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Abstract. This article reveals the problems of the dustiness of Samarkand, and the need to take into account local
climatic features in urban planning. It shows the factors of dust formation and the features of the relief of the city. In or-
der to study the dustiness of Samarkand, theoretical and field observations were carried out on the coastal territories of
the Zerfshan River. The results demonstrate that the dustiness in residential buildings located on the coast depends on
its density and the nature of the relief. The current domestic regulatory materials are of little use for assessing the dusti-
ness of atmospheric air for the conditions of Samarkand. As the aerodynamic modeling shows, the conditions of dust

dispersion can vary significantly within Samarkand.
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NMPOBJIEMbI 3AMNbUJIEHHOCTUA ATMOC®EPHOIO BO3AYXA CAMAPKAHOA

U.C. LLykypoe®, shukurov2007 @yandex.ru

J1.N. LUyKypoeaz, lolashukurova@yandex.ru

! CamapkaHOckuli 20cydapcmeeHHbiIl apXumeKmypHO-CMpoumerbHbIl yHuUgepcumenm,
CamapkaHd, Y3bekucmaH

2 TawkeHmcKull apxumekmypHo-cmpoumenbHbIl yHusepcumem, TawkeHm, Y36ekucmar

Annomayusn. B naHHO# cTaThe pacKphIBAIOTCS MpoOseMbl 3ambuicHHOCTH CamapkaHia, HeOOXOIUMOCTH yueTa
MECTHBIX MPUPOIHO-KIMMAaTHIECKHX 0COOCHHOCTEH B rpasocTpouTtesseTe. [lokaspiBatoTes GpakTopbl GOpMUPOBAHUS
3aNBUICHHOCTH M 0COOEHHOCTH pelnbeda roposa. B craTbe ykassiBaercs, 4To IS n3y4eHus 3anbuieHHocTH CaMapkaHaa
OBLTH TPOBEAEHBI TEOPETHYECKHE U HATYpPHBIE HAOMIOIEHHS Ha MPUOPEKHBIX TEPPUTOPHAX PEKH 3apadIuan, pe3yabTa-
TBI KOTOPBIX IMTOKa3bIBAIOT, YTO 3albUICHHOCTb B JKHJIOW 3aCTpPOMKe, PAcHOJIOKCHHOH Ha mobepexbe, 3aBUCHT OT ee
IUIOTHOCTH M Xapakrtepa penbeda. ITonydeHHbIe pe3yabTaThl CBUIETEILCTBYIOT O TOM, YTO ACHCTBYIOIIHE OTEUYECTBEH-
HbIe HOPMATHBHbBIE MaTepHalbl MaJOIPHUIOIHbI /Ul OLICHKH 3albUICHHOCTH aTMOCchepHOro Bo3ayxa s ycnoBuil Ca-
Mapkanza. Kak mokaspiBaeT adpoIHaMHUYECcKoe MOJEIUpOBanue, B npenenaax CamapkaHaa yCIOBHUS PACCEsHUS 3allbl-

JICHHOCTH MOT'YT 3HAaYUTEJIbHO pa3InvaTbhCs.

Kniouegvie cnoea: Betep, MOEINPOBaHUE, TPAJOCTPOUTEIBCTBO, 3aMBIIIEHHOCTD, XKUJIas 3acTpoiika, MpuOpexHas

nosnoca, Camapkana, HaTypHbIe HaOMI0JeHUS
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Introduction. Samarkand is located on the left
bank of the Zeravshan River, in the south-west the flat
relief passes into the Chupan-ata Upland. The climate
in the city is subtropical, with mild winters and very
hot summers. Summer (the period with daily
temperatures above +20 °C and average daily
temperatures above +15 °C) lasts from the 2nd decade
of April to the 2nd decade of October. In June and
July, daytime temperatures usually exceed the 40-
degree mark (on average, 20-40 days per summer
season).

As Samarkand is 700 meters above sea level, it is
a bit cooler than other cities in the country.

The territory of the city and neighbourhood of
Samarkand in physical and geographical terms does
not appear to be unified and whole, but is located at
the junction of three landscapes, which divide the city
and neighbourhood into three sharply distinguishable
parts [1]:

1. Sloping foothill-plain proluvial landscape.

2. A hilly-ridgy Palaeozoic landscape.

3. Terraced alluvial-plain landscape.

1. Foothill Plain Landscape. The main part of
the city and the southern suburbs of Samarkand are
located on a vast proluvial plain, adjacent to the south
and north sloping foothill plains of the Karatepin
Mountains. Absolute altitudes of the plains vary from
760-790 m in the south-east to 670 m in the north-
west. Genetically, the landscape is a foothill trough
filled with a thick thickness of predominantly clay-
sand sediments of the Neogene age. The geological
structure of the landscape is characterised by the de-
velopment of a thick thickness (from 20 to 120 m) of
Quaternary sediments, represented mainly by proluvi-
al loess-like loams of light grey colour, in their lower
part interlaced with sandy loam and gravel deposits,
represented by an uneven eroded surface of reddish-
brown Tertiary clays.

The landscape has a general slope, directed to the
north and north-west, and is a slightly undulating
plain, cut by many canals and ditches. The ancient
canals and aryks (Dargom, Shaudar, Siob, etc.) cut
deeply into loess-like loams, formed their own valleys
with terraces and acquired the appearance of natural
rivers. The aryks branching from them by deep ravines
cut the city in meridional direction and make it
extremely uneven.

On the territory of Samarkand and its suburbs ra-
vines are quite strongly developed, which accommo-
date compact development, construction of urban
transport, water supply, sewerage and create territorial
gaps between separate parts of the city. The left bank
of the Dargom canal is characterized by ravines of the
greatest depth and density of dissection. Meridionally
orientated gullies up to 30 metres deep are strongly
developed here. The main reasons for the development
of gullies at Dargom are as follows: 1) wide spreading
of loose Quaternary sediments, in the composition of
the latter are observed loams, granitic sand, etc., cha-
racterized by macroporosity, low coefficient, high

multiplicity, weak connectivity. They are easily sub-
mitted to erosion by surfaces and groundwater; 2) in
spring, snow melt water and heavy rainfall in the
mountains collect in the soils and come out in large
streams into the landscape; 3) the general slope of the
Pridargomie from south to north increases the erosive
activity of water streams passing here, where the base
of erosion is the canal.

2. The hilly-ridgy Palaeozoic landscape occu-
pies the north-eastern edge of the city under the name
of Chupanata Upland, is still completely undeveloped
and has retained a more or less natural appearance.

The genetic landscape is a protrusion of the Pa-
laeozoic folded basement, the Zerafshan intermoun-
tain depression, where Palaeozoic rocks come to the
day surface and are expressed in relief by low hilly
ridges with a maximum absolute height of 826 m and
rising above the surrounding area by about 140 m.
Ancient Palaeozoic rocks on the surface of the Chupa-
nata Upland are represented by crystalline shales and
red sandstones. In relief, the landscape is expressed by
hilly ridges, strongly dissected by saiys running in
different directions. The north-eastern slopes of the
Chupanata steeply steepen to the Zerafshan River,
where rocks in the form of small cliffs are exposed.
The southern and southeastern slopes are gentle, cha-
racterised by relatively weak dissection, overlain by
loess-like loams of considerable thickness at the foot
of the slopes.

Here the most pronounced tracts are: a) steep,
precipitous, northern and north-eastern slopes with
outcrops of Paleozoic rocks; b) gentle slopes of hilly
ridges with sedge, bluegrass associations on eroded
low-moisture rubbly loamy sierozems; ¢) sai with up-
lifted slopes, with grass-ephemeral vegetation on fine-
grained typical sierozems.

In the future, this landscape is suitable for single-
storey development with the allocation of sites for the
construction of individual public buildings.

3. Terraced alluvial-levelled landscape covers
the north and north-eastern parts of the city and its
neighbourhood. Genetically, the territory of the land-
scape corresponds to the Samarkand trough, formed in
the Tertiary time on the sites of plunging troughs.

The day surface of the geological structure of the
landscape is characterized by the development of thick
alluvial deposits. At the base the alluvium consists of
gravels, which are everywhere overlapped by a cover
of fine-siliceous formations of varying thickness. Ab-
solute heights of the landscape vary from 650 m in the
west to 720 m in the east.

The landscape consists of a floodplain and three
floodplain terraces with a general slope from east to
west. This landscape is characterized by peculiar fa-
vorable features of microclimatic conditions caused by
the influence of irrigation, construction of canals, etc.,
which significantly reduce the temperature and in-
crease the absolute and relative humidity of the lower
layer of the atmosphere. The landscape is characte-
rized by the abundance of groundwater.
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The landscape structure is composed of the fol-
lowing complexes:

1. Lower terrace complex with close occurrence
of gravels and groundwater on loamy-sandy cover
covers the first and second terraces of the Zerafshan
River. The first terrace is formed by a thickness of
gravels; overlapped from the surface by fine-grained
deposits — clay with sandy loam with a thickness of
0.5-2 meters. The second terrace is the most devel-
oped, it is elevated by a ledge of 2-3 m above the sur-
face of the first terrace and is an alluvial plain com-
posed of clayey layered sediments 2-3.5 m thick.
Groundwater within the lower terraced complexes is
confined to alluvial pebble deposits and enters at a
depth of 0.5 to 3 m, along the lowered areas of gentle
terraces and ditch beds they wedge out, forming po-
werful springs that feed spring systems of the “Kara-
su” type.

2. The complex of true terraces with deep bed-
ding of gravel and groundwater occupies the third
terrace of the Zerafshan River. The third terrace is
separated from the second terrace by a scarp of 2-3 m
and higher. In some places the scarp is smoothed. The
surface of the third terrace is a weakly undulating and
clear plain, in the southern part it merges with the pro-
luvial foothill plain. The complex is composed of an-
cient alluvial-proluvial gravels overlain by a cover of
thick (5-7 m and more) grey-yellow slightly porous
and loess-like loams alternating with interlayers of
grey silty fine-grained sands and sandy loam. Ground
waters occur at the depth of 8-10 m. The prevailing
part of the territory of this complex has been used for
irrigation since ancient times. There is a sparse linear
development here, which can be ordered and com-
pacted. The architectural complex is represented by
gardens and dacha and village buildings. The complex
is rich in natural preconditions for urban planning so-
lutions.

Samarkand often experiences samun, simun
(from Arab, samma — fire, poisonous, poisoned, fiery
wind, breath of death hot, dry), a sudden-onset dust
storm in the deserts of the southern coast of the Aral
Sea (in contrast to dust storms of the sirocco type

blowing from the deserts). Usually accompanied by
westerly or south-westerly squalls. Lasts up
to 20 min. [2].

Discussion. The issue of wind transfer of dust
from natural and anthropogenic sources and, as a con-
sequence, dustiness of the urban environment is rele-
vant for Samarkand, but is insufficiently studied. Even
in areas with active dust transfer activity due to natural
and climatic conditions, the dust factor is not suffi-
ciently taken into account when making urban plan-
ning decisions [3].

Ground or urban dust, contains a mixture of par-
ticles of soil, road surfaces, smoke, soot, plant and
animal organisms (spores, bacteria, moulds and oth-
ers) raised into the air. The highest dust content is
observed in the lower layers of the atmosphere imme-
diately adjacent to the ground surface.

Constant growth of the car fleet, increase in traf-
fic intensity and area of the street and road network
significantly complicates the removal of pollution
accumulated on the surface of the carriageway, which
is an additional source of air dustiness of urban areas,
as well as worsen the appearance of buildings (Fig. 1).

Significant dustiness of the air negatively affects
the intensity of solar insolation, prevents the city from
greening with greenery. First of all, urban dust has a
negative impact on the human respiratory system.
High dustiness of the air contributes to the aggravation
and progression of chronic diseases of the bronchi and
lungs. Penetrating into the home, dust can contribute
to the spread of some contagious diseases (so-called
droplet infections: tuberculosis, polio, diphtheria, in-
fluenza and many others). In this regard, one of the
most important problems is the protection of atmos-
pheric air from various types of its dustiness. When
the air is dusty, human breathing becomes superficial,
and superficial breathing affects health and perfor-
mance. A large amount of dust in the inhaled air caus-
es runny nose in some people and choking attacks in
people suffering from bronchial asthma [4].

Over the central and industrial areas of the city
under certain meteorological conditions “heat islands”
(peculiar air domes — bubbles of warm air) are often

Fig. 1. Dustiness of an urban motorway
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formed. All this seriously complicates the mathemati-
cal modelling of dust transport-diffusion processes in
the atmosphere, at the same time a number of these
problems can be solved by using aerodynamic model-
ling.

Methods. An important method of studying
processes in the study of air dustiness in residential
buildings is modelling in wind tunnels. Compared to
field experiments, each of which requires the partici-
pation of hundreds of people with hundreds of devices
and appropriate transport support, experiments in la-
boratory conditions are incomparably cheaper. There-
fore, this method is widespread.

The principle of similarity allows to simulate real
objects with sizes from hundreds of metres to tens of
kilometres. For this purpose, models of a group of
buildings or terrain are made to an appropriate scale.
A map of horizons of the given terrain is also used,
and the type of surface determines the roughness of
the modelling surface. Special attention is paid to
rivers, as the water temperature often differs signifi-
cantly from the temperature of the active surface of
residential buildings. This is achieved by special heat-
ing of the river model. Air velocity at an arbitrary
point in the pipe is measured using a thermoanemome-
ter, dust concentration is measured using several me-
thods. Depending on what state the dust particles are
in when determining their weight or number (sus-
pended or precipitated from the air).

Existing methods of air dustiness determination
are divided into two main groups: a) with separation
of dispersed phase from aerosol and b) without separa-
tion of dispersed phase from aerosol. The first group
includes weight (gravimetric) and counting (conome-
tric) methods. The second group includes photoelec-
tric, electrometric, optical and radiation methods [5].

The main problem in wind tunnel modelling is
the observance of similarity criteria. Full similarity is
possible and the values of the main parameters are
kept equal to the natural values. In particular, when
modelling the temperature inhomogeneity of the sur-
face “land — river”, the temperature of the model “riv-
er” is set from the preservation of the natural Richard-
son number [6]:

R—_ 9T

(AT / Az)?

where g is the free fall acceleration; T is the air tem-

perature; (AT/Az) is the average temperature gradient

between the ground surface and the boundary of the

surface layer; (Au/Az) is the average wind speed gra-

dient between the ground surface and the boundary of
the surface layer.

Depending on the distribution of atmospheric
pressure, air is constantly moving in the horizontal
direction. Vertical components also join the horizontal
air transport. They are usually small compared to the
horizontal transport, on the order of centimeters or
tenths of a centimeter per second. Only under special
conditions, i.e. convection, in small parts of the at-

(Au/ Az), (1)

mosphere can the vertical components of the air veloc-
ity reach several meters per second.

In order to assess the influence of orography and
river on dust fields, in-situ and aerodynamic studies of
dust distribution over a model of residential buildings
in Samarkand were carried out. The influence of cha-
racteristic features of air currents over the city of Sa-
markand due to the features of the surrounding terrain,
the presence of the river and the peculiarities of the
city building was studied.

Results. In order to analyze the results obtained,
field similar measurements were carried out in coastal
built-up and undeveloped (free) areas. Measurement
points were located along streets directed perpendicu-
lar to the river shoreline. Stationary points were lo-
cated at the beginning and end of the route. Route
points were located in groups of 8 within the width of
each residential building along the streets.

Observation points were located along the river
stem at 150-230 m intervals. The measurement re-
gime is similar to the procedure for taking measure-
ments at stations in the built-up area. Open ground
surfaces prevail in the study area.

All measurements in both built-up and free areas
were made at a height of 1.5 m from the ground sur-
face (human breathing zone). During gradient mea-
surements microclimatic parameters were also rec-
orded at heights of 0.5, 2.0 and 3.5 meters.

The obtained material was processed using the
methods of variation statistics and correlation analy-
sis. In the processing we used the relationship be-
tween heat and humidity indices, their differences and
meteorological elements. For relatively stable in time
and space meteorological elements, such as air tem-
perature and humidity, the method of differences was
used, based on the stability of differences of these
elements at observation points remote from the river
and reference control points. The results of observa-
tions made it possible to study the regularities of
changes in the parameters near the river and in the
built-up area and to plot their correlations.

Winds with diurnal change of direction are ob-
served in the area under consideration. They develop
not only on the right bank of the Zerafshan, located on
the south-western slope of the upland, where winds
with daily periodicity can have the nature of moun-
tain-valley winds, but also on the flat left bank, where
the relief does not allow assuming the occurrence of
intense mountain-valley winds. The average breezi-
ness coefficient is practically the same on both shores:
for the control points on the left bank it averages 38%,
for the right bank 34 %.

The change in air temperature (at a height of
1.5 meters) in residential buildings with increasing
distance from the Zerafshan River in the hot dry
period is expressed as follows [7]:

L
At=k(T, —TW)In(1+mj, )

where T, — temperature of air in residential buildings
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at a height of 1.5 m from the ground surface, °C,
outside the zone of influence of the river; T,, — air
temperature at the water's edge at the same height,
°C; k — coefficient taking into account the height of
the building, equal to 0.65; L — distance from the
river's edge to the control point of the study in the
zone of influence of the Zerafshan River.

In the study of coastal slope models with differ-
ent angles of inclination to the horizontal plane, it was
found that the initial flow velocity decreases in the
zone at the bottom of the slope and behind the slope
edge. In the zone between the bottom and the berm
there is an increase in wind speed relative to the initial
value. The degree of transformation of the initial ve-
locity is determined by the slope steepness. Figure 2
shows the flow of the “conditional” building with the
air flow under turbulence [8].

In wind observations, the properties of the un-
derlying surface affect the diurnal course, vertical
gradient of wind speed. Therefore, no correlation of
sufficient accuracy is observed at the same time.

For relative humidity data, the co-correlation
coefficients are of approximately the same order of
magnitude as for wind speed.

At a height of 2.0 m with a slope steepness of 8°,
a decrease in velocity is observed between the river
edge and the bottom of the slope and is 11-14 % of
the initial value. From the bottom to the middle of the
slope there is an increase in velocity exceeding the
initial value by 19-35 %. From the middle of the slope
to the edge of the slope there is a sharp decrease in
velocity, which continues on the upper terrace at
a distance of about 150-200 m (Fig. 3).

River valley

Conclusion. Thus, Samarkand city and its
surroundings consist of non-rock genetically sharply
different landscape conditions and many small natural
complexes, which require separate urban-planning
solutions [9-12].

According to the degree of influence of the
Zerafshan River on the heat and humidity regime of
residential buildings, four zones of the city territory
are defined:

a) the lower terrace of the bank slope;

b) the zone between the bank slope edge and the
front of the building;

c) built-up areas experiencing constant heat and
moisture influence of the river;

d) built-up areas experiencing episodic (non-
sustainable) influence of the river.

The analysis of available works and design
experience of Samarkand allows to conclude that at
present there is no unified scientifically grounded
approach to assessment and consideration of wind
regime and dustiness of residential buildings.

Here are the main conclusions of these studies
important for practical applications:

— depending on the wind direction, turbulent dif-
fusion coefficients can differ several times;

— the influence of the river is manifested not only
on the streets perpendicular and parallel to the shore-
line, but also directly on the territories of residential
zones. The wind regime of residential buildings is
determined mainly by air flows coming through the
gaps between buildings from the Zerafshan River;

— consideration of the river is important and de-
pends on the wind direction;
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Fig. 2. Wind turbulence caused by a mechanical obstacle
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Fig. 3. Wind speed variation depending on the slope steepness of the Zerafshan River
at the height: 1 -1.5;2-2.0and 3-3.5m
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— there is no differentiated approach to the The results obtained indicate that normative mate-
layout and development of individual residential rials, such as OND-86, are of little use for assessing at-
developments located in complex physiographic mospheric air dustiness for the conditions of Samarkand.
conditions and characterized by different wind re- As aerodynamic modelling shows that dust dispersion
gimes. conditions can vary significantly within Samarkand.
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