
 
 

ISSN 0130-7061 
 

Index 76127 
 

 
 

 

mecniereba da teqnologiebi 
samecniero referirebadi Jurnali 

 

SCIENCE AND TECHNOLOGIES 
SCIENTIFIC REVIEWED MAGAZINE 

 
НАУКА И ТЕХНОЛОГИИ 
НАУЧНЫЙ РЕФЕРИРУЕМЫЙ ЖУРНАЛ 

 

#1(724) 

 
 

 

 

 

 

 

 
 

 

 
 Tbilisi _ TBILISI _ ТБИЛИСИ 

2017 



gamodi
ian

ganaxld

#1(72

Georgi
G

Ge
Georgian
Georgia

a. fra
moadgile),
r. arvelaZ
g. gavarda
(ruseTi), 
o. zumbur
g. kvesitaZe
(aSS), z. l
e. meZmaria
(italia), r
f. siarle 
n. yavlaSv
T. jagodni
 

A. Pran
G. Abdushel
G. Bibileishv
O. Gelashvili
A. Japaridze,
M. Kukhaleis
Archpriest L
O. Namichei
M. Salukvadz
N. Tzereteli,
R. Zhinevichi
 
 

А. Пра
Р. Чиковани 
Н. Багатури
Г. Гавардашв
Т. Джагодни
Р. Жиневичу
(Австрия), Н
М. Кухалеи
Л. Матешвил
О. Натишвил
Р. Стуруа, Т.
З. Цвераидзе

 
 

  
  
  
  

mecni
teqno

© 

 

is 1949 wli
nvridan, 
da 2013 wel

 

 

24), 2017 w. 
 

CONSTIT
ian National A

Georgian Techn
eorgian Engine
n Academy of 
n Society for t

ngiSvili (T
, r. Ciqova
Ze, r. babaia
aSvili, z. 
i. eliSako
iZe, h. zun
e, l. klimi

lomsaZe, n. ma
Svili, g. m
r. JineviCiu
(safrangeT

vili, a. C
iSvili, g. j

gishvili (chairm
lishvili, A. A
ili, V. Burkov 
i, G. Giugiaro
 G. Javakhadz
shvili, V. Kvar

L. Mateshvili, 
ishvili, O. Na
ze, R. Sturua, T
, Z. Tzveraid
ius (Lithuania)

ангишвили (
(зам. предсе

иа, Т. Бацика
вили, З. Гасит
ишвили, Митр
ус (Литва), И
Н. Кавлашвил
швили, Р. Л
ли, Н. Махвил
ли, Д. Новико
 Сулаберидзе
, Н. Церетели,

cfufvjvw
Publishi
Издател
http://ww

iereba da
ologiebi

s 

ls. 

 

TUENTS: 
Academy of Sci
nical University
eering Academ
f Agricultural S
the History of S

Tavmjdomar
ani (Tavmjd
ani (ruseTi)
gasitaSvil

ovi (aSS), g
keli (avst
aSvili, f. k
axvilaZe, d
iqiaSvili, 

usi (litva), 
Ti), r. stur
CxeiZe, g. c
javaxaZe, mit

man), I. Gorgi
Abshilava, G. 

(Russia), A. C
o (Italy), Al. 
ze, G. Jerenash
ratskhelia, G. 
M. Matsaber

atishvili, D. N
T. Sulaberidze
dze, F. Unger
), I. Zhordania,

(председатель
дателя), Г. А
адзе, Г. Биб
ташвили, О. Г
рополит А. Д
И. Жордания, 
ли, З. Какули
Лазаров (США
ладзе, М. Мац
ов (Россия), С
, Д. Тавхелидз
, Г. Цинцадзе,

wtvkj cf[kb
ing House “Te
льский дом “Т
ww.publishho

a 
i 

saq

saqarTve
mecni

iences 
y 

my 
Sciences 
Science 

sared

re), i. gorgi
domaris mo
), n. baRaTu
li, o. gel
g. varSalo

tria), d. Ta
kriado (esp
ekanozi l. 
o. naTiSvil
i. Jordani

rua, T. sul
cincaZe, T.
tropoliti

EDIT

idze (vice-chai
Arabidze, R

Chkheidze, P. C
Grigolishvili, 

hvili, Z. Kakul
Kvesitadze, J.

ridze, V. Ma
Novikov (Russ
, H. Sunkel (A
r (Austria), G
, V. Zhukovsk

РЕДАКЦИ

ь), И. Горги
Абдушелишвил
илеишвили, 
Гелашвили, Ал
Джапаридзе, Г
В. Жуковски
ия, В. Кварац
А), Дж. Лаи
цаберидзе, Э. М
С. Педроло (И
зе, А. Топчиш
, Т. Цинцадзе,

b #ntmybrehb
echnical Univ
Технический
ouse.gtu.ge 

arTvelos 
saqarTvel

saqarTv
elos sofl
ierebis ist

Ак

 
 

daqcio kol
 

iZe (Tavmjdo
oadgile), g
uria, T. bac
laSvili, al
omiZe, s. va
avxeliZe, a
paneTi), m. ku
maTeSvili,

li, o. namiC
ia, v. Jukov
laberiZe, f
. cincaZe, 
a. jafariZ

TORIAL BOA
 

irman), Sh. Na
R. Arveladze, 
Ciarlet (France

D. Gurgenidz
lia, N. Kavlas
. Laitman (US

atveev (Russia
sia), A. Pasha

Austria), D. Tav
G. Varshalom
i (Russia), O. Z

ИОННАЯ КО
 

идзе (зам. п
ли, А. Абшил
В. Бурков (Р
л. Григолишви
Г. Джеренашви
ий (Россия), М
цхелия, Г. Кв
итман (США)
Медзмариашв
Италия), З. Ри
швили, Ф. Унге

 А. Чхеидзе. 

b eybdthcbnt
ersity”, 2017
й Университет

damfuZneb
mecnierebaT

los teqniku
velos sain
lis meurneo
toriis saqa

У
Национальн
Грузинский

Инжене
кадемия сельс

Грузинско

legia: 

omaris moad
g. abduSeli
cikaZe, g. bi
l. grigol
asilievi (r
. TofCiSvi
uxaleiSvil
, m. macaberi
CeiSvili, d
ski (ruseTi

f. ungeri (a
n. wereTe

Ze, g. jerena

ARD: 

achkebia (vice-
R. Babaian 

e), I. Elishakov
ze, B. Gusev 
hvili, G. Khub

SA), R. Lazaro
a), E. Medzm
aev (Azerbaija
vkhelidze, A. T

midze, S. Vas
Zumburidze. 

ОЛЛЕГИЯ: 

председателя),
лава, Г. Араби
Россия), Г. В
или, Д. Гурген
или, Дж. Джу
М. Згуровский
веситадзе, Л. 
), З. Ломсад
вили, Г. Мелад
ичи (Италия),
ер (Австрия), 

tnb@^ 2017 

т”, 2017 

blebi: 
Ta erovnul
uri univers
Jinro akade
obis mecnier
arTvelos s

УЧРЕДИТЕЛ
ная академия 
й технический
ерная академи
скохозяйствен
ое общество и

dgile), S. n
iSvili, a. 
ibileiSvili
iSvili, d. 
ruseTi), m. 
li, z. kaku

li, r. lazar
iZe, v. matve
d. novikovi 
i), p. riCi (
avstria), a. 
li, z. wv
aSvili, j. j

-chairman), R.
(Russia), N. 

v (USA), Z. Ga
(Russia), T. 

buluri, L. Klim
ov (USA), Z. L

mariashvili, H.
an), S. Pedro
Topchishvili, G
ilev (Russia),

, Ш. Начке
идзе, Р. Арве
Варшаломидз
нидзе, Б. Гусе
уджаро (Итал
й (Украина), 
Климиашвил

дзе, В. Матве
дзе, Г. Микиа
, М. Салуквад
А. Фашаев (А

li akademia 
siteti 
emia 
rebaTa akad
sazogadoeb

ЛИ: 
наук Грузии 

й университет 
ия Грузии 
нных наук Гру
стории наук 

naWyebia (Ta
abSilava, 
i, v. burkov
gurgeniZe,
zgurovski

ulia, v. kv
rovi (aSS), j
evi (ruseTi
(ruseTi), s
(italia), m. 
faSaevi (az

veraiZe, g. 
jujaro (it

 Chikovani (v
Bagaturia, T

asitashvili, G. G
Jagodnishvili,

miashvili, F. K
Lomsadze, N. 
. Meladze, G
lo (Italy), P. 

G. Tsintsadze, 
, M. Zgurovs

ебия (зам. п
еладзе, Р. Баб
зе, С. Василь
ев (Россия), Г
лия), И. Елиш
О. Зумбуридз
ли, Ф. Криад
еев (Россия),
ашвили, О. На
дзе, Ф. Сиарл
Азербайджан),

demia 
a 

узии 

vmjdomaris
g. arabiZe,

vi (ruseTi),
, b. gusevi
i (ukraina),
varacxelia,
j. laitmani
i), h. melaZe,
s. pedrolo
saluqvaZe,

zerbaijani),
xubuluri,

talia). 

ice-chairman),
T. Batsikadze,
Gavardashvili,
 Metropolitan

Kriado (Spain),
Makhviladze,

G. Miqiashvili,
Ricci (Italy),

T. Tsintsadze,
ski (Ukraine),

председателя),
баян (Россия),
ьев (Россия),
Г. Джавахадзе,
шаков (США),
зе, Х. Зункел
до (Испания),
, Протоиерей
амичеишвили,
ле (Франция),
 Г. Хубулури,

s 
,  
, 
i 
,  
,  
i 
, 
o 
,  
,  
,  

, 
,  
, 

n  
,  
, 
,  
,  
, 
,  

,  
,  
,  
,  
,  
л 
,  
й  
, 
,  
, 



3 
 

JCZGGIDC!
 

 

 

gamoyenebiTi maTematika 

n. odiSeliZe, e. kevliSvili, s. maliZe. sxeulTa drekad wonasworobasTan 

dakavSirebuli optimaluri marTvis amocana  ........................................................................................... 9 

 

Teoriuli meqanika 

g. baRaTuria. eileris formulis gamoyvana myari sxeulis sferuli 

moZraobisaTvis  ........................................................................................................................................................................... 16 

 

fizikis swavlebis meTodika 

i. kalandaZe, m. beriZe, m. mecxvariSvili, m. SogiraZe. inerciuli da gravitaciuli 

masebis swavleba fizikis kursSi .............................................................................................................................. 20 

 

bioqimia 

r. melqaZe, p. doliZe, r. kenkiSvili, r. demetraSvili.  Caisagan kofeinis 

gamoyofa da miRebuli nimuSebis identifikacia  ................................................................................ 26 

 

geologia 

g. beriZe, i. javaxiSvili. xramis kristaluri masivis gvianvariskuli  

granitebis genezisis Sesaxeb ......................................................................................................................................... 33 

 

garemos dacva 

T. ZaZamia, †u. zviadaZe, m. mardaSova, z. kakulia, d. CutkeraSvili, l. Rlonti. 

biokoroziis gamomwvevi mikroorganizmebis fiziologiuri jgufebis 

gansazRvra sareabilitacio milsadenis liTonis milebze da maTi  

ganTavsebis gruntSi (diRmis velze) ..................................................................................................................... 45 

 

demografia 

g. melaZe, n. elizbaraSvili. Tbilisisa da rusTavis mosaxleobis asakobriv- 

sqesobrivi struqturis ganmsazRvreli faqtorebi ............................................................................. 54 

 

klimatologia 

m. tatiSvili, l. qarTveliSvili, i. mkurnaliZe. elvis zemoqmedeba sxvadasxva 

Senoba-nagebobaze  ..................................................................................................................................................................... 62 

 

 

 



4 
 

gamoyenebiTi klimatologia 

l. qarTveliSvili, l. megreliZe, n. dekanoziSvili, q. royva. qaris da wvimis 

erToblivi zemoqmedebis gaTvaliswineba mSeneblobasa da soflis 

meurneobaSi  ..................................................................................................................................................................................... 70 

 

samTo saqme 

l. jafariZe, T. fircxalava. tyibuli-Saoris sabadoze Tanamedrove 

teqnologiebis gamoyenebis SesaZleblobis Sesaxeb ........................................................................ 76 

 

metalurgia 

s. mebonia, d. gvencaZe, m. baakaSvili-anTelava, a. gagniZe. radialuri moWimvis 

procesSi Zalebis eqsperimentuli kvleva  ................................................................................................... 86 

 

manqanaTmSenebloba 

T. megreliZe, T. isakaZe, g. gugulaSvili. kaskaduri tipis inovaciuri macivari 

manqana  .................................................................................................................................................................................................... 93 

 

energetika 

l. gugulaSvili, z. azmaifaraSvili, i. mecxvariSvili, g. gugulaSvili. 

saqarTvelos eleqtrosadgurebis generatorebze ganxorcielebuli 

vibraciuli dacvisa da mdgomareobis kontrolis stacionaruli sistemebi da 

mowyobilobebi  ........................................................................................................................................................................... 99 

 

biznesi 

r. oTinaSvili, m. iaSvili. mcire biznesis mdgomareoba zogierT ganviTarebul 

qveyanaSi  ............................................................................................................................................................................................ 106 

 

msubuqi mrewveloba 

T. maRlakeliZe, s. roteli. iuxtis tyavis klasifikacia da gamoyenebuli 

saTrimlavi nivTierebebi  .............................................................................................................................................. 114 

 

turizmi 

n. SaviSvili, m. kaiSauri. ekoturizmi _ turizmis industriaSi ........................................... 126 

m. kaiSauri, n. SaviSvili. borjomis xeobis kurortebis turistul-rekreaciuli 

mniSvneloba ..................................................................................................................................................................................... 132 

 

teqnikis istoria 

arCil beTaneli. kosmonavtis sicocxlisunarianobis uzrunvelyofis Sesaxeb  ...... 141 

 

avtorTa sayuradRebod ...................................................................................................................................................... 146 



5 
 

CONTENTS 

 

 

 

APPLIED MATHEMATICS 

N. Odishelidze, E. Kevlishvili, S. Malidze. PROBLEM OF OPTIMAL CONTROL CONNECTED  

WITH ISOTROPIK BENDING ......................................................................................................................... 9 

 

THEORETICAL MECHANICS 

G. Baghaturia. OBTAINING EULER’S FORMULA FOR THE SPHERICAL MOTION OF  

THE SOLID BODY ......................................................................................................................................... 16 

 

METHODS OF TEACHING PHYSICS 

I. Kalandadze, M. Beridze, M. Metskhvarishvili, M. Shogiradze. LEARNING OF INERTIAL AND 

GRAVITATIONAL MASSES IN COURSE OF PHYSICS ........................................................................... 20 

       

BIOCHEMISTRY 

R. Melkadze, P. Dolidze, R. Kenkishvili, R. Demetrashvili. ALLOCATION AND IDENTIFYIND 

CAFFEINE FROM TEA .................................................................................................................................. 26 

 

GEOLOGY 

G. Beridze, I. Javakhishvili. ABOUT  THE GENESIS OF LATE VARISCAN GRANITES  

OF THE KHRAMI CRYSTALLINE MASSIF ............................................................................................... 33 

 

ENVIRONMENTAL PROTECTION 

T. Dzadzamia, †U. Zviadadze, M. Mardashova, Z. Kakulia, D. Chutkerashvili,  L. Glonti. 

DETERMINATION OF MICRO-ORGANISM’S PHYSIOLOGICAL GROUPS CAUSING 

 BIOLOGICAL CORROSION IN METAL PIPES OF REHABILITATIVE PIPE-LINE AND IN 

THE SOIL OF THEIR PLACEMENT (DIGOMI VALLEY) ......................................................................... 45 

 

DEMOGRAPHY 

G. Meladze, N. Elizbarashvili. DETERMINANTS OF THE AGE-SEX STRUCTURE OF THE 

POPULATION IN TBILISI AND RUSTAVI ................................................................................................. 54 

 

CLIMATOLOGY 

M. Tatishvili, L. Kartvelishvili. I. Mkurnalidze. LIGHTNING IMPACT ON VARIOUS BUILDINGS ......... 62 

 

 



6 
 

APPLIED CLIMATOLOGY 

L. Kartvelishvili, L. Megrelidze, N. Dekanozishvili, K. Rokva. ACCOUNTING FOR JOINT  

ACTION OF RAIN AND WIND IN CONSTRUCTION AND AGRICULTURE ......................................... 70 

 

MINING 

L. Japaridze, T. Pirtskhalava. ABOUT POSSIBILITY OF MODERN TECHNOLOGIES  

APPLICATION ON TKIBULI-SHAORI DEPOSIT ....................................................................................... 76 

 

METALLURGY 

S. Mebonia, D. Gventsadze, M. Baakashvili-Antelava, A. Gagnidze. EXPERIMENTAL RESEARCH OF 

EFFORTS IN THE PROCESS OF RADIAL FORGING ................................................................................ 86 

 

MECHANICAL ENGINEERING 

T. Megrelidze, T. Isakadze, G. Gugulashvili. INNOVATIVE REFRIGERATORY CASCADE-TYPE  

MACHINE ....................................................................................................................................................... 93 

 

ENERGETICS 

L. Gugulashvili, Z. Azmaifarashvili, I. Metskhvarishvili, G. Gugulashvili. STATIONARY SISTEMS 

AND EQUIPMENTS OF CONTROL AND PROTECTION OF A VIBRATING CONDITION OF 

GEORGIAN HYDRAULIC GENERATORS ................................................................................................. 99 

 

BUSINESS 

R. Otinashvili, M. Iashvili. THE STATE OF SMALL BUSINESS IN SOME DEVELOPED  

COUNTRIES .................................................................................................................................................. 106 

 

LIGHT INDUSTRY 

T. Maglakelidze, S. Rotteli. CLASSIFICATION OF YUFTED LEATHER AND TANNINS .................. 114 

 

TOURISM 

N. Shavishvili,  M. Kaishauri. ECOTOURISM – TOURISM INDUSTRY ................................................ 126 

M. Kaishauri, N. Shavishvili. TOURISTIC-RECREATIONAL IMPORTANCE OF REALTH-RESORTS  

DISTRICT OF BORJOMI GORGE ............................................................................................................... 132 

 

HISTORY OF TECHNICS 

A. Betaneli. REGARDING TO THE ENSURING COSMONAUT’S VITAL CAPACITY ........................ 141 

 

TO THE AUTHORS ATTENTION ........................................................................................................... 146 

 



7 
 

СОДЕРЖАНИЕ  

 

 

 

ПРИКЛАДНАЯ  МАТЕМАТИКА 

Н. Т. Одишелидзе, Э. Б. Кевлишвили, С. П. Малидзе. ЗАДАЧА ОПТИМАЛЬНОГО 

УПРАВЛЕНИЯ, СВЯЗАННАЯ С УПРУГИМ РАВНОВЕСИЕМ ................................................................ 9 

       

ТЕОРЕТИЧЕСКАЯ МЕХАНИКА 

Г. Г. Багатурия. ВЫВОД  ФОРМУЛЫ  ЭЙЛЕРА  ПРИ  СФЕРИЧЕСКОМ  ДВИЖЕНИИ  

ТВЕРДОГО ТЕЛА .......................................................................................................................................... 16 

 

МЕТОДИКА ОБУЧЕНИЯ ФИЗИКИ 

И. Г. Каландадзе, М. Г. Беридзе, М. Р. Мецхваришвили, М. Х. Шогирадзе. ОБУЧЕНИЕ 

ИНЕРЦИОННОЙ И ГРАВИТАЦИОННОЙ МАССАМ В КУРСЕ ФИЗИКИ .......................................... 20 

 

БИОХИМИЯ 

Р. Г. Мелкадзе, П. Р. Долидзе, Р. A. Кенкишвили, Р. С. Деметрашвили. ВЫДЕЛЕНИЕ И 

ИДЕНТИФИЦИРОВАНИЕ КОФЕИНА ИЗ ЧАЯ ....................................................................................... 26 

 

ГЕОЛОГИЯ 

Г. М. Беридзе, И. Р. Джавахишвили. О ГЕНЕЗИСЕ ПОЗДНЕВАРИЙСКИХ ГРАНИТОВ  

ХРАМСКОГО КРИСТАЛЛИЧЕСКОГО МАССИВА ................................................................................ 33 

 

ОХРАНА ОКРУЖАЮЩЕЙ СРЕДЫ 

Т. Д. Дзадзамия, †У. И. Звиададзе, М. Л. Мардашова, З. Г. Какулия, Д. Г. Чуткерашвили,   

Л. Е. Глонти. ОПРЕДЕЛЕНИЕ ФИЗИОЛОГИЧЕСКИХ ГРУПП МИКРООРГАНИЗМОВ, 

ВЫЗЫВАЮЩИХ БИОКОРРОЗИЮ В МЕТАЛЛИЧЕСКИХ ТРУБАХ РЕАБИЛИТИРУЕМОГО  

ТРУБОПРОВОДА И В ГРУНТЕ ИХ РАЗМЕЩЕНИЯ (ДИГОМСКАЯ ДОЛИНА) ................................ 45 

 

ДЕМОГРАФИЯ 

Г. Г. Меладзе, Н. К. Элизбарашвили. ОПРЕДЕЛЯЮЩИЕ ФАКТОРЫ ВОЗРАСТНО-ПОЛОВОЙ 

СТРУКТУРЫ НАСЕЛЕНИЯ ТБИЛИСИ И РУСТАВИ .............................................................................. 54 

 

КЛИМАТОЛОГИЯ 

М. Р. Татишвили, Л. Г. Картвелишвили, И. П. Мкурналидзе. ВОЗДЕЙСТВИЕ МОЛНИИ НА 

РАЗЛИЧНЫЕ ЗДАНИЯ ................................................................................................................................. 62 

 

 



8 
 

ПРИКЛАДНАЯ КЛИМАТОЛОГИЯ 

Л. Г. Картвелишвили, Л. Д. Мегрелидзе, Н. И. Деканозишвили, К. Ш. Роква. УЧЕТ 

СОВМЕСТНОГО ВОЗДЕЙСТВИЯ АТМОСФЕРНЫХ ОСАДКОВ И ВЕТРА В СТРОИТЕЛЬСТВЕ  

И СЕЛЬСКОМ ХОЗЯЙСТВЕ ........................................................................................................................ 70 

 

ГОРНОЕ ДЕЛО 

Л. А. Джапаридзе, Т. Г. Пирцхалава. О ВОЗМОЖНОСТИ ПРИМЕНЕНИЯ НА ТКИБУЛИ-

ШАОРСКОМ МЕСТОРОЖДЕНИИ СОВРЕМЕННЫХ ТЕХНОЛОГИЙ ................................................. 76 

 

МЕТАЛЛУРГИЯ 

С. А. Мебония, Д. А. Гвенцадзе, М. В. Баакашвили-Антелава, А. Н. Гагнидзе. 

ЭКСПЕРИМЕНТАЛЬНОЕ ИССЛЕДОВАНИЕ УСИЛИЙ  В ПРОЦЕССЕ РАДИАЛЬНОГО  

ОБЖАТИЯ ...................................................................................................................................................... 86 

 

МАШИНОСТРОЕНИЕ 

Т. Я. Мегрелидзе, Т. А. Исакадзе, Г. Л. Гугулашвили. ИННОВАЦИОННАЯ ХОЛОДИЛЬНАЯ 

МАШИНА КАСКАДНОГО ТИПА .............................................................................................................. 93 

 

ЭНЕРГЕТИКА 

Л. Т. Гугулашвили, З. A. Азмаипарашвили, И. Р. Мецхваришвили, Г. Л. Гугулашвили. 

СТАЦИОНАРНЫЕ СИСТЕМЫ КОНТРОЛЯ И ЗАЩИТЫ ВИБРАЦИОННОГО СОСТОЯНИЯ НА 

ГИДРОГЕНЕРАТОРАХ ГРУЗИНСКИХ ЭЛЕКТРОСТАНЦИЙ ............................................................... 99 

 

БИЗНЕС 

Р. Г. Отинашвили, М. Н. Иашвили. О СОСТОЯНИИ МАЛОГО БИЗНЕСА В НЕКОТОРЫХ 

РАЗВИТЫХ СТРАНАХ ............................................................................................................................... 106 

 

ЛЕГКАЯ  ПРОМЫШЛЕННОСТЬ 

Т. А. Маглакелидзе, С. Д. Роттели. КЛАССИФИКАЦИЯ ЮФТЕВОЙ КОЖИ И УПОТРЕБЛЯЕМЫЕ 

ДУБИЛЬНЫЕ ВЕЩЕСТВА ........................................................................................................................ 114 

 

ТУРИЗМ 

Н. Г. Шавишвили, М. Н. Кайшаури. ЭКОТУРИЗМ В ИНДУСТРИИ ТУРИЗМА ................................... 126 

М. Н. Кайшаури, Н. Г. Шавишвили. ТУРИСТИЧЕСКО-РЕКРЕАЦИОННАЯ ВАЖНОСТЬ 

КУРОРТОВ БОРЖОМСКОГО УЩЕЛЬЯ.................................................................................................. 132 

 

ИСТОРИЯ ТЕХНИКИ 

А. И. Бетанели. ОБ ОБЕСПЕЧЕНИИ ЖИЗНЕДЕЯТЕЛЬНОСТИ КОСМОНАВТА ............................ 141 

 

К СВЕДЕНИЮ АВТОРОВ ....................................................................................................................... 146 



9 
 

gamoyenebiTi maTematika 

 

 

 

sxeulTa drekad wonasworobasTan dakavSirebuli optimaluri 

marTvis amocana       

nana odiSeliZe, eliza kevliSvili, salome maliZe 

(iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti) 

 

 

reziume: gamokvleulia optimaluri marTvis zogierTi amocana, romelic da-

kavSirebulia marTkuTxa paralelepipedis drekad wonasworobasTan sufTa Zvris pi-

robebSi. mmarTvel funqciad aRebulia masuri Zala, romelic gansaxilveli sxeulis 

potenciuri energiis minimizacias axdens. 

 

sakvanZo sityvebi: drekadi wonasworoba; optimaluri marTvis amocanebi; sa-

sazRvro amocanebi; sufTa Zvra. 

 

 

Sesavali  

ganxilulia optimaluri marTvis amocana wrfivi, meore rigis kerZowarmo-

ebulebiani, kvadratuli funqcionalis mqone diferencialuri gantolebisaTvis. es 

sakiTxi, romelic pirvelad i. qenonma gamoikvlia, exeboda aralokalur sasazRvro 

amocanas erTgvarovani siTburi gantolebisaTvis integraluri aralokaluri sa-

sazRvro pirobebiT. SemdgomSi msgavsi amocanebi Seiswavles l. qemininma [1], n. ion-

kinma [2], a. samarskim [3], a. fridmenma [4], a. bouzianma [5] da sxvebma.  

aralokaluri sasazRvro amocanebis pirveli siRrmiseuli Seswavlis auci-

lebloba Seiqmna plazmuri fizikis procesebis maTematikur modelirebasTan da-

kavSirebiT, rodesac daisva da ganzogadda aralokaluri sasazRvro amocanebi 

elifsur funqciaTa zogierTi klasisaTvis. Aavtorebma integraluri gantolebebis 

Teoriis meTodebis gamoyenebiT daamtkices amocanis amonaxsnis arseboba da erTa-

derToba laplasis operatorisa da marTkuTxa aris SemTxvevaSi [6].  

d. gordezianis mier warmodgenilia biwaZe-samarskis tipis sasazRvro amocane-

bis Seswavlis ramdenime Sedegi da maTi ganzogadeba maTematikuri fizikis zogi-

erTi amocanisaTvis drekadobisa da garsTa TeoriaSi [7, 8]. 

 

 

ZiriTadi nawili 

Tu   Γ iqneba drekadi sxeuli, maSin Γ = 0, ] × 0, ] × 0, ]  da gadaadgileba  ( , , ) iqneba drekadobis deformaciis gadaadgilebis veqtori  , ,  komponente-

biT x, y, z-is gaswvriv. vTqvaT, , ,   aris normaluri Zabvebi Sesabamis sibrtye-
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sasazRvro pirobebs eqneba Semdegi saxe: 

 = 0 ∶   = ( )  an (0, ) = ( );   
 = ∶   = ( ) an  ( , ) = ( ) 
 an  ( , ) = ( , ) + ( ) ;  (14) 

  = 0 ∶   = ( )  an  ( , 0) = ( ); 
 = ∶   = ( ) an ( , ) = ( ).     

Tu amovxsniT (13)-s (14) sasazRvro pirobebiT, maSin gadaadgilebis veqtoris 

yvela komponenti (11)-dan da, Sesabamisad, Zabvis tenzoris yvela komponenti (8) _ 

(9)-dan gansazRvruli iqneba drekadi sxeulis nebismier wertilSi. 

gansaxilveli amocana dakavSirebulia optimaluri marTvis amocanis gamokv-

levasTan (6) Rirebulebis funqciiT (13) gantolebisaTvis (14) sasazRvro pirobe-

biT. (13) gantoleba aris tetraedruli prizmis drekadi sufTa Zvris maTematikuri 

modeli. 

unda aRiniSnos, rom, Tu  Γ sxeuli erTgvarovania da  ( , ) =  (13), ganto-

leba daiyvaneba puasonis gantolebamde. 

optimalurobisaTvis aucilebeli da sakmarisi piroba. zemoT ganxiluli 

amocanisaTvis unda miviRoT optimalurobisaTvis aucilebeli da sakmarisi 

pirobebi. vTqvaT, gvaqvs marTkuTxedi = 0, ] × 0, ], sadac  marTkuTxa aris 

sazRvaria;  = ( , ), 0 ≤ ≤ ), = ( , ): 0 ≤ ≤ ,   _ fiqsirebuli wertili  (0, )  intervalidan. 

 Ria qvesimravlea -dan, = : ⟶ , ∈ ( )   _ marTvis funqciaTa sim-

ravle, romelic Seesabameba masur Zalebs,  aris Zvris moduli, romelic mudmivi 

sididea _  = . 
ganvixiloT aralokaluri sasazRvro amocana puasonis gantolebisaTvis yo-

veli fiqsirebuli  ∈ -isaTvis   aridan, sadac   aris masuri Zala, romelic 

miRebulia, rogorc marTvis funqcia.  

 + = −     ( , ) , (15) 

 ( , ) = 0, ( , )  ,     (16) 

 ( , ) = ( , ) + ( ), 0 ≤ ≤  ,  
sadac 0 < = , < 1. 

davuSvaT, rom (15) _ (16) amocanis amoxsna arsebobs da miekuTvneba ( ) so-
bolevis sivrces .  

deformirebuli drekadi sxeulis potenciur energias aqvs Semdegi saxe [11]: 

 ( ) = +  .    (17) 

vipovoT funqcia ∈ _dan, romlis Sesabamisi  amoxsna sasazRvro amoca-
nis (15) _ (16)-Tan erTad axdens potenciuri energiis minimizacias (17). amgvarad 

miRebul wyvils ( , ) ewodeba optimaluri [12]. 

ganvixiloT nebismieri dasaSvebi marTva  ∈    da (15) _ (16) amocanis Sesa-
bamisi   amoxsna. SemoviRoT aRniSvnebi: 

  = − ,  = − ,  (18) 
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maSin miviRebT Semdeg formulebs 

 + = − ( , ) ∈ ;  (19) 

 ( , ) = 0, ( , ) ∈ Γ ∖ ;   (20)  ( , ) = ( , ), 0 ≤ ≤ .   
davuSvaT, funqcia  ≠ 0 da aRebulia (( ∖ )) ∩ ( )-dan, gavamravloT 

(19) -ze da vaintegroT  areze: 

 ( , ) + = ( , ) .   (21) 

funqcionalis nazrds yoveli fiqsirebuli wertilebiT eqneba aseTi saxe: Ι = Ι( ) − Ι( ) = + 2 + − + + 2 + −− + + 2 + − = + + 2 ++ + + .   (22) 

(21) _ (22)-dan gamomdinare, miviRebT: Ι = Ι( ) − Ι( ) = ( , ) + + 2 + + ++ + + + .    (23) 

imisaTvis, rom miviRoT SeuRlebuli gantoleba, ganvixiloT Semdegi: ( , ) = ( , ) + ( , ) = ( , ) ( , ) −− (0, ) (0, ) + ( , ) − ( , ) − ( , ) ( , ) +( , ) − ( , ) ( , ) + + ) .  (24) 

analogiurad miviRebT: 

 ( , ) =  ( , ) ( , ) − ( , 0) ( , 0) + ] .  (25) 

 Ι = = + = ( , ) ( , ) −(0, ) (0, ) − + ( , ) ( , ) − ( , ) ( , ) − =( , ) ( , ) − .   (26) 

radgan  ∈ ( ) Calagebuli Teoremis da (20) sasazRvro pirobebis Tanaxmad, 

analogiurad  -is mimarT miviRebT: 

 = = ( , ) ( , ) − ( , 0) ( , 0) −− ( , ) = ( , ) .      (27) 

(23) _ (27)-dan miviRebT, rom  

 + = − , ( , ) ∈ ; 
    ( , ) = 0, ( , ) ∈ ( ); 

  ( , ) − ( , ) − ( , ) = ( , ).  0 ≤ ≤ .  (28) 

  Ι = 2V + μ ψ wdxdyD + μ + + z dxdyD .  (29) 
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daskvna 

amrigad, miviReT Semdegi Teorema:^ Tu  aris SeuRlebuli amocanis amonax-

sni, maSin aucilebeli da sakmarisi piroba imisa, rom  iyos optimaluri, unda 

Sesruldes Semdegi piroba: 

   ∈ 2 + = 2 + .  (30) 
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APPLIED MATHEMATICS 
 
 

PROBLEM OF OPTIMAL CONTROL CONNECTED WITH ISOTROPIC BENDING 

N. Odishelidze, E. Kevlishvili, S. Malidze  

(I. Javakhishvili Tbilisi State University) 

 
Resume: There is considered the control problem connected with elastic equilibrium of a rectangular 

parallelepiped under its pure bending. The control function, which corresponds to mass function, minimizes 
the elastic deformability of the body under consideration.  

 
Key words: boundary values problems; elastic equilibrium; optimality for control problems; pure 

bending.  

 
 
 

 

ПРИКЛАДНАЯ  МАТЕМАТИКА 

ЗАДАЧА ОПТИМАЛЬНОГО УПРАВЛЕНИЯ, СВЯЗАННАЯ С УПРУГИМ 
РАВНОВЕСИЕМ 

Одишелидзе Н. Т., Кевлишвили Э. Б., Малидзе С. П. 

(Тбилисский государственный университет им. И. Джавахишвили) 

 
Резюме. Исследована некоторая задача оптимального управления, которая связана с упругим 

равновесием прямоугольного параллелепипеда при чистом сдвиге. В качестве функции управления 

рассматривается сила массы, которая минимизирует потенциальную энергию рассматриваемого тела. 

 
Ключевые слова: задачи оптимального управления; краевые задачи; упругое равновесие; 

чистый сдвиг. 
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Teoriuli meqanika 

 

 

 

eileris formulis gamoyvana myari sxeulis sferuli 

moZraobisaTvis 

guram baRaTuria 

(saqarTvelos teqnikuri universiteti) 

 

 

reziume: mocemulia myari sxeulis sferuli moZraobis dros siCqareTa gana-

wilebisaTvis eileris formulis gamoyvana. myisi kuTxuri siCqaris gegmilebi ga-

mosaxulia myar sxeulTan dakavSirebuli moZravi sakoordinato RerZebis mimmar-

Tveli veqtorebisa da maTi warmoebulebis saSualebiT. naCvenebia, rom myisi kuT-

xuri siCqaris veqtori erTaderTia. amis Semdeg miiReba eileris formula, rome-

lic akavSirebs myari sxeulis nebismieri wertilis siCqares am sxeulis myis kuT-

xur siCqaresTan. 

 

sakvanZo sityvebi: eileris formula; erTeulovani veqtori; mimmarTveli veq-

tori; myari sxeuli; myisi kuTxuri siCqare; siCqare; sferuli moZraoba; Sereuli 

namravli. 

 

 

Sesavali 

myari sxeulis sferuli moZraobis dros siCqareTa ganawilebis kanoni, anu 

eileris formula, gamoyvanili iyo Cven mier analizuri meTodiT [1]. vinaidan 

formulis gamoyvana garkveul sirTulebTanaa dakavSirebuli da saleqcio kursSi 

misi Setana ar aris mizanSewonili, amitom SevecadeT gadmogveca formulis ga-

moyvanis SedarebiT martivi gza. sxvadasxva saxelmZRvaneloSi es formula 

sxvadasxvagvaradaa miRebuli [2, 3]. zogierT saxelmZRvaneloSi [2] myisi kuTxuri 

siCqaris gegmilebisaTvis Semotanilia aRniSvnebi, rac xSirad gaugebrobas iwvevs. 

 

 

ZiriTadi nawili 

vTqvaT, myari sxeuli brunavs erTi uZravi O wertilis garSemo. ganvixiloT 

uZravi sakoordinato sistema 111 zyOx  da myar sxeulTan mkvidrad dakavSirebuli 

sistema Oxyz. nebismieri M wertilis mdebareoba ganisazRvreba misi r

 radius-veq-

toriT. Tu x, y,z  aris M wertilis koordinatebi moZrav Oxyz sistemaSi, xolo 

kji


,,  am sistemis RerZebis mgezavebia, maSin  

kzjyixr


 . 

M wertilis koordinatebi moZravi sistemis mimarT mudmivi sidideebia. am 

wertilis siCqaris veqtori ganisazRvreba formuliT [2]: 
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dt

kd
z

dt

jd
y

dt

id
x

dt

rd
V


 . 

siCqareTa gegmilebi sakoordinato RerZebze iqneba 

i
dt

kd
zi

dt

jd
yi

dt

id
xivVx





 , 

j
dt

kd
zj

dt

jd
yj

dt

id
xjvVy





 , 

k
dt

kd
zk

dt

jd
yk

dt

id
xkvVz


 . 

vinaidan kji


,,  urTierTmarTobuli erTeulovani veqtorebia 12 i


, 12 j


, 

12 k


, 0ji


, 0kj


, 0ik


, saidanac  

0i
dt

id 
, 0j

dt

jd 
, 0k

dt

kd 
; 

i
dt

jd
j

dt

id 
 , j

dt

kd
k

dt

jd 


 , k
dt

id
i

dt

kd 


 . 

siCqareTa gegmilebis gamosaxuleba iqneba 

i
dt

kd
zi

dt

jd
yVx





 , 

j
dt

kd
zj

dt

id
xVy





 , 

k
dt

jd
yk

dt

id
xVz


 . 

erTeulovani kji


,,  veqtorebis warmoebuli droiT am veqtorebis bolo 

wertilebis siCqareebis tolia 

i
dt

id 


 1 ,  j
dt

jd 


 2 ,  k
dt

kd 


 3 , 

sadac 1

, 2


, 3


brunvis kuTxuri siCqareebia. gamovTvaloT gamosaxuleba 

i
dt

jd
j

dt

id 
 : 

zzyzyik jjkjikjijij
dt

id
111111 )(])[()(  


, 

zzxzyk iikijkjiiji
dt

jd
2222222 )(])[()(  


. 

miviReT zz 21   , e. i. z RerZze 1

 da 2


 veqtorebis gegmilebi tolia. ji


)( 1   da 

ij


)( 2   warmoadgens veqtorul-skalarul, anu Sereul, namravls da udris am 

veqtorebze agebuli paralelepipedis moculobas. i

 da j


 erTeulovani 

urTierTmarTobuli veqtorebia, xolo zz 21   . am paralelepipedis moculobebi 

tolia. aqedan vaskvniT, rom 21 


 . aseTive gziT vRebulobT, rom 32 


  da 
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13 


 . amrigad, 


 321  brunvis myisi kuTxuri siCqaris veqtori erTader-

Tia. 

gamovTvaloT siCqaris v

 veqtoris gegmilebi 

( ) ( ) [( ) ] [( ) ]x x y z x y z

dj dk
V vi y i z i y j i z k i y i j k j i z i j k k i

dt dt
                      

                 
 

yziijziiky zyyxzx  


)()( ; 

( ) ( ) [( ) ] [( ) ]y x y z x y z

di dk
V vj y j z j x i j z k j x i j k i j z i j k k j

dt dt
                      

                 
 

zxjijzjjkx xzyxzy  


)()( , 

( ) ( ) [( ) ] [( ) ]z x y z x y z

di dj
V vk x k y k x i k y j k x i j k i k y i j k j k

dt dt
                      

                 
   

xykikykjkx yxzxzy  


)()( . 

 

 

daskvna 

amrigad, zemoaRniSnulidan gamomdinare, siCqaris veqtori iqneba 

( ) ( ) ( )x y z y z z x x y x y z

i j k

V V i V j V k z y i x z j y x k r

x y z

                    

 
       

, 

sadac 

 brunvis myisi kuTxuri siCqarea. 
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THEORETICAL MECHANICS 
 
 

OBTAINING EULER’S FORMULA FOR THE SPHERICAL MOTION OF THE SOLID 
BODY 

G. Baghaturia 

(Georgian Technical University) 

 
Resume: There is obtained Euler’s formula for determining velocities in case of spherical motion of 

solid body. Projections of the instant angular velocity are expressed by unit direction vectors and their 
derivatives of moving co-ordinate system of the rigid body. Uniqueness of the instant angular velocity is 
proved. Accordingly, we obtain Euler’s formula, that connects the velocity of arbitrary point of the solid 
body, with the instant angular velocity of the same body. 

 
Key words: direction vector;  Euler’s formula;  instant angular velocity; mixed product; solid body; 

spherical motion; unit vector; velocity.   

 
 
 
 

ТЕОРЕТИЧЕСКАЯ МЕХАНИКА 

 

 

ВЫВОД  ФОРМУЛЫ  ЭЙЛЕРА  ПРИ  СФЕРИЧЕСКОМ  ДВИЖЕНИИ  

ТВЕРДОГО ТЕЛА 

Багатурия Г. Г. 

(Грузинский технический университет) 

 
Резюме. Дается вывод формулы Эйлера распределения скоростей при сферическом движении 

твердого тела. Проекции мгновенной угловой скорости выражаются через единичные направляющие 
векторы и их производные в подвижной координатной системе. 

Показано, что мгновенная угловая скорость единственна. После этого получена формула 
Эйлера, которая связывает скорость произвольной точки твердого тела с его мгновенной угловой 
скоростью. 

 
Ключевые слова: единичный вектор; мгновенная угловая скорость; направляющий вектор; 

скорость; смешанное произведение; сферическое движение; твердое тело; формула Эйлера. 
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fizikis swavlebis meTodika 

 

 

 

inerciuli da gravitaciuli masebis swavleba fizikis kursSi 

iamze kalandaZe, manana beriZe, magda mecxvariSvili, marine SogiraZe 

(saqarTvelos teqnikuri universiteti) 

 

 

reziume: ganxilulia zogadi fizikis meqanikis kursis Seswavlis sakiTxi, 

romelic filosofiur datvirTvas atarebs da sakmaod arTulebs mis Seswavlas. 

Tumca yuradsaRebia is udidesi mniSvneloba, romelic am sakiTxs ukavia sxva fi-

zikur problemebsa da movlenebs Soris. 

warmodgenilia sakiTxis Seswavlis saukeTeso meTodika, romelSic Serwymu-

lia Sesaswavli masalis Teoria da misi maTematikuri aRweriloba.  

 

sakvanZo sityvebi: gravitaciuli veli;  gravitaciuli mudmiva; inercia; msof-

lio mizidulobis kanoni. 

 

 

Sesavali 

fizikis Seswavlas rom didi mniSvneloba aqvs, amas TviT fizikis miRwevebi 

da teqnikis sxvadasxva dargSi mopovebuli udidesi warmatebebi adasturebs. 

fizikis Seswavla, rogorc wesi, sakvlevi obieqtis mecnieruli ganmartebiT 

unda daiwyos da codna am obieqtis Sesaxeb yoveli Semdgomi sakiTxis SeswavliT 

unda gaRrmavdes. 

aucilebelia, naTlad ganimartos, rom fizika aris mecniereba bunebis Sesa-

xeb, romelic Seiswavlis Cven garSemo arsebul samyaros, masSi mimdinare movle-

nebs da adgens am movlenaTa kanonzomierebebs. kerZod, saWiroa zogadad gavarkvi-

oT, Tu ras moicavs misi Sinaarsi, riT aris ganpirobebuli movlenaTa mravalfe-

rovneba da sxv. udavoa, rom am sakiTxebze Tanamedrove mecnierul warmodgenaTa 

mixedviT pasuxis gacema aamaRlebs fizikis dargSi saerTo ganaTlebis dones da 

xels Seuwyobs mecnieruli msoflmxedvelobis Camoyalibebas, rac fizikis 

swavlebis erT-erTi mTavari mizania. 

 

 

ZiriTadi nawili 

msoflio mizidulobis kanonis =  

an veqtoruლi saxiT gamosaxuli amave kanonis  

 =  
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Seswavlisas yuradReba unda mivaqcioT im garemoebas, rom am kanonSi Semavali     

da      masebi ar axasiaTebs sxeulebis imave Tvisebas, rasac niutonis meore kanon-

Si ( =  ) Semavali masa. es masebis or sxvadasxva TvisebasTan aris dakavSi-

rebuli. magaliTad, niutonis meore kanonis mixedviT, rac ufro didia masa, miT 

naklebia sxeulis aCqareba, e. i. miT ufro Znelia uZraobis an wrfivi Tanabari 

moZraobis mdgomareobidan misi gamoyvana. cxadia, rom am SemTxvevaSi     axasiaTebs 

sxeulis inerciulobas, amitom mas (e. i. niutonis meore kanonSi Semaval masas) 

inerciul masas uwodeben. msoflio mizidulobis kanonSi ki masa inerciulobis 

TvisebebTan aRar aris dakavSirebuli. aq, rac metia    da   masebi, miT ufro 

didi ZaliT izidavs erTmaneTs sxeulebi, e. i. niutonis msoflio mizidulobis 

kanonSi masa sxeulis mizidulobis, anu gravitaciis, maxasiaTebelia. aseT masas 

gravitaciul masas uwodeben. inerciuli da gravitaciuli masebi erTmaneTis pro-

porciulia (tolia). vTqvaT, erT-erTi sxeulTagani aris dedamiwa   gravitaciuli 

masiT. ganvixiloT mis maxloblad mdebare  gravitaciuli da  inerciuli 

masis mqone sxeulebi. msoflio mizidulobis kanonis Tanaxmad, am sxeulze imoqme-

debs dedamiwis mizidulobis Zala, romelic Semdegi formuliTaa gamosaxuli:  

 =   .   (1) 

am Zalis gavleniT sxeuli aCqarebiT daiwyebs vardnas dedamiwis zeda-

pirisken, romelic, niutonis meore kanonis Tanaxmad, gamoiTvleba formuliT 

 =  .  (2) 

Tu (1) formulidan  -is mniSvnelobas CavsvamT (2) formulaSi, miviRebT aCqa-

rebis Semdeg gamosaxulebas 

 =  .  (3) 

SevcvaloT axla es sxeuli meore,    gravitaciuli da  inerciuli masis 

mqone sxeulebiT, maSin, imave msjelobis Tanaxmad, meore sxeulis aCqarebisaTvis 

gveqneba:  

 =  .     (4) 

analogiuri Sedegi miiReba sxva sxeulebis SemTxvevaSic. cdebiT dadgenilia, 

rom dedamiwis zedapiridan erTnairi manZilebiT daSorebuli sxeulebi erTsa da 

imave g aCqarebiT moZraobs. maSasadame, Cvens SemTxvevaSi  = , rac bolo for-

mulebis Sedarebisas gvaZlevs Semdeg damokidebulebas 

 
  = ,   (5) 

e. i. gravitaciuli da inerciuli masebi erTmaneTis proporciulia. aqedan gamom-

dinare, SeiZleba davaskvnaT, rom, rac ufro inerciulia sxeuli, miT metad mi-

izideba igi sxva sxeulebis mier an TviTon miizidavs maT. urTierTqmedebis (mi-

zidvis) es xasiaTi (romelic damaxasiaTebelia gravitaciuli urTierTqmede-

bisaTvis) mkveTrad gansxvavdeba sxva saxis (kerZod kulonuri) urTierTqmede-

bisagan. magaliTad,  da  inerciuli masebi eleqtrulad mxolod im Sem-

TxvevaSi SeiZleba moqmedebdes erTmaneTze, rodesac maT aqvT  da  eleqtruli 

muxtebi. kulonis kanonis Tanaxmad, urTierTqmedebis es Zala Semdegi formuliT 

gamoisaxeba 
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 =    
an veqtoruლi saxiT: 

  = .   (6) 

am SemTxvevaSi gravitaciuli  da  masebis rols asrulebs   da  

muxtebi, magram gravitaciuli urTierTqmedebisagan gansxvavebiT didi eleqtruli 

muxti srulebiTac ar niSnavs did inerciul masas. eleqtrul muxtsa da iner-

ciul masas Soris araviTari uSualo kavSiri ar arsebobs. analogiuri mdgo-

mareobaa yvela sxva saxis urTierTqmedebis SemTxvevaSi. mxolod gravitaciuli 

urTierTqmedeba gamoirCeva im gansakuTrebuli TvisebiT, ris mixedviTac misi siZ-

lieris maxasiaTebeli sidide (gravitaciuli masa) inerciuli masis pirdapir-

proporciulia. yovelive es adasturebs gravitaciuli urTierTqmedebis gansakuT-

rebul xasiaTs – mis mWidro kavSirs inerciulobasTan.    

am kavSiris buneba, rac sruliad gaugebari iyo klasikuri fizikisaTvis, ga-

arkvia albert ainStainma fardobiTobis zogad TeoriaSi da daadgina, rom materi-

aluri sxeulebis ori Tviseba – gravitacia da inercia, materiis erTi Tvisebis 

ori mxarea. 

msoflio mizidulobis kanonisa da ,,mizidulobis velis“ Seswavlisas yurad-

Rebis gamaxvileba saWiroa agreTve im movlenaze, rom nivTieri wertilებi, ro-

desac isini daSorebulia erTmaneTisagan  manZiliT, erTmaneTs izidavs  ZaliT. 

ismeba kiTxva: 

rogoria am urTierTqmedebis buneba?  

am kiTxvaze pasuxis gacemis Ziebam warmoSva ori erTmaneTisagan gansxvavebu-

li Tvalsazrisi, romlebic cnobilia axloqmedebisa da Sorsqmedebis saxelwo-

debiT. 

Sorsqmedebis Teoriis Tanaxmad, erTi sxeuli moqmedebs meoreze yovelgvari 

gadamcemi garemos gareSe da es moqmedeba myisierad gadaecema erTi sxeulidan 

meores. urTierTqmedebis Zala damokidebulia manZilze, amitom manZilis Secvla 

raime momentSi maSinve cvlis meore sxeulze moqmed Zalas, e. i. moqmedeba gadae-

cema erTi sxeulidan meores usasrulod didi siCqariT. 

axloqmedebis Teoriis mixedviT, sxeulebis urTierTqmedeba xorcieldeba am 

sxeulebis irgvliv arsebuli materialuri garemos  gravitaciuli velis _ saSu-

alebiT. daSvebulia, rom yoveli sxeulis irgvliv arsebobs gravitaciuli veli 

ganfenili mTel sivrceSi. rodesac am velSi movaTavsebT meore sxeuls, masze 

swored es veli iwyebs moqmedebas. es imas niSnavs, rom erTi sxeuli meoreze 

moqmedebs ara uSualod, aramed gravitaciuli velis meSveobiT. axloqmedebis es 

Teoria axla sayovelTaod miRebulia ara marto gravitaciuli, aramed yvela sxva 

urTierTqmedebis dros. yoveli urTierTqmedeba ganixileba, rogorc saTanado 

veliT (eleqtromagnituriT, gravitaciuliT, birTvuliT da sxv.) gamowveuli. 

gravitaciuli velis damzera SeuZlebelia, Tumca misi bunebisa da xasiaTis 

garkveva SeiZleba mxolod misi moqmedebis gamokvleviT.  

rogorc aRvniSneT, gravitaciuli veli uwyvetad aris ganfenili mTel sivr-

ceSi, amitom misi daxasiaTeba SeiZleba sivrcis yovel wertilSi misi SeswavliT. 
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masalis aRsaqmelad saWiroa studentebs mivawodoT cnobebi gravitaciuli 

velis daZabulobis Sesaxebac. aq viTareba aseTia: Tu sxeulis gravitaciuli 

velis romeliRac wertilSi movaTavsebT sacdel  masis mqone materialur 

wertils (ix. nax.), maSin masze imoqmedebs Zala, romelsac unda mieweros 

wertilze mocemuli velis moqmedeba. 

 

sxeulis gravitaciul velSi moTavsebuli    masis mqone materialuri wertili 

 

aRvniSnoT es Zala -iT. am Zalis sidide damokidebulia ara marto  sxeu-

lis gravitaciul velze, aramed masSi Setanil materialuri wertilis  masaze. 

cdebi amtkicebs, rom rogori sididis masac ar unda SevitanoT velis mocemul  

wertilSi, saTanado Zalis Sefardeba am masasTan yovelTvis erTi da igive iqneba 

e. i. 

  /   =  /  =  /  = . . . 

es sidide axasiaTebs gravitaciul vels, romelsac gravitaciuli velis daZa-

bulobas uwodeben da aRniSnavenE GsimboloTi, romelic maTematikurad ase gamoi-

saxeba: 

 =   .   (7) 

am formulidan Cans, rom gravitaciuli velis romeliRac wertilSi Setanil 

sxvadasxva masis mqone sxeulebze moqmedi Zalis fardoba amave sxeulebis masebTan 

mudmivia. 

Tu davakvirdebiT gravitaciuli velis am Tvisebas, advilad SevamCnevT, rom 

igi erTnair aCqarebas aniWebs yvela sxeuls, romelic masSi moZraobs. 

gravitaciuli velis es Tviseba metad ucnauria: igi mkveTrad gansxvavdeba 

sxva saxis velebisagan. garda amisa, gravitaciuli velis gansxvaveba sxva saxis 

velebisagan ZiriTadad aseTia: gravitaciuli veli dakavSirebulia masasTan (sul 

erTia, uZravia, Tu moZravi), maSin rodesac eleqtrul muxts, romelic qmnis, 

magaliTad, eleqtrul vels, araviTari kavSiri ara aqvs masasTan. sxva velebisagan 

gansxvavebiT, gravitaciuli velisaTvis damaxasiaTebelia mxolod miziduloba.  

velis Tvisebebis Sesaxeb studentebis codnis gaRrmavebisa da Semdgomi Ses-

wavlis mizniT saWiroa maTi yuradReba gavamaxviloT eleqtruli velis Tvise-

bebze, aseve gravitaciuli velis zogierT msgavs da gansxvavebul Tvisebaze. ker-

Zod, aRvniSnoT, rom gravitaciuli veli arsebobs iq, sadac garkveuli masis mqone 

nawilakia (sul erTia, moZravia is, Tu uZravi): maSin rodesac eleqtruli veli 
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dakavSirebulia eleqtrul muxtTan. e. i. Tu arsebobs eleqtruli muxti, arsebobs 

eleqtruli velic. 

aqve SevniSnavT, rom zog saxelmZRvaneloSi eleqtruli veli ganmartebulia, 

rogorc sivrce, sadac moqmedebs eleqtruli Zalebi. rogorc cnobilia, sivrce, 

iseve rogorc dro, materiis arsebobis formaa. imis gamo, rom veli sivrceSi ar-

sebobs, ar niSnavs imas, rom veli aris sivrce. veli, rogorc ukve aRvniSneT, war-

moadgens materiis saxes, romliTac xorcieldeba nivTierebis nawilakebis urTi-

erTqmedeba. gravitaciuli da eleqtruli velebis SemTxvevaSi moqmedi Zalebis 

erTnairi xasiaTi imiT ganisazRvreba, rom es Zalebi velis warmomSobi wyarodan 

manZilis kvadratis ( ) ukuproporciulad mcirdeba:  

 = ,      = . 
aseve SeiZleba analogis gatareba gravitaciuli velis   daZabulobasa da 

eleqtruli velis EdaZabulobas Soris, rom gravitaciuli velis msgavsad 

eleqtruli velic xasiaTdeba  Zaluri moqmedebiT: 

 = ,          = . 
uyuradRebod nu davtovebT im garemoebasac, rom gravitaciuli (mizidu-

lobis) velisagan gansxvavebiT, eleqtruli velisaTvis damaxasiaTebelia rogorc 

mizidva, aseve ganzidva.      

 

 

daskvna 

amrigad, winamdebare naSromSi miniSnebulia msoflio mizidulobisa da ku-

lonis kanonebis Seswavlisas Tu ra aspetebze unda iqnes gamaxvilebuli stu-

dentTa yuradReba. amasTan, ganxilulia gravitaciuli da inerciuli masebis Tvi-

sebebi, axsnilia kavSiri da gansxvaveba kulonis kanonTan mimarTebaSi. 

warmodgenilia ori erTmaneTisagan gansxvavebuli mosazreba axloqmedebisa 

da Sorsqmedebis Teoriebis Sesaxeb. paralelebia gavlebuli gravitaciuli da 

eleqtruli velebis moqmedebas Soris maSin, rodesac am velebSi Setanilia 

sxeulebi. yuradRebaa gamaxvilebuli im faqtzec, rom gravitaciuli veli sivrce 

ki ar aris, aramed materiis saxea.  
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METHODS OF TEACHING PHYSICS  
 
 

LEARNING  OF  INERTIAL  AND   GRAVITATIONAL  MASSES  IN COURSE  OF  
PHYSICS 

I. Kalandadze, M. Beridze, M. Metskhvarishvili, M. Shogiradze 

(Georgian Technical University) 

 
Resume: Questions discussed in the paper are important for the studying of the course of the 

mechanics in the general physics. This question carries philosophical load that, sufficiently complicates its 
studying. However the greatest meaning of this question is significant, that this question possesses among 
other physical problems and phenomenon.  

Tere is presented the best method of studying of this question. In it there is combined the theory of 
studied materials and their mathematical description.  

 
Key words: gravitational constant; gravitational field; inertia; law of universal gravitation. 

 
 
 
 

МЕТОДИКА ОБУЧЕНИЯ ФИЗИКИ 

 
 

ОБУЧЕНИЕ ИНЕРЦИОННОЙ И ГРАВИТАЦИОННОЙ МАССАМ В КУРСЕ 
ФИЗИКИ 

Каландадзе И. Г., Беридзе М. Г., Мецхваришвили М. Р., Шогирадзе М. Х. 

(Грузинский технический университет) 

 
Резюме. Для изучения курса механики общей физики рассмотрен вопрос, который несет фи-

лософскую нагрузку, что значительно усложняет его изучение. Но следует  принять во внимание то 
огромное значение, которое этот вопрос занимает среди других физических проблем и явлений.  

Приведена лучшая методика изучения данного вопроса, в которой объединены теория изу-
чаемого вопроса и его математическое описание.  

 
Ключевые слова: гравитационная постоянная; гравитационное поле; закон всемирного тяго-

тения; инерция. 
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30_45 wT-is gasvlis Semdeg daleqvas iwyebs qsanTini, romelsac garecxaven wyliT 

da aSroben. Semdeg xdeba miRebuli qsanTinis meTilireba, risTvisac mas xsnian 

Warbi raodenobis ganzavebul tuteSi, Semdeg sareaqcio narevs ara umetes 300 C 

temperaturaze wvrili nakadiT amateben qsanTinis raodenobaze 3-jer met dimeTi-

lsulfats mudmivi temperaturis (30–350 C) pirobebSi. dimeTilsulfatis mTlianad 

Serevis Semdeg xsnars kidev ureven 1 sT-is ganmavlobaSi, sareaqcio narevs fil-

traven da Rebuloben kofeinis pirvel ulufas. aorTqlebis Semdeg gamoyofen ko-

feinis meore ulufas. darCenil dedos isev aaorTqleben da spirtis damatebiT 

gamoleqaven natriumis meTilgogirdmJavas, xolo spirtuli filtratisagan spir‐

tis mocilebis Semdeg gamoakristaleben kofeinis mesame ulufas. miRebul ulu‐

febs jer asufTaveben Txevadi naxSiriT, Semdeg umateben mcire raodenobiT gogir-

dmJavas da gamoakristaleben.  

qvemoT naCvenebia kofeinis samrewvelo sinTezis meTodebi Sardovanasagan da 

traubes mixedviT [6_10]. 

 

sinTezi Sardovanasagan 

 
sinTezi traubes meTodiT 
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ZiriTadi nawili 

praqtikuli TvalsazrisiT, CvenTvis saintereso iyo bunebrivi kofeinis miRe‐

bisa da misi identificikaciis sakiTxebi. cdebi Catarda laboratoriul piro‐

bebSi. 

eqsperimentisaTvis gamoyenebul iqna nedleuli, reaqtivebi (50 g  Cais mtveri, 

25 g magniumis Jangi, 150 ml qloroformi, 25 ml marilmJava, 25 ml 5 %-iani mwvave 

natriumis tute) da laboratoriuli aparatura _ mrgvalZiriani kolba, Termome-

degi minis Wiqa, gamyofi Zabri, bunzenis kolba, biuxneris Zabri (nax. 2). 

 

 
 

nax. 2. kofeinis misaRebi laboratoriuli aparatura 

 

eqsperimenti Catarda Semdegi TanmimdevrobiT: jer davamzadeT magniumis Jan-

gis reaqtivi (25 g + 150 ml wyali); rodinSi Canayili Cais mtveri movaTavseT kol-

baSi, davamateT magniumis Jangis reaqtivi da 250 ml wyali. kolba davdgiT eleq-

troquraze da vaduReT 15 wT-is ganmavlobaSi. miRebuli xsnari gavwureT marlaSi, 

davumateT 150 ml wyali da isev avaduReT. 

dekantirebuli wyliani xsnari gavatareT bambis tamponSi. 

wylis danawdomi SevamJaveT 25 ml ganzavebuli marilmJavaTi narevis рН-3-  

mde da davakoncentrireT saorTqlebel finjanSi wylis abazanis sawyisi moculo-

bis 1/3-mde.  

cxeli xsnari gavfiltreT nakecebian filtrSi da 5-jer movaxdineT eqstrahi-

reba qloroformiT, romlis xarji TiToeuli eqstrahirebis dros  Seadgenda 30 

ml-s;   

qloroformiani danawdomi movacileT jer 25 ml 5 %-iani tutis xsnariT, 

Semdeg wyliT.  gamxsneli movaSoreT rotorul saorTqlebels  (nax. 3). 
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nax. 3. rotoruli saorTqlebeli 

 

kofeinis dakristaleba ganvaxorcieleT 8_10 ml cxeli wyliT, ris Sedegadac 

miviReT TeTri, nemsisebri kristalebi (nax. 4). 

 

 
 

nax. 4. kofeinis kristalebi (x200) 

 

miRebuli kristalebi SevamowmeT Tvisebrivad, risTvisac 1 ml qloroformis 

danawdoms davumateT 10 wveTi 0,1 N iodis xsnari, rasac ar gamouwvevia arc nale-

qis warmoqmna da arc simRvrive. ramdenime wveTi 8 %-iani  HCl-is damatebisas ki 

warmoiqmna Seburuli naleqi, romelic ixsneba Warb tuteSi (nax. 5). 
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nax. 5. kofeinis Semowmeba Tvisebrivad  

 

 

daskvna 

kofeinis gamoyofisa da identificikaciis SemoTavazebuli laboratoriuli 

meTodi martivi da advilad gansaxorcielebelia. igi SeiZleba gamoyenebul iqnes 

kvebisa da farmacevtuli  dargebis studentTa swavlebis procesSi. 
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 BIOCHEMISTRY 
 
 

ALLOCATION AND IDENTIFYING CAFFEINE FROM TEA 

R. Melkadze, P. Dolidze, R. Kenkishvili, R. Demetrashvili  

(R. Dvali Institute of Machine Mechanic)  

 
Resume: There are presented data on the physical-chemical properties of caffeine, synthetical 

pathways of its industrial production. There is described apparatus and reagents for isolation of caffeine from 
tea material, the conditions of the experiment and the sequence and methods of identification of the samples.  

 
Key words: caffeine; selection and identification caffeine; tea. 
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ВЫДЕЛЕНИЕ И ИДЕНТИФИЦИРОВАНИЕ КОФЕИНА ИЗ ЧАЯ 

Мелкадзе  Р. Г.,  Долидзе  П. Р., Кенкишвили Р. A., Деметрашвили  Р. С. 

(Институт механики машин им. Р. Двали) 

 
Резюме. Представлены данные о физико-химических характеристиках кофеина и его про-

мышленного получения путем синтеза. Описаны аппаратура и реактивы для выделения кофеина из 
чайного материала, условия и последовательность проведения эксперимента и методы иденти-
фикации полученных образцов.  

 
Ключевые слова: выделение  и идентификация кофеина; кофеин; чай. 
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geologia 

 

 

 

xramis kristaluri masivis gvianvariskuli granitebis genezisis 

Sesaxeb 

giorgi beriZe, irakli javaxiSvili 

(iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis al. janeliZis 

geologiis  instituti) 

 

 

reziume: ganxilulia xramis kristaluri masivis gvianvariskuli granitebis 

formirebis pirobebi maTi petrogeoqimiuri, mineralogiuri da aqcesoruli mine-

ralebis _ granatisa da alanitis mikrozonduri Seswavlis safuZvelze. gamokv-

levebiT dadasturda, rom granitebSi ganviTarebulia ori generaciis kaliumis 

mindvris Spati: magmuri da postmagmuri. dadginda, rom xramis masivis grani-

toidebis alanitebi miekuTvneba Ce2O3, La2O3 da Nd2O3  maRali Semcvelobis ceriumian 

saxesxvaobas, romlis warmoSoba ganpirobebulia granitul magmaSi iSviaTmiwa 

elementebis didi raodenobiT koncentraciiTa da hidroTermuli xsnarebis mier 

kalciumis SemotaniT. granati zonaluri xasiaTisaa: misi birTvi Camoyalibda magmur 

stadiaze paragenetul asociaciaSi Bt+Pl+Ort+Grt+Qrt, xolo misi periferia _ grani-

tuli magmis gacivebis postmagmur stadiaze ganviTarebul paragenezisSi _ 

Ab+Mikr+Grt+Qrt±Ms. granatis warmoqmna ar iyo dakavSirebuli asimilaciis movle-

nebTan, rogorc es adre miaCndaT. granitoidebis sawyisi da, Sesabamisad, yvelaze 

maRaltemperaturuli faza biotitian-rqatyuariani saxesxvaobiT aris warmodgeni-

li. granitwarmoqmnis Semdgom fazebs Seesabameba biotitiani da biotitian-grana-

tiani saxesxvaobebi. es procesi mTavrdeba aliaskituri faziT. 

 

sakvanZo sityvebi: alaniti;  granati; granitebis genezisi; skapoliti. 

 

 

Sesavali   

xramis kristaluri masivi SiSvldeba Savi zRva-centraluri amierkavkasiis 

tereinis farglebSi da warmoadgens arTvin-bolnisis beltis horstisebri azeve-

bis gadarecxil nawils [1, 2].  

xramis alpuriswina kristaluri masivis agebulebaSi monawileobs kambriu-

lamdeli gneisur-migmatituri, gvianvariskuli granitoiduli kvarcporfirgra-

nitporfiruli da zeda paleozouri vulkanogenurdanaleqi warmonaqmnebi _ qveda 

tufitebi (nax. 1). 

xramis kristaluri masivis gvianvariskuli granitoidebis asaki damajereb-

lad aris dadgenili U-Pb LA ICP MS cirkonuli meTodiT. kerZod, 27-wertilovani 

analizis monacemebi moicavs 321_331±6.0 mln wlebis periods [3]. 
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nax. 1. xramis kristaluri masivis geologiur-sqematuri ruka e. gamyreliZis da d. Se-

ngelias [4] da g. beriZis mixedviT: 1 _ kambriulamdeli gneisur-migmatituri kompleqsi; 2 _ 

Sua paleozouri (?) metaqviSaqvebis dasta gneisur-migmatitur kompleqsSi; 3 _ mantiuri 

serpentinitebis protruzivebi; 4 _ paleozouri gabroidebi; 5 _ 8 _ granitoiduli kompleqsi: 

5 _ gvianvariskuli mikrokliniani granitebi; 6 _ gvianvariskuli granatiani granitebi; 7 _ 

gvianvariskuli biotitian-rqatyuarian-alanitiani granitebi; 8 _ zeda paleozouri 

kvarcporfirebi; 9 _ zeda paleozouri granitporfirebi; 10 _ zeda paleozouri 

vulkanogenur-danaleqi kompleqsi; 11 _ mezozour-kainozouri danaleqi zewari; 12 _ rRvevebi; 

13 _ transgresiuli ganlageba 

 

xramis masivis gvianvariskuli granitoidebi oTxi saxesxvaobiT aris warmod-

genili: biotitian-rqatyuarian-alanitiani, biotitiani, biotitian-granatiani grani-

tebiTa da aliaskitebiT. maTi mineralogiuri Sedgeniloba aseTia: biotitian gra-

nitebsa da aliaskitebSi gvxvdeba kvarci, plagioklazi, mikroklini da biotiti 

(aliaskitebSi biotiti meorexarisxovani mineralia); granatian granitebSi – kvar-

ci, plagioklazi, mikroklini, biotiti da granati (<3.5 %); biotitian-rqatyuarian-

alanitian granitebSi – kvarci, plagioklazi, mikroklini, biotiti, rqatyuara da 

alaniti. 

 

 

ZiriTadi  nawili   

granitebSi kaliumis mindvris Spati ori generaciisaa: magmuri mdnaridan ga-

mokristalebuli da meoreuli (upiratesad mJave plagioklazis Canacvlebis pro-

duqti). kaliumis mindvris Spati mesriani an umesro qsenomorfuli gapelitebuli 

mikroklinia; gvxvdeba SedarebiT saRi kristalebic. granatian granitebSi kaliumis 

mindvris Spatis -2V=74_760, biotitian-rqatyuarian da biotitian granitebSi ki 

67_860 farglebSi meryeobs. sxva mineralebTan kontaqtis zonaSi igi dakbilulia 
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didi raodenobiT alanitis arseboba dakavSirebulia asimilaciis procesTan, 

kerZod, biotitian-rqatyuarian granitebSi monacit-ilmenitian asociacias anacv-

lebs alanit-sfeniani. alaniti paragenetulia apatitTan, cirkonTan, sfenTan da 

magnetitTan. alanitis warmoSoba biotitian, gansakuTrebiT biotitian-rqatyuarian, 

granitebSi ganpirobebulia granitul magmaSi didi raodenobiT iSviaTmiwa 

elementebis arsebobiT, aseve Semdgom hidroTermuli xsnarebis mier kalciumis 

SetaniT [9]. 

 

 

a b 

 

nax. 3. zonaluri alaniti (a _ erT nikolSi); alanitis kristali epidotis  

arSiiT (b _ jvaredin nikolSi 3.9X8)   

 

mikrozonduri kvlevis Sedegad dadginda, rom xramis masivis granitoidebis 

alanitebi miekuTvneba Ce2O3, La2O3 da Nd2O3 maRali Semcvelobis ceriumian saxesxva-

obas, romlis warmoSoba ganpirobebulia granitul magmaSi didi raodenobiT iSvi-

aTmiwa elementebis koncentraciiTa da hidroTermuli xsnarebis mier kalciumis 

SetaniT [10] (cxrili 1). 

  

cxrili 1 

xramis kristaluri masivis granitoidebis alanitebis mikrozonduri  

analizebi (mas. %-Si) 

 

mas. 

% 

SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO SrO ThO2 La2O3 Ce2O3 Nd2O3 Sm2O3 Gd2O3 Y2O3 UO2 F H2O 

guli 29.56 1.82 14.17 16.77 0.20 0.34 10.2 - 0.84 6.62 12.0 3.92 1.86 0.11 0.16 0.08 0.29 1.6 

qerqi 29.93 1.62 14.31 16.32 0.23 0.29 10.0 0.14 0.68 6.60 12.1 3.36 1.68 0.09 0.13 0.09 0.03 1.9 

 

granatiani granitebi SiSvldeba xram-I-is midamoebSi da misi gamosavlebi 

≈1_1.5 km2-ia. es aris leikokratuli, msxvilkristaluri porfirisebri qani. qanSi 

granatis Semcveloba 5_10 %-ia. granati ganviTarebulia kargad gamoxatuli tet-

ragon-trioqtaedruli kristalebis saxiT (zoma 2_10 mm-is farglebSia). masSi 

gvxvdeba apatitis, biotitis, cirkonis, alanitis CanarTebi (nax. 4). 
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nax. 4. granatis kristali biotitis da alanitis CanarTebiT.  

erTi nikoli 3.9X8 
 

granatis mikrozonduri analizisa da misi minaluri Sedgenilobis 

monacemebiT, kristalis birTvi praqtikulad homogenuria, xolo gare zona _ 

mkveTrad zonaluri. rkinis raodenoba birTvidan periferiisaken umniSvnelod, 

xolo kalciumisa da magniumis – mkveTrad mcirdeba; manganumis Semcveloba ki 

mniSvnelovnad izrdeba. almandinis Semcvelobis variacia umniSvneloa, piropis da 

grosularis raodenoba birTvidan periferiisaken mkveTrad ecema, xolo 

spesartinisa – izrdeba (cxrili 2).   

cxrili 2 

biotitian-granatiani granitebis granatis mikrozonduri analizi 

 

 granati

1 (birTvi) 2 3 4 5 6 7 (periferia) 

SiO2 36.39 36.47 36.43 36.48 36.18 36.59 36.81 

Al2O3 20,91 20.86 20.76 20.77 20.84 20.60 20.48 

FeO 37.01 36.90 36.81 36.86 36.87 36.59 35.70 

MnO 1,87 1.94 1.9 2.31 3.06 3.79 6.49 

MgO 2.27 2.29 2.37 1.96 1.53 1.23 0.70 

CaO 1.43 1.43 1.44 1.55 1.25 1.18 0.53 
jami 99.88 99.89 99.71 99.93 99.73 99.98 100.71 

Si 2.96 2.96 2.96 2.97 2.96 3.00 3.01 

Al 2.00 2.00 1.99 1.99 2.01 1.99 1.97 

Fe3+ 0.08 0.07 0.08 0.07 0.07 0.02 0.01 

Fe2+ 2.43 2.43 2.42 2.44 2.45 2.48 2.43 

Mn 0,13 0.13 0.13 0.16 0.21 0.26 0.45 

Mg 0.27 0.28 0.29 0.24 0.19 0.15 0.09 

Ca 0.12 0.12 0.13 0.14 0.11 0.10 0.05 

X Fe2+ 0.90 0.90 0.89 0.91 0.93 0.94 0.96 

Alm 
Prp 
Sps 
Grs 

0.84 
0.08 
0.04 
0.04 

0.84 
0.08 
0.04 
0.04 

0.84 
0.09 
0.04 
0.04 

0.84 
0.07 
0.04 
0.04 

0.85 
0.05 
0.06 
0.04 

0.84 
0.04 
0.08 
0.04 

0.83 
0.03 
0.13 
0.01 

 

Tu gaviTvaliswinebT, rom qanSi arsebuli pirveladi (magmuri stadiis) ma-

Raltemperaturuli plagioklazebi da kaliumis mindvris Spatebi postmagmur sta-
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diaze gardaqmnilia dabaltemperaturul mineralebad (albitad, romelic Seicavs 

1 % anorTits da mikroklinad, romelSic 3 % albitis molekulaa; cxrili 3), 

davaskvniT, rom granatis birTvi Camoyalibda magmur stadiaze paragenezisebSi 

Bt+Pl+Ort+Grt+Qtz, xolo misi periferia granituli magmis postmagmur stadiaze (sa-

varaudod 450_500 0C pirobebSi) paragenezisSi _ Ab+Mikr+Grt+Qtz±Ms.  

 

cxrili 3 

kaliumis mindvris Spatis da plagioklazis mikrozonduri analizebi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

amrigad, granatis formireba mimdinareobda or stadiaze: granituli magmis 

kristalizaciis processa da mis momdevno postmagmur stadiaze da ar iyo dakav-

Sirebuli asimilaciis procesTan, rogorc es adre miaCndaT [11]. 

xramis kristaluri masivis gvianvariskuli granitebis qimiuri da iSviaTmiwa 

elementebis saSualo Semcvelobebi mocemulia me-4 cxrilSi. 

 

cxrili 4 

xramis kristaluri masivis gvianvariskuli granitoidebis qimiuri analizis 

saSualo Semcvelobebi (mas. %-Si) 

 

 granitebi gneisuri kompleqsi 

10-kh 21-kh 9-kh 10-1 

 Kfs Pl Ort Pl Ort Pl Pl Pl 

SiO2 64.07 68.27 63.88 56.14 64.66 56.47 56.00 55.80 

Al2O3 18.58 19.66 17.96 27.25 21.00 27.53 27.50 28.02 

FeO - 0 0.25 0.09 0.08 0.10 0.08 0 

CaO - 0.19 0.03 10.54 0.02 10.41 11.54 11.41 

Na2O 0.31 11.51 1.60 5.87 0.88 6.00 4.87 5.90 

K2O 16.08 0.15 16.08 0.12 16.16 0.10 0.13 0.10 

BaO 1.04 0.23 0 0 0 0 0 0 
jami 100.08 100.02 99.80 100.01 102.8 100.38 100.12 101.23 

Ort 
Ab 
An 
Cs 

0.92 
0.03 

- 
0.05 

0.01 
0.97 
0.01 
0.01 

0.87 
0.13 

- 
- 

- 
0.50 
0.50 

- 

0.92 
0.08 

- 
- 

- 
0.57 
0.43 

- 

- 
0.49 
0.51 

- 

- 
0.54 
0.46 

- 

# SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O P2O5 

biotitian-rqatyuarian-alanitiani granitebi

14 nim. saS. 67.80 0.36 14.47 5.28 0.97 0.97 2.64 4.03 2.77 0.10 

biotitiani granitebi

16 nim. saS. 71.10 0.27 14.45 2.97 0.05 0.53 1.6 3.70 3.83 0.08 

biotitian-granatiani granitebi

4 nim. saS. 70.91 0.26 14.40 4.7 0.05 0.45 1.79 3.97 3.31 0.07 

aliaskitebi 

10 nim. saS. 75.80 0.13 12.20 1.97 0.03 0.30 1.07 3.60 3.68 0.04 
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S, I da A diskriminaciuli diagramis (nax. 5) [12] mixedviT, granatiani granitebi 

I, biotitian-rqatyuarian-alanitiani I da nawilobriv A, biotitiani I, A da S, xolo 

aliaskitebi granitebis A tips miekuTvneba. 

 

 
 

nax. 5. S, I da A diskriminaciuli diagrama [12]. 1 _ biotitiani granitebi; 2 _ 

granatiani granitebi; 3 _ biotitian-rqatyuarian-alanitiani granitebi; 4 _ aliaskitebi 

 

p. maniaris da f. pikolis mier SemoTavazebul iqna diagramebi (nax. 6), rom-

lebic saSualebas iZleva ramdenimesafexuriani interpretaciis Sedegad gamijnul 

iqnes sxvadasxva geodinamikur pirobebSi ganviTarebuli granitoidebi [13]. 

pirvel safexurze K2O-SiO2 monacemebiT xdeba okeanuri plagiogranitebis gami-

jvna danarCeni tipis granitoidebisagan. Cvens SemTxvevaSi, rogorc es mosalodneli 

iyo, okeanuri plagiogranitebis aRmniSvnel velSi arc erTi wertili ar moxvda. 

meore safexurze am wertilebis gamijvna xdeba formirebis geodinamikuri pi-

robebis mixedviT. Al2O3_SiO2 diagramaze biotitiani granitebi IAG+CAG+CCG-isa da 

RRG+CEUG/POG-is, granatiani granitebi IAG+CFG+CCG/POG-isa da RRG+CEUG/POG-is, 

biotitian-rqatyuarian-alanitiani granitebi IAG+CAG+CCG-isa da RRG+CEUG/POG-is, 

xolo aliaskitebi  RRG+CEUG/POG granitebis velSi ganlagda. 

FeO*/(FeO*+MgO) diagramaze biotitiani granitebis figuruli wertilebis um-

ravlesoba RRG+CEUG/POG granitebis velSi, xolo nawili IAG+CAG+CCG grani-

tebis velSi ganTavsda. granatiani granitebi RRG+CEUG/POG granitebis velSi 

moxvda. biotitian-rqatyuarian-alanitiani granitebi RRG+CEUG/POG granitebis 

velSi ganTavsda, xolo oTxi wertili ganTavsda IAG+CAG+CCG granitebis velSi. 

aliaskitebis figuruli wertilebi RRG+CEUG/POG granitebis velSi ganlagda.  
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nax. 6. sxvadasxva geodinamikur pirobebSi Camoyalibebuli granitebis ganmsazRvreli 

diskriminaciuli diagramebi [13]. granitoidebi: IAG – kunZulTa rkalis, CAG – kon‐

tinenturi rkalis, CCG – kontinenturi koliziis, POG – postorogenuli, RRG – 

riftebTan dakavSirebuli, CEUG – kontinenturi epirogenuli azevebis, OP – okeanuri 

plagiogranitebi (pirobiTi niSnebi igivea, rac me-5 nax-ze) 

 

xramis kristaluri masivis gvianvariskul granitebSi r. kolemanis da z. do-

natos diagramaze (nax. 7) Rb da Sr Semcvelobis ganawilebis mixedviT: granatiani 

granitebis figuruli wertilebis nawili ganTavsda kontinentur trondiemitis 

velTan axlos, xolo nawili – uSualod velSi, aseve ganlagda biotitian-rqa-

tyuarian-alanitiani granitebis figuruli wertilebi, xolo biotitiani granitebi 

ki _ uSualod kontinentur trondiemitis velSi [14].  

 

 
 

nax. 7. kontinenturi trondiemitebis da okeanuri plagiogranitebis gansazRvra 

diskriminaciuli diagramis mixedviT [14] (pirobiTi niSnebi igivea, rac me-5 nax-ze) 

 

a. pirsis Nb-Y diagramaze (nax. 8) xramis kristaluri masivis gvianvariskuli 

granitebi VAG+synCOLG velSi ganTavsda, xolo Rb-(Y+Nb) diagramaze gvianvarisku‐

li granitebi moxvda VAG velSi [15]. 
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nax. 8. Nb-Y, Rb-(Y+Nb) granitebis diskriminaciuli diagrama. ORG – okeanuri qedis, 

WRG  – Sigafilaqnuri, VAG – kunZulTa rkalis da synCOLG – koliziuri granitebi [15] 

(pirobiTi niSnebi igivea, rac me-5 nax-ze) 
 

Rb/Sr-SiO2 diagramaze (nax. 9) xramis kristaluri masivis gvianvariskuli gra-

nitebis yvela saxesxvaoba qerqis zeda nawilis gamyof velTan ganTavsda [16]. 
 

 
nax. 9. Rb/Sr-SiO2-is diskriminaciuli diagrama [16] (pirobiTi niSnebi igivea, rac me-5 nax-ze) 

 

xramis kristaluri masivis gvianvariskuli granitebis petrogeoqimiuri maxa-

siaTeblebis 1-li da me-2 cxrilebis saSualo monacemebis Sedareba s. teiloris 

da s. maklenanis [17] qveda da zeda qerqul warmonaqmnebTan cxadyofs, rom Seswav-

lili granitoidebi Tavisi maxasiaTeblebiT upiratesad Seesabameba zeda qerqul 

warmonaqmnebs (cxrili 5). 

cxrili 5 

xramis kristaluri masivis gvianvariskuli granitebis saSualo petrogeoqimiuri  

maxasiaTeblebis Sedareba zeda da qveda qerqul granitoidebTan s. teiloris da 

s. maklenanis mixedviT [17] 

 

* I – granatiani, II – biotitiani, III – biotitian-rqatyuarian-alanitiani, IV – kvarcpo-

rfir-granitporfirebi. 

qimiuri 

elementebi 

qerqis qveda 

nawili 

qerqis zeda 

nawili 

xramis kristaluri masivis gvianvariskuli da 

zeda paleozouri warmonaqmnebi (granitebi)* 

I II III IV 

SiO2 54,40% 66% 70,91% 71,10% 67,80% 76.14 % 

Al2O3 16,10% 15,20% 14,40% 14,45% 14,47% 12.66% 

K 0,28% 2,80% 2,75% 3,18% 2,30% 4,43 % 

K/Rb 530 250 304 292 307 295 

Rb/Sr 0,023 0,32 0,39 0,44 0,30 1,51 
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daskvna 

xramis kristaluri masivis  gvianvariskuli granitebis iSviaTi da iSviaTmiwa 

elementebis Semcvelobebis da qanmaSeni mineralebis mikrozonduri da mikros-

kopuli kvleva cxadyofs, rom gvianvariskuli granitoidebis sawyisi da, Sesa-

bamisad, yvelaze maRaltemperaturuli faza biotitian-rqatyuariani saxesxvaobiT 

aris warmodgenili. igi mis momyol biotitian da biotitian-granatian saxesxva-

obebTan SedarebiT naklebi raodenobiT Seicavs SiO2-sa da K2O-s da ufro gam-

didrebulia FeO-Ti da MgO-Ti. granitwarmoqmnis procesi mTavrdeba aliaskituri 

faziT, sadac SesamCnevad gazrdilia SiO2-is raodenoba da Semcirebulia femuri 

komponentebi. 

rogorc zemoT aRvniSneT, zogierT mkvlevars miaCnda, rom granatian grani-

tebSi granati asimilaciuri warmoSobisaa, rac ganpirobebuli iyo granituli 

magmis mier Tixovani qanebis asimilaciiT. Cveni monacemebiT, es ar dasturdeba. 

kerZod, Al2O3-is raodenoba granatian granitebSi iseTivea, rogoric biotitian-

rqatyuarian da biotitian granitebSi. qanebSi ar fiqsirdeba hibriduli grani-

tebisTvis damaxasiaTebeli TiO2-is maRali Semcveloba (0.5_0.69) [8]. aseve ar 

fiqsirdeba kontaminirebuli granitebisTvis CaO-s momatebuli raodenoba, rome-

lic 32.5 %-ia, xolo arakontaminirebulSi _ 0.7_45 %; magniumis Semcveloba da 

spesartinuli molekula 5 %-mdea Semcirebuli.  

petro-geoqimiuri da mineralogiuri monacemebi adasturebs, rom gvianva-

riskuli granitebi miekuTvneba maRalTixamiwian kir-tute seriis qanebs. isini 

upiratesad warmodgenilia I tipis granitoidebiT, aliaskitebi da kvarcporfirebi 

ki A tipis granitoidebs miekuTvneba, xolo formirebis geodinamikuri pirobebis 

mixedviT, kunZulTa rkalur granitebs Seesabameba. maTi sawyisi magma qerqis zeda 

da qveda nawilebis gamyof sazRvarTan yalibdeboda, sadac didi roli Seasrula 

qerqis zeda nawilis qanebma, razec miuTiTebs Rb/Sr Tanafardoba. 
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GEOLOGY 
 
 

ABOUT  THE GENESIS OF LATE VARISCAN GRANITES OF THE KHRAMI 
CRYSTALLINE MASSIF  

G. Beridze, I. Javakhishvili 

(Al. Janelidze Institute of Geology of I. Javakhishvili Tbilisi State University) 

 

Resume: The paper deals with the conditions of the Khrami crystalline massif Late Variscan granite-
formation based on petrologic-geochemical and mineralogical study and microprobe analysis of accessory 
minerals garnet and allanite. The researches established two generations of K-feldspar in granites formed – 
magmatic and post-magmatic. It was stated, that allanites of the Khrami massif granites belong to the Ce 
variety with high Ce2O3, La2O3 and Nd2O3 content. Its formation is induced by high REE concentration in 
granite magma and the delivery of Ca by hydrothermal solutions. The garnet is of zonal character: its core 
formed at the magmatic stage in paragenetic association Bt+Pl+Ort+Grt+Qrt and its peripheral part at the 
post-magmatic stage of granitic magma cooling in the paragenesis -Ab+Mikr+Grt+Qrt±Ms. Garnet-
formation was not connected with the assimilation events, as it was believed earlier. The initial, 
correspondingly the most high temperature phase of granites is represented by biotite-hornblende bearing 
varieties. To the following phases of granite-formation corresponds biotite- and biotite-garnet bearing 
varieties. This process is terminated by the alaskite phase. 

 

Key words: allanite; garnet; granite genesis; scapolite.  
 
 
 
 

ГЕОЛОГИЯ 
 
 

О ГЕНЕЗИСЕ ПОЗДНЕВАРИЙСКИХ ГРАНИТОВ  ХРАМСКОГО 
КРИСТАЛЛИЧЕСКОГО МАССИВА 

Беридзе  Г. М.,  Джавахишвили  И. Р. 

(Институт геологии  им. Ал. Джанелидзе, Тбилисский государственный университет им. И. Джа-

вахишвили) 

 

 Резюме. Рассмотрены условия формирования поздневарийских гранитов Храмского крис-
таллического массива на основе изучения их петрохимических и минералогических параметров, а 
также микрозондового исследования акцесорных минералов – граната и алланита. Установлено, что в 
гранитах развиты две генерации калиевых полевых шпатов – магматическая и постмагматическая. 
Установлено, что алланиты гранитов Храмского массива относятся к насыщенным Ce2O3, La2O и 
Nd2O3 церием разновидностям, появление которых обусловлено высоким содержанием редко-
земельных элементов в гранитной магме и привносом кальция гидротермальными растворами. 
Гранат зонального характера: ядро образовалось на магматической стадии в парагенетической 
ассоциации – Bt+Pl+Ort+Grt+Qrt, а периферия развита на постмагматической стадии в парагенезисе - 
Ab+Mikr+Grt+Qrt±Ms. Формирование граната не связано с явлением ассимиляции, как считали ранее. 
Начальная гранитовая и самая высокотемпературная фаза представлена биотит-рогово-обманковыми 
разновидностями. За ними следуют биотитовые и биотит-гранатовые разновидности, а процесс 
гранитообразования оканчивается аляскитовой фазой. 

 

Ключевые слова: алланит; генезис гранитов; гранат; скаполит. 
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garemos dacva 

 

 

 

biokoroziis gamomwvevi mikroorganizmebis fiziologiuri jgufebis 

gansazRvra sareabilitacio milsadenis liTonis milebze da maTi  

ganTavsebis gruntSi (diRmis velze) 

TinaTin ZaZamia, †uCa zviadaZe, marine mardaSova, zurab kakulia, dali 

CutkeraSvili, ludmila Rlonti 

(saqarTvelos teqnikuri universitetis hidrogeologiisa da sainJinro geologiis 

instituti) 

 

 

reziume: Seswavlilia koroziis gamomwvevi mikroorganizmebis (gogirdis baqte-

riebi, rkinis damJangveli, sulfatmareducirebeli baqteriebi da obis sokoebi) Sem-

cveloba tranSeis gruntis sxvadasxva monakveTze; gansazRvrulia maTi Tvisebrivi ma-

xasiaTeblebis kavSiri gruntis qimiur Sedgenilobasa da fizikur Tvisebebs Soris; 

dadgenilia gamovlenili mikroorganizmebis roli rkinis milebze koroziuli pro-

cesebis ganviTarebaSi, maTi raodenobriobis gavlena biokoroziis xarisxsa da mis 

mimdinareobaze. 

 

sakvanZo sityvebi: biokorozia; organuli mJavebi; remediacia; fermentebi. 

 

 

Sesavali  

liTonTa korozias bevri faqtori ganapirobebs. pirvel rigSi es aris gruntis, 

rogorc garemos, agresiuloba, romelic gruntSi moTavsebulი liTonis konstruq-

ciebisa da miwisqveSa komunikaciebis (milsadenebi, miwisqveSa rezervuarebi, kabelebi 

da a.S.) koroziul daSlas iwvevs. am uaryofiTi faqtorebis warmmarTveli da mTavari 

moqmedi Zala mikroorganizmebia.  

liTonTa korozia, romelsac cocxali organizmebi da maTi cxovelmyoflobis 

produqtebi iwveven, liTonTa “biokoroziis” saxelwodebiTaa cnobili. koroziis 

gamomwvevia mikroorganizmebis rogorc aerobuli, ise anaerobuli formebi.  

gansakuTrebuli agresiulobiT gamoirCeva grunti, radgan is mravali komponen-

tisagan Sedgeba. gruntis agresiulobas bevri parametri gansazRvravs. maTgan mniS-

vnelovania tenianoba, wyalbadionebis koncentraciis maCvenebeli _ ,pH forianoba da 

sxv. Waobiani, torfiani da Tixnari gruntebi gamoirCeva maRali tenianobiT, wylis ma-

ragis didi xniT SenarCunebis unariT, lpobis procesebis intensiuri mimdinareobiT, 

rac gruntSi organuli mJavebis dagrovebas iwvevs. es ukanaskneli dabla swevs pH -
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is sidides, aZlierebs liTonebis zedapirze koroziuli procesebis ganviTarebas da 

faqtobrivad gamoricxavs koroziebuli adgilebis remediaciis SesaZleblobas. 

biokoroziis procesSi mikroorganizmebi arsebobisaTvis gansxvavebuli sakvebis 

saxiT iyeneben sawarmoo masalas – როგორც liTonebs, aseve plastmasis, laqsaReba-

vebisa da sxvaTa narCenebs, xolo maTi `kolonizaciis~ Sedegad saprofitebi qmnian 

sxvadasxva saxeobis baqteriebis krebsiT jgufebs da xels uwyoben teqnofiluri so-

koebis dagrovebas garkveul ekologiur niSaSi, sadac maTi zemoqmedebiT mravali 

uaryofiTi faqtoris gavrceleba da tiraJireba xdeba [1]. 

mravalricxovan da mravalferovan yvela bioqimiur reaqciaSi, romlebic nivTi-

erebaTa cvlasTan dakavSirebiT cocxal organizmSi mimdinareobs, fermentebi mona-

wileobs. 

obis sokoebis mier liTonis nakeTobebisa da masalebis biodazianeba umetes Sem-

TxvevaSi ganpirobebulia sokoebis miceliumis ganuwyveteli zrdiT, rac liTonebis 

meqanikur daSlas iwvevs, xolo ZiriTadi damazianebeli faqtori aris fermentebisa 

da sxvadasxva mJavas zemoqmedeba, baqteriebis agresiuli moqmedeba  ki pirvel rigSi 

Tavs iCens mikroorganizmebis metabolizmis produqtebSi (fermentebi, mineraluri da 

organuli mJavebi da nivTierebaTa cvlis sxva produqtebi). amasTan, baqteriebis arse-

bobisTvis metad mniSvnelovania aucilebeli gacvliTi reaqciebis dros dafiqsi-

rebuli sxvadasxva elementisa da naerTis gamoyofis pirobebi – anaerobuli da aero-

buli garemo, ,pH  Jangva-aRdgeniTi potenciali da a.S. [2]. 

yovel baqteriasa Tu sokos axasiaTebs mravalnairi fermentis kompleqsi, rome-

lic garkveul garemoSi asrulebs SerCeviT bioqimiur moqmedebas, monawileobs bu-

nebaSi nivTierebaTa wrebrunvis procesebSi da amavdroulad ekosistemaze destruq-

ciul zemoqmedebaSic. liTonebis koroziasa da daSlaSi gansakuTrebul rols asru-

lebs Jangva-aRdgeniTi fermentebi, anu oqsidoreduqtazebi [3, 4].  

didi raodenobiT organuli mJavebis sinTezirebas axdens sokoebi, maT Soris 

obis sokoebi Aspergillus da Penicillium [2].  

rac Seexeba liTonebis baqteriul korozias, is ufro naklebad agresiulia, Tu-

mca gacilebiT didi moculobisaa imis gamo, rom baqteriebi, romlebic liTonebis 

destruqcias axdenen, SedarebiT advilad mravldebian garemo pirobebis xSiri cva-

lebadobis pirobebSic ki da  ufro intensiurad gamoyofen agresiul metabolitebs 

– organul naerTebs, maT Soris organul mJavebs, fermentebs, mineralur mJavebs da 

a.S. [1]. 

 

 

ZiriTadi nawili  

milsadenebis koroziisagan dasacavad aucilebelia im mikroorganizmTa rao-

denobis gansazRvra, romlebic warmoadgenen ZiriTad pasuxismgebel mikrofloras da, 

romlebic ganapirobeben biokoroziis gavrcelebas milebis gare zedapirze, rac 

iwvevs liTonTa simtkicis rRvevas [6]. 
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am miznis misaRwevad Cven SevarCieT mikroorganizmTa sami ZiriTadi jgufi, 

romlebic xasiaTdeba maRali agresiulobiT liTonebis mimarT da miekuTvneba erTma-

neTisagan gansxvavebul klasebs. eseni arian obligaturi anaerobuli sulfat-

aRmdgeni baqteriebi, obligaturi da fakultatiuri aerobuli rkinis baqteriebi da 

obis sokoebi. 

analizisTvis SerCeul iqna milis mimdebare gruntis 6 nimuSi da milze arse-

buli daJanguli, koroziebuli masalis 3 nimuSi.  

mikroorganizmTa sxvadasxva fiziologiuri jgufis Seswavla xdeboda standar-

tuli kvlevis meTodebis gamoyenebiT [3, 5].  

sulfatreduqtori baqteriebis kvleva mimdinareobda van-deldenis Txevad sakveb 

areze, romlis pH =7.0, xolo inkubaciis periodi  28–30 0C temperaturis pirobebSi 8 

– 10 dRe grZeldeba.   

rkinis mJangavi baqteriebis Semcveloba sakvlev nimuSebSi gansazRvrul iqna vi-

nogradskis sakveb areze. aris reaqcia – pH =5,5–6.0. inkubaciis periodi xangrZlivia 

da 10 – 15 dRes moicavs.  

liTonebis biokoroziis gamomwvevi erT-erTi Zlieri agentia obis sokoebi. sakv-

lev obieqtze aRebul saanalizo nimuSebSi obis sokoebis raodenobisa da im domi-

nanturi jgufebis gamosavlenad, romelTa destruqciuli moqmedebis Sedegad liTo-

nis milebis koroziuli dazianeba xdeba, SeirCa obis sokoebis kvlevisaTvis gankuTv-

nili eleqtiuri sinTezuri Capekis sakvebi are. are agarizebulia da myari, romlis 

pH meryeobs 3.5 – 4.5 Soris. inkubaciis temperaturaa 25 – 28 0C, xangrZlivoba _ 5 – 8 

dRe.  

milsadenis Zveli, koroziebuli milebis gamocvlis gamo aucilebeli gaxda 

koroziis gamomwvevi mizezebis dadgena, destruqciuli faqtorebis aRmofxvris SesaZ-

leblobebis gansazRvra da Semdeg koroziis sawinaaRmdego RonisZiebebis daxvewa da 

gaumjobeseba.  

300 m sigrZisa da 2.0 _ 2.5 m siRrmis tranSeaSi umetes SemTxvevaSi gaSiSvlebu-

lia Zveli, daJanguli milebi; SerCeulia wertilebi, saidanac analizebisaTvis amo-

Rebul iqna gruntis nimuSebi, xolo TviT koroziebuli milebis zedapiridan – 

Jangis nimuSebi, anu daJanguli masala. 

gruntisa da Jangebis vizualuri, qimiuri, meqanikuri da sainJinro-geologiuri 

maxasiaTeblebi dawvrilebiTaa aRwerili avtorTa mier gamoqveynebul statiebSi [7, 8], 

amitom SemovifargleT mxolod nimuSebis aRebis wertilebSi Catarebuli gruntis 

Sedgenilobis laboratoriuli kvlevis Sedegebidan amokrefili zogadi, saWiro pa-

rametrebis moZiebiT. es saSualebas gvaZlevs avxsnaT da dawvrilebiT gavaanalizoT 

monacemebi, romlebic miRebulia mikroorganizmTa sxvadasxva fiziologiuri jgufis 

Seswavlis Sedegad. 

1-l cxrilSi mocemulia gruntisa da Jangis gamonatutebis qimiuri analizis 

zogierTi maCvenebeli, romlebic uSualodaa dakavSirebuli Cven mier cdebisaTvis 

SerCeuli gogirdovani naerTebis aRmdgeni, rkinis damJangavi baqteriebisa da obis 

sokoebis fiziologiur TaviseburebebTan da garemos ekologiuri pirobebis cva-

lebadobasTan.   
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cxrili 1 

gruntisa da Jangis gamonatutis qimiuri analizis zogierTi maCvenebeli 

 

# 
nimuSis da gruntis 

dasaxeleba 

w
ya
l
b
ad

io
ne
b
is

 

ko
nc

en
t
r
ac

ia
 

s
ae
r
T
o
 

mi
ne
r
al

iz
ac

ii
s
 

ma
Cv
en
eb

el
i 

azoti 

sulfat-

ioni 

am
ia
ku

r
i 

 

ni
t
r
at

u
l
i 

gruntis gamonatutebidan miRebuli Sedegi 

1 nimuSi 1 – erTgvarovani Tixa  5,40 0,76 1,20 27,80 0,46 

2 
nimuSi 2 – xreSkenWebiani 

Tixa 
6,10 0,99 7,60 67,60 0,64 

3 
nimuSi 3 – xreSkenWebiani 

Tixa,  rbilplastikuri 
5,70 1,00 12,10 45,10 0,71 

4 
nimuSi 4 – RorRiani, naxevrad 

magari Tixa  
5,90 0,18 0,20 20,30 0,07 

5 

nimuSi 5 – TabaSirisa da 

karbonatebis Semcveli 

Tixnari 

6,10 1,00 0,,15 8,50 0,67 

6 
nimuSi 6 – kenWebis 

CanarTebiani Tixnari  
5,50 0,16 0,14 12,60 0,07 

Jangis gamonatutidan miRebuli Sedegebi 

7 Jangi 1 5,50 0,55 5,40 17,80 0,32 

8 Jangi 2 5,40 0,35 2,80 21,70 0,18 

9 Jangi 3 5,50 0,24 1,30 12,10 0,10 

   

warmodgenili gruntisa da Jangis qimiuri maCveneblebi umeteswilad gansazRv-

ravs baqteriebisa da sokoebis Semcvelobas saanalizo nimuSebSi, maT Tvisebriv gan-

sxvavebebs da garemo pirobebis cvalebadobisadmi adaptaciis unars, rasac adas-

turebs Cven mier Seswavlili biokoroziis gamomwvevi jgufis mikroorganizmebis 

raodenobrivi monacemebi (cxrili 2). 
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rogorc cxrilis monacemebiT irkveva, gogirdis naerTebis aRmdgeni baqteriebi 

ZiriTadad sulfataRmdgeni mikroorganizmebis saxiT didi raodenobiT gvxvdeba gru-

ntis da Jangis saanalizo nimuSebSi. gruntis zogierT nimuSSi (2, 3, 5) maTi rao-

denoba 2 – 3 mln-s aWarbebs, xolo gamonatutebis mineralizacia 1 g/l-is tolia, rac 

agresiulobis aRmdgeni baqteriebis maRal xarisxze miuTiTebs. aRsaniSnavia isic, 

rom am nimuSebSi maRalia sulfationebis koncentraciac. 

meqanizmi, romliTac es mikroorganizmebi moqmedeben, dakavSirebulia anaero-

biozisis arsebobasTan im ekologiur niSaSi, sadac sulfataRmdgeni baqteriebi 

binadroben. liTonTa koroziis gamomwvevi sulfataRmdgeni baqteriebi Spirillum 

Desulfuricans, Sporovibrio Desulfuricans anaerobul pirobebSi iwveven rkinis korozias, 

gadahyavT is rkinis sulfidSi (FeS), romelic substrats Sav fers aZlevs.  

gruntSi orvalentiani rkinisa ( Fe ) da nitratebis arsebobis pirobebSi aero-

buli da anaerobuli fazebis monacvleobis procesSi erTveba rkinis baqteriebic, ko-

rozia Zlierdeba da azianebs wylis milgayvanilobas, rac safrTxes uqmnis mosax-

leobis sufTa wyliT momaragebas [1, 6]. 

gogirdis daJangvaSi aqtiurad monawileobs agreTve niadagSi farTod gavrce-

lebuli avtotrofuli gogirdis baqteriebis specifikuri jgufi, romelic Tionuri 

baqteriebis saxeliTaa cnobili. isini gram-uaryofiTi, mcire zomis moZravi mik-

robebi arian, maTi mravali saxeoba miekuTvneba Thiobacillus-is erT gvars [9]. gogir-

dovani baqteriebi sakmaod bevria Jangis nimuSebSic. aqac ikveTeba maT Semcvelob-

asTan mineralizaciis sididisa da sulfationebis koncentraciis pirdapiri damo-

kidebuleba. 

rogorc zemoT aRvniSneT, rkinis baqteriebis monawileoba gogirdwyalbadis Jan-

gvis procesSi aaqtiurebs liTonebis korozias, rac am baqteriebis Seswavlisadmi 

garkveul interesebTan aris dakavSirebuli. rkinis mJangav baqteriebze dakvirvebam 

cxadyo, rom es mikroorganizmebi sakmao raodenobiT gvxvdeba sakvlev nimuSebSi, gan-

sakuTrebiT koroziebuli milebidan aRebul Jangis nimuSebSi.  

liTonis nakeTobebis farTod gavrcelebuli korozia warmoadgens eleqtroqi-

miur process, romelic Zlierdeba rkinis, Tionuri da sulfataRmdgeni baqteriebis 

zemoqmedebiT [2, 5]. 

im mravalricxovan mikroorganizmTa Soris, romlebic liTonebis biokorozias 

ganapirobeben, aucilebelia aRiniSnos baqteriebis ori Zalian agresiuli jgufi: er-

Tia zemoT naxsenebi avtotrofuli mikroorganizmebi _ Thiobacillus, romelTa korozi-

uli zemoqmedeba xorcieldeba maTi cxovelmyofelobis produqtebis, mJavebis war-

moqmnis gamo, xolo meore – anaerobebi Desulfovibrio-s gvaridan. isini gogirdwyalbadis 

producentebi arian, rac Zalian aaqtiurebs koroziul procesebs, gogirdwyalbadu-

ri korozia sulfatreduqtori baqteriebis metabolizms ukavSirdeba [6]. 

swored sulfatreduqtori baqteriebis mier Seqmnil mJave areSi viTardeba av-

totrofuli rkinis mJangavi baqteria Thiobacillus-is gvaridan, romelTa sxvadasxva saxe-

oba aqtiurad Jangavs orvalentiani rkinis ( Fe ) qveJangs  samvalentiani rkinis  



51 
 

( Fe ) Jangamde, ufro xSirad ki aerobul da tenian garemoSi _ rkinis Jangis hidra-

tamde 3( )Fe OH
 
[1]. 

aqedan gamomdinare, cxadi xdeba, rom bunebaSi mikroorganizmebis mier ganxorci-

elebuli procesebi, maT Soris koroziac, baqteriebis sxvadasxva taqsonomiuri jgu-

febis urTierTkavSiriT da monacvleobiT mimdinareobs. 

rkinis mJangav baqteriaTa Soris Jangvis procesebis intensiurobiT gamoirCeva 

baqteriebi Gallionella ferruginea-s gvaridan. isini saprofitebi arian da gansakuTrebiT 

kargad mravldebian iseT substratebze, romlebSic maTTvis aucilebeli mineraluri 

azoti warmodgenilia amiakuri da nitratuli saxiT. 

Gallionella-s koloniebi Sedgeba Zalian wvrili Reroebisagan, romelTa boloebze 

ganlagebulia burTisebri pawawina ujredebi. kvlevis Sedegebidan irkveva, rom im ni-

muSebSi, sadac metia amiakuri da nitrituli azotis Semcveloba, didia rkinis 

baqteriebis raodenobac, rasac me-2 cxrilis monacemebic adasturebs.  

biokoroziis gamomwvev agresorTa Soris, rogorc wesi, sokoebsac moixsenieben. 

Cven mier gamokvleuli sokoebi miekuTvneba CanTosani sokoebis Ascomycetes-is klass, 

Plectascales-is rigs, anu obis sokoebs, xolo maTi ZiriTadi warmomadgenlebia Aspergillus 

da Penicillium sporawarmomqmneli sokoebi.  

Tavisi aqtiurad mzardi hifebis saSualebiT es sokoebi erTmaneTs awebebs grun-

tis fxvier nawilakebs, romlebic mWidrod ekvris rkinis milebs da Tavisi meta-

bolizmis produqtebiT iwvevs korozias. 

Tu davakvirdebiT kvlevis Sedegebs, amiakuri azotis Semcveloba gruntis 

nimuSebSi SedarebiT dabalia, rac gruntis TiTqmis yvela saanalizo nimuSSi erT-

mniSvnelovnad ukavSirdeba obis sokoebis raodenobriv maCveneblebs. 

rac Seexeba Jangis nimuSebs, miuxedavad imisa, rom isini aRebulia Zveli, amor-

tizebuli milis gaSiSvlebuli zedapiridan, rac namdvilad ar Seesabameba sokoebis 

gamravlebisa da ganviTarebis optimalur pirobebs, obis sokoebis Semcveloba Jangi 

1-isa da Jangi 2-is nimuSebSi sakmaod maRalia da milions aWarbebs. 

asobiT aTasi soko amoiTesa Jangi 3-is nimuSidan, Tumca misi raodenoba Jangis 

sxva nimuSebTan SedarebiT TiTqmis 3-jer naklebia. sayuradReboa, rom Jangis es 

nimuSi aRebul iqna dazianebuli gudronis qveS gaSiSvlebuli, magram jer kidev 

miwaSi myofi milis gverdiTa zedapiridan. savaraudod, Jangbadis deficitis gamo 

obis sokoebis gamravleba limitirebuli iyo, rasac xeli sulfataRmdgeni da Tio-

nuri baqteriebis simciremac Seuwyo. 

rogorc irkveva, gruntis nimuSebSi biokoroziis gamomwvevi agresiuli mikro-

flora warmodgenilia gogirdis aRmdgeni da rkinis mJangavi mikroorganizmebiT, ra-

sac am baqteriebis didi raodenobiT arseboba adasturebs. 

aqve unda aRiniSnos isic, rom sakvlev obieqtebSi koroziuli procesebis gamom-

wvevi mikroorganizmebis ojaxebis CamoTvla varaudis donezea da moixsenieba, ro-

gorc dominanturi jgufebi. amis mizezia is, rom Cven ar Cagvitarebia cdebis Sedegad 

gamovlenili mikrofloris saxeobrivi identifikacia da SemovifargleT mxolod Se-

sabamisi koloniebis vizualuri da mikroskopuli kvlevis SedegebiT. 
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daskvna 

yovelive zemoaRniSnuli cxadyofs, rom liTonTa biokorozia, romelsac sxva-

dasxva ojaxis warmomadgeneli mikroorganizmebi iwveven, ganyenebuli procesi ar 

aris. igi gamomdinareobs TviT am mikrobebis fiziologiuri Taviseburebebidan da 

garemo faqtorebis zemoqmedebis Sedegebidan. 

liTonTa mimarT mikroorganizmebis agresiulobis xarisxi cvalebadia da uSu-

alod ukavSirdeba drois im monakveTSi arsebuli biologiuri da ekologiuri para-

metrebis gadaxras ama Tu im mimarTulebiT. amitom liTonebis, kerZod ki milsa-

denebis, koroziisagan dacvis meTodi SeiZleba iyos mxolod kompleqsuri. 
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ENVIRONMENTAL PROTECTION 
 
 

DETERMINATION OF MICRO-ORGANISM’S PHYSIOLOGICAL GROUPS CAUSING 
BIOLOGICAL CORROSION IN METAL PIPES OF REHABILITATIVE PIPE-LINE AND 
IN THE SOIL OF THEIR PLACEMENT  
(DIGOMI VALLEY) 

T. Dzadzamia, †U. Zviadadze, M. Mardashova, Z. Kakulia, D. Chutkerashvili,  L. Glonti 

(Institute of Hydrogeology and Engineering Geology of Georgian Technical University) 

 
Resume: There is studied the content of micro-organisms in the different sections of the trench soil, 

correlation between the characteristic properties of microbes and physico-chemical composition of the soil.The 
role of selected bacteria and fungus in the development of corrosion processes in metal pipes, the their number 
impact on the degree of metals biodamages and on the flow processes of biocorrosion are installed. 

 
Key words: biocorrosion; enzymes; organic acids; remediation. 

 
 
 
 

ОХРАНА ОКРУЖАЮЩЕЙ СРЕДЫ 

 
 

ОПРЕДЕЛЕНИЕ ФИЗИОЛОГИЧЕСКИХ ГРУПП МИКРООРГАНИЗМОВ, 

ВЫЗЫВАЮЩИХ БИОКОРРОЗИЮ В МЕТАЛЛИЧЕСКИХ ТРУБАХ  
РЕАБИЛИТИРУЕМОГО ТРУБОПРОВОДА И В ГРУНТЕ ИХ РАЗМЕЩЕНИЯ  

(ДИГОМСКАЯ ДОЛИНА) 

Дзадзамия Т. Д., †Звиададзе У. И., Мардашова М. Л., Какулия З. Г.,  

Чуткерашвили Д. Г.,  Глонти Л. Е. 

(Институт гидрогеологии и инженерной геологии Грузинского технического университета) 

 
 Резюме. Изучено содержание микроорганизмов  на различных участках грунта траншеи, 

определена связь между характерными свойствами микробов и физико-химическим составом грунта. 
Установлена роль выделенных бактерий и грибков в развитии коррозионных процессов в железных 
трубах, влияние их численности на степень биоповреждения металлов и на процессы протекания 
биокоррозии. 

 
 Ключевые слова: биокоррозия; органические кислоты; ремедиация; ферменты. 
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Tbilisisa da rusTavis mosaxleobis asakobriv-sqesobrivi 

struqturis ganmsazRvreli faqtorebi  

giorgi melaZe, nodar elizbaraSvili 

(iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti) 

 

 

reziume: mosaxleobis asakobriv-sqesobrivi struqtura mravali faqtoriTaa 

ganpirobebuli. am faqtorTagan aRsaniSnavia: axalSobil vaJebsa da gogonebs So-

ris Tanafardoba, mamakacebisa da qalebis gardacvalebaTa doneebs Soris gansxva-

veba da migracia. 

Tbilisisa da rusTavis mosaxleobis Tanamedrove asakobriv-sqesobrivi stru‐

qtura demografiuli gadasvlis procesSi evoluciuri cvlilebebis Sedegad Camo‐

yalibda, rogorc Sobadobisa da mokvdaobis globaluri Semcirebis da pertur‐

baciuli procesebis zemoqmedebis Sedegi, romelic dakavSirebuli iyo gasuli sa‐

ukunis ekonomikur da socialur katastrofebTan. 1990-ian wlebSi saqarTveloSi 

mkveTrad gauaresda Sobadobisa da mokvdaobis maCveneblebi, farTo masStabebs 

miaRwia gare migraciam. aRniSnulma procesebma Tbilisisa da rusTavis mosaxle‐

obis asakobriv-sqesobrivi struqturis mniSvnelovani cvlilebebi gamoiwvia. 

2002 da 2014 wlebis aRweraTSorisi periodi gamoirCeoda mosaxleobis da-

berebis procesiT. TbilisSi 15 wlamde asakis bavSvebis wili 0.4, xolo rusTavSi 

1.9 %-iT Semcirda. aRniSnul periodSi 65 wlisa da ufro meti asakis xandazmul-

TaAwili Tbilissa da rusTavSi, Sesabamisad, 1.5 da 1.0 %-iT  gaizarda.  

aRweraTSoris periodSi mamakacebis raodenoba ganuxrelad iklebda. 2014 

wlis aRweris monacemebis mixedviT, mamakacebis raodenobam TbilisSi yovel 1000 

qalze 946 Seadgina, xolo rusTavSi _ 917. 

analizis Sedegebis mixedviT, TbilisSi mosaxleobis asakobriv-sqesobrivi 

struqturis cvlilebaSi gadamwyvet rols migraciuli procesebi asrulebda, 

rusTavis SemTxvevaSi ki migraciul procesebTan erTad sagrZnobi iyo mosaxle-

obis bunebrivi matebis wvlilic. 

 

sakvanZo sityvebi: asakobriv-sqesobrivi struqtura; migracia; mokvdaoba; Sobadoba. 

 

 

Sesavali 

qveyanaSi mimdinare demografiuli procesebi da misi ganmsazRvreli faqto-

rebi udides zegavlenas axdens mosaxleobis asakobriv-sqesobrivi struqturis Ca-

                                                 
 aRniSnuli proeqti  ganxorcielda SoTa rusTavelis saxelobis erovnuli samecniero 
fondis finansuri  xelSewyobiT (granti № FR /142/ 9 – 280 /13). winamdebare publikaciaSi 
gamoTqmuli nebismieri azri ekuTvniT avtorebs da SeiZleba ar asaxavdes SoTa 
rusTavelis saxelobis erovnuli samecniero  fondis Sexedulebebs. 
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moyalibebaze. Tavis mxriv, es ukanasknelic gansazRvravs arsebuli demografiuli 

viTarebis Camoyalibebasa da mimdinare demografiul procesebs, ramac mosaxleo-

bis asakobriv-sqesobrivi struqturis mixedviT, SesaZlebelia qveynis demografiu-

li ganviTarebis istoria warmogvadgeninos. 

aRniSnuli struqturis cvlilebebsa da mis Camoyalibebaze sami umTavresi 

faqtori axdens zemoqmedebas: 

1. axalSobil vaJebsa da gogonebs Soris arsebuli Tanafardoba (romelic mudmi-

via da yovel 100 axalSobil gogonaze 105_106 vaJi modis); 

2. qveyanaSi arsebuli qalebisa da mamakacebis mokvdaobis done; 

3. migraciuli procesebi. 

 

 

ZiriTadi nawili  

mosaxleobis asakobriv-sqesobrivi struqturis evolucia garkveul kavSirSia  

demografiuli gadasvlis fazebTan.  

 pirvel fazaSi mosaxleobis saerTo raodenobaSi izrdeba bavSvebis rogorc ab-

soluturi raodenoba, aseve maTi wili, rac ganpirobebulia Sobadobis maRal 

doneze SenarCunebis pirobebSi mokvdaobis klebiT axalgazrda da gansakuTre-

biT bavSvTa asakSi. aRniSnul fazaSi saerTo demografiuli datvirTva dabal 

donezea da TiTqmis mTlianad  bavSvebis raodenobiT ganisazRvreba; 

 meore fazaSi Sobadobis klebis Sedegad bavSvebis raodenoba mcirdeba, mozrdi-

li asakis mosaxleoba ki ganagrZobs matebas. Seqmnil viTarebaSi saerTo demog-

rafiuli datvirTvis maCvenebeli minimumamde mcirdeba. aRniSnuli mdgomareoba 

xelsayrelia qveynisaTvis, vinaidan iwvevs erT sul mosaxleze warmoebuli pro-

duqciis gazrdas, ris Sedegadac mosaxleoba iRebs e. w. ,,demografiul divi-

dends“; 

 mesame fazaSi Sobadobis klebis Sedegad mcirdeba 15-dan 65 wlamde asakis mo-

saxleobis raodenoba. aRniSnuli procesis paralelurad  progresulad matu-

lobs xandazmulTa raodenoba, rac mosaxleobis demografiul daberebas ganapi-

robebs. am ukanasknelis done mniSvnelovnadaa damokidebuli imaze, Tu ramdenad 

Semcirdeba Sobadoba. amasTan, rac ufro dabali iqneba misi done, miT meti iqne-

ba demografiuli datvirTva xandazmuli mosaxleobiT [1].  

demografiuli ganviTarebis TvalsazrisiT, Tanamedrove Tbilisis da rusTa-

vis mosaxleoba bolo – meoTxe fazis dasrulebis stadiaSia. aRniSnul fazaSi 

Sobadobisa da mokvdaobis maCveneblebi erTmaneTs uaxlovdeba da daaxloebiT 

13_14 %-is farglebSia.  

Tbilisisa da rusTavis mosaxleobis Tanamedrove asakobriv-sqesobrivi struq-

turis Camoyalibebaze zegavlena moaxdina  rogorc warsulSi, aseve uaxles istori-

aSi ganviTarebulma umniSvnelovanesma perturbaciulma movlenebma (msoflio masS‐

tabis omebma, gasuli saukunis 30-ian da 90-ian wlebSi momxdarma socialurma katak‐

lizmebma da sxv.).  

mosaxleobis asakobriv-sqesobrivi struqturis Sesaxeb informacias mosaxle-

obis sayovelTao aRwerebi iZleva.  



56 
 

2002 da 2014 wlebis mosaxleobis aRwerebs Soris periodSi mniSvnelovani 

cvlilebebi ganicada Tbilisis da rusTavis mosaxleobis asakobriv-sqesobrivma 

struqturam (cxrili 1). 

cxrili 1 

 

Tbilisisa da rusTavis mosaxleobis asakobriv-sqesobrivi struqtura 

2002 da 2014 wlebis mosaxleobis aRwerebis mixedviT* 
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2002 w. 2014 w. 2002 w. 2014 w. 
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a T a s i 

15 wlamde 210.5 107.8 102.7 205.8 106.5 99.3 26.5 13.6 40.1 26.0 13.5 12.5 

15-dan 65 

wlamde 
757.2 340.8 416.4 743.4 337.7 405.7 80.7 38.0 118.8 88.0 42.3 45.7 

65 welze 

meti 
113.8 39.8 74.0 129.1 44.0 85.1 9.2 3.6 12.8 11.1 4.1 7.0 

sul 1081.5 488.4 593.1 1078.3 488.2 590.1 116.4 55.2 171.6 125.1 59.9 65.2 

p r o c e n t i 

15 wlamde 19.5 22.1 17.3 19.1 21.8 16.8 22.7 24.6 23.3 20.8 22.5 19.2 

15-dan 65 

wlamde 
70.0 69.8 70.2 68.9 69.2 68.8 69.4 68.9 69.2 70.3 70.6 70.1 

65 welze 

meti 
10.5 8.1 12.5 12.0 9.0 14.4 7.9 6.5 7.5 8.9 6.8 10.7 

sul 100 100 100 100 100 100 100 100 100 100 100 100 
 

 

*saqstatis monacemebi 

 

cxrilidan ikveTeba is globaluri tendenciebi, romlebic Sobadobis kle-

biTa da 65 wlis da ufro meti asakis mosaxleobis matebiT gamoixateba. 2002 wels 

15 wlamde asakis bavSvebis wili TbilisSi 19.5 %-s Seadgenda, 2014 wlis aRweris 

Tanaxmad ki _ 19.1 %-s. 1.5 punqtiT gaizarda 65 welze meti asakis adamianTaAwili, 

romelmac 2014 wels 12 % Seadgina. rac Seexeba rusTavs, drois imave monakveTSi 15 

wlamde asakis bavSvebis wili 1.9 punqtiT Semcirda, xolo 2014 wels 20.8 %-is 

toli iyo. 65 wlis da ufro meti asakis mosaxleobis wili 1 punqtiT gaizarda da 

ukanaskneli aRweris monacemebiT 8.9 %-s miaRwia. 

rogorc aRvniSneT, asakobriv-sqesobrivi struqturis CamoyalibebaSi gadam-

wyvet rols asrulebs mosaxleobis bunebrivi mateba (Sobadobisa da mokvdaobis 

maCveneblebs Soris sxvaoba) da migraciuli procesebi. Cven mier Catarebuli gamo-

kvlevebis safuZvelze 2002_2015 wlebSi, zemoaRniSnuli procesebis zegavlenis 

Sedegad, orive qalaqSi mosaxleobis met-naklebi kleba-matebis tendencia dafiq‐

sirda (cxrili 2). 
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cxrili 2 

 

Tbilisisa da rusTavis mosaxleobis raodenobis dinamika da saerTo matebis    

komponentebis absoluturi monacemebi 2002_2015 wlebSi* 
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2002 1073.4 -2500 4592 -7092 116.4 -884 -46 -838 

2003 1070.9 -900 4211 -5111 115.5 -500 62 -562 

2004 1070 1500 -107 1607 115.0 500 344 156 

2005 1071.5 23600 1630 21970 115.5 2700 243 2457 

2006 1095.1 -2200 1319 -3519 118.2 -300 94 -394 

2007 1092.9 13600 2089 11511 117.9 -600 110 -710 

2008 1106.5 100 3073 -2973 117.3 100 368 -268 

2009 1106.6 15700 4167 11533 117.4 2100 405 1695 

2010 1122.3 9700 4470 5230 119.5 1300 729 571 

2011 1132.0 10100 4336 5764 120.8 1700 971 729 

2012 1142.1 -1500 3987 -5487 122.5 0 619 -619 

2013 1140.6 -62303 4499 -66802 122.5 400 634 -234 

2014 1078.3 203 5511 -5308 122.9 2300 985 1315 

2015 1078.5 3900 4915 -1015 125.2 800 936 -136 
 

*gaangariSebulia avtorTa mier saqstatis monacemebis safuZvelze. 

 

aRsaniSnavia, rom 2014 wlis monacemebi eyrdnoba mosaxleobis sayovelTao 

aRweras, romlis mixedviTac Tbilisis mosaxleobam 1078.3 aTasi mcxovrebi Seadgi-

na, rac, 2013 wlis analogiur monacemebTan SedarebiT, 62.3 aTasiT naklebi iyo. 

rusTavis SemTxvevaSi 2013_2014 wlebSi mosaxleoba umniSvnelod gaizarda da, 2014 

wlis aRweris mixedviT, 122.9 aTasi Seadgina.  

saintereso analizis saSualebas iZleva mosaxleobis saerTo matebis Semad-

geneli komponentebis (bunebrivi mateba da migracia) ganxilva, romlis mixedviTac 

SesaZlebelia calkeuli wlebis mixedviT dadgindes TiToeuli komponentis roli 

mosaxleobis cvlilebaSi. bunebrivi matebis maCveneblebi eyrdnoba saqstatis 

oficialur monacemebs. migraciis SemTxvevaSi oficialuri statistikuri mona-

cemebi ar arsebobs, ris gamoc misi absoluturi maCveneblebi Cven mier iribi me-

Todis gamoyenebiT iqna gaangariSebuli (cxrili 2). analizis Sedegad irkveva, rom 

Tbilisis mosaxleobis raodenobisa da asakobriv-sqesobrivi struqturis cvli-

lebaSi gadamwyvet rols migraciuli procesebi asrulebda. rusTavis SemTxvevaSi 

migraciul procesebTan erTad calkeul wlebSi sagrZnobi iyo bunebrivi matebis 

wvlilic. 
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demografiuli danakargebis masStaburobiTa da movlenebis dramatizmiT 1990-

iani wlebi ar Camouvardeba gardasul epoqebSi qveynis mier socialuri katastro-

febisa da globaluri mniSvnelobis samxedro konfliqtebis Sedegad gancdil um-

Zimes periodebs. bolo wlebSi, miuxedavad demografiuli parametrebis erTgvari 

gaumjobesebisa, maTi maCveneblebi unda Sefasdes, rogorc arasaxarbielo [2]. 

1990-ian wlebSi saqarTveloSi sagrZnoblad Semcirda Sobadobis zogadi koe-

ficientebi. aRniSnuli maCveneblis kleba TbilisSi 1990_1995 wlebs moicavda. 1995 

wels Sobadobis umciresi mniSvneloba dafiqsirda (10.3 %). rusTavSi 1990_2003 

wlebSi Sobadobis koeficientebis dinamika ZiriTadad klebis tendenciiT gamo-

irCeoda, xolo Sobadobis zogadi koeficientis udablesi mniSvneloba 2003 wels 

aRiniSna (8.1 %). dafiqsirebuli movlena Sesabamisad aisaxa asakobriv-sqesobriv pi-

ramidebze.  

 

 

daskvna 

piramidebis ganxilvam cxadyo, rom isini miiswrafvian regresuli piramidis 

formisaken, rac 15 wlamde asakis bavSvebis klebasa da xandazmuli mosaxleobis 

(65 wlisa da meti) matebas gulisxmobs.  

zemoT ganxiluli procesebis Sedegad mosaxleoba demografiulad kidev uf-

ro daberdeba; es ki sakmaod gaarTulebs arsebul demografiul viTarebas. 

xandazmuli adamianebis matebas Tan unda axldes maTi moTxovnilebebis da-

sakmayofilebeli resursebis gazrda, amitom, realobidan gamomdinare, sazoga-

doebam xelisuflebasTan erTad unda gamonaxos axali saSualebebi mosalodnel 

cvlilebebTan dakavSirebuli problemebis gadasaWrelad, rac mxolod kompleq-

surad gadawydeba.  
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DEMOGRAPHY 
 
 

DETERMINANTS OF THE AGE-SEX STRUCTURE OF THE POPULATION IN 
TBILISI AND RUSTAVI 

G. Meladze, N. Elizbarashvili 

(I. Javakhishvili Tbilisi State University) 

 

Resume: The age-sex structure of the population is formed under the influence of many factors. 
Among them one should note the ratio of girls and boys among the new-borns and gender difference in 
mortality and migration. 

The present age-sex structure of the population of Tbilisi and Rustavi is formed under the influence of 
the evolutionary changes, as a consequence of global decline of mortality and fertility in the process of 
demographic transition and the perturbing impact of the economic and social disasters of the last century.  

Since the 1990s, in Georgia, there has been a sharp deterioration in the demographic indicators of 
natality, mortality and external migration have reached an unprecedented scale. Some famous processes 
caused significant changes in the age and sex structure of Tbilisi and Rustavi. 

In the period between the 2002 and 2014 censuses, the process of aging of the population was 
observed. In Tbilisi, the proportion of children under 15 years old declined by 0.4 % and by 1.9 % in 
Rustavi. In the same period, the proportion of population aged 65 and older in Tbilisi and Rustavi increased 
by 1.5 % and 1.0 %, respectively. 

In the period between the censuses, there has been a steady decline in the number of men per 1,000 
women. According to the 2014 census, the number of men was 946 in Tbilisi, and it was 917 in Rustavi. 

The analysis showed, that a decisive role in the change of the age-sex structure of Tbilisi has been 
played by the migration processes, while in Rustavi, migration contributed much to the natural growth of 
population. 

Based on the explored materials, it can be concluded, that in the future in the cities under the analysis, 
the number of children under 15 years old will decline and the number of population aged 65 and older will 
increase leading to the deteriorated age-sex structure of the population. 

 

Key words: age-sex structure;  migration;  mortality; natality. 
 
 
 
 

ДЕМОГРАФИЯ 

 
 

ОПРЕДЕЛЯЮЩИЕ ФАКТОРЫ ВОЗРАСТНО-ПОЛОВОЙ СТРУКТУРЫ 

НАСЕЛЕНИЯ ТБИЛИСИ И РУСТАВИ 

Меладзе  Г. Г., Элизбарашвили  Н. К. 

(Тбилисский государственный университет им. И. Джавахишвили) 

 

Резюме. Возрастно-половая структура населения формируется под влиянием многих факторов.  
Среди них надо отметить: соотношение родившихся мальчиков и девочек, различия в уровнях 
мужской и женской смертности и миграция.  
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Современная возрастно-половая структура населения Тбилиси и Рустави сформировалась под 
влиянием эволюционных изменений, как следствие глобального снижения смертности и 
рождаемости, в процессе демографического перехода и пертурбационных воздействий, связанных с 
экономическими и социальными катастрофами прошлого века. В 1990-х годы в Грузии произошло 
резкое ухудшение показателей рождаемости и смертности, широких масштабов достигла внешняя 
миграция. Отмеченные процессы вызвали значительные изменения возрастно-половой структуры 
Тбилиси и Рустави. 

В период между переписями 2002 и 2014 гг. наблюдался процесс старения населения. В 
Тбилиси доля детей до 15 лет уменьшилась на 0.4 %, а в Рустави на 1.9 %. В отмеченный период доля 
пожилых в возрасте 65 лет и старше в Тбилиси и Рустави выросла на 1.5 и 1.0 % соответственно. 

В межпереписной период наблюдалось неуклонное сокращение числа мужчин. По данным 
переписи населения 2014 года число мужчин в Тбилиси составило 946, а в Рустави 917 на каждую 
1000 женщин. 

По результатам анализа выявилось, что в изменении возрастно-половой структуры решающую 
роль в Тбилиси играли миграционные процессы, а в случае Рустави – вместе с миграционными 
процессами ощутимым был вклад естественного прироста населения. 

На основе рассмотренных материалов можно заключить, что в будущем в анализируемых 
городах число детей до 15 лет сократится и возрастет число пожилых в возрасте 65 лет и старше, что 
приведет к ухудшению возрастно-половой структуры населения. 

 
Ключевые слова: возрастно-половая структура; миграция; рождаемость; смертность. 
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klimatologia 

 

 

 

elvis zemoqmedeba sxvadasxva Senoba-nagebobaze 

marika tatiSvili, liana qarTveliSvili, irine mkurnaliZe 

(saqarTvelos teqnikuri universitetis hidrometeorologiis instituti) 

 

 

reziume: Seswavlilia elWeqebis gavlena samSeneblo obieqtebze. SemuSavebu-

lia elvadamcavi saSualebebis gamoyenebisa da usafrTxoebis zomebis rekomendaci‐

ebi. mSeneblobaSi klimaturi parametrebis gaTvaliswineba gansakuTrebiT mniSvne‐

lovania msubuqi konstruqciebis gamoyenebisas, radganac es konstruqciebi sxvas‐

Tan SedarebiT bevrad ufro mgrZnobiarea klimatis cvlilebebisadmi. gamoyenebiTi 

klimatologiis mTeli rigi praqtikuli amocanebis gadasawyvetad saWiroa meteo-

rologiuri elementebis cvalebadobis Seswavla, radgan maszea damokidebuli obi-

eqtis saeqspluatacio done.  

 

sakvanZo sityvebi: elva; elvadamcavi RonisZiebebi; klimati; samSeneblo klima-

tologia. 

 

 

Sesavali 

samSeneblo praqtikaSi klimatis gavlenis gaTvaliswineba xdeba ama Tu im 

obieqtis rogorc dagegmarebis, ise mSeneblobis stadiaSi. klimatis zemoqmedebis 

Seswavlis safuZvelze mimdinareobs samSeneblo obieqtebis arqiteqturul-gegmare‐

biTi RonisZiebebis gadawyveta, radgan maTzea damokidebuli obieqtis saeqsplu‐

atacio done; adamianis cxovrebis, muSaobisa da dasvenebis komfortuli pirobebi. 

samSeneblo klimatologiis amocanaa uzrunvelyos mSeneblebi mSeneblobisaTvis 

SerCeuli raionis klimaturi monacemebiT, raTa SeZlon klimatis dadebiTi mxa‐

reebis gamoyeneba da uaryofiTi zemoqmedebisagan dasacavad Sesabamisi zomebis mi‐

Reba. klimatis gavlenis swori gaTvaliswineba xdeba im klimaturi maxasiaTeble-

bis xarisxis mixedviT, romlebsac mxedvelobaSi iReben samSeneblo obieqtebis da-

gegmarebisas da cvlilebebi SeaqvT daproeqtebisaTvis saWiro gaangariSebebSi.  

klimaturi parametrebis gaTvaliswineba gansakuTrebiT mniSvnelovania mSeneb-

lobaSi msubuqi konstruqciebis gamoyenebisas, radgan isini ufro mgrZnobiare 

arian klimatis cvlilebebisadmi. haeris tenianobisa da temperaturis mkveTri 

cvlileba, elWeqebis, Tavsxma wvimebisa da Zlieri qarebis zemoqmedeba did zians 

ayenebs samSeneblo obieqtebs, rac iwvevs maTi saeqspluatacio vadis Semcirebas. 

gamoyenebiTi klimatologiis mTeli rigi praqtikuli amocanebis gadasawyvetad sa-

Wiroa meteorologiuri elementebis droSi cvlilebis, wliuri da dRiuri svlis, 

aseve mkacri amindis sixSirisa da xangrZlivobis, temperaturis mkveTri cvli-

lebis da sxvaTa codna. winamdebare naSromSi gamokvleulia elWeqebis gavlena 
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samSeneblo obieqtebze, SemuSavebulia elvadamcavi saSualebebis gamoyenebisa da 

usafrTxoebis normebis dasacavi rekomendaciebi. 

 

 

ZiriTadi nawili 

elWeqi bunebis unikaluri movlenaa. elWeqis dros elvis saxiT dedamiwaze 

ecema mZlavri eleqtruli muxti. Aadamianebs uZvelesi droidan eSinodaT elvis 

da arc Tu usafuZvlod. Eelvis dacemiT gamowveul sikvdilianobas mxolod wyal-

didobis Sedegad daRupulTa raodenoba Warbobs. Yyovel wels elvas aTasobiT 

adamianis sicocxle ewireba. amis garda, elWeqebi did materialur zarals ayenebs 

sxvadasxva samrewvelo, sakomunikacio, sacxovrebel obieqtebs, maRali Zabvis eleq-

trogadamcem xazebs, air- da navTobsadenebs da sxv. 

yoveldRiuri gamocdilebidan cnobilia, rom elva ufro xSirad ecema maRal 

Senobebs. Ddablobze elvis dacema umetes SemTxvevaSi xdeba calke mdebare Senoba-

nagebobebze, koSkebze, sakvamleebze da sxvagan. mTian adgilebSi zogjer ziandeba 

dabali Senobebic, Tu isini ganlagdebulia calkeul maRlobebze an mTis wverze.  

aRsaniSnavia, rom dedamiwis klimatis cvlilebis fonze, NASA-s bolo cno-

biT, elWeqis aqtiuroba 100-jer aris momatebuli.  

maSasadame, nebismieri saxis mSeneblobis dros aucilebelia elvisagan dacvis 

uzrunvelyofa. 

yvela dasacavi obieqtisaTvis unda dadgindes elvadamcavi saSualebebis mow-

yobis aucilebloba da Tu es dadginda, maSin unda airCes elvadamcavobis done.  

samecniero dakvirvebebiT dadgenilia, rom elvis ganmuxtvis raodenobas da 

obieqtebis simaRles Soris daaxloebiT kvadratuli damokidebuleba arsebobs [1]. 

Senobaze elvis pirdapiri dacemis SemTxvevaSi deni gadis obieqtis gamtar 

konstruqciebSi, romlebic xurdeba da Sedegad SeiZleba gaCndes xanZari. Aamitom 

xSiria konstruqciebis dnoba. TumcaGgamtarebis Termuli dazianeba mainc Sedare-

biT iSviaTia. iSviaTia elvis eleqtrodinamikuri zemoqmedebac, rac aranakleb sa-

SiSia. am dros SeiZleba daziandes xelsawyoebi da Seiqmnas avariuli situacia. 

bevrad ufro saSiSi da saxifaToa eleqtrohidravlikuri zemoqmedeba.  

Tanamedrove teqnologiebi farTod iyenebs kompoziciur masalebs, romelTa 

SedgenilobaSi, garda plastikisa, Sedis liTonis Zalian Txeli fena (rogorc 

gare, aseve Sua nawilSi), armatura wvrili mesris saxiT, miniatiuruli gamtarebi, 

romlebic dieleqtrikul kedelTan monoliTs qmnis. aseT masalaSi elvis denis 

gavlisas liTonis elementebi orTqldeba da Cndeba muxtgamtari arxebi. isini ad-

noben plastiks, ris SedegadacGgamoiyofa saSiSi airi da warmoiqmneba dartymiTi 

talRa, romelic Slis kompoziciur kedels. gasagebia, rom kompoziciur masalebs 

didi momavali aqvs, magram saWiroa maTi elvasTan mSvidobiani Tanaarsebobis 

uzrunvelyofac.  

elvis pirdapiri dacemis Sedegad gaCenili Warbi Zabva Zalian saSiSia maRali 

Zabvis eleqtrogadamcemi xazebisa da eleqtronuli xelsawyoebisaTvis. Tanamed-

rove teqnikisaTvis aseve sakmaod gavrcelebuli da YsaSiSia elvis dainduq-

ciebuli Warbi Zabvis distanciuri zemoqmedeba, rasac safuZvlad udevs eleqtro-

magnituri induqciis efeqti. elvis deni muxtgamtar arxsa da dazianebuli obi-
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eqtis liTonkonstuqciebSi warmoqmnis cvlad magnitur vels, romelic nebismier 

konturSi aRZravs eleqtromamoZravebel Zalas. E 

elvis zemoqmedebis erT-erTi saxeobaa eleqtrostatikuri induqcia, romelic 

aRZravs muxts nebismier damiwebul gamtarze an liTonis saganze. marTalia, es 

zemoqmedeba xanmoklea, magram, Tu mis siaxloves aRmoCndeba advilad aalebadi airi, 

xanZari gardauvalia. 

elvis dacemisas SeiZleba moxdes e. w. maRali Zabvis SemoWra. Ees exeba Seno-

ba-nagebobebis miwiszeda da miwisqveSa komunikaciebs. maTi meSveobiT obieqtSi Se-

aRwevs damiwebis potencialisagan gansxvavebuli damatebiTi potenciali da es Se-

saZlebelia maSin, roca komunikaciis eleqtrosadeni exeba an axlos gadis im 

obieqtis damiwebasTan, romelSic gavida elvis deni. es SeiZleba iyos bunebrivi 

damiweba, romelic miwaSi warmoiqmneba elvis dacemis momentSi gruntis ioniza-

ciis gamo. elviT aRZruli potencialiT SesaZlo naperklis gaCenis gamosaricxad 

(gansakuTrebiT feTqebasaSiS SenobebSi) komunikaciebs SenobaSi Sesvlis wertilSi 

damiwebas uerTeben. Tu SemoWrili potenciali didia, SeiZleba moxdes ganmuxtva 

komunikaciebsa da axlomdebare liTonkonstruqciebs Soris da maSin avaria gar-

dauvalia. aRsaniSnavia, rom elvas SeuZlia miwisqveSa komunikaciebis dazianebac. 

es xdeba maSin, roca elvis deni srialebs gruntis zedapirze [1]. 

arsebuli monacemebis Tanaxmad [2, 3], elvisagan dacvis TvalsazrisiT obieq-

tebi iyofa: Cveulebriv, specialur SezRuduli saSiSroebis, specialur (romelic 

saSiSroebas warmoadgens axlomdebare Senoba-nagebobebisaTvis) da ekologiisaT-

vis saSiS obieqtebad. 

miwaze ganlagebul obieqtebze elvis pirdapiri dacemisas da RrubelTSorisi 

ganmuxtvebisas zemoT CamoTvlil obieqtebze SesaZloa ganviTardes Semdegi nega-

tiuri zemoqmedebebi:  

 Cveulebriv obieqtebze (romlebSic Sedis samrewvelo sawarmoebi maTi daniSnu-

lebis mixedviT) SesaZloa moxdes rogorc mcire dazianebebi, aseve produqciis 

didi danakargi; 

 SezRuduli saSiSroebis specialur obieqtebze (romlebSic Sedis eleqtrosad-

gurebi da xanZarsaSiSi sawarmoebi) elvis dacema iwvevs komunaluri momsaxure-

bis obieqtebis dazianebas; amasTan, xanZarsaSiSia axlomdebare obieqtebisaTvis; 

 specialur obieqtebze (romlebic safrTxis Semcvelia axlomdebare iseTi obi-

eqtebisaTvis, rogoricaa navTobgadasamuSavebeli sawarmoebi, sawvavgasamarTi sa-

dgurebi, foierverkebis da petardebis sawarmoebi da sxv.) elvis dacema iwvevs 

xanZrebs da afeTqebebs rogorc TviT obeqtebze, ise maT maxloblad; 

 ekologiisaTvis saSiS specialur obieqtebze (atomuri da eleqtrosadgurebi, 

qimiuri qarxnebi, bioqimiuri fabrikebi da baqteriologiuri laboratoriebi) 

elvis dacema iwvevs xanZrebs, rac dakavSirebulia teqnologiuri procesebis 

moSlasTan; eleqtromkvebavi danadgarebis, eleqtronuli marTvis da reguli-

rebis mowyobilobebis dazianebasTan, rasac didi materialuri zarali moaqvs 

SedarebiT patara qveynebisTvisac ki.  

es negatiuri movlenebi warmoiqmneba elvis rogorc pirdapiri, ise Rrubel-

TSorisi ganmuxtvebiT, rodesac Cndeba Warbi potenciali. 
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amrigad, nebismieri samrewvelo obieqtis daproeqtebis, mSeneblobis da eqs-

pluataciis dros aucilebelia gaTvaliswinebul iqnes elvadamcavi saSualebebi 

rogorc elvis pirdapiri, ise arapirdapiri dacemis SemTxvevaSi. 

miRebulia dacvis sxvadasxva done, romelic ganisazRvreba obieqtis mniS-

vnelobiT da elviT miyenebuli zaraliT. magaliTad, Cveulebrivi samrewvelo sa-

warmoebi dacvis TvalsazrisiT iyofa I, II, III da IV kategoriebad [2, 3]. maTi dacvis 

saimedooba, Sesabamisad, unda iyos aranakleb 0.98; 0.95; 0.90 da 0.80, Mmrewvelobis 

specialuri obieqtebisaTvis ki _ 0.9_0.999 farglebSi.  

dazianebis riski yoveli Senoba-nagebobisTvis ganisazRvreba elvis pirdapiri 

dacemis albaTobiT da miyenebuli zaraliT. Eelvis pirdapiri ganmuxtvebis saSu-

alo wliuri sixSire gamoiTvleba Semdegi formuliT [4]: 

 Nd=NNg*Al*10-6 ,  (1) 

sadac Ng dedamiwis zedapiris 1 km2-ze ganmuxtvebis saSualo wliuri ricxvia 

gansaxilvel regionSi, Al _ Senoba-nagebobis ekvivalenturi farTobi (m2). [5] naS-

romis Tanaxmad: 

 Ng= 0.04*Td
1.25,  (2)  

sadac Td elWeqian dReTa saSualo wliuri ricxvia gansaxilvel regionSi.  

aRsaniSnavia, rom Td klimaturi parametri elWequri aqtiurobis ZiriTadi 

maxasiaTebelia. elWeqian dReTa ricxvsa da dedamiwaze ganmuxtvebs Soris arse-

bobs kargi korelaciuri kavSiri, rac misi gamoyenebis SesaZleblobas iZleva 

maSin, rodesac instrumentuli gazomvebi ar arsebobs.  

Senobis ekvivalenturi farTobi warmoadgens miwis nakveTis iseT farTobs, 

romelzec modis elvis ganmuxtvebis igive raodenoba, rac gansaxilvel obieqtze 

[4]. axlomdebare obieqtebi arsebiTad moqmedebs Al-is mniSvnelobaze, Tu isini 

ganlagebulia 3(h+hs)-ze nakleb manZilze, sadac h mocemuli Senobis simaRlea, hs _ 

axlomdebare Senobis simaRle. am SemTxvevaSi Al farTobis sazRvris mniSvneloba 

gansaxilvel Senobas uaxlovdeba Xs  manZilze: 

  Xs = [d+3(hs-h)]/ 2 ,  (3) 

sadac d manZilia gansaxilvel Senobasa da axlomdebare obieqts Soris. yvela 

SemTxvevaSi Al-is mniSvneloba ar SeiZleba iyos naklebi, vidre gansaxilveli 

Senoba-nagebobis dedamiwis zedapirze proeqciis farTobi.  

mWidrod ganlagebuli Senoba-nagebobebisaTvis (anZebi, koSkebi, sakvamleebi) 

elvis mosalodneli dacemis raodenoba 1 km2-ze gamoiTvleba formuliT [4]: 

 Nd = 9π*h2Ng*10-6, (4) 
marTkuTxa formis Senoba-nagebobebisaTvis ki _ Semdegi formuliT: 

 Nd = [(S+6h)*(L+6h)–7.7h2]*Ng*10-6,  (5) 

sadac S, L, h Senobis sigrZe, sigane da simaRlea metrebSi. 

rTuli konfiguraciis SenobebisTvis S da L mniSvnelobebi Semoxazuli marT-

kuTxedis sigrZe da sigane iqneba. 

qvemoT mocemul cxrilebSi moyvanilia aRmosavleT da dasavleT saqarTve-

los teritoriaze elWeqian dReTa saSualo wliuri ricxvi da (5) formuliT ga-

moTvlili ganmuxtvebis raodenobis saSualo da maqsimaluri mniSvnelobebi ga-

angariSebuli 1 km2 farTobze.  

aRsaniSnavia, rom elvisagan dacvis uzrunvelsayofad arsebiTia ganmuxtvebis 

maqsimaluri mniSvnelobebis codna. 
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cxrilebis Sesadgenad gamoyenebulia 33 meteosadguris 70-wliani dakvirvebe-

bis saSualo monacemebi [6, 7]. 

rogorc 1-li cxrilidan Cans, dasavleT saqarTvelos teritoriaze ganmux-

tvebis maqsimaluri raodenoba modis Caqvis, xulos, cageris da ambrolauris mida-

moebSi, sadac 9_12 ganmuxtvaa 1 km2-ze. xSirad meordeba saSualod 4 ganmuxtva, maq-

simaluri ki _ 9 ganmuxtva. 

 

cxrili 1 

 
 dasavleT saqarTvelos teritoriaze elWeqian dReTa (T) da elvis ganmuxtvebis 

saSualo wliuri ricxvi (N) 1 km2 farTobze 

 

 
aRmosavleT saqarTveloSi (cxrili 2) 18 ganxiluli sadguridan cxraze modis 

ganmuxtvebis maqsimaluri raodenoba 9-dan 12-mde. Ees regionSi Zalian did elvasa-

SiSroebaze miuTiTebs, rac regionis reliefis gavleniT SeiZleba iyos gamowveuli. 

elWeqi gansakuTrebiT saSiSia mTaSi. cnobilia, rom mTis Txemebi da mwverva-

lebi izidavs da agrovebs elvis muxts. mTis ferdobze nebismieri amozneqiloba 

warmoadgens elvis dacemis adgils. aRsaniSnavia, rom elvis deni Zalian saSiSia 

da naklebadaa Seswavlili. roca elva xvdeba mTis SverilSi, warmoqmnili deni 

eZebs umciresi winaRobis gzas da gadadis kldeebis zedapirze, Cadis napralebSi, 

mcire RrmulebSi da kldeebis kalTebSi. 

 
 

# meteosadguri 
simaRle 

z. d. (m) 

elWeqian 

dReTa 

ricxvi 

ganmuxtvebis 

raodenoba 

(1 km2) 

M 

(moda) 

 Tmax  Nmax 

d
as

av
l
eT

 s
aq
ar

T
ve
l
o
 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

11 

12 

13 

14 

15 

anaklia 

foTi 

baTumi 

lanCxuTi 

Caqvi 

quTaisi 

zugdidi 

jvari 

cageri 

ambrolauri 

sairme 

xulo 

oni 

Sovi 

baxmaro 

3 

4 

10 

20 

30 

114 

117 

280 

474 

544 

910 

923 

988 

1507 

1925 

25 

39 

41 

28 

51 

37 

41 

32 

39 

41 

25 

41 

30 

40 

28 

42 

56 

69 

46 

80 

69 

59 

65 

82 

93 

46 

75 

70 

58 

50 

2 

4 

4 

3 

6 

4 

4 

3 

4 

4 

2 

4 

3 

4 

3 

4 

6 

8 

5 

10 

8 

7 

7 

10 

12 

5 

9 

8 

6 

5 

saS. _ 4 

maqs._ 9 
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cxrili 2 

 

aRmosavleT saqarTvelos teritoriaze elWeqian dReTa (T) da elvis ganmuxtvebis 

saSualo wliuri ricxvi (N) 1 km2 farTobze 

 

 

saerTaSoriso eleqtroteqnikuri komisiis (IEC) standartebis Tanaxmad, dasa-

cavi nagebobis Sefaseba xdeba misi momavalSi gamoyenebis TvalsazrisiT [8, 9]. sa-

Wiroa dadgindes obieqtis zomebi, klasi, adgilmdebareoba da aseve mocemuli re-

gionis elWeqis aqtiuroba. es monacemebi safuZvlad edeba Semdeg Sefasebebs:  

 elvis pirdapiri dartymis saSualo wliuri sixSire, Nd; 

 gansaxilveli SenobisaTvis saSiSi Sedegebis momtani elvis ganmuxtvebis sixSi-

re, Nc. 

Nc-s mniSvneloba dgindeba saerTaSoriso praqtikaSi miRebuli saxelmwifo 

standartebiT, romelic adgilobrivi xelisuflebis organoebTan erTad iTvalis‐

winebs kulturul, socialur da materialur faseulobebze miyenebul zarals.  

Nc-s ufro xisti mniSvneloba SesaZloa daadginos TviT momxmarebelmac. 

am ori sididis SedarebiT dgindeba elvadamcavi saSualebebis mowyobis auci‐

lebloba da maTi efeqtianoba (saimedooba) _ E. 

Tu Nd<Nc-ze, maSin elvadamcavi saSualebebis dayeneba ar aris aucilebeli.  

Tu Nd>Nc-ze, maSin dgindeba elvadamcavi saSualebis efeqtianoba, romelic 

unda aymayofilebdes tolobas: 

 E = 1- Nc/Nd .  (6) 

E-s mniSvnelobis mixedviT dgindeba elvadamcavi saSualebis done. 

# meteosadguri 
simaRle 

z.d. (m) 

elWeqian 

dReTa ricxvi 

ganmuxtvebis 

raodenoba 

(1km2) 

M 

(moda) 

 Tmax  Nmax 

aR
mo

s
av
l
eT

 s
aq
ar

T
ve
l
o
 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

lagodexi 

Tbilisi 

yvareli 

bolnisi 

muxrani 

Telavi 

gori 

borjomi 

duSeTi 

axalcixe 

TianeTi 

TeTri wyaro 

manglisi 

abasTumani 

bakuriani 

axalqalaqi 

faravani 

gudauri 

362 

403 

443 

534 

550 

568 

588 

789 

922 

982 

1099 

1140 

1194 

1265 

1665 

1716 

2100 

2194 

44 

34 

40 

49 

46 

49 

35 

35 

44 

55 

44 

54 

56 

51 

52 

54 

55 

49 

65 

48 

59 

69 

87 

69 

53 

61 

77 

81 

71 

71 

76 

76 

83 

86 

84 

73 

5 

3 

4 

5 

5 

5 

3 

3 

5 

6 

5 

6 

6 

6 

6 

6 

6 

5 

7 

5 

7 

8 

11 

8 

6 

7 

9 

10 

8 

8 

9 

9 

10 

11 

10 

9 

saS. _ 6 

maqs. _ 10 
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daskvna A 

amrigad, elvadamcavi sistemis dayenebisas usafrTxoebis uzrunvelsayofad 

gaTvaliswinebuli unda iqnes:  

 maRali potencialis SemoWrisa da bijuri Zabvisagan dasacavi zomebi; 

 xanZris gavrcelebis SeCerebis zomebi; 

 danadgarebis mgrZnobiare elementebze induqciebuli Zabvis zemoqmedebis Sez-

Rudva. 

zemoT moyvanili kvleva SesaZlebelia gamoyenebul iqnes nebismieri Senoba-na-

gebobis elvadamcavi saSualebebis SerCevis dros. 

®®≥∂ 
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CLIMATOLOGY 
 
 

LIGHTNING IMPACT ON VARIOUS BUILDINGS 

M. Tatishvili, L. Kartvelishvili. I. Mkurnalidze 

(Institute of Hydrometeorology of Georgian Technical University) 

 
Resume: There has been studied the lightning impact on building object, also lightning protection 

measure application and safety recommendations have been given.The consideration of climatic parameters 
in construction is important especially regarding the application of light structures, that are more sensitive to 
climate change. To solve a number of applied climatology issues investigation of meteorological parameters 
variation has to be needed, as object exploitation level is depended on it.  

 
Key words: building climatology; climate; lightning; lightning protection measure.  

 
 
 
 

КЛИМАТОЛОГИЯ 

 
 

ВОЗДЕЙСТВИЕ МОЛНИИ НА РАЗЛИЧНЫЕ ЗДАНИЯ 

Татишвили М. Р., Картвелишвили Л. Г., Мкурналидзе И. П. 

(Институт гидрометеорологии Грузинского технического университета) 

 
Резюме. Было изучено воздействие молнии на строительный объект. Были применены меры 

молниезащиты и даны рекомендации по безопасности. Учет климатических параметров в стро-
ительстве особенно важен в связи с применением легких конструкций, которые более чувствительны 
к изменению климата. Для того чтобы решить ряд прикладных вопросов климатологии необходимо 
исследовать изменения метеорологических параметров, поскольку уровень эксплуатации объекта 
зависит от него.  

 
Ключевые слова: климат; молниезащитные меры; молния; строительная климатология. 
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gamoyenebiTi klimatologia 

 

 

 

qaris da wvimis erToblivi zemoqmedebis gaTvaliswineba 

mSeneblobasa da soflis meurneobaSi 

liana qarTveliSvili, lika megreliZe, naira dekanoziSvili,  

qeTevan royva 

(garemos erovnuli saagento, saqarTvelos teqnikuri universiteti) 

 

 

reziume: gamoTvlebis safuZvelze dadgenilia saqarTvelos zogierT punqtSi 

qaris da wvimis erToblivi zemoqmedebis (e. w. iribi wvimebi) ganawilebaTa kanon-

zomierebani drosa da sivrceSi; gansazRvrulia iribi wvimebis mravalwliuri ra-

odenoba mTeli wlisa da Tbili periodis Sesabamisad; maTi ganawileba Tveebis 

ganmavlobaSi.  

miRebuli monacemebis safuZvelze agebulia saqarTvelos teritoriis dara-

ionebis ruka iribi wvimebis saSualo Tviuri raodenobis mixedviT. iribi wvimebis 

zemoqmedebis intensiurobis gaTvaliswinebiT gamoyofilia saSualo, zomieri da 

intensiuri zonebi. 

 

sakvanZo sityvebi: intensiuri zemoqmedebis zona; iribi wvima; saSualo‐mraval‐

wliuri; teritoriuli ganawileba; wvimasazomi. 

 

 

Sesavali 

sxvadasxva orientaciis daxril zedapirze mosuli atmosferuli naleqebis 

gansazRvra dRevandel dRemde warmoadgens kvlevis sagans. naleqebis gazomvis ar-

sebuli meTodi gamoiyeneba rogorc dablobze, ise mTaSi. vake adgilze wvimasa-

zomi uCvenebs realurad mosuli naleqebis raodenobas, mTian pirobebSi ki aRi-

niSneba Seusabamoba ferdobebis datenianebasa da gazomili naleqebis raodenobas 

Soris.  

sxvadasxva daxril zedapirze mosuli naleqebis raodenoba ZiriTadad damo‐

kidebulia qaris siCqaresa da mimarTulebaze. ferdobebze realurad mosuli na-

leqebis gansazRvris sakiTxs Zalian didi praqtikuli mniSvneloba aqvs ekonomikis 

zogierT dargSi (mSenebloba, soflis meurneoba) wylis resursebis swori marTvi-

sa da daproeqtebisaTvis. 

 

 

                                                 
 aRniSnuli proeqti xorcieldeba SoTa rusTavelis saxelobis erovnuli samecniero 
fondis finansuri xelSewyobiT (granti #FR /476/9-110/14). winamdebare publikaciaSi ga-
moTqmuli nebismieri azri ekuTvniT avtorebs da SesaZloa ar asaxavdes SoTa rusTavelis 
saxelobis erovnuli samecniero fondis Sexedulebebs. 
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ZiriTadi nawili  

tenis brunvis yvela procesi mimdinareobs ferdobebis realur zedapirze. 

amitom ferdobebze mosuli naleqebis gansazRvra mTiani adgilebis wylisa da 

siTburi balansis gaangariSebis mniSvnelovan elements warmoadgens. ferdobebze 

mosuli naleqebis gansazRvra aucilebelia ferdobebis eroziisa da sasoflo-sa-

meurneo da saxnav-saTesi miwebis wylis balansis Sedgenisas. wylis eroziis prog-

nozirebis meToduri rekomendaciebis mixedviT, eroziuli procesebis intensiuro-

ba damokidebulia ara marto naleqebis saSualo wliur raodenobaze, aramed maT 

intensiurobazec. 

eroziis procesebis Sefasebisas aucilebelia gaTvaliswinebul iqnes yoveli 

mosuli wvimis intensiuroba. am sakiTxis Seswavlis mizniT Catarda mTeli rigi 

Teoriuli da samecniero kvlevebi, rogorc saerTaSoriso doneze, ise Cveni qvey-

nis pirobebSi. gamokvlevebiT dadginda, rom ferdobebze mosuli wvimiT gamowve-

uli eroziis gaaangariSebisas mizanSewonilia Setanil iqnes dazustebebi ferdo-

bebze mosuli naleqebis raodenobis ganmsazRvrel formulaSi. 

am problemis Teoriuli safuZvlebi damuSavda profesor a. sulaqveliZis xe-

lmZRvanelobiT. sawyis modelad aRebulia l. struzeris formula.       

amocanis gadasawyvetad pirvel rigSi ganxilulia monodispersiuli wvimis 

wveTebis dacema; amasTan, daSvebul iqna, rom: 

 wvimis wveTebis dacemis siCqaris horizontaluri mdgeneli qaris siCqaris tolia; 

 wvimis wveTebis dacemis siCqaris gadaxris kuTxis (tangensi) traeqtoria wvi-

masazomis ganlagebis adgilas da mTlianad gansaxilvel teritoriaze erT-

nairia. 

es daSvebebi Cveulebrivad miRebulia iribi wvimebis gamokvlevisas. amocana 

gadawyvetil iqna analizuri geometriis gamoyenebiT. miRebuli maTematikuri gamo-

saxuleba saSualebas iZleva gansazRvrul iqnes nebismieri daxrilobis da ori-

entaciis mqone daxril zedapirze mosuli naleqebis raodenoba. 

n gH H cos sin ( ) / cos      0 ,              (1) 

sadac:  

nH  daxril zedapirze mosuli wvimis raodenobaa; 

gH  – horizontalur zedapirze mosuli wvimis raodenoba;  

  _ wvimis daxris kuTxe; 

  – zedapiris daxris kuTxe; 

 �_ wvimis orientacia;  

0 �– daxrili zedapiris orientacia. 

mxolod erT SemTxvevaSi, kerZod, rodesac zedapiri gadadis horizontalur 

mdgomareobaSi ( )  90 , SeiZleba gamoyenebul iqnes meteosadguris monacemebi na-

leqebis Sesaxeb. yvela danarCen SemTxvevaSi, rodesac zedapiri daxrilia horizon-

tisadmi raRac kuTxiT ( )  90 , daxril zedapirze mosuli naleqebis realuri 

raodenoba gansxvavdeba standartuli wvimasazomis mier gazomili naleqis sidi-

disagan. 

iseT wvimebs, romlebic gadaixreba vertikalis mimarT raRac kuTxiT qaris 

mimarTulebiT, ewodeba iribi wvimebi. nagebobaTa gare kedlebi ganicdis sxva-
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dasxva intensiurobis da xangrZlivobis iribi wvimebis zemoqmedebas. gansakuTre-

biT intensiurad teniandeba Senobis gare kedlebi Zlieri qarebis dros. 

im raionebSi, sadac atmosferuli naleqebi intensiurad modis da Tanac 

Zlieri qarebia gabatonebuli, wvimis wyali aRwevs Senobis SigniTac. am dros, Tu 

ar iqneba miRebuli specialuri zomebi Senobebis datenianebisagan dasacavad, 

SesaZlebelia aman ara marto Senobebis saeqspluatacio dro Seamciros, aramed 

misi naadrevi dangrevac gamoiwvios.  

Senobis elementebs Soris gaJonvebi aRiniSneba mTel rig qveynebSi, maT So-

ris iseTebSic, sadac mSeneblobis xarisxis maRali donea. imisaTvis, rom Senobebi 

daculi iyos iribi wvimebis negatiuri zemoqmedebisagan, saWiroa gansazRvrul 

iqnes vertikalur zedapirze mosuli naleqebis raodenoba da misi ganawileba ori-

entaciebis mixedviT. dakvirvebis ori periodisaTvis (1939_1969 da 1969_2010 ww.) sa-

qarTvelos nebismieri punqtisaTvis, romlebic mdebareobs sxvadasxva klimatur 

pirobebSi, gansazRvrulia iribi wvimebis saSualo da maqsimaluri raodenobebi 

(ix. cxrili). miRebuli monacemebi mocemulia eleqtronul formatSi saTanado 

cxrilebis saxiT garemos erovnuli saagentos serverze.  

 

sxvadasxva orientaciis vertikalur zedapirze mosuli naleqebis raodenoba 

dakvirvebis I (1939_1969 ww.) da II (1969_2010 ww.) periodebSi orientaciebis mixedviT 

(mricxvelSi mocemulia naleqebis jami, mniSvnelSi _ naleqebis ganawileba %-Si) 

 

 

iribi wvimebis zemoqmedebis mravalferovnebas saqarTveloSi ganapirobebs te-

ritoriis rTuli orografiuli da klimaturi pirobebi. gansakuTrebiT mniSv-

nelovania maTi gavlena kavkasionis maRalmTian zonaSi, kolxeTis dablobis cen-

tralur, Siga da samxreT raionebSi, agreTve aWaris sanapiro zolSi, sadac nale-

qebis didi raodenoba (150 mm) modis. aRniSnul raionebSi vertikalur zedapirze 

sadguri periodi 

qaris mimarTuleba 

C Ca a sa s sd d Cd Stili 

ambrolauri 
I 6/2 13/14 124/39 25/8 6/2 16/5 118/37 10/3 318 

II 6/2 12/4 112/39 23/8 6/2 14/5 107/37 9/3 288 

axalqalaqi 
I 23/10 5/2 27/12 63/28 25/11 18/8 11/5 54/2 225 

II 32/15 2/4 21/10 57/27 27/13 15/7 11/5 4/21 214 

axalcixe 
I 6/5 18/16 19/17 13/11 8/7 21/18 23/20 7/6 114 

II 4/5 13/16 13/17 9/11 6/7 14/18 16/20 5/6 76 

bakuriani 
I 14/6 21/9 52/22 9/4 21/9 24/10 71/30 24/10 236 

II 11/6 17/9 40/22 7/4 17/9 18/10 55/30 18/10 184 

baTumi 
I 67/9 60/8 82/11 97/13 90/12 180/24 105/14 67/9 749 

II 68/9 60/8 83/11 121/16 91/12 173/23 98/13 60/8 756 

baxmaro 
I 20/4 64/13 84/17 50/10 45/9 79/16 139/28 15/3 496 

II 18/4 58/13 76/17 44/10 40/9 72/16 125/28 3/13 448 

gardabani 
I 21/9 2/2 6/5 13/2 8/7 3/3 8/7 50/45 112 

II 27/19 3/2 7/5 17/2 10/5 4/3 10/7 64/45 143 
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daskvna  

iribi wvimebis I (1939_1969 ww.) da II (1969_2010 ww.) periodebis monacemebis ana-

liziT dadginda, rom vertikalur zedapirze mosuli naleqebis raodenoba zogan 

umniSvnelod, zogan ki sagrZnoblad Seicvala. iribi wvimebis Semcireba aRiniSna 

ZiriTadad aRmosavleT da samxreT saqarTvelos teritoriis did nawilze.  

vertikalur zedapirze mosuli naleqebis raodenoba gaizarda kolxeTis ba-

ris centralur nawilSi; samtrediaSi (10 %-iT), foTsa da soxumSi iribi wvimebis 

raodenobis mniSvnelovani mateba gamoiwvia didi siCqaris qaris gazrdilma 

ganmeorebadobam. 
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APPLIED CLIMATOLOGY 
 
 

ACCOUNTING FOR JOINT ACTION OF RAIN AND WIND IN CONSTRUCTION 
AND AGRICULTURE 

L. Kartvelishvili, L. Megrelidze, N. Dekanozishvili, K. Rokva 

(National Environmental Agency, Georgian Technical University) 

 
Resume: There were identified some common points of Georgia against precipitation and wind 

(called the slanting rain) and their distribution in a temporary space. Determine the average number of 
perennial slanting rain and the warm period of the year, these values are distributed within a month. Based 
on the data of territorial maps of distribution slanting rains on average values depending on the intensity of 
the slanting rain there is allocated zones average, moderate and severe exposure of slanting rain. 

 
Key words: average perennial; intensive impact zone; rain measuring instrument; slanting rain; 

territorial distribution. 
 
 
 
 

 ПРИКЛАДНАЯ КЛИМАТОЛОГИЯ  

 
 

УЧЕТ СОВМЕСТНОГО ВОЗДЕЙСТВИЯ АТМОСФЕРНЫХ ОСАДКОВ И ВЕТРА 
В СТРОИТЕЛЬСТВЕ И СЕЛЬСКОМ ХОЗЯЙСТВЕ 

Картвелишвили Л. Г., Мегрелидзе Л. Д., Деканозишвили Н. И., Роква К. Ш. 

(Национальное агентство окружающей среды, Грузинский технический университет) 

 
Резюме. В работе для некоторых пунктов Грузии определено совместное воздействие осадков и 

ветра (т.н. косых дождей) и их распределение во временном пространстве. Определено среднее 
многолетнее количество косых дождей года и теплого периода, распределены эти значения в течение 
месяца. На основе полученных данных построены карты территориального распределения косых 
дождей по средним значениям; в зависимости от интенсивности косых дождей выделяются зоны 
среднего, умеренного и интенсивного воздействия косых дождей. 

 
Ключевые слова: дождемер; зона интенсивного воздействия; косой дождь; среднее мно-

голетнее; территориальное распределение.  
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samTo saqme 

 

 

 

tyibuli-Saoris sabadoze Tanamedrove teqnologiebis gamoyenebis 

SesaZleblobis Sesaxeb 

levan jafariZe, Teimuraz fircxalava 

(gr. wulukiZis samTo instituti) 

 

 

reziume: ganxilulia rTuli sawarmoo sistema `Saxtis~ struqturul-funq-

ciuri modeli. dadgenilia, rom tyibuli-Saoris sabados (tSs) naxSirSemcveli mo-

ednis samTo-geologiuri pirobebis teqnologiurobis integraluri Sefasebis ko-

eficienti daaxloebiT 2-jer naklebia, vidre donecis, 1,7-jer naklebi, vidre 

ruris da 35 %-iT naklebi _ yaraRandis qvanaxSiris sabadoebis Sesabamis maCveneb-

lebze. aRsaniSnavia, rom dasaxelebuli sabadoebis SaxtebSi naxSiris mopoveba 

mTlianad meqanizebuli wesiT mimdinareobs. 

tSs-s perspeqtiuli SaxtisaTvis SemoTavazebulia mosamzadebeli gvirabebis 

gazrdili wnevebis gamovlenis pirobebSi (rac damaxasiaTebelia wmendiTi sangre-

vis zonisaTvis) foladpolimeruli ankeruli samagrebis gamoyeneba, romlebic da-

icavs Weris qanebis masivs deformaciebis umarTavi ganviTarebisagan, Seanelebs We-

ris rRvevas; sqeli damreci fenebis gamoReba moxdeba meqanizebuli kompleqsebiT 

Weriseuli naxSiris Sris gamoSvebiT, rac xels Seuwyobs samTo samuSaoebis ma-

Ral koncentracias, mniSvnelovnad Seamcirebs naxSiris saeqspluatacio danakar-

gebs da endogenuri xanZris warmoSobis safrTxes; aseve 1,5 _ 2-jer Semcirdeba mo-

samzadebeli gvirabebis moculoba da danaxarjebi maT gayvana-Senaxvaze, danaxar-

jebi wmendiTi gvirabebis mowyobasa da naxSiris transportirebaze amosaRebi ve-

lis farglebSi; amasTan, Semcirdeba naxSiris TviTRirebuleba, rac ganpirobebu-

li iqneba lavis mwarmoeblurobis gazrdiT.  
 

sakvanZo sityvebi: Tanamedrove meqanizebuli naxSirmompovebeli teqnologiebi; 

rTuli sawarmoo sistema `Saxtis~ struqturul-funqciuri modeli; tyibuli-Sao-

ris sabado; Saoris naxSirSemcveli moednis samTo-geologiuri pirobebis teqno-

logiurobis integraluri Sefasebis koeficienti.  
 

 

Sesavali 

saqarTvelos industriulad ganviTarebuli qveynebis msgavsad SeuZlia saT-

bob-energetikuli kompleqsis ekonomikuri maCveneblebis gazrda, qveynis energou-

safrTxoebisa da energodamoukideblobis ganmtkiceba tyibuli-Saoris sabados Ta-

namedrove doneze aTvisebisa da mopovebuli naxSiris eleqtroenergiis warmoebaSi 

gamoyenebis xarjze [1, 2]. 

tSs-s samTo-geologiuri pirobebis sirTulis miuxedavad, tyibulis Saxtebis 

dabali teqnikur-ekonomikuri maCveneblebi ganapiroba sabados aTvisebis arsebuli 

koncefciis Seusabamobam sabados samTo-geologiur pirobebTan. es koncefcia jer 

kidev gasuli saukunis 50-ian wlebSi damuSavda. masSi ar aris gaTvaliswinebuli 

miwisqveSa wesiT naxSiris mopovebis sferoSi Tanamedrove samecniero-teqnikuri 
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progresis miRwevebi; igi sabados aTvisebis eqstensiur modelzea agebuli. miu-

xedavad imisa, rom tyibulis yvela Saxti Rrma Saxtebis kategorias miekuTvneba, 

sabados damuSaveba mcire mwarmoeblurobis mqone SaxtebiT sruldeba; Tumca 

sabados damuSavebis siRrmeebis zrdasTan erTad Saxtis wliuri mwarmoebluroba 

mkveTrad unda izrdebodes. magaliTad, ruris, yaraRandis  da donecis auzebSi, 
romelTa samTo-geologiuri pirobebi gacilebiT rTulia tSs-Tan SedarebiT, Rrma 

Saxtebis wliuri mwarmoebluroba 3 _ 5 mln t naxSirze naklebi ar aris [3]. 

tyibulis Saxtebis rekonstruqciisa da teqnikuri gadaiaraRebis dasabu-

Tebuli proeqtis SemuSaveba dReisaTvis aqtualur da mniSvnelovan amocanas war-

moadgens. msoflios 75 naxSirmompovebeli sabados samTo-geologiuri pirobebi, 

rogorc wesi, araerTgvarovania da xSir SemTxvevaSi gansakuTrebuli sirTuliT 

gamoirCeva, ris gamoc TiTqmis yvela sabadoze naxSiris fenebis damuSavebis gan-

sxvavebuli sistemebi da meTodebi, teqnologiuri procesebi da mowyobilobebi ga-

moiyeneba da maTi erTi sabados pirobebSi miRweuli Sedegebis meore sabadoze 

gadmotana xangrZlivi da Sromatevadi gamocdebis Catarebas saWiroebs. 
 

 

ZiriTadi nawili 

rTuli sawarmoo sistema `Saxti~ SeiZleba aRiweros struqturul-funqciuri 

modelis saxiT (nax. 1). sistema `Saxtis~ Sesavals sxvadasxva saxis resursi (mate-

rialuri, finansuri da SromiTi) warmoadgens, gamosavals ki _ mza produqcia (na-

xSiri); sistemaSi samTo-geologiuri pirobebis roli ki SezRudulia. samTo-geo-

logiuri pirobebi miekuTvneba im ZiriTad faqtorebs, romlebic zemoqmedebs, 

rogorc sawarmoo simZlavreze, ise qvanaxSiris Saxtebis periodul teqnikur gada-

iaraRebaze. kvlevebi adasturebs, rom Saxtebis muSaobis maCveneblebze gansakuT-

rebul gavlenas axdens:  naxSiris fenaTa saSualo simZlavre,  fenaTa daxris 

kuTxe, airianoba (meTansiuxve), damuSavebis siRrme, samrewvelo maragebis rao-

denoba, naxSiris moculobiTi wona, muSa fenebis raodenoba, maragis masa, aSli-

loba, naxSiris Tbounarianoba,  nacrianoba da sxv. [3, 4]. 
 

 
 

nax. 1. Saxtis struqturul-funqciuri modeli: S, mr, Sr, fr – sistemis Sesavali, 

materialuri, SromiTi da finansuri resursebi; Sm _ Saxtis marTva; ms, gm, ss – 

mosamzadebeli samuSaoebi, gaxsna-momzadeba (saSaxto velis), sawmendi samuSaoebi; gS, ta – 

gvirabebis Senaxva, transporti da aweva; g _ sistemis gamosavali (naxSiri) 
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sabadoTa samTo-geologiuri pirobebis teqnologiurobis Sefaseba naxSiris 

mopovebis teqnologiurobis prognozirebis saSualebas iZleva da SesaZlebeli 

xdeba maTi ranJireba miwisqveSa damuSavebis sirTulis mixedviT. samTo-geo-

logiuri maxasiaTeblebis integraluri Sefasebisas SeiZleba gamoyenebul iqnes 

rTul gadawyvetilebaTa miRebis Teoria. am TeoriaSi alternativaTa upirateso-

bebi zogadad ganisazRvreba qvesistemaTa calkeuli elementebis sargeblianobis 

erTobliobiT kompromisuli situaciebis pirobebSi. amasTan, aRsaniSnavia, rom 

nebismieri Sefasebis maCveneblis erTeuli wyvili SeiZleba ganvixiloT rogorc 

SemTxveviTi sidide; saSualo statistikuri (integraluri) sidide ki _ rogorc 

kanonzomieri. am konteqstSi integraluri funqcionali warmoadgens Zalze sar-

wmuno da mdgrad maxasiaTebels. integraluri maCvenebeli  gamoiTvleba for-

muliT [4] 

 

     
m

S
j ij i ij i ij i

i

K f R , f , ,    


    2

1

, (1) 

sadac ijR  Sefasebis kriteriumebis kerZo mniSvnelobebia; ij  _ etalonuri da faq-

tobrivi naturaluri Sefasebis maCveneblebis fardoba; φi _ Sefasebis kriteriumis 

sargeblianobis funqcia; m _ Sefasebis maCvenebelTa raodenoba. 

  

 
 

nax. 2. donecis, ruris, yaraRandis auzebisa da tyibuli-Saoris  

sabados samTo-geologiuri pirobebis teqnologiurobis  

integraluri maCveneblis grafikuli gamosaxuleba 

 

rogorc me-2 nax-dan Cans, Saoris naxSirSemcveli moednis samTo-geologiuri 

pirobebis teqnologiurobis integraluri Sefasebis koeficienti daaxloebiT 2-

jer naklebia donecisaze, TiTqmis 1,7-jer naklebi _ rurisaze da 35 %-iT naklebia 

yaraRandis qvanaxSiris auzebis Sesabamis maCvenebelze. e. i. tSs-s samTo-geo-

logiur pirobebSi meqanizebuli teqnologiebis maRali teqnikur-ekonomikuri maC-

veneblebiT eqspluataciis gacilebiT ufro meti SesaZlebloba arsebobs, vidre 

msoflios im samTo-geologiuri pirobebis sirTuliT gamorCeul naxSiris auzeb-

Si, romelTa SaxtebSi naxSiris mopoveba mTlianad (100 %-iT) Tanamedrove,  did-

mwarmoebluri meqanizebuli teqnologiebis gamoyenebiT sruldeba. 
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gr. wulukiZis samTo institutSi damuSavda tSs-s aTvisebis intensiur mo-

delze dafuZnebuli axali koncefcia, romelSic sabados samTo-geologiuri piro-

bebisa da samecniero-teqnikuri progresis Tanamedrove miRwevebis gaTvaliswinebiT 

gadawyvetilia meqanizebuli teqnologiebis efeqturad gamoyenebis sakiTxebi [5]. 

tSs-s qvanaxSiris Saxtebze naxSiris mopovebis teqnologiuri ganviTarebis kon-

cefcia iTvaliswinebs sawmend da mosamzadebel gvirabebSi kombainebis gamoyenebas, 

romlebic awyobilia standartuli blokebisagan iseTi individualuri proeqtiT, 

romelic adaptirebuli iqneba tSs-s samTo-geologiur pirobebTan. damuSavebulia 

prioritetuli teqnologiuri da teqnikuri gadawyvetebi, romlebic uzrunvelyofs 

naxSiris miwisqveSa mopovebis didmwarmoeblurobas da usafrTxoebas naxSiris 

mrewvelobis restruqturizaciisas, rac gulisxmobs arsebuli saSaxto velebis 

mecnierulad dasabuTebul gaerTianebas erTian naxSirmompovebel kompleqsSi, sa-

erTo saSaxto miwisqveSa konveieruli magistralis aSenebasa da 5,2 km-mde sigrZis 

daxrili Wauris saSualebiT samTo masis (moculoba 2,5 _ 3,5 mln t/weliwadSi) ga-

dasamuSaveblad gamotanas uSualod gamamdidrebeli fabrikis teqnologiur xazze 

[6, 7].  

tSs-s Saxtebis axal modelze gadasvlisas saWiroa didmwarmoebluri grZeli 

sangrevebisaTvis (lavebisaTvis) naxSiris didi maragis mqone amosaRebi ubnebis 

daWra, rac amcirebs rogorc arasawarmoo drois wils meqanizebuli kompleqsebis 

gamoyenebisas, ise mopovebuli naxSiris TviTRirebulebas; zrdis Sromisnayofiere-

bas. amosaRebi ubnebis mosamzadebeli gvirabebis mdgradobis uzrunvelyofis prob-

lema erT-erTi ZiriTadia tyibuli-Saoris sabados SaxtebSi. magaliTad, wmendiTi 

samuSaoebis gavlenis zonaSi isini kargaven sawyisi kveTis  60 _ 70 %-s. damuSa-

vebis siRrmis zrdasTan dakavSirebiT matulobs saxifaTo SemTxvevebi sangrevis 

SesasvlelTan da gamomuSavebuli sivrcis mxridan, rac ubeduri SemTxvevebis sa-

erTo raodenobis 80 _ 90 %-s Seadgens.  

gr. wulukiZis samTo institutSi Catarebuli mravalwliani Teoriuli da 

eqsperimentuli gamokvlevebis, agreTve miwisqveSa mSeneblobis msoflio gamocdi-

lebis ganzogadebis safuZvelze Sedgenilia maTematikuri modeli, romelic iTva-

liswinebs grZeli gvirabebis mSeneblobisa da eqspluataciis ZiriTad geomeqani-

kur da teqnologiur faqtorebs. dadgenilia ganzogadebuli kriteriumebi gvira-

bis optimaluri formisa da zomebis, amasTan, zidvis unaris SesarCevad, sxvadasxva 

tipis samagris damontaJebisas qanTa masivSi moqmedi gravitaciuli, teqtonikuri, 

seismuri da teqnologiuri warmoSobis daZabulobis velebis struqturuli Tavi-

seburebebis gasaTvaliswineblad. damuSavebulia saeqspluatacio moTxovnebi, rom-

lebic warmoadgens saxelmZRvanelos grZeli gvirabebis sawarmoo amocanebis amox-

snisas teqnikur-ekonomikuri TvalsazrisiT dasabuTebuli gadawyvetilebebis misa-

Rebad [8, 9]. 

tSs-s Saxtebis amosaRebi ubnebis mosamzadebeli gvirabebis mdgradobis uz-

runvelyofis problemis gadasawyvetad SemoTavazebulia CineTSi damuSavebuli 

`konsoluri koWis Wris Teoria~ (`cutting cantilever beam theory~– CCBT) [10], romelic 

amJamad msoflioSi gamomuSavebul sivrceSi Weris mizanmimarTuli Wris erT-erTi 

wamyvani teqnologiaa, rac gamoricxavs samTo wnevis pikuri datvirTvis gadacemas 

mosamzadebeli gvirabis Weris mdgrad nawilze. Camoqceuli Weris qanebis gafxvi-

ereba gamoiyeneba zedapiruli dajdomis Sesamcireblad. naxSiris mopovebis es me-

Todi savaraudod 50 %-iT amcirebs gamoRebuli sivrcis Weris dajdomis samu-
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Saoebis moculobas da uzrunvelyofs naxSiris svetis srul gamoRebas, riTac mi-

iRweva naxSiris TviTRirebulebis mniSvnelovani Semcireba da, rac mTavaria, mcir-

deba avariebis saSiSroeba sangrevSi. 

tSs-s SaxtebSi gvirabebis efeqturi gamagrebisas wmendiTi sangrevis gazrdi-

li wnevis zonaSi foladpolimeruli ankeruli samagris gamoyeneba progresuli 

da ekonomikurad sargebliania. misi gamoyeneba SesaZlebelia samTo-teqnikuri pi-

robebis cvalebadobis farTo diapazonSic. ankeris foladis Reros Camagreba 

SpurSi xdeba swrafad gamyarebadi polimeruli nareviT. gazrdili wnevebis 

gamovlenis pirobebSi, rac damaxasiaTebelia wmendiTi sangrevis zonisaTvis, anke-

ruli samagri unda ganTavsdes or doneze. Weris qanebis qveda Sreebi Seikvreba 

pirveli donis mokle ankerebiT, xolo meore donis Rrma ganlagebis ankerebi, ro-

melTa sigrZe 3 m-s aRemateba, icavs Weris qanebis masivs deformaciebis warmoq-

mnisa da umarTavi procesis ganviTarebisagan, anelebs Weris rRvevis process da 

wmendiTi sangrevis damcav konstruqciebTan erTad ganapirobebs meoreuli gamoye-

nebis gvirabebis remontis gareSe eqspluataciis SesaZleblobas [11, 12]. 

grZeli, uwyveti gadaadgilebis unaris mqone sawmendi sangrevebiT sqeli 

naxSiris fenebis damuSavebis SesaZleblobis da aucileblobis dadgenis SemTxve-

vaSi tSs-s SaxtebSi iqmneba teqnikuri baza naxSiris mopovebis teqnologiuri cik-

lis meqanizacia-avtomatizaciisaTvis, rac Sromisnayofierebis zrdisa da mopo-

vebuli naxSiris TviTRirebulebis Semcirebis safuZvelia [5, 12]. 

dResdReobiT sul ufro farTod vrceldeba CineTSi Seqmnili sqeli naxSi-

ris fenebis damuSavebis teqnologia kompleqsur-meqanizebuli sangrevebis (kms) ga-

moyenebiT da Weriseuli naxSiris Sris gamoSvebiT. masSi Cadebulia Weriseuli an 

SreTSorisi naxSiris Sris ngrevis fizikuri efeqti, romelic efuZneba „sayrdeni“ 

wnevis Zabvebis gamoyenebas. am faqtma meqanizebul kompleqsebs damatebiTi funqcia 

mianiWa, romelic dakavSirebulia samagris zemoT ganlagebul naxSiris Sris ga-

moRebis procesis marTvasTan. 2006 _ 2008 wlebSi kuznecis sabadoze (шахта 

«Ольжеронская – Новая») gamoicada Tanamedrove Cinuri kompleqsi ZFS  naxSiris fenis 

gamosaRebad, romlis sisqe icvleboda 6,25 _  9,75 m diapazonSi. lavaSi naxSiris 

mongreva xorcieldeboda sasangrevo konveierze ganlagebul MG 400/930 WD kom-

bainiT. gamomuSavebuli sivrcis mxridan xdeboda Weriseuli naxSiris dastis Camo-

Sla specialur SGZ 800/800 konveierze, romelic mdebareobda samagris ukan gamomu-

Savebuli sivrcis mxares. aRniSnuli teqnologiis ekonomikuri arsis ganxilvisas 

tradiciuli Sreobrivi damuSavebis sistemebTan SedarebiT SesaZlebelia Semdegi 

aspeqtebis gamoyofa: mosamzadebeli samuSaoebis danaxarjebis Semcireba 30 %-mde 

da lavis kompleqsis samontaJo samuSaoebisa _ TiTqmis 2-jer; naxSiris mopovebis 

moculobis gazrda da naxSiris TviTRirebulebis Semcireba [13].  

zemoT moyvanili masalis analizis safuZvelze vvaraudobT, rom tSs-s pi-

robebSi SesaZloa gamoyenebul iqnes perspeqtiuli damuSavebis teqnologiuri mi-

marTuleba; kerZod, sqeli damreci fenebis meqanizebuli kompleqsebis gamoyenebiT 

Weriseuli naxSiris Sris gamoReba. logikuria, rom aRniSnulma teqnologiurma 

sqemam Caanacvlos damreci sqeli fenebis tradiciuli sqemebi (nax. 3), radgan mni-

Svnelovnad SeiZleba Semcirdes mosamzadebeli samuSaoebis moculoba; kapitalu-

ri da saeqspluatacio xarjebi; sistemis energotevadoba; naxSiris TviTaalebis 

saSiSroeba. amasTan, SesaZlebelia urTules pirobebSi naxSiris maragebis sruli 
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gamoReba, damcavi mTelanebis damuSaveba. sabolood amaRldeba sqeli damreci fe-

nebis damuSavebis usafrTxoeba da efeqturoba, gaizrdeba datvirTva fenaze da sa-

mTo samuSaoebis warmoebis koncentracia. 

 

 
 

nax. 3. Tanamedrove meqanizebuli samagris (firma “Caterpillar”) seqcia  

(a) da misi gamoyenebiT sqeli fenis damuSavebis teqnologiuri sqema (b) 

 

me-3 nax-ze warmodgenilia aSS-is firma “Caterpillar”-is mier Seqmnili [14] sqeli 

damreci fenebis meqanizebuli kompleqsis saSualebiT CamoqceviT damuSavebis teq-

nologiuri sqema, rodesac xdeba Weriseuli naxSiris Sris “gamoSveba” samagris 

ukan ganlagebul specialur konveierze. Cveni azriT, naxSiris sqeli fenis gamo-

Rebis teqnologiuri sqema (nax. 3) SeiZleba gaTvaliswinebul iqnes tSs-ze Tana-

medrove Saxtis mSeneblobis daproeqtebisas. aseTi teqnologia farTod gamoiye-

neba 5 _ 14 m sisqis fenebis erTstadiuri damuSavebisas [13, 15]. statistikuri mona-

cemebiT, naxSiris sqeli fenebis damuSavebis teqnologiis kms-is gamoyenebiT da 

Weriseuli naxSiris Sris gamoSvebiT lavis saSualo wliurma mwarmoeblurobam 

700 aTas t-s gadaaWarba. CineTSi, sadac es teqnologia ZiriTadia naxSiris sqeli 

fenebis damuSavebisas, lavis wliurma mwarmoeblurobam sxvadasxva Saxtis sang-

revSi 6 mln t-s miaRwia [15].  

sazRvargareTis qveynebis gamocdileba cxadyofs aRniSnuli teqnologiis 

did upiratesobas sqeli fenebis damuSavebisas. Weriseuli naxSiris Sris Camosaq-

cevad iyeneben sayrdeni wnevis Zabvebs, rac mniSvnelovnad amcirebs naxSiris mopo-

vebaze gaweul energodanaxarjebs; sqeli fenis gamoReba xdeba mTel sizrqeze, rac 

xels uwyobs samTo samuSaoebis maRal koncentracias, mniSvnelovnad amcirebs 

naxSiris saeqspluatacio danakargebs da endogenuri xanZris gaCenis safrTxes; 1,5 

_ 2-jer mcirdeba mosamzadebeli gvirabebis moculoba da danaxarjebi maT gayvana-

Senaxvaze; aseve xarjebi wmendiTi gvirabebis mowyobilobasa da naxSiris trans-

portirebaze amosaRebi velis farglebSi; garda zemoaRniSnulisa, mcirdeba nax-

Siris TviTRirebulebac, radgan mkveTrad izrdeba lavis mwarmoebluroba [13, 15].  
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daskvna 

tSs-s samTo-geologiuri pirobebis sirTulis miuxedavad, misi Saxtebis da-

bali teqnikur-ekonomikuri maCveneblebi ganpirobebulia sabados aTvisebis arse-

buli koncefciis SeusabamobiT sabados samTo-geologiur pirobebTan. es koncef-

cia jer kidev gasuli saukunis 50-ian wlebSi damuSavda. masSi ar aris gaTvalis-

winebuli naxSiris mopovebis sferoSi Tanamedrove samecniero-teqnikuri progre-

sis miRwevebi, igi sabados aTvisebis eqstensiur modelzea agebuli. 

grZeli, uwyveti gadaadgilebis unaris mqone sawmendi sangrevebiT naxSiris 

sqeli fenebis damuSavebis SesaZleblobis dadgeniT tyibulis SaxtebSi iqmneba te-

qnikuri baza naxSiris mopovebis teqnologiuri ciklis meqanizacia-avtomatizaci-

isaTvis, rac Sromisnayofierebis zrdisa da mopovebuli naxSiris TviTRirebule-

bis Semcirebis safuZvelia. perspeqtiulia mosamzadebeli gvirabebis efeqturi ga-

magreba wmendiTi sangrevis gazrdili wnevis gavlenis zonaSi foladpolimeruli 

ankeruli samagriT, romelic progresuli da ekonomikurad sargebliania. tSs-s pi-

robebSi SesaZloa gamoyenebaHpovos Tanamedrove damuSavebis teqnologiurma mimar-

Tulebam, kerZod, sqeli damreci fenebis meqanizebuli kompleqsebis saSualebiT 

moxdes Weriseuli naxSiris Sris gamoSveba. 

warmodgenili masala garkveul daxmarebas gauwevs specialistebs tSs-ze Ta-

namedrove Saxtis mSeneblobis daproeqtebisas. 
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ABOUT POSSIBILITY OF MODERN TECHNOLOGIES APPLICATION ON 
TKIBULI-SHAORI DEPOSIT  

L. Japaridze, T. Pirtskhalava 

(Gr. Tzulukidze Institute of Mining) 

 
Resume: Tere is considered the structural-functional model of complicated production model "mine". 

There is established, that coefficient of integral estimation of mining and geological conditions of coal area 
of mine Tkibuli-Shaori deposit (TShD) is approximately twice less, than analogical index for Donetsk one, in 
1,7 times less, what for Ruhr and on 35 % less than, than for Karaganda pools, where mining fully on 100 % 
comes true by the mechanized method.  

For the designed mine TShD there is offered: in the conditions of enhanceable intensity of display of 
mountain pressure, that characteristically for the preparatory making  in the affectiveness of the cleansing 
making zone, setting of the roof bolting, that protects the breeds of roof from the out of control process of 
deformations development, slows the process of destruction of roof; development of powerful declivous 
layers of the mechanized complexes, with producing of subroofing coal layer, that will assist the high 
concentration of mountain works, substantially will bring  down the operating losses of coal and danger of 

origin of endogenous fires; in 1,5 _ 2-fold the specific volume of driving of the preparatory making and cha-

rges will go down on their maintenance, charges on the equipment of the cleansing making and transport wi-
thin the limits of the hollow field, prime price of coal from the increase of booty of long-wall cleansing face. 

 
Key words: coefficient of integral estimation of mining  and geological conditions of deposit  of coal; 

modern mechanized technologies of mining; the structural-functional model of difficult production system 
"mine"; Tkibuli-Shaori deposit. 

 
 
 
 

ГОРНОЕ ДЕЛО 

 
 

О ВОЗМОЖНОСТИ ПРИМЕНЕНИЯ НА ТКИБУЛИ-ШАОРСКОМ 

МЕСТОРОЖДЕНИИ СОВРЕМЕННЫХ ТЕХНОЛОГИЙ 

Джапаридзе Л. А., Пирцхалава Т. Г. 

(Горный институт им. Гр. Цулукидзе) 

 
Резюме. Рассмотрена структурно-функциональная модель сложной производственной модели 

«шахта». Установлено, что коэффициент интегральной оценки горно-геологических условий 
угленосной площади Ткибули-Шаорского месторождения (ТШМ) приблизительно вдвое  меньше, 
чем аналогичный показатель для Донецкого, в 1,7- раза, чем для Рурского и на 35 % меньше, чем для 
Карагандинского бассейнов, где добыча угля полностью на 100 % осуществляется механизи-
рованным способом. 
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Для проектируемой шахты ТШМ предложено: в условиях повышенной интенсивности 
проявления горного давления, что характерно для подготовительных выработок  в зоне влияния 
очистных выработок, установка сталеполимерной анкерной крепи, которая предохраняет породы 
кровли от неуправляемого процесса развития деформаций, замедляет процесс разрушения кровли; 
разработка мощных пологих пластов механизированными комплексами с выпуском подкровельной 
угольной толщи, что будет способствовать высокой концентрации горных работ, существенно снизит  

эксплуатационные потери угля и опасность возникновения эндогенных пожаров; в 1,5 _ 2 раза сни-

зится удельный объем проходки подготовительных выработок и расходы на их содержание, расходы 
на оборудование очистных выработок и транспорт в пределах выемочного поля, себестоимость угля 
из-за повышения производительности лавы. 

 
Ключевые слова: коэффициент интегральной оценки горно-геологических условий  место-

рождения угля; современные механизированные технологии добычи угля; структурно-функци-
ональная модель сложной производственной модели «шахта»; Ткибули-Шаорское месторождение. 
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metalurgia 

 

 

 

radialuri moWimvis procesSi Zalebis eqsperimentuli kvleva 

slava mebonia, daviT gvencaZe, mamuka baakaSvili-anTelava,  

alfred gagniZe 

(r. dvalis manqanaTa meqanikis instituti, saqarTvelos teqnikuri universiteti) 

 

 

reziume: ganxilulia Tanamedrove radialur-saWed manqanebSi moqmedi Zalebi, 

romelTa mniSvneloba mZlavr manqanebSi 3000 t-s aRwevs. radialur-saWed manqaneb-

Si moqmedi Zalebis zusti gansazRvra aucilebelia manqanis saTanado daproeqte-

bisa da saimedo eqspluataciisaTvis.       

warmodgenilia radialuri moWimvis procesSi moqmedi Zalebis eqsperimentu-

li kvlevis Sedegebi. kvleva Catarda radialuri moWimvis specialur mowyobilo-

baze, romelic standartuli gamosacdeli wnexis meSveobiT radialuri deforma-

ciis sxvadasxva reJimSi cilindruli formis nimuSebze moqmedi Zalebis gazomvis 

saSualebas iZleva. eqsperimentiT miRebuli Sedegebis analiziT dadginda, rom D20 

da 24 mm diametris nimuSebis deformaciis dros nimuSis diametri da diametra-

luri moWimva TiTqmis Tanabar gavlenas axdens radialuri moWimvis Zalaze.  
 

sakvanZo sityvebi:  moWimva; radialur-saWedi manqana; Zala; wnexi.   
 

 

Sesavali 

radialur-saWed manqanebze liTonebis damuSavebiT miiReba manqanaTmSeneblo-

bis sxvadasxva dargSi gamosayenebuli RerZsimetriuli detalebi, romlebsac mie-

kuTvneba safexurebiani lilvebi da RerZebi, konusuri da Slicebiani milisebi, Si-

gasafexurebiani profilis mqone detalebi da SigaspiralurSlicebiani milebi. 

radialuri Wedva uzrunvelyofs nakeTobaTa maRal sizustes, gamoirCeva didi mwa-

rmoeblurobiT da liTonis ekonomiiT. garda amisa, radialuri Wedvis meTodi uz-

runvelyofs liTonis struqturisa da  meqanikuri Tvisebebis  gaumjobesebas [1, 2].   

radialur-saWedi manqanis nawilebze damuSavebis procesSi sakmaod didi Za-

lebi moqmedebs. ZalTa moqmedebis  sqema mocemulia 1-l nax-ze. 
 

 
 

nax. 1. ZalTa moqmedebis sqema radialuri Wedvis procesSi:  

1 _ sacemelebi;  2 _ namzadi; 3 _ naWedi 
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Tanamedrove rotaciul da radialur-saWed manqanebSi, romelTa ZiriTadi mwa-

rmoebelia avstriuli firma „Gesellschaft Fur Fertigungs-technik und Maschinenbau (GFM)“, ma-

deformirebeli Zalis saSualo mniSvneloba Seadgens 150 _ 250 t-s, xolo mZlavr 

manqanebSi igi 3000 t-s aRwevs [3].      

radialur-saWed manqanebSi moqmedi Zalebis zusti gansazRvra metad sapasu-

xismgeblo da mniSvnelovani amocanaa. saerTod, liTonebis wneviT damuSavebis Te-

oriaSi am amocanis gadawyvetis mTeli rigi saangariSo meTodebia miRebuli. am me-

Todebidan aRsaniSnavia maxasiaTeblebis meTodi [4], masalebis plastikuri defor-

maciisadmi winaRobis meTodi [5], variaciuli meTodi [6] da sxv. miuxedavad imisa, 

rom es meTodebi sakmaod zust pasuxebs iZleva, miRebuli Sedegebis Semowme-

bisaTvis aucilebelia ZalTa dadgenis eqsperimentuli meTodebis gamoyeneba; ker-

Zod, tenzometruli da polarizaciul-optikuri meTodebi. Zabvebisa da deformaci-

ebis SeswavlisaTvis sakmaod gavrcelebulia gamyofi badeebis, muaris zolebis, 

optikurad mgrZnobiare danafarebis da sisalis gazomvis meTodebi [7-8]. 

 

 

ZiriTadi nawili  

kvleva Catarda r. dvalis manqanaTa meqanikis institutis meqanikur saamqroSi 

damzadebul radialuri moWimvis specialur mowyobilobaze (nax. 2), romelic sta-

ndartuli gamosacdeli wnexis meSveobiT radialuri deformaciis sxvadasxva re-

Jimebze cilindruli formis tyviis nimuSebze moqmedi Zalebis dadgenis saSu-

alebas iZleva.  

 

 
 

nax. 2. eqsperimentuli mowyobiloba radialuri moWimvisaTvis 

 

mowyobilobis konstruqciuli sqema mocemulia me-3 nax-ze. mowyobiloba Sei-

cavs sadgars, romelic Sedgenilia qveda (1) da zeda (2) filebisagan, oTxi mili-

sebri kolonisagan (3). es detalebi erTmaneTTan SeerTebulia sarWebiT (4). sadgaris 

zeda filaze damagrebulia ori mimmarTveli Stifti, romlebzedac gadaadgildeba 

damwoli milisa (6). es milisa Tavisi Siga konusuri zedapiriT SeuRlebulia mom-

Werebis (7) gare konusur zedapirebTan. aseTi momWeri oTxia. momWerebis Siga ze-

dapiri daxrilia saWedi manqanebis sacemelebis muSa zedapiris analogiurad. 
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momWerebis gverdiT zedapirebze amoWrilia cilindruli CaRrmavebebi, rom-

lebSic Cawyobilia zambarebi (nax-ze naCvenebi ar aris). es zambarebi uzrunvel-

yofs momWerebis gare konusuri zedapirebis mudmiv kontaqts damwoli milisas ko-

nusur zedapirTan. damwoli milisa dayrdnobilia or zambaraze (8). yvela momWe-

ris fuZeSi Caxraxnilia WanWiki (9), romlis daniSnulebaa momWeris dakaveba Rer-

Zuli gadaadgilebidan. namzadis miwodeba deformaciis keraSi xdeba xraxniT (10), 

romlis wina Tavze damagrebulia namzadis damWeris bude (11). WanWikiT (12) xdeba 

namzadis damWeris budeSi dafiqsireba. 

 

 
 

nax. 3. mowyobilobis konstruqciuli sqema 

 

radialuri moWimvis mowyobiloba muSaobs Semdegi principiT: nimuSis qveda 

bolo WanWikiT magrdeba namzadis damWeris budeSi. mowyobiloba Tavsdeba wnexis 

magidaze. amis Semdeg nimuSi miewodeba deformaciis keraSi  xraxniT (10). procesi 

grZeldeba manam, sanam nimuSis wina torsi ar miaRwevs momWerebis Siga zedapirs. 

CairTveba wnexi, romlis yvinTa gadaaadgilebs damwol milisas qveda mimarTule-

biT zustad gaTvaliswinebul manZilze. damwoli milisa Tavisi Siga konusuri ze-

dapiriT awveba momWerebis gare konusur zedapirebs da aiZulebs maT miuaxlo-

vdnen erTmaneTs, ris Sedegadac xorcieldeba liTonis plastikuri deformacia da 

nimuSis diametris moWimva garkveul sidideze. Semdeg xdeba wnexis reversi da dam-

woli milisa (6) zambarebis (8) meSveobiT ubrundeba sawyis mdgomareobas. aseve sa-

wyis mdgomareobas ubrundeba momWerebi (7) da aTavisuflebs adgils deformaciis 

keraSi nimuSis momdevno miwodebisaTvis da Semdgomi moWimvisaTvis.  

radialuri moWimvis procesSi moqmedi Zalebis eqsperimentuli kvleva Catarda 

r. dvalis manqanaTa meqanikis institutis masalebis sacdeli laboratoriis wnexze, 

romelic faqtobrivad kumSvaze gamosacdeli manqana MC- 500-ia (nax. 4). 
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nax. 4. kumSvaze gamosacdeli manqana MC-500  da radialuri  

moWimvis mowyobiloba 

 

sacdeli manqana MC-500 gankuTvnilia samSeneblo masalebis standartuli ni-

muSebis statikuri gamokvlevisaTvis kumSvaze. wnexi aRWurvilia hidravlikuri ti-

pis Zalis sazomi xelsawyoTi, romlis gazomvis diapazoni 20_200 da 50–500 kn fa-

rglebSi meryeobs. 

wnexis teqnikuri maxasiaTeblebia: muSa cilindris diametri _ 160 mm; muSa ci-

lindris farTobi _ 201 sm2; muSa cilindris dguSis svla _ 50 mm; muSa cilindris 

dguSis sayenebeli svla _ 150 mm; sayrdeni filebis zomebi _ 320 x 320 mm; samuSao 

aris simaRle _ 360 mm; maRali wnevis tumbos tipi _ yvinTiani, araregulirebadi; 

nominaluri muSa wnevebi _ 25 mpa; tumbos mwarmoebluroba _ 1,3 x 10-5 m3/wm; lil-

vis brunTa ricxvi _ 930 br/wT; zeTis rekomendebuli markebi _ C-14, MC-20; gabari-

tuli zomebi _ 1050 x 600 x 1370 mm;  masa _ 420 kg. 

sacdeli nimuSebi: masala _ tyvia; simtkice gaWimvaze _ 12_13 mpa, kumSvaze _  

50 mpa; diametri _ 20; 24 mm; sigrZe _ 100 mm. 

deformaciis reJimi: saerTo diametruli moWimva D20 nimuSisaTvis _ 4 mm; D24 ni-

muSisaTvis – 8 mm; erTeuli moWimva orive nimuSisaTvis _ 2max d mm, 33,1min d mm. 

Catarebuli cdebis msvlelobisas gamoicada D20 da D24 nimuSebi, romelTa 

miwodeba deformaciis keraSi Seadgenda 2 mm-s. yvela cdis procesSi fiqsirdeboda 

Zalis sazomis Cveneba. deformirebuli nimuSebi warmodgenilia me-5 nax-ze. 
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nax. 5. deformirebuli nimuSebi: a _ D20;  b _ D24 

 

cdebis Sedegebis safuZvelze agebul grafikebze (me-6 da me-7 nax-ebi) naTlad 

Cans, Tu rogor izrdeba moWimvis Zala deformaciis keris liToniT Sevsebisas. 

 

 
 

nax. 6. moWimvis Zalis grafiki (namzadi D20): wnexis Zala PP= 1240 kg,  

deformaciis Zala _ 12916 kg 

 

 
 

nax. 7. moWimvis Zalis grafiki (namzadi D24): wnexis Zala P = 2490 kg,  

deformaciis Zala _ 28147kg 
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miRebuli grafikebis analizi cxadyofs, rom orive variantSi (D20 da D24 

namzadebi) deformaciis keris liToniT Sevsebis procesSi radialuri moWimvis 

Zala jer SedarebiT swrafad izrdeba (cdebi №1,2,3,4,5 da 6), Semdeg ki ufro nela 

uaxlovdeba deformaciis damyarebuli procesis Zalas. rogorc eqsperimentidan 

Cans, namzadis diametri da diametruli moWimva TiTqmis Tanabar gavlenas axdens 

radialuri moWimvis Zalaze, rac  mkafiod Cans cdebis Sedegebis Sedarebisas: D20 

namzadisaTvis  wnexis maqsimaluri Zala iyo 1240 kg, xolo D24-isaTvis _ 2490 kg, 

rac TiTqmis 2-jer metia. moWimvis 1,33-dan 2,0 mm-mde gazrdiT pirvel SemTxvevaSi  

(D20 namzadi) wnexis maqsimaluri Zala aseve 2-jer, xolo meore SemTxvevaSi  (D24 

namzadi) _ TiTqmis 2,2-jer matulobs. 

 

 

daskvna 

amrigad, damzadebulia radialuri moWimvis specialuri mowyobiloba, romel-

mac standartul hidravlikur wnexze saSualeba mogvca radialuri deformaciis 

sxvadasxva reJimze dagvedgina cilindruli formis tyviis nimuSebze moqmedi Za-

lebis mniSvnelobebi;  

eqsperimentuli kvlevis Sedegebis safuZvelze agebulia grafikebi, romelTa 

analizi cxadyofs, rom deformaciis keris liToniT Sevsebis procesSi radialu-

ri moWimvis Zala jer SedarebiT swrafad izrdeba, Semdeg ki uaxlovdeba defor-

maciis damyarebuli procesis Zalas;  

gamosakvlevi faqtorebi _ namzadis diametri da diametruli moWimva TiTqmis 

Tanabar gavlenas axdens radialuri moWimvis Zalaze. 
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METALLURGY 
 
 

EXPERIMENTAL RESEARCH OF EFFORTS IN THE PROCESS OF RADIAL 
FORGING 

S. Mebonia, D. Gventsadze, M. Baakashvili-Antelava, A. Gagnidze 

(R. Dvali Institute of Machine Mechanics, Georgian Technical University) 

 
Resume: There are considered in modern radial-forging machines enough significant forces, which 

size in powerful machines reaches up to 3000 tons. Exact determination of forces operating in radial-forging 
machines is surely for appropriate design and reliable operation of the machine.  

Here results of a pilot study of forces operating in process of radial sinking, are presented. Research 
was conducted on the special device for radial sinking, which by means of a standard test press has allowed 
to measure the efforts operating on  samples of a cylindrical form at various modes of radial deformation. By 
the analysis of the results received from experiment there is established, that at deformation of samples with 
a diameter of 20 and 24 mm the studied factors – diameter is model also diametrical sinking – almost equally 
influence effort of radial sinking. 

 
Key words: loading; press; radial-forging machine; sinking. 

 
 
 
 

 МЕТАЛЛУРГИЯ  

 
 

ЭКСПЕРИМЕНТАЛЬНОЕ ИССЛЕДОВАНИЕ УСИЛИЙ  В ПРОЦЕССЕ 
РАДИАЛЬНОГО ОБЖАТИЯ 

Мебония С. А., Гвенцадзе Д. А., Баакашвили-Антелава М. В., Гагнидзе А. Н. 

( Институт механики машин им. Р. Двали, Грузинский технический университет) 

 
Резюме. В современных радиально-ковочных машинах действуют довольно значительные 

силы, величина которых в мощных машинах достигает до 3000 тонн. Точное  определение  
действующих в радиально-ковочных машинах сил обязательно для надлежащего проектирования и 
надежной эксплуатации машины. Представлены результаты экспериментального исследования 
действующих в процессе радиального обжатия сил. Исследование проводилось на специальном 
устройстве для радиального обжатия, которое с помощью стандартного испытательного пресса 
позволило при различных режимах радиальной деформации измерить усилия, действующие на 
образцы цилиндрической формы. Путем анализа полученных из эксперимента результатов 
установлено, что при деформации образцов  диаметром 20 и 24 мм исследуемые факторы – диаметр 
образцов и диаметральное обжатие –  почти одинаково  влияют на усилие  радиального обжатия. 

 
Ключевые слова: обжатие; пресс; радиально-ковочная  машина; усилие. 
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manqanaTmSenebloba 

 

 

 

kaskaduri tipis inovaciuri macivari manqana 

Tamaz megreliZe, Tamaz isakaZe, givi gugulaSvili 

(saqarTvelos teqnikuri universiteti) 

 

 

reziume: ganxilulia dabali temperaturebis mniSvneloba dRevandel warmo-

ebaSi, aRwerilia Zalze dabali temperaturebis miRebis gzebi; SemoTavazebulia 

kaskaduri tipis macivari manqanebi, romlebSic TiToeuli kaskadi muSaobs orsafe-

xurian sacivar ciklze TiTo kompresoriT; rotaciuli kompresorebis gamoyenebiT 

ganxorcielebuli kaskaduri tipis macivari manqanis TiToeuli cikli utoldeba 

orsafexurian sacivar cikls da orkaskadiani macivari manqaniT SesaZlebelia  

_90 0C temperaturis miReba. 

 

sakvanZo sityvebi: ekonomaizeri; kompresori; kondensatori; saorTqlebeli;  

solenoiduri ventili. 

 

 

Sesavali 

Tanamedrove mrewvelobis sxvadasxva dargis ganviTarebam ganapiroba dabal 

temperaturebze moTxovnilebis gazrda. dReisaTvis bevria iseTi sawarmoo teqno-

logiuri procesi, romelSic temperaturis Semcirebis gareSe Cerdeba yvelanairi 

teqnologiuri procesi an Zalze nela mimdinareobs.  

dabali temperaturuli reJimebis gamoyeneba aucilebelia kvebis produqtebis 

gadamuSavebis, Senaxvisa da gadazidvis procesebSi; haeris kondicirebisaTvis; 

zRvis mlaSe wylis gamtknarebisaTvis; amiakis, sinTezuri kauCukis, xelovnuri 

boWkoebisa da sxvaTa warmoebisas. gansakuTrebiT mniSvnelovania dabali tempera-

turebis gamoyeneba kriogenul teqnikaSi. igi uzrunvelyofs airebis (azotis, Jang-

badis, heliumis da sxv.) gaTxevadebas, Senaxvasa da transportirebas, dabaltempe-

raturuli meTodebiT airebis narevebis gayofas da sxv.  

aseTi mniSvnelovani teqnologiuri procesebis uzrunvelsayofad saWiro da-

bali temperaturebis miReba Cveulebrivi erTsafexuriani sacivari ciklebiT SeuZ-

lebelia. amitom aucilebelia mravalsafexuriani ciklebis gamoyeneba. magram mra-

valsafexurian sacivar ciklebs ramdenime iseTi nakli aRmoaCnda, romlebic xels 

uSlis maTi Termodinamikuri efeqtianobis gazrdas. am naklTagan SeiZleba aRi-

niSnos is, rom: 

 macivebeli agentis maRali temperaturebis SemTxvevaSi sistemaSi wneva sakmaod 

izrdeba, rac ganapirobebs Zvirad Rirebuli mowyobilobis gamoyenebis aucileb-

lobas; 
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 macivebeli agentis dabali temperaturebis SemTxvevaSi ki wneva ecema (xSirad 

uaryofiTi xdeba), rac sistemaSi haeris Sewovisa da, Sesabamisad, kondensatoris 

mwarmoeblurobis Semcirebis mizezi xdeba. amasTan, Sewovili haeris xarjze 

orTqlis moculoba izrdeba da dRis wesrigSi kvlav Zvirad Rirebuli mowyo-

bilobis gamoyenebis aucilebloba dgeba; 

 mravalsafexuriani ciklebis SemTxvevaSi mosalodnelia safexurebs Soris ze-

Tis araTanabari gadanawileba, gansakuTrebiT im SemTxvevaSi, Tu maRali tem-

peraturebis pirobebSi zeTi macivebel  agentSi kargad ixsneba, dabal tempe-

raturebze ki _ ara. es gamoiwvevs kompresoris SezeTvis gauaresebas an moiT-

xovs Zvirad Rirebuli SezeTvis sistemebis dayenebas. 

aRniSnulis gamo Zalze dabali temperaturebis miRebis TvalsazrisiT, yve-

laze mosaxerxebelia kaskaduri sacivari cikliT momuSave iseTi macivari manqane-

bis gamoyeneba, romelTa ciklSi zeda safexuris saorTqlebeli warmoadgens qveda 

safexuris kondensators. aseTi cikliT momuSave manqanebi kargad muSaobs mcire 

temperaturuli sxvaobis pirobebSic ki.  

 

 

ZiriTadi nawili 

kaskaduri sacivari cikli warmoadgens TanamimdevrobiT SeerTebul orTqlis 

kompresiul manqanebs sxvadasxva macivebeli agentebiT, romlebic erTmaneTisagan 

gansxvavdeba duRilis temperaturiT. ciklis muSaobis principi gulisxmobs maRal 

temperaturaze gaTxevadebis unaris mqone macivebeli agentis mier ufro Znelad 

kondensirebadi macivebeli agentis orTqlis kondensacias.    

rogorc Cans, siTbo udablesi temperaturuli donidan gadaecema umaRles 

dones rigi safexurebis gavliT. maTgan yvela safexuri Cveulebriv orTqlis kom-

presiul macivar manqanas warmoadgens.  

aseTi kaskaduri safexurebiT macivebeli agentis gaciveba dakavSirebulia 

mniSvnelovan energetikul xarjebTan. mis gansaxorcieleblad saWiroa didi rao-

denobiT macivari manqanebisa da Tbogadamcemi aparatebis gamoyeneba, rac, Sesaba-

misad, zrdis ekonomikur xarjebs.  

kaskaduri macivari manqanebis muSaobis efeqtianobis gazrdis mizniT damu-

Savebulia inovaciuri konstruqcia, romelSic SesaZlebeli xdeba TiToeul kas-

kadSi orsafexuriani sacivari ciklis ganxorcieleba TiTo kompresoris gamoye-

nebiT. aseTi sacivari ciklebis muSaobas safuZvlad udevs italieli mecnieri 

jimbalvios idea, romelic gulisxmobs kompresoris cilindrSi Txevadi macive-

beli agentis SeSxefebas. amis Sedegad kaskaduri macivari manqanis TiToeuli 

sacivari cikli utoldeba orsafexurian sacivar cikls. 

1-l nax-ze gamosaxulia inovaciuri konstruqciis rotaciuli kompresoris 

principuli sqema, romliTac aRWurvilia macivari manqanis TiToeuli kaskadi.  

rotaciuli kompresoris muSaobis principi emyareba muSa cilindrSi Txevadi 

macivebeli agentis SeSxefebis ideas. Txevadi macivebeli agentis SeSxefebis sar-

qveli (4) ixsneba mxolod im momentSi, rodesac rotori (7) miaRwevs zeda mkvdar 

wertils (nax. 1, b). es sarqveli muSaobs Srederis principiT: igi iReba meqani-

kurad _ sakmarisia rotoris Sexeba Srederis TiTTan. am dros macivebeli agentis 
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orTqli kompresoris cilindrSi Sedis Sualeduri wneviT (nax. 1, b), ris Semdegac  

kompresoris cilindrSi iwyeba daWirxvnis procesi (nax. 1, a). rotoris yvela da-

narCen mdgomareobaSi Sualeduri SeSxefebis sarqveli (4) daketilia.  

aRwerili konstruqciis ori kompresori CarTulia kaskaduri macivari man-

qanis sqemaSi (nax. 2). orive (zeda da qveda) kaskadis rotaciuli kompresorebi SeS-

xefebis milakiT dakavSirebulia ekonomaizerTan. ekonomaizeri warmoadgens rege-

nerators, romelSic xorcieldeba regeneraciis procesi, anu macivebeli agentis 

gadaxureba, ris Sedegadac sacivar ciklSi izrdeba macivari manqanis xvedriTi si-

civis mwarmoebluroba. es ki, Tavis mxriv, zrdis sistemis efeqtianobas. 

 

 
 

nax. 1. inovaciuri rotaciuli kompresoris principuli sqema: 

1_kompresoris korpusi, 2_Semwovi sarqveli, 3_saWirxni sarqveli, 

4_Sualeduri SeSxefebis sarqveli, 5_zambara, 6_gamyofi firfita, 

7_rotori, 8_cilindri  

 

kondensirebuli Txevadi macivebeli agentis nawili droselirdeba Termoma-

regulirebeli ventilis (mv 1) meSveobiT da moxvdeba ekonomaizeris Tbogadamce-

mSi, sadac duRdeba. duRilis Sedegad gadaxurebuli orTqli kompresoris SeSxe-

febis portis gavliT moxvdeba kompresoris daWirxvnis Sualedur areSi. konden-

sirebuli siTxis ZiriTadi nawili ki droselis gavliT gadadis saorTqlebelSi 

da duRs P0 wnevaze. SeSxefebis xazze dayenebulia solenoiduri ventili (sv), ro-

melic kompresoris CarTvisas gaixsneba, xolo kompresoris gamorTvisas _ iketeba. 

es kompresors icavs avariuli reJimisa da hidravlikuri dartymebisagan.  

aseTi sacivari cikli TiToeul kaskadSi (rogorc qveda, ise zeda) tolfasia 

orsafexuriani ciklisa, oRond mxolod erTi kompresoris gamoyenebiT, rac xar-

jebis mniSvnelovan ekonomias iZleva. maqsimaluri efeqti damokidebulia SeSxe-

febis portis adgilis zustad SerCevaze, rac macivari manqanis sicivis mwarmo-

eblurobas gazrdis maqsimalurad.  
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nax. 2. inovaciuri kaskaduri macivari manqanis principuli sqema 

 

inovaciuri kaskaduri macivari manqanis sacivari cikli warmodgenilia me-3 

nax-ze. 

Catarebuli cdebis mixedviT, kaskaduri macivari manqanis zeda kaskadi muSa-

obda macivebel agent m22-ze, xolo qveda kaskadisaTvis gamoyenebuli iyo Tana-

medrove ozonusafrTxo nivTiereba m23. cdebis Sedegad dadginda, rom macivari 

manqanis sicivis mwarmoebluroba gaizarda 25 %-iT. inovaciuri kaskaduri macivari 

manqana gamoirCeva maRali mwarmoeblurobiT da saSualebas iZleva macivebeli 

agentis duRilis temperatura _90 0C-mde Seamciros.  
 

 
 

nax. 3. inovaciuri kaskaduri macivari manqanis  

sacivari cikli I-LgP diagramaze 
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daskvna  

amrigad, inovaciur macivar manqanaSi mxolod ori kaskadis da ozonusafr-

Txo macivebeli agentis gamoyenebiT SesaZlebeli xdeba iseTive dabali temperatu-

ris (_90 0C, anu 183 K) miReba, rogoric Cveulebrivi kaskaduri tipis sacivari cik-

liT SeiZleba iqnes miRweuli mxolod eTilenis gamoyenebiT, romelsac gacile-

biT dabali duRilis temperatura aqvs. Sesabamisad, SeiZleba iTqvas, rom warmod-

genili kaskaduri tipis macivari manqanis gamoyeneba kriogenuli (Zalze dabali) 

temperaturebis misaRebad ara marto SesaZlebelia, aramed did ekonomikur efeqt-

sac iZleva, radgan misi TiToeuli sacivari cikli utoldeba orsafexurian saci-

var cikls, rac amcirebs gamoyenebuli kompresorebisa da Tbogadamcemi aparatebis 

raodenobas.      
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MECHANICAL ENGINEERING 
 
 

INNOVATIVE REFRIGERATORY CASCADE-TYPE MACHINE 

T. Megrelidze, T. Isakadze, G. Gugulashvili 

(Georgian Technical University) 

 
Resume: There is shown the role of low temperatures in the modern workplace. There are described 

methods of obtaining low temperatures. There are affered uses refrigerating machine operating in cascade 
cycle, in which each stage operates on a two-stage refrigerating cycle using a compressor. There is shown, that 
every stage is carried out using a rotary compressors cascade refrigeration cycle which is equivalent to a two-
stage refrigerating cycle and using a similar two-stage refrigeratory machine may get the temperature  -90 0C. 

 
Key words: compressor; condenser; evaporator; economizer; solenoid valve. 

 
 
 
 

МАШИНОСТРОЕНИЕ 

 
 

ИННОВАЦИОННАЯ ХОЛОДИЛЬНАЯ МАШИНА КАСКАДНОГО ТИПА  

Мегрелидзе Т. Я., Исакадзе Т. А., Гугулашвили Г. Л. 

(Грузинский технический университет) 

 
Резюме. Показана роль низких температур в современном производстве. Описаны методы 

получения низких температур. Предложено использование холодильных машин, работающих в 
каскадном цикле, в котором каждый каскад работает на двухступенчатом холодильном цикле с 
использованием одного компрессора. Показано, что каждый каскад осуществляемого с использо-
ванием ротационных компрессоров каскадного холодильного цикла приравнивается к двухсту-
пенчатому холодильному циклу и с использованием подобной двухкаскадной холодильной машины 
возможно получить температуру -90 0С. 

 
Ключевые слова: компрессор; конденсатор; испаритель; соленоидный вентиль; экономайзер. 
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energetika 

 

 

 

saqarTvelos eleqtrosadgurebis generatorebze ganxorcielebuli 

vibraciuli dacvisa da mdgomareobis kontrolis stacionaruli 

sistemebi da mowyobilobebi 

levan gugulaSvili, zaal azmaifaraSvili, ioseb mecxvariSvili,  

givi gugulaSvili 

(saqarTvelos teqnikuri universiteti)  

 

 

reziume: ganxilulia hidroeleqtrosadgurebSi generatorebis muSaobis prin-

cipebi; naCvenebia, rom generatorebSi aRZruli vibraciebi iwvevs maT dazianebas da 

droebiT mwyobridan gamoyvanas. amis gamo sxva xarjebs emateba remontiT ganpiro-

bebuli ekonomikuri danaxarjebiც.  

aRwerilia hidrogeneratorebSi vibraciebis warmoqmnis ZiriTadi mizezebi. 

warmodgenilia stacionaruli sistemebi, romlebic gamoiyeneboda da amJamadac ga-

moiyeneba saqarTvelos hidrogeneratorebis vibraciuli mdgomareobis kontrolisa 

da diagnostikisaTvis; Sefasebulia maTi dadebiTi da uaryofiTi mxareebi. aRsa-

niSnavia, rom arc CvenTan da arc sazRvargareT jer kidev araa damuSavebuli 

iseTi srulyofili sistema, romelic garantirebulad uzrunvelyofs generatoris 

muSaobis reJimSi mis srul dacvas vibraciebiT gamowveuli dazianebebisagan.  

 

sakvanZo sityvebi: gadamwodi; defeqti; diagnostika; vibracia; hidrogenera-

tori. 

 

 

Sesavali 

saqarTvelo hidroenergetikuli resursebiT mdidari qveyanaa. aq Tavmoyrilia 

mTis mdinareebi Tavisi SenakadebiT, xeobebiTa da mkvebavi auzebiT. dRes Zalze 

aqtualuria am mdinareTa mdidari hidropotencialis praqtikuli da mizanmimar-

Tuli gamoyeneba, mTis mdinareTa hidroenergiis aTviseba, axali hesebis mSeneb-

loba, arsebulis rekonstruqcia-reabilitaciis, hidroeleqtrosadgurebisa da 

TviT hidrogeneratorebis usafrTxo da saimedo muSaobis uzrunvelyofa.  

 

 

ZiriTadi nawili 

1950 _ 1980 wlebSi mTel msoflioSi intensiurad daiwyo maRlivi kaSxalebisa 

da didi simZlavris hesebis mSenebloba. magaliTad, tajikeTSi aSenda nurekihesi 

300 m simaRlis qvanayar-miwanayari kaSxliTa da 2700 megvt dadgmuli simZlavriT; 

saqarTveloSi _ engurhesi 271,5 m simaRlis rkina-betonis TaRovani kaSxaliTa da 

1300 megvt dadgmuli simZlavriT. nurekihesis kaSxali 2013 wlamde iTvleboda 
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msoflioSi yvelaze maRal miwayril kaSxlad, xolo engurhesis unikalur TaRo-

van kaSxals msoflioSi dResac analogi ar gaaCnia (nax. 1).  

 

 
 

nax. 1. engurhesis rkinabetonis TaRovani kaSxlis saerTo xedi 

 

XX saukunis 60 _ 70 wlebSi msoflioSi hidroenergetikis farTo ganviTarebam, 

mZlavri eleqtrosadgurebis daproeqtebam, giganturi hesebis mSeneblobam, srul-

yofili energoagregatebis montaJma da eqspluataciam masSi gamoyenebuli hidro-

agregatebis vibraciuli mdgomareobis Seswavla-Sefasebisa da vibraciuli kon-

trolis aucilebloba ganapiroba, rac gamowveulia mTeli rigi garemoebebiT. ro-

gorc cnobilia hidroeleqtrosadgurebi ZiriTadad ganlagebulia dasaxlebuli 

punqtebidan moSorebiT, mdinaris xeobebsa Tu kalapotebSi. hesebis mSeneblobis 

regionSi damamzadebeli qarxnebidan xdeba hidroagregatis nawilebisa da kvanZebis 

transportireba. saerTaSoriso satransporto gadazidvebisaTvis arsebobs normebi 

didgabaritian tvirTebze. magaliTad, yofil sabWoTa kavSirSi arsebobda norma, 

romlis mixedviTac sarkinigzo gadazidvebze detalis an danadgaris diametri 4,5 

m-iT ganisazRvreboda, magram, Tu amaze didi zomisa iqneboda, maSin qarxanas igi 

aucileblad dasaSleli konstruqciisa unda daemzadebina. Sesabamisad, giganturi 

energoagregatebis daSlili generatoris statoris, rotorisa da turbinis spira-

luri kameris konstruqciebis awyoba, maTi didtonaJiani da didi gabaritebis 

mqone sxvadasxva nawilisa da detalis erTmaneTTan morgeba, Sepirapireba, gawyoba 

da montaJi hesis pirobebSi hidrogeneratoris damontaJebis realur teritoriaze 

specializebuli personalis monawileobiT unda ganxorcielebuliyo. xSirad 

qarxnuli wuni an detalebis damzadebis uzustoba Tavs iCenda montaJis dros da 

maTi aRmofxvra nawilobriv hesebis mSeneblobis procesSi mimdinareobda. iyo Sem-

Txvevebi, rodesac hidrogeneratoris damzadebisa Tu montaJis wuni hidrogene-

ratoris eqspluataciaSi gaSvebis momentSive ki ar iCenda Tavs, aramed maTi ramde-

nimewliani eqspluataciis Semdeg gamovlindeboda. 
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mZlavri hidrogeneratorebis saimedoobisa da saeqspluatacio resursebis 

zrda, hidrogeneratoris dazianebiT gamowveuli mocdena da hidrogeneratoris ka-

pitalur remontebze xarjebis Semcireba damokidebulia hidroagregatis vibra-

ciul mdgomareobaze, hidrogeneratoris dauSvebeli vibraciis droul gamovle-

naze, generatoris dasaSvebi vibraciuli parametrebis saeqspluatacio normebis 

dacvaze, hidrogeneratoris vibraciuli mdgomareobis periodul Seswavlaze, 

droulad gamovlenili vibraciis mizezebisa da aucileblobis SemTxvevaSi vib-

raciis likvidaciaze, rac SesaZlebelia hidroagregatis mbrunavi kvanZebis an 

generatoris rotoris balansirebiT. 

saqarTveloSi XX saukunis 70-ian wlebSi Tbilisis vinteris saxelobis na-

gebobaTa da hidroenergetikis samecniero-kvleviTma institutma (ТНИСГЭИ) daamu-

Sava da saqmTavarenergos sistemaSi danerga mowyobiloba, romelic axdenda saqar-

Tvelos energosistemis hidroagregatebis gazrdili vibraciis zemoqmedebisagan 

dacvas. mowyobiloba Sedgeboda vibrogadamwodisa da specialuri logometruli 

sqemisagan. vibraciis donis dauSvebel sididemde gazrdis SemTxvevaSi xelsawyo 

iZleoda gamafrTxilebel signals an hidroagregats avariulad gamorTavda eleq-

trosistemidan. 

mowyobilobis vibrogadamwodi stacionarulad iyo mimagrebuli hidroagre-

gatis jvaredze,  SesaZlo maqsimaluri vibraciis savaraudo adgilze. vibroga-

damwodSi vibraciiT aRZruli eleqtromamoZravebeli Zala (emZ) miewodeboda spe-

cialur sqemas. sqemis gamosasvlelSi CarTuli mgrZnobiare logometris skala ta-

rirebuli iyo vibraciis mniSvnelobebis Sesabamisad. hidroagregatis vibraciis 

dauSvebel donemde miRwevis SemTxvevaSi logometris isari gadakveTda mowyo-

bilobis fotoelementisken mimaval sinaTlis sxivs. fotoelements moqmedebaSi 

mohyavda fotorele, romelic iZleoda signals vibraciis gadidebaze an gamor-

Tavda hidroagregats eleqtrosistemidan. 

eWvgareSea, es mowyobiloba im periodisaTvis iyo progresuli da novato-

ruli, radgan maSin ar arsebobda arc vibraciis sazomi xelsawyoebi da arc 

Sesabamisi specializebuli samuSaoebis Sesasruleblad momzadebuli personali.  

mowyobilobis uaryofiT mxared unda CaiTvalos misi vibrogadamwodis maRa-

li muSa sixSire _ 10 hc-dan 20 hc-mde, romelic Seesabameba hidroagregatis brun-

Ta ricxvs 600 br/wT-dan 1200 br/wT-mde, amasTan, misi eleqtruli sqemac araa 

srulyofili. xSirad am mowyobilobas ayenebdnen iseT hidroagregatebze, romlis 

brunTa ricxvi bevrad ufro naklebi iyo, vidre vibrogadamwodis muSa sixSire (10 

– 20 hc); magaliTad, xramhesi-1 _ 375 br/wT; lajanurhesi _ 250 br/wT; zahesi _ 214 

da 167,5 br/wT; rionhesi _ 300 br/wT; gumaThesi _ 214 da 150 br/wT; orTaWalhesi _ 

125 br/wT; Sesabamisad, vibrogadamwodis maxasiaTeblidan gamomdinare, vibraciis 

gazomvis sizustis albaToba Zalian dabalia.  

mowyobilobis eleqtruli sqemis arasrulyofilebis warmosaCenad erTmaneTs 

SevadaroT ori teqnologiuri SemTxveva: pirveli, roca hidroagregatze dauSve-

blad gazrdilia vibracia da, meore, roca mowyobilobis fotoelementis naTura 

mwyobridanaa gamosuli. 

orive SemTxvevaSi mowyobiloba muSaobs erTnairad, anu uzrunvelyofs hid-

roagregatis avariul gamorTvas eleqtrosistemidan. es piroba meore SemTxvevi-

saTvis dauSvebeli da miuRebelia, radgan mowyobilobis fotoelementis naTuris 
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mwyobridan gamosvlam (gadawvam) ar SeiZleba hidroagregatis avariulad gaCereba 

gamoiwvios.  

hidroagregatebis gazrdili vibraciebisagan dacvis im periodisaTvis nova-

toruli da progresuli sistema drom moralurad da fizikurad gacviTa. 

dRes hesebisa da hidrogeneratorebis eqspluataciis gamocdilebam dRis we-

srigSi daayena hidrogeneratorebis uwyveti vibraciuli kontrolis ganxorci-

elebis aucilebloba, rac saqarTvelos pirobebSi pirvelad ganxorcielda en-

gurhesze sareabilitacio programiT gaTvaliswinebuli samuSaoebiT, romlebic 

moicavs teqnologiur danadgarebs da iTvaliswinebs vibraciuli kontrolis fun-

qcionalur SesaZleblobebs.  

engurhesis 260 megvt simZlavris xuTive hidrogeneratori sareabilitacio 

programis farglebSi aRiWurva firma ,,simens-voitis~ mier damontaJebuli 

VIBROCONTROL 4000 tipis vibraciis sakontrolo sazom-saregistrirebeli mow-

yobilobebiT.   

pirvelad vibraciis kontrolis sazom-saregistrirebeli mowyobiloba damon-

taJda engurhesis №3 hidrogeneratorze da eqspluataciaSia 2006 wlidan. 

vibraciis kontrolis samzom-saregistrirebeli mowyobiloba axorcielebs 

hidroagregatis RerZis sakisris sayeluris gadaadgilebis fiqsirebas sakisris 

korpusis an generatoris jvaredebis mimarT. RerZuli cema izomeba mikrometrebSi 

(mkm). 

RerZuli cemis sazomi mowyobilobiT aRWurvilia generatoris zeda da qveda 

mimmarTveli sakisrebi da turbinis sakisari, xolo TviT gadamwodebi ganlage‐

bulia horizontalurad zeda biefisa da marjvena napiris mxridan.  

hidrogeneratoris quslis abazanaSi dayenebulia vibrogadamwodi, romelic 

afiqsirebs hidroagregatis vertikaluri vibraciis vibrosiCqares.  

mowyobiloba CarTulia hidroagregatis meqanikuri dacvis procesSi da agre-

gatis muSaobis uwyvet reJimSi akontrolebs RerZul cemas. hidroagregatis Rer-

Zuli cemis saSiS an dauSvebel zRvramde awevisas mowyobiloba iZleva gamafrTxi‐

lebel signals an myisierad gamorTavs hidrogenerators eleqtrosistemidan.   

VIBROCONTROL 4000 sistemis specializebuli danadgaris dadebiTi mxarea am 

sistemis funqcionaluri SesaZleblobebi, romlebic uzrunvelyofs hidrogenera-

toris rTul saeqspluatacio pirobebSi da generatoris muSaobis uwyvet reJimSi 

hidroagregatis RerZuli cemis kontrols, axorcielebs sazom-saregistrirebel 

sistemasTan mierTebuli sxvadasxva tipis yvela gadamwodidan miRebuli informa-

ciuli parametrebis srul Caweras da Senaxvas. hidroagregatis RerZuli cemis da-

saSvebi normebidan gamosvlis SemTxvevaSi sistema iZleva gamafrTxilebel sig-

nals an avariulad gamorTavs hidrogenerators eleqtrosistemidan. magram am 

sistemas aqvs uaryofiTi mxareebic, romlebic gamovlinda da sagrZnobi gaxda Rer-

Zuli cemis sazom-saregistrirebeli sistemis mravalwliani eqspluataciis Semdeg; 

kerZod, RerZuli cemis sazom-saregistrirebeli sistema, romelic aRWurvilia 

induqciuri ukontaqto gadamwodebiT, ganlagebulia generatoris zeda, qveda da 

turbinis mimmarTvel sakisrebSi zeda biefisa da marjvena napiris mxridan. TviT 

gadamwodebi myaradaa damagrebuli mimmarTveli sakisris abazanaSi specialur 

sayrdenze, xolo es specialuri sayrdeni aseve myaradaa damagrebuli sakisris 

abazanis an generatoris jvaredis konstruqciaze (nax. 2). 
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nax. 2. RerZuli cemis sazomi mowyobilobiT aRWurvili  

turbinis mimmarTveli sakisari 

 

hidroagregatis mimmarTveli sakisris sayelursa da RerZuli cemis ukon-

taqto induqciur gadamwods Soris muSa Sualedi 2–4 mm-s Seadgens. Tu davuSvebT 

da ganvixilavT iseT SemTxvevas, rodesac hidrogeneratoris eqspluataciis piro-

bebSi moxda generatoris zeda an qveda jvaredis ganmbjeni sawevrebis (domkra-

tebis) an jvaredis damWeri fundamentis saankero WanWikebis TviTmoSveba, hidro-

generatoris RerZi da jvaredze damagrebuli RerZuli cemis gadamwodebi erT-

nairi sixSiriTa da TiTqmis erTi da imave amplitudiT iwyebs vibrirebas. maT 

Soris ar iqneba araviTari wanacvleba da, Sesabamisad, RerZuli cemis mowyobilo-

bidan miRebuli informacia aRmoCndeba mcdari. 

zemoTqmulis garda, RerZuli cemis sazom-saregistrirebeli mowyobilobis 

ukontaqto induqciuri gadamwodis mcire muSa Sualedis gamo (romelic, rogorc 

aRvniSneT, 2_4 mm-s Seadgens) generatoris moZravi RerZi meqanikurad wamoedeba 

xolme RerZuli cemis induqciur gadamwods. am movlenas xSirad mwyobridan ga-

mohyavs RerZuli cemis induqciuri ukontaqto gadamwodi, amitom VIBROCONTROL 

4000 sistemis specializebuli danadgari praqtikulad funqciis gareSe rCeba da 

ver pasuxobs wayenebul moTxovnebs. 

 

 

daskvna 

yovelive zemoaRniSnulidan gamomdinare, SeiZleba iTqvas, rom saqarTveloSi 

dReisaTvis jer kidev ar arsebobs hidrogeneratorebis monitoringis iseTi sistema, 

romelic uzrunvelyofs maTi muSaobis uwyvet reJimSi vibraciuli mdgomareobis 

fiqsireba-kontrolsa da signalizacias da saWiroebis SemTxvevaSi maT avariul 
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gamorTvas. Sesabamisad, mZlavri hidrogeneratorebis vibraciuli mdgomareobis kon‐

trolisa da diagnostikis kompiuteruli sistemis damuSavebis sakiTxi Zalze aqtu‐

aluria da aqvs rogorc Teoriuli, aseve didi praqtikuli mniSvneloba.  
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ENERGETICS 
 
 

STATIONARY SYSTEMS AND EQUIPMENTS OF CONTROL AND PROTECTION 
OF A VIBRATING CONDITION OF GEORGIAN HYDRAULIC GENERATORS 

L. Gugulashvili, Z. Azmaifarashvili, I. Metskhvarishvili, G. Gugulashvili 

(Georgian Technical University) 

 
Resume. There are considered the conditions of operation of hydro-generators and there is shown, that 

arising in generators vibrations damage them and increase the economic cost of an emergency stop and the 
necessary repair. There are described the basic causes of the vibrations in hydro-generators. There are 
presented stationary systems, that are currently used for the diagnosis and control of a vibrating condition of 
generators and are described their positive and negative sides. It is shown, that at present there is not still a 
perfect system, which is guararteed to be able to ensure the protection of hydraulic generators from damage, 
caused by vibrations in the course of their work. 

 
Key words: defect; diagnostics; hydro-generator; transmitter; vibration. 

 
 
 
 

ЭНЕРГЕТИКА 

 
 

СТАЦИОНАРНЫЕ СИСТЕМЫ КОНТРОЛЯ И ЗАЩИТЫ ВИБРАЦИОННОГО 
СОСТОЯНИЯ НА ГИДРОГЕНЕРАТОРАХ ГРУЗИНСКИХ ЭЛЕКТРОСТАНЦИЙ 

Гугулашвили Л. Т., Азмаипарашвили З. A., Мецхваришвили И. Р.,  
Гугулашвили Г. Л.  

(Грузинский технический университет) 

 
Резюме. Рассмотрены условия работы гидрогенераторов и показано, что возникающие в 

генераторах вибрации приводят к их повреждению и увеличению экономических расходов на 
вынужденную остановку и необходимый ремонт оборудования. Описаны основные причины 
возникновения вибраций в гидрогенераторах. Представлены стационарные системы, которые 
использовались и в настоящее время используются для диагностики и контроля вибрационного 
состояния генераторов на электростанциях Грузии, описаны их положительные и отрицательные 
стороны. Показано, что к настоящему времени еще не существует такой совершенной системы, 
которая сможет гарантированно обеспечивать защиту гидрогенераторов от вызванных вибрациями 
повреждений в процессе их работы.  

 
Ключевые слова: вибрация; гидрогенератор; датчик; дефект; диагностика. 
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biznesi 

 

 

 

mcire biznesis mdgomareoba zogierT ganviTarebul qveyanaSi 

ramaz oTinaSvili, magda iaSvili 

(saqarTvelos teqnikuri universiteti) 

 

 

reziume: ganxilulia samewarmeo saqmianobis erT-erTi uZvelesi da yvelaze 

farTod gavrcelebuli formis _ mcire da saSualo biznesis (msb) ganviTarebis 

sakiTxi. msoflios wamyvani qveynebis gamocdileba adasturebs, rom nebismieri 

ekonomikuri winsvla damokidebulia efeqtiani mcire da saSualo biznesis arse-

bobasa da mis sworad warmarTvaze.  

germaniis mTavroba did yuradRebas uTmobs msb-is ganviTarebas da kerZod, 

msb-is produqciis eqsportis xelSewyobasa da gafarToebas. aSS-Si dReisaTvis da-

registrirebulia 20 mln-ze meti msb-is sawarmo. amerikel mecnierTa gaangariSebiT 

yoveli mesame amerikuli ojaxi dakavebulia biznesiT, umravles SemTxvevaSi ki 

msb-iT.  

dReisaTvis iaponiaSi ekonomikis 40 % warmodgenilia msb-is sawarmoebiT, ro‐

mlebic ZiriTadad mSeneblobis, msubuqi mrewvelobis da sxvadasxva momsaxurebis 

sferoSi saqmianobs. qveyanaSi arsebobs msb-is ganviTarebis Zalze xelsayreli 

pirobebi. msb-is ganviTarebas gansakuTrebul rols aniWebs CineTis mTavroba da 

cdilobs sxvadasxva meTodiT xeli Seuwyos am process. 

msb-is ganviTarebis mxriv, CNN-is monacemebiT, singapurs ukavia mexuTe adgi-

li msoflioSi. dReisaTvis singapurSi moqmedebs 140 000-ze meti mcire da saSualo 

sawarmo, romelTagan did umravlesobas swored mcire sawarmoebi warmoadgens. 

ganviTarebuli qveynebis es magaliTebi cxadyofs msb-is ganviTarebis aucileb-

lobas. 

 

sakvanZo sityvebi: ganviTarebis tendenciebi; mTliani Siga produqti (mSp); mo-

saxleobis dasaqmeba; mcire da saSualo biznesi (msb). 

 

 

Sesavali 

msb samewarmeo saqmianobis erT-erTi uZvelesi da yvelaze farTod gavrcele‐

buli formaa. msoflios wamyvani qveynebis gamocdileba naTlad amtkicebs nebis‐

mier ekonomikaSi maRalganviTarebuli da efeqtiani mcire da saSualo biznesis 

arsebobis aucileblobas. evropis, aziisa da amerikis ganviTarebuli qveynebis 

ekonomikaSi swored es seqtori warmoadgens ekonomikuri da socialuri ganviTa-

rebis ganmapirobebel faqtors. 

mcire biznesis roli aseve mniSvnelovania mosaxleobis dasaqmebisa da, aqedan 

gamomdinare, socialuri problemebis gadaWris sakiTxSic. saSualo biznesTan er-
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Tad igi samuSao adgilebis Seqmnis ZiriTad wyaros warmoadgens. msoflios 

Zlieri, warmatebuli da ganviTarebuli qveynebis gamocdilebidan irkveva, rom maT 

mcire sawarmoebSi ufro meti adamiani hyavT dasaqmebuli, vidre yvela sxva 

sawarmoSi erTad aRebuli. msoflios zogierT qveyanaSi mcire sawarmoebi mSp-is 

naxevarze mets awarmoeben. magaliTad, aSS-sa da germaniaSi mcire biznesis sfe-

roSi iqmneba mSp-is 57_60 %; evrokavSiris qveynebSi _ 63_67 %; iaponiaSi _ 52_55 %; 

safrangeTSi _ 55_62 %; did britaneTSi _ 50_53 %. zemoaRniSnuli qveynebis mcire 

biznesSi dasaqmebulia mosaxleobis mniSvnelovani nawili: germaniaSi samuSao 

Zalis 46 %; did britaneTSi – 49 %; italiaSi – 73 %, iaponiaSi _ 78.8 % da a.S.  

mcire da saSualo biznesis mniSvnelobasa da rolze metyvelebs kidev erTi 

magaliTi, romelic exeba firma boings, msoflios erT-erT udides kompanias 

TviTmfrinavebis, saraketo da kosmosuri teqnikis dargSi. igi TanamSromlobs 5200 

mcire da saSualo biznesis sawarmosTan, romlebic ganlagebulia msoflios 

xuTive kontinentze. es sawarmoebi amzadeben korporacia boingisaTvis sxvadasxva 

detals, kvanZs, xelsawyosa da mowyobilobas. swored am mcire da saSualo sawar-

moebSi damzadebuli produqciisagan iwyoba sabolood ase saxelganTqmuli boin-

gis TviTmfrinavebi, raketebi da kosmosuri xomaldebi. ra Tqma unda, am mcire da 

saSualo sawarmoebSi boingisaTvis damzadebuli produqcia gadis metad mkacr 

kontrols da mxolod Semdeg xdeba maTi miReba saboloo produqciis asawyobad 

da gamosaSvebad.  

saqarTveloSi msb-is ganviTarebis tempebi mniSvnelovnad CamorCeba msoflios 

ekonomikurad ganviTarebuli qveynebis biznesis ganviTarebis tempebs. aRniSnuli 

faqtori ganpirobebulia saqarTveloSi sabazro urTierTobebis Camoyalibebis 

xanmokle periodiT, agreTve imiTac, rom qveynis xelisufleba jerovnad ver 

afasebs mcire da saSualo biznesis mniSvnelobas.  

[1]-Si ganxiluli iyo qveynis ekonomikuri ganviTarebis Tanamedrove etapze 

mcire biznesis xelSemSleli faqtorebi. saqarTveloSi arsebuli msb-is ganviTa‐

rebis Seswavlisa da tendenciebis gasarkvevad metad mniSvnelovani da amave dros 

aucilebelicaa msoflios ganviTarebuli qveynebis mdgomareobis gaTvaliswineba 

da SedarebiTi analizis Catareba, raTa SevZloT im ZiriTadi mimarTulebebis 

gansazRvra, romlebic SemdgomSi ganapirobebs saqarTveloSi msb-is ganviTarebis 

prioritetebs. 

 

 

ZiriTadi nawili 

mcire da saSualo bizness (msb) germaniaSi didi xnis istoria aqvs. jer kidev 

1870 wels germaniaSi Catarda gamokvlevebi, romlis mizani iyo qveynis ekonomikaSi 

mcire biznesis mniSvnelobis garkveva da misi ganviTarebis gzebis gansazRvra. 

swored am wels daadgines, rom msb maTi qveynisTvis ekonomikuri stabilurobis 

safuZveli iqneboda. 

mrewvelobis da ekonomikis sferoSi germania asocirdeba iseT gigant kom‐

paniebTan, rogorebicaa „simensi~, `daimleri~, `folksvageni~, `mersedes-benci~ da 

sxv. Tumca mosaxleobis farTo fenebSi naklebad aris cnobili is faqti, rom ger-

maniis, rogorc erT-erTi maRalganviTarebuli da ekonomikurad Zlieri qveynis, 

simyaris safuZvels swored mcire da saSualo biznesi warmoadgens.  
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mcire da saSualo biznesi yovelTvis iyo germaniis mTavrobis politikis 

erT-erTi mimarTuleba, magram es ufro metad socialuri politikis sfero iyo, 

vidre ekonomikurisa. meore msoflio omis Semdgom ki midgomebi mkveTrad Seic-

vala. ekonomistebi da politikosebi im saerTo daskvnamde mividnen, rom Tavi-

sufali sabazro urTierTobebi Zalze perspeqtiuli iqneboda qveynis ganviTa-

rebisTvis. germaniaSi miaCndaT, rom Tavisufali konkurenciis politika war-

moadgenda saukeTeso ekonomikur Tavisuflebasa da damoukideblobas. msxvili sa-

warmoebis muSaobis gamocdilebam cxadyo, rom arsebobs saSiSroeba maTi mono-

poliebad gadaqcevisa, rac uaryofiTad imoqmedebda qveynis ganviTarebaze. ger-

maniis ekonomikuri mdgomareobis mixedviT, mcire sawarmoTa didi raodenoba 

gansazRvravda da aregulirebda faswarmoqmnis politikas. maT gaacnobieres, rom 

aseTi sawarmoebi ufro moqnilia, vidre giganturi sawarmoebi da SeuZliaT ekono-

mikisa da sazogadoebis moTxovnilebebze swrafi reagireba. magaliTad, msxvil sa-

warmoebs, mcire sawarmoebisgan gansxvavebiT, ar SeuZlia mokle vadebSi warmoebis 

gaCereba da axlis dawyeba. swored es gaxda mniSvnelovani safuZveli imisa, riTac 

moxda msb-is prioritetul mimarTulebad aRiareba.  

germaniaSi msb warmodgenilia mikro-, mcire- da saSualo sawarmoebis formiT. 

kompania iTvleba mikrosawarmod, Tuki masSi dasaqmebulTa raodenoba 10 adamianze 

naklebia da wliuri brunva ar aRemateba 2 mln evros. mcirea sawarmo, sadac da-

saqmebulia 10-dan 50-mde muSaki da wliuri brunvis moculoba 10 mln evros ar 

aRemateba. rac Seexeba saSualo bizness, aq dasaqmebulTa raodenoba aiTvleba 50-

dan 250-mde da wliuri brunva ganisazRvreba ara umetes 50 mln evroTi. 

dReisaTvis germaniaSi msb-Si dasaqmebulia Sromisunariani mosaxleobis  

65.5 %. met-naklebad perspeqtiul mimarTulebebad iTvleba: momsaxurebis sfero  

(31 %) da vaWroba (20 %), aseve mSenebloba da kvebis produqtebis warmoeba. 

germaniis msb-is struqturaSi erT-erTi ganmasxvavebeli niSania is, rom uSualod 

bizness ekuTvnis kapitalis mxolod 20 %-mde, xolo misi ZiriTadi nawili (80 %) 

komerciuli bankebis kuTvnilebaa.  

germaniis mTavroba did yuradRebas uTmobs msb-is ganviTarebas; maT Soris 

sazRvargareT msb-is produqciis eqsportis xelSewyobasa da gafarToebas, rac na-

Tlad Cans Cveni qveynis magaliTzec. dReisaTvis germaniidan saqarTveloSi eqs-

portis did nawils Seadgens teqnologiuri mowyobilobebi, farmacevtuli, eleq-

troteqnikuri da optikuri produqcia. germaniis saxelmwifo banki (KFW) gascems 

SeRavaTian kreditebs sawarmoebze da amavdroulad komerciuli riskis naxevars 

iRebs sakuTar Tavze. 

mcire biznesi aSS-Si. dReisaTvis aSS-Si daregistrirebulia 20 mln-ze meti 

msb-is sawarmo. amerikel mecnierTa gaangariSebiT, yoveli mesame amerikuli ojaxi 

dakavebulia biznesiT, maT Soris ZiriTadad _ msb-iT. 

evropis qveynebisgan gansxvavebiT, aSS-Si msb-s miekuTvneba sawarmoebi, sadac 

muSaobs ara umetes 500 dasaqmebuli, xolo wliuri brunva ar aRemateba 15 mln 

aSS dolars. imis mixedviT, Tu ra sferoSi funqcionirebs msb-is sawarmo, masSi 

dasaqmebulTa raodenoba SeiZleba meryeobdes 1-dan 1500-mde. 

aSS-Si mcire biznesis xelSewyoba gasuli saukunis 50-iani wlebidan daiwyo. 

aRniSnul periodSi qveyanaSi Seiqmna mcire biznesis saqmianobis administracia, 

romelic mowodebuli iyo mTavrobis doneze daecva msb. dReisaTvis administracias 

aSS-is TiTqmis yvela did qalaqsa Tu StatSi gaxsnili aqvs warmomadgenloba. 
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aSS-Si msb-is ganviTarebis saxelmwifo strategia ganisazRvreba specialuri 

kanoniT mcire biznesis Sesaxeb, romelSic naTqvamia, rom kerZo mewarmeobisa da 

Tavisufali konkurenciis principebze dafuZnebuli ekonomika ver ganviTardeba, 

Tu ar eqneba saxelmwifos mxridan mudmivi mxardaWera.  

msb-is mxardamWeri administracia dReisaTvis warmoadgens erT-erT udides 

samTavrobo organizacias. igi flobs asze met warmomadgenlobas qveynis yvela 

regionSi, romelSic dasaqmebulia 4000-ze meti muSaki. administracia mWidrod 

TanamSromlobs samewarmeo saqmianobis ganviTarebis centrebTan. maTi umTavresi 

mizani mimarTulia msb-is warmomadgenelTa swavlebaze, maTTvis mewarmeobis unar-

Cvevebis ganviTarebaze, dafinansebis wyaroebis moZiebasa da konsultaciebis 

gawevaze. garda zemoT aRniSnulisa, aSS-Si moqmedebs mravali sxvadasxva programa, 

romlebic orientirebulia msb-is ganviTarebaze. gansakuTrebuli yuradReba eqceva 

inovaciur saqmianobas. aSS-Si miaCniaT, rom inovaciuri sawarmoo saqmianoba metad 

efeqturia. aq mniSvnelovania msb-is warmomadgenelTa wvlili patentebis raode-

nobaSi, romlebic gacemulia am sawarmoebze. 

mcire biznesi iaponiaSi. iaponia msoflios im mowinave da ganviTarebul 

qveyanaTa ricxvs miekuTvneba, romlebmac warmatebebs meore msoflio omis Semdgom 

ekonomikis swrafi ganviTarebiT miaRwia. aRniSnulma qveyanam msb-Si Zalze didi 

raodenobis axali teqnikuri miRwevebi danerga, ramac misi ekonomikis upreceden-

tod swrafi ganviTareba ganapiroba. dReisaTvis iaponiaSi ekonomikis 40 % war-

modgenilia msb-is sawarmoebiT, romlebic ZiriTadad mSeneblobis, msubuqi mrew-

velobis da sxvadasxva momsaxurebis sferoSi saqmianoben. iaponiis ekonomikis erT-

erTi ganmasxvavebeli niSania is, rom avtomobilebis da, zogadad, teqnikuri pro-

duqciis, warmoebaSi gadamwyvetia mecnierebatevadi msxvili kompaniebi da koncer-

nebi, xolo msb-is roli aRniSnul sakiTxSi SedarebiT mcirea. magram, miuxedavad 

amisa, iaponiis mTavroba yovelmxriv cdilobs xeli Seuwyos teqnikur da mecnie-

rebatevad sawarmoebSi msb-is rolis gazrdas da ganviTarebas. 

mcire sawarmoTa saqmianobis regulirebisaTvis iaponiaSi Seqmnilia mcire 

sawarmoTa sammarTvelo, romelic gansazRvravs msb-is politikas. aRniSnuli sam-

marTvelos erT-erTi mimarTulebaa msb-is mier antimonopoliuri kanonmdeblobis 

dacva. 

iaponiis kanoniT dadgenilia msb-is sawarmoTa statusi, SeRavaTebis daweseba 

maTi saqmianobis Sesabamisad, agreTve produqciis sabazro fasebis mkacrad regu-

lireba, raTa SesaZlebeli iyos fasebis zrdis SeCereba da inflaciasTan brZola. 

msb-is sawarmoTa finansuri mxardaWerisaTvis iaponiis mTavrobam Seqmna msb-is 

dazRvevis korporacia da garantirebuli kreditebis asociacia. mTavroba mxars 

uWers msb-is sawarmoebs konsaltingis, reklamis, kadrebis SerCevis saqmeSi da 

organizaciuli sakiTxebis gadawyvetaSi. zemoaRniSnulidan gamomdinare, SeiZleba 

davaskvnaT, rom iaponiaSi Seiqmna msb-is ganviTarebisaTvis Zalze kargi pirobebi, 

riTac saxelmwifo aqtiurad exmareba aseT sawarmoebs TiTqmis yvela mimarTulebiT.  

mcire biznesi CineTSi. CineTis mTlian Siga produqtSi msb-is sawarmoTa wili 

Seadgens 55 %-s, rac bevrad naklebia evrokavSiris qveynebis aRniSnul maCvene-

belze. xazi unda gaesvas im garemoebas, rom CineTma am Sedegs ukanaskneli 30 

wlis ganmavlobaSi miaRwia. qveynis mTavrobis warmomadgenlebs miaCniaT, rom msb 

ekonomikuri zrdis erT-erTi mniSvnelovani faqtoria, romelic xels Seuwyobs sa-

bazro ekonomikuri urTierTobebis gamococxlebasac. 
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CineTis mTavroba msb-is ganviTarebas gansakuTrebul rols aniWebs da cdi-

lobs sxvadasxva meTodiT xeli Seuwyos am process. aRniSnuli xelSewyoba gamo-

ixateba: kanonmdeblobis daxvewiTa da srulyofiT, gadasaxadebis politikis swo-

rad regulirebiT, warmoebis organizebiT, investiciebis CadebiT, dakreditebis 

axali sistemis SeqmniT da msb-is sawarmoebSi axali mecnierebatevadi teqnolo-

giebis danergviT. 

CineTSi aqtiurad funqcionirebs msb-is mxardaWeris saxelmwifo fondebi, 

romlebmac ivaldebula sabanko kreditebis gacemiT daexmaros am tipis sawar-

moebs. metad popularuli gaxda saxelmwifos mier Seqmnili msb-is ganviTarebis 

fondi, romelic biujetidan finansdeba da icavs msb-is interesebs. msxvili 

biznesis subieqtebisgan gansxvavebiT, msb-is sawarmoebisaTvis moqmedebs sagada-

saxado SeRavaTebi da damatebiTi dafinansebis sxvadasxva wyaro. CineTis mTavroba 

did yuradRebas uTmobs sakanonmdeblo bazis srulyofas qveyanaSi msb-is 

ganviTarebis mizniT. 2001 wels CineTSi Seiqmna specialuri sainformacio sam-

saxuri, romlis daniSnulebaa mosaxleobisTvis sainformacio-sakonsultacio mom-

saxureba msb-is sakiTxebSi internet-saitebis meSveobiT. SeiZleba iTqvas, rom msb-

is sawarmoebSi axali samuSao adgilebis Seqmna dadebiTad moqmedebs CineTis 

ekonomikaze. msb CineTis ekonomikis mamoZravebeli faqtoria, radgan masSi iqmneba 

didi raodenobiT inovaciuri produqcia da teqnologiuri gamogonebebi, romelTa 

udidesi nawilic gadis eqsportze msoflios sxvadasxva qveyanaSi. mcire sawar-

moTa daxmarebisTvis CineTSi Seqmnilia agreTve biznesis koordinaciisa da koope-

raciis centri.  

mcire biznesi singapurSi. singapuric msoflioSi ekonomikurad yvelaze gan-

viTarebul qveyanaTa ricxvs miekuTvneba. mraval eqsperts miaCnia, rom swored 

singapurSia SesaZlebeli samewarmeo saqmianobis saukeTesod warmarTva. CNN-is 

monacemebiT singapurs mexuTe adgili ukavia msoflioSi msb-is ganviTarebis mxriv. 

dReisaTvis singapurSi moqmedebs 140 000-ze meti mcire da saSualo sawarmo. maTgan 

didi umravlesoba mcire sawarmoebia. qveynis sawarmoTa 90 % msb-s ekuTvnis da 

swored isini gansazRvraven samuSao adgilebiT mosaxleobis uzrunvelyofas. 

ekonomistebis azriT, am aziuri qveynis ekonomikis ayvavebisa da samewarmeo saq-

mianobis warmatebiT funqcionirebis mTavar mizezad SeiZleba CaiTvalos is, rom:  

1. singapuris msb-is safuZvelia sxvadasxva saxis momsaxureba: vaWroba, trans-

porti, turizmi da sxv.;  

2. qveynis kanonmdebloba xelsayrel pirobebsa da garemos qmnis msb-is ganviTa-

rebisTvis;  

3. qveyana mimzidvelia investiciebis Cadebis TvalsazrisiT. 

singapurSi moqmedebs sxvadasxva saxis sagadasaxado SeRavaTebi, romlebic mi-

marTulia ucxouri kapitalis mosazidad. kerZod, gauqmebulia gadasaxadebi mo-

gebis Tanxis gadaricxvaze; arsebobs garantiebi fuladi Tanxebis dabandebaze da 

mTeli rigi RonisZiebebi, romlebic xels uwyobs qveyanaSi msb-is ganviTarebas, 

rasac singapurSi specialuri saagento aregulirebs.  

 

daskvna 

amrigad, aSS-is, germaniis, iaponiis, CineTisa da singapuris magaliTze ganxi-

lulia am qveynebis ekonomikis ganviTarebaSi mcire da saSualo biznesis roli. 



111 
 

Cveni qveyana aSkarad CamorCeba msoflios mowinave qveynebs mcire biznesis 

ganviTarebis tempebiT. MCvenTan jer kidev ar arsebobs mcire da saSualo biznesis 

ganviTarebis koncefcia da strategia. aRsaniSnavia, rom am mimarTulebiT iyo 

mcdelobebi Seqmniliyo biznesis xelSemwyobi garemo da SemuSavebuliyo Sesaba-

misi sakanonmdeblo baza, magram es sakmarisi ar aRmoCnda imisaTvis, rom mcire da 

saSualo biznesis ganviTarebaze mniSvnelovani gavlena moexdina. ase rom, wamyvani 

qveynebis gamocdileba kargi magaliTia Cveni qveynis mcire da saSualo biznesis 

swrafi ganviTarebisaTvis. 
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BUSINESS 
 
 

THE STATE OF SMALL BUSINESS IN SOME DEVELOPED COUNTRIES 

R. Otinashvili, M. Iashvili 

 (Georgian Technical University)   

 
Resume: Small and medium enterprises (SMEs) is one of the oldest and the most common form of 

business. World experience of the leading countries of the world shows, that any economic progress depends 
on the effective existence of small and medium-sized businesses. 

The German government attaches great importance to the development of SMEs, in particular to the 
production, export promotion and expansion. Today in the US there are more, than 20 million SMEs. The 
American scientists have estimated, that one out of every three American Family is engaged in business, in 
the most cases it SMEs. 

Currently, Japan’s economy is 40% of the SMEs, which is mostly in construction, light industry and 
activity in the services sector. There are very favorable conditions for the development of SMEs. 

Chinese government attaches great importance to the development of SMEs and trying different ways 
to this process. 

The development of SMEs, according to CNN Singapore ranked fifth in the world. Currently, 
Singapore has more, than 140 000 small and medium-sized enterprises, of which vast majority of small 
businesses. These examples illustrate the need for the development of developed countries NSEs. 

 
Key words: development trends; employment of population; gross domestic product(GDP); small and 

medium enterprises (SME).  

 
 
 
 

БИЗНЕС 

 
 

О СОСТОЯНИИ МАЛОГО БИЗНЕСА В НЕКОТОРЫХ РАЗВИТЫХ СТРАНАХ 

Отинашвили Р. Г., Иашвили М. Н. 

(Грузинский Технический Университет) 

 
Резюме. Малый и средний бизнес (МСБ) является одним из старейших и наиболее рас-

пространенной формой бизнеса. Мировой опыт ведущих стран мира показывает, что любой 
экономический прогресс зависит от эффективного существования малого и среднего бизнеса. 

Немецкое правительство уделяет большое внимание развитию МСБ, в частности к произ-
водству, продвижению и расширению экспорта. На сегодняшний день в США зарегистрировано 
более 20 миллионов предприятий МСБ. 

В настоящее время в экономике Японии 40 % составляют предприятия МСБ, которые в ос-
новном функционируют в строительстве, легкой промышленности и в секторе услуг. Созданы очень 
благоприятные условия для развития МСБ.  
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Китайское правительство придает большое значение развитию МСБ и пытается различными 
способами поддерживать этот процесс.  

Согласно данным CNN по развитию МСБ, Сингапур занимает пятое место в мире. В настоящее 
время в Сингапуре работает более 140 000 малых и средних предприятий, из которых подавляющее 
большинство малые фирмы. 

Эти примеры иллюстрируют необходимость развития в стране МСБ.  

 
Ключевые слова: внутренний валовой продукт (ВВП); занятость населения; малый и средний 

бизнес (МСБ). 
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msubuqi mrewveloba 

 

 

 

iuxtis tyavis klasifikacia da gamoyenebuli saTrimlavi  

nivTierebebi 

TinaTin maRlakeliZe, stefano roteli 

(saqarTvelos teqnikuri universiteti, saerTaSoriso asociacia „ST- GEORGITALI“)  

 

 

reziume: ganxilulia informaciuli masalebi, romlebic exeba samxedro da 

sxva daniSnulebis specfexsacmelebis sazedapired gamoyenebuli iuxtis tyavis sa-

klasifikacio niSnebs. ganmartebulia gaTrimvlis procesis arsi da warmodgenilia 

iuxtis tyavis gaTrimvlisaTvis saWiro saTrimlavi nivTierebebis jgufebi. mocemu-

lia maTi fizikur-meqanikuri Tvisebebi da daniSnulebebi gaTrimvlis procesSi. 

gansakuTrebiT sainteresod da detaluradaa aRwerili monacemebi cxrilebis 

saxiT; kerZod, tyavis moxarSvis temperatura saTrimlavi nivTierebebis mixedviT, 

saTrimlavi masalebis (qromis cirkoniumis, titanis, amoniumis sulfatis, kompleq-

suri, mineraluri, mcenareuli da sinTezuri saTrimlavebis) Tvisebebi da maTi mra-

valfunqciuri daniSnuleba, saeqspluatacio Tvisebebis mqone fizikuri, qimiuri 

da meqanikuri maxasiaTeblebi da sxv.  

 

sakvanZo sityvebi: iuxtis tyavis klasifikacia; saTrimlavi nivTierebebi;  qimiu-

ri da fizikur-meqanikuri Tvisebebi. 

 

 

Sesavali                  

fexsacmlis mrewvelobaSi teqnologiis tradiciuli meTodebi Seicvala axa-

li, ufro progresuli meTodebiT, tyavis masalebi _ polimeruli masalebiT, meqa-

nikuri meTodebi _ qimiuriT, magram specialistebis mcdeloba iuxtis fexsacmlis 

dasamzadeblad gamoeyenebinaT qimiuri meTodebi, wlebis ganmavlobaSi uSedegod 

rCeboda. Aamis mizezi iuxtis tyavis maRali cximSemcveloba iyo, amitomac Ziris 

misamagreblad webos meTods ver iyenebdnen iuxtis tyavis ZirTan Sewebebis daba-

li unaris gamo. amasTan,  dawebeba-dalursmvis meTodi ver akmayofilebda moTxov-

nebs fexsacmlis konstruqciis sixistis, didi masis, dabali wyalmedegobisa da 

sxva uaryofiTi Tvisebebis gamo.  

samecniero-kvleviT institutebSi qimiuri teqnologiebis gamoyenebiT miRebu-

li eqsperimentuli Sedegebi saSualebas iZleva iuxtis tyavi umetesad miznobri-

vad iqnes gamoyenebuli samuSao da specialuri daniSnulebis specfexsacmlis sa-

pasuxismgeblo sazedapire detalebisaTvis, maT Soris samxedro daniSnulebis fex-

sacmelebSi.  

qimiuri teqnologiis Tanamedrove meTodebis gamoyenebiT iuxtis fexsacmlis 

damzadebisas saintereso Sedegebi iqna miRebuli.Ggamokvlevebi Caatara ukrainis 

samecniero-kvleviTi institutis mecnier muSakTa jgufma, romlebmac kievis  №1 
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fexsacmlis fabrikaSi SeimuSaves qromcirkonsintanuri meTodiT iuxtis tyavis 

damzadebis teqnologia da danerges samxedro daniSnulebis iuxtis fexsacmlis 

warmoebis progresuli meTodebi cxeli vulkanizaciisa da Txevadi formirebis me-

Todebis saxiT. es meTodebi ganapirobebs fexsacmlis wyalmedegobas, saWiro Tbo-

damcav Tvisebebs da zedapirTan Ziris mimagrebis saimedoobas. tyavis qromsintan-

taniduri meTodiT gaTrimvlasTan SedarebiT axali meTodebi ufro progresulia, 

uzrunvelyofs tyavis xarisxis gaumjobesebas da misi warmoebis efeqtianobis 

gazrdas [1-6]. 

 

 

ZiriTadi nawili 

iuxtis tyavis klasifikacia. iuxtis tyavi klasificirdeba nedleulis saxe‐

obis, gaTrimvlis meTodis, tyavis farTobis, sisqisa da konfiguraciis mixedviT. 

igi gamoiyeneba sandlebis, samuSao da specdaniSnulebis fexsacmelebis sazedapi‐

re masalad.  

arsebuli standartis (ГОСТ 3123-78 da sxv.) Tanaxmad, gaTrimvlis meTodis, 

Termomedegobisa da cximSemcvelobis mixedviT, iuxtis tyavi iyofa Termomedeg da 

safexsacmle iuxtad. es ukanaskneli warmoadgens kombinirebuli meTodiT gaTrim-

lul msxvilfexa rqosani saqonlis, cxenis winaris an Roris tyavs, romlebic 

xasiaTdeba maRali cximSemcvelobiT da, rac mTavaria, akmayofilebs  ГОСТ 485-82 

standartis moTxovnebs. Termomedegi iuxti mxvilfexa rqosani saqonlis sazedapi-

re qromis tyavia, romelic gaJRenTilia polimerebis wyliani dispersiebiT, cxime-

biT da gamoirCeva dabali wyalSeRwevadobiT.  

fexsacmlis saxeobisa da, aqedan gamomdinare, masalebisadmi wardgenili moT-

xovnebis mixedviT, iuxti iyofa specfexsacmelebis da,  zogadad, sazedapire iu-

xtad.  maTi warmoebis sqema ZiriTadad identuria, oRond mcired gansxvavdeba gaT-

rimvlisa da gamoyvanis operaciebis reJimebiT. 

safexsacmle iuxti gankuTvnilia samuSao da specfexsacmelebis sazedapired 

da unda xasiaTdebodes sakmaod didi sisqiT, sirbiliT, wyalmedegobiT da maRali 

cximSemcvelobiT (22_28 %). sazedapire iuxti gamoiyeneba sandlebisTvisac. igi sa-

fexsacmle iuxtisagan gansxvavdeba naklebi cximSemcvelobiT (7_15 %) da dabali 

wyalmedegobiT, agreTve maRali drekadobiT, rac ganapirobebs fexsacmlis formis 

ukeT SenarCunebas.  

Termomedegi iuxti xasiaTdeba SedarebiT dabali cximSemcvelobiT (8_12 %), 

aqvs SedarebiT kargi ier-saxe  da misi gamoyeneba SeiZleba cxeli vulkanizaciisa 

da Txevadi formirebis meTodebiT Ziris mimagrebisas. am masalis maRali wyalme‐

degoba miiRweva masSi hidrofoburi polimerebisa da cximovani nivTierebebis Sey-

vanis gziT. 

iuxti mzaddeba msxvilfexa rqosani saqonlis, cxenisa da Roris tyavebiT. 

msxvilfexa rqosani saqonlis iuxti SeiZleba damzaddes mTliani da naxevartyavis 

saxiT. sandlebisaTvis gankuTvnili iuxti SeiZleba damzaddes agreTve sakisurisa 

da kalTebis saxiTac, cxenis iuxti _ mTliani tyavis, winaris da naxevartyavis sa-

xiT, Roris iuxti _ mTliani tyavis an Tevzuras saxiT.  

gamoyvanis meTodis mixedviT, iuxti SeiZleba iyos naturaluri an gakeTilSo-

bilebuli, gluvi an daWdevebuli zedapiriT; SeRebvis mixedviT _ Savi, feradi da 
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naturaluri feris; sisqis mixedviT _ Txeli (standartul Н wertilSi iuxtis 

sisqea 1,5 _ 1,8 mm), saSualo (1,8 _ 2,2 mm) da sqeli (2,2 _ 3,0 mm).  

naturaluri sqeli iuxtiT SesaZlebelia usarCulo fexsacmlis damzadeba [1]. 

gaTrimvlis procesis arsi. gaTrimvla kolagenis saTrimlavi nivTierebebiT 

struqturirebis procesia, romlis Sedegadac icvleba cilis qimiuri agebuleba 

da Tvisebebi, rac iwvevs kolagenis fermentebisa da sxvadasxva hidrolizebadi 

agentebisadmi mdgradobis amaRlebas, gajirjvebis Semcirebas, dermis moxarSvis 

temperaturis gazrdas, misi moculobis formirebasa da fizikur-meqanikuri 

Tvisebebis Secvlas. 

kolageni Seicavs sxvadasxva funqcionalur jgufs: karboqsilurs  (COOH), 

aminurs (NH2), guanidinis  (NH-C-NH), iminojgufebs (NH), spirtul hidroqsilebs (OH) 

da peptidurs  (NH-CO) [2-4]. 

kolagensa da saTrimlavi nivTierebebis SedgenilobaSi sxvadasxva funqciuri 

jgufis arseboba iwvevs gansxvavebuli bunebisa da simtkicis qimiuri jgufebis 

warmoqmnas, rac arsebiT gavlenas axdens miRebuli tyavis Tvisebebze. amrigad, 

sxvadasxva saTrimlavi nivTierebis gamoyenebiT iuxtis tyavis Tvisebebi (moculo-

bis formireba, dajdoma da sxv.) iqneba sxvadasxva, rasac amtkicebs is, rom aseTi 

saTrimlavi nivTierebebiT gaTrimluli naxevarfabrikatis xarSvis temperatura 

sxvadasxvaa (cxrili 1). 

 

cxrili 1 

tyavis xarSvis temperatura saTrimlavi nivTierebebis mixedviT 

 

saTrimlavi nivTierebebi xarSvis temperatura, ˚C  

eqstraqti 

naZvis 

muxis 

tirifis 

kvebraxos 

 
68,3 
75,0 
76,3 
85,5 

sinTezuri saTrimlavi 

№2 
СПС 
БНС 

 
80,0 
73,0 
71,0 

araorganuli saTrimlavi 

qromis 

cirkoniumis 

titanis 

 
125,0 
105,0 
96,0 

 

iuxtis tyavis warmoebisas gamoiyeneba gaTrimvlis ramdenime meTodi: qromsin-

tantaniduri, qromsintanuri, qromcirkonsintanuri, titancirkonsintanuri. sainte-

resoa ukrainis tyav-fexsacmlis warmoebis samecniero-kvleviT institutSi SemuSa-

vebuli wyalmedegi iuxtis tyavis warmoebis meTodi, rac gulisxmobs gaTrimvlisas 

qromkarbamidurotropinis da qromaluminsintanuri naerTebis gamoyenebas da gaT-

valiswinebulia sportuli da samuSao fexsacmelebis dasamzadeblad. 
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saTrimlavebs miekuTvneba araorganuli (mineraluri) da organuli nivTiere-

bebi, romlebsac cilebTan urTierTqmedebisas titvelas tyavad gardaqmnis unari 

aqvs.  

iuxtis warmoebaSi gamoiyeneba agreTve araorganuli saTrimlavi (qromis, cir-

koniumis, titanisa da aluminis naerTebi), mcenareuli warmoSobisa (tanidebi) da 

sinTezuri saTrimlavi nivTierebebi, romlebic miRebulia aromatuli nivTierebe-

bis sinTeziT [1].  

araorganuli saTrimlavi nivTierebebi da  qromis saTrimlavi naerTebi. ქromis 

saTrimlavi mSrali naerTi warmoadgens samvalentiani qromis gogirdmJava marils 

sxvadasxva fuZiT. ZiriTadi nivTierebisa da minarevebis Semcvelobis mixedviT, igi 

ori xarisxisaa: umaRlesi da pirveli xarisxis. fizikur-meqanikuri maCveneblebis mi-

xedviT, es nivTiereba unda Seesabamebodes me-2 cxrilSi  mocemul normebs. 

 

cxrili 2  

saTrimlavi qromis masalebis Tvisebebi 

                                                   

maCvenebeli saz. 

erT. 

umaRlesi xarisxis 

saTrimlavi naerTi 

pirveli xarisxis saTrila-

vi naerTi 

masalis ier-saxe mwvane feris fxvnili 

an marcvlebi 

mwvane feris fxvnili 

an marcvlebi 

masalis kuTri wili: 

qromi (Cr2O3), aranaklebi 

rkina Fe2O3 gadaangariSe-

biT, aranaklebi 

wyalSi uxsnadi naSTi, 

ara umetesi 

qromis anhidridi (Cr2O)3, 

ara umetesi 

formaldehidi, ara 

umetesi  

teni, ara umetesi 

%  

27 

 

0,04 

 

0,2 

unda gauZlos gamoc-

das standartis mixed-

viT 

 

0,2 

6,0 

 

25 

 

0,1 

 

1,0 

unda gauZlos gamocdas 

standartis mixedviT 

 

0,7 

6,0 

 fuZianoba: 

 dabali      I 

 saSualo  II 

 maRali      III 

%  
_ 

_ 

36 _ 42 

 
20 _26 

27_35 

36_42 
        
cirkoniumis saTrimlavi naerTebi. es saTrimlavi nivTiereba warmoadgens 

cirkoniumisa da natriumis ormag naerTs. garegnulad natriumis sulfatcirkonati 

TeTri an moyviTalo kristaluri masaa meqanikuri minarevebis gareSe. misi xarisxi 

unda Seesabamebodes qvemoT mocemul normebs: 

masuri wili, %; 

cirkoniumis dioqsidi _ ZrO2, aranaklebi  27  30; 

wyalSi uxsnadi naSTi, ara umetesi   2; 

rkinis oqsidi  0, 025; 

fuZianoba, %  36  42. 
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garda amisa, gamoiyeneba amoniumis sulfatcirkonati, romlis xarisxic ganisazRv-

reba Semdegi maCveneblebiT: 

masuri wili, %; 

cirkoniumis dioqsidi _ ZrO2, aranaklebi   27   30; 

wyalSi uxsnadi naSTi, ara umetesi  2. 

titanis saTrimlavi – titanisa da amoniumis sulfati. es saTrimlavi nivTie-

reba warmoadgens monohidratis formis titanisa da amoniumis sulfats 

(NH4)2TiO2(SO4)2H2O,Yromelic garegnulad TeTri feris fxvnilia. mikroskopuli 

kvlevisas aRmoCnda, rom igi izotropuli kristalebia (tetraedri). am nivTierebis 

xarisxis maCvenebeli unda Seesabamebodes Semdeg normebs: 

masuri wili,  %  

titanis hidroqsidi TiO2 , aranaklebi  19; 

minarevebi, ara umetesi: Fe2O3  0,05; 

CaO  0,1; 

fuZianoba, %  4247; 

titanidisa da amoniumis sulfati ara umetes 4 sT-is ganmavlobaSi moreviT 

unda gaixsnas 50˚C temperaturis wyalSi. miRebuli xsnari unda Seicavdes aranak-

leb 70 g/l TiO2-s. dasaSvebia naleqi titanisa da amoniumis sulfatis masidan ara-

umetes 0,3 %-isa.  

kompleqsuri mineraluri saTrimlavebi. tyavis mrewvelobaSi did interess 

iwvevs cirkonqromuli, cirkontitanqromuli, cirkontitanqromaluminuri kompleq-

suri mineraluri saTrimlavi nivTierebebi. maTi gamoyenebisas izrdeba tyavis ga-

mosavlianoba, umjobesdeba tyavis xarisxis maCveneblebi. amasTan, mkveTrad izrde-

ba saTrimlavi nivTierebebis xarjic.Mme-3 cxrilSi mocemulia aRniSnuli masale-

bis maxasiaTeblebi. 
 

cxrili 3 

             kompleqsuri mineraluri saTrimlavi nivTierebebis maxasiaTeblebi 

  

  

saTrimlavebi 

Semcveloba, % 

ZrO2 TiO2 CrO2 Al2O3 xsnaris pH 

cirkoniumqromuli 30,2 _ 5,8 _ 3,2 

cirkoniumtitanqromuli 32,1 8,0 3,3 _ 2,3 

cirkoniumtitanqromaluminuri 25,4 6,5 3,0 3,9 2,5 
 

mcenareuli saTrimlavebi miekuTvneba organul saTrimlav nivTierebebs. 

saTrimlavebi arsebobs rogorc fxvnilis saxiT, ise myari da Txevadi (tenSemcve-

loba, Sesabamisad, 5 _ 8 da 20). fizikur-qimiuri TvisebebiT saTrimlavi eqstraqte-

bi unda Seesabamebodes standartebiTa da teqnikuri pirobebiT dadgenil normebs 

(cxrili 4). 

muxis eqstraqti mzaddeba muxis merqnisagan. igi SeiZleba iyos myari an Txe-

vadi. muxis eqstraqti gamoiyeneba saZire, teqnikuri da sasarajo-saunagire tyavebis 

dasamzadeblad. mcenareul saTrimlav nivTierebaTagan yvelaze metad gamoyene-

badia muxis eqstraqti. 
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tirifis eqstraqti miiReba tirifis qerqisagan. igi miekuTvneba saukeTeso 

saTrimlav nivTierebebs da tyavs aZlevs sakmao sisrules (sisqes), ganapirobebs 

tyavis wyalmedegobis maRal maCvenebelsa da Ria fers. eqstraqti warmoadgens 

erTgvarovan muq yavisfer masas, romelic ixsneba cxel wyalSi. 

naZvis eqstraqts  gamoimuSaveben naZvis qerqisagan. igi muqi yavisferi erTgva-

rovani masaa, romelic ixsneba cxel wyalSi. naZvis eqstraqtis uaryofiTi mxarea 

tyavis nawilobriv arasrulyofili gaTrimvla, amitom mas iyeneben sxva mcenareul 

(muxis, tirifis) eqstraqtebTan erTad kombinaciaSi; aseve sinTezur da mineralur 

(qromisa da cirkoniumis) eqstraqtebTan erTad.  

fiWvis eqstraqti  mzaddeba fiWvis qerqisagan myari produqtis saxiT. is Zvir-

fasi საTrimlavi nivTierebaa. fiWvis eqstraqti gamoiyeneba, rogorc saZire, aseve 

sazedapire tyavebis dasamzadeblad. 
 

cxrili 4 

mcenareuli saTrimlavi nivTierebebis fizikur-qimiuri Tvisebebi 

 

 

 

 

maCvenebeli 

g
an
z
o
mi
l
eb

a 

    muxis eqstraqti tirifis 

eqstraqti 

naZvis  

eqstraqti 

f
iW

vi
s
 

eq
s
t
r
aq
t
i

 

myari 

 

Txevadi 

my
ar

i 

T
x
ev
ad

i 

my
ar

i 

T
x
ev
ad

i 

 

I 

 

II 

 

III 

 

I 

 

II 

    

III 

xvedriTi wili: 

teni, aranaklebi 

beltSi, 

naWrebSi, 

fxvnilSi 

 

% 

 

 

19 

16 

8 

 

 

19 

16 

8 

 

 

19 

16 

8 

 

 

_ 

_ 

 

 

_ 

_ 

_ 

 

 

_ 

_ 

_ 

 

 

18 

8 

8 

 

 

_ 

_ 

_ 

 

 

19 

8 

8 

 

 

_ 

_ 

_ 

 

 

21 

_ 

_ 

tanidebi, aranaklebi 

beltSi da naWrebSi, 

fxvnilSi 

% 

 

56 

_ 

 

50 

_ 

 

45 

_ 

 

54 

_ 

 

48 

_ 

 

43 

_ 

 

50 

46 

 

45 

_ 

 

46 

43 

 

42 

_ 

 

52 

_ 

wyalSi uxsnadi nivTie-

rebebi, ara umetesi 
% 

 

4,5 

 

5,0 

 

5,8 

 

4,5 

 

5 

 

5,8 

 

4 

 

3 

 

4 

 

3 

 

4 

nacari, ara umetesi % 
 

_ 

 

_ 

 

_ 

 

_ 

 

_ 

 

_ 

 

6 

 

6 

 

6 

 

6 

 

_ 

rkinis dioqsidi,  

ara umetesi 
% 

 

_ 

 

_ 

 

_ 

 

_ 

 

_ 

 

_ 

 

0,02 

 

0,02 

 

0,035 

 

0,035 

 

_ 

keTilxarisxovneba 

aranaklebi beltSi, 

naWrebSi da fxvnilSi; 

%  

58 

_ 

 

52 

_ 

 

47 

_ 

 

56 

_ 

 

50 

_ 

 

45 

_ 

 

52 

48 

 

_ 

_ 

 

48 

44 

 

43 

_ 

 

54 

_ 

xsnaris pH;  4,2 4,5 4,8 4,2 4,5 4,8 4-5,5 4-5,5 4-5,5 4-5,5 4-5 

xsnaris fardobiTi si-

blante, ara umetesi 

beltSi da naWrebSi, 

fxvnilSi 

  

 

_ 

_ 

 

 

_ 

_ 

 

 

_ 

_ 

 

 

_ 

_ 

 

 

_ 

_ 

 

 

_ 

_ 

 

 

45 

30 

 

 

30 

_ 

 

 

65 

40 

 

 

_ 

_ 

 

 

50 

_ 
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sinTezuri saTrimlavebi. yvela saxeobis tyavis damzadebisas mcenareul da 

mineralur saTrimlavebTan erTad farTod gamoiyeneba sinTezuri saTrimlavi niv-

Tierebebi, romelTa ZiriTadi nedleulia fenoluri naerTebi. 

sinTezuri saTrimlavi nivTierebebis mcenareul da mineralur nivTierebebTan 

erTad kombinaciaSi gamoyeneba ganapirobebs gaTrimvlis procesis Semcirebas, mo-

cemuli tyavis calkeuli samomxmareblo Tvisebebis gaumjobesebas, mcenareuli sa-

Trimlavi nivTierebebis ekonomias an mTlianad Canacvlebas da miRebuli tyavis 

TviTRirebulebis Semcirebas [2]. 

arsebobs sinTezuri saTrimlavi nivTierebebis ramdenime klasifikacia, ro-

melTa Soris upiratesoba eniWeba  daniSnulebis mixedviT Sedgenil klasifikaci-

as. am klasifikaciiT saTrimlavebi SeiZleba iyos damxmare, tanidebis Semcvleli 

da specialuri daniSnulebis  [3]. 

damxmare sinTezur saTrimlavebs miekuTvneba iseTi sinTezuri saTrimlavebi, 

romlebsac SeuZlia tanidebis dispersireba da gaTrimvlis procesis daCqareba. 

tyavis mrewvelobaSi SedarebiT farTod gamoiyeneba naftalinis formaldehidTan 

kondensaciis bazaze miRebuli sinTezuri saTrimlavi nivTierebebi. maTi miRebis 

procesi dayofilia iseT stadiebad, rogoricaa: sulfidireba, kondensacia, neit-

ralizacia da standartizacia. 

aseTi sqemiT mzaddeba naftalinkondensirebuli da naftalinformaldehi-

duri sinTezuri saTrimlavebi. 

tanidebis Semcvlelebi warmoebuli organuli saTrimlavi nivTierebebis 

saerTo raodenobis 45_48 %-s Seadgens. isini ufro teqnologiuria, vidre damxmare 

sinTezuri saTrimlavebi. maTi saSualebiT gaTrimluli tyavebi ufro rbilia da 

sakmao sisqisa. xarSvis temperaturaa 75_80˚C.  

sinTezuri saTrimlavi nivTierebebiT ara marto mniSvnelovnad mcirdeba, ara-

med mTlianad icvleba gaTrimvlis procesSi mcenareuli tanidebis gamoyeneba da 

umjobesdeba tyavis calkeuli Tvisebebi (mdgradoba daobebis, daberebis, agresiu-

li garemos zemoqmedebisadmi da sxv.). magaliTisaTvis ganvixiloT ramdenime saT-

rimlavi nivTiereba:  

№2 saTrimlavi xasiaTdeba gaTrimvlis saukeTeso TvisebebiT da dispersi-

rebis unariT. mas iyeneben sxva mcenareul da sinTezur saTrimlavebTan narevis 

saxiT sxvadasxva saxeobis tyavis dasamzadeblad da damoukidebladac tyavis dama-

tebiTi gaTrimvlisaTvis; aseve iyeneben mineralur saTrimlav nivTierebebTan er-

Tad kombinirebuli gaTrimvlisaTvis [1-6]. 

omegasulfirebiT miRebul sinTezur saTrimlavebs miekuTvneba №5, 6 da 12 

saTrimlavebi [9]. isini erTmaneTisagan ZiriTadad gansxvavdebian maT misaRebad ga-

moyenebuli sawyisi fenolebiT. am sinTezuri saTrimlavebis udides Rirsebas war-

moadgens kargi formirebisa da Sevsebis unari [1]. 

№5 saTrimlavis damaxasiaTebeli Taviseburebaa is, rom kargad Sedis kombina-

ciaSi naZvis eqstraqtTan. am nivTierebiT gaTrimluli tyavi (mineraluri saTrim-

lavebis gareSe) gamoirCeva xarSvis maღali temperaturiT (daaxloebiT 80˚C) da 
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gaTrimvlis ricxvi miaxloebulia mcenareuli tanidebiT gaTrimvlis ricxvTan, ga-

modis myari saxiT da muqi yavisferia. 

№6 saTrimlavi warmoadgens fisis omegasulfirovan produqts, romelic 

miiReba sinTezuri fenolis kondensaciis meTodiT. Semdeg muSavdeba natriumis 

sulfatiT, formaliniT, agreTve gogirdmJavaTi da ZmarmJavaTi.  

№12 saTrimlavi fiqlis fenolebis formaldehidTan kondensaciis produqtia, 

romelic damuSavebulia formaldehidisa da sulfatis nareviT. aRniSnuli masa-

liT damuSavebul tyavs kargi feri aqvs; gaTrimvlis ricxvi 70 _ 74. 

БНФ saTrimlavi farTod gamoiyeneba iuxtisa da fexsacmlis saZire tyavebis 

dasamzadeblad. igi warmoadgens tanidebis karg Semcvlels iuxtis gaTrimvlisas, 

kargad Tavsebadia mcenareul, mineralur da sinTezur saTrimlavebTan. 

БНС saTrimlavs karg saTrimlav TvisebebTan erTad aqvs dispersirebis una-

ri; misi gamoyenebisas miiReba  naTeli feris iuxtis tyavi. 

erT-erT perspeqtiul meTodad iTvleba fenolformaldehidis fisis ligno-

sulfonur mJavebSi dispersirebis safuZvelze sinTezuri saTrimlavebis miReba. am 

tipis saTrimlavebis warmoeba ekonomikuria, radgan miRebis meTodi rTuli araa 

(isini warmoadgenen celuloza-qaRaldis warmoebis narCenebs) da maTi gamoyenebis 

Semdeg nedleulis narCenebi praqtikulad aRar rCeba. am meTodiT mzaddeba 1М, 

№3 da СПС saTrimlavebi. 

1М saTrimlavi dioqsiddifenilsulfonis formaldehidTan tute garemoSi 

kondensaciis produqtia, romelic dispersirebulia lignosulfonis mJavebSi, ris 

safuZvelzec tyavi Rebulobs Tanabar, Ria Seferilobas. mas iyeneben iuxtisa da 

fexsacmlis saZire tyavis dasamzadeblad,  

№3 saTrimlavi fenolformaldehidis fisis koncentratTan dispersirebis 

produqtia. garegnulad muqi yavisferi blanti siTxea. gamoiyeneba yvela saxis tya-

vis dasamuSaveblad. 

№9 saTrimlavi warmoadgens dioqsidfenilsulfonis da sulfiduri spirtis 

formaldehidTan erToblivi kondensaciis produqts, romelic dispersirebulia 

naftalinsulfomJavaSi da nawilobriv neitralizebulia natriumis karbonatiT. 

СПС saTrimlavs  awarmoeben fiqlis fenolebis formaldehidTan da sulfi-

duri spirtis koncentratTan kondensaciis gziT (koncentratSi dispersirebiT). es 

saTrimlavi nivTiereba farTod gamoiyeneba iuxtisa da fexsacmlis saZire tyavebis 

dasamzadeblad, agreTve qromiT gaTrimluli sazedapire tyavebis damatebiTi gaT-

rimvlisaTvis. aRniSnuli saTrimlavi nivTierebebis fizikur-meqanikuri Tvisebebi 

mocemulia me-5 cxrilSi. 

ufro perspeqtiulia kompleqsuri qimiuri preparatebi, romlebsac aqvs mra-

valfunqciuri Tvisebebi saTrimlavis, saRebavisa da Semvsebis an saTrimlavisa da 

sacximavis da sxv., riTac isini  teqnologiuri procesebis gaerTianebis saSuale-

bas iZlevian [1-4]. 

saRebav sinTezur saTrimlavebs miekuTvneba liTonkompleqsuri yavisferi da 

liTonkompleqsuri mwvane saTrimlavebi, რomlebic wamoadgens rkinis  an kobaltis 
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kompleqss, 1-nitrozo-2-naftolsulfomJavebis fenolebTan polikondensaciis pro-

duqts [3]. me-6 cxrilSi mocemulia orive saTrimlavi masalis analizuri maCveneblebi. 

saTrimlav nivTierebebs iyeneben sxvadasxva saxis tyavnedleulisagan velu-

ras, sazedapire qromis tyavisa da zogierTi saxis iuxtis tyavis dasamzadeblad. 

saRebavi saTrimlavi nivTierebebis damaxasiaTebeli Tvisebaa Suqmedegobisa da 

mSrali an sveli xaxunisadmi tyavis mdgradobis amaRleba. 

sacximavi da mafiqsirebeli sinTezuri saTrimlavi nivTierebebi Zalian per-

speqtiulia iuxtis tyavis warmoebaSi. mafiqsirebel sinTezur saTrimlavTagan ga-

moiyeneba fiqsatori, romelic miiReba fenolis an misi warmoebulebis formalde-

hidTan kondensaciis Sedegad amoniumis sulfatis Tanaobisas. 

cxrili 5 

  sinTezuri saTrimlavi nivTierebebis fizikur-meqanikuri Tvisebebi  

 

                      

maCvenebeli 

sinTezuri saTrimlavebi  

№2 №5 №6 №12 БНФ БНС 1М №3 №9 

СПС 

mya-

ri 

Txe- 

vadi 

masuri wili  

teni, ara umetesi 

fxvnilSi an 

marcvlebSi, Txevad 

mdgomareobaSi 

%  

 
14 

 

50 

 

 

25 

 

_ 

 

 

25 

 

_ 

 

 

24-26 
 

_ 

 

 

17 

 

60-65 

 

 

17 

 

60-65 

 

 

20 

 

_ 

 
 

30 

 

_ 

 
 

30 

 

_ 

 
 

30 

 

_ 

 
 
_ 

 

_ 

tanidebi, aranaklebi % 56 55 50 56 57 62 49 44 45 48,5 47 

wyalSi uxsnadi niv-

Tiereba, ara 

 umetesi  

% 0,5 2,5 0,5 _ 0,5 0,5 2,5 3,5 _ 

 

0,5 _ 

nacari, ara umetesi % 0,8 28 28 3 1 2 9 3 32 5 3 

rkinis dioqsidi, 

ara umetesi 

 
% 

 
0,05 

 
0,08 

 
0,1 

 
0,1 

 
0,02 

 
0,5 

 
0,05 

 
0,05 

 
0,06 

 
0,04 

 
0,04 

kalciumis oqsidi, 

ara umetesi 

 
% 

 
_ 

 

_ 

 
_ 

 
_ 

 
_ 

 
_ 

 
1,2 

 
1 

 
_ 

 
1 

 
0.95 

Tavisufali fenoli, 

ara umetesi 

 
% 

 
_ 

 
_ 

 
_ 

 
_ 

 
_ 

 
_ 

 
_ 

 
3,8 

 
_ 

 
2 

 
2 

keTilxarisxovneba 

aranaklebi 

 
% 

 
_ 

 
_ 

 
_ 

 
56 

 
_ 

 
_ 

 
_ 

 
_ 

 
_ 

 
_ 

 
_ 

analizuri xsnaris 

pH   

 4-6 4-5 3,5-
4,5 

4,5-
5,5 

3,8-
4,7 

3,5-
4,5 

3,8-
4,5 

3,8-5,5 3,6-4,0 4-5 4-5 

 

fiqsators aqvs kaTionuri xasiaTi da anionuri xasiaTis nivTierebebTan (saT-

rimlavebi, saRebavebi, cximebi) urTierTqmedebisas warmoqmniს uxsnad nawilebs, ar 

gamoirecxeba da mtkiced kavdeba tyavis qsovilebSi, rac iwvevs masalebis ekonomi-

as da tyavis xarisxis gaumjobesebas [1- 4].      
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cxrili 6 

saRebavi sinTezuri saTrimlavebis analizuri maCveneblebi 

                                                     

maCvenebeli saTrimlavi  МК      saTrimlavi  МЗ 

saRebavis ier-saxe yavisferi fxvnili mwvane fxvnili 

 masuri wili, % ara umetesi: 

 teni 

 wyalSi uxsnadi nivTierebebi 

 nacari 

 
10 
 5 
50 

 
10 
 5 
50 

 simkvrive, g/sm, aranaklebi    0,35 0,35 

   pH 7 - 8,5 7 - 8,5 

 

sinTezur saTrimlavebs, romlebsac erTnairi saTrimlavi da sacximavi Tvise-

bebi aqvs, miekuTvneba ДЖ da ДЖО saTrimlavebi, romelTagan pirveli miRebulia 

teqnikuri fenolebis bazaze, xolo meore – fenolebisa da xelovnuri cximmJave-

bis (daJanguli parafinebis) bazaze. am sinTezuri saTrimlavebis sacximavi moqmede-

ba miiRweva maT naxSirbadovan jaWvSi saTrimlavi nawilakebis arsebobiT. 

dasaxelebuli saTrimlavebis gamoyeneba gansakuTrebiT racionaluria iuxtis 

tyavis damzadebisas, radganac isini SedarebiT Tanabradaa ganawilebuli struq-

turul elementebSi da mtkiced dafiqsirebuli _ cilebSi, ris Sedegadac mniSvne-

lovnad izrdeba tyavis wyalmedegoba da sxva Tvisebebi. 

sinTezur saTrimlav nivTierebebTan erTad tyavis warmoebaSi gamoiyeneba sa‐

Trimlavi Sardovanaformaldehidis, melaminoformaldehidis, diciamdiamiduri da 

sxva fisebi. saTrimlav fisebs ZiriTadad iyeneben tyavis damatebiTi gaTrimvlisa da 

SevsebisaTvis, xolo damoukideblad maTi gamoyeneba ar xdeba. am fisebiT gaTrimlu-

li tyavebi gamoirCeva maRali saeqspluatacio TvisebebiT (cveTamedegobiT, wyalme-

degobiT da sxv.). topografiul ubnebSi ki maT ufro Tanabari Tvisebebi axasiaTebT, 

vidre im tyavebs, romlebic am fisebiT araa damuSavebuli [8_10]. 

 

 

daskvna 

amrigad, damuSavebulia iuxtis tyavis damzadebis axali teqnologia, rome-

lic dainerga samxedro daniSnulebis iuxtis fexsacmlis warmoebaSi. cxeli vul-

kanizaciisa da Txevadi formirebis meTodi ganapirobebs fexsacmlis wyalmede-

gobas, saWiro Tbodamcav Tvisebebs da zedapirTan Ziris mimagrebis saimedoobas. 

axali meTodi progresulia, uzrunvelyofs tyavis xarisxis gaumjobesebas da misi 

warmoebis efeqtianobas. 
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LIGHT INDUSTRY 
 
 

CLASSIFICATION OF YUFTED LEATHER AND TANNING MATTERS  

T. Maglakelidze, S. Rotteli     

(Georgian Technical University, International Association „ST- GEORGITALI“)  

 
Resume:  There is provided information materials about the classification signs of yufted leather  used 

for the surface of military and other special shoes, there is explained the essence of tanning process and are 
presented the groups of tannins, used for yufted leather. There are also given their physical- mechanical 
properties and purposes in the tanning process. 

The article is particularly distinguished with detailed information, which is presented in the tables: 
leather boiling temperature according to tanning substances; properties of tanning materials (chromium 
zirconium, titanium and ammonium sulfate, complex, mineral, vegetable and synthetic tannins) and their 
multi–functional purposes; physical-mechanical characteristics with relevant exploitation properties, etc. 

 

Key words: chemical and physical-mechanical properties; classification of yufted leather; tanning 

matters.                                                           

  

 

 

 

ЛЕГКАЯ  ПРОМЫШЛЕННОСТЬ 

 
 

КЛАССИФИКАЦИЯ ЮФТЕВОЙ КОЖИ И УПОТРЕБЛЯЕМЫЕ ДУБИЛЬНЫЕ 
ВЕЩЕСТВА 

Маглакелидзе Т. А., Роттели С. Д. 

(Грузинский технический университет, международная ассоциация „ST- GEORGITALI“) 

 
Резюме. Рассмотрены материалы, относящиеся к классификационным знакам юфтевой кожи 

употребляемой для поверхности спецобуви военного и другого назначения; разъяснена суть процесса 
дубления  и представлены группы употребляемых дубильных веществ для дубления юфтевой кожи. 
А также приведены их физико-механические свойства и назначение в процессе дубления.  

Особенно  интересна  подробная информация, которая представлена в таблицах: температура 
варки кожи по дубильным (циркон хрома, титан, сульфат аммония, комплексные, минеральные, 
растительные и синтезные дубильные вещества) веществам и их многофункциональное назначение; 
физические, химические и механические характеристики с соответствующими  эксплуатационными 
свойствами и др.  

 
Ключевые слова: дубильные вещества; классификация юфтевой кожи; химические и физико-

механические свойства дубильных веществ. 



126 
 

turizmi 

 

 

 

ekoturizmi _ turizmis industriaSi 

nino SaviSvili, manana kaiSauri 

(saqarTvelos teqnikuri universitetis hidrometeorologiis instituti) 

 

 

reziume: warmodgenilia turizmis erT-erTi aqtualuri mimarTulebis _ eko-

turizmis ganmarteba, ganxilulia misi mniSvneloba msoflio turizmis Tanamed-

rove industriaSi; Sefasebulia ekoturizmis ekologiuri datvirTva garemosdac-

viTi problemebis gadasawyvetad qveynis keTildReobisTvis da ekonomikis mdgradi 

ganviTarebisTvis; agreTve masze anTropogenuri uaryofiTi gavlenisagan Tavis 

dacva; daxasiaTebulia ekologiuri turizmis ZiriTadi principebi da misi saxe-

obebi; mocemulia saqarTveloSi ekoturizmis ganviTarebis perspeqtivebi.          

 

sakvanZo sityvebi:  ekologia; ekoturizmi; turizmi; turizmis industria.      

 

 

Sesavali 

turizmi Tanamedrove civilizaciis ganuyofeli nawilia. igi aRiarebulia XX 

saukunis socialur-kulturul fenomenad da mas axali msoflio religiac ki 

uwodes. cxadia, am SemTxvevaSi nagulisxmebia is globaluri masStabi da mniSvne-

loba, rac turizmma XX saukuneSi SeiZina. 

ekoturizms mniSvnelovani adgili ukavia turizmis msoflio industriaSi. 

msoflio turizmis organizaciis eqspertebis prognoziT, misi zrdis tempi XXI sa-

ukuneSic maRali darCeba da Tavis wvlils Seitans turizmis mdgradi ganvi-

Tarebis koncefciis realizaciaSi. 

 

 

ZiriTadi nawili 

turizmi unda iyos ekologiurad orientirebuli xangrZliv perspeqtivaze, 

ekonomikurad sicocxlisunariani da pasuxobdes adgilobrivi mosaxleobis eTi-

kur da socialur interesebs; am moTxovnebs yvelaze srulad pasuxobs ekolo-

giuri turizmi, romelsac safuZvlad udevs bunebis Secnoba.   

ekoturizmi msoflio turistuli industriis erT-erTi swrafad ganviTare-

badi da perspeqtiuli dargia. igi bunebrivi turizmis kontrolirebadi formaa da 

xasiaTdeba rekreaciuli teritoriebis resursebis gamoyenebis ekologiurad da 

ekonomikurad gadamowmebuli politikiT, amouwuravi bunebaTsargeblobis reJimis 

dacviT, rac uzrunvelyofs rogorc rekreaciuli teritoriebis biologiuri mra-

valferovnebis SenarCunebas, ise turistuli saqmianobis mdgradobas. 
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ekoturizmi moiazreba dasvenebis, bunebaSi mogzaurobis, saganmanaTleblo, Se-

mecnebiT-kulturul da ekonomikur saqmianobaTa erTobliobad. ekoturizmis ganvi-

Tareba damokidebulia rogorc xelSeuxebeli bunebis arsebobaze, ise garemos da-

cvis karg organizaciaze. igi orientirebulia bunebrivi turistuli resursebis 

gamoyenebaze. 

saxelmwifoTa Soris arsebuli sazRvrebis miuxedavad, Cveni planeta saerToa. 

amitom bunebrivi resursebis racionaluri gamoyeneba da dabinZurebisagan garemos 

dacvis problemebis gadawyveta SesaZlebelia mxolod ekologiuri ganaTlebis 

safuZvelze planetis mosaxleobis erToblivi ZalisxmeviT, maTi sacxovrebeli 

adgilis Tu profesiisagan damoukideblad. 

ekoturizmis obieqts warmoadgens mTebi, kanionebi, samkurnalo wyaroebi, 

faunis da floris iSviaTi warmomadgenlebi, bunebrivi da istoriul-kulturuli 

RirsSesaniSnaobebi; ekoturizmis mniSvnelovani resursia agreTve adgilobrivi 

mosaxleobis tradiciebi da erovnuli Taviseburebebi [1]. 

msoflio turizmis organizaciis prognoziT, ekoturizmi Sedis 2020 wlamde 

turizmis ganviTarebis xuT ZiriTad strategiul mimarTulebaTa ricxvSi. 

saqarTvelo ekoturizmis ganviTarebis did potencials flobs. erovnuli 

parkebis teritoriaze ekoturizmis ganviTareba xels uwyobs bunebrivi resursebis 

aRdgena-ganaxlebas da regionebis socialur-ekonomikuri mdgomareobis gaumjobe-

sebas, adgilobrivi xalxuri rewvis saqonlis realizacias da momsaxurebis baz-

ris gafarToebas, ucxouri valutis modinebas, qmnis damatebiT samuSao adgilebs. 

saqarTvelo mcire teritoriebis mqone im saxelmwifoTa ricxvs miekuTvneba, 

romelTac aqvT ulamazesi buneba, endemur mcenareTa da cxovelTa populaciebi, 

sadac erovnuli parkebi iqmneba bunebis dasacavad, xolo maT teritoriaze eko-

turizmis ganviTareba uzrunvelyofs ekonomikuri sargeblis motanas, romlis 

nawilic unda moxmardes ekosistemebis aRdgenas da erovnuli parkebis teri-

toriaze Casatarebel aucilebel samuSaoebs.                                             

amdenad, turizmis praqtikulad yvela dros arsebuli motivacia da turiz-

mTan dakavSirebuli sferoebis funqcionireba ukve aTaswleulebs iTvlis da SeiZ-

leba dabejiTebiT iTqvas, rom turizmi Zveli da Tanamedrove kulturisa da 

yofis organuli Semadgeneli nawilia. 

turizmis Tanamedrove industria erT-erTi umsxvilesi maRalSemosavliani da 

dinamikuri dargia. es ganpirobebulia mogzaurobaze ganuxrelad mzardi moTxov-

nilebiT da dargis rentabelobis maRali doniT. turizmi arsebiT rols asru-

lebs mravali qveynis ekonomikaSi. masze modis msoflioSi mTliani erovnuli pro-

duqtisa da investiciebis daaxloebiT 10 %. turizmis sferoSi pirdapiri an iribi 

gziT msoflio masStabiT CarTulia dasaqmebuli mosaxleobis meaTedze meti [2]. 

saqarTvelo sakmaod mZlavr sakurorto-turistul infrastruqturas flobda. 

bunebrivia, mZlavri da kargad ganviTarebuli igi mxolod sabWoTa kavSiris kva-

lobaze iyo, radgan marto pretenziis TiTqmis armqone sabWoeTis mosaxleobas Tu 

daakmayofilebda momsaxurebis imJamad arsebuli done. es infrastruqtura imTa-

viTve gaTvlili iyo ara imdenad xarisxze, ramdenadac damsvenebelTa raodenobaze 

da mTavari maCvenebelic dasasvenebel saxlebsa Tu sanatoriumebSi arsebuli 

sawolebis raodenoba iyo. 

sabWoTa kavSiris daSlis Semdeg saqarTvelo, iseve rogorc sxva yofili mo-

kavSire respublikebi, didi problemis winaSe aRmoCnda. respublikebis sagareo-
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politikuri orientaciis miuxedavad, Siga problemebi da, kerZod, problemebi tu-

rizmis sferoSi, praqtikulad identuri aRmoCnda.  

Zireuli cvlilebebi moxda saerTaSoriso TanamSromlobis iseT sferoSic, 

rogoricaa turistuli gacvlebi. sabWoTa periodSi qveyanaSi SemomsvlelTa rao-

denoba didad sWarbobda gamsvlelTa raodenobas. postsabWoTa periodSi viTareba 

diametralurad Seicvala. dResdReobiT warmatebiT viTardeba rogorc sazRvar-

gareT gamsvlelTa turizmi, ise sazRvargareTidan SemomsvlelTa turizmi.  

saqarTveloSi ekoturizmis ganviTarebis kargi perspeqtivebia. es ganpirobe-

bulia mravali faqtoriT. kerZod, bunebrivi landSaftebis didi nairferovnebiT, 

klimaturi zonebis farTo diapazoniT, unikaluri eko-sistemiT, bunebisa da kul-

turis Zeglebis siuxviT. resurss avsebs wes-CveulebaTa mravalferovneba, fol-

kloris unikaluroba, rewva da ganTqmuli samzareulo. 

zemoTqmulidan gamomdinare, saqarTveloSi, garda tradiciuli kulturul 

obieqtebze orientirebuli turizmisa, prioritetulad unda CaiTvalos ekolo-

giuri turizmi, radgan mas ar sWirdeba maRali donis ganviTarebuli infra-

struqtura da didi investiciebi.  

     kacobriobis istoriis Zalze did monakveTze bunebasa da sazogadoebas So-

ris wonasworobis darRvevis gamomwvevi ZiriTadi mizezi mWidrod dasaxlebuli 

mosaxleoba iyo. krizisul situaciaSi SeuZlebeli iqneboda adamianebis Semdgomi 

cxovreba maT mier dakavebul da aTvisebul teritoriaze. aseTi lokaluri kri-

zisis daZleva SesaZlebeli iyo degradirebuli landSaftidan sxva axal land-

Saftze gadasvliT, romelic xorcieldeboda auTvisebeli an sxva eTnosebis mier 

dakavebuli miwebis eqspansiiT. 

Tu sazogadoebis ganviTarebis adreul safexurebze anTropogenuri faqtori 

sxva bunebriv faqtorebTan SedarebiT susti iyo, Semdeg igi Tavisi masStabebiTa 

da mniSvnelobiT gautolda maT da gadaaWarba kidec.    

anTropogenuri faqtoris mZlavri ganviTareba SedarebiT axlo warsulSi 

daiwyo, rodesac erTmaneTs ori movlena daemTxva. es iyo mosaxleobis raodenobis 

mkveTri zrda da teqnikuri progresi. 

Cvens planetaze mosaxleobis raodenoba, energetikuli resursebis xarjva da 

garemoze uaryofiTi zemoqmedeba erTmaneTTan mWidrodaa dakavSirebuli da samive 

eqsponenciurad izrdeba. 

rogorc wesi, garemos lokaluri cvlilebebi ufro masStabur movlenebs 

udevs safuZvlad, saboloo jamSi ki anTropogenuri cvlileba globalur xasiaTs 

iZens. es, Tavis mxriv, mravali uaryofiTi xasiaTis mqone movlenis mizezia; iva-

raudeba klimatis globaluri cvlileba, ozonis SreSi cvlilebebi, mJave wvimebi 

da sxv.   

garemoze anTropogenuri zemoqmedeba xSirad iseT movlenebs iwvevs, romelTa 

winaswar gaTvaliswineba TiTqmis SeuZlebelia, xolo zemoqmedebis Semdgomi gaRr-

maveba TviT adamianis janmrTelobas da saboloo jamSi mis arsebobas uqmnis saf-

rTxes. 

momavalSi bunebaze anTropogenuri gavlenis zrdasTan erTad kacobrioba Se-

saZloa axali tipis ekologiuri krizisebis safrTxis winaSe aRmoCndes. maTgan 

mTavari „globaluri Termodinamikuri“ da „ekologiuri sistemis saimedoobis“ 

krizisebia. 
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am axali teqnologiebis erT-erTi Semadgeneli nawilia ekologiuri turizmi, 

romelic iTvaliswinebs bunebaSi adamianTa araorganizebuli, qaosuri xasiaTis 

mqone dasvenebis Canacvlebas bunebis dacvaze orientirebuli  turizmiT. 

ekoturizmi efuZneba ramdenime ZiriTad, waruSleli faseulobebis mqone 

princips _ sarekreacio bunebrivi teritoriebis, biologiuri mravalferovnebisa 

da eTnografiuli statusis SenarCunebas, amavdroulad regionebis ekologiuri 

mdgomareobis amaRlebas.   

1990 wels ekologiur turizms oficialuri statusi mieniWa. 

Tavad termini “ekoturizmi” ekuTvnis meqsikel ekonomists heqtor cebalos-

laskuriens. misi azriT, ekoturizmi aerTianebs mogzaurobasa da bunebisadmi sa‐

TuT damokidebulebas, SesaZlebels xdis florisa da faunis nimuSebis naxviTa da 

SeswavliT gancdili sixaruli daakavSiros maTi xelSewyobis SesaZleblobasTan. 

ekoturizmis amomwuravi gansazRvris ararsebobis gamo xSirad specialistebi 

Semoifarglebian ekoturizmis ZiriTadi niSnebis dafiqsirebiT: ekoturizmi dafuZ‐

nebulia uSualod bunebis sarekreacio resursebze; misTvis aucilebelia xelux‐

lebeli an naklebad saxecvlili buneba;  igi damokidebulia ekologiuri teq‐

nologiebis gamoyenebasa da qcevis garkveuli wesebis dacvaze, amitom did zians 

ar ayenebs garemos, ar arRvevs garemos ekologiur mdgradobas; ekoturizmi unda 

iyos bunebaTsargeblobis ekonomikurad efeqturi forma, romelic Caanacvlebs 

meurneobis ekologiurad saSiS saxeobebs da xels Seuwyobs regionis mdgrad 

ganviTarebas. 

ekoturizmis ZiriTadi principebia: bunebrivi resursebis aragamomfitavi, 

mdgradi gamoyeneba; bunebrivi, socialuri da kulturuli mravalferovnebis Se‐

narCuneba; turizmis sxva saxeobebTan SedarebiT  bunebrivi resursebis naklebi in-

tensiurobiT gamoyeneba; turistuli ekologiuri ganaTleba da ganaTlebuli tu-

ristebis monawileoba adgilobriv kulturul da bunebisdacviT saqmianobaSi; eko-

turizmis integracia teritoriebis regionuli ganviTarebis gegmebSi; adgilob-

rivi mosaxleobis monawileoba ekoturizmis ganviTarebaSi da am saqmianobisagan 

finansuri da sxva saxis sargeblis miReba. 

ekologiuri  turizmis  saxeobebia: 

samecniero ekoturizmi, romlis mizania naklebad Seswavlili raionebis 

Sesaxeb iseTi informaciis mopoveba, romelic esaWiroeba fundamentur mecnierebas 

da ekoturizmis ganviTarebis efeqtur dagegmvas; 

SemecnebiTi ekoturizmi iTvaliswinebs cocxali da aracocxali bunebis 

iseTi RirSesaniSnaobebis Seswavlas, rogoricaa geomorfologiuri da hidrolo-

giuri obieqtebi, calkeuli biologiuri saxeobebi da biocenozebi; 

sarekreacio turizmi Seiswavlis balneologiur da helioTerapiasTan dakav-

Sirebul adgilebSi cxovrebas. 

„ekoturizmis“ paralelurad turistul literaturaSi gamoiyeneba Semdegi 

terminebi:  

turizmi bunebaSi, romlis obieqtia cocxali da aracocxali buneba; 

turizmi velur bunebaSi. misi obieqtia turizmis ganviTareba rogorc dacul, 

aseve miuval da pirvandeli saxis mqone teritoriebze; 

mwvane turizmi turizmis iseTi saxea, romelic garemoze minimaluri zemoq-

medebis mqone teqnologiebs iyenebs; 
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eTnoekologiuri turizmis mizania konkretul teritoriaze mcirericxovani 

eTnosebisa da subeTnosebis bunebriv garemoSi Camoyalibebis gzebis gacnoba; 

sareabilitacio turizmi emsaxureba rekreaciaSi CarTuli teritoriebis 

dacvas, SenarCunebas da mdgomareobis gaumjobesebas; 

agroturizmi gulisxmobs soflad turizmis ganviTarebas. es ZiriTadad exeba 

industriuli qveynebis did qalaqebSi mcxovrebT, romelTa survilia cota xniT 

mainc daaRwion Tavi megapolisebSi cxovrebis wess da qalaqgareT gavidnen. 

 

 

daskvna     

ekoturizmis ganviTareba SesaZloa SeizRudos ori mizeziT: 1. ekoturistuli 

produqti SeiZleba zedmiwevniT Zvirad Rirebuli da elitaruli gaxdes; 2. turis-

tebis raodenobis zrdam SesaZloa ekosistemis rRveva gamoiwvios.  

ekoturizmi mimarTulia urTierTharmonizaciis damyarebaze, rac gulisxmobs, 

erTi mxriv, sarekreacio saqmianobisagan miRebul ekonomikur mogebas, da, meore 

mxriv, am saqmianobisaTvis gamoyenebuli bunebrivi teritoriebis usafrTxoebis 

dacvas. 
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ECOTOURISM  –  TOURISM  INDUSTRY 

N. Shavishvili, M. Kaishauri 

(Hydrometeorological Institute of Georgian Technical University) 

 
Resume: There is presented one of the actual direction of a tourism – explanation of ecotourism, 

reviewed its meaning in a modern industry of the world tourism; there is evaluated ecological meaning of 
ecotourism to solve problems  of safety environment for prosperity of country and stable development of its 
economics; also protecting from an anthropogenic negative influence on it; it is charactered the basis 
principles of the ecological tourism and its nature: there are given perspectives of ecotourism development in 
Georgia.  

 
Key words: ecology; ecotourism; tourism; tourism industry.   

 
 
 
 

ТУРИЗМ 

 
 

ЭКОТУРИЗМ В ИНДУСТРИИ ТУРИЗМА 

Шавишвили Н. Г., Кайшаури М. Н. 

(Институт  гидрометеорологии  грузинского  технического  университета) 

 
Резюме. Представлено определение экотуризма–одного из актуальных направлений туризма; 

рассмотрено его значение в современной индустрии мирового туризма; оценено экологическое 
значение для решения проблем окружающей среды, благополучия страны и стабильного развития 
экономики; а также самозащиты от антропогенного негативного влияния. Характерны основные 
принципы экологического туризма и его виды; даны перспективы развития экотуризма в Грузии. 

 
Ключевые слова:  индустрия туризма;  туризм; экология;  экотуризм.   
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borjomis xeobis kurortebis turistul-rekreaciuli mniSvneloba 

manana kaiSauri, nino SaviSvili 

(saqarTvelos teqnikuri universitetis hidrometeorologiis instituti) 

 

 

reziume: ganxilulia borjomis xeobis kurortebis klimaturi da samkurnalo 

Taviseburebebi. aRwerilia mineraluri wylebis ramdenime wyaro da Catarebulia 

maTi klasifikacia samkurnalo Tvisebebis mixedviT; Sefasebulia borjomis rai-

onis sakurorto-rekreaciuli resursebi, dadgenilia Tanamedrove potenciali, Ca-

moyalibebulia maTi efeqturad gamoyenebis rekomendaciebi; mocemulia borjomis 

xeobis kurortebis turistul-rekreaciuli mniSvneloba da misi ganviTarebis per-

speqtivebi. 

 

sakvanZo sityvebi: borjomis xeoba; kurortebi; mineraluri wylebi; rekreacia; 

turizmi.  

 

 

Sesavali  

borjomis xeobis kurortebi TrialeTis mTiani masivis Semadgeneli nawilia 

da mdebareobs saqarTvelos samxreT-dasavleT nawilSi; gamoirCeva mravalfero-

vani bunebrivi pirobebiT, landSaftebiT, klimaturi, hidrologiuri da sakuror-

to-rekreaciuli resursebis udidesi maragiT da didi potencialiT (rac regionis 

momavali socialur-ekonomikuri ganviTarebis mniSvnelovan faqtorad unda CaiTva-

los) da dadebiT zegavlenas axdens rogorc mxaris sakurorto-turistul  ganvi-

Tarebaze, ise mTlianad qveynis ekonomikis mdgrad ganviTarebaze [5]. 

borjomis xeobis kurortebi saqarTvelos sakurorto-rekreaciuli raionebi-

dan erT-erTia, romelsac mdidari klimatur-balneologiuri resursuli potenci-

ali da ganviTarebis didi perspeqtivebi aqvs. aq aRricxul mraval kurortsa da 

sakurorto adgils Soris umetesoba klimaturi profilisaa.  amas garda, raionSi 

Tavmoyrilia rogorc klimaturi da balneologiuri, ise kompleqsuri profilis 

sakurorto adgilebi. klimaturi kurortebis samkurnalo Tvisebebi maTi gansakuT-

rebuli havisa da adgilmdebareobis damsaxurebaa [1]. 

 

 

ZiriTadi nawili  

borjomis xeobis kurortebi da sakurorto adgilebi ganlagebulia z. d. 

790_2000 m simaRlis farglebSi, romlebic miekuTvneba dabali mTis (500_1000 m), sa-

Sualo mTis qveda sartylis (1000_1500 m) da saSualo mTis zeda sartylis 

(1500_2000 m) sakurorto zonebs. 
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dabali mTis zomierad mSrali qvezonis kurortebia: axaldaba, borjomi da 

CiTaxevi, xolo sakurorto adgilebi _ daba, sadgeri da dviri. am  zonisaTvis da-

maxasiaTebelia zomierad mSrali hava, rbili mcireTovliani zamTriT da zomi-

erad mSrali zafxuliT. klimatoTerapiuli mniSvneloba aqvs im adgilebs, sadac 

mdidari foTlovani da wiwvovani mcenareulobaa. 

saSualo mTis sakurorto zonis qveda sartylis kurortebia: waRveri, cemi, 

tba, libani da patara cemi, xolo  sakurorto adgilebi _ mzeTamze, timoTes-

ubani, mitarbi, maWarwyali, vardevani da neZvi. aRniSnuli zonisaTvis damaxasiaTe‐

belia zomierad civi Tovliani zamTari da zomierad Tbili da zomierad mSrali 

zafxuli. sakurorto zonis hava xasiaTdeba maRali Terapiuli TvisebebiT da misi 

gamoyeneba perspeqtiulia ZiriTadad sasunTqi organoebiT daavadebulTa samkur‐

nalod. 

saSualo mTis sakurorto zonis zeda sartyelSi Sedis kurortebi: bakuriani 

da cixisjvari, sakurorto adgili _ winubani. es zona xasiaTdeba zomierad civi 

zamTriT, mdgradi Tovlis safriTa da zomierad grili da zomierad mSrali 

zafxuliT. sakurorto zonis hava naCvenebia sasunTqi organoebiT daavadebulTa 

samkurnalod mxolod im SemTxvevaSi, Tu ar aris gamokveTili sisxlis mimoqcevis 

ukmarisoba [2].    

borjomis raioni mdidaria miwisqveSa wylebiT, romelTagan saxalxo meurne-

obaSi yvelaze metad mineraluri wyaroebia gamoyenebuli. aq aRricxuli da aTvi-

sebulia ramdenime umsxvilesi da Tavisi samkurnalo TvisebebiT gamorCeuli mine-

raluri wylebis sabadoebi, romelTa bazaze Seqmnilia da funqcionirebs mTeli 

rigi samTo-klimaturi da klimatur-balneologiuri borjomis kurortTa jgufi. 

garda amisa, raionSi cnobilia mravali bunebrivi mineraluri wylis wyaroebi, 

romlebic Seswavla-aTvisebas saWiroebs. 

borjomis xeobaSi ganlagebulia samkurnalo TvisebebiT cnobili mravali 

kurorti da sakurorto adgili, maT Soris: 

borjomi _ saerTaSoriso mniSvnelobis balneologiuri da klimaturi ku-

rorti, mdebareobs mesxeTisa da TrialeTis qedebis maradmwvane ferdobebs Soris, 

md. mtkvrisa da misi Senakadebis _ borjomulasa da gujareTiswylis xeobaSi,  

z. d. 800_1000 m simaRleze. mcenareuloba Sedgeba umetesad wiwvovani (naZvi, fiWvi, 

soWi) da foTlovani (muxa, wifeli, rcxila, aryis xe) tyeebisagan. aq reliefi  

mTagoriania. 

klimatis Tavisebureba ganpirobebulia kurortis ganlagebiT subtropikuli 

zonis dabalmTiani tyis zonaSi. zafxuli Tbilia, Warbobs mziani dReebi. zamTari 

zomierad civia, mcireTovliani, mzis naTeba platoze 1900 sT-ia weliwadSi. xSiria 

mTa-xeobis susti qarebi, romlebic uzrunvelyofs kurortis teritoriis karg 

ventilacias.  

md. borjomulas xeobaSi gaSenebul parkSi mravali mineraluri wyaroa. z. d. 

1000 m simaRleze aswlovani fiWviT dafarul platoze parkia gaSenebuli. 

borjomis wamyvani bunebrivi samkurnalo faqtorebia rogorc sasargeblo 

klimati, aseve misi sayovelTaod cnobili  samkurnalo mineraluri wylebi, rom-

lebic qimiuri SedgenilobiT miekuTvneba naxSirmJava, hidrokarbonatul, natri-

umian wylebs saerTo mineralizaciiT 5,0_7,5 g/dm3 da naxSirmJava, hidrokar-

bonatuli, natriumiani, boriani (da kaJmJava-boriani) mineraluri wylebi saerTo 

mineralizaciiT 5,6_6,4 g/dm3, romelic Seicavs Tavisufal naxSirmJavas 0,5-dan 
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1,0_1,5 g/l-s. maTSi Sedis agreTve qloris ionebi, mcire raodenobiT bromi, li-

Tiumi, bariumi da zogi sxva nivTiereba. mineraluri wylis temperatura sxvadasxva 

wyaroSi meryeobs 17-dan 38 0C-mde.  

borjomis wyals xmaroben sasmelad da abazanebis saxiT.  

borjomis mineraluri wylis samkurnalo Tvisebebis gamo mas iyeneben ZiriTa-

dad kuW-nawlavis, gulis, Tirkmelebis, sasunTqi organoebis, nervuli sistemis da-

avadebaTa samkurnalod; borjomis tute-naxSirmJava wyals ki  _ kuW-nawlavis, Rvi-

Zlis, nivTierebaTa cvlis moSlisa da sxva daavadebaTa samkurnalod;. gamoiyeneba 

agreTve saabazano procedurebisTvis, inhalaciis, kuWisa da nawlavebis gamosarec-

xad, dasalevad, rogorc samkurnalo sasmeli wyali [3].  

mineraluri wylisaTvis taras amzadeben iqve mdebare minis qarxanaSi. 

mkurnalobis saxeebia: pasiuri klimatoTerapia, mineraluri wylis miReba (da-

leva), mineraluri wylis abazanebi, gamorecxvebi da inhalaciebi. 

bakuriani kurortia. igi qalaqis tipis dabaa da mdebareobs TrialeTis qedis 

CrdiloeT ferdobze, z. d. 1700_2000 m simaRleze. kurortis teritoria da misi mi-

damoebi mdidaria mcenareulobiT: muqwiwvovani jiSebis tyis masivebiT (naZvi, so-

Wi), tyeebis sazRvrebis zemoT iwyeba alpuri mdeloebi. reliefi mTagoriania. 

kurortis klimatis Tavisebureba ganpirobebulia misi ganlagebiT subtro-

pikul zonaSi mTis SedarebiT maRal simaRleze (saSualo mTis zeda sartyeli). 

gazafxuli aq xanmoklea. Semodgomaze ufro grila da amindic aramdgradia; zam-

Tari civia. Tovli devs 4_5 Tvis ganmavlobaSi. zafxuli zomierad grilia. dama-

xasiaTebelia mziani dReebi didi raodenobiT da Warbadaa zomierad yinviani 

dReebi. mzis naTebis xangrZlivoba weliwadSi 2000 sT-s aRemateba. sakmaod ma-

Ralia ultraiisferi radiaciis intensiuroba. gvxvdeba muqwiwvovani jiSebis (naZ-

vi, soWi) tyis masivebi, alpuri mdeloebi. SeiniSneba mzis radiaciis siuxve. mTis 

mSrali haeri gaJRenTilia wiwviani tyeebis aromatiT, rac qmnis xelsayrel 

pirobebs sunTqvis organoTa qronikuli aratuberkulozuri xasiaTis, maT Soris 

bronquli asTmiT daavadebulTa samkurnalod. kurortis Taviseburi klimati Sesa-

niSnav garemos qmnis gamajansaRebeli da profilaqtikuri RonisZiebebis Casata-

reblad, gansakuTrebiT  bavSvebSi. 

bunebrivi samkurnalo faqtoria saSualo mTis zeda sartylis hava, romelic 

warmatebiT gamoiyeneba pasiuri da aqtiuri (haerisa da mzis abazanebi) klima-

toTerapiisaTvis.  

waRveri _ kurorti borjomis raionSi, ganlagebulia TrialeTis qedis Crdi-

loeT ferdobze, md. gujareTiswylis xeobaSi, z. d. 1020_1050 m simaRleze. kuror-

tis irgvliv mdebare mTebis ferdobebi dafarulia ZiriTadad wiwvovani tyeebiT 

(naZvi, soWi, fiWvi).  reliefi mTagoriania. 

klimati SuamTis tipisaa. zamTari civia da sakmaod Tovliani, zafxuli zo-

mierad Tbili da mSrali. haeri sufTa da gamWirvalea, gaJRenTilia wiwvis aro-

matiT. mcenareuloba warmodgenilia wiwvovani (naZvi, soWi, fiWvi) tyeebiT. 

bunebrivi samkurnalo faqtorebia: saSualo mTis qveda sartylis hava da 

naxSirmJava, hidrokarbonatuli, magniumian-kalciumian-natriumiani mineraluri 

wylebi 45 mg/dm3 rkinis SemcvelobiTa da 3_5 g/dm3 saerTo mineralizaciiT, ro-

melic gamoiyeneba sasmelad kuW-nawlavis daavadebaTa samkurnalod. SuamTis tipis 

klimati ki sasunTq organoTa aratuberkulozuri warmoSobis sneulebisa da sis-

xlnaklebobis zogierTi formis mkurnalobisTvisaa gankuTvnili. 
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waRveri bavSvTa popularuli kurortia. 

mkurnalobis saxeebia: pasiuri da aqtiuri klimatoTerapia (haerisa da mzis 

abazanebi, seirnoba, terenkuri), mineraluri wylis sasmelad miReba.  

mzeTamze sakurorto adgilia borjomis raionSi, mdebareobs TrialeTis qe-

dis CrdiloeT ferdobze, z. d. 1200 m-ze. reliefi  mTagoriania. 

klimati _ saSualo mTis qveda sartylis hava. zamTari civia da Tovliani, 

zafxuli _ zomierad mSrali da zomierad Tbili. haeri sufTaa da gamWirvale. 

mcenareuloba warmodgenilia wiwvovani (naZvi, fiWvi) tyeebiT.  

mTis klimati kurortis ZiriTadi samkurnalo bunebrivi resursia. is gamo-

iyeneba sasunTqi gzebis organoTa daavadebebis mkurnalobisa da profilaqtikisa-

Tvis gansakuTrebiT bavSvobis asakSi.  

bunebrivi samkurnalo faqtoria saSualo mTis qveda sartylis hava. mkurna-

loben pasiuri klimatoTerapiiT.  

cemi kurortia. mdebareobs TrialeTis qedis CrdiloeT ferdobze, sadgeris 

platoze, z. d. 1120 m simaRleze. reliefi  mTagoriania. mTis ferdobebi, romlebic 

ekvris kurortis teritorias, umTavresad dafarulia wiwvovani tyeebiT (naZvi, fi-

Wvi, soWi).   

klimati saSualo mTis (qveda sartyeli), xasiaTdeba civi, sakmaod Tovliani 

zamTriT da zomierad Tbili, mSrali zafxuliT. 

gansakuTrebiT sufTa da gamWvirvale haeris wyalobiT sakmaod maRalia ul-

traiisferi radiacia. kurortis raionSi gabatonebuli zomieri mTa-xeobis qarebi 

uzrunvelyofs kurortis bunebriv ventilacias. 

bunebrivi samkurnalo faqtoria saSualo mTis qveda sartylis hava. 

aRsaniSnavia, rom SuamTis tipis klimati gamoirCeva Tavisi samkurnalo Tvi-

sebebiT. aq mkurnaloben sasunTqi organoebiT daavadebul avadmyofebs, maT Soris 

filtvebis tuberkulozis msubuq formebsac.  

cemi cnobilia asTmiT daavadebuli bavSvebis samkurnalo-sareabilitacio ku-

rortad.   

mkurnalobis saxeobaa pasiuri klimatoTerapia. 

libani _ kurorti mdebareobs  TrialeTis qedis CrdiloeT ferdobze, z. d. 

1370 m simaRleze. plato dafarulia wiwvovani tyeebiT. 

klimati xasiaTdeba saSualo mTis qveda sartylis haviT. zamTari civi da 

Tovliania. zafxuli zomierad Tbilia. mcenareuloba warmodgenilia wiwvovani 

(naZvi, fiWvi, soWi) tyeebiT. 

bunebrivi samkurnalo faqtorebi: saSualo mTis qveda sartylis hava da nax-

SirmJava, hidrokarbonatul-qloriduli, kalciumian-natriumiani mineraluri wyle-

bi 3,5_4,5 g/dm3 saerTo mineralizaciiT, kaJmJavas (150 mg/dm3) da mcire raodenobiT 

dariSxanisa da fosforis SemcvelobiT. 

libanis klimati gamoiyeneba sasunTq organoTa daavadebebis mkurnalobisaT-

vis. igi tuberkuloziT daavadebulTa samkurnalo kurortia. Sesabamisi infras-

truqturis Seqmnis SemTxvevaSi mas ganviTarebis didi perspeqtiva aqvs.     

mkurnalobis saxeebia: pasiuri klimatoTerapia da mineraluri wylis sas-

melad miReba.  

mitarbi _ sakurorto adgili, romelic mdebareobs borjomis xeobaSi, md. mi-

tarbulas sanapiroze, moicavs or sofels (didi da patara mitarbi). didi mitarbi 
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mdebareobs z. d. 1480 m simaRleze, patara mitarbi _ 1300 m simaRleze. borjomidan 

mitarbi daSorebulia 25 km-iT. aq mTagoriani reliefia.  

klimati xasiaTdeba saSualo mTis qveda sartylis haviT, romelic gardama-

valia kontinentur-subtropikulidan zRvis subtropikulze. orive sofelSi zam-

Tari civia da uxvTovliani. amasTan, aRiniSneba mdgradi Tovlis safari. zafxuli  

zomierad grilia da mSrali. mcenareuloba warmodgenilia Sereuli wiwvovan-foT-

lovani (naZvi, soWi, wifeli da sxv.) tyeebiT. 

bunebrivi samkurnalo faqtorebia: saSualo mTis qveda sartylis hava da nax-

SirmJava, kalciumian-natriumiani mineraluri wylebi saerTo mineralizaciiT  

3,8_4,2 g/dm3. 

mitarbi ganaxlebisa da ganviTarebis mxriv metad perspeqtiulia. mineraluri 

wylis xarjze mas sakmaod didi resursuli potenciali aqvs da SeuZlia mo-

mavalSi Seinaxos sakuTari Tavi da isev mniSvnelovan kurortad iqces. samkurna-

lo da sasmeli mineraluri wyali „mitarbi“ saWmlis momnelebeli sistemis daava-

debebis, maT Soris: qronikuli gastritis, kuWisa da Tormetgoja nawlavis wylu-

lis, qronikuli kolitisa da enterokolitis, hepatitebisa da RviZlis funqciis 

gadaxrebis uebari wamali da am daavadebaTa prevenciis kargi saSualebaa.   

mkurnalobis saxeobebia: mineraluri wylis miReba sasmelad da pasiuri kli-

matoTerapia. 

timoTesubani sakurorto adgilia, romelic mdebareobs md. gujareTiswylis 

xeobaSi, z. d.  1100 m simaRleze.  aq reliefi  mTagoriania. klimati xasiaTdeba sa-

Sualo mTis qveda sartylis haviT, sadac zamTari civia da Tovliani, zafxuli 

zomierad mSrali da zomierad Tbili. mcenareuloba warmodgenilia wiwvovani 

(fiWvi, naZvi) tyeebiT. 

bunebrivi samkurnalo faqtorebia saSualo mTis qveda sartylis hava da nax-

SirmJava, hidrokarbonatul-qloriduli, natriumiani mineraluri wylebi 5,0_7,5 

g/dm3 saerTo mineralizaciiT.  

mkurnalobis saxeebia: pasiuri klimatoTerapia da mineraluri wylis sasme-

lad miReba.  

winubani _ sakurorto adgili mdebareobs md. gujareTiswylis xeobaSi, z. d.  

1520_1550 m simaRleze. aq reliefi gaSlilia. 

klimati xasiaTdeba saSualo mTis zeda sartylis haviT, sadac zamTari civia 

da gamoirCeva mdgradi Tovlis safriT. zafxuli ki  grilia. mcenareuloba warmo-

dgenilia samxreTis kalTebze wiwvovani (fiWvi, naZvi) tyeebiT, CrdiloeTisaze _ 

ialaRebiT. 

bunebrivi samkurnalo faqtorebia saSualo mTis zeda sartylis hava da nax-

SirmJava, hidrokarbonatuli, kalciumian-natriumian-magniumiani mineraluri wylebi 

3,2 g/dm3 saerTo mineralizaciiT da naxSirmJava, hidrokarbonatul-qloriduli, na-

triumiani mineraluri wylebi 10,9 g/dm3 saerTo mineralizaciiT.     

mkurnalobis saxeebia pasiuri klimatoTerapia da mineraluri wylis miReba 

sasmelad. 

1-l cxrilSi mocemulia borjomis xeobis zogierTi kurortisa da sakuro-

rto adgilis mineraluri da Termuli wylebis klasifikacia samkurnalo Tvi-

sebebis mixedviT.   

 

 



137 
 

cxrili 1  

borjomis xeobis kurortebis samkurnalo mineraluri wylebi 

 

№ wyaroebi 
minerali-

zacia, g/l 
gamoyeneba wylis Sedgeniloba 

1 

borjomi  

(Termuli)  5.0_7.5 
sasmelad, 

abazanebi 

naxSirmJava, hidrokarbonatuli, 

natriumiani, boriani, kaJmJava- 

boriani 

2 
 

waRveri 
3.0_5.0 sasmelad 

naxSirmJava, hidrokarbonatuli, 

magniumian-kalciumian- natriumiani 

3 
 

neZvi 
1.7_8.0 sasmelad 

hidrokarbonatuli, natriumian-

kalciumiani 

4 
timoTesubani 

5.0_7.5 sasmelad 
naxSirmJava, hidrokarbonatul-

qloriduli, natriumiani 

5 
mitarbi 3.8_4.2 sasmelad 

naxSirmJava, kalciumian-natriumiani

6 

 

maWarwyali 7.0 sasmelad 

naxSirmJava, hidrokarbonatul-

qloriduli, natriumian- 

kalciumiani 

7 

 

libani 3.5_4.5 sasmelad 
naxSirmJava, hidrokarbonatul-

qloriduli, kalciumian-natriumiani 

8 
vardevani 

3.2 sasmelad 
naxSirmJava-rkiniani, 

hidrokarbonatuli 

9 

 

winubani 

(Termuli) 
3.2_10.9 sasmelad 

naxSirmJava, hidrokarbonatul- 

qloriduli,  kalciumian-natriumian-

magniumiani   

 

 

rogorc cxrilidan Cans, borjomis xeobaSi mineraluri wylebis umravleso-

bis mineralizacia saSualod 3_10 g/l-mdea, amitom maTi umetesoba karg sasmel 

wylad iTvleba. didi gamoyeneba aqvs Termul wylebsac, romelTa bazaze gaSe-

nebulia balneologiuri kurortebi. 

rekomendaciis saxiT unda aRiniSnos, rom, Tu mTlianad moxerxdeba borjomis 

raionis mineraluri da Termuli wylebis potencialis gamoyeneba da aTviseba, ma-

Sin SesaZlebelia sasmeli wylis Camosxmis didmwarmoeblurobis teqnologiuri 

xazebis danergviT da kargad organizebuli reklamis wyalobiT ufro metad gavi-

kvlioT gza msoflio bazarze, rac qveynis ekonomikisaTvis Zalze mniSvnelovania.    

me-2  cxrilSi  warmodgenilia  borjomis  xeobis kurortebsa da sakurorto 

adgilebze samkurnalod naCvenebi daavadebebi.  
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cxrili 2  

borjomis xeobis kurortebze daavadebebis mkurnalobis Cvenebebi 

№ 

kurortebi*, 

sakurorto 

adgilebi 

ad
g
il

is
 

s
im
aR

l
e 

(m
) profili samkurnalod naCvenebi daavadebebi 

1 borjomi* 800 
balneol.- 

klimaturi 

gul-sisxlZarRvTa, sasunTqi, saWmlis 

momnelebeli, Sard-sasqeso,  Zval-saxsarTa,  

nervuli, endokrinuli sistemebi  da 

nivTierebaTa cvlis moSla, ginekologiuri, 

radiaqtiuri dasxivebiT an qronikuli 

intoqsikaciiT gamowveuli  

2 CiTaxevi* 870 klimaturi 
gul-sisxlZarRvTa, sasunTqi da nervuli 

sistemebi 

3 sadgeri 900 
klimatur-

balneol. 

gul-sisxlZarRvTa, sasunTqi, Sard-sasqeso, 

Zval-saxsarTa  da nervuli sistemebi, 

endokrinuli sistema  da  nivTierebaTa 

cvlis moSla 

4 waRveri* 1020 
klimatur-

balneol. 

gul-sisxlZarRvTa, sasunTqi da saWmlis 

momnelebeli sistemebi, anemia,  Saqriani 

diabeti, podagra, sxivuri daavadeba, 

mowamvlebi 

5 timoTesubani 1100 
balneol.-

klimaturi 

gul-sisxlZarRvTa, sasunTqi da saWmlis 

momnelebeli sistemebi,  anemia,  Saqriani 

diabeti, nikrisis qari, mowamvla  

6 cemi* 1120 klimaturi 
gul-sisxlZarRvTa da sasunTqi sistemebi,  

nevrozi, Sakiki, anemia 

7 mzeTamze 1200 klimaturi 
gul-sisxlZarRvTa da sasunTqi sistemebi, 

nevrozi, Sakiki, anemia 

8 tba* 1250 klimaturi 
gul-sisxlZarRvTa da sasunTqi sistemebi, 

nevrozi, Sakiki, anemia 

9 mitarbi 1300/1480 
balneol.-

klimaturi 

gul-sisxlZarRvTa, sasunTqi da saWmlis 

momnelebeli sistemebi, anemia,  Saqriani 

diabeti, nikrisis qari, sxivuri daavadeba, 

mowamvla  

10 libani* 1370 
klimatur- 

balneol. 

gul-sisxlZarRvTa, sasunTqi da nervuli 

sistemebi, anemia  

11 winubani 1520 
balneol.-

klimaturi 

gul-sisxlZarRvTa, sasunTqi, saWmlis 

momnelebeli, Sard-sasqeso, Zval-saxsarTa  

da nervuli sistemebi,   endokrinuli 

sistema da  nivTierebaTa cvlis moSla,  

ginekologiuri,  anemia,  qronikuli 

intoqsikacia 

12 bakuriani* 1700 klimaturi 
gul-sisxlZarRvTa da sasunTqi sistemebi, 

anemia 

13 cixisjvari* 1800 
klimatur-

balneol. 

gul-sisxlZarRvTa, sasunTqi, Sard-sasqeso, 

Zval-saxsarTa  da nervuli sistemebi,  

endokrinuli sistema da nivTierebaTa 

cvlis moSla, anemia, ginekologiuri 
 

SeniSvna: *-iT aRniSnulia kurortebis dasaxeleba.  
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rogorc cxrilidan Cans, borjomis xeobis kurortebisa da sakurorto adgi-

lebis klimatiT da mineraluri wylebiT mkurnaloba uxdeba ZiriTadad  Semdeg 

daavadebebs: dabali mTis sakurorto zonis kurortebi _ gul-sisxlZarRvTa 

sistemas, sasunTq organoebs, saWmlis momnelebel, nervul da endokrinul, aseve 

Zval-saxsarTa sistemiT daavadebulTa mkurnalobas; saSualo mTis qveda sar-

tylis kurortebi _ gul-sisxlZarRvTa, nervuli da sasunTqi sistemebis, aseve 

sisxlis daavadebaTa da endokrinuli, urologiuri, ginekologiuri da Zval-sax-

sarTa sistemis daavadebaTa mkurnalobas; saSualo mTis zeda sartylis kuro-

rtebi ki ZiriTadad gamoiyeneba gul-sisxlZarRvTa da sasunTqi organoebiT daava-

debulTa mkurnalobisaTvis.  

 

 

daskvna  

borjomis xeobis sakurorto adgilebis kurortebad Camoyalibeba xels Seu-

wyobs mTlianad regionis ekonomikuri mdgomareobis gaumjobesebas. amisaTvis sa-

Wiroa sworad organizebuli muSaoba rogorc dagegmvisas, aseve praqtikaSi ekolo-

giuri normebis sruli dacviT. es xels Seuwyobs samTo turizmis ganviTarebas qvey-

nis masStabiT. aucilebelia Seiqmnas da ganviTardes sakurorto infrastruqtura, 

moxdes komunikaciebis, gzebis gayvana, daidos ganaSenianebis gegma da sxv. mizan-

Sewonili iqneboda parkebis mowyoba an modernizeba. yvela kurorti gaTvlili unda 

iyos ojaxuri tipis damsvenebelze, unda moxdes saojaxo tipis sastumroebis ganvi-

Tareba, romlebic dabalbiujetian momxmarebelzec iqneba gaTvlili.  

samTo-saTxulamuro kurortebis ganviTarebis mimarTulebiT regionSi samTo  

turizmis ganviTareba da mimzidveli sainvesticio garemos Seqmnaa aucilebeli, 

rac, Tavis mxriv, uzrunvelyofs aseve ucxoeli turistebis mozidvas Cvens qve-

yanaSi.  

ase rom, mineraluri wylis resursebi Cveni qveynis namdvili saganZuria. misi 

sworad mopoveba da gamoyeneba xels Seuwyobs mosaxleobis ara marto janmrTe-

lobis mdgomareobis gaumjobesebas, aramed soflad sezonuri samuSao adgilebis 

gaCenas, da, saerTod,  Cveni qveynis ekonomikis mdgrad ganviTarebas.  
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TOURISM 
 
 

TOURISTIC-RECREATIONAL IMPORTANCE OF HEALTH – RESORTS DISTRICT 
OF BORJOMI GORGE 

M. Kaishauri, N. Shavishvili 

(Hydrometeorological Institute of Georgian Technical University) 

 
Resume: There is considered climatic and medical pecularities of health-resorts of Borjomi district. 

There are described several mineral water sources and there are conducted their classification by medical 
features. 

There were evaluated, health-resort and recreational resources of Borjomi region. their modern 
potential was established, their effective use recommendation methods was formed. 

There are given development prospects of touristic recreational importance of Borjomi district’s healt-
resorts. 

 
Key words: district of Borjomi;  mineral waters; recreation;  resorts;  tourism.    

 
 
 
 

ТУРИЗМ 

 
 

ТУРИСТИЧЕСКО-РЕКРЕАЦИОННАЯ ВАЖНОСТЬ КУРОРТОВ 
БОРЖОМСКОГО УЩЕЛЬЯ 

Кайшаури М. Н., Шавишвили Н. Г. 

(Институт  гидрометеорологии  грузинского  технического  университета) 

 
Резюме. Рассмотрены климатические и лечебные особенности курортов Боржомского ущелья. 

Описано несколько источников минеральных вод и проведена их классификация по лечебным 
свойствам. Оценены курортно-оздоровительные ресурсы Боржомского района, установлен совре-
менный потенциал, даны рекомендации их эффективного использования. Описано туристско-рек-
реационное значение  курортов Боржомского ущелья и перспективы их развития.  

 
Ключевые слова:  Боржомское ущелье; курорты; минеральные воды; рекреация; туризм.  
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teqnikis istoria 

 

 

 

kosmonavtis sicocxlisunarianobis uzrunvelyofis Sesaxeb  

arCil beTaneli 

(saqarTvelos saaviacio universiteti) 

 

 

reziume: ganxilulia kosmonavtis kosmosSi frenis dros warmoqmnili uwo-

nobis problemebi. uwonobis pirveli da aSkara Sedegia kunTebis swrafi atrofia, 

rac faqtobrivad gamowveulia muskulaturis moqmedebis SezRudviT. am dros icv-

leba adamianis organizmis TiTqmis yvela fizikuri maxasiaTebeli. 

kosmonavtis qmedobaunarianobis uzrunvelsayofad mizanSewonilia gamoyene-

bul iqnes ideebi meeqvse rasis da zeadamianis Seqmnis Sesaxeb [1, 2, 3], risTvisac 

mizanSewonilia genetikuri teqnologiis gamoyeneba [4]. 

 

sakvanZo sityvebi: zeadamiani; kosmonavti; rasa; uwonoba. 

 

 

Sesavali 

kosmonavtis profesia jer kidev gasuli saukunis dasawyisSi miaCndaT fan-

tastikur da ararealur saqmianobad, magram XX saukunis 60-iani wlebidan kos-

monavti kosmosSi frenas ukve axorcielebs da garkveul samuSaoebsac asrulebs. 

kosmosSi frenis dros uwonobis pirobebSi kosmonavtis muskulatura faqto-

brivad ,,gamoirTveba~ da kunTis qsovilis aqtiurobis mkveTri Semcirebis gamo 

organizmis mier Jangbadis moxmareba da hemoglobinis warmoqmna klebulobs, rac 

ganapirobebs organizmis yvela fizikuri maxasiaTeblis cvlilebas; magaliTad, 

ZvlebSi fosforis nakleboba iwvevs Zvlebis simtkicis Semcirebas. 

uwonobis pirobebSi kosmonavtis arsebiTi qmedobaunaranobis gaZlierebisaT-

vis saWiroa arsebuli aRWurvilobis rekonstruqcia da meeqvse rasis [1] _ zeadami-

anis [2, 3] _ ideebis gamosayeneblad momzadeba. 

rasa [frang. race] saerTo warmoSobis mqone adamianTa istoriulad Camoyali-

bebuli jgufia, romelsac axasiaTebs memkvidreobiT gadacemuli zogi saerTo ni-

San-Tviseba: sxeulis agebuleba; kanisa da Tmis feri; Tavis forma da sxv. 

msoflioSi xuTi rasa arsebobs. aqedan sami ZiriTadia: evropeiduli, monRo-

loiduri da negroiduli; ori ki amerikanoidulidan da avstraloiduridan war-

moqmnili. adolf hitlers miaCnda, rom umaRlesi rasa iyo ariuli rasa, anu ada-

mianebi Ria feris TmiT da cisferi TvalebiT, Tumca TviTon Savi Tma da Savi Tva-

lebi hqonda. 
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profesorma o. manoilovma wamoayena hipoTeza ,,cisferi sisxlis~ mqone meeqv-

se rasis adamianis qmedobaunarianobis Sesaxeb. mas miaCnda, rom meeqvse rasa sxva 

rasebTan SedarebiT yvelaze ufro qmedobaunariani iyo da igi gamodgeboda zeada-

mianis Sesaqmnelad. 

 

ZiriTadi nawili 

xangrZlivi kosmosuri eqspediciebisTvis zeadamianis Sesaqmnelad XX sauku-

neSi didi muSaoba Catarda. am saukunis 30-ian wlebSi sabWoTa mTavrobis gada-

wyvetilebiT profesor o. manoilovs daevala misi xelmZRvanelobiT saidumlo sa-

mecniero-kvleviT laboratoriaSi Catarebuliyo kvlevebi, raTa gaeqarwylebinaT 

faSisturi Teoria sxva rasebTan SedarebiT e. w. TeTri rasis upiratesobis Se-

saxeb. i. stalini did yuradRebas uTmobda rasaTmcodneobis problemebs. amitom  

o. manoilovis gamokvlevebisaTvis Seqmnili iyo yvelanairi xelSemwyobi piroba. 

Tanamedrove kacobrioba sxvadasxva saxis im maRali ganviTarebis arsebaTa 

STamomavაlia, romlebic odesRac dedamiwaze dasaxldnen. 

amJamad dedamiwaze wiTelsisxlianebis garda, cxovroben cisferi sisxlis 

mqone arsebani. esenia: rvafexebi, melanTevzebi, morielebi, zogierTi saxeobis 

obobebi da reptiliebi.  

wiTeli sisxlis ZiriTadi komponentia hemoglobini, romelic rkinis ionebs 

Seicavs. cisferi sisxlis ZiriTadi nawili ki  hemocianinia, romelic spilenZis ionebs 

Seicavs. aqve SevniSnavT, rom dedamiwaze ufro gavrcelebulia rkina. eWvgareSea, rom 

Cvens galaktikaSi SesaZlebelia iyos planeta, sadac moWarbebulia spilenZis ionebis 

raodenoba. unda vivaraudoT, rom Soreul warsulSi dedamiwaze dasaxlebuli iyvnen 

im planetebidan Camofrenili gvelisa da reptiliis  msgavsi arsebani.  

hemocianidis Semcvel sisxls axasiaTebs specifikuri Tvisebebi, kerZod, 

dabali Sededebis unari, fluorescencia da gaZlierebuli imuniteti. 

istoriul qronikebSi mocemulia im cisfersisxliani raindebis ambavi, rom-

lebic brZolisas xSirad iWrebodnen, magram sisxli ar sdiodaT. albaT, swored 

isini iyvnen cisfersisxliani adamianebis winaprebi, e. w. kianetikebi, romelTa rao-

denoba Tanamedrove samyaroSi 10000-s ar aRemateba. 

adamianTa sazogadoebaSi isini gamoirCevian iseTi TvisebebiT, rogoricaa 

Zalauflebis paTologiuri wyurvili da mbrZaneblobisadmi dauSreteli swrafva. 

meeqvse rasis warmomadgenlebi SeiZleba iyvnen mTel msoflioSi. maTi arsebobiT 

evolucionistebis Teoria, rom adamiani maimunisagan warmoiSva, uaryofilia. 

sabWoTa dazvervis mier dadgenili iyo, rom germaniaSi tardeboda cdebi axa-

li tipis adamianis _ zeadamianis Sesaqmnelad. albaT, germanel mecnierebs frid-

rix nicSes ideebi asuldgmulebdaT. mecnierTa CanafiqriT, zeadamians unda axasi-

aTebdes didi fizikuri Zala, tkivilis SeugrZnobloba da swrafi ganayofiereba.  

1925 wlis zafxulSi es informacia acnobes i. stalins. igi didi interesiT 

moekida sakiTxs, romelic gatanili iyo politbiuros sxdomaze gansaxilvelad. 

sakiTxis gadawyvetis aucilebloba erTxmad iyo aRiarebuli. mecnierebaTa akade-

miis am dargis specialistebs daevalaT e. w. ,,cocxali samxedro manqanis~ Seqmna. 
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gadawyda kvlevis maqsimalurad dafinanseba 10 aTasi aSS dolaris odenobiT. pro-

eqtze muSaoba daevala profesor i. ivanovs. 

yirimSi ,,askanianovas~ sacdel sadgurze profesorma i. ivanovma SejvarebiT 

Seqmna sxvadasxva saxis axali cxovelebi: zebroidi, xariremi, bizoni. man moaxerxa 

TeTri Tagvis da zRvis goWis, kurdRlisa da bocvris Sejvareba. manve SeZlo 

Tagvebis da virTagvebis STamomavlobis miReba. warmatebebma gaaTamama i. ivanovi 

da gadaawyvetina Seeqmna adamianis axali geni adamianis gorilasTan da Simpanze-

sTan SejvarebiT. 

1924 wels i. ivanovis proeqti daskvnisTvis gadasces pasteris instituts pa-

rizSi. proeqti mowonebuli iyo da frangma kolegebma SesTavazes mas emuSava saf-

rangeTis gvineaშi ganlagebul samecniero dawesebulebaSi. შemdeg samecniero-kvle-

viTma samuSaoebma soxumis nakrZalSi gadainacvla. samwuxarod, Sedegi ver  iqna 

miRweuli. saWiro gaxda sxva gzebis Zieba. 

XX saukunis 1990-ian wlebSi presaSi gavrcelda informacia sabWoTa zeadami-

anis Seqmnis Sesaxeb. 1991 wels sabWoTa kavSirSi premier-ministr v. pavlovis Taos-

nobiT daigegma zeadamianis Seqmnis axali etapi. kerZod, fizika-teqnikis institu-

tis bazaze (reqtori n. karlovi) unda Catarebuliyo kvleva.  

samxedro uwyebis warmomadgenlebTan erTad profesorma Scenikovma SearCia 

20 friadosani studenti, romlebmac gaiares damatebiTi swavleba iseT sagnebSi, 

rogoricaa evristikuli daprogrameba, analizis lingvistikuri meTodebi da eqst-

rasensoruli unaris ganviTareba. aRmoCnda, rom visac zemgrZnobiaroba axasiaTeb-

da, saucxood aiTvisa saswavlo programa. zogierTma SesaniSnavi leqsebis wera 

daiwyo. programaSi monawileTa dasabinaveblad Seiqmna samxedro nawili 10003, 

romlis ufrosad dainiSna general-leitenanti a. savini. aRniSnul samxedro na-

wilშi SemuSavebuli iyo meTodebi, romlebic gamoiyeneboda Tavis tkivilis mosax-

snelad; sibneleSi kargi orientaciis Sesaqmnelad; mexsierebis, intuiciisa da 

Sromisunarianobis gasaumjobeseblad. 

programa gamoyenebul iqna saxelmwifo uSiSroebis da Sinagan saqmeTa orga-

noebis oficerTa mosamzadeblad [3]. igi bolomde ver Sesrulda sabWoTa kavSiris 

daSlis gamo. 

radgan kosmonavtika specifikuri dargia, amitom msgavsi samxedro nawilis 

gamocdileba ar gamodgeba kosmonavtebis gadasamzadeblad. saWiroa modelirebiT 

da uSualo kosmosuri frenis ganxorcielebiT zemoxsenebuli programis Semow-

meba misi gamoyenebisa da ganviTarebis TvalsazrisiT. 

genetikuri teqnologiebis saSualebiT SeiZleba momavalSi ganxorcieldes 

adamianTa genis gaumjobeseba [4] da iseTi zeadamianis Seqmna, romelic uwonobis 

siZneleebs advilad daZlevs. 

 

daskvna 

zemoaRniSnulidan gamomdinare, SeiZleba davaskvnaT, rom meeqvse rasis da 

zeadamianis problemebTan dakavSirebuli gamokvlevebi [1_3] yuradsaRebia da nawi-

lobriv gamoyenebadic; 
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kosmosuri xomaldis marTvis sistemebSi mizanSewonilia meeqvse rasis warmo-

madgenlebis, e. w. kianetikebis (cisferi sisxlis mqone adamianebi), gamoyeneba, rom-

lebsac gansakuTrebuli organizatoruli niWi aqvT; 

saTanado modernizaciis Semdeg samxedro nawili 10003-is gamocdilebas didi 

rolis Sesruleba SeuZlia kosmonavtikis problemebis gadawyvetaSi. 

albaT, momavalSi genetikuri teqnologiebis saSualebiT SesaZlebeli iqneba 

iseTi zeadamianis Seqmna, romelic uwonobiT gamowveul siZneleebs daZlevs [4]. 
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HISTORY OF TECHNICS 
 
 

REGARDING TO THE ENSURING COSMONAUT’S VITAL CAPACITY 

A.  Betaneli 

(Georgian Aviation University) 

 
Resume: It is known, that the first and obvious result of weightless, which arises during the flight of 

cosmonaut into the space is rapid muscles atrophy. In fact, musculature is shutting down from the human 
action arena. That, s why all physical characteristics of the body are falling. 

According to the author in order to ensure effectiveness of cosmonaut we have to use the ideas about 
the sixth race and superhuman. Besides it is advisable to use genetic technologies. 

 
Key words:  cosmonaut; race;  superhuman; weightless. 

 
 
 
 

ИСТОРИЯ ТЕХНИКИ 

 

 

ОБ ОБЕСПЕЧЕНИИ ЖИЗНЕДЕЯТЕЛЬНОСТИ КОСМОНАВТА 

Бетанели А. И. 

(Грузинский авиационный университет) 

 
Резюме. Известно, что невесомость, возникающая при космическом полете, мгновенно 

вызывает атрофию мышц космонавта. Фактически мускулатура выключается из поля деятельности 
космонавта. В связи с этим изменяются все физические характеристики организма. 

Для обеспечения жизнедеятельности космонавта в космическом полете могут быть 
использованы идеи о применении шестой расы и сверхчеловека. Кроме этого, можно использовать 
генетические технологии. 

 
Ключевые слова: космонавт; невесомость; раса; сверхчеловек. 
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avtorTa sayuradRebod 

 

qarTulenovani mravaldargobrivi samecniero referirebadi Jurnali `mecni-

ereba da  teqnologiebi~ aris perioduli gamocema da gamodis weliwadSi samjer.  

1. avtoris/avtorTa mier statia warmodgenili unda iyos mTavari redaqtoris 

saxelze qarTul enaze da Tan axldes: 

 

 akademiis wevris, wevr-korespondentis an kolegiis wevris wardgineba an 

dargis specialistis  recenzia (ori mainc); 

 reziume qarTul, inglisur da rusul enebze; 

 cnobebi avtoris/avtorebis (maTi raodenoba ar unda aRematebodes xuTs) 

Sesaxeb; miTiTebuli unda iyos avtoris/avtorebis gvari, saxeli, mamis 

saxeli (srulad), dabadebis TariRi, sacxovrebeli binisa da samsaxuris 

misamarTebi, EE-mail, samecniero wodeba da sakontaqto telefonebi (binis, 

samsaxuris), mobiluri; 

 uak (universaluri aTobiTi klasifikacia) kodi. 

 

2. statia amobeWdili unda iyos A4 formatis furcelze. moculoba for-

mulebis, cxrilebisa da naxazebis (fotoebis) CaTvliT ar unda iyos xuT gverdze 

naklebi  da ar unda aRematebodes 15 nabeWd gverds; statia Sesrulebuli unda 

iyos doc da docx failis saxiT (MS Word) da Cawerili nebismier magnitur ma-

tarebelze. intervali _ 1,5; areebi _ 2 sm; qarTuli teqsti akrefili unda iyos 

Acadnusx SriftiT, inglisuri da rusuli teqstebi _ Times New Roman-iT, zoma _ 12. 

 

3. statia gaformebuli unda iyos Semdegnairad: 

 

 rubrika (mecnierebis dargi); 

 statiis saTauri; 

 avtoris/avtorebis saxeli da gvari (srulad); 

 sad damuSavda statia; 

 qarTuli reziume da sakvanZo sityvebi unda ganTavsdes statiis dasawyisSi, 

inglisuri da rusuli reziumeebi sakvanZo sityvebTan erTad _ statiis 

boloSi. sakvanZo sityvebi samive enaze dalagebuli unda iyos alfabetis 

mixedviT. reziume Sedgenili unda iyos 100 _ 150 sityvisagan; unda asa-

xavdes statiis ZiriTad Sinaarssa da kvlevis Sedegebs (ar unda Seicavdes 

zogad sityvebsa da frazebs); ucxo enebze Targmani unda iyos xarisxiani 

da eyrdnobodes specialur  dargobriv terminologiebs;  

 saerTaSoriso samecniero Jurnalebis monacemTa bazebis rekomendaciiT da-

mowmebuli literaturis raodenoba sasurvelia iyos aTi da meti. lite-

ratura teqstSi unda dalagdes citirebis Tanmimdevrobis mixedviT da aRi-

niSnos cifrebiT kvadratul frCxilebSi, xolo literaturis sia unda 
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iTargmnos inglisur enaze da daerTos statias boloSi; Tan mieTiTos ro-

mel enaze iyo gamoqveynebuli statia.   

 naxazebi (fotoebi) da cxrilebi Tavis warwerebianad unda ganTavsdes teq-

stSi. maTi kompiuteruli varianti unda Sesruldes nebismieri grafiku-

liFformatiT;  

 redaqtirebuli da koreqtirebuli masalis gamoqveynebaze Tanxmoba avtor-

ma unda daadasturos xelmoweriT (redaqtirebuli versiaFan saredaqcio 

kolegiis mier dawunebuli statia avtors ar ubrundeba). 

 

damatebiTi  cnobebisaTvis mimarTeT Semdeg misamarTze: 0108 Tbilisi, 

rusTavelis gamziri 52, saqarTvelos mecnierebaTa erovnuli akademia. IV  

sarTuli, oTaxi 434, tel.: 299-58-27.  

 

el.fosta: metsn.technol@gmail.com  
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