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Toshkent davlat transport universiteti RAASN akademigi, O'zbekistonda xizmat ko'rsatgan
yoshlar murabbiyi, texnika fanlari doktori, professor Miraxmedov Maxamadjon
Miraxmedovich tavalludining 80 yilligiga bag'ishlangan, ilmiy ishlar to'plami nashr etilishi
ko'zda tutilgan  «Samarali qurilish materiallari, konstruksiyalari va texnologiyalari»
mavzusidagi Xalgaro ilmiy-amaliy konferensiyani o'tkazishni rejalashtirmoqda.

M.M. Miraxmedov kompozitsion qurilish materiallarining polistruktura nazariyasini
rivojlantirishga salmogqli hissa go'shgan. Uning qurilish materialshunosligi sohasidagi ilmiy
hissasi e’tirofi sifatida 1995-yilda Rossiya arxitektura va qurilish fanlari akademiyasining
(RAASN) xorijiy a’zosi etib saylangan. M.M. Miraxmedov 6 ta monografiya, 200 dan ortiq
ilmiy maqolalar va 25 ta ixtiroga mualliflik guvohnomalari muallifidir.

Ushbu konferensiyaning asosiy magsadi - qurilish materialshunosligi, bino va inshootlarni
loyihalash va qurilish sohasidagi ilmiy tadgiqotlar natijalarini, shuningdek, muhandislik
ta’limini takomillashtirish yo'llarini muhokama qilishdan iborat.

Konferensiya ishida ishtirok etish uchun oliy o'quv yurtlari va ilmiy tadgigot institutlari
olimlari, O'zbekiston Respublikasi va xorijiy davlatlarning ishlab chiqgarish vakillari, ilmiy
tadgiqotlarda salmoqli natijalarga ega bo'lgan mutaxassislar taklif etiladi.

“Samarali qurilish materiallari, konstruksiyalari va texnologiyalari” mavzusidagi
xalgaro ilmiy-amaliy konferensiyaning asosiy yo‘nalishlari quyidagilardan iborat:

1. Resurs va energiya tejovchi qurilish materiallari va texnologiyalari.

2. Atrof-muhitning transport infratuzilmasiga ta’siri va uni himoya qilish
usullari.

3. Bino va inshootlarning qurilish konstruksiyalari: hisoblash va
loyihalashning zamonaviy usullari.

4. Arxitektura, shaharsozlik va shahar muhitini rivojlantirish.

5. Qurilishni tashkil etishning innovatsion usullari va qurilish jarayonlari
texnologiyalari.

6. Transport obyektlarini loyihalash va qurishda ragamli texnologiyalar
hamda sun’iy intellekt.

7. Temir yo‘l transporti infratuzilmasi obyektlarini loyihalash, qurish va
ekspluatatsiya gilish.

8. Zamonaviy muhandislik ta’limi tizimini takomillashtirish.

Mazkur konferensiya ilmiy hamjamiyatning turli vakillarini bir joyga jamlab, qurilish
materialshunosligi sohasidagi zamonaviy muammolar va istigbollarni muhokama qilish uchun
qulay platforma vazifasini bajardi.
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SO‘Z BOSHI

TEXNIKA FANLARI DOKTORI,
PROFESSOR
MIRAXMEDOV MAXAMADJON
(16 iyun 1946 y. — 26 iyun 2021 y.)

Miraxmedov Maxamadjon aka 1946-yil
16 iyun kuni O°‘zbekiston SSR Andijon
oblastining Leninsk (xozirgi Asaka) shahrida
tavallud topgan. Maxamadjon aka 1954-
yildan 1962-yilgacha Asakadagi 2-sonli
sakkiz yillik maktabda o‘qigan. Keyin u
o‘sha shahardagi 7-maktabga o‘tgan va uni
1964-yilda oltin medal bilan tugatgan.
Miraxmedov Maxamadjon 1970-yilda Sankt-
Peterburg temir yo‘l muhandislari institutini
temir yo‘l qurilishi, yo‘l va yo‘l xo‘jaligi
mutaxassisligi bo‘yicha imtiyozli diplom
bilan tamomlagan. Toshkent temir yo‘l
muhandislari  institutida o0‘z  mehnat
faoliyatini 1971-yilda ilmiy xodim sifatida
boshlagan.  1975-yildan fan  nomzodi
dissertatsiyasini yoglagandan keyin
“Qurilish  ishlab  chiqarish”  kafedrasi
assistenti, 1977-yildan kafedra dotsenti va
1980-yildan shu kafedra mudiri
lavozimlarida ishlagan. 1986-1989-yillarda
M.Miraxmedov Sanoat va fugaro qurilishi

fakulteti dekani lavozimida ishlagan.
Igtidorli yetuk mutaxassis sifatida 1989-
2001-yillar mobaynida Gvineya
Respublikasining  Konakri  universitetida
xizmat qildi. Chet el xizmat safaridan
gaytgach 2002-yil  dan M.Miraxmedov
Toshkent temir yo‘l muhandislari instituti
marketing xizmati va akademik litsey ishlari
bo‘yicha prorektori lavozimiga tayinlangan.

M.Miraxmedov  2003-yilda  doktorlik
dissertatsiyasini muvaffagiyatli himoya qildi
va unga O°‘zbekiston Respublikasi Oliy
Attestatsiya Komissiyasi garori bilan texnika
fanlari doktori ilmiy darajasi berildi. 2004-
yilda professor ilmiy unvoniga sazovor
bo‘lgan.

M.Miraxmedov 2004-yildan institutning
o‘quv ishlari bo‘yicha prorektori etib
tayinlangan. Ushbu lavozimda ishlash
davomida M.Miraxmedov institutda mavjud
kadrlar ~ tayyorlash  tizimining  ijobiy
jihatlarini  saqlab qolgan holda o‘quv
jarayoniga ilg‘or, zamonaviy pedagogik
texnologiyalarni joriy etish va ta’lim berish
sifatini oshirish hamda institutning moddiy-
texnika, o‘quv-laboratoriya bazasi va ilmiy-
pedagogik  salohiyatini  mustahkamlash
borasida ijobiy ishlarni amalga oshirgan. Bu
davrda institutning xalgaro alogalari tiklandi
va mustahkamlandi. Xorijning yetakchi temir
yo‘l oliy ta’lim muassasalari bilan hamkorlik
alogalari yo‘lga qo‘yildi. Institut ilmiy-
pedagogik salohiyatini mustahkamlash va
professor-o‘qituvchilar tarkibini yoshartirish
maqsadida, institutning talabalari va yosh
pedagoglarini xorijning yetakchi oliy ta’lim
muassasalarida o‘qishlarini davom
etkazishlari uchun sharoitlar yaratildi.

M. Miraxmedov ~ 2005-2009-yillar
mobaynida Toshkent arxitektura-qurilish
instituti rektori lavozimida ish faoliyatini
davom ettirdi.

2010-yil fevral oyidan boshlab yana
Toshkent temir yo‘l muhandislari instituti
faoliyat olib borgan.
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M.Miraxmedov 3 ta darslik, 20 ta o‘quv
qo‘llanma, shu jumladan 7 ta fransuz tilida, 9
ta o‘zbek tilida va qolganlari rus tilida, 3 ta
monografiya, 80 dan ortiq ilmiy magqolalar
muallifidir. “Toshkent temir yo‘l
muhandislari  axborotlari”, “Arxitektura.
Qurilish. Dizayn” va “O‘zbekiston muhandis
konsultantlari” jurnallarini ta’sis etishda
gatnashgan.

M.Miraxmedov ko‘pgina nufuzli xalgaro
ilmiy anjumanlar ishtirokchisi. Jumladan u
Polshaning Katovitsa shahrida 2004 va 2012-
yillarda o‘tkazilgan, Janubiy Koreyaning
Seul shahrida 2013 hamda Germaniyaning
Veymer shahrida 2006, 2009 va 2012-
yillarda, Rossiyaning Moskva va Sankt-
Peterburg shaxarlarida  2003-2013
o‘tkazilgan xalgaro ilmiy anjumanlarda
ishtirok etgan.

Hozirgi kunda M.Miraxmedov temir yo‘l
qurilishi soxasida faol ishlayotgan olim
sifatida nafagat respublikada balki xorijda
ham tanilgan edi. Uning ilmiy tadgiqotlari
tabiiy-texnik tizimlarda, shu jumladan temir
yo‘llarda ekzogen jarayonlarning salbiy
ta’sirini kamaytirish masalalariga
bag‘ishlangan bo‘lib, jumladan, ushbu
tadqiqotlarda temir yo‘llar, avtomobil

yo‘llari, quvurlar va kanallarni ko‘chki qum-
toshlardan muhofaza gilishning texnik va
tashkiliy-texnologik  yechimlari topilgan.
Uning 25 dan ortig magolalari Yevropa
mamlakatlari, Rossiya va Ukrainaning
nufuzli jurnallarida chop etilgan.

IImiy faoliyati davomida ustozlar ilmiy
maktabi an’analarini davom ettirib, hozirgi
zamon temir yo‘l qurilishining eng dolzarb
muammolari bo‘yicha ilmiy tadqiqotlarni
yo‘lga qo‘yish, ularning saviyasini yuqori
darajaga ko‘tarish uchun tinmay mehnat
qilib, ko‘plab iqtidorli shogirdlar yetishtirib,
mamlakatimizda temir yo‘l sohasiga yosh
olimlar va pedogog kadrlar tayyorlashning
sifatini oshirishga katta hissa qo‘shgan.

M.Miraxmedov institut jamoasi orasida
o‘zining olijjanob insoniy xislatlari bilan
obro‘ qozongan edi. U tom ma’nodagi o‘zbek
ziyolilaridan  bo‘lib, o°zining  yuksak
madaniyati, namunali axloqi, o‘ziga va
boshgalarga ham talabchan va adolatli
munosabati bilan ajralib turardi.

“BINO VA SANOAT INSHOOTLARI
QURILISHI”
KAFEDRASI JAMOASI
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Optimization of Foam Concrete with Fly Ash and Silica Fume for Energy-
Efficient Wall Blocks

A. llyasovi®?@ A, Allamuratov®P

1Karakalpak State University, Nukus, Uzbekistan

Abstract: The article presents a design-screening approach for non-autoclaved foam concrete intended for
thermal-insulating and structural-thermal-insulating wall blocks. The proposed mixtures combine
Portland cement, fine quartz sand, fly ash, silica fume, a polycarboxylate superplasticizer and preformed
foam. The main objective is to obtain a rational balance between dry density, compressive strength,
thermal conductivity and water absorption without excessive cement consumption. A five-level density
series from D500 to D900 was analyzed. The results show that mixtures in the D650-D750 range
provide the most balanced performance: thermal conductivity remains below 0.16 W/(m-K), while the
predicted 28-day compressive strength exceeds 3.0 MPa. The paper also proposes an integral score
method that can be used for selecting foam concrete compositions for wall products in dry and hot
climatic regions.

Keywords: Foam concrete, preformed foam, fly ash, silica fume, thermal conductivity, dry density, lightweight

wall blocks, water absorption, energy efficiency

1. INTRODUCTION

Foam concrete is a lightweight cementitious material
containing a system of uniformly distributed artificial
air pores. Compared with ordinary dense concrete, it
has lower dry density, reduced thermal conductivity
and improved technological flexibility. These
characteristics make it suitable for non-load-bearing
wall blocks, monolithic insulation layers, roof screeds
and fill materials [1]-[3].

The main difficulty in producing reliable foam
concrete is the simultaneous control of pore structure
and cement matrix quality. Excessive foam content
reduces density and thermal conductivity, but it can
also decrease strength and increase shrinkage. On the
other hand, increasing cement content improves
strength but worsens economic and thermal indicators.
Therefore, the development of foam concrete should
be based on a multi-criteria balance rather than on a
single target parameter.

The use of supplementary cementitious materials
is one of the most effective ways to improve this
balance. Fly ash contributes to particle packing and
later-age pozzolanic hardening, while silica fume fills
microvoids and promotes the formation of additional
C-S-H phases. In combination with a superplasticizer,
these components can reduce water demand and
stabilize the cement paste around air pores.

The aim of this article is to develop and evaluate a
series of foam concrete mixtures for wall blocks and
to determine a rational density interval in which

a% https://orcid.org/0000-0001-6973-4545
b https://orcid.org/0009-0003-4421-0691

strength, thermal insulation and moisture resistance
are simultaneously acceptable.

2. MATERIALS AND RESEARCH
METHODS

The proposed material system includes Portland
cement as the main binder, low-calcium fly ash as a
mineral filler, silica fume as a highly reactive
microfiller, fine quartz sand as a skeletal component,
a polycarboxylate superplasticizer and preformed
foam prepared from a protein-based foaming agent.
Water dosage was selected to maintain paste
flowability while minimizing the water-to-binder
ratio.

Foam concrete mixtures were designed for five
target density grades. The preformed foam was
introduced at the final mixing stage in order to reduce
mechanical destruction of air cells. The quality of
foam was evaluated by foam density, half-life and
visual stability. Hardened specimens were assessed by
dry density, 28-day compressive strength, water
absorption and thermal conductivity.

For comparative selection of the best composition,
an integral score was calculated using normalized
values of strength, thermal conductivity and water
absorption. Higher strength increases the score,
whereas higher thermal conductivity and water
absorption decrease it. The simplified relation used for
screening is expressed as:

ENGINEER


https://orcid.org/0000-0001-6973-4545
https://orcid.org/0009-0003-4421-0691

S =040-Rs + 0.35-(1 — An) + 0.25-
(1 — Wn) 1)

where S is the integral score, Rs is normalized
compressive strength, An is normalized thermal
conductivity and Wn is normalized water absorption.

Table 1
Proposed mix proportions for foam concrete
wall blocks

Mix |Cement| FA/SF| Sand | W/B Ta[r)get
FC- | 270 | 90120 | 120 | 0.43 | D500
500 :

FC- | 285 | 95/25 | 155 | 0.41 | D600
600 :

FC- | 300 |100/30| 190 | 0.39 | D700
700 :

FC- | 350 |100/35| 225 | 0.37 | D800
800 :

FC- | 245 | 90/40 | 260 | 0.35 | D900
900 :

Note: cement, fly ash (FA), silica fume (SF) and sand
are given in kg/m?; W/B is water-to-binder ratio.

3. RESULTS AND DISCUSSION

The obtained screening results confirm the typical
relationship between density and performance of foam
concrete. A decrease in density improves thermal
insulation but reduces mechanical strength. This trend
is caused by the increase in total air volume and the
reduction in the solid load-bearing frame of the
cement-sand matrix.

The D500 mixture has the lowest thermal
conductivity, but its strength is sufficient mainly for
insulation products and non-load-bearing fills.
Mixtures D600 and D700 demonstrate a more
balanced structure because the amount of cementitious
matrix is sufficient to form stable interpore partitions,
while the pore volume remains high enough to provide
thermal efficiency.

Table 2

Screening properties of foam concrete mixtures.
. A

. |Density| R28 .| Water
Mix kg/m® | MPa W{((;n % Score
FC-
500 515 | 1.34 | 0.112 | 385 63
FC-
600 605 | 2.10 |0.132 | 35.1 75
FC-
700 695 | 3.08 | 0.153 | 317 86
FC-
800 805 | 4.42 |0.181 | 28.9 82

FC-

900 910 | 5.76

0.212 | 25.3 69

—&— Compressive strength

Compressive strength, MPa

500 600 700 800 900
Dry density, kg/m?

Fig. 1. Relationship between dry density and
compressive strength

Figure 1 shows that compressive strength
increases almost linearly in the considered density
range. This confirms that the load-bearing capacity of
foam concrete is mainly controlled by the thickness
and continuity of interpore partitions. However, an
increase in density above D800 reduces the thermal
advantage of the material.

=&~ Thermal conductivity

0.200

0.175

0.150 A

0.125

Thermal conductivity, W/{m-K)

500 600 700 800 900
Dry density, kg/m?

Fig. 2. Relationship between dry density and
thermal conductivity

Thermal conductivity also increases with density,
because the fraction of solid mineral phases becomes
larger and the amount of air-filled pores decreases. For
wall products intended to reduce heat losses, the
D600-D700 interval is the most promising
compromise between insulation and strength.

&~ [=)] [s:]
S =} =}
1 1 1

Integral score, points

N
=]
1

o -

gC‘Su“ (,C‘BOO QC"‘ ® gC‘suq (,CBUG

Fig. 3. Integral score of the designed mixtures
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The integral score indicates that FC-700 is the
most balanced composition. Although FC-800 has
higher compressive strength, its thermal conductivity
is noticeably higher. FC-500 and FC-600 are useful for
insulation layers, whereas FC-700 can be considered
for structural-thermal-insulating wall blocks after
pilot verification.

Table 3
Recommended application range of selected
mixtures
Density Main Limitatio| Recommende
grade | advantage n d use
D500 [Lowest A Low Roof/ﬂ_oor
strength  |insulation
D600 [Low weight Medium [Non-load
strength  (walls
Needs
D700 |(Balanced curing Wall blocks
control
. . Partitions/base
D800 |High strength [Higher A layers

4. TECHNOLOGICAL
RECOMMENDATIONS

The foam should be introduced only after the
cementitious slurry reaches stable flowability.
Overmixing after foam addition must be avoided
because it destroys air cells and causes density
deviation. The recommended mixing sequence is: dry
blending of cement, fly ash, silica fume and sand,;
addition of water with superplasticizer; short
homogenization; introduction of preformed foam;
casting and protected curing.

In hot and dry climates, early moisture loss can
cause shrinkage microcracking. Therefore, foam
concrete blocks should be protected from wind and
direct solar radiation during the first 24-48 hours.
Curing under film or in a humid chamber is
recommended until sufficient matrix strength is
developed.

5. CONCLUSIONS

A five-level density series of foam concrete mixtures
with fly ash and silica fume was proposed for energy-
efficient wall blocks. The results show that the use of
mineral additives and a superplasticizer makes it
possible to improve the matrix quality and reduce
thermal conductivity while maintaining acceptable
strength.

The most rational composition in the screening
series is FC-700, which combines a dry density of
about 695 kg/m*, compressive strength of 3.08 MPa
and thermal conductivity of 0.153 W/(m-K). This

composition can be recommended for further
laboratory verification and pilot production of
structural-thermal-insulating wall blocks.

The proposed integral score method is convenient
for comparing alternative foam concrete compositions
because it simultaneously considers strength, thermal
performance and water absorption.
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The Effect of Heavy-Duty Pavement Concrete Mix Composition on its
Physico-Mechanical Properties

A. Adilkhodjaev®2, T. Amirovi®P
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract:

This article examines the differences in strength and porosity throughout the entire thickness of the

upper and lower layers formed by the vibratory compaction of a cement-concrete pavement mixture
with a non-optimal composition. Research has also been conducted to determine the effect of the
sand content in the aggregate on the physical and mechanical properties of concrete mixtures for
roads designed for heavy loads. Based on these studies, recommendations have been developed for
optimizing the composition of road concrete and determining the integral service life of cement-

concrete road pavements.
Keywords:

Optimal composition, delamination, vertical deformation, sand fineness, enriched sand, bulk

density, granularity, ease of laying, volume of absorbed air, strength

1. INTRODUCTION

In the Republic of Uzbekistan, economic growth, the
development of transport infrastructure, an increase in
the intensity of traffic on roads, an increase in the
volume of transportation of heavy goods, climate
change are the causes of many defects on the roads. In
addition to domestic and world experience, according
to scientists of the republic, the large-scale use of
cement concrete coatings is not only a solution to
existing problems, but the use of local materials in the
preparation of the mixture serves to save money[1]-
[7].

Therefore, many of our highways are being
reconstructed, and these roads are being changed from
asphalt concrete to cement concrete. This, in turn,
creates all-round convenience in the transportation of
cargo and passengers. However, the construction of
cement concrete roads is a somewhat complicated
technological process.[1], [8].

2. THE MATERIALS AND METHODS
OF RESEARCH

Due to the low cost of operation, resistance to many
deformations and high loads, resistance to external
climatic factors (especially in dry-hot climates),
increasing  strength over time, high water
permeability, cement concrete pavements are
preferable to other types of concrete pavements.

As a result of the use of local materials in the
design of the optimal composition of concrete, with
the use of modern technologies, it is possible to
increase the strength of concrete, the necessary
mobility of the concrete mixture and the efficiency of
concrete(minimum consumption of cement). When
choosing the composition of the concrete mixture, it is
necessary to correctly estimate the consumption of

all¥ https://orcid.org/0000-0001-5729-5178

cement and take into account several criteria of the
water-cement ratio [9-13].

In the dry-hot climatic conditions of Uzbekistan,
some disadvantages arose as a result of the use of a
non-optimal composition of the road-concrete mixture
used in the construction of roads with cement-concrete
pavement (Figure 1).

inconsistency

deformation at uneven
theedges of the  distribution of of the
coating aggregates concrete
along the mixture with
vertical profile the
requirements
for it

Fig. 1. Some of the disadvantages caused by the
use of non-optimally selected concrete mix
composition

Concrete that is slipformed to form a stable
structure requires small aggregates, especially to fill
the voids left by large aggregates [7-8].

If the aggregates contain too many fine particles,
the mixture may delaminate due to vibration during
paving, which leads to layer of sand and cement on top
of the pavement. This layer may lead to cracking
within hours of application (plastic shrinkage cracks)
and/or possible premature cracking.

According to the results of numerous tests, it can be
said that the strength of the upper layer of the concrete
pavement can be up to 10% less than the lower layer. In

b https://orcid.org/0000-0002-2681-8797
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addition, the micro-porosity of the upper layer increases
and becomes prone to destruction.

Fig. 2 and 3 show a comparative histogram of the
porosity of samples taken from the upper and lower
layers of the cement-concrete pavement and a graph of
the distribution of porosity at different sizes.

Pore size distribution by MIP

Porosity (%)

Fig. 2. Comparative histogram of porosity in
samples taken from the upper and lower layers of
cement-concrete pavement: a) upper layer; b)

lower layer

I EEEEEEEEEEEE
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tor (um)

Fig. 3. Distribution graph of pore sizes in samples
taken from the upper and lower layers of cement-
concrete pavement: a) upper layer; b) lower layer

After the passage of the sliding formwork, stresses
and deformations occur in the newly formed concrete
slab due to its own weight. This causes the vertical
edges and edges of the coating to bleed. The value Ah

and the actual thickness-h of the edges of the newly
formed concrete pavement are measured after the
spreading of the edges of the slab is completed(Fig. 4).
The relative vertical deformation of the edge of the
coating[14] is determined by the following
formula(l):

£ =100 1)

Fig. 4. Scheme for measuring the deformation of
the edges of the pavement

These technological properties of the concrete
mixture are significantly positively affected by the
relative proportion of sand in the aggregates, the
fineness of the sand and the amount of entrained air.
In addition, with a decrease in the mobility of the
concrete mixture and the size of the flint (gravel), the
stability of the edges and side faces of the newly
formed concrete slab increases. The consumption of
the concrete mixture is selected in accordance with the
accepted speed of laying the concrete paver.

In Central Asia, for the manufacture of concrete,
mainly river, mountain or barren sands are used. The
composition of the sand used for concrete must be
clean. Dust with clay particles covers the surface of
the grains of sand and prevents their adhesion to the
cement stone, reduces the strength of concrete [15-17].

3. RESULTS AND DISCUSSION

According to the composition we have chosen, 2 types
of sand produced by “POMEGRANATE” LLC and
“GRANITE-MINING” LLC were taken as a fine
aggregate.  Although these sands meet the
requirements of GOST 8736-2014 and GOST 31424-
2010 in certain parameters, they do not meet the
requirements of GOST 26633-2012. Therefore, by
mixing these sands in a certain amount, sand was
created that meets the requirements of GOST 26633-
2015 [18-20].

When used as a cement concrete filler, sand must
comply with the requirements of GOST 26633-2015
(Fig. 5).

When checking the properties of sand obtained by
mixing both sands in an amount of 60/40%, the test
results showed that the sand meets the requirements of
GOST 26633-2015 for fine aggregates for cement
concrete (Fig. 5).
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Fig. 5. Grain composition of enriched sand
according to GOST 26633-2015

As can be seen from the graph, some fractions of
the enriched sand do not meet the requirements of
GOST 26633-2015, but since the composition was
selected on the basis of this enriched sand and
laboratory tests were carried out, the concrete samples
showed the required strength results and did not
significantly affect the properties of the mixture.

Crushed stone is used as a coarse aggregate for the
preparation of road-concrete mix. Crushed stone is
mined in the mountains and by crushing stones formed
as a result of natural weathering of hard rocks. The
surface is sharp, jagged, and usually contains a
mixture of sand, clay, dust, and organic matter.
Crushed stone is a loose material capable of crushing
various hard rocks into large pieces, as well as broken
bricks, slag, etc [11-16].

In the composition we have chosen, crushed stone
of 5-20 mm fraction are used by "BUKHARTOSH"
LLC and 20-40 mm fraction by "GRANITE-
MINING" LLC (Fig. 6).

Crushed stone granularity
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Fig. 6. Graph for determining the grain size of
the shank fraction 5-20 mm

The crushed stone of 20-40 fraction produced by
"GRANITE-MINING" LLC also met all the
requirements when tested, like the 5-20 mm fraction.

Studies conducted at the selected site showed
various changes in the concrete mixture when

changing the percentage of sand in the aggregate
mixture to 0.25, 0.26, 0.27, 0.28, 0.29 and 0.30. Sand
in a concrete mixture is a fine aggregate that serves to
fill the space between large aggregates (together with
water + cement + air).

Therefore, it was found that the percentage of sand
in the mixture of aggregates directly affects the
properties of the concrete mixture. Without changing
the amount of water, cement and SAM additives,
when the percentage of sand in the filler mixture was
increased, the changes as shown in Figures 7 and 8
were observed.

Effect of sand content on
properties of concrete mixture

e 5

o A, 2526027 53 5,

E ) gy

i = -0,0893%2 + 0,6393x + 1,5
0 R> = 0,8647

0,25 0,26 0,27 0,28 0,29 0,3
The proportion of sand in the
mixture of aggregates

Fig. 7. The effect of the proportion of sand in the
aggregate mixture on the slump grade of the
mixture

It is stated that the requirement for the P1 grade of
the concrete mix for the selected object should be in
the range of 1-4 cm.

Effect of sand content on properties
of concrete mixture

48 S

4 45 46 47

IN

w ~ o1 o

y'= 0,1143x + 4,2667
0,25 0,26 0,5 0%87W29 0,3

Inhaled air volume, %

The proportion of sand in the mixture
of aggregates

Fig. 8. The effect of the percentage of sand in the

mixture of aggregates on the amount of absorbed

air in concrete

The effect of the value of the sand content in the
aggregate mixture on the compressive strength of
concrete depends on the size of the sand: for concrete
with coarse sand, the strength does not depend
significantly on the sand content in the aggregate
mixture, when the sand is fine, the strength decreases
proportionally with the increase in the sand content in
the aggregate mixture (Fig. 9).

ENGINEER



Effect of sand content on
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Fig. 9. The effect of the percentage of sand in
the aggregate mixture on the compressive
strength of concrete at the age of 28 days

It was found that increasing the value of the
percentage of sand in the mixture of aggregates from
0.25to 0.30 has a positive effect on the tensile strength
of road concrete (Fig. 10).

Effect of sand content on flexural
tensile strength
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Fig. 10. The effect of the proportion of sand in the
aggregate mixture on the flexural tensile strength
of concrete at the age of 28 days

The percentage of sand in concrete can affect its
density, but it is not the only factor. Usually, the
greater the percentage of sand, the lower the density
of the concrete mixture. This is due to the fact that the
sand does not provide sufficient density and does not
completely fill the volume of the concrete mixture
[18-20].

4. CONCLUSION

However, a small amount of sand in the concrete
mixture can cause the concrete to have a high density
and be more difficult to handle during pouring and

placing. To achieve an optimal balance between the
density and workability of concrete, it is necessary to
balance the proportion of sand in the concrete mix
according to the requirements of a particular project.

The proportion of sand in the mixture of
aggregates has a significant effect on the physical and
mechanical properties of concrete. When the
percentage of sand in the aggregate mixture increases,
the average volume of open pores decreases, and the
volume of conditional closed reserve pores in concrete
increases to 4.4-5.0%. This ensures high cold
resistance of concrete. During our research, it was
found that concrete achieves its optimal properties
when the value of the percentage of sand in the
mixture of aggregates for the selected object is 0.28.
Moreover, when the amount of sand is increased, the
price of the concrete mixture decreases, because sand
is a large aggregate for this object. it is cheap. For this
reason, we recommend taking the percentage of sand
in the filler mixture at a value of 0.28 for the selected
object.

Furthermore, introducing a structural coefficient
that characterizes the composition of road concrete,
and using it in an integrated durability model, will
bridge the existing gap between microstructural
concepts of concrete and engineering methods for
calculating road pavements. This will also allow for a
more accurate description of failure accumulation
processes and better forecasting of service life.
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On the Mechanism of the Influence of VVarious Micro-Fillers and Chemical
Additives on the Microstructure and Strength of Cement Paste
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Abstract
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The paper examines the mechanism of the influence of complex micro-fillers and chemical additives
on the microstructure formation and physical-mechanical properties of cement paste. The hydration
and structure formation processes in binary cement composites with the introduction of active
mineral admixtures and superplasticizers are analyzed. It is experimentally confirmed that the use
of an optimized composition of micro-fillers contributes to a significant compaction of the cement
matrix structure, a decrease in total porosity from 14.5% to 9.2%, and an increase in compressive
strength by 33-34%. The research results demonstrate the effectiveness of using these composites
in the production of resource-saving high-strength concretes adapted to the regional climatic
conditions.

Cement Paste, Micro-fillers, Microstructure, Strength, Porosity, Hydration, Modified Concrete

O Mexanu3zme Biunsinus Pasznnunabix MukpoHanosHuTe el 1 XuMHA4eCKUX
Jlob6aBok Ha MuxkpocTpykrypy u [Ipounocts LlemenTtHoro Kamus
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"TamkenTcKkuii rocynapcTBEHHBIH TPAHCIOPTHBINA YHUBEPCHTET, Y30eKuCTaH
*HarmoHanbHEIH HccnenoBaTenbekuil yausepceuter « THUUMCX», Y36ekucran

AHHOTAIMA.

Kunrouessie cioBa:

B crarbe paccmaTpuBalOTCS BONPOCHI BJIMSHUA KOMIUIGKCHBIX MHKDOHAIOJHHUTENEH Ha
(opMHpOBaHHE MUKPOCTPYKTYPbl M (PU3MKO-MEXaHHYECKHE IOKa3aTeN IIEMEHTHOrO KaMHS.
INpoananu3upoBaHbl NPOLECCHl MMAPATALIMK U CTPYKTYpOOOpa30BaHHUS B OMHAPHBIX LIEMEHTHBIX
KOMIIO3UTaX IIpU BBEJICHUM aKTUBHBIX MHHEPAIbHBIX J00ABOK M CYNepIUIACTU(HKATOPOB.
OKCNepUMEHTaJIbHO — TIOATBEPXKICHO, YTO HCIOJIB30BAHME  ONTHMHU3HPOBAHHOTO  COCTaBa
MUKPOHAIIOJHUTENEH CIOCOOCTBYET 3HAYUTEIBHOMY YIUIOTHEHHIO CTPYKTYpbl I1I€MEHTHON
MaTpHulibl, CHIKEHHUIO 001el nopucrocty ¢ 14,5 % 10 9,2 % 1 NOBBILIEHUIO IIPOYHOCTH Ha CHKATHE
Ha 33-34 %. Pe3ynbraThl HccnenOBaHUN NEMOHCTPUPYIOT 3Q()EKTUBHOCT NPUMEHEHHS JAHHBIX
KOMIIO3UTOB B IIPOM3BOJICTBE pecypcocOeperaroux BbICOKOIPOUHBIX OETOHOB, aalTHPOBAHHBIX
K KJIMMaTHYECKHM YCJIOBHSM PErHOHOB.
LlemMeHTHBINE KaMeHb, MHKPOHAIIOJHUTEIIH,
TUIpaTarysl, MOAU(PUIUPOBAHHBIN OCTOH

MOPUCTOCTb,

MUKPOCTPYKTYpPa,  IIPOYHOCTb,

1. BBEJAEHHUE

CoBpeMeHHBI  3Talml  pPa3BUTHUSA  CTPOUTEIHEHOU
MHAYCTPUHN XapaKTepHU3yeTcs POCTOM TpeOOoBaHMI K
9KCIUTyaTaIOHHBIM XapaKTEePUCTUKAM
KOHCTPYKIMOHHBIX ~ MaTtepuanoB. OpHUM W3
KJIFOYEBBIX (PAKTOPOM B JaHHOM KOHTEKCTE SIBIIICTCS

CO3JaHHC BBICOKOIIPOYHBIX n JOJITOBECYHBIX
OEMEHTHBIX  CHUCTEM, CIIOCOOHBIX BBIICPKUBATH
3HAYUTCIbHBIC CTaTHYCCKHC n JUHAMHUYCCKHEC

Harpy3kv B Pa3IMIHBIX KIMMATHYECKHUX YCIIOBUAX.

&% https://orcid.org/0000-0003-4552-0418
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TpamuuoHHBIE TOIXOBI K NOBBIICHAIO TIPOYHOCTH
O0eToHa 3a CUYeT MPOCTOTO YBEJMYECHHUS pacxona
[IeMeHTa Ha  CEerOAHAINIHUA  JeHb IPU3HAHEI
SKOHOMUYECKHA HEAIPPEKTUBHBIMA H HKOJIOTHYECKH

HEOIpaBIaHHBIMH.

K HacrosiemMy BpeMeHH MPeIOKEHBI U yCHEITHO
BHEAPSACTCS pan 3¢ HeKTHBHBIX METOJIOB,
TIO3BOJISIOIINX MPOEKTHPOBATh LIEMEHTHbIC

KOMIIO3UTHI, OONAJaroNfe KOMIUIEKCOM Hamepesn
3a/IaHHBIX CBOMCTB OJHUM W3 KOTOPBIX SBISIOTCS

¢% https://orcid.org/0000-0003-2271-3768
40 https://orcid.org0009-0002-6680-2105
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MHOI'OKOMITIOHCHTHBIC
CHUCTCMBI.

MO (UITPOBAHHEIE

6I/IHapHI)IX MHKpOHaHOJ'IHPITeJ'IefI, YTO IIO3BOJIACT
J0CTUYb BBICOKOH IJIOTHOCTH YIIAKOBKH YaCTUI] Ha

Baxueiinryto poss B popMHPOBaHUH CTPYKTYPHI A MUKPOYpPOBHE u obecre4uTs TpedyeMyto
CBOMCTB TaKUX CHUCTEM HTPAIOT MUKPOHANOIHUTEIH, JIOJITOBEYHOCTh KOHCTPYKIIMH.
TakMe Kak KapOOHAaT KaIbLHs, MHHEpPAIbHBIC Ilensro  maHHOrO  HCCIEAOBaHMS  SBISETCA
MOPOIIKA WM aKTUBHBIE MUHEpaJibHbIe 100aBKkH. X U3y4YeHUE  BIMSHUA  MMKpPOHAIIOJHUTENEH  Ha

BBCIACHUC B COCTaB I CMCHTHBIX KOMHO3I/IHI/Iﬁ

MO3BOJISIET YIIPaBIIATh HPOIIECCOM
CTPYKTYpoOOpa3oBaHUs Ha MHKPOYPOBHE.
MHUKPOHATIOITHUTENN BBIMOIHSIOT (YHKIIHIO [IEHTPOB
KPUCTAILTA3AIMH MPOYKTOB THJIpATAIUH,

crocoOcTBysl Ooyee paBHOMEPHOMY pacIpeeeHHIO
HOBOOOpa30BaHWH ¥ 3allOJHSIIOT MHKPOIOPH B
LEMEHTHOW  Marpuie.  OTO  TNPHUBOAUT K
3HAYUTEITLHOMY YIJIOTHEHHUIO CTPYKTYpPBI
LIEMEHTHOTO KaMHS M YIYYIIEHUIO €ro (H3UKO-
MEXaHNYECKUX MoKa3aTeseH.

B pamkax peanuzanuy J0JIroCpOYHBIX IUIAHOB MO
pa3paboTke  pecypcocOeperarommx  TEeXHOJIOTHH
LIEMEHTHBIX ~ 0EeTOHOB, 0COOYI0  aKTyaJbHOCTb
MpUOOPETAIOT  BOIPOCHI H3YUYEHHST COBMECTHOTO
BJIMAHUSA PA3JIMYHBIX THUIIOB MHKpOHaHOHHHTeHCﬁ u
XUMHUYECKHX 00aBOK-MOIu(puKaTopos [1-3].

HUccnenosanus I1. Kymapa Mextoi (P.K. Mehta) u
1. Monreiipo (P. Monteiro) 3anoxunu ¢pyHIaMeHT
ITOHUMAaHUS MEXaHU3MOB (dbopMupoBaHus
MHUKpPOCTPYKTYpBI OETOHA ¥ POJIM YIIBTPAANCTIEPCHBIX
N00aBOK B TMOBBIINIEHUH ero joiroBeuHoctd [4]. B
paborax K. CxkpuBenepa (K. Scrivener) u b.
Jlorenb6axa (B. Lothenbach) moapoOHO u3yueHsbI
IIPOLIECCHI TUAPATALIN MHOTOKOMIIOHEHTHBIX
BKYyIIMX M BIMAHHE MHKDPOHAIIONHHUTENEH Ha
(dbopMupoBaHUE KPHUCTAJUIMUECKOro Kapkaca [5].
Taxoxe 3HAYUTEJILHBIN BKJIaJ B pa3BUTHE
BBICOKOTEXHOJIOTHYHBIX OeToHOB BHec [1.K. DiiTunn
(P.C. Aitcin), o6ocHoBaBmHi 3PHEKTHBHOCTD
KOMIUIEKCHOTO ITPUMEHEHHS CYIepIUIacTH(PUKATOPOB
M MHKpOKpeMHe3eMa [6-8].

HecmoTpst Ha  3HauMTENBHOE  KOJIMYECTBO
HCCIIEZIOBaHUH, BONPOCH COBMECTHOTO BIMSHHUS
MHUKpPOKpPEMHE3eMa U W3BECTHAKOBOH MYKH Ha
IPOLECCHl  CTPYKTYpoOOpa3oBaHMS  LIEMEHTHOTO
KaMHS B YCJIOBHAX CYXOr0 JKapKoro KiuMmara
OCTAalOTCA HENOCTATOYHO H3y4eHHBIMH. OcOOEHHO
aKTyaJbHBIM SIBJISIETCS HCCIIEJJOBAHHE MEXaHHU3MOB
VIUIOTHEHUS] IIEMEHTHOH MATpHIBl NpPH HU3KOM
BOJOLIEMEHTHOM OTHOIICHHUH.

B nmamnO#l pabGoTe mpencTaBIEHBI PE3YIbTaTHI
UCCIEJI0OBaHUH 110 CO3JaHHI0  BBICOKOIPOYHOTO
neMeHTHoro kamHs. [Ipemiaraercs mcHonp30BaHUE
CHUHEpreTuveckoro  sddekra  B3aUMOJACHCTBHS

(opMHpOBaHHE MHKPOCTPYKTYpBI, IUIOTHOCTH H
MPOYHOCTHBIX XapaKTEPUCTUK LIEMEHTHOTO KaMHS, a
TaKke 000cHOBaHHE (P PEKTUBHOCTH UX IPUMEHEHHSI
B NPOU3BOJCTBE CTPOUTENBHBIX MaTepHajIOB HOBOTO
MOKOJICHUS.

Hayunas HOBH3HA HCClIeIOBaHUA 3aKJIIOYAETCS B
YCTaHOBJIEHMM MEXaHHW3Ma COBMECTHOIO BIIMSHHUSA
OMHapHBIX MHUKpPOHAINOIHUTENeH U
CYIepIuIacCTU(UKATOPOB HA TPOLECCHl YILIOTHEHHS
EMEHTHOW MaTpullbl U (QOpMHUpOBaHMS TJIOTHOU
MHUKPOCTPYKTYPBI IEMEHTHOT'O KaMHSI.

2. MATEPHAJIbBI n
HNCCIEJOBAHUSA

METO/1bI

Jliist peanu3aiiiy SKCIIePUMEHTATBHBIX HCCIICI0BAHUIMA
OBbLTH BBIOpaHbI MaTepHaJIbl, IIHPOKO IPUMEHSIEMBbIC B
CTpouTebHOM HHAYCcTpUuU PecriyOmuku Y30ekucraH,
4T0 O0ecHeurBaeT IMPAKTUYECKYI0 3HAYUMOCTb
l'IOJ'[y‘ICHHI)IX pe3yanaTOB.

IlemenT: B KauecTBe OCHOBHOTO BSDKYILETO
rcIoib3oBatics moptiananemMeHT mapku [11] 400-7120
MIPOM3BO/ICTBA AO «bekabaaiemenT»
(cootBerctByroumii ['OCT 10178). Xumuueckuit
COCTaB IIEMEHTa XapaKTEepU3yeTcs COAepKaHUEeM
ocHOBHBIX OKcuaoB: CaO (62-65%), SiO, (20-22%),
AlLOs (4-6%) wu FeO3 (2-4%). VYaenbHas
MOBEPXHOCTH LieMeHTa cocTasisuia 3000-3200 cm?/r.

MuKpOHaNoOIHUTENN:

e  MuUKpPOKpEMHE3EM: YIbTPAIUCIIEPCHBIN
MaTepua ¢ cogepkanuem amopdHoro SiO, He MeHee

90%, oOmamarommii  BBICOKOM — MYLIIOJAHOBOU
AKTHBHOCTBIO.
e  II3BecTHAKOBasS MyKa (MHKPOKAJBLHUT):

TOHKOMOJIOTBI KapOOHAT KalbLMs, HCIOJB3YEMbIH
JUISL YIUIOTHEHUS CTPYKTYPbI U YCKOPEHHSI IIPOLIECCOB
KPUCTAJUTU3ALUH THAPATHBIX (a3.

e  MuHepanpHBlE TOPOIIKH:  IOJyYCHHBIE
IIyTEM TOHKOTO W3MENIBYEHUS MECTHBIX TOPHBIX
MOpoJ 10 yaesbHO# nmoBepxuoctd 4500-5000 cm?/r.

OCHOBHEIE (U3UKO-XIMUYECKHEe
XapaKTePUCTHKA W  MHHEPAJIOTHYECKHH  COCTaB
MCXOJHBIX MaTEPHUAJIOB IIPEICTABICHBI B Ta0M. 1.

CynepuiacTu(uKaTopoB  HOBOTO  TOKOJCHUS |
Tadoauua 1
DU3NKO-XUMHYECKHE XaPAKTEPUCTUKH UCXOJHBIX MATEPHAJIOB
YejbHasi IOBEPXHOCTb, IlnoTHOCTD, OcHOBHOM
Marepuan N N
cm?/t r/cM KOMIIOHEHT
Hoptmanmiement 111 400 3100 3,12 Ca0, SiO»
MukpokpeMHe3eM 18500 2,20 Si0: (amopHBbIiT)
W3BecTHAKOBAsI MyKa 4200 2,65 CaCOs
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Z[J'IH HU3YUCHUS BJIMAHUA NAHHBIX MATCpHAJIOB Ha
CBOICTBA IIEMCHTHOTO KaMHS ObLIN IIOATOTOBJICHBI

cepur  00paslOB C Pa3IWYHBIM  IIPOLEHTHBIM
colepKaHHMEM  MHKpOHamoiHutenred. B xome
9KCIIEpUMEHTA BapbHPOBAIOCH coziepKaHue
MUKpOKpeMHe3emMa B  mpegenax  5-10%, wu

n3BecTHAKOBOM Myku 10-20% oT mMacchl ieMeHTa.
IIpouecc MpUroTOBIEHUSI CMECEN BKIIOYAI
IIPEJBAPUTENIFHOE CYXO€ MEPEMEINBAaHNE LIEMEHTA C
MUKpPOHAIIOJHUTENAMH B TEYEHHE 3 MUHYT Ui
JOCTMDKEHUS ~ TOMOTEHHOCTH  COCTaBa.  3aTeM
BBOAWJIACh BOJA 3aTBOPEHUSI C IIPEABAPUTEIBHO
pacTBOPEHHBIM B HEH CyleprulacTu(UKaTopoM Ha

MONMKapOOKCHIaTHOH  ocHOBe.  [lepemervBanue
MPOAOJDKANOCH IO MOJTy4YEHUs] OJHOPOAHOH MaccChl C
3aJ[aHHON MOJIBUYKHOCTBIO. BononemenTHoe

OTHOILIICHUE HCCJIELYyEeMbIX COCTaBOB COCTABIAIO
0,32-0,35.

W3 npurotoBiieHHOH cMecH  (HOPMOBAIUCH
00pasipl-kyOsr  pasmepom  70,7x70,7x70,7  wmMm.
YIUIOTHEHHE  TMPOBOAWIOCH  HAa  CTAaHJAPTHOM

BuOporomaake B TeueHue 30—60 cekyna. OOpasiisl
BBIJICP)KUBAIIUCH B (hOpMax B TeueHHe 24 4acoB, rmocie
4ero IOoJBEpPraiuch pacnanyOke M IMOMEIIANCh B
KaMepy HOPMaJBHOI'O TBEpAEHHS C TeMIlepaTypon
2042°C 1 OTHOCUTENIBHON BIIAXKHOCTBIO BO3IyXa HE
meHee 95%.

XUMHUUYECKHUE n00aBKu
(Cynepriactugukatopb): Hnsa obecrieueHus
TpeOyeMoil MOJBM)KHOCTH OETOHHOM CMeCH IpH
HHU3KOM  BomoueMeHTHOM  oTHomeHuu  (B/L)
MPUMEHSIINCH CynepIuacTH(GUKaToOphI Ha
nonmkapookcunataoit ocHoBe Glenium ACE 430.

Ocoboe BHUMaHHE YIeIsII0Ch N3yYECHUIO
aICOpOITIOHHOTO B3aUMOJICHCTBUS
cymepruiacTuguKaropa c MTOBEPXHOCTBIO
MHUKPOHATIOTHUTEIEH. YcTaHoBIIEHO, 4TO

Jo3upoBaHue no6aBku B npenenax 0,8-1,2% ot mMaccher
BSDKYILETO MO3BOJISAET 3((EKTUBHO paCIpenesnsiTh
YIIBTpaIUCIIEPCHBIE YacTUIBI B 00beMe 1IEMEHTHOTO
TecTa, IpeA0TBpaias uX GIOKYIISAIHIO (CIUaHKe).
Mertomuka ~ sKcriepuMeHTa:  M3rortoBienue
00pa3noB-kyooB pasmepom  70,7x70,7x70,7 MM
MPOBOAMIOCH B COOTBETCTBHU C JIEHCTBYIOIIMMHA
craHaapramu. J[Isi KaKJ0ro SKCIEepPUMEHTABHOTO
COCTaBa M3rOTABIMBAIOCH HE MEHEE TPeX 0OpasloB.
HcnibITanus Ha TPOYHOCTD MTPU CXKATHH BBITTOIHSITHCH
B Bo3pacte 3, 7, 28 CyTOK, a Takke B paMKax
JIOJITOCPOYHOTO MOHHUTOpUHTa J10 24 MecsIueB.
H3ydeHne MHKPOCTPYKTYphI LIEMEHTHOTO KaMHS
MPOBOAMJIOCH ~ C  HCIIOJIb30BAaHHEM  METOJIOB
9JIEKTPOHHOW MHMKPOCKOIIMM W peHTreHoda3zoBoro
aHaJm3a. HUccnenosanus MIPOBOANIIUCH c
UCIIOJIE30BaHNEM  CKAaHHMPYIOIIETO  3JIEKTPOHHOTO
Mukpockona Tescan Vega 3 npu yenuuenun x2000.

3. PE3YJBbTATHI U1 OBCYXJIEHHUE

B Xone HpOBe]leHHbIX 3KCHepI/IMeHTaﬂbHBIX
HCCHC}IOBaHHﬁ 6I)IJ'II/I l'IOJ'Iy‘-IeHbI JAHHBIC O BJIHWSIHUHU
KOMITJIICKCHBIX MHKpOHaHOJ’IHHTeJ’Ieﬁ Ha l'lpO‘-IHOCTHI)IC
XapaKTepI/ICTI/IKI/I HEMECHTHOI'O KaMHA B paSHI/IqHI)IC
CPOKH TBEPICHHUSL OCHOBHBIE Pe3yJbTAThI
UCMBITAHUHA HAa CKaThe ISl  KOHTPOJBHBIX H
MO (PUIIMPOBAHHBIX COCTABOB MPUBE/ICHBI B Ta0II. 2.
[IporHo3HBIE 3HAYEHHS MPOYHOCTH, MOJYUCHHBI
METO/IOM DKCTPATIOJISIHH.

Tadauna 2

IToxa3zatesn npouHocTH Ha c:katue (MIla)

KoHTpoabHbIii MoaudunupoBaHHBIH IIpupocTt npoyHocTH
Cpox Teepaenns COCTaBp (1111 400) COCTan)(]_I +I;VIK + CII) PP (%I;
3 cyTOK 18,5 23,2 +25%
7 cyTOK 28,4 36,5 +28%
28 cyTok 425 56,8 +33%
6 MecsiieB (IIPOrHO3) 48,2 64,5 +34%
[orpeurHocth SKCIIEPUMEHTATBHBIX M3BECTHSKOBAsl MyKa) MOKAa3bIBAIOT CTAOMIIBHBII POCT

M3MEpeHHi He IpeBblmana 5 %, 4T0o MOATBEPKAACT
JIOCTOBEPHOCTB ITOJIy4EHHBIX PE3yIbTATOB.

JUJ1st HATJIAHOTO MPECTAaBIICHNSI HHTEHCHBHOCTH
Habopa NPOYHOCTH W CPAaBHHUTEIBHOTO aHAIN3a
OUHAMUKA TBEPACHHS OWHAPHBIX CHCTEM ObLIa
IIOCTpoeHa rucrorpamMma (puc. 1)

Ananms MIPOYHOCTHBIX XapaKTEePUCTHUK.
OKcneprMeHTaIbHbIE HCCIIEIOBAHNS NMPOYHOCTH Ha
c)XaThe TPOBOJUIINICH B CPOKH OT 3 cyTok mo 24
MECSIIIEB, YTO IO3BOJIMJIO OLEHHWTh KaK PAHHIOIO
MIPOYHOCTb, TAK U JOJTOBEYHOCTH OMHAPHBIX CHCTEM.
VYcraHOBIEHO, YTO 00pasmbl € KOMITJIEKCHBIMH
MUKPOHATIOTHUTEISIMHI (MUKpOKpEeMHE3eM +

IPOYHOCTH Ha BCEX HTAIIaX.

e B pamame cpoku (3-7 cyTOK) MIpPOYHOCTH
MOAN(HIMPOBAHHBIX COCTAaBOB BBIIIE KOHTPOJBHBIX
Ha 15-20%, 49ro OOBSCHSETCS  YCKOpEHHEM
THOpaTalid MHHEpaJoB LEMEHTa Ha IOBEPXHOCTH
MHUKPOHAIOIHUTETEH.

e K 28 cyrkaMm mpupocT MPOYHOCTH TOCTUTAET
30-35% pu ONITHMAJTbHOMN JIO3UPOBKE
cymepruiacTuuKaTopa.

e [IporHo3HBIE TOKa3aTeNW COTNIACHO  24-
MECSYHOMY IUIaHy HCCIICIOBAaHUH YKa3bIBAIOT Ha
COXpaHCHHE  IOJOKHUTEIBbHOW  JUHAMHKH  Oe3
NPU3HAKOB JECTPYKLUH, YTO TIOATBEPKIAET BHICOKYIO
CTaOWIBHOCTB CTPYKTYPHI.
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IToMyMO NMPOYHOCTHBIX MOKa3aTeNel, BBEICHUE CpaBHUTEIbHBIC JTaHHBIE 1o MJIOTHOCTH,
KOMILJIEKCHBIX J100aBOK CYIIECTBEHHO BIMSECT Ha BO/IOTIOTJIONIEHHUIO ¥ IOPUCTOCTH IIPUBE/ICHEI B TaOI.
¢dusnueckne XapaKTepUCTUKH MaTepHania. 3.

70
60 -
50 -
40 -
30
20

Mpeaen Nnpo4HOCTH Ha cxaTtue, MMa

10 4

3 cyrox 7 cyTok 28 cyTok 6 mecaues (nporxo3)
Cpoxw TBepAEHUA

I Koxrponsksit cocras (ML} 400) I Mopwdmupposanneit coctas (Ll + MK + CN)

Puc. 1. Bausinue KOMILUIEKCHOT 0 MOI[I/I(I)I/IIII/IPOBZIHI/IFI Ha THHAMHUKY Haﬁopa MPOYHOCTH HEMEHTHOI'0 KAMHS

Ta6auna 3
Bansinne KOMIUIEKCHBIX MUKPOHATIOTHHTEIEH Ha (pU3nYecKHue CBOICTBA IIEMEHTHOTO KAMHSI
Cocran IlnoTHOCTD, KI/M? Boponornomenue, % IMopucrocrh, %0
KoHTpoJIbHBbIIH 2150 5,8 14,5
C MHUKpPOHAMNOJTHUTEIIMHU 2310 3,1 9,2

N CIOCOOCTBYET  3HAUYUTENBHOMY  YIUIOTHEHHIO
OcoOblii MHTEpEC MpPEeACTABISAECT H3YyUCHHUE

" MaTpHIIBL. Ha  puc. 2 pencTaBIICHBI
BIIMSIHHSI MUKPOHATIOJHUTEIICH HA MUKPOCTPYKTYPY
z MuKpodoTorpadun CKoJIa 00pa3s1ioB,
LEMEHTHOTO0 KaMHs. MeToJI0M CKaHMPYIOLIeit
. HOATBEP)KAAIOIINE 3aII0JHEHHE KANUUBIPHBIX MOP
9JICKTPOHHOH MHKPOCKOIHMH OBUIO YCTaHOBICHO,
HIPOAYKTAMHU rUApaTanuy u YaCcTHL[AMH
YTO  BBEACHHE  YJIbTPAJUCIEPCHBIX  T00ABOK N
MHKPOHAIIOJTHUTEICH.

x2000 10kv SEl

MoaudurmpoBanHbIii 0Opaser

KonTtponbsHbIi 06pasers

Puc. 2. COM-muxkpodororpadguu cTpyKTypbl IIeMEHTHOT0 KaMHsl IpH yBeJaudeHun x2000 (macmrad 10

pm)

Ha ocnoBanmnu pesynpratoB COM-aHanm3a Obu1a MUKPOHAIOIHUTENEH C HEMEHTHBIMH 3€pHAaMH, TJe
MIpEVIOXKEHa TEOPETUYECKasi MOJAENb YIJIOTHEHHS yIIBTpaUCIIEPCHBIC YaCTHIIBI s¢dexTrBHO
LIEMEHTHOX MaTpuubl. TeopeTwmueckas MOJETb 3aIOJHSIOT MEK3E€PHOBOE IMPOCTPAHCTBO, CO3/aBast
(dopMupOBaHUS  CTPYKTYphl  (pHC.3)  HarJSAIHO TJIOTHBIN KPUCTAJUIMYECKHUN KapKac.

JIEMOHCTPUPYET MEXaHU3M B3aMOJACHCTBHS
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UcxopHas CTpyKTypa
(6€e3 MUKpOHanonHuTenemn)

CTpyKTypa nocne sBefeH1s
MHWKpOHanonHuTenem
(ynnoTHeHue MaTpMLbl)

o 0o L b
LiemeHTHble Beegenue MuKpoHanonHuTenu
3epHa MMKpPOHaNonHuTenen B MEX3EPHOBOM
(MMKpOKpeMHesem, NpOCTpaHcTBe
HaHOKanbumr 1 Ap.)
KanunnspHble > N
nopb! : > Ocraswmecn
& MUKPONOpPbI

Puc. 3. CTpykTypHas cXxeMa yIUIOTHEHUS] IEMEHTHOM MaTpHUIbI IPH BBEJACHNN MUKPOHATIOJTHUTEJIeH

M3yueHne MUKPOCTPYKTYPHl LIEMEHTHOTO KaMHS
METOJIOM CKaHUPYIOIIEH IEKTPOHHON MUKPOCKOTIHU
(COM) BBIABWIO KAYeCTBCHHBIC W3MCHCHHS B
CTPOCHUM MATPUIBL. B KOHTPOJIBHBIX 0Opa3siax

HAONIONAeTCsl HANMYME KAMWUIAPHBIX 1MOp H
(parmeHTapHOE pacronoxeHue KPHCTaJJIOB
THIPOCWIIMKATa  KaJblMA.  YCTAHOBIEHO,  4YTO
BBE/ICHHE MHUKPOHAIOJHUTENeH CriocoOCTByeT Oosee
UHTEHCUBHOMY  OOpa3oBaHWIO  HH3KOOCHOBHBIX
THIIPOCUIIMKATOB KaJIbLHSI (C-S-H),
obecreunBaroIInX MOBBIIICHNE TUIOTHOCTH
LIEMEHTHOW MaTpPULLbIL:

e B MO (PUIIMPOBAHHBIX cocTaBax

MUKpPOHATOJIHUTENN 3(P(PEKTUBHO BBITOIHSIOT POJb
«MHKpOGHIEpay», INIOTHO 3alOHSSA NMPOCTPAHCTBO
MEKy 3epHaMU LIEMEHTA;

® MHKPOCTPYKTYPa XapaKTepU3yeTCs BBICOKOH

IUIOTHOCTBIO M MHHHMAIBHBIM  KOJHYECTBOM
MaKpoIIop;

® [POJYKTHI THApPATALMU PACHIONAraloTcs bomee
KOMIIAKTHO, ¢dopmupyercst  Oonee  MIIOTHAs
[POCTPAHCTBEHHAs] ~ CTPYKTypa  TMAPOCHIMKATOB
kajpmus (C-S-H).

ITnoTHOCTB u BOZIOIIOTIIOIICHHE.

D¢ heKTUBHOCTh 3aMOJHEHHS MOp B IEMEHTHOU
MaTpulle HalpsAMyI0 OTpasuiach Ha (QU3HYECKHX
CBOMCTBax KaMmHsI.

e IlnotHOCTB: BBEJICHHE KOMITJIEKCHBIX
MUKPOHATIOTHUTEIEH MI03BOJIJIO TIOBBICUTH
CPEeAHIOI INIOTHOCTH 00pasioB Ha 5-8% (¢ 2150 no
2310 kr/m?).

e Bogomornomenue: OGnarogapsi MEpEeKPBITUIO
KaIMJUTAPHBIX KaHaJIOB YJIBTpaUuCTIEPCHBIMU
YaCTHLAMH, TTOKA3aTelb BOJONOTIIONICHHS] CHU3HIICS
¢ 5,8% no 3,1%.

HccnenoBaHusaMHi TOKa3aHO, YTO KOMIUIEKCHOE
HCIIOJIb30BaHUE MUKPOKPEMHE3EMA U U3BECTHSIKOBOH
MyKH HE TOJBKO YHPOUYHSIET MaTepHasl, HO H
3HAYUTEIBHO TIOBBIINAET €r0 CONPOTHBISIEMOCTD
arpeCcCUBHBIM BO3ACUCTBUSIM BHEIIHEH CpEnbl, UYTO
O0COOEHHO BaKHO JUIS TPAHCIOPTHBIX COOPYKCHUH
(mammpuMep, 3cTakag METpo).

4. 3AKJIIOYEHHUE

Ha ocHOBaHMHM TPOBEACHHBIX TEOPETHUCCKUX U
IKCMIEPUMEHTANBHBIX ~ HCCIICMOBAHUA  BIMSHHUS
KOMITJICKCHBIX MHKpOHAIIOJIHUTENIe Ha CBOWCTBa
HEMEHTHBIX CHCTEM C(HOPMHUPOBAHBI CIIEAYIOIIHE
BBIBO/IBI:

1. TloBblmieHHE MPOYHOCTHBIX XapaKTEPHUCTHK:
YcTaHOBNEHO, 4YTO TNPHUMEHEHHE KOMILJIEKCHBIX
MUKpOHANOJNIHUTENEH W cymnepruiacTudukaTopos
OGGCHC‘II/IBaeT IMOBBIMICHUE TMPOYHOCTU HEMEHTHOI'O
kaMHs Ha 33-34 % 10 CpaBHEHHIO C KOHTPOJIbHBIMU
COCTaBaMH.

2. DQdeKkTuBHOCTh  CTPYKTYpPOOOpa30BaAHHUS:
Metonamu MHKPOCTPYKTYpPHOTO aHajm3a
HOATBEPKACHO, 4TO MHKPOHAIIOJIHUTEIIN
3¢ GEKTUBHO BBINOJIHIIOT POJIb «MUKpOQHILIEpay,
IUIOTHO 3allOJIHSSL  MEX3EPHOBOE  INPOCTPAHCTBO
[IEeMEHTHOM MAaTpHLbl. DTO HPUBOJUT K CHIDKCHHIO
obme#r mopuctoctu ¢ 14,5% mo 92% wu
CYILIECTBEHHOMY  YIJIOTHEHHIO CTPYKTYpBI, 4YTO
HallpAMYIO KOpPPEIUpPYeT € POCTOM HPOYHOCTH H
JOJITOBEYHOCTH MaTepuala.

3. PecypcocOepexeHne W DKOHOMHYECKAs
a¢pextuBHOCTh:  [IpuMeHeHne  pa3pabOTaHHBIX
COCTAaBOB SIBIISICTCSl BBHICOKOAI((PEKTUBHBIM C TOYKU
3peHust  pecypcocOepexenus.  VcmonpzoBaHue
MECTHBIX MHHEpalIbHBIX H00aBOK M  OTXOJOB
IPOU3BOACTBA MO3BOJISET CHUZUTH YAEIBHBIA Pacxon
JOPOTOCTOAIIETO KIMHKEPHOTO LIEMEeHTa 0e3 MOoTepu
KayeCTBEHHBIX XapaKTepUCcTUK OeroHa. JlaHHBIH
MOJIXOJ CIIOCOOCTBYET CHIDKEHHIO CeOecTOMMOCTH
CTPOMTENBHBIX ~ KOHCTPYKUMH M  yMEHBIICHHIO
9KOJIOTHYECKOH  HAarpy3Kd TP  IIPOHM3BOJCTBE
CTPOHUTENBHBIX MaTePUAJIOB.

4. TlpakTtmdeckass 3Ha4UMOCTh: IlomydeHHBIE
pe3ysbTaThl PEKOMEHIYIOTCS Ul BHEIPEHUS IpU
NPOU3BOACTBE  BBICOKONPOYHBIX ~ OCTOHOB IS
TPAHCHOPTHOTO CTPOHTEIBCTBA, B YACTHOCTH JUIS
9JIEMEHTOB 3CTaKaJl METPOIONIUTEHa M MOCTOBBIX
KOHCTPYKUHH, SKCILTYaTHPYEMBIX B YCIOBHSAX CYXOTO
1 KapKOT0 KIMMATa.

Takum 00pa3oMm, NpPUMEHEHHE KOMILIEKCHBIX
MHUKpPOHANIOJIHUTENEH  SBISETCS  MEePCHEeKTHBHBIM
HaTpaBJIeHHEM pa3pabOTKH BBICOKOI(D(DEKTUBHBIX U
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Design-Based Assessment of Hybrid Thermal-Insulating Dry Plaster
Mortars for Aerated Concrete Walls in Aral Sea Region Conditions

A. Ismayloval®?
'Urgench State University, Khorezm, Uzbekistan

Abstract The paper presents a design-based assessment of thermal-insulating dry plaster mortars intended for
aerated concrete and other porous wall materials under the dry, windy and salt-aerosol affected
conditions of the Aral Sea region. The study focuses on the simultaneous compatibility of the plaster
layer with the porous substrate in terms of thermal resistance, vapour permeability, capillary water
absorption, adhesion and crack resistance. Five mortar variants were compared: a reference cement-
sand plaster, perlite-based and vermiculite-based lightweight plasters, a hollow-microsphere
modified plaster and a hybrid perlite-vermiculite-microsphere composition. A multi-criteria
approach was used to evaluate the balance between low thermal conductivity, sufficient
compressive strength, low water absorption and vapour-open behaviour. The calculated screening
indicators show that the hybrid composition can reduce thermal conductivity to 0.116 W/(m-K),
decrease capillary water absorption to 0.26 kg/(m?-h°-%), and maintain adequate adhesion to aerated
concrete. The results confirm that the best solution is not the composition with the lowest density
alone, but the one that combines closed and open pore systems with a compatible lime-cement
matrix and hydrophobic modification. A minimal laboratory testing program is proposed for further
verification before pilot application.

Aerated concrete, dry plaster mortar, thermal insulation, perlite, vermiculite, hollow microspheres,
vapour permeability, capillary water absorption, Aral Sea region, salt aerosol, multi-criteria
assessment

Keywords:

mechanical compatibility are assessed together

1. INTRODUCTION

Aerated concrete is widely used in energy-efficient
wall systems because its cellular structure reduces
density and improves the thermal performance of
building envelopes. However, the same porous
structure also makes the material sensitive to
capillary suction, vapour accumulation and surface
damage when the finishing layer is selected
incorrectly. In dry continental regions, especially in
territories affected by dust and salt aerosols, the
external plaster must not only protect the wall from
rain and mechanical action but also maintain a safe
moisture balance inside the wall section.

Traditional cement-sand plasters are relatively
dense and strong, but their thermal conductivity is
high and their deformation compatibility with
aerated concrete is limited. A hard and low-vapour
layer can increase the risk of interfacial cracking,
efflorescence and local detachment. For this reason,
dry thermal-insulating plaster mortars containing
lightweight fillers, polymer modifiers,
hydrophobizing agents and microfibres are
becoming an important direction for facade systems
based on aerated concrete blocks.

The purpose of this paper is to develop and
compare several thermal-insulating dry plaster
mortar compositions for porous wall substrates. The
comparison is based on a multi-criteria framework in
which thermal insulation, moisture transport and

a2 https://orcid.org/0009-0000-4596-0759

rather than separately.
2. MATERIALS AND METHODS

The designed mortar system contains Portland
cement, hydrated lime, fine mineral Afiller,
lightweight porous fillers, polymer powder,
cellulose ether, hydrophobizer and dispersed
microfibres. Expanded perlite and vermiculite were
selected as open-pore lightweight fillers, while
hollow mineral microspheres were used as a closed-
pore component. The lime-cement binder was
chosen to improve vapour openness and reduce
stiffness compared with a purely cement matrix.

Five compositions were analysed. MO is a
reference cement-sand plaster. M1 and M2 contain
perlite and vermiculite respectively. M3 contains
hollow mineral microspheres, and M4 is a hybrid
composition combining perlite, vermiculite and
microspheres. The numerical values in the tables
are design-screening indicators intended for
formulation selection and laboratory planning.

The basic thermal and moisture criteria were
expressed using the following relationships:

R=d/A (1)
RO=Rsi+3(di/AM)+Rse  (2)
sd=p-d 3)

W = (mt - m0) / (A - Vi) (4)
S=X wi-xi (5)
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Here R is the thermal resistance of a layer, d is r
the layer thickness, A is the thermal conductivity powder
coefficient, RO is the total thermal resistance of the . Wt.%
wall section, s_d is the equivalent air layer thickness, Cellulo
u is the vapour diffusion resistance factor, W is the Seu
capillary water absorption coefficient, A is the ther 0.25 | 030 | 0.30 | 0.35 | 0.35
wetted surface area, and S is the integral multi- (\a/vt%/’
criteria score obtained from normalized indicators 7
x_i and weights w_i. O_rgano
Composition design silicon
The composition design was aimed at reducing hyd_rop 0.20 | 0.35 | 0.35 | 0.45 | 0.50
density and thermal conductivity while keeping the hobizer
plaster mechanically compatible with an aerated » Wt.%
concrete substrate. The amount of cellulose ether and Polypr
polymer powder was kept moderate because opylen
excessive polymer content may reduce vapour e/basalt
permeability. The hydrophobizer was increased in microfi 0151 025 | 025 | 0.30 | 0.35
lightweight compositions to compensate for the bres,
open-pore structure of perlite and vermiculite. Wt.%
Table 1 Air-
Designed compositions of dry thermal-insulating entraini
plaster mortars "9 1 005 | 010 | 010 | 0.10 | 0.10
Comp stabiliz
MO M1 M2 M3 M4 er
onent )
wt.%
Portlan
d Recom
cement 28.00 | 25.00 | 24.50 | 23.00 | 22.00 mende
W% d 0.2 0.2 0.3 0.2 0.2
water/d| 3 9 1 7 8
Hydrat ry mix
Ii?r?e 8.00 | 9.00 | 9.00 | 10.00 | 9.00 ratio
wt% Note. The water/dry mix ratio is given for mortar
- preparation and is not included in the 100 wt.% dry
Fine composition balance.
quartz/l Table 2
Imesto 62.35 | 46.40 | 46.00 | 44.60 | 38.60 Design-screening performance.indicators for the
ne compared compositions
filler, Mix | MO | ML | M2 | M3 | M4
wt.% -
q Densit
EXF’;‘“ y, | 1340 | 690 | 720 | 640 | 610
peflite 0.00 | 17.00 | 0.00 | 6.00 | 10.00 kg/m?
wt.% A,
W/(m-| 0.345 | 0.153 | 0.168 | 0.128 | 0.116
Expand
ed K)
vermic| 0.00 | 0.00 | 18.00 | 6.00 | 8.00 B 13 / 8 9 8
ulite, s dat
wt.% 20 026 | 0.14 | 0.16 | 0.18 | 0.16
Hollow mm, m
mineral W,
micros| 0.00 | 0.00 | 0.00 | 7.60 | 9.40 kg/(m*| 0.52 | 0.36 | 0.39 | 0.30 | 0.26
pheres, -h°-5)
Wt'(_%’ Compr
Redisp essive | 8.2 2.8 3.2 3.8 35
ersible | 1.00 1.60 | 1.50 1.60 1.70 strengt
polyme
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h, movement and increase stress at the interface. This
MPa is confirmed by the highest capillary water
Adhesi abS(_)rrrp])tion cI:_oeffic(;ent an_d tr|1_e lowest in_te_gral sc(;)re.
e perlite and vermiculite compositions reduce

l\%;’a 0.42 1 031 | 034 ] 037 | 039 density by nearly one half compared with MO. Perlite
gives a lower thermal conductivity than vermiculite

Shrink in the proposed design, while vermiculite slightly
age, | 1.25 | 091 | 0.86 | 0.74 | 0.69 improves compressive strength. However, both
mm/m materials contain open pores; therefore, the
Score | 0.46 | 0.79 | 0.77 | 0.86 | 0.91 hydrophobizer and polymer-cellulose system are

important to prevent uncontrolled capillary suction.

The microsphere-modified composition M3
demonstrates a better balance between low thermal
conductivity and mechanical resistance. Hollow
particles create a closed-pore contribution to thermal
insulation, while the fine mineral matrix keeps
sufficient adhesion to the substrate. The hybrid
composition M4 achieved the highest score because
it combines the thermal efficiency of lightweight
fillers with lower water absorption and acceptable
vapour openness.

For facade use in the Aral Sea region, the most
important result is the balance between water
resistance and vapour permeability. A hydrophobic
but vapour-open plaster reduces rain and aerosol
solution ingress, while allowing moisture
accumulated in the wall to dry outward. Such
compatibility is especially important for aerated
concrete because its thermal conductivity and
durability are strongly affected by moisture content.
Recommended laboratory verification
Before industrial implementation, the proposed
compositions should be verified using a minimal but
complete testing program. The program must
include thermal, hygric, mechanical and durability
tests, because a single indicator such as thermal

Density and thermal conductivity of designed plaster mortars
0

o o ] o
o 9 W W
5 & & &

Thermal conductivity, W/{m-K)

=]
o
G

600 700 800 900 1000 1100 1200 1300
Dry density, ka/m®

Fig. 1. Relationship between dry density and
thermal conductivity of the designed mortars

Moisture-transport indicators at 20 mm plaster thickness

N Capillary water absorption
0.5 Equivalent air layer sd

Indicator value

MO M1 M2 M3 M4

Fig. 2. Moisture-transport indicators used to
check vapour-open and water-resistant

behaviour conductivity cannot fully describe facade
performance.
10 Multi-criteria score for the designed compositions Table 3
Recommended minimal testing program for
05 plaster compatibility with aerated concrete
" Method /
S 0s Indicator | Purpose | reference Féegotmme?
E direction | 90 targe
g™ Steady-state
- heat flow <0.20
0z Thermal | Evaluate test; W/(m-K),
conductivit| insulation |comparison| preferably
00 Mo M1 M2 M3 Ma Yy efﬁCiency with EN <0.12
Composition 998-1T | W/(m'K)
Fig. 3. Integral multi-criteria score of the classes
designed compositions Check Prism CSralr-]CeS_ I
Compressiv mechanical compressio avcgid’
3. RESULTS AND DISCUSSION e strength stabilit n test after i
y 28 days excessive
stiffness
The reference composition MO has the highest Pull-off test| >0.25 MPa
density and thermal conductivity. Although it Adhesion to| Prevent |on prepared|  with
provides high compressive strength, the strong and cafr%ﬁ?e delarr:]matlo cager:gi?e Cot‘ﬁis)'(‘ég or
dense cement-sand matrix is less favourable for blocks failure

aerated concrete because it can restrict vapour
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Vapour
Vapour | Control | diffusion | $.459-20
permeabilit| drying resi(sjtan(cje layer
y capacity and s_¢ ;
calculaion | thickness
i Limitrain | Capillary
Ca\}\?a{uaarry and salt | uptake test |  <0.40
absorption | solution | ondried ikg/(m?-h®-*)
P intake specimens
Length-
Drying | Esimate | change | 0
shrinkage | crack risk | measureme Ias%er
nt on prisms P
Cyclic ..
Salt aerosol | ASSESS ATall - \etging | NO visible
[ wet-dry durﬁ%?lit with salt rﬁgié'?c?s’s
cycles Gok Y [solution and| M353,7
drying =270
Cyclic
i Strength
freezing
Freeze-thaw secahs%ﬂéll and thawing 1032(?:%%
resistance | g rability | &fter Water | 4ejaminatio
Y| conditionin n
g

4. CONCLUSION

A design-based comparative assessment of dry
thermal-insulating plaster mortars for aerated
concrete walls was prepared. The results show that
the optimal fagade plaster for porous wall materials
should be selected using a multi-criteria approach
that combines thermal conductivity, vapour
permeability, capillary water absorption, adhesion
and shrinkage.

Among the compared compositions, the hybrid
system M4 showed the best balance of properties. Its
calculated thermal conductivity was 0.116 W/(m-K),
capillary water absorption was 0.26 kg/(m?-h°-°), and
the integral score reached 0.91. The hybrid approach
is promising because perlite and vermiculite reduce
density, microspheres add closed-pore insulation,
and the lime-cement-polymer matrix maintains
compatibility with aerated concrete.

The proposed compositions can be used as a
basis for laboratory trials and pilot production of
lightweight plaster mortars for dry and salt-aerosol
affected regions. Further work should focus on real
specimen testing, cyclic durability assessment and
optimization of the hydrophobizer dosage under
local climatic conditions.
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Visual Determination of Adhesion of Bitum Modified with Defecate with
Marble Stone

1.S. Sadikov!®? G.K. Isakoval®®, R.K. Kadirbergenov'®¢
Tashkent State Transport University, Tashkent

Abstract The longevity of asphalt concrete pavements largely depends on the adhesion properties between
bitumen and mineral aggregates. The insufficient adhesion of the bitumen to the surface of the unit
leads to coating degradation under the influence of moisture, a decrease in strength, and a reduction
in service life. Therefore, improving the adhesive properties of bitumen is one of the important
issues in the field of road construction. In this article, the adhesion properties of grade 50/70 road
bitumen to marble stone material were studied by modifying it with defective mineral powder,
which is a sugar refinery waste. During the research, a homogeneous mixture was prepared by
adding a certain amount of defecate to the bitumen composition, and visual tests were conducted in
accordance with the requirements of GOST 12801. During the test, the degree of bitumen retention
on the marble surface was assessed through visual observation.

Keywords:

Road bitumen, defect, adhesion, modification, marble stone, industrial waste

1. INTRODUCTION

Bitumen binder is the primary adhesive material for
road surfaces, which holds the road structure in a
continuous state and makes the surface of the coating
waterproof. However, when cracks appear in the
pavement or water enters the pavement from the
external environment, the connection between the
bitumen and the aggregate is disrupted, and the
bitumen separates from the surface of the aggregate

[1].

By their chemical nature, aggregates can be
acidic or basic (alkaline). According to Hefer's
(2005) research, acidic materials form better
chemical bonds with basic materials, and basic
materials with acidic materials. To form a strong
chemical bond in the bitumen-aggregate system, a
base aggregate such as limestone reacts well with the
acidic components contained in the bitumen [ 2].
Calcium carbonate (CaCO3), present in limestone,
forms a strong bond with the carboxylic acids in the
bitumen. Conversely, silicate aggregates have an
acidic nature, and bitumen is also a weakly acidic
substance. Therefore, the adhesion strength between
such aggregates and bitumen is relatively low [3].
Nevertheless, under high temperatures and
mechanical effects, a certain degree of bonding
between the bitumen and the aggregates can occur.
However, when water enters the asphalt surface, it
displaces the bitumen film from the surface of the
unit. Once this process begins, separation
accelerates[4].

Currently, scientific research is being conducted
to improve the physical, mechanical, and adhesive
properties of bitumen to increase the service life of

@l https://orcid.org/0000-0002-2595-288X
bl https://orcid.org/0009-0001-4990-8920

highway pavements. The efficient use of industrial
waste is particularly important from both
environmental and economic perspectives [6]. One
of the wastes generated in sugar production plants is
defecate, which contains calcium carbonate, organic
substances, and fine mineral particles. The use of this
material as a bitumen modifier allows for the
improvement of asphalt concrete composition.

The adhesion of bitumen to mineral material
determines the water resistance and strength of the
asphalt concrete. According to GOST 12801,
adhesion is determined by evaluating the visual
condition of the surface of the bitumen-coated stone
material.[5]

The aim of this study is to visually evaluate the
adhesion properties of grade 50/70 bitumen with
marble stone by modifying it with a 5% defect.

2. RESEARCH METHODOLOGY

In this experiment, 50/70 bitumen, widely used in
road construction, was selected as the bitumen
binder, and one of the wastes generated at sugar
production enterprises—defecate—was obtained.
The nature of the chemical composition of the
selected mineral powder was analyzed separately
(Table 1). Table 1. Chemical composition of the
defect.

Table 1
Chemical cmposition of the defect
Component Amount (%)
N(Nitrogen) 0.2-0.7
P>Os (Phosphorus) 0.2-0.9
K20 (Potassium) 0.3-1.0

¢ https://orcid.org/0009-0002-4922-0744
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MgO (Magnesium) 0.4-0.8
CaCOs 80-85

Marble grain (at least 10 mm) is tied to it with a
thread or thin wire (diameter not more than 0.5 mm)
and heated in a drying oven. The heating temperature
of the crushed stone is 130-150°C for viscous
bitumens (Fig. 1). After 1 hour of heating, it is
immersed in bitumen for 15 seconds, then removed
and hung on a stand to drain excess bitumen. The
marble stone sample was covered with bitumen with
a defect of 5% relative to the mass of the prepared
bitumen (Fig. 2). The samples were tested in a hot
water environment in accordance with the
requirements of GOST 12801. Then it is removed
and immersed in a glass of cold distilled water for 1-
3 minutes to cool and fix the bitumen film remaining
on the surface of the gravel. The surface of the
marble grain is checked on a 5-point scale with an
interval of 0.5 points. After testing, the sample
surface was visually evaluated according to Table 2.

Fig. 3.
Table 2
The results are evaluated according to the table
below
Properties of bitumen film on
the surface of gravel Quality
The film is fully preserved,
although its thickness may 5 points
decrease in some places. (very good)
The film is intact, but has been
partially detached from sharp 4 points
corners and edges. (good)
More than 50 percent of the film
remains on the surface of the 3 points
stone. (satisfactory)
The film is preserved by less than
50 percent, and individual drops
of bitumen are observed on the 2 points
exposed surface. (bad)

3. RESULTS AND DISCUSSION

The results of the laboratory tests conducted show
that the adhesion properties of bitumen modified on
the basis of defecate (sugar production waste) to the
surface of mineral materials, particularly marble, are
significantly higher than those of conventional
bitumen.

During observations, it was established that the
interaction between the modified bitumen and the
marble stone is stable and durable. The active
components in the defecate have a positive effect on
the physicochemical properties of the bitumen,
increasing its polarity and, as a result, contributing to
the formation of a strong molecular bond on the
surface of the mineral material. Under hydrothermal
and mechanical loads, the main part of the binder
layer remains intact. This indicates that the process
of the binder's separation from the mineral surface
occurs to a very small extent [7]. The experimental
results also confirmed that almost the entire surface
of the mineral material is covered with bitumen.
Only in some cases were very small point
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separations observed in microzones with sharp edges
and high surface energy of the crystalline structure.
Based on the results of visual assessment and current
standard requirements, it was established that the
degree of adhesion of the modified bitumen has high
quality indicators. It can be evaluated as an effective
material in ensuring the strength and longevity of
road surfaces, showing significantly superior results
compared to conventional bitumen. Overall, while
cases of binder separation are more common in
conventional bitumen samples, defect-modified
bitumen demonstrated a high degree of adhesive
stability and reliability.

The indicators obtained during the study confirm
that incorporating the defecate into the bitumen
composition allows for a fundamental improvement
in the physical, mechanical, and adhesive properties
of the binder. Primarily, this is explained by the fact
that highly dispersed mineral particles in the
defecate function as active fillers within the bitumen
dispersion system. In this process, fine dispersed
particles strengthen the molecular structure of the
bitumen, forming a stable framework in the
"bitumen-filler" system, which in turn increases the
ability of the binder to moisten the surface of the
mineral material.

At the same time, calcium compounds and other
active components in the defecate chemically
interact with the asphaltene and resin fractions of the
bitumen, ensuring thermodynamic stability in the
boundary layer between the mineral material and the
binder. As a result of such a complex action, the
water resistance of the asphalt concrete pavement
increases, and the risk of bitumen film detachment
during operation is significantly reduced.

From an economic and environmental
perspective, the use of industrial waste defecate as a
modifier serves as an effective alternative to
expensive artificial additives while optimizing the
consumption of pure bitumen. Most importantly, this
method of disposal creates a foundation for
mitigating the negative impact of sugar industry
waste on the environment and developing waste-free
technologies based on the principles of the "green
economy." In conclusion, composite materials based
on defecate-modified bitumen are a promising
direction in road construction, ensuring high
operational efficiency.

4. CONCLUSION

As a result of scientific research and laboratory tests,
it was confirmed that adding a 5% defecate additive
to grade 50/70 bitumen significantly strengthens the
adhesive bond of the binder with the marble mineral
material. Visual and instrumental assessments
conducted in accordance with the requirements of
GOST 12801 showed that the modified bitumen

possesses high quality indicators and is included in
the highest scoring system [5]. This modification
method serves as an effective technical solution for
increasing the resistance of asphalt concrete coatings
to water and aggressive environmental influences.
At the same time, the application of defecate, which
is considered a sugar industry waste, in the field of
road construction is of strategic importance in the
rational disposal of industrial waste and ensuring
environmental sustainability. General analyses
indicate that the developed modified bitumen
composition allows for the extension of road
pavement service life and the achievement of
economic efficiency[9].
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Prospects for Using Foam Concrete That Complies with The Principles of
“Green Building”

Z.M. Sattorov! ®2 N.A. Madraymov* ©P
Tashkent University of architecture and construction, Tashkent, Uzbekistan

Abstract.  This article examines the development of energy-efficient and environmentally friendly materials, a
pressing issue in modern construction. Specifically, using international research methods, the physical,
mechanical, and thermal properties of foam concrete prepared from ash generated at thermal power plants
were analyzed. The study examined experimental methods for preparing foam concrete samples of
varying compositions and determining their density, strength, thermal conductivity, and durability.

Lightweight concrete, thermal conductivity, foaming agent, foamed ash concrete, building materials,

strength, resources, industrial waste, pilot testing, fly ash, cement, energy-saving material
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“Yashil Qurilish” Tamoyillariga Mos Keluvchi Ko‘pikkulbetonning
Istigbollari

Z.M. Sattorov! ®3 N.A. Madraymov?! ©P
Tashkent arxitektura-qurilish universiteti, Toshkent, O‘zbekiston

Annotatsiya. Mazkur magolada zamonaviy qurilish sohasida dolzarb muammolardan biri bo‘lgan energiya
samarador va ekologik xavfsiz materiallar yaratish masalasi ko‘rib chigilgan. Xususan, issiglik
elektr stansiyalarida hosil bo‘ladigan uchuvchi kul asosida tayyorlanadigan ko‘pikkulbetonning
fizik-mexanik va issiglik xossalari xorijiy tadgiqot metodologiyasi asosida tahlil gilingan.
Tadgiqotda turli tarkibdagi ko‘pikkulbeton namunalarini tayyorlash, ularning zichligi,
mustahkamligi, issiglik o‘tkazuvchanligi hamda chidamlilik ko‘rsatkichlarini aniglash bo‘yicha
tajriba-sinov usullar tadqiq gilingan.

Yengil beton, issiglik o‘tkazuvchanlik. ko‘pik hosil giluvchi modda, ko‘pikkulbeton, qurilish
materiallari, mustahkamlik, resurslar, sanoat chigindilari, tajriba-sinov, uchuvchi kul, sement,
energiya tejamkor material

Kalit so‘zlar:

tadgiqotlarning o‘zaro integratsiyasini ta’minlash,
sifat nazoratini kuchaytirish, bino va inshootlarni
loyihalashda va qurishda ekologik toza hamda

1. KIRISH

Hozirgi kunda qurilish sohasi jahondagi eng yirik

resurs va energiya iste’mol giluvchi tarmoglardan biri
hisoblanadi. ~ Aholi ~ sonining  ortib  borishi,
urbanizatsiya jarayonlarining jadallashuvi hamda
zamonaviy infratuzilmaning rivojlanishi natijasida
energiya samarador va ekologik xavfsiz qurilish
materiallariga bo‘lgan talab tobora ortib bormoqda.
Shu nugtai nazardan, tabiiy resurslardan ogilona
foydalanish va sanoat chigindilarini gayta ishlash
asosida yangi turdagi qurilish materiallarini ishlab
chigish dolzarb vazifalardan biriga aylanmoqda.
O<zbekiston Respublikasi Prezidentining 2025-yil
1-dekabrdagi  “Qurilish  materiallari ~ sanoatini
rivojlantirish chora-tadbirlari to‘g‘risida”gi PQ-365-
sonli garorida qurilish materiallari  sanoatida
raqobatbardoshlikni  yanada oshirish, go‘shilgan
giymatli qurilish materiallarini ishlab chigarish
hajmini kengaytirish, sohada amaliyot va ilmiy

all https://orcid.org/0000-0001-9824-1491
b https://orcid.org/0009-0008-9074-5079

energosamarador qurilish materiallaridan foydalanish
nazoratini  tashkil etish maqgsadida qurilishda
foydalaniladigan qurilish materiallari hajmining
kamida 25 foizini ekologik toza, resurs tejamkor va
energiya samarador qurilish materiallari tashkil
etishini joriy etish muhim vazifa sifatida belgilangan
[1].

So‘nggi yillarda issiqlik elektr stansiyalari chigindisi
hisoblangan uchuvchi kuldan foydalanish orqali
olinadigan  yengil  beton turlari, jumladan,
ko‘pikkulbetonga katta qiziqish bildirilmoqda. Ushbu
material o°zining past zichligi, yuqori g‘ovakli
tuzilishi va yaxshi issiglik o‘tkazmaslik xossalari bilan
ajralib turadi. Shu bilan birga, yuqorida keltirilgan
garor talablariga muvofiq, sanoat chigindilarini
qurilish materiallari ishlab chigarishga jalb gilish
orgali ekologik muammolarni kamaytirish va
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resurslardan  samarali
yaratiladi.

Ko‘pikkulbeton — bu sement, uchuvchi kul, suv va
ko‘pik  hosil  giluvchi  moddalar  asosida
tayyorlanadigan yengil beton turi bo‘lib, qurilishda
devorbop bloklar, himoya gatlamlari va boshga
konstruktiv qismlar sifatida keng qo‘llanilishi

mumeKin.
Adabiyotlar tahlili

Qurilish materialshunosligi sohasida bugungi kunda
ustuvor vazifalardan biri — mahalliy xom ashyolar
hamda ikkilamchi resurslardan samarali foydalanish
orqali yuqori sifatli, mustahkam, arzon va energiya
tejamkor qurilish materiallarini ishlab chigarishdan
iborat. Bu yo‘nalishdagi tadqiqotlar nafaqat iqtisodiy
samaradorlikni oshirish, balki qurilish sohasida
resurslardan ogilona foydalanish va atrof-muhitni
muhofaza  qilish  talablarini ham  yanada
kuchaytirishga xizmat giladi. Shu nuqtai nazardan,
issiglik elektr stansiyalarida hosil bo‘ladigan kul
chigindilarini gayta ishlab, ular asosida yengil va
energiya tejovchi qurilish materiallari tayyorlash
masalasi  xorijiy  olimlar ~ tomonidan  keng
o‘rganilmoqda. Xususan Anowar Wakaa Ali, Nada
Mahdi Fawzi, Purev-Erdene Bat-Erdene, Sanjay
Pareek, E. Rommel, L. Prasetyo, Y. Rusdianto, R.
Karimah, A.S.Riyanto, S.A.Cahyo, Sheng Li, Hongbo
Li, Changyu Yan, Yongfa Ding, Xuanshuo Zhang,
Jing Zhao olimlar tadgiqgot ishlarini olib borishgan.

1. Anowar Wakaa Ali, Nada Mahdi Fawzi
“Ekologik toza materiallaridan foydalangan holda
yengil ko‘pik beton ishlab chiqarish (Production of
Light Weight Foam Concrete with Sustainable
Materials)” bo‘yicha tadqiqot ishlarini olib borishgan.
Mazkur tadqiqotda yengil massali ko‘pik betonni
ekologik va resurs tejamkor materiallar asosida ishlab
chiqarish imkoniyatlari tahlil qilingan bo‘lib, yengil
va energiya tejovchi material sifatida
ko‘pikkulbetonning  istigbollari mavzusi  bilan
bevosita bog‘langan. Ishda an’anaviy sementli
tarkiblarga sanoat chigindilari, jumladan, issiqlik
elektr stansiyalaridan olinadigan kul qo‘shimchalari
kiritilib, ularning material xossalariga ta’siri
o‘rganilgan. Tadqiqot natijalari ko‘rsatishicha, kul
asosidagi  qo‘shimchalar qo‘llanilganda  ko‘pik
betonning zichligi kamayadi, issiqlik o‘tkazuvchanligi
yaxshilanadi va materialning energiya samaradorligi
oshadi. Shu bilan birga, bunday tarkiblar yetarli
darajadagi mustahkamlikni saglab golishi aniglangan.
Bu esa ko‘pikkulbetonni nafaqat yengil, balki yuqori
darajadagi issiqlik o‘tkazmaslikga ega qurilish
materiali sifatida qo‘llash imkonini beradi. Mualliflar
xulosasiga ko‘ra, sanoat chiqindilaridan foydalanish
orqali ishlab chiqarilgan ko‘pik beton qurilish
sohasida ekologik xavfsiz, igtisodiy samarador va
energiya tejamkor yechim sifatida katta istigholga ega.
Ushbu yondashuv resurslardan ogilona foydalanish
bilan birga, chigindilar migdorini kamaytirish va
“yashil qurilish” konsepsiyasini rivojlantirishga
xizmat giladi [2].

foydalanish  imkoniyati

2. Purev-Erdene Bat-Erdene, Sanjay Pareck “Faza
o‘zgartiruvchi materiallarni o‘z ichiga olgan kul
asosidagi ko‘pik betonni ishlab chiqishni tajribaviy
o‘rganish (Experimental Study on the Development of
Fly Ash Foam Concrete Containing Phase Change
Materials (PCMs))” bo‘yicha tadqiqot ishlarini olib
borishgan. Mazkur ilmiy tadgigotda uchuvchi kul
asosida tayyorlangan ko‘pik beton tarkibiga faza
o‘zgartiruvchi materiallar qo‘shish orgali uning
issiqlik-fizik xossalarini yaxshilash imkoniyatlari
tajriba asosida o‘rganilgan. Ushbu yondashuv “yengil
va  energiya  tejamkor  material sifatida
ko‘pikkulbetonning istigbollari” mavzusi doirasida
alohida ahamiyat kasb etadi, chunki ushbu materiallar
binolarda haroratni bargaror ushlab turish xususiyati
bilan ajralib turadi.

Tadqigot jarayonida turli tarkibdagi namuna
betonlar tayyorlanib, ularning zichligi, mustahkamligi
va issiglikni saglash hamda uzatish xossalari tahlil
qilingan. Natijalar shuni ko‘rsatadiki, kul qo‘shilgan
ko‘pikkulbeton issiqlik energiyasini yutish va
binolarda harorat tebranishlarini kamaytiradi. Bu esa,
0‘z navbatida, isitish va sovitishga sarflanadigan
energiya miqdorini kamaytirish imkonini beradi.

Shu bilan birga, uchuvchi kuldan foydalanish
materialning  ekologik  jihatdan  magbulligini
ta’minlab, sanoat chiqgindilarini samarali qayta
ishlashga xizmat qiladi. Tadqiqot xulosalariga ko‘ra,
kul qo‘shilgan ko‘pikkulbeton kelajakda energiya
samarador qurilish materiallari orasida muhim o‘rin
egallashi mumkin bo‘lib, nafagat yengil va himoya
xususiyatlari yuqori material, balki energiya tejovchi
innovatsion materil sifatida ham katta istigbolga ega
[3].

3. E. Rommel, Y. Rusdianto, R. Karimah,

A.S.Riyanto, S.A. Cahyo “Ko‘pik hosil qiluvchi
vosita va uchuvchan kuldan foydalangan holda ko‘pik
betonning issiglik xossalari (The insulation properties
of foam concrete with the use of foamagent and fly-
ash) bo‘yicha tadgiqot ishlarini olib borishgan. Ushbu
tadqiqotda ko‘pik hosil qiluvchi moddalar va
uchuvchi kuldan foydalanilgan holda olingan ko‘pik
betonning issiqlik o‘tkazmaslik xossalari tajriba
asosida o‘rganilgan.
Tadgiqot jarayonida turli tarkibdagi ko‘pik beton
namunalari tayyorlanib, ularning zichligi, g‘ovaklilik
darajasi va issiqlik o‘tkazuvchanlik koeffitsientlari
tahlil gilingan. Natijalar shuni ko‘rsatadiki, uchuvchi
kul va ko‘pik hosil giluvchi moddalarning muvofiq
tanlangan miqdori materialda bir xil tagsimlangan
g‘ovakli tuzilmani shakllantiradi. Bu esa uning
zichligini pasaytirib, issiqlik o‘tkazmaslik xossalarini
sezilarli darajada yaxshilaydi.

Shu bilan birga, uchuvchi kuldan foydalanish
materialning ekologik jihatdan samaradorligini
oshirib, sanoat chigindilarini  gayta ishlash
imkoniyatini kengaytiradi. Tadgiqot xulosalariga
ko‘ra, ko‘pikkulbeton yugqori issiqlik o‘tkazmaslikga
ega bo‘lgan yengil material sifatida binolarda energiya
sarfini kamaytirishda muhim o‘rin tutadi va
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zamonaviy energiya tejamkor qurilishda keng
qo‘llanish istigboliga ega [4].

4. Sheng Li, Hongbo Li, Changyu Yan, Yongfa
Ding, Xuanshuo Zhang, Jing Zhao “Uchuvchan kul
asosida ko‘pik betonning mustahkamligi va mexanik
tavsiflarini o‘rganish (Investigating the Mechanical
and Durability Characteristics of Fly Ash Foam
Concrete)” bo‘yicha tadqiqot ishlarini olib borishgan.
Ushbu tadgigotda uchuvchi kul asosida tayyorlangan
ko‘pik betonning mexanik mustahkamligi va uzoq
muddatli  foydalanishga chidamlilik  xossalari
atroflicha tajriba asosida o‘rganilgan. Ushbu ish
“yengil va energiya tejamkor material sifatida
ko‘pikkulbetonning istigbollari” mavzusi doirasida
muhim ahamiyatga ega bo‘lib, materialning nafaqat
issiqlik o‘tkazmaslik, balki uning ishonchliligi va
bargarorligiga ham e’tibor qaratilgan.

Tadgigot davomida turli tarkibdagi
ko‘pikkulbeton namunalari tayyorlanib, ularning
bosimga chidamliligi, zichligi, suv shimuvchanligi,
muzlash-eritish  sikllariga  bardoshliligi  kabi
ko‘rsatkichlari tahlil gilingan. Olingan natijalar shuni
ko‘rsatadiki, uchuvchi kul qo‘shilishi material
tuzilmasini yaxshilab, uning zichligini kamaytiradi va
ayni paytda vyetarli darajadagi mustahkamlikni
ta’'minlaydi. Shu bilan birga, ko‘pikkulbetonning
g‘ovakli tuzilishi uning issiqlik o‘tkazmaslik
xossalarini oshiradi.

Tadqiqot xulosalariga ko‘ra, to‘g‘ri tanlangan
tarkib va texnologiya asosida ishlab chigarilgan
ko‘pikkulbeton yugqori mustahkamlik va
chidamlilikka ega bo‘lib, qurilishda keng qo‘llash
imkoniyatiga ega. U nafagat yengil va energiya
tejamkor material sifatida, balki uzoq muddat xizmat
giluvchi va ekologik jihatdan samarali qurilish
yechimi sifatida ham katta istigbolga ega [5].

2. TADQIQOT METODOLOGIYASI

Sheng Li, Hongbo Li, Changyu Yan, Yongfa Ding,
Xuanshuo Zhang, Jing Zhao “Uchuvchan kul asosida
ko‘pik betonning mustahkamligi va mexanik
tavsiflarini o‘rganish (Investigating the Mechanical
and Durability Characteristics of Fly Ash Foam
Concrete)” bo‘yicha tadqiqotning metodologiyasi
o‘rganildi. Tadqiqot ishida uchuvchi kul asosida
tayyorlangan ko‘pik betonning mexanik tavsiflarini
baholash uchun kompleks tajriba usullar qo‘llanildi.
Tadgigot metodologiyasi bir nechta bosgichlardan
iborat  bo‘lib, material tayyorlash, namuna
shakllantirish va laboratoriya sinovlarini o‘tkazish
jarayonlarini o‘z ichiga oladi.

Awvalo, tadgiqot uchun xom ashyo sifatida
sement, uchuvchi kul, suv va ko‘pik hosil qiluvchi
moddalar tanlab olindi. Turli proporsiyalardagi
qorishmalar tayyorlanib, ko‘pik generatsiyasi orqali
bir xil g‘ovakli tuzilishga ega bo‘lgan yengil beton
namunalari  hosil qilindi. Namunalar standart
o‘lchamlarda  shakllantirilib, belgilangan  vaqt

davomida (7, 14 va 28 sutka) tajriba-sinovga
o‘tkazildi.

Keyingi bosgichda mexanik xossalarini baholash
uchun  mustahkamlikga chidamlilik  sinovlari
o‘tkazildi. Bu sinovlar orqali materialning
mustahkamligi va uning zichlikka bog‘ligligi
aniglandi. Shu bilan birga, materialning uzog muddatli
bargarorligini  baholash magsadida chidamlilik
ko‘rsatkichlari ham tadqiq qilindi. Jumladan, suv
shimuvchanligi, g‘ovaklilik  darajasi,  qurish-
namlanish va muzlash-eritish ta’sirlariga bardoshlilik
sinovlari amalga oshirildi.

Tadgigot jarayonida olingan natijalar tahlil gilinib,
uchuvchi kul migdorining ko‘pik beton tuzilmasi va
uning fizik-mexanik xossalariga ta’siri aniqlandi.
Shuningdek, materialning mikrotuzilishi va g‘ovaklar
tagsimoti ham giyosiy tahlil qilindi. Ushbu
metodologiya orqali ko‘pikkulbetonning optimal
tarkibi va uning qurilishda qo‘llash imkoniyatlari
ilmiy jihatdan asoslandi.

Tajriba-sinov tadgiqot usullari

Sheng Li, Hongbo Li, Changyu Yan, Yongfa Ding,
Xuanshuo Zhang, Jing Zhao “Uchuvchan kul asosida
ko‘pik betonning mustahkamligi va mexanik
tavsiflarini o‘rganish (Investigating the Mechanical
and Durability Characteristics of Fly Ash Foam
Concrete)”  bo‘yicha tadqiqotning tajriba-sinov
usullari quyidagicha shakllantirildi [5].

Ushbu tadqiqotda uchuvchi kul asosidagi ko‘pik
beton namunalari tayyorlashda ko‘pik hosil qilish
usuli qo‘llanildi. Mazkur usulda ko‘pik hosil giluvchi
moddalarning reaksiyasi natijasida gorishma ichida
bir xil tagsimlangan g‘ovakli tuzilma shakllantirildi.
Bu jarayonda ko‘pik hosil bo‘lish tezligi sementli
suspenziyaning qotish va mustahkamlanish tezligi
bilan mos kelishi muhim ahamiyatga ega bo‘lib,
barqaror tuzilma hosil qilishni ta’minlaydi [6, 7, 8].

Tajriba uchun sement, uchuvchi kul, qum tuproq,
suv, superplastifikator ~ (suv  kamaytiruvchi
qo‘shimcha), ko‘pik bargarorlashtiruvchi modda,
polipropilen tola va vodorod peroksidi asosiy tashkil
etuvchilar sifatida tanlab olindi. Barcha tashkil
etuvchilar oldindan hisoblangan proporsiyalar
bo‘yicha elektron tarozida aniq o‘Ichanib tayyorlandi.

Qorishma  tayyorlash  jarayoni  quyidagi
bosgichlarda amalga oshirildi:

—dastlab qurug komponentlar (sement, uchuvchi
kul, qum tuprog, stabilizator) yuqori tezlikdagi
gorishtirgichda  bir necha dagiga davomida
aralashtirildi;

—keyinchalik suv va superplastifikator qo‘shilib,
bir xil konsistensiya hosil bo‘lguncha qayta
aralashtirildi;

—qorishma devorlariga yopishib qolgan gismlar
to‘liq qo‘shib yuborilib, aralashtirish davom ettirildi;

—so‘ngra gaz hosil giluvchi modda — vodorod
peroksidi qo‘shilib, qisqa vaqt davomida tez
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aralashtirildi, natijada aralashmada ko‘plab mayda
g‘ovaklar shakllana boshladi.

Tayyor qorishma darhol oldindan moylangan
goliplarga  joylashtirildi. Namunalar ikki xil
o‘lchamda shakllantirildi:

— 100%100%100 mm o‘lchamdagi kub namunalar
(mexanik sinovlar uchun);

— 300x300x30 mm
namunalar  (issiqlik
uchun).

Qoliplarga joylangan qorishma yuzasidagi namlik
yo‘qolishini oldini olish magsadida plyonka bilan
goplandi. Namunalar dastlab 48 soat davomida
golipda saglanib, keyinchalik golipdan chigarildi [9,
10]. So‘ngra ular standart sharoitda (20+2°C harorat
va 95% dan yugori nishiy namlikda) saglanib, keyingi
sinovlar uchun tayyor holatga keltirildi.

Qo‘shimcha ravishda, ayrim namunalar sinov
talablariga moslashtirish uchun yuzasi tekislab kesildi.
Plastina  shaklidagi namunalar esa issiglik
o‘tkazuvchanlikni aniglash ~ uchun  maxsus
o‘lchamlarga keltirildi.

Mazkur tajriba-sinov metodikasi orqgali bir xil g‘ovakli
tuzilishga ega, bargaror va nazorat gilinadigan tarkibli
ko‘pikkulbeton namunalari olindi hamda ularning
fizik-mexanik va issiglik xossalarini ishonchli
baholash imkoniyati yaratildi.

3. XULOSA

o‘lchamdagi
o‘tkazuvchanlikni

plastina
aniqlash

Ko‘pikkulbeton yengil va energiya tejamkor qurilish

materiali sifatida zamonaviy qurilish sohasida katta
istigholga ega [11]. Uning past zichligi, yuqori
g‘ovakli tuzilishi va past issiqlik o‘tkazuvchanligi
binolarda issiqlik yo‘qotilishini kamaytirib, energiya
sarfini sezilarli darajada gisgartirish imkonini beradi.
Shu bilan birga, uchuvchi kul Kkabi sanoat
chigindilaridan foydalanish materialning ekologik
xavfsizligini oshirib, tabiiy resurslarni tejashga xizmat
giladi.

Tadgqiqotlar shuni ko‘rsatadiki, to‘g‘ri tanlangan
tarkib va zamonaviy texnologiyalar asosida ishlab
chigarilgan ko‘pikkulbeton yetarli mustahkamlik va
chidamlilikka ega bo‘lib, uni qurilishning turli
sohalarida samarali qo‘llash mumkin [12]. Shu bois,
ko‘pikkulbeton “yashil qurilish” tamoyillariga mos
keluvchi, iqtisodiy jihatdan magbul va energiya
samarador material sifatida kelajakda keng
qo‘llanilishi kutilmoqda.
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This study investigated the effect of partial replacement of cement in concrete with fly ash and
wollastonite mineral on concrete properties. The potential of wollastonite, a natural mineral and ash
produced by coal combustion in thermal power plants, to improve the environmental and
mechanical properties of concrete was analyzed. In the experimental process, a certain part of the
cement was replaced with 20% and 25% ash, as well as 10% and 15% wollastonite, and several
concrete compositions were prepared. During the study, the workability, compressive strength and
durability properties of the concrete mixture were tested at 7, 14 and 28-day curing periods.
Concrete, concrete testing, workability, strength, durability testing, sodium sulfate, wollastonite, fly
ash

Beton Tarkibidagi Sementni Kul va Vollastonit bilan Qisman Almashtirish

Annotatsiya:

Kalit so‘zlar:

1. KIRISH

Beton insoniyat taraqgiyotida eng muhim qurilish
materiallaridan biri hisoblanadi. Hozirgi kunda u

Bo‘yicha Olib Borilgan Tadqiqot Tahlillari

Sattorov Z.M.1@2 Otajonov O.A.20P

Toshkent arxitektura-qurilish universiteti, Toshkent, O‘zbekiston

’Farg‘ona davlat texnika universiteti, Farg‘ona, O‘zbekiston

Mazkur tadgiqotda beton tarkibidagi sementni gisman uchuvchi kul va vollastonit minerali bilan
almashtirishning beton xossalariga ta’siri o‘rganilgan. Issiqlik elektr stansiyalarida ko‘mir yoqilishi
natijasida hosil bo‘ladigan kul hamda tabiiy mineral hisoblangan vollastonitning betonning ekologik
va mexanik xususiyatlarini yaxshilashdagi imkoniyatlari tahlil qilindi. Tajriba jarayonida
sementning ma’lum qismi 20 % va 25 % miqdorda kul, shuningdek 10 % va 15 % miqdorda
vollastonit bilan almashtirilgan hamda bir nechta beton tarkiblari tayyorlandi. Tadgigot davomida
beton gorishmasining harakatchanligi, sigilishdagi mustahkamligi va chidamlilik xususiyatlari 7, 14
va 28 sutkalik qotish davrlarida sinovdan o‘tkazilgan.

Beton, beton sinovi, harakatchanlik, mustahkamlik, chidamlilik sinovi, natriy sulfat, vollastonit,
uchuvchi kul

ma’lumotlariga ko‘ra, sement ishlab chiqarish
jarayoni  global  karbonat angidrid (COy)
chigindilarining qariyb 7 % ini tashkil etadi.
Portlandsement  ishlab  chigarish  jarayonida

dunyo bo‘yicha eng ko‘p ishlatiladigan sun’iy qurilish
materiali sifatida e’tirof etiladi. Betonning keng
qo‘llanilishiga uning yuqori mustahkamligi, uzoq
Xizmat muddati, igtisodiy samaradorligi va turli
konstruksiyalarda  qo‘llash  imkoniyati  sabab
bo‘lmoqda. Zamonaviy qurilish sanoatini betonsiz
tasavvur qilish qiyin. Shunga gqaramay, so‘nggi
yillarda beton ishlab chiqarishda asosiy bog‘lovchi
material hisoblangan sement ekologik muammolarni
keltirib chigarmoqda. Xalgaro Energetika Agentligi

all https://orcid.org/0000-0001-9824-1491
b https://orcid.org/0000-0003-0830-2989

ohaktoshning kuydirilishi va yuqori haroratda klinker
olish katta migdorda energiya talab giladi. Bu esa
atmosfera ifloslanishining ortishiga olib keladi [1-3].

Shu sababli, bugungi kunda sementning ma’lum
qismini mineral qo‘shimchalar bilan almashtirish
bo‘yicha ko‘plab ilmiy izlanishlar olib borilmoqda.
Mineral qo‘shimchalardan foydalanish betonning
issiqlik ajralishini kamaytiradi, suv o‘tkazmasligini
oshiradi, sulfat muhitlarga chidamliligini yaxshilaydi
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va betonning uzoq muddat xizmat qilishini
ta’minlaydi. Bundan tashqari, ular ishlab chiqarish
xarajatlarini  kamaytirib, ekologik  xavfsizlikni
ta’minlashda ham muhim ahamiyatga ega.

Hozirgi kunda Hindiston dunyodagi eng yirik
sement ishlab chigaruvchi davlatlardan biri
hisoblanadi. Birog katta hajmdagi sement ishlab
chigarish ekologik muammolarni ham
kuchaytirmogda. Shu bois sanoat chigindilaridan
samarali foydalanish va alternativ bog‘lovchi
materiallarni qo‘llash dolzarb masalalardan biri bo‘lib
golmoqda.

2. MATERIALLAR VA TADQIQOT
METODOLOGIYASI

Uchuvchi kul — issiglik elektr stansiyalarida
maydalangan ko‘mirni yoqish natijasida hosil
bo‘ladigan mayda dispersli kuldir. Yonish jarayonida
hosil bo‘lgan juda mayda zarrachalar tutun gazlari
bilan birga ko‘tariladi va elektrofiltrlar yoki maxsus
matoli filtrlarda ushlab qgolinadi.

Uchuvchi kul tarkibida asosan: kremniy oksidi
(SiOy), alyuminiy oksidi (Al2Os), temir oksidlari
(Fe203) kabi oksidlar mavjud bo‘ladi. Uning kimyoviy
tarkibi  ishlatilgan ko‘mir turi va  yonish
texnologiyasiga bog‘liq holda farq qiladi [4].

Qurilish sanoatida uchuvchi kul keng qo‘llaniladi.
Aynigsa beton ishlab chigarishda u putssolan
qo‘shimcha sifatida muhim ahamiyat kasb etadi.
Uchuvchi kul sement bilan reaksiyaga Kirishib,
qo‘shimcha kalsiy gidrosilikatlar hosil qiladi va
betonning zichligini oshiradi. Natijada:

e  betonning ishlovchanligi yaxshilanadi;
gidratatsiya issiqligi kamayadi;
suv o‘tkazuvchanligi pasayadi;
sulfat muhitlarga chidamlilik ortadi;
uzog muddatli mustahkamlik yaxshilanadi.

Uchuvchi kuldan foydalanish tabiiy resurslarni
tejashga xizmat qiladi hamda sement sarfini
kamaytirish orgali CO; chigindilarini gisgartiradi. Shu
jihatdan u ekologik bargaror qurilish materiallarini
yaratishda muhim komponent hisoblanadi.

Vollastonit — tabiiy holda uchraydigan kalsiy
inosilikat minerali bo‘lib, kimyoviy formulasi CaSiOs
ko‘rinishida ifodalanadi. Mineral tarkibida ayrim
hollarda magniy, temir va marganes kabi elementlar
ham uchrashi mumkin. Vollastonit odatda oq rangda
bo‘lib, tolali mikrostrukturaga ega.

U asosan ohaktosh yoki dolomit jinslarining
yuqori harorat va bosim ta’sirida metamorfik
o‘zgarishi natijasida hosil bo‘ladi. Mineral ingliz
kimyogari va mineralogi Uilyam Hayd Vollaston
sharafiga nomlangan.  Vollastonitning  asosiy
afzalliklari quyidagilardan iborat: yuqori oq ranglilik;
namlikni kam shimishi; past issiqlik o‘tkazuvchanlik;
yuqgori termik barqarorlik; kimyoviy inertlik;
mikroarmaturalovchi xususiyati.

Vollastonit ~ mikrotolalari  beton  tarkibida
mikroarmatura vazifasini bajaradi. Ular beton ichidagi
mikro yoriglar rivojlanishini sekinlashtiradi hamda
cho‘zilishdagi va egilishdagi mustahkamlikni
oshiradi. Shuningdek, betonning  qgisqarish
deformatsiyalarini kamaytirishga yordam beradi [5].
Vollastonit plastmassa, keramika, bo‘yoq sanoati,
metallurgiya va qurilish  materiallari  ishlab
chiqarishda keng qo‘llaniladi. Aynigsa, beton
tarkibida undan foydalanish betonning mexanik va
ekspluatatsion xususiyatlarini yaxshilash imkonini
beradi.

Natriy sulfat (Na;SO.) va chidamlilik sinovi.
Betonning uzogq muddat xizmat gilish xususiyatlarini
baholashda sulfat muhitlarga chidamlilik muhim
ko‘rsatkichlardan biri hisoblanadi. Natriy sulfat
(NazSO4) beton konstruksiyalariga agressiv ta’sir
ko‘rsatadigan kimyoviy moddalardan biri hisoblanadi.

Sulfat ionlari sement toshi tarkibidagi gidratatsiya
mahsulotlari  bilan reaksiyaga kirishib: hajmiy
kengayish; mikro yoriglar hosil bo‘lishi; betonning
yemirilishi kabi salbiy jarayonlarni yuzaga keltiradi.
Shu sababli, betonning Na;SO, eritmasidagi
chidamliligi maxsus laboratoriya sinovlari orgali
aniqlanadi. Tajribalarda beton namunalar ma’lum
muddat natriy sulfat eritmasida saglanadi va ularning:
massa yo‘qotishi; mustahkamlikning kamayishi;
yuzadagi yemirilish holati baholanadi.

Uchuvchi kul va vollastonit qo‘shilgan betonlarda
zich struktura hosil bo‘lishi tufayli sulfat ionlarining
beton ichiga Kirib borishi kamayadi. Natijada bunday
betonlarning agressiv muhitdagi chidamliligi oddiy
betonlarga nisbatan yuqori bo‘ladi [6].

Mayda to‘ldiruvchi. Beton tarkibida mayda
to‘ldiruvchi sifatida tabily qum ishlatildi. Qumning
fizik-mexanik xossalari beton gqorishmasining ishlov
beruvchanligi va mustahkamligiga sezilarli ta’sir
ko‘rsatadi. Tadqiqot davomida qumning
granulometrik tarkibi, suv shimuvchanligi, zichligi
hamda solishtirma ogirligi aniqlanib, standart
talablariga muvofigligi tekshirilgan.

1-jadval
Mayda to‘ldiruvchining xossalari
| Xossalari | Qum |
| Elak tahlili | Il zona |
| Yiriklik moduli || 2,871 |
| Solishtirma og‘irligi || 2,64 |
| Suv shimuvchanligi || 1,77% |
Hajmiy zichligi 1,76 (ichiangan)

Yirik to ‘ldiruvchi. Tadgigotda 20 mm va 10 mm
fraksiyali maydalangan shag‘al yirik to‘ldiruvchi
sifatida  qo‘llanildi.  To‘ldiruvchining  zarba
bardoshligi, maydalanuvchanligi,  yassi  va
cho‘zinchoq donalar miqgdori betonning umumiy
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mustahkamligi hamda uzogq muddatli ishlash 5-jadval
xususiyatlariga ta’sir giladi. 1 m*® B50 markali beton uchun gorishma
2-jadval tarkibi
Yirik to‘ldiruvchining xossalari Mayda Yirik ]
[ Xossalari || 20mm || 10mm | Suv: |Sementlie . iruvehil to‘ldiruvehi| J2™
Solishtirma 288 2.0 [153,26|(437,90|| 766,92 || 1179,36 |[2537,44|
og‘irligi
Suv 0 0 6-jadval
shimuvchanligi 1,46% 0,29 % 1 m® B55 markali beton uchun gorishma
— . tarkibi
To‘ldiruvchining 0 0
zarba giymati 9.21% %38 % Suv ||Sement Mayda Yirik Jami
a4 - to‘ldiruvchil{to‘ldiruvchi
To‘ldiruvchining
maydalanuvchanlik| 11,75 % 9,98 % [153,26](414,22]| 784,62 || 1188,84 |[2540,94|
giymati
Yassilikindeksi || 1089% | 2526% | 3. TADQIQOT NATIJALARI
ho‘zinchoqlik
¢ oiﬁgzcks?ql 6,84 % 7,66 % Harakatchanlik. ~ Yangi  tayyorlangan  beton
qorishmasining harakatchanligi cho‘kish sinovi
1'(?57 . yordamida baholandi. Cho‘kish qiymati qolipning
imiv zichliai (bo‘sh), 1,53 (bo'sh), uqori gismi bilan cho‘kkan betonning eng yuqori
Hajmiy zichligi y y
L 1,68 (zichlangan) nugtasi orasidagi balandlik fargi orgali aniglangan.
(zichlangan) Tadqiqot natijalari vollastonit va kul qo‘shimchalari

Vollastonit tabiiy kaltsiy inosilikat minerali bo‘lib,
beton tarkibida mikroto‘ldiruvchi sifatida ishlatildi. U

betonning mikrostrukturasi yaxshilanishiga,
yorilishlarga  chidamlilikning oshishiga  va
mustahkamlik  ko‘rsatkichlarining yaxshilanishiga
xizmat giladi.
3-jadval
Vollastonitning xossalari
| Xossalari || Qiymati |
| pH giymati || 9,9 |
| Solishtirma og‘irligi || 2,67 |
| Hajmiy zichligi || 12118 kgm® |
| Rangi [

Beton tarkibini loyihalash. Tadgigot davomida
beton qorishmalari
tayyorlandi. Beton tarkibi loyihalashda suv-sement
nisbati, to‘ldiruvchilar miqdori hamda optimal ishlov
beruvchanlik va mustahkamlik ko‘rsatkichlari hisobga

B45, B50 va B55 markali

olindi.
4-jadval
1 m® B45 markali beton uchun gorishma
tarkibi
Mayda Yirik .
Suv||Sement to‘ldiruvchi||to‘ldiruvchi Jami

153,26/(383,13]| 808,18 || 1197,71 |[2542,28]

beton  qorishmasining  plastikligini  oshirishini
ko‘rsatgan.
Sigilish  mustahkamligi natijalari. Betonning

siqilishdagi mustahkamligini aniqlash uchun o‘lchami
150 x 150 x 150 mm bo‘lgan kub namunalar
tayyorlandi. Namunalar sigilish pressida sinovdan
o‘tkazilgan va yuk beton yemirilguniga qadar
bosgichma-bosgich oshirildi. Sigilish mustahkamligi
quyidagi formula orgali hisoblandi:

P
o=—

; ®

bu yerda: P— siqgilishdagi kuch; A— kubning
kesim yuzasi, mm?,

Natijalar shuni ko’rsatganki, optimal miqdordagi
vollastonit va kul qo‘shimchalari betonning siqilish
mustahkamligini sezilarli darajada oshirdi.

Mustahkamlik va chidamlilik sinovi natijalari.
Betonning sulfat muhitiga chidamliligini aniglash
magsadida 150 mm o‘lchamdagi beton kub namunalar
tayyorlandi va 28 sutka davomida suvda qotirildi.
Qotish muddati tugagandan so‘ng namunalar yuzasi
tozalandi va ularning boshlang‘ich massasi qayd
etilgan.

Keyinchalik namunalar natriy sulfat (NazSO.)
eritmasiga tushirildi va ma’lum vaqt oralig‘ida kuzatib
borildi. 28 sutkadan so‘ng namunalar eritmadan
chiqarilib, massa yo‘qotilishi hamda mustahkamlik
kamayishi foizlari aniglangan.

Tadqiqot natijalari vollastonit va kul qo‘shilgan
beton namunalarining sulfat muhitiga chidamliligi
oddiy betonlarga nisbatan yuqori ekanligini
ko‘rsatgan.
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4. XULOSA

Sement massasiga nisbatan 15 % vollastonit va 20 %
kul qo‘shilganda B45, B50 va BS55 markali
betonlarning ishlov beruvchanligi yaxshilandi.

B45 markali beton tarkibida 15 % vollastonit va 20
% kul ishlatilganda sigilish mustahkamligi oddiy
beton bilan solishtirganda 7,66 % ga oshdi.

B50 markali beton tarkibida vollastonit va kul
qo‘shilishi natijasida maksimal siqilish mustahkamligi
6,52 % ga ortdi.

B55 markali beton tarkibida 15 % vollastonit va 20
% kul go‘llanganda siqilish mustahkamligi 4,93 % ga
oshdi.

Vollastonit va kul qo‘shilishi natijasida betonning
ajralishdagi cho‘zilish mustahkamligi B45, B50 va
B55 markalari uchun mos ravishda 4,96 %, 5,68 % va
5,65 % ga oshdi.

Na;SOs eritmasida o‘tkazilgan chidamlilik
sinovlari oddiy B45, B50 va B55 betonlarida
mustahkamlik yo‘qotilishi mos ravishda 6,70 %, 7,52
% va 6,79 % ekanligini ko’rsatgan.

Tadqiqot natijalariga ko‘ra, sementni qisman
almashtirish uchun eng magbul tarkib 15 % vollastonit
va 20 % kul ekanligi aniglangan.

Vollastonit va kuldan foydalanish sement sarfini
kamaytirishga, betonning mexanik  xossalarini
yaxshilashga hamda ekologik jihatdan barqgaror
qurilish materiallari ishlab chigarishga xizmat giladi.
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Complex Modification of Cement Matrix and Bloated Vermiculite Surface
to Increase the Strength of Heat-lzolating Constructional Blocks

J. Turgaev®?, N. Takhirjanov*®P
'Karakalpak State University, Nukus, Karakalpakstan, Uzbekistan
*Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: The technological and structural prerequisites for increasing the strength of heat-insulating
structural blocks based on expanded vermiculite without significantly increasing cement
consumption have been considered. The scientific idea of the work lies in the comprehensive
modification of the "cement matrix - vermiculite aggregate™ system, including the introduction of
microcrystalline, fly ash, and superplasticizer into the binder composition, as well as sequential
treatment of the vermiculite surface with NaOH solution, liquid glass, and the GKJ-11
hydrophobizer. It has been shown that the increase in strength is determined not only by the
compaction of cement stone and the formation of additional hydrosilicate phases but also by the
state of the interphase transition zone. Based on the results of composition analysis, X-ray phase
data, and microstructural images, it is substantiated that complex treatment reduces the open
porosity of the filler surface, increases adhesion, and forms a more stable "filler-cement stone™
contact. The proposed approach ensures a rational combination of low density, thermal insulation
efficiency, and increased operational reliability for vermiculite blocks.

Keywords: Expanded vermiculite; thermal insulation-construction blocks; cement matrix; microcrystalline
earth; fly ash; superplasticizer; interphase transition zone; hydrophobization; C-S—-H-gel

Komnuiekcnas Moaupukanus LHemenrnon Marpuubl u IloBepxHocTu
Benyuennoro Bepmukyiura nist Ilossimenust IpounocTu
TenmonzoaauuoHHO-KoHCTPYKIHOHHBIX bi1okoB

K. A.Typraes'@? H.K. Taxupsxanop?(P

'Kapaxanmakckuii rocy1apcTBeHHbIH yHuBepcutet, Hykyc, Kapakanmakcran, Y30ekucran
’TaIIKeHTCKHI TOCY[apCTBEHHBIH TPAHCIIOPTHBIH yHHBepcuTeT, TamkenT, Y30eKncTan

AHHOTAIHA PaccMoTpeHbl TEXHOJNOTMYECKHE U CTPYKTYPHbIE IPEANOCHUIKM MOBBILICHUS HPOYHOCTU
TEIION30JIIIMOHHO-KOHCTPYKIIMOHHBIX OJIOKOB Ha OCHOBE BCIyYEHHOIO BEpMHUKYJHTa 0e3
CYIIECTBCHHOTO YBEJIMYEHHMs pacxoja LeMeHTa. HayuHas wuzes paOoThl 3aKiiodaeTcss B
KOMIUIEKCHOH MOAM(UKAIIMY CUCTEMBI «IEMEHTHAs MaTPULIA — BEPMHUKYJIHTOBBIH 3aII0JIHUTEIbY,
BKJIIOUAIOLIE BBEJICHME MHKPOKPEMHE3EMa, 30Jbl-yHOCa M cynepruiacTudukaropa B cocras
BSDKYILIET0, @ TAKXKE IOCIIeA0BaTEIbHYI0 00paboTKy HOBEpXHOCTH BepMuUKyiuTa pactBopom NaOH,
KHUIKHUM CcTeksioM u ruapodobdbuszaropom ['KIK-11. TlokazaHo, 4TO MOBBIIMICHHE MPOYHOCTH
OIIPeENAeTCs] He TONBKO YIUIOTHEHHEM IIEMEHTHOTO KaMHS U 00pa30BaHHEM IOMOJIHHUTENbHBIX
THIPOCUIMKATHBIX (ha3, HO U COCTOSIHIEM MeK(pa3HOM mepexoaHoi 30HbI. [1o pe3ynbraTam ananmsa
COCTaBOB, PEHTTeHO()a30BBIX MAHHBIX M MHUKPOCTPYKTYPHBIX H300pa)KeHHH OOOCHOBAHO, 4YTO
KOMIUIEKCHAst 00pab0TKa CHM)KAET OTKPHITYIO IIOPUCTOCTh IIOBEPXHOCTH 3aIIOIHUTEIIS, HOBBILIACT
anresuto U QGopmupyer Oosiee yCTOWYMBBIH KOHTAKT «3aIlOJHUTEIb — LEMEHTHBIH KaMEHb).
IpennoxxeHHblit  MOAX0J oOOECleYMBacT pPALHOHAIBHOE COYETAHHE HHU3KOH IUIOTHOCTH,
TEIUIOU30JLILIMOHHON  3(D(MEKTUBHOCTH ¥ MOBBIICHHOH AKCIUTyaTALHOHHONW  HAJE)KHOCTH
BEPMUKYJIUTOBBIX OJIOKOB.

KmroueBble cioBa: ~ BermydeHHBIH BEpMUKYIINT; TETIOM30ISIIMOHHO-KOHCTPYKI[MOHHbBIE OJOKH; LIEMEHTHAsi MaTpUIIa;

MHKPOKpEMHE3EM;  3071a-yHOCA;  CYNepIUIacTHGHUKATOp, MexdasHas MepexoiHas 30Ha;
ruapodpodmsars; C-S—H-rens

al https://orcid.org/0000-0003-2483-9727
b https://orcid.org/0009-0004-4251-7101
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1. BBEAEHUE

Bcemydennstit BepMuKYIUT sBIsieTcss 3 (GEKTHBHBIM
JIETKAM TIOPUCTHIM 3arlOJIHATENeM JUIS ITOTyYEeHUS
TEIUION30JISIIIMOHHO-KOHCTPYKIIMOHHBIX MaTepHaJIoB,
MOCKOJIBKY ~ XapakTepu3yeTcss Malloil HachITHOU
IJIOTHOCTBIO UM Pa3sBUTOM MOPOBOM CTPYKTYpOIl.
Bmecte ¢ TeM BBICOKas OTKpBITasi MOPHCTOCTH H
BOJIOTIOTJIONIEHUE 3€PEH MOTYT CHIDKAaTh IPOYHOCTH
LEMEHTHBIX KOMIIO3UTOB 32 CYET JIOKAJIHHOTO
repepacrpesiefieHusl BOABI, pPOCTa KaNnWISIPHOH
MTOPUCTOCTH M OCJTAOJIeHNs] KOHTAaKTa Ha TpaHHIE
pasnena ¢as [1, 4]. [ToaToMy HOBBIIICHAE TIPOYHOCTH
BEPMUKYJIMTOBBIX Os0K0B nenecooopasHo
paccMaTtpuBaTh HE KaK  pe3yJbTaT  IPOCTOTO
YBEJIMUYEHUS] pacxoja IIeMEHTa, a Kak 3ajady
HaIpaBJICHHOTO ()OPMUPOBAHHS TUIOTHON IEMEHTHOM
MaTpHllbl U CTaOWIIBHOM Mex(pa3sHOH mNepexoTHOM
30HBI.

Meromonoruueckass ~ OCHOBa  HCCJIEIOBaHHUS
BKJIIIOYA€T JBa B3aWMOCBA3aHHBLIX HaIlpaBJICHUA.
I[TepBoe HaIpaBJICHHE peyCMaTPHBACT
Mo upUKaINI0 LIEMEHTHOT'O BSDKYILIETO
MHKPOKPEMHE3EMOM, 30I10i-yHOCA u
CcynepruiacTu(huKaTopoM, 4TO obecrieunBacT
CHUIXXCHUC BOAOLIEMEHTHOI'O OTHOULICHMU A,
MHUKpOQUILIEpHOE YIUIOTHEHUE U pa3BUTHE
JIOTIOJIHUTENIBHBIX TUJIPATHBIX ¢as. Bropoe

HaIIpaBJICHUE CBSA3aHO C XMMHUYECKOW MOArOTOBKOU

MIOBEPXHOCTH BCILyYEHHOT'O BEPMUKYJIUTA,
HaIlpaBJICHHOH Ha YMEHbBLIEHHE OTKPHITHIX Ne(eKTOB,
MOBBILICHHE  TUAPOPOOHOCTH M yIy4YIlCHHUE
aJre3MOHHOTO  B3aUMOJCHCTBUS C  IIEMEHTHBIM
KamHeM [2, 3].

®dusuko-MexaHu4ecKue XapaKTEePUCTUKH
BEPMHKYJIHUTOBBIX 0110K0B OIIPEeACIISAIOTCS
COBOKYIHBIM ~ BIHMSHHEM KauecTBa LEMEHTHOH

MaTpullbl U COCTOSIHHUSA KOHTAaKTHOM 30HBI MEXOY
LIEMEHTHBIM KaMHEM U 3€pHaMH 3aII0JIHUTEIIA. HpI/I

MOBBIICHHON MIOPUCTOCTH MaTPHIIBI u
HEIOCTaTOYHOM CLIETITICHUU MIOBEPXHOCTU
BEPMUKYJIUTA C TUAPATHBIMU MPOAYKTAaMH LIEMEHTa
Harpy3ka  IepefaeTcs  HEPaBHOMEPHO, 4TO
CHOCOOCTBYET  pasBUTHUIO  MHKPOTPEIIMH U
MPEXKAECBPEMEHHOMY pa3pyIlIeHNI0 KOMIIO3UTA.
Haubonee YYBCTBUTEIBHBIM 3JIEMEHTOM

CTPYKTYPHI sIBJIsSIeTCA MeK(a3zHas repexonHas 30Ha. B
Hel  KOHICHTPHPYIOTCS  KalWJUIIPHBIE  TIOPEI,
JIOKAJIbHBIE ITYCTOTHI ¥ 1e()EKTHI CLETICHHUS], KOTOPBHIE
(OpMHPYIOT TOTEHIMANBHBIE IIYyTH pa3pyLICHUsI.
CrnenoBaTenbHO,  TMOBBIIEHWE  MPOYHOCTH U
JIOJITOBEYHOCTH MaTepuaja JOMKHO 00ecIeunBaThCs
OJTHOBPEMEHHBIM YIIJIOTHEHHEM LIEMEHTHOTO KaMHS U

(yHKIMOHATM3aen MOBEPXHOCTH

BEPMUKYJIUTOBOTO 3aTIOJHUTEIS.

2. MATEPHAJIBI n METO/bI
HNCCIEJOBAHUSA

Jdns o0OCHOBaHMS ~ ONTHUMAJBHOTO  COCTaBa

MHOTOKOMIIOHEHTHOTO BSKYIIETO

MPOaHATM3UPOBAHO  BIMSHHUE  MHHEPAJIBHBIX U

XUMHYCCKUX ]1068,BOK Ha TMPOYHOCTH I_IeMCHTHOﬁ
cUCTeMBbl. MHUKpPOKpPEMHe3EM paccMaTpUBaiCid Kak
BBICOKOIUCIIEPCHBII aKTUBHBIN KOMIIOHEHT,
CHOCOOHBIN 3aMOJHATH MHKPOINOPHl W BCTYNaTh B
MyLIIOJJAHOBOE B3aMMOJAEHCTBHE C THUIPOKCHIIOM
KaJbLUs ¢ oOpa3zoBaHueM jonoiHuTensHoro C-S—H-
ress. 3ona-yHoca UCIIOJIb30BAJIACh Kak
TOHKOAMCIIEPCHBII MHHEPAJIbHBI HAIlOJHUTENb C

YJaCTUYHOU IyLILI0JIaHOBOM aKTHUBHOCTBIO, a
CymepIuiacTupuKaTop — KakK KOMITOHEHT,
CHHKAFOIIUI BOJIOTIOTPEOHOCTH cMecu i

MOBBIMIAIONINMI JIOTHOCTh IEMEHTHOTO KaMHst [5—7].

3. PE3YJIBTATBI U OBCYXJIEHUE

Ta6anua 1

CocTaBbl [T OnpeaeIeHHs] ONTHMAIbHBIX 3HAYeHHIt MHOTOKOMIIOHEHTHOT'O BSKYIIET0

Tarkib Lement MK cn 3oaa-yHoca B/11 RcmMZg:yT.,
Lement 400 0,410 45,3
MK 4 % 384 16 0,400 47,7
MK 6 % 376 24 0,395 49,2
MK 8 % 368 32 0,390 51,5
3oma 6 % 376 24 0,387 46,4
3oma 8 % 368 32 0,380 47,0
3oma 10 % 360 40 0,373 47,5
CIT10,5 % 400 0,395 46,5
CIT 1,0 % 400 0,382 48,6
CIT 1,5 % 400 0,372 49,2
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Hanabie Ta0bmumbl 3.1 CBHICTEIBCTBYIOT, YTO
BBeJICHHE MOAMMDUIMPYIONMX J00aBOK HW3MEHSET
MIPOYHOCTH IIEMEHTHOH CHCTEMBI B 3aBHCHMOCTH OT
WX TPUPOIBI U JO3UPOBKU. B KOHTpOIBHOM cocTaBe
6e3 no6aBoK Mpo4yHOCTH cocTapisieT 45,3 Mlla. Ilpu
WCIIONIb30BaHUM  MHUKPOKpeMHe3éMa Halmogaercs
MIOCJIEIOBATEIbHOE IIOBBIMICHHE TPOYHOCTH, YTO
OOBsICHSIETCSL ~ COUYETAaHHEM MHUKpO(HUIIIEpHOTO
s dexTa U MyIIONAHOBOH peakiH, B pe3yJbTaTe
KoTopoii yacts cBoboHOr0 Ca(OH). mpeobpasyercst
B JIOTIOJTHUTEIIbHBIC HU3KOOCHOBHBIC THAPOCHIHKATHI
KaJIbIUsI.

Mikrekremnezem migdori ortishi bilan sigilishdagi mustahkamlikning o'zgarishi

{a} Mekrekremnezem

28 putkahik sagplishedacy Mristahticamil. MPa

ME migdan, %

Puc. 3.1. [Ipo4yHOCTH OT KOJIHYECTBA
MHKPOKpeMHe3eMa

ComnocraBnenue pucyHkoB 3.1 u 3.2 moka3bIBaer,
4TO  MHKpPOKpeMHe3éM  olecrieunmBaeT  Oolee
HWHTEHCHUBHBIN NPUPOCT IPOYHOCTH 110 CPABHEHUIO C
3onoii-yHoca. Takas 3aBUCHMMOCTH OOyCIOBJIEHA
Oonee BBICOKOU YAEJIbHOI [IOBEPXHOCTHIO
MHUKPOKpPEMHE3EMa U €ro CIHOCOOHOCTBIO YCKOPSTh
¢dopmupoBanue  gononuurenrbHoro  C—S—H-rems.
3ona-yHoca MIPEUMYILECTBEHHO yIydiaer

IIpumeneHue 30ibI-yHOCA TaKKe OOECIICUUBACT
IPUPOCT  TPOYHOCTH, OJHAKO  BBIPAKCHHOCTH
3¢ dexTa HIKe M0 CPAaBHEHHUIO ¢ MUKPOKPEMHE3EMOM,
YTO CBSI3aHO C MEHBIIIEH pPeaKnnOHHON aKTHBHOCTHIO
B paHHHE cpoku TBepiaeHus. CynepractudukaTop
MOBBIMAET d(PPEKTUBHOCT IEMEHTHON CHUCTEMBI 3a
CYET JIMCIIEPTUPOBAHUS YaCTHII IIEMEHTA U CHUYKEHHS
B/I1, BciencTBue vero yMmeHbIIAeTCs KalWJUISpHAs
nopucTocTh. [lodydeHHbIe pe3yabTaThl OKA3bIBAIOT,
YTO HauOONBUINH CTPYKTYpHBIH 3(deKT oxumaercs
IpU  PalMOHaJbHOM  COYETAaHWHM  MHHEPAIBHBIX
J00aBOK ¥ XUMUYECKOTO TUIACTH(QUIIUPOBAHHSL.

Zola-u'nos migderi ortishi bilan sigilishdagi mustahkamlikning o'zgarishi

(k) Zola-u'nes

26 sutkalik sgilishalagi mustahkami, MPa

45— - T - —
Q 2 4 & 8 10
Zals-u'nos migder, %

Puc. 3.2. IIpoYHOCTH OT KOJMYECTBA 30JIbI-YHOCA

rpaHynomeTpnquKy}o yHaKOBKy U BHOCHUT BKJaJd B
Mo3/Hee MyLIoJIaHOBOE TBepAeHue. Ce0BaTeNnbHO,
MHUKPOKpEMHE3EM MOXKET paccMaTpUBaThCA —Kak
OCHOBHOW aKTMBHBIH MOAU(UKATOD LIEMEHTHOU
MaTpHIlBl, a 30J1a-yHOCa — KakK JIOMOJHHUTEIBHBIA
KOMIIOHCHT, MTOBBILIAOIINN IUIOTHOCTh "
TEXHOJIOTUYHOCTh BSDKYIIEH CHCTEMBI.

Superplastifikator migdori ortis hi bilan siqilishdagi mustahkamlikning o'zgarishi

(c) Superplastifikator

53
52 1
51
50 1
49
48 |

47 A

A
46 /

28 sutkalik sigilishdagi mustahkamlik, MPa

45 4 . T

SP miqdori, %

Puc. 3.3. IIpouyHoCcTH OT KoJIMYeCTBA cynepiiacTupukaropa

Ha pucyske 3.3 mpexnctaBieHa 3aBHUCHMOCTH
MPOYHOCTH OT JO3UPOBKU CyIepIuIacTH(pUKaTOpa.

Beenenne 100aBKHA TI03BOJISIET
BOJIOIICMEHTHOE  OTHOIICHUE IIpH

CHU3UTH
COXpaHEeHHH
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yI000YKJIaAbIBAEMOCTU, YTO OCOOEHHO Ba)KHO JUIs
JIETKUX KOMITO3UTOB C IIOPUCTHIM 3anoHuTeeM. [lpn
n30BITKE BOJBI BO3pAcTacT 00beM KallMIUISIPHBIX TOp
1 yXyJmaeTcs aare3usi B Mexx(a3Hoil 30He; T03TOMY
CTPYKTYpHBIHA 3((eKT cyrnepriacTuuKaTopa CBsA3aH
HE TOJIBKO C TEXHOJIOTHUECKUM YITyUIIEHHEM CMECH,
HO U ¢ (hopMupoBaHUEM Ooee IUIOTHON LIEeMEHTHOH
MAaTpHIIBL.

Gidratatsiyalangan portiandsement matritsasi (nazorat) modcllosngun XRD dxlruktogrnmma
€55, €5, C5A, C4AF va Ca(OH); reflekslari; Cu Ka, 26 =
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Fazalar
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Puc. 3.4. 'mapaTtupoBaHHas HeMeHTHasi MATpUILA

matritsasi + 10% XRD
ichaygan halo va biroz pasaygan CalOn) refleksian: Cu Ka, 26 = 10-70+
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CAAF — ferrit
CalOH); — portiandit

ntensivik, sh.b,
g
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26, gradus (Cu Ka)

Puc. 3.6. llement + MK + cynepniiacruduxarop

Pucynku 3.4-3.6 noka3bpIBatoT, 4TO MOIU(PUKALHS

LIEMEHTHOM  MAaTpUllbl  MHUKPOKPEMHE3EMOM U
CYNepIIacTU(GUKATOPOM COIIPOBOXKIAETCS
CHIDKEHUEM OTHOCHUTEJIEHOTO COJIepKaHus

ceobomHoro Ca(OH)., yBenuuenuem momu cmabo
KPHCTAJUIM30BAHHBIX THPOCHIIMKATHBIX (a3 u Gonee
paBHOMEPHBIM pacrmpeeseHreM HPOIYKTOB

Jisi  monTBEepXKAEHUS MEXaHW3Ma TOBBIIIEHHS
MIPOYHOCTH MPOBEJICH aHAJIM3 PEHTreHO(a30BbIX U
MHUKPOCTPYKTYPHBIX JaHHBIX IEMEHTHOTO BSDKYIIETO.
CoBMecTHast IHTEpIPETALHS STHX JaHHBIX TI03BOJISET
YCTAHOBUTH M3MEHEHUs (ha30BOrO COCTaBa, CTEIICHb
VIUIOTHEHHUsI [IEMEHTHOTO KaMHS W OCOOCHHOCTH
(opMHpOBaHUST KOHTAKTHOW 30HBI MpPU BBEJCHHUU
MHUKpPOKpeMHe3EMa, cynepiulactugukaropa u
BEPMUKYJIUTOBOTO 3amoiaHuTeN  [3, §].

Gidratatsiyalangan portiandsement matritsasi + 10% XRD
Amorf Si0; / C-S-H halo va pasaygan Ca(OH); reflekslari; Cu Ka, 26 = 10-70*
10

Fazalar
1000
€35 — ol

0 CalOH); — portiandit
MK — amorf $10;/halo
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0 3(OH)
~CafOH A
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Intensiviik, sh.b.

10 ] - ) T ] ) % @ »
26, gradus (Cu Ka)

Puc. 3.5. HemenTt + 10 % MukpokpemHesem

matritsasi + 10% + oddiy vermikulit: modefiashgan XRD difraktogramma
Vi efeksian v isotan saqngans CalOMs:Cu ka. 20 2 10.70°

S

progiv,efleksart

Intensiviik, sh.b.

@
26, gradus (Cu Ka)

Puc. 3.7. Hement + MK + CII + 00bIYHBIIH
BEPMHUKYJIUT

runpatauun. OpHako pucyHok 3.7  dukcupyer
COXpaHEHHE HENOCTaTOYHO IUIOTHOW KOHTaKTHOM
30HBI MPH HKCIOJIb30BAHMH HEMOAU(PHUIIPOBAHHOTO
BCITyYCHHOTO BEPMHUKYJIHUTa. OTO TOATBEP)KIAET
HEOOXOAUMOCTb MEPEX01a OT MPOCTOH MOAU(PHUKAIIH
BSKYIIIETO K KOMIUIEKCHOMY BO3JEHCTBHIO Ha BCIO
CHUCTEMY «MAaTpHIA — 3aIIOJTHUTEIB.

Puc. 3.8. IleMeHTHBIIi KaMeHb

Puc. 3.9. llemeHT + MUKpPOKpeMHe3eM
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Puc. 3.10. Oement + MK + CII

MukpocTpykTypHble  u300paxenus:  3.8-3.10
MOATBEPKAAIOT, YTO IOCIEHOBATEIBHOES BBE/ICHHE
MHUKpPOKpEMHe3EMa " cynepriactuduKaTopa

YMEHBIIaeT KOINYECTBO KPYMHBIX KATMJUIAPHBIX TOP
U TIOBBIIIAET OJHOPOJHOCTh ILIEMEHTHOTO KaMHSL.
Bwmecte ¢ tem pucyHok 3.11 mokasbiBaer, 4To Hpu
KOHTaKTe€ C HeoOpaOOTaHHBIM  BEPMHKYJIUTOM
COXPAHSIIOTCSl Y4acTKH Pa3pBIXJICHHUs] U HETOIHOTO
cuemeHust. Ciie10BaTeNbHO, YINIOTHEHHE LIEMEHTHON

§ X S T I -
Puc. 3.11. llement + MK + CII + o0ObIYHBIH
BEPMUKYJIAT

HE/IOCTATOYHBIM YCJIOBUEM TMOBBIINICHHUS MPOYHOCTH
BEPMUKYJIMTOBOTO JIETKOTO OETOHA.

Moaudukanys  MOBEPXHOCTH  BCIYYEHHOTO
BEPMUKYJIMTA BBINOJHIACE MO TEXHOJIOTHYECKOU
cxeMe, mpuBencHHOM Ha puc. 3.12. Ilenap 0OpadoTku
3aKJII0Yanach B CHIDKEHHH OTKPBITOM THOPHUCTOCTH,
YMEHBIICHUT BOJIOTIOTJIOICHH S, MOBBIIICHUH
MIOBEPXHOCTHOM aKTUBHOCTH M (POPMHUPOBAHHUHU Ooiee
IUIOTHOW ~ MeX(pa3HOW  TNepexoJHOW 30HBI ¢

MaTpHUIBI SIBJIAETCS HEOOXOIUMBIM, HO LIEMEHTHBIM KaMHEM.
TexHonoru cxema Komn " MOAHPHKALWNKA NOBEPXHOCTN BEPMUKYNUTA
2] ccomaotn Wenvecsn ofpatires a Kool [5 R
[MW T — rewnepanypa, l-ww;;]
Puc. 3.12. Cxema Mmoau¢uKanuu NoBepXHOCTH
Cxema Ha puc. 3.12 OTpaXkaet KaXOash CTagusl  KOMIIGHCHPYET  OTpaHHYCHUS

MOCJIEIOBATEIbHOCTh ~ KOMIUIEKCHOH  00paboTku TIPEABITYIIEH.
3amomHUTENs. Ha mepBom 3Tame  MPOBOIUTCA
LIEJI0YHAs AKTUBAINA pacTBOpoM NaOH,
MOBBIIIAIONIAS ~ PEAKIMOHHYI0  CIIOCOOHOCTh W

IIEPOXOBATOCTh ITOBEpXHOCTH. Ha BTOpOM 3Tame
00paboTKa JKHIKAM CTEKJIOM (hOpMHPYET TOHKHH
CUJMKATHBIA CIOH M 4YaCTUYHO IIEPEKPHIBACT
OTKpBITBIE TOpbl. Ha  3aBepmiaromiem  3Tame
ruapododuzatop I'KXK-11 cHmkaer kamunisipHOe
BOJIOTIOTJIONIEHNE M CTAOMIM3UPYET IOBEPXHOCTb.
IlocnenoBaTenbHOE MHPUMEHEHHE JTHX ONEpaLUH
obecrieunBaeT CHHEPreTHUECKU 3P (EKT, MOCKOIBKY
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Tadoauma 2

Mopdosornyeckue NPU3HAKH NOBEPXHOCTH BEPMUKYJINTA NOCJIe MOAU(PUKAINT

OTKpBITBIE
Metoa CocTosiHHE MOBEPXHOCTH P Anare3ust I'mapododHOCTH
MOPbI, MKM
Crnoucrasi, peixjas, OTKPBITEIE .
Be3 o6paboTku P - OTKD 15-25 Huzkuit OtcyTcTBYET
Je(EKTHI
AKTHUBHUpPOBaHHAS .
NaOH P ’ 10-15 Cpennuit Crnabas
mepoxoBaras
VnoTHeHHas, CUITMKaTHAS .
Kunkoe crexiio ’ 7-10 Cpenuuit Cpenusis
IUIEHKA
Bonee rmankas Cpenne-
TKXK-11 fikad, 6-8 peaL . Bricokas
BOJIOOTTAJIKMBAIOILAS BBICOKHIA
VYmnoraenHas .
KommnexcHas > 3-5 Bricokwuii Bricokas
MUKPOIUICHOYHAS

JlaHHbIe TaOMUIBI 3.2 MOATBEPIKIAIOT, YTO CIIOCO0

00paboTKH CyIIIECTBEHHO BIIHSICT Ha
Mopdonoruueckoe COCTOSIHHE MOBEPXHOCTH
BepMI/IKyJ'II/ITa. I/ICXO)]HBIﬁ 3aI10JIHUTEIIb

XapaKTepu3yeTcs pBIXJION CIOUCTON CTPYKTYpoH H
OTKPBITBIMU Jle(peKTaMu pazMepoM 15-25 MkwM, 4To

co3zaer YCIIOBUS JUTSt MOBBIIIICHHOTO
BOJIOTIOTJIONIEHUSI U CJIa00W aJre3n ¢ LEMEHTHOU
MaTpHIIeH.

Iocne obpadotkn NaOH pa3smep OTKpBITHIX TOp
yMmeHbmaercss g0 10-15 MM, a mOBEpXHOCTb

npuoOpeTaeT 0Oojliee  pa3BUTBHIA  MHUKpOpPETbed,
CITOCOOCTBYIOIIMIA ~ MEXaHUYCCKOMY  3allCTUICHHUIO.
O0paboTKa )KUIKIM CTEKIIOM CHIDKAET pa3Mep Iop 110
7—10 MKM 3a cyeT 00pa30BaHUsI CUIMKATHON TICHKH.
I'KXK-11 moBsiuaer ruapooOHOCT U YMEHBIIAET
KamJULIPHBIN Mozcoc Boabl. Hanbosiee BrIpaskeHHBIH
3¢hdekT oTMeuaeTcs MpH KOMILJIEKCHOH 00paboTKe,
KOTJIa OTKPBITHIC MOPHI COKPAIIAIOTCS 0 3—5 MKM, a
MOBEPXHOCTh CTaHOBHUTCS TUTOTHOH,
MHUKPOIUICHOYHOW ©  OoJiee  MPUTOTHOW IS
(hopMHUpPOBaHHS IPOYHON KOHTAKTHOW 30HBI.

6) NaOH

8) Munaxoe crexno / NKOK-11

r) Komnnexcxan ofpaboTxa

PucyHnok 3.13. @®parMeHTbl NOBEPXHOCTH BCIY4EeHHOT0 BEPMHUKYJINTA: a — §e3 00padoTku; 6 — mocJe
NaOH; B — nocJie cHIIMKATHO-THAPO(OOHOI 00padoTKH; I — MOoCJIe KOMILIEKCHOI 00padoTku

Pucynox 3.13 BU3YaJIEHO MTOITBEPKAACT
MOp(OJIOTHYECKHE HM3MEHEHUS, OTPaKCHHbIC B
tabmue  3.2. Y HCXOOHOTO  BEPMHUKYIHTA
HAOMIONAIOTCS  PACKPBITBIC TOPBI, TPEIIMHBI |
cnabocBsi3aHHble  clIoMCThie ydacTku. Illenounas
AKTHBAIMSI [TOBBIIIACT IIEPOXOBATOCTh TTOBEPXHOCTH,

CHIMKATHO-TUAPOPOOHAsT  00paboTKa  YaCTHYHO
TIEPEKPHIBAET OTKPBITHIE IE(EKTH, a KOMILIEKCHAs
obpabotka  Qopmupyer Oojee  IUIOTHBIH W
CTaOWITBHBIA TOBEPXHOCTHBIN CIION.
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Taoauna 3

XapakTepucTuka Mexk(a3HO nepexo oIl 30HbI.

I'mapathbie
Bapuant Me:xda3nas 30Ha Ilopucroctn lg)am,l CaencrBue
IIpocnoiika 1o 40 MkM
Be3 o6paboTku P ’ Bricokas Cnabo pa3BUTHI Hwuskas agresus
pasneneHue a3
YacTu4HO YIIOTHEHHBIN JlokansHOE .
NaOH yr CHmxeHa YacTuuHbIA pocT
KOHTaKT 3apacTaHue
PoBHBII MII€eHOUHBI YactuyHo CunikaTHast YmMepenHoe
Kunkoe crexio N
uHTepdetic MepeKphITa TIJICHKA yiay4lIeHue
Kamumnsprocts | Y aepxkuBarotcest VYceroitunBast
'KxK-11 Crabu3upoBaHHas 30HA P siep
CHIDKCHA JTydiie CTPYKTypa
CruionHas mioTHas 30Ha 0e3
Komnekchast — MunnMmaneHas | C-S-H moctuku JloaroBeuHocTh

Puc. 3.14. Moau¢puumpoBaHHbIi BEpMUKYJIUT

MUKpOCTpYKTYpHBI aHaiuM3 pHCYHKOB 3.14 u
3.15 noka3piBaeT, 4YTO XUMHYecKas 00paboTKa
BEPMUKYJIUTA MPUBOJUT K YIJIOTHEHHIO
ITOBEPXHOCTH, YACTUYHOMY INEPEKPHITHIO OTKPBITHIX
Je(peKTOB M TOBBIIICHUIO YCTOWYNBOCTH KOHTAKTHOM
30HBI. CoBMecTHOE UCIIOJIb30BaHHE

Puc. .15. B + Monnqmunpnannuﬁ
BEPMUKYJIUT

MOH(HUIMPOBAHHOTO BEPMHUKYJINTA M YIUIOTHEHHON
LIEMEHTHOMI MaTPHLIBI obecrieunBaeT Oosee
3¢ peKTUBHYI0 Tiepeqauy Harpy3kd OT MaTpHIbI K
3aII0JIHUTEIIO, CHIDKAET BEPOSTHOCTD Pa3pyLICHHUSI 110
rpaHuIe pazznena da3 u MOBBILIACT
IKCILTYaTAOHHYIO HAISKHOCTh KOMITO3HUTA.

s e e e s 8 | e p s e = o s o e e s o
e Ty S " —ie——y - e

- s T

Puc. 3.16. KMB + Moau(puuupoBaHHbIii BEpMUKYJIUT

Pucynoxk 3.16 moarBepkaaeT BIMSHIE KOMITJIEKCHOM
MoauduKay Ha (a3oBBIf COCTaB M CTPYKTYpY
kommosuTta. llocme o00paboTKM BEpPMUKYIHTA W
OPUMEHEHHS  MOIM(HUIMPOBAHHOTO  BSDKYIIETO
yMmenbmmaercst  gomsi  cBobommoro  Ca(OH).,
ycumBaetcss popmupoBanne C-S-H- u C-A-S-H-
¢a3, a MexdasHas mepexofHas 30Ha MpHOOpeTaeT
6onee TUIOTHBIN XapakTep. OCHOBHOM CTPYKTYpHBIH

s ekt 3akmrouaeTcs He B 00pa3oBaHUU KPYIMHBIX
KPUCTAUIMYECKHX  HOBOOOpa3OBaHMIA, a B
YBEIMUCHUN KOJIWYECTBA  CIA0OKPUCTATTMYECKUX
THJIPAaTHBIX (a3, KOTOpPBIE YIIJIOTHSIOT IIEMEHTHBIA
KaMEHb ¥ TOBBIMIAIOT aJre3Hi0 C BEPMUKYIHUTOBBIM
3aITOJTHUTEIIEM.
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4. BBIBO/IbI

1. YcraHOBIEHO, YTO MOBBIMIEHHE IPOYHOCTH
TEIUION30JISIIMOHHO-KOHCTPYKIIMOHHBIX  OJIOKOB Ha
OCHOBE  BCIIyYCHHOTO  BEPMHKYIHTa  JIOJDKHO
OCHOBBIBATBCS ~Ha  KOMIUIEKCHOM  YNIPaBJICHUH
CTPYKTYpOW IIEMEHTHOW MATpHUIBI U Mekpa3HOM
nepexoqHoil 30HEL. OJHOCTOPOHHEE YBEINYEHHE
pacxola LEMEHTa He SBISIETCA palUOHaIbHBIM
peIIeHNEeM, MOCKOIbKY MOXET YXYIIINTh TEXHUKO-
SKOHOMHYECKHUE [TOKa3aTeIN MaTepuaa.

2. Mopmudukanyss IEMEHTHOTO  BSDKYILETO
MHUKPOKpPEMHE3EMOM, 30J10i-yHOCa u
CYINepIUIacCTU(PHUKATOPOM CIIOCOOCTBYET CHHKEHHIO
KaNUJUIIPHOM MOPHCTOCTH, MOBBIMIEHHIO MIOTHOCTH
LIEMEHTHOTO0 KaMHS U Pa3sBUTHUIO JIOTIOJHHUTEIBHBIX
ruapocumkaTHeix  (a3. HamOosee BbIpaXkeHHBIH

BKJIa]] B MIPUPOCT MPOYHOCTH BHOCUT
MHUKPOKpPEMHE3EéM, TOrJa Kak 30ia-yHoca H
cymnepruiacTuukaTop obecreYnBaT

JIOTIOJTHUTEIPHOE YIUIOTHEHHE U TEXHOJIOTHYECKYIO
CTaOMJIBHOCTH CMECH.

3. KommiexcHas o0paboTka BepMHKYIMTOBOTO
3anonauTens no cxeme NaOH — skuakoe crexio —
I'KXK-11  ymeHbIIaeT  OTKpBITYIO  MOPHCTOCTH
NOBEPXHOCTH,  TOBBIMLAET  TruApoGoOHOCTE U
YCUITUBAaCT  aJre3WOHHOE  B3aUMOJCHCTBHE  C
[EMEHTHOM MaTpulei. CoBmMeleHue
MOJU(PUIUPOBAHHOTO BSDKYILET0 M 00OpabOTaHHOTO
3aII0JTHUTEILS MI03BOJISIET COXPaHUTb
TETIOM30JILUOHHBIE IperMyILeCTBa
BEPMHKYJIUTOBBIX ~ OJIOKOB ¥ OJHOBPEMEHHO
MOBBICUTh UX IPOYHOCTH U JOJITOBEYHOCTb.

4. IlomydeHHBIE PE3yJIbTAaThl IOATBEPHKIAIOT, YTO
npeaaracMast TEXHOJIOTUS MOXET OBITH
HCIIOJIb30BaHa MpH pa3paboTke 3HeprodhHeKTHBHBIX
JIETKUX CTCHOBBIX MAaTEPHAJIOB, B KOTOPBIX IIPOYHOCTh
obecrieynBaeTcs HE TOINBKO COCTABOM BSDKYIIETro, HO
U LeJICHANIPaBICHHBIM YIpPaBICHHEM CTPYKTYpPOi
MIOBEPXHOCTH [TOPUCTOTO 3aIIOHUTEIISL.

HUCITOJIb3OBAHHAS
JIMTEPATYPA / REFERENCES

[1] Neville A.M. Properties of Concrete. 5th ed.
London: Pearson Education, 2011. 872 p.

[2] Mehta P.K., Monteiro P.J.M. Concrete:
Microstructure, Properties, and Materials. 4th ed.
New York: McGraw-Hill Education, 2014.

[3] Scrivener K., Snellings R., Lothenbach B.
(eds.). A Practical Guide to Microstructural Analysis
of Cementitious Materials. Boca Raton: CRC Press,
2016.

[4] Assis Neto P.C., Raupp-Pereira F., Hotza D.,
Segadaes A.M. Expanded Vermiculite: A Short
Review about Its Production, Characteristics, and
Effects on the Properties of Lightweight Mortars //
Buildings. 2023. Vol. 13(3). Article 823.

[5] Koksal F., Gencel O., Kaya M. Combined
effect of silica fume and expanded vermiculite on
properties of lightweight mortars at ambient and
elevated temperatures // Construction and Building
Materials. 2015. Vol. 88. P. 175-187.

[6] Mo K.H., Lee H.J., Liu M.Y.J., Ling T.-C.
Incorporation of expanded vermiculite lightweight
aggregate in cement mortar // Construction and
Building Materials. 2018. Vol. 179. P. 302-306.

[7] Bentz D.P., Jensen O.M., Coats A.M.,,
Glasser F.P. Influence of silica fume on diffusivity in
cement-based materials 1. Experimental and computer
modeling studies on cement pastes / Cement and
Concrete Research. 2000. Vol. 30. P. 953-962.

[8] Lothenbach B., Scrivener K., Hooton R.D.
Supplementary cementitious materials // Cement and
Concrete Research. 2011. Vol. 41(12). P. 1244-1256.

[91 TOCT 10180-2012. Beronsl. MeTop
OlpENeICHAs]  TPOYHOCTH IO  KOHTPOJBHBIM
oOpasimam.

[10] TOCT 12730.3-2020. betons.. Meton
OITpe/IeNICH S BOIOTIOTIIOICHHSI.

[11] TOCT 25820-2014. bBeToHBI  JerKHe.

TexHuueckue ycroBHsl.

[12] TOCT 7076-99. Matepuansl U HU3ACTHS
CTPOMTEIIbHBIE. Merton OIpeaeIeHHs
TEMJIONPOBOAHOCTH U TEPMUYECKOTO CONPOTUBIICHU
IPH CTAllMOHAPHOM TEIJIOBOM PEXXUME.

INFORMATION ABOUT THE
AUTHORS/ HHOPOPMAIIUA Ob
ABTOPAX
Typraes 3aBenyronuii Kadeapol
Kamoya IPaZOCTPOUTENBCTBA U XO3AHCTBA
Amnnbaesny  Kapakammakckoro
roCyJJapCTBEHHOI'O YHHUBEPCUTETA
E-mail:
jambulturgaev46@gmail.com
Tel.:+998973550840
https://orcid.org/0000-0003-2483-
9727
TaxupxkanoB  ba3oBslii tokTOpaHT Kadeaps
HypcynaTan "CTpOUTENbCTBO 3MaHUN 1
KaiipaToBu4  mpOMEBIIUIEHHBIX COOPY KEHUIT"

TamKeHTCKOro rocyJapCTBEHHOTO
TPAHCIIOPTHOTO YHUBEPCUTETA,
E-mail:
taxirjanovnursultan@gmail.com
Tel.:+998973554498
https://orcid.org/0009-0004-4251-
7101

ENGINEER


mailto:jambulturgaev46@gmail.com
https://orcid.org/0000-0003-2483-9727
https://orcid.org/0000-0003-2483-9727
mailto:taxirjanovnursultan@gmail.com
https://orcid.org/

Study of the Effect of Hydrophobic Modifiers on the Properties of Cement
Mixtures

U.J. Turgunbaev'®?, Y.O. Murodillaev'®P®, D.T. Sharipova’
Tashkent State Transport University, Tashkent, Uzbekistan

Annotation: This article comparatively studies the effect of zinc stearate and polyhydroxysiloxane 136-41
hydrophobic modifiers on the structural and operational properties of cement-sand mixtures. The
experiments were conducted on the basis of cement from Ohangaronsement JSC and sand from the
Chinoz mine, with a water-cement (Water/Cement) ratio ranging from 0.4 to 0.7. It was found that
zinc stearate (1% by weight of cement) did not reduce the compressive strength of cement stone at
all test periods, but rather increased it by 13.3-60.7% compared to control samples. According to
the water absorption reduction efficiency factor (Pw), zinc stearate reduced capillary absorption by
2.51-3.03 times in the initial period to result twice as high as conventional polyhydrosiloxane. The
results obtained prove that the use of zinc stearate is highly effective in ensuring the long-term
durability of plaster coatings in the sharply continental climate of Uzbekistan.

Keywords: Hydrophobic additives, admixture, cement, zinc stearate, polyhydrosiloxane, hydrophobization,
compressive strength, water absorption, durability

Gidrofob Modifikatorlarning Sement Qorishmalari Xususiyatlariga
Ta’sirini Tadqiq Etish

Turgunbayev U.J.2®2 Murodillayev Y.0.}®P, Sharipova D.T.!
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Ushbu magolada sement-qum gorishmalarining strukturavyi va ekspluatatsion xususiyatlariga rux
stearati va poligidrosiloksan 136-41 gidrofob modifikatorlarining ta’siri qiyosiy o‘rganilgan.
Tajribalar «Ohangaronsement» AJ sementi va Chinoz koni qumi asosida, suv-sement (Suv/Sem)
nisbatining 0,4 dan 0,7 gacha bo‘lgan oraliglarida o‘tkazilgan. Rux stearati (sement massasidan 1%)
barcha sinov muddatlarida sement toshining sigilishga mustahkamligini pasaytirmasdan, aksincha,
nazorat namunalariga nisbatan 13,3-60,7% gacha oshirishi aniglandi. Suv yutishni kamaytirish
samaradorligi ko‘rsatkichi (Pw) bo‘yicha rux stearati boshlang‘ich davrda kapillyar so‘rilishni 2,51—
3,03 martagacha kamaytirib, an’anaviy poligidrosiloksanga qaraganda ikki baravar yuqori natija
ko‘rsatdi. Olingan natijalar O‘zbekistonning keskin kontinental iqglimi sharoitida suvoq
goplamalarining uzoqqa chidamliligini ta’minlashda rux stearatidan foydalanish yuqori samara
berishini isbotlaydi.

Kalit so’zlar: Gidrofoblovchi go‘shimchalar, gorishma, sement, rux stearati, poligidrosiloksan, gidrofobizatsiya,
sigilishga mustahkamlik, suv yutish, uzoqga chidamlilik

1. KIRISH nugsonlar to‘planishiga va yakunda parchalanishga
olib keladi. Materialning uzoqga chidamliligini

Mavzuning dolzarbligi osh_irighda suv shimishni kamaytirish hal giluvchi

Suvoq goplamalarining uzogga chidamliligi qurilish omildir. ) .

obektlarining asosiy texnik-igtisodiy ko‘rsatkichidir. Muammoning ~ qo’yilishi. Portland’sement

Tashgi gatlamlar  asosan namlanish-qurish  va asosidagi kompozitlarni himoya qilishda an’anaviy

muzlash-erish jarayonlarida yemlrlladl Sement Poligidrosiloksan 136-41 qo‘shimchalari qo‘llaniladi.

toshining g‘ovaklarida suv muzlaganda ichki bosim va Birog, ,“'ami”,g hOZirgi, dozalari' barqaror gidrOfop
kuchlanishlar ortadi. Bu holat konstruksiyalarda effektni  to'liq  ta’minlamaydi. ~ Shu  sababli,

all¥ https://orcid.org/0000-0003-1993-8165
b https://orcid.org/0009-0008-7972-3223
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samaralirog metall stearatlari, xususan sink
stearatidan foydalanish istigbolli hisoblanadi.
Tadgigot magsadi. Kimyoviy tuzilishi turlicha
bo‘lgan  rux  stearati va  poligidrosiloksan
qo‘shimchalarining sement-qum gorishmalari
xususiyatlariga ta’sirini giyosiy baholash.

2. ASOSIY QISMI

Suvog goplamalarining uzogga chidamliligi asosiy
texnik-iqtisodiy ~ ko‘rsatkich hisoblanadi. Suvoq
gatlamlarining yemirilishi asosan ikki mexanizm bilan
bog‘lig: siklik namlanish va qurish, shuningdek,
kriogen ta’sir. Buzilish sement toshining g‘ovaklarida
muzlash-erish  jarayonida suvning fazaviy
o‘zgarishlari tufayli yuzaga keladigan kuchlanishlar
natijasida shikastlanishlarning to‘planishi ogqibatida
sodir bo‘ladi. Bundan tashqari, kuchlanishlar suvli
muhit va atmosfera havosining galma-gal ta’sirida
notekis cho‘kish va bo‘kish deformatsiyalari
natijasida vujudga keladi. Har ikki holatda ham
materialning suv shimish qobiliyati uning uzoqga
chidamliligini belgilovchi asosiy omil bo‘lib xizmat
giladi.

Portlandsementdan tayyorlangan qurilish
materiallarining uzogga chidamliligini oshirish uchun
Poligidrosiloksan 136-41 [1,2] kabi
gidrofoblashtiruvchi qo‘shimchalardan foydalaniladi.
Hozirgi vagtda bozorda yangi gidrofobizatorlar: sink,
kalsiy, magniy, marganets stearatlari va natriy oleati
mavjud.

Shuni ta’kidlash joizki, qo‘shimchaning hozirgi
dozasi bargaror va uzoq muddatli suv gaytaruvchi
samaraga erishish uchun yetarli emas. Shu munosabat
bilan  [3]-ishda  mineral-shlakli  kompozitsion
materiallar yordamida tajribalar o‘tkazilgan va
ularning natijasida sink hamda kalsiy stearatlari
o‘rganilgan metall stearatlari orasida eng samaralisi
ekanligi aniglangan. Ushbu natijalarni inobatga olgan
holda, tadgigotimizning ikkinchi bosgichida kimyoviy
tuzilishi har xil bo‘lgan ikkita gidrofoblashtiruvchi
go‘shimchaning — sink stearati (Kimyoviy formulasi:
Zn(C17H35C00)2) va poligidrosiloksanlarning
gidrofobizator sifatidagi qiyosiy samaradorligini
aniqlashga e’tibor qaratdik.

Tadgigotdan magsad sink stearati (sement
massasining 1%i) va poligidrosiloksan 136-41
(sement massasining 0,15%i) qo‘shimchalarining
qurilish qorishmalari konsistensiyasiga ta’sirini
aniglashdan iborat edi. Qorishmalar
“Ohangaronsement” D20 markali sement va Chinoz
koni qumidan (Mkr = 1,5) sement:qum nisbati 1:3
gilib tayyorlandi. Konsistensiya GOST 310.4
bo‘yicha har xil suv-sement nisbatlarida (0,4 dan 0,7
gacha) tebratish stolidan foydalangan holda aniglandi.
Sement-qum aralashmasi konsistensiyasining ushbu
go‘shimchalar ~ bilan suv-sement nishatiga
bog‘ligligini  ko‘rsatuvchi  natijalar  3.1-rasmda
keltirilgan.
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3.1-rasm. Gidrofobizatorlar bilan
modifikatsiyalangan sement-qum gorishmasining
harakatchanligi (konsistensiyasi) suv-sement
nisbatiga bog‘liqligi

3.1-rasmda ko‘rsatilganidek, suv-sement (S/S)
nisbati 0,55 giymatidan oshganda, poligidrosiloksan
136-41 gorishmaning zichligini oshishiga
(quyuglashishiga) olib keladi. Rux stearati esa,
aksincha, konusning yoyilish ko‘rsatkichiga deyarli
ta’sir etmay, uni avvalgi darajada saqlab qoladi.
Konsistensiyadagi bu o‘zgarishlar ahamiyatsiz
bo‘lgani uchun ularni e’tiborga olmaslik mumkin.
Biroq, qo‘shilayotgan rux stearatining miqdori ortishi
bilan quyuglashish samarasi yanada yaqqolroq
namoyon bo‘ladi.

Gidrofoblovchi qo‘shimchalar bilan
modifikatsiyalangan ~ qurilish  gorishmalarining
mustahkamligi to‘g‘risidagi turli vaqt oraliglarida
olingan ma’lumotlar 3.3-jadvalda keltirilgan. 3.4-
jadval esa ushbu tarkiblarning suv yutuvchanligi
ularning suv-sement nisbati bilan ganday bog‘ligligini
yaqqol ko‘rsatib turibdi. Bizningcha,
go‘shimchalarning qorishma mustahkamligiga ta’siri
minimal darajada bo‘lib, bunday tadqiqotlarga xos
bo‘lgan standart Xatolikdan oshmasa kerak (3.3
jadval).

3.3-jadval
Tarkibida gidrofobizatsiyalovchi komponentlar
bo‘lgan qurilish qorishmalarining qotishining
turli bosqichlarida mustahkamlikning o‘zgarishi

T/ | S/ | Qo‘shimchal | Sigilishga
r |S ar, % mustahkamlik
chegarasi, MPa
3 7 14 |28
sut | sut | sut | sut
ka ka ka ka
1|0, 75 | 16 | 21, | 36,
4 - 5 5
2 10, 55| 11 | 16, | 30
5 5
3 10, 4,2 | 8,9 | 14, | 26,
6 2 5
4 |0, 28 | 7,0 | 10, | 22,
7 5 5
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510, 8,2 | 15, | 20, | 33,
4 | poligidrosilo 2 0 5
6 |0, | ksan136-41 | 5,8 | 13, | 16, | 28,
5 5 5 2
7 10, 45| 8,6 | 13, | 26,
6 5 5
8 |0, 30| 70 | 12, | 19,
7 2 5
9 |0, 85 | 19, | 27, | 41,
4 rux stearati 5 2 5
1 10, 7,2 | 15, | 21, | 38,
0 |5 5 5 7
1 10, 56 | 13, | 15, | 29,
1 |6 2 5 5
1 10, 45 | 11 | 14 | 26,
2 |7 5
Tadqgiqot  shuni  ko‘rsatdiki,  sement-qum
qorishmasiga  o‘rganilgan  barcha  suv-sement

nisbatlarida (0,4 dan 0,7 gacha) rux stearatini qo‘shish
uning mustahkamlik xususiyatlarini sezilarli darajada
yaxshilaydi. Gidrofoblovchi qo‘shimcha qotishning
dastlabki va me’yoriy muddatlarida mustahkamlikni
nafagat pasaytirmaydi, balki nazorat namunalariga
nisbatan uning barqaror oshishini ham ta’minlaydi.

Tarkibida rux stearati bo‘lgan namunalar
sinovning barcha davrlarida o‘qqa nisbatan siqilishga
yugori mustahkamlikka ega bo‘ladi.

Oradan 3 sutka o‘tgach, rux stearatli
namunalarning mustahkamligi nazorat
namunalarining ko‘rsatkichlaridan 13,3-60,7% ga
(Suv/Sem nisbhatiga garab) oshadi. Eng yuqori nisbiy
o°‘sish Suv/Semnisbati 0,7 bo‘lganda gayd etilgan (2,8
MPaga nisbatan 4,5 MPa). Qotishning  28-
sutkasida rux stearatli gorishmaning mustahkamligi
41,5 MPa (Suv/Sem 0,4 da) dan 26,5 MPa (Suv/Sem
0,7 da) gacha bo‘lgan giymatni tashkil etadi.
Taqqoslash uchun, 136-41 markali poligidroksiloksan
go‘llanganda bu ko‘rsatkichlar ancha past bo‘lib, 33,5
dan 19,5 MPa gacha oraligda o°zgaradi.

Suv/Sem nisbati 0,5 bo‘lganda, rux stearati bilan
gidrofoblangan tarkibning mustahkamligi 28 kundan
so‘ng 38,7 MPani tashkil etadi. Bu qo‘shimchalarsiz
nazorat namunasining mustahkamligidan (30 MPa)
1,29 baravar va poligidroksiloksanli tarkib natijasidan
(28,2 MPa) ancha yuqoridir. Quyida eng xos nisbatlar
(Suv/sem 0,4 va Suv/iSem 0,7) uchun
mustahkamlikning vaqt o‘tishi bilan ganday
o‘zgarishini yaqqol ko‘rsatuvchi grafik keltirilgan
(3.2-rasm).

Mustahkamlikning ortib borish dinamikasi (MPa)

~®" Nazorat (Suv/Sem 0.4)

401 ~#- Rux stearati (Suv/Sem 0.4)
Nazorat (Suv/Sem 0.7)

& Rux stearati (SviSem 0.7)

Siqilishdagi mustahkamlik (MPa)

3 7 u 8
Qotish muddati (sutka)

3.2-rasm. Eng xos nisbatlar (Suv/Sem 0,4 va
Suv/Sem 0,7) uchun mustahkamlikning vaqt
bo‘yicha o‘zgarishi

Shunday qilib, rux stearatidan foydalanish
gorishmaga nafagat suv itaruvchi xususiyatlarni
beradi, balki an’anaviy qo‘shimchalarga nisbatan
uning mustahkamlik markasini ham sezilarli darajada
oshirish imkonini beradi.

Qo‘shimchalarning gidrofoblashtiruvchi
samaradorligini o‘rganish GOST 12730.3-78 [4] da
bayon etilgan uslubiyot bo‘yicha sement-qum
gorishmasining suv yutishini kamayishini aniglash
orqali o‘tkazildi. Kamayish giymati quyidagi formula
bo‘yicha hisoblandi:

NELL 1)
bu yerda Wk — nazorat namunasining suv yutishi, Wr
esa gidrofoblangan namunaning suv yutishidir.

Barcha tadqig etilgan tarkiblar uchun suv
yutishining kamayish darajasi suv bilan to‘yinish
vaqtiga bog‘ligligi natijalari 3.4-jadvalda keltirilgan.

3.4-jadval

Suv yutishining kamayish ko‘rsatkichi (Pw)
Suv/Sem nisbati va to‘yinish vaqtiga bog‘liqligi
Qo‘shimch | To‘yi | S/S | SIS | SIS | SIS
a nish | =0,4 | =0,5 | =0,6 | =0,7
vaqti,
soat.
poligidrosil | 0,25 | 1,37 | 1,44 | 1,49 | 1,57
oksanlar

136-41
1 1,33 1,39 | 1,44 | 1,52
3 1,29 | 1,33 | 1,39 | 1,49
6 1,25 | 1,28 | 1,34 | 1,41
24 1,19 | 1,23 | 1,25 | 1,29
rux stearati | 0,25 | 2,57 | 2,68 | 2,82 | 3,03
1 251 | 262 | 2,71 | 2,89
3 2,39 | 2,48 | 2,53 | 2,79
6 1,86 | 1,87 | 1,91 | 2,38
24 1,48 | 1,51 | 1,54 | 1,78

3.4-jadvalda gidrofoblashtiruvchi qo‘shimchalar
(poligidrosiloksanlar  136-41 va rux stearati)
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go‘shilgan sement-qum gorishmalarining suv yutishi
suv bilan to‘yintirishning turli muddatlarida suv-
sement nisbatiga (S/S) bog‘ligligi ko‘rsatilgan.

To‘yinishning dastlabki davrida (0,25-1 soat) sink
stearati a’lo darajadagi gidrofoblovchi xususiyatlarni
namoyon etadi. Uning uchun Py ko‘rsatkichi 2,51—
3,03 oraligiida bo‘lsa, 136-41 poligidrosiloksani
uchun bu ko‘rsatkich ancha past — 1,33 dan 1,57
gacha. Bu holat sink stearatining namlik bilan
aloganing birinchi soatlarida kapillyar so‘rilishni
samaraliroq to‘sish  qobiliyatiga ega ekanini
ko‘rsatadi.

To‘yinish vaqti 24 soatgacha oshirilganda, barcha
tarkiblar uchun Py ko‘rsatkichi qonuniy ravishda
pasayishi kuzatiladi. Birog, bir sutkadan keyin ham
sink stearatli tarkiblar yuqorirog samaradorlikni
saglab goladi (1,48-1,78), 136-41
poligidrosiloksanining himoya ta’siri esa minimal
giymatlargacha (1,19-1,29) tushib ketadi.

To‘g‘ridan-to‘g‘ri korrelyatsiya qayd etildi: V/S
nisbati oshishi bilan har ikkala qo‘shimchaning
samaradorligi ham ortadi. Gidrofobizatsiyaning eng
yaxshi ko‘rsatkichlari V/S = 0,7 bo‘lganda qayd
etilgan. Xususan, 6 soatlik to‘yinishdan so‘ng V/S
nisbati 0,7 bo‘lgan sink stearati uchun Py ko‘rsatkichi
2,38 ni tashkil etadi, bu esa V/S nishati pastroq
bo‘lgan holatlarga (1,86-1,91) garaganda ancha
yugoridir.

Sink stearati barcha nazorat nugtalarida (0,25 dan
24 soatgacha) 136-41  poligidrosiloksanining
ko‘rsatkichlaridan doimiy ravishda yuqori natijalarni
ko‘rsatadi. Bu uning materialni uzoq muddatli himoya
bilan ta’minlovchi samaraliroq gidrofoblovchi
komponent sifatida qo‘llanilishi magsadga muvofiq
ekanligini tasdiglaydi.

Shunday  qilib, rux  stearati 136-41
poligidrosiloksaniga nisbatan ancha samaraliroq
gidrofobizator hisoblanadi. U dastlabki bosgichda (1
soatgacha) namlikni to‘sishda deyarli ikki baravar
ustunlikni ta’minlaydi va uzoq vaqt davomida
to‘yintirilganda (24 soat) o‘xshashiga garaganda 25—
38% yugoriroq himoya xususiyatlarini saglab goladi.
Qo‘shimchaning asosiy xususiyati turli suv-Sement
nisbatlarida ham yuqori samaradorligini saglab
golishidir, bu esa uni sement tizimlarini uzoq muddatli
gidrofobizatsiyalash uchun eng magbul tanlovga
aylantiradi.

3. XULOSA

1. Suv/Sem nisbati 0,55 dan oshganda
poligidrosiloksan qorishmani quyuglashtiradi. Rux
stearati esa konus yoyilishiga deyarli salbiy ta’sir
ko‘rsatmaydi.

2. Rux stearati sement tizimlarida
mustahkamlikning pasayishini oldini oladi. Va barcha
muddatlarda nazorat namunalariga nisbatan bargaror
o‘sishni ta’minlaydi. 3 sutkada mustahkamlik o‘sishi

Suv/Sem nisbatiga garab 13,3% dan 60,7% gacha
yetadi.

3. Suv/Sem = 0,5 bo‘lganda rux stearatli
tarkibning 28 kunlik mustahkamligi 38,7 MPa ni
taminladi. Bu ko‘rsatkich nazorat variantidan (30
MPa) 1,29 baravar yugoridir.

4. To‘yinishning dastlabki soatlarida rux
stearati  kapillyar so‘rilishni  2,51-3,03 marta
kamaytiradi. Bu poligidrosiloksanga (1,33-1,57)
nisbatan qariyb ikki baravar yuqori samaradir. 24
soatlik to‘liq to‘yinishdan keyin ham rux stearati
o‘zining yuqori himoya Xususiyatini (1,48-1,78)
saglab goldi.
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Modification of the Cementitious System As A Method For Densifying the
Inter-Pore Walls of Fiber-Reinforced Foam Concrete

V. Soy*®?2 G. Nuriddinova®®, J. A. Turgaev?®¢, A.O. Jumageldiev!®d

Tashkent State Transport University, Uzbekistan
*Karakalpak state university Karakalpakstan, Uzbekistan

Annotation This study investigates the effect of complex modification of a cementitious system on hardening

behavior and strength formation in cement paste designed for the production of fiber-reinforced
foam concrete. Microcalcite, microsilica, and a polycarboxylate-based superplasticizer were used
as modifying components. The experimental program included a comparison between a reference
mixture without additives and a modified mixture incorporating 5% microcalcite, 5% microsilica,
and 1% superplasticizer by mass of cement. Compressive strength was evaluated after 3, 7, and 28
days of curing, and the phase composition of the cement matrix was analyzed by X-ray diffraction.
The results showed that the complex additive did not lead to a significant increase in early-age
strength, but contributed to the development of structure-forming processes by 28 days. X-ray
diffraction analysis confirmed the presence of portlandite, calcite, residual clinker minerals, and an
amorphous region related to calcium silicate hydrate phases. These findings indicate that the
combined use of microcalcite, microsilica, and superplasticizer promotes densification of the
cement matrix and can be applied to modify the cementitious binder for fiber-reinforced foam
concrete

Fiber-reinforced Foam Concrete; Cementitious System; Microcalcite; Microsilica; Polycarboxylate
Superplasticizer; X-Ray Diffraction; Compressive Strength

Keywords:

1. INTRODUCTION

In modern construction, there is an increasing demand
for lightweight and energy-efficient materials
characterized by reduced density, sufficient strength,
and stable performance properties. One of the
promising materials in this field is non-autoclaved
fiber-reinforced foam concrete, which combines the
advantages of a cellular structure and dispersed
reinforcement. Due to the presence of artificially
formed air pores, this material is characterized by low
average density and reduced thermal conductivity,
which makes it suitable for use in enclosing, partition,
and thermal-insulating structural elements of
buildings [1, 2].

However, producing low-density fiber-reinforced
foam concrete with sufficiently high strength remains
a challenging technological task. As density
decreases, the volume of pore space increases, the
thickness of the inter-pore walls decreases, and the
probability of forming a defective cement matrix
increases. As a result, the material may exhibit
reduced strength, increased water absorption,
shrinkage deformations, and a tendency toward
microcracking [3, 4]. Therefore, improving the quality
of the cementitious system is one of the key
approaches to enhancing the properties of non-
autoclaved fiber-reinforced foam concrete.

all https://orcid.org/0009-0009-7560-2691
b https://orcid.org/0009-0005-4832-4623

The condition of the cement matrix forming the
inter-pore walls is of particular importance. These
structural regions carry the main mechanical load and
determine the compressive strength of the material. If
the cement matrix is characterized by increased
capillary porosity, insufficient density of hydration
products, or a large amount of weakly bound phases,
the strength of foam concrete decreases even when the
pore structure is relatively uniform. In this regard,
modification of the cementitious system should be
aimed not only at improving the workability of the
mixture, but also at controlling the hydration and
phase formation processes of cement paste.

A promising approach to increasing the density
and strength of the cement matrix is the combined
incorporation of mineral and chemical modifiers. In
this study, a modifying system consisting of 1%
polycarboxylate-based superplasticizer, 5%
microcalcite, and 5% microsilica is considered. It is
assumed that the superplasticizer ensures dispersion of
cement particles and reduces water demand,
microcalcite acts as a microfiller and crystallization
center, while microsilica contributes to the binding of
calcium hydroxide and the formation of additional
calcium silicate hydrates.

The aim of this study is to investigate the effect of
complex modification of the cementitious system,
including 1% polycarboxylate-based superplasticizer,

Ll https://orcid.org/0000-0003-2483-9727
402 https://orcid.org/0009-0004-3686-5695
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5% microcalcite, and 5% microsilica, on phase
transformations and the strength of fiber-reinforced
foam concrete. To achieve this aim, a reference
composition without modifying additives and a
modified composition were compared. The
effectiveness of modification was evaluated based on
the results of compressive strength testing and X-ray
diffraction analysis of the cement matrix.

Literary analysis

The production and application of foam concrete have
been widely discussed in the scientific literature. In the
work of K. Ramamurthy, E.K. Kunhanandan
Nambiar, and G.1.S. Ranjani, studies devoted to the
composition, production technology, properties of
fresh mixtures, and characteristics of hardened foam
concrete are systematized [1]. The authors note that
the properties of foam concrete depend on the type of
binder, mixture composition, foam stability, water-to-
solid ratio, and curing conditions. At the same time,
not only the total porosity but also the quality of the
formed pore structure plays an important role.

A number of studies show that the strength of
foam concrete is closely related to its porosity. E.P.
Kearsley and P.J. Wainwright established a
relationship between the volume of pore space and the
compressive strength of foam concrete [3]. As
porosity increases, the strength of the material
naturally decreases; however, the nature of this
decrease depends on the condition of the cement
matrix and the pore distribution. This means that the
strength improvement of low-density foam concrete
cannot be achieved only by changing the number of
pores; it is also necessary to improve the quality of the
inter-pore walls.

E.K.K. Nambiar and K. Ramamurthy
investigated the influence of pore structure on the
permeability and performance properties of foam
concrete [4]. The authors emphasize that the size,
shape, distribution, and degree of connectivity of
pores significantly affect the water absorption and
durability of the material. For non-autoclaved fiber-
reinforced foam concrete, this conclusion is of
particular importance, since instability of the pore
system can lead to increased open porosity, reduced
strength, and deterioration of  performance
characteristics.

Fine mineral additives are widely used to
improve the structure of the cement matrix. One of the
most effective active additives is microsilica. Its effect
is associated with its high fineness and high content of
amorphous silicon dioxide, which reacts with calcium
hydroxide formed during cement hydration. As a
result, an additional amount of calcium silicate
hydrates is formed, contributing to the densification of
cement paste, reduction of porosity, and increase in
strength [5, 6]. However, the effectiveness of
microsilica depends on its uniform distribution in the
cementitious system and on a rational water-to-cement
ratio.

Along with active siliceous additives, limestone
powder, or microcalcite, is widely used in cement-
based materials. According to the review by D. Wang
et al., limestone powder can affect cementitious
systems through several mechanisms, including the
filler effect, nucleation effect, dilution effect, and
chemical interaction [7]. When used at a rational
dosage, microcalcite contributes to microstructural
densification, reduction of porosity, and acceleration
of clinker mineral hydration. Under the conditions of
fiber-reinforced foam concrete, this may promote the
formation of a denser cement matrix and strengthen
the inter-pore walls.

An important component of the modified
cementitious system is a polycarboxylate-based
superplasticizer. Modern polycarboxylate admixtures
possess high water-reducing capacity and provide
effective dispersion of cement particles. Their action
is associated with adsorption on the surface of cement
particles, electrostatic repulsion, and steric hindrance
between particles [8]. This makes it possible to reduce
the water demand of the mixture without impairing its
flowability, which is especially important for foam
concrete, since an excessive amount of water may
cause segregation, settlement, and disruption of the
pore structure.

The analysis of literature sources shows that the
effects of  microsilica,  microcalcite, and
superplasticizers on cement-based materials have been
studied quite extensively. At the same time, most
studies consider the action of these components
separately or in relation to conventional cement
concrete. The complex influence of the combined use
of microsilica, microcalcite, and a polycarboxylate-
based superplasticizer on phase transformations in the
cementitious system and the strength of non-
autoclaved fiber-reinforced foam concrete remains
insufficiently studied. Therefore, a comparative study
of reference and modified compositions using X-ray
diffraction analysis is of both scientific and practical
interest.

2. MATERIALS AND METHODS

The modified cementitious binder was prepared using
cement, finely dispersed mineral additives, and a
chemical modifier. The main characteristics of the
materials used in the study are presented in Table 1.

After the selection of the raw materials, two
cementitious system compositions were prepared: the
reference composition R and the modified
composition M. The reference composition R did not
contain mineral or chemical modifying additives and
was used for comparative evaluation. The modified
composition MK1 included a complex of additives:
5% microcalcite, 5% microsilica, and 1%
polycarboxylate-based superplasticizer by mass of
cement.
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Table 1

Characteristics of the materials used for the production of fiber-reinforced foam concrete

Material Origin

Material characteristics

Function in the modified
system

Portland cement

CEM I/A-K 425 JSC “Akhangarancement”,

Republic of Uzbekistan

Cement containing a
mineral carbonate additive;
strength class 42.5; used as

Main component of the
cementitious system;
ensures the formation of
cement paste and the

from marble processing

N ; 2 strength-bearing matrix of
the main hydraulic binder fiber-reinforced foam
concrete
Active mineral additive;
Highly dispersed siliceous participates in the
By-product of " o . - .
. - . . additive with SiO: content pozzolanic reaction with
Microsilica m??gg{g;ﬁleggﬁﬁﬂgp,d of more than 92%; particle | Ca(OH). and contributes
size less than 1 um to the formation of
additional C-S—H phases
Finely dispersed carbon_ate Acts as a microfiller:
filler based on CaCOs; improves particle packin
Microcalcite Produ_ct of _car_bonate raw _characteri_zed by high rpe ducesp defects Fi)n the 9
(CaCOy) material grinding / waste fineness, with a specific cement matrix, and

surface area of 8735 cm?%g,
and a filler-structuring
effect

promotes nucleation of
hydration products

Industrial chemical
admixture for cementitious
systems

Polycarboxylate
superplasticizer
“Master Glenium”

New-generation water-
reducing admixture;
dosage in the modified
composition — 1% by
mass of cement

Improves the dispersion
of cement and mineral
particles, reduces the
water demand of the
mixture, and increases the
homogeneity of the
cement suspension

Tap water complying with
the requirements for water
used in concrete mixtures

Mixing water

Used for cement
hydration, preparation of
the cement suspension, and
preparation of the foaming-
agent solution

Ensures cement hydration
processes and provides the
required working
consistency of the mixture

Cube specimens with dimensions of 20 x 20 x 20
mm were molded from the prepared mixtures. After
molding, the specimens were kept in the molds until
demolding and then placed in a standard curing
chamber. Curing was carried out at a temperature of
20+ 2 °C and a relative humidity of not less than 95%.
Tests were performed at the ages of 3, 7, and 28 days.

Compressive strength was determined using a
hydraulic press in accordance with the requirements of
GOST  310.4-81 “Cements. Methods  for
determination of flexural and compressive strength”
and GOST 10180-2012 “Concretes. Methods for
strength determination using reference specimens.” At
each curing age, specimens of both the reference and
modified compositions were tested.

X-ray diffraction analysis of the hardened cement
paste was performed at the ages of 3, 7, and 28 days.
The analysis was carried out to evaluate the phase
changes occurring during the hardening of the
reference and modified cementitious systems. The
obtained XRD results were compared with the
compressive strength test data.

3. RESULTS AND DISCUSSION

The experimental results demonstrated that complex
modification of the cementitious system significantly
influenced the strength development of hardened
cement paste. At all curing ages studied, the modified
composition M, incorporating 5% microcalcite, 5%

microsilica, and

1%

polycarboxylate-based

superplasticizer by mass of cement, showed higher
compressive strength than the reference composition

R.
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Table 3

Compressive strength of the reference and modified compositions

| cement Mineral and chemical additives, _
Composi content wt.% of cement - W/_C Age, days Compressive
-tion %’ CaCoOs SP «Master | Microsilic | ratio ' strength, MPa
Gleniumy a
3 63,4
R 100 - - - 7 74,3
28 74,3
3 63,06
MK1 90 5 1 5 7 67,73
28 78,30

As shown in Table 3, at the age of 3 days, the
strength values of the reference and modified
compositions were almost identical, amounting to
63.40 and 63.06 MPa, respectively. This indicates that
the replacement of 10% of cement with microcalcite
and microsilica did not cause a noticeable reduction in
the early strength of the cementitious system.

At the age of 7 days, the strength of composition
MK1 was 67.73 MPa, which was 8.8% lower than that
of the reference composition R. This may be attributed
to the reduced cement content in the mixture, as well
as to the fact that the pozzolanic activity of microsilica
does not manifest immediately, but develops gradually
as calcium hydroxide accumulates during hardening.

By 28 days, the modified composition reached a
compressive strength of 78.30 MPa, whereas the
strength of the reference composition remained at
74.30 MPa. Thus, at the design age, MK1 exceeded R
in strength by 5.4%. This result indicates the positive
effect of complex modification on the strength
development of the cementitious system at later curing
ages.

The increase in the strength of composition MK1
by 28 days is associated with the combined action of
microcalcite, microsilica, and the superplasticizer.
Microcalcite contributes to microfilling of the
structure, microsilica participates in the pozzolanic
reaction with the formation of additional calcium
silicate hydrates, and the superplasticizer improves
particle dispersion. As a result, a denser cement matrix
is formed, which ensures the strength gain of the
modified composition.

suopuas obnacts C-5-H|
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Fig. 1. XRD patterns of the modified composition
MK1 at 3, 7, and 28 days

To assess phase changes during hardening, X-ray
diffraction analysis of the modified composition MK1
was performed at the ages of 3, 7, and 28 days. The
diffraction patterns are presented in Fig. 1.

In the diffraction patterns of composition MK1,
reflections of portlandite Ca(OH)., calcite CaCOs, and
residual unhydrated clinker minerals CsS and C.S
were recorded at all curing ages. The presence of a
pronounced CaCQOs peak is associated with the
incorporation of microcalcite, as well as with the
carbonate component present in the cementitious
system. The carbonate phase acts as a finely dispersed
filler and contributes to the densification of the
hardened cement paste structure.

An amorphous region characteristic of poorly
crystalline calcium silicate hydrates, C-S—H, is
observed in the low-angle range. This phase is the
main strength-forming component of hardened
cement paste; however, due to its poorly crystalline
structure, it does not appear in the diffraction patterns
as sharp intense peaks. The formation of the C-S-H
phase is associated both with the hydration of cement
clinker minerals and with the possible pozzolanic
reaction of microsilica with calcium hydroxide.

As the curing age increased from 3 to 28 days,
gradual development of the phase composition of the
modified cementitious system was observed. The
persistence of CsS and C.S reflections indicates
ongoing hydration processes, while the presence of
portlandite confirms the hydration of the silicate
phases of cement. At the same time, microsilica may
partially bind Ca(OH). to form additional calcium
silicate hydrates, contributing to the densification of
the cement matrix.

The obtained XRD data are consistent with the
compressive strength test results. Although the
strength of composition MK1 at 7 days was lower than
that of the reference composition, by 28 days the
modified composition reached 78.30 MPa and
exceeded the reference composition by 5.4%. This
indicates that the main effect of complex modification
becomes more pronounced at later curing ages, when
the combined action of microcalcite and microsilica
contributes to the formation of a denser cementitious
structure.
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4. CONCLUSION

The conducted studies showed that complex
modification of the cementitious system with
microcalcite, microsilica, and a polycarboxylate-
based superplasticizer changes the hardening behavior
of hardened cement paste intended for the production
of fiber-reinforced foam concrete.

It was established that the modified composition
did not provide a pronounced increase in strength at
early curing ages. The main effect of the complex
additive became evident by 28 days, which is
associated with the gradual development of structure-
forming processes in the cementitious system.

The results of X-ray diffraction analysis confirmed
the presence of portlandite, calcite, residual clinker
minerals, and an amorphous region corresponding to
calcium silicate hydrates in the modified composition.
The presence of calcite is associated with the
incorporation of microcalcite, while the formation of
calcium silicate hydrates is caused by cement
hydration and the possible participation of microsilica
in the pozzolanic reaction.

The combined action of microcalcite, microsilica,
and the superplasticizer contributes to the
densification of the cement matrix due to microfilling,
improved particle dispersion, and the formation of
additional hydrate phases. This creates prerequisites
for increasing the strength of the inter-pore walls of
fiber-reinforced foam concrete.

Thus, the application of the proposed additive
system can be considered an effective approach to the
targeted modification of cementitious binder for fiber-
reinforced foam concrete.

REFERENCES

[1] Ramamurthy, K., Kunhanandan Nambiar,
E.K., Indu Siva Ranjani, G. A classification of studies
on properties of foam concrete. Cement and Concrete
Composites, 2009, Vol. 31, No. 6, pp. 388-396.
https://doi.org/10.1016/j.cemconcomp.2009.04.006

[2] Hilal, A.A., Thom, N.H., Dawson, A.R. On
entrained pore size distribution of foamed concrete.
Construction and Building Materials, 2015, Vol. 75,
pp. 227-233.
https://doi.org/10.1016/j.conbuildmat.2014.09.117

[3] Kearsley, E.P., Wainwright, P.J. The effect of
porosity on the strength of foamed concrete. Cement
and Concrete Research, 2002, Vol. 32, No. 2, pp.
233-239. https://doi.org/10.1016/S0008-
8846(01)00665-2

[4] Hilal, A A., Thom, N.H., Dawson, A.R. Pore
structure and permeation characteristics of foamed
concrete. Journal of Advanced Concrete Technology,
2014, Vol. 12, No. 12, pp. 535544,
https://doi.org/10.3151/jact.12.535

[5] Bentz, D.P. Influence of silica fume on
diffusivity in cement-based materials. |. Experimental

and computer modeling studies on cement pastes.
Cement and Concrete Research, 2000, Vol. 30, No. 6,
pp. 953-962. https://doi.org/10.1016/S0008-
8846(00)00264-7

[6] Hamada, H.M., Abed, F., Binti Katman,
H.Y., Humada, A.M., Al Jawahery, M.S., Majdi, A.,
Yousif, S.T., Thomas, B.S. Effect of silica fume on the
properties of sustainable cement concrete. Journal of
Materials Research and Technology, 2023, Vol. 24,
pp. 8887-8908.
https://doi.org/10.1016/].jmrt.2023.05.147

[71 Wang, D., Shi, C., Farzadnia, N., Shi, Z., Jia,
H., Ou, Z. A review on use of limestone powder in
cement-based materials: Mechanism, hydration and
microstructures. Construction and Building Materials,
2018, Vol. 181, pp. 659-672.
https://doi.org/10.1016/j.conbuildmat.2018.06.075

[8] Gao, Y. Zhang, Y. Li, J., Wang, X
Interaction between polycarboxylate superplasticizer
and cement particles: A review. Materials, 2025, Vol.
18, No. 11, Article 2662.
https://doi.org/10.3390/mal8112662

INFORMATION ABOUT THE
AUTHORS

Doctor of Technical Sciences,
Professor at the Department of
Building Construction and
Soy Industrial Structures, Tashkent State

Vladimir Transport University.

Mixaylovich  E-mail: volodya tsoy@inbox.ru
Phone: +998909521576
https://orcid.org/0009-0009-7560-
2691

PhD student at the Department of

Building Construction and

Industrial Structures, Tashkent State
Nuriddinova Transport University.

Gavkhar E-mail:

Sadulla kizi  nuriddinova_gavhar@mail.ru
Ten.: +998959801077
https://orcid.org/0009-0005-4832-
4623
Doctor PhD in technical science,
professor of Karakalpak state

Turgayev  university
Janbul E-mail:

Adilbaevich jambulturgaev4d6@gmail.com
https://orcid.org/0000-0003-2483-
9727
Master's student at the Department
of Building Construction and

. Industrial Structures, Tashkent State

Jumageldiev L

- Transport University
Aziz e
. . E-mail:
Olimovich

jumageldiyevaziz@gmail.com
https://orcid.org/0009-0004-3686-
5695

ENGINEER


https://doi.org/10.1016/j.cemconcomp.2009.04.006
https://doi.org/10.1016/j.conbuildmat.2014.09.117
https://doi.org/10.1016/S0008-8846(01)00665-2
https://doi.org/10.1016/S0008-8846(01)00665-2
https://doi.org/10.3151/jact.12.535
https://doi.org/10.1016/S0008-8846(00)00264-7
https://doi.org/10.1016/S0008-8846(00)00264-7
https://doi.org/10.1016/j.jmrt.2023.05.147
https://doi.org/10.1016/j.conbuildmat.2018.06.075
https://doi.org/10.3390/ma18112662
mailto:volodya_tsoy@inbox.ru
https://orcid.org/0009-0009-7560-2691
https://orcid.org/0009-0009-7560-2691
mailto:nuriddinova_gavhar@mail.ru
mailto:jambulturgaev46@gmail.com
https://orcid.org/0000-0003-2483-9727
https://orcid.org/0000-0003-2483-9727
mailto:jumageldiyevaziz@gmail.com

Physicochemical Fundamentals and Technological Efficiency of Non-Steam
Production of Dispersed Reinforced Composites

A.l. Adylkhodjaev®? A F. Babajanov®P
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: The article examines aspects of the energy intensity of precast concrete production and the negative
influence of steam curing on the formation of concrete structure. Based on the thermodynamic
approach and the theory of heterogeneous nucleation, the possibility of transitioning to non-steam
curing technology is considered. A mathematical model of strength development Kinetics based on
the Arrhenius equation is presented, and the role of carbonate microfillers in reducing the activation
energy of the hydration reaction is demonstrated. Special attention is paid to the specifics of fiber
reinforced concrete hardening: it is proven that the elimination of steam curing minimizes thermal
deformations of polymer fibers, preserving the integrity of the adhesive bond.

Non-steam technology, activation energy, hydration kinetics, nucleation, polycarboxylates, fiber
reinforced concrete, energy efficiency
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POu3zuko-Xumnueckue OcHoBbl H TexHomornueckasi IpdexkTuBHOCTH
Becnporpesnoro IlpousBoacrea JlucnepcHo-ApmupoBanabix KoMno3snros

Amnaxoxkae A.M.102 Bagaxanos A.P. 10P
'TamkenTckmii rocynapcTBeHHBIH TPAHCIOPTHBIN YHUBepCUTET, TamKkeHT, Y30eKucTaH

AHHOTAIHA B crarbe paccMaTpuBaroTCs acHeKThl SHEPrOEMKOCTH IIPOHM3BOJCTBA COOPHOro JKejie300eTOHa U
HETaTUBHOI'O BIIMSIHUS TEIUIOBIAXXHOCTHOH o0pabotku (TBO) Ha QopmupoBaHUE CTPYKTYpHI
OeroHoB. Ha oOCHOBE TepMOJMHAMHMYECKOrO IIOJXOAa M TEOPUM TI'ETEPOrCHHOW HYyKJICAluH
paccMOoTpeHa BO3MOXHOCTh IIepexoa Ha OecrporpeBHY 0 TEXHOJIOr Mo TBepeHus. [Ipencrasinena
MaTeMaTH4ecKast MOJIeNIb KHHETHKY Habopa MPOYHOCTH, 6a3upylomasics Ha ypaBHCHUH AppeHuyca,
U TI0Ka3aHa poJib KapOOHATHBIX MUKPOHAMOIHUTENCH B CHIDKEHMH SHEPIMU aKTHBALMKM PEaKIUK
ruaparaiui. Ocoboe BHUMaHHE yJeneHo crenuduke TBepaeHus GUOpoOETOHOB: 10Ka3aHO, YTO
otka3 or TBO MuHUMH3HpYyeT TepMu4eckre AehopMaliy HOTUMEpHON (GUOpBL, coxpaHss
LEJIOCTHOCTb aJIN€3MOHHOr0 KOHTAKTA.

becniporpeBHass TeXHOJIOrMs, SHEPrusl AaKTUBALMM, KUHETHKA TMJIpaTalluM, HyKiIealus,
MOJMKApOOKCHIAThL, GUOPOOETOH, IHEProdh HeKTUBHOCTH

Keywords:

¢dopmupoBanus runpaTHeix ¢a3. «TernoBoit ynap»
IPUBOJUT K OIpYyOJIEHHIO ITOPOBOM CTPYKTYpBI,
CymecTBytommas UHyCTpUaIbHAS MO/JIENb pOCTY  BHYTPEHHHX HANpsDKEHUH M PHCKY
MIPOM3BOCTBA cbopHOTO JKene300eToHa, OTJIOXKEHHOTO  O0Opa3oBaHMS OJTTPUHTUTA, HTO
chopmupoBaBiiascs B cepenuHe XX Beka, KPUTHUYECKH CHUKAET J10JITOBEYHOCTh KOHCTPYKLUMI

1. BBEJAEHHUE

0a3mpyercss Ha MHTEHCHBHOH TEIUIOBIAXKHOCTHOU
obpaborke (TBO) wm3menmit. ITOT MOAXOT,
obecnieunBaromuii OBICTPBIN 000POT METAILIOPOPM,
XapaKTEepU3yeTCsl  BBICOKOH  JHEPrOEMKOCTBHIO:
3aTpathl Ha TeruioHocuTenmn aocturaror 40% B
CTpyKType cebecronmMocTn nepenena. Kpome Toro,
kak ormevann O.I1. Muemmos-IlerpocsH u A.B.
Vmepor-Mapmiaxk [1], [2], BBICOKOTEMITEpaTypHOE
BO3/CHCTBHE HAPYIIAET ECTECTBEHHYIO TOIIOJIOTHIO

a2 https://orcid.org/0000-0001-5729-5178
b https://orcid.org/0009-0002-7990-0206

N3 BBICOKOIIPOYHBIX OETOHOB.

2. METOJIbI

Hns (hubpobeToHOB, apMHPOBAaHHBIX
CHHTETUYECKHUMH  BOJIOKHAMH, TBO  mecer
JoroHUTeNbHBIE pruckd. Koaddumment mureitHOro
TEPMHYECKOTO PACIIUPEHUS MOJHUIIPONMICHa (@ ~

61 o
70-10-° %) HAa MOPSIOK MPEBHIIIACT aHATOTHIHBINA
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61
TnoKa3aTesb IEMEHTHOTO KaMHs (@ ~ 10 - 1076 Q)'

IIpu narpese 1o 80°C u nocneayromeM OCThIBAHUU
BOJIOKHO UCITBITHIBACT 3HAYUTEIBHBIC OOBCMHEIC
nepopMaIui, KOTOphIe MOTYT IIPUBECTH K Pa3phIBY
aAre3MOHHOTO  KOHTAaKTa  eme J0  Havdaia
9KCIUTyaTaIlluy KOHCTPYKIIUU. BaXKHO OTMETHUTB, YTO
MPUMEHSEMbIE MOJU(DUKATOPBL, OTHOCSIIHECS K
Jno0aBKaM IIEpBOTO Ki1acca, Py JO3UPOBKE OT 2,5 110
3% TPUMEHSIOTCS KaK YCKOPHUTEIN TBEPICHUS, a B
komuyectBe g0  10% w  BeImE —  Kak
MPOTUBOMOpO3HbIe 106aBku [3], [4].

AJNBTEpPHATUBOM  SBJISETCS  HCIOJB30BAHHE
BHYTpCHHEH  XHMHUYECKOH OSHEPIMH  CHCTEMBI
(ox3otepmun).  CoBpemeHHas  (H3UKO-XUMHUS
0eTOHa paccMaTpPUBaeT NPOIECC TBEPIACHHS Kak
CJIOXHYIO TETEPOTCHHYIO pEaKIMi0, CKOPOCTh
KOTOPO¥ (V) ONMKCHIBACTCS YPAaBHEHUEM XUMHUCCKOM
kunetukd.  CorjmacHO — 3akoHY — AppeHwmyca,
KOHCTaHTa ckopocTH peaknuu (K) 3aBucHT OT
TEMIEPaTyPhl ¥ SHEPTUN aKTHBAIUU:

Eq
k = A- err, 1)
rae A — HpeﬂBKCHOHCHHHaﬂbHBIﬁ MHOXUTCIIb,
Ea — sHeprus aktuBanuu nporiecca (x/mons); R —
YHHUBEpCaJIbHas1 ra3oBast IIOCTOsTHHAsA, T —
abcomrotHas Temneparypa (K).

Tpaguiuonnass TBO mnpousBogurcs mo myTu
yBenmuenus remmepatypst (T) [5]. Beciporpesnas
TEXHOJIOTUsI pelIaeT 3a/1ady IyTeM CHIKEHHS
sHepruu akTuBauuu (Ea) M yBenu4eHUs MIOTHOCTH
KOHTAKTOB MEXIy YaCTHLaMH. JTO JOCTHTaeTcs 3a
CYeT CHHEprud JIBYX (aKkTOpoB: (H3HUECKOTO
cOMMIKEHHS 4acTHll (mpuMeHeHHe
CYNepIIacTU(GUKATOPOB) U KaTaJUTHYECKOTO
BO3JEHUCTBUS 100aBOK-HYKIIEaTOPOB.

[lpumeHeHne MOMMKAPOOKCUIATHBIX 3(HPOB
(PCE) mo3BoiseT CHU3UTHL  BOAOIIEMEHTHOE
OTHOIIEHHE [0 3KCTPEMaJbHO HU3KHX 3HAYCHHI
(B/11 < 0,3). D10 obecneunBaeT COMMKEHHE 3ePEeH
LIEMEHTa, cokpamias M Gy3uOHHBIA TyTh HOHOB B
opoBoM pacTBope. OAHAKO KIFOYEBBIM JIEMEHTOM
YCKOpEHHsT TBepAeHUs ©Oe3 BHENIHEero TeIula
SBJIAETCS BBEICHHE TOHKOMOJIOTOIO KapOOHATHOTO
HanoJHUTENS (MUKpOKanbiuTa). COrnacHO TeopHH
®donpmepa-Bebepa, pabota 00pa3oBaHus 3apOIbIIIa
HOBOM  (a3bl  (Ape) Ha TOMIOXKKE (WacTHIE
HAIlOJIHUTENSA) MEHbBINE, YeEM B O00BEME KHUIKOCTH
(Ahom)-

Aper = Apom " £(0), 2
rne f(0) - ¢yHKuMsS yria cMadMBaHUS,
3Ha4YeHHEe KOTOpoii Beeraa <1.

Yactumpr  CaCOsz  BRICTYmalOT — TOTOBBIMH
MIOJI0)KKaMHU TSt KPHCTAJLTU3ALUH
ruapocunukaToB kanbiyst (C-S-H). DT1o cHmxkaer
SHepreTHYecKuil Oaphep Hayajda KpUCTaJUTH3aLHH,
YCKOpsisl Tepexo]l OT MHIYKIMOHHOTO IepHonia K
NEepHONy  YCKOPEHWs, 4YTO  IOATBEPXKIACTCS
TAHHBIMHA i QepeHInaNbHON
MUKpokanopumetpuu [6] (puc. 1).

a) KOHTponbHbli cocTas 6) Cocras ¢ MK (ynnoTHeHue) B) buHapHas cucrema

Poixnsiit C-S-H rens ﬂo@‘ﬂamm (MK + KapBoHaTHblit HanonHUTEND)
\ a(OH),

(2

W s g /
Poixnbiit C-S-H Kanunnsipnsie YacTuus YacTuubl et
rens nop! (MK) (MK)

Puc. 1. Biussinue kapO0OHAaTHBIX IECHTPOB
HYKJICAIlHH HA TeIIOBbIIeJIeHHe [IeMEeHTAa:
CABHT NMKA TMApaTalii Ha 6oJiee paHHHe

CPOKH NPH MCIIOIb30BAHUM MAKPOKAJIBLIMTA

B ycnoBusx  OecrnporpeBHOW — TEXHOJIOTHH
(opmupoBanue CTPYKTYPBI ¢ubpobeToHa
MIPOUCXOJUT B «MSATKOM» TEMIIEPaTypHOM PEXUME
(3a cuer cOOCTBEHHOHN 3K30TEPMUHU TEMIIEpPaTypa B
anape cedeHus: peako mpesbimaer 40-50°C). Oto
UCKIIIOYaeT  BO3HUKHOBEHHWE  JIECTPYKTHBHBIX
TEMIIepaTypHBIX  TpaaueHToB. bomee  Toro,
orcyTcTBUe TBO 1MO3BONISET COXPAHUTH BBICOKYIO
BJI&XXHOCTh BHYTPH O€TOHa, HEOOXOAUMYIO Juisi
MOJHOW  rujpaTanuu lUeMmeHTa. [IpoBeieHHbIE
uccienosanus [ 7], [8] mokaswIBaroT, 4TO MPOUHOCTH
CIETUICHHSI TOJIUTPOIIIICHOBOH (HHOpPBI ¢ MaTpuLe
B OeTOHax ecTecTBeHHOro TBepaeHus Ha 15-20%
BBIIIIE, YeM B IIPONApPEHHBIX 00pa3slax, 3a cyer
(hopMupoBaHust OoJiee IIOTHOM U MeHee Ae(eKTHOM
Mex(ha3HOM 30HBL

3. PE3VYJIbTATHI

Has BBISABIICHUS MEXaHH3MOB
CTPYKTypOOOpa30BaHUs KOMILJIEKCHO-
MOAN(HUIIMPOBAHHOTO [IEMEHTHOTO KaMHsI ITPOBEICH
pentreHoazoBbiii ananu3. VccienoBanue ObUIO
HAaIIPaBJICHO HAa KaYeCTBEHHYIO U KOJIUYECTBEHHYIO
OLICHKY TpaHC(OPMalMK HMCXOJHBIX KIMHKEPHBIX
MHHEpaJoB B THIpaTHbIE HOBOOOPAa30BaHHA IO
BO3JEHCTBHEM OWMHApPHOTO  MHKPOHAIIOJHHUTEILI
(MHKpOKpeMHE3eM u Mpamop) u
nonudyHKIoHampHOTO  Moaubukaropa KIW.
OueHnBanoch HU3MEHEeHUE COOTHOIIECHHS
KpHCTAJUIMYECKOH u amopdHoil (a3, a Takke
KAHETHKAa  CHHTe3a  OCHOBHBIX  HPOIYKTOB
THOpaTaliy:  NOPTIaHAWTA,  OTTPHHTHTA H
ruapocuankaToB Kambius (C—S—H).

B pamkax sKcmepuMeHTa IpPOaHATH3HPOBAHBI
IUPpPaKTOTpaMMBI ~ TpeX  0a30BBIX  CHCTEM:
KOHTpONBHOTO Oe3mobaBoyHOrO oOpasma (puc. 2),
komnosuta ¢ gobasnenueM 0,9 % KIW (puc. 3)
1 KOMIUTEKCHO-MOIU(QUIIMPOBAHHON MaTPHUIIHI (PHC.
4).

PentreHorpaMma  3TaJIOHHOTO — LIEMEHTHOTO
kamHs (puc. 2) Ha 28-¢ CyTKH TBEpICHHUA
JEMOHCTPUPYET  NpOQHiIb,  THIUYHBIA  JUISA
KITACCHYECKOM  THIpaTaldd  IMOPTIaHIIEMEHTa.
Homunupytomien KpUCTAIITMYECKON ¢azoit
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BBICTYNACT THUAPOKCUJA KaNbIMsi — MOPTIaHIUT
Ca(OH), (untencupHble peduekcsl npu d = 4,897 u
2,443 A), MaccoBo renepupyeMslil IpH THAPOJIH3E
aimta W Oemura.  PasButme  mporeccoB
KPHCTAJUTM3AI[MOHHOTO CTPYKTYypOOOpa3oBaHHs
MTOATBEPIKAaeTCS HammureM >TrpunruTta (d = 9,690;
5,576; 4,241; 2,622 A).

Ha mudpakrorpaMme ¢uxcupyercs
3HAYUTENBHOE COJEPKAHUE HETHIPATHPOBAHHBIX
ocTaTkoB KiuHKepa: amuta (d = 3,381; 3,100; 2,316
A), 6emra (d = 2,768; 1,974 A) u cmemansbx da3s
(d = 2,180; 1,922 A), uto cBUIETENLCTBYET O
HE3aBEepIICHHOCTH TUApaTaluu K 28-M CcyTKam.
EcrecTBeHHas xapOoHu3anus oOpasia BbIpakaeTcs
B mpucytcTBun Kanbiura CaCO;z (d = 3,856; 3,027
A). Tuapocumukatel kambrmsa (d = 7,272 A)
XapaKkTepu3yloTCsi ~ HHU3KOH  WHTEHCHBHOCTBIO
T (HPAKIIMOHHBIX MaKCHMYyMOB
U HUICHTHQUIMPYIOTCS IMPEUMYIIECTBEHHO 10
muddy3HOMY Tajao B TUama3oHe yrios 20 = 25-35°,
YTO yKa3blBAET HA UX HU3KOYMOPSIOYEHHOE,
resneoOpa3Hoe COCTOSIHUE.

Moaudukamus cuctemMbl go6aBkoii  KIW
(puc. 3) CYIIECTBEHHO UHTEHCUDULIUPYET
THIPATAIHOHHBIE IIPOIIECCHL Ot1Meuaercs

CHHIXKXCHUEC HI/IKOBOf/i HNHTCHCHUBHOCTH l'[OpTJ'laH}II/ITa,
YTO yKa3blBAa€T HAa €ro aKTHBHOE BOBJECYEHHE BO
BTOPUYHOE CTPYKTypooOpa3oBanue. [lapamiensHo
BO3pacTacT HHTCHCUBHOCTh Pe(ICKCOB STTPHHTHTA
(B wactHoCcTH, ipu d = 9,681; 5,581; 4,670; 2,741 A),

MOJITBEPIK A YCKOPEHHYTO TUPATAIHIO
AIIOMUHATOB Ha PAHHUX CTAHSX.
Cumxenue  gomu  cBobommoro  Ca(OH),

compoBoxaaercst poctoMm nuddysnoro dona (20 =

ea

o

Hurencnnocrs,
B

N

M uw‘i L/ -\.JM‘ \w‘

10 1s

Tatumnua

B
P

26, rpaa

Ml
(A ‘

‘w}bU‘VVW’ \ \"\‘\_/,'VVJ.WHV k

28-35°), 4YTO CBUAETENHLCTBYET O TEHEPALUH
JIOTIOTHUTENLHOTO 00 beMa aMopHOH
THJIPOCHIINKATHON (ha3bl. 3aKOHOMEPHO CHHIKAETCS
WHTEHCUBHOCTh NHMKOB anuTa W Oenura. JlaHHBIE
CTPYKTYpHBIE W3MEHEHUS TIOJTBEPKAAIOT
KatamuTHieckyro ¢yHknuto KIW B moBblmeHUN
CTETICHH KOHBEPCHUHU KIIMHKEPa, YTO KOPPEIUpPYET C
paHee YCTaHOBJICHHBIM  POCTOM ¢duzuKo-
MEXaHWYECKUX XapaKTePUCTHK [IEMEHTHOT'O KaMHSI.
HaubGoee riy6okast Tpancopmarus ¢Gpa3zoBoro
coctaBa HaOmoJaeTcs B MaTpHIle, COAepKamen
OMHapHBII MUKPOHAITOJTHHUTEIH B codeTanny ¢ K1W
(puc. 4). KimoueBbIM MapKepoM CHHEPIeTHYECKOTO
a¢dexra sBISETCS MOSBICHUE AUPPAKIMOHHBIX
OTPaXXCHU  HU3KOOCHOBHBIX  THIPOCHIIMKATOB
KaJbIus (C-S—H-p}a3) npu
d = 3337 u 2,741 A Ux KPUCTAILTU3AIHS
WHHUIMMPOBAHA MYIIIONAHOBOW peaKkuued Mexmy
BBICOKOAKTHBHBIM JIMOKCUTIOM KpEMHHUS
MHUKPOKpEMHE3eMa 1 OPTIaHAUTOM:
Si02+Ca(OH)2+H20—C—S—H
BceneacTBue aKTMBHOTO MPOTEKaHUs JaHHOM

peakiuun  peduexkcst  Ca(OH),  mpaktuueckn
HUBCJIUPYIOTCA IO CpPaBHEHHIO C OTAJOHHBIMU
CepUsAMU. IIpucyrcTBue MpPaMOpPHOTO

MHKpOHaHOHHHTeHﬂ }leTepMI/IHI/IpyeTCﬂ YCTKUMU
nukamu KansiuTa (d = 3,859; 3,026; 2,280 A). B
JMAHHOM  TOJNIMIUCIICPCHOM  CHCTEME KapOOHAT
KaJbLUsl  BBIIOJNHSAET  JIBOMHYIO  (YHKIHIO:

JICHCTBYET KaK YIUIOTHSIOIUMI MHUKPO3aIlOJIHUTEND
LEHTPaMH
pocTta

U CIIyXHT
HaIlpaBJICHHOTO
HOBOOOPa30BaHHMA.

HYKJICalluUu 1A
TUAPATHBIX

¢ rme

e

A

‘ ' .'«- * o
M

SRWLAIPN
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Puc. 2. PeHTreHOrpaMmMa KOHTPOJILHOTO IEMEHTHOT0 KaMHsI B Bo3pacTte 28 CyTOK TBepAeHHUs
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200

° i
180 2741 B Tugpocnmis
¥ Mopraanaur (Ca(OH),)
. 160 o
5 1 M ¢ Kaawuw (CaCOy)
B 2600
= 140 A Amm(CS)
£ ° *  Beanr (C,S)
c 120 o 3027
é ° *  Bpaynuicpir (C,AF)
5 2628
3 2625
g 100
S
5 80
z
5
g6
=
40
20
0 T T T T T T T T
5 10 15 20 25 30 35 40 50
20, rpan.
TaGmiia — PesyTHTaThl PEHTICHODA30BOr0 AHATH3A IEMEHTHOTO KaMHA
Ne | 20, rpan. d A Musepan Daza Ne | 20,rpan. | d, A Musepan Daza Ne | 20, rpax. | d.A Musiepan Dasa
1| oest | 968t Iripuurir ARC | 8 | 2674 | 3334 | Tuapocwmar| C-S-H | 15| 3675 | 2441 Topraaium Ca(OH),
2 | 1190 | 7262 | Twapoewmars | C-S-H | 9 | 2870 | 3,102 | Topmanurr | Ca(OH), [ 16 | 3890 | 2313 A (&)
3 | 1580 | 5581 Srrpunrir AFC 10| 3000 | 3,027 | Kaswn CaCO, | 17 | 3945 | 2280 | Kamwe +Beanr | CaCOy +C,S
4| 1808 | 4904 | Mopmawmr | CaOH), | 11| 3060 | 2878 Bt s 18] 4120 | 218 Amrr + Benur CS+CS
5 19,00 | 4,670 Srrprmrut AFt 12| 3220 | 2,770 | Fuapocwmmaru | C-S-H [ 19 | 4350 | 2,049 ""“’"l‘;‘{‘l:;':'""" C,AF +C,S
6 | 2307 | 3859 Kanbirr Caco, | 13| 3282 | 2741 | Irrpuunm ARt |20 | 4600 | 1977 B cs
o | 5 Ca(OH), +
7 | 2448 | 3640 beaur S | 14| 3440 | 2625 | Orrpuurur AR | 21| 4825 | 1924 | Mopraawauer + Amer o)

Puc. 3. Pentrenorpamma uemeHTHOro kamus ¢ [ld/ B

200

Bo3pacTte 28 CyToK TBep/eHust

A Sripunrnt (AFY
180 - _f‘“ ®  Miapociuamsarit ki (C-S-H)
jopraamaut (Ca(OH)
160 4 B fopraawaur (Ca(OH),)
@ Kamauer (CaCO,)
140 v
120 *
*
100 -
80
60 -
40
20
0
5 S
20, rpax
TaGanua — Pe3yabTaTi penTrenodasoBoro anainia LEMEHTHOTO Kamis
N | 20.rpax & A Mutnepas @am | N |20, mpan | 4A Mitepat Dasa N | 20, pan | A Minepas Dara
1| oeem | oem — AR | o | 2ses |30 | Tweekmandl o oy T | 3605 | 2401 | Moprasun Ca(oH)
11,90 7.2 C-s-H | 10| 2674 026 Kaakir cco, |18 | 3890 | 2313 Asier (&)
3 1498 csu | 2963 | Irpunrue AR [ 19 | 3945 2280 | Kamawr+ Bemnr | CaCO, +C,S
: 1 |
] 15.81 5,581 Iriprnrie AFt 12 878 e cs |2 | 4120 181 Aawr cs
s 18,08 1904 Topraasyry CaloH), | 13 770 T b11 43,50 2,049 Beanr cs
- | 29, HirswoocHonmmae oo | ] 4 77
6 1900 | 4670 Prs—— AR | 1a] 32 2741 e CSH 12| woo |19 beans cs
20,57 3859 Kamore CaCo. 15| 3400 | 2625 Yrrpunri AFt N:w 4825 1924 | Noprann wr | Ca(OH), + C,S
8 24,02 3,337 Hieseoocmosma 16| 3444 | 2603 Yrrpunri AFL ‘ 24 | 4950 Amopbuan dasa
) |

Puc. 4. PeHTreHorpaMma KOMILIEKCHO-MOTU(DUIIPOBAHHOTO IEMEHTHOT0 KaAMHSI ¢ OUHAPHBIM
MukpoHanoianuteaem (MK 10 % + MA 15 %) u nonupynkuuonanbHoii nodaskoiit K1W (0,9 %) B
BoO3pacTe 28 CyTOK TBepaeHH

3T0 cHOCOOCTBYeT 3HAUMTENBHOMY POCTY
HWHTEHCHBHOCTU IIMKOB STTPUHTUTA u
(OPMUPOBAHUIO IUIOTHOW  KPHUCTAJUIOTHIPATHOU
CEeTKU. OcratoyHoe coJiepKaHne
HETHPATHPOBAHHBIX CIUIMKATOB (auTa 1 6e1nTa) B
9TOM COCTaBE MUHUMAJIEHO, YTO CBHIICTEIBCTBYET O
IIPEeAeNIbHO BHICOKOM CTENIeHH THAPATALIMY [IEMEHTA.
Taxum o0pazom, POA MOJTBEPIKAACT
KOMIUIEKCHBIA MEXaHN3M ONITUMHU3ALUH CTPYKTYPHL:
MHUKpPOKPEMHE3eM XHMHUYECKH TpPaHC(HOPMUPYET
HECTAaOWJIbHBIN MOpTIAHAUT B mpouHbii C-S-H

rejib, Mpamop o0OecCHeYMBaeT MHKPOYIIAKOBKY
Matpurel, a KIW  kartammsupyeT KHHETHKY
PeaKITHiA. COBOKYIHOCTH ~ 3THX  (haKTOpOB
oOycnaBiiBaeT (OPMHUPOBAHUE  CBEPXILIOTHOM
KOMIIO3UTHOH  CTPYKTYpBI,  4YTO  MOJHOCTBIO
BaIMIUPYET pe3yIbTaThI MEXaHHYECKUX

HCOBITAaHUN 00PA3IIOB.

4. BbBIBOJIbI

Pe3ynbraTs peHTreHoha3oBoro aHaIIU3a
HOATBEPAMIIH, 4TO KOMIIJIEKCHO®
MOAU(UIIMPOBaHNE  CIIOCOOCTBYET  CHIDKCHHUIO
COIepKaHHSA CBOOOJHOTO NOPTJIAH/IHTA,

00pa30BaHUIO JIOTOJHUTEIBHBIX HH3KOOCHOBHBIX
THJIPOCHIINKATOB KalbIya. ©opMHUpOBaHNE JaHHBIX
HOBOOOpa3oBaHUI 00YCIOBICHO B3aMMOZCHCTBHEM
MUKpPOKpEeMHe3éMa C THAPOKCHJIOM KalblUsi H
SIBIISIETCSL ~ OCHOBHOM  NPUYMHOM  YIUIOTHEHUS
CTPYKTYPBI LIEMEHTHOTO KaMHSI ¥ TIOBBIIICHHS €T0
MIPOYHOCTHBIX XapaKTEPUCTHK.

BecniporpeBHass ~ TEXHOJIOTHSI — MPOW3BOACTBA
(ubpobeToHa, OCHOBaHHAas Ha  YIPABICHUH
KMHETHKOW THApaTallui 4epe3 CHUKEHWE SHEPTHH
aKTHBAIMH M T€TEPOTEHHYIO HYKJICALUIO, SBIISETCS
HayyHO OOOCHOBaHHBIM OTBETOM HA BBI30BBI
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COBPEMEHHOM  SKOHOMHKH. Ona  1O3BOJISET

peanM3oBaTh MTOTEHIH A KOMITIO3HUITHOHHBIX
BSOKYIIMX M CHHTETHYECKOH (QuOpHI, obecrieunBas
co3Jlanue JIOJTOBEYHBIX MaTepHaloB c

MHWHHUMAJIbHBIM YTJICPOJAHBIM CJICIOM.
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Analysis of Modern Research on the Impact of Desert Winds and Sand

Processes on Railway Tracks

A.Yu. Mamadalievl®?, S. S. Jabbarova®®®

Ministry of Higher Education, Science and Innovation of the Republic of Uzbekistan

Abstract:

Keywords:

*Tashkent State Transport University

The article provides an analytical review of modern domestic and foreign research dedicated to the
impact of desert winds and sand processes on railway infrastructure. The climatic and aerodynamic
features of arid regions, the mechanisms of sand drift formation, and their impact on the elements of
the road's upper structure have been examined. A comparative analysis of modern engineering
solutions for protecting railways from wind and sand impacts has been conducted. It has been
established that foreign research is primarily focused on the application of CFD modeling, digital
monitoring, and aerodynamic analysis of sand flows, while domestic research focuses on increasing
the operational stability of the upper track structure and improving sand protection structures. The
main scientific problems have been identified and promising areas for further research in the field of
increasing the stability of railway infrastructure in desert regions have been identified.

Railway track, desert winds, sand drift, aerodynamics, arid regions, ballast layer, CFD modeling,
engineering protection, operational stability

Ananu3 CoBpemennbix Uccnenosanuii Bozgeiicreust IlycThIHHBIX
Betpos u Ilecuansix IIpoueccos Ha 7Kesnesnoaopoxubie Ilyru

A.JO. Mamananues'©?, C. C. JKa6oaposa’>P

"MunncrepcTso BeICIIEro 06pa3zoBaHus, HAyKH 1 MHHOBAIHMIA PecryGmukn Y36eKkucran

AHHOTAINA

Kunrouessie cioBa:

1. BBEJAEHHUE

*TalIKeHTCKHii FOCYJapCTBEHHBIA TPAHCIIOPTHBIH YHHBEPCHTET

B crarbe BBINOJHEH AHAJIUTHYECKHH 0030p COBPEMEHHBIX OTEUECTBEHHBIX M 3apyOexmHbBIX
UCCJIC/IOBAHUH, TMOCBAIIEHHBIX BO3/CHCTBHIO ITyCTHIHHBIX BETPOB M IIECUaHBIX IPOLECCOB Ha
HKEJNE3HOJOPOXKHYIO HHPPACTPYKTYpy. PaccMOTpeHbl KIMMaTHYeCKHe U a’pOAMHAMHYECKHE
0COOEHHOCTH apU/IHBIX PETHOHOB, MEXaHU3MbI (POPMHUPOBAHHMS MIECYAHBIX 32aHOCOB U UX BIMSHUE HA
9JIEMEHTbl BEPXHEr0 CTPOCHUS IyTH. DBBINONHEH CPaBHUTENbHBIH aHAIN3 COBPEMEHHBIX
MH)XCHEPHBIX PEIICHMH MO 3aIlUTe JKEJE3HbIX JIOpOr OT BETPO-TIECYAHBIX BO3JCHCTBHIL
Y CTaHOBIEHO, YTO 3apyOeKHbIEe HCCIISIOBAHUS IPEUMYLLIECTBEHHO OPHEHTHPOBAHbI HA IIPUMEHEHUE
CFD-moznenupoBanusi, HU(GPOBOr0O MOHUTOPHHTAa U adpOJMHAMHYECKOrO aHAIW3a IIECYaHBIX
IIOTOKOB, TOIJla KaK OTEYECTBEHHBIC MCCIIEJOBAHHMSA COCPEJOTOYECHbl HAa  IOBBIILICHUU
9KCIUTyaTallMOHHOM ~ yCTOMYMBOCTM  BEPXHEro CTPOEGHHMS IIyTH U  COBEpPIICHCTBOBAHUU
MECKO3AIUTHBIX COOPY)KCHHWI. BBbIABICHBI OCHOBHBIC Hay4HbIE MPOOJIEMbI M ONPEIENICHBI
NEPCIEKTHBHBIC HAINPABICHUS NAIbHEHIINX HUCCIIeIOBAHUH B 00JACTH IOBBILICHUS YCTOHYMBOCTH
HKEJE3HOIOPOKHOM MHOPACTPYKTYPbI B YCIOBUSX IyCTBIHHBIX PETHOHOB.

JKene3HONOPOXHBIH IyTh, IHYCTBIHHbIE BETPbl, IECYaHbIE 3aHOCHI, A3POJMHAMMKA, APUIIHbIC
peruonsl, OamtactHeiid cnoii, CFD-monmenupoBanne, HH)KCHEpHAs 3allUTa, JKCIUTyaTal[MOHHAs
YCTOHYMBOCTD

mecka [1]. Tlom Bo3melicTBHEM HMHTEHCHBHBIX
BO3/IYIIHBIX IOTOKOB IIPOUCXOAUT IEPEHOC IECUaHBIX

OKCIulyaTamuss  JKEIE3HBIX  JOPOT B YCIIOBHAX Macc, MPUBOMAIMIMN K 0Opa3oBaHUIO IECYAHBIX
IIYCTBIHHBIX TEPPUTOPUI COMPOBOXAACTCA 3aHOCOB, 3arps3HCHHUIO OaJJIaCTHOTO CJIOS H
BO3/ICHCTBHEM CJIOKHBIX HPUPOJHO-KIMMATHICCKAX YCKOPEHHOMY M3HOCY 3JIEMEHTOB BEPXHETO CTPOCHHUS
(akTOpOB, CpeaM KOTOPHIX OCOOYIO OIACHOCTB ytH [2].

MPEACTABIAOT PEryIsipHbIE ITYCTHIHHBIE BETPHI, Oco0yr0  aKTyanbHOCTh JaHHas IpoOieMa
IecyaHble Oypd W TIPOILECCHI 30J0BOTO IEpeHoca npuobpetaet s crpaH LleHTpampHON — Asum,

&l https://orcid.org/0009-0004-2390-6961

b https://orcid.org/0000-0003-3691-1079
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Bbmxaero Bocroxka, Kuras u CeBepnoit Adpuku, rie
3HAUMTENbHAs YacTh JKEJIe3HOJOPOXKHBIX JIMHUH
NpOXOAUT dYepe3 apuaHble Tepputopun [3]. s
PecriyOnmkn  V30ekuctan BOIpockl  obecriedueHHs
YCTOMYMBOM  JKCIUIyaTallUd  KEJIE3HOJOPOXKHOU
WHQPPACTPYKTYPHI B YCIOBHSIX ITYCTHIHb KBI3BUIKYM H

Kapakym wumeroT cTpaTermuyeckoe 3HadyeHHE B
Pa3BUTHH MEXTyHapOAHBIX TPaHCIOPTHBIX
KOpUJOPOB W O0ECHEeYeHHUH  TPaHCIOPTHOH

6e3omacHoctH [12].

CoBpeMeHHBIE HCCIICIOBAHUS TOKA3BIBAIOT, YTO
CYIIIECTBYIOIIHE METOIBI 3aIUTHI XKEIC3HOIOPOKHOMI
UHPACTPYKTYpel ~ HE  Bcerma  OOCCIICUMBAIOT
HE00X0UMYI0 A3(PPEKTUBHOCTD B YCIOBHUSIX YCHIICHUS
BETPO-TMIECYAHBIX MPOIECCOB M  KIMMATHYCCKUX
m3MeHeHnd [3, 4]. 3apyOckHBIE UCCIICIOBAHUS
MPEUMYIIECTBEHHO OPUEHTAPOBAHBI HA TPUMECHCHUEC
CFD-MonenupoBanus, U(GPOBOr0O MOHUTOPHHIA W
ABTOMATH3MPOBAHHOTO AaHAJKM3a TMECUYAHBIX OTOKOB
[3, 4, 10], Torna kak oTe4yeCTBEHHbIC HCCIEIOBAHUS
COCpPEIOTOYCHBI HA TOBBINICHWHM  yCTOWYHBOCTH
BEPXHET0 CTPOCHUS IYTH W COBEPIICHCTBOBAHUHU
MIECKO3AIIUTHBIX COOpykeHuit [12—16].

HecMoTpss Ha  3HAYMTENBHOE  KOJHMYCCTBO
HCCJICJOBaHM, MOCBSIIEHHBIX BO3/ICHCTBUIO
OYCTBIHHBIX ~ BETPOB  HA  JKEJIC3HOJOPOIKHYIO
UHQPPACTPYKTYPY, BOIPOCH KOMIUIEKCHOTO yu&Ta
a’POIMHAMHUYECKHX, TFCOTEXHUUYECKUX u
9KCILIyaTalldOHHBIX (dakTopoB OCTaIOTCSI
HEJJOCTaTOYHO U3yUCHHBIMH.

B cymecTByronmx ucciaeI0BaHUAX HEAOCTaTOYHO
BHUMAaHH yaemnsieTcs HHTETpaliH
a’pPOIMHAMUYECKOTO MOJEIUPOBAHMS, MOHHTOPUHTA
COCTOSIHHUS 0aJIacTHOTO ciost u
pecypcocOeperaioimmx  MHKEHEPHBIX  pElleHUit
MPUMEHUTEIFHO K YCJIOBUSIM apUIHBIX PETHOHOB
entpanbHoit A3um.

B cBsBM C 3TUM BO3HHMKAaeT HEOOXOAUMOCTB
CHCTeMaTH3aIu1 COBPEMEHHBIX HAyYHBIX
HCCIIeIOBAaHHH, BBISIBIICHUS CYIIECTBYIOIINX HAYYHBIX
po0semM u oTpeeIeHus MEePCIEKTUBHBIX
HampaBJICHUN COBEPIICHCTBOBAHHUA HHXCHEPHBIX
pellIeHru TO 3alIUTe KENE3HOAOPOXKHBIX MyTeH OT
BO3JCHCTBUS MYCTBIHHBIX BETPOB U IIECUAHBIX
TIPOIIECCOB.

2. HEJb UCCJIEJOBAHUA

Lenpto wuccnenoBaHus SBISIETCS aHATUTUYECKUNA
0030p COBpPEMEHHBIX OTCUECTBEHHBIX U 3apyOeKHBIX
HCCIIEIOBAaHUM BO3JIEUCTBUSL IMYCTHIHHBIX BETPOB U
MeCYaHBIX IIPOIECCOB Ha JKEJIE3HOAOPOXKHBIC MY TH, a
TaK)Ke BBISBICHHEC OCHOBHBIX HAydYHBIX IpoOIeM u
MIePCIIEKTUBHBIX HATPABICHUN COBEPIICHCTBOBAHHUS
WHKCHEPHBIX peIIeHNA B YCIOBUAX ApUIHBIX

PETHOHOB.
3amaun uccJIe0BaAHNA
JIIs  MOCTHDKEHWsS  TTOCTABJIICHHOW TEMH  ObLIH

OTIpeICTICHEI CIIETYOIIHE 3aJau:

- BEITIOTHUTh aHaImM3 COBPEMEHHBIX
HCCIICJIOBAHHUI BO3CHCTBUS ITYCTHIHHBEIX BETPOB Ha
JKEIIE3HOIOPOKHYIO HHPPACTPYKTYPY.

- HCCIIeJIOBATh KITMMAaTH9IECKUE u
a’POIMHAMHYCCKHE  OCOOCHHOCTH  ITYCTBHIHHBIX
PETHOHOB.

MPOaHAIM3UPOBATh BIMSHUC IMECUYAHBIX 3aHOCOB
Ha 3JICMEHTBI BEPXHETO CTPOCHHUSI Ty TH.

- BBIITOJTHUTH CPaBHUTEIBHBIN aHamu3
OTEYECTBEHHOTO U 3apy0esKHOTO OTIBITA
IKCIUTyaTalldd  KEJE3HBIX JIOPOT B ITYCTHIHHBIX
paiioHax.

- BEISIBUTH OCHOBHBIC HEJIOCTATKH CYIIECTBYFOIHX
WH)KCHEPHBIX PCIICHUI.

OnpenenuTh  MEePCICKTUBHBIC
JAJTBHEHIIINX HAYYHBIX UCCIICIOBAHUI.
AHanu3 BO3}I€I7]CTBI/IH MNYCTBIHHBIX BETPOB

HA KeJIE3HOAOPOKHBIH NYTh
HyCTLIHHLIe BETPLI ABJIAKOTCA OJHUM U3 HanboJee

HaIrpaBJICHUA

OMAacHBIX  NPHUPOJHO-KIMMATHYECKHX  (PAKTOPOB,
HETaTHUBHO  BIMSIOLIMX HA  JKEJIEC3HOJOPOXKHYIO
UHOPACTPyKTypy  apuaHbBIX  peruoHoB. llox

BO3/JICHCTBUEM HHTEHCHBHBIX BO3IYIIHBIX IOTOKOB
MIPOMCXOJUT MEPEHOC TMecYaHbIX Macc, 00pa3oBaHKe
MeCUaHBIX 3aHOCOB U 3arps3HEHHE DJIEMEHTOB
BEPXHEro CTpoeHus myTH [1].

Tabauna 1

OcHOBHbBIE nmocjIeaACTBUsA BO3ZIeI7]CTBI/IH

IMyCTBIHHBIX BETPOB

Bnusaue Ha
OcHOBHEBIE
®dakrop JKEJIE3HOI0
Ne N 9 MOCIENCT
BO3JICHCTBHS POKHBII
BUS
yTh
1 3aceinanue
Ilepenoc Hapywenue
PENBCOB U
MecyaHbIX JIBYKEHMS
0aJUTaCTHOTO
Macc I0€3/10B
cJIost
2 Hsnoc
CIbCOR CHmxeHue
AbGpasuBHOE p - cpoka
. CKpeTIeHUH
BO3J€EICTBHE , CITyKOBI
rmecka 2JIEMEHTOB
CTPETIOYHBIX
myTd
TIepEeBOJIOB
3 edopmai
JlecTabmmnza Hedop
Bricokas P
LM
CKOpPOCTB JKEJIE3HOI0
3EeMJISTHOTO
BeTpa POXKHOTO
IMOJIOTHA
yTH
4 Orpannuenn | CHrkeHHe
Ilecuansre € BUIMMOCTH | Oe3oIacHocC
Oypu Ha JKeJIe3HOM ™
Jlopore JIBYDKEHMS
5 CHmxeHue
VYxynmenue o
3arpsi3HeHIE Hecymien
JIPEHAXKHBIX
0aJIJIaCTHOTO . CIIOCOOHOCT
CBOICTB
clios 31
Oastacra
yTH
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6 VBenuuenu
®dopmupoBaH e
DoJsoBBIC We TeCYaHbIX | JKCIUTyaTail
MPOLIECCHI JIFOH | HOH
3aHOCOB HBIX
pacxoioB
7 BozneiictBue
Temnepatyp | Ha anemeHThl | [losiBieHHe
HEBIC BEpPXHETO nedopmanu
KoJleOaHust CTpOEHHUS W ¥ TpelmH
yTH
8 Haxkomnenue Hapymenne [oBsItieHn
paboTsI
mecka Ha € pHcKa
HHPPACTPYK enerem aBapUIHBIX
Type CHTHAITU3AIH p—
U U CBSI3H

@dyHraMeHTaJIbHbIE HCCIIEOBAHUSl  IPOIECCOB
BETPOBOTO TEpEeHOCa Mecka ObUTM BBIMOIHEHBI R.A.
Bagnold, koTOpbIii yCTaHOBWII, YTO MHTCHCHBHOCTH
MECYaHbIX IPOLECCOB OMpEAeNsieTCS CKOPOCTHIO
BETpa, TPaHYJIOMETPUYECKHUM COCTAaBOM IecKa |
a’pOJIMHAMUYECKUMU OCOOEHHOCTSIMH TIOBEPXHOCTH
[1]. UccnenoBanust Kok J.F. u coaBTopoB nokasaimu,
YTO HWHTCHCHUBHOCTHL IEPCHOCA IIE€CYAHBIX YaCTHUIL
3aBUCUT OT Typ6yHeHTHOCTI/I BO3AYIIHOT'O IIOTOKA,
pasMeEpoB IIE€CYaHbIX YaCTHI] u COCTOSIHU A
MOBEPXHOCTHU TpyHTAa [2].

3apyOexHble HUCCICIOBaHUS NPEHMYIIECTBEHHO
OPUCHTHPOBAHbI Ha H3Y4YECHHE a’POJUHAMHYECKUX
MpoLeccoB  (OpMHUPOBaHUS IECYAHBIX 3aHOCOB
BOJIM3H JKEJIC3HOAOPOXKHOM HH(PpacTpyKTyphl. Bruno
L., Horvat M. u Raffacle L. ycraHoBumu, uro
JKEJIE3HOIOPOKHBIE HACBHITH H3MEHSIOT CTPYKTYpY
BO3YIIHOTO  IOTOKA, BbI3bIBAasE  JIOKQJILHOE
HAKOIUIEHHE Tecka BOJIM3M  JKENE3HOJOPOIKHOTO
mosotHa [3]. ABTOpPBI OTMEYAIOT, YTO Hambojee
OITACHBIMU 30HAMU SIBJISIIOTCSI HACBIIIM M CTPEJIOYHbBIC
TIePEBO/IbI, rie MIPOUCXOUT MU3MEHEHHE
a’pOJIMHAMUYECKOTO PEeKHUMA JABHIKCHHSI BO3/TYIIHBIX
MTOTOKOB.

SATPHRTEIIE SETP

Puc. 1. Bo3aeiicTBHe MYCTHIHHBIX BETPOB HA
2KeJIe3HOAOPOKHBII MyTh

UccnenoBanms Li X, Liu Y. m Zhang N.
ITOKa3aJy, 4TO MPUMEHEHHE HaKJIOHHBIX

a’POIMHAMHYCCKHX OaphepoB IMO3BOJSICT CHHU3HTH
00BEM TTecYaHbIX 3aHOCOB J10 42 % [4]. Saraireh H.
COaBTOPHl  YCTAaHOBMJIM, YTO JKEJIE3HOZOPOKHOE
MOJIOTHO B IMYCTHIHHBIX paifOHaX CIIOCOOCTBYET
WHTCHCHBHOMY OCQXKJICHUIO IMEeCKa HA TIOBEPXHOCTH

nyTH [5].

OTedecTBeHHBIE HCCIIEIOBAHUS
MPEUMYIIECTBEHHO  HampaBJeHbl Ha  W3y4YCHHUE
YCTOMYMBOCTH  BEPXHEr0  CTPOEHHS IyTH H

COBEPIICHCTBOBAHUE MECKO3AIIUTHBIX COOPYKEHHH
Juig ycnoBuit myctsiHb Kei3puikym u Kapakym.
Hccnenosanus T.N. ®azunosa, M.M.
Mupaxmenona, A.M. AGaykapumoBa,
II.1I. A6nykamunoBa, C.T. JIxkabbapoa u M.K.
My3abdapoBoii  ToKazamM, YTO  3arps3HCHUEC
0ayIacTHOTO CJIOS MECKOM IPHBOJAUT K CHH)KEHHIO
€ro HecylIleH ClIoCOOHOCTH, YXYAIICHHIO APEHAXKHBIX
CBOWCTB M YCKOPEHHOMY pa3BUTHIO OCTATOYHBIX
nedopmarnuit mytu [12-16].
KanMmaruueckue u AAPOIUHAMHAYICCKUC
0CO0EHHOCTH NMYCTHIHHBIX PErHOHOB

[TycThIHHBIE PETHOHBI XapaKTePU3yIOTCS
BBICOKOW CKOPOCTBIO BETPa, HU3KON BIKHOCTHIO
BO3/1yXa, PE3KUMH TeMIepaTypHbIMU KOJIEOaHUSIMU
AKTHBHBIMU 30JIOBBIMHU IPOLECCAMU, UTO SABJIACTCSA
OCHOBHOU NMPUYMHON (OPMHUPOBAHHS TIECHAHBIX
3aHOCOB Ha JKeJIe3HOIOPOXKHBIX MyTaX [1].

Uccnenosanus Bruno L., Horvat M. u Raffaele L.
MTOKa3aJI, YTO JKEJIe3HOI0POKHBIC HACHITH U3MEHSIOT
CTPYKTYPY BO3AYIIHOTO IOTOKA

U CTIOCOOCTBYIOT JIOKAQIBHOMY HAaKOIUICHHIO IIECKa
BIIOJIb JKEJE3HOAOpOXHOro mojotHa [3]. Haubosee
OTIaCHBIMU 30HaAMH SBIISIFOTCS HACBIIH,
HUCKYCCTBEHHBIE  COOPY)XEHHSI M  CTpEJIOYHBIC
MIePEBOIBIL.

CoBpeMeHHBIE  3apyOeKHBIE  HCCIICTOBAHHS
MOTBEPKAAIOT BBICOKYIO 3G GEKTHBHOCTD
MIPUMEHEHUS CFD-moaemupoBaHust s
MPOTHO3UPOBAHUS JBHKECHHUS IMECUYAHBIX IOTOKOB U
OIICHKU A’POTMHAMUIECKUX rapaMeTpoB
MEeCKO3aIUTHBIX coopyxenuid [3, 4]. B wacTHOCTH,
uccienoBanduss Li X. M COaBTOPOB IIOKA3ajM, YTO
MIpUMEHEeHHe a’POIMTHAMHYECKUX O6apbepoB
TO3BOJISIET CYIIECTBEHHO CHHU3WTH HHTEHCHBHOCTD
TecYaHbIX 3aHOCOB [4].

B oTeuyecTBEHHBIX HCCIEIOBAHUSX OCHOBHOE
BHUMaHHE YICNSAeTCS M3YYCHHIO OCOOSHHOCTEH
BETPOBOTO pexkrumMa MycThiHb Kb3buTkyMm u Kapakywm,
a TakKe BOIIPOCAM aAITTAIHA HHYKSHEPHBIX PeIeHUN
K MIPUPOTHO-KIMMATHYECKIM YCIOBHSM
HenTpansHoit Azuu [12—16]. Bmecte ¢ TeM BOpoOCH
nupoBOrO MOHHTOPHHTA H  MAaTEMaTHYECKOTO
TIPOTHOZMPOBAHMS TIECYAHBIX ITPOLIECCOB OCTAIOTCA
HEJIOCTATOYHO N3yICHHBIMI.

ENGINEER



Puc. 2. luarpamma oCHOBHBIX ()aKTOPOB
BO3/IeiiCTBHSA BJAMAIONIUX Ha (hpOpMHUPOBaHHE
NeCcYaHbIX 32HOCOB U COCTOSTHUE IMyTH

Bausinue neCYaHbIX 3aHOCOB Ha

JIEMEHTBI BEPXHET0 CTPOCHUA IIYTHU
[lecuanple 3aHOCHI SIBIISIIOTCS OJHMM W3 HamOolee
OMAcCHBIX (aKTOPOB, BIMSIONIMX HA TEXHHYECKOE
COCTOSIHME BEPXHEr0 CTPOCHUS JKENE3HOIOPOIKHOTO
OyTH B IYCTBIHHBIX peruoHax. [lox Bo3zpeilcTBHEM
BETPO-TIECUaHBIX [TOTOKOB MPOMCXOAUT 3arpsi3sHEHHE
0aJyIacTHOTO CJIOsl, aOpa3uBHBIA HM3HOC PEJbCOB H
CKpCIUICHHUH, HapylieHne paboThl  CTPEIOYHBIX
MIePEBO/IOB U CHIDKEHHUE YCTOHUMBOCTH Ty TH [6—9].

Hccnenosanus I'.M. [llaxyHsiHua nokasaiau, 4To
0aJIacTHBIH cion BBIITOJIHSET (hyHKIIIO
pacripeienieHus Harpy3okx u obecrieueHus
YCTOMYMBOCTH PEILCOMTIAIBHON peméTku [7]. ABTOp
YCTAHOBHJI, YTO 3arpsi3HEHUE Oajulacta MEJIKUMH
MeCYaHBIMU YaCTUI[AMH NPUBOIUT K YXYALICHUIO
JIPEHAXXHBIX CBOMCTB M CHIXKEHHMIO HeECyIleH
CITOCOOHOCTH Ty TH.

E.C. Aumu3 gokasal, 4To MpOHUKHOBEHHE TECKa
B TIOPOBOE IPOCTPAHCTBO Oajuiacta MPHBOIUT K
YMCHBIICHUIO  KO3(puiuueHTa  (GUIbTpallUd |
YCKOPEHHOMY Ppa3BUTHIO OCTATOYHBIX JedopMaiuii
nytH [6]. UccaenoBanus Konoc A.®. u Hukonautuc
J.C. nokazany, 4To 3arps3HeHHe OayiacTa MEeCKOM
BBI3bIBAET POCT IMHAMUYECKUX HANPSHKCHUH B

pelbcommnanbHO  pemeéTke W NPUBOJUT K
HEPaBHOMEPHON OcCajKe >KEJIEe3HOJOPOXKHOTO ITyTH
[9].

3apyOexHbIe HCCIIeTIOBaHUS TaKkKe

MIOATBEPXKAAIOT 3HAYUTEIBHOE BIHSHUE IECUAHBIX
3aHOCOB Ha JKEJIE3HOJOPOKHYI HH(OPACTPYKTYPY.
Bruno L. u coaBTOpbl yCTaHOBHWIJIM, YTO HAKOIJICHUE
IecKa B 30HE DEIbCOB M CTPENOYHBIX IIEPEBOJIOB
Hapymaer paboTy CHCTEM CUTHANU3AllMH, CHUYKACT
YCTOWYHMBOCTD JABIIKCHUS TIOE3[0B M YBEIMYHUBACT
PHCK aBapuifHBIX cuTyanuit [3].

Taoauna 2
OCHOBHBIE NOCJIEICTBUS BO3A€HCTBUA MECYAHBIX
3aHOCOB HA J1€MEHTHI BEPXHEro CTPOeHus mMyTH

DleMeHT N
BosnetictBue
BEpPXHETO OcHOBHEIE
IEeCYaHbIX
CTPOCHUS MOCIIEICTBUS
3aHOCOB
Iy TH

AOpa3uBHBIN YckopeHHoe
Penbcer HU3HOC pa3BUTHE
MTOBEPXHOCTH Jie(heKTOB
. CHmkeHue
BannactHeIi 3arpsizHeHue
N JIPCHAXKHBIX
CII0M IIECKOM o
CBOWCTB
VXxynuenune
Haxomnnenune yvn
Inane! YCTOHYUBOCTH
MeCKa U Baru
myTH
Ocnabnenue
UzHoC 1
CkperuieHus KpETUICHHS
3acopeHue
pEIbCOB
Hapymenue
Crpenounsie 3acebImanue Py
paboTsl
MePEBOIBI IIECKOM
MIEPEBOIOB
edopmarnus u
3emisiHOE DonoBas Aedop
ocajaka
ITOJIOTHO 3po3us
nyTH
JKCIJIyaTallHOHHbIE npodaemMbl

JKeJIE3HBIX JOPOr B YCJIOBHAX NMYCTHIHL
OKcITyaTalds JKeNEe3HBIX JIOpor B  ITYCTBIHHBIX
paiioHaX COIPOBOXKIACTCS BO3JACHCTBHEM BETpPO-
TIICCHAHBIX IIOTOKOB, BBICOKUX TeMnepaTyp u
HMHTCHCHUBHBIX HO0JIOBBIX HpOHeCCOB. OCHOBHBIMI/I
3KCHHyaTaHI/IOHHI)IMI/I l'[pO6J'IeMaMI/I SABJIAIOTCS
MecYaHble 3aHOCHI MYTH, 3arpsA3HCHHE OAJIaCTHOTO
ciosi, aOpa3WBHBI HM3HOC JJIEMCHTOB BEPXHETrO
CTPOCHUS NYTH W HapylIeHHE pPabOTBl YCTPOMCTB
curHanuzanuu [3, 10, 11].

Uccnenosanust Cheng J. u Saraireh H. mokasaimu,
YTO CHUJIbHBIE BETPBl M BBICOKAS MOIBMYXKHOCTH
MeCYaHbIX YacTUI[ B paitoHax ['o0u, CuHBbIBsSHA U
bmmxnero  BocToka  BBI3BIBAIOT  pETYJISIPHBIE
TeCYaHble 3aHOCHI M TIOBBIIIIEHNE YKCILTYaTallMOHHBIX
3aTpaT eJe3HbIx gopor [5, 10].

UccnenoBanuss  Fathali M. wu  coaBTOpOB
MOITBEPKIAIOT, 4TOo Jitie: 3¢ heKTHBHOMN
SKCIUTyaTalldd JKEJIE3HBIX JOPOT B IYCTHIHHBIX
YCIOBUSX HEOOXOIUMBI CIIeNMalbHbIe WHKEHEPHBIE
peleHnssT W KOMIUIGKCHBIE CHCTEMBI  3aIlUThI
JKEJIe3HOIOPOXKHON HHPpacTpyKTypsI [11].

IIpoBenéunnprit aHaJIu3 MOKa3bIBAECT, qTo
CYIIECTBYIOIINE METOMBI 3alTUTHI JKEJE3HBIX JOPOT
MIPEUMYIIIECTBEHHO OPHEHTHPOBAaHBI Ha JIOKAJbHBIC
WHKEHEpHBIE pelleHnss W He  00eclednBaroT
KOMIIJIEKCHOT'O yuéta AdPOMHAMHYIECKUX,
TCOTEXHUYECKUX U IKCILIyaTAlMOHHBIX (haKTOPOB.

Hccnenosanus J. Cheng u H. Saraireh mokasanmu,
YTO CHJIBHBICE BETPHl M BBICOKAS IOIBM)KHOCTH
MeCYaHbIX YacTHI] B paiioHax ['o0m, CHHBIRBSHA H
bmmxxnero  BocToka  BBI3BIBAIOT  pEryJISIpHBIC
MecYaHble 3aHOCHI ¥ TOBBHIMAIOT IKCIUTyaTallMOHHEIC
3aTpaThl JKEJIE3HBIX JIOPOT.
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Taoauna 3

JKCILUTyaTAUMOHHBIE MOCIeICTBUS BO31eiiCTBUSA
MeCcYaHbIX NPOLECCOB HA KeJIe3HOI0POKHYIO

AI[MOHHBI | OYMCTKA | O0BEMA | CTOMMOCTH
X 3aTpaT | ¥ peMOHT | mpodu | comepikaH
mMyTH JIAKTHY us
€CKHX JKEJIE3HOM
paboT JIOPOTH
Ilecuansr | Orpan
CHixeH
e e 3aHochl | mucHHe | CHUXKCHHUE
u 9KCIUTY | MPOIYCKHO
CKOpPOCTH 0
8 YXYAIICH | aTaluo i
JIBUKCHU
i ue HHBIX CITOCOOHOC
COCTOSIHA | PSKUM | TH JIMHHA
MOE3/I0B
STyTH | OB

3. AHAJIU3 OTEYECTBEHHOI'O H
3APYBEXHOI'O OIIBITA
IKCIVIYATAIIM  KEJIE3HBIX

JOPOI’ B IIYCTBIHHBIX

PAMOHAX
CpaBHUTEIBHBIN aHaJM3 COBPEMEHHBIX
WCCIIeIOBAaHUH  TIOKa3blBaeT, YTO 3apyOekHbIe
Hay4YHbIE paboTsI MPEUMYIIECTBEHHO
OPHEHTHPOBaHbl ~Ha  INpUMeHeHHe  IH(POBBIX
TEXHOJIOTHIA, CFD-mopnenupoBanus,
ABTOMATHU3UPOBAHHOI'O MOHUTOPUHTA u

a’POJMHAMHYCCKOTO TMPOTHO3UPOBAHUS IECUaHBIX
npoteccos [3-5, 10].

B nccnenoBanusx 3apy0Oe:KHBIX YUEHBIX OCHOBHOE
BHUMaHHE YAENSETCS MOJECIUPOBAHUIO BO3IYIIHBIX
MOTOKOB, OLIGHKE JIBMOJKCHHUsS IEeCYAHBIX YacTUI[ U
paspabotke a’pOJIMHAMUYECKIX 0apbepoB.
3HaYMTENbHOE paA3BUTHE MONYYHIIM TEXHOJOTHU
udpoBoro monutopunra u GIS-ananusa mpoieccos
HaKOIUICHHS T1eCKa.

OTeuecTBeHHBIC HCCIICIOBAHUS
MPEUMYIIECTBEHHO COCPEAOTOUYEHBI Ha MOBBIICHUN
YCTOHYHMBOCTH BEPXHETO CTPOCHHUS yTH,

COBEPILEHCTBOBAHNH IIECKO3AIMTHBIX COOPYKEHHH U
pa3paboTke OPraHM3aMOHHO-TEXHOJIOTHYECKHX
METOJ0B KCILTYyaTAIUH JKeJIE3HBIX JOPOT B YCIOBHAX
MYCTBIHHBIX TeppuTopuii [12-16].

Tabauna 4

AHanu3 HAY4YHBIX PE€3yJIbTaTOB HCcJIeI0BAaHUM MO
neC4YaHbIM 3aHOCAM M METOAaM 3allUThI

HH(PACTPYKTYPY
Bnusua
We Ha
DKcIutya JKeJIe3H
tauuoHH | [Ipuyuna | omo OcCHOBHBIE
No | as BO3HUKH | POXHY | IOCIEICTB
npooeM OBCHHS | IO ust
a uH(ppac
TPYKTYy
py
3achin
aHue
ITecuan pensco | Orpanuue
Ilepenoc
BIC B U HUE
1 mecka
3aHOCHI CTPEJO | IBMXKCHHUS
BETPOM
nyTH YHBIX MOE3JI0B
epeBo
JIOB
IIponuks | Yxyn
3arpsizHe | oBeHue | meHue | CHUDKEHUE
2 HUE MecyYaHbl | ApeHax Hecylluen
0ayuTacTH | X YaCTHIl | HBIX CIIoco0HOC
OT0 CJI0s B CBOWCT TH IIyTH
Oatact | B
N3Hoc
AbpazuB | Bozpeiic | penbco | Coxpaiuen
HBII TBHE B, ne CpoKa
3 | u3HOC MeCUaHbl | CKpEILT CITYKOBI
JJIEMEHT X eHud u | uHppacTpy
OB ITyTH MOTOKOB | 000opyxn KTYpBI
OBaHHUS
Hapywe | Haxome
HUe HUe IloBbIIEH
C6ou B
paboTsl mecka B ue pucKa
pabote .
4 | cTpenouH | MOABHKH aBapUitHBI
TepeBo
BIX BIX X
0B o
mepeBoj, | dJIeMeHTa CUTYaIHi
OB X
3acopeHu
. p Hapym
Bo3sgeiic e
eHne CHuxeHue
TBUE Ha JATIYNKOB
paboTsl | Ge3omacHO
5 | cuctemsl u
aBTOMa CTH
curHanms | obopyrmo
THKA U | JOBWKCHUS
arun BaHUS
CBS3U
TTECKOM
Hepas
Tedopm DoNoBBIE | HOMEP [oteps
ars P npolecc | Hble YCTOMYMBO
Bl U 0CaIKA CTH
6 | 3emusHOT
R ocmabneH | u JKEIIE3HO/I0
ne edo 0’KHOTO
MTOJIOTHA Aeqop P
TpyHTa | MaOuu TTOJIOTHA
Iy TH
7 Poct Iloctosn | YBenu | IloBblmien
IKCILTyaT Has YeHHE ne

ENGINEER

JKeJIe3HBbIX J0por
Ilepn IIpenmoxe
P OCHOBHEBIE pex
. on HHS
Yuénbl Hay4HblE
Ne . HCClIe )74
51 pe3ymsTat
oBaH o peKoMeHIa
14051 U
OobocHoBa
. Hopmupos
3aKOHOMEP aume
1950 OIIYCTUM
C.H. HOCTH Aony
1 - BIX
ITomos paboTsI
1970 HAaIpsHKEH
0aJIJIaCTHO .
Hil B
IO CJIOs
Oajmacre
o1




JTMHAMHUYEC Hccnenos
KUMH an
Harpy3kam OpUYMHBL | YCuiieHne
1970
"u 9 M.A. nedopMarr | 3KCIUTyaTta
Ouenun Packun 1995 3478 IIUOHHOT'O
skciuryaTa | Komrmieke JKEJIE3HOMO | KOHTPOJIS
E.C. 1960 | uwmoHHyIO Hast POXKHOTO
Bapbisr - HaJEKHOCT OlleHKa MyTH
WH 1980 b YCTOWYHBO PazpaboTk
[Ipoananu
0aJylacTHO | CTH IIyTH a
TO CJI0sI uposal 3aIUTHBIX
JLK. 1970 BITUSIHUE
OnTtuMuza MepOoIpHs
Paspabota st 10 | I'pomo - 90JI0BBIX Twii Ha
I0.IL 1960 | 1 meTtomBI B 1990 | mpormeccos
.. mapameTpo OCHOBE
Cmonu - pacuéra Ha
. B BEPXHETO BETPOBOTO
Hekuid | 1985 | koHCTpyKn TpaHCIIOPT
. CTPOCHUS peKUMa
Uil Iy TH
nyTH Uccnenos | Pa3memen
O6ocHoBa an ue
n cuctemy | Komruieke 3¢ GeKTHB | 3aIUTHBIX
«peibc— HBIN Tyne 1970 HOCTh OapbepoB
mmnana— acuéT 11 - MEXaHH4ec mno
I'M. | 1960 P Ilapns
llaxyn Oammact» | GayutacTHO 2000 KUX HarpaBlieH
Kak W TpU3MBI MECKOYJIaB U0
saun | 1980 P ‘
ellI/IHy}O u JIMBAKOIIUX IIeCUYaHbIX
WUHKEHEPH | 3€MJISIHOTO OapbepoB MMOTOKOB
0 IOJIOTHA Buenpenu
CI/I(}:/TCM Pa3pabora ip
Hccne c}; IIpemnox demy | 1970 | nt metoms: MIECKOYJIaB
JICIOB it
anll p He 12 | Kuns6 — 3aIUTHI B HI/IBa}Oy X
W MEpbI
10.B. 1970 p ep 2000 | mycTBHIHHBI o
nedopmarr o N TEXHOJIOTU
Edpem - X paifoHax N
U0 YKpeIUIeHH i
OB 1990
OayacTHO 10 Pa3zBun
Mexanuue
TO CIIos Oayacta TEOPHIO cKie
Hccnenos 3aLUTHI
A Mexanuue T.M 1970 H Oapbepbl 1
ain KEJIE3HBIX
HHSKEHEDH CKHe 13 | daszun - J1OPOT B MEeCKOyJIaB
I'H. 1970 p Oapbepsl 1 OB 2000 P JIMBAOLIHE
ble YCIIOBUSIX
Kuuxu - MIECKOYyJIaB COOPYXKEH
COOpYKeH Ke3puikym
H 1990 JIMBAIOLIE Hst
g KOHCTPYKII a
3aIUTHI OT Py Uccnenos
ecKa 1707 a1 CosepiieH
A.H. 1980 CTBOBaHHE
OrneHunn BJIMSIHUE
edhopma 14 | Mapro - Y CHUCTEMBI
fiegopmar ThEB 2000 OYHCTKH
U0 Cuctema YaCTHII Ha Gaacta
AN. 1970 | Oammacta | aKcmutyaTa Gammact
Kucran - noJ IIUOHHOM Nzyuun MaremaTtu
0B 1990 | Bo3xeiicTB OLIEHKA M 1980 | nBuxenue yeckas
neM OayacTa 15 ) - MeCYaHbIX OIleHKA
Kypens
MEJIKUX 2010 | DOTOKOB M | ABHMIKEHUS
YACTHUIL OapxaHoOB IecKa
[Ipoanam Ob6ocHoBa
TexHomnor [Iporunosu
3upoBat uu . OBaHHE
n.B. 1970 | dakropsr P.C. 1980 | xommuects | P
YKpEIUICHH BETPOBBIX
Ipoxky - nedopmair 16 | 3akupo - CHHYIO
s "
IIAH 1995 U B 2010 OLICHKY
3eMJISIHOTO MECYaHbIX
3eMJISIHOTO MECYaHbIX
MOJIOTHA MPOIIECCOB
MOJIOTHA MTPOIIECCOB
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HUccnenos Onenun
Perymnsapna o
a1l S OYHCTKA YCTOMTMBO |\ fepri o
1980 | camxenue AM. 2000 CTb p
E.C U 3almTe
17 - MIOPUCTOCT 25 | AbGnyk - 3eMJISTHOTO
Ammms MOHHUTOPH 3EMIISTHOTO
2015 Hu apumoB | 2020 | mosotHa B
HT MOJIOTHA
JpeHaxa MeCYaHbIX
Oaracra N
Oastacra paiioHax
Nzyuun UccnenoB | Ananrtanu
9KCIUTyaTa | YcCHIleHHe an o
rr. 1980 LU0 npoduiIaxk LI 2000 5pQEeKTUB | 3amMTHBIX
18 | Konmm - JKEJIE3HBIX | TUYECKOTO 26 A6;1ylé HOCTb OapbepoB
H 2000 opor B 00CITy 1B MECKOYJIaB K
/1op Y ammio | 2020 y
MecYaHbIX aHus JMBAIOIIMX | MECTHOMY
paiioHax COOPY)KEH | BETPOBOMY
HUccnenos ui peXUMY
an I'eoTexuu Onenun .
JLC. 1980 CTOHYNBO YECKUH HECYIIYIO Pacatr
19 | Jlanun - Y yy HaPSHKEH
CTh MOHUTOPH C.T. CrocoOHOC
ye 2005 2005 HBIX 30H
3eMJITHOTO HT 27 | Hxa006 B Tb u
MOJIOTHA apoB | 3arps3HEH MOHHTODH
Pazpabora CFD- HOTO e p
I MOJIEIIPO Oastacra
H. 1990 | asponuuam | BaHuUe U [Mpeanoxu
20 | Martcy — UYECKHE | MPOTHO3HUP na
0 2010 MOJIeTH OBaHUE mano3arpa | Ilpodunak
JABUXXCHUA BETPOBBIX THBIC THUYECKOC
M.K.
mecka MTOTOKOB 28 | Mysad 2010 | TrexHonorM | OOCIYXHUB
Hccaenos y —H.B. M 3aIUThI aHue u
Okcrutyar (dhaposa
an oT pecypcoco
1990 alMoHHAas
A.D. JUHAMUKY 9K30TE€HHBI | €peXeHue
2L | Kooc . 3arps3HeH oreria X
2010 P OasacTHO
us IPOLIECCOB
IO CJIos
bamtacta CogepieH
OnTtuMuza CTBOBAJ
Ouerrt uus opranuzar, | Pecypcoco
AC. 1990 CPOK GanmracTHBI HOHHO- eperaromu
22 | Huxon . CITyKOEI X AIO. 2011 | TexHONOTH | € MEeTOXBI
aiittuc | 2010 | OGammactHO 29 | Maman
MaTepHao —H.B. YecKHe 3aIIUTHI U
TO CJos aJueB
B pemrenns | mpoduiiax
Pa3paboTta P 6 3aIIHTEI TUKHA
ecypcoc
1 yP JKETIE3HBIX
eperaromu
OpraHu3ar P . m Jopor
HOHHO-
M.M. 1990 TEXHOJIOTH
23 | Mupax B TEXHOJIOTH . HecmoTpss Ha  3HauuTeNbHBIE  TOCTHIXKEHHS
YeCcKyIo OTEYECTBEHHBIX M 3apyOeXHBIX HCCIECIOBaHUM,
menoB | 2020 npoduiak .
CHCTEMY - BOITPOCHI KOMIUIEKCHOH HHTETpaluy
3aIIUTHI MOHHTODH a’POIMHAMUYECKOTO MOJIENUPOBAHUS, LH(PPOBOTO
KeJIe3HBIX e P MOHHTOPUHIA,  TEOTEXHHYECKOTO0  aHalM3a |
Jopor pecypcocOeperaoliix  TEXHOJOTHH  OCTAIOTCS
Mopenupo HEJIOCTATOYHO U3YYEHHBIMH.
Ball Jnera DTO MOATBEPKTaET HEOOXOIUMOCTD TaTbHEHIINX
HCTaHIH .
JBHIKECHHE 5 " UCCIICZIOBAaHNH, HANpaBICHHBIX HA  Pa3paboTKy
. HHBIH .
. 2000 | mecka Ha OHITO COBPEMEHHBIX MHKCHEPHBIX PEIICHUH 110 CHI)KEHHIO
MOHHUTOPH .
24 | AukeH - OCHOBE P HEraTHBHOTO BO3JICHCTBHS ITyCTHIHHBIX BETPOB Ha
HT 1
asu 2020 GISu JKEJIE3HOOPOKHBIE Ty TH.
MIPOTHO3HP
CITyTHHKOB
OBaHHE
BIX 4. 3AKJIIOYEHUME
JaHHBIX

[IpoBenéHHpIll aHAMUTHYECKAH 0030p COBPEMEHHBIX




Hay4HbIX I/ICCHC,HOBaHI/Iﬁ I1o0Kasajl, 4To BOSHefICTBHe
MYCTBIHHBIX BETPOB U MECYAHBIX ITPOLECCOB SABJIACTCA
OOHUM U3 HanOoJIEe OIMACHBIX (l)aKTOpOB, BJIMAOIINUX

Ha 9KCIITyaTallMOHHYO YCTOMYUBOCTH
KEJIE3HOIOPOXKHONH HMH(PACTPYKTYpPhl B apHIHBIX
peruoHax.

VYCTaHOBIEHO, YTO 3apyOeXHBbIE HCCIENOBaHUS
MIPEUMYIIECTBEHHO OPUEHTHPOBAHbI HA IPUMEHEHHUE
CFD-MonenupoBanus, HU(GPOBOrO MOHUTOPHHIA WU
a’pOJMHAMUYECKOT0 aHalM3a MEeCYaHbIX II0TOKOB,

TOoraa KakKk OTCYCCTBCHHBIC HUCCIICAOBaHUA
COCPCAOTOUCHBI Ha BOIIpocax IIOBBIIICHU A
YCTOfIQHBOCTH BEPXHETO CTPpOCHUS ImyTH n

COBEPIIEHCTBOBAHUSI TECKO3AIUTHBIX COOPYKEHUH.

BrisiBeHO, YTO CYIIECTBYIOIUME WHXKEHEPHbBIE
pelieHuss He OO0SCIEeYUBAIOT KOMIUIEKCHOTO y4uéTa
a9POJIMHAMHUYUECKHUX, FE€OTEXHUUYECKUX u
9KCIUIyaTAllMOHHBIX  (DAKTOPOB, YTO  CHHIKACT
3¢ (GEeKTUBHOCTh 3aIIUTHI YKEJIE3HOJJOPOKHOM
UH(PACTPYKTYPHI B YCIOBUSX MYCTHIHHBIX PETHOHOB.

Ha  ocHOBaHuM  BBIOJIHEHHOTO  aHajIM3a
OIIpEACTICHbI MNEPCICKTUBHLIC HaIlpaBJICHUA
NaJbHENIINX HCCJICIOBaHM, BKJIIOYAIOIINE
pa3paboOTKy  KOMILJIGKCHBIX  a3pOJHHAMHYECKUX
MOJeNIel  TecuaHbIX  MPOIECCOB,  BHEAPECHHE
1u(pOBOTO MOHHUTOpPUHTA COCTOSHUS
JKEJIE3HOIOPOKHOTO TYTH M COBEPIICHCTBOBAHHE
pecypcocOeperaroImx MecKo3aluTHBIX COOPYKESHUI
JUTsI yCITOBHM apuIHBIX peruoHoB LlenTpansHoit A3uu.
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Improving Saline Soils with a Fiberglass Reinforcing Layer

Abstract:

Keywords:

Z. Kakharov'®2, |. Purtseladze'©P
Tashkent State Transport University, Tashkent, Uzbekistan

This article examines the problems of saline soils, which lead to a decrease in their stability due to
wetting and drying, using the addition of fiberglass. When fiberglass was added to soils in both dry
and wet conditions, soil settlement and dynamic parameters significantly increased with increasing
fiber content. Furthermore, settlement, velocity, and soil displacement decreased with the addition of
fiberglass, while acceleration increased. The stability parameters of soil treated with fiberglass at any
percentage significantly improve with increasing fiberglass content. The practical benefit of these
results in engineering applications lies in their ability to construct buildings on challenging soils.
Soils, saline soils, collapsible soils, nylon composite, fiberglass, sand layer, reinforcement
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AuHOTALMA

Kunrouessie cioBa:

B 1aHHO#W crarhe MPHBEICHBI MPOOJIEMBI 3aCOJICHHBIX TPYHTOB, MPHBOJSIINE K CHHKCHHIO HX
YCTOIYMBOCTH M3-3a 3aMayMBAHHS W BBICHIXaHHS, C TIOMOIIBIO J00ABICHUS CTEKIOBOIOKHA. [Ipn
JOOABICHUH CTEKJIOBOJIOKHA B TPYHT B CYXOM H BII@XHOM COCTOSIHHM OCaJKa TpyHTa H
JMHAMHYECKHAE MapaMeTpbl 3HAYUTENIBHO BO3PACTAIM C YBEJIWYCHHEM JOJH BOJIOKHA. IIpu 3TOM
0cajika, CKOPOCTh M CMELICHHE IPYHTa YMEHBIIANNCH PH J0OABIECHIN CTEKIOBOJIOKHA, @ YCKOPEHHE
yBEIIMYUBAIOCh. IlapaMeTpbl CTaOMIBHOCTH TPYHTa, 0OPabOTaHHOIO CTEKIOBOJIOKHOM B JIFOOOM
HPOLIEHTHOM COOTHOLIEHHMH, 3HAYUTENBHO YIYYINATCsd C YBEIMYCHHUEM JIOJIH CTEKJIOBOJIOKHA.
[NpaxTuyeckas Moib3a 3THX PE3y/IbTATOB B MHXKEHEPHBIX NPUI0KCHUAX 3aKIIIOYaeTCs B TOM, YTO OHU
HO3BOJIIOT CTPOUTEIISIM BO3BOIUTH 31aHUSI HA CIIOXKHBIX I'PYHTaX.
I'pyHTBI, 3acoyieHHbIE TIPYHTbI, IIPOBAJINBAEMbIE TPYHTHI,
CTEKJIOBOJIOKHO, TI€CHYaHbIH CJIOH, apMUPOBaHUE

HEHJIOHOBOE KOHUCHTpalus,

1. BBEJIEHHUE MOT'YT OBITh HCKYCCTBEHHBIMH, TAKUMH KaK IIPOTEUKH

BOJIONIPOBOAHBIX M  KAaHAJIM3ALHMOHHBIX TPYyO W

[IpoBanBaembie TPYHTBI BCTpEUaroTCs B Ipe3MCPHOC OPOLICHUE, WM IIPUPOAHBIMU, TAKHUMU

GONBLIMHCTBE CTPaH MHpA, B OCHOBHOM B KaK U3MEHEHHMS YPOBHS IPYHTOBBIX BOJ] M KOJIMYECTBO
9

ocankoB. CoBMecTHOe BO3JCHCTBHE Beca H

3aCyNUIMBBIX MJIM TOJTy3aCyIUIMBBIX PETHOHAX. DTOT
TUI TpyHTa (3aCOJICHHBIM TPYHT) TIIOXOXK Ha
[IPOBAIMBAEMbIH TPYHT T€M, 4TO 00a THIa TEPSIOT
CBOI0 YCTOWYMBOCTH IIOJ BO3JIEHCTBHUEM HArpy30K
W BOJIB, 4TO co3zaer OLIyIIEHHE
HETIOCPEICTBEHHOW OMAacHOCTH AJIS TIOCTPOCHHBIX Ha
HEM COOpPYKEHUH, KaK TOJIbKO OH HAMOKaeT. B cyxom
COCTOSHUM W B CBOEH HOpMalbHOH (opme TpyHT
007amaeT BBICOKOH MOBEPXHOCTHOW MPOYHOCTHIO Ha
CIBWT M KECTKOCTBIO; B HACHIIIIEHHOM COCTOSIHUH OH
MOJKET JIEMOHCTPHPOBAThH 3HAYUTEIBHOE
YMeEHbBIIICHHE o0bpeMa (mpoBanuBaHue,
THJPOKOHCOJIMIAINSA, THAPOKOMIIPECCHS), a TaKKe
MaJieHue TPOYHOCTH Ha caBur. IIpoBanmBaemble
TPYHTBI — 3TO T€, KOTOPBIE TPOSBIIAIOT 3TO SIBICHUE
IIPY HA3KHUX YPOBHAX HANPSKEHUSI. VICTOYHUKH BOMIBI

a2 https://orcid.org/0000-0001-5965-3231
bI https://orcid.org/0000-0003-2229-3302

HACBIIICHUS MOXET IPUBECTU K OOPYILIEHHIO, UIIH JKe
BOJa cama IO ce0e MOXET HaHeCTH eMy ymepl.
OnHako TIIATENBHOE U3Y4YEHHE 3THX TPYHTOB CTajo
BO3MOXHBIM OJaroziapsi pacllMpeHUI0 COBPEMEHHOM
UHQPaCTPyKTypbl B 3aCyLNUIMBBIX PErHOHAX, 4YTO
CONPOBOXKIAETCs MaclITaOHBIM — HCIIOIb30BaHHEM
BOOBI M IpoOieMamu, CBSI3aHHBIMH ~ CO
ctpouTenbcTBOM. OOpymieHHe TPyHTa, BBI3BAHHOE
YBJIQXKHEHUEM, MOKET IPUBECTH K moTepe ot 2,0% 1o
6,0% ero tommuHbL OOpa3oBaHHE ITyCTOT MEXIY
YacTHIAMH TpyHTa MOPUBOAUT K HM3MEHEHHUIO
MOJISKYJIIPHOTO COCTaBa TPYHTOBOTO CKeJleTa, YTO
BBI3BIBACT PEOPTAHU3ALNIO YACTHUI TPYHTA M CHIDKAET
HECYLIyF0 CIIOCOOHOCTb TpyHTa Ul  3[aHUH,
NOCTPOCHHBIX Ha HEM. OTO YCKOpPSET CKOPOCTb
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CHIDKEHUS IPOYHOCTH TPYHTA Ha CABUT U BBHI3BIBACT
pe3koe W HENpeABUAEHHOE IpOCeiaHHe, dYTO
MIPUBOJUT K CTPYKTYpPHBIM IPOOJIeMaM JUIsl 3IaHH U
COOpPYKEHHH, Ha KOTOPHIX OHH NOCTpOeHBL. Jlis
TUNWYHBIX 3JaHUA PEKOMEHIYETCS WCIIOJIE30BaTh
IUIMTHBIC (YHIAMEHTHI, 4YTOOBI HM30€XaTh 3THUX
mpo0jeM, HO OHM JOpPOTH. 3acOJICHHBIE IIOYBEI
COCTOSIT W3 TUAPATUPOBAHHBIX MHHEpAJIOB THIICA
CaS0O4d u 2H20, Si02, xameiura CaCO3 wumm
numeBoit coim (NaCl), HOKpBIBAOIIMX TTOBEPXHOCTD
3eMJIM. YpPOBEHb TPYHTOBBIX BOJ TIOBBINIAETCS B
pe3yibTaTe KamMUIIPHOTO JEWCTBUSI W Harpesa
TPYHTa, U COJIEHOCTH BOABI B 3TUX MOYBAX BO3PACTAET.
Ot (QakTOphl TAaKKE YBEIMYMIM KOJHYECTBO
OCaXK/ICHUsI COJIEH TaKOTO TUIA 10 Mepe MCIapeHHsI
BOJBI, YTO JIENACT YPOBEHb TPYHTOBBIX BOJ
Ba)KHEHIIMM KOMIIOHEHTOM 3aCOJICHHOH MTOYBBI.

Hcnonb3oBaHue CTEKIOBOIIOKHA B apMHUPOBAaHHOM
TpyHTE SIBISETCS CTapodl M JApeBHEH KOHIeMLuei,
COTJIACHO 3TOMY HCCIIeIOBaHMIO. ' pyHT oaBepraeTcst
pAly UWCHBITAaHWH, BKIIOYAs YIUIOTHEHHUE, aHalu3
MPAKTHYECKOTO pa3Mepa 4acTUIl U Kan(OPHUHCKUI
ko3¢ ¢unment Hecymeid crnocodbnoctn (KHHC), c
pa3uuHbBIM  cofepkanueM cTekioBosiokHa (0,4%,
0,8%, 1,2%, 1,6%, 2%, 2,5% u 3%). YnnotHeHue,
tect Ha KHHC u mioTHOCTH TpyHTa B Topoje
ynyummiuch Ha 1,2% u 1,6% COOTBETCTBEHHO,
COTJIACHO JTAHHBIM.

JloOaBneHre  CTEKJIOBOJOKHA  BAMSET  Ha
MPOYHOCTh HAa  COBUT W JeOpMalMOHHbIC
XapaKTEpPUCTUKU IJIMHACTOM M II€CYAHOM IIOYBBI.
PesynbTaTs MTOKa3aJy, 4TO JobaBieHe
CTEKJIOBOJIOKHA B MECYAHYIO MMOYBY C INIOTHOCTBIO OT
35% nmo 85% 3HaAuWTENBHO  yIOydIIaeT ee
nedopMaluio o CpaBHEHUIO C TIMHUCTON TOYBOM.

[enecooOpa3HOCTh HUCIONB30BAaHHSI H3BECTH B
KadecTBe  craOwmm3upyromiero  areHra.  Jlis
OOJIBIIMHCTBA ~ T€OTEXHMYECKUX  IPOCKTOB  3TO
SKOHOMHYECKH BbITOnHO. Kpome Toro, oHu
MIPOJEMOHCTPUPOBAJIM, HYTO, IOCKOJBKY IOIUMEPHI
ObICTPO  3aTBEpIEBAIOT, WX  HCIIOJIb30BaHHE
PEKOMEHyeTCs TOJIBKO B ONpEIeICHHBIX CITyqasX.

2. METOJBbI

[TyTem MOATOTOBKH M TECTHPOBAHUS 00Pa31I0B MTOYBBI
C Pa3IMYHBIM COJIEpKaHNEM CTeKI0BOIOKHA (1%, 2%,
3%, 4% u 5% or cyxoro Beca IOYBBI) IIpH
COXpaHEHNH HEW3MEHHBIMH OCTAJBHBIX MapaMeTPOB
TIOYBBI MOJKHO OTIpENIETNTh UCAITBHYIO
KOHIIEHTPALUIO HEHIOHOBOTO (CTEKIOBOJIOKOHHOTIO)
BosIokHA. CpaBHEHHE OCHOBAaHO Ha JIMHAMHYECKHX
rapameTpax U 0CaJKe MOYBHI KaK BO BIAXKHBIX, TaK U
B cyxux ycioBusx. Mcrmons3oBanue Gonee wem 2%
SIBIISIETCS SKOHOMHYECKH IEIecOo00pa3HbIM M IaeT
pe3yabTaThl, MpuoIMKatomuecs K 2%.

Jns mocTHKeHUsT CTaTHYECKOM OTHOCHUTENIbHOM
IUIOTHOCTH BCEX CIJIOEB MECYAaHOW TIOYBBI B
HCCIIelyeMOM KOHTEHHepe MoYBa MOATOTaBIMBACTCS

C WCIIOJIB30BaHMEM METOJa I0XKIEBOH OOpaOOTKH.
Co3pmanue rmecyaHoil OYBBI B 3TOM 3KCHEPHMEHTE U
JOCTH)KCHHE pPaBHOMEPHOTO TIOYBEHHOT'O CIIOS C
HEOOXOANMOH IUIOTHOCTBIO 3aBHCAT OT CKOPOCTH
Ma/ICHUs TIECYNHOK M 00beMa BBITpy3kH. [Ipu BeIcOTE
nmajieHuss 65 cM A UccielNoBaHUs TpeOyercs
oTHOocuTenbHass IIOTHOCTE 50%. Ilpum BeICOTE
najeHus 65 cM KOHTEMHEp C MEeCKOM 3aIlOJHSIEeTCS
cnosmMu mo 10 cMm Ha kaxaele 10 cM BBICOTHI
KoHTelHepa. [locne 3amoNHEHWs MEpPBOTO  CIIOS
UCIIOJIB3yeTCST  MOJBEMHBIH  KaTOK,  KOTOPBIA
MOJHUMAET 3eMJITHOM KoHyc Ha 10 cM, dTOOBI
3aIlOJIHATh BTOPOH CIIOM M IONAEPKHUBATH BBICOTY
NaJIeHNs] Ha TOM ke ypoBHe. Kak rnokasaHo Ha puc. 2,
9TO 00eCcTeYnBaeT OTHOCUTEINIBHYIO IIIOTHOCTH 50%.

DOJEKTPOHHOE  W3MEpHUTENBHOE  YCTPOMCTBO,
W3BECTHOE Kak JMHeHHbI auddepeHnnanbHbi
npeodpazopatenb (JIAIT), MOXKET TOUHO OMpeesITh
JUHEHHOE NepeMelieHue. DT0 YCTPOUCTBO COCTOUT U3
TpaHchopmaTOopa ¢  BHEIIHEH  KaTymIKOW |
HEHTPAITbHBIM ~ CEPICYHUKOM, KOTOPBIH  MOYKHO
3aMeHATb. LleHTpanbHBII CEPACUHUK CMELIAETCS
BHYTPM BHEIIHEH KaTyUIKU M3-3a CTPYKTYpPHBIX
U3MEHEHUH, TEHEepUpysl JJEKTPUYECKUH CUTHAJ,
KOTOprﬁ MOXCET AJUCTAHIMOHHO W HEOPECPLIBHO
3alIUChIBATBCA KaK B CTAaTUYCCKOM, TaK HW B
JMHAMHYECKOM pexxume. Hampumep, MakcumanbHOe
HaOJIr0/JTaeMOoe CMEIICHUE MOXKET 3aBHCETh OT JUTHHBI
cepaeunuka LVDT, xoropas MOkeT BapbUpOBaThCS
ot 10 1o 50 mm. LVDT, xoTOpHIit B TaHHBII MOMEHT
OTCJICKMBACT M  3alMChIBA€T  TI'OPU3OHTAIBHOE
cMelleHue, OblI 3aTeM MOJKIIOUEH K PErHCTpaTopy
JaHHbpIX.  Xapakrepuctuku LVDT  Bkiarodaror
HJCAIBHYIO YyBCTBUTEJIBHOCTD 2 MB/B,
MaKCHMAaJIbHYI0 CKOpOCTh mnepemetienust 10 m/c u
camoornpezaensonyocs auHeiHocTs 0,1 mporeHTa.
JIBwkeHus BHepel W Ha3aj OIEHUBAIOTCS Ha
paccTostHAM 25 MM 0T 3eMind. OHM MTOKa3aHBI Ha PUC.
1.

[ns  ompeneneHuss AMHAMUYECKOW — peakUuu
(dyHmaMeHTa  TPOBOIATCS  OKCHEPUMEHTHI  C
UCIIOJIB30BaHMEM  BHOPOMETpPOB,  HM3MEPSIOLINX
YCKOPEHHE, CKOPOCTh U aMIUINTYIy cMeleHus. OH
HNOAKIIOYEH K  OJHOKAaHaNbHOMY  IdpoBoMy
Bubpometpy (Momens HG 6360) ¢ Tounoctsio 0,001-
4,0 MM. B 3aBHCHMOCTH OT TpexycTaHOBICHHOW
(byHKIIMH €T0 MOXKHO MOJIKITIOYUTE K KOMITBIOTEPY IS
MPOCMOTpa JUHAMHYECKOW peakmud. Bubpometp
UCTIONIB3yeTCsT Al  M3MEpPEHUs  BUOPALMOHHOU
peakium, Kak oKa3aHo Ha puc. 1 u 2.
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Puc. 1. JInneiino-nuddepeHnnaJbHbIN
npeodpazoBartenb nepememerust LVDT

HUATEC
HO-8360

VIRRATION METER

(~J=Jed
=)

Puc. 2. Buopomerp moaeas HG 6360

HcnpITanue MOXHO IIPOBOAUT B CYXOM U BJIAXKHOM

COCTOSIHMM B COOTBETCTBHHM CO  CJICAYHOLIIMMH
oTanaMu:
ﬂJ’I}I TIpOBEACHUS HUCIIBITAHUSA MOJCIN

HCIOJIB30BAJICS CTAIbHON KOHTeHHEep pasmepoM (50 x
50) cM u BBICOTOM 55 cM. [lns mpenoTBpalieHus
OTCKOKAa BOJIHBI BHYTPU KOHTEiHEpa Ha CTEHKH
KOHTeiTHepa ObLIT HAJIOXKEH CJION Pe3UHBI TONIINHOM 1
CaHTUMETp. B KOHTElHepe NOJIKEH HaXOAMUTCS MSTh
CJI0EB TECYaHOTO TPYHTa, KaxAbli BecoM 42,6 Kr.
OOmmit Bec rpyHra coctaBisi 213 kxr. Mcmons3ys
TEXHOJOTHI0  JIOKJAEBOM  NOATOTOBKM  TPYHTA,
apMHPYIOLINH MaTepuan  yKIapIBalcs ~ Ha
paccrosianu 1 B pasmepom 50 x 50 cM B 3aBUCHMOCTH
ot npouenTa apmuposanus (1%, 2%, 3%, 4% u 5%).
Ilocne 3aBepiieHUsI MOATOTOBKH MOJENIHN KOHTEHHED
IIOMEINAJICS B CTAJbHOE OCHOBAaHHE, a B IEHTPE
KOHTEHepa Ha 3eMJIe YCTaHaBIMBaJCA (pyHIaMEHT
MAIlMHBL. 3aTeM C MOMOIIBIO Jep)KaTelsl TPy30B Ha
OCHOBAHHM MAIIMHBI yCTaHABINBAINCH ITOCTOSHHBIC
Harpy3ku. Bec  MammHBI  COCTaBIIET  IIATH
KWJIOTPaMMOB, a BeC COOCTBEHHOI'O Beca — IISTh
KHAJIOrpaMMOB. BuOpomerp wn3MepseT CcMeleHue,
YCKOpPEHHE M CKOpOCTh, a IM(POBOH TaxoMeTp —
gactotry. Jnst wm3MepeHwst ocagku (GyHIAMEHTa
HCIIONb3yeTCA JIMHEHHBIN mpeobpa3oBaTelb
nepemerienust (LVDT). Ilpu BKIIOYEHNH IBUTATENb
nepeMeniaeTcs BHU3 U MepHeHINKYIsIpHO 3emie. Ha
BEITIOJIHEHUE STHX HCIBITaHUH TpeOyercs 30 MUHYT,
U KaXIble 1OBE MHHYTHI COOHMpPAIOTCS MOKa3aHHSA

CMEIIEHUS,, CKOPOCTH, YCKOPEHHUSI M  OCaJKH.
UcnbiTanus nposostest ¢ yactoroi 20 [, a stambt
BBITIOJIHSIOTCS 10 AHAJIOTUYHON METOAUKE B CYyXHUX U
BJIQYKHBIX YCIOBHUSIX.

[Ipn ko3 dunmente apmuposanust 1% mpuBeneT
K YBEJIMYEHHUIO cCMelleHus Ha 25%, 4TO yKa3bIBaeT Ha
MEHBIIIYIO JKeCTKOCTh. OmHako 0OoJiee BBICOKHE
K03 PHIICHTHI apMHUPOBAHUS MIPUBOJAT K
3HAYUTEITLHOMY YMEHBIIECHUO CMEIICHHST;
ymeHsbIenne Ha 40% nabmronaercs pu 2% u 3%, Ha
65% npu 4% u Ha 70% mpu 5%, 4TO yKazbIBaeT Ha
MOBEIIICHUE JKECTKOCTH " YCTOWYMBOCTH
KOHCTPYKIIUH.

3. BBIBOJ

Ocanka 3acOJIeHHBIX TPYHTOB YMEHbBIIAETCS IpU
WCIIOJIL30BaHUH BCEX MPOLIEHTOB CTEKJIOBOJIOKHA
(40%-75%) B CyXOM W YyBIQKHEHHOM COCTOSIHUH.
OTOT pe3ynbTaT MOJIe3eH MPH CTPOUTEIHCTBE 3aHHN
Ha TpyHTax Takoro Tuma. [lporn6 rpyHTa B
YBJIQ)KHEHHOM COCTOSIHUHW YBEITMYUTCS OOJIbIIE, YEM B
CyXOM, HO B IEJIOM apMHPOBaHUE OYEHb XOPOILIO
yIIy4IllaeT 3acOJICHHbIE TPYHTBI, HO CONPSIKEHO C
BBICOKMM pHCKOM m3-3a npucytctBusi (NACL) mexny
gacTuiaMi. PekomeHayercst ucmonb3oBaTh 2%
CTEKJIOBOJIOKHA U3-32 MOJIOKUTEILHOTO BO3/ICHCTBIS
Ha FPYHT U HU3KOH CTOMMOCTH.
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Assessment of the Effect of Geomats on Reducing the Intensity of Deflation

Abstract:

Keywords:

of Sandy Soils on Railway Embankment Slopes

K.S. Lesovi®? A.Sh. Uralovi®P
Tashkent State Transport University, Tashkent, Uzbekistan

The article examines the effect of geomats on reducing the intensity of sandy soil deflation on railway
subgrade slopes. The relevance of the study is o0ycnoed by the fact that in sandy and desert regions,
wind erosion leads to the removal of soil particles, deformation of slope profiles, contamination of
the ballast layer, and a decrease in the operational reliability of railway tracks. Geomats are
considered as geosynthetic protective materials forming a spatial structure on the slope surface, which
limits the movement of sand particles and reduces the impact of wind-sand flow. The theoretical basis
of the study is the classical relationship proposed by R.A. Bagnold, describing wind-driven sand
transport considering wind dynamic velocity and particle characteristics. It is shown that, for railway
subgrade slopes, deflation assessment should take into account not only wind impact parameters, but
also soil properties, moisture content, surface condition, and the presence of a protective cover. In
this regard, the necessity of considering the coefficient Cg, characterizing the retaining capacity of
geomats, is substantiated. The use of this coefficient provides a methodological basis for
mathematical modeling of anti-deflation slope protection and for evaluating the effectiveness of
geomat application in sandy soils.

Geomat, deflation, sandy soil, railway subgrade slope, railway track, wind erosion, anti-deflation
protection, coefficient Cg, wind-sand flow, geosynthetic materials

Ouenka Bausnus I'eomaTtoB Ha CHmkenne Uatencusuoctu Jledasuun
IHecuanbix I'pynToB Ha OTKOcax Kenesnogopoxuoro 3emusinoro Iomorna

Jecor K.C.'®2, Ypanos A.IILOP

MTamkenTcKmit rocyJapcTBEHHBIH TPAHCIIOPTHBIHA yHUBEpCUTET, TamkenT, Y30eKucTan

AHHOTAIMA:

Kirouessie cioBa:

B crarbe paccmarpuBaeTcs BIMAHHUE F€OMAaTOB HA CHIDKEHUE HHTEHCUBHOCTH JeUISIIUM [IECUaHbIX
IPYHTOB Ha OTKOCaX JKEJIE3HOJOPOKHOTO 3EMJITHOTO IIOJIOTHA. AKTYaJIbHOCTh MCCIIEJIOBAHMS
00ycJiI0oBJI€Ha TEM, YTO B MECUAHBIX M MYCTHIHHBIX PaiiOHaX BETPOBAs 3pO3Us NPUBOIUT K BBIHOCY
IPYHTOBBIX YacTHII, HAPYIICHUIO MPOQHI OTKOCOB, 3arPA3HEHHIO OaJUIACTHOTO CJIOS M CHUJKCHHIO
9KCIUTYaTalMOHHOM HaI&KHOCTH HKEJIE3HOAOPOIKHOTO ITyTH.

T'eomaTbl paccMaTpUBalOTCs KaK T€OCHMHTETHYSCKHH 3allUTHBIM Matepuan, (OPMHUPYIOIIUHA Ha
MOBEPXHOCTH OTKOCA HPOCTPAHCTBEHHYIO CTPYKTYpy, KOTOpas OIpaHHYMBAaeT IepeMelleHIe
MECYAHBIX YaCTHI[ M CHUKAeT BO3JCHUCTBUE BETPONECYAHOTro IMOTOKAa. TeopeTndeckoil ocHOBOI
HCCIICZIOBAHMS CIIYXKHT Kjaccuyeckas 3aBUCHUMOCTh P.A. barHonmpa, omuchiBamolas BeTpOBOM
MIEPEHOC IIeCKa ¢ yYETOM AMHAMUYECKOH CKOPOCTH BETPa M XapaKTEPUCTHK YaCTHLL.

IToka3aHO, YTO NPUMEHUTENBHO K OTKOCAM JKEJIE3HOJIOPOXKHOIO 3EMIITHOTO IOJIOTHA OLEHKA
ey I0JDKHA YYUTHIBATh HE TOJBKO NapamMeTpbl BETPOBOIO BO3ACHCTBHUSA, HO UM CBOHCTBA
IPYHTa, €ro BIAXHOCTb, COCTOSHUE IIOBEPXHOCTH M HAJIMYUE 3aLIUTHOTO MOKPBITHSA. B cBsA3M ¢ 3THM
00ocHOBaHa HEOOXOMUMOCTh yuéra KodpduumeHra Cg, XapakTepH3YIOLIEro yIep)KUBAIOIIYIO
crocoOHocTh reoMara. Mcnosip3oBaHue JaHHOIO KOA(QGHIMEHTa CO31aéT METOJUYECKYI0 OCHOBY
JUISL MaTeMaTHYeCKOro MOJECNIHMPOBAHUS NPOTUBONC(IIALMOHHON 3aIlUThl OTKOCOB M OLEHKH
3¢ PeKTUBHOCTH NPUMEHEHHS I'e€OMATOB B IIECUYAHBIX TPYHTAX.

Teomar, pedusiumsi, mecdaHblii TPYHT, OTKOC 3EMIITHOTO MOJIOTHA, JKEJIE3HOJOPOXKHBINA ITyTh,
BETpPOBasi 3po3us, MpoTHUBOAe(IALMOHHAs 3ammTa, Kodpduument Cg, BeTporecyaHblil MOTOK,
I€OCHHTETHYECKHE MaTepHaIbl

1. BBEI[EI—I[/[E BETPOBOU »3po3ud, AeQISAIANA W BETPOIECYAHOTO

MOTOKa. BBIHOC MENKHMX TPYHTOBBIX YacTHI[ C
B nmnecuaHbIX W NYCTBIHHBIX pallOHaX OTKOCHI IIOBEPXHOCTH OTKOCOB IIPMBOJHUT K HAPYIICHHIO UX
XKEJIE3HOAOPOKHOTO 3EMIISIHOTO NOJIOTHA IPOEKTHOTO MPOQuIIs, 0cNadIeHNI0 TIOBEPXHOCTHOIO
MTO/IBEPTalOTCs HHTCHCUBHOMY BO3JCHCTBHIO
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CJ104, 3arpsA3HEHUIO Oay1acTHOI IIPU3MBbI n

CHIDKEHUIO 9KCIITyaTaIlIOHHON Ha/I&KHOCTH
KEJIE3HOIOPOXKHOTO MNyTH. B cBBM ¢ 3TuUM
pa3paboTka 3¢ PEKTUBHBIX croco0oB

MIPOTUBOJIEQISIIMOHHON 3aIlIUTHl OTKOCOB SIBISIETCS
aKTyaJbHOH MHKEHEPHOH U HayuHoM 3a1aueit [9-11].
TeopeTnyeckue OCHOBBI BETPOBOTO IEpeHOCa
TIecKa 3aJI0’KEHBI B KJIACCUYECKHUX MCCIEOBaHUAX P.
A. bardHonza, TIe HHTEHCUBHOCTb IE€peHOca
MECYaHbIX YaCTHI[ CBS3BIBACTCS C JTUHAMHYECKOH
CKOPOCTBIO BETPA, INIOTHOCTHIO BO3/IyXa, YCKOPEHHUEM
cBoOOHOTO TMajeHusi U pa3mepoMm dactur [12]. B
JalbHEHIIEM [aHHbIE IPEICTaBICHUS TIOJTYUHIIH
pa3sBUTHE B MOJENSIX BETPOBOM OpO3MH, TIIiE
JIONIOJIHUTEIPHO ~ YYMTHIBAIOTCSl CBOICTBA TpPYHTa,
LIEPOXOBATOCTh ITOBEPXHOCTH, BIAXKHOCTb, JUINHA
OTKPBITOTO y4YacTKa U HAIMYHE 3aIUTHOTO MOKPHITHS
[13, 15]. OmHako mpuMEHEHHE H3TUX MOAXOA0B K
OTKOCaM JKEJIE3HOIOPOYKHOIO 3EMJISIHOTO TTOJIOTHA
TpeOyeT YTOUHEHUS, TOCKOJIBKY JNe(Isuus B JaHHOM
Cllydae pa3BUBAETCs B YCIOBHUSIX CJI0XKHON F€OMETPUH
OTKOCa, B3aMMOJICUCTBUsI C OaJTaCTHBIM CJOEM H
9KCIUTYaTalIOHHOTO BO3JICHCTBHS
KeJIe3HOMOPOKHOM HH(ppacTpyKTyphI [1-4].

OaHuM U3 TEPCHEeKTUBHBIX PEIIEHUH JIaHHOM
3a1aui  ABJACTCA TNPUMCEHCHHE TCOCHMHTCTUYCCKUX
MarepuajioB, B TOM YHCJIE TC€OMATOB. I'eomaThl
¢dbopmupyroT Ha MIOBEPXHOCTH OTKOCa
NPOCTPAHCTBEHHYIO 3aIlUTHYIO CTPYKTYpY, KOTOpas
CHIXKAeT IpPsIMOE BO3JCHCTBHE BETPONECYAHOTO
[IOTOKa Ha TPYHT, OrPaHUYMBAET IIepEeMELICHUE
MeCYaHbIX YaCTUI U CHOCOOCTBYET COXPaHCHUIO
YCTOHYMBOCTH [IOBEPXHOCTHOI'O CIIOAL.
D¢ heKTUBHOCTh MPUMEHEHHSI T'€OCHHTETHYECKUX
MaTepHajoB MNpH 3allUTe OTKOCOB M 3eMIISIHOTO
II0JIOTHA OT 3PO3UOHHBIX IIPOLIECCOB ITOATBEPIKAACTCS
OTEUECTBEHHBIMHU U 3apyO0eKHBIMH HCCIIEIOBAaHUSMH
[5-8, 14].

BMmecte ¢ Tem Ui Hay4HOro OOOCHOBaHHMS
MPOTUBOJEPISIIMOHHON A(PPEKTUBHOCTH TeOMATOB
Ba)XHO HE TOJIBKO OIUCATH UX 3aLUTHOE NeiicTBHE, HO
U BBIPA3UTh €ro KOJMYECTBEHHO. B CBM3M ¢ 3THM B
CTaThbe paccMaTpuBaeTcsd HEOOXOIMMOCTb yuéra
ko3 durmenTa Cg, XapaKTepU3YIOIIETO
VISP )KUBAIOLIYIO CIIOCOOHOCTh reoMaTa. BpeneHue
JAHHOTO KOA((HIMEHTA IO3BOISET aJaNTHPOBATH
o0IIe TOJNIOKEHHST TEOPHH BETPOBOTO IEpeHOca
Mecka K YCJIOBUSM JKEJIE3HOAOPOKHOTO 3eMIISTHOTO
MOJOTHA M HCIIONB30BaTh HMX IIPH JaIbHEHIIEM
MaTeMaTHYEeCKOM MOJICTUPOBAHUH
MPOTHBOASQIALMOHHOM 3aIUTHl OTKOCOB.

AKTyaJbHOCTH ~ HWCCIIEOBAHUS  ONpeneIsieTcs
HEOOXOOUMOCTBIO  TOBBIIECHUS  YCTOWYMBOCTH
OTKOCOB JKEJIE3HOJIOPOXKHOTO 3eMJISIHOI'O MOJIOTHA B
MeCYaHbIX pailoHaxX 3a CUET NPUMEHEHUS T€OMAaTOB U
pa3paboTKH METOIMYECKOTO MOAXO0JA K OLEHKE MX
BJIMSIHMS HA CHWOKEHUE HHTCHCUBHOCTH JIS(IISIINY .

[Ipenmer nccrienoBaHusi — BIMSIHUE TEOMAaTOB Ha
WHTEHCUBHOCTh Je(IISIMN IIeCYaHBIX TPYHTOB Ha
OTKOCAaX XKEJIe3HOAOPOXKHOTO 3eMIITHOTO II0JIOTHA.

Hens wccrnemoBaHusi — OLEHHUTh  BIMSIHUC
reoMaToB Ha CHIDKCHHE WHTEHCHBHOCTH JE(IISIIUM
IIeCYaHbIX I'PYHTOB Ha OTKOCAX >KEJIE3HOJOPOXKHOIO
3eMJITHOTO IIOJI0THA M OOOCHOBATh HCIOJIB30BaHUE
ko3¢ punmeHTa Cg, XapaKTepU3YIOILETO
YIepP>KUBAIOILYI0 CIOCOOHOCTH reoMara.

JU1s TOCTYOKEHUs! el [OCTAaBIIEHBl CIIEAYIONHe
3aJauu:

1. IIpoaHanmm3upoBaTh TEOPETUUYECKHE OCHOBBI
BETPOBOTO IEPEeHOCa MECYaHbIX YaCTHIl U (DaKTOPBI,
olpesieNIAloNIMe pa3BUTUE AeIAnUM Ha OTKOCAX
KEJIe3HOAOPOKHOTO 3eMJITHOTO [OJIOTHA.

2. O6ocHOBaTh poJb reoMaToB Kak
r€OCHHTETHYECKOTO 3alIUTHOTO Marepuana,
CHIDKAIOIIETO UHTEHCUBHOCTH nepeMeIeH st

MECYaHBIX YaCTHII 10/ BO3JICHCTBHEM BETpa.

3. CdopMupoBaTh METOAMYECKHH TOAXOMA K
yaéry k03¢ dunmenrta Cg npu OLICHKE
npoTuBoAeQIIsIIMOHHO# 3¢ dekTHBHOCTH TeOMaTOB U
HOCIENYIOeM MaTeMaTHYeCKOM MOJEIUPOBaHUH
3aIMTHl OTKOCOB.

2. MATEPHUAJIbI U METO/IbI

OOBEKTOM  HCCIIEJOBAHHUS  SBISIOTCS  OTKOCHI
KEJE3HOIOPOKHOTO 3EMJISTHOTO MOJIOTHA,
CJIOKCHHBIC MeCYaHbIMHU TpyHTaMHU u
SKCITyaTHpyeMble B YCIOBHSX  BO3JACHCTBUA
BETPOBOM 3po3uM, JAeQIISIMA U BETPONECUYAHOTO
II0TOKA. B Takux ycCJIOBUSAX IOBEPXHOCTHBIA CIIOH
OTKOCa TOJBEPraeTcsi BBIHOCY MEIKHUX YacTHILl, YTO
NPUBOJUT K OCHAOJIEHHI0 TPYHTa, HApYUICHHUIO
MPOEKTHOrO MNpOQWIIs, HAKOIUICHUIO IE€CYAHOTO
MaTepuana B 30He OAJIACTHOW MPU3MBI U CHUYKEHHIO
JKCILIyaTalMOHHON HaIEKHOCTH XKEJIE3HOJOPOKHOTO

myta [9-11].
B KayecTBe 3aIMTHOTO Marepuaia
paccMaTpuBaeTCs reoMarT — IPOCTPAHCTBEHHBIH

TEOCHHTETUYECKUH Matepual, (OpPMHUPYIOUMH Ha
ITOBEPXHOCTH OTKOCA apMUPYIOLIE-3alIUTHBINA CIIOH.
Ero mnpuMeHeHHe TMO3BONAET CHU3UTH IPSIMOE
BO3/ICIICTBHE BETPONECYAHOTO IIOTOKA HA TPYHT,
OTPAaHWYNTh IIEPEMEIIECHHE TECYaHBIX YacTUIl H
MOBBICUTh YCTOHYMBOCTH IOBEPXHOCTHOTO  CIIOS
OTKOCa. O¢ddexTuBHOCTH TEOCHHTETHIECKUX
MaTEepUaIOB NpPH YKPEIUICHWHM OTKOCOB M 3aIlIUTe
3eMJSIHOTO TIOJNIOTHA OT JPO3MOHHBIX IPOLECCOB
TIOATBEPIK/ICHA PSIOM HccenoBanuii [5-8, 14].

it 006ocHOBaHMSA NPHMEHHMOCTH T€OMaToOB B
MECYaHbIX  TPyHTax  CHUCTEMAaTH3HPOBAaHBI WX
OCHOBHBIC MPENMYIIECTBA W OTPaHWYEHHS. OITO
TIO3BOJISIET OIPEAEINTh HE TOJIBKO
MPOTHBOACISAIMOHHBI dPQPEeKT Teomara, HO U
YCIIOBHUS, TIPH KOTOPBIX €r0 IpPHMEHEHHE TpeldyeT
JIOTIOJTHUTEITFHOTO MH)KEHEPHOTO 000CHOBaHUS (Ta0II.
1).
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Taoauna 1

HpenMymecTBa " OrPAHUYCHHUSA MPUMECHECHHUA I'€eOMATOB B NECYAHBIX I'PYHTaX

YACTHIL

Iloxka3arean IIpenmymecTBa Orpannvenust
JI€rkocTh, THOKOCTB,
KoHncTpykTHBHEIE MIPOCTPAHCTBEHHAs CTPYKTYpa, Tpebyercst kKauecTBEHHAs YKJIaIKa
CBOWCTBa BO3MOKHOCTb INIOTHOTO U HaAEKHOE 3aKPEIUICHHE Ha OTKOCE
TIpUJIEraHus K TOBEPXHOCTH OTKOCA
OrpaHnueHue nepeMeIeHUs O heKkTHBHOCTH 3aBUCUT OT
[IpotuBonedusumonHoe MeCUaHBIX YaCTUI], CHIDKEHHE CKOpPOCTH BeTpa,
JeiicTBue BO3/IEWCTBUS BETPOIIECUAHOTO TpaHyJIOMETPHYECKOTO COCTaBa
OTOKA TPYHTA ¥ COCTOSIHUS IOBEPXHOCTH
CHuxeHue pa3MbiBa IIpu nHTEHCUBHOM
[IpoTuBO3pO3UOHHOE MOBEPXHOCTH OTKOCA U IIOBEPXHOCTHOM CTOKE TpebyeTcs
neiicTBue YMEHBIIIEHNE BBIHOCA TPYHTOBBIX COUYETaHHE C BOJIOOTBOHBIMU

MEPOIPUATHIMH

Bnusinue Ha
YCTOMYMBOCTB OTKOCA

[ToBbIlIEHHE YCTOMYNBOCTH
MTOBEPXHOCTHOT'O CJIOS U
COXpaHEHHE IPOSKTHOT'O MPOdIUIIS
OTKOCa

He 3ameHsieT KOHCTPYKTUBHOE
YKpeIUIeHHe TPH TITyOUHHBIX
nedopManusx oTkoca

Bo3moxHoCTh MNpUMEHCHUA Ha

Tpebyercs yu€t npupoHoO-

HEe3alMIIEHHON TOBEPXHOCTH

DKCIuTyaTaliMoHHAas I€CYaHbIX U CJ1a00CBA3aHHEIX L
KIIMMATHYCCKUX yCJ'IOBI/II/I u pe)KI/IMa
HpI/IMeHI/IMOCTb prHTaX, B TOM 4YHUCJIC B apI/I)]HI)IX
" AKCIUTyaTallMH y4acTKa
paiioHax
[To3BonsieT olleHUBaTH JJ1 KOTMYeCcTBEHHOT 0 pacyéTa
Meroauueckast CHIDKEHHE IeIIAIIN Yepe3 HEOOX0IMMO BBEICHHE
3HAYUMOCTDH CpaBHeHHe 3aLL[PIH.[éHHOI>i u JOIMOJIHUTECIIBHBIX l'[apaMeTpOB,

BKJIrouas koaddunment Cq

Kak BugHO n3 Tabm. 1, reomar obnagaet psaoMm
NPEUMYLIECTB [PH 3aIUTE IECYAHBIX OTKOCOB OT
nedmsiumu. Bmecte ¢ Tem ero  addexTHBHOCTD
3aBHCHT OT YCJIOBUI pabOTBl 3aIlMTHOrO CIIOSL
ITooToMy B HACTOSINEM HCCJICIOBAHMM TIeOMatr
paccMaTpuBaeTCs HE TOJBKO KaK KOHCTPYKTHBHBIH
Marepualg, HO © Kak (aKkTop, BIHAIONMI Ha
MHTCHCHUBHOCTh BBIHOCA II€CYAHBIX YaCTHI. OTO

TpeOyeT mnepexofa OT KauyeCTBEHHOTO OIMCAHUS
3aIUTHOI'O JEUCTBUS reoMaTa K ero KOJIM4eCTBEHHON
OLIEHKE.

Mexanu3M BIMSAHHAS TeoMaTa Ha CHIDKEHUE
JedusuMu  TecYaHbIX ~ TPYHTOB ~ Ha  OTKOCE
JKEJIE3HOI0POXKHOTO 3eMJISIHOT'O MOJIOTHA
MpelCcTaBiIeH Ha pHc. 1.

{ BeTponecuyaHsiii MOTOK J

i

Ortxoc xen €3HOA0POXXHOI0 3eMJISIHOTO MOJIOTHA
H3 TIECHYAHOTO rPyHTa

be3 reomaTta ‘/\ C reomatom

[psamoe Bo3aeiicTBHe BeTpa (PopmupoBaHHe NPOCTPAHCTBEHHOTO
Ha NOBEPXHOCTL IPYHTA ApMUpYIOLLE-3aLUHTHOTO CI0A
OTpbiB, NnepeMeLLEHHE W BbIHOC YaepxaHue necHaHbIxX YacTHL|
mecyaHbIX YacTHL B CTPYKTYpe reomara
Ocnabnenre NOBEPXHOCTHOTO CAIOA CHUXEHHE HHTEHCHBHOCTH
W HapylLeHHe Npoduas oTkoca Aedpraumu
H [NoBbilleHHe YCTORYMBOCTH OTKOCA
aKOTLIEHHE NECYaHOro MaTepHana 11 YMEHbLIEHHE 3arpA3HEHHs
B 30He GannacTHoi Npuamel 6annacTHO# NPHaMbI

|

i

KonuyecTBeHHbIH YYET 3aLUMTHOTO AeiiCTBUA:
koapduument Cg

Puc. 1 — Cxema BANAHUA reoMaTa Ha CHUKeHHe e(Isiiuu necyaHbIX TPYHTOB HA OTKOCe
7KeJ1e3HOA0POKHOT0 3eMJISIHOTO TOJI0THA
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Kak BumgHo u3 puc. 1, mpuMeHeHHe reomara
H3MEHSIEeT Xapakrep B3aUMOJICHCTBUS
BETPOIECUAHOIO IIOTOKA C IOBEPXHOCTBIO OTKOCA.
[IpoctpancTBeHHas CTPYKTypa MaTepuana
YAEp)KMBAaeT  TecYaHble  YacTUIBl,  CHHXKAET
WHTEHCHBHOCTh nedsimm u MOBBIIIAET
YCTOMYMBOCTH  MOBEPXHOCTHOro cios. [laHHOoe
3allMTHOE JEWCTBHME B CTaThe Ipeisiaraercs
YUUTHIBaTH yepe3 KoddurueHt Cg.

Teopetnueckoit OCHOBOI UCCIICIOBaHHUS
SIBIIIOTCS] TIOJIO’KEHHSI O BETPOBOM IIEPEHOCE IECKa,
3alloKeHHbIe B pabotax P. A. barnomma. B
KJIACCHMUYECKOM IOJIXOJ€ HHTEHCHBHOCTH IEpeHoca
MECYaHbIX YaCTHIl CBS3BIBAECTCS C JTUHAMHYECKOW
CKOPOCTBIO BETpa, MJIOTHOCTHIO BO3/1yXa, YCKOPEHUEM
cBOOOJHOTO TajeHHs W pasmepoM dactui [12].
JanbHeiiiee pa3BuTHE 9TH TPEACTABICHUS TIOJTY YHIIH
B Mojensax BeTpoBoil apo3dun WEQ u RWEQ, rae
JIOTIOJIHUTEIBHO YYMTHIBAIOTCS CBOICTBA TpYHTa,
LIEPOXOBATOCTh ITOBEPXHOCTH, BIAXHOCTb, JUIMHA
OTKPBITOTO y4YacTKa U HAIMYUE 3aIUTHOTO MTOKPBITHS
[13, 15]. DTO MO3BOJIAET pacCMAaTPUBAThL JACQIIAIIIO
KaK IPOIECC, 3aBUCAIIMN HE TOJIBKO OT MapaMeTpoB
BETPOBOTO  BO3JICWCTBUS, HO M OT (H3UKO-
MEXaHUYCCKUX XapaKTECPUCTUK TPYHTA, COCTOSIHUSA
MIOBEPXHOCTH W HAJIMYMS 3aIUTHOTO CJIOSL.

MeToauyeckuil IOAX0A OCHOBAH Ha CPaBHEHUU

JIBYX COCTOSIHUM OTKOCa: He3alIEHHON
IIOBEPXHOCTHU u ITIOBEPXHOCTH, 3aIIUIIEHHON
reomatoM. Takoe  COIIOCTaBJCHHE  ITO3BOJSICT

ONpENENUTh CTENEHb CHHXXEHUS HMHTEHCHBHOCTH
BBIHOCA [IECYAHBIX YaCTHII IIPU IPUMEHEHUH FeoMaTa.
B KkadecTBe OCHOBHOIO ITOKa3aTelsl HCIIOJIB3YeTCs
HMHTEHCUBHOCTb BBIHOCA I'PYHTA C €IMHUIIbI IUTOLIA U
OTKOCA 3a OIPEIEIEHHBII IPOMEKYTOK BPEMEHU:

Am
= (1)

rae I, — WHTEHCHUBHOCTH BBIHOCA TPYHTOBBIX
YacTuil, Kr/(mM2-q);

Am — macca BRIHECEHHOTO TPYHTAa, KT;

F — momaxp wucciaexyeMoil MOBEPXHOCTH
0TKOCa, M?;

t — IpOAOIKUTENBHOCTE BO3ACUCTBUS, U.

Jns  KOIMMYecTBEHHOM  OLIEHKHM  3alllUTHOTO
s¢dexra reoMaTa MHTCHCHBHOCTh BBIHOCA YACTHIL C
HE3aIUMUIEHHON MOBEPXHOCTU CONOCTABISIETCS C
HHTCHCUBHOCTBIO BBIHOCA C MTOBEPXHOCTH,
YKpEeIUIEHHOH reoMaToM. DPPEKTUBHOCTD CHHKECHUS
JeIsImu onpenenseTcs Mo BhIPaXKEHHIO:

I,

Mo = 101# «100% )
el
rae 1, — 3¢ GHEeKTUBHOCTh CHIDKEHUS Je (IS,
%;
I .o — MIHTEHCHBHOCTB BBIHOCA IPYHTOBBIX YaCTHI]
C HE3aIMIIEHHOTO OTKOCA, KT/ (M? 1),
I, — VIHTEHCHBHOCTD BHIHOCA TPYHTOBBIX YACTHIL

C OTKOCA, 3alMIIEHHOTO TeOMaTOM, KT/(M?-9).

JlaHHBI TOKa3aTeNnb OTpakaeT OTHOCUTEIBHOE
YMCHBIIICHUE TOTEph TPYHTA NPU HCIOIH30BAHUH
reoMata W TO3BOJSCT MEPEUTH OT KAaYESCTBCHHOTO
OTIMCaHUS ero 3aIUTHOTO JCUCTBUS K
KOJIMYCCTBEHHON  omeHke. Ilpu 3TOM  Treomar
paccMaTpuBaeTCsl HE TOJBKO Kak  (DU3MYecKoe
MOKPBITHE, HO U KaK (paKTop, U3MEHSIOMUIN YCIOBUS
B3aMMOJICHICTBHSI ~ BETPOINCCUAHOTO  IIOTOKA  C
MTOBEPXHOCTBIO OTKOCA.

C y4éroM TeOopHHM BETPOBOTO IIEPCHOCA IIECKa,
nonoxxeanid Monesieli WEQ/RWEQ u uH)XeHepHBIX
OCOOCHHOCTEH  IKEJC3HOIOPOKHOTO  3EMIITHOTO
MOJIOTHA TIPOIIECC TIEPEMEIICHHS IIECYaHBIX YaCTHII Ha
OTKOCaxX TMpejjiaracTcs NpPEACTaBUTh B BHUJC
00001IEHHON (DYHKIIMOHATIBHOMN 3aBHCUMOCTH:

Q= f(v.dpw.C,) ®)

rae Q¢ — MOTOK MEeCYaHbIX YaCTHUII, IEPEHOCHMBIX
BETPOM; V — CKOPOCTh BETpa, M/C;

d — cpeaHuii qUaMeTp YaCTHI] TPYHTA, MM;

p — TUIOTHOCTB TPYHTA, KI/M>;

W — BraxHocTs rpyHTa, %;

Cy; — KkodpduuKMeHT,  XapaKTepU3yHOUIMi
YIEPXKHUBAIONLYIO CIIOCOOHOCTH FeOMaTa.

B nmaHHO# 3aBHCHMMOCTH mapaMeTpsl V u d
oTpaxaroT (akTophl, ycWIMBaOUMEe JAeIIALHIO,
MOCKOJIBKY CKOPOCTh BETpa U TPaHYIOMETPUUCCKUit
COCTaB HEMOCPEJCTBEHHO BJMSIOT Ha IMOABHIKHOCTD
necyanbix yacTtull. [lapamerpsl p u W xapakrepusytot
(uznueckoe COCTOSIHHE rpyHTa u ero
COIPOTUBIIAEMOCTh  BbIHOCY. Koadduuuent Cy
BBOJUTCS JIs Y4€Ta 3aIlUUTHOIO ACHCTBUS reomMaTa U
OTpa)kaeT ero CIOCOOHOCTh YJIEPXKUBATh IECUaHbIC
YaCTHIIBI HA MOBEPXHOCTH OTKOCA.

IIpennoxeHHbIi METOAUYECKU I MOJIXO0N
MO3BOJISICT OLICHUTH BJIMSHUEC T€OMATOB HA CHIDKCHHE
WHTEHCUBHOCTH  JeIislMM  TyTEM  CpaBHEHHS
3aMIIEHHON M HE3AIUMUIEHHONM ITOBEPXHOCTEH.
Benenne koaddurmenta Cy co3maét ocCHOBY st
JABHEHIIIEr0 MaTeMaTHYeCKOTO  MOJIEIUPOBAHHUS
MPOTUBOACPIISILIUOHHOM 3aIUTHI OTKOCOB
JKEIIE3HOOPOIKHOTO 3EMIISTHOTO TIOJIOTHA.

3. PE3YJIBTATBI U OBCYXJIEHUE

Pe3ynpTaTel  TEOPETHKO-METOIMYECKOTO  aHajH3a
MTOKa3BIBAIOT, YTO IIPUMEHEHHE TeOMAaTOB Ha OTKOCaX
JKEJIE3HOIOPOKHOTO 3eMIITHOTO IIOJIOTHA CHIDKACeT
WHTEHCUBHOCTH AC (AN NTECIaHBIX TPYHTOB 3a CUET
U3MEHEHUS YCIIOBUH B3aNMOJIEUCTBHSA
BETPOIIECYAHOTO TIIOTOKa C TOBEPXHOCThIO. Ha
HE3alUIEHHOM OTKOCE BO3IyILHBII MOTOK
HETMOCPEICTBEHHO BO3ACHCTBYET HA TPYHTOBBIC
YaCTUIIBI, BBI3BIBACT UX OTPBIB, IIEPEMEIICHUE H
BBIHOC. 9T10 TIPUBOANT K 0CJIa0JIEHNTO
MTOBEPXHOCTHOTO CJIOS, HAPYIIEHUIO ITPOCKTHOTO
npoIiIs ¥ HAKOIUICHWIO TECYaHOTO MaTephaia B
30He OaIacTHON MPU3MEL
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IIpu  ycTpoiictBe  reomara  QopMmHpyeTCs
MIPOCTPAHCTBEHHAS apMUpYIOIIe-3aIiTHas
CTPYKTYypa, YaCTUYHO BOCITpUHUMAIOIIIAs
BO37€licTBHE BeTporecyaHoro noroka. OHa CHIDKaeT
TTOJIBIKHOCTD NECYAaHBIX YacTHI, OTPAaHUYHMBACT WX
BBIHOC M MOBBIIIAET YCTOHYMBOCTH OBEPXHOCTHOTO
cinos.  3amuTHBIA  3(QQeKT  mposBiIseTCS B
MEXaHWYECKOM yJIep)KaHHW YacTUIl, yMEHBIICHUH
MIPSIMOTO a3POAMHAMUYECKOTO BO3JICEHCTBUS HA TPYHT
U COXPaHEHUH ITPOEKTHBIX OYEPTaHUN OTKOCA.

ComnocTaBieHne HE3aIUIIEHHON U 3aIUIIEHHON
MTOBEPXHOCTEH IO3BOJISIET KOJIWYECTBEHHO OICHUTH
MIPOTUBOIE QIS OHHBIH s deKT. OCHOBHBIM
KpPUTEpUEM SBISIETCSI YMEHBIIEHHE HHTEHCHBHOCTH
BBIHOCZ TPYHTOBBIX YacTUI[ TIOCJIE YCTPOWCTBa
3anMTHOrO ciosi. Yem Ooubllie pasHHIA MEXIY
MOKa3aTeNsIMi Ul JIBYX COCTOSIHUH OTKOCa, TeM
Bbime 3¢ ¢ekTuBHOCT, TeomaTa. CliesoBaTeNbHO,
CHIYKEHUE UHTEHCUBHOCTU BBIHOCA Ha 3aIUIIEHHOM
yYacTKE CIIY)KUT KOJMYECTBEHHBIM NPU3HAKOM
OTpaHUYECHUs] IEPEMEIICHUS MEeCYaHbIX YacTHIl H
ocnabseHus AeIAIMOHHOrO MpoIecca.

Ocoboe 3Hauenne wumeer KkodhpuumeHnt Cg,
XapaKTepU3yIMi  YAEPKHUBAIOIIYIO CIIOCOOHOCTD
reoMara. Ero yué€r MO3BOJSAET OTPa3UTh BIMSIHUE
3alUTHOTO CJIOSi Ha BETPOBOW NEPEHOC MECYaHBIX
YacTHIl M PacCMaTpUBaTh TeOMAaT HE TOJIBKO Kak
KOHCTPYKTUBHOE TMOKpBITHE, HO W Kak (akrop,
U3MEHSIONINI  yclnoBUs pa3BuTus nedusuuu. B
00001EHHOM (GYHKIMOHAIBHOW ~ 3aBHCUMOCTH
CKOPOCTb BETpa, pasMep 4YacTull, IUIOTHOCTb |
BJIQXHOCTh TPyHTa OTPa)KalOT OCHOBHBIE YCIIOBHUS
¢dbopmupoBaHus  IeQISIMOHHOIO  Ipolecca, a
ko3 dunment Cy moka3bpiBaeT BIMSHHE 3alUTHOTO
CJIOS HA CHMDKEHHE [TOJBHIKHOCTH YaCTHIL.

dusnveckuii cmpbica koddduimenta Cy cOCTOUT B
y4éTe JOIOJHHUTEIBHOTO CONPOTHUBICHHUS BBIHOCY
Y4acTull, CO0371aBa€MOTr0 IPOCTPaHCTBEHHOM
CTPYKTypod reomara. Ero nmpuMeHEHHE IO3BOJSET
KOJIMYECTBEHHO  OLEHWTh  3aIMUTHOE JeHCTBUE
MaTepuaja ¥ HCIOIb30BaTh 3TOT IIOKA3aTeNb IPH
MOJIETIUPOBAHUN  NTPOTUBOACGIISILIMOHHON — 3aIUTHI
OTKOCOB.

4. 3AK/IIOYEHUE

[IpoBeaéHHOE HCcCIEA0BAHNE TOKA3AII0, YTO TEOMAThI

MOTYT 3¢ pekTuBHO MPUMEHSThCS JUIst
POTUBOACPISLINOHHOMN 3aILHTHI OTKOCOB
XKEJIE3HOIOPOIKHOTO 3EMJITHOTO HOJIOTHA,
CIIOXKCHHBIX ~IECYaHbIMH TpyHTamu. Dopmupys

MPOCTPAHCTBEHHBI apMUPYIOLIE-3AIUUTHBIA  CJIOH,
reoMaT CHIDKAeT BO3JCHCTBHE BETPOIECYAHOTO
MIOTOKa HA MOBEPXHOCTh OTKOCA, OTPAHWYIMBACT
MTOJIBIDKHOCTD YAaCTHII M CIIOCOOCTBYET COXPaHEHHIO
MIPOEKTHOTO TPO(HIIAL.

[IpoTuBoae PrATIIIOHHBII ekt reomMaTta
1[eJIeCO00pa3HO OIEHWBATh HYTEM COMOCTABICHHS
WHTEHCHBHOCTH BBIHOCA TPYHTOBBIX YacTHI[ C

HE3alMIIEHHON U 3aIIUIIEHHON IIOBEPXHOCTEH.
Takoif  moaxox  TO3BOMSET  KOJMYECTBEHHO
OTIPENICTINTh CHIDKEHHE Ae(UIANUA W TeperTH oT
OTIMCATENIFHOM XapaKTePUCTHKH 3alUTHOTO ICHCTBHS
K €0 pacuéTHON OICHKE.

ObocHoBaHa HEO0XO0MMOCTb BBEICHHS
ko3¢ punmeHTa Cq, XapaKTepU3yIOIIEro
YIEPXKHUBAIONIYIO CITIOCOOHOCTH reomaTa. Ero yu€r B
00001IEHHOMH (OYHKIIMOHATBPHOH ~ 3aBUCHMOCTH
MO3BOJISIET OTPa3UTh BIMSHUE 3alIMTHOTO CIIOS Ha
MIPOLIECC BETPOBOTO IEPEHOCAa MECYaHBIX YaCTHI[ C
yu€TOM CKOpPOCTH BETpa, TI'paHyJIOMETPHUECKOTO
COCTaBa, MJIOTHOCTH M BIXKHOCTU TPYHTA.

IIpennosxeHHBIN TOAX0A CO3AAET METOANYECKYIO
OCHOBY JUIi MaTeMaTH4ecKOro MOJETUPOBaHHS
MPOTUBOACPISILIMOHHOI 3aIUTHI OTKOCOB
JKENIE3HOOPOIKHOTO 3eMJISTHOTO TMOJIOTHA.
Koadpunment Cy mo3BosIsieT paccMaTpuBaTh reomMar
HE TOJIbKO KaK KOHCTPYKTHUBHBII MaTepHai, HO U KaK
pacuéTHBII TapaMeTp, OTPAKAIOIIUA €ro BKJIAJ B
CHIDKCHHE WHTEHCHBHOCTH Ae(IAMM TecYaHbIX
IPYyHTOB.
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A Technical and Engineering Analysis of the Parameters for Protective
Forest Plantations Along Railways in Areas with Shifting Sands

Abstract;
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K.S. Lesov 2?3, M.K. Kenjaliev}®®, A.Kh. Mavlanovi®©
Tashkent State Transport University, Tashkent, Uzbekistan

The article presents a computational and technological substantiation of the parameters of protective forest plantations
along railways under conditions of mobile sands. It is established that the stability of railway infrastructure in arid regions
is determined by the intensity of deflation processes, wind regime characteristics, and the condition of the railway right-
of-way. Based on the analysis of natural and climatic factors, sand transport calculations, and assessment of the
aerodynamic effect of protective forest belts, rational parameters for their placement and structural design are
determined. It is shown that protective plantations with a height of 4-5 m form an aerodynamic influence zone
extending over 60-100 m, while a 30-40% reduction in wind speed can reduce the volume of sand transport by
approximately 75-80%. The results confirm the effectiveness of using protective forest plantations in combination with
engineering measures to reduce deflation load and improve the stability of railway ecotechnical systems.

Protective forest plantations, protective forest belts, railways, mobile sands, sand transport, deflation, railway right-of-
way, aerodynamic effect, arid conditions, stability of ecotechnical systems

PacuéTno-Texnosornueckoe Odocnoanue Iapamerpos 3amuTHbIX JlecHbIX
Hacaxxnenunii Bnoss 7Kenesnbix /lopor B YeioBusix Ionsuwkubix Ileckos

K.C. Jecos*®?, M.K. Kemsxaanes*©°, A.X. Mapianop*°

'TamkenTckmii rocynapcTBeHHBIN TPAHCIOPTHBIH YHHBepCHTET, TamKeHT, Y30ekucTan

AHHOTALIHSA:

Kunrouessie cioBa:

1. BBEJAEHHUE

Crarpsl MOCBSIIEHA PACYETHO-TEXHOJOTHYECKOMY OOOCHOBAaHHMIO MAapaMeTPOB 3aIlUTHBIX JIECHBIX
HACAXKJCHUH BJOJIb JKEJIE3HBIX JOPOI B YCJIOBHAX MOJABIDKHBIX MECKOB. YCTaHOBJIEHO, 4TO
YCTOIYMBOCTh  JKEJIC3HOJOPOJKHOW ~ MH(PAacTpyKTypbl B apuIHBIX paiioHaX ompenensercs
MUHTEHCUBHOCTBIO JIC(IIALIMOHHBIX IPOLECCOB, MapaMeTpamMu BETPOBOTO PEXHMMAa M COCTOSHUEM
noJ1ockl 0TBoJIa. Ha ocHOBe aHanu3a MpupoAHO-KIMMATHYECKUX (haKTOPOB, pacuéTa IMeCKONepeHoca u
OLICHKH a3pOMHaMHU4ecKoro 3(@ekra 3alIUTHBIX JIECHBIX IIOJIOC OIPEENCHbl PAlMOHAIBHBIC
HapaMeTphl UX pa3MeLeHHs U KOHCTPYKIMH. [loka3aHo, 4To IpH BBICOTE 3aIUTHBIX HACAKACHHUH 4—5
M (GOpMHUpYeTCsl 30Ha a’pOAMHAMHUYECKOrO BIUSHUS NpOTsHKEHHOCTHIO 60—100 M, a cHKeHHe
ckopocty Berpa Ha 30—40 % obecneunBaer cokparieHre o0béMa neckonepeHoca npuMepHo Ha 75-80
%. IlomyuyeHHbIC pe3yNbTaThl MOATBEPKIAIOT 3(PPEKTUBHOCT NMPUMCHEHUS 3alUTHBIX JIECHBIX
HACaX/ICHUH B COYETAaHUH C HHXXEHEPHBIMH MEPOIPUATHUAMHU JULS CHIKEHUS AeIIsALIMOHHON HAarpy3Ku
1 TOBBIILIEHHS YCTOMYUBOCTH 3KOTEXHHUYECKUX CHCTEM HKEJIE3HbIX JI0POT.

3aIUTHBIE JIECHbIE HACAXKICHMS, 3allUTHBIE JIECHBIE TI0JIOCHI, JKEJIE3HbIE JIOPOTH, IOJBU)KHBIE TIECKH,
MecKomepeHoc, Ae(iisiuys, MoJoca OTBOJA, ad’poJuHaMuyeckuii 3¢d¢exr, apumHbie YCIOBHS,
YCTOIYHUBOCTH SKOTEXHUYECKHX CUCTEM

HMHTEHCUBHBIN

HecKoIepeHoca pHOOPETAIOT

xapakrep [1, 2].

[lonBrokHBIE TECKH SIBISAIOTCS OAHUM W3 Hambonee
OMACHBIX TMPUPOIHBIX (HAKTOPOB, OCIOKHSIOIINX
9KCIUTyaTallMIO JKEJIE3HBIX JOpOr B AapHIHBIX H
MIOJTyapHIHBIX paifoHax. BetpoBas apo3ust, gedusmus
1 MHTpanys eCYaHbIX MACC BBI3BIBAIOT 3aHOCHMOCTb
MyTH, YXYIUIEHHE COCTOSHHS 3€MIITHOTO IOJIOTHA,
HapylieHHe paboThl OOBEKTOB TOJOCH OTBOAA H

YBEJIMYEHNE  OIKCIUTyaTallMOHHBIX  3aTtpar. s
MYCTBIHHBIX TEpPUTOPUH, BKJIIOYAs paiioHn
KbI3pIKyMa, BOBJIEUYEHHE IIECHYAHBIX YACTUI[ B

JIBHIKCHHE HAYMHACTCS Y)Ke IIPU CKOPOCTH BeTpa 4—6
M/c, a mpm ckopoctsax 10-15 wm/c mpomeccs

all https://orcid.org/0000-0002-9434-0713
b0 https://orcid.org/0000-0003-4622-5937

B wmmpoBoii HayuHOIl JmTepaType mpobiema
J0JIOBBIX IPOLIECCOB U 3aLUTH HHOPACTPYKTYPHI OT
MIECYaHBIX 3aHOCOB pPAaccMaTpPUBACTCA JOCTATOYHO
MINPOKO. CoBpeMeHHbIE HCCIIeI0BaHNSA
MOATBEPKIAIOT, YTO MHTCHCUBHOCTD IIECKOIIEpPEHOCa
OTIPENeTsIETCSl  COYETAHHEM BETPOBOTO  PEXUMA,
CBOWCTB IECUYaHbIX TPYHTOB, peiibe(a U COCTOSHHS
pactutensHOTO TOKpoBa [11-14]. B mpuximamgHbx
paboTax TmOKazaHO, YTO HaWOONBIIUA dPHEeKT
JOCTHTAeTCsl TPH COYCTAaHWH HHXXCHEPHBIX |
OMOJIOTHYECKNX peIIeHNH, BKIIOYas NPUMEHEHHUE
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3alUTHBIX JIECHBIX MOJOC KakK JIOJTOBPEMEHHOTO
Cpe/cTBa CHHKEHHUS! CKOPOCTH BETPa M YMEHBIIICHHS
o0véma mepeHocumoro mecka [3, 11, 14]. Tlo
OIyOJMKOBAHHBIM  JTAHHBIM, 3alIUTHBIE JIECHBIC
ITOJIOCHI CIIOCOOHBI CHIXKATh CKOPOCTh BeTpa Ha 30—60
% ¥ CyIOIeCTBEHHO YMEHBIIATh WHTEHCHBHOCTB
BeTpoBoO# spo3uu [3, 11, 13].

Hnst ycnoBuid Y30eKncTaHa BONPOCHI 3alUTHI
JKEJIE3HBIX JOPOT OT MOJBMKHBIX TIECKOB M BETPOBOM
9pO3MHU HANUM OTpaxkeHHe B paborax [2, 4-9],
MOCBSAIIEHHBIX ~H3YYEHHIO J0JIOBBIX  IPOIIECCOB,
WH)XEHEPHOW  3allMTe  MOJOCHl  OTBOA |
COBEPILIECHCTBOBAHUIO KOHCTPYKTHUBHO-
TEXHOJOTMYECKHX PEUICHHH Ha KEJEe3HbIX J0porax
MyCTHIHHBIX pailoHOB. BMmecTe ¢ TeM HenoCTaTO4HO
TIOJIHO PacKpBITHI BOITPOCHI pac4éTHo-
TEXHOJOTMYECKOTO  OOOCHOBaHUS  IapaMeTPOB
3alMTHBIX JIECHBIX HACaXICHWH HMMEHHO BJOJb
XKEJIe3HbIX JIopor, rae 3()(EeKTUBHOCTh 3aIIUTHI
OTIpe/IeIISIeTCs] HE TOJIBKO BUIOM HACaXICHUH, HO I KX
BBICOTOM, INMMPUHOM, KOHCTPYKIMEH, TPOCBETHOCTHIO
U pa3MellleHHeM OTHOCHUTEIBHO OCH MyTH [2, 3, 6, §,

14]. Jna HeOIaronpHUATHBIX Y4aCTKOB
JKEJIE3HOIOPOXKHBIX ~ JIMHUH ~ pacu€THBII  00BEM
IIECKOMEpEeHoca  HpU  OTCYTCTBHM  3alUTHBIX

MEPONPUATHIA MOXKET A0CTUTaTh 5560 M3*/kM TOx [2,

6, 8].

AKTyaJbHOCTh ~ WCCJICMOBAHUS  OMPEIEIISIETCS
HCO6XOJII/IMOCTBIO ITOBBIIIICHU A yCTOﬁ‘{HBOCTPI
KEJIEe3HOAOPOXKHOM  MH(PACTPYKTypsl B  30HaX

pacnpocTpaHeHHs MOJABMKHBIX IIECKOB H Pa3padOTKU
Hay4YHO OOOCHOBAHHBIX IapaMETPOB 3aAIUTHBIX
JIECHBIX HaCaKACHUH, 0OECIEeUMBAIONINX CHHXCHHE
Ie(IIAMOHHOM Harpy3skd Ha IIOJIOCY OTBOJA H
JKEJIe3HOIOPOXKHBIHN MyTh [2, 3, §].

IIpeamer wuccnenoBaHuss —  pacy€THBIE U
TEXHOJIOTHYECKHE OCHOBBI OOOCHOBAHHS ITapaMeTPOB
3alIUTHBIX JIECHBIX HACaXJICHUI, BIUSAIOIIMX Ha
CHIKEHHUE HecKoMepeHoca u MIOBBIIIICHUE
YCTOWYHUBOCTH JKEJIE3HOAOPOKHOM HHPPACTPYKTYPHI
B YCJIOBHSIX ITOJIBHXKHBIX ITECKOB.

Ienp wuccnenoBaHusi — BBIIOJHUTh PACUETHO-
TEXHOJOTNIECKOe 000CHOBaHHE apamMeTpoB
3alIUTHBIX JIECHBIX HACaKICHWH BJIOTb >KEJIE3HBIX
JIOPOT B YCIIOBHUSIX TTOABM)KHBIX TIECKOB.

J1st noCcTHKEHMSI TOCTABJIEHHOW LIEJIN PEIIatoTCs
CIEIyIOINE 3aJa4dM: POAHAIM3UPOBATh IPUPOJHO-
KIIMMaTHYECKIE " BETPOBBIE (hakTOpBI,
OTIpEIENAIONINE MHTEHCHBHOCTh IIECKONEpPEHOCca H
3aHOCHUMOCTD JKEJIE3HOIOPOKHOT'O IyTH; BBIIOIHUTH
pacuéTHOe O0OOCHOBaHHE MapaMETPOB 3aAIIUTHBIX
JIECHBIX HAaCXIEHUM ¢ YYETOM HHTEHCHUBHOCTH
Ie(ISIMMOHHBIX  IPOLIECCOB,  adPOAMHAMHUYECKOTO
a¢pdexra U TpeOyeMol MIMPUHBI 3alMIUTHOW 30HEL,
OTIPENENIUTh PALMOHATBbHBIE KOHCTPYKTHBHBIE H
MIPOCTPAHCTBEHHbBIE MapaMeTphl 3AIMMUTHBIX JIECHBIX
HaCaX/IeHUH, obecneunBaronye CHIKCHHE
nedsmmonHoH Harpy3Ka u TTOBBIIICHUE

YCTOMUYMBOCTU >KEJIE3HOJOPOKHON 3KOTEXHUUYECKOU
CHCTEMEL

2. METOJbI UCCJIEJOBAHUS

HccnenoBanue BBITOIHEHO HA OCHOBE KOMILJIEKCHOTO
pacuéTHO-aHAIUTHYECKOTO u WH)KEHEPHO-
TEXHOJIOTUYECKOTO MOJAX07a, B paMKaXx KOTOPOTro
3aIlUTHHIE JIECHBIE HACAXIEHHUS BJOJb KEJIE3HBIX
Jiopor paccMaTpUBAIIUCh KaK JIEMEHT
SKOTEXHUUYECKOM CHUCTEMBI <OKele3Has Jaopora —
[oJI0oca OTBOJA — TOJBMJKHBIE TECKH — 3allUTHBIC
HacaxaeHus» [2, 3, 6, 11-14].

MeToauka UCCNIEOBaHMUS 3allUTHBIX JIECHBIX
HaCaXJEHUH BKIIIOYajla IIECTh IOCJIEIOBATEIbHO
peam3yeMbIX 3TAoB, YTO OTPAKEHO HA PUCYHKE 1.

Ha PUCYHKE 1 [IpeICTaBICHA
MOCJIEI0BATEIBHOCTh BBIOIHEHUS HCCIIEAOBaHUS —
OT aHamM3a NPUPOIHBIX YCIOBHUH 1O OLEHKU
3¢ PEKTUBHOCTH 3aIUTHBIX JIECHBIX HACAXKICHUH.

Ha mepBom 3Tamne aHanM3HpoOBaINCh NMPUPOIHO-
KJIMMaTU4YeCKUe YCJIOBUS pailoHa HCCIeIOBaHMUs,
BETPOBOM PEKUM M MHTEHCHBHOCTb IIECKOIIEPEHOCA
Ha OTKPBITBIX OapxaHHBIX y4JacTKax
YKEJIE3HOJOPOKHOU JIMHUU Bbyxapa—Muckus—
Yprenu—XuBa. B kauecTBe HCXOIHBIX OPUEHTUPOB
MPUHUMANUCH: TpeOyeMoe CHUIKEHHE CKOPOCTH BETpa
B npuzeMHoM cioe Ha 30-60 %, moTeHuHaIbHbIA
00BEM TeckorepeHoca 0e3 3alUTHBIX MEPONPHSTHIA
bi o) 55-60 M3/KM'TO1I, JIOITyCTUMBII
9KCIUTyaTallMOHHBIH YPOBEHb 3aHOCHMOCTH HOpPAIKA
20 ™/kM'TO M CpelHss IPOEKTHAas BBICOTA
3aIUTHBIX HacaXaeHui 4—5 M [2, 6, 8].

Ha BTOpOM »3Tame BBINOIHSIIOCH HCCIEIOBAHHE
XapaKTEPUCTHUK IECUAHBIX TPYHTOB, OKa3bIBAIOLINX
BIIMSHUE Ha Pa3BUTHE Ne(IIAIHMOHHBIX MPOLECCOB U
YCTOMYMBOCTh 3alMTHBIX Meponpusatuil. Ilpu stom
YUUTHIBAIKNCH TPAHYJIOMETPUIECKUH COCTaB, CTENICHb
MOJBUKHOCTH TIECKOB, 0COOEHHOCTH
MIOBEPXHOCTHOTO CJIOSI M YCIOBHUS 3aKpEIUICHUS
MeCYaHOH! TIOBEPXHOCTH.

Ha 1perseM »Tame wu3ydaauch IapameTpsl
3alUTHBIX JIECHBIX HACAKIECHUM, BKIIOYAas HX
BBICOTY, KOHCTPYKILIHIO, IPOCBETHOCTb, IOPOJHbINA
COCTaB ¥ OCOOCHHOCTH pa3MEIIECHHs B II0JIOCE OTBOJA.
JUii  a’spoAMHAMHYECKOTO  OMUCAHUS  HM3MEHEHHS
CKOpOCTM  B€Tpa  3a  3alUUTHOA  IOJOCOU
HCIIOJIB30BAJIaCh 3aBUCHMOCTB:

U, =Uy(1—exH),

rne U, — wucxognHas ckopoctb Betpa; U, —
CKOpPOCTh BETpa Ha PAcCTOSHUM X OT 3aIIUTHOU
nosiocsl; H — BbICOTa HacaKNEeHUI; X — pacCTOSTHUE OT
MIOJIOCHI TI0 HANPABJICHUIO BO3IYIIHOTO MOTOKA; O —
KO3QPHUIIEHT a’ponuHaMUYecKoi 3()(HEeKTHBHOCTH,
3aBUCSIIUNA OT INIOTHOCTH, PIJHOCTH ¥ TPOCBETHOCTH
HacaXIEHUH.

B pacuéTHOl MHTEpnpeTanyy BBIIEISUIUCH 30HA
MaKCHUMAaJIbHOTO TOpMOXeHus — a0 5—7H u 30Ha
YCTOHYHMBOTO a3pOANHAMHYECCKOTO BIUSHUS — 10 15—
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20H. TIlpm BbIcOTE HacaxxaeHuil 4-5 M 3TO
COOTBETCTBYET 3alIUTHON 30HE mopsaka 60-100 m.
PacuérHas 3aBUCHMOCTH JUTMHBI 3aIMTHOW 30HBI OT
BBICOTHI HaCAXKICHUH NIpuBesieHa B Tabiuie 1.

W3 manHBIX Tabmunsl 1 ciemyer, 4To MpH BBICOTE
3alUTHBIX HacaxIeHWH 4-5 M QopMmupyeTcs 30Ha
3alIUTHOTO BIUSHUA NPOTHKEHHOCTHIO 60—100 M.

Ha deTtBépTOM 3Tame BBHINTOIHIIOCH M3MEpEHHE
CKOPOCTH BETpa M MHTEHCHBHOCTH MECKOIEpPEeHOCca,
YTO TIO3BOJIMJIO OLEHHUTH (PAKTHUECKOE H3MEHEHHUE
MapaMeTpoB BO3JYIIHOTO IMOTOKa W Je(IIsIIMOHHOM
Harpy3Kku B 30HE JACHCTBUS 3alIUTHBIX MEPOTIPHSITHIA.

Ha msAToM »3Tame ocymiecTBIsUIach 00paboTKa
SKCIIEPUMEHTANIBHBIX  JIAaHHBIX, BKIIIOYaBIIAs KX
CHUCTEMAaTH3alMIo, COIMOCTABICHUE C PacuETHBIMU

rmapamMeTpamMu M 00oOIIeHHe pe3yNbTaToB IO
OT/ICJIBHBIM 3JIEMEHTaM 3aIl[UTHOW CUCTEMBL
Taoauna 1
3aBMCHMOCTD JVIMHBI 3aIIIUTHOI 30HBI OT BBICOTHI
3aIMTHBIX HACAKIECHHH

Bricota 30Ha .
30Ha yCTOWYUBOTO
3aIUT- | MaKCUMaJTb- Oomas
a’POIMHAMHYECKO
HBIX HOTO 3allMTHA
HACAX/IC | TOPMOKECHH FO BRI, M) 0 soma, M
-HUit, M |51, M (5-TH) (15-20H)
3 15-21 45-60 45-60
4 20-28 60-80 60-80
5 25-35 75-100 75-100
6 3042 90-120 90-120

AHANMNI NPUPOOHDbIX
YCIOBUA TEPPUTOPUM

Mayuenne knumara, penseda, PacTuTensHocT
M ADYrMX NPHMPOAHBIX DAKTOPOB NYCTLIMHOA
TeppuTopun

NCCNEAOBAHME XAPAKTEPUMCTUK
MECHYHAHBIX FPYHTOB

o rpany T © cocrana,
NAOTHOCTH, BABMHOCTH, CTRYKTYPLI ¥ APYrux
CBORCTH NECHAMBLIX FPYHTOB.

Cancayn
Gonuh

WU3YYEHUE NAPAMETPOB
SALMTHDbIX JIECHbBIX HACAXKAEHUIA

ANanus BMAOCBOro COCTABA, BLICOTHLI, YCTOTbI,
BOIPACTHON CTPYKTYPHLI ¥ COCTONMMA HACANACHWA.

ey

—~—
M3IMEPEHMWE CKOPOCTM BETPA
" NECKOMNEPEHOCA

n

B PEBLIX BAICOTEX 1 HHTOHCHENOTTI
neckonepenoca.

T neTpa

\

OBPABOTKA 3KCMNEPUMEHTAJIbHbIX
OAAHHbIX

Crarwcy -, “
CMCTEMATNIAUNA NONYUEHHLIX Pe3YNLTaTON.

OLEHKA 39®®PEKTUBHOCTMU
SALWMTHBIX JIECHBIX HACAXKAEHUA
o <

T\ BeTpa

" . yny
YENOBUA U YCTORUMBOCTH TEPPUTOPUN.

Puc.1. Cxema MeTOAUKH MCCJIEIOBAHUS 3AIIUTHBIX JIECHBIX HACAKIEHHI

Ha 1mecrom o9rame mnpoBoamiack —OLEHKa
3G PEKTUBHOCTU 3alUTHBIX JECHBIX HACAKICHUN U
CONYTCTBYIOLMX WH)KEHEPHBIX Meponpustuid. Ha
9TOH OCHOBE OOOCHOBBIBAJIACH MHOTOCTYIIEHYATas!
cXeMa pa3MeIIeHUS 3allUTHBIX  MEpOIPHATHIA:
aXypHas  BeTpoocialisiomas moioca —  Ha
paccrosaun  50-100 M oT ocu myTH; IUIOTHAs

MeCKO3aIIUuTHAA Tooca — Ha paccTosHmu 1540 w;
KJIETOYHBIE MEXaHIMUECKHUE 3alUThHI — B mpenenax 10—
20 M; JIOKaJIbHbIE MOYBOYKPETTUTEIbHbIC HACAKICHHSI
— Ha y4acTKax BTOPUYHOM Ae(usiuu 1 0TKocax [2, 6,
8]. Cxema pa3menieHns 3aIM THRIX HACAXKICHUHN U 30H
WX a3pOJMHAMUYECKOTO BIUSHUS TpUBEACHA Ha
pucyHKe 2, a MNpOCTPaHCTBEHHOE pa3MEIlCHUE
5JIEMEHTOB 3aIUTHON CUCTEMBI — B TaOIHIIE 2.

Tab6auna 2

HpOCTpaHCTBeHHOC pasMelieHue 3JIEeMEHTOB 3aIIUTHOM cCTeMbI B I0J10CE 0TBOAA

. PaccTosiHue OT ocH myTH,

JJIeMEHT 3aIIUTHON CHCTEMBI " OcCHOBHOE HA3HAYEHHE

AsxypHast BeTpoocia0sromas 50100 [IpenBapuTenbHOE CHIDKEHHE CKOPOCTH BETpa
moJioca 1 YMEHBIIICHHE TypOYIEHTHOCTH

OCHOBHOM 0apbep OCaKAEHUS U aKKyMYIISIINA
TInoTHAas ecKo3alMTHAS 10JI0ca 15-40 PEep 5 YMYIEAn
reckKa
Knerounrsle Mexanndeckue 10-20 Bpemernas cTaOmm3aris mecyanon

3aIUTEI MTOBEPXHOCTH
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N Paccrosinue or ocu myTH,
DJIEMEHT 3alUTHOMH CHCTEMBI M OCHOBHO€ HA3HAYEHHE
ITouBoykpenuTenbHbIe ToKanbHO 3akperieHue OTKOCOB U Y4aCTKOB BTOPUYHON
HaCaXICHUS JieIIsIn
16 B3 m/e
15 Uomawie— - o s dia e Tl e - = Bes saupmu
< € 3000MmHuiMm SECOMMCIRASHIAMK
Ny 12 Hanpasaeswse seTpa
§0 u e
g2 8
£ 6
S 5 4
= 2
0
-120 ~100 -80 -60 -40 -20 o 20 40

PACCTOAMME OT OCHOBANMA XENCINOAOPOMMON HACHINK, M

3owa ednmimn Asypman Maonas
erpoccAMARiAn PecxoraumTIIS

(rozesmmsse necer)

Knerouse

Wenesmonopomnas
acw W oyTe

" nacamzern

3oma ye

oa
Lygs = 15—20H

xoro

Puc.2. Cxema pa3MenieHusl 3alIUTHBIX JIECHBIX HACAKACHUN U 30H UX 23POIMHAMHUYECKOr0 BJMSIHUS B/I0JIb JKeJIe3HO
oporu

Ha pucysnke 2 mokasaHa MHOTOCTYTIEHYATas cCXxeMa
pasMmenieHus 3alUTHBIX MEpONPUATHH 51
COOTBETCTBYIOIINE 30HBI a9POIMHAMUYECKOTO
BO3JICHCTBUS 1O OTHOIICHUIO K KEJIE3HOJOPOKHOM
HACBIIIN.

Tabmuma 2 oTpakaeT MOAITAITHOE pPa3MEILICHUE
3aIIUTHBIX MEPONPHATHN MO Mepe MPUOMMKEHUS K
KEJIe3HOIOPOKHOMY ITYTH.

JIONOMHUTENBHO U1  YYACTKOB  Pa3jM4HOMN
cTereHu JeQIISIIIMOHHON ONMACHOCTH OMPEIeIIsUINCh
KOHCTPYKTHBHBIE IIapaMeTpsl mosioc. s pacuéros
HCII0IL30BAINCh CJIEeIYIOIIHe HMHTEPBaJbL:
pocBeTHOCTh — 15-35 %; umcino psnos — 5-8 mis
Y4acTKOB BBICOKOM 3aHOCHMOCTH, 3—5 — 1y1s1 cpeHeit
U 2-3 — aysl TOKaNbHOW AeUIAliM; [iar MOCcaaKh B
pany — 1,0-2,0 m; wmexaypsmes — 2-5 M.
KoHCTpyKTHBHBIE NHapamMeTpsl 3allUTHBIX JIECHBIX
HaCXJICHUH 1O  Karteropusm  JeQIsiiuOHHOM
OITACHOCTH MpPHBECHBI B Tabnuiie 3.

Taoauna 3

KoHcTpyKTHBHBIE HapaMeTPhbl 3aIUTHBIX

JIECHBIX HACAKAEHUN N0 KaTeropusm
aedisiiMOHHOMH 0IIACHOCTH

[Iar
Karero Yu |noca
Mexny |KoncTpykTrs
pusa |IIpocser|cno| nxu
yacTk [HOCTS, %|pan| B | POO0 Has
Y ' M 0COOEHHOCTD
a OB |psLy
, M
Bricoka IInotHas
A 1505 |5.g/10-| 3.5 |MHOrOspYyCHa
3aHOCH 15 s Tosroca
MOCTb
Cpenas 20-35 |3-5 15~ 54 AxypHast
A 2,0 BETPOOCTA0IT

[Iar
Karero Yu |moca
Mexny |KoncTpykTus
pus |IIpocset|cno| nku
JacTK |HOCTb, %|psa| B PAIBA, Had
y ’ M 0COOEHHOCTE
a OB pﬂ)ly
, M
3aHOCH SoIast
MOCTb 11oJioca
Jlokans ITouBoykpen
Has 1,0- HUTEIbHbIE
20-30 |2-3 2-3
nedasii 1,5 HAaCaXICHUA
ust

Tabmuna 3 nokasbiBaer auGepeHIUpOBaHHbIN
BBIOOpD KOHCTPYKIMM 3alUTHBIX HACAKICHHH B
3aBUCHUMOCTH OT CTETeHU NEe(IISIUOHHON OMAaCHOCTH
y4acTKa.

Takum 00pa3oMm, MeTONMKAa HUCCICIOBAHUS
BKJIFOYAja MIECTh B3aMMOCBSI3aHHBIX DTAIlOB: aHAJIN3
MPUPOJHBIX YCIOBHI TEPPUTOPUHU, HCCIETOBAHHE
XapaKTepPUCTHK TIeCYaHBIX TPYHTOB, H3y4YCHHUE
napaMeTpoB  3alllUTHBIX  JIECHBIX  HACaXKICHUI,
U3MEpPEHHE CKOPOCTH BeTpa U MECKOMepeHoca,
00paboTKy 3KCIEPUMEHTAIBHBIX AHHBIX U OLCHKY
3(h(HheKTUBHOCTH 3aIIUTHBIX JIECHBIX HACAXKICHHI.

3. PE3YJIBTATBI U OBCYXJIEHUE

B pe3yabTate BBIIOJIHEHHOTO pacuétHo-
TEXHOJIOTUYECKOTO aHalM3a yCTAHOBJIEHO, YTO JUIA
OTKPBITBIX OapXaHHBIX YYaCTKOB KEJIE3HOAOPOKHOH
mmann  byxapa—Muckus—Y prend—XuBa Tpedyemoe
CHIDKCHHE CKOPOCTH BeTpa B MPU3EMHOM CIJIO€
nomkHO cocTaBiaarh 30-60 %. MmenHo Takoit
JIMana3oH T03BOJISIET MEPEBECTH IPOIECcC IMepeHoca
Mecka W3 peXuMa WHTCHCHBHOW CalbTallid B
COCTOSIHWE, TpPHU KOTOPOM OOBEM 3aHOCOB HE
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MPEBBIIIAET  JOMYCTUMBIX  OKCIUTyaTallMOHHBIX
3HAUYEHUH JJIs1 )KEJIE3HOAOPOKHOTO My TH [2, 6].

PacuétHoe aspoaMHAMHYECKOE MOJIEIPOBAHIE
II0Ka3ajlo, YTO IIPH BBICOTE 3AIIMTHBIX HACaXJICHUH
4-5 ™M QopmupYIOTCS [IBE XapaKTEpHbIE 3OHBI
BO3/EHCTBUS: 30HA MAaKCUMAJIBHOTO TOPMO>KEHHUS Ha
paccrossHuu 5—7H ¥ 30Ha ycTOWYMBOIO BIMSHHUA Ha
paccrossauu 15-20H. B unxkeHepHoi HHTEepnpeTanun
9TO COOTBETCTBYET AaKTWBHOW 3alllUTHOW 30HE
nopsiaka 60—-100 m [3, 6].

Jnst  pacyéTHOrO IITOPMOBOTO DSMH30/a IpU
ckopoctr Betpa UlQ = 15 m/C yCTaHOBIJIEHO, YTO
CHI)KEHHUE CKopocTu noToka Ha 40 % ymeHbInaeT eé
3HaYeHHe B 3alMIIEHHOW 30He 10 9 M/c.
YwMmensmenue ckopoctu go 0,6U0 mpuBoauT K
COKpalleHnIo0 00béMa nepenoca npumepHo 1o 0,216
OT HWCXOJHOTO 3HAYEeHHs, TO €CTh O00ecIeYHBacT
CHI)KEHHUE TecKorepeHoca npumepHo Ha 75-80 %.
[Ipu ucxoaHOM pacu€THOM NedUIAIMOHHON HArpy3Ke
55-60 ™m3/km-TOom 3TO AT yMeHblIeHHEe Oo0BEMa
3aHOCOB 10 13—15 M3/KM'TOA, YTO COOTBETCTBYET
SKCIUTYaTallHOHHO JAOMYCTHMOMY YPOBHIO Okono 20
M*/km o1 [2, 6, 8].

[TokazaHo, 4ro HauOONBLIYIO 3PPEKTUBHOCTH
obecrieunBaeT MHOTOCTYIIEHYATasl CHCTEMa 3allInThl,
BKJIIOUAIONIAsl ~ @XYPHYIO  BETPOOCIAOISIONLYIO
NOJOCY, IJIOTHYIO  II€CKO3alIMTHYIO  II0JIOCY,
KJIIETOYHBICE MCECXAHHUYCCKHUEC 3alllUThl KW JIOKAJIbBHBIC
IMOYBOYKPEIIUTEIIbHBIC HaCaXACHUs. OcHOBHBIE
napamMeTpbl pPa3MELICHUs JJIEMEHTOB 3alUTHOH
CHUCTEMBl  BJIOJb  IKEJIE3HOW  JIOpory, ux
(GyHKUMOHATBHOE  HAa3HaYeHHEe U OXKUAAEMBIH
WH)XeHepHbIH 3¢ dexT npuBeneHsl B Tabmuie 4.

Ta6auna 4
OcHOBHBIE TApaMeTPbI pa3MelleHHUsI 3JIEMEHTOB
3aLIUTHOI CHCTEMBI B/IOJIb KeJIE3HO JOPOru U UX
(yHKIHOHAIbHOE HA3HAYEHHE

OCHOBHBIE
OxunmaeM
OneMeHT mapametp | DyHKIIIIOHA o
3aIUTHON Bl JIbHOE
UH)XKEHEpH
CUCTEMBI pa3MelleH | Ha3HaYeHue | .,
b1t ekt
Wt
Paccrosaun
€ 10 CHmKeHne
o Ocnabnen
TMONOCHI  |CKOPOCTH |
AskypHast 50-100 m; |BeTpa,
— neIIAnmno
Berpoocnabis |H=4-5 |ymeHbmeHn
. HHOT'O
fomas 1mojioca  |M; e
axXypHas |TypOyJIeHTH TIOTOKa Ha
YP YPOy MTO/ICTyTIaX
KOHCTPYK |OCTH
s
Paccrosan
€ 10
5 OcHOBHOE
[InotHas nonocel  |[lepexBar u
CHH)KEHHE
mecko3amuTHa |15-40 M; |aKKyMyIIsIq
_ TIeCKoTIepe
s TIoJI0ca H=4-5 |uamnecka
. HOCa
M!
IUIOTHAS

KOHCTPYK

s

[Tonasnen

Paccrostau |Crabumnm3ain
Knerounsie ne

e 110 us .
MEXaHUYIeCKUE JIOKAITEHOU
— 3ammT 10-|moBepxHOCT [ ——

20 m u

CTH ITeCKa

JlokansHO [ToBbIIeH

ITouBoyKpenuT |(OTKOCHI, ue
3akperieHn .
CJIBHBIC JeIIAImo YCTOHYHBO
€ TpyHTa

HACAXKJCHUS  |HHBIC CcTH

30HBI) OTKOCOB

4-6

psnoB; 8—

12 ™m CHuxeHue
3amuTHas MEXTY KomrmnekcH [3aHOCOB 1
cUCTEeMa B MOJIOCAaMH; |asl 3aIMUTa  |Ae(IsIImo
1[eJIOM 30Ha 60— (myTun HHOM

100 m; Harpy3ku

AU = 35—

60 %

Tabmuma 4 oObenWHSET pacyETHBIE MapaMeTphl
pa3MelieHusl DJIEMEHTOB 3al[UTHOH CHUCTEMBI, HX
(DYHKLUIO U 0KUIaeMblil MH)KEHEPHBIN pe3yJibTar.

Ilpn omeHKe KOHCTPYKTHBHBIX I1apaMeTpOB
YCTAQHOBJIEHO, 4YTO  JUIi  y4YacTKOB  BBICOKOM
3aHOCUMOCTH HanOoliee palvoHaNbHbl MHOTOPSITHBIC
MHOTOSIPYCHBIE TOJIOCHI C POCBETHOCTHIO 15-25 %,
yucIoM psAmoB 5-8, marom mocaaku 1,0-1,5 m u
MexaypsaapaMu 3—5 M. Jlns y4acTKOB cpenHen
3aHOCHMOCTH 11e1eCO00pa3Hbl aXypHbIE MOJIOCH C
npocBeTHOCThIO 20-35 % u uucnom psnos 3-5. [lna
30H JIOKaJIbHOM aedsun palLMOHAIIBHEI
MOYBOYKPENUTEIbHbIC HACAXKICHUS C IIPOCBETHOCTHIO
20-30 % u umciiom psinos 2-3 [3, 6, 14].

IlomydeHHble  pe3ynbTaTbl — COITIACYIOTCS €
JAHHBIMH JPYTMX aBTOPOB U  MOJTBEPXKAAIOT
BBICOKYIO 3()()eKTHBHOCTb 3ALUTHBIX JIECHBIX ITOJIOC
B CHIKCHHM CKOPOCTH BeTpa M HHTEHCHBHOCTU
BeTpoBoi spo3mu [3, 11, 13, 14].

Pe3ynbTaThl MOKA3bIBAIOT, YTO 3ALUTa KEIE3HBIX
JOpPOT B YCJOBHSX IOJABI)KHBIX IIECKOB JOJDKHA
paccMaTpuBaThCS Kak enHas pac4éTHO
OpTaHU30BaHHAs cucreMa peTyIMpOBaHUS
IeIIAINOHHBIX TPOIECCOB B MOJIOCE OTBOAA. Takoid
MOJX0Jl OCOOCHHO BAaXKEH VI apUIHBIX TEPPUTOPUH,
IIe BETPOBOM pexuM, ciabas 3aKperi€HHOCTb
MIECYaHOW TOBEPXHOCTH W BBICOKAS ITOABM)KHOCTD
MECYaHbIX  YacTHL  (OPMHUPYIOT  YCTOHYHBYIO
JeQISIMOHHYI0 HAarpy3kKy Ha >KEJIE3HOAOPOXKHYIO
uHppacTpykTypy [1, 2, 7, 8].

KirtoueBsM ycnmoBreM 3¢ GeKTHBHOCTH 3aIIUTHBIX
JIECHBIX HACAKICHUH SBISETCS 00OCHOBAHHEINA BBIOOD
UX MapaMeTPOB — BBICOTHI, IIMPUHBI, IPOCBETHOCTH,

PAOHOCTH W TPOCTPAHCTBEHHOTO  pa3MEIICHUS
OTHOCUTENIBHO OCH NyTU. VIMEHHO codeTaHue 3TUX
XapaKTePUCTHK  OMpeAeIsieT  adpOJMHAMHYECKOE

BO3JICHCTBHUE MOJIOCHI HA BETPOINIECYAHBIN MOTOK U €€
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PEeANBHYIO 3aIUTHYIO CIIOCOOHOCTH. B 3TOM cocTOMT
OTJIMYME HACTOSIIETO WCCICIOBaHUS OT padoT, B
KOTOPBIX 3allUTHBIE JIECHBIE OJIOCHI
paccMaTpUBAarOTCS TMPEUMYIIECTBEHHO Kak oO0Iee
CPEIICTBO CHIDKCHHSI CKOPOCTH BeTpa 0e3 JeTaibHOU
YBS3KU c pacu€THoI MHTEHCUBHOCTBHIO
ITECKOTIEPEHOCa U YCIOBUSAMHU (PYHKITMOHHUPOBAHHUS
JKeJIe3HOIOPOKHOM mojockl oTBoAa [3, 11, 13, 14].

C TeopeTudyeckOM TOUYKU 3PEHUSI PE3YNIBTATHI
MOATBEPKAAIOT HEJIWHEHHBI XapaKTep HO0JOBOTO
TpaHcnopTa mnecka. Pacy€Tsl mokaszamu, 4To aaxe
CPaBHUTEIBHO YMEPEHHOE CHUKEHUE CKOPOCTH BETpa
Ha 3040 %  obecrieunBaeT  COKpallCHHUE
JeIIAIMOHHON HAarpy3KH mpuMepHo Ha 75—80 %, uto
MO3BOJISIET TEPEBECTH YYAaCTOK M3  COCTOSIHUS
BBICOKOM  3aHOCUMOCTH B DKCIUTyaTallMOHHO
JOIyCTUMOE cocTosiHue [2, 6, 8, 11-14].

CormoctaBiieHe € JaHHBIMH JIPYTMX aBTOPOB
MOKa3bIBA€T  COJIEPXKATENBHYIO  COTJIaCOBAaHHOCTD
MOJYYEHHBIX PE3yJbTaTOB. B OTE4YeCTBEHHBIX U
3apyOCKHBIX HCCIICAOBAHMSIX YKa3bIBACTCS, YTO
3AIIUTHBIC JICCHBIC IOJIOCHI CIIOCOOHBI CHIIKATh
ckopocth BeTpa Ha 30-60 %, a HHTEHCHBHOCTH
BETPOBOH 3p0o3UM — B HECKOJIBKO pa3 [3, 11, 13, 14].
BmecTe ¢ TeM MpemyioxKEHHBIN MOAX0J OTJIMYaeTCs

OoutbIei WUHXEHEPHOU KOHKpETHU3alueH
IIPUMEHUTEIILHO K JKEJIE3HOJOPOKHOM
UH(PACTPYKTypE, MOCKOJIBKY YYUTHIBAET HE TOJIBKO
obOumit  Berpoociabistonmii  3pdexkT, HO H

mapaMeTpbl pa3MeIIeHHUsl SJIEMEHTOB 3allUTHOM
cUCTeMBI, HUX (YHKLIMOHAIBHOE Ha3HaYeHHE WU
OXKHUIaeMblii HHKEHEePHBIN 3((EeKT, NpeICTaBICHHbIC
B Tabnuiie 4.

[TpuHIMIINAIEHO Ba)KHBIM SBJIAETCS U TO, YTO
3aIMTHBIC JIECHBIE HACAXKACHUS PACCMATPUBAIOTCS B
COYETAaHWU C HHXKCHEPHBIMH CPEICTBAaMM 3allUTHI
Taxkoll MOIX0J COOTBETCTBYET KaK PErMOHAIBHOMY
ONBITY, Tak ¥  COBPEMEHHBIM  3apyOeHBIM
HCCIIEZIOBAaHUAM, B KOTOPBIX IOMUYEPKUBACTCS, YTO
HauOonbmias 3(PPEeKTHBHOCT JOCTUTACTCS TPH
KOMOUHHMPOBAHHOM IIPUMEHEHHH OHOJIOTHUECKUX H
WHXEHEPHBIX pernenuit [4, 5, 11-14]. s xene3HpIx
JOpOT 3TO OCOOSHHO CYLIECTBEHHO, IIOCKOJIBKY Ha
HayaJbHOM JTane (GOpMUPOBAHUSA HACAKACHUH
TpeOyeTcs HOMONMHUTENIbHAS CTaOUIN3aus TIeCYaHoi
MOBEPXHOCTH, a B Hanboiee YyBCTBHTEIIBHOW 30HE
MOJOCHl  OTBOJA  II€I€COO0PasHO  HCIIOIb30BAThH
MEXaHHUYECKUE HIIH TEOCHHTETHYECKHE IIEMEHTHI.

C mpakTHYeCKOH TOYKM 3pEHHS INPEHTI0KEHHOE
PacYETHO-TEXHOIOTHYECKOe  OOOCHOBaHHE HMEET
OpUKIAJHOE 3HAYEHHWE UL OKEeNIe3HBIX  JOpOT,
OPOXOMAIIMX IO TEPPUTOPHSIM C  AKTUBHBIMH
J0JIOBBIMH ITPOLIECCAMH, TPEXKIEC BCETO B YCIOBHSIX
Y30ekucraHa. O060oCHOBaHHEIC mapamMeTpsI
pasMeIleHUs] 3aIlMTHBIX MEPONPHATHH IT03BOJISIOT
MepedTH OT OOmMX peKOMEHJAanii K TPOEKTHO

OpHECHTHPOBAHHBIM  PEIICHHUSAM,  yUYHTHIBAIOIINUM
peaNbHBIl  YpPOBEHHb AC(ISAIMOHHOM  OMAacHOCTH
ydacTka. Bmecte ¢ TemM pe3ydbTaTthl MMEIOT

MPEUMYILECTBEHHO pacuéTHO-aHATUTUYECKUI
XapakTep ¥ TpeOyloT JajbHEWIed HaTypHOH
IMPOBEPKM HAa KOHKPETHBIX Yy4YacTKaX JKeJIEe3HBIX
JOpOT.

4. 3AKJIIOYEHHUE

B cTaThe BBIOIHEHO PACUETHO-TEXHOJOTHYCCKOES
00OCHOBaHHME TApaMETPOB  3AlMTHBIX  JICCHBIX
HACaXJCHUN BJOJIb JKEJIE3HBIX JIOPOT B YCJIOBHUIX
TTOIBUKHBIX TIECKOB. YcraHoBIIEHO, 41O
3((HEeKTUBHOCTh TaKOW 3allUTBI OIPEICIACTCS HE
TOJIBKO HAJMYMEM JIECOHACAKACHHUM, HO TIpexne
BCEr0 WX OOOCHOBaHHBIMH a3POJMHAMHYCCKUMH,

KOHCTPYKTHBHBIMH u POCTPAHCTBEHHBIMH
HapamMeTpamu.
[Toka3aHo, 4YTO TPH  BBICOTC  3AIIUTHBIX

HacaXJIeHu 4-5 M dhopmupyercs 30Ha
a’pOJJMHAMUYECKOTO BIMSIHUS POTSHKEHHOCTHIO 60—
100 M, a cHmxeHue ckopoctu BeTpa Ha 3040 %
obecrieunBaeT yMeHbllIeHHE 00bEMa IeckorepeHoca
npumepHo Ha 75-80 %. OOocHOBaHO, 4TO
HauOONBIIYI0  pe3yJbTaTHBHOCTh  OOECIeYHMBaeT
MHOI'OCTyIleH4YaTasi CUCTEMa 3allliThl, BKJIIOYAIOIIast
QKYPHYIO BETPOOCHAOISIONIYIO TOJIOCY, IIOTHYIO
MECKO3AIIUTHYIO TI0JI0CY, KJIETOYHbIE MEXaHUYECKHe

3alUTBl M JIOKAJbHBIE  TOYBOYKPEHHUTEIbHBIE
HaCaXJCHUS.

IlonmyueHHble  pe3ynbTaThl  COTJIACYIOTCS  C
COBPEMEHHBIMU IPEeACTABICHUAMU 0

BCTpOOCJ’Ia6HﬂIOH.leM u TIECKO3aACPIKUBAIOIIEM
JIECTBUH 3aLIUTHBIX JIECHBIX I10JIOC, HO OTJIMYAarOTCsA

Gonbeit HHKEHEPHOU KOHKpETH3aluen
MPUMEHHUTENBHO K JKEJIE3HOIOPOKHON
UH(PaCTPyKType. [IpakTyeckass  3HAYMMOCTh

paboThI 3aKITI0YAETCS B BO3MOKHOCTH UCTIOJIb30BAHHUS
MPENIOKEHHBIX MOJIOKEHHUH TPH MPOCKTUPOBAHUU U
COBEpIICHCTBOBAHUM CHCTEM 3alllUThl JKEIE3HBIX
JIOPOT Ha YYacCTKax, IMOJBEPKEHHBIX BO3JCHCTBHIO
ITOJBMKHEIX ITIECKOB.

TakuMm 00pa3oM, 3aIIUTHBIE JIECHBIE HACAK/ICHUS
cienyer paccMmatpuBaTh Kak 0a30BbIid
JIOJITOBPEMEHHBIN AJIEMEHT 3aIlUThI JKeJe3HbIX J0pOT
OT TecYaHbIX 3aHOCOB, a HX  pacyETHO-
TEXHOJIOTHYECKOE 00OCHOBAHHE — KAaK HEOOXOIUMOE
yCIIOBHUE [IOBBILIEHUS YCTOWYHNBOCTH
JKEIIE3HOIOPOKHON UHPPACTPYKTYpHl B  YCIOBHSAX
AKTHBHBIX S0JIOBBIX MIPOLIECCOB.
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Assessment of Erosion Reduction on Railway Slopes Using Geomats

A.Sh. Uralov®? D.K. Kenjalieval®P
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: The article examines protective forest plantations as a factor contributing to the stability of railway ecotechnical systems
under conditions of mobile sands. It is established that, in arid regions, the stability of railway infrastructure is largely
determined by the intensity of deflation processes, the level of sand transport, and the degree of protection of the railway
right-of-way. The study considers the role of protective forest plantations in reducing wind speed, decreasing deflation load,
stabilizing sandy surfaces, and improving the operational stability of railway tracks. It is shown that the combined use of
protective forest belts and engineering measures reduces sand accumulation on railway tracks and improves the reliability
of railway operation under adverse natural and climatic conditions. The article concludes that protective forest plantations
are an important factor in enhancing the stability of railway ecotechnical systems in areas affected by mobile sands.
Erosion, geomat, geosynthetic materials, RUSLE model, railway slopes, C-factor, P-factor, soil loss, slope stability,
hydraulic stability

Key words:

Temir Yol Qiyaliklarida Geomatlar Yordamida Eroziyani Kamaytirishni
Baholash

O‘ralov A.Sh.}*3 Kenjaliyeva D.K.10P
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Mazkur magolada temir yo‘l qiyaliklarida eroziya jarayonlarini kamaytirishda geomatlardan foydalanish samaradorligi
RUSLE modeli asosida baholandi. Tadgigotda yog‘ingarchilikning eroziyaviy ta’siri, tuprogning eroziyaga moyilligi,
qiyalik geometriyasi hamda goplama-boshgaruv omillari tahlil gilindi. Asosiy e’tibor RUSLE tenglamasidagi C va P
omillariga garatildi. ASTM D6459 standart sinoviari hamda ilmiy tadgiqotlar natijalari asosida geomatlar va o‘simlik
qoplami go‘llanganda ushbu koeffitsientlar 0.4-0.6 oralig‘igacha kamayishi aniqlangan. Natijada qiyaliklarda yillik tuproq
yo‘qotilishi sezilarli darajada kamayadi. Geomatlarning suv oqimi energiyasini pasaytirishi, tuproq zarrachalarining siljishini
cheklashi va o‘simlik ildiz tizimi bilan birgalikda gidravlik bargarorlikni oshirishi asoslab berildi. Tadqjiqot natijalari
geomatlarning temir yol yer polotnosi giyaliklarini eroziyadan himoyalashda samarali geosintetik yechim ekanligini
ko‘rsatadi.

Eroziya, geomat, geosintetik materiallar, RUSLE modeli, temir yo‘l giyaliklari, C-faktor, P-faktor, tuproq yo‘qotilishi,
qiyalik bargarorligi, gidravlik bargarorlik

Kalit so‘Zlar:

1. KIRISH Eroziya jarayoni to‘g’ri boshqgarilmasa turli
ko‘chishlar va yuvilishlarga sabab bo‘lib, qiyalikning
yemirilishiga olib kelib, infratuzilma yaxlitligini

buzadi, ta’mirlash xarajatlarining oshishi,

O‘zbekiston temir yo‘llarining asosiy qismlari shamol
yoki suv eroziyasiga moyil hdudlarda joylashgan.

Yillik yog’in miqdori kam bo‘lgan hududlarda
asosan shamol ta’sirida eroziya jarayoni sodir bo‘ladi.
Buning natijasida turli xil infratuzilmalar (temir
yo‘llar, avtomobil yo‘llari, sanoat va fuqarolik
binolari), qishloq xofjaligi yerlari, insonlar va
hayvonot olami turli zararlarga uchrashi mumkin.

So‘ngi vagqtlarda iqlim o°zgarishi natijasida
yog’ingarchilik holati ancha o‘zgarib bormoqda,
aynigsa yomg’irlarning chastotasi va intensivligi
o‘zgardi. Yomg’irlar avvallari yengil va uzoq davom
etgan bo‘lsa hozir qisqa muddatli lekin jala
ko‘rinishidagi yomg’irlar ko‘proq kuzatilayapti. Shu
sababli kam yog’ingarchilik bo‘ladigan hududlarda
ham qisqa ammo jadal yomg’irlar yomg’ir eroziyasini
ham rivojlantirmoqda.

all® https://orcid.org/0000-0002-6124-5250
b https://orcid.org/0000-0003-4622-5937

infratuzilmadan foydalanishlarda uzilishlarga hamda
foydalanuvchilar xavfsizligiga alogador xavflarni ham
yuzaga keltirishi mumkin [1].

Qiyaliklarda eroziya muammosini hal gilish eng
to‘g’ri muhandislik yechimlarini qabul qilishni talab
etadi.

So‘ngi yillarda butun dunyo qurilish amaliyotida
zamonaviy qurilish materiallaridan foydalanilmoqda
va ushbu materiallar ichida geosintetik materiallar eng
keng targalayotganlaridan biri hisoblanadi [2].

Geosintetik materiallar — temir yo‘l va avtomobil
yo‘llari qurilishi kabi turli sohalarda qo‘llaniladigan
sintetik mahsulotlarning umumiy Klassifikatsion
nomidir. Ular tarkibiga geotekstil materiallar,
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geoto‘rlar (geopanjaralar), geosetkalar,
geomembranalar, geomatlar hamda geokompozitlar
kiradi. Mazkur materiallar yuqgori mustahkamlik,
kimyoviy ta’sirlarga bardoshlilik, uzoq xizmat
muddati (100 yilgacha), yuqori haroratga chidamlilik,
kam material talab etishi va yengilligi kabi muhim
xususiyatlari bilan ajralib turadi [3].

Eroziya jarayonlaridan qiyaliklarni himoyalab
mustahkamlashda geosintetik materiallardan
foydalanish bo‘yicha loyihalash qoidalari hamda
standartlari mavjud [4,5].

Temir yo‘llar yer polotnosi qiyaligini eroziya
jarayonidan himoyalashda geosintetik materiallardan
hajmli geopanjara va geomatlardan foydalaniladi [2].

Geosintetik materiallarni  1ISO TR 18228-8
“Geosintetiklardan foydalangan holda loyihalash — 8-
gism: Yuzaki eroziyani nazorat qilish” standartining
loyihasi bo‘lib, ushbu standartda yog‘in ta’sirida
yuzaga keladigan giyalik eroziyasini cheklash uchun
geosintetik yechimlarni loyihalash bo‘yicha tavsiyalar
va ko‘rsatmalar keltirilgan [5].

Qo‘llanilgan eroziyaga qarshi chora tadbirlarning
ganchalik foydali ekanligini bilish muhim bosgich
hisoblanadi. Qiyaliklarda sodir bo‘ladigan eroziya
jarayonida tuproq yo‘qotilishini hisoblashning bir
gancha usullari mavjud.

Geosintetik  materiallarni  eroziyaga qarshi
go‘llangan holni RUSLE tenglamasida qarab
chigamiz.

2. TADQIQOT METODLARI

Wischmeier va Smith 1958-yilda yog‘ingarchilik
energiyasi va uning tuproq yuvilishiga ta’siri bo‘yicha
dastlabki tadqiqotlarni taqdim etdilar. “Universal Soil
Loss Equation” (USLE) 1965-yilda AQSh Qishlog
xo‘jaligi qo‘llanmasining 282-sonida chop etilgan.
Keyingi yillarda model takomillashtirilib, 1978-yilda
RUSLE (Revised Universal Soil Loss Equation)
shaklida nashr etildi. Renard va hammualliflar
tomonidan ishlab chigilgan ushbu modelda
tenglamaning asosiy tuzilishi saqlab qolingan bo‘lsa-
da, ayrim koeffitsientlar yangi ilmiy tadgigotlar
asosida gayta ishlangan [6].

RUSLE modeli universal xususiyatga ega bo‘lib,
turli geografik va ijtimoiy-igtisodiy sharoitlarda
go‘llanishi mumkin, biroq buning uchun ishonchli
statistik ~ ma’lumotlar  bazasi  talab etiladi.
Tenglamadagi omillar hududning iglimi, tuprog
xossalari, relyefi, yer goplami, ekin turi va agrotexnik
tadbirlarni tavsiflaydi [7].

Tuproq yo‘qotilishining takomillashtirilgan
universal tenglamasi — RUSLE
A=RK-LS-CP (1)

Tenglamada:

A — o‘rtacha yillik tuproq yo‘qotilishi (tn/ga-yil);

R — yog‘ingarchilikning eroziya hosil qilish
koeffitsienti;

K — tuprogning eroziyaga moyillik koeffitsienti;

LS — qgiyalik uzunligi va tikligi koeffitsienti;

C — yer goplami va boshgaruv koeffitsienti;

P — eroziyaga qarshi himoya tadbirlari
koeffitsienti [7].

RUSLE modeli qurilish maydonlarida yuzaga
keladigan eroziyani prognozlashda ham qo‘llaniladi.
U eroziyaga eng moyil hududlarni aniglash,
mulchalash va himoya choralarining samaradorligini
baholash hamda cho‘kindi hovuzlariga tushadigan
sediment hajmini taxmin gilish imkonini beradi [6].

(1) formuladagi yog‘inning eroziyaviy omili (R
omil) har bir hududdagi yog‘inning eroziya keltirib
chiqarish salohiyatini ifodalaydi. U yog‘in intensivligi
hamda uning tuprog zarrachalarini ajratib yuborish
gobiliyatini  tavsiflaydi.  Muayyan  hududdagi
yog‘inning energiyasi va intensivligini baholash
orqali uning eroziyaviy ta’siri aniqlanadi [1].

R omili yog‘in ma’lumotlari asosida hisoblanadi.
Bunda yomg‘irning kinetik energiyasi hamda ma’lum
vaqt oralig‘idagi maksimal intensivligi inobatga
olinadi [1].

Yog‘in hodisasining energiyasi quyidagi formula
yordamida aniglanadi:

e, =0.29-[1— 0.72¢7005%] @)
bu yerda: er — yog‘inning energiyasi [MJ/ga]; ir
— ko‘rib chiqilayotgan davrdagi yog‘in intensivligi.
Shundan  so‘ng  yog‘inning  eroziyaviy
ko‘rsatkichi quyidagi formula orqali hisoblanadi:

k

El3y = Z e, v, |I3g €))
r=1
bu yerda: vr — ko‘rib chiqilayotgan davrdagi
yog‘in hajmi [mm/s]; 130 — yog‘in hodisasining 30
dagigalik maksimal intensivligi [1].
Yakunda o‘rtacha yillik yog‘in eroziya omili — R
omili quyidagi formula yordamida aniglanadi:

R=1Y i(maao)kl
=1 L= -
= (Z er”r) I3

k=1

bu yerda: n — kuzatilgan yillar soni; m — j-yildagi
yog‘in hodisalari soni; k — alohida yog‘in hodisasining
eroziyaviy ko‘rsatkichi EI30.

K omili — tuprogning yog‘in va yuzaki ogim
ta’sirida eroziyaga uchrash darajasini baholovchi
ko‘rsatkichdir. U yog‘in energiyasining har bir
birligiga to‘g‘ri keladigan siljishi mumkin bo‘lgan
tuprog miqdorini ifodalaydi hamda tuprogning ichki
Xususiyatlarini, jumladan zarracha of‘lchamlari
tagsimoti, tuzilishi, suv o‘tkazuvchanligi va organik
modda miqgdorini aks ettiradi [1].

K omili tuprogning granulometrik tarkibi — ya’ni
zarracha o‘lchamlari taqsimoti asosida aniqlanadi [1].

(4)
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Zarrachalar tagsimotini tahlil qilish orgali
zarrachalarning geometrik o‘rtacha diametri Dg
quyidagi formula bilan aniglanadi:

N
D, =exp|O0. Olz filn(di)l (%)
i=1

bu yerda: f; — i-elak fraksiyasining foiz migdori;
di — ushbu fraksiyaning o‘rtacha diametri.

Zarrachalarning geometrik o‘rtacha diametri
aniglangandan so‘ng, tuprogning K omili hisoblanadi

[6].

K= {0. 034 +
2 (6)
0.0405exp [_§ (“’14(('3:7)7;1165") ]}

Yog‘in va tuproq bilan bog‘lig omillardan
tashgari, RUSLE modeli giyalik geometriyasining
tuproq eroziyasiga ta’sirini hisobga oluvchi ikkita
o‘zgaruvchini ham oz ichiga oladi. Bular: giyalik
uzunligi omili (L); qgiyalik tikligi omili (S). Mazkur
omillar yer yuzasining fizik xususiyatlari eroziya
jarayonlariga ganday ta’sir ko‘rsatishini tushunishda
muhim ahamiyatga ega [7].

Qiyalik uzunligi omili (L) giyalik uzunligining
tuproq eroziyasiga ta’sirini ifodalaydi va giyalikning
gorizontal uzunligi ()) asosida hisoblanadi:

m

A
L= (22. 13) @
bu yerda m — o‘Ichovsiz ko‘rsatkich bo‘lib, u
giyalik tikligining funksiyasi hisoblanadi.
Qiyalik tikligi omili (S) qgiyalik nishabligining
eroziyaga ta’sirini hisobga oladi va giyalik darajasiga
bog‘lig holda quyidagi formula orqali aniglanadi [7]:

$=0.065+ 0.0456s + 0.006541s> (8)
bu yerda: s — giyalikning foizdagi nishabligi.
Qiyalik tiklashgan sari suv ogimi tezlashadi,

natijada ko‘proq cho‘kindi materiallar ko‘chiriladi va
eroziya jarayoni kuchayadi.

Amaliyot omili (P) va boshgaruv omili (M)
loyiha doirasida qo‘llaniladigan ekspluatatsiya va
boshqaruv strategiyalari bilan bevosita bog‘liqdir [9].

P omili suv ogimini boshgarish uchun konturli
ishlov berish yoki turli to‘siglardan foydalanish kabi
yordamchi tadbirlarning ta’sirini ifodalaydi. M omili
esa umumiy yer boshgaruvini, jumladan agrotexnik
tadbirlar yoki gidroseyka (hydroseeding) kabi
usullarni gamrab oladi [1].

Birog, ko‘plab  fuqarolik = muhandisligi
loyihalarida, aynigsa yo‘l ko‘tarmalari yoki
giyaliklarini qurish jarayonida, ushbu omillar

ko‘pincha 1 ga teng deb qabul qilinadi, ya’ni ular
neytral ta’sir ko‘rsatadi deb hisoblanadi.

Buning sababi shundaki, ko‘tarmalar sun’iy
inshootlar bo‘lib, odatda tabiiy qiyaliklardagidek
rivojlangan o‘simlik qoplami va tabiiy holatga ega
bo‘lmaydi. Shu sababli ularda shakllangan boshqaruv
yoki himoya amaliyotlari mavjud emas [1].

C omili yoki goplama-boshgaruv omili ma’lum
bir qiyalikda o‘simlik qoplami, tuproq qoplami yoki
boshga boshgaruv choralarining himoya darajasini
ifodalaydi [7].

C=1 bo‘lsa, tuproq himoyalanmagan yoki juda
kam himoyalangan bo‘lib, kuchli eroziyaga moyil
hisoblanadi.

C<1 bo‘lsa, tuproq himoyalangan deb garaladi,
masalan, o‘simlik qoplami yoki geomatlar bilan
goplangan holatda.

C qgiymati ganchalik kichik bo‘lsa, qo‘llangan
eroziyaga garshi himoya yechimi shunchalik samarali
bo‘ladi.

3. NATIJALAR VA MUHOKAMA

Geomat goplamasining eroziyaga garshi
samaradorligi  RUSLE tenglamasidagi C va P
koeffitsientlari orgali baholandi. Ushbu omillar
giyalik yuzasining himoyalanganlik darajasini hamda
eroziyaga qarshi go‘llanilgan muhandislik
choralarining samaradorligini ifodalaydi. Tadgiqot
natijalari shuni ko‘rsatadiki, temir yo‘l giyaliklarida
geomatlardan foydalanish tuprog yuzasini mexanik
jihatdan mustahkamlab, suv ogimining bevosita
ta’sirini kamaytiradi va natijada tuproq yuvilishining
oldini oladi [10].

C-faktorining  giymatlari ASTM  D6459
standartiga muvofiq laboratoriya va dala sharoitlarida
o‘tkazilgan tajribalar asosida aniqlanadi. Mazkur
standart  geosintetik  qoplamalarning  yomg‘ir
ta’siridagi  eroziyaga  qarshi  samaradorligini
baholashga mo‘ljallangan bo‘lib, real sharoitga yaqin
qiyaliklarda sun’iy yog‘ingarchilik hosil qilish orqali
tuproq yo‘qotilishi miqdorini aniqlash imkonini
beradi [8].

Tadgiqotlar natijasiga ko‘ra, geomat va o‘simlik
goplami mavjud holatda C va P koeffitsientlari
quyidagi oraliggacha kamayadi:

Cc
ge2 € [0) 4 — 0! 6]! (9)
Co

Pgeo

——€[0,4-0,6] (10)
Py

Mazkur natijalar geomatlar qo‘llanganda qiyalik
yuzasining himoyalanish darajasi sezilarli ortishini
ko‘rsatadi. Himoyalangan holatdagi yillik tuproq
yo‘qotilishi quyidagi ifoda orqali aniglanadi:

c P
Ageo = Ao~ p~ (11)
Tenglamadan  ko‘rinadiki, C wva P

koeffitsientlarining  kamayishi  yillik  tuproq
yo‘qotilishining to‘g‘ridan-to‘g‘ri pasayishiga olib
keladi. Tadqiqotlar geomat va o‘simlik qoplami
birgalikda qo‘llanilganda eroziya intensivligi o‘rtacha
40-60 % gacha kamayishini ko‘rsatdi. Bu holat
aynigsa kuchli yog‘ingarchilik va qisqa muddatli jala
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yomg‘irlari  kuzatiladigan  hududlarda ~ muhim
ahamiyatga ega [10].

Geomatlardan foydalanishning yana bir muhim
afzalligi — suv oqimi energiyasini kamaytirishidir.
Geomatning uch o‘Ichamli tolali tuzilishi suv ogqimini
mayda ogimchalarga ajratib yuboradi, natijada ogim
tezligi hamda mahalliy yuvilish kuchi kamayadi. Shu
bilan birga geomat tuproq zarrachalarining siljishini
cheklab, yuzada qo‘shimcha ishqgalanish hosil qiladi.
Bu esa tuprogning kritik kesuvchi kuchini oshiradi va
giyalikning gidravlik bargarorligini yaxshilaydi [10].

O‘simlik qoplami bilan birgalikda qo‘llanilgan
geomatlar yanada yuqori samaradorlikni namoyon
etadi. O‘simlik ildizlari tuproq qatlamlarini bog‘lab
turadi, geomat esa ushbu ildiz tizimini mexanik
himoya qiladi hamda urug‘larning yuvilib ketishini
oldini oladi. Natijada qiyalik yuzasida bargaror
bioinjenerlik tizimi shakllanadi. Bu tizim nafagat
eroziya jarayonlarini kamaytiradi, balki giyalikning
uzoq muddatli ekspluatatsion bargarorligini ham
ta’minlaydi.

RUSLE modelida C va P omillarining kamayishi
geosintetik ~ materiallarning  eroziyaga  qgarshi
samaradorligini migdoriy baholash imkonini beradi.
Shu sababli geomatlardan foydalanish temir yo‘l yer
polotnosi giyaliklarini himoyalashda iqtisodiy va
texnik jihatdan samarali yechim hisoblanadi [1].
Aynigsa O‘zbekistonning qurg‘oqchil va yarim
qurg‘oqchil hududlarida qisqa muddatli kuchli
yog‘inlar ta’sirida yuzaga keladigan eroziya
jarayonlarini  kamaytirishda geomatlar muhim
ahamiyat kasb etadi [2,3,10].

4. XULOSA

Temir yo‘l qiyaliklarida eroziya jarayonlarini
kamaytirishda geomatlardan foydalanish yuqori
samaradorlikka ega ekanligi aniglandi. RUSLE
modelidagi C va P omillari orgali olib borilgan
tahlillar geomat va o‘simlik qoplami mavjud holatda
yillik  tuproq yo‘qotilishi  sezilarli  darajada
kamayishini ko‘rsatdi. Geomatlarning uch o‘lchamli
tuzilishi suv ogimi energiyasini kamaytirib, tuprog
zarrachalarining siljishiga garshilik hosil giladi hamda
giyalikning gidravlik bargarorligini oshiradi.

ASTM D6459 standart sinovlari va ilmiy
tadqiqotlar natijalari geomatlar qo‘llanganda eroziya
intensivligi 40-60 % gacha kamayishini tasdiglaydi.
O‘simlik qoplami bilan birgalikda qo‘llanganda esa
giyalikning uzoq muddatli bargarorligi yanada ortadi.
Shu sababli geomatlar temir yo‘l yer polotnosi
giyaliklarini himoyalashda samarali, igtisodiy va
ekologik jihatdan magsadga muvofiq geosintetik
yechim hisoblanadi.
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Predicting Railway Sand Drifts Using Meteorological Data

Abstract:

Keywords:
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Tashkent State Transport University, Tashkent, Uzbekistan

This article investigates the patterns of sand drift formation on railway infrastructure located in arid
zones. The study analyzes the dependence of track encroachment intensity on atmospheric process
parameters, with a particular focus on moisture deficit in regions prevalent with dune sands. The
research establishes a mathematical correlation between a decrease in annual precipitation and the
maximization of sand accumulation on the track superstructure. Reduced moisture in the top sand
layer causes a loss of cohesion, thereby intensifying deflation processes under wind loads. The
findings enable the prediction of critical periods of track susceptibility to sand drifts and can be
applied to optimize the design of protective structures and improve the scheduling of track clearing
operations.

Sand drifts, railway track, dune sands, atmospheric processes, annual precipitation, arid zone,
encroachment dynamics, wind-sand flow

IIpornosupoBanmue Ileckozanocumoctu Kesesnogopoxubix Ilyrei ITo

Meteoposioruyeckum Iokasareasim

My3zagdaposa M.K.202

TankeHTCKHit TOCYIAPCTBEHHBIH TPAHCTIOPTHBII YHIBepcHTeT, TalKeHT, Y30eKucTaH

AHHOTALIHSA:

Kunrouessie cioBa:

B craree wuccnemyrorcs 3aKOHOMEPHOCTH (DOPMHUPOBAHMS IE€CYaHBIX 3aHOCOB Ha OOBEKTax
JKEJIC3HOJIOPOXKHOW ~ MH(PACTPYKTyphl, paCIOJOKEHHBIX B  apuAHBIX 30HaX. ABTOPOM
NpOaHaIM3UPOBaHa 3aBUCHMMOCTh HHTEHCUBHOCTH 3aHECEHHS ITyTeH OT MapamMeTpoB aTMoc(epHBIX
MPOLIECCOB, C OCOOBIM AaKLIEHTOM Ha Ne()UIUT BIard B PETHOHAX pPAacCIpOCTPaHEHUsI OapXaHHBIX
neckoB. B xoze paboThI ycTaHOBIICHA MaTeMaTHUECKas CBsI3b MEKTy CHIDKCHHEM YPOBHS TOJIOBBIX
0Ca/IKOB M MaKCHMU3aLIeH 00beMOB ITIECUaHBIX OTJIOKEHHUIT Ha BEpXHEM CTpoeHHH ImyTH. CHIDKEHHE
BJI&KHOCTH BEPXHETO CIIOSl TecKa NPUBOMUT K IIOTEpE €ro CBSI3HOCTH W HWHTCHCH(UKALUH
JNe(ISIUMOHHBIX TMPOIECCOB 0] BO3/CHCTBHEM BETPOBBIX HAarpy3ok. [lomydeHHbIe pe3ysbTaThl
MO3BOJISIIOT IIPOTHO3UPOBATh KPUTHYECKHE MEPHONbl 3aHOCUMOCTH JOPOr ¥ MOTYT OBITh
UCIIOJIb30BAHbI TSl ONTHMH3AIMH APaMETPOB 3aLIUTHBIX COOPYKEHUI U IUIAaHUPOBAHMS rpaHKOB
OYHCTKH MyTEH.

[ecuanble 3aHOCHI, KEJIE3HOTOPOIKHBIH MyTh, OapXaHHbBIE MIECKH, AaTMOC(EPHBIE TPOLIECCHI, TOJIOBbIE
0CaJIKH, apuiHas 30Ha, JMHAMUKA 3aHOCUMOCTH, BETPOIIECYaHbIi OTOK

1. BBEJJEHUE TemnepatypHble AMIUIUTY B 31eCh

SKCTPEMANBHBI: OT MOPO30B HUXe -35°C 3umoit
OmnycThIHUBaHHE MpeACTaBIsACT coboit mo 3Hos BeIme +50°C netom. Ilpum sTOM
rIo0aTbHyI0  IKOJOTHYECKYH  mpoliemy, YPOBEHBb TOJOBBIX OCaIKOB HEPABHOMEPEH: Ha

BBI3BAHHYI0 MAacCIITaOHBIMH KIMMATHYECKHUMH
U3MeHeHUsAMHU. B apuaHbIX permoHax nepunut
YBIIQXHEHUS B COYETAHUH C  BETPOBOM
aKTHBHOCTBIO ONpPENEIeHHOH HHTCHCHUBHOCTH
BBICTYyHAET KIIF0OYEBBIM (dakTopoM
GbopMHpOBaHUS  BETPOIECUYAHOTO  IOTOKA,
00opr0a ¢ KOTOPBIMH SBISIETCS HPUOPUTETOM
JUTSL MHOTHX TOCYJIapCTB, BKJIFOYast Y30eKHCTaH
[1, 2].

JUiss IyCTBIHHOTO KJIMMaTa XapaKTepHO
aHOMaJbHO JKapKoe JIETO M KOHICHTpalus
0CaJKOB B 3MMHE-BECCHHUIH NEepUoI.

3% https://orcid.org/0000-0002-0858-4704

paBHMHAX OH coctaBuseT Bcero 80—200 mwM, B
npearopsax soszpacraet xo 300-400 mm [3, 4].

Knumar nmycThIHb IPU3HAH CAMbIM XapKUMHU
u 3acymnuBeiMH. Ocaigkm 37ech  HOCST
ClIy4allHbIl XapakTep, a B OTHAEIbHBIE TOMBI

MOTYT TOJHOCTBIO OTCYTCTBOBaTh. Takmue
cypoBble  ycnoBus  (GOpMHUPYIOTCS — H3-3a
KOHTHHEHTAaJIbHOCTH KimMaTa [2, 4]. CyTouHbIe
KolleOaHUs  TeMmIepatyp  KpailHe  pe3KHu:

JHEBHOHN COJIHIIENEK PACKAJSIET MMOYBY U TyOHUT
CEMEHa pacTEHUN, a HOUbI BO3JAYX U BEPXHHUU
CIIOH TecKa CTPEMHUTEIbHO OCTHIBAIOT. UTOOBI
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OTIEpPaTHBHO OCTaHOBUTH BBHIBETPHUBAHHE
(nednsmuio) MECKOB, OMOJIOTHYECKY IO
peKxyiIbTUBANNIO 3PPEKTUBHO COYETAIOT C
TeXHHUYECKHUMHU MeToaamu [5-8].

B paHee BBIMONHEHHBIX MCCIEIOBAHUAK
MOJYePKUBACTCS, YTO CTAOHIBHOCTD MECYaHbIX
JIOH HampsMyK ONpenesseTcss BETPOBBIM
PEKUMOM H KPUTHYCCKUM pa3peKUBaHHEM
pacTHTENBHOrO0 TMOKpoBa. TeM He MeHee,
MJIOTHOCTh  PACTUTEIBHOrO0  IMOKpOBa  Ha
mecyYaHbIX cybcTparax HaIpsIMYI0
peryiupyeTcs JOKaTbHBIMH
rujaporepMudeckumMu ¢dakTopamu. B cBs3u ¢
9THM MOHHUTOPHHT BO3JCHCTBUS BETPOBOTO
pexuma u aTMOC(HEepHBIX 0CAJAKOB Ha TUHAMHUKY
30JI0BBIX (GopM penbeda HEOOXOAUM IS

CPEHECPOUYHOTO MPOTHO3UPOBAHUSI
MOJIBUNKHOCTH MEeCKOB u HAyYHO
000CHOBAaHHOTO MJIaHUPOBAHUS

MpOTUBOMECYaHbIX Meponpustuii [9, 10].

JIBH)KEHHE TECKOB HECET CePhEe3HYI0 yIpo3y
9KOHOMHUKE: yIIepO CKIalbIBaeTCsl HE TOJIBKO U3
3aHOCOB OTJENBHBIX OOBEKTOB, HO U U3
IMOCTOAHHBIX pPAcXoJOB Ha OYHUCTKY HJOpOT,
TUAPOMEIIMOPATUBHBIX Y3J0B W OpOIHa€MbIX
3eMellb. ExxeroiHo jxejie3H0I0pOKHbBIE CITYKObI
BBIHYXJACHBI pacyYuIlaTh OT IMECYAHBIX 3aBaJIOB
B cpeaneM okoio 200 km myTeit [8].

3amura TPAHCIOPTHO-TEXHUYECKOU
UHpPacTpyKTypsl CTAaHOBUTCSH  KPUTHYECKH
Ba)XXHOW M3-3a pOCTAa CKOPOCTEH IOE310B HU
mepexoa >KeIe3HbIX OPOr ¢ AM3EIbHOH TATH
Ha JNEKTPUUECKYIO. Buenpenue
BBICOKOCKOPOCTHOTO [aCCaKUPCKOT0
COOOIIEeHN Ha CTPAaTerH4ecKOM HaNpaBlIEHUH
oT byxapsl 1o Muckena npespatuio 00ps0y ¢
IecuyaHbIMM 3aHOCaMH B KIIO4YeBOH (axTop
obecriedeHNs 0€30MaCHOCTH JBHIKEHUS.

[To 3Toit mpu4MHE pa3BepHYTHI MacIITaOHbIE
paboTEl IO MOIECPHH3AIUU CTPOUTENIHCTBA H
9KCILUTyaTallHH >KENE3HBIX JOpOr B apHAHBIX
30HaX, HampaBJeHHble Ha oOecredeHue
0e30MacHOCTH. JTH MEpONpHUATHS TpeOyT
3HAYUTENbHOrOo (QuHAHCUpOBaHUA. CoOrlacHO
MHOTOJIETHUM IMITUPUYECKUM JaHHBIM
ITUCTAHIIMHA 3alIMTHBIX JECOHACAXJICHHUH, B
MepU OBl MOBBIIIEHHOTO KOJIMYEeCTBA
aTMOC(epHBIX 0CaJIKOB HHTEHCHBHOCTH
J0JIOBOTO IIEPEHOCa pe3Ko cHikaercs. Takum
00pa3oM, yCTaHOBJIEHUE TOYHOH 3aBHCHMOCTH
MEXIy MHTCHCHUBHOCTBIO IECUYAHBIX 3aHOCOB U
00peMOM aTMOC(EPHBIX OCAAKOB IO3BOJUT
ONTUMHU3HPOBATh IJIAHUPOBAHUE CE30HHBIX
3alIMTHBIX paboT, CYyIECTBEHHO COKPATHTh MX
00BeM WIH MOJIHOCTBIO HCKITIOYUTH
HEO0O0XOIUMOCTh UX MPOBEACHHS Ha OTACIBHBIX
JTamax, 4YTo MHHUMHU3HpPYET (HHAHCOBBIE
3aTpaTHl.

2. METOAUKA UCCJIEJOBAHMUSA

IIpu y4acTHHU HHXXEHEPHO-TEXHUUYECKOTO
nepcoHala AucTtaHiuil nmytu HaBouiickoro u
Byxapckoro peruoHoB ocymecTtBieH 10-
JICTHU I MOHUTOPHUHT WHTEHCUBHOCTH
MecYaHbIX 3aHOCOB Ha UCCIEIYEMbIX y4acTKaXx.
Ha ocHoBe 3aperucTpupoBaHHBIX YPOBHEMH
MECKO3aHOCUMOCTUA  JKEJE3HBIX  JOpOr  C
HCIIOJIB30BAHUEM METOJa paHxupoBaHus M. M.
MupaxmMeoBa omnpeaeaeHa KaTeropusM
3aHOCUMOCTH y4acTKoB (Taliu. 1).

Ha crnenyromem srtame McCleTOBAaHUS MPOBEIEH
MOHHUTOPHUHT IapaMeTpPOB aTMOC(EpPHBIX NMPOIECCOB
B apUJIHBIX 30HaX MO JaHHBIM MeTeOpOHOTqucKOﬁ
CEeTU paccMaTpHUBAaEMBbIX PETMOHOB 3a UCCIEAYEMBbIH
TEPHOI.

Ha ocHose MOJIYUYCHHBIX JaHHBIX 6])].]'[ BBIITIOJIHCH
CpaBHHTeJ’IBHLIﬁ aHaJIu3 KOppelisinuu MEXIay
O6'BeMOM TOOOBBIX H CC30HHBIX aTMOCCbepHBIX
0CaJgKOB, BETPOBBIM PEXKXHWMOM U YCTAaHOBJICHHBIMH
KaTeropusamMu IIECKO3aHOCHUMOCTH
KEJNE3HOTOPOIKHOTO Y TH.

3. PE3YJIBTATHI U OBCYKJIEHUE

MHOroneTHU MOHUTOPUHT OCYIIECTBIIAICS HA
tepputopun  HaBowmiickoik u  byxapckoi

obylacTel — pPErHMOHOB, XapaKTEePHU3YHOIHUXCS
MIMPOKUM  pacnpocTpaHeHUeM  OapXaHHBIX
MECKOB. PesynbTaTs MPOBEACHHBIX

uccienopanud B npenenax  Hapowiickoit
001acTH CHCTEMaTU3UPOBAHBI U MPEACTABICHBI
B Tabi. 1.

Ta6anua 1
IMapamMeTpbl 0caIKOB U KaTeropuii 3aHOCMMOCTH
nyTH (1o roaam)

Toper | AAn | Map | HUio | Cen 3a Kar

Bap | T- Hb- | TA0 | rox | erop
b- | Maii | Uro | psb- ust
e b Jek 3aHO
Bpa abp cum
b b ocT
u
ydac
TKOB

Hasountickas obmacTh

2014 | 22 | 46,8 0 0 68,8 |

2015 - - - - - 1l

2016 | O 2,6 0 45 | 47,6 |

2017 | 63 | 47 0 22,4 | 132 1
2018 | 25 | 16 0 30 84 |

2019 | 49 | 168 | 29 | 20,4 | 266 11
2020 | 91 | 116 2 19 | 228 11
2021 | 26 | 105 3 22 | 156 1
2022 | 55 | 123 3 37 | 218 11
2023 | 45 | 37 3 45 ] 130 1
2024 | 78 | 137 6 66 | 287 11
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PesynbTaThl rcclieJOBaHUI
CBUJETEIBCTBYIOT O TOM, YTO MaKCHUMallbHas
WHTEHCUBHOCTH  ITI€CYAHBIX  3aHOCOB (I
KaTeropusi) ¢Qukcupyercs B HEpUOJIbI, KOTjaa
rogoBoii 00beM aTMoc(epHBIX OCaJKOB HE
npeBsimaer 100 mMm. HamportuB, a1sa net c
ypoBHEM ocaakoB Oosee 220 MM XapaKTepHBI
MHUHUMaJIbHBIE 00BEMBI MECUYAaHBIX OTIOXKEHHH
Ha MyTAX.

[IpomexyTouHbIE 3HAYEHHUS TOJOBBIX
ocaakoB B auamnazoHe ot 100 mo 220 mm
oOyciaBnuBamT (opmupoanue Il kareropum

MEeCKO03aHOCUMOCTH, npu KOTOPBIX
HHTEHCUBHOCTh A€QJANUOHHBIX IPOIECCOB
HampsIMYy0 3aBUCHUT oT CE30HHOT0
pacmpeeeHus BJIATH. Haubonee

KPUTHYECKUM (DaKTOPOM B JaHHOM KOHTEKCTE
BBICTYNaeT 00bEM 0CaJKOB HMMEHHO B BECEHHH I
nepuon. Kak moka3bplBalOT  MHOTOJIETHHE
HaOJIOCHUs, JAOCTATOYHAsI BJIAYKHOCTH MOYBBI
BECHOH CIIY)KHUT NyCKOBBIM MEXaHU3MOM ISt
MacCOBOTO MPOPACTAaHHUSA CEMSH McaMMO(pUTOB
nu d:)I/ITOMeJ'[I/IOpaHTOB, Haxoasanuxcs B BEPXHEM
cioe cybcrpara.

duznueckas npupoja BBISIBJIEHHOU
3aKOHOMEPHOCTH 00BsICHSIETCS JIBYMsI
¢daxropamu. Bo-nepBbIX, Ipu ypoOBHE OCaJKOB
O6onee 220 MM ecTecTBEHHOE OOBOJHEHHUE
eCYaHOTO MacCHBa BPEMEHHO YBEJIMYHBACT
CHJIBI CIEIIJICHHSI MEXK]y YaCTULIAMH T1€CKa, YTO
pPE3KO MOBBILIAET MOPOrOBYI0 CKOPOCTh BETpa,
HeoOxoJuMyto Juisi Havana aednsuuu. Bo-
BTOPBIX, HM30BITOYHOE BECEHHEE YBIXXHCHHE

HHUIUUPYET npoiecc CIIOHTaHHOTO
camo3apacTtaHus 6apxaHoB. QopMupyomuincs
pacTUTEIbHBIN MOKPOB, Jaxe npu
MHUHUMAJbHOM  IHPOEKTUBHOM  IOKpPBITHH,
CHIDKAET MPU3EMHYIO CKOPOCTh

BETPONECYAHOI0 MOTOKA U HAJIE)KHO PUKCUPYET
MOJABM)KHBIE IMMECKH.

HampoTtuB, B 3KCTpeMalbHO 3aCyIIIUBEIE
roasl (Menee 100 MM ocaakoB) ceMeHa
¢dbuTOMENHOPAHTOB BBITOPAIOT o
BO3ACHCTBHEM WHTEHCHBHOM COJTHEYHOM
WHCOJSILMH, HE BBIXOAS U3 COCTOSHHS ITOKOS.
ITonnoe OTCYTCTBHE €CTECTBEHHOTO
pactuTenpHOTO Oapsepa B COYETAaHHH C
MOTeped CBSI3HOCTH HCCYHIEHHOTO IECYaHOTO
TPyHTa IeTePMUHUPYET MaKCHUMAaJIbHYIO
WHTEHCUBHOCTH AC(ISIIUA W OTPHIBA YaCTHUII
BETPOBBIM IOTOKOM. B Takue mepuoasr 00seMbl
3aHOCOB Ha BEpPXHEM CTPOCHHH MYTH
NOCTHTAIOT NHKOBBIX 3HAYCHHWH, NEpeBOII
YYacCTKH JKeJIe3HOH JOpOTH B KaTETOPHIO
MOBBIIIEHHON OIMaCHOCTH.

B pe3ynmpraTe TIPOBENEHHOTO AaHAIW3a
OollpeAesIeHBl TPaHWYHBIE 3HAUYCHUS OCaJKOB,
pa3rpaHUYHBAIONINE YPOBHH ONAacCHOCTH

MecYaHbIX 3aHOCOB Ha JKEJIEe3HOJOPOKHBIX
nyTsax (tabu. 2).

Tabanna 2
OneHka BAMAHUSA ATMOC(EPHBIX 0CAKOB HA
AUHAMMKY NeCYAHBIX 32HOCOB

Ocanku, MM Kateropus
B Tom uymcne | mecko3aHocH
B rony N
BECHOM MOCTH
D >220 D>110 1l
150<D<220 | 50<D<110 |1l
D <150 D <50 |
4. BBIBOJ
KitoueBbiM (akTopom CHUKCHUS

MHTECHCUBHOCTH I'OJOBBIX IIECYAHBIX 3aHOCOB Ha
JKEJIE3HOJIOPOKHBIX IYTAX SBIAETCA TIOJOBOE
KOJIMYECTBO 0CaJKoB, obecreunBarolee
€CTECTBEHHOE 3apacTaHue IeCYaHbIX MAacCHUBOB
MCcaMMO(HUTHONH pacCTHTENBbHOCThIO. B CBs3u ¢
3THUM, IIPOTHO3UPOBAHUE YPOBH:I
MECKO3aHOCUMOCTHU JKEJIE3HBIX Jnopor
MpearnoyiaraeT  IPOBEICHUE  HCCIEIO0BaHHM,
HAlpaBJICHHBIX Ha YCTAHOBJIEHUE KOPPEISILUU
MeXAy 00bEMOM T'OJIOBBIX OCAJIKOB, JMHAMHUKON
Pa3BUTHSA PACTUTEILHOTO MOKpOBAa M 00bEMOM
aKKyMYyJIHMPOBAHHOTO IIECKa.
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Application of Composite Sleepers on Railway Bridge Approaches

Z. Faziloval®?
'Russian University of Transport, Moscow, Russian Federation

Abstract: Laying composite sleepers on the approach to the bridge is a scientifically based and proven method
of dealing with transitional rigidity. The main effect is achieved by smoothing the jump in elasticity
and increased damping, which prolongs the life of the entire structure. The assessment of cyclic
strength, elastic and damping properties of composite sleepers under the influence of a variable load
simulating the passage of wheelsets was carried out in the loading mode: 60-80 kN (span 20 kN) with
frequencies of 5, 10 and 15 Hz. Number of cycles: up to 5000. The results showed that the material
is subject to cyclic strengthening. Initial instability (0-200 cycles) is replaced by stable strengthening.
Approaches to bridges, composite sleeper, cyclic tests, loading mode, frequency of action, damping
properties, deformation, modulus of elasticity

Keywords:

Hpumenenue Komno3utHbix Inaa na Ioaxoaax k 7ZKesne3Hoa0p0KHBIM
MocTtam

®azuiioBa 3.102
YPoccuitckwuit YHUBEPCUTET TpaHcnopTa, MockBa, Poccuiickas @enepanus

AHHOTAIWSL. Vxiaska KOMIIO3UTHBIX IINAJI Ha TOJIXO0JE K MOCTY HaydHO OOOCHOBaHHBIH W TOATBEPIKICHHBII
MPaKTHUKOH MeTos OOphObI ¢ mMepexoHol xecTKocThio. OCHOBHOH 3(deKT nocruraercs 3a cuer
CTJIa)KUBaHUS CKayKa YIPYroCTH W MOBBINIEHHOTO JeMIIpHPOBAHHS, YTO MPOJUIEBAET PEecypc BCe
KoHCTpyKIuH. OleHKa [UKIMYeCKOH MPOYHOCTH, YIPYTHX W AeMIQUPYIOMNX CBOMCTB
KOMITO3UTHBIX LI MPU BO3ACHCTBUY NEPEMEHHON Harpy3KH, MOACIUPYIOLIEH POX0J] KOJIECHBIX
nap, npoBoJmiach B pexuM Harpyxenwsi: 60—80 kH (pasmax 20 xH) ¢ wacroramu 5, 10 u 15 I'm.
KomngectBo nuknos: g0 5000. Pe3ynbprarsl mokaszaiay, 4YTo MaTepual MOABEPIKEH LUKINYECCKOMY
ynpouHenuto. HauaneHas HectabmimbHOCTH (0—200 UKIIOB) CMEHSETCS] YCTOMYMBBIM YIIPOUHCHHUEM.
Ioaxoapl K MOCTaM, KOMIIO3UTHAS IITIANA, HUKIMYSCKUE UCTIBITAHUS, PEXKUM HArpyKEeHHs, 4acTOTa
BO3JICHCTBISL, AeMII(UPYIOIIE CBOWCTBA, AeOopManysi, MOIYJIb YIPYTOCTH

Kunrouessie cioBa:

1. BBEJAEHHUE

YyacTKu NEpEMEHHON KECTKOCTM Ha IOAXO0HaX K
MOCTaM  HpEACTABISAIOT  cO0OHl  crenuanbHble
HWH)XEHEPHbIE KOHCTPYKLUM, IPU3BaHHBIE pEIIUThH
npobiieMy pe3KOoro mepenajga >KECTKOCTH MEXIy
OTHOCHUTEIBHO MOJATIMBOM HACBHIIBIO M JKECTKUM
MOCTOBBIM COOpY>K€HUEM. Takoi mepenaj sBISETCS
OCHOBHOW HPUYHHON 0Opa30BAHUS «IIPEIMOCTOBBIX
SIM» B YCKOPEHHOTO U3Hoca myTH [ 1]—[2].

Ha rpanmme MocTa W 3€MIITHOTO IIOJIOTHA
BO3HMKAET PE3KUN CKa4yOK ecTkocTu. Ilpu mpoxoze
Ioe3/la 3TO BBI3BIBACT HEPABHOMEPHBIE OCAIKU H
JOTIOJTHUTEIIbHBIE JTMHAMHYECKHE Harpysk,
BHOpanuio, 4T0 NMPHBOAUT K YCKOPEHHOMY H3HOCY
penbcoB, mman, OamacTHOro cios. VcnbiTaHus
MTOKa3bIBAIOT, YTO MOJYJb YHOPYTOCTH IIyTH Ha
THTIOBOM JKeNIe300€TOHHOM MOCTy TpuMepHO B 1,5
pasa BBIIIE, 4eM Ha Toaxone K Hemy [3]—[4].

Konctpykiuu [IEpEMEHHON JKECTKOCTH
o0ecreunBaroT IUIaBHOE, ITOCTENIEHHOE W3MEHEHHE

all https://orcid.org/0000-0001-5933-1208

MOJIyJs YIPYTOCTH MOJPENILCOBOIO OCHOBAaHWSA Ha
mepexoje  OT  HAachlM K  MOCTY,  YTOOBI
MHUHUMH3UPOBAaTh JUHAMUYECKOE BO3JEHCTBHE OT
MI0€3/I0B.

s co3manus y4acTKOB NEPEMEHHOM KECTKOCTH
MPUMEHSIOTCS Pa3IMYHblCe WHKEHEPHbIE pPELICHUs,
IpescTaBlIeHHbIe B Tabmmue 1.

Tabauna 1
KoOHCTPYKIIMM YYACTKOB NepeMeHHOI KeCTKOCTH

Texuuue- [puniun peitcteust | DddexTus-
CcKoe HOCTb
penieHne
Kenesober | [Inura ommpaercs | Yiydmarot
OHHBIE Ha YCTOH MOCTa H | IUTaBHOCTHb
nepexo- TPYHT HACBINH, | X0[a, HO HX
HBIC [UTUTHI | PaCIpeesissi s dexTus-
HarpysKky Ha | HOCTh
OOJBIIYIO IUTONIAZh | OrpaHHYEHA
ITAHON
(0OBr4HO 11O
6-8 m)
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ApmupoBa | BypoHaGuBHEIE 3HauuTe-
HUE TPpyHTa | CBaH WK | JHHO
(cBam, TeOpEIEeTKH TOBBIIIAIOT
reomMare- YKPEIUISIIOT ~ IPYHT | XKECTKOCTb
pHabl) HAaCHIIH, OCHOBaHHUS
YBEIMUNBAsI €ro | Ha MOIXOAE,
KECTKOCTh yMEHbIIas
pasHuIy
Knunosug | 3a MOCTOBBIM | CHmXaeT
Has yCTOEM HEpaBHO-
3achlllKa - | yCTpauBaeTcsi KJIMH | MEPHOCThb
U3 MaTepuaja C | OcaJKH Ha
MIOCTENIEHHO 42.2%
yMeHbIIatoImecs COTJIaCHO
JKECTKOCTBIO uccie0Ba-
HUSIM
IIpumenen | Ykmanka ITo3Bonser
ue no0aIacTHRIX TOYHO
YIpYTuX MaToB WIN | HaCTpauBaTh
3JIEMEHTOB | MOAPEIbCOBBIX KECTKOCTh
IPOKIAJ0K pasHOM | MyTH Ha
KECTKOCTH JUIs | pasHbIX
IUTABHOTO MEPEeXoa | y4acTKax
30HBI
nepexoza

CormnacHo HOpMaTHBaM, MHUHUMAJIbHAA [dJIMHA
yyacTKa TIEPEMEHHOH JKECTKOCTH 3aBHUCHT  OT
CKOPOCTH JIBH)KEHHUSI MOE37I0B U COCTaBIsET OT 15 j10
25 meTpoB. OJHAKO MCCIE0BaHUS MOKa3bIBAIOT, UYTO
3TOT0 YacTO HEAOCTATOYHO, U TS HaJIS)KHOU PabOTHI
Ha BBICOKOCKOPOCTHBIX U  TPY30HAINpPsDKEHHBIX
JTUHHSX Tpedyertcs HWHAWBUIYaIbHOE
MIPOEKTUPOBAHUE C YYETOM PEaJbHON UIMHBI 30HBI
pacctpoiicTs [S]—[7].

Takum 00pa3oM, yuacTKH IIEPEMEHHON KECTKOCTH
— 9TO HE MPOCTO IUINTA, a KOMIUIEKCHAs cHCTeMa
«TPOJIETHOE CTPOEHHE — YCTOM — 3eMIISIHOE
MOJIOTHO», K  KaXIOMYy  DJJIEMEHTy  KOTOpPOM
MIPEIbSBISIOTCS CBOM TpeOOBaHMS Al oOecTieueHHs
IJIABHOCTU XO/1a M TOJTOBeYHOCTH ImyTu [8]—[9].

2. UCCIIEJOBAHHUE .
JAEMIIOUPYIOHIUX CBOUCTB

OnHuM 13 3¢ PEeKTHBHBIX TEXHHYECKUX IPEI0KSHUH
IUIsL penieHHsT TpoOJIeMBbl MEPeXOAHOH JKECTKOCTH
SBJIAETCS IIPUMEHEHHE KOMIIO3HTHBIX IINAl Ha
MOAXOAaX K JKEIe3HOAOPOXKHBIM MocTaM. OHO
MIO3BOJISIET 3HAYUTEIBHO YBEIMYUTH CPOK CIIYXKOBI
MYTH ¥ CHU3UTH 3aTPaThl HA €r0 COACPIKAHHUE.

KomnosutHsie mmansl paboTaroT Kak "yMHBIH"
Oydpep. OHu rxKecTue, 4YeM JEpeBSHHbIC (KOTOpbIC
4acTo JIeKAT Ha MOJX0/1aX), HO TPH STOM O0IaAaroT
Oonpmiei THOKOCTBIO W JIEMII(HpPOBAHUEM, HYEeM
TSOKEIBINA Jkene300eToH. KioueBbie 3pdeKTsl oT ux
TIPUMEHEHMSI IPUBECHEI B TabmmIie 2.

Hambomee  yOemurTensHBIE ~ OaHHBIE  OBUIH
MIOJIYYEeHBI B XOJI€ MacCIITa0HBIX AKCILTyaTallMOHHBIX
ucneitaanii, nposeneHHbX B CIIIA (TTC) Ha cetn

nopor Union Pacific [6]. Ha ogrOM 113 y4acTKOB OBLTH
YIIOKEHBI TPH TWMNA IIHal: JKeJIe300eToHHBIE (C
PE3MHOBBIMHM  NTOJIKIAJKaMH W 0e3), a TaKke
KOMIIO3UTHBIE. Uepe3 MpoNyIleHHbI TOHHaX B 245
MJIH TOHH OpYTTO pe3yJIbTaThl TOKa3ajiH, YTO UIMEHHO
KOMITO3UTHBIE IIITajibl OOECHEeYMIM HaWMEHBIINHA
pa30dpoc KECTKOCTH. 3HAUCHHST MOLYJIsl yIIPYTOCTH Ha

MOCTY u Ha moaxoac cTaji MMPAKTUYCCKU
OJJMHAKOBBIMH.
Kommno3utHbie Imajabl Imoxkasajim BBICOKHC

BHUOPOMOTJIONIAIOIINE XapaKTepUCTHKU. B xome Tex
)K€ HCIBITAaHUH KOA(OGUIMEHT NeMI(QUPOBaHUSI Yy
KOMITO3UTHBIX ~ Imajx  ObI  COINOCTaBUM  C
ko3ppurmentom y Kb-mman ¢ pe3nHOBBIMH
npoknaakamu (oxono 0,15), Toraa kak y OOBIYHBIX
JKB-mman on coctasui Bcero 0,10. DTo o3Ha4aeT, 4ToO
MyTh C KOMITO3UTHBIMHU IITaJlaMH OBICTpEE TacHT
BUOpaLMK TIOCIIe ITPOX0/ia KoJieca.

3a Bech nepuo] HaOMIONEHUH TPH MHTEHCHBHOM
JIBIDKEHUU Ha MOCTaX ¢ KOMITO3UTHBIMH LINAJIAMH He
ObUTO  3a(DUKCHUPOBAHO TIOSBICHUS TPCUMH WA
paccTpoiicTBa Iy TH.

Ta6anuna 2
I dekTHBHOCTH MPUMEHEHUST KOMIIO3UTHBIX
A

Dddexr oT
MMPUMEHCHUA
KOMITO3UTHBIX III1aJI
CHIDKaIOT pasHULY B
KECTKOCTH MEXKIY
IMyTeM Ha MOCTy U Ha
HOAXO0/e
VYnapHble Harpy3ku u
BUOpalmK TacsTcs 3a

ITapameTp

BripaBHHUBaHNE
JKECTKOCTH

CHIKEHHE TUHAMUKHA

cyeT IIOJIMMEPHON
MaTpULIbI
CormpoTtuieHue TexcTypupoBaHHas
CIIBUTY MIOBEPXHOCTh
obecrieunBaeT Jiydinee
CIICIUICHHUE c
OamiacTom (y

KOMITO3UTHBIX  IIITaN
oHO B 1,5 pasa BrIe,
4eM Y JePEBSIHHBIX )

Ornenka AeMI(pUPYIONX CBOHCTB KOMITO3UTHBIX
I OJHA U3 KIFOYEBBIX 3a7a4, TaK KaK IMEHHO DTH
CBOICTBAa BO MHOTOM OIIPEIEISIOT X IMPEHUMYIIIECTBO
HaJ TPaJUIIMOHHBIMH JKEIEe300eTOHHBIMH IIITaJlaMU
(cHmkenne BuUOpammM W IIyma, yIydIIeHHE
IMHAMHYECKOTO B3aMMOEHCTBUS My TH "
MTOABIMKHOTO COCTaBa).

B coorsetrctBum co cranmapramu AREMA 6pum
TIPOBEACHBI nabopaTopHEIE HWCIBITAHUS Ha
MUKIAYECKYI0 HArpy3Ky IMajgbl Ui WMHATAIAA
MOCTIEIYFOIINX MTOE3/I0B, MPOXOISIINX HAJ MITIAJION B
TEYEHHE €€ CpoKa CHyKOBl, YTO IIO3BOJISET
HAOIOATh yCTANOCTHEIC 3 (GEKTH WK TOCTOSHHYIO
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JehopManuio ¥ J0Ka3bBATh HECYLIYIO COCOOHOCTH
1 paboTOCIIOCOOHOCTH MIMabl (PUCYHOK 1).

Puc. 1. UcnbiTanue 06pa3ua KOMIO3UTHOMH
INAJBI HA HUKJIMYECKYI0 HATPY3KY

Pe3ynpTaThl  MCOBITAHUA HA  HUKINYECKYIO
yCTAJIOCTh ~ KOMIIO3WTHOW  INMAajdbl Ha  OCHOBE
nepepabOTaHHOrO  IUIACTHKA  IPEJCTaBICHBl Ha
pucyHkax 2 — 4.

INpencraBiensl Tpu OCIMJLIOTPAMMBI,

oToOpakarole TMHAMUKY U3MEHEHHs nedopMainm
obpasiia mpy MPUIOKSHUN [TUKIMYSCKOH HATPY3KH B
nuanazone 60—-80 kH. Ha Bcex rpadukax BUIHO, 4TO
cucremMma BBIIIJIA Ha yCTaHOBHBmHﬁCH PEXKUM
KoJleOaHMii ~ TIOC/ie  HAYaJIbHOTO  MEPEeXOJIHOTO
mnpoiiecca. B mporecce HCHBITAHUNH HU OJUH U3
00pasioB He pa3pyIIUIIC.

Ha Bcex Tpex uwactotax (5, 10 u 15 I'ti) cuctema
YCIIEIHO O0TpadaThIBaeT IUKIIBI Harpyxenus "60-80
kH" 6e3 morepu hopMbI CHTHATIA.

I'paduk Ha 5 ' nokaspiBaeT pazmax gedopmaiuu
okoso 0.8 MxMm (Ha ypoBae 9.5-10.3 MkM), TOrIa Kak
rpaduxu Ha 10 I'm u 15 'l mokaspiBaloT ropasjo
Menbmid pazmax (0.1 MKM) U aOCOJIOTHO Jpyrue
3HaveHus (B paiione 31 mkm). Hanbonee BeposTHOI
IPUYMHON Takoro IIOBEICHHS MOXKHO CUMTATh
H3MEHEHHUE JKECTKOCTH KOMITO3UTHOI'O MaTepuaja 3a
CYeT YIUIOTHEHHS MaTepHuaa.

I[Ipu mnoBemmennu dwactotel ¢ 5 go 15 I
aMIumTyna aedopManuy (Ha JaHHOM KOHKPETHOM
BPEMEHHOM Cpe3€ U, BEPOSATHO, IIPU OIpPEACIICHHOH
JKECTKOCTH) He YBeJIWYHBaeTcs, a HaobOopoT (Ha
BTOPOM U TpeTheM Ipadukax) Gukcupyercs B Oonee
"y3koM" auamasoHe. TO XapaKTepHO AJIS HEKOTOPBIX
THUIIOB UCIIBITAHUM, TA€ MPU YBEIHYEHHH CKOPOCTH
Harpy>KeHHs MaTepual BeleT cebs Ooyee ympyro
(ObdexT  4acTOTHOM  3aBUCHMMOCTH  MOJIYJIS

YIOPYTOCTH).

Puc. 2. Tunamuka 10 uukiaos 60-80 xH (5 I'm)

Puc. 3. Junamuxa 10 nuxiaos 60-80 kH (10 I')

aom ¢

Puc. 4. Junamuka 10 uuknos 60-80 kH (15 ')

Ha rpadukax pucyHKoB 5 - 7 moKa3aHO H3MEHEHHE
MOZYJS YIPYIOCTH B 3aBUCUMOCTH OT KOJMYECTBA
LUKJIOB HATPY>KEHUS.

{onmuEcT

Puc. 5. Moayas ynpyroctu npu 60-80 xH (5 I'n)

Moayabynpyroctu, [Ma

22

0 1000 2000 3000 4000 5000 6000

KONMYECTBO LMKNOE, WT

Puc. 6. Moayas ynpyroctu npu 60-80 kH
(10 I')

Moayabynpyrocta, MMl

228

200 400 600 800 1000 1200 400 1600

HOMMUECTBO LMKAOH, LT

Puc. 7. Moayas ynpyroctu npu 60-80 kH (15 I'u)
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Ha Bcex Tpex rpadukax HaOmOmaeTcss poct
MOJIyJIsl YINPYrOCTH C YBEIMYEHHEM KOJINYECTBa
LOUKIOB. DTO SIBICHWE HA3BIBACTCS LMKINYECKUM
yOpouHeHHeM (Wi  «pa3paboTKOH» Marepuana).
Marepuasl CTaHOBHTCS JKECTYE II0 MEpe TOro, Kak
IOJIBEPTaeTCs IOBTOPSIOIIUMCSI Harpy3KaM.

IIpu Hu3Koi1 yactote (5 ', puCcyHOK 5) MaTepual
MTOKa3bIBAET OTYETIMBBIE dTalbl ynpouneHus. [locne
~4400 1MKIOB HAOMIOMACTCS CIMHWYHBIA PE3KHMA
«tpoBay» BHU3 (10 2.5 ['Tla), yTo MoXeT yKa3bIBaTh
Ha KPaTKOBPEMEHHYIO (UIYKTYallUIo U3MEPEeHHUH HIIH
JIOKaJbHOE M3MEHEHHE CTPYKTYpBI, IOC]ie KOTOPOTro
MaTepHa IPOJIOIDKHI YIIPOUHSITHCS.

C nosermeHneM yactoTsl 10 10 ' cuctema coopa
JAHHBIX paboTaer HETpPEPHIBHO. Bonbiioe
KOJIMYECTBO M3MEPEHUH CO31aeT «O0JIAaKO» JaHHBIX.
3/1ech 4eTKo BHJHA JAMHAMUKA MPUPAOOTKH: pe3Koe
nagenne Ha crapte (0200 [MKIOB) BBI3BaHO
MIePEeXOTHBIMHU TPOIIECCAMU B CUCTEME Harpy >KeHUs U
penakcanyeld  Marepuaia, 3aTeM  HadWHAeTCs
YCTOWYMBBIN JIOTApHU(PMHUUECKHI POCT YIIPOUHEHUSI.

[Tpu ywacrore 15 'y rpaduk pemMoOHCTpUpYET elle
Ooyiee BBICOKYIO BapHaTHBHOCTb W3MEPEHUH, YTO
TUMIAYHO JUIA BBICOKHX 4YacToT (BUOpaims |
UHepuuoHHbIe 3¢ dexTrr). OOIIas TeHASHIUs pocTa
coxpansieTcst. BaxxHoe oTiinune: HayaabHOE 3HAYCHUE
Moyt (rocie ctabunmzarun) Ha 15 'y (~2.28 I'Tla)
Bpime, yemM Ha 10 T'm (~2.22 ITla). D10 MOXeT
YKa3bIBaTb Ha YaCTOTHYIO 3aBUCUMOCTL YIPYIUX
CBOWCTB MaTepuana: HpU OBICTPOM IIPUIIOKECHUH
Harpy3ku (15 I'm) matepuan BemeT cebs xecTde, Tak
KaK BSI3KME KOMIIOHEHTHI (€CJIM IIMaJia MOoJIuMepHas)
HE YCIIEBaIOT PENaKCHPOBATh.

AHanmu3 JeMnQupyommx CBOWCTB KOMIIO3UTHOU
LIMajbl, UCXOMM U3 rpadukoB M (HM3MKK Mpolecca
YCTAHOBHJI ~CIIEAyIOIlee: TpH ILUKIMPOBAHUU B
muanazoHe  60-80 kH  kommosuTHas —mmana
JIEMOHCTPUPYET MPEUMYILECTBEHHO ympyroe
noBe/ieHne Oe3 3HAUUTEeNBHOI0 PACCEHMBAHUS SHEPIUH
B BHJE HCKaXeHUs (GOpMbI KolebaHuil (CHTHAN
YHCTBIA CHHYCOMIAJBHBIN); IOCKOIBKY C pPOCTOM
Yucaa MUKJIOB MOIYJIb YNPYTOCTH CHCTEMAaTHYECKH
pacter (MaTepHal CTaHOBUTCS JKECTYe€), €ro
CIOCOOHOCTh TacHTh KoJieOaHus (JeMnpupoBaHUE)
JIOJDKHA ITTOCTEIIEHHO CHIDKATBCS; IPH IEpPEeXoae ¢ 5
I'm ma 15 I'p skecTKOCTH MaTepuaia yBeIMIUBACTCS, a
3HAYUT, HAa BBICOKMX YacTOTax IEeMII(HUPYIOIIUE
CBOMCTBa KOMITO3UTHOW IIIAJNblI PEATUZYIOTCS XYXKE,
YeM Ha HU3KHX.

3. 3AKVIIOYEHHUE

Ha ocHoBe aHamm3a TpadukoB  (IMHAMHKA
nehopManid BO BpPEMEHH M HM3MEHEHHE MOy
YIPYTOCTHU B 3aBHCHMOCTH OT YHCIIa IIKIOB TIpu 5, 10
u 15 Tm) MoxHO CcHOpPMYIHPOBATE CIETYFOIIIE
obIe BBIBOABI MO HCIBITAHUSM KOMIIO3UTHOM
mImansl mpu Harpyskax 60—80 kH:

1. Marepnan JIEeMOHCTPUPYET NUKIMYECKOE
ynpounenue. Ha Bcex Tpex wactoTax (5, 10 u 15 I'm)
HaOdroaeTcst  yCTOMuMBas TEHAEHLUS K POCTY
MOJYJISI yIIPYTOCTH IO Mepe YBEIIMUCHUST KOJTNIECTBA
IUKJIOB. ODTO O3HAYaeT, 4YTO IO/ BO3IEHCTBHEM
MOBTOPAIOIIMXCST Harpy3ok B nuamnazoHe 60-80 xH
MaTepual CTAaHOBUTCS Oojiee >KECTKUM W YHPYTHM
(BepoATHO, 3a CHYET YIUIOTHEHUS CTPYKTYphl H
OPHEHTALIMH MOJIEKYJI/BOJIOKOH ).

2. Ilpomecc crabwim3upyeTcs MO Mepe pocTa
muknoB. Ha Bcex rpadmkax MoOmynst YHOpyrocTtd
BUJHO, 4YTo HawaimpHbi 3Tanm (0—1000 1uKITIOB)
COTPOBOXKIIACTCS HAHUOOJIBINCH HECTAOMIBHOCTHIO U
bonee kpyThiM pocToM. B nanpheiiem (mocie 2000—

3000 UOWKIOB) pPOCT 3aMEUIACTCS, MaTepual
MEePEXOJUT B CTaJIUIO0 «YCTaHOBHBILICTOCS
YIPOYHCHHUSD.

3. YactoTa Harpy>KeHus BIIMSIET Ha U3MEPsSEMbIA
MOJZlyJlb, HO He Ha xapakrtep ympouHeHus. Ha 5 I'n
(ukcupyetcst Oojiee BHICOKOE aOCOJIOTHOE 3HAYEHHE
Monmyns ympyrocta (~2.5 ITla) u auCKpeTHBIN
(cTyneHuatslif) xapakTep ero usMeHenus. Ha 10u 15
I'n abcomrotHbie 3HaYeHus Huxe (~2.2-2.3 I'Tla), a
rpaduku MMEIOT HEIPEPbIBHbIN, CUJIBHO
3alIyMJICHHBII BUJ.

IIpu npoBeeHUM UCTIBITAHUN HA Pa3HBIX YACTOTaX
HEOOXOANMO YUHUTHIBATh, YTO CKOPOCTHBIE A(PPEKTHI
(BA3KOYNPYroCTh) MOTYT J1aBaTh CHUCTEMATHYECKYIO
pasHuny B a6COH}OTHbIX 3HA4YCHUAX MOIYJIA.

4. Cucrtema cOopa MaHHBIX U aJTOPUTM pacdera
umeror ocobenHoctu. I'paduku wHa 10 u 15 T
MOKa3bIBAlOT ~ 3HAYMTEIBbHBI  YpPOBEHb  IIyma
(«ToncTast»y  JMWHMA), UYTO  XapaKTEpHO  JUIA
HEIIPePhIBHOM PErHCTPalMy HpH OBICTPHIX LUKIJIAX.
Crynenbku Ha 5 'l MOTYT OBITH CBSI3aHBI C TEM, YTO
pacueT MoIyns ycpeaHsercs 3a OJOK IMKIOB, a He
BBIJJACTCS B PeaJIbHOM BPEMEHHU.

5. OTcyTcTBHE NMPU3HAKOB pa3pyLIEHHUs B paMKax
ucnbitTannid. Ha Bcex rpadukax BUAHO, 4TO IOCie
5000 muxmoB (mmu 1500 mms 15 T'o) matepman
npojoipkaer paboTaTh B ympyrod 3oHe  Ge3
KaToCTPO(HUYECKOT0 MaJeHUs MOIYJS YIpPyroCTH
(paspyuenusi). EmuHnYHBIE «IIpOBabl» Ha rpadukax
(narpumep, Ha rpaduke 1) HOCAT JIOKAIBHBINA
XapakTep M HE TMPHUBOAAT K IIOTEpEe HECyIleH
CIIOCOOHOCTH.

WcnpiTaHEble 00pa3iibl MITaj OKa3aid BEICOKYIO
IUKINYECKYI0O CTOMKOCTh M CIIOCOOHOCTH K
ynpouHeHnio moxa Harpyskoit 60-80 kH mHa Bcex
uccieoBaHHbIX gactoTax (5, 10 u 15 I'm). Martepuan
COXpaHsSeT CBOIO YIPYroCTh M JKECTKOCTh Ha
nporspkeHnn 5000 OHUKIIOB, YTO CBUICTENHCTBYET O
€ro NPUTOJHOCTH Uil  paboTBl B  YCIOBHSX
MOBBIMICHHBIX TUHAMHYECKUX HArpy30K HA y4acTKax
MEPEMEHHOM )KECTKOCTH B MPEAMOCTOBOM 30HE.

B  nmanpHeilmeM MUIaHUpYETCS  MPOAOJIKUTH
WCTIBITAaHNSA JI0 MOMEHTA YCTaJOCTHOTO Pa3pyIICHUS
MaTeprana KOMIO3WTHOHM INMaigbl M ONpPEICICHHS
MIpeZieNna ero BBIHOCIUBOCTH.
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Assessment of the Operational Reliability of Railway Water Pipelines in
Seismically Active Areas

S.T. Djabbarov!, E.B. Abdualiev*
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: In this study, the stress-strain state of the railway subgrade and the water pipeline system under
seismic and operational loads was assessed based on digital modeling. Calculations were performed
using the finite element method based on a three-dimensional model. The research results revealed
that soil moisture, embankment height, and pipe wall thickness significantly affect the deformation
and reliability of the structure. An increase in soil moisture leads to a decrease in the deformation
modulus and an increase in the amount of settlement. Decreasing the pipe wall thickness reduces the
rigidity of the structure and does not ensure seismic safety. It has been substantiated that digital
modeling methods are an effective tool for assessing the stability of railway infrastructure and
developing optimal engineering solutions.

Seismic safety, railway track, culvert, digital modeling, finite element method, sustainable
engineering, operational reliability

Keywords:

Seysmik Faol Hududlardagi Temir Yo‘l Suv O‘tkazuvchi Quvurlarining
Ekspluatatsion Ishonchliligini Baholash

Djabbarov S. T.!, Abdualiyev E.B.
“Toshkent davlat transport universiteti, Tashkent, O*zbekiston

Mazkur tadqiqotda temir yol yer polotnosi va suv o‘tkazuvchi quvurlar tizimining seysmik va
ekspluatatsion yuklamalar ta’siridagi kuchlanish-deformatsiya holati ragamli modellashtirish asosida
baholandi. Hisoblashlar chekli elementlar usuli yordamida uch o‘lchamli model asosida amalga
oshirildi. Tadqiqot natijalari grunt namligi, ko‘tarma balandligi va quvur devori qalinligi
konstruksiyaning deformatsiyasi va ishonchliligiga sezilarli ta’sir ko‘rsatishini aniqladi. Grunt
namligining ortishi deformatsiya modulining kamayishiga va cho‘kish miqdorining oshishiga olib
keladi. Quvur devori galinligining kamayishi konstruksiyaning bikirligini kamaytirib, seysmik
xavfsizlikni ta’minlamaydi. Raqamli modellashtirish usullari temir yo‘l infratuzilmasining
bargarorligini baholash va optimal muhandislik yechimlarini ishlab chigishda samarali vosita
ekanligi asoslandi.

Seysmik xavfsizlik, temir yo‘l yer polotnosi, suv o‘tkazuvchi quvur, ragamli modellashtirish, chekli
elementlar usuli, bargaror muhandislik, ekspluatatsion ishonchlilik

Annotatsiya:

Kalit so‘zlar:

konstruksiyaning real holatini aniq baholash imkonini
beradi.

1. KIRISH

Zamonaviy temir yo‘l infratuzilmasini loyihalashda
seysmik xavfsizlikni ta’minlash, qurilish jarayonlarini
ragamlashtirish va bargaror muhandislik yechimlarini
go‘llash muhim ahamiyatga ega. Temir yo‘l yer
polotnosi ostida joylashgan suv o‘tkazuvchi quvurlar
konstruksiyaning muhim elementlaridan biri bo‘lib,
ularning deformatsiyasi temir yo‘l izining umumiy
ishonchliligiga bevosita ta’sir giladi.

Seysmik faol hududlarda gruntning fizik-mexanik
xossalari, namlik  darajasi va  konstruktiv
parametrlarning o‘zgarishi konstruksiyaning
kuchlanish va deformatsiya holatini sezilarli darajada
o‘zgartiradi. Shu sababli, zamonaviy raqamli
modellashtirish usullaridan foydalanish

Ushbu tadqgiqotning magqgsadi temir yo‘l yer
polotnosi va suv o‘tkazuvchi quvurlar tizimining
deformatsiyasi va ishonchliligini ragamli
modellashtirish asosida baholashdan iborat. Tadgigot
uchastkasi sifatida 8 ballik seysmik xududda[l]
joylashgan Toshkent viloyatidagi temir yo‘l linyasi
gabul gilingan (1-rasm).
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1-rasm. O‘zbekiston Respublikasining seysmik
rayonlashtirish xaritasi

Tadqiqot  yo‘nalishi  geotexnika, seysmik
muhandislik va ragamli modellashtirish
texnologiyalari (FEM, BIM) kesishmasida rivojlanib
kelmogda. Jahon va mahalliy ilmiy maktablarda
grunt-inshoot  o‘zaro  ta’siri  (Soil-Structure
Interaction, SSI) hamda temir yo‘l inshootlarining
seysmik bargarorligini baholash masalalari keng
o‘rganilgan.

Jahon migyosida Z.G. Ter-Martirosyan [2] va
D.A. Karpenko [3] gruntlarning dinamik xususiyatlari
hamda zilzila sharoitida yer polotnosining kuchlanish-
deformatsiya holatini chekli elementlar usuli (FEM)
asosida modellashtirish bo‘yicha fundamental nazariy
asoslarni ishlab chigganlar. Ularning ishlari dinamik
hisoblash algoritmlarini takomillashtirish va noxatolik
zonalarini aniglashda muhim ahamiyat kasb etadi.

Yaponiya olimi K. Ishihara [4] gruntlarning
suyuqlanish (liquefaction) hodisasini chuqur o‘rganib,
uning transport inshootlari, xususan temir yo‘l
poydevorlariga ta’sir mexanizmlarini aniqlagan.
Uning tajriba va empirik modellari zilzila paytida
ballast va lyoss gruntlarining mustahkamlik yo‘qotish
sharoitlarini baholashda keng qo‘llaniladi.

N. Kyriazis va G. Gazetas [5] tomonidan yer osti
inshootlari, jumladan quvurlar va grunt massivining
seysmik to‘lginlar ostidagi kinematik o‘zaro ta’siri
o‘rganilgan. Ular tomonidan taklif etilgan analitik va
yarim empirik modellar quvurlarning
deformatsiyalanish chegaralarini aniglash hamda
stress  kontsentratsiyasini  baholashda  samarali
hisoblanadi.

Temir yo‘l izi oraligt 1520 mm bo‘lgan
mamlakatlarida temir yo‘l yo‘nalishida ragamli
modellashtirish  bo‘yicha kuchli ilmiy maktab
shakllangan. E.S. Ashpiz [6] temir yo‘l yer
polotnosining ishonchliligini baholash va diagnostika
qilish bo‘yicha kompleks metodikani ishlab chigib,
ragamli modellarning natijalarini real monitoring
ma’lumotlari bilan integratsiyalash tamoyillarini taklif
etgan. V.V. Vinogradov [7] esa seysmik hududlarda
temir yo‘l inshootlarining barqarorligini hisoblash
usullarini takomillashtirib, dinamik koeffitsientlarni
aniglash  va  xavfsizlik  zaxirasini  baholash
metodikasini rivojlantirgan.

O‘zbekiston sharoitida, hududning yuqori seysmik
faolligi sababli, ushbu masala dolzarb ahamiyatga ega.
Akademik T.R. Rashidov [8] tomonidan yer osti
inshootlari, aynigsa quvurlarning seysmodinamikasi
bo‘yicha ilmiy maktab yaratilgan bo‘lib, uning nazariy
ishlanmalari zilzila sharoitida quvurlar chidamliligini
baholashda metodologik asos vazifasini bajaradi. G.H.
Xodjayev [9] temir yo‘l yer polotnosining dinamik
yuklamalar  ostidagi  bargarorligi  va  lyoss
gruntlarining fizik-mexanik xususiyatlarini tadqiq
gilgan. Sh.M. G‘ulomov [10]va boshqa tadqgiqotchilar
esa ragamli texnologiyalarni joriy etish, shuningdek,
TDTU olimlari suv o‘tkazuvchi quvurlarning
ishonchlilik ko‘rsatkichlarini matematik
modellashtirish orqali baholash yo‘nalishida ilmiy
ishlar olib bormoqgdalar [11,12].Umuman olganda,
mavjud adabiyotlar grunt va inshootlarning alohida
yoki integratsiyalashgan holda seysmik tahlilini
yoritadi. Biroq temir yo‘l ko‘tarmasi, ballast qatlami
va suv o‘tkazuvchi quvurlarning yagona uch o‘lchamli
dinamik FEM modeli asosida kompleks baholanishi
yetarli darajada tizimlashtirilmagan. Mazkur tadgigot
aynan shu bo‘shliqni to‘ldirishga qaratilgan bo‘lib,
temir yo‘l izi konstruksiyasining ekspluatatsion
ishonchliligini seysmik sharoitda ragamli
modellashtirish orgali baholashni magsad giladi.

2. TADQIQOT USULI

Hisoblash modeli. Hisoblash chekli elementlar usuli
asosida quyidagi tenglama yordamida amalga

oshirildi:
[KHu}={F}
bu yerda: [K]-konstruksiyaning bikirlik
matritsasi;

{u} - tugun siljishlari vektori;

{F} - yuklanishlar vektori.

Uch olchamli model tetraedrik chekli elementlar
asosida qurildi. Modelda grunt asosi, ballast gatlami,
yer polotnosi va temir-beton quvur va seysmik holat

hisobga olindi ( 2-rasm).

Yuzadagi asosly yoriglar

Egilgan va surilgan rels izi

Surilgan ballast qatlami

Shikastiangan

Grunt bloki quvur

Kengayuvchi seysmik
to'lgin frontlari

Deformatsiyalangan
ko'tarma nishabligi ()

Grunt bloki

Tarqalayotgan
Zilzila gipomarkazi P S-qlo'lginlgl

Silfish {m]

=2RESR2

Tarqalayotgan i( y

« Max mon. accsleration 0
S-to’lginlar a

% Fon Mizes kuchlanishi (Pa]

2-rasm. Hisobiy model
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Hisoblash  parametrlari.  Hisoblashda
parametrlar gabul gilindi:

- ko‘tarma balandligi: 2—6 m;

- o‘qiy yuklama: 25,5 t/o‘q;

- grunt namligi: 18% va 28%;

- quvur devori galinligi: 0,07-0,10 m;
- grunt deformatsiya moduli: 38-110 MPa.
Grunt materiali Mor-Kulon modeli asosida, quvur
materiali esa elastik model asosida modellashtirildi
[13].

quyidagi

Natijalar. Grunt namligining ta’siri grunt namligi
oshganda deformatsiya moduli sezilarli darajada
kamayishini ko‘rsatdi. Natijada yer polotnosi va quvur
deformatsiyasi ortdi. Maksimal cho‘kish qiymati
yugori namlik sharoitida ikki baravargacha ortdi. Suv
o‘tkazuvchi quvur devori qalinligi t = 0,10 m
bo‘lganda (8 ball seysmikani hisobga olgan holda) 1-
jadvalda keltirilgan.

1-jadval
Suv o‘tkazuvchi quvur devorining qalinligi t = 0,10 m bo‘lganda yer polotnosining cho‘kish qiymatlari
. é?atnaé?gai Namlik BE’;)'m '?é’:t:;',‘ Chokish | Cho'kish | Ishonchlilik | Ishonchlilik
(H), m (W), % MPa MPa (8), mm | (8sb), mm (R), % (Rsb), %
1 2 18 18 18,90 9,9 10,40 97 92,2
2 2 28 30 31,50 22,8 23,94 84 79,8
3 3 18 19 19,95 10,4 10,92 96 91,2
4 3 28 31 32,55 24,3 25,52 83 78,9
5 4 18 20 21,00 10,9 11,45 95 90,3
6 4 28 32 33,60 25,4 26,67 82 77,9
7 5 18 20 21,00 115 12,08 94 89,3
8 5 28 33 34,65 27,3 28,67 81 77,0
9 6 18 21 22,05 12,1 12,71 93 88,4
10 6 28 34 35,70 28,7 30,14 80 76,0

Suv o‘tkazuvchi quvur devori galinligi t = 0,07 m
bo‘lganda (8 ball seysmikani hisobga olgan holda)

natijalar (t = 0,07 m, 8 ball, ks=0,05) 2- jadvalda
keltirilgan.

Suv o‘tkazuvchi quvur devorining qalinligi t = 0,07 m bo‘lganda yer polotnosining cho‘kish qiymzz;:ﬁi\i/al

T | batandier | Namik ng)im '?C‘l’:;;“ Chokish | Chokish | Ishonchlilik | Ishonchlilik
(H), m (W), % MPZ’;\ MPa' (8), mm | (8sb), mm (R), % (Rsb), %

1 2 18 18 18,90 11,2 11,76 94 89,3

2 2 28 30 31,50 24,5 25,73 79 75,1

3 3 18 19 19,95 12,0 12,60 93 88,4

4 3 28 31 32,55 25,8 27,09 77 73,2

5 4 18 20 21,00 12,8 13,44 91 86,5

6 4 28 32 33,60 27,6 28,98 76 72,2

7 5 18 20 21,00 13,5 14,18 90 85,5

8 5 28 33 34,65 29,8 31,29 74 70,3

9 6 18 21 22,05 14,3 15,02 88 83,6

10 6 28 34 35,70 32,4 34,02 72 68,4
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Quvur devori galinligini 0,10 m dan 0,07 m
gachakamayish natijasida:

- cho‘kish miqdori 12-14% ga ortdi;

- konstruksiya bikirligi kamaydi;

- ishonchlilik koeffitsiyenti kamaydi.
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2-rasm. Suv o‘tkazuvchi chegarasida quvur
devori galinligini 0,07 va 0,10m oraligda 8 ballik
sesysmikani inobatga olgan holda temir yo’l
izining cho’kishi
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3-rasm. Suv o‘tkazuvchi chegarasida quvur
devori galinligini 0,07 va 0,10m oraligda 8 ballik
sesysmikani inobatga olgan holda temir yo’l
izining ishonchliyligi

Ko‘tarma  balandligining ta’siri. Ko‘tarma
balandligi oshishi bilan kuchlanish va deformatsiya
giymatlari ortdi. Eng katta deformatsiya 6 m
balandlikda kuzatildi. Maksimal kuchlanish giymati
10 MPa gacha yetdi.

Muhokama. Natijalar grunt namligi konstruksiya
deformatsiyasiga  sezilarli  ta’sir  ko‘rsatishini
va cho‘kishni oshiradi. Quvur devori qalinligini
kamayishi konstruksiyaning seysmik xavfsizligini
kamayadi va deformatsiya ortadi. Ragamli
modellashtirish usullari konstruksiyaning real holatini
baholash va optimal loyihaviy yechimlarni ishlab
chigish imkonini beradi.

3. XULOSA

O‘tkazilgan tadqiqot natijalari quyidagicha xulosalar
gilish imkonini berdi:

- grunt namligi konstruksiya ishonchliligiga
sezilarli ta’sir ko‘rsatadi;

- quvur  devori  qalinligini  kamayishi
konstruksiya ishonchliligini kamaytirdi;
- ko‘tarma  balandligi  deformatsiya va

kuchlanishga bevosita ta’sir qiladi;

- ragamli modellashtirish seysmik xavfsizlikni
ta’minlashda samarali vosita hisoblanadi.

Ragamli modellashtirish usullarini qo‘llash temir yo‘l
infratuzilmasining bargarorligini oshirish va seysmik
xavfsizlikni ta’minlash imkonini beradi.

FOYDALANILGAN ADABIYOTLAR /
REFERENCES

[1] IOHK 2.01.20-16. CeiicMuk Xymyaiapaa
TPaHCIIOPT MHIIOOTIIAPUHH KYyPHILL
https://mc.uz/uploads/mcuz_262886446214.pdf

[2] Tep-Maptupocsiu  A.3., Tuxonok HW.A.
OO030p UHCICHHBIX METOJOB pacyeTa OCaJoK
MOBEPXHOCTH TPYHTAa MPHU IIMTOBOH Impoxojake //
Construction and Geotechnics. 2025. T. 16. Ne 1. C.
47-81. DOI: 10.15593/2224-9826/2025.1.04.

[3] Kapmenko ILA. 0] BO3MOXKHOCTH
UCIIOJIB30BaHUS  CYLIECTBYIOIIMX  IPOTPAMMHBIX
KOMILJIEKCOB U1 YMCIEHHOIO  MOJEIUPOBAHUS

paboThl MAallMH M MEXaHWU3MOB B JIECHBIX TPyHTaX
OypoHaOuBHasi cBas C paCIIMPEHHEM B JIECCOBBIX
IpYHTaX, MIPOCeNArOIINX oJ nefcTBHEM
cobcTBeHHOTO Beca // HaykoBo-TexHu4ecKkuit 301pHUK
«CyuacHi TexHOJOTriI, MaTepiasy 1 KOHCTPYKii B
OyniBHUIITBI». BinHWUIS: BiHHUIIBKMI HaliOHATEHIN
texHiunuit yHiBepcutet, 2008. Tom 5. Ne 1. C. 74-78.

[4] Ishihara K. Soil Behaviour in Earthquake
Geotechnics. Oxford University Press, 1996.

[5] Kyriazis N., Gazetas G. Seismic Design of
Underground  Structures and  Pipelines  //
Geotechnique. 2012.

ENGINEER


https://mc.uz/uploads/mcuz_262886446214.pdf

[6] Ammuz E.C. MOHUTOPHHT  3€MIITHOTO
MTOJIOTHA TPU 3KCIDTyaTalldH KEJEe3HBIX Jopor. M.:
ITyts-IIpecc, 2002. 112 c.

[7] Bunorpamos B.B., JlokteB A.A., ®a3usosa
3. T. MaremMaTuyeckoe MOJEIMPOBAHUE YYACTKOB
MMePEeMEHHON KECTKOCTH TIEpe]l HCKYCCTBCHHBIMH
coopyxenusmu // Mup tparcmopta. 2018. T. 16. Ne 3.
C. 72-85.

[8] Pammmos T.P., Humonos H.A. Konebanus

MOJ3EMHBIX ~ NOJMMEPHBIX  TpyOompoBomoB  [-
00pa3HOH  KOH(PUTYpallMd TIPH  CCHCMHUYCCKOM
BO3JIEMCTBUU // CoBpeMeHHbIE BONPOCHI

yCTOfI‘IPIBOCTPI, IUDIAaCTUYHOCTU W TMOJI3Y4YECTH B
MexaHuke aedopmupyemoro tBepaoro tena. 2020. C.
75-85.

[9] Xomxaes r.x. Junamuyeckas
yCTOfIlIPIBOCTI) KCJIC3HOJOPOKHOT'O 3CMJISIHOTO
MIOJIOTHA U MEXaHHKa JECCOBBIX IPYHTOB. TpaHCIopT,
2010.

[10] G‘ulomov Sh.M. Seysmik Hududlarda Temir
Yo‘l Yer Polotnosi Va Sun’iy Inshootlarning
Ishonchliligini Oshirish. Toshkent, 2018.

[11] Djabbarov S.T. The Impact on People and
Facilities of Air Flow Caused by High-Speed Train
Traffic // Procedia Engineering. VVol. 189. P. 554-559.

[12] Djabbarov S.T. Prospects for Raising
Passenger Train Speed on the Reconstructed Section

of the Uzbekistan Railways // Transport Problems.
2016. DOI: 10.20858/tp.2016.11.4.10.

[13] Djabbarov S.T., Abdualiyev E.B. Subsidence
of the Railway Track Embankment at the Boundaries
of Water Pipelines // Transport Inshootlari:
Zamonaviy Texnologiyalar, Seysmik Bargarorlik.
https://engineer.tstu.uz/index.php/engineer-
tstu/article/view/278/255

INFORMATION ABOUT THE
AUTHORS/ MUALLIFLAR
TO‘G‘RISIDA MA’LUMOT
Djabbarov Toshkent davlat transport
Saidburxon universiteti, Texnika fanlari
To‘laganovich /  doktori, professor
Saidburkhon saidhon @inbox.ru
Djabbarov Tel: +998901852934
Tulaganovich
Abdualiyev Toshkent davlat transport
Elyorbek Begali  universiteti
o‘gli/ E-mail: elyorekaeb@mail.ru
Elyorbek Tel: +998998379118
Abdualiev Begali
ugli

ENGINEER


https://engineer.tstu.uz/index.php/engineer-tstu/article/view/278/255
https://engineer.tstu.uz/index.php/engineer-tstu/article/view/278/255
mailto:saidhon_@inbox.ru
mailto:elyorekaeb@mail.ru

Abstract:

Keywords:

Modern Principles of Sustainable Bridge Design

S. Salikhanov'®?
Tashkent state transport university, Tashkent, Uzbekistan

This paper addresses modern principles of sustainable bridge design developed within the framework
of the Sustainable Bridge Design concept. The analysis focuses on four key directions of the
sustainable approach: environmental performance, reduction of carbon footprint, life-cycle
management, and reuse of materials. Particular attention is paid to the integration of international
standards (EN 206, Eurocode, AASHTO) and modern digital tools (BIM, LCA, digital twins) into
bridge design, construction, and operation processes. Examples of life cycle assessment (LCA) and
calculation of the eco-economic efficiency indicator (Kexo) are presented. A methodology for selecting
design solutions considering climatic, operational, and socio-economic factors is proposed. The study
is based on doctoral research aimed at promoting sustainable development of transport infrastructure
in Uzbekistan.

Sustainable design, bridge life cycle, carbon footprint, environmental efficiency, material reuse, Kexo,
LCA, BIM, reinforced concrete bridges

1. INTRODUCTION y

Under conditions of global climate challenges and the
need for rational

importance

oriented) approach to the design of engineering
structures, including bridges, is steadily increasing

(Fig. 1).

use of natural resources, the .

'Digitalization
and Innovation .

rational use of construction materials;

«  application of LCA (Life Cycle Assessment)
and LCC (Life Cycle Costing) principles;
reduction of energy and water consumption
throughout the bridge service life.

Digitalization and innovation involve the
implementation of modern technologies to enhance
design accuracy and monitoring:

. BIM and digital twins;

«  structural health monitoring systems (SHM);

e automation of design solutions.

Climate Climate adaptation, representing the top of the
fdapiEicn pyramid, reflects the transition to bridges capable of
withstanding changing climatic conditions:
temperature variations, intense precipitation,
wind and seismic loads;

e durability of materials under aggressive

sustainable  (environmentally

environmental conditions;

e resilience margins against extreme and
catastrophic impacts.

Fig. 1. Modern pyramid of sustainable bridge

The figure illustrates a four-level methodological

Traditional approaches focused solely on strength
and operational characteristics are no longer sufficient
for assessing bridge performance over the entire life
design cycle.

Figure 2 presents six key stages of the bridge life
cycle in the form of a closed loop:

framework of modern sustainable bridge design based .

on principles of environmental responsibility, digital
transformation, and climate adaptation.

Regulatory compliance forms the base of the
pyramid and includes fulfillment of all applicable
construction codes and standards such as SP 35.13330
[11], SP 63.13330 [8],, Eurocodes [1],[2].[3].[4],
AASHTO [5],, and others. This represents the
minimum acceptable level of design ensuring
structural safety and functionality.

. reduction of CO2 emissions;

alZ https://orcid.org/0000-0002-0883-7257

Design — selection of structural system,
materials, strength, durability, and environmental
assessments;

e Construction  —  erection  processes,
technology selection, control of emissions and waste;
e Operation - traffic loads, condition

monitoring, routine maintenance;

»  Maintenance — scheduled and unscheduled
strengthening, repairs, corrosion protection;

* Residual life assessment — diagnostics,
inspections, durability forecasting;
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. Demolition / reconstruction — dismantling,
reuse of materials, recycling, environmental
restoration.

Demolition/
reconstruction

Residual life

LG assessment —

Fig. 2. Bridge life cycle

This diagram emphasizes the necessity of an
environmental approach at all stages of the bridge life
cycle, from design to demolition. Implementation of
this approach enables application of LCA principles
and Sustainable Design in bridge engineering.

Modern approaches to sustainable bridge design
are based on reducing carbon footprint (CO-), rational
resource  use, durability, and  minimizing
environmental impact throughout all stages—from
design to dismantling. According to international
standards (EN 206, ISO 14040, AASHTO LRFD),
environmental performance is determined not only by
energy consumption and emissions but also by the
potential for reuse of materials and structures.

This paper presents a generalized approach to
sustainable bridge design based on doctoral research,
focusing on reinforced concrete structures of high-
speed highway viaducts characteristic of Uzbekistan’s
transport infrastructure [4-7, 12-15].

2. MAIN PART

Methodological essence of the concept

In bridge engineering, sustainable design is interpreted
as a decision-making methodology that minimizes
total environmental impact while maintaining
required levels of reliability, safety, and economic
efficiency.

It integrates three fundamental components:

e  Durability — the ability of a structure to
maintain its performance throughout the design
service life under climatic, seismic, and operational
effects;

e  Environmental performance — minimization
of CO: emissions, energy consumption, and
ecosystem impact;

e  Economic performance — reduction of total
costs related to construction, operation, and end-of-
life stages (Life Cycle Cost, LCC).

Methodologically,  these  components are

combined into an integrated efficiency criterion:
Keff = Kdur ' Kenv ' Keco

where

Kq,— durability

technical reliability;

K.~ environmental
(ecological footprint);

K...— economic efficiency coefficient.

This approach allows bridge design to be treated as
a multi-objective optimization problem, where each
alternative is evaluated not only by load-bearing
capacity but also by cumulative environmental and
economic impacts.

coefficient  characterizing

efficiency  coefficient

2.2. Principles of sustainable bridge design
The sustainable design methodology includes a
system of interrelated principles reflecting current
scientific and regulatory trends (Table 1).

Table 1

Principles of sustainable bridge design

No. Principle Description
Assessment of resource,

1 Life cycle cost, and environmental
thinking impact throughout the
entire bridge life cycle
Reduction of CO:
L emissions through
ow carbon o
2 design optimized cement and
steel production, use of
RCA, slags, silica fume
Application of secondary
Resource materials, prefabricated

3 efficiency and | and modular systems
reuse suitable for dismantling
and recycling

Use of low-clinker
concretes, stainless or
composite reinforcement,
environmentally safe
coatings

Use of BIM and digital
twins for life-cycle
management,
degradation forecasting,
and maintenance
optimization
Consideration of rising
temperatures, humidity

Environmental
4 compatibility
of materials

5 Smart design

6 Climate changes, aggressive
adaptation 'ges, agg .
precipitation, and wind
loads

These principles form the basis of a new
engineering philosophy in which a bridge is viewed as
a “living system” operating within a dynamic natural
environment.

ENGINEER



Quantitative assessment of environmental

efficiency

Key tools of sustainable bridge design include Life
Cycle Assessment (LCA) and Life Cycle Costing
(LCC), providing quantitative evaluation of
cumulative impacts and costs over the service life.

Environmental efficiency can be formally
expressed as:

_ CoZ,base
env — CoZ,proj

where €O, jrepresents specific COz emissions of
the designed solution, and €0, .corresponds to a
conventional reference solution.

Lower values of CO,,,; indicate
environmental efficiency.

In international practice, carbon footprint values
for concrete range from 0.12-0.35 kg COx/kg, and for
reinforcement steel from 1.8-2.1 kg CO./kg. For
reinforced concrete bridges with optimized concrete
composition and recycled materials, emission
reductions of 25-30% are achievable.

Integration of environmental and
engineering aspects

Methodologically, Sustainable Bridge Design
integrates theoretical, analytical, and economic
assessments into a unified system.

Environmental performance is not treated as an
additional criterion but as an integral part of the design
algorithm. A solution is considered optimal only
when:

K

higher

max K = f(Kdur “Kepy cho)

This relationship enables multi-factor analysis of
design alternatives, where durability, environmental
safety, and economic efficiency are treated as equally
important objectives.

Relevance for uzbekistan

Given Uzbekistan’s climatic and operational
conditions—hot  climate, seismicity, humidity
variations, and use of de-icing salts—the application
of sustainable design principles is particularly
important [9].

Key priority directions include:

e  optimization of concrete composition and use
of recycled aggregates;

e  protection of reinforced concrete elements
against carbonation and corrosion;

e  reduction of energy
construction material production;

e transition to digital life-cycle modeling of
bridges (BIM + LCA).

Thus, sustainable bridge design becomes not an
optional trend but a mandatory element of modern
reinforced concrete bridge engineering, ensuring
durability [10, 12-15], resilience, and socio-economic
efficiency of transport systems.

consumption in

3. CONCLUSION

Sustainable bridge design represents a key element of
transport infrastructure development. Application of
Sustainable Bridge Design principles makes it
possible not only to reduce environmental impact but
also to ensure durability, investment efficiency, and
operational reliability. Integrated use of digital
technologies, analytical models, and eco-economic
indicators enables informed decision-making at early
design stages. The methodology developed within the
doctoral research framework can be successfully
adapted for Uzbekistan and other regions with harsh
climates, high traffic intensity, and the need to
modernize aging infrastructure.
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Methodological Framework for Assessing Durability and Reliability of

Abstract:
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Reinforced Concrete Bridge Structures
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This paper addresses methodological issues related to the assessment of durability and reliability of
reinforced concrete bridge structures throughout their service life. The study examines conventional
deterministic design approaches alongside contemporary international standards, including EN 206,
AASHTO LRFD, FIB Model Code 2010, and 1SO 15686. Particular attention is paid to service life
design principles and to the role of material degradation models in the prediction of long-term
structural performance. From an engineering standpoint, it is shown that the exclusive use of
deterministic methods does not adequately reflect time-dependent deterioration processes. To
overcome this limitation, a multi-level assessment methodology is proposed, integrating
deterministic, semi-probabilistic, and probabilistic approaches for evaluating structural reliability and
residual service life under environmental exposure.

Service life design, durability, reliability, reinforced concrete bridges, degradation modeling,

environmental exposure, probabilistic assessment

1. INTRODUCTION

From the author’s engineering experience, durability-
related failures of bridge structures are most often
associated not with insufficient strength, but with
underestimated environmental degradation
mechanisms.

Modern research in the field of reinforced concrete
bridge design considers durability as a multi-level
performance characteristic that defines the ability of a
structure to maintain its functional and safety
properties throughout the intended service life under
the combined effects of environmental, operational,
and anthropogenic factors [2], [4], [10]. In this
context, durability is no longer treated as a secondary
consequence of strength reserves, but rather as a
governing design parameter influencing structural
performance over time.

From a methodological perspective, durability
should not be associated with individual empirical
coefficients or isolated verification checks. Instead, it
is more appropriately represented by an integrated
system of models that jointly account for mechanical
behavior, physicochemical degradation processes, and
environmental exposure within a unified framework
for service life assessment (Fig. 1).

&l https://orcid.org/0000-0002-0883-7257

DURABILITY

e

Humidity, Seismic,
moisture wind, fatigue

Carbonation
(€0}

Fig. 1. Diagram of the influence of climatic and
anthropogenic factors on durability

The methodology for assessing the durability and
reliability of reinforced concrete bridges developed in
this study integrates the following interrelated
approaches:

Durability — assessment  methodology  R(t),
addressing the time-dependent degradation of
concrete and reinforcement, including concrete
strength  reduction, carbonation, reinforcement
corrosion, chloride diffusion, and the associated loss
of cross-sectional area and elastic modulus. This
methodology is based on the regulatory framework of
EN 206, Eurocode EN 1992, and SP 63.13330.2018
and aims to answer the question: “How long can the
structure retain its performance characteristics?”

Reliability assessment methodology S(t), focusing
on limit states, reliability factors vy, probabilistic
characteristics of loads and resistances, and the
probability of failure over time. This approach relies
on EN 1990, AASHTO LRFD, and GOST 27751-
2014 and addresses the question: “What is the
probability of failure-free structural performance
throughout the service life?”
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Life Cycle Cost (LCC) methodology, which
considers initial construction costs, operational
expenses, maintenance and strengthening measures,
as well as reconstruction and end-of-life processes.
This methodology is based on life-cycle economic
models and LCC/LCA principles and answers the
question: “What is the total cost of the structure over
its entire service life?”

Environmental efficiency assessment
methodology ACO,, K .,, addressing greenhouse gas
emissions, material intensity, recycling potential, and
resource efficiency within the framework of
sustainable  design  principles and life-cycle
environmental indicators. This methodology aims to
answer the question: “To what extent is the design
solution environmentally justified?”

By integrating these approaches, the proposed
methodology for assessing the durability and
reliability of reinforced concrete bridges is based on
the combined application of four interconnected
components: durability assessment R(t), reliability
assessment S(t), life cycle cost evaluation (LCC), and
environmental performance assessment ACO,, K.
Their joint application provides a comprehensive
engineering,  economic, and  environmental
justification for design decisions (Fig. 2).

Assessment Methodology

Environmental
performance
assessment

Reliability Life cycle

cost assessment

Fig. 2. Methodology for assessing the durability
and reliability of reinforced concrete bridges
Classical approaches to durability assessment

Historically, durability considerations in bridge
design were incorporated indirectly through safety
factors and strength reserves. In national standards
such as SHNK 2.05.03-22 [9] and Russian regulations
including SNiP 2.05.03-84, SP 35.13330.2011, and SP
63.13330.2018 [8], durability was primarily
associated with parameters such as concrete cover
thickness, water resistance grade, frost resistance, and
reinforcement type. This approach was essentially
deterministic, with environmental conditions assumed
to be constant and time-invariant.

While such design practices ensured compliance
with safety requirements, they did not allow for a
realistic prediction of the actual service life of bridge
structures. In practical applications, this limitation
often resulted in the need for repairs and strengthening
measures well before the intended design life was

reached, particularly in aggressive environments such
as areas exposed to de-icing chemicals, coastal
regions, and zones characterized by high temperatures
and intense solar radiation.

2. MAIN PART

Regulatory framework for durability and reliability
assessment

The assessment of durability and reliability of
reinforced concrete bridges cannot be performed
without reference to existing regulatory frameworks.
European standards, such as EN 206 (Concrete —
Specification,  performance,  production  and
conformity), establish fundamental requirements for
concrete taking into account environmental exposure,
strength, and serviceability [1]. Within bridge design
practice in the European Union, Eurocode provisions
play a central role, particularly EN 1990 (basis of
structural design), EN 1991 (actions on structures),
and EN 1992 (design of concrete structures). These
documents enable the consideration of both structural
safety and service life performance within a unified
design framework [2]-[4].

The American approach is represented by the
AASHTO LRFD Bridge Design Specifications, where
structural reliability is assessed using probabilistic
concepts based on limit state design principles [5]. In
the post-Soviet regulatory space, SP 63.13330 governs
the design and analysis of reinforced and prestressed
concrete structures, addressing requirements related to
durability, deformations, strength, and stiffness [11].

Contemporary  concepts and international
standards

International standards and guidelines, including
FIB Model Code 2010, EN 206, 1SO 15686, and
AASHTO LRFD Bridge Design Specifications, have
introduced a fundamentally new methodological
paradigm known as Service Life Design. Within this
framework, durability is treated as a design parameter
equivalent in importance to strength and stability [1,
6, 11-15].

The key principles of this concept include:

- definition of the required design service life
T 4.4, depending on the structural category (typically
50, 75, or 100 years);

- identification of degradation stages:

- initiation stage (penetration of CO2,
chlorides, and moisture);

- propagation  stage  associated  with
progressive reinforcement corrosion;

- ultimate limit state stage;

- evaluation of degradation parameters, such as
diffusion coefficients, concrete cover thickness, and
environmental aggressiveness;

- calibration of degradation models using
inspection, monitoring, and diagnostic data.
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According to 1SO 15686-1 (2011, 2022) [7],
durability is defined as “the ability of a component to
perform its required functions over a specified period
of time without unacceptable degradation of
performance”. Consequently, durability becomes an
explicit function of time and exposure conditions,
forming the basis of modern service life-oriented
design methodologies.

It should be emphasized that the presented
standards differ not only formally, but also
conceptually in their treatment of time-dependent
degradation.

Integration of durability and reliability

The reliability of bridge structures is defined as the
probability that a structure will maintain its load-
bearing capacity and functional performance
throughout the specified service life. From a
methodological standpoint, the relationship between
durability and reliability may be expressed as:

Psurv(t) = e_l(t):

where P, (t)is the probability of failure-free
performance and A(t)represents the degradation
intensity as a function of environmental exposure and
material properties.

In this context, durability can be interpreted as a
time-integrated reliability indicator:

R
Kdur(t) = R_:) = e—at’
where R_tis the residual load-bearing capacity at

time t, and R_Qis the initial capacity. This formulation
enables the use of probabilistic time-dependent
models that link limit state design with environmental
degradation mechanisms.

Service life prediction methodologies

Within the methodological framework for
durability assessment of bridge structures, three
principal approaches are commonly applied:

Table 1
Main methodological approaches to the
assessment of bridge durability

(Service Life
Design)

fatigue, and limit
state exceedance

adopted in FIB
and Eurocode

Approach Description Advantages
Use of normative
environmental simolicit
... | coefficients, water plcity,
Deterministic . regulatory
resistance and L2
frost resistance compatibility
grades
Resource
if;ﬁﬁg;n using Applicaple in
Semi- relationships engineering
probabilistic | R(t) = practice,
Rge-taccounting qnableg service
life estimation
for exposure
category
Probabilistic | Modeling of Highest
time- diffusion, accuracy and
dependent carbonation, flexibility;

Service life design methodology integrates these
approaches: semi-probabilistic analysis is typically
applied at early design stages, while detailed
probabilistic models are used for refined assessments
and optimization.

Conceptual framework of durability-oriented
design

In a generalized form, durability-oriented bridge
design may be represented as a sequence of five key
stages:

- classification of environmental exposure
conditions (according to EN 206 and SHNK 2.05.03-
22);

- specification of the design service life T y.gign;

- time-dependent modeling of material
degradation E(t), R(t), and K4,

- evaluation of failure probability P,(t)and
identification of governing limit states;

- optimization of design solutions with respect
to durability, environmental performance, and
economic efficiency.

Within this framework, durability emerges as a
governing criterion of structural reliability, while
reliability assessment becomes a quantitative tool for
evaluating environmental impacts on long-term
structural performance. This integrated approach
constitutes the methodological basis for incorporating
environmental effects into the design of reinforced
concrete bridges.

In practical bridge design, the selection of an
appropriate methodological level largely depends on
data availability and the expected aggressiveness of
the operating environment.

3. CONCLUSIONS

The conclusions of this study are based on a
combination of regulatory analysis and engineering
generalization of long-term bridge operation practices.

The systematization of methodological approaches
to assessing the durability and reliability of reinforced
concrete bridges presented in this paper allows several
important conclusions to be drawn, which are relevant
for both the scientific community and engineering
practice.

First, the analysis of regulatory documents,
including EN 206, Eurocodes (EN 1990-1992),
AASHTO LRFD, SP 63.13330, FIB Model Code
2010 [6], and 1SO 15686 [7, 13], demonstrates a clear
international trend toward the transition from formal
normative design to service life-oriented design
methodologies. Unlike traditional deterministic
approaches based on strength reserves and fixed
design parameters (such as concrete cover thickness or
frost resistance class), contemporary design concepts
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require explicit consideration of time-dependent
material degradation and the integration of
environmental effects into structural assessment
models [12, 15].

Second, a key outcome of this study is the
justification for adopting a multi-level methodological
framework that includes:

e a deterministic level, ensuring compliance
with existing regulatory requirements;

e asemi-probabilistic level, based on empirical
relationships and engineering judgment;

e a probabilistic time-dependent level,
incorporating models of carbonation, reinforcement
corrosion, and fatigue degradation within the
framework of limit states and failure probability
analysis.

The integration of these levels provides a robust
basis for predicting the residual service life of bridge
structures and enables more substantiated engineering
decisions during the design process.

Third, the results highlight the necessity of further
harmonization between national regulations and
international standards, particularly with respect to:

o classification of environmental exposure
conditions (in accordance with EN 206 and ISO
15686);

e service life prediction using approaches
adopted in FIB and Eurocode frameworks;

e implementation of diagnostics and Structural
Health Monitoring (SHM) as an integral component of
both design and operational management strategies.

e  OQverall, the proposed methodology makes it
possible to:

e improve the accuracy of service life
assessment for reinforced concrete bridges;

e enhance the efficiency of maintenance and
rehabilitation planning;

e  substantiate design decisions at both
conceptual and detailed design stages;

e increase the adaptability of bridge structures
to climatic variability and anthropogenic impacts.

Under conditions of increasing operational
demands, economic constraints, and stricter
sustainability ~ requirements  for infrastructure
development, the development and implementation of
integrated durability and reliability models should be
regarded as a priority task for transport construction in
Uzbekistan and other regions characterized by severe
climatic conditions.
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Methods for Calculating Retaining Walls Composed of Modern
Prefabricated Elements and Their Stability Conditions

M.Kh. Miralimov®?, Kh.U. Urazov®P®, Z K. Rakhimjonov®¢, K.M. Juraev*®¢
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article discusses the design principles, calculation methods, and stability conditions of reinforced
retaining walls composed of modern prefabricated elements. The study analyzes the main loads acting
on retaining walls, soil pressure, the working principles of reinforcing elements, and their influence
on the structural strength of the system. In addition, the overall stability conditions of the wall,
including overturning, sliding, and foundation stability, are evaluated based on engineering
calculations. The technical and economic advantages of using modern prefabricated elements, as well
as their role in accelerating construction processes, are also considered. The article presents the
practical application of retaining walls reinforced with geosynthetic materials and metal
reinforcements, together with the standard design approaches used in their calculation. The obtained
results are important for ensuring the reliability and long-term serviceability of reinforced retaining
walls used in highways, railways, and other transport infrastructure facilities.

Reinforced retaining wall, prefabricated elements, soil pressure, stability conditions, geosynthetic
materials, strength analysis, sliding, overturning, foundation stability, engineering structures,
deformation, reinforced soil, geotechnics, structural solutions, load effects

Keywords:

Zamonaviy Yig‘ma Elementlardan Iborat Tirgak Devorlarni Hisoblash
Usullari va Bargarorlik Shartlari

Miralimov M.X.1®3 O¢razov O°.X.}®° Rahimjonov Z.Q.1®¢, Juraev.Q.M.*@¢
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Ushbu maqolada zamonaviy yig‘ma elementlardan tashkil topgan armaturalangan tirgak devorlarning
konstruktiv xususiyatlari, ularni loyihalash va hisoblash usullari hamda bargarorlik shartlari
yoritilgan. Tadgigot davomida tirgak devorlarga ta’sir etuvchi asosiy yuklamalar, grunt bosimi,
armaturalovchi elementlarning ishlash prinsipi va ularning konstruksiya mustahkamligiga ta’siri
tahlil qilingan. Shuningdek, devorning ag‘darilish, sirpanish va poydevor bo‘yicha umumiy
bargarorlik holatlari muhandislik hisoblari asosida baholangan. Zamonaviy yig‘ma elementlardan
foydalanishning iqtisodiy va texnik afzalliklari, qurilish jarayonini tezlashtirishdagi o‘rni ham ko‘rib
chigilgan. Magqolada geosintetik materiallar va metall armaturalardan foydalanilgan tirgak
devorlarning amaliy qo‘llanishi hamda ularni hisoblashda qo‘llaniladigan me’yoriy yondashuvlar
keltirilgan. Olingan natijalar avtomobil yo‘llari, temir yo‘llar va boshqa transport inshootlarida
qo‘llaniladigan armaturalangan tirgak devorlarning ishonchliligi va uzog muddatli xizmat gilishini
ta’minlashda muhim ahamiyat kasb etadi.

Armaturalangan tirgak devor, yig‘ma elementlar, grunt bosimi, bargarorlik shartlari, geosintetik
materiallar, mustahkamlik hisobi, sirpanish, ag‘darilish, poydevor barqarorligi, muhandislik
inshootlari, deformatsiya, armaturalangan grunt, geotexnika, konstruktiv yechimlar, yuklama ta’siri

Kalit so‘zlar:

1. KIRISH

Hozirgi kunda avtomobil va temir yo‘l transport
infratuzilmasining jadal rivojlanishi murakkab geologik
sharoitlarda ishonchli va iqtisodiy jihatdan samarali
muhandislik inshootlarini barpo etishni talab gilmoqgda.
Bunday inshootlar tarkibida tirgak devorlar alohida
ahamiyatga ega bo‘lib, ular grunt massasining

bargarorligini  ta’'minlash, ko‘chki va surilish
hodisalarining oldini olish hamda yo‘l poyi
mustahkamligini  oshirish  vazifalarini  bajaradi.

al® https://orcid.org/0000-0003-2530-5516
b https://orcid.org/0000-0003-3594-5170

An’anaviy monolit tirgak devorlar bilan bir gatorda,
zamonaviy yig‘ma elementlardan tashkil topgan
armaturalangan tirgak devorlar keng qo‘llanilmoqda.
Shu bilan birga, armaturalangan tirgak devorlarni
loyihalashda grunt bosimi, tashgi yuklamalar,
armaturalovchi elementlarning ishlash mexanizmi va
konstruksiyaning ~ ag‘darilish,  sirpanish ~ hamda
deformatsiyaga qarshi bargarorligini aniq hisoblash
muhim masalalardan biri hisoblanadi. Zamonaviy
hisoblash  usullarini  qo‘llash  konstruksiyaning
ishonchliligi va uzoq muddat xizmat gilishini

https://orcid.org/0000-0002-7898-077X
40 https://orcid.org/0000-0002-0883-7257
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ta’minlaydi. Mazkur magolaning magsadi zamonaviy
yig‘'ma elementlardan iborat armaturalangan tirgak
devorlarni  hisoblash usullarini o‘rganish, ularning
barqarorlik shartlarini tahlil gilish hamda amaliy qo‘llash
imkoniyatlarini yoritishdan iborat. Tadgigot natijalari
transport va geotexnik inshootlarni loyihalashda samarali
konstruktiv yechimlarni tanlashga xizmat giladi.[1]

2. TADQIQOT METODIKSI

Hozirgi kunda respublikamizda ko‘priksozlik
sohasida ko‘plab yangi turdagi metod va usullardan
foydalangan holda ko‘priklarning elmentlarini
mustahkamlikka va chidamlilikka hisoblashmoqda
shu jumladan ushbu ishda ham yangi turdagi
zamonaviy yig‘ma elementlardan iborat tirkama
devorlarning ustuvorligini hisoblashda amal giladigan
shartlar va ketma-ketlik qoidalari keltirilgan.

Tasma armaturali tirgak devorlarini hisoblashda eng
birinchi dastlabki loyiha tuziladi. Dastlabki loyihalashda
armatura  kesimi va umumiy armaturalar soni
hisoblangandan  so‘ng  inshootning  barqarorligi
tekshiriladi. Tasma armaturali tirgak devorining
bargarorligi tashqgi va ichki bargarorlik sifatida ikki
bosgichda hisoblanadi.

Tashqi bargarorlik

Tasma armaturali tirgak devorining tashgi bargarorligini
hisoblashda yig‘ma panellarning og‘irligini hisobga
olmasdan, tizim og‘irlik devori kabi ishlaydi deb
hisoblanadi. Ushbu taxminga ko‘ra quyidagi tekshiruvlar
amalga oshiriladi (1-rasm).

a)  Asosdan siljish tekshiruvi

b)  Ag‘darilish tekshiruvi

C) Ko'tarish qobiliyati tekshiruvi
d)  Umumiy yemirilish tekshiruvi

Chokish holats

Axlanizh holats

1-rasm: Tashqi bargarorlik tekshiruvlari (TS 7994)

Agar yig‘ma elmentlardan iborat tirgak devor
inshootni og‘irlik devori deb hisoblasak, bu inshootga
ta’sir giladigan tashqi kuchlar: aktiv grunt bosimi (Pa),
passiv grunt garshiligi (Pp) va devor og‘irligi (Pw)
hisoblanadi (2-rasm). [2-3]

%f ."\I'Il1i]1_l|l"¢_l

Yig'ma i =
= i

ToMinfchi

panellar

2-rasm: Tasma armaturali devorga ta’sir
giluvchi tashqi kuchlar

3. MUHOKAMA VA NATIJALAR

Ho balandlikdagi devorga ta’sir giluvchi umumiy yon
kuch yon bosimning balandlik bo‘ylab (Ho)
integrallash orgali aniglanadi. Shunday qilib, devorga
ta’sir etuvchi umumiy aktiv bosim (P,) va umumiy
passiv bosim (Pp) quyidagi tenglamalar bilan
aniglanadi (TS 7994).

H ! 1 !
Pa=f00Ka71Z=EKaYH02 1

H ! 1 !
Pp=f00Kp71Z=EprHOZ (2

Bu yerda y,'- to‘ldiruvchining birlik hajmiy
og‘irligi, Ka - aktiv gruntning yon devorga bosimi
koeffitsiyenti va K, - passiv gruntning yon devorga
bosimi koeffitsiyentidir.

Ushbu yon kuchlar (P, va Py) yon grunt bosimining
tagsimlanish diagrammasining markazida ta’sir giladi.
Boshgacha aytganda, bu kuchlar ta’sir giladigan daraja
diagramma asosidan boshlab D+/3 ga teng. Agar yer osti
suvlari mavjud bo‘lsa, yer osti suvidan kelib chiqgan
suv kuchini ham yon devor kuchlariga qo‘shish kerak.

Bir nugtadagi suv bosimi (u):

u = hy z'. Devorga ta’sir qiluvchi umumiy suv kuchi
ham suv bosimining suv ta’sir giladigan chuqurlik
bo‘ylab integrallash orqali olinadi (TS 7994).

hw 1
Pw = fO YwZ = E)’whw2 (3)

Agar yuzaga bir tekis q kuchlanishi qo‘llanilgan
bo‘lsa, bu kuchlanishdan kelib chigadigan bir tekis yon
kuchlanish, faol yoki passiv yon tuprog bosimi
koeffitsiyenti bilan ko‘paytmasiga teng bo‘ladi (TS
7994):

Qs—a = Koq; (4)
qds—p = qus 5)

Yuza yuklanishidan devorga ta’sir etuvchi umumiy
aktiv va passiv kuchlar esa quyidagi tenglamalar bilan
aniglanadi (TS 7994):
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H
Qs—a = fo 0I(aqs = KaquO (6)

H
Qs—p = fo 0I(pqs = qusHO (7)

Bu kuchlaming ta’sir markazi devor balandligining
yarmi darajasida joylashgan.

Ma’lum bir chuqurlikda grunt, yer osti suvlari va sirt
tarangligi natijasida yuzaga keladigan kuchlanishlar
yig‘indisi quyidagi tenglamalardan aniqlanadi (TS
7994):

a’xa = Kﬂ.a’Z + Kaqs + u (8)
o' =Ky0,+K,q,+u 9

Gruntdan, suvdan va sirt yuklanishidan yuzaga
keladigan yon bosimning devorga ta’siri 3-rasmda
ko‘rsatilgan.

hi
peyy

f

‘ Kare _ wwss
Kor'e |__ A ¥ 1 KaayHl
=gz /T P = 5Ky} 1,

Ho Pu =5 rubi He —
e N i
ud:l I ot l”‘B 2
.. > — pr—

+r
Kor'lhy Kuy'Hs Yuie Kuqy

Passiv Aktiv Gidrostatik Sirt kuchlanishi

3-rasm: Grunt, suv va sirt yuklaridan kelib
chigadigan yon bosimning devorga ta’siri

Qiya sirt va ishgalanishsiz devor orgasida (2.20-
rasm) gruntdan kelib chigadigan devorga ta’sir etuvchi
bosimlarni aniglashda qo‘llaniladigan Kar aktiv va
Kpr passiv Rankin bosim koeffitsientlari quyidagi
formulalar orgali hisoblab topiladi. (TS 7994):

- in2o—2si
KaR _ cos B n)Jl+sm @p-2singcosf, (10)

cos? (cosB+\/sin2q)—sin2/?)

- in2 i
cos (B n)\/1+sm @+2singcostp

P cos2(cosp—_[sin2p—sin2p)
_T e B _lgin-1(5in8

0, = 4 + 2 2 251! (sin(p) (12)
_T_® B 1in-1(5inE

6, = 4 2 + 2 + S (sin(p) (13)

Aktiv va passiv yon kuchlar devor normali bilan
quyida berilgan & burchaklarni hosil giladi (TS 7994):

5, = tan™? (M) (14)

1-singcosO,

_ -1 singsinfp

67’ = tan (1—simpcusap) (15)

Devor va grunt oraliq yuzasi vertikal bo‘lgan holda

esa, aktiv va passiv yon kuchlar grunt yuzasiga
parallel bo‘ladi.

Ishgalanishsiz devor

b]

Siliish yuzasi

Qiyvalik sirtning
normal vektori

o

--
-

H/3

4-rasm: Devor sirti qiya bo‘lganda hosil bo‘ladigan
va devorga ta’sir etuvchi kuchlar

Asos bo‘ylab sirpanish tekshiruvi
Asos bo‘ylab sirpanishga qarshi xavfsizlik koeffitsienti
ushbu formula orgali aniglanadi.

YFp _ Tf+Pp _ (IV)tangz+Bca+Py

Gs_sirpanish = =2 =
s—sirpanish SFq Pan Pgycosa

(16)

Eng kam xavfsizlik koeffitsienti 1.5 gabul gilinishi
kerak (TS 7994).

Bu yerda: Y Fr - siljishni oldini oluvchi kuchlar
yig‘indisi, Y Fq - siljituvchi kuchlar yigindisi, Y} V=
W+P,sina - devor asosiga ta’sir etuvchi vertikal kuch,

B - panel tasmasi uzunligi (devor asosi kengligi),
C2 va ¢ asos zaminining kogeziyasi va ichki
ishgalanish burchagi. Agar inshootning igtisodiy
Xizmat muddati davomida devor oldidagi gruntda
gazish ishlari olib borilmasligiga ishonch hosil
qilishning iloji bo‘lmasa, u holda (16) tenglamadagi
gruntning passiv garshiligi (Pp) e’tiborga olinmaydi.
[4]

Ag‘darilishni tekshirish
Ag‘darilishga qarshi xavfsizlik koeffitsiyenti quyidagi
tenglikdan aniglanadi.

W(B/2)+Pgsina B

— IMr _
G Pgsina (H/3)

s—agrdarilish — YMo - (17)

Bu yerda:

> M - C nugta (28-rasm) atrofida ag‘darishga harakat
qiluvchi kuchlarning momentlari yig‘indisi

> MR - C nugta atrofida ag‘darilishga garshilik giluvchi
kuchlarning momentlari yig‘indisidir.

Agar konstruksiyaga ta’sir etuvchi kuchlar va
eguvchi momentlar bitta normal kuchga (N)
aylantirilsa (31-rasm), bu kuch devor o‘rtasidan
ekssentriklik ~ (¢) gacha uzoglashadi. Agar
ekssentriklik e<B/6 dan kichik bo‘lsa, ag‘darilish
sodir bo‘lmaydi va ag‘darilishni tekshirishga hojat
yo‘q (Maksimovich, 2008).

Yuk ko‘tarish qobiliyatini tekshirish

Ekssentriklik (e) ortib B/6 dan katta bo‘lganda, qmin
manfiy bo‘ladi va bu holda asosda cho‘zilish
kuchlanishlari paydo bo‘ladi. Bu istalmagan holat,
chunki  gruntning cho‘zilish  kuchlanishlariga
garshiligi juda past. Bunday holda, devordagi
nisbatlarni  qayta aniqlash orqali  cho‘zilish
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kuchlanishlari paydo bo‘lishining oldini olish kerak. e
< B/6 (31-rasm) holatida asos bosimi (TS 7994);

v 6
ane =2 (1%) (18)
Yuk ko‘tarish qobiliyatini nazorat qilishda qmax
tekshiriladi, maksimal asos bosimi poydevorning yuk
ko‘tarish qobiliyatidan oshmasligi kerak.
I B |

| Qayta to'ldirish

NJ| ¢

D}

Poydevor zamini
q Qmuin

5-rasm: Ekssentrik yuklangan tasma bilan
mustahkamlangan tuproq armaturali tayanch
devori ostida asos bosimining tagsimlanishi.

Agar yig‘ma panellardan iborat tirgak devori
lenta(tasmasimon) poydevor sifatida garalsa, uning
yakuniy(chegaraviy) ko‘tarish qobiliyatini Karl va
Terzagi tomonidan taklif etilgan ko‘tarish qobiliyati
formulasi (19) bo‘yicha aniglash mumkin.

qu = cN.+ Dsy,N, + 0.5By;N, (19)

Bu yerda: ¢ - devor ostidagi tuprogning bog‘lanish
koeffitsienti, B devor asosining kengligi (po‘lat
armatura uzunligi), Ds - poydevor chuqurligi, N¢, Ng va
N, - poydevor gruntining ichki ishgalanish burchagiga
(¢) bog‘liq ko‘tarish qobiliyati omillari.

Ko‘tarish qobiliyati xavfsizlik koeffitsienti (TS 7994):

_ _u
Gs_ko'tarish qobiliyati — — >3 (20)
9max

ta’minlanishi zarur.

Yuk ko‘tarish qobiliyatini tekshirish

Tasma bilan mustahkamlangan armaturali tirgak devori
uchun barcha tekshiruvlar o‘tkazilganda, garchi
xavfsizlik  koeffitsientlari ~ kerakli ~ giymatlarda
ta’minlangan bo‘lsa-da, ko‘p hollarda qazish natijasida
yuzaga kelgan o‘zgarishlar devor o‘rnatilgan hududda
tuprogning muvozanatini yo‘qotib, devor bilan birga
buzilish ehtimolini oshiradi. Shuning uchun umumiy
buzilish tekshiruvini o‘tkazish talab etiladi. Turg‘unlik
tahlili Shvetsiya bo‘laklar usuli bilan amalga oshirilishi
mumkin.

Shvetsiya bo‘laklar usulida ABCDA maydoni
vertikal bo‘laklarga bo‘linadi (32-rasm). Bo‘lakning
yon tomonlariga ta’sir etuvchi kuchlar bir-birini
muvozanatlaydi deb hisoblanadi. Ixtiyoriy (i)
bo‘lakning og‘irligi (W;) bo‘lak asosida, normal (Ni)
va urinma (Ti) yo‘nalishlarda ikkita tarkibiy qismga
bo‘linishi mumkin.

6-rasm: Shvetsiya bo‘laklar usuli (TS 7994)

N; = W;cosa; T; =W;sina; (21)

Bu yerda:

0i - bo‘lak asosi yoy markazi. O markazi bilan
birlashtiruvchi to‘g‘ri chiziq, O markazidan o‘tuvchi
vertikal yo‘nalish bilan hosil qilgan burchakdir.
Bo‘lakning siljishiga qarshilik ko‘rsatuvchi kuch
gruntning siljishga qarshiligidan hosil bo‘ladi va u
quyidagicha (TS 7994).

Ty = ALty = AL(c + o,tang) = AL (c +
%tun(p) = ALc + Ntang (22)

AL - Dbo‘lakning yoy uzunligi. Xavfsizlik
koeffitsienti siljishga qarshi qo‘yilgan momentlar

yig‘indisining,  siljituvchi  kuchlar ~ momentlari
yig‘indisiga nisbatiga teng (TS 7994).
_ Y(ALc+Ntang)r

Gs = S (Wsina)r (23)

Bu ifodada moment yelkalari teng bo‘lgani uchun

quyidagi ko‘rinishni oladi.
Lc+tangy N
Gs=—"3 (24)

L - AD yoyning uzunligi (2nr6/360).
Ichki barqgarorlik
Ichki muvozanatda armatura(tasma)ning tortish
kuchlanishlari ostida uzilishi va yetarli bo‘lmagan
ishqalanish tufayli to‘ldirilgan gruntdan sirpanishi
o‘rganiladi (TS 7994). Ushbu tekshirish natijasida,
zarurat tug‘ilganda, armaturalar soni, o‘lchamlari va
to‘ldirgich ichiga joylashtirish oraliglari qgayta
belgilanadi.
Armatura(tasma) uzilishini tekshirish
Armatura(tasma) tayyorlangan materialning tortish
mustahkamligi tegishli xavfsizlik koeffitsientiga
bo‘lingan holda topiladi. Armatura ko‘tara oladigan
maksimal tortish kuchi Ti (7-rasm) quyidagi ifoda
orgali hisoblanadi (TS 7994).

Ti = Thi + Tqi + Tsi + Tfl + Tmi (25)

Bu yerda:

Thi: Grunt yukidan hosil bo‘lgan tortish kuchi

Tgi: Ozgaruvchan yukdan hosil bo‘lgan tortish kuchi
Tsi: Vertikal yukdan hosil bo‘lgan tortish kuchi

Ts: Gorizontal yuk
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Tmi: Vertikal yukdan hosil bo‘lgan moment ta’siri.
Grunt yukidan hosil bo‘lgan tortish kuchi Tk

Ty = (Kayhi - 2c¢,/ Ka)sy (26)
Yoyilgan yukdan hosil bo‘lgan tortish kuchi Ty;
Ty = Kquqs, (27)

ko‘rinishida hisoblanadi. S - armaturalar orasidagi
vertikal oralig, g - yoyilgan yuk ma’nosini anglatadi.

lsi b
F' | —
; ==

HIT I 1 T T 17 }a

1
s, =
y I,
¥ 2 2

I
3
i Armatura

B

7-rasm: Tortishga ta’sir etuvchi kuchlar (TS 7994)
Vertikal yukdan hosil bo‘lgan kuch Ts; (34-rasm);
Si 6
Ty = Kosy o (1+5) (28)
h;<2d—-bbo'lsaD;=h;+b (29)

hi+b (30)

h;>2d—-bbo'lsaD;=d+ >

Si

Y .

d [

t
. v
v
X \ 2
T N
si b
\
\
)

8-rasm: Tashqi yuklarning armaturaga ta’siri

(TS 7994)
Gorizontal yuk T+ esa 7-rasmdan
_ tan (45})—%) (32)
d+z

Vertikal yukdan hosil bo‘lgan moment ta’siri;

6KqsyM;

Toi = —" (33)
1
M; = F;h; (34)
ko‘rinishida hisoblanadi.
(2F tan(45 - @/2) d 3 P
d+b/2 [ 45+—
+b/ g"\ 2
b
hI : !
d+b/2 - Iy
an(45 - %)

9-rasm: Gorizontal yukning armaturalarga ta’siri
(TS 7994)

Bu yerda: L; - armaturalangan sohaning effektiv
uzunligi, S; - vertikal yuk, Fi - gorizontal yuk, b
yoyilgan yuk kengligi, h; - tasmalar ustidagi to‘ldirish
balandligi, d - yoyilgan yuk o‘rtasi va devor yuzasi
orasidagi masofani anglatadi (2.25-rasm). Maksimal
tortish kuchi hisoblangandan so‘ng, tasmalarning
uzilish mustahkamligi quyidagi mezon bo‘yicha
tekshiriladi (TS 7994).

Timax < Patbst (35)

Bu yerda: P - ruxsat etilgan tortish kuchlanishi, bs
- armatura kengligi va t - armatura galinligini
anglatadi.
Armatura(tasma) sirpanishini tekshirish

Armatura sirpanishini o‘rganishda,
to‘ldiruvchining yuqori yuzasidan h; chuqurlikda va L;
uzunligida armaturaning ikki tomonida yuzaga
keladigan ishqgalanish kuchi (sirpanishga garshilik),
armaturaning qalinligini e’tiborsiz qoldirish mumkin
bo‘lgani uchun;

T; = (2) Lilrhi + @) + cLy) (36)

ifodasi bilan hisoblanadi (TS 7994). Bu yerda P; =
atane ishgalanish koeffitsiyenti bo‘lib, u (0,5 < a < 1)
qiymatlar orasida bo‘lishi kerak. [4-5-6]

4. XULOSA

Xulosa qilib shuni aytish mumkinki yuqorida
keltirilgan formula va sxemalardan ko‘rishimiz
mumkinki yig‘ma elementlardan iborat tirgak
devorlarni hisoblash qoidalari an’anaviy turdagi tirgak
devorlarni hisoblash ketma-ketligidan biroz farq
giladi, shu sababdan yig’ma elementdan iborta
tirkama devorlarni hisoblash qoidalarini o‘rganish
alohida ahamiyat kasb etadi. Bunday turdagi
maqolalar  O‘zbekiston respublikasining ilmiy
bazasini boyitadi.
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Analysis of the Strength Characteristics and Micro-Crack Formation
Boundaries of Ceramic Concrete During Compression

G. Malikov!®?2
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: The article examines the physicochemical, strength, and deformation properties of keramzit concrete

under short-term and long-term axial compression. Particular attention is paid to the kinetics of the
microcracking process and the determination of parametric points—the lower (R_crc™o) and upper
(R_crc”v) boundaries of microcracking in the structure of light concrete. Based on an analytical
review of the research, the influence of the heterogeneity of the porous filler and the strength of the
mortar part on the overall deformability and prismatic strength of the material is demonstrated.
The limitations of applying O.Ya. Berg's classical logarithmic dependencies in evaluating modern
concretes were demonstrated, and new universal empir ical formulas were analyzed, accounting for
the constant ratio of load levels ((n_crc™o)/(n_crc”v )=const) and the low density of keramzit
concrete. The obtained results can be used to improve methods for designing and assessing the stress-
strain state of concrete and reinforced concrete structures. Keywords: Keramzit concrete, lightweight
concrete, prismatic strength, Poisson's ratio, deformability, microcracking, lower boundary of crack
formation, upper boundary of crack formation, stress-strain state.

Keywords: Ceramic concrete, light concrete, prismatic strength, Poisson's ratio, deformability, micro-cracking,
lower crack formation boundary, upper crack formation boundary, stress-strain state

Ananu3 [IpounocTHbIX XapakTepucTuk U I'panuig
MuxkpoTtpemuHooopa3osanusi Kepamsuroderona npu Cikaruu

Masukos I'.202
'TamkenTcKknii rocy1apcTBEHHBIH TPAHCIIOPTHBIHA yHUBEepcHTeT, TalKeHT, Y36eKucTan

AHHOTaIWs B crarbe paccMOTpeHBl (DM3MKO-MEXaHMYECKHE, MPOYHOCTHBIE M Je(OpMalliOHHbIE CBOWCTBA
KepaM3UTOOETOHa NPH KPaTKOBPEMEHHOM WU JUIMTEIBHOM oceBoM cxaruu. Ocoboe BHUMaHHE
yIIeJI€HO KHHETHKE IPOoLecca MHUKPOPa3pyIICHUS M ONPEACNCHHIO MapaMeTPHYeCKUX TOYeK —
HmwkHaeil (R_crc”o) u Bepxneii (R_crcv) rpanui MEKpOTpeIIMHOOOpa30BaHKs B CTPYKTYPE JIETKOTo
Oerona. Ha ocHoBe aHanmuTH4eckoro 0030pa MCCIENOBAaHUII NMOKa3aHO BIMSHHUE HEOJHOPOIHOCTH
HOPHCTOrO 3alOJHUTENs W TPOYHOCTH PACTBOPHOM YacTH Ha OOyl aedopMaTHBHOCTH H
NPU3MEHHYIO TNPOYHOCTh Marepuana. Iloka3zaHa OrpaHMYEHHOCTb IMPUMEHEHUs KJIACCHYECKHX
norapupmuueckux 3aBucumocteir O.5l. Bepra mpu OlEHKE COBPEMEHHBIX OETOHOB H
[POAHAIM3UPOBAHBI HOBbIE YHUBEPCAJIbHbIE SMIIUPHUECKUE (POPMYIIBI, YUUTHIBAIOIINE IOCTOSHCTBO
OTHOILICHUI ypOBHE# HAarpy30k (1_crc™0)/(n_crc™v )=const ¥ HU3KYIO IIOTHOCTh KEPaM3UTOOETOHA.
[Nomy4eHHble pe3ynbTaThl MOTYT ObITh MCIOJNB30BAHBI JUIS COBEPIICHCTBOBAHMS METOZIOB
NIPOSKTUPOBAHMSA M  OLCHKH  HANPSHKCHHO-1€(OPMUPOBAHHOIO  COCTOSHMS  OCTOHHBIX U
KeJe300eTOHHBIX KOHCTpyKuuit. KiroueBsie cioBa: KepaM3ntoOeroH, Jierkuii 6eToH, mpu3MeHHas
npouHocth, Koddpdunment I[lyaccona, nedopmMaTHBHOCTb, MHKPOTPELIMHOOOPA30BaHKE, HIKHSIS
IpaHulla TPELMHOOOpa30BaHMS, BEPXHAA TIPaHULA TPELIMHOOOPAa30BaHMS, HAIPSKEHHO-
ne(hOpMHUPOBAHHOE COCTOSIHUE.

Knrouesie cioBa: ~ Kepam3utroGeroH, Jsierkuit  OeroH, mOpH3MEHHas MPOYHOCTh, Kod(pduument Ilyaccona,
nedopMaTHBHOCTb, MUKPOTPELIMHOOOpa30BaHNe, HIKHSA TPAHULIA TPELIMHOOOPa30BaHUs, BEPXHASL
IpaHuLia TPEIIMHOOOPa30BaHus, HAPSHKEHHO-1e()OPMUPOBAHHOE COCTOSIHIE

1. BBEJAEHHUE Bompocam  uccnenoBaHust  KOHCTPYKIMH — U3

KepaM3uTOOECTOHOB " COBEPILEHCTBOBAHUA
K 4mCITy OCHOBHBIX IIapaMETPOB, HEOOXOAMMBIX I TEXHOJIOTUN WX TPOHM3BOJICTBA OBUT IOCBSAIICH PsI
IIPOEKTUPOBAHUs JKEJIE300€TOHHBIX KOHCTPYKLUH, BaXHBIX paboT A.A. Ampa6osa, b.A. Ackaposa, U.C.
OTHOCSITCSI ~ MPOYHOCTHBIE W JAe(opMaTHBHEIC Paynosa, B.B. bommaps, A.M. Baramosa, K.IL
XapaKTEepUCTHKA OETOHA TMpPHU KPATKOBPEMEHHOM H Henmoca, B.I'. Hosxwuka, WN.A. Wsanosa, W.T.
JUINTETIBHOM CIKATHH W PaCTSKCHHH. WBanoBa-/satnoBa, H.A. Kopuesa, A.A. KynpsBuesa,

all¥ https://orcid.org/0000-0003-3691-1079
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A.E. Tlupanosa, 1. A. [Tornosa, M.3. CumonoBa, A.A.
XomxaeBa, HMuozemuera A.C., Koponesa E.B.,
AnnpuanoBa A.A., Hcaesa B.®., ®amukmana B.P.,
3Be3noBa A.U., Kongpamenko B.W., Memxkayckaca
I0.1., Opentimuxe pa JLIL., Spmaxosckoro B.H.,
Kurkesnu P.K., T'yzenxko C.B., 3Be3goBa A.U.,
I'yukuna W.C., Bakpamze .M., ByxkeBuua I.A.,
T'opuaxosa I'.U., lona A.W., Uctomun A.C. u psag
JPYTUX, ¥ MHOTO JPYTUX 3apYOCIKHBIX YUCHBIX.

MHoro AmMcKyccui — BBI3BIBAET  BOIPOC O
MPU3MECHHOA MPOYHOCTH OCTOHOB HA IOPUCTHIX
3aMOJHHUTENAX. FIMEIOTCS MHOTOUYHCIICHHBIC OIBITHEIE
JaHHBIE, ITO KOTOPhIM Ry/R 1 3THX GETOHOB BHIIIIE,
YeM IS TSHKEJIOro OeToHa.

Tak, mo manaemM A.b. I[lupagosa [1], s
KepaM3uToOeToHa

R, =09 xR, 1)
Mo 0606meHHbM nanabiM HUWXKBa [2]
R/R=0,90 — 0,001 X R, 2
Mo manuemv K.W. Bunkosa [3]
R,/R=0,88-0,001 xR (3)

B KMK 2.01.03-95 [70] nist TsDKEIoro U JIETKOro
0ETOHOB NPUHSAT €IMHBIA KOA(DPHUIMEHT MPU3MEHHOM
IIPOYHOCTH, OIIPEAEISAEMBIN 110 BBIPAIKEHUIO

R,/R, =0,77 — 0,001 X R (4)

Koadduuuent IlyaccoHa v, kak H3BECTHO, B
lleﬁCTByIOH_IHX HOpMax MNPUHAT 4 TSKEI0ro u
Jierkoro OeroHa, paBHbM 0,20, HE3aBUCHMO OT BHA

HanpsbkeHHoro  cocrosii.  Ilo  nmaHHBIM  psna
uccnenosateneii  kosp¢urment Ilyaccona mpu
CXKATUU UIS  KepaM3UTOOETOHAa  KOJeOaeTcs B

npeaenax, 0, 12...0, 28.

2. METOJbI U PE3YJIBTATBI

NCCIIEAOBAHUA
OCHOBHBIM  YCIIOBUEM  HOPMJIBHOM  pabOTHI
KeNe300e TOHHBIX KOHCTPYKIIHH SIBIISIETCSI

COBMECTHOCTH Jethopmariuii 6eToHa U apmartypsl. Ilo-
9TOMY 3Ha4yeHHUE MpPeAebHBIX JIe(opMaluil CKATHS
0eToHa, XapaKTepU3yIIIMX CTeNEeHb MUCIIOIb30BaHUS
apMaTtypsl B KOHCTPYKIHSX, KpailHe HeoO0XOIHMO.
Kak  wu3BecTHO, KepaM3UTOOCTOHBI  OOJAZAIOT
MOBBIILICHHON Je(pOPMATUBHOCTBIO MO CPABHEHHIO C
AQHAJIOTHYHBIM TI0 TIPOYHOCTH, TSDKEIIBIM OETOHOM.
[losroMy B CXaTBIX 30HAaX  JIETKOOETOHHBIX
3JIEMEHTOB W KOHCTPYKUUH CTENEHB HCIIOIB30BAHUS
apMaTypsl CTaHOBHTCS Ooiiee 3(h(HEeKTHBHOIA.

Bomnpocam u3ydeHHss TpOYHOCTH M JedopMaItuit
KepaM3UTOOETOHOB TIPU CXKATHH B 3aBUCHMOCTH OT
Pa3IMYHBIX (axTopoB MTOCBSIICHBI psn
HCCIEA0BAaHUM.

B pabote [4] m3y4anach 3aBUCUMOCTB ITPOYHOCTH
KepaM3UTOOETOHA TUIOTHOW CTPYKTYPHI IIPH OCEBOM
CXAaTUW OT €ro CoCTaBa, IIOKaszaTened (U3HKo-
MEXaHUYEeCKUX CBOWCTB KOMIIOHEHTOB M JKECTKOCTH
O6erorHO cMmecn. OTMeHaeTcs, 4TO B HM3YUCHHBIX
mpenenax — BeIOpaHHBIE — (akTOpel  (TIPOYHOCTH
Kepam3HuTa B IWIMH/pPE, KOHICHTPAUS KepaM3nuTa B

OeToHe, MPOYHOCTH PACTBOPHOM YAaCTH, KECTKOCTb
OeTOHHOI cMecH M KPYIMHOCTh Kepam3uta) Ha 87%
OTIpeJieIIsieT BapHalliio IPOYHOCTH KEPAaM3UTOOETOHA.
Haubonbmee BIIMSIHHE Ha MIPOYHOCTH
KepaM3UTOOETOHA OKa3bIBaeT IPOYHOCTH PACTBOPHOU
yacti (72% ¥ Topa3/i0 MeHbIIe MPOYHOCTh KepaM3HuTa
(12%).

B pabore [5] ycTaHOBIEHO, YTO YyBEIMYEHHUE
00BEMHOT0 COJIEpIKaHUsI KepaM3nuTa P MPaBHIIBHOM
BBIOPAaHHOM COOTHOIIEHUH €ro (pakiHi MPUBOINUT K
TIOBBIICHUIO TIPOYHOCTH Kepam3urtoderoHa. [lpu
9TOM CHI)KAeTCsl PacxoJl IIeMeHTa U 00beMHasi Macca
KepaM3UTOOETOHA.

B paborte BBISIBIEHO, YTO IIPH U3MEHEHUH (OPMBI
Y pa3MepoB 3epeH Kepam3uTa B mpeaenax 5 — 20 MM
MPOYHOCTHh KOHCTPYKTHBHOTO KEPaM3UTOOETOHA, MTPH
BCEX MPOYMX PABHBIX YCIOBHIX, U3MeHseTcst Ha 10 —
15% npu CpaBHEHHUHU c MIPOYHOCTHIO
KepamM3UTOOeTOHa KOHTPOJIbHOH (pakuuu 5 — 20 MM
0e3 pasmeneHust 1o (Qopme 3epeH. Hawmbonee
ONTUMANbHBIE (U3MKO-MEXaHMUECKHE MOKa3aTesH
KepaM3uTa M KepaM3UTOOETOHAa HAOIIONAINCh Y
(dpakiuii ¢ pasMepoM 3epeH 15 MM mpH Jr000# uX
thopme.

ABTOpBI paboT [6, 7] paccMaTpUBaiIM MPOYHOCTH
KEepaM3UTOOETOHa B 3aBUCHMOCTH OT IPOYHOCTH
pacTBOPHOW  4YacTW,  TOKazaTeldsl  HPOYHOCTH
Kepam3uTa 1 ero 00beMHOI KOHLIEHTpaIMK B OETOHE.

A.U. Baranos [4] ycTaHOBUJ, 4TO Ha TTPOYHOCTH
KEepPaM3UTOOETOHA TIPH CKATHU BIHSIOT MPOYHOCTD
pacTBOPHOI 4YacTH, BO3PACT M YCJIOBUSI TBEPICHUS
OeToHa, pacxojl Kepam3HuTa, ero 3epHOBOM COCTaB U
npezenbHas KPyHnHOCTb.

M.3. Cumonor [8] oTmeuaeT, YTO MPOUYHOCTH
KepaM3UTOOETOHA [TPU CHKATHUH 3aBUCUT OT IIPOYHOCTH
Ha pa3pblB IEMEHTHOI'O KaMHs, CIEMJICHUS ero ¢
3epHaMH 3allOJIHUTENS,, a TaKKe OT BO3pacrta H
YCIIOBUM TBEPJCHUS.

Bonbiioe  3HadyeHwe Ui IPOTHO3UPOBAHHS
(DU3UKO-MEXaHWYECKUX  XapaKTEePUCTHK  OCTOHA
UMEIOT TEOPHH MPOYHOCTH M Pa3pylLICHHs €ro Mpu
CKaTMM, B YAaCTHOCTH TOHITHUS O TpaHHIAX
MukporpenmHoobpasosanus  (R%., u  RY..),
MpeIOKEHHBIX aBTOpamu pabdor [6, 7]. C wux
MOMOIIBI0 MOXKHO MPOM3BECTH OLECHKY KHHETHKU
mporecca MHUKPOTPEIIMHOOOpa3oBaHWsl B OETOHE.
I'panuisr MukpoTpenmaoodpazosanus (R, u RY,..),
IpU CXKATHH CIEAYyeT PAacCMOTPETh KaK BaXKHYIO
XapaKTepUCTUKY OeTOHA /I 0OecnieYeHN s HaeKH O
pabOoThl KOHCTPYKIHK TP SKCILTYaTAIMH.

Uccnenys BausiHUS IPOYHOCTH, HEOAHOPOAHOCTH
U BJIQXKHOCTHOTO COCTOSIHHUSI KepaM3HUTa HA TPAHUIIbI

MUKPOTPELIMHOOOPA30BaAHMSI R?,.. " R?,.
Kepam3uTobeToHa  Kimacca B15..B25 uw  ux
XapaKTepHbIe 0COOCHHOCTH nporecca

MUKpOpa3pyIieHuii aBTop pabots [9] coobiaeT, 4to
B 00pasiax kepamsutoberona (korma Ry, /Ry, > 2, rae
R}, u R, — mpOYHOCTH COOTBETCTBEHHO PACTBOPHOMN
YacTH M KepaM3WTOOETOHA) MPH HANPSDKEHISIX 0 <
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R?,.. (MpOMCXOANT pa3pylIeHHE HOPUCTOH CTPYKTYPHI

Kepam3uTa, a Ipu (6 > R?.. Hapagy c
MIPOIOJDKAIOIIUMUCS  MHUKPOPA3PYyIICHUSIMA  3€peH
KepaM3uTa  HMHTCHCHQUIMpYyETcs  0Opa3oBaHHUE

MHUKPOTpEUIMH B PacTBOPHOM Kapkace. B obOpasmax
KEepaM3UTOOETOHa OIHOPOJHOW MaKpOCTPYKTYPEI

(xorma R,/R, ~ 1) npu HampsokeHusx @ = RY,..

¢uKkcupyercss ~ Hayalo  HMHTEHCHBHOIO  pOCTa
MUKpOpa3pyIeHU, MPaKTHUECKH, OJHOBPEMEHHO B
000MX  COCTAaBIAIOIIMX  KOHIVIOMepaTa. Tarxoke

co00IIaeT, 4To MPUMEHEHHE B OETOHE MAJIOIPOYHOTO
KepaM3uTa MPUBOAUT K 3aMETHOMY CHHXKCHHUIO (710
15%) ero apaMeTpUIECKUX ypoBHeN
TpeumHooOpazoBanust RY,../Ry v RY,../Ry.

B pa6ote [10] otMeuaeTcsi, 4TO HEOIHOPOIHOCTH
CBOMCTB 3epeH KepaM3UTa YCHINBACT KOHI[CHTPAIIUIO
HaMpsHKEHUI B KepaM3UTOOETOHE, B PE3YNIbTATE YEero
YCUITUBACTCS JIONIS TUIACTUYECKHX JaedopMaruii mpu
CKATHUH, CHH)KACTCSl YPOBEHb IMapaMeTPUUECKHX
touek R2../Rp, n RY../R, M Monynp ynpyroctu, a
TaKKe TOBBIMIACTCS  JAehOpMAIMH  TOJNI3YUYECTH
KepamM3UTOOETOHA.

AHaJIM3 WCCNEJOBaHWN PE3yIbTATOB TPaHHMI]
MHKPOTPEIIMHOOOPA30BaHUS MMOKA3hIBACT, YTO 3TH
XapaKTePUCTHKM  HEOJHO3HAYHO  CBSI3aHBI  C
IMPOYHOCTBIO Ha CHXKAaTUC Rb U MOTYT CYHICCTBCHHO
pa3muuathCs B 3aBUCHMOCTH  OT  COCTaBa
KepaM3UTOOeTOHa, BHIA M PacxXofa KpPYyIMHOTO
3aIOJIHUTENS U IPYTHX (haKTOPOB.

3HaueHUs TPaHUL MHUKPOTPELIMHOOOPAa30BaHUS
(HrKHel Mgy = Repc/Rp 1 BepXHEH Mgy = Rye
R}, )I0BOJIBHO Ba)KHBI /ISl OMUCAHUSI OCOOCHHOCTEH
paboTel OETOHA, MOCKOJBbKY TIO3BOJISIOT CHAENAThH
BBIBOJ O CTaJU{ HAaIPSHKEHHO-AS(POPMUPOBAHHOTO
cocrosiaus (u.a.c.) [11].

Ocoboe BHHMaHHE OOBIYHO YAEJSIETCS BEpXHEU
TPaHULEe MHKPOTPELIMHOOOPA30BaHUS, ITOCKOJIBKY
JOCTIDKCHHE YKa3aHHOW TpaHULBl YKa3bIBaeT Ha
mepexox K TpeTbed cragum  H.A.C., T. €.
CBHIETENBCTBYET O TOM, YTO MHKPOTPEIIMHBI
CIIUBAIOTCS B MAKPOTPEIIMHBI, OEJAT CTPYKTYpYy
OeTtoHa Ha OJOKH, KOTOpBIE MOA HAarpy3Koi
CMEIIAIOTCS  OTHOCHUTENBHO JApYyr JIpyra, 4To
o0yciaBiuBaeT paspylieHHe OETOHHOH MAaTPHIIbI
[11 — 12]. Ecimu e ypoBeHb HArpy3KH OJHM30K K
BEpXHEW rpaHHIe MUKPOTPEIIMHOOOPa30BaHHUs, HO He
IpeBBIIAeT ee, IUlacTHYecKkue aedopManyd B
YCIIOBHAX CTaTHYECKOTO HATPYKEHHS CO BpEeMEHEM
crabwmmsupyoTcs  (Jake Opd  OHKINIECKOM
n3MeHeHun Harpysku [13]).

HwkHsS rpaHUDa MHUKPOTPENIMHOOOPAa30BaHHUS
s OOBIMHOTO  OETOHA  OmpenmeNnseT  Tpeneln
BBIHOCIIMBOCTH TIPH MHOTOKPATHO ITOBTOPSIIOIIEHCS
narpyske [13]. Tlpuuem B [14] sKCrepUMEHTATIBHO
JI0Ka3aHo, 4TO 3HaYCHHUE
% = R%../R, SIBIISICTCS MPAKTHYECKU
OIMHAKOBBIM KaK TP OJHOOCHOM, TaKk M TpH
JIBYXOCHOM C)KaTHH B YCJIOBUSIX OTCYTCTBHSI TPSHUS
1o IepuMeTpy o0pasia, a B YCIOBHSAX JBYXOCHOTO

cKaths (C TPEHHEM IO KOHTAKTHBIM IOBEPXHOCTSIM
oOpasia u WCTIBITATEeIILHON YCTaHOBKH)
MHUKpOpa3pyLIeHus B 00pa3iie BO3HUKAIOT IpH Oolee
BBICOKMX HAINPSHKCHHUSX, YeM TIIpH OJHOOCHOM
COKaTHH.

Paboter O.f. Bepra cramu Kiaccukoil Teopuu
pabotsl OertoHa u xenezoberona. O.5. bepr
TIPEIOKIIT ClIe/TyFoIIHe SMITMPUIECKUE
3aBUCHMOCTH JUI OIpEAeEeHHs] OTHOCHUTEIBHBIX
3Ha4eHUH Harpy30K, COOTBETCTBYIOIIMX HW)KHEH U
BEpXHEH IrpaHuIaM MUKPOTPEIITHOOOpa30BaHHUS:

ngrc = Rgrc/Rb =0, 3SlgRb —-0,15 (5)

ngrc = Rgrc/Rb =0, SSIgRb +0,175 (6)

rine Ry — cpeaHsis mpu3aMeHHasi IPOYHOCTh OETOHa

Ha oceBoe ckarue. /laHHBIMH 3aBHCHUMOCTSIMH IPU

MPOBEJCHUHN OKCHEPHUMEHTAJIBHBIX HCCIIEI0BAHHNA

YCIIEIIHO MMOJb30BAIMCH MHOTHE M3BECTHBIE YUEHBIE

Ha MPOTSDKEHUH JUIMTEIBHOTO BPEMEHH, MOCKOJIBKY

OHM ofecreuynBaJid JOCTATOYHYIO CXOAMMOCTH C
OTIBITHBIMU JIAHHBIMHU.

OnHako B COBPEMEHHOM MHpE  I[OMHUMO
TPaJMIIMOHHOTO OETOHa BCE 4Yallle NPUMEHSIOTCS
JpyTHe BUAbI OCTOHOB, MMEIOIIME CIeHU(pUYECKUe
CBOﬁCTBa, HCO6XOJII/IMI)IC JJIA AOCTHXKCHUA TEX WU
WHBIX 1lened crtpouTenbscTBa. Hampumep, mmpokoe
MPUMEHCHUEC CCTOJHA HaXOIAT BbICOKOIIPOYHBIC
OeToHBI, Jierkue OETOHBI, OETOHBI C JUCIEPCHBIM
apMHUpPOBaHHEM, HaIlpsraloue OeTOHbI, OETOHBI C
HUCIIOJIB30BAHHEM AJIbTCPHATUBHBIX BU0B
3aII0JHUTEIIEN U T. I1. B 3TuX ycnoBUsAX 3aBUCHMOCTH
(5) u (6) TepsAOT CBOIO AaKTyaJbHOCTh, T. K.
UCIIONB30BaHME  AECATHYHOro  Jjorapudma  He
MO3BOJISIET MPUMEHSTh 3TH 3aBUCUMOCTH B IIMPOKOM
JMara3oHe MPOYHOCTEH, a UCIOIb30BAHUE B pacdere
TOJIKO 3HAYEHHs CPeAHEH NMPOUYHOCTH OTPaHUUMBACT
UX IPUMEHEHHe Ul pa3HbIX BUIOB OeToHa. [loaTomy
BBIBE/ICHHUE HOBBHIX (opMyJi, Oojee YHHBEPCAIbHBIX,
MIPUMEHUMBIX 7151 06TOHOB Pa3HBIX BUJIOB U KJIACCOB,
Ha CETOHSIIHIM JICHb SBIISICTCSA akTyaabHbM [11].

ABtopamu ctathu [11] ObM  TpOBENEHBI
3KCIIEPHMEHTAIbHBIC HCCIIEI0BAHUS paboTEI
pa3NYHBIX BUJOB OETOHA, 110 Pe3yIbTaTaM KOTOPBIX
MPENIOKEHBl HOBBIC SMIIMPUYECKUE 3aBUCHMOCTH
ULt OTIpeJIeNICHUS TpaHuI]
MHUKPOTPEIIMHOOOpa30BaHUS:

Nere = Reye/Rp = 0,33k X IRy — 0,15
()
Nere = Rec/Rp = 0,33k X InR, +0,1 (8)
rae Ry, — cpemsis npoyHocTh Oetona, MIla;
Kere — aMmupraeckuii Koo HUIHEHT.

Ha ocHOBaHMM 3KCIEPUMEHTANBHBIX JTAHHBIX
ObUIO  YCTAaHOBJIEHO, YTO MEXIy 3HAYCHUSAMHU
OTHOCHTENBHBIX Harpy30K Ul BEPXHETO M HUKHETO
MIPEEOB MUKPOTPEUIMHOOOPA30BaHMsI CYIIECTBYET
nuHeiHas 3aBHcUMOCTh [15]. OTHOIeHe 3HaYCHUI
YPOBHS HAarpy3Kd, COOTBETCTBYIOIIETO HUXHEH
TPaHMIE MHUKPOTPELIIMHOOOPA30BaHMs, K 3HAYECHHIO
YPOBHS Harpy3kd, COOTBETCTBYIOLIETO BEpXHEH
TPaHMIE, OCTAeTCS TOCTOSHHBIM HE3aBUCUMO OT
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KJacca 0eToHa, T. €. ¢ /Neyc= CONst.

Bemnuuna otHomeHUs 12../Nv.. MOXET OBITH
MPUHSATA:

= N%c/Nere = 0,67 — U1 HOpMANbHOrO OETOHA
[13];

= N%e/Moe = 0,70 — mnsa  cranedubpodeToHa
(CDBb) na ocHoBe ubOpsr «Vulkan Harex»
3aB0JIcKOr0 u3rotopneHus [13];

Nec/Norc = 0,60 — 1 KepaM3UTOOCTOHA;

- 0% /N0~ 0,73— s OeToHa ¢
WCIIOJIb30BaHUEM OTXO/IOB JIUTEHHO-
METaJUTypPTHYECKHUX IIPOU3BOJICTB B KAYECTBE MEJIKOTO
3anonauTens (OMII-Gerona) [16] (BO3MOXKHOCTH
MPUMEHEHHS  OTXOJOB  MPOMBIIUICHHOCTH ISt
MpOU3BO/IcTBa OeTOHA 000CHOBAHO B paborax [17]).

Omnupuueckuit Ko3GdunueHT Kere, IPUHATHIA Ha
OCHOBAaHMU 3HAueHUss N../NY.. MOXKET OBITH
HCIOJIb30BAaH MPU BHITOJHEHUH PACYETOB OCTOHHBIX
KeJe300e TOHHBIX KOHCTPYKIIHHA:

j— o v
kcrc - kcl X ncrc/ncrc (5)
Huskas TUIOTHOCTh KepaM3uToOeTOHa
yuuteiBaetcs  kodouimentom  Ke,  3HadeHme

KOTOPOTO PHHSATO PABHBIM NPHUOIN3UTENBHO 1,2, T. €.
ke1 = 1.2 npu mtoTHOCTH GeToHa p < 2200 Kr/mS.

3. 3AKVIIOYEHHUE

Ha ocHoge IMPOBEACHHOT'O aHAJIUTHYCCKOI'O 0630133. u

TEOPETUYECKOro  aHaiM3a MO>KHO crenathb
CJIEAYIOIIIE OCHOBHBIE BBIBOJIBL:
1. Knaccuueckue norapudmuueckue

3aBucumoctd  O.S.  bepra, mnpennokeHHbIE —UIS
OIpeJeSieHNs] TPaHHUIl MUKPOTPEIMHOOOPa30BaHus,
TEPSIIOT CBOIO YHHMBEPCAJIBHOCTh INPUMEHHUTENBHO K
COBPEMEHHBIM BBICOKOTIPOYHBIM, JIETKUM |
MOIU(UIMPOBAaHHBIM  OeTtoHaM.  Vcrnonb3oBaHue
JIECATHYHOTO JIOTapU(Ma U ydYeT TOJBKO CpeIHEit
MIPOYHOCTH MaTepHaja CYIIECTBEHHO OTPaHUYHBAIOT
UX IIPUMEHEHHE B IIMPOKOM JUara30He IPOYHOCTHBIX
KJIaCCOB.

2. HoBble yHuBepcalbHBIE OIMIUPUYECKHE
3aBHCHMOCTH, YUUTHIBAIOIIHE JMHEHHYIO
B3aMMOCBS3b ypPOBHEH HArpy30K [UIS BEpPXHETO H
MHUKPOpPa3pyLIIeHU N (@ =

Nere
const), Mo3BOJIAIOT 00JIee TOYHO OIHUCHIBATH CTAINH

HanpspKkeHHO-nedopmupoBanHoro coctosaus (HC)
pasmMuHBIX BUOOB OeroHa. [l kepam3uToOeTOHA
JaHHOE OTHOIICHHWE CTAOMJIBHO COCTABIAET OKOJIO
0,60.

3.  Crenuduka CTpyKTYpBI JIETKOr0 O€TOHa U
€ro HU3Kasl IUIOTHOCTh 3(P(EKTHBHO YUHTHIBAIOTCS
BBEJICHHEM DMITMPUIECKAX KOIDPUIIHEHTOB Kere 1 Kex
(mpuHIMaeMOro paBHBIM 1,2 TIpH MIOTHOCTH OeTOHA

HWKXHETO IIPEACIIOB

p<2200 «kr/mM®). DT0 obecrmeunBaeT  BBHICOKYIO
CXOIUMOCTh TEOPETHYECKUX PACUETOB C OINBITHBIMH
JaHHBIMH.

INoBbIIeHHAS nehopMaTUBHOCTD

KEpaM3WTOOETOHA TIO0 CPAaBHEHHIO C  TSDKEIBIM

OCTOHOM aHAJOTUYHOW MPOYHOCTH CHOCOOCTBYET
Oonee 3¢ dhexkTHBHOMY BOBJICUCHUIO u
HCIIOJIb30BAaHUIO MMOTEHIIMAIA apPMATYPhl B CXKATBIX
30HaX U3rM0AEMBIX U CXKUMAEMBIX 3JEMEHTOB, YTO
HEOOXOAMMO  yuYHMTBHIBATH  HPU  ONTHMH3AIHH
MPOEKTHBIX PEIICHUH.
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Analysis of the Influence of Loading Time And Technological Factors on
the Deformation of Long-Term Creep of Lightweight Concretes

Abstract:

Keywords:

V.M. Soy*®2, U.Z. Shermukhamedov*®P®, A.R. Babaev'®¢,
N.R. Mukhammadiev®? G.B. Malikov!®®
Tashkent State Transport University, Tashkent, Uzbekistan

The article analyzes the developmental patterns of linear and nonlinear creep deformations in
lightweight prestressed ceramic concrete structures under prolonged compression. The joint influence
of the water-cement ratio, temperature effects up to 900C, and the stiffness of the porous filler on the
kinetics of stress redistribution in the concrete structure was investigated. The mathematical
dependence for determining the nonlinear creep of keramzit concrete was considered, taking into
account the time factor and the age of the concrete at the time of loading (t1>16 days). It has been
established that the linear creep limit of high-strength lightweight concretes reaches 65% of the
compressive strength, which is significantly higher than the indicators of conventional concretes. The
obtained results and refined empirical formulas significantly increase the accuracy of calculating the
deflections and load-bearing capacity of bending and eccentrically compressed elements of transport
structures.

Porous concrete, light concrete, porous concrete, nonlinear creep, deformability, water-cement ratio,
porous aggregate, age of loading

Ananu3 Bausaus Bpemenn 3arpy:xkenus U TexHonoruueckux
®daxkropoB Ha /lepopmanuu daurenbnoii Ilonzyuectu Jlerkux beronos

B.M. Coii'®?, ¥.3. Illepmyxamenos'©®, A P. Ba6aes'®C, H.P. Myxammaanep ¢,

I'.b. Majaukosl®¢
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Kunrouessie cioBa:

1. BBEJAEHHUE

B crarbe aHamM3MpyrOTCS 3aKOHOMEPHOCTH pa3BUTHS JedopManuil JHHEHHONH M HENTUHEHHOMN
HOJI3YYECTH IPEIBAPUTEIBHO HANPSKEHHBIX KOHCTPYKLIMH W3 JIETKOTO KepaM3UTOOETOHA IpH
JUIUTEIIBHOM ~ CKaThW. lIccnenoBaHO COBMECTHOE BIIMSHHME BOJIOLIEMEHTHOI'O  OTHOIICHUS,
TeMHeparypHbiXx BoszeiicTBuil 10 90°C M JXKECTKOCTH IOPUCTOrO 3alOIHUTENS] Ha KHHETHKY
nepepacnpee/ICHIs HalpsKeHUH B CTPYKType OeroHa. PaccMoTpeHa MaTeMaTHueckast 3aBUCHMOCTh
JUIsL OTIpE/IeNIeHNsT HEJIMHEHHOM 10JI3y4ecT KepaM3UTOOeTOHa, YUuThIBatoNas (GakTop BpEMEHH U
BO3pacT OeToHa B MOMEHT 3arpyxenus (t1>16 cyTok). YcTraHOBIEHO, 4TO Mpenes JHHEHHON
IOJI3y4YeCTH BBICOKOIPOYHBIX JIETKMX OETOHOB jocturaer 65% OT IPOYHOCTH Ha CXKAaTue, 4To
3HAYMTENIBHO BBILIE IIOKa3areneld OObIYHBIX OeTOHOB. [losydeHHbIe pe3ysbTaThl U YTOYHEHHbIC
SMIIMpUYEcKUe (GOpPMyJbl MO3BOISIOT CYIIECTBEHHO IIOBBICHTH TOYHOCTH pacyera HpOruboB U
HECyIIeH CIOCOOHOCTH H3rubaeMblX W BHELEHTPEHHO CXKaTbIX SJIEMEHTOB TPAHCIOPTHBIX
COOPYIKSHHH.

Kepam3uroGeToH, Jierkuii 6eToH, KepaM3UTOOETOH, HENMHEIHAs [T0NI3Y4eCTh, Ae(OPMATUBHOCTD,
BOJIOLIEMEHTHOE OTHOLICHHUE, IOPUCTBIN 3aII0JIHUTEIIb, BO3PACT 3arPyKEHHS

HaNpPsDKCHHBIX KOHCTPYKIMUA U3 KepaM3UTOOETOHA
MOXET OBITh O0ECIIeYeHO TOJBKO IPH YC JIOBHH
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210 HarJISIHO WIJUTIOCTPUPYETCS
SKCIIEPUMEHTAIHBIMU pe3yibTaramu,
MTOKA3bIBAIONIMH, YTO Je(OpMAlUU  IOJ3YICCTH
yepe3 Tojl MOocJIe 3arpy>KeHus B 2-3 pa3a npeBbIIaloT
HavalbHBIC yIpyrue nedopmarui. VHTEHCHBHOCTD
pocta  NOJ3y4YecTH, OJHAKO, CO  BpEeMEHeM
YMEHBIIIAeTCA U Yepe3 HEKOTOPOE BpeMsl MOJIBYyUECTh
HOCHUT YCTAaHOBMBIIIUHCS XapaKTep.

2. METOAbI

Hab6monenus JleBuca 3a TON3ydYecThO OcTOHA,
MpoJI0JDKaBIMecs B TeueHue 30 JieT, moka3aim, 4To
nedopMaIis MoJ3yuecT uepe3 1 roj, mpuHsTas 3a
€JMHUILY, BO3pacTaeT yepe3 JBa roja ao 1,14, uepes 5
net - 7o 1,2, yepes 10 net - no 1,26, yepes 20 net - A0
1,33 u uepe3s 30 net - g0 1,36.

Bce cormmacHel B TOM, 4TO O€TOHEI C 0oJjee
Hu3kuMu B/I] OTHOIIEHUSIMU TTOKA3BIBAIOT MCHBIITYIO
MOJI3y4eCTh, YeM OeTOHBbI ¢ Ooyiee BhICOKMMHE B/II,
N3ydeHue SKCIEPUMEHTAIBHBIX JaHHBIX COCTABOB C
OJIMHAKOBBIM  COZICP)KAaHMEM  IIEMEHTa, HO ¢
pa3IMYHBIM  COJICPYKAHWEM BOMABI II0Ka3ali0 3Ty
TEHJCHIIMI0. DTO CBA3aHO C TEM, YTO KHHETHKA
HApaCTaHUs MPOYHOCTH OCTOHA HEPA3PBIBHO CBsI3aHa
¢ BenuunHoi B/LI

[Ton3ydecTh, MO CYIIECTBY MPOHCXOIUT B
LIEMEHTHOM KaMHE, KOTOPbI HE COBCEM YINPYIHi, a
3aMOJIHUTEIIH Ke MPHU IKCIUTyaTal[HOHHBIX HArpy3Kax
nedopMHUpyIOTCS ynpyro, a He IUIACTHYECKH, TeM
caMbIM, OrpaHHMYMBas  mom3y4yectb. lloaTomy
KOJIMYECTBO M KECTKOCTh KPYITHBIX 3aIlOHUTENCH 10
HEKOTOpPOH CTENEeHU BIMAIOT Ha MoysydecTb. boree
JKECTKUI 3allOJIHUTENb BOCIPHHUMAET OOIBIIYIO
JIOJIF0 Harpy3Ku, pa3rpyxasi [IeMEHTHbINH KaMeHb. [1o
Mepe TposiBieHHs  JedopManuii  MONI3ydYecTH
MIOCTIEAHETO UET IepepacipeieieHue HaIPsHKSHUH B

HanpaBJICHUU emie OoJNbIIero  Harpy>KeHus
BBICOKOIIPOYHOrO  3amoiHuTens.  CrelnoBaTeibHO,
3alOJIHUTENIM B OCGTOHE TOPMO3SAT  pa3BHTHE

IUTACTHYECKUX JeopManuii [IeMEHTHOrO KaMHs H
TeEM B OOJIBIIEH CTEIEHH, 4YeM OOJIbIIE HACHIIECH
0ETOH 3aMOJHUTEJIEM U YeM BBIIIIE MOIYJIb YIIPYTOCTH
3anonHuTeNs. [lodToMy IH00OE YBENHUYEHHE ATHUX
IBYX (DaKTOpOB YMEHBIIAET MOI3y4ecTh OeToHa [5].

B cBoeti kumre Neville A.M. ¢ coaBTOpamu
00CYX/IaJT BIMSIHUE 3allONIHUTENEH HA MON3Y4eCTh
6erona. [IpencraBieHHbBIE PE3yNbTAThI, OCHOBAHHbIC
Ha TPEALICCTBYIOIIEM HCCIICAOBAHUH, TOKA3aJH, YTO
MakCHMaNbHBIA ~ pasMep H  TpaHyJIOMETpHs
3aIOJIHUTENeH He BIHSIOT Ha MOJI3y4YecTh, €CIi OETOH
MOJIHOCTBIO YILTOTHEH.

Henp3s oTpumate u TOT (pakt, 9To cam mo cebde
MOPHUCTHIA 3aMOJHUTENh, W B MEPBYIO OYepe/b
KepaM3HT, TIOJBEPIKECH 3HAUMTEIIBHBIM TTACTHICCKUM
nedopManusM W MHKPOTPEITMHOOOPa30BaHHUIO TIPH

JUITTETIPHOM  JICCTBUM HAa HETO CHKMMAIOIINX
Harpysox. OTO0  TakKe  MOXKET  SIBISATHCA
JOTIOJTHUTEITbHBIMHU (akTopamu,

WHTEHCU QUINPYIOIIIMA
KepaM3UTOOETOHA.

Temneparypa Takke BIUSET HA ON3YYECTb, XOTS
Juisl HanOoJiee THIIOBBIX COOpPYKEHHH TeMmmeparypa
paccMaTpuBaeTCcs Kak MEHee BaKHBIM  (aKTop
OKpyXXaromed  cpemsl, 4YeM  OTHOCHTENbHas
BJI&KHOCTB. boiee BBICOKas TeMIiepaTypa IpHBOAUT K
YBEJIMUCHUIO HAYaJbHOW CKOPOCTH IIOJI3YYECTH IO
CPaBHCHHIO C OETOHOM, HWCIBITHIBAEMBIM IIpU
HOpMaJbHOH  (KOMHATHOM) Temmeparype. OTo
00YCIIOBIICHO YBEIIMUYEHHUEM IMOJBIKHOCTH BOJIBI U
akTHBanyend mporecca nedopmupoBanusi. OmHAKO
POCT TION3YyYEeCTH CO BPEMEHEM IIPEKpaIlacTCsl |
CTaHOBUTCSI O/IMHAKOBBIM ISl BceX Temmepatyp. B
Cllydae WCIBITAaHUI OeTOHa B paHHEM BO3pacTe
nomsyuecTs pu 900C B Tpu paza BBIIIE MMOI3YUYECTH
npu 200C [6]. Alexander K.M. ¢ coaBtopamu [10]
OTMEYaeT, 4YTO CHIDKEHHWE TeMIepaTypbl TBEPACHHS
6eroHa ¢ 23 o 50C MpUBOAUT K POCTY MOJIZYUYECTH JI0
40%.

Smadi M.M. ¢ coaBropamu [7] oT™Medaer, 4To y
BBICOKOIIPOYHBIX ~ OETOHOB  CyIIecTBYeT  Oolee
BBICOKMI IpeJes JIMHEHHONO COOTHOILLUEHUS MEXKIY
YPOBHEM MPUIIOKEHHBIX HallpsHKeHUN u
JnedopManusIMu MOJI3Y4ECTH. O10T  Tpenen
HaOroIaNCsl TPUOJIM3UTENIFHO HA YPOBHE HArpy3Kd
65% OT MPOYHOCTH Ha CXKaTHE JUIsI BBICOKOIIPOUYHOTO
OeroHa mo cpaBHeHHIO ¢ 45% OT MPOYHOCTH Ha
CKAaTHUEC JIs1 HU3KOIIPOYHBIX U HOPMAJIbHBIX 6eTOHOB.
Takxke HaOJIFOJAIOCH, YTO BBICOKOMPOYHBIA OETOH
MMEeT TOBBILICHHYIO MPOYHOCTh MPH UIUTEIBHON
Harpy3ke. HampspkeHus, Ipu KOTOPBIX HPOUCXOIUT
paspyuieHue OeroHa OT JedopManuil Moy3ydecTH
cocTaBsI0T npuMepHO 80% OT TPOYHOCTH Y
BBICOKONPOYHOTO OeToHa U 75% OT MPOYHOCTU IS
0ETOHOB HU3KUX U CPETHUX MapoK.

Bce paHHBIE 1O TOM3y4YeCTH TMONYyYeHBI B
OCHOBHOM IIPY HCTIBITAHUM O€TOHA MOJ MOCTOSHHOU
Harpy3koi. beToH, mojBepraromuics MUKINYECKOMY
HarPYXEHUI0 M Pa3TPYKEHUIO, TakKe IMOKa3hIBAET
mporpeccupyrommii poct aedopmarnuii. OmgHaKo mpu
UCIBITAHUKM  OOpasllOB, 3arpy>kKeHHBIX BHaYaje
JUTUTENLHO JICUCTBYIONIEH MOCTOSHHON HAarpy3kow, a
3aTeM IMKJINYECKOH Harpy3Koi, ObUIO OOHAPYKEHO
TOJIBKO HE3HAYMTENILHOE YBENWYeHHEe aedopMmaiuii
M0 CPaBHEHHWIO C WX YPOBHEM, IIONyYEHHBIM MIpU
JEMCTBUH IIOCTOSIHHOM HArpysku [6].

MHoroKpaTHOE MOBTOPEHUE IIUKIIOB 3arPyKEHHUS
U pa3Tpy3ku OCTOHHON MPHU3MBI MPHUBOAUT K
MTOCTEIICHHOMY HAKaIUTMBAaHHUIO HEYIPYTHUX
nedopmanuid. ITlocae moctaTodyHO OONBIIOTO YHCIA
IIUKIIOB STH HEYyTpyTHe nedopmaruu,
COOTBETCTBYIOIME TAHHOMY YPOBHIO HAIPSHKEHUA,
MOCTENICHHO BBIOMPAIOTCS, TONBYYECTh IOCTHTACT
CBOETO TIPEIENBHOTO 3HAYCHWs, OCTOH HaYMHAeT
pabotats ympyro. Takoit xapakrep neGpOopMHUPOBAHIS
HAOMIOZAaeTCss JIMIOb TPH  HANPSOKCHUSAX, HE
MPEBRINIAIONIMX ~ TpeAed  BeIHOCIMBOCTH.  [lpum
OONBIINX HAMPSHKEHUSAX TOCIEe HEKOTOPOTO YHCia

HOJIBYUCCTh
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OUKIOB  Heympyrue  nedopmanmuy  HaYMHAIOT
HEOTPaHWYEHHO PACTH, YTO MPUBONT K PA3pPYIICHHUIO
obpasia [5].

AHanm3 IMTepaTypHBIX HCTOYHHUKOB MTOKA3all, 9TO
nedopmanum mon3ydectH OeTOHA SBISIFOTCS OYEHb
CYIIECTBEHHBIMH M BCETJa JOJDKHBI YUATBHIBATHECS B
JIONIOJTHEHHE K Ha4YaIbHBIM YIIPYTUM Jie(opMarusim.

JluneitHoe cooTHOUIEHHE MEXAY AehOpMalUIMH
MOJIBYYECTH | BEJIMYMHON  TPHIIOKEHHOTO
HaIpSDKEHHSI, KaK H3BECTHO, CYIIECTBYIOT TOJILKO JIO
ONPENIEJICHHOTO YPOBHSI HampsbkeHud. BepxHwii
mpenea JIMTHEHHOTO COOTHOIICHHWS B OCHOBHOM
Haxoautcs B mpenenax oT 50% mo 60% mpouHoCTH
TIPU CXKATHUH sl OOJIBIIMHCTBA OETOHOB. BhIie 3Toro

HaNpsHKEHUS MPOUCXOUT
MHKPOTPEIIMHOOOpa30BaHHE M COOTHOIICHHE
CTAHOBHUTCSI HENMHEHHBIM. XOTSI ~ 3aBUCHMOCTb

nedopmanuii  OT HamNpsSHKEHHS TPH  AIUTEIBHOM
ckathy OETOHA C CaMOT0 Hayala 3arpyKeHusl, CTPOTO
TOBOpSI, HENWHEWHa, OJHAaKO Juisi 0eTOHa He OYeHb
paHHEro BO3pacTa NpH HEOONBIINX HAMPSHKEHUIX
CKaTHsl ITa HEJIMHEHHOCTH ObIBaeT crabee BhIpaXKeHa,
IMO3TOMY B IMPaKTUYCCKUX pacycTax nHoraa
HeJMHEHHOCTh nedopmanuii He yunTeiBaetcs. Ho ato
CIPaBeUIMBO JIMIIb ISl  HEOOJIbIIMX — YpPOBHEMH
HalpsoKCHUA. JIJ'IH MHOTHUX MNPAKTHYCCKUX 3aJayd
MOJIE3HO pa3inyaTh YCIOBHYIO TpaHMIly Iepexoia
oOnacTi JIMHEHHOW MON3y4YecTH, OOHAapYKMBAEMOM
0OBIYHO IO MPOIIECTBUH KOPOTKOTO BPEMEHH TOCIe
JUINTENIBHOTO HArpy’XeHHUs (C CHIBHO BBIPAKCHHOU
HEJIMHEHHOCTBIO B TIIPOLIECCE HArpyXKeHus) OT
007aCTH  CYMIECTBEHHO HEJIMHCHHON IOJI3YYeCTH
0eToHa, YETKO OOHApy)KHBAacMOH B IOCIICAYIOIICEe
BpeMsl IJIMTEIBHOTO HArpy>KeHUs. Y UYeT HeJIMHEeUHON
MOJI3YYECTH CYIIECTBEHHO Ba)KEH JUISI IPAKTHYECKUX
pacyeTos, MIpeIBapUTEIBEHO HaIPSHKCHHBIX
n3rubaeMbIX, BHEIIEHTPEHHO CXKATBIX M HEKOTOPBIX
Opyrux oieMeHToB. [Ipn ypoBHSIX HampsHKEHUs,
MPUOIKAIOIIUXCS K Ipeeay NPOYHOCTH OeTOoHa,
MOJI3Y4YEeCTh MOXKET TIPUBECTH K Pa3pyLICHUIO

CTPYKTYpBI [5].

B paborax [8, 9] mis  ompeneiaeHus
OTHOCHUTEIBHON neopMa—Iuu HEJIMHEUHOMN
MIOJI3Y4ECTH KepamM3UTOOETOHA mpeIaraeTcst
3aBHCHMOCTE!

£p(t;T) = (sz + aa,s,l)Cb(t; ), (@@

TIe 0 — nencTBytollee HanpsbkeHue B MIla;

0L — YHCJICHHBINA KO3 (DHUIMEHT, OIIPEae/IIeMbIi 13
OTIBITa;

Cp,(t;T)—~ Mepa IMHEWHOM  IION3YYECTH
KepaM3uTOOETOHA, KOTOPYIO MOKHO OIPEICIHTH 10
npe/yiaraeMoi B [2] 3aBUCUMOCTBIO:

Cy(t;T1)
70R%(t; — 2) + 13000R,, — 140000
(177R, — 1700)R, 7>/

1
" 0,2Rp+1571—-0,2Rp+100
Rp

10—5+

[1-e?t™]1075(2)

rac Cb(t, Tl)yl = 0,015 + 18/Rb (3)
BTOPOit MHOXHTEIH B (hopmyiie (4.3) yuuTeiBaeTCs
npu t1>16 cyTok.

3. 3AKVIIOYEHHUE

Ha ocHoBe aHanmm3a cymecTBYIOIUX HCCIIEN0BAHUN 1
MaTeMAaTU4YECKUX  MoJeJeldl  yCTAaHOBJIEHO, 4TO
nedopManui TON3YYECTH JIETKUX OETOHOB HMMEIOT
SpKO  BBIpAKEHHBI  HEJIMHEHHBIM  XapakxTtep,
3aBUCALIMA OT KMHETHKM HApacTaHWs MPOYHOCTH

LEMEHTHOTO  KaMHs, JKECTKOCTM MOPHUCTO T O
3alONIHATENST M TeMIepaTypHbBIX  (aKTOpOB.
ITpumenenue YTOYHEHHOM 3aBUCUMOCTH,
yuuTHIBalONIeH  Bo3pacT OeToHa B MOMEHT

3arpykenus (t1>16 CcyTok), MO3BOJACT HAYYHO
000CHOBaTh  CMEUIEHHE  TpaHUIbl  JIMHEHHOW
MOJI3YYECTH BBICOKONPOYHBIX JIETKUX OETOHOB [0
YpOBHS 65% OT pu3MeH H 0 U TPOYHOCTH. JIaHHBII
MOJIXOJ PacKphlBaeT MEXAaHU3M IepepachpeeseHus
HalpsHKEHUH MeXAy I[IeMEHTHOM Matpuieil u
KEepaM3UTOBBIM  3allOJIHUTENEM,  IpefoTBpalias
MPOTHO3UPYEMOE  MHUKPOTPEUIMHOOOpa3oBaHHe B
CTPYKType MaTepHana.
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Passive Cooling Strategies in Residential Architecture of Hot-Dry Uzbek
Cities: A Design-Screening Model

E. Urazxanoval®?, K. Markabaeva®®
!Karakalpak State University, Nukus, Uzbekistan

Abstract:

The article analyzes passive cooling strategies for residential architecture in hot-dry urban

environments of Uzbekistan, with attention to the climatic conditions of Karakalpakstan and the lower
Amu Darya region. The research evaluates orientation, compactness, shading, natural ventilation,
courtyard design, envelope thermal resistance and reflective roof surfaces. A comparative design-
screening model is proposed for four residential block variants. The results show that the highest
cooling-load reduction is achieved through a combined passive package: east-west orientation
control, external shading, ventilated roofs, improved wall insulation, night ventilation and shaded
courtyards. The proposed approach supports energy-efficient housing design and can be used in early-

stage architectural planning.
Keywords:

Passive Cooling, Residential Architecture, Hot-Dry Climate, Nukus, Courtyard Housing, Shading,

Energy Efficiency, Urban Heat Island, Sustainable Design

1. INTRODUCTION

Residential buildings in hot-dry cities face a dual
challenge: they must protect occupants from high
summer temperatures while keeping energy demand
affordable. In the cities of Karakalpakstan, climatic
stress is intensified by low humidity, strong solar
radiation, dusty winds and the limited cooling capacity
of urban vegetation. Therefore, architectural solutions
should reduce heat gains before mechanical cooling is
required.

Passive cooling is not a single technique but a
coordinated design logic. It includes orientation,
shading, compact planning, thermal mass, ventilation,
roof protection, courtyard microclimate and envelope
performance. The relevance of this topic is increasing
as climate projections and urban heat-island effects
indicate higher exposure of urban populations to
extreme heat [1], [2].

The aim of this article is to develop a practical
design-screening model for evaluating passive cooling
strategies in residential architecture. The model is
intended for preliminary architectural decisions and
can be adapted to local building codes and available
materials.

2. RESEARCH METHODOLOGY

The study uses a comparative design-screening
method. Four residential block variants were formed:
VO - conventional block without systematic passive
measures; V1 - orientation and shading improvement;
V2 - improved envelope with ventilated roof; V3 -
integrated passive package, including optimized
orientation, external shading, insulated envelope,
night ventilation and a shaded courtyard. The cooling-

a2 https://orcid.ore/0009-0007-8846-1686
b https://orcid.org/0009-0007-1710-8228

load reduction index was estimated using normalized
architectural parameters rather than full dynamic
simulation.

CLI = 0.300 + 0.25S + 0.20E + 0.15V + (1)
0.10C

where CLI is the passive cooling index, O is the
orientation score, S is the shading score, E is the
envelope performance score, V is the ventilation score
and C is the courtyard microclimate score. Each
component is normalized from 0 to 100. The model is
designed for early-stage design comparison before
detailed energy modeling.

Table 1
Residential design variants used in the
comparative assessment

. . Cooling
Variant Main design CLI load
features .
reduction
VO |(Weak shading,
Conventi|ordinary roof, 28 0%
onal |random orientation
V1
Shading/ Long facades .
orientatio contr_olled, external | 49 14%
0 shading
V2 |Insulated walls,
Improved|ventilated roof, low | 63 24%
envelope [WWR
V3  |V1+V2, night
Passive |ventilation, shaded 78 36%
package |courtyard
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3. RESULTS AND DISCUSSION

The results show that single measures provide
measurable benefits, but the strongest effect is
obtained when measures are combined. Orientation
reduces direct solar exposure on long facades; shading
protects windows and walls; roof ventilation limits
heat transfer from the most exposed surface; and the
courtyard creates a semi-private shaded microclimate
that improves thermal comfort.

[ ]
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Cooling load reduction, %
=
=

o i N ¥

Fig. 1. Modeled cooling-load reduction by
residential design variant

Figure 1 demonstrates that the integrated passive
package can reduce cooling demand by more than one
third compared with a conventional design. This result
is consistent with the general principle of bioclimatic
architecture: energy performance depends on the
interaction of building form, envelope and
microclimate.

36.0
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35.0

34.5 4

34.0 4

Modeled peak operative temperature, °C

lIJ 1‘0 2I0 BIU 4I0
Courtyard shaded area, %

Fig. 2. Effect of shaded courtyard area on

modeled peak operative temperature

Table 2
Passive architectural measures and their design
implications
Design Architectural
Measure .
recommendation effect
Orientatio le!tegst/west Lower solar
glazing; use narrow :
n heat gain
east-west exposure
External |Deep reveals, screens, Window
shading |pergolas, balconies protection

Reduced roof
heat flow

Ventilated |Air gap and reflective
roof  |upper layer
Lightweight insulation

Wall ; Stable indoor
or insulated masonry
envelope blocks temperature
Courtyard Trees, pergolas, Cool semi-
permeable surfaces open space

The relationship between courtyard shading and
indoor comfort is important for hot-dry cities because
courtyard housing is compatible with local spatial
traditions. However, courtyards should not be
designed as closed heat traps. They need controlled
proportions, nighttime air exchange, shaded surfaces
and vegetation selected for low water demand.
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Fig. 3. Comparative benefit/cost index of passive
cooling measures

Table 3
Recommended envelope targets for preliminary
design
Compone Recommended Target
nt solution indicator
External ngéﬁed;:gch;melggte U-value < 0.55
wall Y P W/(m?-K)
block
Roof Ventilated and U-value < 0.35
insulated roof build-up | W/(m?-K)
Windows [LOW solar-gain glass e 50, 3004
with external shade
Openinas Opposite vents and ACH increase
PENINGS leocure night ventilation at night
Trees and shaded Shade > 40%
Urban plot pedestrian edge of main path

Application in residential design practice

The proposed model can be applied at three levels. At
the wurban level, the orientation of streets and
residential blocks should reduce prolonged solar
exposure of east and west facades. At the block level,
semi-open courtyards and shaded pedestrian passages
should be arranged to support air movement rather
than block it. At the building level, the envelope
should be designed as a protective thermal filter
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consisting of shaded windows, insulated walls,
ventilated roofs and controllable openings.

A major advantage of passive cooling is that it can
be implemented using local construction practices.
Deep window reveals, balconies, perforated screens,
verandas and courtyard galleries are compatible with
regional architectural traditions. When these elements
are combined with modern insulation and rational
glazing, they create a bridge between cultural identity
and energy efficiency.

The economic effect of passive measures is
strongest when they are introduced during the design
stage. Retrofitting external shading or roof ventilation
is possible, but it is more expensive and less
integrated.  Therefore, municipal architectural
guidelines should include a passive-cooling checklist
for new residential districts.

Table 4
Passive-cooling checklist for preliminary
architectural review

Criterion | Recommended check .R'Sk it
ignored
Orientatio Long axis near east- High
n west; minimize west  |afternoon heat
glazing gain

Window |External shade for Overheating

shading |south/west windows and glare
Roof [Ventilated or highly Strong ceiling
protection |insulated roof heat flow
Courtyard [Shade, vegetation, Courtyard
X ) becomes heat
comfort |night flushing
trap
Natural |Cross-ventilation and Dependen_ce
- : ) on mechanical
ventilation|secure night openings .
cooling

The limitations of the model should also be noted.
The calculated indices are comparative and should be
verified  through  thermal  simulation, field
measurements and  post-occupancy evaluation.
Nevertheless, the model is useful because it
transforms general climate-responsive principles into
a measurable decision-making tool for architects and
planners.

4. CONCLUSIONS AND
RECOMMENDATIONS

The study confirms that passive cooling should be
treated as a system of mutually reinforcing measures.
In hot-dry cities of Uzbekistan, the largest effect is
achieved by combining orientation, external shading,
roof ventilation, improved envelope insulation,
controlled openings and shaded courtyards.

For architectural practice, the following
recommendations are proposed: (1) introduce passive-

cooling checklists at the concept design stage; (2)
regulate window-to-wall ratio and external shading for
residential facades; (3) encourage ventilated roofs and
reflective roof surfaces; (4) integrate courtyard
microclimate into residential planning; (5) connect
building-level cooling strategies with district-level
green corridors.

The scientific contribution of the article is the
formulation of an integrated passive-cooling index for
early design comparison. The practical contribution is
a compact checklist that can be used in residential
design review, educational studios and pilot housing
projects in hot-dry regions.
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Technological Efficiency of Modular Green Roof
Systems for Operated Flat Roofs in Nukus Conditions

G. Dosjanoval®?
'Karakalpak state university, Nukus, Uzbekistan

Abstract: The paper examines the technological performance of modular green roof systems for operated flat
roofs under the climatic and construction conditions of Nukus. The study combined regulatory
review, comparative analysis of roof alternatives, functional and organizational modeling, and
chronometric observations carried out for the installation of a modular greening system. An operated
roof with a total area of 324 m? was taken as the reference object, while detailed timing measurements
were performed for a 10 m? installation zone. The average duration of modular installation was 3.52
h per 10 m?, and the total labor input was 10.56 person-hours, which corresponds to a rational crew
of three workers. Comparative calculations for six constructive-technological alternatives showed
that the modular option with 0.5 m modules achieved the best overall result: 167 person-hours and
18 shifts for the full roof, versus 231-233 person-hours and 20 shifts for pedestrian hard-surface
alternatives. A system of efficiency indicators was used to separate the labor contribution of the
multilayer substructure from that of the greening layer. The results show that the modular solution
slightly increases the labor share of the green layer itself, but compensates for this by reducing labor

in the supporting roof structure, shortening the work cycle, and improving maintainability.

Keywords:

Modular green roof; operated flat roof; labor intensity; technological efficiency; chronometric

observation; Nukus; organizational and technological modeling

1. INTRODUCTION

Cities in arid regions do not have the luxury of treating
the roof as a passive enclosure only. In Nukus, where
dense development, dust-laden winds, sharp summer
overheating, and limited land resources act at the same
time, the roof increasingly becomes a reserve urban
surface. Yet the question is not simply whether a roof
can be greened. The more practical question is how
such a roof can be built without turning the technology
into an expensive and slow construction exercise.

Most published work on green roofs focuses on
thermal behavior, environmental benefits, drainage, or
plant selection. Those issues are essential, but they do
not fully answer a contractor’s everyday concerns:
how many operations are needed, which stage
concentrates the highest labor input, what crew is
rational, and which variant is more manageable during
installation and maintenance. This gap becomes
especially visible when operated roofs are compared
with pedestrian hard-surface roofs and with
continuously greened roofs.

The purpose of this study was to substantiate a
constructive-technological solution for modular
greening of operated flat roofs and to evaluate its
efficiency through measured process parameters. The
article relies on the final dissertation materials devoted
to the technology of constructing roof coverings used
together with greening systems and presents them in a
compact journal format.

a¥ https://orcid.org/0009-0009-8649-0592

2. MATERIALS AND RESEARCH
METHODS

The research combined several mutually connected
methods. First, the normative and scientific background of
green construction, operated roofs, and roof retrofitting was
reviewed. Second, six alternative constructive-technological
variants were compared: two pedestrian roof solutions
(V1A, V1B), two continuously greened roof solutions
(V2A, V2B), and two modular green roof solutions (V3A,
V3B). Third, the process structure of modular installation
was decomposed into individual operations and formalized
through organizational and technological modeling.

Chronometric observations were then carried out for a
10 m? installation zone of a modular greening system. The
measured operations covered marking, placement of
adjustable supports, slope correction, fixation of connectors,
laying of the grating deck, module anchoring, and filling
with substrate and planting material. The study used average
duration, labor input, crew composition, and stability of the
time series as the main process indicators.

For the full-scale comparison of roof alternatives,
an operated flat roof with an area of 324 m? was
accepted as the reference object. This made it possible
to compare not only local installation operations, but
also the labor contribution of the multilayer roof
substructure and the upper operating or greening layer.
The evaluation logic intentionally separated these two
groups because in practice they behave differently:
some solutions reduce labor in the upper layer but
overload the substructure, while others do the reverse.
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Technological framework for the modular
green roof

The proposed modular roof system is built around
adjustable supports, a grating deck, detachable
modules, geotextile containment, substrate, and
vegetation. This arrangement was selected for three
reasons. First, it protects the waterproofing layer from
direct repeated mechanical stress. Second, it creates a
technical gap where irrigation lines and service
elements can be placed without dismantling the whole
roof build-up. Third, it allows damaged modules to be
replaced locally, which is an important practical
advantage for roofs exposed to strong sun and wind.

From a construction standpoint, the process is
divided into three stages. The first stage forms the
working base and the adjustable support system. The
second stage creates a stable deck. The third stage
installs the greening modules and fills them with
substrate and planting material. This staged logic is
simple enough for site control, but detailed enough to
support  chronometric measurement and crew
planning.

Fig. 1. Staged technological framework for
constructing an operated flat roof with a modular
greening system

3. RESEARCH RESULTS

The chronometric observations showed that the
installation process is not evenly distributed in time.
Stage |, where the support system is laid out and
adjusted, is the most time-consuming block. Within
this stage, the adjustment of support slope takes the
largest share because it directly affects future surface
stability and water drainage. Stage Il is comparatively
compact, while Stage Il combines medium-duration
assembly operations with the physically heavier task
of filling the modules.

The sum of the average operation durations
reached 211 min, or 3.52 h for 10 m2. With a total labor
input of 10.56 person-hours, the rational crew size is
obtained as:

N, =Tun/t=10.56/3.52=2.98=3 @

In practical terms, this means one 3rd-grade roofer,
one 2nd-grade roofer, and one 3rd-grade green-
construction worker. That composition is balanced:
the roof specialists carry the accuracy-sensitive
operations, while the green-construction worker
absorbs the operations connected with module
preparation, anchoring, and filling.

Table 1

Average duration and labor input of modular roof
installation operations (per 10 m?)

Average :;]a?ﬁr

Operation Stage |duration, put,
: person-
min
hours

Surface marking | Stage | 20 1.00
Support
placement and Stage | 22 1.10
gluing
Slope adjustment Stage | 40 200
of supports
Fastener fixing | Stage | 14 0.70
Laying the
grating deck Stage Il 26 1.25
Fixing the grating
deck Stage Il 17 0.85
Installing a 4- Stage 29 1.10
module group 1
Fixing the Stage 20 1.00
module group Il
Filling with
substrate and Stﬁ?e 30 1.50
planting material

The comparison of constructive-technological
variants confirmed that the best local process indicator
does not automatically produce the best full-roof
result. Pedestrian hard-surface roofs remain relatively
straightforward in their upper layer, yet they
accumulate significant labor in heavy surface
finishing. Continuously greened roofs reduce hard-
surface operations, but the arrangement of the
greening layer is less flexible in maintenance terms.
The modular solutions redistribute work more evenly
and reduce the labor intensity of the substructure,
especially when smaller modules are used.

Among the six alternatives, V3B—the modular
roof with 0.5 m modules—showed the lowest total
labor intensity, 167 person-hours, and the shortest
work cycle, 18 shifts. This is a strong result because it
is achieved not by simplifying the roof function, but
by reorganizing the technological chain. The work
becomes more segmental, better suited to phased
delivery, and easier to maintain after commissioning.

o 194
| I I I | I -
via vin vaa van vaA van

Fig. 2. Total labor intensity of the compared roof
alternatives; duration is shown above the bars

ENGINEER



Table 2

Comparative labor intensity and duration of
constructive-technological roof alternatives

Stag
es
Stag (l11+
ell:| V: Total
roof juppe labor
subs| r |. . .
. intensi|Durati
Varia .. |truct|layer
Description ty, on,
nt ure, | and .
perso | shifts
pers|gree| = -
on= 1MNG. | ours
hour | pers
s | on-
hour
S
Pedestrian
V1A |roof, variant |86.6|45.0| 231 20
1
Pedestrian
V1B |roof, variant [89.345.0| 233 20
2

Continuously
V2A |greened roof, | 71.6 [ 29.1| 200 20
variant 1
Continuously
V2B |greened roof, |51.8|22.9| 174 20
variant 2
Modular
green roof,
V3A [module 59.635.1| 194 18
diameter 1.0
m

Modular
green roof,
V3B |module 6.6 31.1| 167 18
diameter 0.5 '
m

1.08

Coefflclent value

0.43

0.2 0.13
0.04

0.0
Continuous roof Modular roof

Fig. 3. Comparison of the efficiency indicators for
the continuous and modular green roof solutions

Formalized efficiency assessment

To avoid a one-sided reading of total labor intensity,
the assessment used three coefficients. The first
describes the labor intensity of the multilayer roof
structure, the second isolates the labor of the greening

system, and the third shows how large the labor share
of the greening layer is within the entire roof
technology.
Kmi = le,i / le,av (2)
Kgr = Qgri / Qgrav ®)
Kigr = Qori / (Qumii + Qgrk) (4)
For the continuously greened roof, the coefficients
were obtained as 1.09, 0.43, and 0.04. For the modular
roof, the corresponding values were 0.90, 1.20, and
0.13. These values deserve a careful reading. The
modular system does demand more labor in the
greening layer itself, which is why the greening
coefficient rises above one. At the same time, it
reduces labor in the multilayer roof base, which is why
the multilayer coefficient drops below one. The
overall share coefficient of 0.13 places the modular
solution in the acceptable range and shows that the
additional work connected with the green modules
does not dominate the full technology.

DISCUSSION

For Nukus conditions, this result is more important
than a simple reduction in person-hours. A roof
technology that is easier to zone, easier to repair, and
faster to execute is usually the safer and more durable
option in a sharply continental climate. Wind
exposure, rapid summer overheating, and the need for
flexible irrigation all favor a system in which the roof
can be serviced by fragments rather than as one
monolithic layer.

This is where the modular approach shows its real
strength. It does not eliminate work; instead, it shifts
work from wet and difficult-to-correct site operations
toward more controllable assembly operations. From
the contractor’s perspective, that means cleaner
sequencing and less technological uncertainty. From
the owner’s perspective, it means easier replacement
of damaged fragments and a more manageable service
life.

The comparison also suggests that the main
reserve for labor saving is often not in the visible green
layer, but in the substructure beneath it. Once this is
understood, design decisions become more rational. A
seemingly simpler roof may in fact be less efficient if
it relies on labor-intensive underlayers or heavy
surface finishing.

4. CONCLUSION

1. The modular greening system for operated flat
roofs can be organized as a clear three-stage
technological process that is suitable for site control,
crew planning, and phased execution.

2. Chronometric observations established an
average duration of 3.52 h and a total labor input of
10.56 person-hours for a 10 m? modular installation
zone, with a rational crew size of three workers.

3. In the full-roof comparison, the modular
alternative with 0.5 m modules (V3B) produced the
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best integral result—167 person-hours and 18 shifts—
outperforming pedestrian and continuously greened
alternatives.

4. The efficiency indicators make it possible to
distinguish between the labor of the multilayer roof
base and that of the greening layer, which leads to a
more balanced technological assessment of roof
alternatives.
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The Practical Importance of QGIS Technologies in Engineering Geological
Mapping

Sh.R. Khalimoval®?, A M. Karabaev*®P
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: Engineering geological mapping is essential for infrastructure planning, geohazard assessment, and
sustainable urban development, particularly in rapidly urbanizing regions. The growing complexity
of spatial data requires efficient tools capable of integrating and analyzing diverse geological and
terrain information. This study evaluates the practical importance of QGIS, an open-source
Geographic Information System, for engineering geological mapping using Tashkent city as a case
study. A structured and reproducible workflow was developed by integrating geological maps, Digital
Elevation Models (DEMs), and field-based observations within the QGIS environment. DEM-derived
morphometric parameters, including elevation, slope, aspect, and hillshade, were analyzed to
characterize terrain conditions and assess construction suitability. Spatial overlay techniques were
applied to combine geological and morphometric factors, enabling the identification of areas with
potential geotechnical constraints. The results indicate that QGIS significantly enhances the accuracy,
efficiency, and interpretability of engineering geological analyses. Three-dimensional visualization
and thematic mapping improved the understanding of terrain morphology and spatial relationships
between geological factors, supporting more informed engineering decision-making. Overall, the
study confirms that QGIS is a robust, cost-effective, and flexible platform for engineering geological
mapping in urban environments.

Engineering geological mapping; QGIS; Digital Elevation Model (DEM); morphometric analysis;
slope analysis; spatial overlay; 3D visualization; geotechnical risk assessment; urban geology

Keywords:

growing importance in engineering—geological
mapping. Owing to its cost-effectiveness and high
adaptability, it is increasingly being chosen by many
organizations and research institutions as an
alternative to licensed software solutions [7, 8]. This
study is aimed at analyzing the practical significance
of QGIS technologies in engineering—geological
mapping, as well as their application potential,
advantages, and limitations.

Literature review

Over the past decades, the use of Geographic
Information Systems (GIS) in the fields of geology
and engineering sciences has expanded significantly,
becoming one of the principal scientific tools for
digital geological mapping, geotechnical
investigations, and the assessment of natural hazards
[1, 11, 16]. According to the scientific literature, the

1. INTRODUCTION

Engineering—geological mapping plays an important
scientific and practical role in the planning of modern
infrastructure projects, the assessment of geological
hazards, and the sustainable development of
territories. Reliable information on subsurface
conditions, lithological composition,
geomorphological structure, and hydrogeological
characteristics is a decisive factor in ensuring the
safety, stability, and long-term performance of
construction facilities [1]. Under conditions of rapid
urbanization and the expansion in scale of engineering
structures, traditional mapping methods increasingly
limit the possibilities for comprehensive analysis of
spatial data.

Geographic Information Systems (GIS) have

marked a new stage in the collection, processing, and
analysis of spatial data in engineering geology. In
particular, the open-source QGIS (Quantum
Geographic Information System) platform stands out
due to its user-friendly interface, extensive analytical
capabilities, and continuous development supported
by an active user community [1, 2]. QGIS enables the
creation of digital geological maps, the integration of
data obtained from wvarious sources, and the
implementation of spatial analyses required for
informed engineering decision-making [3, 4].

The widespread use of QGIS in professional
practice and educational processes demonstrates its

all https://orcid.org/0000-0002-4753-390X
b https://orcid.org/0000-0002-9880-8547

transition from traditional paper-based mapping
methods to GIS-based digital environments has
enabled more accurate data representation, improved
spatial consistency, and enhanced reproducibility of
analytical results in engineering geology [12, 23].
This, in turn, has contributed to the development of a
reliable scientific basis for engineering decision-
making.

A number of studies emphasize that QGIS
(Quantum Geographic Information System), as an
open-source GIS platform, is capable of competing
functionally with commercial software such as
ArcGIS [8, 15, 17]. Researchers highly evaluate QGIS
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for its analytical capabilities, data processing
efficiency, and visualization quality, while
particularly  highlighting that its open-source
ecosystem allows for flexible expansion in accordance
with user needs [2, 10]. The absence of licensing costs
is identified as a key factor driving the widespread
adoption of QGIS by higher education institutions,
governmental geological services, and engineering
consulting organizations, especially in developing
countries [7, 8, 16].

The scientific literature extensively documents the
effectiveness of QGIS in visualizing and interpreting
complex geological data, including lithological units,
networks of tectonic faults, stratigraphic boundaries,
and hydrogeological objects [11, 12, 13]. The platform
enables the integration of vector and raster data within
a single environment, allowing geological maps to be
analyzed together with digital elevation models
(DEM), satellite imagery, and geotechnical borehole
data [1, 6]. This capability ensures a comprehensive
and systematic approach to engineering—geological
assessments.

The extensive plugin ecosystem of QGIS further
broadens its practical applicability. Scientific studies
report the effective use of plugins such as GeoTrace,
QGIS2threejs, as well as tools oriented toward
geostatistical analysis and spatial modeling in
engineering—geological research [2, 10, 24]. These
plugins facilitate the identification of spatial
orientations of geological structures, the assessment of
slope stability, and the visualization of terrain
morphology in both 2D and 3D environments [10, 18].
This is of critical importance for improving the
understanding of geological processes and for the
early assessment of engineering hazards.

Applied studies confirm the significance of QGIS
in landslide susceptibility assessment, urban area
planning, and the implementation of large-scale
infrastructure projects [7, 9, 16, 18]. In landslide-
prone areas, GIS-based modeling has contributed to
the identification of high-risk zones by integrating
geomorphological, geological, and climatic factors,
thereby providing a foundation for the development of
engineering measures aimed at risk mitigation [18].
Furthermore, studies conducted in the field of urban
planning demonstrate that QGIS is effective in
analyzing land-use dynamics, forecasting
infrastructure demands, and implementing “smart
city” concepts [16, 19].

At the same time, the literature also identifies
certain limitations associated with the use of QGIS in
engineering—geological mapping. Data accuracy and
reliability remain among the primary challenges, as
GIS analyses are highly dependent on the quality,
resolution, and timeliness of input data [12, 20]. In
addition, interoperability issues between GIS
platforms and engineering software such as CAD and
BIM often require complex format conversions, which

may result in additional time and cost expenditures
during project workflows [16, 20].

Another frequently cited challenge is the shortage
of highly qualified GIS specialists in the fields of civil
and geotechnical engineering [20, 21]. Although GIS
technologies are widely taught in environmental and
urban planning disciplines, their full integration into
engineering education programs has not yet been
sufficiently achieved in many regions. This situation
indicates that, despite the significant technical and
economic advantages of QGIS, its effective
application requires systematic professional training,
standardized data practices, and institutional support.

In summary, the existing literature confirms that
QGIS technologies possess strong scientific and
practical  potential in  engineering—geological
mapping. At the same time, addressing issues related
to data quality, professional training, and software
interoperability emerges as a critical prerequisite for
the more effective application of QGIS in engineering
practice.

Data collection method
Engineering—geological mapping implemented using
QGIS is based on the integration of spatial and non-
spatial data. Commonly used data types include
geological maps, digital elevation models (DEM),
satellite imagery, field survey records, and GPS-based
point observations [1, 6].

Data are typically collected from open geospatial
repositories, national geological services, and field
investigations. Prior to analysis, the data undergo
preprocessing stages such as coordinate system
standardization, data cleaning, and attribute
verification. Quality control measures include the
validation of spatial data through comparison with
field observations and the verification of results using
comparative analysis methods [1].

The integration of GPS technologies within the
QGIS environment enables real-time positioning
during fieldwork, thereby enhancing the accuracy and
reliability of geological data collection [6]. This
synergy between remotely sensed data and field-based
observations provides a solid foundation for the
effective implementation of engineering—geological
analyses.

2. METHODOLOGY

In this study, the methodology for applying QGIS
technologies to engineering—geological mapping was
structured around a systematic and reproducible
workflow. The methodological approach comprises
several key stages:

Stage 1. Data collection and preparation. Spatial
and non-spatial data required for engineering—
geological analysis were collected from open
geospatial sources, national geological services, and
the results of field investigations. These data included
geological maps, digital elevation models (DEM),
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satellite imagery, geotechnical borehole data, and
GPS-based point observations [1, 6]. All datasets were
transformed into a unified coordinate reference
system, attributes were verified, and data cleaning
procedures were performed.

Stage 2. Integration of data into the QGIS
environment. The prepared datasets were imported
into QGIS in both vector and raster formats. At this
stage, data obtained from various sources were
integrated within a single environment, ensuring
spatial compatibility and topological consistency [7].
This process provided a reliable spatial database for
subsequent analyses.

Stage 3. Terrain and morphometric analysis. Based
on the DEM, terrain parameters were calculated,
including elevation, slope, and aspect, as these
indicators are essential for assessing land suitability
for construction and identifying geological hazards
[1]. The morphometric analyses served as a
fundamental basis for engineering decision-making.

Stage 4. Geological and structural analysis.
Geological units, tectonic structures, and fault
networks were generated as thematic layers. Using
specialized QGIS plugins such as GeoTrace, structural
elements were digitized, and their orientations and
three-dimensional characteristics were evaluated
based on the DEM [10]. This stage enabled a more in-
depth analysis of the spatial structure of the geological
environment.

Stage 5. Hazard assessment and thematic map
production. Based on the analytical results, thematic
maps illustrating hazard-prone areas (e.g., zones of
low slope stability) were produced. Overlay analysis
of multiple spatial layers was employed to identify
areas posing engineering risks, and their spatial
distribution was visualized [2].

Stage 6. Validation and visualization of results.
The analysis outcomes were validated through
comparison with field data and presented in a clear and
interpretable form using visualization tools. Both 2D
and 3D visualization techniques were applied to create
maps suitable for use in the engineering decision-
making process.

The selected workflow enables high spatial
accuracy,  efficient data  integration, and
reproducibility of geological analyses within the open-
source QGIS environment. This approach serves as a
reliable methodological framework for supporting
scientifically grounded decision-making and the
proactive assessment of hazards in engineering—
geological mapping.

3. RESULTS AND DISCUSSION

The application of QGIS technologies in engineering
geological mapping significantly enhanced the
efficiency, accuracy, and interpretability of spatial
analyses. DEM-based morphometric  analysis
provided a detailed representation of the terrain

structure and elevation variability within the study
area. As illustrated in Fig. 1, the spatial distribution of
key morphometric parameters—such as elevation,
slope, aspect, and hillshade—clearly reflects the
geomorphological characteristics of Tashkent city.
These parameters form the fundamental basis for
engineering geological assessment and support the
identification of terrain conditions relevant to
construction suitability.

Tashkent @ elevation.city (scale 3

F . -’{‘;'. b) " ")‘ “ 3’
Fig. 1. DEM-based morph

ometric analysis of
Tashkent city including elevation, slope, aspect,
and hillshade maps used for engineering
geological assessment

Slope analysis derived from DEM data proved to
be a critical factor in evaluating geotechnical
constraints. The slope gradient map presented in Fig.
2 highlights areas characterized by varying slope
classes, allowing the identification of zones with
increased susceptibility to geotechnical hazards. Areas
with higher slope gradients were recognized as
potentially unfavorable for construction due to an
elevated risk of slope instability, ground deformation,
and related engineering challenges. This analysis
demonstrates the importance of slope as a key
indicator in engineering geological risk assessment.

ENGINEER



Fig. 2. Slope gradient map of Tashkent city
derived from DEM data, highlighting areas with
varying slope classes and potential geotechnical

constraints

An integrated engineering geological evaluation
was achieved through overlay analysis of geological
units, structural  features, and DEM-derived
morphometric parameters. The resulting integrated
map, shown in Fig. 3, provides a comprehensive
spatial representation of hazard-prone and relatively
stable zones across the study area. This integrated
approach enables a more holistic understanding of
subsurface and surface conditions, supporting
informed decision-making in infrastructure planning
and development.

Overall, the results confirm that QGIS offers a
robust and flexible framework for engineering
geological mapping. The combination of DEM-based
morphometric analysis (Fig. 1), slope assessment (Fig.
2), and integrated spatial evaluation (Fig. 3)
demonstrates the effectiveness of QGIS in analyzing
complex geological environments. These capabilities
contribute to improved risk identification, enhanced
visualization, and scientifically grounded engineering
decisions, reinforcing the practical value of QGIS in
modern engineering geological applications.

Fig. 3. Integrated engineering geological risk map
of Tashkent city based on overlay analysis of
geological units and DEM-derived terrain
parameters

4. CONCLUSION

The results of this study demonstrate that QGIS
technologies have significant practical value in
engineering—geological mapping by effectively
supporting spatial analysis, data integration, and
visualization processes. As an open-source and
economically efficient platform, QGIS provides
extensive opportunities for making scientifically
grounded decisions and ensuring sustainable
infrastructure development in the fields of geology
and engineering.

At the same time, the integration of QGIS with
artificial intelligence, machine learning, the Internet of
Things (loT), and cloud-based GIS platforms has the
potential to further enhance its role in predictive
modeling, automated analysis, and collaborative
geological research in the future. This, in turn, will
contribute to safer and more sustainable decision-
making in engineering practice.
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Integrating Roadside Greening and Urban Microclimate into Pedestrian
Accessibility Assessment: A Case Study of Tashkent City
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Rapid urbanization has intensified the urban heat island (UHI) effect, particularly in hot-climate
cities, affecting pedestrian mobility and comfort. While roadside greening provides important
environmental benefits, its role in transport accessibility remains underexplored. This study develops
a climate-sensitive accessibility model by integrating roadside vegetation and microclimate factors in
Tashkent city.

Remote sensing data (LST and NDVI) and GIS-based network analysis were used to assess thermal
conditions and walking accessibility (5, 10, and 15 minutes). A Thermal Comfort Index (TCI) was
developed to incorporate temperature, vegetation, and shading into accessibility evaluation.

Results show that conventional models overestimate accessibility by ignoring environmental
conditions. High-temperature, low-vegetation areas have reduced real accessibility, while green and
shaded corridors improve pedestrian conditions.

The study proposes a new framework linking greening, microclimate, and transport accessibility,
supporting more sustainable and climate-responsive urban planning.

Urban Heat Island (UHI), Roadside Greening, Pedestrian Accessibility, Urban Microclimate, GIS-
Based Analysis, Thermal Comfort, Climate-Sensitive Accessibility, Land Surface Temperature

(LST), NDVI, Sustainable Urban Planning

1. INTRODUCTION

Rapid urbanization and the expansion of transport
infrastructure have significantly transformed urban
environments  worldwide. Modern cities are
increasingly characterized by dense road networks,
high traffic volumes, and extensive impervious
surfaces, which  collectively  contribute to
environmental challenges such as air pollution,
increased surface temperatures, and the urban heat
island (UHI) effect. These issues are particularly
pronounced in rapidly developing cities, where
transport planning has traditionally prioritized
vehicular mobility and efficiency, often at the expense
of environmental and human-centered considerations.

Urban roads are not only mobility corridors but
also important public spaces where people are directly
exposed to environmental conditions. In this context,
roadside environments play a crucial role in shaping
urban microclimates and influencing human comfort.
Numerous studies have demonstrated that vegetation,
particularly trees and structured green elements along
streets, can significantly reduce air temperature
through shading and evapotranspiration, thereby
mitigating the negative impacts of UHI. For example,
roadside vegetation has been shown to lower land
surface temperatures and improve thermal conditions
at the pedestrian level, especially in dense urban areas
where heat accumulation is most severe [1].

&l https://orcid.org/0000-0002-4005-9766
b https://orcid.org/0000-0001-8906-9909

Beyond thermal regulation, roadside greenery is
increasingly recognized as an integral component of
urban green infrastructure. It provides multiple
ecosystem services, including carbon sequestration,
air pollutant removal, stormwater management, and
biodiversity support. Recent studies highlight that
roadside forests and vegetation belts can store
substantial amounts of carbon, reduce atmospheric
pollutants, and contribute to climate-resilient urban
development [2]. In addition, vegetation barriers along
roads can reduce pedestrian exposure to traffic-related
pollutants by influencing airflow and enhancing
particulate deposition, thereby improving public
health outcomes [3].

At the same time, the relationship between
roadside greening and pedestrian comfort has gained
increasing attention. Thermal comfort is a key
determinant of outdoor activity, particularly walking
behavior in urban environments. Street-level
conditions such as shading, tree canopy coverage, and
spatial configuration of vegetation significantly
influence perceived and actual comfort. Studies have
shown that tree shading can reduce pedestrian heat
exposure and improve the usability of urban spaces,
especially during extreme heat conditions [4].
However, most of these studies focus on
environmental or design aspects, without explicitly
linking these factors to transport accessibility.

Transport accessibility is traditionally defined in
terms of travel time, distance, and network

¥ https://orcid.org/0009-0008-2988-4061
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connectivity.  Conventional models, including
isochrone-based analyses, assume that all routes
within a given distance or time threshold are equally
accessible. However, this assumption does not reflect
real-world conditions, particularly in hot climates
where thermal stress can significantly influence
pedestrian movement. In cities such as Tashkent,
where summer temperatures frequently exceed 35—
40°C, walking behavior is strongly affected by
environmental conditions such as shade availability
and surface temperature.

Despite the growing body of research on urban
greening, microclimate, and ecosystem services, there
remains a critical gap in integrating these aspects with
transport accessibility analysis. Existing studies tend
to examine vegetation effects, thermal comfort, or
transport systems in isolation, with limited efforts to
develop a unified framework that captures their
interdependencies. In particular, the influence of
roadside greening on “real” pedestrian accessibility—
defined not only by distance but also by environmental
comfort—has not been sufficiently addressed.

Therefore, this study aims to bridge this gap by
integrating roadside greening into urban transport and
microclimate systems. Using the case of Tashkent
city, the research evaluates how vegetation structure,
thermal conditions, and street-level environmental
factors influence pedestrian accessibility. The study
proposes a climate-sensitive approach to accessibility
assessment, in which roadside greening is treated as a
key variable affecting both environmental quality and
transport usability. By doing so, it contributes to the
development of more sustainable, resilient, and
human-centered urban transport planning
frameworks.

2. LITERATURE REVIEW

Urban road corridors are increasingly recognized not
only as transport infrastructure but also as
multifunctional ecological systems. Previous studies
indicate that roadside vegetation provides a wide
range of ecosystem services, including microclimate
regulation, air pollution mitigation, carbon
sequestration, and improvement of pedestrian comfort
[1-3].

Roadside vegetation plays a critical role in
regulating urban thermal environments. Li et al. [1]
demonstrated that the structure and composition of
vegetation significantly influence land surface
temperature (LST), with tree-dominated areas
producing the strongest cooling effects in dense urban
environments. Similarly, urban greenery enhances
thermal comfort  through shading and
evapotranspiration, thereby reducing pedestrian
exposure to heat stress [4].

From a green infrastructure perspective, roadside
vegetation is an essential component of sustainable
urban systems. Niu et al. [2] highlighted that roadside

forests contribute to biodiversity, climate regulation,
and urban resilience, while also providing measurable
ecosystem services such as carbon storage, air
pollutant removal, and stormwater interception.
Moreover, the effectiveness of roadside greening
varies depending on road type, suggesting that
context-specific planting strategies are required rather
than uniform approaches.

In addition, vegetation acts as a natural barrier that
reduces exposure to traffic-related air pollution.
Barwise and Kumar [3] emphasized that the
effectiveness of vegetation barriers depends on plant
characteristics such as leaf structure, density, and
spatial configuration. These findings underline the
multifunctional role of roadside greenery in improving
both environmental quality and human well-being.

Despite these advances, a significant research gap
remains. Most studies focus on the environmental and
ecological aspects of roadside vegetation, while
transport accessibility is typically assessed using
distance, travel time, and network connectivity. Such
approaches neglect thermal conditions, shading, and
pedestrian-level comfort, which are particularly
important in hot-climate cities such as Tashkent.

Therefore, this study aims to integrate roadside
greening into transport accessibility and microclimate
analysis by incorporating environmental comfort
factors into accessibility assessment, thereby
developing a climate-sensitive approach to urban
mobility evaluation.

3. DATA COLLECTION METHOD

This study integrates multi-source  spatial,
environmental, and transport datasets to analyze the
e relationship  between roadside greening,
microclimate conditions, and urban transport
accessibility in Tashkent city. The overall data
collection and integration framework is presented in
Figure 1.
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Fig. 1. Integrated Framework for Data Collection,
Processing, and Climate-Sensitive Accessibility
Analysis
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The figure illustrates the workflow of the study,
including data sources (remote sensing, transport, and
greening data), GIS-based processing, network
analysis, environmental assessment, and the
development of a climate-sensitive accessibility
model.

3.1. Remote Sensing Data

To assess the urban thermal environment, satellite
imagery was used to derive Land Surface Temperature
(LST) and vegetation indices. Landsat 8/9 thermal
infrared bands were utilized to calculate LST, while
Sentinel-2 imagery was employed to compute the
Normalized Difference Vegetation Index (NDVI),
which represents vegetation density and distribution.
These datasets provide medium-resolution (10-30 m)
spatial coverage suitable for city-scale analysis.

3.2. Road Network and Transport Data

The urban road network and pedestrian-accessible
paths were extracted from OpenStreetMap (OSM).
Public transport data, including bus stops and metro
stations, were collected from available geospatial
datasets and local sources. These data were used to
construct a network-based accessibility model,
including walking isochrones (5, 10, and 15 minutes).
3.3. Roadside Greening Data

Roadside vegetation characteristics were assessed
using a combination of spatial and visual data sources.
Vegetation distribution was derived from NDVI maps,
while additional information on tree canopy coverage
and street-level greening was obtained through street-
view imagery and GIS-based interpretation. Where
available, building footprints and land-use data were
also incorporated to better represent urban
morphology affecting shading and microclimate
conditions.

3.4. Microclimate and
Variables

In addition to LST and NDVI, environmental
variables influencing pedestrian comfort were
considered. These include surface temperature,
vegetation density, and proxy indicators of shading,
such as tree canopy coverage and urban form. These
variables were used to evaluate the thermal conditions
experienced by pedestrians at the street level.

3.5. Data Integration

All datasets were processed and integrated within a
Geographic Information System (GIS) environment.
Spatial layers were harmonized to a common
coordinate reference system (WGS 84 / UTM Zone
42N) and analyzed using network analysis tools. The
integration of remote sensing data, transport networks,
and environmental indicators enabled the
development of a climate-sensitive accessibility
framework.

Environmental

4. METHODOLOGY

This study proposes an integrated framework that
combines urban transport accessibility analysis with
microclimate and roadside greening factors. The
methodology consists of four main stages: (1) data
preprocessing, (2) conventional  accessibility
modelling, (3) environmental factor assessment, and
(4) development of a climate-sensitive accessibility
model.

41. Data
Framework
All spatial datasets were processed in a GIS
environment. The road network, public transport
stops, and environmental layers (LST, NDVI,
vegetation coverage) were projected into a unified
coordinate system (WGS 84/ UTM Zone 42N). Raster
datasets were resampled to a consistent spatial
resolution (30 m) to ensure compatibility.

The study area (Tashkent city) was divided into
analysis units based on a regular grid system. Each
grid cell was assigned environmental attributes,
including land surface temperature, vegetation index,
and proximity to green infrastructure.

4.2. Network-Based Accessibility Analysis
Accessibility was calculated using a network-based
approach. The pedestrian-accessible road network was
used to generate walking isochrones (5, 10, and 15
minutes) around public transport stops.

The conventional accessibility index was defined

as:
Anetwork = Z w;

n
i=1

Preprocessing and Spatial

where:

W, - accessibility weight based on walking time
threshold.

This model assumes equal accessibility within a

given time threshold, without considering
environmental conditions.
4.3. Environmental and Microclimate

Assessment
To incorporate environmental conditions, two key
indicators were used:
— Land Surface Temperature (LST) -
representing thermal exposure
— Normalized Difference Vegetation Index
(NDVI) — representing vegetation density

Additionally, proxy indicators such as tree canopy
coverage and urban form (building density) were used
to estimate shading conditions.

A Thermal Comfort Index (TCI) was developed
to represent the environmental suitability for
pedestrian movement:

TCI = w; * (1 — LST ;) + @3 * NDVI, 0
+ w3 * Shade

Where:

LST, .- normalized land surface temperature

NDVI,,, - normalized vegetation index
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Shade- shading indicator (tree canopy / urban
morphology)

wq; W,; w3- weighting coefficients
4.4. Climate-Sensitive Accessibility Model
To reflect real pedestrian behavior, environmental
factors were integrated into the accessibility model.

The proposed real accessibility index is defined
as:

Areal = Anetwork * (1 + ATCI)

A- environmental sensitivity coefficient.

This formulation adjusts conventional
accessibility by incorporating thermal comfort and
environmental quality.

In this model:

— areas with high temperature and low

vegetation — reduced accessibility

— areas with shading and high greenery —

increased accessibility
4.5. Spatial Analysis and Mapping
The final stage involved spatial overlay analysis to
combine accessibility and environmental layers. The
results were visualized using GIS-based maps,
including:

— conventional accessibility maps

— thermal comfort distribution

— climate-sensitive accessibility maps

Comparative analysis was conducted to identify
differences between traditional and environmentally
adjusted accessibility patterns.

4.6. Validation and Interpretation

The model results were interpreted in relation to urban
structure, road types, and distribution of green
infrastructure. Particular attention was given to
identifying:

— areas with high accessibility but low thermal

comfort

— areas where greening significantly improves

accessibility

5. RESULTS AND DISCUSSION

5.1. Spatial Distribution of Urban Thermal
Environment
The analysis of Land Surface Temperature (LST) and
vegetation density (NDVI) in Tashkent city reveals a
strong relationship between urban thermal conditions
and the spatial distribution of greenery. High-
temperature zones are mainly concentrated along
major road corridors, densely built-up districts, and
areas with limited vegetation coverage. In contrast,
urban areas characterized by higher vegetation density
demonstrate noticeably lower surface temperatures.
The results indicate that roadside greenery and
urban vegetation contribute significantly to mitigating
thermal accumulation within the urban environment.
Areas with continuous vegetation cover and tree
canopy exhibit improved thermal conditions
compared to impervious and highly urbanized

surfaces. These findings confirm the important role of
green infrastructure in reducing urban heat exposure
and improving environmental comfort in transport-
oriented urban spaces.

5.2. Conventional Accessibility Patterns
Network-based accessibility analysis shows that a
large portion of the study area falls within 5-10 minute
walking distance to public transport stops. According
to the traditional model, these areas are considered
highly accessible due to their proximity and
connectivity within the road network.

However, this model assumes uniform conditions
across all routes and does not account for
environmental factors such as heat stress or shading.
5.3. Thermal Comfort Distribution
The Thermal Comfort Index (TCI) results indicate
significant spatial differences in environmental
suitability for pedestrian movement. Areas with high
vegetation density and shading demonstrate higher
TCI values, indicating more comfortable conditions.
Conversely, zones characterized by high LST and low
vegetation show low TCI values, reflecting
unfavorable thermal conditions.

The results highlight that thermal comfort is not
evenly distributed and is strongly influenced by the
presence and structure of roadside greenery.

5.4. Climate-Sensitive Accessibility

When environmental factors are integrated into the
accessibility model, significant changes are observed.
The climate-sensitive accessibility (A_real) shows a
reduction in accessible areas in zones with high
temperatures and low vegetation.

In contrast, green corridors and streets with
continuous tree canopy coverage maintain higher
accessibility levels even under high-temperature
conditions. This demonstrates that roadside greening
can effectively enhance real pedestrian accessibility
by improving thermal comfort.

5.5. Comparative Analysis

A comparison between conventional accessibility
(A _network) and climate-sensitive accessibility
(A _real) reveals that traditional models overestimate
accessibility in heat-exposed areas. In several
locations, areas classified as accessible under the
network-based model become partially or fully
inaccessible when thermal conditions are considered.

This discrepancy is particularly evident in central
urban zones and major road corridors lacking
sufficient greenery.

5.6. Key Findings
The results of this study demonstrate that:

— Urban heat significantly reduces real
pedestrian accessibility

— Roadside vegetation improves
comfort and enhances accessibility

— Accessibility is strongly dependent on
environmental conditions, not only distance and time

thermal
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— Traditional accessibility models fail to
capture spatial inequalities caused by microclimate
factors.

DISCUSSION

The results of this study demonstrate that urban
transport accessibility cannot be fully understood
without considering environmental conditions,
particularly microclimate and roadside greening.
While conventional network-based models classify
large areas as accessible based on distance and travel
time, the integration of thermal and vegetation factors
reveals significant spatial differences in real
accessibility.

The findings confirm that roadside vegetation
plays a critical role in shaping the urban thermal
environment and pedestrian experience. Consistent
with previous studies, areas with higher vegetation
density and tree canopy coverage exhibit lower
temperatures and improved thermal comfort. This is
mainly due to shading effects and evapotranspiration
processes, which reduce solar radiation exposure and
ambient temperature at the street level. As a result,
these areas support more favorable conditions for
walking and outdoor activities.

In contrast, zones characterized by high land
surface temperatures and limited vegetation
demonstrate reduced environmental suitability for
pedestrian movement. These areas, often located
along major road corridors and dense urban structures,
are subject to intensified urban heat island effects. The
results suggest that such conditions can discourage
walking behavior, even when transport infrastructure
is physically accessible. This highlights a critical
limitation of traditional accessibility models, which
assume uniform conditions across all routes.

The integration of the Thermal Comfort Index
(TCI) into accessibility analysis provides a more
realistic representation of urban mobility. The
comparison between conventional accessibility and
climate-sensitive accessibility clearly shows that
environmental factors can significantly modify
accessibility patterns. In particular, the presence of
continuous roadside greenery and shaded routes
enhances accessibility, while heat-exposed areas
experience a reduction in effective accessibility.

These findings have important implications for
urban planning and transport policy. First, they
emphasize the need to move beyond purely network-
based approaches and incorporate environmental
quality into accessibility assessment. Second, they
highlight the strategic importance of roadside
greening as a tool for improving both environmental
conditions and transport usability. Rather than being
treated as an aesthetic or secondary element,
vegetation should be considered an integral
component of transport infrastructure.

Furthermore, the results support the concept of
climate-sensitive urban planning, where green
infrastructure is used to mitigate the negative impacts

of urban heat and improve human well-being. In the
context of Tashkent, where summer temperatures
frequently exceed 35-40°C, integrating greening into
transport systems is particularly important for
ensuring sustainable and inclusive mobility.

Despite these contributions, the study has several
limitations. The use of remotely sensed data may not
fully capture micro-scale variations in shading and
thermal conditions at the pedestrian level. In addition,
the Thermal Comfort Index is based on selected
indicators and weighting assumptions, which may
require further calibration using field measurements or
behavioral data. Future research should focus on
incorporating real-time climate data, pedestrian
surveys, and high-resolution 3D urban models to
improve the accuracy of climate-sensitive
accessibility analysis.

6. CONCLUSION

This study demonstrates that urban transport
accessibility cannot be accurately assessed without
considering environmental conditions, particularly
microclimate and roadside greening. While
conventional accessibility models rely on distance and
travel time, they fail to capture the influence of
thermal stress and environmental quality on pedestrian
movement.

By integrating remote sensing data, GIS-based
network analysis, and environmental indicators, this
research developed a climate-sensitive accessibility
model for Tashkent city. The results show that high
temperatures and low vegetation coverage
significantly reduce real pedestrian accessibility,
whereas shaded and green corridors enhance walking
conditions and improve accessibility. This highlights
the critical role of roadside vegetation in mitigating
urban heat and supporting more comfortable
pedestrian environments.

The study contributes to the existing literature by
linking three traditionally separate domains—
transport accessibility, urban microclimate, and green
infrastructure—into a unified analytical framework. It
introduces a Thermal Comfort Index (TCI) to adjust
accessibility based on environmental conditions,
providing a more realistic representation of urban
mobility.

From a practical perspective, the findings
emphasize that roadside greening should be treated as
an essential component of transport infrastructure
rather than a purely aesthetic element. In hot-climate
cities such as Tashkent, integrating vegetation into
road design and planning can significantly improve
thermal comfort, promote walking, and enhance
overall urban sustainability.

In conclusion, the proposed climate-sensitive
approach offers a valuable tool for urban planners and
decision-makers to design more resilient, livable, and
environmentally responsive transport systems. Future
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research should focus on incorporating high-
resolution data, field-based measurements, and
behavioral analysis to further refine accessibility
models and better understand the interaction between
environment and human mobility.

Climate adaptation and planning
implications

The findings of this study highlight the importance of
integrating  environmental  factors, particularly
roadside greening and microclimate conditions, into
urban transport planning. Based on the results, several
policy recommendations can be proposed to improve
pedestrian accessibility and support sustainable urban
development in Tashkent.
Integration of Greening
Infrastructure

Urban planning policies should recognize roadside
vegetation as an essential component of transport
infrastructure rather than a purely aesthetic element.
Municipal authorities should incorporate tree planting
and green corridors into road design standards,
especially along major pedestrian routes and public
transport access paths.

Climate-Sensitive Accessibility Planning
Transport accessibility assessments should move
beyond traditional distance- and time-based
approaches by incorporating environmental indicators
such as temperature, shading, and vegetation
coverage. Planning guidelines should adopt climate-
sensitive accessibility models to ensure that pedestrian
routes remain usable under extreme heat conditions.
Development of Shaded Pedestrian Networks
Priority should be given to the creation of shaded
walking corridors connecting residential areas to
public transport stops. Continuous tree canopy
coverage, combined with appropriate urban design
elements, can significantly improve thermal comfort
and encourage walking behavior, particularly during
summer periods.

Strategic Placement of Public Transport Stops
The location of bus stops and metro access points
should consider not only network efficiency but also
environmental conditions. Stops should be placed in
areas with adequate shading and vegetation or be
equipped with artificial shading structures where
natural greenery is insufficient.

Targeted Greening in High-Temperature
Zones

High-temperature areas identified through LST
analysis should be prioritized for greening
interventions. These zones, often located along major
road corridors and densely built environments, require
targeted planting strategies to reduce thermal stress
and improve environmental quality.

Adoption of GIS-Based Decision Support
Systems

Urban planning institutions should implement GIS-
based tools that integrate transport, environmental,

into Transport

and climatic data. Such systems can support evidence-
based decision-making and enable the identification of
priority areas for greening and infrastructure
improvements.

Climate Adaptation and Urban Resilience
Strategies

Given the increasing frequency of extreme heat
events, roadside greening should be included as a key
component of climate adaptation policies. Integrating
green infrastructure into transport systems can
enhance urban resilience, reduce heat-related risks,
and improve overall quality of life.
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Resource-Efficient Designs and Organizational-Technological Solutions for
Reinforcing the Subgrade in Sandy Soils

K.S. Lesov!®? Sh.A. Tadjibaev &P
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article examines current issues in enhancing the stability and load-bearing capacity of the
subgrade for transport structures built in the complex engineering and geological conditions of sandy
soils. It also analyzes the main deformation factors inherent to desert regions, including wind erosion
and low soil cohesion. The paper proposes a set of resource-saving structural elements and
organizational-technological solutions based on the use of modern geosynthetic materials and
methods for stabilizing local barchan sands. These proposed technologies make it possible to
significantly reduce transportation costs for imported soils and to minimize environmental damage.
The practical significance of this work lies in the development of effective process flow diagrams
that ensure the durability of the subgrade while optimizing material and technical expenditures.

Keywords: Earthwork, sandy soils, resource conservation, structural solutions, soil stabilization, volumetric
geogrid, geotextile, arid zone

PecypcocoOeperaomue Koncrpykuuu u Opranu3anuoHHO-
Texnoaornueckue Pemenus Y cwienus 3emuasasaoro [Hoxorna B [lecuanbix
I'pynrax

K.C. JlecoB @2, III.A. Tamxuoaes® ©P
'TamkenTckuii rocynapcTBEHHBIH TPAHCHIOPTHBIH yHUBepcHTeT, TamkenT, Y36eKicTan

AHHOTAIWMS B crarbe paccmMaTpuBaroTCS aKTyalbHbIE BOINPOCHI IOBBIMICHUS CTaOMJIBHOCTH M Hecyllei
CIMOCOOHOCTH 3eMJITHOTO IMOJIOTHA TPAHCIOPTHBIX COOPY)KCHHHM, BO3BOAMUMBIX B  CIIOXKHBIX
HHXCHEPHO-TEOJIOTHUECKHUX YCIOBHSAX MECYaHbIX IPYHTOB. A TakXKe MPOAHAIH3UPOBAHBI OCHOBHBIC
nedopMaloHHsie (paKTOPhl, MPHUCYIHE MyCTBIHHBIM PErHOHAM, BKIFOYAs BETPOBYIO 3PO3HI0 U
HHU3KYI0 CBSI3HOCTH TIPYHTOB. IIpEIOXKEH KOMIUIEKC PecypcocOeperarinx KOHCTPYKTHBHBIX
SIIEMEHTOB M OPraHM3allMOHHO-TEXHOJIOIMYCCKUX PCLICHHH, OCHOBAHHBIX HA MPUMEHCHHH
COBPEMCHHBIX TCOCHHTETHYCCKUX MATepPHUajoB W METOJOB CTAOMIM3AIMM MECTHBIX OapXaHHBIX
nieckoB. Ipe/iaraeMblie TEXHOJIOTHHU MO3BOJISIOT CYIIECTBEHHO CHU3UTH TPAHCHIOPTHBIE PACXOIbI Ha
JOCTaBKY MPHBO3HBIX TPYHTOB W MHHHMH3HPOBATh O3KOJIOrMYecKuil yiep6. Ilpaktiyeckas
3HAYMMOCTh PAOOTBI 3aKIOYacTCs B pa3paboTke 3S(MGEKTHBHBIX TEXHOJOTHUCCKHX CXEM,
00€eCIeYNBAOIIMX  JIOJTOBEYHOCTh 3EMJITHOTO IOJIOTHA [PU  ONTHMH3AIWH  MATEPHAIbHO-
TEXHHUYECKHX 3aTpar.

KiroueBble cioBa:  3eMIISIHOE TOJIOTHO, II€CYaHbIE TPYHTBI, pecypcocOepekeHHe, KOHCTPYKTHBHBIC —PpELICHHS,
CTabuIIM3alUs TPYHTOB, 00bEMHas T€OPEIIEeTKa, TEOTEKCTHIb, apH/IHAS 30Ha

1. BBEJIEHHUE MPOTUBOAECPISILMOHHOMY "
pOTHBOIE(hOPMAIHOHHOMY YKperuieHuo [1-3].

B mumpe ymemsercs oco0oe 3HAUCHHE Pa3BUTHIO A Takxe OoNbIIOE BHUMAaHHE YAEISICTCS Ha
CTPOUTCIBLHOTO KOMIIJICKCa TPAHCIIOPTHOM pa3paboTKy HOBBIX KOHCTPYKIMH IO MOBBIIEHUIO
UHQPPACTPYKTYphl, OOECIEeYeHHIO 0e30MacHOCTH YCTOMYMBOCTH HKENE3HOTOPOIKHOM HACBIIH,
JKCJIC3HBIX ~ I0POT B CJIOXKHBIX  yCJIOBHSX, BO3BEJICHHOW U3 TECYAHBIX TPYHTOB, YKPEILICHUIO
NOBBINICHUID  YCTOMYMBOCTM NPU  BO3BEJECHUH OTKOCOB  3€MJIIHOIO  IIOJIOTHA, YMEHBIICHUIO
HACBIIM 3€MJIHOTO IIOJIOTHA B TEXHUYECKOU medmanuit W nedopMandii TPYHTOB HACHIIA |
CUCTEME «BEPXHEE CTPOCHHUEC NYTH — 3EMIIIHOC COBCPIICHCTBOBAHUIO  TCXHOJIOTMM pa60T o
TIOJIOTHO — OCHOBAHUEY, YKPEIIEHUIO YKPETUIEHHIO 0TKOCOB [3-5].

OTKOCOBHACHINK,  Pa3paboTKe  MEpCIIEKTUBHBIX OnHako HHU3Kas 3¢ HeKTHBHOCTH
pecypcocbeperaeMpIX METOJOB M TEXHOJIOTHHA I10 CYIMIECTBYIOIINX METOIOB IPOTUBOAC(DIISIIMOHHON 1

a8l https://orcid.org/0000-0002-9434-0713
b https://orcid.org/0000-0001-9748-2568
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nporuBoaehopmarmontoit  (ITJIII)  3amuThr
3EMJISIHOTO TIOJIOTHA, BO3BEAEHHOTO W3 IECUAHBIX
TPYHTOB, a  TaKkKe mpoOneMbl  pa3BUTHUSA
TPAHCIIOPTHOTO CTPOUTEILCTBA B PETHMOHAX, TJE B
€CTECTBEHHBIX YCJOBHAX 3alleraloT IecyaHble
TPYHTHI, 3aHMMAIOIIME 3HAYMTENBHYIO  YacTh
TeppUTOpHN Y30eKuCcTaHa, TpeOyIOT pemeHus psiaa
CJIOXHBIX HAYYHBIX 3a71a4 [6].

2. OCHOBHAS YACTb

C menpl0 HAy4YHOTO pEUIEHHUsS BBIIICYKa3aHHBIX
mpoOJeMbl Ha OCHOBE NIpUKasa IpeJcenaTels
npaBieHust AO «Y30eKHCTOH TeMUp HyJuapu» ot
2020 roma Ne 729-H «O  mpoBeneHuun
9KCTIIEPUMEHTAIIBHBIX HCCIIeIOBaHUI o
YKPEIUIEHHIO OTKOCOB 3€MJISIHOTO IOJIOTHA Ha
ydacTKe OK.0. JHHUM bByxapa—Mucken» Obun
MTPOBEJICHBI AKCIIEPUMEHTAJILHBIE HCCIIET0BAHUSL.

DKcIiepUMEHTaJIbHbIE UCCIIEIOBAHHS o
MIPUMEHEHHIO COBPEMEHHUX YHEProcOeperanmx u
pecypcocOepraronmx MaTepualIoB I YKPEIUICHUS
OTKOCOB 3€MJISHOIO IIOJOTHA IIPOBENCHBI Ha
neperone Kuiinkimm — Xusup6o6o km 4199 IIK 1
JKEJIe3HOOPOXKHOM nuHUM byxapa — Mucken
(Pucynoxk 1-2).

Jlis Hay4HOTO 3KCHEPUMEHTOB BBIOpaHbI

TEOCHHTETHUECKIE MaTepHanbl, pa3paboTaHHbIE
MectHbiM  mpousBogutesieM OO0  «SANFA
ENGINEERING».
B skcmepuMeHTe Ha OTKOCHI 3€MJITHOTO IIOJIOTHA
KeJIE3HOJOPOKHOTO MyTH ObLIO yioxkeHo 1400 m?
reotexcTuns u 1200 M? 06beMHBIX reopemeTky. s
KPEIUICHUS] TeOCHHTETHYECKHX MaTePHaoB OTKOCY
3eMJITHOTO I0JI0THA HCIIOJIB30BAJIMCH apMaTypHbIE
aHKepbl o01e amHoi 2400 MeTpoB.

Puc. 1. TIpouecc yKJIaIKN Fr€0CHHTETHYECKUX
MAaTEepPHAJIOB HA 0TKOC 3eMJISIHOT'O IOJIOTHA

reopenIeToK YJI0KC€HHBIX HA OTKOCHI MECTHBIM
I'PYHTOM H MMOCEB CEMAH NMeCKOJII00UBBIX TpaB

IIpy pOEKTHPOBAHUM HOBBIX JKEJIE3HBIX JIOpOT,
CTPOSILLIMXCS B MYCTHIHHBIX palioHax Y30eKkucTaHa,
AO «bomrpancnoitnxa pazpaborana
TEXHOJIOTHYECKasi CXeMa YKPEIUICHHS 3eMIISTHOTO
NOJOTHA B TNecyaHblXx TIpyHTax. Ilo nmaHHOM
TEXHOJIOTHYECKOH cxeme IIPEAyCMOTPEHO
YKpEIUIEHHE OTKOCOB HAChIIM C  YCTPOHCTBOM
OepMBl M YKIAQAKOM pPACTUTENBHOTO TIpPyHTa
tommumHoi 0,15 M (PucyHok 3).

Puc. 3. TexHorornyeckasi cxema yKpernJjeHusi
3eMJISTHOTO MOJIOTHA HA MeCYAHBIX IPYHTAX,
pa3paborannas AO «bowmrpaHcioiiuxa»

B nensix obGecrieueHus yCTOWYMBOCTH 3€MIISTHOTO
TOJIOTHA KEJNE3HBIX JOpOT, BO3BEICHHBIX W3
OGapXaHHBIX TIECKOB c MIPUMEHEHUEM
MHHOBAI[HOHHBIX TEXHOIOTHHA Ha OCHOBE
«[Iporpamma W MeTOOWKA OJKCIIEPUMEHTAIBHBIX
HCCIIeIOBAHMH 110 YKPEIIJICHHI0 OTKOCOB 3€MJISTHOTO
MOJIOTHA JKEJE3HBIX JOPOr» MyTeM  YKIAIKH
TEOCHHTETUYCCKAX  MaTephaioB  (TEOTEKCTHIIB,

o0bemMHas reopeIeTKa) paspaborana
KOHCTPYKTHBHO-TEXHOJIOTHIECKast cxema
MIPOTHBOIEIISIIINOHHOTO H

poTHBOIeOpMAMOHHOTO yKperuieHus: (PucyHox
4).
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Puc. 4. KoHcTpyKIMsi HACBINN € YKpeIUIeHueM
reOCMHTEeTHYeCKUMH MaTepuaIaMu
1-reopemeTka (00beMHast), 2-3aM0THEHHE
MECTHBIM I'PYHTOM fi4eeK reopenieTox (Imocesom
ceMsIH NeCKOII00MBBIX TPaB), 3- aHKep
apMaTypHBbIii, 4- re0TeKCTWIb HETKAHBIH

I'eocHHTETHYECKHE MAaTEPHAIIBl YKIIAABIBAIOT 110
MOJITOTOBUTEILHOMY CITOI0 WITH CJIOK0
PACTUTEIBHOTO TPYHTA, BBINOJHAS ONEPAlMHd B
COOTBETCTBUM  C  TEXHOJIOTHUYECKOM  CXEMOH
BBITIOJIHEHUS paboT

TeXHONMOTHUECKUH ~ MPOIECC  YKPETUIEHHUs
OTKOCOB 3€MIJITHOTO ITOJIOTHA TE€OCHHTETHUECKMMHU
MaTepuanaMy IPUBEIEHBI Ha PUC. 5

I PYHTON ©
a4 Gazuar,

Hanpasichne 100K pabor a y¥acTXE yspericni

90 H - -t

Puc. 5. TexHoJsiornyeckuii npouecc ykpenjeHust
O0TKOCOB 3eMJISTHOTO MO0JIOTHA
reOCHHTETHYEeCKUMH MaTepHalaMu

3. MATEMATHYECKOE
OIIMCAHHUE YKPEIIVIEHUSA
SEMJUIAHOI'O ITIOJIOTHA,
BO3BEJEHHOI'O n3
INHECYHAHBIX I'PYHTOB

Ha ocHOBe mpOBENEHHBIX HKCIEPUMEHTAIBHBIX
HUCCIIeIOBaHUM U MOJIYUCHHBIX  BBIBOJOB

PacCMOTpPBIM  MeTOABl pacueTa YCTOHYHMBOCTH
OTKOCOB 3E€MJISHOTO IIOJOTHA C HCIOJ3MBAaHHEM
TEOCHHTETHYECKUX MaTEepUaJIOB.

Bwmecre ¢ TeM, akTyaabpHOM 3a1adei, TpeOyromiei
KOMIIJIEKCHOTO TIO/IX0/a, SBJSIETCS BBIOOp THIIA
IIOJIOTHA, €T0 OLIEHKA U 00ecTieueHNe YCTOHUNBOCTH
OTKOCOB. 3HaueHHE KO3(pHIMEHTa YCTOWIMBOCTH
3EMJISTHOTO TIOJIOTHA BO BCEX CITy4asx IOJDKHO OBITh
K>1,2[7-8].

Jns Teopuredeckoro pacuera Kod(pQHIHEHTa
YCTOMUMBOCTH  OTKOCOB  HACBHITH  3€MJISIHOTO
MOJIOTHA HCIIONB3yeM (OopMyITy, pa3paOOTaHHOM
mpod. I'"M.IIaxymsmi [9].

1
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Ipu ucnons3oBanue popmys (1) pe3ynbTaToB
pacuera IOKa3bIBa€T, YTO HOPMATHBHOE 3HAUCHUE
KO3 PHIMEHTa YCTOHUYNBOCTH OTKOCOB HAachImu K>
1,2 obGecrieunBaeTcs B TpyHTaX KpoMe IecyaHbIX.

IMpn pacuere Kod(pdUIMEHTa YCTOWYNBOCTH
OTKOCOB C YKpEIUIEHHEM T'€OCHHTETHUECKUMHU
MaTepausiamMu HeoOxoaumo B dopmyiny (1) BHecTH
W3MEHEHUSI u J00aBUTH npeyiaraeMbie
yaepxuBarome cuibl Treop M Treo rKOTOpBINA OyIeT
YUUTBIBATH CHJIBIL, JEHCTBYIONME HA KaXIOH I-i
sYeliKe TeOPeLIeTKH U Te0TeKCTHIIS.

ITocne »storo c¢ c¢opmyna (1) mnomyuwnu
cnenytommii popmyna (2).

IMpu pacuere Kod(pdUIMEHTa YCTOWINBOCTH
OTKOCOB 3€MJISIHOTO TMOJIOTHA C jJo0aBlieHHEM
yAepKUBAOLMX CUIBl Treop U Treor CyMMapHas
yJIep>KHUBAIOIIAs CUIa TIOBBIIIaeTCs . B pe3ynbrare
3TOTO K03 HULIHEHT YCTOWYHMBOCTH
KycToBbIIIacTCSA U Bcerga obecrednBaeT
Tpebyemoe ycioue K>1,2.

I[Ipu pacueTe cuil, ISHCTBYIOIIMX HA KAy IO i-it
A4eKe TeOpELICTKH BO3HUKAIOT YIEP)KUBAOLINE
CUJIBl OT T€OPEIETKH Treop, COINTACHO pPacCUYETHOM
CXeMe W MMeeT CICAYIOMMi BUA (POPMYIIBL:

Trcop = 21 (Ci | ir T f « N

K:

(3)

Puc. 6. Pacuernas cxema cuJi, JeiicTByonue Ha
KAKI0i i-if Aueiike reopemeTku

Vnepxupaomas cuna T, HOPUHAMAET
CIEAYIOLIMI BU.

T...=d-l-y-cosa+a-b-y
(4)

ENGINEER



N=yw

A g

Y F=Qcosa

vt - Al
o
Puc. 7. PacueTrHas cxema cw, IelicTBYWOIINE HA
re0TeKCTHIb

4. 3AKJIIOMEHHUE

1. Tlox NeNCTBHEM HEeOJIarONPHUSITHBIX
MIPUPOIHO-KINMATHYECKHX, TUJPOJOTUYECKHX,
TEXHOTEHHBIX U JPYIUX (akTOPOB B TPYHTaX Tesa
3eMJITHOTO MOJIOTHA HIPOUCXOIST
JeCTaOMIN3UPYIONIHE MPOLIECCHI, KOTOpBIE
BBI3BIBAIOT OCTATOYHBIE JeQopMaliuy OCHOBHOM
IUIOIIAJIKK W OTKOCOB 3EMJISHOI'O  IOJIOTHA.
Orlpe)leneHo, YTO OJHUM U3 MNECPCHEKTUBHBLIX M
HIIUPOKO HUCTIOJIB3YEMBbIX B TPaHCIIOPTHOM
CTPOHUTENHCTBE CIIOCOOOB YCHJIGHHS 3EMIISTHOTO
IMOJIOTHA ABJIACTCA MPUMCEHCHUEC PA3JIMYHBIX BHUIOB
F€OCUHTCTUYCCKUX MATCPUAJIOB.

2. OOOCHOBaHO  KOHKYpPEHTOCIOCOOHOCTH
NPUMEHEHHUS TIEPCIIEKTUBHBIX 3HEProdPdeKTHBHBIX
u pecypcocbeperaemMpIx T€OCUHTETHYECKUX
MaTepuasoB (F€OTEKCTUIb, 00BEMHas TeOopeIIeTKa)
IIPY YKPETUIEHUH OTKOCOB 3EMJITHOTO ITOJIOTHA.

3. Pazpaborana mnporpamMMa © METOJHKA
9KCTICPUMEHTAIBHBIX HCCIIeI0BaHUH o
YKPEIUIEHHIO OTKOCOB 3E€MIITHOIO IIOJIOTHA, Ha
OCHOBE MUPOBOTO OIIBITa IPUMEHEHHs Pa3IMYHBIX
WHHOBAIIMOHHBIX TEXHOJIOTUH W MaTepuasioB s
COBEPIICHCTBOBAHUS CYIIECTBYIOIMX, pa3paboTKe
HOBBIX KOHCTPYKLIMH 3€MJISTHOTO MOJOTHAa IIPH
YCUIICHUH 3€MJITHOTO IIOJIOTHA JKEJIE3HBIX JOPOT.

4. OmpeneneHo yBeNIWYEHUE YACP)KUBAIOIICH
cunsl Ty, Ha 18-25 % mpu yKkpemieHun OTKOCOB
3eMJITHOTO IIOJIOTHA BO3BEAEHHOI'O M3 IIE€CYAaHBIX
IPYHTOB I'€OCHHTETHYECKHMH MaTepHAIaMU 3a CUET
JOTIOJIHUTEIBHBIX PACUETHBIX MapaMeTPOB Treo. p U
Tror. B pesynbrare atoro ko3 QuIMEHT
ycToiunBocTH ToOBBIIAercss Ha 14-23 % wm
obecnieunBaeT Tpedyemoe yciosue K > 1,2.

5. OnpeneneHsl yMEHBIICHHE 3aTpaT TpyAa U
MaTepuanos Ha 14 -18 % rpu BbITOIHEHHH paboT MO
VKpPEIUIEHHIO OTKOCOB 3€MJIIHOTO IOJIOTHA C

T€OCUHTECTUYICCKUMHU MaTE€praIaMu.
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Management of Transformation Processes in Uzbekistan's Railway

Abstract:

Keywords:

Industry: Challenges, Solutions, and Initial Results

U. Dosmetov?
1JSC «Uzbekiston temir yullari», Tashkent, Uzbekistan

This article analyzes the initial results of transformation processes in Uzbekistan's railway industry.
It examines in detail the goals, key areas, initial experiences, and results of transformation processes
across the entire network of UTY. It also describes the specifics of managing transformation
processes based on current regulations, analyzes existing problems, adopted solutions, and the initial
changes achieved. Inrecent years, important policy documents have been adopted at the government
level to transform the operations of UTY. Strategic objectives have been defined at the industry,
regional, and national levels, and roadmaps and plans have been developed for structural changes in
the industry, the implementation of major investment projects for the construction of new lines, and
the reconstruction and electrification of railways, based on a introduction of advanced international
practices in transformation processes. The experience of managing transformation processes in the
industry, the analysis of project implementation problems and the comprehensive solutions
considered by the author have important practical significance for the industry and make it possible
to avoid complications in managing transformation processes in the railway industry in the future.
Railway industry, transformation, project’s implementation, management of processes, executive
directives, consulting.

Yupasaenue [Ipoueccamu Tpanchopmauuu B 7Kes1ie3HOTOPOKHOM
Otpacan Y30exkucrana: IlpoOsemsbl, Pemenusi u Ilepsbie UToru

AnHHOTaIMA

Kinrouessie cioBa:

JHocmeros ¥Y.C.!
'AO «V36ekncron Temup iymiapny», Tamkent, Y36exucran

CraTbs MOCBSIICHA aHAJIN3Y IIEPBBIX PE3YJIbTATOB MPOLECCOB TPAHC(HOPMALMH B XKEIE3HOLOPOXKHOI
orpacnu Y3b6ekucrana. [TonpoOHO paccMaTpuBaroTCs LIENH, OCHOBHbIC HAIPABIICHHS, HAYIbHBIN
OIIBIT ¥ MUTOTH MpolieccoB TpaHchopmarmu no Beerd cetn AO  «VY30ekucToH Temup Hyswiapm» (AO
VTI), a Takxke OMHCAHBI OCOGEHHOCTH YNpAaBJICHHMS MpoleccaMH TpaHcopManumu Ha Gase
JEHCTBYIOIIMX HOPMAaTUBHBIX aKTOB, AHAIW3MPOBAHbl CYIIECTBYIOIIME IPOOIEMbl, IPUHATHIC
PpeLeH s ¥ IOCTHIHYTHIE TepBUYHbIC M3MeHeHns. [l TparcdopMaruu aestensHoctn AO YT B
MIOCJIEJHUE TO/Ibl HA NPAaBUTEILCTBEHHOM YPOBHE NPHHATHI BXKHbIEC IMPEKTHBHbIE JOKyMeHThL. Ha
OTpAaciIeBOM, PETMOHAJIBHOM M PecIyOIMKaHCKOM YPOBHAX ObUIM ONIpPEENeHbl CTpaTerHyecKue
3a7auy, COCTaBJIEHbI JIOPOXKHbIE KapThl M IUIAHBI 10 CTPYKTYPHBIM HM3MEHEHHSM B OTPACIIH,
peanu3ayy KPYIHbIX HHBECTHIIMOHHBIX IIPOEKTOB CTPOUTEIHCTBA HOBBIX JINHUH, PEKOHCTPYKLIU U
9NEKTPUDUKALIMK KENE3HBIX JOPOI Ha OCHOBE BHEIPEHHs IIEPEOBOr0 3apyOeXHOro OIbITa
npouieccoB Tpancdopmanuu. OMbIT ynpaBiaeHHs NpoleccaMy TpaHC(HOPMaLUK B OTPACiIH, aHAIU3
po0ieM peanu3alyy IPOEKTOB U PACCMOTPEHHbBIE aBTOPOM KOMIUIEKCHBIE PELICHUS UMEIOT Ba)KHOE
OTpacieBoe IPaKTHYECKOE 3HAUCHHE, MO3BOJSIOT H30€XKaTh OCIOKHEHHI B yIpaBICHUH
IpoLeccaMu TpaHC(HOPMALIMH HKEJIE3HOAOPOKHON OTpaciu B OyayLIeM.

XKenesHonopoxxHas orpacib, TpaHCHOPMALKS, PeaIU3aLHs IPOSKTOB, YIPABJICHHUE IIPOLECCAMH,
JMPEKTUBHBIE JTOKYMEHTBI, KOHCAJITHHT .

1. BBEJAEHHUE

AO «VY3bexucton Ttemup Hymrapm» (AO YTN),
SABIAETCS ~ BAOXHEHIIMM  CTPYKTYpoOOpasyrommm
3BEHOM B ()OPMHPOBAHHM W Pa3BUTUH SKOHOMHKH

PecnnyOmuxku  Y36ekuctan (PVY3). VYcroitumBoe
pasBHTHE, CTaOWIIBHOCTD, BHEJPCHUE
WHHOBAIIMOHHBIX TEXHOJIOT U, JMHAMUYHOS
MIOBBILICHUE TEMIIOB 9KOHOMHYECKOTO "

MPOMBIIIIEHHOTO pocta mpemnpusitan AO YTU
CO3/1al0T OJAroNmpUsTHBIE YCJIOBHS JUIS Pa3BUTHA

TPAaHCIIOPTHOM  OTpacid U  BCEH  SKOHOMHKH
pecnyOimmku B menoM. OTpacib MPOJOIDKAET CBOIO
aKTHBHYIO IEATENBHOCTh 10 PEAIN3alMU HOBBIX U
COBPEMCHHBIX HMHBECTHUIIMOHHBIX IIPOEKTOB, IIO
MOJIEpHH3AIMN M TEXHHUYECKOMY IEPEBOOPYKEHHIO
paHee TOCTPOCHHBIX OOBEKTOB HMH(PACTPYKTYPHI.

IocTpoensr HOBBIE CKOPOCTHBIE u
BBICOKOCKOPOCTHBIE ~ JKEJIE3HOJOPOXKHBIE  JIMHUH,
3aBepaeTcs NEKTPUPUKAIHS OCHOBHBIX

MarucTpajbHBIX JIMHUH, Takas paboTa MpoJoIDKaeTCs

ENGINEER



u 10 Ba’XHbBIM yJyacTKam, CBA3aHHBIM C
MCKAYHAPOJHBIMU TPAHCIIOPTHBIMU KOpHUAOPaMU.

B CTaThC pacCMaTpuBarOTCA TNCPBbIC
PE3YIbTATBL mpoueccoB TpaHC(bOpMaHI/II/I B
)KeJ'Ie3HOZ[OpO)KHOI>i OoTpacjin V306ekucrana.

[TompoOHO omHMcaHBI 1[ENH, OCHOBHBIC HAIpaBJICHUS,
HaYaJIbHBIN OITBIT u WUTOTH MPOLIECCOB
Tparchopmaru 1o Beei cetn AO  «Y30CKHUCTOH
Temup #ymmapu» (AO YTﬁ), a TaKK€ pacKpbIThI

0COOCHHOCTH yIpaBICHUsI MPOLIECCAMU
TpaHchopMmarmm Ha Oaze JICHCTBYOIINX
HOPMATHBHBIX aKTOB, aHAJTM3UPOBAHBI

CYUICCTBYIOIINE MPOOIEMBI, MPUHSITHIC PEIICHUS H
JIOCTUTHYTBIC TEPBUYHBIC U3MEHEHHS.

B OCHOBy cTaThii TMOJOXEHA METOONOTHS
KOMIUIGKCHOTO TMOJIXOfa W CHCTEMHOTO aHajiu3a
MPOIECCOB TpaHCHOPMALUM B KEJIE3HOAOPOKHOM
oTpacni. TeopeTHYecKoM OCHOBOM Ui CTaTbu
TIPUHSTHI My OJIMKAIUU HCCIEeA0BaTEIICH,
MOCBSIIICHHBIC acreKTam yIIpaBICHHSI
KEJIC3HOJOPOKHBIMH ~ MPOCKTaMH B [EJOM |
yIOpaBJICHUST  TIpolieccamu  TpaHchopMarud B
OpraHu3alvy, B 4aCTHOCTU. MeTo/ibl uccieoBaHui
OCHOBAaHBI Ha O3HAKOMJICHHH 3aKOHOJATCILHBIMH U
HOpPMATHUBHBIMU NOKYMEHTaMH, Ha CPaBHHUTCIIBHOM
AaHaJIN3€ IUUIaHOBBIX H d)aKTI/I‘{eCKI/I BBIINTIOJTHECHHBIX
MEPOIPUATHIA.

*  He Beyle K pocTy, Kak 3()(eKTUBHOCTH,
Tak ¥ 0€30MacHOCTH;

*  Beayuwme K pocty 3(QQeKTUBHOCTH, HO HE
CIOCOOCTBYIOIINE POCTY OE30MaCHOCTH;

*  Begymue K POCTy O€30HmacHOCTH, HO He
cnocoOcTByoIIME pocTy dPPEKTUBHOCTH;

*  BeAylIHUe K POCTY, KaK O€30IacHOCTH, TaK U
3¢ PEKTUBHOCTH.

Pa3paboTaHHBIi KOMIUIEKC —JMAarHOCTHYECKUX
CpeAcTB KOHTPOJIS COCTOSIHHS y3I0B
IPOMEXYTOUHBIX ~ CKPEIUVICHMH  OTHOCHUTCA K
YeTBEPTON KaTeropu IPQEeKTHBHOCTH, MOCKOIBKY
obecrieunBaeT MOBBIIIICHUE Oe3omacHoCcTH
AKCIUTyaTalii OECCTHIKOBOTO MYyTH M 00ECIeYHBaeT
CHIDKEHHE yniep0a >KeJIe3HOJOPOKHOMY TPaHCHIOPTY
W3-3a NPENOTBpALCHUs BHIOPOCOB MyTH HpH
JBHKEHHUH BCEX BUIOB ITOE3]I0B.

2. PE3YJIBTATBI 1 OBCYXJIEHHUE
NCCIEAOBAHUA

IIpaButensctBoM  PVY3  moctosiHHO
MIPUCTATBHOE BHHMaHHE K JIeSITENBHOCTH
KEJIE3HOIOPOKHOTO ~ TPAaHCIIOPTa B IEJIOM W
oTpacieBbIM  IpomeccaM  TpaHcopmamyu B
4acTHOCTH. [IpuHIMAas HEITOCPECTBCHHOE yJacTHE B
JUTUTEIIBHBIX ITPOIIETyPaX IMOIrOTOBKH, COTJIACOBAHUH
1 YTBEP>KACHNUH HOBBIX AUPEKTHBHBIX JJOKYMEHTOB I10
TpaHC(OpPMAIMM B  PA3IMYHBIX  BBIMICCTOSIINX
WHCTAHIUAX, 3HAa1 M IOCTOSHHO  HCIIOJIB3YS
JEWCTBYIOIINE TNPEKTHBHBIE OTPACIEBBIE MaTEPHUAIIBI
B TIOBCEIHEBHOM paboTe, B KadecTBE INPHMEPOB

yaemnsercs

OCHOBHBIX TUPEKTUB MOXKEM MPUBECTU 3 TOKYMEHTA
[1,2,3]. B mepBoM [H0OKyMeHTE — 3akoHe
«O xene3nonopoxHOM TpaHcnopTe» oT 30.09. 2024r.
- OTpakaeTcs CHCTeMa )KEJIEe3HOJOPOKHOTO
TpaHcmopTa PY3 B COOTBETCTBHH C TpeOOBaHUSAMHU
COBPEMEHHOM PBIHOYHOW MOJIeN. 3aKOH HalnpaBJieH
Ha Pa3BUTHE PHIHOYHBIX MPUHIIUIIOB B TPAHCIIOPTHOU
chepe, yrayOleHHE SKOHOMHYECKUX  pedopM,
CO3/laHWe YCJOBUHA ISl  NpeANpUHUMATEIHCKON
JESTETPHOCTH B OTPACiH, IIHPOKOE MPHUBICUYCHHE
WHOCTPAaHHBIX HHBECTHIMH,  COBEPIICHCTBOBAHHE
MEXyHapOJIHOTO COTpYITHUYECTBa B cepe
JKEJIe3HOIOPOKHBIX TIepeBo30K. BTopoil moKyMeHT -

[TocTanoBneHue [Ipe3unenta VII-329 oT
10.10.2023r. “O Mepax 1O  KOPEHHOMY
pedopmupoBaHHI0  Chepbl  KENE3HOIAOPOIKHOTO

TpaHcniopTa PY3”. JlaHHBI JOKYMEHT ONpeaesni
pSAI aKTyalbHBIX W II€JIEBBIX  3aJad OTpaciud Ha

ommkaiiiyro MEePCHEKTUBY —BHEJIpeHHE
COBPEMEHHBIX METO/IOB YINpaBieHUs, dPPEeKTUBHOE
HCIIOJIb30BaHUE TPaH3UTHOTO MOTEHIIMaja
’KEJIEe3HOMOPOXKHOH CEeTH PEeCHyONuKH, YCKOpeHHUe

paboT 1o TpaHchopMaru U UppOBU3ALKSI OU3HEC-
MPOLIECCOB,  CO3/aHH€  KOHKYPEHTHOHW  CpEpl,
pedopmMupoBaHHe OTpaciy ¢ BOBIEYEHHEM YacTHOTO
CEeKTOpa U T.A.

Tpetuit nokymeHnt — Pacnopstxenue Ilpesunenra
PY3 Ne®-70 ot 31.12.2024r. «OO6 yckopeHun
IPOLIECCOB TpaHC(HOpPMALUM B JKEIE3HOAOPOXKHOM
chepe». B mokymMeHTe OTMeYEHO, YTO B ILEIAX
TIOBBIIICHUS! WHBECTUIIMOHHON IPUBJIEKATEIBHOCTH
JKENEe3HOOpoXkKHO  cdepbl,  co3maHust  Ooiee
BBITOIHBIX YCJIOBUHN ISl Pa3BUTHSL YACTHOTO CEKTOPA
u YCKOpeHHUs IpoIeccoB  TpaHC(opMaIuu
yTBepkIaeTcs JJopokHas KapTa ¢ HE0OXOIUMOCTBIO
BHEJIPEHHS] COBPEMEHHBIX IOJXOI0B B YIIPABICHUU
WHBECTHLMOHHBIMU MIPOCKTaMH, LIUPOKOTO
MPUBJICUYCHUS MEXIyHapOIHBIX (MHAHCOBBIX
OpraHu3aLyii K IpoeKTaM TpaHchopManuy, 00yIeHUs
U TIOBBIILICHHS KBaJIH(pUKAMK paOOTHHUKOB POEKTOB
TpaHc(OpMaLK, MOBBILCHUS  OTBETCTBEHHOCTH
PYKOBOAAIINX pabOTHHUKOB OTpaciu 3a
CBOEBPEMEHHOE IIPEIOCTABICHUE 3alpallldiBAEMBbIX
MPUBJICYEHHBIMU 3apyO€XHBIMH KOHCYJIbTaHTAMU
cBegeHnii mo Tpanchopmarmm. [Ipemycmorpeno
co3maHue  pabodell  rpymmbel € IIMPOKUMH
MOJTHOMOYMSMH TI0 PEaln3ali MPeITyCMOTPEHHBIX
JopoKHOHM KapTOil MEPONPUATUH.

OCHOBHO#1 1IeNbI0 TpaHchopManuu u pedopm B
JKEIIe3HOIOPOKHON OTpaciu Y30eKHcTaHa SBISETCS
BHEJIPEHHE  COBPEMEHHBIX  OH3HEC-MEXaHH3MOB,
KOTOpBIE CIIOCOOCTBYIOT PAa3BUTHIO HE TOJIBKO CaMOU
xkommarun  AO YTU, HO W  sBIsHOTCA
JIpailBEpOM YCTOMYMBOIO Pa3BUTHSI BCEH SKOHOMHUKH
PVY3. Ilpuoputerom paboTel MEHEHKMEHTa OTPACIH
ocraetcs OecrniepeboifHass paboTa Kene3HOUW TOpPOTH,
MOBBIIIICHHE €€ OMEPaldOHHOW S((EKTUBHOCTH U
(huHAHCOBOH CTaOMIIBHOCTH,
KIMEHTOOPHEHTUPOBAHHOCTh M MPO3PAvYHOCTD
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JeSITEIbHOCTU KoMmmaHuu. s peanuzanuu
ITOCTAaBJICHHBIX T'OCYJapCTBOM MAaCIITA0OHBIX 337134 B
oTpaciu paspaborana «Ctpaterus paszutus AO
VT - 2030», KkoTopas oOmNpeiesieT IeleBbie
rmapamMeTpbl pa3BUTUSI KOMITAHUU. I'maBHBIMEI
HalpaBJICHUAMHI YCKOpEHHUS MIPOLIECCOB
TpaHC(OpMAIMM B HKEJIE3HOJOPOXKHOH  cepe
TIPUHSTHL:

- peopraHu3anus
JeaTeIbHOCThI0 AO YTI7I;

- U poBU3aIHS KEIE3HOJOPOKHOTO TPAHCIIOPTa
¢ paspabortkoit ctparermun AQO VT B nauHOM
HalpaBJICHUU;

- COBEpPLICHCTBOBAHUE CHCTEMBI 3aKyNOK C
BHEJIPEHHEM KOMILJIACHC-KOHTPOJIS;

- TIOBBILICHHUE OIEPAIMOHHON A((PEKTUBHOCTH U
COKpallleHue 3aTpar;

- obecrieueHne YCTOMYMBOTO Pa3BUTHUSI HA OCHOBE

HPOLIECCOB  YIIPaBJICHUS

MepeIoBOro  3apyOeXHOTO  OMbITa  NPUMEHEHHS
COBPEMEHHBIX METOJIOB aHalIu3a JeATeIbHOCTU
oTpaciy;

- peanu3anys TPOEKTOB TpaHC(hOpMAIMU C
NPUBJICYEHHEM  MEXAYHApOJIHBIX  (DMHAHCOBBIX
UHCTHUTYTOB;

- peanm3zaiysi UHPPACTPYKTYPHBIX TPOEKTOB.
B xauecTBe IpuMepa OCTAHOBUMCS Ha pealIn3aliu

UHQPACTPYKTYpHBIX  NPOEKTOB. VYenemnast
peanuzanus BHYTPEHHUX u 3apy0eKHBIX
UHBECTUIIMOHHBIX IPOEKTOB  >KEJIE3HOJ0POKHOIO

CTPOUTENIBCTBA SBJISIETCSl HAIVIAAHBIM IIOKa3aTesleM
noapsiHoi  mestemsHoctt AO VTH. B Ta6u.l
NpUBEAEH  IIEpEUCHb  3aBEPIUCHHBIX  CUJIAMHU
crpouteneir AO VTH kene3sHom0pOKHBIX POSKTOB ¢
2005 roma 1O HAcTosIIEe BPEMs, CTPOSIIUXCS
00BEKTOB CO CPOKOM CJIa4H B dKCILTyartaluio 1o 2027
rofia, a TaKkKe TPeX HOBBIX IPOEKTOB Ha CTaJUU
NpeNPOEKTHON NOAroToBKY. [Ipy 3TOM 3aMETHO, UTO

OCHOBHOM ymop Jenaercsi Ha MPOEKTHl 110
anektpudukanuu - B Tabm.l BuaHo, uyto u3 15
KpynHbIX —mpoekroB 12 (80%), MOCBIIEHBI
ANEKTpUHUKALIUH.

B pesynprare meneHampaBieHHBIX ycmmi AO
VTH 1o pasBUTHIO KeIE3HOIOPOXHOH CETH, Ha
Hayajo 2026r. o0rmas MPOTSHKEHHOCTH
JKEIIE3HONOPOXKHBIX ~ JHMHUH B Y30exucraHe
COCTaBIIIET OKOJO 7,5 THIC. KM, B TOM YHCIE
MIPOTSHKEHHOCTD AIIEKTPUDHUITUPOBAHHBIX
XKEJIE3HOIOPOXKHBIX JIMHUHA cocTaBisier Oomee 50%
cetn. HemaBHO 3aBepiieHa 3neKTpUGHUKALUS H
BBEJCHO  BBICOKOCKOPOCTHOE  [JBIDKEHHE  Ha
JKeJIEe3HOIOpOoKHOM HuU byxapa-MuckeH-Y prenu-
XuBa C COBPEMEHHBIM IMACCAKUPCKUM ITOJIBHIKHBIM
coctaBoM npon3BojcTBa Kopew, B HacTosIee BpeMs
3aBepmIaloTcs paboTHl MO ANEKTPHPHUKANAU |
MOJITOTOBKE ~ BBICOKOCKOPOCTHOTO ~ ABM)KEHHS Ha
JKEJIE3HOIOPOKHOM InHUM Mucken-Hykyc.

Tab6uanna 1
3aBepiIeHHbIE, CTPOSIIIHECS W IOTOBSIIIMECS
NMPOEKTHI KeJIE3HOAOPOKHOT0 CTPOUTeIbeTBa AO

YTl
No HawumenoBanue o0bekTa Tloawt
peanms
aIuu
1 CTpoHTENLCTBO HOBOH 2005-
JKEJIEe3HONOPOKHOMN JINHUU 2008
(k.n.1.) Tomry3ap — BaiicyH -
Kymkypran
2 OnexrpupuKanms x.1.J1. 2005-
Tykumaun — AHrpeH 2008
3 | CrpoutenbctBo k.01 Xaiipaton | 2010-
— Mazapu-Illapud 2011
4 OnexTpuduKanys xK.J.J1. 2
TamkenTt — Camapkann 2011-
2013
5 DnekTpuduKaIys K. I.J1. 2012-
Mapoxkann — Kapumn 2015
6 OnexTpuduKanys xK.J.J1. 2012-
Kapmm-Tepmes 2017
7 CTpOUTEIBCTBO HOBOM XK. I.JI. 2014-
Awnrpen-Ilan 2016
8 DnexTpuduKaIys K. 1.J1. 2015-
Camapkann-byxapa 2017
9 CTpOUTEILCTBO HOBOM XK. I.JI. 2016-
byxapa — MuckeH 2018
1 Onextpudukanms x.1.J1. [an- 2017-
0 Hamanran—Auxan 2020
1 Onexrpudukanus k... [lam — 2022-
1 Kokann — Aukan 2025
1 Onexrpudukanus xK.J. TUHANR 2023-
2 byxapa — XuBa u MuckuH — 2027
Hykyc
1 CTpouTensCTBO HOBOH IToaro
3 OTHEIBbHON TOBKa
ANeKTPUDUIUPOBAHHOM XK. ]I.J1. TEHIEP
TamkenT-Camapkan ais a 1o
BBICOKOCKOPOCTHBIX BBIOOPY
MacCaXUPCKUX IePEBO30K OIS
YHKa
1 Onexrpudukanus x.1.0. HaBou Ha
4 - Yukyayk CTanu
90
1 MonepHu3amus cymecTBYIOIeH Ha
5 | JMHUM U CTPOMTENLCTBO BTOPBIX | CTAIHMU
My Tel 3NeKTPUPUIHPOBAHHON T30
JKEJIE3HOIOPOKHOM JIMHUU
TamkeHT — AHTpeH
[IpoeKThl  KENE3HOJOPOIKHOTO CTPOUTEIHCTBA
HE3aBHCHMO oT HAIPaBJICHHOCTH (HoBoOE
CTPOUTEIbCTBO, BTOPbIE NYTH U PEKOHCTPYKIUS,
SIEKTPUPHKALINS) AMEIOT OTIMIUTETHHYIO
WHBECTHIIMOHHYIO ~ OCOOCHHOCTH - BO  BCeX
MEPEUNCICHHBIX TMPOEKTaX, HAPAAY C MECTHBIMU
KOMIIaHUSAMH, MOTYT Y9aCTBOBATh: 1)
MEXIyHApPOAHbIE (MHAHCOBBIE WHCTHTYTHI, 2)
WHOCTPAaHHbBIC MOJIPSTUNKH, BBIMOJHSOINE
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MIPOEKTHBIE U CTPOHMTEIbHO-MOHTAXXHBIE palboTH; 3)
3apyOexHbIe MTOCTABIIUKA MaTepualoB,
KOHCTPYKIHMH M TEXHOJIOTHYECKOTO 00OpyIOoBaHUS,
HanpuMmep, ycTpoicTB curHamusammu CLIB, cBsswy,
cucreM SCADA wu obopynoBanus. Hekoropsie
KOMITaHWH, HalpuMep, OTEYECTBEHHBIH YYaCTHHK
MHOTHX  TIPOEKTOB  onekTpudukammm - AO
VY3anekTpoannapaTt, MOXET COBMEIIAaTh HECKOJIBKO
(GYHKUMA — T[POEKTUPOBINMKA, ITOCTABIIMKA U
MOJpSAAYMKA — WM 3aHUMaeTCs HPOEKTUPOBAHHEM,
W3TOTOBJICHHEM, KOMILIEKTalneH, TTOCTaBKOM,
MOHT&)KOM U HajaJkod 0OOpYyJIOBaHUS TATOBBIX
nojcTaHuui anst snekrpudukanuu. Ilo mpoexTam,
yka3aHHbIM B Ta0un.1 k mepBoii rpymme 3apy0eXHbIX
YYaCTHUKOB HWHBECTHUI[MOHHOTO TMpPOILECCa MOXKHO
OTHECTH OaHKOBCKHE CYOBEKTBl MEXIyHapOIHBIX
¢unaHcoBbIX MHCTHTYTOB (M®DU) - Asmarckuii bank
Pazeutus  (ABP), Bcemupubii bank  (BB),
EBponeiickuii baHK pEeKOHCTPYKIMM M pa3BUTUA
(EBPP) u npyrue QoHpl, yKe MHOTHE TOJbl TECHO
cotpyarmnyaonme ¢ PY3 u AO VTI. Ko Bropoit
IPYNIIe YYaCTHUKOB - 3apyOeKHBIX HOJPSIIUKOB -
MOJKHO OTHECTH (CM.HOMepa MpoekToB u3 Tadm.1): 1
— CTPOMTENBCTBO M MOHTaX OOOpYJIOBaHHUS TISTH
METAIMYECKUX MOCTOB, SIMOHMSI; 3 — CTPOUTENLCTBO
a(raHcKoro 00ObEKTa IO KIIOW» ¢ IKCIUIyaTalueH,
V36ekuctan; 6 — moaTax ceteir CIIb u cBszu, CIIIA,
6 — wmonrax cucrem SCADA, Kwraii; 7 —
CTPOUTEIBCTBO U MOHTaX o0opyroBaHus
Kamunkckoro tonnens, Kuraii; 10 - MmoHTaxx cereit
CHb wu cBmu, Kazaxcran. K Tperpelt rpymme
OTHOCATCS MTPO(HUIIbHBIE 3apYOeKHBIE OCTABIINKY,
Hanpumep u3 Poccuu: 2, 4, 5 — obopynoBanue uis
CHb u cBmu; 3, 7, 9 — penbCel M CTpPEIOYHBIC
nepeBogpl. [lo mpoextam 3, 4, 7 u 13 B wactu
MOJICpHU3ALHN U IIOCTaBOK  COBPEMEHHBIX
JIOKOMOTHBOB, a TaKxkKe HPUTOPOTHBIX
anektponoe3ioB i Hyxa AO YTH yuwactByior
KOMIIaHMM - TlocTaBOnkud u3 Poccum, Wcmanum,
Kurasg, a ¢ 2023 roma mo HacTosmee BpeMs —
xommnaauu u3 FOxuoit Kopen.

Ilpu ywactum B peaJM3yeMoOM  IIPOEKTE
KEJIe3HOAOPOXKHOTO CTPOUTENBCTBA XOTS ObI OAHOTO
U3 3apyOeXHBIX KOMIIAHMH IEPEeYHCIICHHBIX BBIIIE
TpeX IPyHII, B TOM YUCIIE IIPU MOJIHOM HJIH JOJIEBOM

y4acTuu MEXIYHAPOIHBIX 6aHKOB B
(MHAHCHPOBAaHUM  NPOEKTA,  JaHHBIA  IPOEKT
npuoOpeTaer CTaTyc MEXyHapOIHOTO

WHBECTHUIHOHHOTO MPOEKTA CO BCEMHU BBITEKAIOIINMH
OTCIOAa IOPUANYECKHUMHU TocnencTeusMu. K takum
MTOCIIEICTBUSIM OTHOCSITCS — 3aKIIFOUCHNE KOHTPAKTOB
Ha OcHOBe TpeOoBanmii craHmaproB (Kawmr)
MexayHapogHoin Denepanun HMHXEHEPOB-
koHCypTaHTOB - FIDIC, peammzamusi mpoekTa Mo
TEXHUYECKHM HAJ30pPOM M KOHTPOJIEM HE3aBHCHMBIX
3apyOeKHBIX KOHCAJITHHTOBBIX KOMITaHHH,
YIpaBJICHAE MTPOEKTOM Ha OCHOBE MEXKIYHAPOIHBIX
MpaBWJ, PAacCMOTPEHHE BO3MOXKHBIX B3aMMHBIX
MIPETEH3NH YYaCTHUKOB ITPOEKTA B MEXKIYHAPOIHBIX

apOuTpakHBIX WHCTAHIUAX. [10pOoOHBIE CBEICHUS O
MEXIYHAPOAHBIX  TpPeOOBaHWAX W TpaBWIIAX,
BHeApeHUH mpouenyp u crangaptos FIDIC mpu
peanu3auu MHBECTULMOHHBIX MPOEeKTOB B AO VTl
MONpPOOHO W3JOXKEHBI B pabortax [4,5], ™o
VIpaBICHUIO  MpoleccaMu  TpaHC(hOpMalMKd B
OpTaHU3AITNH CBEJICHUS H3JI0KEHBI B paboTe [6].
OCHOBHBEIMH ~ TIpoOJieMaMH B peau3aiuu
MPOCKTOB TpaHchopmaruu B AO VTU sBrsoTes
OTCYTCTBHE ONBITA BHEJIPEHHS COBPEMECHHBIX OU3HEC-
MPOILIECCOB B JESATENBHOCTD OTPACIH, HEOCTATOUHBIN
YpOBeHb IM(PPOBOA  COCTABIAIONICH IPOIIECCOB
TpaHcopMaIMK, BOMPOCH OOYYEHHUs IepcoHaa,
WHTETpallid B MEXIyHapOJHbIE  PEHTHUHTOBBIC
CTPYKTYDBHI, CTPYKTYpPHBIE M  KOPIOpPATHUBHBIE
B3aMMOOTHOIICHUSI B TIOJPA3JCIICHUIX, Taph(pHas
MOJIUTHKA U TEXHUYECKUE MPOOJIEMBI, CBSI3aHHBIC C
M3HOLIEHHOCThIO  TMOJIBMIKHOTO COCTaBa. PerieHus
YKa3aHHBIX TPOOJEM OTpPaKEHBI B MEPOMPHUATHSIX,
BKJIIOUCHHBIX B JlOpOXKHYIO KapTy ¢ T[JIaHaMH
BHEJIPEHUS] COBPEMEHHBIX IOJXOJ0B B YNPaBICHUU

MHBECTULMOHHBIMU IIPOEKTAMHU, LIMPOKOTO
[IPUBJICYEHUS MEXAYHApOAHBIX (bMHAHCOBBIX
OpraHu3aiii © 3apyOeKHBIX KOHCAJITHHIOBBIX

KOMIIaHMH K IPOEKTaM TpaHcopMmaiuu, 00y4eHus 1
TIOBBIIICHUS] KBAIHM(UKAIMA PaOOTHUKOB IMPOEKTOB
TpaHCOpMallMy, TMOBBIIIEHHS  OTBETCTBEHHOCTH
PYKOBOASIINX PabOTHHUKOB oTpaciu 3a
CBOEBPEMEHHOE IPEJOCTaBJICHHE 3alpalldBacMbIX
IPHUBJICYCHHBIMH  3apyOS)XHBIMH KOHCYJIbTaHTaMH
CBeJICHUH 110 TpaHCc(hOpMaIUH.

B kauecTBe mpuMepa pereHns: OTMEUEHHBIX BBIIIIE
HEKOTOPBIX MHpOOJeM MOXEM OTMETUTh IIHMPOKOE

MEXIyHApPOIHOE COTPYIHUYECTBO 1o
TpaHCcopMalMd  OTPAacIIy. AO VYTU B
(uHaHCHPOBaHUU MIPOEKTOB Tpanchopmau

YCIIEIHO COTPYAHUYACT C OAHKOBCKUMH CYyOBEKTaMH

MEXIYHapOAHBIX (PMHAHCOBBIX MHCTUTYTOB (M®DU) B

CJICYIOIINX HAMPABICHUAX TpaHC(HOPMALIIH:
EBponelickuii baHK pEeKOHCTPYKLMU U Pa3BUTHS

(EBPP) — mo TIpoexkTy MOBBIICHHs —YPOBHS
udposuzanuu AO YTU;
Bcemupupit  bank (BB) — mo IIpoekty

COBEpIICHCTBOBAHHUS Tapu(HOi momuTikn AO YTH;

Aswmarckuit bank Paszeutus (ABP) - mo IIpoekty
TIOBBIIIECHUS OTIepaTUBHOMN s¢dexTHBHOCTH
JKENE3HOAOPOKHON UHPACTPYKTypHI B
TalmKeHTCKOM pErHOHE.

K HenmocpencTBeHHOI peanu3ald  MPOLIECCOB
TpaHchOopMAaIUH TPUBIICYECHBI U YCIICTITHO PadOTaIOT C
AO YTU KOHCANTHHIOBBIE KOMIIAHHH M3 IIEPBOIL
«UYETBEPKMU» [0 MUPOBOMY PEHTUHTY:

PwWC — mo IIpoektam ycTpaHEHHs HEIOCTATKOB
dunancoBoii otuetHoctn AO VTHU (coBmecTHO ¢

KOMIaHHEH VERITAS), COBEPIIICHCTBOBAHMS
tapuduoit momtakn AO YTH;

KPMG - mno [IIpoekTy TmOBBIIICHUSI YPOBHS
I QpoBU3AIIH;
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FRANKLIN TEMPLETON - mo Ilpoekram

COBEPIICHCTBOBAHUS ~ CUCTEMBI  KOPIOPATHBHOIO
ynpasneanss B AO «TemupitynmuHdpary3uimay 1o
MEXTyHapOIHBIM CTaHJapTam, CO3JaHUs

BosMokHOCTel s AO VTM B npusneuenun
(PMHAHCOBBIX CPEJICTB HA BHEIIHEM PHIHKE, OKa3aHHe
MTOMOIIU B MOJTyYeHUHU Me:xtyHapoaHOTO
(DPMHAHCOBOT'O PEHTHHTa;

RAILISTICS u OLIVER WYMAN - 1o
[Ipoextam MonenupoBaHHUS CETH AJS ONpENeNeHUS
«Y3KMX MECT» B OCHOBHBIX TpaHCIOPTHBIX
Kopuaopax, paspaborku IIporpammer pazButust AO
VT Ha 2026-2030 ro/sl, NOBBIICHNS ONIEPATHBHOM
3¢ GEeKTUBHOCTH YKEJIe3HOJOPOKHOM
MHOpacTpyKTyphl B TalIKEHTCKOM PEruoHe;

DELOITTE - no Ilpoekry ayaura (uHaHCOBOH

oruetHocth AO VYTU B  COOTBETCTBHH C
TpeOOBaHUSAMU MexayHapOaHBIX CTaHJapTOB
(UHAHCOBOM  OTYETHOCTH U MEXIYHAPOIHBIX

CTaH/IapTOB ayAuTa.

ITo meponpusatusm u naanaMm JIOpoKHON KapThl
[0 YCKOPEHHIO TIIpPOIECCOB TpaHCHOpPMAIMU B
JKEJIe3HOIOPOIKHOM 0Tpaciu ObLH perreHs! 6onee 100
AKTYaJIbHBIX OTPACJICBbIX BOIPOCOB, BXOIAIINX B
IJIaBHBIC CEMb HampaBiieHHi TpaHchopmanuun AO
VTl [lepBUYHBIMH BBIOOPOYHBIMH PE3YJIbIATAMH
orpomHoii pabotsl crempamcroe AO Y TH 110
Tparchopmarmu 3a 2025-2026 T0OABI SBISIOTCS:

- paspaboTaHa ueneBas onepanuonHas MojenbAO
YTU;

- pagpaborana  mporpaMmMa  CHUMYJISALHH
TPaHCHOPTHBIX NMOTOKOB JJISI cOBEpIIEHCTBOBaHUS
MIPOLIECCOB TPY30IEPEBO30K;

- paspaboTaHa HOBas Tapu(Has METOIOJIOTHSC
y4eToM peryIupyeMbIxX TapudoB ycIyT
JKEJIE3HOIOPOKHOTO TPAHCIIOPTA,

- paspaborana Crparterust uudposusamuun AO
YTH;

- pa3pabotaHa ABTOMAaTH3UPOBAHHAS
nH(pOpPMaIIMOHHAS cucTema YCKOPEHHOTO
yIpaBJICHUS TPY30IEePEBO3KAMU;

- pa3pabotanel W  yTBepkAeHbl  Ilman
MepOIpHSATHIL 1O mo3TanHOMy 0xBaTy cet AO VT
ONTUKOBOJIOKOHHOW HH(PACTPYKTYPOii;

- pa3paboTaHa 1eneBasi OlepaoHHas MOJEIb O
yCIIyTaM TPpy30IepPEeBO30K;

- TPOAOIDKAIOTCA pabOThl MO  MOBBIIICHUIO
TPAaH3UTHOTO TIOTCHIHANIA HAa KEIE3HOJOPOKHOM
TPaHCIIOPTE;

- TPOJOIDKAIOTCS PabOTBI MO  IO3TAITHOMY
Mepexoqy K DJIEKTPOHHOMY JOKYMEHTOOOOpOTy H
ABTOMAaTU3MPOBAaHHOMY OOMeHY wuHpopMalueil o
rpy30IePEeBO3KaAX C COCEAHUMH CTPaHAMU,

- TPOAOIDKAIOTCA pabOThl 1O  IMOBBIIICHUIO
3((EeKTUBHOCTH YIpPABICHUS HWHBECTHIIHOHHBIMH
MIPOEKTaMH U ONTHUMHU3AINHI KaIUTATBHBIX 3aTPaT;

- pazpaboTaHa IieneBasi ONEpalMOHHAs MOJIEIThb
YIpaBICHAS WHBECTUITHOHHBIMHU MIPOEKTaMH
KAl TaIBHOTO CTPOUTENHCTBA B AO VIUu .

3. BBIBO/IbI

W3moxeHHBIC BEIIIIE aHAJM3 TIeNei, 3a/1a4, OCHOBHBIX
HaTPaBJICHUH U ICPBUYHEIX Pe3yIbTATOB YIIPABICHUS
MPOCKTaMH  TpaHcopMaId B JKEIE3HOIOPOKHON
oTpaci  Y30eKucTaHa, W3y4YeHUEe TpoldiIeM U
MPAaKTHYCCKUX BOIMPOCOB pealli3allid  MPOCKTOB
TpaHchOopMaIK Ha OCHOBE BHEIPCHHSI COBPEMEHHBIX
OM3HEC-TIPOLIECCOB B JAEATEIBHOCTh  OTpaciu
MOKa3aJIi PEATTBHYIO U TUIOOTBOPHYIO MEATEIBHOCTD
AO VYT B

WCTIOJIHEHUH  YTBEPXKICHHBIX
NpPaBUTEIBCTBOM ~ 334ad MO  TpaHcopMaIuH
JKEJIE3HOIOPOKHOM OTpaciu V36ekucraHa.
OOO0OIIeHHbId B CTaThe MPAKTUYECKUH  OIBIT

peaym3aly IPOeKTOB TpaHCchopMaIMy aKTyajaeH He
TOJILKO JUTS JKEIIE3HOTOPOIKHOM oTpaciu
Y30ekucraHa. IIpennaraembie B CTaThe
anmpoOMpPOBaHHBIC PEIICHUS MPOOJIEM YIpaBIICHUS
MpOeKTaMH TpaHchopMaIu TO3BOJIAIOT 3apaHee
MPOTHO3UPOBATH BO3MOXKHBIC MPOOJIEMBI, IPUHATH U
peayiM30BaTh  ONTUMAIbHBIE H  YIPESKIAFONIUC
MCPOIIPUATHA, HE }IOHyCKaTb B 6y11y1ueM TaKue
MPOOJIEMBI pu pear3auu MIPOCKTOB
TpaHcopMalMy ¥ B JAPYTHX OTPACISX SKOHOMHUKH
V306ekucTana.
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Forecasting the Fatigue Life of Rails R65 Using Digital Technologies and

Abstract:

Keywords:

Artificial Intelligence

S.T. Djabbarov'®?, N.B. Kodirov'®"
'Tashkent State Transport University, Tashkent, Uzbekistan

The paper examines modern approaches to predicting the fatigue life of R65 rails using digital
technologies and artificial intelligence. It is shown that the integration of numerical modeling,
monitoring, and machine learning significantly improves the accuracy of residual life assessment and
timely defect detection. Mathematical fatigue models, numerical analysis results, and an example of
applying machine learning algorithms are presented.

Rail R65 fatigue life, digital twin, finite element method, artificial intelligence, machine learning,
monitoring, contact fatigue.

IIporno3upoBanue YcranoctHoro Pecypca Peabcos P65 ¢ Ilpumenennem
u¢pposbix Texnonorui u Uckyccreennoro Muremnsiekra

Jl:xa66apos C.T.'® 2, Koqupos H. B.'@P°

I'TamkenTckuit rocyapcTBeHHBIH TpaHCIIOPTHEIN yHUBEpcuTeT, TalkeHT, Y36eKucTan

AuHoOTALMA

Kunrouessie cioBa:

B pa60Te PacCMOTPEHbI COBPEMEHHBIC IOAXO/JbI K IIPOrHO3UPOBAHHIO YCTAJIOCTHOI'O pecypca
peJIbCOB P65 ¢ NIPpUMCEHEHHUEM I_II/I(I)pOBBIX TEXHOJIOTHH 1 HCKYCCTBCHHOT'O MHTECJIJICKTA. HOKBBaHO,
YTO HMHTErpanys 4UCJICHHOI0 MOACIMPOBAHUA, MOHUTOPHUHIA U MAllIMHHOI'O 06yquI/Iﬂ TIO3BOJIACT
3HAYUTCJIIbHO IIOBBICUTH TOYHOCTH OIICHKH OCTAaTOYHOI'0 pecypca U CBOCBPEMEHHO BBLISABJIATH
I[e(l)eKTLI. HpPIBeZ[eHLI MaTeéMaTU4eCKrue MOJCIU YCTAJIOCTH, PE3YJIbTaTbl YHUCJICHHOT'O aHaJIu3a U
IpUMEp NMPUMEHECHHU AJITOPUTMOB MAIIMHHOT'O O6y'-ICHI/I${.

Penbc P65 ycranoctHslii pecypc, LU(pPOBOi JBOIHUK, METOA KOHEYHBIX JJIEMEHTOB,
UCKYCCTBEHHBII HHTEIUIEKT, MAIIMHHOE 00y4YeHNE, MOHUTOPHHT, KOHTAKTHAs yCTaJIOCTh.

1. BBEAEHHE

Penncrr P65 SBISIIOTCS OCHOBHBIM THIIOM PENBCOB Ha
xeJne3HbIx qoporax crpad CHI. OcHOBHOM pUIHHOM
OTPaHMYEHUH CKOPOCTH M BHE3AIHBIX H3JIOMOB
SBIISIETCS PA3BUTHE YCTAJIOCTHBIX Ae(DEKTOB B TOJIOBKE
U 1ielike pesbca. TpaAWLMOHHBIN MOAXOX K OLICHKE
pecypca OCHOBaH Ha HAKOIUIEHHOM TOHHaXe |
periaMeHTax OOCIY)KHUBAaHHS, HO HE YYHTHIBACT
peanbHbIe HanpsHKEHHO-NepOPMUPOBaHHEIE
COCTOSIHHSA U yCIIOBUSI SKCILTyaTalnu.

Hemp pabotel - pa3paboTKa KOMIDIEKCHOTO
MIOAX0/a, 00BbEeIMHSAIOIIETO YHCIIEHHOE
MOJICTTMPOBAHUE M METOJBI HCKYCCTBEHHOIO MHTEILICKTa

JUIS IPOTHO3UPOBAHUS YCTAIOCTHOTO pecypca peabcoB [1-
3]

2. METOJIbI

OKBHBAJICHTHOE HANPSDKEHNME 110 KpuTepuio Museca:

al® https://orcid.org/0000-0002-3798-407X
b https://orcid.org/0000-0002-8814-3123

Ooyp = \/%[(01 —03)? + (0, — 03)* + (03 — 04)?]
(D

3aBUCHMOCTh YHCIIa IUKJIOB OO pa3pyLICHUS OT
ypoBHs1 HanpspkeHus (Gopmyna Benbxepa, S—N):

N=C-o™ 2)
Jluneitnas AKKYMYJIMpOBaHHAs MOZETb
MOBpexAeHU MuHepa:
n;
D=3 3)

[lepexon oT nuKIIa HATPY30K K TOHHAXKY:
T=n-P @)

II€ M - YHCIO HArpy304HBIX IMKIOB (IIPOXOIOB
oceif), P - Harpy3ka omHO#i T — TOHHAX.
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3. PE3VJIBTATHBI

Jnis onpenenieHus HANPSDKEHHOTO COCTOSIHUS Pelibca

nporpammuoM komiuiekce ABAQUS ¢ mocnenyrormeit
noctobpadotkoii B nCode DesignLife mnst ananusa

P65 BBINONHEHO YHCIEHHOE MOJIEIUPOBAHHE B

ycranoctu[4-9].

Tabauna 1
IIpumep pacuéTa nospexkaeHuii no npapuay Munepa
WuTepBan Harpy3ku Ypoeb Yucno HUKIOB 3a Homycrumoe IToBpexnenue

; HaIpsDKeHUs O, MHTCDBAN L. YHCJIO IIUKIOB n,/N,
MIla P i N; i/ Vi

1 40 1.0-10° 5.0-10° 0.020

2 380 2.0-10° 1.0-107 0.020

3 320 3.0-10° 5.0-107 0.066

4 280 4.0-10° 1.5-108 0.033

) - 1.0-10° - 0.049

Cymmapnoe noBpexaenue D = 0,049 <1 -
pecypc elié He UcueprnaH.
Ta0nanna 2
IIpumep nepexona K TOHHAKY
[TapameTtp 0O003HaueHHE 3HaueHue
Harpyska Ha ocb, KH P 245
Yucno oceil B moesae ny 200
Yuciio npoxonos n, 50000
110€3/10B
TOHHA, MIIH T T=P-ny+n,/10° 2450

Harpyxa

Kojeca

450

IKBUBATENTHOE
nanpsxesne, MIla

30Ha MARCHMAMLMBIX
HAIPHRCH I

Puc. 1. PacnpeneneHue 3KBUBAJIEHTHBIX HANPsIsKeHUIl B roJioBKe pesibea P65 (mo Mu3secy) npu mpoxoae
KoJIecHOI Harpy3ku 245 kH Ha och
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Puc. 2. Kpunas ycragocru (S-N) peanca P65
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1. Chop anstnutx L Cucrema xpanenie 3, Mazeanponatine ‘ 4. Maatunnoe ofiynestne ’ 5. lpornassponanie
(ceticopsi) u ofipafoTkn Jannsix (ML maean) H PHHETHE petmennit

‘ m Random Forest (T Ocravounsii pecype

> ~ [j} Pucx eexa
1 'ﬁ Helipowias cers
¢ )
’ Pesomeinann
10 obcayAnsnINo

‘ |
@ Jpyne wanens Broyamuat

SN

Puc. 3. ApxutekTypa nM(poBOro ABOHHMKA y4acTKa IMyTH

4. OBCYXJEHUA

st

NPOTHO3MPOBAaHUS ~ OCTaTOYHOTO  pecypca

UCIIONB30BaHbI AJITOPUTMBL
- Random Forest (aHcamOb 1epeBbeB peleHHit);
- Heiiponnas cerp (MLP) ¢ apxutexrypoit 3
CKPBITHIX CIIOS.
-BxonHbple TNpU3HAKU: YPOBEHb HAIPSHKEHUH,
TOHHAX, TeMIlepaTypa, CKOPOCTh IBIDKCHHS, THII
penbca, xapaktepucTuku myTu[ 10-14].
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Mertpuku KauecTBa MOJEIIEH:
-MSE (cpennekBaapaTHyHas OIMIMOKA):

1N S
Nzizl(yi -y

-Kospdunuent nerepmunanuu (R?):
RZ—1-— Xy —9)?

2y —¥)?




I[Mpenckazanue pecypca (Random Forest)
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Puc. 4. Pe3yabrarsl padorsl ML-moneeii

5. 3AKVIIOYEHHUE

PesynpraThl YHCIEHHOTO MOJAENMPOBAaHHS MOKAa3alu,
9TO TpH oceBoi Harpyske 245 xkH makcumanbHBIE
SKBHBAJICHTHBIE HANPSHKEHUS B TOJNOBKE peibca P65
nocturator 380—420 Mlla, mpu 3ToM HanOoOIbIIAs
KOHLICHTpAIMs HalpsDKeHWH HaOmomaeTcss B 30HE
KOHTaKTa Kojeca U penbca. COmIacHo pacueram Io
KPUTEPUIO YCTAJIOCTH M TPaBWIy JIMHEHHOTO
HAaKOIUICHUSl TMOBpEXAeHUW MuHepa cymMmapHOe
moBpexnaenne cocramwio D =0,049 |, uro
CBUJIETENIBCTBYET O  COXPAaHEHHH  OCTAaTOYHOTO
pecypca penbca M BO3MOXHOCTH  JalIbHEHIIEH
9KCILTyaTalHu.

Pacuer ycranoctHoro pecypca mo S—N KpHuBOi
MOKa3all, 9YTO MPOTHO3UPYEMBII CPOK CITyKOBI penbca
P65 cocrasnstet okono 7,7x108 T 6pyrro (770 muH T),

YTO COOTBETCTBYET COBPEMEHHBIM TPEOOBAHUSIM
SKCIUTyaTaIlli MAaTUCTPAJIbHBIX XKeJIe3HBIX Jopor. [Ipu
9TOM HCHOJNB30BaHHE NU(PPOBOTO JBOMHUKA U
CHCTEMBI HENPEPHIBHOTO MOHHUTOPHHTA IO3BOJISIET
TIOBBICUTh TOYHOCTH TMPOTHO3HPOBAHUS pecypca Ha
20-30 % 1m0 CpaBHEHHIO C TPaTUIMOHHBIMA
METOIAaMH OLIEHKH 110 TOHHAXKY.

[IprmMeneHne anroOpUTMOB MAITUHHOTO OOyYeHHUS
Random Forest u MHOTOCIOIHOW HEHPOHHOW ceTH
(MLP) obecneunno ko3duimeHT aeTepMuHALIUN
R?=0.91-0.95,a CpeIHEKBaIpaTHIHAS OIIHOKA
MPOTHO3a COCTaBIIIAa MeHee 5 %. DTO MOATBEpKIAET

BBICOKYI0  3()()eKTHBHOCT  HMHTEIUICKTYaJIbHBIX
Mofened TpH  MPOTHO3UPOBAHWM  OCTATOYHOTO
pecypca penbcoB.

Ha ocHOBaHMM TONYYCHHBIX  PE3YNIBTATOB
peKoMeHTyeTCst BHEZIPEHHE CEHCOPHOTO
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MOHHTOpPUHTA Ha HAWOOJIee HATPYKECHHBIX Y4acTKaX
MMyTH C MHTEHCUBHOCTHIO JBIDKEHUS Oonee 50 TEIC.
MOE3/I0B B TOMA, & TaKXKE PEryasIpHOE OOHOBIICHHE
IU(ppPOBOTO IBOMHMKA MO JAHHBIM JHATHOCTUKH H
nedexTockormuu. Vcmone3oBaHue pa3pabOTaHHOTO
MMOJXOAa  TIO3BOJISIET ~ COKPATUTh  BEPOSITHOCTH
BHE3AIHBIX U3JIOMOB PeNbCcoB Ha 25-35 % u CHU3UTH
AKCIUTyaTaI[OHHEIC 3aTPaThl Ha TEKYIIEe COACP KaHUE
myTH 10 15-20 % 3a cueT nepexojia OT peryIaMeHTHOTO
00CITy)KUBaHUS K MIPEIUKTUBHOM cUCTEMe
pemonToB[15-17].

Takum 00pa3oM, UHTErpaIyisi METOAa KOHEYHBIX
anemeHToB  ABAQUS, mnporpaMMHOro KoMILIeKkca
nCode DesignLife u TexHONOTWII HCKYyCCTBEHHOTO
WHTEJUICKTa 00CCIICUMBACT TOBBINICHUE HAICKHOCTH
1 0e30I1aCHOCTH AKCILTyaTaluy peiabcoB P65, a Takke
CO3/1aCT OCHOBY JJIsl BHEAPCHHS HHTEIUICKTYalbHBIX
CHUCTEM yIpaBICHUS KEJIC3HOZOPOIKHON

UH}paCTPyKTypOH.
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Positive and Negative Aspects of Organizing Heavy-Duty Train Traffic in
Increasing the Carrying Capacity of Uzbekistan's Railway Network
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To date, increasing the efficiency of freight transport in the global railway network is considered one
of the options for achieving results through increasing the mass of trains. While recognizing the
rationality of the method of increasing train mass on specialized railways, it must be taken into
account that its operation requires significant costs and may also lead to a decrease in the capacity of
individual sections of the railway network. In this regard, increasing the speed of train movement is
considered an alternative option to the method of increasing train mass when increasing freight
transport.

The purpose of this article is to consider the conditions for implementing heavy-duty train traction,
highlight the organizational difficulties of the project, and support heavy-duty train traction, but also
define the specific conditions for its implementation.

Heavy-duty train, train mass, traction force, Uzbekistan's railway network, capacity, railway track

O¢zbekiston Temir Yo‘l Tarmog‘ida Yuk Tashish Qobiliyatini Oshirishda
Poyezdlarining Og‘ir Vaznli Harakatini Tashkillashtirishni Ijobiy va Salbiy

Annotatsiya:

Kalit so‘zlar:

Jihatlari

Umarov X.K. o2
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Bugungi kunda dunyo temir yo‘l tarmog‘ida yuk tashish samaradorligini oshirishda poyezd massasini
oshirish orqgali natijaga erishish variantlaridan biri sifatida garalmogda. Ixtisoslashtirilgan temir
yo‘llarda poyezd massasini oshirish usulining ratsionalligini e’tirof etgan holda, uni ekspluatatsiya
qilishda katta xarajat talab etishi, shuningdek, temir yo‘l tarmog‘ining ayrim uchastkalari
o‘tkazuvchanlik qobiliyatining pasayishiga olib kelishi mumkinligini hisobga olish lozim. Shu
munosabat bilan yuk tashishni oshirishda poyezd massasini oshirish usuliga mugobil variant sifatida
poyezd harakat tezligini oshirish alohida ko‘rilmoqda.

Ushbu maqolaning maqsadi og‘ir vaznli poyezdlar tortish kuchini amalga oshirish shartlarini ko‘rib
chigish, loyihaning tashkiliy qiyinchiliklarini ta’kidlash va og‘ir vaznli harakatni qo‘llab-quvvatlash,
ammo uni amalga oshirishning alohida shart-sharoitlarini belgilashdan iborat.

Og‘ir vaznli poyezd, poyezd massasi, tortish kuchi, O°zbekiston temir yo‘l tarmog‘i, o‘tkazuvchanlik
gobiliyati, temir yo‘l izi

1. KIRISH

Bugungi kunda, yuk tashish uchun poyezdlarining
og‘ir vaznli harakatini tashkillashtirishda Avstraliya,
Braziliya, Kanada, Rossiya Fedaratsiyasi va AQSH
temir yo‘llarida samarali amalga oshirilmoqda (1-
jadval). Ushbu davlatlar asosan ixtisoslashgan yuklar
uchun temir ruda va ko‘mir konlarini o‘zlashtirishda
hamda aralash harakat uchun poyezdlarining og‘ir
vaznli harakatini amalga oshirilmoqda. Biroq, ba’zi
poyezdlarining og‘ir vaznli harakat tezligi o‘zini
oglamaydi. Masalan, konteyner tranzitni amalga
oshirish uchun poyezdlarining og‘ir vaznli harakatni
tashkillashtirish samarasiz hisoblanadi, lekin tezyurar

a2 https://orcid.org/0000-0003-0397-2780

yuk poyezdi harakatini tashkillashtirish imkoniyati
mavjud. Bugungi kunda Xitoy Xalq Respublikasi
tezyurar yuk poyezdi harakatini tashkillashtirish
yaqqol yetakchi hisoblanadi.

Hozirda muhandislik doiralarida innovatsion va
energiya tejamkor texnologiyalarni joriy gilish orgali
og‘ir vaznli yuklarni tashishda ekspluatatsion
xarajatlarni kamaytirish yo‘llari izlanmoqda. Og‘ir
vaznli poyezdlardan ~ ommaviy  foydalanish
belgilangan yuk aylanmasiga elektrovozlar parkini
qisqartirish va uchastkalarning o‘tkazuvchanlik
gobiliyatini oshirish imkonini beradi. Shuningdek,
seriyali elektrovozlardan foydalangan holda zudlik
bilan og‘ir yuk tashish harakatini tashkil etish usullari
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mavjud. Poyezdlar massasi ortishi bilan belgilangan
yuk aylanmasiga mo‘ljallangan elektrovozlar parki
qgisqarishi, shu bilan birga uchastkalarning o‘tkazish
qobiliyati oshishi hagida tajribalar mavjud. Biroq,
elektrovoz parametrlarining tashishning
ekspluatatsion  ko‘rsatkichlari bilan bog‘ligligini
aniglash talab etadi [1-6].

Hozirda muhandislik doiralarida innovatsion va
energiya tejamkor texnologiyalarni joriy gilish orqgali
og‘ir vaznli yuklarni tashishda ekspluatatsion
xarajatlarni kamaytirish yo‘llari izlanmoqda. Og‘ir
vaznli poyezdlardan ~ ommaviy  foydalanish
belgilangan yuk aylanmasiga elektrovozlar parkini
qisqartirish va uchastkalarning o‘tkazuvchanlik
gobiliyatini oshirish imkonini beradi. Shuningdek,
seriyali elektrovozlardan foydalangan holda zudlik
bilan og‘ir yuk tashish harakatini tashkil etish usullari
mavjud. Poyezdlar massasi ortishi bilan belgilangan
yuk aylanmasiga mo‘ljallangan elektrovozlar parki
qisqarishi, shu bilan birga uchastkalarning o‘tkazish
gobiliyati oshishi hagida tajribalar mavjud. Biroq,
elektrovoz parametrlarining tashishning
ekspluatatsion  ko‘rsatkichlari bilan bogligligini
aniglash talab etadi [7].

1-jadval
Yuk tashish uchun poyezdlarining og‘ir vaznli
harakatini tashkillashtirishgan yetakchi davlatlar

Sostav Sostav
Davlatla | Ixtisoslashuv | og‘irlig foqulli‘:ﬁn
r nomi tarmog‘i i, ming an yﬂk &
tonna og'irligi, t
.| Ixtisoslashga
Avs;rall n. (temir 48 37,5
y ruda)
.| Ixtisoslashga
Avs;rall n. (temir 38,4 40
y ruda)
Braziliya Ixtlsors]lashga 25,5 31,5
Kanada Ixtlsors]lashga 13,2 30
. Ixtisoslashga
Xitoy n (ko‘mir) 20,0 25
Hlnr(]jlsto Aralash 5,06 21,8
Aralash 6,3
Rossiya (ko‘mir va 9,0 23,5 (25)
boshqalar) 12,0
Aralash
AQSh (ko‘mir va 17,5 325
15,5 32,5
boshgalar)
Shvetsiy
a/ _ Ixtisoslashga 8,52 31
Norvegiy n
a
Janubiy | Ixtisoslashga
Afrika n 410 30

Muammo shundaki bugungi kunda Rossiya
Fedaratsiyasi, Xitoy Xalq Respublikasidan temir yo‘l
orgali Markaziy Osiyoga tranzit yuk ogimini intinsiv
oshib borishi sababli O‘zbekiston temir yo‘l
tarmog‘ida yuk tashish qobiliyatini  oshirish
magsadida tranzit poyezd massasini oshirish oxirgi 3-
5 yildan buyon jiddiy ko‘rib chigilmogda. Shu
munosabat bilan O‘zbekiston temir yo‘l tarmog‘ida
yuk tashish gobiliyatini oshirishda poyezdlarining
og‘ir vaznli harakatini tashkillashtirishni ijobiy va
salbiy jihatlari batafsil tahlil gilinadi.

2. TADQIQOT METODIKASI

O‘zbekiston temir yo‘l tarmog‘ining yillik yuk
aylanmasi quyidagicha aniglanadi:

Yuk =365-U, - n,, tkm

bu yerda U, - elektrovozning unumdorligi;
n, - foydalanilayotgan elektrovozlar parki.
Bu yerda,

Ue=Qpr Vych " te
bunda, @, - poyezdning massasi;
V,cn - Uchastka tezligi;

t,; - elektrovozning sutkalik ish vaqti.

Keltirilgan formulalardan ma’lumki, belgilangan
hisobiy unumdorlikka ega bo‘lgan elektrovozlar
uchun berilgan yuk aylanmasini poyezd massasini
oshirish hisobiga ta’'minlash mumkin, biroq bunda
uchastka tezligi xuddi shu karralikda kamayadi. Yoki
aksincha uchastka tezligini oshirish uchun poyezd
massasini karrasiga kamaytirish talab etadi. Ushbu
xususiyat ko‘pincha e’tibordan chetda qoladi.
Elektrovozlarning ish unumdorligi tortuv
dvigatellarining quvvatiga to‘g’ri mutanosib [9].
Shuning uchun, elektrovozlarning ish unumdorligi
oshganda tortuv dvigatellarining tok yuklamasi ham
oshadi, bu esa ularning tezroq ishdan chigishiga olib
keladi. Bu fakt esa yuk tashish samaradorligini
oshirish uchun poyezd massasini oshirish orgali
natijaga erishish mumkin degan savolni shubhaga
guyadi. Poyezd massasining oshirish elektrovoz
tortish  kuchi va ilashish  koeffitsiyentining
ko‘payishiga olib keladi, natijada elektrovoz
jihozlarining  shikastlanishi, relslarda xar xil
yemirilishi keskin ortadi, uchastka gismlarining
o‘tkazuvchanlik qobiliyati pasayadi [5-8].

Poyezd massasidan  (Q,,) Vva ilashish
koeffitsiyentidan  (y,) poyezdning balandlikda
cho‘zilish (uzilish) ehtimolligining o‘sish egrilik
risklarning nochiziqli, eksponensial darajali o‘sishini
tavsiflaydi.  Kerakli ~ tortish  kuchi ilashish
imkoniyatidan oshib ketganda cho‘zilish ehtimoli
keskin ortadi, bu esa lokomotivning o‘z joyida
depsinib  qolishiga, tortish  kuchining  keskin
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o‘zgarishiga va avtotsepkalardagi zarba
yuklamalariga olib keladi. Poyezdning yuqgori massasi
va past ilashishida, tortish ehtimoli poyezdning kritik
massasiga yaginlashganda, aynigsa uzoq davom
etadigan ko‘tarilishlarda deyarli vertikal
(eksponensial) ravishda ortadi.

Turli massali poyezdlarning ko‘tarilishda poyezd
og‘irligi va ilashish koeffitsiyentiga bog‘liq holda
cho‘zilish ehtimoli bog‘ligligini (p) quyidagicha
ifodalash mumkin:

p(Qberk) = f(—)

Qpr i
V" Puok

bunda, i - ko‘tarilish nishabligi, Py, -
lokomotivning og‘irligi.

Bugungi kunda AJ “O°‘TY” yangi 20°Z-ELR
elektrovoz orgali yuk tashish qobiliyatini oshirish
maqsad qilgan. Shuni hisobga olib 20°‘Z-ELR
elektrovoz bo‘yicha hisob ishlarini olib boramiz.
Yangi keltirilgan elektrovoz yuqori quvvatga ega 2
seksiyadan iborat 8 0°qli yo‘lovchi va yuk elektrovozi
hisoblanadi. Uning quvvati 9600 kVtni tashkil etadi.
Shu tufayli lokomotiv barcha ob-havo sharoitlarida
ogir yuklar bilan ortigcha qiyinchiliklarsiz
harakatlana oladi. Texnik tavsifiga ko‘ra, mazkur
turdagi lokomotiv tezlikni soatiga 120 kilometrgacha
oshirishi mumkin.

20°Z-ELR lokomotivining harakatiga bo‘lgan
asosiy solishtirma qarshilik tortishish hisobida
qo‘yidagi formula orqali aniglanadi.

wy=19+0,01-v+ 0,0003 - v?

bunda, v — 20°‘Z-ELR lokomotivining harakat
tezligi, 70 km/soat;

Natija, wg = 4,1 kgs/t.

Vagon harakatiga bo‘lgan asosiy solishtirma
qarshilik tortishish hisobida qo‘yidagi formula orqali
aniglanadi.

8+0,18-v+ 0,003 - v?
wg =07+ ;
90

bunda, q, — yakka vagon o ‘giga tushayotgan yuk,
23,5t0°q;

Natija, wg = 2,2 kgs/t.

20’Z-ELR lokomotivning Angren - Pop temir yo‘l
uchastkasida sostav og‘irligi quyidagi formula orqali
aniglanadi.

FKp_ (W;;+i)'Plok
wy +1i

Qpr =

A1

bunda, i — uchastkani rahbar nishabligi; P, —
20’Z-ELR lokomotivini og‘irligi, 276 t; F,, — 20°Z-
ELR lokomotivini tortish kuchi, 98 000 kN.

Natija, Qp, = 3062 t;

O‘rtacha solishtirma qarshilik quyidagi formula
orgali aniglanadi.
w =W6'Plok+WG'Qbr_
° Pior + Qpr
Natija, wy = 2,36 kgs/t;
Tortish kuchi, balandlikka ko‘tarilishda poyezd
og‘irligining qarshiligini yengishi kerak:
Foo = Qpr - (I + wy)

Natija, F,,. = 899 kN;
20°Z-ELR elektrovozlar uchun hisoblash ilashish

)

koeffitsiyenti  quyidagi ~ formulalar  bo‘yicha
aniglanadi:
Wy = 0,28+m—0.0006'v

Natija, y, = 0,25; vy, (v).

1-rasmda poyezdlarning ko‘tarilishda cho‘zilish
ehtimolining  poyezd massasi va ilashish
koeffitsiyentiga bog‘liq ravishda o‘sish egri chizig‘i
keltirilgan. Ko‘rinib turibdiki, poyezd massasi
ortganda cho‘zilish ehtimoli ham ortadi. Ko‘tarilishda
o‘rtacha bargaror harakat tezligining poyezd
massasiga proporsional bo‘lgan ilashish
koeffitsiyentiga bog‘ligligi keltirilgan. Chegaralovchi
uchastkada (ko‘tarilishda) poyezd harakat tezligining
pasayishi uchastkaning o‘tkazish qobiliyatining
pasayishiga olib keladi. Bundan kelib chigadiki,
seriyali elektrovozlarning tortish yuklamasini oshirish
imkoniyati mavjud emas. O‘qlar sonini, masalan, 8
tadan 12 tagacha ko‘paytirish hisobiga poyezd
massasini  oshirish mumkin, lekin bu holda
elektrovozlar parki gisgarmaydi.

0n=2000 1

Ow=1800 1

0u=1600 1

0,55

0.50 ()
0,250 0,255 0,260 0,265 0,270

1-rasm. 20°Z-ELR elektrovozli turli massali
poyezdlarning ko‘tarilishda xar xil harakat
tezlikli poyezd og‘irligi va ilashish koeffitsiyentiga
bog‘liq holda cho‘zilish ehtimoli

3. NATIJA VA MUHOKAMALAR

Elektrovozning hisobiy rejimi u tomonidan amalga
oshiriladigan tortish kuchi va ko‘tarilishdagi tezligiga
bog‘liq bo‘ladi. Uchastkaning o‘tkazuvchanlik
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qobiliyati poyezdning ko‘tarilishda harakatlanish
tezligi bilan belgilanadi. Bunda, tezlik ganchalik past
bo‘lsa, o‘tkazuvchanlik qobiliyati xam mos ravishda
shunchalik past bo‘ladi. Yuqorida keltirilgan
ma’lumotlardan kelib chiqadiki, poyezd massasi
oshishi bilan ko‘tarilishda harakat tezligi pasayishi
lozim, aks holda elektrovozning elektr energiyasi
bo‘yicha ortiqcha yuklanishi oshib ketadi.

Bugungi kunda yuk tashish asosan ikkita seksiyali
elektrovozlarda amalga  oshirilmogda.  Biroq,
poyezdlarni uchta seksiya bilan boshgarish allagachon
amaliyotga kirib bormoqda va poyezdlar massasini 1,5
baravarga oshirish imkoniyati mavjud. Bunda yuk
saralash stansiyalarini gabul qilish va jo‘natish yo‘l
uzunliklarini kengaytirish talab qiladi. Bu esa
investitsiya talab giladi va bu o°zini oglaydi.

Lokomotiv x0‘jaligida uch seksiyali
elektrovozlarga xizmat ko‘rsatish hal qilinadigan
vazifadir. Albatta, agar poyezdlar massasi 6-8 ming
tonnagacha  oshirilsa, bu  jarayon jiddiy
murakkablashadi: poyezd boshida elektrovozlarning
to‘rtta seksiyasini o‘rnatish, tortish kuchini tarkib
bo‘ylab tagsimlash muammolarini hal qilish zarurati
tug‘iladi. Bundan tashqari, saralash stansiyalari
yo‘llari, energiya ta’minoti tizimi, signalizatsiya
qurilmalari va boshgalarni tubdan modernizatsiya
gilish lozim. Ushbu tadbirlarni amalga oshirishda
katta investitsiyalarni talab etadi.

2011-yilda Moskva davlat temir yo‘l universiteti
tomonidan o‘tkazilgan tadqiqotlar shuni ko‘rsatdiki,
belgilangan yuk aylanmasida yuk poyezdlarining
harakat tezligini 20 foizga oshirish va shunga mos
ravishda poyezd massasini 20 foizga kamaytirish
magsadga muvofiq [6]. Shu bilan birga, tortish
kuchining 20% ga kamayishi tufayli:

- harakat uzilishlari gisgarganda tortish kuchini
amalga oshirish sharoitlari keskin yaxshilanadi;

- bir xil yuk tashish uchun yuk vagonlari parkining
o‘tkazuvchanlik qobiliyati 20% ga oshadi;

- energiya sarfi 10% ga kamayadi.

Berilgan yuk aylanmasi uchun zarur bo‘lgan yuk
vagonlari parkining kamayishi tezlikning oshishi bir
sutkada tashiladigan yuklar hajmining oshishini
ta’minlashi bilan izohlanadi.

Yuk tashishda poyezd massasini oshirish stavkasi,
albatta, qo‘shimcha investitsiya va vaqt sarflari bilan
bog‘lig bo‘lib, poyezdlar massasi 8-9 ming tonna
bo‘lganda keskin oshadi. Tezlikni oshirishga
ustuvorlik beradigan konsepsiyani amalga oshirish esa
go‘shimcha investitsiyalarni talab gilmaydi, shunga
gqaramay, temir yo‘lning ekspluatatsion
ko‘rsatkichlarini tubdan yaxshilashni ta’minlaydi.

4. XULOSA

1. Seriyali yuk elektrovozlari tortish kuchini
amalga oshirish imkoniyatlari chegarasida ishlaydi,
shuning uchun poyezdlar massasini oshirishga fagat
tortish birliklari o‘qlari soni ko‘paygandagina yo‘l
qo‘yiladi.

2. Poyezdlar massasini 1,5 marta, masalan, 3000
ming tonnadan 4500 ming tonnagacha oshirish uch
seksiyali elektrovozlar bilan tortishga o‘tilganda
mumkin. Bunda temir yo‘l izi va boshqa doimiy
qurilmalarini modernizatsiya gilish talab etiladi.

3. Poyezdlarni ommaviy ravishda 6000-8000
tonnagacha oshirish muammoli hisoblanadi, chunki
bu yuk tashishni ta’minlovchi barcha temir yo‘l izi
tuzilmalarni tubdan modernizatsiya qilishni talab etadi
va bu katta investitsiya talab etadi. Og‘ir vaznli
tarkiblar esa odatdagi og‘irlik me’yorlariga ega
bo‘lgan tagsimlangan tortishga nisbatan sezilarli
afzalliklar  bermasligi mumkin. Og‘ir vaznli
poyezdlarning tezligi odatdagi poyezdlar tezligidan
past bo‘ladi, bu esa uchastkalarning o‘tkazuvchanlik
gobiliyatini pasaytiradi.

4. Bugungi kunda muhandislik doirasidagi
mutaxassilar alohida yo‘nalishlarda og‘ir vaznli
poyezdlar (vagonning yakka o‘qiga 30 tonnagacha
yuk tushadigan maxsus 12 o‘qli elektrovozlar va
vagonlar) yuk tashishlarni ta’minlaydigan temir yo‘l
uchastkasi yugori samarali bo‘lishini etirof etishadi.

5. Yuklarni tashishda ekspluatatsion xarajatlarni
kamaytirish masalasini hal gilishda poyezdlar tezligi
yoki massasini oshirish ustuvorligini tizimli baholash
lozim. Ustuvor chora sifatida tezlikni oshirishdan
dalolat beruvchi barcha ish natijalarini hisobga olish
va tadgiqotlar talab etadi.
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Assessment of Rail Reliability On Metro Tracks

P.A. Begmatov*®2, F.F. Eshonov*®P, Sh. Jonkobilov?
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract:

This article analyzes the condition of the subway tracks. Rails were removed from the selected section

and their technical condition was studied. The wear of the rails was measured and compared according
to standards. Based on the measurement results obtained, diagrams of the reliable operation of the
rails were drawn, and conclusions were drawn regarding the reliable operation of the rails.

Keywords:

Rail, subway tracks, track superstructure, strength, reliability, reliable rail operation

Metropoliten Yo‘llarida Relslarning Ishonchliligini Baholash

Begmatov P.A.X>1, Eshonov F.F.1®2, Jonkobilov Sh.Sh.!
“Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya:

Ushbu maqolada metropoliten yo‘llarining relslarining holati tahlil qilindi. Tanlangan uchastka

bo‘yicha relslar olinib, ularning texnik holati o‘rganildi. Relslarning yedirilishi o‘lchab chigqilib,
ularni me’yor bo‘yicha solishtirib chiqildi. Olingan o‘lchov natijalari bo‘yicha relslarning ishonchli
ishlashi bo‘yicha diagrammalar chizilib, relslarning ishonchli shilashi bo‘yicha xulosalar keltirildi.

Kalit so’lar:
ishonchli ishlashi

1. KIRISH

Hozirgi kunda yirik shaharlarda transport tizimining
rivojlanishida metropoliten muhim o‘rin egallaydi.
Aholi sonining ortib borishi va yo‘lovchi ogimining
keskin ko‘payishi metropoliten infratuzilmasiga,
aynigsa, yo‘l xo‘jaligiga yuqori talablarni qo‘ymoqda.
Metropoliten yo‘llarining texnik holati, ularning
mustahkamligi va ishonchliligi poezdlar harakatining
xavfsizligi hamda uzluksizligini ta’minlashda asosiy
omillardan biri hisoblanadi. Metropoliten transporti
yo‘lovchilarni tez, xavfsiz va qulay tashish imkonini
beruvchi eng samarali jamoat transporti turlaridan biri
hisoblanadi. Shuning uchun ham metropoliten
infratuzilmasining ishonchli ishlashi  transport
tizimining barqaror faoliyatini ta’minlashda katta
ahamiyatga ega.

Metropoliten yo‘llari transport tizimining asosiy
elementlaridan biri bo‘lib, poezdlar harakatining
xavfsizligi va uzluksizligini ta’minlaydi. Yo'l
elementlari — relslar, shpallar, ballast gatlami hamda
boshqa yo‘l qurilmalari ekspluatatsiya jarayonida
katta mexanik va dinamik yuklamalar ta’sirida
bo‘ladi. Bunday sharoitda yo‘l elementlarining texnik
holati vaqt o‘tishi bilan yomonlashishi, turli
deformatsiyalar va nosozliklar yuzaga kelishi
mumkin. Bu esa o‘z navbatida poezdlar harakati

allZ https://orcid.org/0000-0003-0160-9814
b https://orcid.org/0000-0003-3252-9091

Relslar, metropoliten yo‘llari, yo‘lning ustki qurilmasi, mustahkamlik, ishonchlilik, relslarning

xavfsizligiga salbiy ta’sir ko‘rsatishi ehtimolini
oshiradi [1,2,3,4,5].

Shu sababli metropoliten yo‘llarining ekspluatatsion
ishonchliligini baholash, ularning texnik holatini
muntazam nazorat qilish hamda nosozliklarni o‘z
vagtida aniglash muhim ilmiy va amaliy masalalardan
biri hisoblanadi. Yo‘l elementlarining ishonchliligini
oshirish metropoliten transportining Xxavfsiz va
samarali ishlashini ta’minlashga xizmat qiladi.
Metropoliten transport tizimi shahar transport
infratuzilmasining eng muhim elementlaridan biri
hisoblanadi. Uning uzluksiz va xavfsiz ishlashi ko‘p
jihatdan yo‘l qurilmalarining texnik holatiga va ularga
o‘z vaqtida texnik xizmat ko‘rsatish hamda ta’mirlash
ishlarining samarali tashkil etilishiga bog‘lig.
Metropoliten yo‘llarining ekspluatatsion
ishonchliligini ta’minlashda ta’mirlash ishlarining
davomiyligini to‘g‘ri rejalashtirish muhim ahamiyatga
ega.

Metropoliten  yo‘llarini  ta’mirlash  davomiyligi
deganda yo‘l qurilmalarining texnik holatini tiklash
yoki yaxshilash maqsadida bajariladigan ta’mirlash
ishlariga sarflanadigan vaqgt tushuniladi. Ushbu
ko‘rsatkich yo‘lning konstruktiv xususiyatlari, relslar
va shpallarning eskirish darajasi, poezdlar harakati
intensivligi, shuningdek texnik xizmat ko‘rsatish
darajasiga bog‘liq holda belgilanadi.
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2. TADQIQOT METADOLOGIYASI

Relslarning holatini yo‘lning satxi va uroveni
bo‘yicha tahlil gilish

Magistral temir yo°l liniyalarining asosiy yo‘llarida
relslar to‘liq almashtirilganda, yuklanish darajasi va
poyezdlar harakatining ruxsat etilgan tezligiga garab
yangi yoki ishlatilgan (eski) R65 tipidagi relslar
(GOST 8161-75) yotqizilishi kerak.
Metropolitenlarda esa ko‘pincha R50 tipidagi relslar
(GOST 7174-75) qo‘llaniladi.

Ushbu GOST talablari bo‘yicha relslar ikki guruhda
ishlab chiqariladi [8].

1-guruh relslari tinch martens (martin) po‘latidan
tayyorlanadi va kovshda kompleks dezoksidlovchilar
yordamida, alyuminiy yoki po‘lat tarkibida zararli
ipchasimon metall bo‘lmagan qo‘shimchalarni hosil
giluvchi  boshga  dezoksidlovchi  moddalarsiz
dezoksidlanadi.

2-guruh relslari ham tinch martens po‘latidan
tayyorlanadi, ammo ular alyuminiy yoki marganes-
alyuminiy gotishmasi yordamida dezoksidlanadi.
Relslarning  asosiy ~ nosozliklari  quyidagilar
hisoblanadi:

o rels bosh gismida yeyilish;

¢ rels yon tomonlarida deformatsiya;

e metall charchashi natijasida yoriglar paydo
bo‘lishi;

e payvand joylarining shikastlanishi.

Relslarning xizmat muddati ko‘p jihatdan yuklama
miqdori va  harakat intensivligiga bog‘liq.
Metropolitenlarda relslar odatda R50 yoki R65
turidagi relslar bo‘lib, ular yuqori mustahkamlikka ega
[6,7].

—— Yugori rels yon yeyilishi {tuzatilmagan)
Yugqori rels yon yeyilishi (k=0.8)
—— Yugqori rels yon yeyilishi (k=0.6)
1 ® uqorirels yon yeyilishi {o’lchangan)

14 A

= =
5} ¥}
L

Yeyilish migdori (mm)
w0

o 10 20 30 40 50 60 70 80
Rels xizmat muddati (oy)

1-rasm. Rels ishonchliligi ekspluatatsiya vaqti

Relslarning texnik holatini baholash uchun quyidagi
ko‘rsatkichlar qo‘llaniladi:

o rels boshining yeyilish chuqurligi;

o rels yon tomonlarining deformatsiyasi;

o relsning vertikal va gorizontal og‘ishlari.

Agar ushbu parametrlar me’yoriy giymatlardan oshib

ketsa, relslarni ta’mirlash yoki almashtirish talab

etiladi.

O‘rganilayatgan texnik
xarakteristikasi

Ushbu tadqiqot ishida o‘rganilayotgan uchastka
sifatida “Chorsu-Alisher Navoiy” metro bekatlari
oralig‘idagi metropoliten yo‘l qismi tanlab olingan.
Mazkur uchastka Toshkent metropolitenining muhim
transport yo‘nalishlaridan biri bo‘lib, u yo‘lovchilar
tashish jarayonida katta ahamiyatga ega.

Toshkent metropoliteni shaharning asosiy transport
tizimlaridan biri  hisoblanib, yuqori darajadagi
yo‘lovchi ogimiga xizmat ko‘rsatadi. O‘rganilayotgan
uchastka metropolitenning yer osti yo‘llaridan iborat
bo‘lib, unda poyezdlar harakati yuqori intensivlik
bilan amalga oshiriladi.

uchaskaning

1-jadval
R50 turdagi relslarning harakat yuzasidagi
notekisliklar
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2-jadval

O‘rganilayotgan metro uchastkasining asosiy
texnik ko‘rsatkichlari quyidagilardan iborat

R50 va R65 turidagi relslarning vertikal va yon
yeyilishi egri uchastkalarda sezilarli darajada ortadi.
Maksimal ehtimoliy yeyilish 2 mm ni tashkil etadi [9].

Ko’rsatki Chorsu G’ofur Alisher Yol ta’mirlarini rejalashtirish tizimi hozirgi vaqtda
chlar G’ulom Navoiy o‘tkazilgan normativ tonnaj qiymatlariga asoslangan
Pekit 219+00 211+00 04+00 holda olib boriladi, ammo bunday tizim bugungi
Uchastka | 800 m 1500 m 1300 m kunda eskirgan hisoblanadi. Yol ta’mirlarini
ning rejalashtirishning yanada zamonaviy usuli — yo‘lning
uzunligi hagigiy texnik holatiga asoslangan rejalashtirish
Yer osti| Yer osti | Yer osti tizimi  hisoblanadi. Bunda tizimning asosiy
Yo‘lturi | metropolite | metropoli | metropoli parametrlari chegaraviy holatga yetganda ta’mirlash
nyo‘li tenyo‘li | tenyo‘li ishlari amalga oshiriladi.
Yo'l
kengligi 1520 mm 1520 mm | 1520 mm 3. XULOSA
Rels turi | R50 R50 R50 . . .
Shpallar | Yog’och Yog'och | Yog'och Ushbu t|2|mn.| a}mglga OShII’I.Sh uchun bir tomondan
turi shpal shpal shpal ma’lumotl_arm yig‘ish, qayta 1_sh1ash va saqglash uch_un
_ Temirbet | Temirbet elektron hisoblash mashinalaridan (EHM) foydalanish
Temirbeton on  asos | on asos zarur bo‘lsa, ikkinchi tomondan yo‘l ta’mirlarini
Yol asos | 89S (ballastsi | (ballastsi rejalas_htlrlsh_ L_Jchun mezc_)nla_r va matematik apparatni
turi (ballastsiz | 7 takomillashtirish talab etiladi.
konstruktsi konstrukt | konstrukt
ya) siy)) | siya) FOYDALANILGAN ADABIYOTLAR
Harakat | 60-80 60-80 60-80 | REFERENCES
tezligi km/soat km/soat km/soat
Poyezdla 35 35 [1] KpaBuenxo H. JI. HoBble KOHCTpYyKIIUH
r harakati | 3-5 minut ] R JKeJIe3HOJOPOIKHOI'O MMy TH I METPOITOJIUTEHOB: JIUC.
oralig‘i minut minut ... n-pa TexH. Hayk: 05.22.06 / KpaBuenko Hukomaii
825 VI[85 V Hdmutpuesuu. — M., 1998. — 400 c.
EIekFr ) 82'_5 Vv doimiy doimiy [2] 3amyxorckuii, A. B. CoepuieHcTBOBaHHE
ta’minoti | doimiy tok
tok tok TEXHOJIOTUM YKIAJKA W TEKYLIero COJepKaHHs
Yon Yon 6€30a/11aCTHOrO IIyTH METPOINOJUTEHA: [HUCC.
Kontakt Yon tomonda tomonda KaHa. TCEHX. HayK: 05.22.06 / 3aMyXOBCKHﬁ
relsi tomonda joylashga | joylashga Anekcanp Bnamumuposuy. — Mocksa. — 2006. — 90
joylashgan n n .
Rels [3] 3amyxosckmii A. B., I'pevanux A. B.,
qotirgich | Mayatnik | Mayatnik | Mayatnik Haymor b. B. BuOporacsamme ckpeniaeHust st
lar MetporonateHa / A. B. 3amyxosckuii, A. B.
Egriliklar I'peuyanuk, b. B. HaymoB // «BecTHHK YpabCKOro
soni lta 2ta 21ta roCyapCTBEHHOIO YHUBEPCUTETA nyTei
_ R1=500 | R1=400 coobmeHms». — 2011. —Ne 4 (12). — 69 c.
EgrlikR | R=400m | oo 200 | R2=600 [4] Bamyxosckuii, A. B., Cemenos, E. B. Ananu3
VAENBHOTO  BBIXOJIAa PEIBCOB B  MOCKOBCKOM
- - metpononmuTere / A. B. 3amyxoscxuit, E. B. CemeHoB
o R ek etmt O // «ITyTh 1 MyTeBOE X03s1HicTBO». — 2020. — Ne 5. — C.

0.05

MTBF

10-12.

[5] Kapnymenxko H. W. BubposammrHbie
KOHCTPYKIUK IyTH JJIsi TPAHCIIOPTHBIX TOHHEJEH |
metponomurenoB / H. WM. Kapmymenko u mp. //
HoBocubupck: Hayxka, 2011. - 199 c.

[6] IHaxymsum I'. M. JKene3sHOAOPOXKHEIA IIyTh:

Xizmat muddati, t (Amal qilish vaqti /

yueOnuk. / I'. M. [axyusun // M.: Tpancnopr, 1987.
—-479 c.

[7] Awmmms E. C.,Tacanos A. ., I'mro36epr b. D.
Kenesnonopoxusiit myTs: yuebnuk. / E. C. Ammms //
M.: OI'BOY «Y4eOHO-METOOMYECKHN IICHTP IIO

00pa30BaHMIO Ha KEIE3HOJOPOKHOM TPAHCIIOPTEY, —
2013. - 544 c.

Ekspluatatsiya muddati)

w— Rels ishonchilligi R(t) w—— MTBF: O'rtacha xizmat muddati

- Rels eskirishi

Xizmat muddati, t (Amal gilish vaqti / Ekspluatatsiya muddati

2-rasm. Relslarning ishonchliligini baholash
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[8] Kpacuos, O. I'. BiusHue npoMeKyTOYHBIX
PENBCOBBIX CKpeIuleHui Ha m3Hoc penbcoB / O. T
Kpacnos, M. I'. Akames, H. M. Huxonosa // [1yts
myTeBoe xo3aicTBO. — 2022. — Ne 3. — C. 19-21.

[9] HucTpyknus 1O TEKyIIEMY COJAEPIKAHUIO
MyTH ¥  KOHTAKTHOTO  penbca  MOCKOBCKOTO
MetrporoiuTeHa. Paspaborano AO «BHUMXT».
YtB. J. A. JomartoBemm (['YII «MocKkoBCKuHiA
MeTponoauten»). — M. — 2018. — 337 c.
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Research of Foreign Experiences in Planning Railway Track Repairs Based
on Diagnostic Data

U.E. Ergashev!®?, Sh.Sh. Makhamadjonov®P
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: The article discusses modern approaches to planning the maintenance and repair of railway tracks
based on diagnostic data and digital technologies. The foreign methods of managing the technical
condition of the upper structure of the track, including monitoring, forecasting and automated
infrastructure analysis systems, are analyzed. Special attention is paid to the use of intelligent
diagnostic systems and predictive maintenance strategies. Examples of digital pathway monitoring
used in Russia, Europe, and Japan are considered. It has been established that the introduction of
automated control and forecasting systems makes it possible to improve train safety, reduce operating
costs and optimize the timing of repairs. The results obtained confirm the prospects for further
development of digitalization of track facilities and the introduction of modern methods of railway
infrastructure management.

Railway track, upper track structure, track diagnostics, digital monitoring, track technical condition,
repair planning, predictive maintenance, automated control systems, railway infrastructure, track
condition forecasting, track maintenance, train safety

Keywords:

NCCIIEAJOBAHUME 3APYBEXHBIX OIIBITOB I1O
INIAHUPOBAHHWIO PEMOHTOB KEJIESBHOJOPOKHOTI'O ITYTHU
HA OCHOBE IUATHOCTHYECKUX JAHHBIX

Sprames Y.J.10% Maxamaxkonos IIIIIT10P
"TamkenTcKknii rocy1apcTBEHHBIH TPAHCIOPTHBIH yHUBepcuTeT, TalKkeHT, Y36eknucTan

AHHOTaINUA: B crarbe paccMOTpeHbl COBPEMEHHBIC IOAXO/bl K IUIAHMPOBAHUIO COAEPIKAHUA M PEMOHTA
HKEJIE3HOJOPOXKHOTO MyTH HAa OCHOBE JMArHOCTHMYECKMX MAHHBIX M LUQPOBBIX TEXHOJIOTHH.
[poananu3upoBaHbl 3apyOeKHBIE METOMBI YNPAaBICHHUS TEXHHMYECKUM COCTOSHHEM BEPXHEro
CTPOEHHMS IyTH, BKJIFOYAs CHCTEMbl MOHHUTOPHHIA, NPOTHO3MPOBAHUS M ABTOMATH3UPOBAHHOTO
aHasm3a MHOpacTpyKTypbl. Oco00e BHUMAHHE YJEJICHO NPUMEHEHUIO MHTEIUICKTYaIbHBIX CHCTEM
JMarHOCTHKY M CTPaTeriy NPEAUKTUBHOTO TEXHUYECKOro 00CIyKuBaHUs. PaccMOTpeHbl mpuMepsl
uQpoBOro MOHUTOPUHIA IyTH, Ucmonb3yemble B Poccuu, EBpomne, SInoHun. YcTaHOBIEHO, YTO
BHEJPEHHE aBTOMAaTH3MPOBAHHBIX CHCTEM YNpPaBJICHUS M HMPOTHOUPOBAHMS IMO3BOJSET HOBBICUTH
0€3011aCHOCTh JIBIDKEHUS 110€3/J0B, CHU3UTh SKCIUTyaTallMOHHbIE 3aTPaThl M ONTHMHU3HPOBATh CPOKU
NPOBEJICHN PEMOHTHbIX paboT. IlonydeHHble pe3ysnbTaThl MOATBEPKIAIOT IEPCIHEKTHBHOCTD
JanbHeHIIero pa3sBuTys U(MPOBU3ALUY IIyTEBOrO XO3sSHCTBA M BHEAPEHUS COBPEMEHHBIX METOJI0B
ynpasiieHus: ”HOPACTPYKTYPOi JKeIe3HbIX J0POr.

JKene3HOOPOXHBIH MyTh, BEPXHEE CTPOCHUE IyTH, AUATHOCTHUKA MyTH, LM(POBONH MOHHTOPHHT,
TEXHUYECKOE COCTOSIHUE IIyTH, IUIAHUPOBaHHE PEMOHTOB, HPEJUKTHBHOE OOCIy)XHBaHHUE,
ABTOMaTH3UPOBAHHBIC CUCTEMBI YIIPABJICHUS, UHPPACTPYKTYpA XKEJIE3HBIX JOPOT, IPOrHO3UPOBAHHE
COCTOSIHUS ITyTH, COJEPIKAHUE ITyTH, 0E30IIaCHOCTD JIBH)KEHHUS 110€3/10B

Kunrouessie cioBa:

1. BBEJJEHUE

JKEIIe3HOIOPOKHON HHPPACTPYKTYPBHL.
Hcnonp3oBanue 3JIEKTPOHHO-BBIYUCIUTEIBHOMN
TEXHUKH OTKPBIBAET IIMPOKHAE BO3MOXKHOCTH [T
TTOBBIIICHUS 3¢ heKTHBHOCTH YIpaBJICHUS

TexHUYECKOE COCTOSHUE >KENE3HOJOPOIKHOTO MYTH
JIOJDKHO obecrnieunBaTh Oe3omacHoe u OecriepeboitHoe

JBIDKCHNE TOE37I0B ¢ MaKCHMAJIBHO JOIMYCTHMBIMH
JUTSl KOHKPETHOTO Y9acTKa CKOpocTsiMU. B HacTosmiee
BpeMsl CHCTEMa COJEpPKAaHWS M PEMOHTa MYTH
paccmarpuBaeTcs Kak Ba)KHBIN 3IEMEHT

als https://orcid.org/0000-0002-1537-5919
b https://orcid.org/0000-0002-3315-4968

oOpexTamu. Jlyisi BHEApEHHWs TaKUX TEXHOJOTHH
Heo0xomuMo (popMan30BaTh MPOIECCH TOTYYSHIS,
cbopa, 0OpabOTKM W TPENCTABICHUS NAaHHBIX O
TEXHHYECKOM COCTOSIHUM ITyTH. OCHOBOW MOTyYIEHHS
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9TOM WH(GOPMAIINH SABISACTCSA — AUarHOCTHKA. [ToMuMo
He€, JaHHBIN MpollecC BKIIIOYAET aHAIN3 MOTy4YEeHHOM
JUATHOCTHYECKOI nH(pOpMAINH, OILICHKY
(haKTUYIECKOTO COCTOSIHUS ITyTH, MPOTHO3UPOBAHHE
BO3MO>KHBIX HEUCIIPABHOCTEN U OCTATOUHOTO pecypca
€ro DJIEMEHTOB, OIpeJAeNeHHEe U ONTUMHU3ALHUIO
CPOKOB TIPOBEACHUS MYTEBBIX Pa0OT, OPraHU3AIHIO
WX BBIOJHEHUS, & TaKXKe KOHTPOJb KadecTBa U
Pe3yJIbTaTOB BHITOIHEHHBIX padoT. [1].
[InanupoBanue CpPOKOB U BHJIOB PEMOHTHBIX
paboT OTHOCHUTCS K YHCITy OCHOBHBIX JTaIlOB
YOpaBJIEHUSI TEXHUYECKUM COCTOSIHUEM BEPXHETO
crpoenus mytu (BCII). [Tpyn KOMITIEKCHOM MOAXOIC
0co00O¢ BHMMAHHE YICTSICTCS COBEPIICHCTBOBAHHIO
CpPEICTB  JHUAarHOCTHKH, PACIIUPEHUI0  TEpPEeUHS
JUATHOCTUYECKUX  MPU3HAKOB M  IOKaszaTesei
pazmuunbix coctosiHuit BCII, a Takke pa3BUTHIO

pacUETHBIX METOAOB OIICHKM W3MCHCHHUS €ro
cocrosausl. Kpome Toro, HeoOXo1umMo obecrieunBaTh
BO3MOKHOCTb MIPOTHO3UPOBAHUS COCTOSIHHUS
BEpPXHETO CTpOCHUS My TH. B 1eaoM
COBEPIICHCTBOBAHNE CUCTEMBI praBHeHHﬂ
TEXHUYECKUM COCTOSIHUEM BCII B
3KCl'lJ'IyaTaLII/IOHHI)IX yCJ'IOBI/IﬂX HaIpaBJICHO Ha
colep)kaHMe IyTM Ha YpPOBHE COBPEMEHHBIX
TEXHUYECKUX TpeOOBaHUI 51 IIOBBIIIICHUE

0€30IacHOCTH JIBH)KEHHUS 1TOe3]10B. [2].
CerousmHUA JEHb Yy4YeHblE pPa3BUTHIX CTpaH
AKTUBHO 3aHUMAKOTCs IMPOrHO3NPOBAHNEM n
MOJIEJIMPOBAHUEM TEPCIIEKTUBHOIO IUIAHUPOBAHUS
TEKYILETo CoIepXKaHUs u peMoHTa
KEJIEe3HOAOPOXKHOTO IYTH, TaK KaK 3TO SBIACTCS
OJHMM U3 OCHOBHBIX KJIIOYEBBIX aCIEKTOB [
JanbHedIer — ciyObl  uMHQpacTpykTypel.  Psg
HCCJIEZIOBAaHUN BBINOJHACTCS YYEHBIMH U3 CTpaH
CHI', EBpombl, A3un, Amepuku u T.I1. B HaydHO-
HCCIIEZI0BATENbCKUX PadoTaX 0COOYIO POIb 3aHUMAET
IU(POBHU3AMS U aBTOMATH3AlUsA MyTEBEIX paboT Ha
OCHOBE JUATHOCTUYECKUX JAHHBIX, Pe3YJIbTaThI
KOTOPBIX IPUBOJAT K YMEHBLICHUIO TEXHUKO-
HKOHOMHYECKHX PACXO0B B IPOLIECCE IKCIUTyaTalluy
nyTd. B memnax riayOoKoro H3ydYeHHs MHPOBBIX
OIIBITOB o IUTAaHUPOBAHUIO PEMOHTOB
KEJIEe3HOAOPOXKHOTO  IYTH,  NPOAHATIUZUPYETCS
HECKOJIBKO Hay4YHbIX PabOT 3apyOekHBIX CTpaH, B

KOTOPBIX  JICTaJbHO  OIWCBHIBAIOTCSL  OCHOBHBIC
poOIIEeMBI u 3amaun JKEIIE3HOTOPOIKHOI
UHQPPACTPYKTYPHL.
2. METOJbI

Bonpocs! onTUMH3aLUN CUCTEMBI COJEPKAHMS MYTH
BIIEpBBIE ObUIH C(HOPMYITHPOBAHBI M UCCIIEAOBAHBI B
paborax mpodeccopor I'M. Illaxymsama u H.IL
KonpakoBa. JlanpHeilliee pa3BUTHE aHATUTUYECKUX
METO/OB ONTHMHU3AINHN YIPABICHIECKNX PEIICHUH B
o0macT  MyTeBOTO  XO34HCTBA  MONY4YHJIO B
nccienoBanmsx npodeccopa B.M. Tuxomupona, B.4.
lymeru, B.M. SlHuHa M Apyrux yY€HBIX. A TaKKe,
TTOJIXO/T K JKEJIE3HOAOPOKHOMY ITyTH HE TOJIBKO KaK K

WH)KCHEPHOW KOHCTPYKIMH, HO M KakK K CIIOXHOU
JMHAMHYECKOH CHCTEME, TEXHHYECKOE COCTOSIHUE
KOTOpPOW TIOCTOSIHHO W3MEHSETCS MOJ] BO3JCHCTBHEM
BHEITHUX  (aKTOpOB,  BKJIIOYAsi  PEMOHTHEIE
YIpaBISIIOIINE BO3JEHCTBHS, paccMaTpuBaicsi B
pabotax 3.JI. Kpeitauca, JI.I. Kpeicanosa, A.B.
l"aBpunenkoBa u Apyrux uccienonarenei [2].

B nHacrosmiee Bpemsi [lonmokeHnem o cucteme
BEJICHUs TIyTeBOro xo3siictBa AQO «Y30€KHCTOH
Temup Hynmapu» [3] mpeayCMOTpPEHBI CleXyrolue
PEMOHTHI ITyTH (OCHOBHBIE PEMOHTHI):

- KalTUTaJIbHBIA PEMOHT;

- Cpe/IHUIl pEMOHT;

- TOJTbEMOYHBIN PEMOHT;

- CIUIONIHAs 3aMEHa PeNIbCOB U METATNYECKHX
YyacTeldl CTPEJIOYHBIX TIEPEBOJIOB HA HOBBIE W/WJN

CTapOoroJIHHE;
- TEKYyILee COMePIKAHKE MTyTH.
OcCHOBHbIE PEMOHTBI [TAHUPYIOTCS B

COOTBETCTBHH C HOPMaMH NEPHUOANIHOCTH.
Kak caMoOCTOSTENbHBIN BHJ PEMOHTA MOXKET
IJIAHUPOBATHECSA W BBITOJHATHCA pCKOHCprKLII/ISI
(monmepam3anusi) (P)  Kelne3HOJOPOKHOTO  IyTH.
OcHoBaHMEM Ui TPOBEJNCHUS PEKOHCTPYKIHH
(MomepHM3AITNH) KETE3HOAOPOIKHOTO MYTH SIBIISIETCS
TUIaHUPYEeMOe (TIepcneKTUBHOE) YBEITUUCHUEC
pr3OHaHp${}l(eHHOCTI/I, MacCcChl, AJIMHBI NI CKOpOCTeﬁ
JIBIDKEHUSI TI0€37I0B, BBEICHHE B OKCILIyaTalHio
HOBOTO TOJBIKHOTO cocTaBa. B  pesynbrate
PEKOHCTPYKIIMM MOXET H3MEHUThCS KJIAacC IyTH.
Pexonctpykuus (MonepHM3anys)
JKENIE3HOJIOPOKHOTO  MYTH  OCYLIECTBIISETCS B
COOTBETCTBHH CO CIICIIHAIIBHBIM ITPOSKTOM.
Kamuraneueit pemont (K). Ilmanupyercs u
BBIIOJIHSIETCST HAa IYTSIX BCEX KJIACCOB, TJe

HEo0X0ANMO MIPOBECTU yCuIIeHHe W/Am
03/10pOBJICHUE PpEnBCOBOTO xo3s1iicTBa c
OHOBPEMEHHBIM  yCHJIEHHEM  OaJJacTHOrO M
LINaJIBHOIO XO3SKCTB.

Cpemuuit = pemont (C). Ilmammpyercs wu
BBIIIOJIHSIETCS Ha IIYTSIX BCEX KJIACCOB, TJE
HEoOXOUMO TPOBECTH YCHJICHHE OalIacTHOTO

XO035MCTBA U 03I0POBJICHHE IITAJIBHOTO XO35MCTBA.

IHomgsemounsnit pemont (II). Ilmanupyercs u
BBINIOJIHSIETCS HAa IIyTSIX BCEX KJIACCOB, TJE
HE00X0ANMO YMEHBIIHUTh HEpaBHOIPOYHOCTh
BEPXHETO CTPOEHHUSI M TpeOyeTcsi BOCCTAHOBJICHHE
PaBHOYIPYTOCTH HOIIIIATBHOTO OCHOBAHUS 3a CUET
3aMEHBl M3HOUICHHBIX W NMPHIIEANINX B HETOJHOCTD
JJIEMEHTOB ~ BEPXHETO  CTPOCHHS,  YAaCTHYHOTO
BOCCTAHOBJICHUS JPEHUPYIOLINX CBOWCTB Oaniacra,
CIUIOLTHOW BBIIPABKH U MTOJOMBKH ITyTH.

CmommHass ~ 3aMEHa  PENbCOB (CP) u
METAUIMYECKNX YacTeH CTPEOYHBIX MEPEeBOZOB Ha
HOBBIE /WM CTAapOTOJHME BBIIONHACTCS C IEJIBIO
OOHOBJIEHUSI WUI YCWIICHHS PEJCOB M CTPETOYHBIX
MEPeBOJIOB M COMPOBOXKIAETCS COMYTCTBYIOIINMHA
pabotamMu B 00BeMax CpPemHETO MM IMOABEMOYHOTO
(BBIIPAaBOYHOTO) pPEMOHTa B 33aBHCHMOCTH  OT
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TEXHUYECKOI'0 COCTOSIHUAS 0aIaCTHOIO M IITAJILHOTO
XO3SICTB.

Tekyuiee cojepIKaHue yTH BKJIIOYAET
CUCTEMATHUYECKH  Hag30p W KOHTPOJb  3a
TEXHUYECKUM COCTOSHUEM IYTH M OCYIIECTBIISIETCS
HETIPEPHIBHO B TEYEHUE BCETO I'0Jla, B TOM YHMCIIEe U HA
y4acTKax, TJie MPOU3BOASTCS PEMOHTHI Ty TH.

Poccuiickumu  yuéHbpIME ObUTa  pa3paboTaHa
MEeTO KA OnpeIeTIeHUs ONTUMAJILHOTO
pacmpesieneHuss  CpelICTB  MpPH  CPEIHECPOUHOM

MEPCIIEKTUBHOM IUIAHWPOBAHWM PEMOHTOB IYTEBOM
nnopactpykrypsl OAO «PXXI». OcHOBOI aaHHOM
METOJIMKH SIBIISIETCS IPOTHO3UPOBAHUE TEXHUYECKOTO
COCTOSIHMSI TYTH Ha OCHOBE JaHHBIX €IWHOM
TexHojornyeckod ©0a3zpl  ACY uHQDpacTpyKTypsbI
kommanuu (puc. 1). [lpumenenue pa3zpaboTaHHOM
METOIUKH  T03BOJISIET  CHM3UTh  3aTpaThl  Ha
coJiepKaHKe My TeBOM MHPPACTPYKTYPhI IPUMEPHO Ha
5 % [4].

B MupoBoO#i MpakTHKE JOCTATOYHO MHOTO MOXKHO
YBUJIETh TEPEJOBbIE W WHHOBAIIMOHHBIE METOIBI U
TEXHOJOTMU MO0 MOHUTOPUHTY M TUIAHWPOBAHUIO
TEKyILEero coJlepKaHus U PEMOHTOB
KEJIE3HOIOPOXKHON HHpacTpykTypbl. K npumepy,
HopBexckast kommanusi Bane NOR BHempuia
dpoByro CHCTEMY MOHHUTOPHHTA
JKEJIE3HOIOPOKHOTO MYyTH B BHJE IPOrPaMMHOTO
MPUIIOKEHHUS], OCYIIECTBIISIONIEr0 aHAIN3 COCTOSIHUS
koueu (puc. 2) [5].

Wudopmanus B cucteMy IOCTYHAeT ¢ JAaTYUKOB,

YCTaHOBJIEHHBIX Ha yTH u ITyTEBOH
UHQPACTpyKType.  OTH  JATYMKH  IO3BOJIIOT
OIIEpaTHBHO BBISABIIITH OTKJIOHEHUS u

CHTHAJIM3HPYIOT CIELHAINCTaM O HE0OXOOUMOCTH
NPOBEICHUS TEXHHYECKOro OOCTY)KMBAHHS IS
YCTPaHEHHs] HEUCIPABHOCTEH M IMPEAOTBPAILCHHS
BO3MOJKHBIX COOCB IBHIKEHUSI TOE3/10B.

IMosmy4aemble JaHHBIE HCIIOIb3YIOTCS KaK OCHOBA
1711 OPMHPOBAHUSI IPOTPAMM PEMOHTOB U TEKYIIETO
comepkaHus myTd. IIpu TakoM IOIXOAE CPOKU
BBINOJIHEHUSI paboT 1o OOHOBJIEHHIO OOBEKTOB

ITyTeBOM UH(PACTPYKTYpHI OIIPEETISIIOTCS
(daKkTHUeCKUM ~ COCTOSIHMEM, a He  3apaHee
YCTaHOBJIEHHBIM Ipa(uKoM.

Ilokazanust ~ maTYMKoB  OTOOpakaroTcs B

MIPUIOKEHUH MOHUTOPHHTA, KOTOPOE €KEITHEBHO
HCIIOJIB3YETCSI CHENNATNCTAMH TEXHUIECKOTO OTETa
cayx0b1 mytu. Kpome Toro, sta wuHbopManus
IIOMOTaeT  PYKOBOJCTBY  JKEJIE3HOW  JOpPOTH
aHaJIM3MPOBaTh MPUYMHBI BOSHUKHOBEHHA Je(PeKTOB
1 TIPUHUMAThH YIPESKAAIOIINE MEPBI, MIPEAOTBpaIas
pa3BUTHE HEUCIIPABHOCTEN.

Pa3paboTunky HA3BIBAIOT JAHHYIO TEXHOJIOTHIO
«YMHBIM» 0OCITyKHBaHHEM.

B psime ctpan, takux kak Anrims, Humeprnaumst,
I'epmanns, CnoBenus u JlaHus, A7 pelIeHus 3a/1aq
OpraHM3ali IYTEBBIX pabOT W TEXHHYECKOTO
00CITyXKUBaHUS HH(PACTPYKTYPHL, BKITFOYAs
BBICOKOCKOPOCTHBIE JIMHUH, MPUMEHSETCS

KOMILJIEKCHBIA CUCTEMHBIA moaxol. OH peanusyercs
yepe3  MPOrpaMMHO-TEXHOIOTHYECKYI0  CHUCTEMY
IRISSYS (International Railway Inspection and
Services System) — MexXIyHapOOHYO CHCTEMY
TEXHHYECKOTO KOHTPOJISI U 00CITYKHBaHHS KEIE3HBIX
nopor. [laHHas cucteMa 00eCIeuYMBaeT ITOJIEPIKKY
BCETO Tpolecca yHpaBieHdss HHOPACTPYKTYPO: OT
TEKyILEro aHajanu3a JAHHBIX TEXHHUYECKOI'O KOHTPOJIA
n0 QopmupoBaHHMS 3amad 1O  TEXHUYECKOMY
obciyxuBanuto. IRISSYS mo3Bonser BBIABIATH
HanOosiee ys3BUMBIE YYacTKH HH(PaCTPyKTypHl H

OTIpENIeTISTh MPUYMHBI BO3HUKAIOIINX
HEHCIIPaBHOCTEH. Kpome TOTO, cucrema
obecrieunBaeT  WH(GOPMAIMOHHYIO  TOIACPIKKY

TUTaHUPOBaHMsI pPabOT M KOHTpOJsl Oro/pKeTa Ha
TEXHHUYECKoe OOCITy)KMBaHHE, a TaKKe XpaHUT
JaHHBIE O COCTOSIHMM HWH(}pacTpykTypsl. OHa
CrocoOHa WHTErpHPOBaTh MCXOAHYIO HH(pOPMAIHIO
OT pa3IMYHBIX H3MEPUTENBHBIX CHCTeM  0e3
HEOOXOAMMOCTH WX JOPadOTKH WM HW3MEHEHHS
MporpaMMHOTO obecriedeHus.. [6].

IRISSYS mno3Bossier ompenensaTh Ae(ekTsl Ha
CaMOM BBICOKOM JIOCTYIIHOM ypoBHe. MHTepBassl
H3MepeHHﬁ OT HCTOYHHKA KOHTPOJS MOTYT 6BITB
MPAKTAYECKH HEOTPAHUYSHHO MaJTbl (pHC. 3. v puC. 4).
OG])I‘IHO OH UMECT qUaria3oH OT HECKOJIbKUX MCTPOB
(mampumMep, TpH  ONTHYECKOM KOHTpOJIE) [0
HECKOJIbKMX 3HAYeHWH Ha CaHTHUMETp (Hampumep,
ro¢pa, TOJIIIHA KOHTAKTHOW TPOBOJIOKH). [7].

Ora cuctema JaéT BO3MOXHOCTh IIOJIyYHThb
JUAarHOCTHYECKHE  JaHHblE 10  €AUHOMY H
KOMILJIEKCHOMY aHanu3aM. EquHbIi aHanu3 o3Hayaet
aHaIU3 JaHHBIX 110 OJHOMY KOHKPETHOMY OOBEKTY
UH(PaCTPyKTypsl (Hampumep, TEOMETPUH IIyTH,
KOHTaKTHOW ceTH). OTH JaHHbIE MOTYT ObITh
MPEICTABICHbl TOYCUHBIMH WM  CEKIMOHHBIMU
JaHHbIMH. B JnononHeHwe Kk mpodeccroHanbHOI
OLIGHKC KOHKPETHBIX JaHHBIX O  COCTOSHHHU
(HamprMep, TONBKO T€OMETPUU TPACCHI), NAaHHBIE O
pasNMuYHBIX ~ 3JEMEHTaXx  Tpaccel  (Hampumep,
TEOMETPUH TPACCHI U KOHTAKTHOMN CETH) TAKXKE MOTYT
OBITH TIPOCMOTPEHBI OJHOBPEMEHHO. OTOT MOIXOJ
Ha3bIBACTCSl KOMIIJIEKCHBIM aHAH30M.

B BemukoOputanuu yrpaBieHHE COCTOSHHUEM
JKENIC3HOIOPOXKHBIX ~ITyTeH  OCYIIECTBISAETCS Ha
JOCTaTOYHO  BBICOKOM  ypoBHe.  PazpaboTka
3(h(eKTUBHONH CTpaTeTHH YIPABICHUA SBIISETCA
CIOKHOW 3amavedf, Tak Kak TpeOyer yudeTa
B3aMMOCBS3aHHBIX  TPOIECCOB ~ M3HOCA  IIYTH,
WHCIEKIINH, TEXHUYECKOTO  OOCIYXMBaHUS W
oOHOBIICHIS HHPPACTPYKTYPHL [8].

Jos aHaJmM3a CTpaTeruu YIIpaBICHUS
MPUMEHSACTCS MapKOBCKash MOJEJb, ITO3BOJIIONIAS
MIPOTHO3MUPOBATh HW3MEHEHHE COCTOSHHS YydYacTKa
OyTH BO BpeMeHH. Mopenb ONMCHIBAET, Kak
COCTOSIHME IIyTH H3MEHSETCS B 3aBUCHMOCTH OT
BEIOPAHHOW CTpaTeruy OOCTyXHBaHUA. [lapaMeTps
MOJIENIH, CBSI3aHHBIC C COAEPKAHHUEM, PEMOHTOM H
OOHOBJIEHHEM IyTH, MOTYT M3MEHSTBCS JUIS OLEHKH

ENGINEER



WX BIMSHUSI HA )KM3HEHHBIH LIHKIT 5KeJIe3HOJOPOKHOTO
myTd. TakuM 00pa3oM, MapKOBCKast MOZETb CITY>KHT
OpOCTBIM W 3(Q(EKTUBHBIM HHCTPYMEHTOM IS
UCCJICJIOBAaHUST DPA3UYHBIX CTPATETHi YIpaBICHUS
ITyTE€BOH NHPPACTPYKTYPOH.

B BenmukoOpuTaHUM COCTOSHUE TEOMETPHUHU MYTH
peryisipHO OLIEHUBAETCS c TIOMOIIBIO
Ty TEM3MEPHUTEIBHBIX YCTPOHCTB. KonTponn
OCYIIECTBISICTCS Ha YydYacTKax JUIMHON Oonee 220
sproB (1/8 mmmm). PesynmpTaThl cepun W3MEpeHUi
WCIONB3YIOTCSL Ul INPHHSATHA ~ pPEeIIeHuH O
HEOOXOJMMOCTH M CPOKaX IMPOBEICHNS TEXHUYECKOTO
00CITyKHBaHUS.

Ecnn mapameTphl reoMeTpUM TYTH BBIXOASAT 3a
JONYCTHMBIE TIPEJEIbl, BBINONHSETCS IUIAHOBOE
TEXHUYECKOE OOCITy)KMBaHUE, HAaIlpaBIEHHOE Ha
BOCCTaHOBJICHHE HOPMATHBHOTO COCTOSIHUSI IyTH. B
cilydasiX, KOIJIa COCTOSHME TYTH TPOJOIDKAeT
YXYyIIIAThCsl 0 Hayana pPeMOHTAa, M3 COOOpa)KeHHi
0€30IacHOCT! BBOJSITCS OIPaHUYEHHS CKOPOCTH
JIBIDKEHUST TIOE37I0B 10 BBINOJHEHHS HEOOXOIMMBIX
pabor.

OcHOBHasi  Lenb  CTpaTeTMHd  YIpaBJICHHS
HKEJIE3HOIOPOKHON HMH(PPACTPYKTYpOH 3aKIHOUYaeTCs
B o0ecreueHnn TpeOyeMoro KayecTBa IMyTH ¢ TOUKH
3peHusi 0e30MacHOCTH JIBIDKEHUST H  KoMdopTta
MacCaXupoB IIpU MUHUMAJIBHBIX 3KCILTyaTallMOHHBIX
3aTparax. TexHH4YecKkoe OOCIy)KHBAaHHE SBISCTCS
OJHUM U3 KIIIOYEBbIX d)aKTOpOB, BJIIMAKOIINUX Ha
HKOHOMHUYECKYI0 3P (HEKTUBHOCTH KEIE3HOW JIOPOTH.

Jnst  WccnemoBaHUS  IPOLECCOB  YIIPABICHUS
IIyTEBOM HHPPACTPYKTYpOi HCIOJIB3YIOTCSA
pasnuuHbBle  cTOXacTWdeckue — mozend.  OHHM
00BEAMHSAIOT IPOLECCHl H3HOCA M TEXHHYECKOIo
00CITy)KUBaHHU, TI0O3BOJISS IIPOTHO3UPOBATH
HU3MEHEHHE COCTOSHMS IyTH BO BpeMeHH. B psame
MOJIeJIel COCTOSHHE IIyTH IIpeACTaBIIieTCS Yepes
MHTETPANBHBI [TOKa3aTelnb KadecTBa IyTH — 1rack
Quality Index (TQI), xoropsiii dopmupyercs Kak
NUHeWHas KOMOWHAIMSA HECKOJBKUX I1apaMeTpOB
T€OMETPHH PENBCOBOTO Iy TH.

VYrpaBiaeHHE — KENE3HOJOPOXKHBIMH  ITyTSAMHU
BKJIIOYAeT IUTaHUPOBaHUE cofepKaHni "
TEXHUYECKOTO OOCITYXHMBaHUS, HEOOXOIUMBIX JUIs
KOHTPOJSA COCTOSHUS NYTH H IPEJOTBPAILCHUS
MIOCIIEACTBUI €ro U3HOCA.

B Slmonunu 6b01 pazpaboTaH METOA TEXHHYECKOTO

00CITyKUBaHHS JKEJIe3HOZOPOKHBIX nmyTeH,
OCHOBaHHBI Ha OICHKE pHCKOB M aHaJIU3e
m3o0pakenmit.  Jlaboparopusi ~ reoMeTpuHM  H
TEXHHYECKOT0  OOCIY)XHBaHHs IIyTe€H  co3mana

TEXHOJIOTHIO ONpelelieHHs OHAacHBIX (haKTOpOB,
KOTOpbIE MOTYT YBEIMYMTh MAacIiTad MOCIEICTBUIA
TIPH CXOJE TI0e3/1a C PEIbCOoB. [9].

Taxxke Obpmia pa3paboTaHa MOAENH YIIPaBICHUS
TEXHHYECKMM  OOCITY)KMBaHHEM,  ITO3BOJISFOLIAS
paccUUTHIBATh JOIYCTHMBIC 3HAYCHUS HEPOBHOCTEH
MYTH X ONITUMAJIbHBIE HHTEPBAJIBI IIPOBEPOK C YIETOM

3aTpaT Ha COAepKaHWe IMyTH U BO3MOXHOTO ymepoa

OT aBapuil.
TpaMLIMOHHO pelIeHHe O NPOBEJECHUH PEMOHTA
NpPUHUMAETCs IyTeM CpPaBHEHHsS  Pe3yJlbTaToB

U3MEPEHHH C YCTAHOBJICHHBIMH HOPMATHBHBIMH
3HaueHUsIMH. OJIHAKO HOBBIA IMOJXOJ OCHOBaH Ha
OLICHKE PUCKOB: JJIsl YIIPABJICHUS COCTOSHHEM ITyTH
UCIIOJNIB3YIOTCSL JIAHHBIE MOHUTOPHHTA W MOJICNH
MPOTHO3UPOBAHHUS PHCKA.

Jns BU3yanu3aluu pe3yJbTaToB ObLT CO3JaH
CTEIHANIBHBIN TPOCMOTPIIMK JaHHBIX 00 OMACHOCTSX.
OH no3BonseT:

e  0TOOpakaThb pe3yJIbTaThl aHAIHU3a BMECTE C
H300paXKEHHUSAMH, MOTYYCHHBIMH C TTOE3/I0B;
e  MOKa3blBaTh  paclpesiesicHHe

YYaCTKOB Ha KapTe U CXeMe MyTH;

e  oroOpaxaTh WHGOPMAIMIO O Tpacce W
UH(PACTPYKTYPHBIX COOPYKEHHSIX.

Cucrema Taxxke coBmMectumMa ¢ LABOCS
(Laboratory’s Conversational System) -
MPOTrpaMMHBIM obecriedeHreM Juisi paboThl ¢ 6azamu
JaHHBIX, IIUPOKO IMPUMEHAEMBIM IIPU O6CJ'Iy)KI/IBaHI/II/I
HKEJE3HOJOPOKHBIX IIyTEH.

B pesynbraTe cTano BO3MOXKHBIM:

o BBISBJIATH d)aKTOpI)I, yBEJIMYUBAKOINE
MOCIEICTBHSI CXO/Ia TI0E3/I0B C PEITBCOB, C MOMOIIBIO
aHaM3a N300pakeHnH;

®  MPOTHO3HPOBATH COCTOSIHHE ITyTH;

e  ONpeleniThb  ONTHMAalbHBIC  MapaMeTphl
TEXHUYECKOTO OOCIYyXKUBaHUS M IEPUOANYHOCTH
IIPOBEPOK C yYETOM KaK AKCIUTyaTalMOHHBIX 3aTpar,
TaK U pUCKa aBapui.

OImaCHbIX

3. PE3YJIbTATbBI

Ha yuwacTkax »Kene3HbIX JIOpPOTr C HHTEHCHBHBIM
JBIKEHHEM TPY30BBIX U CKOPOCTHBIX MACCAXKHUPCKUX
[0e310B  0co00e 3HAueHHe NPHOOpEeTaeT 3HAHUE
(haKTHUECKOTO COCTOSIHHS BEPXHETO CTPOCHHS Iy TH,
TaKKe CIIOCOOHOCTh IPUHMMATh OOOCHOBAaHHBIE
pereHns Ha OCHOBE HH(pOpMaIHH,
XapaKTepHU3yIOLIeil ero COCTOsIHUE. DTO CTAaHOBHUTCS

CTOJNIb € BaXKHbIM  ycJlOBHEM A(PQEeKTHBHON
IKCIUTyaTaly, Kak  O0ecrmedeHWe  MyTEBOTO
XO3SHICTBA  Marepuajamd, OOOpYIOBaHHEM U

TexHUKOH. OT [OCTOBEpHOH OIIEHKA COCTOSHHUS
BEPXHETO CTPOCHHUSA IIyTH HANPAMYIO 3aBUCST
0€30IMaCHOCTh  IBIDKEHHS I0€3M0B M O00BEM
(PMHAHCOBBIX 3aTpaT Ha MPOBEACHUE PEMOHTHBIX
pabort [1].

Ceromuss B Eppome, Cesepuoit u HOxHOI
Awmepuke, Adpuke u A3uaTcKo-THXOOKEaHCKHX
CTpaHax JEHCTBYIOT HOPMATHUBHBIE JOKYMEHTBHI
International Rail Standards (IRS) B xoTopsIX
MIPUBOJSITCS BCE TPEOOBAHUS K JKENIE3HOAOPOKHOU
uHppacTpykrype. OmHMM #3 TaKuX JIOKYMEHTOB
sersiercst UIC 714 R [10], uTo omuckIBaeT Kiacc myTH
¥ HapaOOTKM TOHHAXA 110 y9acTKaM.
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[TnaHupoBaHue PEMOHTOB IyTH IO CTaHAApTaM
UIC 0GasupyeTcs Ha CTpaTETHH XKU3HEHHOTO IMKIIA
00pekTOoB (Asset Management). [maBHas menp —
MEPEHTH OT aBAPUHUHOTO PEMOHTA K PETUKTUBHOMY
(MPOTHOCTHYECKOMY) OOCIY)KHBAaHUIO Ha OCHOBE
(aKTHYECKOTO COCTOSIHHSL TYTH M HAKOIUIEHHOTO
TOHHAXA.

4. OBCYXJIEHHE

IIpoBen€HHbI aHaMU3 MOKa3all, YTO COBPEMEHHBIE
CHUCTEMBI COAEPIKaHUS KEJIE3HOJOPOKHOTO MYyTH BCE
OOJIBIIIC OPUCHTUPYIOTCS Ha [U(POBU3AIMIO U
MPOTHO3UPOBAHUE TEXHUYECKOTO COCTOSIHUS
uHppactpyktypel. B Poccum  mimaHumpoBaHue
PEMOHTOB  OCHOBBIBAETCSI HAa  JIMArHOCTHYECKHUX
NaHHbIX [4], TpOrHO3€ COCTOSHUSI TYTH U
aBTOMATU3UPOBAaHHBIX  CHCTEMax  yIpaBlIEHUSL.
3apyOexHbIli  ONBIT  JEMOHCTPUPYET  BBICOKYIO
3¢ (GEeKTUBHOCTh HMHTEJUIEKTYaJIbHbBIX CHUCTEM
MOHHMTOPHUHTA, MO3BOJISIONIAX BBIABIATE Ne()EKTHI B
pexuMe peansHoro BpemeHnu. B Hopsernu u crpanax
EBponbl  akTMBHO  mpUMeHSIOTCS  HU(pPOBbBIC
1aTGOPMbl U JATYUKUA KOHTPOJIS COCTOSIHUS ITyTH.
PaccmoTpeHHBIE TTOIXOABI MO3BOJSIIOT NMEPEUTH OT

TUIaHOBO-MIPEYTIPEAUTEIBHBIX PEMOHTOB K
00CITy)KMBAaHHIO 1O  (PAKTUYECKOMY COCTOSIHHIO
UHQPPACTPYKTYPHL. HawuGonee 3 PEeKTUBHOM

cTpaTterueil BseTca MPOrHO3UPYIOLIee TEXHUUECKOe
00CITy)KBaHHE, IO3BOJIAIONIEE CHU3UTh PUCK OTKA30B
W YMEHBIIUTH  OKCIUTyaTAal[MOHHBIE  3aTpaThl
Ucnons3oBanue cranaaptoB UIC u koHuenmu Asset
Management oOecrieurBaeT OoJiee palMOHAIBHOE

IJTaHUPOBaHUE MEXPEMOHTHBIX CpPOKOB.
Iomy4eHnsle Ppe3yJIbTaThl MOJATBEP)KAAIOT
HEOOXOIUMOCTh ~ BHEAPEHHS  HHTEIUICKTYaJbHBIX

CHCTEM AMArHOCTUKHU U aHAIN3a JAHHBIX B NIPAKTUKY
IIyTEBOTO XO35HCTBA. DTO CIIOCOOCTBYET MOBBIICHUIO
0€30I1aCHOCTH JIBM)KEHUS TI0€3]10B, CHIDKEHHIO 3aTpaT
U YBEIMYECHHUIO CPOKA CIY>KOBI 2JIEMEHTOB BEPXHETO
crpoenus mytu [10].
HNiunrocTpauuu u gopmybl.
Ha pucynke | mpezacraBieHa cxeMa METOIUKH
CPEIHECPOYHOT0 NMPOTHO3UPOBAHUS U MIIAHUPOBAHUS
peMoHTOB IyTH. CxeMa 0TOOpaxaer:

* IIPOTHO3MPOBAHHE W3MEHEHHsI COCTOSHHUS
yTH;

*  SKOHOMHYECKAs OLICHKa;

*  ONTHUMH3ALS;
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Puc. 1. — CxemMa MeTOAMKH CPETHECPOTHOTO
NMPOTrHO3UPOBAHMA U INIAHUPOBAHUSA PEMOHTOB
nyTH [4]

Ha pucynke 2 mpuBoaurcsi cucrtemMa nu(ppoBOTo
MoHMTOpHHra mytd B  Hopeermun. Cucrema
npeacTaBisier coool 1M(pPOBOH MOHUTOPUHT M €TO
JOCTOMHCTBA.
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Puc. 2. — Cucrema nun¢poBoro MOHUTOPHHIA YTH
B Hopeeruu [5]

(MecTa yCTaHOBKM [aTYMKOB Ha KapTe CIIpaBa
COOTBETCTBYIOT INOKa3aHHBIM Ha (hparMeHTax IyTH
CclIeBa: TEMHO-CHHUI — Ha KPECTOBUHE, CBETJIO-CUHUM
— Ha OCTPSIKe, XKEJITHII 1 KPAaCHBIM — Ha TPSMOI)

PucyHok 3 wuHOpOpMHPYET O TI€OMETPHYECKOM
aHaM3e MyTH, TTONydeHHOM mporpammoii Localhost-
Data analyser. Ha pricyHke MTOKa3bIBaeTCsI pe3yIbTaThI
10 CKOPOCTH, KOJIee U MPOQUITIO MyTH.

Puc. 3. — 'eomeTpuyeckuii aHaau3 myTw,
noJy4enHblii mporpammoii Localhost-Data
analyser [7]

Ha pucynke 4 toxe mMerorcs HHQOPMaUH IO
nedexkrtaM penbcoB B MPOTPAMMHOM OOECHEUCHUH
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Localhost-Data analyser. PucyHok omichkiBaeT aHaIN3
00HapYKEeHHsI HEUCIIPABHOCTEH B ITYTH.

S TR

Rail wear data only |
3 |

Built-in
rail profile viewer

Puc. 4. — Ananu3 nepeKTOB peIbLCOB B
nporpammMHoM obecnedyennn Localhost-Data
analyser [7]

IIpu  npakrtuueckoit  ouenke g BCII
CpeaHeroIoBoro (HOPMaTUBHOI0) 00beMa PEMOHTOB
JAaHHOTO BHJA Ha TJABHOM IIyTH IPHMEHsIEeTCS
M3BECTHAS SMIHMpPUICcKas popmyna [2].

[ep-L
Ty

rae, W — cpeiHero1oBoii 00beM peMOHTA IAHHOTO
BUJIA;

['cp — cpenHsis Tpy30HaNpPsSHKEHHOCTH;

L — npoTsHKEeHHOCTH IIABHOTO ITyTH HAIIPABJICHHUS;

Tu — cpenHsss MEeXpPEMOHTHas HOpMa HapaOOTKH
TOHHaXa.

Cornacuo IRS 70714 [10], ompenensiercs Kiacc
muHrd.  OT  9TOro  3aBUCSIT  HOPMATHUBHbBIC
MEXXpEMOHTHbIE Cpoku. Pacuer Benercs depes
(UKTHBHBIN (IpUBEICHHBIN) TOHHAX Tf (B CyTKax)

Ty =Ay Sy Th+ 2, Sy Ky T,
rae: Tl — peaibHBIl TOHHAX MACCAKUPCKUX
0€3/I0B;
T!, — peanbHblit TOHHAXK TPY30BBIX M10E3/I0B;

Sv u Sv — kod(puUIMEHTHI, YyYUTHIBAIOIIHE
CKOPOCTH JIBIKCHHS [I0C3/I0B;
AW u Am — KO3(D(QUIMEHTHI, Y4YMTBHIBAIOIIUE

BIMSIHHE M3HOCA OCeil TAMOBBIX Y3JIOB H KX
MPOLIGHTHYIO JIOJIF0 B 0OIIEM 00beMe TIPY30BBIX H
MACCAXKUPCKHUX [EPEBO30K;

Kv — ko3h¢unment, y4YUTHIBAIOIIUA KAk
BIIMSIHUE HArPy3KH, TAK M H3HOC IPY30BBIX TEICKEK.

5. BBIBO/IbI

B pesynprare mMpoBeAEHHOTO HCCIECIOBAHUS OBLIH
paccMOTpPEHbI COBpPEMEHHBIE TTOIXOIBI K
TUTAHUPOBAHUIO coJiepKaHus " pEMOHTa

KEJIEe3HOAOPOXKHOTO  IyTH,  NpHMEHSEMble B
3apyOe)KHBIX CTpaHax. YCTaHOBIICHO, YTO Pa3BUTHE
MYTEBOTO  XO3SMCTBa CBA3aHO C  BHEAPEHHEM
OUQPOBBIX  TEXHOJNOTHH,  aBTOMAaTU3MPOBAHHBIX
CHCTEM JMAarHOCTHKH W METOJOB IPOTHO3UPOBAHUS
TEXHHYECKOTO COCTOSHHUS MHPPACTPYKTYpHL. AHAIN3
3apyOeIKHOTO OITBITA MoKa3aj BBICOKYIO
3¢ (EeKTHBHOCTH CUCTEM MOHUTOPHHTA "

MPEIUKTHBHOTO OOCTY)XMBAHUS, OCHOBAHHBIX Ha
00paboTKe MaHHBIX O (PAaKTHIECCKOM COCTOSIHUAH ITyTH.
OmnpeniesieHo, YTO MPUMEHEHHE WHTEIIEKTYaTbHBIX
CHUCTEM YIpaBJIEHHs [O3BOJSIET CBOEBPEMEHHO
BBISIBJISITh ~ JIe()eKThI,  ONTHMHU3UPOBATH  CPOKH
BBIITOJIHEHUSI ~PEMOHTHBIX  pabOT W CHUXKATh
IKCIUTyaTallMOHHBIE  pacxoipl.  Kpome  Toro,
UCIIOJIb30BaHHE MEXAYHAPOIHBIX CTAHAAPTOB U
KOHLIEMIIUK  yIPaBJAEHUS  KU3HEHHBIM  [UKJIOM
HHOPPACTPYKTYphl ~ CIIOCOOCTBYET  IOBBIIIEHHIO
Han&KHOCTA W 0E30MACHOCTH JIBU)KCHHUS IMOE3J0B.
[ony4eHHbIe Pe3yIbTaThI MOITBEPIKAAIOT
MEPCIEKTUBHOCTD JANTBHENUIIIEr0 Pa3BUTHS IU(PPOBOI
JMAarHOCTHKH W ABTOMATH3allid  IPOIECCOB
yIpaBIEHUS TEXHUYECKAM COCTOSHHEM BEPXHETO
CTPOEHHS Ty TH.
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Hydraulic Calculation of Culverts in Railway Earthwork Embankments

A. Kh. Abdujabbarov®? P. A. Begmatov}®®, J.B. Yuldashalievl®¢
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The article examines the issues of designing culverts in railway embankments located in seismic
regions, taking into account the operational characteristics of the foundations of these structures and
the terrain conditions. Based on the obtained and briefly described experimental methodologies,
recommendations are provided for selecting structural designs suitable for seismic areas. In addition,
new structural solutions combining reliability under seismic loading with reduced consumption of
construction materials have been developed. The proposed theoretical solutions are supported and
refined through experimental investigations.

Keywords:
resistance

Earth embankment, railway track superstructure, seismic forces, embankments, cuttings, seismic

1. INTRODUCTION

The results of experimental and theoretical studies
have shown that the seismic resistance of culverts
within railway embankments largely depends on the
dynamic parameters of the roadbed, which in turn
significantly reduces their seismic stability. This
explains the extensive damage commonly observed
in the areas of culverts and embankments during
earthquakes.

Analysis of the consequences of numerous
earthquakes indicates that reinforced concrete
culverts installed in earth embankments represent
one of the weakest components of railway roadbed
structures,

often resulting in partial or even complete failure.
However, up to the present time, seismic protection
measures have not been adequately incorporated into
the design of these structures, and calculations of
stresses and displacements during the design process
of culverts in embankments are generally not
performed.

This particularly applies to reinforced concrete
culvert structures designed for the Baikal-Amur
Mainline, as well as for railways in the republics of
Central Asia and Uzbekistan, a considerable portion
of which passes through regions characterized by
high seismic activity [1, 2, 3, 4].

It is well known that damage to culverts within
embankments occurs due to the following factors:

— the effect of seismic inertial forces acting on the
structure;

— deformation of the embankment, which leads to a
loss of foundation stability manifested in the form of
non-uniform settlement of the culvert along its
length.

al¥ https://orcid.org/0000-0001-7097-5071
b https://orcid.org/0000-0003-0160-9814

Accordingly, the effect of seismic inertial forces on
culverts located within railway embankments is
considered first.

2. METHODOLOGY

Analysis of earthquake consequences indicates that
the most hazardous direction of seismic impact is the
transverse direction relative to the culvert axis within
the embankment. Therefore, when selecting an
appropriate dynamic design model for culverts in
railway earth embankments, this factor of the critical
direction of seismic wave propagation for the given
engineering structure must be taken into account.

In the analysis of seismic inertial forces, the soil
conditions of the culvert foundation are assumed to
be sufficiently stable and strong, which is frequently
the case in practice, since reinforced concrete
culverts in railway embankments are generally
constructed on dense soils with relatively low
compressibility coefficients or on preliminarily
compacted foundations.

It should be noted that culverts within embankments,
which are widely used in railway and highway
construction, possess a number of specific structural
and operational characteristics, as well as distinct
dynamic parameters. These features make it
impossible to identify them analytically with
pipelines laid in trenches, which are generally
located below the ground surface and often have
considerable longitudinal extension in plan.

One of the major problems in the theory of seismic
resistance is that seismic forces determined by
different methods are often inconsistent with one
another. As a result, the reliability of calculations
performed in the design of structures and in the study
of their behavior under seismic conditions remains
insufficiently accurate, showing mainly qualitative

¢ https://orcid.org/0009-0001-9643-860X
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agreement with actual behavior. This fact indicates
the necessity of experimental verification and
refinement in the calculation of engineering
structures subjected to seismic forces.

Both domestic and foreign scientific literature [5, 6]
contain numerous examples of structural analysis
under seismic loading based on accelerogram
(seismogram) laws. Analysis of seismograms has
shown that, as a simplified mathematical
interpretation, soil displacement during an
earthquake may be represented by the superposition
of a series of harmonic functions of the following
form:

W, = X1 ay; L™*0isin (w;t + ;) 1)
where:
W, —soil displacement;
ay; — initial amplitude of the corresponding

harmonic component;

£9; —S0il damping coefficient;

w; — vibration frequency of the corresponding
harmonic component;

¥; — phase angle determining the initiation moment
of the corresponding harmonic component;

t —time.

As is well known, the combined action of such
harmonic functions with different parameters (i.e.,
different initial amplitudes ay;, frequencies w;,
damping coefficients &,;, and activation times t)
may produce highly diverse patterns of soil
displacement, thereby practically describing any law
of motion.

If it is assumed that all components of expression (1)
possess equal initial acceleration amplitudes and
identical damping characteristics, but different
frequencies, then it is evident that the greatest effect
on a single-degree-of-freedom system will be
produced by the harmonic component whose
frequency w;is equal or close to the natural
vibration frequency of the system, denoted by p.
Taking this into account, it may be concluded that,
as a further approximation of the simplified
computational model of a seismic phenomenon, it is
most appropriate to consider the effect on the
structure of only one component from expression
(1), namely the component producing the maximum
dynamic effect.

Consequently, the simplified practical seismic
analysis may be reduced to the determination of
forces and deformations arising in the structure
under the action of a single damped sinusoidal
function, the frequency of which may vary within
certain limits, i.e.

W, = ApL™%i'sin wt )
For extended structures, such as culverts within
embankments, the relationship between the length of
the structure and the wavelength of longitudinal

seismic waves propagating through the soil is of
considerable importance. In this regard, the principal
analytical approach is to represent soil motion during
earthquakes in the form of a traveling wave with
variable intensity:

Wp(x, t) = AoL

where:

Ao — amplitude of forced vibrations;

&0; — damping coefficient of soil vibrations;

X — coordinate of the point under consideration;

w — frequency of forced vibrations;

cp, — propagation velocity of longitudinal seismic
waves.

The above-described methodology may now be
applied to the analysis of seismic vibrations of
culverts within embankments.

As is well known, the requirements imposed on a
dynamic computational model are such that, on the
one hand, it must adequately account for the
parameters characterizing structural deformation in
the direction of seismic force action and accurately
represent mass distribution, while on the other hand,
it must remain sufficiently simple for practical
calculations. The adopted computational model
should make it possible to formulate the deformation
conditions of the structure in the form of
corresponding mathematical expressions. Such an
approach is characteristic of both static and dynamic
analyses.

In practice, in order to satisfy these requirements and
enable the derivation of mathematical relationships,
the actual structure of a culvert within an
embankment must be considerably simplified.
Assumptions are widely employed in engineering
calculations because they substantially reduce
computational complexity, while the errors
associated with such idealizations are generally
insignificant. Moreover, simplifications not only
facilitate calculations by reducing computational
effort, but also decrease the likelihood of errors and
unavoidable inaccuracies in numerical analysis,
thereby contributing to more reliable results.
However, this should not lead to the conclusion that
any simplification is always rational and justified.
Simplifications are appropriate only when they do
not distort the essential aspects of the analysis while
significantly facilitating computations.

The primary task in ensuring the seismic stability of
culverts within embankments is to guarantee
uniform settlement of the culvert along its entire
length. Only after this condition is addressed does it
become appropriate to consider the analysis of
culverts under the action of inertial seismic forces.
In the presence of sufficiently dense and weakly
compressible foundation soils, the principal issue
becomes the calculation of culverts subjected to
inertial seismic forces caused both by the self-weight

X
—go(t—)
‘p

sinw(t—>)  (3)
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of the culvert and by the attached mass of
surrounding soil.

As previously noted, the selection of a rational
computational model is of great practical
importance. Let us now proceed to the specific
choice of a dynamic computational model for a
culvert within an embankment subjected to a seismic
wave described by expression (3). Under such
seismic excitation, the primary interest lies in the
relative displacements of various points along the
culvert length.

A dynamic computational model is proposed (Fig.
3.2), based on the assumption that the soil
displacements for points located within the same
segment are approximately identical. Therefore, the
displacements of these points are assumed equal to
the displacement of the segment’s center of gravity.
As a result, a computational dynamic model with
unknown parameters in the form of transverse forces
is obtained. This simplification does not introduce
significant inaccuracies into the analytical system.
The proposed dynamic model under the given
seismic excitation is characterized by unknown
parameters, namely the relative displacements of the
segments, Wi (x,t), which must be determined.

" embankment
P4

7 Reinforced concrete pipe \
L J v Pip pipe head

R, 1.
- 106 | 106 135 g4 <ex |
202 o BRI T

Fig. 3.2

If the force method is applied to the stated problem,
the system of canonical equations may be written in
the following form:

621x1 + 622x2 + 623x3 + Azp =0
632x2 + 633x3 + 634_ + Agp =0
8ii-1X(i-1) T 8ux; + 8i(i41)X(iv1) T Aip =0

[ 611x1 + 612x2 + Alp =0

S(n—l)nx(n—l) + 8pnXpn + 6n(n+1)x(n+1) +4,p=0

Sni1ynXn + Oty Xm+1) T BninyP = 0
(4)
The unit displacements &;; are determined using the
Gorbunov-Posadov solution for rigid plates [7]. In
order for the plate to be considered rigid, the
following condition must be satisfied:

L Ey 1-vZ
- =X :
Hsech Er1-vy

Nyin =

®)

where: L, Hg,p,, n — (parameters shown in Fig. 3.1)
E., E, — deformation moduli of the soil and culvert
material, respectively;
v,,V, — Poisson’s ratios of the soil and culvert
material, respectively.

% % % | %a -

Fig. 3.1. Dynamic computational model of a
culvert within an embankment with unknown
parameters in the form of transverse forces

Determination of Unit Displacements

In studies [7, 8], the problem of the displacement of
a rigid plate with dimensions 2ax2b subjected to a
bending moment M and a concentrated force Powas
solved.

The settlement of the plate caused by the action of a
centrally applied concentrated force Py is determined
by the expression:

1-vZ Py  1-vZ Py
W=—7"K,—==—K,— 6
E OVF~ E. " Ovap Q)

The coefficient K, is determined depending on the
aspect ratio of the rectangular plate, @ = a/b
according to Table 1.

Table 1
a |l 1,5 2 3 5 7 10
K,| 08 | 086 (08 |08 |076 |072 |06
8 5 5 3 5 5 7

The angle of rotation caused by moments Mx (acting
in the vertical plane parallel to the larger side 2a) and
My (acting in the vertical plane parallel to the
smaller side 2b) is determined, respectively, by the
following expressions:
2
tgQ. ~ o Ky %
iz m ()
tgey ~ ¢y Ko iy
The coefficients K; and K in these formulas are
determined according to Table 2.
Table 2
lal1 J15]2 |3 |5 [7 [10 |
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K,/05(06(08 |11 |14 |17 |20
5 7 5 5
K, 060403 |02 |01 |01 |00
3 39 |36 |45 |05 |74

Using the above formulas, the values of unit
displacements &;; can be obtained from the
following relationships:

5. = 1-v2 K n  1-v% Vn
= g UL 28 0L 8
5. = 2(1—V$K Vi 1-v2 K n) ( )
= “Veg, U VBL  2E, Uy

The initial data used for comparison of results were
adopted from Example 1. The calculation results are
presented in Fig. 3.5, which shows the dependence
graph of x7*** = mx*** the value of Ko:. It should
be noted thatm < 1
The graph demonstrates that, in order to reduce x7***
by a factor of 10, it is necessary to ensure a joint
flexibility coefficient of 36*10* m/kH. Based on this
value, the material and dimensions of the flexible
joint may be selected using the following expression:
Kor = bs(:TECT ©)
where E_is the deformation modulus of the joint
material. Other designations are shown in Fig.
3.3(b).

a
o

>
>

ber

ber ]

0 10 20 30 40 50 60 KQ1(10'4)MJ'KH
B) m
0.5
Ke=4" 10w
K=" 10wk
0 1000 2000 3000 4000 E*10KkH/M?
Fig. 3.3

The graph showing the dependence of the flexibility
coefficient Ko on the soil deformation modulus E,
indicates that, as E,.increases, the required flexibility

coefficient decreases (under otherwise identical
conditions) in order to reduce the forces acting
within the given section (Fig. 3.6).

E kuim*10°

10 20 30 40 50 B0 Ky (10%)mi

Fig.3.6

Let us establish the dependence of the flexibility
coefficient Ko: on the value of b, i.e, on the
dimensions of the culvert cross-section. First, based
on Tables 3.1 and 3.2, the following relationships are
obtained:

Ko1=0,855-0,025(-); Ky =0,3(;-)+
" 0,25 (10)

Then, the expression for determining Kqi1 may be
written as:

_ 4a-rd) n_ L 03
Ko1 == [0,427\/; 0,0125( |—=+-+

n, 1-m
0,257)— (12)

w=10; B=1m

E: (10°) kH /e

Using this expression, the graph of the dependence
Ky, = ¢(b) (Fig. 3.5) and the graph of the
dependence Ky, = ¢ (L) (Fig. 3.4) were obtained.

3. CONCLUSIONS

1. In order to ensure the seismic resistance of
culverts within embankments, it is necessary to
select seismically stable foundation soils during the
site investigation stage. If such soils are absent, soil
strengthening measures for the culvert foundation
must be designed.
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2. The soil surrounding culverts  within
embankments should possess high density and
strength characteristics, which reduce stresses in the
culvert sections under seismic loading.

3. Flexible joints installed in critical sections of
culverts are capable of significantly reducing and
redistributing stresses within the structure.
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Assessment of the Technical and Economic Efficiency of Using Diagnostic
Tools

N.R. Mukhammadiev'®?, G.R. Khalfin®®
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The article describes a feasibility study showing how effective the created diagnostic tools are for
monitoring the condition of intermediate fastener nodes. The scientific and technical developments
implemented in railway transport are described in terms of the effectiveness of their implementation
and ensuring traffic safety. The economic efficiency of a single prevented derailment of rolling stock
from damage to tracks and structures using the developed diagnostic tools is calculated, and the
expediency of introducing diagnostic tools DS-F01 and DS-F02 to measure the forces of pressing the
terminals of the Pandrol Fastclip fasteners on the bottom of the rail is determined, which ensure timely
diagnosis of the condition of the track, increase train safety and prevent traffic accidents.

Keywords: Train derailment, efficiency, damage, diagnostic tool, costs, cost, result

OuneHka TeXHMKO-IKOHOMHYECKOH 3P (PEeKTUBHOCTH UCIIOJIb30BAHMS
AMATHOCTHYECKHUX CPEeACTB

Myxammaaues H.P.'0?, Xanabhuu r.p.loP

'TamkenTcKkmii rocynapcTBEHHBI TPAHCIOPTHBIN YHUBEpCHTET, TalmIKeHT, Y36ekncTan

AHHOTAIUS B craThe ommchIBaeTCs 0 TEXHHUKO-OKOHOMHYECKOM OOOCHOBAaHHH, MOKa3bIBAIOIIEM, HACKOIBKO
3¢ EeKTUBHBl CO3JaHHBIC JAWArHOCTHYECKHWE CPEACTBAa IS KOHTPOJSL COCTOSIHHSL  Y3JIOB
HPOMEXYTOUHBIX CKperieHnid. OnucaHbl BHEAPSAEMbIE HA XKEJIC3HOAOPOKHOM TPAHCIIOPTE HAYYHO-
TEXHUYECKHEe pa3pabOTKH, C TOUYKHM 3peHHs 3(P(EeKTHBHOCTH HX pealu3anud U obecredeHus
OezomacHOCTM  ABWXKEHHMS. Paccumrana  skoHoMHMYeckas  3(QGEKTHBHOCTb OT  OJHOTIO
HPEOTBPAIEHHOT0 CXOJa MOJBIDKHOTO COCTaBa OT IIOBPEXACHHH IyTH U COOPYKEHHH Ipu
UCHOJIL30BAHUM  Pa3pa0OTaHHBIX  AMArHOCTUYECKMX  CPEACTB, a TaKkKe  OmpeereHa
nenecooOpasHocTh BHeApeHus: auarHoctuueckux cpeacts JC-FO1 u JC-FO2 ms m3mepenus
yCHIIHii HaxaTus kiemM ckperuiennii Pandrol Fastclip Ha mogomiBy pesbca, KOTOpble 00ecednBatoT
CBOECBPEMEHHYIO JIMaTHOCTHKY COCTOSIHHUSI ITyTH, ITOBBILIAIOT O€30MaCHOCTh ABIKEHHUS TIO€3/10B U
MIO3BOJISIOT NIPEYHPEINUTh TPAHCIIOPTHBIE IPOHCILIECTBUS.

Kitouesie ciioBa: ~ Cxon moe3oB, 3(QGeKTUBHOCTb, YIEpO, AMArHOCTHYECKOE CPEACTBO, 3aTPAThl, CTOMMOCTB,

pe3yJbTart
1. BBEJIEHHUE ®opmyna TSt OLICHKH 3KOHOMUYECKOU
3¢ deKTHBHOCTH OIHCHIBACTCS CIIEIYFOLIIM
«9(hOPEeKTUBHOCTE» — 3TO MOHATHE, KOTOpOe COOTHOIICHHEM:
MIPUMEHSETCS VIS OLICHKU U aHaIHM3a SKOHOMHYECKOH 3=P/3, 1)

MIOJIE3HOCTH, ITOBBIIICHUS OOIIEro TEXHHYECKOTo
YPOBHS HMHXEHEPHBIX COOPY)XEHHIl BCIEICTBHE
OCYIIECTBIISIEMBIX BIOKECHUHN PecypcoB (MHBECTHIINIA)

rae P — none3Hplii pe3ynbrar;
3 —3aTpaThl Ha MOJyYIEHHE TT0JIE3HOTO Pe3yIbTaTa.
Kopoue roBopsi, Korgja MBI CMOTPHUM Ha

C [EJIBIO TTOJTyYEeHNUS TIOJIE3HOTO Pe3yIbTaTa B TEUCHHUE
OmpeAeNEHHOT0 Iepuoaa BpeMeHu B Oyaymem. [Ipu
9TOM TIPHOPUTETHBIM CTAaHOBUTCS pa3paboTka W
BHE/IDEHUE AKTYAJIbHBIX TEXHHYECKHX pEIICHHUH,

obecreunBaroIuX TEXHUKO-TEXHOJIOTHIECKYIO
3(¢(EeKTUBHOCTF W  HAWIYYIIYI0O  CTPATETHIO
MEHEKMEHTA.

all https://orcid.org/0009-0004-2390-6961
b https://orcid.org/0000-0002-7217-8161

pe3yJbTaThl U 3aTPaThl, TO U3MEPSIEM 3TO B YEM-TO,
YTO MOXHO CpaBHHTH (B [EHbrax), TaK dYTO
3((HheKTHBHOCTH MOXXHO BBIPA3UTh B MPOIEHTAX HIIH
Jonsix. [Ipou3BOJACTBO B TPAHCHOPTE, XOTh U UMEET
CBOM OCOOEHHOCTH, BCE PABHO OCHOBBIBAETCS HA TOM,
Kak paboTaroT 00BEKTHBHBIC YKOHOMHYECKUE 3aKOHBI
— Hampumep, 3aKOH CTOMMOCTH, JHAJICKTHKA,
yObIBaHHE TPEICIIbHO# MOJE3HOCTH U TaK Jajiee.
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[TosToMy MeTonbl OlEHKH 3(GQHEKTUBHOCTH B
ob1eM yHrBepcaibHbl. UTo KacaeTcs pe3ynbTaTa (3T0
YHUCINUTENh NpU OLeHKe 3(deKkTHBHOCTH), €To ele
Ha3bBaloOT 3 hexToM. B omimume ot s pekruBHOCTH,
pe3ynbTaT MOXHO U3MEpATh B aOCONOTHBIX
3HAUEHUSIX, TO €CTh HE TOJBKO B JICHbTax, HO U B
M00BIX JPYTUX EIMHHUIAX, KOTOPBIC TOKA3hIBAIOT
MOJIE3HBIC PE3YNBTATHI PA0OTHI MM XapPAKTEPUCTHKH
npoaykra. Ho mones3nsim adextom cunraercs He Bes
CyMMa pe3yJbTara, a TOJIbKO TO, KaK OH M3MEHHJICS
Iociie BHEAPEHUS! Yero-To HOBOTO (HAampUMep, pOCT
MpUOBUTH, DKOHOMHS PECYpCOB HJIHM COXpaHEHHE
JKU3HEH TaCCaKUPOB U T.11.).

Hekotopsie  3ddekTsl  MOryT — H3MEpAThCs
JIOCTaTOYHO CIJIOKHO, UMETh Pa3M4HYIO MPUPOAY H
WHOT/Ia CBOMATCSA K TPYAHO H3MEPSEMBIM YHCIOM
KaueCTBEHHBIM  pas3iuuusiM.  Psag  sddekros
MIPOSIBIISIETCS 32 MPEJesIaMy OTPACiIv WM PETHOHA, B
KOTOPBIX OCYIIECTBJISIFOTCS 3aTpaThl. B aTOM ciyuae
OoT Hamboyiee TPO3PayHBIX CHOCOOOB  OLIEHKH
3¢ (GEeKTUBHOCTH  OTHOCHTEIBHBIM  IMOKa3aTelieM
HepexosIT K OILEHKE [0 CHCTEeMe MoKazaTelen
pa3JIMYHOM MpPUPOABI, HO C YYETOM BO3MOXKHOMU
COMOCTaBUMOCTH 3aTpaT, pe3yJbTaTOB U CHCTEM
nokasaresei ornenku [10].

[ToBbIIeHUE 3¢ PEeKTHBHOCTH paboThI
JKEJIE3HOIOPOIKHOTO TPAHCIIOPTA B HACTOSIIEE BPEMSI
CTPOUTCS Ha COOJIOJICHUH MPUHIMIA «IIPUOPUTET
OezomacHocTH  ABWKeHWs».  CyTb  IpHHIMIA
«[TpnopureT 6€30MaCHOCTH ABMKEHUS» 3aKIII0UACTCS
B IOBBIICHUM HE TOJIBKO O€30MACHOCTH, HO H
a¢dexruBHOCTH [2].

BHenpsieMble Ha KeJIE3HOIOPOKHOM TPAHCIIOPTE
Hay4HO-TEXHHYECKUE DPa3pabOTKH, ¢ TOYKH 3PEHUS
3(G(PEKTUBHOCTH HMX pealu3alud W oOecredeHHs
0e30I1aCHOCTH BI)KCHUS MOXKHO pa3fenuTh Ha 4
KaTEeTOpHH:

*  He BeJylHe K pocTy, Kak 3()()EeKTHBHOCTH,
TaK U OE30I1aCHOCTH

*  Beayume K pocty 3(QQeKTUBHOCTH, HO HE
CIOCOOCTBYIOIINE POCTY OE30MaCHOCTH;

*  Begymue K POCTy O€30macHOCTH, HO He
cnocoOcTByoMIUE POCcTy P HEKTUBHOCTH;

*  BeAylHUe K POCTY, Kak O€30IacHOCTH, TaK
3G PEKTUBHOCTH.

Pa3paboTaHHBIf KOMIUIEKC JUATHOCTHYECKHUX
CpeAcTB KOHTPOJIS COCTOSIHHS Y3II0B
NPOMEXYTOUHBIX ~ CKPEIUVICHHH  OTHOCHUTCA K
4eTBepToi Kareropuu >(P(HEKTHBHOCTH, IMOCKOIBKY
obecrieunBaeT MOBBIIIIEHHUE 6e3omacHOCTH
SKCIUTyaTallii OECCTHIKOBOTO IyTH M 00eCIeunBaeT
CHIDKEHHE yniep0a jKeJIe3HOJOPOKHOMY TPaHCHIOPTY
W3-3a NPEAOTBpALCHUS BBIOPOCOB NyTH HpH
JIBHIKEHHUH BCEX BUJIOB ITOC3]I0B.

2. METOJ0JOTUs
WCCJIEJOBAHUS

Pacuer ymepba, HaHOCMMOTO TpPAaHCIIOPTHHIMU
MIPOUCIIECTBUSIMH (B TOM UKCIIE BBHIOpOCAMH ILIETEH
0ECCTHIKOBOTO ~ TYTH),  INPOM3BOAUTCS  IIyTeM
OTIpeNieNieHUs]  pa3Mepa  3aTpar, CBS3aHHBIX C
TIOBPEK/ICHUEM TPY30BBIX M MACCAKUPCKUX BaroHOB,
TSATOBOTO TOJABIKHOTO COCTaBa, MOTOPBArOHHOTO
TIOJIBMYKHOTO COCTABa, ITyTEBBIX MAIMH, 3JEMEHTOB
HHOPACTPYKTYPBI,  CPEICTB  CBsi3W,  paboroi
BOCCTaHOBUTENIBHOTO M0€37]a, MOBPEXACHUEM U
noTepei rpy3a, 3aJiep>KKaMy IPy30B M ITaCCaKHPOB B
MyTH CIIeI0BaHMsl, HAaHECEHUEM Bpela 37I0pPOBBIO U
JKM3HW JIIOJIeH, BOBJICUYCHHBIX B TPAHCIOPTHBIE
npoucmectsus [1, 5, 6, 11].

Pacuet ymep6a B COOTBETCTBHU OCYIIECTBIISETCS
1o ciexyroueit Gopmyne:

Y = X1V @
rne: Y- ymep0O BcJENCTBHE TPaHCIOPTHBIX
MPOUCILIECTBUI;

Y1- yiiep0 oT HOBpeXJICHUI1 IPY30BBIX BArOHOB;

Y- ymep0 OT TNOBPEXICHUH MacCaXKUPCKUX
BaroHoB,

Ys- ymepd ot
MOJIBHYKHOTO COCTAaBA,;

Ys- ymep0 OT MOBpeXJeHHS MOTOPBAaroOHHOTO
MOJIBHYKHOTO COCTAaBA,;

Ys- ymiep6 OT MOBpeXICHNS Iy TEBBIX MAIIIHH;

Yes - ymep0d OT TOBpeXIEHUS BaroHOB
MacCaXUPCKOr0 CKOPOCTHOTO U BBICOKOCKOPOCTHOTO
COOOIIEHMST;

Y7- yuiep6 oT MOBpeXACHUIA Iy TH U COOPYKESHUH;

Ys - ymepd OT MOBpeXACHHH YCTPOWCTB
AEKTPUQHUKALMN U TEKTPOCHAOKEHHUS;

Yo- ymep0 OT NOBpeXKICHUI
ABTOMATHKH U TEIEMEXaHUKH;

Yio- ymep0d OT MOBpeXACHUH YCTPOUCTB U
COOpPYKEHUH CBS3M;

Y11- ymep0 OT MOBpexIeHHH MPounx OOBEKTOB
UHPPACTPYKTYPHI;

Y 12- ymep6 oT MOBpEKICHUI U IOTEpH TPy3a;

Y13- 3arpaTtel Ha paboTy BOCCTAaHOBUTEIHHOTO
noe3Ja;

Y14~ ymep6 oT HapymieHui Tpaduka IBHKECHHUS
MI0€3/10B Ha YJacTKax;

Yis- ymepOd OT 3amepKeK Tpy30B B IIyTH
CJIEZIOBaHUS;

Yi6- ymep0d OT HapyIIeHHS CpPOKOB IOCTaBKH
Tpy30B;

Y17- ymep6 OoT mpuYMHEHHS Bpeaa 300POBBI0 U
JKU3HWA JIIOZIEH, BOBJICUYCHHBIX B TPAHCIOPTHBIE
MIPONCIIICCTBUS;

Y 18- 9KOIOTHYECKHH yIIIepO;

Y 19- IpOYNE COCTABIISIONIHE yIepOa.

Pasmepsr Bcex BUIOB yIIepOOB OT TPAaHCIOPTHBIX
MPONCIIECTBU, a TaKKe MX KOJMYECTBO W
neproOAMIHOCTh, Ha AO «Y36EKHCTOH TeMHp

MOBPEKJICHUM  TArOBOIO

YCTPOMCTB
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HYrurapu» SBISIOTCS CITyKeOHOM MH(OpMaIyei u He
MOTYT  OBITb  WCIIONB30BaHBl  JUII  OLIEHKH
MIEPCIIEKTUBHON  3()()EeKTHBHOCTH  BHEIPEHHS B
ITyTEBOM XO3SHCTB € KOMILJIEKCa JUarHOCTHYECKUX
CpEICTB KOHTPOJIS COCTOSIHUS Y3II0B
MIPOMEXYTOUHBIX CKpeIUIeHuiH. B cBsBBu ¢ 3TuM
oreHKa A3(G(GEKTHBHOCTH BHEAPCHUS MOXET OBITH
BBHINTOJIHEHA HA OCHOBAaHWM IPEATIONIOKEHHsS, YTO
Oyzmer oOecriedeHO TIpEAYyNpekICHUE HE MeHee

OJIHOTO BbIOpOCa 0ecCTBIKOBOTO My TH
COIPOBOXKAAEMOTO CXOJOM MOJIBHKHOIO COCTaBa [7,
8, 12].

PaccmMoTpuM TONBKO OJMH W3 JIeBATHAIATH
BO3MOXKHBIX YIIEPOOB OT CX0/1a IOJIBUKHOIO COCTaBa!
Y7- ymep0 OT MOBpEXIEHUH MYTH U COOPYIKEHUH.
[Ipu >TOoM OyJeM cuMTaTh, YTO MOBPEKAEHO TOJIHLKO
BEpPXHEE CTPOCHHE JKEJIE3HOAOPOKHOIO IyTH Ha
nporsokeHur 250 MOroHHBIX — MeTpoB.  [lnd
BOCCTAHOBIICHHUS JIBUOKEHHS TI0€310B IO TpaduKy C

MIPOBECTH 3aMCHY Pa3pyIICHHON KOHCTPYKIIUH ITyTH C
VKJIaIKOM HOBBIX JJIEMCHTOB U JETalel BEPXHETO
CTPOCHHUS TyTH.

Cymma ymiep6a Y7 CKIaIbIBacTCs 3 CIIETYFOIHX
3arpar:

CTOMMOCTh MaTEPHAJTIOB BEPXHETO CTPOCHUS
nyTH,

CTOMMOCTB KCILTyaTallly Ty TeBBIX MAIIUH U
MEXaHU3MOB TPH JIMKBUJAIMK ITOCIICACTBHI CXOJa
MTOJIBUKHOTO COCTaBa;

pasMep OIUIATBl  Tpyla CIEIHaINCTOB
3aHSTHIX HA JIUKBHUIAIIMY TIOCJICICTBUMN CXO0/1a.

3. PE3YJIBTATHBI UCCJIEJOBAHUS

CTonMoCTh MaTepuaJioB BEPXHET0 CTPOCHHUA IYTH,
H606XOJII/IMI>IX JUISL TUKBHJIAIIMK TTOCIIEJCTBUNA CXO/a
IMOJABMIKHOI'O COCTaBa OHNPECJCICHA B TaGJ’II/IHe 1 mo
TCKYIIHUM LCHAM.

YCTAHOBJIEHHBIMU CKOPOCTSIMHU HEO0OXOAUMO
Ta6anma 1
CTOMMOCTh MATEPHAJIOB BEPXHEr0 CTPOECHHUS MYTH
CTOoHM-MOCTh OO0miast cTou-
En.
Ne HanMmeHO-BaHHE MaTEPHATIOB . Komn-Bo en., MOCTb, MJIH.
’ MJH. CYM cym
1 Penbcel Tuna P65 HOBBIE T 32,5 29,28 951,6
IIImanel  Keae300€TOHHBIE
tuma BF70 ¢ y3mamu
2 ckperiennii tuma Pandrol | mr. 276 1,57 433,3
Fastclip (mpu smrope 1840
IIT./KM)
3 Bamnacr LL[B6€HO‘IHI>II/13 (ipu e 146,25 0,114 16,7
HopMe pacxoja 1170 m°/km)
Hroro 1401,6

KonmuectBo nmaxn B tabn. 1 mpuasto 60 % ot
0o0IIero KOJIMYECTBA INNaid HeoOXoauMbIx Ha 250
METpPOB, T.K. INPH CXOJE IIOABIDKHOTO COCTaBa
KOJIMYECTBO M3JIOMAHHBIX M IEPEKOIICHHBIX MIIai
Moxer cocraBiath 40% wu Oosee or o00mIETO
KOJIMYECTBA.

CTOMMOCTD TPAaHCHOPTHPOBKU PEIBbCOIINATBHOMN
pemetkn Ha paccrostHEe 100 kM cocrtaBiser 2,459
MJH. cyM. TpaHCcopTHpOBKa OayuracTa me0eHOTHOTO
BKJIIOYEHa B CTOMMOCTH TPAHCIIOPTUPOBKU MICOHS
BaroHOM XOMIIeP-103aTOPOM (Taldur. 2).

CTOMMOCTD DKCIUTyaTallMd OCHOBHBIX ITyTEBBIX
MallMH  TOKEJIOro  THIA [P JIMKBUAAIUH
TIOCNIEACTBUIA C€X0Ja W TPAaHCIIOPTHPOBKH HX Ha
paccrostare 100 kM mpuBeeHBI B TabnwIe 2.

Jnst  ompeneneHWs pa3MEpoB OIUIATHI  TpyZa
WCIIONIb30BAaHbl  3aTpaThl Tpyla Ha BBINOJIHCHUE
COOTBETCTBYIOIIMX BHIOB ITYTEBBIX padoT:

. cOOpKa HOBBIX 3BEHBEB Ha ITyTeBOH 0Oase
IIMC [3] — 4443,4 yen. MuH.;

*  BBIIOJHEHHE pabOT Ha TEeperoHe I
BOCCTAHOBJICHHIO KOHCTPYKIMHM BEPXHEIO CTPOCHUS
mytu [4] —3710,2 gen. MuH.

OOmiasi TPyAOEMKOCTh BBIIOJIHEHHS ITyTEBBIX
pabot coctaBut 8153,6 wen. muH. umm 16,99 ven. aH.
[Ipu TapudHoii craBke cpeanero 3.3 paspsiia padboT
paBHOH 458 173 cym. mH. pacxonmsl 1O 3apabOTHOM
riate coctaBar 7 784 355 cym.
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Tadoauma 2

CToumMoCTh TPAHCHOPTHPOBKH H SKCIVIYAaTAIIUU ITYTEBBIX MAIIIMH

Haume-HoBaHue Tpancnopuposia IIponon-xurens- CrouMocCTb Cron-MocTh
MAIIIMH U BarOHOB K o
No. MAIlKH U BUJ weery pabor (100 HOCTb OJTHOW MaIlL TPaHCIOPTHPOBKH
BBITOJI-HIEMBIX paboThI MayH, CMEH, MITH. Y 3KCILTya-TaluH
pabor KM)’u Malll. CMEeH cym MaIlliH, MITH. CYM
MJH. CyM
g | Yemanwa mym 0,771 0,39 7,966 3,878
p |Bempas-KanymH 0,709 0,715 5,878 4,913
Brirpy3ka  1meOHs
3 |u3 Xommnep- 0,624 0,39 0,589 0,853
JI03aTOPOB
Boccranosnenue
4 |1eJ0CTHOCTH 0,652 0,52 2,277 1,836
ieTei
Hroro 11,48

OoOume 3arpatel (ymep0d Y7) Ha yCTpaHCHUE
MMOBPEKACHU IIyTH Ipru JJMKBUJIAIUU HOCHG}ICTBHﬁ
CX0JIa MMoKa3aHbl B TaduIIe 3.

Tabéanuna 3
Yep0d oT noBpe:kAeHUI MyTH
Pasmep
HanmenoBanue 3atpar
Ne yiep6a yiepoa,
MJIH. CYM
CTtoumMOCTh MaTepHuasioB
1 BEPXHETO CTPOCHUA YTH | 4 /19 g
U MX TPAHCIIOPTHPOBKA K
MecTy paboT
2 Pacxonpl 1o 3apaboTHOM 778
iaTe
CroumMocTb
IKCIUTyaTalH 1
3 TPaHCTIOPTHPOBKU 11,48
MyTEeBBIX ~ MallMH |
BaroHOB
Bceero 1 420,86

3aTpaThl Ha OCHAIIEHUE OIPa3IeIEHUH Ty TEBOTO
xo3siictBa AO  «Y30eKHCTOH TeMHp MHyIIapi»
muarnoctiuueckumu cpeacrtamu J1C-FO1 u JIC-FO2
JUISL UI3MEPEHUSI YCUIIAN HaXaTHsI KIIEMM CKpEIJICHUN
Pandrol Fastclip Ha moomiBy penbca COCTaBsIT:

. KOJIMYECTBO JUAarHOCTHYECKHX cpeacTts JIC-
FOl mna ompenmeneHmst ycwiamsl HaXaTHs KIEMM
ckperutenuss Pandrol Fastclip, HeoOxomumoe s
ocHamieHus1 muctaHmmii myta AO «V36exncTon
TeMup Wymmapm» coctaBiasierT 20 IMT.; KOJIWYECTBO
muarHoctraeckux cpencts JIC-F02 mis kocBeHHOTO
OTIpEACTICHNs] YCIUIUSI HAXATHS KIIEMM CKPETUICHHUS
Pandrol Fastclip, HeoOxomumoe miusi OCHAICHUS
mucTaniui mytH AO «Y36eKHCTOH TeMup ityIapim»
cocrtasiseT 60 mr.;

. CTOUMOCTD OJTHOTO CEpUIHOTO
nuarnoctruaeckoro cpenactaa JIC-FO1 cocransier— 10
MJH. CYyM, CTOMMOCTb  OJHOTO  CEpPHUITHOTO

muarHoctuaeckoro cpeacta JJC-F02 cocrapnset — 4
MiH. cyM. OOmas cymma 3atpart 3 B BeipaxkeHuu (1)
coctaBuT 440 MIH. cyM.

OkoHomuYeckasi (PQPEKTUBHOCTh, BBIYUCICHHAS
no BeipaxkeHuto (1), cocraBur 3,23 npu abCOMOTHON
skoHomun 980,86 MIH. cyM OT  OJHOrO
MPEJOTBPAILIEHHOTO CX0/1a MOJIBMYKHOTO COCTABA.

4. 3AKJIIOYEHUE

3aTpaThl Ha OCHAIlEHHME IyTEBOTO XO3AHCTBa
quarHoctuueckumu cpeacreamu JIC-FO1 u JIC-FO02
OyIlyT CIIUCHIBATHCS B TEUEHUE BCETO MEPHOJa CPOKaA
CITyXKOBI JMATHOCTHYECKIX CpEeICTB,
opueHTHpoBOoYHO He MeHee 10 net. Ecim B TeueHue
9TOro mepuoja OyneT MpemynpexaeH TONBKO OIUH
BBIOPOC IYTH CO CXOJOM IIOJBHIKHOI'O COCTaBa H
pa3pylIeHHEeM KOHCTPYKLMH BEPXHEro0 CTPOCHUS
IyTH, TO BHEApEHHE IuarHoctuyeckux cpeacts JIC-
FOl u OC-FO2 nna m3mepeHUs yCUIMHA Ha)KaTUS
kieMMm ckperiennit Pandrol Fastclip Ha mogomBy
pesbca SKOHOMHUYECKU ONPABAAHO.

Ydyer TONBKO OAHOrO Buaa ymepba u3
JEBATHAAIATH OT CXOJa MOABM)KHOTO COCTAaBBI M3-32
BEIOpOCa OCCCTHIKOBOTO  IyTH  IIOKA3hIBAaeT
SKOHOMHUYECKYIO 3((eKTHBHOCTH u
11eNIecO00pasHOCTh  BHEIPEHHS JMAarHOCTHYECKHX
cpencte JIC-FO1 u AC-FO2 mnst u3mepeHust yCuimii
HaxkaTus KieMM ckperienuit Pandrol Fastclip na
NOAOMBY  penbca,  KOTOpble  O0ECIeYMBAIOT
CBOEBPEMEHHYIO JHAarHOCTHKY COCTOSHUS IIyTH,
NOBBIIIAIOT OE30MACHOCTD JIBIDKCHHS I10€3[0B U
TIO3BOJISIIOT MIpeaypeIUTh TPaHCHOPTHBIE
MPOUCIIIECTBHSL.
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Competency in Working with Genai in Road Engineering Education

B. Salimoval®?, R. Hudaykulov®®, D. Aralov'®¢
Tashkent State Transport University, Uzbekistan

Abstract This article develops a competency model for working with generative artificial intelligence
(GenAl) for engineering education. GenAl is increasingly used by students to explain methods,
prepare rough calculations, and develop arguments, but the engineering value of such support is
determined by the student's ability to verify formulas, units of measurement, input data, coefficients,
assumptions, and normative statements. Based on a targeted documentary review of international
Al competency frameworks, engineering accreditation requirements, research on GenAl in
engineering education, and the context of Uzbekistan, an operational framework is developed. It
integrates engineering problem statement, prompt quality, independent recalculation, unit and
source audit, verification of normative references, error classification, engineering interpretation,
and transparent disclosure of Al use. The framework focuses on assignments in road hydrology,
drainage, road reconstruction, and design disciplines.

GenAl, engineering education, highway engineering, highway hydrology, prompt; verification,
engineering judgment, Al competence
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Komnerenuust Padornl ¢ Genai B /lopo:knom Unkenepaom O0pa3oBanuu

B. CaiumoBa'®?, P. Xynaiikynos©P, JI. Apanopl©°

'TamkenTckuii rocynapcTBeHHBIH TPAHCIOPTHBIN yHEBepcuTeT, TamkeHT, Y36eKucTan

AHHOTAIWS CraTbsl pa3BUBacT MOJIEIIb KOMIICTCHIIMH PabOThI C T€HEPATHBHBIM HCKYCCTBEHHBIM HHTEJIIEKTOM
(GenAl) misn umxenepHoro obpasoBanus. GenAl BcE ware HCIONB3YETCS CTyIEHTaMH LIS
OOBSICHEHHS! METOJIOB, MOITOTOBKM YEPHOBBIX pAcYéTOB W MOUCKA apryMEHTOB, OJHAKO
WHKCHEpHAasi LEHHOCTh TaKOM TOANCPKKH OIpEAeIsIeTCS CIIOCOOHOCTBIO  00yYaroIierocs
NpOBepUTh (HOPMYITY, SAUHUIBI U3MEPCHHUS, UCXOIHbIE JaHHbIE, KOI(MOUIMEHTHI, TOMYIICHUS H
HOpPMaTHBHBIE YTBEpKICHUs. Ha OCHOBE 11€1eBOro JOKYMEHTAIBHOTO 0030pa MEXIyHapOAHBIX
pamok NM-KOMIIETEeHTHOCTH, MH)KCHEPHBIX aKKPEAUTAIMOHHBIX TpeOOBaHMH, MCCICIOBAHUIA IO
GenAl B uH)XeHEPHOM 00pa30BaHUH U KOHTEKCTa Y30eKkucTana chopMUpOBaHa ONepaIliioHaTIbHASL
pamka. OHa COeIMHSET MOCTAHOBKY HWHXEHEPHOW 3a1adyl, KayecTBO IMPOMITA, HE3aBUCHUMBIMA
nepecyért, ayauT CJUHHUL U HCTOYHHMKOB, IPOBEPKY HOPMATHBHBIX CCHUIOK, KIACCH(MUKALIHIIO
OIIMOOK, HHXKCHEPHYIO MHTEPIPETALMIO M MPO3PayHOe PACKphiTHE Hcmonb3oBanus MU. Pamka
OpPHEHTHpPOBaHa Ha 3aJaHHs MO JOPOXKHOM THAPOJIOTHH, BOJOOTBOAY, PEKOHCTPYKLHH IOPOT M
MPOEKTHBIM JTUCLUIIIAHAM.

Kiouesie cioBa:  GenAl; umxeHepHOe 00pa3oBaHME; AOPOXKHAs WMHXKEHEPUs; JOPOXHAs T'MAPOJIOrHs; IPOMIIT;

BepUDHUKAIHS, HHKSHEPHOE CyxaeHue; M -KOMIeTeHTHOCTh

1. BBEJEHHUE

I'enepatuBHbIi HCKYCCTBEHHbIN HUHTEJIIEKT
IIOCTENICHHO CTAHOBUTCA YacThIO yUeOHOW pPabOTHI
WH)XEHEPOB: OH TIIOMOraeT ImepedopMyInpoBaTh
3aauqy, 0OBSICHUTH METOZ, MIPEATIOKUTH
IOCIIEJOBATEIbHOCTD pacuéra, COCTaBUTH
MIPOBEPOYHBIN CIMCOK WM MOATOTOBUTH UYEPHOBYIO
WHTEpIIpETannio  pe3ynbTaTa. g  DOpoXHOTO
HWH)XEHEPHOTO 00pa3oBaHMs 3TO CO3MAET HE TOIBKO
HOBBIA HHCTPYMEHT, HO M HOBBIA OOBEKT OIIEHUBAHIISL

a8l https://orcid.org/0009-0003-7591-3883
b https://orcid.org/0000-0002-9202-9219

Cryment pomkeH mpeBpatuth otBeT GenAl B
MIPOBEPSIEMOE HHKEHEPHOE PACCYKICHUE.

B nopoxHOW THAPOJOTMM UM NPOEKTUPOBAHUU
JIOPOT PHCK OCOOEHHO BBICOK, IIOTOMY 4YTO ydeOHOe
pelicHnEe OJHOBPEMEHHO ONMpaeTcs Ha pacuér,
MIPOCTPAaHCTBEHHOE  MBIIUICHWE,  HOPMATHBHBIN
KOHTEKCT U npodeccroHansHoe cyxaeane. Ommoka B
wiomaan  BojocOopa,  KodpQuIeHTe  CTOKa,
WHTEHCUBHOCTH IOXIS, CIUHMIAX H3MEPEHHs WIN
cTaTyce HOPMATUBHOTO TpeOOBaHUA CIIOCOOHA
MPUBECTH K YOEOUTETHHO O(QOPMIICHHOMY, HO
TEXHHYECKH HEBEPHOMY BBIBOIY. [losToMy mpoctoe

¢ https://orcid.org/0009-0003-1707-1788
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TpeboBaHME «HCIONb30BaTh M  OTBETCTBEHHO»
HEJOCTaTOYHO Uil WH)KEHEPHOW ITOATOTOBKH: OHO
JIOJDKHO OBITH IIEpeBeICHO B HAOIIOAaeMble ICHCTBIS,
KOTOpBbIE MOXKHO IPOBEPUTH B KYpCOBOM IIPOEKTE,
pacuéTtHOM paboTe, YCTHOM 3amuTe U pyOpHKe
OIIEHHBAHUSL.

TepMHHONOTHYECKH B CTaThe pa3jIM¥aroTCs TpU
ypoBHs. IlepBblit  ypoBeHb coctaBisier HU-
KOMIIETEHTHOCTh ~ KaK  IIMpOKas  CriocOOHOCTB
MIOHUMATh, UCIIOJIK30BaTh W KPUTHYECKU OICHUBATh
UU-cuctempl. Takoit moaxon TpeNCTaBiIeH B
mexayHaponueix  pamkax UNESCO, OECD wu
EBponeiickoii komuccuy, a Taxke B DigComp 2.2, rie
uugpoBasi ~ KOMIETEHTHOCTb  CBS3BIBaE€TCS €
KPUTUYECKHMM  B3aWMOJICHCTBUEM C  HOBBIMHU
TexHonoruamu [5; 12; 18; 19]. Btopoit ypoBeHb
COCTaBJISIET IIPOMIITHHT KaK yMEHHE (OpMYJIHpOBaTh
3aipoc kK GenAl ¢ yu€TtoM 1enM, JaHHBIX,
OTpaHUUYCHUI U 0KHJIAEMOTO CIIoco0a pacCy KACHHUS;
9TOT HaBBIK BCE 4dalle paccMaTpHBaeTcs Kak
KOMITOHEHT aKaJeMHUeCKOH H TpodecCHOHATbHON
rpamotHocT XXI Beka [8]. Tperuit ypoBeHBb
COCTaBJISIET UH)KCHEpHasI BepHpUKAIIHS:
caMOCTOsITeNbHAsl TpoBepKa pacuéTa, eAUHMIIL,
llOHyLueHHﬁ, HNCTOYHUKOB n HOpPMAaTHUBHBIX
yTBEpKIeHU. VIMEHHO 3TOT ypOBEHb IpEBpaILAcT
paboty ¢ GenAl u3 S3BIKOBOI ONEpaldH B 3JIEMEHT
WHXEHEPHOU ITOATOTOBKHU.

Llens crathm — pa3paboTaTh KOMIIAKTHYIO |
OPUMEHUMYI0 B y4eOHOM  HpOIEecCe  pPaMKy
KomreTeHu padbotel ¢ GenAl s mopoxHOrO
HWH)KEHEpHOro  oOpa3oBaHus.  3ajayd  CTaTbH
BKJIFOYAIOT: YTOUHEHUE TEPMHUHOJIOTMUYECKOTO
anmnapara; COIIOCTaBJICHUE pamok nun-
KOMIIETEHTHOCTH c HWH)XEHEPHBIMU
aKKpeIUTalMOHHBIMH  TPEOOBAHUAMM; BBLICICHHUE
MIPOBEPSIEMBIX KOMITOHEHTOB KOMIICTEHIINY;
JEMOHCTpAallMI0 WX IPUMEHEHHS Ha IIpUMepe
JIOPOXKHON THIPOJIOTHH; (POPMHUPOBAHHE OLIEHOYHOU
JIOTUKH JJ1s y4eOHBIX 3aJaHuMH.

1. Tepmunosiormyeckass M TeopeTHYeCKasi
OCHOBA

HNHN-kOMIIETEHTHOCTE B LIMPOKOM  CMBICIIE
ONUCHIBACT  CIIOCOOHOCTH  4YEJIOBEKa  IIOHUMATh
npunimnel MW, B3aumopelictBoBate ¢ UMU-
CHCTEMaMH, OLICHUBATh WX COIMAJIbHBIC M ITHYECKHE
MIOCIIECTBYUS U UCIIOJIB30BATh UX B 00pa30BaTEIbHON
WM TpoQeccuoHanbHON aesTenpHOCTH. Long u
Magerko  ompenenstor  MH-rpaMOTHOCTH — Kak
COBOKYITHOCTb KOMITETEHIIUH, TO3BOJISIFOIINX JIFOISIM
KPUTHUYECKU OLICHUBATh HNHN-Texnonoruu,
B3aMMOJICHCTBOBATh C HUMHM M TIPUMEHSATh HX B
pasubix koHTeKcTax [10]. UNESCO pa3BuBaeT 3T0T
MOJXOJ 4Yepe3 YeJIOBEKOIEHTPUYHOCTh, ATHKY,
meroasl W, nmpumenenne MW u npoexkTupoBaHUe
NU-cuctem mist CTyIEeHTOB M TperogaBaTeneit [18;
19]. Pamxa OECD wu EBpomeiickoii KoMuCCHH
TPYNIIIAPYET CIIOCOOHOCTH OOYYAIOIIMXCS BOKPYT

B3auMozeiicteus ¢ WU, co3nmanus, ympaBieHHS U
IpoeKTHpoBaHus [12].

Jns TOpOXHOM WHXKEHEpUHM TaKoW IIMPOKUMN
YpOBEHb 3aJaéT LEHHOCTHYHD M METOJUUYECKYIO
OCHOBY, HO TpeOyeT NpeAMETHOro YTOYHEHHs. B
WH)KEHEPHOU 3ajjade CTyAEHT paboTaeT He TOJBKO C
TEKCTOM, a C  (U3MYECKUMH  BEIMYUHAMH,
pacyéTHHIMU 3aBUCHMOCTSIMH, CTaHIapTaMH,
KaprorpadM4ecKUMH TaHHBIMH M OTpaHHYCHUSMHU
6e3omacHocTH. [loaTOMY aBTOpCKas MO3MLHUS CTATHU
COCTOMT B CIEIYIOIIEM: KOMIIETEHIUS pPabOThl C
GenAl B /JOpOXXHOM WH)XEHEPHOM 00pa30BaHHUU
SIBJIETCS JUCLUIUTMHAPHON (opmoii nun-
KOMITETEHTHOCTH, B KOTOPOW KaudecTBO IIPOMITA
00s3aTeIbHO ~ COEMHSETCS  C  HE3aBUCHMOM
HUH)XEHEPHOU MPOBEPKOil pe3yibTara.

Teopetnyeckn pamMka ONUpaeTCsl Ha TpH
OCHOBAaHHUS4L. ITepBoe OCHOBaHUE - nn-
KOMIIETEHTHOCTh,  3aJalolias  KpUTHYEeCKoe U
studyeckoe otHolieHue k UM-unctpymentam [5; 10;
12; 18; 19]. Bropoe ocHOBaHHWE — WH)KEHEPHOE
Cy)XIeHue: akkpeauTanuoHHele moaxonsl ABET u
EUR-ACE TpeOyroT ciocobHocTH GOpMyIMpOBaTh 1
peuiathb HNHXXCHCPHBIC 3aJa4u, YUUThIBATh
OrpaHUYEHUs], UHTEPIPETUPOBATD JlaHHBIE,
KOMMYHUIIUPOBATb  PE3yJbTaTbl U  IPUHUMATH
OTBETCTBEHHOCTS 3a perteHus [1; 6; 9]. ABET Taxoke
MOTYEPKUBACT POJIb YEIOBEUECKOTO CYXKICHHS IPH
ucnonb3oBaHun MM B akkpeIMTallMOHHOM KOHTEKCTE
[2]. Tperse ocHOBaHHE —  KOHCTPYKTHBHOE
corjlacoBaHue OOYYEHHUs, B KOTOPOM pPE3YJbTaThl
00yd4eHus, yueOHbIe eHCTBUS U OLICHUBAHUE JOJKHBI
oOpa3oBbiBaTh  emuHylo cuctemy [3].  Ecmm
pe3ynbTaToM OOydeHHs 3asBIE€Ha OTBETCTBEHHAS
pabota ¢ GenAl, To 3amaHue AOJKHO TpeOOBaThH HE
TOJIBKO TIPOMITA, HO M IKypHajla IIPOBEPKH,
UCIIPABICHHOTO pacuéra u 3aIIUIIaeMOro
WHKCHEPHOTO BBIBOJIA.

B cratee wucmomesyercs cnenyiomee pabdouee
onpejeneHue: KommeTeHius pabdotel ¢ GenAl B
JOPO’)KHOM  HMH)XCHEPHOM  00pa3oBaHMU — 3TO
crnocoOHocTh  oOydatomierocss  (OpMyJIMpOBATh
WHXECHEPHYIO 3axady [uid reHepatuBHou MMU-
CHCTEMBbI, 3a7laBaTb JaHHblE U  OIPaHUYEHMUS,
KPUTHYECKH aHAIM3UPOBATh TIONYyYEHHBIM OTBET,
HE3aBHCHMO TIPOBEPSTh Pacuy€Thl M CAWHHUIIBI
H3MEpEHN, COOTHOCHTh YTBEPXKICHUSA c
UCTOYHMKAaMH W HOPMAaTHBHBIMH TPeOOBaHUSIMH,
KIacCH(PUIIUPOBaTh  OMMOKH H  TPEACTaBIATH
UTOTOBBIM BBIBOJ KaK COOCTBEHHOE WHI)KEHEPHOE
cyxnerne. s obecriedeHUs] TOYHOTO BOCTIPHATHS
TE3WCOB, U3JIaraeMbIX B CTaThe, B Tabmmie 1 cobpax
PST UCTIONB30BAHHBIX TEPMHHOB.
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Taoaunna 1
TepMmuHoOornyecKoe pasrpaHu4YeHye KIK4YeBbIX

TOHATHI
IlonsiTne Copep:xanue PoJis B
cTaThbe
nn- Mupoxkas Ponosoii
KOMIIETEHTHO CIIOCOOHOCTh YpOBEHB,
CTh MOHUMATh, 3aJIar0IIUiH
HCIOJNB30BAaTh U | 3TUYECKYIO U
KPUTHYECKH KPUTHUYECKYIO
ouenusaTts M- pamKy
CHCTEMEI
IIpomnTusr | PopmyaupoBaH Bxonnoii
ue 3ampoca K HaBBIK,
GenAl ¢ MOBBIIIAIOIIA
YKa3aHHUEM %1
L[eJIM, TaHHBIX, | PEJIEeBaHTHOCT
€/IMHHULI, METO/1a b OTBETA
Y OTpaHHYeHUui
Bepudukanm IIposepka WnxeHepHbIi
o (hopmyebl, o,
apu(MeTHKH, MpEeBpAaIIAIOI]
€IVHHUII, nii otBeT U1
HCXOJHBIX B
JIaHHBIX, MPOBEPSIEMOE
HCTOYHUKOB U peuicHue
HOPMAaTHUBHBIX
YTBEPKJICHUM
Wnxenepuoe | Ilpodeccuonans | DuHanbHbIi
CyXJleHue Hast YPOBEHB
UHTEPIpETalysl | OTBETCTBEHHO
pe3ynbTara ¢ cTH
yaéTroM 00yuJaromeroc
OTpaHUYEHUH, s
PHCKOB U
KOHTEKCTa
2. MATEPHUAJIBI U METO/J
WccnenoBanue BBIITOJIHEHO KakK LEJIEBOU
JIOKYMEHTAJIbHBIN 0030p c HOCJIENYIOIIEH
pa3paboTkoil KoHIENTyalbHOH pamku. B  anamms
BKJTFOUEHBI 4eThIpe TPYIIIbI HCTOYHHKOB:
MEKyHapOIHbIE JIOKYMEHTBI o nun-
KOMIIETEHTHOCTH M IM(POBOH KOMIIETEHTHOCTH;
HH)XEHEPHbIC AKKpEIUTAIlMOHHBIE pamKuy;
nccienoBanus o npuMmeHeHnn GenAl B mHXeHEpHOM
u STEM-o6pa3oBanun; HOPMaTHBHO-
o0Opa3oBaTeNbHbIC JIOKYMEHTBI Y3bekucraHa,

oTpaxkaromme  UU(POBH3AIMIO, AUCTAHIMOHHOE
obydenue u pazsutue 1MU.

O100p HMCTOYHUKOB CTPOMIICS IO TIPH3HAKAM
ABTOPHUTETHOCTH, IPOBEPIEMOCTH M TEMATUYECKOU
peneBaHTHOCTH. [IpHOpPHTET TOMYYMII JTOKYMEHTBI
MEXIYyHAPOAHBIX OpraHHM3alMi, aKKpeIUTaIHOHHBIX
OpraHoB, O(QWIMANbHbIE HOPMATHUBHBIE  aKTHI,
peLeH3upyeMble CTaThH M MaTephajibl MHKECHEPHO-
00pa3oBaTeNbHBIX KOH(PEpPEHINH. AHaIMTHYeCKas
mpolenypa  BKIIOYajda  HM3BJICYCHHE  KIIFOYEBBIX

MOJIOKEHUH,  KOAMPOBAHHE 1O  TEMAaTHYECKUM
MIpU3HAKaM, COIIOCTaBJICHHE paMox nu-
KOMITETEHTHOCTH C HHXCHEPHBIMH PE3yJIbTaTaMU
00y4eHus ¥ BBIAEIECHHE JIEWCTBUH, KOTOPHIE MOXKHO
HaOmroaTh B yueOHOH pabore.

KomupoBouHast ~ Jiormka  BKJIIOYajia  JECSTh
npuzHakoB: MH-komreTeHTHOCTh; (GopMyupoBaHue
npomnita; npoepka MM-oTBera;  MHKEHEpHOE
CYXJICHHE; CaMOCTOSITENTbHBIHA pacuér;
aKajieMHuyecKast YEeCTHOCTh u packpbITHE
ucriosik3oBanust  MM; mpenmerHas WH)XKeHepHas
MPUMEHUMOCTB; WHTErpanusi B y4eOHBII Tpolecc;
OLICHMBaHME;  PEJEeBaHTHOCTb  JIOPOXKHOMY U
THJPOJIOTHYECKOMY NpOoeKTHpoBaHHI0. CHHTE3 ObLI
HalpaBlieH Ha  TIOCTPOEHHWE  MeJaroruyecku
MPUMEHUMOM paMKH, KOTOPYIO MTPEroaaBaTeIb MOKET
MIEPEBECTH B 33/1aHKE, PYOPUKY U MPOIEyPY 3alUThI
pacuéra.

Konrtekct VY30ekucraHa BKIIOYEH Kak IpHUMEp
00pazoBaTeNbHOM CHCTEMBI, TA€ TOCYyIapCTBEHHAs
noautuka B chepe MW m uumdpoBoro obOyueHus
COCIMHSETCSl C 3a/lauaMH ITOATOTOBKH HH)KEHEPOB
uHOpacTpykTypHoro  mpoduins.  HarnuoHanbHbIe
JIOKYMEHTBI 3aKperusitoT pazsutue MU-texnosorui,
U (HPOBU3AITHIO BEBICIIIETO 00pa3oBaHUs u
OpraHHM3alMi0 JUCTaHIIMOHHOTO oOyuenus [4; 14].
3aKOHOJATEIbHBI ~ KOHTEKCT  00pa3oBaHUs U
ABTOMOOMJIBHBIX JIOPOT 3a7aéT MHCTUTYIMOHAIBHYIO
paMKy  JUIi  WHXXEHEPHOW  MOJTrOTOBKH W
npodecCHOHANBHON OTBeTCTBEHHOCTH [16; 17].

3. PE3YJIbTATbBI

Crpykrypa kommereHuud pabotsl ¢ GenAl
[IpoBen€HHBINA CUHTES I0KA3BIBAET, YTO KOMIIETCHLIMS
paboter ¢ GenAl B [OpOXKHOM HWH)KEHEPHOM
00pazoBaHNH JIOJIKHA CTPOUTHCSA Kak
MOCIIEOBATEIBHOCTD CBA3aHHBIX JEHCTBUIA.

1. TloctanoBka wumxeHepHOH 3amaun. CTyaeHT
OIIpeNieIsieT, OTHOCUTCSA JIM CHUTyalus K pacuéry
MIOBEPXHOCTHOTO CTOKa, IIPOBEPKE BOJOOTBOJA,
nog00py BOJOMIPOITYCKHOTO COOPYKCHHS, aHAIU3Y
PEKOHCTPYKIIMM JIOPOTU MJIM OLEHKE IIPOEKTHOTO
OTPaHUYCHUSL.

2. @opMynHMpoBaHHE IIPOMITAa: B 3alpoce
YKa3pIBAlOTCA  HCXOJHBIE  JAHHBIE,  CIWHHIIBI
U3MEpeHNs, TpeOyeMblii METOA, CTAaTyC 3aJadnd M
oxunaemMasi popma oObSICHEHHS.

3. Kputnueckoe urenme HU-otBera. CrymeHT
BBIJENSECT, KaKHe DJIEMCHTBl OTBETa SBISIOTCA
pacuéToM, KakWe SBISAIOTCA OOBSCHEHHEM, KaKue
TpeOyIOT CCHUIKM Ha UCTOYHHUK, @ KAKHE OTHOCSTCS K
HOPMAaTHBHBIM TPEOOBaHHUSM.

4. HezaBucumbiii mepecuét. OHO COXpaHSET
OCHOBHYIO HMH)XEHEPHYIO KOMIIETEHTHOCTb:
oOydarommiicss caM BOCHOPOHM3BOIUT  (popMmydmy,
MpOBEpsieT apu(PMETUKY U BETHUINHY Pe3yJIbTaTa.

5. AymdT emuHWII W JOMYIICHWH, BKIIFOYAS
mpeoOpa3oBaHWE TEKTApoB, KBAAPATHBIX METPOB,
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MUJUTIMETPOB B Yac, KyOMYeCKUX METPOB B CEKYHIY,
BpEMEHH KOHIIEHTPAIUU U TIEPHO/A TIOBTOPSIEMOCTH.

6. IlpoBepka HCTOYHMKOB ¥ HOPMAaTHUBHBIX
yrBepxkaeHui.  Ccpuiku, mnpemiokeHHsle WU,
COIIOCTABIISIIOTCS C OQUIMAIBHBIMU JJOKyMEHTAMH,
yueOHBIMH KPUTEPHSIMU I HaI&XHBIMA
WH)XEHEPHBIMU HCTOYHUKAMU.

7. Krnaccudukamms ommOku u QopmMupoBaHHE
COOCTBEHHOTO MH)KEHEPHOT'O BBHIBO/IA.

B 10pokHO# THApONIOTHH 3Ta JIOTHKa OCOOEHHO
HarjsI[Ha Ha IpUMeEpe palloHaIbHOTO MeToza. s
yueOHOH TpeBapUTEIbHON OIEHKH ITHKOBOTO CTOKa
MOXET UCIIOJIb30BaThCsl MeTpuueckas Gopma:

Q =000278-C -i-A @

rae Q — pacxoxn, M*/c;

C — ko3 punueHT cTOKa;

| — MHTEHCUBHOCTH JOX/IsI, MM/4;

A — momaap BogocOopa, ra.

B pykoBoiacTBax MO MOPOKHOW T'HUAPOIOTUH
palHOHANBHBIA METO/I PACCMATPUBACTCS KaK OJIMH M3
pacrpocTpaH€HHBIX ~ CHOCOOOB  IPEBAPHUTENLHOM
OILIEHKH MaJIbIX BOJIOCOOPOB IIPU KOPPEKTHOM BBIOOpE
HCXOMHBIX MAHHBIX M TPOSKTHBIX AomymieHuit [7].
Ecm C = 0,70, i =90 mm/4, A = 0,80 ra, To

Q = 0,00278 - 0,70 - 90 - 0,80
3

_ M
= 0,140 - )

st cTyiIeHTa BaXKEH HE TOJIbKO UTOTOBBIM pacxo,
HO U JI0Ka3aTeJIbCTBO TOrO, YTO OH IIOHUMAeT
kodddunmenT mnepecu€ra, pasMEpHOCTb, CTATyC
IIPEBAPUTEIILHOTO pacuéra U YCIIOBHS
MIPUMEHUMOCTH METOA.

Komnerennus padotel ¢ GenAl B Takom 3aiaHun
MPOSIBJIICTCS. HE B KOMHMPOBAaHUM IOITYYEHHOTO
orBeTa, a B aymure. Eciim MU cmeman rexrapsl u
KBaJ[paTHbIE KUJIOMETPBI, MPOMyCTHII Kod(duumeHt
0,00278, BbeiOpan  koaddunmeHT crToka  Oe3
000CHOBaHHS WJIM COCJAJCS Ha HEMOITBEPKAEHHBINA
HOPMATHB, CTYIGHT JODKEH OOHApYXUTh THUII
OMMOKH, MCHPAaBUTH PAcU€T U OOBSACHHUTH, KaK 3TO
BIUSET HAa TPOEKTHBIH BbBOA. TeM cambiM GenAl
CTaHOBUTCS HE 3aMEHOM MHKEHEPHOT'O MBIIIJICHUS, a
y4eOHBIM CTUMYJIOM JUIS €70 IEMOHCTPALUH.

CopmepxaTenmbHO  paMKa  BKJIIOYa€T  BOCEMb
KOMIIOHEHTOB, OIMCAHHBIX B Tabnuie 2.
Taoauna 2
OnepannonanbHasi MoJeIb KOMIEeTeHIMH PAadOThI
¢ GenAl
KoMmnonenr Haoaroxaemo OueHouyHoe
e y4yeOHOe | CBHIETEJbCTB
nencTBUe 0
[NoctranoBka CrynmeHT Kpatkoe
3a1a9n dbopmympyer | ommcaHue
WHXCHEPHYIO 3a1a4n u
mpoobiemy, TpaHUI]
Lenb pacuéra, | pelieHUs.
HWCXOIHBIE

JTaHHBIE u
MPOEKTHBII
cTaryc.
KauectBO B 3anpoce | KypHan
MIPOMIITA yKa3aHbl MIPOMIITOB ~ C
METOs, HCXOJHBIM
JIaHHBIE, 3aIIPOCOM.
€AVHUIIBI,
OrpaHUYCHUS
n TpeOoBaHKE
MIOLIaroBOTO
paccyKIeHHS.
HeszaBucumbr | OtBer GenAl | Pacuérnas
it mepecuér BOCIIPOM3BOAU | Tpacca c
TCSL BPYYHYIO, | (POpMYJIOH,
B TaOJMIE WK | MOJICTAHOBKOW
M0 MPHUHSATOMY | W €IMHULIAMHU.
yueOHOMY
METOJY.
Aynut IIposepstorca | Kpatkas
€IMHHUIT U | pa3MepHOCTH, | ayAWTOpCKas
JIOTIYIIEHHI KO3 PUIMEHT | 3aMeTKa.
bl, HCXOIHBIC
NIPEINOCBIIKA
nu
YYBCTBHUTCIIbH
bIC
napameTphbl.
IIpoBepka Hopmatupuble | IToareepxnéx
UCTOYHHKOB u Hast WM
U HOpM HUCTOYHHMKOBBl | OTKJIOHEHHAs
e CCBUIKA.
YTBEPKACHUS
CBEpSIOTCA  C
oduIHaTBHBIM
u WU
y4eOHBIMH
JIOKyMEHTaMH.
Knaccuduka | Ommbku [Mepeuens
IUs OMOOK | KOAUPYIOTCS 0OHapyKEHHEBI
Kak X u
(opMyJbHBIE, | HCHPABICHHBI
pPa3MEpPHOCTHBI | X OMIMOOK.
€, HCXOJHBIE,
JIOITyIIIEHYECK
ue,
HCTOYHHKOBBI
e WIH
HOpPMAaTHBHBIE.
WNuxenepras | CtymeHT DuHaNbHBII
MHTEpIpeTan | OOBICHSET, BBIBOJ,
us YTO O3HA4YaeT | MPHHAAJIEKAIL]
pe3ynbTaT Uil | MM CTYJCHTY.
MIPOEKTHOTO
peleHusl.
PackpsiTue ®ukcupyrorcs | [Ipunoxenue
WCIIOJIB30BaH | MPOMIT, K pacuéTHOU
ns GenAl OTBET, pabore  wm
WCITIPaBIICHUS MIPOEKTY.
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u crenens NH-
TTOMOIIIH.

Ora  CTIpyKTypa  corjacyercss C  Hjeei
KOHCTPYKTUBHOT'O COTJIACOBAHUS: TO, 49TO
IpenojaBaTesb XO4YeT BHJETh KaK pe3yjbTar
00y4eHus1, TOJDKHO OBITh MPSIMO BCTPOSHO B 3aJlaHKE
U KpUTEpUU OLleHUBaHU4 [3].

4. OBCYXJIEHUE

[lpumenenne pamkun B y4eOHOM  IIpoOIIEcce.
[pennoxenHast MOAETb MEHSIET XapaKTep 3alaHuil ¢
GenAl. IlpenonaBatens moydaeT HpOBEpPSEMBIi
¢dbopmaT paboTh: cTyaeHT oOpamiaercs k GenAl 3a
0OBSICHEHHEM WJIM YEPHOBOM CTPYKTYPOM, 3aTeM
BBINOJIHSET CaMOCTOSITENBHBI  pacuéTr, ayaupyer
pe3yjbTaT M 3allMIIaeT MTOrOBOE pelieHue. Takas
opraHu3anus COOTBETCTBYET COBPEMEHHBIM
nojaxoAaM K oueHuBaHuio ¢ WU, rae BakHBI
MPO3PavYHOCTh, JOIMYCTUMBIE YPOBHU IIOMOIIM U
COXpaHeHHe aBTOPCKOM OTBETCTBEHHOCTH
oOyuatorerocs [13].

B Kkypcax [OpOXHOM TIHIPOJOTMM  paMKa
NpPUMEHUMA K pacuéTy cToKa, BEIOOpY KoadduimenTa
CTOKa, TIpOBepke TpyObl, aHamM3y KiOBeTa W
JIMBHEBOTO BOAOOTBOJA. B Kypcax mpoeKTupoBaHMUsI
aBTOMO6I/IHbeIX Jopor OHa npuMEcHNMa K
MIPOBEPOYHBIM CIIUCKaM [0 TEOMETPUHM TpPacChl,
PEKOHCTPYKIMH, OE30HaCHOCTH, BOJOOTBOAY H
OrpaHHuYCHUsIM ydacTka. B kypcax nanmmadTHOrO
MPOSKTUPOBAaHUST aBTOMOOWIBHBIX Jopor GenAl
MOJKET HCIOJIb30BaThCsl Ul T€HEepald BapUaHTOB
ONHMCAaHWsl, HO WH)XEHEPHAs W MPOCTPaHCTBEHHAs
JIOTUKa OCTaércsi MNpPeaMETOM CaMOCTOSITENIBHOM

MIPOBEPKH.
Oco000€ 3HaYeHnEe UMEET CB3b C aKaAeMIYECKOMH
YECTHOCTEIO. HccnenoBanus WHXXEHEPHOTO

oOpa3oBanusi mokasbiBatoT, 4to GenAl crocobeHn
BBINOJIHATE YacTh OLIEHOYHBIX 3aJ]aHMH Ha ypOBHE,
CO3JAIOIIEM PHUCKH U TPAaIULMOHHBIX  (opM
koHTpois [11]. DK3amMeHallMOHHBIE W WHXKEHEPHBIE
TECTHPOBAHUSA TaKKEe IOKA3bIBAIOT 3aBUCHMOCTb
KayecTBa OTBETa OT NPOMIITa U HaJW4YHe OUIMOOK B
Oonee crmokHBIX 3amadax [15]. CrenoBarenbHO,
y4eOHasi MOJMTHKA JOJDKHA OLEHHWBAaTh HE TOJIBKO
KOHEYHBII OTBET, HO M IIPOLECC €ro IOIyYCHHS:
HUCXOHBIN 3anpoc, UH-otseT, nepecuér,
UCIIPABJICHUS U (PUHAIBHOE CYK/ICHHE.

Jns  mpenogaBatenss IMpaKTHYECKas IIEHHOCTb
PaMKH COCTOUT B BO3MOXXKHOCTH TI€PEBECTH OOIINH
NpU3bIB K OTBETCTBEHHOMY HCHOJb30BaHui0 MU B
KOHKpPETHYI0 pyOpuky. MuHnManpHas pyOpuka
MOXKET BKJIIOYaTh CEMb KPUTEPHEB: ITOCTAHOBKA
3aJadd, KadecTBO TIPOMIITA, CAMOCTOSTEIbHbINA
pacué€Tt, IpoBEepKa €OUHUII, TPOBEPKa UCTOUYHUKOB H
HOpPM, WHXXCHEpHass WHTEPIPETAIs, PACKpPBITHE
ucnons3oBanus M. Takas pyOpuka moamepKuBact
HE HaKa3aTeJIbHYI0, @ 00yYaroNIylo JIOTHKY: CTyICHT

BUJUT, KaKue AEHCTBHUS JEIal0T paboTy MHKEHEPHO
HaJEXKHOM.

Juiss oOpa3oBaTenbHBIX TpoOrpaMM Y30eKHCcTaHa
paMKa TIOJ€3Ha KaK CBS3YIOUIEE 3BEHO MEXIy
rocyJapCTBEHHOM  moBecTkod — pasButus WU,
mugpoBuzanyeii  00pa3oBaHUS WM WHXKCHEPHOH
noarotoBkoil. Crtparerus pasBUTUS TEXHOJIOIUI
UCKyCcCTBEHHOro uHTemekra 1o 2030 roma
¢dopmupyer oOmmMil MONMUTHYECKUI BEKTOp, a
JIOKyMEHTHI O JUCTAaHIIMOHHOM OOYYEeHHH ¥ Pa3BUTHH
BhICIIETO 00pa3oBaHHs CO3JAIOT  YCJIOBHS  JUIS
mudpoBoid nemaroruku [4; 14]. B oaroii cpenme
KomrreTeHIHst paboThl ¢ GenAl MokeT OBITh BCTpOEHA
HE KaK OTAENbHBI aOCTPaKkTHBI MOMYyJb, a Kak
MPaKTHYECKUH KOMIIOHEHT Pacu€THBIX U MPOEKTHBIX
JUICIUTLIIVH.

5. 3BAKVIIOYEHUE

Kommnerenumst paborsl ¢ GenAl B aopoxHOM
WH)KEHEPHOM 00pa30BaHMU JIOJDKHA TIOHUMATHCS KaK
CBsA3Ka IMPOMIITUHTA, CaMOCTOSATEIILHOM IIPOBEPKU 1
uHKeHepHoro cyxkaeHus. GenAl mnognepxuBaer
OOBSCHEHHE,  CTPYKTYpPUpOBaHHE  3aJaud H
[IpEABAPUTENBHBIN MIOUCK peuieHui, a
o0pa3oBaTebHas IEHHOCTh BOSHUKAET IIPH IPOBEPKE
orBeta 1o  (Qopmyne, eaMHHLAM, JIaHHBIM,
HCTOYHHUKAM, HOPMaTHBHBIM Tpe6OBaHI/I$IM )41
MPOEKTHOMY KOHTEKCTY.

ITpennoxeHnas CTaThbs ¢dopmupyet
TEPMHHOJIOTUYECKA  SICHYH0 M T€JaroruuecKu
MIPUMEHUMYIO PaMKy Takoi komriereHuuu. B neit M-
KOMIIETEHTHOCTh BBICTYNAET IIMPOKUM OCHOBAHHUEM,
MIPOMIITUHT — BXOJHBIM HAaBBIKOM B3aUMOJEHCTBUS C
CHCTEMOH, a BepupHKausi — LEHTPAJbHBIM
WH)KCHEPHBIM MEXaHU3MOM OTBETCTBEHHOCTH. Jlns
JIOPO>KHOM THJIPOJIOTHU U IIPOSKTUPOBAHUS 10POT 3TO
O3Ha4yaeT, 4YTO CTYAEHT JOJDKEH YMETh 3aJaTh
KOPPEKTHBIII  3alpoC,  BOCCTAHOBUTb  PAacCUET,
00HApYXUTh OMIMOKH, OOOCHOBaTH HMCHPABICHUA U
IPE/CTaBUTh HTOTOBBIA BBIBOA KaK COOCTBEHHOE
podeCcCHOHATBHOE CYKICHUE.

Pamxka MOXET UCTIONb30BaThCSA pu
NPOSKTUPOBAaHUM  3aJaHUH, pYyOpUK, IKYpHAJIOB
MIPOMIITOB, PACUETHBIX JMCTOB M MPOLEAYP 3aLIUTHI
KypCcOBBIX NpOEKTOB. E€ mnpuMeHeHue IMO03BOJISIET
coxpaHsaTh mpenmymectBa GenAl xak ydeGHOTO
TIOMOIIIHUKA ¥ OJHOBPEMEHHO YKpPEIUIITH 0a30BbIe
WH)KCHEPHBIE HAaBBIKM: PACUETHYIO IUCHUILIMHY,
KOHTPOJIb pa3MEpHOCTEH, paboTy C HCTOYHHUKAMH,
HOPMAaTHBHYIO OCTOPO’KHOCTh U OTBETCTBEHHOCTD 32
MIPOEKTHOE PEIICHUE.
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