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„Чтозначитзнать? Вот,  друг мой, в чем вопрос.
На этот счет у нас не все в порядке.
Немногих, проникавших суть вещей
И раскрывавших всем души скрижали,
Сжигали на кострах и распинали,
Как вам известно, с самых давних дней“
Фауст, И.В.Гёте
За свое в ответе,
Я об одном при жизни хлопочу:
О том, что знаю лучше всех на свете,
Сказать хочу. И так, как я хочу!

А.Т. Твардовский
Результаты исследований возможностисоздания предварительно-

напряженных бетонных элементов и шпал, армированных
базальтопластиковой (БПА) арматурой

(Инновационные разработки ждут своего часа!)
Джони Гигинейшвили

ООО «ПРОГРЕСИ»
Резюме. Исследования, проведенные с целью выявления возможности создания предварительно-
напряженных бетонных шпал для железнодорожного транспорта, армированных
базальтопластиковой арматурой (БПА), показали возможность и перспективность
применения БПА для армирования а также и других предварительно напряженных  бетонных
конструкций. При использовании БПА в конструкциях для железобетонных шпал, можно
избежать проблем, связанных с коррозией стальной арматуры, что в конечном итоге
выражается в долговечности конструкции. Кроме этого, БПА обладает малой плотностью,
что может несколько уменьшить вес армированного бетона и снизить давление от
собственного веса. В проведенных теоретических и экспериментальных исследованиях
получены новые результаты  по проектированию бетонных шпал, армированных на основе
применения  БПА, напрягающих бетонов на основе НЦ-20. Использование БПА и напрягающих
бетонов даёт возможность получить материалы не только безметальные, но и имеющие
качественно новые более высокие характеристики, позволяющие увеличить срок службы
конструкций, используемых в агрессивной среде, снизить металлоемкость конструкций их вес,
стоимость и соответственно трудоемкость строительства. Такие конструкции обладают
более высокой механической прочностью, коррозионной стойкостью, теплозащитными и
диэлектрическими  свойствами, немагнитны и радиопрозрачны.
Применение БПА может дать заметный экономический эффект как при армировании
предварительно напряженных бетонных шпал для железнодорожного транспорта, также и
для гражданского строительства, для гидротехнических и других сооружений.
Ключевые слова: инновационные разработки,бетонные шпалы как опора для рельсов,
базальтовое волокно, базальтопластиковая арматура (БПА), исследование, проектирование,
экспериментальная установка,предварительные напряжения, армирование, напрягающие
цементы (НЦ), предварительно напряженные бетонные шпалы, самонапряжение,
сопротивляемость, трещинообразование, прочность, предельные состояния, опытные
образцы  конструкций,  усадка, оплеточные нити, глубина вмятин,  усадка и расширение,
контактные напряженя,  материалы безметальные, экономический эффект,
базальтофибробетон.

1. Введение
Решающее значение железнодорожного транспорта для возрождения экономики Грузии

очевидно. Обмен грузовых потоков с зарубежными странами по программе "ТРАСЕКА " или по
двусторонним договорностям, а также высокая организация железнодорожных перевозок внутри
страны, обязательно подразумевает нормальное эксплуатационное обслуживание
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железнодорожной сети Грузии, что со своей стороны включает обеспечение  возможности
бесперебойного снабжения железной дороги дешевыми и долговечными шпалами,  надежными
при эксплуатации  в сложных  горно-геологических и климатических условиях нашей страны и
стран СНГ. Актуальность проблемы еще больше возрастает из-за необходимости строительства
новых  железнодорожных магистралей на территории Грузии в ближайшем будущем.

Для эффективного решения возникающих по этой проблеме вопросов, весьма полезным
может оказаться применение бетонных шпал, армированных базальтопластиковой арматуой
[1,2,3,4], как  для существующих, так и для новых железнодорожных магистралей Грузии.
Данная разработка до сих пор является как инновационная в железнодорожную отрасль, хотя
имеет почти что 40-летную историю.

Базальтопластиковую арматуру (БПА) можно отнести к числу современных композитных
материалов, характеризующихся хорошими  химическими и физическими свойствами. Основой
для производства БПА  являются базальтовые волокна и специальные органические связующие,
которые обеспечивают совместную эффективную работу. Особенностью БПА арматуры
являются, антикоррозионные показатели, антимагнитные и диэлектрические свойства.БПА
имеет высокие прочностные характеристики на разрыв, изгиб и растяжение, что особенно важно
в тех местах, где предполагается повышенное напряжение конструкции или воздействие
агрессивных химических сред (в том числе кислот и щелочей) [5,6,7,8]. БПА целесообразнее
использовать в диапазоне температур (от -70 до +100°С).

В настоящее время длина основных линий Грузинской железной дороги, включая линии на
территории Абхазии, составляет 1612 км. На участке Самтредиа — Тбилиси — Гардабани
(граница с Азербайджаном) железная дорога двухпутная, а на всех остальных участках —
однопутная. В ближайшее время планируется добавление вторых путей на участке Самтредиа —
Батуми, что вызвано серьёзным ростом грузооборота на этом направлении. Все железные дороги
современной Грузии имеют колеи -1520 мм.

Для узкого круга специалистов известно, что начиная с 1979г. и-т КиевЗНИИЭП  по
инициативе автора данной статьи и под руководством к.т.н. М.М.Акуленко, начались
исследования с целью создания предварительно напряженных бетонных конструкций (в
перспективе для «шпал») [9,10], армированных с применением базальтопластиковой арматурой.
Из-за полного отсутствия финансирования по данной тематике (все теоретические и
экспериментальные исследования проводились за свой счет).Работа с конца 1984г. была
продолжена в Киевском Инженерно-строительном Институте (КИСИ) под руководством д.т.н.,
проф. Ю.В.Верюжского.

Варьируя, материал связующего и наполнителя, на основе базальтового волокна можно
получить продукты с максимально подходящими для конкретного применения и свойствами, в
связи с тем, что для армирования бетонов с применением базальопластиковой арматурой
необходима высокая прочность армирующих стержней, при большом числе циклов растяжения
сжатия, а также и знакопеременных поперечных сил с учетом динамики, подбору таких
материалов в сочетаний с бетоном предавалось особое значение.

В институтах КиевЗНИЭП и КИСИ проводились исследования с целью выявления
взаимодействия цементного камня (бетонов) и базальтового волокна, а также создания
эффективных бетонных конструкций, армированных базалтопластиковой арматурой. На первом
этапе для создания предварительного напряжения в бетонных балках был создан специальный
стенд (см. фото 1), с помощью которого предварительное напряжение в конструкциях бетонных
балок, армированных БПА, создавались без применения домкратов для натяжения арматурных
стержней. На следующем этапе, для создания предварительного напряжения, мы  применяли
быстросхватывающиеся и быстротвердеющие напрягающие цементы НЦ-20 [11,12].НЦ-20 по
сравнению с обычным портландцементом, отличается низкой водонепроницаемостью и
устойчивостью к морозу и агрессивным средам, начинает увеличиваться в объеме в процессе
твердения, что позволило получить предварительно напряженные конструкции, без применения
домкратов и каких-либо других механизмов.
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Необходимо отметить, что НЦ марки 20 (ГОСТ 101785, «Б» – быстротвердеющий состав)
является цементом, полностью компенсирующим усадку бетона и создающим
предварительные напряжения в конструкциях. Показатели расширения и прочность на
растяжение выше, чем у растворов на основе обычного портландцемента. Давление воды,
выдерживаемое бетоном с добавлением НЦ 20, может достигать 20 атмосфер, морозостойкость
– до 1500 циклов.

Эффект предварительного напряжения бетонных балок, армированных БПА, должен
наступить  вследствие расширения бетонной смеси, однако каковы будут коэффициенты
сцепления и эффект предварительно-напряженных бетонных элементов конструкций и др.
характеристик при совместной работе, до этого момента прежде никем не проводились.

2. Результаты теоретических и экспериментальных исследований
предварительно-напряженных бетонных балок и шпалс учетом

особенностей их армирования БПА
Предварительно-напряженные в бетонных элементах на первых порах создавались на основе

применения самодельных механических установок, см. фото 1,2.

Проведенные  многочисленные исследования  подтвердили, что прилипание бетона к БПА
меньше, чем прилипание бетона к  стальной арматуре [4-8, 13-30].Поэтому фактору зацепления
при сцеплении БПА арматуры с бетоном должна отводиться еще большая роль и внимание, чем
при сцеплении с бетоном стальной арматуры. В связи с этим и были проведены многочисленные
исследования. См. Фото 3,4,5 и 6.

`
Фото. 3. Результат экспериментального исследования: распределение контактных и других напряжений  вдоль
контактной линии БПА при усадке, без оплеточной нити (Исследования проводились в закрытой лаборатории

завода «БОЛЬШЕВИК» 1988г.).

Фото 1. Экспериментальная установка для создания
предварительно напряженных бетонных
балок (типа шпал) армированных БПА.

Фото 2. Экспериментальная установка для создания
предварительно напряженных бетонных балок

(типа шпал) армированных БПА.
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Фото. 4. Разные  варианты  создания гофрированной  поверхности  для БПА, на основе применения оплеточной
нити, для создания повышенного сцепления с бетоном.

На основании проведенных теоретических и экспериментальных  исследований  получены
параметры эффективного по сцеплению с бетоном профиля базальтопластиковой арматуры.
Таким профилем базальто-пластиковой арматуры Ф3-6 мм является профиль, созданный
стеклонитью НС-75/6 (мы заменили стеклонити базальтовым волокном)  при навивке ее на
сердечник с шагом 2,2 мм и усилием нити 0,1-0,2 кгс.

Фото. 5,6. Результат экспериментального исследования: распределение контактных напряжений  вдоль
контактной линии БПА при усадке и при расширении цементов (в данном эксперименте БПА с оплеточной
нитью). На фото хорошо видна существенная концентрация напряжений на поверхности БП арматуры, по

сравнению с предыдущим экспериментом (исследования проводились в закрытой лаборатории завода
«БОЛЬШЕВИК» 1988г.).

Экспериментами установлено, как влияет на распределение напряжений вдоль контактной
линии базальтопластиковой арматуры без оплеточной нити и с применением оплеточной нити с
разным шагом. Изменение глубины вмятин при увеличении шага оплеточной нити приведено на
рис. 1.  Нами было установлено, что наличие оплеточной нити и вмятин на поверхности БПА
намного увеличивает сцепление базальтопластиковой арматуры с бетоном, а позже получено,
что увеличение составляет в 4-5 раз.

Диаграмма «напряжение-деформация» БПА, полученная при таком способе производства
практически прямолинейна вплоть до разрыва (см. рис. 1.). Однако приведенные данные
являются экспериментальными и подлежат дальнейшим уточнениям, с учетом особенностей
содержания волокна и связующего. Однаковажным является тот факт,  что диаметр
существенно влияет на значение временного сопротивления  БП арматуры, и чем тоньше
арматура, тем выше ее прочность. Дальнейшее исследования подтвердили, что БПА с
оплеточной  нитью имеют более высокие анкерирующие свойства в бетонной среде.
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Теоретические исследования проводились с применением разных современных численных
методов, реализованных в программных комплексах [30-34].

Рис. 1. Влияние диаметра БПА на прочность при разрыве вр, МПа /напряжение при растяжении/вр,
МПа

Рис. 2. Зависимость относительного удлинения  от напряжений  для:
1-БПА;  2-холоднотянутой стали; 3-высокопрочных канатов;  4-стали с высоким пределом текучести.

Проведенные  многочисленные исследования  подтверждают, что прилипание бетона к
базальтопластиковой арматуре меньше, чем  прилипание бетона к  стальной арматуре. Поэтому
фактору должна отводиться еще большая роль и внимание, чем при сцеплении с бетоном
стальной арматуры. Изменение глубины вмятин при увеличении шага оплеточной нити было
подтверждено на основе многих исследований ( рис.3.).

Рис.  3. Влияние глубины вмятин при увеличении шага оплеточнойнити и смещение арматурного стержня БПА
в бетоне в зависимости:а – глубина вмятин;  в – шаг оплеточной нити.
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При анализе результатов испытаний нами установлено, что наиболее высокие показатели
сцеплении БПА и бетонов, изготовленных с применением НЦ-20, получили образцы БПА,
имеющие,  обмотку с нитями, расположенными под углом 45 градусов к оси арматуры.

Модуль упругости Eа однонаправленного композитного армирования (в том числе
базальтопластикового) под напряжением можно рассчитать по формуле:

Eр. бп = EабFст + EсFс (1)
где:Eа и Eс - соответственно модуль упругости для растягивания волокна и связующего;

Fст и Fс - объемное содержание базальтопластика и связующего в композите.
А напряжение в сечении самой арматуры необходимо определять по следующей формуле:

σ=V1E1 Ɛ1 +V2E2 Ɛ2 (2)
где:V1– соответственно объем упругости для растяжения базальтового волокна и связующего;

Еа - соответственно модуль упругости для растягивания волокна и связующего;
Ɛ1 - Соответственно, Fст и Fс - объемное содержание базальтопластика и связующего,  в

композите.
Бетонные шпалы [9,10] могут армироваться  стержневой базальтопластиковой арматурой

периодического профиля. Кратковременная прочность и влияние диаметра  на  прочностные
показатели представлены на рис.1. Эти показатели отвечают опытным исследованиям. Однако
для расчета конструкций на длительную нагрузку расчетную прочность БПА  принимаем равно:

R=18000 =13950 кг/см2,                         (3)
где,   коэффициент =0.65  учитывает падение прочности во времени.
Учитывая, что промышленное производство базальтопластиковой арматуры только

налаживается и стандарты на ее характеристики пока не разработаны, надо считать значение
коэффициента 0,65 оправданным.

Модуль упругости БПА 650000-750000кг/см2; коэффициент длительности –0,65;
деформационный временный коэффициент –0,85-0,9.

Расчетные характеристики бетона: Rдл=320 кг/см2; Едл =  25E4 кг/см2.
Диаметр арматуры существенно влияет на значение временного сопротивления

базальтопластиковой арматуры. Чем тоньше арматура, тем выше ее прочность. Прочность
арматуры диаметром 3 мм достигает 1900 МПа, а диаметром 10 мм -только 1200 МПа. Поэтому
с увеличением диаметра БПА  требуется повышенное ее содержание в конструкциях, что ведет к
удорожанию конструкций.

Данные для расчета получены на основании исследований опытных образцов конструкций с
БП арматурой периодического профиля, изготовленной методом протяжки.

Диаграмма «напряжение-деформация» БПА   практически прямолинейна вплоть до разрыва,
независимо от диаметра арматурных стержней.

(вр,
0C /вр, 20

0)100, %

Рис. 4. Снижение прочности БПА арматуры при пропаривании
Испытание балок проводилось на специальной установке, смонтированной на силовом полу

(см. рис.1.2). Всего были изготовлены и испытаны 4 бетонные балок с одинаковой геометрией,
но с разными процентами армирования. Результаты проведенных экспериментальных
исследований с разными процентами армирования балки и разными значениями
предварительных напряжений представлены в виде диаграмм (см. рис. 2,3).
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Цемент НЦ марки 20 (ГОСТ 101785, «Б» – быстротвердеющий состав) является цементом,
полностью компенсирующим усадку бетона и создающим  минимальные предварительные
напряжения в конструкциях.Показатели расширения и прочность на растяжение выше, чем у
растворов на основе обычного портландцемента. Давление воды, выдерживаемое бетоном с
добавлением НЦ 20, может достигать 20 атмосфер, морозостойкость – до 1500 циклов. Следует
также отметить, что цементы В.В.Михайлова [11,12,37] и не оказывают отрицательное влияние
на потерю прочности базальтового волокна при  твердении.

Эффект предварительного напряжения базальтопластиковой арматуры должен наступить
вследствие расширения бетонной смеси, однако каковы будут коэффициенты сцепления и
эффект преднапряжений конструкций при совместной работе до этого момента прежде не
проводились. При расширении бетона с арматурой и при сцеплении растягивающая  сила
должна составить 25-30 кгс/см 2.

Эксперимент проходил до разрушения каждого  образца. Сила, действующая на испытуемый
элемент, прикладывалась ступенчато. Первые ступени нагрузки равнялись 15 процентам от
теоретического момента трещинообразования. При достижении нагрузки, соответствующей
теоретическому моменту трещинообразования, ступень нагрузки уменьшалась до 5% от
теоретического момента трещинообразования до достижения 50% теоретического
разрушающего момента. Далее ступень приложения нагрузки увеличивалась до 10% от
теоретической разрушающей нагрузки, вплоть до разрушения образца.

После каждой ступени нагружения приложенной в третях пролёта (см рис.2)
самонапряженной  балки снимались показания измерительных приборов, оценивался характер и
величина деформаций и ширина раскрытия трещин. Для измерения прогибов балки на двух ее
опорах и в середине пролета были установлены три индикатора часового типа. Деформации в
крайних волокнах бетона определялись с помощью тензометрических датчиков. Датчикибыли
установлены вдоль линий, соединяющих точки приложения нагрузки и точки опоры
испытуемых образцов. Датчики были наклеены на балку перпендикулярно направлению
возможных наклонных трещин для оценки главных растягивающих деформаций и для
фиксирования соответствующего напряжения в бетоне и для определения опытным путем
момента образования наклонной трещины. Испытания проводились пока самонапряжённые
балки не исчерпали несущую способность (до разрушения).На рис. 2, 3 представлены
зависимость нагрузки и деформаций самонапряженных балок, армированных
базальтопластиковой арматурой.
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На рис. 2 и 3 представлены схема армирования и нагружения самонапряженных бетонных
балок и зависимость нагрузки и деформаций балок, армированных с разным процентом
базальтопластиковой арматурой.

С целью уточнения экспериментальных результатов и получения  подробного значения
распределения деформаций и напряжений самонапряженных бетонных балок, армированных
базальтопластиковой арматурой, проведен анализ на основе компьютерного моделирования с
применением вычислительного комплекса “ЛИРА САПР” [34,35,36], учитывающий
особенности нелинейного деформирования материалов.  Полученные результаты дали
возможность проведения для анализа напряжённо-деформированного состояния
преднапряженных бетонных шпал, ГОСТ 10629-88 [10], и сопоставления эффективности
армирования бетонных шпал, как на основе применения  высокопрочных канатов, так и с
применением базальтопластиковой арматуры.

Рис. 5. Распределение деформаций и напряжений самонапряженных бетонных балок при компьютерном
моделировании на основе применения вычислительного комплекса “ЛИРА САПР”, на основе напрягающих

цементов и армированных с разным процентом базальтопластиковой арматуры в упругой стадии.

Рис. 6. Распределение усилий Mz, Qz. самонапряженных бетонных шпал, ГОСТ 10629-88, армированных
базальтпластиковой арматурой в упругой стадии. Компьютерное моделирование выполнено на основе

применения вычислительного комплекса ЛИРА САПР.
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После проведенных теоретических и экспериментальных исследований нами разработаны
предложения с целью замены металлических проволок для армирования  предварительно
напряженных шпал БПА арматурой. см. Рис. 7.

Рис.  7. Шпалы ж/бетонные, ГОСТ 10629-88, предварительно напряженные для железных дорог колеи 1520 мм,
изготовленные в соответствии с требованиями СТ РК 1447-2005 и в случае замены стальных проволок с БПА

арматурой.
Ориентировочный расход основных материалов: БПА  Ф 4 мм.
Вес Q=3,1415х0,0022х2=25,1 гр/м;   1 кг ф 4 БПА – 38,5 м; 1,29кг =  50 м;
Расход ар-ры на одну шпалу:
Вариант 1.  0,0251х2,7х20=1,35 кг, а с учетом отходов 1,5 кг.
Вариант 2.  0,0251х2,7х24=1,63 кг, с учетом отходов 2,0 кг;

При необходимости бетонные конструкции, армированные  БПА можно пропаривать по
идентичному режиму (2+6+2) пропаривания  железобетонных  конструкций. При этом, как
видно из  представленного графика (рис. 2.) следует, что пропаривать конструкции с
базальтопластиковой  арматурой целесообразно при низких температурах  пара,  например, не
более 600С.

3. ПОСЛЕСЛОВИЕ
Специалистам хорошо известно, что широкое использование предварительно-напряженных

бетонных элементов открывает значительные возможности для снижения расхода стали в
строительстве. Это может быть достигнуто главным образом за счет уменьшения
металлоемкости ряда железобетонных несущих и ограждающих конструкций, уменьшением их
веса, а также путем замены металлических конструкций железобетонными.

Одна из наиболее трудоемких технологических операций при производстве предварительно
напряженных железобетонных изделий - это укладка и натяжение стержней. Поэтому имеет
смысл большее внимание уделить разработке различных предсамонапряженных
железобетонных конструкций, в которых комплексно используются натяжение высокопрочной
базальтопластиковой арматуры на основе применения напрягающих цементов и преимущества
напрягающего бетона по сравнению с механическим или электромеханическим  натяжением.

Внедрение любых новых или отличных от традиционно применяемых строительных
технологий всегда встречает определенное сопротивление со стороны проектировщиков,
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строителей и инвесторов.  Это вызвано также отсутствием нормативно технической базы,
необходимость разработки которой также очевидна.

Потребности в новом капитальном строительстве огромны, но и строить надо в соответствии с
современными требованиями, т. е. с применением современных технологий, оборудования и
материалов.

Мы надеемся, что производство строительных материалов, как и строительный процесс в целом, в
конечном итоге выйдут на необходимый современный уровень применения конструкций с
предварительно-напряженных бетонным элементом на основе применения БПА. Нет сомнения, что
развитие производства предварительно напряженного бетона с применением напрягающих цементов
необходимо для дальнейшего совершенствования  капитального строительства, как одной из
важнейших отраслей страны.

Применение БПА и базальтофибробетонов для армирования преднапряженных бетонных шпал
позволит сократить сметную стоимость в результате снижения расхода материалов (в частности,
высокопрочных сталей и бетона) и следовательно снизит материалоемкость и энергоемкость
производств и позволит внедрению новых прогрессивных решений.

4. Выводы  и  рекомендации
Проведенные   теоретические  и экспериментальные исследования

дают   основание   сделать следующие выводы:
 Благодаря неустанному труду учёных из Киева родилась новая отрасль производства непрерывного

волокна из базальтового камня, БПА, базальтопластиков разной формы и назначения и др, не
имеющая аналогов в мире того времени. Технология проста, уже исследованные запасы базальтового
камня,  только в одной Грузии оцениваются в несколько десятков миллионов м 3 ;

 Использование БПА и  напрягающих бетонов даёт возможность получить материалы не только
безметальные, но и имеющие качественно новые более высокие характеристики, позволяющие
увеличить срок службы конструкций, используемых в агрессивной среде, снизить металлоемкость
конструкций, их вес, стоимость и соответственно трудоемкость строительства. Такие конструкции
обладают более высокой механической прочностью, коррозионной стойкостью, теплозащитными и
диэлектрическими  свойствами, немагнитны и радиопрозрачны;

 Прочность БПА вполне достаточна для обеспечения требуемой несущей способности бетонных шпал,
в которых в качестве преднапряженной арматуры предполагается использование БПА;

 Результаты сопоставления полученных значений по предложенной методике,  по методике СНиП 11-
21-85 и по компьютерному моделированию для определения напряженно-деформированного
состояния конструкций отличаются в среднем на 15-20%;

 Использование напрягающего цемента с малой энергией расширения для создания преднапряженных
конструкций нужно считать малоэффективным, т.к. разрушение балок происходит до достижения
предельных значений в базальтопластиковой арматуре, наиболее целесообразным могут быть
применение напрягающих цементов НЦ-40 или выше в сочетании с базальтофибробетоном;

 Применение базальтопластиковой арматуры и базальтофибробетона, может дать заметный
экономический эффект при армировании бетонных шпал за счет:
 увеличения срока службы шпал, что приведет к уменьшению стоимости,
 конструкции на единицу эксплуатационного времени;
 увеличения межремонтного цикла конструкций;
 уменьшения эксплуатационных расходов на ремонт конструкций;
 снижения массы и расход материалов (бетона и арматуры) конструкции;
 увеличения несущей способности конструкций в целом, за счет высокой прочности.

PS. Завершенную диссертационную работу “Армирование бетонов на основе применения
базальтопластиковой арматурой”, не разрешили защитить в Киеве (без разрешения спец органов),
поэтому рекомендовали завершенную работу, доложить на специальном совете в г. Москве в
институте «НИИЖБ». На защите, и 22-23 апреля 1986г. председательствовал, д.т.н., проф.
Н.И.Карпенко. Присутствовали как ученые НИИЖБ-а, также приглашённые специалисты из
других институтов. После двухдневного обсуждения вынесли вердикт: автореферат диссертации в
открытой печати не разрешить!!. Все теоретические и экспериментальные исследования,
приведенные в работе диссертаций, были проведены за свой счет без финансирования
государством!!!!
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Tbilisis ganviTarebis perspeqtiuli generaluri gegma da
menejmenturi TvalsazrisiT misi sasicoxclo problmebi

r. maxvilaZe, e. qristesiaSvili, n. qarqaSaZe
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0160,

Tbilisi, kostavas 77)
reziume. statiaSi ganixileba TbilisisaTvis 2019 wels damtkicebuli
ganviTarebis generaluri gegmis sakiTxebi, kerZod sacxrovrebeli da
sawarmoo obieqtebis mSeneblobisa, agreTve mosaxleobis SromiTi da
dasaqmebis Sesaxeb. verc perspeqtiuli ganviTarebis gegma ver
ganxorcieldeba mxolod saqalaqo anu Tbilisis meriis gankargulebaSi
myofi miwebis xarjze. samrewvelo zonebSi da yofil qarxana-fabrikebis
teritoriebze maT mflobelobaSi arsebuli miwebis statusis Secvlam
didubis, naZaladevis, isnisa da sxva teritoriulad proletaruli
raionebi sacxovrebel dasaxlebebad aqcia. aseve ramdenime warmatebuli da
Tanamedrove qarxana-fabrikis demontaJi ganxorcieldeba saburaTaloze,
diRomSi, gldansa da sxva raionebSi.
sakvanZo sityvebi: qalaqi Tbilisi;generaluri gegma; arasasofl-sameurneo
miwebi; sasoflo-sameurneo asawyobi betonis msxvili blokuri kedlebiTa
da rkinebtonis Rrutaniani filebiT gadaxuruli Senobebi; mtvrovani
qviSnari; sarezervo teritoriebi; sacxovrebeli ganaSenianeba; sawarmoo
zonebi.

1. Sesavali
msoflios udidesi qalaqebi - parizi, madridi da sxva da dasaxlebuli

punqtebi maTTvis saukuneebis win istoriulad gamoyofil sazRvrebSi anu
maTTvis mikuTvnebuli `saqalaqo miwebis” farglebSi viTardebian Zveli
amortizebuli an vargisi obieqtebis demontaJisa da maT adgilze meti
sarTulianobisa da farTobebis mqone Senobebis mSeneblobis gziT.

aRniSnuli sad ra idga da ra aSenda parizSi, kargad aris dasabuTebuli
da prozaulad aRwerili cnobili mwerlis aleqsandre diumas
saTavgadasavlo romanebSi meTvramete da mecxramete saukuneebis mijnaze.

aseve saiterosodaa gadmocemuli qalaq Tbilisis aRmSeneblobis periodi,
me-19 saukunis ormocian wlebSi mwerlis nikoloz gabaonis romanSi `aivnis
qlaqi” (ibeWdeboda JurnalSi `gza” 2017 wlis periodSi, gamocemulia calke
wignadac). aRwerilia romeli mefis an memamulis nakveTebze gaikafa msxmoiare
baRebi da maT adgilas aigo evropuli tipis sacxovrebeli saxlebi Siga
qarTuli (italiuri) tipis ezoebiT.

Tanamedrove sacxovrebelgaremoSi qlaqis gegmarebisas mTavaria sxva
Tanamedrove problemebis gansazRvraca da gadawyvetac.

unda gvaxsovdes, rom qlaqlebis aRmSeneblobis xeli ewyoba fabrika-
qarxnebSi mosaxleobis dasaqmebasda maTi raodenobac paralelurad izrdeba
axal sawarmoebSi vakansiebis gaCeniT.

2. ZiriTadi nawili
q. Tbilisis sakrebulom ramdenjerme ganixila da 3 wlis ganmavlobaSi

mravaljeradi koreqtirebis Semdeg daamtkica dedaqalqis ganviTarebis
generaluri gegma. generalurma gegmam unda daareguliros qalqis urbanuli
ganviTarebis mimarTulebebi, calkeuli samosaxlo ubnebis satransporto
qselebi, sarTulianoba da sxva Tamdevi sakiTxebi. Cveni TvalTaxedviT
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mosaxleobis dasaqmebis sakiTxebianu mosaxleobiT dasaxlebul raionebad
iqca. aseTi qalaqmSeneblobiTi politikiT Tbiliss ekargeba sawarmoo
seqciaSi mosaxleobis dasqmebis perspeqtiva, piriqiT aRdgena an maTSi axali
Tanamedrove teqnologiuri procesebiT aRWurvili sawarmoebis gaxsna.

amJamad yvelgan sofladac, saagarako adgilebzec, qalaqebSic praqtikulad
gamorCeuli da dizainiT mdidrulad Semkuli dabali da maRalsarTuliani
Senobebi igeba. amitomac Tanamedrove moTxovnilebebma qalqur yofaSi ufro
metad gaidga fesvebi, saqalaqo miwebis sazRvrebis gafarToeba momijnave
dasaxlebebis xarjze mepatroneebTan molaparakebis gziT, procedurulad
rTuli gadasalaxavia maTi gzrdili moTxovnilebebisa da pretenziulobis
gamo.

amJamad dedaqalaqis ganviTarebis samrewvelo potenciali gansazRvruli
arc aris, rac iwvevs mis saxelmwifoebriv daniSnulebas. ori da meti milioni
adamianiT dasaxlebul qalaqSi pensionerebisa da bavSvebis CauTvlelad 40%
raodenobis mosaxleze samuSao adgilebi unda gaCndes. mosaxleobis zrdas
qalaqebSiyovelTvis uswrebda mrewvelobaSi dasaqmebuli adamianebis
warmoebis dislokaciis siaxloves momuSaveTa ojaxebiT dasaxlebis
aucilebloba. magaliTad, qalaq baTumSi mosaxleobis zrdas xeli Seuwyo
baqo-baTumis navTobsadenis gayvanam, mis siaxloves ki navTobgadamamuSavebeli
qarxnis Seqmnam da navTobis eqsportma gemebiT. WiaTura da tyibuli patara
soflebidan qalaqebad gardaiqmnen marganecisa da qvanaxSiris maRaroebSi
meSaxteebis okaxebiT dasaxlebis pirobebSi, qalaqi rusTavic metalurgiuli
da sxva sawarmoebis eqspluataciaSi Seyvanam Camoayaliba indistriul
qalaqad.

q. Tbilisis merma, batonma kaxi kalaZem daanonsa gasuli saukunis samocian
wlebSi varkeTilis mikroraionebSi oTx-xuToTaxiani asawyobi betonis
msxvili blokebiTa da rkinabetonis Rrutaniani filebiT agebuli
sacxovrebeli saxlebis demontaJisa da maTi mravasarTuliani sacxovrebeli
saxlebiT Canacvlebis survili. aRniSnuli sacxovrebeli saxlebis
saeqspluatacio avkargianobidan gamomdinare maTi demontaJis sakiTxebi sul
ufro aqtualuri xdeba, Tumca moqmedi samSeneblo normebisa da wesebis [1]
agreTve teqnikuri literaturis wyaroebze dayrdobiT [2,3,4,5] kapitalurobis
xarisxiTa da maCveneblebiT saeqspluatacio periodi jer ar gasvliaT.
samSeneblo kanonmdeblobiT betonis msxvilblokiani kedlebiT amoyavanili
darkinabetonis filebiT gadaxuruli sacxovrebeli saxlebis xanmedegoba 150
welia. saxelmwifo uwyebebis mier mosaxleobis informireba, rom sabWoTa
mTavrobam kapitaluri Senoba 25 wlis vadiT aaSena arasworia da piaris
elementebs Seicavs.

aseve normativebSi mecnierul donezea Camoyalibebuli da dasabuTebuli
nebismieri Senobis Semadgeneli konstruqciuli elementebis xanmedegobis
maCveneblebic, cxadia SenobaTa saTanado doneze eqspluataciisa da movla-
patronobis pirobebSi, maT Soris ZiriTadia saxuravidan wyali ar unda
Cadiodes, ar unda hqondes adgili saZirkvlebSi wylebis Cadenebas, sardafis
datborvas, kedlebSi wylis kapilarul Sewovas, kedlebis danestianebas iribi
wvimis zegavleniT (rac xSiria dasavleT saqarTvelos
zRvispireTSi,gansakuTrebiT baTumSi) da sxva mizezebiTac. saburTaloze,
diRomSi, varkeTilsa da Tbilisis sxva ubnebSi `xurSCovkebi” aSenda 1957-1962
wlebSi, momdevno wlebSi 1972 wlamde gaumjobesebuli gegmarebiTa da Weramde
2,7 metri simaRliT 8 sarTuliani sacxovrebeli saxlebi aigo. arqiteqturuli
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gegmarebiT `xruSCovkebs” sardafebi ar gaaCniaT, sveli wertilebidan
wyalsaden-kanalizaciisa da Tboqselebis vertikaluri dgarebisaTvis pirveli
sarTulebis qveS 1,5 metri CarRmavebis sivrcea datovebuli, saidanac xdeba
maTi ezoSi gamoyvana da gare sainJinro komunikaciebis saTvalTvalo WerSi
CarTva. aRniSnulis gamo dazianebebis fiqsirebac droulad ver xdeba.
aRniSnuli komunikaciebis dazianebebi iwvevda da amJamadac iwvevs saZirkvelSi
wylis Cadinebas, fuZe-gruntebis darbilebas, rac, cxadia, SenobaTa
daproeqtebis win sainJinro-geologiur kvlevebSi dafiqsirebulic ar iyo.

varkeTilSi reliefis donidan 10 metris siRmeze liTologiur Wrilsi
ZiriTadad mSrali mtvrovani Tixnarebi fiqsirdeba. daxurul garemoSi
saZirkvlebSi wylis modinebis pirobebSi mtvrovani Tixnari fuvdeba, misi
gamoSroba aRar xdeba, fuZe-grunti TandaTanobiT rbildeba, rac iwvevs
Senobebis jdenas, kedlebsa da tixrebSi dazianebebis gaCenas, iatakebis
gadaxras kar-fanjrebis gadaWedvasa da sxva Tanamdev movlenebs.

aRniSnulis gamo, varkeTilis masivSi aseTi saxlebis umetesoba
kompetenturma komisiebma avariulad CaTvales, ris gamoc sabWoTa
xelisuflebam eqspluataciidan 8-10 weliwadSi 40 saxlis mosaxleoba
ganasaxla Temqis axal aSenebul saxlebSi da moaxdina avariuli saxlebis
demotaJi.

maT adgilze mokle periodSi aigo 13-16-20 sarTuliani sacxovrebeli
saxlebi. maTi dafuZneba ganxorcielda rkinabetonis filebze. TiTqos
yvelaferi wesrigSi iyo, magram ramodenime weliwadSi maTac jdena ganicades,
Senobebi gadaixara, kar-fanjrebi gaiWeda, Seiqmna avariuli situaciebi. aseT
sacxovrebeli saxlebis TiTo sadarbazoSi 60-ze meti ojaxi cxovrobs, kerZo
sakuTrebis pirobebSi mosaxleobas ar ZaluZs didi masStabebis
gasaZlierebel-sarekonstruqcio samuSaoTa Catareba. saxelmwifo iZulebuli
gaxda mravalsarTuliani sacxovrebeli saxlebis konstruqciul mdgradobaSi
mosayvanad soluduri Tanxebi gaeRo. magaliTad, varkeTilis IIIa mikroraionSi
#430 korpusis sarekonstruqcio samuSaoebi Tbilisis meriis dafinansebiT
Catarda 462 aTasi lari dajda. sacxovrebeli farTobi 6462m2-ia.

aRniSnul obieqtze avariuli Senobis konstruqciuli Sefasebisa da mis
safuZvelze Sesasrulebeli sarekonstruqcio samuSaoTa dadgenis saWiroebiT
Sps `monoliTmSenma” (direqtori guram gedevaniSvili) winaswar gamoikvlia
Senobis qveS fuZe-gtuntebis sainJinro-geologiuri pirobebi gamokvleva, TviT
sacxovrebeli saxlis teqnikuri diagnostika, moaxdina arsebuli mdgomareobis
samecniero da sainJinro Sefasebac, Seiqmna saproeqto saxarjTaRricxvo
dokumentacia, Catarda maTi eqspertizac.

sabazroekonomikis safuZvlebSi garkveuli pirovneba mixvdeba, rom kerZo
sakuTrebis pirobebSi saxelmwifo valdebuli ar aris Caataros aseTi
samuSaoebis Catarebaze da cxadia saxelmwifoSi mosaxleobis socialuri
mdgomareobebis gaumjobesebis kvaldakval momavalSi aseTi dotaciebi aRar
unda ganxorciledes. Tumca Tbilisis 2019 wlis biujetSi analogiur
gasamagrebel samuSaoTa Catarebaze milioni laria gaTvaliswinebuli.

zemoT aRniSnulidan gamomdinare Tbilisis meriis mcdeloba investiciebis
mozidviT ganxorcieldes avariuli Senobebis Canacvleba dadebiT RonisZiebad
unda Sefasedes. msxvilblokovan 4-5 sarTuliani sacxovrebeli saxlebis
yovel sadarbazoSi 12 an 15 erT, or da sam oTxoTaxiani binebia.

statiisaTvis masalebis Segrovebis periodSi aRmovaCineT Tbilisis meriis
arqiteqturis samsaxuris 2017 wlis 4 dekembris brZaneba №3714765 q. TbilisSi
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varkeTilis dasaxlebaSi, masivi III, kvartali VII, korpusi 10, romliTac
Tanxmobaa gacemuli avariuli oTxsarTuliani msxilblokovani sacxovrebeli
saxlis agebaze. sk 01.19.20.024.005 miwis nakveTis farTobia 1620m2, moSenebisa
1096m2, saerTo farTobi 13822m2, sacxovrebeli farTobi 8863,2m2, miwaSi or
doneze CaRmavebuli avtosadgomebisa 1620m2_ I sarTulze ewyoba komerciuli
saTavsebi 420m2. cxadia adgilze misvliT gavecaniTmSeneblobis mimdinareobas,
amoyvanili iyo 5 sarTulis karkasis mzidi konstruqciebi, paralelurad
mimdinareobda Senobis konturze TviTmzidi kedlebis amoyvana, aivnis
moajirebis mowyoba da metaloplastmasis kar-janjrebis Casma.

gavesaubreT Sps `vi.vi.ew. kompaniis” (406126133  damfuZnebels baton vladimer
gelaSvils mosaxleobasTan dadebuli xelSekrulebebiT mSeneblobis
dasruleba gaTvaliswinebulia Zira II-V sarTulzebze, danarCeni TerTemeti
sarTuli komperciul pirvel sarTulTan erTad gaiyideba, rac srulad
akmayofilebs mSeneblobasTan dakavSirebul biznes interesebs.

batoni vladimer gelaSvilis dadebiTadaa ganwyobili. gansaxorcielebeli
proeqtis mixedviT TeqvsmetsarTuliani sacxovrebeli saxlis mSeneblobis
dasrulebis Semdeg mosalodneli dividendebiT mzaddeba axali saproeqto
dokumentacia analogiuri mSeneblobis gansaxorcieleblad.

aseve gavecaniT sainJinro-geologiur daskvnasa da konstruqciul
dokumentacias gavesaubreT mTavar konstruqtors, baton nugzar Selias.
sainJinro-geologiuri gamokvlevebiT 0,7 metramde nayari gruntia, momdevno 5,4
metri simZlavriT mSrali mtvriani Tixnaria kenWebis, xreSisa da xvinWis
CanarTebiT, Semdeg 1,6 metri simZlavris Txel da saSualo Sreebrivi
gamofituli qviSaqvebis, argilitebisa da Tixafiqlebis morigeobaa pirobiT
saangariSo winaRobiT R0=4,5kgm/sm2. bolo gamosakvlevi fena sge-4 analogiuri
sustad gamokveTili gamofitulobiT.

zemoT aRniSnulidan gamomdinare, wertilovan-lenturi tipis saZirkvlebi
eyrdnoba sge-4 fenas. Zira minus me-2 sarTulis avtosadgomis iataki niSnulze
minus 8 metri (absoluturi 438,2 metri) ewyoba 40 sm sisqis datkepnil
gamkvrivebul xreSze dafenil 8 sm sisqis betonis mosworebul fenasa da 12
sm sisiqis rkinabetonis iatakze, rac misaRebi variantia, Tumca Cveni
mosazrebiT ajobebda betonis mosworebeli fenis Semdeg zemodan angariSiT 1-
1.2 metri sisqiT mowyoba, rac dazogavda saZirkvlebisa da miwaSi
CaRrmavebuli ori sarTulis mowyobas SromiT danaxarjebs, Seamcirebda
mSeneblobis vadebsac da saeqspluatacio TvalsazrisiT saemedod daicavda
avtosadgomebs SesaZlo datvirTvisagan, qalaqur garemoSi gruntis wylebis
savaraudo gaCenisagan `zRvis” wylebiT gamokvleul koridorebSi sxvadasxva
obieqtze modinebebis gamo.

samwuxarod konstruqtorebi da xarjTaRmricxvelebi ekonomikur
efeqturobas angariSoben imavdrouli ekonomikuri SedarebiT. menejmenturi
TvalsazrisiT sasurvelia saeqspluatacio saimedoobis ekonomikuri
efeqturobis maCveneblebiT xelmZRvaneloba yovelgvari mosalonedli
uaryofiTi gamovlinebebis gareSe.

varkeTiliseburi uaryofiTi gamovlinebebi Tbilisis sxva raionebSi
`xruSCovkebis” eqspluataciis 60 wlis periodSi arsad dafiqsirebula,
mravali maTgani mcxovrebTa ZalisxmeviT (miSenebebisa) da daSenebebis
ganxorcilebeiT keTilmoewyo da SedarebiT komfortulic gaxda, mravali
Senobis saxuravze daaSenes `samtredeebad” wodebuli liTonis
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konstruqciebiT awyobili binebi. aRniSnulis gamo maTi sacxovrebeli
farTobebi amJamad mniSvnelovnadaa gazrdili.

`xruSCovkebis” demontaJi masobrivad moxda moskovSi, ruseTis sxva
qalaqebSic, mopovebuli informaciiT germaniis yofili demokraiuli
respublikis qlaqebSi federaciulTan mieTebis Semdeg da sxvaganac.
mobinadreebma miiRes gazrdili da ufro komfortuli sacxovrebeli
farTobebi. yvela qveyana qalaqebSi aRmSeneblobis mimarTulebiT
`xruSCovkebiT” dakavebuli teritoriebis sarezervod ganixilavs.

rogorc aRiniSna qalaqis funqcionirebas gansazRvravs Sromis unaris
mosaxleobis saqmianobac. ganvixiloT Sromisunariani adamianebis dasaqmebis
sakiTxebic. cxadia maTi dasaqmebis areali biujetur organizaciebSi
ramdenime aTasiT Tu ganisazRvreba. ra vuyoT danarCen umuSevars. qarxana-
fabrikebisa da sawarmoo daniSnulebis obieqtebi 20-25 wlis win gauqmda,
teqnologiuri mowyobilobebi jarTad gaiyida, nakveTebs Seecvalad
mikuTvnebuli sameurneo-samewarmeo statusi, moxda maTze ganlagebuli Senoba-
nagebobebis demontaJi da maTze (amJamad) mikuTvnebul arasaoflo-sameurneo
statusiT gamoCekil nakveTebze sacxovrebeli saxlebi aSenda. aRniSnulze
wina gverdebzec aRiniSna. aseTma midgomam Seiwira msoflioSi cnobil
qarxnebsa da fabrikebSi Tbilisis sadgurebidan (avWala, didube, navTluRi da
sxvebi) Semavali rkinigzis Cixebi, romelTa daniSnulebaa sadarbazoebSi
nedleulis Setana da mza produqciis gatana. cxadia msoflio masStabiT
cnobili da maT mier damzadebuli produqcia momxmarebelSi avtoritetiT
sargeblobda, iq momuSave inJiner-teqnikuri da rigiTi personalic
kvalificiuri kadrebiiyo. profesiaTa didi nawili amJamad amovardnilia
moTxovnilebebidan da maT saqarTvelos umaRlesi saswavleblebi  aRarc
amzadeben.

Cvens adgils STamomavloba ikavebs, Cvenc vzrunavT maT keTildReobaze,
xels vuwyobT swavlasa da umaRlesi ganaTlebis miRebaSi, vyidulobT maTTvis
binebs, isini mravldebian, samwuxarod uaxloes wlebSi veRar pouloben
dasaqmebis areali. yvela ministri, deptati, mosamarTle an romelime
mimarTulebis Cinovniki ver gaxdeba, viRacam unda Seqmnas produiqciac,
romelic realizaciis Sedegad biujeturi divlaTis Seqmnas moxmardeba.
sakuTari mzradi biujetis gareSer qveyana saxelmwifod ver Sedgeba, verc
Camouyalibdeba da veRarc ganviTardeba.

amitomac Cndeba SekiTxvebic: risTvis da visTvis vaSenebT, ratom vaSenebT
didi raodenobiT sacxovrebel saxlebs maincdamainc TbilisSi, SromiTi
resursebis mozidvisa da dasaqmebis saWiroebiT ratom ar vaSenebT sawarmoebs
sxva qalaqebSic. qarTveli kacis bunebidan gamomdinare deputatebis
umravlesoba erT Ramesac ar aTevda saparlamento qalaq quTaisSi, ramac
gamoiwvia saparlamento sdxomebis TbilisSi gadmotana da a.S. mizezebi bevria,
xolo ganwyoba pesimisturi. Tu dafiqrebulxarT, roca daviT aRmaSenebelma
didgoris brZolaSi gaimarjva, Tbilisi dedaqalaqad aRavlina, ra moxdeboda
quTaisSi rom ecxovra, miseve TxovniT quTaisSia dakrZaluli. Tanac daibara
yvelam gulze gadamiaroso.

mxatvruli literaturidan mainc viciT, rom ucxoeTSi roca adamiani
samsaxurs sxva qalaqSi Soulobs, ojaxianad gadadis iq, saxldeba da wynar
ojaxur garemoSi mSvidad awyobs Tavis cxovrebas da karieras. qarTvelma
deputatebma TbilisSi unda iZinon da aqedan marTon saqveyno problemebi.
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ormoc-ormocdaaTi wlis win braziliis dedaqalaqi rio-de-Janeirodan
qveynis geografil centrSi axlad gaSenebul qalaq braziliaSi gadaitanes.
ara gvaqvs cnoba, rom mTavroba da parlamenti isev Zvel dedaqalaSi
nebivrobs.

ramdenime Tvis win presaSi daibeWda, rom iranSi Teiranidan dedaqalaqis
gadatana igegmeba.

sxva qveynebSic (iaponiaSi, CineTSi, yazaxeTSi da a.S.) icvleboda
dedaqalaqebis adgilsamyofeli da amiT problemebi arsad Seqmnila.
warmoidgineT stamboli gaxdes TurqeTis dedaqalqi, maSin ankara uceb
daicleba, stamboli ki sacxovreblad gausaZlisi gaxdeba.

Tbilisis ganviTarebis generaluri gegmis damuSaveba-SedgenaSi ZiriTadad
arqiteqtorebi monawileobdnen. sxva specializaciis warmomadgenlebis
aqtiuroba ar SeiniSneboda. gengegmis ganxilvaSi monawile Tbilisis
sakrebulos deputatebi mxolod piariT iyvnen dakavebulebi da samwuxarod
wvrilmani sakiTxebis gadawveya argadawyvetiT agvarebdnen saxelmwifoebriv
problemebs.

gvaviwydeba, rom problemebi gvardeba specialistebis doneze da ara
politikuri debatebis Sedegad. arsebobs moqmedi samSeneblo normebi da
wesebi, mogveTxoveba samSeneblo evrostandartebiTac azrovneba da maTi
cxovrebaSi danergva, maTSi Camowerilicaa da CamoTvlilic ra sWirdeba
nebismieri dasaxlebul qalaqs normaluri funqcionirebisaTvis.

3. daskvna

mosaxleobis mzardi socialur-kulturuli moTxovnilebebis, zegavleniT
msoflio praqtikaSi qalaqlebi da dasaxlebuli punqtebi mudmiv
saxecvlilebas ganicdian. amave dros TviT qalaqis mesveurebic sistematurad
fiqroben qalaqebis teritoriebis racionalurad gamoyenebis gzebze. es
problema gansakuTrebiT mwvaved dgas sabazro ekonomikis mqone qveynebSi,
sadac miwaze kerZo sakuTrebis gamo qalaqebs erTmevaT teritoriuli
gafarToebis saSualeba da iZulebuli xdebian erTgvarad `dasjerdnen”
arsebul teritorias da sivrcis ganviTarebas miscen ara horizontaluri,
aramed vertikaluri xasiaTi. erTis mxriv saqalaqo teritoriebis
SezRuduloba, xolo meores mxriv Tanamedrove moTxovnilebaTa usasrilo
zrda aiZulebs qalaqis mesveurT mudmivad izrunon arsebuli ganaSenianebis
rekonstruqcia-modernizaciaze.
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rkinabetonis elementebis xangamZleobis dadgena
`rkinabetonis rRvevis meqanikis~ meTodebis gamoyenebiT

l. kaxiani, m. kublaSvili, n. nebieriZe, m. TavaZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77,

0160, Tbilisi, saqarTvelo)

reziume. naSromSi ganxilulia sakiTxi rkinabetonis elementebis
xangamZleobis Sesaxeb, romlis dadgena SesaZlebelia mxolod
rkinabetonis rRvevis meqanikis meTodebis gamoyenebiT, sadac
ganxilulia elementis kveTi bzarebiT da masSi arsebuli defeqtebiT
(sicarieleebi), gamoTvlilia bzaris sigrZe, sigane, dadgenilia
rkinabetonis elementis xangamZleoba; Seqmnilia gaangariSebis
programa gamomTvleli manqanisaTvis.
sakvanZo sityvebi: rkinabetoni; rRveva; sixiste; bzari; deformacia;
simtkice; xangamZleoba.

1. Sesavali

rogorc cnobilia, 21-e saukune gamocxadebulia, xarisxis gazrdis saukuned,
rac gulisxmobs ara marto produqtebis xarisxis gazrdas, aramed zogadad
yvela Seqmnili produqtis, nakeTobis da maT Soris mSeneblobis xarisxis
gaumjobeseba.

mSeneblobaSi xarisxis gaumjobesebis sakiTxis Seswavla daiwyo 80-iani
wlebidan, erTdroulad saqarTvelosa da moskovSi. mSeneblobis moculobis
zrda betonis da rkinabetonis xarisxisadmi gazrdilma moTxovnebma,
xangamZleobam, gamoyenebis farTo arem, eqspluataciis pirobebma, betonis da
rkinabetonis rRvevis meqanizmma, mkvlevrebis didi yuradReba miiqcia. moskovis
centralur samecniero-kvleviT institutSi [8, 9, 10], Tbilisis hidroteqnikis
samecniero-kvleviT institutSi [5, 7] da saqarTvelos teqnikur universitetSi
(xidebisa da rkinabetonis konstruqciebis kaTedraze) [1, 5, 7] daiwyo betonis
da rkinabetonis konstruqciebis eqsperimentul-Teoriuli gamokvleva
`rkinabetonis rRvevis meqanikis~ meTodebis gamoyenebiT. Seiqmna literatura
saswavlo da mecnieruli kvlevebis [1, 2, 3, 4, 6] Casatareblad da Sesaswavlad.

2. ZiriTadi nawili
samSeneblo dargi erT-erTia, romelic ganapirobebs saxelmwifos winsvlas.

cnobilia literaturidan, rom Tu qveyanaSi mSenebloba ar viTardeba, is
qveyana ganwirulia daRupvisaTvis. amdenad am dargis ganviTarebisaTvis, misi
xarisxis gasaumjobeseblad saWiroa axali gaangariSebis meTodebis,
konstruqciuli sistemis ganaxleba, romelic xels Seuwyobs xarisxis
gazrdas, momxmareblisaTvis sasurveli komfortuli garemos Seqmnas.

Tanamedrove Senobebis mSenebloba mTel msoflioSi simaRleSi zrdis
tendenciiT gamoirCeva. mciresarTuliani Senobebi ganviTarebul qveynebSi
iSviaTad Sendeba.

did qalaqebSi, sadac ganviTarebulia ekonomika, turizmi, miswrafebaa,
mravalsarTuliani Senobebis mSeneblobisaken, romelic mcire farTobze
Seqmnis sacxovrebel binebs, ofisebs, sastumroebs, savaWro obieqtebs da a.S.
pasuxismgebloba mSeneblobis xarisxze metia. amitom mSeneblobis xarisxs, misi
eqspluataciis periods, aqvs udidesi mniSvneloba.



samecniero-teqnikuri Jurnali ,,mSenebloba“
SCIENTIFIC-TECHNICALJOURNAL,”BUILDING“#2(51), 2019
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ«СТРОИТЕЛЬСТВО»

25

xarisxis gaumjobesebis problema iwyeba elementis gaangariSebisas, rogorc
cnobilia rkinabetoni araerTgvarovani samSeneblo masalaa, misi kveTis raRac
nawili muSaobs kumSvaze da raRac nawili ki gaWimvaze. sadac ganTavsebulia
armatura.

gaWimul zonaSi gamyarebisas Cndeba teqnologiuri bzarebi [2, 3, 4],
sicarieleebi, rac asustebs kveTs, misi simtkice mcirdeba. rkinabetonis
rRvevis meqanika swavlobs bzarian kveTs, bzaris gazrdas, gaxsnis sidides.
bzaris gazrda gaxlavT rRvevis erTaderTi mizezi, rac iwvevs rRvevas [5, 6].
misi zrdis periodi, dro, aris konstruqciis xangamZleoba, rodesac bzari
gaWimuli zonidan miaRwevs SekumSul zonas da moxdeba elementis rRveva,
fragmentacia.

bzaris sigrZis dadgena xdeba Semdegi formuliT [1, 2]:
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(2)formulis amosaxsnelad Sedgenilia programa gamomTvleli manqanisaTvis
da dadgenilia t dro, konstruqciis asaki, romlis Semdegac daiwyeba
elementis rRveva.
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3. daskvna

1. rkinabetonis elementebisagan agebuli nagebobebisaTvis rRvevis drois
dadgena aris umniSvnelovani sakiTxi; magaliTad, hidroeleqtrosadgurebis,
metalurgiuli Tu msubuqi mrewvelobis obieqtebisaTvis, samoqalaqo
SenobebisaTvis.

2. eqspluataciis drois gasvlis Semdeg qarxana, an hidrosadguri, an
sacxovrebeli saxli, daeqvemdebareba kapitalur SekeTebas da Semdeg isev
Cadgeba samuSao reJimSi.

3. eqspluataciis xangrZlivobis codnam SeiZleba gamoricxos Senoba-
nagebobebis gauTvaliswinebeli rRveva.
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xarisxisa da usafrTxoebis roli liTonisa da rkinabetonis
konstruqciebSi

v. cxvariaSvili
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0160,Tbilisi,

kostavas 77)
rezume. statiaSiganxilulia xarisxisa da usafrTxoebis roli liTonisa
da rkina-betonis konstruqciebSi, liTonis konstruqciebSi liTonis
elementebis SeerTebis saSualebebi, liTonis konstruqciebis ZiriTadi
problema – korozia da masTan brZolis meTodebi da saSualebebi, rkina-
betonis konstruqciebis momzadebamde nakeTobis (armaturis) Semowmebis
meTodebi, usafrTxoebis aucilebeli zomebi armaturis karkasis
momzadebis procesSi.
sakvanZo sityvebi: xarisxi; usafrTxoeba; konstruqciebi; problema; meTodi;
saSualeba; gamoyeneba; laboratoria; menejmenti; Semowmeba; rkinabetoni;
liToni; armatura; Senoba; diametri; karkasi; qmedeba; eqsploatacia;
damzadeba; standarti; ganxorcieleba; SemTxveva.

1. Sesavali
msoflioSi es ori, erTmaneTze damokidebuli rgoli xarisxi da
usafrTxoeba gansazRvravs samSeneblo proeqtebis warmatebas, gansakuTrebiT
dReisaTvis iseTi aucilebeli, saWiro da gavrcelebuli konstruqciebis
mowyobisas, rogoricaa liTonisa da rkinabetonis konstruqciebi. zogadad
ganvixiloT am ori rgolis _ xarisxisa da usafrTxoebis roli  zemoT
naxseneb konstruqciebSi.

liTonis konstruqciebma arsebobis periodSi gaiara araerTi safexurebi,
romlebic ZiriTadad dakavSirebulia metalurgiis ganviTarebsTan.

pirveli konstruqciuli elementi rkinis koWebis saxiT jer kidev Zv. w. 432
wels gamoiyena berZenma arqiteqtorma mnesiklem propeleas mSeneblobaSi.

mSeneblobaSi liTonis konstruqciebi damoukidebeli konstruqciebis saxiT
ufro aqtiurad me-17 saukunidan gamoiyeneba, rac dakavSirebulia Tujis
masobrivad gamodnoba_CamosxmasTan.

farTo masStabiT liTonis samSeneblo konstruqciebisgamoyenebasa da
ganviTarebas xeli Seuwyo  foladis gamodnobis aTvisebam da gaglinuli
profilebis Seqmnam.

2. ZiriTadi nawili
foladis konstruqciebisagan Seqmnili originaluri nagebobaaris (1889_1892

ww. msoflio samrewvelo gamofenaze) parizSi aSenebuli 312.0 m simaRlis
eifelis koSki. aseve eifelis mier, romanovebis SekveTiT aris damzadebuli
borjomis xeobaSi md. cemiswyalze mdebare sarkinigzo(„kukuSkis“) xidi,
romelic gaixsna 1902 wels. (adgilze daamontaJa besarion qeburiam).

liTonis elementTa SeerTebis ZiriTad saSualebas am periodSi
moqlonebiT SeerTeba warmoadgenda, rac did SromasTan iyo dakavSirebuli.
gasuli saukunidan liTonebis SeerTeba SesaZlebelia SeduRebiTa da

WanWikebiT (sur. 1). konstruqciis daniSnulebis mixedviT xdeba am SeerTebebis
vizualurad da laboratoriulad Semowmeba. SemowmebiT ganisazRvreba
liTonis konstruqciebis xarisxi.
liTonis konstruqciebs dRes yvela saxis Senobasa da sainJinro nagebobaSi
iyeneben. moTxovnileba maT mimarT metad didia da gamudmebiT izrdeba.
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sur. 1 liTonis elementebis WanWikebiT SeerTeba

liTonis konstruqciebSi erT-erTi problema korozia; korozia liTonis
TviTneburi ganadgurebaa garemosTan qimiuri an fizikur-qimiuri
urTierTqmedebis Sedegad. amitom didi yuradReba eqceva  antikoroziul
damuSavebas; swored xarisxiani antikoroziuli damuSaveba ganapirobebs
liTonis konstruqciis xangamZleobas  (saeqspluatacio periodis
mniSvnelovnad gazrdas).

betoni xelovnuri qva, erTerTi ZiriTadi samSeneblo masalaa, romelic
miiReba cementis (an sxva mWida nivTierebis), wylis, Semavseblisa da zogjer
specialuri danamatebis racionalurad SerCeuli narevis dayalibebiTa da
gamyarebiT; dayalibebamde am narevs betonis nareviewodeba.

betons jer kidev Zveli romaelebi iyenebdnen masiuri nagebobebisa da iseTi
konstruqciebis agebisas, rogoricaa kamara, gumbaTi, triumfaluri TaRi
(mWida nivTierebad xmarobdnen ZiriTadad iyenebdnen Tixas da kirs);

betonis farTod gavrcelebas xeli Seuwyo me-19 saukuneSi rkinabetonis
gamoyenebam. rkinabetoni aris kompoziciuri masala, romelic Sedgeba
foladis armaturisa da betonisgan. betonisa da foladis armaturiT
monoliTurad SeerTebiT miRebuli saSen masalas rkinabetoni ewodeba.
rkinabetoni gamoigona jozef moniem, romelmac 1867 wels miiRo patenti da
amave wels gamogoneba warmoadgina parizis gamofenaze.

rkinabetonSi gaerTianebulia liTonisa da betonis Tvisebebi. betoni kargad
muSaobs kumSvaze, gaWimvaze ki _ cudad; swored am nakls avsebs gaWimvisas
Runvaze momuSave foladis karkasi, Sedegad rkinabetoni uZlebs did
datvirTvas.
xarisxisa da usafrTxoebis menejmentis roli Zalzed didia rkinabetonis

konstruqciebis damzadebasa Tu mowyoba-montaJSi;
sakmaod xSiria ubeduri SemTxvevebi mSeneblobisas, rac iwvevs samuSao

drois gacdenas, Sromis unaris srulad an nawilobriv dakargvas da
sikvdilsac ki. ubedur SemTxvevaTa ricxvi maqsimalurad Semcirdeba
muSaobisas usafrTxoebis normebis dacviT.
amerikis SeerTebuli Statebis profesiuli usafrTxoebisa da jandacvis

administraciis (OSHA) mier warmodgenili statistikuri monacemebis Tanaxmad
ubedur SemTxvevaTa 5% saxifaTo pirobebiT aris gamowveuli, xolo 95% _
saxifaTo qmedebebiT.
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saxifaTo qmedebasTan erTad, uxarisxo samuSaos SesrulebiT aris
gamowveuli eqspluataciis periodSi Senoba-nagebobebis rRveva da ngreva, miT
umetes Tu xarisxis dacvisa da xarisxis kontrolis gareSe aris
Sesrulebuli karkasis (rogorc rkinabetonis,ise liTonis) mowyoba-montaJis
samuSaoebi;
Tanamedrove, saerTaSoriso samSeneblo sferoSi xarisxis kontroli

xorcieldeba vizualuri daTvalierebiT da laboratoriebis saSualebiT;
rkinabetonis konstruqciis momzadebisTvis vizualur daTvalierebamde unda

Semowmdes armaturis sertifikati, romelic armaturasTan erTad
mwarmoeblis mier igzavneba obieqtze, Semdeg daTvaliereba-Semowmeba moicavs
konstruqciis mowyobisTvis momzadebuli armaturis karkasis Semowmebas
armaturis naxazTan _ proeqtTan mimarTebaSi (armaturis klasi, kveTi-
diametri, sigrZe, gadabma _ pirgadadebis sigZe, saqsovi mavTuli da biji).
armaturis karkasis mowyobamde aucilebelia Semowmdes armaturis nakeTobani,
raTa ar moxdes rogorc araswori nakeTobis (armaturis klasi, kveTi-diametri
da sigrZe) (sur. 2), ise daJanguli _ korozirebuli armaturis gamoyeneba
karkasSi. xSir SemTxvevaSi armaturis korozia aris konstruqciis rRvevis
gamomwvevi.

armaturis ganTavsebis naxazze dayrdnobiT armaturis karkasis yvela
elementi _ nakeToba Tavis adgilze unda iyos damagrebuli. saWiroa
Semowmdes fiqsatorebis simaRle _ betonis damcavi fenis sisqe (25mm-dan 75mm-
mde).

sur. 2 saZirkvlis armireba

metwilad, Tanamedrove mSeneblobaSi ikrZaleba armaturis SeduRebiT
SeerTeba _ gadabma;
gasaTvaliswinebelia usafrTxoebis zomebi armaturis Reroebis siaxloves

muSaobisas: meqanikurad an sxva saSualebiT gadaWrili armatura gadaWris
adgilebSi Zalian basria.  armaturis naSverze dacemis Sedegad mravali muSa
daSavebula. ubeduri SemTxvevis Tavidan asacileblad saWiroa armaturis
boloebze specialuri an kustarulad momzadebuli „qudebis“ Camocma.
vizualurad armaturis xarisxis Semowmebis Semdeg zogjer saWiroa misi

laboratoriuli Semowmebac.
armaturis Semdeg aucilebelia Semowmdes yalibebis _ qargilebis mowyobis

da momzadebis xarisxi _ zomebi, mdgradoba da sisufTave.
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armirebisa da qargilebis Semowmebis Semdeg SesaZlebelia betonis narevis
miReba _ Casxma.

3. daskvna

rac mTavaria, betoni qarxnidan unda miviRoT proeqtiT dadgenili markis an
klasis mixedviT, specialuri satransporto saSualebiT _ betonmzidiT _
„miqseriT“.

betonis Cawyobamde _ Casxmamde aucilebelia misi Semowmeba vizualurad
(aris Tu ara segregacia _ gancalkeveba qviSa-RorRisa da wyal-cementis),
Semdeg temperaturis Semowmeba (garemo temperaturis gaTvaliswinebiT 16°C-
dan 32°C-mde), konusis jdena (proeqtis, standartisa da specifikaciis
mixedviT) da bolos, betonis sinjebis - kubebis (100X100X100), an (150X150X150),
an cilindrebis aReba.
dabetoneba unda Sesruldes aucileblad „vibratoris“ gamoyenebiT;
dabetonebis Semdeg, garemo pirobebis gaTvaliswinebiT (cxeli-civi amindi),
unda ganxorcieldes betonis movla.
betonis simtkiceze gasinjva-gamocda warmoebs laboratoriebSi.

rkinabetonis mSeneblobis xarisxis kontrolis dros gamyarebuli betonis
nimuSebis gamocda xdeba 7, 14 da 28 dRian periodSi.

betonis kubebis gamocdiT vigebT betonis simtkices da Semdgom am
monacemebze dayrdnobiT dgindeba betonis klasi.
amrigad, xarisxi da usafrTxoeba gansazRvravs samSeneblo proeqtis
warmatebas!
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raWa-leCxumis regionSi turizmis da dasvenebis formirebis

SWOT analizi
d.baxtaZe

(saqarTvelos teqnikuri universiteti, m.kostavas q. 77, 0160,
Tbilisi, saqarTvelo)

reziume. naSromSi ganxilulia saqarTvelos mTiani regionis, raWa-
leWxumis Zlieri da susti mxareebi, analitikuri kvlevis _SWOT meTodiT.
am kvlevis safuZvelze SevZlebT gamovitanoT swori daskvnebi da
gamovavlinoT regionSi turizmis ganviTarebis SesaZleblobebi, rac
TavisTavad xels Seuwyobs regionis ganviTarebas.
sakvanZo sityvebi: Zlieri da susti mxareebi; SesaZleblobebi; safrTxeebi;
potenciali; ganviTreba; perspeqtiva; tendenciebi.

1.Sesavali
raWa-leCxumis regionis turistul-rekreaciuli ganviTarebis Sesafaseblad

warmogidgenT ukve aprobirebul analitikur kvlevas _SWOT meTodiT
Catarebuli analizis Sedegebs. aRniSnuli analizis mizania davadginoT
sakvlevi obieqtis S-strengths_ Zlieri mxareebi, W- weaknesses- susti mxareebi,
opportunitis SesaZleblobebi da T-threats safrTxeebi. SWOT analizi miuxedavad
misi universalurobisa, mxolod saerTo faqtorebs aCvenebs, xolo

konkretuli RonisZiebebi Semdgomi kvlevis Semdeg unda iqnes SemuSavebuli.
2. ZiriTdi nawili

regionis faqtoruli analizi(SWOT)
Zlieri mxareebi/Strengths

raWa-leCxumi mdidaria turistul-rekreaciuli, dasvenebis da samkurnalo
potencialiT, rac ganpirobebulia Semdegi mniSvnelovani resursebiT:

1.tyis resursebis simdidre da biomravalferovneba, maT Soris samkurnalo
mcenareebi, unikaluri soWis girCi da a.S.

2. maRali sawarmoo, energetikuli, mineraluri da rekreaciuli potencialis
mqone wylis resursebi;

3.gansakuTrebuli mniSvnelobis bunebis daculi teritoriebis arseboba;
4.jansaRi ekologiuri garemo da ekologiurad sufTa produqcia;
5.aTwleulebis ganmavlobaSi funqcionirebadi-Sovis, uweris, muaSis da laSiWalis
kurortebis maRli cnobadoba;

6.mniSvnelovani  arqiteqturul-istoriuli da kulturuli Zeglebis arseboba;
7.regionSi vazis unikaluri jiSebis gavrceleba da saerTaSoriso cnobadoba;
8.uZvelesi xalxuri nacionalur-yofiTi Taviseburebebi, sazeimo-garTobis
ritualebi, kulinariuli TviTmyofadoba da a.S.

- turistul-rekreaciuli da masTan dakavSirebuli socialur-ekonomikuri
ganviTarebis Zlieri mxareebia agreTve:

9.sxvadasxva saxis wiaRiseuli resursebis arseboba (bariti, dariSxani, TabaSiri,
kiri, samSeneblo masalebi...)

10.niadagis maRali sasoflo sameurneo potenciali da saTib-saZovrebis
mniSvnelovani resursi, tradiciuli mefutkreoba, meTevzeoba, mesaqonleoba;

11.tyis TviTaRdgenis maRali maCvenebeli da wylis resursebis TviTgawmendis
unari; satransporto-sainJinro infrastruqturis (qalaqebisa da raionuli
centrebis damakavSirebeli gzebis, wyalmomarageba, gazmomarageba,
eleqtromomarageba, mobiluri satelefono kavSirebi, samedicino momsaxureba da
a.S.) damakmayofilebeli mdgomareoba.
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susti mxareebi/Weaknesses
1. mTiani zonisaTvis damaxasiaTebeli SuamTisa da maRalmTiani vertikaluri
nawilebi rTuli reliefiT da gaZnelebuli Siga da gare kavSirebiT;

2.regionis socialur-ekonomikuri ganviTarebis dabali done, mosaxleobis
umuSevrobisa da siRaribis maRali maCvenebeli;

3.migraciis mniSvnelovani zrda, rTuli demografiuli mdgomareoba, mosaxleobis
daberebisa da soflebis dacarielebis tendenciebi;

4.regionis turistul-rekreaciuli ganviTarebis kompleqsuri urbanul-sivrcobrivi
gegmis ararseboba;

5.turistuli infrastruqturis aradamakmayofilebeli mdgomareoba, sabWoTa
periodSi arsebuli turistul-rekreaciuli zonebis obieqtebis (Sovi, uwera,
muaSi da a.S.) ganaxlebis gegmis ararseboba;

6.axali turistul-rekreaciuli zonebisa da obieqtebis Seqmnis da mSeneblobis
aradamakmayofilebeli mdgomareoba;

7.turistebis mozidvis arasistemuri midgoma;
8.turizmis industriuli zonebis da turistuli biznesis marTvis
aradamakmayofilebeli codna, turistuli momsaxurebis dabali done, gidebis
momzadeba-gadamzadebis regionaluri samsaxuris ararseboba.

regionis turistul-rekreaciul ganviTarebas xels uSlis Semdegi
faqtorebi:

1.ekonomikis ganviTarebis, umuSevrobis da siRaribis, socialuri uzrunvelyofis
problemebi;

2.soflebTan damakavSirebeli adgilobrivi gzebis aradamakmayofilebeli
mdgomareoba;

3.Sua da maRalmTian raionebSi, soflebSi wylis, gazis da sxva sainJinro
infrastruqturis ararseboba;

4.regionis samedicino momsaxurebis, kerZod saavadmyofoebis aradamakmayofilebeli
aRWurviloba da maTi dargis specialistebis nakleboba;

5.sajaro skolebis da sabavSvo barebis aradamakmayofilebeli infrastruqtura da
maRalmTian regionebSi maTi rTuli geografiuli xelmisawvdomoba;

6.profesiuli ganaTlebisa da kvalifikaciis dabali done, SromiTi resursebis
momzadeba-gadamzadebis qmediTi sistemis ararseboba;

7.savaWro obieqtebis da momsaxurebis arasrulyofili infrastruqtura. vaWrobis
sezonuri xasiaTi;

8.produqciis eqsportis arasaTanado moculoba, gamoSvebuli produqciis susti
sareklamo mxardaWera da marketingi;

9.bunebrivi resursebis (maT Soris wylis da tyis) arasruli Seswavla da
inventarizacia, tyeebis aradamakmayofilebeli sanitariuli mdgomareoba;

10.soflis meurneobis ganviTarebis da modernizaciis dabali done. produqciis
dabalkonkurentunarianoba importirebuli produqciis mimarT;

11.regionis mwiri niadagi, damreci reliefi da farTobebis fragmentacia, saTib-
saZovrebis mniSvnelovani nawilis gauxeSeba da misasvleli gzebis nakleboba;

12.adgilobrivi mosaxleobis, mewarmeebis da a.S. arasaTanado gaTviTcnobiereba
garemos dabinZurebis mavne Sedegebis Sesaxeb. sayofacxovrebo da sxva narCenebis
Segroveba-gatanis servisis ararseboba. regionaluri administraciis da
municipalitetebis SezRuduli uflebamosileba, maTi mwiri sabiujeto
Semosavlebi da qonebrivi resursebi. rigi moxeleebis arasaTanado kvalifikacia.
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SesaZleblobebi/Opportunitis
raWa-leCxumis turistul-sarekreacio, dasvenebis, samkurnalo da mTlianobaSi
social-ekonomikuri ganviTarebis SesaZleblobebi pirdapir aris dakavSirebuli
regionSi arsebul mravalmxriv potencialTan, Sedegad SesaZlebelia:

1.samogzauro-samTo, sacxenosno, saTxilamuro, sanaosno, jomardobis,
mekldeurobis... turizmis ganviTareba;

2.aTwleulebis win arsebuli turistul-gamajansaRebeli kurortebis (Sovi,
uwera...) aRdgena-ganaxleba;

3.axali turistul-rekreaciuli zonebis ganviTareba;
4.maRalmTian regionebSi samTo-saTxilamuro turizmis ganviTareba;
5.saojaxo turizmis qselis gafarToeba da momsaxurebis xarisxis gaumjobeseba;
6.unikaluri vazis jiSebis da Rvinis warmoebasTan dakavSirebuli turizmis
ganviTareba;

7.maRali potencialis mqone mTis da balneologiuri kurortebis aRdgena,
ganaxleba da ganviTareba;

8.wylis resursebis maRali sawarmoo, energetikuli da rekreaciuli, maT Soris
mineraluri, sasmeli da samkurnalo wylebis didi resursebis gamoyeneba;

9.ekoturizmi, maT Soris ekologiurad sufTa produqtebze moTxovnilebis zrda
da adgilobrivi sasoflo-sameurneo produqciis warmoebis gafarToeba;

10.turistuli nakadebis zrdis dinamika;
11.evrokavSirTan dadebuli asocirebis xelSekrulebis, uvizo mimosvlis, vaWrobis
gafarToebis SeTanxmebebis srulad gamoyeneba;

12.saerTaSoriso donori organizaciebis daxmarebis efeqturad gamoyeneba, axali
teqnologiebis da inovaciebis danergva;

13.SeRavaTian agrokreditze da sadazRvevo sistemebze xelmisawvdomobis zrdis
gamoyeneba;

14.mTiani regionebisadmi xelisuflebis mier miRebuli kanonebis zogierTi punqtis
(mTis mosaxleobis pensiebis zrda) amoqmedeba.

safrTxeebi/Threats
1. mTiani regionisTvis damaxasiaTebeli bunebrivi katastrofebi;
2. tyis xanZrebi da tyis mavneblebis gavrceleba;
3. uxarisxo sasoflo-sameurneo saSualebebis (saTeslemasala, sasuqi da sxv.)
gavrceleba;

4.demografiuli mdgomareobis gauareseba, mTis soflebis dacarielebis zrda;
5. qveynis konfliqtur regionTan axlos mdebareoba da politikuri
destabilizaciis albaTobis zrda; regionuli da municipaluri ganviTarebis
susti monitoringi da zedamxedveloba.

3. daskvna
amrigad, raWa-leCxumis regionis turistul-rekreaciuli, socialur-

ekonomikuri, demografiuli da a.S. ganviTarebis Zlieri da susti mxareebis,
SesaZleblobebisa da safrTxeebis Sesafaseblad Catarebulma analitikurma
kvlevam SWOT-is meTodiT, gamoavlina regionis Zlieri mxareebi, romelic
ZiriTadad ganpirobebulia misi mravalferovani da mdidari bunebriv-
klimaturi, daniSnulebis wylis resursebis, daculi teritoriebis, jansaRi
ekologiuri garemos, mniSvnelovani arqiteqturul-kulturuli Zeglebis,
sxvadasxva wiaRiseuli resursebis, soflis meurneobis efeqturad gamoyenebis
SesaZleblobebiT.
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analizis Sedegad gamoikveTa araerTi susti mxare, romlebic aTwleulebis
ganmavlobaSi aferxebda regionis ganviTarebas, romelTa Soris
mniSvnelovania mTiani regionisaTvis damaxasiaTebeli rTuli reliefiT
gamowveuli satransporto-sainJinro da sxva komunikaciebis dabali done.
ekonomikis ganviTarebis, umuSevrobis, socialuri uzrunvelyofis da a.S.
problemebi da aqedan gamomdinare migraciis mniSvnelovani zrda soflebis
dacarielebis tendenciebi.

regionis rogorc social-ekonomikuri, ise turistul-rekreaciuli
ganviTarebis erTiani urbanul-sivrcobrivi gegmis ararseboba. turistuli
infrastruqturis aradamakmayofilebeli mdgomareoba, maT Soris sabWoTa
periodis turistul-rekreaciuli obieqtebis ganviTarebis gegmis ararseboba;
axali turistul-rekreaciuli zonebis da obieqtebis mSeneblobis
gaWianureba da a.S.

raWa-leCxumis turistul-rekreaciuli, dasvenebis, samkurnalo da zogadad
ekonomikis ganviTarebis SesaZleblobebi Zalze mniSvnelovania da
gamomdinareobs regionis mdidari da mravalmxrivi potencialidan romlis
maqsimalurad gamoyenebis SemTxvevaSi SesaZlebeli gaxdeba raWa-leWxumis
regionis Cven mier ukve ganxiluli problemebis etapobrivi mogvareba.
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mniSvnelovani komponenti (muStaidis baRis magaliTze)
n. xabeiSvili, m. gogolaSvili

(saqarTvelos teqnikuri universiteti, m. kostavas q. 77, 0160,
Tbilisi, saqarTvelo)

reziume. saqarTvelos winsvlam da msoflio qveynebTan kavSirebis
gaRrmavebam gamoiwvia qveynis ganviTareba, rogorc industriuli ise
savaWro kuTxiT. TbilisSi mosaxleobisa da turistebis zrdam ganapiroba
didi raodenobiT mSeneblobis warmoeba.Aaxla swored mwvane safarebis
deficits ganicdis dedaqalaqi. samwuxarod, mcenareebiT mdgradi,
keTilmowyobili skverebi da baRebi arcTu bevri SemogvrCa, mxolod
ramdenimes Tu davasaxelebT, sadac met-naklebad SeiZleba sufTa haerze
gaseirneba. aseTebia: vakis parki, muStaidis baRi, mziuri, mTawmindis parki,
botanikuri baRi da patar-patara skverebi. eWvgareSea, rom dRes rogorc
arasdros, sWirdeba qalaqs landSaftis dizainis ganviTareba da arsebuli
mwvane teritoriebis SenarCuneba.
sakvanZo sityvebi: landSaftis dizaini; qalaqis garemo.

1. Sesavali
urbanuli garemos dizaini xasiaTdeba, qalaqebisa da garemos fizikuri

Tvisebebis SemuSavebisa da Camoyalibebis procesebiT. is akavSirebs xalxsa da
teritoriebs erTmaneTTan, aseve qmnis damokidebulebebs moZraobebsa da
garemos formebs Soris da cdilobs Seqmnas oqros Sualedi Senobebsa da
garemos SerwymasTan mimarTebiT. urbanuli dizainis Semadgeneli
komponentebia: Senobebi, sazogadoebrivi sivrceebi, transporti, landSafti da
quCebi. landSafti aris qalaqis mwvane nawili, romelic ayalibebs mTels
qalaqs – urbanuli parkebis, quCis xeebis, mcenareebis, yvavilebisa da wylis
saxiT. Tanamedrove praqtikaSi landSaftis dizaini, xidia landSaftur
arqiteqturasa da baRis dizains Soris. is moicavs iseT sakiTxebs,
rogorebicaa: klimati da mikroklimati, rekreaciuli keTilmowyoba,
adamianuri da satransporto saSualebebi, aveji da ganaTeba, samSeneblo
detalebi da sxva.

2. ZiriTadi nawili
Tbiliss warsuli droidan axasiaTebs mebaReobis kultura da xalxSic

odiTganvea Casaxuli skverebisa Tu parkebisadmi siyvaruli. gasul saukuneSi
qalaqis mosaxleobas swored msgavs adgilebSi SeeZlo sasiamovno emociebiT
datvirTva da drois gatareba. es yovelive ki xazs usvams imas, rom axalTan
erTad valdebulni varT Zvel – ukve arsebul parkebs, movuaroT da vaCuqoT
maT axali sicocxle.

dedaqalaqis erT-erTi uZvelesi da ulamazesi adgili swored `muStaidis
baRia”. is 1830-ian wlebSi iranidan gamoqceulma mir feTeaRa seid tavrizim
Seqmna, romelic iranis azerbajanSi Siitebis religiuri lideri – mujTahidi
iyo, gadmocemiT, mujTahidma dasasaxleblad Tbilisi qarTveli colis gamo
airCia, romelic adre gardaicvala da amave baRSia dakrZaluli.
1853 wlidan baRi saxazino sakuTreba gaxda. baRSi mravali gasarTobi da

TavSesaqcevi iyo: restorani, bufeti, pavilioni, sazafxulo Teatri. swored
`muStaidis baRis” Ria scenaze naxa pirvelad niko firosmanma frangi
momRerali margarita. baRSi koncertebs sxvebic marTavdnen. `muStaidSi”
xSirad ewyoboda gamofenebi, iwvevdnen stumrebs, swored aqedan auSves
amierkavkasiaSi pirveli sahaero burTi 1882 wels. 1887 wels ki
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bunebismetyvelis, nikoloz Sarovis TaosnobiT baRis teritoriaze daarsda
kavkasiis saabreSumo sadguri.

sur. 1

baRSi aTeul aTasobiT unikalur mcenareTa jiSia gaSenebuli, aq aris
rogorc foTlovani: glediCa, Tela, ifani, sapnis xe, qaRaldis xe, TuTa, ise
wiwvovanic: eldaris fiWvi, kedari, gundis xe, aseve mravali sxva buCqis Tu
yvavilis saxeobani, vazis jiSebi da sxva. parki gaSenebulia 16 heqtar
farTobze. aqvs sakuTari sanerge, saidanac yovelwliurad aTeulaTasobiT
dekoratiuli mcenare da yvavilebis CiTilebi gamohyavT. vazis xeivanSi Cinuri
da goruli vazis jiSebia gaxarebuli.
1934 wels TeatrSi, repeticiis dros erT-erT bavSvs idea mouvida, romlis

Tanaxmadac sabavSvo rkinigza unda Seqmniliyo. es idea moewona rkinigzis
ufross da bavSvebis ocneba axda. 1935 wels baRSi gaixsna msoflioSi pirveli
sabavSvo rkinigza sami sadguriT, erTnaxevari kilometr sigrZis rkinigzaze
patara orTqlmavals oTxi vagoni dahyavda, TiToeul vagonSi ormocdaaTi
bavSvi eteoda (sur.1). rkinigza skolis gareSe dawesebulebad iTvleboda da
unergavda bavSvebs Sromis siyvaruls, exmareboda momavali profesiis
arCevaSi. mTavari lozungi iyo `xalxTa Soris megobroba. matarebeli,
romelic mTel msoflios akavSirebs”.
baRis erT-erTi RirsSesaniSnaoba reliqturi xis, Zelqvis koromi da

franguli karuseli, romelic 1905 wels xisgan daamzades da dResdReobiT
samuzeumo eqsponantis statuss atarebs. aseve 1950 wels Tbilisis saxelmwifo
universitetis astronomiis kaTedris daxmarebiT baRis teritoriaze moewyo
planetariumi.
swored aseTi saintereso istoriis gamo CavTvaleT, rom arsebuli mwvane

teritoriebis SenarCunebisa da maTi ganviTarebis gegma `muStaidis baRis”
magaliTze unda gangvexorcielebina. is namdvilad dedaqalaqis is erT-erT
sakvanZo adgilia, sadac gasuli saukune mZafrad igrZnoba.



samecniero-teqnikuri Jurnali ,,mSenebloba“
SCIENTIFIC-TECHNICALJOURNAL,”BUILDING“#2(51), 2019
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ«СТРОИТЕЛЬСТВО»

37

sur. 2

samwuxarod, dRes baRs arcTu saxarbielo saxe aqvs miRebuli, formalurad
SeiZleba iTqvas, rom ganaxlda magram warsulis gaTvaliswinebiT, arsebuli
situacia Seusabamod mogeCvenebaT (sur.2). vfiqrobT, parkSi unda aRdges
arsebuli – aw ukve istoriuli statusis matarebeli, Senobebi, maTive

funqciebiს gaTvalisiwnebiT. aseve migvaCnia, rom ukeTesi iqneba Zvelis
SenarCunebasTan erTad, sasikeTod axali cvlilebebi SevitanoT baRis
gegmarebasa da dizainSi. sasurvelia gavaCinoT damatebiTi zonebi da aseve
konkretuli – adgilze morgebuli sivrceebi yvela asakisa Tu SesaZleblobis
mqone pirisaTvis.

3. daskvna

Tamamad SegviZlia vTqvaT, rom baRi moiazreboda sakmaod datvirTul da
erT-erT mniSvnelovan cocxal organizmad TbilisisTvis. bevr xmaurian
mniSvnelovan movlenas eZleoda gasaqani `muStaidis baRis” teritoriaze,
xolo aseTi daxasiaTebis Semdeg gviCndeba survili, rom dRevandelobaSic,
iseve rogorc warsulSi, baRi gvexatebodes saintereso da lamaz adgilad
qalaqis ulamazes ubanSi, romelic Tanamedroveobas fexs audgams da axal

sivrceebs Seqmnis dღevandeli artistebisa Tu xelovanebis warmosaCenad,
Tavisi sagnobrivi Semavsebeli elementebiT iqceva plastikuri xelovnebis
uCveulo nimuSad, gamoafxizlebs mayurebelTa warmosaxvas da `CaiTrevs” maT
moulodnel da saintereso situaciebSi.
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sagzao samosis mzidi unaris gaTvla Teoriuli analizis
gziT

a. burdulaZe, T. papuaSvili, d. gewaZe
(saqarTvelos teqnikuri universiteti, m. kostavas q. 77, 0160, Tbilisi,

saqarTvelo)
reziume. naSromSi ganxiluli gvaqvs sagzao samosis mzidi unaris gaTvla
Teoriuli analizis gziT. aRniSnuli meTodis gamoyeneba efuZneba wrfiv-
drekad modelebs da struqturuli ricxvebis meTodisagan gansxvavebiT
xasiaTdeba didi sizustiT. misi gamoyeneba gansakuTrebiT efeqturia
maRali intesiurobis gzebze, aseve sagzao samosis reabilitaciisas.
sakvanZo sityvebi: sagzao samosi; wrfiv-drekadi modeli; mzidi unari;
asfaltbetoni.

1. Sesavali
sagzao samosis konstruqciis gaangariSeba rekomendebulia Teoriuli

analizis gziT. arsebobs gaangariSebis sxvadasxva Teoriuli meTodi,
romlebic efuZneba wrfiv-drekad modelebs da maT safuZvelze xdeba sagzao
samosis konstruqciis TiToeuli fenisaTvis, kritikul adgilebSi Zabvisa da
deformaciis gaangariSeba.

miuxedavad imisa, rom mzidi unaris Sefasebisas gamoiyeneba gamartivebisa da
daSvebaTa elementebi,  Teoriuli meTodebi, analizis TvalsazrisiT iZleva
ufro saimedo da ufro zust Sedegebs, vidre struqturuli ricxvebis
meTodebi, Sesabamisad, rekomendirebulia gamoyenebuli iyos maRali
datvirTvebis gzebze.

2. ZiriTadi nawili
arsebobs gaangariSebis sxvadasxva meTodi, sxvadasxva masalisa da

konkretuli klimaturi pirobebisaTvis. isini ZiriTadad efuZneba empiriul
Tanafardobas Zabvisa da deformaciis mniSvnelobebsa da sagzao samosis
dazianebebs Soris. aseTi meTodiT SesaZlebelia sagzao samosis swrafi
gaangariSeba da ZiriTadad gamoiyeneba aqafebuli bitumiT da bitumis
emulsiiT stabilizebuli masalebisaTvis.

Teoriuli meTodis gamoyenebiT gaangariSebisaTvis ganvixiloT konkretuli
magaliTi, sadac dazianebuli sagzao samosis reabilitacia
gaTvaliswinebulia aqafebuli bitumis gamoyenebiT.

arsebuli sagzao samosis konstruqcia Semdegia:
• safari _ wvrilmarcvlovani asfaltbetoni sisqiT 5 sm;
• safuZvlis zeda fena _ fraqciuli RorRi, sisqiT 70 sm;
• qvesagebi fena _ qviSa-xreSovani masala, sisqiT 20 sm, CBR > 80%,

drekadobis moduli, 250 ΜΠa;
• arsebuli datkepnili grunti, CBRsaS=10%, drekadobis moduli, 90 ΜΠa.
sagzao samosis reabilitaciis Semdeg SenarCunebuli iqneba

asfaltbetonis safari sisqiT 5 sm, rac Seexeba safuZvlis fenebs maTi sisqe
dadgindeba gaangariSebiT. ZiriTadi moTxovnebi safaris aRdgenisadmi
Semdegia:

• saangariSo saimedooba _ 90%
• klimaturi pirobebi _ zomieri
• zRvruli pirobebi _ liandebi 20 mm
• saerTo standartuli gadaxra _ 0,4
• qveda zRvari PSI_ 2,5
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• momsaxurebis saangariSo vada 15 weli _5 x 106 ESAL
• mosalodneli datvirTva _ gaormagebuli datvirTva 20kH borbalisgan,
• wneva salteebSi 700 κΠa.
Teoriuli gaangariSebis win, aqafebuli bitumiT stabilizebulis

reciklirebadi fenis sisqis saorientacio gansazRvrisaTvis, rekomendebulia
sagzao samosis konstruqciis winaswari Sefaseba struqturuli ricxvebis
meTodiT, rac  mogvcems sagzao samosis sqemis agebis saSualebas misi
Teoriuli analizisaTvis. pirvel cxrilSi mocemulia struqturuli ricxvis
gaangariSeba, romelic win uswrebs Teoriul gaangariSebas.

cxrili 1
struqturuli ricxvis gaangariSeba

fena koeficienti,
romelic

iTvaliswinebs
a1 saxeobis

fenas

koeficienti,
romelic

iTvaliswinebs
d1 saxeobis
drenaJs

fenis t
sisqe

aix dix t

asfaltbetoni 0,173 1,0 5 0,87
aqafebuli bitumiT
stabilizebuli fena

0,120 1,0 20 2,40

gaumagrebeli RorRis
qvesagebi fena

0,047 1,0 12 0,56

SNact = Σ a1 x d1 x t = 3,83
faqtobrivi struqturuli ricxvi SNact Seesabameba moTxovnils: SNreg = 3,83,

amitom reciklirebis saWiro siRrmea 200 mm.
Teoriuli gaangariSeba tardeba aqafebuli bitumiT stabilizebuli fenis

maxasiaTeblebis gansasazRvravad. am mizniT gamoiyeneba Sesabamisi algoriTmi
da programa. gaangariSebisaTvis saWiro amosavali monacemebi mocemulia
cxrilSi 2.

cxrili 2
sagzao samosis modelirebisaTvis miRebuli maxasiaTeblebi

aRdgenis Semdeg
aRdgenili sagzao samosis fena sisqe, mm moduli,

ΜΠa
sisqe (mm) da kritikuli

parametrebi

asfaltbetoni axali 50 2500 50

maqsimaluri gamWimavi
Zabva

horizontalurad
fenis qveda nawilSi

aqafebuli bitumiT
stabilizebuli fena
faza 1: deformirebul
mdgomareobaSi

reciklirebuli 200 1500 250

maqsimaluri gamWimavi
Zabva
horizontalurad
fenis qveda nawilSi

aqafebuli bitumiT
stabilizebuli fena
faza 2: stabilur
mdgomareobaSi

reciklirebuli 200 800 250 Zabva fenidan ¾
simaRleze

RorRi arsebuli 120 250 310
Zabva fenis Sua

simaRleze

miwis tani arsebuli
ganusazR
vrelad

90 371
kumSvis vertikaluri
deformacia fenis

zeda nawilSi

analizisTvis SesaZlebelia gamoviyenoT cxrilSi me-3 mocemuli parametrebi.
amasTanave, unda gaviTvaliswinoT, rom garkveul regionebSi saWiroa
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gamoviyenoT iseTi parametrebi, romlebic iTvaliswinebs adgilobriv
Taviseburebebs.

cxrili 3
parametrebi Teoriuli analizisTvis

masala gadasacemi funqcia (misi wyaro)

asfaltbetoni  asfaltbetonis daRlilobis simtkice

(Asphalt Institute)
 asfaltbetonis daRlilobis simtkice

(Shell)
 asfaltbetonis daRlilobis simtkice

aqafebuli bitumiT stabilizebuli
masala

 daRlilobis simtkice TG2 (CSIR)- is
mixedviT

RorRi (araSekavSirebuli)  simtkicis maragis koeficienti (CSIR)
gruntebi  liandis warmoqmna gruntSi (Asphalt Institute)

 liandis warmoqmna gruntSi (Shell)
 liandis warmoqmna gruntSi (CSIR)

reciklirebisas, saWiro maxasiaTeblebis gansazRvrisaTvis 200 mm-iani fenis
misaRebad, saWiroa gamoicados 60% asfaltbetonis da 40% RorRis narevi
stabilizirebuli aqafebuli bitumiT da SeirCes zusti Sedgeniloba.

cxrilSi 4, mocemuliaITS-is gansasazRvravi cdebis Sedegebi, romlebic
tipiuria aseTi masalisTvis da miRebulia 100 mm-iani diametris nimuSebis
„marSalze“ gamocdiT.

cxrili 4
ITS–is gansasazRvravicdebis Sedegebi

aqafebuli bitumis damateba 2,00 2,25 2,50
danamati, % 1% cementi 1% cementi 1% cementi

ITSmSrali nimuSisTvis,κΠa 283 316 306
ITS wyliT gajerebuli

nimuSisTvis, κΠa
209 253 260

TSR 0,74 0,80 0,85
Sedegebi aCvenebs, rom aqafebuli bitumis optimaluri danamati Seadgens

daaxloebiT 2,25%, rameTu aseTi danamatisas simtkicis zRvari Wimvisas (ITS)
aRwevs Tavis maqsimalur mniSvnelobas, xolo narCeni simtkice Wimvisas (TSR),
0,8–is toli, sakmarisia.

aqafebuli bitumis aseTi damatebiT, AASHT-s modificirebuli meTodis
mixedviT, momzadebuli 150 mm–iani nimuSebis, gamocdis Sedegebi mocemulia
cxrilSi 5.

cxrili 5
simtkicis gamocdis Sedegebi

aqafebuli bitumis damateba 2,25
damateba, % 1% cementi

ITSequ- (simtkicis zRvari Wimvisas, wonasworuli
tenianobisas), kpa

170

UCSequ-(simtkicis zRvari Wimvisas, wonasworuli
tenianobisas), kpa

1,5

wonasworuli tenianoba, % 3,2

am Sedegebis gamoyenebiT, Teoriuli modelirebisaTvis Rebuloben Semdeg
sawyis monacemebs: MRPhase1 = 1448 mpa da MRPhase2 = 799 mpa.
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miRebuli Sedegebi daaxloebiT Seesabameba Tavdapirveli Sefasebebis
mniSvnelobebs (cxrili 2), amitom dasaSvebia, rom reciklirebis siRrme
aqafebuli bitumiT stabilizaciisTvis Seadgendes 200mm.

Tuki gamocdebis Sedegebi narevis Semadgenlobis SesarCevad mniSvnelovnad
dabalia, maSin, isini gamoiyeneba sawyis monacemebad Teoriuli analizisaTvis
da sisqe izrdeba manamde, sanam ar iqneba miRebuli saWiro struqturuli
mzidi unari.

im SemTxvevaSi, rodesac saWiroa mniSvnelovnad sxvanairi narevis miReba, is
unda gamoisaxos imis dasadgenad, SeiZleba Tu ara ITS-is da UCS-is
Tavdapirveli mniSvnelobebis miRweva wonasworuli tenianobisas. es cdebi
unda Catardes aqafebuli bitumis sxvadasxva wiliT, raTa dadgindes, narevis
Sedgenilobis Secvlis Sedegad xom ar Seicvala am wilis optimaluri
mniSvneloba.

me-6 cxrilSi mocemulia sagzao samosis fenebis struqturuli mzidi
unaris  mosalodneli mniSvnelobebi.

unda aRiniSnos, rom gamWimi Zabva viTardeba horizontalur sibrtyeSi
RorRis qvesagebi Sris farglebSi. es ar xdeba granulirebuli masalebis
SemTxvevaSi, magram gamartivebis Sedegad, Cndeba wrfivi–drekadi modelis
empiriuli analizisas. am problemis gadaWris saSualeba, Zabvis deviatoris
mdgomareobis SenarCuneba moris wreebis gadaadgilebisas  ufro maRali
Zabvis mxares.

cxrili 6
sagzao samosis fenebis struqturuli mzidi unaris  mosalodneli

mniSvnelobebi

aRdgenili sagzao samosis fena sisqe, mm
moduli,

mpa

SefasebiTi mniSvnelobebi:

s
iR

r
me

z
ed

ap
ir

id
an
,

mm

kr
it

ik
u
l
i

mn
iS

vn
el

o
b
a

s
t
r
u
qt

u
r
u
l
i

mz
id

i 
u
na
r
i,

ml
nE

SA
L

asfaltbetoni 50 2500 50 εh = 115 με
(faza 2)

8,1

aqafebuli
bitumiT
stabilizebuli
safuZveli

faza 1:
deformirebuli
mdgomareoba

200 1500 250 εh = 148 με 0,8

faza 2:
stabiluri
mdgomareoba

200 800 200 σ1=118 kpa

Σ3=-64 kpa

11,1

RorRi 120 250 310 σ1=48 კპა
σ3=-22 kpa

> 99

grunti - 90 370 Εvert=435 me > 99

gzis moTxovnadi 90%-iani saimedobisas, gaangariSebaSi gaTvaliswinebuli
unda iyos damatebiTi informacia reabilitaciisas gamoyenebul masalaze.
mocemul magaliTSi, aqafebuli bitumiT damuSavebul fenasTan dakavSirebiT,
SeiZleba gamoyenebuli iyos Semdegi monacemebi:

• kogeziaA_ 250 კპა;
• xaxunis Sida kuTxe φ _φ - 45°
• masalis simkvrive ,,adgilze“ _ 2145 kg/m3
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• qvis masalis yrili simkvrive _ 2600 kg/m3

• deformaciebi εb rRvevisas _ 171 με (masalis klasi FB2)
90%-iani saimedoobis gaangariSebisaTvis, efeqturi daRlilobis

simtkicis (NEF) da daWimvisas narCeni simtkicis (NPD) gasaangariSeblad
SeiZleba gamoyenebuli iyos Semdegi gantolebebi:

NEF = 10[6.499 - 0.708 (ε/ε
b

)] (1)
)]/(68.0628.10726.0938.11951.1[10

30

1 bitcemxxSRxPSxRD
PD xN  (2)

sadac:

• RD=mSrali masalis simkvrive/yrili simkvrive = 2145/2600=0,825;
• PS = daWimva = liandis dasaSvebi siRrme/Sris sisqe = 18/200x100=9%;

• SR = Zabvebis Tanafardoba = (σ1 – σ3)/(σ1,max – σ3)= (118+64)/(σ1,max+64) = 0,2027;
• σ1,max = [(1 + sinφ) x σ3 + 2C x cosφ] / (1-sinφ) = 834 kpa;
• Cem/bit = Tanafardoba ,,cementi/bitumi“ = 1/2,25 = 0,444.
1 da 2 gantolebebSi, yvela Sesabamisi cvladis Casmisas, miRebulia

aqafebuli bitumiT damuSavebuli fenis struqturuli mzidi unaris
mniSvneloba - 8,5mln. ESAL, rac sakmarisia maRali intesiurobis gzisaTvis.

3. daskvna
saavtomobilo gzebis reabilitaciisas gansakuTrebulad mniSvnelovania

SemoTavazebuli konstruqciis sicocxlisunarianoba. optimaluri
gadawyvetilebis misaRebad aucilebelia arsebuli sagzao samosis
konstruqciis gamokvleva da reabilitaciisas gamoyenebuli masalebis
ZiriTadi maxasiaTeblebis gansazRvra.

naSromSi ganxilulia magaliTi, sagzao samosis reabilitaciisas
aqafebuli bitumis gamoyenebiT. Catarebuli gaangariSebidan gamomdinare,
reabilitirebuli sagzao samosis struqturuli mzidi unaris mniSvnelobaa -

8,5mln ESAL. aRwerili meTodiT gaangariSebis mixedviT miRebuli Sedegebi

SeiZleba CაიTvalos sakmarisad.

literatura
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uZravi qonebiskompleqsuri eqspertizis meTodebis
praqtikuli gamoyeneba

g. turaSvili
(saqarTvelos teqnikuri universiteti, m. kostavas q. 77,0160,Tbilisi,

saqarTvelo)
reziume. saeqsperto meTodikam unda uzrunvelyos gamokvlevis sisrule, iyos
mecnierulad dasabuTebuli, srulad gamoikvlios obieqti da uzrunvelyos
saeqsperto daskvnis saimedooba, unda pasuxobdes kanonierebis moTxovnebs,
iyos usafrTxo, eTikuri, misaRebi, efeqturi, ekonomiuri.
sakvanZo sityvebi: uZravi qoneba, eqspertiza, meTodebi, kompleqsuri.

1. Sesavali
mocemul statiaSi ganxilulia uZravi qonebis, sacxovrebeli saxlis,

eqspertiza dRes aprobirebuli da gavrcelebuli IVS meTodologiiT da Cvens
mier damuSavebuli meTodologiiT. miRebuli Sedegebis SedarebiT dadgenilia
axali damuSavebuli meTodologiis midgomis upiratesobebi da naklovanebebi.

2. ZiriTadi nawili
kompleqsuri eqspertizis gamoyenebis Tanamimdevroba praqtikul magaliTze.

uZravi qonebis eqspertiza Catarda ori meTodologiiT, pirveli saerTaSoriso
Sefasebis standartIVS-is mixedviT, romelsac ewodeba uZravi qonebis Sefasebis
angariSi. meoreCven mier damuSavebuli midgomebis(meTodologiis) mixedviT da
mas ewodeba uZravi qonebis eqspertizis daskvna. ganvixiloTorive meTodo-
logiis Sedegebi.

pirveli Sefasebis angariSi Sedgeba Semdegi sakvanZo  nawilebisgan:
• zogadi informacia Sesabasebel obieqtze;
• Sefasebis xarisxis sertifikati;
• termniTa ganmarteba;
• ZiriTadi daSvebebi da SezRudvebi;
• samuSaos mimdinareoba;
• monacemebi saSemfaseblo angariSis SemsrulebelTa Sesaxeb;
• uZravi qonebis bazris mimoxilva da analizi;
• obieqtis adgilmdebareobis analizi;
• Sesafasebeli obieqtis fizikuri  maxasiaTeblebi;
• Sefasebis midgomebis da meTodebis SerCeva;
• sabazro Rirebulebis saboloo sididis Sefaseba.;
meore meTodologiiT Sedgenili saeqsperto daskvna aris kompleqsuri,

CarTulia ramdenime eqsperti Tavisi mimarTulebiT da iZleva profesiul
daskvnas. igi Sedgeba Semdegi nawilebisgan:

• Sesavali;
• iuridiuli eqspertiza;
• adgilmdebareobis eqspertiza;
• teqnikuri eqspertiza;
• sabazro Rirebulebis saboloo sididis Sefaseba.
meore meTodologiiT miRebuli Sedegi gansxvavdeba pirvelisgan da ufro

saimedoa. eqspertizis Catarebis pirvel SemTxvevaSi eqspertiza ganxorcielda 30
samuSao dRis ganmavlobaSi,  xolo meore SemTxvevaSi, eqspertebis jgufma 20
samuSao dReSi daasrules eqspertiza.

kompleqsuri eqspertizis warmoebis SemuSavebuli midgomis samarTlebrivi
moTxovnebi eqspertizis warmoebis meTodikebisa da meTodebis mimarT zogadad
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da kerZod, uZravi qonebis eqspertizis mimarT, ganisazRvreba saqarTvelos
sisxlis samarTlis kodeqsis mier gansazRvruli ZiriTadi procesualuri
normebiTa da kanonebiT.

uZravi qonebis eqspertizis warmoebis Cveneuli midgoma (meTodologia)
uzrunvelyofs gamokvlevis sisrules, iqneba mecnierulad dasabuTebuli,
srulad gamoikvlevs uZravi qonebis obieqts da uzrunvelyofs saeqsperto
daskvnis saimedoobas, pasuxobs kanonierebis moTxovnebs, arisusafrTxo, eTikuri,
misaRebi, efeqturi daekonomiuri. yvela moTxovna SeiZleba pirobiTad daiyos or
jgufad - moTxovnebi, romlebic gavlena saxdens uZravi qonebis Sefasebis
saeqsperto daskvnis daSvebulobaze, rogorc mtkicebulebebis saSualebaze da
moTxovnebi, romlebic gavlenas axdenen eqspertizis warmoebis saboloo
Rirebulebaze, misi drosa da eqspertebis moTxovnil kvalifikaciaze.

efeqturobis moTxovnaerTdroulad moicavs rogorc xarisxobriv (uZravi
qonebis eqspertiziswarmoebis daSvebuloba) ise raodenobriv (uravi qonebis
eqspertizis warmoebis Rirebuleba da vadebi) moTxovnebs.

ganxiluli meTodebi gamoiyeneba uZravi qonebis (Senobebis) eqspertizis
swarmoebisas. miRebuli praqtikaa erTi eqspertizis warmoebisas erTdroulad
ramodenime meTodikis gamoyeneba. aseTi kompleqsuri midgoma gulisxmobs
eqspertis mier sxvadasxva meTodebis upiratesobis gamoyenebas yoveli
konkretuli eqspertizisaTvis. zogierTi eqspertizisaTvis am dros iniSneba
ganmeorebiTi da damatebiTi eqspertizebi, radgan am midgomiT didi mniSvneloba
aqvs eqspertisgamocdilebas.

yvelaze gamocdili eqsperti iyenebs kompleqsur midgomas,ufrometi
efeqturobis misaRwevad. aqedan gamomdinare, Cven mier SemuSavebul
meTodologias vawarmoebT misi meSveobiT.

SemuSavebuli meTodologia, rogorc kompleqsuri midgoma arsebul
meTodologiasTan SedarebiT saSualebas iZleva mivaRwioT upiratesobebs
Semdegi kriteriumebis jgufiT, riTac Tundac dabali kvalificiis eqspertis
mier miiReba kanonmdeblobis moTxovnebis Sesabamisi saeqsperto daskvna:
uZravi qonebis eqspertizis kerZomeTodikisSemuSavebis dro mcirdeba 20-40%-iT;

eqspertiziswarmoebis vadebimcirdeba 10-25% -iT;
SemuSavebuli meTodologiiT miRebuli Sedegebi gacilebiT sandoa,

gamoricxavs riskebs da momxmarebels awvdis zust da amomwurav informacias
gansaxilveli uZravi qonebis Sesaxeb.

3. daskvna
SemuSavebuli kompleqsuri midgoma saSualebas iZleva

mivaRwioTupiratesobebs Semdegi kriteriumebis jgufiT, riTac miiReba
saqarTveloskanonmdeblobis moTxoTxovnebis Sesabamisi saeqsperto daskvna:

• uZravi qonebis eqspertizis warmoebis vadebis Semcireba 10 -25%-iT.
• eqspertizis Rirebulebis Semcireba 5-10%-iT
• izrdeba daskvnis saimedooba, mcirdeba riskebi cdomilebis mxriv da

momxmarebeli iRebs zust monacemebs gansaxilvel uZrav qonebaze.

literatura
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rkinigzis miwis vakisis monitoringis ZiriTadi
struqturuli sqemebis SerCeva

n. rurua, d. Wanturia
(saqarTvelos teqnikuri universiteti, m.kostavas q.77, 0160, Tbilisi,

saqarTvelo)
reziume.statiaSi mocemulia miwis vakisis geoteqnikur sistemaSi (mv gts)
gamoyofili xuTi (mega, makro, mezo, mini, mikro) donis Sefasebis
xarisxobrivi maCveneblebi. SemoTavazebulia miwis vakisis monitoringis
funqcionireba drois aspeqtSi. oTxi ZiriTadi funqciis (dakvirveba,
Sefaseba, prognozireba da marTva) Sesrulebis saerTo sqema rkinigzis
miwis vakisis monitoringisaTvis samrgoliani sistemis funqcionirebis
saxiT: sainformacio-sakontrolo, analitikur-prognozirebis da marTvis
bloki. ganxilulia miwis vakisis monitoringis sqemaSi analitikur-
prognozirebis blokis roli. masSi xorcieldeba aRmavali sainformacio
nakadis gadamuSaveba da gadaecema sainformacio-sakontrolo blokidan
marTvis blokSi da Semdgomi ukukavSiriT, daRmavali sainformacio nakadis
saxiT marTvis gadawyvetilebebis gadacema.
sakvanZo sityvebi: miwis vakisi; geoteqnikuri sistema; dakvirveba; Sefaseba;
prognozireba; marTva; sainformacio-sakontrolo bloki; analitikur-
prognozirebis bloki da marTvis bloki; deformaciebi.

1. Sesavali
miwis vakisis geoteqnikuri sistemis (mv gts), mdgomareobis marTva Sedgeba

Semdegi procedurebisagan:

 sistemis parametrebis vizualuri dakvirveba da gazomva;

 sistemis mdgomareobis Sefaseba parametrebis vizualuri dakvirvebisa da
gazomvis Sedegebis mixedviT;

 sistemis mdgomareobis ganviTarebis prognozi;

 sistemis marTvisaTvis scenarebis damuSaveba misi konstruqciuli
parametrebis da funqcionirebis teqnologiuri reJimebis cvalebadobis
dros.

miwis vakisis geoteqnikuri sistema (mv gts), SeiZleba ganxilul iqnes,
rogorc rkinigzis liandagis bunebriv-teqnikuri sistemis qvesistema, romelic
urTierTqmedebs sxva qvesistemebTan da asrulebs ra rkinigzis liandagis
konstruqciis fundamentis funqcias, uzrunvelyofs sivrceSi liandagis zeda
naSenis ganlagebis stabilurobas eqspluataciis mTeli vadis ganmavlobaSi.

xangrZliv eqspluataciaSi myofi miwis vakisisaTvis xSirad rTulia
sazRvris gatareba balastis Sresa da uSualod miwis vakisis grunts Soris,
amitom zogierT SemTxvevaSi damokidebuleba ganxilul unda iqnes mTeli
SpalqveSa safuZvlisaTvis balastis Srisa da miwis vakisis dayofis gareSe.

miwis vakisis saimedoobis mocemuli donis sidide ganisazRvreba ori
tipis kriteriumiT: matareblebis moZraobis usafrTxoebiT da ekonomikuri
efeqturobiT da damokidebulia warmoqmnili deformaciebis saSiSroebis
xarisxze da im xazis kategoriaze, romelzedac ganlagebulia miwis vakisis
gansaxilveli obieqti.

rkinigzis miwis vakisis monitoringi aris droSi Tvalyuris devnebis
sistema mis mdgomareobaze, romelic Seicavs vizualur da instrumentul
dakvirvebas, misi Sedegebis Sefasebas, mdgomareobis Sefasebis prognozirebas,
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zRvrulTan axlos mdebare momentis dadgomis gamovlenis mizniT, romlis
Semdeg eqspluataciuri saimedooba ecema dasaSveb mniSvnelobebze qvemoT,
aseve marTvis scenarebis damuSavebis safuZvelze, romelic saSualebas iZleva
miwis vakisis eqspluataciis normalur reJimSi mosayvanad.

2. ZiriTadi nawili
miwis vakisis geoteqnikur sistemaSi (mv gts) SesaZlebelia gamoyofil iqnas

xuTi done (sur.1). aRniSnuli struqtura agebulia ufro dabali donis
qvesistemebis SemcvelobiT ufro maRali donis qvesistemaSi, romelTa Cawerac

SesaZlebelia Semdegi saxiT: EDCBA NNNNN 
sadac DCBA NNNN ,,, da EN -qvesistemebis elementebis simravlea, Sesabamisad

mega, makro, mezo, mini da mikro doneze.

sur.1. miwis vakisis geoteqnikur sistemis (mv gts) struqturul-ierarqiuli sqema
ganvixiloT struqturul-ierarqiul sqemaSi gamoyofili TiToeuli

donis xarisxobrivi maCveneblebi.
zeda done (megadone) warmoadgens miwis vakiss rkinigzis farglebSi,

rogorc udides struqturul erTeuls da iTvleba funqciuri sistemis
centrad. arsebuli gzis farglebSi xorcieldeba miwis vakisis movla-Senaxvis
samuSaoTa dagegmva, investiciebis ganawilebis gaTvaliswinebiT; warmoebs
informaciis Segroveba, damuSaveba, analizi da Senaxva; sruldeba kvleviTi da
saproeqto samuSaoebis sainJinro uzrulvelyofa.

makrodone warmoadgens miwis vakisis qvesistemas rkinigzis erTi
mimarTulebis farglebSi, romelic xasiaTdeba daaxloebiT erTnairi garegani
datvirTvebis eqspluataciuri parametrebiT (tvirTdaZabuloba, moZraobis
siCqare, moZravi Semadgenlobis RerZze mosuli datvirTva da a.S.), da
romlebic erTgvarovnad iTvleba maTze wayenebuli saimedoobis doniT. miwis
vakisis qvesistema makrodonze - ZiriTadi miznobrivi funqciis - moZravi
Semadgenlobis gatareba, aris erTiani, radganac erTi elementis mtyunebac ki
iwvevs mTeli qvesistemis mwyobridan gamosvlas. mravalliandagian ubnebze
miwis vakisi TiToeuli liandagis makrodonze, rogorc wesi, Sedis Tavis
qvesistemaSi. am doneze xdeba ZiriTadi mimarTulebis da mcireddatvirTuli
ubnebis gamoyofa.
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mezodone warmoadgens miwis vakisis erTeul obieqtebs, romlebic agebis
principis mixedviT identuri konstruqciisaa (yrili, Wrili, naxevayrili,
naxevarWrili, nulovani adgilebi da a.S.). es aris ZiriTadi done, romelic
uzrunvelyofs miwis vakisis funqcionaluri amocanebis Sesrulebas da
romelTa mixedviT ganisazRvreba miwis vakisis saimedooba.

minidones Seadgens miwis vakisis erTeuli obieqtebis calkeuli elementebi
(miwis vakisis ZiriTadi moedani, daferdebis nawilebi, yrilis birTvi,
safuZveli, damcavi da gamagrebiTi nagebobebi da a.S.). am donis gamoyofa
saSualebas iZleva mizanmimarTulad marTvisas gamoyofil iqnas susti zonebi,
romlebic iTxovs gaZlierebas.

mikrodones erTeul obieqtebze gamoyofen calkeul sainJinro-geologiur
elementebs (sge), rac iTvleba masalis (grunti) doneze maxasiaTeblad. am
doneze umTavresia masalis Tvisebebi, romelic gansazRvravs erTeuli
obieqtebis an misi elementebis funqciebis Sesrulebis SesaZleblobas.

miwis vakisis geoteqnikuri sistemis (mv gts) warmodgenil ierarqiaSi zeda
mega da makrodone Seicavs miwis vakisis erTeuli obieqtebis srul
erTobliobas, romelic ganlagebulia gamoyofili sivrculi struqturis
farglebSi erTiani simravlis saxiT, miwis vakisis konstruqciis tipebad
dayofis gareSe (Wrili, yrili) da am obieqtis ganlagebis da maTi defor-
maciulobis miuxedavad. amasTan erTad gansxvavebuli tipis deformaciebis
warmoSobis mizezebi da buneba sxvadasxvaa. aseve mniSvnelovnad gansxvavdeba
sxvadasxva tipis deformaciis warmoSobis Sedegebi da maTi marTvis
gadawyvetilebebis fasi, amitom mizanSewonilia gaTvaliswinebul iqnes
mTliani simravlidan maTi gamoyofis procedura zeda donis qvesimravlidan
deformaciebis SesaZlo tipebis mixedviT. aseTi procedura SeiZleba Caiweros
Semdegi saxiT

       jsjjkmn xxNxxNxxNxxN //12/2/121/1/111 ,.......,...,...,... 

amasTan, rogorc wesi      
j

i
skmn ..... (1)

sadac  nxxN ,...1 aris erTeuli obieqtebis ZiriTadi simravle mega da makro

doneze, romelic moicavs srul erToblobas n erTeuli obieqtebidan
mTliani rkinigzis farglebSi (megadone) an gamoyofili mimarTulebis
farglebSi (makrodone);

 jsjj xxN //1 ,... - qvesimravle erTeuli obieqtebidan, midrekili j tipis

deformaciebis warmoSobis mimarT, gamoyofili erTeuli obieqtebis

ZiriTadi simravlidan  nxxN ,...1 .

piroba (1) gviCvenebs, rom ar aris ganmsazRvreli erTeuli obieqtebis
raodenoba. ZiriTadad simravle daemTxveva erTeuli obieqtebis gamoyofili
deformaciebis tipebis qvesimravleebis jams. es piroba gamomdinareobs iqidan,
rom erTeuli obieqtebis ZiriTad simravleSi SesaZloa erTdroulad
Sediodes ramdenime qvesimravle (obieqtis midrekileba deformaciis ramdenime
tipis mimarT), xolo zogierTi ar Sediodes arcerT qvesimravleSi (pirobiTad
deformaciis armqone obieqtebi).

qvesimravleebis gamoyofis proceduras win unda uZRvodes miwis vakisis
deformaciebis tipebis kodireba, romelTa mixedviTac xdeba erTeuli
obieqtebis klasificireba. aRsaniSnavia, rom es procedura exeba romelime
qvesimravlis erTeul obieqtebs SesaZlo deformaciebis tipis mixedviT da
iTvleba araformalurad da yovelTvis ar aris TvalsaCino, magram Zalian
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saWiroa, radganac uzrunvelyofs, rogorc monitoringis organizacias, ise mis
efeqturobas.

ganvixiloT miwis vakisis monitoringis funqcionireba drois aspeqtSi.
oTxi ZiriTadi funqciis (dakvirveba, Sefaseba, prognozireba da marTva)
Sesrulebis saerTo sqema rkinigzis miwis vakisis monitoringisaTvis SesaZloa
warmodgenil iqnes spiralis saxiT. amasTan am sqemaSi liTomonitoringisagan
gansxvavebiT, rkinigzis miwis vakisis monitoringi pirvel stadiaze iwyeba wina
wlebSi Catarebuli dakvirvebis Sedegebis Sefasebis funqciiT. pirvelive
ciklSi prognozirebis etapis ganxorcielebisas xdeba monitoringis
miznobrivi programis damuSaveba, saidanac iwyeba monitoringi misi mTliani
arsiT.

saqarTvelos rkinigzis qvedanayofebis struqturebis Sefasebis Sedegad
SesaZlebelia Sefasebisa da prognozirebis funqciebi gaerTianebul iqnes
analitikur-prognozirebis blokSi da maTi Sesruleba daekisros ukve Seqmnil
diagnostikur centrebs, sadac am miznebis misaRwevad saWiroa analitikuri
jgufebis organizeba, romlebic aRiWurvebian Tanamedrove gamoTvliTi
teqnikiT. analitikur-prognozirebis blokis funqciebis Sesasruleblad aseve
SesaZlebelia samecniero da saproeqto organizaciebis mowvevac.

monitoringis sqemaSi winamdebare bloki iTvleba centralurad: masSi
xorcieldeba aRmavali sainformacio nakadis gadamuSaveba da gadacema
sainformacio-sakontrolo blokidan marTvis blokSi da Semdgomi
ukukavSiriT, daRmavali sainformacio nakadis saxiT marTvis
gadawyvetilebebis gadacema. rkinigzis miwis vakisis monitoringis
samrgoliani sistemis funqcionirebis blok-sqema mocemulia me-2suraTze.

marTvis gadawyvetilebebis mimRebi mTavari bloki SeiZleba formirebul
iqnes saliandago departamenis xelmZRvanelobis daqvemdebarebaSi
diagnostikis centris, samecniero da saproeqto organizaciebis CarTviT,
obieqtebis marTvis scenarebis da miwis vakisis gaZlierebis saproeqto-
saxarjTaRricxvo dokumentaciis dasamuSaveblad. gadaudebeli samarTavi
gadawyvetilebebi erTeuli obieqtebis eqspluataciis reJimis Sesaxeb
SesaZlebelia agreTve miRebul iqnes saliandago sammarTvelos donezec.

sur.2.  miwis vakisis monitoringis funqcionirebis blok-sqema
sistemis mesame bloki, romelic axorcielebs gamzom-sakontrolo

fuqnciebs, unda Camoyalibdes diagnostikis centris da saliandago sammar-
Tvelos muSakebis bazaze. aucileblobis SemTxvevaSi dakvirvebebis
specialuri reJimebis Catarebisas SesaZlebelia CarTul iqnen samecniero
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organizaciebi, xolo didi moculobis gamokvlevebis aucileblobis
SemTxvevaSi, romelic Tavis mxriv moicavs sainJinro-geologiur da sainJinro-
geofizikur samuSaoebs - saproeqto organizaciebic.

rkinigzis miwis vakisis monitoringis funqcionirebis blok-sqemis
mibmisas droSi misi funqcionirebis sqemasTan, SesaZlebelia miRebul iqnes
monitoringis Catarebis stadiuroba, romelic gamoyofil iqneba proceduris
yovel stadiaze.

monitoringis sistemis damuSavebisas aucilebelia qvemoT CamoTvlili
Semdegi samecniero amocanebis gadawyveta:

• potenciurad saSiSi obieqtebisaTvis  algoriTmis SemuSaveba;
• miwis vakisis erTeuli obieqtebis da mimarTulebebis saimedoobis

maCveneblebis gansasazRvri meTodikis SemuSaveba;
• miwis vakisis mdgomareobis dasakvirveblad saWiro meTodebis sistemis

SemuSaveba da dasabuTeba;
• ZiriTadi tipis deformaciebisaTvis formirebis modelebis SemuSaveba

da maTi eqsperimentuli Semowmeba;
• ZiriTadi tipis deformaciebisaTvis Teoriuli safuZvlebis SemuSaveba

deformirebis procesebis samarTavad;
• miwis vakisis obieqtebis saimedoobis marTvis xerxebis Seqmna;
• miwis vakisis monitoringis qvesistemis SemuSaveba deformaciebis

calkeuli saxeebis mixedviT.

3. daskvna

miwis vakisis geoteqnikur sistemaSi (mv gts)  gamoyofilia  xuTi done: mega-
done, makrodone, mezodone, minidone da mikrodone. miwis vakisis geoteqnikuri
sistemis (mv gts) warmodgenil ierarqiaSi zeda mega da makro done Seicavs miwis
vakisis erTeuli obieqtebis srul erTobliobas, romelic ganlagebulia
gamoyofili sivrculi struqturis farglebSi erTiani simravlis saxiT, miwis
vakisis konstruqciis tipebad dayofis gareSe (Wrili, yrili) da am obieqtis
ganlagebis da maTi deformaciulobis miuxedavad. oTxi ZiriTadi funqciis
(dakvirveba, Sefaseba, prognozireba da marTva) Sesrulebis saerTo sqema
rkinigzis miwis vakisis monitoringisaTvis SesaZloa warmodgenil iqnes
samrgoliani sistemis funqcionirebis saxiT: sainformacio-sakontrolo,
analitikur-prognozirebis da marTvis bloki. monitoringis sqemaSi analitikur-
prognozirebis bloki iTvleba centralurad: masSi xorcieldeba aRmavali
sainformacio nakadis gadamuSaveba da gadacema sainformacio-sakontrolo
blokidan marTvis blokSi da Semdgomi ukukavSiriT, daRmavali sainformacio
nakadis saxiT marTvis gadawyvetilebebis gadacema.
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danaxarjebi da fasebi samSeneblo produqciaze
m. baqraZe, n. mamisaSvili, l. nozaZe, g. nanitaSvili

(saqarTvelos teqnikuri universiteti, saqarTvelo,0160,
Tbilisi,kostavas77)

reziume.samSeneblo produqciis fasis dadgeniT procesi gansakuTrebulad
sirTulis matarebelia da igi mudmivi cvlilebis procesSia mTels
periodze, obieqtis saproeqto-saxarjTaRricxvo dokumentaciis Sedgenidan
dawyebuli da misi eqsploataciaSi gadacemiT damTavrebuli.  saboloo
fasi samSeneblo produqciaze warmoadgens, arsebiTad kompromisuli fasia,
samSeneblo warmoebis procesSi monawile yvela subieqtebs Soris.
sakvanZo sityvebi: faswarmoqmna; fasi; fasdeba; danaxarjebi; efeqtianoba;
TviTRirebuleba; pirdapiri xarjebi; zednadebi xarjebi; gegmuri
dagroveba; saxarjTaRricxvo mogeba; lokaluri da saobieqto
xarjTaRricxva; stimulireba; teqnikuri dokumentacia; samSeneblo
produqcia; damproeqtebeli; damkveTi; kontraqtori; konkurenti; moTxovna;
miwodeba.

1. Sesavali
sabazro-ekonomikuri urTierTobebis amosavali principebidan gamomdinare,
fasi calkeuli saxis produqciis an momsaxurebaze, mTlianad
gaTavisuflebulia saxelisuflebo zemoqmedebis yovelgvari berketisagan da
yvela SemTxvevaSi stiqiuradyalibdeba. faswamoqmnis politika mSeneblobaSi
warmoadgens sayovelTao fasebis politikis nawils da emyareba yvela
dargisaTvis faswarmoqmnis saerTo principebs.

2. ZiriTadi nawili
fasis roli da funqcia sabazro ekonomikis pirobebSi, fasis umTavresi

funqcia. fasi aris ekonomikuri kategoria da dargis ganviTarebis
instrumenti, mTlianad dasrulebuli obieqtis an erTeuli samSeneblo
produqciis Rirebulebis raodenobrivi gamoxatuleba. amasTanave, rogorc
sazomi instrumenti, fasi gansazRvravs materialuri procesebis
organizaciisa da finansuri operaciebisaTvis aucilebeli sazogadoebrivi
Sromis danaxarjebs. SromiTi, materialuri da finansuri xarjebis
Semcirebasa da mSeneblobis efeqtianobis amaRlebaSi, igi asrulebs
mastimulirebel funqcias.

samSeneblo produqciis Seqmnis procesSi garigebis mxareTa mier ZiriTadad
gamoiyeneba saxelSekrulebo fasebi. saxelSekrulebo fasi warmoadgens
damkveTis mier dadgenil da menardesTan SeTanxmebul, mSeneblobis mTeli
periodis ganmavlobaSi ucvlel (stabilur) samSeneblo produqciis
saxarjTaRricxvo Rirebulebas. saxelSekrulebo fasebis dadgenas safuZvlad
udevs teqnikur-ekonomikur dasabuTebaSi an teqnikur-ekonomikur
gaangariSebaSi gansazRvruli samSeneblo obieqtis krebsiTi saxarjTaRricxvo
Rirebuleba.

faswarmoqmnis Taviseburebebi mSeneblobaSi. samSeneblo obieqtebi
gansxvavebulia gabaritebiT, farTobiT, sarTulianobiT, konstruqciuli
elementebis masalebiT. aRniSnuli exeba tipuri proeqtebiT mSenebare
obieqtebsac, ramdenadac TiToeuli maTgani damokidebulia im adgilobriv
pirobebze, sadac maTi mibma xdeba. maSasadame, praqtikulad TiToeul Senobasa
Tu nagebobas aqvs sakuTari individualuri fasi.
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sxva dargebisagan gansvavebiT, mSeneblobaSi, rogorc wesi fasi
ganisazRvreba ara damTavrebuli obieqtis an calkeul nagebobebze, aramed
ZiriTadad cal-calke samSeneblo-samontaJo samuSaoTa ama Tu im  saxeobasa
da damTavrebul konstruqciul elementebze. aRniSnuli ganpirobebulia imiT,
rom obieqtis mSeneblobis procesSi SeiZleba monawileoba miiRos didi aris
viwro specializaciis mqon arerTma qvekontraqtorma organizaciam, romelTa
produqcia ara gasayid obieqts, aramed ama Tu im saxis Sesrulebul
samSeneblo-samontaJo samuSaoebs.  fasi damTavrebul obieqtze, romelic
warmoadgens Sesrulebul samSeneblo-samontaJo samuSaoTa da calkeuli
konstruqciuli elementebis RirebulebaTa nakrebia, mniSvnelovania ZiriTadad
damkveTisaTvis, investorisa da generaluri kontraqtorisaTvis.

samSeneblo-samontaJo samuSaoTa fasebze mniSvnelovan gavlenas axdens
mSeneblobis procesSi gamoyenebuli teqnologiebi da mowyobilobebi. amdenad
gansxvavebuli teqnologiuri aRWurvilobis gamo samSeneblo organizaciebs,
erTi da igive saxis Sesrulebuli samSeneblo-samontaJo samuSaoebis fasi
SeiZleba ar iyos erTnairi. am da sxva garemoebebidan gamomdinare, obieqtis
daproeqtebis sawyis etapze misi Rirebulebis gansazRvrisas aiReba
gasaSualoebuli fasdebebi, am dros mxedvelobaSi miiReba samSeneblo
resursebze  mimdinare fasebisa  da Sromis anazRaurebis arsebuli done,
aseve yvelaze metad gavrcelebuli teqnologiebi.

mSeneblobisaTvis damaxasiaTebelia mniSvnelovnad xangrZlivi sawarmoo
cikli. Sesabamisad, saproeqto fasi SeiZleba ar daemTxves faqtiurs
(gansakuTrebiT inflaciis pirobebSi), rac aucilebels xdis, mSeneblobebze
fasis formirebis procesSi gaTvaliswinebuli iqnes drois faqtori.

samSeneblo produqcia gamoirCeva maRali masalatevadobiTa da
mniSvnelovani SromiTi danaxarjebiT. vinaidan fasi mSeneblobaSi formirdeba
ara realuri TviTRirebulebis, aramed saxarjTaRricxvo Rirebulebis
mixedviT, amdenad  saproeqto stadiaze gansazRvruli fasiT SeiZleba srulad
ver iqnas  asaxuli samSeneblo masalebis SeZenasa da SromiT resursebze
gaweuli faqtobrivi danaxarjebi. aRniSnuli aucilebels xdis, sistematurad
vadevnoT Tvali samSeneblo masalebsa da SromiT resursebisfasebs da
davadginoT, Tu maTi cvlilebebi ra gavlenas axdens samSeneblo produqciis
TviTRirebulebaze.

fasebi mSeneblobaSi formirdeba damproeqteblis, damkveTisa da
kontraqtori kompaniis mier. TiToeuli maTTagani aRniSnul procesSi miznad
isaxavs sakuTar komerciul interesebs. amdenad saboloo fasi samSeneblo
produqciaze aris, arsebiTad kompromisul fasi, samSeneblo warmoebis
procesSi monawile yvela subieqts Soris.

samSeneblo produqciaze fasis gansazRvra miT ufro rTulia, rac meti
sirTulisaa esa Tu is obieqti, an rac ufro didi masStabis mSeneblobasTan
gvaqvs saqme.

samSeneblo produqciis Seqmnis procesSi gamoiyeneba aseul aTasobiT saxis
produqcia, ama Tu im momsaxurebis gawevis mizniT CarTulia aseulobiT
specializebuli organizacia. danaxarjebi samSeneblo produqciaze
mniSvnelovnad aris damokidebuli samSeneblo procesebSi gamoyenebuli saSeni
masalebis araerTgvarovnebaze, urTierTSemcvleli saSeni masalebis Ziebaze
mSeneblobis procesSi, aseve calkeuli momsaxure organizaciebis CarTulobis
xarisxze procesSi samSeneblo produqciis saboloo saxiT Camoyalibebamde,
amasTan, calkeuli mSeneblobebis eqspluataciaSi gadacemisaTvis aucilebeli
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xangrZlivi da gansxvavebuli  kalendaruli grafiki mniSvnelovani faqtoria
samSeneblo produqciis faswarmoqmnis procesSi.
fasis dadgenaze gavlenis axdens:

•samSeneblo produqciis Seqmnasa da gasaRebaze gaweuli xarji;
•kompaniis produqciaze moTxovnasa da miwodebas Soris damokidebuleba;
•kompaniis fasebis politika;
faswarmoqmnis miznebia:
•garkveuli zomis mogebis miRebis uzrunvelyofa;
•garkveuli moculobis gayidvebis uzrunvelyofa;
•kompaniis arsebuli mdgomareobis SenarCuneba;
•konkurentebis Seviwroeba-gandevna;
•bazarze axali produqciisa da momsaxurebis danergva;
•liderobis mopoveba produqciis xarisxis maCveneblebis mixedviT.

faswarmoqmnis ZiriTadi etapebia:
•moTxovnisa da moTxovnilebis gansazRvra;
•xarjebis Sefaseba da fasis qveda zRvaris dadgena;
•konkurenti firmebis produqciis daxasiaTeba da fasebis analizi;
•faswarmoqmnis meTodebis SerCeva da fasebis zeda zRvaris Sefaseba;
•fasebis politikis SemuSaveba;
•konkretul periodze kompaniis produqciaze fasebis dadgena.

daproeqtebis stadiaze damproeqteblis mier momzadebuli mosalodneli
(savaraudo) danaxarjebi naklebad aris saproeqto organizaciis interesi.
aRniSnuli gaangariSebis zedmiwevniT srulyofili Catareba mTlianad
emsaxureba damkveTis interesebs. igi pirvel warmodgenas uqmnis damkveTs
finansur xarjebze, proeqtis momzadebuli (arsebuli) saxiT ganxorcielebis
SemTxvevaSi.
damkveTis mier saproeqto-saxarjTaRricxvo dokumentaciis arsebiTad
gacnobis Semdgomi, pirveli gaTvlebi, ukavSirdeba saWiro finansuri
resursebis moZiebasa da dafinansebis wyaroebis gansazRvras:
•infrastruqturuli proeqtebis SemTxvevaSi _ saxelmwifo biujeti;
•kerZo, fizikuri da iuridiuli pirebis mier ganxorcielebis SemTxvevaSi -
sakuTari kapitali+sasesxo kapitali+winaswari gadaxdebi momaval
mesakuTreTa mier.

proeqtis adgilobriv municipalur samsaxurebTan SeTanxmebis Semdgom,
daproeqtebis etapze momzadebuli saxarjTaRricxvo dokumentacia xdeba
vaWrobis mniSvnelovani sagani damkveTis mier momavali samSeneblo kompaniis
SerCevis (moZiebisa) da masTan generaluri xelSekrulebis momzadebis
(gaformebis) procesSi.

samSeneblo produqciaze mosalodneli danaxarjebis prognozireba
gansakuTrebuli pasuxismgeblobiT xasiaTdeba saxelmwifo Sesyidvebis
organizebis wina etapze _ tenderis organizatorebis mier  satendero
pirobebisa da calkeuli pretendentis mier satendero winadadebebis
momzadebis   procesSi. saxelmwifo Sesyidvebis organizebisas srulyofili
saxiT momzadebuli saxarjTaRricxvo dokumentacia mniSvnelovan rols
asrulebs satendero komisiis mier satendero pirobebisa da tenderSi
monawile pretendenti organizaciebis mier satendero winadadebebis
momzadebis procesSi.

samSeneblo resursebze fasTa xSiri cvlileba konkursSi monawile
TiToeul subieqts aiZulebs ar dauSvas Secdoma gaTvlebSi, romelic
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dakavSirebulia maTi SeZenisas mosalodnel danaxarjebTan. Tundac mcire
uzustobam da arasworma gaTvlebma SesaZloa savalalo Sedegebamde miiyvanos
tenderSi gamarjvebuli mSenebeli kompania, vinaidan sakonkurso obieqtis
Taobaze satendero komisiasa da samSeneblo kompanias Soris dadebul
xelSekrulebaSi obieqtis saxelSekrulebo fasi, satendero pirobebidan
gamomdinare, koreqtirebas ar eqvemdebareba. riskebi aRniSnul SemTxvevaSi miT
metia, rac didia mSeneblobis xangrZlivoba da Sesasrulebel samSeneblo
samuSaoTa moculoba.

samSeneblo produqciaze faswarmoqmnisa da saboloo saxelSekrulebo
fasis dadgenis procesi gacilebiT umtkivneuloa kerZo seqtoris,
individualuri proeqtebis ganxorcielebis SemTxvevaSi. masSi monawile
TiToeul subieqts saSualeba eZleva detalurad gaecnos damproeqtebeli
organizaciis mier warmodgenil krebsiT saobieqto xarjTaRricxvas,
ganaxorcielos calkeul samuSaoebze mosalodneli danaxarjebis
paraleluri daTvla, Seadginos Senakrebi xarjTaRricxvis sakuTari varianti
da mxolod amis Semdgom warsdges damkveTTan saboloo saxelSekrulebo
fasisa da sxva mniSvnelovani sakontraqto pirobebis gansazRvris mizniT.

faswarmoqmnis meqanizmi mSeneblobaSi
pirobiTad faswarmoqmnis sistema mSeneblobaSi SeiZleba

klasificirebuli iqnas Semdegi saxiT:
• fasebis elementebis raodenoba (pirdapiri xarjebi, zednadebi xarjebi da
gegmuri dagroveba);

• fasebis struqtura (danaxarjebi da mogeba);
• fasebis gamoyenebis areali (uSualod mSeneblobaSi, samSeneblo
industriaSi).

pirdapiri xarjebi Sedgeba samSeneblo-samontaJo samuSaoebis Sesrulebaze
gamoyenebuli samSeneblo masalebis Rirebulebisagan, mSenebeli muSebis
ZiriTadi xelfasisa da manqana-meqanizmebis eqspluataciaze gaweuli
xarjebisagan. pirdapiri xarjebi uSualod dakavSirebulia ama Tu im
konkretuli samSeneblo an samontaJo samuSaos SesrulebasTan.

pirdapir danaxarjebs miekuTvneba: muSebis ZiriTadi xelfasi (damxmare
sawarmoebisa da momsaxure meurneobebis gareSe); danaxarjebi samSeneblo
masalebsa da konstruqciebze; danaxarjebi samSeneblo manqanebisa da
meqanizmebis  eqsploataciaze da sxva xarjebi.

samSeneblo manqanebisa da meqanizmebis saeqspluatacio xarjebs miekuTvneba:
transportirebis, datvirTva-gadmotvirTvis, montaJisa da demontaJis,
samSeneblo moednis farglebSi manqanebis gadaadgilebis, maTi amortizaciis,
memanqaneTa xelfasi, maT eqspluataciasTan dakavSirebuli eleqtroenergiisa
da sawvavis xarjebi.

sxva pirdapir xarjebs miekuTvneba zedmeti gruntis, samSeneblo nagavis,
Tovlis, naleqis an gruntis wylebidan gaCenili tborebisagan samSeneblo
moednis gasufTavebis xarjebi.

TiToeuli elementis xvedriTi wona danaxarjebis saerTo moculobaSi,
samuSaoTa xasiaTidan, gamoyenebuli masalebisgan, konstruqciuli
elementebisgan da manqana-meqanizmebisgan gamomdinare  mniSvnelovnad meryeobs,
kerZod, saxelfaso ganacemi 20-30 %; samSeneblo masalebi da konstruqciebi 50-
65%; samSeneblo manqana-meqanizmebis eqsploatacia 10-15 %; sxva pirdapiri
xarji 1-5 %.
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faswarmoqmnis struqtura mSeneblobaSizednadebi xarjebi - es aris
xarjebi, romelic uSualod ar aris dakavSirebuli samSeneblo produqciis
Seqmnis procesTan, magram mimarTulia samSeneblo warmoebis organizaciis,
marTvisa da momsaxurebis saerTo pirobebis uzrunvelsayofad. es aris
inJiner-teqnikuri da administraciul-mmarTvelobiTi personalis, ofisis,
sasawyobo meurneobis,  saremonto bazis, droebiTi Senobebis, nagebobebisa da
mowyobiloba-samarjvebis Senaxvis xarjebi. aRniSnuli xarjebi ar iZleva
Sesrulebul samuSaoTa pirdapir zrdas, Tumca iribad mTlianobaSi xels
uwyobs aRniSnul process.

zednadebi xarji moicavs danaxarjTa Semdeg muxlebs: administraciul-
sameurneo xarji; muSebis momsaxurebis xarjebi (mocdenebTan da garemo
pirobebTan dakavSirebuli damatebiTi saxelfaso ganacemi, saSvebulebo
Tanxebi, danamati brigadirze brigadis xelmZRvanelobisaTvis da a.S.);
saxanZro da dacvis samsaxuris Senaxvis xarjebi.

zednadebi xarjis wili mTlian danaxarjTan mimarTebiT mniSvnelovanad
meryeobs da Seadgens mTliani xarjis 12-23 procents. mSeneblobis
xangrZlivobis Semcirebas mosdevs egreT wodebuli, pirobiTad mudmivi
zednadebi xarjis  mniSvnelovan SemcirebasTan da mTliani xarjis
ekonomiasTan.

saxarjTaRricxvo mogebaaris daproeqtebis etapzeve obieqtis
RirebulebaSi Cadebuli samSeneblo organizaciis gegmuri mogeba. zednadebi
xarji da gegmuri mogeba SeiZleba iyos normatiuli an xelSekrulebiT
gansazRvruli sidide. rogorc wesi, maTi normatiuli mniSvneloba
ganisazRvreba damkveTis an investoris mier.

gegmuri mogeba aris sabrunavi saSualebebis modernizaciisa da maragebis
Sevsebis, aseve sakuTari kapitaldabandebebis, muSebisa da inJiner-teqnikuri
personalis kulturul-sayofacxovrebo pirobebis gaumjobesebis mizniT
dafinansebis mniSvnelovani wyaro. gegmuri mogeba mimdinare saxelmwifo
samSeneblo proeqtebze satendero pirobebis momzadebis procesSi, mTavrobis
dadgenilebis safuZvelze, Seadgens pirdapiri da zednadebi xarjebis jamis
8%-s.

amrigad, fasi Sesrulebul samSeneblo-samontaJo samuSaoebze aris
pirdapiri xarjebis, zednadebi xarjebisa da gegmuri mogebis jami,safuZveli
samuSaoTa Rirebulebis gansazRvrisaTvis:

axali mSeneblobis, arsebuli sawarmos, Senobisa da nagebobis
rekonstruqciis, gafarToebisa da teqnikuri gadaiaraRebis Rirebuleba - es
aris misi ganxorcielebisaTvis saWiro fuladi resursebis jami. igi
ganisazRvreba winasaproeqto damuSavebis,  mSeneblobis teqnikur-ekonomikuri
dasabuTebis (tedi) momzadebis procesSi.

sawarmoo kompleqsis, Senobisa da nagebobis saxarjTaRricxvo Rirebuleba
- es aris maTi ganxorcielebisaTvis saWiro, saproeqto masalebis Sesatyvisi,
fuladi saSualebebis jami.

saxarjTaRricxvo Rirebuleba warmoadgens kapitaluri dabandebebis
moculobaTa gansazRvris, mSeneblobis dafinansebisa da samSeneblo
produqciaze Tavisufali (saxelSekrulebo) fasis formirebis safuZvels.

mSeneblobis saxarjTaRricxvo Rirebulebis gansazRvras safuZvlad udevs:
saproeqto da samuSao dokumentacia, samuSao naxazebi, samSeneblo da
samontaJo samuSaoTa moculobebis uwyisi, mowyobilobebis specifikacia da
uwyisi, mSeneblobis organizaciis proeqtiT miRebuli, mSeneblobis
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rigiTobasa da organizaciasTan dakavSirebuli   ZiriTadi gadawyvetilebebi,
aseve saproeqto masalebTan darTuli axsna-ganmartebiTi baraTi;
mowyobilobebze, avejsa da inventarze mimdinare saxarjTaRricxvo
normativebi, maT Soris resursuli fasebi.

saxarjTaRricxvo dokumentaciis forma SesaZlebels xdis, SevadginoT igi
garkveuli TanamimdevrobiT, wvrilidan msxvil samSeneblo elementebze
gadasvliT.

kapitaluri dabandebebis teqnologiuri struqturisa da samSeneblo-
samontaJo organizaciebis samewarmeo saqmianobis ganxorcielebis arsebuli
wesebis Sesabamisad mSeneblobis saxarjTaRricxvo Rirebuleba iyofa Semdeg
elementebad:
• samSeneblo samuSaoebi;
• mowyobilobebis montaJi (samontaJo samuSaoebi);
• danaxarjebi mowyobilobebis, avejisa da inventaris SeZenaze (damzadebaze);
• sxva xarjebi.
dasaproeqtebeli sawarmoebis, Senobebisa da nagebobebis mSeneblobis

saxarjTaRricxvo Rirebulebis gansazRvris mizniT dgeba saxarjTaRricxvo
dokumentacia, romelic Seicavs lokalur xarjTaRricxvebs, lokalur
saxarjTaRricxvo gaangariSebebs, saobieqto xarjTaRricxvebs, saobieqto
saxarjTaRricxvo gaangariSebebs, mSeneblobis Rirebulebis krebsiT
saxarjTaRricxvo gaangariSebas, krebsiT danaxarjebs da sxva.

lokaluri xarjTaRricxva warmoadgens pirvelad saxarjTaRricxvo
dokuments. igi moicavs Senobebisa da nagebobebis mixedviT calkeuli saxeobis
samuSaoebze danaxarjebs, romelTa  gaangariSebasac safuZvlad udevs
samuSao dokumentaciisa da samuSao naxazebis damuSavebis procesSi
gamoTvlili moculobebi.

lokaluri saxarjTaRricxvo gaangariSebebi, aseve calkeuli samuSaoebis
mixedviT, dgeba samuSao dokumentaciis safuZvelze, im SemTxvevaSi, rodesac
samuSaoTa moculobebi da xarjebis sidide sabolood ar aris gamokveTili
da saWiroebs dazustebas.

saobieqto xarjTaRricxva aerTianebs obieqtze mTlianad lokaluri
xarjTaRricxvebis monacemebs, romlis safuZvelzec  formirdeba Tavisufali
(saxelSekrulebo) fasebi samSeneblo produqciaze.

saobieqto saxarjTaRricxvo gaangariSeba aerTianebs mTlianad lokaluri
saxarjTaRricxvo gaangariSebebis monacemebs da rogorc wesi,  eqvemdebareba
dazustebas samuSao dokumentaciis safuZvelze.

mSeneblobis Rirebulebis krebsiT saxarjTaRricxvo gaangariSebas
safuZvlad udevs saobieqto saxarjTaRricxvo gaangariSebebi da saobieqto
xarjTaRricxvebi.

xarjTaRricxva da teqnikuri dokumentaciis daniSnuleba isaa, rom maTi
meSveobiT dgindeba Tu ra saxis da ra moculobis samuSaoebi unda
Seasrulos damkveTma, aseve xarisxis TvalsazrisiT ra moTxovnebs unda
Seesabamebodes Sesrulebuli samuSaoebi.

moijaradre organizacia valdebulia ganaxorcielos samSeneblo da masTan
dakavSirebuli samuSaoebi teqnikuri dokumentaciisa da xarjTaRricxvis
Sesabamisad. Tu saijaro xelSekrulebaSi sxva raime damatebiTi pirobebi ar
aris Cadebuli, moijaradre organizacia valdebulia Seasrulos teqnikur
dokumentaciasa da xarjTaRricxvaSi miTiTebuli yvela samuSao.
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mSeneblobis saijaro xelSekrulebiT  gansazRvruli unda iyos teqnikuri
dokumentaciis Sedgeniloba da Sinaarsi, aseve gaTvaliswinebuli unda iyos,
romelma mxarem da ra vadebSi unda uzrunvelyos Sesabamisi dokumentaciis
warmodgena.

moijaradre organizacia, mSeneblobis mimdinareobis periodSi teqnikur
dokumentaciaSi Seutaneli samuSaoebis gamovlenis SemTxvevaSi, rac
warmoSobs damatebiTi samuSaoebis Catarebisa da mSeneblobis
saxarjTaRricxvo Rirebulebis gazrdis  aucileblobas, valdebulia amis
Sesaxeb acnobos damkveTs. moijaradre organizacia Tu winaswar ar acnobebs
damkveTs damatebiTi samuSaoebis Sesrulebis Taobaze, SemdgomSi ar eqneba
ufleba moiTxovos damkveTisagan aseTi saxis samuSaoebze gaweuli xarjebis
anazRaureba, Tundac aRniSnuli samuSaoebi CarTuli iyos miRebis aqtSi da
xelmowerili iyos damkveTi mxaris mier. aqti amtkicebs samuSaoTa Sesrulebis
mxolod faqts da ara damkveTis Tanxmobas damatebiT Sesrulebuli
samuSaoebis anazRaurebaze.

3. daskvna

wina saetapo mosamzadebeli samuSaoebi, romelic TiToeul monawile mxares
saSualebas aZlevs, gaerkves Tu ra saxis da ra moculobis danaxarjebTan
eqneba saqme mSeneblobis ganxorcielebis periodSi, rogorc wesi unda
eyrdnobodes orive mxarisaTvis sando wyaros _ saproeqto organizaciis mier
gaangariSebul saobieqto saxarjTaRricxvo Rirebulebas.

damkveTsa da kontraqtor kompanias Soris generaluri xelSekrulebis
momzadebis etapze  vlindeba warmodgenili saproeqto dokumentaciis
sandoobis xarisxi, yvela saxis xarvezi da naklovaneba, romelic SeiZleboda
dakavSirebuli yofiliyo calkeul samuSaoTa moculobebis daTvlasTan,
aucilebeli materialur-teqnikuri resursebis raodenobrivi maCveneblebis
gansazRvrasa da krebsiTi saxarjTaRricxvo Rirebulebis dadgenis procesSi
gamoyenebul erTian fasdebebTan da normatiul sabazro maCveneblebTan.

zemoaRniSnulidan gamomdinare SeiZleba iTqvas, rom samSeneblo
produqciaze fasebis Camoyalibebis procesi gansakuTrebuli sirTulis
matarebelia da igi mudmivi cvlilebis procesSia mTels periodze _
calkeuli obieqtis saproeqto-saxarjTaRricxvo dokumentaciis Sedgenidan
dawyebuli da misi eqspluataciaSi gadacemiT damTavrebuli.
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usasrulo sibrtyeze ori nebismierad orientirebuli Wrilis
(bzaris) ricxviTi amoxsnis Sesaxeb

g. yifiani, mirian kublaSvili
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0160, Tbilisi,

kostavas 77)
reziume. naSromSi ganxilulia usasrulo firfitaze nebismierad
orientirebuli ori Wrilis (bzaris) urTierTdamokidebuleba, romlis
amoxsnac daiyvaneba pirveli gvaris singularul integralur gantolebaze
gaxsnili konturebiT da es gantoleba ixsneba miaxloebiT markovis tipis
kvadraturuli formulebiT (ix.[3]), aseve (ix.[5]) ganxiluli gamartivebuli
didi sizustis sqemebiT.
sakvanZo sityvebi: singularuli integrali; ricxviTi amoxsnis sqemebi;
usasrulo firfita; maRali rigir sizuste; helderis klasi.

1. Sesavali
vTqvaT, drekadi zotropul sibrtyeze, romelic dakavSirebulia dekartis0 sistemasTan, mocemulia ori wrfivi Wrili (bzari) sigrZiT 2 ( = 1,2).

Wrilebis (bzarebis) centrebSi ganisazRvreba koordinatebi = +( = 1,2). wertilebSi vigulisxmoT, rom ganTavsebulia 0 lokaluri
marTkuTxa koordinatTa sistema. aseve vigulisxmoT, rom ( = 1,2)RerZebi
emTxveva bzarebis wirebs da warmoqmnian kuTxeebs RerZebSi (sur.1)

sur. 1

2. ZiriTadi nawili
vTqvaT bzarebis napirebze mocemulia datvirTvebi± − ± = ( ), | | < ( = 1,2) (1)

xolo Zabva usasrulobaSi nulia.
saWiroa ganisazRvros aseTi aris daZabul-deformirebuli mdgomareoba.
da Sesabamisad aris normaluri da mxebi Zabvebi 0 lokalur

koordinatTa sistemis mimarT.
cnobilia, rom (ix.[1]) aRniSnuli amocana daiyvaneba Semdegi saxis pirveli

gvaris singularul integralur gantolebaTa sistemaze.( )− + [ ( ) ( , ) + ′( ) ( , )] = ( ) , | | <+∫ [ ( ) ( , ) + ′( ) ( , )] = ( ) , | | < (2)
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( , ) = 12 1− + − , = −( , ) = 12 1− + −( − ) ;
= − ( ) ( = 1 , = 2 ან = 2, = 1)

cnobilia, rom (2) sistema daiyvaneba Semdeg erT integralur gantolebaze[ ( , ) ( ) + ( , ) ( )] = ( ), | | < (3)( = 1 , = 2 ან = 2, = 1)
sadac( , ) = + + + − + ( + +

+ × + + − × ) + 2 −
]} + × + };( , ) = + + ( ) + + +

( ) + ( ) + ;

( ) = ( ) + ∫ ( ) + ( ) + ( ) ( ) −
( ) + ( ) − ;= − ( ) ;= − ( ) .
(3) gantolebas SeiZleba mivceT Semdegi saxe:∫ ( ) + ∫ ( , ) ( ) = ( ) (4)
sadac ( , ) , ( ) cnobili funqciebia, romlebic gamoisaxeba( , ), ( , ), ( ) funqciebis saSualebiT, xolo ( ) saZebni amonaxsnia.
veZeboT (4) gantolebis amonaxsni, romelic SemosazRvrulia – boloze da
SemousazRvrelia -ze. aseT amonaxsns, rogorc cnobilia (ix. [4]) aqvs Semdegi

saxe: ( ) = ( )
sadac -sa da -ze moTxovnil daSvebebSi ( , ∈ ). (ix. [4]) funqcia
konturze akmayofilebs helderis pirobas. (4) gantoleba miiRebs Semdeg saxes:
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1 −− ( )− + 1 −− ( , ) ( ) = ( ) (5)
Aam gantolebas vxsniT (ix. [3], [5]) agebuli ricxviTi sqemebiT, roca veZebT
amonaxsns, romelic SemousazRvrulia orive boloze (rogorc cnobilia (ix.
[4]) am SemTxvevaSi (4) gantolebis indeqsi 1-is tolia( ) = ( )( − )( − )
Dda (4) gantolebas eqneba Semdegi saxe:1 ( )( − )( − )( − ) + 1 ( , ) ( )( − )( − ) = ( )(6)
amasTan, unda sruldebodes damatebiTi piroba ∫ ( ) =
sadac – mudmivi ricxvia.

roca veZebT amonaxsns, romelic SemosazRvrulia orive boloze miiReba
Semdegi gantoleba1 ( − )( − ) ( ) + 1 ( − )( − ) ( , ) ( ) = ( ) (7)
SeniSvna: (7)-e gantolebas (am dros gantolebis indeqsi uaryofiTia = −1)
yovelTvis ara aqvs amonaxsni, is rom arsebobdes, marjvena mxare ( ) unda
akmayofilebdes damatebiT pirobas ( )( − )( − ) = 0
aseT SemTxvevaSi (ix.[4]) (7) gantolebas yovelTvis aqvs amonaxsni da igi
erTaderTia.
(5), (6) da (7) gantolebebs Cven miaxloebiT vxsniT (ix. [2], [3], [5]) moyvanili
ricxviTi sqemiT.

3.daskvna

naSromSi ganixileba usasrulo firfita romelic Sesustebulia
nebismierad orientirebuli ori WriliT (bzariT). unda ganvsazRvroT
firfitis daZabul-deformirebuli mdgomareoba. aRniSnuli amocana daiyvaneba
gaxsnilkonturebian pirveli gvaris singularul integralur gantolebebze.
xdeba am gantolebebis ricxviTi amoxsni (ix. [2];[3];]5])
maRalirigissizustissqemebiT.

literatura

1. Панасюк В.В., Распределение напряжений около трещин в пластинах и оболочках - Киев, 1976,
443 с.

2. g. yifiani - maRali rigis sizustis kvadraturuli formulebis Sesaxeb
singularuli integralebisTvis. mSenebloba, 2018, 45 gv.

3.g. yifiani - pirveli gvaris singularuli integraluri gantolebis ricxviTi
amoxsnebi gaxsnili konturebis SemTxvevaSi. mSenebloba, 2018, 87gv.

4. Мусхелишвили Н. Ч. Сингулярные интегральные уравнения // М: Наука, 1968 г. 511 с.
5. Mirian Kublashvili – Numerical solutions of singular integral equation using simplified schemes,

Scientific-technical journal “Building”, 3(43), 2016



samecniero-teqnikuri Jurnali ,,mSenebloba“
SCIENTIFIC-TECHNICALJOURNAL,”BUILDING“#2(51), 2019
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ«СТРОИТЕЛЬСТВО»

60

wriuli moxazulobis rkinabetonis kedlebis agebis
gamartiveba

i. qvaraia, a.firosmaniSvili
(saqarTvelos teqnikuri universiteti, m.kostavas q.#77, 0160,Tbilisi,

saqarTvelo)

reziume. statiaSi ganxilulia monoliTuri rkinabetonis wriuli maRali
kedlis agebis SesaZlebloba martivi sayalibe sistemis gamoyenebiT. igi
gansxvavdeba mcocavi yalibisagan, romelic rTuli sistemaa da amJamad
ZiriTadad misi saSualebiT  xorcieldeba am tipis kedlebis dabetonebis
samuSaoebis Sesruleba.
sakvanZo sityvebi: rkinabetoni;betoni; yalibi; ageba; armireba;sarkmeli;
xe; wre; domkrati; gadaadgileba.

1.Sesavali

maRali  Senobebis gare da Siga wriuli moxazulobis kedlebis
dasabetoneblad, sixistis birTvebis, sakvamle milebis, silosebis,
Sxefsacivrebis da sxva msgavsi nagebobebis asagebad, romelTa simaRle 25m-s
aRemateba da kedlebis sisqe 25sm-ze metia, ZiriTadad gamoiyeneba mcocavi
yalibebi (sur.1). yalibi rTuli sistemaa, romelic Sedgeba farebis, muSa
iatakis, hidravlikuri domkratis, domkratis Reroebisa da marTvis
pultisagan, romliTac xorcieldeba yalibis muSa sistemis aweva. maTi
gamoyeneba Zalian aCqarebs da aiafebs dabetonebis samuSaoebs, magram
dakavSirebulia araerT sirTulesTan. pirvel rigSi aRsaniSnavia domkratis
Reroebis Camagreba saZirkvelSi da maTi mowyoba dabetonebis mTel simaRleze.
garTulebulia TviT yalibis aweva-gadaadgileba maRali kvalifikaciis
specialistebis gareSe. amasTan aRniSnuli Reroebi Zalian
zRudavsdarmaturebisa da dabetonebis procesebs, romelebic aucileblad
uwyvet reJimSi unda mimdinareobdes. mcocavi yalibebis yvelaze uaryofiT
mxared unda CaiTvalos is, rom kedlebze praqtikulad SeuZlebelia didi
zomis Riobebis mowyoba.

sur.1. wriuli kedlebis ageba mcocavi yalibis gamoyenebiT

2. ZiriTadi nawili
monoliTuri wriuli moxazulobis rkinabetonis kedlebis mcocavi yalibiT
agebisas wamoWrili sirTuleebis Tavidan asacileblad SesaZlebelia Zalian
martivi sayalibe sistemis gamoyeneba. igi iseve xorcieldeba, rogorc
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sworxazovani yalibebis SemTxvevaSi. kerZod, wriuli armirebuli karkasis
mowyobis Semdeg, mis Siga zedapirze xdeba zustad misi diametris mqone
naxevradwriuli sayalibe panelis dafiqsireba. amas mosdevs  misi SeerTeba
xraxniani liTonis ReroebiT da sayelurebiT gare zedapiridan midgmul
sayalibe panelTan. dabetonebis Semdeg misi gadatana xdeba mopirdapire
mxaresda dabetoneba grZeldeba sistemis gadaadgilebiT kedlis mTel
simaRleze amwis gamoyenebiT. aseTi naxevradwriuli yalibi, rogorc wesi,
mzaddeba xis masalisgan, simtkicis misaRwevad saWiro, mravali vertikaluri
da horizontaluri sixistis wiboebis mowyobiT (sur.2). naxevradwriuli
yalibi maRalxarisxovan dabetonebasTan erTad iZleva misi martivad
ganyalibebis saSualebas Tavisufali boloebis arsebobis gamo.

sur.2. naxevradwriuli yalibis ageba sadurglo saamqroSi

sur.3. naxevradwriuli yalibis gadaadgileba da dafiqsireba
naxevradwriuli sayalibe panelis dayrdoba, misi awevis an mopirdapire

mxares gadaadgilebis SemTxvevaSi xdeba Zalovan xaraCoebze mowyobil
ficarnagebze, romelTa ageba, gasworeba da dafiqsireba Tan misdevs aRniSnul
process (sur.3). naxevradwriuli yalibis sakmaod didi sixistis miuxedavad,
misi gadatanisa da  samuSao adgilas dafiqsirebisaTvis  rekomendebulia
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naxevarwris boloebis liTonis profiliT Sekvra. aseTi panelis gamoyenebiT
gamartivebulia ara marto  kedlebis dabetonebis samuSaoebis warmoeba,
aramed zedmeti garTulebebis gareSe xdeba monoliTuri rkinabetonis
kedelze nebismieri zomis Riobebis mowyoba. me-4 sur.-ze gamosaxulia  8 m
simaRlis da 0,6 m siganis sarkmlebis Riobebis mowyobis procesi,  romelTa
raodenobam wriul perimetrze 20 cali Seadgina. ToToeuli sarkmlis
mosawobad armaturis karkasebs Soris idgmeboda sarkmlis yalibi, ise, rom
maT xeli ar unda SeeSalaT naxevradwriuli yalibis gadaadgilebisaTvis
vertikaluri da horizontaluri mimarTulebiT. kedlis mTliani dabetonebis
dasrulebis Semdeg xorcieldeboda  sarkmlebis ganyalibeba.

sur.4. didRiobiani sarkmlebis mowyoba naxevradwriuli yalibiT

3. daskvna
1. wriuli moxazulobis monoliTuri rkinabetonis maRali kedlis
dasabetoneblad mcocavi yalibis nacvlad warmatebiT SeiZleba gamoyenebuli
iqnes martivi, naxevradwriuli sayalibe paneli gamoiyeneba. igi sworxazovani
yalibis msgavsad iZleva amwe saSualebebiT misi gadaadgilebis da Zalovan
xaraCoebze dafiqsirebis saSualebas rogorc vertikaluri,ise
horizontaluri mimarTulebiT.
2. naxevradwriuli sayalibe sistemis gamoyenebisas sagrZnoblad
martivdeba kedlebis armirebisa da dabetonebis procesi. rac mTavaria
araviTar problemas ar warmoadgens dabetonebisas nebismieri zomis Riobis
mowyoba, rac mcocavi yalibebis gamoyenebis SemTxvevaSi praqtikulad
SeuZlebelia uwyveti dabetonebisa da armirebis pirobebSi.

literatura
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betonis gamagrebis daCqareba TbodamuSavebis dros
rkinabetonis nakeTobebSi
z. qarumiZe, z. bekuriSvili

(saqarTvelos teqnikuri universiteti, saqarTvelo, 0160,Tbilisi,
kostavas 77)

reziume. miuxedavad imisa, rom Cvens qveyanaSi dReisaTvis ZiriTadi
mSeneblobis wili modis monoliTur mSeneblobaze, mainc aris iseTi
sapasuxismgeblo nakeTobebi, konstruqciebi, romlebic saWiroeben asawyobi
rkinabetonis warmoebas. ase magaliTad Spalebi, anZebi, rTuli
konfiguraciis nakeTobebi kerZo mSeneblobebisaTvis da sxv. viciT, rom
aseTi tipis nakeTobebis gamagrebisTvis saWiroa TbodamuSaveba. es naSromi
Seexeba  betonisa da rkinabetonis nakeTobebis TbodamuSavebis xerxebs.
ganxilulia TbodamuSavebis saxeobebi, Tboteniani damuSavebis saerTo
ciklis periodebi.  cxrilebSi naCvenebia betonis winaswari dayovnebis
xangrZlivoba. cementis aqtiurobis efeqturobis koeficienti,
gaorTqlvisas, betonis saorientacio simtkice gaorTqlvis Semdgom.
portlandcementze damzadebuli mZime betonis simtkicis zrdis
damokidebuleba,  Tboteniani damuSavebis ciklze (80-850C), CamoTvlilia
TbodamuSavebis saerTo ciklis Sesamcirebeli RonisZiebebi, rameTu isini
ekonomikuri efeqtis sawindaria.
sakvanZo sityvebi: betoni; TbodamuSaveba; rkinabetoni; simtkice;
optimaluri temperatura.

1. Sesavali
naSromSi ganxilulia betonisa da rkinabetonis nakeTobebisa da
konstruqciebis TbodamuSavebis meTodebi. dayalibebuli nakeTobebis
gamagreba, rkinabetonis damzadebis teqnologiis umniSvnelovanesi nawilia.
betonis gamagrebis daCqarebis erT-erT efeqturi meTodia Tboteniani
damuSaveba warmoadgens. ganxilulia saqarxno praqtikaSi gamoiyenebuli
betonisa da rkinabetonis nakeTobebisa da konstruqciebis TbodamuSavebis
meTodebi: gaorTqlva gvirabisebr kamerebSi orTqlis normaluri wnevisa  da
60-dan  100°C-mde temperaturis pirobebSi;  betonis narevis gaxureba, daxurul
yalibebSi an bunkerSi, betonisaTvis siTbos  kontaqturi  gadacema yalibis
SemomRobi zedapirebidan; SeorTqlva avtoklavebSi gajerebuli wylis
orTqlis garemoSi, maRal atmosferul wnevaze (0,8-1,2mpa da 170-200°C
temperaturaze); eleqtrogaxureba;induqciuri gaxureba; gaxureba mzis
energiis gamoyenebiT; betonis narevis winaswari gaxureba orTqliT an
eleqtrodeniT  uSualod  misi Cawyobisas formebSi da sxv.

ganxilulia nakeTobis Tboteniani  damuSavebis saerTo ciklis  periodebi:
winaswari dayovneba;temperaturismateba, temperaturuli gradientis
gaTvaliswinebiT;  izoTermuli dayovneba dadgenil temperaturaze;  gaciveba.
Tburi damuSavebis reJimebi ki SeirCeva nakeTobis sisqis, gamoyenebuli
cementis saxis, betonis moTxovnili simtkicis, orTqlis miyvanis xerxis da
sxva faqtorebis gaTvaliswinebiT.

2. ZiriTadi nawili
betonis gaorTqlva mniSvnelovnad aCqarebs gamyarebis fizikur-qimiur
procesebs, rac saSualebas iZleva mokle droSi miviRoT sasurveli simtkicis
nakeToba. betonSi struqturuli cvlilebebi SeiZleba warmoiqmnas
temperaturis awevis da dawevis periodebSi. maTi Tavidan acilebis mizniT
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mimarTaven winaswar dayovnebas. winaswari  dayovnebis xangrZlivoba ar aris
dadgenili da damokidebulia ramdenime faqtorebze (cementis aqtivobaze, wy/c
fardobaze, betonis narevis Zvradobaze, garemos temperaturaze da sxv.) da
meryeobs 1-dan 5-mde. farglebSi. winaswari dayovnebis optimaluri xangrZlivoba
da temperaturis awevis  siCqare mocemulia  cxr.1

betonis winaswari dayovnebis rekomendebuli xangrZlivoba.cxrili1
cementisa  da betonis

klasi/marka
betonis
sawyisi

simtkice, mpa

winaswari dayovnebis

xangrZlivoba,20°C saaTSi

kameraSi tempera-
turis awevis

siCqare,°C/saaTSi

betoni M-200 და M-300
portlandcementi M-400
betoni M-300 და M-400
portlandcementi M-500
betoni M-500 და M-600
portlandcementi M-600

0.1….0.2
0.3…. 0.5
0.1….0.2
0.3… 0.5
0.1…  0.2
0.3…. 0.5

2.5….3.0
3.5…. 4.0
2.0…. 2.5
3.0….3.5

1.5…. 2.0
2.0…. 2.5

15…. 20
25…. 35
20…. 25
35…. 40
25…. 30
40….45

izoTermuli gaxurebis optimaluri temperatura portlandcementis
Semkvrelad gamoyenebisas, aris 80...85°C, xolo widaportlandcementis da
pucolanuri portlandcementis gamoyenebis dros 90-95°C. zogierT SemTxvevaSi
rekomendebuliizoTermuli gaxurebis temperatura 60...70°C-ia.  TbodamuSaveba
xorcieldeba yvela tipis perioduli da uwyveti moqmedebis Tbur agregatebSi,
Tbomatareblebis  gamoyenebiT. TbodamuSavebis  reJimebma unda uzrunvelyos
betonebis  miReba,  romlebic pasuxoben upirvelesad simtkicis moTxovnebs da
Semdeg sxva danarCen Tvisebebs.  reJimis daniSvna gaorTqlvis dros xorcieldeba
cementis aqtiurobis gaTvaliswinebiT. es gvaZlevs saSualebas avirCioT
cementebi, romlebiTac miiReba  saukeTeso efeqti.  cementis aqtiobis Sefasebis
mizniT ganisazRvreba misi efeqturobis koeficienti gaorTqlvisas.

Kც=  Rც /  Rც28 ,                        (1)
koeficientRცmniSvnelobacxrili #2.

cementis  jgufi cementis  saxe Rც

I
II

III

maRalefeqturi
saSualod  efeqturi
dabalefeqturi

≥ 0,68
0,57.... 0,67

≤ 0,56
სადაც Rც-cementis aqtivobaa gaorTqlvis dros; Rც28- normaluri gamagrebis

cementis aqtivobaa 28dR/Ram.asakSi (ГОСТ 310.4-92)  Rც- cementis eefeqturobis
koeficientis mixedviT irCeven cementis jgufs me-2 cxrilidan.

betonis saorientacio simtkice gaorTqlvis Semdegcxrili 3.

b
et

o
ni

s
 m
ar

ka

c
em
en
t
is

 j
g
u
f
i

Rп

g
ax

u
r
eb

is
t
em
pe
r
at

u
r
a

gaorTqlili betonis simtkice %
прR28 izoTermuli gaxurebis xangrZlivobisas

6 12 18

TbodamuSavebis Semdgomi gacivebiT, sT

0,5 4 12 24 0,5 4 12 24 0,5 4 12 24

200 I 0,68 80 57...65 60...67 63...38 64...69 65...71 67...72 69...73 70...73 71...75 74...76 74...76 75...77
200 I 0,68 60 37...46 40...48 44...51 46...52 47...54 50...56 53...58 55...59 57...62 60...64 63...66 65...67
200 I 0,68 40 19...29 22...31 26...34 28...35 30...38 33...40 37...44 39...44 41...47 44...49 48...52 50...53
200 II 0,57...0,67 80 52...61 56...64 59...65 60...66 61...67 63...69 66...70 67...70 68...72 70...74 72...75 73...75
200 II 0,57...0,67 40 31...41 34...43 38...46 40...47 41...49 44...51 48...54 50...55 51...57 55...60 58...62 60...63
200 II 0,57...0,67 60 16...27 19...29 22...31 24...32 25...34 28...36 31...38 33...39 34...41 38...44 41...46 43...47
200 III 0,56 80 45...55 49...57 51...59 52...60 53...61 56...63 59...65 60...66 61...67 63...68 67...71 69...72
200 III 0,56 60 23...34 26...36 29...38 32...40 34...43 37...45 40...47 42...48 44...51 48...54 51...56 53...57
200 III 0,56 40 11...23 13...24 15...25 17...26 19...29 21...30 24...32 26...33 27...35 30...37 33...39 35...40
300 I 0,68 80 62...69 65...71 67...72 68...73 69...74 71...75 72...75 73...75 74...76 75...77 76...78 77...79
300 I 0,68 60 43...51 47...54 50...56 51...57 52...58 55...60 57...61 58...62 62...66 64...67 66...68 68...70
300 I 0,68 40 26...35 30...38 34...41 36...42 37...44 41...47 45...50 46...51 48...53 52...56 56...59 57...60
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300 II 0,57...0,67 80 56...64 60...67 63...68 64...68 64...69 67...72 69...73 70...74 71...75 72...75 74...76 75...77
300 II 0,57...0,67 40 36...45 40...48 43...50 44...51 46...53 50...56 52...57 53...58 57...62 60...64 63...66 64...66
300 II 0,57...0,67 60 22...32 26...33 29...37 30...38 31...39 35...42 38...44 39...45 41...47 45...50 49...53 50...53
300 III 0,56 80 49...58 53...61 56...63 57...63 57...63 60...66 60...68 63...68 65...70 68...72 71...73 72...74
300 III 0,56 40 28...38 32...41 34...42 36...44 39...48 42...49 45...51 46...52 49...55 52...57 55...59 57...62
300 III 0,56 60 14...25 17...27 19...28 20...29 22...31 25...33 27...34 29...35 30...37 33...39 36...41 37...42

izoTermuli dayovnebis xangrZlivoba gaorTqlvisas unda dainiSnos
gamoyenebuli cementis jgufis, ganyalibebisa da betonis gasaSvebi simtkicis
mixedviT. me-3 cxriliwarmodgenilia sxvadasxva simtkicis betonis
saorientacio mniSvnelobebi, sxvadasxva markis cementebis gamoyenebiT. es
mniSvnelobebi damokidebulia izoTermuli gaxurebis xangrZlivobaze,
kameraSi garemos temperaturasa da sakontrolo nimuSebis gamocdis
vadebze.cxr.4 portlandcementze da widaportlandcementze (-400...M-500)
damzadebuli mZime betonis  simtkicis  zrdis damokidebuleba Tboteniani
damuSavebis ciklze (80-85°C), betonis markasa da sakontrolo nimuSebis
gamocdis vadebze. cxrili 4
saproeqto simtkice
28 dR/Ramis asakSi

betonis c/wy
saorientacio
mniSvneloba

Tboteniani
damuSavebis

saerTo cikli, sT

betonis simtkice %-Si saproeqtosTan
SedarebiT Tboteniani damuSavebis Semdeg,
sakontrolo nimuSebis gamocdisas,  sT.

200 1,5....1,3 0,5(cxel
mdgomareobaSi)

4 12 24

200 1,5....1,3 5 20-30 30-40 34-44 38-48
200 1,5....1,3 7 33-43 40-50 43-53 48-58

200 1,5....1,3 9 41-51 47-57 50-60 55-65
200 1,5....1,3 11 47-57 52-62 55-65 60-70

200 1,5....1,3 13 52-62 56-66 60-70 62-72
200 1,5....1,3 16 55-65 58-68 62-72 64-74
200 1,5....1,3 20 57-67 60-70 63-73 65-75
300 2....1,7 5 28-38 35-45 38-48 41-51
300 2....1,7 7 38-48 45-55 48-58 50-60

300 2....1,7 9 47-57 52-62 55-65 58-68
300 2....1,7 11 52-62 57-67 60-70 63-73
300 2....1,7 13 56-66 60-70 64-74 66-76
300 2....1,7 16 60-70 63-73 66-76 68-78

300 2....1,7 20 62-72 65-75 68-78 70-80

400 2,5...2,2 5 36-46 40-50 43-53 46-56
400 2,5...2,2 7 46-56 50-60 53-63 55-65
400 2,5...2,2 9 52-62 56-71 64-74 65-75

400 2,5...2,2 11 58-68 61-71 64-74 65-75
400 2,5...2,2 13 62-72 65-75 68-78 69-79
400 2,5...2,2 16 65-75 68-78 70-80 71-81
400 2,5...2,2 20 66-76 70-80 72-82 72-82

500 3...2,8 5 42-52 45-55 48-58 50-60
500 3...2,8 7 55-62 55-65 58-68 60-70
500 3...2,8 9 59-69 62-72 65-75 66-76
500 3...2,8 11 64-74 67-77 70-80 71-81

500 3...2,8 13 67-77 70-80 73-83 74-84
500 3...2,8 16 70-80 73-83 75-85 75-85
500 3...2,8 20 72-82 75-85 76-86 76-86

SeniSvna: Tboteniani damuSavebis saerTo xangrZlivoba Seesabameba Semdeg reJimebs:

5სთ- (0,5)+2+2+0,5;   7სთ- (1)+2+3,5+0,5;  9სთ- (1)+3+4+1;  11სთ-(2)+3+5+1;  13სთ-(2)+3+6+2;  16სთ- (2)+3+9+2;
20სთ- (2)+3+13+2.
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TbodamuSaveba, rogorc viciT, gamoiyeneba betonis gamagrebis daCqarebis
mizniT, raTa miviRoT saproeqto simtkice, cementisa da  Tburi energiis
minimaluri xarjisas. TbodamuSavebis  reJimebi gansxvavebuli jgufis
cementebisaTvis sxvadasxvaa.

TbodamuSavebis reJimebi sxvadasxva jgufis cementebisaTvis
cxrili 5.

TbodamuSavebis   stadia
cementis     jgufi

I II
winaswari  dayovneba,  sT 1...2 2...3
temperaturis  aweva 80-85°C , sთ 3...4 3...4
izoTermuli  gaxureba,  sT. 6...12 6...12

gaciveba,  sT. 2 2
kasetebSi nakeTobebis TbodamuSavebisas nakeTobebis gaxureba xdeba
kontaqturi meTodiT. kasetebis TbonakveTurebis gasaxureblad gamoiyeneba
gansxvavebuli Tbomatareblebi: wylis orTqli, cxeli haeri, sawvavis wvis
produqtebi, tenebi, da sxva eleqtrogamxureblebi.nakeTobebis
TbodamuSavebisas kasetebSi, Tbomatareblebis mimarT wayenebuli ZiriTadi
moTxovnaa nakeTobis mTeli zedapiris Tanabarzomieri gacxeleba.
temperaturaTa sxvaoba gamyof nakveTurebs Soris dasaSvebia araumetes 15-20C-
isa. nakeTobis ukeT gaxurebis mizniT mizanSewonilia 50-60C-mde SemTbari
betonis gamoyeneba. izoTermuli gaxurebis stadia Sedgeba ori  periodisagan:
orTqlis miwodeba Tbur nakveTurSi da temperaturis SenarCuneba, Semdgomi
dayovnebiT siTbos miwodebis Sewyvetis Semdeg. saTbobi nakveTurebis
specialuri gaciveba saWiroar aris.

3.   daskvna

TbodamuSavebis saerTo ciklis Sesamcireblad gamoiyeneba araerTi RonisZieba:
mag. mcire dawnevis  kamerebSi, gaorTqlva Warbi wneviT 0,3mpa-mde; gaorTqlva
mitvirTviT. am dros TbodamuSavebis  xangrZlivoba mcirdeba  1-1,5 sT,

winaswar gaxurebuli betonis narevebis 550°C dros, 1-2 sT-mde, gamagrebis
damaCqarebeli danamatebisgamoyenebisas2-4 saaTiT.  TbodamuSavebis reJimebis
daniSvnisas,  aucileblad gaTvaliswinebuli unda iqnes nakeTobis
gabarituli zomebi, gansakuTrebiT sisqe, betonis saxe (msubuqi, mZime),
daniSnuleba  da konstruqciis muSaobis pirobebi.
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armirebuli asfaltbetonis narevis fizikur-meqanikuri
Tvisebebis gaumjobeseba

p. nadiraSvili, T. menaqariSvili, z. melaZe, i. uruSaZe
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0160,Tbilisi,

kostavas 77)
reziume. laboratoriuli kvlevebis ZiriTadi mizania dadgindes
asfaltbetonis narevSi masalebis optimaluri Semdgeniloba da Semdgom
adgilobrivi nedleulis, kerZod bazaltis fileris, damatebiT moxdes am
narevis fizikur-meqanikuri Tvisebebis gaumjobeseba.
sakvanZo sityvebi: asfaltbetonis narevi; laboratoriuli kvleva;
bazaltis fileri.

1. Sesavali
statiaSi laboratoriuli kvlevebiT dasabuTebulia asfaltbetonSi
bazaltis fileris da boWkos Serevis mizanSewoniloba da mocemuli narevis
momzadebis teqnologiuri Tavisebureba. mocemul Teoriul kvlevebze
dayrdnobiT a(a)ip ,,Tbilisis municipaluri laboratoriis’’ asfaltbetonis
kvleviT laboratoriaSi Catarda Sesabamisi eqsperimentuli kvlevebi da
dadginda narevis dadebiTi Tvisebebi. asfaltbetonis narevis armirebisaTvis
bazaltis boWkos optimaluri geometriuli zomebia 15-20 mikroni, sigrZiT 24-
25 mm.

2. ZiriTadi nawili
pirveli etapi: laboratoriuli kvlevebisTvis momzadda Бtipis
wvrilmarcvlovani asfaltbetonis narevi. narevis mosamzadeblad

gamoyenebulia bitumi romlis markaaБНД60/90. pirvelcxrilSi mocemulia

asfaltbetonis narevis granulometria, romelic srulad akmayofilebs ГОСТ
9128-97-is moTxovnebs da gaangariSebulia 1000 kg. masaze.

cxr.1
masalis fraqcia gamoyenebuli raodenoba, kg.

qviSa 0-5 mm 390
RorRi 5-10 mm 390
RorRi 10-16 mm 83

bitumi БНД60/90 57

fileri 0.071 80

asfaltbetonis narevis mosamzadeblad masala gacxelda 160-170 0C, xolo

bitumi moTavsda specialur RumelSi da gacxelda 130-140 0C. laboratoriul
amrevSi masala miewodeboda etapobrivad da mas Semdeg, rac momzadda
erTgvarovani masa – moTavsda sfecialur Semmkvrivebel danadgarSi da
daitkepna. momzadebidan 48 saaTis Semdeg asfaltbetonis nimuSi gamoicada

kvalis gaCenaze Hamburg Wheel Trackerspecialur danadgarSi. borbliT 10000
gavlis Semdeg kvalis siRrmem Seadgina 2.2 mm. ucxouri da saqarTveloSi
moqmedi vadagagrZelebuli samSeneblo normebis da wesebis mixedviT kvalis
dasaSvebi simaRle ar unda aRematebodes 20 mm. dasaSvebi kvalis siRrme
mocemulia me-2 cxrilSi.
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cxr.2
dasaSvebi siCqare km/sT kvalis siRrme mm

>120 4 20

120 7 20

100 12 20

80 25 30

60 da naklebi 30 35

me-3cxrilSi mocemulia marSalis nimuSis gamocdis Sedegebi:
cxr.3

#
moculobiTi
simkvrive

forianoba datkepnis xarisxi

faqtobrivi
dasaSvebi
zRvari

faqtobrivi
dasaSvebi
zRvari

g/m3 % % % %
1 2.183 6.5

2.0-7.0
97.5

≥992 2.180 6.7 97.3
saSualo 2.181 6.6 97.4

bitumis raodenoba % mineraluri nawilebis masidan
faqtobrivi dasaSvebi zRvari

5.7 5.5-6.5

meore etapi: bazaltis masalis dadebiTi Tvisebebidan gamomdinare
SemuSavda asfaltbetonis narevis axali tipi, romelSic 0.071 mm fraqciis
saxiT gamoyenebulia bazaltis fleri. aRniSnuli masala damzadebulia
marneulis municipalitetSi mopovebuli bazaltis nedleulisgan. qarxanaSi
arsebuli danadgarebi vargisia Sesabamisi bazaltis fraqciis misaRebad.
Sesabamisad, ar arsebobs axali teqnikis SeZenis an arsebulis gadawyobis

saWiroeba. ГОСТ 9128-97-is mixedviT damzadda Бtipis wvrilmarcvlovani
asfaltbetonis narevi, romlis fileris dasaSvebi zRvari Seadgens masis 6-
12%-s. laboratoriuli cdebis Casatareblad, narevis SedgenilobaSi fileris
odenoba 8%-iT ganisazRvra.

laboratoriuli kvlevebis teqnologiuri Tanamimdevroba msgavsia
pirveli etapisa. nimuSis gamocdam kvalis gaCenaze, 10000 gavlis Semdeg
gviCvena siRrme 1.6 mm. kvlevebis Sedegebi mocemulia me-4 cxrilSi.

cxr.4

#
moculobiTi
simkvrive

forianoba
narevis maqsimaluri

simkvrivefaqtobrivi
dasaSvebi
zRvari

g/m3 % % g/m3

1 2.369 2.7
2.0-7.0

cda #1 2.433
2 2.363 2.9 cda #2 2.436

saSualo 2.366 2.8 saSualo 2.434
bitumis raodenoba % mineraluri nawilebis masidan
faqtobrivi dasaSvebi zRvari

5.9 5.5-6.5
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mesame etapi: Semdometapze narevSi danamatis saxiT gamoviyeneT bazaltis
boWko, romlis odenoba ganisazRvra masis 0.3%-iT. nimuSis gamocdam kvalis
gaCenaze, 10000 gavlis Semdeg, gviCvena siRrme 1.55 mm. kvlevebis Sedegebi
mocemulia me-5 cxrilSi.

cxr.5

#
moculobiTi
simkvrive

forianoba
narevis maqsimaluri

simkvrivefaqtobrivi
dasaSvebi
zRvari

g/m3 % % g/m3

1 2.386 1.7
2.0-7.0

cda #1 2.436
2 2.391 2.0 cda #2 2.438

saSualo 2.389 1.8 saSualo 2.437

3. daskvna

1. bazaltis boWkos gamoyeneba a/betonis narevSi zrdis safaris fizikur-

meqanikur Tvisebebs, simtkices kumSvaze, yinvamedegobis da wyalmedegobis
maCveneblebs;

2. bazaltis boWkos gamoyeneba a/betonis safarSizrdis bzarmedegobis
maCvenebels (amcirebs warmoqmnis SesaZleblobas da mis ganviTarebas)
icavs a/betonis safaris struqturul mdgradobas temperaturuli
cvlilebebis mimarT da zrdis Zvrisadmi mdgradobas, rac mTlianobaSi
zrdis sagzao konstruqciis saeqspluatacio maCveneblebs 1.5-2 –jer;

3. sagzao samosis fizikur-meqanikuri Tvisebebis zrda gviCvenebs armirebis
dadebiT zegavlenas narevze. boWkos bitumTan Serevis Sedegad
warmoiqmneba mdgradi zedapiruli fena, romelic saeqspluatacio
periodis ganmavlobaSi icavs gzis konstruqcias wylis SeRwevisgan;

4. ekonomikuri efeqti mdgomareobs SemdegSi: bazaltis boWkos gamoyenebiT
izrdeba sagzao samosis saeqspluatacio vadebi, aseve Sesabamisi
angariSebis safuZvelze SesaZlebelia safaris sisqis Semcireba da aseve
mcirdeba saremonto samuSaoebis xarji.

literatura
4. ГОСТ 9128-97 - ,,Смеси асфальтобетонные дорожные, аэродромные и

асфальтобетон. Технические условия” г. Москва, Межгосударственный стандарт,
2001 г. стр. 1-34.
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municipaluri sakuTrebis individualuri satransporto
saSualebebis gamoyenebis perspeqtivebi rTuli reliefis

mqone did qalaqebSi
k. mWedliSvili, T. fanCviZe

(saqarTvelos teqnikuri universiteti, m. kostavas q. 77, 0160, Tbilisi,
saqarTvelo)

reziume. rTuli reliefis mqone Tanamedrove did qalaqebSi da maT Soris
TbilisSi maRalia avtomobilTa moZraobis intensiuroba, nakadebis 80%-ze
mets Seadgens msubuqi avtomobilebi, romelTa Sevseba pikis saaTebSic ki
ar aRemateba 2 adamians. msubuqi avtomobilebis simravle uamrav uaryofiT
gavlenas axdens, satransporto nakadebis gadaadgilebaze, moZraobis
usafrTxoebaze da ekologiurobaze. statia eZRvneba am problemaTa
Semsubuqebas municipaluri individualuri eleqtroZraviani an
ZravisgareSe or borbliani satransporto saSualebebiT.
sakvanZo sityvebi:gamtarunarianoba; hipodinamia; eleqtroZrava.

1. Sesavali
mkvrivi satransporto nakadebi gamonabolqviT abinZureben atmosferos da

iwveven normatiul 65 decibelze met xmaurs. garda amisa qalaqis avtoparkis
gazrdis gamo saWiroa infrastruqturis modernizacia: axali SemovliTi
gzebis, xidebis, estakadebis mSenebloba, miwisqveSa satransporto sivrcis
mowyoba da a.S. rac did xarjebTan da uamrav sirTulesTan aris
dakavSirebuli. amasTan erTad Tanamedrove qalaqebis mosaxleobis
janmrTelobis mdgomareobis gauareseba ZiriTadad gamowveulia
avtosatransporto saSualebebis gamonabolqvi mavne nivTierebebiT da
cxovrebis naklebad moZravi wesiT.

2. ZiriTadi nawili
bolo wlebSi satransporto saSualebebze farTod daiwyes eleqtroZravis

gamoyeneba, uamravi qveynis kanonmdeblobam SeimuSava sxvadasxva moTxovna
TburZraviani avtomobilebis raodenobis SezRudvis da eleqtroZravian
satransporto saSualebebze gadasvlisaTvis. magram es mxolod ekonomikur
problemas wyvets, xolo gzebsa da quCebSi sacobTan brZola kvlav
aqtualuri rCeba. brZolis strategiis Tanaxmad saWiroa quCebSi moZravi
Semadgenlobis raodenobis Semcireba da satransporto infrastruqturis
gamtarunarianobis gazrda. am strategiuli amocanis gadaWris erT-erTi
umniSvnelovanesi xerxia velosipedebisa da eleqtroskuterebis gaqiravebis
erToblivi sistemis danergva, rac ukve daiwyo evropis did qalaqebSi, mag:
barselonaSi, milanSi, parizSi da a.S.

sur.1.velosipedebis samoZrao zoli da gaqiravebis punqti venaSi
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velosipedi msubuqi, iafi satransporto saSualebaa misi Senaxva
mciregabaritian binaSic SeiZleba. warmatebiT ebrZvis hipodinamias adamianebSi
da absoluturad ekologiurad sufTaa. misi naklia specialuri
velobilikebis mowyobis aucilebloba saavtomobilo da sxva satransporto
nakadebisgan gamosayofad, agreTve rTuli reliefis pirobebSi estakadebis da
kibeebis ageba maRali qanobebis mqone monakveTebis gadasalaxavad.

arsebobs agreTve eleqtro velosipedebic, pirveli eleqtrovelosipedis
patenti Cndeba amerikis SeerTebul StatebSi, 1890-ian wlebSi,
eleqtrovelosipedma droTa ganmavlobaSi mravali cvlilebi ganicada, magram
mTavari azri da funqcia igive darCa, ekologiurad sufTa, martivi da iafi
msubuqi transporti. dResdReisobiT eleqtrovelosipedebi muSaoben
mravaljeradi datenvis batareebze, eleqtrovelosipedis monacemebi aris
Semdegi:

siCqare: 25-45 km/sT, erTi datenviT gavla: 45-70 km, elementis datenvis dro:
6-8 saaTi, marTalia Cven droSi 6-8 saaTi didi droa, magram
akumulatordaclili  eleqtro velosipedi SeiZleba rogorc Cveulebrivi
velosipedi ise gamoviyenoT. fasi: eleqtrovelosipedis fasi iwyeba
daaxloebiT 400 dolaridan, aseve eleqtrovelosipedi gaTvlilia adamianze
romlis wonaa araumetes 115 kilogrami. transportis es tipi ZiriTadad
gaTvlilia swori da vake reliefisaTvis.

sur. 2 eleqrtovelosipedi da eleqtromopedi

bolo xans evropis did qalaqebSi masobrivad daiwyo agreTve eleqtro
mopedebis gamoyeneba. maTTvis aseve mizanSewonilia calke samoZrao zolebis
mowyoba magram velosipedisgan gansxvavebiT, mas SeuZlia saerTo saval
nawilze gadaadgileba, vinaidan aqvT maRali weviTi da samuxruWe dinamika.
aRsaniSnavia, rom hipodinamikasTan brZolaSi velosipedi yvelaze efeqturia.

garda zemoT aRniSnulisa, Tanamedrove qalaqebSi farTod gamoiyeneba
eleqtromopedi, romelic gansakuTrebiT efeqturia rTuli reliefis mqone
did qalaqebSi. misi SesaZleblobebi bevrad aRemateba velosipedebis
SesaZleblobebs. eleqtromopeds SeuZlia 2 adamianis da aseve garkveuli
raodenoba nivTebis transportireba, eleqtromopedi idealuria qalaqSi
samoZraod. igi mniSvnelovnad amcirebs  sacobebisa da parkingis problemebs
da zog SemTxvevaSi SeuZlia maTi sruli gadawyveta.

eleqtromopedis teqnikuri maxasiaTeblebia: siCqare: 45-70 km/sT, erTi
datenviT gavla: 100-120 km, elementis datenis dro: 6-8 saaTi, garkveul
modelebs aqvT swrafi datenis funqcia 3.5-4sT. eleqtro velosipedis fasi
iwyeba daaxloebiT 1500 dolaridan.
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eleqtro mopedebi sul ufro da ufro populruli xdeba, is saSualebas
gvaZlevs mivideT advilad da naxSirwyalbadiani sawvavis xarjvis gareSe
Sesabamisad igi ar gamoyofs mavne gamonabolqvs, da aqvs mtyunebis dabali
albaToba, mbrunavi nawilebis simciris gamo. eleqtro mopediT moZraoba
Cveulebrivi Sida wvis Zravian transportTan Seudareblad ufro ekonomiuria,
misi eqspluatacia 15-20jer ufro iafia igive garbenis SemTxvevaSi.

agreTve Zalzed efeqturi, iafi da martivi satransporto saSualebaa
eleqtro skuteri. igi SedarebiT axali produqtia, magram did popularobas
miaRwia 2017 wels rodesac amerikis SeerTebuli Statebis mraval qalaqSi
daiwyes skuterebis gaqiraveba. eleqtro skuteri aris msubuqi da zogadad
praqtikuli Sidasaqalaqo transportis saSualeba mokle manZilebisaTvis.
eleqtro skuterebs aqvT konstruqcia, romelic dakecvisa da tarebis
saSualebas gvaZlevs. vinaidan skuteriT xangrZlivi mgzavroba damRlelia
mZRoli fexze dgomis gamo, bolo modelebSi aris damatebiTi funqcia,
skuterze magrdeba skami, rom mZRolma ufro komfortulad imgzavros.

misi siCqarea 14-45 km/sT, erTi datenviT gadis 24-60 km, elementis datenvis
droa 6-8 saaTi, eleqtro skuteris fasi iwyeba daaxloebiT 400 dolaridan.

sur. 3. eleqtroskuteri

zemoTqmulidan gamomdinare, rTuli reliefis mqone did qalaqebSi, maT Soris
TbilisSi, mizanSewonilia rogorc velosipedis,ise eleqtromopedis,
eleqtroskuteris gamoyeneba, rogorc sakuTar flobaSi aseve municipalur
sakuTrebaSic. mizanSewonilia municipalitetebma organizeba gaukeTon maT
gaqiravebas. amasTanave gaqiravebis punqtebis ganlagebisas gasaTvaliswi-nebelia
unda iqnas ubnis reliefi, sadac ZiriTadad gadaadgildeba orborblianTa nakadi.

qvemoT moyvanili cxrilis monacemebiT SegviZlia SevadaroT sxvadasxva saxis
satransporto saSualebis efeqturoba gadaadgilebisas.

satransporto
saSualebis saxeoba

SeZenis
Rierebuleba

gadaadgilebis
limiti

moTxovnebi
satransporto

infrastruqturis
mimarT

ekologiuroba da
brZola

hipodinamikasTan

individualuri
msubuqi avtomobilebi

el. Zravaze

5-25 aTasi $ 100-100 km. parkingebi, datenvis
punqtebi

Ekologiurad
xelsayreli

velosipedi 150-5000 $ SeuzRudavi calke savali zolebi,
estakadebi, kibeebi

absoluturi
ekologiuroba,
hipodinamiasTan

warmatebuli brZola
eleqtrovelosipedi 400-1500 $ SeuzRudavi calke savali zoli,

estakadebi
Eekologiurad

sufTa,
hipodinamikasTan

brZola
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eleqtromopedi 1500-5000 $ 100-120 km araviTari ekologiurad sufTa

eleqtroskuteri 400-1500 $ 24-60 km sasurvelia calke
savali zoli

ekologiurad sufTa

individualuri
msubuqi avtomobili

Tburi ZravaTi

10-60 aTasi $ SeuzRudavi Zviri da Znelad
gansaxorcielebeli

ekologiurad mavne

3. daskvna

TbilisSi da saqarTvelos did qalaqebSi _ quTaisSi, baTumSi, rusTavsa da
a.S. sul ufro mwvave xdeba infrastruqturis ganviTarebis problema, vinaidan
avtomobilTa ricxvis zrda gacilebiT Warbobs infrastruqturis
ganviTarebis temps. gansakuTrebiT mwvavea pikur periodSi gadaadgilebis,
parkirebisa da ekologiuri problemebi.

problemaTa gadaWris mravali xerxidan msoflios did qalaqebSi farTod
gamoiyeneba municipaluri sakuTrebis individualuri satransporto
saSualebebi velosipedebi da eleqtroskuterebi. saqarTvelos qalaqebsa da
pirvel rigSi TbilisSi, maTi farTod danergva xels Seuwyobs
infrastruqturuli da ekologiuri problemebis warmatebiT gadaWras.

mzianSewonilia Tbilisis meriam SearCios velosipedebisa da  eleqtro
skuterebis parkirebis adgilebi quCaSi moZraobis intensiurobis, reliefisa
da ganaSenianebis simWidrovis gaTvaliswinebiT, aucilebelia agreTve
cxovrebis jansaRi wesis aqtiuri propaganda eleqtrotransportis dadebiTi
rolis CvenebiT. imavdroulad aucilebelia sakanonmdeblo da normatiuli
aqtebis SemuSaveba, romlebic SezRudaven TburZraviani avtomobilebis parkis
zrdas da moaxdenen eleqtroZraviani transportis daCqarebuli tempebiT
ganviTarebis stimulirebas.

literatura
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Tbilisis Zveli ubnebis fizikuri da moraluri cveTa,
realoba da warmoqmnili problemebi

n. qarqaSaZe
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0160,Tbilisi,

kostavas 77)

reziume. Senobebi Tbilisis istoriulad Camoyalibebul ubnebSi
sololakSi, mTawmindaze, krwanisSi, CuRureTSi, avlabarSi, isansa da
sxvagan xandazmulobis gamo ganicdian fizikur cveTas. mniSvnelovnad
Semcirebulia maTi saeqspluatacio xanmedegobis maCveneblebic, amave dros
ar gaaCniaT Tanamedrove socialuri moTxovnilebebis doneze
uzrunvelyofis resursi. q. Tbilisis biujetiT 2019 wels maT
reabilitaciaze gaTvaliswinebulia 7 milioni lari, rac sakmarisi ar
aris fizikurad gacveTili avariuli sacxovrebeli saxlebis aRdgena-
gamagrebisaTvis.
sakvanZo sityvebi: fizikuri da moraluri cveTa; moZveleba; xanmedegoba;
saeqspluatacio periodi; saimedobis maragi; Zalovani zemoqmedebebi; cveTis
dagrovebisa da seismovargisianobis koeficienti; saerTo vargisianobis
indeqsi.

1. Sesavali
saqarTvelos qalaqebi da dasaxlebuli punqtebi mravalferovani istoriuli
cxovrebiT,  gmiruli warsuliTa da xuroTmoZRvruli Semoqmedeba –
aRmSenebobiT gamoirCeva. quTaisi 2,5 saukunes iTvlis, Tbilisi rogorc
dedaqalaqi 1600 wlisaa, didi yuradReba eqceva arsebuli ganaSenianebis

SenarCunebas maTi reabilitaciis gziT. am mimarTulebiT  ganaxlda siRnaRis,
Telavis, goris, mcxeTis, Tbilisis, quTaisis, axalciris, mestiisa da sxva
qalaqebis calkeuli ubnebi. yovelwliurad am mimarTulebiT garkveuli
Tanxebic gamoiyofa.
mocemul statiaSi SevexebiT qalaq TbilisSi am mimarTulebiT dagrovil
problemebs, Tumca saqarTvelos yvela kuTxe imsaxurebs msgavs ganxilvas.

2 ZiriTadi nawili
qalaq Tbilisis mimdinare 2019 wlis biujetiT binaTmSeneblobisa da

avariuli Senobebis reabilitaciaze gamoyofilia 15 milioni lari. aqedan
daaxloebiT 40%_50% anu 7 milionamde lari moxmardeba Zveli Senoba-
nagebobebis aRdgena-restavracia-gamagrebas. mocemuli biujeti wina welTan
SedarebiT  25%-iT gazrdilia, magram es mainc araris sakmarisi fizikurad
gacveTili da avariuli sacxovrebeli saxlebis aRdgenisa da gamagrebisaTvis.

Tbilisis yvelaze istoriuli da centraluri nawili saukuneebis win aris
aSenebuli, meti wili siZvelisa modis centralur ubnebze. centraluri
nawili moicavs axlandeli   mTawmindis,  krwanisis, orTaWalis, sololakis,
isnisa da CuRureTis raionebs. dedaqalaqis yvelaze gadatvirTuli da
sakvanZo adgilebi swored am ubnebSia, am ubnebSia aseve qveynis
administraciuli, kulturuli da samecniero daniSnulebis Senoba-nagebobis
meti wili. TavisTavad mosaxleobis modinebac am yvelaferTan kavSiris gamo
ufro metia am nawilSi.

garda qveynis Siga datvirTvisa, Tbilisi dRiTidRe xdeba turistulad
yvelaze saintereso, mimzidveli da sakvanZo qalaqi aramarto qveynis
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masStabiT, aramed amierkavkasiis masStabic. es faqtori Tavis mxriv,warmoSobs
met problemas da moiTxovs met pasuxismegblobas da zrunvas qalaqze.

xandazmul sacxovrebel saxlebTan dakavSirebul  problemebs  ganvixilav
Tbilisis centraluri ubnebis magaliTze Tavisi istoriulobidan da
siZvelidan gamomdinare.

Tbilisis istoriuli da centraluri ubnebi me-19 da me-20  saukuneebis
dasawyisSi gaSenda sxvadasxva ucxoeli arqiteqtoris mier. ZiriTadad
damaxasiaTebelia da xSiria maSindeli evropuli kulturis gavlena Senoba-
nagebobze.  aseve bevria qarTuli stilis Sida ezoebiT aSenebuli Senoba-
nagebobi, TiTqmis Zveli Senobebis 95%-s aqvs Siga saerTo sargeblobis
aivnebi da ezoebi, SuSabandebi, xis saerTo asasvleli kibeebi. Senobebi
ZiriTadad orsarTuliania, erTiani fasaduri sistemiT, Tumca gvxvdeba
mTawmindis ubnebSi barakuli stiliT naSeni saxlebi, magaliTad, veZisis,
mesxis, tarielis quCebze, romlebic qalaqis erT-erT turistulad
datvirTul ubnebad iTvleba.

mogvianebiT   evropeli arqiteqtorebis gegmarebas daemata  qarTveli
arqiteqtorebis SoTa yavlaSvilis, giga baTiaSvilis, ilia tarasaSvilis,
aleqsandre Cxenkelis  da Semdegi Taobis mier  Seqmnili Zveli Tbilisuri
stilis arqiteqtura. ramac kidev ufro gaalamaza Zveli Tbilisis ubnebi.

drodadro gasuli saukunis meore naxevarSi xorcieldeboda Zveli ubnebis
ganaxleba saxelmwifos mxridan. kerZo sakuTrebaSi gadasvlis Semdeg es
movla-patronoba garTulda.

gasuli saukunis bolos, 90-ian wlebSi, e.w. „postsabWoTa reJimis
dasarulebis Semdeg, saqarTveloSi daiwyo da dResac grZeldeba
privatizaciis procesi. privatizaciis Sedegad sacxovrebeli daniSnulebis
Senoba-nagebobebi gadavida kerZo mflobelebis xelSi, amJamad Zalian mcire
nawilia araprivatizebulad darCenili, saxelmwifo mniSvnelobis obieqtebi
gadavida Sesabamisi funqciisa da mimarTulebis saxelmwifo samsaxurebis
daqvemdebarebaSi. privatizebis Sedegad yvela Senoba-nagebobis saeqsplua-
tacio mdgomareobaze zrunva gadavida kerZo mflobelebis xelSi.

uZravi qonebis kerZo sakuTrebad gadaqcevam udidesi problemebis winaSe
daayena istoriuli ubnebi. mTawmindis raionSi   uZravi qonebis mflobelebis
procentuli maCvenebeli  aseTia: 80% _ mosaxleobis;  18% _ saxelmwifo
mflobeloba. 2% jer kidev Tavisufali saprivatizacio-dasakanonebeli
farTobebi.  analogiuri mdgomareobaa sxva centralur raionebSic.

Zvel ubnebSi Senobebi agebulia aguris mzidi kedlebiT, iatakebi da
gadaxurvebi mowyobilia xis gadaxurvebiT.  moqmedi samSeneblo normebiT (1gv.)
agreTve samecniero da sainJinro literaturiT [2,3,4;5] aseTi Senobebi
kapitalurobis  III jgufs miekuTvneba da maTi xanmedegoba 100welia. Tumca
samSeneblo-saremonto organizaciebi gegemuri kapitaluri remontebis,
reabilitaciisa da rekonstruqciuli RonisZiebebis CatarebiT axerxebdnen
saeqspluatacio mdgomareobis SenarCunebas.

wlebis ganmavlobaSi privatizirebul SenobaTa mouvlelobam warmoSva
komplesuri problemebi TiTqmis yvela Zvel Senobaze, SenobaTa didma nawilma
ganicada fizikuri cveTa. garda fizikuri cveTisa  20wlisa da samwuxarod 30-
50 welze meti xnis Senoba-nagebobebic ganicdian moralur cveTas. 21
saukuneSi didi mniSvneloba eniWeba komfortulad cxovrebas. Zveli raionebis
sacxovrebeli korpusebis 99% Tu bolo wlebSi mepatroneebis mier ar aris
gadakeTebulia ganicdian moralur cveTas, es moicavs aradamakmayofilebel
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komfortul sacxovrebel garemos. SenobaTa umetesi nawili saerTo
sargeblobis farTobebiTaa aRWurvili, bevr maTgans saerTo sveli wertili
aqvs, bevri maTganis sacxovrisSi ar aris Tanamedrove gaTbobisa da
ventilaciis sistemebi, sustia denebisa da eleqtromomaragebis Tanamedrove
sistemebi da a. S. 4-5 da met sarTulian Senobebs ver ukeTdeba liftis
ujredi, ver farTovdeba saerTo koridoruli sistema. yvelafer amasTan
erTad darRveulia Senoba-nagebobebis usafrTxoebis saeqspluatacio normebi.

2011-2012 wlebSi Tbilisis meriam programiT „Zveli Tbilisis axali
sicocxle“ mosaxleobis socialuri da sabinao pirobebis gaumjobesebis
mizniT SesaniSnavi  proeqti ganaxorciela. 2008 wlis cnobili movlenebis
Semdeg qveyanaSi mSeneblobebi SeCerda. meria Tavdebad Caudga developerul
firmebs bankebTan sesxis gacemaze, maTve misces nebarTva mSenebare saxlebze
sarTulebis damatebaze da mobinadre mcxovreblebTan kontraqtebis dadebaze.
kontraqtebiT gaTvaliswinebuli iyo, rom mobinadreebi kontraqtorebisgan
maTTvis ukve naxazebiT cnobil binebs mSeneblobis dasrulebis Semdeg sruli
dasrulebiTa da keTilmowyobiT miiRebdnen. bolo avariuli saxlebis
demontaJi moxdeboda mogvianebiT. amave dros meria developerul firmas
demontaJis Semdeg gamoTavisuflebulinakveTebis auqcionis wesiT gayidvidan
aunazRaurebda.

Pproeqtma  SesaniSnavad Caiara, avaraiul SenobebSi macxovreblebi
keTilmowyobil binebSi Sesaxldnen, sademontaJo samuSaoebic yvelgan
gegmazomierad Catarda,  yvela monawile kmayofili darCa.

sademontaJo samuSaoTa organizaciis proeqtSi Cvenc vmonawileobdiT,
Senoba-nagebobebis gamosaTavisuflebeli nakveTis farTobebi Cveni
TvalsazrisiT imdenad mcire iyo, rom raime saxiT mSeneblobis masStaburi
dagegmva ver moxerxda. jer kidev droebiTi jebirebiTaa SemoRobili
umetesoba. aTas kvadratul metrze meti farTobebis mqone nakveTebi auqcionze
gaiyida da ukve axali SenobebiTaa damSvenebuli.

unda aRiniSnos, rom saqarTvelos teritoriis axali seismuri daraionebis
mixedviT Tbilisi 8-balian zonad ganixileba, gasuli saukunis ocdaaTiani
wlebis Semdeg agebuli Senobebi ZiriTadad 7 balze iyo gaTvlili, xolo
manamde araviTari antiseismuri RonisZiebebi ar tardeboda.

demontaJis organizaciis proeqtebs Tbilisis meriis arqiteqturis
samsaxuri mkacr eqspertizas utarebs da arc nebarTvas iZleva Tu ar aris
dasabuTebuli SenobaTa konstruqciuli elementebis seismomedegobrivi da
fizikuri cveTis maCveneblebi.

Tu maTi saerTo vargisobis indeqsi naklebia 0,37-ze iTvleba,  rom SenobaTa
aRdgena-reabilitaciis xarjebi aRemateba axali mSeneblobis Rirebulebas da
ekonomikurad maTi Catareba mizanSewonili ar aris.

aRniSnuli ar vrceldeba istoriuli da kulturuli memekvidreobiT
dacul  Senobebze. maTi reabilitacia aucilebelia, raSic saxelmwifos wili
da neba unda iyos gadamwyveti.

3. daskvna
aRniSnulTan dakavSirebiT Tbilisis meriis arqiteqturis samsaxurma

Tamamad unda moniSnos Tbilisis Zvel   raionebSi  sademontaJo SenobaTa
ubnebis gamarTuloba mimdebare ezoebis misamarTebiT, aseve SeimuSaos  maT
adgilze momavali ganaSenianebis variantebis SesaZlo nusxa. am SemTxvevaSi
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investorebsac da developerul firmebsac SeeZlebaT perspeqtivaSi
mSeneblobebis dagegmva mflobelebTan aqtiuri molaparakebebiT.
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xarisxis infrastruqturis gavlena Senoba-nagebobebis
saimedo muSaobaze

a. mamardaSvili
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0160, Tbilisi,

kostavas 77)
reziume. betonis drekadobis modulis SesaZlo gadaxrebis kvleva nominaluri
mniSvnelobidan Catarda 150 eqsperimentuli monacemis safuZvelze B35 klasis
betonisTvis. betonis drekadobis moduli SemTxveviTi sididea, radgan
damokidebulia betonis fizikur bunebaze, romelic, idealur mdgomareobaSic ki,
araerTgvarovani sxeulia da misi Semadgeneli nawilebis drekadi Tvisebebic
sxvadasxvanairia. es eqsperimentebi Catarebulia sxvadasxva mecnierTa mier
gansxvavebul pirobebSi.betonis drekadobis modulis SesaZlo gadaxrebi
icvlebian normaluri ganawilebis kanonis Sesabamisad, amasTan variaciis
koeficientiδ=33 %-სა.
sakvanZo sityvebi:evronormebi; usafrTxoeba; histograma; regulacia.

1. Sesavali
evronormebSi, kerZod,Eurocode 1. ENV 1991-1. Basis of Design and Actions on Structures.

Part I – Basis of Design, CEN, 1994 (2000) (datvirTvebi da zemoqmedebebi), aseve ISO
standartebSi ISO/TC 98, ST 2394. General Principles on Reliability of Structures,
1994,mocemulia saimedoobisa da usafrTxoebis is zomebi, rasac unda
akmayofilebdes Tanamedrove Senoba. aqve gavusvaT xazi, ra aris usafrTxoeba?

usafrTxoeba - aris raime riskis ararseboba; am riskis moxdenis SemTxveva
zianis momtania vinmesTvis an raimesTvis. usafrTxoeba - aris saqmianobis
iseTi mdgomareoba, romlis drosac gansazRvruli albaTobiT gamoiricxeba
potenciuri(mosalodneli) saSiSroebebi, romlebic safrTxes uqmnian adamianis
janmrTelobas. ra aris saimedooba? samSeneblo obieqtis saimedooba aris
samSeneblo obieqtis unari eqspluataciis saangariSo drois ganmavlobaSi
mtyunebis gareSe Seasrulos saeqspluatacio funqciebi (moTxovnebi).

2. Ziriadi nawili
imisaTvis, rom samSeneblo moedanzeavagoTmonoliTuri rkinabetonis

konstruqciebi, saWiroa betonis klasi srulad Seesabamebodes
daproeqtebisas gaangariSebiT  miRebuls; betonis klasis Semowmeba xdeba
laboratoriebSi cnobili meTodebiT (momzadebuli betonis masisgan keTdeba
ramdenime betonis kubi, romelsac amowmeben simtkiceze laboratoriebSi).
radgan es sidide laboratoriulad miRebuli sididea, mas aucileblad eqneba
mniSvnelobis cdomileba, anu simtkicis mniSvneloba warmoadgens SemTxveviT
sidides Tavisi SemTxveviTi gadaxrebiT normirebuli mniSvnelobidan. am
gadaxrebma SesaZloa mniSvnelovani gavlena iqonios Senobis saimedo
muSaobaze. amisTvis Cavatare statistikuri eqsperimenti saqarTvelos
teqnikuri universitetis laboratoriis da sxvadasxva menierTa mier
Catarebuli eqsperimentebis monacemebze dayrdnobiT.
garda imisa, rom betoni xelovnuri qvaa da SesaZloa iyos, maxasiaTebeli

sidideebis (simtkicis maCveneblis) gansxvavebuli mniSvneloba, aq
mniSvnelovania im xelsawyoebis sizuste, romliTac is mowmdeba
laboratoriaSi, swored am mizniT CavatareT statistikuri eqsperimenti
betonis drekadobis modulis da betonis prizmuli simtkicis eqsperimentul
monacemebze.
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betonis drekadobis modulis SesaZlo gadaxrebis kvleva nominaluri
mniSvnelobidan Catarda 150 eqsperimentuli monacemis safuZvelze B35 klasis
betonisTvis. betonis drekadobis moduli aris SemTxveviTi sidide, radgan
damokidebulia betonis fizikur bunebaze, romelic, idealur mdgomareobaSic
ki, araerTgvarovani sxeulia da misi Semadgeneli nawilebis drekadi
Tvisebebic sxvadasxvanairia. es eqsperimentebi Catarebulia sxvadasxva
mecnierTa mier gansxvavebul pirobebSi. amitomac es monacemebi maTematikuri
modelis saSualebiT /3/ gamoTvaleT da SevadgineT sixSireTa cxrili
(cxrili1), ris safuZvelzec avageT statistikuri rigis histograma da
statistikuri ganawilebis Teoriuli mrudi, romelic normaluri ganawilebis
grafiks warmoadgens (grafiki 1). me-2 cxrilSi mocemulia betonis drekadobis
modulis statistikuri rigis maxasiaTeblebi, saidanac Cans, rom standarti _
saSualo kvadratuli gadaxra 5,7-is tolia, xolo Teoriuli ganawilebis
mrudis statistikuri rigis histogramasTan Sesabamisobis albaToba P =0,92-a,
rac gacilebiT didia 0,1-ze. betonisdrekadobis modulis statistikuri
kvleviT davadgineT am sididis SesaZlo gadaxrebis sazRvrebi, roca
maTematikuri lodini m=36,624x103 mpa. es sazRvrebi meryeobs +14,7-sa da -14,4-s
Soris. betonis drekadobis modulis SesaZlo gadaxrebi icvleba normaluri

ganawilebis kanonis Sesabamisad, amasTan variaciis koeficienti δ=33 %-sa.
cxrili 1

ბეტონისდრეკადობისმოდული Eb*103მპა სიხშირე
22-25,7 3

25,7-29,4 12
29,4-33,1 24
33,1-36,7 36
36,7-40,3 36
40,3-44,3 24
44,3-47,7 12
47,7-51,4 3

cxrili2
ბეტონისდრეკადობისმოდული Eb*103მპა

Mean 36,624

Standard Error 0,467875086
Median 36,35

Mode 36
Standard Deviation 5,730276122

Sample Variance 32,83606443
Kurtosis -0,14288673

Skewness -0,028249647
Range 29,4
Minimum 22
Maximum 51,4

Sum 5493,6
Count 150

Confidence Level(95,0%) 0,92452732
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sur. 1
moyvanilma statistikurma eqsperimentebma gviCvena, rom mocemuli standartis

teqnikur reglamentad gadaqceva aucilebelia Senobebis da misi Semadgeneli
konstruqciuli elementebis saimedo da usafrTxo eqspluataciisTvis.
amrigad, Tu gvinda evropasTan integracia, unda SevasruloT is regulaciebi

(ra Tqma unda ara erTbaSad, aramed TandaTanobiT), rasac evronormebi iTxovs.
3. daskvna

1. betonis drekadobis modulis sididis SesaZlo gadaxrebi, roca maTematikuri
lodini mE=36,624x103 mpa, meryeobs + 14,7-sa da -14,4-s Soris.

2. betonis drekadobis modulis SesaZlo gadaxrebi icvlebian normaluri
ganawilebis kanonis Sesabamisad, amasTan variaciis koeficienti δ=33%.

3. statistikuri  eqsperimentebis safuZvelze SegviZlia davaskvnaT, rom
mocemuli standartis teqnikur reglamentad gadaqceva aucilebelia
Senobebisa da nagebobebis saimedo da usafrTxo eqspluataciisTvis.

literatura
1. ISOda Sesabamisobis Sefaseba, standartizaciis saerTaSoriso
organizacia, www.iso.org

2.standartizaciis, akreditaciis, Sesabamisobis Sefasebis,
teqnikuri reglamentebisa da metrologiis sferoSi              sakanonmdeblo
reformis da teqnikuri reglamentebis miRebis              samTavrobo
programa”(saqarTvelos mTavrobis gankarguleba 1140 /2010 wlis 25 agvisto    q.
Tbilisi)

3. Чантурия М.Л.Изменение усилий в статически неопределимых конструкциях с учетом
вероятностной природы вуформаций ползучести бетона. Диссертация на соискание ученой
степени к.т.н. Тбилиси 1991 г.
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BBBBOObetonis narevis danamatebi da maTi efeqturoba
d. baqraZe, T. amyolaZe, k. jinWaraZe

(saqarTvelos teqnikuri universiteti, saqarTvelo, 0160,Tbilisi,
kostavas 77)

reziume. betonis narevis Tvisebebis regulirebisa da cementis xarjis
SemcirebisaTvis iyeneben sxvadasxva saxis danamatebs, rogorebicaa
maplastificirebeli, haerCamTrevi, airwarmomqmneli da aqvT
mravalfunqciuri moqmedebis unari.
Mmaplastificirebeli danamatebi zedapirulad aqtiuri nivTierebebia da
xels uwyoben betonis narevis advilCawyobadobas.
haerCamTrevi danamatebi xels uwyoben betonis yinvamedegobas,
wyalmoTxovnis Semcirebas, wyalgaumtarobas.
airwarmomqmneli nivTierebebi efeqturad gamoiyeneba airbetonis misaRebad.
sakvanZo sityvebi: maplastificirebeli; haerCamTrevi; airwarmomqmneli;
korozaimedegi; yinvamedegi; wyaluJonadi; adviladCawyobadi.

1. Sesavali
betonis da betonis narevis Tvisebebis regulirebisaTvis da cementis

ekonomikisaTvis iyeneben sxvadasxva saxis danamatebs.
unda vicodeT, rom erTi da igive danamati gansxvavebuli dozirebis dros

xSirad iwvevs sxvadasxva moqmedebas, SeuZlia daaCqaros an Seanelos betonis
gamyareba. magaliTad, superplastifikatoris zedmeti raodenoba Zalian
ayovnebs betonis gamyarebas danamati SeirCeva samSeneblo laboratoriaSi
cdebis Catarebis gziT.

2. ZiriTadi nawili
zogierT danamats aqvs mravalefeqturi moqmedeba, magaliTad,

maplastificirebeli da haerCamTrevi, airwarmomqneli da zedapirulad aqtiuri
sxva. Aam SemTxvevaSi danamatis klasificirebas axdenen ufro metad gamosaxuli
moqmedebis efeqtis mixedviT.

haerCamTrevi danamati gamoiyeneba ZiriTadad betonis da duRabis yinvamedegobis
gasazrdelad. Ees danamati umniSvnelod amcirebs betonis simtkices kumSvaze
anelebs 3%-iT), amitom misi betonis narevSi didi raodenobiT Seyvana
plastificirebis mizniT dauSvebelia. betonSi CarTuli haeris Semcveloba

Cveulebriv Seadgens 45%-s. am SemTxvevaSi betonis simtkice praqtikulad ar
mcirdeba, radgan CaTreuli haeris uaryofiTi gavlena kompensirdeba cementis qvis
simtkicis gazrdiT, rac gamowveulia wyalcementis fardobis SemcirebiT,
danamatis maplastificirebuli efeqtis gamo. Ddanamati axdens betonis forebis
da kapilarebis hidrofobizacias, haeris buStukebi ki sarezervo moculoba,
wylis gayinvis Sedegad warmoqmnili Sinagani daZabulobis Sesamcireblad.
Sedegad izrdeba betonis wyaluJonadoba da yinvamedegoba. haerCamTrevi danamatis
gamoyeneba ufro efeqturia betonis narevSi cementis mcire xarjis SemTxvevaSi.

airwarmomqmnel danamatad gamoiyeneba: aluminis fxvnili da meTilsilikoni
(ТКЖ-94) aluminis fxvnili didi warmatebiT gamoiyeneba airbetonis nakeTobaTa
warmoebaSi kaJmiwisa da kvarcovani naerTebis dafqvil SemavseblebTan erTad
gamyarebis avtoklavuri reJimiT. airbetonis nakeTobebi gamoirCeva, rogorc kargi
Tboizolacio da gadamRobi elementebi zemsubuqi nakeTobebis saxiT.

kaJmiwa, rogorc danamati warmoadgens kaJisSemcveli nadnobis narCens, aseTebia:

ferosiliciumi, kristaluri kaJmiwa da sxva. Kkazmis dnobis da 1800C ufro
maRal temperaturaze zekvarcis aRdgenisas warmoiqmneba airisebri kaJbadi,
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romelic gaciebisa da haerTan kontaqtisas iJangeba SiO2-ad da kondicirdeba

kaJmiwis uwvriles nawilakebad. mikrokaJmiwaSi SiO2 Seadgens 8598%-s.
sxva aqtiuri mineraluri danamatebisagan mikrokaJmiwa gansxvavdeba nakilakebis

mcire (0,10,5 mkm) zomiT da didi xvedriTi zedapiriT (1825 m2/g). mikrokaJmiwa
nawildeba betonis cementis qvis forebSi, zrdis mis simkvrives da Sesabamisad,
simtkices, wyaluJonadobas da xanmedegobas.

Tu nivTierebebs qafwarmoqmnis garda aqvT Tviseba Sevidnen betonis
nawilakebTan adsorbciul mimocvlaSi, maSin laparakia haerCamTrev danamatebze,
romlebic avlenen maplastificirebel Tvisebebs.

xSirad maplastificirebeli danamatebi warmoadgenen zedapirulad aqtiur
nivTierebebia, da ar iwveven qafwarmoqmnas. isini Tavis molekulebSi
erTdroulad Seicaven polarul da arapolarul jgufebs. Aarapolaruli jgufi
hidrofoburia, ar ixsneba wyalSi, maSin rodesac molekulis polaruli nawili
hidrofoburia, anu wyalxsnadia.

langmiurisa da gengolcis Teoriisa da zeviT Tqmulis Tanaxmad betonis
nawilakebi modian ra SexebaSi asaduRebel wyalTan, romelSic gaxsnilia
plastifikatori, ukeTesad sveldeba da warmoiqmneba ionizebuli ormagi Sre,
betonis nawilakebi iReben erTnair eleqtrul muxts, ris gamoc isini
urTierTganizidebian, warmoiqmneba stabiluri dispersia da erTmaneTTan
dakavSirebuli nawilakebi iyrebian. Yvelaferi es iwvevs aseTi gziT miRebuli
betonis asaduRebeli wylis raodenobis Semcirebas advilCawyobadobis
gaumjobesebis gareSe.

specialuri saWiro Tvisebebis portlandcementis miRebis gzebi:
1. cementis klinkeris mineralogiuri da struqturuli regulireba;
2. cementSi danamatebis Setana;
3. dafqvis siwmindisa da marcvlovani Semadgenlobis regulireba.
zedapirulad aqtiuri nivTierebebi aumjobeseben cementis, axlad damzadebuli

da gamyarebuli duRabisa da betonis Tvisebebs.
zedapirul aqtiuri nivTierebebis gavlena axlad damzadebul narevze

gamoixateba myari fazis nawilakebis dasvelebis unaris gaumjobesebiT, maTi
plastificirebiT, agreTve cementis xarjisa da Sromis danaxarjebis SemcirebiT.

Bbetonisa da duRabis damzadebis dros saWiroa narevSi wylis gazrdili
raodenoba, raTa miviRoT saWiro Zvradoba, rac aucilebelia maTi
transportirebisa da advilad wyobisaTvis.

Warbi wyali, romelic ar Sedis qimiur reaqciaSi cementTan orTqldeba
narevidan da warmoqmnis forebs. es forebi asustebs gamyarebuli masalis
struqturas, aqveiTebs simtkices, qmnis wylisa da agresiuli xsnarebis Sewovis
SesaZleblobas.

zedapirulaqtiuri  danamatebi kargi SemWidroebis unaris SenarCunebiT wylis
raodenobas betonis narevSi amcireben 10-12%-iT xolo duRabSi 12-15%-iT.

bolo wlebSi betonis damzadebis teqnologiaSi farTod gamoiyeneba
superplastifikatorebi. isini mniSvnelovnad aTxevadeben betonisa da duRabis
narevs da saSualebas iZlevian didi raodenobiT (20-30%) SevamciroT wylis
xarji, rac Tavis mxriv ganapirobebs simtkicis mkveTr zrdas 30-50%-iT.

sagulisxmoa, rom mSeneblobaSi superplastifaikatorebis farTo gamoyeneba
iwvevs xarisxis gazrdas da samSeneblo produqciis Rirebulebis Semcirebas.

airwarmomqmneli danamatebis moqmedeba sxva procesebTan aris dakavSirebuli,
maTi gamoyenebis SemTxvevaSi, sufTa qimiuri procesebis Sedegad iqneba airi da
iwvevs betonis amoburcvas da misi moculobis zrdas, am dros betonis gamyarebis
procesi Cveulebrivad grZeldeba.
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aseTi danamatebis saxiT gamoiyeneba: gaucximovnebuli sufTa aluminis fxvnili,
wyalbadis zeJangi, qlorovani kiri da kalciumis karbidi.

haerCamTrevi danamatebis saxiT ZiriTadad gamoiyeneba: bunebrivi fisumi,
gasapnuli da gausapnavi, rogorc magaliTad, kanifoli, fiWvis fisi da sxva
sulfonirebuli naxSirwyalbadebi, sulfonirebuli cximiani da fisiani mJavebi,
cilovani nivTierebebi, sulfituri TuTqi da sxva.

aucilebelia aRiniSnos, rom haerCamTrevi nivTierebebis damatebiT, rogorc
wesi moTxovnileba qviSaze cotaTi mcirdeba.

germaneli mkvlevaris valcis cnobiT TiToeuli 1% Seyvanili haeriT SeiZleba
Semcirdes 0,5-1%-iT qviSis raodenoba, marcvlebis zomiT 0-5 mm-mde.

Sesayvani haerCamTrevi danamatebis raodenoba sakmaod mcirea: igi Seadgens sul
raRac 0,5-1 g-s 1 kg cementze. haeris Semcveloba betonSi ar unda aRematebodes 3-
5%.

kumSvaze simtkicis Semcireba TiToeuli 1% haeris SeyvaniT Seadgens saSualod
3-4% da Runvaze 2-3%. forebis sidide meryeobs 0,05-dan 1 mm-mde sazRvrebSi, xolo
saSualod 0,1-dan 0,5-mde.

rogorc ukve iyo aRniSnuli simtkicis Semcireba SeiZleba kompensirebul iqnes
asaduRebeli wylis raodenobis SemcirebiT. asaduRebeli wylis raodenoba
SeiZleba Semcirdes 4-dan 12%-mde, rac daaxloebiT Seadgens 12 l wyals 1m3

betonze.
haerCamTrevi danamatebis Seyvanis SemTxvevaSi betonis morevis dro ar unda

aRematebodes 1-1,5 wT, vinaidan winaaRmdeg SemTxvevaSi adgili eqneba
orTqlwarmoqmnas.

betonSi haerCamTrevi danamatebis Seyvanis wyalobiT masSi iqmneba uwvrilesi
Tanabrad ganawilebuli araSemxebi buStukebi, romlebic rCebian aseve betonis
gamyarebis Semdeg, uwvrilesi damakavSirebeli sferoebi sicarielebebis saxiT.

aseTi haerCamTrevi nivTierebebis damateba pirvel rigSi saWiroa sagzao
mSeneblobaSi gamoyenebul betonSi. isini aumjobeseben betonis yinvamedegobas da
advilCawyobadobas.

amerikis SeerTebul StatebSi haerCamTrev danamatebs warmatebiT iyeneben 1938
wlidan, germaniaSi misi gamoyeneba daiwyes 1949 wlidan.

arseboben sxvadsxva saxis danamatebi, romelTa daniSnulebaa haerCaTreuli da
plastificirebuli betonis miReba.

1. haerCamTrevi danamatebi iwvevs yinvamedegobis zrdas, wyalmoTxovnis Semcirebas,
wyalgaumtarobis gazrdis da betonis advilCawyobadobis gaumjobesebas;

2. haerCamTrevi erTdroulad maplastificirebeli Tvisebebis mqone danamatebi,
iwvevs wyalmoTxovnis Semcirebas, adviladCawyobadobis gaumjobesebas da betonis
wyalgaumtarobas. am danamatebis mqone betons didi simtkice kumSvaze Runvasa da
yinavamedegobaze.

3. maplastificirebeli danamatebi TviTon ver gamoiyeneba, rogorc haerCamTrevi da
gamoiyeneba maTTan erTad. isini dadebiT gavlenas axdenen betonis zemoT aRniSnul
maCveneblebze.

4. airwarmomqmneli nivTierebebi gamoiyeneba airbetonis misaRebad. maT xSirad
SecdomiTY aRniSnaven rogorc haeCamTrevs da iyeneben am daniSnulebiT.

maTi didi raodenobiT damatebis SemTxevvaSi, isini iwveven forebis moculobis
mniSvnelovan zrdas, rac ganapirobebs wyaluJonadobas, simtkicis Semcirebas kumSvaze
da Runvaze da yinvamedegobis gauaresebas.

egreTwodebuli haerCamTrevi danamatebis zemoqmedeba betonze frangi mkvlevaris
diuris ganmartebis Tanaxmad, damyarebulia haeris buStukebis srialze betonis
uwvriles marcvlebs Soris, amasTan es buStukebi deformirebadia da Tavisufalia
qviSis marcvlebTan SexebiT gamowveuli xaxunisagan.
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haerCamTrevi danamtebis gamoyenebis nakli gamoixateba betonis simtkicis garkveul
SemcirebaSi, rac SesaZlebelia nawilobriv an mTlianad SeaCeros aduRebebisaTvis
saWiro wylis raodenobis Semcirebam.

haerCamTrevi danamatebis gamoyenebis dros xdeba qafwarmoqmna wylis zedapiruli
daWimulobis daqveiTebis gamo.

mikrokaJmiwa gamoirCeva didi wyalmoTxovniT: Tanabarplastikur narevSi 1 kg
kaJmiwis Seyvana iwvevs wylis xarjis gazrdas 1 litriT. amitom mas iyeneben
superplastifikatorTan erTad, raTa Seamciron wylis xarji.

Zalian maRali dispersiulobis gamo mikrokaJmiwis nayari simkvrive Seadgens
mxolo 150...200 kg/m3, rac aZnelebs mis transportirebas.

betonis warmoebaSi Cveulebriv iyeneben winaswar granulirebul an briketirebul
mikrokaJmiwas, rac arsebiTad amsubuqebs mis transportirebas da gamoyenebas.

betonis narevis wyalmoTxovna mniSvnelovnad ganapirobebs narevis
advilCawyobadobas es ukanaskneli damokidebulia mraval faqtoreze, kerZod,
gamoyenebuli cementisa da Semavseblebis saxeobaze, misi marcvlebis zomaze da sxva.

wyalmoTxovnis Semcirebasa da Zvradobis zrdaze didi gavlena aqvs zedapirul
aqtiur nivTierebebs: maplastificireblebs, magaliTad sulfatur-safuaris
plastifikatorebs, romlebic ufro efeqturad moqmedeben betonis narevebze. narevSi
Sesayvani danamatis raodenoba meryeobs cementis masis 0,1%–dan  1,5%-mde. mocemuli
advilaCawyobadobis SenarCunebiT wyalmoTxovnis Semcireba saSualebas iZleva
gaizardos betonis simkvrive da simtkice, daCqardes Sekvrisa da gamyarebis
procesiebi, gaumjobesdes koroziamedegoba, xanmedegoba, Semcirdes wyalgaJonvis da
betonis cveTis unari.

ukanasknel wlebSi sul ufro met gamoyenebas poulobs qimiuri danamatebi. maTi
moqmedebis ZiriTadi efeqtis mixedviT qimiur danamatebs yofen Semdeg klasebad:
1. danamatebi, romlebic aregulireben betonis narevis Tvisebebs;
2. danamatebi, romlebic aregulireben betonis narevis Sekvrasa da gamyarebas;
3.  danamatebi, romlebic aregulireben betonis narevisa da TviT betonis simkvrives

da forianobas.
4. danamatebi, romlebic betons aniWeben specialur Tvisebebs: koroziamedegobas,

garemos mdgradobas da sxva.

3. daskvna
ukanasknel wlebSi sul ufro met gamoyenebas poulobs qimiuri danamatebi. maTi

moqmedebis ZiriTadi efeqtis mixedviT qimiur danamatebs yofen Semdeg klasebad:
1. betonis narevis Tvisebebis maregulirebeli;
2. betonis narevis Sekvrisa da gamyarebis maregulirebeli;
3. betonis narevis Sekvrisa da forianobis maregulirebeli;
4. betonis narevis koroziamedegobisa da garemos mdgradobis maregulirebeli.
maTi kompleqsuri gamoyeneba SesaZlebelia mxolod laboratoriuli kvlevebis

Sedegebis safuZliani analizis Semdeg.
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cementis simtkicis aspeqtebi

a. Ciqovani, m. Sengelia
(saqarTvelos teqnikuri universiteti, m.kostavas 77,0160,

Tbilisi, saqarTvelo)
reziume. statiaSi ganxilulia Tu ra gavlenas axdens cementis Tvisebebze
gamocdis sxvadasxva meTodi, ris gamoc evropis standartizaciis
komitetma miiRo erTiani evropuli standarti „EN 196 cementi“.
sakvanZo sityvebi: cementi; sinji; qviSa; duRabi; hidratacia; saxelmwifo
standarti; xarisxi; Runvis da kumSvis simtkice; laboratoria; gamocdis
reJimi; marka.

1. Sesavali
sxvadasxva qveyanaSi gamoiyeneba cementis ZiriTadi fizikur-meqanikuri

Tvisebebis gansazRvris sxvadasxva meTodi: simtkice, wyalmoTxovnileba,
Sekvris vadebi, moculobis cvlilebis Tanabarzomiereba, romlebic gvaZlevs
gansxvavebul Sedegs erTi da igive cementis gamocdisas. amJamad evropis
standartizaciis komitetma (CEN) miiRo evropuli standarti EN 196, romelic
aregulirebs EC qveynebisaTvis gamocdis erTian meTodebs, cementis fizikur-
meqanikuri Tvisebebis dasadgenad plastikur duRabSi, polifraqciuli qviSis
da specialuri mowyobilobebis gamoyenebiT. aqamde qveyanaSi normatiuli baza
dafuZnebuli iyo cementis im maxasiaTeblebze, romlebic miiReboda ufro
xist, monofraqciul qviSaze damzadebul nimuSebze.

2. ZiriTadi nawili
cementebis simtkicis gamocda SesaZlebelia daiyos standartulad da

arastandartulad, rac dakavSirebulia mSeneblobis TaviseburebebTan
(sasaqonlo narevebi an rkinabetonis qarxnebi). standartuli gamocda yvela
detaliT unda Seesabamebodes standartis meTodikas romelis gareSec ver
miviRebT sando Sedegebs. cementis gamocdisaTvis gamoyenebuli duRabi
aucilebelia momzaddes specialur duRabmrevSi. gamocdis Catarebisas xSirad
ar xdeba temperaturis da haeris sinotivis  garemos (cementis gamocdis
laboratoriuli kvlevebis Catarebis Senobebi) da nimuSebis gamagrebis
pirobebis gaTvaliswineba. aRniSnuli garemoebebi gavlenas axdens gamocdebis
Sedegebis sizusteze. unda aRiniSnos, rom cementi betonis qarxnebsa da
mSeneblobas miewodeba misi 28 dRe-Ramis simtkicis garantiiT.

cementis simtkicis Sesaxeb informacia mesame da meSvide dRes gaicema,
mxolod momxmareblis moTxovnis Sesabamisad. cementi igzavneba
sapasportomonacemebis darTviT romlebic miRebulia swori teqnologiebis
gamoyenebiT da duRabis nimuSebis 1:1 Semadgenlobis daCqarebuli gamocdebis
Catarebis, mravalwliani obieqturi Sefasebebis da uwyvetad miRebuli
produqciis gamocdilebis Sedegad.

cementis TiToeul qarxanas gaaCnia sakuTari koeficienti gamagrebis
daCqarebuli meTodiT miRebuli gamocdis Sedgebis gadayvanisa gamagrebis
standartul reJimze, romelic ganisazRvra cementis samecniero-kvleviTi
institutebis da qarxnebis laboratoriebis personalis mravalwliani,
erToblivi Sromis Sedegad.
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sxvadasxva qarxnis koeficientebSi gansxvaveba dakavSirebulia cementis
qimiur, mineralogiur da petrografiul Sedgenlobaze, mis granulometriasa
da gamoyenebuli danamatebis raodenobaze.

standartul pirobebSi, 28 dReSi gamagrebul cementsa d daCqarebuli
meTodis  gamoyenebiT miRebuli cementis simtkicis sxvaoba Seadgens 8%-s, rac
naklebad moqmedebs im betonis simtkiceze, romelic miRebulia qarxanaSi an
mSeneblobaze ganmeorebiTi gamocdiT.

xarisxis garantiiT miwodebuli cementi samSeneblo laboratoriebs
saSualebas aZlevs cementis standartuli gamocdis Sromatevad da
ararentabelur saqmianobaze  uari Tqvan da yuradReba gaamaxvilon betonis
samuSaoebze, romelTa zusti Sesruleba damokidebulia laboratoriebis
kvalifikaciur saqmianobaze. am mizezebis gaTvaliswinebiT, saWiroa cementis
mxolod umartivesi sakontrolo Semowmeba (Sekvris vadebi, dafqvis siwminde,
moculobis Tanabari cvlileba), rac amasTan erTad saWiroa misi
standartulobis gansazRvrisas. pirvel xanebSi, im laboratoriebisTvis,
romlebic atareben kvlevebs maxasiaTeblebis srul moculobaze, rac
normirebuli iyo standartis mixedviT, cementis xarisxis kontrolis mimarT
msgavsi midgoma SeiZleba vinmes moeCvenos arasakmarisad, arasrulyofilad da
sariskod. magram ar unda dagvaviwydes, rom arsebobs cementis miRebis
aucilebeli gamocda betonis SedgenlobisaTvis SerCevisas, rac ar aris
standartizebuli. amasTan erTad qarxana-momwodeblisagan unda iqnes
moTxovnili damatebiT gardamavali koeficientebi, romelTa gamoyenebiTac
qarxana awarmoebda cementis garantirebul markas. aseT SemTxvevebSi, cementis
markis Sesaxeb qarxnis garantiaSi dasarwmuneblad, betonis
SemadgenlobisTvis cementis SerCevisas SesaZlebelia duRabis SemadgenlobaSi
misi daCqarebuli gamocda.

aucilebelia termin „cementis markis simtkicis“ detaluri ganxilva da am
miznisTvis sxvadasxva xerxis gamoyeneba. rogorc cnobilia, cementi, sufTa
saxiT, yovelgvari danamatis gareSe, ar gamoiyeneba, vinaidan am dros
warmoiqmneba ZviradRirebuli cementis qva, romlis struqturaSic arsebobs
uamravi defeqti. aqedan gamomdinare, cementis comi aris sxvadasxva Tvisebis
matarebeli rogorc qvis masalebis webo. cementis Sefasebisas aucilebelia
mis xarisxze qvis masalebis zemoqmedebis gamoricxva. 1-el cxrilSi naCvenebia
Tu rogor icvleba erTi da igive portlandcementis simtkice sxvadasxva
qviSis gamoyenebisas.

cxrili 1

qviSis da qveynis
dasaxeleba

28 dRis Semdeg
simtkicis zRvari
kgs/kv.sm (mgpa)

simtkicis cvlileba
standartul qviSasTan

mimarTebiT, %

standartuli qviSa (saqarTvelo.
ruseTi) 521(52) 

standartuli qviSa (germania) 650(65) 25

standartuli qviSa (CexeTi) 561(56) 8

raTa gamoiricxos qviSis Tvisebebis gavlena cementis xarisxze, sxvadasxva
qveyanaSi SerCeuli iyo cementis standartuli gamocdisas sakuTari
standartuli qviSa, romelic erT SemTxvevaSi ukeTesia, vidre standartuli
qviSa  da meoreSi uaresi.
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standartuli qviSis gamoyeneba ki cementis xarisxis  pirobiTi simtkicis
kriteriumis miRebis saSualebas iZleva (cxr. 2, 3).

sxvadasxva qveyanaSi gansxvavebuli meTodebiT miRebuli cementis simtkice
cxrili 2

qveyana portlandcementi
xsnarisnazavi

s saxeoba

simtkicis zRvari

kumSvisas Runvisas

gamagrebis xangrZlivoba, dReRame

1 3 7 28 1 3 7 28

1 2 3 4 5 6 7 8 9 10 11
inglisi Cveulebrivi

malmyarebadi
plastikuri

–

112

112

246

176

–

–

–

–

–

–

–

–

–

–

–

avstralia Cveulebrivi

malmyarebadi
xisti

–

–

175

281

246

387

316

457

–

–

–

–

–

–

–

–

bulgareTi Cveulebrivi

malmyarebadi
xisti

–

–

–

250

200

–

300

450

–

–

–

–

–

–

–

–

ungreTi Cveulebrivi

malmyarebadi
xisti

–

250*

–

–

200

400

280

500

–

–

–

–

–

–

–

20*

gfr dabali simtkicis

Cveulebrivi

maRali simtkicis

plastikuri

–

–

100

–

150

300

110

225

360

–

–

25

–

30

50

25

40

60

50

60

70

–

–

–

italia Cveulebrivi

malmyarebadi
xisti

–

–

–

290

380

500

500

680

–

–

–

–

–

–

–

–

norvegia Cveulebrivi

malmyarebadi
xisti

–

250*

180

–

250

375

350

450

–

–

–

–

–

–

–

–

poloneTi Cveulebrivi

maRalgamZlesimtkicis
plastikuri

–

–

–

180

130

280

250

400

–

–

–

35

30

45

50

65

fineTi Cveulebrivi

malmyarebadi

dabalTermuli

plastikuri

–

100

–

150

300

–

225

375

125

350

450

250

–

25

–

30

50

–

40

60

30

60

70

50

safrangeTi Cveulebrivi

malmyarebadi

maRali simtkicis

plastikuri

–

160*

–

–

–

–

160

315

215

250

400

340

–

–

–

–

–

–

–

–

–

–

–

–

CexeTi Cveulebrivi

malmyarebadi
xisti

–

–

–

275

200

375

275

425

–

–

–

–

–

–

–

–

Svecia Cveulebrivi

malmyarebadi

dabalTermuli

plastikuri

–

150

–

–

325

–

250

400

150

400

500

275

–

30

–

–

60

–

45

65

30

65

70

50

iaponia Cveulebrivi

malmyarebadi
plastikuri

–

88

63

176

127

–

210

–

–

–

–

–

–

–

–

–

aSS Cveulebrivi

malmyarebadi

dabalTermuli.

zomierad Termuli.

sulfatis mimarT

zomierad mdgradi.

sulfatmdgradi

plastikuri

–

88

–

–

–

–

63

176

–

53

53

–

127

–

56

105

105

105

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

SeniSvna: * ori dReRamis

sxvadasxva qveyanaSi miRebuli cementis gamocdis meTodebi
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cxrili 3

qveyana
portlandceme

nti

duRabis

konsistencia
gamosacdeli

wylis

Semcveloba, %
formirebis saSualeba

rvianebi

da

koWebi

kubebi
rvianebi

da koWebi
kubebi

1 2 3 4 5 6 7 8
inglisi Cveulebrivi

malmyarebadi
plastikuri

rvianebi da

koWebi
0.196i+2,5 10 xeliT vibrireba

avstralia Cveulebrivi

malmyarebadi
xisti kubebi –

0.27–

0.30ნ
xeliT

datkepna,

150 dartyma

bulgareTi Cveulebrivi

malmyarebadi xisti

rvianebi da

koWebi 8 8

datkepna,

150

dartyma

datkepna,

150 dartyma

ungreTi Cveulebrivi

malmyarebadi xisti

rvianebi da

koWebi w/c–0,3 w/c–0,3

datkepna,

120

dartyma

datkepna,

150 dartyma

gfr dabalisimtkici

s Cveulebrivi

maRalisimtkicis

plastikuri კოჭები 15 – xeliT –

italia Cveulebrivi

malmyarebadi xisti

rvianebi da

koWebi
vikas

sinjiT

vikas

sinjiT

datkepna,

120

dartyma

datkepna,

150 dartyma

norvegia Cveulebrivi

malmyarebadi xisti

rvianebi da

koWebi

datkepnis wylis

gamoJonva 90–100

datymiT

datkepna,

150dartyma

datkepna,

150 dartyma

poloneTi Cveulebrivi

maRalsimtkicis
plastikuri koWebi 15 – xeliT –

fineTi Cveulebrivi

malmyarebadi

dabalTermuli

plastikuri koWebi 14 – xeliT

safrangeTi Cveulebrivi

maRali

simtkicis

malmyarebadi

zemtkice

plastikuri
rvianebi da

koWebi
11–12 11–12

xeliT,

dartymis

gareSe

xeliT,

dartymis

gareSe

CexeTi Cveulebrivi

malmyarebad xisti

rvianebi da

koWebi

90–100 datymiT

datkepnis wylis

gamoJonva

datkepna,

150

dartyma

datkepna,

150 dartyma

Svecia Cveulebrivi

malmyarebadi

dabalTermuli

plastikuri koWebi 14 – xeliT –

iaponia Cveulebrivi

malmyarebad plastikuri

duRabis ko-

Webi, far-

dobiTi 1–2

w/c–0.65 – xeliT –

aSS Cveulebrivi

malmyarebadi

dabalTermuli.

zomierad

Termuli.

sulfatomedegi.

plastikuri
rvianebi da

koWebi
n/4+6.5

1:2,75

duRabi

s

gaSliT

xeliT,

or fenad

xeliT, or

fenad kubis

waxnagi

5.08sm

SeniSvna: n. cementis comis normaluri sisqele.
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vinaidan cementis marka aris pirobiTi parametris, romelic ar
iTvaliswinebs misi simtkicis yvela Taviseburebas, TiToeul qveyanaSi
miRebuli iyo betonis simtkicis da cementis markas Soris
urTierTdamokidebulebis principebi. cementis gamocdis meTodis cvla iwvevs
cementis simtkicis cvlasac.

cementis gamocda aucilebelia Catardes standartuli qviSis gamoyenebiT.
unda gvaxsovdes, rom nebismieri qviSa, romelic standartulisgan
gansxvavdeba, gavlenas iqoniebs gamocdis Sedegebze.

kvarcis wvrili qviSa amcirebs cementis markas, xolo samTo
msxvilmarcvlovani qviSa piriqiT, zrdis mas,  Zveli standarti gvTavazobda
cementis meqanikuri gamocdis ufro martiv xerxs, plastikur duRabSi 1:3
SemadgenlobiT, wylis da cementis fardobiT 0,40, rac zustdeba duRabis
konusis plastikurobiT standartul vibromagidaze. duRabis plastikurobis
aseTi gansazRvrisas konuss unda hqondes ganSla araumcires 105 mm. 4×4×16 sm
koWebis nimuSebis damzadeba plastikuri nazavisgan standartul
vibromagidaze da misi Semkvriveba ufro advilia, vidre xisti duRabis
7.07×7.07×7.07 sm zomis kubebis korpze momzadeba, rac tardeboda 1967 wlamde
gost. 310-60 gamoyenebisas.

plastikur duRabSi cementis gamocdis standartis avtorebi miiCneven, rom
msgavsi duRabi Tavisi bunebiT ufro axlosaa betonTan, vidre xisti duRabi,
magram aseTi dasabuTeba plastikuri duRabis gamoyenebaze  gadasvlis
mizezebisa ar iyo damajerebeli da ar SeiZleba  saboloo mtkicebad
CaiTvalos.

amasTan erTad, plastikuri duRabis da amave duRabiT nimuSebis momzadeba
martivia masobrivi gamocdebisTvis da saSualebas gvaZlevs SevafasoT
cementis xarisxi. magram ar unda CavTvaloT, rom mravalricxovan mkvlevarTa
samecniero Sromebi srulad aris gamoyenebuli aRniSnuli standartis
Sedgenisas.

cementis xarisxis kvlevis sakiTxis optimaluri gadawyvetaa is faqti, rom
cementis xarisxis dadgena xdeba nimuSebis rRvevis meTodebis gamoyenebis
gareSe.  aRniSnuli  ganvixiloT  magaliTze.  cnobilia, rom duRabis da
betonis simtkicis maCveneblebi (cementis gamocdis dros) kumSvaze ar emTxveva
drekadobis da xleCis simtkicis standartul maCveneblebs. aqedan
gamomdinare, aucilebelia axali nimuSebis Seqmna, magaliTad, koWebis, vinaidan
eqsperimentis did raodenobaSi aucilebelia masalis kumSvis simtkicis
maCveneblebis codna gamagrebis sxvadasxva vadebis dros. aRniSnulis
gaTvaliswinebiT deformaciaze sxvadasxva saxeobis gamocdis dros, ver
xerxdeba martivi gaTvlebiT kumSvaze nimuSebis gamocdis Sedegze gadasvla,
magaliTad, igive masalis drekadobisas simtkicis maCveneblebis moyvanac
SeiZleba, rac saSualebas iZleva gamocdebis or saxeobaze obieqturi
maCveneblebi gvqondes.

cementis standartuli gamocdisas, im SemTxvevebSi, romlebic
dasabuTebulia zemoT CamoTvlili mizezebis gamo, aucilebelia standartuli
aparatura: xelsawyo cementis xvedriTi zedapiris gansazRvrisaTvis
haergamtarobis meTodiT, amrevi cementis comis mosamzadeblad, Tasi da
niCabi, SeWidebis vadebis avtomaturi aRricxvis xelsawyo an vikas xelsawyo
rgolebiT, avzi cementis comis gamocdisaTvis moculobis cvlis
Tanazomierebis gasagebad.
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abazanebis nakrebi, moTuTiebuli foladis hidravlikuri saketiT cementis
Sesanaxad droSi:  amrevi duRabis asarevad; sarxevi magida da forma-konusi
duRabis plastikurobis Sesamowmeblad; foladis yalibi nimuSebis
mosamzadeblad zomiT 4×4×16 sm; vibromagida, standartuli duRabis
SemkvrivebisTvis; xelsawyo, koWebis Runvaze gamocdisTvis, wnexi, koWebis
naxevrebis kumSvaze gamosacdelad.

zemoT CamoTvlili xelsawyoebis da sxvadasxva mowyobilobis,
laboratoriuli Jurnalebis, Sesabamisi temperaturis da tenianobis mqone
Senobis gareSe, SeuZlebelia cementis pirobiTi xarisxis Seswavlac ki.

nebismier SemTxvevaSi, laboratoriis TanamSromeli regularulad unda
awarmoebdes dRe-Ramis ganmavlobaSi Canawerebs Senobis temperaturis Sesaxeb
da unda uzrunvelyos SenobaSi haeris saWiro fardobiTi tenianoba. Senoba
unda iyos hermetuli, aralpobadi iatakiT, kedlebiT, WeriT da kariT.

196–7 standartiT termin „cementis sinjis“ dazusteba, romelsac iReben
laboratoriuli kvlevisas aucilebelia, vinaidan aris SemTxvevebi sxva
sinjebis gagzavnis, romlebic ar warmoadgenda gamogzavnili cementis
partias. SesaZlebelia sagamocdod gamoyenebul iqnes zeda fenis cementi,

romelic ufro maRali hidrataciiT gamoiCeva, vidre  qvemo fenis cementi,
romelic zemo fenebiT iyo daculi teniani haeris  zemoqmedebisgan.
SesaZlebelia sinjad ara im partiis cementis gagzavna, romlis xarisxis
gadamowmeba an misi gansazRvra unda momxdariyo, vinaidan mSeneblobaze ar
iyo Semosuli aucilebeli informacia qarxnidan. amitom laboratorias da
teqnikuri momaragebis ganyofilebas unda hqondes aRricxvis Jurnali. yovel
sawyobs unda hqondes nomeri da nakveTurebis gegma, cementis Senaxvis
bunkerebi. JurnalSi, romelTagan erTi inaxeba laboratoriaSi da meore ki
teqnikuri momaragebis ganyofilebaSi, cementis Semotanis da gamoyenebis yvela
informaciis. mkacri aRricxvianoba saSualebas iZleva Tavidan aviciloT
Secdomebi arastandartuli cementis gamocdisas. laboratorias  SeuZlia
cementi miiRos gamosacdelad mxolod im SemTxvevaSi, rodesac
uzrunvelyofilia sinjis „warmomavloba“ anu sasinjad gamogzavnili
cementiT SeiZleba mTeli partiis xarisxis Sefaseba. Semosuli cementis
sabuTebi unda inaxebodes laboratoriis calke saqaRaldeSi. aqve unda iyos
cementze yvela damatebiTi informacia, romelic miRebulia cementis
qarxnidan, aramed mimdinare korespondenciebi,  romlebic dakavSirebulia
cementis xarisxTan. miRebis, Senaxvis, mimdinare gamocdebis Sesaxeb, romlebic
ganxorcielebulia laboratoriis mier. informaciaze unda arsebobdes mkacri
wesrigi, rac uzrunvelyofs aramarto samuSaoebis Catarebis maRal dones,
agreTve cementis racionalur gamoyenebas. monoliTur betonSi gamoyenebuli
portlandcementebis gamocda rekomendebulia Catardes ise, rom ar
gamoiyenebodes daCqarebuli gamagrebis reJimi. ukidures SemTxvevaSi,
nebadarTulia ganisazRvros cementis da betonis simtkicis gardamavali
koeficientebi.

3. daskvna
naSromidan gamomdinare daskvnebis safuZvelze SeiZleba iTqvas, rom

samSeneblo laboratoriis kvalificiuri muSaoba, standartiT
gaTvaliswinebulia parametrebis, xelsawyo-aparaturis zedmiwevniT kargi
codna, garemos tenianobis da temperaturuli reJimis zusti dacva, sasawyobo
meurneobis gamarTuli muSaoba sawindaria imisa, rom miviRoT gamocdis swori
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Sedegebi. sxvadasxva qveyanaSi gansxvavebuli meTodebiT miRebuli  cementis
gamocdisa da simtkicis meTodebis cxrilebis analizis Sedegad SeiZleba
davadginoT cementis da betonis simtkicis gardamavali koeficientebi.
betonSi gamosayenebeli cementis Tvisebebis gamocdisas rekomendebulia
ganisazRvros misi  simtkicis zrdis dinamika, gamagrebis sxvadasxva vadaSi  (1,
3, 7, 28, 60, 90, 180 dRe-Rame). msgavsi monacemebi sasargeblo iqneba
konstruqciis, stripingis, ganyalibebis da datvirTvis vadebis
gansazRvrisTvis
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Ggazsadenebis da navTobsadenebis milebis damWeri salteebis

mdgradoბis Sesaxeb
v.soxaZe, r. giorgobiani

(saqarTvelos teqnikuri universiteti, saqarTvelo, 0160,Tbilisi,
kostavas 77)

reziume.naSromSi ganxilulia wriuli rgoli, romelic mdgradobas
kargavs da wonasworobis momijnave formas iZens simrudis proporciuli,
ganawilebuli datvirTvis pirobebSi. gansazRvrulia mdgradobis
dakargviT gamowveuli rgolis diametris savaraudo Semcireba.
sakvanZo sityvebi:milsadeni; salte; datvirTva; mdgradoba.gadaadgilebebi,

sas
1.Sesavali

1. gazsadenisa da navTobsadenis daniSnuleba aris is, rom SedarebiT
usafrTxod, swrafad, iafad da naklebi danaxarjebiT gadazidos gazi da
navTobi.
2. milsadenis garkveul monakveTebze, romelTa sidide mraval praqtikul da
garemo faqtorebzea damokidebuli, keTdeba salteebi, romelTac ramdenime
funqcia aqvT (konstruqciuli, garemos reliefTan Seguebis, saketebis
Semadgeneli elementebis, wnevis regulirebis da sxva).
3. milebSi wnevis naxtomiseburma cvlilebam, rasac dinamikuri dartymebi
mohyveba, SeiZleba salteebis mdgradobis dakargva gamoiwvios.

2. ZiriTadi nawili
pirvel suraTze naCvenebia milis damWeri salte, romelzedac montaJis

procesSi moqmedeben Zalebi. datvirTvis sawyis etapze salte imyofeba
mxolod gare Tanabrad ganawilebuli datvirTvis zemoqmedebis qveS. am

datvirTvis intensivoba aRvniSnoT −Ti. cxadia, rom = . rogorc cnobilia,

Cveulebriv pirobebSi, roca saltis deformaciis procesSi mudmivi sididea,

mdgradobis dakargva moxdeba, roca gautoldeba Semdeg sidides =

sur.1                                 sur. 2
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am dros wriuli formis salte miiRebs elifsis magvar formas. Cvens

SemTxvevaSi ganawilebuli = datvirTva gaizrdeba iq, sadac gaizrdeba

simrude da piriqiT, Semcirdeba iq, sadac simrude Semcirdeba. datvirTvis am
sxvaobis gamo wriuli forma SenarCundeba. axla
ganvixiloT amocana, romelic literaturaSi ar
gvxvdeba, anu ganvixiloT SemTxveva, roca swrafad
mzardi datvirTvis gamo zemoTxsenebuli forma ar
iqneba SenarCunebuli da mdgradoba daikargeba (sur.2).
gavkveToT saltis (rgolis) marjvena nawili (sur.3). am
kveTSi aRiZvreba mRunavi momenti da normaluri
mkumSavi Zala. ganivi Zalis nulTan tolobas
ganapirobebs rgolis nawilis wonasworoba. Aamgvari
rTuli sistemis wonasworobis mdgomareobis
Sesaswavlad gamoviyenoT cnobili gamosaxulebebi,

romlebic gansazRvravs swori drekadi Reros amocanas. radgan Cven sididis

mudmivi simrudis saltesTan gvaqvs saqme, Semdegnairad moviqceT. gamoviyenoT
realoba,   romlis  mixedviTac  mudmivi simrudis mqone salte miiReba swori

Rerosagan, Tu mis boloebze modebuli iqneba momenti = ; ubnis sigrZe

sur.3 aRvniSnoT −iT. −isebri mrudi aviTvaloT −dan−saken.
Cveni amocanisTvis anu swori drekadi RerosTvis dawerili cnobili

gamosaxuleba miiRebs saxes = ( ) = 2 (1)
sadac aris pirveli rigis sruli elifsuri integrali modulisaTvis

(meore ubnisTvis moduli iqneba ) da maSasadame∙ = ∙ (2)
wertilis koordinatebi (swori Zelis magaliTis gamoyenebiT)= ∙ 2 − ; = (3)

gadavideT rgolis meore ubanze, anu ubanze.
Aaq saltis zedapiri ganicdis ganawilebuli datvirTvis zemoqmedebas,

romlis sidide saltis simrudis proporciulia. rogorc cnobilia, Tanabrad
ganawilebuli datvirTvis dros Reros didi gadaadgilebebis amocana
amoixsneba ara eliptikuri tabulirebuli integralebiT, aramed
ultraeliptikur aratabulirebul integralebSi. Cvens kerZo SemTxvevaSi
sakiTxi sxvanairad dgas. sixistis mqone salteze am ubanze moqmedebs
mkumSavi Zala − da momenti . am tipis datvirTvis SemTxvevaSi
SesaZlebelia pirveli meTodis gamoyeneba.
A am midgomis dros, romlis Sesaxebac cota ram aris cnobili literaturaSi,
mivdivarT Semdeg daskvnamde: deformirebuli Reros simrudis proporciuli
datvirTvis moqmedebisas didi CaRunvis amocana ixsneba eliptikuri
integralebiT.

radgan meore ubanze gadaRunvis wertilebi ar gagvaCnia da maSasadame/ arsad ar utoldeba nuls, amitom cnobil gamosaxulebaSi= 1 − 2 (4)



samecniero-teqnikuri Jurnali ,,mSenebloba“
SCIENTIFIC-TECHNICALJOURNAL,”BUILDING“#2(51), 2019
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ«СТРОИТЕЛЬСТВО»

94

erTze meti unda iyos. Tu SemoviRebT aRniSvnas = da sin =
mivalT eliptikur integralebamde, romelTa moduli metia erTze.
gamoviyenoT cnobili gantoleba= = ±2 1 − (5)
sadac meore ubnis sigrZea. radgan meore ubanze simrudე uaryofiTia, minus
niSani unda avirCioT. = − ∙ 1 − (6)
radgan = ∙ (7)
miviRebT = ∙ (8)
saidanac = ∙ [ ( ) − ( )] (9)

Sesabamisad = = 1 − 2= = 2 (10)
radgan = , (8)-dan da (10)-dan miviRebT= 1 − − − 1 (11)

= 2 ∙ 22 1 − (12)
integrirebis Semdeg miviRebT − = ∙ [ ( ) − ( )] − − 1 (13)− = ∙ 1 − − 1 − (14)
wonasworobis formebis mosaZebnad ganvixiloT sasazRvro pirobebi meore
ubanze. meore ubnis sawyis wertilSi = 0, xolo −wertilSi = −180 ,
amitom = 0 = −1 (15)
es tolobebi gamodis cnobili tolobebidan= 1 ; 2 =
miviRoT = 180 ; = 270 radgan = amitom (9) −dan meore ubnis
bolosaTvis miviRebT = ; (16)
SevitanoT = 180 meSvide gantolebaSi da miviRebT saltis simrudes meore

ubnis wertilSi = − (17)
rogorc Cans, am wertilSi simrudes wyveta ar aqvs. amitom gavutoloT (17)
pirveli ubnis bolo wertilisaTvis miRebul simrudes (4)= 1 − (18)
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meore ubnis boloSi = 0, xolo meore ubnis sawyisi koordinati, ra Tqma unda,

utoldeba pirveli ubnis bolo koordinats. amitom (13) –dan, roca = , = 0 da= miviRebT: − 4 ∙ 2 + = 2 2 − 2 − 1 (19)
analogiurad miviRebT manZils 0−sa da wertilebs Soris, anu koordinats.= 4 + 2 1 − 1 − (20)
amis Semdeg gantolebebidan (1); (16); (18); (19) gamovricxoT da maSin

miviRebT ∙ − − 1 = 2 − 2 (21)= (22)
sadac = da = amis Semdeg (1) –dan da (18) –dan miviRebT= (23)= (1 − ) (24)
amis Semdeg (21) –dan da (22) –dan vipoviT xolo (23) –dan da (24) –dan vipoviT
Zalis sidides. P –Zalis Sesabamisi CaRunva, anu vertikaluri diametris

Semcireba (20) –is Tanaxmad iqneba = 2 −
amitom = 2 − 1 − 1 − − 4 (25)
(24) –is gamoyenebiT mivalT damokidebulebis wertilis gansazRvramde romelic
wonasworobis formas axasiaTebs:= (26)
avagoT Sesabamisi mrudis grafiki (sur. 4)
kritikuli Zalis minimaluri mniSvneloba iqneba= 2,1 (27)
aucilebelia imis aRniSvna, rom es mniSvneloba mxolod formalurad aris
minimaluri, realur pirobebSi saltis sawyisi wriuli formis cvlileba

umniSvnelo iqneba anu gacilebiT naklebi iqneba erTze. amis gamo angariSi

mogvcems fardobis sagrZnoblad did mniSvnelobas.

aseT SemTxvevaSi miRebuli formulebi ufro moxerxebuli rom gaxdes, saWiroa
maTi Semdegnairad gardaqmna: da −is SedarebiTi simciris gamo

sur. 4
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2 ≈ 2 1 + 4 +⋯ (28)
2 ≈ 2 1 + 4 +⋯

(22); (23) da (24) −is Tanaxmad da imis gaTvaliswinebiT, rom + = miviRebT:≈ 2 ; ≈ ; ≈ ; ≈ (29)
sabolood = 2 − 1 − 1 + − 4 (30)≈ 4
amrigad, fardobis simciris SemTxvevaSi −is gamoricxvis Semdeg (29) da (30)
gamosaxulebebidan miviRebT ≈ 4 ≈
rac warmoadgens winamdebare naSromis mizans: gansazRvrulia wonasworobis
formebi, romelTa analizi miuTiTebs saltis mdgradobaze.

3. daskvna

roca rgolze moqmedi ganawilebuli datvirTva simrudis proporciulia, saWiro
aRar xdeba ultraeliptikuri aratabulirebuli integralebis gamoyeneba da
diametris Semcirebis povna eliptikuri integralebiT xdeba.
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sxvadsxva tenSemcvelobis fibrobetonis modeli kumSvisas
a. sayvareliZe

(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0160,Tbilisi
saqarTvelo.)

reziume.statiaSi Seswavlilia masalis tenSemcvelobis gavlena
fibrobetonis simtkicis da deformaciis maxasiaTeblebze kumSvisas.
Catarebulia xanmokle da xangrZlivi gamocdebi fibrobetonis nimuSebze.
gamoicdeboda nimuSebi prizmebi: 40X40X160mm xanmokle gamocdebi),
70X70X280 mm (gamocdebi cocvadobaze).

gamocdebamde, damzadebis Semdeg, nimuSebi 28 dRe inaxeboda normalur
pirobebSi (haeris fardobiTi tenianoba 100%, temperatura 201C)
gamocdamde nimuSebis tenSemcveloba iyo 4,7% (masis mixedviT). gamocdis
win nimuSebi Sreboda sxvadasxva donis tenSemcvelobamde. %7,4mW da

%;2%;7,2mW da 1% (masis mixedviT) Semdeg isini gamoicada cocvadobaze

kumSvisas.
eqsperimentebiT dadgenilia sxvadasxva tenSemcvelobis fibrobetonis

cocovadobis deformaciebi. gansazRvrulia masalis cocovadobis birTvebi
sxvadasxva tenSemcvelobis dros. analiziT dadgenilia tenSemcvelobis
gavlenis kanoni fibrocementis cocvadobis birTvebze kumSvisas.
SemuSavebulia kanonis amsaxveli gamosaxuleba. Teoriuli gamoTvlebi,
kargad aRwers eqsperimentul monacemebs.
sakvanZo sityvebi:modeli; fibrobetoni; tenSemcveloba; simtkice;
deformacia; cocvadoba; cocvadobis birTvi; deformaciis siCqare.

1.Sesavali
gamokvleulia sxvadasxva tenSemcvelobis foladfibrobetonis simtkicis da

deformaciis maxasiaTeblebi kumSvisas.
am sakiTxebis SeswavlisTvis Catarebulia eqsperimentebi

foladfibrobetonis nimuSebze. xanmokle eqsperimentebi deormaciebis
sxvadasxva siCqaris dros Catarebulia kumSvaze, nimuSebis xangrZlivi
gamocdebi cocvadobaze Catarebulia specialur danadgarebze [1].

Catarebulia gamocdebi nimuSebze, romlebic damzadebuli iyo: matrica –
wvrilmarcvlovani betoni SedgenilobiT c:q=1:2 (masis mixedviT) wyal.
cementis faqtori w/c=0,45, qviSa kvarcis, mdinaris moduliT 3 mm-mde, cementi
portlandis aqtivobiT M-450. foladfibrobetonSi armirebisaTvis
gamoyenebulia foladis boWkoebi diametriT 0,4 da sigrZiT 40 mm. gverdebis
profilirebuli zedapiriT [2]. boWkoebiT armirebis sidide iyo 2%
moculobiT.

gamoicdeboda nimuSebi, romlis zomebi iyo: 40X40X160mm (xanomkle
gamocdebi, 70X70X280 mm. (xangrZlivi gamocdebi cocvadobaze) damzadebis
Semdeg yvela nimuSi inaxeboda 2-8 dRe normaluri gamyarebis kameraSi (haeris

fardobiTi tenianoba iyo 100%; temperatura 201C). gamocdebis win yvela
nimuSebis tenSemcveloba iyo daaxloebiT erTnairi da Seadgenda W=Wm=4,7%
(masisi mixedviT) – `teniani” nimuSebi.

xanmokle gamocdebisaTvis nimuSebis gamoSroba xdeboda mudmiv wonamde,

gamoSroba xdeboda saSrob karadaSi T=105C-ze. _ `mSrali” nimuSebis
xanmokle gamocdebi Catarebulia universalur danadgraze `nstron-1115”.
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xangrZlivi gamocdebis dros cocvadobaze gamoicdeboda tenSemcvelobis 4
donis nimuSebi: W=Wm=4,7% (masis mixedviT) W=2,7; 2,2% da 1% (masis mixedviT).

sxvadasxva done tenSemcvelobis miiReba nimuSebis gamoSrobiT saSrob

kameraSi T=105C.

2. ZiriTadi nawili
xanmokle gamocdebi Catarebulia 5 sxvadasxva donis deformaciis

siCqareebis dros, romlebic erTmaneTisgan gansxvavdebodnen xarisxiT.
Catarebulia eqsperimenetebis 2 seria: I. `mSrali” nimuSebisaTvis da
II. `teniani” nimuSebisaTvis. orive SemTxvevaSi xdeboda dadgena maCveneblebis:
simtkicis, drekadobis modulebis, deformaciebis, TiToeuli tenSemcvelobis
nimuSebisaTvis yvela donis deformaciis siCqareze gamoicdeboda 6 tyupis
cali nimuSi.

sul gamocdili iyo 30 `teniani” da 30 `mSrali” nimuSi. kumSvaze

gamocdebiT dadgenilia, rom deformaciis siCqareTa diapazonSi 4,210-74,210-3
1/wm zRvruli simtkice kumSvaze foladfibrobetonisTvis icvleba sazRvrebSi:

`teniani” nimuSebis 4,250,6 mpa, `mSrali” 4,24,75 mpa masalis drekadobis
modulis maCvenebeli icvleboda imave siCqaris diapazonSi:

`teniani” nimuSebis E104mpa=2,723,24104

`mSrali” nimuSebis E104mpa=2,753,26104

4,210-74,210-3 1/wm deformaciis siCqareTa diapazonSi fardobiTi
deformaciebi icvleboda sazRvrebSi:

`teniani” nimuSebis 10-6mpa=16601630
`mSrali” nimuSebis q10-6mpa=15401520
eqsperimentiT dadgenilia, rom deformaciis siCqaris gazrdsas 4 xarisxiT,

foladbetonis simtkice kumSvaze izrdeba. `teniani” masalisaTvis 19%-iT;
`mSrali” masalisaTvis 15%-iT.

yvela seriaSi zRvruli fardobiTi deformaciebi deformaciebis siCqaris 4
xarisxiT gazrdisas icvleboda umniSvnelod.

foladfibrobetonis drekadobis E moduli aRniSnuli deformaciis
siCqareTa 4 xarisxiT matebisas izrdeboda: `teniani” nimuSebisaTvis 19,2%-iT,
`mSralisTvis” 18,2%-iT.

analizma gviCvena, rom foladbetonis kumSvisas simtkicis, drekadobis
modulebis da zRvruli deformaciebis maCveneblebze deformaciebis
siCqareebi (gamokvleva siCqareTa diapazonSi) sust gavlenas axdens /3/.

cocvadobaze Catarebul eqsperimentebSi nimuSebi gamoicdeboda t0=28 dRis
asakSi, mudmivi temperaturis (T=20±1°C) dros. kumSvaze cocvadobis cdebSi
gamoicdeboda W=Wm=4,7% da W=2,7%, 2,2 da 1,0 % (masis mixedviT)
tenSemcvelobis nimuSebi. nimuSebis tenSemcveloba miRweuli iyo maTi gare
zedapiris izolirebiT polieTilenis apkiT da parafiniT, sxvadasxva sididiT
gamoSrobis Semdeg.

TiToeuli donis tenSemcvelobis nimuSebze Catarebuli cocvadobis
eqsperimentebis xangrZlivoba iyo 180 dRe. TiToeuli donis tenSemcvelobis
nimuSis datvirTvis done miRebuli iyo 0,4 mrRvevi Zabvisagan.

TiToeuli tenSemcvelobis doneze gamoicdeboda 4 tyupis cali nimuSi
cocvadobaze da 6 xanmokle datvirTvebze romlis mizani iyo xangrZlivad
modebuli datvirTvis sididis gansazRvra.
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cocvadobis deformaciis mniSvnelobebi, oTxive tenSemcvelobis donis
nimuSebisaTvis (saSualo 4 tyupis cali nimuSis mixedviT) droSi mocemulia
cxrilSi 1.

sxavdasxva tenSemcvelobis nimuSebis cocvadobis deformacebi droSi
cxrili 1

Zabva

110 mpa

nimuSis
tenSemcveloba,

W%

deformaciebi (1110-6) droSi,dReebSi

2 10 20 30 40 60 120 180

110

4,7 634 841 926 977 1020 1071 1156 1216
2,7 612 748 799 833 850 876 926 952
2,2 595 722 765 790 808 825 867 884
1,0 586 646 663 680 689 697 714 723

pirveli cxrilis monacemebiT da (1) formuliT ganvsazRvravT masalis

cocvadobis birTvebs    
0
11

11
0

,
,,


 wt

wttp  (1)

sadac: p –aris kumSva-gaWimvis cocvadobis birTvia;

11 – kumSvis cocvadobis deformacia;

W – nimuSebis tenSemcveloba;

t– dro nimuSis damzadebidan cdis bolomde 0t208 dRe.

(1) formuliT pirveli cxrilis monacemebiT gansazRvruli cocvadobis

birTvebi drosa da tenSemcvelobaze damokidebulebiT mocemulia me-2 cxrili

cocvadobis birTvebis (t,t0,w)10-6mniSvnelobebi droSi

sxvadasxvatenSemcvelobis masalisaTvis cxrili 2

modebuli

Zabva ij
0mpa-1

tenSemcve

loba W%

(, p)10-4mpa-1 dakvirvebis dro (t,t0) dRe

10 20 30 40 60 120 180

11
0=12,4

4,7 49,5 54,5 57,5 60,0 63,2 68,0 71,0

2,7 44,0 47,1 49,0 50,0 51,5 54,5 56,0

2,2 42,5 45,0 46,5 47,5 48,5 51,0 52,0

1,0 38,1 39,0 40,0 40,5 41,0 42,0 42,5

cocvadobis birTvebis nalizma me-2 cxrili monacemebis mixedviT aCvena, rom

mudmivi asakis t0 daT temperaturis dros masalis tenSemcvelobis cvlilebis

mTel dipazonze (1W4,7%) isini aproqsimirdeba logariTmuli funqciebis

gamoyenebiT da cocvadobis birTvis gamosaxulebas aqvs saxe:

 
1

0
000 lg),(),(,,

t

tt
wtBwtAwtt pp


 (2)

sadac: t0_ nimuSis asakia cdis dasawyisSi t0=28 dRe
t-t0_2 dRe, w _ nimuSebis tenSemcveloba

Ap da Bp konstantebi gamoiTvleba umcires kvadratTa meTodiT me-2 cxrilis
monacemebiT (2) formulidan.



samecniero-teqnikuri Jurnali ,,mSenebloba“
SCIENTIFIC-TECHNICALJOURNAL,”BUILDING“#2(51), 2019
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ«СТРОИТЕЛЬСТВО»

100

am konstantebis sidideebi nimuSebis tenSemcvelobasTan damokidebulebebiT
mocemulia crilSi 3.

Apda Bp konstantebis mniSvnelobebi sxvadasxva tenSemcvelobis masalisaTvis
cxrili 3

Ap10-6mpa-1

Bp10-6mpa-1

masalis tenSemcveloba W%
4,7 2,7 2,2 1,0 0

Ap 37,1 37,5 37,4 35,6 35,0
Bp 17,5 9,5 7,6 3,6 0

(Ap,Bp)W-sTan damokidebulebis agebiT davrwmundebiT, rom konstantebis
damokidebuleba masalis tenSemcvelobis sidideebTan wrfivia sakmarisi

sizustiT (tenSemcvelobis miRebul diapazonSi (0WWm).
Ap-sa da Bp-s damokidebulebebs tenSemcvelobaze gamovsaxavT

formulebiT:       0,28,28)0,28(,28 pmp
m

pp AWA
W

W
AwA  (3)

      0,28,28)0,28(,28 pmp
m

pp BWB
W

W
BwB  (4)

sadac Ap(28,0)-sa da Bp(28,0)-s vpoulobT sxvadasxva tenSemcvelobaze
konstantebis damokidebulebebis eqspluataciiT W=0-ze.

radganac Bp(28,0)=0 (ix. cxrili 3) formulebidan (2) da (3),(4) vpoulobT
cocvadobis birTvebis gamosaxulebas, romelic iTvaliswinebs masalis
tenSemcvelobas mudmivi asakisa da temperaturis dros

        
1

0
0 lg,280,28,28)0,28(,,

t

tt

W

W
WBAWA

W

W
Awtt

p
mppmp

m
pp


 (5)

me-3 cxrilis monacemebiT (5) formuliT gamoTvlili Teoriuli

mniSvnelobebi  wttp ,, 0 kargi sizustiT asaxaves eqsperimentul monacemebs.

3. daskvna
sxvadasxva tenSemcvelobis foladfibrobetonis meqanikur maxasiaTeblebze

(simtkice, drekadobis moduli, zRvruli deformaciebi) kumSvisas,
deformaciis siCqareebi sust gavlenas axdens (siCqareTa gamokvleul
diapazonSi).

SemuSavebulia foladfibrobetonis modeli kumSvisas, romelic
iTvaliswinebs masalis tenSemcvelobas da kargi sizustiT aRwers
cocvadobis deformaciebis eqstremalur monacemebs.
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usafrTxoebis minimaluri moTxovnebi tranSeebis
eqskavaciis da miwis samuSaoebis warmoebisas

v. cxvariaSvili

(saqarTvelos teqnikuri universiteti, saqarTvelo, 0160,
Tbilisi, kostavas 77)

reziume. statiaSi ganxilulia usafrTxoebis moTxovnebi tranSis
eqskavaciis da miwis samuSaoebis warmoebisas. saubaria gruntis saerTo
problemebze, tranSeis kedlebis deformaciebze,  gruntis ZiriTad
tipebze; yuradReba gamaxvilebulia eqskavaciaSi saxifaTo garemoze,
eqskavaciis dros muSaxelis usafrTxoebis zomebze.
sakvanZo sityvebi: grunti; eqskavacia; CamoSla; tranSea; usafrTxoeba;
evakuacia; gadamzadeba; saxifaTo; zedamxedveloba; uzrunvelyofa;
stabilizacia; kvalificiuri; inJineri; sistema.

1. Sesavali
tranSea ewodeba viwro Txrils, romlis siRrme metia mis siganeze (miwis

zedapirze) da sigane ar aRemateba 4,5m-s; Txrili ki aris adamianis mier
xelovnurad amoWrili niadagi_grunti, romelic miiReba am amoWrili gruntis
mocilebiT im wertilidan/adgilidan.

tranSis eqskavaciisa da miwis samuSaoebis warmoebisas saWiroa
usafrTxoebis minimaluri moTxovnebis dacva.

arsebobs gruntis eqskavaciis sxvadasxva standarti, romlebsac   iyeneben
ganviTarebul qveynebSi.

am standartebis mixedviT, mZime meqanizmis mZRolebi, operatorebi, muSebi da
saeqskavacio samuSaoebTan dakavSirebuli pirebi ecnobian im saSiS pirobebs,
romlebmac eqskavaciisas SeiZleba gamoiwvios sxeulis dazianeba, travma an
fataluri SemTxveva - adamianis gardacvaleba.

standartebSi ganxilulia tranSeis Camongrevisgan dacvis ramdenime
varianti; Txrilis Camogrevisgan dacvis gegmaproeqti unda moamzados
gamocdilma da profesionalma inJinerma.

Txrilisa da tranSeis mowyobisTvis saWiroa zomebisa da proporciebis
swori SerCeva; obieqtze unda iyos iseTi kompetenturi piri, visac SeuZlia
arsebuli da mosalodneli safrTxeebis identificireba da visac aqvs ufleba,
miiRos Sesabamisi zomebi safrTxeebis aRmosafxvrelad. man yovelRiurad unda
daaTvalieros eqskavaciebi, Txrilebi da maTi mimdebare teritoriebi,
Seamowmos maTi gamagreba-gaZlierebebi. kompetenturi piris mier safrTxis
gamovlenis/aRmoCenis SemTxvevaSi eqskavaciaSi/TxrilSi momuSave peronalma
aucilebelia datovos samuSao adgili, amovidnen eqskavaciidan da ar Cavidnen
ukan manam, sanam ar aRmoifxvreba problema.

qvemoT moyvanilia eqskavaciisa da Txrilebis is samuSaoebi, sadac saWiroa
gamocdili profesionalis yofna:

• damcavi sistemebi da aRWurviloba:
• wylis mocilebis aRWurvilobis/meqanizmis da wylis mocilebis operirebis
monitoringi;

• Zlieri wvimebisgan dazianebuli eqskavaciebis Semowmeba;
• Txrilis an eqskavaciis kedlebis CamoSlis sawinaaRmdego damcavi
sistemebis gansazRvra;

• niadagis da kldovani qanis klasifikacia;
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• eqskavaciis ferdis qanobis gansazRvra CamoSlis/Camongrevis Tavidan
asacileblad;

• Txrilisa da misi damcavi sistemebis Semowmeba;
• saSiSi zonidan muSebis saswrafo evakuaciis uzrunvelyofa;
• pandusebisa da gasavlelebis, kibeebis mowyoba muSaxelisa da
meqanizmebisTvis.

gruntis saerTo problemebi
terminebi - „grunti“ da „niadagi“ xSirad gamoiyeneba bunebrivi masalebis

aRweris proceduraSi. TiToeul ubanze niadagis mdgomareoba da
Semadgenloba gansxvavebulia. grunti SeiZleba iyos fxvieri an nawilobriv
Sekruli, organuli an araorganuli; Tumca, gruntis umetesoba mineralebis
narevia, romlebic erTmaneTTan ar aris SekavSirebuli. gamonaklisi aris
kldovani qani, romelic mtkiced rCeba mis elementebze zemoqmedebis Semdegac.
swori dagegmarebiT da zedamxedvelobiT SeiZleba Tavidan aviciloT gruntis
CamoSliT gamowveuli safrTxis Semcveli samuSao. usafrTxoebis zomebis
ganuxorcieleblad niadagis CamoSla SeiZleba moxdes yvelanairi eqskavaciis
dros (daxrili qanobis mqone  da gaZlierebuli ferdebis SemTxvevaSi).

zogierT SemTxvevaSi SeiZleba warmoiSvas tranSeis kedlebis deformaciebi
(magaliTad, momatebuli an Semcirebuli tenianobis dros), romelic
uaryofiTad imoqmedebs eqskavaciis da tranSeis stabilurobaze. qvemoT
mocemul suraTze naCvenebia  tranSeis kedlis CamoSlis mizezebi.
datvirTvisgan miRebuli bzarebi warmoiqmneba horizontalur zedapirze da
maTi siRrme tranSeis kedlis simaRlis daaxloebiT 3/4-s Seadgens. (ix. sur.1).

sur. 1
xSirad araswori eqskavacia iwvevs niadagis gamofitvas, romelic SeiZleba

momavlSi iyos tranSeis zedapiris jdenis da ferdis Camongrevis mizezi.
ubeduri SemTxvevis da avariebis prevenciis rekomendaciebi:
• damsaqmebelma unda Cautaros treningebi dasaqmebulebs usafrTxoebis
kuTxiT;

• eqskavirebuli an sxva masalebi unda dasawyobdes tranSeis kedlidan
aranakleb 1,5 metris moSorebiT;

• Tu eqskavirebuli masala aris rbili da arastabiluri, maSin
aucilebelia am masalis SemoRobva, raTa ar CamoiSalos tranSeaSi. aseve
aucilebelia tranSeis kedlebis gamagreba farebiT, sayrdenebiT an sxva
damcavi sistemebiT;

• roca miwis samuSaoebs axlavs manqanis moZraobiT gamowveuli vibracia,
aucilebelia damatebiTi  gamagrebebis mowyoba;

• kibeebi unda moewyos muSaxelis tranSeaSi Casasvlelad / amosasvlelad;
gasaTvaliswinebelia is garemoebac, rom SesaZlebelia tranSeis zedapirze

datvirTvis / zewolis Sedegad fskerze grunti amoiwios.



samecniero-teqnikuri Jurnali ,,mSenebloba“
SCIENTIFIC-TECHNICALJOURNAL,”BUILDING“#2(51), 2019
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ«СТРОИТЕЛЬСТВО»

103

dacureba da CamoSla SeiZleba gamoiwvios gruntis arastabilurma tkepnam,
aseve dauSvebelia Zvel tranSeasTn axlos axali tranSeis amoWra.

Tu kldovan gruntSi SeimCneva bzarebi, grunti dacurebulia. es bzarebi
gvaZlevs niSans, rom ferdis qanobi gasazrdelia.

eqskavaciaSi gruntis CamoSla SesaZlebelia gamowveuli iyos sxvadasxva
faqtoriT: zedmeti vibraciiT, zedapiris datvirTviT da klimaturi pirobebiT.

eqskavaciaze dasaqmebuli muSebis safrTxeebidan yvelaze mTavari gruntis
CamoSlaa; Sesabamisad, yvela eqskavaciaze aucilebelia ferdis  qanobisa da
misi mowyobis kontroli, aseve ferdis gamagreba _ dacva. damcavi sistemis
SemuSaveba damokidebulia: gruntis klasifikaciaze, eqskavaciis siRrmeze,
gruntSi wylis Semcvelobaze, amindis an klimatis cvlilebaze da sxva
operaciebze (ix. sur. 2).

sur. 2
Tanamedrove standarti damcavi sistemis SeqmnisaTvis iTvaliswinebs

sxvadasxva meTodsa da midgomas.
eqskavaciisa da gaTxrebis dros muSebis usafrTxoebis uzrunvelyofis erT-

erTi saSualebaa eqskavaciis ferdis 34-iani kuTxiT  mowyoba (ix. sur. 3).

sur. 3
gruntis ZiriTadi tipebi SeiZleba daiyos or klasad:
msxvilfraqciuli grunti _ xreSi da wvrilfraqciuli grunti - Tixnari.
gruntis Semadgenloba aris misi mdgradobis ZiriTadi faqtori. rac ufro

wvrilfraqciulia grunti, ufro mdgradia.



samecniero-teqnikuri Jurnali ,,mSenebloba“
SCIENTIFIC-TECHNICALJOURNAL,”BUILDING“#2(51), 2019
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ«СТРОИТЕЛЬСТВО»

104

gruntis ZiriTadi tipebia:
• Tixa - Zalian wvrilSemavsebliani niadagi, romelic wyals kargad ar
atarebs. Tixisa da Tixnari gruntis tkepna advilia;

• qviSa - aris marcvlovani niadagi, romlis marcvlebis formac SeiZleba
iyos gluvi an waxnagovani. qviSovani grunti gamoirCeva didi raodenobis
forebiT; amitom is advilad STanTqavs wyals. qviSovani gruntis tkepna
rTulia;

• lami - struqturulad da fraqciulad Tixasa da qviSas Soris, lams aqvs
Tviseba, daibzaros gamoSrobis Semdeg.

usafrTxo eqskavaciis moTxovnebis Sesabamisad (gruntis sxvadasxva  tipis
dajgufebiT da standartebiT) gansazRvrulia gruntis klasifikacia:

• stabiluri jiSi - kldovani - es aris bunebrivi myari masala, romelic
SesaZloa damuSavdes vertikalur kedelze;

•AA tipis grunti - Tixa da Tixnari;

• B tipis grunti - xreSovani TixnariT;
• С tipis grunti - RorRovani grunti, romelsac Zlieri filtracia
axasiaTebs da romelSic wyali Zalian advilad gaedineba.

bevri xelsawyo da mowyobiloba gamoiyeneba gruntis tipis SesarCevad, maT
Sorisaa - portatuli penetrometri;

yvela eqskavacia saSiSia, radgan struqtura arastabiluria;
stabilizaciisTvis ki saWiroa araerTi samuSaoebis warmoeba da masalisa da
aRWurvilobis gamoyeneba. magaliTad, gamoiyeneba aluminis farebi
hidravlikuri an meqanikuri gambrjenebiT, sxvadasxva saxis sayrdenebi,
eqskavaciis damxmare liTonis farebi da sxva (ix. sur.4).

sur. 4
samuSaos winaswar dagegmvis Semdeg, kompetenturma pirma unda

ganxorcielos:
• niadagis pirobebis Sefaseba da Sesabamisi damcavi sistemebis SerCeva;
• standartebis moTxovnebis Sesabamisi damcavi sistemebis Seqmna;
• miwisqveSa komunikaciebis ganTavsebis gegmis mopoveba/Seqmna;
• saWiroebis SemTvevaSi sagzao moZraobis gegmis Sedgena;
• konstruqciebis siaxlovis gansazRvra, romelmac SeiZleba gavlena
iqonios SerCeul damcav sistemaze;

• eqskavaciaSi sxvadasxva airis testis Catareba;
• eqskavaciaSi muSaxelis usafrTxo Cayvanis/amoyvanis uzrunvelyofa;
• yoveldRiurad axali samuSao cvlis dawyebamde  eqskavaciis da damcavi
sistemebis Semowmeba.
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tranSeebis da eqskavaciebis damcavi sistemebis demontaJi sruldeba
samuSaoebis damTavrebis Semdeg eqskavaciis qvemodan zemo mimarTulebiT.

damcavi sistemis defeqtebi unda Semowmdes kvalificiuri da gamocdili
inJinris mier; dazianebuli detalebi unda Seicvalos an/da aRdges. samuSaos
warmoebisTvis saWiroa damcavi sistemis dizaini iyos samuSaosTvis
Sesaferisi.

personalis swavleba:
usafrTxoebis politikis swori realizaciisTvis aucilebelia muSaxelisa

da xelmZRvanelobis mWidro urTierTTanamSromloba; yvela xelmZRvaneli
unda grZnobdes usafrTxoebaze Tavis wil pasuximgeblobas.

mWidro TanamSromloba moiTxovs usafrTxoebis riskebis Sefasebas da
Sesabamisi zomebis gatarebas.

TanamSromlebisTvis aucilebelia permanentuli swavleba - gadamzadeba
Semdeg sakiTxebSi:

• eqskavaciisa da miwis samuSaoebis safrTxe;
• niadagis/gruntis identificireba;
• usafrTxo qanobebi sxvadasxva gruntisada pirobebisTvis;
• tranSeis kedlebze meqanizmisa da maT mier gamowveuli datvirTvebis
sqemebi;

• miwisqveSa komunikaciebis mokvleva da gadamowmeba;
• mZime garemo/klimaturi pirobebis gavlena tranSeebsa Tu eqskavaciebze;
• miwaSi Camarxuli da datovebuli sicarieleebis - rezervuarebis, Webis da
sxvaTa gamovlena;

gauTvaliswinebeli obieqtebis aRmoCenis SemTxvevaSi, maT unda SeeZloT
swori reagireba.

samuSaos dawyebisTanave damsaqmebeli mzad unda iyos samuSaoebis
usafrTxod Sesasruleblad, rac gulisxmobs obieqtis mudmiv Semowmebas
potenciuri riskebisa da safrTxeebis gamosavlenad.

tranSeis zedapiris gadakveTa
tranSeis zedapiris gadakveTa rekomendebuli ar aris, magram Tuki  es

aucilebelia, gasaTvaliswinebelia Semdegi:
• avtomobilis gadakveTea unda iyos dagegmili da momzadebuli

kvalificiuri inJinris xelmZRvanelobiT;
• fexiT mosiaruleTaTvis  gasaTvaliswinebelia xidebi da bilikebi,

romelTa  sigane minimum 90sm-s unda Seadgendes.
aucilebelia tranSeaSi momuSave muSaxelis dacva amwe-meqanizmebidan

Camovardnili tvirTebisagan; ar SeiZleba gaSlili isris qveS samuSaos
warmoeba.

tranSeaSi nadgomi wyali an wylis dagroveba

winaswar gasaTvaliswinebelia naleqis SemTxvevaSi tranSeaSi wylis
dagroveba; amitom gaTvlili unda iyos eqskavaciidan wylis mocilebac.

yoveli wvimis Semdeg, muSebis tranSeaSi CaSvebis win, aucilebelia
pasuxismgebelma pirma Seamowmos tranSeebi da eqskavaciebi.  arsebobs wyliT
gamowveuli safrTxeebi; magaliTad: wvimis dros tranSeidan muSebis amoyvana -
evakuacia. Tanamedrove standarti krZalavs muSebis muSaobas im tranSeaSi,
sadac SesaZlebelia wylis dagroveba.  standarti aseve moiTxovs dambebis,
arxebis da sxva damxmare nagebobebis gamoyenebas.
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saxifaTo garemo eqskavaciaSi

kvalificiurma pirma unda Seamowmos eqskavaciebi da Txrilebi 2 metris
siRrmeze, sadac SesaZloa iyos Jangbadis deficiti an sxvadasaxva airi.

Tuki arsebobs raime saSiSroeba, aucilebelia muSaxelis dacva da ekipireba
sasunTqi gzebisTvis damxmare aRWurvilobiT an ventilaciis uzrunvelyofa.
garda amisa, aucilebelia agreTve eqskavaciebSi gazis raodenobis
regularuli testireba da testirebisTvis saWiro sakontrolo
mowyobilobebis kalibrireba.

Tu miwis samuSaoebis warmoebisas arsebobs an SeimCneva mavne airis
warmoqmna, aucilebelia saavario-samaSvelo mowyobilobebis, airwinaRebis,
respiratorebis,  usafrTxoebis damcavi qamris, Tokis, sakacis da sxva
aucilebeli atributebis mobilizeba.

asafeTqebeli samuSaoebisa da bunebrivi movlenebis Semdeg, rogoricaa
Zlieri wvima da Tovli, saWiroa inspeqtireba.

inspeqtirebis dros,  safrTxis Semcveli pirobebis aRmoCenisas, sanam ar
iqneba miRebuli usafrTxoebis zomebi aucilebelia muSaxelma datovos saSiSi
zona.

samSeneblo obieqtze usafrTxoebis kulturis asamaRleblad aucilebelia
periodulad TanamSromelTa gadamzadeba.

aRniSnuli usafrTxoebis zomebis mkacri dacviT Tavidan iqneba acilebuli
sawarmoo travmebi da fataluri Sedegebi.
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sagzao samosis mzidi unaris gaTvla struqturuli ricxvebis
meTodiT

T. papuaSvili, d. gewaZe, a. burdulaZe

(saqarTvelos teqnikuri universiteti, m. kostavas q. 77,
0160,Tbilisi, saqarTvelo)

reziume. naSromSi ganxiluli gvaqvs aqafebuli bitumiT gamagrebuli
safarebis aRdgenisas gamoyenebuli sagzao samosis mzidi unaris gaTvla
struqturuli ricxvebis meTodiT. misi gamoyeneba SeiZleba sisqis
winaswari SefasebisaTvis, romelic unda hqondes aqafebuli bitumiT
damuSavebul fenas reciklirebis Semdeg.
sakvanZo sityvebi: sagzao samosi; aqafebuli bitumi; mzidi unari;
asfaltbetoni.

1. Sesavali
asfaltbetonis safaris mSeneblobis da eqspluataciis mravalwliani analizi
gviCvenebs, rom saremonto samuSaoebis Catarebis dros dazianebul fenaze
asfaltbetonis da sxva bitum-mineraluri masalis axali fenebiT Secvla
moZvelda da iTxovs modernizacias. swored amitom unda CaiTvalos erT-erT
mTavar mimarTulebad Zveli asfaltbetonisa da sxva bitum-mineraluri
masalebis meoraeuli gamoyeneba. am problemis gadasawyvetad mxedvelobaSi
unda miviRoT Zveli asfaltbetonis raodenoba, misi xarisxi, granulacia da
meoraeuli gamoyenebis meTodebi.

2. ZiriTadi nawili
civi reciklirebis meTodiT sagzao samosis SekeTebas araerTi upiratesoba
aqvs. am dros ar aris aucilebeli Zveli samosidan moxsnili masalis gatana
da dasawyobeba saremonto ubnis siaxloves (rac sakmaod didi problemaa,
gansakuTrebiT qalaqis quCebis remontisas), axali samosis mowyobasTan
SedarebiT Semcirebulia bitumis xarji, mTlianad gamoiyeneba Zveli qvis
masala da a.S.

struqturuli ricxvebis meTodiT sagzao samosis mzidi unaris gaTvla
SeiZleba gamodges narevis Sedgenilobis SesarCev sinjebSi masalebis
Tanafardobis Sesaxeb gadawyvetilebis miRebisas (rac moiTxovs
stabilizebuli fenis sisqis winaswar Sefasebas). am meTods aqvs araerTi
upiratesoba, rogoricaa gamoyenebis simartive, Sedegebis miRebis siswrafe da
masalis maxasiaTeblebsa da qcevis Taviseburebebze klimaturi faqtorebis
gavlenis gaTvaliswinebis SesaZlebloba. aseve, is iZleva gaTvlaSi axali
masalebis uproblemod Setanis saSualebas. amis gamo struqturuli ricxvebis
meTodi gafarTovda aqafebuli bitumiT stabilizebuli fenebis gasaTvlelad,
rac iZleva misi gamoyenebis saSualebas 5mln. ESAL moZraobis intensiurobis
mqone gzebisTvis.

struqturuli ricxvebis meTodi empiriulia. amitom mas mravali SezRudva
aqvs, romlebic gasaTvaliswinebelia. is ar iZleva fenebis optimaluri
kombinaciebis miRebis garantias, ramac SeiZleba gamoiwvios sagzao samosis
konstruqciis daubalansebloba. amitom es meTodi ar aris rekomendebuli
gamoucdeli dammuSaveblebisaTvis da misi gamoyeneba unda SeizRudos ufro
martivi konstruqciebis gamoyenebiT.

struqturuli ricxvebis meTodis mixedviT gaTvlisas cnobili unda iyos
sagzao samosis konstruqciaSi gamoyenebuli masalis saxeoba da xarisxi. Tu
masalis xarisxis da calkeuli fenebis sisqis Sefaseba SesaZlebelia, maSin,
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,,fenis struqturuli koeficientis” daxmarebiT SeiZleba struqturuli
ricxvis gaangariSeba mTeli konstruqciisaTvis, rac gansxvavebulia masalis
sxvadasxva saxeobisaTvis. mTeli sagzao samosis struqturuli mzidi unari
ganisazRvreba, rogorc fenebis struqturuli koeficientebis da maTi sisqis
namravlis jami.

pirvel cxrilSi mocemulia saavtomobilo gzis fenebis tipuri
struqturuli koeficientebi.
fenebis tipiuri struqturuli koeficientebi(AASHTO-s monacemebis Tanaxmad)

cxrili 1
Mmasalis saxeoba Tvisebebi fenis struqturuli

koeficienti, 1sm-ze

a/b zeda sacveTi fena drekadobis moduli 2500-dan
> 10000mpa-mde

0,20 _ 0,44/0,08 _ 0,17

a/b qveda fena Tanabari marcvlovani
Sedgeniloba, forianoba 6%

0,20 _ 0,38/0,08 _ 0,15

bitumiT damuSavebuli
safuZveli

0,10 _ 0,30/0,04 _ 0,12

Ffraqciuli RorRi CBR > 80% 0,14/0,055

Bbunebrivi xreSi, 1 tipi CBR 65%-dan > 80%-mde 0,12/0,047

Bbunebrivi xreSi, 2 tipi CBR 40%-dan > 65%-mde 0,10/0,040

grunti, 1 tipi CBR 175%-dan > 40%-mde 0,08/0,032

grunti, 2 tipi CBR %-dan > 15%-mde 0,06/0,024

Aarabmuli qviSa P1=0 0,04 _ 0,05/0,016 _ 0,020

cementiT damuSavebuli
RorRi

UCS1,0-dan 3,0mpa-mdeM 0,17/0,067

cementiT damuSavebuli
xreSi

UCS
<1,0mpaM

0,12/0,047

aqafebuli bitumiT stabilizebuli masalebis fenebis struqturuli
koeficientebi mocemulia pirvel suraTze.

sur. 1. aqafebuli bitumiT stabilizebuli masalebisfenebis struqturuli koeficientebi
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SeniSvna: 1. yvela masala, mikuTvnebuli A-4 an ufro qveda klass, damuSavebuli
unda iyos Camqrali kiriT.

2.  yvela masala P1<10 da CBR <45-iT saWireobs 1% cementis damatebas.
3.  Tu aucilebelia, fraqciis procentuli Semcvelobis sul mcire 5%-

mde gazrda, unda daematos wvrili 0,075 mm da ufro wvrili
masala.

am suraTis mizania koeficientis sanaxavad sawyisi wertilis micema, romelic
iTvaliswinebs aqafebuli bitumiT damuSavebuli sagzao samosis fenebis saxeobas,
ris Sedegadac maTi am masalebis Sefaseba SesaZlebeli iqneba struqturuli
ricxvebis meTodiT. unda daviwyoT qvevidan, aqafebuli bitumiT damuSavebuli
bunebrivi masalis maxasiaTeblebidan, da Semdeg gavagrZeloT vertikalurad
zeviTken. amasTanave, gamoyenebuli unda iyos sruli damatebiTi informacia
Semkvrelis SemcvelobasTan, Wimvisas simtkicis zRvarTan da drekadobis
modulTan dakavSirebiT, raTa zustad ganisazRvros pozicia horizontalurad.
Tumca, unda gvaxsovdes, rom SesaZlebelia urTierTsawinaaRmdego Sedegebis
miReba. aseT SemTxvevaSi unda vixelmZRvaneloT jansaRi sainJinro SegnebiT, raTa
moiZebnos wonasworoba mizanSewonilobasa da konservatulobas Soris.
miTiTebuli simtkicis mniSvnelobebi warmoadgens ,,adgilze” gazomvebis tipur
Sedegebs (romelTa gamoyeneba SeiZleboda Teoriuli gaangariSebisas).

koeficientebi, romlebic iTvaliswinebs fenis saxeobas sxvadasxva
masalisaTvis, safarSi kombinirdeba, sagzao samosis konstruqciisaTvis
kompleqsuri struqturuli ricxvis gansasazRvravi gantolebis mixedviT.

iiiact dhadhadhadhaSN  ...333222111

sadac: actSN _ faqtiuri struqturuli ricxvia sagzao samosis SerCeuli

konstruqciisaTvis;

1a _ koeficienti, romelic iTvaliswinebs fenis saxeobas ifenisaTvis;

1h _ ifenis sisqe;

1d + koeficienti, romelic iTvaliswinebs drenaJis saxeobas ifenisaTvis.

faqtobrivi struqturuli ricxvi actSN unda iyos saWiro regSN (AASHTO)

ricxvze meti, romelic ganisazRvreba gzaze satransporto saSualebebis mxridan
datvirTvis, aseve miwis vakisis mzidi unaris Taobaze monacemebis safuZvelze.
koeficientebi, romlebic iTvaliswinebs fenis saxeobas, ganisazRvreba me-2
cxrilis monacemebis Sesabamisad.

koeficientebi, romlebic iTvaliswinebs drenaJis saxeobas
(AASHTO) cxrili 2

drenaJis xarisxi

id koeficienti, romelic iTvaliswinebs drenaJis saxeobas

dro ( B %-Si), romlis ganmavlobaSic sagzao samosis masala
aRwevs wyliT gajerebulTan axlo mdgomareobas

1% 25%
saukeTeso 1,35 1,2

kargi 1,25 1,0
zomieri 1,15 0,8
cudi 1,05 0,6

Zalian cudi 0,95 0,4

aqafebuli bitumiT damuSavebuli masalis fenis sisqe ganisazRvreba misi
gazrdis an Semcirebis gziT im donemde, sanam miRweuli struqturuli ricxvi
ar iqneba saWiro struqturuli ricxvis Sesabamisi an masze meti. am meTodis
saSualebiT gakeTebuli gaangariSeba, naCvenebia qvemoT moyvanil cxrilebSi.

arsebuli sagzao samosi cxrili 3
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fena fenis sisqe da masalis
saxeoba

CBR, %

saWiro struqturuli
koeficienti,

romelic iTvaliswinebs
fenis saxeobas

(1sm-ze)

drekadobis
Moduli, mpa

safari zedapiruli damuSaveba
safuZveli RorRi 150 mm > 80 0,056

qvesagebi fena arabmuli masala 150 mm > 45 0,048

miwis vakisi arsebuli gruntebi saSualod
8

55

gazomvebi aCvenebs, rom sagzao samosis saeqspluatacio saimedoobis sawyisi
indeqsi (PSI = Pavement Serviceability Index) Seadgens daaxloebiT 4,2-s. koeficienti,
romelic iTvaliswinebs drenaJis saxeobas, gansazRvrulia 1,0 tolad (zomieri
mniSvneloba, droTa ganmavlobaSi uaxlovdeba gajerebis mdgomareobas: 1-5%).
ZiriTadi moTxovnebi aRdgenisadmi

_ saangariSo saimedooba                         90%
_ saerTo standartuli gadaxra                 0,4
_ qveda zRvari PSI 2,5
_ struqturuli mzidi unari

(momsaxurebis saangariSo vada 15 weli) ESAL6105,2 
zemoT moyvanili informacia sagzao samosis analizis programaSi gamoiyeneba.

aRniSnuli informaciis am analizSi gamoyenebisas, saWiro struqturuli ricxvi

miRebulia 83,3regSN -is tolad. reciklireba aqafebuli bitumiTYwarmoadgens

variants, romelic unda iyos ganxiluli am sagzao samosis aRdgenisas, rogorc

es Cans me-2 suraTze regSN -is misaRwevad saWiro reciklirebis siRrme (,,X” mm),

Semdgom ganisazRvreba struqturuli ricxvebis meTodiT.

sur. 2. arsebuli sagzao samosi da misTvis SemoTavazebuli
konstruqcia aRdgenis Semdeg.

Tu mxedvelobaSi miviRebT, rom narevis reciklirebisas (mis damuSavebamde)
miRebuli kaliforniuli ricxvi Seadgens sul mcire 50%-s, maSin, koeficienti,
romelic iTvaliswinebs fenis saxeobas aqafebuli bitumiT damuSavebuli
fenisaTvis me-2 suraTis Sesabamisad SeiZleba miRebuli iyos 0,12-is toli.
safaris SemTxvevaSi ori varianti ganixileba. imis gaTvaliswinebiT, rom
reciklirebuli fenis zemodan unda iyos asfaltbetonis safari nominaluri
sisqiT 50mm, aqafebuli bitumiT stabilizebuli fenis sisqe manam varirebs, sanam

gaangariSebuli struqturuli ricxvi ( actSN ) ar iqneba regSN -is Sesabamisi an ar

gadaaWarbebs mas, rogorc es naCvenebia me-4 cxrilSi.
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struqturuli ricxvis gaangariSeba asfaltbetonis cxrili 4
safaris fenisaTvis

fena
koeficienti,
romelic

iTvaliswinebs

1a saxeobis fenas

koeficienti,
romelic

iTvaliswinebs

1d saxeobis

drenaJs

F
fenis sisqe

t sm
tda ii 

Aasfaltbetoni 0,173 1,0 5 0,87

aqafebuli bitumiT
stabilizebuli fena

0,120 1,0 22 2,64

gaumagrebeli qvesagebi Sre 0,048 1,0 8 0,38

89,311  tdaSN act

gaangariSebuli struqturuli ricxvi actSN metia saWiroze )83,389,3( regSN . es niSnavs,

rom 50mm-ian asfaltbetonis safarTan bmuli aqafebuli bitumiani masalis fena sisqiT
220mm, asrulebs mzidi unarisadmi wayenebul moTxovnebs.

Tu asfaltbetonis safaris nacvlad gamoviyenebT ormag zedapirul damuSavebas,
maSin, aucilebelia aqafebuli bitumiT damuSavebuli fenis sisqis gazrda, rogorc es
Cans me-5 cxrilSi.

struqturuli ricxvis gaangariSeba zedapiruli damuSavebisaTvisFcxrili 5.

fena
koeficienti, romelic

iTvaliswinebs

1a saxeobis fenas

koeficienti, romelic
iTvaliswinebs

1d saxeobis drenaJs

fenis
sisqe

t sm

tda ii 

aqafebuli bitumiT
stabilizebuli fena

0,120 1,0 32 3,83

83,311  tdaSN act

Tu aqafebuli bitumiT damuSavebuli fenis sisqes gavrzdiT 320mm-mde, maSin

SesaZlebelia saWiro struqturuli regSN ricxvis miRweva. Tumca, am dros,

reciklireba daaxloebiT 20mm-is siRrmeze, itacebs miwis vakisis qveviT arsebul
dabalxarisxian masalas. Tu aseTi narevi masalis CBR mniSvneloba daiwevs 50%-ze
nakleb mniSvnelobamde, maSin warmoiSoba alternativis ganxilvis saWiroeba, rom
reciklirebis win, arsebul zedapirze unda daidos motanili maRali xarisxis
masalis 30mm-iani fena. am SemTxvevaSi, reciklireba ar Seexeba miwis vakiss.

3. daskvna
saqarTveloSi arsebuli realobidan gamomdinare, sareabilitacio gzebis sagzao
samosi mniSvnelovnadaa dazianebuli. reabilitaciisas optimaluri gadawyvetilebis
misaRebad aucilebelia arsebuli sagzao samosis konstruqciis kvlevebis Catareba.
kvlevebi tardeba rogorc stacionalur, ise savele pirobebSi. optimaluri
konstruqciis SerCeva ZiriTadad damokidebulia arsebuli sagzao samosis fizikur-
meqanikur Tvisebebze.

naSromSi gakeTebuli gaangariSebidan gamomdinare, vinaidan sagzao samosis saWiro

struqturuli ricxvebis mzidi unari 6105  ESAL-zenaklebia, struqturuli ricxvebis
aRwerili meTodiT gaangariSebis mixedviT miRebuli Sedegebi SeiZleba CvaiTvalos
sakmarisad.
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samTo turistul-rekreaciuli infrastruqturis
funqcionirebis ucxouri gamocdileba

d. baxtaZe

(saqarTvelos teqnikuri universiteti, m.kostavas q. 77, 0160,
Tbilisi, saqarTvelo)

reziume. naSromSi ganxilulia ucxoeTis miTani regionebis, turistul-
rekreaciuli infrastruqturis, mdgradi ganviTarebis ramdenime magaliTi.
kerZod albaneTis alpebis maRalmTiani sofeli TheTi, avstriis alpebis
valcerTalis regioni da kurorti verfenvengi. ganviTarebis am proeqtebis
magaliTiT gvinda gavaanalizoT rogorc dadebiTi mxareebi, ise SesaZlo
safrTxeebi.
sakvanZo sityvebi: infrastruqturis ganviTareba; garemos gaumjobeseba;
gamocdilebis gaziareba; TviTSegnebis amaRleba; mosaxleobasTan
komunikacia,; garemos gaTvaliswineba; saukeTso magaliTebze dayrdnoba.

1. Sesavali
rodesac ganvixilavT saqarTvelos mTianeTis, kerZod ki raWa-leCxumis

regionis turistul-rekreaciuli infrastruqturis mdgradi ganviTarebis
perspeqtivebs, udavod saintereso da mniSvnelovania gadavxedoT sxva
qveynebSi, aw ukve ganxorcielebul proeqtebs. aucilebelia gaviTvaliswinoT
msgavs garemoSi Catarebuli RonisZiebebis efeqturoba, dadebiTi Tu
uaryofiTi Sedegebi. gaviziaroT am qveynebis gamocdileba. am mizniT SevarCieT
ramdenime magaliTi, romlebic Cveni azriT axlosaa saqarTvelos mTiani
regionis gamowvevebTan da naTeli magaliTia Tu rogor SeiZleba ganviTardes

Cveni qveynis turistul-rekreaciuli infrastruqtura.
2.ZiriTadi nawili

albaneTis maRalmTiani soflis, TheTis turistuli potencialis gamoyeneba.
pirveli magaliTi aris albaneTis mTianeTSi, sofel TheTSi

ganxorcielebuli proeqti,  romelic gamiznulia aq turistuli potencialis
gasaumjobeseblad.

albaneTSi, 2006 wels GTZ-is (amJamad GIZ, saerTaSoriso
TanamSromlobis germanuli sazogadoeba) egidiT ganxorcielda proeqti,
romelic upirveles yovlisa miznad isaxavda sofel TheTis mosaxleobis
sacxovrebeli pirobebis gaumjobesebas turistuli garemos ganviTarebis
xarjze, rac TavisTavad magaliTi unda gamxdariyo zogadad albaneTis mTiani
regionisTvis. xolo samomavlod ufro farTo perspeqtivaSi qveynis sazRvrebs
gascileboda da mTis turizmi qceuliyo mezobeli qveynebis mosaxleobas
Soris jer kidev arsebuli konfliqtebis mSvidobianad mogvarebis
indikatorad. gaZlierebuliyo regionis kavSirebi, komunikaca da Seqmniliyo
egreT wodebuli „balkaneTis mSvidobis parki“. igulisxmeba yofili
iugoslaviis Semadgeneli, aw ukve damoukidebeli qveynebi montenegro da
kosovo, romlebic uSualod esazRvrebian albaneTis am regions.

sofeli TheTi mdebareobs albaneTis alpebSi, romlis 80-mde mosaxle zRvis
donidan 750-dan 950 metris simaRleze Sefenil saxlebSi cxovrobs da 2000
metrze maRali mwvervalebiT aris garSemortymuli.

saavtomobilo gzebi imdenad rTul mdgomareobaSia, rom uaxloesi qalaq
Skodradan 4 saaTis mgzavrobaa saWiro mxolod 70 km-sTvis, rom TheTSi
axvideT.
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rodesac 2006 wels, proeqtis avtori, ismail beka regionis mosaxleobas
proeqtis Sesaxeb gaesaubra, am wamowyebas yvela skeptikurad Sexvda. Rarib
regions, sadac arc quCebi iyo, arc telefoni da eleqtroba, mxolod
naxevrad dangreuli saxlebiT turistebi rogor unda miezida?

Tumca, miuxedavad amisa, Svidma ojaxma, romlebic mTeli wlis ganmavlobaSi
2700 m simaRleze ganlagebul regionSi rCeboda, gadawyvita monawileoba
mieRoT proeqtSi. gaaremontes saxlebi, moawyves stumrebis misaRebi oTaxebi...

da marTlac 2008 wlis zafxulSi sofels ukve 5000 turisti ewviaT. ra Tqma
unda es mxolod mciredia im asiaTasobiT stumrisa romelic albaneTis
sanapiroebs stumrobs, magram TheTisTvis es sakmaod kargi Sedegi iyo. yvela
stumari ucxoeTidan modioda, ZiriTadad aSSdan, israelidan, evropidan.

amis Sedegad kidev bevri ojaxi dabrunda regionSi, moawyves saojaxo
sastumroebi, maT Soris jer kidev SemorCenil istoriul koSkura saxlebSi
(sisxlis aRebis koSkebi), romlebsac Zvelad mosaxleoba Tavdasacavad
iyenebda iseve rogorc saqarTvelos mTianeTSi, daniSnes saseirno bilikebi,
samogzauro marSrutebi... da sofeli TheTi gaxda samagaliTo proeqti mTel
albaneTSi.

rogorc ukve aRvniSneT aq infrastruqtura Sua saukuneebTan ufro axloa
vidre 21-e saukunesTan, erTaderTi maRazia manqaniT 3 saaTis saval manZilzea
daSorebuli. TiTo ojaxs daaxloebiT 50 cxvari da ramdenime Zroxa hyavs.
purs, rZes, karaqs, yvels, Tafls, arays... Tavad awarmoeben yvelafers.

inglisuri mxolod bavSvebma da axalgazrdebma ician, romlebic ucxoel
turistebs da mosaxleobas Soris Suamavlebi arian da maT gidobas uweven.
miuxedavad am sirTuleebisa da siRaribisa am proeqtma realuri Sedegi
moitana, radgan albanelebi tradiciulad stumarTmoyvare xalxia.

„Seni saxli ekuTvnis RmerTs da stumars“ -ambobs albanuri andaza, aq
TavisTavad gvaxsendeba qarTuli damokidebuleba stumris mimarT, rac
brwyinvaled aris asaxuli yvela qarTvelisTvis cnobil am or sityvaSi
„stumari RvTisaa!“

am etapze TheTSi ukve 13-i gesthausi moqmedebs 130 sawoliT istoriul qvis
saxlebSi.

2006 -10 sawoli 300 turisti

2007 -30 sawoli 1 000 turisti

2008 -80 sawoli 5 000 turisti

2009 -100 sawoli 7 500 turisti

2010 -130 sawoli 8 500 turisti
albaneTis sxva regionebidan gansxvavebiT sadac 75% albaneli turistia, aq
90% ucxoeli turisti Camodis da mxolod 10%-ia adgilobrivi.

2009 wels TheTis dasaxlebis wliuri Semosavali saSualod 150 000 evroze
meti iyo. mosaxleobis Semosavali turizmidan 7-8 jer aRemateba saxelmwifos
socialur daxmarebas.

adgilobrivi municipaliteti dainteresda am warmatebiT da Tavadac CaerTo
garkveuli xelSewyobiT turizmis sferoSi. regionSi turizmis ganviTarebiT
inspirirebuli albaneTis transportis ministri da misi montenegroeli
kolega gamovidnen iniciativiT da daafinasnes ori qveynis damakavSirebeli,
70km-iani saavtomobilo gzis reabilitacia 45 mln. dolariT, romelic 2017
wels dasrulda. sofel TheTis macxovreblebma, romlebic ramdenime wlis win
naxevrad dangreul saxlebSi cxovrobdnen, martivad auRes alRo Tanamedrove
teqnologiebs da stumrebisTvis SeTavazebebi internetSi uxvad ganaTavses.



samecniero-teqnikuri Jurnali ,,mSenebloba“
SCIENTIFIC-TECHNICALJOURNAL,”BUILDING“#2(51), 2019
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ«СТРОИТЕЛЬСТВО»

114

drom gvaCvena, rom am Tamamma proeqtma gaamarTla da dasaxul miznebs
miaRwia:

- mTis turizmis ganviTareba, romelic qveynis sazRvrebs scildeba:
montenegro, kosovo, albaneTi;

- adgilobrivi mosaxleobis Semosavlis gazrda;
- qveynebSorisi turistuli gzebis dagegmva, erTiani gzebis/bilikebis

qselis dakavSireba;
- arsebulma bilateralurma proeqtebma montenegroSi, kosovoSi da

albaneTSi aCvena, rom mdgradi turizmis ganviTareba xels uwyobs
mosaxleobis Semosavlebis gazrdas da regionSi dabrunebas;

- gamocdileba gvaCvenebs rom GTZ (GIZ)-is ganxorcielebuli proeqtebi
dasavleTevropeli kompaniebisTvisac sainteresoa;

albaneTis mTiani regionis ganxilvis Semdeg, rac gansakuTrebiT
sainteresoa CvenTvis, radgan aq vxedavT bevr paralels saqarTvelosTan, aseve
gvinda gadavxedoT evropis sxva qveynis, kerZod avstriis magaliTs. avstria
rogorc erTerTi yvelaze warmatebuli qveyana mTis turizmis dargSi,
saintereso magaliTia CvenTvis. aq sainteresoa is problemebi, romlebmac
samomavlod SesaZloa saqarTveloSic iCinos Tavi.

mTis turizmis gareSe avstriis bevri regionis mosaxleoba Tavs ver
Seinaxavda da sacxovreblebi dacarieldeboda. Tumca ekologiis da
bunebisdacviTi kuTxiT turizmi sakmaod safrTxilo Temaa da moiTxovs
kargad gaazrebul da dabalansebul gadawyvetebs, rasac bolo 30 wlis
ganmavlobaSi gansakuTrebuli yuradReba eqceva. mniSvnelovania momavalSi
gaviTvaliswinoT mTis turizmis mdgradi ganviTarebis dadebiTi magaliTebi.

avstriis alpebis, valcerTalis regionaluri ganviTarebis magaliTi
avstriis alpebSi, foralbergis regionSi mdebareobs didi valcerTali,

romelic avstriis sxva xeobebisgan gansxvavebiT jerjerobiT turistulad
naklebadaa datvirTuli.

am regionis turistuli ganviTarebis koncefciis Ziebisas 1999 wels,
mosaxleobasTan erTad SemuSavda mdgradi ganviTarebis koncefcia. 2000 wels
regionma miiRo UNESCO-s „biosferos parki“-is jildo. mas Semdeg didi
valzerTali miekuTvneba msoflio biosferos parkebis qsels cxovrebis da
meurneobis mdgradi ganviTarebis kuTxiT. biosferos parkebSi sami ZiriTadi
mimarTuleba aris dasaxuli:

- garemos dacva;
- mdgradi ganviTareba;
- kvleva/garemosdacviTi ganaTleba.
slogani: „bunebrivi resursebis gamoyeneba ise rom garemos ziani ar

mivayenoT“.
„biosferuli parkebis“ mizania Seiqmndas samagaliTo regioni bunebasTan

harmoniuli cxovrebis da meurneobis kuTxiT. es miznebi miRweul unda iqnas
mTis soflis meurneobaSi, turizmis da garemosdacviTi ganaTlebis
proeqtebSi. yvela am sferoSi xelSewyobilia ekologiuri mrewveloba da
garemoze minimaluri zemoqmedaba.

upirveles yovlisa, individualuri transporti Seicvala avtobusebiT,
romlebsac ivnisidan seqtembramde 12 000 mgzavri/mogzauri gadahyavT.
Camoyalibda TanamSromloba turizmsa da soflis meurneobas Soris, erT-erTi
magaliTia adgilobrivi, tradiciuli yvelis warmoeba. ramac ganapiroba aseve
moTxovna adgilobriv rZis warmoebaze da misi maRali fasi.
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yvelTan erTad puris sacxobi da sayasbe meurneobac daixvewa, Seiqmna
maRli xarisxis, daculi, stumrebze morgebuli adgilobrivi produqcia.
popularizaciisTvis gamoica adgilobrivi kerZebis receptebis wignebi.

regionis 38 sastumro da sakvebi obieqti aris biosferos parkis koncefciis
matarebeli. produqciis xarisxi da moTxovnebis dacva or weliwadSi erTxel
mowmdeba da sertifikati gaicema.

xeobaSi 30 soflis partnioruli meurneoba monawileobs biosferos parkis
programaSi. glexebi CarTulebi arian garemosdacviT saganmanaTleblo
kursebSi da Tavadac marTaven maT. calke proeqtad arsebobs „mTis xe-tye“
sadac sadurglo sawarmoebia gaerTianebuli.

saerTo marketingis safuZvelze iZebneba gzebi, xeobis xe-tyis masaliT
damzadebuli produqciis bazarze gatanisTvis. masala muSavdeba ekologiurad
da msurvelebs saSualebas aZlevs damuSavebis mTel process daeswros. amiT
regionSi iqmneba samuSao adgilebi da kvalificirebul muSaxelze moTxovna.

am RonisZiebebis safuZvelze gaizarda turizmis moculoba, rasac moaqvs
damatebiTi Semosavali. lokaluri produqcia gaxda cnobadi da gayidvadi,
rac TavisTavad adgilobrivi biomasis gaazrebul gamoyenebas xels uwyobs.

mTis turizmis gamowvevebi
1960 wlamde mTis turizmi iTvleboda egreT wodebul „TeTr turizmad“,

e.i. „sufTa“ turizmad. magram 1970 wlidan mTis turizmi TandaTan kritikis
WrilSi moeqca. turizmis dadebiTi aspeqtebi yvelasTvis cnobilia (samuSao
adgilebis Seqmna, Semosavlebis gazrda...) magram infrastruqturis ganviTareba,
socialurkulturuli zegavlena yvelasgan dadebiTad ar miiCneva. rogorc
balansi mTis landSaftsa da bunebisTvis sargebelsa da safrTxeebs Soris,
aseve kulturuli zegavlena adgilobriv mosaxleobaze sul ufro
kritikulad ganixileboda.
mTis turizmis mdgradi ganviTarebis iniciativebi kurort verfenvengSi

gvinda ganvixiloT iniciativa, romelic emsaxureba turizmis mdgrad
ganviTarebas da xels uwyobs regionis gadatvirTvis Semcirebas.

zalcburgis erT patara TemSi verfenvengSi, romelic ZiriTadad turizmze
aris damokidebuli, individualuri transportis SemcirebiT SesaZlebeli
gaxda miRweuliyo sruliad axali, momavalze orientirebuli koncefciis
Seqmna.

2006 wels dawyebuli proeqtis mizani iyo alpebis regionSi individualuri
avtotransportis moZraobis axali formis moZieba, romelic dafuZnebuli
iqneboda ara akrZalvebze, aramed nebayoflobiTobaze, adgilobrivebis,
turistebis da damsveneblebis gadaadgilebis grafikze. mizani iyo ara jarima,
aramed is sargebeli rasac momxmarebeli axali satransforto koncefciis
arCevisas miiRebda.

Tavdapirveli undobloba adgilobrivebis mxridan, momavalSi TanxmobiT da
aRiarebiT Seicvala rogorc mosaxleobis ise stumrebis mxridan.

verfenvengis gadaadgilebis koncefcia ramodenime aspektisgan Sedgeba:
- ekologiuri: C2-s Semcireba, dasvenebis da rekreaciis xarisxis

gaumjobeseba, haeris dabinZurebis Semcireba, xmauris Semcireba
- ekonomika: turizmis da soflis meorneobis Rirebulebis gazrda
- socialuri: mSvidi sacxovrebeli garemo, garemos Segnebulad aRqma,

mgrZnobeloba SezRuduli resursebis mimarT, pasuxismgebliani da momavalze
orientirebuli qmedeba.
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gadaadgilebis axali koncefcia aseTia: verfenvengis teritoriaze
gadaadgileba xdeba mxolod eleqtromobilebiT, eleqtroskuterebiT,
etlebiT. teritoriaze moZraobs agreTve Satlebi/avtobusebi. manqaniT mosuli
stumrebi sakuTar avtomobilebs ayeneben saerTo avtosadgomze da mxolod
Sor manZilebze gadaadgilebisas iyeneben.

Sedegad miviReT zamTris SezonSi CO2-s Semcireba 375 toniT, zafxulSi 92
toniT. mzis energia (avstriaSi yvelaze didi, weliwadSi 320 000kvt)
gamoiyeneba eleqtromobilebis dasamuxtad. amasTan ekonomikuri warmatebac
saxezea, roca zogadad Ramis Tevis tendencia klebulobs, verfenvengSi is
matulobs da Semosavali 3 mln. evros Seadgens.

es iniciativa (egred wodebuli Alpine Pearls/alpebis margaliti) ukve
araerTi jildoTi aRiniSna da sxva sakurorto zonebSic gavrcelda, maT
Soris sxva qveynebSic: germania, safrangeTi, italia, slovenia, Sveicaria.
(magaliTad saqarTveloSic aris iniciativa rom msgavsi principi dainergos
daba abasTumanSi).

3. daskvna
warmodgenili magaliTebis safuZvelze naTlad davinaxeT Tu rogor

SeiZleba ganviTardes saqarTvelos mTis kurortebi da gamoswordes am
regionebSi arsebuli rTuli demografiuli Tu socialur-ekonomikuri
pirobebi. ganviTrebasTan erTad mniSvnelovania avirCioT is swori
mimarTuleba rac Tavidan agvacilebs im safrTxeebs, romlebic gamoiares aw
ukve ganviTarebulma qveynebma da turizmiT gadatvirTulma mTis kurortebma.
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uZravi qonebis eqspertizebis warmoebis meToduri da
algoriTmuli uzrunvelyofa.

g. turaSvili
saqarTvelos teqnikuri universiteti, m. kostavas q. 77,

0160,Tbilisi, saqarTvelo)
reziume.statiaSi SemuSavebulia uZravi qonebis eqspertizis Catarebis
meTodikuri da algoriTmuli uzrunvelyofa. uZravi qonebis kompleqsuri
eqspertizis Catarebis SemuSavebuli midgoma warmoadgens unificirebuls,
radgan gamoiyeneba kerZo amocanebis farTo speqtris gadasawyvetad. Cvens
mier SemuSavebuli uZravi qonebis eqspertizis Catarebis midgoma gulisxmobs
uZravi qonebis kompleqsuri eqspertizis Catarebis stadiebis bijuri
algoriTmebisgamoyenebas, romlebic SemuSavebulia uZravi qonebis
eqspertizis warmoebis analizis safuZvelze. isini warmodgenilia
diagramebis saxiT, uZravi qonebis eqspertizis Catarebis TiToeuli
stadiisaTvis. es stadiebia: mosamzadebeli; analizuri; teqnikuri eqspertizis
sinTezirebis; Sedegebis da daskvnebis formirebis stadia.
sakvanZo sityvebi:uZravi qoneba; eqspertiza; meTodi; algoriTmi.

1. Sesavali
uZravi qonebis eqspertizis Catarebis algoriTmi analogiuria sxva saxis

eqspertizis warmoebis algoriTmisa. igi efuZneba eqspertizis yvela stadiaze
misi ganxorcielebisaTvis aucilebeli meTodikebis gamoyenebas.

uZravi qonebis eqspertizis TiToeul stadiaze gamoyenebuli meTodebi unda
Seesabamebodes uZravi qonebis eqspertizis Catarebis amocanas. amavdroulad,
cnobilia uZravi qonebis eqspertizis Catarebis ramdenime meTodi, romlebic
uzrunvelyofen yovlismomcveli da sruli eqspertizis Catarebas da miznad
isaxavs erTi da imave amocanis gadaWras. am SemTxvevaSi (saeqsperto
dawesebulebaSi gamokvlevis nebismieri misaRebi meTodiT Catarebis
teqnologiuri SesaZleblobis dros), gamokvlevis meTodis gansazRvrisas Cven
gTavazobT SeirCes meTodi saeqsperto organizaciaSi resursebis (finansuri,
droiTi, adamianuri da a.S.) xelmisawvdomobidan gamomdinare.

2. ZiriTadi nawili.
Cven SevimuSaveT uZravi qonebis eqspertizis Catarebis meTodikuri da

algoriTmuli uzrunvelyofa.
uZravi qonebis kompleqsuri eqspertizis Catarebis es midgoma  warmoadgens

unificirebuli, radgan misi gamoyeneba SesaZlebelia kerZo amocanebis farTo
speqtris gadasawyvetad, romlebic Seicaven samarTlebriv, teqnikur, ekonomikur
da ekologiur amocanebs. SemuSavebuli midgoma moicavs Semdegi tipis amocanebs:

1) uZravi qonebis eqspertizis Catareba, romelic mimarTulia samarTlebrivi
amocanebis gadawyvetaze, obieqtis sakuTrebis Sesaxeb kiTxvebze pasuxis
gasacemad;

2) uZravi qonebis eqspertizis Catarebis SemuSavebul amocanas, romelic
mimarTulia adgilmdebareobis amocanebis gadawyvetasa da monacebebTan
dakavSirebul kiTxvebze pasuxis gasacemad;

3) uZravi qonebis eqspertizis Catarebis,  rac mimarTulia  ekologiuri
amocanebis gadawyvetasa da garemos dabinZurebis xarisxis dadgenaze;

4) uZravi qonebis eqspertizis Catarebas romelic mimarTulia teqnikuri
amocanebis gadasawyvesa da masTan dakavSirebul kiTxvebze pasuxis gasacemad;
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5) uZravi qonebis eqspertizis Catarebas romelic mimarTulia ekonomikuri
amocanebis gadasawyvetad, finansur monacemebTan) dakavSirebul kiTxvebze
pasuxis gasacemad;

6) uZravi qonebis eqspertizis Catarebas romelic mimarTulia marTvis amocanebis
gadawyvetaze, komerciuli ganviTarebis perspeqtivasTan dakavSirebul
kiTxvebze pasuxis gasacemad;

SemuSavebuli midgoma unificirebulia uZravi qonebis eqspertizis nebismier
SekiTxvaze pasuxis gasacemad misi gamoyenebisas uZravi qonebis eqspertizis
Catarebis sayovelTao gamosayeneblad.

uZravi qonebis eqspertizis Catarebis SemuSavebuli midgoma orientirebulia
kerZo da saxelmwifo saeqsperto dawesebulebebis uZravi qonebis eqspertizis
eqspertebze. igi Seicavs:  uZravi qonebis eqspertizis warmoebis stadiebis
Sesrulebis rekomendaciebs da kerZo instrumentuli meTodebis gamoyenebas:
saeqsperto daskvnis gaformebis moTxovnas, eqspertis daskvnis struqturis aRweras
uZravi qonebis eqspertizis Catarebis Sedegebze.

Cven mier SemuSavebuli uZravi qonebis eqspertizis Catarebis midgoma gulisxmobs
uZravi qonebis kompleqsuri eqspertizis warmoebis stadiebis bijuri algoriTmebis
gamoyenebas, romlebic SemuSavebulia uZravi qonebis eqspertizis warmoebis
analizis safuZvelze. isini warmodgenilia diagramebis saxiT, uZravi qonebis
eqspertizis warmoebis TiToeuli stadiisaTvis:

– mosamzadebeli stadia;
_ analizuri stadia;
–teqnikuri eqspertizis stadia
– sinTezirebis stadia;
– Sedegebis stadia;
– daskvnebis formirebis stadia.
bijuri algoriTmebis Seqmnis SemoTavazebuli midgoma iZleva uZravi qonebis

eqspertizis warmoebis formalizebisa da misi TiToeuli stadiisaTvis aucilebeli
resursebis dagegmvis saSualebas.  algoriTmis sqema mocemulia pirvel suraTze.

mosamzadebeli stadia
mosamzadebeli stadiis mTavari mizania eqspertis mier uZravi qonebis

saeqsperto amocanis gacnobiereba, risTvisac ganixileba dasmuli kiTxvebi.
yalibdeba zogadi warmodgena gamosakvlevi uZravi qonebis obieqtebis

mdgomareobasa da niSnebze, gacnoba xdeba dadgenilebisa da saqmis masalebis,
romlebic dakavSirebulia eqspertizasTan. mocemul stadiaze gamomuSavdeba samuSao
hipoTezebi, ganisazRvreba uZravi qonebis eqspertizis saWiro meTodebi, xerxebi da
kvlevis saSualebebi. iseve, rogorc maTi gamoyenebis algoriTmi Sedgeba samuSao
gegmisgan. saWiroebis SemTxvevaSi moiTxoveba damatebiTi masalebi, Seiswavleba
specialuri da sacnobaro literatura.

mosamzadebeli stadiisas uZravi qonebis eqspertis mier xorcieldeba Semdegi
qmedebebi:

1) gaicema gafrTxilebis xelwerili sisxlis samarTlis pasuxismgeblobis
Sesaxeb, ganzrax yalbi daskvnis gacemis gamo saqarTvelos sisxlis samarTlis
kodeqsis an administraciul pasuxismgeblobaze samarTaldarRvevaTa kodeqsis
mixedviT;

2) ganixileba dasmuli kiTxvebi;
3) saqmis masalebis gacnoba;
4) sruldeba eqspertizaze wardgenili uZravi qonebis  obieqtebis Semowmeba da

aRwera. daTvalierebisas eqsperti swavlobs gamosakvlevi uZravi qonebis obieqtebis
zogad niSnebs. gamokvlevisas rekomendirebulia Tan sdevdes uZravi qonebis
obieqtebis fotogadaReba maTi wardgenisas saeqsperto dawesebulebaSi gamosakvlevi
uZravi qonebis obieqtebis gareSe niSnebis dafiqsirebis mizniT;
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5) gamosakvlevi uZravi qonebis obieqtebis gare Semowmebis Catarebis Semdeg
xorcieldeba obieqtebis sainformacio Sinaarsis winaswari analizi obieqtebis
gamosadegobis da sakmarisobis Sesaxeb pasuxis gasacemad eqspertizis kiTxvebze,
gamosakvlevi uZravi qonebis obieqtebis Sesabamisoba da kvlevis meTodebis
gansazRvra.

sur. 1 uZravi qonebis eqspertizis algoriTmi
6) unda Sedges uZravi qonebis eqspertizis Catarebis muSa gegma. amisaTvis

xorcieldeba:
– saqarTvelos moqmedi normatiuli dokumentebis da saqarTvelos mTavrobis

sakanonmdeblo aqtebis gadaxedva (saWiroebis SemTxvevaSi);
– uZravi qonebis kompleqsuri eqspertizis Catarebis SesaZleblobis gansazRvra

Semdeg safuZvlebze:
• miznis, gansazRvra;
• uZravi qonebis eqspertizis meTodebis gansazRvra;
• saeqsperto dawesebulebis teqnikuri bazis gamosadegobis analizi

konkretuli uZravi qonebis eqspertizis amocanebis gadasaWrelad;
• konkretuli uZravi qonebis kompleqsuri eqspertizis CarCoebSi gadasawyveti

sakiTxebis sirTulisaTvis eqspertTa kvalifikaciis Sesabamisobis gansazRvra;
– Tu uZravi qonebis eqspertizis romelime etapze aucilebelia gamokvlevis

mrRvevi/nawilobriv mrRvevi meTodebis gamoyeneba – Sesabamisi Suamdgomlobis
wardgena eqspertizis damniSnav pirze;

7) winaswari kvlevis Sedegebi da reglamentirebuli informacia uZravi qonebis
eqspertebze, saeqsperto dawesebulebaze, rac aisaxeba saeqsperto daskvnis Sesaval
da nawilobriv kvleviT nawilebSi.
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mosamzadebel etapze daskvnis Sesaval nawilSi miTiTebulia:
1) uZravi qonebis eqspertizis warmoebis adgili da dro;
2) uZravi qonebis eqspertizis warmoebis safuZvlebi;
3) informacia uZravi qonebis eqspertizis Camtarebeli eqspertis da saeqsperto

dawesebulebis Sesaxeb;
4) SeniSvna eqspertis gafrTxilebis Sesaxeb saqarTvelos kanonmdeblobis

sisxlis samarTlebrivi pasuxismgeblobis Sesaxeb;
5) uZravi qonebis eqspertizis winaSe dasmuli kiTxvebi;
6) informacia uZravi qonebis gamokvlevi obieqtebis Sesaxeb;
7) uZravi qonebis eqspertizaze wardgenil saqmesTan dakavSirebuli masalebi,

romlebic miekuTvneba eqspertizis sakiTxebs;
8) pirebi, romlebic eswrebodnen uZravi qonebis eqspertizis warmoebas

(SeiZleba mieTiTos/daematos eqspertizis Semdgom etapebze);
9) ganmarteba ganmeorebiTi an damatebiTi eqspertizis Catarebis Sesaxeb;
10) gamoyenebuli literatura
uZravi qonebis eqspertizis daskvnis kvlevis nawilSi mosamzadebel etapze

miTiTebulia:
1) uZravi qonebis obieqtebis vizualuri daTvalierebis Sedegebi;
2) informacia uZravi qonebis obieqtis istoriul monacemebisa da saproeqto

dokumentaciaze, sakadastro monacemebisa da teqnikuri pasportis arsebobaze;
3) informacia uZravi qonebis eqspertizis Catarebis da kvlevis SerCeuli

meTodebis Sesaxeb.
me-2 suraTze mocemulia mosamzadebeli stadiis diagrama

sur. 2 mosamzadebeli stadiis diagrama



samecniero-teqnikuri Jurnali ,,mSenebloba“
SCIENTIFIC-TECHNICALJOURNAL,”BUILDING“#2(51), 2019
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ«СТРОИТЕЛЬСТВО»

121

analizuri stadia
analizis stadiaze xorcieldeba uZravi qonebis obieqtebis kompleqsuri

gamokvleva. analizur stadiaze eqspertis an eqspertebis mier gamoiyeneba uZravi
qonebis eqspertizis warmoebis kerZo meTodikebi, sainstrumento meTodebi da
teqnikuri saSualebebi. gamokvlevis Catarebis msvleloba da gamoyenebuli
meTodebi miTiTebuli unda iyos eqspertizis daskvnis kvleviT nawilSi.  stadiis
dasasruls eqspertebis mier yvela mimarTlebiT eqspertizis sferos mixedviT
keTdeba winaswari daskvnebi. analizur etapze Sedgenili daskvnebi Seivseba
gamokvlevis Semdgom stadiebze:

teqnikuri eqspertiza
teqnikuri eqspertizis kvlevis etapis arseboba damokidebulia TiToeul,

konkretul situaciaze da damkveTis moTxovniT xorcieldeba.  misi forma
efuZneba eqpertis kvlevis miznebsa da amocanebs. uZravi qonebis teqnikuri
mdgomareobis kvlevis sirTule, done da Semadgenloba ganisazRvreba eqspertis
mier damkveTTan SeTanxmebiT. gamokvleva SeiZleba ganxorcieldes, vizualurad,
aparaturul an laboratorul doneze. igi Seicavs Semdeg etapebs:

• kvlevis dagegmareba;
• kvlevis momzadeba;
• kvlevis Catareba;
• kvlevis Sedegebi;
uZravi qonebis kompleqsuri eqspertizis teqnikuri eqspertizis daskvnis

nawilSi eqspertma detalurad unda aRweros gamokvlevis, diagnostikis
meTodebi, pirobebi da misi Sedegebi. gamokvleuli Sedegebi mocemul stadiaze
winaswari daskvnebis saxiTaa Cawerili. me-3 sur.-ze mocemulia uZravi qonebis
teqnikuri eqsertizis Catarebis gamokvlevis stadiis diagrama.
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sinTezirebis stadia
uZravi qonebis eqpertizis Catarebisas, eqspertma unda moaxdinos mopovebuli

informaciis sinTezi Catarebuli analizis safuZvelze.
kvlevis mocemuli nawili aris eqpertizis wina stadiebze miRebuli informaciis

ganzogadebas, miRebuli Sedegebis interpretacias. konkretuli amocanebidan
gamomdinare, romelTa gadaWrac aucilebelia uZravi qonebis eqpertizisas dasmul
kiTxvebze pasuxis gasacemad.

Sedegebis damuSavebis stadia
uZravi qonebis eqpertizis Catarebisas miRebuli Sedegebis damuSavebis stadia

aris stadia, romlis mimdinareobisas xdeba daskvnebis gamotana, fasdeba Catarebuli
kvlevis Sedegebi. mocemul stadiaze xdeba uZravi qonebis kompleqsuri eqpertizis
saboloo daskvnis kvleviTi nawilis (da aucileblobis SemTxvevaSi Sesavali
nawilis) Camoyalibeba. me- 4 sur.-ze mocemulia uZravi qonebis  eqpertizis Catarebis
Sedegebis damuSavebis stadiis diagrama.

დასკვნის ჩამოყალიბება

suraTi 4 uZravi qonebis eqspertizisas Sedegebis damuSavebis stadiis diagrama
am stadiis Sedegebi yalibdeba daskvniT nawilSi. daskvnebi aucileblad unda

asaxavdes uZravi qonebis  eqpertizis yvela kiTxvas da maT pasuxebs.
daskvnebi yovel kiTxvaze unda iyos gaSlili, sasurvelia miTiTebebi kvleviTi

nawilis punqtebsa da gverdebze, romelTa safuZvelze Camoyalibebulia daskvnebi
me-5 sur.-ze mocemulia uZravi qonebis eqspertizis Catarebis daskvnis gamotanis

stadiis digrama.

sur. 5. Zravi qonebisdaskvnis Camoyalibebis stadiis diagrama

უძრავი ქონების ექსპერტიზის ჩატარების სამუშაო გეგმა
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uZravi qonebis saeqsperto gamokvlevis zemoT aRweril Catarebul stadiebze
formdeba saeqsperto daskvna, romelic Sedgeba sami savaldebulo nawilisgan.

1 ) Sesavali – mosamzadebeli stadiis aRwera da Sedegebi;
2) kvleviTi nawili – maanalizebeli nawilis, diagnostikis masinTezirebeli

da Sedegobrivi nawilebis aRwera da Sedegebi;
3) daskvniTi nawili – daskvnebis Camoyalibeba ("daskvnebis formirebis"

stadia).
uZravi qonebis eqspertizis Catarebis meTodologia, efuZneba uZravi qonebis

eqspertizis Catarebis meTodebis erTobliobas.
kerZo meTodika Seicavs meTodebs, romlebic gamosadegaria uZravi qonebis

kompleqsuri eqspertizis yvela saxis eqspertizisaTvis (ZiriTadad mosamzadebel
stadiaze gamoyenebuli meTodebi). aseve kerZo meTodebi, romlebic gamoiyeneba
mxolod garkveuli saxis eqspertizis dros (ZiriTadad analizur,
masinTezirebel stadiaze an diagnostikis dros gamoyenebuli meTodebi).

zogadad saeqsperto gamokvlevis meTodad gagebulia uZravi qonebis
eqspertizis obieqtis Tvisebebis Seswavlis Tanamimdevroba saeqsperto amocanebis
gadaWris mizniT, saeqsperto gacnobierebis meTodebis mecnierulad dasabuTebuli
sistemis gamoyenebis gziT.

uZravi qonebis eqspertizisas gamoiyeneba oTxi kategoriis meTodi:
1) gacnobierebis sayovelTao meTodebi – materialisturi dialeqtika, romelic

gulisxmobs analizs, sinTezs da deduqcias;
2) zogadi samecniero meTodebi – maT miekuTvneba dakvirveba, gazomva, aRwera,

diagnostika, modelireba;
3) kerZo meTodebi – maT miekuTvneba diagnostikis instrumentuli meTodebi,

romlebic gamoiyeneba garkveuli saxis eqspertizisTvis;
4) specialuri meTodebi – kerZo meTodebi, romlebic adaptirebulni arian

uZravi qonebis eqspertizis warmoebisTvis.
erT stadiaze gamoyenebuli meTodebi SeiZleba iyos gamoyenebuli meore

stadiazec. e.i. arsebobs saerTo meTodebi romelTa gamoyeneba SeiZleba
uZravi qonebis  saeqsperto kvlevis ramdenime stadiaze.

uZravi qonebis eqspertizis meTodebi daiyofa: martivi (aRiwereba erTi qmedebis
Sesrulebis gza) an kompleqsuri (aRiwereba ramdenime qmedebis Sesrulebis xerxi).

Cven gTavazobT uZravi qonebis eqspertizis Catarebis midgomis unificireba,
amisaTvis warmodgenili gvaqvs uZravi qonebis kompleqsuri eqspertizis

calkeuli eqpertizebis simravleebis saxiT:
D = {d1, d2... dl} gamokvlevis mosamzadebeli stadiis meTodebis simravlea, sadac l–

gamokvlevis mosamzadebeli stadiis meTodebis raodenoba aris;

V = {v1, v2... vw} gamokvlevis analizuri stadiis meTodebis simravlea, sadac w –
gamokvlevis analizikuri stadiis meTodebis raodenoba aris;

G = {g1, g2... gu}teqnikuri eqspertizis stadiis meTodebis simravlea, sadac u –
diagnostikis stadiis meTodikebis raodenoba aris;

E = {e1, e2... eq} uZravi qonebis eqspertizis masinTezirebeli stadiis meTodebis
simravlea, sadac q – gamokvlevis masinTezirebeli stadiis meTodebis raodenoba
aris;

F = {f1, f2... fp} uZravi qonebis eqspertizis gamokvlevis Sedegobrivi stadiis
meTodebis simravlea, sadac p – gamokvlevis Sedegobrivi stadiis meTodebis
raodenoba aris;

H = {h1, h2... hj} – uZravi qonebis eqspertizis Sedegebis formirebis stadiis
meTodebis simravlea, sadac j – gamokvlevis Sedegebis formirebis stadiis
meTodebis raodenoba aris.
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simravlis S={s1,s2} elementi – uZravi qonebis eqspertizis warmoebis
unificirebuli midgomaa da Sedgeba eqvsi elementisagan:

( , , , , , ),n l w u q p ts S d v g e f h 
elementi uZravi qonebis eqspertizis Catarebis unificirebul midgomas

warmoadgens da Sedgeba eqsvi elementisagan: .S D V G E F H     
maSin uZravi qonebis eqspertizis warmoebis modeli iqneba

urTierTdakavSirebuli meTodebis mowesrigebuli simravle.
Tu S Semecnebis sayovelTao meTodebisa da Semecnebis zogadsamecniero

meTodebis garda Seicavs, kerZo meTodebs, simravlis S safuZvelze ganisazRvreba
uZravi qonebis eqspertizis Catarebis kerZo modeli.

Tu S Seicavs Semecnebis sayovelTao meTodebs, Semecnebis zogadsamecniero
meTodebis da kerZo meTodebis garda, agreTve specialur meTodebs, maSin
simravlis S safuZvelze ganisazRvreba uZravi qonebis eqspertizis warmoebis
konkretuli modeli.

uZravi qonebis eqspertizis warmoebis midgomis SemoTavazebuli modeli
SeiZleba gamoiyeneba zogadi, kerZo da konkretuli midgomis SemuSavebisas,
romlebic miekuTvneba uZravi qonebis eqspertizis meTodikis nebismier tips, wina
TavSi SemoTavazebuli klasifikaciis mixedviT. es procesi SeiZleba iyos
avtomatizebuli. uZravi qonebis eqspertizis warmoebis proceduris konteqsturi
diagrama naCvenebia qvemoT mocemulia me- 6sur-ze.

sur. 6. uZravi qonebis eqspertizis Catarebis procesis diagrama
rogorc naCvenebia diagramaze (sur. 6) uZravi qonebis eqspertizis Catarebis
procesis gansazRvrisas Semaval monacemebs warmoadgens eqspertizis
daniSvnis dadgenileba/gadawyvetileba, eqspertizis obieqtebi da monacemebi
eqspertizis saganis Sesaxeb. eqspertizis sagnis monacemebad proceduruli
kodeqsebis Sesabamisad gagebulia: informacia eqspertizis mocemuli saxeobiT
gamosakvlev obieqtebze, maT Tvisebebze, saeqsperto amocanebsa da meTodebze.
meTodis gansazRvris procesis avtomatizaciisas monacemebi eqspertizis
saganze SeiZleba gadatanil iqnes dasamuSavebeli sistemis monacemTa bazaSi.
radgan warmodgenili naSromis farglebSi ar aris gaTvaliswinebuli
programuli uzrunvelyofis SemuSaveba gansaxilveli procesis
avtomatizaciisaTvis, igi xeliT sruldeba eqspertis mier. avtomatizaciis
Semdeg ZiriTad meqanizmi aseve iqneba meTodikis gansazRvris programuli
uzrunvelyofa. mocemuli proceduris Sedegebze dayrdnobiT miiReba
gadawyvetileba meTodikis da misi Sesrulebis Tanamimdevrobis Sesaxeb.

უძრავი ქონების ექსპერტიზის
წარმოების მეთოდიკის
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დოკუმენტები
დასაპროცესოკოდექსები
კოდეკ ო დე ქ ს ე ბ ი

გადაწყვეტილება
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ექსპერტი
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eqspertis daskvna

kanonmdeblobis moTxovnis Sesabamisad, uZravi qonebis eqspertis daskvnaSi
aucileblad unda aRiniSnos:

1. uZravi qonebis eqspertizis Catarebis TariRi, dro da adgili;
2. ris safuZvelze xorcieldeba uZravi qonebis  saeqsperto dasvna;
3. informacia uZravi qonebis eqspertizis damniSvneli oficialuri piris

Sesaxeb;
4. informacia uZravi qonebis saeqsperto dawesebulebisa da eqpertebis Sesaxeb

(saxeli, gvari, specialoba, ganaTleba, dakavebuli Tanamdeboba, muSaobis
staJi, akademiuri xarisxi an/da akadeimiuri wodeba);

5. informacia eqspertis gafrTxilebis Taobaze ganzrax cru daskvnis
gacemasTan dakavSirebiT pasuxismgeblobis Sesaxeb;

6. uZravi qonebis eqpertizis gansaxilvelad dasmuli kiTxvebi;
7. kvlevis ibieqtebi da masalebi, romlebic warmodgenilia uZravi qonebis

eqspertizis CatarebisaTvis;
8. monacemebi im pirTa Sesaxeb, romlebic eswrebodnen uZravi qonebis

eqspertizis Catarebis;
9. kvlevis Semadgenloba da Sedegebi gamoyenebuli meTodikebis CamonaTvaliT;
10.daskvnebi uZravi qonebis eqspertizaze dasmul kiTxvebze da maTi

dasabuTeba;
saWiroebis SemTxvevaSi, eqsperti warmoadgens Suamdgomlobebs

(Suamdgomlobebis wardgena SeisaZlebelia gamokvlevis nebismier etapze):
1. uZravi qonebis eqspertizis saganTan dakavSirebuli saqmis msalebis

gacnoba;
2. uZravi qonebis eqspertizasTan dakavSirebuli damatebiTi masalebis wargena;
3. sxva eqspertebis CarTulobis Sesaxeb;
4. procesualur qmedebebSi monawileoba;
5. diagnostikis meTodebis gamoyenebis Sesaxeb da maTi nebarTvebi aisaxeba

eqspertis daskvnaSi eqsperts ufleba aqvs uari Tqvas daskvnis gacemaze, Tu
eqspertizis nebismier etapze gamovlinda Semdegi garemoebebi:

1. eqsperts ar gaaCnia sakmarisi kompetencia dasmuli amocanebis
gadasawyvetad;

2. saeqsperto dawesebulebaSi ar arsebobs gamokvlevis CatarebisaTvis
aucilebeli materialur-teqnikuri baza;

3. warmodgenili Suamdgomlobebis Semdeg ar aris sakmarisi monacemebi;
4. ar arsebobs samecniero monacemebi dasmuli kiTxvebis gadasaWrelad.

3.daskvna

damuSavebuli meTodikuri da algoriTmuli midgoma zrdis eqspertizis
daskvnis saimedoobas da sizustes. aumjobesebs eqspertis muSaobis xarisxs,
amcirebs SromiT danaxarjebs  da Sesrulebis dros.
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milocva
nodar meZmariaSvili

saqarTvelos damsaxurebuli inJineri da mSenebelinodar
meZmariaSvili, daibada 1929 wlis 13  marts q. samtrediaSi.

1951 wels daamTavra saqarTvelos politeqnikuri
instituti,SaxtmSeneblobis specialobiT da rogorc
warmatebuli studenti, datoves kaTedraze samuSaod
asistentis Tanamdebobaze, sadac mcire xans dahyo, radgan mas
praqtikuli muSaoba ufro izidavda. ase aRmoCnda axalgazrda

qarTveli SaxtmSenebeli ukrainaSi, q. doneckSi. 1951-1959 wlebi man Saxtebis
mSeneblobaze dahyo, gaiara gza samTo ostatidan SaxtsamSeneblo trestis
mTavari inJinris Tanamdebobamde. am dros, misi uSualo xelmZRvanelobiT,
esqpluataciaSi Sevida sami mZlavri Saxti.

1959 wels is gadaiyvanes doneckis olqis samoqlaqo mSeneblobis sferoSi; 1963
wels daniSnes doneckis olqis samSeneblo gaerTianeba “doneckJilstrois”
mTavar inJinrad; 1967 wels daawinaures saolqo samSeneblo gaerTianebis
ufrosad da mTeli donbasis olqis sacxovrebeli, socilalur-kulturuli da
samoqalaqo mSeneblobis sferos xelmZRvaneloba daakisres. 1937 wels ukve didi
gamocdilebis mqone xelmZRvaneli  nodar meZmariaSvili samuSaod saqarTveloSi
gadmoiyvanes, 1937-1981 wlebSi iyo saqarTvelos mSeneblobis ministri, 1981-1982
wlebSi respublikis saxelmwifo sagegmo komitetis Tavmjdomaris pirveli
moadgile, 1973-1982 wlebSi organizebas uwevda respublikis industriis arsebuli
struqturebis gaZlierebas da axlis mSeneblobas, didi yuradRebas uTmobda
sacxovrebeli da socalur-kulturuli infrastruqturis ganviTarebas.

1985 wlis martSi is damoukidebeli respublikis mTavrobis dadgenilebiT
dainiSna ssrk ministrTa kabinetTan arsebuli saqarTvelos mTavrobis mudmiv
warmomadgenlad; 1991-1994 w.w. muSaobda saqarTvelos mSeneblobisa da
arqiteqturis ministris moadgiled, 1994 wlidan muSaobda q. moskovis mTavrobaSi,
moskovisa da moskovis olqis regionis ganviTarebis saministroSi ministris
moadgiled, 1999 wels samuSaod gadavida axlad Camoyalibebul ruseTis saxalxo-
samxatvro fondSi generaluri direqtoris moadgiled, 2003 wels dainiSna
fondis generalur direqtorad, sadac muSaobda 2012 wlamde, 1979 wels iyo
espaneTis devisis Tasis gaTamaSebis monawile, (sabWoTa kavSiris CogburTis
nakrebis gundis ufrosi).

miRebuli aqvs SromiTi warmatebis aRmniSvneli araerTi jildo. kerZod
sabWoTa kavSiris `Sromis wiTeli droSis” ordeni da `xalxTa megobrobis”
ordeni, saqarTvelos `Rirsebis ordeni”, ruseTis federaciis ordeni
`mSeneblobaSi damsaxurebisaTvis”, ukrainis ministrTa kabinetis `sapatio niSnis”
ordeni, `meSaxteTa brwyinvalebis” samive xarisxis ordeni.

mniSvnelovan nagebobaTa proeqtebis Seqmnisa da maTi aSenebisaTvis 1979 wels
mieniWa sabWoTa kavSiris ministrTa premia, xolo 1984 wels saqarTvelos
saxelmwifo premia (wyaro saqarTvelos arqiteqtirTa da mSenebelTa
enciklobedia. Tb. 2017 gv. 408-409).

nodar meZmariaSvilma Tavisi xangrZlivi, movlenebiT da SexvedrebiT aRsavse
cxovreba Tanamimdevrulad gamosca 2018 wels gamosul mogonebebis wignSi:
`oqros akvani mowameTaSi”, romelSic bevri saintereso ambavia moTxrobili.

samSeneblo fakultetis dekani daviT gurgeniZe
samSeneblo fakultetis sabWo
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SUMMARIES
J. Gigineishvili. The results of research on the possibility of creating pre-stressed concrete elements and
sleepers reinforced with basalt-plastic (BPR)reinforcement (Innovative developments are waiting in the wings!).
Scientific-technical journal “BUILDING” #2(51), 2019
Studies conducted to identify the possibility of creating pre-stressed concrete sleepers for railway transport reinforced
with basalt-plastic reinforcement (BPR) showed the possibility and prospects of using BPR for reinforcement as well
as for other pre-stressed concrete structures. When using the unit in constructions for reinforced concrete sleepers,
problems associated with corrosion of steel reinforcement can be avoided, which ultimately results in the durability of
the structure. In addition, the unit has a low density, which can slightly reduce the weight of reinforced concrete and
reduce the pressure from its own weight. In the conducted theoretical and experimental studies, new results were
obtained on the design of concrete sleepers, reinforced on the basis of the use of BPR, straining concretes based on
(НЦ-20). The use of FPUs and straining concretes makes it possible to obtain materials not only metals, but also
having qualitatively new higher characteristics, which make it possible to increase the service life of structures used in
aggressive environment, to reduce the metal intensity of the structures, their weight, cost and, accordingly, the
complexity of construction. Such designs have a higher mechanical strength, corrosion resistance, heat-shielding and
dielectric properties, non-magnetic and radiolucent.
The use of BPR can give a significant economic effect as when reinforcing prestressed concrete sleepers for railway
transport, also for civil engineering, for hydraulic engineering and other structures.
R. Makhviladze, E. Kristesiashvili, N. Karkashadze. TBILISI DEVELOPMENT PROSPECTIVE GENERAL
PLAN ANDITS VITAL PROBLEMS IN TERMS OF MANAGEMENT. Scientific-technical journal
“BUILDING” #2(51), 2019
In the articleareconsidered the issues of development of the General Plan of Development in Tbilisi in 2019 and the
construction of civil and industrial facilities, as well as the working and employment issues of the population. Its
prospective development plans can not be implemented only due the land owing by the city or the Tbilisi City Hall.
The change the status of lands in the industrial zones and land of former factories being in their ownership in Didube,
Nadzaladevi, Isani and other territorially proletarian districts transfers into residential settlements. Also, several
successful and modern factories demolition will be dismantled in Saburtalo, Dighomi, Gldani and other districts.
L. Kakhiani, M. Kublashivli, N. Nebieridze, M. Tavadze. Determination of the reinforced concrete elements
durabilityusing the methods of the “reinforced concrete fracture mechanics”. Scientific-technical journal
“BUILDING” #2(51), 2019
In the artcle is discussed the issue regarding the durability of the reinforced concrete elements, determined by using
only the methods of the “reinforced concrete fracture mechanics”, where the element’s section with cracks and existing
deficiencies (hollows) has been reviewed, the length and the width of the crack have been calculated and the durability
of the reinforced concrete element has been determined; The software for the calculation has been created.
V. Tskhvariashvili. The Role of QualiTy and Safety In Steel and Reinforced Concrete Structure. Scientific-
technical journal “BUILDING” #2(51), 2019
The importance of quality and safety of steel structure and reinforced concrete are reviewed in the article; Method of
Connection for structural steel elements; Steel structures main problem – corrosion, sources and supplies to flight
(prevent) corrosion; Inspection method for reinforcement mesh and reinforcement details(before preparing concrete
structure); Safety while working on reinforcement mash – reinforcement bending.
D.Bakhtadze. SWOT ANALYSIS OF TOURISM AND LEISURE FORMATION IN RACHA-LECHKHUMI
REGION. Scientific-technical journal “BUILDING” #2(51), 2019
In the work areconsidered the advantages and disadvantagesof the mountain region of Georgia, Racha-Lechkhumi,
based on the SWOT-methodology of analytical research. Based on this research we will be able to draw the correct
conclusions and develop opportunities for tourism development in the region that will in turn contribute to its
development.
N. Khabeishvili, M. Gogolashvili Landscape as an important component of urban environment design. (on the
example of "Mushtaidi" park). Scientific-technical journal “BUILDING” #2(51), 2019
the progress of Georgia and its deepening of connections with other countries has caused country's development as
industrial and trade direction. The growth of population and tourists in Tbilisi has led to a large number of
constructions. Now the green cover deficit is in capital city. Sadly, we have not been able to find some of the well-
arranged squares and gardens full of plants, we can name a few, where more or less people can walk on fresh air. Such
as: "Vake" Park, "Mushtaidi" Garden, "Mziuri" Park, "Mtatsminda" Park, "Botanical Garden" and the other ones.
Consequently, there is no doubt that today, as never before, the city needs to develop landscape design and maintain
existing green areas.
A. Burduladze, T. Papuashvili, D. Getsadze. CALCULATION OF ROAD CARPET LOAD BEARING ABILITY BY
THEORETICAL ANALYSIS. Scientific-technical journal “BUILDING” #2(51), 2019
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In the paper we have reviewed the road carpets load bearing capability due theoretical analysis. The application of this method is
based on linear-elastic modules and is characterized by a signifianct precision in contrast to structural numbers method. Its
application is especially effective on high intensity roads as well as at rehabilitation of road carpets.
G. Turashvili. PRACTICAL APPLICATION OF REAL ESTATE COMPLEX EXAMINATION METHODS.
Scientific-technical journal “BUILDING” #2(51), 2019
Expert methodology must ensure the completeness of research, to be scientifically verified, to fully investigate the object and
ensure the reliability of the expert conclusion, to respond to legality requirements, be safe, ethical, acceptable, effective,
economical.
N. Rurua, D. Chanturia. Selection of basic structural schemes for monitoring of the railway formation. Scientific-
technical journal “BUILDING” #2(51), 2019
The article describes the qualitative indicators of five (mega, macro, meso, mini, micro) grades allocated in the formation
Geotechnical System (FGTS). The functionality of the formation is offered within the time frame. The overall scheme of
execution of four main functions (observation, assessment, forecasting and management) is to operate a triangular system for
the monitoring of the railway formation: information-control, analytical-prediction and management block. The role of
analytical-prediction block in the formation monitoring scheme is considered. It is carried out in the management block of the
upcoming information flow and transmitting management solutions in the management block and subsequent feedback from
the information-control block.
M. Bakradze, N. Mamisashvili, L. Nozadze, G. Nanitashvili. EXPENSES AND PRICES ON CONSTRUCTION
PRODUCTS. Scientific-technical journal “BUILDING” #2(51), 2019
The process of determining the price on construction products is of particular complexity and it is in the process of constant
change throughout the period, starting from the creation of the project-cost estimate documentation of the object and ending
in its operation. The final price is for building products, essentially compromising prices, among all the participants involved
in the construction process.
G. Kipiani, Mirian Kublashvili. On the numerical solution on the infinite plane two arbitrary oriented cuts (cracks).
Scientific-technical journal “BUILDING” #2(51), 2019
In the work areconsideredthe interdependence on the infinite plate of two arbitrary orientation curs (cracks) that would be
solved by the contours opened on the singular integral equation of the first order, and these equations are opened by the
macro-type square formulas (see [3]) and (see [5]) simplified by high accuracy schemes.
I.Kvaraia A.Pirosmanishvili. SIMPLIFICATION OF CONSTRUCTION OF REINFORCED CONCRETE
ROUND WALLS. Scientific-technical journal “BUILDING” #2(51), 2019
The article discusses the possibility of erecting high reinforced concrete walls with a round outline using a simple formwork
system. It differs from the sliding formwork, which is a complex system and now with its help mainly concreting of walls of
this type is carried out.
Z. Karumidze, Z. Bekurishvili. ACCELERATION OF CONCRETE HARDENING BY THERMAL TREATMENT
IN REINFORCED CONCRETE PRODUCTS. Scientific-technical journal “BUILDING” #2(51), 2019
Despite in our country currenty the share of basic construction comes on monolithic construction, there still are responsible
facilities, constructions that require manufacturing of prefabricated reinforced concrete. For example, sleepers, towers,
complicated configuration items for private constructions, etc. We know that thermal treatment is necessary for such items.
This work deals with the methods of heat treatment of concrete and reinforced concrete products. Types of thermal treatment,
periods of thermal treatment cycle are considered. In the tables are stated the duration of the concrete preliminary delay.
Cement performance efficiency coefficient at evaporation. Concrete estimated strength after evaporation. The relation of the
growth of heavy concrete strength on portland cement, on the thermal treatment cycle (80-850ch). The reduction measures of
the general cycle of thermal insulation are listed, because they are the prerequisites for economic effect.
P. Nadirashvili, T. menaqarishvili, Z. Meladze, I. Urushadze. The improvement of physical and mechanical qualities
of reinforcement asphalt concrete material. Scientific-technical journal “BUILDING” #2(51), 2019
The main objective of laboratory research is to elaborate the optimal composition of materials in the asphalt concrete mixture
and then to improve the physical and mechanical qualities of the product by adding the local material, particularly the basalt
filler.
K. Mchedlishvili, T. Panchvidze. PROSPECTS OF THE USE OF INDIVIDUAL TRANSPORT MEANS OF
MUNICIPAL PROPERTY IN HAVING COMPLEX TERRAIN BIG CITIES. Scientific-technical journal
“BUILDING” #2(51), 2019
In modern cities with complex terrain, including high intensity of automobiles in Tbilisi, more than 80% of the flows comes
on vehicles that does not exceed 2 people per vehicle at peak hours. A large number of passenger car’s have a lot of negative
impacts on the transport traffic flows, safety of traffic and ecology. The article is dedicated to mitigating these problems by
municipal individual electric engines or two wheeled without engine vehicles.
N. Karkashadze. PHYSICAL AND MORAL DETERIORATION OF THE OLD DISTRICTS OF TBILISI,
REALITY AND THE PROBLEMS ARISEN. Scientific-technical journal “BUILDING” #2(51), 2019
Buildings in the historically established districts of Tbilisi suffer from physical exhaustion in Sololaki, Mtatsminda, Krtsanisi,
Chugureti, Avlabari, Isani and elsewhere. Their operational hazard rates are significantly reduced, while at the same time
they do not have the resources to provide modern social needs. Accordingly of the Tbilisi budget in 2019, they are allocated
up to 7 million lari that is not sufficient for the restoration and rehabilitation of the damaged houses.
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A. Mamardashvili. INFLUENCE OF QUALITY INFRASTRUCTURE ON RELIABLE OPERATION OF BUILDINGS.
Scientific-technical journal “BUILDING” #2(51), 2019
The research of possible deviation from the nominal value of the concrete elasticity module was conducted on 150 experimental
data based on the B35 grade concrete. The concrete elasticity module is an random value, depending on the physical nature of the
concrete that, even in the ideal condition, represents a inhomogeneous body and the elastic properties of its constituents
components are different. These experiments have been performed in different conditions by different scientists. The possible
deviations of the modulus of the elasticity modulation vary in accordance with the normal distribution law, while the variation
coefficient is δ = 33%.
D. Bakradze, T. Amkoladze, K. Jincharadze. CONCRETE ADDITIVES AND THEIR EFFICIENCY. Scientific-technical
journal “BUILDING” #2(51), 2019
Different types of additives, such as a plastisizer, airinvolver are applied for adjusting concrete mortars properties and to reduce
the cement consumption and havea multi-functional ability of action. The plastisizer additives are surface-active substance and
facilitate the adaptability of the concrete mixture. The airinvolving additives facilitate concrete freeze resistance, to reduce water
demand, waterproofing. The air generating substances are efficiently appliedfor obtaining of air-concrete.
A. Chikovani, m. Shengelia. ASPECTS OF CEMENT STRENGTH. Scientific-technical journal “BUILDING” #2(51),
2019
In the article isconsideredhow the different methods of testing affects on the cement properties. That is why by the European
Standardization Committee was accepted the Unified European Standard "EN 196 Cement".
V. Sokhadze, R. Giorgobiani. ON THE SUSTAINABILITY OF GASS AND OIL PIPELINES PIPE SUPPORTING
RINGS. Scientific-technical journal “BUILDING” #2(51), 2019
In the paperisconsidereda circular ring that loses its sustainability and obtains the subtle form of equilibrium in the proportionate,
distributed load conditions. Estimated reduction of the diameter of the ring caused by buckling is determined.
A. Sakvarelidze Model of steel fiber concrete of different moisture content in compession. Scientific-technical journal
“BUILDING” #2(51), 2019
In paper there is examined the issuse of influence of material moisture capasity on fiber concrete strength and deformation
characteristic, in compression.
Exeriments were carried out on prism samples (40X40X16 mm – short – term tests; 70X70X280 mm long-term tests) is
compession. The samples after production were kept for 28 days in normal conditions (relative rumidity  100% T=20±1°C)
before testing. In this condition the moisture capacity of samples was 4,7% on average. Then the samples were drayed up to
different levels and then isolated, by what, the obtained levels of moisture capacity was maintained. Four levels of moisture
capacity were recived: W=Wm=4,7% and W=2,7%, 2,2% and 1%.  Short-term experiment it established that the strain
velocity (in the range of 4,210-7÷4,210-31/s) has little effect on the characteristics of strength and deformations of the steel
fiber concrete under compression.
long-term tests-it is estabished: the law in iflunece of moisture content on the creep nucleus of the material was created.
As a result of the analysis a material model has been created. Theoretical calculation are well matched with experimental
data.
V. Tskhvariashvili. The Minimum Safety Requirements for Earthworks and Trench Excavations. Scientific-technical
journal “BUILDING” #2(51), 2019
Safety regulations (demands, procedures) for earthworks and trench excavations are described in this article. To be more
specific – general ground related problems, deformation of trench walls and basic ground types. This article focuses on
unsafe environment and workforce safety concerns during excavations.
T. Papuashvili, D. Getsadze, A. Burduladze. ROAD CARPET LEAD BEARING ABILITYANALYSIS BY
STRUCTURAL NUMBERS METHOD. Scientific-technical journal “BUILDING” #2(51), 2019
In the paper we have reviewed the analysis of used in the restoration of reinforced by foamed bitumen road carpets using the
structural number method. It can be used for a preliminary assessment of thickness that should have a layer that has been
treated with foamed bitumen after recycling.
D.Bakhtadze. FOREIGN EXPERIENCE OF MOUNTAIN TOURIST-RECREATIONAL INFRASTRUCTURE
FUNCTIONING. Scientific-technical journal “BUILDING” #2(51), 2019
In the paperareconsidered several examples of sustainable development of foreign mountain regions, tourism-recreational
infrastructure and sustainable development. In particular, Albania Alp’s high mountainous village Theti, the Austrian Alps
Walsserthal region and the resort Werfenweng. On the example of these projects development we would like to analyze both
positive and possible threats.
G. Turashvili. METHODOLOGICAL AND ALGORITHMIC PROVISION OF REAL ESTATE EXPERTISE.
Scientific-technical journal “BUILDING” #2(51), 2019
The article has been developed methodological and algorithmic provision to conduct real estate expertise. A developed
approach to carry out complex expertise is unified because it is used to solve a wide range of private tasks. The approach of
the real estate expertise developed by us implies the application of step-by-step algorithms of complex real estate expertise,
based on analysis of real estate expertise execution. They are presented as diagrams for each stage of real estate expertise.
These stages are: preparatory stage; analytical stage; technical expertise stage is the synthesis stage; the results stage; stage
formation stage.
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