -mde, xolo minimaluri saangariSo temperatura -
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8 Co -dan -38 Co -mde. konstruqciuli RreCo saqarTvelos pirobebSi
ZiriTadad sakmarisia 25 metriani relsebis wliuri cvalebadobis
kompensaciisaTvis, romelic icvleba 21,5-24mm-is farglebSi, xolo
nawilobriv ki konstruqciuli RreCo sidide arasakmarisia 25 metriani
relsebis wliuri cvalebadobis kompensaciisaTvis, romelic icvleba 24-
28mm-s farglebSi.

amitom rgoluri liandagis normaluri muSaobis uzrunvelsayofad
torsul dawnevasTan erTad unda CaerTos sapirapire WanWikebis gaRunvis
samuSaoebi. amasTan erTad unda aRiniSnos, rom mcireradiusian mrudebSi
liandagis mdgradoba TiTqmis 2,5-jer naklebia, vidre swor ubnebSi. RreCos
sididis gansasazRvravi arsebuli moTxovnebi 25 metriani relsebis dagebis
da movla-Senaxvis dros ar iTvaliswinebs maTi muSaobis pirobebis
Taviseburebebs da yovelTvis ver uzrunvelyofs rgoluri liandagis
saimedoobas da matareblebis moZraobis usafrTxoebas.

dasaSvebi temperaturuli amplitudis mniSvneloba, romelic iZleva 25
metriani relsebis eqspluataciis saSualebas sapirapiro RreCoebis
sezonuri regulirebis gareSe ganisazRvreba formuliT

damWgrT ttttttT yR ][ (1)

sadac Tt relsis temperaturis sxvaobaa, Co , romelic saWiroa

Tavisuflad mdebare relsis sigrZis cvalebadobisaTvis sapirapiro

RreCos konstruqciul sididemde k ;

Rt - relsis temperaturis sxvaoba, Co , romelic saWiroa zesadebebSi rel-
sis xaxunis Zalebis an sapirapiro winaRobis gadasalaxad;

grt - relsis temperaturis sxvaoba, Co , romelic saWiroa grZivi winaRobis

gadasalaxad, gamowveuli relsis qvesadebze, omboxebze da Zvrawina-
Rebze xaxuniT;

yt - relsis temperaturis cvalebadobaa, Co , romelic dasaSvebia lianda-

gis ganivi mdgradobis pirobiT daxuruli RreCoebis SemTxvevaSi;

Wt - relsis temperaturis cvalebadobaa, Co , romelic dasaSvebia sapirapi-

ro WanWikebis simtkicis pirobiT sapirapiro RreCoebis
konstruqciul sididemde gaxsnis Semdeg;

damt - temperaturis sxvaobaa, Co , romelic iTvaliswinebs daSvebas

saSualo mniSvnelobis RreCos movla-Senaxvaze, piketis sigrZeze

minus 2mm-iT, romelic eTanadeba 7 Co .
temperaturis sxvaoba, romelic saWiroa Tavisuflad mdebare relsis

sigrZis cvalebadobaze sapirapiro RreCos konstruqciul sididemde

l
t



k

T  (2)

sadac k konstruqciuli sapirapiro RreCoa, mm;  - sarelso foladis

xazobrivi gafarToebis koeficienti, romelic tolia 0,0000118 1/ Co .
konstruqciuli RreCoebis nominaluri zomebi 50P tipis relsebisaTvis

tolia 21 mm, xolo 65P tipis relsebisaTvis 23mm. temperaturis sxvaoba,
romelic saWiroa 25m relsebis sigrZis Sesacvlelad sapirapiro RreCos
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konstruqciuli sididiT (21mm), Seadgens 71 Co -s, xolo sapirapiro
RreCosaTvis sididiT 23mm, temperaturis aRniSnuli cvalebadoba Seadgens

78 Co -s.
temperaturis sxvaoba, romelic saWiroa sapirapiro winaRobis

gadasalaxad gamoiTvleba formuliT Rt
EF
R


 (3)

sadac R sapirapiro winaRobis sididea, n; E - sarelso foladis

drekadobis moduli, 5101,2 E mpa. F - relsis ganivkveTis farTobi, m2.
mrudis radiusis SemcirebasTan erTad intensiurad mcirdeba dasaSvebi

temperaturuli amplitudis sidide (nax.1). amave dros SeiZleba davaskvnaT,

rom piroba ][TT a (sadac aT -faqtiuri wliuri temperaturuli amplitudaa,

Co , xolo ][T -dasaSvebi temperaturuli amplituda, Co ) saqarTvelos
rkinigzis didi nawilisaTvis kmayofildeba pirapirebis konstruqciuli
elementebis SerCeviT da relsebis zustad dagebiT normaluri RreCoebiT.

saqarTvelos rkinigzaze aris temperaturuli maragi ][T aT , rac 25m

relsebis normaluri muSaobis saSualebas iZleva. mxolod zogierT
SemTxvevaSi, mcireradiusian mrudebSi, arsebuli konstruqcia ver
uzrunvelyofs 25 m relsebis muSaobas sapirapire RreCoebis sezonuri
regulirebis gareSe.

nax.1. dasaSvebi temperaturuli amplitudis grafiki relsis da samagris tipis
midedviT:1- 50P tipis relsi, eqvsnaxvretiani zesadebi, konstruqciuli RreCo
21mm; 2- 65P tipis relsi, eqvsnaxvretiani zesadebi, konstruqciuli RreCo 21mm; 3-

65P tipis relsi, eqvsnaxvretiani zesadebi, konstruqciuli RreCo 23mm;  4-
65P tipis relsi, oTxnaxvretiani zesadebi, konstruqciuli RreCo 21mm;  4-

65P tipis relsi, oTxnaxvretiani zesadebi, konstruqciuli RreCo 23mm.

relsebis temperaturis dasaSvebma cvalebadobam Wt , romelic izRudeba

sapirapire WanWikebis simtkicis pirobiT, konstruqciul mniSvnelobebze metad
sapirapire RreCoebis gaxsnis Semdeg ar unda dauSvas WanWikebis Wra da
pirapirebis gawyveta zamTarSi. arsebuli konstruqciuli RreCo ar iZleva 25
metriani relsebis temperaturuli deformaciebis mTlianad kompensirebis
saSualebas. amitom moZraobis usafrTxoebis uzrunvelyofis mizniT
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rekomendebulia sapirapiro WanWikebis Svidgradusiani gaRunva minimaluri

saangariSo temperaturis dadgomis momentSi, anu roca Wt =7 Co . iSviaT

SemTxvevebSi, ufro mkacri klimaturi pirobebis dros, gansakuTrebiT mcire-

radiusian mrudebSi, specialuri nebarTviT dasaSvebia Wt =14 Co . imis

gaTvaliswinebiT, rom saqarTvelos rkinigzaze wliuri temperaturuli

amplituda ar aRemateba 100 Co , aseTi RonisZiebis Catareba ar aris auci-

lebeli. temperaturaTa sxvaobas Wt iTvaliswineben mxolod im raionebSi, sa-

dac ver aris uzrunvelyofili 25 metriani relsebis normaluri eqspluatacia
sapirapire WanWikebis gaRunvis gareSe.

konkretuli klimaturi, liandagis konstruqciis da konstruqciuli
sapirapiro RreCos sidideebis pirobebisaTvis dasaSvebi wliuri
temperaturuli amplituda ][T ganisazRvreba (1) formuliT, rac 25 metriani

relsebis normaluri eqspluataciis saSualebas iZleva sapirapiro RreCoebis
sezonuri garekvis da regulirebis gareSe, romelsac utoleben faqtiur

wliur temperaturul amplitudas aT . Semdeg analogiur gaangariSebebs

axdenen liandagis mrude ubnebisaTvis.
normaluri sapirapiro RreCos sidideebis gansazRvris Semdeg saWiroa 25

metriani relsebis RreCoebis cvalebadobis grafikis ageba sapirapiro
WanWikebis gaRunviT da gaRunvis gareSe zamTarSi minimaluri saangariSo
temperaturis dadgomisas (nax.2).

sadac qveda xazi (1–1’)-minimaluri sapirapiro RreCoebis xazia, romelTa
mixedviT ixsneba 25m relsebis RreCoebi temperaturis dawevisas.

saSualo xazi (2–2’) - normaluri  sapirapiro RreCoebis xazi, romelTa
mixedviT dadgindeba sapirapiro RreCoebi 25m relsebis dagebis momentSi.

zeda xazi (3–3’) - maqsimaluri sapirapiro RreCoebis xazi, romelTa
mixedviT xdeba 25m relsebis sapirapiro RreCoebis daketva temperaturis
matebisas.

25 metriani relsebis sapirapiro RreCoebis cvalebadobis grafikis ana-
lizis procesSi ganisazRvreba nulovani da konstruqciuli sapirapire
RreCoebis warmoqmnis temperatura, torsuli dawnevisa da mkumSavi Zalebis
arseboba an ar arseboba, aseve maTi mniSvnelobebi.
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nax.2. ReCoebis sezonuri  garekvis da regulirebis  gareSe eqspluataciaSi
arsebuli 25 m relsebis sapirapiro RreCoebis cvalebadobis grafiki:  a -
WanWikebis gaRunvis gareSe; b. - sapirapire WanWikebis CarTviT gaRunvis

samuSaoebSi.

3. daskvna
saqarTvelos rkinigzaze liandagis swor da mrude ubnebSi sxvadasxva tipis

25 m relsebis muSaobis analizma SesaZlebloba mogvca dagvedgina, rom mraval-
ricxovani faqtorebis gaTvaliswinebiT rgoluri liandagis eqspluatacia
SesaZlebelia sapirapiro RreCoebis sezonuri garekviT da regulirebiT an mis
gareSe.

relsebis temperaturis dasaSvebma cvalebadobam, romelic izRudeba sapirapi-
re WanWikebis simtkicis pirobiT, konstruqciul mniSvnelobebze metad sapirapire
RreCoebis gaxsnis Semdeg zamTarSi ar unda dauSvas WanWikebis Wra pirapirebSi.
arsebuli konstruqciuli RreCo ar iZleva 25m relsebis temperaturuli
deformaciebis mTlianad kompensirebis saSualebas. amitom matareblebis
moZraobis usafrTxoebis uzrunvelyofis mizniT rekomendebulia sapirapiro
WanWikebis Svidgradusiani gaRunva minimaluri saangariSo temperaturis dadgomis
momentSi. amasTan erTad unda aRiniSnos, rom mcireradiusian mrudebSi liandagis
mdgradoba TiTqmis 2,5-jer naklebia, vidre swor ubnebSi. RreCos sididis
gansasazRvravi arsebuli moTxovnebi 25m relsebis dagebis da movla-Senaxvis
dros ar iTvaliswinebs maTi muSaobis pirobebis Taviseburebebs da yovelTvis ver
uzrunvelyofs rgoluri liandagis saimedoobas da matareblebis moZraobis
usafrTxoebas.
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saqarTvelos  miwisqveSa bunebrivi sasmeli wylis
saeqspluatacio-dasaSvebi maragebis  mixedviT  wylis

xarisxis  ganawilebis kartografiuli  portretis  agebis
Sesaxeb

z. cixelaSvili, p. giorgaZe, d. gurgeniZe, g. WiWinaZe, m. onezaSvili
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175 Tbilisi

saqarTvelo.)

reziume: SemoTavazebuli meTodologiis sauZvelze SesaZlebeli iqneba
saqarTvelos miwisqveSa bunebrivi sasmeli wylis saeqspluatacio-
dasaSvebi maragebis  mixedviT  wylis xarisxis  ganawilebis
kartografiuli  portretis  ageba (wylis xarisxis ganawilebis
sakadastro ruka) rogorc calkeulad aRebuli sakvlevi wertilebis,
aseve wertilTa erToblivobis mixedviT. amasTan wylis xarisis
ganawilebis Sesabamisad  regionalurad  (calkeuli municipalitetebis
mixedviT) daigegmeba mza produqciis wylis Camomsxmel-damfasoebeli
sawarmoebis mSenebloba.

miznis misaRwevad praqtikulad saWiro iqneba  saqarTvelos
arealSi arsebuli  miwisqveSa bunebrivi sasmeli wylis mza produqciis
saeqspluataciod  dasaSvebi maragebis  resursuli potencialis wylis
xarisxis ganawilebis dadgena sasurvelobis mixedviT (sakadastro
rukebis Sedgena) da mis safuZvelze  regionalurad  (municipalitetebis
mixedviT)  sasmeli wylis  mza produqciis Camosasxmel-damfasoebeli
sawarmoebis  da Sesabamisi  satransporto infrastruqturis Seqmnis
aucileblobis dasabuTeba.

bunebrivi sameli wylis  msoflio deficitis fonze
SemoTavazebuli midgomiT SesaZlebeli iqneba saqarTvelos  TiToeul
municipalitetSi sasmeli wylis Camosasxmel-damfasoebeli erTi an ori
sawarmos mainc Seqmna, sadac dasaqmdeba Sromisunariani adgilobrivi
mosaxleobis garkveuli nawili, xolo mza produqcia gatanil da
komerciulad realizebul iqneba saerTaSoriso bazrebze, rac qveyanas
mniSvnelovan ekonomikur sargebels SesZens.

1.Sesavali
miwisqveSa wylis resursebi dedamiwis arealSi regionalurad

araTanabradaa ganawilebuli. es wylebi miwis wiaRSi ganTavsebulia
garkveuli maragebis saxiT, romelic formirdeba mosuli atmosferuli
naleqebis Sedegad, zedapiruli CamonadeniT da agreTve, adamianis
xelovnuri  moRvaweobis Sedegad.

saeqspluataciod dasaSvebi maragebi miwisqveSa wylis  is maragebia,
romelic SeiZleba mudmiv saeqspluatacio reJimSi wyalmimRebi nagebobebiT
miRebul  iqnas gamosayeneblad teqnikur-ekonimikuri racionaluri
gamoyenebis gziT im xarisxSi, romelic uzrunvelyofs momxmarebelTa
(mosaxleoba, sawarmoebi da a.S.) saimedo wyliT uzrunvelyofas garkveuli
saangariSo periodis ganmavlobaSi.
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miwisqveSa wylebis eqspluataciaSi igulisxmeba rogorc Sevsebadi
bunebrivi, aseve, saukunovani wylis maragebi. am wylebis racionaluri
gamoyeneba SesaZlebelia mxolod aRniSnuli resursebis  sarwmuno
prognozirebis safuZvelze.

praqtikaSi wyalmomaragebis sistemebis dagegmarebisas an bunebrivi
sasmeli wylis  produqciis Camosasxmel-damfasoebeli  sawarmoebis
mSeneblobisas, pirvel rigSi gansazRvruli unda iqnas mxolod  gamdinari,
(moZravi) miwisqveSa  bunebrivi sasmeli wylis saeqspluataciod dasaSvebi
maragebis saprognozo sidideebi gansaxilvel teritoriaze.

saqarTvelo mdidaria miwisqveSa bunebrivi sasmeli wylis
saeqspluataciod  dasaSvebi  maragebiT,  romelic  Seadgens  301  m3/wm
odenobas.  amasTan, saqarTvelos  teritoriaze  miwisqveSa bunebrivi
sasmeli wylis  resursebi  ganawilebulia araTanabrad (67% wylis
debatisa  modis dasavleT  saqarTveloze, xolo 33% - aRmosavleT
saqarTveloze) da  ZiriTadad ganisazRvreba  sami ZiriTadi  funqciiT:
klimaturi, reliefuri da struqturul-hidrogeologiuri pirobebiT {1-4}.

aRniSnul konteqstSi saqarTvelos  miwisqveSa bunebrivi sasmeli
wylis saeqspluatacio-saprognozo dasaSvebi resursuli maragebis kvleva
da am resursuli potencialis mixedviT, regionalurad, wylis xarisxis
ganawilebis teritoriul-kartografiuli portretis ageba (anu wylis
xarisxis ganawilebis sakadastro rukis Sedgena), erovnuli mniSvnelobis
aqtualuri amocanaa da mas qveynis socialur-ekonomikuri ganviTarebis
TvalsazrisiT udidesi praqtikuli Rirebuleba eniWeba {1-3}.

2. ZiriTadi nawili
saqarTvelos miwisqveSa bunebrivi sasmeli wylebi Sedgenilobis

mixedviT SeiZleba iyos: kalcium-magniumiani, sulfat-kalciumiani, sulfat-
hidrokarbonatuli, romelTa xarisxobriv-qimiur Semadgenlobas ZiriTadad

ganapirobebs Semdegi ingredient-komponentebi: PH, Cl, sulfatebi, sixistis

marilebi - Ca da Mg. amasTan, standartuli monacemebis mixedviT,  aRniSnuli
ingredient-komponentebis Semcveloba bunebriv sasmel wyalSi ar unda
aWarbebdes sasmeli wylis zRvrulad dasaSveb koncentraciebs da romlis
saerTo mineralizacia ar unda aRematebodes 1 g/l anu 1000 mg/l-ze.

miznis misaRwevad aqtiurad unda iqnes gamoyenebuli deskrifciuli
modelirebis xelovnuri inteleqtis ena, damyarebuli   „aramkveTr“
logikur msjelobebze, romlebic formalurad warmoadgenen specialist-
eqspertTa gadawyvetilebebs - asaxuls xarisxobriv-kriteriuli
Sefasebebis verbalur kategoriebSi. es kategoriebi SeiZleba gansazRvrul
iqnas specialuri skalebis Tanaxmad  (0-Seesabameba procesis absoliturad
miuRebel situaciur mdgomareobas, xolo 1-procesis Zalian karg
situaciur mdgomareobas). kerZod,  sasmeli wylis saerTo mineralizaciis
mixedviT SesaZlebeli iqneba daxasiaTdes ama Tu im obieqtis (WaburRilis)
wylis xarisxi Semdegi gradaciebis Sesabamisad: H=20-200 mg/l - Zalian kargi

da  kargi done; H=200-350 mg/l - saSualo (Sualeduri) done; H=350-600 mg/l -

dasaSvebi done; H=600-1000 mg/l - SedarebiT aradasaSvebi done. xarisxobriv-
kriteriuli Sefasebis aRniSnuli skala xasiaTdeba garkveuli Sualeduri
mniSvnelobebiTac, romelTa mixedviT SesaZlebelia agebul iqnes sakvlevi
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procesis diagnostikuri Sefasebis deskrifciuli (aRweriTi) tipis
modelebi. skaluri gradaciebi rogorc zemoT aRvniSneT nawildeba Semdeg
gradaciul mniSvnelobebSi, romelTa gamoyeneba mizanSewonilia
gadawyvetilebaTa miRebis procesSi:

d=1,00 - parametris maqsimaluri  SesaZlo (dasaSvebi) done- H=20 mg/l -
Zalian kargi, romelic yovelTvis ar SeiZleba iqnes miRweuli;

d=1,00 ÷ 0.80 - parametris dasaSvebi da maRali done - H= 20-200 mg/l -kargi,
romelic agreTve yovelTvis ar SeiZleba iqnes miRweuli;

d=0.80 ÷ 0.63 - parametris dasaSvebi done - H=200-350 mg/l - saSualo
(Sualeduri), ris miRwevasac cdiloben;

d=0,63÷0.37 - parametris SedarebiT dasaSvebi done –H =350-600 mg/l;

d=0,37÷0,0 - parametris SedarebiT aradasaSvebi (cudi da Zalian cudi)

done –H > 600-1000 mg/l-ze.
amasTan, diagnostikuri tipis deskrifciuli modelebi agebul unda

iqnes sakontrolo-sazedamxedvelo parametris cvlilebis mTeli

gansazRvris d=0,0÷1,0 areSi, mxolod wylis resursuli potencialis
realuri xarisxobrivi maCveneblebis ganawilebis mixedviT, regionalurad,
kartografiuli portretis (sakadastro rukis) maxasiaTebeli wertilebis
mixedviT.

qvemoT mogvyavs deskrifciuli modelis agebis procedura
sasurvelobis unimodaluri funqciis gamoyenebiT romelic emyareba
wylis xarisxis (sakontrolo-maxasiaTebeli parametris) SesaZlo

cvlilebis ormxrivi SezRudvis aris gamoyenebis pirobas - Hmin.<H<Hmaqs.).

deskrifciuli tipis modelis aproksimaciisaTvis SerCeulia

sasurvelobis Sedegi saxis funqcia {5}:

mied iHbbe
i ,1,

)10(




faqt.

aq b0 da b1 saZiebeli koeficientebia;
faqt.
iH - saanalazo wylis xarisxis

parametris mniSvneloba; e - eqsponentis niSani. Tu am gamosaxulebaSi ex-ს
gadavwerT exp(x)-ის saxiT, maSin sakontrolo-maxasiaTebel wertilebSi
fiqsirebuli wylis xarisxis xarisxobriv-kriteriuli Sefasebis
deskrifciuli modeli Caiwereba Semdegi saxiT {5}:

   miHbbd ii ,1,expexp 10  faqt.

sadac b0 da b1 koeficientebi ganisazRvreba Semdegnairad
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aq: cudi
2H Sesabamisad, sakontrolo wertilSi wylis xarisxis

sasazRvro arasasurveli anu ”cudi” sididea (rodesac 2,01 cudid ) da
kargi
1H - wylis xarisxis sasazRvro sasurveli anu”kargi” mdgomareobis

amsaxveli sididea (rodesac 8,02 kargid )
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Hi - wylis xarisxis Sesabamisi diferenciuli xarisxobriv-
kriteriuli Sefasebebi xasiaTdeba Semdeg skalarul gradaciebSi

rodesac  37,00,0 d - aRiniSneba wylis xarisxis ”cudi” situaciuri

mdgomareoba, anu H > 600-1000 mg/l-ze;

rodesac  63,037,0 d - aRiniSneba wylis xarisxis

”damakmayofilebeli” situaciuri mdgomareoba, anu H = 350-600 mg/l -
saSualo (Sualeduri);

rodesac  163,0 d - aRiniSneba dawnevis”kargi” da”Zalian kargi”

situaciuri mdgomareoba H = 20-350 mg/l - Zalian kargi da kargi.
realur situaciaSi sakontrolo wertilebis mixedviT

(sasurvelobis diferenciuli xarisxobriv-kriteriuli Sefasebebis
mixedviT) ganisazRvreba wylis xarisxobrivi Sefasebis integrirebuli
maCvenebeli, rogorc diferenciuli Sefasebebis saSualo geometriuli

Sewonili sidide {5},
,

iD – sakontrolo wertilebis erTobliobaa integraluri Sefasebis

mixedviT, romelic xasiaTdeba wylis xarisxis maxasiaTebeli xarisxobriv-
kriteriuli Sefasebis igive skaluri gradiaciebiT da romelic, wylis
xarisxis mocemuli ganawilebis SemTxvevaSi, maqsimumisaken unda
miiswrafodes da inarCunebdes, drois mocemul momentSi, SedarebiT
stabilur dones:

sadac – wylis xarisxis ganawilebis aramkafio saxis universaluri
simravlea.

wylis xarisxis ganawilebis procesis koreqcia procedurulad
SeiZleba ganxorcieldes gansaxilveli sakontrolo-sakadastro
wertilebis Sedgenili samodelo damokidebulebebis  sasurvelobis
moTxovnili  ares Sesabamisad, romelic agreTve xasiaTdeba zemoT

moyvanili igive xarisxobriv-kriteriuli Sefasebis skaluri gradaciebiT:
   sasurv.

faqt. dHbbd ii  10expexp

3. daskvna

amrigad, SemoTavazebuli meTodologiis sauZvelze SesaZlebeli
iqneba saqarTvelos miwisqveSa bunebrivi sasmeli wylis saeqspluatacio-
dasaSvebi maragebis  mixedviT  wylis xarisxis  ganawilebis
kartografiuli  portretis  ageba (wylis xarisxis ganawilebis
sakadastro ruka) rogorc calkeulad aRebuli sakvlevi wertilebis,
aseve wertilTa erToblivobis mixedviT. amasTan wylis xarisis
ganawilebis Sesabamisad  regionalurad  (calkeuli municipalitetebis
mixedviT) daigegmeba mza produqciis wylis Camomsxmel-damfasoebeli
sawarmoebis mSenebloba.

miznis misaRwevad praqtikulad saWiro iqneba  saqarTvelos
arealSi arsebuli miwisqveSa bunebrivi sasmeli wylis mza produqciis
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saeqspluataciod  dasaSvebi maragebis  resursuli potencialis wylis
xarisxis ganawilebis dadgena sasurvelobis mixedviT (sakadastro
rukebis Sedgena) da mis safuZvelze  regionalurad  (municipalitetebis
mixedviT)  sasmeli wylis  mza produqciis Camosasxmel-damfasoebeli
sawarmoebis  da Sesabamisi  satransporto infrastruqturis Seqmnis
aucileblobis dasabuTeba.
bunebrivi sameli wylis  msoflio deficitis fonze SemoTavazebuli
midgomiT SesaZlebeli iqneba saqarTvelos  TiToeul municipalitetSi
sasmeli wylis Camosasxmel-damfasoebeli erTi an ori  sawarmos mainc
Seqmna, sadac dasaqmdeba Sromisunariani adgilobrivi mosaxleobis
garkveuli nawili, xolo mza produqcia gatanil da komerciulad
realizebul iqneba saerTaSoriso bazrebze, rac qveyanas  mniSvnelovan
ekonomikur sargebels SesZens.
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Kkulturuli memkvidreobis Zeglis kvavlos koSkis aRdgena-
gaZlierebis konstruqciuli RonisZiebebi

Aა. lebaniZe, v. beriZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175,

Tbilisi, saqarTvelo)

reziume: statiaSi ganxilulia kulturuli memkvidreobis Zeglis
kvavlos koSkis arsebuli teqnikuri mdgomareoba da misi
aRdgena-gaZlierebis  konstruqciuli RonisZiebebi.

sakvanZo sityvebi: kulturuli memkvidreoba, aRdgena-gaZliereba,
kvavlos koSki.

1. Sesavali
`warsulis saTqmeliT gaJRenTili istoriuli Zeglebi, romelTac

dRevandlamde moaRwies, esaa saukunovani tradiciebis cocxali mowmeebi.
Aadamianebi ufro da ufro naTlad acnobiereben kacobriobis RirebulebaTa
erTobliobas da aRiqvamen kulturis Zeglebs rogorc saerTo memkvidreobas.
ukve aRiarebuli momavali Taobis am memkvidreobis movla-patronoba saerTo
pasuxismgeblobaa. Cveni valdebulebaa maTi SenarCuneba da momavali
TaobisaTvis maTi gadacema.”

amonaridi “veneciis qartiidan” 1964w.K kulturuli memkvidreobis dacva
erT-erTi yvelaze mniSvnelovani problemaa, romelic dgas sazogadoebis
winaSe. Bbolo aTwleulebSi Seiqmna kritikuli situacia, rodesac istoriul-
kulturul memkvidreobas ufro da ufro emuqreba ganadgureba. mTeli
kulturuli landSapti iRupeba imitom, rom Senobebs aklia movla.
Cveulebrivi Senobebis movlisgan gansxvavebiT, istoriul nagebobebis
movlisas yovelTvis unda viTvaliswinebdeT rogorc nivTieri qsovilis, aseve
konstruqciis “Zeglobac”.

2. ZiriTadi nawili
kvavlos koSki mdebareobs mTa-TuSeTSi,  sofel kvavlos ganapiras,

samxreT-aRmosavleTiT orientirebul cicabo ferdobze, romlis daxrac
daaxloebiT 300 Seadgens.

xuTsarTuliani sabrZolo-saguSago koSki wakveTili piramidis  for-
misaa, gadaxurulia mravaliarusiani saxuraviT. samSeneblo masalad
gamoyenebulia fiqali - mSrali wyoba,  duRabis  gareSe.  nageboba  gegmaSi

kvadratTan axlosaa, fuZesTan misi gabarituli zomebia 4.55x4.65 m.
simaRliT  xeobisken  18.8 metramde aRwevs, mTis mxares ki daaxloebiT 17
metria.  kedlebis  sisqe  icvleba 60-90 sm-is farglebSi (sur. 1).
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sur.1 saZirkvlis gaZlirebis da mocurebis
sawinaaRmdego RonisZiebebi

koSkis  teqnikuri  mdgomareoba  SeiZleba Sefasdes rogorc  avariuli.
mzidi kedlebi Zlier  dazianebulia - aRmosavleTis  da  dasavleTis
waxnagebi garRveu-lia 9 metris  sigrZis  gamWoli  bzarebiT,  romelTa
gaxsnis sidide 27 sm-s aRwevs. samxreTis kedeli fuZidan 4-4.5 metris zeviT
xeobiskenaa dacurebuli da gamoberilia. xeobis mxares  riynariT  agebuli
saZirkvlis qvebi gatexilia da daZrulia xeobisken,  ramac samxreTis
waxnagis vertikaluri gadaadgileba gamoiwvia da aRmosavleTis da
dasavleTis kedlebSi napralebi gaaCina.

unda aRiniSnos,  rom  kvavlos koSkis  aRdgena-gaZliereba urTulesi
teqnikuri amocanaa, rasac ganapirobebs ramdenime faqtori:
1. urTulesi reliefi, rogorc masalebis transportirebis,  ise samuSaoTa
warmoebis TvalsazrisiT;
2. samuSaoTa warmoebis SezRuduli periodi.  weliwadis mxolod oTx Tves
iqneba SesaZlebeli muSaoba. amis gamo samuSaoTa dasruleba  erT  sezonze
ver moxerxdeba;
3. mSeneblobisTvis aucilebeli  inventaris  da  damxmare saSualebebis
(mag. Eleqtro SeduReba) gamoyenebis SeuZlebloba; 4. da bolos, mTavari
problema - mSrali qvis wyoba. koSkis SuawelSi unda daiSalos kedlebis
mniSvnelovani nawili, xolo darCenil nawilSi unda gamoiricxos gaWimvis,
Runvis da Zvris Zalvebis aRZvra.

aqedan gamomdinare, Zalovani xaraCoebis mosawyobad gamoyenebulia xis
da ara liTonis elementebi. praqtikulad gamoricxulia eleqtro
xelsawyoebis  gamoyenebis saWiroeba (garda eleqtroburRisa,  risTvisac
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mcire generatori sakmarisi iqneba). gamoyenebuli konstruqciuli
elementebis gabaritulma zomebma da wonam ar unda Seqmnas gadaulaxavi
problemebi maTi transportirebis da montaJis dros.

3.daskvna

nax. 1 Sida da gare Zalovani xaraCoebis sqema

nax. 2 koSkis zeda (dauzianebeli) nawilis damWeri konstruqciis
mowyoba;
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L nax. 3

L kulturuli memkvidreobis Zeglis “kvavlos” koSkis teqnikur

mdgomareobis mniSvnelovnad gazrdis da SenarCunebიs mizniT aucilebeli
RonisZiebebi ase isaxeba:
1. koSkis  garSemo  arsebuli xis xaraCoebis da aseve xis ZelebiT

mowyobili Sida gadaxurvebis (+0.00 da +2.50 niSnulebze) demontaJi.
liTonis arsebuli Wimebi rCeba xeluxleblad. erTaderTi, Tu
moSvebuli iqna romelime Wimi, gadaeWiros;

2. saZirkvlis gaZlierebis mizniT da mocurebis sawinaaRmdegod
rkinabetonis koW-kedlis mowyoba; (nax. #1)

3. Sida da gare Zalovani xaraCoebis mowyoba; (nax. #2)
4. koSkis zeda (dauzianebeli) nawilis damWeri konstruqciis mowyoba;

(nax. #3)
5. SedarebiT mcire zomis bzarebis ineqtireba kir-duRabis xsnariT;
6. koSkis dazianebuli kedlebis daSla;
7. daSlili kedlebis Tavidan aSeneba kir-duRabis xsnarze;
8. Zalovani xaraCoebis da amJamad arsebuli Wimebis moxsna.

zemoTaRniSnuli sirTuleebis gamo, maqsimaluri yuradReba unda
daeTmos samuSaoTa warmoebis usafrTxoebis wesebis dacvas. unda
gamoviyenoT personalis dacvis da usafrTxoebis uzrunvelyofis  yvela
SesaZlo  saSualeba (spectansacmeli, samontaJo-damzRvevi qamrebi,
xaraCoebze moajirebis mowyoba da a.S.).

literatura
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betonis deformirebis da rRvevis zogierTi aspeqti

m. turZelaZe, z. qarumiZe, g.WiWinaZe

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

reziume: naSromSi ganxilulia betonis deformaciisa da rRvevis
procesis Tanamedrove midgomebi. aRwerilia mikrobzarebis Casaxvis,
ganviTarebisa da wonasworobis pirobebi anu cementis gelSi
arsebuli kristalitebis mikrodoneze Camoyalibeba, betonis rRvevis
Tanamedrove kinetikuri koncepcia.
sakvanZo sityvebi: betoni, deformacia, rRveva, mikrobzarebi, Txevadi
faza, atkeCa, kristaliti, struqtura, simtkice.

1. Sesavali
betonis deformirebis da rRvevis procesebisadmi miZRvnili

Tanamedrove samecniero Sromebis Sedegebisa da daskvnebis ganzogadoebis
safuZvelze, Tanamedrove Sexedulebebi am mimarTulebiT SeiZleba dayvanil
iqnas ramdenime Zireul debulebamde:

1. betonis simtkice da deformaciuloba ganisazRvreba ZiriTadad
cementis qvis struqturiTa da TvisebebiT, romelic Tavis mxriv erT
mTlian monoliTad kravs msxvili da wvrili Semvsebis marcvlebs.
cementis qvis struqtura da Tvisebebi ki, damokidebulia mis
mineralogiur Sedgenilobaze, wyalcementis fardobaze, cementis
dafqvis siwmindeze, asakze, damzadebisa da gamyarebis pirobebze,
danamatebze da a.S. bolo xanebSi, sxvadasxva teqnologiuri ileTis
gamoyenebiT (mag. cementis comis aqtivacia, danamatebis gamoyeneba) ,
SesaZlebelia  mniSvnelovnad SevcvaloT betonis simtkice da
deformaciuloba. betonis Tvisebebi aseve mniSvnelovnad aris
damokidebuli Semvsebebis saxesa da xarisxze, aseve maT Semcvelobaze;
betonis Tvisebebis CamoyalibebaSi mniSvnelovan rols TamaSobs
betonis narevis Semkvrivebis xarisxic; ase magaliTad, erTi da igive
cementze damzadebuli betonebis simtkiceebi, romelTa wyalcementis
fardoba da sxva parametrebi zustad identuria, magram gansxvavebulia
Semkvrivebis xarisxi, SeiZleba 1,5-1,8-jer gansxvavdebodnen
erTmaneTisgan;

2. betonis rRveva myisieri movlena, uecrad Semdgari faqti ki ar aris,
aramed TandaTanobiT mimdinareobs. Tavdapirvelad betonis tanSi
warmoiqmneba gadametZabvebi, romelTac mikrobzarebis Camoyalibebamde
mivyavarT. datvirTvis momatebasTan erTad Siga gadametZabvebi
izrdeba. procesis ganviTarebas Tan sdevs  Zabvebis gadanawileba da
masalis sul ufro meti ubnebis CarTva  bzarwarmoqmnaSi.
mikrobzarebi erTiandebian da gadadian e.w. makrobzarebSi; eseni ki
Tavis mxriv magistralurSi. maSin, roca bzarebis koncentracia tanSi
miaRwevs kritikul niSnuls, rRvevis procesi iRebs Seuqcevad xasiaTs;
iwyeba e.w. zvaviseburi procesi da masala iSleba erTmaneTTan
SeukavSirebel nawilebad.
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3. betonis rRveva kumSvisas, ganpirobebulia e.w. gaglejvis
mikrobzarebis ganviTarebiT, romlebic mimarTulia moqmedi mkumSavi
Zalvis paralelurad. xdeba nimuSis moculobis warmosaxviTi zrda.
sinamdvileSi ki irRveva masalis mTlianoba. mikrobzarebis
ganviTarebis procesi ganisazRvreba betonis struqturiT, kerZod ki
masSi defeqtebiani adgilebis zomebiTa da raodenobiT, agreTve
masalaze modebuli datvirTvis saxiTa da reJimiT;

4. rRvevis procesze did gavlenas axdens betonis forebSi da
kapilarebSi arsebuli Txevadi faza; igi amcirebs sxeulis zedapirul
energias, xels uwyobs plastikuri deformaciebis ganviTarebas,
betonis Seklebasa da cocvas da saboloo jamSi amcirebs masalis
simtkices (e.w. akademikos petre rebinderis efeqti). am faqtoris
moqmedebis xarisxi damokidebulia modebuli datvirTvis siCqareze.

2. ZiriTadi nawili
cxadia, rom betonis rRveva gacilebiT ufro rTuli fizikur-

meqanikuri procesia da gacilebiT meti raodenobis faqtorzea
damokidebuli vidre zemoT iyo CamoTvlili. bevri mosazreba betonis
rRvevis procesis mimdinareobis Sesaxeb dResac sakamaToa da azrTa
sxvadasxvaobas iwvevs.

simtkicis Teoria unda iTvaliswinebdes ara mxolod masalis
struqturas, aramed statistikur kanonzomierebebsac, radgan betonis
rRveva integraluri movlenaa da saboloo Sedegi SeiZleba icvlebodes
struqturis defeqtebis Tanwyobis, gamocdis cdomilebebisa da sxva
faqtorebis gaTvaliswinebiT. xolo ama Tu im SesaZleblobis Tanwyobis
albaToba imarTeba statistikis kanonebiT. amgvarad, betonis qceva
datvirTvisas ganpirobebulia rigi struqturuli da statistikuri
faqtorebiT.

sakuTriv betoni warmoadgens xelovnur konglomerats, sadac
Semvsebis calkeuli marcvlebi cementis qviT SekavSirebulia erT mTlian
monoliTad. calkeul struqturul elementad SeiZleba gamoiyos Semvsebis
marcvlebsa da cementis qvas Soris arsebuli sakontaqto zona, sisqiT
20...40 mkm, sadac SesamCnevia cementis qvis da rig SemTxvevaSi Semvsebebis
Tvisebebis cvalebadoba. myari fazis zedapirze, forebSi da kapilarebSi
imyofeba Txevadi faza, romlis raodenoba da Sedgeniloba damokidebulia
betonis Sedgenilobaze, gamoyenebuli masalebis Tvisebebze, Semkvrivebis da
gamyarebis pirobebze da mraval sxva faqtorze.

betonis datvirTvisas, misi komponentebis gansxvavebuli fizikur-
meqanikuri Tvisebebis da zomebis, aseve masalis mikromoculobebSi
defeqtebis arsebobis Sedegad vlindeba meoradi Zabvis veli. Zabvis
maqsimaluri koncentracia warmoiqmneba defeqtebisa da sxvadasxva
Tvisebebis matarebeli komponentebis Sexebis sazRvarze, anu upiratesad
sakontaqto zonaSi.

Zabvebi iwveven drekad da plastikur deformaciebs. drekadi
deformacia ganpirobebulia atomTaSorisi manZilis cvlilebiT da
SeiZleba atarebdes myisier xasiaTs, anu absoluturad drekadi tani ar
icvlis Tavis Tvisebebs datvirTvis xangrZlivobis miuxedavad.
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realuri tanebi xasiaTdebian struqturis wertilovani da xazovani
arasrulyofilebiT (vakansiebi da dislokaciebi) da aseve ufro didi
zomis defeqtebiT. dislokaciis moZraoba ganapirobebs plastikur
deformacias. dislokaciis gadaadgileba damokidebulia datvirTvis saxesa
da reJimze.

dislokaciis Teoria damuSavebulia kristaluri sxeulebisaTvis.
kristaluri komponenti betonSi Seadgens myari fazis ZiriTad masas,
radganac, Tanamedrove gagebiT, gelic ki Sedgeba submikroskopuli
kristaluri warmonaqmnebisagan. dislokaciebis moZraoba SedarebiT
intensiurad mimdinareobs Zabvis koncentraciis adgilebSi, sadac SeimCneva
vakansiebisa da dislokaciebis Tavmoyra, rac SemdgomSi ganapirobebs
faSari struqturis mqone masalis mikromoculobebis warmoqmnas. Zabvis an
misi moqmedebis  drois zrdis Sedegad aq SeiZleba warmoiqmnas
mikrobzarebi, romlebic Tavis mxriv iwveven Zabvebis koncentracias da
dislokaciis Semdgom intensiur moZraobas, anu warmoebs rRvevis
procesebis generireba. amgvarad, dislokaciebis moZraoba qmnis
mikrobzarebis warmoSobis winapirobas.

meores mxriv, dislokaciebis moZraoba, iwvevs ra plastikur
gadaadgilebebs, xels uwyobs Zabvebis gadanawilebas da maTi
koncentraciis Semcirebas. amiT nawilobriv ferxdeba mikrobzarebis
warmoqmna da ganviTareba. mikrobzarebi upiratesad Cndeba SedarebiT sust
adgilebSi. Sesaferisi pirobebis (datvirTvis zrda, moqmedi mkumSavi
Zalebis paralelurad ganlagebuli bzari, damatebiTi Zabvis
koncentratorebis gaCena da a.S.) Seqmnis SemTxvevaSi mikrobzarebi izrdeba,
erTiandeba adre warmoqmnilebTan da Camoyalibdeba didi zomis bzarebad
(makrobzarebi).

TiToeul Zabvas Seesabameba dislokaciis ganviTarebis, gafaSrebuli
adgilebis da mikrobzarebis warmoSobis Tavisi done; rac ufro maRalia
Zabva, miT meti defeqtebia tanSi da gazrdilia misi rRvevis albaToba.
rodesac datvirTvamde arsebuli da axladwarmoqmnili defeqtebisa da
araerTgvarobebis raodenoba xdeba kritikuli, anu sakmarisi mowyvetis
mTliani, magistraluri bzaris (an bzarebi) warmosaqmnelad, betoni
irRveva.

rigi mkvlevarebis mier, Seswavlil iqna cementis qvisa da betonis
rRvevis procesebi eleqtronuli skanirebis mikroskopiT da
dabalkuTxovani rentgenografiiT; Catarebuli kvlevebis safuZvelze
ganisazRvra cementis qvis dispersul-kristaluri struqturis parametrebi
da mikrorRvevebis xasiaTi; amavdroulad dadgenil iqna betonis rRvevis
energiis mniSvneloba. betonis teqnologiaSi qimiuri danamatebis
gamoyenebam da gamyarebis sxvadasxva reJimebis SemuSavebam, warmoSva
cementis qvaSi kristalitebis da forebis zomebis, aseve rRvevis energiis
SesamCnev zRvrebSi cvlilebis SesaZlebloba.

bzarwarmoqmnis qveda zRvars (RT0) zemoT datvirTuli da mTlianad
darRveuli betonis prizmebis cementis qvis eleqtronuli fraqtogramebis
analizma daadastura, rom betonisa da cementis qvis mikro da
makrorRvevis procesi atarebs kinetikur xasiaTs da iwyeba
hidrosilikatebis kristalebSi axleCis mikrobzarebis CasaxviTa da
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ganviTarebiT, romlebic ganlagebulia Zabvis koncentratorebis siaxloves
(sakontaqto zonebi, forebi da sxva teqnologiuri defeqtebi).

SesaZlebelia ganxilul iqnas axleCis safexuris warmoqmnis ori
meqanizmi;  is warmoiSveba an Secxobis sibrtyis gaswvriv  atkeCis Sedegad,
rodesac bzari gadadis gansxvavebuli orientaciis kristalitSi, an
moZravi wylis molekulebis Semcvel msubuqad mosriale zedapirebze
plastikuri Zvrebis Sedegad. orive am meqanizmis analizi iZleva Semdegi
daskvnis gamotanis saSualebas: rRvevis efeqturi energiis sidide, romelic
sabolood gansazRvravs masalis simtkicesa da bzarmedegobas, aris ara
marto saerTo forianobisa da cementis hidrataciis xarisxis funqcia,
aramed dispersul-kristaluri struqturis maxasiaTebladac gvevlineba.

eleqtronuli mikroskopis meSveobiT ganxorcielebulma rRvevis
zedapirebis dakvirvebam gviCvena, rom cementis qvaSi axleCis bzarebis
ganviTareba Cerdeba kristalitebis sazRvrebTan, gansakuTrebiT im
adgilebSi, sadac sibrtyeebis orientirebuli Secxoba mezobel kristalSi
gadasvlisas naxtomiseburad icvleba. erTi marcvlidan meoremde bzaris
gasavrceleblad saWiroa, rom bzaris gazrdisas gamoTavisuflebuli
drekadi energia iyos sakmarisi ara marto magistraluri bzaris axali
zedapirebis warmosaqmnelad, aramed im damatebiTi muSaobis
kompensaciisaTvisac, romelic ixarjeba plastikuri deformaciisa da
atkeCis safexurebrivi zedapirebis warmoqmnis procesSi. Tu plastikuri
deformacia mikrobzarebis zedapirze Semoifargleba Txeli feniT
(amgvarad aris cementis qvaSic), maSin lokaluri plastikuri deformaciis
muSaoba erTeul zedapirze SeiZleba ganvixiloT, rogorc damatebiTi
energia, romelic unda daematos grifits-orovanis gantolebaSi
(polikristalur masalebSi bzaris gavrcelebis piroba) moyvanil

zedapirul energias: =√E 1/dსაშ=kdსაშ-1/2

sadac - garkveuli kristalituri Zabvaa; E - drekadobis moduli; 1=
+ - rRvevis efeqturi zedapiruli energia; dsaS - kristalis

saSualo zomaa; k = (E 1)1/2- rRvevis siblantis koeficienti.
es formula samarTliania foriani tanebisTvisac, Tu masSi

Seyvanili iqneba forebis da sxva defeqtebis gamaTvaliswinebeli
koeficientebi.

am tipis damokidebulebis gamoyenebis SesaZlebloba cementis qvis,
da aqedan gamomdinare rRvevis fizikuri modelebis SemTxvevaSi,
Semowmebul iqna eqsperimentulad. am mizniT agebul iqna „simtkice -
hidrosilikatebis gelis kristalitis saSualo zoma (dsaS)“
damokidebulebis grafikebi da gamoTvlil iqna rRvevis efeqturi energia
eqsperimetulad dakvirvebadi k sididis mixedviT (ix. cxrili 5.1). am
nimuSebis cementis mineralebis hidrataciis xarisxi da forianoba rCeboda
mudmivi. eqsperimentuli monacemebis ganxilvis Sedegad gamomdinareobs, rom
pirvel rigSi cementis qvis simtkice damokidebulia kristalitis zomebze
k=f(dsaS1/2)damokidebulebis mixedviT; meore rigSi ara marto hidrataciis
xarisxi da saerTo forianoba gansazRvravs cementis qvis simtkices, aramed
am maxasiaTeblebis erTi da igive mniSvnelobebisas simtkice SeiZleba
mniSvnelovnad icvlebodes hidrosilikatebis gelis dispersul-
kristaluri struqturis gansxvavebulobis gamo. mesame rigSi, rRvevis



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #2(37), 2015
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

116

efeqturi energia 1 aRmoCnda mniSvnelovnad meti, vidre kristaloqimiuri
monacemebidan da adsorbciuli meTodebiT miRebuli zedapiruli energia .

cxrili

3. daskvna

bzaris gavrcelebis modelis daxmarebiT SesaZloa gaxsnil iqnas
struqturul maxasiaTeblebs, kerZod simtkicesa da bzarmedegobas Soris
arsebuli korelaciuri damokidebuleba, romelic SeimCneva gamyarebis
pirobebis cvlilebisas da qimiuri danamatebis Seyvanisas.
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cementis qva w/c-is fardoba rRvevis efeqturi
energia

udanamato 0,3
0,35

2,8
2,1

HHK danamatiT 0,3
0,35

3,7
3,2

KD danamatiT 0,3
0,35

4,4
3,6
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Senobebis avariebis analizi da maTi gamomwvevi
mizezebi

a. qaTamiZe
(saqarTvelos teqnikuri universiteti, m. kostavas q. #77, Tbilisi,

saqarTvelo)
reziume: statiaSi ganxilulia Senobebis avariebis analizi da maTi

gamomwvevi mizezebi. ZiriTad nawilSi ganxilulia Semdegi
sakiTxebi: samSeneblo konstruqciebis damzadebis da montaJis
defeqtebi da maTi Sedegebi, rac moicavs: – miwis samuSaoebis
warmoebis defeqtebi; – rkinabetonis saZirkvlebis defeqtebi;
– qvis kontruqciebis dayenebi defeqtebi; – sakedle panelebis

montaJis defeqtebi; – rkinabetonis svetebis da koWebis damzadebis
da montaJis defeqtebi; – daxurvis da gadaxurvis rkinabetonis
filebis da amwisqveSa koWebis montaJis defeqtebi; – xis
konstruqciebis damzadebis defeqtebi; – foladis konstruqciebis
damzadebi da montaJis defeqtebi;
meToduri miTiTebebi samSeneblo konstruqciebis
gamokvlevebisTvis,    romelSic ganxilulia: – bzarebis analizi
rkinabetonis konstruqciebSi; – betonis simtkicis Taviseburebebis

Sefaseba; – samSeneblo konstruqciebis rkinabetonis elementebis
faqtiuri armirebebis gamovlena.

sakvanZo sityvebi: Senobebi, avariebi da damzadebisa da montaJis
defeqtebi, analizi, gamomwvevi mizezebi.

1. Sesavali.
saqarTvelos teritoriaze mSenebare da eqspluatirebul Senobebze

momxdari avariebis mizezebis gamoZiebuli masalebis analizi saSualebas
gvaZlevs ZiriTadi mizezebis klasificireba moxdes 7 damaxasiaTebeli
niSniT. es niSnebi gansazRvrulia dadgenil dazianebebTan
damokidebulebebiT, agreTve maTi moqmedebebiT Senobebis, nagebobebis an
calkeuli konstruqciebis struqturuli elementebis mmdgomareobaze da
Semdeg ganmeorebis sixSiris mixedviT, mocemulia potenciuri Tanafardoba
avariebis saerTo raodenobasTan.

saqarTveloSi avariebis ZiriTadi wili–90% 2005 wels modioda
eqspluatirebul Senoba–nagebobebze, amasTan SemTxvevaTa 40%–Si mizezi iyo
eqspluataciis wesebis darRveva da Senobebis teqnikuri mdgomareobis
gamokvlevis aradroulad Catareba.

2005–2008 wlebSi saqarTveloSi Senobebisa da nagebobebis ngrevis
ZiriTadi mizezi iyo uxarisxod Sesrulebuli samSeneblo–samontaJo
samuSaoebi. xSirad gvxdeba samSeneblo–samontaJo samuSaoebis
Sesrulebisas iseTi darRvevebi, rogoricaa:

– nakerebis kveTebSi arasakmarisi SeduReba gadaxurvis filebs Soris
– zamTarSi betonisa da duRabis dageba eleqtrogaxurebisas da

yinvasawinaaRmdego danamatebis gamoyenebis gareSe.
– Sida kedlis panelebis vertikalur pirapirebSi betonis ararseboba,

SeduRebiTi SeerTebebis uqonloba da Sedegad ganivi mzidi sakedle
panelebis mdgradobis dakargva.
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2. ZiriTadi nawili
obieqtebis mSeneblobisas da rekonstruqciisas usafrTxoebis

amaRlebis aucileblobasTan dakavSirebiT aqtualur problemad
iTvleba avariuli situaciebis gamafrTxilebeli saimedo sistemebis
Seqmna, mudmivi uwyveti monitoringi samSnebelo konstruqciebis
mdgomareobisa da axali sakontrolo–gamzomi teqnikis gamoyenebiT.

miwis samuSaoebis warmoSobis defeqtebSi igulisxmeba am
samuSaoebis teqnologiebis iseTi darRvevebi romlebic iwveven
Senobis miwiszeda nawilis dauSvebel deformaciebs da samuSaoTa
mniSvnelovan gaZvirebas.

saZirkvlebsa da gruntSi Rrmad moTavsebuli konstruqciebis
gamokvlevebisas dazianebisa da cveTis xarisxis dasadgenad
gamoiyeneben  xvadasxva meTodebs. vizualur, meqanikur,
laboratoriuli kvlevis, fizikur da kompleqsurs.

nax. 1. saZirkvlis dazianebis sqema rk.betonis baliSebisa da
gamaZlierebeli konstruqciis araswori wyobis gamo.

1 – rk.betonis baliSi. 2 – bzari baliSSi.  3 – baliSis muSa
armatura. 4 – betonis saZirkvlis blokebi. 5 – rk.betonis ganivi

gaZlierebuli koWebi. 6 – grZivi gaZlierebuli koWebi.
rkinabetonis da betonis saZirkvlebis, qvis konstruqciebis dayenebis,

msxvilpanelovani Senobebis sakedle panelebis damzadebis da montaJis
ZiriTadi defeqtebia: saproeqtosgan SedarebiT betonis simtkicis Semcireba
da Seusabamoba saproeqto gadadawyvetasTan.

sakedle panelebis montaJis defeqtad iTvleba panelebis

horizontaluri da vertikaluri pirapirebis uxarisxo SeduReba.
rkinabetonis svetebis damzadebis da montaJis ZiriTad defeqtebad

iTvleba:
– betonis simtkicis Semcireba;
– saarmature Reroebis diametrebis foladis klasis da markis

Seusabamoba;
– betonis simtkicis Semcireba
svetebis montaJisas svetebis RerZis gadaxra vertikalidan da

gadanacvleba gegmaSi.aseTive defeqtebia koWebis damzadebisa da montaJisas.
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rkinabetonis fermebis dazadebis da montaJis defeqtebi SeiZleba
iyos igive, rac aqvT svetebs da koWebs. Sedegebic daSvebuli defeqtebisgan
gamowveuli analogiuria. fermebis kvanZebSi xdeba didi raodenobiT
konstruqciuli armaturis dayeneba. gadaxurvis filebis damzadebisas
gvxvdeba defqtebi, romlebic analogiuria koWebis defeqtebisa.

nax. 2 gadaxurvis filis rigelebze yrdnobis kvanZis defeqtis sqema
da misi gamosworeba karkasul SenobebSi seriiT N– 20/70 da 1.420–12

a) grZivi da torsuli ganivi wiboebis erTnairi simaRlis dros. b)
torsuli wibos simaRlis Semcirebisas.  g) foladis Suasadebis dayenebis

dros 1 – filis grZivi wibo, 2 – ganivi wibo,  3 – rigelis Taro
daxurvis da gadaxurvis rkinabetonis filebis montaJis ZiriTad
defeqtebs miekuTvneba:

– gegmaSi filis gadaadgileba maTi RerZebis grZivad da ganivad.
– filebis Casatanebeli detalebis rigelebis Casatanebel detalebTan

an nivnivur konstruqciebTan SeduRebis ararseboba.
– araswori damonoliTeba nakerebisa filebs Soris.
amweqveSa koWebi muSaoben ufro xist pirobebSi, vidre gadaxurvis

koWebi, radgan ganicdian xidura amweebisgan mravaljerad ganmeorebad
datvirTvebs. bzarebi amweqveSa koWebSi, warmoSobili maTi damzadebis
dros, ufro saSiSia, vidre sxva konstruqciebSi.

amweqveSa koWis gadanacvleba sibrtyeSi, romelic ganivi CarCos
sibrtyis paraleluria, iwvevs amweqveSa relsis RerZis wanacvlebas am
koWis RerZidan,  rac amuSavebs mas grexaze, razec is ar aris gaTvlili,
aseve SeiZleba gaizardos svetidan modebuli amwis datvirTvis
eqscentrisiteti.

xis konstruqciebis damzadebis yvelaze gavrcelebul defeqtebad
iTvleba: nedli meqrnis gamoyeneba da konstruqciis saproeqto zomebidan
gadaxveva.

bevr SemTxvevaSi samSeneblo konstruqciebSi gamoiyeneba bunebrivi da
momatebuli tenianobis merqani. es iwvevs morebsa da ZelebSi merqnis
araTanabardrouli gamoSrobis gamo grZivi bzarebis warmoqmnas, saxerxi
masalebis dabrecas da lpobis dawyebas.

foladis konstruqciebis montaJis gavrcelebbul Secdomebs
miekuTvneba: montaJis mimReobis sisworis darRveva da konstruqciis
elementebis dazianeba montaJisas da gadaadgileba saproeqto niSnulidan.
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nax. 3 foladis fermis aguris wyobaze araswori yrdnoba 1 – niSa
fermis sayrdeni kvanZis Ria ganlagebisTvis.

bzarebis gaxsnis mniSvneloba gamokvlevisas izomeba specialuri
optikuri xelsawyoebis daxmarebiT. brinelis milebi, poldis
graduirebuli lupebi, samiznebeli lupebi, cecebi da a.S.

bzarebis siRrme ganisazRvreba cecebis an ultrabgeriTi
xelsawyoebis gamoyenebiT.

betonis simtkice SeiZleba ganisazRvros meqanikuri da ultrabgeriTi
meTodebiT, xolo calkeul SemTxvevebSi nimuSebis laboratoriuli
gamokvlevebiT.

daiSveba konstruqciis betonis simtkice orientirebulad Sefasdes
sazeinkle CaquCis gamoyenebiT masiT 0.4–0.8 kg. saSualo Zalis dartymebi,
romlebic midis uSualod rkinabetonis momzadebuli zedapiris solisebri
lojis mimarTulebiT dayenebuli sawerteliT betonis zedapiris
perpendikularulad toveben kvals, romlis xasiaTiT SeiZleba
ganvsazRvroT betonis samagaliT simtkice.

betonis simtkice saWiroa Sefasdes minimaluri mniSvnelobis mixedviT
10 dartymis Semdeg.

saproeqto monacemebis arsebobis SemTxvevaSi rkinabetonis
konstruqciebis armirebisa da im mdgomareobis SemTxvevaSi, romelic
zegavlenas axdens armirebis xarisxze, unda Sesruldes samuSaoebi
faqtiuri armirebis gamovlenisTvis.

nax. 4 armaturis gaxsnis adgili mravalmalian koWSi.
1 – grZivi armatura –malis SuaSi. 2 – grZivi armatura sayrdenebis zeviT. 3

– ganivi armatura sayrdenebTan.
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3. daskvna
statiaSi ganxilulia Senobebis avariebis analizi da maTi gamomwvevi

mizezebi. dadgenilia, rom mSeneblobisa da Senobebis eqspluataciis
periodSi avariebis gamowvevis ZiriTadi mizezebia:

1. Senobebisa da nagebobebis teqnikuri eqspluataciis wesebis darRveva
– 35.3%;

2. naskvovani samontaJo SeerTebebis mzidi unaris dakargva daSvebuli
defeqtebisa da saproeqto gadawyvetidan gadaxvevis gamo – 27%;

3. mSeneblobis rekonstruqciis da samontaJo samuSaoebis dros
konstruqciebze saangariSo datvirTvebis gadameteba – 12%;

4. konstruqciuli sistemebis da calkeuli konstruqciebis dabali
simtkice – 11.2%;

5. saZirkvlis jdoma, gamowveuli fuZis gruntebisa da maTi
gadanacvlebis mzidi unarebis SemcirebiT – 8.8%;

6. mcdari saproeqto gadawyvetilebebis gamoyeneba – 3%;
7. qvis wyobaze datvirTvebis gadanawilebis teqnologiuri moTxovnebis

Seusrulebloba mzid konstruqciebze dayrdnobis adgilebSi – 2.7%.
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liTonis Sedgenili gangmirkveTiani amwqveSa koWebi-
nivniqveSa wamweebi

o. xazaraZe, z. babuciZe, g. baRiSvili
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175

Tbilisi, saqarTvelo)

reziume: naSromSi SemoTavazebulia gangmirkveTiani amwqveSa koWebi,
amwqveSa nivnivqveSa wamweebi. gangmirkveTiani amwqveSa wamweebi
ekonomiuria masalis xarjis mixedviT, vidre amwqveSa koWi da
nivnivqveSa wamwe calcalke. gaangariSebisas gangmirkedliani amwqveSa
koWi statikuri sqemis mixedviT warmoadgens kombinirebul sistemas
wamwes xisti zeda sartyliT. Zalvebs wamwes elementebSi vsazRvravT
winaswar vuSvebT, rom Zalvebis mniSvnelobas vangariSobT sasruli
sqemis mixedviT.
sakvanZo sityvebi: amwqveSa, nivnivqveSa wamwe, sartyeli, grZivi Zala,
mRunavi momenti, Zabva, inerciis momenti, ganivkveTis farTi,
koordinatebi, grexva, statikuri momenti.

1. Sesavali
naSromSi ganxilulia amwqveSa nivnivqveSa wamweebSi qveda sartyeli

warmoadgens Txelkedlian Reros kolofisebri ganivkveTiT. radgan
vertikaluri da horizontaluri datvirTvebis erTdroulad moqmedebisas
qveda sartyeli ganicdis grexvas. aqedan gamomdinare qveda sartylis
simtkiceze Semowmeba unda Catardes yvela im wesis gaTvaliswinebiT,
romelic axasiaTebs Txelkedliani Reros daZabul mdgomareobas.

2. ZiriTadi nawili
amwqveSa-nivnivqveSa wamweebi mizanSewonilia gamoyenebuli iqnas didi

malebis SemTxvevaSi, roca ℓ>24,0 metrze da mZime amweebis SemTxvevaSi.
amwqveSa-nivnivqveSa wamweebi Rebuloben datvirTvebs amweebisagan da
erTdroulad warmoadgenen sayrdens nivnivqveSa wamweebisaTvis.

naxazi 1  amwqveSa-nivnivqveSa wamwe
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amwqveSa-nivnivqveSa wamwe ekonomiuria xarjis mixedviT, vidre amwqveSa
koWi da nivniqveSa wamwe calcalke. garda amisa koWebi maliT ℓ=36,0 m da
meti aqvT simaRle ℓ=3,9 m, romelic saWiroebs samontaJo pirapiris
kedelSi, rac arTulebs samontaJo sauSaoebs.

amwqveSa-nivnivqveSa wamwes simaRle Hw viRebT Semdeg farglebSi
(1/6÷1/8)·ℓ qveda sartylis simaRles viRebT (1/5÷1/7)·d - sadac d aris panelis
udidesi sigrZe. panelebis sigrZes viRebT dayrdnobis pirobidan
gamomdinare 6,0 metris jerads.

amwqveSa-nivnivqveSa wamwes qveda sartyli, romelzedac moZraobs
xidura amwe muSaobs gaWimvaze da Runvaze, agreTve damatebiT muSaobs
grexvaze. amitom qveda sartyls aproeqteben Senaduli kolofisebri
ganikveTisas, xolo danarCen elementebs gisosisas Rebuloben
farToTaroebiani ortisebrisagan, an Senaduli ortesebrisagan.

amwqveSa-nivnivqveSa wamweebi svetebis saSualo rigisaTvis angariSoben
vertikalur datvirTvebze amwes oTxi datvirTvisaTvis da ganivi
horizontaluri datvirTvisaTvis ori amwes SemTxvevaSi.

Zalvebs amwqveSa-nivnivqveSa wamweebis elementebSi ganixilaven,
rogorc kombinirebul sistemebs, sadac wamwe aris Camagrebuli xisti qveda
sartyliT. winaswari gaangariSebisas vuSvebT, rom Zalvebis mniSvnelobas
vangariSobT sasruli sqemis SemTxvevaSi, xolo moments qveda sartyelSi
ganvsazRvravT, rogorc koWSi drekaddamyol sayrdenSi.

amwqveSa-nivnivqveSa wamwes qveda sartyeli warmoadgens Txelkedlian
Reros kolofisebri ganivkveTiT, radgan Tanabarganawilebuli
vertikaluri da horizontaluri datvirTvebis moqmedebisas xazi ar gadis
CaRunvis xazis centrSi, amitom qveda sartyeli ganicdis grexvas. amitom
qveda satylis simtkiceze Semowmeba unda Catardes yvela im komponentebis
gaTvaliswinebiT, romelic axasiaTebs Txelkedliani Reros daZabul

mdgomareobas:
cy

wy

y

x

x RBx
M

yM
N
A

 









(1)

sadac: N _ aris grZivi Zalva sartyelSi;
Ry _ masalis saangariSo winaRoba;
Mx _ mRunavi momenti gamowveuli vertikaluri datvirTvebisagan;
My _ mRunavi momenti gamowveuli horizontaluri datvirTvebisagan;
B _ aris bimomenti gansaxilvel kveTSi gamowveuli erTdroulad

vertikaluri da horizontaluri datvirTvebis moqmedebis dros;
A _ aris qveda satylis ganivkveTis farTi;

x _ aris inerciis momenti x _ RerZis mimarT;

y _ aris inerciis momenti y _ RerZis mimarT;

w _aris seqtorialuri inerciis momenti;
x,y _ aris xazobrivi koordinatebi;
w _ aris seqtorialuri koordinatebi;

c _aris muSaobis pirobebis koeficienti.
damatebiTi Zabvebi gamowveuli grexisagan Caketil kolofisebr

kveTebSi didi ar aris da misi gaTvaliswineba SeiZleba daaxloebiT
muSaobis pirobebis koeficientis meSveobiT. muSaobis pirobebis

koeficientis mniSvnelobas viRebT c=0,9.
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mxebi Zabvebis mniSvnelobas qveda sartyelSi ganvsazRvravT Semdegi
formuliT:

2
y yx x w w

c
x w y w w w w

MQ SQ S M S R
t t t bht

 
 

    
     

grx

kr

(2)
sadac: Qx _ aris ganivi Zala gamowveuli vertikaluri datvirTvisagan;
Qy _ aris ganivi Zala gamowveuli horizontaluri datvirTvisagan;

Mw_ aris mRunav-mgrexavi momenti;
Mmg_aris mgrexavi momenti;

Sx, Sy, Sw _ aris statikuri momentebi Sesabamisi kveTebis mimarT;
h _aris qveda sartylis ganivkveTis simaRle;
b _ aris manZili kedlebs Soris;
tw_aris kedlis sisqe sadac mimdinareobs mxebi Zabvebis Semowmeba;

Qx _ ganivi Zalis mniSvnelobas vigebT, rogorc uWr koWSi maliT-manZiliT
wamwes kvanZebs Soris, mgrexavi momentebis moqmedebis gansazRvris dros
gisosis sixistes ar viTvalisiwnebT da SeiZleba qveda sartyeli
ganvixiloT, rogorc Txelkedliani Rero, maliT toli wamwes malisa.

qveda sartylis grexvis dros gisosis elementebSi sibrtyeSi,
romelic perpendikularulia wamwes sibrtyisa warmoiSobian damatebiTi
momentebi, romelic unda gaviTvaliswinoT gaangariSebis dros

3
y

EM  
d am .

(3)

sadac:  _ aris sartylis grexis kuTxe gisosis elementTan Sexebis wertilSi;

 _ aris inerciis momenti gisosis elementis momentis moqmedebis sibrtyeSi;
ℓ _ aris Reros geometriuli sigrZe;
amwqveSa _ nivnivqveSa wamwes CaRunva ganisazRvreba Semdegi formuliT:

2

1 0

Mf
E






 



w

sadac: µ _ koeficienti, romelic aiReba hw/ e – wamwes simaRlisa malTan, roca

hw/e =1/6, maSin =1,4 roca hw/e =1/8 maSin =1,3;

w – wamwes inerciis momenti 2
2

2
1 rArA  qv.

sart
z
sartw

Az
sart – zeda sartylis ganivkveTis farTi; Aqv.

sart – qveda sartylis
ganivkveTis farTi; r1, r2 – manZili sartylebis simZimis centridan saerTo
simZimis centramde. E – masalis drekadobis moduli.

3. daskvna

naSromSi warmodgenili amwqveSa nivniqveSa wamwes Semowmeba
simtkiceze, sixisteze warmoebs Txelkedliani Reros daZabuli
mdgomareobis mixedviT. awqveSa gangmirkveTiani wamweebi statikuri sqemis
mixedviT warmoadgenen kompinirebul sistemebs, sadac wamwe aris
Camagrebuli xisti qveda sartyliT.
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DAKONmSeneblobiT SeCerebul Senobebze samuSaoTa
ganaxlebis wina diagnostikuri gamokvleva

r. maxvilaZe, a. Ciqovani, a. gogberaSvili, l. jogliZe

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

reziume: wlobiT mSenebloba SeCerebul Senobebze atmosferuli
movlenebi uaryofiTad zemoqmedeben mcirdeba mzidi
konstruqciuli elementebis simtkicis maCveneblebi; statiaSi
ganixileba aseTi mSenebloba SeCerebuli Senobebis
diagnostikuri gamokvlevis masalebi Sesabamisi daskvnebiTa da
rekomendaciebiT.

sakvanZo sityvebi: mSenebloba SeCerebuli Senoba; sainJinro-
geologiuri kvleva, saproeqto-konstruqciuli dokumentacia,
diagnostika urRvevi meTodiT.

1. Sesavali

wlebis win dawyebuli da daumTavrebeli Senobebi aTeulobiTaa
rogorc TbilisSi, aseve saqarTvelos sxva qalaqebsa da dasaxlebul
punqtebSi. atmosferulma movlenebma zogierT maTganze uaryofiTi
zemoqmedeba moaxdina, rac vizualuradac dasturdeba da pasuxismgeblobiT
gamWvaluli menaSene saWirod Tvlis mSeneblobis ganaxlebis win arsebuli
mdgomareoba diagnostikurad gamoikvlion.

statiaSi ganixileba aseTi gamokvlevis erTi SemTxveva, romelic
adasturebs sxva obieqtebzec analogiuri gamokvlevebis Catarebis
aucileblobas.

2. ZiriTadi nawili
saproeqto dokumentaciiT aRniSnuli obieqti mdebareobs q. TbilisSi.

mdinare mtkvris marcxena sanapirosa da zemo niSnelebze mdebare quCas
Soris doneebSi niSnulebis sxvaobiT 5.5 metria.

3 wliT adre mSeneblobis dawyebis win daiSala aguriTa da xis
iatak-gadaxurvebiT nagebi amortizirebuli quCidan erTsarTuliani, xolo

sanapiroze gamomaval ezodan or sarTuliani sacxovrebeli saxli.
saproeqto dokumentaciiT mSenebare saxli SvidsarTuliania, maT

Soris Zira sarTuli sami mxridan miwaSia CaRrmavebuli. Senoba gegmaSi
trapeciuli formisaa mopirdapire gverdebiT 18,61 da 16,5 metri, 16,5 da 15,55
metri.

Senoba daproeqtebulia SesasvlelebiT orive doneze _ sanapirodanac
da zeda quCidanac. Zira sarTulebze sanapiro quCis mxridan
gaTvaliswinebulia komerciuli farTebi,xolo zeda quCidan nawilobriv
CaRrmavebul sarTulze sadgomebi aT avtomanqanaze quCidan Casasvleli
pandusiT. III sarTulze kvlav komerciuli farTebia kibeebze asvliT, IV-V-
VI sarTulebi eTmoba 2-2 binas, sul 6 binaa, me-7 sarTuli amaRlebulia “2-
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3” RerZebSi da eTmoba studia-saxelosnos quCisa da sanapiros mxareebze
verandaze gasasvlelebiT.

obieqtis teqnikur-saeqspluatacio maCveneblebia: sadac aklia
mSenebloba amJamad dakonservebulia. misi ganaxleba da gagrZeleba
gaTvaliswinebulia sxva organizaciis mier, romelmac saWirod CaTvala
arsebul mdgomareobis Seswavla-diagnostireba.

Semowmebis win dasrulebuli iyo saZirkvlebisa da miwaSi sami
mxridan CaRrmavebuli kedlebis mosawyobi samuSaoebi niSnulamde 4,7 metri.
0.00 niSnulze amoyvanilia erTi sarTulis svetebi, sam svetze
daubetonebeli amoSverili armaturis karkasebia,  erTze saZirkvlidan
Reroebis amonaSverebi miwis donemde daRunulia; danarCeni svetebi
dabetonebulia, maTgan 13 sveti rkina-betonis kedlebSia moqceuli.

sainJinro geologiuri daskvniT zeda quCis gaswvriv im dros
arsebuli sacxovrebeli saxlis kuTxeebSi trotuarze sawyisi
niSnulebidan 400,4 da 400,35 metri amoRebulia 2 WaburRili 7-7 metr
siRrmeze. mesame WaburRilis gegmiur mdgomareobas ver mivakvlieT, Tumca
sawyisi niSnuli 399 metria da Wrili 2-3 mixedviT #2 WaburRilidan
mocilebulia 20 metriT, savaraudod sanapiro quCasTanaa, sadac amJamad
svetebia mowyobili, adre warmoadgenda yofili sacxovrebeli saxlis
ezos. orive mezobeli Senobis lenturi saZirkvlebi yore qvazea mowyobili
399 da 398 metr niSnulebze, eyrdnobian rbil plastikur Tixnarebs
kenWebisa da RorRis CanarTebiT.

zeda quCidan erTi-erTnaxevar metr siRrmeze nayari gruntia, Semdeg
397,35_s393 metr niSnulebs daxrilad efineba Tixnari grunti, aseve
daxriladaa dafiqsirebuli gruntis wylebis gavrcelebis donec. samive
zolze fenebis wyobis sibrtye daxrilia, niSnulebSi 399,85_391,2 metri
kenWnaria qviSnaris SemavsebliT.

momdevno fena Zlier gamofituli qviSaqvebi da argiliTebia,
ganfenilia 394,35 _ 389,5 metr sibrtyeze da momdevnoc gamokvleul donemde
393,35 _ 398 metri igive ukve naklebad gamofituli qanebia simtkicis
zRvariT erTRerZa kumSvaze wyalgajerebul mdgomareobaSi 11,6 mpa anu 116
kgZ/sm2.

samive WaburRilSi gruntis wylebis laboratoriulma gamokvlevam
daadastura maTi Zlieri agresiuloba da saWiroebs betonebis damzadebisas
wyalSeuRwevi cementebis gamoyenebas.

adgilze SemowmebiTa da saproeqto dokumentaciis ganxilviT
sanapiro quCis mxridan yvela saZirkveli da saproeqto Senobis samive
mxareze miwaSi CaRrmavebuli kedlebi mowyobilia monoliTuri
rkinabetonisagan.

sami mxridan konturul kedlebSi 13 rkinabetonis monoliTuri svetia
Cayolebuli kveTebiT quCis gaswvriv 40X40 sm, xolo “1” da “4” RerZebis
gaswvriv kveTi 60X60 sm-ia.

arqiteqturul-konstruqciuli naxazebiT niSnuli 0.00 Seesabameba
absoliturs 393,7 metri da warmoadgens sanapiro quCis mxridan Zira
sarTulis dones. saproeqto dokumentaciiT “a” RerZis gaswvriv sZ-1 da sZ-2
CaRrmavebuli unda iyos 4 metr doneze, rac Seesabameba absoliturs 389,6
metri, “b” RerZze saZirkvlebi sZ-3 da sZ-4 3 metr doneze anu 390,6 metr
niSnulze dasmiT, “g,” “d” da “e” RerZebze yvela saZirkvlebi sZ-5 da sZ-6,
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sZ-7, sZ-8 da sZ-9 minus 0,9 metr donezea, rac Seesabameba absoliturs 392,8
metri.

sainJinro-geologiuri daskvnidan gamomdinare yvela saZirkveli
Cafluli unda iyos sustad gamofituli qviSaqvebisa da argiliTebis
fenebSi, romlebic gruntis agresiul wylebiTaa gajerebuli.

adgilze movaxdineT mSeneblobis foto fiqsacia. maTze miTiTebebiT
vagrZelebT arsebuli mdgomareobis teqnikuri mdgomareobis Sefasebas.

konstruqciuli simtkicis dadgenis saWiroebiT moxda svetebSi, rigelebSi,
kedlebsa da gadaxurvis filebSi Casxmuli betonebis markianobis gamokvleva
urRvevi meTodebiT drekadi deformaciis Smidti-58 0C 181/N da plastikuri
deformaciis PM-2 xelsawyoebis gamoyenebiT, saproeqto dokumentaciiT
Bbetonis klasi miRebulia B-20. 32 erTeul  konstruqciul elementze
Catarebuli gamokvlevebis gaanalizebiT 27-Si Sedegebi aRemateba saproeqtos
(ixileT cxrili) da betonebis klasi B-20-dan B-26.5  diapazonSia, svetSi

RerZebis gadakveTze a-4, B19.2-ia, e-2-Si –B-16, kedlebSi 1-b-a gaswvriv B-15.6,
kedlebSi 4-b-a gaswvriv B18,4.aRniSnul kedlebSi betoni sami kviris Casxmulia
da imedia markianoba moimatebs, svetebSic saWiro gaxdeba ganmeorebiTi
Semowmeba.
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MD

KmSenebare sacxovrebeli saxlis betonis samtkicis gansazRvra urRvevi
meTodiT

# konstruqciis
dasaxeleba

koordinatebi simtkice
mgpa

betonis
uaxloesi
klasi

SeniSvnebi

1 sveti kolona e-1 24.1 18.75
I

sarTulis
kolonebi

2 sveti kolona e-2 20.0 15.56

3 sveti kolona e-3 18.5 14.39

4 sveti kolona e-4 25.0 19.45

5 sveti kolona d-4 25.4 19.76

6 sveti kolona d-4 24.1 18.75

7 sveti kolona d-3 26.5 20.62

8 sveti kolona d-2 24.2 18.82

9 sveti kolona g-1 21.0 16.34

10 sveti kolona g-2 24.6 19.13

11 sveti kolona g-3 22.3 17.34

12 sveti kolona g-4 22.5 17.51

13 sveti kolona b-4 17.0 13.23

14 sveti kolona b-2 24.2 18.82

15 sveti kolona b-1 24.7 19.22

16 sveti kolona a-1 20.0 15.56

17 sveti kolona a-4 19.2 14.94
18 sveti kolona e-2 16.0 12.44

II
sarTulis
kolonebi

19 sveti kolona e-3 21.5 16.73
20 sveti kolona e-4 20.0 15.56

21 gadaxurvis fila 47 21.0 16.34 II sarT.
iataki

22 kedeli 1,e-g 20.8 16.18

23 kedeli 1,d-b 22.3 17.35

24 kedeli 1.g-a 19.5 15.17

25 kedeli e,b-2 15.6 12.13

26 kedeli e,1-2 26.3 20.46

27 kedeli e,2-3 25.2 19.6

28 kedeli e,3-4 25.1 19.52

29 kedeli 4,e-d 24.0 18.67 me-4
RerZze

kolonebis
sineste

gaTvalisw
inebulia

30 kedeli 4,d-g 20.0 15.56

31 kedeli 4,g-b 20.2 15.71

32
kedeli 4,b-a 18.4 14.31
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rkinabetonis markebis dadgenis safuZvelze vadasturebT, rom betonebSi
gamoyenebulia maRali markis cementebi, magram maTi klasificireba
wyalSeuRwevadobis dadgenaze laboratoriuli gamokvlevebis Catarebas
saWiroebs nimuSebis amoWriT,

wertilovani saZirkvlebis CaRrmavebis dadgena saproeqto niSnulebze
daydnobis doneTa dazustebiT ver xerxdeba. sainJiro-geologiuri daskvis
mixedviTa da konstruqciuli naxazebis SesabamisobiT ,,a” RerZis gaswriv maTi
CaRrmaveba nuli niSnulidan 4 metria, ,,b” RerZis gaswvriv 3 metri.
wyalgajerebul gruntebSi 4 da 3 metr siRrmeze ormoebis amoReba rTulia da
samuSaoTa ganxorcielebis periodSi saWiroebs wylis sistematur amotumbvas,
amitom sasurveli iqneboda ,,a” da ,,b” RerZebis gaswvriv ximinjovani
saZirkvlebis mowyoba.

mocemul pirobebSi darwmunebuli ver viqnebiT, rom wertilovani
saZirkvlebi saproeqto donemdea Cayvanili, ar aris Sesabamisi aqtic farul
samuSaoebze, ris gamoc saWiroa proeqtis konstruqtorma daasabuTos
arsebuli mdgomareobis saimedoba Senobidan gadacemuli vertikaluri
Zalebisa da seismur faqtorTa zegavlenis gaTvaliswinebiT.

Cveni mxridan vurCevdiT a-g da 1-4 RerZebis kvadratSi rkinabetonis
saZirkvlis filis CaSenebas svetebis armaturis karkasebis masze Cayoleba-
CamokidebiT, rac gulisxmobs svetis daxvretas or-or doneze, maTSi
armaturis gayras svetebSi grZivi da ganivi mimarTulebiT, aseve gayril
ReroebSi saZirkvlis filis zeda da qveda Sreebis badeebis gadadebas da
dabetonebas. Cveni masazreba Tu misaRebi gaxdeba, cxadia naxazis Sedgenisas
daixveweba da gaumjobesdeba kidevac.

zeda quCis mxareze II sarTulis e_g RerZebis gaswvriv niSnulze 4,7 metri
mowyobil gadaxurvaze, rac mTliani gadaxurvis nawilia, agreTve Zira
sarTulze dasawyobebuli armaturebi daJangulia da Semdgomi
gamoyenebisaTvis Jangis mocilebis gareSe uvargisi. gamoyenebis win
aucilebelia Jangis mosacilebeli siTxiT gawmenda, aseve sasurvelia
antikoroziuli laqiT dafarvac.

sanapiro quCis mxridan niSnulze 0.00 saZirkvlidan svetis amonaSverebi
gadaRunulia, daJangulia, xreSia miyrili. amowmenda-gasworebasTan erTad
saWiroebs Jangis mosacilebeli siTxiT gawmendas, Sesamowmebelia amonaSveri
armaturis sigrZeebis Sesabamisoba saproeqto naxazebTan;

saZirkvlebidan amonaSver armaturasTan gadabmuli svetis karkasebi
daJangulia, saWiroebs Jangis mosacilebeli siTxiT gawmendas, imavdroulad
karkasis vertikalur mdgomarebaSi moyvanas yalibebis dayenebiTa da betonis
CawyobiT;

asamaRlebelia  zeda quCaze gamomavali kedeli da mopirdapire ezos
gamyofi kedlebi naxaziT k-8 monoliTuri rkinabetoniT niSnulamde 7,4 metri,
quCis mxares kedelze ar aris armaturis amoweuli Reroebis gadasabmeli
naSverebi, xolo mopirdapire mxareze kedeli amoyvanilia blokiT, rac
arasworia. blokovani kedlis gareT ra aSendeba momavalSi jer cnobili ar
aris, xolo saproeqto dokumentaciiT niSnulze 7,4 avtosadgomia da
rkinabetonis kedeli ufro gamarTlebuli iqneboda,

saZirkvlebidan svetebis amonaSver armaturebze gadabmul daubetonebel
karkasze sakidebi mowyobilia saproeqtosagan gansxvavebuli SekvriT,
analogiuradaa mowyobili ukve dabetonebuli svetebic.

rkinabetonis svetidan amonaSveri zeda svetis karkasis gadasabmeli, agreTve
gverdebidan rigelebis karkasebis gadasabmeli armaturis Reroebis sigrZeebi
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sakmarisi ar aris. amave dros rigelebis zeda muSa Reroebma svetis tanSi
unda gaiaros da gadabma daSvebulia sayrdenidan malis 0,3 m sigrZeze. amitom
rigelebi rogorc wesi ewyoba gamonaSverebis doneze gadaxurvis filebTan
erTad, Semdeg ki svetebidan amonaSverebze yalibdeba zeda sarTulis svetebi.
aRniSnulis gamo svetis es nawili dasaSlelia. arasakmarisi sigrZisaa
rkinabetonis kedelze armaturis amonaSverebic, romlebmac rigelis tanic
unda gaiaros da Semdeg sarTulze mdgomi kedlis formirebas Seuwyos xeli.

rkinabetonis kedelze momavalSi mosawyobia rigeli.rogorc wesi
armaturis karkasebma unda gaiaros svetebis karkasSi, aseve saWiroa sayrdeni
kedlidan rigelis Tavze amosayvan kedlebs armaturis gadasabmeli Reroebi
daxvdes, arsebuli amonaSverebi mcire simaRlisaa, rac arasakmarisia
gadasabmelad.

rkinabetonis monoliTur kedlebze mravladaa laqebis kvali, rac
miuTiTebs ukana mxridan gruntis wylebis Semodinebaze, CarCenilia xis
paloebi, saidanac wylebic Jonavs, rac saWiroebs mokle periodSi
sahidroizoliacio samuSaoebis Catarebas.

yvelgan fotoze igrZnoba, rom betonis Cawyoba erTi da imave
konstruqciebSi ramdenime dRiani dayovnebiT moxda, rac gruntTan SexebaSi
myof rkinabetonis kedlebisaTvis sasurveli ar aris.sainJinro geologiuri
daskvniT kedlebi imyofebian gruntis agresiuli wylebis garemoSi, sxvadasxva
periodSi Casxmul betonebSi ki ganSrevebebia, saidanac wylebis Semodinebaa
mosalodneli. aseve dazustebas moiTxovs Caisxa Tu ara sulfatmedeg
cementebze damzadebuli betoni.

yuradRebiT SeviswavleT saproeqto dokumentacia.samSeneblo moedani
moqceulia 8 balian seismiur zonaSi, Senoba 7 sarTuliania, rac saWiroebda
karkasis daproeqtebas diafragmul kedlebSi. aseTi saSualeba amJamadac
arsebobs.

miRebul saproeqto gadawyvetilebaSi udiafragmo konstruqciul sqemaSi
migvaCnia, rom svetebis daarmatureba 8 balian seismiur zemoqmedebaze gaTvliT
arasakmarisia da saWiroebs konstruqciuli gaangariSebis gadamowmebas moqmedi
samSeneblo normebis pn 01.01-09 “seismomedegi mSenebloba” debulebebis
gaTvaliswinebiT.

3. daskvna
1. saeqsperto-teqnikur daskvnaSi aRniSnulia, rom “q. TbilisSi uSangi

CxeiZis quCaze mdebare mSeneblobaSi myof mravalsarTulian sacxovrebel
saxlze Sesrulebul samuSaoebs gaaCnia xarvezebi, romelTa gamosworebac
SesaZlebelia da unda moxdes mSeneblobis ganaxlebisTanave.

2. teqnikuri xarvezebis gamosworebis Semdeg saavtoro da teqnikuri
samsaxurebis mier maTi dadebiTi Sefasebisa da miRebis SemTxvevaSi daiSveba
zeda sarTulebis karkasis amoyvanis samuSaoTa gagrZeleba.
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maqsimaluri xarjebis gaangariSeba dakvirvebaTa sakmarisi
mwkrivis arsebobis SemTxvevaSi

T. ambrolaZe, m. kublaSvili

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

reziume: wyalmetobis maqsimaluri xarji SemTxveviTi sididea. misi
raodenobrivi da Tvisobrivi Sefaseba xdeba albaTobis Teoriis
gamoyenebiT, kerZod uzrunvelyofis mrudis gamoyenebiT.amisaTvis
saWiroa winaswar SeirCes ganawilebis kanoni. miRebulia
samparametriani gama ganawileba. mis gamosayeneblad aucilebelia
sami parametris, saSualo ariTmetikulis, variaciisa da asimetriis
koeficientebis gansazRvra. isini SeiZleba davadginoT momentebis
meTodiT, udidesi damajereblobis meTodiT da specialuri
formulebiT, rodesac gvaqvs cnobebi eqstremaluri xarjis Sesaxeb.
yvela meTodisaTvis Sedgenilia simbolur programul enaze
Mathematika-8, romlis saSualebiTac xdeba sami parametris da
maqsimaluri xarjis gansazRvra. statiaSi ganxilulia erTi
SemTxveva mdinare borjomulas magaliTze.

sakvanZo sityvebi: ganawilebisa da uzrunvelyofios mrudebi, variaciisa
da asimetriis koeficinetebi, momentebis meTodi, udidesi
damajreblobis meTodi, eqstremaluri xarji, maqsimaluri xarji,
sagarantio Sesworeba.

1. Sesavali

mdinaris maqsimaluri xarji ganicdis rogorc wliur ise
mravalwliur cvalebadobas, amas ganapirobebs Zalian bevri faqtori,
amitom maqsimaluri xarji SemTxveviTi sididea da misi gaangariSeba xdeba
albaTobis Teoriis gamoyenebiT, SemTxveviTi sididis aRweras. ganawilebis
kanoni ewodeba, xolo mis grafikul gamosaxvas ganawilebis mrudi.
ganawilebis mrudis gamoyenebiT xdeba uzrunvelyofis Teoriuli mrudis
ageba da saangariSo uzrunvelyofis maqsimaluri xarjebis gamoangariSeba.
es gaangariSeba, im SemTxvevaSi rodesac gansaxilvel mdinareze gvavqs
dakvirvebaTa sakmarisi rigi, xdeba saxelmwifo standartebis mixedviT.
hidrologiaSi ZiriTadad miRebulia samparametriani gama ganawileba. igi
eyrdnoba sami parametris saSualo ariTmetikulis, variaciis koeficientisa
da asimetriis koeficientis gansazRvras. maTi gansazRvrisaTvis gamoiyeneba
momentebis meTodi, udidesi damajereblobis meTodi, grafT analizuri
meTodi da cnobili formulebi, rodesac gvavqs informacia istoriuli
maqsimaluri xarjis Sesaxeb. yvela es meTodi ganxilulia ZiriTad
nawilSi. iqve mocemulia kompiuterze gangariSebisaTvis Sedgenili
maTematikuri meTodebi. yovelive es ganxilulia mdinare borjomulas
maqsimalur xarjebze arsebuli dakvirvebis rigis damuSavebis magaliTze.



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #2(37), 2015
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

132

2. ZiriTadi nawili
momentebis meTodiT sargeblobis SemTxvevaSi variaciis koeficientisa

da asimetriis koeficientebis mniSvnelobebi rekomendebulia ganisazRvros
Semdegi gamosaxulebebiT:
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SC iangariSeba Semdegi formulebiT:

 

1n

1K

C

n

1i

2
i









 da

 

  1n1nC

1Kn

C
2

n

1i

3
i

S











am gamosaxulebebSi moduluri koeficientis k-s mniSvnelobebi
gamoiTvleba formuliT:

max

imax
i

Q

Q
K 

sadac: Qmaxi – aris maqsimaluri xarjis aRebuli mniSvneloba;

maxQ - darkirvebuli maqsimaluri xarjebis saSualo
mniSvneloba.

SemTxveviTi sididis saSualo ariTmetikuli, aqac da yvela momdevno
meTodebis dros gamoiTvleba Semdegi formuliT:

n

Q

Q

n

1i
imax

max




udidesi damajereblobis meTodi imaSi mdgomareobs, rom saZiebeli
parametris Sefasebis dros mxedvelobaSi miiReba misi iseTi mniSvnelobebi,
romlis drosac damajereblobis funqcia miaRwevs maqsimalur

mniSvnelobas. am meTodis gamoyenebis dros variaciis koeficientis C-s

mniSvneloba da fardoba
C

CS ganisaRvrebian statistikebis 2 da 3–is

saSualebiT.

1n

Klg
n

1i
i

2 



 da
1n

KlgK
n

1i
ii

3 








uSualod variaciis koeficientisa da asimetriis koeficientebis
mniSvnelobebi aiReba specialuri nomogramidan. am meTodis gamoyeneba da
nomogronebis maTematikuri meTodebiT aigeba Cvens mier dataluradaa
aRwerili (3)-Si. am statiaSi gamoyenebulia misi Sedegebi.

im SemTxvevaSi rodesac gvaqvs cnobebi istoriuli maqsimumis Sesaxeb,
anu rodesac cnobilia eqstremaluri xarji, romelic ar Sedis
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dakvirvebuli maqsimaluri xarjebis rigSi, uzrunvelyofis mrudis
parametrebi momentebis meTodis gamoyenebiT gamoiTvleba Semdegi
formulebiT:

1) saSualo ariTmetikuli















 


n

1i
imaxN Q

1n

1N
Q

N

1
Q

2) variaciis koeficienti













































2

max

i

2

max

N 1
Q

Q

1n

1N
1

Q

Q

1N

1
C

sadac: QN – eqtremaluri xarjia;
n – dakvirvebuli maqsimaluri xarjebis mwkrivis wevrTa
raodenoba;
N – im periodis xangrZlivoba, romelSic SeimCneva QN

eqtremaluri xarji;
Qi – dakvirvebuli maqsimaluri xarjebi;

maxQ - dakvirvebuli maqsimaluri xarjebis saSualo mniSvneloba.
zemoTxsenebuli meTodebiT dadgenili parametrebis mixedviT aigeba

uzrunvelyofis Teoriuli mrudi, romlis mixedviTac gamoiTvleba
saangariSo maqsimaluri xarji formuliT:

max%pmax QKQ 
sadac: Kp% – uzrunvelyofis mrudis ordinataa, romelic aiReba

cxrilebidan variaciisa da asimetriis koeficientis mixedviT;

maxQ - dakvirvebuli maqsimaluri xarjebis saSualo mniSvneloba.
pirveli klasis nagebobebisaTvis maqsimaluri xarjis gaangariSebaSi

SeyavT sagarantio Sesworeba:

max
%p

max Q
n

aE
Q 

sadac: a – mdinaris Seswavlilobis koeficientia. aiReba 1-dan 1,5-mde.
Ep% – koeficientia, romelic axasiaTebs maqsimaluri xarjis
gaangariSebis saSualo kvadratulis Secdomas. aiReba
grafikidan.

saangariSo maqsimaluri xarjia

QQQ maxmax saang

yvela zemoTCamoTvlili meTodiT parametrebis saangariSod
maqsimaluri xarjis gaangariSebisaTvis da sagarantio Sesworebis
gamosaTvlelad Sedgenilia simbiluri programa enaze Matematica-8.
gaangariSeba Sesrulebuli erTi SemTxvevisaTvis da erTvis statias.
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3. daskvna

Sedgenili programa amartivebs gaanagriSebas, miRebuli Sedegebi
saSualebas gvaZlevs SevarCioT uzrunvelyofis mrudis parametrebisa da
maqsimaluri xarjis gaangariSebisaTvis saWiro meTodi.
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rkinabetonis karkasuli Senobis dinamikuri zidvis unari
(simtkice) seismuri tipis zemoqmedebisas

l. avaliSvili, l. Wkuaseli
(saqarTvelos teqnikuri universiteti, m.kostavas q. #77, 0175,

Tbilisi, saqarTvelo)

reziume: naSromSi warmodegnilia rkinabetonis karkasuli Senobis
seismomoedegobis Teoriuli gamokvleva erTmasiani dinamikuri
saangariSo sqemis (oscilatoris) safuZvelze. specifiuri sainJinro
kompiuteruli programiT “lira” miRebulia dinamikuri parametrebis
rxevis periodebis, dinamukoribs koeficienetebisa da sesimuri
Zalvebis sruli speqtri 8 da 9 baliani seismuri aqtivobebisTvis.
rkinabetonis karkasis standartuli elementebisa da SesaZlo
datvirTvebis varirerebiT. seismuri Zalvebis mixedviT dadgenilia
CaroCovani konstruqciis dinamikuri zidvis unari (simtkice) da igi
Sedarebulia statikur simtkicesTan. gaanalizebulia dinamikuri
simtkicis statikurTan SedarebiT amaRlebis mizezebi. miRebuli
Sedegebi iwvevs samecniero da praqtikul interess, radganac
mniSvnelovnad Seamsubuqebs damproeqteblis Sromas.
sakvanZo sityvbi: seismomedegoba, seismuri zemoqmedeba, seismuri
Zalva, rxevis periodi, dinamikurobis koeficienti, dinamikuri
simtkie, statikuri simtkice.

1. Sesavali
seismurad aqtiuri saqarTvelosaTvis seismomedegi mSenebloba

mudmivad aqtualuri problemaa. globaluri katastrofuli miwisZvrebi da
saqarTvelos damangreveli miwisZrebis gafarToebuli geografia
gansakuTrebul moTxovnebs uyenebs nagebobaTa seismomedegobis Teoriasa da
praqtikas. ukanaskneli aTwleulebis manZilze saqarTvelos teritoriaze
momxdari miwisZvrebi (raWa-javis 1991 wlis 25 aprilis, Tbilsisi 2002 wlis
25 aprilis, 2009 wlis raWis) namdvilad ar iZleva optimizmis saufZvels.
marTalia, miwisZvra araprognozirebadi stiqiuri ubedurebaa da misi
acileba SeuZlebelia, magram Cven xelTaa misi damangrveli Sedegebis
aSoreba, momxdari miwisZvrebis inJinruli analizisa da seismomedegi
mSeneblobis srulyofis gziT. am konteqstSi did mniSvnelobas iZens
SenobaTa konstruqciuli sqemebis daxvewa da specifiuri dinamikuri
gaangariSebebis dazusteba-realizacia. miTumetes, rom seismuri
normativebis dacviT agebuli Senobebi miwisZvris dros maRal
seismomedegobas aCveneben; maRali seismomedegobiT gamoirCevian karkasuli
konstruqciis Senobebi.

2. ZiriTadi nawili
warmodgenili statiis kvlevis mTavari obieqtia rkinabetonis

erTsarTuliani karkasuli Senoba, romelic calke klasad aerTianebs
mravali funqciuri daniSnulebis Senobas: aseTi karkasi SeiZleba hqondeT
uamweo samrewvelo Senobebs, sportul da sagamofeno darbazebs,
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kinoTeatrebs, savaWro da sareabilitacio centrebs da a.S.
karkasi Sedgenilia rkinabetonis wamweebiTa da rkinabetonis

sworkuTxa kveTis svetebiT (ix. nax. 1) amave naxazze warmodgenilia
gamosakvlevi tipis Senobis dinamikuri saangariSo sqema — Tavisuflebis
erTi xarisxis mqone rxevadi sistema, erTmaliani rxevadi sistema
SerCeulia specialuri mosazrebiT — mocemuli Teoriuli kvlevis
Sedegebis Sesadareblad msgavsi konstruqciuli modelis eqsperimentul
analogTan.

nax. 1 gamosakvlevi Senobis ganivi Wrili da dinamikuri saangariSo sqema
specialuri “lira” programiT Catarda Senobis dinamikuri

gaangariSeba 8 da 9 baliani seismuri aqtivobebisaTvis realur
datvirTvaTa diapazonSi, rkinabetonis standartul geometriul
parametrTa varirebiT. programaSi CaitvirTa Semdegi sawyisi monacemebi:

svetis simaRle (4.8÷14)m;
mali — 18m; 24m; 30m;
svetebis biji — 6m;

betonis klasi — B-15; B-20; B-25; B-30;
Tovlis datvirTva saqarTvelosaTvis intensivobiT (0.5÷1.5) kn/m2,

gaangariSebiT miRebulia dinamikuri parametrebis sruli speqtri, periodi

— T (0.9÷2.724) wm; dinamikurobis koeficienti β = 0.404÷1.172; seismuri Zalvebi

S = 7.12÷22.32; me-2 naazze naCvenebia ( )T f L da ( )T f H funqionaluri
damokidebulebebis grafikebi.

nax. 2 funqcionaluri damokidebulebis diagramebi a) ( )T f L b) ( )T f H



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #2(37), 2015
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

137

№

ma
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m
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i

ST
 k
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m2

s
ve
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s
im
aR

l
e

H
m

s
ve
t
is

ko
ef

ic
ie
nt

i
A

B-15 B-20 B-25

T (wm) β Skn T (wm) β Skn T (wm) β Skn

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 18 0.5 4.8 0.2 1.077 1.021 7.120 0.995 1.105 7.704 0.938 1.172 8.171

2 18 0.5 4.8 0.4 1.077 1.021 14.240 0.995 1.105 15.408 0.938 1.172 16.342

3 18 0.5 7.2 0.2 2.032 0.541 3.981 1.878 0.586 4.308 1.771 0.621 4.568

4 18 0.5 7.2 0.4 2.032 0.541 7.962 1.878 0.586 8.615 1.771 0.621 9.138

5 18 0.5 8.4 0.2 1.666 0.660 5.016 1.539 0.715 5.427 1.451 0.758 5.756

6 18 0.5 8.4 0.4 1.666 0.660 10.032 1.539 0.715 10.854 1.451 0.758 11.512

7 18 0.5 9.6 0.2 2.065 0.533 4.167 1.909 0.576 4.509 1.800 0.611 4.782

8 18 0.5 9.6 0.4 2.065 0.533 8.334 1.909 0.576 9.018 1.800 0.611 9.565

9 18 0.5 12 0.2 2.018 0.545 4.575 1.865 0.590 4.960 1.758 0.626 5.251

10 18 0.5 12 0.4 2.018 0.545 9.150 1.865 0.590 9.901 1.758 0.626 10.502

11 18 0.5 14 0.2 2.230 0.493 4.369 2.061 0.534 4.727 1.943 0.566 5.013

12 18 0.5 14 0.4 2.230 0.493 8.737 2.061 0.534 9.454 1.943 0.566 10.026

13 18 1 4.8 0.2 1.119 0.983 7.400 1.035 1.063 8.007 0.975 1.128 8.493

14 18 1 4.8 0.4 1.119 0.983 14.800 1.035 1.063 16.014 0.975 1.128 16.986

15 18 1 7.2 0.2 2.111 0.521 4.135 1.951 0.564 4.474 1.839 0.598 4.745

16 18 1 7.2 0.4 2.111 0.521 8.269 1.951 0.564 8.947 1.839 0.598 9.490

17 18 1 8.4 0.2 1.728 0.637 5.203 1.597 0.689 5.630 1.505 0.731 5.971

18 18 1 8.4 0.4 1.728 0.637 10.406 1.597 0.689 11.260 1.505 0.731 11.942

19 18 1 9.6 0.2 2.140 0.514 4.318 1.978 0.556 4.672 1.865 0.590 4.956

20 18 1 9.6 0.4 2.140 0.514 8.637 1.978 0.556 9.345 1.865 0.590 9.912

21 18 1 12 0.2 2.086 0.527 4.730 1.928 0.571 5.118 1.818 0.605 5.428

22 18 1 12 0.4 2.086 0.527 9.460 1.928 0.571 10.236 1.818 0.605 10.856

23 18 1 14 0.2 2.302 0.478 4.509 2.127 0.517 4.879 2.006 0.548 5.174

24 18 1 14 0.4 2.302 0.478 9.018 2.127 0.517 9.757 2.006 0.548 10.348

25 18 1.5 4.8 0.2 1.162 0.947 7.679 1.074 1.025 8.309 1.012 1.087 8.813

26 18 1.5 4.8 0.4 1.162 0.947 15.358 1.074 1.025 16.617 1.012 1.087 17.626

27 18 1.5 7.2 0.2 2.186 0.503 4.283 2.021 0.544 4.634 1.905 0.577 4.915

28 18 1.5 7.2 0.4 2.186 0.503 8.565 2.021 0.544 9.268 1.905 0.577 9.830

29 18 1.5 8.4 0.2 1.788 0.615 5.384 1.652 0.666 5.826 1.558 0.706 6.173

30 18 1.5 8.4 0.4 1.788 0.615 10.768 1.652 0.666 11.651 1.558 0.706 12.356

31 18 1.5 9.6 0.2 2.213 0.497 4.464 2.045 0.538 4.831 1.928 0.570 5.124

32 18 1.5 9.6 0.4 2.213 0.497 8.929 2.045 0.538 9.661 1.928 0.570 10.248

33 18 1.5 12 0.2 2.152 0.511 4.880 1.989 0.553 5.280 1.875 0.587 5.603

34 18 1.5 12 0.4 2.152 0.511 9.760 1.989 0.553 10.561 1.875 0.587 11.206

35 18 1.5 14 0.2 2.371 0.464 4.645 2.192 0.502 5.026 2.066 0.532 5.333

36 18 1.5 14 0.4 2.371 0.464 9.290 2.192 0.502 10.052 2.066 0.532 10.666

37 24 0.5 4.8 0.2 1.225 0.898 8.097 1.132 0.972 8.761 1.067 1.031 9.292

38 24 0.5 4.8 0.4 1.225 0.898 16.194 1.132 0.972 17.522 1.067 1.031 18.584

39 24 0.5 7.2 0.2 2.300 0.478 4.505 2.126 0.518 4.874 2.004 0.549 5.170

40 24 0.5 7.2 0.4 2.300 0.478 9.010 2.126 0.518 9.749 2.004 0.549 10.340

41 24 0.5 8.4 0.2 1.878 0.586 5.656 1.736 0.634 6.120 1.637 0.672 6.490

42 24 0.5 8.4 0.4 1.878 0.586 11.312 1.736 0.634 12.240 1.637 0.672 12.980

43 24 0.5 9.6 0.2 2.322 0.474 4.684 2.146 0.513 5.069 2.023 0.544 5.375

44 24 0.5 9.6 0.4 2.322 0.474 9.369 2.146 0.513 10.137 2.023 0.544 10.750

45 24 0.5 12 0.2 2.252 0.488 5.107 2.081 0.529 5.525 1.962 0.561 5.863
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46 24 0.5 12 0.4 2.252 0.488 10.213 2.081 0.529 1.051 1.962 0.561 11.726

47 24 0.5 14 0.2 2.476 0.444 4.851 2.289 0.481 5.248 2.158 0.510 5.565

48 24 0.5 14 0.4 2.476 0.444 9.701 2.289 0.481 10.497 2.158 0.510 11.130

49 24 1 4.8 0.2 1.276 0.862 8.436 1.179 0.933 9.128 1.112 0.989 9.682

50 24 1 4.8 0.4 1.276 0.862 16.872 1.179 0.933 18.255 1.112 0.989 19.364

51 24 1 7.2 0.2 2.392 0.460 4.686 2.211 0.498 5.070 2.084 0.528 5.375

52 24 1 7.2 0.4 2.392 0.460 9.371 2.211 0.498 10.140 2.084 0.528 10.750

53 24 1 8.4 0.2 1.952 0.564 5.878 1.804 0.610 6.360 1.701 0.647 6.745

54 24 1 8.4 0.4 1.952 0.564 11.755 1.804 0.610 12.719 1.701 0.647 13.490

55 24 1 9.6 0.2 2.411 0.456 4.864 2.228 0.494 5.262 2.101 0.524 5.582

56 24 1 9.6 0.4 2.411 0.456 9.727 2.228 0.494 10.525 2.101 0.524 11.164

57 24 1 12 0.2 2.334 0.471 5.291 2.157 0.510 5.725 2.033 0.541 8.073

58 24 1 12 0.4 2.334 0.471 10.583 2.157 0.510 11.451 2.033 0.541 12.146

59 24 1 14 0.2 2.562 0.429 5.019 2.368 0.465 5.430 2.233 0.493 5.760

60 24 1 14 0.4 2.562 0.429 10.038 2.368 0.465 10.860 2.233 0.493 11.520

61 24 1.5 4.8 0.2 1.325 0.830 8.762 1.225 0.898 9.480 1.155 0.953 10.055

62 24 1.5 4.8 0.4 1.325 0.830 17.523 1.225 0.898 16.960 1.155 0.953 20.110

63 24 1.5 7.2 0.2 2.481 0.433 4.860 2.293 0.480 5.258 2.162 0.509 5.577

64 24 1.5 7.2 0.4 2.481 0.433 9.719 2.293 0.480 10.516 2.162 0.509 11.154

65 24 1.5 8.4 0.2 2.496 0.441 5.036 2.307 0.477 5.449 2.175 0.506 5.780

66 24 1.5 8.4 0.4 2.496 0.441 10.073 2.307 0.477 10.899 2.175 0.506 11.560

67 24 1.5 9.6 0.2 2.412 0.456 5.470 2.229 0.493 5.919 2.102 0.523 6.278

68 24 1.5 9.6 0.4 2.412 0.456 10.940 2.229 0.493 11.837 2.102 0.523 12.556

69 24 1.5 12 0.2 2.645 0.416 5.182 2.445 0.450 5.607 2.305 0.477 5.947

70 24 1.5 12 0.4 2.645 0.416 10.363 2.445 0.450 11.213 2.305 0.477 11.894

71 24 1.5 14 0.2 1.358 0.810 8.976 1.225 0.887 9.712 1.183 0.930 10.300

72 24 1.5 14 0.4 1.358 0.810 17.951 1.225 0.887 19.423 1.183 0.930 20.600

73 30 0.5 4.8 0.2 2.539 0.433 4.974 2.347 0.469 5.382 2.213 0.497 5.708

74 30 0.5 4.8 0.4 2.539 0.433 9.948 2.347 0.469 10.764 2.213 0.497 11.416

75 30 0.5 7.2 0.2 2.069 0.532 6.231 1.912 0.575 6.742 1.803 0.610 7.151

76 30 0.5 7.2 0.4 2.069 0.532 12.462 1.912 0.575 13.484 1.803 0.610 14.302

77 30 0.5 8.4 0.2 2.553 0.431 5.150 2.359 0.466 5.572 2.224 0.495 5.910

78 30 0.5 8.4 0.4 2.553 0.431 10.300 2.359 0.466 11.144 2.224 0.495 11.820

79 30 0.5 9.6 0.2 2.464 0.446 5.588 2.277 0.483 6.046 2.147 0.512 6.413

80 30 0.5 9.6 0.4 2.464 0.446 11.175 2.277 0.483 12.092 2.147 0.512 12.826

81 30 0.5 12 0.2 2.700 0.407 5.289 2.495 0.411 5.723 2.353 0.468 6.070

82 30 0.5 12 0.4 2.700 0.407 10.578 2.495 0.411 11.455 2.353 0.468 12.140

83 30 0.5 14 0.2 1.415 0.777 9.358 1.308 0.841 10.125 1.233 0.892 10.735

84 30 0.5 14 0.4 1.415 0.777 18.715 1.308 0.841 20.250 1.233 0.892 21.470

85 30 1 4.8 0.2 2.644 0.416 5.178 2.443 0.450 5.603 2.304 0.478 5.944

86 30 1 4.8 0.4 2.644 0.416 10.357 2.443 0.450 11.206 2.304 0.478 11.888

87 30 1 7.2 0.2 2.152 0.511 6.482 1.989 0.533 7.014 1.875 0.587 7.435

88 30 1 7.2 0.4 2.152 0.511 12.964 1.989 0.533 14.027 1.875 0.587 14.840

89 30 1 8.4 0.2 2.653 0.415 5.353 2.452 0.449 5.792 2.312 0.476 6.142

90 30 1 8.4 0.4 2.653 0.415 10.707 2.452 0.449 11.585 2.312 0.476 12.284

91 30 1 9.6 0.2 2.557 0.430 5.799 2.363 0.465 6.274 2.228 0.494 6.652

92 30 1 9.6 0.4 2.557 0.430 11.598 2.363 0.465 12.549 2.228 0.494 12.304

93 30 1 12 0.2 2.798 0.393 5.482 2.586 0.425 5.931 2.438 0.451 6.290

94 30 1 12 0.4 2.798 0.393 10.963 2.586 0.425 11.863 2.438 0.451 12.580

95 30 1 14 0.2 1.471 0.748 9.725 1.360 0.809 10.522 1.282 0.858 11.160

96 30 1 14 0.4 1.471 0.748 19.450 1.360 0.809 21.045 1.282 0.858 22.320

97 30 1.5 4.8 0.2 2.744 0.401 5.375 2.536 0.434 5.816 2.391 0.460 6.165
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98 30 1.5 4.8 0.4 2.744 0.401 10.750 2.536 0.434 11.632 2.391 0.460 12.330

99 30 1.5 7.2 0.2 2.233 0.493 6.724 2.063 0.533 7.275 1.945 0.565 4.715

100 30 1.5 7.2 0.4 2.233 0.493 13.447 2.063 0.533 10.550 1.945 0.565 15.430

101 30 1.5 8.4 0.2 2.751 0.400 5.550 2.542 0.433 6.005 2.397 0.459 6.368

102 30 1.5 8.4 0.4 2.751 0.400 11.099 2.542 0.433 12.009 2.397 0.459 12.736

103 30 1.5 9.6 0.2 2.647 0.416 6.002 2.446 0.450 6.495 2.306 0.477 6.888

104 30 1.5 9.6 0.4 2.647 0.416 12.005 2.446 0.450 12.989 2.306 0.477 13.776

105 30 1.5 12 0.2 2.894 0.380 5.668 2.674 0.411 6.133 2.521 0.436 6.500

106 30 1.5 12 0.4 2.894 0.380 11.336 2.674 0.411 12.265 2.521 0.436 13.000

107 30 1.5 14 0.2 1.481 0.743 9.792 0.369 0.804 10.595 1.291 0.852 11.235

108 30 1.5 14 0.4 1.481 0.743 19.585 0.369 0.804 21.191 1.291 0.852 22.470

naSromSi gaanalizebulia periodze moqmed faqtorTa zegavlena
raodenobrivi (procentuli SefasabiT). kerZod, Senobis malis, svetis
simaRlis, betonis klasisa da Tovlis datvirTvis gavlena periodze.

cxrilis monacemebis mixedviT gaangariSebul iqna siesmuri momentebi;
dinamikuri zidvis unari (simtkice M din.) dadgenil iqna ZalvaTa
gansakuTrebuli SexamebiT, romelSic Sejamda Zalvebi mudmivi, Tovlis da
seismuri datvirTvebisgan; xolo ZalvaTa ZiriTadi Sexamebis mixedviT
ganisazRvra statikuri zRvruli mRunavi momenti M stat. (statikuri
simtkice), romelSic Sejamda momentebi mudmivi, Tovlis da qaris
datvirTvebisagan. dadgenil iqna M din. da M stat. Tanafardobebi. es
Tanafardobebi mocemulia me-2 cxrilSi ramdenime ganxiuli SemTxvevisTvis.

cxr.2

№
mali
L(m)

svetis ismaRle
H(m)

Mdin.
(kn.m)

Mstat. (kn.m) Mdin/Mstat

1 18 6 124.2 91 1.36

2 18 7.2 174 150 1.16

3 18 9.6 333 322 1.03

4 24 6 145 92.96 1.56

5 24 7.2 203 153 1.33

6 24 9.6 345.1 222.73 1.55

7 30 6 170 84.44 2.01

8 30 7.2 222 155.6 1.43

9 30 9.6 353 174.3 2.02

me-2 cxrilis Sedegebi praqtikulad emTxveva rkinabetonisa da
xidebis kaTedraze adre Catarebul eqsperimentuli gamocdis Sedegebs.
kerZod, dinamikuri da statikuri reJimebiT darRveuli rkinabetonis
CarCoebis mrRvevi datvirTvebis (P din./P stat.) Tanafardoba tolia

1.26÷1.48 [4].

3. daskvna
kompiuteruli gaangariSebebis Sedegebis analiziT gamovlinda:

CarCos malis gazrda 18m-dan 30m-mde seismur Zalvas (S) zrdis saSualod
30%-iT; svetis simaRlis gazrda 4.8m-dan 14m-mde seismur Zalvas (S) zrdis
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(50÷60)%-iT.

betonis klasis mateba (B-15÷B-30)-is farglebSi iwvevs seismuri
Zalvis vardnas 16%-iT. Tovlis datvirTvis mateba (0.5÷1.5) kn/m2 faglebSi
sismur Zalvaze praqtikulad ar moqmedebs. dinamikuri simtkicis amaRleba
statikur simtkicesTan SedarebiT nawilobriv (5÷15) aixsneba Cqarosnuli
datvirTvisas denadobis zRvris amaRlebiT, xolo dinamikuri simtkicis
darCneili rezervi aixsneba imiT, rom dinamikuri datvirTvis dros
sawinaaRmdego niSnis plastikuri deformaciebi erTmaneTs nawilobriv
abaTileben da upiratesad erTi mimarTulebiT zRvruli plastikuri
deformacia ganviTarebas ver aswrebs.
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uZravi qonebis obieqtebis sicocxlis cikli

m. wiqariSvili, T. giorgobiani, T. gonaSvili

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

reziume: statiaSi ganxilulia uZravi qonebis sicocxlis cikli,
romelic moicavs periods misi Seqmnis dasawyisidan moTxovnis
dasasrulamde. saerTo SexedviT nebismieri obieqtis sicocxlis
cikli - es aris misi arsebobis sruli Tanmimdevruli procesebis
etapebis erTianoba, drois intervalis Semadgenloba, misi aSenebidan
eqspluataciis bolomde.

naSromSi Camoyalibebulia da gaanalizebulia risTvis iqna
SemoRebuli uZravi qonebis obieqtebis sicocxlis ciklis gageba da
risTvis Seiswavleba misi Semadgeneli procesebi da etapebi.
warmodgenilia uZravi qonebis sicocxlis cikli grafikulad,
romelic dafuZnebulia bazris Seswavlis safuZvelze - misi
„klasikuri pirobiT“ - ekonomikuri dacemiT  da amaRlebiT, ciklis
xangrZlivoba da sirTule damokidebulia bevr gare da Sida
pirobebze. ganxilulia Senobebis (nagebobebis) sicocxlis ciklis
ZiriTadi etapebi: mSenebloba, eqspluatacia, ganviTareba da Sewyveta
(dangreva).
sakvanZo sityvebi: uZravi qoneba, Senoba-nageboba, sicocxlis cikli,
mSenebloba, eqspluatacia, dangreva.

1. Sesavali
uZravi qoneba, rogorc nebismieri sxva saqoneli bazarze xasiaTdeba

drois periodiT Seqmnis dasawyisidan moTxovnis dasrulebamde da
warmoebis SewyvetiT. saqoneli, msgavsad sulieri arsebisa ibadeba,
viTardeba, berdeba da ,,kvdeba“, anu uTmobs adgils sxva saqonels, romelic
flobs ufro maRal samomxmareblo Tvisebebs, aqvs sxva upiratesobebi.
saqonlis am Tvisebam miiRo saqonlis sicocxlis ciklis saxelwodeba.

uZravi qoneba, rogorc ekonomikuri kategoria aris materialuri
aqtivi, romlis eqvivalentis Rirebuleba ganisazRvrebaefeqturi
gamoyenebiT ekonomikuri keTildReobisTvis, saqonlis an Semosavlis wyaro,
romlis sididec damokidebulia  mis mdgomareobaze gansazRvrul periodze
arsebobidan gamomdinare. uZravi qonebis obieqtebis sicocxlis cikli
SeiZleba daiyos Semdeg etapebad: winasainvesticio - proeqtis sawyisi etapi
(koncefciebi, teqnikur-ekonomikuri dasabuTeba da sxva), obieqtis  Seqmnis
etapi (teqnologiis aTvisebis-ganviTarebis faza da warmoebis sruli
datvirTviT warmarTva, bazris aTviseba, zrda da xva) da likvidaciis etapi.
(vardna)

saerTo SexedviT nebismieri obieqtis sicocxlis cikli - es aris
misi arsebobis sruli Tanmimdevruli procesebis etapebis erTianoba,
drois intervalis Semadgenloba misi gamoCenidan gauCinarebamde.
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risTvis iqna SemoRebuli uZravi qonebis obieqtebis sicocxlis
ciklis gageba da risTvis Seiswavleba misi Semadgeneli procesebi da
etapebis saqme imaSia, rom uZravi qoneba ar aris statikuri obieqti.
rogorc fizikuri obieqti, is iqmneba, gamoiyeneba, saWiroebs remonts an
rekonstruqcias, amowuravs Tavis daniSnulebas da nadgurdeba. rogorc
obieqti samarTlebrivi urTierTobebisas is icvlis mesakuTreebs, ijariT
gaicema, itvirTeba ipoTekiT, e.i. monawileobs sxvadasxva garigebebSi da
operaciebSi. rogorc saqoneli is iyideba (realizdeba). aseTi saxiT,
sicocxlis ciklis gansazRvra saSualebas aZlevs uZrav qonebas
gamoavlinos kanonzomierebis ganviTareba yvela formaSi, rac ufro
rTulia obieqti, miT ufro mravalmniSvnelovania sicocxlis ciklis
procesebis Semadgenloba.

2. ZiriTadi nawili
uZravi qoneba, rogorc fizikuri obieqti, saqoneli, sakuTrebis

obieqti, biznesis obieqti da a.S. gadis sxvadasxva etapebs da procesebs.
uZravi qonebis sicocxlis cikli, rogorc fizikuri obieqti:

• winasainvesticio etapi (gegma, SesaZleblobebis analizi, marketingi,
dasabuTeba);

• Seqmna, formireba (proeqtireba, mSenebloba, mowyobilobebis
montaJi, saeqspluatacio samuSaoebi);

• funqcionaluri daZveleba. (fizikuri da moraluri);
• kapitaluri remonti da modernizacia;
• aRudgeneli fizikuri cveTa, bunebrivi ngreva, dangreva;

uZravi qonebis sicocxlis cikli, rogorc ekonomikuri obieqti:
• Seqmna.
• saxelmwifo registracia.
• floba da gamoyeneba.
• mflobelis cvlileba - Secvla.
• ganviTareba.
• samomxmareblo maxasiaTeblebis gauareseba.
• ekonomikuri sasicocxlo ciklis dasasruli.

uZravi qonebis sicocxlis cikli, rogorc sakuTrebis obieqti:
• SeZena. (Sesyidva, memkvidreoba, aSeneba).
• sakuTrebis uflebis saxelmwifo registracia.
• gansazRvrul periodSi floba da gamoyeneba.
• uZravi qonebis obieqtebis marTva.
• sakuTrebis gankargva, sakuTrebis uflebis gadacemis gareSe. (ijara,

girao, mindobilobiT marTva da sxva).
• ganviTareba.
• sakuTrebis uflebis cvlileba. (gayidva, Cuqeba, uflebamonacvleoba,

sargebloba da sxva).
• garigebis saxelmwifo registracia.
• garigebis sasicocxlo periodis dasasruli.

uZravi qonebis sicocxlis cikli, rogorc sakuTrebis kompleqsi:
• Seqmna an privatizacia.
• sakuTrebis uflebis saxelmwifo registracia. (saxelmwifo,

municipaluri, kerZo da wilobrivi).
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• dadgoma. (saproeqto simZlavreze gamosvla).
• optimaluri funqcionireba.

• mesakuTreebis cvlileba (nawilobrivi an mTliani).
• dacema.
• reorganizacia, reforma, rekonstruqcia, SeerTeba, Serwyma.
• gakotreba. (araaucilebeli etapi).
• likvidacia. (araaucilebeli etapi).
• funqcionirebis Sewyveta: bunebrivi araaRdgenadi Sewyveta,

fizikuri ganadgureba da Segnebuli demontaJi. (dangreva).
komerciuli uZravi qonebis sicocxlis cikls, rogorc sakuTrebrivs

SeuZlia hqondes Tavisi sakuTari cikli mxolod erTi mflobelisTvis,
romelsac SeuZlia bevrjer gameordes mesakuTris cvlilebisas obieqtis
ekonomikuri an fizikuri cxovrebis periodis dasasrulamde.

naxaz 1.1-ze warmodgenilia uZravi qonebis sicocxlis cikli
dafuZnebuli bazris Seswavlis safuZvelze - misi ,,klasikuri pirobebiT’’ -
ekonomikuri dacemebiT da amaRlebebiT, ciklis xangrZlivoba da sirTule
damokidebulia bevr gare da Sida pirobebze. Senobebis (nagebobebis)
sicocxlis ciklis ZiriTadi etapi aris mSenebloba, eqspluatacia,
ganviTareba da Sewyveta. (dangreva).

proeqtis biznes-dagegmareba samSeneblo   proeqtis      funqcionireba saproeqto     sruli
da mSenebloba, dagegmareba  realizacia    vadis ganmavlobaSi cveTa
winaswari dagegmareba          da proeqtireba

mSenebloba uZravi qonebis        dangreva
Semadgenloba
(eqspluatacia)

naxazi 1.1  uZravi qonebis sicocxlis cikli
bazris segmentebs SeuZliaT erTi da igive dros moiqcnen sxvadasxva

nairad. magaliTad, qalaqis erT nawilSi mSeneblobis fasi SeiZleba
swrafad gaizardos, maSin rodesac imave dros qalaqis sxva nawilSi
SeimCneva fasis SeCereba. am ciklebis ufro zustma gansazRvram damkveTs
SeiZleba misces damatebiTi investiciis ganxorcielebis saSualeba, amitom
sakmaod cvalebadi uZravi qonebis bazris kulminaciuri periodebis
Seswavla mniSvnelovania.

subieqtebis sakuTrebis uflebebi uZrav qonebaze - eseni arian
mesakuTreebi konkretuli miwis nakveTebis da sxva uZravi qonebis
obieqtebis, romelTac aqvT miniWebuli miwaze uflebebi da gaaCniaT

ძირითადი
საქმიანობა

პროფილაქტიკა და
მიმდინარე

რემონტი 5%

ტექნიკური
მომსახურება 15%
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valdebulebebi miwis, samoqalaqo, wylis, tyis kanonmdeblobis da sxva
kanonmdeblobis Sesabamisad.

sakuTrebiTi  uflebebis struqtura moicavs sam uflebamosilebas,
romelic aqvs mflobels: flobis ufleba, gamoyenebis ufleba da sakuTari
qonebis gankargvis ufleba. (memkvidreobiT gadacema, gayidva, Cuqeba, gacvla
da sxva).

kanonmdebloba mesakuTres aZlevs saSualebas sakuTari
Sexedulebrisamebr misi sakuTari  uZravi qonebis mimarT ganaxorcielos
nebismieri moqmedeba, romelic ar ewinaaRmdegeba kanons da sxva
samarTlebriv aqtebs, ar arRvevs uflebebs da icavs uflebebs kanonis
mixedviT sxva dainteresebuli pirebisaTvis. yvelanairi moqmedeba, romelic
mesakuTres aferxebs misi uflebamosilebis ganxorcielebisas,
arakanonieria da unda iyos likvidirebuli, dadgenili kanonis mixedviT.
Tu uflebebis darRveva moxdeba, maSin SerCeuli saSualebebis buneba
(xasiaTi) mis dasacavad, unda Seesabamebodes uflebebis darRvevis bunebas
(xasiaTs). ase rom, Tu irRveva mesakuTris uflebebi, unda iyos
warmodgenili Sesabamisi sarCeli, romelic mesakuTris uflebebs
aRadgenas.

sasamarTlo-saarbitraJo praqtikaSi moqmedebs Semdegi pretenziebi-
sarCelebi, romlis saSualebiT mesakuTris uflebebi eqvemdebareba
aRdgenas, maT aqvT sanivTo-samarTlebrivi xasiaTi: sarCelebi qonebis
Suamdgomlobaze ucxo arakanonieri mflobelobidan, sarCelebi
darRvevebis aRmofxvraze, romelic ar aris dakavSirebuli flobis
CamorTmevasTan, sarCelebi sakuTrebis uflebebis aRiarebaze.

3. daskvna

statiaSi ganxiluli da gaanalizebulia uZravi qonebis ciklis
aRwera, risTvis iqna SemoRebuli uZravi qonebis obieqtis sicocxlis
ciklis gageba da risTvis Seiswavleba misi Semadgeneli procesebi da
etapebi. TvalsaCinoebisTvis naCvenebia grafikulad.
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firfitis Tavisufali ganivi rxevis sixSiris gansazRvra
energetikuli meTodiT

d. revaziSvili, r. WyoiZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175 Tbilisi

saqarTvelo.)
reziume: naSromSi ganxilulia mTel konturze dayrdnobili

marTkuTxa firfitis ganivi konservatiuli Tavisufali rxeva
da miaxloebiTi energetikuli meTodiT (releis xerxi)
gansazRvrulia rxevis sixSireTa speqtri. firfitis
deformaciis potenciuri energiis gansasazRvravad
gamoyenebulia rogorc klasikuri meqanikis formula [1] ise
igive formula modificirebuli saxiT [2]. magaliTebma
gviCvenes, rom miRebuli Sedegebi sagrZnoblad gansxvavdeba
erTmaneTisagan.

sakvanZo sityvebi: rxevis sixSire, speqtri, ZiriTadi tonis sixSire,
energiis Senaxvis kanoni.

1. Sesavali
rxevebis sixsireTa zusti gamoTvlis meTodebi mravali Tavisuflebis

xarisxis mqone sistemebis gaangariSebisas dakavSirebulia Zalian did
ariTmetikul gamoTvlebTan. angariSis gamartivebis mizniT iqmneba
gaangariSebis miaxloebiTi meTodebi. maT ricxvs miekuTvneba energiis
mudmivobis kanonze dafuZnebuli releis energetikuli meTodi.

2. ZiriTadi nawili
ganxilulia konturiT saxsrulad dayrdnobili erTgvarovani,

izotropiuli marTkuTxa firfita (nax. 1).

nax. 1
firfitis Tavisufali ganivi konsevatiuli rxevis sixSiris

gansasazRvravad gamoyenebulia miaxloebiTi energetikuli meTodi (releis
meTodi). energiis mudmivobis (Senaxvis) kanons, romelic releis meTodis
safuZvels warmoadgens aqvs Semdegi analizuri saxe [3]

constCVU  (1)
sadac: U deformaciis potenciuri energiaa;
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V kinetikuri energia.
ganvixilavT harmoniul rxevas ris gamoc CaRunva warmovadginoT

Semdegi saxiT:

t
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a
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m n

mn 

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(2) gamosaxuleba akmayofilebs firfitis sasazRvro pirobebs:
roca x=0 an x=a maSin, CaRunva da mRunavi momenti
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roca y=0 an y=b maSin, CaRunva mRunavi momenti
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
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rxevis procesSi wonasworobis mdgomareobidan maqsimalurad
gadaxris momentSi masisi siCqare tolia nulis, maSasadame konetikuri
energiac nulis tolia. deformaciis potenciuri energia aRwevs Tavis
maqsimums.

masis wonasworobis mdgomareobaSi yofnisas siCqare maqsimaluria,
maSasadame kinetikuri energia aRwevs maqsimums. potenciuri energia ki
nulis tolia. rxevis nebismier momentSi daculia (1) piroba.

(2)-is safuzvelze U da V gamosaxulebebi Tanamaravlebad Seicaven
sinusis da kosinusis funqciebs. energiis gamosaxulebebi maqsimums miaRwevs
roca es funqciebi gautoldebian erTs.
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(3) tolobidan ganisazrvreba rxevis sixSire.
drois t momentSi firfitis kinetikuri energia toli iqneba:
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firfitis deformaciis potenciuri energiis gamosaTvlelad viyenebT or
sxvadasxva gamosaxulebas. amitom ganvixiloT amocanis gadawyvetis ori
varianti

pirveli varianti
deformaciis potenciuri energiis gansazRvrisaTvis gamoviyenoT

klasikuri meqanikis formula [1]
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(12) warmoadgens firfitis Tavisufali ganivi konservatiuli rxevis

sixSireTa speqtrs.

ZiriTadi tonis sixSire miiReba (12)-dan roca m=n=1
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meore varianti

firfitis deformaciis potenciuri energiis gamosaTvlelad
gamoviyenoT klasikuri meqanikis formula (pirvel variantSi gamoyenebuli)
modificirebuli saxiT [2]:
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(19) warmoadgens firfitis Tavisufali ganivi konservatiuli rxevis

sixSireTa speqtrs.

ZiriTadi tonis sixSire miiReba (19)-dan roca m=n=1.
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ZiriTadi tonis sixSireTa Sedarebis mizniT ganxilulia ricxviTi

magaliTebi

a=b, =0,3; G=8·104mpa; E=2,1·105mpa                        (21)
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3. daskvna

ricxviTma magaliTebma gviCvenes, rom firfitis deformaciis
potenciuri energiis gansasazRvravad klasikur TeoriaSi arsebuli
formulis sanacvlod misi modificirebiT miRebuli gamosaxulebis
gamoyeneba firfitis ganivi konservatiuli Tavisufali rxevis sixSires
amcirebs.
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ХИМИЧЕСКОЕ  ЗАКРЕПЛЕНИЯ  ЛЕСОВЫДНЫХ  ГИПСОНОСНЫХ
ГРУНТОВ ВОСТОЧНОЙ ГРУЗИИ И РОЛЬ ГИПСА НА ПРОЧНОСТЬ

ЗАКРЕПЛЕНИЯ

В.К.  Джапаридзе   Т.  Г.  Гарсеванишвили   Г. А. Лутидзе
(Грузинский Технический Университет, ул. М. Костава, 77,  0175, Тбилиси, Грузия)

Резюме: Целью работы Является иследованыя  свойств гипсоносных лессовидных
грунтов при закреплений однорастворной силикaатизации, выщелачивание
гипса под воздействием филтрационных потоков вод. Опитным путем
исследовать  суффозионные явления в закрепленных загипсованных грунтах

Ключевые слова: Лессовидны, просадочние грунты, основании, сооружении.

1. ВВЕДЕНИЕ
Учитывая все потребность повышенний прочностных своиств слабых: глинистых,

илистых и гипсоносных грунтов для улучщения свойств основании под фундаментов
существующих сооружении. Это в значительной степени обьясниется тем, что превращение
грунта под фундаментов в камен осушествляется, как правило без нарушения эксплуатации
здания.

2. ОСНОВНАЯ ЧАСТЬ
Среди многочисленных методов стабилизации просадочних грунтов, устраняющих

просадочные свойство и повышающие прочность оснований, является метод однорастворной
силикатизации. Однако, как показали экспериментальные работы (1,2,3) по силикатизации
гипсоносных просадочных грунтов Восточной Грузии, отмечанный метод не всегда дает
положительные резултаты.

Лессовидные грунты в Грузии является одним из наиболее распространенных
разновидностей просадочных пород, используемых в качестве оснований сооружений.

В Грузии лессовидные грунты распространены в основном в её восточной части. Сюда
относятся различные участки обширных раионов Картли, Кахетии и Южной Грузии.

Особенно большой распространенностью характеризуется загипсованниые лессовидные
грунты юго-восточной раиона г. Тбилиси. Выделяется весьма высоким засолением
лессовидных грунтов (гипсоносностью) вся нагоргаая площадь между Орхеви, Самгори и
Рустави. Количество гипса в грунтах там меняется в больших пределах от 0.2 – 0.5 %  до 15 –
20 %; а в гаджевидных грунтах содержание гипса доходит до 60% ,  где в данний момент
ведется интенсиное стройтельство. Столь высокое засоленность наших лессовидных грунтов
отличает их от одноименных грунтов Украины, Кузнецкого бассеина и Среней Азии.

Характерной чертой загипсованных лессовидных грунтов является выщелачивание гипса
под воздействием филтрационных потоков вод, то есть выноса из грунта составляющих его,
приводящее к нарушению устойчивости грунта. Вследствие этого в грунтах развиваются
суффозионные процессы, грунт теряет свою устойчивость и если он является основанием
сооружений или телом их, то указанний процесс может привести к деформации сооружений
и даже к их разрушению.

Процессы, пройсходящие в грунтах под воздейстием филтрационного потока изучены
далеко недостаточно и при современной изученности вопроса теоретические расчеты
являются весьма приближенными.
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Поэтому, обычно для ответственных сооружений оканчательное решение о применимости
грунтов в качестве основания сооружений и рациональности конструкции сооружений,
выносится на основе специальных экспериментальных исследований.

Если поведение загипсованных грунтов при суффозии более или менее разработано, то
сведения о суффозионных явлениях в закрепленных загипсованных грунтах в современной
литературе отсутствуют. для выполнения этого пробела предпринята попитка дать
рекомендации по повышению эффективности способа однорастворной силикатизации в
гипсоносных лессовидных грунтах Грузии.

С этой целью были проведены специальные лабораторные и полвые опыты по
определению суффозионной устойчивости закрепленных (однорастворным силикатом)
загипсованных лессовидных суглинков. Грунтовые условия площадки на опытном полигоне,
где были проведены эксперименты по химическому закреплеию гипсоносных лессовидных
грунтов силикатным раствором, представлены в следущей литологической колонке:
растительный слой мощностью 0.7 м. подстилается лессовидным суглинком слоем 8.0 м;
ниже следует иакропористая лессовидная супесь мощностю 12.6 м,  а ниже, на глубине
отметки 36.6 м залегаеют лессовидные макропорисые супеси и суглинки, перемещаясь
слоями от 0.4 до 1.0 + 3.0 м.  Вся толща просадочных грунтов подстилается галечниками
левобережной трассы р. Куры. Удельний вес 1.46-1.56 г/см3,  солевой компонент (гипс) - 7%,
пористость – 43-50%, нормативное сопротивление сжатию лессовидных суглинков 2-2.5
кгс/см2. С целью закрепления толщ гипсоносного лессовидного суглинка, была проведена
инекция силикатом натрия. Для сравнения резултатов закрепления, часть площадки на
полигоне  была оставлена без закрепления. Грунты были испытаны ж/б штампами площадью
1 м2 (1.0 х  1.0) весом 5 тонн. Штампы загружали ступенями по 0.5 кг/см2.  после доведения
нагрузки на грунт до 3 кг/см2 и стабилизации  осадки, котлован заммачивали водой в течение
30 суток. был испитан также незакрепленный грунт.

Резултати испитаний пробной нагрузкой в 2.0 кг/см2 показивают, что осадка
обработанного способом силикатизации гипсоносного лессовидного суглинка после
замачивания составляет лиш 3.7мм и имеет весьма плавний характер с полным затуханием и
стабилизаией через 4 часа.

Осадка незакрепленного гипсоносного лессовидного грунта после замачивания водой
оказалось значительной  (18 см) и имеет провальный характер.

Предел прочности при сжатии закрепленного грунта колеблится в пределах от 7 до 16
кг/см2. помимо эого была установлена зависимость между просадками грунта и его
филтрационными свойствами.

Проведенними экспериментами установлено, что с увеличиванием содержания гипсов
ухудшаются условия упрочнения грунтов. Так, у упрочнненых силикатизированных грунтов
с 3%-ным содержанием гипса осадка достигает 0.03мм и с течением времени затухает. При
7%-ном содержании гипса осадка характеризуется, примерно, тем же значением, а уже при
10%-ном содержании гипса величина осадки с течением времени достигает 0.45мм, причом
коэффициент филтрации в течение первых трех месяцев повысился до 7∙10-5 см/сек; а после
5 месяцев приобрел постоянный характер и равнялся 7.6∙10-5, т. е. увеличился на
незначителную величину и осадка во времени имеет затухающий характер, но не с такой
интенсивностью, как это наблудалось при 3-7%-ном содержании гипса.

При содержании гипса в количесве 14% осадка достигла 0.07мм, коэффициент
фильтрации повысился и за первые два месяца осадка равнялась 0.01мм, после четырех
месяцев она увеличилась до 0.2мм, а после 6 месяцев до 0.3 мм. Как следует из
экспериментов, с течением времени осадка имеет незатухающий характер. После 6 месяцев
она достигает 0.7 мм.
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Опит был прерван, когда в филтратах появились мелкие частицы грунта в резултате
вымыва грунтвого скелета.

3. ЗАКЛЮЧЕНИЕ
Резултаты лабораторных и полевых исследований позваляют сделать следующие

заключения:
загипсованные лессовидние грунты, закрепленные однорастворной силикатизацией, при

содержаний гипса от 3 до 10% при воздействии филтрационного потока воды дают
суффозионные деформации.  Осадки имеют затухающий характер, механическая суффозия
не наблюдается, Поэтому однорастворнную силикатизацию при содержании гипса в
указанных пределах можно считать приемлемой.

При содержании гипса более 10% под воздействием филтрационного потока воды дают
осадки, имеющие незатухающий характер. Следовательно, в этом случае силикатизацию
грунтов указанной каегории следует считать неэффективной.

ЛИТЕРАТУРА
1. В.А. ржаницын - Химическое закрепление грунтов Москва 1986 М. Стройиздать
2. Джапаридзе В.К. – Физико-Механические характеристики просадочности

лессовидных грунтов района Тбилиси-Самгори. Труды им ГПИ им. В.И.Ленина,
Тбилиси 1974.

3. Чохонелидзе Г.И. Джапаридзе В.К. – Труды Мезвузовской конференции по
стройтельству на лессовых грунах. изд-во Московского Университета, 1973
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rkinabetonis svetis gaangariSeba orRerZa Runvisas
j. esaiaSvili, m. muxiguliSvili

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

reziume: statiaSi ganxilulia rkinabetonis sveti, romelic ganicdis
orRerZa Runvas. aRniSnuli svetis saangariSod
gamoyenebulia evrokodi 2-Si SemoTavazebuli gaangariSebis
gamartivebuli meTodi. am meTodiT mowmedeba armirebuli
svetis saimedooba.

sakvanZo sityvebi: grZivi Zala, mRunavi momenti, orRerZa Runva.
1. Sesavali

rkinabetonis CarCovan konstruqciebSi svetebis praqtikuli
daproeqtebisas mizanSewonilia gaangariSebis gamartivebuli meTodebis
gamoyeneba. aRniSnuli meTodebis gamoyeneba normebiT rekomendebulia.

2. ZiriTadi nawili
realurad svetebSi grZivi datvirTvisas Runva xdeba or mTavar

sibrtyeSi. GgaangariSebisas sirTules qmnis, ganvsazRvrod armirebuli
svetis qceva orRerZa Runvisas.

rkinabetonis svetebi ZiriTadad ganicdian aracentralur datvirTvas,
konkretulad es exeba Senobis ganapira svetebs. Eevrokodi 2-Si mocemulia
svetis gaangariSebis gamartivebuli meTodi orRerZa Runvisas. aRniSnuli
meTodi saSualebas iZleva calkeuli parametris gaTvaliswinebiT
armirebuli svetis daZabul-deformirebuli mdgomareoba da saimedooba
Sefasdes.  gaangariSebis es meTodi qvemoT mocemuli pirobebis
dakmayofilebis SemTxvevaSi iZleva karg Sedegs:

1.Aaucilebelia moqnilobis Tanafardoba akmayofilebdes pirobas:

da ;

2. Eeqscentrisitetebis fardoba: an ; (nax.1).

Nnax.1
3.svetis gaangariSeba orRerZa Runvisas ganisazRvreba Semdegi

utolobiT:

(1)
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sadac RerZis sibrtyeSi moqmedi mRunavi momenti; –
xarisxis Sesabamisi zRvruli momenti; wriuli da elifsuri

ganivkveTebisTvis ;
marTkuTxa kveTisaTvis 0.1   0.7   1.0

=       1.0   1.5    2.0
sadac - svetze moqmedi saangariSo grZivi Zala;

–kveTis zidvis unaris mqone grZivi Zala;

- rkinabetonis svetis betonis kveTis farTobi;
- rkinabetonis svetis armaturis kveTis farTobi;

Tu mocemuli utolobis piroba dakmayofilebulia, maSin
armirebuli svetis saimedooba uzrunvelyofili iqneba.

rkinabetonis struqturuli parametrebis gaTvaliswinebiT svetis
orRerZa Runvisas gamoiyeneba zedapirebis urTierTqmedebis interaqciuli
diagrama (nax.2), romelic saSualebas iZleva Semowmdes armirebuli svetis
kveTis daZabuloba. Ees meTodi miaxloebiT gansazRvravs armirebuli
svetis qcevas.

Nnax.2                                    nax. 3

Kkompiuteruli programebi, romlebic SemuSavda aRniSnuli meTodis
gamoyenebiT, SesaZlebelia konstruqciis gaangariSebis mTel setapze
gaakontrolos da vizualurad warmoadginos grZivi Runvisas datvirTvis
sxvadasxva Sexamebisas armirebuli svetis daZabul-deformirebuli
mdgomareoba (nax.3).

3. daskvna
Aamrigad, rkinabetonis svetebis saangariSod da saimedoobis

Sesamowmeblad xelsayrelia warmodgenili meTodis gamoyeneba.

Lliteratura
1. Eurocode 2: Design of Concrete Structures. Brussels: CEN; 2010.
2. RF-CONCRETE Columns (ACI), Method Based on Nominal Curvature According to ACI

318-11 / EN 1992-1-1, 204 p.
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maRlivi Senobebis mdgradobis zogierTi sakiTxi
t. zakutaSvili, z. kapanaZe, T. macaberiZe, i. boWoriSvili

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

reziume: Senobis simaRlisa da siganis gazrdasTan erTad  izrdeba
Senobis moculoba da masebi, xolo sivrciTi sixiste ki mcirdeba.
aqedan gamomdinare mniSvnelovani yuradReba unda daeTmos maRlivi
Senobis mdgradobis sakiTxebs.
statiaSi ganxilulia maRlivi Senobebis konstruqciebis
mdgradobaze gaangariSebisas daproeqtebis sakiTxebi P-Δ
mrudebis mixedviT. moyvanilia Senobis fardobiT gadaadgilebebsa
da sixisteebs Soris damokidebulebis diagramebi.

sakvano sityvebi: maRlivi Senoba. mdgradoba, Runvis sixiste, Zvris
sixiste, fardobiTi gadaadgileba. zRvruli datvirTvebi, meore
rigis datvirTvebi.

1. Sesavali
maRlivi Senobebis mzidi konstruqciebi, Tanaxmad  daproeqtebis

saerTo normatiuli dokumentebisa, unda akmayofilebdnen   sixistis,
simtkicisa  da mdgradobis pirobebs, raTa uzrunvelyofili iyos Senobis
usafrTxoeba, rogorc mSeneblobis aseve misi eqspluataciis periodSi.
gamomdinare maRlivi Senobebis daproeqtebis Taviseburebebidan
gaTvaliswinebuli unda iqnas ori aucilebeli piroba:

I.zRvruli datvirTvebis da maT Soris seismuri zemoqmedebis dros
uzrunvelyofili unda iqnas Senobis usafrTxoeba (rogorc mSeneblobis
aseve eqspluataciis periodSi), agreTve Senobis mdgradobaze
gaangariSebisas damatebiT  gaTvaliswinebuli unda iqnas damokidebuleba
<<datvirTva-CaRunva>>, Zalovani da temperaruruli deformaciebi.

II.konsrtruqciebs unda gaaCndes sakmarisi sixiste, gansakuTrebiT
Zvris sixiste, raTa Tavidan iqnas acilebuli  betonSi bzarebis warmoqmna
da  seismuri zemoqmedebis dros uzrunvelyofili  iqnas Senobis Sida
sivrcis komfortuloba.

2. ZiriTadi nawili
Senobis gaangariSebisas zRvrul  datvirTvebsa  da datirTvaTa

araxelsayrel  Sexamebaze,  aucilebelia Sesruldes konstruqciuli
sqemis daZabul-deformirebuli mdgomareobis dawvrilebiTi analizi. aseve
Senobis saangariSo modelis analizisas gaTvaliswinebuli unda iqnas
konstruqciis elementebSi damatebiTi  Zabvebis warmoqmna, romelsac iwvevs
iseTi e.w. meore rigis datvirTvebi, rogorebicaa: temperaturis cvlileba,
Zalovani faqtorebi, calkeul elementebSi defeqtebis arseboba da a. S.
saerTo SemTxvevaSi meore rigis datvirTvebs axasiaTebs gadaadgilebis
ori mdgeneli:

1) damokidebuleba datvirTvebsa da vertikalur gadaadgilebebs Soris,
romelic damaxasiaTebelia  Senobis Runvadi konstruqciuli
elementebisaTvis.

2) qaris datvirTvebisa da seismuri zemoqmedebis dros maRlivi Senoba
ganicdis horizontalur gadaadgilebas, rac ganapirobebs maRlivi
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Senobis mzid konstruqciul elementebSi damatebiT  Zalovani faqtorebis
warmoqmnas  (P-Δ analizi).
rogorc saangariSo modelebis analizma aCvena maRlivi SenobebisaTvis

damokidebuleba atarebs umniSvnelo xasiaTs, xolo horizontaluri
datvirTvebis dros   damokidebulebas gaaCnia didi mniSvneloba, amitom
Senobis elementebis mdgradobaze angariSis dros gansakuTrebuli yuradReba
unda mieqces   damokidebulebas.

2.1  zRvruli datvirTvebi maRlivi Senobis konstruqciebzemaRlivi

Senobebi gaangariSebisas, rodesac misi simaRlis fardoba siganesTan 38-is
farglebSia ganixileba, rogorc konsoluri dgari.

maRlivi SenobebisaTvis arsebobs mdgradobis dakargvis sami saxe:
ZvriT gamowveuli mdgradobis dakargva, romelic damaxasiaTebelia

karkasuli SenobebisaTvis.
RunviT gamowveuli mdgradobis dakargva damaxasiaTebeli paneluri

SenobebisaTvis.
Runva-ZvriT gamowveuli mdgradobis dakargva, damaxasiaTebelia iseTi

tipis SenobebisaTvis  rogoricaa karkasul-paneluri, CarCokavSirebiani da
karkasuli Senobebi sixistis birTviT.

Zvrisagan gamowveuli  mdgradobis dakargvasa da zRvrul datvirTvebs
Soris arsebobs Semdegi damokidebuleba:

ii
cr

n

ij
j hDG 











(1)

sadac
cr

n

ij
jG 











- n sarTulebis mTliani datvirTvaa. iG - i -uri sarTulis datvirTva.

iD - i -uri sarTulis horizontaluri sixiste. ih - i -uri sarTulis simaRle.

ganivi RunviT gamowveuli mdgradobis dakargvis dros datvirTvebis
zRvruli mniSvneloba svetebSi ganisazRvreba eileris formuliT.

22 4/ HEJPcr  (2)
sadac crP - kritikuli Zalaa. EJ -svetis RunviTi sixiste. H -svetis simaRle.

Tu crP -sSevcliT
cr

n

ii
iG 









-iT miviRebT kritikuli Zalis Semdeg

gamosaxulebas.

cr

n

i
icr GP 







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1

3/1 (3)

damokidebuleba (3) da (2) miiRebs Semdeg saxes
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1

/4,74/3 HEJHEJG
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n

i
i 






 


 (4)

svetebisaTvis romlebic ganicdian ganiv Runvas miiReba miaxloebiTi
gadawyveta, rac gamoixateba angariSis dros EJ nacvlad  dayvanili
horizontaluri RunviTi eqvivalenturi sixistis SemotaniTEJd. am
SemTxvevaSi (4) formula miiRebs Semdeg saxes.

222

1

/4,74/3 HEJHEJG d
cr

n

i
i 






 


 (5)

2.3 damokidebuleba (P-∆) mTavari parametrebis gansazRvra da
konstruqciebis mdgradobis dakargva.
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qvemoT moyvanilia formulebi horizontaluri gadaadgilebis
gansasazRvrad (P-∆) damokidebulebis  gaTvaliswinebiT:

- ganivad  Runvadi konstruqciebisaTvis.

- konstruqciebi, romlebic ganicdian Zvras

sadac:
* -horizontaluri gadaadgileba deformirebuli sqemis gaTvaliswinebiT

 -horizontaluri gadaadgileba deformirebuli sqemis gaTvaliswinebis
gareSe.

*
i - i -uri sarTulis ZvriT gamowveuli gadaadgileba deformirebuli sqemis

gaTvaliswinebiT.

i - i -uri sarTulis ZvriT gamowveuli gadaadgileba deformirebuli sqemis

gaTvaliswinebis gareSe.




n

i
iG

1

-yvela sarTulebidan mosuli mudmivi datvirTvebis jami.




n

j
jG

1

- i -uri da mas zemoT mdebare sarTulebze mosuli mudmivi

datvirTvebis jami.
Tu CavsvavT (5)-s (6)-Si da (1)-s (7)-Si,  horizontaluri gadaadgilebis

gaviTvaliswinebiT an horizontalur gadaadgilebisa (P∆)da   damokidebulebas
gaviTvaliswinebis gareSe  miviRebT:

- ganivad Runvad konstruqciebisaTvis.

-

- konstruqciebisaTvis romlebic ganicdian Zvras

(9)
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horizontaluri datvirTvebis dros mRunavi momentis M*-is
mniSvneloba, romelic iTvaliswinebs deformirebul sqemas da mRunavi
momentis M-is mniSvneloba, romelic ar iTvaliswinebsi-uri sarTulis
gadaadgilebas, miaxloebiT gamoiTvleba Semdegi formulebiT.

ganivad Runvadi konstruqciebisaTvis.
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(1.8)-(11) formulebidan Cans rom,  mudmivi datvirTvebis dros RunviTi

sixiste )/(
1

2 


n

i
id GHEJ da Zvris sixiste )/(

1




n

j
jii GhD წარმოადგენენ )( P damokidebulebis

mTavar maxasiaTeblebs.
formula (8) da (9)-is ufro TvalsaCino analizisaTvis warmodgenilia nax.1 da
nax.2-ze naCvenebi diagramebis saxiT.

Nnax. 1 N nax. 2

nax. 1-ze  mocemuli mrudi gamoxatavs damokidebulebas  mudmivi datvirTvebis

dros  RunviTi sixistesa da fardobiT gadaadgilebis Soris, xolo nax. 2-ze

mocemuli mrudi gamoxatavs Zvris sixistesa da fardobiT ZvriT gadaadgilebas

Soris damokidebulebas. orive diagramaze  marcxena mxares mocemuli ordinatTa

RerZis

paraleluri swori xazi warmoadgens Sesabamisad

135.0/
1

2 


n

i
id GHEJ da 1/

1




n

j
jii GhD

hiperbolis asimbtotebs. es mrudebi gamoxataven konstruqciaze  zRvruli

datirTvebis mniSvnelobebs.

3. daskvna
zemoT moyvanili diagramebis analizidan Cans rom, rac mcirea  Zvrisa da

Runvis sixiste miT metia fardobiTi horizontaluri gadaadgilebebi. Tu
fardobiTi deformaciebi  10-15%-is farglebSia, maSin sixisteebis umniSvnelo
Semcireba ar iwvevs P-Δmrudis mniSvnelovan gazrdas. im SemTxvevisaTvis Tu
fardobiTi deformaciebis mniSvnelobebi aRemateba 20%-s, maSin sixistis
umniSvnelo Semcirebac ki iwvevs P-Δ mrudis myisier gazrdas, rac Tavis mxriv
iwvevs konstruqciis mdgradobis dakargvas. im SemTxvevisaTvis, roca sixiste
ganivad Runvadi konstruqciebisaTvis naklebia 1,4-ze, xolo Zvradi
konstruqciebisaTvis naklebia 10-ze, maSin -P-Δmrudi mniSvnelovnad izrdeba.
aqedan gamomdinare msgavsi parametrebiT konstruqciebis daproeqteba
arasasurvelia.
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kumSvisas, masalis asakis gavlena maRali simtkicis betonis
meqanikur maxasiaTeblebze

Aa. sayvareliZe, n. RuduSauri
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175,

Tbilisi, saqarTvelo)
reziume: gamokvleulia sxvadasxva asakis maRali simtkicis betonis

meqanikuri maxasiaTeblebi kumSvisas. dadgenilia adgilobriv masalebze
(imiris granitis RorRi da qviSa, kaspis portlandcementi) da Sveicariis
firma `sikas” warmoebis superplastifikatoris gamoyenebiT miRebuli
maRali simtkicis betonis teqnologiuri parametrebi.
kumSvaze  gamocdilia sxvadasxva asakis t0=7; 28; 60; 90; 120 da 180 dRis

nimuSebi kubebi (10X10X10 sm) da prizmebi (7X7X28 sm) eqsperimentiT
dadgenilia: supertplastifikatoris (viskokret SF-18”) gamoyenebiT betonis
simtkice izrdeba 80 mpa-mde; masalis simtkice izrdeba asakis zrdis
proporciulad.

sakvanZo sityvebi: betoni, superplastifikatori, asaki, simtkice, kumSva,
nimuSi, kanoni.

1.Sesavali
gamokvlevis mizania: ganisazRvros maRali simtkicis betonis miRebis

teqnologiuri parametrebi, dadgindes miRebuli betonis simtkicis
maxasiaTeblebi kumSvisas; Seiswavlos masalis asakis gavlena Cveulebrivi da
maRali betonis simtkicis maCveneblebze kumSvisas.

gamocdili iyo nimuSebi kubebi (10X10X10 sm) da prizmebi (7X7X28 sm).
masalebis kumSvisaze simtkicis sidideebi gansazRvrulia sxvadasxva asakis
(t0=7; 28; 60; 90; 120 da 180 dRis nimuSebi) betonisa da modificirebuli
betonisaTvis.

2. ZiriTadi nawili
dadgenilia maRali simtkicis betonis teqnologiuri parametrebi.

maRali simtkicis betonis misaRebad gamoyenebulia adgilobrivi masalebi
(imeris granitis RorRi da qviSa), kaspis qarxnis portlancementi aqtivovebiT
490kg/sm2, saqarTveloSi warmoebuli bazaltis boWkoebi [1] da Sveicariis
kompania “sika”-s warmoebis superplastifikatori – (viskokret SF-18”).
gamoyenebuli masalebis monacemebi ixile [1]-Si.

kumSvaze gamocdebi Catarda universalur manqanaze “alfa-300”.
gamocdili iyo sxvadasxva asakis Cveulebrivi da  modificirebuli bazalt-
fibrobetonis nimuSebi 1(0X10X10 sm kubebi da 7X7X28 sm prizmebi).

orive saxis betonis narevis Sedgenilobis da gamoyenebuli
superplastifikatoris raodenobis Sesaxeb dawvrilebiTi informacia
mocemulia cxrilSi 1.

betonis Sedgeniloba cxrili 1

#

orive saxis betonis Sedgeniloba

cementi
kg/m3

qviSa
bazaltis

kg/m3

bazaltis
RorRi kg/m3

wyali
l/m3

plastifikatoris tipi da
raodenoba  kg/m3

wyali/
cementi

5-10mm 10-20mm
1 2 3 4 5 6 7 8
1 450 760 360 740 202,5 plastifikatoris gareSe 0,45

2 450 760 360 740 171
supertlastifikatori,
viskokret SF-18” 1% 0,38
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betonis narevis mosamzadebeli aparatura, formebi, danamatebis
parametrebi mocemulia [1]-Si.

Cveulebrivi betonis da maRali simtkicis betonis nimuSebi
gamocdeboda t0=7; 28; 60; 90; 120 da 180 dRis asakSi. gamocdaze damzadebis

Semdeg, yvela saxis nimuSebi inaxeboda laboratoriaSi temperatura T=202C0

da fardobiTi tenianoba 100% garemoSi.
kumSvaze simtkicis monacemebis dasadgenad gamocdili iyo TiToeul

asakze (t0) 4-4 tyupiscali nimuSi kubi (10X10X10 sm) orive saxis betonisagan.
nimuSebi-prizmebi gamocdili iyo t0=28 dRis asakSi, dadgenili iyo

betonis simtkicisa da drekadobis modulebis monacemebis mniSvnelobebi [1].
gamokvlevaSi Catarda eqsperimentis 2 seria. TiToeul seriaSi icdebida

24 nimuSi-kubi.
eqsperimetis Sedegebi mocemulia cxril 2-Si.

cxrili 2
betonis simtkice kumSvaze

masalis saxe #
gamoyenebuli

plastifikatori,
raodenoba

sxvadsxva asakis (t0dRe) betonebis
simtkice nmpa

t0=7 t0=28 t0=60 t0=290 t0=120 t0=180
1 2 3 4 5 6 7 8

betoni
plastifikatoris

gareSe
24.00 54.33 67.65 69.00 72.50 87.75

modificirebuli
betoni

supertlastifikatori
viskokret SF-18” 1,5% 43.80 73.00 78.60 86.52 92.50 101.20

eqsperimentis analizi gviCvenebs, rom nimuSebis simtkice izrdeba
masalebis asakis matebis proporciulad.

cxrili 2-is monacemebiT agebuli mrudebis analizi (koordinatebSi

n(t0) lgt0) orive masalisaTvis kumSvaze simtkicis maCveneblebis
damokidebuleba betonebis asakze kargad aisaxeba analitikuri monacemebiT:

1

0
0n t

t
lgBA)t(  (1)

sadac )t( 0n - nimuSebis simtkicis eqsperimentaluri mniSvnelobebia;

t0 – nimuSebis asaki gamocdisas 7 t0180dRe.
t1=t0=7 dRe.

A da B konstantebi ganisazRvreba Sesabamisi mrudebidan [n(t0) lgt0] da
(1)-dan umcires kvadratTa meTodis gamoyenebiT. [2]

meTodis Tanaxmad:

  



N

1i

2
nn minZlgBA)B,A( (2)

A da B -s mimarT.

anu 0
A




 da 0
B




 (3)

(2) da (3)-dan miviRebT:






 
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n
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n

N

ZlgBA
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 
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N
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N
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sadac
1

0
n t

t
Z  ; NN - eqsperimentuli wertilebis raodenobaa.

(4) da (5)-dan ganvsazRvravT:

2ab

qabp
A




 ;
2ab

paq
B




 (6)

(6)-Si miRebulia aRniSvnebi:
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eqsperimentis monacemebis gamoyenebiT (6)-dan ganisazRvreba A da B
koeficientebis mniSvnelobebi.

A da B sidideebis CasmiT (1)-Si miviRebT )t( 0n Teoriul mniSvnelobebis

orive masalisaTvis.
Teoriuli da eqsperimentaluri mrudebis agebiT da SedarebiT

davrwmundebiT, rom SemuSavebuli Teoriuli modeli (1) kargi sizustiT

asaxavs eqsperimenatlur mruds n lgt0.

3.daskvna
gamokvleviT dadgenilia, rom adgilobriv nedleulze damzadebuli

betonis narevSi, superplastifikatoris - viskokret SF-18” (1%) gamoyenebiT
masalis simtkice izrdeba 101 mpa-mde.

naCvenebia: gamokvleuli betonis simtkice kumSvisas matulobs masalis
asakis zrdis proporciulad. dadgenilia betonebis simtkicis zrdis asakze
damokidebulebis amsaxveli kanoni, SemuSavebulia kanonis analitikuri
gamosaxuleba da mocemulia formulaSi Semavali koeficientebis gansazvris
meTodika.
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satransporto infrastruqturis obieqtebis sertificirebisa
da licenzirebis sakiTxebi

k. mWedliSvili, n. rurua, z. gabedava
(saqarTvelos teqnikuri universiteti, m.kostavas q.77, 0175, Tbilisi,

saqarTvelo)
reziume: statiaSi ganxilulia satransporto infrastruqturis obieqtebis
sertificirebisa da licenzirebis sakiTxebi. gaanalizebulia avtosagzao
infrastruqturis yvela elementis muSaobis pirobebi da mgzavrebisa da
tvirTebis gadaadgileba normatiul-teqnikuri dokumentebis moTxovnaTa
Sesabamisad, sertificirebisa da licenzirebis wesebis gaTvaliswinebiT.
SemoTavazebulia avtosagzao infrastruqturis elementebis dayofa maTi
xifaTianobis mixedviT sam jgufad: Zalian saxifaTo obieqtebad, saxifaTo
obieqtebad da xifaTis potencialurad gamomwvevi obieqtebad. naCvenebia,
rom aucilebelia Seiqmnas Tanamedrove realobis amsaxveli normatiul-
teqnikuri dokumentacia, romlebic safuZvlad daedeba kanonqvemdebare aqt-
ebs, aucilebeli unda iyos agreTve kanonebisa da kanonqvemdebare aqtebis
moTxovnaTa Sesruleba.
sakvanZo sityvebi: saavtomobilo gzebi, miwis vakisi, sagzao samosi, xelov-
nuri nagebobebi, serTificireba, licenzireba, Zalian saxifaTo obieqtebi,
saxifaTo obieqtebi, xifaTis potenciurad gamomwvevi obieqtebi.

1.Sesavali
erovnuli ekonomikis umniSvnelovanesi dargis, transportis efeqtu-

roba, uSualodaa damokidebuli masiuri transportis saxeobaTa infra-
struqturuli obieqtebis gamarTul muSaobaze. es ukanaskneli  ki
moiTxovs rigi problemebis axlebur gaSuqebas.  saxmeleTo transportis
infrastruqturaSi, yvelaze didi moculobiTaa warmodgenili
saavtomobilo gzebi, romlebic  erT-erT gadamwyvet da mniSvnelovan rols
asrulebs qveynis ekonomikur ganviTarebaSi da politikuri stabilurobis
uzrunvelyofaSi.

saavtomobilo gza Sedgeba Semdegi elementebisagan: miwis vakisi, sag-
zao samosi, xelovnuri nagebobebi, mowyoba-gaformebis elementebi.

saqarTveloSi mravali wlis ganmavlobaSi ZalaSi iyo yofili sabWoTa
kavSiris mier aRiarebuli teqnikuri normativebi. msoflios mowinave, eko-
nomikurd ganviTarebul qveynebSi miRebulia ZiriTadi teqnikuri parametre-
bis ufro rTuli formiT da farTo SinaarsiT gadmocema. amave tipis
normatiuli masalebi ZalaSia Tanamedrove saqarTveloSic. amitom qvemoT
mogvyavs normativebi saerTaSorisod aRiarebuli formiT da Sesabamisi ko-
mentarebiT.

2. ZiriTadi nawili
Tanamedrove qarTuli teqnikuri normativebidan gamomdinare [1,2] saerTo

sargeblobis saavtomobilo gzebi Tavisi teqnikuri parametrebidan
gamomdinare iyofa sami teqnikuri kategoriis gzebad:

 I - teqnikuri kategoria 4 da met zoliani savali nawiliT;

 II - teqnikuri kategoria orzoliani savali nawiliT;

 III - teqnikuri kategoria erTzoliani savali nawiliT. maTSoris:

 I - teqnikuri kategoria ori tipisaa - I-A da I-B;
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 II - teqnikuri kategoria oTxi tipisaa - II-A, II-B, II-C da II-D;

 III - teqnikuri kategoria ori tipisaa - III-A da III-B.
saerTaSoriso mniSvnelobis gzebisaTvis gankuTvnilia I-A da I-B teqni-

kuri kategoriis saavtomobilo gzebis normativebi. Sida saxelmwifoebrivi
mniSvnelobis gzebisaTvis ZiriTadad gankuTvnilia II teqnikuri kategoriis
normativebi. III-A da III-B teqnikuri kategoriis gzebi gankuTvnilia adgi-
lobrivi moZraobisaTvis. avtomagistralis dasaproeqteblad gankuTvnilia I-A
tipis teqnikuri kategoriis normativebi. rogorc gamonaklisi, saerTaSoriso
mniSvneloba SeiZleba miekuTvnos I-B da II-B tipis teqnikuri kategoriis
saavtomobilo gzas, sadac faqtobrivad xorcieldeba saerTaSoriso
mniSvnelobis saavtomobilo gada-zidvebi. aseT SemTxvevaSi aucilebel pirobas
warmoadgens: gzebis moZraobis regulirebis teqnikuri saSualebebiT saTanado
aRWurva, saerTo sargeblobis axali saavtomobilo gzebisaTvis teqnikuri
kategoriis miniWeba xorcieldeba maTi mSeneblobis proeqtebis damuSavebis
dros, moZraobis intensiobis mixedviT. saproeqto dokumentaciis damuSavebisas
saangariSo maqsimaluri intensioba iangariSeba 10-15 wlis perspeqtiviT
mSeneblobis damTavrebis Semdeg.

Tanamedrove avtosagzao infrastruqtura Seicavs saavtomobilo gzis
gasxvisebis zolSi, xolo dasaxlebul punqtSi wiTeli xazis farglebSi
ganlagebul sainJinro nagebobebs, romlebic uSualod uzrunvelyofen
mgzavrebisa da tvirTebis gadaadgilebas. amave infrastruqturaSi Sedian
nagebobebi romlebic ganlagebulni arian gasxvisebis zolis gareT, magram,
agreTve uzrunvelyofen avtosatransporto saSualebaTa funqcionirebas
moZraobis usafrTxoebis, ekonomikurobis, ekologiurobisa da komfortis
moTxovnaTa gaTvaliswinebiT.

maT ricxvs miekuTvneba saavtomobilo marSutebze mowyobili satran-
sporto infrastruqturis nagebobebi, rogoric aris samgzavro sadgurebi,
satvirTo da sabaJo terminalebi, sawvaviT gasamarTi punqtebi, saremonto
saxelosnoebi, gzispira sastumroebi, kvebisa da vaWrobis obieqtebi. im raio-
nebSi, romelic moSorebulia rkinigzebs, agreTve saerTaSoriso mniSvnelobis
magistralebze saavtomobilo mimosvlis xazebi emsaxureba tvirTebisa da
mgzavrebis metad mZlavr da intensiur  nakadebs.

avtosagzao infrastruqturis yvela zemoxsenebuli elementi da avto-
satransporto saSualebebi unda uzrunvelyofdnen mgzavrebisa da tvirTebis
gadaadgilebas normatiul-teqnikuri dokumentebis moTxovnaTa Sesabamisad,
sertificirebisa da licenzirebis wesebis gaTvaliswinebiT. normatiul-
teqnikuri dokumentebi iTxoven, rom avtosagzao infrastruqturis yvela
elementis daproeqteba, mSenebloba, eqspluatacia warmoebdes usafrTxoebis,
ekonomiurobis, ekologiurobisa da  komfortis moTxovnaTa dakmayofilebis
pirobiT.

sertificireba gulisxmobs, rom moZraobis monawileTa momsaxurebis
yvela obieqts gaaCndes serTifikati anu dokumenti, romelic aCvenebs obieqtis
Sesabamisobas qveyanaSi moqmedi kanonebisa da Sesabamisi normatiuli
dokumentebisadmi. aseTi dokumentebia mravalricxovani normatiuli masalebi:
samSeneblo normebi da wesebi, reglamentebi, regulaciebi, teqnikuri pirobebi
da a.S.

licenzireba gulisxmobs uflebaTa mkacrad gansazRvruli raodenobis
gacemas garkveuli saxis momsaxurebis Sesrulebaze, magaliTad advilad
aalebadi, feTqebadsaSiSi nivTierebis Senaxva, realizacia, gadaadgileba
mgzavrTa gadayvana  da a.S.
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avtosagzao infrastruqturis yvela elementi da mTeli moZravi Sema-
dgenloba unda pasuxobdes normatiul-teqnikuri dokumentebis moTxovnebs.
zogierTisaTvis funqcionirebis uflebis mosaniWeblad aucilebelia mxolod
sertifikati. zogierTisTvis _ sertifikati da licenziac.

zemoaRniSnulidan gamomdinare, avtosagzao infrastruqturis elemen-tebi
maTi xifaTianobis mixedviT SeiZleba davyoT sam jgufad:

Zalian saxifaTo obieqtebi _ sadac xdeba Senaxva, gadaadgileba da re-
alizacia, Sxamiani, adviladaalebadi, feTqebadi nivTierebebisa, romlebic
uSualod xifaTs uqmnian moZraobis monawileebs, agreTve gasxvisebis zolSi
da mis gareT myof adamianebsa da Senoba-nagebobebs. aseTebs miekuTvneba
pirvel rigSi sawvaviT gasamarTi sadgurebi.

saxifaTo obieqtebi _Bgasxvisebis zolSi ganlagebuli obieqtebi,
romlebic xifaTs uqmnian moZraobis monawileebs, maT momsaxure personals da
garemo sivrces. amaT miekuTvneba obieqtebi, sadac warmoebs saremonto da
profilaqtikuri samuSaoebi Sxamiani, xanZarsaSiSi, feTqebadsaSiSi niv-
TierebebiT. aseTebia avtomobilebis remontisa da profilaqtikis saxe-
losnoebi, samrecxaoebi, momsaxurebis punqtebi da a.S.

xifaTis potenciurad gamomwvevi obieqtebi _ gasxvisebis zolSi
ganlagebuli obieqtebi, romlebic moiTxoven avtomobilebis damatebiT
manevrirebas. aseTebia sagzao zedamxedvelobisa da kontrolis punqtebi.
gzispira vaWrobis, kvebis da a.S. momsaxurebis obieqtebi.

avtosagzao infrastruqturis yvela obieqti, romelnic miekuTvnebian
Zalian saxifaTo an saxifaTos, aucileblad unda daeqvemdebaron serti-
fikaciasa da licenzirebas. anu maT unda hqondeT dokumentebi, rom Se-
esabamebian normatiul-teqnikur moTxovnebs da adgilobrivi aRmasrulebeli
xelisuflebis mier gacemul kvotas. obieqtebis, romlebic ganlagebulni arian
gasxvisebis zolSi da xifaTs mxolod potenciurad Seicaven, eqvemdebarebian
mxolod sertificirebas. mizanSewonilia maTi dayofa or jgufad:

pirveli _ sapatrulo policiis stacionaruli postebi, gadasaxadebis
amkrefi, sasazRvro, sabaJo da a.S. sakontrolo punqtebi. maTi ganlageba,
aRWurva, mowyobiloba unda mkacrad pasuxobdes normatiul-teqnikuri
dokumentaciis moTxovnebs, raodenoba ki Seesabamebodes normativebis mier
rekomendebuls.

meore _ vaWrobis, kvebis, dasvenebis obieqtebi. maTi ganlageba dasxva
parametrebi unda akmayofilebdnen normativebis moTxovnebs, magram maTi
raodneoba araa SezRuduli da regulirdeba sabazro ekonomikis meqanizmebiT.
aucilebelia mxolod SeTanxmeba sagzao departamentTan, sagzao policiis,
sanitaruli da ekologiuri inspeqciis da a.S. samsaxurebTan. avtosagzao
infrastruqturis yvela elementi da mTeli moZravi Semadgenloba unda
pasuxobdes normatiul-teqnikuri dokumentebis moTxovnebs. zogierTisaTvis
funqcionirebis uflebis mosaniWeblad aucilebelia mxolod sertifikati,
zogierTisTvis _ sertifikati da licenziac.

Tanamedrove saqarTveloSi saerTo sargeblobis sagzao qselze  da da-
saxlebuli punqtebis quCebSi sruli qaosia mometebuli xifaTis matarebeli
obieqtebis ganlagebisa da raodenobis TvalsazrisiT, magaliTad sawvaviT
gasamarTi sadgurebis raodenoba 3-5-jer aWarbebs maT saWiro raodenobas. maTi
80-90% ki ganlagebulia moqmedi normativebis sruli ignorirebiT. aseTive
mdgomareobaa xifaTis Semcvel sxva obieqtebzec.

aucilebelia Seiqmnas  Tanamedrove realobis amsaxveli  normatiul-
teqnikuri dokumentacia, romlebic  safuZvlad daedeba kanonqvemdebare aq-
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tebs, aucilebelia agreTve samoqalaqo kodeqsSi saTanado cvlilebebis Setana
da rac mTavaria kanonebisa da kanonqvemdebare aqtebis  moTxovnaTa Sesruleba.

3. daskvna
avtosagzao infrastruqturis yvela elementi da avtosatransporto

saSualebebi unda uzrunvelyofdnen mgzavrebisa da tvirTebis gadaadgilebas
normatiul-teqnikuri dokumentebis moTxovnaTa Sesabamisad, serTificirebisa
da licenzirebis wesebis gaTvaliswinebiT.

avtosagzao infrastruqturis yvela elementi da mTeli moZravi Sema-
dgenloba unda pasuxobdes normatiul-teqnikuri dokumentebis moTxovnebs.
zogierTisaTvis funqcionirebis uflebis mosaniWeblad aucilebelia mxolod
sertifikati, zogierTisTvis _ sertifikati da licenziac.

avtosagzao infrastruqturis elementebi maTi xifaTianobis mixedviT
SeiZleba davyoT sam jgufad: Zalian saxifaTo obieqtebi; saxifaTo obieqtebi;
xifaTis potenciurad gamomwvevi obieqtebi.

aucilebelia Seiqmnas Tanamedrove realobis amsaxveli  normatiul-
teqnikuri dokumentacia, romlebic  safuZvlad daedeba kanonqvemdebare aq-
tebs, aucilebelia agreTve samoqalaqo kodeqsSi saTanado cvlilebebis Setana
da rac mTavaria kanonebisa da kanonqvemdebare aqtebis  moTxovnaTa Sesruleba.

literatura
1. k. mWedliSvili, a.burdulaZe. saavtomobilo gzebis daproeqtebis

safuZvlebi. Tbilisi. 2015 w. – 225 gv.

2. k. mWedliSvili, a.burdulaZe. saavtomobilo gzebi. Tbilisi. 2009 w. –
163 gv.
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drekad fuZeze mdebare filis angariSi dazustebuli Teoriis
safuZvelze
j. togoniZe

(Sps `gzaproeqti” t. tabiZis 28, Tbilisi, saqarTvelo)

reziume: mSeneblobaSi (mag. saavtomobilo gzebis, aerodromebis da
sxva) xSirad xdeba drekad fuZeze mdebare saSualo sisqis rk.
betonis filebis gamoyeneba. arsebobs ramodenime Teoria aseTi
filebis angariSis, sadac drekad fuZed ganixileba e.w. vinkleris an
sagebis or koeficientiani drekadi fuZeebi. Cvens statiaSi
ganvixilavT vinkleris drekad fuZeze mdebare filis Runvas
dazustebuli Teoriis gantolebaTa safuZvelze. angariSi xdeba
sawyisi parametrebis meTodiT, roca filis ori mopirdapire gverdi
saxsrulad aris dayrdnobili xolo ori danarCeni gverdi
nebismierad. miRebulia gantolebaTa sistema, romelTa amoxsniT
Sesabamisi sasazRvro pirobebis gaTvaliswinebiT miiReba saboloo
Sedegi: CaRunvis funqcia da a.S. sxvadasxva datvirTvebis
SemTxvevisaTvis.
sakvanZo sityvebi: drekadi fuZe, filebi, vinkleri, sagebis koeficienti
da a.S.

1. Sesavali
naSromSi ganxilulia vinkleris drekad fuZeze mdebare saSualo

sisqis filebis CaRunvis funqciis miReba filis dazustebuli Teoriis
gamoyenebiT. ganxilulia gverdebiT sxvadasxvanairad Camagrebuli filis
angariSi. naCvenebia, rom vinkleris drekadi fuZidan SegviZlia advilad
gadavideT sagebis ori drekadi maxasiaTeblis mqone fuZeze.

2. ZiriTadi nawili
SromaSi [1] gamoyvanilia vinkleris drekad fuZeze mdebare filis

Runvis dazustebuli diferencialuri gantoleba romelsac aqvs Semdegi
saxe:

    qqkWWkhWD 22222

110

2

110

2

















(1)

sadac  - aris laplasis operatori, k - sagebis koeficienti, xolo

q(x,y) aris filis zeda zedapirze  moqmedi aqtiuri datvirTva, kw ki filis
qvemo zedapirze moqmedi reaqtiuli datvirTva anu:

2

h
z   









kw

y,xq
zz (2)

aqve SegviZlia vaCvenoT, rom (1) gamosaxuleba  Tavisi struqturiT ar
gansxvavdebasagebis or koeficientian drekadi fuZeze mdebare filis
Sesabamisi gantolebisgan.  marTlac Tu vinkleris fuZis magivrad aviRebT

fuZes ori drekadi maxasiaTebliT k1 da k-iT, da (2) pirobaSi - kw SevcvliT

(k1²w - kw), miviRebT struqturulad (1) is analogiur gantolebas.
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ganvixiloT fila, romlis ori mopirdapire gverdi (x=0 და x=a)
damagrebulia saxsrulad, xolo danarCeni nebismierad.  filis CaRunvis
zedapiri gamovsaxoT  Semdegnairad:

 









1m 1m

)y(
mm a

mnx
sinYWW (3)

Tu CavsvamT mas (1) gantolebaSi miviRebT
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(1) gantolebis erTgvarovani amonaxsni avRniSnoT mY , xolo kerZo

ki mY , miviRebT (4)gamosaxulebis zogad amonaxsens

mmm YYY  (6)
ganvixilavT ZiriTad SemTxvevas, roca 4

m > 4
m > 0

amocanas vxsniT sawyisi parametrebis cnobili meTodiT. amitom

gamovtovebT amoxsnis mimdavrobas da moviyvanTmxolod Wm-is saboloo
gamosaxulebas
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(7) gamosaxulebaSi Sesuli oTxi sawyisi parametri Ym(0), Ym (0),   Ym(0), da

Ym(0) ganisazRvreba sasazRvro pirobebidan. magaliTad Tu filis gverdebi

y=0 da y=b dayrdnobilia Tavisyflad, maSin gveqneba TiToeuli gverdisTvis
Semdegi sami sasazRvro piroba:

(8)
W=0, Mnm=0 და Mns = 0

anu gaSlili saxiT:
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SevitanoT aq (7)-es Sesabamisi warmoebulebi, miviRebT imden
gantolebas, ramdeni ucnobic gvaqvs, amovxsniT mas da SevitanT isev (7)
gantolebaSi, xolo miRebuls (3) - Si, miviRebT CaRunvis funqciis saboloo
gamosaxulebas dazustebuli TeoriiT, drekad fuZeze mdebare sworkuTxa
filisTvis mopirispire gverdebis  saxsrulad da danarCenis Tavisuflad
dayrdnobis SemTxvevisaTvis.

sxva saxis datvirTvebis SemTxvevaSi gamoiyeneba dirakis funqcia [2]
magaliTad Seyursuli Zalis moqmedebis dros gveqneba:

     jj yyxxPy,xq 
da .aS.

3. daskvna
naSromSi gamoyvanilia vinkleris drekad fuZeze mdebare urTierT

mopirdapire gverdebiT saxsrulad da Tavisuflad  dayrdnobili
sworkuTxa  filis CaRunvis funqciis gamosaxuleba dazustebuli Teoriis
safuZvelze. naCvenebia rom analogiurad SegviZlia viangariSoT sagebis
ori koeficientis mqone fuZis SemTxvevaSic filis geometriuli da
statikuri sidideebi sxvadsxva datvirTvebze.

literatura
1. Лавриненко П.П. об одном уточнении теории изгиба пласрин на упругом основании.

«Страительсво и Архитектура»  # 5 1965г.
2. a. kakuSaZe, n. namoraZe, p. koxreiZe, i. esaZe - filebis da damreci

garsebis gaangarriSeba Seyursul Zalebsa da momentebze. Sromebi s.p.i
#2 (95), 1964 weli.
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axali teqnologiebi

webocementi

lito flex K80 – elastikuri, maRaladheziuri mSrali ruxi feris duRabia,
homogenuri da monogamowvis filebis wyobisaTvis. misi daxasiaTeba aseTia: lito
flex K80 warmoadgens cementis safuZvelze miRebul webos. is Seicavs specialur sinTezur fiss, romelic
mas aniWebs karg adheziur Tvisebas da elastikurobas.

lito flex K80 - wyalTan arevisas qmnis tiqsotropiul duRabs. vertikalur
zedapirze datanisas filis Zirs dacureba ar xdeba, uzrunvelyofs karg
SeWidebas rogorc Senobis SigniT, ise Ria haerze.

lito flex K80 gamoiyeneba: homogenuri da monogamowvis filebis, klinkeris da
naturaluri qvis dasawyobad, kedelze da iatakze, deformaciiT dazianebul
cementis zedapirze da safuZvelze, gafarToebadi cementiT damzadebul
gaTbobad iatakze, minimum 15mm sisqis Seuvlebi fenisaTvis da izolirebuli
panelebis dasawyobad. zedapiri SeiZleba Zvelic, magram aucilebelia iyos
mtkice, mSrali, cximis, zeTisa da mtvrisagan gasufTavebuli.

lito flex K80 aireva 26% sufTa wyalTan – 6,5 litri wyali 25kg mSral
duRabTan. fxvnilisebri webo da wyali aireva eleqtrodrelze damagrebuli
xraxnuli sacmiT, erTgvarovani da plastikuri duRabis miRebamde. duRabi
datanis win unda davayovnoT daaxloebiT 10 wuTi, organuli komponentebis
gasaxsnelad.

lito flex K80 – duRabi dakbiluli SpateliT, Tanabrad nawildeba zedapirze.
fila ewyoba weboze, mas unda davawveT, rom gaswordes SpateliT warmoqmnili
naRari. amiT izrdeba duRabis adhezia.

duRabis gamoyeneba ar SeiZleba +50C-ze nakleb temperaturaze. amav-
droulad datanisas da Semdgomi 8...10 saaTi zedapiri unda davicvaT wylis da
yinvisagan.

Ria haerze gamoyenebis SemTxvevaSi, rekomendirebulia webos Txeli fena
wavusvaT filis zedapirzec.

cxeli, qariani amindi Zalian amcirebs webos misakrav zedapirze daWeras
e.i. amcirebs webos yofnas aqtiur mdgomareobaSi filis misakravad. am dros
rekomendirebulia Spateli gadavataroT webos zedapirze, raTa davSaloT
warmoqmnili afski da TiToeuli filis zedapirze webos Txeli fena wavusvaT.

axali filis Zvelze dawyobisas zedapiri aucileblad kargad unda
davamuSaoT wyliT da kaustikuri sodiT – 1kg soda 9 litr wyalze, rom
miviRoT unaklo, ucximo zedapiri.

filis swrafi dawyobisaTvis rekomendirebulia lito flex K80-is gamoyeneba,
zedapirze siaruli SeiZleba ukve 2...3 saaTSi.

lito zapid 84 – swrafad Semkvreli weboa, cementis safuZvelze, gamoiyeneba
keramikuli filis rogorc Siga ise gare wyobisaTvis. idealuria arsebul
filovan zedapirze dawyobisaTvis.

lito zapid 84 aris swrafSemkvreli fxvnilovani webo. mas gamoarCevs sxva
cementze damzadebuli weboebisagan kargi adhezia, romelic filis dawyobis
Semdeg Tavs iCens 3...4 saaTSi. webo aris muqi ruxi feris, Sedgeba specialuri
naerTisagan da gamorCeuli granulometriuli Sedgenilobis sinTezuri
fisebisagan.
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cxrili 1.
teqnikuri parametrebi

teqnikuri maCvenebeli lito flex K80 lito zapid 84

simkvrive kg/l 1,35 1,4

toqsikuroba ar aqvs

aaleba ar aqvs

narevis komponentebis Sefardeba
100 wili webo
26 wil wyalze

100 wili webo
25 wili wyali

narevis konsistencia pastisebri

webos gamoyenebis periodi 8 saaTze meti 30...40 wuTi

gamoyenebis temperatura +50...+400C

dayovnebis dro, +230C-ze daaxloebiT 20wT daaxloebiT 15wT

koreqtirebis dro, wT daaxloebiT 60 daaxloebiT 20

saboloo gamagreba 14 dReSi 3 sT-Si

nakerebis amovseba, 230C-ze 6...8 sT-Si 3...4 sT-Si

wyalmedegoba saukeTeso

temperaturisadmi mdgradoba -300C-dan +900C-de
vargisianobis vada 12 Tve, mSral mdgomareobaSi

webos xarji
3...5kg/m2, filaze da dawyobis zedapirze

damokidebulebiT

profesori a. Ciqovani
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milocva

Н.В.Чхеидзе-75
75 лет исполнилось доктору технических наук, профессору, академику

инженерной Академии Грузии, действительному члену Академии
судостроительных наук Украины, основоположнику науки мембранной
технологии в Грузии Нодару Вахтанговичу Чхеидзе.

75 лет – это возраст, когда можно говорить о достижениях юбиляра, о
его гражданской позиции и научных достижениях, о его пройденном пути.

Нодар Чхеидзе яркий представитель грузинской технической
интеллигенции, если говорить о его позиции – это интересное лицо современной
интеллигенции.

После окончания Николаевского судостроительного института в 1969
году Н. Чхеидзе направили в Министерство Внешней торговли СССР, в главное
управление экспортной продукции.

В 1972 г. Н. Чхеидзе в Москве познакомился с известным ученым
лауреатом Гос. премии СССР, главным химиком Советского Союза по химически активным полимерам и
основоположником этой науки профессором Кириллом Салдадзе. Встречи и консультации с ним
определили сферу исследований молодого ученого.

Стараниями и рекомендацией К. Салдадзе в 1972 г. в Батуми создалось отделение Московского
научно-исследовательского института пластмасс, во главе которой стал Н. Чхеидзе. Основной задачей
отделения стало создание аппаратов и процессов из химически активных полимеров, для спецтехники;
поэтому отделение стало строго секретной организацией.

В первую очередь была создана лаборатория электромембраны, конструкторское бюро,
испытательные универсальные стенды, секторы автоматики и баромембраны. Параллельно проводилось
переподготовка молодых специалистов в научных институтах Советского Союза. Были построены новые
корпуса. Исследования приняли систематический характер, и на базе отделения был создан сначала
предприятие почтовый ящик, в 1992 году был переименован в научно-исследовательский институт
мембранной технологии, которым руководил до 1997 года.

Фундаментальные гидродинамические исследования проводимые непосредственно Н. Чхеидзе,
имеют международное значения. Он первый изучил структуру турбулентного движения жидкостей и их
влияние на процесс массообмена в пограничных слоях, в плоских и широких (10 мм и выше) каналах
малой толщины (0,2  0,9 мм), которая была описана дифференциальным управлением в интегральной
форме. На основании этих исследований были созданы специальные электродиализные
(электромембранные) аппараты намного превосходящие тогдашние мировые аналоги.

Надо отметить, что в СССР в 1974 году на Батумском универсальном стенде были испытаны
первые образцы обратноосмотрических (баромембранных) аппаратов «Роса-1» и «Роса-2», разработанные
совместно с центральным научно-исследовательским институтом «Компас».

Под непосредственным научным руководством Н. Чхеидзе, с применением методов высоких
технологии, которых сейчас называют нанотехнологией, созданы специальные модифицированные
сорбенты и устройства селективного извлечения из морской воды ионов Рубидиума и соли Урана. А
также для кондиционирования питьевой воды были разработаны Бром и Бром-Бор селективные сорбенты.
За эти исследовательские работы в 1986 году французская научно-технологическая международная
корпорация «Дуоилт Интернациональ С.А.» наградила руководителя работ Н. Чхеидзе золотой медалью и
дипломом.

В этот же период был создан бактериоцидный сорбент и установки, в том числе компактное
(карманное) устройство для обеззараживания питьевой воды, с помощью которого любую бактериально
грязную воду (кроме бактерии чумы) можно использовать для питьевых целей. Карманное обеззарающее
устройство гарантировало получения 25 литров «здоровой» воды.

На основании исследования батумских ученых, для обеспечения жизнедеятельности человека в
закрытых пространствах, были созданы специальные компактные аппараты регенерации воды с целью ее
многократного использования. Создана аппаратура и технологический процесс получения сверхчистой
воды мембрано-сорбционным методом для атомных электростанций и электроники.

В институте проводились исследования магнитных и информативных свойств воды, получение
т.н. живой и мертвой воды и изучение ее особенностей.
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Созданные в институте электродиализные аппараты широко применялись и применяются сегодня
в безводных и маловодных регионах (Поволжье, сев. Украина, Крым, Молдавия, республики Средней
Азии) для обеспечивания питьевой водой 4-5 млн. человек.

В 1993 году в институте были проведены значительные работы, получение из минеральных вод
«Боржоми» и «Набеглави» натурального порошка над которым многие годы безрезультатно работали
другие лаборатории.

С 1997 г. Н. Чхеидзе переходит на работу в Тбилиси в научно-исследовательский центр
«Мембрана», где с успехом продолжает работать с использованием мембранно-сорбционной технологии
над очисткой и концентрированием радиационных вод с получением радиационно-грязного т.н. мокрого
порошка.

Вместе с коллегами разработал аппаратуру и технологию выделения из горячих
сероводосодержащих вод агрессивного сероводорода с помощью гидродинамической кавитации, что дает
возможность использование таких горячих вод.

2003-2009 годах Н. Чхеидзе параллельно работал в Груз. Техническом университете на кафедре
водоснабжения и канализации профессором.

Н. Чхеидзе автор 120 научных работ, 28 изобретения и патентов, из них 22 изобретений внедрены.
В последние годы принимал участие в различных научных конгрессах и конференциях в разных странах.
Стокгольм, Москва, Сеул и др. Является профессором-эмеритусом Гос. Университета им. Ш. Руставели,
является членом редакционной коллегии журнала «Гидроинженерия», в 2014 году ему присуждено звание
«Эколог года».

2004 году Н. Чхеидзе  с коллегами разработал концепцию создания и развития индустрии
питьевой воды в Грузии. Основная цель этого проекта разлив подземных вод в бутылках и ее дистрибуция
в заграницу.

Н. Чхеидзе старается продолжить исследования для практического применения результатов в
условиях рыночной экономики, например: создание селективных сорбентов к ионам Фтора и Бариума,
использование которых для кондиционирования минеральных вод «Занави» и «Боржоми» сократит
присутствие этих ионов в воде в 5  30 раз, доведя их присутствие до ПДК. В Рачинском регионе
очищения речных вод от присутствия Арсениума (Мышьяка) мембрано-сорбционным методом и
улучшить экологическую обстановку в регионе; Изучение локальных гидродинамических процессов
разрушения береговой части Черного моря, с целью оптимального проектирования устройства
берегозащиты прибрежной части моря; разработка плавающего устройства гидродинамического гасителя
энергии волн и др.

Ученый и гражданин Н. Чхеидзе и сейчас живет думами своего города, требует сохранения
исторических ценностей, городских традиций, его развития и процветания.

Н. Чхеидзе как руководитель, исследователь и гражданин руководствуется одним принципом: не
аплодируй, если не нравится, не восхваляй того, кто не заслуживает. Этим принципом и живет сейчас. Для
него не существует авторитета, скрывающегося за чьей-то спиной. Окружающих оценивает делом и
созданным научным продуктом.

Н. Чхеидзе активно сотрудничает с отделением гидроинженерии инженерной академии Грузии.
С 75-летием батоно Нодар.
Желаем здоровья, жить и творить с такой же энергией и пафосом на благо нашего отечества и

науки.

От имени отделения гидроинженерий
Инженерной Академии Грузии
З. Цихелашивли
П. Гиоргадзе и. др
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gaxseneba

Teimuraz gvelesiani
Teimuraz gvelesiani daibada 1940 wlis 16 marts q.

TbilisSi teqnikuri inteligenciis erT-erTi TvalsaCino
warmomadgenelis da cnobili hidroteqnikosis prof.
levan gvelesianis ojaxSi. 1962 wels warCinebiT
daamTavra saqarTvelos politeqnikuri instituti inJiner-
mSeneblis kvalifikaciiT. 1970 w. man daicva sakandidato,
xolo 1990 w. sadoqtoro disertacia, 1999 wlidan is
profesoria.
P    prof. T. gvelesianis mier  SemuSavebulia
hidrodinamikuri kvlevebis axali saangariSo meTodebi da

prognozirebis maTematikuri modelebi, romlebic uSualod exeba
energetikuli mSeneblobisa da usafrTxoebis, agreTve sainJinro
hidroekologiisa da garemos dacvis aqtualur da mniSvnelovan
problemebs romlebic  farTod gamoiyeneba rogorc saqarTveloSi, aseve
sazRvargareT.
P    prof. T. gvelesianis xelmZRvanelobiT da mis mier SemoTavazebuli
meTodebis safuZvelze Sesrulda 40-mde samecniero-teqnikuri angariSi da
proeqti, romlebic dakavSirebulia sxvadasxva regionSi (tajikeTi,
daRestani, cimbiri, somxeTi, saqarTvelo da sx.), rogorc maRali, maT
Soris msoflioSi unikaluri kaSxalebis (rogunis, saianoSuSenskaias,
enguris, miatlis, getikis, Jinvalis, algeTis, sionis, xudonis da sx.) da
proeqtebis, mSeneblobisa da reabilitaciis sakiTxebTan, agreTve wylis
resursebis gamoyenebisa da dacvis amocanebTan.

prof. T. gvelesianis kvlevis originaluri meTodologia
seismomedegobasTan dakavSirebul sakiTxebSi Setanilia “samSeneblo
normebsa da wesebSi”, romlebic amJamad gamoiyeneba saqarTveloSi, ruseTis
federaciaSi da aRmosavleT evropis zogierT qveyanaSi.

prof. T. gvelesiani avtori (da Tanaavtoria 120-ze meti) samecniero
naSromis da  5 fundamenturi monografiisa qarTul, rusul da inglisur
enebze. Ggarda aqtiuri samecniero-praqtikuli da pedagogiuri moRvaweobisa
T. gvelesiani eweoda nayofier sazogadoebriv saqmianobas: iyo saqarTvelos
sainJinro da energetikis akademiebis akademikosi, saqarTvelos samecniero
fondis eqsperti da sxva sazogadoebrivi kavSirebis wevri, mas
damsaxurebuli hqonda prezidentis “Rirsebis ordeni” da sxva jildoebi.

Teimuraz gvelesiani iyo uaRresad ganaTlebuli, erudirebuli,
Tavmdabali da maRali zneobis adamiani, suliT xorcamde qarTveli erisa
da qveynis moyvaruli da gulSematkivari, Rirseuli Svili, meuRle, mama,
papa, megobrebisTvis erTguli da uangaro pirovneba. Aamave dros saocrad
principuli, roca saqme mecnierebis interesebs da zneobas exeboda.
B    batoni Teimurazis (Temuris) naTeli xsovna yovelTvis darCeba Tavisi
ojaxis, naTesavebis, megobrebis da kolegebis gulSi.

saqarTvelos sainJinro akademiis “hidroinJineriis ganyofileba
saqarTvelos teqnikuri universitetis samSeneblo fakulteti
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SUMMARIES
J.GIGINEISHVILI, I.TIMCHENKO. INFLUENCE OF RESULTS OF NUMERICAL ANALYSES AND
STRUCTURAL DECISION ON ARCHITECTURE OF “HILTON” HOTEL COMPLEX IN BATUMI CITY.
Scientific-technical journal “BUILDING” #2(37), 2015
The aim of this work is to evaluate the proposed architectural and planning decision and development of more appropriate
structural system of the whole complex. The article considers current issues of design and creation of reliable and optimal
structures of the hotel complex «HILTON» in Batumi at the same time. On the example of the complex under construction the
optimal coupling between function and form, as well as strength, stability, reliability and cost of the building are considered.
The first option of the hotel complex «HILTON» in Batumi was a complex design schemes of various high-rise buildings,
located on a single foundation and bears the permanent, long-term, temporary, short-term loads and external factors such as:
hydrostatic pressure of water, heat, wind, seismic load et al. This paper discusses various options for based on the relevant
computer models architectural and planning and structural features and performed analysis, as well as shows the results of
these analyses. Amendments made to the structural part of the project, not only improved strength characteristics of the
buildings, but also had a positive influence (beneficial effect) on the architectural appearance of the complex as a whole.
Methodology. This paper is based on the submitted multi optional studies of the designed hotel complex «HILTON» in
Batumi. The numerical investigations were carried out with the use of computer modeling based on multi optional analysis of
existing design solutions as well as new versions created for the purpose of choosing the most suitable and acceptable option,
both in terms of architectural, planning and design solutions. Findings. The numerical simulation of the complex structural
system of the hotel complex «HILTON» in Batumi Was carried out using the software "LIRA". The complex stress-strain
state has been analyzed for different design options, the most appropriate configuration of both architectural and structural
features of the bearing framework and foundation have been developed. As a result of the application of modern computer
technology numerical simulation of different options of the complex, the architectural, planning and design solutions were
obtained both in terms of architectural and structural. Practical value. Performed stress-strain state analyses of the hotel
complex allowed us to determine the optimal size, shape and design features of the entire complex under permanent, long-
term, short-term and other factors, such as the hydrostatic pressure of water, heat, wind, seismic, etc. and the optimal option
was selected for external shape of the complex considering the structural features.
M. Bediashvili. CONSTRUCTION PROJECT EXPERTISE IS  PREREQUISITE TO IMPROVE BUILDINGS
SEISMIC RESISTANCE. Scientific-technical journal “BUILDING” #2(37), 2015
The expertise of various buildings projects, issues of their providing seismic resistance and operational reliability are
considered in this article. Are stated revealed by "Georgian Association of Civil Engineering Experts" defects, or
lapses. Is stated the necessity for the expansion of expertise in such parts of construction, as architectural, accounting,
fire protection parts and so on.
A. Chikovani, G. Gureshidze, D. Vardiashvili. DESIGN OF CONCRETE MIX WITH CHEMICAL
ADDITIVES. Scientific-technical journal “BUILDING” #2(37), 2015
Now almost everything in Georgia construction are being by monolithic concrete and reinforced concrete. Concrete mix
preparation, transportation, pouring, hardening are performed by modern means an to do this without chemical
additives becomes impossible. Therefore it is essential to know the calculation of the concrete composition using
chemical additives.
E. Abramidze, El. Abramidze, V. Chankotadze. NUMERICAL SOLUTION OF LAYERED ELIPSOIDAL
SHELLS NONLINEAR DEFORMATION TASKS BASED ON REFINED THEORY. Scientific-technical
journal “BUILDING” #2(37), 2015
Based on one version of the refined theory, for solving of layered shells elipsoidal axisymmetric nonlinear deformation
tasks, are obtained simultaneous equations for such class tasks. Is stated the elipsoidal shell deformation particular case.
Based on the obtained by this case numerical realization results is carried out certain analysis, are evaluated caused by
change of boundary conditions effects on shell mode of deformation.
C. Jibuti. URBAN PROBLEMS ON EXAMPLE OF TBILISI. Scientific-technical journal “BUILDING” #2(37),
2015
Recent years have shown that the Georgian urban areas design main methods and aspects are inaccurate, due that the
country is in a deplorable condition. In country reigns architectural and urban crisis. Historical and cultural heritage is
being eroded. The city is getting worse day by day.
In the paper are stated out the objectives and necessary action plans, necessary conditions for solving the problems, the
considered of that have to be made as soon as possible.
I.Kvaraia. The ways of solving problems arising during concreting of reinforced concrete shells. Scientific-
technical journal “BUILDING” #2(37), 2015
This paper discusses the problems that arise during the concreting of reinforced concrete shells and the ways of solving
them. The main difficulty is the most inclined, and reinforced concrete pillars near the surface of the mold for the
design thickness of the membrane to maintain, because in the case of concreting the circular outline it is complicated to
fit the concrete structure in the desired frame.
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R. Dzneladze; M. Kechakhmadze, L. Chilochava, M. Sulamanidze. Reinforcing of soils and design layers of road
coating. Scientific-technical journal “BUILDING” #2(37), 2015
Presented article deals with the application of geosynthetic materials – in particular, high resistance polyethylene
perforated sheet so-called geonet,  as reinforcing  for the soils and design layers of road coating foundations. Geonet
application allows decrease the thickness of foundation bearing layer and increases the pavements service life, due to
increasing of the resistance of foundation layers. The application of geonet provides formation of bearing layer on the
interface due to formation of protective layer, which excludes mixing together of bearing and additional layers.
I.Kvaraia, T.Dvalishvili. Technological process of the dome mold manufacturing and installation. Scientific-
technical journal “BUILDING” #2(37), 2015
The article describes the structure of reinforced concrete retaining walls to start the dome, large diameter circular
formwork carpentry workshop of manufacturing and the delivery-installation process works.
S. Kuridze. Cultural heritage Urban planning documentation. Scientific-technical journal “BUILDING” #2(37),
2015
Preservation of cultural heritage and national interests outside problem borders for a long time, also there was a world
measurement. If Convention, any of provisions, signed a charter for each state is responsible for realization of it of
international legal acts. According to the signed document, the relevant national legislation includes amendments to
heritage and reforms. Mtskheta ensemble of the international standards in the field of protection of Committee of the
world heritage of UNESCO the decision "Heritage & Tourism the Master plan for Mtskheta, Georgia - UNESCO and
PROON-SPPD of the pilot project" - creation is made. "Heritage & Tourism the Master plan for Mtskhet, Georgia -
UNESCO and PROON PRPP the Pilot project" reflects a landscape the concept of the city, cultural for development of
historical part, and complex preservation of the increased dependence from the same time will allow you to take it with
international opinions and recommendations the European context. "Heritage & Tourism the Master plan for Mtskhet,
Georgia - UNESCO and PROON-SPPD of the pilot project", as cultural heritage of UNESCO in the field of the
established approaches the document providing access on the basis of professional circles and town-planning
documentation on rational use of this experience.
R. Chkoidze, I. Stepnadze. Construction of Green’s function for a rectangular plate, which is hinged – supported
at the contour. Scientific-technical journal “BUILDING” #2(37), 2015
The proceedings deal with rectangular plate as the main system for designing of plates of complex contour in plan using
the method of expansion of the desired system. For the main system Green influence function is constructed applying
Ritz energy method. Whilst constructing the expression of total energy, potential deformation energy(potential of inner
strength) is designed both according to image adopted in the classical theory of elasticity and modified image. The
example detected substantial differences between the results received.
J. Togonidze. BENDING OF VARIABLE STIFFNESS ISOTROPIC PLATES DUE ACTION OF
CONCENTRATED FORCE. Scientific-technical journal “BUILDING” #2(37), 2015
In the construction of modern buildings are often found complex in plan reinforced concrete roofing slabs that analysis
on bending still represents the actual task of structural mechanics. Are existing several theories among them one
introducing in computations relatively simple shapes compared with slab fictitious plate that completely covers the
design slab and for that at the same time is known the impact of the Green's function [1].
Hence the work is related to the compiling of the Green's function for analysis of complex shape in plan slabs  a
fictitious (basic) system, in particular rectangular rigidly fixed , variable stiffness and anisotropic slabs, where are
obtained the relevant equations and the expressing stiffness change new values, based on the equality between the

stifnesses:      y,xDy,xDy,xD 213  .

F. Japaridze, T. Garsevanishvili, N. Areshidze. TREATMENT OF BUILDINGS FOUNDATIONS WATER
SATURATED CLAY SOILS STEMS BY ELECTROCHEMICAL METHOD. Scientific-technical journal
“BUILDING” #2(37), 2015
On the basis of conducted studies in engineering and geological aspects is generalized electrochemical drying method
in Georgia and turf water saturated soil environment that is applied in the case of  clay, water saturated soil, foundation
pit slope stability, as well as in landslide areas, in sedimentary and weak unstable soils.
L. Kakhiani, K. Makharoblidze, L. Balanchivadze. Modern methods of detailing  monolithic floorings. Scientific-
technical journal “BUILDING” #2(37), 2015
This article represents modern methods of detailing monolithic concrete floors. There is described the use of light
elements in the structure of floor slabs and principles of their detailing. The article also considers cross sections of the
element, allowable sizes of slabs and rebar.
L. Chilochava, M. Kechakmadze, M. Sulamanidze. Modificating of bitumen with polyethylene shell And the
determination of properties of the resulting modified bitumen and asphalt concrete. Scientific-technical journal
“BUILDING” #2(37), 2015
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In the article reviewed the changes in the technology of use of bitumen in the production of asphalt concrete, based on
bitumen enclosed in a polyethylene shell, when there is not used thermal procession of bitumen until its delivery in
mixer, As a result of this, asphalt plant equipment is simplified and power consumption is reduced. There also is
considered the bitumen modified by high-pressure polyethylene and asphalt mixture produced on the basis of its
features.  In the article also reviewed the determination of properties of the resulting modified bitumen and asphalt
concrete with high-pressure polyethylene. The test results  of asphalt concrete made by bitumen enclosed technology,
indicate that all the properties are applicable with requirements of the normative documents.
U. Dzodzuashvili. TRENDS IN BUILDING MONITORING SYSTEMS DEVELOPMENT. Scientific-technical
journal “BUILDING” #2(37), 2015
In the paper is analyzed the trends in the development of buildings monitoring systems. Due analysis is revealed that it
is necessary to develop an automated monitoring system grounded on the building structures state experimental-
theoretical analysis for full-size structures and its implementation at the construction and operation process of buildings
and structures for providing the safety. For this must be performed the following: critical analysis of structure mode of
deformation monitoring systems; development of hardware and software of complex for determination of structural
dynamic characteristics (own oscillation frequency, oscillation form, damping coefficient); development of building
structures dynamic monitoring complex technology that contains information modeling technology, Finite Element
Method (FEM) modeling technology, and theoretical and experimental modal analysis technology.
G.Tkeshelashvili   Z.Kupatadze. Using the production functions in production management. Scientific-technical
journal “BUILDING” #2(37), 2015
The article discusses the dependence between the combination of production factors and manufactured products
maximum capacity. It is indicated that production function is always concrete and is suitable only for given technology
and introducing a new technology means a new industrial function. It is noted that also that the two-factor model
production function Cobb-Douglas is the simpliest. It can help solve the relation between labor and capital. It is
indicated that the influence over any manufacture within specific time can give us the positive effect, but it is necessary
to change all the factors operating in the production.
N. Rurua, L. Rukhadze. SELECTION OF RESTORATION TECHNOLOGY OF RAILS JOINTS DEFECTS
BY RAILS WELDS IN CONTINUOUS WELDED RAIL. Scientific-technical journal “BUILDING” #2(37), 2015
In the article is considered the selection of restoration technology of rails joints defects by rails welds in continuous
welded rail with taking into account defective places location and number. Is proposed in continuous railway rails joints
by application of moving rail-welding car by electro-contact method rails welding technology two methods: welding of
rail joints by pressing and welding rail joints by preliminary bending or simultaneous use of both above mentioned
methods. Are defined values of continuous railway rails joints extension depending on the temperature, accordingly of
the fixing in rails difference of temperature. Is determined in continuous railway rails joints values of temperature
forces diagrams in works production zone up to restoration by electro-contact welding.
G. Tsikhelashvili, P. Giorgadze, D. Gurgenidze, G. Chichinadze, M. Onezashvili.ON EFFECTIVE
APPLICATION OF GEORGIAN HIGH-QUALITY "BIOLOGICALLY ACTIVE" NATURAL DRINKING
WATER UNDERGROUND OPERATIONAL PERMISSIBLE RESERVES. Scientific-technical journal
“BUILDING” #2(37), 2015
in the background of drinking water deficit worldwide according to the ,,country's socio-economic rapid development
program-concept by Georgia drinking water resources rational application"- constructed logistics-innovative project -
,,water-national assets" the establishment in country of drinking water bottling-packaging industry and bottling of
operationally possible stock (2 m³/sec) of the finished product g and its commercial realization in international markets
will be beneficial for Georgia Economy, as well as in attractive investment projects business.
N. Rurua, l. Chkheidze. DEFINITION OF 25-METER-LONG RAILS WORKING MODES AND
OPERATIONAL CONDITIONS. Scientific-technical journal “BUILDING” #2(37), 2015
In the article is considered the 25-meter-long rails working modes and operating conditions, in particular, depending on
the climatic conditions possible modes of operation of 25m rails. Is proposed 25 m rails gaps volatility chart with joint
bolts bending and without it at winter minimum temperature. Is defined annual temperature amplitude variability of the
railway rails (73℃ up to 95℃), rails maximum (+52℃ up to +64℃) and minimum design temperature ( -8℃ up to -38℃).
Is determined the maximum constructive clearance value of 25 m rails for annual variation compensation, which vary in
the range of 24-28mm. Is determined value of allowable temperature amplitude, which gives a 25 m rails operation
possibility without joints clearances seasonal adjustment.
G. Tsikhelashvili, P. Giorgadze, D. Gurgenidze, G. Chichinadze, M. Onezashvili. ON CONSTRUCTION OF
WATER QUALITY DISTRIBUTION CARTOGRAPHIC PORTRAIT BY GEORGIA UNDERGROUND
NATURAL DRINKING WATER OPERATIONAL - PERMISSIBLE RESERVES. Scientific-technical journal
“BUILDING” #2(37), 2015
On the basis of proposed methodology will be possible by Georgia underground natural drinking water operational-
permissible reserves to construct water quality distribution cartographic portrait (cadastral map of water quality
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distribution) as separate sample points, as well as by set of points. At this in correspondence with water quality
distribution regionally (by separate municipalities) will be planned construction of the finished product water bottling-
packing plants.
To accomplish this in practice will be necessary definition of water quality distribution in existing Georgia area

potential for underground natural drinking water finished product operational permissible volumes of resource by its
desirability (cadastral mapping) and based on them of regionally (by municipalities) justification of necessity of
establishment of drinking water the finished product bottled-packing plants and transport infrastructure.
By proposed approach on the background of natural drinking water deficit worldwide will be available in each
municipality in Georgia to establish one or two of the drinking water tap-packing enterprises, there will be employed a
certain part of the local working population, and the finished products will be exported and commercially realized in
international market, as will be the significant economic benefits for country.
A. Lebanidze, V. Beridze. STRUCTURAL ACTIONS FOR RESTORATION-REINFORCEMENT OF
CULTURAL HERITAGE MONUMENT KVAVLO TOWER. Scientific-technical journal “BUILDING” #2(37),
2015
In the article is considered the current technical condition of cultural heritage monument Kvavlo tower and structural
actions for its restoration – reinforcement.
M. Tyrdzeladze, Z. karumidze, G. Chichinadze. Some aspects of concrete deformation and deterioration.
Scientific-technical journal “BUILDING” #2(37), 2015
Modern approaches to concrete deformation and deterioration are considered. Conditions for creation, development and
stabilisation of micro-cracks as formation of crystallites on micro level in the cement gell are described together with
modern concept of concrete deterioration.
A. Qatamidze. Analysis accidents of buildings and their causes. Scientific-technical journal “BUILDING” #2(37),
2015
In the article is discussed the analysis accidents of buildings and the causes of injuries. The main section covers
the following topics: Defects of construction of manufacturing, installation and their consequences, which include:
Earthwork defects,  Concrete foundations Defects,  Defects of installing stone constructions, Wall panels
installation defects, Reinforced concrete columns and beams manufacturing and installation defects, Closing and
sealing reinforced, concrete slabs and beams installation defects, Wood construction manufacturing defects
Steel structures manufacturing and installation defects. Methodical instructions for structural studies, which are
discussed: Cracks analysis of reinforced concrete structures, Concrete strength features to rate, Reveal the actual
reinforcement  of reinforced concrete construction elements
O. Khazaradze, Z. Babutsidze, G. Bagishvili. METAL COMPOUND CROSS-SECTION CRANE BEAMS-
BOUNDARY GIRDERS. Scientific-technical journal “BUILDING” #2(37), 2015
In the work is proposed cross-sectional crane beams, crane boundary girders. Cross-sectional crane girders are more
economical by material consumption than crane beams and boundary girder separately. At calculating the
cross0sectional crane beam by static scheme represents a combined system with girder rigid upper flange. The stress in
girder elements are preliminary determined, stress values is calculated by finite  scheme.
R. Makhviladze, A. Chikovani, A. Gogberashvili, L. Joglidze. PRE-DIAGNOSTIC OBSERVATION OF
SUSPENDED CONSTRUCTION WORK RENEWAL ON THE BUILDINGS. Scientific-technical journal
“BUILDING” #2(37), 2015
The atmospheric agents negatively affects on the suspended during many years buildings on the load-bearing structural
elements strength characteristics; in the article are considered materials of such suspended construction buildings
diagnostic examination including conclusions and recommendations.
T. Ambroladze, M. Kublashvili. THE CALCULATION OF MAXIMUM EXPANSES IN THE CASE OF
EXISTING OF OBSERVATIONS SUFFICIENT SERIES. Scientific-technical journal “BUILDING” #2(37),
2015
The flood water maximal consumption is random variable. Its quantitative and qualitative evaluation is performed using
the probability theory, in particular, by application of frequency curve. For this is necessary to pre-select distribution
law. The three-parameter gamma distribution is accepted. For its application is required the determination of three
parameters, arithmetical mean, coefficients of variations and asymmetry. They would be determined by the method of
moments, maximum likelihood method and special formulas, when we have a data on the extreme consumption. For all
of these methods have been developed for applications in the symbolic language Mathematika-8 software, due which
will be defined three parameters and maximum consumption. In the article is considered one case on the example of the
river Borjomula.
L. Avalishvili, L. Chkuaseli. REINFORCED CONCRETE FRAME BUILDING DYNAMIC CARRYING
CAPACITY (STRENGTH) AT SEISMIC IMPACT. Scientific-technical journal “BUILDING” #2(37), 2015
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In the article is stated the theoretical investigation of reinforced concrete frame building seismic resistance grounded on
single-mass dynamic design scheme (oscillator). Building specific engineering computer program "Lira" are received
dynamic parameters of the oscillation periods, full range of dynamic coefficients and seismic forces at 8 and 9-
magnitude seismic activities by vary of reinforced concrete frames standard elements and possible loads. By seismic
stresses is defined frame structure dynamic carrying capacity (strength), and it is compared with the static strength. Are
analyzed the reasons to increased dynamic strength compared with static strength. The obtained results represents
scientific and practical interest, as it significantly simplify the designer’s work.
M.Tsikarishvili, T.Giorgobiani, T.gonashvili. Life cycle of the  immovable property objects. Scientific-technical
journal “BUILDING” #2(37), 2015
In this article we have discussed life cycle of the  immovable property, which includes the time period from its

creation to the end of its demand. In general view of the matter, life cycle  of any object is the unity of complete
sequential process stage of its existence, composition of time intervals, from its appearance till its disappearance.
In this work,reason of the sense of immovable property life cycle creation is discussed and analized, as well as the

reasons, why its compound processes and stages are reaserched.
Chart of immovable property life cycle is presented,whichis  based on the market research by its “classical right”- by

economic raising and downfall. The length and complexity of the cycle depends on various exogenous and endogenous
factors. We have discussed major stages of the structure life cycle,which are: building, exploitation, development and
demolishment.
D. Revazishvili, r. Chkoidze. DEFINITION OF PLATE FREE TRANSVERSAL OSCILLATION
FREQUENCY BY ENERGY METHOD. Scientific-technical journal “BUILDING” #2(37), 2015
In the paper is considered supported on whole contour rectangular plate’s transversal conservative free oscillations and
by approximation energy method (Rayleigh method) is defined the oscillation frequency range. For the determination of
plate deformation potential energy is applied the classical mechanics formula [1] as well as the same in a modified form
[2]. The examples show that the results are significantly different from each other.
F. Japaridze, T. Garsevanishvili, N. Areshidze. TREATMENT OF BUILDINGS FOUNDATIONS WATER
SATURATED CLAY SOILS STEMS BY ELECTROCHEMICAL METHOD. Scientific-technical journal
“BUILDING” #2(37), 2015
On the basis of conducted studies in engineering and geological aspects is generalized electrochemical drying method
in Georgia and turf water saturated soil environment that is applied in the case of  clay, water saturated soil, foundation
pit slope stability, as well as in landslide areas, in sedimentary and weak unstable soils.
J. Esaiashvili, M. Mukhigulishvili. Calculation of biaxial bending of reinforeced concrete. Scientific-technical
journal “BUILDING” #2(37), 2015

Biaxial bending of reinforced concrete column is reviewed in the article. Simple calculation method of Eurocode 2 is
used to calculate biaxial bending of the reinforced concrete column.
T. Zakutashvili, Z. Kapanadze, T. Matsaberidze, I. Bochorishvili. SOME ISSUES OF HIGH-RISE BUILDINGS
STABILITY. Scientific-technical journal “BUILDING” #2(37), 2015
With the increase of height and width of building is increasing the volume and masses of the building, while the spatial
stiffness decreases. Therefore, special attention should be paid to the stability of a high-rise building.
In the article are considered issues of high-rise buildings structures calculation on stability according to the P-Δ curves.

Are stated the dependency diagrams between building’s relative strains and stiffness.
A. Sakvarelidze, N. Gudushauri. The mechanical properties of different age high strength concrete upon
compression. Scientific-technical journal “BUILDING” #2(37), 2015
In Georgian based on local raw materials and use of production wastes, high strength basalt fiber concrete can be

produced. For high strength basalt fiber concrete Kaspi portland cement, the inert materials of river Krami basin and
imeri basalt send, basalt gravel, basalt fiber of local production was used. As on addition the super plasticizer produced
Sika company (Switzerland) “Viscocrete SF-18” was used.
The optimum amant of plasticizer gives possibility to increase concrete strength 35-40 by.

J. Togonidze. ANALYSIS OF LOCATED ON ELASTIC BASE SLAB BASED ON THE REFINED THEORY.
Scientific-technical journal “BUILDING” #2(37), 2015
In construction (eg. motor roads, airfields and other) often are applied located on elastic bases average thickness
reinforced concrete slabs. There are several theories of such slabs analysis, in that as elastic bases are considered the so-
called Winkler or bed two coefficients elastic bases. In our article we consider bending of located on the elastic Winkler
foundation slab based on the refined theory equations. The analysis was carried out by the initial parameters method,
when two plates hingedly are supported on the opposite sides while the two other sides are arbitrary supported. Are
received simultaneous equations, due the solution of that with taking into account the boundary conditions will be
obtained the final result: deflection function, etc. in cases of different loads.


