Public functions of monasteries.

Themonasteriesontheirlands developed
agriculture and husbandry for their own
use and trade. These activitiesmade
monasteries not only religious, defensive,
charitable, and educational establishments
but also economic centers. At an early
stage of its existence the monastic economy
has been focused on production for own
consumption. But later on, they began to
sell a part of their production. The range
of production was various: products of
agriculture and livestock production, salt

Fig.2: Big Zayatski Island near the entrance into the

Great Solovestky inlet production, fishery, reindeer breeding. The
most successful in trade were monasteries

of the North — Solovetsky, Kirillo-Belozersky, Nicolo-Korelsky, etc.

Specifics of an environment of monasteries of the North of Russia.

The concept “North of Russia” - not really strict. For residents of Central and Southern Europe
and the more so Mediterranean, it is quite correct to see the North of Russia as a zone of the
coniferous and broad-leaved woods, a taiga, the forest-tundra and tundra. Within this huge aria from
the western borders of Russia to the Ural Mountains hilly moraine-glacial plains, with loams soils
in combination with fluvio-glacial outwash (sandur) plains and lowlands are widespread. The main
features of these zones are a redundancy of moistening: the annual rainfall fluctuates from 650 to
900 mm, and the greatest possible evaporation from 200 mm/year in a tundra zone to 620 mm/year
in the zone of the coniferous and broad-leaved woods. It causes development of river network, wide
areas of swamps, lakes, and the boggy woods, unproductive soils, except for floodplains.

These specifics of geographic conditions had defined in many ways an originality of monastery
lands: need of carrying out cleaning of the territory of the wood and bush, leveling of a relief, creation
of an artificial drainage. Archaeological researches in the territory of Novgorod, Pskov, Moscow and
other ancient cities of Russia testify to ability of Russians to drain the over wetted lands 500-800
years ago, long before the beginning of the XVIII century when during the Peter | and Lomonosov
era the state organized drainage of lands for town planning, forest and agriculture, development of
the water transport has begun.

Monasteries cared for increase in fertility of an arable land and meadows, for their expansion due
to drainage of boggy lands, elimination of stones and bushes; realization of these various ways of
melioration assumed long-term effect on their lands fertility. Solovetsky Monastery in these measures
acts as a striking example.

Solovetsky islands as an object of
landscape-historical researches.

Solovetsky islands — the unique historical and
cultural complex included in 1992 in the list of
objects of the World Heritage of the UNESCO. The
big Solovetsky island (length of 25 km, width of 16
km, the area of 246 km 2, Anzer, Big and Small
Muksulmas, Big and Small Zayatskiys and a set of
small islands make this largest archipelago of the
White Sea with a total area about 300 km 2. Islands
are outstanding in a unique beauty of their sea
coasts and interior lakes’ and forests’ landscapes.
On the Solovetsky had been discovered the
following unique items: a complex of monuments
of primitive culture, more than 170 monuments of Fig. 4: Map
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history and

architecture, various objects of the nature deserving special care and guard. More then anything
else, Solovetsky Monastery ensemble undoubtedly acts as a backbone landscape and architectural,
various object of the highest order. It plays the leading role in natural, economic and spiritual
development of islands.

Landscape structure of the Big Solovetsky Island.

The main feature of landscape structure of the Big
Solovetsky island is its concentricity which is caused by a
layering of relief and the climate which is quickly changing
from the center to the periphery. Summer temperatures
increase from +12° C on the coast to +23° C in the central
parts of the island. Other feature of the nature of islands is an
absence of river network and as result — a high percentage
of lakes and marshes. There are more than 500 lakes on the
island, and they occupy about 10% of its all area . Swamps
occupy about 12% of the Big Solovetsky Island’s area, to
25% of the island Anzer and 60% of Big Muksalma.

Landscape complexes are changing from the center of the
island to the coast in the following order: central, highland,
parts of the island represent the ouval-swale with a lot of %
lakes moraine plains occupied on hills by middle taiga pine-fir

forests on thin stony podzolic soil, and on foots of hills
— by sphagnum bogs of tundra type, with prevalence of the crowberry (empetrum), a heather and

a dwarfish birch. Often on a chain of lakes it is possible to track beaded ancient hollows of a drain of
thawed glacial snow on which now unloading of surplus of atmospheric moisture continues.

These hollows are often occupied by more hydromorphic versions of pine-fir forests, with soil
cover of Ledum, Heather, horsetails and Sphagnum mosses.

Thanks to the heavily rugged terrain and difficult accessibility to vehicles in the central part of the
island there has been preserved unique plots of untouched forest. According to G.A. Boguslavsky
pine forests that survived on the tops of moraine ridges in the Central and Northern parts of the
Solovetsky Islands, are more than 300 years old. The remaining tracts of forest are either secondary
pine-fir-birch, or conditionally indigenous coniferous forests which age rarely reaches 80-100 years.

Lower dawn the terrain, on leveled marine terraces, the number of lakes decreases and wetlands
area increases. It is remarkable that virtually no islands have any transition plantgrowing lakes:
we met either open lakes with clear defined coastline, and such lakes are typical for high levels of
terrain, or lowland herbal swamps in lakes basins, or old (up to 7500 years according to N.A. Nikishin
), Sphagnum bogs of transitional and highland types with peat and peat bogs (with depth up to 2
m). Marshes of this type occupy also the arias of vast terraces. Relatively high and good drained
surfaces of high terraces are occupied with North taiga pine-fir forests of low bonitet. The lower
terraces experience the cooling influence of the sea, and on them there are places of a forest-tundra
birch elfin woodland, and the coast is occupied with the typical low-shrub tundra with thin (up to 10
cm) stony tundra peaty soils. The area and strike line of tundra and forest-tundra complexes on
islands are not so much connected with direct proximity of the sea as with a force and the direction
of sea winds. This dependence is well traced on the island Big Zayatsky on which ledges in a relief
are clear landscape boundaries: windward slops are the typical tundra with all variety of tundra low
shrubs, and leeward slopes of the southern exposition are dense thickets of a birch elfin woodland.
Within the wind’s attainability, it controls also forest stand height: with distance from the sea a birch
from creeping forms transforms to five-six meters multi stems groves. And as regards unwavering
rare pines and fir trees, wind shaves their tops on the universal level.

In fight against wind the Solovetsky islands act as a unit: small islands and peninsulas protect the
Big Solovetsky island, taking on them the main blow of the penetrating wind. The areas of the tundra
and the forest-tundra on small islands are huge, they occupy 100% of a surface of Zaytski islands, to
40% of the island Anzer, being a habitat of a reindeer, 100% of Small Muksalma and 30-40% of Big
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Muksalma. On the Big Solovetsky island the forest-tundra appears as a narrow strip along the coast
unprotected by other islands while, for example, in the Long lip protected from all directions the taiga
advances up to the sea.

Specifics of adaptive and constructive environmental management on the Solovetsky
Islands.

Although the main aim of Solovetsky Monastery was praying in wilderness for wellbeing of the
Moscowy and her citizens, its functioning and development would be impossible without some
material means. So, being far from any country’s centers, the Monastery (as all other Northern
Russian monasteries) had to develop communications for exchange of its products, which at that
time had been salt, fish, flax, and some others, for grain, fabrics, clothes, metal wares, etc. So, it
is understandable why the most old survived artificial hydrotechnical construction of the monastery
is the hurbour refuge on the Big Zayatski Island near the entrance into the Great Solovestky inlet
(Picture 2). This harbor (middle of the XVI centuary) could be used not only as a refuge during
storms, but, in case of need, monks could make there some small repairs of their ships in period of
ebb tide which left the ships on the bottom of the harbor.

Detailed documentary evidences of active development by monks, novices and monastic peasants
of ways between Solovetsky Monastery, Vologda and Veliky Novgorod are available in materials of
commercial agents of the English trade organization Muscovy Company. The Moscow Company
- the English trading company which was also called the Russian Company represented alliance of
the English merchants trading with Moskovia (The Russian state). The company was organized in
1555 by the English seafarer, the explorer and the cartographer Sebastian Cabot (1476-1557) and
several London merchants, having received monopoly for the English-Russian trade. It was the first
joint-stock English company. In 1553 Sir Hugh Willoughby (? - 1554) and Richard Chensler/Richard
Chancellor (apprx. 1521 - 1556) moved off in searches of Northeast passage to China

and “East India” (The Indonesian archipelago
- “islands of spices”). Willoughby’s ship was
lost, but Chensler came to Arkhangelsk (at that
time the Mikhailo-Arkhangelsky monastery)
and established commercial intercourses with
Moscow. Developmentofthesecommunications
and also searches of Northeast passsge
were the initial purposes of the Moscow
Company. Export to Moskovia included
woollens, metals and the Mediterranean
goods; the English merchants brought hemp,
stearin, ropes (rigging) and other Russian
goods through Arkhangelsk. Although the
tsar Alexey Mikhaylovich cancelled privileges
of the company in 1698, and in England

it lost monopoly for the Russian trade, the company remained the influential organization in the
London City and in the Eighteeth century participated in revival of the English-Russian trade.

Geographical knowledge of British of the North of Moskovia has considerably extended during
Richard Chensler’s voyage. In 1553 the Richard Chensler’s ship Edward Bonaventure having passed
along coast of the Kola Peninsula, has entered the White Sea and dropped an anchor in the mouth of
the Northern Dvina. In such way the Western seafarers had discovered the White Sea. The captain
Stephen Borough (1525 — 1584) commandeered the Chensler’s ship. This captain would visit the
White Sea in 1557. As a result of these travels, approximately in 1558 the hand-written map of
coast of the Northern Europe was compiled (scale 1:5800000). It was made by the younger brother
of Stephen Boro, William who accompanied the brother captain in both voyages. Russian Pomors
Gavrila and Kirill connected with the Northern Orthodox Monasteries are mentioned in the diary of
travel of 1556 as persons who had provided British sailors with information on coast of the sea for
compilation of their chart. From 29 place names on the Kola Peninsula Borough’s authorship can be
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attributed only to 10. All others - Russian. On the chart there is no Kandalaksha Bay and the Onega
peninsula. The White Sea has no name, but in diaries of voyage of Stephen Borough it is called Saint
Nicholas’s gulf (after the monastery in the mouth of Northern Dvina). Borough’s chart has formed
a basis for the image of this part of the White Sea on all contemporary European maps and charts.

During his second visit to Moskovia Richard Chensler has arrived to the mouth of Northern Dvina
on June 23, 1555 and with all the goods has gone on barques up the rivers to Northern Dvina,
Sukhona and Vologda to the city of Vologda and from there by land - to Moscow where British have
arrived on October 4. Thus, the Russian monks and helmsmen have for the first time shown to
British one of the ancient ways connecting Belomorye (bassin of the White Sea) with Moscow.

One of the first trade agents of the Moscow Company Thomas Southam and John Sparke in their
description of the waterway from the village of Soroki [modern Belomorsk] on the coast of the White
Sea to the Povenets on the coast of Lake Onega on which White Sea-Baltic Canal Route would be
constructed 367 years later, proved that this way had been well-known and was actively used by the
Russian people. In 1566 British aboad of three
boats with twelve Russian oarsmen have passed
all way from Soroki to Novgorod in one month.
The vivid description of this travel, - The way
discouered by water by vs Thomas Southam and
lohn Sparke, from the towne of Colmogro, by the
Westerne bottome of the Baie of S. Nicholas, vnto
the citie of Nouogrod in Russia, containing many
particulars of the way, and distance of miles, as
hereafter foloweth. Anno 1566 - demonstrates
not that its authors as they claimed “had opened”
this way, but its old development and use by the
Russian people for communication and trade
between Belomorie, Novgorod and the Baltic

Sea. In the organization and providing means of communication for this way for a long time
the main role were played by Pomors and northern monasteries (especially - Solovetsky) and the
peasants belonging to them. From the first days of their travel British were convinced in this role.

Voyage from Holmogory down the Northern Dvina River and further across the White Sea through
the Solovki to Soroka travelers successfully made aboad a lod’'ya with weight displacement near the
25th tone with team of Pomors, who provided sailing by the rivers from the White Sea to Lake Onega
under the supervision of Solovetsky Monastery, which had mastered this way long ago and actively
used it in particular for trade in salt.

On the way to the Solovki, travelers waited for good weather in recently founded English trading
station on the Rose Island opposite the St Nikolas Monastery.

On the Solovki British had not found the abbot of the monastery, the Reverend Philip who later
would leave a noticeable mark not only in the history of the monastery, but also in all Moscow state’s
history. In ten days prior to their arrival he had been ordered to come to the capital by Ivan the
Terrible who appointed Philip to the post of the Metropolitan of Moscow. Below we shall tell about the
tragic result of this appointment.

Even without their abbot, monks had hospitably received foreign guests and at once shown
to British, how well they were familiar with and mastered a way by which British wanted to travel.
The monks provided British with the official travel letter with sealing wax press of the monastery
and sent with them one of servants safely to accompany them on the dangerous voyage. In the
accompanning letter it had been said that the monastic peasants living there should had to give to
travelers help in all dangerous places and where it would be necessary, to move their vessels and
goods on portages between rivers and lakes. From the further narration it becomes clear that for
these monastic peasants service of a way to Lake Onega was most likely one of the main works
[poslushanii] in which they have reached quite notable qualification. In the village Quequenich on the
coast of the Vyg Lake the employee of Solovetsky Monastery accompanying British left them, but not
before he had employed for them boats and had written down names of people which had to bring
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travelers further to Povenets. It is necessary to add that the employee did not charge British any fee
for his works because so it had been ordered him by monks.

In Povenets British had also had no difficulties with hiring of seaworthy boats with crew for salil
by Lake Onega, which short and realistic description is provided by them on the basis of their own
observations and data received from locals. Across Lake Onega travelers have passed with stops, for
spending nights and expectation of fair winds, in Tolvuye and on the islands Salasalmi, Voronii and
Big Klimenetsky, having finished their voyage by the Onega in the place of a source of the river Svir
from Lake Onega, at the monastery of Ascension (the modern village Bo3HeceHue [Voznesenie]).
Spending two nights (in Vassiana and Selyukaks whose localization on the modern map isn’t clear)
going down the Svir River, British came to Lake Ladoga, reached the mouth of the Volkhov River and,
with spending the night in the Nicolo Medvedsk Monastery, Gostinopolye (Gostinopolsky Nikolsky
monastery), Myslov, Gruzino and a pogost Petrovsky, came to Veliky Novgorod. Let’s repeat that for
all way from Holmogory to Novgorod British spent only one month, and the fact that their Russian
helmsmen and sailors surely brought them to all safe stops and shelters, confirms long development
of this route by them and also - value of monasteries in providing travelers with transport, shelter
and food. Let’s notice that for monasteries maintenance of functioning of the way connecting them to
the main ancient agricultural and trade centers of Russia was the integral element of their existence
as the remote spiritual outposts of Orthodoxy which were carrying out missionary activity and were
the attractive holy sites for pilgrims from every quarter of Russia. This way was of great importance
also for economic activity both of monasteries, and of the country in general which was receiving salt
mainly from the White Sea. By evidence of Russians written down by British, only in winter about
2000 sleds were used for transportation of solt by the frozen lakes. For future traderes who would
wish to use this way, British travelors pointed out that their goods should be sent from Novgorod till
January sixth so that they were in Some by Candlemas [Sretenie] [on February 2/15], or soon after it
because if their goods are late in way till February 15 when the sun gains strength, it is dangerous as

solar heat this day leads to cracks on deep
lakes Ladoga and, especially Onega, and if in this
case, there is sudden thaw as often happens at this
time, then these lakes are opened and [ice] breaks,
therefore perishes many people as sinks many both
people, and horses though many rivers for a long
time remain after that frozen.

Rapid growth of Solovetsky Monastery (founded
in 1436) in the Sixteenth century has resulted in
improvement of its internal means of communication
and water supply of monastery, which measures
had been put in force at the initiative of the abbot of
the monastery, Saint Philip Il. Taking into account
an importance of this heroic clergiman in the history
of Russia and for our theme, we would like to tell a
little more about his life and activities.

He was born Feodor Stepanovich Kolychev
[Pepop CrenaHoBud KonbideB] into one of the
noblest boyar families of the Moscow State

in the city of Galich (in present-day Kostroma Oblast). However, according to some sources, he
was born in Moscow. Grand Prince Vasili 11l took young Theodore into the royal court. It is said that
since childhood Theodore was on friendly terms with Ivan IV of Russia (“Ilvan the Terrible”). According
to an official account in his xutne (Life of the Saint) his decision to become a monk occurred on
Sunday, June 5, 1537, while he was standing in church for the Divine Liturgy, on hearing the words
of Jesus: “No man can serve two masters” (Matthew 6:24). According to this account, he secretly
left Moscow dressed as a peasant, and for a while he hid himself away from the world in the village
of Khizna, near Lake Onega, earning his livelihood as a shepherd, later joining the monastery at
Solovetsk. At any rate, he entered the monastery at Solovki at the age of 30, and a year and a half

Fig. 5: Solovki canal
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later he was tonsured (took monastic vows), receiving the religious name of Philip. In the monastery
he worked at the iron forge and as a baker.

Eleven vyears later, Philip was
made hegumen [urymeH] (abbot) of the
monastery. During his term in office,
monks under his supervision constructed
two cathedrals, a brick-yard, many water-
mills (including a mill for washing monastic
dresses [nopTtomonHs] and storehouses,
and a network of canals connecting 72
lakes. It is said that Philip took part in all
these toils together with other monks. As
a result, the monastery experienced a
spiritual revival. He also adopted a new
monastic Rule (Typicon) for the community.
Most of Philip’s projects in Solovki survive
to this day. The tsar heard about the

indefatigable monk and asked him to fill the vacant metropolitan see of Moscow. Philip agreed on
condition that Ivan would abolish Oprichnina. On June 25, 1566 Philip was consecrated a bishop and
enthroned as Metropolitan of Moscow and all Russia. After only two years, however, Ivan the Terrible
persisted with committing murders under the aegis of Oprichnina. During Great Lent, on the Sunday
of the Veneration of the Cross, March 2, 1568, when the Tsar came to the cathedral for Divine Liturgy,
Philip refused to bless him and publicly rebuked him for the ongoing massacre. The Massacre of
Novgorod ensued, and Philip’s condemnation followed.

Ivan eventually deposed Philip from office by raising incredible charges of sorcery and dissolute
living. Philip was arrested during Liturgy at the Cathedral of Dormition and imprisoned in a dingy
cell of the Theophany (Bogoyavlenskii) Monastery, fettered with chains, with a heavy collar around
his neck, and was deprived of food for a few days in succession. Then he was transferred and
immured at the Monastery of the Fathers (Otroch Monastery) at Tver. In November 1568, the tsar
summoned the Holy Synod, which had Philip deposed. A year later, on December 23, 1569, he was
strangled by the Tsar’s minion, Malyuta Skuratov at Otroch, two days before Christmas. As if aware
of his approaching death, Philip had asked to receive Holy Communion three days earlier. After his
martyrdom, monks from Solovetsky Monastery asked for permission to transfer the body of St. Philip
to their monastery. When they opened up the tomb they found the body of the hierarch was incorrupt,
and various healings began to be reported. The transfer of his remains from Tver to the Solovetsky
Monastery took place in 1590. In 1652, Patriarch Nikon persuaded Tsar Alexis to bring Philip’s relics
to Moscow, where he was glorified (proclaimed a saint) later that same year.

So, one of the main material memorials of St. Filipp Il activities was construction of a uniform
system of channels on the Big Solovetsky Island which have connected numerous fresh-water lakes
to the Sacred Lake (Svyatoe Ozero) which is located under monastery walls from outside, opposite
to the White Sea coast. The channels laid between lakes in many places passed across swamps and
arias of the boggy tundra, providing thus melioration of these territories: lakes became flowing that
interfered with their bogging, and swamps, being drained, freed the arias over time growing with the
wood, or becoming the meadows and arable lands used by monks and monastic trudniks [TpyaHuku]
(volunteer workers) for livestock production and agriculture. (Picture 4) Expansion of channel system
resulted in need of its regulation by means of locks, and with navigation development, construction
of dams, gates and sluices. In the beginning these technical actions were carried out by purely
experimental methods of “tests and mistakes”, and in XVIII - the beginning of the twentieth century,
with arrival to the monastery of the monks with good secular education, design and construction
of hydraulic engineering constructions at the technical level corresponding to the period began to
develop (Pictures 5 - 7). Continuous intake of fresh water to the monastery has allowed monks to
provide almost autonomous existence: have been constructed - a water supply system, baths, a
water-mill, laundry and, at the beginning of the Twentieth century, one of the Russia’s first hydroelectric
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power stations.

On the basis of uniform hydrotechnical system a natural and economic complex of the monastery
was formed, as well as gradually it led to a modern structure of types of environmental management
which included water management (drinking water supply, transport), agricultural (crop production,
livestock production), forestry and landscape. Energy of water streams was used. The adaptation
direction of environmental management was fully shown in agriculture. The local population used
very wise intra landscape conditions: specifics of local climates and even microclimate, character of
a relief and natural fertility of soils. The Solovki cultural landscapes created by the beginning of the
twentieth century were synthesis of traditional high-eco-friendly environmental management and
urgent engineering decisions.

Now we, during our field research, have found gradual bogging of the territory of islands owing
to neglect and in places even destruction after 1917 of extensive monastic hydraulic systems.
Meadows on islands survived poorly: at rough calculation actually forb-cereal complexes occupy the
space about 270 hectares on two islands. The largest apportionment, 105 hectares, has remained
on the island Big Muksalma, the former livestock center of monastic economy. Here farmyards and
the main areas of pastures were located. In spite of the fact that meadow areas are on a leveled
surfaces of the second and third terraces, successfully created drying system almost century keeps
the territory from secondary bogging though in places green mosses get into a meadow cover. On
Big Solovki meadows have remained on small areas, they occupy in total 160 hectares on Kulikovo
Field , near Isakovo, the Savvatiyevsky monastery, the Filippovsky Skete and around the Kremlin,
including the modern airfield. Particulary in the region showed on the mentioned above Picture 4,

during our field research we found relicts of monastic meadows.
At the end of the Nineteeth century the

military doctor Peter Fedorovich Fedorov
(1856 - ?) exploring history, ethnography and
actual reality of the Solovetsky Islands had in
details described monastic life and pointed
out that, haying meadows of two islands — Big
Solovki and Muksalma — gave on average
for 1882-1885 2123 hay promezheks. Peter
Fedorov himself determined one promezhek
by volume as two carts of 30 poods each,
& that is 983 kg that means that an average
meadows gave 2,086 tons of hay a year.
At average productivity of natural hay
meadows of 7,7-8 centner/hectare across
the Arkhangelsk region for 1990-2002, it is
possible to estimate the historical areas of
only haying meadows at 2,658 hectares.

But every summer it was necessary to graze herd of cows to 113 heads, sheep — to 200 heads
and about 180 horses. Thus, the historical areas of meadows exceeded modern by 10 times.
There is an interesting geographical task of searching for the territories which had been cultivated
in the Nineteenth century and then restored to the level of original vegetation during the Twenteeth
century.

Modern meadows are characterized by the highest on islands vegetation indices , what is
connected with high fertility of soils. And indeed, in literature on life of Solovetsky Monastery the
authors repeatedly mentioned how monks had cared for fertilization and increase in efficiency of
the meadows and kitchen gardens. Thus, it is possible to assume that rather fertile soils and the
considerable efficiency of ecosystems displayed by high value of the vegetative NDVI index will
also be characteristic of the left meadows. The ash-content of undisturbed riding peat is minimum:
0,8-2,5%. At drainage the ash-content of riding peat grows because in the drained horizons
decomposition processes amplify. So, on Kulikovo Field the ash-content of peat thickness increases
from 4,5-5,0% in the lower horizons up to 10-12 (even 16,4) % on top. The analysis of territories
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with high values of vegetative indexes and the raised ash-content of peat has allowed us to reveal the
missing areas of meadows and to carry, for example, the leveled territory of the second sea terrace
near the lake Besednoye occupied now with the young pine and birch wood to the degrading monastic
agricultural grounds. Here peat thickness is low (23 cm), and an ash-content of the lower peat horizon
reach 20%. It is obvious that this natural complex has undergone not one transformation — originally
grass swamp as a result of artificial drainage has been transformed to a meadow complex, and then as
a result of recovery succession — to the modern wood.

Modern meadows are characterized by the highest on islands a vegetative index (Picture 8), what is
connected with high fertility of soils. And it is confirmed by authors of works on life of Solovetsky Monastery
who repeatedly mentioned how monks cared for fertilizer and increase in efficiency of the meadows and
kitchen gardens. Thus, it is possible to assume that rather fertile soils and the considerable efficiency
of ecosystems displayed by high value of the vegetative NDVI index will also be characteristic of the
left meadows. The ash-content of undisturbed higher lays of peat is minimum: 0,8-2,5%. At drainage
the ash-content of higher lays of peat grows because in the drained horizons decomposition processes
amplify. So, on Kulikovo Field the ash-content of peat thickness increases from 4,5-5,0% in the lower
horizons up to 10-12 (even 16,4) % on top. The analysis of territories with high values of vegetative
indexes and the raised ash-content of peat has allowed us to reveal the missing areas of meadows and
to qualify as degraded monastic agricultural fields, the leveled territory of the second sea terrace near
the lake Besednoye occupied now with the young pine and birch wood. Here peat thickness is low, 23
cm, and an ash-content of the lower peat horizon reach 20%. It is obvious that this natural complex has
undergone not one transformation — originally grass swamp as a result of artificial drainage has been
transformed to a meadow complex, and then as a result of recovery succession — to the modern wood.

We found another kind of antropogen transformation in the regions with poor humus (less than 1%,
content of nitrogen less than 0,75%), acid and the high acid (pH 4,6-5,6) soils where monks developed
high-yielding kitchen gardens on which monastic gardeners grew up all necessary (potatoes, cabbage, a
radish) and exotic (ftomatoes, water-melons) vegetables. Monastic kitchen gardens are also well identified
in space pictures in the maximum size of biological efficiency. Monks had chosen for their kitchen gardens
gentle slopes of runnels of drain and dried hollows of ancient lakes’ bottoms. Such choice is explained
by the fact that here processes of carrying out of useful elements are slowed down and peat, rather rich
in contents, collects. As a result of drainage and additional fertilizer peat was processed into humus
which yielded a good crop of vegetables. It is known that the most part of provisions was being delivered
to islands from the continent: it was necessary to support about 200 constant monks of the monastery
and up to 1500 voluntary trudnik during the whole summer. But fresh vegetables arrived on a monastic
table only from their own kitchen garden beds. Therefore special attention was paid to truck farming, and

monks had applied then all possible types of melioration, which were (in modern terms): o
drying, chemical, and’ even irrigation!

But irrigation there had been aimed not
at moistening, but at the improvement of
climate of the soil: on kitchen gardens of
the Makaryevsky Skit (nowadays Botanical
garden) hot water was pumped by pipes
from the wax bleaching plant and candle
factory. Near monastery walls the old lake’s
hollow with humus soils is still used by locals
for private kitchen gardens, generally under
potato, but humus is gradually degrading,
and in some parts one could see already
the sand which is slightly painted by black
organic matter.

Expeditions of the Russian Academy
of Sciences and Lomonosov Moscow
State University.

In 2007 the S. I. Vavilov Institute of
History of Natural Sciences and Technology

Fig. 6: Solovki canal
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of the Russian Academy of Sciences with the assistance
of the Department of Physical Geography of the M.V.
Lomonosov Moscow State University had organized
the International Historical-Geographic Expedition to
the Solovetsky Islands (the research supervisor prof.
Alexey V. Postnikov). The program of our research
included two blocks of the interconnected directions:
cultural and historical and landscape and geoecological,
paleogeographical. The main objects of the social and
economic structure of the islands have been studied,
described and catalogued as monuments of history
of science and technology. Studying of dynamics
of landscapes, specifics of their development in the
Holocene and a research of influence of canal system
Fig. 7: Vegetation indice (NDVI) on change of its natural landscapes were very important
part the expedition’s activity. For studying of dynamics
and functioning of landscapes dendrochronology methods were used. In typical geosystems of the
island drill cores of trees whose ages were of 90-100 to 210 years had been selected. The standard
technique of data processing was used. Width of wood rings is determined by the scanner and the
computer on automatic system of measurement “Lintab 5” then cross dating with finding of an index of
dating (CDI) and cross-correlation was carried out. The technique of standardization (indexing) and
creation of the generalized chronology has been applied to processing of ranks of an annual growth.
The contribution of various factors of a gain, first of all climatic, was determined by ex-potential model of
a curve of growth in the ARSTAN program.

For fir-trees the important role of air temperature of June is established. We could not trace a strict
connection of size of a year gain with an atmospheric precipitation of the vegetative period. At the majority
of pines in abnormally low air temperature years from May to September the gain was characterized by
low values, and the maximum gains of pines were tipical for years with high summer temperatures. V.
V. Matskovsky pointed out that the stable positive response of a gain of pines to summer temperatures
falls on 1910-1975. We have found some intra landscape distinctions of connections between a gain and
climatic factors depending on remoteness from the seashore and an exposition of slopes.

It is known that planetary process of bogging of landscapes of Europe and Western Siberia had
begun in the Holocene approximately 7900 — 7000 years ago. It happend at the beginning of the Atlantic
optimum when the climate became warmer (summer temperatures were higher then modern on 1.5-
3°C), and rainfall rise for 10-25% . Using radio carbonic datings (by C14) of peat bogs it has been
established that bogging of hypsometric levels of the island land higher than 50 m has begun about 7000
years ago. At lower hypsometric levels (32-35 m) — 3800 years ago.

We performed dendrochronologic researches in a zone of influence of a drainage. Main result:
development of hydrotechnical system has led to increase in productivity of the woods and their bonitet,
the environment of the island on which at disembarkation of the first monks dominated tundra, had
changed to forest-tundra and North taiga landscapes, which now transformed in places, even to South
taiga. But on the other hand we should take into consideration some global trends of climat changes,
therefore the dinamics of natural landscapes could not be connect only with partial drainage of the island.

Technique of researches

Field researches of landscapes of the Solovetsky islands were performed in June, 2007 and included
detailed descriptions of natural complexes (a relief, deposits, soils, vegetation) and getting of soil samples
and wood cores. Soil samples were collected in meadow complexes and on the drained swamps from
the organogenic horizons; as a whole we collected 21 tests. Wood cores we got in the central parts of
islands Solovetsky and Anzer in relatively old age forest stands using Preszler’s drill, twice from each
tree in grupp of 5-6 trees on each explored locality.

Analytical researches. In vitro, using Tyurin’s method, the volume of a humus was found in soll
samples , and by means of incideration the gross content of organic substance has been determined
at a temperature of 500 °C Sizes of an annual radial gain of trees were determined by the selected
cores on the Lintab device. In group of trees from each local area cross dating of cores was carried out
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and samples with low indicators of synchronism were discarded to cut trees which dynamics of gain is
defined more not by climate, but by autochthonic factors (a disease, inrushes of the near trees and so
forth). Further, with help of the Statistica program, we checked an influence of climatic parameters on
our compiled generalized chronologies on each locality.

Methods of remote sensing. For identification of the ecosystems which are characterized by the
highest biological efficiency and, most likely, felt the beneficial influence of human activities, we used
Landsat space pictures. In the program Erdas Imagine we calculated the normalized differential
vegetative index (NDVI) equal to the relation of a difference of reflection of the land surface in near
infrared and red ranges of a range to their sum. Further the received NDVI values have been correlated
to indicators of fertility of soils.

Conclusion.

Expansion of channel system caused requirement to its regulation by means of creation of locks, and
with navigation development — construction of dikes and dambs. Drainage led to expansion of arable,
pastures and haying grounds, as well as forested the territories. Based on single hydro technical system
there was formed a natural and economic complex of the monastery; gradually a modern structure
of types of environmental management developed which included water management (drinking water
supply, transport), agricultural (crop production, livestock production), forestry and landscape. Energy
of water flows was used. The adaptation direction of environmental management was fully shown in
agriculture. The local population was used precisely according to the intra landscape conditions: specifics
of local climates and even microclimate, nature of a relief and natural fertility of soils. The Solovetsky
cultural landscapes created by the beginning of the XX century were synthesis of traditional high-eco-
friendly environmental management and actual engineering decisions. catalogued by us as monuments
of history of science and technology during our expeditions.

Main conclusion of these researches: development of
channel system has led to significant improvement of the
environment of the island on which at disembarkation on
it the first monks, the forest-tundra dominated and now
middle taiga and in places even South taiga landscapes
prevail. It should be pointed out, that after Bolsheviks
closed Solovetsky Monastery in 1920 they would not
care for its channel system. During our expeditions we
found out that such neglect caused a real damage to the
system and depending on it technical constructions. Our
continuing explorations showed that locks and gates
can not work and difficult to revive, which fact make it
impossible to navigate the channels. The water supply
system also suffered very much, because the regular
monks’ control of levels in the lakes (and especially in
the Svyatoe [Sacret] lake) had stopped, the locks and
gates opened, or destroyed which facts would lead
to the permanent flow of water through the whole

Fig. 8: Solovki canal system down to its destination — the walls of Solovetsky
Monastery. Before 1920, the water was accepted under
the walls by system of pipes (initially — wooden) to be

transported to different consumers (mechanical and human) inside the monastery. With time, without
a proper supervision, the overflowing of the system led to drastic consequences: the pipes had rusted,
got littered and collapsed. As a result, water from the lake found its own ways to the White Sea under
the walls and the territory of the Monastery. These ways with time led to very dangerous developments,
which we studied in details during our expeditions. First, we discovered frost mounds in places on
corner of the wall where water from the lake froze underground in winter. On the lake embankment
near monastery walls we found sink-holes. It happened in 2007. At that time we raised an alarm in the
Monastery’s Museum, pointing out that the development of this process could lead to large scale sinks
and destruction of walls. In summer of 2016 we were sad to find out that nothing was done and situation
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became worse for such a measure that all cars traffic by the embankment between walls and the lake is
impossible and forbidden.
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HISTORY OF HUMAN
EVOLUTION ACCORDING
T0 DARWIN

Charles Robert Darwin was a biologist, a
naturalist and a philosopher. He was born in
1809 and ever since he was little he was very
interested in science, in fact he would often
collect things like bird’s eggs, insects and so on.
His studies were influenced by his father Robert
Darwin (a physician), and by his grandfather
Erasmus Darwin that was an illuminist with
his own thought relating to evolution. Erasmus
Darwin thought that we all descend from a
common species, that the organisms were
subject to modifications as a result of the
selective pressure for survival, and that they
would transmit those modifications.

Darwin’s theory of evolution through natural
selection is such a powerful and fascinating
product of human mind that is definitely worth
being discussed and popularised. This article is
a homage to Darwin, and a way to provide a
short introduction to his theories for a person
who is fond to learning more about how human
evolution works.

A very important experience for Darwin was
his travel to Galapagos islands. Galapagos
is an archipelago of thirteen islands in South
America. These islands are characterized
for their huge variety of habitats and animal
species. The trip permitted him to visit these
islands from where he collected up a lot of
samples. When he returned back home Darwin
analysed the samples and with the help of
some ornithologists he discovered that all the
different samples of species ha had identified
in the Galapagos belonged to one species: the
finches. So Darwin, influenced by the discovery
and by the thoughts of his grandfather, began
to think about the possible reality of the theory
of evolution and he started to look for a way to
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STORIA DELL'EVOLUZIONE
UMANA SECONDO
DARWIN

Fig.1: Charles Darwin
1809-1882

Charles Robert Darwin era un biologo,
un naturalista ed un filosofo. Nato nel 1809,
sin da quando era piccolo ha mostrato un
grande interesse nei confronti della scienza.
Collezionava, infatti, esemplari naturalistici
come uova d’uccello, insetti e cosi via. | suoi
studi sono stati influenzati da suo padre Robert
Darwin (un medico), e da suo nonno Erasmus
Darwin, illuminista, che aveva a lungo riflettuto
riguardo I'evoluzione. Erasmus Darwin pensava
che discendiamo tutti da una specie comune,
che gli organismi sono soggetti a cambiamenti
dovuti alla pressione ambientale per la loro
sopravvivenza, e che questi cambiamenti si
trasmettono nel tempo.

La Teoria dellEvoluzione attraverso la
selezione naturale di Darwin € un prodotto della
mente umana cosi potente e affascinante che
questa conoscenza merita di essere diffusa.
Questo articolo € un omaggio a Darwin, ed &
anche una maniera per introdurre brevemente le
sue teorie, essendo indirizzato a chiunque voglia
capire meglio i meccanismi dell’Evoluzione.

Un’esperienza molto importante per Darwin
fu il viaggio alle Galapagos, un arcipelago di
tredici isole situate nellOceano Pacifico, a
un migliaio di chilometri a largo dellEquador.
Queste isole si caratterizzano per la loro grande




prove it.

Darwin’s theory about evolution through
natural selection involves two distinct notions:
evolution and natural selection.

The former implies the idea that the mankind
descends from non-human species. At the time
when Darwin proposed it this appeared like a
revolutionary but wrong theory because the
immutability of the human form was common
wisdom, based on Aristotle’s beliefs about
essential kinds, so for centuries the Christians
believed in the theory of the fixed species. They
thought that any form of life was created by God
and that nothing had changed in the meantime,
so when scientists began to understand that
evolution was possible given a sufficient period of
time, the Church once more strongly supported
the dogma of God creation. In fact, according
to the Bible the world was just 6000 years old
and therefore, it was too young to produce such
a wide variety of living beings from a single
organism. Today, thanks to a large amount of
scientific data, we know that the Earth is about
4.5 billion years old so the species has had all
the time to evolve and descend from a single
ancestor. Moreover, the theory of evolution was
proved thanks to many fossils that were found:
if we analyse at them carefully, we will note that
most of them arranged in sequence show small
changes that form a series that connects one
fossil to another.

But how does evolution happen?

Evolution is possible thanks to natural
selection that consists in a mechanism by which
things can change their structure without external
intervention. Natural selection is divided in two
parts: the first is a mistake in the copying of the
genes while the second is the selection of the
changes that turns out to be the most adaptive.

Fig. 2: Galapagos

varieta di specie animali. Il viaggio compiuto da
Darwin a bordo della nave Beagle gli permise
di visitare queste isole e di raccogliere parecchi
campioni. Tornato in patria, Darwin li studid e,
servendosi dell’aiuto di alcuni ornitologi, scopri
che tutti gli esemplari di fringuelli che aveva
raccolto erano di tredici specie presumibilmente
tutte discendenti da un’unica specie iniziale.
Fu cosi che Darwin, influenzato dai pensieri
del nonno e dalla scoperta appena compiuta,
comincido a pensare alla possibile realta della
Teoria dell’Evoluzione e a cercare un modo per
dimostrarla.

La teoria di Darwin sull’evoluzione attraverso
la selezione naturale riguarda due diverse nozioni:
evoluzione e selezione naturale. La prima implica
I'idea che la razza umana (per esempio) discende
da individui non umani. A tal proposito, quando
Darwin la propose al consesso scientifico, fu
considerata come una teoria rivoluzionaria ma
sbagliata, perché [limmutabilita della forma
umana era di conoscenza comune, basata sulle
convinzioni di Aristotele sull’essenzialita della
specie. E per questo che per secoli i Cristiani
hanno creduto nella teoria della fissita della
specie. Essi pensavano che qualunque forma di
vita fosse stata creata da Dio e che niente fosse
cambiato nel frattempo. Quando gli scienziati
cominciarono a capire che I'evoluzione sarebbe
stata possibile in un adeguato periodo di tempo,
la Chiesa continuod ad affermare il dogma della
creazione divina. Secondo la Bibbia il mondo
aveva solo 6000 anni e, quindi, era troppo
giovane per produrre una cosi grande varieta
di esseri viventi da un singolo organismo. Oggi,
grazie a numerose ricerche e dati, sappiamo
che la Terra ha circa 4,5 miliardi di anni; le
specie hanno quindi avuto il tempo di evolversi
discendendo da un singolo antenato comune.
La Teoria dell’Evoluzione venne inoltre provata
grazie al ritrovamento di numerosi fossili: se i
studiamo attentamente, noteremo che la maggior
parte di essi, posti in una sequenza, mostra dei
piccoli cambiamenti che formano una serie che
connette un fossile di un periodo con l'altro.

Ma come funziona I'Evoluzione? Questa
€ possibile grazie alla selezione naturale che
consiste in una serie di meccanismi - mutazioni
genetiche - attraverso i quali gli organismi
possono cambiare la loro struttura senza un
intervento esterno. La selezione naturale
comprende due fasi, di cui la prima consiste in
un errore nella copiatura dei geni; la seconda ¢ la
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Fig. 3: Evolution
Fig 3:: Evoluzinoe

But in order to have a complete picture we
must also speak about scholars that disagree
with Darwin’s theory like William Paley who
wrote a book containing some topic against
natural selection theory. In his book William
Paley supported the project’'s idea. It says
that if you find a complex machine, such as a
clock, you already know that it was created by
a clever creature. He took as an example the
woodpecker: he has a very strong and hard
beak that allows him to pierce the bark of a tree.
Paley was convinced that it was impossible to
get to beak structure of a woodpecker through
evolution, so the only way for the creation
of this magnificent structure was the work of
God. Darwin understood that the woodpecker
evolution could not have happened in a single
step but in many small steps. In fact, this animal
has a very complicated structure, while there
are simplest cases where evolution in a single
step works and consists in the wrong copy of a
gene.

We can use the history of moths as an
example. The moths we are talking about were
part of a species called Biston betularia: before
industrial revolution they were of light colours
but then the trees became darker so the moths
had to became darker too, by necessity. The
first dark moths were found in 1848 near to
Manchester. Instead in unpolluted regions the
moths have remained light coloured. This is
considered a nice illustration of how evolution in
a single step works.

But what do | believe in? Do | believe
in Darwin’s revolutionary theory or in God
creation? Guglielmo di Occam was a medieval
philosopher who formulated a theory according
to which we should believe in the one we
consider easier to believe. If we compare the
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selezione naturale dei cambiamenti che risultano
essere i piu vantaggiosi dal punto di vista
adattativo. Ma per avere un quadro completo
noi dobbiamo anche parlare di alcuni studiosi
che sono in disaccordo con la teoria di Darwin,
come ad esempio William Paley che scrisse
un libro contenente alcuni argomenti contro la
teoria della selezione naturale. Dentro il suo libro
Paley supporta 'idea del progetto: essa dice che
se trovi un oggetto completo come un orologio,
sai gia che & stato creato da una creatura
intelligente. Paley ha preso come esempio il
picchio: esso ha un becco rigido e appuntito che
gli permette di perforare la corteccia di un albero.
Lo studioso era convinto che fosse impossibile
arrivare alla struttura di un becco di un picchio
tramite I'evoluzione, quindi 'unica maniera per
la creazione di questa magnifica struttura era il
lavoro di Dio. Darwin capi che l'evoluzione del
picchio non poteva essere avvenuta in un singolo
passo ma attraverso tanti piccoli successivi passi.
Questo animale ha, infatti, una struttura davvero
complicata. Esistono casi piu semplici in cui
'evoluzione attraverso una prima, singola fase
funziona e passa attraverso la copiatura sbagliata
di un gene. Possiamo usare la storia delle falene
come esempio. Le falene di cui stiamo parlando
facevano parte di una specie chiamata Biston
betularia: prima della rivoluzione industriale erano
di colori chiari ma quando gli alberi divennero
scuri a causa dei fumi delle industrie, anche le
falene dovettero adattarsi e diventare piu scure.
Le prime falene scure vennero trovate nel 1848
vicino Manchester. Nelle regioni non inquinate
le falene rimasero invece di colori chiari. Il caso
delle falene & considerato un esempio di come
funziona I'evoluzione in un singolo passo.

Ma in cosa credo i0? Credo nella teoria
rivoluzionaria di Darwin o nella creazione
divina? Guglielmo di Occam era un filosofo
medievale che formuld una teoria secondo la
quale dovremmo credere nella cosa piu facile
da credere. Se noi comparassimo la tesi della
creazione con la teoria di Darwin probabilmente
preferiremmo la seconda. Tuttavia io non penso
che succeda veramente questo: per la maggior
parte delle persone € piu facile credere in Dio
come una sorta di magia piuttosto che cercare
di capire come funziona I'evoluzione. La Chiesa
& stata un ostacolo per molte teorie scientifiche
rivoluzionarie finché Papa Giovanni Paolo I
organizz0 una conferenza per raggiungere un
livello di comprensione reciproca tra filosofi,




thesis of creation with Darwin’s theory on this
ground, we should probably prefer the latter.
However, | think that this is not what actually
happens: for most people it's easier to believe
in God as sort of a magic rather than trying to
understand how evolution works. The Church
has been an obstacle for many revolutionary
scientific theories until Papa Giovanni Paolo
Il organized a conference to reach a level of
mutual understanding between philosophers,
theologians and scientists. At the end of this
conference the church recognized some of its
errors such as the condemnation of Galileo
and they acknowledged that evolution through
natural selection really happened.

Today Darwin’s theory is one of the most
discussed topics within the scientific community
but also in society as a whole. His ideas are still
celebrated in Darwin’s days, close to the date
of his birthday. This year in Catania they have
been held from 14 to 17 of February, organized
by the atheists’ association, which is a sign that
the debate between religion and science is far
from being completed.
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teologi e scienziati. Alla fine di questa conferenza
la Chiesa ha riconosciuto alcuni dei suoi errori
come ad esempio la condanna di Galileo e che
'evoluzione attraverso la selezione naturale sia
una teoria plausibile.

Oggi la teoria di Darwin € uno degli argomenti
piu discussi all'interno della comunita scientifica.
Delle sue idee si discute ancora nei Darwin’s days,
celebrati vicino alla data del suo compleanno.
Quest’anno a Catania sono stati tenuti dei convegni
dal 14 al 17 febbraio, organizzati dall’Associazione
degli Atei, e questo € un segno che il dibattito tra
religione e scienza non € ancora finito.
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WOMEN LAUREATES IN
CHEMISTRY

Marie Sklodowska Curie (1867 —1934)

Marie Sktodowska was born in Warsaw, at
the time Poland was part of the Russian Empire.
She studied chemistry, mathematics and
physics at the Sorbonne University. Afterwards
she continued the research on the magnetic
properties of steel, during which she met Pierre
Curie, a scientist and expert in piezoelectricity
and magnetism, whom she married in 1895.

After her marriage, Marie started research on
her Ph.D. thesis. She became interested in the
work of Henri Becquerel, who had found a type
of rays different than x-rays, which were emitted
by uranium and could pass through metal.
Marie using new techniques and with the help
of her husband discovered that the rays coming
from uranium were constant, independently of
its form or condition, and hypothesized that the
radiation came from the element’s atom itself,
something revolutionary in the theory of atoms’
indivisibility.. In 1898 Marie and Pierre Curie
announced the existence of “polonium”, a new
element named after Marie’s country, Poland
and “radium”, from the word “ray”. They studied
several properties of these new elements, and
this new type of emission was called radioactivity.
In 1903 Marie was awarded her Ph.D. from
Sorbonne and received a Nobel Prize in physics
for her contribution to radioactivity research
along with her husband and Henri Becquerel,
thus becoming the first woman to ever receive
a Nobel Prize in physics. Marie and Pierre did
not go to receive the award, however, as they
were too busy working! Unfortunately, in 1906
Pierre was killed in a road accident and Marie
was offered his position at the university and
became the first female professor.

Marie continued her studies on radioactive
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Mapia ZkAovtéopoka Kioupi (1867-1934)

H Mapia ZkAoviopoka yevvnBnke oTn
BapooBia otav akopa n lMoAwvia utrayoétav
oTn pPWOIKN auToKpaTOpIa. 21ToUd00E
oto [llavemoTtAuio TG ZopRdévvng Xnueiaq,
MaBnuaTik& Kal QuaOIKr, OTTOU Kal CUVEXIOE va
EPEUVA TIC payvnTIKEG 1810TNTEG TOU XAAuUBa.
Exei n Mapia yvwpioe €va veapod TIOTAPOVA UE
e€eldikeuon oTov TOpEA Tou TTIECONAEKTPIOUOU
Kal Tou payvnTiopou, tov Miép Kioupi, pe Tov
OTToioV TTaVTPEUTNKE TO 1895.

Metd 10 ydpo ™G n Mapia &ekivnoe va
epyadletal yia 1o dI10AKTOPIKO TNnG. EoTiace Ta
EPEUVNTIKA TNG evOIOPEPOVTA OTN DOUAEIG TOU
MTrekepPEN, O OTTOIOG €ixe avakaAuwel Eva €idog
aKTIVOBOAIOG -OI0QOPETIKAG aTTO TIG OKTIVEG X-
TTOU €EETTEUTTE TO METOAAO OUPAVIO Kal N OTToia
olatmmepvoloe  Ta METAAAIKA avTikeipeva. Ol
Kioupi epyaldduevol padi kal XpnoIKNOTToIWVTAG
VEEG YIa TNV €TTOXN TEXVIKEG, KaTéAnEav oTo
OUNTTEPAOHa OTI N akTIVOBOAIa auTr) TTPOEPXETAI
aTTO TO ECWTEPIKO TWV ATOUWY TOU OUPAVIOU Kal
gival oTaBepr] Kal avegapTNTN ATTO TIGC CUVONKEG
TToU BpiokeTal autd. AUuTO ATAV PIO ETTAVACTATIK
avakdAuyn yia TNV €TToxN, MIOG Kal EpXOTav o€
TAPN avTIBEDN PE Ta PEXPI TOTE OEDOUEVA YIA TO
aropo — darunTo. To 1898, o1 Kioupi avakoivwoav
OTI U0 Vvéa xnuIkG oToixeia 1o MoAwvio Kal To
Padio mapouaoiddouv tTapduoieg 1810TNTEG Kal
agou peAéTnoav TIG 1I016TNTEG TOUG ovopaoav
auTthl TN Vvéa OkTIVOBOAia padievépyela. To
1903 n Mapia avayopeuBnke dIGAKTOPAG TNG
20pPovvng evw TTAPAAANAG PoOIPAOTNKE  TO
NoutreA ®uaoikng pe Tov Mép Kioupi kai Tov Avpi
MtrekepEN yia TN CUUPBOAN TNG OTnNV €pguva yia
N padievépyeia. H Mapia Kioupi Atav TAéov n
TPpWTN yuvaika Tou TTApe NopteA duoikng. Ol
Kioupi 6pwg dev Tiyav va mapouv 10 NOUTTEA




elements and in1910 she managed to isolate pure
radium. In 1911 she was awarded a second Nobel
Prize, in chemistry, in recognition of the discovery
and study of new elements and the isolation of
radium. Thus she became the first person and the
only woman to have won two Nobel Prizes and the
only person to have both a Nobel Prize in chemistry
and in physics.

During World War |, Curie and her daughter,
Irene, helped the treatment of a vast number
of wounded soldiers by using portable x-ray
machines. During this period she understood the
value of radioactive elements’ rays in treating
tumors and went on to explore their medical use.
She established the Radium Institute for that cause,
which continues to work today.

Her death at 1934 was caused by a severe blood
cancer due to her systematic and chronic exposure
to radiation. It is known that due to her enthousiasm
for science she was carrying radioactive elements
in her pockets. It is also said that even her books
are still so radioactive that they are stored in lead
boxes and can only be opened wearing protective
suits.

Marie Curie’s scientific work is remarkable and a
proof for this is the numerous awards she received,
including her two Nobel Prizes. Curie’s and Pierre’s
remains are entombed in the Panthéon in Paris.
Curie became the first and only woman to be laid
to rest there.

Fig.1: Marie Curie in her laboratory
Fig 1: H Mapia Kioupi o1o epyaoTripid Tng

Irene Joliot-Curie (1897 —1956)

Irene Curie was the first daughter of Marie and
Pierre Curie, born in Paris in 1897. She received
a traditional education. In 1914 she entered the
Faculty of Science at Sorbonne, Paris, but her
studies were interrupted by 1st World War I. During

MIag Kal ATav TTOAU aTTacX0ANUEVOI JE TNV £pEUva
TOoug oTO TravemoTApIo! AuoTuxwg, 10 1906 O
MéEp OKOTWONKE O€ QUTOKIVNTIOTIKO dUOTUXNUO
Kal 1o Mavetriotruio Tpdoepe TN BECN TOu OTN
Mapia, n otroia £yIve N TTPWTN Yuvaika KadnyATpia
MavetmoTtnuiou.

H Mapia ocuvéxioe Tn HEAETN TWV PABIEVEPY WV
UNKwV Kal To 1910 atmoudvwoe kabBapd padio.
To 1911 TG atrovepndnke éva deuTePOo NOUTTEA
Xnueiag yia TNV avakdAuywn Kal JEAETN VEWV
XNUIKWV OTOIXEIWV Kal TV ammouévwon Tou
padiou.

‘ET0O1 £yIVE O TTPWTOG AVOPWTTOG KAl N HOVADIKI)
yuvaika pe 2 BpaBeia NoutreA, éva otn Quoikni
Kal éva atn Xnueia.

Kard tn d1dpkeia Tou TTpwTtou laykoopiou
ToAéou n Mapia padi ye Tnv K6pn TNG Ipéy,
XPNOIUOTTOINCAV QOPNTEG OUOKEUEG TTAPAYWYNAS
GKTIiVWV X yia Tnv iaon Twv OyKwv aoBevwv
OTPOTIWTWV KAl €TC1 KATAVONOE TNV ogia Twv
padievepywV UAIKWV OTNV 10TPIKN Kal idpuoe TO
IvoTiTouTo Padiou yr' autd 10 OKOTTO.

O Bavartog NG 10 1934 TTPOKANBNKE aTTd £va
€ido¢ Kapkivou Tou aipaTog, TTPoPavwg eEAITiag
NG XPoviag €kBeong Tng otn padievépyeia. Eivai
YVWOTO TTWG 0 €vBOUCIaoPOG TNG YIa TV £PEUVA
NG ATAV TOOO PEYAANOG, TTOU £QEPE CUVEXEID OTIG
TOETTEG TNG TA PadIEVEPYA UAIKA. AEyeTal aKOMQ,
TTWG AKOPa Kal Ta BIBAIa TNG EKTTEUTTIOUV I0XUPA
WG onuepa padlevépyela, WOTE GUAACOOVTAl O€
MOAUBDIVEG BrKeG Kal avoiyovTal pe €10IKA POvo
yavTia.

H Mapia kai o Mép Kioupi €xouv Ta@ei oTo
Maveeov oTo Mapiol. H Mapia €ival n povadiki
YUVAIKQO TTOU €XEI TAPEI EKEI.

Ipév ZoA16- Kioupi (1897 —1956)

H Ipév , n mpwtn képn TG Mapiag Kai
Tou Mép Kioupi yevvnBnke oto [Mapiol. Meta
amd TNV KAAOOIKN eKkmmaideuon, akoAouBbnoe
OTTOUBEG QUOIKWY  ETTIOTNUWY OTR Z0pRovvn
aAAG n @oitnor Tng dIAKOTTNKE ATTO TOV TTPWTO
TTayKOOoHIo TTOAEP0.KaTd Tn SIdpKEIa TOU TTOAEOU
EPYAOONKE MPE TN UNTEPA TG WG VOOOKOUd
padioypd@og, Ponbwvtag Toug TTANYWUEVOUG
oTpaTiwTeg. Metd Tov TTOAEPo n Ipév ouvéxioe
TNV €peuva NG oto lvoTitouto Padiou kal 1O
1925 avayopelBnke OIBAKTWP TWV QUOIKWV
EMOTNPWY PE BEPa dIaTPIBAG TIG ;AAQO OKTIVEG
ToUu TToAwviou. Zuvavtnoe Tov Ppevrepik ZoAId
Katd Tn OIdpKeIa TwWV padnudtwy TTou TTapédIde
oTo lvoTiTouTo Kail TravTpedtnkay 1o 1926. O1 dud
Toug amotéAecav éva TTOAU 1Ioxupd CeUyog TNV
ETTIOTAMOVIKI KOIVOTNTA.
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the war she was a nurse radiographer along
with her mother and helped wounded soldiers
at the battlefield. After the war, Curie continued
her studies at the Radium Institute, an institution
established by her parents. Curie became
Doctor of Science in 1925, having prepared a
thesis one the alpha rays of polonium. She met
Frederic Joliot when she had to teach him in her
mother’s laboratory. They married in 1926 and
became a dynamic duo in science.

Irene and Frederic Joliot studied the
atomic nuclei and could have discovered the
existence of positron and neutron if they had not
misinterpreted the results of their experiments.
However, they did important work on natural
and artificial radioactivity, transmutation of
elements and nuclear physics. synthesizing new
radioactive elements by bombarding already
existing ones with alpha rays.

Irene and Frederic shared the Nobel Prize
in chemistry in 1935, in recognition of their
synthesis of new elements and Iréne was
awarded a position at the Faculty of Science.
She continued doing research on the action
of neutrons along with her colleagues and in
1938 they made an important contribution to the
discovery of uranium fission.

Irene, worked on the establishment of a large
center for nuclear physics at Orsay France.

Like he mother, she died from leukemia
at 1956, probably caused by her long-term
exposure to radioactivity.

Fig. 2: Physicist Irene Joliot-Curie in 1921
Fig. 2: H ®uoikog Ipév Zohié- Kioupi to 1921

Conclusion

In conclusion, Marie Curie and Irene Joliot-
Curie are considered two great scientists,
contributing to science not only with their work
but also by offering a dynamic female presence
in the scientific field. Their conclusions were
important for the evolution of chemistry and
physics, and even medicine, while their research

History of Science and Technology

H Ipév kai o ®pevrepik peAéETnoAv TOV
TTUpAiva TOUu aTOuouU Kal Ba ptropoucav va
gixav avakoAuyel TNV UTTapgn  VETPOViwv
Kal TrodITpoviwv  av  dgv  gixav  €pPNVEUOEl
AavOaouéva Ta TTEIPANATIKA TOUG ATTOTEAECUATA.
MapoAa autd €kavav TTOAU onuavTik OOUAEId
ME BEuQa TN QUOIKA Kal TEXVNTA padlevépyeElaq,
TN METAOTOIXEIWON KAl TV TTUPNVIKA QUOIKN,
ouvBEéTovTag véa padievepyd UAIKA attd AdN
YVWOTA padievepyd oToIXEIO HEOW AKTIVOBOAIOG
ME OKTIVEG Q.

To 1935 n lpév kai o ZoAi6 poipdoTnkav
T0 NOpteA Xnueiag kai n Ipév mApe B€on
KaBnynTpiag ato Tuua PUCIKWY ETICTNPWY TNG
2opPovvng. Exei ouvéxioe Tnv €peuva OXETIKA
ME TO pOAO TWV VETPOViWV, €VW OUVERAAAE
1I010iTEPA OTNV  AvakAAuwn TNG OXAong Tou
oupaviou. TéAog ouveTéAeoe oTnv idpuon evog
peyaAou kévtpou Mupnvikig Puaoikng oto Opoé
NG MNaAAiag.

AKPIBWG OTTWGS N INTEPQ TNG, €QUYE ATTO TN
Cwn atré Asuxaipia 10 1956 kail TaAI e€aITiog TNG
MaKkpoxpoviag EKBECAGS TNG OTN padIEvEPYEIQ.

Electric
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s

Fig. 3: Nuclear emission
Fig. 3: TTupnVikr) eKTTOUTIA

EtriAoyog

2UdTTEPOOUATIKA, N Mapia Kioupi kal n
Ipév ZoMb-Kioupi atroteAouv dU0 oTToudaioug
ETTIOTAUOVEG , OUVEICQEPOVTAG oTnv
EMOTAPN OXI HOVO MPE TO £PYO TOUG, OAAG Kal
TTPOCQEPOVTAG TN DUVAIKI YUVAIKEIQ TTApoUTia
oTov €TmOoTNHOVIKG Xwpo. Ta ocuutrepdopara
oTa otroia KatéAngav uttApéav onuavTika yia
TNV €EENIEN TWV ETMIOTNUWY TNG XNMEIAG Kal
TNG QUOIKAG, OKOMPN Kal TNG IATPIKAG, VW N
EPEUVNTIKA TOUG TIOPEia €ival €VOEIKTIKI TOU
ETTIOTNUOVIKOU TPOTIOU €PYOCiag Kal UTTOPEi
va atroTeAECEl TNy EUTTVEUONG YIA VEOTEPOUG
ETTIOTIJOVEG.




is indicative of the scientific way of working
and can be a source of inspiration for younger
scientists.
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COMPLETE THE SENTENCES AND
MATCH THEM WITH THE PICTURES

8Z i, & 1g hydrogen make 9g water. > .........

23g & 35,5g chlorine make 58,5g sodium chloride
i

It’s chemical symbol is C. T

It is used as fuel on space missions. >

The atomic numberof ................... is17. = ...

It is the most expensive metal in the world. >

This chemical element is made at the sun. >

It's chemical symbol is Sn. = .........
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PHOTOGRAMMETRY:

A PROMISING AND
PRESTIGIOUS PROFESSION
RELATED
T0 MODERN INFORMATION

TECHNOLOGY

QVEXCEL ULTRACAM X

Fig. 1 Digital photogrammetric camera and
her air-photo made of it
Fig 1: undposa doTorpameTpuyHa kamepa u
HanpaseHa OT Hed aepooToCHMMKA

Photogrammetry is the science built on
geometric relationships between objects in
space and their photographic images. It is a
measurement of the geometric properties of
the object by the use of photographs. The
word photogrammetry is composed of three
Greek words, namely “Focus”, meaning
“light”; “grams”™ “drawing” and “metro”
—“measurements”. “Focus (light); grams
(drawing); metro (measurements)”.

It can be traced back almost as far as
modern photography, dating to the mid-
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doTorpameTpusTa:
MHoOroooeujaBaLa v
NpecTuXHa
npodecus, cBbp3aHa
CbC CbBPEMEHHUTE
IT TexHONOrUN

doTorpamepusita € HayvyHa OMCUMNNHA,
n3rpageHa Bbpxy reoMeTpuyHUTE OTHOLLEHUSA
Mexay npegMeTuTe B MNPOCTPAHCTBOTO W
TexHUTe hboTorpaddCkm N300pakeHuns.

[ymaTta cotorpameTpusi e cbCTaBeHa oT
TPY CTaporpbLKA OyMU OYyMU:

POKyC — CBEeTMMHa, rpama — 4YepTex u
METpo — wuamMepBaHus. PpaHuysmHbT Eme
Jlocepa npe3 1859-1861 r. npbB n3paboTBa
nnaH oT oTorpadpCkm CHUMKM.

Mpe3 XX Bek hoTorpametpusita uma 6ypHo
passuTne. ToraBa ce cb3gaBaT TEXHUYECKU
cpegctBa M MeToAM  3a MornyyYyaBaHe Ha
Tonorpadckn opurmHanu 4pes obpaborBaHe
Ha doTorpadhcku n3obpaxxeHus. B
CbBPEMEHHUS  CBAT  MHOpMauuaTa U
Gaszata pgaHHM 3a MecTHocTTa (pened,
3eMHO MOKpPUTWE, MOCTPONKW, rPaHULN U
NHPPaCTPKTYpPHU 06eKTM) ca OCOBEHO LIEeHHM
1N NpuaobMBaHETO UM € CPaBHUTEMHO CKbMO.
[eopesnyecknte n3mMepBaHUs Ha TepeH ca
3aBUCUMM OT aTMocepHuTe ycrnoBus, OT
AOCTBMHOCTTA Ha TepeHa M BMAMMOCTTA Ha
3acHeMaHuTe obekTu. N Tyk nasat cnocobute
Ha doTorpameTpysita — OT CHUMKUTE [Aa
Cce u3BMneye MakcumanHa uHdgopmauusa B
KaHLlenapcku ycrnoBus M MO BCHAKO BpeEME.
doTorpameTpusaTa € NbpBUAT AUNCTAHUMOHEH
mMeTof 3a HabupaHe Ha reogesnyeckn SaHHW.
AepodOTOCHUMKUTE  (Bb3OYLUHU  CHUMKW)
ce nofy4aBaT 4pe3 pasfMyHM aHanoroBu
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19th century and in the simplest example, the
distance between two points that lie on a plane
parallel to the photographic image plane, can be
determined by measuring their distance on the
image, if the scale of the image is known. In the
twentieth century, photogrammetry has a rapid
development, technical means and methods for
obtaining topographic originals being created
by processing photographic images. The origin
of photogrammetry goes back as far as 1480
when Leonardo da Vinci developed the concept
of perspective and projective geometry. In
1840 the first use of photogrammetry was
reported by the French Geodeist Arago using
process called Daguerreotype. Nine years
later, Frenchman Laussedat who is known as
the “father of photogrammetry” was the first
person to use terrestrial photographs for the
topographic map compilation. Following these
discoveries, in 1859-1861 the Frenchman Aimé
Laussedat made the first plan of photographs.
Photogrammetry developed rapidly in the
twentieth century when methods and technical
means were created forprocessing photographs
and obtaining topographic originals. Nowadays
the information and database site (topography,
land cover, buildings, boundaries and
infrastructure sites) are especially valuable
and their acquisition is relatively expensive.
Geodesic measurements of the terrain are
dependent on weather, the availability of terrain
and visibility of the subject. And the techniques
of photogrammetry are used in this context -
photos to extract maximum information in
stationery conditions at any time.

Photogrammetry is the first remote method
used for collecting geodesic data. Aerial
photography is produced by a variety of analog
or digital photogrammetric cameras mounted
on board of airplanes, helicopters, drones.

Depending on the site of shooting, it may
be:

+ Earth photogrammetry - applied to
mountainous areas where large areas can be
photographed.

* Aerial Photogrammetry - ground is taken
from an airplane and it is used to create
plans and maps of any terrains. These two
photographs illustrate the capture of satellite
imagery, showing a digital photogrammetric
camera, which is mounted on the airplane and
made with aerial photographs. It is followed by
an image made with such a camera

These days more and more satellite

History of Science and Technology

unn  umdpoBn GoTorpaMeTpudHN  Kamepwu,
MOHTUpaHW Ha 6opaa Ha camoneTu, BEPTONETH,
0e3nNunoTHM NeTaTenHn anapartu.

B 3aBMCUMOCT OT MACTOTO Ha 3acHeMaHe TH
MoXe ga bbae:

* 3emHa doTorpameTpuss — npunara ce
32 MNaHWUHCKM pPanioHKU, KbOETO € Bb3MOXHO
3aCHEMaHeTO Ha OBLIMPHY TEPUTOPUN.

* Bwb3gywHa dotorpameTpusi — 3eMHaTta
NOBbPXHOCT Ce 3acHema OT camosieT U ce
N3Mnon3Ba 3a Cb3aBaHe Ha NnraHoBe U KapTu Ha
BCAKaKBM TepeHn. IHopMaLums 3a 3acCHeEMaHEeTo
Ha caTenuTHUTEe M300paxeHna gaBaTt Te3u OBa
CHYMKOBW MaTepuana, kKaTto nokassar gurntanHa
doTorpameTpuyHa kamepa, KOSAITO ce MOHTUpa
Ha camoreTa M C Hes ce NpaBsT aepOCHUMKN,
nocrnegBaHa oT wm3obpakeHue, HanpaBeHO C
TakaBa kamepa. Bce noBede Hanocnegbk ce
n3nons3ear M cartenuTHu usobpaxkeHus. Taka
OT catenuTta wu3obpaxeHusaTa ce npaBaAT OT
no-rofisiMa BMUCOYMHA W MOKPUBAT 3HAYUTENHM
nnowu,

Fig. 2 Images made by a satellite
Fig. 2: 3obpaxxeHuns, HanpaBeHu

ypes3 catesinTt
KOUTO CE M3non3eart 3a aHalnn3 Ha pa3nnyHn

reofesnyHu gaHHu. 3acHeMaHeTo ce U3BbpLUBa
Ha MBWLW C OnNpeaerieH NPoLeHT XOPU3oHTannHo
N BepTKarnHO 3acTblNBaHe, KOEeTO MO3BOMsiBa
cb3gaBaHe Ha 3D(cTepeockonuyeH) wmogen
Ha TepeHa. Ype3 TOBa 3acTbnBaHe ce YyraBs
MOBBbPXHOCTTA C XOPU3OHTANHN MU BepPTUKaNHU
NpUMNoOKpMBaLWlM Ce  CHMMKM,  Ccromaraiim
3a AEeTannmM3npaHoTo n3obpaxeHue.
CobBpemeHHaTa coTorpameTpuyHa obpaboTka
Ha CHMMKMTe ce Gasmpa Ha Obp3ogencrealum
KOMMOTPK C ronam obem Ha nameTTa, MOLLHO
copTyepHO obe3neyeHne n CTEPEOMOHUTOPU .
Te ce cbCTaBHUTE YaCTM HA AUTUTANHHU PabOTHK
CTaHuuu ¢ 6oraTn xapakTepucTuku. 3a HarnegHo
npeacraBaHe Ha npouecbT npu obpaboTka
criomara ctepeo — (potorpameTpmyHaTa cTaHuus




images are used. Thus, from the satellite,
the images are made from a higher altitude
and cover significant larger areas that are
used to analyze different geodetic datum.
The shooting of the photos is done in stripes
with a certain percentage of horizontal and
vertical overlap, which allows the creation
of 3D (stereoscopic) terrain model. Through
this overlapping, the surface is captured with
horizontal and vertical overlapping images
thus leading to significantly more detailed
images. Modern photogrammetric processing
of images is based on high-speed computers
with large memory capacity, powerful software
and security stereo monitors. They are
components of digital workstations with rich
features. For visualization of the process, the
stereo - photogrammetric station helps with
assisting the photogrammetric operator at the
workstation. Stereo (3D) glasses are used to
draw vector data with specific software.

When data is set in Geographic Information
System, it becomes a product with rich
functionality. When using it there are no
practical restrictions. This picture gives an
example of photogrammetric capture products,
based on the stereo model of the photos,
creating three-dimensional models of buildings
and the terrain.

Any analysis can be performed of the area
for:
creating and updating of GIS;
construction;
architecture;
for military purposes;
metrology;
oceanography;
geology;
agriculture;
forestry;
environmental monitoring;
management;
cartography;
disasters and others.

VVVVVVVVVYVVVYV

The implemented projects give a clear
picture of the promising photogrammetry
as laying the grounds for an attractive
profession related to modern IT technologies.
Photogrammetry and remote methods presents
a series of advantaged as they are:

> extremely interesting;

> high-technological;

c onepaTtop — (poTOrpameTpucT Ha HEroBOTO
paboTHO MscTo. M3nonssat ce ctepeo (3D)
oYMna 3a M34epTaBaHETO Ha BEKTOPHWU OAHHU
CcbC cneuyndunyeH codptyep. Korato gaHHUTE
ce HabGepart B [eorpadcka MHGOPMaLMOHHA
cucTema, TS ce npeBpblLUa B NPOAYKT ¢ boraTa
dyHKUMOHaANHOCT. [lpn  uM3nonseBaHeTo W
NPaKTUYECKN HAMA OrpaHUYEHNS.
Mprmep3anpoayKTMoTPoTOrpamMmeTpUYHOTO
3acHemMaHe daBa Tasum CHUMKa, KaTo Mnpu Hes
Ha 6asaTta Ha ctepeomMoferna OT CHUMKUTE ce
cb3gaBaT TPUM3MEPHU MOAENM Ha crpagu wm
TepeH. Morar ga ce M3NbNHABAT BCAKAKBU
aHanmM3m Ha MEeCTHOCTTa C Lien:
> (Cwb3gaBaHe 1 akTyanuaupaHe Ha [UC;
CTponTencrsoTo;
ApxuTekTypara;
3a BOEHHU LUenu;
MeTtpeonorusaTa;
OkeaHorpadusTa;
leonorusaTa;
CenckoTo CTONaHCTBO;
[lOpCKOTO CTOMaHCTBO;
ExonornyeH MoHUTOPUHT;
YnpasneHue;
KapTtorpadupaHe;
bencteusa u ap.

VVVVVVVYVVYVYVYV

Fig. 3: Capturing surface with
horizontal and vertical overlapping
photos
Fig. 3: 3acHemMaHe Ha NOBBLPXHOCTTA
C XOPU30HTAaSTHO U BEPTUKAITHO
3acTbnBaHe Ha CHUMKUTE

C uv3nNbfHeHWTe NPOEeKTM ce OaBa sAcHa
npeactaBa 3a  oTorpameTpusaTa  KaTto
MHorooGelllaBalla M NpecTuxkHa npodecus,
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> economical cheap;

> dynamic;

> versatile application;

and a great example of modern scientific
challenge.

Conclusion

Photogrammetry and remote sensing are
innovative, fast-growing and very interesting
sciences. At the same time, they are not widely
known to the public. That is why their quality and
effectiveness study has greatly contributed to both
their promotion and the formation of modern and
contemporary development of the field denoted
under the term “Geodesy” , alongside methodology
of teaching it. The study of photogrammetry and
remote sensing becomes on the one hand, very
interesting and useful, but on the other - equally
difficult. For this reason our paper intends to offer
an incentive to both supporters and teachers.
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CBbp3aHa CbC CbBpeMeHHuTe IT TexHonorunn.
doTorpameTpuaTa U AUCTaHLMOHHUTE METOOM
ca:
N3KMNIOYUTENHO MHTEPECHN;
BMCOKO TEXHOITOMNYHM;
NKOHOMWYECKN U3TOAHM
AVNHaMUYHO pa3BuBaLLM Ce;
C MHOrOCTpPaHHO NpuUroXxeHue
N YygeceH npumMep 3a CbBPEMEHHO HayyHO
npeavM3BUKaTencTBo.

V V.V VYV

3aknio4veHune

doTorpameTpusaTa n ANCTaHUMOHHUTE
MeToaM ca WHOBATMBHK, Obp3opasBuBalim ce
N U3KNIOYUTENTHO MHTEepEecHU Hayku. B cbloTo
BpEME Te He ca LWMPOKO W3BECTHM cpen
obuiecTBeHocCTTa. ETO 3aL10 TAXHOTO Ka4eCcTBEHO
N edeKkTMBHO M3yyaBaHe MMa ronsM MpPUHOC
KakTo 3a nonynapuanpaHeTo MM, Taka W 3a
hopMUpaHETO HA MOAEPHMSA M CbBPEMEHEH 00NNK
Ha cneumanHocT ,reofgesmsa“ n 3a ycnewuHarta Hu
npodecrnoHanHa peanusauus. M3yyaBaHeTo Ha
doTorpameTpuaTa M OUCTaHUMOHHUTE MEeToau
CTaBa, OT efHa CTpaHa, BCe MO-UHTEPECHO W
nonesHo, HO OT Apyra — Bce no-TpyaHo. MNMopaau
Tasu NpMyYnHa uckame aa gagemM CTUMyn KakTo Ha
CbMULLNEHNLMTE HW, TaKa M Ha Nnpenogasartenure.

Fig. 4: operator - a photogrammetrist
on her workplace,

Fig. 4: onepatop — poTorpameTpucT Ha
pabOTHOTO CK MSACTO
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