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Эксперимент – как откровенье:
Пусть в нем теорий ни крупицы,
Зовет нас к новым размышленьям
Природы новая страница.”
Мефистофель. «Фауст». Гёте
1932г. Ученики Н. Бора. Копенгаген.
“В осажденных Сиракузах Архимед
решал математические задачи,  а в
голодном и блокадном Ленинграде
продолжала жить настойчивая,
неугасаемая мысль исследователей,
также как и в Тбилиси после распада
СССР.”  Джони Гигинейшвили

СОВРЕМЕННЫЕ ПРОБЛЕМЫ И ПЕРСПЕКТИВЫ ПРИМЕНЕНИЯ
КОМПОЗИЦИОННОЙ И, В ТОМ ЧИСЛЕ, БАЗАЛЬТОПЛАСТИКОВОЙ

АРМАТУРЫ ДЛЯ АРМИРОВАНИЯ БЕТОНОВ И УСИЛЕНИЯ
КОНСТРУКЦИЙ

Джони Гигинейшвили, Игорь Тимченко, Нана Инцкирвели
ООО «ПРОГРЕСИ» Инженерный центр по компьютерному моделированию и

проектированию зданий и сооружений
Резюме: Прогресс науки и техники во многом зависит от успехов в области создания
новых материалов. Композиционные материалы, представляющие собой гетерогенные
структуры, образованные сочетанием армирующих элементов и изотропного
связующего, находят в настоящее время широкое применение в различных областях
техники.  В связи с этим, данная статья посвящена проблемам массового внедрения
разных видов композиционной и, в том числе, базальтопластиковой арматуры в
практику строительства. Рассмотрены недостатки и преимущества композитной
арматуры (fibre-reinforced plastic rebar, FRP rebar) по сравнению со стальной. Даны
предложения по необходимым мероприятиям для улучшения и успешного массового
внедрения композитной арматуры для армирования бетонных элементов конструкций.
Ключевые слова: композитные материалы, композитная арматура, волокно для
армирования, базальтовое волокно, связующие, базальтопластиковая арматура,
удельная прочность, композитной арматуры в бетоне, агрессивная среда,
экспериментальные исследования, модуль деформации, снижение прочности.

1. Введение
Основой композитной арматуры является материал, который формируют из разных

волокон: стеклянного, базальтового, арамидного, углеродного, циркониевого,
алюмоборосиликатного,  алюмомагнезиального и др. и, как правило, с применением
связывающих на основе термореактивных синтетических смол, которая при отверждении
под действием температуры или в результате химической реакции необратимо
превращается в твердый, неплавкий и нерастворимый материал с трехмерной сетчатой
структурой. Ввиду высокой стоимости композитной арматуры в целом для массового
применения композитной арматуры в строительстве, наиболее приемлемыми являются
стеклянные и базальтовые волокна [1].

Одной из важнейших особенностей композитных материалов является существенная
анизотропия механических свойств. Поэтому применение композитных материалов
вызывает необходимость определения рациональных схем армирования и распределения



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #4(43), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

7

материала в конструкции с учетом условий ее нагружения.  По сравнению со стальной
арматурой, базальтопластиковая арматура (БПА) обладает малым весом (легче в 3.3-
3.5раза), более высокой прочностью (прочнее в 2.5-3 раза), обладает значительно более
высокой коррозионной стойкостью (в 12-15 раз), теплозащитными и диэлектрическими
свойствами, она немагнитна и радиопрозрачна [2,3,8,11].

Высокая удельная прочность материала реализуется при кратковременном
нагружении в направлении  армирования. При нагрузках, вызывающих высокий уровень
напряжений в связующем, материал в значительной степени утрачивает свои
преимущества. Таким образом, композитные материалы обладают рядом специфических
свойств, требующих разработки специальных методов проектирования и расчета.

2. Основная часть
Рост производства непрерывных стеклянных волокон сдерживается из-за

возрастающего дефицита сырья (кальцинированной соды,  борной кислоты, сульфата и
т.д.), а также повышенных технических требований к ним и др. Хорошо известен также тот
факт, что сдерживающим фактором широкого применения стеклопластиков в конструкциях
является сравнительно высокая стоимость, низкий предел огнестойкости, низкий модуль
упругости и др.

В связи с этим, в последние десятилетия интенсивно расширяются  производства
других волокон взамен стеклянных.

В настоящее время разработано несколько технологических процессов получения
непрерывного волокна (ровинга) из широко распространенных изверженных пород –
базальтов, не требующих никаких добавок [1,8,11].

Учитывая, что на территории Грузии отуствуют залежи железной руды,
следовательно, сталелитейное производство и все металлоемкие изделия в основном
завозятся из-за рубежа, что существенно увеличивает финансовые затраты строительно-
монтажных работ. С другой стороны, имеющиеся огромные запасы  базальтов, из которых
можно получить высококачественное волокно, естественно вызывают большой интерес к
базальтовым технологиям.

Технология производства непрерывного базальтового волокна одностадийным
методом имеет хорошую перспективу для применения и распространения, однако не все
базальтовые породы могут быть пригодны для получения непрерывного базальтового
волокна.

На территории Грузии в нескольких месторождениях (Марнеули, Ахалцихе,
Чиатура, Болниси и др.) находятся карьеры, из сырья которых получаются
высококачественные волокна. Объем сырья, находящегося только в этих карьерах,
оценивается во много миллионов кубометров. Базальтовое волокно, полученное из этих
карьеров, обладает высокой исходной прочностью и долговечностью.

Химический состав исследованных базальтових карьеров Грузии, пригодных для
производства  непрерывного и штапельного супертонкого волокна, приведен в Таб.1:

Таблица 1

Вид  пластов
ОКСИДЫ, %

SiO2 TiO2 Al2O3 Fe2O3 +
Fe

CaO MgO Na2O K 2O MnO P 2O5 SO3

Базальт
Чиатурского

местораждения
46.39 - 14.84 12.08 10.08 8.82 4.18 4.18 - - 0.25

Базальт
Ахалцихского

месторождения
44.99 1.88 14.82 9.86 11.98 9.81 3.03 1.67 0.1 - -

Базальт
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Марнеульского
месторождения

51.11 0.92 15.5 10.45 10.22 6..36 4.64 4.64 0.3 0.5 -

Проведенные  экспериментальные исследования базальтового и других видов
волокон в среде твердеющего портландцемента подтвердили снижение прочности  этих
волокон со временем. Как показали результаты экспериментльных исследований, в
условиях повышенной влажности и щелочной среды бетонов наблюдается активное
снижение прочности базальтовых, стеклянных и других видов волокон (Рис. 1) [8].

feradi
Рис. 1. Сравнительная временная зависимость потери прочности базальтовых и

других типов волокон в твердеющем портландцементе
Эксперименты показывают и другие особенности поведения композитной арматуры в

бетоне. Например, прочность и модуль упругости композитной арматуры снижаются с
увеличением диаметра стержня [2,4,6]. Прочность при растяжении полимеркомпозитной
арматуры существенно снижается в процессе нахождения в бетоне, при этом значение
модуля упругости практически не меняется [3].

Бетон и композитная арматура (стеклянного, базальтового, углеродного,
циркониевого и др. волокон) являются реологически активными материалами, поэтому
несущая способность, характер распределения усилий, деформативность и
трещиностойкость бетонных конструкций, армированных композитной арматурой,  во
многом зависят от закономерностей   совместной работы при длительном действии
нагрузки.

Механическая прочность базальтопластиковой арматуры на растяжение при Т =20°С,
составляет  12000-18000МПа  и зависит от состава и процентного соотношения связующих
в изделиях (что, как правило, составляет 25-30%);

-плотность изделия 1.95-2.2 г/см3;
-модуль упругости изделия при 20°С колеблется в пределах 75000-90000 МПа;
-коэффициент теплопроводности изделия зависит от многих факторов и может

меняться в следующих пределах: 0,04-0,1Bт/м٭.к.;
-коэффициент линейного расширения (0.5-0.7)х10-5, при Т=200С;
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-точка плавления изделий определяется  по  показателям  связующего  и колеблется
в широких пределах, от 1800С до 6000С; температура начала размягчения волокна 6200С,
температура размягчения - 6350С;

-температурный интервал плавления базальтового волокна из Марнеульских
карьеров c 1150-11800С, при температуре 12000С волокно начинает обугливаться;

-специальная  поверхностная отделка не требуется, цвет изделия   может меняться от
отменно-черного до светло-коричневого и зависит от  вида  применяемых связующих.

Основные физико-механические и технические характеристики
базальтопластиковой арматуры  (БПА) и арматуры АIII приведены в Таб.2:

Таблица 2
Наименование Значение показателя ПримечанияБПА Арматура АIII

Временное
сопротивление,
растяжению, кг/см2

1.2x104-1,8x104 3650-3800

Модуль упругости, кг/см2

При растяжении
при сжатии

(0.7-0.9)х106

(0.4-0.5)х106
2х106

2х106

Коэффициент Пуассона 0.22-0.26 0.3
Повышение коррозийной
стойкости (раз):
в кислой среде
в растворах солей
в среде сероводорода

12-15
9-12
15-20

1
1
1

Коэффициент линейного
расширения, град.-1 (58-85)х10-7 (111-150)х10-7

Обьемный вес, т/м3 1.9-2.1 7.8 легче в
3.7-4.1  раза

Композитная арматура в сравнении со стальной обладает рядом существенных
недостатков:

-низкий модуль упругости;
-низкая огнестойкость и стойкость конструкций или изделий воздействию высоких

температур;
-невозможность изготовления гнутых стержней арматурных изделий из композитной

арматуры на стройплощадке;
-неэффективность  и  порой невозможность использования в сжатой зоне бетонов в

качестве сжатой арматуры;
-большинство из волокон (составляющих основу композитной арматуры) теряют

прочность в твердеющем портландцементе;
-в условиях длительного нагружения нелинейность деформирования  композитной

арматуры из стекла и базальтопластика отмечается уже при уровнях  нагрузки 0.25-0.4
от разрушающей. Это делает необходимым учет в расчетах  действительных
закономерностей деформирования материалов;
-более высокая стоимость. Стоимость сопоставима с тросами из высокопрочных

сталей (канатами);
-прочность на сжатие композитной арматуры  значительно ниже, чем прочность на

разрыв;
- практическое отсутствие пластических деформации у композитной арматуры, малое

удлинение при разрыве – около 2%, что означает повышенный риск хрупкого разрушения.
Вследствие низкого модуля упругости  композитной арматуры при незначительных

напряжениях, изгибаемая бетонная конструкция с композитной арматурой  может
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разрушиться по бетону. Такой характер разрушения такого же сечения изгибаемой
бетонной конструкции со стальной арматурой невозможен.  По этой причине  высокие
прочностные  показатели  композитной арматуры  в подавляющем большинстве случаев
остаются нереализованными.

Наиболее эффективные области применения композитной (БПА, в том числе) с
учетом их особенностей: высокая прочность и низкий модуль деформации предопределяют
целесообразность создания предварительно напряженных бетонных конструкций [3-6,9,10].
Однако для натяжения композитной арматуры не могут быть применены зажимы (захваты),
используемые для предварительного напряжения стальной арматуры, так как прочность
композитного (и базальтопластикового)  арматурного стержня при обжатии в зажиме
поперек волокон определяется прочностными характеристиками полимерного связующего,
а не волокна, и поэтому прочность анкеровки значительно меньше временного
сопротивления арматуры разрыву [8,9,10,11]. Это обстоятельство вызывает необходимость
разработки специальной конструкции зажимов для натяжения композитной (и
базальтопластиковой) арматуры. При этом значение контролируемого напряжения в
композитной арматуре должно приниматься не более 50% временного сопротивления.

С учетом вышеизложенного, до применения композитной арматуры для армирования
в обычных и предварительно напряженных конструкциях необходимо провести ряд
специфических исследований  для  оценки  работоспособности  этих материалов, в том
числе:

- влияние солнечной радиации и морского влажного климата на работу бетонных
конструкций, армированных композитной арматурой;

-влияние реологических свойств  полимеров  связующего на границе раздела между
композитной арматуры и бетоном;

-влияние режима изменения напряжений во времени, особенно при знакопеременных
нагрузках, что очень важно для конструкций, эксплуатируемых в сейсмической зоне и при
динамических воздействиях;

-влияние ползучести и усадки бетона и особенности взаимодействия на контактной
поверхности с учетом длительной прочности композитной арматуры и разных  видов
бетонов.

Одной из важнейших особенностей композитных материалов является существенная
анизотропия их механических свойств. Поэтому применение композитных материалов
вызывает необходимость определения рациональных схем армирования и распределения
материала в конструкции с учетом соответствующих условий ее нагружения.

Прочность сцепления прута композитной арматуры с бетоном зависит от
конструктивных особенностей, производственного процесса, механических характеристик
самого прута и условий окружающей среды, однако при проектировании  необходимо
учесть, что прочность при межслойном сдвиге обеспечивается относительно слабой
полимерной составляющей.

На Рис.2 показано распределение напряжений в бетоне в зоне контакта с БПА,
полученное автором экспериментально (Д.Гигинейшвили).

Коэффициент Пуассона композитной арматуры m в продольном и поперечном
направлении разные. А для базальтопластиковой арматуры в зависимости от типа
отвердителя m меняется и в продольном направлений в пределах 0.25-0.38.
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Рис. 2. Базальтопластиковая арматура  и концентрация напряжений в разных
обоймах при усадке

Модуль упругости при растяжении Eр.сп композитной арматуры (в том числе,
базальтопластиковой) может быть вычислен по формуле: Eр.сп = EаFст +EсFс,
где Eа и Eс – cоответственно модули упругости при растяжении волокна и связующего; Fст
и Fс – объемное содержание стекла и связующего в композите.

Преднапряженные бетонные конструкции, армированные базальтопластиковой
арматурой, рассчитываются по обеим группам предельных состояний: по
трещинообразованию, прогибам и прочности. Расчеты элементов, армированных арматурой
из базальтового волокна, основываются на следующих положениях: сечения остаются
плоскими; эпюра напряжений в сжатой зоне имеет параболическую форму при предельных
краевых напряжениях сжатия, равных расчетному сопротивлению при сжатии Rc; если
краевые напряжения сжатия составляют 0.7Rc  и менее, эпюра упрощается до линейной.

Выбор формы эпюры  напряжений сжатия и величины краевых напряжений зависит
от технологических и конструкционных факторов.

Армирование сжатой зоны бетонов с применением любых типов композитной
арматуры не оправдывается экономически.

Препятствием в практическом использовании всех положительных качеств БПА
является, с нашей точки зрения, недостаточная  изученность и  отражение особенностей ее
работы в существующих нормативных документах [12-27] и, что особенно важно,
отсутствие исследований и соответствующей нормативной базы для эффективного
применения базальтопластиковой арматуры в условиях Грузии, с ориентацией на
использование значительных местных месторождения базальта, его свойства с учетом
местных условий применения БПА, в частности, при сейсмических и знакопеременных
нагрузках, в условиях морского климата, солнечной радиации, низких температур и других
факторов.

3. Заключение
В современных железобетонных изделиях полностью заменить стальную арматуру на

композитную невозможно. Но целесообразно и эффективно использовать композитную
арматуру в определенных условиях взамен стальной, которая  ее свойствами не обладает. В
первую очередь речь идёт о химической стойкости, радиопрозрачности и диэлектрических
свойствах композитной арматуры.

Таким образом, композитную арматуру целесообразно применять на следующих
объектах строительства: в конструкциях, подвергающиеся воздействию агрессивных сред,
вызывающих коррозию стальной арматуры;  объектах дорожно-транспортной
инфраструктуры; в бетонных сборных и монолитных конструкциях на упругом основании
(фундаменты, дорожные, аэродромные плиты и др.); в водоочистных сооружениях; при
армировании каменной кладки; в сооружениях, эксплуатируемых в условиях высоких
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электромагнитных полей и разности потенциалов; в туннелях, грунто- и
берегоукрепительных сооружениях; в преднапряженных конструкциях; при реконструкции,
реставрации, усилении элементов зданий и сооружений.

Для расширения сферы применения композитной арматуры в строительстве
необходимо выполнить  следующие мероприятия:

-разработать стандарты и нормы регламентирующие требования к расчету
композитной арматуры с учетом ее механических свойств и методов контроля, основываясь
на местных материалах и условиях;

-разработать строительные нормы, регламентирующие правила расчета и
конструирования бетонных конструкций, армированных композитной арматурой в
предельных состояниях;

-подготовить предложения по оценке характеристик различных вариантов
периодического профиля композитной арматуры  с учетом типов и классов бетона;

-разработать типовые  решения, обеспечивающие требуемый уровень огнестойкости
бетонных конструкций, армированных композитной арматурой;

-подготовить перечень композитных строительных материалов и технологий,
необходимых при подготовке смет;

-стандартизировать  типовые решения  гнутых элементов и разработать правила их
изготовления и приемки и т.д.

Какими окажутся новые технические решения в направленни широкого применения
композитной арматуры для армировании бетонов неизвестно, к сожалению, пока еще нет
четкого ответа. Однако жизнь требует, что их следует изучать более подробно, для чего
открывается безбрежный  простор для теоретического  труда и творческого поиска.  Во
многом успех будет зависеть от  создания и открытия новых видов  волокон,  связующих и
их совместного применения для  обычных или специальных видов бетонов.
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TviTSemkvrivebadi betoni
l. klimiaSvili, d. gurgeniZe. a. Ciqovani

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

reziume: TviTSemkvrivebadi betonis nareviT (SCC – self compacting
concrete) SeiZleba betonireba nebismier, maT Soris Zneladmisadgom,
Warbarmirebul konstruqciaSi, maRali intensiurobiT, minimaluri
drois da energiis danaxarjebiT, Semkvrivebis gareSe. amasTan
ganyalibebis Semdeg uzrunvelyofilia zedapiris maRali xarisxi.
amitom, bolo dros TviTSemkvrivebadi betoni sul ufro metad
gamoiyeneba unikaluri obieqtebis mSeneblobaze.

sakvanZo sityvebi: TviTSemkvrivebadi betoni, evropuli nomrebi,
narevis klasi (flow classes), Zvradobis marka, ganTxevis diametri,
cementis suspenzia, wvrildispersiuli danamati, mikrokaJmiwa,
CaTreuli haeri, koncentracia, super-da hiperplastifikatori.

1. Sesavali
amJamad mSeneblobaSi sul ufro farTod gamoiyeneba egreT

wodebuli TviTSemkvrivebadi betoni. TviTSemkvrivebadi betonis
teqnologias samarTlianad SeiZleba vuwodoT momavlis teqnologia,
rogorc monoliTuri, ise anakrebi betonisa da rkinabetonisaTvis.

TviTSemkvrivebadi betonis ZiriTadi Rirseba mJRavndeba betonis
narevis Cawyobis stadiaSi, romelsac axasiaTebs mTeli rigi gansxvavebuli
Taviseburebani:

 maRali denadoba, romlis wyalobiT narevi sqeli siTxis msgavsad
miedineba da avsebs nebismieri formis yalibs, sakuTari masis gavleniT,
vibraciis gareSe.

 unari srulad Seavsos armaturis Reroebs Soris sivrce, Zalian
xSiri armirebis drosac.

 transportirebis siadvile da Cawyobis adgilze narevis miwodeba
milgamtariT, Zvradobis Seumcireblad.

 Cawyobisas narevis ganSreveba ar xdeba, ar aris xmauri, SesaZlebelia
Semsubuqebuli yalibis gamoyeneba.

 betonSi CaTreuli haeris mcire raodenoba.

2. ZiriTadi nawili
evropuli normebis EN 206-1 Tanaxmad arsebobs betonis narevis 6 klasi

(flow classes F1...F6), romelic xasiaTdeba standartuli konusis D ganTxeviT,
Sesabamisad aranakleb 340-dan 630 mm-mde da meti. advilCawyobadobis mixedviT
evropuli normebi ganixilavs TviTSemkvrivebadi betonis (SCC) sam klass: SF1
– ganTxevis diametriT 650550D mm, SF2 – 750660D mm, SF3 –

850760D mm (cxr. 1).
cxrili 1

SCC gamoyenebis maxasiaTeblebi da are
Zvradobis

marka
ganTxevis

diametri (kj)*, mm
gamoyenebis are

SF1
550...650
(>265)

uarmaturo da mciredarmirebuli betonis
konstruqcia-gadaxurvis fila, milgamtari,
gvirabi, saZirkveli.
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SF2
660...750
(>275)

Cveulebrivi nagebobis umetesoba –
kolonebi,
kedlebi.

SF3
760...850
(>285)

vertikaluri elementebi, rTuli formis
Warb-armirebuli konstruqciebi,
torkretireba.

SeniSvna: * _ saorientacio.
standartuli betonis konusis ganTxevis diametri ganisazRvreba

Semkvrelis comis raodenobiT (c+w+d, sadac d – mineraluri danamatia 0,16
mm-ze naklebi zomis marcvlebiT) da misi denadobiT, romelic
damokidebulia Kns-ze (ricxobrivad tolia `WeSmariti~ w/c da cementis
normaluri sisqelis sididis fardobaze) da aseve superplastifikatoris
(sp) Tvisebebze.

cxr. 2-Si moyvanilia monacemebi betonis struqturis organizaciis
zogierT aucilebel pirobaze, saWiro D sididis TviTSemkvrivebadi
betonis misaRebad. ZiriTadi faqtorebia: Semvsebis moculobiTi
koncentracia, a koeficientis mniSvneloba da cementis comis zRvruli

daZabulobis 0 sidide.

cxrili 2
sxvadasxva klasis betonis narevis denadobis parametrebi

SCC
klasi

cementis comis zRvruli denadobis daZabulobis moTxovniTi
mniSvneloba, roca:

V = 0,55; a = 2,1 V = 0,55; a = 2,6 V = 0,62; a = 2,1 V = 0,62; a = 2,6
SF1 14 10,7 12 8,9
SF2 10 7,7 8,7 _
SF3 7,6 _ _ _

TviTSemkvrivebadi betonisaTvis konusis jdenis (kj) sidide
saorientaciod unda iyos 26sm. superplastifikatoris aqtivobis
SefasebisaTvis, konkretul cementTan SeTavsebiT, SeiZleba gamoviyenoT
cementis comis suspenziis zRvruli daZabulobis sidide:


2

2

0 KD
hd

 ,                                   (1)

sadac h, d _ Sesabamisad simaRle da diametria, m, sutardis
miniviskozimetris – xelsawyosi, romelic gamoiyeneba sxmuli iatakis
denadobis kontrolisaTvis, mSrali samSeneblo narevis warmoebisa da
gamoyenebisas;

D – cementis suspenziis ganTxevis diametri, m;

2K
 _ cementis suspenziis saSualo simkvrive, kg/m3.
betonis narevis konusis ganTxevis diametri D SeiZleba ase

ganisazRvros
bn

bn )(

140000

0
D Dsm, (2)

sadac bn)( 0 mniSvnelobis sididea

nsccbn Ke v5,2
00 )()(   ,                             (3)

sadac cc)( 0 cementis comis suspenziis Zvradobis zRvruli daZabuloba

(2)-is mixedviT;



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #4(43), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

16

v _ Semvsebebis fardobiTi koncentracia;

][( spKWWWWK R)dqvcw Rdqvcfns  ,                 (4)

sadac fw wylis faqtiuri xarjia betonis narevSi, l/m3;

,cW ,qvW ,dW RW Sesabamisad cementis (0,24...0,28), qviSis (0,04...0,08),

danamatis (0,15...0,2), RorRis (0,02...0,04) wyalmoTxovnilebaa;

spK koeficienti, romelic iTvaliswinebs superplastifikatoris

gavlenas narevis wyalmoTxovnilebaze (0,7...0,85).
cementis suspenziis denadobis kvleva saSualebas gvaZlevs iolad

ganvsazRvroT super- an hiperplastifikatoris racionaluri doza
konkretuli cementisaTvis. racionalurSi igulisxmeba dozireba, romlis
gadameteba xasiaTdeba denadobis amaRlebis efeqtis SemcirebiT. garda
amisa, cementis suspenziaze muSaoba saSualebas gvaZlevs iolad
gamovavlinoT zRvruli dozireba, narevis TvalsazrisiT, sxvadasxva
cementis da sp Sexamebisas.

Tu cementis comze wmindaddafquli mineraluri danamatiT Sevsebis
da aseve qv/c fardobis sididis gavlena narevis denadobaze
individualuria c+d+sp(hp) sistemisaTvis, maSin Sevsebis xarisxi (fardoba
d/c) mizanSewonilia yovel konkretul SemTxvevaSi ganisazRvros
eqsperimentulad.

narevis denadobaze qv/s fardobis gavlena (rogorc cementis comis
koncentraciis funqcia) naklebia 0,58-ze (rac Seesabameba fardobas
qv/c=1,4), maSin ikveTeba Zvris zRvruli daZabulobis mkveTri mateba, e.i.
denadobis kleba. es SesaZloa ganpirobebuli iyos cementis comis garsis
sisqis garkveuli zRvris qveviT Semcirebis gavleniT Zvradobis
daZabulobaze. miRebuli Sedegi saSualebas gvaZlevs CamovayaliboT
praqtikisaTvis metad mniSvnelovani daskvnebi, SCC struqturebis qv/(c+S)>1,4
fardobasTan gamoyenebis mizanSewonilobaze.

TviTSemkvrivebadi betonis (SCC) Sedgenilobam unda daakmayofilos
Semdegi moTxovnebi: c+S = 380...600 kg/m3; wvr. = 730...970 kg/m3; msxv.=750...1000
kg/m3. (c, S, wvr, msxv; _ Sesabamisad cementis, Semavseblis, wvrili da
msxvili Semvsebis xarjia), e.i. rogorc wvrili, ise msxvili Semvsebis
koncentracia Seadgens daaxloebiT 0,28...0,37, qv/c fardoba icvleba 1,2-dan
2,5-mde farglebSi. viyenebT ra gaangariSebis absoluturi moculobebis
meTods da Tu miviRebT, rom betonis narevis saSualo simkvrive Seadgens
2400 kg/m3, CaTreuli haeris (Ch) moculoba ki – 2%, maSin SCC SeiZleba

CavweroT: 2400RqvSwc bn   ,                            (5)

2400







 bn

c

w
1c bca ,                          (6)

1000Ch
RqvS

w
c

RqvSc




,                        (7)

anu 980Ch
c

w1
c

RqvSc











 1000


bca

.                (8)
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rodesac Semvsebebis jamuri koncentracia 0,55-ze meti araa, maSin
uzrunvelyofilia betonis narevis denadobis ufro ukeTesi pirobebi,
Sesabamisad, SemvsebebisaTvis

550
Rc

cc


bc

.                                (9)

Semkvrelis comisaTvis ki 430










c

w1
c

Sc 
a

, (10)

sadac c, w, S, qv, R – Sesabamisad cementis, wylis, Semavseblis, wvrili
Semvsebis (qviSis) da msxvili Semvsebis (RorRis) xarjia, kg/m3;

a=S/c, c=qv/c, b=R/c, c , S , qv , R Sesabamisad cementis,

Semavseblis, qviSis da RorRis WeSmariti simkvriveebia.
amrigad, 4 gantolebis sistemisaTvis (2, 4, 5, 6) gvaqvs 5 ucnobi









bca ,,,,

c

w
c . mexuTe gantoleba warmoadgens betonis simtkicis w/c

fardobasTan damokidebulebas (7). SCC Sedgenilobis daproeqteba
simtkicis kriteriumiT mizanSewonilia vawarmooT superplastifikatoris
(sp), hiperplastifikatoris (hp) gavlenis, aseve narevis wyalmoTxovnilebis
da Sesabamisad w/c SesaZlo cvlilebebis, ise cementis qvis sitkicis

formirebis (betonis _ ).SPRK gaTvaliswinebiT. garda amisa Semavseblad

mikrokaJmiwis gamoyenebisas aucilebelia gaviTvaliswinoT misi gavlena

betonis simtkicis ( SPK ) matebaze  xSPRSF

aR
KKR

cw

c

. , (11)

sadac SFK mniSvneloba Seadgens 1,1...1,3 mikrokaJmiwis dozaze, cementis  da

Semvsebebis Tvisebebze damokidebulebiT.

SPRK . mniSvneloba ganisazRvreba konkretuli wyvilis `cementi _

sp(hp)~-Tvis da SeiZleba Seicvalos Zalian did farglebSi (0,69...1,16). es
damokidebulia sistemis `cementi – sp(hp)~ individualur SeTavsebadobaze.
cementis qvis simtkicis formirebaze sp(hp) gavlena ganpirobebulia jer
erTi zedmeti haerCaTreviT, rogorc cnobilia CaTreuli haeris 1%
betonis simtkices amcirebs daaxloebiT 4%-iT, meores mxriv, cementis qvis
hidrataciaze da struqturawarmoqmnis procesebze (sp) gavleniT. betonis
narevSi zedmeti haerCaTrevisas mizanSewonilia iseTi danamatis gamoyeneba,
romelic Seamcirebs am process. gadamwyveti faqtoria sp(hp) gavlena

hidrataciis procesze. mudmivi wyvilisaTvis (cementi – sp), SPRK . sidide

sakmaod stabiluria. danamatis SesaZlo albaTobiTi gavlena betonis
simtkicis formirebaze aixsneba cementis aqtivobis da Semvsebebis
xarisxis faqtorebis garda, simtkicis mniSvnelovani gafantviT, mudmivi
w/c sididis dros.

amrigad, ganvsazRvravT ra w/c sidides (7) formuliT da amasTan
amovxsniT erToblivad (2, 4, 5, 6) gantolebebs, miviRebT betonis
Sedgenilobas. unda aRiniSnos, rom zogierTi sidide (a, c, b) SeiZleba
mocemuli iyos `nebelobiTi~ gadawyvetiT. maSin mizanSewonilia miviRoT
sidideebis dasaxuli mniSvnelobebi:
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25,015,0 
c

Sa ; 14,10,1 
c

qv
c ; 0,225,1 

c

R
b .            (12)

betonis narevis wyalSecveloba winswrebiT SeiZleba ganvsazRvroT

formuliT: spKWWWW R)qvScw RqvSc0  ( ,                  (13)

sadac 0w wylis xarjia betonis narevSi, l/m3;

,cW ,qvW ,dW RW Sesabamisad cementis (0,24...0,28), qviSis (0,04...0,08),

Semavseblis (0,15...0,2), RorRis (0,02...0,04) wyalmoTxovnaa;
c, qv, S, R – Sesabamisad cementis, qviSis, Semavseblis, RorRis

xarjia, kg/m3;

SPK _koeficienti, romelic iTvaliswinebs superplastifikatoris

gavlenas betonis narevis wyalmoTxovnilebaze, )85,07,0( SPK .

3. daskvna
1. TviTSemkvrivebadi betonis proeqtirebas aqvs rigi arsebiTi

gansxvavebebi. ZiriTadi gansxvaveba Cveulebriv mZime betonTan SedarebiT
aris wvrili da msxvili  Semvsebis Tanafardoba (qviSis raodenobis
gazrda) da betonis SedgenilobaSi wvrildispersiuli Semavseblis
aucilebloba. aseT Semavseblad  SeiZleba gamoviyenoT wmindad dafquli
bunebrivi masalebi: kvarcis qviSa (saCxeris), kirqva, dolomiti da sxv. an
pucolanuri aqtivobis wvrildispersiuli masalebi: wanatacnacari,
mikrokaJmiwa (zestafonis silikomanganumis mtveri), metakaolini, brZmedis
granulirebuli wida.

2. TviTSemkvrivebadi betonis (SCC) Sedgenilobam unda
daakmayofilos Semdegi moTxovnebi: c+S = 380...600 kg/m3; qv = 730...970 kg/m3;
R= 750...1000 kg/m3, (c, S, qv, R – Sesabamisad cementis, Semavseblis, wvrili
da msxvili Semvsebis xarjebia), e.i. rogorc wvrili ise msxvili Semvsebis
koncentracia Seadgens daaxloebiT 0,28...0,37, qv/c fardoba icvleba 1,2-dan
2,5-mde farglebSi.
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STRUCTURAL SYSTEMS BEHAVIOUR UNDER SIMULTANEOUS
VERTICAL AND HORIZONTAL SHEAR FORCES ACTION

D. Khokhlin, PhD in Technical Sciences
Kyiv National University of Construction and Architecture, Kyiv, Ukraine

Summary: Stress state of structural system areas under sequential double sidesways
action in vertical and horizontal directions with combining of relevant efforts and
stresses are considered. Hazard of this condition occurrence arises when substantial
differential settlements of base resulting in vertical sidesways are in action. In the
sequel those sidesways may coincide with horizontal sidesways under seismic load and
lower structural system seismic stability. Designing of appropriate protection is very
important.
Keywords: structural system, shear sidesway force, substantial differential settlements
of base, seismic.

One of the most dangerous force influences on the structural system elements is effect of
shear forces leading to bending moments and shears and corresponding increased main normal
stresses which create hazard of local or general overloads and destructions. Thus, consideration of
structures stress-strain state and bearing capacity under influence of shear forces, especially when
they are combined with different effects, is important for the structural systems reliability.

Existing methods and approaches to structural systems and their components calculations
mean consideration of shear forces and sidesways action in one direction: either horizontal
(seismic, wind, etc.), or vertical (shear forces in span structures, substantial differential settlements of
base, and others). As an exception, we can single out consideration of a stress state of beam and
column rigid connection central zones in reinforced concrete frames under seismic action, which,
in the most general version (without simplifications), are checked for the main compression
stresses including those resulting from shear forces in two directions (across of a column and
beam).

Stress state of beam and column rigid connection central zones in reinforced concrete
frames under a seismic load is dealt with and studied in the works [1-3 and others] and still
included in the current building standards and norms [4, 5, 6 etc.]. Its special feature is the
predominance of compressive normal stresses and appropriate strength verification is provided.
But other variations of construction site stress state and destructions by double sidesways action
are not considered.

The article aim is to analyze structural system areas stress state under sequential double
sidesways action in vertical and horizontal directions with combining of relevant efforts and
stresses.

The imposition of seismic loads with substantial differential settlements of base (SDSB)
prestressing in a constructive system is a typical variant of sequential action of vertical and
horizontal sidesways with efforts and stresses superposition. It should be noted that there are
different reasons for SDSB such as slumping soils, undermined territories, karst etc.

Elementary cell of a frame and elementary site of a flat element with conditionally single
overall dimensions under double sidesways action are considered for evaluation of structures
stress state characteristics (Fig. 1). Aim of the analysis is comparison with the stress state caused
by a seismic horizontal sidesway, as well as identification of the most probable variants of
structures destruction.
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Fig. 1 Calculation schemes of elementary cell of a frame and elementary site of a flat element
with conditionally single overall dimensions a – cell of a frame with vertical static loads;  b – cell
of a frame with horizontal shear forces of sidesway; c – cell of a frame with vertical shear forces

of sidesway; d – site of a flat element with vertical static load; e – site of a flat element with
horizontal shear force of sidesway; f – site of a flat element with vertical shear force of sidesway

The accepted conditions and assumptions were as follows:
- shear forces of sidesway in horizontal (seismic) and vertical (SDSB) directions are commensurate

(as it was shown by the author's calculations) and are assumed to be the same for convenience (Figure
1,b,c,e,f);

- in all cases, constructions are under vertical static loads (payloads and self-weight structural
loads), whose value is assumed to be not less than that of sidesway loads (compressive longitudinal
axial efforts and stresses have "-" sign) (Figure 1,a,d);

- to determine stress state resulting from sidesway action, a rigid attachment of frame cell and flat
element site is applied on the opposite side of sidesway force action (Figure 1,b,c,e,f). Constructions
on the force action side produce a loading effect;

- the efforts summing-up is executed according to the principle of superposition (independent
action).

The work method was applied to determine efforts in a statically indeterminate frame under the
action of a shear sidesway force (Fig. 1,b,c). Cutting of frame into equal parts along the symmetry axis
by imposing equivalent forces is shown in Fig. 2.

System of the work method canonical equations in a matrix form that corresponds with the
scheme in Fig. 2 is shown below.

111 12 13 1

21 22 23 2 2

31 32 33 3 3

p

p

p

X
X
X

  
  
  

                            . (1)

a b c

d
e

f
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Fig. 2 Cutting of frame into equal parts along the symmetry axis by imposing equivalent orces
Corresponding solution of the system (1) for the scheme in Fig.2 in a matrix form

(height and width of the frame cell equal to “1”, rigidity of all elements is the same – EI):

1

2

3

1 1
0

03
7

0 0
12 4

1 3 0
0

EI EI X
PX

EI EI
X

EI EI

 
   

    
        
      

  
  

; (2)

1

2

3

0

3

7
0

X
PX

X

 
   
      
    

  .

(3)

The final effort distribution in the frame according to the scheme in Fig. 2 is shown in Fig. 3.

Fig. 3 The final effort distribution in the frame according to the scheme in Fig. 2 a – bending
moment curve; b – shear effort curve; c – longitudinal force curve

The effort distribution in the frame with allowance of horizontal sidesway and vertical
static loads (efforts summation according to Fig. 1,a and 1,b) is shown in Fig. 4. At the same time
the sidesway efforts were taken with sign "-" (the opposite direction of the force P in comparison

a
b

c

c

b
a
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with Fig. 1,b.). This is a more adverse variant for the following superposition with the vertical
shear sidesway down force. Bending moments in the columns resulting from a distributed force
effect q are ignored as for middle columns in multi-span frames.

Fig. 4 The effort distribution in the frame with allowance of horizontal sidesway and vertical static
loads  (efforts summation according to Fig. 1,a and 1,b) a – bending moment curve; b – shear

effort curve; c – longitudinal force curve
The total effort distribution in the frame with allowance of horizontal and vertical

sidesways and also vertical static loads (efforts summation according to Fig. 1,a,b,c) is shown in
Fig. 5. As in Fig. 4 horizontal sidesway efforts were taken with sign "-". Bending moments in the
columns caused by distributed force q are ignored as for middle columns in multi-span frames.

Fig. 5 The total effort distribution in the frame with allowance of horizontal and vertical sidesways
and also vertical static loads (efforts summation according to Fig. 1,a,b,c)

a – bending moment curve; b – shear effort curve; c – longitudinal force curve
The comparison of the diagrams in Fig. 4 and 5 indicates that an unfavorable combination

of shear forces directions in some elements involves a significant efforts increase 1.5…2 times

a a

a

b

c

b
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especially in some most bending parts of frame elements and shear forces. In this case the most
expected variants of construction destructions (depending on its features) are: by bending (bending
with tension) of the upper beam; by shear force in the upper beam; eccentric compression of the
right column.

A similar analysis was performed for the site of a flat element with a single overall
dimension under sequential double sidesways action (Fig. 1, d, e, f).

Two efforts group were considered: boundary normal stresses by bending and longitudinal
force (σn,b); normal σ and tangential τ stresses in the central zone.

The largest modulo boundary normal stresses with the assumption of predominantly elastic
material behavior and normal stresses linear diagram amount to (summarized efforts according to
schemes on Fig. 1,d and 1,e):

, 2

71

51 1 1 1
6

n b
PN M P P

PA W


 
      

.                                 (4)

The maximum shear stresses by shear force Р for the rectangular section (in the central

zone):
3 3

1.5
2 2 1 1xy

V P P
bh

   
 

.                                          (5)

Corresponding normal stresses in the central zone:

 2 2 2 2 2
1,2

1.0811 1 1
4 9 10

2.0812 2 2 2 2 2
x y

x y xy
PP PP P P

P
 

   
 

            
The angles of normal stresses inclination to the vertical and horizontal axes:

1
1

1 .081
( ) 0 .721

1 .5

x

xy

Ptg
P

 





   1

( 35.8 )   .                     (7)

2
2

1.081
( ) 1.387

1.5

x

xy

Ptg
P

 





   2

( 54.2 )    .                  (8)

The final results of these calculations are presented in Fig. 6.

a b

Fig. 6 The final results of stress analysis for the site of a flat element with a single overall
dimension under vertical sidesway and vertical static load action a – boundary normal stresses;

b – normal stresses in the central zone
The total efforts distribution with additional bending action of vertical sidesway

(superposition of schemes on Fig. 1,d, 1,e and 1,f) is considered. As compared to Fig. 6 there
are added:

- bending action  in the vertical direction in accordance with the formula (4) without
the action of the longitudinal force N (boundary normal stresses);
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- increase of shear stresses up to 3xy P  (stresses in the central zone),

corresponding normal stresses in the central zone:

 2 2 2 2 2
1,2

2.5411 1 1
4 36 37

3.5412 2 2 2 2 2
x y

x y xy
PP PP P P

P
 

   
 

            
.(9)

The angles of normal stresses inclination to the vertical and horizontal axes:

1
1

2.514
( ) 0.847

3

x

xy

Ptg
P

 





  

1
( 40.3 )   .                       (10)

2
2

3.541
( ) 1.180

3

x

xy

Ptg
P

 




 
   

2
( 49.7 )    .                    (11)

The final results of these calculations are presented in Fig. 7.

a b

Fig. 7 The final results of stress analysis for the site of a flat element with a single overall
dimension under sequential double sidesways and also vertical static load action

a – boundary normal stresses; b – normal stresses in the central zone

The comparison of the efforts in Fig. 6 and 7 indicates that an unfavorable combination of shear
sidesway forces directions involves the occurrence of:

- additional boundary normal stresses by bending action in the vertical direction;
- increase of shear stresses up to 2 times;
- increase of normal stresses in the central zone, approximately 2 times.
In this case the most expected variants of construction destructions (depending on its

features) are: by normal compression stresses in the boundary or central zones, which, as a rule,
exceed modulo of normal tension stresses; by normal tension stresses in the boundary or central
zones (for a material with low tension strength); by shear stresses in the central zone.

Conclusions and recommendations
1. Occurrence of substantial differential settlements of base creates danger of vertical and

horizontal sidesways sequential combination in structural system areas as a result of a possible
horizontal seismic effect.

2. Vertical and horizontal sidesways sequential combination creates significant efforts
increase in particular constructions elements and zones up to 2 times (in comparison with only
horizontal seismic action) when combination of shear sidesway forces is adverse. This effect
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considerably lowers seismic stability (ultimate seismic loads) of constructive system through
raised overload and damages of the most strained construction zones.

3. Consideration of potential consistent (sequential) action of substantial differential
settlements of base and seismic loads on construction system seismic stability and designing of
corresponding protection are very important.
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Camdinare wylis sruli biologiuri gawmendis
SesaZlebloba  “saukeTeso xelsayreli teqnologiebis“

bazaze
l. klimiaSvili, d. gurgeniZe, n. nebieriZe

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

reziume: ganxilulia Camdinare wylebis sruli biologiuri
gawmendis  SesaZlebloba Tanamedrove mecnierul-teqnologiuri
progresis  doneze  SemuSavebuli  „saukeTeso xelmisawvdomi
teqnologiebis“ bazaze. Sesabamisad warmodgenilia  SesaZlo
energoefeqturi teqnologiuri sqemebi mdgeni nagebobebis
rekomendebuli kompleqsebiT, romlebic normatiuli  moTxovnis
farglebSi  uzrunvelyofs  Camdinare wylis gauuvnebelyofis
saTanado  xarisxs.
sakvanZo sityvebi:   Camdinare wylis sruli biologiuri gawmenda,
„saukeTeso xelsayreli teqnologia”, energoefeqturi teqnologiuri
sqema.

1. Sesavali
Camdinare wylebis dasaproeqtebel gamwmend nagebobebSi

Tanamedrove mecnierul-teqnologiur doneze SemuSavebuli  „saukeTeso
xelsayreli teqnologiebis“ gamoyeneba  rTulad realizebadi
sainJinro amocanaa, romlis gadawyveta unda ganxorcieldes
energoefeqturobis moxovnebis gaTvaliswinebiT.

aRsaniSnavia, rom  Camdinare wylebis  gamwmendi nagebobebis
daproeqteba bunebrivi wylebis gamwmendi nagebobebis daproeqtebasTan
SedarebiT  rTul xasiaTs iZens. aRniSnuli sirTule ganpirobebulia
Camdinare wylebSi arsebuli  sxvadasxva Semadgenilobisa  da  Semdgeni
ingredientebis mravalferovnebiT, romelTa gauuvnebelyofa moqmedi
standartebis mixedviT (zRvrulad dasaSvebi koncentraciebis
farglebSi) aucilebelia, sanam moxdebodes maTi CaSveba wyalsatevebSi.
amasTan Tu gaviTvaliswinebT, rom sameurneo-sayofacxovrebo  saxis
Camdinare wylebi met-naklebad  Seswavlilia, vidre samrewvelo
Camdinare wylebi (radgan sarewvelo Camdinare wylebi Semadgenlobis
mixedviT  rTuli komponentebis, xolo gamwmendi nagebobebi  rTuli
kompleqsebisagan Sedgeba), amitom qmediT aqtualobas iZens Tanamedrove
mecnierul-teqnologiur doneze SemuSavebuli  „saukeTeso xelsayreli
teqnologiebis“ gamoyeneba sakvlev problemaSi [1].

2. ZiriTadi nawili
miznis misaRwevad, Camdinare wylebis gamwmendi nagebobebis

damproeqtebelma Sesabamisi saproeqto gadawyvetilebebis miRebis
SemoqmedebiT procesSi unda gaiTvaliswinos moqmedebis meqanizmebis
mixedviT rigi urTierTgamomricxavi kriteriumi, kerZod:
1. gawmendis xvedriTi kapitaluri danaxarjebi, lari/m3
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2. erTeul mwarmoeblobaze gamwmendi nagebobebis mier dakavebuli
xvedriTi farTobi,  m2/m3

3. xvedriTi dadgenili simZlavre, kvt.sT/m3

4. xvedriTi  resurs-da energomoxmareba, g/m3 (reagenti) da kvt.sT/m3

(energomoxmareba)
5. gawmendili wylis  TviTRirebuleba, lari/m3

6. xvedriTi saeqspluatacio danaxarjebi, lari/m3.
energoefeqturobis misaRebi done daproeqtebis stadiaze, romelsac

moiTxovs SemkveTi, unda Seesabamebodes  aRniSnuli kriteriumebis
garkveul mniSvnelobebs. srulebiTac ar aris SeuZlebeli, rom gamwmendi
nagebobebi, romlebic moixmaren mcire eleqtroenergias ver
uzrunvelyofen gawmendis saTanado xarisxs, an kidev, is nagebobebi
romlebic moixmaren  bevr eleqtroenergias SeZleben Zalian kargad
gawmindon wyali. aqedan aRsaniSnavia is garemoeba, rom Camdinare wylebis
gamwmendi nagebobebis daproeqteba  umeteswilad garkveuli sainJinro
xasiaTis SemoqmedebiTi xelovnebaa, amitom energoefeqturobis miRwevis
winaswar mocemuli mkacri reglamentebuli wesebi ar arsebobs.  amasTan
dakavSirebiT isic gasaTvaliswinebelia, rom gamwmendi nagebobebis
daproeqtebis procesSi  garda aRniSnuli energoefeqturobis
maxasiaTebeli kriteriumebisa   daproeqtebis procesSi kompleqsSi
CarTul  unda iqnas rogorc  Camdinare wylebis Semadgenloba, aseve  maTi
uTanabro modinebis reJimi. rogorc cnobilia sameurneo-sayofacxovrebo
Camdinare wylebis modinebis uTanabrobis koeficientis sidide SeiZleba
aRebul iqnas K=1,4-is toli [1]. aseT pirobebSi miiCneven, rom
dasaproeqtebuli gamwmedi nagebobebi ifunqcionireben efeqturad.

dReisaTvis qveyanaSi moqmedebs Camdinare wylebis gawmendis xarisxis
uzrunvelyofisa  da maT wyalsatevebSi CaSvebaze mkacri reglamentebuli
normebi, gansazRvruli  zRvrulad dasaSvebi koncentraciebis
mfarglebSi, romelic Seesabameba Tevzsameurneo daniSnulebis
wyalsatevebs.  magram isic niSandoblivia, rom arsebuli ekonomikuri da
teqnologiuri mdgomareoba  yovelTvis amis ganuxreli dacvis saSualebas
ver iZleva.

sayuradReboa ganvixiloT  mcire dasaxlebuli adgilebis (5-10 aT.
m3/dR. RameSi xarji), saSualo qalaqebis (80-mde  aT. m3/dR. RameSi xarji)
da didi qalaqebis (80 da meti aT. m3/dR. RameSi xarji) Camdinare wylebis
gawmendis Sedegebi, romelic miRweul iyo sazRvargareTis praqtikaSi
(ruseTi) realurad moqmed sadgurebSi da xasiaTdebian saeqspluatacio
funqcionirebis sakmaod maRali energoefeqturobiT.
Camdinare wylebis gawmendis Sedegebi realurad moqmedi sazRvargareTis
(ruseTi) energoefeqturi sadgurebis mixedviT (cxr.1):
ჩამდინარე წყლების
შემადგენლობის
მაჩვენებლები,
მგ/დმ3

დასახლების ტიპი

მცირე დასახლებები საშუალო ქალაქები დიდი ქალაქები
საკანალიზაციო
გამწმენდი ნაგებობა

საკანალიზაციო გამწმენდი
ნაგებობა

საკანალიზაციო გამწმენდი
ნაგებობა

გაწმენდამდე გაწმენდის
შემდეგ

გაწმენდამდე გაწმენდის
შემდეგ

გაწმენდამდე გაწმენდის
შემდეგ

შეწონილი
ნაწილაკები

250-300 12-20 200 10-15 250 3-8

ჯქმსრული 250-300 15-20 250 5-15 250 3-7
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ამონიუმის აზოტი 40-მდე 5-7 30 1-2 30 0,39

ნიტრიტული
აზოტი

- - 0,1 - 0,5-მდე 0,1

ნიტრატული აზოტი 10-მდე 15 5,0 12-15 6-მდე 9,1
ფოსფორი (P) 2-4 1-2 3,0 1-2 15-მდე 0,2-1,0

ნავთობპროდუქ-
ტები

4 1 4,7 0,5 4 0,05-0,50

ზან-ზედ.აქტ.ნივ - 1 4 0,8 4 0,2

მინეალიზაცია - - 1000 1000 1000 1000
ქლორიდები - - 300 300 300 300

სულფატები - - 100 100 100 100
ქრომი სამვალენ. - - 0,5 0,30 0,5 0,3
ნიკელი - - 0,25 0,1 0,25 0,10
სპილენძი - - 0,1 0,05 0,1 0,05
ცინკი - - 0,3 0,20 0,3 0,20

ტყვია - - 0,05 0,03 0,05 0,01
Sesabamisad  zemoT moyvanili  samive  tipis dasaxlebebisTvis

nax.1,2,3-ze warmodgenilia Camdinare wylebis sruli biologiuri
gawmendis principuli teqnologiuri sqemebi  mdgeni nagebobebis
kompleqsebiT, romlebic normebis Sesabamisad uzrunvelyofen
gawmendis maRal  xarisxs, funqcionireben Tanamedrove    „saukeTeso
xelmisawvdomi teqmologiebis“ Sesabamisad da xasiaTdebian maRali
energoefeqturobiT:

nax.1. mcire  dasaxelebis  sakanalizacio gamwmendi nagebobebis
teqnologiuri sqema
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nax.2. saSualo qalaqebis  sakanalizacio  gamwmendi  nagebobebis
teqnologiuri  sqema

nax. 3 . didi qalaqebis sakanalizacio gamwmendi nagebobebis
teqnologiuri sqema

aRsaniSnavia, rom nax.1,2,3-ze  moyvanili energoefeqturi
teqnologiuri sqemebi SeiZleba ganxorcieldes sxvadasxva  nagebobebis
tipiuri kompleqsebis Sesabamisad, kerZod [1]:
1. meqanikuri gawmenda, pirveladi radialuri saleqrebi,
aerotenkebi sruli JangviT, meoradi radialuri salerebi,
gauvnebelyofis bloki. 2. meqanikuri gawmenda, pirveladi
horizontaluri saleqrebi, aerotenkebi sruli JangviT, meoradi
radialuri salerebi, gauvnebelyofis bloki.
3. meqanikuri gawmenda, pirveladi horizontaluri saleqrebi,
aerotenkebi sruli JangviT, meoradi radialuri salerebi, dawmendis
bloki, gauvnebelyofis bloki.
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4. meqanikuri gawmenda, pirveladi radialuri saleqrebi, aerotenkebi
nitrifikacia-denitrifikaciiT, meoradi radialuri salerebi,
gauvnebelyofis bloki.
5. meqanikuri gawmenda, pirveladi radialuri saleqrebi, aerotenkebi
nitrifikacia-denitrifikaciiT, meoradi radialuri salerebi,
gauvnebelyofis bloki.
6. meqanikuri gawmenda, pirveladi  horizontaluri saleqrebi,
aerotenkebi sruli JangviT, meoradi radialuri salerebi, dawmendis
bloki, gauvnebelyofis bloki.
7. meqanikuri gawmenda, pirveladi radialuri saleqrebi, aerotenkebi
sruli JangviT, membranuli bioreaqtori, gauvnebelyofis bloki.

8. meqanikuri gawmenda, pirveladi  horizontaluri  saleqrebi,
aerotenkebi sruli JangviT, membranuli bioreaqtori, gauvnebelyofis
bloki.

cnobilia, rom gamwmendi  nagebobebis kompleqsSi aerotenkebi
eleqtroenergiis tevadi - 47% momxmareblebia, agreTve maTze modis
danaxarjebis -26 %, xolo teritoriul ganTavsebaze-54%, amitom
aerotenkebis daproeqtebas unda daeTmos gansakuTrebuli yuradReba,
rogorc energoefeqturobis gaumjobesebis SesaZlo rezervs [1].
aRsaniSnavia agreTve rigi maxasiaTeblebisa, romlebsac gamwmendi
nagebobebis daproeqtebis procesSi jerovani yuradReba unda gaewios,
kerZod: kompleqsis mdgeni  nageobobebis teritoriuli  ganTavseba,
nagebobebis energodanaxarjebi da avtomatizaciis aRWurvis done
(romelic uSualod dakavSirebulia energoefeqturobis
maxasiaTeblebis dadgenasTan), ekologiuri garemos uzrunvelyofa,
samontaJo-aRdgeniTi samuSaobis warmoebis organizacia da saimedooba
da a.S

3. daskvna

ganxilulia Camdinare wylebis sruli biologiuri gawmendis
SesaZlebloba Tanamedrove mecnierul-teqnologiuri progresis
doneze  SemuSavebuli  „saukeTeso xelmisawvdomi teqnologiebis“
bazaze. Sesabamisad warmodgenilia  SesaZlo energoefeqturi
teqnologiuri sqemebi mdgeni nagebobebis rekomendebuli kompleqsebiT,
romlebic normatiuli  moTxovnis farglebSi  uzrunvelyofs
Camdinare wylis gauuvnebelyofis saTanado  xarisxs.
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prestiJulobidan, urbanul degradaciamde
q. Tbilisis vakisa da veris raionebis ganaSenianebis

ganviTarebis problemebi.
T. maxaraSvili, g. maxaraSvili

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

reziume: naSromSi ganxilulia q. Tbilisis vakisa da veris
raionebisa mTel  rig ubnebSi, gasul 25 wlis manZilze Seqmnili
urTulesi urbanul-ekologiuri problemebi. mocemulia vakis
kvartalebis ganaxleba-reabilitaciis saproeqto winadadebebi.
sakvanZo sityvebi: urbanuli problemebi, satransporto qseli,
winasaproeqto kvleva, ganaxleba, reabilitacia.

1. Sesavali
Tbilisis urbanuli ganviTarebis problemebi, misi struqturis

yvela doneze, Zalze rTuli da mwvavea. amjerad Cven ganvixilavT
dedaqalaqis postsabWoTa ganviTarebis 25 wlian periods, ramdenime
yvelaze mniSvnelovani problemebis magaliTze.

1991 wels damoukideblobis aRdgenasTan erTad Seicvala qveynis
politikuri da socialu- ekonomikuri veqtori, daiwyo sabazro
urTierTobebze gadasvlis mtkivneuli procesi, romelic Seqmnili
problemebis gamo (samoqalaqo omi, SidaaSliloba, samaCablosa da
afxazeTis konfliqtebi) rTulad da qaoturad mimdinareobda. 1995-97
wlebidan daiwyo mSeneblobis gamococxleba, amuSavdnen saproeqto da
samSeneblo firmebi, gaizarda samSeneblo masalebis warmoeba da
importi, magram ukanonobis, korufciis da sakanonmdeblo normatiuli
bazis ararsebobis pirobebSi, mravali gamousworebeli Secdoma moxda.
aqedan dawyebuli uaryofiTi tendenciebi Semdeg wlebSic gagrZelda
da samwuxarod dResac grZeldeba.

2. ZiriTadi nawili
ganvlili aTwleulebis manZilze mSenebel-developerebisagan

gansakuTrebiT dazaraldnen Tbilisis e.w. „prestiJuli“ raionebi: vake,
vera, saburTalos centri da a.S. aq binebis maRalma fasma ganapiroba
mSeneblobebi  yovelgvari arsebuli normebisa da kanonebis
darRverviT. baR-parkebis da rekreaciul teritoriebze mwvane,
mravalwlovani nargavebis ganadgurebiT, sacxovrebeli kvartalis
ezoebSi maRalsarTuliani Senobebis „CadgmiT“, ganaSenianebis
simWidrovis uprecedento gazrdiT da a.S.

aseTi, SeiZleba iTqvas, arqiteqturul-gegmarebiTi degradaciis
magaliTebi bevria, magram mxolod ramdenimeze SevCerdebiT:

swrafi tempiT da srulad miuRebeli dagegmarebis pricipebiT
mimdinareobda vakerSi, mziuris mimdebare teritoriis aTviseba mdinare
veresaken daqanebul ferdobebze, romlebic aramdgrad, mcocavi
gruntebis kategorias miekuTvneba, dResdReobiT ukve aSenda
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aTeulobiT maRalsarTuliani sacxovrebeli saxli, ris Sedegadac
moxda dasvenebis SesaniSnavi keris, mziuris teritoriis centraluri
nawilis eqspansia. ganaSenianebis qaoturobis, maRali simWirovis, Ria
sivceebis simciris gamo, ubani katastrofulad daitvirTa, rogorc
adgilobrivi mobinadreebis, agreve stumrad mosulTa avtomobilebiT.
Sedegad miviReT xmauriTa da gamonabolqviT gajerebuli ubani, sadac
bevri bina insolaciis gareSe darCa.

calke analizis Temaa aRniSnuli ganaSenianebis arqiteqturul-
sivrcobrivi da mxatvruli sakiTxebi. rogorc mziuris SemTxvevaSi,
aseve Semdgom ganxilul magaliTebisaTvisac saWiro iyo
gansazRvruliyo miwis fondis diferencirebuli balansi,
Sesrulebuliyo sakadastro da sainJiro geologiuri samuSaoebi,
gansazRvruliyo ganaSenianebisaTvis vargisiani teritoriebi, mimdebare
teritoriebis ganaSenianebis struqtura, simWidrove, sarTulianoba.
gaTvaliswinebuliyo rekreaciuli sivrceebi, avtomobilebis moZraobis
mimarTulebebi da parkirebis principebi, Sesrulebuliyo mravali sxva
winasaproeqto mosamzadebeli samuSaoebi. amis Semdeg SasaZlebeli iyo
ganaSenianebis generaluri gegmis damuSaveba.

Tbilisis vakis raionis didi nawili bolo 20 wlis manZilze
aRmoCnda urbanuli degradaciis zRvarze. vakis teritoria gasuli
saukunis 50-iani wlebis dasawyisisaTvbis faqtiurad dausaxlebeli iyo.
qalaqis 1954 wlis gengegmis mixedviT daiwyo mTavari, WavWavaZis
gamzirisa da misi paraleluri faliasvilisa da barnovis (amJamad
abaSiZis) quCebis gayvana, xolo Semdgom etapze, am quCebs Soris
teritoriebze daiwyo kvartaluri sacxovrebeli ganaSenianebis
mSeneblobebi. TiTeuli kvartali warmoadgens vrcel Sidaezoebian
(daaxloebiT 1500 kv/m farTi) Tavis droze sakmaod kargad gamwvanebul
sivrces, romelic gaTvaliswinebuli iyo adgilobriv mcxovrebTa
dasvenebisaTvis. mTlianobaSi aRniSnuli kvartalebi Sida ezoebiT,
warmoadgenda erTian ganaSenianebul da kargad gamwvanebul
struqturas, romelic ebjineba vakis parkis did rekreaciul zonas.
amrigad ukve gasuli saukinis 70-iani wlebisaTvis Seiqmna
sacxovreblad komfortuli, SemdgomSi ki „prestiJulad“ wodebuli
vakis raioni.

jer kidev sabWoTa periodSi e.w. „prestiJul“ vakis raionSi
cdilobdnen dasaxlebuliyvnen nomenklaturuli Tananmdebobis pirebi,
inteligenciis warmomadgenlebi, sxvadasxva gziT gamdidrebuli
adamianebi.

vakem, veram da qalaqis rigma raionebma ukanasknel periodamde
SeinarCunes e.w. prestiJuloba, ramac gavlena iqonia postsabWoTa
periodSi developerTa arCevanze, radgan aq uZrav qonebaze yvelaze
maRali fasebi iyo: amitomac dawyebuli 1997 wlidan dRemde am
raionebSi gagrZelda yvelaze masStaburi samuSaoebi. Tavisufali
teritoriebis ararsebobis pirobebSi, sakanonmdeblo bazis
arasrulyofisa da gengegmis arqonis gamo, investorebi uxeSad arevian
Camoyalibebul urbanul-rekreaciul garemoSi, amis kidev erTi
dadsturebaa faliaSvilis da abaSiZis quCebs Soris arsebul,
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kargadgamwvanebul sacxovrebel kvartalebSi SeWris araerTi magaliTi.
aq arsebuli mwvane rekreaciuli sivrcis xelyofa jer kidev sabWoTa
periodidan daiwyo, kvartalebis Sida nawilSi aSenda sacxovrebeli
saxlebi, maram postsabWoTas periodSi am procesma bavrad ufro
masStaburi, qaoturi da agresiuli xasiaTi miiRo.

Cvens mier Catarebul iqna ramdenime kvartalis Siga sivrceebis
winasaproeqto kvleva im mozniT, rom damuSavebuliyo maTi ganaxleba
reabilitaciis saproeqto winadadebebi.

winasaproeqto kvleva iTvaliswinebda ezoebSi arsebuli
nagebobebis Sesabamisobis dadgenas topomasalebTan, vizualur
Seswavlas, fotofiqsaciasa da a.S. Semdeg etapze moxda aq arsebuli
nagebobebis, avtofarexebis, fardulebis,mwvane nargevebisa da a.S.
nusxis Sedgena.

kvlevebis Sedegad dadginda, rom kvartlebis Sida sivrceebi
gaivso usaxuri avtofarexebiT da avtosadgomebiT, sxvadasxva
daniSnulebis SenobebiT (skola, sabavSvo baRi, ofisi), axali
maRalsarTuliani sacxovrebeli saxlebiT, erTbiniani 2-3 sarTuliani
kotejebiT da a.S. aRniSnuli nagebobebiT gajerebul am sivrceebs
emateba teritoriis kidev ufro danawevreba am nagebobebis irgvliv
teritoriebis SemoRobviT da mitacebiT. dadginda, rom jer kidev 60
wlis winaT arsebuli nargevebidan SemorCenilia mxolod 25-30 %.

kvlevis Semdgom etapze Sedgenili iqna im nagebobebis nusxa,
romlebic unda daingres, esenia: avtofarexebi, fardulebi,
arakapitaluri 1-2 sarTuliani Senobebi da Robeebi. ezoebSi arsebuli
kapitaluri sacxovrebeli saxlebi, kerZo skolebi, sabavSvo baRebi, am
etapze unda SenarCundes, magram ganTavisufldes minaSenebisa da
Robeebisagan.

amgvarad, Cans Sidakvadratuli ezoebis Tundac nawilobrivi
ganTavisuflebis Sedegad sagrZnoblad gaizarda gamwvanebisa da
keTilmowyobisaTvis gankuTvnili teritoriis saerTo farTi da
Seadgina daaxloebiT 1100-1200 kv/m.

Sesrulebuli saproeqto winadadeba iTvaliswinebs kvartalis
mcxovrebTa avtomobilebisaTvis, Tanamedrove kompiuteruli
programebiT marTuli, miwisqveSa da miwiszeda karkasuli
avtosadgomebis ganTavsebas, romlebic warmatebiT funqcionireben
ganviTarebul qveynebSi.

Semdeg etapze dagegmarda sxvadasxva asakobrivi jgufebis
macxovrebelTaTvis gankuTvnili Sidakvartaluri keTilmowyobili da
gamwvanebuli ezo. proeqtis mixedviT sruled SenarCundeba
mravalwliani xe-mcenareebi, dairgveba dekoratiuli, formirebadi,
maradmwvane buCqebi, moewyoba wylis sarke SadrevniT, sportuli
moedani, alpuri goraki CanCqeriT, agreTve zonebs Soris
damakavSirebali safexmavlo bilikebi da a.S.

amrigad, vakis faliaSvilisa da barnovis quCebs Soris arsebuli
sacxovrebeli kvartalebis degradirebuli Sida sivrcis (ezos)
aRdgena-ganaxlebis eqsperimentuli proeqtis ganxorcieleba, Tbilisis
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merias saSualebas miscems etapobrivad daiwyos, vakis am zonis sxva
sacxovrebeli kvartalebis ganaxleba.

vakis amave ubnebSic, Zalze mwvave satransporto-ekologiuri
problemebi iqmneba. amas adasturebs faliaSvilis quCaze transportis
moZraobis dinamikis Seswavla. kvlevisa da analizis Sedegad dadginda,
rom quCis ZiriTad monakveTebze avtomobilebis moZraoba Seferxebulia.
erRTmaneTTan axlos ganlagebuli SuqniSnebi amcireben siCqares, xolo
quCis gamtarunarianoba mcirdeba mis orive mxares parkirebul
avtomobilebis gamo. Sedegad, faliaSvilis quCaze avtomobilebis
moZraoba faqtiurad uwyvetia da Sesabamisad gamonabolqvi airebis
koncentracia Zalze maRalia. quCis gaswvriv mdebare Senobebis
mcxovrebTa gamokiTxvis Sedegad dadginda, rom isini ver aReben
fanjrebs quCis mxares, amis SesaZlebloba mxolod RamiT, ezos mxares
eZlevaT.

aRniSnul teritoriebze arsebuli mZime urbanuli, satransporto
da ekologiuri mdgomareoba met-naklebad vrceldeba vakis da veris
rig teritoriebzec.

3. daskvna

amrigad SeiZleba iTqvas, rom vakisa da veris mTeli rigi ubnebi
e.w „prestiJulobidan“ urbanul degradaciamde mividnen. amas
adasturebs aq sacxovrebelze moTxovnisa da fasebis Semcireba.

aucilebelia aRniSnuli urbanuli sivrcis etapobrivi aRdgena-
reabilitacia zemoganxiluli eqsperimentaluri proeqtis
dagegmarebisas gamoyenebuli sxvadasxva Tanamedrove principebis
gaTvaliswinebiT.

Tbilisis meriam warmatebiT ganaxorciela Zalze rtuli da
masStaburi, aRmaSeneblis gamziris rekonstruqcia, amitomac vfiqrobT,
rom gasuli saukunis 50-iani wlebis vakis sacxovrebeli kvartalebis
Sida sivrceebis (ezoebis) etapobrivi ganaxleba-reabilitacia qalaqisa

da misi mTavrobisaTvis Zalze mniSvnelovania.
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ЧИСЛЕННЫЙ АЛГОРИТМ РЕШЕНИЯ ЗАДАЧИ О
ФИЛЬТРАЦИИ ЖИДКОСТИ ЧЕРЕЗ ЗЕМЛЯННУЮ

ПЛОТИНУ С КРИВОЛИНЕЙНЫМ ВОДОНЕПРОНИЦАЕМЫМ
ОСНОВАНИЕМ
Цицкишвили З.А.

(Грузинский технический университет, ул. Костава 77, 0175,
Тбилиси, Грузия)

Резюме: В  работе рассматрывается плоская задача фильтрации жидкости через
землянную перемычку с криволинейными откосами при отсутствии
промедутка высачивания. Движение жидкости через однородную,
изотропную и недеформируемую порыстую среду подчиняется закону Дарси.
С помощью методами функции комплексного переменного задача решена
аналитически и дается теоретический алгоритм вычисления неизвестных
параметров потока. Для проверки алгоритма решения с помощью программы
“MathСAD”на основе теоретического алгоритма были получены численные
результаты неизвестных параметров, которые приводятся в виде
таблицы.

Ключевые слова: фильтрация, потенциал скорости, функция тока, конформное
отображение, жидкость, “MathСad”, перемычка, грунтовые воды.

1. ВВЕДЕНИЕ

Знание законов движения жидкости через пористые материалы важно для
успехов во многих областях науки, промышленности и сельского хозяйства. В
уствновлении законов движения жидкости в пористых средах значительное место
занимают математические исследования, а именно-математическое моделирование
движения грунтовых вод и решения математических задач теории фильрации [1, 2, 3, 4].

При двумерном установивщемся потоке грунтовых вод в однородных
изотропных средах по закону Дарси многие плоские задачи теории фильтрации с
частично неизвестными границами решаются методом конформных отображений [3, 4,
5, 6].

2. ОСНОВНАЯ ЧАСТЬ
В работе [1] было предложено теоретическое решение задачи фильтрации

жидкости через земляную перемычку с криволинейным водонепроницаемым
основанием и криволинейными откосами при отсутствии промежутка высачивания.
Предполагалось, что пористая среда однородна, изотропна и недеформируема.
Движение жидкости подчиняется закону Дарси [2, 3, 4].

При решении задачи было использовано теория функции комплесного
переменного, в частности метод конформного отображения с применением формулы
Кристофеля-Шварца [5, 6]. Плоскость движения жидкости совмещается с комплексной
плоскостью iyxz  . Ищется приведенный комплексный потенциал

),(),()( yxiyxzW   , где ),,( yx ),( yx соответственно потенциал скорости и
функция тока. Функции  и  удовлетворяют условиям Коши-Римана и определенным
граничным условиям (рис. 1).
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Рис. 1
Задача решена аналитически [1] и получены следующие основные уравнения для

определения неизвестных
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В этих уравнениях число неизвестных параметров равно пяти b , M , 0M , Q и

3Q , а число уравнений равно четырем (11), (2), (3), (4). Число неизвестных параметров
больше чем число уравнений на единицу. Поэтому будем задавать параметр в )0( b ,

определяя 61 , по (12) определяется Q . Что касается параметров  ,  , l и H - они
задаются. По формуле (11) определим M , по (3) формуле – 30aM .

Для того чтоб удостоверится правильности алгоритма решения, задаем
95,15,1 b и с помощью программы “MathCAD” [7, 8] по выше изложенной схеме

можно вычислить Q , HQ , 30aM , M . Результаты вычислений для 5H , 31 ,

41 приводим в виде таблицы.

Таблица
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 b Q HQ M 30aM 3a
1
2
3
4
5
6
7
8
9
10

0,6676
0,2857
0,1818
0.1333
0,1053
0,0869
0,0741
0,0645
0,0571
0,0513

1,5
3,5
5,5
7,5
9,5
11,5
13,5
15,5
17,5
19,5

1,0032
1,0585
1,0609
1,0610
1,0610
1,0610
1,0610
1,0610
1,0610
1,0610

0,2006
0,2117
0,2121
0,2122
0,2122
0,2122
0,2122
0,2122
0,2122
0,2122

2,0722
5,4537
8,6804
11,8833
15,0777
18,2681
21,4564
24,6433
27,8294
31,0148

0,0753
–2,2695
–6,4653
–12,5242
–20,4471
–30,2340
–41,8850
–55,4001
–70,7794
–88,0229

–0,95
–0,85
–0,75
–0,65
–0,55
–0,45
–0,35
–0,25
–0,15
–0,05

3. ЗАКЛЮЧЕНИЕ
Как видно из численных результатов расход Q почти не изменяется и остается

постоянной величиной, что и предполагалось теоретически. Из-за произвольности
выбора величин b , H ,  ,  значения 30aM ; M получены в пределах разумности.
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taZris cokolis mowyoba yazbegis diabazis gamoyenebiT

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

Tbilisi, saqarTvelo)
reziume: statiaSi ganxilulia, q.TbilisSi, maxaTas mTaze

mSenebare taZris cokolis mowyobis samuSaoebis
Sesruleba yazbegis diabazis qvis gamoyenebiT

sakvanZo sityvebi: mSenebloba, mopirkeTeba, bazisi, cokoli. qva,
ankeri, betoni, armatura, montaJi

1. Sesavali
eklesia-monastrebis xanmedegobisaTvis didi mniSvneloba aqvs gare

mopirkeTebis samuSaoebis Sesrulebas bunebrivi qvebisagan. nagebobis tanis
SemosvasTan erTad gansakuTrebul gadawyvetas moiTxovs misi cokolis
nawilis saTanado doneze Sesruleba. Senobis mTel perimetrze qvis
baziss, damcavi funqciis garda yovelTvis gaaCnia mxatrul-dekoratiuli
daniSnuleba. amitom am miznisaTvis Zalian xSirad gamoiyeneba marmarilo,
graniti, travertini da sxva Zvirfasi da naxevradZvirfasi bunebrivi qvebi.
q.TbilisSi, maxaTas mTaze, iveriis RvTismSoblis xatis saxelobis taZris
cokolis mowyobis dros gamoyenebuli iqna yazbegis mwvane diabazi,
myinvarwveris lavuri centris unikalur vulkanur masala. misi mopoveba
bunebriv pirobebSi mxolod calkeuli lodebis saxiT aris SesaZlebeli.
sainteresoa am qvebis gamotanis, damuSavebis da damontaJebis procesi.

2. ZiriTadi nawili
Amyinvarwveridan CamoSlili da Camogorbuli lodebi Tavs iyrian

darialis xeobaSi. maTi SerCeva da transportireba qvis saxerx
saamqroebSi xdeba  gabarituli zomebis, naklebad dabzaruli,
sasurveli ferisa da jiSis qvis  gamorCeviT (nax.1. da nax.2).

qvis lodebis, sakmaod rTuli konfiguraciis mqone detalebad
daxerxva

nax.1. diabazis qvebis transportireba nax.2. diabzis lodebi
darialis xeobidan qvis saxerx saamqroSi
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da damuSaveba ganxorcielda Tanamedrove programuli Carxebis
gamoyenebiT. aseTi Carxebis arsebobam proeqtis avtorebs taZris
cokolis maRal mxatvrul doneze Sesrulebis saSualeba misca.
Cveulebrivi, erTi an ornawiliani bazisis nacvlad igi Sesrulda oTxi
sxvadasxva zomis detalisagan. mTel am procesSi mTlianad gamoiricxa
qvebis adgilze xeliT damuSaveba, rac tradiciulad, Zalian did dros
da Sromis danaxarjebs moiTxovs. samagierod garTulebuli iyo
detalebis damontaJebis samuSaoebis warmoeba. TiToeuli nawili, cal-
calke moiTxovda ramdenime adgilas gaburRvas da gluvi armaturis
kakvebis mowyobas, riTac es qvebi magrdeboda (SeduRebiT) taZris
kedelSi Caankerebul armaturis karkasebze. kedelsa da mosapirkeTebel
qvebs Soris sicarieleebi ivseboda wvrilmarcvlovani, maRalmarkiani,
Txeli betoniT. misi Casxma xorcieldeboda calkeul etapebad, mcire
ulufebad, ise rom ar momxdariyo damagrebuli qvebis daZvra. nax.3-ze
gamosaxulia cokolis qvebis sxvadasxva nawilebis Camagrebis procesi,
xolo nax.4-ze warmodgenilia taZris bazisi saboloo saxiT

nax.3. diabazis qvis calkeuli nax.4. taZris bazisi
detalebis Camagreba da Sevseba dasrulebuli saxiT

3.Ddaskvna

1. Tanamedrove qvis damamuSavebeli Carxebi nebismieri
konfiguraciis mqone detalebis damzadebis saSualebas iZleva.
aRniSnuli detalebis gamoyenebiT SesaZlebelia eklesia-monastrebis
Senobebze, ramdenime nawiliani qvis bazisis mowyoba. misi montaJi
marTalia damatebiT sirTulebTan aris dakavSirebuli, magram mxolod
am gziT  miiRweva cokolis maRali mxatvruli done, rac am tipis
nagebobebisTvis Zalze mniSvnelovania arqiteqturuli TvalsazrisiT.

literatura
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sxvadasxva qveynis seismomedegi mSeneblobis
Nnormebi da maTi kritikuli Sefaseba

d. gurgeniZe, l. kaxiani, l. balanCivaZe, m. sulaZe
(saqarTvelos teqnikuri universiteti, m.kostavas 68a,0175, Tbilisi,

saqarTvelo)
reziume: naSromSi ganxilulia sxvadasxva qveynis seismomedegi
mSeneblobis normebi, seismuri Zalis sididis dadgena, dinamiuri
parametrebis gamoTvla, maTi saerTo da ganmasxvavebeli pirobebi,
gaangariSebis arsebuli meTodis realuri monacemebis Sefaseba.
sakvanZo sityvebi: normebi, miwisZvra, regioni, seismuri Zala,
dinamiurobis koeficienti, deformacia, sixiste.

1. ESesavali
miwisZvra bunebriv katastrofebs Soris erT-erTi yvelaze mrisxane

movlenaa, romelsac Tan axlavs ngreva, msxvarpli da didi raodenobiT
materialuri zarali. miwisZvrebi wlis ganmavlobaSi ramdenime
aTasjer xdeba sxvadasxva simZlavris da amasTan zogierTi
damangreveli, zogierTi ki adamianebisaTvis saerTod SeumCnevelia.

rogorc cnobilia saqarTvelos teritoria seismurad aqtiur
regionSi mdebareobs, amitom seismomedegi mSeneblobis problemebis

gadaWra umniSvnelovanesia qveynis socialur-ekonomikuri
ganviTarebisaTvis. aseT problemas ganekuTvneba miwisZvris
zemoqmedebisas mosaxleobis usafrTxoebisa da Senoba-nagebobebis
saimedoobis uzrunvelyofa.

2. ZiriTadi nawili
saqarTvelos teritoria, rogorc kavkasiis seismurad aqtiuri

regionis Semadgeneli nawili, Senoba-nagebobaTa seismomedegi
mSeneblobis sakiTxebi metad aqtualuria, mniSvnelovania agreTve
msoflios mravali qveynisaTvisac.

bolo 50 wlis ganmavlobaSi aRniSnulma regionma 20-jer da
metjerac Zlieri intensivobis 7-9 balis siZlieris miwisZvra ganicada.
damangreveli miwisZvrebisSedegebis analizma aCvena, rom dazianda ara
mxolod adre agebuli Senoba-nagebobebi, aramed Senobebi agebuli
yvela seismuri normebis moTxovnebis gaTvaliswinebiT.

Senoba-nagebobaTa ngrevis erT-erT mizezs warmoadgens saangariSo
seismuri Zala, romelic iwvevs inerciul Zalebs, gadaadgilebas Tu is
iqneba dasaSvebze ufro didi gamoiwvevs bzarebs, deformacias da
SesaZloa ngrevas.

miwisZvrebis analizis Sedegad sxvadasxva qveynebSi Seiqmna seismur
datvirTvaze nagebobaTa gaangariSebis normatiuli masalebi, normebi,
romelic garkveul SezRudvebs aweseben nagebobis seismomedegobis
uzrunvelsayofad.

dReisaTvis 30-ze meti ganviTarebuli qveyana msoflioSi floben
nacionalur normebs, romelic aregulirebs mSeneblobis wesebs
seismurad aqtiur regionebSi.  Tu daveyrdnobiT mraval Teoriul da
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eqsperimentul gamokvlevebs, normebis ZiriTadi umravlesoba Senoba-
nagebobebis seismur datvirTvaze gasaangariSeblad mimdinareobs
eqvivalenturi statikuri datvirTviT dinamiuri gaangariSebis
safuZvelze.

ruseTis normebi, romlis safuZvelSi Cadebulia konstruqciiebis
drekadi deformacia ganzogadoebuli koeficientebis SemoRebiT,
iTvaliswinebs rRvevis sxvadasxva formebs da plastikuri saxsrebis
warmoqmnas, saangariSo sqemad miRebulia saZirkvelSi xistad
Camagrebuli konsoli Seyursuli ZalebiT.

saangariSo seismuri datvirTva SerCeuli mimarTulebiT
gamoiTvleba formuliT:

Sik=K0K1Soik (1)
sadac: K0 da K1ricxviTi koeficientebia,

Soik – pirobiTi seismuri datvirTvis mniSvnelobaa, gamoiTvleba
formuliT:

Soik=QkAKAβiKφηik (2)
sadac: Qk aris Seyursuli masa;

Α – seismurobis koeficienti;

KA– koeficienti, romelic iTvaliswinebs saangariSo seismuri Zalebis
Tanwyobas;

βi – dinamiurobis koeficienti;

ηik –Senobis rxevis formis koeficienti.
Aam meTodis mTavari damsaxurebaa simartive, ZiriTadi uaryofiTi

aris is, rom Senobis gaangariSeba miekuTvneba wrfivad-drekad models,
ar iZleva saSualebas davakvirdeT deformaciis meqanizms da sixistis

cvlilebas. aseve gaugebaria k1 koeficientis cvlileba, romelic
amcirebs seismur Zalas, ar aris damtkicebuli aseve, rom marTebulia
Tu ara SemoTavazebuli koeficientebis gamoyeneba gaangariSebebSi.

aSS-s normebis safuZvelSi miRebulia erTiani samSeneblo kodi,
aseve miRebulia rkinabetonis mzidi konstruqciebisaTvis aradrekadi
deformireba. seismuri Zala Senobis saZirkvelSi gamoiTvleba

formuliT: Smax=QCs (3)

sadac: Q aris datvirTva;

Cs – seismuri datvirTvis koeficienti saZirkvlis Zirze,
miRebulia speqtruli gaangariSebiT, rxevis ZiriTadi formis periodis
damokidebulebiT:

Cs=
3

2

2,1

RT

CA (4)

sadac: Α aris saZirkvlis gruntis maqsimaluri aCqareba;

C - koeficienti, aiReba 1÷1,5;
R – Semamcirebeli koeficienti, damokidebuli Senobis

konstruqciul sqemaze;

T – sakuTari rxevis periodi.
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rogorc formulebidan irkveva, ZiriTadi am gaangariSebebSi aris gruntis
aCqareba, romelic gansakuTrebul rols asrulebs Senoba-nagebobebis
seismo usafrTxoebaze.

rogoria saerTaSoriso normebiT “evrokodi 8”-is mixedviT Senoba-
nagebobebis seismomedegobis uzrunvelyofa, mowmdeba konstruqciuli
elementebis simtkice, kritikuli Zalva, gamowveuli seismuri zemoqmedebiT
ganisazRvreba deformaciebiT. saangariSo seismuri datvirTva gamoiTvleba
formuliT:

S=


C

sadac: α, β, μ -koeficientebia, romelic iTvaliswinebs saZirkvlis
maqsimalur aCqarebas;

C –Senobis sakuTari wona;
k=1,5÷4 -koeficienti, romelic iTvaliswinebs konstruqciis

aradrekadi deformaciebis da regularobis klass.
iaponuri normebis mixedviT konstruqciebis gaangariSeba

seismomedegobaze unda akmayofilebdes mis usafrTxoebas miwisZvrisas da
saeqspluatacio SesaZleblobas miwisZvris Semdeg.

ganixileba mxolod miwis Zvrishorizontaluri mdgeneli. saangariSo
seismuri zemoqmedeba unda ganisazRvros konstruqciis tipis da
mSeneblobis raionis maxasiaTebliT.

seismuri zemoqmedeba ganisazRvreba formuliT:

Sik=Soik·k                                                                (6)
sadac: Soik – saangariSo seismuri datvirTvaa;

k-saangariSo seismurobis koeficienti, romelic ganisazRvreba

ganivkveTis sixistis mixedviT: k=V1·V2·V3·V4·V5 ·ko (7)
sadac: V1,V2,V3,V4,V5 koeficientebi, romelic

gaiTvaliswineben Sesabamisad seismuri zonis gavlenas, saZirkvlis
pirobebs,

konstruqciis calkeuli elementebis simtkices;

ko=0,2 koeficienti sabazo horizontaluri Zalis gasaTvaliswineblad.
arsebuli normebi iTvaliswinebs yvela SesaZlo movlenebs, rac
dakavSirebulia seismuri Zalis nagebobaze zemoqmedebisagan.

Aaxali zelandiis seismuri normebi iTvaliswinebs konstruqciis
gaangariSebare zonansul-rxeviTi. koncefciiT, romelic iTvaliswinebs
plastikuri saxsrebis warmoqmnas konstruqciis mzid elementebSi,
SemoRebulia mTeli rigi koeficientebi. gaangariSeba SeiZleba sami
meTodiT; eqvivalenturi seismuri datvirTviT, speqtruli gaangariSebis
safuZvelze da sistemis moZraobis gantolebis amoxsniT.

mTliani horizontaluri seismuri datvirTva Senobis saZirkvelze
gamoiTvleba formuliT:

Smax=CLSMRWt (8)
sadac: C,L,S,R-koeficientebia, romelic Sesabamisad iTvaliswinebs

gruntis pirobebs, Senobis pasuxismgeblobas, mzidikonstruqciebis tips,
riskiszomisdamatebiTkoeficients;

M-koeficienti damokidebuli mzidi koenstruqciiebis masalaze;

Wt- Senobis masa.
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rogorc zemoTmoyvanilidan irkveva Senoba-nagebobis seismomedegobaze
gaangariSebebi mravali koeficientiT aris gansazRvruli.

portugaliis normebi efuZneba mravalmasian sistemas.
Hhorizontaluri datvirTva ganisazRvreba ganzogadoebuli
koeficientebis saSualebiT:

Smax=

 0C (9)

sadac: α,μ,Co – Sesabamisi koeficientebi damokidebuli moednis
seismurobaze, Senobis konstruqciul gadawyvetaze, gruntis pirobebze,
rxevis sixSireze, rxevis formaze;

θ-Senobis sakuTari wona.
ruseTisa da saerTaSoriso normebis Sedarebam seismomedegobaze

gaangariSebisas gviCvena, rom saerTaSoriso normebi iZleva fizikurad
safuZvlian midgomas aradrekadi deformaciebis gavlenis Sesafaseblad,
iTvaliswinebs sistemis aradrekad deformirebas, konstruqciul
parametrebs, kavSirs ganzogadoebul koeficientebs Soris, isini aiReba
saerTo mosazrebis da saimedoobis safuZvelze.

3. daskvna
aRsaniSnavia, rom yvela qveynis seismur normebSi mocemulia

konkretuli monacemebi konstruqciebis gasaangariSeblad seismuri
datvirTvis zemoqmedebisas, romelic saSualebas gvaZlevs
gaviTvaliswinoT rRvevis realuri xasiaTi da konstruqciebis realuri
muSaoba saangariSo sqemis Sesabamisad.

dReisaTvis qalaqmSeneblobaSi Warbobs maRlivi karkasuli Senobebis
mSenebloba, amdenad yoveli qveynis gamocdileba da arsebuli
gaangariSebis meTodebis srulyofa umniSvnelovanesia.
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diafragmis gavlena armaturaSi winaswardaZabuli
Zalis cvalebadobaze

l. balanCivaZe, n. nakveTauri
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175,

Tbilisi, saqarTvelo)
reziume: naSromSi ganxilulia winaswardaZabul Senoba-nagebobebSi
mzidi konstruqciebis, kerZod diafragmebis ganlagebisa da maTi
muSaobis Taviseburebebi Senobis sxvadsxva saangariSo sqemisas, rac
saboloo jamSi konstruqciul elementebSi amcirebs
winaswardaZabul Zalebs.
sakvanZo sityvebi: winaswardaZabuli konstruqciebi, gamWimavi
Zalebi, sixistis diafragma, Senoba-nagebobebis deformacia,
mdgradoba, simtkice.

1. Sesavali
rkinabetonis mravalsarTulian Senoba-nagebobaSi erT-erT mTavar mzid

elements warmoadgens diafragma, romlis mowyoba da konstruireba iseve
Sromatevadi da Taviseburia, rogorc sxva mzidi konstruqciuli
elementebis, Tumca zog SemTxvevaSi adgili aqvs sxva Taviseburebasac.
kerZod, saWiroa Tu ara yovelTvis misi mowyoba da Tu saWiroa maSin
rogor da sad ganvaTavsoT igi? swored es da sxva problemebia
ganxiluli aRniSnul statiaSi.

2. ZiriTadi nawili
cnobilia, rom gasuli saukunis 80-ian wlebSi q. TbilisSi

ganxorcielda axali, efeqturi karkasul-panelovani mravalsarTuliani
sacxovrebeli Senobebi armaturis daWimviT samSeneblo pirobebSi e.w.

iugoslaviis meTodi ИМС sistemis (inJiner-konstruqtori f.JeJeli),
romelic damuSavebuli da gamocdili iqna Tbilisis samecniero-kvleviT
institutSi m.kimbergis xelmZRvanelobiT.

Senobis sivrciT sixistes uzrunvelyofs asawyobi rkinabetonis
karkasi, e.w. ukoWo gadaxurvebiT, romelic iqmneba samSeneblo pirobebSi
orive mimarTulebiT K-7 klasis armaturis moWimviT. gadaxurvis
elementebis tradiciul konsolebze dayrdnoba uaryofilia da
gadaxurvis filis muSaoba uzrunvelyofilia xaxunis ZalebiT (nax.1).
swored, aseTi aratradiciuli konstruqciuli gadawyvetisa da sxva bevri
mizezis  Sedegi iyo is dauxvewavi saangariSo sqema da realuri Sedegebi,
rac ganxilulia [1] SromaSi.

saqme gvaqvs maRali K-7 klasis armaturasa da aseve SedarebiT
maRali klasis betonTan (B25), romelTa gamoyenebis SesaZlebloba
ganapiroba mxolod samSeneblo wesebisa da normebis uzrunvelyofam.

-is sistemas safuZvlad udevs statikurad urkvevi CarCos
sistemaSi winaswar daZabuli armaturis ZalebiT gadaxurvis filebis
damagreba, SeWideba da svetebis moqniloba. daWimvis dros diafragmebs
ayeneben erTmaneTisgan daSorebiT ise, rom isini xels ar uSlian
svetebis gadaadgilebas.
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nax. 1. gadaxurvis fila; 2−svetebi; 3−samontaJo magidebi; Ps− mokumSvis Zalvebi.
xolo armaturis daWimvis Semdeg diafragmisa da svetebis Casayolebel
nawilebs aduReben, xolo maT Soris darCenil sicarieles amonoliTeben.
mxedvelobaSi unda miviRoT, isic rom Cveulebriv winaswar daZabul
konstruqciebSi gaWimavi Zalebis Semcireba iwvevs mxolod CaRunvis
gazrdas da ara konstruqciebis Camovardnas, magram iseTi konstruqciuli
gadawyvetisas, rodesac diafragmebi dayenebulia Senobis mzidi CarCos
ganapira malebSi, nakerebis Sevsebis Semdeg, betonis xangrZlivi

deformacia grZeldeba ukve sruliad sxva CarCo−filovan−kavSirebis
sistemaSi, nacvlad CarCo-filovani sistemisa (nax.2a).

nax.2. rkinabetonis diafragmebis sqemebi: a) CarCo-filovani sistemaSi;

b)CarCo−filovan−kavSirebian sistemaSi.
Tu CarCo−filovan sistemaSi betonis xangrZlivi deformaciiT

svetebic gadaadgildebian da ar uSlian xels gadaxurvis filebis
mokumSvis adgilebSi xangrZlivi deformaciis ganviTarebas, CarCo-
kavSirebian sistemis ganapira malebi, romelTac gaaCniaT sagrZnobi
sixiste, ukve ewinaaRmdegeba gadaxurvis filebiT gverdebis xangrZliv
deformacias. amis Sedegad xdeba winaswari moWimvis Zalebis mkveTri
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dacema e.i. xdeba armaturis relaqsacia.
ganxilul teqnologias mivyevarT iqamde, rom mudmivmoqmedi

datvirTvebiT ganxilul SemTxvevaSi winaswardaZabulobis Zala modebuli
erTi statikuri sqemisas (CarCo-filovani), xolo xangrZlivi deformaciebi
Cndeba sxva (CarCo–filovani-kavSirebis) (nax.2b) sqemis mixedviT aseT
SemTxvevaSi daZvelebis Teoriis safuZvelze, romelic damuSavebulia g.b.
kizirias mier, mivyevarT bolcmanis ZiriTad formulasTan: daZabulobasa
da betonis cocvadobis deformaciebs Soris kavSiris Sesaxeb, romelic
gamoiTvleba formuliT:

(1)

sadac −sTvis aRebulia daZvelebis modificirebuli Teoria,
miRebulia adrindel namuSevrebSi.

+

(2)

damuSavebuli meTodis Tanaxmad, roca gamoiyeneba Zalvebis da Zabvebis
gansazRvris meTodi, gaangariSeba unda Catardes Semdegi TanamimdevrobiT:

1.ganisazRvreba ZiriTadi ucnobebi konstruqciebis drekad stadiaSi
muSaobis dros. ZiriTadi ucnobebi ganisazRvreba imave kveTebsa da
statikur sqemebSi, romelSic muSaoben konstruqciebi xangrZlivad
moqmedi datvirTvis modebis momentSi an saZirkvlis dajdomis dros.

2. ganisazRvreba ZiriTadi ucnobebis cvalebadoba, gamowveuli
betonis swrafdenadi cocvadobis  ganviTarebis Sedegad.

3. ganisazRvreba ZiriTadi ucnobebis cvalebadoba betonis cocvadobiT
xangrZlivad mimdinare deformaciebis Sedegad.

4. mudmivmoqmedi datvirTvebisgan gadaadgileba datvirTvis yovelive
etapze gamoiTvleba, rogorc jami gadaadgilebebisa gamowveuli
drekadi ZalebiT nela da swrafdenadi cocvadobis deformaciebiT.

3. Ddaskvna

mravalsarTuliani Senobebis daproeqtebisas aucilebelia mTavari
yuradreba gamaxvildes ara mxolod konstruqciuli gadawyvetebze, aramed
masalebis fizikur-meqanikuri maxasiaTeblebisa da datvirTvebis
moqmedebis gavlenaze, raTa eWvqveS ar dadges Senoba-nagebobebis
saimedooba.

literatura D

1. l. balanCivaZe. betonis saangariSo da konstruqciuli parametrebi
karkasul-panelovani saxlebis damonoliTebisas armaturis daWimviT
samSeneblo pirobebSi. dist. 187gv. 1990 w.

2. n. ninua. normatiuli masalebi rkinabetonis konstruqciebis
daproeqtebisaTvis. Tbilisi, 1989.

3. g. jafariZe, a.soxaZe – rkinabetonis konstruqciebi. mokle  kursi
magistrebisaTvis. Tb.teqnikuri universiteti. 2003w.
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samoqalaqo inJinrebis monawileoba kosmosuri kvlevis
saqmeSi

r. imedaZe, l. beriZe, T. maRraZe

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

reziume: naSromi eZRvneba samoqalaqo inJinrebis monawileobas
kosmosuri kvlevis saqmeSi. statiaSi mocemulia kosmosis kvlevisas
gamoyenebuli sadgurebisa da sxva saSualebebis SeqmnaSi
aerokosmosis sakiTxebis Seswavlasa da damuSavebaSi samoqalaqo
inJinrebis rolsa da monawileobis Sesaxeb. statiaSi naCvenebia am
sakiTxebis kvlevaSi da ganviTarebaSi qarTveli mecnierebis
wvlilis Sesaxeb.
sakvanZo sityvebi: kosmosi, orbita, kosmosuri sadguri, refleqtori,
kvleva, daproeqteba.

1. Sesavali
kosmosuri kvlevis saqmeSi kosmosuri sadgurebis saraketo

danadgarebis, dedamiwis Tanamgzavrebis SeqmnaSi CarTuli specialistebis

garda, xSirad aucilebelia მიწვეულ iqnan sxvadasxva specialobis
samoqalaqo inJinrebi. isini monawileoben orbitalur sadgurebSi

sxvadasxva eqsperimentebis CatarebaSi da samecniero kvleviT saqmianobaSi.
ასევე kosmosuri sadgurebis, Tanamgzavrebis da mowyobilobebis
daproeqtebaSi, orbitaze sadgurebis Tanamgzavrebis da raketebis
gaSvebaSi. am problemebis gadasawyvetad saWiroa maRali kvalifikacia,
rogorc aerokosmosur, ise masTan dakavSirebul sxvadasxva
mimarTulebaSi muSaobisas.

2. ZiriTadi nawili
orbitidan dedamiwaze dakvirvebis dros warmoiSveba axali ideebi

samoqalaqo mSeneblobis sxvadasxva sferoSi. hidrologiis, wylis
resursebis sazRvao nagebobebis, garemos dacvis da sxva am dargis
specialistebi muSaoben Sesabamisi mmimarTulebiT.

kosmosuri sadgurebi da Tanamgzavrebi aRWurvilia ise, rom
SesaZlebelia gamokvlevebi astrologiaSi, fizikur mecnierebaSi,
samrewvelo teqnologiebSi, cocxali organizmebis warmoSobis sakiTxebSi,
medicinaSi, geologiaSi dasxva sainJinro mimarTulebebSi. programebi
aseve iTvaliswinebs periodulad kosmosis sadgurebSi kosmonavtebis
gagzavnas adre gagzavnilTA Casanacvleblad. gamomdinare samecniero
Temis sirTulidan, kvlevis xangrZlivoba kosmonavt-mkvlevarebisTvis
sxvadasxvaa – erTi Tvidan 2 wlamde, aucilebeli nivTebiT da
produqtebiT maTi momarageba xdeba periodulad, mravaljeradi
gamoyenebis satransporto saSualebebiT. kosmosur sadgurebSi
kosmonavtebTan erTad imyofebian samoqalaqo dargis inJinrebic, romelTa
SerCeva xdeba maTi SesaZleblobebisa da unarebis mixedviT bortze ama Tu
im eqsperimentis CatarebisaTvis. amisaTvis maTi momzadeba xdeba eqvsi Tvis

an ufro nakleb droSi, gansხvavebiT kosmonavtebisa, romelTa momzadeba
xdeba ramdenime wlis ganmavlobaSi.
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kvlevebis mimarTuleba
orbitalur kosmosur sadgurebs adareben samecniero kompleqsebs

gemebze, romlebc Seqmnilia okianegrafiuli kvlevebisaTvis, aseve
samecniero kvleviT sadgurebs antraqtidaze. kosmosSi Catarebuli
mecnieruli  kvlevebi win gadadgmuli nabijia ucnobi movlenebis
Sesaswavlad, rac sabolood migviyvans kosmosis praqtikul
gamoyenebasTan. am mxriv farTodaa gaSlili muSaoba sxvadasxva qveynebis
mecnierebis CasarTavad.

gansakuTrebiT aRsaniSnavia iseTi qveynis wvlili am problemebis
gadawyvetis saqmeSi, rogoricaa saqarTvelo. Tavidan am sakiTxebis
Seswavla–gadawyvetaSi, kerZod Tanamgzavrebis orbitaze moZraobis
gaangariSebaSi gamoyenebuli iyo cnobili maTematikosis n. musxeliSvilis
da sxva mecnierebis Teoriuli kvlevebi.
gansakuTrebiT aRsaniSnavia kosmosSi saqarTveloSi Seqmnili gasaSleli
6,42 metriani refleqtoris gaSveba. am samuSaoebs awarmoebda saqarTvelos
tenikur universitetTan arsebuli kosmosuri kvlevis instituti,

romelsac xelmZRvanelოbda da axlac xelmZRvanelobs profesori elguja
meZmariaSvili _ pirveli qarTveli kosmosuri obieqtebis generaluri
konstruqtori, mecnieri kosmosuri teqnikis da samxedro sainJinro
dargSi, saqarTvelos mecnierebaTa erovnuli akademiis wevri, akademikosi,
teqnikur mecnierebaTa doqtori, samxedro mecnierebaTa doqtori,

profesori, saxelmwifo premiis laureაti, giorgi nikolaZis saxelobis

premiis laurეati, saqarTvelos, sabWoTa kavSiris, sazRvargareTis da
saerTaSoriso organizaciebis saxelmwifo da sauwyebo ordenebisa
medlebis, maT Soris vaxtang gorgaslis pirveli xarisxis ordenis

kavaleri. misi xelmZRvanelobiT Seiqmna   kosmosuri obieqti.
eqsperimentuli kvlevebi Catarda, aewyo da gamoicada saqarTvelos
kosmosur nagebobaTa institutis mcxeTis sastendo kompleqsSi. kosmosuri
obieqtis proeqti da winasafrenosno gamocdebi moewyo saqarTvelos
kosmosur nagebobaTa institutiSi. obieqti damzadda Tbilisis saaviacio
institutiSi. 1999 wels 16 ivliss raketa matarebelma kosmosSi gaitana

,,refleqtori.” 1999 wlis 18 ivliss Seupirispirda orbitalur sadgurs,
xolo 1999 wlis 23-28 ivliss ,,refleqtori”gaiSala.

es movlena gansakuTrebiT aRsaniSnavia imis gamo, rom iseTi patara
qveyana Tavis mokrZalebuli ekonomikuri SesaZleblobebiT SeeWida da
dasZlia am metad rTul da saqarTvelosTvis TiTqmis SeuZlebel
problemas. amaSi udidesi wvlili miuZRvis profesor elguja
meZmariaSvils da mis koleqtivs, rac aRniSna ara marto Cveni qveynis
xelmZRvanelobam, aramed es movlena udides warmatebad CaTvala amerikam,
evropis qveynebma, ruseTma da sxva qveynebma. profesor elguja
meZmariaSvilTan erTad saqarTvelos  mTavrobam, umaRlesi xarisxis
ordenebiTa da medlebiT daajildova kosmosur kvlevis institutis
mecnierebi da TanamSromlebi.

sainJinro saqmeSi kosmosuri sadguris gamoyeneba
samoqalaqo inJinrebSi  gansakuTrebul interess iwvevs dakvirveba

Cvens planetaze, mis atmosferoze da sainJinro da Sesabamisad
teqnologiuri eqsperimentebis Catarebis SesaZlebloba, rogorc
kosmosuri sadguris bortze, ise kosmosur sivrceSi.
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kosmosuri sadguri gamoiyeneba, rogorc kvleviTi laboratoria, sadac
SeiZleba damuSavdes da Semowmdes sxvadasxva konstruqciebi da damuSavdes
maTi gaerTianebis SesaZleblobebi sxvadasxva konstruqciebTan da
elementebTan.

is didi SesaZleblobebi, romlebic gaaCnia kosmosur sadgurebs
dedamiwaze dakvirvebisaTvis saSualebas iZleva ganviTardes iseTi
mimarTulebebi, rogoricaa: hidrologiis, wylis resursebis Seswavla,
irigacia, geodezia, kartografia, regionaluri dagegmareba, transportis
sistemebis ganviTareba, garemos daWuWyianebis procesebis aRkveTa, sazRvao
nagebobebis mSeneblobis teqnologia da sxva.

kosmosSi Catarebuli teqnologiuri eqsperimentebi da praqtikuli
kvlevebi ufro axlosaa inJiner-praqtikosebTan. zogjer kosmosSi Catarebuli
eqsperimentebi gacilebiT momgebiania ekonomikuri TvalsazrisiT. magaliTad:
kosmosis pirobebSi SesaZlebelia maRali simtkicis forovani foladebis
miReba, rac dedamiwis pirobebSi did finansur danaxarjebs moiTxovs. aseTi
magaliTebis moyvana bevris SeiZleba.
kosmosuri sadgurebisaTvis saWiroa didi sivrciTi konstruqciebi, romelTa
awyoba da gaSla saWiroa, raTa Seiqmnas kosmosuri nagebobebi. aseTi
gasaSleli da asawyobi konstruqciebis Seqmnaze mudmivad muSaoben kosmosur
kvlevasTan dakavSirebuli qveynebi.

aRsaniSnavia, rom am mimarTulebiT didi warmatebiT muSaoben qarTveli
mecnierebi profesor elguja meZmariaSvilis xelmZRvanelobiT, romlebmac
Seqmnes ara erTi transformirebadi konstruqciebi, romlebic danergilia da
muSaoben rogorc kosmosSi, ise dedamiwis pirobebSi.  am mimarTulebiT
amerikel, evropel, rus, da sxva qveynebis mecnierebTan erTad muSaobas
agrZeleben qarTveli mecnierebic, rac miuTiTebs am dargis qarTveli
mecnierebis maRal doneze.
samoqalaqo inJinrebis monawileoba kosmosur kvlevasTan dakavSirebul

kvlevebSi
pirvel rigSi  samoqalaqo inJinrebi monawileobas iReben kosmosuri

sadguris konstruqciebis daproeqtebaSi. isini monawileoben kvlevebSi da
daproeqtebaSi, rogorc sadguris, satransporto aparatebis, ise

transformirebadi Tanamedrove konstruqciebis SeqmnaSi. amasTan inJinrebi
monawileoben miwiszeda samsaxurebisaTvis nagebobebis daproeqtebaSi,
romlebic aucilebelia kosmosuri sistemebis funqcionirebisaTvis.

samoqalaqo inJinrebis mier kosmosuri sadguridan xangrZlivi
dakvirvebis dros maTi codnis gamoyeneba metad mniSvnelovania garkveuli
dargebis gasanviTareblad. am mizniT gaweuli Sroma miekuTvneba erT-erT
yvelaze maRali kategoriis samuSaoebs.

3. daskvna
kosmosis kvleva da masTan dakavSirebuli problemebis Seswavla kvlav

didi intensivobiT grZeldeba msoflios mowinave qveynebis mier. aseTi
kvlevebi iZlevian uamrav axal informacias, rac saWiroa dedamiwaze
macxovrebeli xalxebis ganviTarebis, cxovrebis donis amaRlebis,
usafrTxoebis da sxva sakiTxebis gadasawyvetad. CvenTvis Zalze
mniSvnelovania, rom am sakiTxebis gadawyvetaSi monawileobda da kvlav
monawileobs qarTveli mecnierebi, rac metad saamayoa.

literatura
1. stiuart jonsoni _ aSS-is teqnologiis instituti, ohaios Stati, daitoni.
1990w.
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axali formis motivtive  talRaSemarbilebeli
nagebobis konstruqciis bmuli modelis laboratoriul-
eqsperimentuli gamocda, inovaciuri proeqtis SemuSaveba

da misi  realizaciis SesaZlebloba
z. cixelaSvili

(saqarTvelos teqnikuri universiteti, m. kostavas q. №77, 0175, Tbilisi,
saqarTvelo)

reziume: ganxilulia axali formis motivtive talRaSemarbilebeli
sainJinro-hidroteqnikuri nagebobis konstruqciis bmuli modelis
laboratoriul-eqsperimentuli gamocda, inovaciuri proeqtis
SemuSaveba, adgilobriv da saerTaSoriso bazarze misi realizaciis
SesaZlebloba. novacia SemuSavebulia zRvis sanapiro-rekreaciuli
zolis mimdebare teritoriebis ekologiuri  dacvis mizniT, im
teritoriebze, sadac intensiurad aRiniSneba sanapiro-rekreaciuli
zolis (plaJis)  Seuqcevadi warecxvebi  da a.S. aRniSnuli inovaciis
danergva aseve SesaZlebelia Ria navsadgurebis SemozRudvis
rekonstruqcia-ganviTarebis proeqtebSi.
sakvanZo sityvebi: axali formis motivtive talRaSemarbilebeli
sainJinro hidroteqnikuri nageboba, modelis laboratoriul-
eqsperimentuli gamocda, zRvis sanapiro-rekreaciuli zoli,
ekologiuri usafrTxoeba, Ria navsadgurebis SemozRudvis
rekonstruqcia-ganviTarebis proeqti, inovaciuri proeqti da misi
realizacia adgilobriv da saerTaSoriso bazarze.

1.Sesavali
dRevandeli mdgomareobiT saqarTvelos sanapiros Savi zRvis

Stormuli talRebis arasasurvel zemoqmedebas eqvemdebareba baTumis
mimdebare sanapiro-rekreaciuli zoli (bulvari, axali bulvari, adlia-
aeroportis teritoria da saerTod saqarTvelos Savi zRvis sanapiro
perimetri), TurqeTis teritoriaze ,,derineris” maRlivi kaSxlis agebisa
da md. Woroxis myari natanis gadaketvis Sedegad katastrofuli
warecxvebi emuqreba aWaris Savi zRvis sanapiros. agreTve, talRebis
zemoqmedebiT katastastrofuli mdgomareoba iqmneba Caqvi-qobuleTi-urekis
monakveTze, fuZis gruntis gamorecxvebisa da deformaciebis Sedegad
ingreva foTis navsadguris  damcavi kedeli, zRudari (moli) [3,4].

warecxvebs eqvemdebareba agreTve `baqo-sufsis” navTobsadenis
terminalis mimdebare sanapiroc. aRniSnuli garemoebani dakavSirebulia
mniSvnelovan ekonomikur da ekologiur zaralTan.

A analogiur movlenebTan gvaqvs saqme ara marto saqarTvelos, aramed
msoflios mravali qveynis xmeleTSi moqceuli (daxuruli) zRvebis
sanapiro zolebSi.

saqarTvelos Savi zRvis sanapiro zoli iwyeba samxreTiT TurqeTis
sazRvarTan - sarfSi da mTavrdeba CrdiloeTiT - leseliZeSi, mdinare
fsousTan (sigrZe 330 km). Savi zRva saqarTvelos sanapiros mTel sigrZeze
praqtikulad utevs xmeleTs, amitom saWiroa vicodeT Savi zRvis Relvis
ramdenime mniSvnelovani maxasiaTebeli: zRvis Relvis intensivoba,
talRebis simaRle da maTi siCqare damokidebulia qaris siCqareze, mis
xangrZlivobaze da talRis aCqarebaze.
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saqarTvelos napirebTan, sadac zRvis siRrmeebi SedarebiT didia,
talRebic maRalia. magaliTad, foTTan  xSirad fiqsirdeba talRis
simaRle 3-4 metramde, Ria zRvaSi 7-8 bali qaris dros talRis saSualo
parametrebia: siCqare - 2,4-5 metri wamSi, periodi 6-7 wami, talRis sigrZe -
10-70 metri, simaRle 1.5-2.5 metri. didi Stormis dros talRis simaRle
aRwevs 5-6 metrs, xolo sigrZe 70-80 metria. amave dros 4-5 bali qaris
SemTxvevaSi, Tu talRis periodia 11 wami, dartymis Zala Seadgens 5,7
tonas 1 kvadratul metrze [1].

mocemul konteqstSi dasmuli problemis samecniero kvlevas - axali
formis motivtive efeqturi talRaSemarbilebeli sainJinro-
hidroteqnikuri nagebobis SemuSavebis mizniT, sapilote proeqtisTvis
hidroteqnikuri nagebobis konstruqciis modelebis bmulis eqsperimentul
gamocdas laboratoriul pirobebSi (sanapiro-rekreaciul zolSi
SemuSavebuli inovaciuri teqnologiis danergvis mizniT) - udidesi
inovaciuri  da praqtikuli mniSvneloba eniWeba adgilobriv da
saerTaSoriso bazarze sarealizaciod.

2. ZiriTadi nawili
SoTa rusTavelis samecniero fondis №FR/360/3-105/13 sagranto proeqtis

samuSao gegmiT gaTvaliswinebuli iyo axali formis motivtive
talRaSemarbilebeli efeqturi nagebobis konstruqciis   SemuSaveba. axali
formis motivtive talRaSemarbilebeli  mowyobilobis Seqmnis umTavresi
piroba iyo iseTi efeqturi formis hidroteqnikuri nagebobis konstruqciis
SerCeva, romlis saSualebiTac SesaZlebeli iqneba nagebobaze (tivtiva
mowyobilobis elementze) mosuli (zemoqmedi) talRis energiis kompleqsurad
da efeqturad Serbileba. aRniSnuli miiRweva  kompleqsis bmulSi
gaerTianebul TiToeul tivtiva mowyobilobaze  momwydari talRis energiis
datvirTvis Tanabari gadanawilebis  SemTxvevaSi, roca  konstruqciis
elementis mier talRis energiis gaxleCa-gadanawileba xdeba talRis
veqtoruli siCqariTi mdgenelebis SemoTavazeuli (dagegmili) ganawilebis
sqemis mixedviT. amave dros unda iTqvas, rom  damyarebuli talRis
veqtoruli siCqariTi mdgenelebis SemoTavazeuli ganawileba miiRweva Tavad
mowyobilobis tivtiva fuZisa da masSi Cadgmuli samkuTxa prizmis formis
elementebiT (es Zireuli principi analogiurad gamoyenebulia gemis wina
mWreli qimis konstruqciaSic). amasTan talRis energiis kompleqsur
SerbilebaSi igulisxmeba zemoqmedi talRis rogorc veqtoruli siCqariTi
ganawilebis, aseve am mimarTulebebiT Seqmnili ukve danawevrebuli talRebis
fiqsirebuli nakadebis urTierTSejaxebis efeqtic.

amrigad, zRvis sanapiro rekreaciuli zolisa da Ria navsadguris
Stormuli talRebisagan dasacavad kvlevis problemad ganisazRvra  axali
formis efeqturi motivtive talRaSemarbilebel hidroteqnikur nagebobaTa
bmuli  kompleqsis SemuSaveba, Sesabamisad, kvlevis amocanebs Seadgens [2- 6].
•motivtive talRSemarbilebeli  nagebobebis samecniero-eqsperimentuli
kvlevis  zogadi meTodologiis SemuSaveba da organizaciuli sakiTxebi;

•hidrodinamikuri  da fizikuri modelirebis safuZvelze axali formis
motivtive talRSemarbilebeli hidroteqnikuri nagebobebis efeqturi
sacdeli modelis SerCeva, saeqsperimento modelebis bmulis konstruireba
da ageba;

•hidrodinamikuri modelirebis safuZvelze axali formis motivtive
talRSemarbilebeli hidroteqnikuri nagebobis konstruqciis modelebis
bmulis eqsperimentuli gamocda laboratoriuli talRageneratoris
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daxmarebiT Savi zRvis maxasiaTebeli talRebis reJimuli generaciis
pirobebSi;

•samecniero-eqsperimentuli kvlevis Sedegebis hidrodinamikuri analizi,
teqnologiuri siaxle da inovaciuri winadadebis SemuSaveba adgilobriv
da saerTaSoriso bazarze sarealizaciod.
problemis gadasawyvetad Cven mier SemoTavazebuli iqneba inovaciuri

teqnologia, romlis danergvasac (sapilote proeqtis saxiT) upirvelesad
vgegmavT baTumis, foTisa da urekis sanapiro-rekreaciuli zolis mimdebare
zRvis SelfSi motivtive talRaSemarbilebeli hidroteqnikuri nagebobis
bmuli kopleqsis saxiT.

kompiuteruli hidrodinamikuri modelirebiT  dadginda axali formis
motivtive  talRaSemarbilebeli hidroteqnikuri nagebobis konstruqciis
(elementis) saeqsperimento-sacdeli modeli (sur. 1) da daigegma am modelebis
bmulis eqsperimentuli gamocda talRageneratoris daxmarebiT saqarTvelos
teqnikuri universitetis wyalTa meurneobis laboratoriul pirobebSi Savi
zRvis maxasiaTebeli mokle talRebis  reJimuli generaciis pirobebSi (sur.
4,5).

qvemoT mogvyavs saqarTvelos teqnikuri universitetis wyalTa
meurneobis institutis laboratoriul pirobebSi 2016 wlis 23 seqtembers
axali formis motivtive talRaSemarbilebeli hidroteqnikuri nagebobis
konstruqciis (elementis) saeqsperimento-sacdeli modelebis bmulis
gamocdis procesis amsaxveli foto masala, sadac: sur. 2-ze gadaRebulia
sagranto proeqtis mecnier TanamSromlebi (Temis xelmZRvaneli prof. z.
cixelaSvili,  wamyvani mecnieri i. qadaria da modelis konstruqtori inJ. g.
doliZe), sur. 3-ze naCvenebia laboratoriul sacdel auzSi Cadgmuli axali
formis rekomendebuli konstruqciis modelebis bmuli eqsperimentis
dawyebamde, xolo sur. 4 da sur. 5-ze ki asaxulia talRis Serbilebis
saTvalsaCino momentebi, ganxorcielebuli talRageneratoris zemoqmedebiT
Savi zRvis maxasiaTebeli mokle talRebis generaciis reJimSi, cdis
dawyebidan 6 wamis periodis ganmavlobaSi (drois es periodi aRebulia auzis
simoklis gamo - modelebis bmulze talRis ukudartymis efeqtis gamoricxvis
mizniT).

sur.1 axali formis rekomendebuli motivtive talRaSemarbilebeli
hidroteqnikuri nagebobis  konstruqciis modeli

aRsaniSnavia, cdis dawyebamde auzis wylis sarkis zedapiri iyo 55
sm, xolo talRageneratoris meSveobiT miRweuli talRis maqsimaluri
simaRle mzomi lartyis mixedviT - 70 sm, xolo modelebis bmulis Semdeg
ganTavsebul lartyaze  moqmedi talRis gavlis Semdeg sazom lartyaze
aRiniSna - 60 sm. cdebis ganmeorebiT dafiqsirda agreTve 70-64 sm da 65-60
sm kombinaciebi. Tu mxedvelobaSi miviRebT im garemoebas, rom
talRageneratoris muSaobis reJimi eTanadeba 6 m-iani talRebis Seqmnis
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SesaZleblobas, xolo Tavad modelebi agebulia  realuri nagebobis
zomebidan 1/20 masStabSi SemcirebiT,  maSin  cdiseuli Sedegebi
Seesabameba sakvlevi motivtive talRaSemarbilebeli modelebis bmuli
konstruqciis mier talRebis 40-45 %-iani Serbilebis efeqts, rac  sakmaod
maRal Sedegad Sefasdeba.

laboratoriuli cdiT miRebuli Sedegi safuZvels iZleva
SemoTavazebuli axali formis efeqturi napirdamcavi talRaSemarbilebeli
motivtive hidroteqnikuri nageboba gamoyenebul iqnas zRvis sanapiro-
rekreaciuli zolisa da Ria navsadgurebis Stormuli talRebisgan
ekologiuri dacvis uzrunvelyofis problemis gadasaWrelad. kerZod,
SemuSavebul iqnas inovaciuri proeqti xmeleTSi moqceuli (daxuruli)
zRvebis sanapiro-rekreaciuli zolebis ekologiuri dacvis mizniT motivtive
napir¬¬damcavi, efeqturi axali formis talRaSemarbilebeli hidroteqnikuri
nagebobis kompleqsis gamoyenebiT. amasTan SemuSavebuli  inovaciuri
teqnologia SeiZleba rekomendebul iqnas sarealizaciod adgilobriv da
saerTaSoriso bazarze moTxovnadi maRalteqnologiuri produqtis saxiT. Tu
gaviTvaliswinebT, rom saqarTvelos Savi zRvis sanapiro zoli iwyeba
samxreTiT, TurqeTis sazRvarTan - sarfSi da mTavrdeba CrdiloeTiT
leseliZeSi, mdinare fsousTan (sigrZe 330 km.) da is sanapiro xmeleTs
praqtikulad mTel sigrZeze  utevs, maSin SemoTavazebuli novaciis
realizaciis kargi perspeqtiva iqmneba. analogiur SemTxvevebTan gvaqvs saqme
sxva daxuruli zRvebis (xmelTaSua, kaspis da a.S) pirobebSic. inovaciuri
teqnologiis  gamoyenebis kargi SesaZlebloba iqmneba Ria sazRvao
navsadgurebis pirobebSic, radgan maT gamarTul muSaobaze mniSvnelovnadaa
damokidebuli nebismieri sazRvao qveynis ekonomikuri keTildReoba, sagareo-
satransporto gadazidvebis organizacia, kulturul-ekonomikuri kavSir-
urTierTobebis ganviTareba da sxv. amasTan Ria navsadgurebi da maTi
akvatoriebi, wlis garkveul periodebSi, rogorc wesi, ganicdian zRvis
Stormuli talRebis arasasurvel zemoqmedebas, rac aferxebs sazRvao
transportis normalur funqcionirebas, amitom maTi SemozRudva
SemoTavazebuli axali formis talRaSemarbilebeli hidroteqnikuri
nagebobis kompleqsis gamoyenebiT metad efeqturi iqneba. agreTve, rogorc
aRvniSneT, efeqturi iqneba axali formis talRaSemarbilebeli
hidroteqnikuri nagebobis kompleqsis gamoyeneba Stormuli talRebis
zemoqmedebisagan sanapiro zolebis mimdebare teritoriebis ekologiuri
dacvis mizniT, rac mniSvnelovan ekonomikur zaralTanaa dakavSirebuli.
aRsaniSnavia agreTve Stormis dros zRvispira qalaqebis saniaRvre
wyalarinebis  sistemebis normaluri funqcionirebis Seferxebac, romelic
aseve axali formis talRaSemarbilebeli hidroteqnikuri nagebobis
kompleqsis gamoyenebiT gamoiricxeba.

sur.2 sagranto proeqtis mecnier TanamSromlebi (Temis xelmZRvaneli, prof. z.
cixelaSvili,  wamyvani mecnieri, prof. i. qadaria da modelis konstruqtori inJ. g.

doliZe)
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sur.3.  axali formis  motivtive talRaSemarbilebeli hidroteqnikuri nagebobis
konstruqciis (elementis) modelebis bmuli

sur 4. axali formis motivtive talRaSemarbilebeli hidroteqnikuri nagebobis
konstruqciis  (elementis) saeqsperimento-sacdeli modelebis  bmulis gamocda

samecniero laboratoriaSi talRageneratoris daxmarebiT

sur. 5. axali formis motivtive talRaSemarbilebeli hidroteqnikuri nagebobis
konstruqciis  (elementis) saeqsperimento-sacdeli  modelebis bmulis gamocda

samecniero laboratoriaSi talRageneratoris daxmarebiT
aRsaniSnavia, rom Stormuli talRebis mavne zemoqmedebis

ugulebelsayofad, Tanamedrove mdgomareobiT, awarmoeben SerCeuli sanapiro-
rekreaciuli zolebis ekologiur-dacviT samuSaoebs (SerCeviT sanapiro
zolebSi inertuli masalis dayriT, navsadguris akvatoriis perimetris
SemozRudva sxvadasxva tipis tradiciuli hidroteqnikuri nagebobebis
mowyobiT da sxv.), rac xSir SemTxvevebSi araefeqturi da ZviradRirebulia,
amasTan, moiTxovs regularuli samuSaoebis Catarebas warecxili moculobis
aRsadgenad [3,4].
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aRsaniSnavia, rom SemuSavebuli inovaciuri teqnologia zRvis sanapiro-
rekreaciuli zolis warecxvisagan dacvis sxva arsebul meTodebTan
Sedarebisas, xasiaTdeba maRali xanmedegobiT da rigi, ekologiur-
ekonomikuri upiratesobiT. magaliTad, Tu hidroteqnikur nagebobaTa
kompleqsis muSaobis saeqspluatacio vada sul mcire 60 wliT ganisazRvreba,
proeqtis ganxorcielebiT, garda imisa, rom  daizogeba Tanxa napirwarecxvis
da datborvis sawinaaRmdego samuSaoebisTvis saWiro inertul masalebze,
aRar daziandeba mdinareebis kalapotebi, saidanac inertuli masalebis
amoReba xdeba. rekreaciul-saplaJe zoli aseve gaTavisufldeba sxvadasxva
konstruqciis betonis nagebobebisgan, romlebic araefeqturi da  Zviria,
amasTan  15-20 wlis Semdeg kvlav iTxovs ganaxlebas.

aRniSnuli maxasiaTeblebis mixedviT mizanSewonili iqneba daigegmos
baTumis sanapiro-rekreaciuli zolis SelfSi, SerCeviT monakveTebze (adlia-
bulvaris mimdebare teritoriebi)  sapilote proeqtis sawarmoo gamocda da
Sesabamisad, moxdes am proeqtisaTvis saTanado teqnikur-teqnologiuri
maCveneblebis mixedviT Sedgenili proeqtis wardgineba gansaxorcieleblad.

qvemoT mocemulia axali formis motivtive talRaSemarbilebeli
hidroteqnikuri nagebobis bmuli kompleqsis agebis rigi Taviseburebebi:
kerZod, es nageboba polieTilen-lupolenis mzis sxivebisa da mariliani
wylisadmi  maRalmedegi masaliT iqneba damzadebuli. misi Semadgeneli
elementebis zoma 11x9x6 metria. nagebobebi porizontalurad erTmaneTTan
bmulSi 1,5-2 metris intervaliT iqnebian Cabmuli  da amgvarad hidroteqnikur
nagebobaTa motivtive jaWvs qmnian. es jaWvi zRvis napiridan 50-150 m.
dacilebiT, 8-10 metr siRrmis zRvis SelfSi Tavsdeba (ganTavseba
damokidebulia zRvis Selfis fskeris profilze) da specialuri saimedo da
moqnili bagirebiT calkeul nagebobebs aerTebs fskerze CamontaJebul masiur
RuzebTan (an betonis tvirTTan). talRis energiis nawilobriv Serbileba ki
xdeba hidroteqnikuri nagebobis konstruqciis fuZis wyalqveSa da wyalzeda
nawilSi myarad Camagrebuli samkuTxa prizmis formis elementebis
saSualebiT (sur.1). aRsaniSnavia, rom motivtive talRaSemarbilebel
sainJinro-hidroteqnikur nagebobaTa kompleqsis mowyoba im teritoriebzea
rekomendebuli, sadac intensiurad aRiniSneba plaJis Seuqcevadi
napirwarecxvebi, datborvebi, rekreaciuli komfortis moSla, agreTve, Ria
navsadgurebze  maTi Stormuli talRebisgan dacvis mizniT (raTa Stormian
amindSi daculi teritorize SesaZlebeli iyos nebismieri zomis sazRvao
transportis ganTavseba da misi manevrireba).

Ria navsadgurebisa da sanapiro-rekreaciuli zolebis Stormuli
talRebisagan dacvis arsebuli xerxebisgan (betonis kapitaluri damcavi
kedlebis amoyvana, liTonis konstruqciuli nagebobebis sistemis da sxv.
SemomzRudavi saSualebebis mowyoba) gansxvavebiT, SemoTavazebuli inovaciuri
teqnologiiT agebuli proeqtis ganxorcieleba gansakuTrebiT efeqturi da
rentabeluri iqneba Semdegi teqnikur-ekonomikuri maCveneblebis gamo:
nagebobis konstruqciuli mdgradoba, Stormmedegobis moTxovnili efeqti,
Tanamedrove msubuqi arakoroziuli masalis gamoyeneba da nagebobaTa
kompleqsis mowyobis SedarebiTi ekonomiuroba, eqspluataciis saimedooba da
SekeTebisunarianoba, rekreaciuli zonebis xelSeuxebloba, nagebobaTa
montaJis mcire dro, zRvaSi samuSaoebis warmoebis moxerxebuloba,
nagebobaTa fasadis esTetikurad misaRebi dizainis formis SerCeva-gaformeba
da sxv.
SemoTavazebuli inovaciuri proeqtis ganxorcieleba (aRniSnuli
maxasiaTeblebis gaTvaliswinebiT, SedarebiT mcire danaxarjebiT),
SesaZlebeli iqneba rogorc sareabilitacio an axalmSenebare navsadguris,
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aseve  sanapiro-rekreaciuli zolis pirobebSi, rac saTanado
qmedunarianobasa da sicocxlisunarianobas SesZens am obieqtebze
Casatarebel ekologiur-prevenciuli RonisZiebebis gatarebas. aamaRlebs
saerTaSoriso daniSnulebis Ria navsadgurebisa da sanapiro-rekreaciuli
zolebis mSeneblobis saimedoobas; efeqturs gaxdis rekreaciuli zolebis
ekologiuri dacvis rekomendaciebis SemuSavebasa da maT ganxorcielebas
(napirwarecxvebisgan dacva, Stormis dros saniaRvre kanalizaciis
Seuferxebeli muSaoba, damsvenebelTa da turistebisTvis rekreaciul-
komfortuli donis amaRleba (sur.6,7) da sxv.), rac Tanamedrove mdgomareobiT
zRvis sanapiro-rekreaciuli zolis mimdebare nebismieri dasaxlebuli
adgilisa da qalaqebisaTvis gansaxorcieleblad aqtualuri da droulia.
inovaciuri proeqtis gansaxorcieleblad, pirvel rigSi,  saWiro iqneba
saqarTvelos regionaluri ganviTarebisa da infrastruqturis, ekonomikisa da
mdgradi ganviTarebis da garemos dacvisa da bunebrivi resursebis
saministroebis egidiT am problemiT dainteresebuli investorebis,
kolaboratorebisa da sxva saqmiani pirebis moZieba da maTi informireba
SemoTavazebuli sakiTxis aqtualobis, inovaciuri proeqtis
maRalteqnologiurobisa da konkuren¬tunarianobis Sesaxeb. aRniSnuli
garemoeba garkveul safuZvels Seqmnis saqarTvelos Savi zRvis sanapiro-
rekreaciul zolSi (da ara marto saqarTvelos) arsebuli ekologiuri
problemebis gadasawyvetad. amasTan, pirvel rigSi, mizanSewonili iqneba q.
baTumis, Caqvis, qobuleTis, foTisa da urekis mimdebare sanapiro-rekreaciul
zolSi SerCeviT monakveTze Cven mier SemoTavazebuli sapilote-sacdeli
proeqtis ganxorcieleba.

am mizniT sapilote proeqtis sawarmoo gamocda dagegmilia moewyos,
kerZod, q. baTumis bulvaris sanapiro zolis SelfSi, SerCeviT monakveTebze-
napiridan distanciurad (sabanao-sarekreacio sazRrebis Tanxvedrad), L=1000 m
manZilze ganTavsdeba samkuTxa prizmis formis motivtive hidroteqnikur
nagebobaTa bmuli kompleqsi, romlis Semadgeneli calkeuli motivtive
elementebi zRvis SelfSi CamontaJebul masiur RuzebTan saimedo moqnili
bagirebiT iqneba Cabmuli.  SemomzRudavi sapilote proeqti kidev erTxel
daasabuTebs misi sawarmoo-praqtikuli gamoyenebis efeqturobas. sistemis
samrewvelo danergvis SemTxvevaSi ki miiRweva zRvis Stormuli talRebis
zemoqmedebiT gamowveuli intensiuri da Seuqcevadi  saxis napirwarecxvebis
Semcireba; Stormian amindSi mowesrigdeba qalaqis saniaRvre wyalarinebis
(kanalizaciis) sistemis muSaoba;  daigegmeba q. baTumis da q. foTis karibWe
navsadgurebis SemozRudvis efeqturi sareabilitacio-ganaxlebis  samuSaoebi;
Tavidan iqneba acilebuli sanapiro zolis da qalaqis teritoriebis SesaZlo
datborvebi da sxva ekologiur-ekonomikuri zarali; mosaxleobisa da
turist-damsvenebelTaTvis Seiqmneba komfortuli da kulturuli dasvenebis
pirobebi (sur.6,7).

proeqts misi praqtikulobidan da siiafidan gamomdinare adgilobriv
da saerTaSoriso masStabiT danergvis kargi perspeqtiva gaaCnia, Tumca vidre
am axali tipis talRaSemarbilebel hidroteqnikur nagebobas msoflio
gamoiyenebs, albaT upriani iqneba misi sikeTiT jer sakuTar qveyanaSi
visargebloT. imeds vitovebT, rom Sesabamisi stuqturebi aRniSnuli
inovaciuri teqnoloogiiT dainteresdebian da mis danergvas Seuwyoben xels,
kerZod:

• SemoTavazebuli axali formis efeqturi motivtive talRaSemarbilebeli
hidroteqnuikuri nagebobis bmuli kompleqsis mowyobiT sanapiro-
rekreaciuli zolis teritoriebze mniSvnelovnad Semcirdeba
adgilobrivi warecxvebis moculoba natanis migraciis gaTvaliswinebiT.
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• axali formis efeqturi motivtive talRaSemarbilebeli hidroteqnikuri
nagebobis bmuli kompleqsis mowyoba zogadad xels Seuwyobs sanapiro
zolis infrastruqturis keTilmowyoba-ganaSenianebasa da mis ekologiur
dacvas, Sesabamisad SesaZlebeli gaxdeba  plaJsa da Ria navsadgurebze
(baTumi, foTi da sxv.) inovaciuri proeqtebis ganxorcieleba.

• aRniSnuli RonisZiebebis ganxorcieleba mizanSewonilia misi
efeqturobis, xanmedegi (ara naklebi 60 weli) da saimedo eqspluataciisa
da ekonomikuri maCveneblebis gamo dRemde arsebul  sxva tipis
napirdamcav nagebobebTan SedarebiT.

• axali formis efeqturi motivtive talRaSemarbilebeli hidroteqnikuri
nagebobis bmuli kompleqsis safuZvelze inovaciuri  winadadebis
realizacias adgilobriv da saerTaSoriso masStabiT kargi perspeqtiva
aqvs - problemis gadawyvetis praqtikuli mniSvnelobisa da misi
ganxorcielebis misaRebi Rirebulebidan gamomdinare.

3. daskvna
ganxilulia axali formis motivtive talRaSemarbilebeli sainJinro-

hidroteqnikuri nagebobis konstruqciis bmuli modelis laboratoriul-
eqsperimentuli gamocda, inovaciuri proeqtis SemuSaveba, adgilobriv da
saerTaSoriso bazarze misi realizaciis SesaZlebloba. novacia
SemuSavebulia zRvis sanapiro-rekreaciuli zolis mimdebare teritoriebis
ekologiuri  dacvis mizniT, im teritoriebze, sadac intensiurad aRiniSneba
sanapiro-rekreaciuli zolis (plaJis)  Seuqcevadi warecxvebi da a.S.
aRniSnuli inovaciis danergva aseve SesaZlebelia Ria navsadgurebis
SemozRudvis rekonstruqcia-ganviTarebis proeqtebSi.

ნახ.  6. ნახ.7.
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metropoliteni rogorc rkinigzis
transportis saxeoba

T. kupataZe, g. kvantaliani, z. kupataZe,  n. kupataZe
(saqarTvelos   teqnikuri  universiteti,  m. kostavas q. 77, 0175,

Tbilisi, saqarTvelo)
reziume: statiaSi ganxilulia, rom mrewvelobis  swrafi tempiT
ganviTarebam, fabrikebis, qarxnebis, safinanso da savaWro centrebis
did qalaqebSi Tavmoyram, am qalaqebSi mosaxleobis arnaxulma zrdam,
sxva problebembTan erTad saqalaqo transportiT mgzavrTa gadayvanis
sakiTxic mwvaved daayena. vinaidan im droisTvis arsebuli miwiszeda
tranporti veRar akmayofilebda moqalaqeTa moTxovnebs, saWiro gaxda
axali alternatiuli samgzavro saSualebis Seqmna,romelic
nawilobriv mainc moxsnida satransporto daZabulobas mgzavrTa
gadayvanis saqmeSi. im mraval specialistebidan, romlebic aRniSnuli
problemis gadaWraze muSaobdnen, yvelaze saintereso idea „miwisqveSa
sarkinigzo xazis mSeneblobis“ wamoayena londonelma advokatma
Carlz pirsonma.
sakvanZo sityvebi: metropoliteni, miwisqveSa rkinigza, fari, lifti,
eqskalatori.

1. Sesavali
mrewvelobis swrafi tempiT ganviTarebam, fabrikebis, qarxnebis,

safinanso  da savaWro centrebis did qalaqebSi Tavmoyram iq mosaxleobis
arnaxuli zrda gamoiwvia. amitom did samrewvelo qalaqebSi sxva uamrav
problemebTan erTad saqalaqo tranportiT mgzavrTa gadayvanis sakiTxic
mwvaved daayena, radgan miwiszeda tranporti ukve veRar akmayofilebda
moqalaqeTa moTxovnebs,tramvai ukiduresi datvirTviT muSaobda,
gamosavali TiTqmis arsaidan Canda. aucilebeli iyo axali, alternatiuli
samgzavro saSualebis Seqmna, romelic qalaqebSi satransporto
daZabulobas Tundac nawilobriv mainc moxsnida.

mravali specialisti muSaobda am uaRresad aqtualuri problemis
gadaWraze. iyo saintereso winadadebebi, magram maT ganxorcielebaze
qalaqebis mesveurebi Tavs ikavebdnen.

2. ZiriTadi nawili
londonelma advokatma Carlz pirsonma wamoayena miwisqveSa sarkinigzo

xazis mSeneblobis idea.
iseve, rogorc yvela axal wamowyebas, konservatorma ingliselebma

Tavdapirvelad am winadadebasac eWvis TvaliT Sexedes da mis
ganxorcielebas mravali mowinaaRmdege gamouCnda, magram jiutma
advokatma didi muSaoba Caatara, raTa qalaqis xelisuflebis da sxva
skeptikosebisTvis daemtkicebina, rom aseTi gzis mSeneblobalondonisTvis
namdvili Sveba iqneboda. detaluri gaangariSebebis da saTanado
daskvnebis Semdeg mas bevrma dauWira mxari da gadawyda, rom gaeyvanaT
miwisqveSa rkinigza. Seneblobas xeli mohkida samSeneblo kompania
„metropoliten“-ma (rac berZnulad did, mTavar qalaqs niSnavs), swored am
firmis saxelwodeba  „metropoliteni“ miiRo miwisqveSa rkinigzam. mSenebloba
im periodisTvis arnaxulad mokle droSi-3,5 weliwadSi dasrulda da 1863
wlis 10 ianvars pirvel xazze-pedinkton-fedinkton-stritze matareblebis
moZraoba daiwyo.
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magram misi eqsploataciisas sxva problemebTan erTad gaCnda kidev
erTi uxerxuloba, kerZod is, rom im periodSi saqalaqo da saerTod
sarkinigzo transportze eleqtroenergiis gamoyeneba ar xdeboda,
miTumetes amis gakeTeba warmoudgeneli iyo miwis qveS, amitom samgzavro
matareblebi ZiriTadad qvanaxSiriT momuSave orTqmavlebiT moZraobdnen,
rac im droisTvis gamwevi meqanikuri Zalis yvelaze gavrcelebul
saxeobad iTvleboda.

metropolitenis eqsploatacia garTulebuli iyo imaTac, rom
orTqmavali didi raodenobiT kvamls gamoyofda, rac avsebda gvirabebs da
mgzavrebs mZime mdgomareobaSi agdebda. am kvamlis gvirabidan swrafad
gamodevna erT-erTi yvelaze rTuli problema iyo.mSeneblebi cdilobdnen
calkeuli ubnebi Ria wesiT moewyoT, raTa kvamls gareT gamosvlis
saSualeba hqonoda, xolo iq, sadac rkinigzis xazi gadioda miwidan
kvamli amodioda, am uxerxulobis miuxedavad mertopolitenis pirvelma
xazma miwiszeda transportTan SedarebiT didi upiratesoba  moipova da
misi ganviTareba swrafad daiwyo.

SemdgomSi metros mSeneblobaSi axali kompaniebi CaerTvnen,
romlebic samuSaoebs erTmaneTisagan damoukideblad da gansxvavebuli
proeqtebiT awarmoebdnen. ar arsebobda araviTari koordinacia, ramac
mdgomareoba iqamde miiyvana, rom londonis metropolitenis sxvadasxva
ubnebi teqnikuri da mSeneblobis TvalsazrisiT erTmaneTisagan didad
gansxvavdebodnen da rac mTavaria magistralebi damoukideblad
moqmedebdnen.

mxolod 1933 wels mTeli qseli londonis saqalaqo transportis
gaerTianebul direqcias gadaeca,ramac SesaZlebeli gaxada mSeneblobis
da eqsploataciis erTian standartSi moqceva, erTiani normativebis
gamoyeneba. 1953 wlis dasasrulisTvis gaiyvanes axali xazebi, romlebmac
damoukideblad momuSave ubnebi erTmaneTs daukavSira.

metropolitenis  matareblebis moZraoba orTqmavlis weviT 27 wlis
manZilze xdeboda da mxolod 1890 wlis 18 dekembers gadaiyvanes
eleqtrowevaze. pirvelma eleqtroficirebulma magistralma sitis raioni
samxreT londonis rkinigzis xazTan SeaerTes, riTac faqtobrivad
uzrunvelyofili iyo dedaqalaqis centris saqmiani nawilisa da
samxreTis kvartalebis saimedo satransporto kavSiri.

mSenebloba ZiriTadad Ria wesiT mimdinareobda, pirveli xazi,
romelic daxuruli meTodiT gaiyvanes, agebuli iyo 1870 wels inJiner
belous proeqtis mixedviT. gvirabebis gayvanisas qanebis saburRo fari da
Tujis tiubingebi gamoiyenes, romlebsac erTmaneTze qanCebiT amagrebdnen.
tiubingma Tavisi saxeli sityva „tiub“-isgan miiRo, rac mils niSnavs. im
periodSi inJiner gretxedis mier Seqmnili cilindruli gvirabebis
gamyvani farebi dResac warmatebiT gamoiyeneba miwis qveS didi CaRrmavebis
gvirabebis gayvanis dros.

me-20 saukunis 40-iani wlebis dasasruls metropolitenis
mSeneblobaSi daiwyo rkinabetonis tiubingebis gamoyeneba.

mSeneblobis periodSi inJinerma tomsonma Seqmna meqanikuri faris
konstruqcia, romelic pirvelad sengoralis xazze gamoiyenes.mogvianebiT
inJinerma preisma SeimuSava meqanikuri faris  modernizebuli konstuqcia,
romelsac mTeli rigi gaumjobesebuli detalebiT Tanamedrove
pirobebSic iyeneben gvirabebis da metropolitenebis mSeneblobebis dros.
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metroSi mgzavrTa Casayvan-amosayvanad gamoyenebuli iyo liftebi da
kibeebi, pirveli eqskalatori 1911 wels amuSavda. londonis metro aris
pirveli miwisqveSa transportis-metropolitenebis winapari, romelmac
gaamarTla da amis Semdeg maTi mSenebloba sxva did qalaqebSic daiwyo.

niu-iorki ara marto amerikis SeerTebuli Statebis, aramed mTeli
msoflios erT-erTi udidesi qalaqia.londonis msgavsad iqac mwvaved dadga
saqalaqo transportis problema, amitom metropolitenis mSenebloba iq 1863
wels daiwyo da 3 wlis Semdeg pirveli xazic  gaixsna, Tumca SemdgomSi
danarCeni sadgurebis mSenebloba neli tempiT mimdinareobda.

safrangeTis dedaqalaqis parizis arnaxulma zrdam me-19 saukunis Sua
periodSi seriozuli satransporto garTulebebi gamoiwvia. amitom miwisqveSa
rkinigzis magistralis mSeneblobis sakiTxi intensiurad ganixileboda,magram
safrangeTi-prusiis omma didi xniT gadado misi ganxorcieleba. mxolod 1898
wels martis TveSi miiRo qveynis mTavrobam gadawyvetileba 65 kilometriani 5
xazis mSeneblobis Taobaze.

1900 wlis ivnisSi parizSi saeqsploataciod gadaeca 13,5 kilometriani
sigrZis pirveli xazi 22 sadguriT, romelsac wlis ganmavlobaSi 40 milioni
mgzavri gadahyavda.

ruseTis imperiis yvelaze did qalaqSi-moskovSi tramvai me-19 saukunis
bolos gamoCnda. igi iyo masobrivi gamoyenebis erT-erTi pirveli transporti,
magram aSkara gaxda, rom momavalSi marto tramvais anabara moqalaqeTa
datoveba ar SeiZleboda da daiwyes sxva saxis transportis ganviTarebaze
zrunva.

1902 wels ruseTSi Camovida amerikeli inJineri gofi, romelmac
mTavrobas Tavisi firmis saxeliT sTxova nebarTva moskovSi Caetarebina
saZiebo samuSaoebi imis gasarkvevad SeiZleboda Tu ara iq iseTive miwisqveSa
rkinigzis gayvana, rogoric ukve muSaobda londonSi, niu-iorkSi da parizSi.
mTavrobam neba darTo.

magram am winadadebas imdeni winaaRmdegobebi Sexvda sazogadoebriobis
sxvadasxva wreebidan da samTavrobo struqturebidan, rom procesi
gaWianurda. moskovi izrdeboda, izrdeboda mosaxleobis raodenobac,
saqalaqo transporti ukiduresad gadatvirTuli iyo.

1931 wels sakavSiro mTavrobam miiRo gadawyvetileba dedaqalaqis
generaluri rekonstruqciis Taobaze.saswrafod unda mogvarebuliyo
saqalaqo transportis problemac, amitom 1932 wels daiwyo moskovis
metropolitenis mSenebloba, romlis pirveli rigi 1935 wlis 15 maiss Cadga
mwyobrSi.

amis Semdeg yofil ssr kavSirSi amoqmedda kidev ori metropoliteni-
leningradSi da kievSi.  dRis wesrigSi meoTxe-Tbilisis metropolitenis
mSeneblobis sakiTxic dadga.

3. daskvna
me-19 saukuneSi mrewvelobis swrafma ganviTarebam fabrikebisa da

qarxnebis did qalaqebSi Tavmoyram mosaxleobis arnaxuli zrda gamoiwvia,
ramac problemebi Seuqmna saqalaqo transportiT mgzavrTa gdayvanas. saWiro
gaxda axali alternatiuli satransporto saSualebis moZebna.am problemis
mogvareba SesaZlebeli gaxda miwisqveSa sarkinigzo xazis mSeneblobis

dawyebiT.
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maRliv  karkasul  SenobebSi  gamoyenebuli
seismodamcavi sistemebi

l. kaxiani, l. verulaSvili, g. futkaraZe
(saqarTvelos teqnikuri universiteti, m. kostavas # 77,0175,

Tbilisi, saqarTvelo)
reziume: statiaSi gadmocemulia maRliv karkasul SenobebSi
seismodamcavi sistemebis gamoyeneba, maTi saxeobebi, agebuleba
konst-ruqciuli gadawyveta, zemoqmedeba seismuri da inerciuli
Zalis cvlilebebze, deformaciis Semcireba da dinamiuri
maxasiaTeblebis dadgena.
sakvanZo sityvebi: miwisZvra, seismodamcavi sistema, sixiste, energiis
ganbneva, Zalvebi, deformaciebi.

1. Sesavali
miwisZvra  bunebriv  katastrofebs  Soris  erT-erTi yvelaze

saSiSi movlenaa, romelsac did maStabebSi gamovlenils Tan axlavs
ngreva, msxverpli da didi raodenobiT  materialuri zarali. miwisZvras
iwvevs  dedamiwis  wiaRSi mimdinare    procesebi, rogoricaa vulkanis
amofrqveviT  gamowveuli kastruli  Caqcevebi, afeTqebebi da sxva.xSir
SemTxvevebSi am procesis mTavari gamomwvevi  mizezi  teqtonikuri
procesebia,romelic dedamiwis liTosferos da  zeda mantiaSi xdeba.

dedamiwaze  weliwadSi  ramdenime  aTasi  miwisZvra  xdeba, zogierTi
maTgani damangreveli simZlavrisaa, zogi ki adamianisaTvis SeumCneveli.
miuxedavad mecnierebis didi mcdelobisa miwisZvris prognozireba
SeuZlebelia. mecnierebis kvlevebis Sedegad  dadgenilia, rom rodesac
mzeze xdeba afeTqebebi, am  dros dedamiwaze  izrdeba teqtonikuri
aqtivoba, aseve  dakvirvebebma cxadyo, rom dedamiwaze momxdari miwisZvris
Semdgom mTvareze iwyeba garkveuli procesebi, rac gamoixateba kraterebSi
gazis naTebiT.  miwisZvrebs Tan axlavs sxvadasxva stiqiuri movlenebi,
rogoricaa: cunami, mewyeri, zvavi, Rvarcofi, xanZrebi da sxva.

yvela zemoT CamoTvlil movlenebs adamianebi gaangariSebis
meTodebis srulyofiT  da sainJinro meTodebiT ebrZvian, aumjobeseben
Senoba-nagebobebis saeqspluatacio pirobebs da xangamZleobas.

2. ZiriTadi  nawili
rogorc cnobilia saqarTvelos mTeli teritoria mdebareobs

seismurad aqtiur regionSi, amitom seismomedegi mSeneblobis problemebis
gadaWra umniSvnelovanesia qveynis ganviTarebisaTvis.

uaxloes periodSi momxdarma miwisZvris analizma daadastura, rom
daiRupa milionobiT adamiani, uamravi ojaxi darCa sacxovreblis gareSe,
qveynebma  daxarjes miliardobiT dolari, ganadgurda mravali Senoba-
nageboba da aunazRaurebeli ziani miayena ekonomikas.

saangariSo meTodebis srulyofis garda mecnierebi cdiloben
mSeneblobaSi farTod dainergos seismodamcavi sistemebi. aseTi
seismodamcavi sistemebi farTod gamoiyeneba iaponiaSi, CineTSi,
aRmosavleT evropis qveynebSi, amerikis SeerTebul StatebSi. seismodamcav
sistemebs iyeneben agreTve xidebis, estakadebis,s akulto nagebobebis,
monumentaluri qandakebebis da sxva dasacavad.
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statiaSi  gvinda  gavamaxviloT  yuradReba  rkinabetonis
maRlivi  karkasuli  Senobebis  seismodacvasa da seismomedegobis
amaRlebaze. seismodamcavi  sistemebis gamoyeneba  SesaZlebelia rogorc
axal  mSenebare nagebobebSi aseve arsebul SenobebSi.

saqarTveloSi seismodamcavi sistemebiT agebuli Senobebis
raodenoba Zalian mcirea, igi Semoifargleba seismuri sartyelis

mowyobiT, maRliv karkasul SenobebSi moqnili pirveli sarTuliT.

nax.1. moqnili pirveli sarTulis mqone Senoba
karkasul-panelur SenobebSi sakedle panelebSi Catanebuli

seismodamcavi konstruqciiT, iSviaTad sixistis diafragmebis da sixistis
birTvis mowyobiT.

literaturidan da miwisZvris Sedegebis analiziT irkveva, rom
seismodamcavi sistemebis gamoyeneba Senoba-nagebobebSi  amcirebs
miwisZvris  intensivobas,

miwisZvrisagan gamowveul Zalvebs, deformacias, romelic
pirdapirproporciulia

Senobis RirebulebaSTan, saimedoobasTan da usafrTxo
eqspluataciasTan. amdenad  yoveli axali seismodamcavi sistemis Seqmna
da gamoyeneba umniSvnelovanesia.

saqarTveloSi  dReisaTvis mSeneblobis tempis zrdasTan erTad
Senoba nagebobebis seismomedegoba erT-erTi ZiriTadi moTxovna iyi da
rCeba. gazrdilia moTxovnebi damproeqteblebisaTvis, maT  unda Seqmnan
axali  masalebis gamoyenebiT, drois minimaluri danaxarjiT, saimedo
SenobebiT, rac gulisxmobs saangariSo sqemis sworad SerCevas
gaangariSebis zusti meTodebis gamoyenebiT  da  konstruqciebis

optimaluri parametrebis dadgenas.

nax.2. seismodamcavi sistemebiT aRWurvili  Senoba
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Senobebis ngrevis  erT-erT mizezs warmoadgens saangariSo seismuri
Zala, romelic iwvevs inerciul Zalebs, gadaadgilebebs da Tu is iqneba
dasaSvebze didi gamoiwvevs Senoba-nagebobebSi bzarebs, deformacias da
SesaZloa ngrevasac.   SenobaTa   seismodamcavi Tanamedrove sistemis
Seqmna saTaves iRebs 1925 wlidan,  rodesac gamoqveynda viskordinis
winadadeba nagebobis sardafSi sferuli daboloebis elementebis
gamoyenebis Sesaxeb, misi azriT aseTi konstruqcia mniSvnelovnad
Seamcirebs miwisZvris dros aRZrul inerciul Zalvebs.

dReisaTvis xSirad gamoiyeneba sistemebi, romlebic amcireben
gruntisagan  nagebobaze  gadmocemul seismur aCqarebas, aseTi sistemebi
anu seismurad aqtiuri seismodamcavi saSualebebi iyofian ramdenime
jgufad: seismoizolaciuri  sistemebi, rxevis  CaxSobaTa  gamoyenebiT  da
kombinirebuli  sistemebi.  aRniSnuli jgufebi Tavis mxriv iyofian
qvejgufebad:  geometriuli, fizikuri, konstruqciuli samSeneblo
dinamiuri urTierTqmedebis da sxvaTa formebis mixedviT.

1930 wels amerikelma mecnierebma wamoayenes idea moqnili pirveli
sarTulis Seqmnis Sesaxeb. mkvlevarebi Tvlidnen rom moqnili pirveli
sarTulis mqone Senobebis reaqcia naklebi unda yofiliyo xisti  Senobis
reaqciaze,  radgan moqnili pirveli sarTulis Tavisufali rxevis
periodi didia, miRebuli dinamiurobis koeficienti mcire, rac iwvevs
seismuri Zalebis Semcirebas,am  periodidan daiwyo  amerikaSi  maRlivi
karkasuli Senobebis masiuri mSenebloba moqnili pirveli sarTuliT.

moqnili pirveli sarTulis mqone SenobebSi pirvel sarTulzea
moqnili CarCo, CarCos elementebi aiReba mcire ganivkveTis, xolo Senobis
zeda nawili sakmaod xistia, amitom deformacia mcirea da gaangariSebebSi
SeiZleba mxedvelobaSi ar miviRiT. miwisZvris dros qveda moqnili
pirveli sarTuli deformirdeba, xolo zeda nawili asrulebs gadataniT
moZraobas. miwisZvris Sedegebis analizma aCvena, rom moqnili pirveli
sarTulis gamoyeneba sagrZnoblad amcirebs Senobis zeda nawilze moqmedi
seismuei Zalis sidides,miwisZvrisagan faqtiurad isini ar ziandebian.

3. daskvna
es metad efeqturi konstruqciuli RonisZieba mTel msoflioSi

gavrcelda da didi mowonebac daimsaxura. saqarTveloSi karkasuli
Senobebis mSeneblobis dawyebisas aigo mravali Senoba moqnili pirveli
sarTuliT da dResac warmatebiT xorcieldeba. sazRvargareT gamoiyeneba
liTonis seismodamcavi kavSirebi, romelic svetebs Soris aris
ganTavsebuli da amcirebs seismuri Zalisagan gamowveul gadaadgilebas.
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piqtograma – uZvelesi istoria da Tanamedrove viTareba
g. royva

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

reziume: arqiteqturuli garemos dizaini, romlis Semadgeneli nawilia
informaciuli grafikuli dizaini, es aris urTierTobis da
informaciis gadacemis universaluri ena.
es aris reklama, plakati, banerebi, piqtogramebi. ukanaskneli
SedarebiT gavrcelebulia da piqtogramebis ena gasagebia Targmanis
gareSe nebismieri asakis yvela adamianisTvis. informaciuli dizaini
sazogadoebriv sivrceebSi – saSualebaTa erTobliobaa, romelic
gamoiyeneba metad komfortuli yoveldRiuri cxovrebis Sesaqmnelad.
Tavdapirvelad piqtograma iyo damwerlobis pirveli saxeoba.
safuZvlad piqtogramul damwerlobas udevs calkeuli Tematuri
naxatebi aRwerilobiTi xasiaTisa, romelsac SeuZlia gadasces
informaciis vrceli monakveTi. dRes piqtograma gamoiyeneba rogorc
niSani, romelic gamoxatavs obieqtis, sagnis an movlenis mTavar
maxasiaTeblebs, romelsac is gamoxatavs, xSirad yvelaze sqematuri
saxiT vizualuri aRqmis gaadvilebis mizniT.
es statia aris eqskursi piqtogramebis istoriaSi, vizualuri
komunikaciis erT-erT saxeobaSi, romelic ukve gaxda yoveldRiuri
cxovrebis nawili.
sakvanZo sityvebi: piqtograma, sagzao niSnebi, vizualuri komunikaciebi.

1. Sesavali
saswavlo dawesebulebebSi, sadac Seaswavlian arqiteqturas da dizains,
mniSvnelovani adgili ukavia sagans – arqiteqturuli garemos dizaini,
romlis Semadgeneli nawilia informaciul grafikuli dizaini. esaa
vizualuri komunikaciebi: informaciis gadacemisa da urTierTobis
universaluri ena. amaSi Sedis reklama, plakatebi, banerebi, piqtogramebi.
es ukanaskneli yvelaze metadaa gavrcelebuli da amis magaliTebia:
saerTaSoriso sagzao niSnebi, satransporto terminalebisa da kvanZebis,
sazogadoebrivi nagebobebisa da quCebis piqtogramebi. maT naxavT
saavadmyofoebSi, biblioTekebSi, dasvenebis zonebSi an Tundac nivTebisa
da produqtebis SefuTvebze. piqtogramebis enas ar sWirdeba Targmani – is
yvelasaTvis gasagebia, amerikeli iqneba es Tu qarTveli, Tundac bavSvi,
romelmac wera-kiTxva ar icis.

2. ZiriTadi nawili
sazogadoebrivi sivrceebis informaciuli dizaini aris im saSualebebis
erToblioba, romlebic gamoiyeneba Tanamedrove qalaqebis yoveldRiur
cxovrebaSi meti komfortis Sesatanad. informaciis formirebiT da
mowesrigebiT es dargi mas aqcevs ufro moculobiTad, gasagebad da amave
dros ufro mimzidvelad. dizaini aris qalaqis, qalaqis Sesaxeb da
qalaqisaTvis arsebuli vizualuri komunikaciebis mniSvnelovani nawili.
vizualuri komunikaciebia: kavSiris optikuri arxiT informaciis miReba-
gadacemis procesi; informaciis specifiuri saSualeba sivrciT-sagnobriv
garemoSi adamianisTvis orientaciis gasaadvileblad; am saSualebebis
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proeqtirebasTan dakavSirebuli dizaineris profesiuli moRvaweobis
sfero.
tradiciulad vizualur komunikaciebs miekuTvneba grafika, foto, kino,
televizia, reklamebi, gamofenebi, poligrafiuli produqcia. nebismieri
komunikaciis saSualebaa niSani, romelic ganisazRvreba rogorc
materialuri obieqti (moculobiTi, brtyeli, manaTobeli, moZravi), aseve
azrobrivi erTeuli, romelic gvevlineba sxvadasxva niSnis saxiT: niSani-
aso, niSani-simbolo, niSani-piqtograma.
piqtograma (laT. pictus - “daxatuli” da berZ. γράμμα “Canaweri”) – niSania,
romelic gamosaxavs im obieqtis, sagnis an movlenis umniSvnelovanes
amosacnob Tvisebebs, romelsac is miuTiTebs, ufro xSirad-sqematurad.
dizainSi piqtograma stilizebuli da iolad amosacnobi grafikuli
gamosaxulebaa. igi gamartivebulia vizualuri aRqmis gasaioleblad.
piqtograma aZlierebs gamosaxuli obieqtis saxasiaTo nakvTebs. esaa
gamartivebuli naxati, romlis saSualebiT romelime sagani, movlena an
qmedeba sayovelTaod gasagebi xdeba.
amJamad piqtogramebs aqvT viwro specializebuli da meorexarisxovani
roli (mag. sagzao niSnebi, momxmareblis kompiuteris grafikuli
interfeisis niSnebi da a.S.). Cveuli, anbanuri damwerlobisagan
gansxvavebiT, romelic bunebrivi enis mravalsafexurian xasiaTs
gamosaxavs (ix. sur. 1).

sur 1
Cvens droSi piqtogramebs, rogorc vizualuri komunikaciis saxeobis,
farTod gavrcelebis miuxedavad, uZvelesi istoria aqvT.
piqtograma damwerlobis pirveli saxeobaa. piqtografiuli damwerlobis
safuZveli moTxrobiTi (an aRweriTi) xasiaTis Tematuri naxati, an
naxatebis wyebaa, romelsac didi moculobis informaciis gadmocema
SeuZlia. piqtografiuli naweri xis naWerze, qvaze an Tixis firfitaze
gamosaxuli naxatebia. maTze Cans movlenebi, moqmedebebi, calkeuli
sagnebi. piqtogramiT SeiZleboda informaciis did manZilze gadatana,
garkveuli xasiaTis informaciis (mag. wonis sistemis, an saqonlis
Sefasebis sistemis) ukvdavyofa, aseve TaobebisaTvis legendebisa da
heroikuli Tqmulebebis SenarCuneba. aseT informacias gamosaxavdnen
taZrebisa da sakurTxevlebis kedlebze, aseve cnobil TanamedroveTa
saflavis qvebze.
piqtografiul damwerlobaSi erT gamosaxulebas SeuZlia gadmosces
mTeli Setyobineba misi calkeul nawilebad, sityvebad an grafikul
elementebad danawevrebis gareSe.
piqtograma – sqematuri naxatia, romelsac ar aqvs aranairi mxatvruli
funqcia. piqtografiul werilSi mTavaria daxatuli gamosaxulebis
siswore, imisaTvis, rom adresatma uproblemod gaigos Setyobinebis arsi.
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igi mxolod gamoxatvis arss gadmoscems. amasTan iseTi Tvisebebi,
rogoricaa enobrivi Taviseburebebi, emociuri datvirTva, mxatvruli mxare
an Tundac gzavnilSi sityvebis Tanamimdevroba – miuwvdomeli rCeba (ix.
sur. 2).

sur. 2
mainc rodis warmoiqmna piqtografiuli damwerloba? damwerlobis
warmoqmnis mTavari wyaro iyo pirvelyofili adamianebis sacxovris
gamoqvabulebSi arsebuli kedlis mxatvroba. magram uZvelesi xalxis
kedlis mxatvrobis yvela nimuSi ar gadmoscemda informacias. zogierTi
maTgani sakulto da magiuri ritualebis aucilebeli atributi iyo. zogi
naxati ki adamianebis esTetiuri siamovnebis dasakmayofileblad
sruldeboda – pirvelyofil adamianebsac hqondaT silamazis SegrZneba.
magram im piqtografiuli damwerlobis warmoqmna, romelic ar iyo
dakavSirebuli magiur da religiuri ritualebTan, gamowveuli iyo
praqtikuli saWiroebiT. is iTvaliswinebda ara mxolod uSualod
adamianTa Soris, aramed Sor manZilze urTierTobasac. piqtogramebs
iyenebdnen zepiri Txrobis danamatad, an imisaTvis, rom mTxrobels ar
gamorCenoda Txrobis mniSvnelovani detalebi, an Tundac mosmenilis
gansamtkiceblad. varaudoben, rom piqtograma, rogorc damwerloba
warmoiSva neoliTis epoqaSi – esaa Cvens welTaRricxvamde rva aTasi weli.
piqtografiis ganviTarebis sawyisi etapi Temuri wyobis warmoSobas
ukavSirdeba – am dros xalxi martivi gamosaxulebebis saSualebiT
gadascemdnen movlenebis, ambebis da sagnebis  Sesaxeb  informacias.
damwerlobis Camoyalibeba ganpirobebuli iyo mcire tomebis gaerTianebiT
didi Temis SeqmniT. amasTan, aucilebeli gaxda savaWro da gacvliTi
urTierTobebis daregulireba ara mxolod Tems SigniT, aramed mezobel
Temebs Sorisac. piqtografiuli damwerloba ra Tqma unda, uZvelesi
damwerlobaa, magram misi gamoyeneba SedarebiT axlo warsulSi Sewyda.
amerikel indielTa bevri tomi am saxis damwerlobas iyenebdnen im dros,
roca evropelebi gadasaxldnen amerikis kontinentze. arc ise didi xnis
win piqtografiul damwerlobas iyenebdnen ukiduresi CrdiloeTis
macxovreblebi da afrikis zogierTi tomebi.
meoce saukuneSi piqtogramebi aRweven grafikasa da azrobriv datvirTvaSi
maqsimalur gamomsaxvelobas. amis magaliTia olimpiuri piqtogramebi. esaa
Temisadmi SemoqmedebiTi midgomis etaloni.
dRes, olimpiuri piqtogramebi Cveuli niSnebia, romlebic gamosaxaven
sportis olimpiur saxeobebs. pirveli aseTi piqtogramebi gamoyenebul iqna
1936 wlis berlinis olimpiadaze. es iyo martivi gamosaxulebebi,
romlebic pirobiTad Tu CaiTvleboda sistemurad.
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olimpiuri piqtogramebis pirveli mowesrigebuli sistema sportis
sxvadasxva saxeobebisa da servisebisaTvis (gzismkvlevi, kvebis obieqti).
gamoyenebul iqna 1964 wlis tokios olimpiur TamaSebze. yvelasaTvis
gasagebi niSnebis sistemis danergvis efeqturoba imdenad didi iyo, rom
olimpiuri piqtogramebi yvela Semdgomi olimpiuri asparezobis
aucilebeli atributi gaxda.
aq pirvelad iqna gamoyenebuli olimpiur programaSi Semavali sportuli
TamaSebis, servisebisa da momsaxurebis sferos piqtogramebis sistemurad
damuSavebuli da mowesrigebuli seria. mxatvar masaru kacumisa da
dizainer iosiro iamaSitas SemoqmedebiTi jgufis mier Seqmnili
piqtogramebis sistema moicavda 20 sportul da 39 sainformacio saxis
piqtogramas. iTvleba, rom tokios olimpiurma piqtogramebma daiwyes
olimpiuri dizainis axali epoqa, waradgines ra mTavari gamosaxveli
siuJetis saxiT spotsmenis stilizebuli figura (ix. sur. 3).

sur. 3

3.daskvna

es statia piqtogramis, rogorc vizualuri komunikaciis erT-erTi saxis,
istoriis eqskursiaa. piqtograma ukve gaxda adamianis yoveldRiuri
cxovrebis ganuyofeli nawili da ganagrZobs ganviTarebas.
vusurvebT dizainerebsa da studentebs Tanamedrove piqtogramebis
saxeobebis SeqmnaSi warmatebebs.
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anTropogenuri  datvirTvisas teritoriis
ekosistemis mdgradobis SenarCunebis sakiTxebi

z. burWulaZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175,

Tbilisi saqarTvelo)
rezume: bunebaze anTropogenurma datvirTvam, dRevandelma
teqnikurma simZlavreebma miaRwia biosferuli procesebis masStabebs
da Sedegad saxeze gvaqvs biosferos cvlilebebi, teritoriebis
ekologiuri mdgradobis Sesusteba. naSromSi ganxilulia bunebrivi
sistemebis mdgradoba, misi Sefasebisa da SenarCunebis meTodebi.
sakvanZo sityvebi: ekologia, anTropogenuri, biosfero, buneba,
teritoriis mdgradoba, bunebrivi daculobis koeficienti.

1. Sesavali
Tanamedrove sazogadoebis garemosTan urTierTmoqmedebis

masStabebi  ganisazRvreba ZiriTadSi adamianis moqmedebis diapazoniT, rac
dakavSirebulia teqnikuri da socialuri donis mzard  ganviTarebasTan.

ekologiis ganviTarebam, rogorc mecnierebam, romelic swavlobs
organizmebis urTierTdamokidebulebas garemosTan, migviyvana im
mosazrebamde, rom adamianTa sazogadoeba misi kavSirebiT bunebasTan unda
daemorCilos ekologiur kavSirebs. aseTi damokidebuleba mkveTrad
Secvlida ekologiis rols, romelmac SeiZina gansakuTrebuli
pasuxismgebloba  mravali problemis gadawyvetisas, maT Soris mTavaris,
rogoricaa problema  bunebrivi resursebis  racionaluri  gamoyeneba  da
garemos  cxovrebis  mdgradobis  uzrunvelyofa. am amocanis  warmatebiT
ganxorcielebisaTvis mniSvnelovania gacnobiereba sazogadoebisa da
bunebis dialeqtikuri erTianobis  uwyvetobaze. bunebisa da sazogadoebis
dialeqtika es aris ganviTarebis uwyveti procesi. rogorc buneba
moqmedebs uwyvetad da mudmivad sazogadoebaze, aseve sazogadoebac
uwyvetad, mudmivad moqmedebs bunebaze. buneba gvevlineba rogorc
cxovrebis saSualebis wyaro. es urTierTdamokidebuli mimarTuleba
atarebs obieqtur xasiaTs, aseTi uwyveti da cocxali  urTierTkavSirebis
gareSe  kacobrioba ver  SeZlebs arsebobas.

2. ZiriTadi nawili
sazogadoeba Tavisi qmedebebiT da bunebis mimarT ZiriTadSi

gamoyenebiTi politikiT angrevs  Camoyalibebul bunebriv kompleqsebs.
adamianis SeWra bunebaSi, rac gamowveulia cxovrebiseuli saqmianobiT,
adamianTa moTxovnebis dakmayofilebis aucileblobiT garkveulwilad
deformacias ukeTebs bunebriv samyaros, cvlilebebi Seaqvs masSi
mimdinare procesebSi. bunebisa da sazogadoebis urTierTmoqmedebas
axasiaTebas urTierTsawinaRmdego procesebi, rac maTi qmedebebis
saZirkvelSi devs da  dakavSirebulia rogorc sazogadoebis bunebaze
zemoqmedebis  Taviseburebaze, aseve bunebis gardaqmnis maxasiaTebelze da
Taviseburebebze  cnobili amerikeli mecnieri  i. odumi wers, rom „Tu
Cven  gvinda ganvixiloT adamianTa  bunebrivi da kulturuli  Tvisebebis
urTierTmoqmedeba, adamianis ekologia unda gamovides saerTo  ekologiis
CarCoebidan“, socialuri ekologia Tanamedrove mecnierebaSi
warmogvidgeba„ rogorc noosferos formirebis Teoria“, romlis
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CarCoebSiac  vagebT garemos  marTvis  algoriTmebs  (39), noosfero, anu
gonierebis sfero, rogorc mecnierebi aRniSnaven, SeiZleba raRac
garkveul donemde  daeTanxmo imis mtkicebas, rom  socialurma ekologiam
rogorc Teoriam neoosferos Camoyalibebisa marTos garemo algoriTmebis
safuZvelze. mxolod, rogorc Cven warmogvidgenia ar SeiZleba
socialuri ekologiis gaigiveba noosferos  formirebis TeoriasTan,
romelic aris ufro farTo da Sinaarsiani. noosferouli moZraoba  es
aris  gansakuTrebuli samecniero kvlevis  sfero, maT soris  socialur-
ekologiurisa, romelic cdeba winamdebare naSromis miznebs da amocanebs.

amrigad, mecnierTa da sazogadoebis warmomadgenelTa yuradReba
mipyrobili unda iyos dRiTidRe ufro aqtualur da garTulebul
socialur-ekologiuri  problemis mimarT. Cveni rwmeniT, am problemebis
gadawyveta, pirvel rigSi, unda mdgomareobdes im mTavari mizezis
aRmofxvraSi, romelic arsebobs. kerZod:

- araTanmimdevruli, urTierTgamomricxavi da upasuxismgeblo
saxelmwifo politika   bunebaTsargeblobis sferoSi;

- dabali efeqturoba garemos dacvis sameurneo meqanizmis  eqspluataciis
realuri  pirobebisa;

- mosaxleobisa da saxelmwifo Cinovnikebis saerTo   ekologiuri
kulturis da ganaTlebis dabali  done;

- samoqalaqo sazogadoebis institutebis saqmianobis  araefeqturoba
socialur-ekologiuri  problemebis  gadawyvetaSi, adgilobrivi
TviTmmarTvelobiTi organoebis CaTvliT.
rogorc cnobilia, bunebrivi sistemebis mdgradoba es aris  sistemis

iseTi unari, romelsac SeuZlia  daabrunos is  im wonasworobaSi,
romelic  mas hqonda manam, sanam gare Zalebis zemoqmedebis Sedegad  ar
dairRveoda. aseTi unari, rogorc wesi, axasiaTebs iseT sistemas, romlis
gadaxrac mudmivi  zemoqmedebis Sedegad  dasaSveb   farglebSia da ar
aRemateba  e.w. „mdgradobis  marags“.

yovel  anTropogenul an  erTobliv  Semoqmedebas Seesabameba Tavisi
konkretuli teritoriis zRvruli mdgradoba, ramdenadac,mravalsaxovania
landSafti, imdenad ufro mdgradia, da es gamoixateba  upiratesad  didi
raodenobiT  da Tanabrad  ganawilebuli  bunebrivi biogeocenozebiT,
bunebaTdacviTi zonebiT da gansakuTrebiT daculi  teritoriebiT,
romlis erToblivi farTi Seadgens teritoriis  ekologiur fonds,
ramdenadac es farTi metia, miT maRalia  teritoriis  bunebrivi
daculoba  da  landSaftis mdgradoba. aqve unda aRiniSnos, rom
teritorias, romelsac aqvs anTropogenuri datvirTvis maRali xarisxi,
axasiaTebs dabali bunebrivi daculoba. rogorc zemoT avRniSneT, Tu
SevadarebT konkretuli teritoriis  farTs, sakvlevi teritoriis saerTo
farTTan miviRebT  teritoriis  bunebrivi daculobis koeficients.

anu (1)

sadac, - sakvlevi teritoriis saerTo farTi, F - konkretuli
teritoriis farTi.

aq yuradReba unda mieqces da dadgindes  teritoriasTan mimarTebaSi Tu
rogoria:

- bunebriv-landSafturi diferenciacia;
- landSaftisa da misi calkeuli komponentebis mdgomareoba;
- landSaftze anTropogenuri zemoqmedebis sidide;
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- landSaftis winaaRmdegobis unari anTropogenur  datvirTvaze;
- ekologiuri situaciis  simwvave.
bunebrivi sistemebis saxeebidan gamoyofen:
inertuls, anu rodesac sistemas aqvs unari SeinarCunos misi  mdgradoba

gare Zalebis zemoqmedebisas drois garkveuli periodis manZilze;
plastiurs - rodesac sistema   gadadis erTi  mdgomareobidan

wonasworobis meore mdgomareobaSi ise, rom inarCunebs mis  Sinagan
kavSirebs,   da

aRdgeniTi saxe - rodesac sistemis unari ubrundeba sawyis
mdgomareobas gare zemoqmedebis  Sedegad.

pirveli ori, inertuli da plastiuri, ganekuTvneba  adapciur saxes, anu
ekosistemas aqvs unari winaaRmdegoba gauwios  gare Zalebs, xolo aRdgeniTi
saxe ki xasiaTdeba regeneraciuli unariT da SeuZlia  aRidginos misi
Tviseba  anTropogenuri datvirTvis Semdeg.

mkvlevarTa umetesoba gvTavazobs ekosistemis mdgomareobis  mixedviT
teritoriis dayofas oTx zonad: normis farglebSi, riskis qveS myofis,
krizisuli da ubedurebis zona da mas ganmartaven ekologiurad
arasasurvelobis TvalsazrisiT Semdegnairad:

● ekologiuri normis zona: teritoria, romelsac aqvs unari gauZlos
arsebul ekologiur datvirTvas ise, rom ar dakargos ekologiuri
xarisxi;

● ekologiuri riskis zona: es aris teritoria, romelsac  darRveuli aqvs
ekologiuri xarisxi, magram misi mdgrad mdgomareobaSi dabruneba
SesaZlebelia, xolo im pirobiT, Tu Sesustdeba antropogenuri
datvirTvis doza, an unda  gatardes  kompleqsuri  aRdgeniTi
RonisZiebebi. imavdroulad unda gvaxsovdes, rom aseT teritoriebze
zaralis riski yovelTvis maRalia, Tu garkveuli dacviTi  RonisZiebebi
ar iqna  gaTvaliswinebuli.

● ekologiuri krizisis zonas ki ganekuTvneba is teritoria, romelzedac
uaryofiTi damangreveli zemoqmedeba SeiZleba Tavidan iqnes acilebuli,
Tu mTlianad Sewyvetili iqneba masze antropogenuri zemoqmedebebi da
gatarebuli iqneba aRdgeniTi samuSaoebi. imavdroulad unda gvaxsovdes,
rom es RonisZiebebi riskis dadablebisa ar aris  sakmarisi imisaTvis, rom
Tavidan iqnes   acilebuli   ekonomiuri danakargi.

● ekologiuri ubedurebis zonas miakuTvneben im teritorias, romelsac
praqtikulad aqvs ekosistemis Seuqcevadi darRveva da romelzedac
ekonomiuri zarali gardauvalia nebismieri dacviTi RonisZiebebis
gatarebis  miuxedavad.

degradirebuli teritoriis farTis  wilis maCvenebeli aseTia:
- ekologiurad normaluri zonisTvis 5% naklebi,
- ekologiurad  riskis  zonisTvis 5 – 20 % - mde,
- ekologiurad   krizisis zonisTvis 20 – 50 % - mde,
- ekologiurad   ubedurebis zonisTvis 50 % - mets.

dasaxlebuli adgilis  funqcionireba (an qalaqis) ganisazRvreba
bunebrivi da anTropogenuri qvesistemebis urTierTmoqmedebiT da
pirdapir damokidebulia im Zalebze, romlebic gadajaWvulia
anTropogenur zemoqmedebasTan da mibmulia teritorialurad
dakavSirebul samrewvelo da sacxovrebel obieqtebTan, agreTve bunebrivi
qvesistemebis buferul moculobasTan, romelic Seadgens saerTo
urbobiocenozs, amitom garemos SenarCunebisa da gaumjobesebis sxvadasxva
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RonisZiebebis sistemaSi mniSvnelovani zdgili sxva RonisZiebebTan erTad
miekuTvneba  dasaxlebuli  adgilebis - teritoriis   gamwvanebas.

teritoriis efeqturimorganizaciis SefasebisaTvis gamoiyeneba
ekologiuri stabilurobis koeficientebi, anu landSaftis unari
SeinarCunos misi  ZiriTadi Tviseba, rogoricaa mTlianoba, funqcionireba
da dinamika, gare zemoqmedebis dros.

zemoT avRniSneT, rom  jer kidev 1980 wlis bolos  slovakelma
mecnierebma  e. gaisem, i. ribarskim da  f. Sveglam ganaxorcieles miwis
savargulebis Semadgenlobis zemoqmedebis Sefaseba teritorialuri
dabalansebis donesTan ekologiuri stabilurobis koeficientebis
daxmarebiT da   miwis  savargulebis ekologiuri zemoqmedebiT.

ekologiuri stabilurobis koeficienti savargulebis sxvadasxva
Semadgenlobisas  ganisazRvreba  formuliT:

(2)
sadac, Ki -i-ri saxis (saxeobis) savargulis ekologiuri Tvisebis

koeficienti (romelic tolia: tyisa da xe-buCqovani  mcenareulobisTvis-1;
Waobisa da wyalsatevebisaTvis-0,79; saTibebisaTvis-0,62; saZovrebisaTvis-
0,68; saxnavebisaTvis-0,14; nasveni miwisTvis (buTobi); -0,70; mravalwliani
nargavebisaTvis-0,43; sacxovreblisTvis, darRveuli da sxva miweebisTvis-
0).

Pi-i-ri saxis savargulis farTi; Kრ - reliefis  morfologiuri
stabilurobis  koeficienti (Kრ =1.0-dan  stabiluri  teritoriebisaTvis
Kრ= 0,7-mde arastabiluri teritoriebisaTvis) Tu angariSis Sedegad
miRebuli mniSvneloba Кეს<0.3, im SemTxvevaSi teritoria iTvleba
ekologiurad arastabilurad, xolo თუ Кეს= 0.34 ...0,5 aramdgrad stabilurad

Кეს= 0.51 ...0,66 saSualod stabilurad Кეს>0.67 am SemTxvevaSi teritoria
gamoirCeva ekologiurad maRali stabilurobiT.

3. daskvna
Tanamedrove cxovrebis stiliT, aqtiuri qalaqTmSeneblobiTi aTvisebiTa

da bunebaze anTropogenuri datvirTvis maRali doniT gamowveuli
ekologiuri problemebi dRiTidRe ufro met aqtualobas iZens. teritoriis
ekologiuri mdgomareobis (stabulurobis) codna da misi swori ekologiuri
dagegmarebis meTodebis danergva Tanamedrove qalaqTmSeneblobaSi,
mniSvnelovnad gaaumjobesebs mosaxleobis socialur da higiunur pirobebs,
teritoriis ekologiur stabilurobas da mis unars SeewinaaRmdegos gare
mavne zemoqmedebiT gamowveul datvirTvebs.
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nagebobis rekonstruqciis zogierTi Taviseburebebi
l. balanCivaZe, i. Wanturia

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

reziume: naSromSi ganxilulia saqarTveloSi, arsebuli Zveli
nagebobebis rekonstruqciisaTvis SerCeuli  teqnologiebis riskebsa
da maTi gavlena konstruqciuli elementebis zidvis unarze.
sakvanZo sityvebi: samSeneblo konstruqciebi, riskebi,
saZirkveli, grunti, Senoba-nagebobebi, deformaciა, mdgradoba,
simtkice.

1. Sesavali
Senobis gamagrebis teqnologiis SerCevisas mniSvnelovania Semdegi

faqtorebi: Senoba-nagebobis konstruqciuli gadawyveta, gruntis
mdgomareoba da im organizaciis teqnologiuri aRWurviloba, romelic
axorcielebs am samuSaoebs. amJamad, arsebuli Tanamedrove aRWurvilobiT
SesaZlebelia, Senobis saZirkvlisa da gruntis gasamagrebeli samuSaoebis
Sesruleba teqnologiurad ufro swrafad, saimedod, xelis samuSaoebis
minimumamde dayvaniT.

gaangariSebis Tanamedrove meTodebi pirvelad iZleva saZirkvlisa
da gruntis gasamagrebeli teqnologiis konkurentunariani  modelirebis
saSualebas geoteqnikuri informaciis safuZvelze. tradiciul
teqnologiebze uaris Tqma  saTanado gaangariSebis gareSe ar SeiZleba.
is xSirad  dadebiT efeqts iZleva axal, Tanamedrove teqnologiebTan
erTad kompleqsSi.

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

xangamZleobisa da saimedoobis uzrunvelyofa, rac SesaZlebelia mzidi
elementebis normaluri eqspluataciaSi CarTvisa da gamoyenebuli
teqnologiuri procesebis xarisxianad da samSeneblo normebis sworad A
SerCevisas. es ki xSir SemTxvevaSi ver an ar sruldeba, Senoba-nagebobaTa
aRgenisas realuri riskebis ar gaTvaliswinebis gamo.
D   dRevandel saqarTveloSo ar arsebobs daproeqtebisa da mSeneblobis
xarisxobrivi kontrolis regulaciebi (standartebi, mSeneblobis saxelmwifo
normebi da wesebi), romelic morgebuli iqneboda garemo – pirobebze, mis
specifikaze, geologiur pirobebsa da a.S. yvela ucxouri kompania, romelic
saqarTveloSi mSeneblobiTaa dakavebuli, sakuTari qveynis normatiul
dokumentebs eyrdnoba, xolo qarTuli kompaniebi ki sargebloben yofili
sabWoTa normebiT, rac realobas ar Seesabameba.

mTavari, rac moeTxoveba aseTi tipis mSeneblobasa da daproeqtebis
meTodebs, esaa yvelaze ekonomiuri da Tanamedrove  teqnologiebisa da
gaangariSebis meTodebis SerCeva, ramac unda uzrunvelyos energodanazogebi
da bioekologiuri garemos SenarCuneba. aseTi midgomebi amcirebs Senoba–
nagebobebis saeqspluatacio xarjebs da dadebiTad moqmedebs garemos
gavlenaze. saZirkvlebisa da gruntebis Ggamagrebis yvela tradiciuli
teqnologia efuZneboda ZiriTadad  arsebuli saZirkvlebis farTobis zrdas,
da Sesabamisad, saZirkvlis gruntze  datvirTvis  intensivobis Semcirebas.
Pparalelurad muSavdeboda teqnologiuri  meTodebi, romlebic
dakavSirebuli iyo  gruntebis Tvisebebis xelovnurad gaumjobesebasTan
sxvadasxva qimiuri reagentebis Seyvanis saSualebiT.
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nax.1. saZirkvlis  Ziris gafarToebis sqema (saZirkvlis Zirze datvirTvebis

ganawilebis epiura b.i. dalmatovis mixedviT): 1−arsebuli saZirkvli; 2−gafarToebis

konstruqcia; 3−armatura; 4− datvirTvebis epiura gafarToebamde; 5− epiura
saZirkvlis Ziris gafarToebisa da datvirTvis Semdeg.

Ggamagrebis am teqnologiis  nakli aris samuSaoTa mravalferovneba
sardafebis SemWidroebul pirobebSi. amasTan, rogorc wesi, gruntis wyoba
mudmivi tenianobis gamo, SeiZleba iyos destruqturizebuli, rac
dakavSirebulia  kulturuli fenis awevasTan. aseTi RonisZiebebi unda
Catardes kedlis wyobis sayrdeni nawilis  gamagrebasTan erTad kompleqsSi.
rac ganxorcielda kidec q. quTaisSi bagratis taZris mSeneblobaze, roca
saWiro gaxda taZris saZirkvlisa da kedlebis aRdgena-rekonstruqcia.
rogorc konstruqtori Tvlida, “Tu saZirkvlebs davsvamT ximinjebze, amiT
kedlebis gamagreba advili iqneba, radgan mTliani datvirTva gadava maTze”
[1].

nax. 2. saZirkvlis  gamagreba kedlebTan erTad

3.Ddaskvna
Aamrigad, Senoba-nagebobebis, gansakuTrebiT taZrebis rekonstruqciisas

saWiroa rogorc arsbeuli gruntisa da saZirkvlis fizikur-meqanikuri
maxasiaTebelebis dadgena, aseve saxuravis konstruqciebis aRdgenisas
winaswardaZabuli samSeneblo konstruqciis gamoyeneba, raTa SesaZlebeli
gaxdes  dazianebuli qvis kamaris konstruqciaze  axali saxuravis masebisa
da droebiTi (mag. Tovlis) datvirTvebis zemoqmedeba, vertikaluri mzidi
elementebis kveTebSi Zalvebis (Zabvebis) sasurveli gadanawilebis miRweva,
arsebul qvis TaRebsa da kamarebSi bzarebis sidideebis Semcireba an
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ratom ar aSeneben amerikaSi tipiur sacxovrebel saxlebs

m. menabde
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175,

Tbilisi, kostavas 77)
reziume: statiaSi ganxilulia TbilisSi arsebuli tipobrivi
sacxovrebeli saxlebi da igi Sedarebulia erTaderT amerikul
kvartals, romelic aSenebul iqna tipobrivi binaTmSeneblobis
principiT da mogvianebiT dangreul iqna gausaZlisi sacxovrebeli
pirobebis gamo.
sakvanZo sityvebi: tipobrivi saxli, industriuli meTodebiT
mSenebloba, masobrivi ganaSenianeba.

1. Sesavali
sabWoTa periodis tipobrivi sacxovrebeli saxlebis ganviTareba

etapobrivad xdeboda. sabinao industriis aRniSnuli 70-wliani periodi
TavisTavad moicavs sacxovrisis evoluciis ramodenime etaps, maT Soris
postrevoluciuri,stalinisturi periodis da tipobriv binaTmSeneblobas,
romelTagan TiToeuli xasiaTdeba Tvisobrivad da xarisxobrivad
gansxvavebuli gegmarebiTi midgomebiT.

1958 wels TbilisSi iwyeba muSaoba masobrivi sacxovrisis iseTi
tipis Seqmnaze, romelic industriuli meTodebiT mSeneblobas
daeqvemdebareboda. es iTvaliswinebda axali ekonomiuri binis proeqts.
wina wlebisagan gansxvavebiT, roca binaSi xSirad ramdenime ojaxs
asaxebdnen axla bina erTi ojaxisTvis unda yofiliyo gankuTvnili. Amis
gamo Semcirda TiToeuli sacxovrebeli erTeulis farTobi, Sesabamisad
iklo damxmare saTavsoebis sididem, ramac sabinao mSenebloba gaaiafa.

sacxovrebelTa Soris ganlagebuli iyo skolebi sabavSvo baga-
baRebi, maRaziebi da sayofacxovrebo daniSnulebis dawesebulebebi. calke
proeqtdeboda, zogjer ki sacxovrebeli saxlebis qveda sarTulebSi iyo
moTavsebuli. aRniSnuli procesi mxolod teqnikuri da sayofacxovrebo
amocanebis gadawyvetas isaxavda miznad da mxatvrul esteTur sakiTxebs
naklebi yuradReba eqceoda. fasadebi martivad muSavdeboda da gaqra
zedmeti dekoratiuli elementebi (sur. 1).

sur. 1 Tbilisi, tipobrivi sacxovrebeli saxlebi, saburTalo
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tipobrivi ganaSenianebiT miviReT ubralo geometriuli
moculobebis kompaqturi sacxovrebeli, mdgradi Tavisufali sivrceSi da
sacxovreblis problemis gadaWra moxda aseTi saxlebis masiuri
tiraJirebiT.

sainteresoa aRiniSnos, rom 1964 wels aSenebul saxlebTagan
tipobrivi proeqtirebiTaa aSenebuli 97,3% mSeneblobis
industrializaciam ganapiroba sacxovrebeli raionebis msxvil masivebad
dagegmareba. qalaqgegmarebaSi prioritetuli gaxda sacxovrebeli
raionebisa da mikroraionebis daproeqteba, romelTa teritoria ar
ikveTeboda satransporto magistraliT SeiZleba Tamamad iTqvas, rom
tipobrivma sacxovrebelma saxlebma efeqturi Sedegi gamoiRo yofili
sabWoTa kavSiris qveynebSi, Tumca igives ver vityviT amerikaze.

erTaderTi amerikuli kvartali, aSenebuli tipiuri binaTmSeneblobis
principiT, mogvianebiT dangreul iqna, gausaZlisi sacxovrebeli pirobebis
gamo.

1950 w. aSenda kompleqsi misuris Statis qalaq sent-luisSi, im
droisaTvis proeqti iTvleboda yvelaze ambiciurad.

kompleqss Savkaniani pilotis, meore msoflio omis gmiris oliver
pruitisa da TeTrkaniani kongresmenis misuris Statidan uiliam igous
sapativcemulod “pruig igous” saxeli daerqva.

sur. 2 “pruit igous” tipobrivi sacxovrebeli saxlebi

Pproeqtze muSaobda arqiteqtori minaru iamasaki, romelmac
mogvianebiT Seqmna niu iorkis cnobili caTambrjeni savaWro centri.

Kompleqsi “pruit igou” Sedgeboda 33-I 11-sarTuliani Senobebisagan,
kompleqsis Seqmnis arsi da mizani iyo saSualo klasis axalgazrda
ojaxebis problemebis gadaWra (sur. 2).

mSeneblobis adgilas iyo Savkanian RaribTa fenis barakebi, saSineli
sacxovrebeli pirobebiTa da quCebSi antisanitariiT. siRaribesTan
brZolis mizniT Statis mTavrobam jer kidev 40 –iani wlebis bolos
Caifiqra aseTi axali raionebis Seqmna (sur. 3).

sent-luisSi tipiuri sacxovrebeli kompleqsis asaSeneblad
mTavrobam 36 milioni dolari gamoyo, romelic sazeimod 1956 wels
gaixsna.
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sur. 3, sur. 4 “pruit igous” tipobrivi sacxovrebeli saxlebi

binebi iyo patara, izolirebuli da komfortuli, Tavdapirvelad
principiT 50/50 Sesaxlebulebi iyvnen, rogorc TeTrkaniani aseve Savkaniani
mobinadreebi.

Kkvartlis koncefcia igegmeboda mTeli amerikis masStabiT, Tumca
mogvianebiT aRmoCnda, rom kvartali erT weliwadSi gadaiqca kriminalur
raionad da im saSualo fenam, romelTaTvisac gansazRvruli iyo iq
cxovreba nel-nela datoves iqauroba. raioni mxolod SavkanianebiT iyo
dasaxlebuli, gaizarda kriminali.

imis gamo, rom mTavrobas Zviri ujdeboda kvartlis Senaxva 1969 wels
qiris Rirebuleba 3-jer gazarda.

komunaluri gadasaxadebis gadauxdelobis gamo mwyobridan gamovida
sakanalizacio sistema, mwvaved dadga quCebSi antisanitariis problema
(sur. 4).

1970 wels qalaqma raioni saSiS zonad gamoacxada. mTavrobis
gadawyvetilebiT, xalxis gamosaxleba metad ioli gansaxorcielebeli iyo
vidre infrastruqturis aRdgena.

1972 wels daiwyo kvartlis demontaJi, pirvelad daingra 3 Senoba,
romelic naCvenebi iqna nacionaluri arxiT. kadrebSi kargad Canda, rom
programa saxelwifo binaTmSeneblobis Sesaxeb kraxiT damTavrda (sur. 5).

sur. 5 aSS-s erT-erTi tipobrivi sacxovrebeli saxlis demontaJi
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3. daskvna

tipobrivma ganaSenianebam absoliturad sxva saxis problemebi Seqmna
Tbilissa da sent-luisSi.

amerikaSi binaTmSeneblobam socialuri problemebi Seqmna xolo
saqarTveloSi ki tipobrivma sacxovrebelma saxlebma arqiteqturuli
iersaxe daamaxinja.

masobrivi ganaSenianeba im saxiT rogoric warmoCenilia dRes, iwvevs
ara mxolod ukmayofilebas Tavisi mxatvruli esTeturi doniT, aramed aq
xdeba adamianTa gaucxoveba, sacxovrebeli adgilis mimarT, romelic
srulebiT ar gansxvavdeba asobiT, aTasobiT misi msgavsisagan. dRes
masobrivi ganaSenianeba `umisamarToa”, rasac tipobrivi proeqtebiT
`aRWurvis” garda xeli Seuwyo arqiteqtoris Canafiqris sruliad
ignorirebas.mikroraionebi da ganaSenianebuli tipiuri saxlebi gare
ubnebSi iyo ganlagebuli. is qalaqi centrs ar exeboda dRes ki
ganviTarda dedaqalaqi Sesabamisad ubnebi, romlebic adre gare ubnebs
warmoadgendnen axla aq mniSvnelovani mTavari quCebi gadis. Sesabamisad
gare ubnebisaTvis Seqmnili usaxo Senobebi dRes arqiteqturul saxes
qmnis.
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sainovacio politika saqarTveloSi
T. beWvaia

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

reziume: saxelmwifo sainovacio politikis ZiriTad miznebs
wamoadgens: - inovaciuri saqmianobisaTvis ekonomikuri
samarTlebrivi da organizaciuli pirobebis Seqmna. – warmoebis
efeqtianobisa da produqciis konkurent-unarianobis amaRleba.
bazisuri da gaumjobesebuli inovaciebis safuZvelze Seqmna da
gavrceleba. – sainovacio saqmianobis aqtivizaciis xelSewyoba da
sainovacio sferoSi mewarmeobisa da sabazro urTierTobebis
gaumjobeseba.
sakvanZo sityvebi: inovacia, sainovacio politika, bazisuri inovacia.

1. Sesavali
21-e saukuneSi warmatebuli qveynebis ganviTarebis strategia –

sainovacio politikis gatarebaa, rac gulisxmobs saxelmwifos mxridan
ara mxolod kvleviT sistemaSi siaxleebis Seqmnis stimulirebas,
aramed warmoebaSi maTi aTvisebis stimulirebasac. amdenad, sainovacio
politika zemoqmedebs rogorc kvleviT sistemaze (romelic mraval
qveyanaSi didwilad an upiratesad sajaro seqtorSia ganTavsebuli),
aseve warmoebaze (romelic siaxleebs iTvisebs da upiratesad kerZo
seqtorSi imyofeba). am stimulebis Sesaqmnelad saxelmwifo specialur
organizaciul, safinanso da fiskalur instrumentebs iyenebs. am
instrumentebis daniSnulebaa: 1) siaxleebis kvleviTi sistemidan
warmoebaSi gadacemis waxaliseba da daxmarebis gaweva; 2) siaxleebis
aTvisebaSi sawarmoebisTvis sakonsultacio daxmarebis gaweva,
pirdapiri safinanso daxmarebis gaweva da sagadasaxado SeRavaTebis
daweseba (umTavresad mcire inovaciuri da damwyebi sawarmoebisTvis).
Sesabamisad, sainovacio sistema moicavs rogorc kvleviT sistemas,
aseve sawarmoebsa da maT kvleviT sistemasTan dasakavSireblad Seqmnil
institutebs. es institutebia: biznes-inkubatorebi, teqnoparkebi,
maRalteqnologiuri Tavisufali industriuli zonebi, teqnologiebis
gadacemis centrebi, biznessakonsultacio centrebi, sainvesticio
fondebi da sxva. aseT qveynebSi samecniero politika sainovacio
politikis nawilia, xolo kvleviTi sistema –sainovacio sistemis
nawili.

2. ZiriTadi nawili
inovaciuri politikis ZiriTad amocanas Tanamedrove etapze

warmoadgens iseTi sistemis Seqmna, romelic SeZlebs samamulo
inteleqtualuri politikisa da Tanamedrove teqnikisa da
teqnologiebis miRwevebis gamoyenebas konkurentunariani produqciis
sawarmoeblad. sainovacio sistemis ganviTareba warmatebul qveynebSi
sainovacio politikis safuZvelze xorcieldeba. Cveni qveynisTvis es
faqti gansakuTrebul mniSvnelobas iZens evrointegraciasTan
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dakavSirebiT, radganac evropaSi ekonomikuri zrda, socialuri
problemebis gadaWra, siRaribis daZleva, dasaqmeba da regionebis
CamorCenis aRmofxvra, ZiriTadad sainovacio politikis gatarebiTaa
uzrunvelyofili. sainovacio politikis ganviTarebis mimarT
mTavrobis interesi mkveTrad izrdeba 2012wlidan, sadac saprogramo
dokumentSi xazgasmuli aris inovaciuri ganviTarebis sakiTxebi.
Seiqmna sainovacio sabWo. SeiZleba iTqvas rom xelisufleba ukve
axorcielebs calkeul RonisZiebebs im sferoebSi, romlebic uSualod
Sedian saqarTvelosTvis sainovacio politikis sakiTxTa CamonaTvalSi.

SegviZlia vTqvaT, rom sainovacio politikis SemuSavebisTvis
saWiro winapirobebi saqarTveloSi Seqmnilia, kerZod: 1) inovaciuri
ganviTareba aRiarebulia ekonomikis zrdis meqanizmad. 2) mimdinare
viTarebis naklovanebebi cxadi xdeba ara mxolod informirebuli
damkvirveblebisTvisa da sakiTxis mkvlevarebisTvis, aramed sainovacio
procesis monawileTa farTo wrisTvisac. 3) momzadebulia
specialistTa birTvi (ekonomistebi, mSeneblebi, inJinrebi da
mecnierebi, finansistebi da sxva), romelic sakmarisia samuSaos
dasawyebad. 4) Seswavlilia sainovacio politikis SemuSavebisa da
ganxorcielebis gamocdileba. 5) Camoyalibebulia sakiTxebis
CamonaTvali, romelsac politika unda Seexos. 6) donorebi mzad arian
sainovacio politikis sakiTxebSi teqnikuri daxmarebis gawevisTvis.

uaRresad mniSvnelovani isaa, rom rogorc ar unda Camoyalibdes
saboloo sainovacio politikis amsaxveli strategiuli dokumenti,
arsebobs sainovacio ganviTarebis mxardamWeri RonisZiebebi, romelic
strategiis arcerT SesaZlo SinaarsTan ar mova winaaRmdegobaSi.

inovaciuri politikis gatareba SeuZlebelia teqnologiuri
parkebis, inovaciuri centrebis da laboratoriebis Seqmnis gareSe.
saqarTveloSi inovaciuri biznesis ganviTarebis xelSewyobisaTvis erT-
erT aucilebel pirobad mimaCnia kidev ufro meti teqno-parkebis
Seqmna, romlebic sul ufro metad popularuli xdeba mTels
msoflioSi. maTi SeqmniT dainteresebulni arian ara mxolod kerZo
sawarmoebi, aramed mTavrobebic, radgan isini xels uwyoben qveyns
ekonomikur aRmavlobas da susti regionebis ganviTarebas. inovaciuri
proeqtebis warmatebiT gansaxorcieleblad erT-erT mniSvnelovan
faqtorad rac SeiZleba meti “biznesinkubatorebis” amuSavebas, sadac
moxdeba momavali strategiuli partniorebis moZieba, specifikuri
codnis SeZena, biznes gegmis momzadeba, finansuri resursebis moZieba
da a.S. amave dros didi mniSvneloba eniWeba maRali riskis mqone,
axali, inovaciuri ideebis dafinansebas. mTavrobam xeli unda Seuwyos
venCeruli fondebis ganviTarebas da bazarze konkurenciis arsebobas.

samwuxarod saqarTvelos ar aqvs imis fufuneba rom ucxouri
kapitalis gareSe uzrunvelyos ekonomikis winsvla, amitom
gansakuTrebuli mniSvneloba eniWeba xelsayreli sainvesticio garemos
Seqmnas. investiciebi xels Seuwyobs erovnuli ekonomikis zrdis
tempebis daCqarebas, waaxalisebs rogorc axal ise krizisSi myof
sawarmoebs, uzrunvelyofs qveynis integraciul procesebSi CarTvas.
saqarTveloSi inovaciuri biznesis ganviTareba konkurentunariani
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produqciis warmoebas unda daefuZnos, risTvisac arsebiTia
informaciasa da inovaciur teqnologiebze xelmisawvdomoba. imisaTvis,
rom samecniero-teqnologiur progress mivaRwioT aucilebelia
saxelmwifo mxardaWera. saxelmwifom unda uzrunvelyos politikuri
da ekonomikuri stabiluroba, risTvisac arsebiTia informaciasa da
inovaciur teqnologiebze xelmisawvdomoba.

qarTuli kompaniebis mxolod mcire nawili cdilobs siaxle
SesTavazos momxmarebels, daxvewos da gaaumjobesos arsebuli
produqcia. gaigon momxmarebelTa azri ra moswonT, ra siaxleebs
miesalmebian da a.S. aucilebelia, rom inovaciur ideebs sxvadasxva
statistikuri monacemebis analizi da kvlevebi daedos safuZvlad.
kompaniebi, romlebic aqtiurad gamoiyenebdnen inovaciebs sakuTar
moRvaweobaSi ufro swrafad viTardebodnen da procentulad met
samuSao adgilebs qmnidnen vidre ara – inovaciuri kompaniebi.

inovaciuri politikis gatareba xels Seuwyobs qarTul
mrewvelobas ganviTardes, upasuxos saerTaSoriso moTxovnebs da
gascdes Cveni qveynis farglebs.

3. daskvna

saqarTveloSi inovaciis sferoSi mdgomareobis analizis Sedegad
SegviZlia davaskvnaT, rom sainovacio politikis mimarT
damokidebuleba mkveTrad negatiuridan pozitiurisken Seicvala.
Seiqmna winapirobebi sainovacio politikis SemuSavebisTvisa da
agreTve, mTavrobis mxridan rigi praqtikuli nabijis gadadgmisTvis
inovaciuri ganviTarebis mimarTulebiT. es mosazreba gamagrebulia
donorTa mxridan saqarTvelosTvis teqnikuri daxmarebis dRis
wesrigSi sainovacio politikis sakiTxebis CaTvliT. garemoebaTa
Seqmnili kombinacia gamoyenebuli unda iyos efeqtianad. saWiroa
procesebis marTvis ufro maRal safexurze gadasvla, rogorc es
evrokavSirisa da sxva qveynebSi keTdeba. sainovacio politikis
safuZvelze ganviTarebis (Sesabamisad, marTvis) dadebiT Sedegebs
amtkicebs msoflio praqtika. aseTi ganviTareba qveyanaSi ekonomikuri,
socialuri, humanitaruli da kulturuli problemebis farTo
kompleqss wyvets.

literatura
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2. l. qoiauri “sainvesticio menejmenti da politika” Tb. 2012w.
3. http://forbes.ge/news/217/3-%E2%80%9Ei%E2%80%9C-s-paradigma
4.http://bfm.ge/sazogadoeba/droa-daiwyos-sainovacio-politikis-danergva-qveyanashi/



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #4(43), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

81

istoriul-kulturuli Zeglebis konstruqciebis
deformaciulobis mizezebis kvleva

n. tabataZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175

Tbilisi, saqarTvelo)
reziume:istoriul-kulturuli Zeglebis restavracia-
rekonstruqciisaTvis mizanSewonilia ganvixiloT maTi konstruqciebis
Taviseburebebi, rogorc damoukidebeli konstruqciebi, maTi
deformaciulobisa da amtanunarianobis gansazRvriT sxvadasxva
stadiaSi.

naSromSi warmodgenilia istoriul-kulturuli Zeglebis
diagnostikis amocanebi da amasTanave Tu ra meTodebi da saSualebebi
arsebobs Zeglis konstruqciis deformaciulobis mizezebis
gamosakvlevad.

naSromSi aseve ganxilulia istoriul-kulturuli Zeglebis
deformaciis pirobebis Sefaseba da analizi, gansazRvrulia
deformaciis gamomwvevi mizezebis swori diagnozis dasmis gzebi.
sakvanZo sityvebi: istoriul-kulturuli Zeglebi, deformaciulobis
diagnostika, antidestruqciuli meTodi, damazianebeli procesebi.

1. Sesavali
istoriul-kulturuli Zeglebis restavraciamde arsebiTi

mniSvneloba eniWeba Zeglis teknikur diagnostikas. diagnostikis mTavari
mizania arqiteqturuli Zeglis mdgomareobis (xarisxis) gansazRvra, saSeni
masalis dazianebisa da deformaciebis gamomwvevi mizezebis ganmartva da
Sefaseba, masalis gamofitviT gamowveuli dazianebebisa da Zeglis
meqanikuri maxasiaTeblebis gansazRvra Sesabamisi laboratoriuli
analizebis Catarebis safuZvelze. amave dros, mniSvnelovan mecnierul
amocanas warmoadgens diagnostikis procesebis optimizacia. sruli
diagnistikuri samuSaoebis Catareba ganapirobebs istoriul-kulturuli
Senobis mdgradobis dacvas.

kerZod, samecniero diagnostikis amocanebs warmoadgens:
• saSeni masalis meqanikuri da fizikuri maxasiaTeblebis
gansazRvra;
• konstruqciis deformaciis xarisxisa da xasiaTis gansazRvra;
• informireba garemoSi mimdinare procesebze;
• masalis gamofitviT gamowveuli dazianebebis xasiaTisa da

xarisxis dadgena;
• masalis uxilavi dazianebebis adreuli gamovlena;
• saSeni masalis xarisxis Sefaseba;
• konstruqciis dazianebisa da riskis prognozireba;
• Zeglis dacvisaTvis saWiro RonisZiebebiT  informireba;
• rekomendaciebi Zeglis dacvis Sesabamis RonisZiebebze.

2. ZiriTadi nawili
dazianebuli Senobis diagnostikis meTodebi SeiZleba davyoT sam

jgufad: destruqciuli, naxevrad destruqciuli da antidestruqciuli
meTodebi. destruqciuli testis Catareba SesaZlebelia mxolod nimuSebze
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da konstruqciis Semadgenel elementebze.  naxevraddestruqciuli testic
nimuSebze da konstruqciis elementebze tardeba, Tumca am SemTxvevaSi
viRebT masalis maxasiaTeblebis ufro zust monacemebs, xolo
antidestruqciuli testis Catareba SesaZlebelia msgavs elementebzec da
konstruqciebzec mravaljer da sxvadasxva dros. amitom mniSvnelovania
srulad ganvmartoTantidestruqciuli meTodi, romlis blok-sqemac
mocemulia nax.1-ze:

nax.1. antidestruqciuli meTodis blok-sqema
sensoruli aparatura da kompiuteruli programebi gvaZlevs

saSualebas miviRoT testis Sedegebis zusti analizi, sxvadasxva
meTodebis gamoyenebiT, aramxolod erTjeradad, aramed nebismieri tipis
dazianebuli konstruqciis diagnostikisaTvis.
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istoriul-kulturuli Zeglebis deformaciis pirobebis Sefaseba da
analizi  SesaZlebelia Zeglis ganlagebis adgilze eqsperimentuli
samuSaoebisa da laboratoriuli samuSaobis Sesrulebis Sedegad, rac
miznad isaxavs gansazRvros masalis maxasiaTeblebi, Tavad konstruqcia
da moaxdinos konstruqciuli analizi maTematikuri modelebis
gamoyenebiT. Zeglis adgilze kvleva, romelic moxdeba antidestruqciuli
meTodiT, iZleva maqsimalurad zust Sedegs, romlis blok-sqemac
mocemulia nax. 2-ze.

nax. 2. eqsperimentuli kvlevis blok-sqema

praqtikaSi, Zeglis deformaciis gamomwvevi mizezebis swori
diagnostikisaTvis pirvel rigSi mniSvnelovania Senobis mdgomareobis
gansazRvra da Semdeg problemis sworad gadaWra. es nabiji aseve moicavs
gadawyvetilebis miRebas imis Sesaxeb, Tu ra tipis kvleva unda Catardes.

konstruqciaze dazianebebi umetesad gamoxatulia bzarebis saxiT,
xSir SemTxvevaSi deformaciebTan kombinirebiT. aseT dros, dazianebuli
konstruqciis diagnostikisaTvis, pirveli mniSvnelovani nabijia bzaris
xarisxis gansazRvra. Tumca SesaZlebelia fiqsirdebodes
arakonstruqciuli dazianebebic. imisaTvis rom davadginoT, ris Sedegad
moxda konstrqciis dazianeba, unda vicodeT bzaris gaxsnis mimarTuleba.

bzaris warmoqmna amavdroulad SeiZleba gamoiwvios konstruqciaze
modebulma zedmetma datvirTvam an stiqiurma movlenebma, magaliTad
rogoricaa miwisZvra.

istoriul-kulturuli Zeglis deformaciis gamomwvevi mizezebis
swori diagnostikisaTvis aucilebelia ganisazRvros dazianebis yvela
gamomwvevi procesi, romelic blok-sqemis saxiT mocemulia nax. 3-ze:
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nax. 3. konstruqciis damazianebeli procesebis aRmweri blok-sqema

3. daskvna
naSromSi  moyvanilia istoriul-kulturuli Zeglebis

konstruqciebis diagnozstikis mTavari mizani da amocanebi. Semdeg
ganxilulia Zeglebis konstruqciebis diagnoztikis Catarebis sxvadasxva
saSualebebi da meTodebi. ganxilulTagan yvelaze optimaluri meTodis
saxiT warmodgenilia antidestruqciuli meTodi. Zeglebis deformaciis
pirobebis Sefasebisa da analizisaTvis  naCvenebia adgilze,
eqsperimentuli da laboratoriuli samuSaobis Sesasruleblad
Casatarebeli etapebi.istoriul-kulturuli Zeglis deformaciis
gamomwvevi mizezebis swori diagnostikisaTvis warmodgenilia
konstruqciis damazianebeli procesebi.
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asfaltbetonis  ormouli  SekeTeba
a. burdulaZe. o. xatiaSvili.

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

reziume: saavtomobilo gzebis eqspluataciaze yovelwliurad
daxarjuli Tanxebis absolituri umravlesoba modis sagzao
safarebis aRdgenaze. sagzao safaris SekeTba SesaZlebelia
ganxorcieldes sxvadasxva meTodiT. samuSaoebis teqnologiuri
meTodis arCevanma unda daakmayofilos gansazRvruli pirobebi.
maRali xarisxTan erTad aucilbeilia gzis SekeTebis samuSaoebi
Catardes dabali danaxarjebiT. statiaSi ganxiluli asfaltbetonis
safarebis ormouli SekeTebis tradiciuli teqnologiebis
saxesxvaoba.
sakvanZo sityvebi: asfaltbetonis safari, ormouli SekeTeba, bitumi,

Wavlur-ineqciuri teqnologia.

1. Sesavali
dReisaTvis saqarTvelos sagzao qseli moicavs:

 saerTaSoriso mniSvnelobis gzebs - 1528 km. maT Soris:
cementbetonis safariT - 78 km, asfaltbetonis safariT - 1433 km,
RorRovani safariT - 17 km.

 Sidasaxelmwifoebrivi mniSvnelobis gzebs - 5297 km. maT Soris:
cementbetonis safariT - 156 km, asfaltbetonis safariT - 3542 km,
RorRovani safariT - 1364 km, gruntis gza - 235 km.

rogorc vxedavT asfaltbetoni warmoadgens prioritetul fenils
saavtomobilo gzebze. maTi (iseve, rogorc yvela sinJinro nagebobis),
saeqspluatacio vada  ganisazRvreba garkveuli droiT, rac
damokidebulia: gzaze moZraobis intesiobaze, avtoparkis Semadgenlobaze,
klimatur pirobebze da a.S.

asfalbetonis fenilis reabiliotacia dakavSirebulia mniSvnelovan
danaxarjebTan. dReisaTvis saqarTveloSi saavtomobilo gzebis
eqspluataciaze yovelwliurad ixarjeba  35-40 mln lari, romlis
absolituri umravlesoba modis sagzao safarebis aRdgenaze.

amjerad Tqveni yuradReba gvinda SevaCero asfaltbetonis ormoul
SekeTebis tradiciul teqnologiebze.

2. ZiriTadi nawili
moZraobis maRali intesiobisa da gazrdili datvirTvebis gamo gzis

safaris masala cvdeba da fuWdeba. cveTa xdeba sxva mizezebiTac.
magaliTad mSeneblobaSi gamoyenebuli masalis dabali xarisxis,
teqnikurad araswored Sesrulebuli sagzao-samSeneblo samuSaoebis gamo.
gavrcelebul teqnologiur Secdomas warmoadgens gzis safaris
arasakmarisi datkepna, ris gamoc droTa ganmavlobaSi warmoiqmneba
uswormasworo adgilebi, deformaciebi, bzarebi, Rrmulebi da ormoebi.

praqtikidan gamomdinare dadginda, rom yovelwliurad safaris
lokaluri mimdinare remonti sWirdeba gzis saerTo farTobis  2-3%-s.
rodesac seriozuli dazianeba da defeqti aRwevs 12-15%. aucilebelia
ganxorcieldes am farTobis  sruli SekeTeba.
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sagzao safaris sistematiur „mkurnalobas“  axorcieleben
sxvadasxva meTodebiT. saremonto samuSaoebis mTavari mizania,
uzrunvelyos sagzao  moZraobis wesebis dacviT da gzebze  daSvebuli
siCqariT transportis  usafrTxo moZraoba.

sagzao safaris SekeTeba sruldeba umetesad mSral amindSi, rodesac
haeris temperatura stabilurad Tbilia da +50С-ze maRalia. Tumca
moTxovnileba aucilebel da saCqaro, aragegmiur da avariul saremonto
samuSaoebis Sesrulebaze warmoiqmneba praqtikulad wlis nebismier dros
da amindis nebismier pirobebSi.

ormouli SekeTebis  samuSaoebis teqnologiuri meTodis arCevanma
unda upasuxos gansazRvrul moTxovnebs. defeqtis aRmofrxva unda moxdes
maRali xarisxiT da miesadagebodes im moTxovnebs rogoric aris:
simkvrivis maCvenebeli,  forianoba, zedapiris siswore da xorklianoba.
imisaTvis rom davicvaT teqnologiuri procesi sagzao safaris
SekeTebisTvis, aucilebelia saWiro masalis, manqanebis da danadgarebis
arseboba an xelmisawvdomoba. amindis pirobebis mixedviT irCeven Sesabamis
saremonto meTodebs: martivs an rTuls, magram nebismier SemTxvevaSi is
unda miesadagebodes optimalur kriteriumebs - droulad moxdes sagzao
moZraobis aRdgena, amasTan erTad gzis SekeTebis samuSaoebi Catardes
dabali danaxarjebiT.

asfaltbetonis safaris yvelaze xelmisawvdom da gavrcelebul
meTods  warmoadgens ormoul SekeTeba asfaltbetonis cxeli nareviT.
cxeli narevis teqnologiis gamoyenebiT, gzis safaris SekeTebis xarisxi
maRalia, magram SekeTebis es  meTodi damokidebulia amindis pirobebze da
teqnologiis zust dacvaze, agreTve mkacr temperaturul reJimze. gzis
safaris samuSaoebze es faqtorebi nakleb gavlenas axdens im SemTxvevaSi,
roca gamoiyeneba civi bitumSemcveli narevi, bitumis emulsiebi da sxv.
teqnologiuri meTodebis es jgufi popularulia bevr qveyanaSi, misi
martivi, naklebad mkacri wesebis da  amindis pirobebidan gamomdinare
maRali ekonomiurobis gamo.

rodesac arCevani dgeba asfaltbetonis safaris SekeTebis cxel da
civ teqnologiebs Soris, unda gaviTvaliswonoT rom im asfaltbetonis
simyare da wyalgaumtaroba, romelic damzadebulia civ  Txevad an
gaTxevadebul bitumze  2-3-jer dabalia, vidre cxel bitumze,   am mizezis
gamo mas ZiriTadaT iyeneben III-V kategoriis gzis safarisTvis. cxel
asfaltbetons  gamoiyeneben upiratesad  I-II kategoriis gzis
SekeTebisTvis.

mesame jgufs SeiZleba mivakuTvnoT iseTi SekeTeba romelSic,
gamoiyeneba arastandartuli da sagzao  SekeTebis saqmeSi naklebad
gavrcelebuli polimerul-bitumis, cementis da sxva specialuri masalis
nazavebi. maT iyeneben mxolod  gansakuTrebul SemTxvevaSi,  mag.: cement-
betonis safaris defeqtebis  avariul saremonto samuSaoebSi,  xidis
safaris avariul samuSaoebSi  da a. S.

saremonto   adgilis  momzadeba  Sedgeba ramodenime operaciisagan:
1. SesakeTebeli ormoebis  sazRvrebis  da damatebiT misi  perimetris

garSemo 3-5 santimetris  moniSvna swori xazebiT gzis RerZis gaswvriv da
ganivad (marTobulad). ramodenime axlo mdebare ormos gaerTianeba xdeba erT
konturSi.

2. ormoebis wiboebis Camomtvreva da gasufTaveba xdeba samtvrevi
CaquCis  Sesabamisi wveriT. hidravlikuri tipis samtvrev  CaquCs,  romlis
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masa 16-20kg-ia  miuerTeben an specialur mcire zomis gadasatan
hidrosadgurs Sidawvis ZraviT,  an  teqnologiuri SekeTebis procesSi
CarTul TviTmoZravi manqana-danadgaris hidravlikur meqanizms. aseTi
samuSaoebis sawarmoeblad SeiZleba agreTve gamoviyenoT  pnevmatiuri
samtvrevi CaquCebi 0,8-1,0kvt simZlavris, romelic mierTebulia kompresorTan,
romlis teqnikuri monacemebia: haeris xarjva ara umcires  0,5m3/wT da wneva
ara umcires 6-7 atmosfero.

3. iseTi  SesakeTebeli  samuSaoebis momzadebisTvis  rogoricaa  viwro
da grZeli ormoebi, romlis farTobi 2-3m2-ia, an bzarebi dangreuli kideebiT,
mizanSewonilia gamoviyenoT civi frezebi.   arsebobs sxvadasxva tipis civi
frezebi: mcire moculobis, kompaqturi, TviTmoZravi patara borblebze,
misabmeli, dakidebuli, romelic Wris  200-500mm siganis da 50-150mm  siRrmis
defeqtur fenas. Cveulebrivad, erTi saaTis Seuwyveteli muSaobis manZilze
frezi  gadis 2300m-s.   ufro did farTobze samuSaod gamoiyeneba ufro didi
civi frezi, romelic 500-1000mm siganis da 200-500mm siRrmis masalas Wri. civi
frezis calkeuli modelebi damatebiT aris aRWurvili lenturi
transportioriT, romelic miawvdis moWril masalas damtvirTvelis CamCaSi,
an satransporto saSualebis  Zaraze, ris gamoc sagrZnoblad mcirdeba
xeliT samuSaoebis moculoba.

4. SesakeTebeli adgilis - fskeris da  kedlebis  gasasufTaveblad
mcire natexebisagan, namcecebisgan, mtverisgan, WuWyisgan da sisvelisgan
ZiriTadad gamoiyeneben „mtversasrutis“ tipis damxmare manqanebs, an jagrisian
manqanebs.

5. mcire nawilakebisgan da mtvrisgan gasufTavebuli ormos fskeris da
konturuli kedlis dafarva  xdeba  Txevadi bitumis an bitumis emulsiis
(bitumis xarji 0,3-0,5l/m2) Txeli feniT.  es dafarva  SeiZleba Sesruldes
arsebuli saxsrebis gamoyenebiT (moZravi bitumis gamaTbobeli, bitumis qvabi,
avto-gudronatori da sxva), amasTan mxedvelobaSi unda gvqondes, rom
rogorc zedmeti, aseve arasakmarisi bitumis sapoxis gamoyeneba,  amcirebs
axali safaris fenis SeWidebis xarisxs ZvelTan. Zalian efeqturia ormoebis
gasapoxad mcire zomis danadgarebis  gamoyeneba, romlic tumbos saSualebiT
miawvdis bitumis emulsias Semafrqveveli 3-4m sigrZis SlangiT. aris emulsiis
misawodebeli ufro ubralo agregatebi da danadgarebi,  kasri xelis
tumboTi an  gadasatani tumbo. mcire  samuSaoebze  da patara  zomis
ormoebis emulsiiT dagruntva-dafarvis samuSaoebze, SeiZleba gamoviyenoT
gadasatani danadgari (10-20l moculobiT), romelic afrqvevs  emulsias
SekumSuli haeriT - pulvirizatoris principiT.

ormoebis SekeTebisTvis ukeTesia gamoviyenoT a/betonis qarxanaSi
damzadebuli asfaltbetonis cxeli  narevi. asfaltbetonis miwodeba
SekeTebis adgilamde mizanSewonilia satransporto saSualebebiT,
romelic aRWurvilia specialuri Termuli bunkeriT, romelic inaxavs
narevs cxel mdgomareobaSi ramodenime saaTis ganmavlobaSi. zogierT
qveyanaSi (germania, holandia, SvedeTi da sxv.) gzis safaris SekeTebis
normatiul dokumentebSi miTiTebulia Termo saizolacio konteinerebis
(Termo bunkeris) aucilebeli gamoyeneba, radgan Tu dasagebi   narevis
temperatura 110-1200С-ze dabalia is iTvleba uvargisad.

Cveulebrivi,  Termo konteineri, itevs 2-2,5t-dan 8-10t-mde cxel nazavs
(1,5-6m3) da inarCunebs mis maRal temperaturas mTeli samuSao dRis
manZilze.

samwuxarod xSirad cxeli narevis gadamtani bunkeri ar
uzrunvelyofs temperaturul reJims, gansakuTrebiT adre gazafxulze da
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gvian Semodgomaze. rac Semdgom moqmedebs samuSaoebis Sesrulebis
xarisxze.

im  SemTxvevaSi roca a/betonis qarxana ar muSaobs, (gviani Semodgoma,
zamTari, adreuli gazafxuli) an narevis did manZilze gadatana
SeuZlebelia, rekomendirebulia gamoiyenebodes reciklingis teqnologia -
meoradi damuSaveba asfalt-betonis masalis naWrebis saxiT, narCenebis
gacxelebis gziT da SesakeTebel adgilze guldasmiT misi areva
specialur misabmelze an TviTmaval manqanaSi - reciklerSi.  CatvirTuli
masalis areva xdeba gravitaciis  saSualebiT cilindrul barabanSi,
romelic aRWurvilia pirebiT da specialuri gamacxelebliT. erTi
morevis wona, romelic damokidebulia cilindris tipze da zomaze 200-dan
1600kg-mde. nazavis momzadebis dro - 10-20wT. (masalis CatvirTva da nazavis
gacxeleba).

ufro efeqturad recikleri muSaobs Tu masSi CaitvirTeba mcire
zomis asfaltis granulebi,  romelic miRebulia civi frezirebis  gziT.
imisaTvis rom narevis Tvisebebi gaumjobesdes, saWiroa asfaltis
narCenebs (granulats)  CatvirTvis dros  daematos myari an naxevrad
myari bitumi, narCenis  wonis 1-2% raodenobis mixedviT. cxeli nazavis
nawilobriv  an mTlian CamotvirTvas recikleridan awarmoeben pirdapir
SesakeTebel adgilze an mcire zomis xelis urikaSi, an satvirTo CamCaSi,
imisTvis rom miewodis nazavi adgilze dasagebad.

reciklingis gamoyenebis ekonomiuri efeqturoba da mizanSewoniloba
aris maRali. arsebuli asfalt-betonis narCenebisgan momzadebuli narevi
samuSaoebis danaxarjebs  50-60% - iT amcirebs,  axali narevis momzadebis
da adgilze mitanis  danaxarjebTan  SedarebiT.

savali nawilis ormouli dazianebis aRmofxvris Wavlur-inieqciuri
civi teqnologia bitumis emulsiis daxmarebiT warmoadgens am
momentisaTvis yvelaze mowinave da progresul teqnologias.  evropaSi da
amerikaSi mas warmatebiT iyeneben  ukve didi xania. am teqnologiis
mTavari arsi  aris imaSi,  rom yvela saWiro operacias asruleben
TviTmavali an misabmeli tipis mxolod erTi manqaniT (danadgariT).

ormouli SekeTebisTvis mosamzadebeli samuSaoebi midis  faqtiurad
mxolod  iqamde, rom   samuSao adgili guldasmiT gasufTavdes mtvrisgan,
nagvisagan, sisvelisgan  maRal siCqariani haeris Wavlis Sebervis gziT.
ormos zedapiris   bitumis emulsiiT  damuSavebiT.  ormos wiboebis
damuSaveba, an asfalt-betonis frezireba ormos garSemo am teqnologiis
mixedviT  aRar sruld.

ormoebs avseben wvrilmarcvlovani RorRiT, romelic Sereulia
bitumis emulsiaSi. RorRis miwodeba ormos amosavsebad  Zlieri haeris
Wavlis  didi siCqariT xdeba, romelic praqtikulad gamoricxavs
damatebiT gamoviyenoT vibrofila an vibrosatkepni.

Wavlur-ineqciuri civi teqnologiiT ormouli samuSaoebis
Sesrulebis dros rekomendirebulia gamoviyenoT sufTa mcire fraqciis
RorRi 5-10 (15)mm da male daSladi kaTionuri  (mJave qvis saxeoba,
magaliTad graniti) an anionuri (ZiriTadi qvis saxeoba, magaliTad kirqva)
60%-iani koncentraciis bitumis emulsia. emulsiis xarji ormos
wasacxebad  da RorRis dasafarad manqanis kameraSi arevis dros, erTad
Seadgens 3-5% RorRis masis mixedviT (bitumis xarji, araumetes 2-3%).
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agregati SeiZleba stacionalurad damontaJdes misabmelze an Zaraze.
ormouli SekeTebis  ZiriTadi manqana  pnevmo Sefrqvevis meTodiT muSaobs.
manqanis SemadgenlobaSi Sedis:

• sabazo Zara, an misabmeli;
• organyofilebiani bunkeri RorRis ori fraqciisTvis: 5-10mm - 2,4m3, da

10-15mm - 2,4m3;
• 1300l moculobis gasacxelebeli da SefuTuli avzi, romelic

gankuTvnilia emulsiisTvis;
• 1000l moculobis avzi wylisTvis;
• haeris Sebervis mowyobiloba maRali warmadobis (13-24m3/wT) RorRis

pnevmatiuri miwodebisaTvis;
• ori lilvi, romelic saWiroa  RorRis misawodeblad  bunkeris

ganyofilebidan milSi hidroZravis brunvis siCqaris maregulirebliT;
• ori diafragmuli tumbo, imisTvis rom daregulirebeli wneviT

miewodos emulsia da wyali;
• dizelis Zravi sahaero gagrilebiT 38 kvt simZlavris;
• mowyobilobis kompleqti gazis gamaTbobliT emulsiis

gasacxeleblad;
• kompresori 510l/wT miwodebiT da 12 atm.wneviT;
• wylis da emulsiis  wnevis  ori maregulirebeli manometri;
• Semsubuqebuli konstruqciis isari pnevmoamweTi, imisTvis rom

Sesruldes samuSaoebi 8m radiusis areSi;
• samarTavi pulti, romelic saSualebas iZleva erTma operatorma

marTos gzis safaris SekeTebis teqnologiuri procesi;
• wriuli cirkulaciis sistema, romelic ar aZlevs uflebas milebSi

emulsiis gamagrebas garemos dabal temperaturaze;
• sistema, romelic recxavs da asufTavebs milebs emulsiis

narCenebisgan. sakuTari diafragmuli tumbos gamoyenebiT emulsias ukan
tumbavs bakSi,  wyliT recxavs ormos fskers Tixisgan da WuWyisgan
8atm.wneviT, asvelebs  da recxavs  RorRs  sanam miawvdis milebSi, imisaTvis
rom gaumjobesdes adgezia;

• RorRis mimwodebeli mili 75mm diametris da 4,5m sigrZis, cveTa
gamZle;

• wylis da emulsiis calcalke miwodebis mosaxsneli gamacxelebeli.
bolos  SeiZleba vTqvaT, rom   cudi gzebis mizezi  es aris wvimis

da Tovlis dros   aRniSnuli teqnologiiT saremonto samuSaoebis
Catareba. am dros,  SeuZlebeli an Znelia  gasufTavdes ormoebi wylisgan,
mtvrisgan da nagvisgan, ris gamoc  teqnologia irRveva. es iwvevs
SekeTebuli adgilis eqspluataciis  vadis  Semcirebas. is iSviaTad Zlebs
ramodenime Tveze mets.

3. daskvna
rogorc mravalwliani praqtika gviCveneb, asfaltbetonis sagzao

safarebis saremonto samuSaoebisas mniSvnelovania, konkretuli pirobebis
gaTvaliswinebiT, sworad SeirCes procesebis warmarTvis teqnologia,
raTa Sesrulebuli samuSaoebis maRal xarisxTan erTad
uzrunveluyofili iyos minimaluri danaxarjebi.

literatura
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gadamowmebula 20.04 2016
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Sedgenili cilindrebis gaangariSeba zRvrul
mdgomareobaze garegani wnevis pirobebSi

r. giorgobiani, v. soxaZe
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175, Tbilisi,

kostavas 77)
reziume: naSromSi ganxilulia Sedgenili cilindris gare zedapirze

Tanabrad ganawilebuli hidrostatikuri wnevis zemoqmedeba.
Ggare da Siga cilindrebis Sexebis zedapirebze xaxuni
umniSvnelo iqneba da mxedvelobaSi ar miiReba. amgvarad
Camoyalibebuli amocana iqneba geometriulad arawrfivi. Ggare
datvirTvis zrdis procesSi konstruqcia deformaciis sam etaps
gaivlis: mTeli rigi gardaqmnebi saSualebas mogvcems mTlianad
davaxasiaTod gare cilindris daZabul-deformirebuli
mdgomareoba da SevadginoT gantolebebi am sidideebis
gamosaTvlelad.

sakvanZo sityvebi: Sedgenili cilindri, daZabul-deformirebuli
mdgomareoba, wneva, polaruli koordinatebi. ga

daadgilebebi, sa
1. Sesavali

naSromSi ganixileba Sedgenili cilindris formis detali. gare
cilindrze Tanabrad ganawilebuli hidrostatikuri wnevis moqmedebis
Sedegad cilindri kargavs mdgradobas, iRebs talRis formas Dda
maqsimaluri deformaciis adgilebSi Sedis kontaqtSi Siga cilindris
zedapirTan. erTeulovani sigrZis gaTvaliswinebiT gamovikvlioT
Sedgenili cilindris daZabul-deformirebuli mdgomareoba.

2. ZiriTadi nawili
manqanebsa da meqanizmebSi xSirad gamoiyeneba Sedgenili cilindris

formis detalebi, romlebic muSaoben Semdeg pirobebSi: gare, SedarebiT
rbili masalisagan damzadebuli cilindri ganicdis gare zedapirze
Tanabrad ganawilebuli hidrostatikuri wnevis zemoqmedebas. Sida da gare
cilindrebs Soris sawyis mdgomareobaSi arsebobs garkveuli sididis
sicariele. Ggare wnevis zrdis gamo gare cilindri kargavs mdgradobas,
iRebs garkveuli talRis formas da maqsimaluri deformaciis adgilebSi
Sedis kontaqtSi Siga cilindris zedapirTan. Sexebis zedapirebze
deformaciebis SezRudvis gamo izrdeba gare cilindris mzidunarianoba,
rac aumjobesebs konstruqciis muSaobis pirobebs. datvirTvis bunebidan
gamomdinare SesaZlebelia daZabul-deformirebuli mdgomareobis
gamokvleva daviwyoT erTeulovani sigrZis gaTvaliswinebiT. Ggare da Siga
cilindrebis Sexebis zedapirebze xaxuni umniSvnelo iqneba da
mxedvelobaSi ar miiReba. Aamgvarad Camoyalibebuli amocana iqneba
geometriulad arawrfivi. Ggare datvirTvis zrdis procesSi konstruqcia
deformaciis sam etaps gaivlis:

1) gare cilindris deformacia jer ar iwvevs mis Sexebas Siga
cilindrTan (nax. 1).
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2) gare da Siga cilindrebi garkveul wertilebSi exebian erTmaneTs
(nax. 2).

3)  Sexebis zedapiri qmnis garkveuli sigrZis rkals (nax.3).
movZebnoT gare cilindris Sua zedapiris wertilebis mdebareoba,

risTvisac SemovitanoT polaruli koordinatebi da , romlebic
dakavSirebuli iqnebian Sida Zalovan veqtorebTan Semdegi
amokidebulebebiT

/2 (1)

nax. 1                       nax. 2 nax. 3
Aaq gare wnevis sididea; da sruli Zalva da mRunavi momentebia.

da igive Zalovani faqtorebis sidideebia wertilSi. da s
gamosaTvlelad visargebloT cnobili diferencialuri gantolebebiT:

(2)

Aam gantolebebSi mudmivebia, romlebic damokidebulni arian
sidideebze, xolo rkalis sigrZea, romelic wertilidan

aiTvleba. naSromSi mocemulia (2) gantolebebis zogadi amonaxsni. Aam

amonaxsnSi figurireben Semdegi sidideebi: da polaruli
koordinatebi, simrudis radiusi – kuTxe polarul radiussa da gare

cilindris drekadi xazis normals Soris – amonaxsni warmoadgens
swrafad krebad mwkrivebs damokidebuls da sidideebze.
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parametri dakavSirebulia maqsimaluri simrudis Sesabamisi

wertilidan aTvlili rkalis sigrZesTan, Semdegi TanafardobiT

; sadac aq gare cilindris sixistea Runvaze

da sidideebi saSualebas mogvcems mTlianad davaxasiaTod gare
cilindris daZabul-deformirebuli mdgomareoba. SevadginoT gantolebebi
am sidideebis gamosaTvlelad zemoT aRwerili sami etapis Sesabamisad.

1. pirveli etapi – gare cilindri SeuzRudavad deformirdeba. Ee.i.
gare da Siga cilindrebi erTmaneTs ar exebian.

(4)

meore periodi iTvaliswinebs wertilovan kontaqts. Sesabamisad

gveqneba

(5)
3) mesame etapi Seesabameba cilindrebis kontaqts rkalebze

(6)

A  am gantolebaSi simetriis RerZebis raodenobaa, gare

cilindris radiusi, Tavdapirveli RreCo gare da Siga cilindrebs

Soris, romelic maTi radiusebis sxvaobis tolia.
amovxsnaT gantolebaTa es sistema datvirTvis parametris gagrZelebis

meTodis gamoyenebiT. Aam meTodis Sesabamisi Cveulebrivi diferencialuri
gantolebebi Semdegnairad gamoisaxebian:

sadac ; (7)

Aam sistemis sawyisi pirobebi Seesabamebian gare cilindris deformaciis

pirvel etaps
pirobis Sesrulebis SemTxvevaSi (4) sistemis Sesabamisi veqtori

Seicvleba (5) sistemis Sesabamisi veqtoriT. Aamave dros Sesabamisi
koreqtireba unda SevitanoT (6)-Si. savsebiT analogiurad viqceviT im
SemTxvevaSi, roca .
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orTotropuli cilindris daZabul-deformirebuli mdgomareobis gamokvleva”
samecniero-teqnikuri Jurnali “mSenebloba” #4 (27) 2012 w.
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qarTuli  samSeneblo  bazris  Tanamedrove  aspeqtebi
da ganviTarebis perspeqtivebi

i. Sonia
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175, Tbilisi,

kostavas 77)
reziume:statiaSi gadmocemulia qarTuli samSeneblo bazrisaTvis
damaxasiaTebeli Suq-Crdilebi ukanaskneli aTwleulis manZilze,
samSeneblo bazris mimdinare aqtivobis umTavresi wamaxalisebeli
faqtorebi, aseve mSeneblobis xarisxis kontrolis is araefeqturi
meqanizmebi, romelic mniSvnelovnad zrdis mSeneblobaSi investirebuli
kapitalis riskebs da qmnis grZelvadian periodSi msgavsi investiciebis
Semcirebis safuZvlebs.  samSeneblo bazrisa  da samSeneblo produqciis
xarisxis gaumjobesebasTan dakavSirebuli kontrolis meqanizmebis
srulyofis sakiTxebze gakeTebulia saTanado daskvnebi da
rekomendaciebi.
sakvanZo sityvebi: samSeneblo bazari,  samSeneblo produqcia,
samSeneblo biznesi, sakanomdeblo moTxovnebi,  standartebi da normebi,
kontroli da monitoringi, usafrTxoeba, xarisxi, investiciebi,
xarjebi.

1. Sesavali
ukanaskneli aTwleulis manZilze qarTuli samSeneblo bazari

xasiaTdeboda sakmaodcvalebadi dinamikiT,  Tumca investirebis mimzidvelobis
TvalsazrisiT,  politikuri da ekonomikuri stabilurobis pirobebSi xibls
arasodes kargavda. dResac faqtiurad uwyvet reJimSi mimdinareobs uamravi
sacxovrebeli Tu komerciuli daniSnulebis obieqtis mSenebloba. samSeneblo
bazris mimdinare aqtivobis mTavari wamaxalisebeli faqtori aris stabilurad
mzardi moTxovna uZrav qonebaze, rac imas gulisxmobs, rom realizebuli
mSenebloba momxmareblis naklebobas ar ganicdis. stabiluri samomxmareblo
moTxovnis Semdgomi umniSvnelovanesi faqtori aris liberaluri sakanomdeblo
moTxovnebi, rogorc saproeqto dokumentaciis xarisxis, ise uSualod
mSeneblobis warmoebis standartebisa da normebis dacvis TvalsazrisiT. es
ukanaskneli ki did Tavisuflebas aZlevs samSeneblo bazris moTamaSeebs. ufro
metic, es Tavisufleba maT xSirad 100%-mde mogebis miRebis SesaZleblobas
aZlevs.

samSeneblo procesebisadmi sakanonmdeblo moTxovnebis sarekomendacio
xasiaTidan da mSeneblobis xarisxis kontrolis araefeqturi meqanizmidan
gamomdinare, samSeneblo produqciis TviTRirebuleba gacilebiT dabalia vidre
misi saSualo sabazro sarealizacio Rirebuleba. magaliTad, Tu daveyrdnobiT
koliers interneSenal saqarTvelos 2015 wlis kvlevas, sabinao seqtorSi erTi
kvm gasayidi sacxovrebeli farTis saSualo sarealizacio fasi Seadgens 758 aSS
dolars. misi saSualo TviTRirebuleba ki meryeobs 300-400 aSS dolaris
farglebSi. mogebis aseTi maRali marJa aris swored qarTul samSeneblo
bazarze amdeni mravalferovani samSeneblo kompaniebis mozRvavebis mizezi.

2. ZiriTadi nawili
vTanxmdebiT, rom samSeneblo biznesi momgebiania, Tumca, ara didi

xniT, radgan evrokavSirTan asocirebis xelSekrulebis farglebSi
mogviwevs mniSvnelovani reformebis gatareba, sakanonmdeblo aqtebisa Tu
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standartebis SemoReba da dacva, rac arsebiT gavlenas iqoniebs
„Tavisufal“ samSeneblo biznesze. amasTan, unda aRiniSnos, rom
momxmarebeli sul ufro gaTviTcnobierebuli xdeba am sferoSi da misi
moTxovna xarisxze TandaTan izrdeba. Sesabamisad, aman unda gamoiwvios
mSeneblobis TviTRirebulebis zrda, raTa dakmayofildes moTxovnis
gazrdili xarisxi. riski imisa, rom momxmarebeli kmayofili ar iqneba
grZelvadian periodSi, Zalian maRalia. magaliTad, saTanado
Tboizolaciis gareSe binis SeZena gulisxmobs binis SeZenas 15%-iT ufro
Zvirad, radgan binis operirebis xarjebi, rac ZiriTadad komunalur
danaxarjebs ukavSirdeba, Zalian maRalia.

finansuri aspeqtebis garda, sayuradReboa Sesrulebuli samSeneblo
samuSaoebis xarisxi, radgan Tundac, ama Tu im nakeTobis instalaciis
moTxovnebis daucveloba riskis qveS ayenebs Sesyiduli produqciis
gamZleobasa da mis eqspluatacias. aqedan gamomdinare, samSeneblo
bazarze, momxmarebeli sakmaod arasaxarbielo mdgomareobaSia da
grZelvadian periodSi SeTavazebuli samSeneblo produqciis mimarT
ukmayofilebis xarisxi kidev ufro gaizrdeba. yovelive zemoaRniSnulidan
gamomdinare, aSkaraa, rom moklevadian periodSi mimzidveli momgebianoba,
SesaZloa grZelvadian periodSi am Senobis eqspluatirebis problemebTan
erTad mniSvnelovan finansur Tu moralur zaralSi gadaizardos. aviRoT
martivi magaliTi: rodesac mSeneblobis konstruqciuli nawili aris
Sesrulebuli  proeqtis konstruqciuli nawilis ignorirebiTa da
samSeneblo standartebis darRveviT, rac safrTxes uqmnis mis
seismomedegobas, es gulisxmobs, rom an unda moxdes aseTi konstruqciuli
elementebis daSla da Tavidan aRmarTva, an moxdes maTi gaZliereba. orive
maTgani mniSvnelovan finansur xarjebs ukavSirdeba, amas emateba
damatebiTi drois danaxarji, rac mSeneblobis dasrulebis da
eqspluataciaSi miRebis vadebze aisaxeba. dabolos, momxmareblis
ukmayofileba yvela SemTxvevaSi gardauvalia, anu, moraluri da finansuri
zarali saxezea: kompania kargavs reputacias da zaralobs finansurad
aramxolod moklevadian, aramed grZelvadian periodSi, Semcirebuli
ndobis xarisxis xarjze. investoris gadasaxedidan ki, es yovelive niSnavs
mis mier investirebuli kapitalis riskis zrdasa da Sesabamisad,
grZelvadian periodSi msgavsi investiciebis Semcirebas.

dRes, iuristsac SeuZlia iyos mSenebeli da kompozitorsac, rac
uaryofiTad aisaxeba dasrulebuli saxis samSeneblo produqciaze.
aucileblad unda dainergos diplomirebis da sertificirebis procedura,
romelic savaldebulo iqneba samSeneblo sferoSi CarTuli yvela
specialistisTvis. yovelive amisaTvis platformis saxiT aucilebelia
umaRlesi saswavlo dawesebulebebis ganaTlebis xarisxis optimizacia,
Tanamedrove literaturis da samecniero-kvleviTi bazis ganaxleba,
informaciuli teqnologiebis danergva da saswavlo procesis
programuli uzrunvelyofis srulyofa.

saTanado kvalifikacia esaWiroeba saproeqto gunds, romelic
amzadebs saproeqto dokumentacias.  organizacia an pirovneba, romelmac
icis muSa saproeqto dokumentaciis momzadeba qarTul bazarze faqtiurad
ar arsebobs. amitom, mniSvnelovania, rom proeqtireba xdebodes
sertificirebuli da diplomirebuli specialistis mier, romelic icnobs
saproeqto dokumentaciis momzadebis moTxovnebs da iziarebs
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saerTaSorisod aRiarebul princips: saproeqto dokumentacia unda
warmoadgendes iseTi saxis naxazebs, specifikaciebs da kalkulaciebs,
romelTa daxmarebiT SesaZlebeli iqneboda mSeneblobis warmoeba
damatebiTi danaxarjebis da saproeqto informaciis moTxovnis gareSe.
aRniSnulTan dakavSirebiT aucilebelia gaimarTos masterklasebi da
vorqSopebic, sadac moxdeba sxvadasxva tendenciebis ganxilva da analizi.

dasaxvewia samSeneblo samuSaoebis kontrolisa da monitoringis
sistema. savaldebulo unda gaxdes samSeneblo samuSaoebis procesSi
mesame mxaris CarTva samSeneblo zedamxedvelis/proeqtis menejeris saxiT,
romlis Semfasebeli angariSic  erT-erTi gadamwyveti faqtori iqneba
saxelmwifo zedamxedvelobis organoebis daskvnasTan erTad Senobis
eqspluataciaSi miRebis procesSi. unda aRiniSnos, rom samSeneblo
procesSi mesame kompetenturi mxaris CaurTveloba, xSirad investoris da
saboloo momxmareblis gawbilebas iwvevs maTi arasaTanado gamocdilebis
gamo, rac did Tavisuflebas aZlevs samSeneblo organizacias da
miTumetes, saproeqto organizacias. mesame mxaris CarTulobis SemTxvevaSi
xdeba saSenebelo samuSaoebis Sesrulebis ganuyofeli nawilis -
samuSaoebis Sesrulebis meTodologiis dokumentis moTxovna samuSaoebis
dawyebamde da SemdegSi misi Sesrulebis monitoringi. mocemul
dokumentSi mkafiod da detalurad xdeba samSeneblo samuSaoebis
TiToeuli elementis Sesrulebis meTodologiis aRwera, xarisxis
kontroli RonisZiebebis, vadebis da logistikis gegmis CaTvliT, rac
SesaZlebels xdis samuSaoebis dawyebamde moxdes misi optimizacia da
kvalificiuri mSeneblis SerCeva. es dokumenti ugulebelyofilia qarTul
samSeneblo bazarze, maSin roca mis gareSe arcerTi mSenebloba ar
iwarmoeba saerTaSoriso asparezze, maT Soris sxva ganviTarebad qveynebSi.
aqedan gamomdinare, mniSvnelovania damkvidrdes zemoaRniSnuli praqtika
qarTul samSeneblo sivrceSi.

zemoaRniSnulidan gamomdinare, aSkaraa, rom saqarTvelos samSeneblo
bazari qaotur mdgomareobaSia da mxolod moklevadian mogebazea
orientirebuli. momxmarebeli, usafrTxo mSenebloba, garemo, adamianis
sicocxle da grZelvadiani warmateba kvlav meorexarisxovan miznebad
rCeba da mxolod maSin xdeba aqtualuri, rodesac am garemoebebis
gauTvaliswineblobiT damdgari Sedegia saxeze. am yovelives ki, sworedac
rom liberaluri da ganuviTarebeli sakanomdeblo sistema uwyobs xels.

aucilebelia Cvenma qveyanam daiwyos zrunva samSeneblo bazris
srulyofaze da momxmarebelma miiRos yvela sargebeli, romelic mas
ekuTvnis - Rirebuleba iqnes faseulobis Sesabamisi. dabolos, moviSvelieb
cnobil gamonaTqvamebs, romelic xazs usvams usafrTxoebis da xarisxis
faqtoris mniSvnelobas: „usafrTxoebas dasvenebis dRe ar gaaCnia“, xolo,
„xarisxi arasdros miiRweva SemTxveviT, is bevr alternativebs Soris
gonivruli arCevania“.

3. daskvna
zemoaRniSnulidan gamomdinare, mniSvnelovania:
1. saqarTveloSi droulad amoqmeddes praqtikuli samSeneblo

kanonmdebloba, romelic daicavs samSeneblo bazarze monawile yvela
mxaris interesebs da minimumamde daiyvans usafrTxoebis, produqciis
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xarisxis, jamrTelobis da garemos dacvis RonisZiebebis,  samSeneblo
normebisa da standartebis darRvevis risks.

2. SemuSavebuli iqnas iseTi saxis SemzRudveli politika, romelic yvela
msurvels ar miscems uflebas daregistrirdes samSeneblo saqmianobis
ganmaxorcielebel organizaciad. SezRudva unda dawesdes
organizaciaSi momuSave personalis kvalifikaciaze, maT
profesionalizmsa  da gamocdilebaze.

3. gaZlierdes samSeneblo samuSaoebSi gamosayenebeli masalebis
kontrolis meqanizmebi, gansakuTrebiT ki Senobis konstruqciul
nawilSi gamoyenebad da adamianis sicocxlisTvis saSiS masalebze.
moxdes gamosayenebeli masalebis sertifikatebis (xarisxis,
warmoSobis) da teqnikuri specifikaciebis  daregulireba saproeqto
dokumentaciasTan da moTxovnil standartebTan/normebTan. dainergos
konstruqciul elementebSi gamosayenebeli masalebis savaldebulo
testirebis da inspeqtirebis moTxovnebi, rogorc maT instalaciamde,
ise instalaciis da instalaciis Semdgom periodSi. prevenciis mizniT,
moxdes yvela masalis teqnikuri specifikaciis Semowmeba da dawesdes
mkacri jarimebi darRvevebis SemTxvevaSi. gansakuTrebuli yuradReba
mieqces Senobis xanZarusafrTxoebis moTxovnebs da dainergos
praqtikuli standarti, romelic ar miscems SesaZleblobas mSeneblebs
da investorebs ugulebelyon aRniSnuli moTxovnebi. samwuxarod, dRes
saqarTveloSi warmoebuli mSeneblobebis 90% am moTxovnaTa uxeSi
darRveviT aris realizebuli da safrTxes uqmnis masSi myof
adamianebs. mniSnelovania, gaazrebuli iqnes   realuri riskebi da
gatardes maTi Tavidan acilebis RonisZiebebi, raTa valdebuleba iyos
usafrTxo mSenebloba da ara kerZo komerciuli iniciativebi.

4. gamkacrdes Senobis eqspluataciaSi miRebis pirobebi, moTxovnebi da
procedurebi, rac gamoixateba mSeneblobis procesSic Sesabamisi
uwyebebis aqtiur CarTulobasa da gadacemuli dokumentaciis
sisrulis da moTxovnebTan Sesabamisobis kontrolis RonisZiebebis
gatarebiT. momxmarebelTa uflebebis dacvis mizniT, Setanili iqnes
cvlileba/damateba Sesabamis sakononmdeblo aqtebSi, romelic
SesaZleblobas miscems momxmarebels ukan daibrunos mTliani an
nawili Tanxisa, im SemTxvevaSi Tu samSeneblo organizaciis mier mainc
moxda momxmareblis gawbileba, risi identificirebac SeuZlebeli iyo
binis Sesyidvis momentisTvis. am moTxovnis xandazmulobis vada unda
iyos minimum 2 weli.
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ferdoebis mdgradobaze gaangariSeba gamofituli
zedapirebis arsebobisas

n. areSiZe, g. lutiZe, g. areSiZe

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

reziume: Catarebulia ferdoebis mdgradobaze gaangariSeba, roca
ferdoebSi  mTis qanebis fenebi   ganlagebulia horizontalurad da
daxrilad.  gaangariSeba Sesrulebulia im SemTxvevaSi, roca fenebis
kontaqtebSi Sida xaxunis ' kuTxe da 'k SeWidulobis Zala gacilebiT

naklebia, vidre qanebis fenebSi  da k -ს mniSvnelobebi, e.i.
gamofituli zedapirebis arsebobisas. miRebulia fenebis kontaqtebs
SorisZvris ' – kuTxe; sxadasxva pirobebSi mdgradi ferdos simaRle;
ferdos mocemuli simaRlis SemTxvevaSi fenebis Camocvenis daxris
kuTxis mniSvneloba, romlis drosac dasaSvebia kuTxe bortis
mimdebare fenebis daxrilobisaTvis.

sakvanZo sityvebi: mTis qanebi, ferdo, mdgradoba,SeWiduloba,
gamofituli zedapiri.

1.Sesavali
ferdos mdgradobis dakargvis Sedegad xdeba misi masivis CamoSvaveba

da raime zedapirze dacureba. dacurebis zedapiri SeiZleba iyos
brtyeli, wriulcilindruli, an kombinerebuli. amasTan dacurebis
zedapirze (da saerTod masivSi) moqmedebs  diF damWeri (xaxunis da

SeWidulobis) damZvreli  mZiP (qanis masis wona, droebiTi da mudmivi

mowyobilobebis wona, afeTqebis, seismuri datvirTvis hidrostatikuri da
hidrodinamikuri) Zalebi. Tu am Zalebs davagegmilebT saSiSi dacurebis
wriul-cilindruli zedapiris aRmwer wiris raime wertilze gamaval l
mxebze, maSin adgili eqneba Semdeg Tanafardobebs: roca   mZd ii PF ferdo

statikur wonasworobaSia; roca   mZd ii PF – ferdo zRvrul statikur

wonasworobaSia; roca   mZd ii PF , maSin ferdos masivi iwyebs CamoSvavebas-
deformacias [1]. ise, rogorc yvela masala mTis qanebic irRveva
normaluri ZabvebiT gamowveuli gaWimviT, an Wraze mxebi Zabvebis
gavleniT. am saxis ZabvebiT ganisazRvreba mTis qanebis simtkice.
maSasadame, yovel konkretul SeTxvevisaTvis unda dadgindes Semdegi

funqcionaluri damokidebuleba [2]: ( )n   , (1)
sadac: τda σn mxebi da normaluri Zabvebia saSiSi dacurebis sibrtyeze.

2. ZiriTadi nawili
mTis qanebis simtkiceze daxasiaTebisdros saWiroa ganvasxvavoT misi

nawilebis da mTliani masivis, fenebs Soris, fenebis ganlagebis
mimarTkuTxiT, ferdos zedapiris, calkeuli dasustebuli fenebis, gabzaruli
da Sreebiani masivSi simtkiceebi, agreTve simtkice gaWimvaze, kumSvasa da
Wraze.

gruntis masivi mTlianobaSi xasiaTdeba mis calkeul nawilakebis
maRali simtkiciT,  xolo Sreebiani gruntis SemTxvevaSi ufro dabali
simtkiciT maT kontaqtebs Soris.
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gruntis qanebis rRveva da misi deformaciis Sedegad ferdos masivis
dacureba Camonaqcevis saxiT mimdinareobs dasustebul zedapirebze,
nawilakebis kontaqtebSi, forebSi da calkeul sibrtyeebSi. am dros saWiroa
gaviTvaliswinoT winaRoba kumSvasa da Wraze, romlebic

ganisazRvrebianKSeWidulobiTmoculobiTi woniT da Sinagani

xaxuniskuTxiT.es parametrebi warmoadgens mTis qanebis simtkicis ZiriTad
maxasiaTebel sidideebs.

kvlevebi gviCvenebs, rom mTis qanebis SeWiduloba SeiZleba

warmovadginoT sami Sesakrebis saxiT: K=K1+Ky+Kw, (2)
sadac: K1- pirveladi SeWiduloba (misi sidide damokidebulia mTis qanebis

Semadgenlobaze da maT simtkiceze); Ky – ganmtkicebis SeWuduloba (misi sidide
warmoiSveba mTis qanebSi sxvadasxva mineravebiT cementaciis dros); Kw–

kapilaruli daWimulobis SeWiduloba (misi sidide warmoiSveba, rogorc
damatebiTi winaRoba Wraze xaxunis Zalebis xarjze, romelic
ganviTardebakapilaruli wnevebis dros, roca mTis qani gaJRenTilia wyliT
an aqvs maRali simkvrive). sxvadasxva gruntebSi aRniSnuli tipis
SeWidulobebs aqvT sxvadasxva fardobiTi sidideebi. ase magaliTad, magar

qviSnarebSi, rkinovan an kaJmiwiani cementaciis dros Ky>>K1,xolo Kw0.
mkvriv TixebSi SeWidulobis ZiriTadi saxea K1,didforianobis da sinotivis
mqone TixnarebSi mniSvnelovania KwSesakrebis fardobiTi sidide [1].

Sinagani xaxunis koeficienti damokidebulia Camonaqcevi masis dacurebis
zedapiris sisqeze da ganisazRvreba qanis granulometriuli SemadgenlobiT.

SevniSnoT, rom ferdos masivis rRvevisas Camonaqcevi prizmis masis
dacureba raime mrudwirul zedapirze im SemTxvevebSi xdeba, roca ferdos
masivi erTgvarovani gruntia; roca fenebi ganlagebulia horizontulad da
maTi simtkicis ZiriTadi maxasiaTeblebi didad ar gansxvavdeba erTmaneTisgan;
roca fenebi ganlagebulia ferdos qanobis sawinaaRmdegod (ix. nax.1)

nax.1.ferdoebSi  Sreebis horizontalurad da daxrilad ganlagebis sqema.
Tu bortis masivi Sedgeba fenebisgan, maSin fenebs Soris kontaqtebi

SeiZleba aRmoCndes, rogorc Sesustebuli zedapirebi mxolod im SemTxvevaSi,

roca fenebis kontaqtebSi Sida xaxunis ' kuTxe da 'k SeWidulobis Zala

gacilebiT naklebia, vidre qanebis fenebSi  და k -ს mniSvnelobebi. Tu fena

warmoadgens horizontalurs an daxrils, maSin Camonaqcevis masis dacurebis
zedapiri SeiZleba CaiTvalos, rogorc wriul-cilindruli da mdgradobaze
gaangariSeba unda Catardes Semdegnairad (nax.1): roca fenebi

horizontaluradaa ganlagebuli (nax.1,a) gasaSualebuli  და k mniSvnelobebiT

da mdgradobis maragis koeficientis gaTvaliswinebiT. masivis mxares
daxrili fenebis SemTxvevaSi (nax.1,b), rodesac ferdos horizontisadmi

daxris sibrtyesa  da fenebs Soris kuTxe 90 '    ,sadackontaqtebs Soris
Zvris kuTxe ' gamoiTvleba Semdegi formuliT [2;3]:

h
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






 


n.saS

s
s 


ktgarctg (3)

sadac, 's aris fenebs Soris Sida xaxunis kuTxis  saangariSo   mniSvneloba:

s

s k
arctg




 
 ,                                                                      (4)

'ks –fenebs Soris SeWidulobis saangariSo mniSvneloba; n.saS.–gansaxilveli

kontaqtisTvis normaluri Zabvis saSualo mniSvneloba: saS.=1/2hcos2, (5)
sadac  –kontaqtebis horizontisadmi daxris kuTxe; h – dacurebis zedapiris

yvelaze metad daZabuli wertilis CaRrmaveba (nax.1, b).
ferdos Semadgeneli fenebis karieris mxares mimarTulebiT daxrisas

(nax.1,g), roca   ,xolo, 15 20    , maSin gaangariSeba fenebis kontaqtebs

Soris sruldeba 's და 'ks parametrebiT.

Tu fenebi ecemian karieris mxares 15 20    kuTxiT da  , maSin bortis

mimdebare  qanebis damuSavebas axdenen fenebis gaswvriv  (nax.1,d), ე.ი.   . am

SemTxvevaSimdgradi ferdos simaRle  (metrebSi) gamoiTvleba formuliT:

'1
90

 tgctg
HH


 , (6)

sadac, ‘ aris sakontaqto fenebs Soris Zvris kuTxe (gradusebSi), romelic
ganisazRvreba (3) formuliT.

90| |BT H mTis qanebis vertikaluri monakveTia

(ix.nax.1.a,b,g). [1;2] Sromebis Tanaxmad ganisazRvreba Teoriuli

damokidebulebiT:
90

2
ctg(45 )

2

KH 


   , (7)

სადაც, K–aris SeWiduloba da gamoiTvleba (2) formuliT; ρ–qanebis Siga

xaxunis kuTxe; γ –kuTri wona, n/m3.
ferdos mocemuli simaRlis SemTxvevaSi SeiZleba ganisazRvros fenebis

Camocvenis daxris kuTxis mniSvneloba, romlis drosac dasaSvebia kuTxe

bortis mimdebare fenebis daxrilobisaTvis:














 

H
Hctgarcctg 901s .            (8)

mdgradi ferdos  simaRle (metrebSi) imave pirobebSi, (  , ნახ.1.ე), SeiZleba

ganisazRvros Semdegi formuliT: ' '2 sin cos
,

sin( ) sin( ')

kH  
    


 

s s (9)

sadac,  aris qanebis kuTri wona, ნ/მ3. ferdoebis, mTis kalTebis xelovnuri

gamagrebamisaRebia im SemTxvevebSi, rodesac gaumagrebeli ferdoebis
mdgradobis pirobebiT miRebuli bortis saerTo daxris α kuTxe bortebSi
fenebs Soris daxris kuTxeze damreci aRmoCndeba.

3. daskvna
ramdenime Sesustebuli zedapiris gadakveTisas yvelaze daZabuli zedapiri

emTxveva Sesustebul zedapirebs (nawilobriv an mTlianad) da ganivi Wrisas
miiReba  texiliwiri. am SemTxvevaSi mdgradobis gaangariSeba mizanSewonilia
Sesruldes  grafikuli meTodiT, romelsac uwodeben ZalTa mravalkuTxedis
meTods [1].

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

2.Фисенко Г.А. Устойчивость бортов карьеров и откосов. М.: Наука, 1985. – 380 с.
3. Арсентьев А.И. Букин И.Ю. Мироненко В.А. Устойчивость бортов и осущение  карьеров. М., Недра.
1992, 164 с.
4.Хуан Я.Х. Устойчивость земляных откосов. М., Стойиздат. 1998, 236 с.
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asfaltbetonis  ormouli  SekeTeba infrawiTeli
gamosxivebiT
o. xatiaSvili

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

reziume: asfaltbetonis safaris ormouli SekeTebis tradiciuli
meTodis ZiriTadi xarvezia arsebuli safaris da SekeTebuli ubnis
civi SeerTeba. rac saboloo jamSi iwvevs SekeTebuli ubnis
sicocxlisunarianobis Semcirebas. statiaSi ganxilulia
infrawiTeli sxivebiT asfaltobetonis ormouli SekeTeba, romelic
saqarTveloSi jer kidev ar gamoiyeneba, magram xasiaTdeba mTeli
rigi upiratesobiT sxva tenologiebTan SedarebiT.
sakvanZo sityvebi: asfaltbetonis safari, ormouli SekeTeba, bitumi,

bitumis emulsia, infrawiTeli gamosxiveba.
1. Sesavali

datvirTvebi saavtomobilo gzebze yovelwliurad sul ufro
izrdeba, rac sxva faqtorebTan erTad warmoadgens sagzao fenilebis
cveTisa da dazianebis mTavar mizezs. ramdenadac dReisaTvis
asfaltbetoni warmoadgens umTavres sagzao safars, mniSvnelovania misi
SekeTebis racionaluri teqnologiebis damuSaveba.

erT-erT aseT teqnologias warmoadgens infrawiTeli sxivebiT
asfaltobetonis ormouli SekeTeba,  romelic saqarTveloSi jer kidev ar
gamoiyeneba, Tumca igi xasiaTdeba mTeli rigi upiratesobiT sxva
tenologiebTan SedarebiT.

2. ZiriTadi nawili
asfaltbetonis infrawiTeli SekeTebis procesi (nax.1) gankuTvnilia

mimdinare da avariuli saremonto samuSaoebisTvis, sagzao safaris
defeqtebis likvidaciisTvis. infrawiTeli gamosxivebiT safaris SekeTeba
SeiZleba ganxorcieldes mTeli wlis manZilze,  swrafad, uxmaurod da
efeqturad.

nax.1. asfaltbetonis safaris ormouli SekeTbis procesi
infrawiTeli gamosxivebis gamoyenebiT

infrawiTeli gamosxiveba - eleqtromagnituri gamosxivebaa, romelic
speqtrul sivrceSi ikavebs adgils xilul sinaTlis wiTel daboloebasa
(talRis sigrZe - 0,74mkm) da mikrotalRuri gamosxivebas Soris  (1-2mm).
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gacxelebis infrawiTel meTods aqvs  arsebiTi upiratesoba tradiciul,
konverciul meTodTan SedarebiT. pirvel rigSi, es ekonomiuri efeqtia -
gacxelebis siCqare da daxarjuli energia infrawiTel gacxelebisas
bevrad naklebia im maCveneblebze, romlebsac vxarjavT tradiciul
meTodiT.

Cven gvinda gavamaxviloT yuradReba ramodenime momentze.
pirvel rigSi asfaltbetonis safaris remontis da regeneraciis

dros zedmeti gacxeleba mavnebelia asfaltbetonisaTvis. im SemTxvevaSi
rodesac viyenebT infrawiTel gamosxivebas, mniSvnelovania ara
gamoyofili kaloriebis raodenoba, aramed - warmoebuli infrawiTeli
sxivebis maqsimaluri raodenobis miReba,  minimaluri Termuli energiis
daxarjviT. infrawiTel sxivebs aqvT unari „awarmoon siTbo Rrmad sagnis
SigniT“. aqedan gamomdinare, infrawiTeli gacxelebis procesi ar cvlis
asfaltbetonis maxasiaTeblebs. amasTanave mniSvnelovnad mcirdeba
asfaltbetonis SekeTebis procesi.

tradiciuli meTodis mTavar xarvezad  SeiZleba CaiTvalos arsebuli
safaris da SekeTebuli ubnis civi SeerTeba. im SemTxvevaSic ki, rodesac
samuSao Sesrulebulia teqnologiis sruli dacviT, Cven mainc vagebT
gacxelebul masalas civ safuZvelze. swored es aris misi susti adgili.
Sedegad SekeTebuli monakveTi ar aris gamZle da warmoiqmneba bzarebi
sadac xvdeba WuWyi da wyali, romelic Cadis siRrmeSi, azianebs da
angrevs garemontebul asfaltbetonis safars.

infrawiTeli gamosxivebiT, asfaltbetonis safarebis SekeTebas aqvs
Semdegi upiratesoba:

• saremonto ubnebi da masTan erTad mimdebare adgilebi ganicdian
temperaturis zemoqmedebas anu gacxelebas;

• 20-25 santimetriT izrdeba saremonto (gafxvierebuli) ubnis
perimetri, rac aRmofqvris nebismier civ SeerTebas an uxeS nakerebs
da qmnis temperaturul kavSirs axal safarsa da arsebuls Soris;

• gamoricxulia aramyari adgilebi;
• Tavidanaa acilebuli bzarebis warmoqmna, Sesabamisad wylisa da

WuWyis  moxvedra da CaJonva safuZvelSi;
• SekeTebuli safari xangrZlivi drois ganmavlobaSi ar iSleba;
• Ria cecxls ar aqvs kavSiri asfaltbetonis zedapirTan. asfaltis

darbileba xorceldeba infrawiTeli sxivebis unikaluri Tvisebebis
xarjze.
asfaltbetonis safaris SekeTebis teqnologiuri procesis

Tanmimdevroba infrawiTeli gamosxivebis gamoyenebiT.
1. movniSnoT ubnis kideebi romlebic gankuTvnilia SesakeTeblad,

gavasufTavoT nagvisgan da wylisgan.
2. davamontaJoT ubanze infrawiTeli gamomsxivebeli
3. CavrToT infrawiTeli gamomsxivebeli 5-9 wuTamde (dro

damokidebulia ormos siRrmeze, weliwadis droze da Semavsebelze).
4. adgilze Serbilebuli masala gadavaadgiloT safxekiT da

paralelurad aRmovfxvrad Zveli SeerTebebi, nakerebi da
uswormasworobebi.

5. saWiroebis mixedviT davamatoT masala swori zedapiris misaRebad.
6. movasworoT SemasworebliT.
7. davtkepnoT dagebuli masala aucilebel xarisxamde.
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1. მოვნიშნოთ უბნის კიდეები რომლებიც
განკუთვნილია შესაკეთებლად,
გავასუფთავოთ ნაგვისგან და წყლისგან.

2. დავამონტაჟოთ უბანზე ინფრაწითელი
გამომსხივებელი

3. ჩავრთოთ ინფრაწითელი
გამომსხივებელი 5 - 9 წუთამდე (დრო
დამოკიდებულია ორმოს სიღრმეზე,
წელიწადის დროზე და შემავსებელზე).

4. ადგილზე შერბილებული მასალა
გადავაადგილოთ საფხეკით და
პარალელურად აღმოვფხვრად ძველი
შეერთებები, ნაკერები და
უსწორმასწორობები.
5. საჭიროების მიხედვით დავამატოთ
მასალა სწორი ზედაპირის მისაღებად.

6. მოვასწოროთ შემასწორებლით.

7. დავტკეპნოთ დაგებული მასალა
აუცილებელ ხარისხამდე.

nax. 2. infrawiTeli gamosxivebis gamoyeneba asfaltbetonis safaris
SekeTebisaTvis (safuZvlis problemebis gareSe).

rodesac saWiroa aRmoifxvras asfaltbetonis safaris zeda fenis
defeqtebi, standartuli teqnologiebis gamoyenebas, aqvT seriozuli
naklovanebebi:

 SezRudvebi sezonur samuSaoebTan dakavSirebiT;
 narCenebis didi raodenoba;
 maRali donis xmauri;

 samuSaoebis warmoebis maRali Rirebuleba;

 aRdgenili safaris eqspluataciis vadis xanmokleoba.
infrawiTeli gamosxivebis gamoyenebas gaaCnia mTeli rigi dadebiTi

mxareebi. maT Soris mniSvnelovania:

 infrawiTel sxivebs SeuZliaT SeaRwion ramodenime fenaSi - Tu Cven
gaqvT asfaltis erTi fena, sisqiT 7,5-sm sxivebi mTlianad SeaRweven
masSi, Tu Tqven gaqvT zeda safari - 2,5sm da safuZveli - 7,5sm sxivebi
Seaxweven mxolod zeda fenaze, anu erT fenaze erTjeradad. amis
gadawyvetileba mdgomareobs imaSi, rom movxsnaT Serbilebuli zeda
fena da gavaTboT Semdegi fena. sxivebi  Ria safaridan SeaRweven Semdeg
fenaSi, am meTodis gamoyenebiT, saWiroebis SemTxvevaSi, Cven SegiZliaT
mivaRwioT sxivebis SeRwevas mTlian siRrmeSi.

 infrawiTeli gamosxiveba SesaZlebelia gamoyenebuli iyos mTeli wlis

ganmavlobaSi - garemo temperatura umniSvnelod moqmedebs mxolod
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gacxelebis dros. es cvlilebebi sezonidan sezonamde umniSvneloa da
amitom SeiZleba saremonto samuSaoebi Catardes mTeli wlis
ganmavlobaSi. gare temperatura ar uSlis rom SevqmnaT Termaluri
kavSiri saremonto fenis rogorc zedapirze aseve siRrmeSi.

 myari safuZvlis SemTxvevaSi, infrawiTeli gamosxiveba SesaZlebelia

gamoviyenoT warmoSobili bzarebis gamosasworeblad.
 infrawiTeli gamosxivebis gamoyenebiT asfaltbetonis narevis Tvisebebi

ar uaresdeba - laboratoriuli testebis Sedegebma aCvena, rom
infrawiTeli gamosxivebis gamoyenebisas asfaltbetonis Tvisebebi an
saerTod ar icvleba an adgili aqvs mcireoden gansxvavebas fizikur
TvisebebSi.

 ekonomiuri efeqti – msoflio gamocdileba gviCvenebs, rom xarjebis
ekonomia asfaltbetonis infrawiTeli meTodiT SekeTebis dros aRwevs
30%-s Cveulebriv meTodTan SedarebiT.

3. daskvna

asfaltbetonis sagzao safarebis ormouli SekeTebis infrawiTeli
teqnologia saSualebas gvaZlevs vawarmooT ekonomiurad momgebiani
sagzao saremonto samuSaoebi mTeli wlis manZilze. amasTanave safaris
reabilitaciis Semdgom mniSvnmelovnad izrdeba misi saeqspluatacio
vada.

literatura
1. ECOCITYGROUP. Процесс инфракрасного ремонта асфальта. 2009
2. htt:\\www.dor.ru/articles/1/11/yamochnyi-remont-dorogi-tradicionnie i novie

metodi. გადამოწმებულა 20.04. 2016



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #4(43), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

104

naSxefbetonis gamoyeneba Tanamedrove
gvirabmSeneblobaSi

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

Tbilisi, saqarTvelo)
reziume: gvirabmSeneblobaSi axalavstriuli xerxis gamoyenebisas
didi roli aqvs daTmobili naSxefbetons. swored am xerxis
danergvam gamoavlina naSxefbetonisa da ankerebis gamoyenebiT
agebuli ekonomiuri damyoli samagrebis upiratesobani.
sakvanZosityvebi: gvirabmSenebloba, naSxefbetoni, mudmivi samagri.

1. Sesavali
gvirabmSeneblobis praqtikaSi axalavstriuli xerxis danergvam

gamoavlina naSxefbetonisa da ankerebis gamoyenebiT agebuli ekonomiuri
damyoli samagrebis upiratesobani da xeli Seuwyo maT ganviTarebas
srogorc masalisa da konstruqciebis, ise teqnologiisa da
teqnologiuri aRWurvilobis TvalsazrisiT.

naSxefbetonis aqtiur gamoyenebas safuZveli Caeyara gasuli saukunis
60-iani wlebis dasawyisSi, roca muSavdeboda gvirabis axalavstriuli
xerxiT mSeneblobis teqnologia. am xerxs agreTve ewoda birTvis xerxi
damyoli garsiT.

saqarTveloSi naSxef-betoni pirvelad gamoiyenes 1959 w, roca
mimdinareobda samuSaoebi xram_hesi II gvirabis gasamagreblad. 1968 w.
Tbilisis metropolitenis gadasarbeni gvirabis sacdel ubanze,
saqarTvelos politeqnikuri institutis gvirabebis da metropolitenebis
kaTedris TanamSromlebis iniciativiT aigo sacdeli ubani, romelzec
mudmiv samagrad gamoyenebul iqna naSxefbetoni da rkinabetonis ankerebi.

2. ZiriTadi nawili
Ngvirabis naSxefbetonis samagris ekonomikuri efeqtianoba mtkicdeba

gvirabmSeneblobis praqtikaSi arsebuli gamocdilebebis SedarebiT.
monoliTuri betonis samagrTan SedarebiT, gruntis amoReba mcirdeba 20%-mde,
cementis xarji mcirdeba 50%-mde, Wauris mSeneblobis Rirebuleba klebulobs
35%-mde, xolo gvirabgamyvanTa Sromis nayofiereba izrdeba 2-2,5-jer.
naSxefbetonis samagrebis danergvam SesaZlebeli gaxada gamonamuSevris 1
grZ.m pirdapiri danaxarjebis 70%-iT Semcireba xis samagris gamoyenebisas da
85%-iT _ betonis samagrisas, xolo saeqsploatacio danaxarjebis
gaTvaliswinebiT ekonomikuri efqti izrdeba kidev aranakleb 1,5-2-jer.
naSxefbetonis gamoyenebiT Sromatevadoba mcirdeba da adgili aqvs masalis
ekonomiur xarjvas.

xramhesi II-is mSeneblobaze Sida-satvirTo gvirabis gayvanisas
naSxefbetonis gamoyenebam gvirabis Weris gasamagreblad SesaZlebeli gaxada
monoliTur samagrTan SedarebiT 50% ekonomiis miReba.

institutebis (otgenergomSeni da hidrospecproeqti) mier Sesrulebuli
kvlevebi aCveneben, rom rig SemTxvevebSi didi ganivkveTis (15 m da 8 m malis
mqone gamonamuSevrebi) miwisqveSa hidroteqnikuri nagebobebis mSeneblobisas
ankeruli samagri da naSxefbetoni samagris yvelaze iafi da ekonomiuri
saxeobaa. TbilmetromSenis monacemebiT gadasarbeni gvirabis sacdel ubanze
naSxefbetonisgan agebuli samagri 36,6%-iT iafi aRmoCnda monoliTur-
dawnexili betonis samagrze, amasTan, dawnexili samagris asagebad saWiro
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danadgarebisa da mowyobilobebis masa daaxloebiT 4-jer aRemateba
naSxefbetonis samagris agebisas gamoyenebuls, xolo Rirebuleba _ 8-10-jer.

rogorc praqtika gviCvenebs, naSxefbetonis gamoyenebisas
gvirabmSeneblobaSi saSualo ekonomia Seadgens 25-30%-s. Tumca moyvanili
monacemebi axasiTeben naSxefbetonis gamoyenebis teqnikur-ekonomikur
efeqturobis ZiriTadad sakmaod magarkldovan qanebSi.

gvirabmSeneblobis obieqtebze sustad mdgrad qanebSi naSxefbetonis
gamoyenebam SesaZlebeli gaxada ufro didi ekonomiis miRweva. erTerTi
sacdeli ubnis mSeneblobisas 1 m naSxefbetoniani gvirabis Rirebuleba
aRmoCnda 73%-iT naklebi vidre monoliTuri betonis samagris mqone gvirabisa.
ekonomiuri efeqti aixsneba imiT, rom naSxefbetonis gamoyenebam SesaZlebeli
gaxada mniSvnelovnad Semcirebuliyo gamonamuSevris ganivi kveTi samagris
sisqis Semcirebis xarjze (40-75 sm-dan 15 sm-mde), uari Tqmuliyo tradiciul
xis droebiT samagrze da xsnaris samagrs ukan Wirxvnaze, agreTve
Semcirebuliyo samuSaoTa Sromatevadoba 2,5-jer.

nakleb myar gruntebSi naSxefbetonis gamoyenebis ekonomiuri efeqti
Seadgens 50-60%-s.

unda aRiniSnos, rom naSxefbetonis gamoyenebis ekonomikuri efeqturoba
damokidebulia mSeneblobis konkretul pirobebze, kerZod gasayvani gvirabis
sigrZeze da ganivkveTze. Ggarda amisa naSxefbetonis Rirebuleba
damokidebulia masalis fasze, romelic icvleba adgilobrivi pirobebis
Sesabamisad.

zemoT ganxiluli pirobebis safuZvelze SeiZleba davadginoT, rom
naSxefbetonis gamoyenebiT SeiZleba mivaRwioT garkveul teqnikur-ekonomikur
maCveneblebs. gasaTvaliwinebelia is, rom rom naSxefbetonis datana unda
moxdes meqanizebuli wesiT, ris gamoc Semcirdeba SromiTi danaxarjebi.

3. Ddaskvna
miwis qveSa mSeneblobis samamulo da sazRvargareTuli gamocdilebis

analizis Sedegad SeiZleba davaskvnaT, rom bevr qveyanaSi farTod inergeba
samTo xerxiT satransporto gvirabebis mSeneblobis Tanamedrove maRali
teqnologiebi. mZlavri mobiluri aRWurviloba, ankerebTan an gisosovan
TaRebTan Sexamebuli naSxefbetonis konturuli samagri da samuSaoTa
mkveTrad Camoyalibebuli organizacia uzrunvelyofen 80-100 kvadratuli
metris farTobis ganivkveTis gvirabebis gayvanis maRal tempebs rbil
naxevrad kldovan qanebSi (aranakleb 120 m/ TveSi).

gvirabmSeneblobaSi naSxefbetonis danergvis praqtikuli gamocdileba
gviCvenebs, rom masalis maRali simtkicis maCveneblebis, datanis teqnologiis
da samuSaoTa sruli meqanizaciis SesaZleblobis gamo uyalibo da betonebis
es xerxi uzrunvelyofs mniSvnelovan ekonomikur efeqts samuSaoTa
Sromatevadobis SemcirebasTan erTad.

Cvens qveyanaSi mimdinareobs samTo satransporto gvirabebis mSeneblobis
maRali teqnologiebis etabobrivi aTviseba, risTvisac saWiroa kompleqsuri
miznobrivi programis SemuSaveba, romlis Sesabamisad: SesaZenia Tanamedrove
samTogvirabgamyvani aRWurviloba; Casatarebelia saTanado samecniero
kvlevebi, romelic moicavs agreTve naSxefbetonis optimaluri Semadgenlobis
dasadgenad SeWidvisa da gamagrebis damaCqarebeli specialuri danamatebis
SemuSavebas.

Lliteratura
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rkinabetonis rTuli kvanZis mowyoba

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

Tbilisi, saqarTvelo)
reziume: statiaSi ganxilulia, rkinabetonis erT-erTi rTuli
kvanZis mowyobis  magaliTi, rodesac etapobrivad xdeboda
armaturis karkasis montaJi da misi dabetoneba.
sakvanZo sityvebi: kvanZi, armatura, karkasi, betoni, rkinabetoni,

montaJi, mSenebloba.
1. Sesavali

monoliTuri rkinabetoniT mSeneblobis procesSi, gansakuTrebiT did
yuradRebas moiTxovs Senobis masiuri nawilidan naklebad xist nawilSi
gadasasvleli kvanZebis Sesruleba. aRniSnulis sademontraciod
moyvanilia taZris mSeneblobis dros Senobis ZiriTadi nawilis gumbaTis
yelTan SemaerTebeli zonis armirebisa da dabetonebis procesi. saeklesio
tipis nagebobebis mravalsaukunovanma arsebobam daadastura, rom maT did
umravlesobas swored Senobis aseT adgilebSi aqvs miRebuli seriozuli
dazianebebi da xSir SemTxvevebSi aqedan daiwyo maTi rRveva. dazianebis
ZiriTadi mizezi kvanZebis arasaTanado simtkicea, romelic
gansakuTrebulad iCens Tavs seismiuri datvirTvebis zemoqmedebis dros.
Tu adreul periodSi sakulto nagebobi  sxvadasxva qvis masalebisagan
igeboda da ar arsebobda zemoTaRniSnuli kvanZebis gaZlierebis realuri
saSualeba, monoliTuri rkinabetonisgan agebis SemTxvevaSi  saerTod
unda gamoiricxos msgavsi dazianebebi.

2. ZiriTadi nawili
rkinabetonis kvanZis mowyobis mTavar mizans warmoadgenda taZris

ZiriTadi nawilidan gumbaTis yelze gadasasvleli wriuli nawilis
mowyoba, romlis diametri 4m-iT naklebi iyo sayrdeni wris diametrze da
moiTxovda Zalian mZlavri monoliTuri konsoluri kvanZis Seqmnas. masze
Semdgom unda agebuliyo gumbaTis yeli da TviT gumbaTi. proeqtiT
gaTvaliswinebuli Zalian xSiri armirebis gamo, sakmaod garTulebuli
iyo aRniSnuli kvanZis mowyobisas armaturis karkasebis ageba da misi
dabetoneba. procesis Tanmimdevrobis srulad aRsaqmelad mizanSewonilia

misi calkeuli etapebis ganxilva.

nax.1. sayalibe sistemis damontaJeba da armirebis dawyeba II etapi – xorcieldeboda
sayalibe sistemaze wriuli mimarTulebis armaturis Reroebis  montaJi da sayrden
nawilSi armaturis naSverebze vertikaluri samuSao armaturebis wazrda (nax.2).
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I etapi - moewyo da taZris Ziridan amosul xaraCoebze daeyrdno,
specialurad am miznisaTvis agebuli wriuli formis sayalibe sistema.
yalibsa da ZiriTad sayrden konstruqcias Soris warmoqmnili konsoluri
sivrcis dabetonebiT unda Seqmniliyo sasurveli diametris mqone
gumbaTis yelis sayrdeni monoliTuri rkinabetonis kvanZi (nax.1).

nax.2. wriuli armaturebis montaJi da naSverebze armaturebis wazrda
III etapi – kvanZis sayrdeni nawilis marTobuli da masTan

damakavSirebeli armaturis karkasebis da badeebis mowyoba (nax.3).

nax.3. kvanZis sayrden nawilTan damakavSirebeli armireba
IV etapi – armaturis horizontaluri badeebis montaJi simaRleSi 20sm

bijiT da gumbaTis yelis sayrdeni wriuli karkasis mowyoba (nax.4).

nax.4. horizontaluri badeebi da gumbaTis yelis sayrdeni karkasi
V etapi – nawilobrivi dabetoneba mTel wreze wvrili siRrmiTi

vibratorebiT da sayrdenTan damakavSirebeli armirebis gagrZeleba.
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nax.5. karkasis nawilobrivi dabetoneba da armirebis gagrZeleba
VI etapi – kvanZis dabetoneba gumbaTis yelis naSverebis datovebiT.

nax.6. rTuli kvanZis mTliani dabetoneba

3. daskvna

1. rkinabetonis Senoba-nagebobebSi masiuri nawilidan konsolur nawilze
gadasasvleli kvanZebis simtkicis uzrunvelsayofad aucilebelia,
urTierTdamakavSirebeli mZlavri vertikaluri da horizontaluri
armaturis karkasebis montaJi da maTi etapobrivi wriuli dabetoneba.

literatura

1. i.qvaraia, T.dvaliSvili rkinabetonis gumbaTis sayrdeni kedlis sawyisi
wriuli yalibis damzadeba-damontaJebis teqnologiuri procesi.
samecniero-teqnikuri Jurnali “mSenebloba”. #2(37), Tbilisi 2015. gv.47-49
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singularuli integraluri gantolebis ricxviTi
amonaxsnebi gamartivebuli sqemebis

gamoyenebiT

mirian kublaSvili
(saqarTvelos teqnikuri universiteti, m. kostavas q.77, 0175,

Tbilisi,     saqarTvelo)
reziume: pirveli gvaris singularuli integraluri
gantolebisaTvis agebulia sagrZnoblad gamartivebuli ricxviTi
amoxsnis sqemebi. romlebic inarCuneben miaxloebiTi amoxsnis
sizustis maRal rigs da gamosayeneblad aqvs martivi saxe.
sakvanZo sityvebi: singularuli, indeqsi, ricxviTi, amoxsna, pirveli
gvari, erTaderToba, sqemebi, Sefaseba.

1. Sesavali
ganvixiloT pirveli gvaris singularuli integraluri

gantoleba
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0 tfdttttk
itt

dtt
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



(1)

sadac , gansazRvrulni arian konturze da ekuTvnian

klass [6].
rogorc cnobilia [1], imisda mixedviT amonaxsns funqciaTa romel

klasSi veZebT wiris erT boloze SemosazRvruli, meoreze

SemousazRvreli (indeqsi ), orive boloze SemousazRvreli, ( ),
oriveze SemosazRvruli ( ) - Sesabamisad ( 1) gantolebis zust
amonaxsnebs aqvs sxvadasxva saxe.

jerjerobiT vigulisxmoT, rom , e.i. veZebT amonaxsns, romelic
SemosazRvrulia erT boloze da SemousazRvrelia meore boloze [1]

(t)=

CavsvaT warnmodgenili -s mniSvneloba (1) gantolebaSi, miviRebT:
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aseTi gantolebebis amoxsnebs miZRvnili aqvs mravali Sroma [2-4],
magram am SromebSi ganxiluli gantolebebSi gamoiyeneba naxevrad
regularizaciis meTodi, rac kidev ufro arTulebs gantolebas [6-7] (2)

gantolebaSi aRvniSnoT  


ab tt
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0 )(1 
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vTqvaT n-nebismieri naturaluri ricxvia, gavyoT [a, b] Sualedi n tol
nawilad wertilebiT

Semdeg mocemuli fiqsirebuli m naturaluri ricxvisaTvis yoveli

[ ] segmenti davyoT nawilebad werilebiT
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sadac Sualedidan aRebuli wertilebia. SemdegSi

vigulisxmoT, rom ricxvebi gadanomrilia zrdis mixedviT.
aRvniSnoT

-is miaxloebiT mniSvnelobad ganvixiloT gamosaxuleba
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,
1

)();;();;(
2

1212
1

02
1

0   znnn n
lcctStS

sadac 21,cc mudmivebi ar aris damokidebuli t0 rogorc vxedavT, Cven

mier singularuli integralisagan agebuli miaxloebiTi sqema gacilebiT
martivi struqturisaa, vidre Cven mier sxva naSromebSi ganxiluli sqemebi,
magram SenarCunebuli aqvs sizustis maRali rigi.

(2) gantolebaSi )()(),(
1

0

1

tdtttk
bt
at

i










miaxloebiT SevcvaloT

Cveulebrivi kvadraturuli formuliT

)()(),(
1

0 tdtttk
bt
at

i ab


  


)(),(

1

0

1

0
0 k

n m

k
kk tttkP 


 











sabolood miviRebT, rom (2) zusti singularuli gantoleba Seicvala

miaxloebiTi gantolebiT  );;( 2
1

0tSn  )()(),( 0

1

0

1

0
0 tftttkP k

n m

k
kk 











 

gaSlili saxiT kompiuterze sarealizacioT am sqemas aqvs Semdegi

saxe:

       































 






 



 




 





k

m

k
vkk

m

k vkj

k
m

k k

k

j

m

k

m

k
j

k
n m

kj

k

ttdpt
tt

pt
tt

p

ttdp
tt

p
tt

p

jk

jk








 









  







1
j

)(-1/2;-1/2*
j

1

)2/1;2/1(*n

1 1 j

)2/1;2/1(*

1 1
k

)(-1/2;-1/2*
j

kj

)2/1;2/1(*

1 1

)2/1;2/1(*

-)()(.


)()(),( 0
1 1

0 tftttkP k

n m

k
kk 

 



 

sadac



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #4(43), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

111

 

 
 

  ),1,2,;(,,2,1;,2,1

,...2,1;1,...,3,2

;,...3,2,1

1
,

10

)2/1;2/1(

)2/1;2/1(
1

)2/1;2/1(
1)2/1;2/1*(

1 jk

2/1;2/1

1
j

1

1

0
0

0

,0
0

0

ntmn

nmkp
npp

p

dt
tt

tt
bt
at

i
p

tt

tt

d

k

m
k

m

j

j
km

j

m

j
jjj

kj

kj

jkj
























































































Tu am ukanasknelSi CavsvamT jt n,0(  , mj ,0 ) kvanZiT wertilebs

miviRebT wrfiv gantolebaTa sistemas )( kt - n,0(  , mj ,0 ) ucnobebis

mimarT.

[6-7]- moyvanili msjelobebis analogiurad SegviZlia vaCvenoT, rom Tu

n -aris uban-uban sainterpolacio funqcia, agebuli )( kt - n,0(  , mj ,0 )
sistemis amonaxsnis mniSvnelobebze, maSin adgili aqvs Sefasebas
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sadac A - garkveuli mudmivi ricxvia.
rogorc vxedavT Zalian gamartivda (2) singularuli integraluri

gantolebis ricxviTi amoxsnis  saTvleli sqema, magram miaxloebis
maRali sizustis rigi kvlav SenarCunebulia. im SemTxvevaSi, roca (1)

gantolebis indeqsi 1 .

gantolebis amonaxsni orive boloze SemosazRvrulia mas aqvs saxe
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)(0 btat

tt



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 [musx] da igi calsaxad ar ganisazRvreba. imisaTvis, rom

igi calsaxad ganisazRvros  unda Sesruldes damatebiTi piroba

ctdt
ab

 )()(0 , sadac c raime mudmivi ricxvia.

aseve roca gantolebis indeqsi uaryofiTia, 1 yovelTvis ar
arsebobs aRniSnuli zusti amonaxsni, is rom arsebobdes, marjvena mxare

)( 0tf unda akmayofilebdes damatebiT pirobas 0
))((

)(



ab btat

dttf

amitom (1) gantolebis miaxloebiTi amoxsnis dros unda
gaviTvaliswinoT aRniSnuli damatebiTi piroba. rogorc cnobilia [musx.]
roca sruldeba aRniSnuli damatebiTi piroba (1) gantolebas yovelTvis
aqvs amonaxsni da igi erTaderTia.

am damatebiTi pirobebis gaTvaliswineba Cven ganxiluli gvaqvs  [6]-Si
gantolebebis ricxviTi amoxsnis sistemebis Sedgenis dros. zustad
analogiurad, Cven SemTxvevaSi gamartivebuli sqemis dros SegviZlia am
pirobebis gaTvaliswineba.

amgvarad zemoT moyvanili msjelobis safuZvelze SegviZli
CavTvaloT,rom sabolood  (1) gantolebisaTvis nebismieri indeqsis dros
agebulia sagrZnoblad gamartivebuli ricxviTi amoxsnis sqema, romelic
inarCunebs sizustis maRal rigs.

meores mxriv, aseT gantolebebze miiyvaneba iseTi mniSvnelovani
amocanebi rogorebicaa, magaliTad, dirixles amocana sibrtyeze Wrilebis
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[1.§ 107] SemTxvevaSi (Sesabamisad, komformulad gadamsaxavi funqciis agebis
dros, Reros da Zelis grexis amocanebi) sibrtyis temperaturuli
stacionaluri amocana, nebismierad ganlagebuli bzarebis SemTxvevaSi [1
T. VII], aseve drekadobis Teoriis sasazRvro amocanebi.
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bitumebis modificireba rezinis narCenebiT
m. avaliani

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

reziume: asfaltbetonis safarSi bzarebis warmoqmna mniSvnelovnad
amcirebs mis sicocxlisunarianobas. amis sawinaaRmdegod
praqtikaSi farTod gamoyenebuli polimerebi, romlebic zrdis
sagzao fenilebis samsaxuris vadas, magram paralelurad Zvirdeba
danaxarjebi. statiaSi ganxilulia bitum-rezinis narevis
gamoyenebis perspeqtiuloba gaumjobesebuli Tvisebebis
asfaltbetonis narevis dasamzadeblad

sakvanZo sityvebi: modificirebuli bitumi, bitum-rezinis narevi,
saeqspluatacio maCveneblebi.

1. Sesavali
asfaltbetonis sagzao safari dazianebis erT-erT ZiriTad mizezs

warmoadgens masze bzarebis warmoqmna, romelSic Cadis wyali, WuWyi da
iwvevs mis Semdgom dazianebas. arsebobs bzarebis warmoqmnis sxvadasxva
mizezi, maT Soris erT-erTi mizezia temperaturis cvalebadoba, rac
iwvevs fenilSi Zabvebis da Sesabamisad temperaturuli bzarebis
warmoqmnas.

bzarwarmoSobis sawinaaRmdegod aucilebelia masala, romelic
efeqturad aiTvisebs fenilSi aRZrul Zabvebs. nebismieri maRali
siblantis mqone Semkravi aumjobesebs narevis winaaRmdegobas
bzarwarmoqmnisadmi. amasTan, Tu Semkravi inarCunebs aseT Tvisebebs
temperaturisa da drois farTo diapazonebSi misi gamoyeneba
mniSvnelovnad gazrdis fenilis samsaxuris vadas.

dRes, praqtikaSi farTod gamoyenebuli polimerebi, zrdis sagzao
fenilebis samsaxuris vadas, magram paralelurad Zvirdeba danaxarjebi.
saWiroa iseTi masalis moZieba, romelic bzarsawinaaRmdego Tvisebebis
garda xasiaTdeba minimaluri RirebulebiT.

erT-erTi racionaluri variantia Zveli saburavebisa da rezinis sxva
narCenebisagan miRebuli fxvnilis damateba Semkravze - e.w. birk - bitumisa
da rezinis narevi.

2. ZiriTadi nawili
birk narevi iwarmoeba Zveli saburavebis rezinis granulebis

damatebiT bitumTan. mniSvnelovani faqtoria bitumisa da rezinis
SeTavsebadoba. rezinis fxvnilis granulometria, Serevis dro da
temperatura gavlenas axdenen miRebuli Semkravis Tvisebebze.

rodesac rezinis nawilakebi ereva bitumSi nawilakebi ifarebian
geliT, rac polimerbitumis sistemebSi gafuebis analogiuria. Sedegad
viRebT damoukidebel rezinabitumis matricas, romelic warmoadgens
samfazian sistemas: rezina, rezinisa da bitumis nazavi da bitumi (nax. 1).

rezinis granulati dadebiT gavlenas axdens Semkravis drekad
Tvisebebze. eqsperimentebis dadasturda aramodificirebuli da
modificirebuli bitumebis TvisebaTa identurobas +100C-ze. dabal
temperaturaze rezinabitumis drekadobis moduli mcirea da amitom
Semkravi gacilebiT elastiuria. maRal temperaturaze rezinabitumis
drekadobis moduli piriqiT ufro maRalia. rogorc vxedavT
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rezinabitumis gamoyeneba sakmaod efeqturia saqarTvelosaTvis
damaxasiaTebeli klimaturi pirobebisaTvis.

nax.1.  bitumisa da rezinis nawilakebis Serevis stadiebi
rezinis fxvnilis gamoyenebis ZiriTadi efeqti mdgomareobs

siblantis gazrdasa da Termuli mgZnobelobis gaumjobesebaSi. me-2
naxazebze mocemulia darbilebisa da simyifis temperaturebis
maCveneblebi.

nax.2. darbilebisa da simyifis temperaturaTa grafikebi 1-bitumi
penetraciiT 120; 2-rezinabitumi, damzadebuli bitumiT penetraciiT 120; 3-

bitumi penetraciiT 80; 4-rezinabitumi, damzadebuli bitumiT penetraciiT 80
rogorc grafikidan Cans rezinis granulatis damateba mniSvnelovnad

aumjobesebs Semkravis Tvisebebs.
eqsperimentebiT dasturdeba, rom birk Semkvrelebi naklebad myifeni

arian uaryofiTi temperaturisas da naklebad eqvemdebarebian deformacias
maRali temperaturisas. Sesabamisad, maTi satransporto saeqspuluatacio
maCveneblebi iqneba saukeTeso da stabiluri wlis nebismier dros
saqarTvelos maRalmTian pirobebSi.

rezinabitumis gamoyenebiT Seqmnil membranebSi mcirdeba bzarebis
raodenoba, rac gamowveulia fenilis zeda fenaSi Zabvis SemcirebiT.

pirvel cxrilSi mocemulia Cvens mier Catarebuli  laboratoriuli
kvlevis Sedgebi, sadac mocemulia bitumisa da birk narevis
maxasiaTeblebi.

bitumis Semkvrelebis maxasiaTeblebi cxrili 1.

Tvisebebi
maCveneblebiБНД

90/130
birk
60/90

БНД
60/90

birk
40/60

nemsis Casolvis siRrme, 0.1mm
250C
00C

99
25

79
35

68
21

41
18

darbilebis temperatura, 0C 45 66 51 712

msxvrevis temperatura, 0C -22 -25 -21 -24
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plastikurobis intervali, 0C 68 92 71 97

gawelva, 00C 3.6 8 2.5 7

elastiuroba,0C - 51 - 45

cxrilSi 2 mocemulia asfaltbetonis maxasiaTeblebis Sedareba
standartuli da bik SemkvrelebisaTvis.

asfaltbetonis narevis maxasiaTeblebis Sedareba cxrili 2

maCvenebeli
a/b БНД 60/90

(5%)
a/b brkn 60/90

(5.3%)
moTxovnebi
ГОСТ 9128-97

simtkice kumSvaze mpa
500C
200C
00C

1.3
4.5
13.7

2.2
5.7
10.0

>1.3
>2.5

9.0-11.0

simtkice Zvraze, mpa 3.6 2.7 _
simkvrivis moduli

kumSvaze mpa
500C
00C

120
2000

200
640

_
_

wyalgamZleoba 0.8 1.0 0.85-0.95
wyalmedegoba 0.65 0.98 0.75-0.95

Sedegebi miRebulia laboratoriuli eqserimentebiT. cdebisas
gamoyenebuli iyo Б tipis, wvrilmarcvlovani mkvrivi, asfaltbetoni
saSualo simkvriviT 2.41-2.43g/sm3. Semadgenloba: granitis RorRi 5-15mm_46%,
qviSa_44%, mineraluri fxvnili_10%, modifikatori_rezinis nawilakebi
rbili rezinebisagan НК (2%) da avtomanqanis saburavebis namcecebi zomiT
0.8mm (8% Semkvrelis masidan).

moyvanili monacemebi gviCveneben, rom birk narevis gamoyenebis dros
sagrZnoblad izrdeba simtkicis zRvari da Zvris winaaRmdegoba maRal
temperaturebze, rac Tavis mxriv zrdis asfaltbetonis safaris
mdgradobas. es Tviseba Zalian mniSvnelovania cxeli klimatis
regionebisaTvis. meores mxriv bzarmedegoba Seesabameba I klasis finur
normativebs (PANK4302) e. i. igi SeiZleba gamoviyenoT civ klimatur
zonebSic kritikuli temperaturebis dros -350C. didi adgeziuri
Tvisebebis gamo asfaltbetoni gamoirCeva didi medegobiT wylisa  da
atmosferuli zemoqmedebis mimarT. aqvs gazrdili CaWidulobis
koeficienti avtomobilis Tvlebisadmi da dabali xmauri.

3. daskvna
Catarebuli kvlevebi da laboratoriuli eqsperimentebi adasturebs,

rom asfaltbetonis narevebis damzadeba rezinis granulebiT
modificirebuli bitumebiT, savsebiT misaRebeia saqarTvelos klimaturi
pirobebisTvis. am SemTxvevaSi mniSvnelovnad gaizrdeba sagzao safarebis
saespluatacuio maCveneblebi rogorc cxeli, aseve civi klimatis
pirobebSi da amasTanave miiRweva ekonomiuri efeqti sagzao samosebis
sicocxlisunarianobis gazrdis xarjze.
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satransporto  infrastruqturis  ganviTarebis
perspeqtivebi

k. mWedliSvili, n. rurua, z. gabedava
(saqarTvelos teqnikuri universiteti, m.kostavas q.77, 0175,

Tbilisi,     saqarTvelo)
reziume: statiaSi ganxilulia satransporto sistemebis erT-erTi
umniSvnelovanesi Semadgeneli nawilis saavtomobilo transportis
infrastruqturis ganviTarebis grZelvadiani perspeqtiva. naCvenebia,
rom avtomobili miuxedavad mravali principuli xasiaTis
konstruqciuli cvlilebebisa kvlav darCeba ZiriTad satransporto
saSualebad da Sesabamisad saavtomobilo gzebis qseli iqneba
mgzavrebisa da tvirTebis gadaadgilebis aucilebeli saSualeba.
statiaSi naCvenebia agreTve avtosagzao infrastruqturis daproeqtebis
procesis ganviTarebis ZiriTadi mimarTulebebi.
sakvanZo sityvebi: transporti, infrastruqtura, proeqtireba,
usafrTxoeba, ekonomiuroba.

1. Sesavali
kacobriobis progresi alternativis gareSea, xolo misi erT-erTi

umTavresi komponentia gadatanili tvirTebisa da gadayvanili mgzavrTa
raodenobis ganuxreli zrda, anu satransporto procesis permanentuli
ganviTareba. Sesabamisad transporti, energetikasa da kavSirgabmulobasTan
erTad rCeba msoflio globaluri, regionuli da raionuli maStabebis
ekonomikis safuZvlad. ekonomikis es sami dargi erTmaneTTan
dakavSirebulia da faqtiurad erTiani sistemaa, vinaidan kacobriobis
progress gansazRvravs mgzavrebis, tvirTebis da informaciis
gadaadgilebaze zrdadi moTxovnis dakmayofileba, aseve zrdadi
moTxovnebiT usafrTxoebis, ekonomiurobisa da  ekologiurobis mimarT.

aqedan gamomdinare, prognozirebad momavalSi SenarCunebuli iqneba
masiuri transportis ZiriTadi saxeobebi: saavtomobilo, sarkinigzo,
sahaero, wylis da milsadeni. civlizaciis Semdgomi ganviTarebisTvis
aucilebelia transportis racionalizacia da efeqturobis zrda,
romelic emyareba satransporto saSualebebis da komunikaciis
urTierTzemoqmedebas,  pirdapiri da ukukavSirebis ganxorcielebas igive
moTxovnebis, usafrTxoebis, ekonomiurobis da ekologiurobis dacviT.

2. ZiriTadi nawili
miuxedavad TiTqmis saukunenaxevris istoriisa, termini avtomobili

ar moZvelebula. laTinuri warmoSobis es termini mxolod TviTmoZrav
satransporto saSualebas niSnavs da ar unda gavaigivoT aucileblad
Tburi ZraviT aRWurvil, pnevmatur saburavebian borblebiT moZrav
urikasTan.  momavlis moTxovnebi aucileblad Secvlis Zravis tips,
dakidebisa da sayrden  zedapirTan  Sexebis meqanizmebs, magram
avtomobili, saavtomobilo gza da Sesabamisad  saavtomobilo transporti
darCeba mgzavrebisa da tvirTebis gadaadgilebis umniSvnelovanes
saSualebad, vinaidan SenarCunebuli iqneba misi ori ZiriTadi upiratesoba:
gadaadgileba mwarmoeblidan momxmareblamde sxva saxis transportis
gamoyenebis gareSe da individualur satransporto saSualebaTa floba
mosaxleobis farTo fenebisTvis.
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aSkaraa, naxSirwyalbadebze momuSave miliardamde raodenobis Tburi
Zrava Seicvleba ufro ekonomiuri saxeobebiT [1]. savaraudod, jer
hibriduli, mere ki  eleqtruli, giro da a.S. amZravebiT, rogorc
cnobilia  [2,3] borbali, mudmiv kontaqtSia sayrden zedapirTan,
Sesabamisad misi gorvis winaaRmdegobis SemcirebisaTvis saWiroa mtkice,
swori, cveTamedegi, mqise-xorkliani fenilis mqone sagzao samosi, rac
Zalze Zviria. amitom momavalSi borbali Seicvleba sxva konstruqciiT
mag: fexis analogiT, haeris baliSiT da a.S. magram,  individualuri da
sazogadoebrivi flobis avtomobilTa  intensiuri nakadebi kvlav darCeba
da maT gadasaadgileblad  kvlav iqneba saWiro dedamiwis zedapirze
mowyobili sagzao vakisi didi siganis mravalzoliani savali nawiliTa
da mniSvnelovani muSa niSnulebiT. igive darCeba satransporto
saSualebaTa mdgradobis  uzrunvelyofis moTxovnebi centridanuli
Zalebis, grZivi, ganivi da vertikaluri aCqarebebis aucilebeli
gaTvaliswinebiT [4,5].

marTvadobis TvalsazrisiT, axali Taobis individualuri
satransporto saSualebis eleqtronul da sxva progresul
mowyobilobaTa gamoyenebiT gza ufro saimedo gaxdeba. Semcirdeba sagzao
satransporto SemTxvevaTa raodenoba, vinaidan gaizrdeba sistema mZRoli-
avtomobili-gza-garemos operatoris adamianis saimedoba pirvel rigSi
eleqtronuli mxedvelobis mowyobilobaTa danergviT [6,7].

moZraobis usafrTxoebis gaumjobesebis garda aucilebeli gaxdeba
ekonomikurobis uzrunvelmyofi ZiriTadi pirobebis ganuxreli dacva:
didi intensivobis satransporto nakadebis gadaadgilebisas
SemoTavazebuli saproeqto variantebidan, arCevanis gadamwyveti faqtori
iqneba moZravi SemadgenlobisaTvis SesaZlod mcire satransporto
xarjebis uzrunvelyofa racionaluri trasirebiT, gzis ganivi profilis
parametrebiT da mowyoba-gaformebis elementebiT. mcire intensivobis
satransporto nakadebis pirobebSi, upiratesoba miekuTvneba gzis
saproeqto variants romelic uzrunvelyofs mSeneblobasa da
eqspluataciis minimalur danaxarjebs. saSualo intensivobis
nakadebisaTvis optimaluri varianti SeirCeva variantebis safuZvliani
teqnikur-ekonomikuri Sedarebis  Sedegad.

mizanSewonilia pirvel rigSi vuzrunvelvyoT racionaluri
trasireba, vinaidan cnobilia, rom daproeqtebisas daSvebuli trasirebis
Secdomebis gamosworeba, gzis eqspluataciis mTel periodSi praqtikulad
SeuZlebelia [3,8,9]. am mosazrebis utyuarobis SesaniSnavi magaliTia
saerTaSoriso avtomagistrali E-60-is  nataxtari-xaSuris nawilze,
igoeTi- sveneTis monakveTze, erTimeoresTan sistemuri kavSiris sruli
ignorirebiT ganlagebuli vertikaluri da horizontaluri mrudebi, ris
Sedegadac am monakveTze yoveli momdevno monakveTi ukana monakveTis
absoluturad aralogikuri gagrZelebaa. es ki sagzao ubeduri
SemTxvevaTa uzarmazari potenciuri riskis matarebelia saangariSo
siCqariT moZraobisas. am riskis Sesamcireblad aucilebelia siCqaris
mkveTri SezRudva. es ki absoluturad miuRebelia avtomagistralis
statusis mqone gzisaTvis.

analogiuri magaliTia marabda-axalqalaqis sarkinigzo xazi,
romelic daproeqtda rogorc Sida saxelmwifoebrivi mniSvnelobis
komunikacia. baqo-Tbilisi-yarsis mimarTulebis gaxsnaze saerTaSoriso
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SeTanxmebam  saWiro gaxada  grZivi qanobebis Semcireba, rac trasis
gegmisa da grZivi profilis elementebis cvlilebis gareSe SeuZlebelia.
am  cvlilebaTa Setana mraval ekonomikur, socialur, ekologiur
problemebTanaa dakavSirebuli, romelTa gadalaxvis mcdeloba ramdenime
weliwadia mimdinareobs metad mcire warmatebiT. igive SeiZleba iTqvas
Tbilisis SemovliT sarkinigzo magistralze, romlis daproeqtebisas
daSvebuli iqna uxeSi Secdoma grZiv profilis  saxelmZRvanelo qanobis
SerCevaSi. am Secdomas gamosworebda rkinigzis xazis gegmis Secvla, rac
gamoiwvevs  ukve aSenebuli xelovnuri nagebobebis ufunqciod datovebas,
rac metad did ekonomikur danaxarjebTanaa dakavSirebuli, imavdroulad
aseT situaciebSi mosalodnelia socialuri da ekologiuri moTxovnebis
sxva mniSvnelovani garTulebebic.

3. daskvna
prognozirebad  momavalSi saavtomobilo gzis daproeqtebis

procesSi pirvel planze iqneba didi intensivobis satransporto nakadebis
usafrTxo gadaadgileba da maTze moqmedi moZraobis winaaRmdegobisa da
sxva meqanikuri Zalebis minimumamde dayvaniT, yovelgvar bunebriv
pirobebSi muSaobisaTvis gaTvaliswinebuli sagzao vakisis racionaluri
saxeobebis SeqmniT ekologiuri moTxovnebis  sruli dacviT.

es problema gansakuTrebiT aqtualuri iqneba rTuli reliefis,
geologiis, hidrologiis, klimatis pirobebSi myofi qveynebisaTvis, maT
Soris saqarTvelosaTvisac, sadac reliefi rTulia, geografiuli
pirobebi rTuli da mravalferovani, seismika da  vertikaluri zonaloba
kidev ufro arTuleben bunebrivi pirobebisagan gamomdinare riskebs. amis
garda, rTuli geopolitikuri viTareba saqarTveloSi kidev ufro
aZlierebs  riskebs diversiul aqtebisa da saomari moqmedebebisagan.

aucilebelia farTod gamoyenebuli iqnas proeqtirebis racionaluri
meTodebi: pirvel rigSi, avtomobilTa Semxvedri nakadebis calke
trasireba. rogorc cnobilia [3,8,9] es erTdroulad uzrunvelyofs miwis
vakisisa da xelovnuri nagebobebis moculobaTa Semcirebas, zrdis
moZraobis usafrTxoebas Semxvedri nakadebis gancalkevebis gamo, amcirebs
satransporto danaxarjebs  aRmarTebze da daRmarTebze grZivi qanobebis
racionaluri sidideebis gamoyenebiT, amcirebs amozneqili vertikaluri
mrudeebis radiusebsa da mxedvelobis minimalurad saWiro manZilebs.
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Camdinare  wylebis  bunebrivi gamwmendi ekosistemebis
Sesaxeb

n. nebieriZe
(სaqarTvelos teqnikuri universiteti, saqarTvelo, 0175, Tbilisi, m.

kostavas q.№77)
reziume: ganxilulia Camdinare wylebis bunebrivi gamwmendi ekosiste-
mebis mowyobisa da wmendis meTodologia, rogorc Camdinare wylebis
gawmendis Tanamedrove teqnologiebis SesaZlo alternativa. am motiviT
naSromi sainformacio-gacnobiT xasiaTs atarebs.
sakvanZo sityvebi: Camdinare wylebi, bunebrivi gamwmendi ekosistemebi,
wmendis meTodologia.

1. Sesavali
Tanamedrove mdgomareobiT mniSvnelovnad momatebulia qalaqebis

da dasaxlebulo adgilebis urbanuli teritoriebis mimdebare
garemos dabinZurebis safrTxe, radgan am teritoriebidan
formirebuli Camdinare wylebiT maTi arasaTanado gawmendis an
gauwmendavad CaSvebis SemTxvevaSi  intensiutrad  SeiZleba
dabinZurdes wyalsatevebi (mdinareebi tbebi da a.S). amasTan
dakavSirebiT adamianis sameurneo-sayofacxovrebo  moRvaweobis
Sedegad zedapiruli wylebis gamoyenebiT  SeiZleba gavrceldes
svadasxva saxis paTogenebi  niadagsa da atmosferoSi (aerozolebis
saxiT). aRiSnulidan gamomdinare Camdinare wylebi wyalsatevSi
CaSvebamde Sesabamisad unda damuSavdes (gaiwmindos) zRvrulad
dasaSvebi koncentraciis farglebSi da ise CaiSvas.

naSromSi  sainformacio-gacnobis TvalsazrisiT Camdinare wylebis
bunebrivi gamwmendi ekosistemis  SesaZlo meTodebia warmodgenili.

2. ZiriTadi nawili
cnobilia, Camdinare wylebis zogadi Semadgenloba

damabinZureblebis koncentraciis xarisxobrivi Sefasebebis (susti,
saSualo, Zlieri) mixedviT - (cxr.1):

ცხრილი 1. ჩამდინარე (საკანალიზაციო) წყლის ზოგადი შემადგენლობა
კონცენტრაცია

დამაბინძურებლები ერთეული სუსტი საშ. ძლიერი
მყარი, მთლიანად ( მმ ) მგ/ლ 350 720 1200

გახსნილი , მთლიანად (გმ ) მგ/ლ 250 500 850

ფიქსირებული მგ/ლ 145 300 525

აქროლადი მგ/ლ 105 200 325

შეწონილი მყარი ნივთიერებები ( შმნ ) მგ/ლ 100 220 350

ფიქსირებული მგ/ლ 20 55 75

აქროლადი მგ/ლ 80 165 275

გამოლექვადი მყარი ნივთიერება მგ/ლ 5 10 20

BOD5 20° C -ზე მგ/ლ 110 220 400

საერთო ორგანული ნახშირბადი მგ/ლ 80 160 290

ჟანგბადი მგ/ლ 250 500 1000

აზოტი ( საერთო N ) მგ/ლ 20 40 85

ორგანული მგ/ლ 8 15 35
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თავისუფალი ამიაკი მგ/ლ 12 25 50

ნიტრიტები მგ/ლ 0 0 0

ნიტრატები მგ/ლ 0 0 0

ფოსფორი ( საერთო P ) მგ/ლ 4 8 15

ორგანული მგ/ლ 1 3 5

არა ორგანული მგ/ლ 3 5 10

ქლორიდები მგ/ლ 30 50 100

სულფატები მგ/ლ 20 30 50

კარბონატული ტუტიანობა (CaC03) მგ/ლ 50 100 200

ცხიმი მგ/ლ 50 100 150

კოლი ბაქტერიები CFU 100 მლ-1 106-107 107-108 108-109

აქროლადი ორგანული ნაერთები მგ/ლ <100 100-400 >400

msoflioSi Camdinare wylebis gawmendis da marTvis mravali meTodia
SemuSavebuli. zogierTi ki SemuSavebis procesSia. ZvelTan SedarebiT es
meTodebi ekologiuri, ekonomiuri da sazogadoebrivi kuTxiT
gaumjobesebulia. gasufTavebis axali meTodebi bunebriv procesebs efuZneba
da mdgradobiT gamoirCeva, rasac ver vityviT im meTodebze, romlebic did
energias saWiroebs an qimiur komponentebs iyenebs. (cxr.2).

ცხრილი 2. ქალაქის და სოფლის ჩამდინარე წყლების გაწმენდა
ქალაქის სოფლის
ხელოვნური ჭაობი ინდივიდუალური სახლები
მემბრანული ბიო-რეაქტორი განვითარებული გამწმენდი სისტემა
მცირე დიამეტრის შემკრები სისტემები ბიოტუალეტები
კანალიზაციის და მიწისქვეშა წყლების სისტემები საერთო და კლასტერული სისტემები
შლამის და სეპტიკური ნარჩენების გაწმენდის
მეთოდები

-

Camdinare wylis gamwmendi tradiciuli sistemebis fizikuri, qimiuri
da biologiuri procesebis erTobliobas warmoadgens, romelic xelovnur
garemoSi mimdinareobs. misi mizani ki Camdinare wylidan myari naerTebis,
organuli masalis da Tundac sakvebi narCenebis mocilebaa. gawmendis
bunebrivi sistemebi Camdinare wylebis daSlis bunebrivi procesebis
imitacias axdenen da xels uwyoben mavne nivTierebebis mocilebas.
rodesac bunebrivi sistemebi integrirebulia landSaftTan an Senobis
dizainTan, Cveulebriv gamwmend sistemebTan SedarebiT, zogadad, gamwmendi
bunebrivi sistemebi, CveulebrivTan SedarebiT, warmoadgenen alternativas,
romelic garemosTan adaptirebuli, ara agresiuli, naklebi danaxarjis
mqonea. isini mcire dasaxlebebsa da qalaqgareT raionebSi (sadac miwis
fasi xelmisawvdomi da dabalia), idealurad wmenden Camdinare wylebs.

bunebrivi gamwmendi sistemebi oTx tipad iyofa [1-5]:

suraTi1. miwis dafenis meTodebi
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1. miwiszeda gamwmendi meTodebi. gawmendis meTodebi efuZneba niadagis
matricis zedapirsa da mis SigniT mimdinare fizikur, qimiur da
biologiur reaqciebs. winaswari gasufTavebis Semdeg, Camdinare wylebi
grovdeba niadagSi (aq SeiZleba iyos mcenareuli safari, an ar iyos).
teqnologiebi moicavs neli tempis, swrafi infiltraciisa da saxmeleTo
nakadis sistemebs, aseve am tipis kombinaciebs. mcire siCqaris da
saxmeleTo nakadis meTodebis dros mcenareuli safari gawmendis
mniSvnelovani komponentia, maSin roca swrafi gafiltvrisas mcenareuli
safari aucilebeli ar aris;
2.Camdinare wylebis mdgradi auzebi. aseTi sistemebi Ria tipis auzebs
warmoadgenen. maTi gamwmendi funqcia damokidebulia mzis sinaTleze,
mikrobTa cxovelqmedebaze, cxovelebis da mcenareebis umdables formebze.
organuli nivTierebebi bunebrivad anu, biologiurad iSleba. baqteriebis
da wyalmcenareebis moqmedebiT Camdinare wylebi stabilizirdeba da maTi
paTogenuroba mcirdeba. zogadad, narCenebis organuli nawili ufro
stabilur formad gardaiqmneba xolme. mdgradi auzi, SeiZleba ramdenime
saxis iyo: sakanalizacio, Jangva-aRdgeniTi, momwifebadi, anaerobuli,
aerobuli, aerirebadi. auzis saxeobidan gamomdinare, is farTo
miznebisTvis SeiZleba gamoiyenebodes. maTi gamoyeneba Camdinare wylebis
gawmendis sxva meTodebTan erTadac SesaZlebelia;
3.wyalmcenareuli sistemebi. isini TiTqmis mdgradi auzebis msgavsia.
gansxvaveba imaSia, rom Camdinare wylebs TavianTi SemcvelobiTac
(mcenareebi da cxovelebi) asufTaveben. aseTi sistema SeiZleba gaiyos or
nawilad, wyals zeviT motivtive da wyalqveSa mcenareebi. maTi fesvebis
farTo sistema warmoqmnis substrats mikroorganizmebis zrdisTvis. es ki
damabinZurebeli nivTierebebis mocilebas uwyobs xels, riTac wylis
siwmindis saukeTeso xarisxi miiRweva;

suraTi 2. mdgradi auzis tipebi

4. xelovnuri Waobi. xelovnuri Waobi adamianis mier Seqmnili sistemaa,
romlis funqciac bunebrivi Waobis msgavsad damabinZurebeli agentebis
CamoSorebaa. am miznis misaRwevad imitirebul WaobSi mTeli rigi
fizikuri, qimiuri da biologiuri procesebi mimdinareobs. es procesebi
efuZneba wylis, niadagis, atmosferos da mikro-organizmebis
urTierTqmedebas. Waobis mcenareebi mZime metalebis da sxva toqsikuri
naerTebis gauvnebelyofasa da sakvebi nivTierebebis SenarCunebaSi
sasicocxlo funqcias asruleben. Cveulebrivi lerwami (Phragmites australis)
და ლაქაში (Typha latifolia, T. angustifolia) Waobis mcenareTa saxeobis efeqtur
magaliTs warmoadgenen, romlebsac SeuZliaT kargad STanTqan
damabinZureblebi da amitom warmatebiT gamoiyenebian xelovnur WaobSi.
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arsebobs xelovnuri Waobis yvelaze gavrcelebuli sami tipi:
Tavisufali wylis zedapiris sistemebi, horizontaluri miwisqveSa nakadis
sistemebi da vertikaluri nakadis sistemebi:
1.Tavisufali wylis zedapiris xelovnuri Waobi. aseTi Waobebi Sedgebian
erTi an meti mcenareuli zedapiris mqone hermertuli auzebisgan an
arxebisgan (40 dan 60 sm siRrmis). isini amovsebulia niadagiT, sadac
Cargulia mcenareebi (mag. lerwami, isli, Wili da laqaSi) da aRWurvilia
Sesabamisi SemSvebi da gamomSvebi struqturebiT. Camdinare wylebze aRwevs
10-dan 30sm-de da 45 sm siRrmeSic ki. masze moqmedebs atmosferuli haeri,
qari da mzis pirdapiri sxivebi. Waobis qveda nawilSi anaerobuli zonebi
Warbobs. zedapirTan aris aerobuli zona, romlis JangbadiT gamdidreba
atmosferodan xdeba, rasac xels uwyobs mcenareebis qariT gamowveuli
moZraoba. Camdinare wylebi Waobis gavliT miedineba da damabinZureblebis
mocilebas erTdroulad xels uwyobs fizikuri, qimiuri da biologiuri
procesebi. wylis qveS arsebuli niadagis fena aseve anaerobulia,
mcenareebis fesvebi gamoyofen Jangbads, riTac qimiuri da biologiuri
procesebisTvis qmnian garemos.

suraTi 3. Tavisufali wylis zedapiris Waobi
2. horizontaluri miwisqveSa nakadis Waobi. aseTi Waobi qviSiT da xreSiT
amovsebuli didi zomis arxia, sadac wyalmcenareebia Carguli. arxi 0.5-dan
1m-de siRrmisaa (3–32 mm diametri) da amofenilia wyalgaumtari feniT
(Tixa an wyalgaumtari membranebi), raTa Tavidan iqnes acilebuli
gamorecxva. Camdinare wyali rCeba forovani aris qveS, gaedineba forebSi
fesvebisa da fesvakebis gavliT. farTe Sesasvleli zona uzrunvelyofs
wylis maqsimaluri moculobis Sedinebas. qveda nawilze es daaxloebiT
1%-ia. rac Seexeba mcenareebs, nebismieri mcenare Rrma da farTo fesvebiT,
romlebic kargad eguebian svel da sakvebi nivTierebebiT mdidar garemos,
zemoT aRwerili Waobis tipSi kargad xarobs. Camdinare wylebi,
gamfiltrav masalasTan da mcenareTa fesvebTan Sexebisas, iwmindeba.

suraTi 4. horizontaluri miwisqveSa Waobis sqematuri ilustracia
3.vertikaluri nakadis xelovnuri Waobi. aseTi Waobi wyalmcenareebian
gamfiltrav arxebs warmoadgens. Camdinare wylebi WaobSi Sedis
naxvretebiani milebis qselis meSveobiT. es ki mTel sivrceze wylis
Tanabar miwodebas uzrunvelyofs. wyali simZimis Zalis da filtrebis
matricis gavliT qvemoT miedineba. Semdeg is miaRwevs drenaJis fenas



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #4(43), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

123

(suraTis qveda nawili), romelic Seicavs forebian Semkreb da
airaciisTvis gankuTvnili milebis qsels. arxSi sxvadasxva gradaciis
mravali fenaa. arxis axlos mdebare pirveli fena Seicavs xreSs, romelic
drenaJisTvis gamoiyeneba (20 sm sisqis mainc unda iyos). fenis zeda nawili
grZeldeba xreSiT da qviSiT (zedapiruli fenis sisqe unda iyos 10-30sm).
fenis zeda nawilSi mcenareebia darguli, romlebic fesvebis farTo da
Rrma sistemiT filtrSi gaivlis. saerTo siRrme meryeobs 0.90 m-dan 1.20 m-
de. drenaJisTvis aucilebelia arxis daxriloba 1% iyos. vertikaluri
nakadis xelovnuri Waobi SeiZleba funqcionirebdes: wyvetil nakadTan,
qveda nawilisken mimarTul gaujerebel nakadTan, gajerebul qvemoT an
zemoT mimarTul nakadTan da moqcevad nakadTan erTad. am sistemaSi
SeiniSneba Carecxvis da Srobis fazebi. klimatidan gamomdinare, Phragmites

australis, Typha latifolia ან Echinochloa Pyramidalis xSiri
arCevania. mniSvnelovani gansxvaveba vertikalur dinebasa da
horizontalur zedapirqveSa dinebas Soris aris ara ubralod dinebis
traeqtoria da mimarTuleba, aramed ufro Sevsebisa da gaSrobis ciklebi
da gaumjobesebuli anaerobuli pirobebi vertikaluri denis SemTxvevaSi,
es is faqtorebia, romlebsac mivyavarT farTobis moTxovnilebis
Semcirebisaken [1-5].

suraTi 5. vertikaluri nakadis xelovnuri Waobis sqema
xelovnuri Waobis gamwmendi meqanizmebi. xelovnuri Waobi bunebriv
procesebs (Waobis mcenareebi, niadagi, mikrobuli cxovelqmedeba) metad
kontrolirebul garemoSi iyenebs, raTa uzrunvelyos damabinZreblebis
efeqturi CamoSoreba. ZiriTadi gamwmendi meqanizmebi SeiZleba daiyos
abiotur (fizikuri da qimiuri) da biotur (biologiur) procesebad.
xelovnur WaobSi damabinZureblebis mocilebaze pasuxismgebeli Semdegi
abioturi procesebia:
• daleqvis procesebi, romlebic myari da Sewonili nawilakebis
mocilebas Seuwyobs xels.
• adsorbciis da absorbciis procesebi, romlebic mcenareTa
zedapirze mimdinareoben. aRniSnuli procesebis Sedegad xdeba
substratebis, danaleqi nivTierebebis, gadayrili nagvis da sxva
damabinZureblebis moklevadiani Sekaveba an grZelvadiani imobilizacia.
• qimiuri Jangva-aRdgena, daleqva, sadac mZime metalebi gadadian
uxsnad myar formebSi da substratTan wylis Sexebisas, araaqtiur
mdgomareobaSi arian.
• mzis sxivebiT gamowveuli fotodegradacia, daJangva da
nivTierebaTa daSla.
• aqroladi naerTebis airad mdgomareobaSi gadasvlisas, xdeba
aorTqleba.
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• Sesabamisi bioturi procesebi aris:
• aerobul/anaerobuli biodegradacia mikroorganizmebis
metabolizmis Sedegad;
• araorganuli elementebis fito-akumulireba;
• fito-stabilizireba - mcenareTa fesvebis mier araorganul
elementTa STanTqma;
• mcenareebSi fermentebis mier gadatanili organuli da araorganuli
damabinZureblebis fito-degradacia.
• organuli da araorganuli damabinZureblebis fito-degradacia,
romlebic aorTqlebis procesSi mcenareebSi Sedian mcenareebis mierve
warmoebuli fermentebis meSveobiT.
• mcenareebis mier gamowveuli rizo-degradacia, romelic Semdgom
iwvevs organuli naerTebis mikrobul degradacias.
• fito aorTqleba/aorTqleba xdeba mcenareTa foTlebis mier.
cxrili 3. zogierTi damabinZureblis mocilebis meqanizmi
დამაბინძურებლების
მოცილება

პროცესი

ორგანული ბიოდეგრადაცია,დალექვა, მიკრობული ცხოველქმედება
შეწონილი ნაწილაკები დალექვა, გაფილტვრა
აზოტი დალექვა, ნიტრიფიკაცია/დენიტრიფიკაცია, მიკრობული

ცხოველქმედება, მცენარეებით შთანთქმა,გაზიფიკაცია
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3.daskvna
ganxilulia Camdinare wylebis bunebrivi gamwmendi  ekosistemebis

mowyobisa da wmendis meTodologia, rogorc Camdinare wylebis gawmendis
Tanamedrove teqnologiebis SesaZlo alternativa. am motiviT naSromi
sainformacio-gacnobiT xasiaTs atarebs.
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akustikur–dekoratiuli masalebis warmoeba da
gamoyeneba saqarTvelos samSeneblo industriaSi

m. javaxiSvili, j. samxaraZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175

Tbilisi, saqarTvelo)
reziume: statiaSi ganxilulia saqarTveloSi akustikur-
dekoratiuli masalebis warmoeba, maTi maxasiaTeblebi da gamoyeneba,
ganxilulia agreTve aRniSnuli tipis masalebis warmoebis
samomavlo SesaZleblobebi.
sakvanZo sityvebi: xmauri, akustika, akustikuri masalebi.

1. Sesavali
Tanamedrove msoflios samSeneblo bazarze mravali tipis akustikur-

dekoratiuli masala arsebobs, romlebic ara marto imis saSualebas
gvaZleven rom mivaRwioT saWiro akustikur maxasiaTeblebs, aramed
warmodgenilebi arian sxvadasxva sasurvel ferebSi, zomebsa da formebSi,
rac gvexmareba saboloo jamSi uzrunvelvyoT Cveni sivrcis vizualuri
daxvewiloba. SesaZloa migvaCndes rom akustikuri masalebis gamoyeneba
mxolod kinoTeatrebSi, operaSi an xmis Camwer studiebisTvis iyos
relevanturi da maTi warmoeba arc iseT did masStabebs aRwevdes, Tumca
es ase ar aris, radgan arasasurveli xmauri nebismieri saofise,
sacxovrebeli Tu sxva tipis sivrceebis erT-erTi aqtualuri
problematuri sakiTxia da Tu gaviTvaliswinebT im garemoebas, rom xmauri
metad uaryofiTad moqmedebs adamianis janmrTelobasa da Sromis
nayofierebaze aRniSnuli masalebis warmoeba metad momgebianicaa, radgan
rodesac safrTxe adamianis sicocxlesa da janmrTelobas emuqreba,
nebismieri individi fsiqologiurad ufro mets gadaixdis vidre sxva
masalis SemTxvevaSi.

2. ZiriTadi nawili
miuxedavad imisa, rom Tanamedrove saqarTvelos samSeneblo bazari

sakmaod maRali zrdis tempiT xasiaTdeba,  sadac sxvadasxva kompaniebi
erTmaneTs ejibrebian Seqmnan ukeTesi Senobebi axali Tanamedrove
masalebisa da teqnikuri gadawyvetebis gamoyenebiT, akustikur–
dekoratiuli masalebis gamoyeneba Zalian iSviaTia, rac ganpirobebulia
Semdegi 3 umniSvnelovanesi mizeziT:

1) xmaurisa da arasasurveli akustikis uaryofiTi zemoqmedebis mimarT
sazogadoebis dabali TviTSegneba, rac TavisTavad ganapirobebs
akustikur–dekoratiuli masalebis mimarT momxmareblis dabal
interess.  Tanamedrove sabazro pirobebSi ki momxmarebeli karnaxobs
Sesabamis sferos moTxovnebs da cxadia moTxovnebis ararsebobis
pirobebSi arc samSeneblo da developeri kompaniebi izruneben
TavianT mSeneblobas Sematon rame siaxle akustikis mimarTulebiT.

2) akustikur–dekoratiuli masalebis SedarebiT maRali fasi, rac
ukavSirdeba imas rom saqarTvelos bazarze aseTi produqcia
ZiriTadad importirebulia sxvadasxva qveynebidan, sadac am
produqciis damzadebis xarjebi maRalia da saqarTvelos bazarze
myidvelebis dabali msyidvelobiTunarianobis gamo misdami interesi
Zalian dabalia
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3) sakanonmdeblo doneze moTxovnis ararseboba, radgan ar arsebobs
moTxovna, romelic gansazRvravs minimalur akustikur moTxovnebs.
ufro metic, aseTi minimaluri moTxovnebic romc arsebobdes, Zalian
dabalia zogadad saqarTvelos samSeneblo sferoSi saxelwifos an
damoukidebeli organizaciebis mier realurad Sesrulebuli
proeqtebisTvis am moTxovnebis kontroli.
zemoT aRniSnul problemebs emateba isic, rom saqarTveloSi

akustikur–dekoratiuli nakeTobebis warmoeba Zalian dabalia, rac
TavisTavad ganpirobebulia imiT, rom sazogadoebis mxridan ar arsebobs
Sesabamisi moTxovna da moTxovnis ararsebobis pirobebSi Zalian Znelia
nebismieri produqciis warmoebis dawyeba, radgan biznesis warmatebas
TavisTavad ganapirobebs misdami moTxovna da gayiduli produqciidan
miRebuli Semosavali.

saqarTveloSi akustikuri masalebis warmoebis TvalsazrisiT
SegviZlia ganvixiloT perlitis bazaze damzadebuli produqcia. perliti
aris vulkanuri mina, romelsac aqvs metad mniSvnelovani Tviseba, rac
gulisxmobs, rom 1100-1150 gradus celsiusze mkveTri gacxelebis dros mas
uCndeba forebi, rac TavisTavad ganpirobebulia masSi arsebuli wylis
molekulebis aorTqlebiT da gafarToebiT, ris xarjzec sabolood
mkveTrad izrdeba perlitis moculoba, simkvrivis Seumcireblad. perliti
industriaSi ZiriTadad ori formiT gvxvdeba: perlitis nedleuli,
romelic mzaddeba perlitis damsxvrevisa da Semdeg fraqcionirebis gziT
da afuebuli perliti, romelic miiReba maRal temperaturaze afuebis
Sedegad.

perliti aris unikaluri samSeneblo masala, romelsac gaaCnia
Semdegi mniSvnelovani Tvisebebi:

 Tboizolaciis maRali koeficienti;
 xmis kargi izolatori;
 simsubuqe da maRali webovnoba;
 ekologiurad sufTa;
 ar aqvs radiaciuli foni;
 maRali xanZarsawinaaRmdego Tvisebebi;
 maRalihidrofobuli Tvisebebi;
 ar iSleba da ar lpeba;
 ar ziandeba mwerebis da mRrRnelebis mier.

zemoT aRniSnuli Tvisebebis gamo, afuebuli perlitis bazaze
damzadebuli perlitis samSeneblo masalebi metad efeqturia Senobis
konstruqciis masis, Tbo–danakargebis SemcirebisTvis da xmis izolaciis
gazrdisTvis, rac ganpirobebulia misi forovan–marcvlovani struqturis
gamo, swored amitom, misi gamoyeneba ufrodaufro popularuli xdeba
saqarTvelos samSeneblo sferoSi.

perlitis nedleulis bazaze saqarTveloSi ZiriTadad mimdinareobs
perlitis blokebis, betonis, da cementis damzadeba.

saqarTveloSi perlitis blokebs ukve ramdenime kompania awarmoebs,
maT Soris Sps „ ast“ da Sps „jeoperliti“, romelTac uSualo kontaqti
aqvT perlitis adgilobriv mwarmoebelTan da misgan mowodebuli
nedleulis bazaze amzadeben rogorc satixre blokebs zomiT 9*19*39 sm,
wona 4-5 kg, simtkice M25, aseve perimetris blokebs zomiT 19*19*39 sm, wona
8-10 kg, simtkice M25.
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perlitis blokebis fasi saqarTvelos bazarze daaxloebiT 1.7–2.00
laria da ukve nawilobriv anacvlebs sxvadasxva tipis pemzis Tu qviSa–
cementis blokebs.

perlitis blokebis garda gvxdeba adgilobrivad warmoebuli
perlitis qviSa, romelic iatakebis xmis izolaciis kargi saSualebaa da
aseve perlitobetoni, romelsac garda xmisizolaciisa aseve Zalian kargi
cecxlmedegobis da gamZleobis Tvisebebi gaaCnia. Tumca aRniSnuli
produqciis warmoeba SedarebiT SezRudulia.
akustikuri masalebis TvalsazrisiT SegviZlia ganvixiloT Sps „ bedegis“
mier warmoebuli izobloki, zomiT 19*19*39 sm.

miuxedavad imisa, rom aRniSnuli blokis mTavari daniSnuleba,
mwarmoeblis gancxadebiT, marTalia aris misi Tboizolaciis maRali
maxasiaTeblebi Cveulebriv qviSa-cementis bazaze damzadebul blokTan
mimarTebaSi, Tumca imis gamo rom blokis betonis fenebs Soris sivrce
Sevsebulia afuebuli polistiroliT, romelic TavisTavad aris forovani
masala, SegviZlia davaskvnaT rom aRniSnul bloks SeuZlia moaxdinos
xmauris donis Semcireba.

TandaTanobiT popularuli xdeba polistirolis gafarToebis da
Semdeg dapresvis meTodiT damzadebuli qarTuli EPS-is filebis
gamoyeneba, romlis erT-erTi mwarmoebelia Sps „GRC“. saizolacio
firfitebis dasamzadeblad saWiroa daaxloebiT 2% nedleuli, da maTi
daaxloebiT 98% Sedgeba haerisgan. am masalis gamoyeneba, Tavisi dabali
Rirebulebis gamo, efeqturia fasadis mowyobisas, rodesac damkveTs surs
dekoratiuli lesva da amavdroulad kargi xmisa da siTbos izolacia.

fasadis aRniSnuli saxiT montaJi saSualebas gvaZlevs pirvel rigSi
miviRoT maRali Tboizolaciis koeficienti, radgan EPS erTerTi efeqturi
Tbosaizolacio masalaa da amavdroulad mniSvnelovnad SevamciroT gare
xmis arasasurvel zemoqmedeba Senobis SigniT.
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jamSi, rogorc vxedavT, saqarTveloSi akustikuri masalebis warmoeba
metad SezRudulia da ZiriTadad igi Canacvlebulia importirebuli
produqciiT.

3.daskvna
Cvens SenobebSi sasurveli akustikis Seqmna warmoadgens praqtikul

aucileblobas da miuxedavad imisa, rom saqarTvelos Tanamedrove
mSeneblobis pirobebSi ZiriTadi aqcentebi ar aris gadatanili Senobis
akustikaze, garkveuli periodis Semdeg aucileblad gaCndeba Senobis
sasurveli akustikis miRebis gardauvali moTxovna da aucilebloba, rac
TavisTavad Seqmnis karg pirobebs qarTuli nedleulis bazaze
damzadebuli akustikur–dekoratiuli produqciis warmoebisaTvis,
romelic konkurencias gauwevs importirebul akustikur masalebs.
momavalSi akustikuri masalebis popularizacias mniSvnelovnad xels
Seuwyobs is garemoebac, rom mSeneblobaSi didi adgili ukavia betons,
metalsa da minas, romelTaganac axasiaTebs bgeris arekvla da aqvT metad
cudi akustikuri Tvisebebi, rameTu arekvlis Sedegad ara mxolod
izrdeba xmis intensivoba aramed uaryofiTad icvleba bgeris JReradoba,
swored amitom aseTi Senobebis sasargeblo Tvisebebi damatebiTi
akustikuri masalebis gamoyenebis gareSe Zalian dabalia da realurad
nebismieri dainteresebuli myidvelisTvis naklebad momxibvleli xdeba.
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gvirabebi satransporto mSeneblobaSi
T. kupataZe, g. kvantaliani, z. kupataZe,  n. kupataZe

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

reziume: statiaSi miTiTebulia, rom gvirabis gayvanis tradicia
uxsovari droidan iRebs saTaves da misi ganviTareba dakavSirebuli
iyo samuSao iaraRebis SeqmnasTan da gamoyenebasTan.

gvirabmSeneblobis ganviTareba rkinigzis transportis
gaCenasTan iyo dakavSirebuli.rkinigzis mSeneblobaSi mTiani
reliefis gadasalaxavad da manZilis Sesamcireblad gvirabebis
gamoyeneba aucilebelia. gvirabebis gayvanis ganviTarebaSi udidesi
roli iTamaSa saburRi danadgarebisa da asafeTqebeli masalebis
gamoyenebam.
sakvanZo sityvebi: gvirabi, samagri, grunti, mTiani reliefi,
saburRi danadgari, asafeTqebeli masala.

1.Sesavali
rkinigzis da saavtomobili gzebis mSeneblobaSi  gansakuTrebuli

mniSvneloba eniWeba gvirabebis gayvanas. gvirabebi umeteswilad gamoiyeneba
mTian pirobebSi rkinigzebisa da saavtomobilo gzebis mSeneblobisas.

mTiani rkinigzebi xasiaTdebian mkacri klimaturi pirobebiT  da
maRali qanobebiT, rac xels uSlis matarebelTa normalur eqpluatacias.
gvirabebis gamoyeneba aseT pirobebSi sagrZnoblad aumjobesebs
saeqpluatacio pirobebs da amcirebs saeqspluatacio xarjebs.
gansakuTrebiT aumjobesebs  matarebelTa moZraobis usafrTxoebis
uzrunvelyofis sakiTxebs, rac gamowveulia sauReltexilo ubnebze
qanobebis SemcirebiT.

2. ZiriTadi nawili
gvirabebis gayvanis tradicia uxsovari droidan,im periodidan iRebs

saTaves, roca am urTulesi samuSaoebis Sesrulebis primitiuli teqnikuri
saSualebebi gaCnda. gvirabmSeneblobis ganviTareba organulad iyo
dakavSirebuli samuSao iaraRebis  SeqmnasTan da gamoyenebasTan. ase, rom
gvirabis gayvanis done sruliad Seesabameboda sawarmoo Zalebis
ganviTarebas.

rogorc Cans Cvenma winaprebma odiTganve, mravali saukunis miRma
kargad Seiswavles gvirabebis gayvanis uaRresad rTuli  da mZime saqme.
isini  Tavdapirvelad samuSaoebs rbil gruntSi awarmoebdnen, radgan
TiTqos da ufro ioli iyo, ara da  mas erTi udidesi nakli hqonda-male
Camoiqceoda da udidesi Sroma TiTqmis wyalSi iyreboda.xangrZlivi
dakvirvebis Semdeg mividnen im daskvnamde, rom gvirabebis gayavnis drosve
gamonamuSevar sivrces xis bijgebiT amagrebdnen, magram esec rTuli da
mouxerxebeli procesi iyo, amitom droTa ganmavlobaSi adamianebi
mixvdnen, rom gvirabis gaWra - mowyoba kldovan, magar gruntSi ufro
umjobesi iyo, ragdan iq saWiro ar xdeboda specialuri gamagreba  da
mopirkeTeba, mkvrivi qanebis Camoqcevis safrTxec naklebad arsebobda.
gamonamuSevrebs ZiriTadad bunebriv gamoqvabulTn miaxloebul kamarul
formas aZlevdnen.
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samuSaoebi ZiriTadad warmoebda mocemuli epoqis Sesaferisi
iaraRebiT-weraqvebiT,ZalayinebiT,sol-satexebiT da sxva. eseni iyo
„gvirabgamyvanTa“ samuSao iaraRebi mravali saukunis ganmavlobaSi da
mxolod Cveni welTaRricxvis dasawyisSi gamoiyenes agreTve cecxli,
romelsac mosangrev kldesTan aanTebdnen, Zlier axurebdnen, Semdeg
wyals Seasxamdnen, gavarvarebuli qanebi ibzareboda da amis Sedegad maTi
mongreva ioli iyo.

xelovnuri gvirabebi gahyavdaT sxvadasxva miznebisTvis, cixe-
simagreebidan saidumlo  gasasvlelebis saxiT mecixovneTa Tu iq
TavSefarebuli adamianebisTvis wylis, sakvebi produqtebis da iaraRis
saidumlod misawodeblad.

egvipteSi arqeologiuri gaTxrebis dros mdinare nilosis qveS
aRmoCnda misi orive napiris SemaerTebeli gvirabi, romelic Tvis droze
saocari ostatobiT iyo Sesrulebuli da dResac SesaniSnav
mdgomareobaSia.

Cvens welTaRricxvamde 2150 wlis win, babilonSi mdinare evfratis
qveS gaiyvanes erTi napiridan meoreze gasasvleli erTi kilometri
sigrZis gvirabi, romelic mefis sasaxles mdinaris meore mxares agebul
taZarTan akavSirebda.

kidev ufro grZeli gvirabi Zvelma berZnebma Cvens welTaRricxvamde
700 wliT adre kunZul samosisaTvis sasmeli wylis miwodebis mizniT
gaiyvanes.

romaelebma Cvens eramde saukunenaxevriT adre salvinos mTis ZirSi
arsebuli tbis-fusinos dasaSrobad 5 kilometriani did diametriani
kveTis gvirabi gaTxares, xolo ukve axali welTaRricxvis dasawyisSi
posilipos qedis qveS neapolis da poncuolis erTmaneTTan
dasakavSireblad urTulesi agebulobis qanebSi da umZimes pirobebSi 900
metri sigrZis gvirabi gaiyvanes.

sxvadasxva miznebisTvis, upirveles yovlisa manZilis Sesamcireblad
sakmaod rTuli gvirabebi gahyavdaT agreTve amerikis kontinentze
mcxovreb uZveles tomebs, axlo aRmosavleTis, indoeTis, CineTis  da sxva
qveynebis mosaxleobas.

miwisqveSa gvirabebis da sxvadasxva daniSnulebis qvabulebis
gamokveTaSi sakmaod gawafulni iyvnen qarTvelebic. amis
damadasturebelia adreul periodebSi kldeSi nakveTi qalaqi
ufliscixeSi, daviT garejSi, xolo saqalaqo kompleqsi varZia Tavisi
rTuli agebulebiT, grandiozulobiT da Sesrulebuli samuSaoebis
siZneliT albaT analogs ver moZebnis.

bunebrivia, iseTi rTuli nagebobebis mSenebloba, miTumetes miwis qveS
maTi gayvana-gamokveTa brmad, gegmis gareSe warmoudgeneli iqneboda.
rogorc Cans im periodSi iyvnen specialistebi, romlebic kargad
flobdnen miwisqveSa samuSaoebis mimarTulebis ganmsazRvrelis anu
dRvandeli gagebiT geodeziis profesias.  maT mier miTiTebul gezs didi
ostatobiT mihyvebodnen gvirabgamyvanebi, romlebic im droindeli
primitiuli iaraRebiT umZimes samuSaos asrulebdnen.

Sua saukuneebis dasasruls  saerTaSoriSo savaWro urTierTobebis
gafarToebasTan dakavSirebiT, agreTve  gzebis Semoklebis mizniT daiwyo
xomaldebis gasatarebeli gvirabebis gayvana, romlebiTac erTmaneTTan
sazRvao gzebs aerTianebda. im periodSi iseTi Sromatevadi samuSaoebis
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Sesruleba, rogoricaa kldis qanebis mongreva, ukve afeTqebis saSualebiT
xdeboda. risTvisac Sav dents iyenebdnen.
xomaldebis gasatarebeli pirveli gvirabi, romlis sigrZe 160 merti iyo 1679-
1681 wlebSi langedokis arxze gaiyvanes.

gvirabmSeneblobis Semdgomi ganviTareba rkinigzis transportis
gaCenasTan iyo dakavSirebuli, romelic manZilis Sesamcireblad da mTiani
reliefis gadasalaxavad gvirabebis gaWras moiTxovda. erT-erTi pirveli
aseTi 1190 metriani gvirabi 1826-1830 wlebSi inglisSi liverpul-manCesteris
xazze gaiyvanes.

TiTqmis amave periodSi  daiwyo sarkinigzo gvirabebis mSenebloba
safrangeTSi da evropis sxva qveynebSi.

gvirabebis gaWris teqnologiis gaumjobesebis miuxedavad, roca ukve
iyenebdnen burRvisa da Savi denTiT afeTqebis meTodebs, maTi sigrZe 3,5
kilometrs ar aRemateboda, anu teqnikis ganviTarebis maSindeli done ver
uzrunvelyofda ufro grZeli gvirabebis gaWris SesaZleblobebs.

magram SemdgomSi gamoCnda axali asafeTgebeli masalebi-piroqsilini,
dinamiti, 1951 wlidan saburRi danadgarebi, romlebmac gvirabis gayvanis
Semdgom ganviTarebaSi namdvili gadatrialeba moaxdines da SesaZlebeli
gaxda alpebis qveS safrangeTis, italiis da Sveicariis damakavSirebeli didi
gvirabebis mSenebloba.

1857-1871 wlebSi gaiyvanes mon-senis 12850 metri sigrZis miwisqveSa
sarkinigzo magistrali, romelmac sfrangeTi italiasTan daakavSira, 1872-1882
wlebSi mimdinareobda sen-gotardis, italia-Sveicariis damakavSirebeli
gvirabebis gaWra.

pirveli msoflio imperialistur omamde-1914 wlamde evropaSi 26 gvirabi
iyo gayvanili, yoveli maTganis sigrZe 5 kilometrs aRemateboda, maT Soris
yvelaze grZeli - 19780 metri  simplonis (italia-Sveicaria) gvirabi iyo.

ruseTis imperiaSi, romlis erT-erT Semadgenel nawils saqarTvelo  da
mTlianad amierkavkasiac warmoadgenda, pirveli  1280  metriani sarkinigzo
gvirabi ormxrivi moZraobiT  1862 wels kovenSi  gaiyvanes, xolo  ganapira
guberniebSi gaWrili gvirabebidan mSeneblobis sirTuliT  da sigrZiT
gamoirCeoda  wifis  (suramis) sarkinigzo  gvirabi, romlis mSenebloba  1886-
1890 wlebSi mimdinareobda da sigrZe  3998 metrs Seadgenda. wifis gvirabis
mSeneblobis Sesaxeb  dawvrilebiTaa moTxrobili Cveni naSromis
„amierkavkasiis rkinigzis ganviTarebis ZiriTdi etapebi“  2004 wels
gamocemul pirvel nawilSi.

pirveli msoflio imperialisturi  omis Semdeg sarkinigzo gvirabebis
mSeneblobis maStabebi  ramdenadme Semcirda,  radgan  im droisaTvis
evropis did, ganviTarebul saxelmwifoebSi  rkinigzis qselis zrdis
ZiriTadi etapi dasrulda.  foladis magistralebi gahyavdaT mxolod iseT
adgilebSi, sadac rTuli gvirabebis mowyoba ar iyo aucilebeli.

im periodSi gayvanili mniSvnelovani obieqtebidan gamoirCeva msoflioSi
yvelaze grZeli-orxaziani florenciis boloniasTan damakavSirebeli apeninis
didi gvirabi, romlis Sua nawilSi gadasaswrebi sadguria mowyobili.

1927 wels marsel-ronas magistralze dasrulda riovis 7118 metriani
gvirabis gayvana.

me-19 saukinis meore naxevridan msoflios mraval qveyanaSi sul ufro
farTod ikidebda fexs transportis axali saxeoba-saavtomobilo
transporti. gahyavdaT qalaqebis da saxelmwifoebis erTmaneTTan
damakavSirebeli avtomagistralebi, magram bevr adgilze rTuli mTiani
reliefis gamo iZulebuli xdebodnen SemovliTi gzebi moewyoT, rac
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manZilsa da mgzavrobis xangrZlivobas Zlier adidebda. amitom
specialistebma  aqac rkinigzis transportisTvis  nacadi xerxi-gvirabis
gayvana gamoiyenes, miTumetes, rom teqnika da mSeneblobis gamocdileba
amis saSualebas ukve iZleoda.

mTebSi  gaWrili  saavtomobilo gvirabebidan yvelaze grZelia 16320
metriani sen-gotardis gvirabi, xolo mcire sigZis  gvirabebi mTiani
reliefis mqone yvela qveyanaSi gahyavdaT.

magram me-19 saukunis  meore naxevridan rkinigza ufro didi
popularobiT sargeblobda. igi xmeleTze jer kidev ZiriTadi
satransporto saSualeba iyo, romliTac didi raodenobiT tvirTis
gadazidva da mgzavrTa gadayvana operatiulad xdeboda, amitom
sarkinigzo gvirabebis mSenebloba kvlav aqtualuri iyo. aqtualurobas
ganapirobebda is faqti, rom maRalmTian pirobebSi gvirabebis gayvaniT
sagrZnoblad mcirdeboda manZilebi. manZilebis Semcireba Tavis mxriv
uzrunvelyofda  tarifis Semcirebas, drois dazogvas da ekonomiur
efeqtianobas.

3. daskvna
zemoT warmodgenili mimoxilvidan SeiZleba davaskvnaT, rom gvirabebis

gayvanis tradicia uxsovari droidan iRebs saTaves. xangrZlivi
dakvirvebebis Semdeg mividnen im daskvnamde, rom gvirabebis gaWra-mowyoba
kldovan da magar gruntebSi ufro umjobesi iyo. gvirabmSeneblobis
ganviTrebas xeli Seuwyo sarkinigzo transportis gaCenam. vinaidan
manZilis Sesamcireblad da mTiani reliefis gadasalaxavad rkinigzebis
dros saWiro xdeboda  gvirabebis gaWra.
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saqarTvelos avtosagzao infrastruqturis ganviTarebis
amocanebi

k. mWedliSvili, n. rurua, z. gabedava
(saqarTvelos teqnikuri universiteti, m.kostavas q.77, 0175,

Tbilisi,     saqarTvelo)
reziume: statiaSi ganxilulia saqarTvelos saerTaSoriso
daniSnulebis avtomagistralebis, agreTve Sidasaxelmwifoebrivi
daniSnulebisa da adgilobrivi gzebis qselis ganviTarebis sakiTxebi.
xazgasmulia, rom sagzao qselis ganviTarebis upirvelesi amocanaa
saqarTvelos maRalmTiani raionebis qveynis danarCen nawilebTan
Seuferxebeli mimosvlis uzrunvelyofa didi siRrmisa da sigrZis
gvirabebiT. aRniSnulia gansakuTrebiT maRali intentivobis mqone
monakveTebis rekonstruqciis aucilebloba saavtomobilo
magistralebad. agreTve amJamad mSenebare avtomagistralebTan erTad
igive daniSnulebis avtomagistralis aSenebis aucilebloba samcxe-
javaxeTis gavliT. naCvenebia maRalmTian pirobebSi, rig SemTxvevebSi,
viwroliandiani rkinigzebis gamoyenebis meti mizanSewoniloba
saavtomobilo gzebTan SedarebiT.
sakvanZo sityvebi: gzebi, infrastruqtura, uReltexilebi, gvirabebi,
viwroliandiani rkinigza.

1. Sesavali
saqarTvelos mTavrobis mier 2016 wels miRebuli gadawyvetilebiT [1]

uaxloes 4-5 weliwadSi saqarTveloSi 1000 km-mde saavtomobilo gzebis
mSenebloba-rekonstruqcia igegmeba. qveynis sivrciTi mowyobis es proeqti
mTavrobis mier SemuSavebul oTxpunqtiani reformebis gegmis yvelaze
ufro masStaburi komponentia. sivrciTi mowyobis proeqti iTvaliswinebs
sivrcis racionalur, mdgrad da dabalansebul dagegmvas, aseve
transportis, mSeneblobis, energetikis, turizmis, warmoebis da sxva
seqtorebis  ganviTarebas, agreTve qalaqebsa da soflebs Soris kavSirebis
gaumjobesebas.  mTeli saqarTvelos masStabiT daproeqtdeba da aSendeba
regionebis damakavSirebeli satransporto qseli. mTlianobaSi, 2020 wlis
CaTvliT dagegmilia 1000km-mde saavtomobilo gzis mSenebloba da
rekonstruqcia. samuSaoTa savaraudo Rirebuleba miaxloebiT Sefasebulia
3,5  miliard dolarad.  igegmeba 550 km  avtomagistralis mSenebloba,
aseve 800 km-mde gzis reabilitacia, 300-mde saxide gadasasvlelis da 50
saavtomobilo gvirabis mSenebloba. sivrciTi mowyoba aseve iTvaliswinebs
rkinigzis sadgurebis, sazRvao portebis, aeroportebis aSenebas da
reabilitacias.

Cvenis azriT zemoT aRniSnuli programis Sesruleba 4-5 weliwadSi
moiTxovs inteleqtualuri, fuladi, materialuri da SromiTi resursebis
iseT doneze mobilizebas, romelsac saqarTvelo Tundac sagareo
finansuri resursebis mozidvis mkveTrad gazrdis pirobebSic ver
SeZlebs. msoflios mowinave qveynebis gamocdileba gviCvenebs, rom  sagzao
qselis  maRal doneze ganviTarebasa da Semdgom  eqspluatacias sWirdeba
aTeulobiT weli da biujetidan aranaklebi 3-4%-is gamoyofa
yovelwliurad. daCqarebuli ganviTarebisTvis saWiroa aranakleb 7-8%
saxelmwifos biujetidan da amdenive weli [2,3,4].
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Cvens mier qvemoT moyvanilia mosazrebebi saqarTvelos
saavtomobilo gzebis qselis ganviTarebisa da prioritetuli obieqtebis
Sesaxeb, romlebic gulisxmobs samuSaoTa 10 weliwadSi ganxorcielebas,
yovelwliuri dafinansebiT aranakleb 500 milioni amerikuli dolaris
eqvivalentis odenobiT.

2. ZiriTadi nawili
saqarTvelos sagzao qselis ganviTarebis uaxloesi da

umniSvnelovanesi amocanaa qveynis gamWoli, saerTaSoriso E–60 oTxzoliani
avtomagistralis wiTeli xidi-Tbilisi-xaSuri-samtredia-grigoleTis
monakveTebis damTavreba. aucilebelia sarfi-baTumi-foTi-anaklias monakveTis
rekonstruqcia aseve oTxzolian magistralad gadasaqcevad, romelic
momavali SavizRvispireTis wriuli saerTaSoriso avtomagistralis nawili
gaxdeba. afxazeTSi Cveni iurisdiqciis aRdgenis Semdeg analogiuri
magistrali unda gagrZeldes anaklia-oCamCire-soxumi-gagra-fsous
monakveTzec, romelic SeuerTdeba qarTveli inJinrebis mier  gasuli saukunis
70-80-iani wlebSi daproeqtebul adleri-soWi-tuafsis monakveTs.

mizanSewonilia uaxloes xanSi vaziani-bakurcixis da nataxtari-
Jinvalis monakveTebis oTxzolian magistralad rekonstruqcia. Semdgom ki
bakurcixidan lagodexamde misi gagrZeleba azerbaijanTan  dasakavSireblad.
aseve aucilebelia somxeTTan damakavSirebeli avtomagistralis miyvana
sadaxlomde, saidanac ukve somxeTis gadawyvetilebis mixedviT SesaZlebeli
gaxdeba sazRvramde misvla axkerpis gavliT an arsebuli rkinigzis xazis
gaswvriv.

unda gairkves umniSvnelovanesi principuli sakiTxi, rogor gadawydes
xaSursa da zestafons Soris avtomagistralis daproeqteba. am problemuri
sakiTxis racionalur gadawyvetas Teoriuli mniSvneloba gaaCnia, vinaidan am
konkretul magaliTze miRebuli gamocdileba da daskvnebi safuZvlad
daedeba momavalSi analogiur pirobebSi optimaluri saproeqto variantis
SerCevis rekomendaciebs. rigi qarTveli  specialistebis azriT [5] Zirulas
mWidrod dasaxlebul da viwro xeobaSi oTxi savali zolis gatareba,
Tundac Semxvedr miamrTulebaTa calke trasirebiT ekologiuri da
socialuri katastrofis tolfasi iqneba. gacilebiT mizanSewonilia
arsebuli rikoTi-zestafonis monakveTis rekonstruqcia samzoliani
moZraobisaTvis: ori calmxrivi zoli avtomagistralisTvis da mesame, 0,5 m
siganis niujersis tipis calfa barieriT gayofili zoli adgilobrivi
nakadebisaTvis. quTaisi-Tbilisis mimarTulebaze mizanSewonilia moewyos
analogiuri ganivi profilis mqone avtomagistralis monakveTi mdinare
Cxerimelas xeobaSi, romelic  gamoiyenebs arsebuli saavtomobilo gzis miwis
vakiss. aRmosavleT-dasavleT saqarTvelos SemaerTebeli axali 12 km sigrZis
sarkinigzo gvirabis aSenebis Semdeg SesaZlebelia ufunqciod darCenili
wifis gvirabis gamoyeneba saavtomobilo mimosvlisaTvis, magram Cveni azriT,
ufro mizanSewonilia wifis gvirabis datoveba rkinigziT mgzavrTa
gadaadgilebisaTvis, xolo saavtomobilo moZraobisaTvis warmatebiT
SeiZleba gamoyenebuli iqnes  rkinigzis Zveli sauReltexilo monakveTi,
romelic  funqcionirebda 1891 wlamde, wifis gvirabis mwyobrSi Sesvlamde [6].
es monakveTi dRes mimdebare soflebs Soris adgilobriv saavtomobilo
mimosvlas emsaxureba, misi grZivi qanobi ar aWarbebs 4,5%-s, uReltexilis
simaRlea 990m. uReltexilis gadakveTa Tanamedrove saavtomobilo
magistraliT axali gvirabisa da mis misasvlelebTan mniSvnelovani miwis
samuSaoebis gareSe sruliad SesaZlebelia.
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gzis es monakveTi SeuerTdeba avtomagistrals, zestafonsa da
Terjolas Soris gaSlil velze. urTulesi reliefisa da geologiis
pirobebSi minimaluri danaxarjebiT moxdeba mgzavrebisa da tvirTebis
usafrTxo, ekonomiuri gadaadgileba, daculi iqneba garemo  da rikoTis
axali gvirbis asaSenebelad aRar daixarjeba aseuli milionobiT lari.
Cxerimelas xeobis gamoyeneba gamoacocxlebs xeobaSi arsebul dasaxlebul
punqtebs, Seqmnis mraval axal samuSao adgils, uzrunvelyofs adgilobrivi
mosaxleobis ufro komfortul, ekonomiur da usafrTxo gadaaadgilebas.

aseTi tipis saproeqto gadawyvetileba mizanSewonilia gamoyenebuli
iqnas analogiur [5] rTul pirobebSi avtomagistralebis gayvanisas, vinaidan
SesaZleblobas iZleva igive xeobaSi avtomagistralze fasiani gavlis
SemoRebis SemTxvevaSi gayvanili iqnas alternatiuli ufaso gza an
adgilobrivi satransporto nakadebisaTvis gankuTvnili zoli iyos ufaso.

saqarTvelos avtosagzao infrastruqturis ganviTarebis gadaudebeli
amocanaa rigi didi sigrZis (>2-3km) da didi CaRrmavebis (>500-700m) gvirabebis
uaxloes xanSi aSeneba, romelebic uzrunvelyofen kavkasionis mTavari qedis
da misi ganStoebiT danawevrebul qarTuli kuTxeebis dakavSirebas
saqarTvelos sxva nawilebTan wlis ganmavlobaSi uwyveti da uswrafesi
kavSiriT (ix. cxrili 1). pirveli aseTi obieqtia mleTa-kobis SemaerTebeli
gvirabi, romelic saqarTvelos ekonomikisa da usafrTxoebisaTvis
umniSvnelovanes qarTul provincias xevs daakavSirebs mTiuleTTan da
Semdgom mTel saqarTvelosTan. misi teqnikur-ekonomikuri dasabuTeba or
aTeul welze meti xnis winaa qarTveli specialistebis mier SemuSavebuli da
garkveuli cvlilebebiT misi gamoyeneba sruliad SesaZlebelia. Semdegi
obieqti barisaxo-Satilis SemaerTebeli gvirabia. misi portalebis
adgilmdebareobis dazusteba da gvirabis detaluri daproeqteba sakmao
moculobis teqnikuri da ekonomikuri sakiTxebis gadawyvetas moiTxovs,
magram mTavrobis saTanado gadawyvetilebis SemTxvevaSi es sruliad
SesaZlebelia umokles xanSi Sesruldes qarTvel specialistTa ZalebiT.
aseTive mosazrebiT mizanSewonilia uaxloes xanSi gadawydes sakiTxi mdinare
storis xeobis gavliT TuSeTis danarCen saqarTvelosTan SemaerTebeli
gvirabis aSenebis Sesaxeb, romelic daaxloebiT 1500-1800m simaRleze
ganlagebuli portalebiT Tavidan agvacilebs abanos 3000m simaRleze mdebare
uReltexiliT sargeblobas.

saqarTvelos CrdiloeTi kuTxeebis, xevis, xevsureTisa da TuSeTis
aRorZinebisaTvis udidesi mniSvneloba aqvs kavkasionis mTavari qedis
gaswvriv Sidasaxelmwifoebrivi daniSnulebis saavtomobilo gzis aSenebas,
romelic xevidan sno-juTas gavliT gadalaxavs arxotis uReltexils,
daeSveba asas xeobaSi, Semdeg gadava arRunis xeobaSi da Seva SatilSi.
arRunis xeobidan Tebulos mTis uReltexilis gavliT  daeSveba piriqiTa
alaznis xeobaSi da SeuerTdeba omalo-fSavelis arsebul saavtomobilo
gzas.

xevis, TuSeTisa da piriqiTa xevsureTis didi sigrZisa da CaRrmavebebis
gvirabebiT danarCen saqarTvelosTan dakavSirebis Semdeg  mizanSewonili
gaxdeba zemoxsenebul sno-Satili-omalos mimarTulebisTvis arxotisa da
Tebulos uReltexilebis monakveTebis Secvla analogiuri tipis
gvirabebiT.  es gvirabebi SesaZlebels gaxdis piriqiTa xevsureTSi  asasa
da arRunis xeobaSi kvlav gaCndes mudmivi dasaxlebuli punqtebi,
romlebic uzrunvelyofen am teritoriaze erovnuli ekonomikis Sesabamisi
dargebis (turizmi, mecxoveleoba, soflis meurneobis sxva maRalmTiani
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saxeobebi da a.S) ganviTarebas. imavdroulad gadawydeba meore
umniSnelovanesi amocana, sazRvrebis dacvis mkveTrad gaumjobeseba.

cxrili 1.
saqarTvelos saavtomobilo gzebze rekomendebuli axali gvirabebi

N
gzis

dasaxeleb
a

daniSnu
leba

romel
qeds
kveTs

romeli
uReltex

ilis
alterna
tivaa

romel
mdinareTa
xeobebs

aerTianebs

portale
bis

savarau
do

simaRle
zRvis

donidan,
m

savarau
do

sigrZe,
km

misasvlel
gzaze

Casatarebe
li

RonisZiebeb
i

1
nataxtari
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saerTaSor
iso

avtomagist
rali

kavkasio
nis

mTavari
qedi

jvari
2379, V-

XI

mTiuleTis
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Tergi

1200-1400 9-10
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cia

2
barisaxo-
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Sidasaxe
lmwifoe
brivi
gza

kavkasio
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daTvis
jvari

2776, VI-
X

fSavis
aragvi-
arRuni

1500-1700 7-8
reabilita

cia

3
fSaveli-
omalo

Sidasaxe
lmwifoe
brivi
gza

kavkasio
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mTavari
qedi

abano
2926, V-X

stori-
piriqiTa
alazani

1500-1700 5-6
reabilita

cia

4
lentexi-
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Sidasaxe
lmwifoe
brivi
gza

svaneTis
qedi

qedis
simaRle
3559 m.

cxeniswyal
i-enguri

1500-1700 7-8
axali gzis

aSeneba

5
vaziani-
gombori-
Telavi

Sidasaxe
lmwifoe
brivi
gza

gombori
gombori
1620, I-
XII

iori-
Turdo

1200-1400 3-4
misasvlele
bis aSeneba

6
tyibuli-
ambrolau

ri

Sidasaxe
lmwifoe
brivi
gza

naqeral
a

naqeral
a

1218, I-
XIII

- 800-1000 2-3
reabilita

cia

7 baqo-foTi

saerTaSor
iso

avtomagist
rali

mesxeTis
qedi

qedis
simaRle
2300 m.

- 1200-1400 5-6
axali gzis

aSeneba

am gvirabebis aSenebis Semdeg mizanSewonilia ramdenime gvirabis
aSeneba Sidasaxelmwifoebrivi mniSvnelobis saavtomobilo gzebze.
aucilebelia Tbilissa da Telavs Soris umokles mimarTulebaze
arsebuli gomboris sauReltexilo monakveTis Secvla gvirabiT.
mizanSewonilia axali monakveTi arsebuli gzidan gagrZeldes Crdilo-
aRmosavleTis mimarTulebiT, sof. xaSmsa da sof. ujarmas Soris
gadavides md. iorze, gayves samebis monastrisken mimaval xeobaSi gruntis
gzas, 1200–1300m  niSnulze gadakveTos gomboris qedi, gavides mdinare
Turdos xeobaSi da amJamindeli sauReltexilo monakveTis dasawyisis
aRmosavleTiT mdinare Turdos xidTan SeuerTdes SuamTa-Telavis
monakveTs. aseTi gadawyvetileba Tavidan agvacilebs 1930-iani wlebis
normativebiT agebul, avariebis maRali riskis mqone or sauReltexilo
monakveTs da mniSvnelovnad Seamcirebs Tbilisidan Telavamde svlis
dros.
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mesxeTis qedis gadakveTa saavtomobilo gvirabiT SesaZlebels
gaxdis mdinare qvablianis xeobis dakavSirebas mdinare gubazoulis
xeobasTan, ris Sedegadac SesaZlebeli gaxdeba baqodan foTisken
pirdapiri sahaero xazis gaswvriv baqo-wiTeli xidi-xaSuri-samtrediis
alternatiuli saavtomobilo magistralis aSeneba, romelic gare kaxeTis,
qvemo qarTlisa da samcxe-javaxeTis gavliT uzrunvelyofs saavtomobilo
transportiT satvirTo gadazidvebis did moculobas,  Seamcirebs
imereTisa da qarTlis mWidrod dasaxlebul regionebSi gayvanili
avtomagistralis datvirTvas didi tvirTgamweobis avtomobilebisgan.

svaneTis qedze 1500-1700m simaRleze 7-8km sigrZis saavtomobilo
gvirabis aSeneba uzrunvelyofs lentexi-mestias Soris pirdapir,
Seuferxebel kavSirs da xels Seuwyobs svaneTSi turizmis da zamTris
sportis saxeobebis ganviTarebas, mkveTrad gaaumjobesebs evropis yvelaze
maRalmTian soflebSi da mTel regionSi socialur-ekonomikur pirobebs.
igi 60km-iT Seamcirebs mestiasa da lentexs Soris dRes arsebul
saavtomobilo marSruts laxdilis uReltexilis gavliT.

tyibuli-ambrolauris monakveTebze mdebare naqeralas uReltexili
araa maRali, sul 1217m-ia, magram masze asasvleli sauReltexilo
monakveTebi Zalzed rTuli gegmisa da grZivi profilis mqonea. adre
gazafxulsa da gvian Semodgomaze xSiria nisliani dReebi, xolo
zamTarSi xSirad 2-3 dRiani xangrZlivobiT mravaljer mosuli Tovli
aferxebs mimosvlas. Tu gaviTvaliswinebT am monakveTze moZraobis maRal
intensivobas, misi zrdis tempisa da marSrutis popularobas,
mizanSewonilia masze gvirabis ageba portaliT araumaRles 1000 m-ze
zRvis donidan.

saqarTvelos ekonomikisaTvis udidesi mniSvneloba aqvs turizms. am
mimarTulebiT qveynis potencialis Semdgomi ganvTarebisaTvis
mniSvnelovania kurort baxmarosa da ozurgeTis SemaerTebeli
saavtomobilo gzis rekonstruqcia, romlis proeqti 25 wlis winaa
Sesrulebuli qarTveli megzeve inJinrebis mier. am SemTxvevaSi
mizanSewonili iqneba mdinare gubazoulis xeobaSi gamavali saavtomobilo
gzis paralelurad mdinareebis baxviswyalis an natanebis xeobaSi
paraleluri viwroliandiani rkinigzis gayvana, romelic am adgilebisTvis
Cveuli, uxvTovliani xangrZlivi zamTris pirobebSi, uzrunvelyofs
Seuferxebel mimosvlas, ramdenjerme gaizrdeba baxmarosa da misi
mimdebare teritoriebis rekreaciuli SesaZlebelobebi, aqedan gamomvali
didi dadebiTi SedegebiT erovnuli ekonomikisaTvis.

saqarTvelos sagzao qselis srulyofisaTvis gadaudebeli amocanaa
centraluri avtomagistralis alternatiuli monakveTis, mcxeTa-kavTisxevi-
xaSuris Seqmna da misi mierTeba ganivi kavSirebiT javaxeTTan TrialeTis
qedis CrdiloeT ferdobebze arsebuli tanas, Zamas da TeZamis xeobebSi
arsebuli gzebis gamoyenebiT. alternatiuli marSrutebis
mizanSewonilobasTan erTad ekologiuri moTxovnebis dacva ganapirobebs
kidev erTi avtomagistralis Seqmnas, romelic ZiriTadad tvirTnakadebs
moemsaxureba da umoklesi, pirdapiri mimarTulebiT SeaerTebs baqos foTsa
da baTumTan. baqo da foTis SemaerTebeli sahaero xazi saqarTvelos
teritoriaze gadis mdinare ioris gaswvriv, Semdgom marneuli-bolnisis da
walka-tabawyuris gavliT, uerTdeba xerTviss, mere ki axalcixedan mdinare
qvablianis xeobidan gvirabiT kveTs mesxeTis qeds, Semdeg mdinare natanebis
xeobiT ozurgeTi-wyalwmindas gavliT uerTdeba foTs.
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am mimarTulebaze gzis aSenebas simoklesTan erTad sxva mravali
dadebiTi momentic axlavs. wiTeli xidi-xaSuri-quTaisi-samtredias
mimarTuleba ZiriTadad gamoyenebuli iqneba samgzavro da turistuli
miznebisaTvis, gadaideba misi 6 zolianad gardaqmnis aucilebloba, rac
mogvcems  Sesabamis dadebiT socialur da ekologiur Sedegebs. xsenebuli
magistrali umoklesi kavSiriT SeuerTdeba zekarisa da cxrawyaros
uReltexilebze gamaval saavtomobilo gzebs, rac abasTumnisa da bakurianis
sakurorto potencials mniSvnelovnad aamaRlebs da amave dros aucilebels
gaxdis baRdaTi-sairme-abasTumnisa da borjom-bakuriani-cxrawyaros
monakveTebis saparko gzebis parametrebiT rekonstruqcias, raTa
SenarCunebul iqnas am teritoriebis unikaluri buneba, imavdroulad
ganaviTarebs servisul obieqtebze (gzispira sastumroebi, sawvaviT gasamarTi
punqtebi da a.S.) moTxovnilebas, Seqmnis axal samuSao adgilebs.

xsenebuli amocanis Sesruleba umoklesi gziT daakavSirebs javaxeTs
Sida qarTlTan, aaRorZinebs TrialeTis qedis ferdobebze arsebul
mitovebul soflebs, srulad gamoiyenebs maT umdidres turistul da
rekreaciul potencials da sagangebo situaciebis pirobebSi uzrunvelyofs
mgzavrebisa da tvirTebis alternatiuli marSrutebiT gadaadgilebas.

sayuradReboa lentexisa da mestiis pirdapiri gziT SeerTebis idea,
romlis realizacia saqarTvelos mTavrobis gadawyvetilebis Tanaxmad
saavtomobilo gziTa da svaneTis qedis gadamkveTi gvirabiTaa SemoTavazebuli
[1]. gzis mizania svaneTSi zamTris sportis ganviTarebisaTvis xelis Sewyoba
uwyveti da Seuferxebeli mimosvlis ganxorcielebiT wlis ganmavlobaSi.
Cvenis azriT, am konkretul SemTxvevaSi  ekonomikurad gacilebiT
mizanSewonili iqneba mestia-lentexis SeerTeba viwroliandiani rkinigziT.
misi samSeneblo moculoba 2-3 jer ufro mcirea igive raodenobis tvirTebisa
da mgzavrTa gadaadgilebis unaris mqone saavtomobilo gzasTan SedarebiT.
eleqtroweva adgilobrivi hidroenergetikuli resursebidan da
rekuperaciuli damuxruWebis  SesaZlebloba, mcire siganis  miwis vakisi da
Sesabamisi zomis xelovnuri nagebobebi uzrunvelyofen xeobaSi gamavali
satransporto nagebobis  maRal ekologiurobas da landSaftTan harmoniul
Serwymas.

zamTarSi rkinigzis eqspluataciis siadvile da moZraobis maRali
usafrTxoeba saavtomobilo gzasTan SedarebiT igive saangariSo siCqaris
pirobebSi naTlad gviCvenebs sarkinigzo variantis upiratesobas.
avtomobilebisa da maTi tvirTebis kontraileluri gadaadgileba
viwroliandiani rkinigzis saSualebiT kidev ufro met upiratesobas
aniWebs rkinigzis variants.

3. daskvna
saqarTvelos sagzao qselis winaSe dgas ramdenime ZiriTadi amocana:

uaxloes xanSi avtomagistralebis aSeneba nataxtari-grigoleTi, vaziani-
bakurcixis, nataxtari-Jinvalis, Tbilisi-sadaxlos da Tbilisi-wiTeli xidis
mimarTulebebiT;  xevis, piriqiTa xevsureTis, TuSeTis da svaneTis danarCen
saqarTvelosTan damakavSirebeli gvirabebis aSeneba gzebis Sesabamisi
rekonstruqciiT da axali mimarTulebis aSenebiT. sagzao qselis
modernizacia, upirveles yovlisa, imereTis, samegrelos, raWis, aWaris da
guriis maRalmTian raionebSi.

axali magistraluri gzebis (saerTaSoriso da Sidasaxelmwifoebrivi)
daproeqtebisas aucileblad unda iyos ganxiluli varianti Semxvedri
mimarTulebis calke trasirebiT. es saSualebas iZleva rTuli reliefis
pirobebSi mkveTrad SevamciroT miwis vakisisa da xelovnuri nagebobis
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zomebi, gaioldeba mxedvelobis sakmarisi manZilis dacvis uzrunvelyofa.
gacilebiT ioli xdeba grZivi profilis racionaluri daproeqteba
aRmarTebsa da daRmarTebSi sxvadasxva sididis grZivi qanobebiT da
radiusebiT.

magistraluri gzebiT maRali qedebis gadakveTisas mizanSewonilia
gamoviyenoT gvirabebi portalebis niSnuliT alpuri zonis  sazRvrebs
qvemoT anu naklebi 1800 m simaRleze zRvis donidan. es mniSvnelovnad
aadvilebs gvirabis portalebTan misasvleli monakveTebis eqspluatacias
zamTris pirobebSi. portalebis aseTi ganlageba zrdis gvirabebis sigrZesa
da mTis masivSi SeWris siRrmes, magram variantebis  teqnikur-ekonomikuri
dasabuTeba daadasturebs, rom aseTi saproeqto gadawyvetileba gacilebiT
xelsayrelia maRali mTis, mcire sigrZisa da CaRrmavebis gvirabebTan
SedarebiT.

saerTaSoriso da Sidasaxelmwifoebrivi gzebis reabilitaciisa da
rekonstruqciis proeqtebSi aucilebelia saproeqto variantebis teqnikur-
ekonomikuri Sedarebis nawilSi avtomobilTa nakadebis satransporto
danaxarjebisa da ekologiuri parametrebis gaangariSeba Tanamedrove,
qarTveli mecnierebisa da inJinrebis mier SemuSavebuli saqarTvelos
mTagoriani reliefis pirobebisadmi misadagebuli meTodebiT. misadagebis
samuSaoebi ukve dawyebulia. qarTveli mecnierebisa da inJinrebis mier. [7,8].
aucilebelia am samuSaoebis ufro farTod gaSla da saerTaSoriso HDM
sistemis [9] qarTuli variantis Seqmna, romelic gaiTvaliswinebs  aramarto
qveynis sagzao qselis Taviseburebebs, aramed saqarTvelos avtoparkis
arsebul da perspeqtiul mdgomareobasac. amasTan  erTad igi gamosadegi
iqneba samxreT kavkasiis regionisa da analogiuri reliefis da bunebrivi
pirobebis mqone sxva qveynebisaTvisac.

yvela es amocana unda Sesruldes usafrTxoebis, ekonomiurobis,
ekologiurobisa da komfortis saerTaSoriso moTxovnebis sruli dacviT,
upiratesad adgilobrivi inJinrebis xeliT da Sida ekonomikuri resursebis
gamoyenebiT. es mniSvnelovnad Seamcirebs sagareo valis zrdis temps da
uzrunvelyofs ekonomikis ufro mdgrad ganviTarebas.
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sarTulSorisi    monoliTuri  urigelo
gadaxurvis gaangariSeba  sasrul  elementTa meTodis

gamoyenebiT
b. lebaniZe, m. muxiguliSvili, S. demetraSvili

(saqarTvelos teqnikuri  universiteti. kostavas q. № 68, 0175,
Tbilisi, saqarTvelo)

reziume: statiaSi  ganxilulia  monoliTuri  urigelo
sarTulSorisi   gadaxurvis  gaangariSeba, sasrul  elementTa
meTodis  gamoyenebiT. Ggadmocemulia  gaangariSebisaTvis
saWiro  masalebi, Sedarebulia  eqsperimentiT  da  arsebuli
gaangariSebiT  miRebuli Sedegebi,  gakeTebulia  Sesabamisi
daskvnebi.

sakvanZo sityvebi: sarTulSorisi  gadaxurva, urigelo,  monoliTuri,
datvirTvebi, sixiste, simtkice.

1. Sesavali
Uurigelo  sarTulSorisi gadaxurvebi  cnobilia  1940  wlidan, rodesac

a.gvozdevis  xelmZRvanelobiT a. Sepotkinis  da  v. bulgakovis  mier
moskovis  centralur  samecniero - sakvlev institutSi  Catarebuli  iqna
didi  raodenobis cdebi, miRebuli  monacemebis  mixedviT  damuSavebuli
iqna  urigelo  sarTulSorisi  gadaxurvis  gaangariSeba  svetis  Tavze
arsebuli kapitelebis  gaTvaliswinebiT.  Ddadgenili  iyo  filis  sisqis,
saangariSo  sigrZis,  mRunavi  momentebis  saangariSo  formulebi;
damuSavebuli  iyo  konstruirebis  meTodebi,  gaangariSebis  meTodebi  da
sxva.

2. ZiriTadi   nawili
zemoT  aRniSnuli  kvlevebi  iyo  didi  xnis  winaT, exla  21- saukuneSi

sul  sxva  moTxovnebi  aqvs  urigelo  sarTulSoris  gadaxurvas,  sadac
SedarebiT  didi  malebi  da  bijebia, amitom  maTi  gaangariSebis
meTodic  Seicvala.

dReisaTvis  urigelo  sarTulSorisi  gadaxurvebis daproeqteba
mimdinareobs  kapitalis  gareSe,  gaangariSebisaTvis  gamoyenebulia
sasrul  elementTa  meTodi,  Sedgenilia  programebi  gamomTvleli
manqanebisaTvis.Aamdenad damproeqteblebi dakavebuli arian  dasaproeqtebeli
Senobis  monacemebis  gamomTvlel  manqanebSi  SetaniT,  romelic  mokle
droSi yvela mniSvnelovan  sakiTxze  iZleva  pasuxs.

Tanamedrove  mSeneblobaSi  ukve  farTod  inergeba  rkinabetonis
urigelo  gadaxurvebiT  monoliTuri  Senobebis  ageba; aseve
konstruqciuli  sistemebi  uzrunvelyofen dagegmarebis  Tavisufal
gadawvetas,  damkveTis  survilebis  transformirebas  da  proeqtebis
yvela  stadiaze  mSeneblobas  da  eqsploatacias,  aseve  saSualebas
iZleva  mivceT  Senobas  individualuri  saxe,  Sesabamisi  gaangariSebis
da  konstruirebis xarisxis  mixedviT.  Aam sistemebs aqvs saimedoobis  da
ekonomiurobis  maRali  xarisxi.

Uurigelo  sarTulSorisi  gadaxurvebiT  ZiriTadad  Sendeba
mravalsarTuliani  monoliTuri  karkasuli  Senobebi, rogorc  wesi,
mzidi  konstruqcia    tradiciulad  aris rkinabetonis  karkasi,
romelsac  eyrdnoba  monloliTuri  fila,  aseTi  filebis
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konstruireba  sruldeba   SeduRebuli  an  Sekruli  badeebiT, Reroebi
gadaxurvis  farTze  Tanabrad  aris  gadanawilebuli.

nax. 1 nax. 2
(nax. 1) mocemulia sasrul elementebiT Sedgenili urigelo
sarTulSorisi gadaxurvis saangariSo modelis fragmenti. (nax. 2)
mocemulia datvirTviT gamowveuli deformacia.
urigelo  daarmaturebis  sqema  ar  aris  ekonomiuri,  radgan  filis

armaturis  farTobis   SerCeva  xdeba  maqsimaluri  Zalvis  mixedviT
romelic  aRiZvreba  filis  malSi,  svetTan,  sadac  xdeba  filisa  da
svetis  SeerTeba  da  svetebis  Soris  manZilis  SuaSi.  Aam  areebidan
dacilebis  Zalvebi  mkveTrad  mcirdeba,  magram  daarmatureba  isev
Tanabrad  grZeldeba.  amasTan filis  sisqe  urigelo  gadaxurvebSi
didia.

monoliTuri  rkinabetonis karkasis  gaangariSeba  urigelo  gadaxurviT,
Cveulebriv  sivrciT  saangariSo  sqemis  mixedviT  sruldeba  sasrul
elementTa  meTodis  gamoyenebiT.

sasrul  elementTa  meTodSi   xdeba  svetis  modelireba,  rogorc
Rerovani  elementi,  xolo  fila  rogorc firfitis  msgavsi  elementi.

gamomTvleli  manqana  avtomatur  reJimSi  awarmoebs  nagebobis
gaangariSebas,  gaTvaliswinebulia  gruntis  deformacia   datvirTvebis
da  yvela  konstruqciuli  elementebis  sixiste;  gaangariSebis  sizuste
mTlianad  damyarebulia  sasrul  elementTa  badis  plasikurobaze,
gansakuTrebiT  svetis  da  filis  SeerTebis  adgilas  da  mzid
kedelTan, romelic  arTulebs  realur  daZabul  mdgomareobas  am  areSi.

Aam sakiTxebis gadasawyvetad modelirebis  ori  xerxi Aarsebobs,
romelic avtomaturad  sruldeba.

Ppirvel  SemTxvevaSi igulisxmeba, rom  filis  kvanZebis  gadaadgileba,
romelic  mdebareobs  svetis  ganivkveTis  areSi,  kinematikurad
miRebulia  absoluturad  myar  sxeulad,  e.i.  faqtiurad  gamoyenebulia
hipoTeza  svetis  ganivi  kveTis  ara  deformirebis  Sesaxeb.

Mmeore  SemTxveva Rerovani  elementebis  sixiste,  modelirebuli
svetis,  gadaecema  ara  erT  kvanZs,  romelic SeerTebulia  filis
plastikuri  elementebiT,  aramed  filis  yvela  kvanZs  svetis  ganivi
kveTis  areSi.

Lliteraturidan [1] cnobilia  cdebiT miRebuli Sedegebi,  sadac
aRniSnulia,  rom  gaangariSebis  Sedegad  Zalvebi  svetis  Tavis  areSi,
filaSi bevrad aRemateba  gaangariSebiT  miRebul  Sedegebs.
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sagulisxmoa, rom  mRunavi  momenti  svetis  kideze  bevrad  ar
gansxvavdeba  gaangariSebiT miRebuli  Sedegebisagan,  magram  ganivi  Zala
bevrad  aRemateba  gaangariSebuls.  cdebiT  dadginda, rom ganivi
armatura  kveTis  Tavis  areSi  unda  ganlagdes  bevrad  ufro  sizustad,
aseve unda  Sesruldes  filis  CaWyletis  Semowmeba  svetis  irgvliv.

Aaseve  sagulisxmoa  aRiniSnos,  rom  daZabul–deformirebuli
mdgomareoba  brtyeli  gadaxurvis  filebis, SeiZleba  miviRoT  wrfivi
gaangariSebiT  bzarmedegobis  da  betonis  cocvadobis  gaTvaliswinebiT.

3. daskvna
rogorc  manqanuri  gaangariSeba, sasrul  elementTa  meTodiT  da

eqsperimentiT  miRebuli  Sedegebi  mkveTrad  gansxavdeba
erTmaneTisagan,  Tu  mzidi  konstruqcia  elementebis  konstruirebas
davakvirdebiT  mogeCvenebaT, rom armaturebis  raodenoba
ganusazRvrelia.
E    es  yvelaferi  metyvelebs  imaze, rom  urigelo  gadaxurvis
gaangariSebebSi  yvelaferi  rigze  ar  aris.  saWiroa  kvlevebis
gagrZeleba,  axali novaciuri  masalebis  da  meTodebis  saSualebiT
gaangariSebis  da  konstruirebis  dazustebaa,  raTa  miRweuli  iqnas
urigelo  Senobebis  saimedoba  da  usafrTxo  eqsploatacia.
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monoliTuri karkasuli Senobis urigelo gadaxurvis
filis konstruireba faruli ,,rigelis~ sqemiT

l. kaxiani, a. cakiaSvili, g. demetraSvili
(saqarTvelos teqnikuri universiteti, m.kostavas 68a,0175, Tbilisi,

saqarTvelo)
reziume: winamdebare statiaSi ganxilulia monoliTuri da asawyob-
monoliTuri urigelo gadaxurvis filis gaangariSeba da
konstruireba faruli ,,rigelis~ sqemiT; SemoTavazebulia
konstruirebis meTodebi dafuZnebuli eqsperimentul
monacemebze, faruli ,,rigelis~ sqemiT, misi dadebiTi da
uaryofiTi Tvisebebi, betonisa da armaturis xarji.
sakvanZo sityvebi: urigelo gadaxurva, faruli ,,rigeli~, sixiste,

CaRunva, simtkice, datvirTva, deformacia.
1. Sesavali

mravalsarTulian karkasul SenobebSi gadaxurva urigelo filebis
gamoyenebiT Tanamedrove mSeneblobaSi, rogorc Cvens qveyanaSi ise
sazRvargareT, didi popularobiT sargeblobs. ucxoeli investorebi
romlebic Cvens qveyanaSi apireben biznesis dawyebas mSeneblobaSi, iTxoven
dauproeqton saofise, sastumro Tu sacxovrebeli saxli urigelo
gadaxurviT; aRniSnaven Tavisufali farTis arsebobas da teqnologiuri
procesebis gamartivebas. sarTulSorisi urigelo gadaxurvebi me-19
saukunis dasawyisidan aris cnobili. maT iyenebdnen macivrebis, sawyobebis,
sadgomebis da sxva nagebobebis gadasaxuravad. dReisaTvis urigelo
gadaxurvas iyeneben yvela tipis Senoba-nagebobebis sarTulSoris da
sasxveno gadaxurvebSi.

2. ZiriTadi nawili
literaturidan [1] cnobilia, rom monoliTuri mravalsarTuliani

karkasuli  urigelo gadaxurvis Senobebis gaangariSeba xdeba
sxvadasxva avtomatizirebuli programebiT, romelic gankuTvnilia
gamomTvleli manqanebisaTvis. gaangariSebis meTodebSi gamoyenebulia
zRvruli wonasworobis meTodi da sasrul elementTa meTodi. orive
meTodiT Seqmnili saangariSo programebi warmatebiT muSaobs
sxvadasxva qveynebSi da CvenTanac.

miuxedavad imisa, rom arsebobs programebi gamomTvleli
manqanebisaTvis wrfivi gaangariSebis Catareba saproeqto praqtikaSi ar
aris gamoyenebuli. aseve ar aris gamoyenebuli masalis drekad-
plastikuri Tvisebebi. fizikurad aseTi gaangariSebis Sesruleba
aucilebelia konstruqciaze modebuli datvirTvebis gaTvaliswinebiT
da agebis teqnologiis pirobebis dacviT. igi emyareba Semowmebas da ar
SeiZleba gamoyenebuli iqnas saWiro armaturis kveTis farTis
dasadgenad an elementis kveTis zomebis, zidvis unaris da sxva
dasazusteblad.

monoliTuri karkasuli Senobis urigelo gadaxurvis
daarmaturebis tradiciuli alternatiuli sqema SeiZleba iyos filaSi
faruli ,,rigelis~ sqema.
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nax. 1 karkasuli Senobis urigelo gadaxurvis filis
konstruireba faruli ,,rigelis~ sqemis mixedviT.

b-1 filis malis bade; b-2 svetis Tavis zolis bade; b-3 filaSi faruli
,,rigelis~ muSa bade; b-4 svetis perimetrze ganTavsebuli bade; b-5 bijis

mimarTulebiT faruli rigelis muSa armatura.
N am SemTxvevaSi ZiriTadi zeda da qveda grZivi armatura ganlagebulia
maqsimaluri mRunavi momentisa da ganivi Zalis moqmedebis areSi, sivrciTi
karkasis saxiT. brtyel urigelo gadaxurvaSi gaCnda pirobiTi rigeli.

karkasuli Senobis urigelo gadaxurvis gaangariSebisas Senobis
gegma dayofilia malis da svetis Tavis zolebad. karkasis malis zolis
daarmatureba xdeba qveda gaWimul sibrtyeSi maqsimaluri malis momentis
mixedviT SerCeuli armaturiT, xolo svetis Tavis zolSi sayrdeni
momentis mixedviT SerCeuli armaturiT, xolo svetis Tavis zolSi
sayrdeni momentis mixedviT. SerCeuli armatura ganTavsebulia zeda
sibrtyeSi. ganivi armatura, romelic ganTavsebulia faruli ,,rigelis~
muSa Reroebis irgvliv uzrunvelyofs gadaxurvis filis winaRobas
CaWyletaze svetis perimetrze.

pirobiTi rigelis sigane aiReba araumetesi vidre svetis ori kveTis
zoma, an 1/6 karkasis malis da araumciresi erTi metrisa. amasTan pirobiT
rigelSi Zalvebi gamoiTvleba programis saSualebiT avtomatizirebulad.

nax. 2 monoliTuri urigelo gadaxurvis sqema
sazRvargareT Zalian gavrcelebulia asawyob-monoliTuri urigelo

gadaxurvebi, romlis mzid konstruqcias warmoadgens monoliTuri
rkinabetonis karkasi, xolo gadaxurvebi ganxorcielebulia asawyobi
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Rrutaniani filebiT. aseTi konstruqciuli sqema pirvelad
ganxorcielebuli iyo belorusiaSi.

nax. 3Aasawyob-monoliTuri karkasuli
Senobis konstruireba

asawyob-monoliTuri karkasuli Senobis urigelo brtyeli gadaxurva
ganxorcielebulia mrvalsiRruiani filebiT, sisqiT 22sm da svetis Tavis
zolSi monoliTuri rkinabetonis filis sibrtyeSi faruli ,,rigeliT~.
asawyobi filebi eyrdnoba monoliTur pirobiT rigels, romelsac aqvs 4sm
sididis naSverebi. yvela vertikalur da horizontalur datvirTvas itans
karkasi, diafragma an sixistis birTvi.

asawyob-monolliTuri rkinabetonis urigelo karkasuli Senobebi
faruli ,,rigeliT~ farTod gamoiyeneba samoqalaqo mSeneblobaSi. rogorc
literaturidan aris cnobili [2;3] aseT Senobebze Catarebulia
laboratoriuli kvlevebi da naturaluri eqsperimentebi, Sedegebi
dakmayofilebulia. aseTi Senobebis ageba rekomendirebulia seismurad
aqtiur regionebSic ki.

mkvlevarebis mier SemoTavazebulia winaswardaZabuli filis
gamoyeneba [2]. literaturidan aseve cnobilia sxvadasxva tipis karkasuli
sistemebisas brtyeli urigelo gadaxurvis gamoyeneba.

mkvlevarebis mier cdebiT miRebuli SedegebiT Sedgenilia masalebis,
betonisa da armaturis xarji, romelic mocemulia cxril 1-Si.

rogorc cxrilidan Cans armaturis xarji SedarebiT mcirea asawyob-
monoliTur karkasul SenobebSi. es movlena axsnilia Semdegnairad:

1) gamoyenebulia mravalsiRruiani mcire sakuTari wonis filebi;
2) gamoyenebul filebSi ganTavsebulia winaswardaZabuli armatura.

monoliTuri karkasuli Senobis urigelo gadaxurviT konstruirebis
tradiciuli sistemis sqemis gamoyenebisas konstruireba xdeba
SeduRebuli badeebiT, romelsac aqvs yvelaze didi liTonis xarji

(12 50)kg/m2, damokidebulia svetebs Soris manZilze.
monoliTuri karkasuli urigelo Senoba faruli ,,rigelis~ sistemis

gamoyenebiT, sadac dadgenilia armaturis koncentracia Zalvebis
mixedviT, SedarebiT naklebia armaturis xarji vidre tradiciuli
daarmaturebis gamoyenebis SemTxvevaSi.

Literaturidan aseve cnobilia, rom armaturis xarji Semcirda

(15 30)%-mde. es ekonomia izrdeba svetebs Soris manZilis gazrdis
SemTxvevaSic. literaturidan cnobilia [3;4], rom realuri Senobis
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daproeqtebisas svetebis badiT (6.6x6.8)m. 16 sarTuliani monoliTuri
karkasuli Senoba urigelo gadaxurviT faruli ,,rigeliT~, filis
daarmaturebam, romlis sisqe 200mm-ia, Seadgina 16.25 kg/m2, rac
Seesabameba eqsperimentiT miRebul Sedegs. eqsperimentiT miRebuli
masalis xarji mocemulia cxril 1-Si.

cxrili 1
karkasis tipi betonis xarji (m3/m2) armaturis xarji (kg/m2)

monoliTuri karkasi
urigelo gadaxurviT

0.19 19.1

asawyob-monoliTuri
karkasuli Senobis
urigelo gadaxurva

0.17 16.1

monoliTuri karkasuli
urigelo gadaxurva
faruli ,,rigeliT~

0.162 16.25

3. daskvna

1. rogorc cxrilidan Cans asawyob-monoliTuri karkasuli Senoba
urigelo gadaxurviT faruli ,,rigelis~ sqemiT aris ufro ekonomiuri
betonisa da armaturis xarjis mixedviT, vidre monoliTuri karkasuli
urigelo gadaxurvebi.
2. faruli ,,rigelis~ sqemis gamoyenebis SemTxvevaSi monoliTur karkasul

urigelo gadaxurvebSi armaturis xarji Semcirda (15 30)%-mde vidre

monoliTur karkasul SenobebSi urigelo gadaxurviT (19.1 16.25)kg/m2.

3. aseve Semcirda betonis moculobac (0.19 0.162)m3/m2.
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naxevradxisti kompoziciuri safarebi
l. Caduneli

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

reziume: rogorc sayovelTaod cnobilia cementbetonis fenilebi
xanmedegobiT aRemateba asfaltbetonisas, Tumca maTi satransporto-
saeqspluatacio maCveneblebi gacilebiT dabalia. aqedan gamomdinare
aqtualuria iseTi sagzao fenilebis Seqmna, romlebic asfaltbetonis
da cementbetonis safarebis dadebiT Tvisebebs aerTianebs. am
TvalsazrisiT erT-erT perspeqtiul mimarTulebas warmoadgens e.w.
naxevradxisti fenilebi. statiaSi ganxilulia aseTi fenilebis
konstruqciuli Tavisebureba da upiratesoba.
sakvanZo sityvebi: asfaltbetonis safari, cementbetonis safari,

naxevradxisti kompoziciuri safari.
1. Sesavali

bolo wlebSi Cvens qveyanaSi asfaltbetonis safarebis mSeneblobis
pirobebi arsebiTad Seicvala. es ganpirobebulia imiT, rom saavtomobilo
gzebis qselisa gafarToebam moxmarebuli asfaltbetonis moculobis
mkveTri zrda gamoiwvia, amavdroulad yovelwliurad mcirdeba
mopovebuli navTobis bitumis moculoba navTobis  saerTo moculobasTan
mimarTebaSi.

miuxedavad bolo wlebis mniSvnelovani winsvlisa, Cvens qveyanaSi
SedarebiT naklebad iyeneben cement–betonis safarebs, romlebic Zvrisadmi
mdgradobis da xangamZleobis mixedviT aRemateba asfaltbetonis,
safarebs, Tumca satransporto–saeqspluatacio Tvisebebis mixedviT
(unakeroba, uxmauroba, mademfirebeli unari, teqnologiuroba) arsebiTad
CamorCebian maT. cxadia xelsayrelia iseTi sagzao safarebis Seqmna,
romlebic asfaltbetonis da cementbetonis safarebis dadebiT Tvisebebs
aerTianebs. am TvalsazrisiT erT-erT perspeqtiul mimarTulebas
warmoadgens araxisti asfaltbetonis safaris tanSi cementis masalisgan
Semdgari xisti makroelementebis Seyvana, rac ganapirobebs rogorc
masalis, ise mTlianad safaris konstruqciis sixistis garkveul gazrdas.

2. ZiriTadi nawili
cementis masalebisgan damzadebuli xisti elementebis Semcveli

naxevradxisti safarebi principulad gansxvavdeba asfaltbetonisgan
damzadebul araxisti safarebisagan.

naxevradxisti kompoziciuri safarebis Seqmnis erT–erTi ZiriTadi
principi mdgomareobs xisti da araxisti elementebis urTierTCaWidebis
uzrunvelyofaSi, romelic ganapirobebs maT erTobliv muSaobas
datvirTvis qveS.

naxevradxistma safarebma praqtikuli gamoyeneba hpoves rogorc
saqarTveloSi aseve ucxoeTSi sagzao da saaerodromo mSeneblobisas.

naxevradxisti kompoziciuri safarebis gamoyenebis perspeqtiuloba
ganpirobebulia ara marto Zvrisadmi momatebuli mdgradobiT, aramed
bitumis mniSvnelovani ekonomiisa da adgilobrivi qvis masalebis farTo
gamoyenebis SesaZleblobiT.

naxevradxisti kompoziciuri safarebis struqtura zogadad
warmoadgens araxisti garemos da xisti elementebis ConCxs. araxisti
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garemo SeiZleba warmodgenili iyos asfaltbetoniT, Savi RorRiT da
bitumiT damuSavebuli sxva saxis msxvreuli qvis masaliT. xisti
elementebi SeiZleba warmodgenili iyos matricebis, granulebis,
Zelakebis sivrculi gisosebis, an sxva saxis diskretuli faziT,
ZiriTadad, qviSa–cementis xsnarisgan.

naxevradxisti kompoziciuri safari warmoadgens araxisti
(asfaltbetonis) da xisti (cement-betonis) safarebis Sexamebas, romlebsac
rogorc erTis, ise meoris dadebiTi satransporto–saeqspluatacio
Tvisebebi gaaCniaT. maTgan gadamwyvetia Zvrisadmi gazrdili mdgradoba.

aseTi safarebi Tvlebis vertikaluri datvirTvis qveS muSaobs,
rogorc araxisti safari, xolo - horizontaluri datvirTvis qveS –
rogorc xisti safari.

naxevradxisti kompoziciuri safarebi ZiriTadad gankuTvnilia
saavtomobilo gzebis, saqalaqo quCebis (gzebis) savali nawilis,
aerodromebis asafreni–dasafreni zolebis, samrewvelo obieqtebis moednebis
da sxv. mosawyobad.

naxevradxisti kompoziciuri safarebis gamoyeneba maqsimalurad
efeqturia mTiani reliefis da cxeli klimatis pirobebSi, gansakuTrebiT
Tvlebis horizontaluri datvirTvis intensiuri zemoqmedebis mqone gzebis
monakveTebze.

naxevradxisti kompoziciuri safarebis Zvrisadmi mdgradobis zrdis
ZiriTadi mizezia horizontaluri mimarTulebiT maTi sixistis gazrda.

safaris sixiste SeiZleba gazrdil iqnes bitum–mineralur sistemaSi
qviSa–cementis xsnarisgan Semdgari xisti diskretuli fazis warmoqmniT.

xisti faza SeiZleba  warmoiqmnas Savi RorRis fenis qviSa–cementis
xsnariT gaJRenTis gziT. am dros kompoziciuri masalis struqtura
warmoadgens or, erTmaneTze mWidrod modebul (momijnave), bunebrivi qvisgan
(RorRisgan) da xelovnuri qvisgan (gaqvavebuli qviSa–cementis xsnarisagan)
Semdgar myar fazebs, romlebic erTmaneTTan bitumiTaa dakavSirebuli.

gaqvavebuli qviSa–cementis xsnarisgan Semdgari xisti makro–elementebi
xist karkass qmnis araxisti safaris tanSi da mkveTrad zRudavs RorRis
fardobiT gadanacvlebas, romelic Zvris deformaciebisTvisaa
damaxasiaTebeli. garda amisa, qviSa–cementis xsnarigan Semdgari xelovnuri
qva, romelsac Savi RorRis fenis sicarieleTa forma aqvs, aTanabrebs
sakontaqto Zabvebs da amiT Zabvebis ufro Tanamar vels qmnis  nax. 1.

nax. 1. araxisti da naxevradxisti kompoziciuri safaris masalaTa
struqturis fragmenti: a – araxisti safaris; b – naxevradxisti safaris; 1
– Savi RorRi; 2 – bitumuri (bitum–mastikis) afski; 3 – bitum–qviSovani
narevi; 4 – qviSa–cementis xsnari; 5, 6 – sakontaqto Zabvebis epiurebi
naxevradxist safarebSi Tavidan aicileba sakontaqto Zabvebis

koncentraciis SesaZlebloba da amitom arsebiTad mcirdeba qvis msxvreva
kontaqtis adgilebSi. es iZleva SedarebiT naklebi simtkicis mqone qvis
masalis gamoyenebis saSualebas.

aseTi struqturisTvis bitumis afskebi damakavSirebel rgols
warmoadgens da diskretul myar komponentebs Soris drekad–blant–
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plastikuri saxsrebis saxiT warmogvidgeba. bitumis afskebs SeuZliaT
deformaciis dros warmoqmnili sakontaqto Zabvebis relaqsireba. es
safarebis tempetaturuli nakerebis gareSe mowyobisa da araxisti sagzao
samosebis Teoriis debulebebis naxevradxisti kompoziciuri safarebisTvis
gamoyenebis saSualebas iZleva.

naxevradxisti kompoziciuri safarebis fizikur–meqanikuri maCveneblebi
naklebadaa damokidebuli temperaturisa da deformirebis siCqarisagan.
amasTan erTad, deficitur bitumze Semcirebuli moTxovnileba arsebiTad
aumjobesebs aseTi safarebis ekonomikur maCveneblebs.

sagzao samosis muSaobis saimedooba izrdeba zeda fenebSi xisti
SuaSris ganlagebisas, vinaidan swored zeda zona ganicdis SekumSvas
vertikaluri datvirTvisgan sagzao samosis Cazneqisas.

kompoziciur masalebs aseve unda mivakuTvnoT asfaltbetoni (upiratesad
qviSovani), romelic Seicavs granulirebul qviSa–cementis xsnars, romelsac
SeuZlia xelovnuri RorRis warmoqmna asfaltbetonis tanSi. xsnaris
raodenobaze damokidebulebiT xelovnur RorRs SeuZlia warmoqmnas
ukontaqto an kontaqturi struqtura, romelic ufro mdgradia Zvris
deformaciis winaaRmdeg (nax. 2).

nax. 2. qviSovani assfaltbetonis da qviSa–cementis xsnarisgan Semdgari
kompoziciuri masalis struqturis fragmenti: 1 – qviSovani asfaltbetoni; 2

– qviSa–cementis xsnarisgan Semdgari xelovnuri RorRi
aseTi tipis naxevrad xisti kompoziciuri safarebi SeiZleba mowyobil

iqnas axali qviSa–cementis xsnaris dawvrilmanebis (15–25 mm marcvlebis zomis
granulebis saxiT), maTi asfaltbetonis narevTan Serevis da gzaze
erToblivi dagebisa da gamkvrivebis gziT.

naxevradxisti kompoziciuri safaris daZabul–deformirebuli
mdgomareoba, romelic arsebiTad gansxvavdeba drekad safuZvelze myofi
cement–betonis filebisgan, gvaZlevs sababs isini araxisti safarebis
kategorias mivakuTvnoT da gamoviyenoT gaangariSebis Sesabamisi Teoria
garkveuli damatebiT.

3. daskvna
Nnaxevradxisti kompoziciuri safarebi avlenen rogorc asfaltbetonis

aseve cementbetonis dadebiT Tvisebebs. maTi gameyeneba gansakuTrebiT
efeqturia saqarTvelos maTagoriani da cxeli klimatis pirobebSi,
ramdenadac isini horizontaluri Zabvebis winaaRmdeg muSoben, rogorc xisti
fenilebi.
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naxevradxisti kompoziciuri safarebis mowyobis
teqnologia

a. burdulaZe. l. Caduneli
(saqarTvelos teqnikuri universiteti, m.kostavas Qq. #77, 0175

Tbilisi, saqarTvelo)

reziume: naxevradxisti kompoziciuri safarebis mowyobis teqnologia
xasiaTdeba garkveuli TavisburebiT, Tumca aseTi safarebisaTvis
ZiriTadad gamoiyeneba tradiciuli sagzao manqanebi da agregatebi.
konkretul pirobebze da safarebis konstruqciul Taviseburebebze
damokidebulebiT araa gamoricxuli, saWiro gaxdes arsebuli sagzao
manqanebisa da agregatebis specialuri kvanZebiT aRWurva. statiaSi
ganxiluli saqarTvelos teqnikur universitetSi damuSavebuli
naxevradxist kompoziciuri safarebis mowyobis teqnologiebi
sakvanZo sityvebi: asfaltbetonis safari, naxevradxisti kompoziciuri
fenili, qviSa-ce,entis xsnari

1. Sesavali
am bolo wlebSi, rogorc saqarTveloSi aseve ucxoeTSi,  sul ufro

farTod gamoiyeneba naxevradxisti sagzao safarebi sagzao da
saaerodromo mSeneblobisas. maTi gamoyenebis perspeqtiuloba
ganpirobebulia ara marto Zvrisadmi momatebuli mdgradobiT, aramed
bitumis mniSvnelovani ekonomiisa da adgilobrivi qvis masalebis farTo
gamoyenebis SesaZleblobiT.

naxevradxisti fenilebis mSenebloba xasiaTdeba garkveuli
TaviseburebiT, rac damokidebulia mis konstruqciul Taviseburebaze da
konkretul pirobebze.

2. ZiriTadi nawili
Savi RorRisa da qviSa-cementis xsnarisagan naxevradxisti fenilis

mowyobisas saWiroa Savi RorRis fenis gaJRenTva qviSa-cementis xsnaris
CawneviT fenilis forebSi. am mizniT SesaZlebelia gamoyenebuli iyos
tradiciuli pnevmo an vibrosagoravebi, samoedno vibratorebi da a.S.

gaJRenTvis normaluri procesis uzrunvelsayofad xsnarSi unda
SeviyvanoT superplastifikatori. sagoravis gasvlebis raodenoba Seadgens
3-4-s TiToeul kvalze.

Savi RorRis fenaSi xsnaris Cawnevis procesi damTavrebulad
iTvleba, rodesac Savi RorRi 3–4 mm-iT aris amoweuli qviSa-cementis
xsnaris fenis zedapiridan. RorRis gamoweuli waxnagebi erTis mxriv
uzrunvelyofen xisti fenis xorklianobas, rodesac igi gamoiyeneba zeda
fenis saxiT, meores mxriv zrdis cxel asfaltbetonis zeda fenasTan
CaWidebas, rodesac is gamoiueneba xisti SuaSris saxiT.

naxevradxisti kompoziciuri safarebis mowyobis sruli
teqnologiuri cikli Semdegi operaciebisgan Sedgeba:

1. Savi RorRis damzadeba centralur bazebze da misi miwodeba
gzaze cxel mdgomareobaSi (130-150°C) avtoTviTmclelebiT;

2. Savi RorRis fenis mowyoba arsebuli teqnologiis mixedviT.
winamdebare teqnologiis specifika mdgomareobs mxolod imaSi, rom erT
kvalze sagoravis gasvlis raodenoba SezRudulia qviSa-cementis xsnariT
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advilad gasaJRenTi Savi RorRis msxvilforovani fenis warmoqmnis
pirobebiT;

3. adgilze an centralur bazebze qviSa-cementis xsnaris damzadeba
(aucileblobis SemTxvevaSi plastifikatorisa da polimeris damatebiT)
da gzaze misi miwodeba avtobetonmzidebiT, avtoTviTmclelebiT an
specialurad aRWurvili satransporto saSualebebiT;

4. qviSa-cementis xsnaris gadmotvirTva uSualod Savi RorRis
fenaze da misi mosworeba sagzao-samSeneblo masalebis (narevebis)
TviTmavali damgebiT, avtogreideriT an greiderze damontaJebuli
specialuri vibrolartyiT. xsnaris odenoba  1 kv.m-ze da safaris
gaJRenTvis siRrmis 1 sm-ze Seadgens 3,5-4,5 l-s;

5. cementis Sekvris dawyebamde qviSa-cementis xsnaris Cawneva Savi
RorRis msxvilforovan fenaSi pnevmosagoravebiT an vibrosagoravebiT;

6. bitumis emulsiis dasxma safaris 1 kv.m-ze 0,4 l odenobiT
avtogudronatoriT qviSa-cementis xsnariT gaJRenTili Savi RorRis mza
fenaze, misi zeda fenis saxiT gamoyenebisas da wvrilmarcvlovani
asfaltbetonis narevisgan Semdgari zeda fenis dageba asfaltdamgebiT
Sesvenebis gareSe, misi qveda fenis saxiT gamoyenebisas, sagoravebiT misi
momdevno gamkvrivebiT.

Tu xisti SuaSre safuZvlis zeda fenis saxiT gvemsaxureba, qviSa-
cementis xsnariT Savi RorRis fenis gaJRenTvisTanave asfaltbetonis
qveda fenas ageben. amasTan asfaltbetonis zeda fena SeiZleba dagebul
iqnas ramdenime dRis SesvenebiT, magram ukeTesia ar davayovnoT erT dRe-
Rameze meti.

24–saaTiani dayovnebis Semdeg mza safari SeiZleba eqspluataciaSi
gadaeces.

xisti elementebiT armirebuli naxevradxisti kompoziciuri safaris
mowyobis teqnologia arsebiTad gansxvavdeba Savi RorRisa da qviSa-
cementis xsnarisgan Semdgari xisti SuaSris teqnologiisagan.

aseTi safarebis mowyobis teqnologiur procesSi ZiriTadia
mocemuli konfiguraciis qviSa-cementis xsnaris fenis an calkeuli
elementebis datana. aseTi konstruqciebis Sesaqmnelad SeiZleba ori
teqnologiuri xerxis gamoyeneba:

1. qviSa-cementis xsnaris mTliani fenis datana misi momdevno
CawneviT sagoravis meSveobiT, romelsac zedapirze Sesabamisi profilis
trafareti aqvs badisebri an gofrirebuli formis micemis mizniT.

2. badisebri an gofrirebuli fenis datana dolis gorvisas,
romelsac zedapirze Sesabamisi profilis trafareti aqvs, bunkeridan
qviSa-cementis xsnaris uwyveti gamownevis gziT.

asfaltbetonis narevis dagebisa da maTi erToblivi gamkvrivebis
procesSi xsnarisTvis micemuli formis SesanarCuneblad asfaltbetonis
narevis dageba mxolod xsnaris mier Sesabamisi sixistis SeZenis Semdegaa
SesaZlebeli.

qviSa-cementis xnsnaris gofrirebuli xisti SuaSris CanarTis mqone
naxevradxisti safaris mowyobis teqnologia moicavs Semdeg operaciebs:

1. qviSa-cementis xsnaris damzadeba centralur bazebze da gzaze
maTi miwodeba;

2. qviSa-cementis xsnaris mosworeba, magaliTad, avtogreideriT, 1
kv.m–ze 18–20 l-is odenobiT;
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3. qviSa-cementis fenis profilireba agregatis meSveobiT;
4. cxeli an civi qviSovani (wvrilmarcvlovani) asfaltbetonis

narevis dageba asfaltdamgebebiT axladdagebul qviSa-cementis xsnarze;
5. qviSa-cementis xsnarTan erTad asfaltbetonis narevis gamkvriveba

sagoravebiT.
qviSa-cementis xsnarisa da wvrilmarcvlovani (qviSovani) asfalt-

betonis narevis gamoyenebiT naxevradxisti kompoziciuri safaris
mowyobis ZiriTadi teqnologiuri procesia axali xsnaris granulireba da
misi Sereva asfaltbetonis narevTan. am procesis srulyofazea
damokidebuli struqturuli elementebis ganlagebis Tanabroba araxisti
safaris tanSi da, Sesabamisad, sagzao safaris simtkice da Zvrisadmi
mdgradoba

asfaltbetonis narevTan qviSa-cementis xsnaris Serevis xerxebi
SeiZleba sxvadasxva iyos. aseTi xerxebis SemuSavebas safuZvlad udevs
asfaltbetonis tanSi calkeuli granulebis, zomiT 10-15 mm-dan 25-35-mm-mde)
struqturuli agregatebis warmoqmnis principi. es SeiZleba
ganxorcieldes asfaltbetonis narevis dagebisas uSualod
asfaltdamgebis Snekiani gamanawileblis kvanZSi qviSa-cementis xsnaris
wnevis qveS miwodebis gziT. amasTan xsnaris granulebis warmoqmnis mizniT
is calkeuli porciebiT unda miewodebodes.

kombinirebuli narevi SeiZleba miRebuli iqnas asfaltbetonis
narevSi qviSa-cementis xsnaris uSualod doluri tipis sarevSi Seyvanis
gziT, romelic Tavisufali Serevis principiT muSaobs. amasTan qviSa-
cementis xsnars unda hqondes xisti konsistencia da fxvier
mdgomareobaSi unda imyofebodes, rac misi dawvrilmanebiT miiRweva
cementis Sekvris Semdeg.

3. daskvna
naxevradxisti fenilebis mSeneblobis teqnologiuri Tanmimdevroba

damokidebulia mis konstruqciul Taviseburebaze da konkretul
pirobebze.

amasTanave maT mosawyobad ZiriTadad gamoiyeneba arsebuli manqana
danadgarebi, mxolod saWiro iqneba mcireodeni koreqtivebis Setana

literatura
1. gogliZe v.m. naxevradxisti kompoziciuri sagzao fenilebi.

mecniereba. Tbilisi 1988.
2. СНиП 3.06.03-85 СТРОИТЕЛЬНЫЕ НОРМЫ И ПРАВИЛА АВТОМОБИЛЬНЫЕ ДОРОГИ
3. http://cmet4uk.ru/_fr/131/DENSIPHALT.pdf. gadamowmebulia 06.08.2016
4. http://www.findpatent.ru/patent/242/2426829.html. gadamowmebulia 08.08.2016



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #4(43), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

153

kedlebis axali sicocxle
m. menabde

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

reziume: winamdebare statia exeba SenobaTa fasaebis Tanamedrove
teqnologiebiT rekonstruqciisa da revitalizaciis saSualebebs da
magaliTebs.
sakvanZo sityvebi: fasadi, revitalizacia, ornamenti,
nanoteqnologia.

1. Sesavali
arqiteqturaSi mtkivneul da amave dros metad aqtualurad

warmoCndeba tipobrivi sacxovrebeli saxlebis fasadebis aucilebeli
ganaxlebis, revitalizaciis sakiTxi.Zveli klasicisturi fasadebi,
kargaxania warsuls Cabarda. ar SeiZleba ar aRiniSnos, rom maTi
upiratesoba gaxldaT is, rom ordenebiTa da ornamentebiT morTul
kedels TiTqos SeeZlo komunikacia garemosTan. Tumca gacocxlebuli
kedeli SemdgomSi gaaSiSvles, CamoaSores yovelgvari forma da
ornamenti.mas aRar SeeZlo raime emociis gamoxatva. droTa ganmavlobaSi
es usicocxlo sibrtye kedeli problemad gadaiqca. fasadi gaqra man
dakarga mxatvruli Rirebuleba.

2. ZiriTadi nawili
is rac TbilisSi axlac mogvwons stalinis periodisaa. Semdeg ki

daiwyo “arqiteqturuli xruSovizmis” epoqa.samwuxarod es arqiteqturuli
xruSovizmi ar dasrulda xruSovis arc Tanamdebobidan gadayenebis da
arc misi wasvlis Semdeg.is sakmaod did xans gagrZelda, TiTqmis sabWoTa
qveynis daSlamde.

dRes Tbilisis sacxovrebeli masivebi, kvartlebi da Semdgom ukve
mikroraionebi moiTxoven aucilebel saxecvlilebas. aq namdvilad
warmoCenilia erT-erTi mTavari mizezi im damTrgunveli erTferovnebisa,
romelic gadaedo yofili sabWoTa kavSiris qalaqebs. samSeneblo
detalebis unificirebiT iqmneboda saSiSroeba TviT cxovrebis
unificirebisa.

Tu romelime Senobis mimarT sityvas “arqiteqturas” gamoviyenebT, es
niSnavs, rom Senobas aqvs garkveuli xasiaTi.samwuxarod dResac ki bevr
Senobas maTi uxasiaTobis da aragamomsaxvelobis gamo sityva arqiteqtura
Znelad miesadageba is ubralod Senobaa.

Tu ki Cven Senobebis fasadebidan CamovxsniT morTulobas da rTul
ornaments, isini albaT iseTi mimzidvelebi aRar iqnebian. es imas niSnavs,
rom TviToeuli Semoqmedi Senobis zedapirs rTavs upirveles yovlisa
silamazisaTvis.

nagebobas muxtavs energetikiT, romelic Semdeg mayurebelze emociur
zemoqmedebas axdens.

arqiteqturaSi ki es funqcia ganixileboda,  rogorc tyuili. fasadi
gaqra da darCa mxolod Cveulebrivi kedeli, romelmac dakarga
mxatvruli Rirebuleba da funqcia

“Tanamedrove arqiteqtura”, romelic Semoifargla konstruqciiT da
funqciiT sivrceSi gaxda arqiteqturad mxolod arqiteqtorebisaTvis,
romelic arafers ar efuZneba amitom dakarga kavSiri sazogadoebasTan.
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arqiteqtura damunjda. funqcionalizmi axSobda SenobaTa mimzidvelobas.
mkvdari funqcionalizmi Senobas xdida moxerxebuls da adamianebis
moTxovnebebidan gamomdinare morCils.

karkasma gaaTavisufla fasadi mzidi funqciisagan.fasadis, rogorc
damcavi zRudaris, saWiroeba moixsna. klasikur paradigmaSi garegnoba
Sinagan struqturas gadmoscems, modernistulSi SeuZlia, rogorc
gadmosces, aseve damalos. qva, xe, aguri wonas aRar itvirTavs da Tu dRes
maTi gamoyeneba kvlav grZeldeba, es mxolod istoriul-kulturuli
memkvidreobis moTxovniT da ara struqturuli saWiroebiTaa
ganpirobebuli. fasadi Camoyalibda erTgvar  niRbad, romelsac aRar
evaleba gamoaCinos ra xdeba mis miRma. niRabi malavs da ara avlens,
niRabi avtonomiuri garekania, romelsac akisria garkveuli gzavnilis
gadacema da ara SenobaSi mimavali procesebis ganmarteba. Senobis niRabi
garsi, garekani arqiteqturis konvertad iqca:garedan rom Sexedav igi
raRacas warmogvidgens, magram sinamdvileSi ar viciT, ra Sinaarss malavs.

dRes XXI s-is dasawyisSi Tanamedrove nagebobebis fasadTa
sibrtyeebze isev gamoCnda ornamenti. icvleba ornamentis gamoyenebis
esteTuri principebi. cvlilebebi imdenad naTelia, rom maTi aRqma,
sazogadoebasTan adaptacia ukonfliqtod SeuZlebelia. am cvlilebebis
generatori aris axali mecniereba nanoteqnologia. maRali teqnologiebi
iZleva saSualebas Seiqmnas cifruli, media, kinetikuri, fraqtaluri
fasadebi, romlebic inovaciuria. aseTi fasadebi warmoadgenen virtualur
sagamofeno sivrceebs, romelic xels uwyobs sazogadoebasTan
komunikacias, radgan informaciulia da Tavisufalia gadmocemaSi. maRali
teqnologiebi iZleva saSualebas SenobaTa sibrtyeebis marTvis, Seqmnan
mudmivi moZraoba da daarRvion arqiteqturuli Canafiqri ararealuri
realurad warmoaCinon. Senobebis fasadis yvela elementis moZraobiT
iqmneba axali plastiuri da kompoziciuri struqturebi moZraobaSi
TamaSdeba realoba.

am SesaniSnavi teqnologiebidan ramodenimes gamovyobT:

hiperzedapiri
ase uwodeben axal masalas an Tundac axal gamogonebas romelic

aseve fasadebis Sesamosadaa gamoyenebuli. es aris zedapiri sivrceSi
romelsac SeiZleba uamravi ganzomileba hqondes.

1991 w. masaCusetis universitetis docentma mark gaultorpma Seqmna
studia “decoi” es aris studia sadac iqmneba Teoriuli da praqtikuli
elementebi dizainisa, arqiteqturisa da xelovnebisa.sakmaod cnobili da
warmatebuli studiaa,

rasac mraval konkursebSi aRebuli prizebic ki amtkiceben.
hiperzedapiris proeqtze muSaoba grZeldeboda 1999-2001ww.

gaultorpma am ptoeqtisaTvis Sekriba mravali specialisti sxvadasxva
profesiebiTa da ganxrebiT: arqiteqtorebi, inJinrebi, maTematikosebi
programistebi da sxva mravali specialisti.

Hyposurface ar aris aranairi maTematikuri gamoTvla arc raime
dadgmuli kompiuteruli efeqti.es aris msoflioSi pirveli ekrani,
romelic asaxavs moculobiT moZraobas. masze SeiZleba ganTavsdes
nebismieri warwera an Tundac reklama. naxati an Tundac qandakeba. is
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sakmaod saintereso gamosayenebelia vidre Cveulebrivi kedeli, romelic
ubralod icvlis fers an Tundac qmnis talRas.

kedeli Sesdgeba samkuTxa metalis formebisagan romelic
erTmaneTTan sulac ar aris mWidrod dakavSirebuli da es erTmaneTis
SuaSi datovebuli sivrce aZlevs saSualebsas imoZraon am formebma
Tavisuflad.samkuTxa formebi SeiZleba SeiRebos nebismier frad an
Tundac mieces arekvlis efeqti,rac kedels met efeqturobas
miscems.metalis formebi damagrebulia pnevmatur dguSebze, romelbic
moZraoben eleqtroenergiis meSveobiT.specialurad “HHyposurface”
dawerili programa gvaZlevs saSualebas CavtvirToT da gamovsaxoT yvela
is teqsti Tu forma romelic gvinda gamoisaxos kedlis saSualebiT.

media fasadi
media fasadebi farTod aris gavcelebuli. aseTi fasadebi

warmoadgenen virtualur sagamofeno sivrceebs, msgavsi migneba xels
uwyobs informaciis gadacemas. sazogadoebasTan vizualur komunikacias
axorcieleben kompiuteruli urTulesi programebis saSualebiT.
nebismieri Senobis fasadi gacocxlebulia, maTSi daSifrulia informacia
metruli da organzomilebiani kodebis saSualebiT,romlebic ornamentul
naxats qmnian.waSlilia sazRvrebi gare samyarosTan da Senobas Soris.

virtualuri da realuri arqiteqtura erTdroulad arseboben Tumca
xSirad isini kveTen  da avseben erTmaneTs

swored virtualurisa da namdvili arqiteqturis kveTad SeiZleba
CavTvaloT media arqiteqtura, romelic gulisxmobs carieli kedlebis
ferodovani ekranebiT Sevsebas.

uzarmazari feradi ekranebi romlebmac Seavses carieli da usaxuri
kedlebi isini imarTebian kompiuterebidan risi meSveobiTac nebismieri
suraTisa Tu video klipis gaSvebaa SesaZlebeli. Rame ki Cabnelebul
qalaqSi arqiteqturis media fasadebi acocxleben bnel garemos da
mravalferovnebas sZenen mas.

kinetikuri arqiteqtura
kinetikuri xelovneba (mxatvruli mimdinareoba neokonstruqtivizmSi),

orientirebulia dinamiuri modelebis Seqmnaze, mowodebulia gadmosces
moZraobis arsi. obieqtis dinamizmSi nagulisxmebia ara ubralod
fizikuri gadaadgileba, aramed nebismieri cvlileba, transformacia, erTi
sityviT nawarmoebis “cxovrebis” nebismieri forma im momentSi, rodesac
mas uyureb.

kinetikuri xelovneba es aris procesi gadmosces warmoebis Sinagani
samyaro, iseTnairad, rom asaxos grZnobebi da emociebi, gaaaqtiuros
mayureblis aRqmis unari. kinetikuri fasadis yvela elementis moZraobiT
iqmneba axali plastiuri da kompoziciuri struqturebi, moZraobaSi
TamaSdeba realoba.

drosTan erTad fasadis Secvlil saWiroeba ufro da ufro imatebs
faqtiurad gaxda arqiteqturis axali mimdinareoba. am procesSi uamravi
arqiteturuli kompaniebi arian CarTulni. es procesi bolo wlebSi
Tbilisis arqiteqturaSic viTardeba Tumca igrZnoba minis moZaleba.

bolo wlebSi Tbilisis arqiteqturaSi minis moZaleba
igrZnoba.gasakviri araferia imaSi, rom xdeba calkeuli araistoriuli
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Senobebis fasadebis rekonstruqcia. warmodgenili iyo arakonteqsturi
uintereso SenobaTa fasadebis rekonstruqciis magaliTebi, Tumca
TbilisSi “ganaxlebas” vaxdenT miniT da ara sxvadasxva mxatvruli
xerxebiT. minis arqiteqtura ki ZviradRirebuli siamovnebaa da amave dros
moiTxovs mudmiv saeqspluatacio xarjebs. aris garkveuli teqnikuri
sirTuleebic Senobis xelovnuri klimatis uzrunvelsayofad.amasTanave
arqiteqturaSi mniSvnelovania masalis taqtiT da alternativiT
gamoyeneba. ra Tqma unda mina gamonaklisi ar aris.

drosTan erTad fasadis Secvlil saWiroeba ufro da ufro imatebs
faqtiurad gaxda arqiteqturis axali mimdinareoba. am procesSi uamravi
arqiteturuli kompaniebi arian CarTulni. es procesi metad maStaburi
gaxda da amis naTeli magaliTi ki gaxlavT

“changing the face” - es proeqti evropis sxvadasxva qveynebSi
tardeboda.arqiteqtorebi germaniidan, rumineTidan, CexeTidan,
saberZneTidan da xorvatiidan gvTavazoben Tavis Sexedulebebs fasadis
ganaxlebisa da revitalizaciisa dupontis masalebis gamoyenebiT.
sxvadasxva wels arqiteqtorebi warmoadgendnen gansxvavebul
rekonstruqciis proeqtebs: italiaSi kolizeumis, rumeneTSi saxalxo
saxlis, CexeTSi Teatris da sxva. “changing the face” - “tipobrivi
proeqtebis iersaxis revitalizacia”- aseTi programiT Catarda

arqiteqturisa da dizainis me-15 saerTaSoriso gamofena “arx mockva”
swored am Temis ruseTis proeqtis kuratorebis studia«Поле-Дизайн» mier
modernizaciis obieqtad iqca 1970-80 wlebis tipobrivi mravalbiniani
sacxovrebeli saxlebis ganaxleba, radganac posTsabWoTa sivrceSi jer
kidev mravlad arsebuli aseTi Senobebi moiTxoven kapitalur remonts da
fasadebis rekonstruqcias. amgvarad am proeqtma SeiZina maStaburoba da
praqtikuli mniSvneloba.Senobis axali saxe arqiteqtorebma sxvadasxva
masalebis gamoyenebiT Seqmnes: kompozituri panelebi, korianis panelebi,
alesta-s saRebavebi da minebi. maTi daxmarebiT tipiurma usaxurma
saxlebma SeiZines individualoba da meti funqcionaluroba.

3. daskvna
dRes ukve realizebul proeqtebSia warmoCenili dasavleT evropisa

da saerTod msoflios wamyvani arqiteqtorebis xedva, winadadebebi,
rekomendaciebi SenobaTa rekonstruqciasa da ganaxlebisa.gaCnda fasadebis
axleburad gaazrebis sruliad axali gadawyvetebi.

arqiteqturaSi karga xania arsebobs “globalizacia” - mas
“internacionalur” stils uwodeben. am stilma dafara TiTqmis mTeli
samyaro. arqiteqturam aucileblad unda auwyos fexi Tanamedroveobas,
magram arsebobs cneba - erovnuloba. “ ar unda gavaigivoT es mudmivad
ukan xedviT ubralod unda iyos imis SegrZneba, rom es Senia “

Lliteratura

1. А.Гутнов. “Мир Архитектуры” М. 1997
2. Ф.Л.Раит “Будущее Архитектуры” М 1960
3. А.А. Тищ Е.В. Воробъва Пластический язык архитектуры М 1986
4. Ч.Дженкс Язык архитектуры постмодернизма М 1985
5. v. daviTaia “arqiteqtura, ocneba da sinamdvile”Tbilisi-2009



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #4(43), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

157

axali teqnologiebi

ventilirebadi fasadebi
(axali teqnologia: Senobebis dacvisa da eqsplutaciis vadis

gazrdis unikaluri  saSualeba)

Senobebis (individualuri sacxovrebeli saxlebi, korpusebi,
rogorc dabal sarTuliani aseve maRalsarTuliani, sazogadoebrivi
Senobebi, savaWro molebi, sportuli da samrewvelo Senobebi) fasadebi,
fasadebis dacva gare klimaturi zemoqmedebisgan erT-erTi aucilebeli
pirobaa maTi saerTo mzidunarianobis dasacavad da eqsplutaciis vadis
gaxangrZlivebisTvis. esTetikuri TvalsazrisiT, sivrcis dagegmarebisas
fasadebi gansakuTrebuli moTxovnebis gaTvaliswinebiT muSavdeba, radgan
swored is qmnis qalaqis da aramxolod qalaqis arqiteqturul iersaxes.

Tanamedrove msoflioSi, gansakuTrebiT mowinave qveynebSi Senobebis
fasadebis mosapirkeTeblad sul ufro da ufro farTod gamoiyeneba e.w.
`ventilirebadi fasadebi~. es teqnologia iTvaliswinebs saventilacio
mcire sivrcis mowyobas, romelic ganlagdeba Senobis kedelsa da
mosapirkeTebel dekoratiul masalas Soris. is unda ganlagdes hidro
izolaciis zeviT. Tavisuflad cirkulirebadi haeri ki aucilebelia
kondesaciis

Sedegad warmoqmnili tenisa da nestis mosacileblad, xolo
dekoratiuli gare fena saimedod icavs Senobis zedapirs gare
zemoqmedebisgan.

ventirilebadi fasadebis teqnologiis gansakuTrebuloba isaa, rom
arsebobs mcire ventilirebadi sivrce, romlis wyalobiTac
SenarCunebulia optimaluri tenianoba ZiriTadad kedlebsa da
Tboizolaciis fenebs Soris. aseve sahaero barierisa da damaTbuneblis
xarjze aRar gvaqvs e.w `sicivis xidebi~. damcavi dekoratiuli zedapiris
arseboba ki damatebiT icavs maT mzis sxivebis, pirdapiri atmosferuli
naleqebis, avtomobilebis gamonabolqvis, radiaciis, xmauris, vibraciebis
da sxva arasasurveli faqtorebis zemoqmedebisgan.

ventilirebadi fasadis teqnologiiT gare kedlebis daTbuneba
iTvaliswinebs samuSaos Sesrulebis Semdeg etapebs:

 fasadebis hidrofobiuri da antiseptikuri nareviT damuSaveba, rom ar
iqnas daSvebuli sokosa da xavsis warmoqmnis SesaZlebloba (xis
saxlebis SemTxvevaSi);

 orTqlis izolaciis dayeneba;

 specialur dubelebze mineraluri bambis montaJi;

 damaTbuneblis dacva `moSvebisgan“ qarsawinaaRmdego firiT;

 karkasis montaJi, romelic damatebiT awveba firs da mineralur bambas
kedlisken da amavdroulad asrulebs mzidi konstruqciis rols,
romelzec mosapirkeTebeli elementebi magrdeba;

 dekoratiuli filebis dayeneba;
dekoratiuli filebi aris sxvadasxva saxis, tipis da sxvadasxva

masalisagan damzadebuli. Cveni azriT, yvelaze perspeqtiuli ekologiuri,
teqnologiuri, gamZleobis da ekonomiurobis TvalsazrisiT aris kompaqt
laminatis dekoratiuli filebi.
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aRsaniSavia is garemoeba, rom saqarTveloSi ventilirebad fasadebs
Cveni winaprebi xSirad gamoiyenebdnen, gansakuTrebiT dasavleT
saqarTveloSi xis saxlebis fasadebis dasacavad atmosferuli naleqebis
da mzis sxivebis zemoqmedebisgan. ra Tqma unda qarTvelebi termins
,,ventilirebadi fasadebi” ar xmarobdnen, magram maT Seqmnes es
konstruqcia, rac ganpirobebuli iyo imiT, rom xe sunTqavs  da moiTxovs
Sesabamis mopirkeTebas, da Tu ar daayenebdnen ventirilebad sistemas,
raRac drois gasvlis Semdeg xis zedapiri lpobas daiwyebda.

aqedan gamomdinare, saqarTveloSi ventilirebadi fasadi es aris
axali, kargad daviwyebuli Zveli, mxolod gaumjobesebuli
teqnologiebiT da masalebiT.

albaT droa gadavideT ventilirebაdi fasadebis mowyobis
teqnologiaze, rogorc Zveli eqspluataciaSi myofi Senobebis, aseve
axali Senobebis daproeqtebisas. raTa qalaqebis arqiteqturuli iersaxe
galamzdes, gavuxangZlioT eqspluataciis vada Zvel da axal Senobebs da
rac mTavaria, adamianebs mivceT saSualeba icxovron ekologiurad sufTa,
uxmauro, umtvero da a.S komfortul binebSi.

zurab ezugbaia
samoqalaqo da samrewvelo mSeneblobis
teqnologiis departamentis xelmZRvaneli,
profesori

ramaz JRenti
mSeneblobisa da arqiteqturis
modulis xelmZRvaneli,
profesori

marina javaxiSvili
saqarTvelos teqnikuri universitetis
profesori

malxaz wiqariSvili
saqarTvelos teqnikuri universitetis
profesori
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milocva

mSenebeli leri sonRulaSvili 80 wlisaa

batoni leri daibada Sua kaxeTis ulamazes kuTxeSi
gurjaanSi. 1937 wlis 14 marts. saSualo skolaSi swavlis
periodSi 14 wlis asakidan uamrav fizikur samuSaoebze
uxdeboda muSaoba. saSualo skolis damTavrebis Semdeg
wavida samxedro savaldebulo samsaxurSi, msaxurobda
kaliningradis samxedro olqSi (ruseTi). samSobloSi
dabrunebis Semdeg gadawyvita swavlis gagrZeleba.

man brwyinvaled Caabara gamocdebi da 1964 wels
Cairicxa saqarTvelos politeqnikur institutis samSeneblo fakultetze.
romelic daamTavra 1969 wels da muSaoba daiwyo TbilisSi samSeneblo-
samontaJo sammarTveloSi aTisTavad, male gadaiyvanes samuSaoTa mwarmoeblad,
inJinrad romlis xelmZRvanelobiTac aSenda sxvadasxva daniSnulebis
obieqtebi. batoni leri muSaobis wlebSi sul fiqrobda, rom Tavisi codna
gamoyenebina im kuTxisaTvis, sadac daibada da gaizarda, amitomac gadawyvita
dabruneboda Tavis lamaz kuTxes da moRvaweoba gaagrZela gurjaanSi.

leri sonRulaSvilis xelmZRvanelobiT gurjaanSi aSenda ramodenime
sacxovrebeli korpusi: kurort `axtalis” sasadilosa da kinoTeatris
kompleqsi, meore samamulo omSi daRupul gmirTa memoriali, manavis Rvinis
qarxana. muSaobda sasoflo-sabinao komunalur gaerTianebaSi mTavr inJinrad,
individalur binaTmSeneblobis ufrosad da sxva sapasuxismegblo
Tanamdebobebze.

batoni leri saqarTvelos politeqnikuri institutis samSeneblo
fakultetze miRebul codnas, rogorc profesionali inJiner-mSenebeli
uTavsebda meore profesias Tu gatacebas, rasac Teosofia hqvia.

man rusulidan qarTul enaze Targmna aleqsandre klizovskis, axali
epoqis sami tomi, romelic gamoica 1997 wels. aseve naTargmni aqvs pantes
kirasonis `sami dRe da sami Rame saiqioSi”.

batoni leri sonRulaSvili 2000 wlidan mTlianad gadaerTo Tavisi
Teoriis Seqmnaze romelsac uwoda `lerisoni”-s Teoria. es aris Teosofiis
sferoSi erT-erTi mimarTuleba, romlis saxelwodebaa samyarosa da
sicoxclis warmoSoba, adamianis daniSnuleba samyaroSi. 2005 wels gamoica
aRniSnuli Teoriis pirveli nawili. aseve statiebi gamoqveynebuli iyo Jurnal
`fenomenSi” da `TbiliselebSi”. moxsenebebi aqvs gakeTebuli saqarTvelos
teqnikuri universitetis mecnierebis istoriis sazogadoebis mier mowyobil
seminarze da saerTaSiriso-samecniero konferenciebSi.

2010 wels batoni leris xelmZRvanelobiT dafuZnda Teosofiuri
kavSiri, damfuZnebelTa Soris arian profesorebi: gela yifiani, rafiel
Ciqovani, amiran sxirtlaZe, Tengiz papuaSvili. kavSirSi sistematiurad xdeba
axal TeoriaSi warmodgenili masalebis ganxilva da Sesabamisad seminarebis
Catareba.

2015 wels gamoica monografia leri sonRulaSvilis `lerisoni” mier
`samyarosa da sicocxlis warmoSobis da adiamianis daniSnuleba samyaroSi”
sadac gadmocemulia sulieri xedvisa da azrovnebis, anu mesame Tvalis
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gaxsnis Teoria, WeSmaritebaTa krebuli, sinergia. monografiis redaqtoria
cnobili mecnieri Teimuraz fanjikiZe filosofiur mecnierebaTa doqtori,
profesori, iv. javaxiSvilis sax. Tbilisis saxelmwifo universitetis
religiaTmcodneobis da eTikis kaTedris gamge, relogiuri problemebis
kvlevis centris xelmZRvaneli.

leri sonRulaSvili saqarTvelos socialur mecnierebaTa akademiis 2014
wlis 6 oqtombris prezidiumis gadawyvetilebiT arCeuli iqnda akademiis
namdvil wevrad.

SemoqmedebiTi aqtivobiT xvdeba batoni leri Tavis 80 wlisTavs. misi
megobrebi, axloblebi, kolegebi, aRzrdilebi kidev erTxel davrwmundiT, rom
misi saxiT, qarTvel xalxs hyavs SesaniSnavi mamuliSvili, didebuli pirovneba.

gela yifiani

saqarTvelos mecnierebisa da teqnikis
dargis saxelmwifo premiis laureati,

teqnikis mecnierebaTa doqtori, profesori
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ინფორმაცია საქართველოს მოქალაქეებისათვის

მე-9 საერთაშორისო კონფერენცია მშენებლობისა და არქიტექტურის პრობლემებზე
ჩატარდება 2017 წლის 13-18 სექტემბერს (ჩამოსვლის დღე – 13 სექტემბერი). კონფერენცია
ჩატარდება ქ. ბათუმში, ბათუმის შოთა რუსთაველის სახელმწიფო უნივერსიტეტში.

1.ინფორმაცია მონაწილეების, პლენარული მომხსენებლების, კონფერენციის თემების,
შეგიძლიათ იხილოთ კონფერენციის ვებ-გვერდზე http://bsu.edu.ge/sub-31/page/2-
163/index.html?lang=en.

2. კონფერენციის ყველა მონაწილე, ორგანიზატორებისა და პლენარული მომხსენებლების
ჩათვლით,იხდის კონფერენციის სარეგისტრაციო შესატანს: სრული მონაწილეობის
შემთხვევაში მათემატიკოსთ აკავშირის და მექანიკოსთა კავშირის წევრები იხდიან 150
ლარს, სხვა მონაწილეები - 180 ლარს; ახალგაზრდა მეცნიერები, დოქტორანტები და
მაგისტრები იხდიან 100 ლარს.

თანამომხსენებლები და თანმხლები პირები 50 ლარს დაუსწრებელი მონაწილეობისა
(მოხსენებათა თეზისების პუბლიკაცია კონფერენციის შრომათა კრებულში) ან დამატებითი
(მეორე, მესამე) თეზისის გამოქვეყნებისათვის გადასახდელია 30ლარი.

3.კულტურული პროგრამა: გათვალისწინებულია ექსკურსია ქალაქის
ღირსშესანიშნაობებისა და ისტორიული ადგილების გასაცნობად.

4. კონფერენციის ბანკეტისა და ექსკურსიის თანხის გადახდა (სურვილის შემთხვევაში)
შესაძლებელია რეგისტრაციის დროს. თანმხლებმა პირებმა უნდა გადაიხადონ ბანკეტის და
ექსკურსიის ხარჯები (სურვილის მიხედვით).

5. საბანკო ანგარიშის რეკვიზიტები ლარებში:
მიმღები ბანკი - სს. „ბაზის ბანკი“
ბანკის კოდი - GBASGE22
მიმღების დასახელება - ა/ა ა(ა)იპ განათლებისა და მეცნიერების პროგრესი
IBAN – GE55 BS00 0000 0064 9360 17

მნიშვნელოვანი თარიღები
14 სექტემბერი, 2017
9:00–9:40 რეგისტრაცია,
9:40–10:00 კონფერენციის გახსნა ბათუმის სახელმწიფო უნივერსიტეტში.
16 სექტემბერი, 2017-ექსკურსიების/დასვენების დღე
17 სექტემბერი, 2017-კონფერენციის დახურვა.

კონფერენციის საორგანიზაციო კომიტეტი
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SUMMARIES
Johnny Gigineishvili, Igor Timchenko, Nana Intskirveli. Current Problems and Application Prospects of Different
Types of Composite Reinforcement Including Basalt-Plastic for Concrete. Scientific-technical journal
“BUILDING” #3(43), 2016
The progress of science and technology depends essentially on the success in the field of creation new materials.

Composite materials represent a heterogeneous structure, formed by the combination of reinforcing elements and the
isotropic binder, are now widely used in various fields of technology. Therefore, this article is devoted to the problems
of mass implementation of different types of composite materials including basalt reinforcement in construction
practice. The advantages and disadvantages of composite reinforcement are discussed in comparison with steel
reinforcement. Proposals are stated needed for actions to improve and successful wide application of composite
elements for reinforcement of concrete structures.
L. Klimiashvili, d. Gurgenidze. A. Chikovani.SELF COMPACTING CONCRETE. Scientific-technical journal
“BUILDING” #3(43), 2016
By self compacting concrete mixture (SCC) is possible the concrete casting in arbitrary, including inaccessible, exceed
reinforced structures, with high intensity and the minimum consumption of time and energy costs, without concrete
setting. In addition after the removing of formwork is provided surface with high quality. Therefore, recently the self
compacting  concrete is widely used for the construction of unique objects.
L.Klimiashvili, D.Gurgenidze, N. Nebieridze Possibility clandestine biological wastewater treatment based on
"best available technology". Scientific-technical journal “BUILDING” #3(43), 2016
The possibility of clandestine biological wastewater ochiske at modern scientific and technological advances developed
based on "best available techniques". Accordingly presented energy-efficient technological schemes recommended
complex composite structures, which provide the required quality of wastewater within regulatory requirements.
H. Makharashvili, C. Makharashvili. The prestige of the urban degradation St. Tbilisi Vake and Vera districts
Plant development problems. Scientific-technical journal “BUILDING” #3(43), 2016
Research covers citi Tbilisi, vake and vera distrikts, terrible urban-ecological problems, during last 25 years. Following
article gives key issues and ideas too vake quarters rennovation and rahabilitation during next years.
Tsitskishvili Z.A. NUMERICAL ALGORITHMS OF SOLUTION OF PROBLEM ON FILTRATION OF
FLUID THROUGH THE EARTH DAM WITH  CURVILINEAR WATERPROOF FOUNDATION. Scientific-
technical journal “BUILDING” #3(43), 2016
In the article is considered the planar problem on liquid filtration through earth dike cofferdam with curved slopes
without soaking interval. Motion of fluid through a homogeneous, isotropic and non-deforming porous environment is
subjected to Darcy's law. Due the methods of a complex variable function the problem is analytically solved and is
given a theoretical algorithm for calculating the unknown parameters of the flow. To check the algorithm of solution by
"MathCAD" software on the basis of theoretical algorithm were obtained numerical results of unknown parameters that
are listed in a table.
I.Kvaraia, A.Pirosmanishvili. Using Kazbegi diabase in temple socal constraction. Scientific-technical journal
“BUILDING” #3(43), 2016
The article discusses, using kazbegi diabase stone in the process of temple socal construction works in Tbilisi.
D. Gurgenidze, L. Kakhiani, L. Balanchivadze, M. Suladze. EARTHQUAKE ENGINEERING NORMS OF
VARIOUS COUNTRIES AND THEIR CRITICAL ASSESSMENT. Scientific-technical journal “BUILDING”
#3(43), 2016
In the article is considered norms of earthquake engineering of various countries, determination of seismic force value,
calculation of dynamic parameters, their common and distinctive conditions, assessment of the calculation existing
method actual data.
R. Imedadze, L. Beridze, T. Magradze. INVOLVING OF CIVIL ENGINEERS IN SPACE RESEARCH.
Scientific-technical journal “BUILDING” #3(43), 2016
In the article is considered participation of civil engineers in aerospace research endeavor. In the article are stated the
role and participation of civil engineers in the creation of stations and other facilities applied in studies of space. In this
article is shown on significant contribution of Georgian scientists in the research and development of these issues.
Z. Tsikhelashvili. Laboratory and pilot testing coherent wave pattern mitigation structures design of the new
form, the development of innovative projects and the possibility of its realization. Scientific-technical journal
“BUILDING” #3(43), 2016
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We consider the laboratory and pilot testing of coherent wave pattern mitigation structures design of the new form, the
development of innovative projects and the possibility of its implementation at the local and international markets.
Innovation is designed to ensure environmental security for the adjacent coastal areas and recreational areas, to areas
where intensive celebrated intensive destruction of the shoreline. The introduction of innovations may also be marked
in the projects of reconstruction and development of an open port.
T.kupatadze, N.kupatadze, Z.kupatadze. Heavy rail as a part of railway transport systems. Scientific-technical
journal “BUILDING” #3(43), 2016
In the article it is reviewed that the rapid pace of development industry, concourse of factories, plants, financial and
trade centres in the big cities , the unprecedented growth of urban population in that cities , with another problems
disrupted travelling with the city transport for the passengers. By that time , the upper-ground transport no longer
satisfied demands of the citizens, it became necessary to create a new alternative means of travel,which at least partially
remove the tension in the case of transferring passengers. From that many specialists,which where working about that
problem-sovling work, the most interesting idea about the “underground railway line” proposed lawyer Charles Pearson
from London.
L. Kakhiani, L. Verulashvili, G. Putkaradze. THE USED IN TOWER FRAME BUILDINGS SEISMIC
INSULATION SYSTEMS. Scientific-technical journal “BUILDING” #3(43), 2016
In the article is stated in the high-rise buildings seismic insulation truss systems, their types, structure and structural
solution, impact on seismic inertial force changes, decreasing of deformation and determination of dynamic
characteristics.
Rokva G. Pictogram- ancient history and modern content. Scientific-technical journal “BUILDING” #3(43),
2016
Design of architectural environment, which is an integral part of an information graphic design, is the universal
language of communication and transfer of information.
These are advertising, posters, banners, pictograms. The last most spread and language of pictograms is understandable
to anyone of any age without translation. Information design in public spaces – is a set of tools used to create a more
comfortable daily life in the cities.
Initially pictogram was the very first kind of writing. At the heart of pictographic writing are separate thematic patterns
consistent or descriptive nature that can transfer extensive segment information. Currently, the pictogram is used as a
sign that displays the most important features of a recognizable object, thing or phenomenon which it points out, most
often in schematic form in order to facilitate visual perception.
This article is excursion in history of pictograms, a type of visual communication that have become part of everyday
life.
G. Burchuladze. ISSUES OF THE TERRITORY ECOSYSTEM SUSTAINABILITY AT ANTHROPOGENIC
LOAD. Scientific-technical journal “BUILDING” #3(43), 2016
The anthropogenic load on nature, the current technical capacities reached the scale of the biosphere processes and as a
result we have witnessed changes in the biosphere, weakening of territories environmental sustainability. In the article
is considered he stability of natural systems, their assessment and its maintaining methods.
L. Balanchivadze, I. Chanturia. SOME FEATURES OF BUILDING RECONSTRUCTION. Scientific-technical
journal “BUILDING” #3(43), 2016
In the article is considered in existing in Georgia the old facilities selected for the reconstruction technological risks and
their impact on the load bearing capability of the structural elements.
M. Menabde. Why not build the typical American homes. Scientific-technical journal “BUILDING” #3(43), 2016
In this article is discussed the current standard of houses and it is compared to the only American quarter, which was
built on the principle of a typical housing and later demolished in the unbearable living conditions.
T. Betchvaia. Innovative policy of  Georgia. Scientific-technical journal “BUILDING” #3(43), 2016
The main goals of state innovative policy are:- creation of Economic legal and organizational conditions for innovative
activities implementation. – Increase Production efficiency and product competitiveness. – basic and advanced
innovations based on the creation and distribution. innovative activity promotion and improvement of entrepreneurship
and market relations in the innovation field.
N. Tabatadze. Investigation of structural deformation causesof historical and cultural monuments. Scientific-
technical journal “BUILDING” #3(43), 2016
For restoration and reconstruction of historical and cultural monuments, it is recommended to discuss their structural
characteristics, as independent structures with their ability to define the fitness and deformations at different stages.
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The article presents diagnostic tasks of historical and cultural monuments, at the same time it illustrates the methods
and facilities to investigate the deformation reasons of the structure of monuments.
The article  deals with the rate of deformations and analysis of  historical and cultural monuments. Subsequently,
conducting of a laboratory and experimental works in situ and defines the correct ways of diagnosis of deformation
causes.
A. Burduladze. N. Khatiashvili. Patching of asphalt. Scientific-technical journal “BUILDING” #3(43), 2016
The absolute majority of annually spent on motor roads operation costs is coming on the restoration of road carpets.
The repair of road carpet would be accomplished by various methods. The selection of technological method of work
will meet the specified conditions. With high quality is necessary to carry out road repair in lower costs. In the article is
considered the variety of traditional technologies of asphalt concrete roads carpets patching.
R. Giorgobiani, V. Sokhadze. ANALYSIS OF COMPOSITE CYLINDERS IN LIMITING STATE IN
CONDITION OF EXTERNAL PRESSURE. Scientific-technical journal “BUILDING” #3(43), 2016
In the article is considered the impact of distributed hydrostatic pressure on outer surface of the cylinder. On the contact
surfaces of the external and internal cylinders the friction will be negligible and will not be considered. Thus the stated
task will be geometrically nonlinear. In the process of external load increasing the structure will be pass three stages the
deformation: a series of transformations gives the possibility to us to fully characterized the mode of deformation of
outer cylinder and set up the equations to calculate these values.
I. Shonia. Modern aspects and development perspectives of the Georgian construction market. Scientific-
technical journal “BUILDING” #3(43), 2016
Article describes peculiarities of the Georgian construction market for last decade, most important triggers of current
market activity, together with ineffective quality control mechanisms, which increase investment risks and creates basis
for decreasing tendency of such investments. Article also provides conclusions and recommendations about
improvement of control mechanisms related to strengthening of construction market and construction industry products
itself.
N. Areshidze, G. Lutidze, G. Areshidze. CALCULATION OF SLOPES ON STABILITY AT EXISTENCE OF
WEATHERED SURFACES. Scientific-technical journal “BUILDING” #3(43), 2016
Is carried out calculation on stability of slopes, when on slopes the rocks layers are located horizontally and inclined.
The calculation is performed in the case when in contact of the layers the angle of internal friction ρ' and force of
cohesion k' is much less than the values of ρ and k of rocks layers, i.e., at existing of the weathered surfaces. Are
obtained shear angle φ' between the layers contacts; height of sustained slope in various conditions; in the case of stated
height of the layers the value slope’s  failure angle at which is permitted the angle with board adjacent layers slope.
N. Khatiashvili. Asphalt patching by infrared radiation. Scientific-technical journal “BUILDING” #3(43), 2016
The major flaw of traditional method of asphalt-concrete carpets patching is the cold connection of existing carpet and
renovated area. This ultimately leads to a decrease in the viability of the renovated station. In the article is considered
the infrared asphalt patching that has not yet used in Georgia, but is characterized by a number of advantages compared
to other technologies.
M. Grdzelishvili, I. Arjevanidze. THE USE OF SPLASH CONCRETE IN MODERN TUNNELING. Scientific-
technical journal “BUILDING” #3(43), 2016
In the using in tunnels construction the new Austrian tunneling method a large role has the splash concrete. Indeed the
implementation of this method reveals advantages of built of economic flexible clamps using splash concrete and
anchors.
I.Kvaraia. Construction of a complicated reinforced Concrete knot. Scientific-technical journal “BUILDING”
#3(43), 2016
The article examines example of a Construction of a complicated reinforced Concrete knot, when gradually starts
construction of an armature structure  and  concrete lining.
Mirian Kublashvili. NUMERICAL SOLUTIONS OF SINGULAR INTEGRAL EQUATION USING
SIMPLIFIED SCHEMES. Scientific-technical journal “BUILDING” #3(43), 2016
For the first kind of singular integral equations are constructed substantially simplified numerical solution schemes.
They maintain the accuracy of the approximate solution on the high order and have a simple for application expression.
M. Avaliani. Asphalt modified with waste rubber. Scientific-technical journal “BUILDING” #3(43), 2016
Asphalt concrete significantly reduces the formation of cracks in its vitality. In contrast to the widely used practice of
polymers that increases the service life of a road carpet, but at the same time increases costs. In the article is considered
the use of bitumen-rubber mixture with improved properties for asphalt mixture production prospects.
K. Mchedlishvili, N. Rurua, Z. Gabedava. PROSPECTS FOR THE DEVELOPMENT OF TRANSPORT
INFRASTRUCTURE. Scientific-technical journal “BUILDING” #3(43), 2016
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In the article is considered the long-term perspective development of one of the most important component of the
transport systems the motor road transport infrastructure. It is shown that vehicle in spite of many principal character
structural changes still remains the main means of transport and in accordance with the motor road network will be a
necessary means of movement of passengers and cargo. In the article is also shown the main directions of the
development of design process of a road infrastructure.
N. Nebieridze. On the natural ecosystems of treatment of wastewater. Scientific-technical journal “BUILDING”
#3(43), 2016
It considers the methodology and purification device natural ecosystems wastewater treatment, as a possible alternative

to modern wastewater treatment technologies. In this work is motivated by information-finding character.
M. Javakhishvili, J. Samkharadze. PRODUCTION OF ACOUSTIC DECORATIVE MATERIALS AND
THEIR USE IN GEORGIA CONSTRUCTION INDUSTRY. Scientific-technical journal “BUILDING” #3(43),
2016
In the article is considered the production in Georgia of acoustic decorative materials, their characteristics and
application, as well as are considered for the mentioned type of materials the future opportunities of production.
T. Kupatadze, G. Kvantaliani, Z. Kupatadze, N. Kupataze. Tunnel in Transport Construction. Scientific-
technical journal “BUILDING” #3(43), 2016
The article has pointed at the tradition of Tunnel excavation which came from ancient times. The development of which
was related to creation of the working tools and their usage.
Tunneling development was related to the appearance of railway transport. In order to overcome the mountainous relief
and reduce the distance it is important to use tunnel while constructing the railway. The drilling machine and explosive
material played great roles in tunneling development.
K. Mchedlishvili, N. Rurua, Z. Gabedava. TASKS OF GEORGIA MOTOR ROAD INFRASTRUCTURE
DEVELOPMENT. Scientific-technical journal “BUILDING” #3(43), 2016
In this article is considered the issues of development of Georgia international highways, as well as domestic and the
local motor road network. It is emphasized that the primary objective of the development of the motor road network is
the providing of uninterrupted traffic of Georgia mountainous regions with the rest of due great depth and length
tunnels. In particular is mentioned the necessity for the reconstruction of the road sections with a high traffic density.
As well as with the construction of highways to build with the same purpose a motorway through the Javakheti. Is
shown in mountainous conditions, in some cases, the more advisability of use of the narrow railways compared with the
motor roads.
A. Lebanidze,  M. Mukhigulishvili, Sh. Demetrashvili. Calculation of monolith slab flat cover between floors
using finite element method. Scientific-technical journal “BUILDING” #3(43), 2016
The article reviews calculation of monolith slab flat cover between floors using finite element method. It presents all
needed materials for calculation, comparison of results getting from experiment and using current method of
calculation, and provides relevant conclusion.
L. Kakhiani, A. Tsakiashvili, G. Demetrashvili. Construction of beamless monolithic ceiling for frame building
by hidden "beam" scheme. Scientific-technical journal “BUILDING” #3(43), 2016
In the above article is study of the construction of beamless monolithic ceiling for monolithic and precast monolithic
frame building by ,,hidden beam” scheme. The methods of construction are based on the experimental researches,
positive and negative characteristics of them, as well as costs for rebar and concrete.
L. Chaduneli. Partially-hard composite coverings. Scientific-technical journal “BUILDING” #3(43), 2016
As is well known durability of cement concrete carpet is more than asphalt concrete, but their transport-operating
characteristics are much lower. Hence is urgent the creation of a such road carpet that will combine the positive
properties of asphalt and cement concrete. In this regard, one of the promising directions represents the so-called
partially-hard carpets. In the article are considered the structural features and advantages of such carpets.
A. Burduladze. L. Chaduneli. Half-rigid composite pavement technology. Scientific-technical journal
“BUILDING” #3(43), 2016
The technology of arrangement the half-rigid composite carpets is characterized by a certain features, although for such
carpets are mainly used traditional road machines and aggregates. With respect of specific conditions and structural
characteristics would be possible to equip the road machines and special aggregates with special units. In the article are
considered the developed in Georgian Technical University technologies of arrangement of half-rigid composite
carpets.
M. Menabde NEW LIFE OF WALLS. Scientific-technical journal “BUILDING” #3(43), 2016
The present article deals with modern technologies for reconstruction and revitalization of buildings facades and their
examples.


