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Abstract:

Archaeological cultures of the Bronze Age, despite the widespread use of metal, also used stone
raw materials for the manufacture of tools, household, and sacred items. A lot of stone products had a
complicated shape and meticulous finishing, but the technology of their manufacture is still not always
clear. This fully applies to the materials of the Bronze Age of southern Turkmenistan where long-term
settlements of the proto-urban type are being studied. These include Gonur Depe (2500-1500 BCE) -
the administrative and religious centre of ancient Margiana (Sarianidi 2005). Among its materials are
stone miniature columns of “unknown” purpose in the shape of a chess rook, which are usually found
in sacral complexes. This paper deals with the technology of producing these objects (half of the
collection of intact items was investigated) and is part of a collective work on a comprehensive study
of large stone cult objects from Gonur Depe. The raw materials for studied miniature columns were
gypsum, limestone, marbled limestone, marbled onyx, onyx, talcochlorite, and polymictic breccia. For
the first time the authors made an attempt to consider the issues of miniature columns manufacturing
technology. Thanks to the use-wear study of their surfaces, it became possible to reveal numerous
technological traces invisible to the naked eye. The data obtained made it possible to characterize all
stages of the miniature columns manufacturing technology, which indicates a high level of
development of the stone-processing industry in the settlements of the Bronze Age of Turkmenistan.

Keywords: Turkmenistan; Bronze Age; stone processing production; stone miniature columns;
technical, morphological and use-wear analysis

1. Introduction

During the Bronze Age, in many cultures of Eurasia, stone continues to be widely used
for making various household and sacral items. However, the technology of their manufacture
remains insufficiently studied. This fully applies to the materials of the Bronze Age of
southern Turkmenistan, where long-term tell settlements of the proto-urban type have been
excavated. Among such sites is Gonur Depe (2500-1500 BCE) - a unique settlement with
numerous adobe residential buildings, a palace complex, complex defensive structures, and
various funerary implements (Sarianidi 2005; 2008; Zaitseva et al. 2008). Gonur's materials
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are represented by a rich ceramic complex, various finds made of bronze, gold, silver, as well
as variety of stone products. Some stone artifacts became the subjects of special papers
(Skakun 1972; 1977; 2003; Boroffka & Sava 1998: 29-39, fig. 11-21; Korobkova 2004),
others are only mentioned in generalizing publications (Schmidt 1937: 157, 172-175, 185,
200, 216-218; 218-223, 311, fig. 96-99, PI. XLI, XLIII, XLIV; Masson 1981: 54, 64, 65, 69,
fig. 22: 1; Pottier 1984: 16-48, 91, 98, 99, 141: fig. 7, 175: fig. 41, 187: Pl. V, 216: PI.
XXXV, 217: XXXV; Amiet 1986: 193-204, 285: fig.101, 102; 307: fig. 148.5, 311: fig. 157,
158; Jarrige 1988: 114-116, 126-127; Sarianidi 1990: 143-144; 2005: 271-275, fig. 123, 124;
Frankfor 1997: 63; Antonova 2001; Vinogradova 2004: fig. 10: 36; Abdullaev 2009: 81-97).

2. Materials and methods

The materials of Gonur Depe represent various categories of finds made of stone:
grinding stones, pestles, mortars, amulets, vessels, seals, jewellery, caskets, long rods -
“staffs”, discs, and miniature columns. Our research was devoted to the study of the
technology of making miniature columns, most of which were found in cult complexes
(mostly “in graves as well on the floor of temple premises” (Sarianidi 2005: 277)). From the
collection of intact miniature columns (75 items, one miniature column comes from lifting
material), we studied 33 objects, as well as 1 fragment out of 43 fragments available in the
museum collections. As analogies, materials from other sites of the Bronze Age of
Turkmenistan were investigated (Adjikui Depe (2 items), Altyn Depe (5 items) and Ulug
Depe (2 items)) (Figures 1 and 2).

Figure 1. Stone miniature columns from Gonur Depe, Adjikui Depe, and Ulug Depe, “staff”, disc, and metal
censer in the form of a miniature column from Gonur Depe (from the depositories of the National Museum of
Turkmenistan, Ashgabat).

Raw materials used were soft rocks: gypsum, limestone, marbled limestone, marbled
onyx, onyx, talcochlorite, and polymictic breccia (Figure 3).
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Figure 2. Map of the Bronze Age sites on the territory of Turkmenistan, the materials of which are used in the
article. Scale bar is 200 km long, separated into five 50 km segments.
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Figure 3. Types of raw materials from which studied miniature columns from Gonur Depe are made.
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This part of the collection was studied using technological-morphological, use-wear, and
mineralogical analyses. The use-wear analysis of the technology of their manufacture was
carried out using an MBS-2 binocular stereomicroscope, with a magnification of up to 98x.
Photo capture was carried out with a Canon EOS 400D digital camera with a Canon EF 24-
105 mm and 50 mm f / 2.5 Compact Macro lens on a turntable, which made it possible to
create 3D models to characterize the shape of each object (Figure 4).

Figure 4. The principle of photofixation of a miniature column. Adjikui Depe (from the depositories of the
National Museum of Turkmenistan, Ashgabat). Scale bar is 10 cm long, separated into three 1 cm segments.

Mineralogical analysis was carried out by V.A. Agakhanova, a researcher of the All-
Russian Research Institute of Oil Geology (Moscow, Russia).

3. Results
3.1. Technical and morphological analysis

In modern literature, despite the uniqueness of stone miniature columns, there is no
uniformity in their description, which makes it difficult to conduct an objective comparative
analysis of finds from different archaeological sites. In this regard, a detailed technical and
morphological description of products from Gonur Depe was carried out. The standard list
took into account the shape, proportions (the ratio of the miniature column height to the base
diameters), the location of the grooves (on the bases, along the side), the design of the top
base, as well as weight. The side shapes of the studied miniature columns, similar to a chess
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rook, have various modifications (Figure 5). Their height varies from 15.5 to 38.0 cm, and the
weight varies from 1.46 to 14.90 kg (Figures 6 and 7).

Figure 5. The main types of miniature columns from Gonur Depe (a, d. from the depositories of the National
Museum of Turkmenistan, Ashgabat; b, c. from the depositories of the Local history museum of Mary province,
Mary): a. truncated-conical with a hat; b. cylindrical; c. biconical with a hat; d. biconical; e. biconical slightly
profiled. Scale bar is 10 cm long, separated into 1 cm segments.
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Figure 6. The height of the studied miniature columns from Gonur Depe (all together with one fragment of a
miniature column (Figure 22)).

The bases are flat, less often slightly convex; the diameter of the top base is usually less
than the bottom one.
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Figure 7. The weight of the studied miniature columns from Gonur Depe.

One of the significant details of most miniature columns is the presence of grooves made
along the diameter of the top (7 to 14 cm long) and bottom bases (8 to 18 cm long) in the
same direction (Figure 8). According to the profile type, the grooves are divided into:
rectangular (Figure 8a-d) and arched (Figure 8e-f). In turn, among them, according to the
shape of the ends of the grooves, subtypes can be distinguished: with a rectangular profile and
identical ends (Figure 8a-b); with a rectangular profile and a deep trapezoidal expansion at
one end (Figure 8c-d); with an arched profile and a deep trapezoidal flare at one end (Figure
8e-f). The shape of the ends of the grooves on the top and bottom bases is the same (Figures
9, 12a and ¢, 15a and c, 16a and c, 18a and c, 21c and f, 22a and c).

An exception is the option when the grooves of the top and bottom bases are made
partially from one side; while we are talking about a finished product (Figure 9).

Sometimes the grooves from the bases pass to the side and connect to each other. By
size, they can be divided into narrow and wide, by profile - into rectangular and arched
(Figure 10).

Only one item has a convex stripe on the side instead of deep grooves, which connects
the grooves on the bases (Figure 11).

A variant of the location of the above-described grooves are grooves that partially
descend onto the side from the top and bottom bases (Figure 12).
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Figure 8. The main types of grooves on the top and bottom bases of miniature columns from Gonur Depe: a, b.
with a rectangular profile and identical ends; c, d. with a rectangular profile and a deep trapezoidal extension at
one end; e, f. with an arched profile and a deep trapezoidal extension at one end. Scale bar is 3 cm long,

separated into three 1 cm segments.
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b
Figure 9. Bases of a miniature column from Gonur Depe: a. top base; b. bottom base. Scale bar is 3 cm long,
separated into three 1 cm segments.

Figure 10. Types of grooves on the side of miniature columns from Gonur Depe (a, b. from the depositories of
the National Museum of Turkmenistan, Ashgabat; c. from the depositories of the Local history museum of Mary
province, Turkmenistan): a. narrow groove with a rectangular profile; b. narrow groove with an arched profile, c.
wide groove with an arched profile. Scale bar is 3 cm long, separated into three 1 cm segments.
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Figure 11. Miniature column from Gonur Depe with convex stripes instead of grooves on the side (from the
depositories of the National Museum of Turkmenistan, Ashgabat). Scale bar is 3 cm long, separated into three 1
cm segments. Scale bar is 3 cm long, separated into three 1 cm segments.

The technical and morphological analysis showed the absence of a strict correlation
between the variability of the miniature column sizes, the location of the grooves, and
different shapes of the objects. It should be emphasized that a wide groove or strip is present
along the side in all cases only on one side. On the truncated-conical miniature columns with
a hat, there are no grooves along the side.

Analogies to the studied artifacts in shape, size, and additional details were found in
materials from other simultaneous sites of Turkmenistan: Altyn Depe (Figure 13) (Alekshin
1979: fig. 27; Masson 1981: 54, 64, 65, 69, fig. 22: 1), Ulug Depe, and Adjikui Depe (Figure
14); single items were found in Tajikistan: Tandyryoll (Vinogradova 2004: 132, fig. 10: 36);
Iran: Gissar Tepe and other sites from different regions of the country and adjacent territories
(Schmidt 1937: 157, 172-175, 185, 200, 216-218, 219-223, 311, fig. 96-99, PI. XLI, XLIII,
XLIV; Amiet 1986: 193-204, 285: fig. 101, 102; 307: fig. 148: 5, 311: fig. 157, 158); from
destroyed sites of the Bronze Age of Northern Afghanistan (Pottier 1984: 16-48, 91, 98, 99,
141: fig. 7, 175: fig. 41, 187: Pl. V, 216: Pl. XXXIV, 217: XXXV); in Pakistan: Quetta
(Jarrige 1988: 114-116).
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Figure 12. A variant of the arrangement of the grooves on the side of miniature columns from Gonur Depe (from
the depositories of the National Museum of Turkmenistan, Ashgabat): a-c. narrow groove with a rectangular
profile; d. wide groove with a rectangular profile. Scale bar is 3 cm long, separated into three 1 cm segments.
Scale bar is 3 cm long, separated into three 1 cm segments.
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Figure 13. Various types of miniature columns from Altyn Depe: a, b. truncated-conical with mushroom-shape
top base; c. cylindrical; d, e. biconical (photo from the scientific archive of the Institute for the History of
Material Culture, Russian Academy of Sciences (RAS) | 117934, 1 117939, | 117937, 1 117932, 1 117938) (d.
miniature column reused). Scale bar is 10 cm long, separated into 1 cm segments.

Figure 14. Various types of miniature columns from Ulug Depe (a, b) and Adjikui Depe (c) (from the

depositories of the National Museum of Turkmenistan, Ashgabat): a, c. truncated-conical; b. biconical. Scale bar
is 10 cm long, separated into 1 cm segments.

3.2. Use-wear analysis

The use-wear analysis revealed numerous technological traces of the miniature column
manufacturing process, invisible to the naked eye. Several unfinished items were found in the
collection: one of the miniature columns was half polished, the other half remained only
rubbed, which made it possible to find out the sequence of operations for their manufacture
(Figures 15 and 16). At the first stage, specially selected large pieces of stone were processed
by percussion (Figure 15a and f), which gave the miniature column the required dimensions
and configuration. Then, using pecking (Figure 15d), the excess material was removed, and

Journal of Lithic Studies (2021) vol. 8, nr. 2, 26 p. DOI: https://doi.org/10.2218/jls.4490


https://doi.org/10.2218/jls.4490

12 N.N. Skakun & V.V. Terekhina

this operation was done with great skill: blows with a sharp tool were applied evenly over the
entire surface of the miniature column, which made it possible to form the desired shape.

Figure 15. A miniature column from Gonur Depe with traces of primary and secondary processing (from the
depositories of the National Museum of Turkmenistan, Ashgabat): a. top base with traces of percussion and
pecking; b, e. side; c. bottom base with traces of polishing; d. traces of pecking; f. groove sawing traces. Scale
bar for a a, d and f is 3 cm long, and for b, c, and e, is 10 cm long, both separated into 1 cm segments.
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After that, the surface was ground with coarse and fine abrasives (Figure 161). The final
treatment was polishing (Figure 16m). Traces left by this procedure on finished products
covered the traces of previous operations and made the entire surface of the product shine.

k
Figure 16. A miniature column from Gonur Depe with traces of secondary processing (from the depositories of
the National Museum of Turkmenistan, Ashgabat): a. top base with traces of percussion; b, e, g. side; c. bottom
base with traces of pecking in the groove; d, f. traces of pecking; k. traces of grinding; I. ground side; m.
polished side. Scale bar is 3 cm long, separated into three 1 cm segments.
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Well-preserved traces of processing indicate that the grinding and polishing of the
miniature columns was carried out along their long axis (Figure 17).

o .
Figure 17. Abrasive traces along the side of a miniature column from Gonur Depe (from the depositories of the
Local history museum of Mary province, Turkmenistan). Scale bar is 3 cm long, separated into three 1 cm
segments.
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It is worth noting that if it was necessary to make thinning under the top base - the "hat" -
to create biconical with a hat (Figure 5c) and truncated-conical with a hat (Figures 5a and 18)
miniature columns, the surface was processed in a circle (Figure 18e).

Figure 18. Truncated-conical miniature column with a hat with circular traces of processing (from the
depositories of the National Museum of Turkmenistan, Ashgabat): a. top base; b, f. side; c. bottom base; d. traces
of sawing the groove; e. traces of grinding; g, h. trace from the marking tool. Scale bar is 10 cm long, separated
into 1 cm segments, except for h, which is 3 cm long, separated into 1 cm segments.
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Particular attention is drawn to the methods of obtaining the above-described grooves
having a rectangular or arched profile (Figure 19).

™ ¢

Figure 19. Types of groove profiles on the base of miniature columns from Gonur Depe: a, b. rectangular, c.
arched. Scale bar is 3 cm long, separated into three 1 cm segments.
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At first, their contours, as the remnants of the marking lines show, were scratched with a
sharp, thin blade; the contours were cut out (Figure 20a-c), and the grooves up to 0.8 cm deep
were made using pecking (Figures 8c, 16d-f, 20d, 21j-k), then the grooves were ground and
polished (Figures 15c¢ and 20e).

d

e ™ s

Figure 20. The main technological methods of manufacturing grooves on miniature columns: a. marking the
groove by scratching; b. marking the groove by cutting; c. marking the groove by sawing; d. traces of pecking; e.
sawing marks. Scale bar is 3 cm long, separated into three 1 cm segments.

Specific traces of cutting on the straight lateral sides of the grooves (Figure 8d, 15f, 16d,
20e, 21d, e, g, and h, 22a and c, 23b and c).
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|
Figure 21. The main technological methods of manufacturing grooves on a miniature column from Gonur Depe
(from the depositories of the Art Museum, Ashgabat): a, b. side; c. top base; f. bottom base; e, h, g, j, k. sawing
and pecking marks; |. traces of a copper grain. Scale bar is 3 cm long, separated into three 1 cm segments.

It is interesting to note that instead of grooves, on the sides of the two miniature columns,
narrow stripes were found connecting the ends of the top and bottom grooves, formed by
friction against soft material (Figures 12, 21a and b, 22b).

Similar stripes connecting the ends of the top and bottom grooves and formed by friction
against soft material were found on stone discs from Gonur Depe (Figure 23b).
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Figure 22. Deliberately broken miniature column from Gonur Depe with narrow stripe connecting the ends of the
top and bottom grooves (from the depositories of the National Museum of Turkmenistan, Ashgabat): a. top base
with traces of intentional blows; b. side with traces of polishing with a soft material; c. bottom base; d. broken
side of the column. Scale bar is 3 cm long, separated into three 1 cm segments.
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="
Figure 23. Stone disc from Gonur Depe (from the depositories of the National Museum of Turkmenistan,
Ashgabat): a. photograph of a frontal view of a stone disc with symmetrical grooves at the edges of the circle,
connected by a strip made by polishing; organic residues were found on the strip; b. traces of cutting the groove
and decayed organic matter in it; c. lateral side of a stone disc with a cut groove, the surface of which has traces
of processing by grinding and polishing. Scale bar is 3 cm long, separated into three 1 cm segments.
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4. Discussion and conclusion

Comparison of miniature columns from Gonur Depe and other Bronze Age sites of
Turkmenistan with similar artifacts from adjacent territories, described in archaeological
literature, shows that the same types of minerals served as raw materials for them: gypsum,
limestone, marbled limestone, marbled onyx, onyx, talcochlorite, and polymictic breccia. The
identification of places of manufacture of these products and sources of raw materials require
special research. It should be noted that there are no stocks of raw materials and production
waste at Gonur Depe, which would otherwise indicate the existence of stone processing
workshops in the settlement. The main forms of miniature columns, such as truncated-conical
with a hat and biconical with a hat, biconical, cylindrical, as well as biconical slightly
profiled, find complete analogies in the Turkmen sites: Altyn Depe (Figure 13) (Alekshin
1979: fig. 27; Masson 1981: 54, 64, 65, 69, fig. 22: 1), Ulug Depe and Adjikui Depe (Figure
14), Togolok 1 and 24; the Tajikistan site: Tandyryoll (Vinogradova 2004: 132, fig. 10: 36);
the Iranian site: Gissar Tepe and other sites from different regions of the country and adjacent
territories (Schmidt 1937: 157, 172-175, 185, 200, 216-218, 219-223, 311, fig. 96-99, PI. XL,
XL, XLIV; Amiet 1986: 193-204, 285: fig. 101, 102; 307: fig. 148: 5, 311: fig. 157, 158);
destroyed sites of the Bronze Age of Northern Afghanistan (Pottier 1984: 16-48, 91, 98, 99,
141: fig. 7, 175: fig. 41, 187: P1. V, 216: Pl. XXXIV, 217: XXXV); the Pakistani site: Quetta
(Jarrige 1988: 114-116).

Many details of the manufacture of the miniature columns were revealed only after
studying their surface with a binocular stereomicroscope. These are areas with traces of
pecking, traces of marking grooves, narrow scratches formed as a result of grinding.

It should be noted that the horizontal position of many miniature columns is stable, since
there are flat areas on the circumferences of their bases, straightened by the ends of the side
slots (Figure 24).

b

Figure 24. Horizontal position of truncated-conical miniature columns with a hat from Gonur Depe (from the
depositories of the National Museum of Turkmenistan, Ashgabat). Scale bar is 3 cm long, separated into three 1
cm segments.

A miniature column, deliberately broken in Antiquity along the long axis of the side, was
also discovered in the collection. This is evidenced by well-distinguishable traces of blows
with a sharp object (Figure 22a). Currently, despite the existence of many hypotheses, the
functionality of the miniature columns remains a matter of contention. The finds of these
items in burials and places of ritual significance are indisputable evidence of their votive
character. It is interesting to note that in one of the burials, together with stone columns, a
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metal censer was found, similar to them in shape (Figure 2) (Sarianidi 2005: 212, fig. 74;
2008: 182, fig. 90).

Of particular interest is the presence of grooves on the bases and sides of the miniature
columns. Some authors consider them as channels through which ritual fluid flowed
(Antonova 2001: 86; Sarianidi 1992: 87). Interpretation of the purpose of the columns, like
many other ritual objects, is usually difficult, due to the specifics of their use, which often
leaves no fixed traces. In the future, after studying the entire collection of stone columns of
Gonur Depe, it is planned to conduct experiments that clarify the manufacturing technology
of these products, and also experimentally test the existing hypotheses of their functional
purpose.

The study of Gonur Depe miniature columns allows us to speak of a well-developed
technology for their manufacture, which included the selection of stone raw materials, the
high quality of its processing, which made it possible to obtain products of excellent shape,
many of which look like works of art. This testifies to the high level of stone-working
production of the Bronze Age.
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TexHo0rMs1 U3roTOBJACHUS KAMEHHBIX MUHUATIOPHBIX
KOJIOHOK M3 MAMSATHUKA 310X O0poH3bI ['onyp-aeme
(rvoxHbIl TYPKMEHHCTAH)

Haranus H. Ckakyn, Bepa B. Tepexuna

WHcrutyt ucropun marepuaibHoii KyasTypsl PAH. 191186 JIBopuoBas Ha6., 18, Cankr-IletepOypr, Poccust. -
Onektponnas nouta: CkakyH: skakunnatalia@yandex.ru; Tepexuna: terehinavera@mail.ru

Pe3rome:

B osmoxy OpoH3sl BO MHOruX KyjiabTypax EBpa3un KaMmeHb MpOJOIDKAET IIUPOKO
MCIIOJIb30BAThCS JUISI H3TOTOBJICHUS PA3IUYHBIX OBITOBBIX U CaKpadbHBIX peaMeToB. OqHaKo
TEXHOJIOTHSI MX W3TOTOBIICHHSI OCTAETCS HEAOCTAaTOYHO M3YYEHHOW. DTO B IOJIHOM Mepe
OTHOCHUTCSl K MaTepuajaM d3MO0XH OpOH3BI IOKHOW yacTh TypKMEHHCTaHa, TJe PacKOIMaHbI
MHOTOCJIOMHBIE TOCeIeHUsT poToropoackoro tuma. Cpenu Hux ['onyp-meme (2500-1500 rr.
M0 H.D.) - YHUKAIBHBIM MAMSATHHK C MHOTOYHCIEHHBIMH TJIMHOOWTHBIMHU SKHJIBIMU
MOCTPOMKaMH, JBOPLIOBBIM KOMIUIEKCOM, CIIO)KHBIMH OOOPOHUTEIBHBIMU COOPYKEHHUSIMH, a
TaKkKe PA3IUYHBIMA  TOTPEOATBbHBIMH ~ KOMIUIEKCAMH, TPEACTABICHHBIMH  OOTaThIM
KepaMUUYECKHUM MaTepHaioM, Pa3HOOOpa3HBIMH HAaXOJKaMH M3 OpOH3BI, 30JI0Ta, cepedpa u
U3JICNHSIMA W3 KaMHS: TOYMJIbHBIC KAMHH, MECTUKH, CTYMKH, aMyJIEThl, COCYIbI, MEYaTH,
YKpalleHus, IKaTYJIKH, JIMHHBIE CTEPKHU-«I0COXH), TUCKHU, MUHUATIOPHbIE KOJIOHKH.

Hamm uccnenoBanus MOCBSIICHB H3yUYEHUIO TEXHOJIOTUN M3TOTOBJICHUS MUHHATIOPHBIX
KOJIOHOK, OOJBIMMHCTBO M3 KOTOPHIX OBLIM OOHApY>KEHBI B KYJbTOBBIX KOMIUICKCax (B
OCHOBHOM B TIOTPEOEHUSX, & TAKKE B MPECTHKHBIX MOMEIIEHUsX ). ChIpbeM ISl HUX CITYKUITU
MSITKME TOpPHBIE TOPOJbI: THUIIC, W3BECTHSK, MPAMOPHBIH H3BECTHSK, MPAMOPHBIH OHUKC,
OHHKC, TAIKOXJIOPUT U TIOJTMMUKTOBAsI OpeKurs. JTa 9acTh KOJUICKIIUU U3yUeHa C TIOMOIIBIO
TEXHUKO-MOP(]OIOrHIeCKOro, TpacoJIOrnYeCKOro 1 MUHEPAIOTHYECKOT0 aHaIN30B.

B coBpemeHHO# nuTeparype, HECMOTPSI Ha YHHKAIBHOCTh KaMEHHBIX MHHHATIOPHBIX
KOJIOHOK, OTCYTCTBYET €IWHOOOpa3he HX OINHCaHUs, YTO 3aTPyAHSET IpOBEIECHUE
00BEKTUBHOTO CPABHUTEIHLHOTO aHAIIM3a HAXOMIOK U3 PA3HBIX apXEOJOTHIECKUX MaMATHUKOB.
B cBs3u ¢ 3TEM OBUTO MPOBEACHO MOAPOOHOE TEXHHYECKO-MOP(OIOTHIECKOE OIMCAaHUE
w3nenuii U3 [onyp-gene. CraHmapTHas XapaKTepUCTHUKA YYHUTHIBATA (OpMY, TPOMOPIUU
(OTHOIIEHUE BBICOTHI MHUHHUATIOPHON KOJIOHKH K AWaMeTpaMm 0a3), pacroioKeHHE >KeI000B
(Ha 0a3ax, BIOJIb OOKOBOW MOBEpPXHOCTH), (hopMy BepxHeil 0a3pl, a Takke Bec. POpPMBI
UCCJIETyeMbIX MUHHUATIOPHBIX KOJIOHOK, MOX0XKUX Ha MIAXMaTHYIO JIaJbl0, UMEIOT Pa3InYHbIe
moaudukanuu. Mx Beicota Bapsupyercs oT 15,5 no 38,0 cm, a Bec - oT 1,46 mo 14,90 kr.
ba3bl miockue, pexxe ciaOOBBITYKIIbIE; TUaMETp BepXHel 0a3bl OOBIYHO MEHbINIE HHKHETO.
OnHOM 13 CYIIECTBEHHBIX JIeTalel OONBITMHCTBA MUHHATIOPHBIX KOJOHOK SIBIISIETCS HATMYUE
JKe1000B, BBITIOTHEHHBIX M0 JUAMETPy BepxHel (mmHou or 7 mo 14 cMm) W HIKHEH 0a3
(mmmnHoit ot 8 10 18 cm) B onHOM HampasneHud. [1o Tumy npoguis xenoda pazaensioTcs Ha
NpsIMOYTOJIbHBIE M apouHble. B cBoIo ouepenb, cpen HUX 1o popMe KOHIIOB KEI0O0B MOXKHO
BBIICTIUTh TOJATHUIIBI: C TPSIMOYTOJBHBIM MpOQHUIEeM H OJWHAKOBBIMH KOHIIAMH; C
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IPSIMOYTOJIBHBIM TpoduiieM U YriayOJeHHBIM TpaneluueBUIHbIM PACIIUPEHUEM Ha OJIHOM
KOHIIE; C apOuYHBIM NpopMIeM U YIIyOJIEHHBIM TpamelHeBUIHBIM PAacTpyOOM Ha OJHOM
KoHIre. @opma KOHIIOB ’keJ1000B Ha BEpXHEH U HIHKHEH 06a3ax 0JuHaKOBa.

HckmroueHneM SBISIETCS BapHaHT, KOT/IAa jKenoba BepxHeW M HUKHEH 0a3 BBIOJIHEHBI
YaCTUYHO C OJIHOM CTOPOHBI (IIPU ITOM U3JIEIHE MOJHOCTHIO 3aKOHYEHO).

Nuorna xenoba oT 6a3 crmyckaroTcs Ha OOKOBBIE TTOBEPXHOCTH U COCIUHSIOTCS JPYT C
apyrom. [lo pasMepy MX MOXHO pa3fenuTh Ha Y3KHE W IIUPOKHE, MO MNpoduiIo - Ha
IPSMOYTOJIbHBIE U apOYHbIE.

Tonbko y OIHON KOJIOHKM Ha OOKOBOW MOBEPXHOCTH BMECTO YIUIYOJICHHBIX >XKeI000B
UMEEeTCs BBITYKJIAs T0JI0ca, KOTOpasi COSIUHSIET KOHIIBI JKeI000B 00enx 0as.

BapuantoM pacnosnoeHusi BbIIIEONHCAHHBIX >KEI000B SIBISIOTCS jkeno0a, 4acTUYHO
CITyCKaloIIHecss Ha OOKOBYIO MIOBEPXHOCTh OT BEpXHEH M HUKHEH 0a3.

Texauko-Mop(}oIOTHYECKUd aHAIM3 CBHJAETEIBCTBYET 00 OTCYTCTBHHM CTPOTOM
KOPPENSUA MEXIY M3MEHYMBOCTHIO Pa3MEpOB MUHHATIOPHBIX KOJIOHOK, PACIOJIOKCHHEM
Keno00B W paznmuuHoi dopmoii mpeaMeroB. CliemyeT MOMYEepPKHYTh, YTO IIUPOKUN KEI00
WIN TI0JI0Ca BJOJb OOKOBOW MOBEPXHOCTH BO BCEX CIy4asX MPHCYTCTBYET TOJIKO C OJIHOU
cTopoHbl. Ha yceuyeHHO-KOHMYECKMX MHUHHUATIOPHBIX KOJIOHKAaX €O MUINKOM >kemoba Ha
OOKOBOI OBEPXHOCTH OTCYTCTBYIOT.

DKCrepuMEHTAIbHO-TPACOIOTUYECKHUI aHaIu3 BBISIBUJT MHOTOUYHCJICHHbIE
TEXHOJIOTUYECKUE CIJIEABl MpoIlecca HM3TOTOBICHHUS MUHHUATIOPHBIX KOJOHOK, HEBUIMMBIC
HEBOOPYXEHHBIM I1a3oM. Ha mepBoMm 3Tare crenuaibHO 0TOOpaHHBIE KPYITHbIE KYCKA KaMHS
00pabaTbIBAIMCh METOAOM YAApHOH TEXHUKH, YTO NPUIABAIO0 H3ACIHI0 HEOO0XOAUMBIE
pa3Mepsl U KOHQUrypanuioo. 3aTeM C MOMOIIBI0 NMUKeTaka yAajsuics JUIIHUNA MaTepua,
OpuyeM JTa oOmepanus IPOU3BOAMIACH C OOJNBLIIMM MAacTEPCTBOM: yIaphl OCTPBIM
UHCTPYMEHTOM HAaHOCHUJIUCh PABHOMEPHO IO BCEil MOBEPXHOCTH MUHHUATIOPHOMN KOJIOHKHU, YTO
MO3BOJISUIO TIPUJIATh €l HYKHYIO pOopMYy.

ITocne »storo moBepxHOCTh MNUIM(OBAIACH TPYOBIMH ¥ MEJIKAMU a0Opa3uBamH.
3aBepIaromyM 3TaroM 00paOOTKH SBISUIACH MOJHUPOBKA. XOPOIIO COXPAHHMBILUECS CIEIbI
CBUJCTENBCTBYIOT O TOM, 4YTO UUIM(OBKA U TMOJMPOBKA MHHHATIOPHBIX KOJOHOK
IPOM3BOJIMIIACH BJIOJIb UX JJIMHHOM OCH.

Oco6oe BHMMaHUE ObUIO 0OpaIeHO Ha CITOCOOBI MOTYYEHUS BBIIICOMTMCAHHBIX JKETT000B,
UMEIOIIUX NMPSMOYTOJIBHBINA WM apouHblil podmin. CHavaga UX KOHTYPBI, KaK MOKa3bIBAIOT
OCTaTKM pPa3METOYHBIX JIMHHM, MpOoIapanblBaIUCh OCTPbIM TOHKUM Je3BueM. JKemoOa
rnyouHor no 0,8 cM BBHIOMpaJMCh € TIOMOLIBIO THKETaXxa, 3aTeM UUIH(POBAIHCH U
MOJINPOBAIIUCH.

HHTepecHO OTMETUTh, YTO MO OOKaM JABYX MHHHATIOPHBIX KOJIOHOK BMECTO >KeJI000B
ObuUTH OOHAPYKEHBI Y3KHE MPOJIOIIEHHBIE TI0JI0CHI, COSIMHUBIINE KOHIIBI KeI000B BEpXHEH U
HKHeH 0a3. [TogoOHbIe oOCk! OBUTH OOHAPYKEHBI TaK)Ke Ha KAMEHHBIX JUCKax u3 [ oHyp-
Jierie.

Taxum oOpa3om, U3yueHre MUHHATIOPHBIX KOJIOHOK U3 ['OHyp-zemne mo3BoiIsieT rOBOPUTh
0 Xopouio oTpa0OTaHHON TEXHOJOTMM HX W3TOTOBIIEHHUS, KOTOpas BKJIIOYala MHOoa00p
KaMEHHOTO ChIpbs, BHICOKOE KayecTBO €ro oOpabOTKH, YTO /JaBaji0 BO3MOXKHOCTH IMOJIy4aTh
U3/IeNUs IPaBUIILHON ()OPMBI, MHOTHE M3 KOTOPBIX BBINVIAIAT KaK MPOU3BEACHUS HCKYCCTBA.
DTO CBUJIETENIBCTBYET O BBICOKOM YpPOBHE KaMHEOOpaOaThIBAIOIIErO MPOM3BOACTBA AMOXU
OpoH3bI 10)kHOM yacTu TypkMeHucTaHa.

KaroueBble ciaoBa: TypkmeHuctaHn; OpOH30BBI Bek; KaMHeoOpabaThIBarollee MPOU3BOJICTBO;
KaMEHHbIC MHWHHATIOPHBIC KOJOHKH; TEXHUKO-MOP(OIOTHYECKUH U IKCIIEPUMEHTAIBHO-
TPACOJOTHUCCKHUI aHATTH3bI
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