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Jumber Khantadze

Excerpts from the History of Metallurgy and Materials Science of Georgia

Summary

This work was supported by Shota Rustaveli National Science Foundation
of Georgia (SRNSFG) [grant # SP-2-21-188]

The book discusses the methods of obtaining-producing metals from ancient
times to the present; this is a story about Georgian figures in this field; particular
attention is paid to the technology of gold mining by the Colchian method and
the results of the study of metal artifacts discovered during archeological
excavations in Georgia; This is a detailed account of manganese, in the
industrial development of which the Georgian patriots played a decisive role: we
are talking about the history of establishing the Giorgi Nikoladze Ferroalloy
Plant in Zestafoni - as of the flag-bearer of Georgian industry and of the Rustavi
Metallurgical Plant as well.

It is especially important that the book describes ancient and modern
metallurgical technologies in a simple way, without the use of complex
scientific concepts and mathematical formalism; there are popularly narrated
about the problems in materials science, metal physics, chemical
thermodynamics and other related fields of metallurgy. The book is intended for
a wide audience and, especially, for young readers, who are offered an
opportunity to learn about the science of metals, through romantic, often
adventurous, stories from the fields of metallurgy and materials science.
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1. Metallurgy and materials science in the service of technical progress

Modern metallurgy and materials science is a complex field of science. It covers
chemistry, physics, mechanics, mathematics and many other branches of fundamental
sciences aiming to obtain materials whose properties are dictated by the specific
requirements of the new disciplines. We can add that all great technical innovations
pose new problems for metallurgy and materials science. For example, the steam engine
of James Watt (1736-1819) had an unprecedented impact on the process of
industrialization of the world: the manufactories put into service the steam engines, and
the sails on ships were replaced by steam engines; soon, the idea of creating a railroad
was also implemented by George Stephenson (1781-1848) and in 1830 the first steam
locomotive transported the first passengers by train from Manchester to Liverpool. The
speed of movement in human space for the first time exceeded the speed of movement
on horseback. Many experts at the time even suggested that the speed had reached the
limit and its further increase would be dangerous to human health.

Watt's car promoted a jump-like increase to the production capacity and transportation
of goods — and thus began the process of covering the world with railways. All this in
turn required the search for new refractory and thermal insulation materials, the creation
of new metallurgical enterprises for railway infrastructure (rails, crosses, etc.), and so
on.

Similar shifts in the late nineteenth century were caused by electrotechnical advances,
which gave rise to the study and production of entirely new electrotechnical materials:
the emergence of previously unknown transformer steels, high-resistivity alloys, etc.
Additional changes were caused by the internal combustion engine and its introduction
into the automotive and aerospace industries.
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Unprecedented difficulties to metallurgy and materials science were encountered by
space exploration, the world's energy problems, and the development of nuclear energy.
There are some examples of the activity of Georgian scientists in this direction.

In conclusion, it is said that the civilized world has considered the science of materials
along with biomedicine and ecological problems as a priority of the XXI century. The
importance of materials science is also indicated by the fact that a significant portion of
the Nobel Prizes awarded in the field of physics and chemistry in recent decades have
been devoted to the discovery, obtaining, and research of new materials.

2. At the origins of metallurgy (assumptions and facts)

Scientists suggest that the culture of obtaining, processing and applying metals on the
territory of Georgia dates back to ancient times and includes all the major historical
stages of human development. Georgia is recognized as one of the oldest centers of
metal production.

Many mining and metallurgical centers have been identified on the territory of Georgia.
They supplied metal products not only to the Kingdom of Georgia, but also to
neighboring countries. Rich archeological material is dominated by locally produced
items: Colchian ax, spear and arrow buniks, woodworking cutters, farming tools,
various gold and bronze artifacts, jewelry, numismatic materials and more. The local
silver coin known as the "Colchian white", Colchian axes and other material were
found in various centers of the Greek world - Crimea, Turkey (near Trabzon), Central
Asia (Fergana Valley), which indicates Georgia's close contacts with the outside world
and assures even the most skeptical person that metallurgy on the territory of Georgia
has been developed at a high level since ancient times.

The traditions of metallurgy development continue in medieval Georgia [1]. High-
quality steel weapons played a special role in the military success of David the Builder.
The total weight of the Georgian equestrian equipment preserved in the Georgian
National Museum reaches 10-12 kg. According to these data, the armament of 40
thousand cavalry warriors alone needed 400-480 tons of quality iron-steel. The
production of such quantities of steel in that era is truly astonishing.

Trends of the development of metallurgy in Georgia are continuous - in the XVIII
century, during the reign of Erekle Il (1720-1798) metallurgical and metal-processing
enterprises were very successful in the territory of Kartli-Kakheti [2]:

Thus, throughout his long history, the Georgian man has always worked hard spending
his time at the stove and saberveli. Together with fabricating different agricultural items
like plow, horse-shoe, sickle, hoe, etc.he used to endlessly forge weapons to protect
himself from invaders of different kinds.
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Archeological metal research in Georgia. During the thirties of the last century, as a
result of successful archeological excavations of Mtskheta-Samtavro initiated and
directly led by Ivane Javakhishvili, rich archeological material was accumulated, the
most important part of which was presented in the form of metal artifacts. This raised
the issue of the need for immediate processing of the discovered material and the
establishment of a chemical-restoration laboratory for this purpose. Indeed, as a result
of Ivane Javakhishvili's great efforts, a chemical-restoration laboratory was opened at
the State Museum of Georgia in 1939. In 1940, the Head of the Department of the
MetalsTechnology and Metal Science of the Georgian Polytechnic Institute, as well as
Senior Research Fellow at the Petre Melikishvili Institute of Chemistry, with extensive
experience, already a recognized metallurgist, then still a Candidate of Technical
Sciences, Ferdinand Tavadze, at the suggestion of Academic Simon Janashia, was
invited to become a scientific consultant of the laboratory. As a result, precise methods
of technical and natural science research were soon introduced in the chemical-
restoration laboratory, which promoted to high level of study of archeological material
and added a new functional load to the laboratory: from now on it became possible to
determine the age of production, method or technology of metal artifacts, origin, etc.
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Fig.1. Samples of archeological material found in Georgia:

a. Bronze hoes. XI11-X11 BC;

b. Colchian axes. XVI-XV BC;

c. Bronze combat weapons;

d. Solar pendant. Bornighele, XV-XIV BC;
e. Bronze totem figures. Zhinvali Il BC;

f. Deer. Omalo. IV DC;



Fig. 2. Some samples of artistic-jewelry product:

a. A necklace decorated with amethyst stones. Armazi gorge. 11-111 C;

b. Silver bowl with ritual scenes. Trialeti. XV BC. Under the heading of Ferdinand
Tavadze a technology of extrusion of similar hollow-bodied items was identified;

¢. Gold bowl with appliqués, filigree and gems. Trialeti. VIII-VII BC;

d. Silver bowl. Pitchvnari, V BC.



3. Gold mining in ancient Georgia (myths and reality)

According to the legend of golden fleece, described in the ancient myth of the
Argonauts, the Colchians possessed the secret of gold rinsing out from the rivers with
sheepskin. The search for gold, the unbridled longing for this metal, brought Jason (one
of the main characters of the myth) to Colchety - the country of Aetius and Medea, to
acquire the Golden Fleece.

According to ancient Hellenistic and Byzantine sources, the golden fleece is a
poetically conveyed allegorical form of the event. In fact, it is a taboo secret written on
leather about the Colchian method of obtaining gold (Strabo - | BC, Appian - |1 C).

This discovery by the Colchians is considered to be the embryo of the method known as
gravitational enrichment of ores. The gravitational method was widely used in medieval
Europe and in nineteenth-century America, in the basins of the Yukon and Klondike
rivers, during the historical period known as the "Golden Fever", widely described in
fiction. It is still used today to extract gold from the gold-containing waste rock
suspension (pulp). To do this, the suspension is poured into a vessel, which is a sloping
groove covered with coarse material (leather, felt, apricot, carpet). It is noteworthy that
the secret of sedimenting gold with the help of sheep-skin from the river is still used
today to earn gold in Svaneti.

By reviewing the geology of gold and that of the species existing in nature, it was
established that gold was presented in the form of large grains in the primordial world
and that it was called visible gold. Specimens of such self-born gold of different weight
have been found on some world-famous gold mines as well as in Georgia. For example,
up to 16.5 grams of coarse-grain gold was discovered in the 1930s by the organization
"Soyuzzolotorazvedka” (Union of Gold Search) in the Bolnisi Municipality near the
Sakdrisi mine (in alluvial deposits of the river Dumbloud, the right tributary of the river
Mashavera). Currently, this area is cultivated by gold prospectors and spontaneous gold
is extracted there [9].

According to the model presented in the book, the glittering spontaneous gold particles
embedded in the river sediments attracted human attention. Probably, that curious man,
the first Colchian - ore expert, the distant ancestor of the modern geologist, rinsed this
material in running water. And since the density of gold is at least five times the density
of waste rock, the gold is deposited, while the accumulated light mass in the form of
waste rock is trapped and run through with water. The first Colchian miner extracted
the rinsed gold-enriched part (concentrate), made it melt and turned it into a gold bar.
Then he probably also became convinced that gold was subjected to forging and that it
could easily be given the desired shape. This prehistoric process is considered to be the
origin of modern geology, mining works and metallurgy [10].
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4. History of discovery and assimilation of manganese in Georgia

The Chiatura-Zestafoni mining complex breathed new life into Georgian metallurgy.
The complex has absolutely unique meaning for us Georgians. This is a God-given
natural treasure - manganese ore called black gold. This is the subject of thoughts and
dreams of Akaki Tsereteli, Niko Nikoladze and other figures. This is the sweat shed by
an Imeretian farmer who transported a cart loaded with black stone on the Chiatura-
Shorapani road, and finally, Chiatura-Zestafoni is the greatest gain for the Georgian
intellectual potential, connected with the name of a great patriot Giorgi Nikoladze.

Manganese ores were discovered in Georgia by the famous German explorer Otto
Wilhelm Hermann Abikh (1806-1886), a full member of the St. Petersburg Academy.
He worked in the Caucasus for 32 years, mainly living in Thilisi. Otto Abikh was the
first to study geological structure of the Caucasus, and in 1846, in Satseretlo, in the
northern part of the Kvirila River Valley, in the village of Navardzeti, he discovered a
powerful formation called by locals black stone or stone ball, sometimes scanty land. In
1849, Otto Abikh submitted a report to the Crown Prince's Chancellery, and in 1858, he
published an extensive research dedicated to the Chiatura Manganese deposit in the
Russian “Mining Journal”.

The exploitation of the Chiatura deposit was greatly facilitated by our great poet, Akaki
Tsereteli (1840-1915). Akaki was aware of manganese (or stone ball) from his very
childhood, however he became particularly interested in this material while being a
student in St. Petersburg when he learned about Otto Abikh's discovery of manganese
in Chiatura. He had these news from an outstanding scientist, General Peter Bagrationi.
It is probable that the General explained him the importance of the use of manganese in
industry, and may even have advised him to take up the case. [11]

Akaki deeply believed that the development of Chiatura deposit would bring many
benefits to both - the local population and the country [12-14]. He, therefore, became
actively involved in this activity. With the help of geologist Spiridon Simonovich, he
prepared a "brochure” (booklet) describing the Chiatura field and published the
information in Russian, English, German and French languages in St. Petersburg. He
distributed the booklets throughout Europe In order to gain the interest of the world's
mining industry magnates: “We have spread the booklets in every corner of the world”
he used to say. However due to intrigues and scandalous stories the case was delayed.
Akaki appealed to his lawyer Giorgi Ghoghoberidze; Attorney at Law Golovin has also
arrived from St. Petersburg, but the case could not be resolved. "When | looked around,
I was left with nothing more in my hands than the processes and judgments, in fact, |
was left dry on the rocks"- wrote Akaki.

But finally Akaki's dream came true - in 1879 the exploitation of the Chiatura
manganese deposit started. European industrial magnates and representatives of the St.
Petersburg trading house "Vakhter & Company" arrived in Chiatura. Local
entrepreneurs also participated on behalf of the manganese mining company “Imereti”.
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The successful exploitation of the Chiatura deposit was mainly hampered by
transportation problems: the mined ore was transported by carts and horses to
Shorapani which was 40-kilometer away , from where it was transported by rail to Pothi
and then by ship transport abroad. At that time, the average cost of a foot of the ore was
32 kopecks, of which 25 kopeks were spent on transportation, or 78% of the total cost,
which was 12 times the cost of extraction [15].

This factor called for a critical review of the Chiatura manganese transportation issue:
either we needed appropriate railways or else Chiatura manganese would lose its
competitiveness - such was the harsh judgment of the international market. Such
judgment was a threat to extinguish the faint spark of hope for Georgia's
industrialization.

Later on, the solution to this problem was headed by the prominent Georgian writer and
publicist Niko Nikoladze (1843-1928), who used all his publicist talents and abilities
for the idea of economic development of Georgia. He is rightly mentioned in the ranks
of well-known figures in the sixties as an ideologue and a flag bearer of Georgia's
economic development.

N. Nikoladze considered the construction of a new Chiatura-Shorapani branch near the
Transcaucasian Railway to be the only means of success in the international market of
Chiatura manganese. N. Nikoladze devoted newspaper articles to this issue and gained
public support, especially from Ilia and Giorgi Tsereteli, but still he faced
insurmountable bureaucratic opposition [16].

For that time N. Nikoladze had already gained great experience in the industrial
development of Tkibuli coal and the construction of the Kutaisi-Tkibuli railway branch.
He was not afraid of difficulties and despite his great opposition, he succeeded - the
board of the Transcaucasian Railway Society drafted the Chiatura-Shorapani narrow-
gauge railway project, the construction permit was signed in early 1891 by the
Emperor. On February 4, 1895 the first set of manganese-loaded coaches was brought
to Shorapani by a steam locomotive. As they say, after that Niko Nikoladze was called
a man of ruthless deeds.

This railway line has increased manganese mining by one hundred percent and properly
increased the rates of its export abroad. As a result, before 1914, i.e, before the First
World War, Georgia had a leading position in the international manganese market and
owned at least 50% of the market segment.
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5. Production of ferroalloys in Georgia

The main consumer of manganese is ferrous metallurgy, i.e. the production of steel and
cast iron. Manganese is used here in the form of ferroalloys: ferromanganese, silico-
manganese ferro-silico-manganese, and other similar alloys as oxidizing and degreasing
elements. The world annually consumes 10 million tons of Manganese for metallurgical
purposes only. It is therefore clear that the production of ferroalloys, which belongs to
the field of electrometallurgy, is a very important field.

Akaki Tsereteli’s suggestion was that the on-site processing of the ore and the supply of
the product made from manganese ore — ferromanganese to markets, would be very
profitable: - one foot of the ore costs 4x20 copecks while that of the processed one costs
2-3 rouble - he used to say [13].

By this simple logic, the Soviet government considered it expedient to build a
ferromanganese plant in Zestafoni, which would have replaced manganese ore exports
with ferromanganese exports, with the profit of at least 200% [17].

In 1929, the design works for the construction part of the Zestafoni Ferromanganese
Plant, which included the supply and installation of three electric furnaces, were
ordered to the German firm Siemens-Galske. In order to solve technological problems
the Didube Ferromanganese pilot factory was constructed in Thilisi by the decision of
the Supreme Council of National Economy of Georgia[17], the management of which
was entirely entrusted to Prof. Giorgi Nikoladze.

It was there that G. Nikoladze, and his followers provided the works on melting of
Georgian ferromanganese using for the first time local raw material - Chiatura ore,
Tkibuli coal, local limestone, Supsa- and Chatakhi iron-containing ores [18]. These data
of great theoretical and practical importance formed the basis for the planning and
construction of the Zestafoni Plant. Based on this technology, on October 30, 1933,
ferromanganese production was started on an industrial scale in Zestafoni, thus laying a
foundation for Georgia's industrial development. On this day, our national treasure, the
Chiatura-Zestafoni mining complex, gave birth to the Zestafoni Plant. From the
beginning, i.e. since 1933 it was called a Ferromanganese Plant, but soon the
production of other alloys was mastered and it was converted into a Ferroalloy Plant.
The plant is named after Giorgi Nikoladze.

The Giorgi Nikoladze Ferroalloy Plant achieved its maximum capacity in 1985-1998,
with an average annual production of 500,000 tons of up to ferroalloys with 50 names.
The factory still plays an important role in the development of the economy of the
country: the ferroalloy industry accounts for 1/5 of Georgia's export earnings, which is
one of the strongest sources of replenishment of foreign exchange reserves.
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6. Rustavi Metallurgical Plant

The Rustavi Metallurgical Plant was the XX century largest industrial facility in
Georgia, the city of Rustavi was built as a result of constructing the plant, just to serve
it.

In 1940, by a decree of the Soviet government, it was decided to build a Transcaucasian
pipeline metallurgical plant in Georgia, which would supply Baku oil-industry workers
with pipes of various nomenclature. The project had a great political and economic load
and was completed under the direct supervision byJoseph Stalin. The construction was
commissioned to Nikoloz Kashakashvili (1888-1967), a well-known Georgian
engineer-metallurgist, who was not a member of Communist party. Earlier Nikoloz
Kashakashvili worked in Russia. He was involved in the design and construction of
metallurgical plants of the Soviet industrial giants like Ural, Magnitogorsk, Kuznetsk,
and Chelyabinsk.Nikoloz Kashakashvili headed the Beloretsky special steel plants, the
Zlatoust stainless steel plants, and the Verkh-Isetsk transformers. [19]. In 1940, Stalin
personally met N. Kashakashvili, and gave him instructions to build a metallurgical
plant in Thilisi.

In the autumn of 1940, on the outskirts of Thilisi, in the vicinity of the railway station
of Veli, large-scale construction began. But the war with Germany, which began on
June 22, 1941, radically changed the fate of the factory under construction: by the
decision of the Defense Committee, an aviation factory evacuated from Taganrog with
all material equipment and technical personnel was placed in the buildings under
construction in the Transcaucasian Metallurgical Plant. A month later, the plant
launched its first fighter jet. Thus was established the most popular enterprise in Thilisi,
later called "Thilaviamsheni™ and then "31st Plant".

Construction of the Transcaucasian Pipeline Metallurgical Plant was resumed in 1943.
In this regard, Stalin summoned the first secretary of the Georgian Communist Party,
Kandid Charkviani, and Nikoloz Kashakashvili. People's Commissar of Ferrous
Metallurgy I. Tevosyan attended the meeting. On Stalin's recommendation, the factory
was to be built on the then completely uninhabited space near the Rustavi railway
station east of Thilisi, where the Rustavi factory and the city of Rustavi are currently
situated. Stalin once again named Nikoloz Kashakashvili as the chief engineer and an
acting director of the factory. This meeting was followed by the financial provision of
the State Planning Committee: in 1944 600 min. Rubles and another 700 min. Rubles
until the end of the project. The Rustavi project was to cost a total of 1.3 billion rubles.
But instead of the originally reserved 1.3 billion Rubles, Nikoloz Kashakashvili spent
13 billion Rubles on Rustavi. And it was the period when even for a misplaced kopeck,
Siberia would have become your home. However, Kashakashvili gained universal
recognition for such "embezzlement". On what was spent so much money and what
inventive elements did Nikoloz Kashakashvili's work contain? This part of our story is
dedicated to all this.

289



Initially, the project involved the works on meltng secondary metal, or scrap metal, in a
Marten furnace. It was with this scheme that construction of the plant in Thilisi began.
But in that situation, when you have had a conspicuous construction site in Rustavi,
when you could have found Dashkesani iron ore in neighboring Azerbaijan, when you
could have used Tkibuli and Tkvarcheli coal ores and when you have had dolomite and
lime slag materials; when in the form of the river Mtkvari you could have found a huge
resource of technical water and, especially, when you were a person named Nikoloz
Kashakashvili i.e. when you were well versed in the metallurgical technologies,
thoroughly mastered the methods of ores, coal mining and enrichment, coke-,
agglomerate-, cast iron- and steel making technologies, rolling equipment and pipe
production; when you have known that a Bird in the sky could not fly and ants on the
ground could not fell down, when you knew also that nobody could hammer a nail
without you, then of course, having only Marten furnace you could not have limited
yourself only with the construction of a plant with a full metallurgical cycle, you could
have allow yourself to dream of a huge metallurgical plant, and of course success could
be the only logical conclusion to your plans.

With all this in mind, but at his great risk, Kashakashvili began the construction works.
Supporters soon emerged as famous metallurgists and influential officials, and Stalin
was convinced of the goodness of building a metallurgical plant.

7. Organizing scientific research in the field of metallurgy and materials
science

The term chemistry, as a concept denoting the technological process of making metal,
came into use in the Il AD. According to Georgian written sources, chemistry was
established as the "art of extraction” by the Georgian educator Ekvtime Mtatsmindeli
(955-1028). The first Georgian scientist in this field is named after our well-educated
king Vakhtang VI (1675-737), who authored the first Georgian textbook in chemistry
entitled: "The book of mixing oils and creating chemistry". The first Georgian scientist-
electrochemist was General Petre Bagrationi (1818-1876), whose research was based
on the production of chemical power sources and the most common gold mining
cyanide technology.

The first scientific research in the field of metallurgy in Georgia began in the 20s of the
last century, dealing with the production of ferromanganese. These activities are
associated with the name of Giorgi Nikoladze. At his initiative and with the support of
academician L. Pisarzhevsky, a metallurgical research unit was to be established in
Georgia. Unfortunately this initiative was not realized in G. Nikoladze's life. Later, in
1935, the Department of Metallurgy was established at the Institute of Chemistry of the
Thilisi Branch of the Academy of Sciences of the USSR. Later the Institute, which was
the first scientific research center in this field, was named after Petre Melikishvili. A
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couple of years later the center was converted into the Laboratory of metallurgy. Its
board was entrusted to an Engineer Alexander Khvichia; a scientific leader for a short
period, was a famous Russian scientist-metallurgist, Academician A. Baikov.

At the end of the 1l World War, the construction of the metallurgical plant was initiated
in Rustavi, and at the end of the war - the construction of an automobile giant — in
Kutaisi. Thilisi Aviation Enterprise — "31st Plant”, Avchala "Centroliti " and other
industrial facilities were launched with new capacity. Ferroalloys, electrolytic
manganese, complex oxidizers and other valuable products were manufactured at the
G. Nikoladze Ferroalloy Plant in Zestafoni. All the above-mentioned led to the growing
demand for high-level scientific and technical staff and for scientific support of those
enterprises.

In 1945, by the decree of the Georgian Academy of Sciences, the Institute of Metal and
Mining was established on the basis of the above-mentioned metallurgical laboratory of
the Institute of Chemistry. By the General Assembly of the Academy as the Director of
the Institute was elected Rafiel Agladze - ideologue of electrolyte manganese
production and one of the leaders in this area in the world.

The institute paved the way for many independent scientific activities: in 1956 the
Institute of Inorganic Chemistry and Electrochemistry was separated from the Institute
of Metal and Mining (Director — Acad. Rafiel Agladze); in 1957 there was separated
Mining Department, currently the Institute of Mining (Director — Prof. Archil
Dzidziguri); in 1958 — the Laboratory of refractory materials, later called the Thilisi
Scientific—Research Institute of Building Materials (Director—Prof. Kale Kutateladze);
in 1959 — the Institute of Mechanical Engineering, currently the Institute of Mechanical
Engineering (Director — Acad. Vakhtang Makhaldiani); in 1957, the Institute of Metal
and Mining was renamed the Institute of Metallurgy because that name truly expressed
its essence. Academic Ferdinand Tavadze, whose name the institute has carried since
1990, was at the forefront of these processes from 1951 until his death.

During the Soviet period, the Ferdinand Tavadze Institute of Metallurgy and Materials
Science was the only research institution of this profile in the Caucasus. This provided a
multiprofile type of the Institute. In 1990, 42 laboratories of the institute employed up
to 850 people, whose activities included the major trends of the world in the direction
of metallurgy and materials science. Consequently, the scientific topics were also
diverse.

As noted above, the rise of scientific and technical progress after the war, the
construction and expansion of metallurgical and metal processing enterprises, have led
to a growing demand for high-level scientific and technical personnel. In 1949,
metallurgical specialties were opened at the Faculty of Chemistry of the Georgian
Polytechnic Institute - metallurgy of ferrous metals and pressure processing of metals.
In 1950, at the initiative of Ferdinand Tavadze, there was began training of
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metallurgical engineers specializing in foundry production. Under his leadership, in
1959, the Department of Metal Technology, which he headed since 1949, moved from
the Faculty of Mechanics to the Faculty of Metallurgy. From that moment, the functions
of the Department of Metal Technology have grown exponentially: the army of
metallurgists was added to the students of the Faculty of Mechanical Engineering,
which required from them much broader knowledge in the area of metallurgy.
Engineering staff was formed there for the Rustavi Metallurgical Plant, the Chiatura-
Zestafoni Enterprise, the Kutaisi Automobile Giant, the Thilisi Centrolite, the Kirov
Machine-Tool Plant, the 31st Aviation Union and many other enterprises; Significant
fundamental research works in the field of metallurgy began there.

In the name of the scientists of the previous generation, it should be said that the results
of their scientific works have gained international recognition.
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Epilogue

The territory of Georgia has been inhabited since time immemorial. Our very distant
ancestors discovered the Colchian method of gold mining and started obtaining-
producing gold. Eventually bronze and iron were also appropriated; Their descendants
even built giant manganese alloys and steel enterprises in the previous century; They
have invented many things and taught them to others, and thus have contributed to the
technical progress of the world. The main thing is that everything is the result of the
hard work of the Georgian man.

For my part, to everything narrated in the book | would add: our ancient script, the
divine tunes, our architecture with the inimitable subtle forms and volumes that still
adorn our land and water; | will recall the Khevsurian shield-sword, which was not
worse than the steel of Khorasani and Khvarazma, | will imagine the
picturesque‘khodabuni”- traces of cobs forged by our brave peasant, the precious vine
varieties, the warmth of the shining sun poured into them; | will recall the Tushetian
sheep, the Khevsurian horse, the Kvaratskhelia cow, our Caucasian shepherd who used
to faithfully care for everything the Georgian man has acquired - his yard, his
environment. | will never forget the Georgian dance and games, the diversity of our
cuisine or our mravaljamieri (many years) and | would enjoy the image of civilization
so typical to Georgia.
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