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Toshkent davlat transport universiteti Rossiya Arxitektura va qurilish fanlari
akademiyasining akademigi, O‘zbekiston Respublikasida xizmat ko‘rsatgan yoshlar
murabbiysi, texnika fanlari doktori, professor Muhammadamin Kabulovich
Tohirovning tavalludining 80 yilligiga bag‘ishlangan “Samarali qurilish materiallari,
konstruksiyalari va texnologiyalari” mavzusidagi xalgaro
ilmiy-amaliy konferensiya ilmiy ishlari to‘plami chop etildi.

Muhammadamin  Kabulovich ~ kompozitsion ~ qurilish ~ materiallarining
polistrukturaviy — nazariyasini  rivojlantirishga ulkan hissa qo‘shgan olimdir.
1995-yilda Muhammadamin Kabulovich Rossiya Arxitektura va qurilish fanlari
akademiyasining (RAASN) xorijiy a’zosi etib saylangan, bu esa ularning qurilish
materialshunosligi sohasiga qo‘shgan ilmiy hissasining xalqaro miqyosdagi e’tirofi bo‘ldi.
Ular o°z ilmiy faoliyati davomida 6 ta monografiya, 200 dan ortiq ilmiy maqola va 25 ta
ixtiroga mualliflik guvohnomasi yaratganlar.

Ushbu konferensiyaning asosiy maqgsadi — qurilish materialshunosligi, bino va
inshootlarni loyihalash hamda qurilish sohasidagi zamonaviy ilmiy tadgigotlar natijalarini
muhokama qilish, shuningdek, muhandislik ta’limini takomillashtirish yo‘llarini
aniglashdir.

Konferensiyada O‘zbekiston Respublikasi hamda xorijiy mamlakatlarning oliy
o‘quv yurtlari va ilmiy-tadgiqot institutlari olimlari, shuningdek, muhim ilmiy tadgigot
natijalariga ega bo‘lgan ishlab chiqarish vakillari o‘z ilmiy ishlari bilan ishtirok etdilar.

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

1. Resurs va quvvatni tejaydigan qurilish materiallari va texnologiyalari —
zamonaviy ekologik va igtisodiy talablarni gondirishga garatilgan innovatsion yechimlar.

2. Bino va inshootlarning qurilish konstruksiyalari, zamonaviy hisoblash va
loyihalash usullari - muhandislik va texnologik yechimlarni takomillashtirish
yo‘nalishlari.

3. Arxitektura va shaharsozlik — estetik va funksional jihatlarni uyg‘unlashtirgan
zamonaviy loyihalar yaratish.

4. Zamonaviy muhandislik ta’limi tizimini takomillashtirish — kelajak
mutaxassislarini yuqori malakali darajada tayyorlash wuchun ta’lim jarayonini
modernizatsiya qilish.

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

i

MUHAMMADAMIN KABULOVICH
TOHIROV (1945-2011 yy.)

Aprel oyida qurilish materiallari sohasidagi
mashhur olim, texnika fanlari doktori,
professor, Rossiya arxitektura va qurilish
fanlari akademiyasining xorijiy a’zosi, Rossiya
Federatsiyasining xizmat ko‘rsatgan fan
arbobi, O‘zbekiston Respublikasining xizmat
ko‘rsatgan  yoshlar =~ murabbiysi, faxriy
temiryo‘lchi Muhammadamin Kabulovich
Tohirovning vafot etganiga 14 yil to‘ladi.

Muhammadamin  Kabulovich ~ Tohirov
1945-yil 14-martda Toshkent viloyatining
Mirzacho‘l  shahrida  shifokor oilasida
tug‘ilgan. Onasi Sanobar Samukovna va otasi
Kabul ~ Nazarovich  olijanob,  samimiy,
mehnatsevar, xayrixoh va mehribon insonlar
edi. U 1962-yilda Toshkent shahridagi
107-o‘rta  maktabni  tugatib, 1967-yilda
Toshkent politexnika institutining qurilish
fakultetini sanoat va fugarolik qurilishi
muhandis-quruvchisi mutaxassisligi bo‘yicha
bitirdi. Institutni tugatgach, yosh mutaxassis
M.K.Tohirov 1967-yildan
1970-yil iyulgacha Toshkent shahridagi
5-sonli qurilish boshgarmasida ish
boshgaruvchisi va muhandisi lavozimlarida
ishladi. Biroq kitoblarga bo‘lgan muhabbati va
bilimga chanqoqligi uni yanada ta’lim olishga
undadi. Bu borada O‘zbekiston Respublikasida
xizmat ko‘rsatgan fan arbobi, texnika fanlari
doktori, professor Irkin  Umaraliyevich
Qosimovning tashabbusi hal giluvchi rol
o‘ynadi. Uning taklifi bilan M.K.Tohirov
1969-yilda Toshkent politexnika institutining
sirtqi aspiranturasiga o‘qishga kirdi va 1975-
yilda “Yer osti inshootlarini minerallashgan
suvlar ta’siridan himoya qilish uchun mahalliy

xom ashyodan tayyorlangan polimerbitum
kompozitsiyalarini tadqiq qilish: (Toshkent
metropoliteni qurilishi misolida)” mavzusida
05.23.05 “Qurilish materiallari va buyumlari”
ixtisosligi bo‘yicha nomzodlik dissertatsiyasini
muvaffaqiyatli himoya qildi.

1970-yildan uning Toshkent temir yo‘l
muhandislari institutidagi (ToshTYMI) mehnat
faoliyati boshlandi.

ToshTYMIda prof. Tohirov M.K. kichik
ilmiy  xodimlikdan kafedra mudirigacha
bo‘lgan sharafli mehnat yo‘lini bosib o‘tdi.
1986-yildan boshlab 23 yil davomida u “Sanoat
va fugarolik qurilishi” kafedrasiga rahbarlik
qildi, keyinchalik bu kafedra “Bino va sanoat
inshootlari qurilishi” deb gayta nomlandi.

1989-yilda Tohirov M.K. Moskva davlat
temir yo‘l aloqalari universitetida “Atseton-
formaldegid oligomerlari qo‘llanilgan
betonlar” mavzusida doktorlik dissertatsiyasini
muvaffagiyatli himoya qildi va 1990-yilda
unga texnika fanlari doktori ilmiy darajasi
hamda professor ilmiy unvoni berildi.

M.K.Tohirovning olim va ilm tashkilotchisi
sifatida shakllanishiga uning ustozi, tanigli
materialshunos olim, Rossiya arxitektura va
qurilish  fanlari akademiyasining haqiqiy
a’zosi, Rossiyaning xizmat ko‘rsatgan
quruvchisi Vasiliy Ilich Solomatovning doimiy
e’tibori va g‘amxo‘rligi katta ijobiy ta’sir
ko‘rsatdi. Bu ko‘p jihatdan M.K.Tohirovning
keyingi ijodiy yo‘lini belgilab berdi.

M.K.Tohirovning  ilmiy  faoliyatidagi
yutuglari akademik  V.l.Solomatovning
kompozitsion materiallarning polistrukturaviy
nazariyasi tamoyillarini fan rivojlanishining
zamonaviy sharoitlarini hisobga olgan holda
yanada rivojlantirish bilan bog‘ligq. Xususan,
ushbu nazariyaning metodologik tamoyillarini
rivojlantirishda ~ M.K.Tohirov  bog‘lovchi
polimerbetonlarning tuzilishi haqgidagi
g‘oyalardan  kelib  chiqib, “polimer-
to‘ldiruvchi” tizimidagi fazalararo o‘zaro ta’sir
kislota-asos xususiyatiga ega degan farazni
ilgari surdi. U birinchi marta mineral
to‘ldiruvchilar yuzasining kislota-asos
xossalarini baholash uchun adsorbsiyalangan
indikator molekulalarining elektron
spektroskopiya usulidan foydalandi va dispers
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moddalar yuzasining faollik mezoni sifatida
kislotali markazlar konsentratsiyalari
yig‘indisining asosiy markazlar
konsentratsiyalari ~ yig‘indisiga  nisbatini
ifodalovchi kattalikni taklif etdi. Uning ilmiy
farazlari vaqt sinovidan o‘tdi, chunki ular ko‘p
marta eksperimental tasdiglandi va bu jarayon
davom etmoqda.

Professor M.K.Tohirov faol pedagogik
faoliyat olib bordi, yosh mutaxassislarga
ustozlik qildi, ko‘plab davlat ilmiy-tadgiqot
loyihalari va xo‘jalik shartnomalari asosidagi
ilmiy-texnik ishlarning rahbari bo‘ldi. Uning
tashkilotchilik  qobiliyati, shogirdlar va
hamfikrlarni o‘z atrofiga jipslashtira olishi ko‘p
jihatdan kafedraning ilmiy-pedagogik
salohiyatini nafagat saqlab golishga, balki uni
yuksaltirishga ham xizmat qildi. Uning
rahbarligida kafedra jamoasi O°‘zbekiston
Respublikasi hukumati tomonidan “Oliy ta’lim
to‘g‘risida”gi Qonun va “Kadrlar tayyorlash
milliy dasturi” bosgichlarini amalga oshirish
bo‘yicha qo‘yilgan murakkab vazifalarni
muvaffagiyatli hal etishga erishdi.

Professor ~ M.K.Tohirovning  bevosita
rahbarligida 32 nafar fan nomzodi va 8 nafar
fan doktori tayyorlandi.

M.K.Tohirov 5 ta monografiya va 200 dan
ortiq ilmiy maqolalar muallifi, 25 ta mualliflik
guvohnomasiga ega, 30 dan ortiq to‘plam va
monografiyalarning mas’ul muharriri bo‘lgan.

Professor M.K. Tohirov oz kasbiy faoliyati
bilan bir gatorda katta jamoatchilik ishlarini
ham amalga oshirdi. U ToshTYMI da
nomzodlik dissertatsiyalarini himoya qilish
bo‘yicha ixtisoslashgan Kengash a’zosi va
kafedra ilmiy seminari raisi sifatida faoliyat
yuritdi. Ko‘p yillar davomida O‘zbekiston
Respublikasi Oliy attestatsiya komissiyasi
qoshidagi Texnika fanlari bo‘yicha ekspert
kengashining a’zosi va rais o‘rinbosari bo‘ldi.

Professor M.K. Tohirovning qurilish
materialshunosligiga qo‘shgan ilmiy hissasi
e’tirof etilib, 1995-yilda u Rossiya arxitektura

va qurilish fanlari akademiyasining (RAASN)
xorijly a’zosi etib saylandi. ‘“Vatanimiz
mustaqilligini mustahkamlash,
mamlakatimizning xalqaro miqyosdagi obro‘-
e’tiborini yuksaltirish, xalqimiz madaniyati va
ma’naviyatini yuksaltirishga qo‘shgan
salmogli hissasi, ilmiy faoliyati, ilm-fan va
ta’lim sohasidagi ko‘p yillik halol mehnati
bilan erishgan umumxalq e’tirofi va hurmati,
ijtimoly hayotdagi faol ishtiroki uchun”
O‘zbekiston Respublikasi Prezidentining 2001 -
yildagi Farmoni bilan prof. M.K. Tohirov
“O‘zbekistonda xizmat ko‘rsatgan yoshlar
murabbiysi” degan yuksak davlat unvoniga
sazovor bo‘ldi.

Professor M.K. Tohirovning ulkan mehnat
qobiliyati, g‘ayrati, Vatanga muhabbati, 0‘z
ishiga sadoqati va fidoyiligi, o‘ziga va
xodimlariga nisbatan o‘ta talabchanligi unga
nafagat jamoasi, balki butun respublika ilmiy
jamoatchiligi orasida munosib hurmat va obro‘
keltirdi.

Muhammadamin Kabulovich ilm-fanda u
bilan birga bo‘lishni istagan ko“pchilikka ochiq
ko‘ngil, katta qalb egasi edi. U atrofida
hamfikrlar to‘planadigan aqliy markaz edi.

M.K. Tohirovning ilmiy faoliyati barchamiz
uchun fan yo‘lida beminnat xizmat qilish
namunasidir. Biz uning ilmiy saxovati,
samimiy muloqoti, ko‘plab o‘qituvchilarning
ilmiy taqgdirlari shakllanishida insoniy va
kasbiy ishtiroki, ziyoliligi va olijanobligini
doimo minnatdorchilik bilan gabul gilardik.

Muhammadamin Kabulovich Tohirov bilan
tanishish va birga ishlash baxtiga muyassar
bo‘lgan har bir kishining qalbida uning xotirasi
abadiy saglanib goladi. Uning ishi shogirdlari
va universitetning barcha xodimlari mehnatida
davom etadi.

“BINO VA SANOAT INSHOOTLARI
QURILISHI”
KAFEDRASI JAMOASI
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Study of porous structure of concrete on the basic of polyfunctional additive
and low-active mineral filler

A. Adylkhodjayev®?, I. Kadyrov}@P O. Tukhtasinov*©¢, H. Sadykova®“
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This study investigates the porous structure of concrete modified with a multifunctional additive and a
low-activity mineral filler. The research, conducted at Tashkent State TranSMWrt University, examines
the effects of pore characteristics—size, shape, and volume—on the physical and mechanical properties
of concrete, such as strength, permeability, and durability. The study categorizes pores into capillary,
sedimentation, shrinkage, and technological types, each influencing concrete performance. A mercury
porosimetry method was used to analyze porosity. Experimental concrete samples were prepared with
different compositions and tested after 28 days of curing.The results show that using a complex modifier
significantly reduces porosity. The composition incorporating both a multifunctional additive and
steelmaking waste (composition No. 2) achieved a 30.11% reduction in total porosity compared to the
control. The combination was more effective than using either component alone.The findings suggest
that optimizing porosity through mineral fillers and chemical additives can enhance concrete durability
and performance, making it a promising approach for advanced construction materials.

Porous structure, Concrete, Physical and mechanical properties, Multifunctional additive, Mineral filler,
Mercury porosimetry, Permeability, Durability, Capillary pores, Sedimentation pores, Technological

Keywords:

porosity, Maodifier, Pore space structure, Steelmaking waste (SMW)

1. Introduction

Numerous studies of physical and mechanical properties
of concrete, such as strength, deformability, permeability
and frost resistance, convincingly demonstrate their
dependence on pore space characteristics, including pore
size, configuration and volume. The porosity of cement
stone and concrete is formed as a result of the complex
processes of cement binder hydration, concrete mix
placement and subsequent curing of the material [1-3].

Depending on the mechanism of formation, pores in
cement stone are classified into several types: capillary,
sedimentation, contractile and technological. Each of these
types of porosity has a significant impact on key physical
and mechanical properties, determining the performance of
the material [4].

Capillary pores are formed as a result of the evaporation
of excess water required to ensure the workability of the
concrete mixture. During the hydration process, some of the
water binds to form hydrate phases, while the remaining
water evaporates to form a system of capillaries and pores.
The sizes of these pores vary from nanometres to
micrometres, which has a significant effect on the
permeability and water absorption of concrete [4].

The presence of sedimentation pores is due to structural
defects resulting from external and internal water shedding.
External water separation leads to the formation of a system
of capillary pores interconnected and directed along the
surface of the coarse aggregate. Internal drainage leads to the
accumulation of water in the zones of contact ‘binder-filler’
with the formation of sedimentation pores, the size of which
is usually 50-100 microns [4].

Contraction porosity occurs as a result of cement
penetration during the curing process. This phenomenon is

https://orcid.org/0000-0001-5729-5178
b= https://orcid.org/0000-0003-3924-0864

caused by a decrease in the volume of hydrated cement and
evaporation of water, which leads to the formation of
microcracks [4].

Technological porosity is caused by the process of
preparing and placing the concrete mix. This type of porosity
includes pores and air bubbles that may be formed when the
concrete  mixture is not compacted sufficiently.
Technological porosity is characterised by a random
distribution of pores in size and volume, which makes it
difficult to predict its effect on concrete properties. As arule,
an increase in technological porosity leads to a decrease in
the strength, durability and water resistance of concrete [4].

Thus, the porous structure of concrete plays a key role in
the formation of its physical and mechanical properties. The
control and optimisation of porosity parameters, including
pore size, configuration and volume, is an important task to
ensure the required performance of the material.

As it was shown above, the formation of porous structure
in concrete has a negative impact on its physical and
mechanical properties and durability. In this regard, the
development of effective methods of reducing the porosity
of cement composites is an urgent task.

2. Materials and methods

Currently, there are many known ways to reduce the
porosity of concrete. One of the most accessible and
promising approaches is the use of complex modifiers
combining mineral filler and chemical additive. Modern
chemical admixtures, in addition to water-reducing
properties, have other wuseful functions, such as
intensification of setting, air entrainment, etc [5, 6].

Despite the existing achievements in the field of concrete
modification, the effect of low-active mineral admixtures
such as steelmaking waste (SMW) on concrete porosity

https://orcid.org/0009-0002-5050-5982
4 https://orcid.org/0009-0008-4531-6101
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remains insufficiently studied. In this regard, the evaluation
of their effect on the structure of the pore space is an
important scientific and practical problem.

This paper examines the effect of complex modifier
based on polyfunctional chemical admixture and mineral
filler on the porosity of cement concrete.

3. Conclusion

Experimental concrete specimens with different content
of components as given in Table 1 were stored under normal
conditions for 28 days. After reaching 28 days of age, the
specimens were dried to constant weight at 105°C.

In this paper, mercury porosimetry method was used to
determine the porosity of concrete.

Table 1
Investigated compositions of self-compacting concrete mixtures
Material consumption per 1 m3 (kg)
Compo | Cotoret settome | Cement | Micz, | sione. Wete | smw | POSMIXIBY | wie
nt (cm) 5 Fr.10-20
kg kg kg | kg kg -

1 510 541 1100 220 - - 0,43

2 B30 114 (20) 331 672 1100 140 110 1,4/- 0,41

3 331 672 1100 143 110 -12.83 0,42
For porosity analysis dried samples were placed in a porograms.

dilatometer type CD3, where a vacuum was created and
pores were filled with mercury. After reaching the set
vacuum value, the dilatometer with the sample and mercury
was placed in the autoclave compartment of a Thermo
Scientific Pascal 240 mercury porosimeter to obtain
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Fig. 1. Specific pore volume of the investigated
compositions

4. Conclusion

Studies of the porous structure of the compositions
showed that the introduction of the complex admixture has
an effect on the change in the porosity of concrete. In
particular, the total porosity of composition No. 3 decreased
by 20.25% compared to the control sample. The most
significant decrease in porosity was recorded in composition
No. 2, where the porosity of the modified composition based
on PFA and SMW decreased by 30.11% compared to the
control specimen.

Comparison of the porous structure of different concrete
compositions showed that the best reduction of all porosity
indices was observed in composition No.2.

Porosity analysis of the investigated composition
showed that the use of complex modifier based on
polyfunctional additive (PFA) and low-active mineral filler
from steelmaking waste leads to a significant reduction in

'
".,>:v-“,-\-,a-o-,ooooo;\\- DR R
s an o

The obtained porograms were processed using SOLID
EVO software, which allowed the calculation of porous
structure parameters such as relative pore surface size
(mm?g) (Fig. 1) and the size distribution of total porosity
(%) (Fig. 2).
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Fig. 2. Pore size distribution for the investigated
compositions

the total porosity of concrete.

It is found that the total porosity of complex modified
concrete is reduced by 30.11% compared to the control
composition. Similar trend is also observed for relative pore
volume which decreases by 26.68%.

The comparative analysis with POLIMIXJBI and SMW
based compositions revealed that the complex modifier
shows higher efficiency in reducing porosity. Thus,
compared to POLIMIX and SMW based compositions, the
reduction in total porosity is 12.3% and 4.9%, respectively.

The results obtained indicate a positive effect of the
complex modifier on the formation of the pore space
structure of concrete. The reduction of total porosity and
relative pore volume is probably due to the complex effect
of PFA and SMW.
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Properties of fine-grained concrete from raw materials of our Republic

Abstract:

Keywords:

Kh.A. Akramov*®? Sh.T. Rakhimov*®P

Tashkent University of Architecture and Civil Engineering, Tashkent, Uzbekistan

The article presents the optimal composition of fine-grained concretes obtained on the basis of local raw
materials and industrial waste found on the territory of our republic, as well as X-ray phase and
differential thermal analysis of structure formation during their hardening.

fine-grained concrete, Portland cement, copper smelter slag, fly ash, superplasticizer, differential thermal
analysis, X- ray diffraction pattern, structure, composition, industrial waste, minerals, mullite, ettringite

Respublikamiz xom ashyolaridan tayyorlangan mayda donador beton

Annotatsiya:

Kalit so‘zlar:

xossalari

Akramov X.A.1®2 Raximov Sh.T.1ab
Toshkent arxitektura qurilish universiteti, Toshkent, O‘zbekiston

Maqolada respublikamiz xududida uchraydigan mahalliy xom ashyolar va sanoat chigindilari asosida
olingan mayda donador betonlarning optimal tarkiblari va ularning qotish jarayonida struktura
shakllanishining rentgen-fazali va differensial-termik tahlillari keltirilgan.

mayda donador beton, portlandsement, mis eritish shlaki, uchuvchan kul, superplastifikator,

differensial termik tahlil, rentgenogramma, struktura, tarkib, sanoat chigindisi, minerallar,

mullit, ettringit

1. Kirish

O‘zbekiston Respublikasi Prezidentining 2019 yil 23-
maydagi PQ-4335-sonli «Qurilish materiallari sanoatini
jadal rivojlantirishga oid qo‘shimcha chora-tadbirlar
to‘g‘risidangi qarorlarida zamonaviy qurilish materiallari
turlarini, shu bilan birga beton va uning turlarini ishlab
chigarish kengaytirishga va sifatini yaxshilashga doir aniq
vazifalar belgilab berilgan. Mazkur vazifalarni amalga
oshirish, jumladan, bino va inshootlar qurilishida mayda
donador betonlarni keng ko‘lamli qo‘llash, mahalliy xom
ashyo va sanoat chigindilaridan foydalanib, belgilangan
xossa va ko‘rsatkichlarga ega bo‘lgan betonlar tarkibini
yaratish, qurilish ishlarida mehnat unumdorligini oshiruvchi
energiya tejamkor texnologiyalarni ishlab chigish muhim
vazifalardan biri hisoblanadi [1].

2. Tadgiqot metodikasi

Betonning bir turi bo‘lgan mayda donador betonlar
yurtimizda bunyod etilayotgan turar-joy, sanoat va jamoat
binolari qurilishida keng qo‘llaniladi.

Shu sababli, sanoat chigindilari asosida olingan mayda
donador betonlarning qotish jarayonida strukturaning
shakllanishini rentgen-fazali va differensial-termik tahlil
o‘tkazish orqali o‘rganish tadqiqot ishining maqsadi
hisoblanadi.

Sement, shlak-sement+superplastifikator va  kul-
sement+superplastifikator kompozisiyalarda strukturaning
shakllanish jarayonini aniglash uchun, havoning nisbiy
namligi 95% bo‘lgan 20 0S haroratda, 3, 7 va 28 sutka

al¥ https://orcid.org/0009-0000-5681-524X
b= https://orcid.org/0000-0003-1053-4906

davomida normal gotish sharoitida saglangan namunalar
tadqiq etildi [1].

Kul-sementli mayda donador betonlarning gotishi kalsiy
oksidi, angidritning gidrotasiyasi va ko‘rsatib o‘tilgan
mahsulotlarning ishgoriy muhitda gidrolizlanuvchi kul
shishalari, hamda amorflangan gilli moddalar bilan o‘zaro
ta'siri asosida tushuntiriladi.

Tarkibida sement-kul-superplastifikator bo‘lgan 7
sutkali gotgan mayda donador beton namunalarining
rentgenogrammasi (1.1-rasmga qarang) kvars (d=4.26; 3,34;
2.45; 2.28; 2.13; 1.818 A), kalsit (d=3.04; 2.28; 2.10 va
1.865 A), dolomit (d=2.90; 2.01 A), plagioklaz (albit)
(d=6.35; 3.19 A), kalsiyli dala shpati (d=3.35 A), portlandit
(d=4.91;2.63; 1.926 A), ettringit (d=9.63; 5.80;3.89 va2.78
A), xlorit (d=7.04 A), alit (d=3.03, 2.78; 2.74; 2.69 A), mullit
(d=5.42; 2.88; 2.68; 2.54 va 1.841 A) va Sa2SiO4 (d=2.77;
2.624; 2.195 va 1.972 A) minerallari intensiv chiziglaridan
tashkil topgan.

Tarkibida sement-kul-superplastifikator bo‘lgan 28
sutkali gotgan mayda donador beton namunalarining
rentgenogrammasi (1.2-rasmga garang) kvars (d=4.26; 3,34;
2.45; 2.28; 2.13; 1.818 A), kalsit (d=3.04; 2.28; 1.875 A),
dolomit (d=2.90; 2.02 A), plagioklaz (anortit) (d=4.04; 3.66;
3.21 A), kalsiyli dala shpati (d=3.78; 3.25 A), portlandit
(d=4.91; 2.64; 1.932 A), ettringit (d=9.68; 5.50 A), xlorit
(d=13.87; 7.09 A), gips (d=7.56 A), gidroslyuda (d=9.97;
4.93 va 4.49 A) va smektit (d=13.87A) minerallari intensiv
chiziglaridan tashkil topgan. Qotgan mayda donador beton
namunalari gidratasiya jarayonining tugallanmaganligi va
sarflangan kul va gidratlanmagan sement klinkerining
sementlanuvchi modda tashkil etuvchi bo‘lgan qotish
mabhsulotlarining o‘zgarmaydigan komponentlari bilan
farglanadi [2, 3].
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1-rasm. Tarkibida sement-kul-superplastifikator bo‘lgan mayda donador betonlarning rentgenogrammasi:
1-7 sutkali; 2-28 sutkali
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2-rasm. Tarkibida sement-kul-superplastifikator bo‘lgan mayda donador betonlarning differensial termik tahlili:
1-7 sutkali; 2-28 sutkali

Mayda donador betonlardan olingan namunalarning
differensial-termik-tahlili o‘tkazildi. Tarkibida sement-kul-
superplastifikator bo‘lgan 7 sutkali qotgan mayda donador
betondan olingan namunani gizdirish (2.1-rasmga garang)
egri chizig‘ida 95, 135, 429, 451, 660, 680, 710, 782, 803,
828, 880, 890 0S da o‘n ikkita endotermik effekt va 205, 218,
230, 245, 253, 270, 290, 320, 350, 375, 398, 416, 490, 545,
582, 640 0S da o‘n oltita ekzotermik effektlar aniglandi. 60-
900 0S harorat ko‘lamida, termogravimetriya egri chizig‘ida
umumiy massaning yo‘qotilishi 14 % ni tashkil etdi.

Tarkibida sement-kul-superplastifikator bo‘lgan 28
sutkali gotgan mayda donador betondan olingan namunani
gizdirish (2.2-rasmga qarang) egri chizig‘ida 162, 262, 455,
508, 548, 560, 820, 860 0S da sakkizta endotermik effekt va
422, 495, 520, 580 0S da to‘rtta ekzotermik effektlar
aniglandi. 60-900 0S harorat ko‘lamida, termogravimetriya
egri chizig'ida umumiy massaning yo‘qotilishi 17 % ni
tashkil etdi.
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3. Tadgiqot natijalari va tahlillar

Yugorida keltirilgan namunalarning gizdirish ta'sirida
o‘zini tutishi ularning tarkibi, mahsulotlarning olinish usuli,
kiritilgan komponentlarning tabiatiga va namunalarning
tayyorlanish sharoitiga bog‘liq degan xulosaga kelindi.

Vaqt bo‘yicha bog‘lovchilarni gidratasiyasida asosiy
komponentlarning o‘zaro ta'siri sababli, mayda donador
betonning mustahkamligi ortib borishi aniglandi.

Portlandsement tarkibiga uchuvchan kulni Kiritish
natijasida, gidratasiya mahsulotlarining yangi hosilalari soni
ortdi, natijada qotgan mayda donador betonning
mustahkamligini vaqt bo‘yicha ortishi kuzatildi.

Mayda donador betonlarning normal sharoitda qotish
davrida kulning Kkalsiy oksidi (SaO) gidratasiyasi,
portlandsement  minerallari ~ gidratasiyasi,  kulning

amorflangan gilli moddasining kalsiy gidrooksidi bilan
o‘zaro ta'siri va sementlovchi tarkibning karbonizasiyasi
sodir bo‘ldi. Ishlatilgan quruq holatdagi kul namunasi
tarkibida ko‘p miqdorda kalsiy oksidi (SaO)ning mavjudligi,
gorishmaning qotish davrida to‘liq Sa(ON)2 ga aylana
olmaydi, bu esa mayda donador betonning vaqt bo‘yicha
mustahkamligini oshishi uchun zahira bo‘lib xizmat qiladi.
Sement toshidan olingan namunalar ustida olib borilgan
sinov ishlarida, mustahkamlikning 7 sutka va 28 sutka
davomida o‘zgarishi bu farazni tasdiqladi [4, 5].
Eksperimental tadgiqot ishlarida aktivlik koeffisientini
topish uchun 7 sutka va 28 sutka davomida normal qgotish
sharoitida saglangan 3x3x3 sm sement toshidan olingan
namunalarni siqilishga bo‘lgan mustahkamligi aniqlandi.
Sinov ishlari natijalari 1-jadvalda va 3-rasmda keltirilgan.

1-jadval

Sinov ishlari natijalari

c 2s Siqilishga bo‘lgan b=
£ - £o - g % EE mustahkamlik chegarasi, MPa '_E §
£ < Eg‘ (72,) 3553 7 sutka 28 sutka §E@
n C =X z3&£5 <8
) h< Z N
1 2 3 4 5 6 7
300 - 81 0,27 50,67 57,52 0,88
285 15 90 0,30 47,32 53,45 0,87
270 30 95 0,32 45,02 51,85 0,87
255 45 102 0,34 44,73 51,31 0,87
240 60 105 0,35 42,71 48,56 0,88
225 75 112 0,37 38,09 45,37 0,84
210 90 118 0,39 36,34 43,87 0,82
195 105 125 0,42 34,55 41,63 0,83
180 120 130 0,43 30,67 38,92 0,79
Sigilishga bo'lgan mustaxkamlik
%0 ko'rsatkichlari 4. Xulosa
& Shunday qilib, kompozit bog‘lovchilarning struktura
=60 shakllanish jarayoni, «sement minerallari — kvars — kul — suv
= — superplastifikator» va «sement minerallari—kvars—shlak—
=10 \\ suv—superplastifikator»  sistemasining qotishida yangi
‘:fé hosilalarning ketma-ket ko‘payishi hisobiga, kvars va kul
gZO (shlak) zarralarining sement minerallari gidratasiya
S mahsulotlari bilan turli vagtda va intensivlik bilan
0 ta'sirlashuvi natijasida sodir bo‘ldi.

300 285 270 255 240 225 210 195 180

Sement sarfi, kg
—@=—"7 sutkali 28 sutkali

3-rasm. Uchuvchan kul migdorining sement toshi
mustahkamligiga ta'siri

1-jadval va 3-rasmda keltirilgan ma'lumotlar tahlili
shuni ko‘rsatadiki, turli qotish sharoitda saqlangan sement
toshidan  olingan namunalarni  siqilishga  bo‘lgan
mustahkamlik tasnifi portlandsementga nisbatan 15-20 %
mineral qo‘shimcha ishlatganda jiddiy o‘zgarmadi. Aktivlik
koeffisienti ham portlandsementga nisbatan 15-20 %
mineral qo‘shimcha ishlatganda saqlandi, ko‘p miqdorda,
ya'ni 25-40% gacha migdorda mineral qo‘shimcha bo‘lgan
uchuvchan kul qo‘shilganda esa mustahkamlik tasnifi va
aktivlik koeffisienti kamaydi. Shu sababli keyingi
eksperimental tadgiqot ishlarida mayda donador betonning
optimal tarkibiga 20 % mineral qo‘shimcha bo‘lgan
uchuvchan kul ishlatildi.
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Optimization of the composition of fine-grained concrete reinforced with

Abstract:

Keywords:

polypropylene fiber

I.M. Makhamataliev’®?, R.B. Muminov*®®, Sh.A. Uzakov'®°¢

Tashkent state transport university, Tashkent, Uzbekistan

The article presents the results of research on optimizing the composition of fine-grained concrete
reinforced with polypropylene fiber. Based on the implementation of an active experiment using the
method of mathematical experiment planning, a mathematical model of the compressive strength limit
of the modified cement stone was obtained. Through graphical-analytical analysis, the optimal values of
formulation and technological parameters were determined, namely: the dosage of the superplasticizer
MasterGlenium ACE 430 — 1.0% of the mass of the cement binder, the content of the mineral filler —
ground zeolite-containing rock — 18% of the mass of the cement binder, and the content of polypropylene
fiber FOX POLFIBER M12 — 0.4% of the mass of the cement binder.

fine-grained concrete, fiber-reinforced concrete, polypropylene, fibrous fiber, microstructure, matrix,
porosity, strength, properties, fiber-reinforced concrete mixture, cement, compression, bending,
composition, superplasticizer, mineral filler, zeolite-containing rock, dispersed reinforcement, composite
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1. BBeanenue

B Hacrosdalee BpeMsda OJHUM U3 NEPCIEKTHBHBIX

B crarbe mpHBeICHBI Pe3yIbTaThl HCCIICOBAHMI 110 ONITHMH3AIWK COCTaBa JUCTICPCHO-aPMHUPOBAHHOTO
TMOJIUIIPOITHIICHOBBIM ~ (pUOPOBOJIOKHOM ~ MEJIKO3epHUCTOr0 OeToHa. Ha OCHOBaHHMH —peanu3aln
AKTUBHOTO SKCIIEPUMEHTA METOJIOM MAaTEMaTHYeCKOro IUIAHUPOBAHMSI JKCIIEPHMEHTOB MOJyYeHa
MaTeMaTH4yecKas MOJeNb Mpejieia MPOYHOCTH Ha CXKaTue MOAWU(UIMPOBAHHOIO LIEMEHTHOrO KaMH,
IpOBeJIeHNeM Ipa)0aHaATUTHYECKOT0 aHAIN3a KOTOPOro OBbUIM YCTaHOBIICHBI ONTHMAJIbHBIC 3HAYEHNUS
PELEeNnTypPHO-TEXHOJOTMYECKUX ~ IapaMeTpoB, a MMEHHO: JO3UPOBKM  CynepIuiacTH(dHUKaTopa
MasterGlenium ACE 430 — 1,0 % OT Macchl LIEeMEHTHOTO BSDKYILETO, COACPIKAHUS MUHEPAIBHOIO
HAIIOJIHUTENS — MOJIOTOH IeonuTcozeprkameil mopoasl — 18 % oT Macchl IEMEHTHOrO BSDKYIIEro, U
conepxkanua nonunponmienoBoi ¢pubpsrt FOX POLFIBER M12 - 0,4 % or maccel IIeMEHTHOro
BSDKYILIETO.

MEJIKO3EPHUCTBII 0eToH, GpuOpobeToH, momunponuieH, GUOPOBOIOKHO, MUKPOCTPYKTYpa, MaTpuIia,
MOPHUCTOCTh, HPOYHOCTh, CBOICTBA, (UOpPOOETOHHAs cMech, LEMEHT, CXKaThe, HW3rud, COCTaB,
CynepIulacTu(pUKaTop, MHHEPAIbHBII HAIIOJHUTENb, LIECONUTCOAEPXKAIAs I0POJa, JHUCIEPCHOE
apMHPOBAaHKE, KOMIIO3UT

HPUBOIHT K YBEIUYCHUIO OTHOLICHHS MPEEIIOB MPOYHOCTH
npu oxatud U pactsokenun  (Rb/Rbt). Tlpu  srom
IKOHOMHUYECKast 3¢ dexTuBHOCTH MIPUMEHEHHUS
(¢ubpoberoHa TMOBBINIACT KOHKYPEHTOCIIOCOOHOCTh  TI0
CPaBHEHHIO C IPYTHMHU BHAAMH JKeNe300€TOHa.

KOHCTPYKLMOHHBIX CTPOMTENILHBIX MAaTEPUAIOB SBIISIOTCS
JMCIIePCHO-apMUpOBaHHble  Oeronsl.  Takue  GETOHBI
MPEACTABISAIOT COOOWM MHHOBALIMOHHBIN KOMIIO3HIIHOHHBII
Marepuall, KOTOpbIE B HACTOALIEE BpeMs BCE MIMPOKO
NPUMEHSIOTCS B PA3NM4HBIX OTPACISIX CTPOMTEIBCTBA.
JlucriepcHOe apMHUpPOBAHHE OCYILIECTBIISIETCS BOJIOKHAMH —
¢ubpamu, paBHOMEPHO paclpeleleHHbIMH B 00beMe
OeTOHHOI MaTpHIBl, 00eceunBas Ipu 3ToM paboTy OeroHa
B TpexmepHOM oObeme. Ha cerommsiiiauii neHb ¢Gubpa
Npe/CTaBlIeHa B BHJE CTAJbHBIX, CHHTETHYECKHX U
OpraHuYecKuX BOJIOKOH. [1 - 4].

JluteparypHbiii anamm3. [Ipumenenne GpudpbI BIuseT
Ha SKCIUTyaTallMOHHBIC XapaKTePUCTHUKHU OETOHa, a Takke

al¥ https://orcid.org/0009-0002-5945-2565
bl https://orcid.org/0000-0002-5297-1736

DKcIutyaTtalMoOHHbIe CBOMcTBa (pubpoOeroHa, Kak u
M000r0  KOMIIO3UTHOTO MaTepHaia, OOyCIOBIUBAIOTCS
CBOMCTBaMHU COBMECTHOM pabOThI €ro KOMIIOHEHTOB: (prOpbI
u Oerona-marpuibl. B ¢ubpoberone Takas pabora
obecrieunBaeTcst 32 CUET CLCIUICHNST U aHKePOBKHU (puOpbI B
MaTpuue kommnosura [5].

®uOpoOeTOHBl Ha OCHOBE CHUHTETHYECKHX BOJIOKOH

OTIINYAIOTCS BBICOKUMU 3HAYCHUAMU OCHOBHBIX
MoKasaresnen 9KCIUTyaTallMOHHBIX CBOICTB [6].
MHOTO4YHCIICHHBIE HCCIIeNOBaHus [7-15] MoKa3bIBaIOT, YTO
NMPUMEHEHHE CHHTETHYECKHMX BOJOKOH B  KadecTBe
apMUpPYIOIIET0  MaTepuana  OOBIYHO  NPHBOAUT K
YMEHBIICHHIO  yCaJOuHbIX  AedopManuii  XpymKOH

¢ https://orcid.org/0000-0002-5317-2602
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LIEMEHTHOH MAaTpHIBl, IIOBBIIIEHHIO MOPO30CTOHKOCTH,
HUCTHPAHHIO, AaTMOC(HEPOCTOMKOCTH M  3HAYUTEIHEHOMY
YBEIHMUYEHHIO POYHOCTHBIX XapaKTEPHUCTUK U IOKa3aTemei
BS3KOCTH pa3pylIeHHs] OETOHOB Ha BCEX CTPYKTYPHBIX
YPOBHSIX.

B Hacrosimee Bpems pa3paboTaHbl MHOTOYHCIICHHBIE
crocoObl  ympapieHus — (QOpMHUPOBAHMEM  CTPYKTYPbI
(huOpPOOETOHOB M BBISBICHBI OCOOCHHOCTH HM3MEHEHUS HX
CBOWCTB B 3aBHCHUMOCTH OT IIPMMEHEHHS pPa3INIHbIX BHIOB
100aBoK, MHKPOHAIOJIHUTENIeH u JIMCTIEPCHOTO
apmupoBanus. OHAKO MHPOKOMACIITAOHOE NPAKTHIECKOE
UCIIONB30BaHKue (UOPOOETOHOB B CTPOUTEIBHOM OTpaciu 10
CHX TIOp He HaOIIOJaeTcs. Ha wnam B3rump,
crepxuparomuM  ¢(akropoMm B Oolee  IIMPOKOM
MIPAaKTHYECKOM TPHMEHEHWH AWCIIEPCHO-apMHUPOBAHHBIX
(huOPOBOIOKHOM 0OCTOHOB SIBJIICTCS OTCYTCTBHE
YTBEPXKIICHHONH HOPMATHBHOM W TEXHHYECKOW 0a3bl TO
NMPUMEHEHNIO  TeX  WIM  HWHBIX  Pa3HOBHIHOCTE
(¢uOpOBONIOKHA, a TaK)Ke PYKOBOIIINX HOPMAaTHBHO-
TEXHHYECKUX JIOKYMEHTOB ¥ WHCTPYKIHH TO pacuéry
CTPOWTENBHBIX  KOHCTPYKIMH W3  (QHuOpoOETOHOB, B
YaCTHOCTH ~ C  TNPUMEHCHHEM  IOJHIIPONHICHOBBIX
(uOPOBOIIOKOH.

B HWJI TamkeHTCKOro TpaHCIOPTHOIO YHUBEPCUTETA
B TEUCHHM MHOTHMX JIeT BEOyTCSd MCCIIENOBAHUA 10
U3YYEHUIO BIMSAHMS noiunponmieHoBoit ¢uoper FOX
POLFIBER M12, npousBoacTa kommnanuu Sartech Yapi
Malzemeleri San. ve Tic. Ltd. Sti. (Typuws) Ha cBoicTBa
LEMEHTHBIX OeToHOB. Kak TmoKaszamu —ucclieloBaHus
Hanbosiee 3Pp(HEeKTUBHBIMU C TOYKH 3PEHHS IOBBIIIEHHBIX
9KCIUTyaTallHOHHBIX MOKa3aTenel sBstorcs GudpoOeToHsl
C TOJMIPONWICHOBOH (uOpoil Ha OCHOBE IEMEHTHOrO
BSDKYILETO.

2. MeToanka uccjie10BaHusA

OnTuMH3alyIio  CoCTaBa  JUCIIEPCHO-aPMHPOBAHHOTO
TIOJIUIIPOITMIICHOBBIM  (DUOPOBOJIOKHOM ~MEIIKO3EPHHCTOTO
O0eToHa NPOM3BOAWIM C  HCHOJIb30BAaHHEM  METOZA
MaTeMaTHYeCKOro IUIAHUPOBAHUS SKCIIEPUMEHTOB ITyTeM
peanu3anuy TpEXPAKTOPHOro IUIAHA BTOPOro IOPsAJIKa Ha
runepky6e [16,17]. B kadectBe 0OBbeKkTa HCCIIETOBAHUS
MPUHATA MaTPULA MOAUDULIMPOBAHHOTO MEIKO3EPHUCTOTO
¢ubpoberoHa, comepxarias B CBOEM COCTaBe CIIEIyIOLINe
KOMIIOHEHTBI: [IEMEHT, MUHEepaJIbHbIN HanonHuTeab-MLIIL,
nonunpomieHoyto  ¢uopy FOX POLFIBER M12,
MOJTMKAPOOKCHUIIATHBIN cynepruiactudukarop
MasterGlenium ACE 430 u Bozja 3aTBOpEeHUSL.

B 3KChepUMEHTaIbHBIX  MCCIENOBaHHAX  ObLIM
WCIONB30BaHbl: mopTiaananemMeHT Mmapku L[EMO 42.5H
npousBoactea OAO «Axanrapannement» (I'OCT 31108-
2020), MenKkuid 3aMONHUTENb - PEYHON KBapLEBBIH MECOK
Kyiintokckoro kapbepa ¢ Moaysem kpynHocta Mkp=1,81 u
cpenneit wiotHocthio 12000 kr/mM3 (TOCT 26633-2012),
nonunpomienosas  ¢ubpa FOX POLFIBER MI12
KBaJIpaTHOTO ceyeHus pazmepoM 20 MKM U JUTUHOM BOJIOKHA
12 MM nmpousBoacTBa komnanuu Sartech Yapi Malzemeleri
San. ve Tic. Ltd. Sti. wu (Typuwmsi), morioTas

LIEOJIUTCOEPIKAIIAs nopoza benbrayckoro
mecropokaerust  (HaBomnckas 001.) ¢ yOesbHO#
noBepxHocTeio  Syn=4000 cm2/r U CIeIyIONNM

XMMHYECKHUM cocTaBoM, Mac. %: SiO2 -50,8; Al203 - 26,4;
Fe203 -2,8; Na20 -10,3; MgO -1,5; CaO - 1,8; H20+ - 6,4;
MOTepH MPHU MPOKAIWBAHUK 3,2, TUIEPIUIACTU(PHUKATOP
MasterGlenium ACE 430 mnpou3BoacTBa KOMIAHUHK

«BASF» (I'epmanust), npeACTaBISIIONMN COO0H XKHUAKOCTH
KOPHYHEBOTO IBeTa IUOTHOCTRIO 1,06+0,02 r/cm3. s
OTIpeNIeNICHHs TPOYHOCTHBIX CBOWCTB (UOpoOeTOHa 1O
CTaHJAPTHOW METOJMKE W3TOTABIMBAIA 00pPa3IbI-KyObl
pasmepom 10x10x10 cm. OOpa3ibl HCHBITHIBAIUCH HA
MPOYHOCTh TPU CXATHUH B 28-CYTOYHOM BO3pacTe MOCIe
HOpMalibHOTO TBepAeHus cornacao ['OCT 10180-2012.

OOcyxaeHne. B kadecTBe HCXOJHBIX HE3aBUCHMBIX
MEPEMEHHBIX OBLIM BBIOpPaHBI clenyronme (akTopel: X1 -
coliepaHue cynepruiacTudukaropa B % OT Macchl
BSDKYIIEro; X2 - coJepkaHie MUHEPATHLHOTO HATIOJTHUTEIIS
- MUOII B % or Maccel Bsokymiero; X3 — pacxof
MOJTUIIPOTIIICHOBOTO (hUOPOBOJIOKHA, TAKXKE B % OT Macchl
BSDKYIIEro.  YPOBHH  BapbUPOBAaHUS  HE3aBUCHMBIX
MEPEMEHHBIX ()aKTOPOB MPUBEJICHEI B Ta0MHIIE 1, a MaTpHIa
TUTAHUPOBAHUS M PE3yJIbTaThl HCIBITaHUI B TabiHIe 2.

B kadecTBe BBIXOJHOIO TapaMeTpa WIH Mapamerpa
OTKJIUKA ObLT BBIOpaH: Y'1-Tipees MPOYHOCTH TIPH CKATHH
MaTpHIBI MEJIKO3ePHUCTOTO ¢ubpoberoHa,T.€.
MOIUGHUIIMPOBAHHOTO TIeMeHTHOT0 KamHs (Rex), MITa.

Tabumuua 1
Hcxoanble faHHbIEe VISl peaju3auuu TPEX(PaKTOPHOTo
TLUIAHA YKCIIEPUMEHTOB BTOPOI0 MOPsiAKa

YpoBHHU
HaumenoBanue BapbUPOBAHHUS
DakTopbl
(hakTopoB (axTopoB
-1 0 +1
Conepxanue
X1 CIL. % 05| 10| 15
Conepxanue
X2 MIIIT, % 10 15 20
X3 Pacxon I1d, % | 0,1 | 0,3 | 0,5

Ta6anna 2
Marpuna niiaHHpPOBaHHsI IKCIIEPUMEHTOB 1
TOJIyYeHHbIE Pe3yJabTaThl 0 HUM

Ne Marpuua Pe3yabTaTtsl
omﬂ-TOB TJIAHHPOBAHMNS ONBITOB
X1 X2 X3 Rex, MIIa
1 -1 -1 -1 17,75
2 +1 -1 -1 20,66
3 -1 +1 -1 11,87
4 +1 +1 -1 14,85
5 -1 -1 +1 12,62
6 +1 -1 +1 15,68
7 -1 +1 +1 6,92
8 +1 +1 +1 9,85
9 -1,25 0 0 12,48
10 +1,25 0 0 15,52
11 0 -1,25 0 19,34
12 0 +1,25 0 13,38
13 0 0 -1,25 19,26
14 0 0 +1,25 14,02
15 0 0 0 16,25
16 0 0 0 17,02
17 0 0 0 17,14
18 0 0 0 16,65
19 0 0 0 16,88
20 0 0 0 16,70
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3. Pe3yabTarsl Hccae10BaHUS

IMocne peamu3anmuu MaTpUIBl  IDIAHUPOBAHUS U
CTAaTHCTHYECKON 00pabOTKH TONYYCHHBIX PE3YJIbTaTOB
SKCIIEpPUMEHTOB 10 20 HE3aBUCHMBIM OTBITaM  OBLIO
MOJIy4eHO clenyronee YpaBHEHUE perpeccuu
(MaremMaTH4ecKast MOJIEIb IIPOYHOCTH TIPU CIKATUH):

Rex=16,68+4,03X1+15,34X2+14,015X3-
0,31X1X2+7,75X1X3-10,08X2X3-4,12X12-4,86X22-
6,46X32 ;

Jl1st mpoBepKH aJieKBaTHOCTH NOJTYUYEHHOTO YpaBHEHUS
perpeccud, NPOU3BEACHA OLIGHKA HX CTaTUCTUYECKOH
3HAUUMOCTH IyT€M CpaBHEHMS paACUETHBIX 3HAUYECHUH
kputepust Ouiepa ¢ TaOIUIHBIM 3HAYCHUAMU. Pe3ynprars
cpaBHeHUs kputepusi Duiiepa Mo ypaBHEHUSIM PETrpeccUu
TIpe/ICTaBIIeHbI B TabHIe 3.

Taoauua 3
Crarncruyeckasi OLEHKA IOJYy4YeHHbIX 3aBHCUMOCT el
no kpurepuo Puepa

Kpurepuii ®umepa
Ne
TadauuHoe PacuerHoe
3aBHCUMOCTH
3HAYEHHE 3HAYEHHE
1 5,05 4,99
2 5,05 4,31

Ha puc.] mnpuseneHa rpaduueckas HHTEpIpETALHSL
pe3ynbTatoB  00pabOTKM MaTeMaTHYecKOd MoJenn ¢
UCIIONB30BAHMEM IPOrPAMMHOIO TIPOJYKTA.

Kak crnenyer u3 maremarmdeckoir mozenu (Rex), ¢
yBEJIHYCHHEM COZIepIKaHHs cyrepIutacTuhUKaTopa
MasterGlenium ACE 430, MuHEpaJIbHOTO HATIOMHUTENS -
MUII wu nomunpormieHoBoro ¢uodposoiokHa FOX
POLFIBER MI2 B cocraBe MHOTOKOMIIOHEHTHOTO
LIEMEHTHOTO BSDKYILErO HaOMIOfaeTcst pocT IpeselioB
MPOYHOCTH HAa C)KaTHe MOAU(UIMPOBAHHOTO ILIEMEHTHOTO
KaMHSL. CoBMecTHOE TOBBIIICHUE COZIepIKaHus
cynepruiactudukaropa  MasterGlenium ACE 430,
MuHepayipHoro Hanonuurensi-MUII n nomunponunenoBoit
¢ubpsr FOX POLFIBER M12 npuBoAUT K MOCTEEHHOMY
MOBBIILEHHIO TIPOYHOCTH, a 3aT€M U K HE3HAYUTEIILHOMY €TI0
cHwkeHunto. [ToHmkeHne NpoYHOCTH MOAU(UIIMPOBAHHOTO
LIEMEHTHOI0 KaMHi Ha OCHOBE MHOI'OKOMIIOHEHTHOTO
LEMEHTHOTO BSDKYIIErO MPH IOBBILEHHBIX 3HAYEHMAX
MepeMEHHBIX  (aKTOPOB  OOBSICHSETCS  OIOKHPYIOIIMM
JeHCTBUEM HA YacTHLBI LIEMEHTHOI'O BSDKYILEIO MOJICKYI
cyneprulacTuukaropa M YaCTHI  MHHEPAIbHBIX
HAIIOJIHUTENEH, YTO OCOOEHHO SCHO NPOSIBIACTCS IPHU MX
Ype3MEPHOM BBEICHUH B COCTaB KOMIIO3HTA.

Kak mnoka3plBaeT aHanu3 MaTeMaTHYeCKOH MoJenu
MPOYHOCTH HPH CHKATHU MOAUDULMPOBAHHOTO LIEMEHTHOTO
KaMHsS B BBIOpDAaHHOM HWHTEpBaje IEPEeMEHHBIX (HhaKTOPOB
HanboJIee 3HAYMMBIM (DAaKTOPOM, BIIMSIIOLIMM HA MIPOYHOCTH
LIEMEHTHOr0 KoMmmo3uTa sBisiercst  (dakrop X3, T.e.
COJIepIKaHUe MONUIPONHICHOBOrO (PHOPOBOIOKHA, BTOPHIM
[0 3HAYUMOCTH (HAKTOPOM MAaTeMaTH4YecKOd Mouenn
spisercs Qaxrop Xz, T.e. copepKaHME MHHEPAIBHOIO
nanonuutensi-MLITu Hanmenee 3HaurMbIM pakTopoM — X1,
T.e. COJepIKaHUe CynepIuiacTuhUKaTopa.

Rex MITa ; i -

0

15 N N ’/l
CII \,/ 3V
20 7S
X1-const=0,5% oT Macchl BAAKYmEro

Rea,MITa
lO'\ |4 - —

cn 0,75

X2-const=15% oT Macchl BIOKYIIEro

cn 075 !

X3-const=10% oT Macchl BAKYLIETO

Puc. 1. Bausinue conepkaHusi KOMIOHEHTOB MATPULIbI
MeJIK03epHHCTOro ¢puépodeToHa Ha npees1 NPOYHOCTH
MPH CKATHH KOMIIO3UTA

Jlnst BBIABJICHUS ONTHMAJIBHBIX 3HAUYCHUH NEPEMEHHBIX
(akTOpOB MaTeMaTHUecKoi Mozeiu ObUl  BBINOJIHEH
(yHKIMOHAJIbHBIN aHAJN3 MIOJIMHOMA BTOPOM CTENeHH - Rox.
Jnst  3TOr0  pemiand  COOTBETCTBYIOLIME — YPaBHEHHS
oTHOCcHTENBHO (BakTopoB X1, X2 U X3, KOTOPOE MOIydanu
INyTeM [PHUPaBHUBAS  HYJIO [EPBBIX  HPOM3BOIHBIX
MaTeMaTH4ecKOH  MOJENIM  B3ATBIX  OTHOCHTEIIBHO
BBILICYKa3aHHbBIX NIEPEMEHHBIX (JaKTOPOB.

4. 3akaoueHue

Takum o00pasom, rpaoOaHATUTHYECCKUM aHAIU30M
BBITIOJIHEHHBIM COTJIACHO [4] MOMy4YeHHON MaTeMaTHYeCKOH
MOZEIH npenena MIPOYHOCTH Ha cxkaTue
MOAM(UIMPOBAHHOIO  IEMEHTHOTO  KaMHi  ObUIM
YCTaHOBJICHBI ONITHMAJIBHBIE 3HAYCHHS BCEX 3 MEPEMEHHBIX
(hakTOpoB, a MMEHHO: JO3UPOBKH CymepIuiacTudukaropa
MasterGlenium ACE 430 — 1,0 % oT Macchl LEMEHTHOTO
BSDKYILIETO, COJICPKAaHHUS MHMHEPAIbHOTO HAMOJIHUTENS —
MOIT - 18 % oT Macchl IEMEHTHOTO BSXKYIIEro, U
cozeprkanus monumnpomnmienoBoi ¢pudpsr FOX POLFIBER
M12 —0,4 % ot Macchl LEeMEHTHOTO BsDKy1Iero. Toabko mpu
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COOJTIIOICHUN JTHX ONTHUMAJBHBIX 3HAYEHWN IEPEMEHHBIX
(haKTOPOB JOCTUTAECTCS MAaKCUMAIIbHOE 3HAYECHHE Ipejielia
MPOYHOCTH HA CXKATHE MOMU(PHUIMPOBAHHOTO IIEMEHTHOTO
kamast. OHAKO, JUTS TIPAKTHYECKUX IeJied PeKOMEH IyeTCst
HCTIOJIH30BATh CIIeAy oMt cocras JIMCTICPCHO-
aPMHUPOBAHHOTO  IMOJIMIIPOITIIEHOBBIM  (hHOPOBOIOKHOM
MEJIKO3epPHUCTOr0 OeToHa, HauOoynee pPAalMOHAIBHBIA C
SKOHOMHYECKOW TOYKH 3PEHHS U XapaKTePU3yHOIIHHCS
BBICOKHMH 9KCILTyaTallHOHHBIMY ITOKA3aTEIIMK: JO3HPOBKA
cynepmiactudukaropa MasterGlenium ACE 430 —0,8 %
OT  Macchl  LEMEHTHOTO  BSDKYILIErO,  COJCpIKaHHS
MuHepansHoro HarmonHuTens — MIUIT — 20 % ot maccet
LEMEHTHOTO BSDKYIIEr0, W Pacxoj MOJUMPONUICHOBOTO
¢udpoBonokaa FOX POLFIBER M12 - 0,3 % ot maccet
LIEMEHTHOT'O BSIKYIIIETO.

Kak moka3bIBalOT KCIEPUMECHTAIBHBIC HCCIICIOBaHUS,
mpeyiaraeMelii  coctaB  (UOPOOETOHHOH  cMecH €
TTOJTTIPOTTHIEHOBBIM (HhUOPOBOJIOKHOM nMeer
HECOMHEHHbIC  MPEHMYIECTBA IO  CPaBHCHHIO  C
HM3BECTHBIMH COCTaBaMH. MeJKO3epHUCThIE (GUOPOOETOHBI
mo  pa3pabOTaHHBIM  COCTaBaM  MOAU(HIMPOBAHHON
¢ubpoOeTOHHOI cMecH MOTYT OBITH HCIIONB30BAaHBI IPH
H3rOTOBJIEHUH COOPHBIX M MOHOJIUTHBIX JKEJIe300€ TOHHBIX
M3JeNUil M KOHCTPYKLMH ISl CTPOUTENbCTBA 3JaHUN U
COOPYKEHHHl JKHITHIHO-TPaXKIAHCKOTO, MPOMBIILICHHOTO,
THAPOTEXHUYECKOTO M TPAHCIIOPTHOTO HA3HAYCHHUSL.
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Critical analysis of modern technologies and formulations of non-autoclaved
aerated concrete for production conditions in the Republic of Uzbekistan

V.M. Soy!®? G.S. Nuriddinoval®®
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: Foam concrete is a modern and efficient thermal insulation material, representing a system of
interconnected air cells within a cement matrix. Considering the promising potential for improving
technologies and compositions of foam concrete, further development of formulation and technological
approaches is justified. A critical analysis concludes that the introduction of fiber and a modifying
component, combined with chemical additives acting as hardening accelerators, positively affects the
operational properties of foam concrete and the rheological characteristics of foam-cement mixtures.

Keywords:

foam concrete, modification, shrinkage during drying, fiber, surfactant (SAA)

Kputudeckuii aHajan3 coBpeMeHHbIX TEXHOJIOTUI U pelenTyp
HEABTOKJIABHOIO NMeHO0EeTOHA /1JIf1 YCJI0BHUIi pou3BoacTBa B Pecmy0/iuke
Y30ekucran

Iloii B.M.!®% Hypuaauuosa I'.C.10°

TamkenTckuit rocy1apCTBEHHBINM TPAHCIIOPTHBIA YHUBEPCHTET, TalkeHT, Y36eKucTan

AuHoOTALMA:

[lenoGetoH — coBpeMeHHBIH 3((EKTHBHBIA TEIIOM30JIIIIMOHHBIA MaTepHall, MPeACTABISIONINA co00i

CHUCTEMY, coo6maroumxc;[ BO3IYIIHBIX A4Y€CK B L[eMeHTHOﬁ Mmarpune. VubITHBas TNEPCIEKTUBHOCTDH
YCOBEPUICHCTBOBAHUA TEXHOJIOTHl U COCTaBOB HCH06GTOHOB, HUMECT CMBICII ﬂam.Heﬁmaﬂ pa3pa60TKa
PEUCNTYPHBIX U TEXHOJIOTMYECKUX ITPHUEMOB. Ilo KpUTHYCCKOMY aHaJIN3y ACIAaC€TCsA BbBIBOJ O TOM, YTO
BBCJIICHUC (1)1/16pr u MO}]H(I)HHprIOIHCFO KOMIIOHCHTAa B COYCTaHUHU C XUMHUYCCKUMU JIO63.BK3.MI/I, Kak
YCKOPUTEIHN TBEPACHUS, MOJIOKHUTEJIBHO CKAa3bIBACTCA Ha DKCIUTYTaTallUOHHBIC U (1)I/I3I/IKO MCXaHHYECCKHEC

CBOIICTBA HEABTOKJIABHOTO MIEHOOETOHA.

Kirouessie cnopa: neHo0eToH, MoM(UKaIMs, yCcaJIka IIPU BhIChIXaHuu, Gpudpa, [IAB

1. BBenenue

[enoGeton - COBPEMEHHBIN 3¢ exTHBHBII
TEIUION30JBIUOHHBIA MaTepHal, MPeACTaBIIOMUA coOon
CHCTEMY, COOOIIAIOINXCS BO3YIIHBIX SUEEK B MaTpHIE.
KiroueBble XapakTepUCTUKK AOCTUTAIOTCS 3a CUET HU3KOH
IUIOTHOCTH U MAJIOro Ko3(h(HIUEHTa TeIIONPOBOIHOCTH.
Ho ctpykTypooOpa3oBaHue JaHHOTO MaTepHaia Ha MHUKPO-
U MakpoypoBHE TPYJHO IOANAETCA YIPABICHUIO U
PEryJIMpOBaHHUIO. Tpebyer OJJTHOBPEMEHHYIO
KOPPEKTHPOBKY HECKOJBKHX IIapaMeTpOB TaKMX Kak
PEOJIOTMYeCKHe CBOMCTBA, ycaJKa IpPH  BBICHIXAaHWH,
TPEIUHOCTOUKOCTb. [NapannensHoe [IpUMEHEHHE
pPELENTypHBIX M TEXHOJOTHMYECKMX IPUEMOB  JIaeT
CHUHEPreTHYeCcKuii 3pEeKT P PerIeHnH 3a/1a4 MOBBIICHUS
9KCIUTyaTallMOHHBIX CBOMCTB IEHOOETOHOB.

2. MeToanka uccjae10BaHusA

B  cratbe  mpUMEHEHBI ~ HECKOIBKO  METOJOB
TEOPETHYECKOr0  HcClefoBaHMsA.  MeTomoM  aHaiM3a
paccMOTPEHO BIUSIHUE BCEX KOMIIOHEHTOB COCTaBa
MEHOOETOHA Ha €ro ycaJlouHble 1eopManii U MPOYHOCTb.
MeronoM cHHTe3a YCTAaHOBJIEH CBA3b M 3aBUCHMOCTh

@l= https://orcid.org/0009-0009-7560-2691
bl https://orcid.org/0009-0005-4832-4623

PELENTYypHO -TEXHOJOTMYeCKHX (DaKTOPOB YIIyHIICHHS
cocraBa neHoberona. Tak kak B psje Hay4HBIX pabor [5-
15] oOpasubl NIEHOOETOHOB ¢ NMPUMEHEHUEM MHHEPAIbHBIX
no6aBok u  (GuOpHl TOKa3anM HU3KHE yCaJO4HBIC
nedopMaryy, o MeTo.ly HHAYKIMH CAENaH BBIBOJ O HOJIb3e
MHHEpaIbHBIX, XUMHYECKHX JI00aBOK B COUYETAHHE C
¢dudpamu.

OnMH U3 CyIIECTBEHHBIX HEJIOCTATOK IEHOOETOHA 3TO —
ycazka npH BoicbixaHuU. [1o qanHbIM [1-4] MOXXHO yka3aTh
npu4uHbl ycagok: 1. O0beM ruIpaTUPOBaHHBIX MPOAYKTOB
MEHBIIIE, YeM UCXO/HbIH 00beM BshKyiero; 2. dusnueckas
ycazika - BOJa M3 II0p, HaXOUIMXCS B ITy3bIPbKAX, TaKkKe
UCHApAETCS, U CTPYKTYypa HAYMHAET CHKMMAThCS, BbI3bIBAs
MUKPOTpPEIIMHbl B MarepHalie, YTO TAKXe CIIOCOOCTBYET
JanpHelmen ycagke. 3. V3MeHeHHe BIAXXHOCTH TIO-
pa3HOMy JIEHCTBYET Ha LIEMEHTHYIO MAaTpHIy U Ta30BYIO
¢a3y. Tak kak HEeMEHTHas MaTpula TepsieT BOAy ObICTpee,
4eM IIOpbl IPOMCXOIUT HEpaBHOMEpHas ycaaka. JTO
NPUBOJUT K HAIPSDKEHHIO BHYTPM MarepHaia, 4Yro
CIIOCOOCTBYET Da3sBUTUIO MHKPOTPELIMH, OCOOCHHO IIpU
HAJIMYMU BBICOKHX YPOBHEH BIIa)KHOCTH B IIEPBOHAYAIIEHOM
cmecn. 4. OrpunarensHoe  geidictBue [IAB  u
IACTU(QUIMPYIONMX T00ABOK KaK 3aMe/UICHHE IPOLIECCh
CXBaThIBAHMS M TBEPACHUS BSIKYILET0, YTO MOXKET IIPUBECTH
K JECTPYKIMH IIEHOLEMEHTHOH CHCTEMbI JI0 MOMEHTa
CXBaThIBaHMS BSDKYILErO - MEHOLIEMEHTHas Macca JaeT
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ycaiaky, IO  BBICOTE€  CBEXKEYJIOXKEHHOTO  MacCHBa
00pa3yloTcs CIUIONIHBIC KaHAJbl CIUSHHSA Iy3bIPBKOB H
CHIKEHMIO HKCIUTyaTallMOHHBIX IOKa3aTejlell KOHEYHOIo
mpoaykta. 5. C TOUYKM 3peHHS KOJUIOUIHOW XUMHH

NIEHOUCMCHTHAsA Macca OTHOCHUTCA K JII/IO(I)O6HI)IM
I‘py60l[PICHepCHLIM BbBICOKOKOHICHTPUPOBAHHBIM
CHUCTEMaM, KOTOpPbIC CEIaMECHTAllTUOHHO HeyCTOﬁ‘IPIBbIe.

Mepbl pery;THpoOBaHHS MeToxs! peryuposanus

ePeKTBL OO0BEKT peneNTypHOT0 NpPHEMaA
Hed penenTyp: P pelenTypHoro cocTana TeXHOJOrHYecKoro
npouecca
‘VekopHTeIH H

Veanka mpit . Cpoxa | axmupatops! Teeprenma TeMmepaTypa BOXsl

CXBATHIBAHUSI
BBICEIXaHHH SRaTo Hapaerpm

. CrofixocTs I .
KPaTHOCTE IIeHBI
‘ JlucTiepcHOe apMHpOBAHHE Venosust
TBEDIEHHs

Huzkas Y
HPOYHOCT, KaHaoB Ilnato- ‘ MuHepaTbHBIE HATIOTHUTENI ‘
TpemHHO- I'n6oca IMopsanok
oBpa3oBanHe ‘ Momuuunpytomue 200aBKIL | HocrenoBa-

. YIpouHeHne

MeKIIODOBOIT
MEPETOPOLIKH

TeIBHOCTE
BBEJICHHS
KOMIIO-
HEHTOB

BHI I COCTaB BOKYMIETO
XapaKTepHCTHKH 3al0THHTeNe

IInacTHdumIpyIome
JIo6aBKH

| B/T cooTHOIIEHHE |

Puc.1. CoBOKYNHOCTBH pelenTyPHBIX U TEXHOJIOTHYECKUX PUEMOB

Jns  pemeHust 3TOW 33aJayd  HYXKHO TNPHMEHHTH
KOMIUIEKC PELENTYPHO- TEXHOJIOTMYECKUX TPHUEMOB C
pa3HOro acmekra, T.e. BbIOpaTb pa3Hble OOBEKTHI
PELENTypPHOro MpHeMa U BapbHPOBATh KOJINYECTBEHHBIMU
MOKa3aTesIMH  PELENTypHOro cocTaBa. Hampumep, mo
JaHHBIM [5] KOTOpBIi 3()EKTHBHO NPUMEHMII YCKOPHTENb
tBepaenus NaF, NaCl (0,5 u 5 % ot macchl BSDKyIIEro)
COBMECTHO C KPEMHe- H JKeJIe30CoiepaKaliei 100aBkoi s
neHOOeTOHa  Ha  NPOTEMHOBOM  IEHOOOpasoBaTelie.
CTabunn3alus TEHbl, YBEJIMYEHHE TOJNIIMHBI IUIEHKH
BO3HUKAEeT B pe3yJ]bTaTe B3aUMOJCHCTBUA YaCTHIL 30JI

KPEMHHEBOM  KHCJIOTBI M IIeHooOpasoBartens ¢
oOpa3oBaHHEM CTPYKTYPHOTO HPOCTPAHCTBEHHOTO
KPEMHETIPOTEHHOBOTO KOMILJIEKCa. Habmronaercs

MOBBIILICHHE YCTOIYMBOCTH IICHBI B 4 pa3a, YMEHbILICHHUE
cpenHero auamerpa mop ot 600 MM 1o 520 MK,
YBEJIMYEHHE YHCIia 10P CPEJHEro AUaMeTpa U IPOYHOCTH
nponaykra. B maHHBIX 00pa3uax nosiBisiercs HoBas dasa -
IHAPO CWIMKAT adBWUIMT. B3aumonelcTBue BBOAMMBIX
100aBOK C TBEPIbIM KAMEHHBIM CKEJIETOM HeHOOeToHa
npuBoUT K cBi3biBaHuI0 Ca(OH)2 B HOBOOOpa3oBaHUs.
Wmn ke  MOXHO  OTMETUTh  3(P(PEKTUBHOCTH
COBOKYIIHOCTH ~ HECKOJIBKMX  pELENTYypHBIX Mep B
HCCIEeOBaHUAX [6], Tae NMpUMEeHWIH MOAU(UIMpPYIOLHe
N00aBKM KBApLEBYIO CYCIIEH3HIO, AHTHIPHUT M KaJIUEBbIE,
HATpPUEBbIC AKTHBATOPBI TBEPJACHUS U 0a3aIbTOBYI0 GUODY.
CraOunuszaiyss OEHHOW CTPYKTYpbl C  YBEIHYCHHEM
CTOMKOCTH JOCTUraercs HW30BITKOM TBepaod (asel, He
OCEBILIEH Ha MOBEPXHOCTH IIy3bIpbKa M3-3a BBICOKOH ee
KOHIIEHTpalMu. JTO 00ecne4nBaeT 3aKyIOpKy KaHAJIOB
[Tnato-T'n66¢ca ¢ popMUpoBaHHEM YIUIOTHEHHOH yIAKOBKU
TBEPJIbIX YACTHIL B MEXITy3bIPKOBOM HPOCTPAHCTBE.
AHanu3 fAaHHBIX [7] MOKa3bIBaeT, YTO IUCIEPCHOE
apMHpOBaHME B~ KOMOMHAIMM  HU3KOMOJIYJBHBIX
(TOMUIPONUICHOBBIE) U BRICOKOMOYJIBHBIX (0a3aIbTOBBIE)
BOJIOKOH 3HAYMTENBHO CHIKACT YCAAKy M MOBBILIAET
mpoyHocTh  neHopubpoberoHa.  Bomokna — co3maror
MPOCTPAHCTBEHHBINH KapKac, U YeM MEHBIIE HX JIHAMETp U
JUIMHA, OOJbIIE COJCp)KAHHE B CTPYKTYpe SYEHUCTOTO
0€TOHa, TeM MEHbIIIE JUIMHA TPEUIMH. BOJIOKHA M3MEHSIOT
KaNWULIPHYIO ~ CTPYKTYpy  IIOPHUCTOCTH,  Jenas  ee

NPEeNMYIIECTBEHHO 3aMKHyToW. TakuMm oOpazom, ycaiaka
YMEHbIIIAeTCs M3-32 3aTPyJHEHHS UCIIaPEHHs KalWUIIpHON
BJIaru.  BBICOKOMOIyNBHBIE  BOJIOKHA  CIIEPIKUBAIOT
ycazouHble jgedopMmanmu M OIOKHPYIOT 00pa3oBaHHe
TPEIIHH B IUIOTHBIX MEXIIOPOBBIX MEPETrOPOAKaX C MOMEHTA
Havyasma (OpPMHUpPOBaHMS CTPYKTYPHI M NPH TOCIEAYIONIei
JKcIuTyatanmu  ¢ubponenoderona.  HuskomomyibHbIE
BOJIOKHA HCKJIIOYAIOT Pa3BUTHE YCAJOUYHBIX SBICHHH WU
TPEIMHOOOpa30BaHUE HA  YPOBHE  MAaKPOCTPYKTYpbI
KoMno3uTa. Takoi xe 3(pPEeKT apMUPOBAHUS JAOCTUTACTCS
3a CueT NPUMEHEHUEs CHHTETHYECKHX BOJIOKOH [8], rue ¢
HoMouIbo GUOPBI U3MEHEHO HaNPsXKEHHO-1ehOPMATUBHOE
COCTOSIHHE MaTepHayla I0J| JCHCTBHEM CXKHMAIOLIMX
Harpy3oK, MO3TOMY IlapaMeTpbl €ro HPHU3MEHHON
npouHocTH Ha 30-35% npeBblaoT KyOUKOBYIO IPOYHOCTb,
HOBBIIIEHHE IPOYHOCTHU Ha PACTSKEHHUE MPH PACKaJIbIBAHUU
B 1,2-2,5 paza.

ApmupoBaHHE EHOOETOHOB Ha OCHOBE MPOTEMHOBOIO
neHooOpasoBarenss OTpe3KaMH 0a3albTOBBIX BOJIOKOH C
KpeMHecoaepkaimm coctaBoM Si02 — 48-51% Toxe maror
BO3MOXKHOCTh YMEHBLICHUS YCAIKHM IIPU BBICHIXaHHH [0
1,37 mm/m, Gonee yeM B 2 pasa [9]. D10 00bsICHSIETCS C TEM,
YTO HA TIpaHHULE LEMEHTHOr0 KaMHSi M 0a3albTOBOro
BOJIOKHA  HAaxXoJdIIerocs B  aMOP(HOM  COCTOSIHUM
MPOMCXOJUT  XEMOCOPOLMOHHOE  B3aUMOJCWUCTBHE  C
NPOAYKTaMH THIpaTallid LIEMeHTa, C 00pa3oBaHHEM
TOHYAHIIMX HrOJIbYATHIX KPUCTAUIOB Ha IIOBEPXHOCTH
LIEMEHTHBIX 3€PEH, a TAKXKe, KPYIHBIX, HO Ype3BbIYaiiHO
TOHKMX TeKCarOHAJIBHBIX IUIACTHH B  MEX3EPHOBOM
NPOCTPAHCTBE,  YNPOUYHSIOMIMX  CHCTEMY  LIEJHKOM.
TopueByto wyacTh 0a3albTOBOTO BOJIOKHA MPOHUKAIOT
NPOAYKTHl ~ THWApATalMd  LEMeHTa ¢  00pa3oBaHHEM
KPUCTAUIMYECKHX CPOCTKOB ~ YHPOUHSIOIMX  CHUCTEMY
neiaukoM. bazajabToBOe BOJIOKHO COCTOMT W3 elle Oojee
TOHKHX BOJIOKOH. BO3MOYXHO, Ha MX OBEPXHOCTH B MECTax
MEXaHHYECKUX nedexToB CO3/1aK0TCS LEHTPBI
KPUCTAIM3AIMKM, ¢  oOpa3oBaHMEM  CETH  TOHKHUX
TeKCaroHalbHBIX IUIACTUH M WIOJIbYAaThIX KPUCTAIIOB,
cpacTaronmxcs co chepuuecKUMH 3epHaMH LIEMEHTHOMN
CHCTEMBI, JOTIOTHUTEIIBHO YCUITUBAs ISHCTBHE BOJIOKHA KaK
JUCIIEpCHOM apMaTypsl. biarozmapst 3TOMy NPOUCXOAMT
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YBEJIMYEHHE IPOYHOCTH IEMEHTHOTO KaMHSL.

Baenenue B CUCTEMY KpeMHeCcOoepIKaluxX
MHHEPAIBHBIX HATOJHATENEH BMECTE C YCKOPHTEIIMH
TBEpACHHUS  BIMSET  JBOSKO:  yMEHBIIAET  YCAJKY,
CcTabMIM3Upysl TIEHHYI0 MacCy M y4YacTBYET B IIOSIBICHUH
HOBOOOpa3zoBaHuii nemeHTHOH Marpuip! [10]. [Ipumenenne
BBICOKOJIUCIIEPCHBIX MHHEPANBHBIX J100aBOK Pa3IMYHOI
YZAeNBHOM MOBEPXHOCTH ONTUMH3HPYET JUCIIEPCHBIH COCTaB
— TOJTy4aeTcs STYeUcCTas CTPYKTypa ¢ TOHKMMH, IUIOTHBIMH,
MIPOYHBIMHU TIeperopoakaMu. [IpoYHOCTH mOBBIIAETCS M
ycaaka CHIDKaeTcs 3a c4eT (OPMHUPOBAHUS OIXHOPOHON
IUIOTHOH  CTPYKTYpPhl ~MEXKIIOPOBBIX MEPEropofoK M
pacHmpsIomero  ASHCTBHSA  OTTPUHTHTA, a  TaKxkKe
(opMHpOBaHUS HHU3KOOCHOBHBIX TOOEPMOPHTONOITOOHBIX
THPOCWINKATOB KaJbIIHs.

B »ToM HampaBneHMM WMeeT MECTO TpHUMEHEHHE
MHKpPOKpEeMHe3eMa B aMOP(HOM COCTOSTHHU B KOMOWHAIINN
HX C 30JBIMH-YHOCA IS MEHOOETOHOB Ha CHHTETHYECKHX
neHooOpasoBaTensix. AHanM3upys MaHHBIX [11], nmemaem
BEIBOJI, YTO JUII CHHTETHYECKHX IeHOOOpa3oBareneit
CKOpPOCTh  JICOpPOIIMM Ha TIIOBEPXHOCTH pasnena ¢a3
KUIKOCTb—Ta3 OUYSHb BEJINKA, TO3TOMY BPEMsI IOCTHKEHHUS
TEPMOJMHAMHUYECKOTO PaBHOBECHS OYEHb KOpOTKoe. B
CBSI3U C ITUM HEOOXOAWMO BBOJUTH CTAOWIH3HMPYIOIIHE
nob6asku ¢ onpenenenneM KKM. B kauectBe Takux cra-
OMIIN3aTOPOB YYaCTBYIOT PACTBOP )KUBOTHOTO KJIEs, JKHIKOE
CTEKJI0, CEPHOKHCIIOE XKeJe30, IUTHOCYIB(QOHATHI U JIp., HIIX
)K€ HCIIOJNIB3YIOT BBICOKOIMCIICPCHBIE I00aBKU B BHIE 30JIBI
TOC, MuKpOKpeMHe3eMa, H3BECTH, AOMEHHBIX TI'paHyJIH-
pOBaHHBIX LUIAKOB. B Takux ciydasx cunreruueckue [10
HUMEIOT BOJOPOJHBIA IOKa3aTellb ONM3KHH K (OHOBOMY
MOKa3aTeNI0 LEMEHTHOIO PacTBOpa, 00JagaroT OoJbIIeit
YCTOIYMBOCTBIO M KPaTHOCTBIO MEHBI 110 CPaBHEHHUIO C
oenkoBeiMu  [10. CuHTeTHYecKHe MEeHO0Opa3oBaTeln
OKa3bIBAIOT ~ Ooiblliee  BIMAHHE HAa  MOBEPXHOCTHOE
HATSDKEHHE PacTBOPOB, YeM OCIIKOBBIE.

OrnenuBas posis B/T B ycoBepIIeHCTBOBaHHI COCTaBOB
nenobetoHa 1o naHHbeIM [11]: npu 3navennsx B/T menbie
0,3 cTaHOBUTCSI HEBO3MOXKHBIM ()OPMOBAHHE ICHOOETOHHON
cmecu. Ecmm  B/T  npeBbimaer 0,76,  cHmkaeTcst
OJJHOPOJHOCTb ~ HUCXOJHOH CMECH M  YBEIHYHBAETCH
pacciioenne mneHoOeToHa. Emie OXMH HEMaJOBaXKHBIN
¢daxkTop 310 — pasuHuna mnokaszatenas PH cpemst 10 u
LIEMEHTHOH CHUCTEMBI - C yBEJIMYEHUEM Pa3HHULIBI BO3PacTaeT
BIMsIHHE cTepudeckoro d3¢dekra, 4YTO NPHBOIUT K
paspyuienuto nensl. [loatomy pH pactBopa I1O momxen
ObITh O1i30K K hoHOBOMY pH LIeMEeHTHOro pacTBopa.

C nerartuBaeiM BiusiHueM [IAB MmoxHO GopoThes ¢
BBEJCHHEM  Pa3HbIX  MOAUPHUIMPYIOMUX  100aBOK.
Hanpumep, no pezynsratam [12] MOXXHO caenaTh BBIBOA O
TOM, 4YTO COBMECTHOE IPHMEHEHHE  KOMILIEKCHO
MOAUGHUIMPYIONIHX J00aBOK HA OCHOBE aJIKMII3aMEIIEHHBIX
(EHOJIOB M MUHEPAIBHBIX TOHKOAMCIEPCHBIX KPEMHHUCTBIX
HAIIOJIHUTENEH 3HAUUTEIbHO IMOBBILIAET CBOMCTBA IEHBI -
kpatHocTh 10 40% wu croiikocte m0 55%. bmaromaps
KpEMHecOoIepyKallieMy HAIOJIHUTEII0 CeIUMMEHTAlHOHHASL
YCTOMUMBOCTB NIEHOMAcCHI MoBbIcuIach Ha 30%.

Uro kacaercs BblOOpa Tuma mneHooOpa3oBatels,
0000mas gaHHeie [5-12] MOXKHO cHenath BBIBOJA, 4YTO
cunrernueckue [10 ycrynaror nporenHoBsie. Kaxkaplil Bug
1O umeeT cBoM TpeOOBaHUS MO MCIIONB30BAHHIO TaKHE KaK
BBEJICHHE CTaOWIN3aTOPOB, COBMECTUMOCTH C JAPYTMMHU
KOMIIOHEHTaMH NIeHO0ETOHa, TeMIepaTypa BoJbl U T.J.

CaMbIMM ~ B@KHBIMH ~ METOJAMH  PETYJMPOBAHUS
TEXHOJIOTMYECKOro Tpoliecca B TNEHOOETOHAX SBIISIOTCS
KOHTPOJIb TeMIIepaTypsl Bop! [ 14] u mocienoBaTenbHOCTh

BBeleHHsT KoMmmoHeHToB [13]. VYcranoBmeno [14], uyro
CHHTETHUYECKHE TIeHBI, IPUTOTOBJICHHBIE HA BOJE C
Temmeparypoit +4+2°C, coXpaHsIIOT CBOIO YCTOHYMBOCTH B
2 pas3a Jonblle, 4eM IEHBl Ha BOJE C TEMIepaTrypoit
+2042°C, m B 3 pasa [gonbiie, 4eM II€HBl Ha BOJEC C
temmeparypoit +37+2°C. IlenooOpa3oBaHue pacTBOPOB Ha
MOJOTPETOH M TEIION BOJE HAYMHAETCS C PE3KOTO pocTa
00béMa TeHsl B TedeHre 1 1 2 MUHYTHL, C TPETheH MUHYTHI
MepeMeIINBaHNs BO3/yXOBOBJICUEHHE CTAOMIN3UPYETCS -
OourbImas 4acTh a71cOpOIMOHHBIX CBOMCTB
MeHoOOpasoBarenieil MposIBISIETCS B TeUeHHWE 1-2 MUH.
Boznyxososneuenue ke pacrBopoB IIAB ma Boze
MaKCUMAaIbHOW TIOTHOCTH (+442°C) Xapaktepusyercs
CPaBHHTEIBHO IUIABHBIM POCTOM B TEUCHHE IIEPBBIX 5-
6MuH.,, a 3areM crabmwmmsupyercs. PaHHSII moTeps
YCTOWYMBOCTH M CTOWKOCTH TIEHHBIX IUIEHOK CBSI3aHBI CO
CBOHCTBaMH BOJIBI - Y€M BBIIIE €€ TeMIIepaTypa, TeM OoJIbIIe
pa3Max KojieOaHMH MOJIEKyJl BOIBI M TeM ObIcTpee
pa3pymaroTcs IUIEHKH, B KOTOPBIX OHa Haxomurcsa. Uem
HIDKE TeMIlepaTypa BOJABI, TEM MEHbBIIE BOJOIOTPEOHOCTS,
orpezaersieMast 10 BeNMYMHE IHaMeTpa paciuibiBa CMECH Ha
Buckosumerpe Cyrrapna.

JlucnepcHOCTE TEeIUTBIX ITeH OblIa HU3KOMH, 4eM KpyIIHee
My3BIPHKH Ta30BBIX BKIJIIOYEHHI B IEHOCMeECH, TeM Ooiee
HEYCTOWYMBBHIMM OHHM CTaHOBATCS M TeM HIDKe Oyzaer
Ka4ecTBO 3aTBepieBlIero 0eroHa. [IeHbl, I3roToBICHHBIE HA
Boge +4C, o001azaroT MOBBLIIIEHHONW IIJIOTHOCTHIO M
JICHIEPCHOCTEIO.

Ananmm3 ¢u3nueckux CcBOMCTB neH [15] mokasbiBaer,
YTO  HE3aBUCHUMO  OT  BEIIECTBEHHOH  IPHPOJIBI
NeHo00pa3oBaTels MOHIKEHUE TEMITEpaTyphbl BOJBI BEJIET K
MOBBIIICHHIO TTOKA3aTEIBHBIX XapaKTePUCTHK TEH.

3. BbIBOABI M peKOMeH AU

[lenast BBIBOA U3 BBILICH3JIOKEHHOTO, ICHOOETOHBI
OTJIMYAIOTCS CIIOXKHBIM CTPYKTYpOOOpa30BaHUEM Ha MUKPO-
U MaKpoOypOBHE IIPH YCOBEPLICHCTBOBAHME HMX COCTABOB
TpedyeTcss KOMILIEKC Mep 10 PEryJIMPOBaHHUIO PELENTYPHO-
TeXHoJOorn4eckux (aktopoB. Bmexmenne B cocraB
MHHEpPaJIbHBIX HaIlOJIHUTEJIeH u XUMHYECKUX
MOAM(UKATOPOB ~ MOXHO  PEryjupoBaThb  CBOMCTBa
pa3pabaThiBaeMOr0 HEaBTOKIIAaBHOI'O IEHOOeTOHa. B cBsi3u ¢
9TUM HPEACTABISAETCS HAYYHbIH 1 IPAaKTHUECKUH HHTEPEC B
UCCIIeIOBAHHI buznKo MEXaHHYECKUX u
9KCIUTyaTallMOHHBIX CBOWCTB HEATOKJIABHOI'O NEHOOETOHA
Ha MECTHBIX CBIPbEBBIX MaTepHaax.

Hcnoan3oBanHasi gurepatrypa /
References

[1] Mehta P.K. & Monteiro P.J.M.: Concrete:
Microstructure, Properties, and Materials. McGraw-Hill
Education, 2014.

[2] Sonebi M. The effect of the porosity on the drying
shrinkage of cellular concrete. Cement and Concrete
Research. 2004. 34(9).

[3] Bentz D.P. Microstructure of cement-based
materials. 2007. Materials Science of Concrete. Vol.

[4] Gutsche S. Effect of shrinkage on cellular concrete
properties. Construction and Building Materials. 2015. No.
92. Pp 91-97.

ENGINEER



[5] Emuceesa H.H., TleHOGETOHBI HEABTOKIIABHOTO
TBEPIICHHUS Ha OCHOBE 100ABOK HaHOpasmepa: Astoped.
mic. kaHn. tex. Hayk. Cankr-IlerepOypr, 2010.

[6] Hemser M.JI., HeaBrokmaBHbI ME€HOOETOH C
KOMIUIGKCOM MHHEPaIbHBIX MOJU(GHUKATOpoB: ABTOpEd.
JiC. KaHJ. TeX. Hayk. benropon, 2019.

[71 CyBopos N.H., lucniepcHoe MONHAPMHUPOBAHHUE
Ka croco0 CHIDKeHHs ycaaku GudporneHodeToHa: ABTOped.
mic. kaHn. Tex. Hayk. Cankt-IlerepOypr, 2016.

[8] Boraruna ATO, KoHcTpyKIMOHHBIE
¢ubporeHOOETOHB! U 3[aHUH TPaXKTAHCKOTO THIIA:
ABTOped. muc. KaHa. Tex. HayK. Pocros-uHa-/loHy, 2005.

[91 Kamyrua W.I., TleHOOeTOHBI  JHUCHIEPCHO-
apMHpOBaHHbIC 0a3aJIbTOBBIM BOJIOKHOM: JlHCC. KaHI. TeX.
Hayk. Kpacnosipck, 2011.

[10] Kacymor IIA., ITeHOGETOH C TOBBIIICHHBIMH
9KCIUTyaTallMOHHBIMU CBOWCTBaMH: ABTOped. AWC. KaH[,
Tex. Hayk. Mocksa, 2017.

[11] Topbau ILC., DddexTuBHBII NEHOOETOH Ha
CHHTETHYECKOM TeHooOpa3oBarenie: ABToped. IHC. KaHI.
TeX. Hayk. YiaH-Yne, 2007.

[12] Bykapesa A.YO., HeaBTOKIIaBHBIH TEHOOCTOH ¢
KOMIUTIEKCHOW MojauduImpyromeld 100aBKoii Ha OCHOBE
aNKWI3aMelIeHHBIX ()eHONIOB: ABTOped. AWC. KaHA. TeX.
Hayk. Capatos, 2004.

[13] Yepuocuroa E.C, Termmon30sIHOHHBII
MEHOOETOH Ha MOMM(UIUPOBAHHBIX [IEHOLEMEHTHBIX
cMecax: ABToped. auc. KaHa. TeX. Hayk. beiropoxn, 2005.

[14] Cwmuprosa II.B., Temmeparypusiii ¢axrop B
TexHosnorun ubporneHoderona: Aproped. AWC. KaHI. TeX.
Hayk. PocroB-Ha-/{ony, 2010.

[15] JI.B.MopryHs, I1.B. CmuproBa, K. 1. KoctbuieHko,
O.B. Ilymenko , B.H. Moprys ., O BIustHUE TeMIepaTypbl
Ha 0COOEHHOCTH ()OPMHUPOBAHUS CTPYKTYPbI IEHOOETOHHBIX
CMecelid. https://cyberleninka.ru/article/n/o-vliyanii-
temperatury-na-osobennosti-formirovaniya-struktury-
penobetonnyh-smesey.

Nudopmanus o0 apropax/
Information about the authors

it TamkeHnTckuit rocyJlapCTBEHHBII
Baapumup TPaHCIOPTHBIN yHUBepcureT J{OKTOp
Muxaii10BU4  TEXHHYECKHUX HayK, Ipodeccop,
/ Soy e-mail: volodya_tsoy@inbox.ru
Vladimir https://orcid.org/0009-0009-7560-
Mikhaylovich 2691

HypunannHoBa  TamkeHTCKuMiA TOCYAapCTBEHHBIN
T'aBxap TPaHCIOPTHBIN YHUBEPCUTET
Canymia JloxTropaHT
Ku3u / e-mail: nuriddinova_gavhar@mail.ru

Nuriddinova  https://orcid.org/0009-0005-4832-
Gavhar 4623
Sadulla kizi

ENGINEER


mailto:volodya_tsoy@inbox.ru
https://orcid.org/0009-0009-7560-2691
https://orcid.org/0009-0009-7560-2691
mailto:nuriddinova_gavhar@mail.ru
https://orcid.org/0009-0005-4832-4623
https://orcid.org/0009-0005-4832-4623

Vermiculite-based energy-saving concretes: experimental study of strength

Abstract:

Keywords:

N.K. Takhirzhanov*®?2, A.S. Ismaylova*®P
Tashkent state transport university, Tashkent, Uzbekistan
2Karakalpak state university, Nukus, Karakalpakstan, Uzbekistan

This study investigates the effect of vermiculite from the Tebinbulak deposit on the strength
characteristics of concrete. Bending and compression tests were conducted on samples with varying
vermiculite content. It was established that increasing the proportion of vermiculite reduces concrete
strength but can contribute to improving its thermal insulation properties. The obtained results may be
useful for developing lightweight and energy-efficient concrete composites.

vermiculite, energy-efficient concrete, compressive strength, flexural strength, porosity, water-cement
ratio

JHeprocoOeperawine 0eTOHbBI HA OCHOBE BEPMHUKYJIHUTA: IKCIIEPUMEHTAIbHOE

HCCJICTOBAHUE ITPOYHOCTH

Taxup:kanos H.K.}©? Hcmaiinosa A.C.20°

TamkenTckuit rocy1apCTBEHHBINM TPAHCIIOPTHBIA YHUBEPCHUTET, TalkeHT, Y36eKucTan
ZKapaxanmakckuii rocynapcTBeHHbI ynusepeutet, Hykyc, Kapakannakcras, Y36ekucTan
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Kunrouessie cioBa:

1. BBenenue

CoBpeMEeHHbIE CTPOUTENBHbIC TEXHOJIOTMU HAPABIICHBI
MaTepuaos,

Ha CO3JaHueC

B nanHO# paboTe mcciemyercs BIMAHHE BepMHUKYIUTa M3 TeOMHOYJIaKCKOrO MECTOPOXKICHHs Ha
MIPOYHOCTHBIE XapaKTepHCTUKH OeroHa. [IpoBeneHsl ucnblTaHus Ha W3rud M cxkarue oOpasioB C
Pa3IMYHBIM COJIEPKAHUEM BEPMHKYJIUTA. Y CTAHOBIICHO, YTO YBEIMYCHHUE J0JH BEPMUKYJIUTA CHIKAET
MPOYHOCTh OETOHAa, HO MOXKET CIIOCOOCTBOBATH MOBBILIICHHUIO €r0 TEIUIOM3OJISALMOHHBIX CBOWCTB.
INosy4eHHble pe3ysbTaThl MOTYT OBITH TOJE3HBI IS Pa3pabOTKH JIETKMX M 3HEprocOeperaroIux
OETOHHBIX KOMIIO3UTOB.

BEPMHKYJIUT, 3HeprocOeperaroluii O€TOH, NPOYHOCTH MPH CKATHH, HNPOYHOCTH MPH H3THOE,
HOPHCTOCTb, BOJOLEMEHTHOE OTHOLIEHHE

B oTnmune ot ApYrux JErkux 3anoiHUTEIeH, TAKUX KaK
KepaM3HUT HJIH IIEHOCTEKIIO, BEPMHUKYJIUT 00J1aaeT Oobleit
COPOLIMOHHOMN CIIOCOOHOCTBIO U MEHBIIIEH IIOTHOCTBIO0. JTO
JieJIaeT ero MPUBICKATENILHBIM C TOYKH 3PCHUS CHIDKCHHS
Beca KOHCTPYKIMH, HO OJHOBPEMEHHO TpeOyer yuera

COYCTAIOIMX  BBICOKHE W3MEHEHUsT BOJOIIEMEHTHOro otHomeHuss (B/IT) mpu

MIPOYHOCTHBIE XaPAKTEPUCTHKU C FHEProdhPeKTHBHOCTHIO.
B cBsi3u ¢ T1100aNBHBIM POCTOM SHEPronoTpedcHUs B
CTPOMTENBHON OTpaciu, pa3paboTka SHEprocoeperaroumx
MaTepHaJiOB CTAHOBUTCS MIPUOPUTETHOM 3aaueid. CoriiacHO
UCCIIC/IOBAaHMAM, Ha OTOIUIEHHE W KOHIMIMOHHUPOBAHME
3naHuil npuxoxurca 10 40% obiero 3HepromnorpetiIeHus
[1]. Hcnonb3oBaHue JETKUX U  TEIUIOM3OJISIIIHOHHBIX
OETOHOB IO3BOJIET 3HAYUTEIBHO CHU3UThH TEIUIONOTEPH U
YIYYIIATH S9HEPro3hPEKTUBHOCTD 3AaHUH.

OIHUM U3 NIEPCTIEKTUBHBIX KOMIIOHEHTOB JUIS CO3aHUs
9HeprocOeperawnux OETOHOB SBJISETCS BEPMUKYIHUT. ITO
MIPUPOIHBIA CIOUCTBIN CHIMKAT C BBICOKOH MOPUCTOCTEHIO,
HHU3KOH TEIUIONPOBOIHOCTBIO U CIIOCOOHOCTBIO MOIJIOIATH
U yIOepXKUBaTh  3HAYMUTEIBHOE  KOJUYECTBO  BOJPL
BepMUKYJIUT yCHEIIHO NPUMEHSAETCS B CTPOUTENHCTBE B
KayecTBE TEIUIOM30JISILIMOHHOTO Marepuaia, OJHAKO ero
BIMSHHE Ha MEXaHMYeCKHe CBOWCTBa OeroHa Tpelyer
JETaTbHOTO  M3y4eHHs. B 4acTHOCTH, YBeNIHYECHHE
COZIepKaHuUs BEPMHUKYJIHTA MOXKET NPUBECTH K CHUKSHHIO
NPOYHOCTH  M3-3a  yBENMYEHHMS  TMOPUCTOCTH U
BOJIOTIOTJIOILCHHSI.

@l% https://orcid.org/0009-0004-4251-7101
bl https://orcid.org/0009-0000-4596-0759

NPOEKTHPOBAHUH cocTaBa OeroHa [2].

OpnHako, HECMOTPSl HAa HPEUMYILECTBA, BEPMHUKYJIHUT
UMEET M P/l HEJOCTAaTKOB, KOTOPbIE MOTYT OrPaHUYMBATh
€ro NpuMeHeHHe B OETOHaX:

1.  Bblicokasn copOunoHHAsA CIIOCOOHOCTD.
BepMmukynur  crnocobeH — Moriomark  3HAYMTENBHOE
KOJIMYECTBO BOJbI, YTO IMPUBOAMT K yBenmdyeHuto B/I],
CHIKEHHIO IIPOYHOCTU LIEMEHTHOTO KaMHS M yXyIILIECHUIO
aAre3uy ¢ IeMEHTHOH MaTpuuei [3].

2.  TloHm:KeHHasi MexXaHM4YecKas NPOYHOCTb. B
OTJIMYME OT TPAJULMOHHBIX 3alOJIHUTENEeH, TaKMX Kak
KBapLIEBbIH IECOK HIIM KePaM3UT, BEPMHUKYJIUT UMeeT Ooliee
PBIXJIYIO  CTPYKTYpy, YTO MOXET CIIOCOOCTBOBATbH
(OPMHPOBaHMIO 30H KOHLEHTPALMM HANPSDKEHUH U
CHIDKEHHIO 0011eil mpounocTu OeroHa [4].

3. T'MrpocKOnmM4YHOCTH ¥ BO3MOKHOE CHMKEHHE
J0JITOBEYHOCTH. V3-3a BBICOKOIT TOPUCTOCTH BEPMHUKYJIUT
MOJKET aKTHBHO TOTJIONIATh BIAry M3 OKPY)Karollei cpepl,
YTO MOXKET NPHBOJMTH K H3MEHEHHsIM o0bema, moTepe
NPOYHOCTH M MOTEHLHMAIBHOMY pa3pyIICHHIO CTPYKTYPBI
MaTepuaa Ipy LHUKJIaX 3aMOpaKMBAHHA-OTTaUBaAHHUS.
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4. Heo0xoquMOCTh KOPPEKTHPOBKH  COCTAaBa
cMecu. V3-3a ocobeHHOCTEH BepMUKYyIHTa OCTOHHBIE CMECH
Cc ero coxepxaHueM TpeOyloT Oonee TINATEIBHOM
ONTHMHM3ALMK, BKJIIOYAs HCIIONB30BAHHE CHELHAIBHBIX
MOAU(HUKATOPOB, CynepiacTuuKaTopoB u
pEryIMpoBaHUs KOJIUYECTBA BOJIbI, YTO MOYKET YCIIOXKHHTD
IpoLiecc IPOSKTUPOBAHKS U IPOU3BOJCTBA OETOHA.

B JaHHOM HCCJICIOBAaHUH PAaCcCMATPHBACTCS BIUSHHUE
BEPMHUKYNIUTa, JOObIBaeMoro Ha  TeOMHOymakcKkom
MECTOPOXKACHUH, Ha NPOYHOCTHBIC  XapaKTEPHCTHUKU
OeroHa. OcHOBHasl IieNb pabOTBl — JKCHEPHMEHTAIBHOE
OINpe/ie/ICHHEe BIMSHUS COJCPKAHUS BEPMHKYJIHMTa Ha
MPOYHOCTh OETOHA MpPHU M3TrHOE M CHKATHHU, & TAK)Ke aHAJIN3
€ro BIIUSHKSI HA MUKPOCTPYKTYPY Matepuaia.

JInst MOCTHXKEHHSI ATOW LENH B HCCIENOBAHHU ObLIN
IIOCTaBJICHBI CIIEAYIOIIHE 3a/1auH:

1.  Omnpenenurs M3MEHEHHE MPOYHOCTH OETOHA IIPH
n3rube W CXKATHM B 3aBHCHMOCTH OT  COJEP)KaHUS
BEPMUKYJIHTA.

2. UccnenmoBare  BIMSHHWE  BEPMHKYJIHWTa  Ha

BOJIOLICMEHTHOE OTHOIIEHHE U IOPHCTOCTh LIEMEHTHOIO
KaMHsl.

3. IIpoBecTn CpaBHUTENBHBI aHAIM3 TOITYYSHHBIX
Pe3yNBTaTOB C HOPMAaTHBHBIMU TPEOOBaHHUSIMIL.

4. OueHutb BO3MOXHOCTHU MIPAKTUYECKOTO
TIPUMEHEHUs TaKUX OETOHOB B CTPOUTENBHOM HHIYCTPUH.

[NonyueHHble pe3ynbTaThl MOTYT OBITH TIONE3HBI JUIS
pa3paboTKH HOBBIX COCTaBOB JIETKUX u
sHeprocoeperaronmx 6eTOHHBIX KOMIIO3UTOB, 0013 1A 0IINX
ONTHMAJBHBIM  COYETAaHWEM  TEIUIOM3OJSILIMOHHBIX M
MEXaHUUYECKHUX XapaKTePHUCTHK.

2. MeToanka uccjie10BaHusA

Jinst mpoBeleHHs MCCIEeNOBaHKS ObUIM HM3rOTOBIICHBI
OetoHHele  oOpasupl  pazmepoM  40x40x160 MM,
cootBerctBytome TpeboBanmsm ['OCT 310.4-81. B
KayecTBe  KOHTPOJBHOIO  COCTaBa  HCIOJIb30Balach
CTaHIAapTHas cMecb Oe3 BEPMHUKYJIHTa, a B Tpex
9KCMEPUMEHTAIIBHBIX COCTaBaX YacTh IecKa Oblila 3aMEeHeHa
Ha BEPMUKYJIUT B PA3IMYHBIX KOJIMYECTBAX.

MatepuaJibl
KoMIOHEeHTbI OETOHHBIX CMecel BKIJIIOYaIH:
o Ioprnanauement (LIEM | 42,5) — ocHoBHOe
BSDKYILIEE BEILECTBO.
o 301a-yHOC — UCHONB3YeTCs Ul YacTUYHOU

3aMeHbl 1IEMEHTa W YIYYIICHUS CTPYKTYpbl LIEMEHTHOIO
KaMHSL.

o Iecok (¢pakmms 0,16-2,5 MM) — Menkuii
3aII0JIHUTEIb, OOECIEUHBAIOIINK IUIOTHYIO CTPYKTYPY
OeToHa.

o Bepmukynur (TeOuHOyIaKcKkoe MECTOPOXKICHHUE,
¢bpakiyst 0,5-2 MM) — JIerKHid MOPUCTHIN 3aMOIHUTEIb.

o MuxkpokpemHe3eM  —  NpUMEHSeTCs  JUis
MOBBIILIEHHUS NPOYHOCTH M YJIyYIIEHHS CLEIUICHUS MEXIY
KOMIIOHCHTaMH.

U Cyneprutactuduxarop — YMEHBIITaeT
BOJIONIOTPEOHOCTH cMmecH, yIIydIIaeT
y1000YKIIaJbIBAEMOCTb.

o Bopa (auctwinmpoBaHHas) — HeoOxoauma yis
THpaTalyy eMeHTa.

XUMHYeCKui COCTaB BEPMUKYJIUTA ObLT

MPeABAPUTENIFHO MPOAHATU3UPOBAaH, M €ro OCHOBHBIE

XapaKTECPUCTUKU IIPEACTABJIICHBI B Ta6n1/1ue 1.

Ta6auna 1
OcCHOBHbBIE XaPAKTEPUCTHKH BEPMHKYJINTA
IToxka3zaTenn 3nauenune
Hacpinnas nn}omocn,, 100-150
KI/M
Tlopuctocts, % 85-95
Boponornomenue, % 250-400
TermnonpoBoIHOCTS,
Br/(mK) 0,04-0,06

CocTaBbl 0eTOHHBIX cMeceit
Jlns uccienoBanus ObLTH pa3padOTaHbl YETHIPE COCTABA
OeToHa:

Tabauna 2
CoctaB 00pa3uoB

Ne cocraBa 1 2 3 4
Iemenr (1) 600 | 600 | 600 | 600
3ona (1) 260 | 260 | 260 | 260
Iecox (1) 663 | 663 | 663 | 663
Bepmukymur () - 408 | 508 | 608
MukpokpemHeseM (T) 60 60 | 60 60
Cyneprutactudukarop (r) | 15 15 15 15
Bopa (1) 310 | 600 | 625 | 690

MeToauKka MCIBLITAHU I

OO0pa3pl BBAECPKUBAIKCH B HOPMAJBHBIX YCIOBHSIX
npu Temrneparype (20£2)°C 1 OTHOCHTENILHOH BIIaXXHOCTU
(295%) B Teuenne 28 cyrok. [Tocne HabGopa mpodHOCTH
ObLTH TIPOBEACHBI HCTIBITAHUS MEXaHUYECKHX
XapaKTEePUCTHK:

1.  TIIpounocts npu n3rube onpenessnack METOLOM
TPEXTOUYEHHOr0 U3ruda ¢ paccTOSHUEM MEX Iy ornopamu 100
MM coraacHo 'OCT 310.4-81. Harpyska npukiaapiBazach
LEHTPAIN30BaHHO JI0 pa3pylIeHUs 00pa3ia.

2. IlpouHocTp TpHM CXKAaTUM M3MepsAlach Ha
MOJIOBHHKAX pa3pylIeHHbIX o0pasuoB cormacHo ['OCT
10180-2012. Kakpasi TMOJNOBHHA MOJABEPraliach OCEBOMY
CXKaTHIO JIO IOCTHXKEHHMS MTPEAEIIbHOM Harpy3Ku.

OneHka BO/IOLIeMEHTHOT'0 OTHOLLEHUS M IIOPHCTOCTH

Tak  kax BEpMHKYJIUT  oOlazaer  BBICOKOU
BOZIOIOIJIOMIAIONIEN CIIOCOOHOCTBIO, UIT KaXKIOH CMecu
paccUuThIBAIOCH (PAKTUYECKOE BOJIOLIEMEHTHOE OTHOLICHHE
(B/L). U3mepenne  oOmedt  mopucroctd  OeroHa
HPOBOAMIIOCH METOJIOM HACBIILEHHS BOIOH C IOCIIEAYIOIIIM
THAPOCTATHYECKUM B3BEIIMBAHHUEM.

JlonoHUTEbHO ObLIM MPOBENCHBI METPOrpaduuecKuii
QHAITN3 ¥ CKAHUPYIOLIAst SJIEKTPOHHAsT MUKpockonust (SEM)
JUISL BU3YaIM3aLlMUd CTPYKTYPbl LEMEHTHOrO KaMHA H
H3Y4eHHUs paclpeieeHus 0p.

CratucTuyeckas 00padoTka JaHHBIX
Kaxxnoe ucrnbiTanue npoBoAWIOCH Ha TPeX oOpasiax. B
pe3yibTare  ObUIM  MONyYEHBI  CPEJHHUE  3HAYCHMS
TIPOYHOCTHBIX XapaKTEPUCTHK U CTAHAAPTHBIE OTKIOHEHHS.
Cratuctuueckas o0pabOTKa  BBIMIOJHAJACH  METOIOM
JUCHEPCHOHHOTO aHalM3a MO OLEHKH 3HAYMMOCTH
pazIuuuil MEXIY COCTaBaMH.

3. Pe3yabTarthl

B nmamHOM pasmene mpenCTaBIEHBI  Pe3yJbTaThl
UCHBITAaHUH NPOYHOCTH TPH M3rHOE M CXKATHH, a TaKkKe
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MPOBEACH aHaliu3 BOAOLEMEHTHOT'O OTHOIICHUA "
CTPYKTYPBI IIOPHUCTOCTH.

IIpouHocTs npu u3rude
VcribITaHus IOKa3aiu, YTO C YBETMYCHUEM CO/IePIKaHHS
BEPMHUKYJIUTA IPOYHOCTH OETOHA MPU M3rnOe YMEHBIIACTCSL.
OTO CBS3aHO C YBEIHYEHHEM IIOPHCTOCTH M CHIDKEHUEM
IIOTHOCTH cMecH. [lomydeHHBIE pe3ylbTaThl CBEICHBI B
TaduuIy 3.

Ta6iauuna 3
IIpouHocTh 00pa3noOB MpU N3rude
Harpy3ka npu IIpoynocTh
Ne Cocras paspylieHu npH u3rude
(H) (MIIa)
1 be3 Bepmukyura 4570 10,71
C BEpMUKYJIUTOM
2 (408 1) 2840 6,64
C BEpMUKYJIUTOM
3 (508 1) 2600 6,08
C BEpMUKYJIUTOM
4 (608 1) 2440 571

VcribITaHus MOKa3ailu, YTO C YBETMYCHUEM COJIepIKaHHs
BEPMHUKYJIUTA IPOYHOCTH OETOHA MPHU M3rHOe YMEHBIIACTCSL.
DTO CBA3aHO C YBEIHYCHHEM IMOPUCTOCTH U CHIDKEHHEM
IUIOTHOCTH cMecu. TToydeHHbIe pe3yNbTaThl CBEICHBI B
Tabmy 3.

Ha pucyrke | mpejcTaBiieHa 3aBUCHMOCTD TPOYHOCTH
MPH U3THOE OT COJEPIKAHUS BEPMHUKYIIHTA.

3aBUCUMOCTb MPOMHOCTW NPK M3rube 0T COAEepKaHNA BEPMUKYIUTA

—8— [IpOHOCTL NP M3rnie

Mpo4HocTs Npu n3rnbe (MMa)

0 100 200 300 400 500 600
CofiepxaHue BepMuKynnTa (r)

Puc. 1. I'padux n3MeHeHNs] MPOYHOCTH MPH U3rUde

IIpo4HOCTH NPH C:KATHH
IIpouHocTh GETOHA MPH CKATHU TAKXKE CHIDKACTCS IIPU
YBEIMYCHUH  COZAEpXKaHWs  BepMUKyauTa. OCHOBHBIC
[PUYHHBI 9TOr0 — YBEIHYECHHE KOIMYECTBA BO3IYIIHBIX
MOp ¥ CHIKCHHE IUIOTHOCTH LEMEHTHOIO KaMHs.
Pesynbrarsl nipecTaBieHsl B Ta0muLe 4.

Tabmmna 4
IIpo4yHOCTH NPH CKATHH OETOHHBIX 00pa3L 0B
Harpyska npu IIpounocTsh
No CocraB pa3pyumeHun NpH CXKATHH
H) (MIIa)
1 Be3 Bepmukynuta - -
C BEepMHKYJIUTOM
2 (408 1) 20490 12,81
C BEpMHKYJIUTOM
3 (508 1) 15350 9,59
C BEpMHKYJIUTOM
4 (608 1) 14730 9,21

Ha Pucynke 2 npencraBieHa 3aBUCUMOCTb TIPOYHOCTH
TIPU CXKATHHU OT COJICP KaHUS BEPMHKYIIUTA.

3aBMCUMOCTb MPOYHOCTW NPW CXATUK OT COQepXaHWa BEPMUKYINTA

—8= [IpoyHOCTS MPH OKATHI

— —_
o ~

)

=

MpoYHOCTE NpKU cxKaTukn (MMa)
~ o

=)

0 1000 200 300 400 500 600
CoaepxaHue BepMukynuTa (r)

Puc. 2. I'padux n3MeHeHHs] HPOYHOCTH NPH CIKATHH

Ananu3 BooneMeHTHOro ornomenus (B/IT)

Taxk Kak BEPMUKYJIUT obOnamaer BBICOKOI
BOJIOTIOTJIOIIAfONIEH  CHOCOOHOCTBIO,  YBEIMUYECHHE €ro
COZep)KaHMS  NPUBOTUT K  3HAYUTEIBHOMY  pOCTY
BogorieMeHTHOro oTHomeHuss (B/L]). Dro HeratuBHO
CKa3bIBaCTCS Ha MMPOYHOCTHBIX XapaKTCPUCTHKAX.

Tabuauna 5
BoznouemeHTHOE OTHOIIEHHE PA3JIMYHBIX COCTABOB

Ne CocraB B/I1
1 be3 BepMukyuTa 0,52

C BEpMUKYIHTOM
2 (408 ) 1,00

C BEpMUKYIHTOM
3 (508 1) 1,04

C BEpMUKYIHTOM
4 (608 1) 1,15

Ha Pucynke 3 mnpencrasnena 3asucumocts B/I] or
COJIEPKAHHS BEPMHKYIIUTA.
W3meHeHwne B/LL npu yBenn4eHnn cofeprkaHna BEpMUKYIUTA

—+— BogouemeHTHoe eTHoWeHwHe (B/Ll)

0 100 200 300 400 500 600
CopepaHue BepMUKynuTa (r)
Puc. 3. I'pa¢ux n3menenust B/Ll npu yBesudennn
coJlepsKaHusl BEPMHKYJINTA
Kak BumHo u3 nanueix, npu B/L] > 0,8 mpounocTb
CHIIKaercst 00s1ee MHTEHCUBHO, YTO COIJIACYETCs ¢ MOJIENBIO
Powers s mopucTeix OETOHOB.

AHaJIN3 CTPYKTYPbI HOPHCTOCTH
Beronst ¢ BepMukynuroM — obnamaror  Oosee
Pa3BETBICHHOI MOPUCTOH CTPYKTYypOH, 4YTO yXyZIIIaeT
CLEIJICHHE MEXAY LIEMEHTHONH MaTpHULEed U 3aI0JIHUTENIEM.
Tlerporpaduueckuii aHamu3 MOKa3aja, 4YTO pa3Mep Iop
yBennuuBaercs oT 0,1 mo 0,5 MM mo mepe yBenHUYeHHs
COZIep)KaHHsl BEPMHKYJIUTA.

CpaBHeHHe C HOPMATHBHBIMH TPe0OBAHUAMH
Cornacuo I'OCT 25820-2014, npo4yHOCTh Ha C)KAaTHE
6eronoB ¢ 508 r u 608 T BepMHKYyIHTa COOTBETCTBYET
kmaccy B7.5, dYro gpemaer WX OPUTOAHBIMH A
TEIIOU30JISIIIMOHHBIX KOHCTPYKIIHH, HO HE
PEKOMEHTyeMbIMU JUTSI HECYIIIUX HJIEMEHTOB.
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Taoauua 6
CpaBHenue nosay4yeHHsbix 1aHueix ¢ FOCT

IpouHo Kaace
Pexomenayem
Cocras CThb IpH 0eToHa Mo oe
CIKATHH TOCT emenn
(MIla) | 25820-2014 pUMEHeHne
C Jlerkue
BEPMHKYJIUT 12,81 B10 OGETOHHEIE
oM (408 1) 610KH
< Tennousosiu
BEPMHUKYJIUT 9,59 B7.5 1
om (508 1) OHHBIE MaHEIH
< Tennousosiu
BEPMUKYJIUT 9,21 B7.5 €ILJIOU30JIL]
om (608 1) OHHBIE MaHEIH

4. O0cy:kneHue

Bausinue BEPMUKYJIUTA HA NIPOYHOCTH
Pe3yJ'ILTaTI>I WCTIBITAaHUI IIOKa3bIBaKoT, 4To C
YBCIIMUCHUEM  COACPIKAaHHA  BEPMUKYJIMTA  IIPOYHOCTH
CHCTEMaTHUCCKH CHIDKAETCSA. JTO CBS3aHO C HECKOJIbKUMH
KIIFOYCBBIMU q)aKTOpaMI/II

e Poct nopucrocru. BepMuKyIHT — 3TO NOPHUCTBIN
MaTtepuall, KOTOPbIi yBeJIMYUBAET 00BbEM BO3LYIIHBIX TTOp B
Oerone. IIpu 3TOM CHMKAETCS IUIOTHOCTh ILIEMEHTHOTO
KaMHsl, YMEHbIIAeTCsl KOJWYECTBO KOHTAaKTOB MEXKIY
3aIOJTHUTENIEM U LIEMEHTHOW MaTpHILEH.

e Cnabas anresus. IToBepXHOCTh BEPMHKYJINTA MEHEE
IEpOX0BaTas MO CPaBHEHWIO C NECKOM, YTO MPHUBOIUT K
XyIIEMY CLEIJIEHHIO C HEMEHTHBIM TECTOM.

® HepaBHOMEpHOCTH CTPYKTYDBI. Beenenue
BEPMUKYJIUTA IPUBOJIUT K F€TEPOreHHOMY PacIpee/IeHHIO
1Op, 4TO CO3JaeT 30Hbl KOHLEHTPALMH HANpPKEHUH H
CHM)KAeT MEXaHUYECKYIO NPOYHOCTb.

Bausinne BogouemeHTHOro oTHOoeHust (B/L1)

Kak BugHo w3 Tabmuumsl 4, poct coaep aHus
BEPMUKYJIUTA NPUBOAMT K yBenuuenuto B/1] ¢ 0,52 mo 1,15.
OTO CBA3aHO C TEM, YTO BEPMHKYJIUT BIMTHIBAET
3HAYUTENIFHOE KOJMYECTBO BOJIBI, CHIDKAsT () ()EKTUBHOCTH
IMAPATALMH [IEMEHTa.

Cornacno monenu Powers, npu B/I] > 0,8 Hactymaer
pEe3KOe  CHIDKEHHE HPOYHOCTH  W3-32  YBEIMYEHUS
KOJIMYECTBA KaNWUIAPHBIX IOP B CTPYKTYpe LIEMEHTHOro
KaMHsI [1]. 3ro coryiacyercs c HaUIMMHU
SKCIIEPUMEHTAIbHBIMU JaHHBIMHU (PucyHok 3).

BeiBoa: ass mpefoTBpalieHus ype3mepHoro pocra B/1]
HE00X0AMMO 00 BBOAUTH BOIOYACPIKHBAIOIIHE 00ABKH,
b0  CHWXaTh BOJONOTPEOHOCTH cOCTaBa 3a  CYET
cynepiacTu(h)uKaTopoB.

BuiusiHue CTPYKTYpPBI IOPUCTOCTH

Hcnonp3oBaHue BEPMUKYIIUTA H3MEHSAET CTPYKTYPY IOp
B OeToHe. AHajIU3 I0Kas3aJl, 4To:

® YBeNUUeHHE COAEPKAHUS BEPMUKYIINTA MPUBOJIHUT K
yBEJIMUEHHIO cpeanero auamerpa mnop (ot 0,1 mo 0,5 mm).

® B niemenTHo# MaTpuiie GOPMUPYIOTCS KAMMULIPHBIC
U 3aMKHYTBIE TIOPBI, KOTOpBIE YXYAIIAIOT MEXaHUYeCKHe
CBOWCTBA, HO MOTyT YIydIlaTh TEIUIOM3OSIIMOHHBIE
CBOIICTBA.

CpaBHeHHe ¢ HOPMATHBHBIMH TPeOOBAHUAMH

Cornacuo 'OCT 25820-2014, 6eronnsie cmecu ¢ 508 ©

n 608 T BepMHKYIHTa COOTBETCTBYIOT Kiaccy B7.5 u moryr
OBITh UCIIONB30BAHBI B HEHECYILMX KOHCTPYKIHUX. OHAKO
UX TPUMEHEHHE B HECYILIMX DJIEMEHTaX OrPaHHYCHO H3-3a
HE0CTATOYHOI IPOYHOCTH.

Jnsi  TOBBILICHWS — MPOYHOCTHBIX — XApPaKTEPUCTHK

pEKOMEH/TyeTCsI:

o Cumkenne B/Il mo 0,6-0,7 ¢ wucrnoab30BaHUEM
CYNepIUIacTH(HUKATOPOB.

® ApMHpOBaHHE BOJOKHAMH (TIOIUIPONMIEH, 06a3aibT,
CTEKJIOBOJIOKHO) /IS TIPEIOTBPAILCHHUS Pa3pyILeHUS
0 CIIa0ObIM 30HAM.

e lI3MeHeHne TpaueHTa HAIOJHHUTENIS — BO3MOXKHO
YaCTUYHOE COXpPaHEHHE MecKa Uil  yIydIIeHHs
CTPYKTYpBI IIEMEHTHOT'O KaMHSI.

Ha Pucynke 4 mpencraBieHO CpaBHEHHE ITOJYYEHHBIX

JTAHHBIX C HOPMATHBHBIMHU 3HAYCHUSIMH.
CpaBHeHUe NpoYHOCcTU BeToHoB ¢ TOCT 25820-2014
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=
o

@

—m— 3KCMNEpPMMEHTalbHbIE JaHHBIE
-e- [OCT 25820-2014

MpoYHoCcTh NpuU cxkaTum (MMa)
[=)]

0 100 200 300 400 500 600
CogepxaHne BepmukynuTa (r)
Puc. 4. CpaBHeHue 10Ty4eHHbIX JAHHBIX €
HOPMATHBHBIMH 3HAYECHHUSIMH

Bo3MoikHBIE HEIOCTATKH BEPMHKYJINTA

Hecmorps  Ha  mpeumymecrsa  (Maiblii  Bec,
TEIUIOU30JIILIMOHHBIE CBOMCTBA), BEPMUKYJHUT HMEET DSl
HEJIOCTAaTKOB:

e Bricokas  BOZOINOIJIONIAIONIAs  CIOCOOHOCTh —
TpeOyeT yBENMYEHMS pacXoja BOIBI M HCIOJNB30BAHUSA
IIACTU(HUKATOPOB.

o CHIKEHHE NIPOYHOCTU — YBEIMYEHUE COJEPIKAHUSL
BEPMHUKYJIUTA HPHUBOAUT K YXYAIIEHHIO MEXaHMYECKUX
XapaKTEPUCTHK.

® HeoHOPOJHOCTh  CTPYKTYphl —  (hOpMUpOBaHHE
JIOTIOJIHUTENBbHBIX O CHIUKAET I0JITOBEYHOCTh MaTepHaia.

BozmoskHble penenus:

1. Ummpernanus BepMHKYyJIHTa  TUIPO(HOOHBIMU
COCTaBaMy Nepel BBEICHUEM B OETOH.

2. [lpumeHeHHe KOMIUICKCHBIX IUIACTU()UKATOPOB IS
cumwkenus B/11,

KoMOuHauus BEpMUKYJIUTA C IPYTUMH 3aII0JTHUTEIISIMH,
HaIlpuMep, KepaM3UTOM MU MEPIUTOM.

5. BeiBoaBI

Ha ocHOBe NPOBEAEHHOTO HCCIICOBAHHUS — ObLIM
MOJTy4YeHBI CIIEYIONHE OCHOBHBIE BBIBOIbL:

TIpouHoCTh GeTOHA ITPU U3TrHOE M CHKATHU YMEHBIIACTCS
C  YBENMYEHHEM  COJEp)KaHUs  BEPMHUKYIHTa. OTO
00yCJIOBJIEHO  POCTOM  IOPHCTOCTH,  YBEIMYCHUEM
BomonementHoro otuomenus (B/I) wu yxymamieHuem
aJre3uy MeXTy LIEMEHTHON MaTpULIEH U 3aI0JIHUTENEM.

Pocr B/L] ot 0,52 10 1,15 npu BBeeHHN BEpMUKYIUTA
NPUBOAUT K 3HAUUTEBHOMY CHIDKEHHIO MEXaHMYIeCKOM

ENGINEER



npounoctd. CormacHo mopmenu Powers, npu B/I > 0,8
HaOMIOaeTcsl pe3Koe yXyAIICHHEe XapaKTepHCTHK OeToHa
13-32 YBEINYCHMS KAIMUIIPHON TIOPHCTOCTH.

AHanu3  CTPYKTYpel HOPHUCTOCTH MOKa3al, dTO
YBENMUYEHHE CONEPXKAHHUI BEPMUKYJHTa CIIOCOOCTBYET
(hOPMHPOBAHUIO OTKPHITHIX ¥ 3AMKHYTHIX OP. DTO CHIKAET
MIPOYHOCTb, HO MOJXKET IIOJIOKUTENBHO CKAa3bIBATECS Ha
TEIUION30JBIIIMOHHBIX CBOWCTBAX MaTepHala.

CpaBHenne ¢ HopMmartuBHBIMH TpeboBanmsimu (IOCT
25820-2014) mokazano, yto coctaBel ¢ 508 r u 608 T
BEPMHUKYJIUTA COOTBETCTBYIOT Kiaccy B7.5, uro mo3Bomser
HX WCIIONB30BaTh B HEHECYNIMX TEINIOM3OJISIIMOHHBIX
KOHCTpYKIsIX. OnHaKo WX NpUMEHEHHE B HECYIIUX
9JIEMEHTaX OrPaHUYCHO.

OCHOBHBIE ~ HEJOCTAaTKH  BEPMHKYJHTAa:  BBICOKAs
BOJIOTIOTJIOIIAONIAsT CIIOCOOHOCTD, CHIDKEHHE IPOYHOCTH,

HEOTHOPOTHOCTh CTPYKTYDBI. st MOBBIIICHUST
XapaKTePUCTHK PEKOMEHyeTCsl IPUMEHEHHe THApohOOHOM
00paboTKH BEPMUKYIIUTA, HCTIOJIE30BaHUC

CymnepiIacTu(GUKaTOpoB ¥ KOMOHHHPOBAHHE C JPYTHMH
TOPUCTBIMU 3aMIOJTHUTEIISIMU.

IIpakTuueckoe MPUMEHEHUE: Ppe3yJbTaThl
HCCIIEIOBAaHUS MOTYT OBITH TONE3HBI IIpH pa3paboTke
JIETKUX  dHeprocOeperaronmx OETOHHBIX KOMIIO3UTOB,
HCTIONB3YEMBIX B CTpoHTenbeTBe. OCOOCHHO MEPCIIEKTHBHO
NIPUMEHEHUE TAaKUX COCTABOB JUI TEIUIOM3OJALMOHHBIX
naHesei, OJIOKOB 1 TTOKPHITHIA.

[lepcrieKTHBBI JadbHEHIINX HCCIIENOBaHUN

@ U3zyueHue 101r0BEYHOCTH GETOHA C BEPMUKYIIUTOM,
B TOM UYHUCJIE €0 MOPO30CTONKOCTH U BOJOCTOUKOCTH.

@ MuxpoctpykTypHeiii ananus (POM, MPT) s
JETATBHOTO W3YYeHMs] paclpefeieHuss Hop W (a3oBbIX
B3aMMO/ICHCTBUM.

@ VcnbiTanus Ha TEMIONPOBOAHOCTb, YTO MO3BOIUT
OLICHUTH BJIMSHHE BEPMUKYJIUTA Ha TEIUIOU3OJSALIMOHHBIC
CBOlicTBa O€TOHa.

@ Pa3paboTka KOMIIO3UTOB C KOMOWHHPOBAHHBIMU
3aMOJIHUTEISIMU JUIs1 ONTUMAJIBHOTO COYETaHUsI IPOYHOCTH
U SHEProCcOCPEIKECHUSL.
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Structure of ceramic fragments with vermiculite additives in various forming
methods

R.M. Auezbaev'®?, P.D. Lepesbaeva®®P

Tashkent state transport university, Tashkent, Uzbekistan
2Karakalpak state university, Nukus, Karakalpakstan, Uzbekistan

Abstract: This article examines the methods of forming ceramic materials with vermiculite additives and their
impact on the structure of these materials. The study compares samples obtained through various shaping
technologies, including pressing, casting, and extrusion methods. The research investigates the
microstructural changes, porosity levels, and mechanical properties resulting from the addition of
vermiculite to the ceramic composition. Additionally, the article analyzes the effect of these materials on
crucial properties such as lightness, thermal insulation, and strength. The obtained results serve to expand
the potential applications of vermiculite-based ceramic materials in construction, thermal insulation, and
other technical fields.

expanded vermiculite, ceramic crock, adhesion, durability, low density, mechanical strength,
international grains, semi dry, simply press

Keywords:

Turli shakllantirish usullarida vermikulit qo‘shimchali keramik parchaning
tuzilishi

Auezbaev R.M.2®?, Lepesbaeva P.D.?®P
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston
2Qoragqalpoq davlat universiteti, Nukus, Qoragalpog’iston, O¢zbekiston

Annotatsiya: Ushbu magqolada vermikulit qo‘shimchali keramika materiallarini shakllantirish usullari va ularning
tuzilishiga ta’siri o‘rganiladi. Tadqiqotda turli shakllantirish texnologiyalari, jumladan, presslash, quyish
va ekstruziya usullari orgali olingan namunalar taqqgoslanadi. Vermikulitning keramika tarkibiga
qo‘shilishi natijasida hosil bo‘ladigan mikrostrukturaviy o‘zgarishlar, g‘ovaklilik darajasi va mexanik
xossalar tadqiq gilinadi. Magolada, shuningdek, ushbu materiallarning yengilligi, issiglik izolyatsiyasi
va mustahkamlik kabi muhim xususiyatlariga ta’siri tahlil gilinadi. Olingan natijalar vermikulit asosli
keramika materiallarining qurilish, issiqlik izolyatsiyasi va boshqa texnik sohalarda qo‘llanilish
imkoniyatlarini kengaytirishga xizmat giladi.

Kalit so‘zlar: ko‘pchitilgan vermikulit, sopol parchalari, yopishqoqlik, uzoq muddat chidamlilik, past zichlik, mexanik
mustahkamlik
1. Kirish Deyarli barcha iglim sharoitlarida turar-joy va ofis
binolarini qurish uchun qo‘llaniladigan eng magqbul,
. . . . . universal va vaqt sinovidan o‘tgan qurilish materiali keramik
Mazkur tadgiqotning asosiy magsadi — turli

g‘ishtdir. U quyosh energiyasini to‘plab, issiglikni asta-sekin

shakllantirish usullarida vermikulit qo‘shimchasi qo‘shilgan
keramik parchaning tuzilishini o‘rganish va uning fizik-
mexanik xususiyatlariga ta’sirini baholashdan iboratdir. Shu
bilan birga, ushbu materiallarning ishlab chigarish
texnologiyasini takomillashtirish va ularning ekologik
jihatdan xavfsizligini ta’minlash ham muhim vazifalar
gatoriga kiradi.

Tadgiqot doirasida turli shakllantirish usullari —
plastmassa, yarim qurug va quruq presslash
texnologiyalarida tayyorlangan namunalarning tuzilishi va
ularning mexanik xususiyatlari solishtiriladi. Ushbu
yondashuv orgali vermikulitning keramik materiallarga
ta’siri yanada aniqroq o‘rganiladi.

Shunday qilib, ushbu ish natijalari keramika sanoati
uchun yangi innovatsion yondashuvlarni ishlab chigishda
muhim ilmiy va amaliy ahamiyat kasb etadi.

https://orcid.org/0009-0002-5170-9194
bl https://orcid.org/0009-0006-3316-5399

va bir tekis targatadi, bu esa uyni yozda haddan tashqari
qizib ketishdan himoya giladi va gishda issiglikni saglaydi.
G‘isht devor namlikni o‘tkazib "nafas oladi", natijada
xonalarda muvozanatli namlik darajasi saglanib goladi.
Keramik materiallar yong‘indan xavfsiz va ekologik
jihatdan zararsiz bo‘lsa-da, foydalanishda kam sinab
ko‘rilgan texnologiyalar asosida ishlab chiqarilgan yangi
materiallar ko‘pincha insonlar salomatligi va farovonligiga
xavf tug‘diradi. Gisht uylardan foydalanish xarajatlari past
bo‘lib, ular uzoq muddat davomida xizmat giladi hamda
ko‘p yillar mobaynida texnik xizmat va kapital ta’mirlashni
talab etmaydi. Yaxlit g‘ishtning kamchiligi sifatida uning
nisbatan yuqori zichligi va issiqlik o‘tkazuvchanligini
ko‘rsatish mumkin.
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2. Tadgiqot metodikasi

Qurilish sohasi uchun zarur bo‘lgan samarali, uzoq
muddat xizmat qiladigan va biopozitiv  qurilish
materiallariga bo‘lgan ehtiyojni gisman samarali keramik
mahsulotlar ishlab chigarish texnologiyasini
takomillashtirish orgali gondirish mumkin. Samaradorlikni
oshirish magsadida keramik kukun tarkibiga turli konlardan
olingan ko‘pchitilgan vermikulitlar, jumladan mahalliy
xomashyo - Ofzbekistonda vermikulit qazib olinadigan
asosiy konlardan biri Qoraqalpog‘iston Respublikasining
Qorao‘zak tumanidagi Tebinbuloq konidir. Bu konning
aniglangan vermikulit rudasi zaxirasi 3,944 ming tonnani
tashkil etadi, shundan taxminan 592 ming tonna vermikulit
konsentrati olish mumkin.

Tebinbulog  konidagi  vermikulit  konsentratining
kimyoviy tarkibi quyidagi asosiy oksidlarning migdori va
nishati bilan tavsiflanadi:

SiO: (Silisiy dioksid) — 38-42% MgO (Magnezium
oksid) — 20-25%,Fe>Os (Temir oksidi) — 5-12% ,Al.Os
(Alyuminiy oksidi) — 9-12%, CaO (Kaltsiy oksidi) — 1-3%,
K20 (Kaliy oksidi) — 4-7%, Na.O (Natriy oksidi) — 1-2%

Vermikulitning tarkibidagi bu oksidlar uning kengayish
qobiliyati, yong‘inga chidamliligi, issiglik izolyatsiyasi va
agrotexnik xususiyatlarini belgilaydi. Tebinbulog konidan
olinadigan vermikulit yuqgori magniy miqdori va yaxshi
fizik-kimyoviy xossalari bilan ajralib turadi.

Tebinbulog  konidan  olinadigan  vermikulitning
ko‘pchish koeffitsiyenti va fraktsiyalar bo‘yicha yirikligi
quyidagicha tavsiflanadi:

Ko‘pchish koeffitsiyenti: 6-12 baravar(Bu degani,
gizdirilganda hajmi 6-12 marta kengayadi.)
Fraktsiyalar bo‘yicha yirikligi:

Juda yirik — 0,5-1,0 mm,Yirik — 0,3-0,5 mm,O‘rta —
0,1-0,3 mm,Mayda — 0,05-0,1 mm,Juda mayda (chang) — <
0,05 mm.

Tebinbuloq konidagi vermikulit yuqori ko‘pchish
koeffitsiyenti va issiglik izolatsiyasi xususiyatlari tufayli
qurilish materiallari, yong‘inga chidamli qoplamalar,
qishloq xofjaligi substratlari va sanoat filtrlarida keng
qo‘llaniladi.

Tebinbuloq  konining  ko‘pchitilgan  vermikulit
zarrachasining umumiy ko‘rinishi va mikrostrukturasi 1-4-
rasmlarda, nugtaviy spektrlarning elementar tarkibi esa
massa va atom foizlarida 1-2-jadvallarda keltirilgan.

1-jadval
1-rasmda ko‘rsatilgan maydonning spektral element
tarkibi
Maydon bo‘yicha spektrning elementar tarkibi
Element Element Element Element
OK OK OK OK
Mg K Mg K Mg K Mg K
Al K Al K AlK Al K
Si K SiK SiK SiK
KK KK KK KK
Fe K Fe K Fe K Fe K
Totals Totals Totals Totals

e 300pm ! Electron Image 1
1-rasm. Vermikulit zarrachasining ajralish tekisligi
bo‘yicha umumiy ko‘rinishi (200 marta
kattalashtirilgan)

b BOum Electron Image 1
2-rasm. Namunaning sirt mikrostrukturasi yorilish
tekisliklariga tik: a - ikkilamchi elektronlarda, 2000

marta kattalashtirilgan; b - spektr belgilari bilan, 1000

marta kattalashtirilgan

2-jadval
Yuza bo‘ylab nuqtaviy spektrlarning elementar tarkibi
(2-rasm)
Spectr | Spektrlarning elementar tarkibi, barcha
um natijalar og‘irlik bo‘yicha %da
(0] Mg | Al | Si K Fe | Tot
al

Spectr | 45. 1 9.8 | 3.9 |12. | 1.8 | 26. | 100
um1 52 |7 2 12 |7 69 00

Spectr | 41. | 11. | 55 | 16. | 3.5 | 21. | 100
um2 |45 |23 |4 44 |3 80 00

Spectr | 43. ] 10. | 5.0 | 17. | 3.2 | 20. | 100
um 3 25 |31 [2 82 |1 38 00

Spectr | 40. | 9.7 | 3.9 | 12. | 26 | 30. | 100
umé4 |5 |7 8 48 |2 60 ] .00
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3-rasm. Namuna yuzasining 5000 marta '
kattalashtirilgan mikrostrukturasi yorilish
tekisliklariga perpendikulyar holda

4-rasm. Namunaning ulanish tekisliklariga
perpendikulyar bo‘lgan sirt mikrostrukturasi 30 000
marta kattalashtirilganda

2-4-rasmlarda ko‘rsatilganidek, vermikulitning
qatlamlararo  bo‘shligidagi modda nisbatan tartibli
tuzilishga ega. Vermikulitlanish jarayoni ko‘p hollarda to‘liq
yakunlanmaydi va natijada gidroslyudalar yoki vermikulit
hamda gidratlangan slyudalar gatlamlarining ma’lum bir
joylashuv shakli hosil bo‘ladi.

Keramik massaga ko‘pchitilgan vermikulit qo‘shishning
ta’sirini ikki jihatdan baholash lozim: u tizimning asosiy
materiallariga tarkibi va tuzilishi bo‘yicha yaqinmi hamda
sopolak tuzilishining ishonchli elementi bo‘la oladimi.

Ko‘pchitilgan ~ vermikulit  qo‘shilgan  keramik
materiallarni ishlab chigarish bo‘yicha tajribaviy tadqiqotlar
Bo‘ka koni (Toshkent viloyati) va Olmaliq atrofidagi kichik
konlari gillarida olib borildi. Bunda yarim quruq presslash
va plastik shakllantirish usullaridan foydalanildi.

Plastik  konsistensiyali  shixtadan  mahsulotlarni
qoliplashda qo‘shimcha sifatida Tebinbuloq konining
(TKV) ko‘pchitilgan  vermikulitining ikki fraksiyasi
ishlatildi: TKV 1,25 va TKV 2,5. Sinov natijalari shuni
ko‘rsatdiki, fraksiya o‘lchami  kattalashgani  sari
mustahkamlik pasayib, suv shimuvchanligi ortib bordi. Bu
holat, shubhasiz, vermikulit donalarining alohida
plastinkalar orasidagi bog‘lanishning zaifligi tufayli past
mexanik mustahkamlikka ega ekanligi, ajralish tekisliklari
bo‘yicha parchalanishi hamda donalarning yuqori ochiq
g‘ovakligi va shunga mos ravishda suvni yutish xususiyati
bilan  izohlanadi ~ Shuning uchun  ko‘pchitilgan
vermikulitning mayda fraksiyalari bilan ishlash magsadga
muvofiqdir, chunki ularning ko‘pchitishdagi unumi ancha

yuqgori va narxi arzonrog. Tadgiqot natijalari 3-jadvalda
keltirilgan.
3-jadval
Ko‘pchitilgan vermikulit qo‘shilgan plastik shakllangan
keramik mahsulotlarning fizik-mexanik xususiyatlari

Gil VWWT  |Zichlik, | Sigilish | Massa |Issiglik

xomashy|qo‘shime|kg/m* |ga bo‘yich |o‘tkazuve

okoni [hasi chidaml]a suv [hanlik,
miqdori, ilik, yutish, [Vt/me°C
% MPa |%

Tebinbu| 0 1600 14 10,9 0,640
log koni

10 1190 6,1 11,5 0,103
20 1160 57 20,5 0,090
30 1055 55 28,5 0,085
40 990 5,0 30,9 -
Bo‘ka 0 1500 10 20,0 0,701
koni

10 1000 39 30,0 0,156
20 790 35 46,0 0,148
30 650 3,3 52,5 0,142
40 410 29 57,0 -
Olmalig| O 1650 | 10,5 10,2 0,589
koni

10 1000 58 13,0 0,139
20 790 3,5 25,6 0,130
30 610 3,0 375 0,125
40 505 2,6 42,5 -

Ko‘pchitilgan ~ vermikulit  qo‘shimchali  keramik
buyumlar olishning ushbu usulining afzalliklari quyidagicha
tushuntiriladi: keramik massaning dispers tizimida gidrofil
gil materialining suv bilan peptizatsiyalanishi natijasida
hosil bo‘lgan yuzaki zol nafaqat donalar orasidagi
bo‘shliglarga, balki donalar ichidagi ko‘pchitilgan
vermikulit plastinkalari orasiga ham kirib boradi va tizimni
mustahkamlaydi. Bundan tashqgari, vermikulit donalarining
silliq yuzalari ko‘plab noorganik bog‘lovchilar bilan kuchsiz
birikishi ~ Rebinder  qoidasiga  ko‘ra, = murakkab
alyumosilikatlardan iborat vermikulitga o‘xshash tarkibli
gilli xomashyo tabiati tufayli bartaraf etiladi. Donning
solishtirma yuzasi ko‘pchiganda bir necha barobar ortadi,
shunga muvofiq zol bilan tutashish maydoni ham kengayadi.

Vermikulit qo‘shimchasi ko‘p miqdorda qo‘shilganda,
ko‘pchitilgan vermikulit zarrachalari tomonidan qolip
suvining yuqori darajada so‘rilishi va gidrofil gil
materialining sekinlashgan peptizatsiyasi natijasida gil
zarrachalari atrofida kolloid qobiqlarning hosil bo‘lishi biroz
giyinlashadi. Bunday peptizatsiya mahsuloti sifatida paydo
bo‘ladigan sirt zolining hajmi yetarli bo‘lmaydi. Tarkibida
ko‘pchitilgan vermikulit qo‘shimchasi yuqori miqdorda
bo‘lgan keramik massa oqish xususiyatiga va yengil
harakatlanishga ega emas. Uning qovushqogligi yugqori
bo‘lib, shakllantirish jarayonida vermikulit donalaridan
qoliplash namligi siqib chigariladi. Bu esa sifatli birlashgan
karkas hosil gilish imkonini bermaydi.

Shuningdek, keramik buyumlar yarim quruq presslash
usuli bilan ham tayyorlangan. Tadqiqotlar hajm bo‘yicha 10
va 30 % miqdorda ko‘pchitilgan vermikulit qo‘shilgan
Olmaliq loyi ustida olib borildi.
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Beshta keramik kukun o‘rganildi (4-jadval). Kukunning
reologik xususiyatlari bilan ko‘pchitilgan vermikulit

qo‘shimchasi orasidagi o‘zaro bog‘liglikka alohida e’tibor
qgaratildi.
4-jadval

Yarim qurug presslash usuli bilan tayyorlangan va ko‘pchitilgan vermikulit qo‘shilgan keramik mahsulotlarning fizik-
mexanik xususiyatlari

Vermikulitning | Fraksi Namuna VVT Zichligi Sigilishga Massa
paydo bo‘lishi ya ragami qo‘shimchasi kg/m? chidamlili | bo‘yicha suv
miqdori, % k, MPa yutilishi, %
Uzbekiston,
Tebinbulog BBT 1 1800 30 25
koni
Xitoy Gold 2 1880 48,9 15,4
DFL 3 1610 20,7 24,3
Fine

Keramik kukunni presslashning boshlanishi 4 25 4900 0,96964
zarrachalarning bir-biriga nisbatan siljishi va yaginlashishi
hisobiga zichlashish bilan kuzatiladi. Bu bosgichda keramik 4 L 10 1960 035800
kukun va ko‘pchitilgan vermikulit zarrachalarining tuzilishi 2 15 2940 0,36745
hajm bo‘yicha anizotrop bo‘ladi. Shu bilan birga, tizimdan 3 20 3920 0,37213
havoning gisman chiqib ketishi ro‘y beradi. Shuni e’tiborga 4 25 4900 0,37497
olish  lozimki, vermikulit zarrachalarining yuqori
adsorbsiyalash qobiliyati gorishtiradigan suvning ortigcha 5 1 10 1960 067075
sarflanishiga olib kelishi va namunadan yukni olib 2 15 2940 0,67662
tashlanganda elastik kengayishni kuchaytirishi mumkin. 3 20 3920 0,68212

Zichlanishning ikkinchi bosgichi zarrachalarning plastik
gaytmas deformatsiyasi bilan xarakterlanadi. Bu jarayonda 4 25 ‘ 4900 0.68812
zarrachalar orasidagi kontakt yuzasi kengayadi. Shu bilan bir R
vaqtda, har bir elementar zarraning zichlanishi uning chuqur |
gatlamlaridagi namlikning zarra kontakt yuzasiga sigib k
chiqarilishi bilan kuzatiladi. Bu ikki omil zarrachalar 2 10000 /
orasidagi bog‘lanishning kuchayishiga sabab bo‘ladi. Suv, £ 2000
o‘z tarkibidagi gilli kolloidlar bilan birgalikda, presslangan 2 30000 :
ko‘pchitilgan  vermikulit  zarrachalarini  sementlaydi.
Kontakt yuzasi ortishi natijasida bunday sementlashning » : .
samaradorligi ham oshadi. Ushbu bosgichda me’yorida suv Yo
qo‘shishga rioya qilish alohida ahamiyat kasb etadi.

Kuzatilgan siqilish diagrammalarining xususiyati mo‘rt
materiallarning xususiyatiga o‘xshash bo‘lib, bu vermikulit :
zarralarining presslash hajmi ichida tartibsiz 3
joylashganligidan dalolat beradi (5-jadval va 5-9-rasmlar). .

5-jadval
Turli tarkibdagi keramik kukunlarni yuklash
mexanizmi
Tarkib | Yuk | Pressla | Sigilishd | Siqilishdag
(namun | lash | sh agi i maksimal
a tarti | bosimi, | maksima | deformatsi
ragami | bi MPa | ya,
) yuklama, | mm/mm
kg kuch
Nazora | 1 10 1960 0,35800
t1 2 15 2940 0,36745
3 20 3920 0,37213
4 25 4900 0,37497
2 1 10 1960 0,58396
2 15 2940 0,59321
3 20 3920 0,59728
4 25 4900 0,60418
3 1 10 1960 0,94329
2 15 2940 0,95192
3 20 3920 0,96110

Sigilish, mm
5-rasm. Nazorat keramik kukunini yuklash sxemasi
(vermikulit qo‘shimchasisiz)

Fpadgux

O6pazue ¢ 1 no 4

-30000

Harpyaxa ()

Sigilish, mm
6-rasm. 10% VVT qo‘shilgan keramik kukunni yuklash
sxemasi
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Siqilish, mm
7-rasm. 30% VVT qo‘shilgan keramik kukun yuklanish
sxemasl
pagpuk
O6pasubl ¢ 1 no 4 1
1
o
g -10000 //7
=5 Ofipaseu Ne
& -zo000 / =
2
3 ; ;
T -30000 4
-40000
-40 -30 -20 -10 1]
VanuHerme (mm)
Pesynbrarth |
Aedopmauns npn Harpy3ka npn
YANMHEHH! I NPW CXATHH | YANMHEHHE NPH CXATHH
{mm/mm; (kaf)
1 0,35800 1960,13913
2 0,36745 2 940,37640
3 0,37213 3 920,95343
4 0,37497 4 900,37970
Siqilish, mm

8-rasm. PV qo‘shimchali keramik kukunni yuklash
sxemasi (Xitoy ishlab chigarishi) 10%

Tpagux

Obpazupl ¢ 1 no 4

[
-10000
} O6paseu N2

-20000

Harpyska (N)

-30000

-40000

-70 -60 -50 -40 -30 -20 -10 o
YanuHenne (mm)

WHEHHE NP CXaTHN
{mm/mm)
0,67075 1960,69619
0,67662 2 940,92469
0,68212 3 920,25875
0,68812 4 900,14708

N

9-rasm. 30% PM qo‘shimchali keramik kukunni

yuklash sxemasi (Xitoy)

Zichlanishning so‘nggi bosqichi zarrachalarning mo‘rt
sinishi bilan kuzatiladi, bunda presslangan mahsulot
kontakt yuzasining yanada kuchli rivojlanishi natijasida eng
yugqori zichlik va eng katta birikishga erishadi. Mo‘rt
deformatsiyalarni amalga oshirish uchun juda yugqori bosim
talab etiladi, ammo ko‘pchilik keramik buyumlarni yarim
qurug presslash jarayonida bunday bosimga amalda erishib
bo‘lmaydi [2].

Presslash kuchi ta’siri to‘xtaganidan va buyum
golipdan chiqarilganidan so‘ng uning elastik kengayishi

ro‘y beradi. Bu kengayish ba’zi hollarda 8 % gacha yetishi
mumkin, aynigsa vermikulit qo‘shilgan keramik kukunda
qorishma suvi me’yoridan ortiq ishlatilgan bo‘lsa. Elastik
kengayish tufayli maksimal zichlikdagi presslangan
mahsulotlarni olish imkonsiz bo‘ladi va bu buyumlarda
boshga nugsonlar paydo bo‘lishiga sabab bo‘ladi.

Elastik kengayishning sabablari gattiq zarrachalarning
gaytuvchi deformatsiyalari, shuningdek, vermikulit
zarrachalarining kontakt yuzalari va g‘ovaklararo
bo‘shliglaridan kattaroq g‘ovaklarga presslash paytida siqib
chigarilgan namlik ta’sirida kontaktlarning adsorbsion
ravishda ajralishi bo‘lishi mumkin. Presslashda suvning
optimal migdorda ishlatilishi natijasida vermikulit
go‘shilgan tayyor mahsulotning mustahkamligi sezilarli
darajada pasaymaydi.

3. Xulosa

Shunday qilib, ko‘pchitilgan vermikulit qo‘shilgan
keramik buyumlarni tayyorlashda plastik goliplash va yarim
qurug presslash  usullaridan  foydalanish ~ mumkin.
Buyumlarni yarim quruq presslash usulida ishlab chigarish
ko‘proq maqgsadga muvofiqdir, chunki bu usul orqali,
aynigsa loyning dastlabki kimyoviy tarkibini hisobga olgan
holda, yuqori samaradorlikka ega bo‘lgan mahsulotlar olish
imkoniyati mavjud.. Suv shimish darajasini hisobga olgan
holda, ushbu mahsulotlarni asosan devor qurilish
materiallari sifatida ishlatish yoki suv shimishni kamaytirish
bo‘yicha  texnologik  choralar  ko‘rish  (shixtaga
plastifikatsiyalovchi qo‘shimchalar qo‘shish va boshgalar)
tavsiya etiladi.

Yarim qurug presslash usuli bilan mahsulotlar olishda
keramik buyumlarning samaradorligi ham oshadi. Biroq,
presslash kuchi to‘xtatilgandan so‘ng elastik kengayish va
qaytuvchi deformatsiyalar ehtimoli tufayli, ko‘pchitilgan
vermikulit donalarining ehtiyojini deyarli hisobga olmagan
holda, aralashtirish suvi miqdorini rostlash va past
namlikdagi press-kukunlarni qo‘llash zarur bo‘ladi. Bu
hodisa  shishgan  vermikulit  donalari  tomonidan
adsorbsiyalangan namlik tufayli kontaktlarning ajralishi
bilan bog‘liq. Ushbu xususiyatni hisobga olgan holda,
mabhsulot qolipdan chiqarilgandan so‘ng, unda nugsonlar
paydo bo‘lmaydi. Presslash jarayonida esa sigib chigarilgan
namlik vermikulit plastinkalari orasidagi bo‘shligni
to‘ldiradi.

Foydalanilgan
References

[1] Vasilovskaya N.G. Teoreticheskie aspekti
protsessa  vspuchivaniya  vermikulita ~ Tatarskogo
mestorojdeniya / N.G. Vasilovskaya, 1.G. Yendjievskaya,
0.V. Slakova, G.P. Baranova // SFU. Ser.: Texnika i
texnologiya. - 2012.

[2] Vasilovskaya N.G. lIssledovanie  svoystv
teploizolyatsionnix materialov na osnove vspuchennogo
vermikulita ~ Tatarskogo = mestorojdeniya /  N.G.
Vasilovskaya, I.G. Yendjievskaya, T.K. Staver. - 2011.

[3] Obzor rinka  vermikulita v SNG /
Issledovatelskaya ~ gruppa  InfoMayn; Obedinenie
nezavisimix ekspertov v oblasti mineralnix resursov,
metallurgii i ximicheskoy promishlennosti. — M., 2008.

[4] Popilskiy R.Ya, Kandrashov F.V. Pressovanie
keramicheskix poroshkov. - M. : Metallurgiya, 1968.

adabiyotlar  /

ENGINEER



[5] Vakalova T.V. Glini. Struktura, svoystva i metodi
issledovaniya / T.A. Xabas, V.N. Pogrebenkov, V..
Verechagin. - 1zd. TPU. - S. 249.

Mualliflar to‘g‘risida ma’lumot /
Information about authors
Auezbaev Toshkent davlat transport universiteti

Raman “Bino va sanoat inshootlari qurilishi”
kafedrasi doktoranti,

Muratbay
uli

e-mail:
ramanawezbaev400@gmail.com

Tel.: +998999577144
https://orcid.org/0009-0002-5170-9194

Lepesbhaeva
Paruaz
Dauletbay
kizi

Berdaq nomidagi Qoraqgalpoq davlat
universiteti

“Shaxar qurilishi va xo‘jaligi”
kafedrasi oqutuvchisi

e-mail: paruaz9598@gmail.com

Tel.: +998999577155
https://orcid.org/0009-0006-3316-5399

ENGINEER


mailto:ramanawezbaev400@gmail.com
https://orcid.org/0009-0002-5170-9194
mailto:paruaz9598@gmail.com
https://orcid.org/0009-0006-3316-5399

Study of polymer compositions for pipe washing on the hydraulic transport of
dispersed systems

M.A. Musazhonov?, A. Ibadullaev?, U.R. Chorshanbiev?
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article analyzed the surfactants used to wash hydrotransport pipes of hosi divisor dispersing systems
in the enrichment process of the mining industry. During the research work, the problem of creating
polymer compositions that prevent blockage of solid particles in the flow process and the scientific
justification of their effect on pressure was considered. New materials have been developed for
hydrotransport systems with the aim of improving the efficiency of polymer compositions, ensuring long-
term operation of the system and eliminating accumulations in pipes. The study explores the mechanical
properties of polymer and composite materials, their effects on pressure and washing processes, as well
as the strength and durability of materials to long-term performance. It helps to increase the performance
of polymer compositions, hydrotransport pipes, accelerate washing processes and reduce energy
consumption. The scientific basis of the study is carried out by analyzing the physicochemical properties
of polymer compositions and external factors affecting them. New polymer compositions make it
possible to increase the hydraulic and economic efficiency of hydrotransport systems, to extend their
service life.

Keywords: Polymer composites, hydrotransport pipes, dispersed systems, flushing processes, pressure effects,
physico-chemical properties, innovations in materials, efficiency improvement, pipe cleaning, strength
of materials, hydrotransport systems

Dispers sistemalarning gidrotransportida quvurlarni yuvish uchun polimer
kompozitsiyalarni o‘rganish

Musajonov M.A.%, Ibadullayev A.}, Chorshanbiyev U.R.!
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Bu maqolada tog‘-kon sanoatining boyitish jarayonida hosi bo‘luvchi dispers sistemalarning
gidrotransport quvurlarini yuvish uchun qo‘llanilgan sirt faol moddalar tahlil qilindi. Tadqiqot ishi
davomida ogim jarayonida qattiq zarrachalarning tigilib qolishining oldini oluvchi polimer
kompozitsiyalarini yaratish va ularning bosimga ta’sirini ilmiy asoslash muammosi ko‘rib chiqildi.
Gidrotransport tizimlari uchun polimer kompozitsiyalarining samaradorligini oshirish, tizimning uzoq
muddatli ishlashini ta’minlash va quvurlardagi to‘planmalarni bartaraf etish magsadida yangi materiallar
ishlab chigildi. Tadgiqotda polimer va kompozit materiallarning mexanik xususiyatlari, ularning bosim
va yuvish jarayonlariga ta’siri, shuningdek, materiallarning mustahkamligi va uzun muddatli ishlashga
chidamliligi o‘rganiladi. Bu polimer kompozitsiyalari, gidrotransport quvurlarining ishlash
samaradorligini oshirishga, yuvish jarayonlarini tezlashtirishga va energetik sarfni kamaytirishga yordam
beradi. Tadgigotning ilmiy asosi, polimer kompozitsiyalarining fizik-kimyoviy xususiyatlari va ularga
ta’sir etuvchi tashqi omillarni tahlil qilish orgali olib boriladi. Yangi polimer kompozitsiyalari
gidrotransport tizimlarining gidravlik va igtisodiy samaradorligini oshirish, ularning ishlash muddatini
uzaytirish imkonini beradi.

Kalit so‘zlar: Polimer kompozitsiyalari, gidrotransport quvurlari, dispers tizimalar, yuvish jarayonlari, bosim ta’siri,
fizik-kimyoviy xususiyatlar, materiallar innovatsiyasi, samaradorlikni oshirish, quvurlarni tozalash,
materiallarning mustahkamligi, gidrotransport tizimlari

1. Kirish sistemalar” deb atalmoqda. Kolloid so‘zi grekcha "kola"
ya’'ni "kley" so‘zidan olingan, ammo bugungi kunda bu
atama faqat tarixiy ma’no kasb etadi. Kolloid kimyo asosan
dispers sistemalarining tuzilishi, xususiyatlari, hamda
ularning o‘zaro ta’sirlarini o‘rganishga garatilgan bo‘lib, bu
sistemalarning fizik-kimyoviy jarayonlarini chuqur tahlil

Atrofimizdagi dunyo, shu jumladan bizning o‘zimiz
ham, dispers sistemalardan tashkil topgan. Dispers
sistemalar tabiatda keng tarqalgan bo‘lib, ular ko‘plab sanoat
va |Im|y sqhalardq, shuningdek Igundahk hayotda ham faol giladi. Kolloidlar va dispers sistemalarining ilmiy
qo‘llaniladi. Table_ltda 1'1'chrayd1gan. ko’plab moddalar', rivojlanishida ko‘plab mashhur olimlar o‘z hissalarini
masalan, tuproq gil, tabiiy suv, ozig-ovgat .mahsulptlarl, qo‘shgan. Masalan, Thomas Graham (1805-1869)
rezina, |b0 yoqlar .Va”b".sgqa ksf’hpl%b mateﬁa“ar SIS%“S kolloidlarni va eroziya tizimlarini ta’riflab, ularni kichik
s!stemalarn!ng mlsolarll \r. _shuning hu?l un, lfln 1ay zarrachali eritmalar va katta zarrachali kolloidlar sifatida
sistemalarning  Xusustyatlarini —o'rganish 1lmiy  sohalar, ajratgan. Shuningdek, Michael Faraday (1791-1867) dispers

xususan, "Kolloid kimyo" fanining asosi hisoblanadi. Ushbu : . . . A L
' temal fizik tlari b h h hl
soha, hozirgi nda ko‘proq “Sirt hodisalari va dispers sistemalarining 11ziK xusustyatlart bo yicha muhim ishlar

ENGINEER



olib borgan, u elektromagnit maydonlarning kolloid
zarrachalariga ta’sirini o‘rgangan va Faraday effektini kashf
etgan. Friedrich Ludwig (1829-1901) esa, kolloidlarning
barqgarorligini ta’minlash uchun kimyoviy moddalarni
qo‘llash orqali sirt hodisalarini o‘rganib, stabilizatsiya
jarayonlariga doir yirik tadgiqotlar olib borgan.

Adabiyotlar tahlili. O‘zbekistonda, bu sohaning
rivojlanishida K.S. Axmedov, X.U. Usmonov, M.A.Asgarov
va boshqa olimlarning tadqiqotlari alohida o‘rin tutadi.
Gidrotransport  tizimlari  energiya sarfi, texnologik
samaradorlik va uzoq muddatli ishlash nugtai nazaridan
muhim ahamiyatga ega. Quvurlarda paydo bo‘ladigan
to‘planmalar va ularning samarali tozalanishi tizimning
ishlashiga bevosita ta’sir ko‘rsatadi. Shu sababli,
gidrotransport tizimlari uchun samarali yuvish materiallarini
ishlab chigish, tizimning ishlash samaradorligini oshirish va
energetik sarfini kamaytirish masalasi dolzarb hisoblanadi.
Bunday materiallar orasida polimer kompozitsiyalarining
ahamiyati katta, chunki ular o‘zining mexanik, kimyoviy va
fizik xususiyatlari bilan yuvish jarayonlarini samarali
amalga oshirish imkonini beradi. Dispers sistemalar,
aynigsa, qattiq zarrachalar va suyuqliklar orasidagi o‘zaro
ta’sirlar, ho‘llanish, adsorbsiya, desorbsiyalash,
sedimentatsiya va koagulyatsiya kabi jarayonlar bilan
bog‘lig. O‘rta Osiyo daryolarida loyqa suv oqgadi, ularni
tozalash uchun koagulyantlar qo‘llanadi. Shu bilan birga,
neft sanoatida ham parmalash suspenziyalaridan foydalanish
jarayonlarni soddalashtiradi.

Gidrotransport quvurlarini yuvish uchun yangi polimer
kompozitsiyalarini yaratish va ularning bosimga ta’sirini
ilmiy asoslash muammosi ko‘rib chiqilsa, tadqiqotda
polimer kompozitsiyalarining mexanik  xususiyatlari,
bosimga ta’siri, yuvish jarayonlarining samaradorligi va
materiallarning mustahkamligi o‘rganildi. Yangi polimer
kompozitsiyalari, tizimlarning uzoq muddatli ishlashini
ta’minlash, yuvish jarayonlarini tezlashtirish va energetik
sarfni kamaytirish imkonini beradi. Tahlil gilish uchun
polimerlarning fizik-kimyoviy xususiyatlari va tashqi
omillarni hisobga olgan holda eksperimentlar o‘tkaziladi. Bu
masalalar, ayniqgsa, gidrotransport tizimlarining uzoq
muddatli va samarali ishlashini ta’minlashda muhimdir.
Odatda, bunday tadgigotlarda quyidagi asosiy formulalar va
yondashuvlar qo‘llaniladi.

2. Tadgiqot metodikasi

Tadqiqot obyekti sifatida tog‘-kon sanoatida rudalarni
boyitish fabrikalarining gidrotransport tizimlari olingan.
Tadgiqot ishlarini bajarishda umum gabul gilingan standart
usullar va hisoblash usullaridan foydalanildi. Yuvish
jarayonining samaradorligini hisoblash formulasi — yuvish
jarayonining samaradorligi ko‘pincha tozalash
samaradorligi (n) sifatida ifodalanadi va quyidagi formulaga
asoslanadi:

n= ((Cold-Cnew)/ Cold)XlOO

Cod — tozalashdan oldin ifloslantiruvchi moddalar
konsentratsiyasi.

Crew — tozalashdan keyin ifloslantiruvchi moddalar
konsentratsiyasi.

Bu formulada yuvishning samaradorligi (n) foizda
beriladi.

Bosimga ta’sirni tahlil gilish formulasi - bosimning
ta’sirini hisoblashda, polimer kompozitsiyalarining mexanik
xususiyatlari, shu jumladan, elastiklik modulini (E) va

materialning chidamliligini (c) hisobga olish muhim bo‘ladi.
Bosimga ta’sir formulasi:

c=FIA

o — materialga ta’sir qilayotgan bosim.

F — materialga ta’sir gilayotgan kuch.

A — materialning kesma yuzasi.

Bundan tashqari, gidrotransport quvurlarida bosimning
ganday ta’sir qilishi va yuvish jarayonidagi materialning
elastik xususiyatlarini tahlil gilishda quyidagi formulalar
ishlatiladi:

€= AL/Lo

€ — deformatsiya (deformatsiyaning nisbiy o‘zgarishi).

AL — uzunlikning o°zgarishi.

Lo — dastlabki uzunlik.

Energiya sarfi va samaradorlikni hisoblash - yangi
polimer kompozitsiyalarining energiya samaradorligini
baholash uchun quyidagi formula ishlatiladi:

E =Pxt

E — energiya sarfi (Joules).

P — quwvat (Watt).

t —vaqt (soat yoki sekund).

Bu formula yuvish jarayonining umumiy energiya
sarfini hisoblashda ishlatiladi. Bir gidrotransport tizimida
yuvish jarayoni amalga oshirilmoqda. Tozalashdan oldin
ifloslantiruvchi  moddalar konsentratsiyasi 50 mg/L,
tozalashdan keyin esa 10 mg/L ga kamaygan. Bu
jarayonning samaradorligini hisoblashni va unga bog’liq
bosimni tahlil gilamiz.va agar quvurlarda 100 N kuch bilan
20 cm? yuzaga ta’sir qilayotgan bosim mavjud bo‘lsa, va
yuvish jarayonida 5 kVt quvvat sarflansa, umumiy energiya
sarfini hisoblashni  xohlaymiz. Yugqoridagi formulalar
yordamida ishlab chigilsa, yuvish samaradorligi 80% ni
tashkil etadi, quvurlarga ta’sir gilayotgan bosim 50 kPa ni,
yuvish jarayonida umumiy energiya sarfi 18 MJ (megajoul)
bo‘ladi. Agar quvurning ichki radiusi 0.5 m, devorining
qalinligi 10 mm, va gidrosmes bosimi 2 MPa bo‘lsa, quvur
devorida hosil bo‘ladigan ichki kuchlanish quyidagicha
bo‘ladi:

6=(2x108%0.5)/0.01=100%105=100MPa

Agar quvur materiali polimer-kompozit bo‘lsa va uning
elastiklik moduliga ega bo‘lsa, deformatsiya quyidagicha
bo‘ladi:

e=c/E

Bu yerda ko‘rishimiz mumkinki:

E=2x10° Pa (polimer-kompozit material uchun)

e=100x106/2x10°=0.05

Bu holda, quvur uzunligi 5% ga cho‘zilishi mumkin.
Agar bosim ortib ketsa, deformatsiya haddan tashqari bo‘lib,
quvur yorilishi yoki shikastlanishi mumkin. Bu olib
boriladigan tadgiqot ishlarining bir gismi sifatida misol
tariqasida ko ‘rsatib o‘tilgan. Bu ishlarni turli xil jarayonlarda
ko‘rishimiz mumkin.

3. Xulosa

Polimer kompozitsiyalarining mexanik xususiyatlari va
ularning bosimga nisbatan chidamliligi muhim omil
hisoblanadi.  Tadgiqotda  polimer va  kompozit
materiallarning yuvish jarayonlari vagtida gidrotransport
tizimlarida paydo bo‘ladigan bosimlarga qanday ta’sir
qilishi tahlil qgilinadi va eksperimentlar natijasida polimer
kompozitsiyalarining yugori mexanik mustahkamligi, bosim
va o‘zgaruvchan sharoitlarga chidamliligi, shuningdek,
quvurlarni yuvishda ishlatilganda to‘planmalarni samarali
bartaraf etishi yoki boshqa ko‘rsatkichlar ko‘ramiz. Polimer
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kompozitsiyalari yordamida gidrotransport tizimlarining
ishlash samaradorligini oshirish va yuvish jarayonlarini
tezlashtirish mumkin. Tadgigotda yangi materiallarning
energiya sarfi nuqtai nazaridan samaradorligi ham tahlil
qgilindi. Yangi polimer materiallar yordamida, quvurlarda

hosil bo‘ladigan to‘planmalarni kamaytirish, quvurlarning
ichki yuzasini yaxshilash va yuvish jarayonlarini gisgartirish
imkoniyati mavjud bo‘ldi. Bu nafaqat tizim samaradorligini
oshiradi, balki energetik sarfni sezilarli darajada kamaytiradi
(1-jadval).

1-jadval
Gidrotransport tizimlarida polimer kompozitsiyalarining samaradorligi va energiya sarfiga ta’siri
T/ Polimer Yuvish i To‘planmalarni Energiya | Quvur ichki Tizim -
r | kompozitsiyasi samaradorligi kamaytirish Sarfi (MJ) uzasi samaradorligini
pozItsly (%) y y oshirish
L Yuvish jarayonlari
. Quuvurlar ichidagi A
1 | Polietilen (PE) 750% shlaklaming 15MJ | Yaxshilangi | tezlashtiriladi,
+ Elastomerlar K - energetik sarf
amayishi .
kamayadi
Polipropilen Kimyoviy ;;r:g:ﬂr:atfsrrﬂg
2 (PP) + Karbon 80% to‘planmalarni 18 MJ Yaxshilandi g 1sh:
. N muddatini
tolasi kamaytiradi M-
uzaytiradi
. . Yuvish
Polivinilxlorid To"planmalarni A samaradorligi
3 L 90% sezilarli darajada 10 MJ Yaxshilandi - :
(PVC) + Silikon kamaytiradi oshadi, energiya
sarfi kamayadi
Suvning yuqori Quuvurlarni tez
Epoksi + 0 ogim tezligi tufayli . . yuvish, energetik
41 polietilen (PE) 85% to*planmalar 12MJ | Yaxshilandi sarf 30% ga
kamayadi kamayadi
Tizim
Poliuretan + o To‘planmalarni A samaradorligi 25%
5 Elastomerlar 95% to‘liq olib tashlash 20MJ Yaxshilandi ga oshadi, energiya
sarfi kamayadi
Bu jadval gidrotransport tizimlarida  polimer materiallarning sifatini saglaydi. Polimer

kompozitsiyalarining ganday ishlashini va ularning tizim
samaradorligini oshirishdagi rolini va albatta polimer
kompozitsiyalarining mustahkamligini ifodalaydi. Polimer
kompozitsiyalarining mexanik mustahkamligi
gidrotransport tizimlarida yuqori bosim va mexanik
ta’sirlarga garshi chidamlilikni ta’minlaydi. Masalan,
Polietilen (PE) + Elastomerlar kompozitsiyasida mexanik
kuchlanishga chidamlilik yuqori bo‘lib, elastiklik moduli
sezilarli darajada oshgan. Bu material quvurlarda yuzaga
keladigan kuchlarni muvozanatlashtirib, tizimning uzluksiz
ishlashini ta’minlaydi. Polipropilen (PP) + Karbon tolas:
kompozitsiyasi kimyoviy to‘planmalarni kamaytirishda
samarali bo‘lib, uning kimyoviy barqarorligi yuqori. Bu
material agressiv kimyoviy moddalar bilan ta’sirda o‘zining
mexanik va kimyoviy xususiyatlarini saglab goladi. Shu
bilan birga, Polivinilxlorid (PVC) + Silikon kompozitsiyasi
agressiv kislotalar va asoslar bilan reaksiyaga kirishmaslik
xususiyatiga ega. Polivinilxlorid (PVC) + Silikon
kompozitsiyasi  haroratga chidamli bo‘lib, yuqori
haroratlarda ishlash uchun moslashtirilgan. Bu materiallar
yuqori haroratlarda o‘zining mexanik va kimyoviy
xususiyatlarini saglab goladi. Polimer kompozitsiyalarining
haroratga  chidamliligi ~ ularning  energiya  sarfini
kamaytirishga yordam beradi, chunki tizim tezda ishlashga
kirishadi. Epoksi + Polietilen (PE) kompozitsiyasi tashqi
zarbalar va mexanik ta’sirlarga qarshi yuqori chidamlilikka
ega. Bu material, aynigsa, yugori mexanik kuchlarga
nisbatan mustahkam bo‘lib, quvurlarni himoya qiladi va
tizim samaradorligini ta’minlaydi. Poliuretan + Elastomerlar
kompozitsiyasi uzoq muddatli ishlashni ta’minlashda
samarali. Bu polimer kompozitsiyasi degradatsiyaga qgarshi
chidamli bo‘lib, tizimning ishlash muddati davomida

kompozitsiyalarining mustahkamligi gidrotransport
tizimlarining samaradorligini ta’minlashda muhim rol
o‘ynaydi. Mexanik kuchlanishga chidamlilik, kimyoviy
barqarorlik, haroratga chidamlilik va zarba kuchlariga
garshilik kabi xususiyatlar polimer materiallarining uzoq
muddatli va samarali ishlashini ta’minlaydi. Jadvalda
keltirilgan misollar, turli polimer kompozitsiyalarining
tizimning ishlash samaradorligi, yuvish jarayonlari va
energiya sarfi nuqtai nazaridan ganday ta’sir ko‘rsatishini
ko‘rsatadi. Bu materiallar nafagat tizim samaradorligini
oshiradi, balki energiya va resurslarni tejashga ham yordam
beradi.

Natijalariga  ko‘ra, yangi yaratilgan polimer
kompozitsiyalari ~ gidrotransport  tizimlarining ishlash
samaradorligini oshirishga yordam beradi. Bu materiallar
quvurlarda  to‘planmalarni  bartaraf etishda, yuvish
jarayonlarini  tezlashtirishda va tizimning energetik
samaradorligini oshirishda muhim ahamiyat kasb etadi.
Polimer kompozitsiyalarining fizik-kimyoviy xususiyatlari
va tashqgi omillarga nisbatan chidamliligi, ularning uzoq
muddatli  ishlashini ta’minlaydi va  gidrotransport
tizimlarining ishlash muddatini uzaytiradi. Shu asosda,
yangi materiallar gidrotransport tizimlarini optimallashtirish
uchun samarali yechim sifatida taklif etiladi.
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The use of energy-efficient and environmentally friendly materials in modern
construction

N.V. Drobchenko!®?
1Samarkand State University of Architecture and Civil Engineering named after Mirzo Ulugbek, Samarkand,
Uzbekistan

Abstract: The article discusses current trends and innovative approaches in the field of energy-efficient and
environmentally friendly materials in construction. Special attention is paid to the analysis of modern
technological solutions aimed at reducing energy consumption and the carbon footprint of the
construction industry. Key categories of such materials are described, including biocomposite thermal
insulation solutions, geopolymer concretes, energy-efficient double-glazed windows, and wood-polymer
composites. Their technological features, advantages, and impact on the sustainable development and
environmental safety of construction are considered. The introduction of digital technologies and
artificial intelligence into the design and production of building materials is discussed, which opens up
new opportunities for optimizing production and increasing resource efficiency. The prospects for the
further development of these technologies and their impact on the environmental and economic efficiency
of the construction industry are analyzed. The presented data confirm the significant potential of modern
innovative materials in implementing the concept of sustainable construction and reducing the negative
impact on the environment.

Keywords: innovation, ecology, technology, construction industry, environment, energy efficiency, technology,
materials, sustainability, safety

IIpumeHeHue 3HePro3PPeKTUBHBIX U IKOJOTHYECKH 0€30MaCHbIX
MaTepHajI0B B COBPEMEHHOM CTPOHUTE/IbLCTBE

Jpo6uenko H.B. 0?2

1CamapkaHICKuil TOCY1apCTBEHHBIN APXUTEKTYPHO-CTPOUTENIBHBIA YHUBEPCUTET MMEHH Mup3o Viyroeka,
Camapkang, Y30eKkucTaH

AHHOTALWS: B crathe paccMarpHBAalOTCS AaKTyajdbHble TEHACHIMM W HHHOBALMOHHBIC MOIXOOBI B 00IAacTH
HIPUMEHEHHS SHEProd((GEKTUBHBIX U IKOJIOTHYECKU Oe30MaCHBIX MaTepUaIoB B CTpouTenseTBe. Ocoboe
BHUMAaHHC YACICHO aHAIN3y COBPEMEHHBIX TEXHOTOIMYECKUX PELICHHUH, HAPABICHHBIX HACHIDKCHHE
SHEProMOTPEONICHISI M YIJIEPOJHOTO Clie[ia CTPOUTENBHOM oTpacin. OmucaHbl KIIOYEBbIe KaTeropHu
TaKUX MAaTepHaloB, BKIIOYAs OMOKOMIIO3UTHBIC TEIUIOM30JISLMOHHBIE PEIICHHS, TEeONOIUMEpPHBIC
6eTOHBI, YHeProd((HEKTUBHBIC CTEKIIONAKETHI i IPEBECHO-TIONMMEPHBIE KOMIIO3UTHI. PaccMaTpHBaroTest
HX TEXHOJIOTHYECKHE OCOOCHHOCTH, MPEHUMYIIECTBA, a TAK)XE BIMSHHE HA YCTOMYHMBOE Pa3BUTHE U
9KOJIOTUYECKYI0 0e30MmacHOCTh cTpouTenbeTBa. OOCykIaercss BHeApeHHe LU(PPOBBIX TEXHOJOTHHA U
HCKYCCTBECHHOIO HHTEIICKTa B IPOLECCHl MPOCKTUPOBAHUS U IPOU3BOIACTBA CTPOMUTEIBHBIX
MAaTepHaloB, YTO OTKPHIBACT HOBBIC BO3MOXKHOCTH [UI1 ONTHMH3ALHMU [POM3BOJACTBA U MOBBIIICHHS
9} (HEeKTHBHOCTH HCIONB30BaHUS PECYpCOB. AHANH3UPYIOTCS MEPCIEKTHBBI JalbHEHIIEro Pa3sBUTHS
IaHHBIX TEXHOMOTMI M HX BIHSHHE Ha OKOJOTMYECKYI0 H 3KOHOMHYECKYIO S(P(HEKTHBHOCTH
CTPOUTENBHON HHAYCTPHU. lIpeicTaBieHHbIC NAaHHBIE MOATBEPXKIAIOT 3HAYUTEIBHBIA MOTCHILIMAI
COBPEMCHHBIX HHHOBALIMOHHBIX MaTePHAJIOB B PEATU3ALMH KOHICIIUH YCTOHYNBOrO CTPOUTENBCTBA U
CHIDKCHHHU HEraTHBHOTO BO3ACHCTBIS Ha OKPYIKAIOLIYIO CPE/LY.

KiroueBble cioBa:  MHHOBALMS, DKOJOTHS, TEXHOJOTHS, CTPOMTENbHAs OTPAcib, SHEProdhGheKTHBHOCTb, MaTepHAbI,
TEXHOJIOTHH, yCTONYHBOCTD, OKPYKAIOLIast Cpelia, 0e30IIaCHOCTh OTHOIICHHE

6ETOH M KUPMHY, TpeOyIOT 3HAUUTENBHBIX 3aTPaT SHEPrUu
Ha TPOM3BOJICTBO M CONPOBOXKIAIOTCS 3HAYUTENIBHBIMU

1. BBe JTCHUEC BBIOpOCaMu yriekucioro rasa [1]. B cBs3u ¢ aTum pa3Butue
9HeprodpGEeKTHBHBIX W DKOJOIMYECKH  Oe30MacHBIX
B ycroBuax —CTpEeMHTENHOrO pocTa ToOpojioB  H CTPOUTENBHBIX MATEPHATOB CTAHOBUTCS IPHOPUTETHOM
YBENMYEHHsT  TOTPEONEHUS ~ JHEPrOPECYPCOB  TIEPE 33184t SIS CTPOHTENBHOM HH/TYCTPHH.
CTPOWTENLHOH  OTPACc/BIO  BCTalT  3akaua  MOWCKA CoBpEMEHHbIE TEXHOJIOTHU MO3BOISIOT  CO3/aBaTh
MHHOBAINOHHBIX pereHHﬁ’ HAMMPABICHHEIX HA CHUXCHHUC MaTepUalbl ¢ YIy4LIEHHBIMU XapaKTEPUCTUKAMH, KOTOPBIE
HEraTMBHOIO  BO3JCHCTBUS HA  OKPYXKAIOIIYIO  Cpeny. HE TOJIBKO CHHKAIOT SHEPrornorpeOlieHre 3MaHui, HO U
TpajMuKOHHbBIE  CTPOMTENIBHBIE MaTEpHalbl, TakHe Kak CTIOCOOCTBYIOT TIOBBINIEHUIO UX JOJTOBEYHOCTH, KOM(OpTa
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n 6e3omacHOCTH. VICIonp30BaHNE TAKMX MaTEePUAJIOB UIPaeT
BaXHYIO POJb B pEAIN3alMH KOHLENIHHA YCTOHIMBOTO
CTPOWTENBCTBA, KOTOpas TIPEAIojaraeT MHHUMH3AIUIO
HETaTHBHOTO BO3/IEHCTBIS HA OKPYIKAIOMLYIO CPEy Ha BCEX
JTamnax KU3HEHHOT0 IUKJIA 3[aHHA - OT IPOSKTUPOBAHMS 10
9KCIUTyaTalluy ¥ yTUIU3anu [2].

2. MeTo10J10rusl HCCJICIOBAHUSA

JlnTepatypHbIii aHa/IM3. CoBpeMeHHOe
CTPOUTENILCTBO CTPEMUTCSI K CHMXKCHUIO BO3JACHCTBUS Ha
OKPYKaIOIIyIO cpeny )21 YBEITHYEHHIO

9HEePro3H(HEeKTUBHOCTH 3JIaHUNA. DTO JIOCTUTACTCS 3a CUET
TIPUMEHEeHNs THHOBALIMOHHBIX CTPOUTENHHBIX MaTePHAJIOB,
KOTOpBIE TO3BOJLIIOT ~COKpAIlaTh SHEpromnoTpedieHwue,
ymensmarhk BeIOpocsl CO: m obecriednBaTh KOMQOPTHBIE
YCIIOBUSI IPOXKHBAHUS.

[penmymiecTBa HCTIONB30BaHMS 9KOJIOTHYECKH
0e30macHBIX U 9Heprod(HPeKTHBHBIX MaTepHajIOB TAKOBBI:

1. Dxonomsam suepeuio:

- CHIDKEHHE 3aTpar Ha OTOIUICHHE u
KOHJIMIIMOHNPOBAHKE 3a CYET YIYUIICHHON TETIOM30JIIIINI
31aHWM;

- yYMEHbIICHHE NOTPeOJCHUs DIEKTpUYecTBA IIPU
HCTIONB30BAHNH 3HEProd(P(eKTHBHBIX OCBETUTENBHBIX U
KJIMIMaTHYeCKAX CHCTEM;

2. Vmenvuarom yenepoonwlii cieo:

- cHikeHne BbIOpocoB CO2 3a Cu€r yMEHbBIICHHUS
MOTPEOHOCTH B ICKOTIAEMOM TOIUINBE;

- UCHOJIb30BaHNE BO30OHOBIIEMBIX U IepepaboTaHHBIX
MaTepuasoB, MUHUMHU3UPYIOIINX HETaTUBHOE BO3/eicTBHE
Ha OKPYKaIOLIYIO CpeLy.

3. BezonacHul 011 300p06bs 100eli:

- OTCYTCTBHE TOKCHYHBIX BBIJCICHUH W BPEIHBIX
XUMHYECKUX COCTMHEHHI, YTO CHIKACT PHCK AICPrHd U
3a00JIeBaHU;

- MPUMECHEHHE HaTypaIbHBIX MaTepUasoB,
CHOCOOCTBYIOIIMX ~ YNYYIICHHIO  MHUKPOKIUMAara B
MOMEICHHSX.

4. [loneoseunvl u ycmouuuesl K GHEUWHUM PAKMOpam.

- BBICOKasl CTOMKOCTB K BJIare, INIeCEHN ¥ HACEKOMBIM;

- TIPOJOJDKHUTENBHBIN CPOK JKCIUTyaTaru 0Oe3 moTepu
JKCIUTyaTaIl[HOHHBIX XapaKTEPHUCTHK;

- CHIDKEHHE 3aTpaT Ha PEMOHT U 3aMeHY KOHCTPYKIMH
Onarozapsi MPOYHOCTH M YCTOHYMBOCTH MaTepHaoB.

PaccmoTpio ocHOBHBIE BHIBI SHEProdp(EKTHBHBIX M
9KOJIOTNYECKH Oe30IaCHBIX MaTepHAIIOB:

1. Buoxomnosummvle meniou3onsYyUOHHbIE MATEPUATDL.
Bruokommo3uTHBIE  yTEIUIMTENW TMPEACTaBIAIOT  CcOoOOi
TIPUPOJHEIE U TIepepaboTaHHbIe MaTepHaibl, o0ataroniye
BBICOKOH TETUTOM30JIIIMOHHON CITOCOOHOCTBIO M HM3KHM
yriaepoHeM ciaenoM. Cpenu Hanbosee pacpocTpaHEHHBIX
OMOKOMITO3UTOB MOXHO BhIIETUTH (Tabm.1):

- JIbHSIHBIE ¥ KOHOIUISTHBIE YTEIUTUTENN. DTN MaTepHaIIbI
XapaKTepU3yIOTCSI BBICOKOM  IapONPOHHIIAEMOCTHIO,
YCTOMYMBOCTBIO K IUIECEHH MW TpuOKaM, a Takxke
CIOCOOHOCTBIO ITOJUIEP)KUBATH KOM(OPTHBIH MUKPOKIAMAT
B nomenieHnn. OHM He coJiep)XaT BPEIHBIX XUMHYECKUX
BEILIECTB U SIBJISTIOTCS TIOJTHOCTBIO OHopasiaraeMbeIMu [3].

- Opeubs mmepctb. OTiaMYaeTcss  OTIMYHBIMH
TEIUIOM30JSIIMOHHBIMI ~ CBOMCTBaMH,  CIIOCOOHOCTEIO
BIIUTHIBATh M OTJaBaTh Biary 0e3 MOTepH HM3OJSIMOHHBIX
xapakTepucTHK. Kpome ToOro, HarypaibHbBIA JaHOJWH,
coJiepiKalIuiicss B IIEPCTH, 3aIlUIIaeT e€ OT HACEKOMBIX U
MHKPOOPraHU3MOB.

Tabnammna 1
CpaBHHuTeJIbHAsI TA0IMIA JIbHAHBIX H KOHOIUISIHBIX YTeITHTeJIei
| XapakTepucTHKA || JIbHSIHOM yTenuTe/b || Kononasnblii yrenunreab |
| Coipné || JIbHsIHOE BOJIOKHO || KonomsHoe BOJIOKHO |
| IKOJOTHYHOCTH || Beicokas, 6e3 xumun || Beicokas, 6e3 xumun |
| IIaponponunaemocTb “ Bricokas || Bricokas I
I YceToituuBoCTh K IVIeCeHU U rpudKkaM “ Bricokas || Bricokas I

Cnoco0HOCTH pery/iMpoBarhb
MHKPOKJIMMAT (BJIAry U TeMIepaTypy)

Xopouasi, BHUTHIBAET
M OTIAET Biary, co3aaBas
KOM(OpTHBIE YCIOBHS

OtrinuHas, Jiydiie yJaepx uBaer
TEIUIO 3UMOH M COXpaHsieT
HPOXJIajy JIETOM

I TensonpoBoanocts (B1/ “ 0,037-0,045 || 0,038-0,042 I
| 3BYKOU30/ISILMS “ Xopomas || OueHb Xoporas |
| ILnoTHOCTH (KI/M?) “ 25-45 || 30-50 |
| IIpo4HOCTH U 10JIrOBEYHOCTH “ Cpenusist || Bricokas |

- JlpeBecHble BOJOKHA W TNPOOKOBBIC MAaHEIH. IJTH
Matepuayibl  OOJafaloT  BBICOKOH  IUIOTHOCTBIO U
TEII0EMKOCTBIO, UTO TT03BOIIIET 3(P(HEKTHBHO HAKAIIIUBATH
u ynepxkuBath Temno. [IpoOka Takxke SBISETCS OTIMYHBIM
3BYKOHM30JIATOPOM M YCTOHUMBA K BO3ACUCTBHIO Biaru[2].

[Ipumenenue OHOKOMITO3UTHBIX yTemuTenen
MO3BOJISIET  CYLIECTBEHHO CHHU3MTH 3HEpronorpeblicHue
3/1aHUM, YMEHBIIUTh BO3JACHCTBUE HA OKPYXKAIOIIYIO Cpeay
U co31aTh GoJiee 31I0pPOBbIE YCIOBHS MPOKUBAHHUSL.

2. T'eononumepnvie bemonsl. I'eononumMepHbie OETOHBI
SBJIAIOTCA QJIbTEPHATUBON TPAJUIMOHHBIM LIEMEHTHBIM
CMeECSIM U 00J1aJIAI0T PAOM IIPEUMYILECTB!

- Oxonorn4HocTh. [IpOM3BOACTBO TIEONOIUMEPHOTO
6erona tpebyer B 40-80% wmenbme BbIOpocoB CO: mo
CPaBHEHHIO C OOBIYHBIM LIEMEHTOM, TaK KaK HE BKJIIOYAeT
nporecc oOkura kiauHKepa. CorilacHO HCCIEeIOBaHHSAM,
NPOM3BOJICTBO TI'EONMOJIMMEPHOrO LIEMEHTa Ha OCHOBE
Pa3IMYHBIX MAaTEpHAJIOB MO3BOJISIET 3HAYUTEIBHO CHHU3MTH
BBIOpOCH! yriekucioro raza (COz) [4] mo cpaBHenuio ¢
TPaJMLMOHHEIM TOpTJIaHAleMenToM. Hanpumep: — mpu
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HCTIONIB30BAaHMH KAOJIMHA B KadecTBe CHIPhsi BEIOpockl CO2
MOryT OBITH yMeHbIIeHBI mnpumepHo Ha 80% [4]

[IpumeHeHne mUIaka B TIPOW3BOJCTBE T'EONOIMMEPHOTO
[IEMEHTa PUBOINT K CHIDKEHHIO BEIOpocoB CO2 Ha 70% [4].
Vcnonp30BaHNE TEOMONMMEPHBIX TEXHOJIOTHH B IIEJIOM
MOXeT cOKpaTuTh BeIOpockl CO2 10 90% 3a cuér oTKasa oT
obkura KIMHKEpa ¢ TPUMEHEHHS IIPOMBINIICHHBIX
MOOOYHBIX MPOIYKTOB [5]. DTH JaHHBIE TIOATBEPXKIAIOT, YTO
TEOTIONIMMEPHBI OETOH SBISIETCST OoJee HKOIOTHYECKH
YHUCTOH aJIbTEPHATUBOH TpaJIUIHOHHOMY OETOHY Ha OCHOBE

NOopTIIaHAUEMEHTA.
- Bricokas MPOYHOCTH u J0JI'OBCYHOCTb.
FCOHOHI/IMepHBIC Marepuraibl JACMOHCTPHUPYIOT

YIIydIIeHHbIE MEXaHHYECKHE XapaKTepPHCTHKH, TaKhe Kak
YCTOMYMBOCTB K HCTUPAHHUIO, CIKATHIO U PACTSIKEHHIO.

- YcroiluuBOoCTh K arpeccuBHbIM cpenaM. braromaps
CBOCH XMMMYECKOH CTPYKTYpE TI'eONOIMMEpHbIE OETOHbBI
YCTOWYMBBEI K  KHCIIOTaM, cyibdaraM W JpyTHM
arpecCUBHBIM BEILECTBAM, UTO AENACT UX MJCAIbHBIMU AT
HCTIONIB30BAHMUS B TIPOMBINUIEHHOM W MH(PACTPYKTYPHOM
cTpourenbserse [1].

- Temmo- u  oreecroiikocts. I'eononumepHsie
Marepuanbl  00JaJaroT  BBICOKOH  TEpMOCTOMKOCTBIO,
BhIIEp:kUBast Temmeparypel g0 1000°C, uro nemaer ux
OTJINYHBIM BBIOOPOM JUJIS1 OTHEYTIOPHBIX KOHCTPYKIHH [6].

BHeznpeHue reonoiuMepHbIX OETOHOB B CTPOUTENBCTBO
MO3BOJIUT  COKPATHTh YIIIEPOAHBIA CIIEJl OTpacid |
MOBBICUTH  JIOJITOBEYHOCTH ~ BO3BOAWMBIX ~ 3HaHUH U
COOPY>KEHUH.

3. Dnepeosrgppexmusnvie CMeKIoNnaKemul.
CoBpEMEHHBIE CTEKJIOMAKEThl MO3BOIAIOT 3HAYUTENIBEHO
CHHM3HTH TEIUIONIOTEPH U MOBBICUTH SHEProd(HeKTHBHOCTh
31aHui. FIX OCHOBHBIC OCOOCHHOCTH:

- Hwmskoomuccuonnbie (Low-E) mokpeitis.  Otm
MOKPBITHS ~ OTpaXkatoT  HMH(pakpacHoe  H3IIydeHHE,
MpefoTBpaIlas MoTepu Tella 3UMOM M CHUKas Harpes
rnoMeleHus jerom [7].

- Hcnonp3oBaHMe MHEPTHBIX Ta30B. 3allOJIHEHHUE
MEXKCTEKOJIBHOIO MPOCTPAHCTBA apPrOHOM MM KPUITOHOM

CHIDKaeT TETUIONPOBOIHOCTD U YBEJINYMBAET
TEIUIOM30JIILIMOHHBIE XapaKTEPUCTHKH CTEKJIONAKeTa.
- MmHorocnoiiuple  KOHCTpykumu.  JByx- u

TPEXKAMEPHBIE CTEKJIONAKEThl O00ECHEeYHBAIOT JIYYIIYIO
3ByKO- M TEIUIOM30JALMIO TI0 CPaBHEHHIO C OOBIMHBIMU
OJHOCJIOMHBIMU OKHaMH [8].

- CenexktuBHble NOKpbITHA. OHH  MO3BOJIAIOT
PEryaupoBaTh MOCTYIUIEHHE COJIHEYHOI'O CBETAa M TeIUla B
MIOMEILICHHE, yYMEHbLIAs HE0OX0MMOCTh B
KOHINLIMOHUPOBAHHH.

- Camoouninaromuecs: crekna. Hano-rexHojgorunyeckue
NOKPBITHS ~ MHO3BOJSIIOT ~ CTEKIy  OYHMILATHCS  MOJ
BO3JICHCTBHEM COJIHEYHOTO CBETa W JOXK[IM, CHIKAs
MOTPEOHOCTH B YUCTKE OKOH U YXO/I€ 32 HUMH.

[pumenenue Ppa3IUYHBIX 9Hepro3eKTUBHBIX
CTEKJIONIAKETOB TI03BOJIAET 3HAUYUTEIBHO CHU3UThH PACXOJIb
Ha OTOIUICHUE U KOHIMLMOHUPOBAHME, MOBBIIIAs KoM(OpT

NPOXXMBAHMS M YMEHBIIask BO3JEHCTBHE HA OKPY>KAIOIIYIO
cpeny.

4. Jlpesecro-nonumepnwie komnosumut (/1K) [9] ATIK
HPEICTABILIIOT COOOM COYeTaHWe APEBECHBIX BOJIOKOH M
MOJIMMEPOB, YTO O0OECHEYMBAECT MM BBICOKYIO IPOYHOCTE,
JIONTOBEYHOCTh M YCTOWYMBOCTH K BHEIITHUM BO3/ICHCTBHSIM.
OCHOBHBIE XapaKTepuCTUKH U npeumMymiectsa ATIK:

- DOkomorm4HOCTE. B cocraBe  HMcHONB3yrOTCS
nepepabOTaHHBIE MaTepHajbl, YTO CHIDKAET HArpy3Ky Ha
HPUPOJIHBIE PECYPCHI.

- Brarocroiikocts. B orTinyne or TpaaMLMOHHOMN
npesecunbl, JIIIK He BOUTHIBAIOT BiIary U He I0JBEP>KEHbBI
THHEHHIO.

- YCTOWYMBOCTE K YJIBTPaHONETOBOMY H3ITyYECHHUIO.
Marepuanx coxpaHseT CBOHM XapaKTEPUCTHKH JaXKe IIpH
JUTUTETEHOM BO3JIEHCTBUH COJTHIIA.

- Manoe tpeboBanne k yxoxmy. JIIK me TpeGyror
TIOKPACKH M JIOMOJTHATENHLHOH 00paOb0OTKM aHTHCENTHKAMH.

- Ilpocrora monrtaxka. brmaromapst cucreme masoB u
3aMKOB, SJIEMEHTHI JIETKO COOMPAIOTCSI 1 yCTaHABIIMBAIOTCSL.

JITTK akTHBHO PUMEHSFOTCS B CTPOUTENLCTBE (hacaios,
Teppac, HACTWIOB, OTPXKICHUH W MalbIX apXHUTEKTYPHBIX
¢dopm. Ux wucmonp3oBaHWE ~ TO3BOJSIET  NOBBICHTH
JIOJITOBEYHOCTh KOHCTPYKIMH M YIy4YIINTH ICTETUUECKHE
XapaKTePUCTHKH 3/IaHHUH.

IepcnexTuBbl  pa3BuTus, Oynyliee CTPOUTEIBHOH
OTpaciii CBSI3aHBI C JAIBHEHIINM COBEPIICHCTBOBAHHEM
9HeprodP(GeKTHBHBIX W JKOJOTHMYECKH  0Oe30macHBIX
MaTtepuaioB. B Gikaiiime aecsaTUiaeTHs MOKHO OJKHIATh:

- Pazeurne Guomarepuanos. (Ta6mn.2). Vcrons3oBanue
TPUOHBIX CTPYKTYp, BOJOPOCICH U IPYrHX OHOJIOTHIECKUX
KOMITOHEHTOB B  CTPOMTEIBHBIX MaTepHajlaX MOXKET
3HAUUTENBHO CHU3UTh YIIIEPOAHBIH Cle/l U CIENaTh 31aHUsI
GoJiee caMOBOCCTaHABIMBAOLIUMHUCS.

- CoBepLICHCTBOBaHNE TEXHOJIOTHH IepepaboTKH.
INoBbllIeHHe  JomM  BTOPHYHOH — mepepaboTKM B
MpOU3BOJICTBE cTpoiiMarepuanon MO3BOJIUT
MHHUMU3UPOBaTh OTXOAbl W CHHM3UTh HarpysKy Ha
OKPYKaIOIIYIO CPEy.

- Unterpanus nudpoBbIx TexHOmorui. Mcrnons3oBanue
UCKYCCTBEHHOI'O MHTEJUIEKTa M LIU(POBOrO MOJICIMPOBAHHUS
MO3BOJIUT NPOEKTUPOBATh M TECTUPOBATH HOBbIE MaTepUaJIb
C ONTHMAaJIbHBIMHU XapaKTEPUCTUKAMHU €IIe 10 UX PEaTbHOrO
MPOU3BOJICTBA.

- DHeproreHepupymoue maTepuaisl. Pa3Butue
TEXHOJIOTUH, TIO3BOJISTIOIMX CTPOUTENBHBIM MaTepHalaM He
TOJIBKO COXpaHATb, HO U TEHEPUPOBATb SHEPTUI0
(HanpuMep, COJHEYHbIe MaHelH, BCTPOCHHbIE B (hacaipl),
HPUBEJET K CO3[aHHIO IOJTHOCTHIO ABTOHOMHBIX 3JIaHHH.

- I'uOpunnbie xommno3utbl. KoMOWHAIMS Pa3IUYHBIX
VHHOBAI[MOHHBIX ~ MaTepHaloB C  IENbI0  CO3JaHMS
CBEPXIIPOYHBIX, JITKUX ¥  MHOrO()YHKIHMOHAIBHBIX
KOHCTPYKLIHUH Oyzmer CII0COOCTBOBATH Pa3BUTHUIO
CTPOUTENILCTBA B 3KCTPEMAJIBHBIX YCIOBHUSX, BKJIIOYAs
KOCMUYECKHE MTPOEKTHI.
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Ta6auma 2
Pa3BuTHe 6HOMATEPUAJIOB B CTPOUTEILCTBE

| Buomarepnan || Onucanne || IIpenmymecTBa || Henocrarkn || IIpumenenune
I'pudHbBIE CTPYKTYPHI - - Ys3BUM K W3onauuoHHbIE
. Martepnai Ha OCHOBE .
(Muueani) HGHIZ)FO - buopaznaraemslii ||Brare MTaHEIIH,
E;I ALCHHOTO Ha ’ - JIérkuit n - Jlonroe Bpems ||[KUpIHYH,
P TIPOYHBIHA MIPOM3BOJICTBA ||yHaKOBKa
OpTraHMYeCKOM cyOcTparte, Ornmanas
TaKOM KaK OIUJIKH HITH
. TETUIO- U
CEJIbCKOXO03SIICTBEHHBIE
3BYKOU3OJISIIIHSA
orxonsl. [Tocne
BBIpaIlBaHUs MaTepual
BBICYILIMBACTCS U
CTaHOBHUTCS IIPOYHBIM.
Boaopocau (Hanpumep, HcHombaviores B - beicTpo - Tpebyer Dacapl,
CIUPYJIMHA, JIAMUHAPHST) 6H066TOHye HAHEIISX BO300HOBIISIEMbIH||CIIEIMANIBHBIX  ||OHOOETOH,
61/10nnacm,1<e a TaKxZe s |[PScype YCIIOBUIA JIeKOpaTUBHBIS
i - YnaBnuBalOT  ||BBIpAIlMBAHUS |[3JIEMEHTHI
(hacaHBIX CUCTEMaX IS
CO: - Bricokas
MPOMSBOAICTBA KUCIOPOM | 110 piagor CTOUMOCTB
Y YJIaBJIMBaHUS YTiepoa.
MPOYHOCTh
MaTepHaoB
BakrepuaabHblii 0eTOH B cocraB nobaBmusor - YBenuuuBaer |- Beicokas JlopoxHoe
(caMoBOCCTAHABJIMBAIOLIY ||0aKTEPUH, KOTOPBIE CPOK CITYKObI CTOUMOCTh MOKPBITHE,
ics 0eToH) BBIJICJISIIOT U3BECTh U - CHmxaer - Tpebyer MOCTHI,
3aIOJIHAIOT TPCUIUHEBI B 3aTpaThl HA OHpe)IeHéHHI)IX q)yH)laMeHTI)I
0eToHe, yBeIM4MBasi CPOK ||[pEMOHT YCIIOBUIA
€T0 CITy’KOBL - YMeHbIIaeT aKTHBALUH
noTpeOHOCTh B
LIEMEHTE
buoacdanst AJIbTeDHATHED - YMeHbIIaeT - Jloporo#i Jlopoxnoe
T a/:mupI/IOHHOM achannT ucnospzoanue ||OrpaHudeHHas |[IOKPbITHE
p Y Y He(TerpoayKTOB ||[IOCTYTHOCTh
C UCIOJIb30BAaHUEM .
- bonee TEXHOJIOTUH
O6rocMoIIBI (Hampumep, U3
9KOJIOTHYEH
JIUTHHUHA), YTO CHYKAET
3aBUCHMOCTb OT
He(TEPOIYKTOB.
buopasnaraemslii
rmamec IIpousBoautes u3 - Pasznaraercst B ||- He Bcerma OTaenouHble
KyKYypY3HOTO Kpaxmalna, |[mpupoje IOCTaTOYHO MaTepHabl,
rpuboB win O6aktepuit 1 ||- MoxkeT ObITh  ||IPOYHBIA YIIaKOBKa,
MOJKET pa3araTbCs nepepaboTan - CTOUMOCTBh  |[3JIEMEHTHI
€CTECTBEHHBIM ITyTEM 0e3 BEIIIIE Mebenn
Bpea Ui OKpY Karomen TPaIUIIHOHHOTO
CpezpL. TUTaCTHKA
eBeCHble KOMIIO3UTHI ¢ .
f)[pl“a]-ll/llICCKPlMH CMech IpeBeCHEIX - YcToiuuB K Orpannuennas |[[lanenm,
P P BJIare ¥ IJIECEHH |[IPOYHOCTH 00InII0BKa,
AodaBkamHu BOJIOKOH C rpOamu, - Oxomormunsii (|- Tpebyer MeO0ein
BOJIOPOCIISIMH .
AOp > U JIETKUI nmopaboTKu
pacTUTEIBHBIMU CMOJIAMH, X HOTOMI
TTOBBIIIAONIAST IPOYHOCTH
U YCTOMYUBOCTD
MaTepHaa.
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3. 3akiouyeHue

IpumMeHeHne 5HEProdp(GEKTUBHBIX M 3KOJOTHYECKU
0e30MaCHBIX MAaTepHajoB WrpacT KIIYEBYI0 pOJIb B
Pa3BUTUH YCTOWYMBOIO CTPOUTENILCTBA. Pa3BHTHE NaHHOM
obmacTi  CHOCOOCTBYeT — COKpAIlEHHWIO  DHEprosarpar,
YMEHBIICHHIO HETraTUBHOT'O BO3/ICIHCTBHUS Ha OKPYKAIOIIYIO
Cpely M YIy4IICHHIO KayecTBa JKH3HH Jrojeil. BHenpenue
WHHOBALMOHHBIX ~ MaTEpUANOB  IIO3BOJMT  ClHEJaTh
CTPOHTENBCTBO 00Jiee AKOJOTHYHBIM M IKOHOMHYECKU
3¢ PeKTUBHBIM B JOJITOCPOYHON MEPCIIEKTUBE.
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Production of non-corrosive coatings based on copper and zinc by gas-

dynamic method

G.V. Moskvitin!, V.E. Arkhipov?, M.S. Pugachev!

'Federal State Budgetary Institution of Science Blagonravov Institute of Mechanical Engineering of the Russian

Abstract:

Keywords:

Academy of Sciences (IMASH RAS), Moscow, Russia

The paper examines copper and copper-zinc coatings (such as "brass") obtained by the method of "cold"
gas-dynamic spraying. The X-ray diffraction phase analysis method revealed that zinc is the main
element that "captures” corundum particles, but it cannot "“retain™ corundum particles under the influence
of a conjugated surface, having separated from the coating surface, they have a significant effect on
friction processes in the tribological pair. Two mechanisms are proposed that describe the effect on the
nature of the change in the microgeometry of the surface of the counterbody and its wear. Tests of copper-
zinc coating of brass type in the medium of industrial oil paired with steel ShKh15 showed low wear
intensity up to the effect of non-wear without deterioration of the surface quality of the friction pair.

copper coating; copper and zinc coating; brass; phase analysis, gas dynamic spraying; wear mechanisms

IHosyyenune 0e3bI3HOCHBIX NOKPHITHII HA OCHOBE MeIM M IMHKA

ra3joanHaMu4e€¢CKMM METOAOM

Mocksutun I'.B.!, Apxunos B.E.}, Iyraues M.C.}

ldenepanbHoe rocy1apcTBEHHOE GIOKETHOE yUpPEXKICHHE HAyKH VIHCTUTYT MAaIIMHOBEIEHHUS
uM. A.A. braronpasosa Poccuiickoit akanemun Hayk (MMAII PAH), Mocksa, Poccus

AuHoOTALMA:

Kunrouessie cioBa:

B paboTe WCCiemyroTCs HOKPBITHS MEAW W MEIM - I[MHKA (THMa «IATYHH») MOJYYeHHbIE METOIO0M
«XOJIOJIHOTO» Ta30JMHAMHYECKOTO HaNbUICHHS. MeTONOM PeHTTeHOCTPYKTYpHOro (ha3oBOro aHanmsa
BBISIBJICHO, YTO LIMHK SIBJIIECTCSI OCHOBHBIM JIEMEHTOM, «3aXBaThIBAIOLINMY» YaCTHIBI KOPYH/I, HO OH HE
MOXKET «yZIepKaTh)» YaCTHIIBl KOPYH/A IO/ BO3JCHCTBUEM CONPSHKEHHON NMOBEPXHOCTH, OTAECIUBIINCH
OT MOBEPXHOCTH IIOKPBHITHS, OHM OKa3blBAlOT 3HAYMTENILHOE BIMAHME HA IIPOLECCHl TPEHUS B
Tpubonornyeckoi mape. [IpemiokeHsl OBa MeXaHM3Ma, OINMCBHIBAIOLIME BIMSHHE Ha Xapakrep
N3MEHEHHSI MHKPOT€OMETPHH MOBEPXHOCTH KOHTpPTENA W ero u3Hoc. McmblTaHus MeIHO-LIMHKOBOIO
MOKPBITHS TUIA JIATYHU B CpeJie MHIYCTPHAILHOTO Macia B nape co cranbto [IX15 nokasanu Hu3KyI0
HMHTCHCHBHOCTh M3HAIIMBAaHMS BIUIOTH 10 d3(dexra Oe3bI3HOCHOCTH 0e3 YXYAIICHUS KadecTBa
MIOBEPXHOCTH Maphbl TPEHHUSL.

MOKPBITHE MEJH; OKPhITHE MEN U LIMHKA; JIaTYHb; (ha30BbIi aHAJIN3, ra30AMHAMUYECKOE HAIbUICHHE,
MEXaHU3Mbl U3HALLUBAHUSA

noBepxHoctd wu3aenuid [2]. B kadectBe MarepuasioB
HOKPBITUH IIHPOKOE PACIPOCTPAHEHHUE TOIyYHIN MEIHbIC

1, BBeHEH]/[e CIUIaBbl  BCJIEACTBHE MX  CIOCOOHOCTH  CO3[aBaTh
OPEANOCHUIKM I PeaM3alil  IIOJOXKUTEIBHOTO
Bribop marepuanoB TPHUOOTEXHHYECKOrO HA3HAYCHHS [PaiMCHTa  MEXaHMYeCKHX  CBOWCTB 110  TOJILIMHE
JUIL TSDKETOHArPY)KCHHBIX  CONPSDKCHMH  ONPEACISeTCs MOBEPXHOCTHOTO 9KCILTyaTallMOHHOT O cnost u,
HaJINYMEeM KOMIUIEKCa OIPEICTIEHHBIX CBOIMCTB, CIIOCOOHBIX CIIC/I0BATEIIBHO, IOKAIM30BaTh B HEM (PH3MKO-XUMHUCCKHE
obecreunts paboToCOCOOHOCTD U JIOJITOBEYHOCTD M3EIHs i 1eOPMALMOHHBIE NPOLECCH, OTBETCTBEHHBIC 34
¢ y4€TOM (YHKUMOHAIBHBIX XapaKTEPHCTUK, OCOOCHHO ¢dopmuposanue yactuy usHoca [3]. Tlpu arom B ocHOBe
NPUMECHUTEIBHO K YCIOBWAM OKcmilyarauud. K rtakum TpUOOTEXHHYIECKOH A(PPEKTHBHOCTH  MEAbCOACPIKAIINX
XapaKTepUCTHKaM HEPBYIO  OYCPEAL  OTHOCHTCA MOBEPXHOCTHBIX ~ CIIOEB  SBJISICTCS  (PPUKLUOHHBIN
H3HOCOCTOUKOCTD CIOCOOHOCTh ~ TTOBEPXHOCTHBIX MACCOIEPEHOC, KOTOPBIH OMpEEISIeTcs HX CTPYKTYpHO-
9KCIUTyaTALHOHHBIX CJIOEB COMPOTHBILITHCS Pa3pyIICHHIO MEXAHHYECKHM COCTOSHMEM.
I0J BO3/ICHCTBIEM HAarpy30K U arpeCCUBHBIX CPEL. MaccomnepeHoc Marepuaia ¢ OJHOW MOBEPXHOCTH Ha
Jlyis M3roTtoBNeHUs AeTanedl map TPEHUS CKOJIBXKEHUS IPYIYIO SIBISETCS YHHBEPCUILHBIM SQQPEKTOM M HMEeT
HCTIONIB3YIOTCA pasHoO6pasHbIe KOHCTPYKIMOHHBIC MECTO MPAKTHYECKU MPH BCEX MEXaHM3MaX H3HAIIMBaHMS,
marepuanbl [1]. JIis CTanbHBIX TSDKEIOHArPY)KCHHbBIX SBISIICH OJHMM M3 Ba)KHBIX COCTaBISIOUINX, KOTOpBIE
COnpsKeHN# 3(PHEKTUBHBIM CPEICTBOM TOBBILICHHS HX BIMSIOT HA ypOBEHb IOBEPXHOCTHOTO —pa3pyIICHNS,
HecyIen CIOCOOHOCTH ABIACTCA CO3MaHnE HECYIIYIO CIIOCOOHOCTh KOHTAKTa M PECYPC y371a TPCHHS B
MOAHGHUIMPOBAHHBIX TOBEPXHOCTHBIX c10eB. C 3TOM b0 menoMm. Ha OCHOBe pE3y/IbTATOB SKCIEPHMEHTAIBHBIX
TNPUMEHSIIOTCS Pa3HOOOPA3HBIC METO/Ibl, OCHOBAHHBIC Ha UccIeIoBaHui B [4] OmucaHbl MpeCTaBICHUsS O HauboJee
OPHUHIMIIAX ~ XAMHYECKOTr0,  JIEKTPOXHMHYECKOrO0 U PaCIIPOCTPAHEHHbIX MEXAHVZMAX (PUKIMOHHOTO
usmeckoro ocaxaeHmt 1 GOPMUPOBAHHS MOKPBITHH Ha MmacconepeHoca. HauGompimit  3¢dekT  MmoBBILICHHUS
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HW3HOCOCTOMKOCTH  MaTepuaylia  HaOmomaercst — IpH
(PUKIIMOHHOM MaccomnepeHoce B YCIIOBHSIX
n3bupatensHoro neperoca [3]. CyTs MexaHH3Ma COCTOHT B
(hopMHpPOBaHMY B 30HE KOHTAaKTa CJIOS MEIH B pe3ylbTaTe
(U3UKO-XMMHYIECKUX  (pakTOpoB  IpM  TpEeHHH B
MIOBEPXHOCTHO-aKTUBHOM  CMa304HOH cpele M €ro
MOCJIEIOBATEBHOTO  TIEPeHOoCAa  Ha  CONPSDKEHHYIO
MMOBEPXHOCTh M  00paTHO. OTOT mporecc UMeeT
LUKJIMYECKUI XapaKTep, BEI3BAHHBIN IlepepacipeielieHueM
JIMCIIOKAIIOHHON CTPYKTYPBI U JIETHPYIOIIHX JIEMEHTOB, B
pe3ysibTaTe 4Yero Iapa TpPEHHS IIePeXOJUT B PEKHM
MIPAaKTHYECKOH Ge3bI3HOCHOCTH.

B Hacrosimee BpeMst U1 yBETHUYESHHUS pecypca CTaIbHBIX
rmap TPeHWs IOJydaeT NMPHUMEHEHHE METOJ «XOJIOIHOTO»
ra30AMHAMHYIECKOTO HATBIJICHHS HOKPBITHS MEIH U MEIHO-
IMHKOBBIX TOKPBITHH THIIA «IaTyHW» [5,6]. OTOoT Meron
MO3BOJISIET HATIBUIATH (DYHKIIMOHAJIBHBIE ITOKPHITHS Ha
HeOOJNbIIME  YJaCTKM W 3HAUUTENbHBIE  IUIOMIAJIN
TIOBEPXHOCTH JieTaliell B 3aBOJICKHX W IIOJEBBIX YCIIOBHSIX
IIpY MUHUMAJIBHOM pa3orpese notoxku 1o 150°C. Metoz
peann3yercsl MyTeM BBEIEHHS B HarpeTHIH MOTOK BO3IyXa,
MEXaHWYECKOM CMECH YacTHI[ METAUIOB W XMMHYECKOTO
COCIMHEHMsT — TBEPJOTO M XPYNKOrO OKCHJA ATFOMUHHS
(KopyHIa), IpU COYAapeHNH C KOTOPBIM U TOBEPXHOCTHIO
MeTaJTbl JIehOPMUPYIOTCS, YIUIOTHSIIOTCS M 32 CUET ATOTO
TIOBBIIIASTCSI KOTe3Wsl HAHECEHHOTO CJI0S METaJlIa M aAre3nst
¢ nout10kKoi. CBOMCTBA MOKPHITUI CYIIECTBEHHO 3aBHCAT
OT MEXaHWYECKHX CBOICTB METAUIOB W TEMIIEpaTypbl
HambUICHUS W, HAlpUMep, JUI TOKPBITHS MeId aare3ust
nocturaer  50-55 MIla u KoresumoHHass TpPOYHOCTh
Haxoqutes B mpepenax 80-140 MIla, uro oOycioBieHO
HaJIMYMEM CXKMMAIOIIMX HAaNpsOKeHWH pa3HOW BETMYMHBI
[5]. Ctone BeICOKME 3HAYEHHMS MTO3BOJISIFOT PACCUUTHIBATH HA
CONPOTHUBIICHHE Pa3pyLICHUI0 HAHECEHHOTO CJIOS MeTayla
01 BO3ICHCTBHEM HOPMAJIbHBIX U KAaCaTENIbHBIX HArpy30K.

Hambuienue MOKPBITHS c UCIIOJIb30BaHUEM
MEXaHMYECKOW CMECH 4YacTHIl MEAW, LMHKa ¥ KOpyHIa
CONPOBOJKACTCS POLIECCOM MOAU(HKALNH YACTHI] LIMHKA
3a cuér quddy3un B HUX aTOMOB MeIH ¢ (OPMHUPOBAHUEM
CTPYKTYP, IPUCYLIMX JIATYHSM OT TBEPJOr0 PacTBOPA IIMHKA

B Meau (o-(aser) 1o TBEPIOrO pacTBOpa MeAW B IUHKE (M-
(hasbl), 9TO 1aJI0 OCHOBaHHE 0003HAYUTH MEJHO-IITHKOBBIE
MOKPBITHS, KaK IOKPBITHA THNA «JaryHm» [6]. Hammame
KOpYH/Ia B IOKPBITHAX, HAHECEHHBIX METOJIOM «XOJIOTHOT 0%
ra30AMHAMHYECKOTO  HANBUICHWS, Kak OBl  3apaHee
HpeonpeaesieT HEBO3MOXKHOCTh MX HCIIONB30BAHUS I
NOAUIMIIHUKOB ~ TPEHMS CKONBKEHMS W3-3a  HM3HOCA
CONPSDKEHHOH TIOBEPXHOCTH — KOHTpPTENAa WM Tapsl B
nenoM. OnHaKo, MPOBEIEHHBIE U TPOBOANMBIE HCTIBITAHUS
Ha TPEeHHWE B Pa3HBIX Cpelax, IMOKAa3bIBAIOT PE3YIbTATH,
KOTOpBIE JAl0T OCHOBAHHE CUHUTATh ITOKPHITUS Ha OCHOBE
MeJIM ¥ MEIHO-IIMHKOBEIE TIOKPBITHS THIIA «JIATYHI» BEChbMa
MNEepPCIIEKTUBHBEIMU I  CO3JaHWS ITIOBEPXHOCTEH TPEHUS
CKOJBXEHMs (MOAIIMIIHUKOB) Kak NPH H3TOTOBICHUU
JeTallel U y3JI0B, TaK U IIPH UX BOCCTAHOBJICHHN.

WcnblTanne NOKpBITUH  MeIM, HAHECEHHBIX IIpU
temneparype 270°C u 450°C B COIpsXKEHUH ¢ KOHTPTEIOM
w3 cramu 111X 15, repmudeckn oopadoranHoi Ha 60-62 HRC
B YCIOBUSAX CMa3Kd MuHepalbHbIM MacioM M-20A u
IJIACTUYHOM CMa30uyHOM Marepuane Jluron-24, BeiABUIN
HU3KYIO0 HHTEHCHUBHOCTD M3HAIIMBAHMSI, COM3MEPHMYIO C €
TOKa3aTesIMI NPH TPEHHH B pPEXHUME H30MPaTeTbHOTO
TepeHoca, Korja MoTepy Ha M3HOC MpeneibHO Maibl [5].
IloxperTne MEJIH, HaHECEHHOE METOIOM
ra30MHaMHYECKOTO HAaNbUICHUS IIPU  HCIIONB30BaHUU
HU3KOM M BBICOKOI TemmepaTypbl IIOTOKa BO3MyXa,
o0Jazaer BEICOKOH paboTOCIIOCOOHOCTBIO IIPH UCTIBITAHUSIX
B YCIIOBHSIX TpeHHs ¥ M3HammBanust: In (mokpeitust) ~ (1,1-
1,5)x10%° u Tn (komrprema) = (0,3-0,4)x10"** npu cmaske
maciom M-20A u In  (mokpertmsa) = (2-5)x10° wu In
(xonTprena) = 0,2x10°*t B Jluron-24 [5]. Uccrenosanue
MHKpPOT€OMETPHU TIOKPBITHS MEI¥, HAaHECEHHOTO IpU
temneparype 450°C, u koHTprena no napamerpaMm Ra u Rz
MOKa3bIBAET YTyUIlIEHNE Ka4eCcTBa Ha 1 KIacc moBepXHOCTEN
TpeHus 111 00enx cpex ucnbitanus (Tadm.1), Y mokpeITHs,
HaHecéHHoOro npu  Temmeparype 270°C Toiabko npH
ucnbiTanu B Macine M-20A He OTMEYEHO YIIydlIeHUs
KauecTBa, YTO MOXET ObIThb OOYCIOBJICHO W3MEHEHHEM
CBOMCTB MOKPBITHUS, HaIIpUMep TBEPIOCTH [5].

Ta6auna 1
Pe3yabTaThl H3MepeHHsI MUKPOreOMeTPUH MOBEPXHOCTH MOKPBITHSI MeH, HaHecéHHOro mpy 450C 1 KOHTPTE/Ia U3 CTAJIH
HIX15
[IIepoxoBarocTh, MKM
Pabouas Jo ucnipiTanust Kiace Tlocne ucnsiTanus
Kiacc
cpena Ra | Rz 4uCTOTHl, V Ra | Rz crorsL. V
Kontpreno u3 cramu IIX15 "HCTOTEL,
Magao 1 0,135 0,785 10-11 0,057 0,396 11-12
Jluron 24 0,135 0,847 10-11 0,084 0,510 11
O0pasel ¢ MOKPHITUEM MEITH
Macmo 1 —
20A 0,292 0,855 9 0,15 2,189 10
Jluron 24 0.073 0,833 11 0,116 1,298 10-11

Lens mccnenoBaHus: MPOBEACHUE OLEHKU COCTOSIHUSA,
COCTaBa U CTPOEHUs CTPYKTYPhI TOKPBITHS MEIU M MEIHO-
IIUHKOBOT'O MOKPBITHS TUTA «JIAaTYHH», a TaKXKe OMHCAaHHUe
MeXaHM3Ma BIMSHUA  OCOOEHHOCTeH  (OpMUpPOBaHUS
TOKPBITUI Ha B3aUMOJEHCTBHUE Map TPEHUS CKOJIbKEHUS U
MacCONEPEeHOC KOMITIOHEHTOB MOKPBITHSL.

Pexumpl ~ HaHeceHHMsI  TMOKPHITHUA U
HCCIIEJOBAHUSA.

METO/IbI

Ha o6pasery u3 cramu 40X HAHOCHUTCS MOKPHITHE C
noMomsto  ycranoskun JJMUMET-405 mpu ckopoctn
MEepeMeIeHUsT COIUIa OTHOCHTENbHO oOpasia 10 mm/c u
paccTosHUA OT COIUIa JI0 MOBEPXHOCTH HambUIeHUs 10 MM.
TpuMeHsTH MEXaHMYECKYI0 CMECh YacTHIl MEJIM M KOPYH/a
B cootHomennd Cu:Al203=55:45 (macc%), NMHKA H
KOpyH/a B cooTHomeHnn ZN:Al203=55:45 (Macc%) u Menu,
[MHKA U KOpyH#a B cooTHommennn Cu:Zn:Al.0s = 35:35:30
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(Macc%) mpum OSTOM TeMmmeparypa IOTOKa BO3JIyXa
cocrarisiia 270°, 360°, 450° [7].

[lepememenne comna BIOIb Kpas oOpasia IMO3BOJISIET
MOJIy4YUTh CIOW MeTajula MIUPUHOU =5,5 MM, UMEIOLIEro B
CEYCHUM BHJ] CETMEHTA OKPYHOCTU. COIIIO BBIBOAUTCS 32
MEPUMETP TIOBEPXHOCTH 00pa3lia W 3aTeM CMEIaeTcs Ha
paccrosiuue L=2 MM (mepekpbiTie ~64%) OTHOCHTEIHLHO
paHee HaHECEHHOTO CIIOSI MeTaila, IoClie Yero IpHu
00paTHOM XO/1€ COIUIa HAHOCHUTCS CIIe Iy oIui cioi (puc. 1)
[6]. TonmwHa NOKPEITHS 3aBUCHT OT (YU3UKO-MEXaHHICCKHX
CBOICTB HAHOCHMOT'O METAJUIA U TEMIIEPATyphbl HAITBIICHUS
¥ HaxoauTcs B mpenenax 150-450 MM ¥ Ui TOTyYeHUs.
JIOCTATOYHOM IS TIPOBEICHUS UCCIICAOBAHUN U HCTIBITAHUI
TOJIIIMHBI TMOKPHITUS (>1MM) HaIbUICHHE TPOBOIUTCS
MHOTOKpAaTHO 3a CU€T HAaHECeHWs CJI0eB APyl Ha Jpyra
(k0B HambLIeHU ) (pHC. 1).

Puc. 1. IIpyHuunuanbHas cxeMa HaHeCeHUs
nmoKpeITH: Bup cOoky: 1- comio; 2 — moTok yacTuiy 3 —
HaHECEHHBIH cIoif; 4 — MoIokKa; A — ypOBEHb
MEXaHH4YECKOH 00pabOTKH HAHECEHHOTO CIIOS MeTallIa

@Da30BbIll  COCTaB  MOKPBITHA  HCCIEAOBaNUd  Ha
mappakromerpe Rigaku Ultima IV na Cu-Kq u3myuennm.
AHamu3 1upaKTOrpaMM  OCYIIECTBIISICTCS HAa OCHOBE
MIPOTrPaMMHOT0 nponykra  PDXL (Rigaku) c
ucrons3oBanueM 0a3bl naHHbIX PDF-2. KonnuecTBeHHbIH
aHaJIU3 [IPOBOAUTCA C UCIIONIB30BaHUEM MeTo/Ia PurBenba,
peanuzoBanHoro B nakere nporpamm PDXL (Rigaku).

PentreHodryopecieHTHbIN aHAIN3 OCYILECTBISIETCS Ha
crekrpomerpe Rigaku Primusll ¢ wucmons3oBaHuemM B
KayecTBe  MCTOYHHKA  PEHTI€HOBCKOIO  HM3JIy4EHHS
peHTreHOBCKOM TpyOku ¢ Rh-aHomom, B Bakyyme W
nuanasone anemeHtoB or Ca no U. KonmuecTBeHHbIH
aHalu3 INPOBOJUTCA IIOCIE 3aNMCH U pacuudpoBKU
9KCIIEPUMEHTAJIBHBIX CIIEKTPOB OT MCCIEAyeMbIX 00pa3LoB
C MOMOILIBIO CIELUATIBHOIO MPOrPaMMHOI0 0OecreyeHus
¢upmer  Rigaku ZSX wMeromom  (dyHIaMEHTATBHBIX
mapameTpoB  SQX (06e3 HUCIONB30BaHHS  ATANOHHBIX
00pasIoB).

V3ydyenue MOpGONOTHH M 3IEMEHTHOTO COCTaBa
MOKPBITHS HPOBOJMKUTCS HA CKAHUPYIOLIEM 3JIEKTPOHHOM
mukpockorne FEI «Quanta-650» ¢ sHeproaucnepcuoHHBIM
peHTreHoCIIeKTpallbHBIM  aHaimmzatopom  EDAX. B
HCCIIe/I0BaHUN UCIIONB3YeTCs JIETEKTOP
00paTHOOTPAKEHHBIX 3NIEKTPOHOB, MO3BOJISTFOIIUH
MoJIy4aTb M300paXkeHHE C KOHTPAcTOM [0 aTOMHOMY
HOMEpY ¥ BH3YyallU3UpOBaTh pa3iuuHble (assl  Ha
MOBEPXHOCTH 00pa3ioB. VICTOYHHKOM 3JEKTPOHOB B
MHKPOCKOIIE CIIY>KHJI BOJIb(GPaMOBBIH KaTof, YCKOpsIolee
HanpsDKeHHe cocTaBisieT 25 kB.

Jluteparypubiii ananu3. C IOMOIIBIO METOIOB
PEHTTEHOCTPYKTYPHOTO aHAIM3a ONpPEACIUTh COCTOSHHE,
COCTaB U CTPOEHHE CTPYKTYPHI MOKPBITHSI MEIH U MEIHO-
[MHKOBOTO IIOKPBITHS THNA <«JIaTyHW». JlaTh omnmcaHue
BIMSIHUSL ~MeXaHu3Ma (OPMHUpOBAaHMS IOKPBHITHHA  Ha
B3aUMOJICHCTBHUE MTap TPEHHS CKONBKCHNS M MacCOIEepEeHOC
KOMITOHEHTOB MOKPBITHS.

PentrenocTpykTypHBIi (pa30BbIi aHAIN3 TIOKPBITHI HA
OCHOBE MEXaHMYECKOW CMECH YaCTHUIl ME/IH, IIMHKA, a TAK)Ke
9THX METANIOB W KOpyHAa HaHecEHHbIX mnipu 360°
MOKa3bIBaeT, YTO OCHOBHOW (pa30i B MOKPBITUM MeIu
SBISIETCS 4YWCTass Mexb, TO €CTh COJEp)KaHHE OKCHIa
amoMuHNS He npeBbimaeT 1% [6,8]. Y mokpeITus nuHKA 1
MeTHO-IINHKOBOTO ITOKPHITUS COAEPKAHUE — MaccoBasi OIS
KOpyHJa TIpakTHUeCKH HE OTIMYAeTCsi W COCTaBISIET
5,6+£0,7% wn 5,3+1,4% cooTBeTcTBeHHO. TakuMm 00pa3om,
BBISBJICHO, YTO JaHHOE HAIbUICHHE MOXKET OKa3bIBaTh
3HAYNTEIEHOE BIIMSTHHE Ha TPHOOTEXHUIECKHE
XapaKTepUCTHKA  MEIHO-IIMHKOBBIX ~ TOKPBITHH  TIO
CPaBHEHHMIO C TOKPHITHSIMH MeId W HMHTEHCHBHOCTH
W3HAIIMBAHMS CONPSIKEHHBIX TTOBEPXHOCTEH Mapsl TPEHHSI.
Bonee Toro, Mo>XHO TpPEIIIONOXUTE, YTO LUHK, KOTOPBIi
MpH  HOpPMajlbHOW  TeMIepaType  HWMeeT  HH3KHe
MexaHndeckue cBoiictra (8-30%, =120 MIla) He cMoxeT
«yZepXaTb» YacTHIBI KOpYHIA TII0Jl BO3JEHCTBHEM
CONPsDKEHHOW TOBEpXHOCTH W OHH, OTIENHUBIINCH OT
MOBEPXHOCTH TOKPBHITUSI, MOTYT OKa3aTh 3HAYNUTEIbHOE
BJIMSHHE HA LEJIOCTHOCTH CONPSIKEHHOW MOBEPXHOCTH M
napsl B 11es1oM [9)]. PeHTreHoCTpYKTYpHBII (ha30BbIi aHAN3
TaKke BBISABISET B MEIHO-IMHKOBOM ITOKPBITHH TBEpABIE
pacTBOpBI IeKTpOoHHOro THHa Ha Oasze CuZns (e-daza) ¢
MaccoBo norneit 1o 12,6% u Ha 6aze CusZns (y—c¢asa) ¢
MmaccoBoit foneit 17,0%, npucymue JaTyHsM, YTO CBA3aHO C
muddysueit Mmeau B uHK 1 e€ Moaudukanueii [6,10].

IToBepXHOCTh TMOKpBITHS, HAHECEHHOTO HAa OCHOBE
CMECH YacTHUIl MeIu ¥ KOopyHAa mpu Temneparype 360°C,
Hocjae MeXaHW4ecKod oOpabOTKM Ha HaIauyHoi Oymare
pa3HOIl 3epHUCTOCTM M MONMPOBKE HAa CyKHE C
UCIOJIb30BAHUEM CYCIEH3MIl: BU3yalbHO MOKPBITHE UMEET
JOCTATOYHO  MOHOJMTHBIH  Xapakrep ¢  penbedoM,
BOZHHKIIMM 32 CYET YCTPAHEHHS XPYIKHX OKCHAHBIX
INIEHOK 110 TpaHMLAM 4YacTHl] MerawioB. HaOmonaemsie
3aMKHyTbIe MOJNOCTH (yriiyOsieHus1) pasHoil (opmbl U
HPOTSXKEHHOCTH MOTYT c(OpMUPOBATHCS B Ipoliecce
HalbUICHHS, TaK KaK OTKPBITas I[OPUCTOCTb IOKPBITHS
coctaBisieT oT 4% 10 6% B 3aBUCUMOCTH OT TEMIIEPATypBbI
HalbUICHHs!, HO, B OCHOBHOM, UX BOSHHUKHOBEHHUE CBSA3AHO C
YCTpaHEHHEM YacTH4eK KOpYHJa IPH MEXaHHUYECKOH
obpaborke NOKpbITHs [S]. OHM 3HAYUTENHHO OTIMYAIOTCS
10 pa3Mepy, HO B OCHOBHOM MX BEJIMYMHA HE NPEBbILIAET 2
MKM, ¥ OHM (DYHKIMOHAJIBHO MOI'YT OCYILECTBISATH POJIb
EéMKOCTe-KapMaHOB U ylep KaHus cMa30uHbIX cped. Ha
TIOBEPXHOCTH MOYKHO HAOJIOAaTh YaCTUIIBI KOPYHa pa3HON
(GOpMBI ¥ HE3HAYMTEIBHOI'O pa3Mepa, KOTOPBIE, MOXHO
TIPEIIO0NI0KUTh, OCHOBHBIM 00BEMOM 3aKpEIUICHbI B METHOM
OCHOBE, a TaK)Ke TOHKHE (parMEeHThl KPUCTAJIIOB OKCHZA
QIIOMHUHUS, Pa3Mep KOTOPBIX HE MPEBBIIIAET 5 MKM.

Ha mnoBepXHOCTH MOKpPBHITHS MEAM M LMHKA ObUI
MIPOBENEH MMKPOPEHTI€HOCIIEKTPATIbHBII aHanu3
XMMHMYECKOI'O COCTaBa B TOYKAaX, KOTOPbIE BH3YaJIbHO HE
COJIepIKaT YaCTHI] KOPYH/IA, & TAKXKe KaKUX-TH00 1e(eKToB.
Pesynbrarsl npeicTaBieHs! B BUE BECOBOTO COACPIKaHHS U
WHTCHCUBHOCTH JIMHUH CIIEKTpa alOMHHHA (OKCHzaa
AITIOMUHHS) B MOKPBHITUSAX MEIH U IIMHKA (Tal. 2).

30Ha MHHMIMUPOBAHMS CIEKTpa VIS TAHHOTO COCTaBa
MOKPBITHUSI IPEICTABIAET COO0I OKPY>KHOCTH TUAMETPOM ~2
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MKM TIpH TIyOuHe BO30YKAEHMS, HE NpeBbIIaroniei 1-2
MKkM. TakuM 00pa3oM, MpeICTaBIECHHBIE PE3YIIBTATHI
MHKPOPEHTI€HOCIIEKTPAIBHOTO aHAJIM3a COCTAaBA TIOKPBITHSI
U COJIEpIKaHNe KOMIIOHEHTOB MOKPBITHSI C HHTEHCHBHOCTHIO
JIUHUA WMEIOT WHTErpajbHYI0 BenwuuHy (Tabm. 2). U3
Pe3y/bTaTOB aHAIM3a COCTAaBa TMOKPBITHSI HA OCHOBE MEJIU
BUHO, 4T0 conepykanue amomunus (Al203) orimdaercst
JNOCTATOYHO 3HAYUTEIBHO 110 MECTaM HWHHIIMHPOBAHHUS
criekTpa ot 1,87 Bec% (MHTEHCHBHOCTH 63,64, T.4, Ta0I. 2)
mo 0,09 Bec% (waTeHCHMBHOCTH 3,01, T.1, Tabm 2).
Pesynbratel MOXKHO HHTEPIPETHPOBATH KaK CIEKTP OT
HECKOJIBKMX  YacTHIl, BO3MOXXHO pa3HOro pa3mepa
MPUCYTCTBYIONIMX B 30HE UHUIIMHPOBAHUS, TAK U OT OIHOM
yactunpl. OJHAKO, paccMarpuBasi psiji WHTEHCHMBHOCTEH
(1.1.1,2,3,6,8,9), KOTOpBIE MOTJIH OBITH MOYYEHBI OT YACTHI]
MPUMEPHO OJHOTO pa3Mepa C Y4€roM HX 3aKperuIeHHs
OCHOBHBIM 00BEMOM - Pa3MEPOM B MEHOW OCHOBE, MOYKHO
MPEOJI0KHTh, YTO TPH  BO30YKICHHH  OCTAIBHBIX
CIEKTPOB TaKWUX YaCTHI[ Ha IUIOMIAAW WHHUIMAPOBAHUS
criekTpa ObLIO OOJBIIe, a UMEHHO B T.T.5 U 7 — 3-4 4acTHUIbl
" B T.4 — 10-12 gactum. Takum oOpa3oM, MOXKHO CHIENaTh
BBIBOJI, YTO Paclpe/eieHHe YacTHI] KOPYH/a TI0 TUIOIIA N

MOKPBITUSI MEIIU JIOCTaTOYHO HEPAaBHOMEPHO, YTO MOXKET

OKa3aTh BIUSHUE Ha Pa0OTy CONPSKEHHON Mapbl TPEHHSL.
Ecmu cooTHecTH IUIOmAaab, 3aHUMAaEeMYI0 MeEIbI0 U
ATFOMAHHEM K BEJMYHHE BECOBOW KOMIIOHEHTHI Ka)KIOTO
KOMIIOHEHTa W, COOTBETCTBEHHO, HHTCHCHBHOCTBIO JIMHHUI
CIIEKTpa, TO MOXHO OIICHUTH BEJIMIHHY (pa3Mep) IUIOMIa/IH,
3aHAMAEMOW  YacTHUIIAMH  KOpPYHIA. PaccunTteiBas
MPOTIOPIIHOHATILHYIO 3aBUCUMOCTh HHTCHCUBHOCTH CIIEKTPa
METAaJUIOB OT TUIOIIA/IN MTOBEPXHOCTH, 3aHUMAEMOH MEJIbIO U
TFOMHAHHEM TIOJTyYaeM, YTO BETHYHHA (IUIOMIA/b) YaCTHUIIBI
KOpyH/ia He MoxeT npesbimars 0,05 Mxm? Kak BugHO U3
pe3yJbTaTOB TPOBEIAEHHOTO aHall|3a, YacTHIBI KOPYHJa
pasMemeHsl B TOKPBITHH HEPAaBHOMEPHO, 3aKpPEIUICHBI
JIOCTATOYHO HAJIEKHO B MOKPHITUH MEJIH, a HHAUYE OBbLITH ObI
yAaJCHbl TPU MEXaHUYECKOW 0o0paboTke U JIOJKHBI
HE3HAYHUTETIBHO BBICTYNATh HAJ| TMOBEPXHOCTBIO 32 CUET
ynaneHnst Oosiee MATKOH OCHOBBI MeTayuta. Takum oOpaszom,
TOKPBITHE ~ TIpeAcTaBisieT cobod  numdoBaIbHO  —
TIOJIMPOBAJIBHBI HHCTPYMEHT, KOTOPBIH TPH NPHIOKESHUN
Harpy3Kd W [BWKEHHM TApBl TPEHMS «BBITJIAXKHBACT»
MHKPOHEPOBHOCTH TIOBEPXHOCTH KOHTpTENla W3 CTallk
IIX15, uTo conpoBOXKAAETCA 3HAUUTEIIBHBIM YIIyUIICHUEM
KayecTBa MOBEPXHOCTH, YTO OBUIO OTMEUYEHO paHee (Tadu. 1).
Tabnuua 2

Pe3y.]'ll)TaTl)l MHUKPOPEHTI€HOCNCKTPAJBbHOI'0 AaHAJIN3A NMOKPHITHA HA OCHOBE MEIU U IIMHKA

CopneprxaHue aoMUHUSA, Y% B TOKPBITHH
Meau [MHKA
BecoBoe ITonHass ”HTEHCUBHOCTH BecoBoe IlonHast ”HTEHCUBHOCTD

0,09 3,01 14,12 520,78
0,17 5,58 3,49 96,64
0,19 6,21 1,08 29,05
1,87 63,74 8,87 299,50
0,49 15,94 8,75 219,00
0,16 531 1,26 33,41
0,54 18,13 0,64 33,41
0,23 7,54 0,77 22,09
0,17 5,55 - -

[Ipu B3auMonecTBUM CONPSXKEHHOW Mapbl TPEeHHs, a
MMEHHO TOKPBITUS MEAU ¢ KOHTpTenoM u3 cramu LIIXI15
TepMuyecku oOpaboTanHoi Ha TBEpmocTh 60-62 HRC B
peIBAPUTEIbHBIH KOHTaKT BCTYIAIOT nBe
TICEBJIONIOBEPXHOCTH — OJJHY M3 HHMX COCTABIIIOT YaCTHILIbI
KOPYHZIa BBICTYIAIOIINE Haj IOBEPXHOCTBIO IOKPHITHA, &
BTOPYIO — BepIIKHBI TPoG It MEKpoHEepoBHOCTEH (Ra 1 Ry).
ITo TBEpPHOCTH OKCHA ATIOMMHHMS YCTYINAeT TOJbKO alMa3y
U, TO3TOMY NpPHU HArPYy)KEHMHM Tapbl M CMEIICHHU
MIOBEPXHOCTEH OTHOCUTEIIBHO APYT PYyra YacTHIbI KOpYH/Ia
BpE3al0TCs B BEPILIMHBl MUKPOHEPOBHOCTEH Ha TIIyOMHY
BBICTYMAIOIIUX YaCTHI KOPYH/A, YTO 3HAUYHTEIbHO MEHbIIIE
napameTpoB Ra u Ri, Takum o6pa3om, ymydinas KauecTBO
noBepxHoctu.  OcranbHas W, BO3MOXHO  BechbMa
3HAYMTENbHAS YacTb BEPIIMH MHKPOHEPOBHOCTEH, He
MO/IBEPTIIMXCS MEXaHHYECKOMY BO3ICHCTBUIO YacCTHIL
KOpPYHZa, KaKk MHCTPYMEHT BpE3aeTcs B IOBEPXHOCTh
MOKPBITUSI MEIM M Cpe3aeT CIOW MeTaula, KOTOPbIN
ocTaércs Ha TIOBEPXHOCTH KOHTPTeIA, TIOBBIIIAs €ro Maccy.
IIpu sTom, 3a c4ér ch€Ma 4YacCTU MOBEPXHOCTH MeTailja
MOKPBITHS YBEIIMYMBACTCS pa3Mep BBICTyNAroLieil Hasx
MOBEPXHOCTHIO YACTH YAaCTHUIl KOPYH/A C YIIUPEHHEM HX Y
OCHOBaHMSL.

B nocnenyroniem, npu B3auMOAEHCTBUU CONPSKEHHON
nappl, 0Oojee 3HAYMTEIBHO BbICTYNAIOIIME YACTHIbI
KOPYHZa, OKa3blBAalOT  CYIIECTBCHHOE BIMSHHE Ha
¢dopmupoBanue TPOGUIs MOBEPXHOCTH KOHTPTENa, YTO
MOXKET ~ CONIPOBOXIATBHCA  OOpAaTHBIM IIEPEHOCOM  Ha
HOKPBITHE HE TOJIBKO MHKPOOOBEMOB MeaH, paHee
«3aXBaYEHHBIX», HO W HEKOTOPBIX 4YacTe CTaJbHbBIX
(parMeHTOB MHMKPOHEPOBHOCTEH KOHTpTENa, TEM CaMbIM
U3MEHs Maccy oOpasua ¢ MOKpbITHEM. Pesyrnbrar 3Toro
mporecca em€ B OONbpIIE  CTENEHM  MO3BOJISIET
chopmupoBaBIIeMyCsi  MHKpopenbedy — MOBEPXHOCTH
KOHTpTEJla MEXaHWYECKH BO3/ICHCTBOBATH Ha IIOKPBHITHE
MEJIH U «3aXBaThIBAaTh) - HEPEHOCUTH 0OJIee 3HAUUTEIbHYIO
Maccy MeIH, 4TO y)Ke MOXKET HO3BOJIUTH C(HOPMHUPOBATHCS
TOHKOM IUIEHKM MeTajljla, BO3MOXHO HE Ha Bcel
MOBEPXHOCTH  KOHTpTENa, JIOCTATOYHO HaJEKHO
3aKPEIUIEHHOMN B YIIyOJIeHHAX MUKPOpEIbeda MOBEPXHOCTH
(Ra m Ry). Cremyer OTMETHTB, YTO MPH MEXaHHUIECKOM
BO3JICHCTBUM  YaCTHI  KOPYHIa Ha  TEPMHYECKH
00paboTaHHYIO  TIOBEpXHOCTb  KOHTpTenma u €€
«pa3pyLICHUI» OT BO3ICHCTBHUS YacCTHIl KOPYH/A 3HEprus
OymeT yBeMMUYMBATHCS, YTO OyAeT CmocoOCTBOBATH
co3maHuio  Oomee  TPOYHBIX  CBA3EH  YacTHYeK -
MHUKPOOOBEMOB MeIH C MMOBEPXHOCTHIO KOHTPTENA. DTHM, B
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MPUHIUIE,  3aKaHYMBACTCS  TIPOIECC  NPHUPAOOTKH
NIOBEPXHOCTEH mapbl TpEeHUs U B JalbHEHIIEM
c(hOopMHUPOBABIIASCS IIEHKA NOKPBITHS MEIN Ha KOHTpTEIE,
OylydIH MOBEPXHOCTHIO — IICEBIONIOBEPXHOCTHIO KOHTPTENA
C OCTaTKaMH BBICTYMAIOIIETO MHKpopenbeda BCTymaeT B
KOHTAKT C YaCTHI[aMU KOPYH[a, KOTOpbIe €€ neOpMUpYIOT-
«BCILy4HBaIOT», co3z1aBas HEKYIO HOBYIO
[ICEBIONIOBEPXHOCTh,  BCTYMNAIOIIyd B  KOHTakT C
MIOKPBITHEM, YTO MOXET CHOCOOCTBOBaTH HMEPEHOCY YiKe
HE3HAYNUTEIbHBIX MHUKPOOOBEMOB MeAN Ha IIOBEPXHOCTH
MOKPBITUS M 3ateM oOparHo. JlaHHBI MeXxaHH3M
PaccCMOTpPEH U MPEJICTaBICH KaK HEKUH MOociie10BaTeNbHbIN
IIpolecC, OJHAKO H3-3a TOrO, 4YTO YacCTULBI KOpyHIa
pacrpeeseHbl 10 IUIOMAAN IOKPBITUS HEPABHOMEPHO, U
OHM MOTYT BBICTYIATh HaJ IIOBEPXHOCTBIO Ha pPa3HylO
BBICOTY, TO IEPEHOC MAacChl METAIIOB JODKEH HOCUTh
MOCJIEIOBATENIbHO - MApaJUICNIbHBIA  XapakTep M €ro
(YHKIIMOHUPOBaHUE, MOXKET OBITH, HE CBS3aHO C HATMYHEM
KaKO#-TM00 CMa304HOM Cpe/ibl.

2. MeToanka uccjie10BaHUuA

BnusHre KonwdecTBa YacTHII M WX pPa3MepoB Ha
Ka4yecTBO CONPSDKEHHOM MOBEPXHOCTH, TO HEOOXOIMMO
paccMOTpeTh JiBa MeXaHHW3Ma, KOTOpbleé MOTYT OKa3aTh
BIMSHHE Ha XapakTep W3MEHEHUS MHKpPOr€OMEeTPUH
MOBEPXHOCTH KOHTpPTEJA U €ro W3Hoc. B MeaHO-IIMHKOBOM
MOKPBITUH, B OTIMYHE OT MOKPBITHS MEAW, BH3yalbHO
MOXXHO OTMETHTH JOCTATOYHO MHOTOYHCIICHHBIE YaCTHIIBI
KOpyH/1a pa3Ho# (opMbl 1 pa3mepa. [Ipnuém, Mexay 3TUMU
YacTHLAMU M MaTphIiell — OCHOBOW HMEETCS HEKOTOPBIi
paspblB - 3a30p, YTO MOXHO HHTEPNPETHPOBATH KaK HE
CIIMILIKOM HaA&KHOE MX 3aKpelUIeHHe B MOKpHITHH. B
MOKPBITUH YaCTHILBI IUHKA U MEJH Pa3MEIEHBI XaOTHYHO H,
B TOH WMIM MHOM CTENEHH MOTYT YepeNoBaThCsi IO
OTHOUIECHUIO K HANpPaBICHHIO NMEPEMEILEHUs] CONPSIKEHHBIX
MOBEPXHOCTEN M €CNM YaCTHIBI KOPYHAA. pa3MELIEHHbIE B
YaCTHLAX IIMHKA C pa3MepoM 3aHMMaeMoii mromany 10 0,5
MM?, MOTYT MCK&XaTh NpO(MIb TOBEPXHOCTH, YXyulas
Ka4yecTBO, TO YAaCTHIBI KOpyHAa MeHblIero pasmepa 0,05
MM? 3aKpEIUIEHHBIE HAAEKHO B YACTHIAX MEIH MOTYT H
OynyT 3ae4uBaTh 1e(eKThl, HE JaBas CHIKAThCS KaueCTBY,
YTO M HAOJIOJACTCS NPH NPOBEJCHUH HMCIIBITAHUH MeEJHO-
LIMHKOBOro MOKpeITHs Ha TpeHue [11]. Kpome Toro, mpu
paccMOTpPEeHUH paboThI Tapbl TPEHUS CIEYEeT YUUTBIBATD,
4TO COAEPKaHUE LINHKA ¥ MEJIM 3aBUCHT OT TEMIEPATypbl U
MIPOJIOJKUTENBHOCTH HAMNbIIeHUs (KOJIMYECTBA IMKJIOB),
YTO CBSI3aHO C SHEPreTHYECKUMH OCOOCHHOCTSAMH METOoJa
ra3ofMHaMMYECKOTO0 HANbUICHHS U, HampuMep IpH
temneparype HambuleHus 270°C maccoBas AONS LMHKA
MOJKET cOCTaBATh nopsiaka 10% [12,13]. U, B arom ciyuyae,
3a CuéT MOBBILIEHUS COACPKAHMS KOJIMIECTBA YaCTHI MEAU
¢ Menkumu yacTunamu kopyaaa (0,05 Mm?) crocoGHBIX
apdexkTuBHO  «3anmeyuBaTh»  Ae(EKThl,  HAHECEHHBIS
KPYIHBIMH YacTHI[AMU KOPYHJA, HaXOMILIIUMHUCA B
YacTHLAX [MHKA, MOXHO JaXe pacCUMThIBaThb Ha
MOBBIIIIEHNE Ka4ecTBa MOBEPXHOCTU KOHTpPTENa M Maphl B
LIETIOM, KaK 3TO OBbUIO BBISBJICHO TIPU UCTIHITAHUM TTOKPBITHS
Meau B mape co crarbto LIX15 (tabmn.1).

IIpu oTpeIBe OT MOBEPXHOCTH MOKPBITHS KPYIHBIX
yacTUl] KOpyHOa pasmMepoM g0 10 MKM H OLEHKH
BO3MOXKHOCTH HX BO3JCHCTBUM Ha MOBEPXHOCTH Iapbl
TPEHUsI MOKHO PacCMOTPETh cleayoumuil Mmexanusm. [lpu
HAHECEHUM TIOKPBHITUSI C HUCIOIb30BAHHEM MEXaHHIECKOMH
CMECH YacTWI[ MeOW, LMHKA M KOPYHAAa METOJOM

ra30MHAMHYECKOTO HANBUICHHUS MPOXOIUT MOAM(PHKAIML
YaCTHIl ITMHKA 3a c4€T nuddy3un Menu, B pe3ynbTaTe 4ero
¢opmupyroTcss ¢assl mpucympe JaTyHH. Moxudukanus
CTPYKTYpBI IIMHKAa 3aBHUCUT OT IIapaMeTPOB HANBUICHUS
(TemmepaTypbl, HPORODKUTENBHOCTH) M COCTOSTHHS
CTPYKTYpBI, BKJIIOYas BEIMUYMHY MHKpojehopMaImii u,
COOTBETCTBCHHO CKOPOCTH i dy3un [6,13].
OtopBaBmIasicst OT IOBEPXHOCTH HANBIICHHOTO  CIOS
MeTaJlla YacTHIa KOPyH/Ia, TepeMeIasch M0 MOBEPXHOCTH
MeTHO-IINHKOBOTO ITOKPBITHSI, MOXKET BCTPETHCS C YaCTHIICH
MeJI, YUCTOr0 U MOANU(HUITPOBAHHOTO IIHHKA Te(OPMHUPYSI
nW/unm paspymas e€, B 3aBHCHMOCTH OT MEXaHHYECKUX
cBOHCTB MerawioB. [lpenen mpoyHOCTH Meny, B HalleM
ciry4ae, coctapiset 210-220 MIla npu miactuarocta 38%,
a muaka 120 MIla mpu mnactuuHocTH 22% W MOXKHO
JNOMYyCTHTh, YTO OHH HE CIHOCOOHBI  OCTaHOBHTH
nepemMerneHne TBEPAOH dactuipl [14]. Ho, BcTpewasch ¢
MOIU(UIMPOBAHHOW YacTHIEH NMHKA, KOTOpas HMEeT
NEPEMEHHBI CcOCTaB M CBOIcTBa, uYacTUIa OKCHJIA
QITIOMHUHHS MOXET BIIOJHE OCTAaHOBHThcs. [Ipn BXone Ha
MOIU(UIMPOBAHHYIO YacTUIy LMHKA YacTHIA KOpYyHZA
HauyHET  WUCIBITHIBATH  YBEJIMUCHHWE  COMPOTHBIICHHS
MepeMeIeHNI0, TaK Kak MpPOYHOCTh €€ MeHseTcs B
3aBHCHMOCTH OT COJIEPKaHMSI KOMIOHEHTOB (MEIIH, IIMHKA)
u MoxeT Bo3pacTth 10 300 MIla, 4To cooTBETCTBYET IaTyHN
mapk# JI90 — JI80. Ilpu cmenieHnn 4acTUIBI OKCHAA Jajee
K UEHTPY MOIU(UIMPOBAaHHOW 4YacTHUIBI IIMHKA C
YBEIMYEHHEM COJIEpXKaHMs [MHKa ¢ yMEHBIICHHEM
coJiepaKaHUsl MeIU TpeJiesl IPOYHOCTH Bo3pacTaeT 1o 400-
450 MIla, kak a1 naryseit mapku JI63- JI59 [10]. Ota 30Ha
HE3HAUMTENbHAa [0 BEIMYMHE — TONIIMHE H MOXET
CYIIECTBEHHO 3aTOPMO3HWTh YaCTHIly KOpPYHJAA, HO He
OCTAQHOBHTb M TOTZa, MPEOOJEB 3TO HE3HAUYUTEIBHOE IO
BEJIMYMHE TIPEIMITCTBUE, YacTHIA KOpyHJAa IONAjacT B
obnacte ¢ coxepxxanueM Mexu 8-10 Bec%, NMPOYHOCTH
kotopoil cocrasiser 20-30 MIla u paspymaer e€, Tem
caMbIM, Kak-Obl Ionajas B kapMaH. Tak Kak Jjajiee 3a 9Toi
0o0NacTbl0  OIATH ~ BO3HMKAET  YYacTOK  YaCTHII
MOIM(UIUPOBAHHOTO MeJbI0 IIMHKa npodHOCcThI0 400-450
MIla, To sra uactuma He OyZAET HMMETb BO3MOXKHOCTB
nepeMelarbest  Jajgee M paspylarb  LEJIOCTHOCTh
HOBEPXHOCTH Mapbl TPEHHUS.

Hccnenyemplii croco® MONYYEHUS MeTHO-IIUMHKOBBIX
HOKPBITUH ITyTeM N0100pa ONTUMAJIbHBIX TEXHOIOI MYECKUX
HapaMeTpoB HaIlbUIEHHs C(OPMHUPOBATH IOKPBITUE C
BBICOKMMH ~ TPUOOJIOTHYECKHMY, KOPPO3HOHHBIMHM  HIJIU
MEXaHMYECKUMH  CBOWCTBAMM, 4YTO  HOJTBEPIKIACTCS
HPOBEJCHHBIMH HCCIICIOBAHUAMU U JEMOHCTPUPYET, METO]
«XOJIOZHOTO»  Ta30JMHAMHYECKOIO  HANbUICHHWsA, Kak
COBPEMEHHBI MEPCHEKTUBHBIA CIOCO0  (HOPMHUPOBAHUS
(YHKLMOHAIIBHBIX MOKPBITHII Pa3sIMYHOrO HA3HAYECHHs Ha
TIOBEPXHOCTH CIUIABOB XKENE30-yIIIePO.

3. 3akaueHue

B pesymprare  peHTI€HOCTPYKTYPHbIM  (ha3oBbIM
aHaJIM30M OIpPEJEIeHO, YTO MPU HATBUICHUH MOKPHITHS Ha
OCHOBE MEXaHMYECKOH CMeCH 4YacTHI] MeAu M IMHKa
METOJIOM XOJIOJHOTO Ia30JHHAMHUYECKOT0 HAbIICHHUS IIMHK
SBIIIETCS.  OCHOBHBIM  3JIEMEHTOB  «3aXBaTHIBAIOIINM»
YaCTHULBI KOPYHA.

IlyHKk B MOKPHITMM THMA <JIaTyHW», HE CMOXET
«yZepXkaTb» YacTHIBI KOpPyHAa TIOJ BO3ZAeHCTBHEM
CONPSIKEHHONM TOBEPXHOCTH, YTO MPUBOAMT K HX
OT/IETIEHHIO, OTAEIMBIIHICEH OT TIOBEPXHOCTH TOKPBITHS, OHU

ENGINEER



OKa3bIBAIOT 3HAYUTENBHOE BIMSHHE HA IEIOCTHOCTH
CONPSDKEHHO MOBEPXHOCTH U HAPhI TPEHUS B LIEIIOM.

Ha mnOBEpXHOCTH HANBUICHHOTO IOKPHITHS —THIIA
«IaTyHM» CYIIECTBYIOT 3aMKHYTbIE HOJIOCTH (yITyOIeHns)
pasHO (opMBI U TIPOTDKEHHOCTH (POPMHpYIOTCS B
IPOLECCe HAIBUICHHS, HMX BO3HUKHOBEHHE CBS3aHO C
YCTpPaHCHHEM 4acTH4eK KOPYyHAa IIPpH MEXaHHUYeCKOH
00paboTrke nokpeITHs. X BenmM4nHa HE MPEBBIIAET 2 MKM,
U OHM (YHKIHOHAIBHO MOTYT OCYILECTBIIATH POJIb
EMKOCTEH-KapMaHOB JUIsl yePKaHUs CMAa304YHBIX CPeJl.

Pacnpenienienne  uwacTull KOpyHZa 10  IUIOIIAAX
MOKPBITHUS MEIU JIOCTaTOYHO HEPAaBHOMEPHO, YTO MOMKET
0Ka3aTh BIMSIHUE HAa PabOTy CONPsKEHHON Mapbl TPEHUs.

INpetoxens! ABa MEXaHU3Ma, KOTOPbIE MOTYT OKa3aTh
BIMSIHME Ha XapakTep M3MEHEHHS MHKPOIeOMETpHU
MIOBEPXHOCTH KOHTpPTENA U €r0 U3HOC.

MeHO-IIMHKOBOE MOKPBITHE THIA «JIaTyHHNe B cpene
HWHIYCTPHAIILHOTO Macna B mape co cramsro HIX15
MOKa3bIBaeT HU3KYIO HHTEHCUBHOCTb M3HAIIMBAHNUS BILIOTh
1o a¢dexra Oe3bI3HOCHOCTH 0€3 YXy[UIeHHs KadecTBa
MIOBEPXHOCTH Iaphbl TPEHMUSL.

ABToppl  OmaromapsT  A.T.H.  mpodeccopa JL.U.
KykcEéHOBY 3a IpoBeJjeHHE WCIIBITAHUH MEIHBIX M MEIHO-
LIMHKOBBIX IOKPBITHH, OOCYXXACHHE W HHTEPIPETALMIO
pEe3yJIbTaToB.
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Theoretical and experimental studies of embankment reinforcement in the

Abstract:

Keywords:

area where the railway roadbed meets the bridge

M.Kh. Mekhmonov*®?
Tashkent state transport university, Tashkent, Uzbekistan

The article defines the methods of strengthening the embankment with reinforced concrete piles in the
area of the interface of the roadbed with the shore supports of the bridge using theoretical mathematical
expressions in accordance with different heights of the embankment. Calculations were performed based
on seismograms recorded by CM-3 sensors during experimental studies of the amplitude, frequency,
oscillation period, and logarithmic decrement of the soil of the roadbed as a result of strengthening the
embankment with reinforced concrete piles at the approaches to the bridges. In addition, the amplitude-
frequency characteristics of vibrations and displacements near the pile and at the edge of the roadbed
during vibrations are determined.

coastal support, transition area, oscillation frequency, embankment, bridge, reinforced concrete pile, test
model, earth bed, soil, seismometric sensors

Temir yo‘l yer polotnosi va ko‘prik tutashgan zonasida ko‘tarmani

Annotatsiya:

Kalit so‘zlar:

mustahkamlashning nazariy va eksperimental tadqiqotlari

Mehmonov M.H.1®2
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Magqolada yer polotnosi va ko‘prik qirg‘oq tayanchlari tutashgan zonalarida ko‘tarmani temirbeton
qoziqlar yordamida mustahkamlash usulluari turli hil ko‘tarma baladliklariga mos holda nazariy jihatdan
matematik ifodalar yordamida aniqlangan. Temir yo‘l yer polotnosi va ko‘prik tutashgan zonalarida
ko‘tarmani temirbeton qoziqlar bilan mustahkamlash natijasida yer polotnosi gruntlaridagi tebranishlar
amplitudasi, chastotasi, davri va logorifmik dekrkmetlarning giymatlari eksperimental tadgiqotlar
o‘tkazish natijasida SM-3 dadchiklari yordamida yozib olingan seysmogrammalarga asoslangan holda
hisob-kitob ishlari bajarilgan. Shuningdek, tebranish jarayonida temirbeton goziq yonida va yer polotnosi
chekkasidagi ko‘chish va tebranishlarining amplituda-chastotali tavsiflari aniglangan.

qirg‘oq tayanchi, o‘tish uchastkasi, tebranishlar chastotasi, ko‘tarma, ko‘prik, temirbeton qoziq, sinov
modeli, yer polotnosi, grunt, seysmometrik datchiklar

1. Kirish

Temir yo‘lda yer polotnosi va ko‘prik qirg‘oq
tayanchlari tutashgan joyida turli xil deformatsiyalar yuzaga
kelishi ko‘paymoqda. Ko‘prik qirg‘oq tayanchlari ko‘prik
inshootlarining eng muhim elementlaridan bo‘lib, oraliq
qurilma konstruksiyasi va o‘tish uchastkasida ko‘tarma
birikuvini ta’minlab beradi. Ko‘prikni temir yo‘l
ko‘tarmalari bilan birikuvi qirg‘oq tayanchlar yordamida
amalga oshiriladi. Bunday birikuvga qo‘yiladigan asosiy
talab — temir yo‘l asosining bikrligi ravon o‘zgarishi
hisobiga ko‘prikka silliq kirib borish imkoniyatini
yaratishdan iborat. Bunga, avvalambor, tayanch grunt
vaznidan hamda tayanch orqgasidagi ko‘tarmaning vaqtincha
yuklanishidan hosil bo‘ladigan gorizontal bosimni o‘ziga
qabul qilib, ustki gismida katta vertikal siljishlarga yo‘l
go‘ymasligi orqali erishiladi. Bundan tashqari, bikrlikning
o‘zgarishi tayanch orqasida maxsus o‘tish plitalarini
yotqizish bilan ta’minlanadi. Ko‘tarmaning oraliq tomonga
surilib ketmasligi o‘zi ham mustahkam bo‘lishi kerak
bo‘lgan konus yordamida ta’minlanadi [1, 2].

Poezdlarning tezyurar uchastkalarida ko‘prikoldi
chuqurlarni hosil bo‘lishiga yo‘l qo‘ymaslik kerak. Bunda
poezdlarning bikrligi o‘zgaruvchan bo‘lgan tezyurar
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harakati uchastkalarida vertikal cho‘kishlarning oldini olish
asosiy talablardan biridir.

Mavzuning dolzarbligi. Xorijiy davlatlardagi temir
yo‘llardan foydalanish sohasida to‘plangan ko‘p yillik
tajribadan ma’lumki, ustunlar oldida “ko‘prik oldi
chuqurlar” hosil bo‘lar ekan, ya’ni ballast qatlami bilan yer
polotnosida vaqt o‘tgan sayin ko‘payib va kattalashib
boruvchi qoldiq deformatsiyalar to‘planib boradi, bu esa
hozirgi kunda dolzarb masalalardan biri bo‘lib hisoblanadi.
Bu hodisa quyidagi vaziyatlarga bog‘liq:

1. Ballastsiz polotnoli ko‘priklardagi yo°l yetarli
darajada barqaror va cho‘kuvchan bo‘ladi. Shu bilan birga,
tutash kirish joylaridagi rels-shpala panjarasi ostida
zichlangan ballastda cho‘kishlar yig‘ilib boradi. Bir yil
davomida liniyaning yuk tashish jadalligiga qarab cho‘kish
5-10 mm tashkil etishi mumkin.

2. Qalinligi 2-3 m ko‘tarmaning ustki qatlami ham
poezdlarning vibrodinamik ta’siri ostida cho‘kishga moyil
bo‘ladi. Bunga ballastning ifloslanishi hamda tayanchlar
atrofidagi yer polotnosiga uzatiladigan yanada yugori
darajali vibrodinamik ta’sir sababchidir. Liniyaning yuk
tashish jadalligiga garab ko‘tarmaning ustki qatlami bir yilda
taxminan  bir necha  millimetrga teng  qoldiq
deformatsiyalarga chalinishi mumkin.
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Ko‘prik qirg‘oq tayanchlariga asosan yer polotnosi
gruntlaridan hosil bo‘ladigan faol bosimlar (Yea) ta’sir
ko‘rsatadi [3]. Qirg‘oq tayanchlarning turlari 1-jadvalda
keltirilgan. Bunda asosan qirg‘oq tayanchi harakatlanuvchi
tarkibning tebranishidan xosil bo‘luvchi kuchni o‘ziga qabul
gilish va asosga uzatish, hamda inshootning xavfsiz
ishlashini ta’minlashi lozim.

1-jadval
Qirg‘oq tayanchlarining turlari

Qozigli yoki
ustun tipidagi
yig‘ma ustoy
(bir gatorli)

Gorizontal
to‘sinli
tayanch
ko‘rinishidagi
ustoy

Qozigli yoki
ustun tipidagi
yig‘ma ustoy
(ikki  gatorli
yoki
chorpoyali)

Gruntlarni to‘siqlarga ko‘rsatadigan bosim masalalari
injenerlik hisob-kitoblarda eng muhimlaridan bo‘lib, ular
gruntlarning chekli zo‘riqish holati nazariyasi va oldiga
go‘yilgan masalalarni umumiy yechish usullari asosida
topiladi. Yer polotnosi va ko‘prik qirg‘oq tayanchlari
tutashgan joyda ko‘tarma gruntlarini qirg‘oq tayanchlariga
bosim kuchlarini aniglashni nazariy va eksperimental
tadgiqotlar asosida ko‘rib chigishga undaydi.

Materiallar tahlili. Asosan barcha eksperimental
tadgigodlar seysmik platformadan, akademik A.G.
Nazarovning “Qattiq deformatsiyalanuvchi jismlarning
o‘xshashlik nazariyasi” asosida yaratilgan markazdan
gochirma modellashtirish mashinasidan, t.f.n., ki.x. Z.R.
Teshaboevning “Yer osti inshootlariga dinamik ta’sirlarni
hosil qilish qurilmasi”, hamda turli xil konstruksiyali mavjud
ko‘prik inshootlaridan foydalangan holda modellarda
bajarilgan.

Ko‘priklarning  yuqorida qayd etilgan qirg‘oq
tayanchlari konstruksiyalariga ko‘rsatiladigan ta’sirlarni
kamaytirish ~ magsadida,  deformatsiyalar ~ hajmini
kamaytirishga va inshootning ekspluatatsiya muddatini
oshirishga imkon yaratuvchi konstruksiyasi nazariy xisob-
kitoblar bilan asoslangan holda quyidagi yechim taklif
etiladi.

Yer polotnosini ko‘prikning qirg‘oq tayanchi oldidagi
ko‘tarma qismini qoziqlar yordamida mustahkamlash
gruntning inshootga faol bosimi ta’sirini kamaytiradi, hamda
harakatlanuvchi transportdan tushadigan zarba kuchlarining
bir gismi bevosita asos gruntiga uzatiladi. Qoziglarni
qoqishda ko‘tarma grunti qo‘shimcha tarzda zichlanadi, va
bu kuchlanishlarni inshoot kesimiga yanada tekisroq
tagsimlanishiga olib keladi (1-rasm).

T e ]

P =T 1T T

! Ed L

1-rasm. Ko‘prikni qirg‘oq tayanchi yer polotnosining
ko‘tarma qismini qoziglar bilan mustahkamlash:
1 — ko‘prikning qirg‘oq tayanchi; 2 — temirbeton qoziglar;
L — qgoziglar uzunligi

Poezdlarni tezyurar harakatida yer polotnosining
nisbatan zaif grunt asoslarida joylashgan baland ko‘tarmalar
barqarorligini ta’'minlanishiga oid shunga o‘xshash usul
ishlab chiqib [4] keltirib o‘tilgan.

Yer polotnosini  mustahkamlashda,  goziglardan
foydalanish ~ butun  inshootning  zilzilarga  qarshi
barqarorligini ta’minlaydi, chunki bu konstruksiya nisbatan
elastik bo‘lib, ko‘tarma gruntini buzilib ketmasdan
deformatsiyalanishiga imkon yaratadi. Yer polotnosi va
ko‘prik qirg‘oq tayanchi tutashgan joyida ko‘tarmaning
maxsus modelida (2-rasm) yuzaga keladigan amplituda-
chastotali tavsiflarini aniglashga qaratilgan sinov ishlari
bajarilgan.
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2-rasm. Yer polotnosi va ko‘prik qirg‘oq tayanchi
tutashagn joyida ko‘tarma sinov modelining umumiy
sxematik ko‘rinishi:
1 — temirbeton qoziq; 2 — yer polotnosi; 3 — asosdagi zaif

grunt; 4 — SM-3 datchiklari, 5 — tebranishlar vibratori (VI-
9-8A)
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2. Tadgiqot metodikasi

Eksperimentni boshlashdan avval hamma asbob va
jihozlar ish holatida ekanligi tekshirib chigiladi. SM-3
ossillograf, kompyuter hamda VI-9-8A markali vibratorni
tok manbasiga ulash uchun, elektr toki uzatiladi. Bu elektr
toki extiyotkorlik bilan o‘lchash jarayonida uzatib turiladi.
3-rasmda ikki kanalli mobil muhandislik seysmometrik
(MMSS) stansiyaning blok sxemasi keltirilgan.

Har bir o‘lchov kanaliga quyidagilar kiradi: kirish
ajratuvchisi, kuchaytirgich, barcha kanallar uchun analog-
raqamli konvertor (ARK), dasturiy ta’minotga ega noutbuk.
OF‘Ichovlar paytida 4 ta kanal bo‘yicha ma’lumotlar olindi.
O‘lchov usullari 4-rasmda keltirilgan sxema asosida
bajarildi.

VH-1

[cyi3| Bubpatop c1-173|

| Cl“l M3
VH1 VH2
YH3
K¥TapMa

MMCC

CM-3 :> 1:100 Ll [>

Hoyroyk

APK

OME3 [ 1100 L0

3-rasm. Mobil muhandislik seysmometrik (MMSS)
stansiyaning blok sxemasi

VH4

MMCC HoyTiyk|
CM-3

LLLLLLLLLL LSS LSS LSS 7

4-rasm. O‘lchov natijalari olinadigan nuqtalarining sxematik ko‘rinishi

OF‘Ichash jarayonida SM-3 datchiklarida 4 ta kanal
bo‘yicha tebranishlar qabul qilindi: 1-kanaldagi datchik:
temirbeton qozigdagi tebranishlarni gabul gildi, 2-kanaldagi
datchik: temirbeton qozigdagi gorizontal tebranishlarni
gabul qildi, 3-kanaldagi datchik: temirbeton qoziq
to‘g‘risidagi gorizontal tebranishlarni qabul qildi, 4-
kanaldagi datchik: ko‘tarma asosidan 1,5 m uzoqlikdagi asos
gruntlarining tebranishlarni gabul gildi. Barcha xolatdagi
natijalarning seysmogrammalari yozib olinib (5 va 6-
rasmlar) qayta ishlash orqali yer polotnosi va ko*prik girg‘oq

Brawvenne
BHOpaTOpA

______

tayanchlari tutashgan joyida ko‘tarmaning tebranishlar
jarayoni tadqiq etildi.

Tebranish jarayonida temirbeton qozig yonida va yer
polotnosi chekkasidagi ko‘chish 1-formula yordamida
aniglanadi [5-7].

A = 5, &

bu yerda A,,- haqigiy ko‘chish (mm), B- mobil stansiya
kanalida o‘rnatilgan susayish koeffitsienti, V.- signalning
maksimumdan minimumgacha bo‘lgan amplitudasi (mm),
f.- kanalning sezgirligini hisobga oluvchi koeffitsienti.

T
i

0 1 2 3 cex
a)
X/.I)'
lxah/__ M
™ o
36 AW W WMWY
0
8
0.24cex

“w
“0
0

0 .

ToRSRr R R I R BB RNR AR AR RORAR ARSI RARTRRREITUSCRRERARELRE
0 1 0) 2 3 ek

5-rasm. Vibrator ishga tushirilganda temirbeton qoziq va qozigdan 15 sm uzoglikda gruntda turgan SM-3 tadchikdagi
tebranishlarning seysmogrammasi
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6-rasm. Vibrator o‘chirilganda temirbeton qoziq va qoziqdan 15 sm uzoqlikda gruntda turgan SM-3 tadchikdagi
tebranishlarning seysmogrammasi

Seysmogrammalardagi  amplitudalarning  giymati
quyidagi 2-ifoda orqali topiladi.
A= Amax - AMI/IHY (2)
bu yerda A,,,,- seysmogrammadagi amplitudaning eng
kichkina giymati (mm), A,.- Seysmogrammadagi
amplitudaning eng katta giymati (mm).
Mobil muhandislik seysmometrik stansiyasi (MMSS)

yordamida olingan qgiymatlar kilibrlash  natijasida
kuchaytirish koeffitsientining giymati 2-jadvalda keltirilgan.
2-jadval
Kuchaytirish koeffitsientining giymati
Kuchaytirish
koeffitsienti 1-kanal 2-kanal
fc VIimm f:1=630 fco= 654
3. Xulosa

Bajarilgan nazariy va eksperimental tadgigotlarning
natijalarini gayta ishlab chigish orgali, yer polotnosi va
ko‘prik qirg‘oq tayanchlari tutashgan zonasida ko‘tarmani
temirbeton goziq bilan mustahkamlash natijasida ko‘tarma
gruntlari  tebranishlarining amplitudasi kamayadi, yer
polotnosi  xususiy tebranishlarining davri 18% ga,
vibrotezlik hamda vibrotezlanish tegishlicha 12% va 15%
kamaydi. Buning natijasida, tebranishlarning logarifmik
dekrementi 20% gacha kamayishi aniglandi.
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Fine-grained basalt-fiber concrete for reinforced concrete structures of
formwork-free production

V.M. Soy?, U.Z. Shermukhamedov!, N.R. Mukhammadiev®? Vang Meng?, Zhao Yue!
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: Concrete mix for the production of precast concrete structures for the construction of buildings and
structures for housing, public, industrial and transport purposes, containing cement, crushed stone, sand,
chemical additive - superplasticizer C-3, still bottoms of the production of Na-carboxymethyl cellulose
(KOH), mineral filler and water, as a chemical additive is used superplasticizer based on polycarboxylate
esters MasterGlenium ACE 430, and as a mineral filler - basalt fibers with a diameter of 17 um and a
length of 6-12 mm with the following ratio of components, wt.

Keywords:

Superplasticizer, concrete mixture, specific surface area, water requirement, mineral filler, naphthalene
sulfonatesC-3, basalt fibers, portland cement

1. Introduction

The invention relates to the field of the building
materials industry and can be used in the preparation of
concrete mixtures for the manufacture of precast concrete
and reinforced concrete structures.

Concrete mixtures are known that contain: cement,
crushed stone, sand, superplasticizer, mineral additives and
water [1,2]. In these concrete mixtures, fly ash from thermal
power plants and screenings from crushed granite rocks are
used as mineral additives. The use of these mineral fillers
reduces the consumption of cement in concrete, but they are
expensive, since their production and delivery require large
energy and transport costs. In addition, fly ash is a man-made
waste obtained from burning coal in thermal power plants,
as a result of which it does not have a stable composition and
properties, which certainly has a negative effect on the
quality of the resulting concrete.

2. Research methodology

A concrete mixture is known that contains the following
components, wt.%: cement - 17.41-18.37, crushed stone -
40.79-41.42, sand - 32.22-32.64, superplasticizer C-3 -
0.098-0.110, mineral filler - 0.96-1.91, water - the rest [3],
where dusty waste from the production of asphalt concrete,
formed during the heating and drying of fillers and captured
by the aspiration system (finely dispersed mineral product of
gas purification - TMPG), is used as a mineral filler.

The disadvantage of this composition of the concrete
mixture is that the mass use of mineral filler TMPG in
construction is not possible, since this mineral filler is used
mainly for the preparation of asphalt concrete. In addition,
the introduction of TMPG into the composition of concrete
will contribute to a sharp increase in the water demand of the
concrete mixture and, as a consequence, a significant
decrease in the strength of the concrete.

A concrete mixture is known that contains the following
components, wt.%: cement - 17.41-18.37, crushed stone -
40.79-41.42, sand - 32.22-32.64, superplasticizer C-3 -
0.098-0.110, mineral filler - crushed concrete scrap to a
specific surface of 2200-2500 cm2/g - 0.96-1.91, water - the
rest [4]. The disadvantage of this concrete mix composition
is that obtaining a mineral filler in the form of concrete scrap

@Zhttps://orcid.org/0009-0004-2390-696 1

crushed to a specific surface of 2200-2500 cm2/g requires
significant energy costs associated with the processes of
crushing and grinding solid construction waste, which will
significantly reduce the efficiency of using this mineral
additive in the concrete. In addition, the high degree of
dispersion of the mineral filler leads to a significant increase
in the water demand of the concrete mix, and this, as is
known, contributes to an increase in the porosity of concrete
and, as a consequence, is the reason for insufficiently high
strength and frost resistance of concrete.

The closest in its essence, i.e. the prototype of the
invention, is a concrete mixture containing the following
components, wt.%: cement - 13.64-17.29, crushed stone -
40.84-41.16, sand - 32.00-32.43, superplasticizer C-3 -
0.049-0.054, still bottoms of the production of Na-
carboxymethylcellulose (KOH) - 0.049-0.054, mineral filler
- 1.91-5.81, water - the rest [5], where zeolite-containing
rock crushed to a specific surface of 2500-3000 cm2/g is
used as a mineral filler. The disadvantages of the prototype
are the relatively low rates of the concrete mix hardening
process, which leads to an increase in the time it takes to gain
the stripping strength of concrete and a decrease in the
turnover of forms in the production of factory-made
structures, as well as relatively low: concrete compressive
strength and frost resistance of concrete.

The aim of the invention is to ensure acceleration of the
concrete mix hardening process, increase the tensile strength
and frost resistance of concrete.

The stated goal is achieved by the fact that in the
composition of the concrete mix, including cement, crushed
stone, sand, a chemical additive - a superplasticizer based on
naphthalene sulfonates C-3, still bottoms of the production
of Na-carboxymethyl cellulose (KOH), a mineral filler and
water, a superplasticizer based on MasterGlenium ACE 430
polycarboxylate esters is used as a chemical additive, and
basalt fibers with a diameter of 17 um and a length of 6-12
mm are used as a mineral filler with the following ratio of
components, wt.%.

3. Results and discussion

The effect of using MasterGlenium ACE 430 as a
superplasticizer in a concrete mix is that the molecules of
this superplasticizer are quickly adsorbed on the surface of

ENGINEER


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

cement particles and promote accelerated dispersion of the
latter due to electrostatic and steric repulsion forces. The
molecular structure of the polymers of polycarboxylate
ethers of the MasterGlenium ACE 430 superplasticizer has
a significant effect on the strength of concrete at the early
stages of hardening. The unique molecular structure of the
MasterGlenium ACE 430 superplasticizer promotes a
multiple increase in the contact surface of cement particles
with water compared to the molecules of the C-3
superplasticizer, which completely cover the cement surface
and prevent water from accessing them, slowing down the
hydration process of the cement binder. As a result of the
effect of the MasterGlenium ACE 430 superplasticizer
molecules on the cement binder particles, an earlier release
of hydration heat, acceleration of hydration product
formation, and, as a consequence, an earlier increase in the
strength of cement concrete are observed. The introduction
of basalt fiber into the concrete as a micro-reinforcing
mineral additive helps to increase the resistance of concrete
to deformations without destruction in the most critical
period of hardening, i.e. in the first 2-6 hours after laying the
concrete mix. In addition, basalt fiber in the composition of
cement concrete takes on tensile stresses from external loads
and significantly increases the tensile strength of concrete.
The positive effect on the frost resistance of concrete when
using basalt fiber should be associated with the involvement
of a certain amount of air bubbles by the fiber, which allow
free water in the concrete structure to expand and contract in
cycles of alternate freezing and thawing.

In the conducted studies for scientifically substantiated
selection of modifiers of multicomponent concrete the
criterion "indicator of reduced hydration activity" P pga
proposed by Doctor of Technical Sciences Tsoi V.M. was
used, which allows to estimate with a high degree of
accuracy the contribution of surface activity of mineral
fibrous fillers to the course of processes of interactions and
transformations occurring in the hydratable environment of
cement systems. For the mineral fillers accepted for the
study, the calculation of the criterion of reduced hydration
activity Ppga in Table 1. Comparative analysis of mineral
fibrous fillers by the criterion Ppga allows to predict their
efficiency in cement systems and characterize them by the
degree of activity.

Table 1

Value of the P pga criterion and the modulus of

elasticity and strength for mineral fibrous fillers
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In order to link the methodology for selecting the
optimal composition of multi-component concretes to the
technology of formwork-free molding of products, we
proposed to use the Ppga criterion as a methodological
approach to selecting a fibrous filler.

In our studies, the issue of adhesion between mineral
fibrous fillers and cement binders was studied using the

above methodology. It can be assumed that mineral fibrous
fillers with a higher indicator of reduced hydration activity
Ppga will exhibit the greatest activity towards cement and its
hydration products.

The results of the study of the adhesion of mineral fillers
to cement stone, fully confirm the above assumptions.
Moreover, a clearly expressed relationship is observed
between the Ppga values of mineral fibrous fillers and the
processes of structure formation in the contact zone "binder-
fibrous filler". A correlation analysis was also carried out
between the adhesion value in the contact zone "binder-
fibrous filler" and the index of reduced hydration activity
Ppga using the standard Excel program, Fig. 1.
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Fig. 1. Correlation analysis using Excel
According to Fig. 1. the correlation coefficient is 0.93.
Based on the results of the correlation analysis, a

relationship was found between the adhesion values in the
contact zone “binder-fibrous filler” and the Ppga criterion,
which is expressed by the equation:
y=0,4036x+1,6 ()
Graphical dependencies between the studied parameters
are shown in Fig. 2.
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Fig. 2.Graphical dependence between the adhesion

value and the Ppga criterion

Thus, the declared composition of the concrete mixture
has novelty and an inventive step, since during the search of
sources of patent and scientific and technical documentation,
the applicant did not identify technical solutions similar to
the solutions for the proposed invention.

To experimentally verify the declared composition of the
concrete mixture, comparative studies were conducted on
two competing compositions (the prototype and the
proposed composition).

According to the prototype, the concrete mixture was
prepared as follows. The zeolite-containing rock crushed to
a specific surface area of 2500 cm2/g was mixed with
cement until homogeneous for 45-60 s, after which this
mixture was added to the pre-mixed crushed stone and sand.
Then 2/3 of the mixing water was added to the mixer
together with an aqueous solution of superplasticizer C-3
and the mixture was mixed for 60-90 s, then the remaining
water was added and the final mixing of the mixture was
performed. The declared composition of the concrete
mixture was prepared as follows. Basalt fiber with a

ENGINEER



diameter of 17 um and a length of 12 mm was mixed with
cement until homogeneous for 45-60 s, after which the pre-
mixed crushed stone and sand were added to this mixture.
Next, 2/3 of the mixing water was added to the mixer
together with an aqueous solution of the MasterGlenium
ACE 430 superplasticizer and still residues from the
production of Na-carboxymethylcellulose (KOH) in the ratio
specified in the application (1:1), the mixture was mixed for
60-90 s, then the remaining water was added and the final
mixing of the mixture was performed.

Table 2
Ratio of components of concrete mixtures and obtained
results of tests of concrete mixture samples and concrete
. specimens

Compress
Atthea
1

141

15,6

244

225

244

246

water
170/7,07
175/6,86
180/7,07
170/7,07
172/7,16
175/7,27

M

1,31/0,054
1,25/0,052
1,17/0,049
1,31/0,054
1,25/0,052
1,17/0,049

1,31/0,054
1,25/0,052
1,17/0,049
1,31/0,054
1,25/0,052
1,17/0,049

Superplasticiz
er

Concrete mix on request

Crushed
stone
990/41,16
978/40,95
970/40,84

Concrete mix according to prototype
990/41,16
978/40,95
970/40,24

Sand
780/32,43
770/32,24
760/32,00
780/32,43
770/32,00
760/31,50

Concrete mix composition: numerator — kg per 1 m3 of mix,
denominator — wt.%

Filler
46/1,91
92/3,85
138/5,81
1,0/0,04
1,6/0,06
2,20,10

Cement
416/17,29
370/15,49
32411364
461/19,16
460/19,10
459/19,04

of
cement

Degree
filling,
%
10
20
30
2
3
4

Type of
superplasticizer
filler
ACE 430,
basalt fiber

and mi

Superplasticizer
containing rock
Superplasticizer
MasterGlenium

The following were used in the experimental studies:
Portland cement grade CEMO 52.5N produced by JSC
Akhangarancement (GOST 31108-2020), coarse aggregate -
crushed stone of fraction 5-10 mm from the Eyvalek quarry,
with an average density of 1400 kg / m3 (GOST 26633-
2012), fine aggregate - river quartz sand from the May
quarry with a fineness modulus Mkr = 0.68 and an average
density of 2000 kg / m3 (GOST 26633-2012), basalt fiber
with a diameter of 17 um and a length of 6-12 mm produced
by JV LLC MEGA INVEST INDUSTRIAL (Jizzakh
region), polycarboxylate superplasticizer MasterGlenium
ACE 430, produced by BASF (Germany), which is a cloudy
beige liquid with a density 1.06+£0.02 g/cm3, zeolite-
containing rock of the Beltau deposit (Navoi region).

The obtained concrete mixtures were used to form
standard-size 15x15x15 cm cube samples in the amount of 6
pieces for compression testing. The samples were stored
under normal temperature and humidity conditions for 28
days, after which they were tested for compression. (GOST
28570-90). Frost resistance of concrete was determined
using the standard method according to (GOST 10060.1-95).

The ratio of concrete mixture components and the obtained
sample test results are given in Table 2.

4. Conclusion

The analysis of the obtained results (Table 1) shows that
for the proposed composition of the concrete mix in all 3
examples there is an increase in the compressive strength of
concrete compared to the composition of the concrete mix
according to the prototype by 15-20%. At the same time, the
increase in the strength of concrete in the early stages of
hardening (1 and 3 days) also exceeds the indicators by an
average of 10-15%. The tensile strength of concrete obtained
according to the proposed composition exceeds the
indicators of concrete according to the prototype by 1.8-2.0
times, and the frost resistance of concrete increases by 50%.
In addition, the energy costs required to obtain mineral filler
from zeolite-containing rocks are reduced, since grinding
zeolite-containing rocks to a specific surface of 2500-3000
cm2/g requires grinding them in the most common ball mills
for at least 1 hour. Thus, the proposed composition of the
concrete mixture allows for the full achievement of the set
goals: ensuring acceleration of the hardening process of the
concrete mixture, increasing the tensile strength and frost
resistance of the concrete.
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Development of a fine-grained basalt fiber concrete composition for the
carriageway structures of reinforced concrete highway bridges

V.M. Soy?, N.R. Mukhammadiev!®? G.B. Malikov'®®, Guo Tianyu!
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article is devoted to the study of the physical, mechanical, and operational properties of complexly
modified concrete, developed for the structures of the roadway of reinforced concrete highway bridges.
Basalt fiber and hydrophobic additives were used as components of concrete composition. Based on the
developed composition, samples were created and experimental tests were conducted. Control samples
were also used in the experimental work, and the obtained results were compared.

Keywords:

Basalt fiber, superplasticizer, hydrophobic additive, water permeability, strength, frost resistance

1. Introduction

Concretes with high performance properties include
high strength, low permeability, high corrosion resistance
and durability, and concretes with compensated (somewhat
restored) shrinkage and expansion, i.e. their combination or
the dominance of one of them ensures high strength of
structures, depending on the operating conditions.

Preventing the occurrence of cracks and erosion in
concrete or reducing the degree of influence on the material
properties is achieved by using dispersion-reinforced
concretes.[66] The wuse of such composites allows
successfully solving a number of specialized problems:
strengthening bridge structures, elements of airfields and
hydraulic structures, etc.

Concrete used for the carriageway structures of
reinforced concrete highway bridges must meet the
requirements for strength, durability and operational
reliability. That is, concrete must be resistant to compression
(not lower than B30), frost resistance (F200-F300), water
resistance (W6-W20) and various other chemical influences.

Obtaining effective building materials and products,
which are increasingly demanding today, can be achieved by
using technologies using composite materials. One of the
promising construction materials is dispersed reinforced
concrete. The fiber in the composition of dispersed
reinforced concrete is characterized by a matrix with high
compressive and flexural strength and significant resistance
to elongation and a high modulus of elasticity.

Studying the initial properties of various fibers allows us
to select the most effective component for dispersed
reinforcement of fine-grained cement concretes, in terms of
the ratio of the achieved strength properties and the cost-
effectiveness of the designed structural material.

2. Results and discussion

Taking into account the above conclusions, a durable
fine-grained hydrophobic basalt fiber concrete composition
with high operational performance was developed for the
carriageway of reinforced concrete highway bridges.

In this case, the optimal amount and size of complex
additives for fine-grained concrete were selected, according
to which: 10 mm basalt fiber with a diameter of 19 pm,

@= https://orcid.org/0009-0004-2390-696 1
bl https://orcid.org/0000-0003-3691-1079

amount - 3% (of the cement mass); dry hydrophobizer,
amount - 0.8% (of the cement mass) and SP, 1.2% (of the
cement mass).

Experimental studies were conducted on the basis of the
identified compositions, that is, their compressive, flexural,
and axial compressive strengths were determined and
presented in Table 1. In this case, the control sample (1) and
the sample based on the developed composition (2) were
compared.

Table 1
Optimized composition of modified concrete
Sarf Sigilishda | Egilish
Bazalt gi dagi O‘q
No S/ tolasi G | sp mustahka | mustah | bo‘ylab | Bet
~ | Sement | Qum | Sem | (10mm), mlik kamlik | sigishga | sin
% (sem.) chegarasi, | chegara | (kgk/sm?)

MPa si, MPa

1 583 1422 | 0,41 - 12 40,5 35 178 B3

2 551 1374 | 0,38 3 0812 57,5 6,5 197 B3

Based on the data in Table 1, it can be concluded that the
strength indicators determined in the sample based on the
new composition were higher than those in the control
sample.

The improvement of operational performance of basalt
fiber and hydrophobic additives in the composition has been
cited in the literature. These in consideration received
without complex modified basalt fiber concrete exploitative
features Let's find out .

Fine-grained basalt fiber concrete should have high
strength, frost resistance, and water resistance properties, as
basalt fiber evenly distributes the material matrix and
increases the number of closed pores.

1.Water permeability determination

Water not to transfer to GOST 12730.5- 2018 Rated
according to “ Wet Stain ” Samples size J=15cm, h=15cm.
Experiment test from soups taken The results are presented
in Table 2.

After the test, the samples were divided and the water
penetration depth was determined. According to the test
results shown in Table 2, the waterproofing grade of the
experimental composition is characterized by the
waterproofing grade W16.
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Table 2
Results of determining the water resistance of the
control composition with hydrophobizer and optimized

composition
Tarkibi S/Sem Suvning bosimi, (MPa) |Suv o’tkazmaslik markasi (W)
0,4 W-4
1 041 0,6 W-6
0,6 W-6
1,6 W-16
2 0,38 1,6 W-16
14 W-14

2. Research on the cold tolerance of complex modified
basalt fiber concrete.

Frost resistance was assessed by the “second method” in
accordance with GOST 10060 — 2012. The size of the
samples was 10x10x10 cm. The results of the experimental
tests are presented in Table 3.

Table 3
Performance characteristics of fine-grained modified
concrete
Sarf Sigilishda | E9Ish |

ol mﬁgtjfllh bo(’)y(llab Sovu Suv

Ne mUS@hka kamlik | sigishga 992 1 o tkazuv B_eto_n
Sement | Qum mlik chegar | (kgk/ chida chanlik sinfi
chegarasi, as? sngﬁ) mlilik

MPa MPa
1 583 1422 40,5 55 182 F 300 W6 B35
2 551 1374 57,5 6,8 194 F400 W16 B35

3. Indentation deformation of fine-grained basalt fiber
concrete.

The tests were carried out on samples measuring
40x40x160 mm. Deformations were measured based on 160
mm. Calculations were taken after 1 day. We take into
account the tests at 3, 7, 14 days and 28 days until the end of
the test. The calculation formula for the deformation change:

e=A/1 1

here:
A- change in length
11— initial length

The test results obtained on the creep deformation of the
control and basalt fiber concretes show that basalt fiber
reduces creep deformations, especially in the first seven days
of hardening. The average creep deformation determined by
the test results of six samples is 1.06x10-4 mm for the
control composition 1 and has changed by -6.94% compared
to the initial value, and for basalt fiber concrete with 2
compositions it is 0.86x10-4 mm and has changed by -
5.79%.

3. Conclusion

Transferred research this showed that the concrete of
strength increase and structure one diversity basalt of fibers
cement in the system equal to spread related . Their chaotic
distribution cement on the stone open pores to the
intersection take comes and open pores number to decrease
and of the material general porosity to decrease help This
givesand , hisinturn, basalt fiber concrete main exploitative
indicators noticeable at the level to increase help gives .

Complex of additions optimal in quantity addition as a
result complex modified small granular of concrete
operational indicators to freeze durability F400, water
transfer W16 indicators simple to concrete relatively
improvement determined.
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Energy analysis of concrete setting process

Z. Kakharov?!, R. Ashimov?
Tashkent state transport university, Tashkent, Uzbekistan
2Akhmet Yassawi International Kazakh-Turkish University, Turkestan, Kazakhstan

Abstract: Determinations of the energy value of sand concrete in the process of concrete setting. Methods: Method
of testing concrete with ball indenters based on the patterns of interaction between the surface of concrete
and the ball pressed into it. Results: Calculations of concrete and reinforced concrete structures by static
loading, the critical value of the amplitude of vibrations, the energy level of the system, when the
destruction of bonds between concrete particles begins. Practical significance: The conducted research
allows to conclude that the mass of concrete at fracture acquires a critical value m_0/e, and in the
undestroyed state its value em_0 is e times greater when interacting with an indenter than at press fracture.
cement, aggregate, fraction, concrete, concrete setting, concrete mass, concrete compression, specimen
testing, vibration amplitude, critical level

Keywords:

JHepreTHYeCKHil AHAJIN3 NPoLecCa CXBAThIBAHUA 0eTOHA

Kaxapos 3.}, Amumos P.2
TamkenTckuit rocy1apCTBEHHBIN TPAHCIIOPTHBIA YHUBEPCHUTET, TallkeHT, Y30eKucTan
2MesxyHapoIHBIH Ka3aXCKO-TypelKui yHuBepcuTeT uM. Xomku Axmena Slcasun, Typkectan, Kazaxcran

AHHOTAIWS OrmpeienieHnst YHEPreTHIECKOr0 3HAYEHHS TECOYHOro OETOHa B TIPOIECCE CXBAThIBAHHS OETOHA.
Mertopl: MeTo/1 HCTIBITaHNsT OETOHOB IMIAPOBBIMH HHACHTOPaMH, OCHOBAaHHBIMH Ha 3aKOHOMEPHOCTSIX
B3aHMO/ICHCTBHS TIOBEPXHOCTH GETOHA M BIABIHBACMOro B Hee 1iapa. Pe3ybTaTsl: Pacuerbl GETOHHBIX
M IKEIe300CTOHHBIX KOHCTPYKIMM CTATHYECKOH HAarpys3Koi, ONpeIeNeH KPUTHYECKOS 3HAYCHHE
AMIUTHTY/IBl KOJIEOAHHUH, SHEPreTHUeCKH YPOBEHb CHCTEMBI, KOIJ[a HAYMHACTCS pa3pylICHHE CBs3ei
MexIy uacthiamu OeroHa. IIpakTWueckas 3HAYMMOCTB: IIPOBEACHHBIH HCCIEIOBAHUI MOXHO
3aKJIIOYMTh, YTO Macca OeTOHa MpH pa3pylieHHH NpHoOperaeT Kpurhyeckoe 3HadeHne m_0O/e, a B
Hepa3pyILIeHHOM COCTOSIHUHM ee 3HaueHune em (0 B e pa3 OoJbliie IpH B3aMMOJCHCTBHU C UHACHTOPOM,
HEXEJIH TIPH Pa3pyLICHHH TPECCOM.

KiroueBsre cioBa: [IEMEHT, 3aloJHUTeNb, (pakuus, OeToH, cxBaThiBaHue OeToHa, Macca OeToHa, CkaTtus OeTOHa,

UCTIBITaHUs 00pa3loB, aMILIUTYAa KoJieOaHusl, KPUTUIECKHUI YPOBEHb

1. BBeanenue

betoH — oaMH W3 caMbIX PACIPOCTPAHEHHBIX
CTPOMTENBHBIX MaTepHaoB. JTO KaMEHb MCKYCCTBEHHOI'O
MPOUCXOXKIICHHS, IOJIly4aeMblid myreM (GOpMOBaHUS U
3aTBEPACHUS CMECH LEMEHTa, 3allOJHUTENss W BOABI C
N00aBIEHUEM Pa3IMYHbIX MHIPEAUEHTOB JUIS YJIy4ILECHHS
9KCIUTyaTallUOHHBIX CBOMCTB KOHEYHOro mnpoaykra. Ot
COOTHOIICHW W  OCOOCHHOCTEHl  KOMIIOHEHTOB  JUIS
[POU3BO/ICTBA OETOHA 3aBUCAT XapaKTEPUCTHKHU OETOHA.

Pacuer GETOHHBIX M JKEIE300CTOHHBIX KOHCTPYKIIHUI
TpebyeT 0co00ro MoaxoAa B CBS3H CO CHEHUPHUUSCKUME
CBoOiicTBaMM MartepuasioB. HHYTOXHOE COMPOTHBICHHE
OCTOHOB PACTATHBAIOIIMM YCHJIMSM BBIHYK/a€T BBOJHUTD B
KOHCTPYKLIMM  JKEJIE3HYI0  apMartypy, HOJBEpPraeMylo
[pe/IBAPUTEILHOMY HAIPSKEHUIO Ha PACTSKEHHE.

Pacuersl OSTOHHBIX U KEIE300€TOHHBIX KOHCTPYKIIUI
ClIe/lyeT IPOU3BOIUTH Ha BCE BUABI HArPY30K, OTBEYAIOLIHNX
(YHKIIMOHAIBHOMY Ha3HAYCHHIO 3[aHUN U COOPYKEHHH, C
y4eTOM BIMSHHUS OKpYXKaromieil cpeibl (KIMMaTHYeCKHUX
BO3JIEHCTBUI U BOJBI - AJISI KOHCTPYKLMH, OKPYXEHHBIX
BOJIOH), @ B HEOOXOAMMBIX CIYyYasX - C Y4eTOM OCOOBIX
BO3JCHCTBUM.

2. MeToaos0rusi HCCJIE€A0BAHUS

Matepuaasnl. Ilpouecc mnpuroroBieHuss OeToHa
COCTOUT M3 JI03UPOBAHMS KOMIIOHEHTOB, IEPEMELINBAHMU
CMECH, YKJIa/IKa ¥ YIUIOTHEHHS] BUOpaLUi.

OCHOBHBIE KOMIIOHEHTBI JUI M3TOTOBJICHHS O€TOHA —
LIEMEHT (BSDKYILEE), 3aI0JIHUTENb, BOJA.

IlemeHT — 3TO OCHOBa cTpoiiMaTepuaia, OH CBA3bIBAET
OCTaJIbHbIE MHIPEJIMEHTHI M IPUCYTCTBYET B COCTaBe OETOHA
MPaKTHYECKH BCEX MAPOK, HHOT' /A €r0 3aMEHSIOT H3BECTBIO.
OCHOBHOE CBIpbE i €r0 H3rOTOBIEGHHMS — KIIMHKED,
IpaHyJibl U3 CMECH M3BECTHSKA U INIMHBL. B 3aBUCHMOCTH OT
COCTOSIHUS CBIPBSI €CTh TPH CHOC00a MX M3MEIbYCHUS —
CyXOH, MOKpbIi © KOMOWHHpOBaHHbIH. (OCHOBHBIE
XapaKTEepPUCTHKH ~ MaTrepuajia:  IpOYHOCTh,  (pakuws,
MOPO30YCTOHYHBOCTb, CKOPOCTH OTBEP/ICBAHUA.

3anonHuTens MO pasMmepy (Qpakiuil genuTcs  Ha
KpYIHBIH, cpeqHUH u Menkuid. B kadecTBe mepBBIX IBYX
Yalle BCEro MCIoNb3yeTcs IPpaBuii 1 11e0eHb, IPUMEHSFOTCS
U JIpyTrue IPUPOJHBIE MaTepualbl, a TAK)XKE HCKYCCTBEHHBIE
QHAJIOTH, HATIPUMED, KEPaM3HT.

IpakTuka ycTaHOBHIIa HOPMBI M TEXHOJIOTHIO TIpoLiecca
C TEOPETHYECKUMU OOOCHOBAHMSAMHM, OINHMPAIOLNIMMHUCS Ha
3HAYCHHS TaKMX KOHCTAHT, KaK IpPOJOIKUTEIBHOCTD
cxpareiBanusg (=28 cyrok u  1p.), BpEeMEHHOe
compoTuBiieHne o0pas3ioB cxaruto (R=50 MIla u gp.),
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IUIOTHOCTh MaccChl H JIp.

XapakTepHO, 4YTO B YCTAQHOBJEHHBIX HOpMax SIBHO
YyBCTBYETCS. ~ BJIMSIHHE  OCHOBAaHHS  HATYPaJbHBIX
norapupmon €=2,7182... (Bec obpasma 103cm® — 2,2k,
MPOAOJDKUTENBHOCTD TIEPBOTO TIEPHOJA CXBAaThIBAaHUS — 3
CYTOK H JIp.).

Ilponecc  TBepieHHMs OeToHa —  KOMIUIEKCHAS
XMMHYECKasl pEaklus, B KOTOPOHl BO BpeMs KOHTaKTa
MHHEpAJIOB C BOJOH 3aIlycKaercs Ipolecc ruaparanyuu. B
pe3yJIbTaTe NPUCOSANHEHUS MOJICKYJI BOJIBI K KIIMHKEPHBIM
yacTunaM odpasyercst TBepJoe MOHOJIUTHOE BEILECTBO.

3arBepieBanne OeTOHA — TJIABHBIM W CaMbId
OTBETCTBEHHBIH 3Tan (opMUpOBaHHMS /0 KOHCTpyKInH. Bo
BpeMsl PEaKLHW TBEPACHHUS MPOUCXOJUT OKOHYATEIBHOE
IPEBpAILEHNE CYXOro pacTBOpa, COSUHEHHOIO C BOJIOI, B
MOHOJTMTHBIN MaTepuai, KOTOPhIN MOX0X MO MPOYHOCTH Ha
KaMeHb.

B mpomecce cxBaThIBaHUS OETOHA COBEPIIACTCS
Mepexo]] XMUMHYCCKOH SHEPrHH, OCBOOOMKIAOIICHCS Mpu
B3aMMOJICHCTBHM LIEMEHTa C BOJAOW, B MPHCYTCTBHU
TEIUIOBOH SHEPrUH, B MEXaHHYECKYIO, CO3NAIOIIYIO CBSI3H
MEXKIy YacTHI[AMH MHHEPAJIbHBIX MaTepHaioB (uielHs,
mnecka M Jp.) U IIPEBPAIIAIONIy}I0 CMECh B MOHOJIUTHOE
COCTOSTHHE.

Metoapl. Ipouecc CXBaTbIBaHKSA 6eToHOB
MPOOIIKACTCSE OECKOHEYHO JONT0, YTO CBUAETEIBCTBYET O
HETPEPHIBHOM Pa3BUTHH B HEM CHIT B3AUMHOTO MPUTSHKEHHS
yacThll. AMIUTUTYJa COOCTBEHHBIX KojeOaHui OeToHa
3aTyXaeT BO BPEMEHH MO 3aKOHy o = age” *' mpu
K03 QHUIMEHTE MOINIOMICHHS SHEPrHH O M HAYaJbHOM
3HAYEHHH aMIUTUTYAbl o0 MPH MOCTOSHHOM YacToTe V.
[epenaua nampsbxeHnit ¢ moepxHocTn OetoHa (R, ITa)
BIUTy6b COBEPIIACTCS MO TAKOMY e 3akoHy R = Rye ~*MTa,
U C YyBENMYEHHEM Macchl OeTOHa, BOCIPHHUMAIOLIEH
IaBICHHUE TNPH yBenWYeHWH ee h, HampsbkeHus ObICTpPO
3aTyXaloT, 4TO JenaeT OeTOH He3aMEHUMBI IIpU YCTPOIcTBe
OCHOBaHHH U (YHIAMEHTOB.

MexaHu3M npoliecca CXBaTbIBaHNS OETOHOB 10 CHUX MOp
HE PpAacKpBIT, YTO MOXHO OOBSCHHTH HEIPUIOJHOCTHIO
NPUMEHSEMbIX ~ METOJOB  HccienoBaHusa.  Hambornee
9 QeKTUBHBI METOI OCHOBAaH Ha BOJHOBBIX CBOMCTBax
OETOHOB, YCTAHABJIMBAIOIIMX YacTOThl ¥  AMIUIHTY/bI
KoneOaHWii B  pa3IMYHBIX YCIOBHSAX CONPOTUBICHHSA
0GETOHOB BHEIIIHUM BO3JEHCTBUSIM.

DHepreTU4YecKuil aHanmuM3 Ipolecca CXBaTbIBAHUS
0eTOHA NPUBOIKUT K BBIBOLY, YTO B CBSI3H C 00pa3oBaHUEM
CBA3e MEXIy YacTUI[AMU OSHEPreTHYeCKUH YypOBEHb
YBEJIMYMBACTCS C YBEIMYEHHEM BPEMEHH CXBaThIBaHus t 110
3aKoHy £,=Ae®* mpu crpemnenuun t k t;, T.e. K
YCTaHOBJICHHOMY BpeMeHH cxBaTbiBaHui. Kpome Toro, mo
NPEbIIYIINM BBIBOJOM €)= %% CTPEMHUTCS. Ha BEPXHEM
KPUTHYECKOM ypoBHe K Ae™ Impu KPUTHYECKOW Macce
e"=my. s TOTOBOro OErOHa HUKHUM KPUTHYECKHI
YPOBEHb HACTYHAET IPHU Pa3pyIICHHU &= ﬁ.

st 6eronnoro obpasua — kyouka 103 (cm3) Becom 2 kr
mpu mMapke 6erona R=5000 H/cm3 B nepBoM npubimxeHru

£9=——5000=25000 H-cm/kr,

0,002
e™A =myA = 2-25000 = 500 JBx/kr (=50000 H-cM/kr),
A 223990 15500 /.
mg 2

Ecnu macca obpasua mpuHATO M= € = 2,72 Kr npu
A
R=5000 H/cm® e™A = 670 JIx/kr 1 -= 92 JIx/Kr.
ApMmatypa, co3jaromiasi B OETOHE IpeABAPUTENBHOE
HaIpsHKeHHEe 0CEBOMY CKaTHIO, HOBBILIAET

sHeprerudeckyo koHcTanty A (x/kr), m mpu A = 670
HIDKHUA KpuTndeckuil ypoBeHb 92 mossrmaercst mo 250,
Bepxuuit — 10 e3A = 13400 Jlx/kr. OT 3TOro CTaTH4ECKOro
pacdera, B OCHOBE KOTOPOTO JISKHT JOIyCKaeMoe
HaNpsDKCHHE B MaTephaliax, HeOoOXOIMMO MEepeXOJUTh K
JMHAMHYECKOMY, B OCHOBE KOTOPOTO JIG)KHT JHEprus
KosieOaHUi U BOJIH.

Jedopmarmst cxarust OetoHa o (cM), H3MepsieMas
COBPEMEHHBIMH NPUOOpPAaMH B MHKPOHAX, COOTBETCTBYET
KoJieOaHUSIM Ha TIOBEPXHOCTH ¢ (CM) M 3aTyXaeT C TIyOHHOIt
OT TIOBEPXHOCTH M0 3aKOHY & = §pe ™",

(w)?
2

DHeprus  KoneOaHun HE JIOJDKHA JIOCTUTaTh

BEPXHEI'0 KPUTHUYCCKOIO YpOBHs, KOrJla BO3BOJUMOC
COOpPYIKECHUE MpUxXoauT B KoJjie0aHue n TpoO3UT
pa3pylmieHneM I[PIHaMPI‘-IeCKOﬁ CHUCTEMBI.

KpI/ITI/I‘IeCKOG 3HA4YCHUC AMIUIUTY IbI KoJicOaHu i
COOTBETCTBYET CHMIXCHHIO OJHEPIre€THYECKOro  YpOBHA

A
cucteMsl A 10 p— (Jlx/KT), KOT/Ta HAYMHAETCS pa3pyIIeHHe
0

CBsi3ell Mex Iy yacTuIiaMu OeToHa.

Vcnbitanns o6pa3noB GeToHa pa3pyIieHHeM IpeccamMu
Ha 0CEBOE CXKaTHE HE OTBEYAET COBPEMEHHBIM TPEOOBaHUSIM
K pacyeTy KOHCTPYKILHMH THHAMHYECKUM MeToaMH. beToH
B OCHOBaHMAX M (YHIAMEHTaX COOPYXEHHil, IZie OH
CONPOTHBISETCS ~ BHEUIHMM  BO3JICHUCTBHSAM  OOJBIION
MaccoH, TMOTJIoMarIell Bce AMHAMUYECKUE HArpy3KH Ha
Manoil TIyOuHEe OT HMOBEPXHOCTH, IONAJaeT B TSDKENbIE
YCJIOBHSI B BEPXHHUX CTPOCHHSX, B KOTOPBIX JHHAMUYCCKHE
Harpy3Kd BBI3BIBAIOT KOJICOAHUS CIIOXHBIX KOHCTPYKLIHIA.
OcobeHHO croxkHa pabora OeToHa B TOHKHX 00OJOYKaXx,
apMHUPOBaHHBIX CETKAMH M pebpamy, 00pa3yomuMu
HE)XECTKHE METAJUTHISCKIE KOHCTPYKIIHH.

bosbIoii MHTEpeC MPEeACTABIAIOT UCTIBITAHUS OSTOHOB
IIapOBBIMU UH/ICHTOpaMH, OCHOBaHHBIMU Ha
3aKOHOMEPHOCTAX B3aUMOJICHCTBHS TOBEPXHOCTH OETOHA U
B/IABJIMBAEMOTO B Hee 1apa.

Ilpu pmamerpe miapoBoit moBepxHOocTH D (cM)
riryOHHE BIaBIHBaHUA O (CM) IO IEHCTBUEM BepPTUKAILHON
cuibl F (H) pabora nmpubopa BeIpakaeTcs NpOU3BEeICHHEM
Fd (), mOBEpXHOCTD JIYHKH — KOHTaKTa OETOHA C MapoM

F
nDS (cM?) M HalpsKeHHE Ha TIOBEPXHOCTH OeToHa R= 5

IPU TOM y[IENIbHAsI TOBEPXHOCTHASI SHEPrUsl Ha IUIOLIAIH
F
KOHTaKTa RJ = p—— C — koHCcTaHTa IPHOOPA, CO3AIOLIETO

cuny F (H). Pasmepnocts C (ITascm) omimuaercs oT
pasmeproctu R (I1a) Tak ke, Kak ckausp OTIHYAETCs OT —
HanpasieHueM. [lepexox oT ckamsipa K IOBEPXHOCTH JaeT
CKaJIsIp, TO3BOJIIONINI OTHOCHTD ero K riayoune h (cm), Ha
KOoTOpo# OeToH cxxumaetcs u aepopmupyercs. Cuny F (H),
pazBuBaeMyr0  mpuOOpoM, M AMaMeTp  LIapoOBOHU
MOBEPXHOCTH D (CM) MOXKHO MU3MEHHTH, MOMy4as 3HAYCHHUS
nedopmaryu 6 (MKM) B HyXKHBIX [peieiax.

3. Pe3yabTarhl HCCae10BaAHUS

IINOTHOCTE BHEPrMM B HANpPSDKEHHOM O€TOHE T,

onpefensier & Kak OTHOIIEHHE IJIOTHOCTEH SHEpPruu MU
O

Macchl & = m—OMCCHCHOBaHI/IS{ CO CKOHCTPYHPOBaHHBIM
0

HHICHTOPOM IMOKa3aia, 9To R 1 8 B OTAENBHOCTH HE MOTYT
XapaKTepu30BaTh MPOYHOCTHBIE CBOMCTBAa GETOHOB, a B
npousBeaennn RS = C kax oMy 3HaYEHHIO 0 COOTBETCTBYET
OMpeIeNIeHHOE 3HAYEeHHE
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R = %’ 3HAYUTENIFHO 0OJiee TOYHOMY, YeM
OIpeIeNIIeMOMY TIPU HPECCOBBIX HCIIBITAHHSIX.

IIpu mapajuienbHbIX UCOBITAHUAX 00pa3LOB [ECOYHOTO
GeToHa — KyOuKoB ¢ pedpom 7 cM (343 cm®) u maccoit my=
0,7 kr, mpu y = 0,002 kr/cM® ipeccom, XapakTepusyembimM RS
= 180 H-cm/cm®, u uapenropom npu D =1,5 cm, F =5000 H,
C = RS = 10620 H-cm/cM® ObLTH OMpeMeNeHsl 3HAYEHUS
CIICYOIIMX MoKa3aTenei (Tadm.1.):

Tabuuna 1
Iloxa3aresn 3HaYeHUI NAPALIEABHBIX HCIIBITAHUMH
00pa310B NeCOYHOro 0eToHa

= @ ol = 3 =

Se | B ZFFsFE 55485 ¢=
\© < Rl = a E o488 2
700 14,7 190-234 45500-56000
600 16,5 250-305 34800-42500
500 18,1 329-403 26400-32400
400 19,9 453-553 19300-23500

0,037

Ocuosuble nokaszarenu 6 = 370 (=0,037 cm), i :% =

7
0,0053
=0,0053, B = 002 =2,5 NO3BOJLIIOT YCTAaHOBUTH CPEIHUE

3HAYCHHS HANPSDKEHUH TIPU MPECCOBBIX M HMHJIGHTOPHBIX
18 106,2

UCTIBITAHUAX: Ry, = —— ¥ Ry, = ——= 30000 H/cm?,
P 0,037 P 0,037

Ilpn peskux kosebGaHusAX R, HaOmoO#aIOCh IUIABHOE

HU3MEHeHue R ;.

4. 3akIo4YeHue

VI3 mpOBeNCHHBIX HCCIICAOBAHUNA MOXHO 3aKJIIOYHT,
4yro Macca OeToHa MpU pa3pyLICHUM NpHOOpeTaeT

m,
KPUTUYCCKOE 3HAYCHNC 70 , @ B HCPA3pyLICHHOM COCTOSHUN

ee 3Ha4YeHHe €m, B € pa3 OoJibllle NPHU B3aUMOACHCTBUHU C

WHIEHTOPOM, HEXEIIH IIPU Pa3pyIICHUH IPECCOM.
VYuuthIBas, 4YTO NPH B3aUMOJCHCTBHHM C IPECCOM

oOpasel] HCIBITBIBAET OCEBOE, a NPH BIABIMBAHMU IIapa

i
o01ee cxatue, IpH JEIESHHU BCEX WICHOB Ha ff = (=295

MOYKHO YCTAaHOBUTH B3aMOCBA3b MEXKAY HAIIPSIKEHUAMMU.
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Application of geopolymer concrete

A K. Nazibekov'®?
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The requirement for concrete is growing daily and cement is utilized for meeting the needs of
infrastructure facility development. One ton of cement production generates one ton of CO2, which
negatively impacts the environment. To decrease the utilization of Ordinary Portland Cement and CO2
generation, innovative next-generation concrete has been created, such as Geopolymer concrete. It
employs fly ash and alkaline solution as its Binding Materials. Geopolymer necessitates oven curing in
temperature ranges from 60° C to 100° C for a duration of 24 to 96 hours. This paper determined that all
investigators have devoted their efforts to demonstrate the influence of Ground Granulated Blast Slag on
Geopolymer Concrete. Nevertheless, it should be noted that modifications in parameters like
Na2SiO3/NaOH Proportion, Molarity of NaOH, Curing temperature, and Curing time create Variations
in the Strength. Substitution of Fly ash with Ground Granulated Blast Slag progressively enhances the
Strength without Oven curing provision. An insufficiency of information regarding certain aspects of
geopolymerisation has become evident, and the scientific community should concentrate on these gaps.

Keywords:

Geopolymer Concrete, Sodium, Silicate, Sodium Hydroxide, Fly ash, Ground granular blast  furnace

slag, Compressive strength, Split Tensile strength, Flexural strength, and Temperature effect

1. Introduction

The quest for eco-friendly construction materials is
crucial, as the globe faces serious challenges due to
environmental deterioration. There exists a considerable
expectation on the industry to minimize carbon dioxide
(COz2) emissions into the atmosphere. In light of this, one of
the endeavors to create environmentally friendly concrete is
to diminish the usage of Portland cement by utilizing by-
product materials, such as fly ash. It is recognized that
manufacturing one ton of Portland cement accounts for
approximately one ton of carbon dioxide released into the
atmosphere, resulting from limestone decarbonation in the
kiln during cement production. A notable advancement in
the utilization of fly ash in concrete is the creation of high
volume fly ash (HVFA) concrete, which partially substitutes
the use of Portland cement in concrete (up to 60%), while
preserving excellent mechanical characteristics with
enhanced durability performance. Another innovation is
geopolymer, i.e., inorganic Alumino-silicates polymer
synthesized from minerals of geological origin or by-product
materials, such as fly ash, rice husk ash etc., that are
abundant in silicon (Si) and aluminum (Al). Fly ash is
copiously available worldwide, and attempts to employ it in
concrete production are of significant interest to concrete
technologists and the industry. Ground Granulated Blast
Slag is a waste material generated in iron or slag industries
that has a substantial impact on Strength and Durability of
Geopolymer Concrete. This document provides a brief
examination of the evolution of geopolymer concrete. The
elements that affect the production of geopolymer concrete
such as source minerals, workability, curing time, and curing
temperature are discussed in the paper. The prospective
application of geopolymer concrete and the future
challenges are also mentioned.

@Zhttps://orcid.org/0009-0008-9666-6320

2. Research methodology

Literature Review. Numerous authors have
documented the utilization of Ground Granulated Blast Slag
in Geopolymer Concrete for various civil engineering
applications.

Abdul Aleem M.l and Arumairaj (2012) attempted to
identify an optimal mixture for Geopolymer concrete and
fashioned concrete cubes measuring 150 x 150 x 150 mm,
subjected to Steam curing for 24 hours based on compressive
strength. The ideal blend is Fly ash: Fine aggregate: Coarse
aggregate (1:1.5:3.3) with a solution (NaOH & NazSiOz
combined together) to fly ash ratio of 0.35. Elevated and
swift strength was attained in the Geo-polymer concrete
mixture.

Abdul Aleem M.l and Arumairaj P.D (2012) performed
a survey review on Geopolymer concrete. They highlighted
that due to the high early strength, Geopolymer Concrete
could be effectively employed in precast industries, enabling
substantial production in brief periods while minimizing
breakage during transportation. They exposed the attributes
of geopolymer concrete and conveyed that Geopolymer
Concrete can substitute ordinary Portland cement concrete.

Balaguru. P (1997) undertook research on employing
Geopolymer concrete for Restoration and rehabilitation of
reinforced concrete Beams. The chief objective of the
investigation was to establish whether Geopolymer can be
utilized for concrete repair. They concluded that
Geopolymer concrete can be successfully applied to bond
carbon fabrics to reinforced concrete beams.

Ganapathi Naidu.P et al (2012) exhibited a Study on
strength characteristics of Geopolymer concrete with the
addition of Ground Granulated Blast Slag. In this document,
an effort was made to examine the strength properties of
Geopolymer concrete using Low calcium fly ash replaced
with slag in 5 different percentages. They discovered that
Compressive strength of geopolymer concrete increases with
a rise in the percentage of replacement of fly ash with
Ground Granulated Blast Slag up to 28.57% of replacement,
where normal setting was observed, while fast setting
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occurred beyond this level. They determined that a
maximum of 25% reduction in compressive strength was
observed when geopolymer was exposed to a temperature of
500° C for two hours.

Joseph Davidovits (1994) executed research on
Properties of Geopolymer cements. This paper concentrated
on Geopolymer concrete possessing exceptional properties
and being well-suited for manufacturing precast concrete
products needed in rehabilitation and retrofitting of
structures following disasters. The author concluded by
introducing low- CO2 geopolymeric cements, not only for
environmental applications but also in construction and civil
engineering, which would decrease CO2 emission caused by
cement and concrete industries by 80%.

Leopoldo franco et al (2000) conducted investigation on
concrete strength and longevity of prototype tetrapod and
contrasted the outcomes of field and laboratory tests. This
document was presented to explore the material properties
after extended exposure at sea. They found minimal or no
degradation had transpired after a 16 to 24 years period at
sea.

Lloyd N.A and B.V Rangan (2010) performed
experiments on geopolymer concrete with fly ash. They
deduced that Geopolymer concrete possesses excellent
properties and is appropriate for manufacturing precast
concrete products required in rehabilitation and retrofitting
of structures post-disaster. Current research is focusing on
the resilience of Geopolymer in aggressive soil conditions
and marine settings.

Lyon E et al (1996) examined the Fire Response of
Geopolymer structural composites. They investigated the
application of Geopolymer composites in infrastructure and
transportation applications. They disclosed that Geopolymer
composites are non-combustible structural materials suitable
for infrastructure applications where substantial fire
resistance is needed at low to moderate cost. Additionally,
they noted that load-bearing capability during fire exposure,
where temperatures reach several hundred degrees
centigrade, will be significantly higher than organic resin
composites.

Madheswaran C. K etal (2013) investigated the
variation of strength for different grades of geo polymer
concrete by altering the molarities of sodium hydroxide.
Various molarities of NaOH (3M, 5M, and 7M) were
employed to prepare different mixtures and cured at ambient
temperature. Geopolymer concrete mix formulations with
compressive strength ranging from 15 to 52 MPa were
developed. The specimens were assessed for compressive
strength at ages of 7 and 28 days. The compressive strength
of Geopolymer concrete increased with rising concentration
of NaOH.

Mahesh Patel et al. (2013) examined the Strength of
High Performance Concrete with Ground Granulated Blast
Slag and Crusher Sand by substituting fine aggregates with
crusher sand and cement with Ground Granulated Blast Slag.
It was determined that 20% replacement of find aggregates
by crusher sand was optimal, based on Compressive strength
and Split Tensile strength measurements.

Mohemed aquib javeed et al (2015) carried out Studies
to determine the optimal level of sustainable Geopolymer
concrete combining manufactured sand and pond ash as fine
aggregate material replacing conventional natural river sand
and employing ambient curing for strength development.
They confirmed that 60% of m-sand and 40% of pond ash as
a substitute for natural sand was the ideal amount to achieve
favorable strength.

Muhd Fadhil Nuruddin et al (2011) conducted research
on Compressive Strength and Interfacial Transition Zone
Characteristics of Geopolymer Concrete with varying cast
in-situ curing conditions. They concluded that compressive
strength of geopolymer concrete was significantly
influenced by the curing conditions. Therefore, appropriate
curing methodology was crucial to obtain acceptable
strength in geopolymer concrete structures.

Pithadiya.S et al (2015) executed an experimental
investigation on Geopolymer concrete by incorporating
Ground Granulated Blast Slag. They performed tests on
Geopolymer concrete by substituting fly ash with Ground
Granulated Blast Slag, and the specimens underwent curing
at room temperature as well as oven curing of 60 to 100
degrees centigrade. They confirmed that substitution of fly
ash with Ground Granulated Blast Slag enhanced the
strength progressively without oven curing provision. Thus,
by utilizing Ground Granulated Blast Slag, oven curing
challenges can be eliminated.

Vijai et al (2010) carried out tests on Geopolymer
concrete cubes, cylinders, and prism specimens by
employing fly ash and aggregates, and also incorporating
ordinary Portland cement along with fly ash and aggregates.
It was observed that the density of Geopolymer Concrete
ranges from 2336 to 2413 kg/m? and density of Geopolymer
Portland Cement Concrete ranges from 2356 to 2424 kg/m?>.
They also noted that Geopolymer Concrete has two
limitations: delay in setting time and necessity of heat curing
to achieve strength.

Vijaya Rangan B conducted research on the durability of
geopolymer concrete for environmental protection. This
paper describes the outcomes of tests performed on large-
scale reinforced Geopolymer concrete members and
illustrates the application of Geopolymer concrete in
construction industries. Excellent resistance to sulphate
attack and fire, good acid resistance, and low creep were
highlighted as benefits of utilizing Geopolymer concrete.

3. Discussion

Based on diverse researchers' findings, it is observed that
Geopolymer Concrete composed of Fly ash and Alkaline
Solution introduces a new era in the Construction Industry.
Sodium Silicate (Na:SiOs) and Sodium Hydroxide (NaOH),
when reacting with fly ash, initiate the Geopolymerization
Process, which is accountable for Strength generation.
Geopolymer Concrete Necessitates Oven Curing of 60°C to
100°C for 24 to 96 Hours. Ground Granulated Blast Slag
creates a substantial impact on the strength of Geopolymer
concrete.

4. Conclusion

Based upon the above literature review, it could be
inferred that all researchers have dedicated their efforts to
demonstrate the influence of Ground Granulated Blast Slag
on Geopolymer Concrete. Nevertheless, it should be noted
that variations in parameters such as Na-SiOs/NaOH Ratio,
Molarity of NaOH, Curing temperature, and Curing time
create fluctuations in Strength. Replacement of Fly ash with
Ground Granulated Blast Slag progressively enhances
Strength without Oven curing provision. A deficiency of
information regarding certain aspects of geopolymerisation
has become evident, and the scientific community should
concentrate on these gaps. Despite the current status and
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widespread acceptance of Portland cement, the desirable
properties of Geopolymers, their environmental advantages,
and the robust academic and commercial Research and
Development activity suggest that Geopolymer technology
is positioned for significant advancement in the near future.
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Experimental test methods for the properties of building materials based on
class "'f'* and *'c"* ash from a thermal power plant

Z.M. Sattorov'®?, N.A. Madraimov!
Tashkent University of Architecture and Civil Engineering, Tashkent, Uzbekistan

Abstract: The article covers the analysis of the technology of recycling into building materials by using ash of
classes F (fly ash) and C (bottom ash) emitted by thermal power plants. It also shows the analysis of the
physicochemical properties of ash and slag, the directions of use in building materials and environmental
effects. The results of the assessment of the significance of new technologies for increasing the efficiency
of production of building materials from waste and minimizing their impact on the environment are
presented.

Keywords: waste recycling, thermal power plants, construction materials, environmental safety, fly ash, ceramics

Issiglik elektr stansiyasidan chigadigan “f’ va “c” sinfli kullari asosidagi
qurilish materiallarining xossalarini tajriba-sinov usullari

Sattorov Z.M.*®2 Madraymov N.A.
Toshkent arxitektura-qurilish universiteti, Toshkent, O*zbekiston

Annotatsiya: Magolada issiglik elektr stansiyalaridan chigariladigan F (uchuvchi kul) va C (kul qoldig‘i) sinfli
kullardan foydalanish orgali qurilish materiallariga gayta ishlash texnologiyalarini tahlil gilish yoritilgan.
Shuningdek, kul va toshqgollarning fizik-kimyoviy xossalari, qurilish materiallaridagi foydalanish
yo‘nalishlari va ekologik samaralari tahlili ko‘rsatilgan. Kullardan qurilish materiallarini ishlab
chigarishdagi samaradorlik va wularning ekologik ta’sirini minimizatsiya qilish uchun yangi
texnologiyalarning ahamiyatini baholash natijasi keltirilgan.

Kalit so‘zlar: chigindilarni gayta ishlash, issiglik elektr stansiyalari, qurilish materiallari, ekologik xavfsizlik, uchuvchi

kul, keramika

1. Kirish

Hozirgi kunda chigindilarni gayta ishlash va boshqarish
masalalari qoniqarli deb baholab bo‘lmaydi. Dunyoda
chiqindilarning  ko‘payishi va cheklangan resurslar
muammosi ekologik jihatdan eng dolzarb va global bo‘lgan
masalalardan biriga aylandi. Chigindilarni gayta ishlash
faoliyati orgali turli xo‘jalik sohalari uchun zarur bo‘lgan
xom ashyo mahsulotlarini olish igtisodiyotni samarali
boshgarish uchun muhim ahamiyatga ega. Chigindilarni
gayta ishlashning eng samarali usullaridan biri — ulardan
ishlab chigarishda foydalanish yoki gayta ishlash
texnologiyalarini qo‘llash hisoblanadi. Bu usul nafagat
ekologiya va atrof-muhitga, balki igtisodiyotga ham katta
ta’sir ko‘rsatadi. Har bir chigindilar manbasidan kerakli xom
ashyo olish mumkin. Shu bilan birga, bu orgali ko‘p sonli ish
o‘rinlari yaratiladi va jamiyatning ekologik qarashlarini
oshirishga xizmat giladi. Chigindilar bilan bog‘liq ishlarni
amalga oshirish tizimini isloh qilish doirasida O‘zbekiston
Respublikasi ~ Prezidentining  2024-yil  1-yanvardagi
“Chigindilarni boshqarish tizimini takomillashtirish va
ularning ekologik vaziyatga salbiy ta’sirini kamaytirish
bo‘yicha chora-tadbirlar to‘g‘risida”gi PQ-5-sonli qarori
gabul gilindi [1].

Ushbu tadgiqotda issiglik elektr stansiyalarining F
(Uchuvchi kul) va C (Kul qoldig‘) sinfli kullaridan
olinadigan qurilish materiallari tahlil qilinib chigiladi.
Ushbu kullar issiqlik elektr stansiyalarida ko‘mir yoki
boshqa yoqilg‘ilarni yoqish orqgali paydo bo‘ladi. Hozirgi

@lZ https://orcid.org/0000-0001-9824-1491

kunda kullarning qayta ishlanishi nafagat ekologik
xavfsizlikni ta’minlash, balki qurilish materiallarining
sifatini oshirishga ham xizmat giladi.

Adabiyotlar tahlili. Qurilish materialshunosligining
hozirgi kundagi muhim vazifalaridan biri, yuqori sifatli,
arzon narxdagi, mustahkam va energiya tejamkor bo‘lgan
mahalliy xom ashyolar va ikkilamchi resurslardan
foydalangan holda samarali va arzon qurilish materiallarini
ishlab chigarish hisoblanadi. Buning ortidan qurilish
sohasidagi resurslar tejamkorligi va ekologik xavfsizlikka
bo‘lgan talablar ham yanada kuchayadi. Issiglik elektr
stansiyasidan chigadigan F va C sinfli kullari asosida
qurilish materiallari olish bo‘yicha xorijiy (Hindiston,
Malayziya, Rossiya) olimlar Virendra Kumar Yadav, Amel
Gacem, Nisha Choudhary, Ashita Rai, Mohamed Abbas,
Nidhal Ben Khedher, Nasser S. Awwad, Debabrata Barik
Saiful Islam, Madawala Liyanage Duminda Jayaranjan, Eric
D. van Hullebusch & Ajit P. Annachhatre, Abdulhameed
Umar Abubakar, Khairul Salleh Baharudin, A.G.Malchik,
S.V.Litovkin, P.V.Rodionov, V.V.Kozik, M.A .Gaydamak
tadgiqot ishlarini olib borishgan va ularning quyidagi
tadgiqotlari tahlil gilindi.

1. Virendra Kumar Yadav, Amel Gacem, Nisha
Choudhary, Ashita Rai, Pankaj Kumar, Krishna Kumar,
Mohamed Abbas, Nidhal Ben Khedher, Nasser S. Awwad,
Debabrata Barik Saiful Islam “Ko‘mirga asoslangan issiglik
elektr stansiyalarining holati, ko‘mir kullari va ularning
Hindiston sanoatida qo‘llanilishi (Status of coal-based
thermal power plants, coal fly ash production, utilization in
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India)” bo‘yicha tadqiqot ishlarini olib borishgan. Ushbu
tadqiqotda Hindistondagi ko‘mir asosida ishlaydigan issiqlik
elektr  stansiyalarining  rivojlanish  holati, ulardan
chiqariladigan ko‘mirni yonishidagi uchuvchi kulning qayta
ishlanishi hamda uning yangi qo‘llanish sohalari haqida
ma’lumot berilgan. Hindistonda issiglik elektr stansiyalari
asosiy energiya manbai sifatida faoliyat yuritib, ko‘mir
yogishdan katta migdorda uchuvchi kul ishlab chigariladi.
Ushbu tadqiqot, ko‘mir chigindilarining atrof-muhitga
ekologik ta’sirini kamaytirish va uni gayta ishlashning
muhimligini yoritadi. Tadgigotda, uchuvchi kuldan beton va
sement ishlab chigarishda foydalanish, qurilish sohasidagi
yangi qo‘llanishlar, ekologik va iqtisodiy samaralar bo‘yicha
tadgiqotlar olib borilgan. Ko‘mir chiqindilarini qayta ishlash
natijasida resurslar tejash, chigindilarni kamaytirish va atrof-
muhitga bo‘lgan ta’sirni minimizatsiya qilish imkoniyatlari
haqida qo‘shimcha ma’lumotlar beriladi. Ushbu tadqiqot,
ko‘mir chiqindilarini samarali va ekologik toza qayta ishlash
yo‘llari hamda wuning yangi foydalanish sohalarini
rivojlantirishga garatilgan [2].

2. Madawala Liyanage Duminda Jayaranjan, Eric D. van
Hullebusch, Ajit P.Annachhatre “Ko‘mir bilan ishlaydigan
elektr stansiyalarining kul goldiglari va uchib ketuvchi
kullar uchun gayta foydalanish yo‘llari (Reuse options for
coal fired power plant bottom ash and fly ash)” bo‘yicha
tadqiqot ishlarini olib borishgan. Ushbu tadqiqotda ko‘mir
bilan ishlaydigan issiglik elektr stansiyalari tomonidan
ishlab chigarilgan kul goldiglari (bottom ash) va uchuvchi
kullarning (fly ash) gayta foydalanish imkoniyatlari hamda
ularning turli sohalardagi qo‘llanishi tahlil gilingan.
Tadqiqotda, kul qoldig‘i va uchuvchi kullarning qurilish
materiallari, sement ishlab chigarish, asfalt, beton kabi turli
yo‘nalishlarida  samarali ~ foydalanish  imkoniyatlari
ko‘rsatiladi. ~ Shuningdek, bunday qayta ishlangan
materiallarning atrof-muhitga ekologik ta’siri, resurslarni
tejash va chigindilarni kamaytirishdagi ahamiyati yoritilgan.
Tadqiqotdagi kul qoldigi va uchuvchi kullarni yangi
texnologiyalar orgali gayta ishlanishi, ularni qurilish va
energiya manbaalarini ishlab chigarish  sohalardagi
samaradorligi hamda ekologik baholanishiga garatilgan.
Hozirgi kunda ko‘mir elektr stansiyalaridan chiqariladigan
kullar, atrof-muhitni muhofaza gilish va tabiiy resurslarni
tejashda muhim ahamiyatga ega bo‘lib, ularning qayta
ishlanishi ekologik va igtisodiy jihatdan ahamiyatli
hisoblanadi [3].

3. Abdulhameed Umar Abubakar, Khairul Salleh
Baharudin “Malayziya issiqlik elektr stansiyalaridan
chiqadigan ko‘mir kullaridan qurilishda foydalanish
imkoniyatlari (Potential use of Malaysian thermal power
plants coal bottom ash in construction)” bo‘yicha tadgigot
ishlarini olib borishgan. Ushbu tadgiqgotda Malayziyaning
issiglik elektr stansiyalarida ishlab chiqarilgan ko‘mir
kulining qoldiglarini (bottom ash) qurilish sohasida
foydalanish imkoniyatlari tahlil gilingan. Malayziyadagi
issiglik elektr stansiyalarida ko‘mir yoqish jarayonida katta
miqgdorda kul qoldiglari ishlab chigariladi va uning fizik-
kimyoviy xossalari bilan qurilish materiallari sifatida
ishlatish uchun mukammal xom ashyo bo‘lishi mumkin.
Tadgiqotda kul qoldiglarini beton, asfalt, sement va boshga
qurilish  materiallarini ~ ishlab  chiqarishda  qo‘llash
imkoniyatlari va ularning ekologik iqgtisodiy samaralari
ko‘rsatiladi. Shuningdek, kul qoldiglarining gayta ishlanishi
va foydalanishining atrof-muhitga bo‘lgan ta’siri,
chigindilarni kamaytirish va tabiiy resurslarni tejashdagi
ahamiyatiga e’tibor garatilgan. Tadgiqotlar, kul goldiglarini
qurilish  materiallari ~ sifatida  foydalanilishi,  bu

materiallardan ishlab chigarilgan buyumlarning sifatini
oshirish va ularning ekologik foydalanishini ta’minlash
imkoniyatlarini o‘rganadi [4].

4,  A.G.Malchik, S.V.Litovkin, P.V.Rodionov,
V.V.Kozik, M.A.Gaydamak “Qurilish keramikasi ishlab
chigarishda issiglik elektr stansiyalarining kul va toshqol
chigindilaridan foydalanish texnologiyasini tahlil gilish
(Analyzing the technology of using ash and slag waste from
thermal power plants in the production of building
ceramics)” bo‘yicha tadgiqot ishlarini olib borishgan. Ushbu
tadqiqotda issiglik elektr stansiyalaridan chigarilgan kul va
toshgol  chigindilarining  qurilish  keramikasi ishlab
chiqarishda qo‘llanish texnologiyalari tahlil qilingan.
Tadqiqotda, ko‘mir yoqish jarayonida ishlab chiqariladigan
kul va toshqollar, qurilish keramikasiga qo‘shish orqali
yangi materiallar ishlab chigarishdagi o‘rni va ularning
fizik-kimyoviy xossalari yoritiladi. Kul va toshqollarning
keramika ishlab chigarishdagi foydalanilishi, ekologik
jihatdan chigindilarni kamaytirish va resurslarni tejash
imkoniyatlarini  hamda bu materiallardan  olingan
buyumlaming sifatini oshirishga ta’siri to‘g‘risidagi
ma’lumotlar beriladi. Shuningdek, tadgigotda ushbu gqayta
ishlanadigan chigindilarning umumiy ishlab chiqgarish
jarayoniga integratsiya qilish bo‘yicha yangi texnologiyalar,
buyumlarning bargarorligini va atrof-muhitga zararsizligini
ta’minlashdagi ahamiyatiga e’tibor qaratilgan. Tavsiflangan
tadgigot, qurilish keramikasi uchun ekologik toza va
igtisodiy jihatdan samarali materiallarni ishlab chigarishning
zamonaviy usullarini takomillashtirishga yordam beradi [5].

Tadgiqot metodologiyasi. “Qurilish keramikasi ishlab
chiqarishda issiglik elektr stansiyalarining kul va toshgol
chigindilaridan foydalanish texnologiyasini tahlil gilish
(Analyzing the technology of using ash and slag waste from
thermal power plants in the production of building
ceramics)” bo‘yicha tadgigotning metodologiyasi o‘rganildi.
Ushbu tadqigotda kul va toshqol chigindilarni qurilish
keramikasi ishlab chigarishda qo‘llashning samaradorligini
baholash magsadida bir gator tajriba-sinov va tahlil usullari
go‘llanildi.  Tadgiqot = metodologiyasi  quyidagicha
shakllantirildi:

Chigindilarning to ‘planishi va tavsifini aniglash:
issiqlik elektr stansiyalaridan yig‘ilgan kul va toshqollar turli
joylardan olinadi va ularning fizik-kimyoviy xossalari
(mikro tuzilishi, kimyoviy tarkibi, mineralogik yozilish va
sh.k.) tahlil gilinadi; chigindilarning turli xoscalari, masalan,
mexanik kuchlanish va suv shimuvchanligini o‘rganish
uchun laboratoriya sharoitida tadqiqotlar o‘tkazildi [5].

Ishlab chigarish jarayonini modellashtirish: qurilish
keramikasi ishlab chigarish texnologiyasida kul va
toshqollarni qo‘shishning turli migdorlari va ularning sinov
materiallariga ta’siri hamda natijada keramika buyumning
sifatini tahlil gilish uchun turli tajriba-sinovlar o‘tkazildi;
texnologik  ko‘rsatkichlarni  (harorat, vaqt, sinov
materiallari)  o‘zgarishini, qo‘shilgan materiallarning
keramika ishlab chiqarish jarayoniga ta’sirini baholash
magsadida simulyatsiyalar va statistik modellashtirish
amalga oshiriladi.

Qurilish  keramikasi  buyumlarining fizik-kimyoviy
xossalarini  baholash: tadgiqotda ishlab chigarilgan
keramika buyumlari (plitka va boshga buyumlar)ning
bargarorligi, = mustahkamligi,  suv  shimuvchanligi
laboratoriya sharoitida tajriba-sinovlar olib borish orqali
o‘rganiladi; xossalarining yaxshilanishi va ekologik
samaradorligi hamda keramika buyumlarning atrof-muhitga
zararsizligini aniglash uchun tajriba-sinovlar olib boriladi.
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Ekologik va iqgtisodiy tahlil: tadgigotda, kul va toshqol
chigindilarining qayta ishlanishi igtisodiy tomondan
samarali ekanligi baholanadi; shuningdek, gayta ishlash
natijasida chigindilarni kamaytirish va tabiiy resurslardan
tejash imkoniyatlari aniglanadi.

Natijalarni tahlil qilish: turli migdordagi kul va
toshgollarning keramika buyumlarning sifatini ganday
yaxshilashga yordam berishini tahlil gilish magsadida
statistik tahlil usullari va samaradorlik ko‘rsatkichlari
qo‘llaniladi.

2. Tadgiqot metodikasi

“Qurilish keramikasi ishlab chigarishda issiglik elektr
stansiyalarining kul va toshqol chigindilaridan foydalanish
texnologiyasini tahlil qgilish (Analyzing the technology of
using ash and slag waste from thermal power plants in the
production of building ceramics)” tadgiqotidagi tajriba-
sinov usullari quyidagicha shakllantirildi [5]:

1. Fizik-kimyoviy xossalarni tahlil gilish.

Kul va toshqollarning kimyoviy tarkibini aniglash: kul
va toshqollarning har bir namunasining kimyoviy tarkibi,
ya’'ni asosiy elementlar (silikatlar, alyumosilikatlar va
boshqgalar) va mineral moddalar tuzilishi spektroskopiya
yoki kimyoviy tahlil usullari orgali tekshirildi.

Mexanik  xossalarini  o‘rganish: mexanik kuch,
egiluvchanlik va yemirilishga qarshi turish xossalarini
aniglash uchun kul va toshqollarning material sifatida
ishlatiladigan beton yoki keramika bilan aralashgan holda
tajriba-sinovlar o‘tkazildi.

2. Qurilish keramikasini ishlab chiqgarish.

Keramika ishlab chigarish jarayoni: kul va
toshqollarning turli miqgdorlarini sinov materiallariga
qo‘shish orqali ishlab chiqarilgan keramika buyumlari
(plitka va boshqa)ning sifatini o‘rganish uchun tajribalar
o‘tkazildi.

Harorat va olovga bo‘lgan ta’sirini tekshirish: magsadli
haroratlar (keramika uchun standart haroratlarning 800-
1000°C oralig‘ida) keramika buyumlarini zamonaviy
texnologiyalar orqgali ishlab chigarish wva ularning
mustahkamligini hamda issiqlik bardoshligini tekshirish.

3. Beton va keramika mahsulotlarining xossalari.

Suvga bo‘lgan ta’sir (gigroskopiya): beton va keramika
mabhsulotlarining suv shimuvchanligi, suvga to‘yinganligi va
suvga chidamlilik xossalari laboratoriya sharoitida maxsus
havo va suv yoki dinamik sinovlar orgali tekshirildi [6, 7, 8,
9].

Mustahkamlik va chidamlilik sinovlari: buyumlarning
mustahkamligi, gattigligi, izometriyasi va deformatsiyaga
garshi turish xususiyatini aniglash uchun mexanik
kuchlanish tajriba-sinovlari o‘tkazildi.

4. Ekologik ta’sirni baholash.

Gaz chigishlari va havo tozaligi: qayta ishlangan kul va
toshqgollardan ishlab chigarilgan keramika materiallarining
yogilishi, ularning atrof-muhitga ta’sirini kamaytirishda
ekologik foydali yoki zararli ogibatlarni aniglash magsadida
tajriba-sinovlar o‘tkazildi.

Qayta ishlangan materiallarning emissiyasi (ionlar
chigarishi): kul wva toshgollarning gayta ishlanishini
tekshirishda ulardan chigarilgan har xil emissiyalarni tahlil
qilish, gazlar va chigindilar hajmini kamaytirilishi
o‘rganildi.

5. Qurilish keramikasi mahsulotlarining fizik-kimyoviy
tahlili usullari.

Mikroskopik va spektroskopik tekshiruv: keramika
mahsulotlarining tuzilmasini aniglash uchun mikroskopik
tahlillar (SEM, XRD) qo°‘llanildi. Bu usullar materiallardagi
mikro tuzilma, mineralogik tuzilishi va fazaviy shakli hagida
ma’lumot olishga yordam berdi.

Kimyoviy va mexanik sinovlar: ishlab chigarilgan
keramika materiallarining mustahkamligi, haroratga bo‘lgan
bargarorligi va kimyoviy reaksiyalarga qarshi turish
xususiyatlarini baholash uchun turli tajriba-sinovlar amalga
oshirildi.

6. Igtisodiy va ekotexnologik sinovlar.

Qayta ishlash samaradorligini baholash: kul va
toshgollarning gayta ishlanish jarayonining igtisodiy
samaradorligi  hisoblandi. Buning uchun materiallar
xarajatlari, energiya sarfi va mahsulotning bargarorligini
baholash uchun modullar va simulyatsiyalar amalga
oshirildi.

Kul va toshqollarning fizik-kimyoviy xossalari.

1. Kul va toshgollarning kimyoviy tarkibi.

Tadqiqot natijalari ko‘rsatishicha, kul va toshqollar
asosan silikatlar va alyumosilikatlardan tashkil topgan. Bu
ularni qurilish keramikasini ishlab chigarishda foydalanish
uchun mos Kkeladigan materiallar sifatida tan olishga asos
yaratdi. Kuldagi yugori migdordagi kremniy (SiO2) va
aluminiy oksidlari (Al20s) keramika ishlab chigarishda
muhim hisoblanadi [10, 11, 12].

Toshqollarning  tuzilishi:  Toshqollarning  tuzilishi
ularning keramika ishlab chigarishdagi samaradorligini
aniglashda muammo tug‘dirdi. Kulga nisbatan toshqollar
katta o‘lchamli zarralar va kuchliligini kamaytirish
xususiyatiga ega bo‘lishi mumkin, bu esa ba’zi holatlarda
mahsulotning sifatini pasaytiradi.

2. Keramika mahsulotlarining sifatini baholash.

Mexanik xossalar: Tadgigotlarda ishlab chigarilgan
keramika mahsulotlarining mexanik mustahkamligi va
yemirilishga qarshiligi o‘rganildi. Qo‘shilgan kul va
toshqollar, aynigsa, kam miqgdordagi toshqollar, keramika
mahsulotlarining  mustahkamligi  va  bargarorligini
oshirishga yordam berdi. Bu keramika materiallarini ishlab
chigarishda ekologik va igtisodiy samaradorlikka
erishishning muhim omillaridan biri bo‘ldi.

3. Xulosa

Tadgiqotlar natijalariga asoslanib, issiglik elektr
stansiyalaridan chigarilgan kul va toshqgollarni gayta ishlash
orgali qurilish materiallari ishlab chigarishning ekologik va
iqtisodiy ahamiyati muhimligini ko‘rsatish mumkin.
Xususan, kul va toshqollarning fizik-kimyoviy xossalari,
ularning keramika ishlab chigarishdagi foydalanishi
hagidagi tadgigotlar, bu materiallarning nafagat ekologik
xavfsizlikni ta’minlash, balki qurilish sohasidagi resurslar
tejamkorligini oshirishdagi katta o‘rniga ishora qiladi.
Issiglik elektr stansiyalaridan chigarilgan kul va toshqollar
qurilish materiallari ishlab chigarishda samarali xom ashyo
bo‘lishi mumkin. Bundan tashqari, bu chigindilarning qayta
ishlanishi tabiiy resurslarni tejash va atrof-muhitga bo‘lgan
ta’sirni kamaytirishda muhim ahamiyat kasb etadi. Xususan,
toshgol va kullarning mexanik va kimyoviy xossalari
qurilish keramikasi ishlab chigarishda muhim omillardan
bo‘lib, buyumlarning sifatini yaxshilashga yordam beradi.
Qayta ishlashning igtisodiy jihatdan ham samaradorligi va
ekologik jihatdan ahamiyatini hisobga olgan holda, ushbu
materiallarni qurilish sohasida foydalanish global ekologik
muammolarga yechim topishda muhim rol o‘ynaydi. Bu oz
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navbatida, chigindilarni kamaytirish va resurslarni samarali
boshqarishdagi muvaffagiyatli gadam bo‘ladi. Tadgiqotlar
natijalari shuni ko ‘rsatadiki, kul va toshqollarni gayta ishlash
nafaqat qurilish materiallarini ishlab chigarishda, balki atrof-
muhitga  bo‘lgan  zararni  kamaytirish,  iqtisodiy
samaradorlikni  oshirish ~ va  ekologik  xavfsizlikni
ta’minlashda ham muhim ahamiyatga ega.
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On the new classification of minera | fillers used in asphalt concrete
technology
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Tashkent state transport university, Tashkent, Uzbekistan
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Abstract: The article presents the results of research on the surface-active properties of local mineral fillers using
the method of determining the distribution of adsorption centers (DAC). Based on the obtained results
for determining the surface-active properties of local mineral fillers, a unified criterion for scientifically
grounded prediction of the behavior of mineral fillers in the composition of asphalt concrete is proposed.
The proposed criterion for assessing the acid-base properties of the surface of mineral fillers, using the
indicator of "normalized chemisorption activity," shows a high convergence of the results with the
outcomes of previously conducted studies and can be adopted as the basis for predicting and regulating
the physical-mechanical and operational properties of asphalt concrete.

mineral filler, asphalt concrete, structure formation, adsorption centers, acid centers, basic centers,
chemisorption, asphaltenes, microstructure, matrix, porosity, strength, properties, compression, bending,
composition, composite, acid-base interaction, forecasting, criterion, classification, indicator,
assessment, efficiency

Keywords:

O HoOBOI1 K1accuPUKANMUA MUHEPAJIbHBIX HANIOJTHUTEJICH, HCIIOJIb3yeMbIX B
TeXHOJI0TUH acPaJIbTO0eTOHOB

Maxamarannes .M.} 02 Kapa6aes A.M.1©° Apagne C.JI.20°

TamkenTckuit rocy1apCTBEHHBINM TPAHCIIOPTHBIA YHUBEPCHTET, TalkeHT, Y36eKucTan
2Jlamackckuii Texuudeckuii yausepcuret, lopon Jamack, Cupus

AHHOTALWS: B craTbe IpuBENCHBI Pe3yJbTaThl UCCIACAOBAHMII IO M3YYCHHIO MOBEPXHOCTHO- AKTHBHBIX CBOMCTB
MECTHBIX MHHEPAJIbHBIX HAMOJHHUTENeH C HCIOJB30BAaHUEM METOIa OIPEACICHHS DPaCIpeAeICHIs
eHTpoB ancopbuuu (PLIA). Ha ocHOBaHMH MOy YEHHBIX PE3YILTATOB II0 ONPEICICHHIO XapaKTePUCTHK
HIOBEPXHOCTHO- AKTHUBHBIX CBOMCTB MECTHBIX MHHEpPAJbHBIX HAIONHUTENCH MPEIIOKUTh CAUHBIH
KpUTEepUil HaydyHO OOOCHOBAHHOTO MPOTHO3HPOBAHHS IOBEICHUS MHHEPAIbHBIX HAMOJNHUTEICH B
cocraBe achanbToOeTOHOB. IIpemIOKeHHBIH KPUTEPUH OLEHKH KHCIOTHO- OCHOBHBIX CBOWCTB
MOBEPXHOCTH MMHEPANBHBIX HAMOMHUTENCH IO IOKAa3aTello «IPHBEIEHHOM XeMOCOPOLMOHHON
AKTHBHOCTH» IOKa3bIBAaeT BBICOKYIO CXOIMMOCTBH MOJYYaeMBIX PE3YJIBTaTOB C Pe3yJbTaTaMH paHee
IPUBEACHHBIX HCCICNOBAHUM U MOXKET ObITh NMPHHAT B OCHOBY IPOTHO3MPOBAHUS W PEryIMPOBAHUS
(hU3HUKO-MEXaHMYECKHX M IKCILTYaTaIllMOHHBIX CBOUCTB ac(aabToOETOHOB.

MHUHEPAJIbHBIH HAIIOJTHUTEINb, achaibTOOETOH, CTPYKTYpooOpa3oBaHue, ICHTPHI aICOPOLIUH, KUCIOTHBIS
LEHTPBI, OCHOBHBIC LICHTPBI, XeMOCOPOLWs, ac(hanbTeHbl, MUKPOCTPYKTYpa, MaTpHLa, HOPHUCTOCTS,
[POYHOCTh, CBOMCTBA, CXKAaTWe, M3rHMO, COCTaB, KOMIIO3HUT, KHCIOTHO-OCHOBHOE B3aMMOJICHCTBHE,
MIPOTHO3UPOBAHUE, KPUTEPH, KIIaCCH(PHUKALHS, T0KA3aTelb, OLEHKA, Y3(Q()EeKTUBHOCTh

Kunrouessie cioBa:

MAaTepuaioB IIOJAYYEHbl I HOJUMEPHBIX KOMIIO3UTOB.
Jlorn4eckuM HpoJIOJKEHUEM TaKUX PE3yJIbTaTOB SIBIISETCS
HCCIIEIOBAHUE  POJM  IIOBEPXHOCTH  MHHEPAIbHBIX
HaloJHUTENeH B mojaumMepOeroHax ©  OeToOHax ¢
nonumepHbiMu  nobaBkamu.  Tak, O  C.Ilomooit
HCCIIeI0BaIACh ajcopoms cMOJI Pa3IMYHBIMU
MOBEPXHOCTAMH, cHOPMYJIMpPOBaHa ¥  MOJTBEPXKICHA
rumnore3a 00 H30HpaTeIbHON afACcOpPOLMU OPraHHMYECKUX
COCAMHEHHH W3 JKUAKOW (pa3bl MOBEPXHOCTAMH 3€peH

1. BBeaenue

B Hacrosiee Bpems MHHEpaJbHbIC HAIOJIHUTENIN
paccMarpuBalOTCAd KaK OAWMH W3 OCHOBHBIX KOMIIOHEHTOB
ac$hanbTOOCTOHOB MMO3BOJSIIOLIMX PETYIUPOBATH MPOLIECCH
CTpyKTYpooOpa3zoBaHusi  acaibTOOSTOHHONH CMecH B
HY)XHOM  HalpaBJIeHMd M TOJIy4YaThb CTPOUTEIbHbIC
KOMIIO3MTBI C 3apaHee 3aJaHHbIME CBoMcTBamu [1-4].
OnHako, Kak [OKa3blBaeT aHAIU3  JIMTEPATypHBIX

HUCTOYHHUKOB

MUHEpAJIbHBIX HAMOJHUTENEH HEeIO0CTaTOYHO MOAPOOHO
H3YYEHBI.

JluTepatypHblii anaau3. O0IIEU3BECTHO, YTO BIIEPBbIC
3aBUCUMOCTH MEXIY COCTaBOM MOBEPXHOCTH
HaIMOJHUTENEH u CBOMCTBAMU KOMIIO3UITHOHHBIX

https://orcid.org/0009-0002-5945-2565
bl https://orcid.org/0000-0002-9880-8547

MMOBEPXHOCTHO-aKTUBHBIE  CBOWMCTBA LIEMEHTAa WU THUAPATHBIX HOBOOOpa3oBaHui. IlomydeHsr

H30TEpMBI 4ICOPOLIUH CMOJI Ha TIOBEPXHOCTH MUHEPAIBHBIX
BEIECTB. B  COOTBETCTBMM ¢  3KCIEPUMEHTAIBHBIMU
JaHHBIMM  BOJIOPACTBOPHMBIE CMOJBI  pa3JeleHbl Ha
COOTBETCTBYIOIIHE IPYIITIBL

G https://orcid.org/0000-0002-5317-2602
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BriepBble  yunTHIBaTH B3aHMMOAEHCTBHE B CHCTEME
LIEMEHT - HAIlOJHMTENb TNPEIIOKeHO akageMukoMm B. I
Conomarosm (Poccust). Ero HayuHo#t mkone npuHaaiexar
NIPOBEJCHHBIE  BHEpPBEIE B TEXHOJIOTHH  OETOHOB
HCCIIEIOBaHUS KHCIIOTHO-OCHOBHBIX CBOHCTB
HamoJHMTeNe [6-12] B IIEMEHTHBIX M TIOJMMEPHBIX
oeronax. M. K. TaxupoBbIM, UCXOMIs U3 TPEICTABICHUI O
CTPYKTYpOOOpa30BaHWM  CBS3YIOIIMX  HONAMEPOETOHOB
CHeNaHO TPEANONIOKEHHEe O TOM, 4YTO MeX(azHoe
B3aUMOJICHICTBHE B CHCTEME «IOJMMEP-HAIOIHHUTEIb
HOCUT  KHCIIOTHO-OCHOBHBIH  Xapakrep. C  yderom
BO3MOXXHBIX  TOIIOXMMHYECKHX  PEaKIui, KHCIOTHO-
OCHOBHBIX B3aUMO/ICHCTBHII» Ha TOBEPXHOCTH JUCTIEPCHBIX
YacTHIl W pasgena ¢a3 CIEeNaHO MPEAIIONOKeHHE O
HeLeJIeco00pa3HoOCTH COBMECTHOT'O M3MEITbYCHHS
LIEMEHTHOT0- KJIMHKEPa ¢ MUHEPaIbHBIMHU BEIECTBAMH TIPH
MOJYYeHUH CMEIIaHHBIX BSKYIIMX W  HEIOCTaTOYHOI
9 (QEeKTUBHOCTH  WCIIOJIBb30BAHUS  BBICOKOJHMCIIEPCHBIX
HaNoONHHTENeH W TONy4YeHO  JKCIepHMEHTAJIbHOE
noaTBepkaeHue. B paborax [13,26] wmcmonbp3oBaH MeTOx
JIEKTPOHHON CTIEKTPOCKOIIH aICOPOMPOBAHHBIX MOJIEKYJ
nHaukatopoB.  OmpexeneHa cwia W KOHIEHTpPAIWSL
KHCJIIOTHBIX ¥ OCHOBHBIX IIEHTPOB HAa MOBEPXHOCTH
JMCTIIEPCHBIX BEIIECTB. YCTAaHOBJICHO, YTO MOBEPXHOCTh
YacTHIl TOPTIaHALEMEHTa B €CTECTBEHHOM COCTOSHUH
XapakTepu3yercs Mpeo0IaJalonuM HaJHIHeM OCHOBHBIX
LIEHTPOB, U B KAYE€CTBE KPUTEPHSI aKTUBHOCTH MOBEPXHOCTH
IHMCIEPCHBIX  BEIECTB  INpeIokeHa  Oe3pa3MepHast
BEJIMYMHA «ID, IPEJICTABILIIONIAs COO0H OTHOIIEHUE CyMMBI
KOHIIEHTPAIlMii  KHUCIOTHBIX  I[IEHTPOB K  CyMMe
KoHIeHTparmii ocHOBHBEIX 1eHTpoB (Y CK/Y CO). Onnaxo,
Kak TOKa3aja TNpaKTUKa JTOT KpPUTEpUH B  CHIy
OrPaHUYEHHOCTH €ro BO3MOXHOCTEH HCIHOJIb30BAHMS HE
HallleJ IUPOKOTr0 NPAKTHYECKOT0 MPUMEHEHHS.

Meron U3MEpPeHUs azcopouun Kpacurenen
ucnonb3oBad  JI.C.TymmmBuaun  mpu  HcClel0BaHUU
BIIMSHUA KOMIIOHEHTOB IIUTAKONOPTJIAH/AIIEMEHTa Ha €ro
CBOICTBa. YCTaHOBJICHO, YTO Da3jIM4HbE MaTepHasbl IO
pa3HOMy aicopOMpYIOT KaK HOHOIOJIOKHTEIbHbIE, TaK H
HMOHOOTPHIIATEIILHBIE KPACUTEIIH.

B paborax [14,15] cdopmyiaupoBaHO —yCIIOBUE
JIOCTATOYHO IPOYHBIX aJAr€3MOHHBIX KOHTaKTOB B CHCTEME
«LEMEHT-HalOJHUTENb». [l0 MHEHHMIO aBTOPOB, 3TO
BO3MOXKHO B TOM CIIy4ae «ECJU IIOBEPXHOCTHAs SHEPrus
HAIlOJIHUTENS  3HAYMTENBHO  BbIIIE, 4YeM ILIEMEHTa».
OtMeuaercs, 4To OmpelesicHUe MOBEPXHOCTHON 3HEepruu
TBEPIBIX TeJI 3aTPYJHUTEIBHO, W O 3HAYCHUH ee I
TBEPJIBbIX TEJ «MOXHO CYUTh JIUIIb KOCBEHHO - C HOMOLIBIO
pslla pacyeTHBIX METOAOB WIM HM3MEPEHUs HEKOTOPBIX
MEXaHMYECKUX XapaKTEPUCTUKY.

B pabore H.A. Illanruuoit [14] u s oueHkH
MOBEPXHOCTHBIX CBOWCTB MMHEpPAJIbHBIX HAIIOJIHHUTENEH
npeylaraercst — MCHONb30BaTh  MHIMKATOPHBIA — METOJ
OmpeseNeHus pacupeeneHus ueHTpoB aacopouuu (PLIA) B
CHeKTpooTOMETPUIECKOM BapHaHTe pa3pabOTaHHOI 11.X.H.
A.I1. Huaunopenxo [5].

JlaHHBIN METON OYEeHb HHTEPECEH C HAay4YHOH TOYKHU
3pEHHs U [I03BOJLIET B ONPEITICHHON Mepe POrHO3MPOBaTh
U YIPaBIATh CBOWCTBAMH LIEMEHTHBIX OETOHOB.

2. MeToa0/10rusl HCCJI€0BAHUSA

Meronsl. B mpoBeneHHeix B TalIKeHTCKOM
roCyZapCTBEHHOM TPaHCIIOPTHOM YHUBEpCUTETE
9KCTIIEPUMEHTANBHBIX HCCIEOBAaHUAX II0 BOCIOIHEHUIO

JAHHOTO  HAay4HOro  mpobera B HCCIIENOBAHHAX
HOBEPXHOCTHO- aKTHBHBIX CBOHCTB MECTHBIX MUHEPAJIbHBIX
HAIOJIHUTEJICH OBUTH M3y4YeHbI 3TH CBOHCTBA ITOBEPXHOCTU
HAIOJIHUTENICH C MCIIONB30BAHMEM METOJA OINpeJIeICHNUs
PIIA pazpa6orannsiii 1.x.H. A.Il. Huuumopenko [5].

Meron onpenenenust PLIA npu  uccrnenoBaHuu
HOBEPXHOCTHO-aKTUBHBIX CBOJICTB MHHEPAbHBIX
HAINoJHUTENEH HMeeT OecCIOpHbIe IPEUMYIIEeCTBa II0
CPaBHEHHIO C paHee HCIOJF30BAaHHBIME  METOIAMH,
KOTOpBIE 3aKJIIOYAIOTCSI B CIIEIYIOIIEM:

1. Merog TmTO3BOJSIET  OLEHHUTH HE  TOJBKO
KHCJIOTHOCTh HJIM OCHOBHOCTh IOBEPXHOCTH, HO U
YCTAHOBHTH  HPHHAIC)KHOCTH K JIBIOHCOBCKOMY
(anmpoTOHHOMY) WITH OPEHCTEIOBCKOMY [S] THITY, UTO JIeaeT
BO3MOXKHBIM ~ TIPOCNICIUTh ~ MEXaHH3M  BIMSIHHS — UX
TIOBEPXHOCTH Ha CBOWCTBa acanbTOOSTOHHOH CMecH
acdamsTodeToHa.

2. Tlo3Bomsier  OLEHHMBATH  YPOBEHb  DHEPrHU
MOBEPXHOCTH, TaK KaK 3HAYCHHS CHJIbI KHCJIOTHI WX
OCHOBaHMSI ~ WMEIOT  DSHEpreTHYecKoe  COfAepIKaHHe,
MOCKOJIBKY ~ OTP@XAaKT OSHEPrui0 XHMHYECKOH  CBS3H,
BBIPAXKAsCh Yepe3 BEIIMUMHBI COOTBETCTBYIONIMX KOHCTAHT
JIICCOLIMALIH.

3. Tlapamerpsl Meroa, OTpa)kaloIMe KHCIOTHO-
OCHOBHYIO M DHEPreTHYECKYI IPHPOLY MOBEPXHOCTH,
MO3BOJISIOT YTBEPIKIATh ux B3aHMOCBS3b c
XeMOCOPOIMOHHOI AKTHBHOCTBIO OpraHuYecKoro
BSDKYILIETO u 9KCIUTYaTallHOHHBIMH CBOICTBaMH
acdanbTobeToHHOH cMecH U acabTo0eTOHA - BI3KOCTHIO,
MPOYHOCTHIO " MOPO30CTOWKOCTBIO, TIOCKOJBKY
BO3JIEHCTBYIOT Ha KHCIOTHO-OCHOBHBIE W OKHCIHTEIHHO-
BOCCTaHOBHTEIILHBIC PABHOBECHS B CHCTEME.

BriOpannsiii Meton ompenenenus PIJA mo  cBoum
napamMeTpaM II03BOJISICT IMPEUIOKUTh COWHBIH KpUTEpHit
HAay4yHO OOOCHOBAaHHOIO IIPOrHO3UMPOBAHMS IOBEICHUA
MHHEpaJIbHBIX HAIONHUTENEH B cocTaBe ac(haabToOeTOHA.

Oobcyxnenne. B Ttabn.l w Ha puc 1-5 npuBeneHst
pesyanbTatsl onpeneneHus PIIA Ha moBepXHOCTH NMPUHATBIX
K HCCIIEZI0BAaHUIO MUHEPAJIbHBIX HAIIOIHUTEIICH.

Kpusbie pacnpenenenust neHtpoB azacopoumu (PLIA)
HOBEPXHOCTH MHHEPAJIbHBIX HAIIOJHHUTENEH MOCTPOCHBI B
KOOpJIMHATAX:

g pKa*x=F(pKa"x),

rae g pKa“x- coxmepxaHue aKTUBHBIX ILIEHTPOB,
9KBHBAJICHTHOE KOJIMYECTBY aJCOPOLIMOHHOIO MHIMKATOPa
JTAaHHOM KUCIOTHOM cpembl pKa’x, mpuBeaeHa Ha puc. 1-5.
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JICKTPOIVIABUTEJIBHOT 0O MPOU3BO/ICTBA
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Puc. 4. Pacnpenenenne neHTpoB aacopouuu Ha
MOBEPXHOCTH: 1- OTBAJILHOIO IIVIAKA MeeNIaBHIbHOTO
MPOU3BOJCTBA

st aHanM3a MOJYYSHHBIX Pe3yNbTaToB Oonee yIo0HO
T0JIB30BAThCs AAHHBIMU TA0I. 1, I/l IPUBOJATCS 3HAUCHUS
CyMMapHOW aKTUBHOCTH LICHTPOB B OTPEETIeHHON 00JacTH
pacnpezeneHus.

Takue naHHbIC SBIAIOTCS OYEHb LICHHBIMHM, TaK Kak
MO3BOJISIIOT OLEHHUTDH BIMSHUE KaXKJIOr0 U3 HUX Ha MpoLece
XeMOCOPOLMH OPraHUYECKOTO BSXKYILETO.

Taoamna 1
Conep:kaHue HEHTPOB aJCOPOILMH OBEPXHOCTH
MHHEPAJbHBIX HANOJHUTeJIei

Ne Kon-Bo mentpos, 10° mr- | 06
n/ | Haumeno | skB/m? mee
o BaHHE KOJI-
MHHEpab BO
HOTO LEHT
poB

HAIIOJIHHUT | - 0 7... >12,
et 4.0 | ... | 128 | 8
7
Poi Pko | Pob P
1 | Iecox 804 |91 875|188 | 27,7
Ksapries 1 8
b1
2 | Tecok 412 | 7,0 | 995 | 1,07 | 22,2
OapXxaHHBI 8 2
i
3 | Tinuex 13,2 | 16, | 10,0 | 2,87 | 42,6
2 47 | 8 4
4 | Ba3ansT 234 |22, | 11,1 | 1,96 | 58,6
1 15 | 6 8
5 | O3l 411 |54 1934 | 114 | 571
(oTX0BI 8 8 4
ANEKTPOIT
JIaBUTEITh
HOT0)
MPOU3BOJ
CTBa
6 | OMII 6,61 |23, | 16,3 | 432 | 51,1
(oTX0MBI 88 7 8
ME/IUILIaB
UTEJBHOT
0
MPOU3BOJ
CTBa)
7 | 3omna- 431 | 27, | 11,7 | 5,32 | 87,8
yHoc TOC | 4 61 |7 4
8 | Ueonur 102, | 24, | 12,6 | 2,14 | 141,
conepxxa | 08 88 |2 72
mas
nopoja
B paborax Smeikmnoit H.H. [15] mnoareepxnena

copMyIMpOBaHHas €10 I'MIOTE3a O TOM, YTO MCXOId U3
CTPOEHMS IOBEPXHOCTH MMHEPAJIbHBIX IMOPOJ M COCTaBa
OurymMa, MOXHO CHEIaTh  BBIBOA, YTO  MOJICKYJIbI
OpraHNYeCcKHX BEILIECTB, COAEPKAIUECs B BSKYILEM, MOTYT
JIOCTATOYHO aKTHBHO B3aHMO/ICHCTBOBATH C MOBEPXHOCTHIO
KUCIIBIX MMHEpAJIbHBIX MarepuayioB. Tak, Hampumep,
BXOJSIIME B COCTAaB ac(haJbTEHOB U CMOJI apOMaTHYECKHUe
HOJIMLHKIIMYECKHE CTPYKTYPBbI, BKIIFOYAIOIIHE TeTEPOLUKIIbI
C a30TOM M CEpoH, HMEIOIMEe T - CBA3M U aTOMbl C
HEIO/IeJICHHBIMH JIEKTPOHHBIMH IIapaMH, MOTYT SIBJIATHCS
JOHOpaMH  JEKTPOHOB M B3aMMOJCHCTBOBAaTH  C
3JIEKTPOHOAKLETITOPHBIMU KHCJIOTHBIMH LieHTpamu JIbtoca
(pKa > 13). [IpuueM, KOHICHCHPOBAHHbBIC apOMAaTUUECKHE
COEJIMHEHMs, colepxammecs B achaibTeHax, CMolax M
Maciax, SBJAIOTCS Oojiee HENpenelbHbIMHM, 4eM OeH301I,
MI03TOMY OHHU 3HAUUTEJIbHO akTHBHEe. Kpome Toro, 60KoBbIe
3aMECTUTEIIH B BUJIE NIPEIENIbHBIX alTM(aTHYECKUX LIeTeH, a
taoke npyrue 3amecturenu ¢ +C apdexrom (-OH, -OR, -
OCOR, -SH, -NH2, -NHR) akrtuBupyioor OcH30IbHBIE
Kosblia. HadreHoBbIe KousbLa, COAEpIKallue, HampuMep,
a30T, SABJAIOTCA TAKKE CWIBHBIMH  JIBFOUCOBCKMMU
OCHOBaHMSIMH, a TIUPUUH 110 JaHHBIM [8], erko obpasyer
KOMIUIEKCHl C AIpPOTOHHBIMH KHCJIOTaMH, KAaKOBBIMH H
SBJIIOTCS  JIIONCOBCKME  KHCJIOTHBIE  IIGHTPHl  Ha
HOBEPXHOCTH KpEeMHe3eMa.

KoMriekcHble coemyHeHMst (EHONOB M A30THUCTBIX
OCHOBaHHI Takke CIOCOOHBI 00pa30BBIBATH JIOHOPHO-
aKILIENTOPHBIE CBS3H C KUCIOTHBIMU 1leHTpamu JIpronca (pKa
> 13) mOBEPXHOCTH.

Ha BpencrenoBckux

KHCJIOTHBIX LEHTpax,
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MPEJCTABISIONMX CO00i MOBEPXHOCTHBIE THIPOCHIBHBIC
rpymmsl (pKa 0-7) mMoryT o0pa3oBEIBaThCSI BOAOPOIHBIE
CBSI3M TPU y4YaCTUM aTOMa BOJOpPOAA IOBEPXHOCTH,
MPOSIBISIIOIIETO  AJICKTPOHO-aKLENTOPHbIC CBOWCTBA, B
KayecTBE JIOHOPOB IPU 0Opa30BaHUM 3THX CBSA3CH MOIyT
OBITh T - CBSI3U, TO €CTh AJIEKTPOHBI OCH30JIBHBIX siiep U
KpaTHBIX CBsI3eil OpraHMYECKHX COCIMHEHHH OWTyMa, a
TaK)Ke HEMOJICTICHHbBIC 3JICKTPOHHBIC Mapbl eTePOATOMOB.
[IpoBenéHHBIE MHOTOYKCIICHHBIE HCCIEN0BaHUSA [9], siCHO
MOKa3bIBAIOT, YTO aJCOPOLMS MOJSAPHBIX MOJEKYN WA
apOMaTHYECKUX COCJUHEHHH MOCPEJCTBOM T - CBs3ei
MPOUCXOIUT Hauboiee CHIBHO Ha  IIOBEPXHOCTHBIX
CHJIAHOJIBHBIX TpYINax, HE CBI3aHHBIX BOIOPOJHBIMU
csi3sim ¢ cocerumu OH-rpynmamu. CrienoBatesbHo, st
JOCTIDKCHUSI MaKCHUMAaJIbHOH  aicopOLMH  MOBEPXHOCTh
KpeMHe3éMa He [OJDKHA COJIepiKaTh aJCOpOUpPOBAHHYIO
BOJy, HO JOJDKHA HMETh HAaWOOJNBIIYI KOHIICHTPAIHIO
rpymn SiOH.

[To manneiM Xaiipa u Dminca [18] Hanbonmee crbHAs
a/IcopOIMsl OpPraHWYeCKUX COCJHMHCHHH MPOMUCXOTUT Ha
H30JIMPOBAHHBIX, obagaronmx HEBO3MYILICHHBIMA
KOJICOAHMSIMH THAPOKCHJIBHBIX TPYIIaX, PacIoNOKEHHBIX
Ha  TEPMHYECKH  JICTHAPATHPOBAHHOW  ITOBEPXHOCTU
KpeMmHe3eMa. MOJIeKyIbl apOMaTHUYECKUX YTIIEBOJIOPOIOB
B3aHMOJICHCTBYIOT €  MOAOOHBIMH  THIPOKCHILHBIMH
rpynnamu npu cootHomenuu 1:1. B 6Gurymax conxeprkarcst
TaK)Ke a30THUCThIC OCHOBAHHS U COCIMHEHHS, CO/IepIKaIIne
THPOKCUITBHBIE (-OH), KapOOHWIBHBIE (-C=0),
cioxxHoagupusre (-COOR) n npyrue rpymisl, o6pasyronme
MpPY OKUCIICHWH HE(TSIHBIX OCTATKOB, KOTOPBIC SBISFOTCS
OpEHCTEOBCKUMHU OCHOBaHMSIMH " OyayT
B3aMMO/ICHCTBOBATh C KHCIOTHBIMH LIEHTpaMH BpeHcrena
noBepxHocTu. Jlpyrue (QyHKIMOHAJbHBIE TpPYyNIbl C
kucinopoanbiM  atomMmoM (-COOH, R-C+=0), a Taxxe
CBOOOJHBIE KHCIIOPOJHBIC COEIMHEHHsA - HA()TEHOBBIC M
ac(asbTOreHOBBIC KHUCIIOTHI, AHTHAPHABI, (DEHONBI TaKKe
CIIOCOOHBI a7COpPOMPOBATHCS HA AaKTUBHBIX IIOBEPXHOCTHBIX
LEHTpax KPEMHE3EeMCOIePIKaIUX MMHEPaTIbHBIX
MartepHaax.

Kucnotsl, ecrectBeHHO, OyayT B3auMOJEHCTBOBaTb C
OCHOBHBIMH OpeHcTesoBcKuME  1ieHTpamu  (pKa  7-13),
Ipy4eM, apoMaTHYeCKHe KHUCIIOThl  SABJAIOTCA  Ooiee
CHIbHBIMY, 4YeM ainupaTH4ecKkue, a HaIuuue JBYX
3amectureneid, Hanpumep -COOH u -OH, y HadTeHOBBIX U
apOMaTHYeCKUX KOJIel, YTO YacTO HAOJI0NAeTCsl B COCTaBe
OuTyMa, YCHIMBAeT KHUCIOTHOCTb, a, CJEI0BAaTEIILHO,
a7IcOpOILMOHHYI0 CIOCOOHOCTB ATHX CoequHEeHHit. B pabore
[10] mpu paccMoTpeHMH MEXaHHW3Ma peakUuil Ha
MOBEPXHOCTM  KpeMHe3eMa  YKas3blBaeTcs, 4TO IIpU
a/IcOpOLMM OPraHMYECKUX KHUCIOT, BEPOSATHO, 00pas3yroTes
XeMOCOPOMPOBAaHHbIE COEIUHEHHS.

Anruppuast  kucior  (R-CMO-O-CO-R)  siBistrorest
aKIenTopamMu 3NIEKTPOHOB, MI03TOMY CIOCOOHBI
B3aMMOJICHCTBOBATS C JIEKTPOHOIOHOPHBIMU OCHOBaHHUSMHU
JIstouca (pKa < 0). 3 oprannyeckux BeUIECTB Ha STHX
LEHTPaX MOTYT TaKKe aJcopOMpOBAThCS OpraHUYECKHE
COCNIMHEHMs, COJEpIKAlllMe I - CBSA3U, CONpPSDKCHHBIE C
3amectutessiMiA ¢ OonbiuM - C addexTom, sABISIOmUecs
JIBIOUCOBCKMMH KHCJIOTaMH. B OuTymax 310 MOryT OBITH
COCJIMHEHMS C TPyIIaMu

SO3H+ u NO2+, HO UX KOJIMYECTBO OYEHH Mallo.
Henp3s  uckioyath M BO3MOXKHOCTH — OOpa3oBaHMs
BOJOPOZHBIX CBsi3ed WM Jake Iepefady NpoTOHAa B
pe3yabTaTe KUCIOTHO-OCHOBHOTO B3aMMOJICHCTBHS KHCIOT
OUTyMa U OCHOBHBIX JIBIOUCOBCKHX IIEHTPOB MOBEPXHOCTH
KpEeMHe3eMa, OJHAKO B HENOJNSPHBIX  Cpelax  3To

MaJIOBEPOSITHO.
HMcxons u3 BBIIEU3I0KEHHOIO MOXKHO 3aKJIIOUUTh, YTO
BOIIPEKU  TPaJAULMOHHO  CJIOKUBILIEMYCS ~ MHEHUIO,
HOBEPXHOCTh KHUCIBIX KpPEMHE3EeMCOIepKaIuX
MUHEpAIbHbIX MAaTEpUAJIOB HE SBISIETCS HHEPTHOM IIO
OTHOIICHUIO K KOMIIOHEHTaM OuTyma. Bzanmogneiicteue Ha
TpaHulle pa3jena OpraHuYEeCKOe BSXKYIIES - MUHEPAJIbHBIN
MaTepHal Hellb3s paccMaTpUBaTh YIPOLICHHO, C TOM TOUKH
3peHHs, YTO IIOBEPXHOCTb KHUCIBIX IIOPOJA 3apsiKeHa
oTpHIaTe]bHO, a B Ouryme mpucyrcrByior [IAB
NPEHMYIIECTBEHHO aHHOHHOTO THIA (ac(allbTOrC€HOBBIE U
Ha(TEeHOBBIE KHUCIIOTHI), IO3TOMY B3aHMOJIEUCTBHE MEXIY
HUMH IPaKTHYECKN HEBO3MOXKHO. Heo0XoquMo yunuThIBaTh
IIPUCYTCTBHE HA IIOBEPXHOCTH MUHEPAJIbHBIX MaTepHaoB
HE TOJIbKO TOHYAHIIMX KOJIOMIHBIX IICHOK OKCHIOB M
THAPOKCUJIOB U aMOP(HOr0 KpeMHe3eMa, HO U 00513aTelIbHO
HalIM4Me aKTHBHBIX IOBEPXHOCTHBIX LIEHTPOB, KOTOpbIE
MOTYT aJcopOMpoBaTh IPAaKTHYECKH BCE OPTraHUYECKHe
COGJIMHEHMS, COozlep)Kaluecst B OUTyMe, M 3a CHeT 3TOro
obecrieunBaTh IMPOYHbIE are3MOHHBIE KOHTAKTBI MEXIY
BSDKYIIMM U IIOBEPXHOCTBIO MUHEPAJIbHBIX MAaTEPUAJIOB.

3. Pe3yabTaThl HCCae10BAHUS

VuuThIBas BBIMICH3IOKCHHOE, & TAK K€ MPHUHUMAs BO
BHUMaHHS MAaJIO3HAYMMOCTh BIMSIHUS HHTEHCHBHOCTEH
HEHTPOB afcopOIMH Ha IOBEPXHOCTH MHHEPATBHBIX
HarojHUTeNnel B obmactu pKa ot -4 mo 0 Ha
XeMOCOPOIMOHHYIO aKTHBHOCTh OPraHWYECKOTO BSKYIIETO
HaMU OBbLIT MPEIJIOKeH KPUTEPHH, MMO3BOJISIIONINN OILIEHUTH
MOBEPXHOCTHO- aKTHUBHBIC CBOWCTBA MHHEPATBHBIX
HamoJHuTeNeH B acdanbTo0eToHaXx. ITOT KpUTepHid ObLT
Ha3BaH IOKa3aTelieM IpPUBEASHHOH  XeMOCOPOIMOHHOM
aKTUBHOCTH M 0003HaueH cuMBOJIOM Ppxa. JlaHHbIH
HOKa3aTeNb IOJCUYNTHIBACTCS HAa OCHOBAHMHM PE3yJILTAaTOB
HOJIY4EHHBIX 10CJIEe UCCIIEA0BaHUs JJOHOPHO- aKLIENTOPHBIX
CBOMCTB IIOBEPXHOCTEH MWHEPAIBHBIX HAIOJHHUTENCH C
UCHOJIB30BAHUEM HMHIMKATOPHOTO METO/a OINpEIeICHHU
pacnpenenenus neHtpoB aacopouuu (PLJA) mo cmocoOy
Heunnopenko A.IL. [5]. Kak usBecTHO, nonHOe onucaHue
KHCJIOTHO- OCHOBHBIX CBOMCTB IIOBEPXHOCTH MHHEPAJIbHBIX
HAIOJIHUTEJICH nozipasyMeBaer olpeJeneHue
KOHIIEHTPALMK U CHJIbI aKTHBHBIX LICHTPOB, T.€. IIOJIyYEeHHE
uX pacrpezeneHus ¢ qudhepeHInPOBaHHON Ha KUCIOTHbIC
u ocHOBHbIE 110 JIptoucy u bpencrany.

Vmest pesynbraThl IO OIPENEICHHUIO PACIpeAeIeHHs]
LEHTPOB  aJCOpOIMM HAa IIOBEPXHOCTH MMHEPAIbHBIX
HAIIOJIHUTENICH  JIOCTaTO4YHO JIETKO  TIOJICYUTBIBACTCS
MoKa3aTesb MPUBEIEHHON XeMOCOPOIMOHHON aKTHBHOCTH
JAHHOTO  HAIOJIHUTENsS, KOTOpas —OIpeAeNsiercd 110
bopmye:

Ppxa = Pkl+0,5Pkb—+0,25Pob, @)

rae, Pkl, Pol, Pob — konu4ecTBO LeHTPOB ajcopOuun B
obmactax: pKa >13,0;

0<pKa<7, 7<pKa<13,0 B 10-3  Mr-oke/r.
COOTBETCTBEHHO.

JlaHHBI KpUTEpUl XapaKTEPU3YIOIIUI KHUCIOTHO-
OCHOBHBIC  CBOICTBAa  TOBEPXHOCTH  MHHEPAJIbHBIX
HAIOJIHUTEJIeH TO3BOJISIET Hay4HO 000CHOBaHO
KJIaCCU)ULMPOBATh  MHUHEPAIbHBIC  HAMOJIHUTENNM MO
CTEICHN MX BO3/ICHCTBUS Ha KAa4ECTBEHHBIC IOKa3aTeNd
acanproberona. B  obmem ciydae mpejnaraercs
clieyronias Kiaccu(pukanys MUHEPaIbHBIX HANOIHUTENCH
O KpuTepuro - Ppxa, TO ecTh IO BBIYUCIEHHOMY IO
tdopmyne (1) mokasaTento MpUBeIEHHON XEMOCOPOIIHOHHOM
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aKTHBHOCTH (Ta011.2).

Jns  DpHHATEIX K HCCIENOBAaHMIO MHHEPATBbHBIX
HAaITOJTHUTENIEH MOACYET TaHHOTO KPUTEPHs T.€ MOKa3aTesst
MIpUBEIEHHON XeMOCOPOIIMOHHON aKTUBHOCTH BBITIOJHEH B
TabIMIHON (hopMe U IIpeAcTaBiIeH B Ta0M. 2.

Taoauuna 2
Kuaccudukanusi MUHepaJbHbIX HANIOJHUTEJICH 110
NMOKA3aTeJII0 NMPHUBeIeHHOl XeMOoCOPOIMOHH O
akTusHocTH Ppxa

<10
2 CpenHeakTHBHBI or 10< 5-10%
e 110.<15
3 CHITBHOAKTUBHBI or 15< 10-15%
e 10 <20
4 | CymnepaxtuBabl | CBblmme 6oiree 15%
e 10 >20

AHaim3 pe3ynpTaToB nojacyéra kpurepus Ppxa (Tabu.
3.)  TOKa3pIBaeT, 4YTO  COMJIACHO  HPEAJIOKECHHOMN

Ne Brner 3navenn | IloreHumanbHas KJIacCHU(UKALMK TPUHATHIE K WCCICIOBAaHMIO MECTHBIE
1/ MHHEPAIIEHBIX a 3 peKTHBHOCTH MUHEDPAJIbHBIE HAIIOJHUTEIM OTHOCATCA K CIELYHOIIUM
o HaIOJIHUTENEH Kpurepu B COCTaBC BUJAM 10 XEMOCOPOIIMOHHOW aKTUBHOCTH: MOJIOTHII
A acanbsroberona OapxaHHBIH, kBapueBbli necok, OJII- cpenHe aKkTHBHBIE,
Poxa , %o mpupocTa 0azaibT, IEOUTCOIEPIKAIIAs MOPOJia - CHIBHO aKTHUBHEIE,
NPOYHOCTH OMLII, 30ma-yHoca TOC - cynepakTuUBHBIE.
1 CnaboaktuBHble | ot 0< 0. Jo 5%
Tabnanna 3
Hoacuér kputepusi Ppxa B Tad1u4Hoil dpopme
No HaumenoBanue HcxoHble JaHHBIC TIpeoOpazoBannbie | Kputep
T/ MHHEPATLHOTO -4...0 0...7 7...13,0 | >13,0 JIAaHHBIE ni
HAIOJHUTE Po Pxb Pob P 0,25Po» | 0,5 Pxo Ppxa
1. Ilecox 8,04 9,11 8,75 1,88 2,18 4,55 8,61
Ksapuesblit
2 Ilecok GapXaHHBIH 4,12 7,08 9,95 1,07 2,49 3,54 7,10
3. I'nmuex 13,22 16,47 10,08 2,87 2,52 8,23 13,62
4. BazaneT 23,41 22,15 11,16 1,96 2,80 11,07 15,83
5 OOII-oTx0aB1 41,18 5,48 9,34 1,14 2,33 2,74 6,21
3JIEKTPOILIaBUTEIIBHO
ro IPOU3BOJCTBA
6. OMII-Otxompt 6,61 23,88 16,37 4,32 4,09 11,94 20,35
MEMIUIaBUTEIBHOTO
POU3BOJICTBA
7. 3ona- yHOC 43,14 27,61 11,77 5,32 2,94 13,80 22,06
8. Heonut copepxamas | 102,08 24,88 12,62 2,14 3,15 12,44 17,73
nopoja
B memsax  moATBEpKIEHHA ~ JOCTOBEPHOCTH M HNUcnoian30BaHHAA JUTepaTrypa /

KOPPEKTHOCTH IOJIy4EHHbIX PE3YJIbTaTOB UCCIIEIOBAHUH 10
pa3paboTKe HOBOrO KpPUTEPHS OLECHKH IIOBEPXHOCTHO-
AKTUBHBIX CBOWCTB MUWHEPAJbHBIX HAIIONHUTENCH ULt
ac(anbToOETOHOB HAMU OBLIH MPOBEICHBI CPABHUTEIBHBIC
HCCIIE/IOBaHUSA C TIOJIYYEHHBIMH paHee pe3ysbTaTamMu
HCCIIE/IOBAHMI IPYrux yuéHbIX M crenuanuctos [18-25].
Pesynprare! nozacuéra npemioxkeHHoro kpurepus Ppxa s
MHHEPAIbHBIX HAMOJHHUTENEH, UCCIIeIOBAHHBIX B paborax
IIanrunoii H.H., Anpikunoit B.B. [14,15] noka3biBaroT, 4To
NPEUIOKEHHBIA ~ KpUTEPUHA  OLEHKH  IOBEPXHOCTHO-
AKTUBHBIX CBOWMCTB MMHEpAJbHBIX HANOJHHUTENEH o
MOKAa3aTeN0 MPUBEICHHON XeMOCOPOLIOHHON aKTHBHOCTH
(Ppxa) moctaTo4HO KOPPEKTHO U OOBEKTHBHO OTpaXKaeT
MOTEHIHAIBHYIO XEMOCOPOLIHOHHYIO CIIOCOOHOCTh JAHHOTO
BHU/Ia HATIOJTHUTEIS B acaabToOCTOHAX.

4. 3akaodyeHue

TakuM 00pa3oM, MPEIIOKCHHBIH KPUTEPUH OLICHKH
KHCJIOTHO- OCHOBHBIX CBOWCTB MOBEPXHOCTH MUHEPATBHBIX
HaIOJIHUTENEHN 0 MOoKa3aTeno Ppxa nokas3blBaeT BBICOKYHO
CXOIUMOCTh C pe3yidbTaTaMH paHee MPHUBEJICHHBIX
UCCIIEIOBAHUH M MOXET OBbITh MNpPUHAT B OCHOBY

MIPOTHO3UPOBAHHS " PeryIHpOBaHHsI ¢buzuKo-
MEXaHHYECKUX " 9KCIUTYaTal[MOHHBIX CBOWCTB
ac(anbTOOETOHOB.
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Preparation of polymer cement adhesive (PCA) by dry construction mixtures
technology (DCT)

U.J. Turgunbaev®? N.A. Sunnatillaeval®®
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: In the article the properties of polymer cement adhesive obtained by the technology of DCT are
investigated and the methods of testing and technological schemes of obtaining DCT are given, also
rational duration of obtaining dry mixture is established and it is shown that at the content of sand filler
with Sud. 1000 cm2/g - 50%, hyperplasticiser POLIMIXJBI - 1,0% it is possible to obtain PCA with

required cohesive strength.
Keywords:

polymer-cement adhesive, filler, dispersity, cohesion, adhesion, activation, mixer-activator

1. Introduction

The experience of dry mixes application in European
countries unambiguously testifies that ‘wet’ technologies are
a thing of the past. Throughout the ‘civilised world’, repair
and restoration work is now carried out exclusively with dry
mixtures. As for construction works, ‘wet’ mixtures account
for no more than 5%. According to the estimations of
western specialists, the use of dry construction mixtures
increases the efficiency of construction and finishing works
by 150-200%, and if small mechanisation means are used -
by 400-500%. This means that works are carried out 5 times
faster, much more economically and qualitatively.

Dry construction mix is obtained in factory conditions
by grinding in a mill strictly dosed on the recipe components.
The composition of a dry mix includes: binder (cement,
gypsum, lime or their combinations), neutral filler to ensure
optimum volume (most often it is sand) and special
modifying additives that give the mixture the necessary
properties.

Dry construction mixtures are distinguished by three
main features:

1. by the type of binder;

2. by the dispersibility of the filler;

3. by the main purpose.

According to the type of binder, dry mixtures can be
subdivided into:

e cement (cement-containing);

e cementless.

According to the dispersity of the filler, dry mixtures are
subdivided into:

. coarse-grained - with filler size not more than 2.5
mm;

. fine-dispersed (fine-grained) - with filler size not
more than 0.315 mm.

According to the main purpose of dry mixtures are
divided into:

. masonry - for masonry of cellular concrete blocks
of brick, stone;

. assembly - for installation of large panels and
partitions;

. adhesive - for laying facing tiles, for gluing
thermal insulation materials and reinforcing mesh in
lightweight plaster thermal insulation systems;

@=https://orcid.org/0000-0001-5578-6555
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. grout (fugues) - for filling joints between facing
tiles;

. waterproofing - for vertical and horizontal
waterproofing of plinths, basements, foundations,
swimming pools, bathrooms, hydraulic structures;

. protective and finishing plaster - for interior and
exterior decorative finishing of buildings;

. self levelling - for screeding and floor bases;

. putty - for filling sinks and irregularities on
concrete and plaster bases;

. colouring - for interior and exterior finishing of
buildings;

. plastering (levelling) - for levelling walls and
ceilings;

Of those listed above, the most interesting are modified
dry mixtures for adhesive purposes. Such dry mixtures are a
mixture of mineral binders, fillers of strictly fixed dispersity,
dispersive polymer powders and various modifying
additives.

2. Research methodology

Compressive strength. The compressive strength of
cement stone was determined on specimens of 20x20x20
mm and of concrete - 100x100x100 mm. The specimens
were tested on CT-D2000 presses (Fig. 2.10) at 3, 7, 14, 28
days of age after storage in the normal curing chamber CU-
40B.

The compressive strength of an individual specimen is
calculated as the quotient of the failure load divided by the
working area of the specimen. The tensile strength is
calculated as the arithmetic mean of the four and highest test
results of six specimens.

Concrete strength was calculated by the formula:

Rox = a;, (2.3)
where: Rcj - compressive strength of concrete, MPa; P -

breaking force, KN; F - average area of the working section
of the specimen, cm2; a - scale factor equal to 0.95.
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Fig. 2. 10. Hydraulic press CT-D2000

Determination of specific surface. The specific surface
of the binders, as well as the used filler was measured,
according to GOST 310.2.-81, using the device PSX-11A
(Fig. 2.5).

The device PSX-11A is designed for determination of
specific surface area and average particle size of dispersed
materials. The operation of the device is based on the
Kozeny-Karman gas permeability method and consists in
determining the time of passage of a fixed volume of air
through the layer of a sample consisting of non-porous
rounded powder particles. With the help of such devices the
determination of external surfaces of particles without taking
into account intraparticle dead-end pores is made.

The Kozeny-Carman equation has the following form:

_ AP*F*83
So =14 /—QWL et (2.2)

where, SO - surface area per unit volume; AP - pressure
difference on the sides of the sample; 6 - cross section of the
sample; F - porosity coefficient; Q - air flow rate; n - air
i ity; L - height of the sample.

Fig. 2.5. Surface meter of dispersed materials PSX-11A
The tested powdery material is placed up to the cuvette,
then the plunger is installed. A rubber hose is used to connect
the cuvette to the instrument. This hose is used to connect
the inlet connection of the instrument to the cuvette
connection and to start the instrument.
The duration of the passage of a certain volume of air
through a layer of powdery material depends on the value of
its specific surface area, which allows to calculate its value.

All measurements and calculations in PSX-11A are
automated, which eliminates the factor of subjective error.

3. Conclusion

The traditional technology of PCA production is based
on adding water dispersions of polymers or water-soluble
resins to the mixing water of mortar and concrete mixtures
at the place of their preparation [1,2]. Such technology is
relatively complex and does not meet modern requirements
of intensification of construction processes. As already
mentioned, in modern construction the use of dry
construction mixtures (DCT) is expanding, the advantages
of which are proved by the world experience of their use.

Therefore, we have investigated the possibility of using
the technology of DCT to obtain PCA with POLIMIXJBI
additive.

In the previously performed works two methods of
obtaining DCT have been proposed [3,4]:

a) mixing in a compulsory mixer of dried sand (humidity
not more than 0.5%) and other dosed components (binder,
additive) until a homogeneous dry mixture is obtained,
followed by packing in paper or polyethylene bags;

b) grinding in a mill dried sand, cement and a special
additive, dosed strictly according to the composition of the
CCS and packing into bags.

The first method essentially produces a dry mixture of
ordinary mortar without filler, which does not meet the
requirements of resource saving in the production of
construction semi-finished products [3].

The second method is more effective, because the CSS
contains 50% of sand filler and in the process of grinding
there is activation of its components [4].

However, in the second method of obtaining DCT, it is
practically impossible to determine the specific surface area
of the sand component. And, as noted above, in accordance
with the polystructural theory, in composite materials each
type of filler should have its optimal dispersity. In addition,
as shown in [5], the activity of fine mineral binders and
fillers rapidly decreases in contact with air due to the
hygroscopicity of their particles. Therefore, there is a need
for activation of PCA components when mixing it with
water. In this connection, we have proposed a two-stage
activation of the components in the production of PCA. At
the first stage, first, dried and dosed sand is ground in a mill
to a certain dispersity. Cement and POLIMIXJBI are then
loaded into the mill and by mixing them, the DCT is
produced and bagged. In the second stage, the SCC is mixed
with water at the site in a mixer-activator and PCA of
appropriate composition is prepared.

Thus, in the process of research it was necessary to
establish the rational duration of obtaining the CSS
depending on the type of filler and mixing it with water in
the mixer-activator. For this purpose, the experiments were
performed in several stages.

At the first stage, as a result of preliminary experiments,
the content, dispersibility and amount of sand filler for
obtaining DCT and the limits of variation of POLIMIXJBI
dosage were determined.

The sand was ground in a ball mill to a specific surface
area of 1000, 2000 and 3000 cm2/g for 90, 115, 135 min,
respectively.

The PCA was prepared manually by sequential mixing
of dosed water, resin, cement and sand. The W/C was taken
from the calculation of obtaining PCA with a flowability of
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160 mm on a Suttard apparatus. The limits of variation of
POLIMIXJBI and filler content were taken on the basis of
earlier works [5].

Experimental data given in Tables 1, 2 show that for

obtaining PCA it is reasonable to use sand filler with specific
surface area of 1000 cm2/g at the content of 30-50% of
cement mass, POLIMIXJBI in the amount of 0.5-1.5%.

Table 1
Dependence of cohesive strength of PCA on sand filler dispersity
Syx Sand, cm2/g | POLIMIXJBI content, % | Filler content, % RZE, MPa
0 1,0 0 72
1000 1,0 50 41
2000 1,0 50 35
3000 1,0 50 28
Table 2

Dependence of PCA cohesive strength on sand filler content

Syx Sand, cm2/g | POLIMIXJBI content, % | Filler content, % R28 MPa
1000 1,0 30 58
1000 1,0 50 41
1000 1,0 70 34
1000 0,5 50 36
1000 1,5 50 32

At the second stage, the influence of the duration of
preparation and POLIMIXJBI content, on the specific
surface area of DCT and water consumption of PCA during
preparation in a turbulent-type mixer-activator for 30, 60 and
90 s was investigated. The rotational speed of the working
body was 350 rpm. In the preparation of sand-filled PCA,
firstly for. 80 min in a laboratory ball mill sand was ground
to Sud= 800 cm2/g, then cement and POLIMIXJBI were
added and the dry mixture was stirred for another 20, 30 and
40 min. The results of the performed studies are given in
Tables 3-7. At constant cement to filler ratio, the specific

surface area (SUD) of the DCT increased with increasing
duration of production and POLIMIXJBI content. At the
same time POLIMIXJBI fulfilled the role of intensifier of
dry mixture grinding.

In contrast to the above, not only POLIMIXJBI, but also
sand filler has a positive effect on the intensification of DCT
grinding, as evidenced by the data of Table 3. The analysis
of the given data shows that if for 20-40 min of mixing Sd
of DCT with sand filler without additive increased by 26-53,
then with 0.5-1.5% additive - 34-66 and 54-93%.

Table 3
Variation of specific surface area of DCT from duration of production

Composition of DCT, % Specific surface of DCT, m2/kg depending on the product, min
cement sand. fill. POLIMIXJBI | 0 20 30 40
66 33 0 226 285 321 345

05 - 304 352 376

1,0 - 323 378 394

15 - 348 402 436

The consequence of the growth of dispersibility of DCT
with sand filler is an increase in water consumption of PCA,
which is confirmed by the data of Table 4. Comparison of
the given data shows that with increasing dispersity of DCT

and increasing the duration of production there is a natural
increase in water consumption of PCA. At the same time,
with the increase of POLIMIXJBI dosage and, accordingly,
plasticising effect, the water consumption of PCA decreases.

Table 4
Dependence of W/C on the additive content and duration of DCT production

Composition of DCT, % W/C depending on milling time, min
cement sand. fill. POLIMIXJBI | O 20 30 40
66 33 0 0,37 0,39 0,41 0,43

0,5 0,35 0,36 0,375 0,4

1,0 0,33 0,34 0,355 0,375

15 0,3 0,315 0,325 0,345

This is explained by two reasons. Firstly, in the case of
DCT with coarse sand, the Sd of cement probably changes
much more than that of the filler, since its initial Sd was
about 800 cm2/g. In other words, the sand filler acts as an
abrasive. It should also be noted that in this case we used the
device PSX-2, which allows to determine the Sd of dispersed
fillers only taking into account the geometrical shapes of
particles. Secondly, the plasticising effect of POLIMIXJBI

is greater the higher the cement content and dosage of the
additive and the larger the filler particles. Since there is more
than 2 times less sand filler in DCT, the water requirement
of PCA is lower.

Experiments have shown that at constant filler content in
SCC, at activation of water suspension, cohesive strength of
PCA in the hardened form changes extremely with mah
index at duration of mixing of the mixture 60 s. (Table 5).
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Table 5

Dependence of PCA cohesive strength on the duration of mixing DCT with water

Stirring time, min Content, %
sand filler POLIMIXJBI | RZ%, MPa
30 50 1,0 47
60 50 1,0 52
90 50 1,0 49

The highest indicators of cohesive strength of PCA are
achieved at duration of DCT production 30 and 40 min,
content of POLIMIXJBI additive 1.0% (tab. 6). The analysis
of the data of Tables 5 - 7 also shows that for obtaining PCA
the content of sand filler is 50%.

Taking into account the performed researches the
technological schemes for obtaining SCC have been
proposed (Fig. 1).

Table 7

Table 6 Dependence of PCA cohesive strength on the content of
Dependence of cohesive strength of PCA on the POLIMIXJBI resin
duration of DCT production Content, % R28 MPa
Sya. Sand, | POLIMIXIBI | Filler Rﬁfc, POLIMIXJBI | sand filler
cm2/g content, % content, % MPa
20 10 50 45 3 50 42
30 1,0 50 52 5 50 52
40 1,0 50 54 7 50 48
Cement POLIMIXIBI
Sand drying
Dispensers components
¥ ¥
Cement POLIMIXIBI
Receipt DCT

Stocking of DCT

Fig. 1. Technological scheme of production of sand-filled DCT
Storage bunkers

Thus, the conducted researches have shown the
possibility of obtaining PCA with the use of water-soluble
POLIMIXJBI according to the DCT technology.

4. Conclusion

1. Two-stage technology of PCA production was
substantiated. At the first stage the technology of dry

activation of PCA components is proposed, and the second
stage - activation of aqueous suspension of PCA in a high-
speed turbulent-type mixer.

2. Rational durations of dry mixture preparation (30 min)
and high-speed mixture preparation (60 s.) are established.

3. It is shown that at the content of sand filler with Sud.
1000 cm2/g - 50%, POLIMIXJBI - 1.0% it is possible to
obtain PCA with the required cohesive strength.
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High quality composite concrete binders with improved performance

S.1. Abdieval, U.Kh. Abdullaev'®?
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: The article analyzes the role of composite binders in improving the operational characteristics of high-
quality concrete. It highlights the impact of materials such as fly ash, slags, and polymers on the quality,
strength, and durability of concrete. The potential for improving concrete quality through the application
of these technologies in Uzbekistan's construction industry is also discussed.

high-quality concrete, composite binders, operational characteristics, fly ash, slags, polymers, concrete
strength, durability, construction industry, innovative technologies, concrete compositions, Uzbekistan
construction industry
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Ekspluatatsion ko‘rsatkichlari yaxshilangan yuqori sifatli betonlarning
kompozit bog‘lovchilari

Abdiyeva S.1.1, Abdullaev U.X 2@
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Magqola yuqori sifatli betonlarning ekspluatatsion ko‘rsatkichlarini yaxshilashda kompozit
bog‘lovchilarning rolini tahlil giladi. Unda kul uchqundisi, shlaklar va polimerlar kabi materiallarning
betonning sifatiga, mustahkamlik va chidamliligiga ta’siri ko ‘rsatilgan. Shuningdek, O‘zbekistondagi
qurilish sanoatida ushbu texnologiyalarning qo‘llanilishi orqali beton sifatining oshishi mumkinligi

muhokama gilinadi.

Kalit so‘zlar: Yugori sifatli beton, kompozit bog‘lovchilar, ekspluatatsion ko‘rsatkichlar, kul uchqundisi, shlaklar,
polimerlar, betonning mustahkamligi, chidamliligi, qurilish sanoati, innovatsion texnologiyalar, beton
kompozitsiyalari, O‘zbekiston qurilish sanoati

1. Kirish Sement sistemalarida material va energiya sarfini

O‘zbekiston mustaqillikka erishganidan so‘ng, qurilish
sohasida katta o‘zgarishlar ro‘y berdi. Mamlakatimizning
iqtisodiy rivojlanishida qurilish sanoati o‘zining muhim
o‘rnini egallab, yangi davrga gadam qo‘ydi. Mustaqillik
yillarida amalga oshirilgan islohotlar va yangi siyosatlarning
samarasida, qurilish sohasida sifatli o‘zgarishlar, yangi
texnologiyalarni joriy etish, arxitektura va infratuzilma
sohalarida katta yutuqlarga erishildi. Mustaqillikdan so‘ng
qurilish sohasidagi modernizatsiya jarayoni boshlandi.
Dastlabki yillarda, mamlakatimizda yangi sanoat ob'ektlari,
turar-joylar, infratuzilma va yo‘l qurilishi loyihalari amalga
oshirila boshlandi.

Yangi shaharsozlik va uy-joy qurilishi sohasidagi
o‘zgarishlar butun O‘zbekiston bo‘ylab sezilarli bo‘ldi.
Shaharlar va gishloglarda yangi turar-joy massivlari, yirik
infratuzilma ob'ektlari qurilishi bilan birga, zamonaviy va
ekologik toza qurilish materiallari ishlab chigarish ham jadal
rivojlana  boshladi.  Mustaqillik  vyillarida  qurilish
texnologiyalari va materiallari sohasida innovatsion
yangiliklar joriy etildi. Yangi texnologiyalar, aynigsa, beton,
temir-beton va polimer materiallar ishlab chigarishga
alohida e'tibor qaratildi. Beton sanoatida kompozit
materiallar, polimerlar, nanomateriallar va boshga
innovatsion  qo‘shimchalar ~ yordamida  betonning
mustahkamligi, korroziyaga chidamliligi va ekologik
xavfsizligi yaxshilandi. Bu o‘zgarishlar qurilishning sifatini
oshirishi  bilan birga, iqgtisodiy samaradorlikni ham
ta'minlashda katta ahamiyat kasb etdi.

al% https://orcid.org/0000-0002-1289-879X

kamaytirish, shuningdek ularning xossalarini yaxshilash
muammosida  mineral  modifikatorlar  bilan  beton
strukturasini  modifikatsiyalash  sohasidagi tadqiqotlar
muhim ahamiyatga ega.

Jahon bo‘yicha qurilish sohasida ko‘p qo‘llaniladigan
materiallardan biri bu betondir, ma'lumki oddiy beton tarkibi
kimyoviy biriktiruvchi (sement, gips) modda , suv
(briktiruvchi modda bilan kimyoviy reaksiya hosil giladi),
mayda to‘ldiruvchi (qum) va yirik to‘ldiruvchi (tosh) lardan
iborat. Beton - bu qurilishda eng ko‘p qo‘llaniladigan
materiallardan  biri bo‘lib, uning sifatini yaxshilash
qurilishning  mustahkamligini  va uzoq  muddatli
ekspluatatsiyasini ta’minlaydi. Beton materiallari yuqori
sifatli bo‘lishi kerak, chunki ular turli xil tabiiy sharoitlarga,
sovuqqa, issiqlikka, suvga, kimyoviy ta’sirlarga va boshqa
omillarga bardosh berishi kerak. Beton - bu qurilishda eng
ko‘p qo‘llaniladigan materiallardan biri bo‘lib, uning sifatini
yaxshilash qurilishning mustahkamligini va uzoq muddatli
ekspluatatsiyasini ta’minlaydi.

Adabiyotlar tahlili. Beton materiallari yuqori sifatli
bo‘lishi kerak, chunki ular turli xil tabiiy sharoitlarga,
sovuqqa, issiqlikka, suvga, kimyoviy ta’sirlarga va boshqa
omillarga bardosh berishi kerak. Beton materiallarining
asosiy ekspluatatsion ko‘rsatkichlari — mustahkamlik,
elastiklik, korroziyaga chidamlilik, issiglikka va sovuqga
garshilik kabi xususiyatlar betonning uzoq muddatli
ishlashiga ta’sir qiladi. Korroziya, namlik, yuqori va past
haroratlar, kimyoviy moddalarga ta’sir gilish va mexanik
yuklar betonning samaradorligini kamaytiradi. Shu sababli,
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betonning sifatini  yaxshilash, uning ekspluatatsion
xususiyatlarini optimallashtirish bugungi kunda juda muhim
masala bo‘lib qolmoqda.  Betonning sifatini yaxshilash
uchun kompozit bog‘lovchilarni qo‘llash o‘ziga xos
yechimlardan biridir. Kompozit bog‘lovchilar — bu
betonning tarkibiga qo‘shiladigan modifikatorlar bo‘lib, ular
betonning  mustahkamligini, plastiklikni va boshga
xususiyatlarini yaxshilaydi.

Misol uchun, polimerlar, nanomateriallar,
bioasoslangan modifikatorlar va boshga yangi materiallar
yordamida  betonning  mustahkamligi va  boshga
ekspluatatsion xususiyatlari optimallashtirilishi mumkin.
Beton ishlab chigarish texnologiyalari, aynigsa, kompozit
materiallar yordamida yangilanmogda. Nanotexnologiyalar,
yugori texnologik modifikatorlar va boshga innovatsion
usullar betonga qo‘shilishi mumkin. Bu, nafagat betonning
sifatini, balki uning iqgtisodiy samaradorligini ham oshiradi.
Betonni ishlab chiqish va qo‘llash jarayonida texnologik
sarflarni  kamaytirish va resurslarni  tejash  muhim
ahamiyatga ega. Agar kompozit bog‘lovchilar yordamida
betonning sifatini yaxshilash mumkin bo‘lsa, bu nafaqat
materiallar sifatini, balki ishlab chigarish samaradorligini
ham oshiradi.

Betonning sifatini yaxshilash uchun ilmiy izlanishlar va
yangi texnologiyalarni ishlab chigish nafagat ilmiy sohada,
balki amaliy qurilishda ham katta ahamiyatga ega. Beton
sinovlari, laboratoriya ishlari va yangi formulalar yordamida
betonning ekspluatatsion ko‘rsatkichlari yaxshilanishi
mumkin.  Mavzuning dolzarbligi yugori, chunki betonning
yugqori sifatini ta’minlash qurilish sanoatida barqarorlikni,
xavfsizlikni va igtisodiy samaradorlikni oshiradi. Shu bilan
birga, yangi texnologiyalar va kompozit bog‘lovchilar
yordamida  betonning  ekspluatatsion  xususiyatlarini
yaxshilash bugungi kunning dolzarb masalalaridan biridir.

Beton — qurilish materiallari orasida eng keng targalgan
va muhim komponentlardan biri hisoblanadi. Betonning
sifatini yaxshilash, uning ekspluatatsion ko ‘rsatkichlarini
oshirish va resurslardan samarali foydalanish doimo ilmiy-
tadqiqotlar va amaliyotda muhim masalalardan biri bo‘lib
kelmoqda. Bugungi kunda betonning sifatini oshirish uchun
turli kompozit materiallardan foydalanish keng yoyilmoqda.
Ushbu magolada kul uchqundisi bilan betonning kompozit
bog‘lovchilari  sifatini  oshirish va  ekspluatatsion
ko‘rsatkichlarini yaxshilash yoritiladi. Tajribaning asosiy
magsadi  kul uchqundisidan  foydalanib, betonning
ekspluatatsion  xususiyatlarini  yaxshilash va uning
mustahkamligini oshirishdir. Kul uchqundisi, asosan, termal
energiya ishlab chigarish jarayonlarida hosil bo‘lgan
chigindilar bo‘lib, betonning kompozit bog‘lovchilari
sifatida qo‘shilsa, uning sifatini sezilarli darajada
yaxshilashi mumkin. Bu esa nafagat betonning
mustahkamligini,  balki  ekologik  jihatdan  toza
materiallarning ishlab chiqarilishini ta'minlaydi.

Kul uchqundisi — bu termal elektr stansiyalarida
yoqilg‘ilarni, asosan, ko‘mirni yogqish jarayonida hosil
bo‘lgan chiqindi material. U ko‘mirni yoqish orqali ishlab
chiqarilgan gazlar va changlardan tozalangan qoldiq bo‘lib,
o‘zining fizik va kimyoviy xususiyatlari tufayli qurilish
materiallarida, aynigsa beton ishlab chigarishda keng
go‘llaniladi. Kul uchqundisi ko‘plab sanoat sohalarida
foydalanish imkoniyatlari yaratadigan resurs sifatida e'tirof
etiladi. Kul uchqundisi betonning mustahkamligini oshiradi.
Uning kimyoviy tarkibi beton aralashmasida tsementni
almashtirish uchun ishlatiladi va betonning suyuglikni
o‘ziga singdirishini kamaytiradi. Bu uning uzoq muddatli
ishlashiga yordam beradi. Kul uchqundisi betonda

bog‘lovchi sifatida ishlatilganda, betonning siqilish kuchi,
elastikligi  va chidamliligi  yaxshilanadi. Betonning
mustahkamligi kul uchqundisi miqdoriga qarab o‘zgaradi,
va ma'lum miqdorda qo‘shilganda, beton yanada kuchli va
bardoshli bo‘ladi. Kul uchqundisi betonda bog‘lovchi
sifatida ishlatilganda, betonning sigilish kuchi, elastikligi va
chidamliligi yaxshilanadi. Betonning mustahkamligi kul
uchqundisi miqdoriga qarab o‘zgaradi, va ma'lum miqdorda
go‘shilganda, beton yanada kuchli va bardoshli bo‘ladi. Kul
uchqundisi arzon material bo‘lib, beton ishlab chiqarishda
qo‘llanilishi ishlab chiqarish xarajatlarini kamaytiradi. Shu
bilan birga, kul uchqundisi betonning sifatini oshiradi, bu esa
uzoq muddatli foydalanishda qo‘shimcha xarajatlarni
kamaytiradi. "Angren TPP' (Angren Termal Elektr
Stansiyasi) — Angren shahri yaginida joylashgan bu stansiya
ham kul uchqundisi ishlab chigaradi. Kul uchqundisi
mahalliy qurilish materiallari uchun ishlatilishi mumkin.

I

1-rasm. Pussolan xususiyatiga ega bo‘lgan
qo‘shimchalarning (kul uchqindisi) kontakt zonasiga
ta’siri; a-qo‘shimchasiz, b-pussolan qo‘shimchali tarkib

Beton ishlab chiqarishda kompozit bog‘lovchilar,
odatda, tsementning o‘rnini bosadigan yoki uning
xususiyatlarini yaxshilaydigan moddalar sifatida ishlatiladi.
Kompozit bog‘lovchilar betonda mustahkamlik, elastiklik,
issiglikka qarshilik, suvga chidamlilik va boshga fizik
xususiyatlarni yaxshilashda yordam beradi. Quyida sement
kompozitlarida  eng  ko‘p  qo‘llaniladigan  faol
mikroto‘ldirgichlar sharhi keltirilgan.

Shlaklar (Slag): Shlaklar — bu po‘lat ishlab chiqarish
jarayonida hosil bo‘ladigan chiqindi materiallar bo‘lib, ular
betonning mustahkamligini oshirishda ishlatiladi. Shlaklar,
aynigsa, portland tsementga nisbatan yuqori chidamlilik va
issiqlik qarshiligiga ega bo‘lib, betonning uzoq muddatli
ishlashini ta'minlaydi.

Silikatlar: Silikatlar, masalan, metallarni gayta
ishlashdan olingan chigindilar, betonning mustahkamligini
oshiruvchi komponent sifatida qo‘llaniladi. Ular betonning
kimyoviy tarkibiga kirib, uni mustahkamlashga yordam
beradi va zararlanishlarni oldini oladi.

Polimerlar: Polimerlar, aynigsa, polipropilen yoki
polietilen kabi materiallar, betonning elastikligini oshirishda
ishlatiladi. Ular betonning yuqori chidamliligini va mexanik
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xususiyatlarini  yaxshilaydi,  shuningdek, betonning
korroziyaga qarshilik ko‘rsatishini kuchaytiradi.

Po‘lat Va Temir Oksidli Materiallar: Po‘lat va temir
oksidi asosidagi kompozit bog‘lovchilar betonning mexanik
kuchini oshirishda qo‘llaniladi. Po‘lat tolalari yoki temir
oksidi qo‘shilishi betonning chidamliligini oshiradi va uni
mexanik bosimlarga garshi mustahkamlashga yordam
beradi.

Polimer-Mineral Kompozitlar: Polimer va mineral
materiallarning kombinatsiyasi betonning elastikligi va uzoq
muddatli ishlashini yaxshilashga yordam beradi. Polimerlar
betonga plastiklik va elastiklik qo‘shadi, mineral
komponentlar esa  betonning  mustahkamligini  va
chidamliligini oshiradi.

Kompozit bog‘lovchilar beton sanoatida betonda
mustahkamlik, chidamlilik va uzogq muddatli ishlashni
yaxshilash uchun muhim vositadir. Ularning foydalanilishi
beton ishlab chiqgarish jarayonida samarali, iqgtisodiy va
ekologik jihatdan foydalidir. Kul uchqundisi, shlaklar,
polimerlar va boshga kompozit materiallar betonning sifatini
yaxshilashda va qurilish materiallarini samarali ishlatishda
yordam beradi. Kompozit bog‘lovchilarni ishlatish nafagat
betonning fizika-mexanik xususiyatlarini oshiradi, balki
atrof-muhitga zarar keltirishni kamaytiradi, bu esa bargaror
qurilish rivojlanishini ta'minlaydi.

Sement sistemalarida material va energiya sarfini
kamaytirish, shuningdek ularning xossalarini yaxshilash
muammosida mineral  modifikatorlar  bilan  beton
strukturasini - modifikatsiyalash sohasidagi tadqiqotlar
muhim ahamiyatga ega.

O‘zbekiston Respublikasida turli yillarda ko‘p
komponentli yuqgori sifatli betonlar kompozitsiyalaridan
foydalanish borasida A.l. Odilxo‘jayev, A.A. To‘laganov,
E.U. Qosimov, M.K. Taxirov, N.A. Samigov, B.B. Xasanov,
V.M. Soy, I.M. Maxamataliyev kabi yetuk olimlar ilmiy
izlanishlar olib borgan.

2. Tadgiqot metodikasi

Portlandsement. Tadgiqotlarda og‘ir beton tayyorlash
uchun "Ohangaronsement" zavodining CEMI 32.5N markali
portlandsementidan foydalanish reja gilingan.
Portlandsementning fizik-mexanik ko‘rsatkichlari
1 va 2-jadvallarda keltirilgan.
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Portlandsement Klinkerining kimyoviy va mineral
tarkibi 3 va 4-jadvallarda keltirilgan.
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Zamonaviy  qurilish  sanoatida  betonning
ekspluatatsion ko‘rsatkichlarini yaxshilash va yuqori sifatli
betonlarni kompozit bog‘lovchilar bilan ta'minlash qurilish
materiallarining  samaradorligini  va uzog muddatli
chidamliligini  sezilarli darajada oshiradi. Betonning
kompozit bog‘lovchilari uning fizik-mexanik xususiyatlarini
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yaxshilashga, shu bilan birga qurilishning ishonchliligini va
xavfsizligini ta'minlashga yordam beradi. O‘zbekistonning
zamonaviy qurilish sanoatida yangi materiallar va
innovatsion yechimlar yordamida betonni takomillashtirish
orqali ekspluatatsion ko‘rsatkichlarni yaxshilash mumkin.
Ushbu texnologiyalarning keng qo‘llanilishi betonning
sifatini oshirishi va ishlab chigarish jarayonida yangi
yondashuvlarni  joriy  etishi ~ orgali  qurilishning
samaradorligini ta'minlaydi. Magolada betonning kompozit
bog‘lovchilarini qo‘llash, uning sifatini yaxshilash va
ekspluatatsion ko‘rsatkichlarni oshirish uchun amalga
oshirilgan o‘zgarishlar qurilishda yuqori natijalarga
erishishga yordam berishini ko‘rsatish mumkin.

3. Xulosa
Sement  kompozit  materiallari  strukturasining
shakllanishi, ishlab chigarish texnologiyasini

optimallashtirish ularni ogilona qo‘llash yo‘nalishlariga oid
ilmiy-texnik adabiyotlarga sharh keltirilgan bo‘lib, tahlildan
quyidagilarni alohida ajratib ko‘rsatish zarur. Beton
gorishmalari va betonning sifatini oshirish uchun, ular
tarkibiga bog‘lovchi granulometriyasiga yaqin mayda
dispers mineral qo‘shimchalarni kiritish lozim. Bu turdagi
qo‘shimchalarni qo‘llashning eng yuqori samarasiga
dispersiyasi bog‘lovchining maydaligiga yaqin bo‘lgan turli
tabiatli ~ "kvars+karbonat"  kombinatsiyasi  asosidagi
mikroto‘ldirgichlardan foydalanish orqali erishish mumkin.

Zamonaviy materialshunoslik sohasining yetuk olimlari
ekologik, igtisodiy va resurstejamkorlik nugtai nazaridan
kelib chigib, sement tizmilarida kremniy tarkibli sanoat
chigindilaridan foydalanish bir necha dolzarb muammolarni
hal qilishini e’tirof gilishgan. Yuqori faollikga ega bo‘lgan
kul uchqgindisining sement strukturasiga ma’lum noxush
ta’sirini inobatga olib, karbonat tarkibli minerallar bilan
birga qo‘llash lozim hisoblanadi.

Kul uchqgindisi va ohaktosh kukuni asosidagi binar
qo‘shimchali kompozit portlandsementi strukturasining
shakllanish va gidratatsiya jarayonlarining o‘ziga xosligi
hagida keltirilgan munozarali fikrlarni inobatga olib, ushbu
tadqiqotlarni o‘tkazish dolzarb bo‘lib golmoqda.

Qotish davrida "kvars+karbonat" sistemasidagi binar
go‘shimcha sement bog‘lovchisining g‘ovaklilik strukturasi,

kirishish  deformatsiyasi, mustahkamligi va boshga
ko‘rsatkichlariga ta’siri yetarlicha tadqiq etilmagan.

Foydalanilgan
References

adabiyotlar  /

[1] M. K. Tlmemb6aes [u mp.]. TlopoBas cTpykTypa
nopoxHoro 6eroHa // Hayka u texauka. 2016. T. 15, Ne 4.
C. 298-307.

[2] AWM. Amwixomkae, .M. Maxamaranues, B.M.
otit, U.A. Kampipos. CoBpeMeHHBIE METOIBI MCCIIEIOBAHUS
HOPOBOM CTPYKTYPBI CTPOUTEIILHBIX MAaTepHAIOB. YueOHO-
MeTomaeckoe nocodue. TamMWUT, T.: 2019, 96 ctp.

[3] Adilhodzhaev A. 1., Kadyrov I. A., Umarov K. S.
Research of porosity of a cement stone with a zeolite
containing filler and a superplasticstificator //Journal of
Tashkent Institute of Railway Engineers. — 2020. — T. 16. —
Ne. 3.-C. 15-22.

[4] Adilkhodzhaev A. I., Kadirov I. A, Abdullaev U.
K. SOME ISSUES OF MOISTURE TRANSFER IN
CONCRETE. — 2021.

[5] Camoynnorustiommiics 6eToH — myTh B Gyaytuee /
. llyrrep / CPl. MexayHap. 6etoH. mp-Bo. —2013. — Ne 3.
— C. 40-45.

[6] Knaccupukamus pasMepHOCTEH HaHOCTPYKTYp H
CBOMCTBa KOMNO3UIIMOHHBIX MarepuaioB / I1. I'. Komoxos
[u np.] // Academia. Apxurekrypa u ctpBo. — 2008. — Ne 4.
—C. 90-93.

Mualliflar to‘g‘risida ma’lumot /
Information about authors

Abdiyeva Toshkent davlat transport universiteti
Sitora E-mail: abdiyevasitora58@gmail.com
Isomiddin Tel.: +998933553043
gizi
Abdullaev Toshkent davlat transport universiteti
Ulug‘bek E-mail: 1658781azizbek@gmail.com
Xakimovich  Tel.: +998977284909
https://orcid.org/0000-0002-1289-
879X

ENGINEER


mailto:abdiyevasitora58@gmail.com
mailto:1658781azizbek@gmail.com
https://orcid.org/0000-0002-1289-879X
https://orcid.org/0000-0002-1289-879X

Study of the influence of the specific surface of river aggregate on the
structure formation of non-autoclaved aerated concrete

D.F. Abdullayeval®?, Sh.M. Sabirova®®
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The article presents the results of a study on the study of the optimal quantity and specific surface area
of river sand from the Kuilyuk quarry. It has been established that adding river sand with a specific
surface area of 2400 g/cm2 to non-autoclaved aerated concrete increases the physical, mechanical and
operational properties of the test samples.

Keywords: non-autoclaved aerated concrete, specific surface area, strength, water-solid ratio, multicomponent
binders, hydraulic activity

HccaenoBanne BJIUSIHUS y/1eJbHOM MOBEPXHOCTH PEYHOI0 MeCKa HA
CTPYKTYPOOOpa3oBaHHUE HEABTOKJIABHOIO ra300eToHa

A6aynnaesa JI.®.102 Caéuposa III.M.15P

TamkenTckuit rocy1apCTBEHHBIN TPAHCIIOPTHBIA YHUBEPCHUTET, TalkeHT, Y306eKucTan

AHHOTaLWA: B crarbe npuBeeHs! pe3ysbTaThl HCCIEAOBAaHUSA 110 U3YUYEHHIO ONTHMAaIbHOIO KOJIMUYECTBA U yIeIbHON
MOBEPXHOCTH peuHoro mecka KyHIoKcKoro kapeepa. YCTaHOBIEHO 4YTO BEJIEHHE B COCTaB
HEaBTOKJIABHOTO ra300€TOHA PeYHOro MecKa C yIeNIbHOM moBepXHOCThI0 2400 rp/cM2 moBkIIIaeT GU3HKO
MeXaHWYECKHe U IKCIUTyaTallMOHHbIe CBOWCTBA HCIIBITYEMBIX 00pa3IoB.

KnroueBrle cnoBa: HEaBTOKJIABHBII Ta300€TOH, YyJAeNbHas MOBEPXHOCTb, IPOYHOCTb, BOJOTBEPJOE OTHOIICHHE,
MHOTOKOMITIOHEHTHBIE BSDKYILUE, THAPABIMYECKas aKTUBHOCTh

1. BBeanenue

HaubGonee  pacmpocTpaHeHHBI  KPEMHE3EMHCTHIH
KOMIIOHGHT  SIBIICTCS  KBAapLEBBIH  MECOK,  OJHAKO
u3-32 OTCYTCTBHS TaKkoro ObLJIO NPHHATO pELICHHE
HCHONb30BaTh pe4yHoil mnecok Kyiimokckoro kapbepa.
Huskoe cozxepxaHue IMOKCHAA KPEMHHS, M KpynHas
(bpakuys Bce 3TH NOKa3aTeNd B 3HAYUTENILHOH CTENCHU
CHIDKAIOT TIPOYHOCTHBIE I[OKA3aTeNy, IPOEKTUPYEMOro
HEaBTOKJIABHOTO ra3o0eToHa. [ yBennyeHus: akTHBHOCTU
U COJEPIKaHUs AMOKCHIA KPEMHHUS ObLIO IPUHATO PELCHNE
0 JaJbpHEHIIEM H3MENbUYEHUH B IIAPOBOI MeNbHHUIE 10
ONTHUMAJILHOH ylIeIbHON MOBEPXHOCTH. [1]

2. MeTo10/10TrMsl HCCJICI0BAHUSA

Ipouecc momMona OCYHIECTBISIIM CYyXHM CIIOCOOOM, Puc. 1. Ilpouecc cymku peuHoro necka Kyiiarokckoro
MPEBAPUTEIILHO BBICYIIHB TIECOK B CYIIMIBHOW Kamepe. Kapbepa
Puc 1. (cymka necka). BeicynuB o mocrosHHOi Maccel, necok Kyintokckoro

Kapbepa H3MeNbYalldi B IIAPOBOM MENbHUIIC,HA BCEM
MIPOMEXKYTKE M3MEIbUCHUsI Opaiik MPOObI ISl OTPEeICHHs
YIENbHOH TOBEPXHOCTH, B pe3yJbTare dYero YAAloCh
MOJIY4UTh CICAYIOUIME yeTIbHbIE MOBEPXHOCTH MOJIOTOTO
necka: 1200; 2400; 3700 rp/cm2. [3.4]

@ https://orcid.org/0009-0005-3398-8443
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Puc. 2. Ilpouecc u3Mesib4eHUS] PEYHOIO MECKa

Jns onpeJesieHye ONTHMAJIbHON YAEIBbHOM
MIOBEPXHOCTU ObLH pa3paboTaHbI CIIeTyroIue
COCTaBbI,PEe3yJIbTAThI, KOTOPBIX MPEJCTaBICHHBIE B Ta0M. 1.
B xauectBe pesynmsrupyromero (akropa Obla NpHUHATA
MPOYHOCTh HEAaBTOKJIABHOIrO razoberoHa. 1o mosydeHHbIM
JIAaHHBIM OblTa TOCTpoeHa rpaduyeckas 3aBHCHMOCTb,
aHaJIN3 KOTOPOHM MOKa3aJ, HAauOOJbIIYI0 MPOYHOCTb HpU
CKaTUM TIONYYHIIU TIPH MCTIOJIBb30BAaHUHM TIECKa C yJeIbHON
noepxuoctu 2400 rp/cm?.

N poo
Puc. 3. Ilpouecc onpenesieHust yaeJabHOH
noBepxHocTH Ha [1CX-11

AHanM3 TONYYeHHBIX TpadUUecKMX 3aBHCHMOCTEH,
TOKa3aJl TIOJIOXKUTENEHOE BIIMSIHAE YBEJIMUCHUE YETBHOM
MOBEPXHOCTH TMeECKa HA IPOYHOCTH HEABTOKJIABHOTO
ra3o0eToHa, 3TO CBA3aHO C TEeM, YTO IPH YBEIHYCHUH
YIENBHOH  TOBEPXHOCTH  YBEIMUMBACTCS  KOJIMYECTBO
AKTHUBHBIX LEHTPOB. [6.7]

Tabnuna 1
Onpeaesenue oNTUMAJILHOM Y/eJbHON MOBEPXHOCTH necka KyiiIokckoro kapbepa
& S < S g <
T N < ~ T o (@) T
ol ;}4 > = = o\» N (@) %
2120|222 || = |Ela |3 |2 8 |&
e | x| 2| < | £ |2 |¢®
" 7 7 A
1 1080 | 816 980,5 1 0.454 2,0
125 150 1 1 1
2 1080 816 1100,5 1 0.509 2,3
const | const const | const | const
3 1080 816 1165 1 0.539 1,8

Bropeim 3¢¢exkroM BIUSHHUS W3MEHEHUS YACIbHOM
Ry MIOBEPXHOCTHU IMOBBILIEHUE BOJIOTBEPAOTOOTHOLIEHHE, STUM
MOXHO  OOBSCHUTH  CHWKGHME  NPOYHOCTH  Ha
MIPEACTaBICHHOM rpaduKe.

310 MOATBEPXKAACTCS HCCIIeIOBAHUAMUI
MHKPOCTPYKTYPBI KOMITO3ULIUOHHOTO BSDKYILIETO
Ppe3yJIbTaThl KOTOPOTO MPHMBEJICHBI HIXKE.

W3yuenne MHKPOCTPYKTYPBI HEaBTOKJIABHOT'O
razo0eToHa ¢ KPEeMHHUICOIEPKAIIUMU MHHEPATbHBIMHU
HANOJHUTESIMU ~ sBJsIeTCs  Hauboyiee IEPCIeKTHBHOI,
KOTOpBIE [0 MHEHHUIO aBTOPOB [5] MPOSIBISIOT HAUMOOIIBIIYIO
THAPABINYECKYI0 aKTHBHOCTb. Jas U3YyUEeHUS
NPOLECCOB  I'MAPATAlMM  HAINOJHEHHOTO  L[EMEHTHOrO
BSDKYILETO ObUIM BBITIOJHEHB! MCCIIEAOBAHUS IOBEPXHOCTH
H3JI0OMa Marepuaga C IIOMOIIBIO PacTPOBOTO HOHHO-

o e o 3J1EKTPOHHOTO MHUKPOCKOTIA.

o o MukpodoTorpadun MMOBEPXHOCTH n3IoMa
- 6€3100aBOYHOTO [IEMEHTHOT'O KaMHsI TIPEACTABICHBI Ha PHC.
I 5. Kak BumHo w3 puc. 5, 6e3m00aBOYHBIA IIEMEHTHBII
KamMeHb ~ COCTOMT W3  TMJPOCHIMKATOB  KajbIu,
Puc. 4. Bjiusinue NpoYHOCTH HEABTOKJIABHOTO CYIbhOrHIPOATIOMHHATOB M THAPOCHIHKATOB Kabis. B
ra3o0eToHa OT yJe/bHOli IOBePXHOCTH MecKa TOpax MpHCYTCTBYIOT HOBOOOPA30BAHMS, HO  TMOJHOTO

KyiiIioKCKOro Kapbepa, H3Me/IbYeHHOI0 B IapoBoii 3apaCTaHus MOp He HAOTIO/IAeTes.

MeJIbHULIE
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Puc. 5. MuxpodoTorpaduu noBepxHocTH U3jioMa 0e3100aBOYHOr0 eMEHTHOTO KaMHS$l, MO.JTy4YeHHbIe

- et [S—r— S 0 -
Lo | LR L e e tew

B Bo3pacre 28 cyTok

T R e B A7 A
’ 1 e s -t - Tow e

Puc. 6. Muxpodororpadguu noBepxXHOCTH M3J10Ma EMEHTHOI'0 KAMHS € 30J10 yHoOca+ cIl, IO/ Ty4YeHHbIe

.- - ——- - —

- - —— - e

B BO3pacTe 28 CyTOK

- s - - —
- - - -

Puc. 7. Muxkpodotorpaduu noBepxHocTa usjioma komnozuuuonnoro (MK+3osaa ynoca+CII)
LeMEHTHOT0 KaMH$l, NOJIy4eHHbIe B Bo3pacTe 28 cyToK

Ha puc. 6-7 mnokasaHo, uyro B  oOpa3max
KOMIIO3UIIMOHHOTO BsDKYILEro B Bo3pacte 28 CyT. ¢
no6askoii MK HaOitozaercsi NMOBBILIEHHAs OJXHOPOIHOCTD
MOHOJIMTa C SIPKO BBIPQKEHHOW [HCIEpCHO# (a3oil.
Crnenytonas 0COOEHHOCTb - BBICOKas! ILIOTHOCTD CTPYKTYPBI
LIEMEHTHOT'O KaMH$1 C OTCYTCTBHUEM BHIUMBIX 1€(EKTOB.

Ipu CTPYKTYPOOOpa30BaHUK pOCMaTpUBACTCS
BO3PACTaOIAs CHOCOOHOCTh K YIUIOTHSIOIIMM CBOMCTBaM
TOHKOJMCIIEPCHOr0 KpemHe3dema. Ha puc. 6-7 mo 30He
KOHTaKTa YETKO MpPOSBIIIOTCA KaeMKH, cocTosiue u3 da3
HOBOOOpa3oBaHuii. [lopoBast CTpyKTypa LIEMEHTHOTO KaMHs
¢ peobiaiaHueM MUKPOTIOP.

3. 3akiarouenue

Baenenne KOMIIJIEKCHOM 00aBKKA 30714
yHoca+tMK+Ilonummact ~ GeccriopHO ~ BHOCHT — CBOIO

OCOOEHHOCT, B NPOLECC  CTPYKTYpoOoOpa3oBaHMS
LIEMEHTHOT'O KaMH.

Hcxons W3 BBILIENEPEUMCICHHBIX  OCOOEHHOCTEH
CTPYKTYpooOpa3oBaHusi Onaromaps MEXaHU3MY ICHUCTBHUS
J00aBKU MOJMIUIACT B KOMIUIeKce ¢ no6aBkoit MK+ 3o0ma
YHOCa TMOBBIIIAETCS NMPOYHOCTH LIEMEHTHOTO KaMHs 3a CYeT
MyLLO0JAHOBO-aKTUBHOTO  BO3JCHCTBHA  TBEpACIOIICH
CHCTEMBI.

Jns mnomywuenuss wapku 1600  HeaBTOKIaBHOTO
razobeToHa c TIOBBILICHHBIMU MPOYHOCTHBIMH
XapaKTEePUCTHKAMU HE00X0AUMO UCIOJIb30BaTh
KPEMHE3EMUCTHI KOMIIOHEHT C YACIbHON MOBEPXHOCTHIO
2400 rp/cM2. YcCTaHOBIEHO, YTO MONy4YEHHAs YAENIbHas
TMOBEPXHOCTh  JIOCTUTaercsi B TEYCHHH 25 MHUHYT
U3MENbUCHUsT B IIAPOBOM  MeNbHUIlE, JalbHeiInee
yBeJInYEeHHE yIeIbHOM MIOBEPXHOCTH CHIDKAeT
MPOYHOCTHBIE XapaKTEePUCTUKH 3a CYET YBEJIWYCHHS
BOJJOTBEP/IOTO OTHOIICHHUSI.
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Methodological basis for the use of additives for the production of complex
modified cement binders

V.M. Soy'®? D.F. Abdullayeval®P, G.S. Nuriddinova®
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The results of theoretical and experimental research on the development of a scientifically based
methodology for prescribing plasticizing chemical additives and mineral fillers in the selection of
compositions of complex modified concrete (CMC) at the stage of their design are presented. A
classification of plasticizing additives is proposed according to the degree of reduction in the surface
tension of water upon their introduction and the activity of mineral additives according to the indicator
of reduced hydration activity, which makes it possible to obtain highly economical BMPs with the
required properties.

concrete, classification of additives, modification, plasticizer, mineral filler, surface tension, adsorption
centers, hydration activity

Keywords:

MeTomos10ru4ecKre OCHOBbI MPUMEHEHN 100aBOK ISl MOJY4Y€eHUS
KOMILJIEKCHO-MOAU(PHUIIMPOBAHHBIX IEMEHTHBIX BAKYIIHX

Ioii B.M.}2% Agaynnaesa 1.®.'0° Hypuaaunosa I'.C.!

TamkenTckuit rocyIapCTBEHHBINM TPAHCIIOPTHBIA YHUBEPCHTET, TalkeHT, Y36eKucTan

AHHOTAIWS: [lpuBeneHsl pe3yabTaThl TEOPETHKO-IKCIIEPUMEHTABHBIX HCCIEOBAHUI TI0 pa3paboTKe HaydHO
000CHOBaHHOW METOAMKHM Ha3HAUCHMS IUIACTU(QHIMPYIONIMX XUMUYECKHX NOOABOK M MHHEPaJIbHBIX
HAaITOJTHHUTENeH NpH TI0J00pe COCTaBOB KOMILTEKCHO-MoquduuupoBanHbXx 6eToHoB (KMB) Ha sramne ux
npoekTupoBanust. [Ipemioxkena kiaccupuKanys miacTHGUIMPYIOMIX J00aBOK 110 CTETICHN CHIDKEHHS
TOBEPXHOCTHOTO HATSDKEHWsT BOABI TIPU WX BBEJICHWH M aKTHBHOCTH MHHEpPAIBHBIX J100aBOK II0
HOKa3aTeJIo IIPUBEJICHHON I'HAPaTaluOHHOM aKTUBHOCTH, HO3BOJIAIOIIE THOJTy4arh
BBICOKOOKOHOMUYHBIX KMB ¢ TpeOyeMbIMu MOKa3aTeIsIMU CBOKCTB.

KitoueBsle croBa: OeroH, kiaccupukanus 100aBOK, MOAU(HKALMS, IUIACTH(PHUKATOP, MHUHEPATBHBIH HAIIOIHHUTENb,

HOBEPXHOCTHOE HATSDKEHHE, IEHTPBI a1COPOLMH, THAPATAMOHHAS AKTHBHOCTD

non00pa KOMIIOHEHTOB, IIPOSKTUPOBAHKS COCTaBa M yX0za
3a TBEPJICIOIIUM OETOHOM.

JlurepatypHblii  aHaau3.  Slpkum  npumepoM
KOMIIO3UTOB HOBOT'O IIOKOJICHHUS SIBIISIOTCS COBPEMEHHBIC
OeToHBI, peann3oBaHHble B HayuHO-MCCIlleOBAaTENBCKOM

1. BBeanenue

B Hacrosiiee Bpemst 06TOH OKOHYATEIbHO YTBEPAUICS B

Ka4yecTBE OCHOBHOT'O CTPOUTEIBHOIO MaTepHraia B MUpOBOH
IIPaKTHUKE CTPOMTENILCTBA. DTOMY CIOCOOCTBOBAIU TaKHe
€ro OCHOBHBIE JIOCTOMHCTBA, KaK LIMPOKUH KOMIUIEKC
CBOMCTB, BBICOKas  TEXHOJOTMYHOCTb,  JIOCTYHHOCTh
CHIPBEBOM  0a3bl, APXUTEKTYpHAas IPHBJICKATEIBHOCTD,
YHUBEPCAIBHOCTh ~ IPUMEHEHMsSI,  OKOJOTHMYHOCTH U
SKOHOMHYHOCTH [1].

Bwmecte ¢ Tem 3a mocnenHue AecATUIETUS HAOII0IaeTCst
PEBOJIIOLMOHHBIN  XapaKTep pa3BUTHA OETOHOBEIEHMS,
NPOSIBISIOIIMICSA B MOSBJICHUM HOBBIX BHIOB OETOHa C
YHUKAIBHBIMM ~ CBOWCTBaMM, IOJYYMBIIMMH Ha3BaHUE
6etoHoB HoBoro nokosenus (BHIT).

K OGeronam HOBOro moKojeHusi otHocstess high
performance concrete (HPC), oraunuurenpHO# uepToit
KOTOPBIX SIBJIETCS JIOCTIDKEHHE HWMH MaKCUMAJIbHBIX
MOKa3aTeseil TEeXHOIOIrHYHOCTH, IIPOYHOCTH, IUIOTHOCTH U
nonroseuroctd [2]. Cormacto [3], HPC — 510 uHKeHepHbIii
Marepual, B KOTOPOM OJHO MM HECKOJBKO €ro
crelu(pUIECKUX CBOMCTB YIIyUILEHbI TyTeM 00OCHOBAHHOTO

https://orcid.org/0009-0009-7560-2691
bl https://orcid.org/0009-0005-3398-8443

uHCTUTYyTE OeroHa U xene3oberona (HUMXKB, Poceus) [4].
B orux  marepuanax ~ OmecTslie — peanusyroTcs
HOTEHLHAIbHbIE ()YHKLMOHAJIbHbBIE CBOHCTBA KOMIIOHEHTOB
OeToHHBIX cmeced M OeToHOB. Upe3BbIUaifHO BBICOKHE
BO3MOXKHOCTH O€TOHAa M IKelne300eTOHA pPealn30BaHbI
aBTOpaMH B TexHoNorusx reactive powder concrete (RPC),
atakxe macrodefect free concrete (MDC) [4].

Bo ®panmum u CIIA B mpakTuke CTpOUTENHCTBA
LIUPOKO HPUMEHSETCS TEXHOJIOI s
ynsrpadyHkionansasix  6eronoB (UHPC), kortopsie
OTJIMYAIOTCS BEICOKOU MTPOYHOCTHIO Ha cxkatue (> 200 MIla)
u Ha w3rud (> 50 MIla) [5, 6].

K paspsay BHIT oraocurces u self-compacting concrete
(SCC). B rakux OeroHax KapAWHAIBHO pEIIeHA TiIaBHAs
TEXHOJIOIMYECKasl 3ajaya, CBA3aHHAs C MUHUMH3ALMen
MaTepHabHbIX, SHEPTETHUECKHUX U TPYJIOBBIX PECYPCOB IPU
JIOCTHKEHHH 3aJaHHBIX CBOMCTB OeToHa [6, 7].

B oreuecTBeHHOM MpakTHKe OSTOHOBEACHHS K OETOHAaM
HOBOTO TIOKOJIGHHSI OTHOCSTCSI U MHOTOKOMIIOHEHTHbIE
BbICOKOKadecTBeHHble Oeronsl (MBB), pa3paGoraHHbie
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KOJUIEKTHBOM aBTOPOB IIOJ] PYKOBOJCTBOM [.T.H., HpOQ.
AWM. Anpuixomkaesa [8]. OTH GETOHBI COAEPKAT B CBOEM
cocraBe 30ny-yHoca TOC, cymnepruiacTHUIMPYIOUIYIO
nobaeky JK-08 1 0TJIIM9at0TCS BBICOKMMU MPOYHOCTHBIMH U
9KCIUTyaTallMOHHBIMH CBOHCTBAMHU.

Kak wm3BectHO, mOAOOp COCTAaBOB TPaJHUIIOHHBIX
0eToHOB 0e3 J100aBOK HE COCTaBISIET OOJBINOTO TpYIa,
METOIMKM MX pacyera SBJIIOTCS KIIACCHYECKHMH U
MpuBeIITCsT B ydeOHMKaX M y4eOHBIX IOCOOMSIX IO
CTPOUTENILHOMY MarepuanoBeneHuo [9]. OTiamynTebHOM
0COOCHHOCTBI0  MOAM(UIMpPOBaHHBIX  OeroHoB  (MB)
SIBISIETCS HAJIMYME B HMX COCTaBe IUTaCTU(GHIMpYIOmei
XUMHYECKOH J06aBKHI I TOHKOJIUICTIEPCHOTO
MHHEPAIFHOTO  HAIONHWUTEN, METOIMKAa Ha3HaueHHe
COCTaBOB C WX WCIIOJIb30BAHMEM TaKXKe OTPaKEHO B
Yy4eOHBIX ¥ Hay4YHBIX ImyOnmkarmmsix [10, 11].

Uro  kacaercs  KOMIUIEKCHO-MOAN(HIIMPOBAHHBIX
o6eroroB (KMB), To HEOOXOIUMO OTMETHTh, YTO HECMOTPS
Ha OOJIBIIOE KOJIMYECTBO HAYYHBIX TPYJOB, MOCBSIIEHHBIX
9TOMy BHUIy OCTOHOB, BONpPOC pa3pabOTKH METOANKH
rmoadopa WX COCTaBa ¢ Ha3HAUCHHWEM PalMOHAIBLHOTO BHA
MHHEpAIBHBIX  HaloOJNHHUTENed B~ KOMIUIGKCE  C
TUTACTU(UIHPYIOIIMHI XUMHYECKAMH noOaBKaMu
MIPAKTHYECKH OCTASTCSl HEM3yUCHHBIM.

ABTOpaMH CTaTbU BIIEPBBIE  CleJaHa  IOIBITKA
pa3paboTKH Hay4YHO OOOCHOBAaHHOW METOAWKH BBIOOpA
MHUHEPAIBHBIX HANOJNHHUTENEeH W  IUIaCTH(OHIUPYIOMINX
XuUMHYeckux n006asok it KMbB.

2. MeT010J10rusl HCCJIeI0BAHUSA

o IpeiaracMoin METOJIHKE OLIEHKa
IUIACTUGUIMPYIOIHUX XUMHYECKUX 100aBOK IIPOU3BOIUTCS
[0 KPHUTEPHIO, MPEACTAaBIAIONIEMYy COOOH  CTeneHb
CHI)KCHHUS TIOBEPXHOCTHOTO HATSKEHHS BOABI IIPU HX
BBEJ/ICHUH.

B oCHOBy Takoro mnoaxozja MHOJOXXKEHa CIOCOOHOCTB
wiacTUGUIMpYIOIEed  100aBKM  CHIKAaTh  II0Ka3areib
MOBEPXHOCTHOTO HATSDKEHHS BOJBI IIPH  ONpPEASNICHHON
Temreparype  pactBopa. Ilo  HamieMy — MHEHHIO,
TEXHOJIOrMYECKHE apaMeTpbl IIPUTOTOBIICHHS, KOJINYECTBO
BBOJIMMOI'O HAIIOJIHUTENS M CBOMCTBA aKTHBHPYEMOTO
HAIIOJIHEHHOTO BSKYILLEro ¥ OETOHA CYIIECTBEHHO 3aBHCAT
OT XMMHYECKOT0 COCTaBa, CTPOSHHUS H IIAaCTHHUIMPYOIIeH
CIIOCOOHOCTH BBOJMMOM 10OABKH.

Jdnst  SKCIepUMEHTANbHBIX  HCCIENOBaHUN  ObUIM
NPUHATBL  CIENYIONME BHIbl MECTHBIX M Hauboiee
JOCTYIHBIX IUIACTU(QUUMPYIOMNX XUMHUYECKUX NOOaBOK U
COOTBETCTBYIOLIME UM TIPE/IEIIbl JO3UPOBOK B IIPOLICHTAX OT
Macchl IIeMeHTa (Ha CyXOe BEIECTBO): JIMTHOCYIb(OHAT
texumdeckuit (JICT) — (0,10-0,25)%, xyGoBasi »HIKOCTH
Harpuii-kapookcumermesuionossl (KHXK) — (0,3-0,9)%,
crounsle Boabl Kamponaktama (CBK) — (0,3-0,9)%,
cynepruiacrudurarop C-3 — (0,3-0,9)% [12].

Ha mepBom sTame uccnenoBaHUI HM3y4aloch BIUSHHE
XMMHYECKUX  JI00ABOK  Ha  CTENEHb  CHIKCHMS
MMOBEPXHOCTHOTO HAaTsDKEHHA BoAbl mo Meroxuke [11]. B
pe3yabTare IPOBEACHHBIX SKCIEPUMEHTOB OBLIN MOJTYYEHBI
U30TEPMbI TOBEPXHOCTHOTO HATSDKEHHS BOJHBIX PaCTBOPOB
XMMHYECKUX N00ABOK B 3aBUCHMOCTH OT MX JIO3UPOBKH
(puc. 1), npencraBmsiromme — coboi  cemeifcTBO
HUCHAJAIOIMX KPUBBIX C $BHO BBIP@XXEHHON 30HOMN
mepexoja OT  BEPTHKAJIBHOTO K  HAKIOHHOMY U
TOPU30HTAIBHOMY YYaCTKaM.
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Puc. 1. M3otepmpl (npu t = 20°C) moBepxHoCTHOTO
HATSKEHHUs] 6 XUMHYEeCKHUX 100aBOK B 3aBUCHMOCTH OT
HX KOHLeHTpauuii C B BOJHOM pacTBOpe
1, 2, 3, 4 — xumnueckue n1oo6asku JICT, K)KH, CBK, C-3

Takoit BUI KpUBBIX Ha pUc. | 0OBICHIETCS TeM, 4To, B
COOTBETCTBHH C ypaBHeHHeM [ nooca [13], mpu yBennueHnn
KOHIICHTpAllMM XMMHYECKMX JO0O0ABOK BO3pacTaeT WUX
coJiep)kaHne Ha MeX(]a3HON MOBEPXHOCTH, MPUBOJIICE K
CHIDKCHMIO  IOBEPXHOCTHOI'O  HATSDKEHUs  BOJAHBIX
pactBopoB. IIpyueM 1npu  ManbIX — KOHLEHTPALMIX
XMMHYECKUX J100aBOK 3(PEKT CHIKEHHS TOBEPXHOCTHOTO
HATsDKEHUHU BOIHBIX PaCTBOPOB OoJiee 3HAUUTENECH, YeM TIPU
HOBBIIIEHHBIX J03MPOBKaX. XapakTepHas ke 001acTh Ha
U30TEPMaX, OTHOCAMIASICSA K MEPEXOLy OT BEPTHKAIBHOIO K
TOPU3OHTATBHOMY YYacTKy CHIDKEHHS BEIHYMHBI G,
CBHUJIETENBCTBYET o TpeIeTbHOM HAaCBILIEHUT
a/ICOPOIIMOHHOTO CJIOS MOJIEKYJIaMH XUMHYECKHX J100aBOK,
KOTOpast, KaKk ObLIO YCTaHOBJICHO, COOTBETCTBYET obnacTu
UX PallMOHAJbHBIX KOHIIEHTPAIHIL.

Taxum oOpazom, HU30TEPMBI HU3MEHEHUs
MOBEPXHOCTHOTO HATSDKEHMSI OT KOHIEHTPAIMU BOJHBIX
PacTBOPOB XMMHYECKUX JI00aBOK MOTYT ObITh I10JI0’KEHBI B

OCHOBY ux XapaKTePHCTHKH o CTeneHH
iacTUGUIUpPyoLIel CIIOCOOHOCTH H, CIIEACTBEHHO, 10 UX
MOBEPXHOCTHO-AaKTUBHBIM ~ CBOHCTBAM — Ye€M  HIDKE

pacHoJiokeHa U30TepMa ITOBEPXHOCTHOIO HATSXKEHUS, TEM
CHJIbHEE MPOSIBILIETCS IUIACTH(GUIUPYIOIIAsi CIIOCOOHOCTh
nob6asku. bonee Toro, 001acTu panoHANBHBIX JI03UPOBOK
XMMHMYECKUX  J00aBOK  MOXKHO  OXapaKTepH30BaTh
OTHOCHUTEJIbHBIM IT0KA3aTeIeM HOBEPXHOCTHOI'O HATSKEHHUS
0, TPEACTABISIOIMUM COOOH OTHOLICHHE BEJIUYKHBI
TIOBEPXHOCTHOT'O HATSXKEHHUS IIPH NPEJIEIIHOM HACBILLICHUN
aIcOPOIIMOHHOTO CJI0SI MOJICKYJIAMU XHUMHYECKOW T00aBKU
K MOBEPXHOCTHOMY HATSDKCHHUIO pacTBopa 0e3 nobaBku. B
YaCTHOCTH, [UI1 HCCIEAYeMbIX J00aBOK IIOKa3areilb O
cocrasisiet cnenytonue 3HaueHus: JICT — 0,90-0,92; KHX
- 0,88-0,90; CBK - 0,78-0,80; C-3-10,67-0,70.

AHanM3 TOJy4EHHBIX 3HAYEHHH OTHOCHTEIBHOTO
HOKa3aTeNsi IOBEPXHOCTHOIO HATSDKEHUS O IO3BOJISET
NPEUIOKUTh  KIACCH(DUKAINNIO XUMHYECKUX JO0ABOK IO
s dexry mIacTupHUKAIMU C yYETOM KX TMOBEPXHOCTHO-
AKTHUBHBIX CBOMCTB, IPUBEACHHYIO B Ta0M. 1.
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Ta6auna 1

Kaaccndgukanus miiacTuGuuupyomux XuMHYecKHX 100aBOK M0 MOBEPXHOCTHO-aKTHBHBIM CBOIiCTBaM

OTHOCHTEIBHBIH T0KA3aTeI ! OBEPX-HOCTHOTO HATSKCHHS XapakTepucrrka 100aBku 1o 3ddexry ruiactTuduxanum
0, OTH. €]I.

a >0,95 Calb1ii mmacTuduKaTop

0,85<7<0,95 Cpennuii iactuukaTop

0,75<0 <£0,85 CunbHblH w1acTuduKaTop

7 <0,75 Cymneprmiactudukarop

[lpumeHUTENPHO K  HCCIEAYEMBIM  XHUMHYECKUM
No0aBKaM OTHOCHTENBHBIH II0Ka3aTeldb ITOBEPXHOCTHOTO
HaTSDKEHWS! 0 TI03BOJIIET PACIIONOXKUTh M3yYCHHBIE HaMU
NO0aBKM B CIEAYIOIMHA yObIBarommid psin 1mo 3dgexty
miactudpukammn: C-3 > CBK > KHX > JICT,
XapakTepy3yIONMi CHIKEHHE HUX IUIacTHGUIMpyromieit
CIOCOOHOCTH.

LenecoobpasHocTs TaKkou KJ1acCH(pUKanH
TUIACTU(QUIMPYIONMX XUMHIECKUX JOOABOK 3aKIII0YaeTcs B
TOM, 4TO UX 3((HhEeKTHBHOCTH OLICHUBACTCS TT0 KOHKPETHOMY
YHUCIIEHHOMY 3HAUEHHIO TIOKa3aTelsi 0 — OTHOCHTEIBHOMY
TOKa3aTeII0 MOBEPXHOCTHOTO HATSYKEHUSI, aHAJIOT KOTOPOTO
MOXeT OBITh WCIIOJIb30BaH M IPU HAyYHO-OOOCHOBAHHOM
BEIOOpE U1 IEMEHTHBIX  OETOHOB  JIMCIIEPCHBIX
MHUHEPAITBHBIX HAIlOJHUTENEH.

B rmpemnaraemoit Mmeronauke BbIOOpa MHHEpATBHBIX
no6asok mus  KMB  ucmonesyercs  kimaccudukanms
HAITOJTHUTENEH JUTs IEMEHTHBIX OETOHOB IO TIOKA3aTeNio UX
TUpaTaloHHol akTuBHOCTH [14-16], mo3BomsromIEMy
HauboJiee TOYHO OLCHUTH BKJIAJ  IOBEPXHOCTHOI
aKTHBHOCTH MUHEPAJILHBIX HAIIOJHUTENEH Ha XOJ TEeUeHHUs
MIPOLIECCOB, MPOTEKAIOMINX B THAPATUPYEMOU CHCTEME.

B ocHoBe ompeneneHust nokasaTens UApaTallMOHHON
AKTHUBHOCTH MUHEPAJIbHBIX HAIOJIHUTENIEH HCIIOJIB3YIOTCS
9KCIEPUMEHTAIBHO MOJTyYeHHbIE rpadudaeckre
3aBUCUMOCTH PACIIpPe/IENICHUs] Ha UX MTOBEPXHOCTH LIEHTPOB
ajcopOIMu ( B 3aBUCHMOCTH OT KOHCTAHTHI KHCIOTHOCTH
pKa, moka3aHHbIC Ha pHC. 2 T 0a3aIETOBOTO HATIOTHUTEIIS
u 30JbI-yHOCca TOC.
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MOBEePXHOCTH §232/1bTOBOr0 HanoaHuTe s (1) 1 30J1bI1-

yHoca TIOC (2) B 3aBUCHMOCTH OT KOHCTAHTbI
kucJaoTHocTH pK,y

pKa

Tabnnna 2

Cojep:xaHue IEHTPOB 4/1ICOPOLIIMH HA MOBEPXHOCTH MUHEPAJIbHBIX HANOJIHUTEIEH
Ne KomnuuectBo nentpos Pi-10%, Mr-oks/r, B nuanasonax sHauenuii | OOliee KomuuecTBo
n/n | MuHepasibHbII pKa LIEHTPOB, MI-3KB/T

HaroJIHHUTENb -4..0 0...7 7...13 > 13
Pol Pkb Pob Pui P

1 INecok kBapLeBbIit 8,04 9,11 8,75 1,88 27,78
2 Iecok GapxaHHBII 4,12 7,08 9,95 1,07 22,22
3 nex 13,22 16,47 10,08 2,87 42,64
4 bazanst 23,41 22,15 11,16 1,96 58,68
5 ool 41,18 5,48 9,34 1,14 57,14
6 OMIT 6,61 23,88 16,37 4,32 51,18
7 3ona-yHoca TOC 43,14 27,61 11,77 5,32 87,84
8 1T 102,08 24,88 12,62 2,14 141,72

Tpumeuanus. 1. Coxpawenus: O — omxoobr snekmponiasunvhozo npouzgoocmea;, OMII — omxodvl medennagunbHoco
npouzeoocmea; LI — yeonumcoodepacawas nopooa. 2. Obwee konuuecmgo yenmpog cocmagisiem P = Prs + Pu + Pol + Pop. 3.

LT — yeonumcooeparcawas nopooa

JlJis OLEHKM MOBEPXHOCTHBIX CBOWCTB MHHEPAJIbHBIX
HaTIOJIHUTETeH MpeACTaBIseTCs 11e51eco00pa3HbIM
HCTONb30BHUE OOOOIEHHOTO KPUTEpPHs — MOKa3aTels
MPUBEJCHHOW  TUAPATAlMOHHOW  aKTUBHOCTH  Ppga,
paccuuThiBaeMoro 1o Gpopmysie

Ppga = Pxs + Pt + 0,33Po1 — 0,1Pop (l)

rzie Pxs, Pul, Pol, Pob — KOmiuecTBO 1EHTPOB afcopOuuu
cootBercTBeHHO B obmactsix 0 < pKa < 7; pKa > 13,0; -4 <
pKa<0; 7,0 < pKa <13 B 10 Mr-3ks/T.

JlaHHBIA KpUTEpHUHl, XapakTepU3YIOIIMN KUCIOTHO-
OCHOBHBIE  CBOMCTBAa  IOBEPXHOCTH  MHHEPAIBbHBIX

HaIoJIHUTEIeH, I03BOJISIET Hay4YHO-000CHOBAHO
KJIaccupuuUpoBaTh  MUHEPAIbHbIC  HANOJIHUTENM IO
CTEIEHU UX BO3JCHCTBHS Ha LIEMEHTHBIE CHCTEMBI.

B of0wem ciyyae mpemiaraercsi  ciemyomas
KiIaccuukalys ~— MHHEPAIBHBIX  HANOJHMUTENEH 10
KPHUTEPUIO Ppoga  —  mokasaremo  HpHUBEAEHHOMN
THAPATAlMOHHOW  aKTHBHOCTH, XapaKTepH3YIOIEMyY
NOTEHIMAIBHYI0 HMX 3((OEKTHBHOCTh B  LEMEHTHBIX
CHCTEMaX, OLICHUBAEMYIO COKpAILEHHEM Pacxoja [eMeHTa
(tabm. 3).
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Ta6auma 3
Knaccundukanus MUHepaJIbHBIX HANOJHHUTEIel 110 MOKAa3aTeII0 MPUBEIeHHO I'NIPATAMOHHONH AKTUBHOCTH Ppga

Ne TuI MUHEPAIbHOrO HATIONHUTENS | 3HAYEHUs] KPUTEPHS CoxpalneHue pacxosa IIeMeHTa, %
/11 Ppga, OTH. eJ1.

1 CnaboaKkTHBHBII 0 < Ppga <10 Ho 10

2 CpeniHeaKTHBHBIH 10 < Ppga <25 10-20

3 CHIbHOAKTUBHBIN 25 < Ppga <50 20-30

4 CynepaxkTUBHBbIi1 Ppga = 50 30-50

I[J'IH HCIOJIb30BAHHBIX B UCCIIEAOBAHUAX MUHEPAIbHBIX

TUJIPATAIIHOHHOW aKTUBHOCTH Ppga IpHBeieHb! B Ta0. 4.

HaIOJHUTEIeH II0Ka3aTelIn NPUBEAEHHON
Tabanua 4
3HayeHusi KpUTepus Ppga VI MUHEPAJILHBIX HANOJTHHUTEJICIH
Ne MunepanbHbIil 3navenus pKa, oTH. en. IIpeoGpazoBanHbIe Kpurepu
I/l | HAIOJIHWTENb -4...0 0...7 7...13 >13 AaHHbIC i Poga,
Po Pxb Pob Pu 0.33Pqb 0.1 Pl OTH. CX.
1 Iecok 8,04 9,11 8,75 1,88 2,65 0,87 12,77
Ksapuesbrit
2 Iecok GapxaHHBIHA 4,12 7,08 9,95 1,07 1,36 0,99 8,52
3 I'muex 13,22 16,47 10,08 2,87 4,36 1,01 22,39
4 bazansT 23,41 22,15 11,16 1,96 7,72 1,12 30,71
5 (0611 41,18 5,48 9,34 1,14 13,59 0,93 19,28
6 OMII 6,61 23,88 16,37 4,32 2,18 1,64 28,74
7 3omna-yHoca 43,14 27,61 11,77 5,32 14,23 1,18 46,68
8 IT 102,08 24,88 12,62 2,14 33,68 1,26 59,44

IIpumeuanue: ODI1 — omxoowt 2nexmponnasunbio2o npouszgoocmea;, OMII — omxoowi medeniagunvhoco npouzsoocmea, L[IT —

yeonumcooepaicawas nopooa

CpaBHUTENIBHBIM aHaNNM3 TpHUBEICHHBIX B Tabim 4
MHHEPAIBHBIX HATIOJIHUTEINEH 110 KPUTEPUIO Ppga TTIO3BOIISACT
BBINIOJIHUTE Ul HUX PAHXHUPOBKY 3(dexTuBHOCTH B
LIEMEHTHBIX CHCTEMaX M 0XapaKTepU30BaTh MX IO CTEICHU
AKTUBHOCTH: IECOK OapXaHHBIH — CI1a00aKTUBHBIH; MECOK
kBapueBblif, riuex, ODIl — cpexHeakTHBHBIC, 0a3albT,
OMI], 30mna-ynoca Anrpenckoir TOC — cuIbHOAKTHBHAs U
LIEOJIUTCOAEPIKAIIAs TOPOAA — CYIePaKTHBHAS.

Pa3spaGorannas Kinaccudurays MHHEPAJIbHBIX
HAIlOJIHUTENEH TO NPEAIOKEHHOMY KPHUTEPUIO OLIEHKU
KHCIIOTHO-OCHOBHBIX CBOIMCTB HOBEPXHOCTH MHHEPAIbHBIX
HarnonHuTeneil P pga IMOKa3ana BBICOKYIO CXOIMMOCTB
TOJIyYEHHBIX JJAHHBIX C PE3YJIbTaTaMU PaHEe BBINOJIHEHHBIX
HCCJICIOBAHUI C MO3UIMU OLECHKU UX 3P (EeKTHBHOCTU NP
MPOSKTUPOBAHUH PA3JINYHBIX BUIOB [IEMEHTHBIX OETOHOB U
pacTBOpOB, UTO MO3BOJIWIO IMOJIOKUTH €€ B OCHOBY
pa3paboTaHHOI METOUKK HAYyYHO 0OOCHOBAHHOI'O BHIOOpA
9TUX J00ABOK JUIS INOJIYYEHUsI PALMOHAIBHBIX COCTABOB
KMB [16].

3. 3akiarouenue

IpennoxenHas kinaccuuKalus MIACTUGUIHUPYOLINX
100aBOK 110 OTHOCUTEIILHOMY IT0KA3aTeI0 IOBEPXHOCTHOTO
HATSDKGHUS M MHUHEPAIbHBIX HAMOJHUTENEeH MO HX
[IOBEPXHOCTHO-aKTUBHBIM CBOICTBAM M03BOJIHJIA
PaHXUPOBaTh TakHe MOIU(GHKATOPbl COOTBETCTBEHHO IO
mwiactuduppyromeMmy 3pheKTy u aKTHBHOCTH, KOTOpas
CIIy’KUT OCHOBaHHEM ISl HAYy4YHO-OOOCHOBAaHHOTO BBIOOpa
MOAM(UKATOPOB  NPH  MOMYYEHHWH, B  YAaCTHOCTH,
BbICOKOAKOHOMHYHBIX KMB ¢ TpeOyeMbIMK mokaszaTensmMu
CBOICTB.
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Mechanical activation of limestone and study of its granulometric composition

Abstract:

Keywords:

U.Kh. Abdullayev®?
Tashkent State Transport University, Tashkent, Uzbekistan

The article The activation of solids under the influence of mechanical loads is described by many
scientists as a multi-stage process in terms of changes in their free energy, entropy (irreversibly dissipated
energy) and enthalpy (energy available for conversion to heat at constant pressure), and the influence of
such properties as mechanical stages on the quality, strength and durability of concrete is shown. The
possibility of increasing the quality of concrete through the use of these technologies in the construction
industry in Uzbekistan is also discussed.

high-quality concrete, composite binders, operational characteristics, fly ash, slags, polymers, concrete
strength, durability, construction industry, innovative technologies, concrete compositions, Uzbekistan
construction industry

Ohaktoshni mexanik faollashtirish va uning granulometrik tarkibini tadqiq

Annotatsiya:

Kalit so‘zlar:

etish

Abdullayev U. X.}@2
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Magqola qattiq jismlarning mexanik yuklar ta’sirida faollashishi ularning erkin energiyasi, entropiyasi
(gaytarilmas ravishda targaladigan energiya) va entalpiyasi (doimiy bosimda issiglikka aylanish uchun
mavjud bo‘lgan energiya) o‘zgarishi nuqtai nazaridan ko‘pgina olimlar tomonidan ko‘p bosqichli jarayon
sifatida ifodalangan va mexanik bosgichlari kabi xossalari betonning sifatiga, mustahkamlik va
chidamliligiga ta’siri ko‘rsatilgan. Shuningdek, O‘zbekistondagi qurilish sanoatida ushbu
texnologiyalarning qo‘llanilishi orqali beton sifatining oshishi mumkinligi muhokama qilinadi.
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1. Kirish

Qattiq jismlarning mexanik yuklar ta’sirida faollashishi
ularning erkin energiyasi, entropiyasi (qaytarilmas ravishda
targaladigan energiya) va entalpiyasi (doimiy bosimda
issiqlikka aylanish uchun mavjud bo‘lgan energiya)
o‘zgarishi nuqtai nazaridan ko‘pgina olimlar tomonidan
ko‘p bosqichli jarayon sifatida ifodalangan va mexanik
bosqichlarining sababli bog‘ligliklarining ma’lum bir
ketma-ketlikda yuz berishi ta’kidlangan [1-2].

Mexanik  faollashtirishning  birinchi  bosgichida,
materialning yemirilishidan oldin, qattiq elastik-mo‘rt
jismlarning chegaraviy mustahkamlikdan oshmaydigan
kuchlanishlar ta’sirida kristall panjaraning deformatsiyasi
tufayli qoldiq kuchlanish zonalari hosil bo‘ladi. Birinchi
bosgichda qattiq jismning energiya holatining o‘zgarishi
tashqi ta’sirni yuzaga keltiruvchi ish rejimiga bog‘liq [1-2].

Ikkinchi bosqichda yangi yuzalarni hosil bo‘lishi
boshlanadi va moddaning energiya holati o‘zgaradi
(maydalash apparatining mexanik energiyasini
maydalangan materialning sirt energiyasiga aylananadi) [1-
2]. Modda faollashtirishda, yemirilishdan oldingi qoldiq
kuchlanish  zonalarining shakllanishida akkumulyasiya
gilingan energiya nisbatan gisqa vaqt va fagat past
haroratlarda saqlanadi. Haroratning 100 °S dan yuqori
darajaga ko‘tarilishi qoldig kuchlanishlarning relaksatsiya
tezligini keskin oshiradi va mavjud goldiq kuchlanish
zonalarini gisqartiradi.

al> https://orcid.org/0000-0002-1289-879X

Uchinchi bosgichda faollashtirilayotgan modda zarralari
o‘lchamlari kichrayib, bunda sirt qatlamidagi energiyaning
kondensatsiyasi tufayli gattig moddaning termodinamik
funksiyalari va kimyoviy xossalari tubdan o‘zgaradi. Erkin
sirtning kattalashishi, zarrachalar o‘lchami va ular egrilik
radiusining kichrayishi moddaning erkin energiyasi va
faolligining o‘zgarishiga yordam beradi.

Aktivlashtirishning to‘rtinchi bosqichida moddaning
mayinlashuvi sodir bo‘ladi. Boshlang‘ich material xossalari
va tuzilishidan tamomila boshqga turdagi elementar tarkibga
ega bo‘lgan moddaga aylanadi. Amorf moddaning
shakllanish paytida jamlangan energiya, fizik-kimyoviy
sharoitlar kristall fazaning shakllanishi uchun qulay
bo‘lishiga gadar saglanib qoladi [1-2].

2. Tadgiqot metodikasi

Kul uchqindisi IESlarda ko‘mirni yoqish natijasida hosil
bo‘ladi va elektrfiltrlar tomonidan tutib qolinib, so‘ng
maxsus to‘plagichlarda quruq holatda saglanadi. Uning
dispersligi 3700 sm%g ni zarralarning o‘rtacha diametri 6,3
mkm ni tashkil etadi. Tabiiyki yuqgori disperslikka ega
bo‘lgan materialni aktivlashtirish talab etilmaydi. Shuning
uchun tadgiqotlarda ohaktoshning mexanik faollashtirish
jarayonidagi maydalanuvchanligi (1-rasm), zarralarning
o‘rtacha diametri (3-rasm), agregatsiya hodisasi (4-rasm)
tadqiq etilgan.
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Ohaktosh I1IJIM-100 laboratoriya sharli tegirmonining
zarbli-edirilish rejimida maydalandi. Tegirmon
kamerasining hajmi 100 litrni tashkil etib, shundan 40 litri
toblangan turli diametrli po‘lat sharlar bilan to‘ldirilgan (2-
rasm). Tegirmonga yuklangan material migdori kameraning
umumiy hajmining 25 % ni tashkil gildi. Tadgig etilayotgan
material domiy massaga gadar quritish javonida 105-110°C
haroratda quritildi. Maydalik darajasi [ICX-11A uskunasi
yordamida baholandi va agregatsiya holatini aniglash uchun
Ne008-sonli elakdan foydalanildi. Granulometrik tarkibni

o‘rganishda Microsizer201 uskunasi qo‘llanildi.
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1-rasm. Sharli tegirmonga yuklangan sharlarning soni
va diametri: 1-sharlar soni; 2-sharlar massasi
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2-rasm. Ohaktoshni sharli tegirmonning zarbli-
yedirilish rejimida maydalaganda nisbiy sirt
maydonining o‘zgarishi
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3- rasm. Zarralarning o‘rtacha diamteri

Olingan tadgiqot natijalari material 80 dagiga
mobaynida maydalanganda uning nisbiy sirt maydoni 3100
sm?/g ni tashkil etishini ko‘rsatdi. Shu bilan birga,
zarrachalarning o‘rtacha diametri 13.1 mikrondan 6,2
mikrongacha kichraydi.

Material 70 dagiga davomida maydalanganida
agregatsiya holati kuzatildi va 3.4-rasmda ko‘rsatilgan
ma’lumotlar ham buni tasdiqlaydi. 50 daqiqa maydalangan
kukunning Ne008-sonli elakdagi qoldiglari 63.1 % dan 19.2
% gacha bir tekis kamayadi. Mexanik faollashtirishning 60-
dagiqasiga kelib elakdagi qoldiq 19.2 % dan 27.2 % oshadi
va bu holda zarralarning yopishish holati kuzatildi. Oz

navbatida, ushbu holatdan so‘ng mexanik faollashtirishni
davom ettirish magsadga muvofiq emasligi kelib chigishini
ta’kidlash joiz.
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4-rasm. Maydalash davomiyligining zarralar
agregatsiyasiga ta’siri

Sementning qurilish-texnik xossalariga ta’sir qiluvchi
eng muhim ko‘rsatkichlardan biri (suv talabligi, qotish
muddati,  kirishishdagi  chizigli ~ deformatsiyalanishi,
mustahkamlik) —  zarrachalarning massa  ulushini
tavsiflovchi sementning granulometrik tarkibi hisoblanadi.

Umuman olganda, barcha portlandsementlarda kattaligi
80 mikrongacha zarrachalarning umumiy ulushi kamida 85
% (sement sistemasida qo‘llaniladigan
mikroto‘ldirgichlarning ~ granulomterik  tarkibi ~ ham
bog‘lovchiga muvofiq yoki unga yaqin) bo‘lishi lozim.

Sement ilmiy-tadgiqot instituti olimlarining
tadgigotlarida [4] portlandsement  uchun  quyidagi
granulometrik tarkib tavsiya etilgan:

- o‘lchami 5 mikrondan kichik fraksiyalar - 5-12 %;

- o‘lchami 5-30 mikron oralig‘idagi fraksiyalar-30-50
%;

- o‘lchami 30 mikrondan yirik fraksiyalar-30-45 %;

- o‘lchami 60 mikrondan katta fraksiyalar-15 % dan
kam.

Granulometrik tarkiblarni tahlil gilishda ohaktoshning
agregatsiya holatigacha bo‘lgan nisbiy sirt yuzalari tadqiq
etildi.

Granulometrik tarkibni aniglash natijalarining tahlili
go‘shimchasiz portlandsementning nisbiy sirt maydoni 3080
sm2/g, hamda o‘lchami 5 dan 60 mikrongacha bo‘lgan
zarrachalar mayin kukun bo‘lib, ular 61 % gismi 30 mkm
dan va 17,1 % qismining o‘lchami esa 5 mikrondan
kichikligini ko‘rsatdi.

To‘ldirgich va mikroto‘ldirgich moddalarining faolligini
turli yo‘llar bilan, masalan, burdalash paytida sirt faol
moddalarni  qo‘shish, zarrachalar yuzasini yangilash,
minerallashtirish (noorganik bog‘lovchilar bilan organik
to‘ldiruvchilarni to‘yintirish) mexanik faollashtirish va shu
kabi yo‘llar bilan ishlov beriladi. Ortiqcha erkin sirt
energiyasi bilan faza chegaralarining mavjudligi suspenziya,
sement, mikroto‘ldirgich kabi nisbatan qo‘pol tizimlarning
texnologik Xatti-harakatlariga sezilarli ta’sir giladi. Kul/gel
zarracha o‘lchamlari 10-100 nm oralig‘ida tavsiflanadi.
Ushbu zarrachalarning energiyasi ushbu o‘lchovli tizimda
juda faol bo‘ladi. Suyuq dispersli muhit bilan bir hil
yopishqoq  dispersli  tizimning  kolloid  zarralari
dispersiyasining bu quyi chegarasi zarrachalarga ta’sir
giluvchi tashqgi (tortishish) va ichki kuchlarga (kontakt
ta’sirlashuvda ularning yopishish kuchlari) nisbati bilan
belgilanadi. Bu holda nisbat qiymatlari birdan past bo‘lishi
kerak. Qattiq fazaning past zichligida, suyuglikning yugqori
zichligi va kontaktlararo o‘zaro ta’sirning muhim energiyasi
bilan 100 nm  oflchamdagi  zarralar  kolloid
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nanostrukturalarga tegishli bo‘ladi. Shu munosabat bilan,
100 mikronli zarra  oflchami  tizimi "sement—
mikroto‘ldirgich—suv" [4] nanozarralarining o‘rtacha
o‘lcham chegarasiga tegishli bo‘ladi.

Mikrokremnezem. Asosan beton ishlab chigarishda
qo‘llaniladigan, kelib chiqgishi texnogen bo‘lgan mayda
dispers kukun materialdir. Bu qo‘shimchaning yuqori
dispersligi uni mikroto‘ldirgich sifatida samarali qo‘llash
imkoniyatini yaratadi. Gidratatsiya paytida kalsiy gidroksidi
bilan intensiv reaksiyaga kirishish xususiyatiga ega. Amorf
tuzilishi va juda katta nisbiy sirt yuzasi (taxminan 20000
sm?/g) tufayli mikrokremnezem sement asosidagi tizimlarda
yugqori faollikka ega qo‘shimcha sifatida ishlatiladi. Kelib
chigishi texnogen bo‘lgan bu qo‘shimcha betonning suv
o‘tkazmaslik xossasi, uning mustahkamligi va kimyoviy va
mexanik ta’sirlarga chidamliligini yaxshilashga
ko‘maklashadi. Beton qorishmasiga mikrokremnezemning
qo‘shilishi "bog‘lovchi+to‘ldiruvchi" o‘rtasidagi adgeziyani
va gorishmaning suvni ushlab turish qobiliyatini
yaxshilaydi. Bu qo‘shimcha qorishmaning suv iste’molini
ko‘paytirishi ~bilan ajralib, shuning wuchun undan
foydalanganda, odatda, plastifikator yoki
superplastifikatorlar bilan birga qo‘llash tavsiya etiladi.

Tavsiya etilgan qo‘shimcha migdori sement massasining
2-15 % ini tashkil etadi. Qo‘shimchaning kerakli miqdori
betonning talab etiluvchi xossalariga bog‘liq holda
eksperimental ravishda aniqlanadi. Or‘tkazilgan
tadgigotlarda [5] da 9500sm?/g disperslikka ega mineral
qo‘shimchani sement tarkibiga kiritish 7 kunlik namunaning
50 % ga yaqin gidrosilikat kalsiy mineralini bog‘lagani va
past asosli gidrosilikat kalsiy birikmalarini hosil gilgani
keltirib o‘tilgan. Shu bilan birga, qo‘shimcha qorishmaning
suv talabligini keskin oshirgani va armatura korroziyasini
kuchaytirgani keltirilgan.

Ko‘p komponentli polifunksional qo‘shimcha [6] da
taklif etilgan bo‘lib, uning tarkibi zarrachalari diametri 3
mikrondan kichik bo‘lgan faol mikrokremnezem va
dolomitdan tashkil topgan. Dolomitdan foydalanish
kompozit bog‘lovchining suvga talabchanligini 27 % ga
kamaytirishga yordam bergan va sement toshining
korroziyaga chidamliligi bir necha barobar oshishiga olib
kelgan.

Seolitlar. Tabiiy kelib chiqishga ega bo‘lgan seolitlardan
portlandsement yoki shlakportlandsementlarida qo‘shimcha
sifatida foydalanish bog‘lovchi va ularga asoslangan qurilish
materiallarining xossalarini yaxshilashga olib keladi [7].
Seolit qo‘shimchasining o‘z xosligi shundaki, bu turdagi
mineral yugori ion almashinuvchanlikka ega va
bog‘lovchilarning suv talabligi ortishiga olib keladi. Yugqori
ion almashinuvchanligi bog‘lovchi minerallari bilan
reaksiyaga kirishuvchanligini ta’minlaydi va natijada
sement kompozitlari mustahkamligi ortishiga olib keladi [8].
Seolit tog* jinsini (10%) va kul uchgindisini (20%) binar
mikroto‘ldirgich sifatida birga qo‘llash sement toshi
mustahkamligini oddiy qo‘shimchali tarkibga nisbatan 5-7
MPa ga oshirishi ilmiy izlanishlarda ta’kidlangan [9].

Metakaolin. Bu qo‘shimchani sement tizimida qo‘llash
taklif etilgan. Uni ishqoriy faollashtirish yuqori sifatli
bog‘lovchi ishlab chiqarishni ta’minlaydi. Metakaolindan
foydalanish sement gidratatsiya jarayonida hosil bo‘luvchi
kalsiy gidroksidni bog‘lashni ta’minlaydi. Qo‘shimcha
narxini - arzonlashtirish uchun termik faollashtirilgan
kaolindan foydalanish afzalroq hisoblanadi. U 745 %
kaolinit o‘z ichiga 750°C haroratda kuydirilgan kaolindan
olinadi. Termik faollashtirilgan kaolin pussolan faolligining

namoyon bo‘lishiga, sement matritsasi zichligi va
mustahkamligi 15 % ga ortishiga olib keladi.

Beton chiqindilari. O‘tkazilgan ilmiy tadqiqot ishida
markasi 52,5 MPa bo‘lgan portlandsement asosida olingan
beton chigindilarini keyinchalik 75 mikrondan kichik
o‘lchamdagi fraksiyaga ajratish uchun burdalash va
fraksiyalash amalga oshirilgan. Olingan dispers kukun 650
°C haroratda kul uchqindisi va domna shlaki bilan birgalikda
(20-50 %) kuydirilib qo‘llanilgan. Olingan materiallar,
ushbu qo‘shimchalar miqdori bir xil bo‘lgan hamda 32,5
markali sementdan bir xil S/S nisbati bilan tayyorlangan
kompozitlarga nisbatan pastroq mustahkamlik
ko‘rsatkichiga egaligi keltirilgan. Shu bilan birga, 60
sutkalik paytida kul uchgindisidan va domna shlakidan birga
qo‘shib foydalanishda ularning mustahkamligi mos ravishda
30 MPa va 40 MPa ni tashkil etgan.

Shisha sanoati chigindilari. Portlandsement asosidagi
bog‘lovchilar tarkibiga maydalangan shisha chigindisini
qo‘shish (85-95 %) buyumlar mustahkamligi va sovuqga
chidamliligini oshirishga yordam beradi. Shu bilan birga,
ularning nisbiy sirt yuzasiga garab quyidagi fraksiya tarkibi
tavsiya etiladi: 1000 - 2000 sm?/g — 2,5-7,5%; 3000 - 3500
sm?/g — 1,25 - 3,75%; 4000 - 4500 sm?/g - 1,25 - 3,75% .

Mexanik faollashtirilgan shisha sanoati chigindilarini
binar qo‘shimcha "kvars-ohaktosh" sifatida foydalanish 55
% gacha bog‘lovchini tejash imkonini berishi isbotlangan
[10].

Kul uchqindisi. Ko‘p sonli tadgiqotlar kelib chiqishi
texnogen bo‘lgan kullarni sement tizimida qo‘llashga
bag‘ishlangan.

Kul uchgindisi o‘ta yuqori kimyoviy faollikka ega va
suv ishtirokida sementning gidratasiya jarayonida hosil
bo‘lgan kalsiy gidroksidi bilan o‘zaro ta’sirlashadi, hamda
sement toshini mustahkamlovchi kalsiy gidrosilikatlarining
hosil bo‘lishiga olib keladi.

Kul uchgindisidan foydalanishda bir gator afzalliklar
mavjud:

. sementni tejaydi;

. sement tarkibida birga qo‘llash bog‘lovchining
ekzotermiyasi pasayishiga olib keladi va qalinligi 70 sm
katta bo‘lgan massiv inshootlarni bunyod qilish imkoniyatini
yaratadi;

. betonning  agressiv  ta’sirlarga  qarshiligini
oshiradi;

. betonning zichligi, mustahkamligi va boshga
mexanik ko‘rsatkichlarini yaxshilaydi;

Mineral mikroto‘ldirgichlar. Turli tabiatli kompleks
mikroto‘ldirgichni olish uchun Yangi Angren IES kul
uchgindisi va ohaktoshdan (Muruntov) foydalanildi.

Issiglik elektr stansiyalarining chigindilari asosan ikki
toifaga bo‘linadi: kul shlaklari va kul uchqindisi, ular bir-
biridan utilizatsiya gilinish usuli bilan farglanadi. Adabiyot
manbalariga ko‘ra, kul uchqindisi sement kompozitsiyalari
uchun kul shlaklariga nisbatan samaraliroq qo‘shimcha
hisoblanadi. Kul uchgindisining muhim xususiyatlaridan
biri — uning yuqori gidravlik faolligi bo‘lib, bu hol kremniy
va alyuminiy oksidlarining klinker minerallarini gidrolizlash
jarayonida ajralib chigadigan kalsiy gidroksidi bilan
kimyoviy o‘zaro ta’sirlanishida namoyon bo‘ladi. Ogibatda
kalsiy gidrosilikatlari va kalsiy gidroaluminatlari hosil
bo‘lib, sement toshi zichlashadi va mustahkamlik oshishiga
olib keladi.

Kulning yuqori dispersiyasi gidratasiyalanish paytida
bog‘lovchi komponentlarga nisbatan uning yuqori faolligini
bashorat qilish omilidir. Kulda mavjud bo‘lgan polidispers
sferalar silliq shishasimon yuzaga ega. Adabiyot
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manbalaridagi ma’lumotlarga ko‘ra, shishasimon silliq
fazalar amorf alyumosilikat birikmalari bilan ifodalanadi.

Muruntov konining ohaktoshi kompleks
mikroto‘ldirgichni olish uchun karbonat jinsi sifatida qabul
gilindi. Karbonat jinsining kimyoviy va mineral tarkibi 1-2-
jadvallarda keltirilgan.

1-jadval
Karbonat xom ashyosining tarkibi va xossalari
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Kimyoviy qo‘shimcha. Sement sistemalarining suvga
bo‘lgan ehtiyojini kamaytirish va uning talab etilgan
reologik ta’minlash uchun superplastifikatordan foydalanish
magsadga muvofiq.

Tadgiqot ishida respublikamizning qurilish materiallari
bozorida nishatan keng targalgan oltita superplastifikatordan
eng magbuli tanlandi (3-jadval). Bu tajribalar Hagerman
konusi yordamida sement qorishmasining yoyilishini
o‘lchash orqali amalga oshirildi. Namunalar tayyorlashda
suv-sement nishati 0,27 ga teng deb gabul gilindi. Sement
hamiridagi superplastifikatorning dozasi 0,8 % ni tashkil
qildi. Konusning tarqalishini o‘lchash vaqti sement xamirini
aralashtirish tugagandan so‘ng aniqlandi. Qorishmani
aralashtirish vaqti 6 dagigani tashkil etdi.

Olingan natijalarni o'zaro taqqgoslash konusning
yoyilishining eng yuqori giymatlariga  erishishda
polikarboksilat efirlari asosidagi POLIMIX plastifikatoridan
foydalanish magsadga muvofiqgligini ko‘rsatdi.

3-jadval
Turli xil superlpatifikatorlar ta’siri ostida sement
xamirining yoyilishi, mm
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Ushbu kimyoviy qo‘shimchani qo‘llashning yana bir
ijobiy jihatlaridan biri — superplastifikator mahalliy ishlab
chiqarilishi tufayli import o‘rnini bosadi va tannarxining
pastligi bilan boshqa qo‘shimchalarga nisbatan arzon
hisoblanishi bilan bog'lig. Yugorida keltirilganlarni hisobga
olgan holda kimyoviy qo‘shimcha sifatida ARMENT
CONSTRUCTION CHEMICALS firmasining POLIMIX
polikarboksilat efirlariga asoslangan yangi avlod yugori
samarali superplastifikatorlari qo‘llanilgan.

3. Xulosa

1. Sement tarkibidagi OK va KU asosidagi binar
qo‘shimchalari qo‘llash, sement xamirining qotish davri
uzayishiga olib keladi.

2. OK va KU mineral qo‘shimchalarini kompleks
qo‘llash portlandsement qorishmasidan suvni ajratish
koeffitsiyentini KU qo‘shimchali va etalon tarkiblarga
nisbatan sezilarli darajada kamaytirishga ko‘maklashishadi.

3. Shuningdek binar mikroto‘ldirgichlar qo‘llangan
tarkibda kontraksion deformatsiyaning qolgan tarkiblarga
nisbatan biroz pasayishi yuz berdi. Klinkerning bir gismini
OK bilan almashtirish sementning qotish jarayonida
kirishish hajmining sezilarli kamayishiga olib keldi.

4. Tarkibida turli mineral qo‘shimchalari mavjud
bo‘lgan portlandsementning g‘ovakli tuzilishini tadqiq etish
etalon tarkib va KU (25 %) bilan modifikatsiyalangan
tarkiblar struktura qattiglashuvining boshlang‘ich davrida
yirik  kappilyar g‘ovaklarning katta miqdori bilan
tavsiflanishini ko‘rsatdiki. Shlakning bir qismini OK (15 %)
bilan almashtirish sement toshining etalon tarkibga nisbatan
umumiy g ovakliligini 33 % ga kamayishiga olib keladi. KU
bilan modifikatsiyalangan tarkibga nisbatan OK qo‘shilgan
tarkibda yirik o‘lchamli g‘ovaklarning salmog‘i kamayib,
kichik hajmli g‘ovaklarning soni ortishi aniglandi.

6. Binar qo‘shimchalarning sement toshi kimyoviy
korroziyaga chidamliligiga ta’sirini o‘rganish, ularning
portlandsement tarkibida qo‘llash korroziyaning uchta
asosiy turiga (ishgorning yugilishi, karbonat angidrid va
sulfat korroziyalari) qarshiligini kuchaytirishini ko‘rsatdi.
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Prospects for the use of artificial intelligence capabilities in the production of
gypsum-concrete tongue-and-groove boards

J.R. Turgunbaeval®?, 1.M. Makhamataliyev!, 1.0. Kuznetsova?
Tashkent state transport university, Tashkent, Uzbekistan
2 Emperor Alexander | St. Petershurg State Transport University, St. Petersburg, Russia

Abstract: This paper explores the prospects of applying artificial intelligence (Al) technologies in the production
of gypsum concrete tongue-and-groove panels. The main stages of the manufacturing process are
analyzed in terms of the potential for implementing intelligent systems, including automated mix design,
quality control of raw materials and finished products, as well as optimization of logistics and energy
consumption. Special attention is given to the use of machine learning methods for predicting the strength
characteristics of panels based on raw material parameters and production conditions. It is noted that the
integration of Al contributes to increased precision, reduced production costs, and improved
environmental sustainability. The study emphasizes the high potential of digitalization and the adoption
of intelligent technologies in the construction industry.

artificial intelligence, gypsum concrete, tongue-and-groove panel, production automation, construction
industry digitalization, quality control, production process optimization building materials, intelligent
systems

Keywords:

HepcneKTan HCIO0JIL30BAHMUA BO3MOKHOCTEH HCKYCCTBCHHOI'O HHTECJ/IJIEKTA
B ITIPOU3BOACTBE TUICO0EeTOHHBIX na30rpe6HeBmx IJINT

Typryu6aesa JK.P.}®2 Maxamaraaues U.M.!, Ky3nenona 1.0.2
TamkenTckuit rocyIapCTBEHHBIN TPAHCIIOPTHBIA YHUBEPCHTET, TalkeHT, Y36eKucTan
TleTepbyprekuii rocyjapcTBEHHBIH YHUBEPCUTET IyTeit coobmenus, Cankr-ITerepOypr, Poccus

AHHOTAIWS B nmanHOW paboTe paccMaTpHBAaIOTCS TEPCHEKTHBBI IMPUMEHEHHs TEXHOJIOIMH HCKYCCTBEHHOIO
unreiuiekta (M) B mpou3BoACTBE THIICOOETOHHBIX Ma30rPeOHEBBIX IUIUT. AHAIU3UPYIOTCS OCHOBHBIC
9TaIbl MPOU3BOJICTBEHHOT'O MPOLIECCa, I/Ie BO3MOXKHO BHEIPEHNE HHTEIUIEKTYaIbHBIX CHCTEM, BKITIOUast
ABTOMAaTH3UPOBAaHHOE MPOSKTHPOBAHHE COCTABOB, KOHTPOJb KAayecTBa CHIPHS M MPOIYKIHHU, a TaKKe
ONTHMU3ALMUIO JIOTHCTHKU M 3Hepro3aTpar. Oco0oe BHUMaHHE YIEJICHO HCIIONB30BAaHHIO METOJOB
MAaIIMHHOTO OOyYeHMsl Ui TNPOTHO3MPOBAHUS TPOYHOCTHBIX XapaKTEPUCTHK IUIMT HA OCHOBE
napaMeTpoB CBIPbS M YyCIOBUi mnpowm3BoictBa. OtmedeHo, uro BHeapenune WU cnocoGeTByer
MOBBILICHUIO TOYHOCTH, CHH)KCHHUIO TNPOM3BOJCTBEHHBIX H3JICPKEK M YIyUIICHUIO SKOJOTHYECKOU
ycroiiunBocTi. PaboTa momdepkuBaeT BBHICOKHMI MOTEHLHANT HU(POBH3AIMU M WHTEIUICKTYyaIn3aluu
CTPOUTENILHON OTPACIIU C UCIIOIB30BAHUEM COBPEeMEHHBIX M -TexXHOMOornid.
KiroueBsie ciioBa: HCKYCCTBCHHBIII HMHTEJUIEKT, THIICOOETOH, Ma30rpeOHeBast IUIMTA, aBTOMATH3alMs [POU3BOJICTBA,
muQpoBU3aLUs CTPOUTENBHOM OTpAcid, KOHTPOJb Ka4yecTBa, ONTUMH3AIMSA HPOWU3BOACTBEHHBIX
MIPOLIECCOB, CTPOUTENBHBIC MAaTePHAIIbl, UHTEIUICKTYaIbHBIE CHCTEMbI

HUHTEIUISKTY UL MOJIOAIS)KM M  CIICLHATKCTOB OyAer
CIOCOOCTBOBATh K 3HAUYUTEIEHOMY MPOrPeccy B IKOHOMHUKE

1. BBeanenue

B pamkxax "Crparerum pa3BUTHA  TEXHOJOTUH
HCKyccTBeHHOro uHTesuiekTa 10 2030 roga" yTBep:KAeHHOH
noctaHoBiienneM [pesunenta PecriyOnuku Y30eKHCTaH OT
14 oxrs6ps 2024 ropma, ompenesieHbl MPUOPUTETHHIC
HaIlpaBJCHUS, TAKUE KaK BHEAPEHUE NMPOEKTOB Ha OCHOBE
HCKYCCTBEHHOI'O HHTEIUICKTa B CTpaHe, (HOpMHpOBaHHUE
TEXHUYECKONH MH(PACTPYKTYpbl U IIMPOKOE IPUMEHEHUE
BO3MOXKHOCTEH HCKycCTBeHHOro wuHremiekra (MH) B
TEXHOJIOTMYECKHX MPOIIECCax BO BCEX OTPACIAX SKOHOMUKH
u chepax sxusHu. PasButHe UMPPOBOW IKOHOMHUKH B
V36ekucrane, dddektuBHoe  BHempenne WU u
WHHOBALMOHHBIX TEXHOJIOTUH B INPOM3BOJCTBO, a TaKkKe
NPEJIOCTABICHUS NIEPEIOBBIX 3HAHMIM MO HCKYCCTBEHHOMY

a2 https://orcid.org/0000-0001-6961-595X

U YCTOHYUBOMY €€ Pa3BUTHIO.

Buenpenne wuckyccrBenHoro wunremwiekra (M) B
npou3BocTBO mazorpebuesbix mwint (IIII), MoxeT ObITh
O4YeHb TMOJIE3HBIM C TOYKM 3PEHUS  ONTUMHU3ALMHU
TEXHOJIOIMYECKHX  IIPOLECCOB, YJYHIIEHHS KauecTsa
MPOIYKIUH 1 NOBBIIICHHUS 3()()EKTUBHOCTH MPOU3BOACTBA.

ITazorpe6nessie mwinthl (III'TI) — 3TO cTpouTenbHBIE
MaTepHaibl, KOTOpbIE MPEICTABISAIOT COOOH  IUIMTHI,
H3TOTOBJICHHBIE M3 THUIICA W apMHPOBaHHBIE CETKOH, C
CHUCTEMOH MMa30B 1 rpeOHel Ha GOKOBBIX MOBEPXHOCTAX. ITO
HO3BOJISIET MX JIETKO M OBICTPO MOHTHPOBATh, CO3/1aBast
KpEIKHE U yCTONUMBBIE coequHEeHNst Mexxay tuintamu. [T
UMEIOT CTaHJAPTHBIE pa3Mepbl, KOTOpbIE OOJerJaroT
TPAHCIIOPTHPOBKY M MOHTa&X. [LITUTBI TOCTAaTOYHO JIETKHE 110
Becy, HO IIpU 3TOM OOJIaJaloT XOPOLIMMH HMPOYHOCTHBIMU
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xapakrepuctukamu. III'TI wyacto wucmomws3yrorcs — Aist
BO3BEJICHUSI BHYTPEHHHUX IIE€PErOpoOJOK B IKHUIBIX U
KOMMEPYECKHX 3JaHMSIX, TaK KaK OHU OO0ECIeYHBAIOT
XOPOIIYIO 3ByKO- M TEILUIOM30JIHIO. JIETKOCTh MaTepuaa
JIENIaeT €ro MOAXOJAIINM Ul CTPOUTENBCTBA B PallOHaX C

.. ol

IIpoussomurenn III'TI  cemeiiHoro  mpeanpusTHsL
"HopkynoB-MyGopak" CTaJKUBAIOTCS C pSaoM Hpodiem,
KOTOpBIE MOTYT HOBJIHMATH Ha CEOECTOMMOCTb M KayeCTBO
npoxykuun. [IpomsBoncreo INI'TI TpeOyer 3HAUUTENBHBIX
SHEPreTUYECKUX 3aTpaT, OCOOEHHO Ha JTale CYyIIKd U
¢dopmoBanust uzaenus. HecrabuinpHoe KauecTBO MPOYKIMU
TEXHOJOTMYECKHE  MOIPELIHOCTH  TpeOyIT — CTPOroro
COOMIONEHNS ~ TEXHOJIOTMYECKOTO — perjiaMeHra, HHaue
BO3MOXHBI IPOOJIEMBI C KQUECTBOM: IUIUTKH MOTYT MMETh
neheKThI, TaKUe KaK TPEIHHbI, HePaBHOMEpPHAS IUIOTHOCTh
WM HenpaBWIbHbIE pa3Mepbl. CoOII0eHNHE BIAXKHOCTH U
TEMIIepaTypbl YCIOBUH XpaHEHHWS M TPAHCHOPTHPOBKU
M3eNUH, a TaKKe YCTOMYMBOCTH K TEMIEpaTypHBIM
KoneOaHWsIM B Ipollecce IPOU3BOJCTBA TAaKXKE OYCHb
Ba)kHbl. HenpaBmIIbHBIH KOHTPOIIb 32 3TUMH HapaMeTpamu
MOXKET NPUBECTH K Jieh)OpMALMH IUIUT WIH YXYALUICHUIO HX
9KCIUIyaTallMOHHBIX  XapakTepucTuk.  OrpaHuueHHas
KU3HECIIOCOOHOCTh HAa PBIHKE B YCIOBHMAX pacTyluel
KOHKYPSHIIMM M TIOSBJICHUS HOBBIX QJITEPHATUBHBIX
MaTepuanos, 3acrasisier npoussoauteneit [1I'TI mocrosHHO
paboTaTh HajJ  YJNyYLIEHHEM KauecTBa HPOAYKLHH,
CHI)KCHUEM cebecroumMocTu u pacipeHuemM
ACCOPTHMEHTA.

B menmoM, i mpeononeHMs  3TUX  HpoOiieM
npousBomuressiv  TII'TI HeoOXxoquMoO HMHBECTHPOBATH B
COBPEMEHHBbIE TEXHOJOIMH, JUI YJIy4LIEHHS KauecTBa
CHIPbS, @ TaKXKe ONTUMHU3ALMIO IPOU3BOJCTBEHHBIX
NPOLIECCOB  JUII  CHWXKEHHMS 3aTpaT UM IOBBILICHHS
YCTOHUMBOCTH TPOAYKUMM Ha pbiHKe. Jlna pemieHus
CTOALIMX MepeA  NPOM3BOAUTENSIMH  3THX  HpoliieM
NpeJICTaBIISETCS 1eIeCO00pa3HBIM HCTIONB30BaHNe
BO3MOKHOCTeHl HucKyccTBeHHoro wuHremiekra (MW) npu
mpousBonctBe [II'TI, koTopelii MOXeT OBITh OYeHb
TIOJIC3HBIM C TOYKH 3PEHHMSI ONTUMH3AIINH TEXHOJIOIMYECKHUX
MPOLIECCOB, a TAKXKE YIYYILICHHS KayecTBa NMPOAYKIMH H
MOBBIIICHHS 3P HEKTUBHOCTH POU3BOICTBA.

Puc. 1. ITazorpe6nessie nautsl (IIT'ID), npouzsoaumasn B CII "Hopkynos-MyoOopak"

TIOBBIMIEHHBIMU TPeOOBaHMSIMUH K CEHCMOYCTOHYHBOCTH.
IIpeumymectsa IIITI — »3T0 mpocroTa MOHTaXa,
OKOJIOTHYHOCTBH, BBICOKAast CTCIICHb TEILIO0- n
3BYKOHM3O0IIAIINH, & TAKKEe OTHECTOUKOCTS (puc. 1).

2. MeTox0/10THSI HCCJICIOBAHUSA

Hcnonp3oBaHne  BO3MOXKHOCTEH — MCKYCCTBEHHOTO
unresvtekta (M) B mpoussoacto I1I'TI MoxeT BKirOYaTh
HECKOJIBKO ~ METOJIOB, KOTOpble IIOMOTYT  YJNIY4IIWTh
TEXHOJIOIMYECKHE  IPOLECCHl,  INOBBICUTH  KayecTBO
HNPOAYKUMH M CHHU3UTH HPOU3BOJCTBEHHBIC H3/ICPIKKH.
Hcnone3oBanne MW npu IuiaHMpOBaHMM IPOU3BOJICTBA
JIACT BO3MOXKHOCTh aHAJIM3UPOBATH JAHHbIEC O JOCTYIHOCTH
CBIPBEBBIX MaTepHaJIOB, 4YTO OyIeTr CcrocoOCTBOBAaTh
COKpALlICHHI0 BPEMEHHM Ha BBINOJHEHHE 3aKa30B U
NOBBIIIEHHIO TMOKOCTM  HPOM3BOACTBA. AHAIM3 ¢
YIpaBlIeHHE SHEPreTHYeCKMMM  pecypcaMu Uil HX
MOHMTOPHHIA B IIPOLECCE NPOM3BOJCTBA TAKKE [O3BOJIUT
CHU3MTb 3aTpaThl Ha JHEPropecypcbl M IOBBICUTh
9KOJIOMMYECKYI0 YCTOHYNBOCTD IIPEAIPHATHS.

Posis UU B coBpeMeHHBIX NPOM3BOACTBEHHbIX
npoueccax

Buenpenune wuckyccrBenHoro wunreiekta (M) B
Ppa3nYHbIC OTPACIIN YIKE MOKA3a0 CBOIO 3(p()EKTUBHOCTS, U
MHOTHE IIPOM3BOJCTBEHHBIE IIPOIECCHl cTanu  Ooiee
ABTOMATH3UPOBAHHBIMH U ONITUMH3UPOBAHHBIMH OJ1aroapst
TePEeJOBBIM TEXHOIOTHAM. BHenpeHue 3THX TEXHONOTHil
IPU TPOM3BOACTBE IIOMOXKET PEIIMTh TaKHUE aKTyalbHbIE
MpoOIeMbI KaK:

. MOHHTOPHHTI  KayecTBa: HCIIOJIB30BAHKE
KOMITBIOTEPHOTO 3PEHHUS VISl BBIBICHUS Ne(EKTOB ILUIHT B
peanbHOM ~ BpEeMEHH,  aBTOMATHYECKOE  OTKIOHEHHE
e eKTHBIX U3/eNnuil.

. IIporHo3upoBanue cHpoca: aHaIU3 AAHHBIX O
MOTPEOUTENILCKUX  NPEIIIOYTEHUAX M TPEeHIax Uit
ONTHUMHU3ALMK TPOU3BOACTBA IUIMT M MHHHUMH3ALMU
CKJIaJICKUX OCTaTKOB.

. OnTumMu3anusi  pacxoga  MaTepuajioB H
JHepruM: wucnoib3oBanne WM  mna  onTumMuzanuu
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MPOLIECCOB C LEJbI0 CHIKEHUS MNOTEPh MAarepuaioB U
9HEPro3aTpar.

ABTOMATH3alUsI U TOYHOCTH IPOU3BOJICTBEHHOIO
mpouecca: HCIONb30BaHHE POOOTOB M aBTOMATHYECKHX
CHCTEM YIpPaBJICHHS M YIOPOLICHUS U  YCKOPEHHS
TEXHOJIOTHYECKHX orneparuii. Hcnons3oBanue

aBTOMaTu3alnn POU3BOJACTBCHHOI'0O IIpoIecca II03BOJIMT
‘ t CE DR s o B S o

filliy

A .

Puc. 2. ABToMaTH3anus ¥ TOYHOCTh TEXHOJIOTHYeCKUX npoueccoB npoussoacraa III'TI

W3 npuBeneHHBIX BhILIE NPUMEPOB BHUAHO, Kak MU
MOXKET CYIIECTBEHHO YJYYIUHTb HPOLECCHI, CBA3aHHBIE C
IPOU3BOJICTBOM, KOHTPOJIEM KauecTBa M JIOTUCTHKOH, a
TaKKe IOMOYb B IPOrHO3MPOBAHUHM M ONTUMU3ALMU CObITA
npoaykuun. Buenpenne MU B mpousBoacteo II'TI moxxer
NPUHECTH CXOXKME NPEHUMYIIECTBA, BKIIOYAs IMOBBILICHHE
KayecTBa, CHIDKGHHE 3arpaT M HOBbILIEHHE oOmel
3¢ PEeKTUBHOCTH MPOU3BOICTBEHHOT'O MPOLECCa.

[Ipeumymecta BHEAPEHUS nm CHIDKEHHE
ce0eCTOMMOCTH  NPOAYKLMH, YIYYIeHHE Ka4yecTBa U
MHHMMH3a1Usl Opaka, IOBBIIICHUE MPOU3BOMUTEIBHOCTH,
CHI)KEHHE OKOJIOTMYECKUX PHCKOB (Hampumep, uepes
YMEHBLICHUE OTXOIOB).

Hcnonb3oBanue Bo3moxHocTer I B mpousBoacTBe, B
yactHoct Tipu npomsBoactBe IIITI, mecer ¢ coboit
OIIpe/IeNICHHBIE BBI30BBI M TPYIHOCTH, OJHMM M3 KOTOPBIX
SBISIOTCS ~ BBICOKHE  NepBOHAYAJIbHBbIE  3aTPATHI.
PaccmoTpuM nonpoOHee, Kakue MMEHHO pPacXofbl MOTYT
OBITH CBsI3aHBI C BHeapeHueM TexHonoruit MU, a taroke
KaK{e Mepbl MOTYT OBITh IIPEANPHHATHI 1T UX CHIKEHHUS.

TapaHTUPOBAaTh BBICOKYH) TOYHOCTH B IIPOU3BOJACTBE Ma30B
¥ TpeOHEH, YTO yMEHBIINT KOJIMIECTBO Je(DEKTHBIX IUIAT U
TMOBBICUT 3P QEKTUBHOCTH MOHTaxa. B oriomume ot
TPaIUIIMOHHOTO MPOM3BOJICTBA, TJIe¢ BO3MOXHBI OIIHOKH B
IpoLecce  3&IMBKM, HCIOJIB30BAHHE aBTOMAaTHYECKHX
CHCTEM YIPaBJICHI UCKIIIOYaeT 3TOT (hakTop (puc. 2).

Hdns sddextuBHoro BHenpenuss 1 B npousBoacTBo
TpedyeTcs creruaibHoe 000py10BaHUe U MHpacTpyKTypa.
3T0 MOryT OBITH CEHCOPBI M KaMepbl JUIs COOPKHU JIAHHBIX B
peanbHOM BpeMeHH (Harpumep, I KOHTPOJS KadecTBa
IUIUT C HUCHOJIb30BAHUEM KOMIIBIOTEPHOrO 3peHus). OTH
YCTPOMCTBA MOTYT OBITh JJOPOrOCTOSIINMHE, OCOOCHHO €CIn
OHH JIOJDKHBI OBITh BBICOKOTEXHOJOTMYHBIMU M CHOCOOHBI
paboTaTh B CIIOXKHBIX YCIOBUAX NMPOU3BOJCTBA. 3aTparhl Ha
pa3paboTKy u BHeIpeHUe mporpaMmuoro obecneuenus NHU-
CHCTEMBI HYKAQI0TCS B CIELHATN3UPOBAHHOM
MPOrpaMMHOM  OOECIICYCHHH, KOTOpoe  He0O0XO0IUMO
paspabotath ¥ aJanTHPOBaTh MOJ crhenuduIecKue
TpeOoBaHMs MMPOU3BOJCTBA TO pa3paboTKa aJrOpUTMOB U
Mojeneil st 00pabOTKH MAHHBIX W MPUHATHS PELICHUI
(mampumep, 11 aHanu3a Je(QEKTOB Ha IUIMTAX WIH
MPOTHO3UPOBAHMS  ONTHUMAIBHBIX  MApaMeTpoB UL
MIPOU3BO/ICTBA). DTO TpeOyeT NPUBJICUCHUS CIELUATINCTOB B
oblacTd  MamIMHHOIO  OOyYeHHs, 4YTO CBSI3aHO C
JIOTIOJIHUTENBHBIMHU PACXOJIaMH.

Mepbl 10 CHWKEHHIO 3aTpaT, HECMOTpSl Ha BBICOKHUE
NepBOHAYAJbHBIE  3aTPaThl,  CYIIECTBYET  HECKOJIBKO
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MOJIXOI0B, KOTOPbIE MOTYT MOMOYb CHU3HUTH (PHHAHCOBYIO
Harpy3Ky Ha IpeAnpHsTHE:

ocrenennoe BHenpenue MU: Bmecto TOro 4toObI
cpa3y HMHTErPHpOBaTh BCE CHUCTEMBI, MOXXHO HadaTh C
MMIJIOTHBIX MPOEKTOB, BHeApsist MW mocreneHHo, HaUMHAs C
OTIpEeTICHHBIX YYacTKOB WJIM TIPOIIECCOB  (HAIpUMeD,
aBTOMATH3aIMsl KOHTPOJSI KadyecTBa). OTO IO3BOJIUT
CHHM3WTH PUCKH U PACTSHYTb 3aTPaThL.

TocynapcTBenHble cydcuann U rpanTsl: Bo MHOrHX
CTpaHaX CYMIECTBYIOT MPOTPaMMBI ITOJIEP)KKA HHHOBAIIHI
U TEXHOJIOTMYECKUX MpeoOpa3oBaHUN [UIS IpeIIpHUSTHIH,
0COOCHHO B TakuMx O0OmacTsIX, Kak aBTOMATH3aIML
MIPOMU3BOJICTBA. DTO MOXET MOMOYb CHH3UTH HAdaJIbHBIE
3aTpatsl.

IIapTHépcTBa € TEXHOJIOTHYeCKHMH KOMNIaHusAMU: B
HEKOTOPBIX ~ CIydYasX  BBITOMHO  COTPYAHMYATh  C
KOMITaHUSIMH, KOTOPBIE YK€ MPeUIaraloT TOTOBBIE PEIICHHS
s aproMarmsaimd U VM. OTo MoXkeT CyIiecTBEHHO
CHHM3HTBH PacXo/Isl Ha pa3padoTKy COOCTBEHHBIX TEXHOIOTHIA
C HyJIAL.

Xots BHenpenue MM B mpoussoxactso III'IT moxer
MOTpeOOBaTh 3HAYUTEIIHHBIX TIEPBOHAYAIBHBIX HHBECTUIINIT
B o0Opy/oBaHKe, MpOrpaMMHOe oOecredeHrne 1 o0ydeHre
MepcoHana, OSTH 3aTpaThl MOTYT OBbITH ONpaBJaHbl B
JNOJNTOCPOYHOM  MEpCIeKTHBE 3a CYET  yBEIHYCHHUS
MIPOU3BOJUTENIBHOCTH,  CHIDKCHHS ~ CeOSCTOMMOCTH ¥
yIOy4IIeHUs KadecTBa MPOIYKIMH. BakHO TIIATENbHO
MpOIyMaTh CTpaTeruio BHEJIPEHNS, 4T00BI
MHHUMH3UPOBATh PHUCKH W 3(P(PEKTUBHO HCIIOIH30BATH
JOCTYIIHBIE PECYpCHI.

B Oynymem unrerpanns MU n apyrux TeXHOJOTHH B
MIPOMU3BOJICTBO CTPOMTEIBHBIX MAaTepPHAJIOB, TaKHX Kak
npousBozctBo III'TI, oTKpbIBaeT HOBBIE BO3MOXHOCTH K
3HAYUTENBPHOMY HpOrpeccy Kak B cepe SKOHOMHYECKOH
YCTOIYMBOCTH NPENPUATHS, TaK U SHEProdHEeKTHBHOCTU
u 9KOJIOTHYECKON 6e301acHOCTH HPOM3BOJICTBA.
VIHHOBAIIMOHHBIC TEXHOJIOIMH, TaKHe KaK HCIIOJIb30BaHUE
WM s onTMMM3aLMM COCTaBa MaTepHalioB, BHEIPECHUE
TexHonoruu 3D-mevaTH, co3jaHME YMHBIX CTPOHMTENbHBIX
KOMIIOHCHTOB u HHTErpaluu WHrepHeTa B
uHpopmarionHoe obecneyeHue, OyIyT HE TOJbKO
ylydllaTh  HPOM3BOICTBEHHbIE  IPOLECChl, HO U
CHOCOOCTBOBaTh  co3faHui0  Oosiee  3()(EKTUBHBIX
MaTepHUaoB 1 M3TOTOBJIEHHUA W3JEIHHA U KOHCTPYKIHH,
COOTBETCTBYIOLIMX KOJIOTUYECKUM CTaHIapTaM OyIyLIero.

3. 3akiarouenue

IMoxBOAs MTOrM M3y4eHHUs BOIpoca 00 MCIOIb30BaHUN
Bo3MoskHocTeit UM B mpousBonctee I u manpHeimmx
MEPCIEKTUBAX €r0 BHEIPEHMUS, MOXKHO 3aKIIOUHUTh, YTO 3TO
JacT GeccropHbIE MPEHUMYILECTBA KaK IPOM3BOUTEISAM, TaK
u norpedbutensiM. UM umeer orpomHbId MOTEHIMAN IS
PEBOJIIOLMOHM3AIMKM  TIPOM3BOACTBA  T'MIICOOETOHHBIX
na3orpeOHeBbIx mwinT. Mcnons3oBanue Bo3MoxkHocteir N
HECOMHEHHO MPHBEIET K YIIyUIIEHHIO KauecTBa IPOAYKLIHUH,
MOBBILICHUIO  JHEProdpPEeKTUBHOCTH  MPOU3BOICTBA,
CHIDKEHHIO ce0eCTOMMOCTH U3/IeIHi U OoJiee yCTONIHMBOMY
SKOHOMHYECKOMY  COCTOSHHIO  mpeampustus.  Jis
npousBomureneid runcoberonubix III'TI 310 0O3Hauaer
yBeIH4YeHHe NPUObLTH W KOHKYPEHTOCIIOCOOHOCTH, a ISt
noTpeouTened — JIOCTYl K BBICOKOKAYECTBEHHBIM,
9KOJIOTMUECKU YHUCTBIM U 3KOHOMUYHBIM CTPOHUTEIBHBIM
Martepuanam u usaenusam. Buenpenne U B sty otpacnp —

9TO HE TOJIBKO IIAar K MHHOBAIWSM, HO M Ba)XKHBIN BKIAI B
ycToWdnBOE OymyIiee CTPOUTENTHON HHIAYCTPHUH.
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Thermophysical properties of multicomponent building materials during heat

Abstract:

Keywords:

and moisture treatment using solar energy

A.Kh. Alinazarov}®? A A. Tukhtabaev®?, S.A. Adasheval®®

!Namangan State Technical University, Namangan, Uzbekistan

The article considers the thermophysical properties of building materials and products based on them
during solar thermal treatment. The formation of the value of the thermal conductivity coefficient is
shown; the thermal conductivity of the hardening skeleton and the filling medium and the convective
component, as well as heat transfer due to the movement of masses, will have a fundamental influence.
It is established that regulation of the thermophysical properties of composite products by solar thermal
chemical action before and during the period of structure formation is possible by regulating the pore
structure, humidity, dispersion of the main component, the temperature exposure mode, from the type
and amount of modified plasticizing additives.

thermophysical properties, building materials, solar energy, pore structure, structure management,
production waste, solar thermal treatment, thermal conductivity, specific heat capacity

Tenmnopusnyeckue cBONCTBA MHOTOKOMIIOHEHTHBIX CTPOUTENbHBIX
MAaTepPHAJIOB IIPH TEIIOBJIAKHOCTHON 00padoTKe ¢ HCIOIb30BAHHEM

COJTHEYHOM IHEePIruHU

Asnmnazapos A.X.102 Tyxra6aes A.A.'0° Anamesa C.A.10°

'Hamanranckuii rocy1apcTBEHHBIN TeXHUYECKUIT yHuBepenteT, Hamanran, Y36exucTan

AuHoOTALMA:

Kunrouessie cioBa:

B crarbe paccMOTpeHO TeIOpU3NUECKHE CBOWCTBA CTPOUTENIBHBIX MATEpHANOB M M3IENUH Ha HX
OCHOBE NpH renuoreruiopod oOpaborku. Ilokazana ¢opMupoBaHne BesM4YMHBI Ko3dduumeHra
TEIUIONPOBOJAHOCTH OCHOBOIOJAralollee BIMAHUE OyIyT HMMETh TEIUIONPOBOJHOCTH TBEPICIOLIEIO
CKeJleTa M 3amlojHSoNIEH cpelbl ¥ KOHBEKTUBHAS COCTABJIONIAsA, a TAKXKE NEPEHOC TeIula 3a CYér
HepeMeIIeHHs Macc. YCTaHOBJIEHa, UTO PEryIMPOBAHUS TEIIOGH3MIECKUX CBOKCTB KOMIIO3UIIMOHHBIX
u3Jenuit MyTéM TIeIMOTEIVIOXUMHYECKOrO BO3JCHCTBUA JO M B IIEPHOA CTPYKTYpOOOpa30BaHHsA
BO3MOJKHO PEryJIMpOBaHUEM IOPOBOI CTPYKTYPBI, BIAKHOCTH, AUCIIEPCHOCTH OCHOBHOI'O CJIaraeMoro
BEIIECTBA, PEXHMMa TEMIIEPAaTypHOro BO3JEHCTBHA, OT BHJAA U KONUYECTBA MOAU(UIMPOBAHHO-
MTACTU(GUIUPYIOMHMX T00aBOK.

TEIIO(PU3NIECKHE CBOMCTBA, CTPOMTENIbHbIE MaTepHajbl, COJHEYHAas SHEPrHs, MOpoBas CTPYKTYpa,
YIpaBIEHHE CTPOEHHEM, OTXOIbl NPOM3BOJCTBA, TeEJIUOTEINIOBas 0OpabOTKa, TEIIONPOBOIHOCTb,
yIenbHas TEII0EMKOCTh

1. BBenenue

I'moGanbHOE COKpallleHHe JHEpropecypcoB Tpedyer
PE3KOro TMOBBILICHHST IHEProdPPEKTUBHOCTH B OTpacin
IIPOU3BOJICTBA CTPOUTEIIBHBIX MaTepua’oB.
DuepreTudeckuii Kpuzuc XX Beka Moka3an HeoOX0AUMOCTh
JUIsL  CTPOMTEIBbHOM OTpacid TOBBIIEHHS LEH Ha
SHEPrOHOCHUTENM, CO3JaHUSs M BHEAPEHHS pecypco- H
SHeprocOeperaonux  TEXHOJNOTMH B HPOM3BOJCTBE
CTPOMTENBHBIX MaTepUaloB M W3JEHi, B CBA3U C 3THUM B
cdepe CTPOUTENBHBIX MATEPUAIOB OIHOM M3 BaXKHbIX 331a4
SIBISIETCS s dexTrBHOE HCTIONIb30BaHUE
SHEprocOeperaroux TEXHOJIOTUH, NPOM3BOJCTBO HOBBIX
CTPOMTENBHBIX MAaTEpHAIOB Ha OCHOBE IPOMBIIIICHHBIX
OTXO/IOB, COBEPILIEHCTBOBAHNUE UX TEXHOJIOTUH, YIIy4llICHHE
UX CTPOUTENBHO-TEXHHMYECKHX M  3KCIUTyaTallMOHHBIX
CBOICTB.

a2 https://orcid.org/0000-0001-5117-4252
b= https://orcid.org/0009-0006-2968-0179

B nocienHue rospl MaTepuaIoBeiaMU U CTPOUTENSMU
BCEr0O  MUpa  IIPOBOJMICS  MHOXECTBO  HAy4YHO-
HCCIIeIOBATEIbCKHX pabor, HAaIIPaBJICHHbBIX Ha
HCHOJIB30BAHHE BO30OHOBJIICMBIX MCTOYHUKOB 3HEPIUH, B
TOM YHCJIE COJIHEYHOH SHEPruM, B CTPOUTEIHHON OTPACIIH.
Hcnonp3oBaHue  BTOPHYHBIX  pECypcoB,  pa3paboTka
9HeprodpeKTHBHBIX  TEXHOJNOTMH  HMX  [OJNy4YCHUS,
HeWTpanu3alys SKOJIOTHYECKH BPEIHBIX TEXHOI'€HHBIX
OTXOJIOB SBJIIIOTCA OJHMMHM M3 aKTyalbHbIX 3aad.
YTunuszanus TPOMBILUICHHBIX OTXOJIOB MO3BOJISIET PELINUTh
JIB€ BaXHbIC IPOOJIEMbI - NPENOTBPAILCHHE 3arpsi3HEHMS
OKpY’>KaloIllel CpeAbl, a TaKkKe MOCTHKEHHE BBICOKOM
JKOHOMHUYECKOW A(P(PEKTHBHOCTH TMPU  H3TOTOBJICHUU
Pa3IMYHBIX CTPOUTENIBHBIX MATEPUAIIOB U U3/ICIIUH.

Jlutepatypublii ananmm3. Temnodusnyeckre CBOHCTBA
MHOT'OKOMIIOHEHTHBIX MaTEpHAJIOB 3aBHCAT OT MHOTHX
(akTOopoB M B TEpBYIO OdYepeAb OT OOBEMHON Macchl,
HOPOBOH  CTPYKTYDHI, BIQKHOCTM M PEXHMa
TeUOTEITIOXUMUYECKON 00padOTKH.

CL= https://orcid.org/0009-0000-4659-2353
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ITostoMy, ympaBisis CTPOCHHEM M CTPYKTYPHBIMH
XapaKTEepUCTUKaMH, MOXHO co31aBaTh 3((eKTHBHBIC
Martepualibl ¢ YJAYYIICHHBIMH  TEIUIOQU3HYECKUMU
XapakTepucTHKamH [1].

Orpaxaaroige KOHCTPYKIUH, B YaCTHOCTH MaTepHalIbl
U3 30JIOLEMEHTHBIX CMeCell Ha OCHOBE 30JIOLIAKOBBIX
orxomoB TOC mpencraBisiioT CO0OH  MENKOTOPHUCTHIN
MaTtepual, B KOTOPOM CIEIUICHHE 3epeH MexIy co0oit
OCYIIECTBIISICTCS TOJNBKO B MECTaX TOYCUYHBIX KOHTAKTOB. B
MEJIKO3EPHHCTHIX MHOTOKOMIIOHEHTHBIX U3JICTIHSIX,
Omaromaps  MajloMy —pa3Mepy  MEXK3EpHOBBIX  IIOp,
KOHBEKTHBHBI TEIUIOOOMEH CBOJOMTCS K MHHHMYMY,
MO3TOMY B TakOM Marepuaje JIOTHYHO OXKHIATh

ONTHMAIIBHOE COYeTaHUe MPOYHOCTHBIX u
TEII0)U3MICCKUX CBOKCTB.

Tak Kak TOBBIIIICHUE TeMIepaTypsl
CTPYKTypooOpasyromei cpepl npu re-

JTMOTETUIOXMMHIYECKOM BO3JICUCTBHH YCKOPSIET IIpOIecc
TBEPACHUS 30J0IIEMEHTHOTO W3JETHs, TO KOA(P UIMEHTHI
TEIUIO-MaccollepeHoca  OyIyT 3aBUCETh u oT
TEeMIIepaTypHOTro pekrMa [2].

TermronpoBogHOCT CTPYKTYpOOOpa3yoIero
30JIOIEMEHTHOTO ~ MaTepHajla 3aBHCHUT OT  (PH3HKO-
XHUMHYECKOH CTPYKTYpBI, IUIOTHOCTH TBEpHOH (aswl,
BJIArOCO/Iep)KaHMsl M BHYTPEHHETO JABJICHUS I1apora3oBoit
cpensl u coctasisier -0,28...0,32 Br/m. °C.

[Ipn 3TOM TErIONpPOBOTHOCTH TBEPABIX (a3, B CBS3M C
(Ga3oBEIMH M CTPYKTYPHBIMH  TIpeoOpa3oBaHUSIMU,
MPOUCXOJAIIMMI B 30JIOLIEMEHTHOM  W3JIENUH, IPH
TUIpaTaliy [IEMEHTa, CO BpeMeHeM yBenuuuBaercs [3].

[lepenoc Temna BHYTpH TOp  OCYLIECTBISETCS
KOHBEKIIMEH ¥ TEIUIONPOBOJHOCTBIO CPEIbl, 3aIOTHSIOIIIE
MOpbl MyTEM M3MyueHus. BimsHue myducroro mnepeHoca
TEIIa C Pa3BUTHUEM peaKlWH THApATaluK U TOSBICHUEM
KOHTPaKIIMOHHBIX TIOp, IHAMETP KOTOPBIX 3HAYUTEIHHO
MEHBIIIE 2 MM, PE3KO CHIIKAETCs, © IM MOYKHO IpeHeOpeyb.
TemmonpoBOAHOCTh 3aMONHSIONICH Cpelbl C TCYCHUEM
BPEMEHM H3-32 CTOKa BOJBl Ha THAPATALUI0 U
npeoOpa3oBaHus B HOpax  OygeT  YMEHBIIATHCS.
CrenoBarenbHo, Ha dhopmupoBaHue BEJINYUHBI
k03 QUIMEHTa TEIJIONPOBOAHOCTH OCHOBOIIOJNAraromiee
BIMsIHEE OYyAyT MMETh TEIUIONPOBOAHOCTH TBEPACIOIIECIO
CKelleTa M 3aloJHAIOIeH cpedbl M KOHBEKTHBHAs
COCTaBIAIIONIAs, a TaKke IIepeHoc Temia 3a Cuér
MepeMeILeHUsT Macc.

Bo BpeMst CTPYKTYpooOpa3oBaHusI npu
reJIMOTEINIOXUMUYECKOil  00paboTke W3MEHsIeTCs
K03 QULUECHT TEIJIONPOBOJHOCTH,

TEMIIepPaTypPONPOBOIHOCTH M TEIUIOEMKOCTH. B yacTHOCTH
oH Oyzmer 3aBucerb OT pasmepa ¢pakiuu (Symn)
3alOJIHUTENS, MapKd LeMeHTa (M), BOJIOLEMEHTHOTO
OTHOLICHHUS (B/M), MO U ULIUPOBAHHO-
mwiactuduippyronmx gobdasok (MIIJI), Baustomero Ha
COCTaB M KOJIMYECTBO 3alOJIHAIOLIEH Cpeibl B MOpax M OT
TEMIIepaTypbl BOABI 3aTBOPEHHMS M BO3JIYX HArpeThIX B
reJIMOTEIIOr eHEPUPYIOIHX arperarax [4, 5, 6].

VY penbHas TerI08MKOCTh CTpyKTypoobpasyiuero 3.11.K
(3070LIEMEHTHAs! KOMITO3HLIKS ) HaXoAaTcs B npenenax 830-
870 BT/(kr.°K), T.e. ymenpHas TEIIOEMKOCTb SBISETCS
BEJIMYMHOM  CabOYyBCTBUTENBHOH K CTPYKTYPHBIM
U3MEHEHMSIM MaTrepuaia, HauOoiblide e€ HM3MEHEHHs
OIPENIeNAIOTCS. B OCHOBHOM CTOKOM BJATHM Ha PEaKIHIO
TMApATalMi, a BBHIY TOr0O, YTO HA CBOOOJHYIO BOIY
npuxoxurcs He Oomee 7.8 % oT 00BEeMHOH Macchl
KOMITIO3MIIMOHHOTO H3/ENUs, TO M 3TH U3MEHEHUS MOXHO
CUMTATh HE3HAYMTENbHBIM. Pe3ynbrarhl HccnenoBaHHi 3a

JTUHAMUKOH K03 pHIMeHTa TemIoNpOBOAHOCTH A IPUBEIEH
Ha puc. 1.

2. MeToa0/10rusl HCCJIEIOBAHUA

B kauecTBe HCXOIHBIX JAHHBIX [UIS  IIOJyYCHHS
3HAUYeHHH KO3(QHIMEHTa TEIUIONPOBOAHOCTH A BBIOpAHBI
OCHOBHBIE (DaKTOPHI OSKCIIEPUMEHTAa M UX TI'paHUIHBIE
3HAUEHHS  OCYIIECTBIEHBl HA  OCHOBE  AlpPHOPHOH
SKCIEePUMEHTAITEHON HH(pOPMAIUHL.

VYcTaHOBIEHO, YTO TEHJACHIMS W3MEHEHMsI A TpHu
paccMaTpUBaeMBIX PEXHMMAaX UMEEeT OIMHAKOBEIH XapakTep:
HE3HAUNTENbHBIH  pocT  3HaueHWd A cMeHsieTcs
3HAQUUTENBHBIM €ro MaJeHHeM, a 3aTeM YyBEIUYCHHEM U
crabmim3anuei. J{namazoH N3MEHEHHUsI TETUIONPOBOIHOCTH
TP pasuMYHBIX  PEXHUMax  TeIHOTEIUIOXMMHIECKOH
00pabOoTKH ITOYTH TOT e, YTO YKa3bIBaeT B OCHOBHOM Ha
BIMSHUSA ~ COCTaBa M MapKd  MENKO3EpPHHCTOTO
KOMITO3HMITHOHHOTO HU3/IENUS TIOJINCTPYKTYPHOT'O CTPOSHHSI.

TemnepaTypa TBEpIeHHS KOMITO3HUIIMOHHOTO W3IEIIHS
OKa3bIBaeT BIIMSHHE Ha MIEPHOIbI HACTYIUICHHMS MUHUMyMa A
¥ BBIXO/1 KOO pHIMEeHTa HA IOCTOSIHHOE 3HAYCHHUE: TIPH- tmax
MHHHMYM M CTajaus crabuiamsanus A HacTymaer OblcTpee.
Ipn HU3KKX TeMHepaTypax - Teer CTaAWA cTaOWIM3anUU A
HACTyIaeT MO3/THEe u KpHBast H3MEHEeHHUE
TEIUIONPOBOAHOCTH HMeeT Ooyiee MOJIOTWH XapakTep MU
MeJUIeHHee BBIXOAWTHh Ha CTaIio cTalmwin3aiuu. A Tpu
CTPYKTYpOOOpa3oBaHUH 30JI0L[EMEHTHBIX
KOMITO3UIIMOHHBIX M3JEIHH B E€CTECTBEHHBIX YCIIOBHSIX
MOHIKEHHE M POCT 3HAYCHUH A pacTSHYTO BO BPEMEHH.

Ecmn  cpaBHHTP  XOX  KPHBBIX ~ HHTEHCHBHOCTH
TEIUIOBBIICNICHNS (> U KO PHIIMEHTOB TEIIONPOBOAHOCTH
OIIpeIeIIACTCS MHTEPECHas 3aKOHOMEPHOCTh YTO IEPHOJIbI
HOCTYIUIEHHSI MUHUMYMa A U MAKCHMYMa (> COBIIaat0T, YTO
SABJIACTCA CIIeZICTBUEM CTPYKTYpoOOpa3oBaHHUs
HOJINCTPYKTYPHOT'O MEJIKO3€PHUCTOr0 KOMITO3HIIHOHHOTO
MaTepuajoB IIPH TeJMOTEINIOXUMUYECKOH 00paboTKe;
BIIMSIHUE JKE€ TEMIIEPATypbl CKa3bIBACTCS B YCKOPCHUM MU
3aMe/IJICHHH 3THX IPOLIECCOB.

Ha puc. 1 rmoka3aHa  3aBUCHMOCTD  MEXY

MHTEHCHBHOCTBIO TEIUIOBBIACTICHUS 0>,
TEIUIONPOBOAHOCTBIO A W CKOPOCTBIO  M3MEHCHHS
TEIUIOBBIICJICHHUS 0410, CTPYKTYpOOOpa3yoIero

KOMIIO3MIIMOHHOTO M3JIeNusa. AHaIM3 U COIOCTaBICHHE
pe3yJIbTaToB Al MHE  IPEMIOKUTh  HHTEPECHYIO
B3aMMOCBS3b  3aKJIIOYAIOIICHCS B CICIYIOLIEM: 4YTO
TNOCTyIUIeHHe a0COMOTHOTO MHHMMyMa 3HadeHui d,/0;
COBIIAIa€T C HAYaIOM MepHoja CTaOWIM3AlMK 3HAYCHWI
ko3 (UIKEHTa TEIUIONPOBOAHOCTH, a abCOJIOTHOMY
MaKCUMyMy  TEIUIOBBIJCICHUS 0>  COOTBETCTBYET
a0COJIIOTHBI MUHUMYM 3HaueHus A. ITO 03HAYaeT O TOM,
YTO €CJAH W3BECTCH XOA KPHUBBIX (b, TO, BBIYHCIIHB
TPOU3BOAHYI0 J,/0; MOXKHO TIOCTPOUTH MIA  JaHHOTO
peXuMa reJHOTEeINIOXUMHYECKOH 00pab0TKH MPOrHO3HYIO
3aBUCHMOCTh  KOX()(HUIMEHTa  TEIUIONPOBOJHOCTH B
mpolecce  CTPYKTYpOOOpa3oBaHMs BbICOKOHAIIOIHEHHBIX
30JI0LIEMEHTHBIX KOMITO3HLIMOHHBIX MaTepHasoB
HOJIUCTPYKTYPHOT'O CTPOCHHUSI.
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q» KBr/v?
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7. KBT/ALE.

b4
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Puc. |. 3apHCHMOCTE MeNIY HHTEHCHBHOCTBIO TEMUIOBEIIENEHHA, CKOPOCTBIO €ro
HIMCHCHHA ¥ TCIUIONPOBOIHOCTEI0 KOMIMO3HIHOHHOID MaTepHata NOMHCTPYKTYPHOrQ
CTPOSHHA,

1- pesicnm ITXO Ges ML 2- pesnm ['TXO ¢ MIT:
3- peAKHM CTPYKTYPOODPA3ORAHHA B CCTCCTBCHHBIX YCIOBHAX.

3. 3akiaouenue

Takum 00pa3oM, peryiaupoBaHUs TEIIOQUIHIECKHUX
CBOICTB KOMIIO3UIIMOHHBIX W31 myTéM
reJMOTEIUIOXMMUYECKOr0 BO3/ICHCTBUA 10 M B HEPUOJ
CTPYKTYypoOOpa3oBaHUsI ~ BO3MOXKHO  PETYJIMPOBAHHEM
MOPOBOH  CTPYKTYpBL,  BIQXHOCTH,  AWUCHEPCHOCTU
OCHOBHOT'O cJ1araeMoro BELIIECTBA, pexuma
TEMIIEPAaTypHOrO BO3/EHCTBHS, OT BHAA M KOJIHMYECTBA
MO (DUIMPOBAHHO-TIACTH(ULUPYIOMINX T00aBOK.
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The effect of a complex additive on the homogeneity of cast concrete

R.A. Narov©? N.B. Rakhimova'®P®
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article discusses the effect of a complex additive based on ACF or SAFA plasticizers and
SOAPSTON hardener made from oil and fat industry waste on strength, homogeneity, density and the
propagation rate of ultrasound in cast concrete.

Keywords:

complex additive, ACF, SAFA, SOAPSTON, plasticizer, homogeneity, strength, elastic, structure, cube,

prism, density, velocity, ultrasound, propagation, property, workability, vibrations

Bausinue 100aBOK Ha (PU3HKO TEXHUYECKHE CBOMCTBA 0eTOHA

Hapos P.A.}02 Paxumosa H.B.10P

TamkenTckuit rocy1apCTBEHHBINM TPAHCIIOPTHBIA YHUBEPCHTET, TamkeHT, Y36eKkucTan

AHHOTAIYS .

B nmanHO# craThe MpocMaTpHUBaeTCs BONPOC, ONpeeNIeHNe BIMSHHS KOMIUIEKCHOH T0OaBKM Ha OCHOBE

mractudukatopoB ALl mwmm CADPA n orsepmurenst COAIICTOH Ha mpovHOCTH, OIXHOPOIHOCTE,
IJIOTHOCTB M HA CKOPOCTh PacIpOCTPaHEHHUS YJIbTPa3ByKH.

Kunrouessie cioBa: komiuiekcHas nobaeka, AL, CADA, COAIICTOH, mnacrudukarop, 0ZHOPOIHOCTB, MPOYHOCTS,
YIPYTHUii, CTpyKTypa, Ky0, MpH3Ma, INIOTHOCTh, CKOPOCTB, YJIBTPa3BYK, paclnpOCTpaHEHUEe, CBOKHCTBO,

y1000YKIIaIbIBAeMOCTb

1. BBeaenue

CoBpeMEeHHOE CTPOHTENBCTBO MPEIbsBICT BCE Ooee
BBICOKHE TpPeOOBaHMS K CTPOHMTENBHBIM MaTephaiaM, B
JaCTHOCTH K OETOHY — OCHOBHOMY KOHCTPYKLIMOHHOMY
Marepuansy B  TPKAAHCKOM, INPOMBIIUICHHOM U
TPaHCIIOPTHOM  CTPOHMTENbCTBE.  YCTOMYMBOCTH K
BO3ICHCTBHIO BHEWIHEHl Cpempl, BBICOKAs POYHOCTD,
JOJTOBEYHOCTh, TPEIIMHOCTOHKOCTh, MOPO30CTOHKOCTD U
BOJOHEIPOHHUIAEMOCTh — KJIIOYEBBIC XapaKTEPHUCTHKH,
OIPEIeISIIONIME IKCIUTyaTalOHHBIE CBOWCTBAa OETOHA.
OnHAaKoO TpaJMLMOHHbIE OCTOHHBIE CMECH HE BCeraa
CHOCOOHBI  YIOBIETBOPUTH BCEM O3THM TPeOOBAHHUSM,
OCOOCHHO B YCIOBHSAX CJOXHBIX KIMMAaTHYECKUX U
9KCIUTyaTalHOHHBIX (haKTOPOB.

B 37011 cBs131 BCE O0MBIIYIO aKTyalbHOCTh IpHOOpeTaeT
MoaupuIMpoBaHHe OETOHHBIX CMeceil C  IMOMOILBIO
Pa3NMYHBIX MHHEPAIPHBIX M XHMHYECKHX 100ABOK,
KOTOpbIE MMO3BOJSIIOT 3HAYMTENBHO YAYUYLINTh (HH3UKO-
TEXHHUUYEeCKUE CcBoHcTBa OeroHa. [IpumeHeHune n00aBOK
CIOCOOCTBYET ONMTUMH3ALMH TEXHOIOTHIECKOT0 Mpoliecca,
yIIy4IIaeT XapaKTePUCTUKU HA PAHHHUX CTAaIUAX TBEPICHHUS
U B [OJTOBPEMCHHOW MEPCIEKTHBE, a TaKXKe MO3BOISIET
pearb 3aja4n 3Hepro3h GeKTUBHOCTH u
pecypcochepexeHusl.

Hacrosimiee  mccnenoBaHue MOCBSIIECHO — H3YYCHHIO
BIMSHUS pA3IMYHBIX BHIOB [J00aBOK Ha  (QHU3HKO-
TEXHHYECKHE CBOWCTBA OCTOHA, TAKMX KAaK MPOYHOCTH HA
CKaTHe, MOPO30CTOMKOCTh, BOJOHEIPOHHULAEMOCTh U
MOBIKHOCTH cMecH. Llenbio paboThl SBISIETCS BBISBICHHE
Hanbonee APdexTHBHBIX J00aBOK H  00OCHOBaHHE
1[e1eCO00Pa3HOCTH MX TPUMEHEHHMS B YCIOBHSAX MECTHOTO
MPOM3BOJICTBA U CTPOUTENBCTBA.

https://orcid.org/0000-0002-0675-8328
bl https://orcid.org/0000-0002-2477-4516

JlurepatypHblii aHaau3. lccienoBaHus BINSHHA
J00aBOK Ha CBOWCTBA OETOHA HAaualIM aKTHBHO Pa3BHBAThCS
¢ cepenuHbl XX BeKa M MO ceif IeHb OCTAIOTCS [IPEeIMETOM
NPUCTAIBHOTO  BHHMaHHsA  YYEHBIX W HH)XCHEPOB.
CyniecTByeT MHOXKECTBO KJIaCCU(HKAIMi 100aBOK, OTHAKO
HauOonee  pacrpoOCTPaHEHHBIM  IMOAXOZOM  SIBIISICTCS
JieJIeHHe Ha MHHEPaJIbHbIe 1 XUMHYeCKHe.

Mumnepanvhvle 0o6asku

MuHepasibHble T00aBKH, TaKHE KaK MHKPOKPEMHE3EM,
METAaKaoJIUH, 30J1a-yHOCa, JOMEHHbIE U (eppocIuIaBHbIC
IUIaKH, TPECTABISIOT  COOOH  IyLIOJIAHOBBIC MU
UHEPTHbIE MaTepHalbl, CIIOCOOHBIE BCTYIATh B PEAKIHUIO C
THAPOKCUIIOM  KalbLius, 00pa3ys  JIONOJHUTEIbHbIN
rugpocunukatr kambuus  (CSH). Drto  cmocobcrByer
HOBBIIIEHHUIO IUIOTHOCTH CTPYKTYPbI IIEMEHTHOIO KaMH,
CHIKEHHIO TIPOHULAEMOCTH U YBEJIMYECHHIO NPOYHOCTH. B
ucciaenopanusx 3ainesa I C. oTmedaercs, 4YTO
MHKPOKpPEMHE3EM CIIOCOOCH MOBBILIATh HPOYHOCTH OETOHA
10 20-30% mpu CHUKEHHM BOJOLEMEHTHOI'O OTHOLIECHUS.
3oma-yHoca ~ yJyulllaeT  BOJAOHENPOHMIIAEMOCTb U
MOPO30CTOMKOCTb, OCOOEHHO MPH ONTUMAaIBHOM TO3UPOBKE
15-25% ot macchl LieMeHTa.

Xumuueckue 0obasku

K umcny  xumudeckux ~— m00aBOK — OTHOCSTCS
IACTU(HUKATOPBI, CyNepIIacTU(UKATOPbI, YCKOPUTENA U
3aMEJJINTENIN TBEPACHHUS, BO3/LyXOBOBJICKAIOIINE AreHTHI,
HHIMOUTOPBl  KOPPO3WM,  BOAOOTTAIKMBAIOLIME U
ruapodobmupyromue  BeutectBa. Ocoboe  BHUMaHHE
yunenasercs — cynmepmiactugukaTopaM  Ha  OCHOBe
NMOJUKAPOOKCHIIATHBIX 3()HPOB, KOTOPBHIE IO3BOJISIOT
JOCTUraTh BBICOKOW MNOJBIXKHOCTH CMECH IPH HHU3KOM
BOJIOLIEMEHTHOM OTHOLIeHKU. B uccnenopanuix Jlesuna H.
0. ormewaercs, dYTO TaKkuMe JOOABKH  IIO3BOJIIOT
W3TOTABIIMBATh CaMOYIUIOTHSIOIIMICA OeToH, obecreunBast
OJIHOPOJHOCTB M OTCYTCTBHE Cerperaiy KOMIIOHEHTOB.
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Coepemennvie menoeHyuu

Cospemennsle uccienosanns (Li et al., 2018; Singh &
Kumar, 2020) HampaBieHBl Ha  HCIIOJIb30BaHHUE
HAHOPa3MepHBIX [100aBOK, TaKMX KaK HAHOAHWOKCH]
KpEMHHs, HaHOIJIMHA, HAHOMOAW(HIMPOBAHHBIN TpadeH,
YTO TO3BOJISIET 3HAUUTENBHO YIy4IIaTh MHUKPOCTPYKTYPY
LEMEHTHOr0 KaMHS W TEM CaMblM I[IOBBIIIATH €0
NIPOYHOCTHBIE ~ XapaKTePUCTHKH W CTOHKOCTH K
arpecCUBHBIM CpeJlaM.

Tem He MeHee, d3PPEKTHBHOCTH JTOOABOK 3aBHCHUT OT
MHOXKeCTBa  (DaKTOpOB: COCTaBa IEMEHTa, KadecTBa
3aIlOJIHUTENIeH, pEeKMMa TBEPACHHS M KINMATHISCKUX
ycnoBuil. Takke Gorblioe 3HAUEHHWE MMEET IPAaBHIIBHBIN
oA00p JO3MPOBKH TOOABOK, MOCKOJIBKY KaK HEIOCTaTOK,
TaK ¥ M30BITOK MOKET HEraTHBHO CKa3aThCS HA CBOMCTBAax
OeToHa. HUccnenoBanmst MOKa3bIBAIOT, 41O
KOMOMHHpPOBaHHOE  TPUMEHEHHWE  MHHEpalbHBIX |
XUMHYECKUX T00AaBOK MOXKET O0OeCHeulTh HaWIyqIInit
3pdekT B IUaHe TPOYHOCTH, TPEIIMHOCTOUKOCTH U
JIOJITOBEYHOCTH OETOHA.

2. MeTo1010rusl HCCJICIOBAHMSA

W3 3apanee ONpeieNeHHBIX ONTHMAIBHBIX COCTaBOB
OeronoB kinacca B22,5; B30 u B40 Obutn 3a hopmMoBaHbI
00pas3ipt Kyos! pazmMepoM 10x10x10 cM 1 IpU3MEL pa3MepoM
10x10x40 cm. IIpu mpuroroBieHnn GETOHHON CMeCH B ee
cocraB ¢ Bomoil 3arBopenue BBOAMIM ALID- 0,1% wnnu
CADA- 0,15% u orBepaurens COAIICTOH-1,5% ot Beca
eMeHTa [6].

OO0pa3ie! 10 UCTIBITAHUS TBEPIMIH B TEUCHNUH 28 CYTOK
B HOPMAJIbHBIX YCIIOBUSIX. ITpoBeneHHBIMU
HCCIICIOBAHMSAMH YCTaHOBJIICHO, YTO BBEJCHHEM B COCTaB
OCTOHHOH CMecH KOMIUIEKCHYIO J100aBKy Ha OCHOBE
iactudukaropoB ALI® wnmu CADA MOXKHO COKPAaTHTh
pacxox nemeHta Ha 17 - 21% mnpu omHOBpEMEHHOM
o0ecreueHn 3aJaHHOW NPOYHOCTH, JMOO MOBBICUT
npouyHocTs Ha 20 - 22% 1o CpaBHEHHIO C KOHTPOJIBHBIMHU
obpa3zamu.

BbeToH ¢ KoMIUIEKCHBIMU J0OaBKaMH 110 OJHOPOJHOCTH
CBOWCTB W CTPYKType He ycTymaer 0e3 J00aBOYHBIX
0eTOHaM TeX e KJIACCOB.

Taxke yCTaHOBIEHO, 4TO OETOH C KOMIUIEKCHBIMHU
no0aBKaMM XapaKTepU3yeTCsl OJHOPOJHBIMHU CBOHCTBaMH
MO BBICOTE, OHA TAKKe IIOATBEPXKIAETCS HTAHHBIMHU IO
paclpOCTPaHEHUIO YIBTPAa3BYKOBBIX KoJIeOaHMI JHTHIX
0eTOHOB. YBEIMUYEHHE OJHOPOIHOCTH B JINTOH OeTOHE 1O
BBICOTE C J00aBKaMu OOBSICHSETCS €ro  JIydmieit
y1000YKIIaIbIBAEMOCTBIO IT0 CPAaBHEHUIO ¢ O€3 100aBOYHBIM
0eTOHOM.

OIHOPOTHOCTH CTPYKTYPHI OETOHA SIBISIETCSI OHUM W3
BaKHEHIIINX nokasaresei €ro Ka4yecTBa,
HpeoTpeIesIsIonas OJTHOPOIHOCTD MIPOYHOCTHBIX,
YIPYTUX U IPYruX (PU3NKO-MEXaHNYECKHUX CBOMCTB JIUTOTO
OeToHa W CYIIECTBEHHO BIISIET Ha JIONTOBEYHOCTHh
KOHCTPYKIIHH.

B xauectBe IUIACTU(HKATOPOB B HCCIETOBAHHIX
ucrosib3oBain B - kerocrimproBeix [TAB MeTuHOManerona
(aerono(opManbaeTnIaMuHOBEIH oniMmep) - ALLD u ¢ dy
poraMm  (areToHO(OPMAITBACTHIAMUHOBBIII ~ OJIAMEP) -
CA®A u oreepmurens COAIICTOH - orxon
MAacJIO)KUPOBOH  TIPOMBILIICHHOCTH, ITOJy4aeMOd IpH
paduHAIMK KUPOB W Macel. DKCIIEPUMEHTAMH 3apaHee
OBUTH OmpeieNIeHb! ONTHMAJIbHBIE KOJIMYECTBO T00ABOK, M
oun Obum paBHBI - ALID - 0,1%, CADPA - 0,15% u
oreepaurens COAIICTOH - 1,5% ot Beca uemeHnra u
BBOJWICS B C BOJOW 3aTBEpICHMS IPU HPUTOTOBICHUS
OeToHHOI cmecH [3].

Beutn  mpoBezieHBI HMCCIEIOBAaHUE M0 OMPEEeNICHHIO
BIIMSTHHE KOMIUTEKCHOM J00aBKH Ha OCHOBE
miactudukaropoB  ALI®d u CADA wu orBepaurens
COAIICTOH nHa mpoYHOCTB, IUIOTHOCTb M  Ha
OJTHOPOJIHOCTh ONTHMAaJIbHBIX COCTAaBOB O€TOHa Kiacca
B22,5; B30 u B40. OntumanbHble cOCTaBbl OETOHA OBLTH
nofo0paHbl € TIOMOMIBIO PacyéTa SKCHEPUMEHTAIBHOTO
meroza [1].

Jlns onpenenenus MpoOYHOCTH M OJHOPOAHOCTH JTUTOTO
OeToHa W3 ONTUMAIBHBIX cocTaB OeToHa  OBUTH
3adopmoBanbl  KyObl pasmepom 10x10x40 cMm, 1o
NPOBEICHUH UCTIHITAHUH 00pa3lbl XpaHWIN B TeueHHe 28
CYTOK B HOPMAJIbHBIX yCIIOBHSIX.

B tabuuue 1 npuBeaeHs! ONTHMAIBHBIE COCTABbI IMTOTO
6erona. B nepuon mpurotoBieHusi OETOHHOM cMecH B e€
cocras BB 1u1actudukaropsl ALID - 0,1% nnmu CADA
- 0,15% wu orBepaurens COAIICTOH - 1,5% or Beca
uemeHTa [5].

Tabauna 1
OnruMajibHble COCTABBI JIUTOI0 0€eTOHA
Pacxoa MaTepuaios B Kr Ha 1 M Komriectso nobasok % ot
Kiace Cepus B Beca IIeMeHTa
OcToHa | o0Opa3LoB 17 11 111, B 11 CADA COATICTOH
ADI]
1 2 3 4 5 6 7 8 9
B-225 B-2 420 640 975 252 0,60 0,15 -
’ B-3 350 720 1100 1925| 0,55 - 1.5
B-4 350 720 1100 192,5 0,55 0,1 15
r-2 480 605 925 264 0,55 - -
B-30 r-3 375 720 1100 187,5 0,50 0,15 15
r-4 375 720 1100 187,5 0,50 0,1 15
a-2 520 595 910 260 0,50 - -
B-40 a-3 420 700 1074 189 0,45 0,15 15
a-4 420 700 1074 189 0,45 0,1 15

B rtabnuie 2 npuBeAeHB! Pe3yNbTaThl UCTIHITAHUH 0Opa3LOB MO ONPEEICHUIO MPOYHOCTH IUIOTHOCTU M OJHOPOIHOCTH
(CKOPOCTB pacpoCTpaHEHUs yIbTpa3Byka) Kak KyOOBBIX, TaK M MPU3MEHHBIX 00pa3IIoB.
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Tab6auma 2
OIHOPOIHOCTH CBOWCTB JIUTOr0 €TOHA HA BbICOTE

Ky©sr ITpu3mel
Cepus HCCEZ??:MM [InotHOCTH Hpotmocts ﬁzgggg? IInotHoCTH Tpourocts szgggng’
Opasua GeTona P Getona 1pHt
oop HPHU3MBI Pe CKATHH TpaHCHUS Po cxatmp | TPaHeHus y/3, Vy
r/em® /3. Vy M/ r/em® /
Rex, MITa |Y/3, VyM/cex Rex, MITa M/cex
1 2 3 4 5 6 7 8
1 - Bepx 2,27 28,5 3100
2 - cepenyHa 2,28 31,5 3200
B-2 2,28 31.2 3200
3 Hu3 2,30 33,6 3300
1 - Bepx 2,28 35,8 3290
B-3 2 - cepeiHa 2,30 38,0 3300 2,30 36,0 3400
3 -HI3 2,31 38,2 3480
1 - Bepx 2,30 36,0 3400
B-4 2 - cepeiHa 2,29 39,0 3300 2,305 38,0 3480
3 - Hu3 2,32 40,0 3570
1 - Bepx 2,30 30,5 3480
r-2 2 - cepeHa 2,30 34,8 3570 2,31 34,0 3700
3 - Hu3 2,32 36,0 3780
1 - Bepx 2,30 49,0 3650
r-3 2 - cepeiiHa 2,33 52,7 3650 2,30 50,3 3710
3 -HU3 2,345 52,3 3800
1 - Bepx 2,30 48,5 3750
-4 2 - cepenyHa 2,32 51,2 3600 2,30 50,1 3790
3 - Hu3 2,35 53,1 3900
1 - Bepx 2,31 34,0 3300
a-2 2 - cepeanHa 2,33 39,6 3740 2,34 36,0 3400
3-Hm3 2,36 39,9 3570
1 - Bepx 2,32 56,0 3890
a-3 2 - cepeanHa 2,35 57,6 3880 2,35 57,8 3990
3-Hm3 2,37 58,5 4000
1 - Bepx 2,32 55,9 3890
a-4 2 - cepeanHa 2,34 57,0 3850 2,34 57,5 3980
3 -Hm3 2,36 58,0 4000
[Ipo3ByunBaHue  00pa3LOB  OCYIIECTBISUIM 11O V=5/Y-100% (1)
CTaHIApTHON MeTouKe ¢ noMolbto nprdopa YKB - 1M kak rae: S - cpeaHee ee KBaJIpaTHYHOE OTKJIOHEHHE

BIIOJIb, TaK M IIONEPEK HANpPaBIEHMS yKJIaake OeTOHHOU
CMECH.
OLICHKY OJHOPOJHOCTH CBOWCTB M CTPYKTYpbI OeTOHA

UCCIIelyeMOH XapaKTePUCTHKY, BBIYUCIAEMOE 1O opMyIie:

[r=0(y;-9)2

= @

. n-1

MIPOBOJIMIIH 110 PE3yJIbTaTaM MCIIBITAHUH LIECTH 00Pa3LoB - ¥ - cpesmee apHOMETHUECKOE 3HAMEHHE H3ydaeMOil

KyOOB ¢ p2686p0M 10 cM wuccmemyeMblXx — COCTaBOB, XAPAKTEPHCTHKEL

TBeIE[eBLHHX CYTOK B HOpMAJILHBIX yCIOBHAX. Vi - yacTHOe 3HAauYeHHE XapaKTEPHCTUKH, IOJIYYEHHOE
KadeCTBe  KOIMHYCCTBCHHOM — XapaKTCPUCTHKH P POBEJICHUH eqMHIYHOro 3kcnepumenta (1= 1,2, 3 n).

OJHOPOIHOCTH HCIIONE30BAIH KOOhGULNEHTb! BApHALLIH 110 Pesynbrarsl UCTbITaHHH [IPEICTaBIICHBI B TabmuIe 3.

npounoctt  (Vr) M CKOPOCTH  PacmpOCTpaHCHHSI

YJIBTPA3BYKOBKX KOJI€OAHHI BIOJIb U MIOTIEPEK HATIPABIICHUS
yknazaku (Vy), onpeaernsiia mo Gopmyoie:

Ta6uuna 3
OHHOPOHHOCTB CBOMCTB 6eTOHa ¢ KOMIIVIEKCHBIMH H06aBKaMﬂ

Mapkupoeka B1| B2 | B3 | B4 1| r2 | r3 r4 | g1 | g2 | a3 | 4
COCTABOB

Koaguun- Ve 6 8 4 7 6 7 5 6 5 7 6 5
CHTERL

B v

apratum y 5 6 5 4 5 7 2 7 5 8 6 3
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Cpennee 3HaueHwe koddduimenta Bapuamum 10
npovyHOCTH Vi JJIE  BCEX HCCIEAyeMbIX O00pasloB ¢
KOMIUIEKCHBIMH JI00aBKaMHU COCTaBHIO 5,3%, 10 CKOpoCTH
pacIpocTpaHeHHMs YIBTPa3ByKOBBIX Konebanuii - 4,5%, dro
HE [MpEBbIIACT CpPEIHUX 3HaueHWil Kod(duuHeHTOB
BapHaIMH TeX JKe XapaKTePUCTHK JUIsi 00pa3LioB OETOHA Tex
Ke Mapok 0e3 T00aBKH.

B MPEITOI0KESHHN HOPMAJILHOTO 3aKOHa
pacrnpeneneHus HPOYHOCTH OBLIIO OTIpEeIeIICHO
HEOOXOMMOE KOJHMYECTBO oOpa3noB (n) OeroHa C
KOMIUIEKCHBIMH J100aBKaMH Ha OCHOBE IIaCTU()UKATOPOB U
OTBEPIUTENS IS TOJNYYCHHsI JIOCTOBEPHBIX IAHHBIX IO

MIPOYHOCTHU:
t2 w2

n=" ®
rae: t - 9ucio, COOTBETCTBYIOIIEE TIPUHATOMY YPOBHIO
JOCTOBEPHOCTH TpH 4HCIe crereHei cBobomer f = 3

(6epércst o TabnHIIAM CTAaTHCTHIECKOTO paclpe/eIeH s);

B - morpemHOCTh HCHBITaHHSA (TIPU HCCIEIOBAHHU
BIMSIHMS TEX WIM HWHBIX [apaMeTpoB Ha IPOYHOCTH
MPUHUMAIOTCS PaBHOM 5 - 7%);

v- (aKTHYeCKH TMOJyUYeHHBI TMOCIe TMpPOBEACHHS
UCTIBITaHUH K03 HIMEeHT Baprannm.

Ioncuntannoe mno ¢opmyne (3) HeobOxommumoe
KOJIN4ecTBO 00pasIoB OeroHa, kak Oe3 J00aBKH, Tak W C
N00aBKOW  TPHHATBIX  [JO3MPOBKaX U IMOJydYEHHS
JOCTOBEPHBIX JaHHBIX [0 MPOYHOCTH (MCXOAs W3
(bakTudgeckoro  cpeaHero  Ko3(h(UIMEHTa  BapHalMK)
COCTaBJIsIeT HE MEHEe TpeX 00pas3IoB.

Ha ocHOBaHHMH TNpPOBEJICHHBIX HCCIIEIOBAHUN MOMKHO
c/ienarb BBIBOJ O TOM, 4YTO OCTOHBI C KOMIUIEKCHBIMU
J06aBKaMH Ha OCHOBE IIACTH(HUKATOPOB M OTBEPIHUTEIS 110
OJTHOPOJIHOCTH CBOMCTB M CTPYKTYpbl HE YCTYNAroT
0e3100aBOYHBIM OETOHAM TEX XK€ KIIACCOB JINTBIX OETOHOB.

BnusiHMe  KOMIUIGKCHBIX ~— 100aBOK Ha  OCHOBE
I1acTU(HUKAaTOPOB Ha HEPABHOMEPHOCTH CBOICTB OeTOHA Ha
BBICOTE, BO3HHKAIOLIYIO BCJIEJICTBUE SIBIICHUS
pacciauBaeMoil OCTOHHOW CMECH HW3ydaliM Ha IpHU3Max
pasmepom 10x10x40 cM, KoTopele (oOpMOBATH B
BEPTUKAJIBHOM IOJIOXKCHHUH, YIUIOTHEHHE OETOHHOI cMmecu
OCYIIECTBIISIIN IIThIKOBaHUEM. 13 Kaxknoro coctaBa 6eToHa
(hopMOBaIIH 110 TPU HPHU3MBI.

OOpa3upl [0 WCHbITAaHUS TBepAeidn 28 CYTOK B
HOPMAJIBHBIX ~ YCJIOBHAX  OJHOBPEMEHHO  (hopMoBain
00pasipl - KyObl ¢ pasmMepoM pedpa 10 cM st onpeaeneHus
nipouHocTH. [Ipu3Mbl packasbiBaiy Ha TPH PaBHbIE YACTH I10
BBICOTE, KOTOpbIE HCIOJb30BAIM [UI1  ONPEAENCHUS
IUVIOTHOCTH O€TOHA (Po), Mpeliea MPOYHOCTH NPH CHKaTHU
(Rex), CKOPOCTH — pacmpOCTPaHEHHs]  YIBTPa3BYKOBBIX
koneOanuit (Vy) pe3ysibTarhl HCIBITAHUN MPEICTABICHBI B
Tabnuue 2.

VYcraHoBneHo, uTo Ajs 6eTtoHa 6e3 no0aBOK pasnnyue
MIPOYHOCTH MEXIy BEpXHEH M HI)KHEH 4acThio mpu3M (10
OTHOLLIECHHIO K CpEJHEMY 3HAYCHUI0) B CpEIHEM JUIL
cocraBoB B -2-17,5%,T-2-18%, 11 - 2 - 17,3%, a nius
O0eTOHa ¢ KOMIUIGKCHBIMM JI00aBKaMM Ha OCHOBE
1acTU(UKATOPOB 3TH 3HaUeHus coctaBuwin: B-3-7% u B
-4-10%,I'-3-6,7%,ul'-4-9,5%,/1-3-45%u/l-4
- 4,0%, To ecTb OETOHBI C ONTHMAJILHBIM KOJIHYECTBOM
KOMIUIEKCHBIX ~ J100aBOK  XapakTepu3yroTcsi  OoJjee
OJTHOPOJHBIMH TIOKa3aTeIMH CBOWCTB 110 BBICOTE, YTO
MOATBEPXKIACTCS  TaKKe  JaHHBIMH 10  CKOPOCTH
pacnpocTpaHeHHs yIbTPO3BYKOBBIX KOJIeOaHUH B OETOHAX.

[loBbllIeHHE OAHOPOJHOCTU CBOMCTB IIO BBICOTE VIS
O0eTOHa ¢ KOMIUICKCHBIMM JI00aBKaMM Ha OCHOBE
IIACTU(HUKATOPOB U OTBEPIUTENS OOBACHICTCS ero JIydie

y1000YKIIaJbIBAEMOCTBIO IT0 CPABHEHUIO € Oe3 100aBOYHBIM
0ETOHOM M yBEIHYCHHEM JO0Jeid IMecka B CMECH C LEIbI0
NPEIOTBPAILCHUS] PAcCIOCHHsT OCTOHHOW CMecH, W Kak
CJIEICTBHE, TONTydYeHHe Oojee IUIOTHOH CTPYKTYpBHI, 4YTO
CIIOCOOCTBYET MEHBIIEMY Pa30pocy MPOYHOCTH.

IIpoBenenHele  wWccnenoBaHWA — MOKa3alH,  9TO
KOMIUIEKCHBIE JTOOAaBKM Ha OCHOBE IUIACTH(UKATOPOB M
OTBEpAUTENST MOTYT OBITh HCIIONB30BaHBI 3(P(EKTHBHO B
TEXHOJIOTHMM  W3TOTOBJICHHMS ~ KOHCTPYKIMH  MMEIOIINX
3HAYNTENBHYIO BEICOTY.

3. 3akjJa0ueHue

IIpoBeieHHBIMU HCCIIEIOBAHUSIMU YCTAHOBJIEHO, YTO
BBEJICHHE B COCTaB OCTOHHOI CMeCH KOMILICKCHOU JT0OaBKH
Ha ocHoBe IuactudukaropoB All®d wm CADPA u
oreepaurenss COAIICTOH MoOHO COKpaTHTh pacxon
memenTa Ha 17 - 21%, npu 0JJHOBPEMEHHOM 00ECTICUCHUHU
3aJIAaHHOM TIPOYHOCTH JTUOO MOBBICUTH €€ IPOYHOCTH Ha 20 -
22% 10 CpaBHEHHUIO ¢ KOHTPOJIBHBIMU 00pa3iamMu. beToHbI
C KOMIUTEKCHBIMH JT0OaBKaMH Ha OCHOBE TUIACTH(UKATOPOB
U OTBEPAMTEIIS 110 OHOPOJHOCTU CBOMCTB M CTPYKTYpE HE
ycrymaer 6e3 1o0aBOYHBIM OETOHA, TeX ke KiaccoB. Takxke
YCTaHOBJICHO, 4TO OETOHBI C KOMIUIEKCHBIMH JI0O0aBKaMU
XapakTepusyroTcsi 0Oojiee OIHOPOJHBIMU TOKa3aTeIsIMU
CBOMCTB IO BBICOTE, OHA TAK)KE MOATBEPKAACTCS JAHHBIMHU
TI0 PAcIPOCTPAHEHHIO yIBTPa3ByKOBBIX KOJIEOaHHH B JINTHIX
OeToHax. YBenM4YeHHE OJHOPOIAHOCTH B JIMTOH OETOHE C
Jo0aBKamMu o0bscHseTCA ero Tyden
y1000YKJIaIbIBAEMOCTBIO IT0 CPAaBHEHUIO ¢ O€3 T00aBOYHBIM
06eTOHOM.
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Evaluation of spatial-structural properties and thermal technical indicators of
autoclave-free aerated concrete produced from industrial waste

Abstract:

Keywords:

B.G. Kodirov?, S.S. Shaumarov?, S.1. Kandakhorov?
Tashkent State Transport University, Tashkent, Uzbekistan

The article briefly describes the historical development of aerated concrete production technology,
modern methods and the contribution of Uzbek scientists to this field, and also theoretically analyzes the
relationship between the thermal insulation properties of autoclaved aerated concrete and its composition,
porous structure and density. The study compared aerated concrete samples with different compositions
(standard, slag and sand waste variants), analyzed their thermal conductivity coefficient (X), density (p)
and strength. According to the results, the thermal insulation capacity of aerated concrete improved by
12-15% by adding industrial waste, and the combination of slag and sand waste gave especially optimal
indicators. In addition, the fact that the A value of aerated concrete is linearly dependent on its density
was expressed through the mathematical model (A = f(p)).

aerated concrete, industrial waste, autoclave-free technology, porous structure, thermal conductivity
coefficient, X-ray phase analysis, electron microscopy, physical and mechanical properties, phase
composition

Sanoat chiqindilari asosida ishlab chigarilgan avtoklavsiz gazobetonning
fazaviy-strukturaviy xususiyatlari va issiqlik texnik ko‘rsatkichlarini

Annotatsiya:

Kalit so‘zlar:

baholash

Kodirov B.G*.}, Shaumarov S.S.t, Kandahorov S.1.}
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Ushbu magqolada sanoat chiqindilaridan, jumladan kvarts qumi va po‘lat eritish shlakidan foydalanilgan
avtoklavsiz gazobeton namunalarining fazaviy-strukturaviy —xususiyatlari va issiglik texnik
ko‘rsatkichlari tadqiq qilingan. Gazobeton tarkibidagi g‘ovaklarning o‘lchami, shakli va tagsimoti
elektron mikroskopiya va rentgenofazaviy analiz usullari yordamida baholangan. Olib borilgan tajriba
natijalariga ko‘ra, sanoat chiqindilari bilan boyitilgan gazobeton namunalarida issiqlik o‘tkazuvchanlik
koeffitsiyenti 0,138-0,147 W/(m-°C) oraliqda aniqlangan. Tadgiqot natijalari g‘ovaklarning optimal
o‘lchami va tagsimoti materialning issiglik izolyatsion va mexanik xossalarini sezilarli darajada
yaxshilashini ko‘rsatdi. Gazobetonning mikrostrukturasi va mineral faza tarkibining tahlili uning
energiya samaradorligi va mustahkamlik ko‘rsatkichlarini oshirish imkoniyatlarini belgilab berdi.
gazobeton, sanoat chiqgindilari, avtoklavsiz texnologiya, g‘ovak struktura, issiglik o‘tkazuvchanlik
koeffitsiyenti, rentgenofazaviy tahlil, elektron mikroskopiya, fizik-mexanik xossalar, fazaviy tarkib.

1. Kirish

Qurilish materiallarining energiya tejamkorligi va
ekologik tozaligiga bo‘lgan talablar ortib borayotgan bir
paytda, energiya samarador texnologiyalar asosida
gazobeton bloklari ishlab chigarish alohida ahamiyat kash
etmoqda. Gazobeton — bu kam zichlikka, yugori issiglik
izolyatsiyasi ~ xususiyatiga ~va  yetarli  darajadagi
mustahkamlikka ega hujayraviy beton turidir. Bunday
xossalari tufayli gazobeton kam qgavatli va energiya samarali
qurilishda ajralmas material hisoblanadi.

Zamonaviy gazobeton ishlab chigarish texnologiyalari
fagatgina  tayyor  mahsulotlarning fizik-mexanik
xususiyatlarini yaxshilashni emas, balki ishlab chigarishning
barcha bosgichlarida — xom ashyo aralashmasini
tayyorlashdan boshlab avtoklavli ishlov berishgacha —
energiya  sarfini  kamaytirishni  magsad  qgilgan.
Komponentlarni avtomatlashtirilgan tarzda dozalashtirish
tizimlarini joriy etish, avtoklav rejimlarini optimallashtirish,
texnologik issiglik va suvni gayta foydalanish, mugqobil
bog‘lovchi materiallardan foydalanish kabi choralar
energiya sarfini sezilarli darajada kamaytirish va mahsulot

tannarxini sifatni yo‘qotmagan holda pasaytirishga imkon
beradi.

Bundan tashqari, bargaror rivojlanish va yopiq ishlab
chigarish sikli konsepsiyasiga mos ravishda ikkilamchi
resurslardan — masalan, uchuvchi kul, mikrosilika va
qurilish chigindilaridan — foydalanishga ham alohida
e’tibor qaratilmoqda. Gazobeton mahsulotlarini ishlab
chigarish texnologiyasi beton aralashmasining tarkibiga
bevosita bog‘liq bo‘lib, beton massasida hosil bo‘ladigan
g‘ovakli struktura, uning shakllanish usullari, gazobetonning
mustahkamligi va boshqa ko‘plab o‘ziga xos xususiyatlar
bilan belgilanadi.

Beton aralashmasining asosiy komponentlaridan biri gaz
hosil giluvchi modda (odatda alyuminiy kukuni) va
gidratlangan kaltsiy oksidi bilan o°zaro ta’sirga kirishganda
vodorod ajraladi. Suvda yomon eriydigan ushbu gaz beton
aralashmasida ko‘plab gazsimon g‘ovaklar hosil qiladi,
natijada gazobetonning o‘ziga xos hujayraviy tuzilmasi
shakllanadi. Zamonaviy qurilish sanoatida energiya
samaradorligi va ekologik tozalikka bo‘lgan talabning
ortishi natijasida yengil vaznga va past issiglik
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o‘tkazuvchanlik xususiyatiga ega qurilish materiallariga
ehtiyoj oshmoqda. Gazobeton bunday talablarni qondira
oladigan muhim qurilish materiali  sifatida keng
qo‘llanilmoqda. Uning asosiy afzalliklari g‘ovakli tuzilma
natijasida yuzaga keluvchi past issiglik o‘tkazuvchanlik va
yengil vazn hisoblanadi.

Ayni vagtda, sanoat chigindilaridan, xususan, kvarts
qumi va po‘lat eritish shlakidan foydalanib, gazobeton ishlab
chigarishni takomillashtirish imkoniyatlari keng tahlil
gilinmoqda. Ushbu tadgiqotda gazobeton tarkibida sanoat
chiqindilarini qo‘llashning issiqlik texnik va fazaviy
xususiyatlarga ta’siri o‘rganildi. Maqola sanoat chiqindilari
asosida tayyorlangan gazobetonning rentgenofazaviy tahlili,
elektron mikroskopik tasviri va issiglik o‘tkazuvchanlik
koeffitsiyentini o‘lchash natijalariga asoslangan holda
materialning optimal tarkibiy va strukturaviy parametrlarini
aniglashga garatilgan.

2. Tadgiqot metodikasi

Tadgiqot ishining asosiy magsadi — sanoat chigindilari
asosida ishlab chigarilgan avtoklavsiz gazobetonning
fazaviy va struktura xususiyatlarini, shuningdek, issiglik
texnik ko‘rsatkichlarini tajribaviy va analitik usullarda
o‘rganishdan iborat.

Tadgiqot quyidagi bosgichlarda olib borildi:

Namuna  tayyorlash:  Gazobeton  namunalarini
tayyorlashda sanoat chigindilari — kvarts qumi va po‘lat
eritish shlaki — asosiy xom ashyo sifatida ishlatildi.
Tayyorlangan qorishma 100x100x100 mm o‘lchamdagi kub
shaklida quyildi va tabiiy sharoitda gattiglashtirildi. (1-
rasm).

1-rasm. Tayyorlangan namunaning umumiy ko‘rinishi

Rentgenofazaviy tahlil:Gazobeton  namunalarining
fazaviy tarkibi rentgen difraksiyasi (XRD) usuli bilan
o‘rganildi. Rentgenogrammalar yordamida kremniy oksidi,
kalsiy oksidi, temir oksidi, kalsiy silikatlar, alyuminiy va
magniy oksidlarining mavjudligi aniglanib, ularning kristall
strukturalari tasdiglandi.

Elektron mikroskopiya: Namunalarning
mikrostrukturasini aniglash uchun elektron mikroskopik
tasvirlar olindi. G‘ovaklarning o‘lchami, shakli va tagsimoti
tahlil qilindi. G‘ovaklarning o‘rtacha o‘lchami 400-600
mkm oralig‘ida ekanligi aniqlangan.

Fizik-mexanik xossalarni baholash: Namunalarning
zichligi GOST talablari asosida aniglandi. Issiglik
o‘tkazuvchanlik  koeffitsiyenti nazariy  hisob-kitoblar
asosida va eksperimental yo‘l bilan o‘lchandi.

Natijalarni tahlil gilish: Olingan rentgenogrammalar,
mikroskopik  tasvirlar va issiglik  o‘tkazuvchanlik

ko‘rsatkichlari asosida gazobetonning fazaviy va struktura
xususiyatlari baholandi va ularning issiglik texnik
ko‘rsatkichlarga ta’siri tahlil qilindi.

Metodologiya asosida olib borilgan tajribalar sanoat
chigindilaridan foydalanish orgali gazobetonning energiya
samaradorligi va ekologik ustunliklarini tasdigladi hamda
ishlab chigarish texnologiyasini optimallashtirish uchun
ilmiy asos yaratdi.

3. Natija va muhokamalar

Yengil vazn va past issiglik o‘tkazuvchanlik —
gazobetonning asosiy afzalliklaridan hisoblanadi. Bunday
xususiyatlarga bu qurilish materiali uning g‘ovakli tuzilishi
tufayli ega bo‘ladi. Ushbu maqolada gazobeton va boshqa
hujayraviy beton turlarida g‘ovaklarning qanday hosil
bo‘lishi va ular material xossalariga qanday ta’sir ko‘rsatishi
batafsil yoritib beriladi.

Issiglik izolyasiyalovchi materiallarning o‘ziga xos
xususiyati ularning issiqlik o‘tkazuvchanligini sezilarli
darajada kamaytiradigan yuqori miqdordagi g‘ovakli
strukturasi hisoblanadi.

2-rasm. Gazobetonlardagi g‘ovaklarning ko‘rinishi

Bunda issiglik o‘tkazuvchanligiga materialning
g‘ovaklari miqdori, g‘ovak o‘lchamlari va shakli katta ta’sir
ko‘rsatadi. Yopiq sharsimon shaklga ega g‘ovaklari ko‘p
bo‘lgan materiallar eng yaxshi issiqlik izolyatsiyasi
qobiliyatiga ega hisoblanadi [1].

Qorishma tarkibidagi xom ashyo sifatini baholashdan
magsad sanoat chigindisi asosidagi gazobetonning kimyoviy
va mineralogik tarkibiga e’tibor qaratish va strukturani
shakllantiruvchi omillarni o‘rganish hamda zararli oksidlari,
minerallarning ko‘p miqgdorda turli foizlarda mavjudligi,
fizik-mexanik xususiyatlarining ta’sirini aniglashdan iborat.

Olib borilgan eksperimental tadgiqotlar natijasiga ko‘ra
sanoat chigindilari tarkibida CaO, MgO, SiO2, MnO, Al20s,
P20s, va FeO + Fe20s oksidlari mavjudligi aniglandi. Ushbu
xom ashyo tarkibidagi oksidlar qotish jarayoniga va normal
sharoitda  biriktiruvchi ~ xususiyatlarining ~ namoyon
bo‘lishiga o‘z ta’sirini o‘tkazadi. Oksidlarning faollik
koeffitsienti materialning sifatini bog’lovchi moddalar
ishlab chigarish uchun xom ashyo sifatida foydalanishga
yarogliligi hagida aniq baho berishga imkon beradi.

Portland sementning gotish jarayoni bu alyuminatlar va
kalsiy alyuminiyatlar hamda ferritlarni gidratsiyalanishini
o‘z ichiga olgan murakkab fizik-kimyoviy jarayonidir.
Sement suv bilan reaktsiyaga kirishganda, unda eriydigan
asosiy minerallar quyidagi tenglamalar  bo‘yicha
gidratlanadi:

3Ca0 ¢ SiOz + 5H20 =2Ca0 -« SiO2 * 4H20 + Ca(OH)y;
2Ca0 ¢ SiO2 + 4H20= 2Ca0 -« SiO; * 4H-0;
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3Ca0 « A1203 + 6H20 = 3Ca0 * Al203 * 6H20;
4Ca0 + A1203 » e203 + H20 = 4CaO « A1203 * Fe203 *
H20

Bunda xom ashyo turiga, atrof-muhit ta’siriga,
haroratga, bog’lovchi moddalarning qotish vaqti va qotish
sharoitlariga qarab, g’ovakbetonning tarkibi, tuzilishi va
bog’lash  xususiyatlaridan farq qiluvchi  turli  xil
neoplazmalar paydo bo‘lishi mumkin.

Avtoklavsiz gazobeton tarkibida mavjud bo‘lgan sanoat
chiqindilari qo‘llanilgan kvarts qumining mayda zarralari
sementning strukturasini shakllantirish jarayonida faol
ishtirok etib, hosil bo‘lgan bloklarning g’ovak devorlarining
zichligini oshirish hisobiga mustahkamligini oshirishga
yordam beradi [2-3].

Portlandtsement  zarralari suv  bilan reaktsiyaga
kirilganda,  karbonat  kaletsiy = bilan  bog’lovchi
moddalarining mayda donalari bilan birgalikda yaxlit
bo‘lgan zarralar hosil bo‘ladi. Bu ta’sir natijasida kontakt
zonalarida mustahkam bo‘g’inlar paydo bo‘lishiga olib
keladi [4].

Avtoklavsiz gazobeton namunalarining g’ovakliligi va
uning tarkibini aniglash hamda g’ovaklarining strukturasini
to‘liq tadqiq etish uchun rentgenogramma tahlili usulidan
foydalanildi.

Sementning  fazaviy tarkibida paydo bo‘lgan
o‘zgarishlarni aniqlash uchun rentgenogrammalar tahlili
o‘tkazildi (3-rasm).
- ‘lt‘ll
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3-rasm. Sanoat chigindi kvarts qumi yordamida hosil
gilingan gazobetonning rentgenogrammasi
Olingan rentgen tahlillari shuni ko‘rsatdiki, gazobeton
tarkibida tegishli kimyoviy moddalar quyidagi fazalarda
mavjudligi aniglandi: kremniy oksidi (d, nm = 1,669; 1,512
A) Si02; temir dioksidi (d, nm=1,440 A) Fe203; oltingugurt
(V1) oksidi (d, nm=1,584; 0,945 A) CO3; kalsiy oksidi

(d, nm=1,207; 1002 A) CaO; natriy oksidi hamda
alyuminiy oksidi (d, nm=0,880 A) Na20AI203.

Ushbu fazalar bog’lovchinining reaktsiyaga kirishuviga,
fizik-mexanik xossalariga ijobiy ta’sir etib, tashqi ta’sirlarga
chidamliligini oshishiga xizmat giladi.

Sementning kimyoviy tarkibiga o‘xshash bo‘lgan po‘lat
eritish shlakining kimyoviy tarkibi rentgenogrammalarning
tahlili asosida aniglandi (4-rasm).

4-rasm. Po‘lat eritish shlaki yordamida tayyorlangan
gazobetonning kimyoviy o‘zgarishing rentgen-
strukturaviy tahlili
Po‘lat eritish shlaki qo‘llanilgan gazobetonning tarkibi
kalsiy silikat gidratasiya mahsulotlarini o‘z ichiga

oladi:3Ca0 - SiO2 - 2H20 (d, nm = 2,088 A), gidrolit
2Ca0-3Si02-H20 (d, nm = 1,432 A). Kristallardan iborat
bo‘lgan kimyoviy andraditlar CasFez(SiOa4)2 (d, nm =1,644
A) va CasAlx(SiO4)s (d, nm = 1,156 A) oksid fazalari
aniglandi.

Shuningdek, quyidagi kimyoviy oksid fazalari ham
mavjud:

Kalsiy CaCOs (d, nm=1,35A);

Glaukonit (K, H20) (Fes, Al, Fea,
Mg)2 [SisALO10](OH)2xnH20 (d, nm = 1,251 A);

Brusterit Ca(AlzSisO16) 5H20 (d, nm =1,069 A);

Analsim Na(AlSi206)H20 (d, nm =1,051 A);

Marganesli kalsiy (Ca, Mn) SOs (d, nm =0,929 A).

Aniglangan ushbu fazalar po‘lat eritish shlaki
go‘llanilgan gazobeton bloklarining fizik-mexanik xossalari
yaxshilanishiga yordam beradi.

Sanoat chigindi kvarts qumi va po‘lat eritish shlaki
yordamida hosil gilingan gazobeton kompozitsiyalarining
rentgenogrammalari 5-rasmda keltirilgan.

5-rasm. Sanoat chiqindi kvars qumi va po‘lat eritish
shlaki yordamida hosil gilingan gazobetonning
rentgenogrammasi

5-rasmdagi rentgenogramma  natijalari shuni
ko‘rsatadiki sanoat chiqindi kvars qumi asosidagi gazobeton
namunalarida mikrostrukturaviy g‘ovaklarga ega bo‘lgan
kalsiy silikatlarining gidratasiyasi aniglandi:

5Ca0-5Si02-Hz0 (d, nm = 1,675; 1,358 A);

2Ca0-28i02:3H20 (d, nm = 1,663A);

2Ca0-Si02H20 (d, nm = 1,507 A).

Kalsiy alyuminatlar va  alyuminoferritlari
gidratasiyasidan hosil bo‘lgan gazobeton quyidagi fazalarni
o‘z ichiga oladi:

5 ettringit 3CaO - Al203 - 3CaCOs - H20 (d, nm = 1,850
A);

kalsiy gidroalyuminiyat 3CaO - Al203 - 6H20 (d, nm =
1,167 A).

Granit kristal-kimyoviy guruhining fazasi FesAl2(SiOs)3
(d, nm=1,2594), tegishli g‘ovaklardan tashkil topgan mayda
fazalarini quyidagilardan iborat:

monomorillonit Alz[OH]z - (SisO10) - nH20 (d, nm =
1,074 A);

kaolinit Al2(OHa) - (Si20s) (d, nm = 1,055 A).

Ushbu kimyoviy tarkiblar orgali gazobetonning
kimyoviy xossalari o‘zining fizik-mexanik xususiyatlarini
yaxshilanishiga xizmat giladi hamda uning umrbogiyligi,
olovbardoshligi, muzlashga chidamligi kabi xususiyatlarini
yaxshilanishiga olib keladi.

Sanoat chiqgindilari qo‘llanilgan barcha namunalar
strukturasining tahlili shuni ko‘rsatdiki, chigindi kvars qumi
qo‘shilgan gazobeton bir tekis tagsimlangan g‘ovakli
tuzilishga ega bo‘lib, bu esa o°‘z navbatida issiqlik
o‘tkazuvchanligiga ijobiy ta'sir ko‘rsatadi. Shuning uchun
tadgiqot ishining keyingi bosgichida ushbu gazobeton
tarkibining issiqlik o‘tkazuvchanligini tadqiq etishdan
iborat.

Issiglik o‘tkazuvchanligini aniqlash uchun avtoklavsiz
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gazobetondan 100x100x100 mm o‘lchamdagi namunalar

tayyorlandi. So‘ng issiglik o‘tkazuvchanligi “Qurilish

issiqlik texnikasi” me'yoriy qoidalari asosida nazariy hisob-
kitoblar bo‘yicha aniqlangan.

Sanoat chigindisi asosidagi gazobetonning issiglik

o‘tkazuvchanlik koeffisienti natijalari 1-jadvalda keltirilgan.

1-jadval

Issiglik o‘tkazuvchanlik koeffisienti

Gazobeton tarkibi Zichligi, A, Vim-°C &, Vt/m -°C 4, Vt/m -°C
R, Se— kg/m? 1 namuna 2 namuna 3 namuna
Ishlab chiqarish tashkiloti 667 0,1415 0,1395 0,144
tarkibi bo‘yicha tayyorlangan 656 0,143 0,143 0,1415
gazobeton 662 | 0,145 | 0,144 | 0,1435
652 0,139 0,138 0,142
Sanoat chiqindi kvars qumi . = =
3 658 0,141 0,139 0,141
. beto! : . -
asosidag! gazobelon 660 0,1425 0.142 0.145
, . . 650 0,14 0,143 0,142
roe 1
e 646 0,1435 0,146 0,145
Sancat chiqindi kvars qumi 662 0,141 0,145 0,143
va shlaki asosidagi gazobeton 664 0.143 0.141 0.142
663 0,1445 0,146 0,147

Birinchi (chigindi qumi), ikkinchi (po‘lat eritish shlaki)
va uchinchi (chigindi kvars qumi va shlaki) namunalar
(D600 markali) 650-664 kg/m3 zichlik ko‘rsatkichlariga ega
bo‘lgan gazobeton olindi. Ushbu namunalarning issiglik
o‘tkazuvchanligi 0,142-0,169 Vt/m-°C

ni tashkil etdi. Bu esa GOST 10180-2012 talablariga
to‘la javob beradi.

Olib  borilgan tadgiqotlar Davidyuk A.N. [5]
nazariyasiga ham to‘liq mos kelib, unga ko‘ra materialning
issiglik o‘tkazuvchanlik koeffisienti uning o‘rtacha
zichligiga va strukturasiga bog‘liq bo‘lib, materialning
Xususiyatiga garab 60-70 foizgacha o‘zgarishi mumkin.
Shuningdek, g‘ovakbetonning mineralogik tarkibini
tanlashda, = gazobetonning  issiqlik  o‘tkazuvchanlik
koeffisienti, o‘rtacha zichligi, material strukturasiga eng
magbul echimini topish muhim ahamiyat kasb etadi.

Gazobetonda g‘ovaklar hajmining ortishi hamda
ularning bir-biri bilan o‘zaro ochiq kanallar hosil qilishi
issiglikdan himoya xossalarini yomonlashishiga olib keladi.
Shuning uchun g‘ovakbetonlarni ishlab chiqarishda imkon
qadar bir xil shakldagi g‘ovak tuzilishga ega bo‘lgan issiglik
izolyasion materiallarni yaratishga harakat gilinadi. Bu
struktura nafaqat issiglik xususiyatlarini yaxshilaydi, balki
mustahkamlik xususiyatlarini ham oshiradi [6]. Shuni
inobatga olgan holda keyingi bo‘limdada gazobeton
strukturasining  uning  mustahkamligi  va  issiglik
o‘tkazuvchanligiga ta'siri batafsil ko‘rib chiqamiz.
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6-rasm. Pora o‘lchamlari bo‘yicha tagsimot
gistogrammasi
6-rasmda gazobeton namunasidagi pora o‘lchamlarining
tagsimotiga oid gistogramma tasvirlangan. Gistogrammada
pora o‘lchamlari mikrometr (mkm) birligida gorizontal
o‘qda, ularning takrorlanish chastotasi esa vertikal o‘qda
ko‘rsatilgan. Tagsimotning shakli g‘ovak strukturaning
nisbatan bir xil va tarqoq xususiyatga ega ekanligini
ko‘rsatadi.

o

Pora o‘lchamlari asosan 400-600 mkm diapazonida
jamlangan bo‘lib, bu gazobetonning past zichlik va yuqori
issiglik izolyatsiya xususiyatlarini ta'minlaydi. Eng ko‘p
uchraydigan pora diametri 500 mkm atrofida gayd etilgan.
G‘ovaklarning o‘lcham oralig'i va ularning tagsimoti
materialning issiqlik o‘tkazuvchanligi, mustahkamligi
hamda suv shimish xususiyatlariga sezilarli ta'sir ko‘rsatadi.
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7-rasm. G‘ovaklarning o‘lcham bo‘yicha taqsimlanish
gistogrammasi

Ushbu tagsimot tahlili gazobetonning optimal fazaviy va
struktura xususiyatlarini shakllantirish imkonini beradi, bu
esa uning energiya samaradorligini va uzoq muddatli ishlash
bargarorligini taminlashga xizmat qiladi. Tahlil natijalari
Akimova A.V. [7] tomonidan ishlab chigilgan metodikaga
asoslanib, avtoklavlangan hujayraviy betonlarda g‘ovak
o‘lchamlarining  tagsimotini va  ulaming fazoviy
rivojlanishini baholash uslubi doirasida olib borilgan.
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ko‘rinishi
G‘ovaklarning tarqalish gistogrammalari tahlilidan
ko‘rinib turibdiki, aralashmaning tekis harakatchanligi
saglangan va bir xil gaz hosil giluvchi qo‘llanilganda,
modifikatsiyalovchi kremnezemli ~ komponent  va
mikroaromatizatsiyalovchi tolaning ta’siri ahamiyatsiz
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xarakterga ega. G‘ovaklar massivining asosiy o‘lchami 250
dan 700 mkm gacha oraliqda o‘zgarib turadi, bu esa minimal
issiglik o‘tkazuvchanlikni ta’minlaydi, optimal sovuqqa
chidamlilikda, chunki o‘lchami 200 mkm dan yuqori bo‘lgan
g‘ovaklar xavfsiz hisoblanadi.

20KV, X30  500pm

9-rasm. Tekshirilayotgan namunaning elektron

mikroskopiyasi

Mikroskopik tadgiqotlar oldindan tayyorlangan yassi
siniglar va  kukunsimon preparatlar  ko‘rinishidagi
namunalarda, ularni chinni hovonchada maydalash yo‘li
bilan 25-56 marta ishchi kattalashtirish bilan MIN-8
qutblangan mikroskopda o‘tkazildi.

Usul kristallar va shisha massasining migdorini
hisoblashdan iborat. Mikroskopning o‘tuvchi yorug‘ligida
tayyorlangan namunaning barcha donalari kulrang bo‘ladi.
Analizator va polyarizator yogilganda (aygash nikollarda)
kristall hosilalar ko‘rinadi va shisha massasi gora rangga
kiradi. Donalarni hisoblashda kristall ~shakllanishlar
o‘rganilayotgan preparatning umumiy hajmining taxminan
8-10% ni tashkil giladi, bunda kristall faza tarkibining
minimal qiymati ilgari tasvirlangan qorayishga ega bo‘lgan
yacheykali beton massivi zonasidan olingan namunaga
to‘g‘ri keladi. Olingan natijalar ma’lum ma’lumotlarga zid
kelmaydi.

O‘tkazilgan rentgenografik tadgiqotlar va petrografiya
natijasida zarba texnologiyasi bo‘yicha tayyorlangan
o‘rganilayotgan gazobeton strukturasidagi tobermorit
fazasining fazaviy tarkibi aniglandi va migdoriy baholandi.

4. Xulosa

Olib borilgan tadgiqotlar natijasida sanoat chigindilari
asosida  tayyorlangan  avtoklavsiz ~ gazobetonning
mikrostrukturasi va fazaviy tarkibi aniglanib, materialning
fizik-mexanik va issiglik texnik ko‘rsatkichlariga ijobiy
ta’siri tasdiglandi. Gazobeton namunalari 400-600 mkm
diapazondagi g‘ovak o‘lchamiga ega bo‘lib, bu issiglik
o‘tkazuvchanlik koeffitsiyentining 0,138-0,147 W/(m-°C)
oralig‘ida saqlanishiga imkon berdi.

Aniglangan fazaviy tarkib — tobermorite, xonotlite va
boshga  gidrosilikat ~ birikmalari —  materialning
mustahkamligini va uzoq muddatli ishlash xususiyatlarini
yaxshilashda muhim rol o‘ynaydi. Shuningdek, sanoat
chigindilaridan foydalanish nafagat gazobetonning sifatini
oshirdi, balki atrof-muhit uchun igtisodiy va ekologik
jihatdan ham foydali yechimlar taklif etdi.

Ushbu tadgiqot natijalari kelgusida energiya tejamkor va
yuqori sifatli gazobeton mahsulotlarini ishlab chigarish
uchun ilmiy asos yaratadi.

Foydalanilgan
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Analysis of technological properties of heat-insulating aerated concrete

Abstract:

Keywords:

B.G. Kodirov?, S.S. Shaumarov?, S.1. Kandakhorov!
Tashkent State Transport University, Tashkent, Uzbekistan

The article briefly describes the historical development of aerated concrete production technology,
modern methods and the contribution of Uzbek scientists to this field, and also theoretically analyzes the
relationship between the thermal insulation properties of autoclaved aerated concrete and its composition,
porous structure and density. The study compared aerated concrete samples with different compositions
(standard, slag and sand waste variants), analyzed their thermal conductivity coefficient (X), density (p)
and strength. According to the results, the thermal insulation capacity of aerated concrete improved by
12-15% by adding industrial waste, and the combination of slag and sand waste gave especially optimal
indicators. In addition, the fact that the A value of aerated concrete is linearly dependent on its density
was expressed through the mathematical model (A = f(p)).

aerated concrete, thermal insulation, autoclave, porosity, density, thermal conductivity coefficient,
industrial waste

Issiglik izolyasiyalovchi gazobetonning texnologik xususiyatlarini tahlili

Annotatsiya:

Kalit so‘zlar:

1. Kirish

Bugungi kunda butun dunyoda energiya tejaydigan

Kodirov B.G*.}, Shaumarov S.S.!, Kandahorov S.1.}
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Magqolada gazobeton ishlab chiqarish texnologiyasining tarixiy rivoji, zamonaviy usullar va O‘zbekiston
olimlarining ushbu sohadagi hissasi qisqacha yoritilgan bo’lib shu bilan birgalikda avtoklavli
gazobetonning issiqlik izolyatsion xususiyatlari uning tarkibi, poroz tuzilishi va zichligi bilan bog‘liqligi
nazariy jihatdan tahlil gilingan. Tadgiqotda turli tarkibli gazobeton namunalari (standart, shlak va qumli
chigindilar qo‘shilgan variantlar) solishtirilgan, ularning issiqlik o‘tkazuvchanlik koeffitsiyenti (1),
zichligi (p) va mustahkamligi analiz qgilingan. Natijalarga ko‘ra, sanoat chiqindilarini qo‘shish orqali
gazobetonning issiqlik izolyatsion qobiliyati 12-15% yaxshilanganligi, aynigsa shlak va qumli
chiqindilarning kombinatsiyasi optimal ko‘rsatkichlar bergan yoritilgan. Bundan tashqari, gazobetonning
A qiymati uning zichligiga chizigli bog‘liq ekanligi matematik model (A = f(p)) orqali o‘z ifodasini
topgan.

gazobeton, issiglik izolyatsiyasi, avtoklav, porozlik, zichlik, issiqlik o‘tkazuvchanlik koeffitsiyenti,
sanoat chigindilari

kimyoviy  qo'shimchalar  kiritish  orgali ~ betonning
xususiyatlarini oshirish va energiya tejamkor tashqgi devor
konstruksiyalari uchun asosli talablarni shakllantirish

binolarni loyihalash va qurish jadal rivojlanib borayotganligi
sababli, tejamkor va energiya tejovchi qurilish materiallariga
bo‘lgan talab muttasil ortib bormoqda. Mamlakatimiz
qurilish sohasida amalga oshirilayotgan ijobiy o‘zgarishlar,
atrofimizda kuzatilayotgan keng ko‘lamli bunyodkorlik
ishlari nafagat yangi texnika va texnologiyalarni ishlab
chigish va joriy etishni tagozo etadi, balki qurilish va
binolarni ekspluatatsiya gilish xarajatlarining oshishiga ham
xizmat gilmoqda.

Shu nuqtai nazardan, energiya tejovchi binolarni
loyihalash va qurishda tashgi devorlar uchun samarali
issiqlik izolyatsiyalash materiallarini qo‘llash yoki ularning
ekspluatatsiya samaradorligini ta’minlash uchun devor
konstruksiyalarini ~ zamonaviy  issiglik  izolyatsiyasi
standartlariga moslashtirishga alohida ahamiyat beriladi.

Hozirgi vaqtda rivojlangan mamlakatlarda energiya
tejamkor va ekologik toza materiallar sifatida tan olingan
gazbetondan tashqi o‘rab turuvchi konstruksiyalarni
yaratishga qaratilgan keng ko'lamli tadgiqotlar olib
borilmogda. Shu munosabat bilan, gazbetonda issiglik
muhofazasi va mexanik mustahkamlik talablarini bir
vaqtning o'zida qondirish uchun optimal g‘ovakli
konstruksiyalarni ishlab chiqgish, aralashmalarga maxsus

dolzarb ilmiy vazifalardan biridir. Bundan tashqari, yugori
issiglik qarshiligi va chidamliligi bilan tashqgi devor
tizimlarini ishlab chigarishni ta'minlash uchun texnologik
echimlar ishlab chigilishi kerak

Zamonaviy qurilishda energiya tejamkor va ekologik
xavfsiz qurilish materiallariga ehtiyoj ortib bormogda. Shu
kontekstda yengil wva issiglikni yaxshi saglovchi
gazobetonlar alohida e’tiborga loyiq. Gazobetonning asosiy
afzalliklari — uning past issiglik o‘tkazuvchanligi, yengilligi,
qurilish tezligini oshirishi va ekologik tozaligidir. Birog,
uning issiglik izolyatsion  xususiyatlari  tarkibiy
komponentlar, poroz tuzilish va ishlab chigarish
texnologiyasiga garab sezilarli farq giladi. Mazkur tadgigot
gazobetonning texnologik xususiyatlarini o‘rganishga,
tarkibiy modifikatsiya orgali uning issiglik-izolyatsion
samaradorligini oshirishga garatilgan. Avvalgi tadgiqotlar
shuni  ko‘rsatadiki,  zichlikning  oshishi  issiglik
o'tkazuvchanlik koeffitsiyentining oshishiga olib keladi,
chunki materialdagi g‘ovaklar soni kamayadi va bu issiglik
izolyatsiyasini pasaytiradi. Birog, zichlikning juda past
darajasi esa materialning mexanik mustahkamligini
kamaytiradi, bu esa qurilish jarayonida qo‘shimcha
muammolarni keltirib chigaradi. Shunday ekan, optimal
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issiglik izolyatsiya va mexanik  mustahkamlikni
ta’minlaydigan gazobeton parametrlarini aniqlash dolzarb
vazifadir. Ushbu tadgigot davomida tsement, silikat qum,
alyuminiy kukuni va sanoat chigindilari asosida ishlab
chigarilgan gazobeton namunalarining zichlik va issiglik
o'tkazuvchanlik ko‘rsatkichlari laboratoriya sharoitlarida
tajribaviy tarzda o‘lchandi va matematik bog*ligliklar ishlab
chiqgildi. Natijada gazobetonning amaliy ekspluatatsiya
sharoitlaridagi samarali foydalanish sohalari belgilandi va
konstruktiv tavsiyalar berildi.

2. Tadgiqot metodikasi

Gazobeton namunalariga tsement, silikatli qum,
alyuminiy kukuni va sanoat chigindilari turli nisbatlarda
qo‘shilgan.  Gazobeton  namunalarini  tayyorlashda
portlandsement, silikatli qum, alyuminiy kukuni va sanoat
chiqindilari (po‘lat shlaki, chigindi qum) ma’lum nisbatlarda
aralashtirildi. Suv-sement nishati 0,5 migdorda saglanib,
yuqori g‘ovaklik va bir xillik ta’minlandi. Sinovlar
laboratoriya sharoitida, quyidagi parametrlar asosida
o‘tkazilgan ya’ni tayyorlangan aralashma 180°C haroratda
va 1,2 MPa bosim ostida 8 soat davomida avtoklavlangan.
Bu jarayon gazobetonning mexanik va issiglik texnik
xossalarini bargarorlashtirish uchun amalga oshirildi.

O'rtacha zichlik (kg/m®) — quritilgan namunalar
yordamida GOST 12730.1-78 standarti asosida aniglandi.
Issiglik o‘tkazuvchanlik koeffitsiyenti (W/m-K) — ITP-MG
“Zond” qurilmasidan foydalanilgan holda, GOST 30256-94
talablariga binoan o‘lchandi. Mustahkamlik (MPa) — siqish
kuchiga sinovlar o‘tkazildi.

1-jadval
Gazobeton tarkibi va uning asosiy texnik xususiyatlari
Issiglik
Tarkibiy Zichlik o‘tkazuv- | Mustahkam-
variant (kg/m3) chanlik lik (MPa)
(W/m-°C)

Standart 600 0.165 2.0

Shiak 670 0.143 1.68
qo‘shilgan

Qumli | g5 0.144 1.66
chigindi

Ikkala

birgalikda 652 0.132 1.675

Sanoat chiqindilari qo‘shilishi orqali gazobetonning
ichki tuzilmasida g‘ovaklarning teng tagsimlanishi
ta’minlangan. Bu esa materialning issiglik izolyatsiyasini
12-15% yaxshilagan. Aynigsa, po‘lat shlaki va chiqindi
qumning birgalikdagi qo‘llanilishi optimal natija bergan.

3. Natija va muhokamalar

Gazbeton-gazbeton agregatlari va suv bilan to‘ldirilishi
mumkin bo‘lgan agregatlardan tashkil topgan gidravlik
beton (tsement, beton) turi. U eng keng targalgan zamonaviy
qurilish materiallaridan biri bo‘lib, yengil, issiqlikni yaxshi
ushlab turuvchi va mustahkamlik jihatidan ishonchli bo‘lishi
bilan ajralib turadi.

Gazbeton betonning umumiy hajmining taxminan 60%
ni tashkil giladi. Misol uchun, zichligi 500 kg/m3 bo‘lgan
betonda 70-75% loy mavjud. Beton tarkibidagi o‘zgarish
unga maxsus gaz aralashmalarining Kiritilishi natijasida
yuzaga keladi. Gazbetonning tasnifi fizik, mexanik va

ekspluatatsion xususiyatlari bilan farq giluvchi gazbeton va
ko*pikli betonga bo‘linadi.

Gidrotermik ishlov berish usuliga ko‘ra g'ovakbetonlar
ikkita asosiy guruhga bo‘linadi: avtoklav va avtoklavsiz.

Avtoklavli gazobetonlarning sifati sezilarli darajada farq
giladi, chunki ularning mineralogik tarkibi juda
o‘zgaruvchan. Avtoklav gazobeton ishlab chigarish XIX asr
oxirida rivojlana boshlagan. 1880 yilda Mixaylis 9-10 soat
davomida 0,75-0,85 MPa bosim ostida ohak-qum
aralashmasidan avtoklav usulida ishlangan gazobeton uchun
patent olgan. Mixaylisning tadqiqotlari shuni ko‘rsatadiki,
gazobeton ishlab chigarishda avtoklavli gazobetonlardan
foydalanish ~ texnologik jihatdan ancha  murakkab
hisoblanadi. Ushbu texnologiyaning tarqalishi ko‘p sonli
aholi uchun mo‘ljallangan ko‘p qavatli uylarini qurishda
katta ahamiyatga ega. Birog, avtoklavli gazobetonlar
nisbatan gimmat hisoblanadi, bu esa uy-joy narxining
oshishiga olib keladi.

1889 yilda Chexiya Respublikasining Praga shahrida
Gofman tomonidan karbonat angidrid gazi (CO2) asosida
gazobeton ishlab chigarishda xlorid kislotasi va bikarbonat
natriy (NaHCO3) bilan reaktsiyaga kirishishidan hosil
gilingan tadgiqot olib borilgan:

HC1 + NaHCO3 — NaCl + H20 + CO2 1.

Ushbu  Kkashfiyot asosida xonalarni  ajratuvchi
pardadevor uchun gazogipsli blok plitalar ishlab chigarilgan.
Ammo, ushbu plitalar suvga bardoshligi pastligi sababli
xonaning namligi ortgan sari uning izolyasiya va
mustahkamligini  pasaytirishiga olib keladi. Bu esa
konstruktsiyaning xizmat muddatini kamayishiga olib
kelgan.

Gazobeton  portlandtsement, qumtuprogli  tashkil
qiluvchi, gaz hosil giluvchi modda va qo‘shimcha sifatida
ohak qo‘shib tayyorlanadi. Gaz hosil giluvchi modda sifatida
ko‘pincha alyuminiy kukuni ishlatiladi. Bunda alyuminiy
kukuni portlandtsementning gidratlanishidan hosil bo‘lgan
kaltsiy gidroksidi bilan o‘zaro reaktsiyasi natijasida vodorod
gazi ajralib chigadi:

3Ca(OH)+2A1+6H20=3Ca0-A1203-6H20+3H2

Ma’lum  quyuglikdagi gazobeton qorishmasidagi
vodorod gazi chigish jarayonida to‘siglarga uchrab,
betonlarda g‘ovaklarni hosil giladi [18].

Gazobeton uchun keyingi ilmiy tadgiqot 1917 yilda
Gollandiyalik olimlar tomonidan taklif etilib, unga ko‘ra
gazobetonda  ko‘pirtirish  vositasi  sifatida  organik
go‘shimcha (xamirturush) ishlatilgan. Birog, organik
go‘shimchalarning betonga zararli ta’siri tufayli ixtiro keng
go‘llanilmagan. Bir qator patentlarda g‘ovakbetonning
gazlanishi va ko‘pchishi uchun kaltsiy gipoxlorit (CaOCl2)
bilan vodorod peroksidi (H202) dan foydalanishni tavsiya
qilingan bo‘lib, bunda kimyoviy aralashmaning ko‘pchishi
reaktsiya paytida kislorodning ajralib chigishi tufayli amalga
oshiriladi:

H202 + CaOC1; = CaCl2 + H20 + O21.

G‘ovakbetonni kalstsiy karbid (CaC2) va atsetilen gazi
(C2H2) chiqishi bilan parchalanish reaktsiyasi natijasida
ham olinishi mumkin:

CaCz + H20 = Cz2H21 + Ca(OH).

1919 yilda Germaniyaning Berlin shahrida nemis olimi
Grosh tomonidan gazobetonishlab chigarishda gaz hosil
gilish uchun metall kukunidan foydalanishni birinchi bo‘lib
taklif qildi. Ma’lumki, alyuminiy va kaltsiy gidrat oksidi
o‘rtasida quyidagi kimyoviy reaktsiya sodir bo‘ladi:
2A1 +3Ca(OH)2 + 6H20— 3H21 + CaOA1203+6H20+ Q.

Reaktsiya jarayonida ko‘p migdorda gaz (vodorod) hosil
bo‘ladi va issiglik ajralishi natijasida
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gazobetonaralashmasining ko‘piklanishi kuzatiladi hamda
suv bug‘lanishi natijasida qotish jarayoni tezlashadi.
Alyuminiy kukuni aralashma tarkibiga kiritilganda, bir xil
tuzilishga ega bo‘lgan g‘ovaklar hosil bo‘ladi. Alyuminiy
kukuni  gazobetonkonstruktsiyasi  sifatini va binolar
ekspluatasiyasi jarayonida ularning chidamliligini oshirish
uchun xizmat giladi.

Keyingi paytlarda gazobeton ishlab chigarish rivojlanib
bormoqda. Shuni ta’kidlash kerakki, gazobeton tarkibidagi
g‘ovaklarni bir xillikka olib kelish uchun aralashma
tarkibiga alyuminiy kukuni bilan kerakli suv migdorini
qo‘shish kerak bo‘ladi, gazobetonda penobetondan farqli
o‘laroq zarralari bir xil bo‘lgan bloklar fagat suv miqdori
ko‘proq bo‘lgan aralashmalarda hosil bo‘ladi. Bundan
tashqari, barcha tavsiya etilgan usullarda gaz hosil gilish
uchun noorganik moddalardan foydalanish orgali amalga
oshiriladi. Gazobeton ishlab chigarishda barcha MDH
mamlakatlarida aralashmalarni qoliplarga quyish yo‘li bilan,
ya’ni “qoliplash texnologiyasi” orqali bloklarni ishlab
chiqarish ommalashgan yo‘l hisoblanadi [1].

XX asrning 90 vyillarida gazobeton konstruktsiyalarni
ishlab chigarish texnologiyasi temirbeton konstruktsiyalar
texnologiyasidan sezilarli darajada farq qiluqchi bir gator
xususiyatlarga ega bo‘lgan.

Bu xususiyatlar:

- belgilangan parametrli gazobeton aralashmasini
tayyorlash uchun zarralari mayda o‘Ichamli to‘ldirgichlar
hosil qilish;

- ohak asosiy xom ashyo komponenti bo‘lib, bu
aralashmani kengayish xususiyatini belgilab beradi va
o‘ning yengillashishiga olib keladi;

- tarkibida 40-60 foiz suv bo‘lgan qorishmalardan iborat
gazobeton mahsulotlaridan tashkil topgan aralashma
tayyorlash;

- gazobeton aralashmasini qoliplarga joylash;

- avtoklav gazobetonning qotish jarayoni gidratlangan
birikmalarda 170-180 °C haroratda sintezlanishi natijasida
sodir bo‘ladi [2].

Avtoklav  gazobeton bu muayyan miqdordagi
g‘ovaklarga ega bo‘lgan, namlikka, yong‘inga va sovuqqa
chidamliligi yuqori bo‘lgan ekologik toza material
hisoblanadi. Gazobeton konstruktsiyalaridan foydalanishda,
bloklarning vazni yengilligi sababli poydevorga tushadigan
yukni deyarli 5 baravargacha kamaytirishi sababli qurilish
jarayonlarini 10 barobargacha tezlashtirish imkonini beradi
[3].

MDH mamlakatlardagi bir qator yirik tashkilot va
korxonalarda tebranma texnologiyasi usulidan foydalangan
holda komponentlarni aralashtirish va hosil bo‘lgan
gorishmani  qoliplash  orgali  gazobetonlarni ishlab
chigarishni yo‘lga qo‘yilgan bo‘lib, ushbu texnologiyaning
afzalligi barcha komponentlar bir tekisda aralashtirishi, shu
bilan birga qorishmaning ko‘pchish jarayoni sekinlashadi
[4].

Betonning g‘ovaklilik tuzilishi - hosil bo‘lgan gazning
hajmi va aralashmaning zichligi, donoadorligi, suv harorati
hamda to‘ldiruvchi va bog‘lovchilarning miqdori kabi
Xususiyatlari Xususiyatlari bilan tavsiflanadi.
Gazobetonlarni  qoliplarga  quyish  texnologiyasida
aralashmani  ko‘pchish jarayoni faqat boshlang‘ich
komponentlarning sifati va miqdori bilan belgilanadi.
Tebranma ta’sirlardan foydalanish aralashmaning tarkibiy
tuzilishi, moddalarining o‘zaro birikishi, aralashmaning
betonga nisbatan o°‘zgarishini hisobga olgan holda ushbu
jarayonni tartibga solish imkonini beradi. Ma’lumki,
gazobeton aralashmasining qovushqogligi yetarli darajada

bo‘lmaganda gaz hosil bo‘lishi fazasining muvozanati
buziladi, gaz hosil qiluvchi moddalar to‘liq reaktsiyaga
kirishmasa aralashmaning yetarli darajada ko‘tarilmasligi,
bu esa ma’lum vaqt o‘tgandan so‘ng ajralib betonlarda
nugsonlar paydo bo‘lishiga olib keladi. Agar qovushqoqlik
juda yuqori darajada bo‘lsa, mahsulotlarning ko‘pchishi
sekinlashadi va gazobeton aralashmasi kutilgan darajada
ko‘tarilmaydi, bu esa gazobetonning vazni og‘irlashishiga
olib keladi. Shu bilan birga, gaz hosil qiluvchi moddalar ko‘p
migdorda  reaktsiya  berishi  natijasida, gazobeton
strukturasida yoriglar paydo bo‘lishiga va betonning
ekspluatatsiya  muddati  kamayishiga olib  keladi.
Qorishmaning govushgoglik xususiyati kamayishi yoki ortib
ketishi har ikkala holatda ham beton mikrostrukturasining
buzilishiga va sifati pasayishiga olib keladi. Shuning uchun,
qorishmaning ko*pchishi uchun normal holatda govushishini
ta’minlash kerak, buning uchun esa aralashmani suyultirish
orqali va turli xildagi qo‘shimchalar kiritish mumkin.
Gazobeton aralashmalarning ko‘pchishi va strukturasini
shakllantirish jarayonida gazning gorishma tarkibidan
chigish tezligi normal holatda bo‘lishi talab etiladi [5].

Gazobetonlarni qoliplarga quygan holda bloklarni hosil
qilishda avtoklavsiz g‘ovakbeton tayyorlash texnologiyasi
bir gator kamchiliklarga ega:

-texnik jihatdan nomukammal;

-tsementning ko‘p miqdorda sarf bo‘lishi;

-konstruktsiya hosil bo‘lishida past miqdorda bosim
berilishi;

-og‘irligi bo‘yicha 20 — 30 foizgacha bo‘lgan yuqori
namlik;

-avtoklav ~ betonning  xususiyatlariga  nisbatan
yorigbardoshligi past darajada bo‘Iganligi bilan tavsiflanadi.

Bu sanoat ishlab chiqarilishida miqyosida avtoklavsiz
gazobeton olishda ushbu kamchiliklarni bartaraf etishga asos
bo‘ladi [6].

Avtoklav gazobetonlarga ishlov berish jarayonida
betonning strukturasida mikrodefektlar paydo bo‘lishi, bu
mahsulot va konstruktsiyalarning chidamliligini pasayishiga
olib kelishi hamda ularni tayyorlash texnologiyasi
avtoklavsiz gazobetonlarga garaganda ancha murakkab va
narxi ancha gimmat bo‘lganligi sababli avtoklav bo‘lmagan
betonlardan foydalanish anchagina igtisodiy samaradorlikka
olib keladi [7].

Bu borada A.D. Dikun va G.P. Saxarovning olib borgan
tadqiqot natijalariga ko‘ra shimolda barpo etilgan binolarda
o‘rtacha  zichligi 1000 kg/m® bo‘lgan  avtoklav
gazobetonlarni 17 yil ekspluatatsiya qilingandan so‘ng
gazobeton strukturasida salbiy o‘zgarishlar: muzlash va
yemirilish, turli xildagi yoriqlar, mog‘orlashlar kuzatilgan.
Ushbu konstruktsiyalarning kamchiligi xizmat muddatining
kamayishi va issiqlik o‘tkazuvchanligining yuqori
ekanligidadir [8-9].

Bundan tashqari B.P. Danilov va A.A. Bogdanov
tomonidan gazobeton bloklarining ekspluatatsiya jarayonida
yemirilishini oldini olish uchun betonning g‘ovakli
strukturasining turli ta’sirlarga chidamliligini oshirish
bo‘yicha bir qator ijobiy natijalarga erishilgan [10-11].

Shu bilan bir gatorda gazobeton ishlab chigarish
nazariyasi va texnologiyasining asoslari bo‘yicha V.A.
Kitaytsev, K.E. Goryaynov va keyinchalik Yu.M. Bazgenov,
Yu.P. Gorlov, A.P. Merkin, E.V. Gladkix va boshqa atoqli
olimlar tomonidan ilmiy izlanishlar olib borilgan va
ommalashtirilgan. Gazobeton olish texnologiyasining
rivojlantirish va takomillashtirishning hozirgi bosgichida
X.S. Vorobrev, A.A. Axundova, I.B. Udachkina, U.X.
Magdeeva, Yu.P. Trifonova, V.G. Suxova, E.V. Silaenkova,
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G.Ya. Axmaniskiy tomonidan olib borilgan. Ushbu
tadgiqotlarda 300-500 kg/m3 zichlikdagi gazobetonlar ishlab
chiqarishga mo‘ljallangan bo‘lib, asosan bino ichki parda
devorlarida foydalanishga mo‘ljallangan. Ammo, ushbu
bloklarning kamchiligi gazobeton konstruktsiyalarning
mustahkamligi yetarli darajada emasligi sababli ularning
katta kamchiligi hisoblanadi [1, 12, 13].

O‘zbekiston olimlari A.I.  Adilxodjaev, Ye.V.
Shipacheva va boshgalar tomonidan olib borilgan ilmiy
tadqiqotlarida oldindan belgilangan xossalarga ega bo‘lgan
gazobeton strukturasidagi g‘ovaklar kubik va geksogonal
tartibda joylashtirish orgali uning mustahkamligining
oshishi ilmiy isbotlangan [14-15].

Gazobeton tarkibiga chiqindilarni qo‘llash bo‘yicha
mabhalliy olimlardan A.X. Alinazarov o‘zining ilmiy
tadgiqotlarida ~ Farg‘ona IES  kulini  kul-tsementli
kompozitsiyasida qo‘llash masalasiga qaratilgan [15]. Olim
kulning 40-80 foiz miqdorida Kkiritilishi kul-tsementli
kompozitsiyaning issiqlik o‘tkazuvchanligi yaxshilanishiga
olib kelishi ilmiy isbotlangan. Bu esa sanoat chigindilarini
gazobetongakiritish samaradorligini hamda kulning kichik
gidravlik aktivligi bilan tushuntiriladi. Kompozitsiya
tarkibida kul migdorining 80 foizgacha kiritishda
mustahkamlik kinetikasining sekinlashuvi aniglandi. Shuni
ta’kidlash kerakki, mayda to‘ldiruvchilarni iqtisod gilish va
mustahkamligini oshirish uchun xizmat giladi [16-17].

Gazobeton bloklarining yaxshilangan issiglik texnik
xossalari binoning issiglik tejamkorlik va
energiyasamaradorlik ko‘rsatkichlarini, shuningdek, uzoq
muddat ekspluatatsiya gilishga yordam beradi. Shuning
uchun ushbu xossalarni yaxshilash uchun xizmat giladigan
materiallar xom ashyo bazasining mavjudligi muhim
hisoblanadi. Shu boisdan ham gazobeton xom ashyosi
materiallari xossalarini ko’rib chigamiz.

Issiglik izolyasiyalovchi gazobetonning issiglik-texnik
xossalarini tahlil gilishda materialning zichligi muhim rol
o‘ynaydi. Quyidagi grafikda gazobetonning zichligi ortishi
bilan issiglik o‘tkazuvchanlik koeffitsiyenti qanday
o°‘zgarishi ko‘rsatilgan.

0.120

0115

0.110

0.105

0.100

0.095

Issiqlik o'tkazuvchanlik koeffitsiyenti (W/m-K)

o
>3
3
S

300 350 400 as0 500 550 600
Zichlik (kg/m?)

1-rasm. Zichlik va issiglik o‘tkazuvchanlik bog‘liqligi

Grafikdan ko‘rinib turibdiki, zichlik 300 kg/m?* dan 600
kg/m®* gacha oshganda, issiglik o‘tkazuvchanlik
koeffitsiyenti ham mos ravishda 0.09 W/m-'K dan 0.12
W/m-K gacha ortmoqda. Bu hodisa fizika jihatdan
tushunarli:  zichlik ortgani sari materialdagi g‘ovaklik
darajasi kamayadi, ya’ni issiglikni tutib turuvchi havo
yostigchalari soni gisgaradi. Natijada issiglik energiyasi
materialdan tezroq o‘ta boshlaydi.

Gazobetonning  asosiy issiglik izolyatsiyalovchi
Xususiyati — uning g*ovakli (poroz) tuzilmasi bilan bog‘liq.
Material ichida millionlab mayda havo yostigchalari mavjud
bo‘lib, aynan havo (yoki gaz) issiqlikni juda sust o‘tkazadi.
Bu shuni anglatadiki:

G‘ovaklar gancha ko‘p va mayda bo‘lsa, materialning
issiqlik o‘tkazuvchanligi shuncha past bo‘ladi. Shunday
qilib, tashqarisi issiq bo‘lsa — ichki gism sovuq qoladi, va
aksincha, sovuq havoda esa bino ichidagi issiglik uzoq
saglanadi.

Bu fizik jihatdan “issiqlik inertsiyasi” va “issiglik
qarshiligi” deb ataladigan xususiyatlarga bog‘liq. Ya’ni,
gazobeton issiqlik oqimini sekinlashtiradi, uni to‘liq
o‘tkazib yubormaydi, natijada uy ichida barqaror, qulay
mikroiglim saqlanadi. Shu bilangina gazobetonning “nafas
oluvchi issiglik galqoni’: u na issiqlikni tez o‘tkazmaydi, na
sovugni, shu sababli uydagi harorat uzoq muddat davomida
barqaror bo‘lishini ta’'minlaydi.

Gazobetonning zichligi (p) uning hajm birlik massasini
anglatadi va odatda kg/m? birlikda ifodalanadi. Ko‘pincha
gazobeton quyidagi zichlik oraliglarida ishlab chigariladi:
300-400 kg/m? — juda yengil (izolyatsion gazobeton), 500—
600 kg/m*> — Konstruktiv-izolyatsion gazobeton, 700-900
kg/m?* — ko‘proq konstruktiv yuk ko‘taruvchi gazobeton.

Issiglik o‘tkazuvchanlik koeffitsiyenti — materialning
issiqlikni  o‘tkazish xususiyatini ifodalovchi asosiy
ko‘rsatkich bo‘lib, W/(m'K) bilan o‘lchanadi. Qiymat
qanchalik kichik bo‘lsa, material shuncha yaxshi issiqlik
izolyatoridir. Bunga misol sifatida quyidagi jadvalni
keltirish mumkin:

2-jadval
Gazobetonning zichligi va issiqlik o‘tkazuvchanligi
bog‘ligligi

Gazobetonning zichligi, Issiqlik o‘tkazuvchanlik
kg/m? koeffitsiyenti A, W/(m'K)
300 0,07-0,09
400 0,09-0,12
500 0,12-0,14
600 0,14-0,17
700 0,17-0,20
800 0,20-0,24

Gazobetonning issiglik o‘tkazuvchanlik koeffitsiyenti
faqat uning zichligiga bog‘liq ekanligi asoslangan. Quyidagi
tenglama orqali ifodalanadi:

Pg Pg
Ag=—+ (1 -1 1
9 gk t( gk)]J @

bu yerda:

Ag — gazobetonning issiqlik o‘tkazuvchanligi;

pg — gazobeton zichligi;

pk — mikroporali tsement toshi (MKT) zichligi;

Ak — MKT ning issiglik o‘tkazuvchanligi;

Av — havoning issiglik o‘tkazuvchanligi (20°C da 0,02
W/(m-°C) ga teng).

Yugqoridagi tahlillar shuni ko‘rsatadiki, eng yuqori
issiglik  izolyatsiyasi 300400 kg/m®  zichlikdagi
gazobetonlarda kuzatiladi. Shu sababli energiya tejamkor
qurilishlarda aynan shu diapazondagi materiallardan
foydalanish tavsiya etiladi. Bundan tashqari, yuqori
zichlikka ega gazobetonlar (500-600 kg/m?) konstruktsion
yuk ko‘tarish xususiyatlari bilan ajralib turadi, ammo
ularning issiqlik o‘tkazuvchanligi nisbatan yuqori bo‘ladi.
Shu bois, ularni tashqi devorlar emas, balki yuk ko‘taruvchi
devorlar yoki ichki devorlar uchun ishlatish magsadga
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muvofigdir. Ushbu tahlil material tanlashda muvozanatli
yondashuv zarurligini ko‘rsatadi: issiqlik izolyatsiyasi va
mexanik mustahkamlik o‘rtasidagi  optimal nisbat
loyihaning magsadiga garab aniglanishi lozim.

4. Xulosa

Gazobetonning  zichligi  kamayishi  bilan  uning
tarkibidagi havo miqdori ko‘payib, issiqlik izolyatsiya
xossalari - yaxshilanadi, ammo mexanik mustahkamlik
kamayadi. Shu sababli gazobetonni tanlashda qurilishning
magsadi va ekspluatatsiya sharoitlariga garab optimal
zichlik va issiglik koeffitsiyentini tanlash zarur bo‘ladi.

O‘tkazilgan tadqiqotlar natijasida gazobetonning
zichligi va issiqlik o'tkazuvchanlik koeffitsiyenti o‘rtasidagi
aniq bog‘liglik ilmiy asosda tasdiglandi. Zichlik ortgani sari
issiglik o'tkazuvchanligi ortadi, bu esa g‘ovaklar sonining
kamayishi bilan izohlanadi. Zichligi 300-400 kg/m?
oralig‘idagi gazobeton namunalari eng yaxshi issiqlik
izolyatsiyasini ko‘rsatdi, ammo konstruktiv mustahkamligi
past bo‘lishi sababli fagat ichki issiqlik izolyatsion element
sifatida tavsiya etiladi.

Zichligi 500-600 kg/m? oralig‘idagi gazobeton optimal
mustahkamlik va issiglik izolyatsiyasini ta'minlaydi,
shuning uchun ham tashqi va ichki konstruktiv elementlarda
keng qo‘llanilishi mumkin. 700 kg/m* va undan yuqori
zichlikdagi ~ gazobetonlar  esa  yuk  ko‘taruvchi
konstruksiyalar uchun mo‘ljallangan, ammo issiqlik
izolyatsiya ko‘rsatkichlari ancha past bo‘ladi.

Xulosa qilib aytganda, gazobeton parametrlarini
tanlashda loyihaning ekspluatatsion talablarini hisobga olish
muhim. Energiya tejamkor qurilishlarda past zichlikdagi
gazobetonni ishlatish samaralirog, ammo konstruktiv
mustahkamlik  talab  etilganda  o‘rta  zichlikdagi
materiallardan foydalanish tavsiya etiladi. Bu tadgiqot
natijalari  gazobeton ishlab  chigarishda  optimal
parametrlarni tanlashga ilmiy asos yaratadi va qurilish
sanoatida energiya tejamkor, samarali yechimlar yaratishga
xizmat giladi.
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Study of the efficiency of using thin-walled structures in industrial building
covering

L.V. Bocharova!, K.A. Muhammadsoliyev?
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The article is devoted to the study of the efficiency of using reinforced concrete thin-walled structures in
the roofs of industrial buildings.

Using the example of two design solutions for covering an industrial building (with and without the use
of KZhS type shell panels), a comparative analysis of technical and economic indicators is provided: by
the number of supporting structures, the consumption of materials for them, the dead weight of the
covering, as well as the time it takes to erect the covering at the construction site. The advantages,
conditions and rationality of application in coatings of thin-walled spatial structures are revealed.
industrial buildings, alternative design, design solution, covering, ribbed panel, rafter truss, shell panel,
purlin, load, material consumption, time standard

Keywords:

HccaenoBanne 3¢ GpeKTUBHOCTH NPUMEHEHHS] TOHKOCTEHHBIX KOHCTPYKIUI B
NMOKPBITUAX NPOMBILIIEHHBIX 31aAHUAX

Bouaposa JI.B.}, Myxammancomen K.A.
TamkenTckuit rocy1apCTBEHHBIN TPAHCIIOPTHBIA YHUBEPCHTET, TalkeHT, Y36eKucTan

AHHOTAIWS: CraTbsi MOCBAIIACTCS H3YYEHHUIO 3(P(EKTUBHOCTH TPHUMEHEHHs >KEJIe300€TOHHBIX TOHKOCTCHHBIX
KOHCTPYKIIMH B TOKPBITHAX MPOMBINUICHHBIX 3/1aHuil. Ha mpuMepe JABYX KOHCTPYKTHBHBIX PEIICHHI
MOKPBITHS MPOMBILIICHHOTO 3/aHus ( ¢ mpuMeHeHHeM maneneii-obonouek Tuna KXKC u Ge3 Hux)
MPUBOJIUTCS CPABHUTEIBHBIH aHATM3 TEXHUKO-3KOHOMHYECKUX TTOKa3aTesIeil: Mo KOJIMYECTBY HECYLINX
KOHCTPYKIMH, pacxomy MaTepualoB Ha HUX, COOCTBEHHOMY BECy MOKPBITHA, a TaKKe CPOKOM
BO3BEJICHUS IOKPBITUS HA CTPOUTENBHOW IUIOMIAAKe. BBIABJICHBI INPEMMYIIECTBA, YCIOBUA U
PALMOHATIBHOCTD IIPUMEHEHHUS B MIOKPBITUSX TOHKOCTEHHBIX MPOCTPAHCTBEHHBIX KOHCTPYKIIHAX.
KitoueBslie croBa: HPOMBILUICHHbIC 3[aHUSI, BapUaHTHOEC IPOEKTUPOBAHHME, KOHCTPYKTUBHOE pELICHHE, IIOKPBITHE,
peOpucTas aHenb, CTPOIIbHAS (epMa, NaHeIb-000JI04Ka, TTIOJCTPONUIbHAS Oalka, Harpy3Ka, pacxoz
MaTepuaoB, HOpMa BPEMEHH

HOKpBITHH, a Taike odopmieHueM (acanoB 3naHusA B
COOTBETCTBUH C OKPY’KaIOIIUM JICKOPOM U3 COBPEMEHHBIX
OT/IEJIOUHBIX MaTEPUAJIOB.

B CcOOTBETCTBUM C BBIIIE H3JI0KEHHBIM, JOCTATOYHO
aKTyaIbHBIM  SBJISETCA  IPUMEHEHHE  COBPEMEHHbIX
TpeOOBaHMI K IPOEKTUPOBAHUIO 3JaHUH TEXHUYECKOTO
HA3Ha4YeHMs, CTPOALIMXCS B PACIIMPSAIOIIMXCS TPaHULAX
TOPOJICKOI1 3aCTPOMKH.

1. BBeaenue

B cBf3u ¢ pocTOM HaceleHHs U ero 0JarocoCTOSHUS B
ropozax Pecry0Onuku BO3HMKAET oIpezeNIeHHast
npobiema YBEINYECHUS TPAHCIOPTHBIX MOTOKOB
0O0IIECTBEHHOTO TPAHCIIOPTA H JIETKOBBIX MAILIVH.

C  pasBUTHEM OKWIMIIHOTO, OOILECTBEHHOIO U
MIPOMBIIIJIEHHOTO CTPOUTENBCTBA YBEIMYMBAETCS OIS

rpy30BOro TpaHcnopra — l\il'a].l_ll/lﬂ UL TIEPEBO3KU 2. MeTOHOHOFHH HCCﬂeHOBaHI/Iﬂ
CTPOUTENBHBIX KOHCTPYKLIMH 3¢ MaTepHaoB,
KOHTEHEpOBO30B M  JPYIrHMX CTPOUTENbHBIX MAIllUH UccnenoBanne  3PPEKTHBHOCTH  KOHCTPYKTHUBHBIX
pa3IMYHOro Ha3HAYECHUS. pelIeHnii  MOKPBITHA  MPOMBIIUICHHBIX  3[JaHUN ¢
Boubiiasi HOMEHKIIaTypa aBTOMOOHJIBHOIO TPAHCIOPTA IPUMEHEHUEM TOHKOCTEHHBIX KOHCTPYKLUI
pasiau4HOro Ha3HA4YECHUS Tpebyer YBEIUYECHUS MpOMU3BOAMIOCH €  HUCHOJIb30BAHUEM B pacuérax
CTPOUTEINIBCTBA LIECHTPOB 110 TEXHUYECKOMY 06CJ'Iy)KI/IBaHI/IIO TCOPETUYECKUX, HOPMATUBHBIX u METOAUYECKUX
1 KOMIUICKCHOMY PEMOHTY aBTOMOOWIIEH M CTPOUTEIBbHOI MaTepHalIoB.

TeXHUKU. CTPOUTENBCTBO TAKUX NPENNPUITHI JKeIaTeTbHO
pa3menarh B rpaHULAX TOPOJCKON 3aCTPOMKH, HE HapyIas
CYIIECTBYIOIIETO APXUTEKTYPHO-TIIAHUPOBOYHOTO
peuieHus paiioHa B 1enom, obecrieurBas 00OCHOBAaHHBIE
JIOTUCTUYECKHE  TOAbE3[bl B  LEMIX  MPOIyCKHOM
CIOCOOHOCTH YITHII U IOPOT. DTH TpeOOBaHHs MOT'YT ObITh
BBITIOTHEHBI pu MIPUMEHEHNN COBPEMEHHBIX
KOHCTPYKTUBHBIX pELIEHUH 3[1aHUM, B YAaCTHOCTH, C
MIPUMEHEHUEM TOHKOCTEHHBIX MPOCTPAHCTBEHHBIX

B KkauectBe MeTOIa HCCIICIOBAHMS HCIIOIb30BAJICS
CPaBHHUTEJBHBIH aHAJM3 BAPUAHTHOTO HPOCKTHPOBAHMUS
KOHCTPYKTHMBHBIX PELICHUH TOKPHITUH W HX TEXHHUKO-
skoHoMHueckux nokazateneit (TOI).

CoBpeMeHHBIH 3apyOeKHBII OMBIT JEMOHCTPUPYET
pa3HOOOpa3ue MPUMEHSEMBIX MOKPHITHH IPOMBIIUICHHBIX
3J1aHUI, TO3BOJISIOLIEE CHU3UTH HArPY3KH OT ITOKPBITHS, YTO
0COOEHHO Ba)XKHO B CEHCMHYECKHM OIIACHBIX PErHoHax, a
TaKKe TNPHUAATh 3JaHHI0  3PHTENIBHYIO  «IETKOCTHY,
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IIPUBJIEKATENBHOCTh 3a CUET COBPEMEHHOIO [u3aiiHa M
(YHKIMOHAIBHYO HHANBHYaJIbHOCTD.

3. Pe3yabTaThl U 00CyKACHUSA

Texnuxo-Ixkonomuueckoe cpasHeHue 08yx
6APUAHM 08 KOHCMPYKMUGHBIX CXEM NOKPbIMUA
00HOIMAdCHO020 30anus «l]lenmpa no
KOMNJIEKCHOMY pemMoHmy agmomoouei ¢
2. Camapkanoe»

B cocraBe cTymeHuecKol BBIYCKHOHW pabOTHI ObLIH
3alPOEKTHPOBAHBI JBAa BapHaHTa KOHCTPYKTHBHBIX CXEM

MOKPBITUS.  OJHOTAXKHOW TIOTMEPEYHON paMbl Kapkaca
s3ganust  «lleHTpa 1O KOMIUIEKCHOMY  PEMOHTY
aBTOMOOUIIEH).

CornmacHo |- ro BapuaHTa B COCTaB IOKPBITHS

TPEXIPOJETHON OJHOITAXKHON MONEPEYHON pambl BXOAWIN
JKee300€TOHHbIE CeTMEHTHBlE (epMBl ¢
peuerkoit  mposietoMm  18M,

KeJe300e TOHHbIe PeOPHCThIE TUTUTHI OKPBITHS pa3MepaMi

packocHOM
Ha KOTOpBIE OIHUPAIUCh

B myiane 3x6Mm, JIMHOM 5,97M.

Cornacuo |l
TPEXIPOJETHONW OJHOITAXKHON MONEPEYHON pambl BXOAWIN
naHenu-obosnoukn mponeroM 18m  tmma KOKC  3x18

ro BapHAaHTA B COCTaB IIOKPBITHUA

aj)
1B

(kpynHOpa3MepHasi, JKelIe300€TOHHas, CBomYaras), C
IIMPHHOI Mexny nuadparmamu 3M. B mokperTun nanenm-
O0OJIOUKM ONMpPAIOTCS HA IOACTPOIMIBHBIE — Oankw,
YIJIOXKEHHBIE BIOJb NIPOIONBHBIX OCEH KOJIOHH C IIIaroM OM.
o manensM yxiagpIBaeTCs TEIUIOE MOKpEITHE. OTBOX BOJIBI
C KPOBJIH OCYILECTBILSIETCS Yepe3 BHYTPEHHHE BOJJOCTOKH. B
MecTax €HJI0B M PACIOJI0KEHHSI BOPOHOK ITPEayCMaTPUBAIOT
YKJIQJIKy JOIOJHUTEIBFHOTro ciiosi OeToHa KiaccoB B7.5+
B10 u BOJOU30JIAIIMOHHOTO KOBPA.

Konctpyxmms ma"enu-obomoukn  tHma  KOKC
MPEJICTaBIICT COOOH KOPOTKHI MMITMHIPUICCKUAN TTOIOTHI
TIPEABAPUTENIFHO HAIPSHKEHHBIH CBOA-000JIOUKY C ABYMS
pebpamu—auadparMamMu CeTMEHTHOTO odepTaHus (puc.l).
Bricoty norepedHoro ceueHust MaHeI! B CEpeArHE TpoJieTa

1,1
MPUHUMAROT ( 5+1—5) lo B 3aBHCHMOCTH OT BEIHYHHBI

Harpy3ku W npoinera. OuepTaHHe BepXHEH MOBEPXHOCTH
000JIOUKM — 10 KBaApaTHOW mapabone, MHHHMAIbHAS
tommuHa ~ 0=30mm.  JmadparMpl  TIPOEKTHUPYIOTCS
OOJIETYEHHBIMH C BEPTUKAIBHBIMH PeOpPaMU IKECTKOCTH.
MuHNUMaNbHasl TOJIIMHA CTEHKH AuadparMbl B IIpoJieTe
40mm, a B 6nmusu omopsl S0mm. CompsikeHHe 000JIOUYKH C
JuadparMaMu  BBITIONHAIOTCA € YCTPOWCTBOM  IOJIOTHX
BYTOB, YKJIOH i=1/5 (puc.2).

Ta
.nc: _LT;:I;S_L 1500 _I_ Eo _l_ 1700 _I_;-JI-B-DT-- R
} B ITBED }
A-A
&) =|
| 1760 T
5-5
20 Vft 2200 i i)lf-‘ =29
T 200 1] 100
Puc. 1. [Tanean-o6o10uxa K;KC 3x18
a) maHeJib; 0) NPOOJIbHBIN U NMONepPeYHbIii pa3pe3bl
= o o =
= o]
= o | = | v 2 | 2
- L = =
% T 2 =2 S| | & = & & =
S00[500/500|500{500|500(500|500|500|500|500|=

Puc. 2. 'eomeTrpuyeckue pazmepsl naneau-o6o04xu KXKC no o6pasyromeii 00010uke
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OcHoBHast pabouast Hanpsraemast apmarypa
pacrioiaraeTcs B HIbKHeH yTONIIEHHOH 30He anadparm. O1a
apMarypa TPHHUMACTCS W3 CTEPXKHEBOH, IPOBOIOYHOM,
TIPSIIEBON apMaTyphl B KaXKIOM pedpe.

B omopHEIX y3max maHeNM IpexyCMaTpUBAIOTCS
CTaIbHBIC aHKEPHbIE JIETaH, 00eCIIeUHBaOIIUe HaIeKHOE
3aKpervicHre pabodeii apMaTypbl B OETOHE, BBITIOIHSIOIICH
POJIb 3aTSHKKU CBOAYATON KOHCTPYKIIHH.

O060104Ka apMHUpPYeTCsl [0 PacyeTy CETKAMH PYJIOHHOTO
tuna. [nomane ceyeHus apmatypsl 0OOJOYKH B CpemHEH
YacTH MaHENU JOJDKHA COCTAaBIIATh HE MEHee: MOIepeyHOi
0.3%, npononbHoit 0.2% .

JnadparmMber apMUPYIOTCS] CBAPHBIMU KapKacaMH TOJIBKO
B 1pronopHbIx 30Hax (uHo# 0.1lo wmu HemHOro Gosbiie),
a B cpemHeH  YacTH  CTEP)KHIMH-IIOBECKAMH,
pacHoyioKeHHBIMU B BEePTHUKAIBHBIX peOpax. [Tanemn Tuma
KJKC mpoexTHpyroTcst W3 TsDKENOro OeToHa KIIaccoB
B25+B50. Koncrpykius naHenei mo3BoJsieT yCcTpauBaTh B
000JIOYKE  TEXHOJOTMYECKHE  OTBEPCTHS  JHaMETpPOM
400+1450mm, a Taxke NPSIMOYTOJNBHBIE OTBEPCTHS JUISL
YCTPOWCTBA CBETOAIPALIMOHHBIX WM 3eHUTHBIX (poHapeil.

Hexons u3 3aJaHHBIX pa3MEpOB 3IaHUS B IUIAHE
(54x72m), ero KOHCTPYKTHBHBIX PelIeHHH MOKpbITHA 10 | 1
Il BapmanTam, TpOW3BENEH CPAaBHHUTEJIBHBIN aHANN3
HEKOTOPBIX TIapaMeTPOB BapHUaHTHOIO MPOEKTHPOBAHWUS,
KOTOpBII NpeiCTaBIIeH B Ta0I. 1.

Ha ocHoBe cpaBHHTENBHOrO aHaNM3a MapameTpoB TaOi.l
MO>KHO 3aKJIFOUUTD CIIEYIOIIee:

— pacxon OeToHa Ha KOHCTPYKIMM TOKpHITHA 10 |l-omy
BapUaHTy CHIDKACTCS Ha:

272.2+100
100 ———
3523

JKeJIe300€ TOHHBIX KOHCTPYKIMI HOKPBITHA ¢ 255 1o 72, To

= 22.7% 3a cUeT COKpaIIeHNs KOJIUIeCTBa

ecTh (B 3.5 pasza) wu Ha 72%;
— pacxojx CTaJli Ha KOHCTPYKIMH MOKpHITHA 1o |l-omy

BapUaHTy CHU3WICS Ha:
31680%100
100 ———=9.2%;
34908

— IIOCTOSIHHAsI HOPMaTHBHAs Harpy3ka Ha MoKpeITus 1o |-
OMY BapHaHTy CHU3WIACH Ha:

100 — 3%x100
3.75

CTPOUTEIILCTBE CEMCMHMYECKH OTTACHBIX peruoHax.

=20% , 4Yro OCOOCHHO Ba)XHO TIpH

OnHako, crenyer OTMETHTh, YTO HPOSKTUPOBAHVE
Kapkaca 31auus 110 |1-oMy BapuaHTy npemonaraer Hanane
TOJICTPOITMITLHBIX  JKEJIE300€TOHHBIX ~ 0alloKk  pa3MepaMu
0.3x0.6x5.6M, IpPSIMOYTOJIBHOIO IONEPEYHOr0 CEUCHHUS,
KOTOpbIE ONHUPAIOTCS HAa KOJOHHBI Kapkaca, IepenaBas
HArpy3Ky OT MOKPBITHSL.

OnpeznenyM CPOKM MOHTa)Ka HECYIIMX KOHCTPYKIIHIT
nokpsitust o | u ll-omy BapuaHTam ¢ HcHoNIB30BaHHEM
YCTAHOBJICHHBIX HOpM BpEeMEHU JEHCTBYIOIINX
HOPMAaTHBHBIX JIOKYMEHTOB, Ta011.2

Ta6auna 1

CpaBHHMTEJbHBIN aHAJIN3 NAPaMeTPOB BAPHAHTHOTO MPOEKTHPOBAHHUS MOKPHITHSA 31aHus «LleHTpa mo KoMILIeKCHOMY
PEMOHTY aBTOMOOMJIEI»

Homenxknarypa Komnu- Pacxon marepuanos [locrosinHas
Ne KOHCTPYKLIMH YECTBO [p—— Cranb. kT Harpyska Ha
HOKPBITHSI T, ’ ’ nokpeithe KH/M?

Bec kpoBin - — 1.25

[TnuTel moKpeITHS 3X6M 216 1.07x216=231 93x216=20088 1.78

! CrpomnuibHbie (bepMeI 39 3.11x39=121.3 380x39=14820 0.72
(PCM18)

Uroro: 255 352.3 34908 3.75

Bec kpoBnu - - 1.25

I | TMasemu-o6onouxn KAKC- 72 3.78x72=272.2 440x72=31680 175

18
Uroro: 72 272.2 31680 3.0
Ta0auna 2

CpaBHﬂTeJIbelﬁ AHAJIU3 CPOKOB MOHTAKa HECYyLIUX KOHCprKHI/Iﬁ NMOKPLITUSA 3AAHUA «IIeHTpa 0 KOMILJIEKCHOMY

PEMOHTY aBTOMOOMJIEH"
Howmenxknarypa Komugectso
Ne KOHCTPYKLIUH BpEMEHH Ha IT. Cpok MOHTa)ka B JHAX
MOKPBITHS 100 1ur. yen/gac
IInUThI MOKPBITHUS 216 276 %216 36.35
3x6m 100%82%2
| CrponunbHbie GepMbl 39 784%39 18.64
dCMI8 100%82x2
Uroro: 255 55.0
IManemu-o6omouku KXXC-18 72 45972 20.15
100%82%2
I ToxcTpomnuibHas Ganka 48 150.5%48 44
(0.3x0.6x5.8m) 100822
Uroro: 120 24.6

[Ipumeuanue: 31ech 8.2 yac — NPOIOIDKUTENBHOCTE paboyero AHS B yacax; 2 — KONWYECTBO MOHTAXXHBIX OpUTra.
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W3 anann3a Ta611.2 MOYKHO OTMETHUTD, YTO CPOK MOHTaXa
HECYIIMX  KOHCTPYKIMH  TOKPBITHS  C  y4EeTOM
MIOJICTPOIIIIBHBIX Oasok 1o |l-oMy BapuaHTy cokpamaeTcs
B: 55/24.6=2.2 paza.

Bapuanr Il Opm1 BBIOpaH B KadecTBE OCHOBHOIO C

pacyeToM W KOHCTPYHPOBAaHHEM ITaHEU-000JIOUKH THIIA
KOKC 3x18m.

4. 3akao4yeHue

O06a BapuaHTa KOHCTPYKTHBHOTO PEUIEHHS MOKPBITHS
MIPOMBIIIIIEHHOro 3/1aHmst  «lleHTpa 1O KOMIIEKCHOMY
PEMOHTY aBTOMOOMJIEH» MMEIOT IIPaBO OBITH OCHOBHBIMH
MIPY HAJIMYUW TPEINPHUATHH CTPOUTEILHOW HWHIYCTPHH C
[IMPOKOH HOMEHKJIATypOH BBIITyCKAaEMBIX KOHCTPYKIUH 1
W3IENHH, B TOM YHCIIe ¥ TOHKOCTEHHBIX IUTHT-000JI0YeK
paznuuHbBIX  pasMepoB:  3x12;  3x18; 3x24m. Ot
TEXHHYECKUX, MaTepHaJbHBIX ¥  KBATH(HKAIMOHHBIX
BO3MOXKHOCTEH IPEANPHUATHA CTPOUTEIBHOW WHIYCTPUHI
3aBUCHT BCE TO pa3HOOOpa3We NPOCSKTHBIX pEeHIeHNI
MIPOMBIIIIEHHBIX 3[JaHWH, KOTOpBIE JIOJDKHBI OTBEYATh
TEXHHYECKUM,  OKCIUIyaTal[HOHHBIM,  SKOJOTHYECKUM,
ICTETHYECKMM U JKOHOMHUYecKMM TpeboBaHmsM. C
MIPUMEHEHNEM MOHOJIUTHOIO KeJIe300eTOHa  CTaJIbHBIX
MIPOCTPAHCTBEHHBIX KOHCTPYKIMI 3TH BO3MOXKHOCTH €Ille
Goee pacIUpsIOTCS.
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Effective steel structures for industrial buildings

A.l. Kholmurodovl®?
'Samarkand State University of Architecture and Construction, Samarkand, Uzbekistan

Abstract: The reforms being implemented in our republic are also rapidly developing the light steel structures
sector, which is a leading sector of the construction industry. The products produced by the metallurgical
plants commissioned in the last 10-12 years are producing elements necessary for the construction of
modern light steel structures. At the same time, in the author's opinion, the factor hindering the
widespread use of light steel structures is the lack of qualified personnel to design these structures, as
well as the late publication of national standards (for LSTK) or their complete absence (for corrugated
beams).

Keywords: steel, profile, thin-walled, corrugated beam, strength, priority, efficiency

Ishlab chiqarish binolari uchun samarali po‘lat konstruksiyalar

Xolmurodov A.1.*®2
1Samargand davlat arxitektura-kurilish universiteti, Samargand, O¢zbekiston

Annotatsiya: Respublikamizda amalga oshirilayotgan islohotlar qurilish soxasining yetakchi tarmog‘i bo‘lgan, yengil
po‘lat konstruksiyalar sohasini xam jadal rivojlantirmokda. Oxirgi 10-12 yilda ishga tushirilgan
metallurgiya zovodlari ishlab chiqaradigan mahsulotlar, zamonaviy yengil po‘lat konstruksiya barpo
gilinishi uchun zarur bo‘lgan elementlar ishlab chigmorkda. Shu bilan birga, muallif fikricha, yengil

po‘lat konstruksiyalami keng qo‘llanilishiga tusqinlik qiladigan omil, mazkur konstruksiyalarni

loyihalovchi  malakaviy  kadrlarning

tangisligi, ~xamda, milliy  me’yorlarning  kech

chigarilayotganligi(LSTK) yoki umuman yuqligi(goftli to‘sinlar uchun) sabab bo‘lib kelmoqda.

Kalit so‘zlar:

1. Kirish

Po‘lat konstruksiyalarning bir qator afzalliklari, ya’ni
yuqori darajadagi mustahkamligi, yengilligi, ishonchliligi,
sanoatbobligi hamda zichligi ularni qurilishning barcha
sohalarida qo‘llash imkonini beradi. Biror-bir qurilish
sohasi yo‘gki po‘lat qurilmaga bog‘liq bo‘lgan hisoblash
yoki loyihalash ishlari amalga oshirilmasin. Shu bilan birga,
oxirgi yillarda  loyiha  korxonalarida  qurilish
konstruksiyalarini va aynigsa metall konstruksiyalarni
loyihalovchi muhandislarga ehtiyoj yaqagol sezilmoqda.

Po‘lat gimmatbaho, noyob material uni ishlab chigarish
uchun zarur bo‘lgan temir ruda konlari cheksiz emas. Bu
omillar o‘z navbatida qurilish sohasida ishlatiladigan
po‘latlardan unumli foydalanishni, bino konstruksiyalarini
loyihalashda samarali yechimlarni qo‘llashni taqozo etadi.

Po‘lat konstruksiyalarni iqtisodiy —samaradorligini
oshirish, barcha bosgichlarda, loyihalanishdan boshlab,
binoni ekspluatatsiya bosgichiga gadar amalga oshirilishi
lozim. Bunda, loyihalash alohida o‘rin egallaydi, chunki bu
bosgichda binoning konstruktiv  shakli, konstruksiya
elementlarining kesim turlari, material va h.k.z tanlanadi.
Bino konstruksiyalarini tanlashda bir necha konstruktiv
variantlar tagqoslanib, samrali yechim gabul gilinadi.

Po‘lat yordamida barpo qilinadigan bino va
inshootlarning konstruktiv shakllari turli xil bo‘lishiga
qaramay, tannarxlarining tuzilishi o‘zgarmaydi [6].

Po‘lat yordamda qurilib, bitkazilgan bino-inshootga
sarflangar mablag‘ning 70-80% po‘lat tashkil qgiladi. Shu

a2 https://orcid.org/0009-0000-6482-4170

po‘lat, profil, yupqa devorli, gofro tosin, mustahkamlik, ustuvorlik, samaralilik

uchun, bino-inshootlarga sarflanadigan po‘lat migdorini
kamaytirish, dolzarb masala hisoblanadi.

Sarflanadigan po‘lat xajmini tejalishida, yengil po‘lat
konstruksiyalar qatorida, sovuq bukilgan tug‘ri burchakli
profillar, yupka devorli yengil po‘lat konstruksiyalar
(LSTK) xamda gofr devorchali ko‘shtavr kesimli elementlar
alohida o‘rin egallaydi.

2. Tadgiqot metodikasi

Mamlakatimizda amalga oshirilayotgan islohotlar
qurilish sohasining yetakchi soxalaridan biri bo‘lgan po‘lat
konstruksiyalar soxasida ham ulkan o‘zgarishlarga olib
kelmogda.  Qurilish  sohasida ishlatiladigan po‘lat
konstruksiyalarning hajmi yildan yilga oshib bormogda.
Oxirgi 10-12 yillar mobaynida Respublika viloyatlarida
ishga tushirilgan yirik va urta quvvatli metallurgiya
zavodlari ishlab chiqarayotgan mahsulotlar yengil po‘lat
konstruksiyali bino va inshootlarni barpo kilishda katta
imkoniyat ochib bermogda. Mazkur metallurgiya zavodlari
ishlab  chikaradigan yupka devorli yengil po‘lat
konstruksiyalar (2017 yildan boshlab) samarali bo‘lganligi
tufayli, aksariyat gismi (60%) chet elga eksport gilinmoqda.
Yupka devorli yengil po‘lat konstruksiyalarni(LSTK)
hisoblash va loyihash, [2] ananaviy konstruksiyalarni
hisoblashga nisbatan ancha murakkab bo‘lganligi xamda
meyoriy Xxujatlar ishlab chigarishga ancha kech(2024-
dekabr) kiritilganligi tufayli “LSTK” nisbatan kam ko‘llanib
kelinmogda. “LSTK” ni keng qo‘llanilishiga to‘sqinlik
giladigan  asosiy sabab, mazkur konstrukiyalarni
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hisoblaydigan kadrlaring tangisligi. “LSTK” hisoblashda
yassi kesimlar nazariyasini qo‘llash katta xatoliklarga olib
keladi. “LSTK?” egilishida yoki siqilishida, yupka devorchali
bo‘lganligi sababli, buralib-egilish natijasida
mustahkamligini yuqotadi. Shuning uchun “LSTK” bilan
boglik bo‘lgan hisob-kitoblar kesimning qutbiy geometrik
xarakteristikalarini, egilish markazini va ko‘ndalang
kesimning samarali(redutsiv) kesimini, ya’ni ustivor gismini
aniglashni tagozo giladi. Bundan tashqgari bitta konstruksiya
oralig‘ida bunday kesimlaming soni bir necha bo‘lishi
mumkin. Keltirilgan omillar loyihachidan materiallar
karshiligi, elastiklik nazariyasi borasida chuqur bilimlarga
ega bo‘lishni tagozo giladi.

Respublikamizda po‘lat konstruksiyalarni rivojlanishiga
sababchi bo‘lgan yana bir hodisa, Samarkandda
«SAMARQAND ARYA BARON» MChlJ korxonasini ishga
tushirilishi bo‘ldi. Mazkur korxona, penopoliuritan issiqlik
gatlami asosida (42 kg/m3) uta yengil «SENDVIChy»
panellar va gofr (to‘lqinsimon) devorchali ko‘shtavr tusinlar
ishlab chigmogda (Rasm.1).

Gofr devorchali tusinlar varakli po‘latlarni payvandlash
yordamida hosil gilinadi. Tusin tokchalarining galinliklari
odatda 6 — 30 mm, galinliklari 2 — 3 mm, eni 160 — 400 mm
gabul gilinadi. Tusin devorchasi sinus shaklida gofrlangan
yupka (2-3mm) po‘lat varaqdan tayyorlanadi. Gofro
to‘sinlar metall konstruksiyalar sohasida «inovatsion»
konstruktiv shakl hisoblanadi. Amerika hamda Yevropa
davlatlarida gofro to‘sinlar o‘tgan asrning 70 yillaridan
boshlab samarali qo‘llanib kelayotgan po‘lat konsruksiya
turi hisoblanadi. Gofro to‘sinlarning hisoblanish meyorlari
asosida Yevrokod (EN 1993-1-5, Design of steel structures;)
turadi.

Gofra devorchali to‘sinlarning ishlashi sobiq Sovet
Ittifoqida hamda chet el davlatlarida o‘rganilib, turli xil
to‘sinlar modeli sinalgan. Bunda, egilish natijasida hosil
bo‘ladigan normal kuchlanishlar ox to‘sin devorchasining
faqat tokchalarga yaqgin gismlarida bo‘lib va juda gisga
muddat ichida nolga tushgan, chunki gofrali devorcha
ko‘ndalang yo‘nalishda siljishga qgarshilik ko‘rsata olmaydi
[6]. Urinma kuchlanishlar devorcha balandligi bo‘ylab tekis
tagsimlanadi (rasm-2). Gofra devorchalar zo‘rigishlarni
to‘sin tokchalariga uzatib, ularda sterjen uzunligi bo‘yicha
o‘zgaruvchan egilish kuchlanishi qabul qilishga da’vat

l‘r <+

1
L L

i

qiladi. Devorchalari bir xil egiluvchanlikka ega bo‘lgan,
yupga devorchali to‘sin bilan gofra devorchali to‘sinlar
taqqoslanganida, gofra devorchali to‘sin elastik bosgichda
mabhalliy ustuvorligini yo‘qotgunga qadar uzoqroq ishlaydi.
Shuningdek gofra to‘sinlarda tokchalar egilishga nisbatan
ishlamaganligi tufayli ularning mustahkamligi yupga
devorchali to‘sinlarga nisbatan ancha yuqori bo‘ladi[3].
Gofra devorchali to‘sinlarning
deformatsiyalanishi(solqiligi), yupga devorchali to‘sinlarga
nisbatan 15-20% kichik bo‘ladi. Bir qator gofra devorchali
to‘sinlarni loyihalab taqqoslash natijasida, yassi devorchali
payvand to‘sinlarga nisbatan 20-25%, yupga devorli
to‘sinlarga nisbatan esa 8-10% yengil ekanligi Faniqlangan.

1-rasm. Qo‘shtavr (ievoc—hasni gofrlash jarayi
(Samargand)
2-2
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2-rasm. Ko‘ndalang gofr devorchali qo‘shtavr elementlari

An’anaviy yasama (tuzma) payvandlangan
qo‘shtavrlarda eguvchi momentning aksariyat (90%) gismi

qo‘shtavr tokchalari tomondan gabul gilinadi. Qo‘shtavr
devorchasi esa asosan tokchalarni o‘zaro bog‘lab turib
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kesuvchi kuchlarni qgabul qiladi. Urinma kuchlanish
bo‘yicha mustahkamlik sharti bajarilishi uchun, devorcha
galinligi galin bo‘lishi shart emas. Ammo devorchaning
ustuvorligini ta’minlashi uchun, devorcha galinlashtiriladi
yoki  ko‘ndalang qobirg‘alar bilan jihozlanadi. Mazkur
tadbirlar qo‘shtavr to‘sin vaznining oshishiga olib keladi.
Gofra devorchali to‘sinlar  bir vagtning o‘zida,
mustahkamlik, ustuvorlik va tejamlilik masalalarining
yechilishiga imkon beradi. Bundan tashqari, chet el hamda
sobiq Sovet davlatlari olimlari tomonidan o‘tkazilgan
ko‘plab tajribalar gofra devorchali konstruksiyalarni, oddiy
to‘sinlarga nishbatan seysmik kuchlarga garshi yaxshi
ishlashi ta’kidlangan (1).

3-rasm. Samarqgand tumanida barpo gilingan gofra
devorchali elementlardan tashkil topgan «<SENDVICh»
panellar ishlab chigarish binosi (30m)

Gofralangan devorchali qo‘shtavr to‘sinlar birinchi sinf
konstruksiyaga mansub bo‘lib, hisoblashlar  elastik
bosgichda olib  boriladi. To‘lginsimon  (sinusoidal)
devorchali ko‘ndalang gofralangan qo‘shtavr to‘sinlarning
hisobiy parametrlari quyidagicha:

as - gofra qadami;

het - to‘sin devorchasining hisobiy balandligi, payvand
qo‘shtavrlarda - hw;

tw - gofra devorchaning galinligi;

f - gofra to‘lginning balandligi;

s - gofra to‘lgini uzunligining yarmi

s=as(1+m?- f Y16a?);

Gofralangan devorchaning galinligi 1,5 mm dan kichik
bo‘Imasligi lozim, egiluvchanligi 4w = 200-500 oralig‘ida,
gofra panelining shartli egiluvchanligi

hs=5/ty JRyJE < 23.

Gofra parametrlari quyidagi shartlarga javob berishi
kerak:

Tper > To,cr (l)

To‘lqin shaklidagi gofra panelining mahalliy ustuvorlik
Tper Yo'qolishidagi kritik kuchlanish:

fs \ R
Tper =112 (5,34 + hij)xyE @)
Gofra  devorchaning umumiy  ustuvorlik g ¢,

yo‘qolishidagi kuchlanish
*/p.n3

h% ty ' ®)
Bunda, D1 va D2 - bosh yo‘nalishlar bo‘yicha egilish
bikirliklari, N-mm:

To,er = 32,4

Et), Qs EJ

1T a5 727 g Q)

J - gofra gadami (as) bo‘lgan devorchaning inersiya
momenti.

Gorizontal seysmik kuchlarga garshi ishlaydigan rama

tarkibidagi ustunlarning konstruktiv shakllari

payvandlangan qo‘shtavrli bo‘lib, ular yupga devorchali
ko‘ndalang va bo‘ylama to‘lginli bo‘lishi talab gilinadi.
Ko‘ndalang gofralangan qo‘shtavr ustun
devorchalarining galinliklari tw tegishli hisoblashlarga doir
gabul gilinib, bunda quyidagi shartlar bajarilishi lozim,
bunda gofralar gadami a < 60 tw, gofra balandligi
f = hw/ 30+ 30mm, hw- devorcha bzé::a-ngligi, mm.

(< I

a)

R
b)
4-rasm. Gofra devorchali qo‘shtavrlarning konstruktiv
shakllari: a- ko‘ndalang gofra devorchali; b- bo‘ylama
gofra devorchali

Bo‘ylama gofralangan qo‘shtavr ustun devorchalarining
galinligi hw, ustunni ustuvorlikka hisoblashda aniglanib,
bunda gofra gadami a < 30tw, balandligi f < 40 mm,
ko‘ndalang diafragmalar qadami esa 3 tw dan Kkatta
bo‘lmasligi kerak.

Seysmik sinchli to‘sinlar, ustunlar bilan ulanish
tugunlarida seysmik energiya ta’sirlarini so‘ndirish
xususiyatiga ega. Ko‘ndalang gofralangan qo‘shtavr to‘sin
devorchalarining qgalinliklarini belgilashda tw =
(1/100-1/120) hw shart bajarilishi lozim. Ko‘ndalang
gofralangan to‘sin devorchalarining ustuvorligi
ta’minlanishi uchun, gofralar qadami 60 tw dan Kkatta
bo‘lmasligi, balandligi esa f = hw / 30 + 30 mm bo‘lishi
kerak. Gofra devorchali qo‘shtavr to‘sin tokchasining erkin
(sves) o‘lchami quyidagi shartni qanoatlantirishi kerak:
ber < [ ber], bunda, ber = 0,5(bf +2/3 f); [ be] = 0,25

t- - VE/Ru. )]
bt - tokcha eni; E- elastiklik moduli.

To‘sin devorchasini, tokchaga birlashtirib turuvchi
payvand choklar bir tomonlama bo‘lib, choklarning
qgalinliklari 1,2 tw dan katta bo‘lmasligi talab gilinadi.

3. Xulosa

Po‘lat konstruksiyalar yordamida quriladigan bino-
inshootlarda, an’anaviy qo‘shtavrli to‘sinlar o‘rniga gofra
devorchali to‘sinlarni qo‘llash, to‘sinlarga sarflanadigan
po‘latning 20-25% tejalishiga imkon beradi.

Gofra devorchali qo‘shtavr to‘sinlar po‘lat sarfi bo‘yicha
samarali bo‘lishi bilan bir qatorda, seysmik ustuvorligi oddiy
go‘shtavrlarga nisbatan ustun turadi.

Milliy me’yoriy hujjatlar, texnik ilg‘or mamlakatlar
tajribalari (Yevrokod 8;9;10) asosida, O‘zbekiston hududiy
sharoitlariga moslashgan xolda ishlab chigarilib, innovatsion
konstruksiyalar ishlab chigarilishidan ortda qolmasligi
lozim.
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Experimental investigation of load-bearing capacity of three-layer panels with
insolation layer based on rice crete

Kh. Akramov®2, J. Tokhirov*®P?, H. Samadov*®¢
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article presents the results of full-scale experimental testing of wall panels based on rice crete made
with rice husk as the organic filler. The panels are designed as three-layer structural elements, with rice
crete forming the middle insulating layer and self-compacting lightweight reinforced concrete forming
the outer structural layers. The aim of the study is to evaluate the strength, crack resistance, and
deformation characteristics of such panels under static vertical load. The experimental tests were
conducted on panels of actual dimensions, using standard procedures. The load-deformation behavior,
crack formation, and failure mechanisms were analyzed. The results confirm the potential use of these
panels in low-rise energy-efficient and earthquake-resistant buildings.

Keywords:

energy efficient; three-layer reinforced concrete structures; concrete strength; contact interlayer; heat-

insulating materials; multilayer structures; agricultural waste

1. Introduction

Modern construction trends are increasingly oriented
towards the use of environmentally friendly, energy-
efficient, and cost-effective building materials. One such
promising direction is the development of lightweight
concretes using agricultural waste. Rice crete, a composite
made from mineral binders and organic fillers (such as wood
chips, straw, or rice husk), is gaining popularity due to its
good thermal insulation, lightweight, and environmental
sustainability. [1-5,8]

Three-layer reinforced concrete panels are becoming a
key element in modern construction due to their ability to
provide high strength characteristics while reducing heat
transfer. In recent years, special attention has been paid to
the use of innovative materials to increase the energy
efficiency of such panels. One of these materials is rice crete,
which is a wood-cement composite with excellent thermal
insulation properties and low density.[7]

2. Research methodology

Studies conducted by Ivanov I.1. and Petrov P.P. (2023)
showed that rice crete significantly reduces the thermal
conductivity of building elements, which is consistent with
the results of foreign studies. For example, Jones and Kaplan
(2021) confirmed in their study that rice crete concrete can
improve the thermal characteristics of buildings with a
minimal increase in their mass, which makes it an ideal
material for multilayer structures.

Important foreign studies also confirm the prospects of
using multilayer panels with rice crete. In the work of Fang
and Wang (2020), an integrated approach to the design of
three-layer reinforced concrete panels, including various
insulating materials such as rice crete, was studied. Studies
have shown that such panels are highly resistant to
temperature fluctuations and can significantly improve the
energy efficiency of buildings in various climatic
conditions.[1, 9-11]

On the other hand, Sidorov A.A. and Kuznetsov V.V.

@ https://orcid.org/0000-0002-3258-9249
bl https://orcid.org/0000-0001-6740-9693

(2024) found that rice crete not only preserves, but also
improves the mechanical properties of three-layer panels,
especially under dynamic loads. These conclusions are
supported by research by Smith and Lee (2019), which
showed that rice crete panels exhibit high strength and
durability, especially in earthquake-prone regions.
Moreover, the work of Brown and Taylor (2020) has shown
that rice crete layers can effectively resist the formation of
cracks in reinforced concrete structures, which significantly
increases their service life.[11-15]

Another important aspect is to take into account the
climatic conditions when designing such panels. Smirnov
D.D. and Lebedev E.E. (2023) noted the need for a detailed
analysis of the influence of climatic conditions on the
performance characteristics of panels with rice crete. These
conclusions are supported by the research of Garcia and
Rodriguez (2018), who analyzed the use of rice crete panels
in European countries and found that this material can be
successfully used in various climatic conditions, providing
high energy efficiency and durability of structures.[16-20]

The hypothesis:The hypothesis of this study is that the
use of rice crete concrete as a thermal insulation layer in
three-layer reinforced concrete panels will significantly
improve their thermal performance and at the same time
preserve or improve their mechanical properties.

In accordance with the technology described above,
panels of ricecrete mixture on rice husk with dimensions of
2500x400x250 mm were manufactured. The number of
ricecrete mixture batches adopted for the manufacture of
panels was 4. The specific pressure of panel molding was
0.26 MPa. Before testing the panels, the control destructive
load was determined using the formula in accordance with
paragraph 2.4.2 of GOST 8829 (Precast reinforced concrete
structures and products. Test methods for assessing strength,
rigidity and crack resistance).[24-27]

Aer = %qcal €y

where c is the coefficient taken according to Table 1 of
the specified GOST as equal to 1.8. m is the coefficient of
the operating conditions of the structure, taken as equal to
0.75. pacy- 1S taken as equal to the standard

value of the static component of the wind load ( qi).

¢ https://orcid.org/0000-0002-0430-877X
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Although according to KMK 2.01.07 (Standards design.
Loads and impacts) the wind load on buildings and structures
should be determined as the sum of static and dynamic
components, only the static component of the load was taken
into account. The dynamic component caused by
pulsations of the velocity pressure is taken into account only
when calculating structures with a period of natural
oscillations of more than 25 sec (masts, towers, chimneys,
etc.) and multi-story buildings more than 40 m high, etc.
Aecal = q‘lcl = qakc (2)

According to map 3 (Zoning of the Uzbekistan territories
by wind pressure) of the specified building codes, the
Tashkent region belongs to region 3. Therefore, we take g5=
0.45MPa, K=1,C=14

Thus: gpacq= 0.45 - 1 - 1.4 = 0.63 MPa. Consequently,
the control destructive load is equal to:

€q<=22.063=151MPa

Qer = 295 = 575 @)
The strength of the panels was assessed using the safety
factor (C).
C="" 4)

Acal

where m = 0.75; q.q= 15.1 MPa; g,.= 41 MPa

The purpose of the work:The purpose of this study is to
develop and experimentally substantiate three-layer
reinforced concrete panels using rice crete concrete as an
insulating layer. As part of the work, it is planned to evaluate
the effect of rice crete on the thermal and mechanical
characteristics of the panels, determine the optimal
parameters for their design and develop recommendations
for their use in various climatic conditions.

AXes:

X-axis: Labeled as f, mm — presumably representing the
deflection of the structural element in millimeters.

Y-axis: Values range from 5 to 45, with no explicit unit
indicated; however, based on context, it can be assumed that
the quantity represents load, possibly in kN or kgf.

Three curves are labeled as P-1, P-2, and P-3 —
according to the diagram below the graph, these correspond
to different measurement points for deflection along the span
of the beam:

P-1 and P-3 — located at the edges of the middle span
section,

P-2 — located at the center of the span.

The schematic below the graph illustrates the positioning
of the displacement meters:

The beam, with a total length of {, is divided into four
equal segments ((/4).

Displacement meters are installed at positions €/4, £/2,
and 30/4.

The test rig for the panels is shown in Figure 50.
Simultaneously with the panels, the deflection and strength
characteristics of ricecrete were determined on samples
manufactured simultaneously with the panels: cubes
measuring  100x100x100 mm, prisms  measuring
100x100x400 mm. The tests showed that the ratio of the
prismatic strength to the cubic strength for ricecrete is 0.73.
The initial modulus of elasticity is 680 MPa, the prismatic
strength is 1.15 MPa, and the ricecrete grade is 15. The panel
test results %(r’e given in Table 1.

pP-2
50
P-1
40
a 30
=] ©
&= 3
2 T2
]
o 10
E P-1 P-2 P-3
= m
= 0
_g /4 /2 V4 | V4
"uga Displacement meter
'5 L . ! L ! . ) . L

0 2 4 6 10 12 15

Deflection, mm
Fig. 1. Change in deflection of panel 1 due to the action
of a uniformly distributed load

Table 1

Results of testing panel

Breaking load, MPa Safety Deflections ( f) under load, mm f /1 ratio under load
Calculation Actual margin normative Maxim normative Maxim
control sample | (q,) 9 um um
(k) g Acceptable actual acceptable actual

13.3 36 2.7 1.15 13.6 1 1
2400 212

44 33 15 151 12.4 1 1 1
200 1910 230

44 3.3 1,12 15.3 1 1
2270 188

Tests have shown (Table 1) that the strength of the
panels exceeds the calculated control values several times
(from 2.7 to 3.3). Under the action of the standard load, their
rigidity does not exceed the permissible value, i.e. the
deflection ( f ) is less than 15 mm, and the ratio of the
deflection to the calculated one (1) does not exceed | /200.

Thus, the panels meet the requirements for enclosing
structures in terms of strength and rigidity and can be used
as wall material. [28-30]

3. Conclusion

The results confirm that rice husk-based arbolite can be
effectively used as an insulating core material in three-layer
wall panels. The combination of arbolite and reinforced
concrete layers provides both structural strength and thermal
performance.

The experimental findings support the following
conclusions:

- The panels demonstrated good composite behavior,
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especially when anchorage and surface treatment were

optimized.
- The load-bearing capacity (75-80 kN) is sufficient for low-
to mid-rise buildings.

- The deflection limits were within acceptable ranges for
structural wall elements.

However, certain limitations were identified:
- The interface between arbolite and concrete remains a
potential weakness, requiring improved treatment methods.
- Cyclic and dynamic load testing are recommended for
seismic application validation.

The study demonstrated the structural potential of three-
layer wall panels using rice husk arbolite as the core layer.
These panels meet basic strength and deformation criteria,
offering an environmentally friendly alternative to
traditional concrete walls. Their light weight and thermal
insulation capacity make them suitable for energy-efficient
and seismic-resistant construction.

Further research is required to optimize the interface
bonding and evaluate long-term performance under
environmental loads.
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Models of deformation of main pipelines under repeated-variable loading
considering material damageability

A. Abdusattarov?
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The formulation of the problem and the computational model of the deformation of main pipelines under
repeated variable loading, taking into account the damage. Based on the theory of small elastoplastic
deformations and the variational principle, systems of differential equations of motion (equilibrium) of
main pipelines are obtained, and a boundary value problem is formed.

Keywords: variable loading; deformation; damage; variational principle; equilibrium equations

Mogaeaun ne¢popMHUpOBaHUS MAarHCTPAJBHBIX TPYOONIPOBOI0B NP MOBTOPHO
NepeMeHHOM HATPYKeHHH € YYeTOM MOBPEKIAEMOCTH MaTepPUAIOB

A6aycarrapos Al

TamkenTckuit rocy1apcTBEHHbIA TPAHCTIOPTHBIA YHUBEPCUTET, TamkeHT, Y36eKkucTan

AHHOTaLII/IH . HpI/IBOJIHTCH IIOCTaHOBKa

3a7a4d M pacueTHOM Mozaenu AeQOpMHUPOBAHHMS MAaruCTPaJIbHBIX

TpyOOIPOBOJOB NPH TOBTOPHO-TIEPEMEHHOM HArpy’)KeHHM C Y4eToM TNoBpexxaaemocTH. Ha ocHoBe
TEOPUH MABIX YIPYTOIIACTUYECKHX JAeopMaImii ¥ BApHALIOHHOTO NPHHIIUIA, TTOTyYeHbl CHCTEMbI

I epeHIanbHbIX  YpaBHeHUH

cdopMupoBaHa KpaeBas 3a1aua.
KnroueBrle cnoBa:

paBHOBECHS

1. BBeanenue

B mnocnennee BpeEM: LUKJINYECKON IPOYHOCTH U
HaC)KHOCTHU HWHXCHEPHBIX COOpy)KeHI/Iﬁ yaensaeres
OoJbIIIoe BHUMaHUs, B YaCTHOCTH i1 MarucCTpajlbHbIX

JBHXXCHUA

(paBHOBecHs) MarucTpajbHBIX TpPYyOOIPOBOOB,

NIEpEMEHHOE HarpyKeHue; aedopMauus; MOBPEXKIaeMOCTb; BAPUALMOHHBIA NPHHLMI; ypPaBHEHHUS

MaKCHMAaJbHO NPHUOIVIKEHHBIX K PEAIbHBIM (IIUKIMYECKU
U3MEHAIOLIMECS  HANpPSKCHUs), CKOHCTPYHpOBaHa U
U3TOTOBJICHA YCTaHOBKAa. Pa3paboraHa Martemarudeckas
Mmozenb HIIC TpyGompoBoja, MO3BOMSOMIAs HCCIEAOBATh
BJIMSIHUE SKCIUTYyaTalMOHHBIX Harpy30K Ha XapaKkTepPUCTHKU
NPOYHOCTH M YCTOHYMBOCTH TpyOompoBoaa. B pabore [3]

HCCIICIOBAHO BIIMSTHUC ACHMMETPHH LIMKJIOB
TpyGOMNpoBONOB. DTO CBA3AHO C BO3PACTAIOMICH PONbIO HECTALMOHAPHOTO  HAarpy)kKeHHWsT Ha  MHTEHCHUBHOCTH
TpyOONPOBOHOrO TPAHCIIOPTAa B CHAGKCHHH HAPOIHOTO HAKOIUICHUS PACCeTHHOW MOBPEKIACHHOCTH B CTCHKE
XO03SCTBAa HE(THIO ¥ [A30M, TAKXKE 3HAYUTESIBHBIM POCTOM MarucTpaIbHbIX TpyGOIpPOBOIOB (rasonpoBoJIoB)

2
IPOTKEHHOCTA U YBEIMYCHHEM IMaMeTpa TPy OONPOBOIOB, BBIIOJIHEHHBIX M3 CTaIM. Tak e aHAIU3UPOBAIKCH

MOBBILICHHEM TPeOOBaHUI K OXpaHe OKPYKAIOLIEH Cpesibl.
IIpobnema obecnedyeHus: LUKIMYSCKOH MHPOYHOCTH U
HaJEeKHOCTH  MAarucTpajbHbIX  TpyOOIpOBOJOB  —
MHOTOIUIAaHOBast aKTyalbHas 3ajava. lccienoBaHuioo u
OLIEHKEe MPOYHOCTH TPYOOIIPOBOJIOB MOCBAIIEHO OOJIBIIOE
KoJ4ecTBO pabor [1-4].

B wmonorpaduu [1] comepkuTcsi OmHMCaHHWE METOJOB
YHUCIICHHOTO MOJIETTMPOBaHUs MarucTpagbHbIX
TpyOONPOBOHBIX cHCTeM. IIpeioKeHHble KOHLENIMU U
METO/IbI SIBJIAIOTCS 0a30BBIMHU JIEMEHTaMH TEOPETHYECKOTO

pa3pylleHHsi Ta3olpOBOJHBIX Tpy0 B KOPPO3HOHHO-
aKTHBHOM cpejie MpH AIUTEIbHON IKCIUTyaTtauuu. B padorte
[4] chopmymupoBaHa  TeOMETPHYECKH  HEIMHEHHAs
NOCTaHOBKA 33/1a4d O HANPSDKEHHO - J1e(hOpPMHUPOBAHHOM
COCTOSIHUM TPYOOIIPOBOZOB, IPOJIOXKEHHBIX B CIOXKHBIX
HH)XEHEPHO - F€0JIOTMYECKUX YCIOBHSAX.

JlurepatypHblii  aHagu3. B ngaHHOH  craThe
copMyIMpOBaHa OCTAHOBKA 33/1a4 U pacyeTHask MOJIENb
nedopMHUpOBaHHsS MAaruCTpPajibHBIX TPYOOIPOBOAOB MpU
MIOBTOPHO-TIEPEMEHHOM HAIPY)KEHUH HAa OCHOBE TEOPUH

$ynnamenra COBPEMEHHOT'O KOMIILIOTEPHOTO MaJIbIX YIPYTOIUTACTHYECKHUX AeopMalii U yTOYHESHHON
MHCTpYMeHTapus Al 3(h(EKTHBHOIO PEeIleHUs LIUPOKOTO Teopuu cTepskHeii [5-7].

Kpyra TEXHHYECKHX M TEXHOJNOTHYSCKHX MpobiemM

MPOCKTUPOBAHHUS COOpY KeHHit " 00BEKTOB

TpyOompoBoaHOro Tpaxcropra. B pabote [2] Ha ocHOBe
MPOBEACHHOr0 CTATHCTHYECKOrO aHAIM3a MPUYMH OTKAa30B
MAarucTpaibHBIX TPYOOIPOBOIOB B 3aBUCHMOCTH OT CPOKa
9KCIUTyaTalld [OKa3aHO, YTO OMpejeeHHbIe ae(eKThI
YKIQAKKH  TpyOONMpPOBOJOB  MOTYT  HWHHIHHPOBATH
paspyIeHne Jaxe Mocie JTHTENBHOM IKCINTyaTaliH, KOoraa
Jerpajalys MeTamia JOCTHraeT ONPEIENeHHOrO YPOBHS.
JUis  MCTIBITaHWS —~ JJIEMEHTOB TpPYOBI B  YCJIOBHSX,

o™ = (~)r@" —uf), el = (-1)"(e

(n-1)
ij

2. MeToao/10rusl UCCJIE10BAHUSA

TlpuBeném pacuérabie Momenu AeOPMHPOBAHUSI
MarucTpaJbHOro  TpyOOmpoBOJa  MpU  BO3ACHCTBHU
BHEIITHUX TOBTOpHa+-TIepEeMEHHBIX HarpyxkeHui. Cremys
teopuu [8], BBesieM pasHoCcTH

(n-1) (n)
ij (-D)"(o;; — g,

) )

@)
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CoryiacHO CTaTHYECKUM THUIIOTE3aM, BBIPAKCHUA TSI IEPEMCIHICHUS TOUYCK MaruCTpajbHbIX pr6or1p030):[a IIpyu NEPEMECHHOM

Harpy>KeHHH TPEICTaBUM B BHJIE aHAJIOTHYHO, Kak B padore [7]:

Ul(n) =u™ —ya, m ngn) + ¢pv™ + a, ﬁ_’l(n) +a, ﬁ_’én),

0 = 5™ — 260, 0 = W™ 4+ 5™, @
rae d(n),d(n) — yIVIBI [IOBOPOTA CEUEHMS IIPH YUCTOM kpyuennst Cen-Bewana.  C yuerom ¢opmynsr Komm
WsrEGe TpH N HOM HATDYKCHMH, B(n) ) — orpezneeHbl KOMIOHEHTH Jedopmarmn. [Ipu TOBTOPHO-
NEpEeMEHHOM Harpy>KeHWH KOMIIOHEHTHl HANpsKEHHH M
nonepeuroro capura; 60 — yron kpyuenms; V() - nedopmarii  mpu  N-HOM  Harpy>kKeHWH  CBSI3aHBI

[IOTOHHAsI 3aKpyTKa IIpY N — HOM Harpy)erI/H/I o— dpyHKuI/m

(m _ (m *(n) n-mz 0(n m)
ol =3G:el) -| Mg —I—Za)

cienyonmm oopazom [9]:

— G{ m) _ w(n)e*(n) Zicn—:ll @ 0n-m) égin—m)} )

[pwn nuHeHHOM yIIpoYHEeHNH MaTepraia QYHKIUS IUIACTHIHOCTH HMEET BH
0, npuéEI’) < éi") ),

o™ =
n 1_

B cityuae 06061eHHOr0 npuHIHTa Masunrad,, = 4, &,

(n)

, npu s(") ég") (.

= @, &, a IPHU y4YETE HAKOTIJICHNS TIOBPEKICHUMN:

E™M () = Gpes + (36) T BYT - [1 - 0,5,][1— (1 - n)1+“]1/“(n— ne
OyHKIMS OBPEKIAEMOCTH 7J(N) ONPEIENAETCS U3 KHHETHIECKOTO ypaBHeHHs [8]:

1= f (6, m

npu ycnousx 7(0)=0, #(An)=1, rme /IN — YHCIOo
TMOJTYIIHKIIOB HATPYKEHHUSL.

BobiBox ypaBHeHusi JBMuKeHMsi. JIjisi ompesencHus
ypaBHEHHS JBWKEHHS (PaBHOBECHS)  MAarucCTpaIbHOTO

R
=A—= 4

) f= (1 -v1mR)F “)
TpyOOIIpOBO/Ia MPU TTOBTOPHO-TIEPEMEHHOM HAarpy>KeHHUH C
y4eToM YIPYTOIUIACTHYECKUX nedopmarmit u

MOBPEXIAEMOCTH HCIIOJIb30BaH BapHAIMOHHBIN IIPHHIHIL
T'amunbrona — Octporpazckoro [7]:

8 [,(1 — 1™ +A<">)dt =0 (5)

~ ~ m)
me 8 [TMde=[ A% E(Sy(")dxlt J AT Esy™ dxd; )
&)

y<"> Yy
) f n™de = f {(Ay” —A’”)— + (8" —B"”)Y(">}E5Y<">dt| f f { (@ —a")—— +
¢ ¢ Ox 0x
+(B" —B"MY™) + (C" - C” )a— + (D" — D")YMYESY Mdxdt; @
8§ [, AMdt = [ Q78ydt|, + [, [ Q"Sydxdt (8)

IMoncTaBisisi BEKTOPHBIE BBIPOKEHUS BapHALMN KUHETHYECKOMH, MOTCHIMAIBHON Hepruil M paboTsl BHemHuX cui (6)-(8) B
BapHaUMOHHbINA NpHHIKMI (5), MOITyduM:

azy(n) 9 m ym 7 -
ff +6_ A" -4 ) +(B"’ B™)Y ™| +

(D — DY 4 Q"™ EsY ™ dxdt + ©)

+ (Cyn _— CVIJZ)

ay®™ .
+ f {(Ay” A’”) + (B = B™y™ + Qf<">}E<5Y<">dt| + f =0.
t x x

U3 sroro ypaBHeHml BBITEKAET CJIEYIOLLYI0 KPAaeBYIO 3a1auy:

_92ym Y™
5 +— @ — 4" ——

gy ™
+(B" — B"”)Y(")] + (" =)=+ (D" = D")Y ™ + Q" = 0.
~ gy (™
{(AJ’" A4 (B - B + er}c?le =0, AZ- CESY®] =0 (10)
3necs Matputsl 4, B, C, D — kBagpaTHyHble MaTPULIBI IEBSITOrO MOPsAIKa, Q" 1 QY BeKTOPHI BHEIIHUX CUJT ,I[GBSITOFO MopsiAKa
1 K03(p(HULHUECHTBI UMEIOT cnez[yfol_ueﬁ BUJI:

(ay =a —a/™, by =b]—b", c;=—b

W3 BapuanmonHbix ypasuenuii (10) momaydyena CI/ICTeMa TPaHUYHBIMH YCIOBUSMH B BekTopHoil Qopme. I[locie
b depeHuaTbHbIX ypaBHEHHI paBHOBeCHUs NPUMEHEHUsS METOJa KOHEYHbIX Pa3HOCTEH OHH INPUMYT
MarucTpaJlbHoro  TpyOompoBoja  HpH  IIOBTOPHO- BUJL:

[EPEMEHHOM  HAIPY’KEHUH €  COOTBETCTBYIOLIMMHU
3] (k) (k) (k) ni n10
(Ay\i/n _Anw(k))7 (Byn Bm(K))I_/’i (C}n CM(K))VL- _ 5[ + 61- + 6 ’
— (k)

I

[(Ayn Am(k)) av'™ + (B}n Bm(k))_(k)] =F . (12)
I

Cle/TyIOIIIe PEKyPPEHTHBIE COOTHOLIEHHUS:
I = [ 3, 0y;8e;; dv = [ [04q0€qq + dppbegs +

— g g
i dij =dy; —dy ).

Jnst  pemieHuss  HEAMHEWHBIX  KpaeBbIX  3ajay
HCTIONB3YIOTCS METO yIIPYTUX peuieHuit A. A. MpronmiHa
[5] m MeTox maTpuuHOit mporoHk [9]. B pe3ynbrare nmeem
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OupSeqpldv 611 = fy fﬁ {aaaé [u -(r-1 Z—Z] +
Ol [rv - (r - 1)2—‘;;]} lardBdy +

JJ Opp = 5[rv— r—1) ﬁ

+ cr,w;5 [u —(r— 1)(;—‘::]} |Bdady

160“ﬂ>5[u— r— 1)6—W]+

LG

+Ga;%+6§aﬁ)5[rv_(r_1) ]——%a[m&w]dv
12
e

3nech
[ 1X6udv+fﬂf ¥, piSudfda +

+fuc fyZl P(Su |,Bd(1d]/+fﬂf ZL 1%5ui|adﬂd}/;
6A =fﬂf f [X15W+X2 (rv—(r—1)£)+x35(u—
r-12 )] dadBdy +

Ha ocHoBe NPUBEACHHBIX aJITOPUTMOB PCUICH Pl 3a1a4

mis  anammsa  HJIC  TpyGOmpoBOMOB MpH  TTOBTOPHO-
MIepEMEHHOM HarpyKeHHH. B 9acTHOCTH, NPH OTCYTCTBHA
Kpyd“eHus u norepeuroro casura (6=0, v=0, £1=0, £=0).

Ilpumep pacuyera. B kadecTBe mpumepa MPHUBEICHBI
pe3yneTaThl  pacdera TOHKOCTEHHOTO TPyOOIpOBOIA,
3aI[EMJIEHHOTO T0 TOpI[aM TIPU TOBTOPHO-TIEPEMEHHOM
Harpy)kKeHHH C y9eTOM HAaKOIUIEHWs MOBPEXACHU. 3a
KHHETHIECKOE YpaBHEHHNE PUHATO hopmya (4).

3aava pelieHa Mpu CIeAYIONMX HCXOIHBIX JAHHBIX:
MaTepHallbHbIe KOHCTAHTHl KHHETHYECKOTO YPaBHEHHUS
nospexxnaemocti:  A=12-10%;, a=p=5; v1=0.8; r=1.2;
a1=0.97; B=1.4-10% &=0.0015. 3a BHeNIHIOW HArpy3Ky
TIPHHATH CIEIyIONMe 3HaYeHus: f;f = 25; f; = 50; fit =
10; fy =5; (xr/eM®); @ = /3, @ = /2,y = /4 y* =
/6. UucneHHBle Pe3yJbTATEl BEKTOpa TEpEeMENICHU B
3aBHCHMOCTH OT YHCJIA HTEPAIMiy W YKCIa IUKIOB k (Tipu
N =40, k=2 u k=10) mpuBoIITCS C HCIIOIB30BAHHEM
00o006mIeHHoro npuHIMna Masuara. JIsi WnTFocTpayy Ha
puc.] mokasansl m3MeHeHus nepememenuii WK, a(k)
IUTHHE TpyOONpOBOJA, TMPH pPa3IHYHBIX HHTEHCHBHOCTH
Harpysku d.

ay

Puc. 1. I3MeHeHus nepemMenneHuii no amune Tpyoni (1-6=1; 2-6=1,5; 3-6=2; 4-6=2
(¢ y4eToM MOBPEkKIA€eMOCTH))

a

AHanu3 4MCICHHOrO KCIIEPHUMEHTA TI0Ka3bIBAeT, YTO C
YBEJIMYCHHEM YHCJA LMKJIOB HArPYKCHHS H3MCHSIOTCS
3HaueHus (QYHKUMH [UIACTHYHOCTH M IIOBPEXKIACMOCTH, a
TAK)Ke MOKA3aHO BJIMSHUE TUX [APAMETPOB Ha KHHETHKY
HAIIPSKEHHO- 1epOPMUPOBAHHOT O COCTOSIHUSI
Tpy6onpososa [10-12].

3. 3akiouenue

CdopmynupoBaHa NOCTAaHOBKA 3a/ladd M COCTABJICHA
pacyeTrHas CXeMa MarkCTPaIbHBIX TPYOONPOBOZOB IpH
MIOBTOPHOM - II€PEMEHHOM Harpy>KeHHH Ha OCHOBE TEOPHU
MaJIbIX YIPYroIulacTUuecKux aedopmaiuii U yTOYHEHHOM
Teopuu cTepxkHeil. PaspaboTana Mero/uKa pelieHus 3aaa4q
C YYeroM BTOPMYHBIX IUIACTHYECKUX JedopMaluii u
HaKoIUIeHusT moBpexxaeHud. [IpuBeneHsl  pe3ysbTaThl
pacuera nepeMeeHi Py pa3IM4HbIX Harpys3Kax.

Hcnoan3oBanHasi jguteparypa /
References

[1] Cenesnes B.E., Anewwn B.B., Tlpsuos C.H.
OCHOBBI  YHCICHHOTO MOJICIHPOBAHMS MaruCTPAIBHBIX
Tpy6ompoBoaos. Uzn. 2—e, mepepad. u gom. — M.: MAKC
Ipecc. — 2009. — 436 c.

[2] UYwuenor B.A. HayuHo-TpakTHYecKHe OCHOBBI
obecredeHust MPOYHOCTH U YCTOUYMBOCTH Ta30IIPOBOIOB B

b
CIIO’KHBIX HH)KEHEPHO-TEONOrNYECKHX YCIOBHIX: ABTOpEd.
JIAC... TOKT. TeXH. HayK. — ¥ a. —2007. — 47 c.
[3] 3opurn H.E. DkcnepuMeHTanbHash — OLCHKA
PabOTOCIIOCOOHOCTH TPYO MarkCTpajbHBIX TA30IPOBOIOB

IPU LUKJIMYECKOM HAarpyxeHuu: ABroped. muc.... KaHL.
TexH. Hayk. — M. — 2010. — 23 c.

[4] 3apunos P.M. Hayusbie OCHOBBI pacyera
HaNpsHKCHHO-1e(OPMHUPOBAHHOTO COCTOSTHHS

TpyOOIPOBOIOB, MPOJIOKSHHBIX B CIOXHBIX HHXEHEPHO-
TeOJIOTHYECKHX yCIoBHsX: JlUC... TOKT. TEXH. HayK. — Ya.
—2005. — 344 c.

[5] Wnstommua A.A. Tpymsl.
Jloroc. —2004. — 388 c.

[6] Bunacos B.3. U36panubie Tpyasl. M.: Hayka. 1962-
1964.Towm I-11I 1506 c.

[7] Kabynor B.K. Anropurmusamus B TEOpHH
YIOPYrocTH U Ae(GOpPMAlMOHHON TEOPUH IUIACTHYHOCTH. —
Tamkenr: ®an, — 1966. — 394 c.

[8] Mockurua B.B. Ilukinueckde HarpyKeHHs
aneMeHToB KoHcTpykumit. — M.: URSS. — 2019. — 344 c.
(mepemsn).

[9] Bypuer T. Anropurmuzamnmus pacueta HECYIIHX
3JIEMEHTOB TOHKOCTEHHBIX KOHCTpYKIMH. — Tamkenr: @aH.
—1986. — 244 c.

[10] A6mycarrapoB A.PysueBa H.b. Henuneiinoe
nehopMUpOBaHHE  MOM3EMHBIX  TPYyOONPOBOMOB  MpHU
UKINYECKOM HarpyxeHuu //IIpobiembl Ge30macHOCTH Ha
TpaHcnopre. Marepuansl XI MexayHap. Hayd. — MpaxT.
kongepenimu. ['omens: ben'YT. —2021.9.2. - C.113-114.

[InactuyHocts. —M.:

ENGINEER



[11] Abdusattarov A., Sabirov N., Ruzieva N.
Mathematical models of pipeline deformation under I/IH(l)OpMaIII/Iﬂ 00 aBTOan/

repeated - variable loading taking into account Information about the authors
damageability. Cite as: AIP Conference Proceedings 2637,

030014 (2022); Published Online: 20 October 2022. AGnycarrapoB A.  TamIKeHTCKHH TOCYNapCTBEHHBIH
https://doi.org/10.1063/5.0121481. TPAHCIIOPTHBIA YHUBEPCHUTET

[12] Abdusattarov A., Ruzieva N., Sabirov N.and
Abdukadirov F.Mathematical models of deformation of
underground pipelines interacting with the ground under
spatial-variable loading. AIP Conference Proceedings 2612.
040015-1 - 040015-14, —2023. 10.1063/5.0116043.

ENGINEER



Calculation of a steel prestressed truss with a span of 60 m, taking into
account seismic impacts

G.S. Fridman'®2, Sh.M. Turakuloval®®
1Samarkand State University of Architecture and Civil Engineering, Samarkand, Uzbekistan

Abstract: In this paper, calculations of a steel roof truss with prestressed puffs with a span of 60 m are presented.
The calculations were performed in a geometrically nonlinear formulation in the LIRA CAD 2022
software package. The method of "engineering nonlinearity" was used to account for the vertical seismic
load. It shows a significant increase in the rigidity of the truss and significant savings in steel due to the
use of high-strength puffs.

Keywords: steel truss, tightening, prestressing, geometric nonlinearity, seismic load, engineering nonlinearity

Pacuer cTaJIbHOM NpeABAPUTEIHHO HANPSIZKEHHON (hepMBbI
nposieroM 60 M ¢ y4eToM ceiliCMUYeCKUX BO3AeHCTBHUI

Xaabduu I'.P.10? Typakyaosa III.M.'0P

!Camapkanckuil ToCy1apCTBEHHBIN apXUTEKTYPHO-CTPOMTENBHBINA yHHBEpcUTeT, CamMapKan i, Y30eKuCTaH

AnHOTaNW: B mHacrosmeil paboTe NPUBONATCA pacyeThl CTAIBHOW CTPONMIBHOI (epMbl MOKPHITHA C
MIPEABAPUTENFHO HANPSKEHHBIMH 3aTsKKaMH TIpoJieToM 60 M. PacdeTsl BBIOT "HEHBI B TEOMETPHUYECKH
HeNMHEHON nocTaHoBKe B nporpamMmmHoM kommiekce JIMPA CATIP 2022. [lna y4yera BepTHKAIBHOM
celiCMMYECKOH Harpy3KH HCIIOJIb30BaH METOM « MHXKEHEPHOU HeMMHeHHOCTHY. [IokazaHo 3HaUMTETBHOE

TIOBBIIICHHUE KCCTKOCTHU (1)6pr1 " CyHIE€CTBEHHAsA SKOHO™MMUsA CTaJIM Ha HEEC 3a CHET HCIIOJIb30BaHUA

BBICOKOIIPOYHBIX 3aTAXKCK.

Kunrouessie cioBa: CcTaJIbHast (bepMa, 3aTsDKKa, TIPEABAPUTEIIBHOC HAINPSHKEHUE, TI'€OMETpUYCCKas HeJ'IHHeﬁHOCTL,
celicMuYecKast HarpyskKa, HHXXCHCpHast HEJIMHEHHOCTh

1. BBenenue

[IpenBaputenpHOe HANpsHKEHHE B METAIMYECKHX
KOHCTPYKLHSAX OCYHIECTBIISIETCSl C LENBIO MOBBIMEHHUS HX
HeCyIIed crocoOHOCTH M JKecTKocTH. Pacxon cramu mnpu
9TOM CHI)KAeTCAd 3a CYET IPHMEHEHMs 3aTsDKeK U3
BBICOKOIIPOYHBIX MaTepHalIoB (CTaJbHbIC KaHATBI, Iy4KH
MPOBOJIOKU U 1p.) [1].

KommbroTepHOE  NPOEKTUPOBAHME — MPEBAPUTEIBHO
HanpspkeHHbIX KoHcTpykuuii B IIK JIMPA CAIIP umeer
cienyromme ocobeHHOCTH [2]:

1. s MOJIENHMPOBAHUS NpeIBAPUTEIBLHO
HaNpsDKEHHOM  3aTSXKKH  MCIIOJIb3YETCSl  TEOMETPHUYECKH
HeNUHEeHbIH KoHeuHbli anemenT KD-308 (dhopkornd).

2.  Pacuer KOHCTPYKUMH CleqyeT BBIONHITH B
TreOMETPHUYECKU HENMHEIHON MOCTaHOBKE, 3a7aBas BMECTO
PCY ucropuu 3arpyxeHuii.

B crarbe [3] mokazaH AeTasbHbBII pacuer GpepMbl THIA
«apKa ¢ 3aTsHKKOW» mposieroM 36 M Ha CTaTUYeCKue
Harpy3ku. B Hacrosieit pabore MpUBOAUTCS aHAIOTHYHBIN
pacuer depmsbl nposeroM 60 M ¢ BBIHOCHOH 3aTSKKOMH MpU
JIOTIOJTHUTENIFHOM ~ Y4eTe€ BEPTHUKAJIbHONH CeHCMUYeCKUil
Harpy3ku. [Ipu 3TOM HcHonb3yercsi 000CHOBaHHbIH B [4]
METOJI «UH)XEHEPHON HETMHEMHOCTH», TO3BOJISIOIUT
HCTIONB30BaTh CHEKTPAIbHBIA IMOJXOA JUIS ONpPEAEICHHUS
CEeHCMUYECKHX HAarpy30K B HETMHENWHBIX 3a/1a4ax.

82 https://orcid.org/0009-0008-7327-1991
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2. MeTo10/10TH I UCCJICIOBAHNSA

CrponmnbHas —crambHas (epma — 3TO  IuIocKas
CTEp)KHEBas KOHCTPYKIMS IMOKPBITUA 37aHusi. B naHHOM
cirydae UCcCIeIyeTcs bepma JUISE MOKPBITHS

OonpinenponerHoro 3xanus (60 M) TpakKIaHCKOTO WU
NPOMBIIIIEHHOr0 HazHa4deHus. st pacuera Tako (epMsl
Oynem UCII0JIb30BaTh KOHEYHO-3JIEMEHTHOE
MoJieslupoBaHue B mporpaMmmHoM komiuiekce JIMPA CAITP
2022. JInd co3naHus pacyeTHON CXEMBbI, a TaKKe pacyera 1
aHAJIM3a PE3YJIbTATOB HCIIONb3YEM BCTPOCHHBIE CPEACTBA
3TOH CHCTEMBI.

®depMa COCTOMT M3 KECTKOM 4YaCTHU C 3JIEMEHTAMHU U3
NPOKATHBIX MM THYTBIX NpoQuiaed U JBYX BBIHOCHBIX
3aTsHKEK U3 BBICOKOIIPOYHBIX CTAIBHBIX KaHATOB. JKecTkue
9JIEMEHThl ~ MOJENMPYIOTCS  KOHEUYHBIMU  3JIEMEHTaMU
mwiockod pambl — KD-2. MogenupoBanue 3aTsKeK
OCYILECTBIIACTCS reOMETPHYECKH HEJIMHEHHBIMU
KOHEYHBIMH >JIEMEHTaMH I CO3/IaHus PEABAPUTEIBEHOTO
Hanpspkenus — K3-308 (bopkond).

Hanuune HenMHEHHBIX SMEMEHTOB B KOHCTPYKIIMU
TpeOyeT ee HeJMHeHHOro pacyera. OTO O3HA4aeT
HCIIOJIB30BAHKE IArOBO-UTEPALIMIOHHOI0 METO/a pacyera ¢
3a/laHMeM HUCTOpPHH (TIOCIIeAOBATENbHOCTEN) 3arpyKeHHs.
Ipu 3TOM B BapuaHTe KOHCTPYMPOBAHHMS 3a]aeTCst 000D
CEYEHHMIT HIIEMEHTOB I10 YCHITHSIM.

OCHOBHBIE HAarpy3ku Juisi Takod ¢epmel — 3TO
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COOCTBEHHBIM BeC TOKpHITHSA M cHer. Kpome Toro, st
(epMBI Takoro mpojera o0s3aTeNCH y4YeT BEpTHKAIBHOM
CEeHCMHUYECKON Harpy3ku. JlomoyHUTENbHAs Harpys3ka OT
[IPEJBAPUTEIBHOIO HANPSKECHUsS 3aTSKEK CO3JAeTCsl Ha
CTaJily MOHTa)Ka KOHCTPYKLUHU C LEJbI0 IOBBICHUSI €€
JKECTKOCTU U CHUKCHUSI METAJUIOEMKOCTH.

B coorBercTBMM ¢ METOAOM  MH)XXEHEPHOH
HEJIMHEMHOCTH pacueT KOHCTPYKLMM IPOU3BEAEM B JBa
JTamna:

1. JlumedHerii pacuer ¢epMmbl 0e3 3aTsHKEK Ha
CTaTHUYECKUE U ceficMUYecKHe HarpysKd; 3T0 HEOOXOAUMO
JUIL TIEpBOHAYAJIBHOTO MONOOpa CedYeHHWH, a TaKxke
OIIpE/IeNEeHNs] TUHAMUYECKUX XapaKTEPUCTUK KOHCTPYKIUH.

2.  Henuneiinpiid pacder MIpeABApPUTEIILHO
HaNpsDKeHHOM (epMBl C 3aTSHKKaMU Ha HAarpy3kKd Kak B
CTaJIMy MOHTaXXa, TaK ¥ B CTaUM dKcIuTyarauuu. I1pu saTom
HCIIONb3yeTcs KBa3HCTaTHYECKOE 3arpyKeHHe
MHEPLUUOHHBIMU CeHCMUYECKUMH Harpyskam,
HalineHHbMHy B 11.1. [laee MOXXHO onpenenuTs 3pQeKT oT
MIPEIBAPUTENBHOTO HANPSIKEHUS 3aTsAKEK.

2.1. HcxoaHble JaHHBIE 331241
CrponunpHast ¢epMa IPAMOYTOJIBHOTO — OUYEPTAHUSL
umeer nponer 60 M; mar depm — 6 M. Bbicota epmbl
coctapisieT 5 M (L/12) npu jinHe maHenw BEpXHETo Iosica

3 M, pereTka GpepMbl — IITPEHT eIbHAS.
CeueHus cTepxHeH XKeCTKO yacTu hepMbl IPUHSTHI U3
3aMKHYTBIX THyTocBapHeIX npoduieir (I'CII), marepuan

9TOil wactm Qepmbl — cranb kiacca C255. 3arspkku
BBIMIONTHEHBl 13  KaHata Mapku JIK-3  6x25(1+6,
6+12)+7x7(1+6); nmaMerp KaHaTa IpeABAPUTEIHHO

MIPUMEM PaBHBIM 42 MM.

INocrosinnas Harpy3ka NPUHATA OT YTEIUIEHHOH KPOBIN
Ha OCHOBE CTaJBHOTO IPO(GMINPOBAHHOIO HACTHIA U
COOCTBEHHOTO Beca METaNIOKOHCTpyKImid. Kpome Toro, Ha
HIDKHHE 11051Ca ONUPAIOTCS KOMMYHUKALMU U KOHCTPYKIIMA
MOJBECHOTO MOTOJKA — 3Ty HAarpy3ky OyJeM CuMTaTh
paBHOMEpHO-pacnpeeneHHoi. Palion crpourenscrsa — T.
Camapkan.

2.2. OmnpenejieHne HArpy3oK, AeHCTBYIOLIIMX Ha
dbepmy

Iocrosnnas Harpyska. PacuerHyio Harpysky or Beca
HOKPBITHS (BKITIOYAs Bec (hpepM CO CBS3IMH) IPUMEM PaBHOM
g» = 1,5 kH/M?. V3110BbIE HATPY3KH HA CPEHUE M KpalHUe
Y3JIBI BEPXHETO M0SICa PAaBHBL:

Pucr = and = 1,563 =27 KH, Puc2 = Pni/2 = 13,5 kH.
3neck B — mrar pepm, d — inHa naHeny BepXHETo Mnosica.
Pacyernas Harpy3ka OT IIOJBECHOrO IIOTOJNKA U

KoMMyHuKanwuit papHa 0,8 kH/M?. Torna Harpy3Ku Ha y3IIsl
HIDKHETO nosica OyIyT paBHBIL:

Pun = 0,866 = 28,8 kH/Mm.

Cueropas Harpyzka. HopmaTuBHas Harpyska Ui T.
Camapkanna pasna 0,5 kH/M?, pacuetnas narpyska 0,5-1,4=
0,7 kH/M?. Y3110BbIe HATPY3KU HA CPEIHHUE W KPaiHUE y3IIbI
BEPXHEro Mosica paBHbI:

Pewr = 0,763 = 12,6 KH, P2 = Peni/2 = 6,3 kH.

CeiicMuueckas HarpysKa.

IIpn onpeneneHNH BEepPTUKAIBHBIX Y3JIOBBIX Macc
TIOCTOSTHHAS Harpy3Ka NpHHUMaeTcst ¢ koadduimenrom 0,9,
a cHeroBas Harpyska — ¢ koaddunuenrom 0,5.

Jnst cpetHuX M KpailHUX Y3JI0B BEpXHEro mnosica Oynem
HMETB:

Pever = 0,9 Ppr 0,5 Pewr = 0,9-27+0,5-12,6 = 30,6 kH;

Pene2 = Pausl/z = 15,3 kH.

Jlnst y3110B HUDKHEro rosica OyieM UMeTb:

Peynr =0,9-Pun = 0,9-28,8 =25,92 xH.

Harpy3ska oT npenBapUTeIbHOTO HANPSDKEHHS 3aTsHKEK
YUUTBIBAETCS JOIOIHUTEIBHO B OTJEIEHOM 3arpy KeHHUH.

3. Pacyer u aHa;u3 pe3yJbTaTOB

3.1.Pacuer  ¢epmbl
HATNPSZKeHUs

Ilo ananoruu c [3] B mpuioxenuu [1IK JIMPA CAIIP
cozgamuM (aiin 3amaum, npuHsAB 1 Hero 2-0i mpu3HAK
cucTeMsl (IUIockas pama). Jlanee BBEIEM PacueTHYIO CXeMy
(depMbl, TpUHMMAs UL BCEX CTEXKHEH THI KOHEYHOTO
anementa K3-2 (pucynok 1). [TomydeHnast cxema nokasasna
Ha pUcyHKe 1.

0e3  mpeaBapUTEILHOTO

25

25

3

‘\\/ ‘\\/ ‘\\/ ‘\\/ ‘\\/ ‘\\/ 7 ‘\\/ ‘\\/ ‘\\/ ‘
T S TR TR T TS

3 3

Puc. 1. Cxema ¢epmsbl npoJierom 60 m

Jlanee BBeieM THIIBI )KECTKOCTH CTEPKHEH U apameTpbl
KOHCTpYHpOBaHHA. Bynem cuurath, 4TO BCe y3ibl (epMbl
3aKpeIUICHbl M3 €€ IUIOCKOCTH CBA3IMU  HOKPBITHSL.

‘Yka3zaHHbIe apaMeTpbl UIs JIEBOH MOJOBUHBI TOKAa3aHbl HA
pUCyHKe 2.

111 111 111 111 111
3 3 3 3 4

111

L1l L1
3 3

111
1 1

111
2

Puc. 2. Tunbl :kecCTKOCTH CTeps;kHel U NapaMeTpbl KOHCTPYHUPOBAHMS

Baenewm y3moBele Harpy3ku 3arpyxenus | (mocTosHHas
Harpyska), 3arpyxeHuss 2 (CHeroBas Harpyska), H
3arpyskeHnst 3 (celicMmyeckas —Harpyska). 3aaaauMm
mapameTpel PCY 11si OCHOBHBIX M OCOOBIX COUYETaHHUit
Harpy3kok, a Jud 3arpyxeHus 3 TapaMeTpsl
JUHAMHUYECKOrO 3arpykeHus A §-OaulbHOW 30HBI T.

Camapkanaa. 3amaguM TakKe MpeAeibHBIE HEYIpyTue
nedopmaiu papabiMu 10.

BBINONHUM  pacyeT, 3aMEHMM HPHHATHIC CEYCHUS
CTep)XKHEH Ha MOJOOpaHHBIE, W TIOBTOPHUM pacyer.
OKOHYaTeNIbHBIE PE3YJIbTaThl IOA00PA CeUSHHI PHBE/ICHBI
Ha pUCYHKe 3 (CeYeHHs MOTHOCTHIO COBIAAOT).
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B | Moao6panHsle ceuenya (MeTann) *
Cxema
OCHOBHEA CXeMa Mokazate | | | e 4 v P
TeKyLHe CeueHmnn MogobpaHHele ceueHKs
# Npoduns MeTann *
1] I 1. MpAmoyronsHaa Tpyba 160 1 Fh. 1160 % 4 355
0| 2. NpamoyronsHas TpyBa 180 2 Fh. 1180 % 10 955
1] I 3. NpaAmoyronkHan Tpyba 180 3 Fh. 1180 % 7 955
0 4. NpamoyronsHas TpyGa 200 4 Fu. 1200 % 10 255
0 5. Npamoyronsas Tpyba 100 5 Fh. 1100 % 3 355
0 &. NpamoyronsHas TpyBa 160 6 Fh. 1160 % 6 955
1] I 7. MpAmoyronsHaa Tpyba 140 7 Fh. 1140 % 5 755
0| 8. NpamoyroneHas Tpyba 50 x 8 Fh. 150 % 2.5 255

Puc. 3. IlpunsiTeie M 10100paHHBIE CEYCHUS CTEPKHENH

[To pe3ynbTaram pacyera 3HAYMMBIMH OKa3aJIHCh TPU
(opMBI COOCTBEHHBIX KOtebaHuit KoHCTpyKImy — 1,3,5. B
Ka4yecTBe WIIIOCTPALNK Ha pHCYHKe 4 puBeeHa

nedopmupoBaHHas cxema GpepMsl 0T 3-i HopMBI
KoseOaHui.

Puc. 4. lepopmuposannasi cxema ¢gepMbl 0T AMHAMHYECKOT0 3arpy:keHus (popma 3)

Junamuyeckue XapaKTePUCTHKU KOHCTPYKIIMU
(repuozpl COOCTBEHHBIX KOJIEOaHUH U MOJAIbHBIE MacChl)
npuBeneHsl B Tabnune 1. CymmapHass MojanbHas Macca
cocraBnseT 96,1%, 4To 03Ha4aeT JOCTATOYHYH) TOYHOCTh
pacyeToB.

Tabauua 1
Ne Ne Ilepuon MopnanbHast
3arpyx. | (opmsl CceK Mmacca, %
3 1 0,768 83,630
3 3 0,162 7,309
3 5 0,089 5,164
Uroro: 96,104

s pacuera mpeABapUTENIbHO HaIpsHKEHHOU (epMbl B
COOTBETCTBUM C METOJOM WHXKEHEPHOM HEIMHEHHOCTH
MOHA00ATCS CTaTUYECKHE MHEPLIOHHbIE BO3ICHCTBHUA OT
CeHCMUYECKOro 3arpyKeHusl. Pesynprupytomnye
MHEPLMOHHBIE HATPy3KH ONpPEENIOT 10 hopMyJIe:

S, = /ng,

rae Si— HHEepLMOHHAs Harpyska B y3Jie OT i-Toil hopMbl
KosieOaHuit.

Ta6auna 2
Harpy3ku 1151 BepXHHX Y3JI0OB
No Wueprmonnslie Harpy3ku, KH
y3i1a S1 S2 Ss Sp
2 0,002 -0,036 | -0,641 0,64
4 -1,568 -1,638 | -6,759 7,13
6 -3,366 -3,229 | -3,875 6,06
8 -5,141 -5,379 | -1,429 7,58
10 -6,254 -4,705 1,309 7,94
12 -7,350 -4,169 4,328 9,49
14 -8,360 -0,950 2,398 8,75
16 -9,383 2,059 1,234 9,68
18 -9,826 3,024 | -0,481 10,29
20 -10,228 4,015 | -2,314 11,23
22 -10,221 3,677 | -1,927 11,03

JU1s  BepXHUX Y3JOB JIGBOM IONOBHHBEI  hepMbl
MHEpLUOHHbIE HArpy3KM IpHBEICHBI B Tabmume 2
(BBIYHCIIEHMS BBINOMHEHBI B porpamme Microsoft Excel).

AHalornyHoO  HalieM  3HAuYCHHS  WHEPIHOHHBIX
Harpy3oK JUisl HIDKHUX y3J10B (Tabnuia 3).
Tabnnna 3
Harpy3ku 11 HHAKHHX Y3J10B
Ne Wnepruonnsle Harpy3ku, kH
y3na St S2 S3 Sp
5 -2,859 -2,977 -4,524 | 6,124
9 -5,253 -3,210 0,346 | 6,166
13 -7,106 -0,875 2,794 | 7,686
17 -8,253 2,065 -0,120 | 8,508
21 -8,689 3,390 -2,248 | 9,594

Teopernueckyto maccy (GepMbl MOJIYYHUM, CYMMHUPYS
Harpy3ky or ee cobctBenHoro Beca B JIMPA CAIIP. B
JTAHHOM CJlyyae OHa paBHa 7765 Kr.

TIpoBepum nporud ¢epmbr ot 3arpyxkenuit 1, 2 u 3
(popma 1):

f = 17,30+526+491=2747 oo > [f] =
L/400=60-100/400 = 15 cm.

TIpoBepka He BBINONHACTCS, TaK YTO KECTKOCTb (hepMbl
HenmocTatoyHa. Ho OKOHUaTenbHBIN BBIBOJ O JKECTKOCTH
clieniaeM IOCie pacyera IPeJBAPUTENbHO HANPSKEHHOH

(bepMmbL.

3.2.Pacuer npeaBapuTeILHO HANIPSI2KEHHOI (pepMBbI

3a ocHOBY BO3bMeM (ailn mpeabLAylIed 3amaud,
COXpaHMM €ro THoJx JpyrMM HUMeHeM. Baexem
JIOTIONTHUTENIbHBIE CTEPKHU: ONMOPHYIO CTOMKY [UIMHOH 2,5 M
U JIB€ CHMMETPUIHBIE 3aTSKKH, 3a1aAUM IJI1 HUX CeUeHMS,
BBEIEM IIapaMeTphl KOHCTPYHPOBAHMS. 3aMEHHUM THUI
KOHEYHOT0 »JIleMeHTa 3arskek Ha KO-308.

Cxema (epMbl ¢ 3aTHKKaMHU ITOKa3aHa Ha PUCYHKeE 5.
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Puc. 5. Cxema drepMmsI ¢ 3aTSIKKO#

B nmanHOM ciyuyae wnenecooOpa3sHO IPOM3BOIUTH
IpeIBAPUTEIIBHOE HaIpsDKEHHE 3aTsKEK rocie
MPHUIIOKEHHS OCTOSIHHOM Harpy3ku. B mpoTuBHOM citydae
B CTep)KHAX HIKHEro I05ica BO3HHKHYT CHKMMAIOIIe
ycumius, KOTOpble HpH OOJNBIIMX PpAacueTHBIX JJIMHAX
IPUBEAYT K CYLIECTBEHHOMY yBEJIMUEHHIO CEUEHUH.

IMosToMy mpuUMeM CIEIYHOLIYI0 IOCIEI0BaTEIbHOCTh
3arpy KeHHI:

1.TlocTosiHHAs Harpy3Ka,
2.IIpeaBapurenbHOE HANPSIKEHUE 3aTSIKEK;
3.CHeroBas HarpysKa;

4.CeticMuueckasi HHEpIMOHHAs Harpy3Ka.

Jnst uMuTanmu 0co00ro coYeTaHust Harpy30K YMHOXKUM
Harpy3ku 3arpy>xesus 1 Ha koaduimenT coueranuii 0,9, a
Harpy3Kku 3arpyxenus 3 — Ha koo ¢umuent 0,5. Bexnmanay

NpEeIBAPUTEIILHOTO HAINpSDKEHHS 3aTsHKEK MPUMEM PaBHOM
500 xH. CozpmamumM 3arpyxeHue 4 W BBEIEM JUIS HETO
CTaTHYECKUe MHEPIIMOHHBIE HArpy3KH HArpy3KH U3 TaOIuIy
2u3.

Jlnis ydera HeNMHEWHOH paboThl KOHCTPYKIMHN YAAIAM
tabmuiry PCY wu BBemem Tabimiyy MoIennpOBaHHS
HEJIMHEHHBIX 3arpyXeHui: ucropust 1 — 3arpyxenus 1 u 2
(cTamust cTagust MOHTaXXa) U MCTOpUS 2 — 3arpykeHus 1, 2,
3 wmw 4 (cramms OKcInlyatanuu). B Bapmante
KOHCTPYHpPOBAHHUS BBEAEM II0J00p CEYEHHH 0 YCHIIHSIM.

BoimomHEM  pacueT, 3aMEHHM IIPUHATHIE CEUYEHHS
JJIEMEHTOB Ha TOAOOpaHHbIE, W TIOBTOPHM pacuer.
OxoHYaTeNbHbIE Pe3yNIBTaThI M000pa CeUeHN TPHBEICHE
Ha pUCYHKe 6 (311ech BHUJHO ITOJTHOE COBIIAJCHHE CEUCHMUI
CTepKHeit).

B | MonoBpanHble ceuerus (Metann) X
Cxema
OcHoBHAA xemMa MokazaTb D ;lzt Y ?
TeKyLHe ceyeHns MogobpaHHele ceueHns
# Mpounb MeTann =
|] I 1. MpAMoyronsHan Tpyba 140 1 45.5 1570
|] 2. MNpamoyransHas Tpyba 100 2 Mu .I]14D x4 C255
|] I 3. MpAMoyronsHas Tpyba 200 3 FH. 100 x6 C355
|] 4. NpAMoyronsHas Tpyba 200 4 Mu. 1200 % 6 C255
0 5. NpsmoyroneHas Tpy6a 50 % | H. 1200 x 9 €255
|] 6. MpAMoyronsHan Tpyba 180 P FH. 050 x 2 C255
|] I 7. NpamoyronsHas Tpyba 140 7 FH. 1180 % 5 C255
|] 8. MpAMoyronsHas Tpyba 50 x 8 FH. 1140 x4 C355
gl 9. NpamMoyroneHas Tpyba 100 g Mu. 050 % 2 C255
10. Kanat 45.5 10 MH. 0100 % 3 C255

Puc. 6. [IpunsiTbie ¥ no100paHHbIe CeYeHUsI CTepsKHel

IpoBepum mporud ¢pepmbl OT OCHOBHO# HCTOPHH 2:

f=18,84cm>[f]=15cm.

ITpoBepka He BBINONHACTCS, HO NMPEBBIICHHE NPOruda
HeOoJbllIOe, M IIPU 3aMEHE pACYETHBIX HArpy3oK Ha
HOpMAaTHBHbIE IIpOBEpKa Oyner BbinogHeHa. OTMeTHM
TaKKe, YTO YMEHbLIEHHE mporuda 3a cyer OOpaTHOro
BbIrHOa OT IIPEIBAPUTENILHOIO HAINPSDKEHMS  3aTsDKEK
cocraBuiio 31,4%.

Macca depmbi coctaBiser 2556 Kr, 3KOHOMUsI CTAIIH 110
cpaBHEHHIO ¢ pepmoii Oe3 3aTsbkek paBHa 28,2%.

4. 3akiaodyeHue

[puBenen pacyer OOJBIICTPOIETHON CTATBHOU QepMbI
C TpeaBapUTENbHO  HANPSDKEHHBIMHM — 3aTSDKKaMH B
nporpamMmHoM kommiekce JIMPA CAIIP 2022, /s
OZHOBOEMEHHOI'0 yueTa r€OMETPUYECKONW HETMHENHOCTH U
BEPTUKAIbHOM  CEMCMUYECKON Harpy3Kd MCIONb30BaH
METOJ MUH)XEHEPHOMN HEJTMHEWHOCTH.

ITokaszaHo, 4TO NpeaBapUTENbHOE HANPsDKEHUE (epMbl
BBICOKONPOYHBIMU 3aTSDKKAMHM  TIPHBOJUT K CHIDKCHHIO

pacxoma cranu Ha 28%
KOHCTpYKIHHU Ha 31%.

U  NOBBIIICHHUIO KXECTKOCTU
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Geotechnical risk assessment and monitoring of the railway tunnel on the

Abstract:

Keywords:

Angren - Pop section

Kh.K. Umarov*®?2, Yu.K. Tursinaliyeval®®
Tashkent State Transport University, Tashkent, Uzbekistan

A new approach to the quantitative assessment of geotechnical risks based on a simplified quantitative
classification of natural-technological safety of the tunnel in operation on the Angren-Pop railway section
was considered. The risk assessment was carried out retrospectively, mainly taking into account the
design and construction stages. The feasibility of developing similar algorithms for a more detailed
assessment was proven, and the geotechnical risks of the tunnel were predicted.

geotechnical risks, risk assessment, risk control, geotechnical monitoring, tunnel, Angren - Pop railway
section

Angren — Pop uchastkasida joylashgan temir yo‘l tunnelini geotexnik riskni

Annotatsiya:

Kalit so‘zlar:

baholash va nazorat gilish

Umarov X.K.2®2, Tursinaliyeva Yu.K.}®P
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Angren — Pop temir yo‘l uchastkasida ekspluatatsiyadagi tunnelni tabiiy-texnogen xavfsizlikni
soddalashtirilgan miqdoriy tasniflash asosida geotexnik risklarni migdoriy baholashga yangicha
yondashuv ko‘rib chiqilgan. Riskni baholash retrospektiv tarzda bajarilgan bo‘lib, asosan loyihalash va
qurish bosgichlari hisobga olingan. Batafsilroq baholash uchun o‘xshash algoritmlarni ishlab chigish
magsadga muvofigligi isbotlangan va tunnelni geotexnik risklarni prognoz gilingan.

geotexnik risklar, risklarni baholash, risklarni nazorat gilish, geotexnik monitoring, tunnel, Angren — Pop

temir yo‘l uchastkasi

1. Kirish

Qurilishda risk terminologiyasi yetarlicha xilma-xil
bo‘lib, u muayyan turdagi risklarga bog‘liq. Qurilish
sohasiga nisbatan risk tushunchasining o‘zini yangi inshoot
qurish bo‘yicha qurilish ishlarini olib borishda yoki ushbu
ishlarni amalga oshirish natijasida inson salomatligi yoki
mulkiga, xususan mavjud binolarga biror-bir zarar yetkazish
imkoniyati sifatida ta’riflash mumkin. Tunnellarni qurishda
o‘ziga xoS risk turi - geotexnik risk paydo bo‘ladi.
Yuqoridagi parametrlardan kelib chiqib, quyidagi ta’rifni
shakllantirish mumkin [1].

Geotexnik risk - bu yer osti va chugur inshootlarni barpo
etish ishlarini olib borishda yoki ushbu ishlarni amalga
oshirish ogibatida inson salomatligiga yoki mol-mulkka
(avariya holati yuzaga kelishi/ehtimoli, atrof-muhitning
dastlabki parametrlarining o‘zgarishi bilan bog‘liq holda),
xususan, mavjud binolarga, shuningdek, qurilish
uchastkasining mavjud geologik, gidrogeologik va ekologik
vaziyatlariga zarar yetkazish riski.

Hozirgi vaqtda geotexnik risklarni nazorat gilish uchun
ragamli geomexanika vositalari, tabily va texnogen
jarayonlarni matematik modellashtirish, neyron tarmoglari
asosida chuqur o‘qitish metodikasi, BIM-texnologiyalarini
go‘llagan holda yer osti inshootlarining texnik holatini
baholash algoritmlari muvaffaqiyatli qo‘llanilishi mumkin.
Kompleks geotexnik monitoring tizimi tarkibidagi
inshootlar va gamrovchi massivlarning kuchlanganlik-

al¥ https://orcid.org/0000-0003-0397-2780
bl https://orcid.org/0009-0002-5824-3200

deformatsiyalanganlik holatini tabiiy sharoitda o‘rganish
dastlabki ma’lumot hisoblanadi [1].

Tahlillar  shuni  ko’rsatadiki  [2], O‘zbekiston-
Qirg‘iziston-Xitoy temir yo‘li rivojlanishida tranzit yuk
ogimini hajmi hisobiy 10-yillikda 8-10 million tonnani,
hisobiy 15-yillikda esa 15 million tonnagacha yetishi
mumkin. Bu esa O‘zbekiston-Qirg‘iziston-Xitoy temir yo‘li
rivojlanishida Angren — Pop uchastkasida joylashgan temir
yo‘l tunnelini yuk tashish qobiliyatini batafsil tahlil qilish
talab etadi.

Angren — Pop temir yo‘lining umumiy uzunligi 123 km
[3]. Angren — Pop temir yo‘l uchastkasida 7 ta peregondan
tashkil topgan bo‘lib, shundan eng uzun peregon “Orzu —
Chodak” 22,7 kmni, eng gqisqa peregon “Kon -
Temiryo‘lobod” 13,2 kmni tashkil giladi. “Orzu — Chodak”
peregonida 19 kilometrli tunnel joylashgan (1-rasm).

st.Angren Oorzu Temiryo'lobod . Pop
2 ¢ 9 Y 9" 9
.10 ‘ 213 270 ‘ 14.3‘ 132 14.90 ‘ 186
DD 2 3 40 % & 70 8 % 10 W B0
BpevA xoma, MH.
[Angrendan 27 30 30 27 24 23 25
[Popdan 26 31 30 23 20 20 23
Jami: 53 61 60 50 44 43 48

1-rasm. Angren — Pop temir yo‘l uchastkasi sxemasi
Tunnel loyihaga muvofiq ikki nishabli ko‘rinishga ega
(+20; +10; +5,4; va -5,5%o). Tunnel “Orzu” stansiyasidan
3,2 km masofada boshlanadi va bu uchastkada maksimal
qiyalik 25%. ga teng. Sharqiy portaldan “Chodak”
stansiyasigacha 1,3 kmni va maksimal nishbligi 20%o (2-
rasm). Dunyo reytingida murakkabligi bo‘yicha Angren —
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Pop temir yo‘l uchastkasida ekspluatatsiyadagi tunnel 8-
o‘rinni, uzunligi bo‘yicha esa 13-o‘rinni egallagan. Bundan
tashqari, tunnel loyihadagi eng ko‘p kapital talab giladigan
inshoot hisoblanadi (barcha qurilish qiymatining 27%o) va
tunnelni O‘zbekiston — Qirg‘iziston - Xitoy temir yo‘li
qurilishi boshlanishi bilan quvvatini oshirish talab giladi [4].

J = Mnax B
7 Tpaccel HOBOW Y
i S 3neKT 7 A NUHUK ‘ 1§
! AnrpeH - Man B paioHe NPOeKTUPOBAHUA %
{4 X Ve nepeBanbHoro TOHHenNs AnuHon 19083 m |
Ng R / 5 M 1:100000 |

i
q

i
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2-rasm. Tunnel marshrutining joylashish sxemasi
“O‘zbekiston” lokomotivning  “Orzu — Chodak”
peregonida sostav og‘irligi quyidagi formula orqali
aniglanadi.

Fir — R-(wp + 1)
Qbr - W(’,’ + ir b

bu yerda F, — “O‘zbekiston” lokomotivi uchun
hisoblangan tortishi kuchi 41830 kgs tashkil etadi;

P —lokomotiv og‘irligi “O‘zbekiston” uchun 138 t;

i,- — rahbar nishablik.

Bunda:

41830 — 138-(2,9+27)
br— 1,36 + 27

“Orzu — Chodak™ peregonida yuk tashishning tortish
xizmati 2-seksiyali “O‘zbekiston” elektr lokomotivlar bilan
ta’minlangan. Ular 60 tonnagacha yuk sig‘imidan
foydalanish omiliga ega bo‘lgan 0,80 tonnagacha yuk
ko‘tarish quvvatiga ega to‘rt o‘qli vagonlardan va 22
tonnagacha tara og‘irligidan hosil bo‘ladi. Shunda,
tarkibning sof massasining umumiy massaga nisbati 0,85 ni
tashkil giladi.

Bunda, “O‘zbekiston” uchun yuk poezdining umumiy
og'irligi Qperro=0,84-Q,,=0,84-1330 = 1120 t bo‘ladi.
Shunda, 2-seksiyali “20°zbekiston” uchun yuk poyezdining
umumiy og‘irligi Qnerro=2-1120=2240 t bo‘ladi. Demak
hisob ishlari shuni ko‘rsatmoqdaki “20°zbekiston” sostav
og‘irligi 2240 tonnani tashkil etmoqda.

Juftlashtirilmagan paketli poyezd jadvaliga ega bo‘lgan
bir izli “Orzu — Chodak” peregonning o‘tkazish qobiliyatini
quyidagi formula bilan aniglanadi:

(1440 — typxy) " an [juft poezd
- t'+t"+21 ( sutkada )

bu yerda t;pxy — texnologik oyna, yo‘lni va uning
infratuzilmasini (aloqa tarmog‘i, signalizatsiya tizimlari va
boshqalar) joriy ta’mirlash va ta’mirlash bo‘yicha ishlarni
bajarish uchun ajratilgan. Statik tahlillar natijasida bir izli
temir yo‘l uchun 60 minut gabul gilinadi;

a,, —ishonchlilik koeffitsienti, umuman harakatlanuvchi
tarkibdagi nosozliklarni hisobga olgan holda, mavjud
o‘tkazish qobiliyatini hisoblashda ishonchlilik koeffitsienti
elektrlashtirilgan bir yo‘lli liniyalarda 0,93 olinadji;

t', t" — poezdning peregon yo‘nalishi bo‘yicha navbati
bilan bir minutda juft va toq yo‘nalishlarda vaqti (1-rasm);

T —minutda stansiya intervallari, 3 minut.

= 1330 ¢

Bunda:

(1440 —-60)-0,93 juftpoezd
T 30+30+2-3 sutkada

Angren — Pop uchastkasi umumiy poyezdlarni o‘tkazish
qobiliyati sutkasida 19 juftni tashkil gildi. 2023 yil natijalari
tahlili shuni ko‘rsatadiki yulovchi va bo‘sh poyezdlarni
o‘tkazish sutkasida 5 juftni tashkil etgan. Shundan “Orzu —
Chodak” peregoni sutkasida 14 juft yuk poyezdini o‘tkazish
qgobiliyatiga ega.

Yuk tashish qobiliyatini quyidagi formula bilan
aniglanadi:

365 Qpn * Nyyk ) 10_6’mlrll.t
yil

bu yerda n,,;, — ma’lum bir yo‘nalishda temir yo‘l
o‘tishi mumkin bo‘lgan yuk poezdlari soni;

y - tashishning notekislik koeffitsienti 1,2.

Bunda:

365-2240-14 min.t
Yuk=——————/7/—-10"%=9,54 ——,
1,2 yil

Hisob ishidan ma’lumki, “Orzu — Chodak” peregoni
umummiy yuk o‘tkazish hajmi 9,54 min tonna yuk hajmini
tashkil etadi. Bu esa Angren — Pop temir yo‘l uchastkasida
ekspluatatsiyadagi tunnelni quvvatini kuchaytirish talab
etadi. Tunnelning quvvatini  kuchaytirish  bo‘yicha
tadbirlarni bevosita uni ekspluatatsiya gilish jarayonida
amalga oshirishda yuzaga keladigan geotexnik risklar,
odatda, turli xil ishlarning katta hajmi bilan bog'lig,
masalan, ikkinchi tunelni qurish.

Geotexnik riskni baholash va nazorat gilish tunnel
quvvatini - kuchaytirish bosgichida geotexnik risklarni
baholash va strategik prognozlash yangi tunnellar
trassalarini joylashtirishning optimal variantlarini tanlash,
ikkinchi tunelni qurishda ham, mavjud Tunnellarni
ekspluatatsiya gilishda ham sanoat va ekologik risksizlikni
ta’minlaydigan qurilish texnologiyalari va risklarga mos
ogohlantirish choralarini belgilash imkonini beradi.

Tunnellar qurilishida risklarini baholash va prognoz
qgilishning asosiy usullari sifatida xalqaro me’yoriy-uslubiy
hujjatlar talablarini hisobga olgan holda turli xil
yondashuvlardan foydalaniladi. Bundan tashqari, tunnel
quvvatini kuchaytirish bosqichida risklarni sifat va migdoriy
baholashning turli xil zamonaviy algoritmlari sinov rejimida
amalga oshiriladi [5, 6].

Yuk =

2. Tadgiqot metodikasi

Har ganday tunnel loyihasi bilan bog‘liq umumiy texnik
riskni baholash uchun sug‘urta tashkilotlariga mablag*
taqdim etish uchun ishlab chigilgan tunnel qurilishi
risklarining yagona soddalashtirilgan migdoriy tasnifi ko‘rib
chigilgan [7]. Tasniflash tunnelning quyidagi beshta asosiy
riskiga asoslanadi:

1. Qurilish hududining seysmikligi;

2. Geologik va gidrogeologik sharoitlar;

3. Inshootning o‘lchami va geometrik parametrlari;

4. Inshootning yotqizilish chuqurligi;

5. Qurilish jarayonida massiv va mustahkamlagich
konstruksiyalarining deformatsiyalarini baholash.

Ushbu yondashuvning afzalliklaridan biri shundaki, agar
qurilish hududi bo‘yicha umumiy ma’lumotlar mavjud
bo‘lsa, sanab o‘tilgan riskli omillarning har biri baholanishi
mumkin. Tasniflash jarayonida u beshta asosiy riskning har
biri uchun 3-4 toifa bilan belgilanadi. “Risk-reyting” deb
ataladigan ragamli vaznli reyting yer osti qurilishining
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tarixiy tajribasidan kelib chiggan holda ushbu risklarning

loyihaga ta’sirining turli darajalari asosida beshta asosiy

riskning har biri uchun ma’lum bir toifa uchun taqdim

etiladi. Taklif etilgan asosiy risklar, ularning kichik toifalari
va tegishli risk-reytinglari 1-jadvalda keltirilgan.

1-jadval

Asosiy risklar, ularning kichik toifalari va risklarga
mos keladigan “Risk-reyting”lari

Risk darajasi | Risk-reyting

Seysmik faollik

Seysmik riskli hudud > 9 ball 15
Seysmiklik 7-8 ball 10
Noseysmik rayon 5

Geologik risklar
Ko‘p sonli buzilgan zonalar/yoriglar 25
Buzilgan zonalar/yoriglar mavjudligi 15
Buzilgan zonalar/yoriqlar yo‘qligi 5
Ish hajmi
Juda katta @> 12 m 20
Katta6m<@<12m 15
O‘rtacha3m<@<6m 10
Kichik @<3m 5
Qazish chuqurligi, D
Chuqur joylashuv, D > 50 @ 20
1,50<D<500 5
Chuqur bo‘lmagan joylashuv, D<1,5 @ 10
Quirilish jarayonidagi deformatsiyalar

Yirik 20
O‘rtacha 15
Kichik 5

3. Natija va muhokamalar

Yondashuvdan foydalanish ma’lum bir tunnel uchun
beshta asosiy riskning har bir kichik toifasidan tegishli
“Risk-reyting”ini tanlashni talab qgiladi. Tunnelning yakuniy
“Risk-reyting”ini va uning 0 dan 100 ballgacha o‘zgarishi
mumkin bo‘lgan “Risk-klass”ini qo‘shish orqali topamiz (2-
jadval).

2-jadval
“Risk-reyting” va “Risk-klass”larni jamlash asosida
Angren — Pop temir yo‘l uchastkasida
ekspluatatsiyadagi tunnelning “Risk-reyting”i

Tunnelgl;;lsg”;‘Rlsk- Tunnelning “Risk-reyting”i
Juda baland 75 dan Kkatta
Baland 60 —75
O‘rtacha 45 -60
Past 25-45
Juda past 25 dan kichkina

Angren — Pop temir yo‘l uchastkasida ekspluatatsiyadagi
tunnel “Risk-reyting”i bo‘yicha 74 ballni va “Risk-klass™i
bo‘yicha “baland” ekanligi aniglandi.

Tunnellarini qurishda geotexnik risklarni baholashning
soddalashtirilgan usullarini qo‘llash bilan bir qatorda,
shunga o‘xshash geologik sharoitlarda ekspluatatsiyadagi
tunnellarni qurish tajribasini hisobga olgan holda, risklarni
batafsilroq sifat va miqdoriy baholash talab etiladi.
Ma’lumki, O‘zbekiston-Qirg‘iziston-Xitoy temir yo‘li
qurilishi  loyihaning  texnik-igtisodiy = ko‘rsatkichlari
bo‘yicha 1421 ta transport inshootlar mavjud bo‘lib,
shundan 29 ta — Tunnel va Termiz — Mozori-Sharif — Qobul
— Peshovor temir yo‘l liniyasi uzunligi 765 kilometr bo‘lib
78,5 kilometr Tunnel qurish rejalangan. Tog* massivlarining

o‘ta birjinslimasligida, shuningdek, muhandislik-geologik
risklarni gisqga muddatli prognoz gilish va grunt massiv kesib
o‘tishda yuzaga kelishi mumkin bo‘lgan ssenariylarini
dolzarblashtirish zarur. Buning uchun tog‘ jinslari
massivining fizik holatini tezkor boshgarish va texnogen
halokatlarning oldini olish uchun bevosita grunt massiv
kesib o‘tish jarayonida kompleks geotexnik monitoring
tizimining usullaridan foydalanish kerak.

4. Xulosa

1. Risklarni boshgarish nazariyasi nugtayi nazaridan
xavfli hodisa va jarayonlarni integral baholash profilaktik va
tiklovchi chora-tadbirlarni ishlab chigishga yondashuvlarni
birlashtirish, risk darajasining ishonchli ko‘rsatkichlarini
tanlash va ularming har biri uchun javob choralarini ishlab
chigish imkonini beradi. Risklarni soddalashtirilgan
miqgdoriy baholash usullari loyiha oldi tayyorgarlik
bosqichida  qo‘llanilishi ~va  qurilish  obyektlarini
sug‘urtalashda foydali bo‘lishi mumkin.

2. Mavjud geotexnik risklarni yanada batafsil baholash,
shuningdek, tunnelni qurish va ekspluatatsiya gilish
jarayonida risk darajasining o‘zgarishini dinamik nazorat
qgilish uchun analogik algoritmlarni ishlab chigish magsadga
muvofiqdir.

3. Geotexnik risklar darajasining o‘zgarishini nazorat
qilish va prognoz gilish vositasi sifatida kompleks geotexnik
monitoring tizimini qo‘llash tavsiya etiladi.

4. Tunnellari hayot siklining barcha bosqichlarida tog
jinslarining fizik-mexanik xususiyatlari va yemirilish
jarayonlarini baholash, kuchlanganlik-
deformatsiyalanganlik va geodinamik holatini tadgiq
gilishning yangi eksperimental usullari, asbob-uskunalari va
texnologiyalarini qo‘llash imkoniyatlari integratsiyalashgan.
Bunday tizimlarni joriy etish va qo‘llash yuzaga keladigan
muhandislik risklarga erta javob berish imkoniyatini
ta’minlash uchun tunnellarni mavjudligining barcha
bosgichlarida geotexnik risklarni muvaffagiyatli nazorat
qilish kafolati hisoblanadi.
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Calculations of seismic loads of the Rezaksai Reservoir
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The paper considers the design load on different cross-sections and vibrations of water pipes, obtained
empirically and confirmed by theoretical formulas. When constructing the epuray of the calculated equal
force, all loads are summarized. The time incompatibility of local design loads is not taken into account.
Finding the equal force of loads and their distribution throughout the volume of the structure, taking into
account the simultaneity of action in all sections is carried out according to the formula A. L.
Mozhevitinov and V. N. Bukhartsev.

reservoir, reservoir, seismic, score, structures, deformation, spillway, evaluation, dam, fluctuations,
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Pacuértnl ceiicMuueckux Harpy3oxk Pe3akcaiickoro BoJ0XpaHWInma

AuHoOTALMA:

Kunrouessie cioBa:

Xynaiioepaues H., Xynaiikynos C.2

'HamaHraHckuil MHKEHEPHO-CTPOUTENBbHBIN MHCTUTYT, Hamanran, Y36ekucTan
2TamkeHTCKUil MexTyHapoHblii Y ausepcuteT Kumé, Tamikent, Y30ekucTan

B craTbe paccmatpuBaeTcsi pacueTHas Harpyska Ha pa3HbIE CEUECHMS M KOJeOaHUs BOJONPOBOASIINX
TpyO, MOJIyYCHHOH 3MIMPUYECKUM IYTEM W MOATBEPXKIEHHBIM TeOpeTHUecKUMH (opmynamu. IIpu
MOCTPOEHUH 3MIOPBI  PacueTHOH PaBHOAEHCTBYIOIEH CHIIBI CyMMHpYETCsl Bce Harpy3ku. He
YUUTBIBAETCSI HECOBMECTHMOCTh BO BpPEMEHM  JIOKAallbHBIE PAacUEeTHbIE Harpy3ku. Haxoxnenus
PaBHOZICHCTBYIOIEH HAarpy30K M HX paclpeielieHHs 10 BceMy OO0beMy COOpPY)XEHHS C Y4eToM
OJTHOBPEMEHHOCTH JICHCTBHSI BO BCEX CEUCHUAX Benercs no gopmyne A. JI. MoxesutunoBbM 1 B. H.
Byxapuesbim.

BOJIOXPAHIWINIIE,  BOJOXPAHMIMINE, CeHcMHYecKoro, 0OajioB,  COOpyXeHHH, JAedopmaruid,
BOJIOCOPOCHBIE, OLIEHKY, IUIOTUHBI, KOJIEOaHHH, CKJIOHBI, IIPOYHOCTH, KaMEHHO-3EMIIIHYIO,
OIPaHUYEHHOCTb, ITyOHHA BOJIbI Y COOPYKEHHUS, HArPy3KH, Maccy BOJBI

1. BBenenue

Pe3akcoiickoe BOJOXpAaHWIMILE - THAPOTEXHHYECKOES
COOpY)KEHHE, IOCTPOCHHOE JUIi  XPaHEHUs  BOJBI,
cTekaroleil ¢ ropHeix xpe6roB Kypama. OH ciyxut [uist
obecrieueHusl BOJOM  CENTbCKOXO3SHCTBEHHBIX  KYJBTYP.
CTpoHTensCTBO BOJOXPAaHUIMIIA Hayanoch B 2003 roxy.

Puc. 1. Pe3akcaiickoro BooXpaHujimma

CornacHo MpOeKTy, IIOTHHA ObUta gocTpoeHa. 4470 M,
Ms4. 89 M, monHas BMectuMocTh 300 mitH.M°® Pesakcoiickoe
BOJIOXPAHWINILE BKJIIOYaeT B ce0s KaMEHHO-3CMIITHYIO
IVIOTHHY, 2 COOPYKEHHs1, 00ECTIEeYNBAIOIIHX 110Ja4y BOJIbI B
pexy Ceoippappto u CeBepHblii Pepranckuii kaHan ¢
pacxozom 40 m3/c, u Bomoc6pocH.Ie.

JlurepatypHblii aHamm3. OleHKa CeMCMHYHOCTH
IJIOIIAJZIOK CTPOHUTENBCTBA Pe3akcaiickoro Bo1oXpaHIINIIA.

1. Ilpu npoeKTUPOBAaHMH BOJOIIOAIOPHBIX COOPYXKEHUI
Il u IV xiaccoB, pa3pylleHHe KOTOPBIX HE MPHUBOIMUT K
KaracTpoQUUECKUM  TIOCIEACTBUSIM, M  OC3HATIOPHBIX
COOpPY)KEHHH BceX KIJIaCCOB CEHCMUYHOCTh IUIOIIAJIOK
CTPOMTENIBCTBA IPUHMMAIOT [0 KapraM CEeHCMHYEcKOro
palilOHMPOBaHUS TEPPUTOPHU WIIM IO CIIMCKY OCHOBHBIX
HACEJICHHBIX ITYHKTOB, PACIIOJIOXKEHHBIX B CEHCMHYECKHX
paitonax (Tabnuua 1.). [lpu 3TOM clienyer yuuTsiBaTh, 4TO
ceiicMUYHOCTh  pailoHa, TpUBEAEHHas, a  KapTax
ceiicMU4ecKoro paiOHMPOBAHUSL, OTHOCUTCS K Y4acTKaM CO
CPETHUMH TI'DYHTOBBIMU YCJIOBHUSMH, XapakTepHU3yeMbIMU
NECYAHO-TJIMHUCTBIMH TPYHTaMH IIPM HHU3KOM YPOBHE
rpyHToBbIX BoI (h,. . > 6M). B nanbHeiiemM ceiCMUYHOCTh
YTOYHSIOT C YTBEPXKIAIOIIEH MPOEKT OpraHu3alueii,
PYKOBOJICTBYSICh JaHHBIMHY, IIPUBECHHBIMH B Ta0M. 1.

ENGINEER



Taoauna 1
YTouHeHHE CEeHCMHUYHOCTH ILIOIIAAKH
cTpouTtenbcrBa Pe3akcaiickoro BoIoXpaHWIMIA Ha
OCHOBAHUM MHKE€HEPHO-Te0JOTMYeCKUX JAAHHBIX

Karerop | I'pyHTHI OCHOBaHMA YTouHeHHas
wst CEMCMHUYHOCTb,
IpyHTa 0abl, pu
1o celicMUYHOCTH
ceifcmMiy paiioHa, GauTBI
€CKHM
cBoiicTBa
M.
| CKaJbHEBIE, 6| 7 8
TIOJTyCKAIbHBIE u
KpYITHO-00JIOMOYHBIE
0c000 IJIOTHBIE.
1l Imueer w1 cyrmmekm | 7| 8 9
TBEp/IbIE,
KPYITHOOOJIOMOYHEIE,
IpaBHIHO-TaJICUHEIE,
IpaBUHHO-TaJICUHBIE U
KpYITHBIE TTECKHL.
1l Imuasl wm cyrmueku | 8| 9 >9
MSTKO WM TEKydYe
IUTACTUYHBIE,  TIECKH
CpefiHel KPYITHOCTH H
MEJIKUe

Ipumeuanus: 1. B pailionax celicMUYHOCTBIO 6 6aJLIOB
YTOUHEHHYI0 CEHCMHUYHOCTH IUIOMIAIOK CTPOUTENHCTBA
BOJIOTIONIOPHBIX ~ THUJIPOTEXHUYECKUX COOPYXXCHHH Ha
rpynrax |ll xareropum ciemyer npuHHUMaTh paBHOW 7
Oaynam.

1. CrpourenbcTBO THAPOTEXHUYECKUX COOPYXKEHUH Ha
rpynrax |l kareropun B paiioHax ceiicMUYHOCTEIO 9 GaioB
paspemiaercss TOJIBKO IpU CICHHAIBHOM 00OCHOBAHHHU
[1,2,4-6].

2. Ha craguu TEeXHUKO-3KOHOMHYECKOr0 00OCHOBAaHUSA
CTPOUTENBCTBA BOJOIOAINOPHBIX COOPY)KCHHUH BCEX KIIACCOB
CEHCMUYHOCTh  IUIOIIAJIOK CTPOUTENbCTBA  HA3HAYAIOT
COMIacHO M. 1; IpU 3TOM CEUCMHMYHOCTH CTPOUTENBHBIX
IUIOIIAJOK coopyxeHui | kitacca noBbILaroT Ha 1 Gasu.

3. Ilpu pa3paboTKe TEXHUYECKHX U TEXHO pPaboumx
MIPOEKTOB BOJOMOINOPHBIX coopyxenuid | u Il kiaccos,
BO3BOJIMMBIX B paifoHaX CEHCMUYHOCTHIO 6 GAIIOB U BBIIIE,
CEHCMUYHOCTh  IUIOIIAJIOK  CTPOMTENIBCTBA  CJIEIYET
YTOYHATh HAa OCHOBAHMHM CIICLMAIBHBIX HCCIIEI0BAHUH,
BKJIFOYAIOLINX:

a) U3y4YCHHE CEHCMHUYECKOTO pEeXUMa IUIOLIaJIKU
CTPOMTENBCTBA M NOJIyYCHHE JaHHBIX I pacuera u
MPOEKTUPOBAHMSA  CEHCMOCTOMKMX  COOPYXXEHHMH, HX
OCHOBaHHH U OEPEroBbIX CKIIOHOB;

0) BBIIBICHHE BO3MOXHBIX 30H BO3HHKHOBEHHS
OCTaTo4yHbIX JedopManuii OCHOBAaHUA W OLEHKY HX
3HAYCHHUI B KaXKIOH 30HE;

B) BBISIBJICHHE JPYTUX BUIOB CEHCMUUECKON OMIACHOCTH,
HanpuMep BO3SMOXKHOCTH OOpYLICHHS B BOJOXPAaHHIIUILE
OOJIBIINX MAcC FOPHBIX TOPOJ, MaJCHHUsI HEOCPEACTBEHHO
Ha COOpPYKCHHE HEYCTOHYMBBIX CKaJbHBIX MACCUBOB U JIp.;

I') ONpejieNieHHe JUHAMHUYECKUX Ne(OpMAIMOHHBIX H
MPOYHOCTHBIX XapaKTEPUCTUK MaTepPHaJIOB COOPYKEHUH M
TPYHTOB OCHOBaHHUM C y4€TOM U3MEHEHMsI UX CBOICTB INpHU
00BOIHEHHH,

I) OLEHKY BO3MOXHBIX H3MEHEHHH CEHCMUYHOCTH
IO KK CTPOUTENIBCTBA  IIOCJIC  HAIOJHEHHS
BOJIOXPaHHJIHILA.

4. Ha mnepHon CTPOUTENILCTBA T'MAPOTEXHHYECKHX
COOpYKEHHH, 3a NcKIIo9eHneM coopyxenuii | u |l kmaccos
U COOPYIKEHHU, y4aCTBYOIIUX B IIPOLIECCE CTPOUTEIIHCTBA B
CO3/IaHUH HATOPHOro ()pOHTA, PACUETHYIO CEHCMHYHOCTH
TUIOINAIOK CTPOMTENILCTBA CHIKAOT Ha 1 6an [3,4,5].

2. MeT010J10rusl MCCJICI0BAHUA

IlocranoBka Bompoca. OmpeneneHne CeHCMHYECKHX
Harpy3ok Pesakcaiickoro Bojoxpanwnmmma. B pacuerax
NPOYHOCTH M YCTOMYMBOCTH  THIPOTEXHHYECKUX
COOpYXEHHI Ha CeiCMHYeCKHe BO3JEHCTBHS HEOOXOINMO
YUUTBIBaTh ~ CEHCMHUYECKHME  BO3JEHCTBMA  OT  Macc
COOpYXeHHH (celicMUueckrne MHEepPIMOHHBIE Harpy3KH), OT
TIPUCOEIMHEHHBIX MacC BOJIBI (WM THAPOIMHAMHYECKOTO
NaBIICHUs), OT BOJH B BOJOXPAHWIMINE, BBI3BAHHBIX
3eMIIETPSICEHHEM, OT JTUHAMHYECKOTO JaBJIeHHs HAaHOCOB.
TIpn TEXHHKO-9KOHOMHIECKOM 000CHOBaHNH
CTPOUTENIBCTBA THAPOTEXHWYECKNX coopyxenuid | u |l
KJIACCOB M HAa BCEX CTaJUSIX MPOSKTHPOBAHHS COOPYKEHHI
11 u IV xmaccoB st onpenienieHus CeHCMUYECKNX Harpy30K
MOT'YT OBITh HCTIOJIB30BaHbI PHOJIVDKEHHbBIE 3aBHCHMOCTH,
YUYHUTBIBAIONIHE TOJIBKO MEPBHIi (OCHOBHOI) TOH KOeOaHMit
W OTBEYAIOIIYI0 ASTOMY TOHY HpHOIMKEHHYIO0 (opMmy
nedopmariu coopyKeHHsI.

Ilpn  pacuerax  NPOYHOCTH  THUIPOTEXHUYECKUX
COOpPYXEHHH  YYMTHIBAlOT  TOJBKO  TOPH3OHTAIBHBIE
COCTaBIISIIOIINE CEHICMIYECKOro Bo3ecTBus. Vckmouenre
COCTaBJIAIOT  COOPYXEHHUs, HANPSDKEHHOE  COCTOSIHHUE
KOTOPBIX 3aBHCHUT OT BEPTUKAIBHBIX CMELIEHUH (Hanpumep,
apOYHbIE IUIOTHHBI IBOSKON KPUBHU3HBI).

Ilpn pacuerax yCTOWYMBOCTH T'MAPOTEXHUYECKHX

COOpY KeHHIt YUYHUTHIBAIOT TOPH30HTAIIBHYIO u
BEPTUKAJIBHYIO  COCTABJIAIOLIME,  JICHCTBYIOIIME  Of-
HOBPEMEHHO.

T'opu3oHTadbHYI0  COCTaBIAIOLIYI0  CEHCMUYECKOM
Harpysku Sy, B TOUKe k cOOpy>KeHHUs, COOTBETCTBYIOLIYIO
-My TOHY €ro cOoOCTBEHHBIX KOJeOaHWii, ONpENeIsIIoT MO
¢bopmye:

Sik = Qumk By = 90M3 - 2300;—1;- 1,0-0,025-
1,5 =7762,5kI' = 7T762,5k' (1)

I'neQ- Bec a1emeHTa COOpyKEHHS, OTHECEHHBIH K TOY-
Ke k; m - ko3 GULUEHT, YUUTHIBAIOIINI 0COOBIE YCIOBHS
paboThl THUIPOTEXHUYECKHX COOPYKEHHH, MPUHUMAEMBbIN
paBHbIM 1,5.
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Puc. 2. I'padux 115 onpenenenns kodgpuumeHta
AMHAMHYHOCTH f3;

Jns Geronnsix miaotuH | kmacca; 1,3 mig miotud |
KJlacca W3 TPYHTOBBIX MaTepuainos, 1,0 .Jlns ocrambHBIX
coopyxeHHH | kiacca u Bcex coopyskeruit |lI—IV kmaccos;
k. — xoabduipeHt ceficmuunoctu (1ab6m.2). Ilpu
O/IHOBPEMEHHOM Yy4Y€T€ TOPU30HTAILHOW M BEPTHUKAJIBHOM
COCTaBIISIOIINX CEHCMHUYECKHX CHJI 3HaueHuek, B popmyre
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(2) ymHOXalOT Ha coSa (34eCh @— Yrod MEXIy

HalpaBJIeHHEM CeHCMHYECKOTr0 BO3JICHCTBUA u
FOPHU30HTAIBIO); B—KOIDPUIMEHT THHAMUYHOCTI,
0 _ . 0p —
B =m°B; =02 (2)

3ech m®— KO QUIMEHT, 3aBUCAIIMI OT BUIa MaTe-
pHala ¥ KOHCTPYKIMH coopyxeHus (1abm. 3); Bi—
KO3 PUIUCHT TUHAMUYHOCTH, COOTBETCTBYIOINWI [ -TOM
bopme COOCTBEHHBIX KosiebaHmit COOPYKEHHS,
ompesessieMblid 10 TpaduKy Ha pucC, 1. B 3aBUCHMOCTH OT
neprosia COOCTBEHHBIX KoJeOaHWi coopyskeHus T;0001-
peneneHny 3Ha4eHWH T;- IS TUIOTHH W3 TPYHTOBBIX Ma-
TepuaoB cM. 11. 9.5[2,10,11]; 3HaueHnE ﬂ? MPUHUMAIOT HE
menee 0,8; 1;,— KoahpuIeHT, 3aBUCIMiA OT i -TOH Qop-
MBI COOCTBEHHBIX KOJICOAQHHII COOpYKEHHS M OT MecTa
PacIoIOKECHUS TOUKH K.

Taoanua 2
3HaveHusi ko3puuuenra ceiicmuunocru k.

Pacuernas celicMUYHOCTB, OaLIBI k.
7 0,025
8 0,050
9 0,100
Ta6suua 3

3uauenns kodpunnenta m°
CoopyXKeHust m
XKenezo0eToHHble M OETOHHBIE, 1
pabortaromiue rnpu KojaebaHusx 6e3
PacKphITHsI [IIBOB
Beronnrlie, cBOOOIHO 0,8
nehopMHpYOIIHEcs TIPU KOJIeOaHUIX
C YaCTHYIHBIM PACKPBITHEM IIIBOB
3eMJIsTHBIC M KAMEHHO-HAOPOCHEIE. 0,7
JInst TUIPOTEXHUYECKHX COOPY)KCHHH, MPH pacyerax
KOTOPBIX ~ MOXHO  OTPAaHHYHMTBCS  YY4ETOM  TOJBKO
TOPHU3OHTAITBHOM COCTABIIIONIEH CMeneHNs, KodpduimeHT
1)1, OTIPEIEISIOT TI0 (hopMyJie

0

X, () Xy 0% () 0,2((31,51% - 20005 + 41,3x° - 1600 + 90x° - 23005
Nik = = -
' Y, QX3 (x;) (31, 5M3-2000ﬂ%~0, 04 + 41,33 - 1600%-0, 09 + 9043 - 2300%~0,04)
_ 67216k __ (3)
T 167472k

roe X;(x,), X ,-(xj)— CMEILCHHST COOPYXKEHHSI 110 § -My
TOHY COOCTBEHHBIX KOJIeOaHHI B TOUKAX C KOOPIHHATAMHIX
M XTA€ B PACUCTHOH CXEME COOPYKEHHS TPUHSTHI
COCPEIOTOYEHHbIE MACChI.

Ilpn ompenenenun mo Qopmyne (2) celicMHYECKOit
HAarpy3kd Ha TIOA3EMHBIE COOPYXEHHMS M CKaJbHbIE
MAacCHBBI, OOpa3yIOLIME OCHOBaHUS TI'MIPOTEXHHYECKHX
COOpy)KeHMIi M OeperoBble  CKJIOHBI,  CJIEIyeT
an/IHI/IMaTL,ﬂ?mk = 1a Ha noanopHsle cTeHku [3,7,9].

Binu =15 4

BepTukajibHYI0  COCTABJIAIOIIYI0  celicMHYecKOi
narpy3kuSt B Touke kcoopykeHHS ONpENeNSIOT TO
bopmyie

SB = Qmk,sina =90m3 - 2300;—‘;- 1,0-0,025-
sin30° = 2587,5kI' = 2T587«T (5)

I'ne a -yron Mexmy rOpU3OHTAIBIO U HAIpaBIEHHEM
CEeHCMUYECKOro BO3JCHCTBUS, NpUHUMAaeMbld He Oosee
30°.Ilpu omeHKe NPOYHOCTH COOPYXKEHHUI pacueTHbIE
YCHIHMSA OT CEHCMHYECKOro BO3JCHCTBUS CYMMHUPYIOT C
YCHIMSIMH OT JAPYIMX Harpy3oK, BXOALIMX B JaHHOE
COUYETAaHUE HArPpy30K U BO3JCUCTBHM.

IIpo4yHOCTh OETOHHBIX I'PABUTALMOHHBIX M APOYHBIX
IUIOTMH TIPOBEPAIOT Ha TOPU30HTAJIbHBIE CeiicMHuecKue
HAarpy3kd, KOTOpbIE OINpENENsAOT U1 KaXKIOro Hu3
YUUTBIBAEMBIX TOHOB COOCTBEHHBIX KOJICOaHUIA.

Pacyernpie  ycmnuss N,  (momepevHyro WM
HOPMAJIBHYIO  CHILY, u3rubaronmii  MOMEHT) B
paccMaTpUBacMOM CEYEHHMHM KOHCTPYKLHH IpH IEpHOJe
nepBoro (OCHOBHOT0) TOHa COOCTBEHHBIX KoJeOaHuii Ooee
0,3 ¢ onpezenstoT o hopmye:

Ny =1/ m N2=+32+32+42=134~5,83 (6)

I'me n - 4ucio y4uThiBaeMbIX TOHOB KoneOauif;N ;-
yCHJIME B PAacCMaTpUBAEMOM CEUYEHHMH Uit § -rO TOHA
konebanuit. [Ipy mepuome MepBOro TOHA COOCTBEHHBIX

xonebanuit, He npesbimaroreM 0,3 ¢, N, MOCUUTHIBAIOT 1O
¢dopmyne

N, = U]
I'me Npac— HauOonbliee 3HA4YEHHE YCWIMS B
paccMarpuBacMoM CEYCHUH, onpeesnseMoe u3

COIIOCTABJICHUS BIIIOP CEHCMUUYECKHX YCHIIHH, OTBEYAIOIINX
otnenbHbIM  (popMaM  koneGaHuit coopyxkenus; N; —
3HAYCHHS YCWIUS B TOM K€ CEUYCHUM IO JAPYT'MM 3II0paM
(kpome  3HAUYCHUSN ). Y CHITHS B KOHCTPYKLMAX
N;(Npax())COOTBETCTBYIOIIHE  yYUTHIBAEMBIM — (hopMam
COOCTBEHHBIX KOJIEOaHUMH, ONpPEeA0T B MPEIIOI0KEHHI
CTaTUYECKOTO JICHCTBUS Ha COOPYIKEHUE CEUCMIYECKUX CHIT
S'i, BBIYMCIICHHBIX 110 popmyuie (2).

PacuerHyl0  TOpPM3OHTAJIBHYI0  CeiiCMHYeCKYI0
Harpy3KyS,B paccMaTpuBaEMOM CEUEHHH COOPYKEHHUS NPH
pacyerax ero yCToi4MBOCTH ONPEAEIISIOT 110 hopMyJie:

§% =,/(7762,5kr)? + (2587, 5kr)? ~

n
i=1
~ 394867,2kr = 394T867kr2r (8)

Si- pacueTHas Harpy3ka B TOM € CEUEHHH AJIsi -TO
TOHa KoJIebaHu#, onpenensiemas o popmysne (2). Crnenyer
HMMETh B BHJY, YTO NIPU MOCTPOEHUH 3IIOPHI  PACcYETHBIX
Harpy30K Ha COOPY)KEHHE B LIEJIOM WIU ONpPEACICHUN
pacueTHoit PaBHOAEHCTBYIOLIEH CYMMHpPOBaHHEM
Harpy3oK, HalJeHHbIX 1O QGopmyne (8), mMmoIydarTCsa
3aBBIIICHHBIE PE3yNbTAThl, IOCKONBKY TIPH 3TOM  HE
YUUTBIBAETCS HECOBMECTHMOCTD BO  BpeMEeHH
JIOKAJIBHBIX PACYETHBIX HArpy3oK S,. [Ilpuem HaxoxneHus
PaBHOJEHCTBYIOLIEN Harpy30oKk M HX paclpeieseHus Mo
BCEMy O0BEMy COOpYXKEHHS C Y4ETOM OAHOBPEMEHHOCTH
JIeficTBUS  BO BCeX ceueHmsAX npemiokeH A. JL
MoxeutuHoBeM U B. H. Byxapueseim [2,3,8,9].

-
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IIpucoenuHeHHyI0 Maccy BOAbI Ty, IPUXOAAIIYIOCS HA
€[MHUIly IUIOIAJU IIOBEPXHOCTU THUAPOTEXHUYECKHUX

COOPY>KEHHH, OTIPENIEIISIOT 110 (opMYyJIe
T

1_
Tg = %"hmp = 9’8;3% - (488,20 — 463,55F)M -

0,66 -0,53 = 8010, 5kr = 8T10krX, 9
I'ne yw- ynenbHelll Bec BOJBI, %; h -rny6unHa Bogsl y

COOPYKEHHS,M; U -0e3pa3MEepHBIi

KOO(Q(QUIMEHT  MPHCOCAMHCHHOW  MAacChl  BOJBI,
OTIPENICIIIEMBII B 3aBICUMOCTH OT XapaKTepa JIBHKCHUS TI0
(dhopMmynam, npuBeIeHHBIM B TaONI. 4; P— Ge3pa3MepHbIit
KO3 (PUIMCHT, YYHUTHIBAIONIMNA OTrPaHUYEHHOCTh JUTHHBI

l
BOjOEMA (tabm. 6.) [3mecel— paccrosHUEe MeEXIY

COOpYXEHHEM U IPOTHBOIIOIOKHEIM eMy Oeperom BoJoeMa
(U1 TDII030B W QHAIOTHYHBIX  COOPY)KCHHH MEXIy
TIPOTHUBOTIOJIOKHBIMY CTEHKaM{ KOHCTPYKIIH) Ha TTyOuHe

2 .
3 h, ot cBOOOIHOH MTOBEPXHOCTH BOJIBI.

Ilpn Hanuuuu Boxmbl ¢ OOEMX CTOPOH COOPY>KCHUS
MPHCOEIMHEHHYIO Maccy BOJIbI IIPUHUMAIOT PaBHOU CyMMe
BEJIMYUH Tg, TOJJCYUTAHHEIX 10 popmyute (9) st KaXk1on 13
ero ctopoH. [ OTHENBHO CTOSIIMX COOPYKEHHH (BO-
no3a0opHble  OalllHW, OMOpPBI MOCTOB, CBaW M IIp.)
MPUCOCANHEHHYI0 Maccy BOIBl Tp HA CIUHUIY JIHHBI
KOHCTPYKIIMHU MOJICUUTBIBAIOT 110 hopmye:

T

w3 2, _
981 (24,65m)“ - 0,66 =

cex?

Tg = Yw d2 u=
g

T-cek?

40,9 ff; (10)

rae d - fuamMeTp Kpyrioro Win pa3Mep CTOPOHBI KBaJ-

PpaTHOro MOIEpEeHYHOro CEUYCHHUSA COOPYIKEHUS, M.l_[pI/I

TIOTIEPEYHBIX KoneOaHuax cBai NpUCOCAMHEHHAsA Macca

BOJZbI Ha €AVHUIY UX IJIMHBL l'IpI/I6J'II/I)KeHHO paBHa Macce
BOJbBI B o0beMe CAUHULBI JJIMHBI CBAU.

3. 3akiaouenue

1. Tloxa3zaHa oOlEHKa CEHCMHUYHOCTH  IUIOLIAJIOK
cTpoutenbcTBa KapkuaoHCKOro BOZOXpaHHUIIUIIA

2. OnpeneneHbl ceficMuuecKue Harpys3ku
KapKuIoHCKOr0 BOJOXpAaHWIMIIA C BEPTUKAJIbHBIMH U
TOPU30HTAIBHBIMU COCTaBJMIIOIUMU  celicMuyeckoit
HarpysKH.

3. l'opu3oHTaNBHYIO COCTABISIIOLIYIO CEHCMUYECKOit
Harpy3ku. Pacuernble ycunma [IpucoeauHeHHyro Maccy
BOJIbI.
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Calculation of joints of bending wooden structural elements in ANSYS
Workbench

S. Razzakov'®? D. Berdakov3®P

!Namangan State Technical University, Namangan, Uzbekistan
2Karakalpak State University, Nukus, Karakalpakstan, Uzbekistan

Abstract: The article highlights the increase of joint strength in the joints of bending wooden elements, the results
and indicators of theoretical calculations obtained with the help of ANSYS Workbench computer
program on stress-strain states of joints of wooden structures.

Keywords:

wood joint model, fasteners, bending, finite elements, stress, strength, deformation

Egiluvchi yog‘och konstruksiyalar elementlarining birikmalarini ANSYS
Workbench dasturida hisoblash

Razzakov S.1®2 Berdakov D.2®P
!Namangan davlat texnika universiteti, Namangan, O‘zbekiston
2Qoragalpoq davlat universiteti, Nukus, Qoragalpog’iston, O°zbekiston

Annotatsiya:

Magqolada egiluvchi yog‘och elementlari birikmalaridagi birikma mustahkamligini oshirish, ANSYS

Workbench kompyuter dasturi yordamida yog‘och konstruksiya birikmalarining kuchlanganlik va
deformatsiyalanganlik holatlari bo‘yicha olingan nazariy hisoblash natijalari va ko‘rsatkichlari

yoritilgan.
Kalit so‘zlar:
deformatsiya

1. Kirish

Migdoriy modellashtirishda ANSYS  Workbench
dasturiy  kompleksida  chekli  elementlar  usulidan
go‘llaniladi. U bazaviy elementlarning ma’lum miqdorini
tahlil qilish uchun murakkab ob’ektlarni chekli elementlarga
bo‘lishdan iborat bo‘lib, bunda hisoblash jarayonida
materialning belgilangan barcha mustahkamlik
xususiyatlarini saqlab qoladi. Ushbu usul ob’ektlarni
muayyan holatdagi tavsifini maksimal darajada yagin
bo‘lishini saqlab qoladi va ayni vaqtda dasturiy kompleks
go‘yilgan masalani matematik jihatdan hal gilish uchun
imkoniyat yaratadi. Agar sohada bo‘lgani kabi dastlabki
ob’ektda ham gqandaydir doimiy o‘zgaruvchan Kkattalik
(masalan, yog‘ochdagi ichki kuch yoki kuchlanish) bo‘lsa,
unda ko‘plab kesiklar-uzluksiz funksiyalarni chulg‘ab oladi,
ular esa bazaviy chekli elementlarning chegaralari bilan
aniglanadi. Kesiklar uzluksiz funksiya elementlarida
tutashgan tugunlardagi uzluksiz kattaliklarning
ko‘rsatkichlari yordamida tuziladi.

Agar uzluksiz kattalik 2 yoki 3 o‘lchamli doirada
aniqlangan bo‘lsa, ushbu doira uchburchak yoki to‘rt
burchak shaklidagi elementlarga ajratiladi, bu esa har
ganday shakldagi jismni tadqgiq gilish imkonini beradi.
Bunday holda gamrab olingan funksiyalar tekis yoki egri

al¥ https://orcid.org/0000-0003-0397-2780
bl https://orcid.org/0009-0002-5824-3200

yog‘och birikma modeli, bog‘lovchilar, egilish, chekli elementlar, kuchlanish, mustahkamlik,

chizigli yuzalar bilan aks ettiriladi, bu esa hisoblashning turli
chegaraviy shartlarini hisobga olish imkonini beradi.
Qamrab olingan qo‘shni elementlardagi funksiyalarning
izohlari turlicha bo‘lishi mumkinligini hisobga olgan holda
chekli elementlar usuli yordamida turlicha, shu jumladan
anizotrop materiallardan tashkil topgan konstruksiyalarni
ham tadqiq gilish mumkin [1-10].

2. Tadgiqot metodikasi

Shu magsadda, birikmaning matematik modeli va
tajribaviy tadqiqotlarni giyoslash hamda oxshashligini
tekshirish magsadida birikma zonalaridagi yog‘och
konstruksiyalar  elementlari ~ birikmasining  miqdoriy
modellash amalga oshirilgan. Namunalarni
identifikatsiyalashni soddalashtirish uchun quyidagi shartli
belgilar kiritilgan:

1. T-1 — davlatlararo DAST da mavjud amaldagi
birikma;

2. T-2 —takomillashtirgan birikmali variant;

3. T-3 —takomillashtirgan birikmali variant.

Amaldagi T-1 seriyali birikmaning tajriba sinov
ishlaridagi umumiy ko‘rinishi va ANSYS Workbench
dasturidagi hisobiy modeli 1-rasmda keltirilgan.
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1-rasm. Amaldagi birikmaning ANSYS Workbench dasturidagi umumiy ko‘rinishi
Amaldagi birikmani 25 mm o‘Ichamdagi chizigli chekli elementlarga ajratilgan ko‘rinishi 2-rasmda keltirilgan.

s
2-rasm. Birikmaning ANSY'S Workbench dasturida chekli elementlarga ajratilgan ko‘rinishi

Takomillashtirilgan T-2 seriyali birik-maning tajriba sinov ishlaridagi umumiy ko‘rinishi va ANSYS Workbench
dasturidagi hisobiy modeli 3-rasmda keltirilgan.

000 150.00 300.00 (mim)
75.00 225,00

3-rasm. Birikmaning ANSYS Workbench dasturidagi umumiy ko‘rinishi
T-2 seriyali birikmani 25mm o°lchamdagi chiziqli chekli elementlarga ajratilgan ko‘rinishi 4-rasmda keltirilgan.
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Lr 12000 20000 pmerd

50.00 15000

4-rasm. Birikmaning ANSYS Workbench dasturidagi chekli elementlarga ajratilgan ko‘rinishi

Takomillashtirilgan T-3 seriyali birik-maning tajriba sinov ishlaridagi umumiy ko‘rinishi va ANSYS Workbench
dasturi-dagi hisobiy modeli 5-rasmda keltirilgan.

oo 150.00 300,00 trmem

5-rasm. Birikmaning ANSYS Workbench dasturidagi umumiy ko‘rinishi
T-3 seriyali birikmani 25mm o‘lchamdagi chizigli chekli elementlarga ajratilgan ko‘ri-nishi 6-rasmda keltirilgan.

L..' ’
000 10000 200,00 (mem) o
 —

50.00 150,00

6-rasm. Birikmaning ANSY'S Workbench dasturida chekli elementlarga ajratilgan ko‘rinishi

Hisoblash natijalari bo‘yicha deformatsiyalangan Miqdoriy tadgiqotlar natijasida amaldagi T-1 va
birikmalarning sxemalari, yog‘och normal va urinma takomillashtirilib tavsiya gilinayotgan T-2, T-3
kuchlanishlarning grafiklari tuzilgan. Ansys Workbench seriyalardagi yog‘ochdan yasalgan elementlariga
hisoblash kompleksida 3ta seriyadagi birikmalar uchun egilishga qo‘yilgan yuklamadan maksimal siljishlar,
chizigsiz o‘rnatishning ikkita masalasi shakllantirilgan. normal va urinma kuchlanishlarga oid o‘ziga xos

bog‘ligliklar 7, 8, va 9-rasmlarda keltirilgan.
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8-rasm. Tavsiya gilinayotgan T-2 seriyali birikmaning egilishdagi deformatsiyasi

T PO
=

1
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Desicgn—Static Structural ((B8S)

9-rasm. Tavsiya gilinayotgan T-3 seriyali birikmaning egilishdagi deformatsiyasi

Olib borilgan hisoblash ishlarining natijalari hamda kuchlanishdagi bir-biriga taggoslangan diagrammasi 10,
birikma to‘rlari va seriyalarining egilishdagi va 11-rasmlarda keltirilgan.
70.0
—_T-1 56.5

60.0 -T-2

-T-3

Yuk, kN

30.0
20.0
10.0

0.0
0 2 4 6 8 10 12 14

Solqilik, mm
10-rasm. Amaldagi T-1 va tavsiya gilinayotgan takomillashtirilgan T-2, T-3 seriyali tadgiq qgilinayotgan birikmalarning
egilishdagi deformatsiyalanish grafiklari
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Birikmalarning yuk ko‘tarish qobiliyati hamda
egilishdagi mustahkamligini tahlil qiladigan bo‘lsak,
ANSYS Workbench dasturida hisoblangan amaldagi T-1
seriyali birikmaga solishtirganda takomillashtirilib tavsiya

1
‘

Kuchbanbh, MPa

Yuk, kN
11-rasm. Amaldagi T-1 va tavsiya gilinayotgan takomillashtirilgan T-2, T-3 seriyali tadqiq qilinayotgan birikmalarning yuklama
ta’siridagi kuchlanganlik grafiklari

O‘tkazilgan hisoblash ishlarining qiymatlari 1-jadvalda keltirilgan.

gilinayottgan T-2 seriyali  birikmaning egilishdagi
mustahkamligi 12.2%, tavsiya gilinayotgan T-2 seriyali
birikma to‘ridan T-3 seriyali birikmaning egilishdagi
mustahkamligi 4.8% mustahkam ekanligi aniglangan.

11
T2
s -T-3

1-jadval
Kompyuter dasturida hisoblangan birikmalar bo‘yicha olingan hisoblash natijalarining ko‘rsatkichlari
O‘rtach O‘rtacha
Seriyalar Buzuvchi kuch (kN) acha Kuchlanish (MRa) ko‘chlanish
kuch (kN) (MRa)
T-1 35 51 55 |3 49.825 4.66 6.8 7.3 7.6 6.59
T-2 36 50 58 |5 51.875 4.8 6.6 7.7 8.4 6.875
T-3 40 55 60 |5 55.3 5.3 7.3 8 8.8 7.35
3. Xulosa [6] TOCT 16483.0-89. J[lpesecuna.  O6mme

Birikmalarning egilishdagi kuchlanishlari hisoblangan
amaldagi T-1 seriyali birikmaga nisbatan solishtirilganda,
takomillashtirilib  tavsiya qilinayotgan T-2  seriyali
birikmaning egilishdagi yuk ta’siridagi kuchlanish giymati
14.8%ga va T-2 seriyali birikma to‘riga nisbatan T-3 seriyali
birikmaning yuk ta’siridagi kuchlanish qiymati 3.2% ga
mustahkamlik ko‘rsatkichiga ega ekanligi aniglangan.
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The use of armogrunt structures to strengthen the railway roadbed

A.Kh. Abdujabarov'®?, P.A. Begmatov'®P®, G.R. Khalfinl®¢
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: In this paper, we consider the technology of strengthening the railway roadbed with armogrunt structures,
which make it possible to perceive significant tensile forces, which determines a lower sensitivity to
uneven precipitation of the base, increased resistance to seismic influences. A variant of an armogrunt
embankment on a steep rocky slope is proposed.

Keywords:

earthwork, reinforced structures, embankment, geotextile, main site

IIpuMeHeHHe apMOTPYHTOBBIX KOHCTPYKIMIU AJIs1 YKPEIJICHUS 3eMJISAHOT O
M0JIOTHA KeJIe3HBIX A0POr

A6ayxabapoB A.X.1 0% Bermatos I1.A.2®°, Xanndun I'.P.}0°

TamkenTckuit rocy1apCTBEHHBINM TPAHCIIOPTHBIA YHUBEPCHTET, TamkeHT, Y36eKkucTan

AHHOTAIYS .

APMOI'PYHTOBbLIMU KOHCTPYKIHUAMU,

B nannoi pa60Te paccMaTpuBaCTCA TEXHOJIOI'MS YKPCIUICHHA 3€MJISIHOTO IIOJIOTHA JXKEJIE3HBIX AOpOr
KOTOpbIE TO3BOJIAIOT BOCITPUHUMATD 3HAYUTCIIbHBIC

pacTaruBaronii€ ycCcwuius, 4TO MNPEAONPENACIIICT MEHBUIYIO YYBCTBUTEJIBHOCTH K HEPABHOMEPHBIM
OcCaJlIkaM OCHOBaHHUs, ITOBBIMIEHHYIO yCTOﬁ‘[HBOCTB K CEHCMHYECKHM BOS}IeﬁCTBHHM. l'[pe)mox(eH
BapuaHT apMOprHTOBOﬁ HacChIIM HA KPYTOM CKaJIbHOM KOCOI'ope€.

Kunrouessie cioBa: 3EMJIAHOC ITI0JIOTHO, apMOI'PYHTOBBIC KOHCTPYKIIUH, HACBIIIb, T€OTEKCTHUIIb, OCHOBHAA IJIONIAJIKa

1. BBeaenue

TepMun ‘“‘apMupoBaHHBI TpyHT” BBeleH Banmanum
(®pannust) B 1966 romy [1]. ApmupoBaHHe TpyHTa B
005IacTH TPaHCHOPTHOTO CTPOMTENBbCTBA IONy4aeT BCE
OoJee IMIMPOKOE PACHPOCTPAHEHHE, YTO OOOCHOBBIBACTCS
PAIOM NPEUMYIIECTB aPMOIPYHTOBBIX KOHCTPYKIM. OTH
KOHCTPYKIHN JIEMOHCTPUPYIOT CIOCcOOHOCTh
BOCIIPUHMMATh 3HAUUTENIbHbIE PACTATUBAIOILIUE YCHIIHS,
YTo, B CBOIO O4YEpENdb, MPEIOIPEAEISET MEHBIIYIO
BOCIIPUMMYHBOCTb K HEPAaBHOMEPHBIM OCaJKaM OCHOBAHUS
M TOBBIIIGHHYIO  YCTOHUMBOCTH K  CEHCMHYECKUM
Harpy3kaM. J/laHHbIe XapaKTEPUCTUKH OOBSCHAIOTCS Oosee
BBICOKOI TMOKOCTBIO U JIydIllel ajmanTanyeil B rpyHTOBOM
cpelie [0 CPAaBHEHHUIO C TPAAULHOHHBIMU METOJaMHU. [2, 5].

JluTepaTypHblii aHaJmM3. ApMarTypHblE IOJIOTHHILIA
(GOPMHpYIOT ONOJHUTENbHBIE CBA3M MEXIY YacTHLAMHU
rpyHTa 3a cueT ()MKTHBHOI'O CLEIUICHHA. B HecBA3HBIX
IPYHTax TaKoe CIEIJIEHUE CO3JaeTcs UCKYCCTBEHHO, B TO
BpeMsI KaK B CBSI3HBIX OHO YCHJIMBAeTCS. ApPMHPYIOLIHE
MPOCJIONKH, B3aUMOJCHCTBYS C TPYHTOM, IOPOXKAAIOT
nepepacnpesicicHue  HalpsHKeHHH B MacCuBe, UTO
CIOCOOCTBYET Iepesaye HaNpsDKEHUH C IeperpyeHHbIX
YYacTKOB HA COCEIHHME HEIOTPYKCHHbBIE, BOBIEKas HUX B
paboTy. DTO NPHUBOAUT K 3HAYUTCIBHOMY YBEIMYCHHUIO
YCTOHYMBOCTH OTKOCOB 3€MIISIHBIX COOPYXEHHUI, KOTOpBIE
MOT'yT OBITH BBINOJHEHBI MOJ JIFO0OI YITIOM HAaKIOHa,
BKJIIOUas BEepTUKalbHBIE. TakkKe MOXHO OTMeYaTh
3HAYUTENBHOE CHI)KCHHE pPHCKa BUOPO-pazKMKEHUsS
TPYHTOB  Hachlllel B  peE3yjibTaTe€  3€MJIETPSICEHHM.
[Ipeumymecta apMOTPYHTOBBIX KOHCTPYKIMHI
3aKIIOYAlOTC] B BO3MOXKHOCTH HUX  BO3BEJICHHI B

https://orcid.org/0000-0001-7097-5071
b= https://orcid.org/0000-0003-0160-9814

Pa3HOOOPa3HBIX TOHOTPapHUYECKUX YCIOBHAX, BKIIIOYAs
OrpaHHYCHHBIE TPOCTPAHCTBA, CHIDKCHUH WIH TOJHOM
UCKIIIOUEHNH  "MOKpBIX"  TIPOIECCOB,  TaKMX  Kak
OETOHHUPOBAHHE, & TAKIKE UCIIOJIL30BAHUH MECTHOI'O IPyHTa
B KayecTBE OCHOBHOI'O CTPOMTEJIBHOIO MaTepuana, YTo
MO3BOJISIET N30eXaTh rIyOOKOoro 3arayoneHus GyHIaMeHTa.
[3].

CpaBHUTEIBHO HU3Kas CTOMMOCTh M YMEHBILICHHE
BPEMEHH, 3aTPayuBaEMOro Ha CTPOMTEINBCTBO,
00yCJIOBJIEHBI TPOCTOTOM TEXHOJIOIMYECKOT0 POLIECCa, YTO
NPAKTHYECKH  HCKJIIOYAeT  MCIOJb30BaHUE  TSKEJIOro
cBaeOOIHOTO M KpaHa, MT03BOJISS OTPAHUYUTHC HEOOIBIINM
KOJMYECTBOM MAIIMH W  MEXaHU3MOB, TaKMX Kak
OyJIbJ103€pbl, KATKU U CAMOCBAJIBL.

B kauecTBe apMHPYIOLIMX MarepHaloB MPUMEHSIOTCS
MeTaJll, [€OTEKCTUIIb, JKEIe300€TOH U JPyrue, a TaKKe UX
koMOuHaumu. B nociesHue  roxsl  HaOmomaeTcs
BO3pacTaolee HCIIONIL30BaHKUE Te0TEKCTUIIBHBIX
MaTepuasoB, IOJHBII aCCOPTUMEHT KOTOPHIX BKJIIOYAET
noytu 200  HaMMEHOBAaHUH,  MPOM3BOAMMBIX U3
HedTenpoayKToB (monmamu/IpL, noarI(UPHI,
TIOJIUTPOIIUIICH), IPEBECHOM MyJbIbl (BHCKO3a, alleTaT) U
NpeJICTaBICHHBIX B (JOPME TKaHBIX, HETKAHBIX U CETYATBIX
usnenuii[4]. B 1aHHOM KOHTEKCTE IpPEeANOYTeHUE OTAACTCS
MaTepHaliaM, XapaKTEepH3YIOIIMUMCS BBICOKOH MPOYHOCTHIO
Ha pacTsHKEHUE, 3HAYMTEIbHBIM MoaylsieM jaedopmanuu
(HeOONBIINM  YIJIMHEHHEM MpPU DPa3pyLICHUH), a TaKKe
YCTOHYMBOCTBIO K KOJIEOAHUSAM TEeMIIEpaTyp, BO3ACHCTBHIO
MHHEPAJIbHBIX KUCIIOT, IETOYHBIX CPE/l PA3IMYHBIX TUIIOB
U CTENEHEH 3aCOICHHOCTH, BJIare U COJIHEYHOW paaualun
[6, 7].

CTeKIIOIIacCTHKH, BKJIIOYAs CTEKJIOTKaHH u
CTEKJIOCETKH, 00JaJaloT HauOOJNBIICH COOTBETCTBHUEM
TpeOOBaHUAM K apMUPOBAHHIO IPYHTOB MPH BUOPAITMOHHBIX

¢ https://orcid.org/0000-0002-7217-8161
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Harpy3Kax, €CJIM OHH TOKPBITHl Pa3IHYHBIMH 3aIUTHBIMHU
IUTEHKaMH, CMOJIaMH U JakaMH. [IpoBeaeHHbBIE COBMECTHO C
LleHTpaNbHEIM HayYHO-HUCCIEAOBATEIBCKAM HWHCTHTYTOM
crpoutensHex  coopyxenni (IUHMHNC) wuccnenoBanms
MIPOIEMOHCTPUPOBANH, YTO crekiormactuku tuna CITATL
COXPAHSAIOT CBOIO NPOYHOCTH B YCIOBHUSX IHKIIMYECKOTO
3amopakuBanms (no mmHyc 50 °C) W mocieayromero
OTTaMBaHWs, B TO BpeMs Kak IOT€PH IPOYHOCTH
CTEKJIOTKaHEeW NPH YBIQXKHEHUH W BO3IEHCTBUM KHCIIBIX U
IIEJTOYHBIX Cpel UIMEIOT TEHICHIHIO K YMEHBIISHHIO.

2. MeT010J10rusl CCJIeI0BAHUSA

AHanu3 MHOXXECTBa 3EMJIETPSICEHUN JIEMOHCTPUPYET,
YTo B BepXHeW 4UacTH Hackled oOpasyercss 30Ha
pPa3yIUIOTHEHMs, YTO TMPUBOAWT K BO3HHKHOBEHHUIO
3aKpyIJIEHHOW (OPMBI OCHOBHOHM IUTONIAAKH, a TakXkKe K
TIOSIBIIEHHIO TPETIHH, 0OPYIIIEHHIO OTKOCOB U TIOBPEKICHUIO
WM pa3pyIICHNIO BEPXHETO CTPOCHHUS My TeH.

Vcnonp30BaHNEe apMHUPOBAHHOTO TPYHTa B 3€MIITHOM
MOJIOTHE YKPEIUISeT IaHHYI0 pa3pbIXJICHHYIO 30HY U
OTHOBPEMEHHO IIOBBIIIAET €€ CIEIIeHHe C 30HOW,
TIOJIBEP)KEHHOM TIOBBIIICHHOMY YIUIOTHEHHIO.
Pexomennyercst MIPUMEHSATH OTIpe/IeNIeHHBII BUJ
apMHUPOBAHUSI U HACBINIEH, COCTOSIINX W3 MECYaHBIX U
TJIMHUCTBIX TPYHTOB.

[Ipennoxennas cxema BKJIFOUAET 00CHITKY
apMHUpPYEeMBIX OTKOCOB CJIOEM TIpyHTa C IIOCIEIYIOIHM
YKpeIUICHHEeM TpaBOCesHHEeM. B paHHOM ciydae Uit
ylepkaHusl TPYHTa, HCIOJIB3YyeMOro B OOCHINKe, Oyxer
JOCTATOYHO.

ApMOTPYHTOBBIE KOHCTPYKIIMM C Oojiee KpPyTBIMH
OTKOCAaMH MOTYT JIOTIOJTHUTENIBHO MOKPBIBATHCS HAOPHI3roM
OETOHA WIIM CJIOEM JIIOKCUIHOM CMOJIBI, B YaCTHOCTH, Ha
MOJIOPHBIX CTEHAaX U KPYTHIX OTKOCAaX HAChIed B MecTax
MIPOXOXKICHUS BOAOMPOITYCKHBIX TpYyO. (puc. 1).

Puc. 1. BapuaHT KOHCTPYKIIMH APMOTPYHTOBOM
HACBHINM HA KPYTOM CKAJIBLHOM KOCOrope:

1 — noBepxXHOCTH KOCOropa; 2 — KIOBET-TpaHIes; 3 —
MpOe3XKask 4acTh; 4 — apMUPYIOLIHUE MOJIOTHHUILA; 5 —
orpaxzieHue; 6 — 3aIUTHOE MOKPBITUE U3 HAOpBI3ra OeToHa
I10 32aHKEPEHHOM CEeTKe

Ilpy npUMEHEHMHM TEOTEKCTWIS B POJM OOpaTHOro
¢bunbTpa TUTSt MPEeIOTBPAILCHUS nedopmarmit
MOATOIUICHHBIX ~ OTKOCOB, IOMHMO IIOBBIIICHUS €ro
CeIICMOCTOMKOCTH,  BO3MOXHO  TaKKe  JIOCTHXKEHHE
3HAYMTENEHON SKOHOMHH ()HAHCOBBIX CPEJCTB Ha OOBEKTE.

3. 3akjJa0uYeHue

B nmanHOIl paboTe mpoaHaIM3MPOBAHBI MAaTepHalIbI,
UCIIONIb3yEMBIE JJISI apMUPOBAHUS 3€MILIHOTO IOJOTHA.
IIpennaraemas KOHCTPYKIHMS apMHPOBAaHHOTO TIpyHTa
3eMJISIHOTO IIOJIOTHA YKPEIULAET Pa3pbIXJICHHYIO 30HY H
OJTHOBPEMEHHO YBEIMYHMBAECT €€ CLEIUIEHHE C 30HOH
MOBBIIICHHOTO YIUIOTHEHWS. B  Hambonbmel cTeneHn
TpeOOBaHISIM apMHUPOBAHUS TPYHTOB NP BUOPAIIMOHHBIX
Harpy3kax  OTBEYalOT  CTEKJOIUIACTHKH,  IOKPBITHIE
pa3IMYHBIMU 3alIUTHBIMU IUIEHKaMM, CMOJIAMU U JIAKAMH.
3HaUUTENIFHO MOXXHO  COKOHOMHTBH  CpEICTBA  IPH
HCTIOIb30BaHUH I'€OTEKCTIIISL, B KauecTBe 00paTHO QHIBTPA,
a TaKKe INPeNoTBPaTUTh JedopMary IOATOIIEHHBIX
OTKOCOB.
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A method for calculating the stability of a jointless track using the
compression ratio of intermediate rail fasteners Pandrol Fastclip

G.R. Khalfinl®2
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article presents an improved method for assessing the stability of a jointless track, taking into
account the compression ratio of the intermediate rail fasteners Pandrol Fastclip. The analysis of existing
calculation methods, including the finite element method (FEM) and the simulation method is carried
out. The introduced coefficient k3 helps to increase the accuracy of calculations of the critical
temperature force affecting the stability of the PS. The influence of this coefficient on the stability of the
track using Pandrol Fastclip rail fasteners is estimated. This work is aimed at improving the reliability
and safety of the railway track.

Keywords: Stability, evaluation, temperature force, coefficient, intermediate bonding, clamping force

MeTtoa pacyera yCTOMYMBOCTH 0€CCTBIKOBOIO IIYTH € NPUMEHEHUEM
KO3 PUIHEHTA NPUKATUA NIPOMEKYTOYHBIX PeIbCOBBIX CKpeIIeHuil
Pandrol Fastclip

Xaab¢un P52

TamkenTckuit rocy1apCTBEHHBIN TPAHCIIOPTHBIA YHUBEPCHTET, TalkeHT, Y36eKucTan

AHHOTaINA: B naHHO# cTaThe Npe/CTaBIeH yCOBEPLUICHCTBOBAHHBIM METOJ| OLEHKH YCTOHYMBOCTH OECCTHIKOBOTO
IyTH, YYWUTBHIBAIOMMKA KO3(QUIMEHT NpMKaTHA NPOMEXYTOUHBIX PENbCOBBIX CKperuieHuit Pandrol
Fastclip. IlpoBeneH aHanM3 CyIIECTBYIOIIMX METOAOB pacyera, CpPeAd KOTOPBIX METOJ| KOHEUYHBIX
anemenToB (MKD) u Meron HMMMTAanMOHHOTO MojenupoBaHusa. BeeneHHsll koddduiment k3’
CIIOCOOCTBYET IOBBIIIEHUIO TOUHOCTH PACYETOB KPUTHUECKOH TEMIEPAaTypHOH CHIIBI, BIUAIOLIEH Ha
ycroitunBocts BII. OueHeHo BnusHME JaHHOTO Kod3bduIMEeHTa Ha CTaOMIBHOCTH IyTH C
HCIIOJb30BaHUEM PENBCOBBIX cKperienuil Pandrol Fastclip. lanHas paboTa HanpapjieHa Ha IIOBbILIEHUE
HaJIeXXHOCTH 1 6€30M1aCHOCTH JKEJI€3HOA0POXKHOIO ITyTH.

Kitouesble clloBa:  yCTOIYMBOCTB, OLIEHKA, TeMIEpaTypHas cHia, Ko3(Q(UIUEHT, NPOMEXKYTOUHOE CKPEIUIEHUE, YCUIIME

HPHKATHS

Onpenensromumm (akTopom, HETOCPEICTBEHHO
BIMSIOIIUM HAa YCTOWYMBOCTH OECCTBHIKOBOIO  IyTH,
SBISIETC KOPPEKTHas YCTaHOBKA M OLIEHKA COCTOSTHMS
PENbCOBBIX CKPEIUICHUH, BKIFOYAIONIMX B ce0sl apamMeTpsl
HOPOYHOCTH,  YNPYTrOCTH U TNPWKHUMHOTO  YCHIIMSL.
CoBpeMeHHBIE HCCIIEJOBaHUs, a TaK)Ke HOBBIE MOJAXOABI K
MOJIEJIMPOBAHHIO C  TPHUMEHEHHEM  BBIYUCIUTENIBHBIX
KOMIUIEKCOB, ~ CO3JAalOT  BO3MOXKHOCTH Uit Oosee

1. BBeaenue

BeccroikoBoit  mytb  (BII) mpeacrtaBmser  coboid
KPUTUYECKH  3HAYUMBbI  KOMIIOHEHT  COBpPEMEHHOM
JKEJIE3HOJOPOKHON UHPPACTPYKTYPBI, KOTOPBIN
obecrieunBaer Oe3onacHoe U APpGeKTHBHOE NepeBIIKEHHIE
noeszoB. IlpoGnema ycroiumsocrn BII B ycrousx 3} dekTHBHOI OLIEHKH PaboThI PEIbCOBBIX CKPEIUIEHUH Ha
TEMIIEPaTYPHBIX KONeOaHHil, MEXaHMYECKMX HArpy3oK H CTaluu poeKTHpoBaHus [3].

IPOLIECCOB CTAPEHHs] MaTepHaNoB OCTAETCS aKTyalbHOH B Llenb JAHHOTO  MCCIEOBAHMA — 3aKIiOuaeTcsi B
Hay4HOH 007acTH. 3ajaya TOBBINICHUA OE30MACHOCTH, YCOBEPLICHCTBOBAHHU PACUETHBIX METO/OB YCTOMYHBOCTH
HaJIEKHOCTH H JI0JITOBEYHOCTH OECCTBHIKOBOrO ITyTH TpeOyeT Gecerbikoporo mytn (BIT) ¢ yuerom  kosduimenta
JIQJIbHEHIIEro  COBEPUICHCTBOBAHMA — METOJIOB  €r0 OPWKATUS ~ MPOMEXKYTOUHBIX ~ PEIIBCOBBIX  CKPCILICHHUI
yeroitunsocti [1]. CHCTEMBI Pandrol Fastclip. VkazaHHOE
B MexyHapoIHOH HpakTHKE OblIM  paspaboTaHbI YCOBEPILIEHCTBOBAHHE OOECIIEUUT MOBBIIICHUE TOYHOCTU

pa3nuyHble METOIbl OLEHKM YycToiumBocTd bBII, cpenu
KOTOPBIX METOJbl PacieTa PAaBHOBECUS PENbCOIIIATbHOM
pelmieTky, Meroa  KOHe4HbIX  sieMeHToB  (MKD),
HMHTAIMOHHOE MOJENUpOBaHue u psa Apyrux. OmHako
OOJBIIMHCTBO W3 ITHUX METOJOB HE YYHUTHIBACT BIIHSHUC
TakuxX (HaKTOPOB, KaK TOYHOCTh TPWDKATHS PEbCOBBIX
CKpEIUICHHH, YTO OrPaHWYMBAET UX IMPAKTHYECKOE
npumeHenue [4, 10].

&2 https://orcid.org/0000-0002-7217-8161

NIPOTHO3UPOBAHMS YCTOMYMBOCTH IYyTH B Pa3IMYHBIX
9KCIUTyaTallMOHHBIX yCIOBUAX. It peanusanyy JaHHOW
LeNH He0OXOJMMO PEILIUTH CIICAYIOIINE 3a1auH:

1. IlpoBecTn aHaIM3 CyLIECTBYIOIIMX METO/IOB pacyeTa
ycroitunBocty BII u nx orpannueHui.

2. Paspaborath HOBbBI KOIDHIMEHT sl ydeTa
OPIKATH  NPOMEXYTOUHBIX  PENbCOBBIX  CKPEIUICHHI
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Pandrol Fastclip u wuHTErpmpoBaTh €ro B pacdeTHBIE
(b opmybL.

3. Ormenuts BIWSHHE HOBOro Kod(¢unmeHta Ha
KPUTHUYECKYIO TEeMIIepaTypHYI0 CHIy M YCTOHYMBOCTH
0eCCTBIKOBOTO ITyTH.

[IpennoxxenHoe ncciemoBaHue OyIeT CIOCOOCTBOBAThH
COBEpIIICHCTBOBAHMIO PAaCUYETHBIX METOJAWK B oOmacTi
HKEJIE3HOJJOPOKHOIO CTPOMTENBCTBA M JKCILTyaTallUH, 4TO
SIBISIETCS ~ KPUTHYECKH  BAXXHBIM UL TTOBBIIICHUS
0€30I1aCHOCTH ¥ yCTOHYMBOCTH OECCTHIKOBOTO ITyTH.

2. MeT010J10rusl CCJIeI0BAHUSA

Jns aHanmm3a yCTOMYMBOCTH OECCTBIKOBOTO ITYyTH C
yuetoM  KO3((HIMEHTa OPIKATAS — MPOMEXKYTOUHBIX
PENBCOBBIX  CKpETUICHUH NPUMEHSUINCh  METOJBI,
HaxoJsIIyecs B psAAe KIACCHYECKUX W COBPEMEHHBIX
Hay4HbIX pabor [2-5, 9]. OcHOBOW IUIsI TPOBEICHHUS
pacyeToB MOCHYXWIH U epeHIranbHbIe ypaBHEH,
OIICHIBAIOIINE YCTONYMBOCT PEJIBCOLINAIBHON PEIeTKH,
¢ no0aBlICHHEM YyuyeTa MpOAOJBHBIX YCWIMH M HX
COTIPOTHBIICHUI B MecTax Kpemwienus [7]. B pacuerax
UCTIONB30BaNach ~ Metojoisorus, mnpemtoxenHas  C.IL
[epmmaom [1, 6], kotopast Obula MomMpUIMpPOBaHA C
YUETOM CTETeHH NpIKaTHs CcKperieHnid Ttuma Pandrol
Fastclip. Jlannast Mo uKanus 3aKirodaiach BO BBEICHHN
HOBOro Ko3((HIleHTa NMpuKaTHsi, 4YTO IO3BOJsIeT Ooiee
TOYHO  OLEHWTb  BO3JCHCTBHE  YCWIMA  IPHXKaTHs
CKPEIUICHNH Ha YCTOWYHMBOCTB ITyTH.

IMapameTpbl, HCIOIB30BAaHHBIE B pacyeTe, BKIIOUAIN
CIIC/LYIOIME DJIEMEHTHI: XapaKTEePUCTUKHU PENbCOB (THIIBI
P50 u P65) ¢ cooTBeTcTBYIOIMMY 3HAUCHUSIMH ITAPAMETPOB
A ¥ W YKIIOH HayalbHOW HEPOBHOCTH JKEJIE3HOJOPOXKHOTO
myTd 1 (2%o 118 NpAMBIX y4acTKOB M 3%o Ul KPUBBIX);
kodhduimentsl Ki U Kz, ompezessiomie COMpOTUBICHHE
GautacTa M Harpy3Ky Ha ILIaIbl; a Takxke KodGdHImeHTs! K3
u K3', xapakTepu3yIomiue CTeNeHb 3aTsKKH OOJITOB M YCUITHE
npwkatusa.  MojenupoBaHHE — TO3BOJIWIO  MOJYYHTh
KAauyeCTBEHHbIE ¥  KOJMYECTBEHHbIE  XapaKTEPHCTHUKH,
HEoOXOAMMBIC [UIs aHAIN3a Pa3JIMYHbIX THIIOB PEIbCOBBIX
ckperieHnit. C  1enbl0  YTOUHEHHS  3aBUCHUMOCTH
kodhuimenta Ks' oT ycunms OpHKaTHSL CKPEIUICHHMN
Pandrol Fastclip Obi1a pazpaborana ycoBepIICHCTBOBaHHAs
MOJEJb, Y4YMTHIBAIOIIAs  HeJIWHEWHble J(GeKTsl U
MePEeXOHbIE 30HBI YIIPYrocTH [8].

3. Pe3yabTaThl Hcc/ie10BaAHUSA

IIpoBesieHHBIC BBIYUCICHHUST TO3BOJMIN YCTAHOBUTH
KPUTHYECKYIO TeMIIeparypHyto ciry Ns, KOTOpast BBI3bIBAaCT
BBIOPOC OECCTHIKOBOTO IIyTH B TOPU30HTAIBHOM MIIOCKOCTH,
C HCIIOJIBb30BAHUEM CIIEAYIOLIeH HOPMYJIBI:

N3=i—ﬂ-k1-k2-k§

I'paduueckunii aHaIN3 3aBUCUMOCTH KO3 (uineHToB Ki,
k2 u ks' mpomeMOHCTpHpOBaT CIeAyIOIlee: yBEIUYCHHE
COIPOTHUBICHHUS OaIacTa BBI3BIBAET POCT Koddduimenrta
ki, dro oOkaspiBacT TOJOXWTEILHOE BIMSHHE Ha
yCTOHYMBOCTh MyTH (puc. 1); ycuime MpmKaTus
CKpEIUICHU# UMeeT IpsiMoe BO3/eiicTBHe Ha KOA(DGUIIHESHT
ks' 1, cooTBETCTBEHHO, Ha OOIILYIO YCTOWIHBOCTD My TH (DHC.
2 u puc. 3).

0.2 0.4 0.6 0.8 1 1.2 ki
Puc. 1. 3aBucumocts ko3 puumenta ki or
CONpPOTHBJIEHNs OajacTa

ks
1.1

1.05

0.9
10 15 20 25 30 35
Mr, KH:cm
Puc. 2. 3aBucumoctb ko3 dpuumenta ks or yenms
3aTHAKKH raek 001TOBBIX CKpenieHnii: 1 — npu ykJione
HEPOBHOCTH B NPSIMOM Iy TH i=2%o, 2 — IPH YKJIOHE
HEPOBHOCTH HA KPUBOH i=3%o

ks'
1.02
1.01

0.99
0.98
0.97

0.96 —1
0.95 —_—
0.94
0.93
0.92
091

0.9

8.0 10.0 12.0 14.0 16.0 180 KH

Puc. 3. 3aBucumocts ko3 puimenta Ks' ot ycusust
npuxatus ckpervienmii Pandrol Fastclip: 1 — npu
YKJI0HE HEPOBHOCTH B IIPSIMOM Ny TH i=2%o, 2 — IpH
YKJI0HE HEPOBHOCTH HAa KPUBO# i=3%o

4. 3akaoueHue

VBenuuenue ycwinsl mpykatusi ckperuienuid Pandrol
Fastclip criocoOCTByeT MOBBILICHIIO KPUTHYECKOM CUITBI V3,
YTO B CBOIO OYEPE/Ib 3HAYUTENBHO YIIy4IlaeT yCTOWYUBOCTh
OecCTHIKOBOro MyTH. B paMkax uccienoBaHus MpelioKeH
YCOBEPUICHCTBOBAHHBIA METOJ] pacuera yCTOWYHMBOCTH
0eCCTBIKOBOTO IIyTH, KOTOpPBIH BKIIFOYaeT Kod(uUIueHT
NPWKATHA ~ IPOMEKYTOUYHBIX  PEIbCOBBIX  CKpPEIUICHUH
Pandrol Fastclip. JanHsiii Meron mo3Bossier Oojee TOYHO
YUHMTHIBATh TEMIIEpATYpHbIE W3MEHEHUS M MEXaHHYECKHEe
HArpy3KH, OKa3bIBAalOIIME BIMSHUE Ha YCTOHYMBOCTH
penbcoB. [lpakTudeckass 3HAYUMOCTBh JAHHOH pabOThHI
3aKIo¥aeTcss B ONTUMHU3ALMU  NPOCKTHPOBaHUA U
9KCIUTyaTallul PEJIbCOBBIX CKPEIUICHHH, Y4TO CIIOCOOCTBYET
NOBBIIICHHIO ~ 0E30MACHOCTH  JIBIDKCHUS  MOE3J0B U
CHIDKEHHIO 3aTpaT Ha TEXHUYECKOE 00CITyKHBAHHE.
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Modelling of longitudinal forces in a rail track to assess the stability of a track
without joints

A.A. Bondarenko'®?, K.S. Lesov®®®, T.A. Salakhov?!, M.K. Kenjaliev?®¢
1Samara State Transport University, Samara, Russia
2Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The paper considers modelling of longitudinal forces in the rail track of a trackless track taking into
account temperature and dynamic factors. The influence of rolling stock braking on track stability is
analysed, including additional longitudinal loads caused by changes in rail temperature and the influence
of traction currents. Mathematical models describing the formation of longitudinal forces, their influence
on track deformations and conditions of safe operation are developed. Methods for measuring and
controlling longitudinal forces are presented, as well as recommendations for monitoring and preventing
critical loads that can lead to loss of stability.

longitudinal forces, trackless track, temperature stresses, train braking, track stability, rail heating,
traction currents, modelling

Keywords:

MogaeaupoBaHue NPOAOJIbHBIX CHJI B PeJIbCOBOM IJIETH ISl OLEHKHU
YCTOMYHMBOCTH 0€CCTHIKOBOIO MyTH

A.A. Bonnapenko'©?, K.C. Jlecos’®°, T.A. Canaxon!, M.K. Kemxaanep?©°
IpuBomxckuii TocyIapCTBEHHBINH yHUBEPCUTET MyTel coobuenus, Camapa, Poccus
TamkenTckuit rocyIapCTBEHHBIN TPAHCIIOPTHBIA YHUBEPCHTET, TalkeHT, Y36eKucTan

AHHOTaIWA: B cratbe paccMaTpruBacTCs MOACIUPOBAHUE ITPOJOJIBHBIX CHII B peJ'ILCOBOﬁ IJIeTH OECCTHIKOBOIO yTH
C y‘-IéTOM TEMIIEPATYPHLIX U JUHAMHUYCCKUX q)aKTOpOB. HpoaHaanpOBaHo BJIMSTHUE TOPMOXKCHUS
NOJABMXKHOI'O COCTaBa Ha ycTOfI'—IPIBOCTb IIyTH, BKJIIO4Yas AOIIOJTHUTEJIbHBIC IMPOAOJIbHBIE HArpy3KH,
06YCHOBH€HHLI€ HU3MEHCHUEM TEMIIEpATYPhbl PEILCOB U BO3JICHCTBUEM TATOBBIX TOKOB. PaSpaGOTaHH
MaT€MaTU4CCKUE MOAC/IH, OINMCBIBAIOIINE (I)OpMI/IpOBaHI/Ie IPOAOJIBHBIX ycymnﬁ, UX BJIWAHHUEC Ha
I[e(l)OpMaI.[I/II/I IIyTH U yCJIOBUA 6e3omacHOM JKCILTyaTaluu. HpeZ[CTaBJ'IeHLI MCETOAUKU H3MEPCHUA U
KOHTPOJISI MPOJOJIBHBIX CHJI, a4 TAaKXE AaHbl PEKOMEHAAIMM IO MOHUTOPUHTY U NPEAOTBPAIIECHUIO
KPUTHYCCKHUX HAIrpy30K, CIIOCOOHBIX IPUBECTHU K IIOTEPE ycTOﬁ‘iHBOCTH.

Kitouessie crosa: NpOAOJBbHBIE CHUIIBI, 0ECCTBIKOBO# IIyThb, TEMIEPATYPHLIC HAIPSXKEHUA, TOPMOXEHHE II0€31a,

ycTOﬁ‘-IHBOCTL IIyTH, HarpeB peJIbCOB, TATOBBIC TOKHU, MOACIMPOBAHUE

UEKTPOJUHAMUYECKUE (DAKTOPBI CYIIECTBEHHO BIMSIOT Ha
MPOJIOJIBHYIO YCTOHUMBOCTD IyTH [3, 9, 10].

1. BBenenue

BeccTbikOBOM  myTh  IIMPOKO  NpUMEHSETcs B
HKEJIC3HOJOPOIKHOU uHppacTpykrype Gnaropapst
MOBBIIICHHON HaJEXHOCTH, CHIKEHUIO LITyMa U BUOpaIHy,
a TAaK)Ke COKPAILCHHIO KCIUTyaTallMOHHBIX 3aTpaT. OHaKo
o0ecrieueHne ero yCTOHYMBOCTH TPeOyeT KOMILUIEKCHOTO
aHanu3a MPOAOJBHBIX  YCWJIMH, BO3HHKAIOLIMX  IOJ
BO3JICHCTBHEM Pa3IMYHBIX (JaKTOPOB — OT TEMIIEPATYPHBIX
HATPSOKEHUH 10 TOPMOXEHUSI U JIEHCTBUS TATOBBIX TOKOB
[1-3].

B wMwupoBoii HaydyHOH JuTepaType 3HAUHTEIBHOE
BHUMaHHE Y/ENIeTCsl TeMIEpaTypHbIM HAlpsHKEHUSIM B
penbcax ¥ MX BIUSHUIO HA YCTOMYMBOCTH MyTH [2, 4-6]. B
paborax [7, 8] nomuépkuBaercsi HEOOXOAUMOCTH KOHTPOIISI
CHJbl YrOHa, BO3HUKAIONIEH TP TOPMOXEHUH, U

MHHHUMaJIbHOTO CONPOTHUBIICHHS MPOOTEHOMY
MIePEMEIICHHUIO PEJBCOB. HccnenoBanus TaKKe
MOKa3bIBaIoOT, 41O TEePMOMEXaHUYECKHUE "

4% https://orcid.org/0000-0003-0504-4670
b hitps://orcid.org/0000-0002-9434-0713

Tem He MeHee, KOMIUIEKCHBIN y4€T BCeX MCTOYHHKOB
NPOJOJBHBIX ~ Harpy30K IpU  NPOEKTHUPOBAaHUM U
9KCIUTyaTallud OECCTBIKOBOTO IYTH OCTAa&TCsl aKTyaJbHOU
3agadeit [11]. OcoOeHHO TO BaXKHO B YCJIOBHSIX BBICOKHX
TeMIeparyp, 3HAYUTENIHBIX MPOJIOJIBHBIX TIPAJUCHTOB U
9KCIUTyaTalluK JUIMHHOCOCTaBHBIX MOE3/10B.

Ilpenmer  uccnemoBaHWA:  NPOAOJBHBIE  CHJIBL,
BO3HHUKAIOIHE B PEILCOBON IUIETH OECCTHIKOBOTO IyTH, U
UX BIMSHHE Ha YCTOMYMBOCTH >KENE3HOAOPOIKHOM
HHPPACTPYKTYPBL

Hens wuccnenoBanus — pa3paboTka u BepHpUKALUS
MaTeMaTHYEeCKMX MOJeNed INPOJOJbHBIX CHII C Y4ETOM
TEMIEpaTypHbIX U AMHAMUYECKHUX BO3ACHCTBUH, a TaKke
¢dbopmupoBaHHE ~ PEKOMEHJALMHA MO0  OOECICUYCHHUIO
YCTOHYUBOCTH Iy TH.

3agaun UCCleI0BaHMUS:

. onucath PU3NIECKHE MPUHIUITBI BO3SHUKHOBEHUSI
MPOJOJIEHBIX CHIL,
. HCCIIEI0BATh nedopmaru MyTH J3{0)i

BO3/IEHCTBHEM HPOAOIBHBIX HATPY30K;

¢ https://orcid.org/0000-0003-4622-5937
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. pa3pabotath MareMaTHYECKHe
pacuéra npoJOIbHBIX CUIL;

. IIPEUIOKUTH METOJUKU U3MEPEHHS U KOHTPOJLS;

. c(hopMyIHpOBATH pexoMeHIanuu o
00€CTICUeHNIO YCTOMINBOCTH ITyTH.

MOJIEIH IS

2. MeT010J10rusl MCCJIeIOBAHUSA

B oOcHOBe HCCIICIOBaHHS — AaHAIUTUYECKHE W
YHUCICHHBIC ~ METO/ABl  MoJeiupoBaHHs.  IlocTpoeHbI
MaTeMaTHYeCKHe MOJICIIH, OINMCBHIBAIOIINE IPOJIOJIbHbIC
CHJIBI, BBI3BaHHBIC TOPMOKEHHEM, TEILIOBBIMH 3 derTamu
OT TArOBOTO TOKA W H3MCHCHHSMH TEMIICPATYphI
OKpy>Karoriel cpeasl [2, 3, 9, 10]. Mcrnons30Bannch TaHHbIE
0 TEIUIOBBIX XapaKTEPUCTHUKAX PEITbCOB 110 HOPMATHBHBIM
nokymenram [1, 12, 13].

TMony4yeHa 3aBHCHMOCTBH JOMOJHHUTENBHOIO Harpesa
PENBCOBOM TIIETH Jt OT HpOTeKa}OHIeFO B HEll TATOBOrO TOKa:

IzRo (k I’Ry)
9= T PRya [’ - ] )
+1906—(t/C)(k—1 Roa)
| t=4c | |t—12c
t=36¢c t=44c

IRO

9, = (1 —e7t/C/k) + 9yet/C/k (2

rme | — BeHI/I‘{I/IHa TOTpeOIIIeMOT0 TOKa,;

Ro — compotuBnenne penbCoBOil HUTH MPH HaYaIbHOMN
temmeparype t=0 °C;

€ — OCHOBaHHE HaTypaIbHOTO JIorapupma;

K — TemtooT1aua co Beeil MOBEPXHOCTH Pelibea;

t —Texymee Bpems;

C — TeII0eMKOCTb Pellbea;

o — TeMIIepaTypHBII KO3 (HITMEHT CONPOTUBIICHNS;

to — HaYaNBpHAs TeMIlepaTypa penbCoBol miety, to = 20
°C (110 HOpMaTHBY).

JloNOTHUTENPHBI HAarpeB PeNbCOBBIX IuieTell At° oT

TOPMOKCHUA IIOABHIKHOI'O cocraBa OIIpEACIICH
BBIPAXKCHUEM!
2
T u2r—-09)

rze ((X) — yJaenbHbIil TEIUIOBOM MOTOK B 30HE KOHTAKTA
KoJleca M penbca; 4 — KOA(DGHUIUEeHT Teruootaadn; 0 —
PAcCTOSTHHE MEX/y OCSIMH KOJIECHBIX Tap.

Ha puc. 1 m3o0paskeH IpoLecc HarpeBa peibca IO
CEUYCHHIO U 110 BPEMEHHU.

t=20c | t=28c

t=52c t=60c

Puc. 1. Dnropa HarpeBa roJioBKu peJjibca

MopzenupoBaHUe BBINOJIHAJIOCH METOJOM KOHEYHBIX
anementoB (MKD), ¢ yuérom ycnoBuil 3akperuieHus
pENbCOB, HEOJHOPOJHOCTH OCHOBAHMS U I'PAJUCHTOB
TEMIIEpaTypHBIX M MEXaHHMYeCKHX Bo3jeicTBuil [6].
Bepudukaips Mozeneil mpoBeleHa HA OCHOBE HATYPHBIX
HabOmromeHwmii [3, 14].

3. Pe3yabTaThl HCcae10BaHUS

MonenupoBaHue MOKa3ano, YTO COBOKYIHOE AEHCTBHE
TEIUIOBBIX U TOPMO3HBIX BO3JECHCTBHI MOXET HMPHBECTH K
NPEBBIIICHUIO  JIONYCTHMbBIX  IPOAOJBHBIX  YCHIJIHIA,
yCcTaHOBJIEHHBIX HopMaTtuBamu [1, 13]. Tak, noxambHBII
HarpeB penbeoB 10 10—15 °C cBepx (poHa MOXKET YBEITUUUTH
MpoJIobHOe HanpsxeHue Ha 10-25 % [9, 10].

Bormpoc yuera OHOJHUTENBHBIX UCTOYHHUKOB Harpesa
PeJILCOBBIX MJIeTeil 1  SKBUBAJICHTHBIX TeMreparyp (At,y)
u3-32 HAIMYMS HE MOAOWTHIX IINan (HEpaBHOYNPYroro
OCHOBaHMS) 4YpPE3BBIYAHHO BaXKE€H, T.K. OHHM OKa3bIBAIOT
ompenieNAIoiee BIMSHUE Ha pacyeT TeMIepaTypHOro

UHTEpBajla 3aKpeIUIeHUs peibcoBbIX IUieTeil. B cBoro
o4epesib yCTOMYMBOCTH OECCTBIKOBOTO IIyTH B Ipoliecce
JKCIUTyaTaluy OyAeT TeM BbILIe, 4eM Ooliee UPOKUM OyaeT
TeMIEPaTypHbI HHTEpBal 3aKPEIUICHUS PEIbCOBBIX
ieTeil 3a CcyeT YBENWYEHHS BEpXHEH TIpaHULBI 3TOTO
uHrepBana. Eciu daxkrtuyeckue TemIeparypbl penbCOBBIX
IUIeTeH BBIXOJAT 3a IpeJesbl TeMIIEPaTypHOro MHTEpBaja
3aKpeIUIeHUs, TO O5TO HAKJIAJbIBAET OrPAHUYCHHUS Ha
BBITIOJIHEHHS] HEKOTOPBIX BUIOB ITyTEBBIX PA0OT, CBA3aHHBIX
c ocialneHneM COMPOTHUBJICHUI nepeMereHu i
PENbCOIINAIBHON PEIeTKM KakK B IPOJOJIBHOM, TaK M B
MOIIEPEYHOM OCH IyTH HampaBieHHMH. B To ke Bpems
TIOBBIIICHHE BEJIMYMHBI BEPXHEW I'PaHULbI TEMIIEPATyPHOTO
MHTEpBaJla TMO3BOJIIET CHATh 4YacTh OTPAaHUYCHHH Ha
BBITIOJIHEHHUE ITyTEBBIX padOT IPU BHICOKHX TEMIEpaTypax.

IIpexxne uem Oonee MOAPOOHO HCCIIENOBATh CTETIEHB
BO3JICHCTBUSL TPOJOJIBHBIX CHJI BO BpeMsl JBIIKCHHS
HOJIBIXKHOT'O COCTaBa, CTOMT HayaTh ¢ (PU3MYECKOT0 CMbICIIa
HOHATHS «IIPOJOJIbHBIE cuiibl». OHU NPEACTaBIAIOT cO00M
CHJIBI, ACHCTBYIOIIME B HANPABICHUHM JBIKEHHS I0€3]a,
KOTOpBI€ BO3HUKAIOT M3-32 TPEHHs KOJIEC MOe3/a O PEeIIbChI
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1 HENOCPEICTBEHHOTO BO3JEHCTBUSI BO3IYIIHON CpEHBI.
[IponmonbHEIE CHIIBI MOTYT MMETh Pa3iIH4HYIO IPHPOLY U
MPOSIBIATECS Ha pa3HBIX ydacTkax mytH [8]. Omm

OIPEACIIIOTCA HECKOJIbBKUMH (1)I/ISI/II1IECKI/IMI/I
MPpUHOUIIAMU,KOTOPLIC IIPEACTABIICHBI B Ta6J'II/IHe 1.

Ta6auna 1
IIpomosbHbIe CUJIbI, BOSHHKAIOLIME NIPU IBHKEHHHU 110€3/10B

Buja npogosibHOI CHIIbI Onucanue
Ilpu nBMKEHMHM 10 HAKJIOHHOMY IIyTH BO3HHKAE€T CHJIA TSDKECTH, KOTopas
HamnpaBjieHa BHU3 TI0 CKJIOHY. JTa CHJIa CO3JIaeT MPOJIOJNBHBIC CHIIBI, KOTOPHIC
JIEUCTBYIOT Ha 1moe3]. Eciau myTh HMEeT IOJOXKHUTEIbHBIH Yrojl HakKjiIoHa
(BOCXOmAIIMI  CKJIOH), TO CHJIa TKECTH TPHIACT JBIDKCHUIO —I0€3]a
JIOTIOJTHUTENBHYI0 SHepruo. Eciu ke myTh uMeeT OTpuUareNbHbI yrojl HakjIoHa
(HECXOmANMU CKJIOH), TO CHJa TSXKECTH OyJeT MpersTCTBOBATh JBWKCHUIO U
TpeOOBaTh JIOTIOHUTEIBHBIX YCIIUHA OT TOJIBUYKHOT'O COCTaBa
BiusiHue ckopocTy Ha BOZHMKHOBEHHE TIPOIOJIBHBIX CHJI CBSI3aHO ¢ uHepumei. [lpu
HapacTaHWU CKOPOCTH TI0€3/la YBEJIMYMBACTCA €ro KUHETHYeCKash SHEepPrus, 4ro
TPUBOJIUT K TOBBIIIEHUIO CUJI HHEPIIMH, BO3HUKAIOMIUX NIPU U3MEHEHUU CKOPOCTH.
[lpn nBWXKEHNM MO HAKJIOHHOMY ITyTH 3TH CHIJIBI MOTYT JOOABHTBCS K CHIIaM,
CBS3aHHBIM C YIVIOM HAaKJIOHA, M IPUBECTH K YBEIMYEHUIO WIM YMEHBUICHUIO
TPOJIOJILHBIX CHJI, B 3aBUCUMOCTH OT HAlpaBJIeHUs! JIBH)KEHHUSI U BEKTOPOB 3THUX CHJI
Macca u paznuuHble apaMmeTpbl MOABMKHOTO COCTaBa, TAKHE KaK CONMPOTHUBIICHUE
IBIDKCHUIO ¥ KOX(D(HIMEHT TpeHHs, TaKKe BIUAIOT Ha BO3HHKHOBCHHE
TIPOJIOIBHEIX CHIL. borbmias Macca TpeOyer GOoNbIIel CHIIBI TATH VIS TTPEO0JICHIUS
TPEHUS U CONPOTHUBIICHHUS JIBUKEHUIO. BemunHa TpeHus: B CBOIO OYEPEIb 3aBUCUT
OT XapaKTEePUCTUK MYTH U COCTOSTHUSI KOJIEC

Yrois HakIOHA IyTH

CKOpPOCTb JIBUKEHUS

XapakTepUCTUKU
TIOJIBHKHOT'O COCTaBa

[lpn yBenuueHWW JUIMHBI TOE3lla pacTeT pa3HHIA BO
BpPEMEHM CpadaThIBaHHS TOPMO30B M, COOTBETCTBEHHO,
YBEJIMYHUBACTCS MPOJOJIbHAS CHIa B TYTH JBHKEHHS
MOJIBIKHOTO CcOCTaBa. l13-3a MPephIBHCTOrO TOPMOKEHHS
TOPMO3HOM TyTh JUISl JUIMHHOCOCTaBHBIX MOE3/I0B TaKkKe
yBEIMYHMBAaeTC. B ciydae OJKCTpeMalbHBIX CHTYaluit
3HAUMTENIbHAsl BEIWYMHA TPOJONBGHON CHIBI  MOXET
NMPUBECTH K CXOAy C PpEIbCOB WIIM  CEPhE3HBIM
MOBpeXJeHuAM moe3ga. Kpome Toro, HeratuBHoe
BO3/IeiiCTBHE MPOJOIBHBIX CUJI IPUBOAUT K YBETMIYEHHOMY
U3HOCY BaroHoB. YToObI H30eXaTh NIIUIIHUX MOKa3aTelei
MIPOJIONBHBIX cui, HE00X0IMMO TIIATETBHO
KOHTPOJIMPOBATh TOPMO3HYIO CUCTEMY MOE3/1a.

Ecnu myTh He Ha/Ie)KHO 3aIIUILEH OT YTOHA C TIOMOLIBIO
MIPOMEKYTOYHBIX PETBCOBBIX CKpETIIIEHHH,
o0ecreunBaronuX HOPMAaTUBHOE NPWKUMHOE YCHIHME WIN
MIPOTUBOYTOHAMH Ha y4acTKaX C JEPEBSIHHBIM OCHOBAHUEM
U KOCTBUIBHBIM COEJMHEHHEM, TO B pEIbCax MOIYT
BO3HMKATh CYIIECTBEHHBIE MNPOAOJBHBIE CHIbI, YTO HPH
OIPEJIETICHHBIX YCIOBHUSIX MOXKET IPUBECTH K CEPhE3HOMY
HapyIIEHUIO YCTOWYMBOCTH PEJIbCOBOM KOHCTPYKIHH.
OHaKo HaJM4Yhe KPEeNKHX MPOMEXYTOUHBIX CKpEIICHUH
MPAaKTHYECKH MOJHOCTBIO UCKII0YaeT BO3MOXKHOCTh YIOHa,
4To, COOTBETCTBEHHO, YMEHBIIIAET BEPOSITHOCTD
BO3HMKHOBEHUS BIIUAIOMIUX JOMOJHUTENBHBIX CHI OT
TOPMO3SIIIETO M0€3/1A.

Cuna yroHa mytd mnpu ckopoctu 10KM/94 Moxer
nocrurath 33,4 kH, Toraa xak npu 80 KM/4 CHMKaeTCs 10
13,7xH [7]. MuHHManbHOE AOMYCTUMOE COIMPOTHBICHHUE
penbca MPOJONBbHOMY HMEPEMELIEHHIO JODKHO COCTaBIATh
e menee 3,86 kH/m [8]. Tlpu CHMKEHHUH COMPOTHUBIICHHUS
BO3pacTaeT PHCK CIBHIa PENIbCOBOI IUIETH U TIOTEpH
YCTOWYMBOCTH Iy TH.

Ocoboe  BHUMaHWE  yHIENEHO  paclpeleseHUI0
TOPMO3HBIX YCHJIMH B  UIMHHOCOCTaBHBIX  II0€3/aX.
HecuHXpOHHOCTh cpabaThIBaHUS TOPMO30B HPHBOAUT K
HEPaBHOMEPHOMY pacrnpeeneHHIo MPOJOIBHBIX
HanpspkeHuid.  Taikke BaXKHBIM — (DAKTOPOM  SIBISIETCSI
COCTOSIHUE CKPEIUIEHUI U YCTOWYMBOCTH ONOPHI Nl Ha

0aJIacTHOM OCHOBAaHHH, OCOOSHHO B 30HAX IepexooB [15-
17].

BzaumocBsaze  Mexnay — medopmanmedt mytH  u
MPOIOIBHBIMH CHIIAMH, BO3HUKAIOIIUMH TIPH TIPOXOKACHHN
noes3yia, SIBIIETCS Ba)KHBIM acIeKTOM I O0eCTIeueHust
OezomacHocTH M 3(P(PEKTHBHOCTH  KEIE3HOIOPOIKHOTO
TpaHCIIopTa.

W3ydenne B3aMMOCBSA3M MEXAy AedopManueil myTH U
HPOZOIBHBIMI CHJIAMH BKJIIOYAeT aHamu3 (usudeckux u
MaTeMaTHYeCKHX MOJeJIeH, 9KCHEPUMEHTAIBHBIC
UCCIICIOBAHUS M MCIOJb30BAaHME  KOMIIBIOTEPHBIX
MOJIeIMpOBaHHU. Bumpl nepopmanuii, BO3MOXHBIE IPU
HPOXOXKIECHUI noesza, BKJIIOYAIOT IIPO/IOJIBHOE
pacIIMpeHue, NpOJOJIBHOE CXAaTue, NPOJNOJIBHBIE U
HOTIEepeYHbIe M3rHOBI U T. 1. MOJIeIMPOBAHKE U aHATIU3 ITUX
nedopMalii  TO3BOJNSAET  ONPEACNIUTh  BEJIMYMHY U
HaIpaBJIeHUE IPOIOJIBHBIX CUJI U OLIEHUTh MX BIMSHUE HA
MYTh ¥ NOJBIKHOM cOCTaB.

4. 3akaoueHue

1. KomrmiekcHoe MOJeIMpOBaHUE MPOJOJIBHBIX CHII B
penbcoBoil meTH obecrieurBaeT 0Oojiee TOUHYIO OLICHKY
YCTOHYMBOCTH OECCTHIKOBOTO IMyTH.

2. IoNONHUTENbHBI HArpeB OT TATOBBIX TOKOB H
TOpPMOXEHUs TpeOyeT yu€Ta Mpu pacuére TeMrepaTypHBIX
HMHTEPBAJIOB 3aKPETIICHHUSI.

3. Pexomenpmyercs  BHeOpEeHHE  MOHHMTOPHHIOBBIX
CHCTEM [UIsl KOHTPOJISI MPOAOIBHBIX YCWIUH B pealbHOM
BpPEMEHU.

4. TloBbiLieHNE TIPOYHOCTH PeBCOIINaIBHBIX
CKPEIUICHUH W OJHOPOJHOCTH OasIACTHOTO OCHOBaHHUS
CHIKAeT PUCK yroHa ITyTH.

5. HeoOxomumo YUUTHIBATH B3aUMO/ICHCTBHE
TOPMO3HBIX ~ CHCTEM JJIMHHOCOCTaBHBIX MOE30B U
MEXaHUYECKUE XapPaKTePUCTUKH OCHOBAHHSI.

6. PesyapraTthl ~ MOJEIMPOBaHHA  MOTYT OBITH
UCTIONIb30BaHbBI JUISE aKTyaau3ayu HOPMAaTHUBOB
3aKpEIUICHUS PENbCOB M ONTUMHU3AINH IKCILTYaTaI[MOHHBIX
pelLIeHui.
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Deformation characteristics of polypropylene thread (p-1) for synthetic slings

Abstract:

Keywords:

B.K. Rakhmanov?, S.Zh. Razzakov?
Ferghana State Technical University, Ferghana, Uzbekistan
2Namangan State Technical University, Namangan, Uzbekistan

The article presents the deformation characteristics of polymeric materials, in particular, synthetic threads
for lifting slings, which are used in rigging. Influence of temperature on the characteristics of deformation
and strength properties of synthetic fibers. Relationships between the characteristics of deformation
properties and molecular processes occurring in polyolefin threads are revealed. The characteristics of
multifilament threads, from which synthetic slings are made, as well as deformation and mechanical
characteristics, are given.

rigging, lifting devices, textile slings, synthetic fibers, deformation characteristics, temperature

JedopManimoHHbIe XapPAKTEPUCTUKHU MOJTUIIPONWICHOBONH HUTH (nn-1) mJist

CHUHTCTHYECCKHUX CTPOII

Paxmanoe B.K.!, Pa33akos C.K.2

l®epranckuii rocynapcTBEHHbI TeXxHUUECKUi yHUBepcHTeT, Deprana, Y30eKucTan
2HamaHTaHCKH rocyIapCTBEHHBIH TEXHUYECKH yHuBepcuTeT, Hamanran, Y30eknuctan

AuHoOTALMA:

Kunrouessie cioBa:

1. BBenenue

Pa3nuuHble NPUPOJHO-KIMMATHYECKUE YCIOBHA, B
KOTOPBIX [IPOMCTEKAIOT CTPOUTENBHBIE IIPOLECCHl HAYNHAIOT

B craTbe mpuBeAeHB! JAe(OPMAIMOHHBIC XapaKTEPUCTHKH MOJMMEPHBIX MaTepHAllOB, B YaCTHOCTH,
CHHTETHYECKUX HHUTEH VISl TPY303aXBaTHBIX CTPOII, KOTOPbIE MCMOJIB3YIOTCS B TaKENaXHBIX paboTax.
BiusiHie  Temreparypsl Ha  XapaKTepHCTHKH  JIe(hOPMAIMOHHBIX W  TPOYHOCTHBIX CBOWCTB
CHHTETHYECKUX BOJIOKOH. BBISBICHBI B3aHMOCBS3M MEXIy XapaKTEPUCTHKAMH aedOopMaldOHHBIX
CBOMCTB M MOJCKYJSIPHBIMH TPOLIECCAMH, TMPOTEKAIONIMMH B MOJHONEPUHOBBIX HHUTAX. JlaHa
XapaKTEePUCTHKA MYJIbTU(QUIAMEHTHBIX HUTEH, U3 KOTOPBIX U3TOTABINBAIOT CHHTETHYCCKHIE CTPOIIBI, a
TaKxke nedopMaoHHbIe ¥ MEXaHMYECKUE XapaKTEPUCTUKH.

TaKelaXHple paboThl, Tpy303aXBaTHbIC MPHUCIOCOOTIEHHS, TEKCTHJIBHBIN CTPOI, CHHTETUYECKHE
BOJIOKHA, Ie()OpMaIlMOHHBIC XapaKTePUCTUKH, TEMIIepaTypa

BO3/ICHCTBOBATh HA arperaTHOE COCTOSIHHE CHHTETHYECKUX
JEHT, KaHaTOB W COCTaBsOIMX HUTed. [t Bcex
CHHTETHYECKUX MaTepHAJIOB C W3MCHCHHEM TEMIIepPaTypsbl
OKpY’Kalolllel cpelibl XapakTepHbl YCIOBHBIE mepexoabl [1].
B Tabauue 1. nokaszaH auanasoH XapakTEpHBIX TEMIIEPaTyp
VIS Pa3IMYHBIX MaTePHAJIOB.

Tabauna 1
Jlnana3oH XapaKTepHBIX TeMIepaTyp AJIsl Pa3JINYHBIX MATEPHAIOB
T xpymnkocTa TeC* o
Ne N o T°C
Marepuain (Mopo30cTOHK pabouas T°C pa3msiryeHus
/1 TUTaBJICHUS
0CTb) (1e Goiee)
1 2 3 4 5 6
1 TTonmuamun -50 100 170 215
2 Honmdup —60 120 225 260
3 Tomuponuiex —40 80 140 170
4 [HonumyTunen —70 80 120 150
5 Apamung —70 80 120 150
6 BricokoMoneKy s pHbIi 70 250 ) 450-500
MOJIMATUIICH

He yrnyOmssice B (U3MKO-XUMHYECKHE CBOWCTBA H
MOJTMMEpHBIE  TPEBpAIEHHUs PAaCCMOTPUM, KaK  3TO
OTpA3UTCsl Ha TOTOBOM TEKCTIIIBHOM JIEHTE (CTpoTIe):

— KPHUCTAUIMYECKOE COCTOSHHE — TIPH HHU3KUX
TeMIeparypax CrTpom OyaeT XpYyNKHd U IKECTKHUi,
TM0JTb30BAThCS €1 110 HA3HAUSHUIO HEBO3MOXKHO;

— HOpPMaJIbHOE COCTOSIHHE — MHTEpBaJl TEMIIEparyp, B
KOTOPBIX JIeHTa (xaHaT) MOXeET HOPMAaJIbHO
9KCIITyaTUPOBAaThCS;

— pa3MAryeHue — Mpu JajabHEHIIEM HarpeBaHUU CTPOI
HAYMHAET BBITATHUBATHCSA MOJ HATPy3KOH, OH PACTSIHETCS
(kax >keBaTeNbHAsl Pe3WHKA) U YaCTHYHO WM TOJHOCTBIO
MOTepsieT CBOM CBOMCTBA M 3TO OyOeT «TOYKOW He
BO3BpaTa»;

— IUIaBJIE€HHE — €CNIU TeMIlepaTypa MpoAoLKaeT PacTH,
CHHTETHUYECKOE BEIIECTBO HAYHET IUIABUThCA M II0TOM
UCHAPATHCS WM Pa3pyliaThes, TOTAA 3TO Oy/eT TerioBast
JECTPYKITHSL.
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IpeBbliieHHe  TaHHBIX  TEMIEPATYPHBIX  YCIOBHIA
COKpaI[aeT CPOK CIYXObl M CHIKAET JKCIUTyaTallHOHHBIE
XapakTepuCTHKU cTpor. IIpu 3ToM pabouasi Temreparypa
BCET/Ia IOJDKHA OBITh HUKE TEMITEPaTyPhl Pa3MsTICHHUSI.

B YCIIOBUSIX Y306ekucrana CTPOHTEIILCTBO
OCYIIECTBISIETCS B TEMIIEPATYPHBIX Juana3oHax ot —20° 1o
+50°, mpu 3TOM pa3IWYHBIC MaTEPHABl O] MPIMBIMH
mydyamu coiHma pasorpeBatotcs g0 70-80°C. Ilpum
HHTEHCHBHOM HCIIOJIb30BaHUN CHHTETHYECKHX
TEKCTWIBHBIX CTPOIl C Pa3IMYHBIMH COEIAUHUTEIbHBIMU
3JIEMEHTAMH, KOHIIEBUKAMH, POJIMKAMH, BaJIaMHU U JIPyTUMHU
MMOBEPXHOCTSIMA  COTIPUKOCHOBEHHUS CJIEYeT YUHUTHIBATH
JTAHHBIC YCJIOBHS, KaK JCWCTBHE BHEITHUX CHJI TpeHus [2,3].
IToMUMO IIEHCTBHSI BHEIIHMX CHJI TPEHHS WMEET MECTO
JICCTBUEC BHYTPEHHUX CHJI TPEHHS — 3TO BHYTpPEHHEE
TPeHHE BOJIOKOH JpYyr O Jpyra, BO3HHKAIOIlee IpU
MIPOTSIKKE KAaHATOB [4].

JlnTepatypHbIii aHaJIN3. Mpmuorue YUYEHbIE,
3aHUMAIOIIMECS HCCIIEIOBAaHUEM MEXaHUYECKHX CBOWMCTB
MOJIUMEPHBIX ~ MaTepuajoB,  TMpHUAABaJd  OTPOMHOE

MPAaKTHYECKOE W TEOPEeTHYeCKoe 3HadeHHe BOIPOCaM,
CBSI3aHHBIM C WM3YYEHHEM OCTaTOYHOH IedopManuyl Ipu
PacTsDKEHHUH TTOJMMEPHBIX MaTtepraioB [5]. HecomHeHHBII
HHTEpEeC TPEJCTABIAIOT JaHHBIE O BOCCTaHOBUTEIBHBIX
CBOWCTBAaX  CHHTETHYECKMX  BOJOKOH W HHTEH,
npeacraBieHHble B n3BecTHhIX kHUrax [.H. Kykuna, A.H.
Conosbesa, A.H. Ko6nskosa, K.E. [Tepenénkuna [6]. Cpeau
CHUHTETHYECKHX BOJIOKOH HaunOoJee JTMHAMAYHO
pasBHUBaeTCs MPOW3BOACTBO monunponiieHoBbx  (I1I1)
BOJIOKOH M HHUTEW, KOTOpbIe HAILIH IIHPOKOe MPpUMEpEeHHe
Kak JUIsl  W3TOTOBUTENICH  WM3IENMH  TEXHHYECKOTO
Ha3HA4YeHMs, TaK M B IIPOM3BOJICTBE TOBAPOB MacCOBOTO
OTpeOIeHNst. ITO 00BACHACTCA AOCTYITHOCTBIO HCXOIHOTO
CBIPbS, IPOCTOTOM TEXHONOTUM TIOMYYEHHS BOJIOKOH,
JOCTaTOYHO BBICOKUMU SKCIITyaTallMOHHBIMHU

XapaKTepUCTUKAMHU U3JIETIHIA, BBIpaOOTaHHBIX Ha ocHOBE 111
BOJIOKOH W HHTEH [7].

Bricokonpounsie BBICOKOMO/TYJIEHBIE
MOJTUIIPOTIIJICHOBEIE HUTH HAXOJIT MMPHIMEHEHNE B TEXHHUKE
Y MEJIMIMHE U B CTPOUTEIHCTBE [Tl U3TOTOBJICHUS CTPOIIOB,
KaHATOB, IIIHYpOB, BEPEBOK, PpBIOOJOBHBIX  JIECOK,
XUPYPrUYE€CKUX IIOBHBIX HHTEH, JUIsI apMHUPOBAHHUSL
3acToMepoB. MUpOBOE MMPOU3BOJICTBO YKa3aHHBIX B Ta0I. 1.
BUJIOB XUMHUUYECKHX BOJIOKOH B 2020 r. 1m0 cpaBHEHHIO C
2010 r. Bozpocio Ha 3,5%. IlepBoe MecTo 10 IPOU3BOACTBY
XUMHYECCKHX BOJIOKOH B MHpe 3aHsu1 Kutaii - 6,7 MITH. TOHH,
Ha Bropom Mmecte CIHIA - 4,2 muH. ToHH (+ 5,9%), Ha
TperbeM MecTe TaiiBaHb - 3,2 MITH. TOHH.

3a/1aun, KOTOPhIC PEIaroTCs B JaHHON YacTh padoTEhl,

COCTOAT B BBIABJIICHUNA B3aMMOCBA3U MEKIY
XapaKTECpUCTUKaAMU I[ed:)OpMaLII/IOHHI)IX CBOWCTB u
MOJICKYJIIPHBIMU nponeccamu, NPOTCKAOIIUMHU B

nonuonenHOBEIX HUTSAX. Ocoboe BHUMaHHE YIEIeHO
HCCIIEIOBAHUIO OCTaTOYHOrO KOMIIOHEHTa JedopMaluy,
KaK OJHOH M3 OCHOBHBIX XapaKTEPHCTHK CTaOMIFHOCTH
pasMepoB  MaTepHaJoB  MOCIE€ MX  MEXaHHYECKOro
Harpy>KeHUsL.

O0bexToM HCCIIeIOBAHUS SABJISIIACH
BbICOKOOpUeHTHpoBaHHas [I[1 HHUTH TPOMBINUICHHOTO
npoussojcrsa (II1-1) u3 mapku nonunpormiena [TITFR—
173H u FR-170 H [7]. UccnenoBanusi MeXxaHUYECKUX
CBOWCTB M CTPYKTYpPHBIX IIPOIIECCOB MPOBOMINCH IPU
temmneparypax T=20, 50, 80, 100°C, naxondmuxcs BbIIIE
TEMIlepaTypbl  CTEKJIOBaHMS W  3HAYATENBHO  HIKE
TeMHeparypsl miasieHust. Poct ycagounsix aedopmannii y
aToit HuTH Habmomaercs npu T>80°C. Ilpu T=100°C,
& =~1,5%, TeM He MeHee M NpU OITOH TeMImeparype
HPOBOAMIMCH HCCIIEIOBAHMS A OPMALIMOHHBIX IIPOLIECCOB.

[Juarpammel pactsykenus HuTH [111-1, nomyuenHsle npu
V=100 mm/muH, u T=20, 50, 80, 100°C, npexcraBieHs Ha
puc.7.

Jlnarpamma pacTsiKeHHs MOJUIPONUICHOBOW HUTH
(IIII-1) mpu pa3aMuHBIX TEMIEpPaTypax
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=@ Temneparypa, 20°C

005117227334 5 6 8 10 12 14 16 18
Hedopmarust, %

=@ Temneparypa, 50°C

Temmeparypa, 80°C =@ Tewmmeparypa, 100°C

T,°C: 100 (1); 80 (2); 50 (3); 20 (4)

Puc. 1. lnarpammpl pactsizkenusi nojunponuienoBoii Hutu (II-1) npu pa3auyHbIX TeMIeparypax

bruto  mokaszaHo, d4TO

3HAYUTCJIBHOI'O

HU3MCHCHUA

3HAYMTENIBHOE H3MEHEHHUE
ckopoctu pactspkenust (ot 0,1 1o 500 MM/MUH) He BBI3BIBAET

BHUIA

OTUX KPUBBIX

— M3MEHeHWs 3Ha4YeHHd aedopMalK M HANpsHKEHUH B
YKa3aHHOM Jihana3oHe CKOpOCTel CoCTaBIsuIo He Goree 5%.
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2. MeTon0/10rust HCCJIeI0OBAHUSA

Takum o0pa3oMm, B  ONPEHCAEHHOM JWANa3oHe
ckopocreil  1e)OpMHUPOBAHKS MOXHO CYHUTATh KPUBYIO
PacTsDKEHUSI  JIOCTATOYHO CTaOMIBHOW XapaKTePHCTUKON
MEXaHUYECKUX CBOWCTB 3TOM HUTH. AHAIN3 (HOPMBI KPUBBIX
6(€) MO3BOJIIET OTMETUTD, YTO AUArPAMMBI pacTspkerust [T
HUTH COCTOST U3 IBYX YYaCTKOB, IPAHHUIIA MEK Y KOTOPHIMHU
HaxoauTcs BOMU3U £~4—5%. Jlns Oojiee TOYHOrO aHajiu3a
(hOpPMBI 3TUX KPUBBIX PACCUMTHIBAIUCH 3HAYEHHS TEKYIIIETO

(kacarenmpHOTO, TaHTEHIIMATBEHOT'O) E(e) MOJTyJIsl,
MOJTyYeHHBIC JTUPPEPEHIMPOBAHAECM JHarpaMMbI, T.C.
E(e)=00(¢)/0k.

[poneccer TIOJI3Y4eCTH u 3IIaCTHIECKOTO

BoccraHoBienuss HutTH I1I1-1 uccrnenoBanuchk B MHUPOKOM
QIMaTia30He Harpy3oK (OT MaJBIX JI0 Tpepa3phIBHBEIX) MPH
temneparypax 20, 50, 80, 100°C. BoccranoBurenbHbIE
TIPOILIECCH MIPOXOAMIIM TP TOJHOW pasrpy3ke o0pasloB.

Bp6M5{ TMOJIBYUECTH W 3JIACTUYCCKOIr'0 BOCCTAHOBJICHUSA
12 5

cocrasisuio 10 muH. [IpoBogumcs u 6osee UTENBHEIE (B
TEUYeHHe 2-X YacoB) SKCIEPUMEHTHI IO DIaCTHIECKOMY
BoccTaHoBieHHIO. [loka3aHo, 4Tro CKOpOCTh Ipolecca
BOCCTAaHOBJICHUS CYLIECTBCHHO I1aJacT BO BpPEMCEHHU,
MOATOMY MOXKHO CYUHWTaTh, YTO 3a BpeMmst paBHOe 10-Tm
MHHYTaM TPOXOAWUT OOJNbIIas YacThb 3TOTO IIpoIecca.
CemelicTBa KpHUBBIX IIOJ3Y4eCTH M  DIIACTHYECKOTO
BOCCTaHOBJIeHU IuleHOYHOU Hutu I1I1-1 npencrasieHs! Ha
puc. 25 B TOJyJIOrapuPMHUYECKON CHCTEME KOOpIHHAT.
JHTeHCUBHOCTE  NpOTEKaHWs  Ipolecca  IOJI3y4YecTH
CYLECTBEHHO 3aBUCUT OT BEJIUYMHBI IIPUI0XKEHHOH
Harpy3kH, T.e. HaONIONAeTCs pOCT CKOPOCTH IIporecca
MOJI3YYECTH IIPH OTIPE/IeIEHHBIX 3HAUEeHHI HanpspkeHus [ 8].

Ha puc. 2. moxa3aHbl cemMeiicTBa KpUBbIX osn3y4ectH (1)
u 31aCTHYECKOTO BOCCTaHOBJICHUS () y
nonunpormienoBod  Hutn  (I1I1-1), momydeHHBIe TIPH
T=20°C 1 pa3nIuuHbIX 3HAUCHUAX HAIPSKEHMS.
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3HaveHusd o, MIla: 24(1); 40(2); 79(3); 95(4); 119(5); 134(6); 159(7); 187(8); 198(9); 214(10); 240(11); 262(12); 278(13);
294(14); 315(15).
Puc. 2. CemeiicrBa kpuBbix noJsydectu (I) u anacruyeckoro Boccranosienusi (II) y monmunponuieroBoii Huru (ITIM-1),
noJiydeHnble npu T=20°C 1 pa3Iu4HbIX 3HAYEHUSIX HATIPSAKEHU S
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3nauenus 6, Mna: 24 (1); 40 (2); 56 (3); 63 (4); 79 (5); 95 (6); 100 (7); 119 (8); 134 (9); 154 (10).
Puc. 3. CemeiicrBa kpusbix noJsydectu (I) u anacruyeckoro Boccranosienust (II) y monunponuienoBoii Huru (IIM-1),

7
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noJiydyeHnbie npu T=50°C u pa3Iu4HbIX 3HAYEHUSIX HANIPSIZKEHU ST
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03 06 09 1.2 15 18

lgt, ()

3nauenus o, Mna: 24 (1); 40 (2); 56 (3); 63 (4); 79 (5); 95 (6); 100 (7).
Puc. 4. CemeiicrBa kpusbix noasydectu (I) u anacruyeckoro Boccranosienust (I1) y mosunponuienosoii Huru (IIM-1),

ENGINEER



nosydennbie npu T=80°C u pa3iu4HbIX 3HAYEHHSIX HANIPSIZKEHUS

o}
-09 -06 03 0 03 06 09

1.2

15 t, (tammm)

8

7

w

)

-0.9

06 -03 0

Izt (trom)

0.3 0.6 0.9

1.2

3naveHust 6, Mna: 7,9 (1); 15,9 (2); 24 (3); 32 (4); 36 (5); 40 (6); 47 (7); 63(8).
Puc. 5. CemeiicrBa kpuBbix noJsydectu (I) u anacruyeckoro Boccranosienusi (IT) y nonmunponuienooii Huru (ITI-1),
nosay4yeHnbie npu T=100°C u pa3IM4HbIX 3HAYCHUSAX HANPSKECHUS

VYBenuyeHue  Harpys3KU IPUBOAUT K  IOSABICHUIO
JNOCTaTOYHO  OONBIIMX ~ OCTaTOYHBIX  JeopMaruii.
Hcnons3ys ceMeicTBa KPUBBIX MOJ3Y4eCThb—

BOCCTaHOBJICHHE, OBUTH TMOJNYYEHBbI 3aBHCHMOCTH Eycp (0),
OIpeIeNAONIe HAKOIUIEHHEe HeoOpaTUMOro KOMIIOHEHTa
nebopMalMd B 3aBUCUMOCTH  OT  TIPHJIOKEHHOTO
HanpspkeHus (puc.6). Ha 3Tux 3aBUCUMOCTSX OCTaTOUHBIMU
cuuTanuch  Aedopmanuy,  TONydYeHHBlE B KOHIE
BOCCTaHOBHUTEIIBHOIO Mporiecca, JuuBierocs 10 MHUHYT.
beumn  monmyueHsl  1ojoOHBIE  3aBHCUMOCTH  TIpU
JUTUTENEHOCTH BOCCTaHOBHTENIBHOIO MpoOIecca PaBHOH 2
qacaM. CpaBHEHHE 3aBHCHMOCTEH Eycp (0), MONYYEHHBIX
IIPY Pa3iIMYHBIX BPEMEHAX BOCCTAHOBIEHHS IOKA3aJlo, 4TO
YBEJIMYEHHE JUIUTEIBHOCTH 3TOr0 IpoLecca IPUBOIUT
JUIIb K HE3HAYUTEIbHOMY YMEHBIICHHIO 3HAYeHUH
OCTaTOYHOIO KOMIIOHEHTA M HE U3MEHsET XapaKTepa 3ToH
3aBucuMocTH. IIpu Bcex TemmepaTypax Ha 3aBHCHMOCTSIX
&cr (0), HaOMOaeTcs nBa ydactka. Ha mepBom ydacTke
0CTaTOYHbIE Jedopmanun MaJlbl. IpeBbienue
OIPENIENIEHHBIX (W1 KaXAOH TeMIepaTypbl) I'PaHHYHBIX
3HAYEHUH HANpsDKEHHUS O BBI3BIBAET CYIIECTBEHHBIH POCT

ocTaTouHbIX Jedopmarii: mpu T=20°C 3nauenue o, ~120
MIla; T=50°C — o, = 60 MIla; T=80°C — g, =35 MIla;
T=100°C — 22 Mmna. 3aBUCUMOCTH Eyc; (0), TOTyUCHHBIC
JUISL pasHBIX TEMIIepaTyp, TO3BOJISIOT OIPENCIUTh He
TOJIBKO Oy, HO M T 3HAYCHHUS OCTATOYHOW aedopmanun
(&2.r), TIPEBBIICHHE KOTOPBIX MPUBOAUT K WHTCHCHBHOMY
pocTy HeoOpaTUMOro KOMIIOHeHTa. 3HaueHue £)., ~ 0,5%
HEe 3aBHCHT OT Temmeparypsl (puc.6). HWrak, naxe
JOCTATOYHO MaJlble HArpy3KH BBI3BIBAIOT HEOOpaTHMBbIC
nporieccaM B opueHTHpoBaHHOM 111, 4TO HOATBEpIKAACTCS
HHTEHCHUBHBIM POCTOM OCTaTOYHOTO KOMIOHEHTa. Jst
YCTAHOBIICHHSI ~ B3aMMOCBS3H  MEXAY  3HAUCHHSIMH
HanpspkeHusT ¥ JeopMali B MPOIECCe  TON3YyYeCcTH
HCIIONIB30BAJIUCh  M30XPOHHBIC  3aBHCHMOCTH 0 (&),
MOJTyYEHHBIC JUISl Pa3IMYHbIX TEMIEpaTtyp M3 cemeiicTBa
KpuBbIX nomsydectd. Ha puc. 6. TlokasaHa 3aBUCHMOCTH
OCTAaTOYHOH Ae(OpMalNK OT NPUIOKEHHOTO HATIPSIKCHUS Y
nomunponwieHoBod wHutu (I1I1-1), mnomyueHHble mpH
Pa3IMYHBIX TEMIIEpaTypax.
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0 v v T

0 30 60 90

Gr

6. Mlla

120 150 180 210 240 270 300

330

T, °C: 20 (1); 50 (2); 80 (3); 100 (4)
Puc. 6. 3aBUCHMOCTH 0CTATOYHOIi 1eopMAIIHH OT MPUJIOKEHHOT0 HATIPSIAKEHUs Y nmostunponuieHoBoii nutu (MI-1),
MOJIyYeHHbIEe IPH Pa3JINYHBIX TeMIepaTypax

3. 3akiarouenue

Takum  oOpasom, mpu Temmepatrype T1=20°C
MPaKTHYECKH BO BCEM  HCCIEJOBAHHOM  JIHaMa30HE
HanpsbxeHui (ot 0=24 MIla no 278 MIla) ocratouHbIit
KOMIIOHCHT B OCHOBHOM CKJIaJpIBaeTcsi M3 &°,.p, T.C.
SIBJISIETCSA YaCThIO «BPEMEHHOW» COCTaBIISIIOLIEH

non3y4ecTy &'y Tonbko MpH Gonee BHICOKUX HArpyskax (o
=294 MIla u 315 MIla) He3nauutespHas 9acth (6-+13%)

HEoOpaTUMOro KOMIIOHEHTa HaKallJMBaeTCd 3a Mallble
BpeMeHa, T.e. BXOJUT cocTapisomeil B £, VBenuuenue
TeMIIepaTyphbl He MEHSIET yKa3aHHYO BBIIIE TEHICHIHIO, T.€.
M TpU TIOBBIIICHHBIX TEMIEparypax HeoOpaTHMBbIi
KOMIIOHEHT B OCHOBHOM BXOJUT COCTABIIIOIIEH 4acThIO B
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BbICOKOJJIACTUICCKYIO KOMITOHCHTY. VBennueHnue
HaIlpsPKCHUA TPUBOAUT K TOMY, YTO BCE OoJbIIast 4acTh
OCTAaTO4YHOI'0 KOMIIOHCHTA COCPEAOTOYCHA B SIKM.
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Modeling of unsteady heat transfer processes in combined coatings

D.T. Sharipoval®?, N.B. Rakhimoval®®
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: Modeling of unsteady heat transfer processes in combined coatings is an important task for the
development of efficient technologies and materials used in various industries such as mechanical
engineering, energy, construction and others. Combined coatings are multi-layered structures that
provide protection from external influences, improving the performance of materials.

nonstationary heat transfer, combined coatings, multilayer structures, temperature fields, finite element
method, thermal engineering characteristics, numerical methods, dynamic modeling, heat transfer,
conduction, convection, radiation, temperature gradients, heat transfer, engineering materials, protection
from external influences

Keywords:

(0] MOJICJIUPOBAHHUHA MMPOUHECCOB HECTAIIMOHAPHOI'0O TCILIOINIEPEHOCA
B COBMCIIICHHBIX MOKPBITUAX

Mlapunosa J.T.}0% Paxumosa H.B.10P
TamkenTckuit rocy1apCTBEHHBINM TPAHCIIOPTHBIH YHUBEPCHUTET, TalkeHT, Y36eKucTan

AnnoTtanus: MozennpoBaHre MPOIECCOB HECTAIIMOHAPHOTO TETUIONEPEHOCA B COBMEIIEHHBIX MOKPHITUSX SIBISETCS
BO)XHOW 3ajmadedl g pa3paOoTkM 3((GEKTHBHBIX TEXHOIOTMI M MaTepHalloB, NPUMEHSIEMBIX B
Pa3IUYHBIX OTPACIAX MPOMBINUIEHHOCTH, TAKMX KaK MAIIMHOCTPOEHHE, YHEPTE€THKA, CTPOUTENLCTBO H
npyrue. COBMEIICHHBIE TOKPBITHS IIPEJCTAaBIAIOT COOOH MHOTOCIOWHBIE CTPYKTYpPBI, KOTOpBIE
00ecreurBaoT 3aIlUTy OT BHEIIHUX BO3ICHCTBHUM, yiydilas SKCIUTyaTallMOHHbIE XapaKTEPHCTUKH
MaTepHaIoB.
KuroueBksie crosa: HECTAllMOHAPHBIA  TEIUIONEPEHOC,  COBMENICHHbIE  MOKPBITHA,  MHOTOCIOWHBIE  CTPYKTYpBHI,
TEMIEpaTypHbIE MOJIS, METOJ KOHEYHBIX JJIEMEHTOB, TENJIOTEXHUYECKHE XapAKTEPUCTHKH, YHCIECHHBIE
METOMBI, JMHAMMYECKOE MOJEIMPOBAaHME, TeIUIoNepeaaya, KOHAYKLMA, KOHBEKLMA, pPaaualys,
TEMIIEPATypHbIE IPAIUEHTHI, TEINI000MEH, HHKEHEPHBIE MaTepHaIbl, 3alUTa OT BHEIHUX BO3/eHCTBHI

1. BBeanenue

COBpeMEHHOE CTPOMTENBCTBO NPEIbSBISACT BBICOKHE
TpeOOBaHMA K TEIUIOM3OJSILMOHHBIM XapaKTepPUCTHKAM
30aHUH, 4YTO OOYCJIOBIEHO CTPEMJICHHEM IIOBBICUTH
9HeproddpeKTUBHOCT U KOM(OPT FKCIuTyaTaruu. BaxHoit
YacThIO 3THX TPEOOBaHUH SBIAETCA Y4YeT IIPOLECCOB
TEIJIoNepeHoca, HPOUCXOIAIINX B Pa3IUYHBIX
KOHCTPYKTHBHBIX ~ 3JIEeMEHTax 3JaHMil, OCOOEHHO B
COBMEILECHHBIX IOKPBITHSAX, TaKMX KaK KpbIIK. OTH
MOKPBITHS TIOJBEPraloTCs 3HAYUTEIBHOMY BO3AEHCTBHIO
COJIHEYHOH paJualiM, YTO NPHUBOAUT K YBEIHYCHHIO
TEIUIOBBIX HArpy30K M MOXKET CYIIECTBEHHO HOBJIMATH Ha
BHYTPEHHHUI KJIMMAaT [OMELICHUH, OCOOEHHO B JKapKoe
BpeMsi rojia.

HccnenmoBanusi  NOKa3bIBAalOT, 4YTO  BO3ACHCTBHUE
COJIHEYHOH pajualliy Ha TOPH3OHTAIBHYIO MOBEPXHOCTD
3HAYUTENPHO MHTCHCHUBHEE, 4YeM Ha BEpPTUKAIbHbIC
OrpaXJalole KOHCTPYKIMH, TakMe Kak CTEHbl. OJTO
00BSICHSACTCS TEM, UTO TOPU30HTAJIbHBIE 3JIEMEHTHI (KPOBJIA)
TMOJIy4ar0T MaKCUMaJIbHOE KOJIMYECTBO COJHEYHOI SHEprin
B TEYCHHE JHf, TOTJA KaK BEPTHUKAJbHbIE KOHCTPYKIHU
YaCTUYHO 3ALIUILIECHBI OT MPSMBIX COJHEYHBIX JIy4YeH.
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2. MeTo10/10TH I UCCJICIOBAHNSA

TMockonbKy BO3/IEHCTBHE OTOKA COJTHEYHOM paJualiu
Ha TOPHM3OHTAIbHYIO IIOBEPXHOCTb OKa3bIBaeTcs Ooiee
MUHTCHCHUBHBIM, 4YE€M TaKoe K€ BO3JICHCTBME Ha
BEPTUKAJbHBIE  OIPAXKIAIONIME  KOHCTPYKUMH,  TO
COBMEILICHHBIE KPBILIM 3[aHUI MCIIBITBIBAIOT TEIIOBBIC
HArpy3KH, 3HAQUMTENbHO  IIPEBBIIIAIOIINE  TAKOBBIE,
BO3EUCTBYIOILME Ha CTeHbI. BrinonHeHHsIe B [1] HaTypHbIE
HaOJIIOIeHHsT TOKa3ajiM, 4TO, Hampumep, acbodaHepHas
KpbIIlIa MOXeT HarpeBaThcsi 10 55-60 °C, a pyGepougHas
3ampuieHHas - g0 70 °C. B pesynbraTe HOPOMCXOAUT
TeperpeB BEPXHUX OTAXKEH OSKCIUTyaTHPYEMBIX 3JaHHM.
IosToMy 3amaya MaTeMaTHYECKOrO  MOJEIUPOBAHUS
IIPOLIECCOB HECTAI[MOHAPHOTO  TEIUIONepeHoca B
COBMEILCHHBIX HOKPBITUAX IPEACTABIACTCS JOCTaTOYHO
aKTyaJIbHOW MPU TEPMOOOHOBICHUH I'PAXKIAHCKUX 3aHHUM.

TemmepaTypHOe 1oJjie BHYTPU CIIOMCTOM KOHCTPYKLIUHU
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MpaBoil 4acTu ypaBHEHUs (4) TPEICTABJICHBI IUIOTHOCTH
TEIUIOBBIX TIOTOKOB KOHBEKITHEH
Ok =0 Te(T) -Tm], (5)
a TaKKe 3a CUeT IOTJIOIICHHS COJTHEYHOH paanannm
Qa0 = p*Q(1) (6)

HawuGonee CITOYKHOU SIBIISIETCS 3aqa4a
oTpeneneHus] Opao.. — TOBEPXHOCTHOW IUIOTHOCTH TTOTOKA
M3ITyYeHNs] IPIMEHUTENNBHO K ITOKPBITHIO, 0OpameHHOMy B
cTopoHy Oe3o0mauHoro Heba. B mpomecce umcieHHOTO
MOJICTTMPOBAHUS TIPOLIECCOB TeIionepeHoca B
COBMEIICHHBIX TOKPBITHAX OBUTM pPAacCMOTPEHBI  JIBa
TOJIX0/Ia B ONIPECIICHUH BETHYMHBI Qpao.i..

CorlacHO TIepBOMY CIIOCOOY, M3JTydeHHe «HeOa» He
YUHMTBIBAacTCA: B pacuer Oepercs TOJIBKO 0oOpaTHOe
H3JTyYeHHE - OT TIOBEPXHOCTH TOKPBITHSI B COOTBETCTBHH C
3akoHoM Credana-bonbimana:

Qpao.n. = SanOTrérLl )
JUIsi TIPaKTHYECKOTO HCIIONB30BAHAS TEOPETHYECKHX
pe3ylBTaTOB  NEPBOCTENCHHOE  3HAYCHHE  HMEET
COTNACOBAHMS  TOCHEGAHHX €  OKCICPHMEHTATbHBIMH

pesyabrataMmu. I UX COINacoBaHUs BO BTOPOM MOJXOJE
HCTIONBb30BaHa CBsI3b, MoaydeHHast C. B. 3okoeem B pabote

[2]:
qpad.H. =8np'E 8

B KOTOpOH [lnp OOBIMHO mpuHMMaercst paBHOH 0,9.
TToBepXHOCTHAS IUIOTHOCTH ITOTOKA M3JTy4YeHHUs] aOCOITOTHO
4yepHOro Tena E JUisl TUIOCKOrO MOKPBITHS, COryacHo [2],
cocrarysier okosno 100 Br/m?,

Jlost petieHust 3a/1a4u TEIUIONePEeHOCa COrIaCHO MOJIEIH
(1) - (4 Obul mpUMEHEH Ppa3HOCTHBIA  METO[,
pCaNN30BaHHbI B BHIE OTHEIBHOH MpOLEIypbl pacyeTa
HECTAMOHAPHBIX TEMIIEPATYP COBMEIIEHHBIX MOKPHITHH B
POrpaMMHOM

ol, T. -T oT.
/li ‘LZJLLV]:;LM el X=X
Ox R, ox )
KOMIIIEKCE MOJIEH TEIUIONEPEHOCa.
s COTJIaCOBAHUS TEOPETUYECKUX n

9KCIEPUMEHTAIBHBIX JTaHHBIX M OLEHKH TOYHOCTH paboTHI
MOJIeNH, HeOOXOAWMBI JaHHbIE HATYPHBIX M3MepeHuil. B
KadecTBe HATYpHBIX J@aHHBIX OBUIM  HCITOJIB30BAHBI
pe3yibTaThl 9KCIEPUMEHTAIIBHBIX o0ce10BaHuH,
BoinonHeHHbIX E. A. ConparoseiM [3]u U. C. CyxaHoBBIM
[4] (Byxapa, kiumarndeckuii paiion |11'). Hike npuseeHo
COIIOCTABIICHHE Ppe3yJIbTaToB pacuera u
9KCNEPUMEHTAIIBHBIX JIAHHBIX MPOIecca HECTALlMOHAPHOTO
TEIUIONEepeHoca B COBMELICHHOM  TOKPHITUM  TpH
paInaliOHHO-KOHBEKTUBHOM TEINIOOOMEHE Ha BHEIIHEeH
MOBEPXHOCTH (TpaHIMYHOE YCIIOBUE (4)).

dusnyeckye napaMeTpsl HCCIEyeMOro COBMEIEHHOTO
HOKPBITUS, TPEACTaBIAIOIIEr0 CcOo00H  MHOTOCIIOHHYIO
KOHCTPYKIIMIO, COCTOSILIYI0 M3 >KeJIe300€TOHHOM IUIUTHI,
KEpPaM3UTOBOTO  YTEIUIUTENs,, LEMEHTHOH CTSKKH U
PYJIOHHOTO KOBpa NpHBeJIeHbI B Tadm. 1.

Ta6uuua 1
dusnvecKne NapaMeTpbl COBMEIIEHHOM KPBIIIM H OKPYIKAIOIIEH cpeabl
KnumaTtnueckuii , , a, ten, BH, BT/(HI\l/IZ- 0
paiion M Bt/(M:°C) m2/c °C | Br/(m?°C) oC) P
XKenesoberonHas minra
01 | 192 [ 914107
m KepaM3uToBbIH yTEIUIUTEIND
(r. Byxapa) 0,35 | 0,19 | 377107 | 0 87 20 080 | 065
IlemMeHTHas CTSIKKA
003 | 076 | 503107

CyToYHblE M3MEHEHHS TeMIIepaTypbl Hapy>KHOTO
Bosayxa 7.(7), a TakKe IUIOTHOCTH TEIUIOBOTO [OTOKA
CyMMapHOW cojiHeuHOM pamuauuu Q(T) B HIone Mecsie
Opamuce 1o maHHeIM riaBbl |l Bemuumna Tepmudeckoro
KOHTaKTHOTO  CONPOTHBIICHMS ~ MeXIy  claoaMu R
[PUPAaBHUBAIACHE  HYIIIO. Ipennonaranocs,  4TO
NPEIIECTBYIONIAs JUIMTEIbHOCTh TEIUNIOOOMEHA HACTOJIBKO
BEJIMKA, YTO BIMAHME HAYaJbHOTO  paclpenesieHus
Temrneparypsl (3) yxe He npossisiercs. [Ipu 7 =0 HavanbHas
TeMIeparypa ONKChIBaJIaCch JOMAHOW KPUBOM, XapaKTepHOU
JUIsL CTAlIMOHAPHOTO COCTOSTHUA. 3aTe€M BBINOJHSJICSA pacyer
TEMIIEPaTypHOrO O  TOCJIEAOBAaTeNbHO B  TEUCHHE
[SITH  CYTOK TIPH TIEPHOJUIECKUX u3MeHeHustx 7(7) u Q(7).
PacrnipenieneHnst HECTAIIMOHAPHBIX TEMIIEPATYP OTPasKICHUS
B TEpHOJ [ATHIX CYTOK TIPUHAMAIKCh B KauyecTBe
HCKOMBIX.

PaccuntanHbie ¢ MOMOIIBIO MPEIaraeMoro MeToza
3HAYEHHMS TEMIepaTyp Ha Hapy)XHOH MOBEPXHOCTU
MOKPBITHA Trnos(7), TEMIIEPATYpP HA HAPYKHOM MIOBEPXHOCTH
yremwurenst  Tyrem(?) W BHYTPEHHEH  IOBEPXHOCTH
KOHCTPYKIHH Tennos (7) (IIOTOJNIKA TOCIEAHETO 3TaXa)
npeacTaBieHbl Ha puc. 1. Ha 3ToM jke puCYHKE Tarke

OTOOPAKEHBI 9KCIEPUMEHTAIBHbIC 3HAYCHUS
COOTBETCTBYIOIIUX TEMIIEPATYD, MOJyYCHHbIE B Pe3yJbTare
HaTYPHBIX OSKCIEPHUMEHTOB, BBITIOJHEHHBIX E. A

ConpgaroeiM u 1. C. CyxanobiM [5,6].
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Puc. 1. CyTounblie KoJiedaHUsI TEMIIEPATYPHI )JIEMEHTOB

COBMEIEHHOT0 MOKPBITHS: &) - HAPY>KHOI OBEPXHOCTH

TIOKPBITHUS; ) — HAPY)KHON ITOBEPXHOCTH YTEIUIUTEIS; B) —
BHYTPEHHEH MOBEPXHOCTH (TIOTOJIKA) KOHCTPYKIINH

Anamms
peanuzanvu

NpeACTaBJICHHBIX
MOJICJIBHOI'O

Ha

puc.1
TETIOBOTO

pe3yNbTaToB
nepeHoca B

paccMarpuBaeMoOi KOHCTPYKIIMM COBMEUIEHHOTO MOKPBITHS

B COINOCTABJIICHUHU C pE3yNlbTaTaMU HAaTYpHBIX W3MEpeHHH,
YKa3bIBaIOT Ha JOCTaTOYHO BBICOKYIO TOYHOCTH pacuera
TEMIIepaTypHBIX PACIpeeNeHnii, a 3HAYuT, NPHUEMIIEMO
HepeaoT IeHCTBUTENbHYIO KapTHHY TEIUIOBOTO IepeHoca.
KonnyecTBeHHbIE OIIEHKH TOYHOCTH paboThl Mojend (1) - (4)
npexcTaBieHsl B Tabn. 1. IlpuBenennsie B Tabn. 1 oneHKn
TOYHOCTH pacyeTa TEIUIOBOTO IIepeHOCa B KOHCTPYKIMH
COBMEIIEHHOT'0 TIOKPBITHS, TIPEXKIE BCETro, OKA3BIBAIOT, YTO
ucrioiap3oBanue  Qgopmynsl  (8) mpm  omperneneHHn
MOBEPXHOCTHOH IUIOTHOCTH THOTOKA H3JIYyYEHHUS  Opao.n.
NPUMEHHUTEIHHO K TOKPHITHIO OKa3aJIoCh Ooiee TOYHBIM,
MOATOMY, B TPAHMYHOM YCIIOBHH (4) CiletyeT NPUMEHATH 3Ty
¢dopmynry. B nenom MozenbHbIE pacdeTsl paclpeneseHHs
TEMIIepaTypHOro MO, Kak (QYHKIMHA BpPEMEHH CYyTOK,

3JIEMEHTOB COBMEIIEHHOTO TTOKPBITHS (HapyxHas
TTOBEPXHOCTh TIOKPBITHS, Hapy KHast MOBEPXHOCTh
yTEIUTUTENs] W BHYTPEHHSI TOBEPXHOCTH  MOKPBITHS)
O0Ka3aJIiCh JIOCTATOYHO TOYHBIMM.

Ta6auma 2

OuneHKa TOYHOCTH MO/IEJIN TEMJIOBOTO nepeHoca B COBMEIICHHOM INMOKPBLITUHA

Hapy»kHas noBepxHOCTb Hapy»kHas noBepxHOCTb BHYTpeHHAA NOBEPXHOCTb
Bpems NOKPbITUA yrenaurens KOHCTPYKLUU
CYTOK, Temnepatypa, °C
Hac Thu T JA1| T; |Az| Thu T A1 T2 |Aq Thu T |A1 T2 |Ag|
0
1
2 22,1 13,7 8,4 23,2 1,1 28,6 18,0 10,6 29,2 0,5 30,8 29,7 1,1 30,3 0,5
3 21,0 12,7 8,3 22,1 1,1 26,9 17,0 9,9 27,9 1,0 30,8 29,7 1,1 30,3 0,5
4 19,8 11,8 8,0 20,8 1,0 25,5 16,0 9,5 26,2 0,6 30,7 29,7 1,0 30,4 0,3
5 18,4 10,8 7,6 19,8 1,4 24,3 14,7 9,6 25,1 0,8 30,6 29,8 0,8 30,4 0,2
6 17,5 10,1 7,4 18,8 1,3 23,1 13,7 9,4 24,1 1,0 30,5 29,8 0,6 30,4 0,1
7 17,7 11,6 6,1 20,5 2,8 21,9 13,3 8,6 23,5 1,6 30,5 29,8 0,6 30,5 0,0
8 21,5 15,2 6,3 25,1 3,6 21,5 14,1 7,4 23,7 2,2 30,5 29,7 0,8 30,4 0,1
9 26,3 21,1 5,2 30 3,7 23,0 16,3 6,7 25,1 2,1 30,4 29,7 0,6 30,4 0,0
10 334 26,6 6,8 36,8 3,4 25,8 19,3 6,5 27,8 2,0 30,4 29,7 0,6 30,4 0,0
11 40,1 31,8 8,3 43,4 3,3 29,2 22,6 6,6 31,2 2,0 30,3 29,7 0,6 30,4 0,0
12 48,6 36,0 12,6 | 48,2 0,3 33,3 27,0 6,3 34,8 1,5 30,3 29,7 0,6 30,3 0,0
13 54,0 38,9 15,1 52,4 1,6 37,8 30,5 7,3 38,2 0,4 30,3 29,7 0,6 30,3 0,0
14 56,4 40,5 15,9 54,6 1,8 43,1 33,3 9,8 42,0 1,1 30,1 29,7 0,4 30,3 0,0
15 57,1 40,9 16,2 55,3 1,8 46,6 35,3 11,3 44,6 2,0 30,1 29,6 0,5 30,3 0,0
16 55,9 39,9 16,0 54,2 1,7 48,8 36,5 12,3 46,4 2,4 30,1 29,6 0,5 30,3 0,0
17 52,6 37,8 14,8 52,1 0,5 49,4 36,8 12,6 47,3 2,1 30,1 29,6 0,5 30,3 0,0
18 48,2 35,0 13,2 48,9 0,6 48,9 35,7 13,2 47,0 1,9 30,2 29,6 0,5 30,3 0,0
19 43,4 30,6 12,8 | 43,7 0,3 47,5 34,0 13,5 45,9 1,6 30,2 29,6 0,5 30,3 0,0
20 38,7 26,5 12,2 38,9 0,1 45,6 31,4 14,2 43,6 2,0 30,2 29,6 0,5 30,2 0,0
21 334 22,3 111 33,6 0,2 41,8 28,4 13,4 41,1 0,6 30,3 29,6 0,6 30,2 0,1
22 28,7 18,9 9,8 29,6 0,9 38,3 25,5 12,8 37,7 0,5 30,4 29,6 0,7 30,2 0,1
23 26,4 17,0 9,4 27,2 0,8 35,2 22,9 12,3 35,3 0,0 30,4 29,6 0,7 30,3 0,0
24 24,4 15,7 8,7 25,6 1,2 33,0 20,9 12,1 33,0 0,0 30,6 29,6 1,0 30,3 0,3
22,8 14,5 8,3 24 1,2 30,6 19,0 11,6 30,6 0,0 30,7 29,6 1,1 30,3 0,3
o 22,2 14,0 8,2 23,4 1,2 29,5 18,4 11,1 29,5 0,0 30,8 29,6 1,2 30,3 0,5
—
& o a3 ot a3 ot a3
E 11,8 2,.66 I 6,25 2,16 I 0,04 0,04
© lage| ozt | lage| oz | jages lage]
16,2 1,8 14,2 2,4 0,8 0,5
rn r r r2 r r2
0,919 0,992 0,909 0,993 0,993 0,998

IIpumeuanue: T.. — Temmeparypa No pe3yjbTaTaM HaTYPHBIX M3MEpEHHH; T1 — MOAeNbHas TeMIlepaTypa, PacCUUTaHHas C
ucnonb3oBanueM Gopmyisl (3.24); T2 — MonenbHas Temmeparypa, pacCUMTaHHasi ¢ HCmoib3oBaHmeM (Gopmyibl (3.25);|A] —

abCOITIOTHAS OLTHOKA, o - JIACTICPCHS OIIHOKH; |

Amax |

MEXITy HaTypHBIMH H3MEPEHMSIMU U PACCUUTaHHBIMU TEMIIEpaTypaMu.

- MakCUMaJIbHasi aOCOJIOTHAs OMIHMOKa; I — KO3h(UINEHT KOppensuny
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A TmpuHMMas BO BHHMaHHE Maloe W3MCHEHHE
Temmeparypsl NOTONKA Tewnoe(t) (02 = 0,04), MOkHO
OTMETHUThH 3HAYHUTEIIFHYIO TETIOYCTOMYUBOCTh MOKPHITHS. B
MocJIeTHEM CTydae, Kak BHIHO U3 Tabin. 1, MCIONb30BaHME
dhopmyn (7), (8) mpu pacyere BETHIHHBI (pao.n, TPAKTHYECKH,
WICHTUYHO. DJTO OYEBWIHBIA pe3yibTar, W00 BIUSIHUE
BHEIIIHETO MOTOKA U3JIyYCHUS Ha BHYTPCHHIOKO TIOBEPXHOCTh
OTPaXKICHHS OYCHBb MaJIO.

Ha ocHOBaHMHM OINMCAHHOW BBIIIE MOJEIH TEIIOBOTO
nepeHoca ObUIH NPOBEICHBI YACICHHBIC SKCIIEPUMEHTBI JIJISt
Pa3IMYHBIX KIMMaTHYCCKHX 30H Y30€KHUCTaHa M APYTHX
BapHAHTOB TOPU3OHTAIBHBIX OIPAKIAIONINX KOHCTPYKITHIA,
cxeMa KOTOpBIX TIOKa3aHa Ha pwuc.2. PaccmarpuBanuch
COBMEIICHHBIC TOKPBITHA JIIS JIETHUX YCIOBHH B T.
Kapakannakus, r. Tamxenr, r. Tepme3 KiumMaTHuecKux
30Hax.

Puc. 2. CxeMa KOHCTPYKIHH COBMELIEHHbIX MOKPbITHIA:
1- xene300eToOHHAs IUINTA; 2—yTEINIUTENb; 3 — IIEMEHTHO-
recyaHast CTSDKKa; 4 — PHAPOU30JISIIIMOHHBIH KOBEP

Du3NYECKHE XapaKTEePUCTUKN PACCMOTPEHHBIX
MaTepHaoB OrpaXKIaIOMINX KOHCTPYKIHIl IPHBEICHBI B
Tabm. 3.6.

Ha puc. 3. npuBeeHbI pacrpeieseHus] HECTalMOHAPHBIX
TeMneparyp HapyxKHOU Tunos (T) M BHYTPEHHEH Ton nos (T)
HOBEPXHOCTEH MMOKPBITHS, PACCUMTAHHBIC B COOTBETCTBUE C
naaHbIME VI-1X BapuanTos (Tabm. 3). 3nech e n300paskeHsl
M3MEHEHUsT TeMIlepaTypbl HapyKHoro Bo3ayxa Ic (1) B
TEYeHHE CYTOK JUIS TAHHOTO KJIIMMAaTHYEeCKOro paioHa.

Kax BUIIHO U3 NPHBECHHBIX HA PUC. 3. KPHBBIX,
HOBBIIICHHBIC AMIUIUTY (bl CYTOYHBIX KOJICOAHNH BHEITHUX
TEIUIOBBIX BO3JAEHCTBHI NPAaKTHYECKHN HE OTPaKaloTC Ha
U3MCHEHHH TEMIICPaTypbl BHYTPEHHEW IOBEPXHOCTH
KOHCTPYKIHH  Tennos (T).

CrenoBarenbHO, PACCMOTPEHHBIE COBMEIEHHbIE MOKPBITUS
(VI-1X) MOXHO OILIeHHTB, KaK Teroycroitunseie. IIpu 3TomM
JUISL Pa3IMYHBIX BHIOB YTEIDIMTENEH CO 3HAYUTENHHBIM
paznureM B KO3 QHIMEHTe TEeIUIONPOBOAHOCTH (BapHaHT
VIl u IX, tabm. 2) HecraumoHapHBIE TEMIEpaTypsl Ha
BHYTPEHHEH  TIOBEPXHOCTH  OTPaXICHWS 1O  Mepe
TIPUOTIKEHHS] K MaKCHMaJIBHOMY 4acy CyTOK IporpeBa
KOHCTPYKIIMM  3aMETHO  YBENMYHMBAIOTCS,  JOCTHTas
MaKCHMaJIbHON BEIMYMHEI (OKOJIO Tpayca) B 16 yacos (puc.
4, xpuBast pa3HOCTH).

Tabnuua 3
dDu3uyeckue NapaMeTpsl 3JIEMEHTOB IIOKPBITHI, HCII0JIb3yeMble KaK BXOJHbIE JaHHbIE IIPH YHCJIEHHOM MOJEJIMPOBAHUH
! Iy
= ,
o 5, a, ten, Rv
E E Marepua " BT/m m/c oC €mp p V2K [ oC
Z < oC
Ilnura
Vi
Kenesoberon 0,10 1,92 9,1:107 23 0,9 0,7 3,302
VII KenezobeTon 0,10 1,92 9,1:107 23 0,9 0,7 3,302
VI KenezobeTon 0,10 1,92 9,1:107 25 0,9 0,7 1,848
IX KenezobeTon 0,10 1,92 9,1:107 25 0,9 0,7 1,469
Crspxka
VI_ .
IX LleMeHTHO-IECYaHbIi PACTBOD 0,02 0,76 5,03-107 — — —
T'unpounszonsmus
\Y| Burym 0,02 0,27 1,15-107 - - - -
VIl .
X PyGepouiHbiii KoBep 0,01 0,17 1,69-107 — — —
Yrennutensb
VI Bepmuxynut 0,20 0,067 7,98-107 — — — —
VII TInute! 13 crexknopoaokna URSA 0,12 0,04 7,94.107 — — — —
VIII TTenoGeToH 0,17 0,11 4,37-107 — — — —
IX TInuThl MUHEpaAJIOBATHBIE 0,07 0,06 7,14.107 — — — —
YciaoBHble  ofo3HayeHMsi: O - TONIMIMHA  ClOS; A —KO3GGHUIUEHT  TEIUIONPOBOAHOCTH;  a-Ko3(h(GULUESHT

TEMIIEPATYPOIPOBOAHOCTH; tsu—TEMIIEPATYPA B IIOMELIEHUE;
COJIHEYHO pamuanuu; R — TepMuueckoe CONpoTHBICHUE TE

€np — MIPUBEICHHAS CTETICHb YSPHOTHI; P -KOAPMUIMEHT MOTIOUICHUS
Ionepeaaye.
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Puc. 3. HecranmonapHslie TeMnepaTypbl COBMEILICHHOT'0 NOKPBITHS
1 — Hapy>XHOW TIOBEPXHOCTH; 2 — HAPY)KHOT'O BO3/1yXa; 3 — BHYTPEHHEH IMOBEPXHOCTH; 4 — Pa3HOCTH TeMITepaTyp BHYTpEHHEN
TIOBEPXHOCTH, PACCUUTAHHBIX JUIS YTEIUIUTENeH ¢ pa3inaHoii TeruronpoBogHocThio (BapranTsl VI X tabm. 3).

Ha puc. 4. npuBeieHb! BETMIHHEI TNTOTHOCTEH TEIIOBBIX
MOTOKOB HAa HAPYXKHOH (unos M BHYTPEHHEH  on.nos.
noBepxHocTsx orpaxnaenuii (VI-1X), HaliieHHbIe Ha OCHOBE
cooTHoeHwns (4). JIyist WuTIoCcTpauy Ha 3THX JKe PUCYHKax
MOKa3aH CYTOYHBIM XOJ IUIOTHOCTH TEIUIOBOTO ITOTOKA
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Puc. 4. CyrouHble H3MeHeHHs! IVIOTHOCTH TEIIOBOT0 MOTOKA CYMMAPHOIi cOTHeYHOii paguanuu (BBepXy) H MJIOTHOCTH
TeNJI0BOro NOTOKA HA Hapy:kHO¥ (1) u BHyTpeHHei (2) NOBepXHOCTH (BHH3Y) COBMEILIEHHOI'0 HOKPBITUS /ISl BADMAHTOB

Takum  00pa3oM,  pacCMOTPEHHbIE  Pe3yJIbTaThl
YHUCIICHHOr0 MOJICIIMPOBAHMUS POLIECCOB TEILIONEPEeHOca B
OrpaXXJaoIMX KOHCTPYKLMSAX B JIETHEE BPeMsi Ha OCHOBE
pa3paboTaHHOrO METOJa, HATJAAHO HPOAEMOHCTPHPOBAIH
BO3MO>KHOCTh TPHUEMJIEMOW OLIEHKH TEIJIOyCTOHYUBOCTH
orpaxaeHuii. Bappupyst Teruiohu3NYeCKUMH apaMeTpam,
MOXXHO  NPOBOJMTH  HCCJIEIOBAaHUS B  PA3IMYHBIX
CTPOUTENBHBIX KOHCTPYKIMSAX — KaK B MHOTOCJIONHBIX
CTeHaX, TaK M B COBMELIEHHBIX INOKPBITUSAX, YTO JAeT
MPOCTON MHCTPYMEHT MH)KEHEPaM - POEKTHUPOBLIMKAM IS
pelIeHnsT MPaKTUYECKHX ONTHUMHU3ALMOHHBIX TPOEKTHBIX
3a7a4 CTPOUTEIBHOM (PU3UKH.

3. 3akirouenue

IIpennoxkeH MeTO] pelIeHus 3a/a4d HeCTAllMOHApPHON
TEIUIONPOBOJHOCTH B MHOT'OCIOHHBIX CTPOUTEITBHBIX
KOHCTPYKLUSAX C YYETOM pe3yIbTHPYIOIIEro H3Iy4eHUs

VI-IX

MEXIy OrpaxJIeHHeM M OKpyxarwuei cpemoil. [ns ero
YHCIIEHHOW peanu3auun pazpaborana nporpamma «Pacder

TEIJIONEPEHOCa B MHOTOCIOMHBIX  CTPOUTENBHBIX
KOHCTPYKLHUAX C y4eTOM COMHEYHOH  pajuaiimny,
MO3BOJISIIONIAs C  BBICOKOM TOYHOCTBIO  OMNPENEIATH

TeMIEpaTypHbIE NOJsL OIPAXKICHUI U IUIOTHOCTH TETUIOBBIX
MIOTOKOB Ha MX HAapY)KHbBIX U BHYTPEHHHX HOBEPXHOCTSIX.

Ilo  pesympraraM  YHCJIEHHBIX  3KCIIEPHMEHTOB
YCTaHOBJICHBI rpadugeckue 3aBUCHMOCTH,
XapaKTepU3yOIUe H3MEHEHUs TEeMIIepaTyp M TEIUIOBBIX
MIOTOKOB THIIOBBIX OrPaXKJIAIONIMX KOHCTPYKUMH TpH HMX
JyYUCTO-KOHBEKTHBHOM TPOTPEBE, IOKa3aHO BIHSHUE
TEeMIEpaTypbl  HAPYXKHOTO  BO3/yXa M MHTEHCHBHOCTH
COJIHEYHOH pajuanyy Ha JUHAMHKY TEIUIOBBIX PEKMMOB
OTPAKICHHUM.

Bbllo  yCTaHOBNEHO, 4YTO  OKpacka  HapyXHOU
MOBEPXHOCTH OTPaXKICHHUST COCTaBOM C KoddduimeHTomMm
TIOTJIOMIEHNsT COJIHEYHOM panuanuu 0,3 mo3BOJIseT, IO

ENGINEER



CPaBHEHHMIO C COCTaBOM C KO3()(HUIHEHTOM ITOTJIOMIEHHS]
0,7, cHM3UTH TeMmepaTypy BHYTPEHHEW MOBEpXHOCTH
orpaxaaroIei KoHCTpyKIun Ha 15%.

[TokazaHo, YTO ydYeT pe3yIBTHPYIONIETO H3ITyYeHUS
MEXXIy OTpakKIEHHEM H OKpYXKAIOIeH cpeloi pH pacueTe
BEJIMYMHBI TEMIICPATypbl Ha BHYTPEHHEH IIOBEPXHOCTU
OrpakIeHHs IOBBIILIAET €€ 3HaueHue B cpeaHeM Ha (2 —4)°C
(3-16%), 10 cpaBHEHMIO C ONpPENETIEHHOM 110 CTaHIaPTHON
METO/IUKE.

[onrBepxneHa 3 QGEKTUBHOCTD PACHOJIOKEHHS CIIOS
TEIUION30JBIIMN C Hapy>KHOW CTOPOHBI CTEHBI, IIPU 3TOM
IUIOTHOCTh TEIUIOBOI'O MOTOKAa Ha HApyXHOH CTOpoHE
OTpaXAEHUH 3amagHoOd W BOCTOYHOM  OpHEHTAlnu
MHHHMaJIbHa U TIPaKTHYECKH [IOCTOSIHHA B TEYCHHE CYTOK.

Pazpaborana Meronka pacyera A1 OLEHKH TETUIOBOTO
peKHUMa M TEIUIOYCTOWYHUBOCTH COBMEIICHHBIX OKPBITHI
IpU  PajMalMOHHO-KOHBEKTMBHOM  TeruiooOMeHe  Ha
BHEIITHEH MOBEPXHOCTH, TI03BOJISTIONIAsT TIOBBICHTH TOYHOCTh
onpenenenus Ha 5 — 8%.

MogenupoBanne TIPOLIECCOB HECTaI[IOHAPHOTO
TEIUIONIEPEHOCa B COBMEIICHHBIX MOKPBITHAX SIBISETCS
Ba)XKHBIM HHCTPYMEHTOM B MPOCKTHPOBAHHH COBPEMEHHBIX
3maAnit. OHO TI0O3BOJIIET YUYMTHIBATH BCE KITFOUEBBIE
(daxToppl, BIMAIOIIME HAa  TEIUIOBOM  pexuM, U
paspabatbiBaTh 3P HEKTHBHBIE CTPATETHH ISl YMEHBIICHHS
HETaTUBHBIX MOCHENCTBUI meperpeBa Kpbiml. C yderom
TEeKYIIMX TEHIACHIMH B 00JACTH CTPOMTENLCTBA U
W3MEHEHMSI KJIMMaTa, TaKhe WCCICIOBAHUS M PEIICHUS
CTaHOBSTCS HEOTHEMJIEMOM  YacThlO  Pa3paboTKu
9KOJIOTMYECKH YUCTHIX U AHEProd()(EeKTHBHBIX 3IaHHUIH.
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Innovative approaches to architectural design of youth centers in the era of
information society

E.V. Shchipacheva'®?, N.E. Umarova®
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The article analyzes the objects of cultural purpose oriented to modern youth environment. The results
of the study of transformation of volume-planning structure of modern youth spaces in the context of
information society development are presented. The architectural and planning concept that can be used
as a basis for the creation of a modern youth center is given.

Keywords:
planning principles

information society, youth center, youth leisure, planning system, functional spaces,architectural and

NHHOBalMOHHBIE TOAXO0AbI K APXUTEKTYPHOMY IPOEKTHPOBAHUIO
MOJIOAEKHBIX HEHTPOB B 310Xy HH(OPMAIMOHHOI0 001IeCTBA

Ilunayesa E.B.1©% Ymaposa H.D.!

TamkenTckuit rocy1apCTBEHHBIN TPAHCIIOPTHBIA YHUBEPCHUTET, TalkeHT, Y306eKucTan

AuHOTALMA:

B cratbe TNIpUBOAUTCA aHAIN3 00BEKTOB KYJIbTYPHOI'O Ha3Ha4Y€HU,

OPHUEHTHPOBAHHBIX Ha

COBPEMEHHYIO MOJIOAEXKHYIO cpeny. IIpencraBieHsl pe3ysbTaThl HCCIEJOBAHMS TpaHC(HOPMAIUK
00BEMHO-TIIIAaHUPOBOYHO CTPYKTYPbI COBPEMEHHBIX MOJIOJIEXKHBIX IIPOCTPAHCTB B KOHTEKCTE Pa3BUTHUS
nHpopMaIoHHoro oduiectsa. [IprBeieHa apXUTEKTYPHO-TIIIAHUPOBOYHAS KOHIIEIIIHS, KOTOPAsk MOXKET
OBITh MOJIOJKEHA B OCHOBY CO3/JaHUSI COBPEMEHHOT'O MOJIOIEKHOTO IEHTPA.

KintoueBble cioBa:  MH(GOPMAIMOHHOE OOIIECTBO, MOJIOAEXKHBIA ILIEHTP, MOJOAEXKHBIA JOCYT, CHUCTEMa IUIAaHUPOBKH,
(YHKIMOHAIIBHBIE IPOCTPAHCTBA, APXUTEKTYPHO-TUIAHUPOBOYHbIE IPUHIIUIIBI

1. BBenenue

XXI Bek — 3T0 BeKk HH(POPMALIIOHHOTO O0IIECTBa, KOT1a
IJIABHBIM PECYPCOM CTAHOBMTCS MH(MOPMAILUSA, a YCIOBHSL
KU3HU JIIOJCH BO MHOTOM OIIPEACIAIOTCS COBEPIIEHCTBOM
nH(MOPMALMOHHBIX TexHonoruil. IloreHnuan pasymHoro u
IPAMOTHOTO  MCIIOJIB30BAHHUS BO3MOXKHOCTECH, KOTOpbIE
co31aér MHPOPMALMOHHOE OOILECTBO, BEIUK U OTKPHIBACT
LIMPOKUE NEPCHEKTHUBBI JJI PA3BUTHSA CTPAH, CTAHOBHUTCS
CTUMYJISITOPOM HW3MEHEHHs YPOBHS M KayecTBa HKU3HU
JIIOZIei, CHOCOOCTBYET PACIIMPEHUIO BO3MOXKHOCTEH JUIs
[peIPUHUMATEIIBCTBA, MEIULIUHBI, o0pazoBaHus,
KyJIbTYpbl, cdepbl ycmyr. Hapsgy ¢ orpoMHeIMH
BO3MOXKHOCTSIMH, HH(OPMALIMOHHOE OOIIECTBO TauT B cebe
U MHOT'O YTpo3 Pa3jIMYHOrO XapakTepa, KOTOpble, B IEPBYIO
oyepesib, CBA3aHbl C HEPABEHCTBOM JIIOJCH B JOCTyNE K
ri100anbHON HH(POPMAIMOHHOM CHCTeMe U3-3a COLMAIbHO-
SKOHOMHYECKOr0 M HAayYHO-TEOPETHYECKOro paspbiBa, a
TAKKe C TEeM, YTO HACEJICHHE B LIEJIOM CTAJIO MPEIIOYUTATh
HEaKTHBHBIE BHIbl JIOCYyra, KOTOpbIE IIPU YPE3MEPHOM
YBIGYCHUH  MOTYT  CHOCOOCTBOBaTh  yXYALICHHIO
(GU3HMUECKOr0 ¥ ICHXOJOIMYECKOro 310poBbs. ['IaBHBIM
CyOBeKTOM pa3BUTHA HMH()OPMALMOHHBIX TEXHOJOTHUit
SBISETCS ~ MOJIOJOE  IIOKOJIEHHME  Kak  HawuOoiee
BOCHPHMMYMBOE KO BCEM HOBIIECTBaM, oOJafarolee
BBICOKMM YPOBHEM MOOWJIBHOCTH M HHTEIJIEKTYaJIbHOU
AKTHBHOCTH, OCTpO OLIyIlarollee Ha ceOe KaKk MO3UTHBHEIE,
Tak W HeratuBHble BnusHuA [1]. B cBia3u ¢ sTuM, mepen
rOCyIapCTBOM JIGKUT OTPOMHAasi OTBETCTBEHHOCTh 32

al% https://orcid.org/0009-0000-0489-445X

OyIylee cylecTBOBaHHE MUPA, FAPMOHUYHOE BOCITUTAHHE
MOJIOZICKH.

CpenctBoM — pemieHus — IpoOJeMbl  BOCHHMTaHMS
MOJIOZI)KH KaK 4acTH WHGPOPMAIMOHHOTO OOlIecTBa
SBJIAETCS HE TOJIBKO JOCTH)XCHUE BBICOKOTO YPOBHS 3HAHUH
i COOTBETCTBYIOIIMM  HAlIpaBJICHUSM, HO u
YIIOBJICTBOPEHHE MHOTPEOHOCTH MOJIOZOrO MOKOJICHHSA B
OpraHN30BaHHOM Jocyre, HAIOJHEHHOM
UHTEJUIEKTYaIbHOM JESATeNILHOCTBIO, TBOPYECTBOM,
OOILIEHUEM, 3aHATUSIMHU CIIOPTOM.

ITomuMo 1mIKOJ, BY30B U KOJUIEDKEH B TOPOJACKOH
3aCTpOMKE JOJDKHA CO3JaBaThCsi cpesia, obecreunBaroniast
yCJIOBHS U1 y4eOHOH M BOCIIUTAaTEeNIbHOM AESATeNbHOCTH,
peanu3anuyu TBOPYECKOW M OOIIECTBEHHOH aKTHBHOCTH,

KyJIBTYPHOTO COBEpILICHCTBOBAHMS MOJIOAEXKH.
Cy1ecTByronue MOJOASKHbIE LEHTPbl B peciyOiike He
MOryT  obecrneyuTh  KayeCTBEHHBIH,  OTBCYAOLIMI

pa3IMYHBIM HMHTEpecaM JOCyr, TaK KaK KOJHYeCTBO
NOMEIIEHUH B HUX MaJo, HPEJOCTABISEMbIE BHJIbI
JeATENbHOCTH CBSI3aHbl IPEUMYIIECTBEHHO C HM3y4YEHHEM
A3bIKOB M IIOJFOTOBKOW K IIOCTYIUICHHMIO B BY3bI, He
NpUCHOCOOIeHbl VI MPOBEACHUS OCYra, BKIIOYAIOLIETO
MI03HABATENbHYIO M HAY4HYIO JEATEIBHOCTh, HE B MOJIHOW
Mepe HCHOJb3YIOT BOBMOKHOCTU COBPEMEHHON TEXHUKH U
TEXHOJIOIHH.

Kpome Toro, ocobbie kmuMaTuueckue U reohu3nuecKue
YCIIOBHSA Pecy6niku Y36ekucran TpebyroT
JIOTIONTHUTENIFHOTO y4YeTa HMX MpH pa3padoTke 00BEMHO-
IUIAHUPOBOYHOTO W KOHCTPYKTHBHOIO PELICHUS 3IaHMS
MOJIOZI)KHOTO ~ LIeHTpa  AJIs obecrieyeHus:  JTOJKHOM
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MIPOYHOCTH i HAJCKHOCTH 00BeKTa, ero

9HEepPro3(h(HEeKTUBHOCTH 1 KOM(POPTHOCTH.

2. MeToa0J10rus1 HCCJI€A0BAHUS

B wuccienoBaHMM HCIONB30BAaHBI TEOPETHUYECKHE H
MIPAaKTHYECKHE Marephaibl, OTPAKAIONIWe IPHHIHIIBI
MIPOEKTUPOBAHUSI OOBEKTOB KYJIBTYPHOTO Ha3HAYEHW,
OPHEHTHPOBAHHBIX Ha COBPEMEHHYIO MOJIOAEKHYIO Cpeny,
coziepKallue HOBble TpeOOBaHHMSA K HHUM, OIpenelsieMble
BIMSIHHEM IIOBCEMECTHOTO BHEAPEHUS B OOIICCTBEHHYIO
JKU3Hb  COLMAIBHBIX  CETeH, OHJIAHH-PECYypcoB U
BHPTYaJIBHBIX IPOCTPAHCTB.

OCHOBHBIM ~ METOJIOM  WCCJIEIOBAaHMHA  IPHHAT
(YHKIIMOHAJIBHO-KOMIIO3UIIMOHHBIA ~ aHAJM3  NPOEKTHBIX
peIIeHNd 37aHUH MOJIOJEKHBIX IIEHTPOB, KaMITyCOB W
00BEKTOB KYJIBTYpHO-TIPOCBETUTEIILCKOTO HA3HAUCHUS.

3. Pe3yabTaThl HCcae10BaAHUS

B nmaHHOM pasfene HPEeNCTaBICHBl  Pe3yJIbTaThl
UCTIBITAHUH TPOYHOCTH TP H3rHOE U CHKATHH, a TaKkKe
NPOBEJICH aHAINW3  BOJOLIEMEHTHOrO  OTHOLIEHHS U
CTPYKTYPbI TIOPUCTOCTH.

Lensto UCCIICIOBAaHUIT  SIBUJIOCH U3yuCHHUE
TpaHcopMalu  0O0BEMHO-TUNIAHUPOBOUHOH  CTPYKTYpBI
COBPEMEHHBIX MOJIOAEKHBIX IPOCTPAHCTB B KOHTEKCTE
pa3BuTHst ”HGOPMALMOHHOTO O0IIECTBA, Y/IEIUB OCHOBHOE
BHUMAaHHE MPaBWIBHOCTH (YHKIHOHAIBHOIO PEIICHHS U
KOJIMYECTBY HAIPABICHUH B y4eOHO-BOCIIHTATEIBHOM

Puc. 1. Me:xayHapoaublii MosioaeskHblii neHTp B Odepuuiaiicxaiime (I'epmanus):

TI1aHe, MOBBIICHUIO  YPOBHA  KOM(OPTHOCTH |
JIOCTYITHOCTH.

Jl1s1 BBISBIEHUSI OCHOBHBIX TEHIEHIMUM pa3BUTHUS
00bEMHO-TITAHNPOBOYHON CTPYKTYPBI 3/1aHUH,
TpeTHa3HaYeHHBIX JUIsl COBPEMEHHOH MOJOAEKH, ObLI
MPOAHANM3UPOBAH  3apyOCKHBI  OMBIT  CTPOUTEIHCTBA
HOIOOHBIX 00OBEKTOB.

3.1 3apy6exnblii ONbBIT
MOJIOJIESKHBIX 00bEeKTOB

MPOEKTHPOBAHMS

B cOBpeMEHHOM OOIIECTBE MOJIONEKHBIE OCYTOBBIE
LEHTPHl aKKyMYyJHpPYIOT B CBOUX IIPOCTPAHCTBAaxX JIOZCH,
001a1al0IMMX BBICOKOH COIMAIIBHOM aKTUBHOCTEIO.

MestcOyHapoOHnviii.  MONOOEHCHBIE — UeHmp 6
Oébepwnaiicxaiime (I'epmanus).

Ilenpro mpoekTa OBUIO CO3JaHWE OOIIECTBEHHOTO
HPOCTPAHCTBA, B KOTOPOM MOJOJEXb C Pa3HBIX CTpaH MHpa
Moruia Obl aKTUBHO B3aHMOJEICTBOBATE, 3aBOJUTH HOBBIE U
YKPEIUITE ~ HMMEIOIIMecs  JPYXKeCKHe  OTHOLICHWS,
¢dopmupoBath TmepcnekTHBbl Ha Oymymee [2]. Kommiekc
COCTOMT U3 YeTBIPEX OTHENBHBIX 3JaHMil (TJIABHOTO JOMA,
JKIJIOTO 3JaHMS, MACTEPCKOM M KeMIINHTa), 00bEANHEHHBIX
OTKPBITBIMH HpocTpaHcTBamu (puc.l). Bee 3manus umeror
HEMpPaBWIBHYIO IISTHYTOJIBHYIO WIM  IIECTUYTOJIBHYIO
¢dopmy. OObenuHAeT 30aHHS B EIMHYI0 KOMIIO3HIMIO
obumpHas Teppaca.

B neHTpe riaBHOrO J0Ma PacHoNOXKEHA (JIECTHHIIA
BCTpeY», KOTOpas IIOMHMO OCHOBHOIO Ha3HA4YEHHS —
JocTyma K KOMHaTaM o0mexnTHs CITYKUT
KOMMYHHKATHBHBIM LIEHTPOM, IIPEI0CTaBIISAS IPOCTPAHCTBO
JUIsL OTIIbIXa, BCTPEY, IIPOBEICHUS BBICTABOK, TO €CTh
SBJIAETCS 30HOH JUIs He()OPMAIBHOTO OOLIECHHUS.

a - o0mii BUI; 0 — «JIeCTHHLA BCTPew)

Ceynvckuit oopazoeamenwvhuutii. kamnyc Hands-on
Learning ona monooexncu (FOsxcnaa Kopes). I'naBHOI
LEJIbI0 apXUTEKTOPOB OblIO (opMupoBaHue Haubosee
NPUBJIEKATeNbHOM  Ccpenpl, KoTopas  Obl  CIyXXHJa
HCTOYHHKOM BJOXHOBEHUS JULS JIFO/ICH, 3aMHTEPECOBAHHBIX
B CAaMOPA3BUTHH U IPUOOPETEHNH HOBBIX HaBBIKOB. Kaxknoe
MOMEILCHHE KaMIlyca IIPE/ACTaBIsAeT COOOH OTIENbHYIO
00pa3oBaTeNbHYy0 IUIOLIAAKY, MMEIOLIYI0 CBOIl LBET U

“B

ox

Puc. 2. MoJioge:xHbIii Ka

HAabOp JJIEMEHTOB, W PACIOJOKEHHOE B COOTBETCTBUH C
I0CJIEI0BATEIBHOCTHIO 9TarnoB 00pa3oBaTenbHOrO
npouecca (puc.2a) [3]. [Ipumenenne aHdUIAAHOH CHCTEMBI
[UIAHUPOBKH CIIOCOOCTBYET BOBJICYCHHUIO MOJOASKH B
CMEXHbIE BHABl  ACATENBHOCTH, CIIOCOOCTBYET — €e

HHTEIUICKTYaIbHOMY — POCTY,  PasBUTHIO  TBOPYECKHX
CIOCOOHOCTEH, MOBBIIIAET YPOBEHb KOMMYHHKAOCIbHOCTH
(puc. 20).

mnyc Hands-on Learning (FO:xnas Kopesi. Ceya): a, 6 - HHTEpbepbI
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Monooesxncuvtii yenmp Rivas (Hcnanua. Madpuo,
2009 2.). C camoro Hawajga MHPOEKT 3aJyMBIBAJICA Kak
CHMBOJI MOJIOA&XKHOT0 ayxa Manpuackux okpauH [4]. On
MIpUOOPEN SIPKMif 1 HeOOBIYHBIN 1O hopmMe (acan, aep3Kue
BEI3bIBAtOIINE WHTEphephl (puc. 3). DyHKIMOHATBHBIE
LCHTPbl 37aHUS 3aJyMaHbl KaK «B3pbIBbI aKTHBHOCTHY,
HMEIOIIe pa3sHoe KOHCTPYKTHBHOE n  00BEMHO-

[UTAHUPOBOYHOE PEIICHHE. OT OOBIYHBIX MPSIMOYTOJIBHBIX
IO CJIOXKHBIX TOJy3BE3IYaThiXx (opM aTpUyMHOTO THIA.
COBMECTHO C Pa3HOYPOBHEBBIMH IUIOMIAJAKAMU BHYTPH
30aHUs, a  TaK)Ke OKCIUTyaTHPYEMBIM ITOKPBITHEM OHH
CO3[Aal0T  MPEKPacHOe MPOCTPAHCTBO Ui OOIICHHUS U
00MEHa OIBLITOM.

7

Puc. 3. Mosonexublii uenrp Rivas (Mcnanus. Magpun):
a — o01Mii BUA; 0 -MHTEPbep 3Be314aTOro 3a/1a; B — pa3pes; I' — IUIaH

Obpazosamenwvuviit  napk  Raices  (I'yamane,
Konymous, 2015 2). Ilpoekt Bkiodaer oOydaromue U
KYJIbTYpHBIE JBYXJTa)XKHbIE OJIOKH, 00beIMHEHHbIE
OTKpBITOM  ranmepeeii ¥ OOMIMPHBIM  JBOPOBBIM

MPOCTPAHCTBOM,  JAIOIIMM  BO3MOXKHOCTH  IPOBOIHTH
MEpOTPHATHS HAa OTKPBITOM BO3AyXe W SIBISTIOLIHAMCS
KOMMYHHKAIIMOHHBIM ~ TIPOCTPAHCTBOM  JUISL  BCETO
komiuiekca (puc. 4) [5].
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Puc. 4. Odopa3zoBarennsnblii napk Raices (I'yarane, Koaymons):

a — o0uuii BUA; 0 - MJIan

Kynomypnouii yenmp "Longgang" e IlDnvusicone
(Kumaii, 2019 2) Bxirodaer B ceOsl LEHTP MOIYJIIPHOMN
Hayku 1y neteit u ronomrectsa (10 000 M?), MOJIOIEKHBIIH
LEHTp JUTs OOIIeHNS, 3aHATHI CIOpTOM 1 KoHIepToB (8 000
M2), Xy 10’KECTBEHHBII My3el c LEHTPOM
rpagoctpouTenbersa (13 500 M?), KHIKHBIH TIEHTp ¢ Kade U
pectopanamu (35 000 M?). Takxe B KOMIUIGKC BXOJSAT

Mara3uHbI 1 HOA3eMHBIH rapak (21 500 m?) (puc. 5) [6]. TIpu
IUIOIAH y4yacTKa B 3,8 ra 3HaUUTeNbHAs €ro YacTh 3aHsiTa
OOIIECTBEHHBIM IIPOCTPAHCTBOM. Biaromapst pasMelneHHIo

BXOJOB B KYJBTYPHBIC LCHTPHI Ha KPBITBIX IUIOIIAJAX,
PpasIM4HbI€ KYJIBTYPHBIC MCEPOHNPUATHSA MOTYT TaKXKe
IIPOBOAUTHCA HAa OTKPBITOM BO3yX€.

Puc. 5. KyabTypssiii nentp "Longgang' B llIanbuxine (Kuraii):
a — o0wuii BUa, 6 — HHTEpbep

OrpoMHble OTKpPBITBIE MPOCTPAHCTBA W aTpHyMHas
IUIAaHUPOBOYHAsE CHCTEMa pacrojaraerT K LIHPOKOMY
OOILIEHHIO, CIOCOOCTBYET —IOBBIIIGHUIO HHTEpeca K
pasNMYHBIM BHIAM JEATEJIBHOCTH KaKk TO Hay4HOH,
TBOPYECKOH WK CIOPTUBHOM.

Kynomypnotii yenmp 6 Ayanay ( @panyusn, 2009 2.)
npeiHa3HaueH JUIi JIFoiei pa3HOTo BO3pacTa, B TOM YHCIIE U
s mosiopexu (puc. 6) [7]. Ha mepBom sTaxe 3maHust
pa3MelleHbl MPOCTPAHCTBA Ul OOIIEHHS JIIO/IeH PasHbIX

oI
b R

) SO

BO3PAaCTHBIX ~ IPYNI, MyJbTHMeIMitHas  OuOJIMOTEKa,
HeOoupine KOH(pepeH-3ambl ¥ O(UCHBIE MOMEUICHHS.
JIByXCBETHBII1 UMTaNBHBIH 3aJ1, PACHOIOKEHHBIH Ha BTOPOM
9TaXke, OrPOMHBIM BHUTPAXXOM BBIXOAUT Ha TOPOJCKYIO
IJIOIA b, YTO CIIOCOOCTBYET MOIMYJsApHU3alu uteHus. Ha
TPETbeM 3TaXe 3alPOCKTHUPOBAHbl TAHLEBAIBHBIN U
TMMHACTHYECKUH 3aJl, MHTEpbep KOTOPBIX pPa3sHOOOpa3uT
BKJIIOYEHHUE BO BHYTPEHHEE POCTPAHCTBO 00beMa KPBILIIH.

Puc. 6. KyabrypHblii 1el

HTP B Ay3Hay (Ppanuus):

a — o0LuMii BUA; 0 — NJIaH MEpPBOro 3Taxka; B — pa3pe3
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Monooéxncuvtii. yenmp Idpu Komepa (Huxazo,
CHIA, 2006 2.) ueHTp SBISETCS NPOCTPAHCTBOM JIJIS
Ppa3INIHBIX MOJIOJIEKHBIX 00pa30BaTeNIBbHBIX u
pasBiekatenbHBIX  mporpamMm  (puc.7) [8]. ILlentpom
COOPY>KEHMs SBISICTCSl YHUBEPCAJIbHBIM CIOPTUBHBIN 3all,
KOTOPBIH, B cirydae HE0o0XO0IMMOCTH, MOXKET

KOMHATBI JUISl 3aHATHS WCKYCCTBOM M peMECIamH,
KOMITBIOTEpHBIE J1abOpaTopHy, TaHIEBAJIbHBIE 3Bl U
CTyIWsl  3BYKO3aIlMCH, IIOMEIIEHHS [UII  U3YYeHHS
Pa3IMYHBIX [IPEMETOB, BEICTAaBOYHBIE 3aiIbl. Ha BHENIHIO
CTOpOHY 3aHus BBIXOJIAIT TaHIEBaIbHbIE "
XYIOKECTBEHHBIE 3aJlbl, YTO MO3BOJSIET PEKIAMHUPOBATH
JIeSITEIFHOCTH MOJIOJIEXKHOTO IIEHTPA.

[IpumeHeHHME  CBETOIPO3PAavHBIX MIEPEropoJIoK
obecrieunBaeT BU3yalbHBIH JOCTYII K Pa3IMYHBIM IPYIIIaM
TIOMEIIEHUH, YTO CIIOCOOCTBYET ITOBBHIMIEHHIO MHTEpeca 1

TpaHc(hOPMUPOBATECS B TeaTpalibHYIO0 IUIom@anky ¢ 600
3pUTENBCKUMH MecTaMu. K criopTuBHOMY 3aiTy IpHMBIKaeT

Kagerepuil.
Co Bcex CTOPOH 3all OKPYXaeT TPEXypOBHEBOE
IIPOCTPAHCTBO, aJlanTupyeMoe nox T00BIe

o0pa3oBaTeNbHbIE MM Pa3BlIeKaTeIbHBIC IOMEIICHHS:
MOCJICYIOLICH BOBJICYCHHOCTH B TOT WIM HHOI poliecc
MOJIOABIX JIIOAEH, a TakXkKe CO3JaeT y HHX YyBCTBO
0€30MacHOCTH.

Ha xpbliiie Haji yHHBEpPCAIbHBIM 3aJI0M PACIIONOKEHA
3ejeHasl 30Ha, KOTOpask MOXKET CIYXHTh Kak MECTOM
OT/IbIXA, TaK ¥ MECTOM JUIsl 3aHATHIA 110 BBIPAIMBAHHIO ST0]]
1 OBOILCH, KOTOpbIE 3aTeM HCIOJB3YHOTCS Ha 3aHATHSAX 110
KYJIMHAPHOMY HCKycCTBY. JIjisl ITOCTyIa €CTECTBEHHOTO
CBETa B [IOMELICHUE YHUBEPCAJIBHOTO CIIOpPT3alia Ha KPbILIEe
YCTAHOBJICHBI CBETOBBIC JIFOKH.

Ry

P‘n‘c4.7. MoJioaé:xnblii nentp I'spu Komepa

(H_I:

a — oouumii BU; 0 — nJ1aH co 3PUTEJIBbHBIM 32JI0M; B — HHTEPbEP YHUBEPCAJBHOI'0 CIIOPTHBHOTO0 3a/1a; I' — 3€¢JICHasl 30HA Ha

Oépa3zosamenvuulii yenmp 013 00ApéHHBIX Oemeil
«Cupuyc» (Poccus, Couu, 2019 2.) npencraBisier coOoi
KOMIUIEKC 3[aHHH, OOBCIMHEHHBIX OOIIel TeppuTopHeit
(maBMIIbOHHASL apXUTEKTypa). B cocraB KoMIuIeKca BXOIAT
aJIMMHHUCTPAaTUBHO-CHAJIBHBIH KOPIIyC, a TaKkxke KopIyca
«IlIxomna», «Crnopt» u «MckyccTBo». ApXUTEKTypa Tpex
MOCIEHUX KOPIYCOB pelleHa B EIMHOM  KIIo4e
IUIACTUYHBIX ~ OOTeKkaeMbIXx  (opM  chepuueckoit u
SJUTUIICOBUAHOM KOHGUIYpALMH, YTO [103BOJISIET OPraHUYHO
BITHCATh UX B OKpyxaromuii nanamadr (puc.8) [9].

Kopryc «lllkoma» mpeacraBmsier coboi B IUiaHe
KOJIBLIO C OTKPBITBIM HEOOCBOAY BHYTPEHHHM JBOPOM
(puc.8). Ncnonb3oBaHa KOPUIOPHAs CHCTEMA ITAHUPOBKH C
JIByXPsTHOH 3aCTPOUKOI (puc.9). ITomeruenus,
OpPMEHTHPOBAaHHbIE HAa  BHYTPEHHHMIl  JBOp  HMMEIOT
[IAHOPAMHbIE OKHA. 371eCh MPEyCMOTPEHbI ayIUTOPHH UL
MIPOBEJICHUS TEOPETHYECKHX 3aHATHH, KOTOpBIE
TO/IKPETUIAIOTCS MPaKTHKON " OIIBITAMHU B
YJIBTPACOBPEMEHHBIX n1abopaTopusaX pasHoii
HAaIpaBJIEHHOCTH: upoBas, ecTeCTBEHHO-Hay4Hasl,
CKaHUPYIOLIEH 30HI0BOH MHUKPOCKOIHH, TEXHOJIOTHYECKas
MacTepckass M Ip. Mexay y4eOHbIMM KOMHATaMu BO

Kpbllle

MHOTHX CIy4yasX IPeJLyCMOTPEHbI TPaHC(HOPMHUPYIOIIHECT
NIePEropo/IKY, MO3BOJIAIOIINE H3MEHSATh HPOCTPAHCTBO B
3aBUCUMOCTH OT TpeOyeMoil BMECTHMOCTH BO BpeMs
npoBe/eHUs  3aHATHI. BHemHsas oOojouka  31aHUA
BBINIOJIHEHA BEHTHIMPYEMOH C NPUMEHEHHEM TEXHOJIOTHH
SEVALCON. CnoxxHoe KOHCTPYKTHMBHOE  pELICHHUE
00OJIOYKM COCTOHUT W3 BHYTPEHHErO MOKPHITHA U3
npoduucTa, Hapo-, TEIUIO- W TUAPOM3OJLSILIMK, a TaKKe
BHEIIHEH JEKOPATUBHOM CHUCTEMBI, BBIHECEHHOW Ha
MeTaJUIMYeCKOM Kapkace Ha 160 MM HapyKy U OTAEIaHHON
IIOMUHUEBBIMU JIUCTAMH C TIPOPE3sMH 11 OKOH U
3CHUTHBIX (poHApEH.

Kopnyc «Cnopt» B miaHe MMeET SJUIUIICOBUIHYIO
¢dbopmy (puc.10). B 3manum  Ha HEpPBOM  ITaxe
IpelyCMOTPEHbI BXOAHAS IpyIna, OaccelH, pasieBajKu ¢
JyIIeBbIMH, oOciykuBatoiye mnomerieHus. Co CTOpPOHBI
KPBITOTO OacceiiHa ¢ Hapy»KHOU CTOPOHBI IPUMBIKAET BaHHA
OTKphITOro OacceiiHa. Ha BTOpoM 3Take pacroiiOkKeHbI
CIIOPTHBHbIE 3aJIbI C TPAHC(HOPMHUPYIOIIESHCSI TIEPETOPOIKOM.
B HapyxHOIl 000504Ke YCTPOEH OrpOMHBIN 3E€HHUTHBII

(doHapb.
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? s . 2 /
Puc. 8. Odpa3oBarenbhblii nenTp «Cupnyce» (Poceuns, Coun):
1 — agMuHHCTPaTHBHO-CNANBHBIH Kopnyc; 2 — «IlIkoa»;

3 — «MckyceTBo» 4 - «Cropm»

Puc. 9. Kopnyc «llIxona» B «Cupuyc»:
a — IUIaH IepBoro 3Tazka; 6 — paspe3

B B

S ¥

Puc. 10. Kopnyc «Cnopt» B «Cupnyc»:

a — IUIaH MepBOoro 3Tazka; 6 — IJIaH BTOPOIO 3TaKa; B - pa3pe3
Kopmyc «MckyccTBo» 3ampOeKTUpOBaH B IUIaHE B

Buie «pbiOkm» (puc.l11). IlnanupoBouyHOE peleHHe
JOCTATOYHO CIIOKHOE — COYCTaHHE aTPHyMa M KOPHAOPHON
cucteMbl. IIpeqycMOTpeHbl pasinyHble MO  IUIOIIAAN
MIOMEIIeHHsI, TIPeIHA3HAYEHHbIC Sl 3aHSTHIT JKHBOITUCHIO U

CKYJBITYPOH, MY3BIKOH, IIEHHEM, TaHI[AMH,
peNeTHIMOHHbIC OajyieTHBIE KJIACChI u T.IL
3anpoeKkTHPOBaHbl M KOHLEPTHBIH 3al CO CIIEHMYECKOit
IUIOMAKONH ¥ OAlKOHAMH B BHJE OTKPBITOM Taleped, U
BBICTABOYHOE MPOCTPAHCTBO.
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Puc. 11. Kopnyc «MckyceTBo» B «CHpHyce»:

a — IJIaH NepBoOro 3Taxka; 6 — paspes

PaccmoTpenHsie CTPOUTEIHHBIE 0OBEKTEI,
OpHEHTHPOBAaHHBIE HA MOJIO/ICKb, OJJHO3HAUYHO YKa3bIBAIOT
Ha  HEOOXOIUMOCTH UX  MHOTO(QYHKIHMOHAJIBHON

HAaIpPaBJICHHOCTH, OPUTMHAJIBEHOCTH B pelleHHH (hacazos,
MHTEPHEPOB ¥ KOHCTPYKTUBHOTO PELICHS, OTKPBITOCTH JULS
GOoNBIIMHCTBA TIONB30BaTeNei. OHAKO TTTaBHBIM OCTAeTCs
BOTIPOC ~ BOBJICUCHHUs IIOAPACTAalONIETO TIOKONEHHS B
AKTUBHYIO COLMOKYJBTYPHYIO JKH3HB, «OTBOEBaB» €r0 OT
OIYTHIBAIOLINX CeTei HH(HOPMALIOHHOTO 00IIeCTBA.

3.2 Konnenuusi MPOEKTHPOBAHUSI  MOJIOAEKHBIX
HeHTpoB A1s Pecnydiuku Y30exkucran

Ha ocHoBe aHan3a MHPOBOTO ONBITAa MPOSKTHPOBAHHS
3JIAHUIH MOJIOAEKHBIX IIEHTPOB M M3YYEHHH IMyOIHKAIMi 1
COOCTBEHHBIX HCCIIEIOBAaHHH, KacaloMNXCsl JIOCYTOBBIX
MPEANOYTeHUI 3Tl Kateropuu rpaxnaas [10 — 13], Obuta
copmyIpoBaHa ApXUTEKTYPHO-TUIAaHUPOBOYHAS
KOHIICNIIMS, KOTOpPasi MOXKET OBITh IOJIOXKEHA B OCHOBY
CO3/IaHMsI COBPEMEHHOr0 MPOCTPAHCTBA Ul MOJIOAEKH, B
TOM yncie u B PecrryOnuke Y30ekucraH.

1. Mnocoghynkyuonansruocmeo.

CoBpeMEHHBIH  MOJOAEKHBIN LIEHTp JIOJDKEH
MPEJICTABIATE COO0i MHOrO)yHKIIMOHAIBHBIN KOMILIEKC, B
KOTOPOM OCHOBHOE BHMMaHHe Oyner oOpaiieHo Ha
IPOCBEILEHNUE, CAMOPA3BUTHE, OKa3aHHE HH(POPMALIMOHHBIX
U KOHCYJIBTaTHBHBIX YCIYT, pa3BUTHE HH(OPMalMOHHON
KYJIBTYpbI U obecrieyeHre nH(opMaoHHO#H 0e301macHOCTH
JIUYHOCTH, OTIBIX, 3JOPOBBIH 00pa3 XKHU3HH, OOIICHHUE,
NpHoOIIEeHHe K HALMOHAIBHBIM ILIEHHOCTAM M MHPOBOMH
KYJBType, COMIKEHUE C OKPYIKAIOLIel CpeIoii.

MHoro(hyHKIIMOHATBHOCTh TOJDKHA HAUTH OTPaXKeHUE U
B OJIaroycTpoiicTBe MpHIeraronell TeppUTOPHU.

2. DYHKYUOHATbHOE 30HUPOBAHUE NPOCMPAHCIEA.

Heobxomumo ~ MHOroypoBHEBOe  ()YHKIMOHAIBHOE
30HUPOBAHME IPOCTPAHCTBA MOJOJAEKHOIO ILEHTpa ¢
3JIEMEHTaMH [UIABHOTO IIEPETEKaHMs» U3 OJJHOTO B JAPYTOE,
4TOOBI, C OJHON CTOPOHBI, YETKO Pa3rPaHUYUTH DPa3HbIC
XapaKkTepbl  JEATENBHOCTH, HO, BMECTe€ C  TeM,
3aMHTEPECcOBaTh MOJIOACKb JAPYTMMH  HANpPaBICHUAMU
AKTHBHOT'O J0CYTa.

3. Opeoromuunocms 8HympeHHe20 npoCHpaHCcmea.

IIpocTpaHCTBO 37aHUS MOJIOACKHOIO LIEHTPa JOJDKHO
HCTIONH30BAThCS MaKCUMaNbHO 3(PdexTHBHO. JIeCTHUIIBI,
rajeper, BECTHOIONH, XOJJIbl JOJDKHBI CTaTh HE HPOCTO
30HAMH KOMMYHMKAallMid, a M TpPOCTPAHCTBAMH JUIS
HeopManbHOrO  OOINCHHs, OpraHW3allid  BBICTABOK,
JIOTIOJIHUTEIIBHBIX 3PUTENIBHBIX MECT TIPHU KOHLEPTHBIX U
CIIOPTUBHBIX 3aIax.

4.  Texnonozuueckas unmezpayusi.

Brenpenne COBPEMEHHBIX TEXHOJIOT Ui
(MynBTHMEMIHBIE CTyIIUH, HMHTEpaKTHBHEIE
WHQOpPMAIIOHHBIE CEHCOPHBIE NaHEeTH W IU(POBBIE
OMOIMOTEKH, KOMITBIOTEpHBIE KOBOPKHHI 30HBI) Oymer
CIOCOOCTBOBATH MOBBIIIEHHIO () (PEKTUBHOCTH 00yUIEHHS 1
oOMeHa mH(pOpMaIHed. YUUTBIBasl, 9TO Ba)KHBIM JTarioM B
pa3BuTHH  WHGOPMAIIMOHHOTO  OOINECTBAa  SIBISETCS
BHEJIpeHHE pOOOTH3aIMK, TO CHEUHAalbHBIE 30HBI JUISL
KOHCTPYUPOBAHUSI ~ aBTOMATH3HPOBAHHBIX TEXHHYECKHX
CHCTEM H JEMOHCTpPAlMM pPe3yJbTaTOB JOJDKHBI OBITHh
MaKCHMAaJIBbHO OTKPBITHIMHU U JIOCTYITHBIMH.

5. Tpancgopmayus npocmpancmaa.

Brenpenne — TexHonormm  TpaHC(HOPMHUPYIOMINXCS
HeperopoJIoK, TIO3BOJISFOLIINX paszouts Gosb1oe
MPOCTPAHCTBO Ha TIO/30HBI HJIHM, HA00OPOT, OOBEIUHHUTH
Majble TMOMelleHHs B OOJbIIOe, IO3BOJIUT  OBICTPO
a/lanTHPOBATh 3/IaHKE O] HOBbIEC (DYHKIIMH.

6. Aeumayuonnas nacnsonocme.

Jlns  BoBIEYEHHs MONOAEXKH B
JEATENBHOCTH, TeM CaMbIM CIocOOCTBYS eé
UHTEIIEKTYaIbHOMY pocrty, 11e1ec000pa3HoO
UCHOJIB30BAHKE NIPU MPOSKTUPOBAHUHM 3/1aHUH aH(uIaHON
U aTpUYMHOW TIUIAaHMPOBOYHBIX CHCTEM, a TaKXe
NpO3payHblX KOHCTPYKIHMH BHYTPEHHHX MEPErOpOJIOK.
Co3nanue He(OpMAIBHBIX MPOCTPAHCTB Oyxner
CTHUMYJIUPOBaTh MOJIOJCKb K KOMAHIHOH (COBMECTHOIA)
padore.

Jisi  mpuBICYEHUs MOJIOABIX JioAedH B paboty
MOJIOJIE)KHBIX LIEHTPOB LIeJIECO00Pa3HO MPelyCMaTpUBaTh B
3HaYUMBIX (DYHKIHMOHAIBHBIX IPOCTPAHCTBAX YCTPOHCTBO
OONbLINX BHUTpaXKeH, OPHEHTHPOBAHHBIX B CTOPOHY
TOPOJCKOIl 3aCTPOMKH, YTO MO3BOJIUT IMOKA3aTh AUHAMUKY
MPOUCXOJAINX BHYTPHU IIPOLECCOB.

7. Opueunanvrnocms popmel u pacados.

31aHue MOJOAEKHOTO IEHTpa JOJDKHO IPHUBIEKAaTh
BHUMaHHE HEOXUJAHHOCTBIO apXUTEKTYPHOH (HOpMBI,
HCTIONB30BAaHUEM HEOOBIYHBIX KOHCTPYKTHMBHBIX PEIICHHUI,
«MTrpoi» ¢ IBETaMH M  TEKCTypaMu  OTAEIOYHBIX
MaTepHalioB, COUETaTh HOBEHININE apXUTEKTypHbIE MPUEMBI
u GopMBl C 3JIEMEHTaMH HAIMOHAIBHOIO 30/14eCTBA U
JEeKOpaTUBHO-TIPUKIIAHOTO HCKYCCTBA.

8. Brnouenue npupooHo20 KOMHOHEHMA.

OOBbeMHAIONINM WIN JOTONHSIOMIM ITPOCTPAHCTBOM
MOJIOAEKHOTO  LIEHTpa  JIOJDKEH CTaTh  MPHUPOJHBIN
KOMIIOHEHT B BHJE€ BHYTPEHHETO O3€ICHEHHOTO JBOPA,
OpaHXepeu, MPUIEralollell TEPPUTOPUN WIIH 03E€JIEHEHHON
MOBEPXHOCTHU KPBIIH. Takue BKIIOUSHHUS PACIIUPSIIOT 30HBI
He(hOpMaJIbHOrO o0IIeHus, OTAbIXa M MOTYT
UCTIONB30BAThCA IS IPOBECHUS HAYYHBIX UCCIIEI0BAaHUI.

9.  Uuxmosusnocmo.

CMCXKHBIC BH/BI
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BakHBIM acCTIeKTOM SIBISIETCS CO3/aHHE JOCTYHMHOM
cpemBl IS JTIofeH ¢ OTpaHNYEeHHBIMH BO3MOXHOCTAMH. Bee
MIPOCTPAHCTBAa  JOJDKHBI  OBITH ~ a@aNTHUPOBAHBI UL
KOM(OPTHOTO  HWCIONB30BAaHWS  BCEMH  KaTETOPHAMH
HaCEeJICHHSI.

10. Peanuzayus

apxumexmypbi.
3maHne  MOJNIOAEKHOIO  [EHTpa  JOJDKHO  OBITH
JOJITOBEYHBIM M ceiicMocTOHKMM. [Ipn mnpoekTupoBaHWHI
ClIeyeT TpeayCMaTpUBaTh HCIIOIB30BAHUE SKOIOTHYECKH
YUCTBIX ~ MaTepuaiioB. Hapsinmy ¢ TpaIunMOHHBEIMH
cHUCTEeMaMH  KJIMMarH3aluy, HeoOXOJUMO NPHUMEHATH
CONHEYHble 0OaTapen W TaHENIHW, BETPOre€HEePaTopHl,
TEIUIOBBIE  HACOCHI, COMTacHO  S(QQEKTUBHOCTH  UX
MIPUMEHEeHUs B KOHKPETHOM paiioHe ctpontenscTBa [14].

NPUHYUNOB YCMOUYUBOU

4. 3akjaueHue

B pesynbrare  BBINONHEHHBIX  MCCIEIOBaHHN
YCTaHOBJICH KOMIUIGKC ~apXHUTEKTyPHO-IIAHUPOBOYHBIX
MPUHIUIOB (JOPMHUPOBAHUS 3/IaHHH MOJIOJICKHBIX LIEHTPOB
B ycnoBuAX  MHGMOpMALMOHHOro  oOmecrsa  Juist
KIMMaTH4YecKuX  ycioBuii  PecnyOmukm — V30ekucras.
Pesynpratsl  paboTBl  MOTyT  OBITH  HCIIOJB30BaHBI
apXUTEKTOpaMH  IIPH  TPOEKTUPOBAHMH  OOBEMHO-
IUIAHUPOBOYHBIX PEIIEHUH MOJOAEKHBIX MPOCTPAHCTB B
yCcIoBUAX OOy4deHWss ¥ JajbHEWIIell  IepCrIeKTHBBI
caMopeanu3allid B YCIOBMSAX  MH(OPMaLHOHHOTO
oOmiecTBa.

CchopmynupoBanHble TpeOOBaHHS K OpraHW3alUH
apXUTEKTYpHOH Cpelbl Ul BHEYy4eOHOH JedTenbHOCTH
MOJIOAEKU TO3BOIAT MPOBOJAUTH SKCIEPTHYIO OLEHKY
COOPYIKEHHH, BBITIONHAIOIIMX 3TH (QyHKINH.
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Modern approaches to designing student dormitories:
energy efficiency, functionality, and social environment

S.S. Shaumarov?, D.R. Nurmukhamedova!
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article analyzes contemporary trends in the design of student dormitories aimed at meeting students'
needs for comfortable, safe, and energy-efficient environments. The study explores the principles of
functional-compositional analysis of spatial-planning solutions and their adaptation to changes in the
educational environment and social demands. Special attention is given to international experience in
designing student dormitories, which has allowed for the identification of best practices in sustainable
construction and the creation of a comfortable educational environment. In conclusion, recommendations
are provided for improving the design solutions of student dormitories in Uzbekistan, considering the
specific local climatic and economic conditions.

Keywords: student dormitory, design, energy efficiency, sustainable construction, social environment, architectural
design, functional-compositional analysis, international experience, recreational areas, environmental
technologies

CoBpeMeHHbIEe MOAX0AbI K MPOEKTHPOBAHUIO CTYACHYECCKHUX O0IIEeKUTHIA:
IHEProdpPeKTUBHOCTH, PYHKIMOHAIBLHOCTH H COLMAJILHAS Cpeaa

Illaymapos C.C.1, Hypmyxamenosa J.P.!

TamkenTckuit rocyIapCTBEHHBIN TPAHCIIOPTHBIA YHUBEPCHTET, TalkeHT, Y36eKucTan

AHHOTAIHS: CraThsl aHATM3UPYET COBPEMEHHBIC TEHICHIMH B MNPOCKTHPOBAHHH CTYJICHUECKHX OOIICKUTHH,
OPHUCHTHPOBAHHBIX Ha Y/IOBJIETBOPEHHE MOTPEOHOCTEH CTYAEHTOB B KOMGOPTHBIX, OE30MaCHBIX H
9Hepro3P(HeKTUBHBIX YCIOBHSIX. B HCCIIEIOBAaHHHM PACCMATPUBAIOTCS MPHHIMIBI (yHKIIMOHAIBHO-
KOMIIO3UIIMOHHOT'O aHAIN3a 00bEMHO-TIAHMPOBOYHBIX PEIICHHH, @ TAKXKE UX alanTalys K U3MECHEHUAM
00pa3oBaTesIbHOM Cpezibl U COlMaIbHBIM 3anpocaM. Ocoboe BHUMaHUE Y/EICHO 3apyOeKHOMY OIBITY
HPOCKTUPOBAHMS CTYACHYECKUX OOLIEKUTHIH, 4TO TIO3BOJIMIIO BBISIBUTD JIyUIlIHE IPAKTHKH YCTOHYHBOTO
CTPOMTENILCTBA U cO3JaHHA KoMQopTHOH oOpasoBarenbHOil cpenpl. B 3akioueHue NpHBEEHBI
PEKOMEHIAIMK 0 COBEPIICHCTBOBAHHMIO IIPOCKTHBIX PpELICHWH CTyJEHYECKMX OOIIeKUTHH B
Y30ekucTrane, ¢ y4eToM Crenu(GuKY MECTHBIX KIIMMAaTHYECKUX M SKOHOMHYECKHX YCIIOBHUH.

KitoueBslie croBa: CTyJIEHYECKOE OOIIEKUTHE, TPOSKTUPOBAHKUE, HEProd(G(PeKTHBHOCTb, YCTOHYHBOE CTPOHMTEIBCTBO,
colMalbHAs cpela, apXUTEKTYpHOE NPOEKTHPOBaHUE, (YHKIHMOHAJIbHO-KOMIO3MIMOHHBIH aHau3,
3apyOeHbIH OIBIT, PEKPEALIIOHHBIE 30HbI, SKOJOTHYECKUE TEXHOJIOTUH

CTaTh OCHOBOH MX OyaylmuXx NmpogheCCHOHAIBHBIX U JIMYHBIX
OTHOWIeHUH.  BaxHOCTh  3TOro  acmekra  TPYIHO

1. BBeI[eH]/[e MEePEOIICHHUTb, TAK KaK OOLIE)KUTHE CIIOCOOCTBYET Pa3BUTHIO
HABBIKOB KOMMYHHKAIIUH, TOJIEPAHTHOCTH U CIIOCOOHOCTH K
Ileprozt 00yuenns B By3e sIBIACTCA BayKHBIM ITAIOM JULs COTPYIHHYECTBY, YTO SIBJISICTCS BaXKHOW COCTaBJISIOIICH
COLMAIM3ALMY  MOIOACKH, (OPMHDYS — OCHOBBI  HX COLMAJIbHOM a/IalTallik CTYJCHTOB B OOLIECTBE.
JMYHOCTHOTO UM MNpOo(eCCHOHANBHOrO pocra. B stoM Omsako B PecnyOnnke — Y30CKHCTaH — MHOTHE
MpOoLECcce HEMANYIo POJIb UIPACT POCTPAHCTBEHHAS CPEaa, CTyAeHYeCKUe OOIIeKHUTHs ObLIH mocTpoeHs! emie B 70—80-
C KOTOPOW CTYIEHTbl IIOCTOSHHO B3aUMOJICHCTBYIOT, X rojax IMpOIUIOr0 BeKa IO THUIOBBIM IPOSKTaM, W B
00066HUH0 B yCIOBHAX Y‘I96H0F003aBeﬂeHHﬂ- Onnum w3 HACTOsILIEe BpeMsl MPOAODKAIOT JKCIUTyaTHPOBAThCS 0e3
BOKHCUIIMX ~ JJICMEHTOB ~ 3TOM  CpEAbl  SBIACTCA 3HAYNTENbHBIX u3MeHeHuid. CdopmupoBaHHass B 3THX
CTyZICHUECKOE OOIIEKUTHE, KOTOPOE CTAHOBUTCS JOMOM OOIIEKUTHAX  [PEIMETHO-IPOCTPAHCTBEHHAs  Cpeja,
JUIsL CTY/ICHTOB Ha MPOTSDKEHUH HECKOJIBKHX JIET MX XKU3HU [IPE/INONAraomas  KOPHIOPHOE PAaCIOIOKEHAE  KUIBIX
B Byse. OTOT BUJ JKHIHMINA LOIDKCH YIOBICTBOPATH DAl KOMHAT Ha 2—4 4eJjoBeKa, He COOTBETCTBYET COBPEMEHHBIM
COLMANBHBIX (PYHKIMHA, CIIOCOOCTBYIOIMX KOMBOPTHOMY U COLMAIbHBIM 3aMPOCaM M TPeOOBaHHUSIM, TPEIBSIBISIEMbIM K
IPOJYKTHBHOMY ~IPEOBIBAHMIO CTY[ICHTOB: COXDaHCHHE yueOHOMY TIpOIlecCy M KaueCTBY XHM3HH CTYICHTOB. JTH
3[I0pOBBS, CO3aHHE OJNArONPHUATHOTO IICHXOJIOTHYECKOrOo 3[aHHS He 06ECTICYMBAIOT JOJKHOTO YPOBHS KoM(OpTa, 4To
KJIMMaTa, YCIOBHS Ul MOATOTOBKH K 3aHATHAM, a TaKke HEraTHBHO BIWSET HA  370pOBbE  CTYIEHTOB, KX
opraHmsanys 10cyra v OTAbIXa. YCIEeBAEMOCTh U OOIIYIO YIOBJIETBOPEHHOCTH YCIIOBHUSMH
CryneHueckoe OOIIEKUTHE, SBIAACH HEOTHEMIIEMOI TPOKUBAHISL.
YACTBIO YHUBEPCHTETCKOM KU3HH, BBINOIHACT POIIb CBOETO B oTBeT Ha 3TH BBI30BBI BO3HHKAET HEOOXOAUMOCTH B
po/ia COUMAIBLHOIO TICHTPA, TAC MOJIOJBIC JIO/M HE TOJIBKO PEKOHCTPYKIMU CTYIEHUYECKUX OOIIESKHUTHA, 4TO Tpedyer
MPOXXMBAIOT, HO M AKTUBHO B3aMMOJCHUCTBYIOT Ipyr C W3MEHEeHHUH KaKk B 00bEMHO-TUITAHUPOBOYHOM PEIICHUH, TaK

IpyroM, (GopMHUpYsl COLMalbHbIE CBSA3H, KOTOPHIE MOTYT
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U B HMHIKEHEPHBIX CeTAX M TEIUIOBOM OajlaHCce 3JaHUM.
CoOBEpIICHCTBOBAaHNE TIO3BOJIUT HE TOJNBKO YIIYUIIUTH
YCIOBUSI TPOXKMBAHUSA CTYIEHTOB, HO M CO34aTh Ooiee
3¢ peKkTHBHYI0 00pa30BaTENbHYIO H CONMAIBHYIO cpeny. B
YCIIOBHSIX COBPEMEHHOTO MHpa, KOT/ja aKIIEHT Ha 310POBBE,
NICUXOJIOTHYECKUH KOMGOPT ¥ pa3HOOOpasue Jocyra
CTaHOBUTCS BCe OOJiee 3HAUMMBIM, BaXKHO ITEPEOCMBICIIUTE 1
OOHOBHTH apXUTEKTYpHBIE ¥ (PYHKIMOHAIBHBIE ITOIXOIBI K
MIPOEKTUPOBAHUIO CTYICHIECKHUX OOIIESIKUTHH.

2. MeT010J10rusl HCCJIeI0BAHUSA

B wuccnenoBaHuM UCHONB30BaHBl TEOPETUYECKUE U
IIPAaKTUYECKUE  MaTrepuaibl,  KOTOpPbIE  PaCKpBIBAIOT
TIPUHIMITEI TIPOSKTHPOBAHMS CTYIEHYECKHX OOIIEKUTHH 1
JKWIBIX  3/aHUH,  COOTBETCTBYIOIIMX  COBPEMEHHBIM
MOTPEOHOCTSIM ~ CTYACHTOB.  YUUTBHIBAIOTCSI  HOBBIE
TpeOOBaHWs, BBI3BAHHBIE pa3BHTHEM 00pa30BaTEIHHON
cpelbl,  M3MEHSIOIMMMCS  YCIOBUSMH  COLMAJIBHOM
aJlanTaIyy 1 He0OXOANMOCTBIO oOecriedeH s KOM(POPTHBIX
n OesomacHeIXx ycrmoBmil i1 mpoxuBaHusA.  Ocoboe
BHUMaHHE yJIeIsIeTCs BOIpocaM SHeprod(eKTHBHOCTH 1
YCTOHUMBOCTH 3aHUI.

OCHOBHBIM ~ METOJIOM  HCCIEIOBaHUS  SBISIETCS
(YHKIIMOHAJIPHO-KOMIO3UIIMOHHBIA ~ aHAJTM3  NPOEKTHBIX
PELICeHNI JUTs CTYASHYECKNX OOIISKUTHH 1 )KUIIBIX 3/1aHUH,
OpPHEHTHPOBAaHHBIX Ha YJOBIIETBOPEHHE IOTpeOHOCTE
CTYZEHTOB B KOM(MOPTHBIX YCIOBHUAX JUIS Y4eObl, OT/IBIXa 1
COLIMAIIBHOW  aKTMBHOCTH. Takke  paccMaTpUBaIOTCS
NIPOCKTHbIE PELICHUs, HAIpaBIECHHblE Ha YJIy4lleHUe
KauecTBa JKM3HM  CTYJCHTOB, CO3JaHHE  3I0pOBOM
TICHXOJIOTHYECKOM arMoc(epsl, obecneueHne
9Hepro3(GHeKTUBHOCTH 1 CO31aHUE YCIIOBUH 115 yCHEIIHON
COLMANN3aLUH.

3. Pe3yabTaThl Hcc/Ie10BAHUSA

Llensio HCCIIeI0OBAHMUS SIBISICTCS aHan3
TpaHchopMauuyu  00BEMHO-IVIAHUPOBOYHOH  CTPYKTYpPBI
CTYICHYCCKHX OOLICKUTHA € Y4EeTOM COBPEMEHHBIX
TpeboBanuii 3HeprodpdexruBHocTH. Ocoboe BHUMaHHE
yICISIETCS BHEAPCHUIO JHEProcOeperaroiix TEeXHOIOT UM,
TaKUX KakK HMCIOJIb30BAHUE COMHEYHBIX Oarapeif, TEImIOBbIX
HACOCOB ¥ yTEIUIEHHBIX MATEPUAIIOB, & TAK)KE ONTUMH3ALIIN
MH)XCHEPHBIX CUCTEM JUTSI CHIDKSHHS IOTPEOICHNUS SHEPI UK
U TOBBILICHUsT KoM(bOpTa MPOXKUBAHHUS CTYyACHTOB. [l

W .;i

BEISIBIICHHST OCHOBHBIX TEHJICHIIMH B MPOCKTUPOBAHUH
9HeprodP(HEKTUBHBIX CTYJCHUYECKUX OOIIEKUTHHA  ObLT
MPOAHANM3UPOBAH  3apyOCKHBI ONBIT  CTPOUTEIHCTBA
MOTOOHBIX OOBEKTOB, YTO MO3BOJIMIO BBIBUTH JIydIlIAE
MPAKTHKA B OOJACTH YCTOWYHMBOIO CTPOMTENBCTBA. OJTH
MOJIXO/IBI CIIOCOOCTBYIOT HE TOJNBKO CHM)KCHHIO 3aTpaTr Ha
SHEpromnoTpedlieHne, HO M CO3/IaHMI0 Oojiee KOM(OPTHOH,
9KOJIOTMYECKH YHCTOH 1 Oe301acHOM cpepl Ul CTYAEHTOB,
YTO 0COOEHHO BAKHO B YCIIOBHSAX COBPEMEHHOI0 00IIeCTBa,
aKIICHTUPYIOIETO  BHUMAaHWE  HA  JKOJOTMUYECKOM
OTBETCTBEHHOCTH.

3.1 3apy0e:kHblii ONBIT NPOEKTHPOBAHUS

MOJIOJIE’KHBIX 00beKTOB

Hazapéoaes Ynueepcumem, zopoo Hyp — Cynman.

Hazapbace  YHuBepcHUTET  NPENCTaBISACT  LEIBIA
YHHUBEPCUTETCKHH KOMIDIEKC — KaMITyC. 31eCh HaXOMIITCs
BCe YCIOBHS Uil y4eObl, JUisl OTApIXa OOydJarommxcs M
TIpenoaaBatenei. Teppuropust YHHUBEPCHTETCKOTO
KoMIDTeKca 3aHuMaeT 95 ra. OH BKIIIOYaeT B ce0s HayqIHYIO
¥ y4eOHYIO 30HBI, CIIOPTHBHBIH KOMIDIEKC, OOIIeCTBEHHBII
TMapK, CTyJeHYEeCKHe OOIISKUTHS W JKWIbIE JOoMa JUIS
npenoxasarenei. Kammyc pa3out Ha (yHKIHMOHATBHBIE
30HBI, CBSI3aHHBIE MEXIy co00i. B HeM ecTh coBpeMeHHBIE
yueOHble KaOMHETbI, Hay4HbIE J1a00paToOpuu U OnbIHOTEKA.

BusuTHoOI KapTOUKO# MIaBHOTO YHHUBEPCHUTETA CTPAHEI
SBISIETCS.  aTpUyM. YKpamleHWeM, IEHTPOM, SIpOM
LHeHTPAIPHOM 4YacTH XoJula SIBJIIETCS BEUHO3EIICHBIE
TaJIbMBI, (DOHTAHBI Pa3HbIX IIBETOB C ITOJICBETKOI 1 OacceiiH,
co3JaoNMil YIOTHYI0 atMocdepy Tie MOKHO MpPOTYJISIThCS
MEXIy 3aHATHSMHU B XOJIOJHYIO IOTOTy. YueOHbIe Kopiryca
numerot Bua Ha am¢urearp (Puc. 1a).

CryneHueckoe OOIIEeKUTHE — LIeJIbIH KOMIUIEKC CO
CBOMMHM  KHMHO3alaMH, KiIy0amMM 1O  HHTepecaM,
KOHIIEPTHBIMU M CIIOPTMBHBIMH 3ajlaMH. Bce 3TH 3maHus
OOLIeKUTHS MMEECT B IUIAHE NPAMOYTONbHYI0 (opmy ¢
GonbmM  atpuymoM.  OOWIEXHTHS JUIl  CTYJCHTOB
HOCTPOCHBI 110 TEXHOJOIMH 3€JICHOrO KaMilyca: Bce
MaTepualbl  HCIOJb30BaHHbIE NP CTPOUTEIBCTBE
9KOJIOTMYECKUH 4ucThlie W Oe3omacHble. B kammyce ectb
crienuaibHple Mecra i1 cOopa Makynarypbl. A Uit
YAOBJIETBOPEHUS norpeOHOCTEH ropsiuei BOJIBI
HCIIOJIb30BaHbI COJTHEUHbIC OaTapey Takke pa3paboTaHHbIE
B yHuBepcurere. Kpome Bcero, uist oborpeBa 31aHUS
HCIIONB3YIOT TEIUIOBBIE HACOCHI M 3HeprocOeperaroriye
CTEKJIOIAKeThl. Bce 3TH TeXHOIOruK NpuayMaHbl Hay4HOH
naboparopueit yausepcurera Hasapbaesa. [1] (puc. 16,18).

—

a

Puc. 1. Hazap6aeB Yuusepcuret, ropox Hyp — CyJiran: a - aTpuym; 6 — MHOr03TaKHO€E O0LIEKMTHS JIsI MATHCTPAHTOB U
yuHTeJ€ei; B - AKHJIble KOMHATHI 00 KU THS

Yuueepcumem Hnunononuc, Pecnyonuxka Tamapcman
31aHue yHMBEPCUTETa HANlOMHHAET Kopalllb OYeHb
uHTepecHorr ¢opmbl. Ceifuac B COBpEMEHHBIX TOpOJAX
O4YEeHb MHOTO CTEKIAHHBIX 34aHud. Ho, apxurexkTops-
MPOEKTUPOBINUKHY JAHHOTO TIPOEKTAa HE HCIOJIB30BAIN

MOHOTOHHOCTb (hacajia 3a CYeT MMIPOBH3ALINK C pelbeoM
u3 gepeBo. Kopmyc yHumBepcurera Kak Obl IUIBIBET —
BOJIHHCTBIE, IUIABHBIE JINHUH i€ TO YBEINYHMBAKOTCS, TAE TO
uayT Ha MUHUMYM. Tak, dacas yHUBEpCUTETa HE CMOTPHTCS
CKYYHBIM, MOHOTOHHBIM, OJTHOTHITHBIM. JTH K€ JIMHUM Ha
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(acamax TOBTOPSIIOT JIMHUM TIPUPOABI TAEC HAXOIUTCS
YHHUBEPCHUTET M penbedsl 3TOro mecra. I'pynma xoHcomen
YBCIIMYMBACT 3MaHUC BBCPX, U CKJIAJIBIBACTCA BICUATIICHUC
YTO MACCUBHBIM KaMITyC YHUBEPCUTETA NApUT HaJl 3eMIICH .
(Puc. 2a ). BHyTpu Kopmyca JOCTaTOYHO €CTECTBEHHOTO
OCBEIIICHHUS U IIPOCTPAHCTBA 32 CUET IPOCTOPHOTO aTpUyMa.
BHyTpeHH: yacTh KaMITyca COCTOUT U3 Pa3HbIX KOPUAOPOB
- TIIepexoa0s, KOTOpBIC SABJIAOTCA TJIaBHBIMH
cocrapaomMA.  OTHoenpHble  HEBECOMBIE  KaOWHETHI
YIMBISIOT CBOEH JIETKOCTBIO. APXUTEKTOPHI U AU3aliHEephl
BEIOpasIi MMEHHO OeNbIi M 3eNeHBIH IBET, UL OTAEIKH

BHYTPEHHETO MPOCTPAHCTBA, YTO SIBIISETCS CBA3BIO MEXKIY
MIPUPOJIOH C TOPOJOM.

CryneHTaM yHHMBEpCUTETa O4YEHb IIOBE3I0 U UM
HPaBUTCSL YTO, B CAMYIO IUIOXYIO IIOr0y MM He 00513aTeJIbHO

BBIXOJIUTh Ha yiWIly. Tak Kak ecTh W3 37aHUS KOpIyca
OTJIENILHBIE BXOJBI U BBIXOJBI. Tak, OHM MOTYT IIONACTh B
CBOE OOIINEKUTHE IO TOA3EMHBIM TepexonaM. OIuH Takoi
TMOJI3EMHEBIN  KOpHIOp OOBEIUHAET YYEOHBI KOpITyC C
YETHIPEMSI  JKWJIBIMH ~ CTYJCHYCCKUMH  OOIICIKUTHSIMH.
Kommmekc  yHMBEpCHTETCKOrO TropojKa IMpOAOJDKAIOT
JKWIIBIC CTYACHYECKHE OOIICKUTHS, COCTOSIIUA H3 5
sraxeil. Ha ¢acamax apXuTeKTOpsl TakkKe HCIOIb30BAIIH
HHTEpecHyI0 Wrpy. st OONMIIOBKM NPHMEHSUINCH POK
MaHenn ceporo, Oenoro nBera, UMUTHPYIOLIE JepeBO
Pa3HBIX OTTEHKOB, N3 KOTOPBIX HOy4MIachk Mo3anka. Camn
TIaHEeNN TETUIO3alIUTHEIE, OHU MIPOU3BOJSTCS W3 KAMEHHOM
BaThl U WMEIOT BBICOKHH YpPOBEHb II0XKApOYCTOWYHBOCTH
(puc.20).

Puc. 2. Yuueepcumem Hunononuc, Pecnyonuxa Tamapcman:
a - 001Mii BUI; 6 — KOpIyca yHMBepCUTeTa

Obowearcumue Hoeocubupckozo 2ocydapcmeennozo
yHugepcumema

[MnanupoBka  OOIIEKUTHII ~ KOPHUAOPHOrO  THIA
BKJIIOYAeT B ce0s KaK OJHOMECTHbBIC, TaK U JIByXMECTHbIC
JKHWIble KOMHAThl. Kakaplii Ko OJIOK MMeeT KOpHIOp,
caHy3ell C JIOCTYyITHOW CAHTEXHHKOW, BaHHYIO KOMHATy U
KYXHIO, KOTOpasi 00CITy)KMBaeT Bech 3Tax. B oOmiexurnn
PacHoIOKEeHO 526 XKWIBIX KOMHAT, NpeJHa3HAYCHHbIX 1
1-2 genosek. Kak ykazaHo, Ha Ka)JIOM 3Taxke ecTh o0LIas
KyXHf C HEoOXOAMMOW MeOenblo, XOJNIOAWIBHUKAMH U
3NEKTPOILIMTAMHM, a TaK)Ke KOMHAThl i1 y4eObl, 1ocyra u
oTAbIXa. B IIOKOJBHOM 53Ta)<€ HAaXOJIUTCS IpayedHas ¢
CTHpaJbHBIMU MalllMHAMH, KOMHATOMN JUIS IJIXKU U CYLIKU

ONeXK/BI, a Ha TEpPBOM JTaxke — cronoBas (xaderepuit).
CryneHtsl 1-2 KypcoB IPOXKUBAIOT B OOJNBLINX, CBETIIBIX U
YIOTHBIX KOMHAaTax IO 3 4YelOoBeKa, 4YTo JaeT UM
BO3MOXKHOCTb TO3HAKOMHTBCS C HOBBIMH JIIOJbMH M3
pasHblx ropomoB u crpaH. Crynentel 3-4 KypcoB
pa3mMeniatrorcs B Oonee KOMNAKTHBIX KOMHaTax it 1-2
YeJI0BEK, KOTOPbIC TeM HE MEHee TaKXkKe yJOOHbI U YIOTHBL
Kaxnast xomHarta o0OpynOBaHa CTaHIAPTHOH MeOEIbIo:
KpOBaTblo, CTOJIOM, CTYJbAMH, IPHUKPOBATHOW TyMOOH,
mkadom It ofexAbl M NoslouKaMH. [t pojCTBEHHUKOB
CTYyJIGHTOB IIPEyCMOTPEHBl ~CIIELMAIbHbIE 30HBI UL
OT/IbIXa U BPEMEHHOTO IIPOXKHUBAHKS BO BPEMsI BU3HUTOB.

Cmyoenueckuit  2opodok  Tuemzen 6 2opode
Konenzazen nipencraBisier co0ol yHUKANIbHOE OOIISKUTHE
Kpyrioit ¢opmel ¢ GONBIIMM BHYTPEHHHM BOPOM.
Crannsiif B 2006 roxy, kammyc BkirouaeT 7 staxeit u 360
KWIBIX KOMHAT oOmed miomansto 26 800 KB.M.
ADXUTEKTypHOE pEILICHHE CHMBOJHM3UPYET EIWHCTBO H
PaBEHCTBO, a MATh BEPTHUKAIBHBIX JIMHUI Pa3essioT 3[aHue

0
Puc. 3. Oouie:kntne HoBocHOMPCKOro rocy1apcTBEHHOT0 YHHBEPCHTETA
a-cacan, 6 - uHTepbep

Ha (YHKIMOHAIBHBIC 30HBI, COCAMHEHHBIC MPOXOTHBIMU
apkamu, BeIylIUMHA BO [Bop. KyXHH [UIsi CTyIeHTOB
PAacHoNOXKeHbl MO OAHOW Ha KaxKable 12 >KUIIBIX KOMHAT,
KaXkmast obopynoBaHa HEOOXOIUMOM MeOeIbIo,
MOPO3UIIbHAKAMH U TUTUTAMH.

Kaxxmas skiaoi KOMHAThl MMEET ILI0Iaas ot 26 1o 33
KB.M, a JUIsl CEMEWHBIX WM MarucTPaHTOB MPEIyCMOTPEHBI
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30 IByXKOMHATHBIX allapTaMeHTOB IUIoMIa b0 45 kB.M. Bee
KOMHATBI IMEIOT OJIMHAKOBYIO ()OPMY C IMPOKOW YaCTEIO,
MapajuleNIbHOM  BepH, M oOecriedeHsl OKHAMH  C
MIPEKPacHBIM BHAOM Ha KaHAJl M OKpeCTHOCTH. Pazmerienne
KOMHAT, OKOH M Teppac co0374aéT (YHKIMOHAJIBHOE U
TapMOHMYHOE MPOCTPAHCTBO, TA€ KaXKIBI  yroJok
HAITOJTHEH CBETOM M CBE)XXUM BO3IYyXOM [2].

Qdacax 3maHMsT  OONMIOBAaH MEIHBIM CIUIABOM  C
Pa3ABIKHBEIMU IEPErOPOIKAMH JUIS PETryTHPOBAHUS CBETa
TEMIIepaTyphl, YTO JeNaeT 3JaHue SHeProdPeKTUBHBIM 1

YIOOHBIM JUIsl IPOXKUBAHHS B JIFO0OOE BpeMsI CyTOK. DTOT
MaTepI/Iaﬂ TIO3BOJISIET JIETKO HOZ[Z[ep)KI/IBaTL CTCHBI B YUCTOTE
n MI/IHI/IMI/I3I/IpOBaTI> HCOGXOI[I/IMOCT b B 4HaCTOM peMOHTe.

enn MpoeKTa 3aKIIF0YacTCS B CO3IaHUN
WHHOBAI[AOHHOTO ¥ KOM(OPTHOTO  CTYACHYECKOTO
OOIIeKHUTHSI, KOTOPOE 00ECTICUNBACT CTYACHTOB HE TOIBKO
COBpeMeHH])IMI/I nu yI[O6HI)IMI/I yCJ'IOBI/ISIMI/I JUIIsL l'IpO)KI/IBaHI/ISI,
HO MU CHOCOOCTBYET pa3BUTHIO COLMAJBHOH Cpenpl,
TOJ/Iep)KUBAeT IHEProdpPeKTHBHOCTh M YCTOWYHMBOCTH
3/IaHHSL.

Puc. 4. Cmyoenueckuit 20podox Tuemezen é 20pode Konenzazen
a — o01uii BUI; 0 — MJIAHBI ATaKel:

Obuwearcumue Maccauycemckozo Texnonozuueckozo
uncmumyma «Simmons Hally ¢ 2opode bocmon

Ilenpto mpoekra OBUIO OOBEAMHUTH HPOCTPAHCTBO
BOKpYT' U BHyTpH Kammyca. MTU xorenu cnenats 3naHue
(GYHKLMOHANBHBIM, a apXUTeKTOop XOJUI XOTeNl CO3/aTh
HEOoOBIYHOH (OPMBI KOPITyC AJI TOrO YTOOBI CTYIEHTHI U
HETOJIBKO MOJIy4aJIH 3CTETHYECKOE HaCIaXKICHHE CMOTPSI Ha
30aHHe M YAUBIAACH He3alblBaeM Ju3aiiHOM 31aHus. B
pe3ynbrare coBmectHoi paboret MTU u apxutekrypHOTro
IPOSKTUPOBIIUKA Xomna ObL10 Ppea30BaHoO
JIECATUITAKHOE 3[aHUE I HPOXKUBAHUS CTY/ACHTOB,
KOTOPOE CTAJI0 CBOETO poJia «ropoJioM B ropone». I[Ipoekr
COYeTaeT  pasiuYHbIe u

FEEETEE S LR

a

AIIEMEHTBI, BKJTI0Yasi KOMOUHALMIO TBEP/IBIX TEJ H ITyCTOT, a
TaKKe  KOHTPAacT  MEXIy  HEMpO3pauyHOCThIO U
MPO3PAYHOCTHIO. KoHcrpykTusHoe pelieHue,
NPEVIOKEHHOE TPOSKTHPOBIMKOM, TTO3BOJIMIIO 3aHHIO
(YHKIHOHUPOBAaTh KakK «ryOKa», CO3/7aBasi I[OPHCTYIO
CTPYKTYpY, Uepe3 KOTOPYIO €CTCCTBEHHbIH CBET MPOHUKAET
B MoMeleHus. Takue OTBePCTHsI He TOJBKO 00ECIeUHBAIOT
MOCTYIUICHHE [HEBHOrO CBETa, HO W CIOCOOCTBYIOT
UUPKYJSIAM  BO3/yXa, 4YTO YJydlllaeT YCIIOBHS IS
OPHCHTAIMH CTY/CHTOB HAa 3Ta)KaX W B IEJIOM MOBBIIIACT
komMpopT mpoxuBaHHA. Ha OpPHrHHANBHBIX 3CKH3aX
ApXUTEKTOpa BHIHO, KaK 3TH OTBEPCTHS BBIOIHSIIOT
(DYHKIIMH KaK OCBEIICHNUS, TaK U BEHTWIALMH (pHC. 50).

Puc. 5. Oowescumue Maccauycemckozo Texnonozuueckozo uncmumyma
«Simmons Hally, 2. bocmon, CLLIA
a — 001Ul BUA; 0 — HUPKYJIALMA BO31yXa B KopIyce:
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Bikuben Kollegiet — o6wesncumue ¢ cmune xyousm.
3nanue cocrout u3 107 CTyIMHHBIX KBApTHP HA LIECTH
ITaXax M BKIKOYAET TPEHAKEPHBIH 34, NPAYEUHYIO,
Teppackl ¥ KOMHATY Il BEUEPUHOK. Kak u B OOLIEKHUTHI
Tietgen, Ha KakKIOM JTaKe HUMEIOTCS OOUIME KyXHH H
FOCTHHBIE, CIIOCOOCTBYIOIIME CO3JAHHIO  COLMATBHBIX
CBAA3EM MEXKTY KUTEIISIMH.

ApPXUTEKTOPHI  OTMETHJIM, YTO «OJMHOYECTBO W
OTCYTCTBUE COLMANIBHBIX CBA3€l — OCHOBHBIE MPOOJIEMBI
JUIS MHOTHX CTYAEHTOBY». VX LENbi0 ObLIO «00ECIIEUnTh
MaKCUMAaIIbHOE ~ B3aUMOJICHCTBUE MEKLY OOIMMU U
YACTHBIMU  [OMENICHUSAMH, 0PU OTOM  [apaHTHpys
NPUBATHOCTh Kax101 KBAapTUPBI». OCHOBHBIM
APXUTEKTYPHBIM ~ PELICHUEM IS JOCTHXKEHHS 3TOrO
SIBISIETCS. «JIBOMHAS CIMPalb», OKPYKAIOIAs aTpuyM B
LEHTPE KYOOBUIHOTO 3/aHus.

DTOT aTpuyM SBJISETCS CIOKHBIM IPOCTPAHCTBOM,
IPaHHIBl  KOTOPOrO PA3ZeNsoT OfIHe MOMELIEHHs,

Teppachkl, COSJAMHCHHBIC C BHEIIHEH 4YacThIO 3JaHUS, U
BEPTUKAILHBIE KOMMYHHKAITUH. BsanmoeiicTBue
MPOUCXOJUT TIO-pa3HOMY: TPH JBIKECHHH IO 3JIaHHIO,
MPUTOTOBIICHUN THMIIM Ha KyXHE WIH TPOCTO CHAS B
TOCTHHOM W HAOIIOast 3a MPOCTPaHCTBOM. Pa3zHooOpasue
MPOCTPAHCTB M OPHUCHTANMS 3THUX OOIMUX 30H JeiaeT
peuieHne 00 OpHWEHTaIMM IIPOEKTa Ha COLHMAIBHOE
B3aMMOJICHCTBHE YCIICITHBIM. [3]

CnoxHasi cxeMa IUPKYJISAIUA W OOIIUX TPOCTPAHCTB
BEIpaKCHA B BBIPE3aHHBIX Teppacax, OOBHUBAIOUINX YETHIPE
CTOPOHBI 3J[aHWSI, YTO JOIOJHUTEIBHO IOTYCPKUBACTCS
SIPKAM OPaH)KEBBIM I[BETOM BEPTHKAIBHBIX KOMMYHHKAIIUH.
OcTtajpHas 4acTh (acaja BBINOJHEHA B BHJE IIAXMATHOTO
y30pa CBETJIBIX M TEMHBIX CEPhIX OJIOKOB, YTO BH3yalbHO
CKpHIBAaeT OKHa, CO3JaBasi WUIIO3UI0 aHOHMUMHOCTH U
TPUBATHOCTH JJISl OTJCITBHBIX JKMIIBIX TIOMEIICHHUMA.

a

Puc. 6. Bikuben Kollegiet — o6ie:xurie B cruiie Kyousm
a —miaH; 0 — pa3pes:

B  wurore, XoTs  3apyOeKHBIE  NPUMEpPHI
MPOESKTUPOBAHHUS CTYACHYECKHX O0LIeIKHUTHI
MPEACTABIISIOT coboii BBICOKOY( ) eKTHBHBIC u
MHHOBALMOHHBIE PEIICHNs, IPOSKTUPOBAHNE OOIICKUTHIT B
V30ekucTaHe ~ JOIDKHO — YYUTHIBAaTH  CHELH(HYECKHE
KJIMMaTHYECKHE 1 9KOHOMUYECKUE YCIOBHSI, OTPaHHICHHbIC
MHBECTULMM B HOBBIE TEXHOJIOIMH U HEOOXOIMMOCTH
a/IanTaniy K MECTHBIM PEAITHsIM.

3.2 PekoMenganuu

Ha ocHOBe aHann3a MHPOBOI'O OIBITA IPOSKTUPOBAHUS
CTYZCHUYECKUX OOLISKHUTHI W U3ydeHHs] MyOJMKalui, He
MEHee BaXKHBIM aCIIeKTOM SBJIIETCS CBA3b C MpHpozoi. B
NPOSKTUPOBAHMM  OOIIEKUTUI  BaKHO  HCIOJb30BaTh
9JIEMEHTBI, TAKWE KaK aTPHUyMbl, BHYTPEHHHE JBOPBHI U

HPOCTOPHBIE OKHa, KOTOpbIE CIIOCOOCTBYIOT
MaKCHMaJIbHOMY HCIOJIb30BaHUIO COJIHEYHOIO CBETa U
00€eCIICUEeHHIO €CTECTBCHHOW BEHTWILILUU. ODTO IO3BOJIHUT
CO371aTh 3JI0POBYIO U IPUATHYIO arMoc(epy Ul CTyJEHTOB
U CHH3UTHb 3aBUCHMOCTb OT MCKYCCTBEHHOI'O OCBELICHUS U
KOHZMLIUOHUPOBAHHUS.

Kpome Toro, mues mnoayepkuBaeT HEOOXOIMMOCTH
WHKJIIIO3UBHOCTH W JIOCTYIIHOCTH 3JaHUH UL Bcex
CTYJIGHTOB, BKJIIOYasi MHBAIMIOB, Y4TO TPeOyeT CO3JaHus
0e30apbepHOM  cpembl W yHOOHBIX  DJIEMEHTOB
HH(PACTPYKTYPBI, TAKUX KaK JTU(THI U TAHTYCHI.

Ha OCHOBE aHanM3a MOXKHO COCTaBUTh
BUJIOM3MEHEHHYIO CXeMy (pyHKIMOHAIBLHOTO 30HUPOBAHMU
(puc. 7), BKIIOYAIONIYIO0 B ce0sl TOMOIHUTENbHBIC 30HBI B
OOILIECTBEHHON 4YacTH, a TakkKe O00Jiee MEJKHE KHJIbIE
STYEHKH C OTeNIbHOM KyXHEH U CaHy3JIOM /I HOBBILIEHHON
KompopTHOCTH NpokuBanus. [5]- [8]
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Puc. 7. llosinoneHHasi pyHKIMOHAIBHAS CTPYKTYPa O0IIEKUTHI VIS CTY/IGHTOB BY30B € COYETAHUEM KUJIOH 1
Y4eOHO-10CYroBOii YacTn
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Coueranne COLIMOKYJIBTYPHO,
TOProBOPa3BIEKATENbHON ¥ AAMHHUCTPATHBHOMAEIOBON
(YHKIMI B NMPOCTPAHCTBE XXWIOH Cpeibl NPHBOAUT K €
APXUTEKTYPHO IIPOCTPAHCTBEHHOMY U (DYHKIMOHAIEHOMY
pa3Ho006pasuio.

OCHOBHOH Hpeel IpeAsaraeMoro IpOeKTa SBIIETCS
co3JlaHue cBOeoOpa3Horo OJoKa 3IaHWH, BKIIIOYAIOIIETO B
ce0s1 HECKOJIBKO JKHJIBIX KOPITYCOB, OOBEIMHEHHBIX IIEPBBIM
HEXXWIBIM 3TaXOM. THUIOBOH 3Tak 31aHMA IpEJCTaBIsieT
coboii  Tpymmy  KOMQOpPTaOENbHBIX  JKWIBIX  SYECK,
CO3JIaHHBIX T10 IPUHIUITY MUHH-KBAPTUP Ha JABYX YENIOBEK C
COOCTBEHHBIM CaHy3JI0M u KyXHEH-HuIIeH,
OpraHM30BaHHBIX BOKPYT o0ImecTBeHHOI 30HBL
OO11ecTBeHHAs M peKpealfionHasi 30Ha COBMEIIAIOT B cebe
KaK OTKpPBITBIE, TaK M 000COOJECHHBIE NPOCTPAHCTBA VIS
OT/AbIXa U 3aHIATHIA.

ParoHapHOM KOMITAKTHOCTBIO XapaKTEePHU3YIOTCS TaK
Ha3bIBaeMble INUPOKOKOPIYCHBbIE OOMMEeKHUTHA. Takue
OOIIEKUTHS TIO3BOJIIOT CHH3UTH TEIUIONOTEPH,
MHKpPOKJIMMAT B HHUX Oojiee yCTOHYMB, MEHee MOABEPKEH
BETPOBOMY «BBIJTYBaHHUIO», BBIXOJIQKHBAHHUIO MOMEIICHUI
kBaptup. [losTomMy Tam, TIe 3TO BO3MOXHO, CIEIyeT
CTPEMHUTECSI K YIIUPEHHIO KOpITyca IPOEKTHPYEMOTO
JKHJIOTO 3/IaHMSI, TIOCKOJIBKY 9TO 00ECHedYHBaeT CHIKEHHE
TEIUIONIOTEPh 32  CYET  YAy4YlleHHs Kod(QHIreHTa
KoMmmakTHocTH. Ilpm  pa3paboTke  WHIMBUIYaIbHBIX
MIPOEKTOB MOT'YT OBITh MPEIOKEHBI IPYTHe apXUTEKTYPHO-
TUTAHUPOBOYHBIE PEIICHNS, obecrnieunBaromnye
Ter1o3(eKTUBHOCTE KWIOTO 37aHusi. B  d9acTHoCTH
HMEIOTCS TUTAHMPOBOYHBIE PEICHUs 31aHHH, OCHOBaHHBIE
Ha  JIy4eBOM  DAaCIOJIOXKEHWH  KBapTHUp. Takoit
IUTAaHUPOBOYHBIN NpPHEM IO3BOJISIET pa3MellaTh Ooibliee
KOJINYECTBO KBapTUp Ha 3taxe (0T 8 no 12) 6e3 yminHeHus
BHEKBapTUPHBIX KOMMYHHKaIHH. Ot peuieHus
o0ecreunBaloT yMEHbIICHHE IEPUMETPa HapyXKHbBIX CTEH Ha
eAuHULy OoOIIell IUIomaAN JI0Ma, YMEHBIUEHHE JUIMHBI
HAapyXKHBIX M BHYTPEHHHX HH)XCHEPHBIX KOMMYHHKAILWH,
YBEJIMYEHHE HArpy3Kd Ha JU(THI, YTO B KOHEYHOM HTOre
BElET K SKOHOMHOMY DAacXOJOBAHHIO 3HEPreTHYECKHX
pecypcoB. OCHOBHbIE BHE-KBapTUPHBIE KOPHIOPHI IPH
JIAHHOM IJTAHUPOBOYHOM PEIICHUH MOTYT OBITH OCBELIECHbI
BTOPBIM CBETOM.

4. 3akiaouyeHue

Pesynbrarhl HMcCIeOBaHUA IOKA3aIH, YTO OOBEMHO-
IUIAaHUPOBOYHBIC PEIICHHsS WIPAIOT KIIOYEBYIO pPOJIb B
cOo371aHUH KOM(OPTHBIX ¥ (PYHKIIMOHAIBHBIX CTYACHYECKHUX
obmexutuil. TiiarenbHO NPoayMaHHas CTPYKTYpa 3JaHUI
U UX OPUEHTAlUs Ha MECTHbIC KIMMAaTHYECKHE YCIIOBHS
CHOCOOCTBYIOT HE TOJBKO YHOOCTBY MPOKHBAHHS, HO M
YIYYIISHUIO 3HeProdpHeKTHBHOCTH.

Ocoboe BHMMaHHE ClefyeT YACNUTh KOHLEHIUH
UCIIONB30BaHUSl  IPHUPOAHBIX  PECYPCOB, TaKMX  Kak
COJIHEYHOE OCBEIICHWE M €CTECTBEHHAs BEHTHWIALMUA.
IpocTopHble BHYTpeHHHE ABOPBI, (acajibl C OpUCHTALHEH
Ha COJIHEYHbIE JIy4H U BCTPOCHHBIE aTPHYMbI 00ECIIEYUBAIOT
paBHOMepHOe ocBelieHre 1 A(QGEKTUBHYIO LUPKYISIHIO
BO3/lyXa, YTO CHWIKAaeT 3aBHCHMOCTb OT MCKYCCTBEHHOTO
OCBEIIEHHUS U KOHUIIMOHUPOBAHUSL.

Kpowme Toro, obiiee pacnpezeneHue $yHKIMOHATBHBIX
30H, BKJIIOYas OOLIME MOMEIICHHs, TaKue KaK KyXHH U
CTOJIOBBIE, U MX MHTETPaLysl C KUIBIMU OJIOKAMH IIOMOTaeT
ONTHMM3UPOBATh  WCIOJB30BAHUE  IPOCTPAHCTBA U

pecypcoB. DTO HE TOJNBKO YJydlllaeT YCJIOBHS IS
CTYIICHTOB, HO U CIIOCOOCTBYET 3KOHOMHH 3HEPTHH.

Konuenuus 3HeprodhHeKTUBHOCTH TAKXKE BKIFOYACT
HCIOJIB30BAHHE COBPEMEHHBIX CTPOHTEIBHBIX MaTepHalioB
U TEXHOJIOTHH. YTEIUIEHHBIC CTCHBI, COTHEYHbIC OaTaper U
TEIUIOBBIE HACOCBI — BCE OTO IIOMOraeT CHHU3HTh
HOTPEOHOCTH B OTOIUICHHUHM M OXJIQK/ICHHH, MOBBILIAS
ycroitunBocTsh 3aanuii. [9]- [10]

Takum 00pazoM, 0O0BEMHO-IUIAHUPOBOYHBIE PEIICHUS,
HUHTETPUPOBAHHBIE C COBPEMEHHBIMH  TEXHOJIOTHSMH,
CO3/aloT COANAHCUPOBAHHYIO Cpely, KOTOpas OTBE4aeT
HOTPEOHOCTSIM  CTYACHTOB M HOJICPKUBACT TPUHIMI
YCTOHYHUBOTO Pa3BUTHSL.
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Digital technologies in urban planning: a development vector for Uzbekistan

Abstract:

Keywords:

K.T. Markabaeva'®?
1Karakalpak State University, Nukus, Uzbekistan

In the context of the rapid development of digital technologies, urban planning design is becoming a key
area for their implementation. The article examines modern digital tools, including building information
modeling technologies (BIM), geoinformation systems (GIS), digital counterparts, and platform
solutions used in international practice. Special attention was paid to analyzing the current state of
digitalization in Uzbekistan's urban planning sector, identifying barriers and implementation prospects.
A comparative analysis with foreign examples was conducted, and directions for the development of the
national digital platform were proposed. The research results show that with comprehensive state support,
personnel training, and the creation of a regulatory framework, Uzbekistan can accelerate the
implementation of digital solutions in the architectural and construction industry, thereby increasing
energy efficiency, sustainability, and the quality of the urban environment.

digitalization, urban planning, BIM, digital twins, GIS, Uzbekistan, smart city, digital transformation

HudpoBbie TEXHOJIOTHH B TPAAOCTPOUTEILHOM NPOCKTHPOBAHUM: BEKTOP

AuHoOTALMA:

Kunrouessie cioBa:

pa3BuTHud VISl Y30eKucTaHa

Mapka6aesa K.T.202

!Kapakanmakckuii rocynapctBeHHbli yausepeutet, Hykyc, Y36ekuctan

B ycnoBusiX cTpeMHUTENBHOTO pa3BUTHA LU(PPOBBIX TEXHOIOTUH I'PaoCTPOUTENBHOE IPOSKTHPOBAHNUE
CTAaHOBUTCS KIIFOYEBOH O0OJACThIO I WX BHEApEHWs. B crarbe paccMaTpUBAIOTCS COBPEMEHHBIC
1(POBBIE MHCTPYMEHTBHI, BKJIFOUYAsT TEXHOJIOTHMM MH(OPMALMOHHOrO MOJENNpoBaHus 31aHui (BIM),
reonnpopmaronnsie  cucremsl (I'MIC), nudposble ABOMHMKM W IUIaTGOPMEHHbIE pEIICHUS,
IIPUMEHSEMbIE B MEX{yHapoAHOI npakTuke. Oco00e BHUMaHUE Y/EIEHO aHAIHM3Y TEKYIIEro COCTOSHUS
I(pPOBU3ALMU  T'PAJIOCTPOUTEIBHON cepbl Y30eKucTaHa, BbISBICHUIO 0apbepoB M IEPCHEKTUB
BHenpeHus. [IpoBenéH cpaBHUTENbHBIM aHamM3 C 3apyOEKHBIMM IPUMEPaMH, IPEIIOKEHbI
HalpaBJCHHUS Pa3BUTHA HalMOHaNbHOW wuudpoBol miardopmel. Pesymbrarel  uccienoBaHus
MOKa3bIBAIOT, YTO TpPH KOMIUIEKCHOM MOJJEPKKE TIOCyAapcTBa, MOANOTOBKE KaJApOB U CO3IaHHU
HOPMAaTHBHOM 6a3bl, Y30eKHCTaH CIOCOOCH YCKOPHUTH BHEPEHHE L(POBBIX PEIICHUH B ApXUTEKTYPHO-
CTPOUTENBHYIO OTPAcib, IOBBICHB TEM CaMbIM 3HEProd((EKTHBHOCTb, YCTOHMYMBOCTH M KaueCTBO
TOPOJICKOH cpeibl.

mudpoBu3aLys, rpagocTpouTensHoe npoektuposanue, BIM, muppossie aoiinuku, ['MC, V30ekucTaH,
YMHBI# ropo, nudposas Tpanchopmarus 0009-0007-1710-8228

1. BBeanenue

CoBpeMeHHBIH 3Tan  ypOaHUCTHYECKOTO — Pa3BHTHS
XapaKTepH3yeTcst pocTom HaceleHus ropo/IoB,
YCIIOKHEHHEM HPOCTPAHCTBEHHOT'O IUIAHUPOBAHMUS,
MOBBIIIIEHHEM TPpeOoBaHHH K 3HeproddhexkTHBHOCTH 3naHMi
U yCTOMYMBOMY HCIIOJIB30BAaHHIO pecypcoB. B  aTmx

YCIIOBHSIX 1 poBH3aLIIs IPaIOCTPOUTETHHOTO
MPOCKTUPOBAHMS CTAHOBUTCS HEOTHEMIIEMBIM YCIOBHEM
3¢ pekTUBHOrO pa3BuTHs TOPOCKOH Cpebl.

UupopmaiioHHble TEXHOJOTHUH TO3BOJLSIIOT TMEPEHTH OT
TPaJAMLMOHHOTO YePTEKHOTO MOAX0/Ja K MHTETPUPOBAHHBIM
urdpoBsIM MOJIEIISIM, 00eceyrBaroIIIM
MEXIUCIUIUVIMHAPHOE B3aUMOJCIHCTBUE W ONTHMHU3ALMIO
JKH3HEHHOTO IHKJIa 00beKTOoB [1].

Ha wmexnyHaponHO apeHe AaKTMBHO NPUMEHSIOTCS
mwiatdopmel, ocHoBanueie Ha BIM (Building Information
Modeling), THUC (reouHdopMalMOHHBIX CHCTEMax),
1 POBBIX JIBOMHHKAX u ITOPUTMHYECKOM

a2 https://orcid.org/0009-0007-1710-8228

MOJICJIMPOBAHUY CLIEHAPHEB Pa3BUTUS TeppuTopuil. OHU
HO3BOJIIIOT HE TOJBKO MOBBICHTH KayeCTBO IPOEKTHBIX
peuieHuif, HO M 00ECIeYUTh MPO3PAYHOCTb IPOLECCOB,
TOYHOCTb OLIEHKH 3aTPaT, IKOJIOTHYECKYIO YCTOHYMBOCTD U
BOBJICYEHHOCTD OOIIECTBEHHOCTH [2].

s Y30ekucrana, Haxosiierocst B paze MacIuTabHbIX

IPagoCTPOUTENBHBIX peoOpa3oBaHuid, BHEIIPCHHE
uudpOBBIX TEXHOJIOT Ui MPEACTABISIET coboii
CTpaTernyeckd Ba)KHOE  HampaBieHne. B crpane

peanu3yroTcs MaciuTaOHbIe POrpaMMbl 0 MOJEPHHU3ALUH
TOpOJCKOl  MHPACTPYKTYPBl, CTPOMTENBCTBY  HOBBIX
JKUJIBIX M OOIIECTBEHHBIX KOMILIEKCOB, CO3[aHHIO "YMHBIX
roposoB". OnmHako ypoBeHb HU(DPOBH3ALMU MPOSKTHON
oTpaciu BCE elé OCTAaETCsl Ha HAvalbHOM CTaJuH, 4TO
CO3JaéT MPENmATCTBHS HAa IIyTH IIOBBIIMICHUS KauecTBa
APXUTEKTYPHBIX PEUIEHUH U YCTOHYMBOIO ILUIAHWPOBAHUS
[3].

AKTyallbHOCTh JAHHOTO MHCCIEJOBAHHUS ONpenernseTcs
HEOOXOIUMOCTBIO CHCTEMHOTO OCMBICICHHUS] MEPCHEKTHUB
BHEAPEHMs LU(PPOBBIX TEXHOJIOTHH B TPaIOCTPOUTEIILHYIO
NpakTHKy Y30eKHcTaHa, aHaIN3a MEXTyHapOJHOTO OIbITa,
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a Takke (POpPMYIHPOBKM KOHKDPETHBIX MPEIOKECHUH IO
co3manuio 3G QeKkTuBHOW  IUMpPOBOH  MIAT(HOPMHEI,
aalTUPOBAHHOMN K HAlIMOHAJILHBIM YCIIOBUSIM.

Ilenpro HacTOSIIEH CTAaThU SIBISETCS WCCIICOBAHUE
COBPEMCHHBIX TEHJCHIMH IUdpoBU3aMi B 00IaCTH
TPaOCTPOUTENBHOTO IPOCKTUPOBAHUS, aHATN3 0APHEPOB 1
BO3MOKHOCTEH WX NPUMEHCHHUS B Y30CKHCTaHE, a TaKKe
(hopmupoBaHue BEKTOpa pa3BuTHs HaIMOHATBHON
1 poBOii Cpeasl B IPOEKTHOMH cdepe.

YpoBeHb unMppoBM3aLUmn rpagoCcTPOUTENLHOIO
NMPoOeKTUpoBaHuUAa B Mupe
M Wcnonb3osaHue BIM (%) WHTerpauus MNC (%) LndposreBoiHUKI
100%
80%
60%
40%

20%

0%
Cwunranyp Benukobputanus lepmaHus Poccusa Kasaxctan Yabeku-
cTaH

Puc. 1. Yposenb nu¢poBu3anuu rpagocTpoOUTEILHOIO
NPOEKTHPOBAHNSA B MUpe

2. MeT010/10rusl MCCJIeI0BAHUA

B HacTosimem ucciieioBaHUM NPUMEHEH KOMIUIEKCHBIH
QHAJUTUYECKU  TOAXOJ, BKIIOYAIONMK  CIEIyIOIHe
METO/IBI:

1.  Konrenr-aHanms
HalMOHAJIBHBIX HCTOYHHKOB

[IpoBenén cucremHblii aHanW3 CTpaTeruii MUPPOBOTO
pa3BUTHs, HOPMATHBHBIX JOKYMEHTOB W  HAay4HBIX
Iy OnuKanui B chepe IPagoCTPOUTENHLHOTO
npoekTupoBanus. Oco00e BHUMaHHE YAEICHO OIBITY CTPaH
C BBICOKHM ypOBHEM Li(poBoii 3penocty — CuHramypa,
Benukobpuranuu, ['epmanuy, a Takxe pernonos CHI'.

2. CpaBHUTENbHO-CTATUCTHYECKUI aHAIN3

Ha ocHOBe COOpaHHBIX JaHHBIX BBITIOJIHEHO CPaBHEHHE
YPOBHEH BHEIPEHHS KIIOYEBBIX IM(PPOBBIX TEXHOIOTHH
(BIM, TUC, uudpoBbie TBOWHHUKHU) B Pa3INYHbIX CTPAHAX,
BKIItouass Y30ekucra. JlaHHbIe BU3yalHM3HPOBaHbI B BUJIE
TaONUI ¥ JUarpaMM, 4TO IIO3BOJMJIO HATJIAJHO OLCHWTb
nosioxeHre Y30ekucTana Ha oouieM (oHe.

3. SWOT-ananmu3z  uudpoBoit  Tpanchopmaimu
MPOEKTHO# ceprl Y30ekucrana

OueHeHbl CHIIBHBIE M CJa0ble CTOPOHBI, BHELIHHE
BO3MOXKHOCTH M IIOTCHIMAIBHBIE YIpo3bl NPH BHEIPEHHU
L (POBBIX PpeleHui B IpajjOCTPOUTEIBHOE
MPOEKTUpOBaHUe Y30ekucraHa. DTOT aHAIN3 MO3BOJISIET
OIIPEe/IeNIUTh HAIIPABJICHUS U1 BBIPAOOTKH CTpaTerM4ecKux
L1aTOB.

MEXAYHAPOAHBIX u

3. Pe3yabTaThl HCcae10BaHUS

Obéwan oyenka yugposusayuu zpadocmpoumenbHo20
cekmopa Y3oekucmana

IIpoBenéHHbIN KOHTEHT-aHAJIN3 HOPMATUBHO-TIPABOBOM
0a3bl, CTATUCTMYECKUX JaHHBIX M OTKPBITHIX HCTOYHHMKOB
mokaszai, 4To B Y30ekucrane  1upoBH3AIMSL
IpaJlOCTPOUTEIBHOTO TPOSKTHPOBAHMS HAXOIUTCS Ha
HayalbHOM odrame. HecMOTpss Ha HaJM4uMe TaKHX
nauimaTuB, kKak «lludposoit Y3bexkucram — 2030»,

BHEJ[pEHHE MHHOBAMOHHBIX PEIIEHHH B apXHTEKTYPHO-
CTPOHTENHFHOM ceKTope WAET MemieHHo. Ha 2024 rox:

® Tonbko 5-7% APXUTEKTYPHO-IIPOEKTHBIX
opranusanuii ucnons3yror BIM Ha HauanbsHOM ypoBHE;

e [Ipumenenne reomndopmarmonnsix cucrem (I'MC)
OTpaHWYEHO KapTorpadueil n yuéToM 3eMes;

e OTCYTCTBYIOT TIPHMEPHI Ppeaju3anuu HHPPOBBIX
JIBOWHHKOB B KOHTEKCTE TOPOJICKOT0 IUTAHUPOBAHHS;

® Bce coryacoBaHus MO TPOEKTaM OCYIIECTBILIIOTCS B
OymaxHO! MM oy poBoi Gopme;

e He cymecTtByeT HalMOHANBHOH  LHM(POBOIL
MJaT(OPMBI TSI IPOSKTUPOBAHKS U COTJIACOBAHHI.

Takum  0o0pa3oMm,  IpaJOCTPOHMTENBHBIH  CEKTOp

V36ekncrana HCTIBITHIBACT HEI0CTaTOK B
HWHCTUTYIMOHAIBHOH, KaJpOBOH M IIN(POBOI 3pENOCTH.
Mesnicoynapoonuvie nooxooul: cpaenenue u

3aumcmeosanue onvima

MpupoBass TpakTHKa IEeMOHCTPUPYET 3(PPEKTUBHOCTH
IUQPOBBIX peIeHuiH B oOecredeHnr YCTOWYHBOTO U
YMHOTO pa3BHTHS FOpOJIOB. PaccMOTpHM KiTFoueBbIe KEHCHI:

e Cunranyp  peamusyer  mnporpammy  Virtual
Singapore, B paMkax KOTOpPO# co31aH U(pPOBOii IBONHUK
BCero ropoja ¢ 3D-mozensiMu 31aHuH, MHOPACTPYKTYpPhI U
3eMJICTIONIB30BAHMS. DTO TI03BOJIET TOYHO NPOrHO3UPOBATh
Tpaduk, sHEpronoTpediIeHNue U IKOIOTrHISCKUE MOKA3aTeIIH.

¢ BeankoOpurannus BHEJIpUIIa o0s13aTenbHOe
ucnonp3oBanue BIM ypoBHs 2 115t BceX ToCyJapCTBEHHBIX
MPOEKTOB. JTO CHU3WIO CTOUMOCTH NPOCKTUPOBAHMS Ha
20-25%.

e B I'epmannn 1 dpaHuMM aKTHBHO DPa3BUBAIOTCS
1 posble wIaTGOopMbl Ha 6a3e OTKPBITOrO MPOTPaMMHOTO
obecneuenus (Hanpumep, KROQI, BIMserver).

Y30ekncTaH uMeeT BO3MOXKHOCTH aJlaNTUPOBATh 3TH
HOAXOJbl € Y4YETOM HAIMOHAIBHBIX OCOOCHHOCTEH:
MHOTO3TQXKHOTO ~ CTPOUTEJNILCTBA, IUIOTHOH TOpOJCKOM
3acTpoiKH, ceilicMOoOoMacHbIX TeppUTOpuUil u
KOHTHHEHTAJIBHOI'0 KJIMMaTa.

OcHoenvie dapvepul yugposoii mpanchopmayuu

B pesynbrate aHanu3a HCTOYHMKOB, B TOM 4HCIE
oruétoB UN-Habitat, MuHucrepcTBa CTPOUTEIBCTBA
V3bekncrana, a Take myOnukaumii B 0ase Scopus,
BBISBJICHBI CIIEYIOLINE CTPYKTYPHBbIE Oapbhephl:

1. Hu3kmii  ypoBeHb 1mdpOBOii rpaMoTHOCTH
CHELUAIUCTOB apXUTEKTYpHO-CTPOUTEIbHOM oTpaciu. Ilo
JaHHBIM ompocoB, MeHee 20% MH)XEHEPOB BIAJCIOT
COBPEMEHHBIMU LU(PPOBBIMU HMHCTPYMEHTAaMU Ha 0a30BOM
YPOBHE.

2. OrcyrcrBue  crangaproB  BIM  u  THC-
uHTerpanuu. B VY30ekucraHe moka He YTBEpXKICHbI HHU
BIM-kinaccudukaTopsi, HU HOPMATHUBBI obmeHa
LIH(POBBIMH JITAHHBIMH.

3. ®uHaHcoBble  orpaHuueHusi.  JIuueH3MOHHOE
nporpammuoe obecrederue (Revit, ArchiCAD, Civil 3D)
0CTaErcs IOPOrUM Il MHOTHX YACTHBIX KOMITAHHMIL.

4. HexBaTka TMOATOTOBJEHHBIX KajApoB. Byssl
0o0y4aloT B OCHOBHOM II0 KJIACCHYECKMM METOAaM, M
MG POBbIE AUCIUILTMHBI BBOJTCS KpaliHe METICHHO.

5. YcrapeBume ¢opmsl corsiacoBanusi. OTCyTCTBHE
MGPOBOIT €MHON CHCTEMBI MEXIy MYHHIUNAIUTETAMH,
ApXUTEKTOpAaMH M TOCOpraHaMH 3aMeUIseT pPa3BHTHE
HPOEKTOB.

SWOT-ananus

J11s1 KOMILIEKCHO# OIIEHKH MEepPCIeKTUB [uppOBU3AIIAN
B Y30ekucrane 0bu1 coctaBien SWOT-ananus:
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CunbHble croponbl | Cia0blie CTOPOHBI
(Strengths) (Weaknesses)
[Momnepkka rocymapcrea
(nporpamma "Iudpooit
VY36ekucran")

Poct untepeca wactHoro | Huskuit YPOBEHB
cekropa k BIM MOATOTOBKH KaJpOB

OTCcyTCTBHE CTaHIAPTOB W
(P POBOI IKOCHCTEMBI

PaszButne UT-
I’IHCb aCTDYKTVDBI (5 G OTCYTCTBI/Ie

HOII[) PP 06Ha‘1HBI€; CICHHUATM3UPOBAHHOIO
TCXH(;JIOFI/II/I) co(ra Ha y30€KCKOM SI3bIKE
Bo3moxxHOCTH

(Opportunities) Yrpossi (Threats)
Brenpenne

HalMOHAJIBHON IU(POBOH | 3aBHCUMOCTH OT HUMIIOpTa

aTopmet I10 u UT-3kcnepros
TIPOEKTHPOBAHUS

MexyHapoHOe

cotpymamecso  (ADB, Poct mmdpoBoro paspsiBa
UNDP, GIZ) MEXITy perHoHaMu

Okcnopt 1udpoBsix yenyr | KonceppaTusm
B CTpOUTENIbCTBE B | MPO(eCcCHOHATIBHOTO
LenTpanpHoil A3nn coo0mecTBa

4. O6cyxaeHue

Pesynbrartel  WccneoOBaHWS — TOATBEPXKAAIOT,  YTO
V30eKkucTaH CyIIECTBEHHO OTCTAa€T OT Pa3BUTHIX CTPaH B
obnactu 1 poBoro IpaloCTPOUTENHLHOTO
MPOEKTUpPOBaHUs. HecMoTps Ha Hanudue OTAENBHBIX
WHHIMATHB M TOCyAapcTBeHHOH mporpammsl «l{udposoit
V36ekucran — 2030», BHeIpeHHe KIIIOYCBBIX TEXHOJOTHI,
takux kak BIM, T'IC u uudpoBbie JBOHHUKH, IIPOHCXOTUT
MEJUICHHO ¥ 0€3 CHCTEMHOTO TT0X0/1a.

BIM (Building Information Modeling) B crpanax-
minepax, Takux kak Cunramyp u BemukoOpuranus,
SBIAETCS O00s3aTeNbHBIM Ul BCEX TOCYJApCTBEHHBIX
IIPOEKTOB, YTO O0ECNEeYHBAET MPO3PAayHOCTh, TOYHOCTb U
3¢ (PEeKTUBHOCTD B YNPaBICHUN CTPOUTEIBHBIM HPOLIECCOM.
B  V30ekucrane, HampoTuB, ucnojb3oBanue BIM
OrpaHUYMBACTCS HECKOJIbKUMH IWJIOTHBIMU HPOEKTAMH,
4acTO PEAIU3YeMbIMH IIPU MOAAEPKKE MEXIYHAPOAHBIX
OpraHu3aIui.

I'eoundopmarmonnsie  cucrembl  (I'MC)  akTHBHO
ucnonb3yrores B crpaHax EC  wu Asum s
MPOCTPAHCTBCHHOIO IUIAHMPOBAHUsA, OLIEHKH PHCKOB U
ynpasieHuss uHGpacTpykrypoil. OnHako B Y30ekucrane
OHM IIPUMEHSIOTCSA, B OCHOBHOM, B Kaprorpadpuum H
Kajactpe, U HE MHTETPUPOBAHBl B I'PAIOCTPOHMTENbHBIC
peleHus. OrcyTcTBHE eIMHON wiathopMbl
MPOCTPAHCTBCHHBIX JIaHHBIX TAaKX€ CHIKAET MOTEHLHAI
I'MC-texHOMOTHA.

Hudpossie JIBOMHUKH, obecrieynBaromye
MOJIEJIMPOBAHKE TIOBE/ICHHSI TOPOJICKOH Cpe/ibl B PeabHOM
BPEMEHH, CTalld OCHOBOM KOHLENIMH «yMHOI'O T'OPOAA»
(Smart City) B Takux crpanax, kak IOxunas Kopest u OAD.
B V30ekucTaHe 3Ta TEXHOJIOTHS [TOKA OTCYTCTBYET Jake Ha
YPOBHE KOHLENTYyaJIbHOIO MPOEKTHPOBAHHUS, HECMOTPS Ha
pactyulyro ypOaHM3allMIO M YCIO)XXHEHHE TOPOACKOMH
HHPaACTPYKTYPHL

B x011€ 00Cy K/IeHus BBISBIICHBI CIIEIYIONIHME KITIOUEBhIe
Oapbepsl:

* Huskwii YPOBEHB uudpoBoit TPaMOTHOCTH
CIICLMATIMCTOB B chepe CTPOUTEIbCTBA U APXUTEKTYPBI;

* OtcyrcTBHE CTaHJAPTOB u HOPMAaTHBOB,
PETYNUPYIONINX HCIIONB30BaHUE IH(POBEIX TEXHOIOTHH B
IrpaJOCTPOUTEIBCTBE;

» OparmentupoBaHHOoCcTh  IT-mHOpacTpykTypsl  H
ciabast KOOpIAMHALMS MEX]y BEIOMCTBAMI;

* OrpannyeHHOe (PUHAHCHPOBAaHHE W OTCYTCTBHE
MEXaHU3MOB rocyJapCTBEHHOI O CTUMYJIUPOBaHUs
U(POBBIX PELISHIUH.

Bwmecte ¢ Tem, umeercs psii BO3MOKHOCTEH:

* Crapr mporpamMM HMIIOPTO3aMeNIeHHs LU(PPOBBIX
peleHni ¢ pa3paboTkoii iokasHbIX BIM-mmardopwm;

* IIpuBneueHre  MEXIYHapOIHBIX  TPaHTOB U
MHBECTHIIMOHHEIX IporpamM (Hanpumep, EBPP, UNDP);

* Bximouenne nudpoBBIX KOMIIETEHIMH B y4eOHBIE
IporpaMMbl  BY30B ¥ MOBBIIICHHE  KBAIU(DHUKAIINN
JIEHCTBYIOLIMX CIELUAIUCTOB.

Takum o06pazoM, OOCYXIEHHE MOKa3ajo, YTO IpH
NPaBUIBHOM  MOJUTHYECKOM BOJE, HHBECTHLIUOHHOMN
ToJI/Iep KKe M KaJpOBOM OOecIedeHNH, ¥Y30eKUCTaH MOXKET
MpOWTH TMyTh IU(pPOBOH TpaHchopmamuu B chepe
rpaJoCTpOUTENbCTBA  3a 5-7 JIeT, TepeHrMast
aJalTUPOBAHHBIM MEKIyHapOAHBIN OIBIT.

5. 3akaouenue

IudpoBusais rpagoCTPOUTETBHOTO TPOSKTUPOBAHHS
HPEeACTaBIseT cOo00il HEOTHEMIIEMYIO YacTh YCTOHYMBOTO
Pa3BUTHS H TIOBBILICHHUS 3HEPro3GEeKTHBHOCTH TOPOJICKOM
cpenpl. IIpoBenEHHbIN aHanu3 Mokasaj, 4yTo, HECMOTPS Ha
robambHBle  TEHACHIMH W HAJIMYHE  TIEPEOBOTO
MEXIyHApOJHOTO OIbITa, Y30EKHCTaH HAXOAWTCS Ha
HAa4yaJbHOM JTane BHEIPEHHA LUQPPOBBIX pELICHHUH.
OCHOBHBIE TIPEIATCTBUS — 3TO HEAOCTAaTOK LU(POBOI
IpPaMOTHOCTH, cja0as HOpMaTuBHas 0a3a, OTCYTCTBHE
enHOM  nuppoBol  miarpopMbl U OrPaHHYEHHOE
(uHaHCHpOBaHHUE.

Bwmecre ¢ TeM, crpaHa 001aiaeT BBICOKMM ITOTEHINATIOM
i uudpoBoi TpaHchOpMALMKM B CTPOUTEIBHOU cdepe.
Ipy KOMIUIEKCHOM IOJXOJIE, BKIIIOYAIOIEM HOPMAaTHBHOE
peryiaupoBaHue, UHBECTHIINH B (ppoByIO
UHQPACTPYKTYpy U TOIrOTOBKY KBATU(DUIMPOBAHHBIX
KaJpoB, Y30eKnuCcTaH MOXKET B OJrKaifiiye ropl BHEAPHUTH
coBpeMenHbie uHCTpyMeHThl BIM, TMC u wmudppoBbix
JBOMHMKOB B  HALMOHAIBHYIO  I'PaJOCTPOUTENBHYIO
HPaKTHKY. 310 TI03BOJIUT COKpaTuTh CPOKH
NPOEKTHPOBAHHUS,  TMOBBICUTH  9HEProd(HeKTUBHOCTH
OOBEKTOB W O0OECIeYuTh MPO3PaYHOCTh BCEX ITAIOB
JKM3HEHHOT'O LIMKJIA 30aHUIT U UHPPACTPYKTYPBI.
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Energy efficiency of buildings: world experience and prospects for Uzbekistan

Abstract:

Keywords:
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1Karakalpak State University, Nukus, Uzbekistan

The article is dedicated to the current problem of energy efficiency of buildings and structures, with a
focus on the application of energy-efficient technologies in Uzbekistan. The experience of foreign
countries in the construction of energy-efficient buildings, including the use of passive houses and
modern thermal insulation materials, is considered. The article also analyzes Uzbekistan's climatic
features, which influence the choice of technologies and materials for construction. Special attention was
paid to the issues of legislative and financial support, as well as the need to develop technologies adapted
to local conditions. In conclusion, it is concluded that the transition to energy-efficient construction is
important for the sustainable development of the country's economy and ecology.

energy efficiency, construction, thermal insulation, passive houses, sustainable development,
Uzbekistan, renewable energy sources, legislation, climate conditions, energy economy

JHeprodppeKTUBHOCTH 31aHUI: MUPOBOM ONBIT U MEPCHEKTUBDI I

AuHoOTALMA:

Kunrouessie cioBa:

Y30ekucrana

Ypasxanosa .M.}
!Kapakanmakckuii rocynapctBeHHblii yausepeutet, Hykyc, Y36ekuctan

Crarpsl IOCBSIIIICHA aKTyaJIbHOU TpoOieMe 3HeprodpdeKTHBHOCTH 31aHUN U COOpYKEHHH, ¢ GoKycom
Ha TPUMEHEHUH OSHeprodpQeKTHBHBIX TEXHONOTHH B Y30ekucraHe. PaccmarpuBaercs OIBIT
3apy0Oe)KHBIX CTpaH B 0OJaCTH CTPOUTENIBLCTBA SHEProd((eKTUBHBIX 37aHHH, BKIIOUas HCIIOJIB30BaHUE
NACCHBHBIX JOMOB M COBPEMEHHBIX TEINION30JILIMOHHBIX MaTepPUANIOB. B cTaThe Takke aHaIN3UpYIOTCS
KJIIMaTHYeCKHe OCOOSHHOCTH Y30eKHCTaHa, KOTOPbIe OKa3bIBAIOT BIIMSIHUE HA BBHIOOP TEXHOJIOTHH U
MaTepuasioB i crpouTesberBa. Ocoboe BHHUMaHWE YJEICHO BOIPOCAM 3aKOHOJATENIBHOH U
(MHAHCOBOW MOJNEPKKH, a TAaKXKe HEOOXOAMMOCTH pa3pabOTKH aJalTHPOBAHHBIX I10J] MECTHBIC
YCJIOBHSI TEXHOJIOTHIL. B 3aBepiieHue, nenaeTcs BbIBOJ O BAXHOCTH Mepexoia K 3Hepro3hGekruBHOMY
CTPOUTENBCTBY AJIs YCTOMYHMBOTO PA3BUTHUSI SKOHOMHKHU U 3KOJIOTUH CTPAHBI.

9Hepro3(p(PeKTUBHOCTb, CTPOUTEIBCTBO, TEIUIOW3OJIILIUSA, MACCHBHBIC JIOMa, YCTOWYMBOE pa3BUTHE,
V30ekucraH, BO30OHOBIISIEMble HCTOYHHKHM 3HEPrHH, 3aKOHOAATENIbCTBO, KIMMATHYECKHUE YCIIOBH,
SHEProKOHOMHS

KIMMAaTUYECKUMH  YCIIOBUSIMM ~ OTOIUIEHHME  3aHMMAET
OCHOBHYIO JIOJIIO B 3HEPronorpediIeHuy, B TO BpeMs Kak B

1. BBeanenue

B HOCIIeIHIE JeCATHIICTUS BOIIPOCHI
9HeprodpHeKTHBHOCTH 3[aHUI CTAaHOBATCS Bce OoJjee
aKTyalbHBIMM Ha 1100ajibHOM YypoBHe. IloBblIeHHE
9HeprocOepekeHns U CHIKEHHE MOTpedIeHUsT pecypcoB B
CTPOUTENBHONW OTPAaciy MMEET BAXKHOE 3HAYCHHE KaK ULt
YCTOIYMBOrO Pa3BUTUS 3KOHOMHKH, TaK U JUI COXPaHEHUS
OKpyKarolei cpenibl. B ycrnoBusax rino0anbHbIX H3MEHEHUI
KIMMaTa,  CTPEMHTENIBHOIO  POCTAa  HACEJeHU U
OrPaHUYEHHOCTH 3HEPreTHYECKHX DPECypcoB, BHEIpPEHHE
9HeprodpeKTUBHBIX  TEXHOJOTMH B  CTPOHUTEIHCTBO
CTaHOBUTCS HEO0OXOIMMOCTBIO. Tlo JIAHHBIM
MexXIyHapoHOIO SHEPreTUYECKOro areHTCTBA, 30aHus U
COOPY)KEHMSI SABJIOTCA OJHHM M3 CaMbIX KPYIHBIX
MoTpeduTeneil JHEPrud B MHUpPE, a CTPOHUTEIbHBIA CEKTOp
oTBeyaer 3a okoso 40% MHPOBBIX BBIOPOCOB YIIIEKUCIIOTO
rasa, 4To JieJaeT 3TOT CEKTOp Ba)XKHBIM HAIIpaBJICHHEM B
60pr0e ¢ KIIMMaTUIECKUMH H3MEHEHUAMH.

DHeprodhPpeKTUBHOCTD 3[aHUI HAMpPSMYIO BIHSET Ha
UX OSKCIUTyaTallMOHHBIE pAcXOo[bl, & TaKXKe Ha YPOBEHb
koMmdopTa U 3T0pOBbBs JKUTENEil. B cTpaHax ¢ XOIOJHBIMHU

alZ https://orcid.org/0009-0007-8846-1686

Oonee TEIUIBIX CTpPaHAX BAKHBIMH SIBJISIOTCS BOIPOCHI
TEIUIOM3OJIIIMM M IHOTPEOHOCTH B OXJIXKACHUM
nomenieHuid. B 3Tom koHTeKkcTe pa3zpaboTka ¥ BHEIpEHHE
HOBBIX  CTPOUTEJIbHBIX ~ TEXHOJOTMH,  HCIIOJNb30BaHHE
WUHHOBAILIMOHHBIX MAaTEpPUAIOB M YJIy4IIEHHE NPOEKTHBIX
peLIeHHIT CTAaHOBATCS KJIIOYEBBIMM HANPABICHUSIMH B
CTPOMTENILHON OTpaciu.

Jnst cTpaH ¢ pa3BUBAIOIIMMUCA 3KOHOMUKAMH, TaKHX
Kak Y30eKHCTaH, BOHNPOC SHEProdd(GHEKTUBHOCTH 3HAHUI
npuobperaer 0coOyl 3HauMMOCTh. B VY30ekucrane
SHEPIreTUYECKHH CEKTOp CTAIKUBACTCS C PAJOM BBI3OBOB,
BKJIIOYAs BBICOKMH YPOBEHb NOTpEeOJCHUS SHEPTUU Ha
OTOIUIEHHE W OXJIOXKJEHHE, YCTapeBIIME TEXHOJIOIMU
CTPOUTENIBCTBA U HEAOCTATOUHYIO 3HEeprodd)( eKTUBHOCTH
cylecTByoUMx 31aHui. [loaTroMy co3naHue u BHepEeHUE
9Heprod(pHeKTHBHBIX 37aHUH CTAHOBUTCS BaYKHBIM ILIATOM
Ha IyTH K YCTOHYUBOMY Pa3BUTHIO CTPaHBI.

B V30ekucrane mpennpHHUMAIOTCS — [Iard 1O
YIIYYLICHUIO CUTYallMd B 00JacTH 3HEProdp(eKTUBHOCTH.
IpuHsATHE 3aKOHOJATENBHBIX MHMUIMATHB M TIPOrpaMM,
HANpaBJICHHBIX ~ HAa  MOBBIIIEHHE  JHEPreTHYecKOoi
3¢ GEeKTUBHOCTH, & TaK)Ke Pa3BUTHE CTAHAAPTOB U METOIUK
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JUIL OIEHKH DJHEPreTHYecKod >S(PQEKTUBHOCTH 31aHMIt
SIBISIIOTCS. OCHOBHBIMH HAIPaBICHUSMH TOCYAApCTBEHHON
nomutukd. C  TIOMOHIBIO 3THX Mep TPerojaraeTcst
YIIY4IIUTh HE TOJBKO JHEPreTUUECKHE XapaKTePHCTHKU
3[[aHUH, HO W OOIMII ypOBEHb XM3HU HaceleHmsi. BaxHo
TaK)Ke YUUTHIBATH MUPOBOH OIBIT B JAaHHOH 00JacTH, Tak
KaK MHOTHE CTPaHBI YK€ YCIEIIHO Peali3yIoT MpOrpaMMbl
TI0 TIOBBIIIEHHIO SHEProd((eKTUBHOCTH B CTPOHUTEIILCTBE,
YTO TO3BOJSIET Y30EKHCTaHy 3aMMCTBOBATh JIydIIHE
MIPAaKTHKH U a/IallTHPOBATh HX C YUYETOM CIIEIIU(PHUKH CBOETO
KJIMMaTa ¥ 3KOHOMUKH.

Takum o0OpasoM, mpoOiiemMa 3HeprodhHEeKTUBHOCTH
3MaHui B Y30ekncrane TpeOyeT KOMIUIEKCHOTO ITOJXOa,
KOTOPBIH BKJTFOYAeT B cebst HCTIOIb30BaHHUE
HMHHOBAITHOHHBIX TEXHOJIOTHH, ONITHMH3AIHIO
CTPOUTENBHBIX TPOIECCOB M yUET MHUPOBOTO OINBITA. JTOT
TIporiece TMperoaraeT He TOJIBKO TEXHUYECKHe pPElIeHI,
HO W W3MEHEHHE BOCHPMSATHS JHEProdpdexTHBHOCTH Ha
YpOBHE NOTpeOHTeNel 1 OpPraHOB rOCYIapCTBEHHOH BIIACTH.

2. MeT010J10TUsl MCCJICIOBAHUSA

Jns aHamm3a TEKYIIETO COCTOSIHHS M pa3paboTKH
PEKOMEHIAINH HCTIONB30BAIUCH CIIEAYOIINE METOBI:

e  AHanu3 CTAaTHCTHYECKUX JAHHBIX: M3y4YEHHE OTUYCTOB U
CTATHUCTHUKH I10 SHEPTrONOTPEOICHNIO B CTPOUTENBCTBE.

e CpaBHUTENBHBIH aHAIN3: PACCMOTPEHHUE OIIBITA IPYTHX
cTpaH B cepe 3HeprodpPpeKTHBHOCTH 3IaHUH.

e OreHKa TeKyIIUX WHHUIMATHB: aHAJIHU3 CYIIECTBYIOIIHX
MPOEKTOB " porpamMmm o TOBBIIIICHUIO
sHepro3dpekTuBHOCTH B Y30EeKUCTaHE.

B npouecce ananuza 3HeproadGHeKTUBHOCTH 34aHUH B
V30ekucrane u 3a pyOexxoM ObUIO BBIIETIEHO HECKOJIBKO
KIIFOYEBBIX (akTopos, KOTOpbIE OIIpEIENAIOT
3 (PEKTUBHOCTD NPUMEHEHUS PA3IUYHBIX TEXHOJIOTHH 1
MaTepHalioB B CTPOMTEIBCTBE. PaccMOTpUM pe3ysbTarThl,
MOJIy4EHHBIE B XOJE aHAIN3a MEKIYHAPOJHOTO OMbITa U
NPaKTUKHM, @  TaKkKe  pe3ylbTaTbl  HPHUMEHEHHS
9Heprod(peKTUBHBIX penieHui B Y30eKHucTaHe.

Ananu3z 3apyOexsoro omnbita. VccriemoBaHus u
MIPOCKTHI o 9Hepro3pPeKTUBHOCTH 3[IaHUI,
peanu30BaHHbIE B PA3IMYHBIX CTPAHAX, IIPENOCTaBIAIOT
OoraTelii Marepuan Uil aHanuM3a W 3auMcTBoBaHus. Ha
CEerO/HALIHUI JIeHb BEAYLIMMHU CTPAaHAMM 110 BHEJPEHHIO
9HeprodpHeKTUBHBIX TEXHOJOTUWi sBISIIOTCS [ epmaHus,
IIBenus, Hopeerusa, a taxxke psa crpan Espomeiickoro
coro3a.

I'epmaHus sABISIETCA TMOHEPOM B OOJIACTH ITACCUBHOTO
cTpoutensctBa u  dHeprodddexruBHocTH. [Iporpamma
"lMaccuBHblit  mom", paspaboranHas B [epmanum,
MpEeACTaBIsAeT CO0OM apXUTEKTYPHBIH CTaHAApT, MPH
KOTOPOM 3/1aHUs NPAaKTUYECKH HE IOTPeOJAI0T BHELIHee

oToIUIeHHe.  BMecro  TpagMIMOHHOrO  OTOIUICHHS
UCIIONB3YEeTCA peKylepalys Telula, a SHepronorpebiieHue
MHHHMH3UPYETCS 3a cuer HNPUMEHEHUS

BBICOKO3()(EKTUBHBIX TEIIOM3OIALMOHHBIX MaTePHAIIOB U
TePMETUYHOCTH  KOHCTPYKUMH.  ['epMaHusi  akTUBHO
MPOJIBUTaeT TaKue CTaHIapThl, Kak Passivhaus, mpemnaras
6onee 3 exTHBHOE UCTIONB30BAHIE YHEPTUH B JIOMaX, 4TO
MO3BOJISIET 3HAYMTEIBHO COKPAaTHTh SKCIUTyaTallMOHHbIE
pacxonpl M BbIOpoCHl  yriekucnoro rasa. CoriacHo
UCCIIE/IOBAaHMAM, 3/IaHHs, MOCTPOCHHBIE 110 HEMELKHM
CTaHZApTaM MAacCUBHOTO 1oma, motpebmsior Ha 75-90%
MEHBIIIE SHEPTUH, YeM TPAIUIUOHHbIE IOMa.

IBerust  sBisieTCs  OAHMM W3 JIMAEPOB IO
HCTIONH30BAHUIO BO30OHOBISIEMBIX MCTOYHHKOB YHEPIUH B
cTpoutensctBe. B IlIBerum akTHBHO NPHUMEHSIOTCS
TEXHOJIOTMH COJIHEYHBIX MaHEeNeH, TEeIUIOBBIX HACOCOB, a
TaKke T€OTePMaJIbHBIE CHCTEMBI OTOIUICHUA. 37eCh TaKXkKe
OYEHB BBICOKO 3HaYeHHE 3HEepProddpdhexTHBHOCTH, 0COOCHHO
B OKWIMIIHOM cTpoutenscTBe. llIBenckue crienuaaucTsl
YTBEPXKIAIOT, YTO SHEProdp(eKTHBHOCTH 3IAHUI MOXKET
OBITH 3HAYMTENBHO YIydYlIeHa 3a CYeT KOMIUIEKCHOTO
MOAXO0/1a, BKIIFOYAIOIIEro TEeTUION30JIILINIO, HCIOIE30BaHHE
BO30OHOBIIIEMBIX HCTOYHHUKOB OJHEPrUM U Pa3yMHOE
MPOEKTHPOBAHHUE, C yIETOM KINMATHIECKUX OCOOSHHOCTEH.
B IlIBernmu pa3paborana cucrema cepTrHUKAIMN 30aHIH 110
3HeprodG(HEeKTUBHOCTH, KOTOpasl OIICHUBAET 3JaHHS TI0

TaKuM napamerpam, KaK TEIUIOTEXHUYECKUE
XapaKTepUCTUKH, HCIIOJIb30BAHUE BO300HOBIIIEMBIX
HWCTOYHHWKOB OJHEPIUH, a TaKXXe YPOBEHb IOTPEOICHMS
SHEpIUu.

Hopsernsi, o0namas XONOZHBIM KJIMMAaTOM, TaKKe
rocTaBmiia cebe 3a1ady TMOBBICHTH SHEProd((eKTHBHOCTH
3/1aHUH. 371eCh aKTUBHO MTPUMEHSIOTCS MaTePHAIIBI C HI3KHM
KO3()(PUIIMEHTOM TETUIONPOBOJHOCTH, a TaKKe CHCTEMBI
MACCHBHOTO  COJHEYHOro  oborpeBa W Jpyrue
BBICOKOd(QekTiBHbIE pemenns. B Hopeerun Ooibimoe
BHHMaHHUE y/eISIeTCs yIyYIIeHUIO H30JISIUH KPBIII U CTEH,
a TaKk)Ke MCIIOJIb30BaHHIO COBPEMEHHBIX OKOHHBIX CHCTEM C
BBICOKUM KO((QHUIIMEHTOM TEIIOTEXHUKH.

IIpumenenne  SHepro’pQEeKTUBHBIX  pEUICHUH B
V30exucrane. B V30ekucrane Takxe Bezmercs pabota 1o
MOBBIIICHUIO HHEProd((QEKTUBHOCTH B CTPOUTEILCTBE.
CrpaHa aKTHBHO CTPEMHUTCSI BHEIPSTH MEXTyHapOIHBII
ONMBIT B 001acTH dHEProdPEeKTUBHOCTH, C YYETOM
criennQUKHN CBOEro KJIMMarta U SKOHOMHYECKHX YCIOoBHilL. B
HOCJIEJHHE TO/bl 3HAUUTENbHOE BHUMAaHUE YIENAeTcs
CO3IaHMI0O HOPMAaTHBHBIX JOKYMEHTOB, HAIIPaBJICHHBIX Ha
NoBBILIeHHE SHeprodpdpekTuBHOCTH 31aHui. B 2020 rony B
V3bexkncrane  Obuta  paspaborana  HamponampHas
HporpamMmMa Io 3Hepro3pQeKTUBHOCTH, KOTOpask HaleleHa
Ha CHIDKEHHE NOTPEOICHUS SHEPI'HH B 3/IaHMAX, a TAKXKE Ha
YJIy4IlI€HHE COCTOSHUS SHEPreTHYECKOi HH(PaCcTPyKTyphI.

Temouzonsiums. OJHUM U3 KIIOYEBBIX HalpaBiIeHUH
yiIydmieHus — SHeprod@@GekTMBHOCTH B Y30eKucraHe
SBJIAETCA BHEJPEHHE TEIUIOM3OJIILIMOHHBIX MAaTepHUalos,
KOTOpBI€ CHI)KAaIOT TEIUIONOTEPH B 3UMHMI NEepuox M
YMEHBIIAIOT ~HEOOXOJUMOCTh B  KOHJUIMOHMPOBAHUM
BO3lyxa JieToM. B V30ekucTaHe akTHBHO NPUMEHSIOTCS
HOBbIE  Marepualbl, TaKMe KaK ICHOIOJIUYpPETaH,
9KCTPY/IMPOBAHHBIN IIEHOOIMCTUPOI, a TAKXKE CTEKIOBaTa
U 0a3anproBas M3OJALMA. OTH MaTepuaibl IO3BOJIIIOT
CYIIECTBEHHO CHU3UTh TEILIONOTEPU M MOBBICUTH KOM(OPT
B NOMEIIEHHAX, YTO OCOOEHHO B)XHO B YCIOBHUSX PE3KO
KOHTMHEHTAJIbHOT'O KJIMMara Y30eKHCTaHa.

Bo300HoB/IsIeMble HCTOYHUKH 3Heprun. B nocnennue
rogpl B Y30eKHCTaHE TakkKe aKTHBHO pPa3BUBAIOTCS
TEXHOJIOI'MH BO30OHOBIISIEMbIX HCTOYHUKOB SHEPIHH, TAKUE
KaK COJIHCYHbIC NAHENH M TEIUIOBbIE HACOCHI. YUUTBIBAS
COJIHEYHYIO AaKTMBHOCTb B CTpaHe, HCIIOJIb30BaHHUE
COJHEYHbIX Oarapell CTaHOBUTCS OJHMM U3 CaMbIX
3¢ PEeKTUBHBIX CLIOCOOOB MPOU3BOJICTBA SHEPIHUHU IS HYK]
37aHUN. B CEeNBbCKUX paiioHax V36ekucrana
YCTaHABJIMBAIOTCS COJIHEYHbIC TaHENH 1id obecredeHus
ABTOHOMHBIX HCTOYHUKOB 3HEPTHH JULs OBITOBBIX HYXK, 4TO
CIoco0CTByeT CHI)KCHHIO 3aBHCHMOCTH oT
LEHTPAIN30BAaHHOTO  JJIEKTPOCHAOKEHHS M CHWKCHHIO
HArpy3KH Ha SHEPreTHYECKYI0 CHCTEMY CTPaHBbI.

TpoexTupoBanue " CTPOHUTEIIBCTBO
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9HeproapGekTUBHBIX  37aHMil. BaxHeIM marom B
MOBBIILCHUH SHEProd(GHEeKTUBHOCTH SIBJISCTCS BHEAPEHUE B
MPOCKTUPOBAHKE 3[aHMI CTaHIAPTOB, OPHEHTHUPOBAHHBIX
Ha CHWKeHHE mnoTpebieHus sHepruu. B Y3zbOekucrane
CO3/IAI0TCS. HOBBIC JKMJIbIE KOMIUICKCHI, COOTBETCTBYIOLINE
MEXIyHapOAHBIM CTaHAApTaM 3Heprodd eKTHBHOCTH, HIpU
9TOM  0c000€ BHUMAaHHE yIEISIETCS  BEHTILILUH,
COJIHEYHBIM KOJUICKTOpAM M KIMMAaT-KOHTPOJ. Takue
3[aHHs IPOCKTHPYIOTCS C Y4ETOM MECTHBIX KITMMATHIECKHUX
YCJIOBHH, YTO IMO3BOJISIET ONTHMH3HUPOBATH IMOTpEOICHHE
9HEPTUH Ha OTOIUICHHE U OXJIAK/ICHHUE.

Jns  nomydeHuss Oojiee  TOYHOH  KapTHHBI O
3¢ PEeKTUBHOCTH [IPUMEHEHUS 9HEProd3pPpeKTUBHBIX
peiieHnid B Y30eKHCTaHe ObLIM IPOBEICHBI HECKOJIBKO
WCCIIC/IOBAaHNH, HANPABICHHBIX HA OLEHKY HPHUMEHEHHS
PAa3INYHBIX TEXHOJIOTHI I MaTepHAIIOB.

Ouenka 3(hGEKTHBHOCTH TEIUIOM30JAIMH. B pamkax
9TOr0 S3KCIEpPUMEHTa OBUTH MPOTECTHPOBAHBI Pa3IHMYHbBIC
BUIIBI  TCIUIOM3OJSALMOHHBIX ~ MAaTepUajioB,  BKIIIOYAs
CTEKJIOBAaTy, IICHOMOJUYPETAH U  3KCTPYJMPOBAHHBIN
HIEHOTIOJICTUPOIL. Pesynbrarst MOKa3allh, 41O
9KCTPYAUPOBAHHBIN HEHOHOJIMCTHPOI obnanaer
HAWTYYIIAMH TETUIOU30JSIIIMOHHBIMU  XapaKTEPHCTHKAMH,
CHIKas Temonorepu Ha 25% 1O CpaBHEHHIO C
TPaJANIHOHHBIMU MaTepUaIaMU. ITO MOXKET CYHIECTBEHHO
CHHU3UTH MOTPEOICHHEe SHEPTHHM HA OTOILUICHHE B 3MMHHIA
MEPHOJI U OXJIAK/ICHUE B JICTHHIA.

[IpumeHeHue conHeyHbIX naHened. B pamkax naHHOro
9KCMIEPUMEHTa OBUTH  MPOAHAM3UPOBAHBI  COJHEYHBIC
MaHesH, YCTAHOBICHHBIC B OJHOM M3 YKHJIBIX KOMIUICKCOB
ropoja Hyxkyca JUTst obecrieueHus TOPIYNM
BOJOCHAO)KEHHEM UM TOJUICP)KAaHHS MHKPOKJIMMAara B
nomerieHuy. COrnacHo pesyJbTaTaM, COJHEYHbIC MaHENn
nokpsu 10 40% MOTPeOHOCTH B SHEPrUU VIS TOPSYEro
BOJOCHAOXKEHHMS M OTOIUICHWS B 3MMHHMH II€pHOJ, 4YTO
MO3BOJIMJIO  3HAUUTENBHO  CHH3MTh  3arparthl  Ha
3NEKTPOIHEPTHIO.

Hecmorps Ha ycrexu B obnactu
sHeprodpeKTHBHOCTH, B  Y30eKHCTaHE  OCTAIOTCS
HECKOJIIBKO TIpo0JieM, KOTOpbIE 3aTPYAHAIOT  MOJHOE
BHeZpeHHe SHeprodpGeKTUBHBIX TexHojoruid. OmHON u3
IJIABHBIX ~ HPOOJNEM  SIBISETCS  BBICOKAs  CTOMMOCTB
WHHOBALMOHHBIX ~ MarepuajoB M  TEXHOJOTMH, 4TO
OrpaHMYMBAET X JOCTYIHOCTb M IUMPOKHUX CJIOEB
HaceNeHHUs. Takoxe CYILECTBYET HeXBaTKa
KBIM(ULUPOBAHHBIX  CICLHAIUCTOB B obnacti
9Heprod((HeKTUBHOTO CTPOUTEIBCTBA, YTO 3aTPyIHSET
BHEJIPEHHE HOBBIX PEILICHUI B MaCCOBOE CTPOUTEIIHCTRO.

Eme opHOM mpoOnemoil  sBisiercst  HEIOCTAaTOK
nHGOpPMALMM  CPely  HAcelIeHHs O IPEHMYIIECTBax
9HeprodpGeKTUBHBIX  peUIeHHH U  TEeXHOJoruil. B
V306ekucrane  HEOOXOAMMO  MPOBOAUTH  AKTHBHYIO
HHPOPMALMOHHYIO PabOTy, YTOOBI IKUTEIH TMMOHHUMAIU
Ba)XHOCTb JHEProd(PEKTUBHOCTH U MOIIH NPUMEHATH
COOTBETCTBYIOIIME TEXHOJIOIMHU B CBOUX JOMaX.

3. 3akiarouenue

PaccMoTpeHHbIe pe3ybTaThl HCCIEIOBAaHMS U aHAIIM3a
3apy0exHOro ombiTa B o0macté 3HeprodddekTHBHOCTH
3JaHUI TOATBEPXKAAIOT 3HAYUTEIbHBIN MOTEHIMANT UL
BHEJPEHMS] pA3NIMYHBIX TEXHOJNOTMI M MaTepualoB B
cTpouTenscTBe Y30ekuctana. HecMoTpst Ha JIOCTIDKCHUS B
9TOM HaIpaBlIEHUH, €IIe CYIIECTBYeT psJ BHI30BOB,
KOTOpble  TpeOYIOT  BHMMaHHSA U JaJbHEHIIero

COBEPLICHCTBOBAHUS ~ 9HEPreTHYecKol 3 PeKTHBHOCTH
3JTaHHH.

Tpesxne Bcero, HEOOXOIMMO OTMETHTh, YTO BHEIPCHUE
9Heprod3p(HeKTUBHBIX TEXHOJIOTHil B Y30eKHUCTaHE JOJIKHO
YUYHUTHIBATh YHUKAJIbHBIC KIIMMATHYECKUAE i SKOHOMUYECKUE
ycJIoBUs CTpaHbl. Hampumep, B OTJIMYME OT CTpaH C
YMEpEHHBIM KJIMMATOM, Takux kak I'epmanus wiu IBenus,
V30eKkuCcTaH CTaJKHBACTCS C PE3KO KOHTHHEHTAJIbHBIM
KIIUMaToM, 4To Tpedyer ocoboro moaxoma K
NPOCKTUPOBAHMIO ¥ BhIOOpY  MarepuanoB. OnHako
MEXIyHApOAHBIH OIBIT MOKA3bIBACT, YTO MPHUMEHEHHE
COBPEMEHHBIX TCIUIOW30JSIIIMOHHBIX MAaTePUaJiOB, TAaKUX
KaK IICHOIOJUCTHPOJI WM CTEKJIOBaTa, 3HAYHTEIBHO
yiydiiaeT 3HeprodheKTUBHOCTh 3[aHHil B YCIOBHAX
moboro kinMmara. Ha 6asze Takoro ombita B Y30ekucrane
TaKKe JIOJDKHBI OBITh aIaITHPOBAHbl HOBBIC CTPOUTEIbHBIC
HOPMBI M CTaHapThl, OPHCHTHPOBAHHbIC HA MAKCHMAIIbHYO
TETUIOU30JISIIMI0 ¥ MUHUMHU3AIHIO TEILIONOTEPb.

Eme opHolt BakHONM TeMOM SIBiSETCS  pa3BUTHE
BO30OHOBJISIEMBIX ~ MCTOYHHKOB OJHEPrHWH, TaKMX Kak
COJIHEYHbIC MaHeNu. Y30eKHcTaH, pacrojaras OOJbIIHM
KOJIMYECTBOM COJIHEYHBIX JIHEH B TOMy, HMEET BCe
BO3MOYKHOCTH JUIsl TIPUMEHEHHUST COJHEYHBIX MaHeNel, KaK
JUISL BBIPAaOOTKH BIIEKTPOSHEPIUH, TaK U Ui 00ecTieyeHus
ropsiuero BojoCHaOKeHus. BHeApeHHe TaKuX TEXHOIOTHIA
yIKe MOKa3aio CBOI 3(Q(EKTHBHOCTD B IMHIIOTHBIX MIPOCKTAX,
KaK B CEJIbCKOM MECTHOCTH, TaK U B ropojax. OmHaKo st
MacCOBOI'O BHEJIPEHHUs COJHEYHBIX Oarapeil HeoOX0quMo
pemuts  TpoblieMy  MX  CTOMMOCTH W CO3[aHHsA
COOTBETCTBYIOIIECH HHPPACTPYKTYPBI, YTO B CBOKO OYepe/ib
TpeOyeT 3HAYMTETbHBIX HHBECTUIINIA.

Kpome Toro, BaxkHOI 3amaueil SBISETCS MOBBILICHHE
OCBEJOMJICHHOCTH  CpPEIM  HAaceleHHs O  3HAYCHUH
9Hepro3p(eKTUBHOCTH M IPEUMYILIECTBAX BHEIPECHUSA
TaKMX TEXHOJOTMH. OT0 morpedyer He  TOJNBKO
nHGOpMaMOHHON paboTel, HO M pa3paboTku Oonee
JOCTYNHBIX  ()MHAHCOBBIX  CXeM, 4YTOObI  clenarh
9Hepro3p(eKTUBHOE CTPOMTENBCTBO  JOCTYIHBIM I
IIUPOKOI1 ayIUTOPHH.

Haxonen, HEOOXOAMMO OTMETHTb, YTO TEKyIIHE
HOpDMaTHBHbIE JOKYMEHTbI B Y30ekucraHe B o0O0nactu
9HeprodpHeKTHBHOCTH [IODKHBI OBITh MEPECMOTPEHBI C
YUYETOM MEX/yHapOIHBIX CTaHAAPTOB M JIYHIINX MPAKTHK.
Hanpumep, ctpansl EBpombl yxe HMMEIOT JOITOCpPOYHBIE
HPOrpaMMbl IO CePTHGMKALMK 3[JaHUH 10 KPHUTEPHAM
9Heprodp(eKTHBHOCTH, YTO CHOCOOCTBYET CTHMYJLSILIUU
CTPOMTENIBHBIX KOMIIAaHUI BHEAPATH HOBBIE TEXHOJIOTUH U
HCIOJIB30BATh 00JIee YCTONYMBBIE MAaTEPUAIIBL.

Takum o0pa3oMm, HECMOTpS Ha CYLIECTBYIOIIUE
po0IIeMsl, MOTEHIHAI VISt YIIyIIeHUs
9Heprod(heKTHBHOCTH 37aHUi B Y30eKHCTaHEe OTPOMEH, U
nanbHeiias pabora B ITOM HAMpPaBICHUH OOECHEYHUT
CHIDKEHHE DHEprosarpar, yJydlleHHe KadecTBa JKM3HH U
COKpAIl[eHHE BO3/ICHCTBHS HA OKPYIKAIOLYIO CPELy.

OHeprodGPeKTUBHOCTh  3AaHUH U COOPYKCHHI
SBJIAETCS OJHMM M3 KIIOYEBBIX ACIEKTOB YCTOHYHMBOrO
Pa3BUTHUS CTPOUTENBHON OTPACIIH, KaK Ha IJI00AIBLHOM, TaK
U Ha JIOKAJIBHOM YPOBHsAX. B mocnennue pecstuierus B
pa3IMYHBIX CTpaHaX MHpa aKTHBHO pa3padaThIBAIOTCA U
BHEAPSIOTCS HOBBIE CTaHAAPTBl M TEXHOJIIOTUM UL
MOBBILICHUS 3Heprod3h GeKTUBHOCTH JKHJITBIX u
KOMMEpPUECKUX 31aHui. Ba)kHO OoTMeTuTh, UTO ycneurHoe
NPUMEHEHHE 3THX TEXHOJOTHH CIIOCOOCTBYET HE TOJBKO
9KOHOMHUH SHEPrHH, HO W YJYHIICHHIO KauecTBa J>KH3HH,
3aIIUTE OKPY>KAIOUIeH cpelibl U CHUKEHUIO BO3JEHCTBUS Ha
KJIMMATHYECKIE H3MEHEHHSL.
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HccnenoBanue u aHanm3 3apy0esKHOTO OIBITA, A TAKXKe
pe3yneratel  paboThl, TPOBEAEHHOH B  Y30eKHCTaHe,
MOJTBEPKIALOT HE00XOJMOCTh nepexozna K
9Heprodp(EeKTUBHBIM TEXHONOTHAM B CTPOHTEILCTBE.
V30ekucTaH, WMEIOIMNI XapakTepHBIH JUII  MHOTHX
PETHOHOB MHpa KIMMAaT C PE3KMMH KOHTHHEHTAILHBIMH
KoJeOaHMSIMA ~ TEMIlepaTypbl,  HpeicTaBisieT  coboit
YHUK&JIBHBIA  CciTydad, TpeOyromuii HWHANBHIYaJIbHOTO
MOJX0]a K IPOEKTHPOBAHHUIO M BHIOOPY MaTepHajoB UL
CTpPOUTENBCTBA. B yclnoBMAX TakuxX KIMMaTHYECKHUX
(akTOpoB 0co0Oe 3HAUYEHWE HMEET MpABIIBHBINA BBEIOOD
TEIUION30JBIIUOHHBIX ~ MAaTEpPHAJIOB,  KOHCTPYKTHBHBIX
pelICHUH M MCIHOIB30BAaHUE COBPEMECHHBIX TEXHOJIOIHH,
TaKMX KaK COJIHEYHBIE MAaHEeJW U CHCTEMBI peKyIeparuu
SHEpIUu.

KnroueBsiMm  (pakTOpaMH  YCIEIIHOTO — BHEAPEHHS
9Heprod(p(EeKTUBHBIX  TEXHOJOTMH B  CTPOUTENHHYIO

MIPAKTUKY V36ekucrana SIBIISIFOTCAL . BBICOKAs
OCBEZIOMIEHHOCTh HaceJIeHNs o 3HAYECHUU
9HeprodhHeKTUBHOCTH, rpaMoTHas MOJIUTUYECKas

MO/ICPIKKA, JOCTYIHBIC (DHHAHCOBBIC HWHCTPYMEHTBI JUIS
HWHBECTOPOB, a TaKXX€ COOTBETCTBYIOIINE W3MEHEHHS B
3aKOHOJIATEIIBHBIX " HOPMATHBHBIX aKTax.
T'ocynapcTBeHHbIC MHUIMATHBBI, TAKHE KaK CYOCHANU Ha
BHEJIPEHHE COJIHEYHBIX TaHENeH WIN JIbIOTHBIE KPEIUTh
JUISL CTPOUTENBCTBA JHEpProd((eKTHBHBIX 3IaHUH, MOTYT
CTaTh BaXKHBIM HHCTPYMEHTOM B CTHMYJIHPOBAaHHH POCTa
CeKTopa.

Kpome Toro, HeoOXOJUMOCTh ydeTa KIMMaTHYECKHX
0COOCHHOCTEH  CTpaHBl NPH  NPOEKTHPOBAHHH U
CTPOUTENBCTBE  SHEProdd(EeKTUBHBIX  3IaHUH  HMeEeT
pematomee  3HaueHwe. ONBIT CTpaH C  YMEPEHHBIM
KIMMaToM, Takux kak [epmanmsa, Illseums wu
BennkoOpuTaHus, NOKa3bIBAET, YTO CTAaHAAPTHBIC PELICHUS
HE BCerja NPUMEHNMBI B yCIIOBUAX Y30ekucrana. [Tosromy
Ba)KHBIM HAIPaBJICHUEM [T CTPaHbI ABJISETCA pa3paboTKa
HOBBIX, AaJalTHPOBAaHHBIX [OJ  MECTHbIE  YCIIOBHA
TEXHOJOTMH M  MaTepuajoB, a TaKXkKe CO3JaHue
CIELMATU3UPOBAHHBIX HOPMAaTHBHBIX JOKYMEHTOB,
KoTOpple ~ OyZyT  CTUMYJNMpOBATH  HCIIOJIB30BAHUE
9Heprod(HeKTUBHBIX PELICHUH B CTPOUTEILCTBE.

OpHO# U3 pobsIeM, ¢ KOTOPOil CTaJKUBAIOTCS CTPaHBbI,
B TOM 4ucle Y30€KHCTaH, SBIISIETCS BBICOKas CTOUMOCTh
cTpoutenbscTBa dHeprodh GeKTUBHBIX 3aaHuil. HecMoTpst Ha
JOJITOBPEMEHHYO 9KOHOMHIO, 3aTpaThl Ha
MPOSKTUPOBAHKE, CTPOMTEIBCTBO M OCHAILCHUE TaKUMU
TEXHOJOTHSMU HYacTO HPEBBILAIOT OOBIYHBIE PACXOIbl HA
CTPOUTENILCTBO TPAAMIMOHHBIX 3HaHUil. JTO Tpelyer
co3nanus 0OoJiee JOCTYMHBIX (DPUHAHCOBBIX MEXaHH3MOB,
TaKMX KaK MPOrpaMMbl MOJJIEPKKH U CYOCHAMPOBAHMS, a
TAK)KEe HAJIOTOBBIX JIBFOT JUISl HHBECTOPOB M CTPOMUTENIBHBIX
KOMIIaHUH.

B KoHTEKCTE T100aIBHBIX 3KOJIOTMYECKUX U3MEHEHUH 1
CTPEMJICHHS K YCTOHYMBOMY PA3BUTHIO BaXKHBIM LIATOM JUIS
V30ekucraHa CTaHET TaK)Ke Pa3BUTHE BO30OHOBIISIEMBIX
UCTOYHHUKOB 3Hepruu. CTpaHa pacronaraeT 3Ha4UTelNbHbIM
MOTEHIUAIOM JUISl UCIIOJIb30BAHHUS COJTHEYHOM 3HEPIHH, YTO
naéT  BO3MOXKHOCTH ~ COKPaTWUTh  3aBHCHMOCTh  OT
TPaJMIMOHHBIX 3HEPrOHOCHUTENCH U CHU3UTh HArpys3Ky Ha
SHEPreTUYECKYl0 cucTeMy. IIpUMEHEeHHe COJHEYHBIX
naHesed, COMHEYHbIX KOJUIEKTOPOB M JIPYTMX TEXHOJIOTHI
MO3BOJIUT HE TOJBKO MOBBICHTH 3HEProd(HeKTUBHOCTH
30aHUH, HO M CYIIECTBEHHO CHHU3MTh 3aTpaThl Ha
3NIEKTPOIHEPTHIO B AOITOCPOUHOMN MEPCIEKTUBE.

He MeHee BaXHBIM acCNeKTOM SIBIISIETCS NOBBILICHHE
YCTOIYMBOCTH CTPOUTENBHBIX OOBEKTOB K KIMMATHYECKUM

WU3MEHECHUSIM. Y CTOHYUBOCTH K SKCTPEMAIbHBIM TTOTOTHBIM
YCIIOBHSIM, TaKUM KaK pe3KHe IMepernagpl TeMIlepaTyp,
NbUIbHBIE OypM W 3aCyXd, CTAQHOBHUTCS  BaKHOM
XapaKTepUCTUKOW COBPEMEHHBIX 37aHuil. Vcmonb3oBanne
3G (}EKTUBHBIX  TEIUIOM3ONSAIMOHHBIX ~ MaTepUajoB |
TEPMETHYHBIX  KOHCTPYKTHBHBIX  PCIICHHA  MOXET
CYIIIECTBEHHO TOBBICHUTH JOJITOBEYHOCTh 3/IaHUN U CHU3ZUTH
MOTpeOHOCTh B YACTBIX PEMOHTaX MW JIOMOJHHUTEIHLHOM
JHEPrOCHAOKEHHU.

B 3aBepmieHwe, MOXHO CKasaTh, 4YTO MEPEXON K
3HeprodG(HEeKTUBHOMY CTPOHTEIILCTBY B Y30EKHCTaHE
TpeOyeT  KOMIUIEKCHOTO  IOAXO/A,  BKJIIOYAIONIErO
VIIyYIICHHE 3aKOHOAATEeNbHON 0a3bl, pPa3sBUTHE HOBBIX
TEXHOJIOTMH W MarepuajoB, a TaKkXkKe IOJIEPKKY CO
CTOpOHBI TOCYIapcTBa M 4dYacTHOro cekropa. OpHako
TIOJIOKUTENBHBIA OIBIT JPYTHX CTPaH, a TaKkXkKe pacTymuit
HWHTEpEC K TeMe DHEProdPEeKTHBHOCTH B CTPOHTEIILCTBE,
JAafOT OCHOBAHMS I10JIaraTh, YTO B OyIyIIeM 3TOT CEKTOp
OyzmeT pa3BHBATHCS OBICTPHIMH TEMIITAMH, YTO HPHHECET
3HAYUTENIbHBIE ~ DKOHOMHYECKHE,  OKOJOTHYECKHEe U
COIMAITEHBIC BBITOJIBI.
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Smart city: problems and solutions
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Abstract: This article analyzes the concept of a smart city, the importance of the concept of "smart city” for humans,
society and nature , and its role in modern urbanization. It also covers the main problems encountered in
creating smart cities, including urban planning, infrastructure, technological integration, information
security and environmental sustainability. The author offers solutions to these problems based on modern
advanced urban planning methods, innovative technologies, digital management systems and ecological
approaches. The article also discusses the future of smart cities, their impact on society and development

prospects.
Keywords:
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security, environmental sustainability, smart transportation, digital governance, 10T (Internet of
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1. Introduction

The 21st century is a time of technological progress and
digital revolution, which directly affects the field of urban
planning. The increase in population, the acceleration of
urbanization, and the need for efficient use of resources have
created the need for more effective management of cities. In
such conditions, the field of urban planning and urban
development The concept of "smart city" has been promoted
as a new and modern concept and has become a relevant
issue for Uzbekistan, along with developing countries. The
Resolution of the President of the Republic of Uzbekistan
No. PQ-4881 dated October 30, 2020 “On measures to
implement the Digital Uzbekistan — 2030 strategy, and the
Resolution of the Cabinet of Ministers of the Republic of
Uzbekistan No. 48 dated January 18, 2019 “On approval of
the Concept for the introduction of “Smart City”
technologies in the Republic of Uzbekistan” are the basis for
the development and implementation of the “Smart City”
concept in Uzbekistan [1], [2]. The “Smart City” concept
aims to improve the quality of life by managing urban
infrastructure  based on modern information and
communication technologies. Smart cities are primarily
aimed at optimizing urban infrastructure and ensuring
efficient use of resources using information technologies,
loT (Internet of Things), big data, and artificial intelligence.
However, technical, financial, and social challenges along
the way It is difficult to achieve effective results without it.
This article analyzes the main problems in the development
of smart cities and proposes possible solutions to them.

2. Research methodology

In preparing this article, an attempt was made to work on
the basis of a scientific-analytical approach. First of all,
existing international experiences, scientific articles, reports
and practical projects on the concept of " Smart City" were
studied. The following methods were used in the process of
data analysis:

e Analytical method - the main components of smart

cities (transport, energy, security, ecology,

al% https://orcid.org/0009-0006-8859-430X

management systems) were studied separately, their
interdependence and functional role were identified;

e Comparative method - the experience of smart cities
in developed countries was compared with the
current situation in Uzbek cities, and significant
differences and similarities were identified;

e A systematic approach — by viewing the smart city
concept as a complex, interconnected system, each
problem and its solution were assessed in a
comprehensive manner;

e Document analysis — official resolutions of the
Government of the Republic of Uzbekistan, strategic
programs, and regulatory documents on urban
planning were analyzed;

e Expert opinion analysis - an in-depth analysis of the
problems and proposed solutions was conducted
based on interviews and open data from industry
specialists and experts.

This methodological approach made it possible to

systematically consider the problems raised in the article and
justify their practical solutions.

“SMART " CITY " CONCEPT INTO PRACTICE IN
THE OVERSEAS PROBLEMS

Although the implementation of the "smart city" concept
is an important tool in solving the problems of modern
urbanization, there are a number of obstacles and problems
in this process. They are manifested at the urban planning,
technological, economic, social and institutional levels.

Problems in urbanism

The successful implementation of the "smart city"
concept requires modern and advanced urban planning
approaches. However, urban planning problems existing in
current practice slow down or complicate this process. The
main aspects of these problems are presented below.

1. Outdated infrastructure. Many cities have outdated
buildings, electricity, natural gas, water and sewage systems,
making it difficult to integrate them with smart technologies.
In such conditions, it is necessary to upgrade the existing
infrastructure before introducing new digital solutions,
which takes time and considerable cost.
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2. Weak planning and lack of coherence. In many
cases, urban development plans are developed separately by
different organizations, which leads to the lack of a unified
strategic approach. As a result, smart city systems do not
work together due to a lack of coordination between different
sectors.

3. Unplanned and uncontrolled development of land
areas. Unplanned and uncontrolled construction, the
expansion of informal settlements, the mixing of residential
and industrial areas make it difficult to effectively organize
smart urban architecture. In such conditions, the
implementation of technical and technological solutions
becomes uneven and ineffective.

4. Limited public transport and road infrastructure.
Smart cities rely on efficient public transport systems.
However, in many cities, underdeveloped transport
infrastructure, narrow and unsuitable road networks, traffic
congestion and environmental problems make it difficult to
fully implement smart transport systems.

5. Lack of data in urban planning. Real-time data
collection and analysis are essential for managing smart
cities. Unfortunately, in many cases, data on urban
infrastructure is not digitized, decentralized, or available at
all. This slows down the decision-making process and can
lead to misdirection.

6. Financial constraints. Smart cities and the
implementation of technical and technological solutions
require significant investments, and sustainable financial
resources are needed to modernize infrastructure, develop
and maintain digital platforms. However, budget constraints
and low investment flows are preventing the full
implementation of many projects and initiatives.

7. Staffing and skills shortages. Highly skilled
designers, engineers, IT specialists, and data analysts are
needed to manage and effectively use digital systems. At
present, the lack of sufficient specialists in these fields is
preventing the full use of existing systems.

8. Legal and institutional challenges. The lack of clear
legal frameworks, standards, and regulations for smart cities
complicates the process. In addition, weak cooperation and
information  exchange  systems  between different
government agencies disrupt the coherence of projects.
Issues of digital security and personal data protection are
also not fully resolved.

9. Social and cultural barriers. Low digital literacy,
distrust of technology, and cautious attitude towards
innovation make it difficult for smart city projects to be
accepted by the general public. In addition, the lack of access
to digital technologies for some groups creates the problem
of a “digital divide” [3] — [8].

Lack of technological infrastructure and resources

At the heart of the "Smart City" concept is a modern
technological infrastructure. This infrastructure creates the
possibility of digital control, monitoring and automated
management in all areas of city activity (transport, energy,
healthcare, security, utilities, etc.). However, in many
developing countries, in particular in Uzbekistan, the
resources and infrastructure in this area are not yet
sufficiently developed. This situation is reflected in the
following problems:

1. Lack of sensors and loT devices. The environmental
sensors, 10T (Internet of Things) devices, and data collection
systems needed for “smart cities” are not available or are
available in limited quantities in many urban areas. This

makes it difficult to analyze data in real time and respond
quickly to problems.

2. Weak network and internet infrastructure. The
lack of stable and high-speed internet, 5G or Wi-Fi hotspots
slows down the functioning of digital solutions. This
problem is especially acute in remote areas, exacerbating
digital inequality.

3. Insufficient data centers and cloud technologies.
Data centers (data centers) that store and process large
amounts of data, which are a key component of “smart city”
systems, are either non-existent or have low capacity in
many regions. Also, the level of use of cloud technologies is
not yet developed.

4. Power outages and maintenance. Unstable or
intermittent power supplies, as well as lack of systematic
maintenance, also negatively affect the continuous operation
of technological solutions.

5. Lack of local technological producers. Many
modern technological tools are imported from foreign
countries, which increases costs and reduces the level of
technological independence. The absence or
underdevelopment of local production cannot cover the
domestic demand for resources [3] — [8].

To address these challenges, it is necessary to gradually
develop technological infrastructure, establish public-
private partnerships, support local technology startups, and
develop a digital transformation strategy.

Social and economic inequalities

While smart cities often aim to improve urban life by
integrating advanced technologies, this process can
exacerbate social and economic inequalities. In most cases,
smart city technologies are only accessible to financially
self-sufficient citizens, making it difficult to provide
technology to low-income groups. In addition, smart cities
are often developed only in certain regions, which can create
even greater disparities among local populations. Middle-
and low-income groups are excluded from using these
technologies, and as a result, they are unable to improve their
lives.

The concept of smart cities aims to improve the quality
of life of the population, expand access to services, and
optimize urban governance. However, existing socio-
economic inequalities are emerging as a significant obstacle
to this process. In order for the introduction of smart
technologies to be equally beneficial for all segments of
society, existing differences must be taken into account. The
main aspects of these inequalities are presented below.

1. Digital divide. Not all segments of society have equal
access to digital technologies. Low-income families, the
elderly, and those living in remote areas lack access to the
internet, mobile devices, and digital services. This creates
limitations for them in accessing smart city services.

2. Low levels of education and digital literacy. Some
segments of the population, especially groups with low
technological literacy or low digital literacy (e.g. rural
residents, the elderly), cannot use modern applications,
digital payment systems, and online services. This situation
hinders the effective functioning of technologies.

3. Unequal access to economic resources. Services
offered within smart cities (smart payment systems,
automatic control of natural gas, electricity and water, smart
homes, etc.) sometimes require additional costs. As a result
of the inability of low-income groups to use such services, a
situation of “underdevelopment even in the city” arises.
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4. The gap between the city center and the suburbs.
Many smart city projects are initially implemented in the
central areas, while the suburbs are neglected. This further
exacerbates the differences in infrastructure, quality of
services, and living conditions between regions.

5. Lack of flexibility for people with disabilities and
vulnerable groups. Smart city solutions should create equal
opportunities for all citizens. However, the needs of people
with disabilities, lonely elderly people, or socially
vulnerable groups are often not taken into account. This
contradicts the principle of inclusiveness [3] — [8].

To overcome these problems, it is important to develop
a digital inclusion policy, establish digital literacy programs,
and form a support system for socially vulnerable groups
through subsidies or preferential services.

Personal information security and confidentiality

Smart cities involve the extensive use of information
technology, which requires the collection of large amounts
of data. This data usually relates to population movements,
energy consumption, security monitoring, and other daily
activities. This naturally raises issues of personal data
security and privacy.

Data breaches, unauthorized access, and misuse of data
can increase security challenges in cities. Legal and
information security issues related to personal data, in
particular, necessitate the need to protect citizens' privacy.

" Smart" " city " concept population daily life to the
activity related big in size data collection , storage and
analysis to do in mind This, in turn , makes the issue of
ensuring the security and confidentiality of personal data one
of the most pressing problems. Deficiencies in this area not
only lead to a violation of citizens' rights, but also to a
decrease in general trust.

1. Weakness of digital security systems. In many
regions, modern technological solutions for information
security are insufficient. Devices (cameras, sensors, mobile
applications, etc.) connected to smart city infrastructure may
be vulnerable to cyberattacks or data leaks.

2. Uncertainty of the legal framework. In many
countries, including Uzbekistan, the legislative framework
for the protection of personal data is not yet fully developed
or is poorly implemented in practice. The lack of clear
standards, accountability systems, and control mechanisms
for organizations handling confidential data poses a threat in
this area.

3. Possibility of unauthorized use of data. The data
collected in smart city systems (location, travel routes,
purchases, health status, etc.) can be perceived as an invasion
of citizens' privacy if misused. This reduces citizens' trust in
technology.

4. Lack of transparency in data transfer. In many
cases, the population is unaware of what data is being
collected about them, where it is stored, and for what
purpose it is being used. This leads to violations of privacy
principles.

5. Shortage of cybersecurity professionals. The lack of
highly qualified IT professionals and information security
engineers needed to ensure the security of personal data
creates significant gaps in the protection of existing
infrastructure [3] - [8].

To address this problem, it is necessary to improve
legislation on the protection of personal data at the state
level, set strict ethical and technical standards for

organizations handling data, and strengthen cybersecurity
infrastructure.

Ecological and environmental problems

Smart cities are known for their goal of saving energy,
reducing waste, and ensuring environmental sustainability.
However, the environmental impacts of resource use must
be studied in the process of implementing urban planning
standards and technologies. The materials, technologies, and
methods used in the construction of new smart cities often
create a high demand for natural resources. Also, in some
cases, harmful substances can be released into the
environment during the production and implementation of
smart technologies. The coordination of technology and
natural resources remains a major challenge in ensuring the
environmental sustainability of cities.

The concept of a "smart city" plays an important role in
solving ecological and environmental problems.

1. The relevance of environmental problems. Today,
urbanization processes, increased transport, industrial
emissions and increased energy consumption have a
negative impact on the ecological environment. Air
pollution, waste problems, depletion of water resources, and
reduction of green areas are among the main environmental
problems.

2. Smart city and ecological approach. "Smart city"
technologies serve to optimize urban infrastructure and
reduce environmental problems. The following areas are
important in ensuring ecological sustainability:

a) Smart energy systems

e  Use of renewable energy sources such as solar and
wind.

e Reducing electricity consumption by improving
energy efficiency.

b) Air quality monitoring

e Real-time air quality monitoring using loT
(Internet of Things) sensors.

e Forecasting systems for monitoring and
preventing air pollution.

¢) Smart waste management

e Automatic waste separation and recycling
systems.

e Improving the efficiency of waste collection
logistics through digital control.

d) Green infrastructure

e Expanding green spaces, parks, and ecological
transportation routes.

e Natural ventilation and air purification through
vertical gardens, green roofs and walls.

e) Water resources management

e Monitoring and optimizing water consumption by
the population.
e Implementation of water treatment plants and
rainwater harvesting systems.
3. Environmental awareness and digital citizenship
e A smart city depends not only on technology, but
also on the ecological culture of the population. It
is important to inform citizens about
environmental ~ problems  through  digital
applications and encourage them to actively
participate in solving them [3] —[8].
35 LEGAL AND ADMINISTRATIVE
BARRIERS
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The construction and development of smart cities largely
depends on governments and city management systems. In
many countries, laws and regulatory frameworks aimed at
creating smart cities have not yet been formed. However,
existing legislation and standards often do not correspond to
modern technologies.

This situation can create obstacles in urban planning
processes and slow down the implementation of smart cities.
In addition, the adaptation of management systems to new
technologies can create uncertainties and difficulties in their
implementation.

1. Inadequate legislation. In many countries, including
Uzbekistan, clear and adapted laws on the implementation of
"smart city" technologies have not yet been fully developed.
This leads to the following problems:

e Delay in legal response to technological
innovations — for example, the legal status of
drones, smart cameras, or loT devices is not
clearly defined.

e  Gaps in personal data protection — data about
citizens collected through smart systems can be
misused.

2. Lack of coordination of management systems. For
smart cities to function effectively, close cooperation
between state and local governments is necessary. However,
the following obstacles are often encountered:

e Lack of cross-sectoral coordination — for example,
sectors such as transport, energy, and environment
operate independently of each other.

e Low digital literacy — some managers and
employees lack the skills to work with modern
technologies.

3. Financing and investment problems

e  Legislative uncertainties pose risks for investors,
making them hesitant to invest in "smart city"
projects.

e Underdeveloped public-private partnership (PPP)
mechanisms make it difficult to implement large
infrastructure projects.

4. Standardization and technical regulations

e Due to the lack of uniform standards, different
systems are not compatible with each other, which
complicates integration.

e For example, cameras or sensors installed by
different companies may not work with each other.

5. Citizen participation and rights

e Citizens are often left out of decision-making
processes.

e This can cause social discontent and reduce the
sustainability of projects [3] — [8].

3.6 ADAPTABILITY AND PREPAREDNESS
FOR FUTURE CHANGES

While urban planning approaches for smart cities are
often robust and clearly planned, they need to be flexible to
future technological changes . Rapidly changing
technological and social conditions require smart cities to be
constantly updated and adapted.

Decisions made in projects and construction processes
must be flexible enough to respond to future needs ,
otherwise the promising development of smart cities will be
impossible.

1. What is flexibility?

e Resilience is the ability of a city's infrastructure,
management, and technological systems to

respond quickly to various social, economic, and
environmental changes.

e A smart city is not just a collection of modern
technologies, but also a continuous development
and an adaptive approach to changing conditions.

2. Key areas of readiness for future changes:
a) Technological flexibility

e  Modular systems : Smart city systems should be
modular, meaning they should be able to easily
add new technologies or replace old ones.

e Unified platforms : Digital systems in different
sectors (transport, energy, security) must be
integrated.

b) Informed decisions

e loT, Al (artificial intelligence), and Big Data are
used to collect and analyze real-time information,
which helps to make quick and informed decisions
in any situation.

¢) Climate change preparedness

e  Environmental solutions (e.g., green buildings,
rainwater harvesting systems) will be developed to
address changes in air temperature, rainfall, and
water scarcity.

e Strategies to conserve energy, expand green
transportation, and reduce waste are used as
countermeasures.

d) Social adaptability

e Appropriate services and infrastructure for
different social groups (elderly, disabled, young
people).

e Developing the city taking into account the
opinions of citizens (through interactive platforms,
public surveys).

e) Stability against external shocks

e  Adaptive strategies will be developed to respond
to situations such as pandemics, natural disasters,
and economic crises (e.g., remote work systems,
ambulance drones).

3. Strategic planning and innovation promotion

e Smart cities develop flexible strategies based on
10-20-year plans.

New solutions are constantly being implemented in
collaboration with startups, research centers, and technology
parks [3]—[8].

3. Discussion

The concept of "smart city" is a strategic direction for
the development of modern cities. Within this concept,
various sectors - transport, energy, healthcare, environment,
security and management systems - work in an integrated
manner. Importantly, such cities, while being based on
technology, will be aimed at making people's lives easier,
saving resources and ensuring environmental sustainability.

One of the main challenges in implementing this concept
is the incompatibility of existing infrastructure with
innovations, especially in developing countries. Outdated
communications, problems with uninterrupted power
supply, and insufficient Internet infrastructure hinder the full
implementation of “smart” technologies. Another important
aspect is the lagging behind of legislation. While smart
technologies are developing rapidly, the legal issues related
to them have not yet been fully regulated. This poses risks in
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areas such as data security, privacy, and intellectual
property.

In addition, environmental and social aspects also play
an important role. If cities are not environmentally
sustainable, technological progress can negatively affect the
health of the population. Waste management, air and water
quality control, preservation of green areas - all these should
be key priorities in the smart cities strategy. Social equality
and the level of digital literacy of citizens should also not be
ignored. Every citizen should have access to modern
technologies and participate in decision-making.

At the same time, solutions exist and are being
implemented gradually. Through the Internet of Things
(1oT), artificial intelligence (Al), big data (Big Data) and
digital management systems, it is possible to increase
efficiency in all areas of city life. Through single digital
platforms, public services are provided quickly,
transparently and conveniently. Technological solutions are
being implemented on the basis of public-private
partnerships, and citizens can actively participate in city
governance through mobile applications and an online
portal.

It is clear from the discussion that the concept of a “smart
city” requires a comprehensive approach, systemic reforms,
and modern thinking. Technologies are a tool, and the main
goal is to create a comfortable, safe, and environmentally
friendly living environment that fully realizes human
potential [9], [10].

4. Conclusion

In the 21st century, cities are becoming not only
economic, but also social, ecological and cultural centers.
The growing number of urban residents, pressure on
infrastructure and resources, environmental problems and
security needs make the introduction of the “smart city”
concept a necessity of the time. This concept aims to make
life easier, optimize management and ensure environmental
sustainability by introducing digital technologies in various
areas.

While the development of smart cities holds promise for
the future, they face several significant challenges in
addressing urban design challenges. A comprehensive
approach and collaboration are needed to address issues in
technology, social inequalities, privacy, ecology, and
governance. If these challenges are addressed, smart cities
can significantly improve people's lives and enhance the
quality of life in cities.

In today's rapidly changing world, the concept of "Smart
City" is becoming an important factor in ensuring not only
technological progress, but also sustainable development, a
comfortable living environment and effective governance.
The problems arising in the implementation of this concept
- gaps in legislation, lack of coordination in governance,
environmental risks, outdated infrastructure and difficulties
in financing - require a comprehensive, integrated approach.

At the same time, each of these challenges can be
effectively addressed through modern technologies, digital
governance, environmental solutions, civic engagement, and
adaptive strategies. The key is not to build a city, but to
manage it in a sustainable and future-proof manner.

In addition, being prepared for future changes is also an
integral aspect of a “smart city.” Urban systems must be
flexible and resilient to climate change, natural disasters,
economic crises, and health-related risks. This requires

strategic planning, identifying digital threats, and testing and
implementing innovative technologies in real life.

In conclusion, a “smart city” is not just a set of modern
technologies, but a complex system that relies on human
potential, innovation, sustainable development,
environmental awareness and civic participation. By
properly shaping this system, not only technological, but
also social and environmental progress can be achieved.
Properly planning the cities of the future today is one of the
most important steps towards creating a sustainable and
prosperous environment for future generations.

References

[1] O‘zbekiston Respublikasi Prezidentining qarori
(2020 yil 30-oktabr) PQ-4881-son. “Raqamli O‘zbekiston —
2030” strategiyasini amalga oshirish chora-tadbirlari
to‘g‘risida.

[2] Ofzbekiston Respublikasi Vazirlar
Mahkamasining qarori (2019 vyil 18-yanvar) 48-son.
O‘zbekiston Respublikasida “Aqlli shahar”
texnologiyalarini joriy etish Konsepsiyasini tasdiglash
to‘g‘risida.

[31 Nam, T.&Pardo, T. A. (2011). Smartcity as urban
innovation: Focusing on management, policy, and context.
Proceedings of the 5th International Conference on Theory
and Practice of Electronic Governance.
DOI: 10.1145/2072069.2072100

[4] Hollands, RG (2008). Will the real smart city
please stand up? City: analysis of urban trends, culture,
theory, policy, action, 12(3), 303-320.
DOI: 10.1080/13604810802479126

[5] United Nations (2021). Smart cities and
infrastructure - UN Habitat.
URL.: https://unhabitat.org

[6] IBM Institute for Business Value (2020). How
smart is your city? Building smart and sustainable urban
centers.

URL.: https://www.ibm.com

[7] Batty, M. et al. (2012). Smart cities of the future.
The European Physical Journal Special Topics, 214, 481—
518.

DOI: 10.1140/epjst/e2012-01703-3

[8] World Bank (2020). Smart Cities Development in
Emerging Economies.
URL: https://www.worldbank.org

[9] Turdibekov, YI, & Kholiqulov, ZA (2025).
PROBLEMS IN ASSESSING INNOVATIONS IN THE
CONSTRUCTION FIELD. Modern Science and Research ,
4 (3), 207-209.

[10] Turdibekov, K., & Ibragimovich, YT RATES OF
TOURISM COMPETITIVENESS UNDER  THE
CATEGORICAL APPARATUS OF TOURISM
INDUSTRY THROUGH STRATEGIC
FUNDAMENTALS OF FORMATION, ANALYSIS OF
UZBEKISTAN. Journal of Management Values & Ethics.

Information about the author

Turdibekov  Department of “Real Estate

Yusuf Management”, Samarkand State
Ibragimovich  University of Architecture and Civil
Engineering
e-mail:

turdibekov.yusuf @samdaqu.edu.uz

ENGINEER


mailto:turdibekov.yusuf@samdaqu.edu.uz

Transport route efficiency optimization: a new perspective integrating
sustainable development and economic benefits
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Abstract: Traditional assessments of transportation route efficiency often prioritize direct economic factors,
neglecting crucial environmental and social sustainability dimensions. This research integrates the core
concepts of sustainable transportation - spanning environmental, social, and economic pillars - and
proposes novel qualitative frameworks to evaluate economic efficiency more holistically. The aim is to
provide a more comprehensive basis for optimizing transportation routes, fostering decisions that better
balance operational effectiveness with long-term sustainability goals.

Keywords:

Sustainable Transportation, Economic Efficiency, Qualitative Assessment

1. Introduction

Transportation systems are the veins of contemporary
economies and societies, enabling the carriage of goods,
enabling personal travel, and bringing people to the services
they need. The stability of these corridors has a significant
impact on economic productivity, supply chain efficiency,
and overall welfare. Current paradigms for transportation,
typically designed with first priority on velocity and the
eschewal of direct operational costs, increasingly find
themselves confronted with inherent limitations. These
come in the shape of chronic bottlenecks to productivity like
congestion, along with major negative spillovers in the shape
of greenhouse gas emissions, neighbourhood air and noise
pollution, and high consumption of exhaustible energy
resources. The standard model ignores the broader, long-
term environmental and community welfare consequences.

This is a challenging task for planners, logisticians, and
policy makers alike: It is important maximize transportation
route efficiency beyond conventional metrics, as gains
accrue to environmental protection, social equity, and
sustainable economic resilience.

The growth of the world's population, increasing life
expectancy, increasing consumption and production
volumes, investment in the development of infrastructure
that ensures the movement of goods from producers to
consumers leads to the expansion of the transport and
logistics services market. The size of the freight and logistics
transportation market in 2024 was estimated at US$ 6.03
trillion and is expected to reach US$ 7.54 trillion by 2029,
with a CAGR of 4.57% during the forecast period 2024-
2029.0ptimizing for time or fuel price alone is no longer
sufficient in the presence of high-stakes global sustainability
imperatives and mounting societal pressures.

There must be a paradigm change, toward a more
integrated and holistic frame of reference for what
constitutes an “efficient" transportation corridor within a
sustainable development paradigm.

Therefore, the primary aim of this research is to bridge
this gap by exploring the complex concept of sustainable
transport. It will first explore the essential components and
distinctive dimensions — environmental, social, and
economic — that make up sustainable mobility. Based on this
theory, the research will subsequently outline and discuss

@l https://orcid.org/0009-0002-9150-808 X

new conceptual frameworks and qualitative indicators
specially created to measure the economic efficiency of
transportation routes from an overall, sustainability-based
perspective. By outlining this theoretical model, the research
aims to provide helpful analytical tools and support for
enhancing transportation routes so that in fact makes amends
between short-term operational effectiveness and longer-
term environmental accountability and social benefit.

2. Research methodology

Sustainable transport is, by definition, marked by its
capacity to meet the mobility needs of the present generation
without compromising future generations' ability to meet
their own needs. The concept goes beyond traditional
efficiency measures to a fundamental balance and integrated
development on three interdependent axes: the environment,
social, and economics [1, 2]. Achieving truly sustainable
transport modes calls for systems thinking that
accommodates the essential complexity and
interdependencies involved.

This operationalization typically involves building and
analyzing indicators which capture performance by these
pillars of sustainability so comparative judgments and policy
recommendations can be formulated [4].

The above research agenda addresses refining these
ideas and charting realistic paths toward sustainable mobility
transition [5].

Environmental sustainability

The primary goal of environmental sustainability of
transport is decreasing the negative influence of mobility
activity on the nature environment [6, 7]. This means
addressing some of the most sensitive factors:

Greenhouse Gas (GHG) Emissions: Reducing the
carbon footprint of transport is critical. Solutions include
promoting the use of clean energy vehicles (electric,
hydrogen), route optimization to minimize travel distances,
improving logistics to optimize load factors, and freight
transfer to lower-emission modes [3,7].

Air Pollutant Emissions: Transport is one of the key
sources of on-road air pollutants like nitrogen oxides (NOXx)
and particulate matter (PM2.5), which deteriorate human
health and ecosystems. Their mitigation includes equipping
vehicles with state-of-the-art emission control technologies
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and routing or using traffic management systems that divert
from heavily congested areas [7, 8].

Noise Pollution: Traffic noise negatively impacts quality
of life, particularly in cities. To sustainably direct traffic is
to stay away from noise-sensitive areas (residential areas,
schools, hospitals) wherever possible or else to apply noise
reduction technologies, such as the use of quieter vehicle
technology and surfacing [8].

Energy Consumption: Reducing the reliance on fossil
fuels and increasing overall energy efficiency are critical.
This can be achieved by technology improvements in vehicle
efficiency, promoting energy-saving driving practices, and
inducing modal changes to less energy-intensive modes like
public transport and rail freight, including the development
of efficient multimodal systems [7].

Land Use Efficiency: Much of the land space is occupied
by transportation infrastructure. Green strategies involve
minimizing the plan and design of roads, railways, and
terminals to minimize habitat fragmentation and overall
footprint on precious ecosystems and agricultural lands [8].

Social Sustainability

Social sustainability seeks to make transport systems
equitable, safe, accessible, and promote healthy results for
all the members of society [8]. The key components involve:

Equity: Transport systems must provide equal access to
mobility options for everyone regardless of income, place,
age, or physical capacity. Route planning and service design
must prioritize extensive coverage of services and
affordability to prevent social exclusion [9, 10].

Safety: Minimizing the potential for accidents and
maximizing traveler safety is a critical consideration.
Planning routes must consider factors such as road design
quality, history of accidents on the road, traffic flow, and
adequate lighting, particularly for vulnerable road users [8].

Accessibility: Transportation should facilitate simple
access to such essential locations as employment centers,
schools, health centers, and social facilities. Quality routes
effectively connect origins and destinations, reducing travel
effort and time [9].

Health Impacts: In addition to safety, transport choices
affect public health by exposing individuals to air and noise
pollution. Sustainable transport planning aims to reduce
these exposures and actively encourages active modes of
travel like walking and cycling, often integrated with public
transport journeys, which have physical health co-benefits
[9, 10].

Community Impacts: Transport infrastructure and routes
can physically isolate communities or cause local
disturbance. Socially sustainable planning seeks to minimize
such negative impacts, so routes integrate well with existing
community structure and enhance, rather than degrade, local
quality of life [9].

Economic Sustainability

Economic sustainability ensures that transport systems
are economically sustainable, efficient, and beneficial to
long-term economic growth [7, 8]. This dimension includes:

Operational Efficiency: This involves optimizing the
utilization of transport assets. Key initiatives involve
reducing journey times, reducing deadheading (empty
running), improving turnaround time for vehicles, and asset
utilization optimization [7].

Cost-Effectiveness: Achieving an optimal balance
between the cost (inputs) and the output benefits of transport
services is crucial. This involves managing direct operating
costs like fuel, labor, and maintenance, along with

considering indirect costs like congestion, delay, and
environmental externalities [8].

Infrastructure  Investment Return: Investments in
transportation infrastructure (roads, bridges, ports, railroads)
have to yield dividends in the form of long-term economic
and social returns to counterbalance the cost of initial
investment and maintenance [8].

Facilitating Economic Activity: Efficient transportation
systems are essential to economic prosperity, enabling goods
to move from production hubs to markets and employees to
travel to jobs [7].

System Resilience: Economic sustainability also
concerns whether the transport system is capable of
surviving and recovering from disturbances, e.g., extreme
weather conditions, accidents, infrastructure failures, or
unexpected changes in demand, so that service continuity is
assured [10].

Interrelation of the three pillars

Notably, these three pillars — environmental, social, and
economic — are not separate fields but are thoroughly
interrelated and interdependent [7, 8]. Actions to increase
performance in one of the metrics have a synergistic or
counteractive effect in the other metrics. A case in point is
investing in fuel-efficient vehicles or optimizing routes in
order to save miles, which increases economic cost-
effectiveness immediately by reducing environmental
emissions. Similarly, improving access to public transport (a
social goal) can lead to reduced reliance on private vehicles,
delivering environmental benefits (reduced pollution, less
congestion) and potentially economic ones (reduced
infrastructure burden, lower household travel expenditure).
However, achieving true sustainability often involves
breaking through intrinsic dilemmas and trade-offs, where
cost reduction in one aspect may compromise another,
necessitating sensitive balancing and combined policy action
[11].

Social
Sustainability

Figure 1. The three interlocking pillars of sustainable
transportation
Therefore, determining transportation route efficiency
from a genuinely sustainable perspective necessitates a
complete analysis that consciously addresses and compares
performance in all three dimensions.

3. Results and discussion

Whilst traditional economic efficiency assessments,
generally founded on measures such as cost per tonne-
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kilometer or transit time, provide valuable operational data,
they all too frequently omit the complete view required of a
sustainable transport system [7]. These conventional
methodologies tend to center on readily quantifiable direct
costs but struggle with internalizing high environmental
externalities, e.g., GHG emissions, noise and air pollution,
or biodiversity impacts, which are central determinants of
environmental sustainability [6, 8]. Similarly, social
considerations of equity, access, safety, and public welfare,
although instrumental for social acceptability and ultimate
success [9, 10], are often omitted or insufficiently treated in
purely monetary calculations. This limited focus can lead to
economically optimal short-term route decisions that result
in high levels of hidden costs or in the neglect of longer-term
viability factors such as system resilience [7].

To overcome these limitations involves a shift towards
more integrated methods of evaluation that embrace the
tenets of sustainable development [1, 2]. It is then necessary
to bring in qualitative or semi-quantitative evaluation
frameworks to bring in the considerations that are difficult
to price but are crucial to all-around decision-making [4, 5].
Such frameworks allow systematic consideration of
environmental and social performance alongside traditional
economic metrics, towards a more balanced and strategically
sound basis for comparing and evaluating transport route
options, especially in the process of negotiating the inherent
complexities and trade-offs between rival sustainability
objectives [11].

This section proposes four conceptual frameworks that
are designed to enable such a qualitative assessment of
economic efficiency within a sustainability context. These
are not for precise numerical computation but as systematic
instruments for comparative analysis and strategic appraisal.

Conceptual frameworks for qualitative assessment

Integrated Value Efficiency Index(IVEI):

To quantify a route's total "value efficiency" by
considering its positive contributions in relation to its total
costs and risks, looking beyond direct operating costs.

Conceptual Formula:

IVEI=(Economic Output Promotion+Social Benefit
Contribution)/(Direct  Operational ~ Cost+Environmental
Impact Factor+Social Risk Factor)

Component Explanation:

Economic Output Promotion: Qualitatively measures the
effectiveness of the route in stimulating trade, connecting
production and consumption centers, and facilitating
economic activity [7].

Social Benefit Contribution: Measures the contribution
of the route towards enhancing accessibility, offering service
equity between populations, and connecting communities [9,
10].

Direct Operational Cost: The traditional measurable
costs (fuel, labor, maintenance) [7, 8].

Environmental Impact Factor: Qualitative or scored
indicator based on the estimated GHG emissions of the
route, intensities of pollution at location, energy demand
profile, and ecological sensitivity effect [6, 7, 8]. (e.g.,
High/Medium/Low impact score).

Social Risk Factor: Records potential negative social
impact, including risk to safety (accident frequency, security
risk) and other negative community effect (noise,
fragmentation) due to the route [8, 9]. (e.g,
High/Medium/Low risk score).

Meaning: A higher IVEI suggests that a route is offering

higher overall value compared to its inclusive costs and risks
in the sustainable transport system.

Route Resilience and Adaptability Coefficient (RRAC)

To measure specifically the economic effect of how well
a route can still operate and recover from disruption, a
significant problem with long-term economic sustainability
[7, 10].

Conceptual Formula

RRAC=(Alternative AvailabilityxDisruption Recovery
Speed)/(Vulnerability Exposure)

Component explanation:

Alternative Awvailability: Qualitatively assesses the
availability and practicability of alternative routes or modes
in case of disruption of the primary route [10]. (e.g.,
Multiple/Few/No good alternatives).

Disruption Recovery Speed: Estimate (based on
historical data or from the evaluation of an expert) of how
quickly normal operation can be regained after typical
interruptions (e.g., accidents, congestion, weather) [10].
(e.g., Fast/Moderate/Slow recovery).

Vulnerability Exposure: Refers to the frequency with
which the route is exposed to noted threats like usual
congestion points, accident hot spots, adverse weather
patterns, or infra-structure bottlenecks [8]. (e.g.,
High/Medium/Low exposure).

Interpretation: The greater the RRAC, the lower the
chance of extended operational breakdown, thereby its input
into extended economic activity in a more secure manner.

Route Synergy Utilisation Rate (RSUR)

To quantify the level of coordination and performance
while utilizing various resources (vehicles, infrastructure,
energy, information) along the route beyond just load
factors.

Conceptual Formula:

RSUR=(Vehicle Cycle EfficiencyxEnergy Matching
DegreexInformation Sharing Level)/(Empty Haulage and
Waiting Time Factor)

Component explanation:

Vehicle Cycle Efficiency: Numerically estimates the
speed and smoothness at which the vehicles complete their
transport task and are available for the next one [7]. (e.g.,
High/Medium/Low efficiency).

Energy Matching Degree: Estimates how well the used
source of energy (e.g., diesel, electric, LNG) fits the route
conditions, distance, and cargo type for greatest efficiency
and least impact upon the environment [6, 7]. (e.g.,
Excellent/Good/Fair/Poor match).

Information Sharing Level: Measures the quality and
extent of sharing of information between the various
stakeholders (carriers, shippers, infrastructure managers) on
route planning, real-time conditions, and cargo tracking [1].
(e.g., High/Medium/Low level).

Empty Haulage and Waiting Time Factor: A qualitative
measure of the proportion of unproductive distance and time,
including empty backhauls and node waiting times
(warehouses, ports) [7]. (e.g., High/Medium/Low
occurrence, best being Low).

Interpretation: The higher the RSUR, the more
intelligent resource utilization, the less wastage, and the
stronger underlying economic performance.

Sustainable Service Value-Added Ratio (SSVAR)

To evaluate the non-market environmental and social
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value added by a transport service route over and above its
total cost.
Conceptual Formula:

SSVAR=(Customer Satisfaction
Enhancement+Environmental Benefit Score+Social Equity
Contribution Score)/(Total Cost of Ownership)

Component explanation:

Customer  Satisfaction Improvement: Qualitatively
evaluates the value added by superior service quality
attributes like reliability, punctuality, safety, and delivery of
information, above pure transport function [5]. (e.g., On the
basis of surveys or expert view).

Environmental Benefit Measure: A measure of the
environmentally positive performance of the route compared
with others or benchmarks for emission reduction, energy
saving, or biodiversity protection achieved [6, 8]. (e.g.,
Based on standardized criteria).

Social Equity Contribution Score: Assesses the route's
contribution to social goals, e.g., reaching disadvantaged
areas, providing accessible alternatives for disadvantaged
groups, or improving safety outcomes [9, 10]. (e.g., Rated
against pre-defined criteria).

Total Cost of Ownership (TCO): Considers not only
direct operating expenses but also longer-term costs such as
maintenance, potential environmental cleanup,
decommissioning, and risk mitigation costs [8]. (Can be
quantitative or qualitative category).

Interpretation: A higher SSVAR indicates that the
corridor offers greater environmental and social benefit
(sustainability-related value) per unit of total cost, indicating
a more economically valuable whole-choice.

Application Considerations

The practical application of these conceptual
frameworks (IVEI, RRAC, RSUR, SSVAR) has to be
approached with care. In the first instance, since they are
highly reliant on qualitative factors, there need to be clear,
consistent, and transparent scoring or rating criteria (e.g.,
what precisely does 'High', 'Medium', or 'Low' mean for
every factor) to provide the ability to compare and reduce
subjectivity [4]. This will typically consist of context-
dependent definitions particular to the particular transport
operation or area of investigation.

Secondly, the qualitative nature of many components
emphasizes the necessity to apply expert judgment and
engage with concerned stakeholders (e.g., logistics
managers, environmentalists, community  members,
customers) when evaluating [1, 11]. Their array of
perspectives can provide crucial input to assess aspects like
social impact, resilience capacity, or service value and lead
to more robust and credible judgments.

Thirdly, these frameworks are best used as comparative
tools, rather than as absolute measures of efficiency. Their
utility lies in facilitating systematic comparison of different
alternatives, analysis of potential improvements to existing
alternatives, or tracking shifts in performance over time in
relation to sustainability objectives [5]. They help to elicit
the relative strengths and weaknesses of alternatives in
different dimensions, thereby facilitating more informed and
balanced decision-making [11].

While introduced conceptually, application of these
frameworks can be significantly enhanced by leveraging
available data sources and analytical techniques where
possible. Geographic Information Systems (GIS), traffic
simulation models, environmental impact assessment data,

and operational performance records can provide valuable
inputs to inform the qualitative judgments in each
framework element. Integrating these frameworks into more
broad multi-criteria decision analysis (MCDA) approaches
might further structure the evaluation process, especially
when confronted with complex trade-offs among competing
sustainability objectives.

The form should be completed and signed by one author
on behalf of all the other authors.

4. Conclusion

The necessity to enhance the efficiency of transport
corridors  while simultaneously addressing pressing
environmental and societal challenges demands a shift in
paradigm away from conventional economic analysis. This
paper has emphasized the limited perspective of
conventional approaches that fail to take into account the
vital environmental externalities and social equity
considerations inherent in transport operations. In returning
to first principles of sustainable transport, it reaffirmed the
need to embrace environmental stewardship, social well-
being, and economic sustainability as interrelated pillars to
underpin transport system development and evaluation. The
exploration of environmental aspects like emissions and
resource use, social aspects like equity and accessibility, and
reframed economic aspects like resilience and holistic cost-
effectiveness forms the basis for more unified
understandings.

Based on this, the article introduced novel qualitative
models — Integrated Value Efficiency Index (IVEI), Route
Resilience and Adaptability Coefficient (RRAC), Resource
Synergy Utilization Rate (RSUR), and Sustainable Service
Value-Added Ratio (SSVAR). These conceptual tools are
proposed not as substitutes for quantitative data, but as
necessary complements to the inclusion of hard-to-monetize
sustainability factors in economic efficiency assessment.
They provide a structured approach to evaluate routes based
on their broader value contribution, risk profile, resource
visibility, and alignment to sustainable service goals.

Transport route planning in the 21st century needs this
holistic vision. The application of qualitative and integrated
appraisal techniques, such as those described, gives
decision-makers a more robust and ethically grounded basis
for option comparison and investment guidance. Embracing
this wider vision of efficiency is necessary to encourage
transport systems that are not only operationally efficient but
also environmentally sustainable, socially equitable, and
economically viable in the long run, and hence contribute
positively to overall societal growth and resilience.
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Innovative approaches to teaching the “geotechnics” course
for future civil engineers

K.1. Makhsimov!®? A A. Marupov?
'Fergana State Technical University, Fergana, Uzbekistan

Abstract: The rapid evolution of digital technologies is revolutionizing the educational landscape, particularly in
technical disciplines such as geotechnics. This study explores how digital tools, virtual and augmented
reality, project-based learning, interactive teaching, gamification, and case studies enhance the quality of
education in construction engineering. These approaches not only bridge the gap between theory and
practice but also foster a deeper engagement, interdisciplinary collaboration, and practical skill
development among students.

Furthermore, this research highlights the pivotal role of modern pedagogical techniques in addressing
contemporary challenges in engineering education. By integrating real-world applications and industry-
driven methodologies, students acquire the analytical, problem-solving, and technical competencies
necessary for a highly competitive professional environment. The findings of this study demonstrate that
innovative teaching strategies significantly contribute to the preparation of well-rounded construction
engineers, capable of meeting industry demands with confidence and expertise.

geotechnics, ground and foundations, digital technology, virtual and completed realism, project-based
teaching, gamification, interactive teaching, case-examples, interdisciplinary education

Keywords:

1. Introduction on the physical and mechanical properties. These tools help

The science of "geotechnics" is considered one of the
main disciplines in the process of training qualified builders
and is associated with ensuring the strength and stability of
structures, and with the correct design and construction of
foundations. However, when teaching this subject, there are
often a number of problems, including the difficulty in
understanding theoretical material, the need for modern
methods and technical means of teaching due to the lack of
practical skills in students. This science requires in-depth
knowledge of engineering disciplines such as the mechanics
of grunts, strength theory and methods for calculating
foundations. In this, students may have difficulty
understanding complex concepts of mathematics and
physics. Also, situations such as a lack of practical skills,
limited access to specific projects, such as ham cause some
problems[4].

Also, the existence of a discrepancy between theoretical
knowledge and their application to practice plays an
important role in the teaching of" Geotechnical " Science.
Students often have difficulty applying abstract concepts and
mathematical models to practice. This situation affects the
development and implementation of effective engineering
solutions by students. Accordingly, one of the improvement
solutions of teaching is the question of real projects of
foundations and the integration of Applied Research. In this
case, it is possible to eliminate the discrepancy between
theory and practice by introducing real projects and applied
research into the curriculum. Working on engineering
problems related to the mudflatting of foundations or
collaborating with mudflats and construction enterprises to
master practical examples will help students to deeper
understand the subject and its application in practice.

The ground grunts, which are expected to spend a lot of
time and funds, can be studied using virtual laboratories and
simulation programs for laboratory work and field research

al% https://orcid.org/0009-0002-9150-808 X

students to form practical persuasions when learning
variable grunt properties and foundation sludge.

Integrated processes with engineering disciplines such
as geology, hydrology and geodesy are important in
mastering the science of" geotechnics”. Such an approach
allows students to understand in more detail the complex
features of the grunt and the factors that affect the operation
of the foundation.

In recent years, the emergence of complex modeling
programs and digital modeling tools in the educational
process has created a wide range of opportunities to teach
students the effects of the changing physical and mechanical
properties, tension and subsidence of grunts on the blurring
of foundations by marginal states. In particular, tools such as
PLAXIS, GeoStudio, lira and ABAQUS allow students to
visualize and analyze the interconnections of the grunts that
make up the building and its floor in a managed virtual
environment [2,3,5]. Practical experiments carried out using
software at the Professional level prepare students to solve
real engineering problems and help them to more quickly
master the concepts that are abstract. In this regard, it is good
to discuss our calculation results with the help of lira
software, taking into account the variable strength and
volatility (such as E, s, ¢, m0, mv) Hoss Of Grunts in the
structure-floor system of multi-storey residential buildings
with the participation of students divided into groups in
advance.

The degree of student satisfaction after the introduction
of new teaching methods (survey):

- The percentage of students who began using BIM,
VR/AR or simulations in their educational projects;

- Comparing academic performance between students
who studied using traditional methods and those who used
digital technologies;
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- Employment of graduates (for example, the growing
demand for engineers with skills in working with digital
tools);

- The level of students' independence, determined by the
number of completed individual projects or work performed
outside of classroom activities.

2. Research methodology

Currently, innovative approaches such as the use of
digital technologies, virtual and completed realism, project-
based teaching are being implemented in order to improve
the effectiveness of the educational process and improve the
quality of education for construction students. Including:

1. To realistically simulate projects of foundations of
buildings and structures, it can be effective to introduce
vokhelik-filled (VR and AR) technologies that reflect a
virtual and a real state of the art into the educational process.
With them, students will be able to see how the foundations
are built, observe changes in structures in Real time. For
example, our electronic developments such as "study of
grunt properties”, "design and installation of foundations",
"deeply located foundations”, "central and non-central
compressed foundations" are of great interest to students. In
this regard, developments related to the application of pile
foundations in the construction of agricultural buildings and
structures in the nearby and saline soils of groundwater,
which are common in our mamalakat, will help students and
Masters to conduct independent studies [6,7,8,9].

2. Building information modeling-Building Information
Modeling(BIM) technology allows you to create digital
models of buildings that reflect all aspects of the layout,
including geotechnics. Accordingly, students can study the
actual structure of buildings in a three-dimensional
environment, simulate loads and analyze the movements of
grunts under load.

3. Project-oriented education allows students to
participate in real projects at all stages of their development
- from the analysis of grunt characteristics to the design of
the foundation. This is applicable to students in developing
teamwork skills, project management, and learning to solve
engineering problems in Real-world environments.

Opportunities are created for students to carry out
research projects such as familiarizing themselves with new
foundation materials in the context of various moisture or
changing properties of the grunt, analyzing the grunt in
difficult natural conditions, or studying methods of
strengthening the foundation in the repair of buildings. Such
research develops analytical thinking skills in educators and
provides the opportunity to develop new approaches in the
field of engineering.

4. Mobile applications and online platforms for
Independent Education allows students to study materials
and solve problems on time. Such training involves using
mobile technologies alone or in conjunction with other
information and communication technologies (ICT) to learn
at any time and anywhere. Education can develop in a variety
of forms: students can use mobile devices to access
educational resources, interact with others, or create content
inside and outside the audience. Mobile education may also
include efforts to support broad educational goals, such as
effective management of higher education systems,
improving the communication between OTM and student's
parents [1].

5. Gamification (incorporating game elements into the
educational process) makes learning more effective and fun.
On the example of virtual tasks for the special science”
geotechnics", simulations and games have been developed
that help to study construction processes. For example,
students may be asked to create a stable foundation for a
virtual building, taking into account certain conditions — the
type of grunt, load, available materials and costs. It helps to
understand the real relationship between theory and practice
and to understand the consequences of various engineering
decisions.

6. With the help of data collected in the process of
building foundations and keys-examples, evidence-based
education makes the educational process relevant and
practical for students. Working with real-world projects
provides students with the opportunity to make sustainable
and reliable decisions by correctly assessing possible risks.
This develops the ability to think analytically in students. As
a result, they study in depth the factors that need to be taken
into account when laying and building foundations.

3. Results and discussion

The development of digital technologies has a
significant impact on the educational process, especially in
technical universities. The introduction of digital
technologies, virtual and augmented reality, as well as
interactive teaching methods can improve the quality of the
educational process, reduce the gap between theory and
practice, and increase the competitiveness of graduates. This
article examines the application of these methods in teaching
the discipline "Geotechnics" to students of the Faculty of
Civil Engineering of the Fergana Polytechnic Institute
(Fergana State Technical University), especially up to the
3rd year of study.

Table 1

The first results show that the introduction of digital and interactive technologies in the teaching of geotechnics

Indicator

Before the implementation | After the implementation
of the methodology

of the methodology

(%)

The average level of student engagement (%) 60 85
The success rate of practical tasks (%) 55 80

The level of mastery of the material (by testing) 65 90
Percentage of students involved in project work 50 75

For students under the 3rd year of the Faculty of Civil
Engineering of Ferghana Polytechnic Institute, the proposed
methodology allows them to quickly adapt to professional
tasks, develop digital and engineering skills, and effectively

combine theory and practice. In the future, it is planned to
expand the use of artificial intelligence and cloud
technologies in geotechnical education.

Above, the possibilities of applying innovative methods
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in the teaching of "Geotechnical” Science in the field of
construction were shown. Accordingly, the use of digital
technologies prepares students to work in a realistic
environment where BIM and other technologies are
becoming standard. Simulations and project-oriented
assignments provide the opportunity to apply knowledge in
practice, generating the right decision-making skills in the
educational process. Interactive teaching methods help to
increase interest and motivation and to study science more
deeply by students. In some cases, directed pedagogical
methods (YPBS) are used, in which students use the
experience of solving a problem related to a previously
proposed topic in training. In" ground and Foundation "
science, ypb scenarios can include real engineering
calculations such as designing foundations for a particular
type of grunt or solving the problem of slope stagnation. This
approach serves to solve problems in practical training in
critical thinking, teamwork and theoretical knowledge.

4. Conclusion

Modern problems in the field of construction require the
training of engineers who not only understand the theory, but
also have the skills to apply knowledge in life. Innovative
approaches to teaching "Geotechnical" Science i, such as
VR, BIM, and the use of project-based education, improve
the quality of education and prepare students for the practical
challenges they face in real work.

The quality of education can be further improved by the
use of digital technologies in teaching" geotechnics",
encouraging practical participation of students and the
development of interdisciplinary education. Overcoming the
gap between theory and practice, the formation of practical
experience skills, the improvement of training programs
based on the traditions and needs of the development of the
construction industry are important in the training of
competitive Civil Engineers. By constantly improving
teaching methods and introducing innovations, students can
be armed with the knowledge, skills and critical thinking
techniques necessary to solve the problems of the mechanics
of grunts and the design of foundations.
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Innovative development of the engineering education system
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Abstract: The article discusses the development of the system of professional engineering education. Modern
educational technologies are analyzed. Recommendations on the effective implementation of innovations

in engineering universities are given.
innovation, engineering education, quality of education, university competitiveness.
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NHHoBanmoHHOE pa3BUTHE CUCTEMbI MHKEHEPHOT 0 00pa3oBaHus

Xaab¢un P52

TamkenTckuit rocy1apCTBEHHBINM TPAHCIIOPTHBIA YHUBEPCHUTET, TalkeHT, Y306eKucTan

AHHOTaLWA: B cratpe paccMaTpHBaIOTCS BONPOCHI Pa3BUTHSL CHUCTEMBI HPOQGECCHOHAIBHOIO HH)XEHEPHOTO
00pa3zoBaHMsl. AHAJIM3HUPYIOTCS COBPEMEHHBIE TEXHOJOTHH oOpa3oBaHus. [IpHBEeNeHB! peKOMEHAAINN
110 3(p(heKTHBHOMY BHEJIPEHUIO HHHOBAIIMI B MH)KEHEPHBIX BY3ax.

KiroueBsle cnosa: MHHOBALIMHU, HH)KCHEPHOE 00pa30BaHUe, KauecTBO 00pa30BaHHsl, KOHKYPEHTOCIIOCOOHOCTh By3a

1. BBeaenue

WmxeHepHOe 00pa3oBaHHMe MPEACTaBISIET  CoOOM
KIIFOYEBOI pecypc Ul pa3BHUTHS CTPAHbBI, U €ro 3HAuCHHE
pacTeT ¢ ycKopstoLieiicst CKopocTbio. BricTpoe ycTapeBaHue
3HAHUH CTABUT MEPEJi CUCTEMOI HHXEHEPHOI0 00pa30BaHusL
3ajady  (GOKyCHpOBaHMSA MOJANOTOBKM Ha  acIeKTax
CaMOpa3BUTHSI M OCBOCHUM TEXHOJOTHH HENpepbIBHOTO
oOyuenuss. PopMHUpPOBaHHE EIUHOrO TIIOOAIBHOIO pPBIHKA
TpyAa oOyclaBiuBaeT HEOOXOJUMOCTb  YHH(PHUKAIUN
y4eOHBIX MPOrpaMM MHXKEHEPHBIX crienuanuctos [1].

OOpa3oBaHHE HCIIBITHIBACT JABJICHHE CO CTOPOHBI
npodeccroHanIbHbIX 00bEIMHEHHH, KOTOpble TpeOyIoT
Oosee OBICTPOro BBIXOZA BBITYCKHUKOB Ha PHIHOK TpyJAa U
TMOBBIIIEHHS] KX TOTOBHOCTH K paboTe B mpoh)eCCUOHATBHOI
cpene. YCKOpEHHE Hay4HO-TEXHHYECKOro IIporpecca
TpeOyeT OT 00pa30BaTENbHBIX OPraHU3aLHUH IIOJrOTOBKU
CIELMANMCTOB € KCIOJNB30BAaHHEM  COBPEMEHHBIX
TEXHOJIOr M u IUIOTHOTO B3aHMOJICHCTBUS c
rOCYIAPCTBCHHBIMH ~ OpraHaMH  BJIACTH, Hay4HO-
HCCIIE/IOBATEIbCKUMHU ~ MHCTUTYTaMH W IIEPEAOBBIMU
npemupustuiMy.  [ToBbIIICHWE KauyecTBa HHKEHEPHOTO
o0pa3oBaHMs, B CBOIO OYEPElb, CIOCOOCTBYET YBEITMUYECHUIO
KOHKYPEHTOCIIOCOOHOCTH 00I1ecTBa U 00pa30BaTelbHbIX
yupexxaeHuit [2].

B cdepe maccoBoro  Beicmiero  00pa3oBaHHs
HaOogaeTcs akTuBHas quBepcudukanus Gopm, ypoBHEH 1
coziepkaHus y4eOHOro mpouecca. YKpeIsieTcs: TeHACHIMS
MHTEPHALMOHAIM3ALUN o0pa3oBaHus u Jpyrue
aHAJIOrMYHbIE JABMKEHHS. AKTyaJlIbHbIE TPEH/IbI U HOBEiiINe
TpeOOBaHUs CTABAT MEPE] By3aMH 331a4H, KOTOPBIE MOT'YT
ObITh  pElICHBl TOJBKO 4Yepe3 B3aMMOJCHCTBHE U
HHTETpaluio. B 3Toii cBA3M 1enecoobpa3Ho cocpeJOTOYUTh
JIOPOXKHYO KapTy pa3BUTHS u MOBBILICHHUS
KOHKYPEHTOCIIOCOOHOCTH ~ HMH)XKCHEPHBIX ~ BY30B  Ha
CJIC/IYIOIIUX HATIPABICHUSX:

&Y https://orcid.org/0000-0002-7217-8161

- co3/laHue pecypcos pibiv COBMECTHBIX
00pa30BaTeNIbHBIX TPOrPaMM;

- pa3sBUTHE CHCTEM OJICKTPOHHOrO OOy4YeHHs U
MOHHTOPHHIA B By3aX;

- peasM3alys BHEITHUX UMH/DKEBBIX POEKTOB;

- COTPYIHUYECTBO C BHEUIHUMH JICPKATEISIMU KyPCOB U
OTKPBITBIX Me/IHa KOJUTCKIIH.

JlurepatypHblii anamm3. Ha cerogusmHuii neHs
IUCTaHIIMOHHOe  oOydeHHWe  mpuobperaer  ocolyro
3HAYMMOCTb, obecreunBas JOCTYII K
BBICOKOKAYECTBEHHOMY  OOpa30OBaHMIO  JUIl  JIIOZICH,
HECIIOCOOHBIX  BOCHOJIB30BATbCA ~ OYHBIMHU  (hOopMaMu
oOyueHuss.  XapakTepHbleé  4YEpThl  JUCTAHLOHHOTO
oOyueHus, Takue Kak  T'MOKOCTb,  MOIYJBHOCTb,
HapaIeNIbHOCTB, OXBaT, peHTabenbHOCTD u
HUHTEPHALMOHAIBHOCTb, OCHOBBIBAIOTCS Ha COBPEMEHHBIX
HeJarorn4eckKux MeTozaax u HUHPOPMALIUOHHO-
TEJIEKOMMYHHUKAIIMOHHBIX TEXHOJOrusiX. lcrnoab3oBaHue
KOMIIBIOTEPOB M TEJICKOMMYHHUKAIIMOHHBIX  CPEICTB,
BHEZIpeHHe THOKOro PacluCaHus U MOIYJIBHOH CTPYKTYPbI
KYPCOB IPUBOJUT K 00pa30BaHUIO HOBOW 00pa30BaTeIbHOM
MOJIEJIH C HEOIPeICICHHBIMU TPaHHUI[AMH (OPM 00yUCHUSI.

I'TaBHBIMYM TEXHOJIOTUSIMH JIMUCTAHIIMOHHOTO OOy4YEHUs
CUHUTAIOTCS MHTEPHET-TEXHOJIOIMH, KeHCOBas TEXHOJIOT U U
TEJIEKOMMYHHUKAIIMOHHBIE TEXHOJIOTUH, KOTOpbIE CJEmyer
paccMarpuBaTh KaKk B3aUMOCBS3aHHYIO CHCTEMY.

Crnemuamuctel FOHECKO akueHTHpyIOT BHUMaHHE Ha
TOM, YTO JUCTAHIIMOHHOE 00y4eHHEe MPU3BAHO 00ECIICUUTh
paBHBI JoCTyn K HWHpOpPMALMH W OOPa3OBaHUIO UL
KaX/IOr0 YeJI0BeKa, M03BOJIS U3ydaTh POrpaMMBl JI06Oro
KOJUIe/DKa WIIM YHHBepcHTeTa B JI00OH To4yke Mupa. B
noknane Jlynca Pocemno, pykoBoaumTens — ceKTopa
nuctanionHoro oopasoBanust FOHECKO, o6o3HaueHbt
OCHOBHBI€ 331auM Ha nepBble necsatunerus X XI Beka, cpenu
KOTOPBIX 3HAUMTCS MEPEXO0j OT OrPaHUYECHHOW KOHILETIIMU
(GU3MYECKOr0 TMEepPEeMEIIeHNs CTYACHTOB K KOHLENIMU
MOOWIBHOCTH W[IeH, 3HAHUK W OOydYeHWs, C LEIbI0
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pacripesieNieHrsI 3HaHHH ITyTeM oOMeHa 00pa3oBaTeNbHBIMI
pecypcamu Mex Iy cTpaHam# [1].

Cnenys TpeHaM, TpaJUIIMOHHBIC hopmbl
JMCTAHIIMOHHOTO O0y4eHHs IpeoOpasyroTcs B MaccoBOE
OTKpBITOE 00pa3oBaHME, YTO OTPAXKAECTCS B PACIIMPEHHU
CHeKkTpa  O0pa3oBaTENbHBIX  WHTEPHET-TIPOEKTOB B
VYHuBepcurere MaliHOp I CTYyZJEHTOB M BHEIIHHX
nonb3oBarenied. CuctemMa ommpaercss Ha  ITOCTOSTHHO
OOHOBILIIOIIYFOCS 6a3y yu4eOHO-METOIMUECKHX MaTepHAIIOB,
BKJIfOYass y4eOHbIE IUIaHBI, NPOrPaMMBI, METOANYECKHE
pa3paboTKH M KOJUIEKIIMIO aTTECTAMOHHBIX U 00YJaIOIIIX
3alaHUM.

Hdpyrum  cnocoboM  moBbIIeHWS  3(PEKTUBHOCTH
0o0pa3oBaTeNbHONM ~ CHCTEMBI  SIBISIETCS.  BHEIPEHHE
WHHOBAIIMOHHBIX PEHICHWA. ODTOT Tmporecc B cdepe
0o0pa3oBaHMsl TIPEACTAaBISIET COOOI CIIOXKHOE SIBIICHHE,
TIpeATIoNararolee MoCTereHHOe 0OHOBJICHNE COJEPKaHM,
METOIoB W (GopM OOydYeHHs ¥ BOCIHUTAHWS, 4TO,
0e3yCJI0BHO, BIIMSIET HAa KAUECTBO Iearormieckoi paboThL.
Knaccupukanus HOBOBBeJEHHH TpeiCTaBiIeHa B Tpylax
TaKuX y4eHsIX, kak K. Anrenosckue, H.B. 'opOyHoBa, A.B.
Jlopencos, M.M. Iloramauka, H.P. FOcyd0exoBa u npyrux.

HCCJ’[CZ[OBaTCJTH, 3aHUMAONUCC I Henarornqecxoﬁ
HHHOBaTHKOﬁ, CTPEMATCA YBA3aTb HOBOC B IIEAArOruke C
XapaKTEPUCTUKAMU, TaKUMHU Kak TIOJIE3HOCTD,

MIPOrPECCUBHOCTD UCOBPEMEHHOCTB[3, 6, 7].

VHHOBaim B paMKax IIelarOrH4YecKoro Imporecca
MoJpa3syMeBalOT  BHEJpPEHHWE  HOBBIX  DJIEMEHTOB B
cozepxkaHue, MeToiabl ¥ (GopMbl OOydeHHs, a Takxke
OpraHM3aIMI0 COBMECTHOM AESTENbHOCTH MPEToIaBaTesst 1
cTyzneHToB. [loHsATHE MHHOBAIMH B OOYYCHUH OXBATHIBAET
HOBBIE TIEJIaTOTHYECKHE METOIMKH, CIIOCOOBI OpraHH3aIiu
y4eOHBIX 3aHATHH M MHHOBaLMM B 00pa3oBaTENIbHOM
porecce, BKII0Yast METO/Ibl OLIEHKH Y4eOHBIX Pe3ysIbTaTOoB.
K npumepy, 370 MOTYT OBITH IPOQHIIBHBIE KIIACCHI, IIKOJIbI-
MapKH, UTPOBBIX METOUKH U THIOTOPCTBO [4, 5].

VHHOBaum B ynpaBieHuH — 00Opa3oBaTeNIbHBIMU
YUPEKICHUIMU OXBAThIBAIOT BHEJPEHHE HOBBIX IOJXOOB
W CXeM YIpaBJIEHWsS, TAaKMe KaK MAapKETHHIOBbIC
HCCIIeIOBaHYs, 00pa30BaHUe CIEUUAIN3UPOBAHHBIX I'PYIII
BHYTPH YYPEXKICHUH, CO3JaHUE YNpPaBIAIOLIMX COBETOB C
peanbHbIMM  (QYHKUMAMH M DPasBUTHE  CETEBOIO
B3aUMOJeHcTBUs. B KOHTEKCTe  MOATOTOBKH U
MEPENOArOTOBKH IIelarOTMYeCKUX KaJlpOB HOBOBBEICHMS
MO/Ipa3yMEBAlOT HOBbIC IOJXO/bl, @ TAKXE HPOrpaMMBl,
OPHEHTHPOBAHHbIE HA M3MEHEHHE TPEOOBAaHUI K Ka4ecTBY
o0Opa3zoBaHKsl, BKJIIOYas [OHCTAaHIMOHHOE OOy4YeHHe U
CO3/IaHHE MEXANUCLIUILUTMHAPHBIX KypPCOB.

2. MeToa0/10rusl HCCJI€I0BAHUSA

HawuGonee 3h¢GekTHBHO HOBIIECTBAa PEATU3YIOTCS B
Manblx KosiektuBax (500-1000 denoBek), rae Jjerde
obecreunTs TOArOTOBKY I1€arorMyeckoro HepcoHana K
W3MEHEHMSIM U ObICTpee BIOXHYTh B HUX HTY3Ha3M. BaxxHo
IUIAaHUPOBAaTh  BO3MOXHBIE PHCKH IpU  peau3aliu
WHHOBALMOHHBIX ~ [POLECCOB,  YYMTBHIBAs, YTO  Kak
YTBEP)KIACTCsl DSJIOM HCCIeAoBaTeNnel, Kaxias BTopas
OpraHU3alMOHHAs HOBAIMS MOXKET 3aBEPIINThCS HeyIadeil.

DddexTnBHOE BHEIPEHNE HHHOBALIHMI B By3ax Tpedyer
MOArOTOBKY OyIyIIMX MpernojaBareieil K ”HHOBaLMOHHON
NESATEILHOCTH MyTeM:

1) mHTErpanmu ooIenearornieckux 1 CHeluaabHbIX
JIMCLUILUIMH B y4eOHbIE TPOrpaMMBbl;

2) momomy CTygeHTaM B (OpMHPOBAHMH HABBIKOB
WCTIONB30BAHNS HHHOBAIIUH;

3) co3maHms CIENUATIBHBIX KypCOB IO MHHOBaTHUKE U
nporeccaM B 00pa3oBaHUY;

4) BKIIIOYEHHS HAYTHO-HICCIIEIOBATEIECKOH paboTHI;

5) BOBIEUEHMS] CTYAEHTOB B IPOCKTHI, CBSI3aHHBIE C
WHHOBAIHSIMH.

3. 3aka0ueHue

OOpaszoBaHue, mpeacTaBisioniee cobold  00IacTh
HAKOIUICHUS 3HAHWH ¥ YMEHWH, 0053aHO CO3/aBaTh
YCIIOBHS, CIIOCOOCTBYIOIIME BBISBICHHIO ¥ Pa3BHTHIO
TBOPYECKUX CIIOCOOHOCTEH, obecnieunBas (OpMHPOBAHHE
HaBBIKOB  CaMoOOpa3oBaHWs M, KaK  CIICJICTBUE,
caMopealm3anuy  MHAWMBHAyyMa. JlaHHas  cucrema
MOATOTOBKH OYyIyIIMX TMEAaroroB K HHHOBAIIMOHHBIM
MpaKkTHKaM HalleJieHa Ha ()OPMUpPOBAaHWE Yy CTYICHTOB
HWHTEpeca K BHEJPSHUIO HOBIIECTB B UX MPOQECCHOHATBHOM
NeSITETFHOCTH 1 OCYIIECTBIIIETCS Yepe3 ITOCIe0BaTeIbHOe
OCBOCHHE 3HaHMH O HOPMATHBHOM HCIOJIb30BaHUHU
WHHOBAINH B yUeOHOH JEITEIIBHOCTH.
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Abstract: The ways of improvement of personnel training for construction industry of the Republic of Uzbekistan
in modern conditions are considered. The existing problem of the branch, connected with acute shortage

of highly qualified engineering personnel

posed.
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professional skill, system of personnel training, system admission to the profession, theoretical

O coBepuIeHCTBOBAHUM CHCTEMBI MOJATOTOBKH KAJAPOB JJIsl CTPOUTEIbHOT
oTpac/u

IMunavesa E.B.X02, Mlupmaros P.X.10P
TamkenTckuit rocy1apCTBEHHBINM TPAHCIIOPTHBIA YHUBEPCHUTET, TalkeHT, Y36eKucTan

AHHOTaINA: PaccMOTpeHB! IyTH COBEPIICHCTBOBAHHMS MTOATOTOBKH KaJIpOB JUIS CTPOUTENIBHON oTpaciu PeciryOmiku
V30ekucTaH B COBpPEMEHHBIX ycioBusax. O003HaueHa CylIecTBYIONIas NpodieMa OTpaciy, CBsI3aHHas
C OCTpPOIl HEeXBAaTKOH  BBICOKOKBAJIM(HUIMPOBAHHBIX MH)XKCHEPHBIX Kazapos. [locraBnena mpobnema
JOITycKa K poecChiL.

KnroueBsie cioBa: po(ecCHOHAIPHOE MAacTEpCTBO, CHCTEMa MOJTrOTOBKHM KaapoB, CHCTEMa JOMycka K mpodeccuy,

TECOPETUYCCKUE 3HAHWA, HpaKTI/I‘{eCKI/Iﬁ HaBBbIK

1. BBenenue

CrpourenbHass oTpacne PecriyOnmuku — Y30ekucran
CTPEMHTENBHO  pa3BUBAECTCA. OTOMY  CIOCOOCTBYIOT
IlocranoBnenus [IpaBurenscrea[l, 2, 3], rocynapcTBeHHbIE
WHBECTHLIIOHHBIC TPOTPaMMbl, AKTUBHOE HPHBJICUCHHUE
3apy0OexxHbIX uHBecTOpoB - Poccum, Kwuras, Typuum u
EBporneiickoro 6anka pexoncrpykuuu u pazsurus (EBPP).
[IIupoko BHEAPSIOTCS HOBBIC CTPOMTENIBHBIC TEXHOJIOTUH,
MHHOBALIMOHHBIE PELICHNs B 00JIaCTH SHEprocOepexeHus u
sKonoruueckoi  OesomacHoctd.  Ocoboe  BHHMaHuE
yaenserca  BOIpOcaM  CEHCMOCTOMKOCTH  3[JaHUi U
Pa3BUTHIO KOHLIENIIMU YMHBIX A0MOB (Smart Homes). Unet
AaKTUBHBI @pollecc MOArOTOBKM  KaapoB. Ilomumo
OTEUECTBEHHBIX BY30B, OTKPBITH JECATKH (uinanon
3apyOeXHbIX 00pa3oBaTENbHBIX  YUPEKACHHH, COTHH
MOJIOJIBIX JIFOJIEH OTIPABIIAIOT 11 00Y4CHUS 3a IPAHMILY, TO
€CTh  PYKOBOJICTBO  CTpaHbl  HPOSBISAET  OOJBLIYIO
3aMHTEPECOBAHHOCTb B IIOSIBJIICHUM 3HAYUTENIBLHOTO 4YHCIA
CHELHATHNCTOB, 00IaIA0NKMX TTTyOOKUMH TEOPETHISCKUMHU
3HAHUAMH M JIOJDKHBIM TPO(ECCHOHATIBHBIM MAaCTEPCTBOM.
OnHaKo, HECMOTPSI HA MOCTOSIHHO MAYLIYI0 paboTy B 3TOM
HaIlpaBJeHNH, OOIECTBO MCIIBITHIBAET OCTPYIO HEXBATKY B
BBICOKOKBAJIU(UIMPOBAHHBIX  CIELMAINUCTAX, B IEPBYIO
oyepesib, MHKEHEPHBIX KaJpaX, OTBEYAIONIMX 33 Ka4eCTBO
BBIIIOJTHEHUS IPOSKTHBIX PabOT, BHEIPEHUE COBPEMEHHBIX
TEXHOJIOTHH,  pa3pabOTKy  HOBBIX  CTPOMTENBHBIX
MaTepHaJIoB.

JIto00#i CcTpoUTENbHBIN OOBEKT SBISIETCS PE3yJIbTATOM

paboTsI Pa3IUUHBIX rpymn CHELHAINCTOB -
MIPOEKTHPOBINUKOB,  MPOU3BOIUTENEH  CTPOUTEIBHBIX
MaTepHuaIoB u KOHCTPYKLIUH, CTpOUTENEN,

OCYIIECTBISIFOIIMX BO3BEACHUE 3[JaHUN U coopykeHHuid. OT
KBaTM()UKAIMU BCEX ITHUX CHEUAICTOB 3aBUCUT Ka4€CTBO

KOHEYHOTro mpoaykra. [Ipuuem, npumepHo, B 80% ciaydasx
aBapyUH 3JIAHUH U COOPY)KEHHI MPOUCXOIST B Pe3yNbTaTe
HepecevyeHns ABYX HE3aBUCHMBIX HETaTHBHBIX COOBITHM:
COOBITHSI, COCTOAILEIO B HEOXWJAHHOM  IOSBJICHUU
BHEILHEro 3alpOeKTHOIO BO3JEHCTBHUS, NPOBOLMPYIOIIETO
aBapuIo, U COOBITHS, 3aKJIIOYAOIIErOcs B TOM, YTO IIPU
BO3BEJICHMM W/WIM SKCIUTyaTaluMu oOObBeKTa [OIyIlieHa
olpeJie]eHHas COBOKYIHOCTb YEJIOBEYECKHX OIIMOOK,
CHU3MBILAS YPOBEHb €r0 KOHCTPYKLHOHHON OE301acHOCTH.
Kak mokasbiBaeT MEXIyHApOAHBIH OIBIT IPOBEICHUSA
9KCNEPTU3 CTPOUTEIbHBIX OOBEKTOB, BTOpOE COObITHE
MOJKET HACTYIHUTh U3-3a OLIMOOK IIPOSKTUPOBLIMKOB B 15%
Clly4aeB, [0 BHHE IOCTABIIMKOB MarepuaioB U
KOHCTPYKIHH - B 25%, a 1o BuHe ctpouteneii — B 60%.

Bonbliass 4yacTh 3THX — CHELMAIMCTOB  IOJNYYArOT
oOpa3oBaHue B By3ax pechyOnuku. I kak oTMmedaror
paboToaaTenu, OCHOBHBIMU HEIOCTATKAMU B X IIOAT OTOBKE
SIBIIIIOTCA  OTOPBAHHOCTH OT pealibHOM NpaKkTHYeCKOi
JEATENbHOCTH ¥ HEBBICOKMH YPOBEHb TEOPETHYECKHX
3HAHUH. 3HAYUT HEKOTOPAs JIOJIS1 OTBETCTBEHHOCTH JIEXKHT U
Ha CHCTEME€ TMOJArOTOBKM KaJpoB, IeJarord4ecKux
KOJUIEKTHBAX, 00y4aroImx u MIPUCBAUBAIOIIHUX
COOTBETCTBYIOILYIO KBATM(PHKALHIO.

2. MeToa0/10rusl UCCJIEI0BAHMUSA

OCHOBHBIMH METOJ[AMH HCCIICAOBAaHUN OBbLIH MPUHSTHI
METOJ] KpUTHYECKOT0 aHAIN3a ¥ 0000IIEHHE JaHHBIX.

3. Pe3yabTarhl HCCIe10BAHUS

ToaroroBka crenuaIucToB B 00JIACTH MPaXJaHCKOTO U
MPOMBIIIIIEHHOTO CTPOHUTENBCTBA B PecryGurike
VY30ekucTan oCyIIecTBIIsIETCS Ha OCHOBE ['0CcyapCcTBEHHBIX
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00Opa3oBaTenbHBIX CTaHAApTOB. {71 TOro, YTOOB! yueOHBIE
IUIAHBl M T[POrpaMMbl  THUCHMIUIMH  COOTBETCTBOBAJIU
TPeOOBAaHMAM CETOHAIIHET0 THA WM OTPAXalId ypPOBEHb
pa3BUTHS CTPOUTEIBHOW HAYKN M TEXHUKH, X ITOCTOSHHO
NepecMaTprBaioT, KOPPEKTHUPYIOT, COBEPLICHCTBYIOT U
AKTYaJTH3HPYIOT.

A Tak kak [ocymapctBeHHble 00pa3oBaTelbHbIE
CTaHAAPTHL, Y4YeOHbIE IUIAHBI M TPOrpaMMBI  yYeOHBIX
IUCIMIUIMH ~ TPOIUIM  JOJDKHYIO — OKCIIEpTH3y U
COOTBETCTBYIOT MEXIYHapOIHOMY  YPOBHIO, TO,
CJIeZIOBAaTENIbHO, HEOOXOAMMO IOBBICUTH MHHHMAaJIbHBIE
TpeOOBaHUS K BBITYCKHHUKAM, IIOIYYAIOIINM IHIUIOMBI O
BEICIIEM 00pa3zoBaHWH. Hampumep, paccMOTpeTh BOTIPOC O
TOM, 4TOOBI OTJCNBHBIM CTYZAEHTaM, cJabo OBJIAJIEBIINM
TeM  0o0BeMOM  3HaHHMH,  KOTOPBIM  HEoOXoIuM
JMTUIOMHPOBAHHOMY CIIEIMAINACTY, BMECTO HPHCBOSHHUS
KBaIN(UKAIH, BBIJaBaTh CEPTU(HKAT O MPOCTYIIHBAaHUI
COOTBETCTBYIOIIHX KypPCOB.

WHo#t moaxox HODKeH OBITh K TEM BBIITYCKHHKAM,
KOTOpBIE TIPOSIBIJIM CBOM JIy4YIMe KadecTBa B IIEPHOJ
oOydenmss B OakayjaBpmare, a, MOXeT ObITh, Yke
MPOJIEMOHCTPUPOBAIM B~ Marucrparype WIH  Ha
MIPOM3BOJICTBE  CIIOCOOHOCTH ~ JOCTHTaTh  BBICOKHX
CTaHAApTOB, TpeOyeMbIXx il mpodeccuoHana. OcobeHHO
9TO KacaeTcs TeX, KTO CBOI0 OyAyIIyo MpoheCcCHOHATEHY IO
NEeATeNIbHOCTh CBS3bIBaeT C paboTOH, BIMSIOMEH Ha
0e301acHOCTh OOBEKTOB CTPOUTENBCTBA. MOXKET OBITb,
enecooOpa3Ho  WCKIIOYHMTENBHO UL HUX  TIpH
BEITyCKAIONMX  Kadeapax  co3jaBaTh  OJHO- WK
JBYXTOJIMYHBIC CHEUHAIUTEThl, MEepeYeHb JUCHUILIMH B
KOTOPBIX JOJDKEH (OPMHPOBATBCS C y4YETOM MHEHHS
paboTozmaTenei, TpaauIuii yHUBEpPCUTETa U 0COOEHHOCTEH

[lpenogaBatens  374ech  BBICTYNAeT B KauyecTBe
KOHCYJIbTaHTa, HE BMELIMBASACh AKTHBHO B TBOPYECKUH
IpoIecC, HO TMPU OOpAILEHUH JaeT KOMIETEHTHbIE COBETBI.
CTyZieHTbl CaMOCTOSATENBHO HILYT INpoOieMy, KOTOPYIO
ClIelyeT PELINTh Ul JOCTHXKEHMS IOCTaBICHHOW LeiH,
HaxomdT e€ BO3MOXHBIE pPEIIeHHs, O0CYXKIAT UX U
NPUHUMAIOT OKOHYATeNbHBIN BapuaHT. BeicTymas mnepen
ayZNTOPHEH C IOKIIAJIOM I10 Pe3yJIbTaTy paboThl, CTYIEHTbHI
pHOOPETAIOT YyBCTBO OTBETCTBEHHOCTH 32 BBIIIOJIHEHHOE
JIeN0, OLIYLIAIOT CBOIO YBEPEHHOCTh M IOKa3bIBAIOT
BBICOKHII ypoBeHb KpeaTuBHOCTH. (OOpa3oBaTesbHbII
PEe3yJIbTaT 3TOro MeTo/ja HandoIIee 3Ha4uM, TaK KaK JAepPiKUT
BCIO ayIUTOPUIO B 3aXBaThIBAIOILCH [eJI0OBOMl urpe H
MO3BOJISIET KAXKJIOMY CTY/ACHTY BBICKa3aThb CBOE MHEHHE B
KOHTeKcTe Oyayiieil mpodecCHoHanbHOM AesITeNbHOCTH.

Ipodeccust crpoutens — He u3 yerkux. OBnageHue ei
Ha JIOJDKHOM YpPOBHE TpeOyeT OT MOJOJOro YeloBeKa U
OIIPE/IENICHHOTO CKJIaZa yMa, U yceplus B NMPUOOpETEeHHU
TEOPETUYECKUX 3HAHMH, M OCBOGHMH IPAKTHYECKHX
HaBBIKOB. He ciywaiiHO, Ka)KOblii 4eTBEPTHIA CTYIEHT B
I'epmanun He momyvaeT cBoii AuruIoM. M, kpome Toro, eciau

rOBOPUTH OOpa3HO, TO caM Mpolecc OO0y4eHHs — 3TO
OCBOCHHE «a30yKW» W «UYTeHUs] IO cJoram». A BOT
«CBOOOIHOE YTEHHE» — ITO yXKE Pe3yJIbTar MOCTOSHHOMN

paboThl  BBIMYyCKHMKAa Hajg  cOOOHM, ero  KenaHus
COBEPILCHCTBOBATD HABBIKK W MPHOOPETATh MPAKTHICCKHI
OIIBIT B TPYAOBBIX KOJUIEKTHBaX. B 3TOM OTHOMIEHHH, YTOObI
MOMHATH TPOMECCHOHANBHBIA YPOBEHb  BBIMTYCKHHKOB,
XOpOIIMM HAYMHAHHEM MOXET ObITh 00pa3oBaHHE MPH
BBIMMyCKAIOMMX  Kadeapax  HEOONBIIMX  MPOEKTHBIX
OpraHm3alyii, B KOTOPBIX CTYACHTBl HAYMHAIH OBl
OCBaWBaTh MPOCKTHBIC HABBIKM, BBITIONHSS  MOCHIBHBIC
3aJaHusl, 3HAKOMIJINCh Obl HanboJIee TECHO C MPOEKTHOM

pPErMOHAIBHOTO pPBIHKAa TpPyJa, a HX COJEpKaHuE —
HOCTOSHHO ~ Pa3BUBaTbCA M OOHOBIITBCA C  Y4€TOM
HOCIEJHUX JIOCTIDKEHHH B CTPOMTENIBHOH  OTpAaciH.
OOyueHue B CIeLMANINTeTe JOKHO OBITH HAIPAaBIEHO HE
CTOJIBKO HA MOJIy4€HHE TEOPETHIECKUX 3HAHHUMN, CKOJIBKO Ha
OCBOGHHE MPAKTUYECKUX HABBIKOB — HOBBIX PacUETHBIX
METOIOB U IIPOrPaMM, IPHHIUIIOB IPOEKTUPOBAHKS U T.II.

K mnpoBeneHuto 3aHATHH, OCOOEHHO CBS3aHHBIX C
BBITIOJIHEHUEM MPOEKTHBIX pPaboT, ciefyeT IpUBJIEKaTh
BBICOKOKBAJIU(UILINPOBAHHBIX HUHXEHEPOB-
HPOM3BOJICTBEHHUKOB. Takue TBOpPHYECKHE COIPYKECTBa
OyIyT BBITOAHBI KaK YHUBEPCHTETaM, KOTOpble OyayT
HOBBIIATH CBOK  IIPECTXKHOCTb, Ipejyiaras CBOMM
CTYJICHTOM BO3MOJKHOCTb 0Ty 4eHuUs BBICILIETO
00pa3oBaHus € MOCIEAYIOIHMM TPYJAOYCTPOMCTBOM, TaK M
OpraHm3allusM-NIapTHEPaM, KOTOphlE TapaHTHPYIOT cebe
Ha00p KBaIU(ULIUPOBAHHBIX COTPYAHHUKOB.

CoBpeMeHHbIH CTYAEHT 3HAUMTENBHO OTIMYACTCA OT
CBOMX CBEPCTHHMKOB mpouuioro cronerus. OH Gosee
cocpeloToueH Ha ce0e, MeHee HaleleH Ha paboTy B
KOMaHZie, JaJleko He BCerja IpOSBISIET HHHUIUATUBY B
pelIeHNN KOHKPETHBIX 3ajad, MEHee CTHMYJIHUPOBaH Ha
riyOOKOe OCBOEHHE CIIELHMANIBHOCTH, KAXJIET OBICTPOro
THOJIy4€HHUsI TOrO WIM MHOTO pe3ysbTara. YToObl MOBBICUTH
3aUHTEPECOBAHHOCTh B TNpodeccuu, pa3BUTh HYBCTBO
KOJUIGKTMBM3Ma B  NPHHATHUM  PELICHWH,  pa3BUTh
po(eCcCHOHAIBHYI0 KOMIETEHTHOCTh BO3MOXEH BO3BPAT B
00yueHHNH K OJTHOHU U3 e€ 3a0BITHIX POPM — «IEJOBO Urpey,
npeznoararomei pelieHue MPOEKTHBIX WIn
NPOM3BOJICTBEHHBIX 3ajlad TIPyINNaMd CTYASHTOB Ha
KOHKYPEHTHOH OCHOBE.

paboToH, Jrydiie OHUMaIU Obl CTENEHb OTBETCTBEHHOCTH
3a pe3ynbTaT CBOEro TPyAa.

Eme oauH oudeHb BaXKHBIH BONPOC — 3TO JOMYyCK
BBIITyCKHUKOB BY30B K CaMOCTOSTEIBHOM HH)KEHEPHOM
JEeATENBPHOCTH. B pa3BUTBIX cTpaHaX K 3TOMY OTHOCSTCS
ropasJio 6oJiee cepbe3HO U OTBETCTBEHHO.

B CIIA anst Toro, 4ro0bl JUINIOMHPOBAHHBIA HHXEHEP
UMel IIPaBO CAMOCTOATENBHO IPUHUMATh PELICHMS,
CBSI3aHHBIE MTPOEKTHPOBAHUEM 3/1aHUI U C BO3MOXKHOCTBIO
YTBEP)KICHUSI CBOMX PELICHUH JIMYHOM MOAMKCHIO,
MHHMMQJIBHBIM  TpeOOBaHMEM,  NOMHMO  HAIMYMA
oOpa3oBaHusi,  fABIS€TCS  yCNEeIIHas  cjada  JIBYX
CTaHAAPTH30BAHHBIX 3K3aMeHOB — «OCHOBBI HHKEHEPHBIX
HayKk» H «[IpyHIUMBI U IPaKTHKA B MHKEHEPHBIX HAYKax»
[4]. Ilpuuem, B OgHMX IUTaTaX CTYICHTaM pa3pelleHO
claBaTh MEpBbIH 9K3aMeH 10 IMOIyuYeHUs] AUIIIOMA, a B
JPYTUX Ul 3TOro TpeOyercst UMeTh HECKOJIBKO JIET OIIbITa
paboTsl.

Jna npoenenue sk3ameHoB B CIIIA akkpenuroBana
HET0CyJapCTBEHHAs HEKOMMepuecKast opraHu3anus
«HanuoHaneHbI COBET SK3aMEHATOPOB IJIsI HHKEHEPOB U
um3pickareneit» (National Council of Examiners for
Engineering and Surveying — NCEES). Tlocne caauu
sk3aMeHa «OCHOBBI HHXEHEPHBIX HAyK» CIIEIMATHCT
MOJTy4aeT CTaTyCc MH)XKeHepa-UHTepHa. 3aTeM OH IPOXOIHUT
TIPAKTHKY, CPOK KOTOPOH COCTABIISIET HE MEHee JBYX JIEeT (a
B HEKOTOPBIX INTaTaXx HEe MEHee UETBIPEX JIET), U TONBKO
TOTAA  WHXEHEeP-WHTEpH  IONy4aeT  BO3MOXKHOCTh
3apEruCTPUPOBATHCS JUIst caaun BTOpPOTO
CTaHAAPTH30BAHHOTO 5K3aMEHAa, COCTOAIIETO M3 TECTOBBIX
BONIPOCOB M pacueTHoW wyactu. llocne ycnemHoi cnauu
sKk3amMeHa «[IpUHIUIBI ¥ MPAaKTHKA B HHXKEHEPHBIX HAyKax»
UHXEHep UMeeT I[paBO MOJY4YWTh JIHIEH3HuI0. B
JanbHENUIIEM JIMIEH3UPOBAHHbBIN WH)KEHEP CTPaxyeT CBOIO
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OTBETCTBEHHOCTb, U TOJIEKO TOT/IA TIOJIyYaeT MOJTHOE IPABO

CTaBUTH CBOIO JIMYHYIO IE€YaTh M MOJIMKCH Ha YepTexkax H

pacderax, BHIIOTHIAEMBIX UM B paMKaX CO3/JaHUS MPOEKTa.
B AHTIINN IS MOJIyYEHUS KBaNH(QUKAIIH

JIMTUTOMHPOBAHHOTO, TaK Ha3bIBAEMOI'0
MPUBWJIETHPOBAHHOTO HHXKEeHepa, TpeOyeTcs He MeHee
BOCBMH JIET — HO uvanle Bcero He Menee 10 jer —

YHHUBEPCUTETCKOrO 00pa3oBaHHs U IOCJEIUINIOMHOTO
obpazoBanms [5]. 3BaHKe NPUBHIETHPOBAHHOIO MH)KEHEpa
MOXKHO TIOJIyYHTh TOJBKO Ha 0asze mNpodecCHoHATBHOM
HETOCY/IapCTBCHHOW OpraHu3anuy BenukoOputanun —
Cosera umxenepoB (Engineering Council), B koTopyio
BXOJUIT CaMble BBICOKOKBAJH(HIMPOBAHHBIC H OIBITHBIC
WHXXEHEpbI-CTpouTenu  cTpanbl.  CouWcCKarenb — 3BaHHS
MPUBUIICTHPOBAHHOTO WH)KEHEpA JIOJDKEH HMETh CTEIEeHb
MarucTpa (JOTOJHHUTEIBHO TMPHUBETCTBYETCS — HaIWU4Ke
CTENEHN JOKTOpa WHKCHEPHBIX HAayK) M OIBIT paboThI
(0OBIIHO HE MeHee 4YeThlpex—IITH Jier). B pesynbrate
cobeceoBanus B COBETE HMHKEHEPOB, B XOJE KOTOPOTO
oTIpeseNseTcs YpOBEHB podecCHOHANBHOMN
KOMIIETEHTHOCTH COMCKATelsl U YCTAHABIMBACTCS HaIUYKe
Y HEro eJlaHus AalibHeHIero npodecCHOHaIBHOTO POCTa,
MOXET OBbITh TPHHATO pEUICHHE O NPHCBOCHHH 3BaHHS
MPUBUIICTHPOBAHHOTO HHXKeHepa. C 3TOro MOMEHTa OH
MOXKET ~CaMOCTOSITENIbHO HECTH OTBETCTBCHHOCTh 32
BBITIOJTHSACMbIC PACUETBI M YSPTEIKH.

AHAJIOTMYHBIH MO/IXO/T K MO/ATBEPKICHHUIO
KBaIM(UKAMKA WHXeHepa HaOmomaercs B Kaname u B
ABCTpalii¥, TO €CTh HWHXEHEp JOJDKeH IpHobpecTn
OOJBIION OMBIT PAbOTI W MPOWTH JIOTOJHUTEIBHYIO
MPOBEPKY, MPEK/IC UM OH MOIYUUT MPABO CAMOCTOSITEIIBHO
MPUHUMATH PEIICHHUSI IPU CO3JaHHUHU TPOCKTOB 3IaHHI WIN
coopyxeHu# [5].

Cucrembl Jomycka K 1podecCMM B Pa3BUTBIX
3apyOeKHBIX CTPaHAX MO3BOJIIOT TaPaHTUPOBATH BBICOKHI
YPOBEHb  NpPO(GECCHOHANN3MA  MHXKEHEPOB-CTPOUTEINEH.
[MonoOHass mnpakTuka Moria Obl OBITH TPHHATA H B
V30ekucrane.

B Tom ciyuae, koraa OyayT IepecMOTPEHBI IOJXOMA K
MOATOTOBKE CTYJICHTOB M CHCTEMa JIOIycKa K rpodeccu,
00111ecTBO CMOXeT HOJIy4UTh JIeHCTBUTEIIBHO
KBTM()UIMPOBAHHBIX CIELMATINUCTOB, CIIOCOOHBIX IOJHAThH
CTPOMTENBHYIO OTPACiIb Ha BBICOKHH ypOBEHb, 00€CIIEUNTh
HaJeKHOCTh M JIOJITOBEYHOCTb CTPOUTENIBHBIX OOBEKTOB U
CBECTH K MUHUMYMY PUCKH aBapuil 3JaHUI U COOPYKEHHUI.

4. 3akiaouyeHue

CTpOUTENBCTBO SIBISIETCS  BHICOKOTEXHOIOTUYHOM MU
HAYKOEMKOM OTpaciibio, OTBETCTBEHHOI 3a (opmupoBaHue
KOHKYpEeHTHOCIIOcoOHOro obpasa Pecriybnuku V30ekuctan
u TpeOyrolieil MOArOTOBKM KaJpOB HOBOIO IIOKOJIEHHS.
Heo0Oxoaum HOBBIH BEKTOp B CIICLUAIBHOM OOpa30BaHUH,

CIIOCOOHBIH obecnieunTs OBICTpBIIT poct
WHTEJUIEKTYaJbHOTO  TOTCHIMAda W HMHKCHEPHOH
KOMITIETEHI[IH OT€YECTBEHHOTO CTPOUTEIFHOTO KOMITIEKCA.
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Elastic-plastic bending of three-layer rods under single and variable loading,
taking into account damage and temperature effects

A. Abdusattarov?, E.l. Starovoitov?
Tashkent state transport university, Tashkent, Uzbekistan
2Belarusian state university of transport, Gomel, Belarus

Abstract: The article provides a scheme for calculating the deformation of three-layer elastoplastic rods with a rigid
filler that are asymmetrical in thickness under single and variable loading, taking into account damage
and temperature effects. Based on the Lagrange variational principle, the problem of bending three-layer
rods under single and alternating loading is formulated. An approximate method based on the method of
elastic solutions is used to solve the problems. The calculated values for three-layer rods are given, taking
into account the cyclic characteristics of the materials, the accumulation of damage and the influence of

temperature.
Keywords:

three-layer rod, variable loading, temperature exposure, damage, variational principle, equations of
equilibrium, displacement, angle of rotation

Yupyromnacruuyeckuid M3rud TpEXCJIOMHBIX CTEPKHEH NPH OJHOKPATHOM H
NePEeMEHHOM HAIPYKEHUHU C Y4E€TOM MOBPEKIAAEMOCTH U TEMIIEPATYPHOIO
BO3/1eHCTBHUA

Aéaycarrapos A.l, CraposoiiTos J.1.2
TamkenTckuit rocy1apCTBEHHBINM TPAHCIIOPTHBIH YHUBEPCHTET, TalkeHT, Y36eKucTan
2Benopycckuii rocyIapCTBEHHBIN YHUBEPCHTET TpaHCIopTa, I omenk, benapych

AHHOTAIHS: B craree TPHBOAMTCS CXeMa pacuera JeOPMHPOBAHHS HECHMMETPHUYHBIX TI0  TOJIIHHE
YIPYrOIIACTHYECKUX TPEXCIONHBIX CTEPIKHEH € JKECTKUM 3allOJHUTENEM IPH OJHOKPaTHOM U
HEPEMEHHOM HAarpyXeHHH C YYETOM IOBPEXKIAEMOCTH M TeMIlepaTypHoro BosieiictBus. Ha ocHose
BapHallMOHHOro npuHIMNa Jlarpamka copMynupoBaHa NOCTAHOBKA 3aJad M3ruba TPEXCIOMHBIX
CTEp)KHEH NPH OJHOKPATHOM M 3HAKOIEPEMEHHOM Harpy>keHuu. Ui pemieHus 3ajad NPUMEHSeTCs
HNPUOIMKEHHBIH MeToJ], Oa3upyIoIMiicss Ha METOoJAe YNpYrux pemeHuid. IIpuBeneHbl pacyeTHbIe
BEJIMYMHBI Ui TPEXCIOWHBIX CTCp)KHEH C y4YeTOM LHUKIMYECKHX XapaKTEPUCTHK MaTepuaos,
HAKOIUICHYS TOBPEXACHUN U BIMSHUS TEMIIEPATYPBbI.

KintoueBble cioBa:  TPEXCIIOWHBIN CTEp)KEHb, IIEPEMEHHOE HArpy>KeHHE, TeMIepaTypHOe BO3JICHCTBHE, MOBPEKIACMOCTb,
BapHALMOHHbIH IPUHIMII, YPaBHEHHS PABHOBECHS], TIEPEMELIEHNUS, YTOJI IOBOPOTA

1. BBeaenue

B oOmactu cTpoMTENBCTBA M TEXHUKH LIMPOKOE
MIPUMEHEHUE  HAXOAAT  CJIOMCTbIE  KOHCTPYKIHMH, B
YaCTHOCTHU, TPEXCIIOMHBIE, BBINOIHEHHBIE U3 MATEPHANIOB C
CYIIECTBEHHO OTJINYAIOIIMMHUCS (PU3UKO-MEXaHUYECKUMHU U
NPOYHOCTHBIMM ~ CBOWCTBaMM, OOJaJaiolle LIMPOKUM
CIIEKTPOM  HOBBIX  KayecTB:  BBICOKOH  Hecylled
CIIOCOOHOCTBI0 U WM3TMOHOM KECTKOCTBIO, CTOMKOCTBIO K
TEIUIOBBIM BO3AEHCTBHSAM, CPAaBHUTEIBHO MAJIbIM Y AETbHBIM
BECOM IO CPaBHEHHUIO C TPAJULUOHHBIMH OJHOCIOHHBIMHU
KOHCTpYKUMsAMU. Hecyiue cion U3 MaTepHanoB BBICOKOM
MIPOYHOCTH U KECTKOCTH MpeJHA3HAYCHBI UL BOCIIPUSTHUS
OCHOBHOM YacTH MEXaHWYECKOW Harpy3ku. Cssyromye
ciou,  chuyxampe Uil o0pa3oBaHHMS  MOHOJIMTHOW
KOHCTPYKLIMH, 00ECIIEYNBAIOT MepepacipeieieHue yCHIni
MEXITy HECYIIUMHU CIOSIMH.

Pabota OOJBIINMHCTBA HECYIIUX 3NEMEHTOB
TPEXCIOMHBIX KOHCTPYKIUIA TPOUCXOIUT Ha (pOoHE BHIXOIa
MaTepuangoB 3a mpenensl ynpyroctu. Ilpu neiictBum
LUKJIMYECKUX HArpy30K 3TO NMPUBOAUT K BO3HUKHOBEHHUIO
psifa JMOTONHUTENBHBIX SIBIEHUH, TaKUX KaK BTOPHYHBIE
lacTuueckue  aeopMaluy, HM3MEHEHHE  Juarpamm
nedopmupoBaHus,  TemI000pa3oBaHUE, HaKOIUIeHHE

HOBPEXJICHUH U PACIIPOCTPAHEHHE TPELLHH, IPUBOAAIIHX K
Pa3pyLIEHHIO MaTepPUAIOB.

Jluteparypublii  anmaim3. B wmonorpadum  [1]
pa3paboTaHbl ~ OCHOBHbIE  ypaBHEHHUs  IE€PEeMEHHOMN
IUIACTUYHOCTH,  BBEJICHO  KMHETHYECKOE  YpaBHEHHE
MOBPEXJAEMOCTH JUISl OLEHKH LUKJINYECKOH U ATUTETbHOM
MPOYHOCTH 3JEMEHTOB KOHCTpyKuuil. B kuure [2]
NIPUBEIEHBI METO/IbI pacuyeTa MHOTOCIOMHBIX KOHCTPYKLIUH
Ha CTaTMYECKWe, JMHAMUYECKME U  TeMIepaTypHbIe
BO3JCHCTBUAL. Tokazanel  crmocoObl OTmpeeNeHUs
3¢ PEeKTUBHBIX (HUBUKO-MEXAHHMUYECKHX XapaKTePUCTHK, a
TaKKe ONTHUMAJIBHOTO BBIOOpA TIAPAMETPOB  CIIOMCTHIX
KOMITO3UIIMOHHBIX ~MaTePHaIOB. B paGorax [3-5]
NIPOAHAIU3UPOBAHBl  OOIIME IOJXOJbl K HOCTPOCHHIO
Teopuid  1eOPMUPOBAHHUSA  HEOAHOPOIHBIX  CIOMCTBIX
9JIEMEHTOB KOHCTPYKLMH IIpU  KBAa3UCTaTHYECKMX U
JMHAMHMYECKUX Harpyskax. I370)KeHbl TOCTaHOBKH H
METO/bl  pEelIeHHs 3a7ad  TPEXCIOMHBIX  AJIEMEHTOB
KOHCTPYKIMH, CBS3aHHBIX C YYETOM YIPYTHX OCHOBAHMI

npu CHJIOBBIX, TEIUIOBBIX u PaAMAIIOHHBIX
Bo3neiicTBusaX[5].  Yurensl (u3MuUeckH — HelUHEIHbIC
CBOMCTBa MaTrepuasoB CIIOEB. [IpuBenen pan

AQHAIMTUYECKUX M YUCIEHHBIX PEIIEHUN Il TPEXCIOMHBIX
CTEpKHEN U IIaCTHH.
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B pabote [6] paccMOTpeHBI COBpEMEHHBIE MPOOIEMBI
OLIEHKH CONPOTHBICHMS MAaTepHaIOB M  DJIEMEHTOB
KOHCTPYKIIMH AEHCTBHIO IIMPOKOT0 KPyTa MOBPEKAAIOIINX
(axTopoB. OOOCHOBBIBaETCS TNPHMEHEHHE YypaBHEHHUI
COCTOSTHUSI, MoJienel 1eopMHUPOBaHUS 1 pa3pyLIeHHs IPH
KPaTKOBPEMEHHOM H JUIUTEIBHOM, MAIOIMKIOBOM U
MHOTOLIMKJIOBOM HarpyxeHmsx. [logpoOHoe ommcanme
JMarpaMM OUKJIMYECKOT0 Ae(OPMHUPOBAHUS IS pa3IMIHBIX
KOHCTPYKIIIOHHBIX MaTepHaJOB BBIIONHEHO B [7] u
MOKa3aHbl ~ BO3MOJKHBIE  YTOYHEHHS  HMHTEpIpeTanuit
JMarpaMM IpH PEIIeHNH 3a1a4 [IUKINIECKOH IIPOYHOCTH.

Crarest  [8] mocBimieHa TpobieMe  HOCTPOEHHS
MaTeMaTHIeCKHX Mozeneit TIOBPEKIAEMBIX
TEPMOYIIPYTOBSI3KOIUIACTHYECKUX ~ Cpell W MeTojaM
ONpeleTIeHNs]  «HECTAaHJAPTHBIX» KOHCTaHT  MOJeNet,
CBS3aHHBIX C  TIapaMeTpaMH  IOBPEXIaeMOCTH U
MOJJIeKANMX JKCHEPUMEHTAIbHOMY — OIpeNiesieHHio. B
pabote [9] paccMmarpuBaeTcs KOMITBIOTEPHOE
MOJIEJIUPOBAHNE TIPOLIECCOB nedopMupoBaHHS,
MOBPEXIAEMOCTH W KOHTHHYAJIBHOTO  pa3pyIICHHSI
HEJTMHEHHBIX MaTepHalioB M KOHCTpyKumid. B crarpe [10]
paccMaTpuBaeTCs COBPEMEHHas TEOpHs HEYIpPYrocTH
(TEepMOBSI3KOIIIACTUYHOCTH), SBJISIOIIAACS O0OOIMICHUEM U
pa3BUTHEM HEH, COIepIKAIIXCsl B PA3IMYHBIX BapHaHTax
TEOPHH  IUIACTUYHOCTH, TMOJ3YYECTH, HEYNpyrocTH U
HaKkoIUIeHns ToBpexaeHnil. Pabora [11] mocesmena
MOCTPOCHUIO OTPENISIIIOIIMX COOTHOIIEHHH Ha OCHOBE
9KCIIEPUMEHTAIEHOTO HCCIIeI0BaHMs, YCTaHOBJICHBI
obnactu busnueckoi JIOCTOBEPHOCTH TeopHn
IUTACTUYHOCTH TPUMEHHTEIFHO K IIPOIIECCaM  CIIOKHOTO
LUKJIMYECKOTO HArpy>KeHUs.

OCHOBBI pacyeTa MEXaHHKH CIIOMCTBIX OAJIOK, IUIACTHH
1 000JI04€eK NPU TEPMOCUIIOBBIX Harpy KEHHAX M3JI0XKEHBI B
moHorpadpuu [12].  PaGorer [13, 14] mnocBseHbI
HCCIIEIOBaHUIO U3r1H0a COHIBUY-TUIACTHH B 3aBUCUMOCTH OT
ux (OpMbI, HATMYUSA YHOPYTUX U XKECTKUX OIOp, YNPYyroro
OCHOBAHHS U BUJIa STYCHCTOT'O 3aMOHUTEIIS.

B crarbsax [15-16] BbIBeieHbI ypaBHEHUS paBHOBECHS U
IPEIUI0KEHBI METO/IbI peLICHUS YIpPYTHX,
YIPYTromIacTHYECKUX U BA3KOYNPYTOIUIACTUYECKHX
crepkHedl. Yucnenno wuccienoana HJIC TpexcioiHbIX
CTepKHEH NpH JACHCTBUM OJHOKPATHBIX U LUKIMYECKHUX
Harpy3ok. ChopMynnupoBaHa MOCTaHOBKA KpaeBOM 3a7a4u U
MOJly4YeHO €€ pelleHue s TPEXCIOWHON IUIACTHHBI C
YIPYroIIaCTUYECKUMU HECYLIUMH CIOSMH M HEJIMHEHHO
YyIOPYrMM  3alOJIHUTENeM  IpU  HAarpy)KeHHH U3
€CTECTBEHHOI'0 COCTOSIHHS ¥ [IOBTOPHOM 3HAKOIIEPEMEHHOM
Harpy>keHuH. YUTEHO BJIMSHHE KOJIBLEBOH pPaBHOMEPHO

pacrpeneneHHON
BO3CUCTBHA.

B paborax [17-19] npuBeneHs! MOCTAHOBKH W METOABI
pemeHnss  3amad  aeGOpMHUpPOBaHWA ~ YOPYTUX  H
YOPYTOIUTACTHYECKUX ~ DIIEMEHTOB  KOHCTPYKIIUA  TIpH
OJTHOKPAaTHOM U IMKJIMYECKOM HarpyxeHusx. Ha ocHoBe
BapHAIMOHHOTO TIPHUHITHIIA MOy YEHBI cucreMa
T hepeHINATHFHBIX YPAaBHCHUH PAaBHOBECHS U JIBHDKCHUS
JUISL DJIEMEHTOB KOHCTPYKIIMH, IPH 3TOM YYUTHIBAKOTCS
MOBPEXIaeMOCTH MaTepHaoB. ITpuBomutcs
YIPYTOIUIACTHYECKUH pacueT TOHKOCTCHHBIX CTEpXKHEU H
MarucTpaibHBIX TPYOOIPOBOJOB TMPH MPOCTPAHCTBEHHO-
MEPEMEHHOM  HAarpy>keHHH C y4eToM 00O0OIIeHHOTO
npuaimna Masunara. UccnenoBano HJIC TOHKOCTEHHBIX
CTep)KHEH M TUIACTUHOK TNPU NEPEMEHHOM HATPYKEHUH C
YY4eTOM BTOPHYHBIX IDIACTHYECKHX JedopMmarmii U
TTOBPEXKIAEMOCTH MaTEPHUAIIOB.

Harpysku u TEMIECPATYpPHOTO

2. MeT010J10ruel MCCJIeI0BAHUA

Henpto 3aaun  SBISIIOTCS MCCIIENOBAHMSA Moenen
neopmupoBaHusS  TPEXCIOHHBIX  yNPYroOIUIACTHIECKUX
CTEep)XHEH Ha OCHOBE psAla TMIOTE3 M BapUALOHHOTO
NPHHIINIA Jlarpanxa, TIOJTyYeHUE cHucTeM
b GepeHIHaTbHBIX ypaBHEHHUI paBHOBecHs B
MEepeMeNICHUsSX TPH MEePEeMEHHOM HarpyXeHHH M cXema
pea3aluy pacueTa ¢ UCIONb30BAHHEM METO/IA «YTIPYTUX»
pemennid, a Ttakke aHanmu3 HJIC npu ogHOKpaTHOM M
MEepEeMEeHHOM HArpy>)KeHHH C y4eToM 000OIIeHHOTO
HpHHIUNA Ma3uHra, HaKOIUIEHHS TIOBPEKIaEMOCTH B CIIOSIX
U TEMIIEPaTypHOTo MOJIs.

IocranoBka 3agaum. PaccmarpuBaercs — u3ru®
HECMMMETPHUYHOIO 10 TOJIIMHE YNPYromacTH4ecKoro
CTEep)XHA Ha YHpyrom ocHoBaHuu. CucremMa KOOpIUHAT
CBSI3BIBACTCH CO CPEOMHHOM IUIOCKOCTBIO 3aIlONHUTEI
(puc.1). Jomyckaercsi, 4To A1 TOHKHX HECYIIUX cioes 1, 3
CIIpaBeJIMBbI TUIOTE3bl BepHy/Hn, a a1 Hec)KMMaeMoro
O TOJILIMHE 3aIOJHUTENS 2 NPEAIOoNaraeTcs, 4To HopMallb
ocTaércs NPSIMOIMHEHHON, He U3MEHSACT CBOCH JUIMHBI, HO
HOBOpAYMBAETCS HA HEKOTOPBII JOMOJIHUTENBHBIN yroi
Y (x). Jebopmaunu cunrarorcst ManbiMy. Ha BHeIHMIA ciioi
CTEpXKHS O JUIMHE JIEHCTBYIOT pACIIpe/ielIEHHbIE CHIIOBBIC
Harpysku P(X) u g(X), a Takke peakuus ocHoBaHus (R(X)
(Puc.1). Ha Topuax mnpenmnonaraercss HAJIMYUE >KECTKUX
muadparm. 3aeck hk — tommmuaa kK — ro cmost (k=1,2,3 —
HOMep cJ1051), pu 3ToM h2=2c.

z

il

h L T

q(x)
xS SRR IR Ry > = W X [
i) T p(x)

. ~
C 2 /

w(x)

0 /
/

hy 3 \

POl IT I 7777 77777777777
|

7 '

Io

Puc. 1. Harpy:keHune TpexcJI0i{HOr0 CTEP:KHs, CBSI3AHHOI'0 C YIPYTHM OCHOBaHHEM
B COOTBETCTBHM ¢ NPMHATHIME T€OMETPHUYECKMMH THIOTE3aMH IPOONbHEIE nepeMelnerus B caoax u®)ripakarorcs yepes

Tpu uckoMbIxX pyHkmn u(x), Y(x), w(x) [2]:

u,(fl)=u+c1/)—zw,x, c<z<cH+hy

3
ui)=u+z¢—zw,x, —c<z<g

@)

2
ui)=u—c1/)—zw,x, —c—h,<z< —c
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TJ€ Z — pacCTOSTHUEC OT pacCMaTpuBAcMOro BOJIOKHA 10 IMOJIyYHMM KOMIIOHCHTBI TCH30pa ﬂeq)OpMaHI/Iﬁ B CJIOAX. ILII}I

CPEIMHHON IIJIOCKOCTH 3aIlOJIHUTENA; 3aIiTasi B HIDKHEM CBS3M HANpsDKeHWH ¥ medopMamuii  HCTIONB3YIOTCS
HHJIEKCe 0003HavaeT onepanuio IupQGepeHIupoBaHms 10 YPaBHEHHS COCTOSHMS Ha OCHOBE TEOPHUHM MAaJIbIX
ciexyouel 3a Hell KoopAuHaTe. ynpyromiactuaeckux nedopmaruii Mnprommaa:

Ucnons3yst coorHomenus Komm n Beipaxkenus (1),
k
S50 = 26, (1 — *(el, T 0% = 3K, (e® — ag T®)  (2)

k 3 3 3), (3
3n1ech s( ), ol ), 351.), e® JICBSITEPHBIC ¥ IIAPOBEIC wiacruaoctd  (k=1,2), a mnpu k=3 w® (ET(L ))
4acTu TeH30pa Hanpsbkenuit; Gy, Kj —Moayib cIIBUTOBOM U yHHBepcaibHas (DyHKIMsS, ONUCHIBAIOAsS (U3HUECKYIO

.. . . k i
06BEMHOI nedopMarmit; el )_ HHTCHCHBHOCTE HEJIMHEWHOCTH 3anoaHuTeNs. [ QYHKINHY TIAaCTHIHOCTH

HIPUHUMAIOTCS CIIEYIOIIIE BBIPAXKCHIIS:
nedopmarmy; w® )(e(k)) B HECYIIMX CIOSIX (YHKIHS P Ayiom P
k k
o 0, 815 ) < £§ ); ) 0, l(t3) < 51%)’
(k)( k = k)\ (3) 3 = 3

0 () o NTICR) NG ()

A(l—ﬁ) ;o el > el A1(1 (;)) :

u

YpaBHeHus1 paBHOBecUs IPU OJJHOKPATHOM HATPYKEHUH

Jlns1 BEIBOJTa ypaBHEHUST paBHOBECHS TPEXCIIOMHOTO CTEPIKHS BOCIIONIB3yeMCsl BApHAIIMOHHBIM nprHINTIoM Jlarpamka [3]:
6(A—I)=10; O6A=0A4,+ 04, 4

rne SA— Bapuanuy pabOTHI BHEIITHUX CHIT:

l
64, = bf (Péu + (q + qgr)oW)dx;
0

3neck qp— peakiysi OCHOBaHWS Mo BuHknepy qrp = kow, ko— xoaddumnment nocrenu, b— mmprHa CEUSHUS CTEpPXKHSL.
Bapuanust paGoThl BHEIIHUX CHJI 1 MOMEHTOB Ha TOPIIaX
84, = (No — Np)bu + (Qo — Q)ow — (My — M)éw,, )
rae Ng, Qo, My, Ni, Q;, M;— 3amaHHbIC CHIIBI B MOMEHTBI Ha Topuax crepxHs (x=0, x=[). 61 — BapHaluy MOTEHIHAIBHON
sHepru, umerotue Bua [2] (dv = dzds; ds = bdx):

811 =b [} [Sies [, 0006 dz + 2, 0663 dz] dx. (6)
3

Temneps onpexaensieM KOMIIOHSHTHI TEH30pa HATPSHKEHUH B CIIOSIX, HCIIOJB3Ys COOTHOIICHUS (2). Bergenum muneitHbIe (MHAEKC
«e») ¥ HeNMHeHHbIe (MHACKC «®») YaCTH KOMIIOHEHTOB HAIpsDKEHHH B ceayromeM Buze [2, 3]:

®_ _®_ _®. 3 _ 3 _ (3
Oy ~ = Oxe” = Oxys Oxz = Oxze = Oxze (7)
rae
ot = 26,9% +3K,eY; 0l = 26,0Lw® (el);
k 3 k 3 3
,EZZ 26:05; o), =26, 5 0P (ED). ®)

[poBenem cremyrolIyo MOIOOHYO ONEPALHIO ¢ 0000IICHHBIMI BHYTPEHHUMH YCHJIMSIMA 1 MOMEHTaMH:
k k k k k k 3 3 3
N()=Ne§)_N¢E))3 M()=Mé) M()Q() é)_ L(o)_ )
311ech COOTBETCTBYIOILME IEMEHTEHI () onpenessiroTcs no GopMyiaM, HarpuMep,
Ng? =bJ, opdz M) =b[ oy)zdz Q3 =b[5 07, dz (10)

XZw
Onpenensist Bapuanuu paboTel BHEIHUX cHl (5), HOTeHLlI/Ia.HbHOI/I sHepruu (6) U NOACTaBILsIs UX B ypaBHeHue (4), monydaem
cucteMy auddepeHIaNbHbIX yPaBHEHUI PaBHOBECHS TPEXCIIONHOIO CTEPXKHS HA YHNPYrOM OCHOBAHHU B YCWIMSX C Y4€TOM
¢busnueckoi HenuHeiHocTH (g = 0):
Ni=-=bP+Ny; H5=Q°=Hy-Q% M5 =-b(q+qr)+Mz, (11)
rue

3
c= Y NP, H =P - NP+ M, 0=,

k=1
=2b¥i G fhkwk)s;")dz; My, =5b ¥iy G b w®el2dz;  Q, =2bGs [, wydz. (12)
OrmnpezenB yIpyrue COCTaBISIOIME BHYTPEHHHX YCHIIMH qepe3 HCKOMBIE TIEpeMELICHUs] U, ¥, W U IOACTAaBMB WX B
ypaBaeHus (11), MOIy4YrM CIIEAYIOLIYIO CHCTEMY HETMHEHHbIX TU(depeHIIaTbHbIX YPAaBHEHHH B IEPEMELICHHX:
A Upex+ A6, xx— A7Woxxx = =P + Pos

AeUyxxt AoW,xx— AzWypex — AsY = Ay (13)
A7Upex+ A3, xxx = AaWosexxx = —q + G-
3nech K03 HULUEeHTHI Ay, Ay, . ..., A7 ONPEASISIIOTCS IO (GOpMyIam:

2
ay = Kihy + Kfhy +2K5c;  ap = c2 [K;h1+1<2+h2+§1<3+c] ;
1 1 2
as = C[Kf’hl(c+—h1) + K hy(c, +—h2) +—K3+C2];
N 1 . 1,0 2
as = Kfthy(c?+chy + = h)+K2h2(c+ch2+ h2)+ Kic?

1 1
as = 2G3¢;  ag = c[K{'hy —KFhyl; a7 = Kfhi(c+ §h1) — KFhy(co + Ehz);
Ki = Kif +36G,  (k=123).(14)
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B ypaBuenuu (13) HennHEHHBIE c1araeMble HMEIOT CIIEIy IO BHA:

1 w 1 w w 1 w
Pa) N:x: hsz_O(H:x_Q ); qa)_ M'xx

By
Hdna  pemenmst  cuctemsl  (13)  mpunmMaeTcs HyJEeBBIE, B /:[anLHeHmeM Ha KaXAOM IIare OHHU
MIpUOTIKEHHBIA METOR — METOJ| YIpYyTHuX pemenuii. s n- BBIYHCIIIIOTCS o pesyabTaTam MIPEABIAYILETO
ro nOpuUOMWKEHWS HETPYAHO IMEpemucatb  CHCTEMBI npubmmwkerns. OTMETHM, YTO TpOLIEAypa IOTyYeHUS
ypaBHenuii (13). Bxomsmue B mpaBble 4acTH BETHMYHMHBI peuieHuss cuCTeMbl ypaBHeHHMH (13) He oTiIM4aeTcs OT
p((dn 1 hgl_l), qgl_l) CIIy’KaT  «JIOMOJIHUTEIIBLHBIMID) 3ajlaud TEOPUH YNpYroctd. B pesynsTare nosyuaem
BHEIHMMH Harpys3kamu. Ha TepBOM Imare Wrepamud OHU MCKOMOC aHAIMTHMECKOC PEIICHHUE B PEKYPPEHTHOM BUJIC

ULt N-TO pubIIKeHns [2]:
YW @) = CVsh(Bx) + ¢V ch(Bx) + 3 [sh(Bx) [ g™ ch(Bx) = ch(Bx) [ g™sh(Bx) dx];
UM @) = yp™ + - [~auls @ - ”)+a7L31(q a5+ L+ cVx+ ¢V (15)

1 1 1
w(x) = — [a; f Y®dx — a, L3 - p0 ) + a, L7 (g — ¢ ) + EalCl(n)x3] + ECfn)xz + Cs(n)x + Cs(n),
2

rae
— (n-1) (n-1) (n-1) (m
97 =S 410 -5 4 (@ - a6
KoncTanTsr HMHTETPUPOBAHUS an),..., an) (30eCh MHIEKC «M» — HOMEp HarpyxeHus). DT yeums
OTPEIEIISIOTCS U3 YCIIOBHH 3aKPETIICHHUSI CTEPIKHSL. (E(zgﬂl?)}ly”f( Bk) k'i\’f( ckJ;oe CTCPXKHs TIOJI€  TIEPCMCINCHAM
IepemenHoe HATrpyKeHHe c yuerom alms), pmi) gy i) nepopmanyu
noBpexaaeMoctu. [IpuBoauM Terneps cxema MOCTPOECHUE e'fcm'k), 59(:"'}(), é(m'k) HaTpsHKEHUH
pemeHus 3amadd Uil JIF000ro  M-T0  IEepPEeMEHHOTO 6(1n.k) §(M.k) 5(m.k) —(m 3)
HarpY)KEHHs  TPEXCJIOHHOro YIPYTOIUIACTHYECKOTO o » Oz

Cunraem, uro cooTHouleHus Komm, cBs3bIBaromye
nedopmanu M mepeMemeHus Ul BEJIMYHH C «4epTony,
Oymyt cmpaBeuuBBL. [ CBS3M  HanpsDKEHUH U
nedopmarun nmpumMeM (U3MYECKUE YPAaBHEHHsST COCTOSHHS

CTEPXKHSI HA YNPYrOM OCHOBAaHHH C YYETOM HaKOIUICHHS
noBpesknaemoctu[ 1].  Tpeamonoxkum, uyro mociae (M-1)
MONYIMKIIA HArpy»KEHHs, HAYHHAsS C MOMEHTAa tp,_q,
MPOUCXOUT MTHOBEHHAs pasrpy3Ka M HOBOE HArPYKCHHE

™ (m) THna (2), y4UThIBAOIIIE TOBPEKIAEMOCTH MaTepHaa :
OCYIIECTBIACTCS YCUIMAMU OOpaTHOro 3Haka p- °, §
§igm,k) _ Zka(m’k) (glim—l,k)‘ Tl(m_l’k))égn'k): 6(‘m,k) — 3Kk§(m’k), (16)
rie
f(m,k) — (1 — @k (él(lm,k)‘ 77(m—1,k)))_ (17)
Ilpu y4ere nospesxnaeMocTy QYHKLIHMHN MIACTUYHOCTH MOKHO IIPE/ICTABUTh B BUJIE
puy P Y p
0 Smk) 200y
: G = Egn ()

WMk = (18)

emm\*  mb | L0
/Im (1_W) , &y >gsm(77)-
31ech MepeMeHHBIN MPeAeN TEKYyYeCTH:
EQNm) = al (1 ® (360 BYa|1-0501 12 1= @ =@y e qg
m (M) = a" " (1+ ay)eg” + (3Gyx) SA+ada 172 [1= (1 - @) . (19

®ynkmus nospexaaemoctu ) onpeensercs u3 KuneTHueckoro ypapHenus [1]:

Q) FamRN®
?TT:” = fOrR (M0, 00y fom = 4 (g—ynln))ﬁ‘ (20)
npu ycaosunn(0) = 0, n(Ay) =1, tme Ay— umcio kak B (7) - (9).
MOMYLMKIOB [0 HACTYIUICHWSI MPEICIBHOrO COCTOSHHMS Vopyrue («e») ¥ Heympyrue («m») COCTaBISIOLIHE
(paspy1ueHns). BHYTPEHHHX YCHJIHI BBIUHCIIOTCSI aHATIOTMYHBIM 00pa3oM
Ucnons3yst ¢usnueckue cootHomenus (17), 3xmech no ¢popmynam tuna (12). Hanpumep,

TaK)K€ KOMIIOHEHTBHl HANPSKEHUH M BHYTPEHHUX YCHIHN
O/IPA3/IeJIIM Ha JIMHEHHbIE ¥ HeTMHEeHHBIE COCTABIIIOLIHE,

NI = =bf, 6z, . M(mk)—bf ) 7dz, (21)

B atom ciyuae, COOTBeTCTByIOLLII/Ie WUTEpPALMOHHBIE YPABHEHUS paBHOB6CH5[ cTepkHA B nepeMerieHusx (13) Ha N-m mare s
BEJIMYMH C YEPTOH IPU M-M HOIYLHUKIIE UMEIOT CIIEIYFOLIMH BUJL:

Ayt ™+ agi = ar Wi = —p™ + 5" Y
a6u,§;': Mt W,y ) _ aswrgclxn)_ asp™m = hgn'n 1);
art 0+ a0 = a0 = —g )+ g, (22)
Benuuuss p ((Um n- 1)‘ hg" "—1)‘ C_I,E)m n— 1)’ HCTIONIb3YeTCsl MOAU(PHUKAIIMU METO/[a «YTIIPYTHUX PEIICHUIA.

Jns pemieHuss KpaeBbIX 3a7ad HEoOXOQUMO 100aBHTh
rpanuuHble ycnoBus. Hanpumep, B ciyuae xkEcTKOH
3a7eIKH 000MX TOPCOB CTEP)KHS JOJDKHBI BBITIOJNHATCS
TPaHUYHBIE YCIIOBHS:

COOTBETCTBYIOIINE HEYNPYTUM COCTaBIAIOIIMM B (22) Ha
MepBOM Ilare TpHU He Y4E€Te IMOBPEKIAEMOCTH CUUTAEM
W3BECTHBIMH, B CIEIYIOIIEM Ilare BBIYUCISAIOTCA IO
pesyabrartaMm TPEIbIIyLIero NPHOIIKEHUS, T.C.

x=0, L wmm=gmn = hmn = -’gcm'm =0. (23)

ENGINEER



OTMeTI/IM, 4YTO HCKOMBIC PCHICHHS 3aJla4M Ha M-M HArpy>kCHHH C Y4YCTOM HpI/IBeL[éHHI)IX COOTHOIIICHUI OIPEACIATOTCS

CIIEIYOIM 00pa3oM:
(m,k)

(m,k) — ,® N m (mk) .

Ox (X, Z) =0x — Zm:Z(_l) Ox (x, Z)' Ex

I7ie BEJIMYMHBI C OJHUM INTPUXOM — HAIPSDKCHUS H
nedopmanyu B TPEXCIOWHOM CTEp)KHE NPH OJHOKPaTHOM
HarpyXeHHH.

Takum o0Opa3oM, KpaeBas 3amada Ui BEJIMYHH C
«4epToi» ¢ TOYHOCTHIO 10 00O3HAYEeHWH COBIAmaeT C
KpaeBoH 3a1auell ynpyromiactuyeckoro pacuera. Ilosromy
B HEKOTOPBIX ClIydasX MOXHO OyZeT IOCTpPOHTh
PEKyppPEHTHBIE YHCIEHHO — aHAJIUTHYECKUe permenus [3, 5].

IIpumeps! pacdera. B xauectBe nmpumepa npusenem
pe3ysbTaTel  pacdera J1eOpMHPOBAHHS  TPEXCIOHHBIX
cTepaKHEN npu 3HAKOIIEPEMEHHOM Harpy>kKCHUH.
TpexcnoiiHblii cTepKeHb BBIIONIHEH U3 MaTepuainoB D16T —

0,09- S
wi a
2

0.%._ 3 4.-1

P/’ 3
0,03 -

0.6 08 x |10

a) Op - .
003
0, = \\‘ -
‘\N
| 2

208 o ]

(x,2) =

0)

e~ hoo(-D" M (x2), (25)

¢ropormracra — D16T ¢ TtommmHO# cnoes: iy = hy =
0.03, c=0.09. Ha puc.2 mOKa3zaHO H3MECHEHHE
nporuba w™ (x) u Y™ (x) TpexciuoiiHoro crepxHs
(KOHCONIPHOE ~ 3aKpeIUICHHE) IPH  3HAKOIICPEMECHHOM
Harpy>KEHUU: 1 —  ympyrumid  pacwer, 2 @ —

ynpyromiactTudeckuii; 3* — ynpyromnacrudeckuii Ha 10-m
HNONynuKie. 37ech KPHBBIE C  OIHUM  IITPUXOM
COOTBETCTBYIOT HAIPYKEHHIO M3 €CTECTBEHHOTO COCTOSTHHS,
C IByMsI 03HAa4yalOT — TIOBTOPHBIN M3rHU0 3HAKOIEPEMEHHO
Harpy3koii (q = 2.5MI1a).

0,15 p - .
W12 2____|

o —A 2N
WIVAREEN

EI,DEI:I — 4 \\\ |
. 02 |04 |06 08 X 10
£ 1
ase-\ ;,f |
MANIP~Z 7%

0,12 \,‘:'j_:ff J

0,15

Puc. 2. Mzmenenne nporunéa w(™ (a) m capura Y™ (6) Tpexc10iiHOTO cTepsKHS

OTMeTuM, 4YTO y4eT HEIMHEHHOCTH B JaHHOM 3anaue
MPUBOJUT K YBEIMYEHUIO MAKCHMAJIbHBIX HApPSXKEHUH BO
BHEIIHUX cloaX Ha 4-5%, B 3amonuurene Ha 12-14%. B
pabore [3] oTMeuyeHO, YTO pe3yJbTaThl pacuera
CYLIECTBEHHO 3aBUCSAT OT 3HAUCHUSI KOG HULUCHTA OCTENTN
ko (ko =1,10%,10° MITa/m).

B kauecTBe BTOPOro npuMepa npoBOAATCS Pe3yJIbTaThl
pacuera  TPEXCIOWHOIO  CTEPXKHA CO  CKUMAEMbIM
3aII0JIHUTEJIEM B TEMIIEpaTypHOM Iose. Martepuaisl cloeB
TaKxKe J16T-¢proporutact-16T. HuTeHncuBHOCTH
MOBEPXHOCTHOM Harpysku qo = -10 MIla. OtHocurenbHas
TonmumeEa cioes h1 = 0,04, h = 0,02, hs = 0,18.
TemmepaTypHbIi pe)KUM OPUMEHSETCS] TAKHM, KaK B paboTe

] 0,2 0,4 0.6 0,8 X 1,0
Wy
_.9’
-0,002
e

e S L s

et

-0,004 2 e

3

-0,006

[2]. HAns yuera BIMAHUS TeMIepaTypbl Ha yIpyrue
XapaKTEePUCTHKH MaTepHalia HECYIIUX CIOEB NPHUHUMANach
¢dopmyna bemnma, 114 3amonHMTENs - TeMIeparypHas
cocrasisitomas u3 [2].

Ha Puc. 3. a) u 6) noka3aHo BIUSHHE TEMIIEPATYpPbl H
(u3nyecKoll HETMHEIHOCTH MaTepUaloB: Ha MPOrHObI — a)
U TIpOJIOJIbHBIE IlepeMelieHus — O0) B IEpBOM  CIIOE.
Hymepaunss  xpuBbix:  l-ympyruit  crepxenp,  2-
TepMOYHNpYyruif;  3-TepMOYIpyromiacTUyeckud.  31ech
YBEJINYEHHE NPOJOJbHBIX NEPEMEIICHIH He3HAUUTEIbHO, Y
nporuboB OHO COCTaBISET B KOHEYHOM wurore 53 % mo

CPaBHEHMIO C YIIPYTHM.

|

Puc. 3. U3meHenne nporudéa w4 (a) M Npo0JIbHOr0 nepeMenienusi U (0) TpexcJI0HHOIO CTepsKHS

OrtHocutensHast  gedopManusi  3amoOJHUTENST €22
H3MEHSET CBOIO (OopMy, a HMEHHO KpoMme oOKaTHs

TIOABJIAIOTCA 30HBI pacTAXKEHUA BOIM3U onop B

-2

(1] 0,2 0,4 0,6 0.8 X 1,0

3aMOJIHATENIE, TJA€ H  JOCTHralTCd  MaKCHMajbHbIE
3HAYCHUS.
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3. 3akaouyeHue

Ha ocHOBe BapuanuoHHOro npuHUMNa Jlarpamka
copMyIpOBaHa IOCTAHOBKA 3a1a4t, IPUBE/ICHEI CUCTEMA
b hepeHIaTbHBIX ypaBHEHU paBHOBeCHsI B
HEepeMEICHIAX ~ TPEXCIOUHOTO  yHPYroIUIaCTUYECKOro
CTEpIKHS IIPU OTHOKPATHOM U IIEPEMEHHOM HATrPyKEHUH C
y4eToM IOBPEXIAeMOCTH. IIpoaHann3upoBaHAa KHUHETHKA
HaIpPsHKCHHO-1e(hOPMUPOBAHHOT O COCTOSTHHUS
TPeXCJIONHOTO  CTepXKHI  Npd  3HAKONEPEMEHHOM
HArPYyXKEHUH C YYeTOM LMKIMYECKUX XapaKTepUCTUK
MaTepHaioB ¥ TeMIepaTypHoro Imois. IlokazaHo, 4TO
HCTIONb30BaHME OOOOIIEHHOr0 NpHHIOMNA MasuHra mpu
pacyere TPEXCIOWHBIX CTepiKHEHl MO3BOJISET IIONY4UTh
pelleHre 3alaud I JI000ro MHTEPECyIOIIero LKA
HarpyXeHHUH.
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Mathematical modeling using software to determine the stability of railway
track slopes in sandy soils

Sh.A. Tadjibayev!®?
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: This article is devoted to the application of mathematical modeling methods in the construction industry.
The paper discusses the basic principles and approaches to using mathematical models to optimize
processes, predict risks, and improve the quality of construction projects. The article also discusses the
advantages and limitations of using mathematical models in construction. Special attention is paid to the
prospects for the development of mathematical modeling in construction, the development of
optimization methods, the use of 3D modeling and virtual reality, as well as the development of new data
analysis methods. This article also presents the results of studies conducted using Plaxis 2D and Geo-5
models, which showed that reinforced concrete sheets in soils cannot be assembled from geosynthetic
materials. This article is of interest to specialists in the field of construction, design and project
management, as well as to students and teachers of relevant specialties.

railway roadbed, mathematical modeling, software, designing, coefficient of stability =~ geosynthetic
materials, sandy soil , technology, fortifications
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Qumli gruntlarda temir yo‘l yer polotnosi ko‘tarma qiyaliklari
ustuvorligini ta’minlash uchun dasturiy ta’minotlarlardan foydalangan holda
matematik modellashtirish

Tadjibayev Sh.A.1®?2
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Ushbu maqola temir yo‘l qurilish sohasida matematik modellashtirish usullarini qo'llashga
bag'ishlangan. Ish jarayonlarni optimallashtirish, xavflarni bashorat gilish va qurilish loyihalari sifatini
yaxshilash uchun matematik modellardan foydalanishning asosiy tamayillari va yondashuvlarni talab
etadi . Magolada qurilishda matematik modellardan foydalanishning afzalliklari va cheklovlari ham
muhokama qilingan. Qurilishda matematik modellashtirishni rivojlantirish, optimallashtirish usullarini
ishlab chiqish, 3D modellashtirish va virtual modellarni hagigiy ishlab chigarishda qo'llash, shuningdek,
ma'lumotlarni tahlil gilishning yangi usullarini ishlab chigish istigbollariga alohida e'tibor garatilmoqda.
Shuningdek ushbu magolada Plaxis 2D va Geo-5 dasturiy ta’minotlaridan foydalangan holda qumli
grunlarda temir yo‘l yer polotnosi ko‘tarma qiyaligining geosintetik materiallar bilan
mustahkamlanmagan hamda mustahkamlangan holda ustuvorlik koeffitsienti hisobiy natijalari
keltirilgan. Ushbu magqola qurilish, loyihalash va loyihalarni boshgarish sohasidagi mutaxassislar,
shuningdek tegishli mutaxassisliklar talabalari va professor - o'gituvchilari uchun gizigish uyg'otadi.

Kalit so‘zlar: temir yo‘l yer polotnosi, matematik modellashtirish,loyihalash, dasturiy ta’minot, ustuvorlik koeffitsienti
geosintetik materiallar,giyalik, qumli grunt, texnologiya, mustahkamlik
1. Kirish ekspluatatsion ishonchliligi nugtai nazaridan axamiyatli

hisoblanadi. Geosintetik materiallarni qo‘llashning jaxon
tajribasi shuni ko‘rsatadiki, ushbu materiallar boshga
qurilish konstruksiyalariga nisbatan qo‘llanilish soxasi,
tejamkorlik va ekologik jixatdan birmuncha afzalroq

Temir yo‘llar yer polotnosi giyaliklari shamol va suv
ta’sirida eng ko‘p zarar ko‘ruvchi elementlardan biri
xisoblanadi. Barcha toifadagi yo‘llar ekspluatatsion
ishonchliligini va uzoq vaqtga chidamliligini oshirish sanaladi.[2,5]
usullarining umumiy strukturasida birinchi navbatda yer Yer polotnosi gruntlarini kuchaytirishni loyihalashda
polotnosi qiyaliklari ustuvorligini ta’minlashga e’tibor zarur mustaxkamlanadigan gismini  baholash, grunt
garatish kerak [1,2,5]. massiviinig kuchlanganlik — deformatsiyalangan holatini

Temir yo‘l infratuzilma ob’ektlaridan ishonchli (KDH) hisobga olgan holda uning joylashuvini aniglash
foydalanishni ta’minlab beruvchi tadbirlar kapital ta’mirlash zarur boladi [3,4]. Shu bilan birga yer polotnosi ko‘tarma

yoki yangi qurilishda amalga oshirilishi mumkin. Murakkab
muhandislik-geologik sharoitlarda mayda qumlardan barpo
etilgan er polotnosi  konstruksiyalarida  geotekstil
materiallarni  qo‘llash  resurslarni  tejashdan  ko‘ra
konstruksiyaning ishlash  qobiliyati va  transport-

a2 https://orcid.org/0000-0001-9748-2568

turini tanlash, baholash va ustuvorligini ta’minlash dolzarb
hisoblanadi, bu esa majmuaviy yondashuvni talab etadi
[2,4,5].

Ko‘tarma ustuvorligini hisoblash chegaraviy holatlarnig
birinchi guruhiga kiradi. Shuning uchun ustuvorlik ko‘tarma
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gruntlarining zo‘rigish-deformatsion holati va
mustahkamligi bilan aniglanadi. Grunt massivining hajmiy
holati mustahkamlik va fizik-mexanik xususiyatlar —
deformatsiya moduli, solishtirma og‘irlik va ichki
ishgalanish burchagi bilan tavsiflanadi [6,7,8].

2. Tadgiqot metodikasi

Xar ganday konstruksiyaning ishonchliligini aniglashda
birinchi navbatda nazariy jixatdan matematik hisob —
kitoblar asos qilib olinadi.

Shu jumladan yer polotnosi ko‘tarma qiyaligi
ustuvorligini ta’minlashning asosiy talablardan biri xar
ganday qurilish sharoitida ustuvorlik koeffitsienti xar doim
K> 1,2 bo‘lishi kerak.

Ushbu talablarning ta’minlanganligini aniglash uchun
professor G.M. Shaxunyans tomonidan ishlab chigilgan [9].

K= YMyg _ 2h(ci L +6N+Tiyq)

NMsq 2 Tica @)

formula asos qilib olingan holda bugungi kunda qurilish
loyiha tashkilotlarida keng qo‘llanilib kelayotgan Plaxis 2D
va Geo 5 dasturiy ta’minotlari yordamida ko‘tarma
giyaligining  ustuvorlik koeffitsienti hisoblab topildi.
[10,11,12].

Plaxis 2D va «GEO 5» dasturiy ta’minoti yordamida
hisob—kitoblar uchun zarur bo‘lgan grunt xususiyatlari
“BOSHTRANSLOYIHA” AJ [13] tomonidan “Dungulyuk-
Burgutli-Misken mavjud temir yo‘l uchastkasini
Sho‘rbuloq suv omborining sel zonasidan olib chiqish”

ob’ekti  uchun tayyorlangan  muhandislik-geologik
hisobotlaridan olingan.
Birinchi usul “Plaxis 2D” dasturly ta’minoti

yordamida ko‘tarma qiyaligi ustuvorlik koeffitsienti
mustahkamlanmagan va geosintetik materiallar (geotekstil
va hajmli geopanjara) bilan mustahkamlash orqali
aniglangan.

“Plaxis 2D” dasturiy ta’'minoti bilan ko‘tarma qiyaliklari
ustuvorlik koeffitsientini hisoblash modeli 1 — rasmda
keltirilgan.

1 — rasm. Mustahkamlanmagan ko‘tarma qiyaliklarini ustuvorlik koeffitsientini hisoblash modeli

“Plaxis 2D” dasturiy ta’minoti yordamida ko‘tarma qiyaliklarini geosintetik materiallar bilan mustahkamlash orqali ustuvorlik

koeffitsientini hisoblash modeli 2 — rasmda keltirilgan.

2 —rasm. Geosintetik materiallar bilan mustahkamlangan ko‘tarma qiyaligi ustuvorlik koeffitsientini hisoblash modeli

“Plaxis 2D” dasturiy ta’minoti yordamida ko‘tarmaning
asosiy maydoniga tashqi kuch ta’sir ettirilib, vaqt birligi
ichida kuchning ko‘chish natijasi grafigi 3 — rasmda
keltirilgan. Unga ko‘ra tashqi kuch ta’sirida ko‘tarma

giyaligi geosintetiik materiallar bilan mustahkamlanmagan
holatda ko‘chishning qiymati U=7.241-10" m teng ekanligi
aniklandi.
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Output Version 20.2.0.83

0,00 5,00

1000 1500 2000 2500 30,00

35,00

Total displacements |u| (scaled up 200 times)
Maximum value = 7,241*10-3 m (Element 36 at Node 4)

4000 4500 5000 5500 60,00 6500 70,00

N

3 —rasm. Ko‘tarma qiyaligi geosintetiik materiallar bilan mustahkamlanmagan holda
vaqt birligi ichida kuchning ko‘chish giymati.U=7,241+10"° m.

“Plaxis 2D” dasturiy ta’minoti yordamida ko‘tarmaning
giyaliklari geosintetiik materiallar bilan mustahkamlangan
holatda yer polotnosining asosiy maydoniga tashgi kuch
ta’sir ettirilib, vaqt birligi ichida kuchning ko‘chish grafigi
natijasi 4 — rasmda keltirilgan. Unga ko‘ra tashqi kuch
ta’sirida ko‘tarma qiyaligi geosintetiik materiallar bilan
mustahkamlanganda ~ kuchning  ko‘chish qiymati
U=1.665-10" m teng ekanligi aniklandi.

Output Version 20.20.83
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T
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8

Yuqoridagi grafiklarga asoslangan holda ko‘tarma
giyaligi geosintetik materiallar bilan mustahkamlanganda

poyezdan tushadigan tashqi kuch ta’sirida tebranma
harakatning vaqt birligi ichida ko‘chishi, geosintetik
materiallar ~ bilan  mustahkamlanmagan  ko‘tarmada
ko‘chishga nisbatan kamayishi aniqlandi. Ko‘tarma

giyaliklari mustahkamlanmagan va geosintetik materiallar
bilan mustahkamlangan holda ustuvorlik koeffitsientining
hisoblash natijalari 5 — rasmda Kkeltirilgan.

Total displacements |u] (scaled up 1,00*103 times)

Maximum value = 1,665*10-3 m (Element 36 at Node 2)

4 —rasm. Qiyaliklarni geosintetik materillar mustahkamlash bilan vaqt birligi ichida kuchning ko‘chish natijalari.
U=1,665+10°m,

Quiput Varsion 20.2.0.83

A\ Chart 2
v + Curvel

5 —rasm. Ko‘tarma qiyaliklari ustuvorlik koeffitsientini “Plaxis 2D” dasturiy ta’minoti bilan hisoblash natijalari
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Hisob — kitoblar tahlili shuni ko‘rsatadiki “Plaxis 2D”
dasturiy ta’minoti yordamida ko‘tarma giyaliklari ustuvorlik
koeffitsienti mustahkamlanmagan holda K=1,16, geosintetik
material bilan mustahkamlangan holda K=1,28 ni tashkil
etdi.

Ikkinchi usul — “Geo 5” dasturiy ta’minoti yordamida
ko‘tarma qiyaligi koeffitsienti

mustahkamlanmagan va geosintetik materiallar (geotekstil
va xajmli geopanjara) bilan mustahkamlash orgali
aniglangan.

“Geo 5” dasturiy ta’minoti yordamida
mustahkamlanmagan  ko‘tarma  qiyaliklari  ustuvorlik
koeffitsientini hisoblash modeli va natijalari 6 — rasmda
keltirilgan.

i

¥ et

F omen s

Mgy

6 — rasm. Mustahkamlanmagan ko‘tarma qiyaliklari ustuvorlik koeffitsientini hisoblash modeli va natijalari
“Geo 5” dasturiy ta’minoti yordamida geosintetik materiallar bilan mustahkamlangan ko‘tarma qiyaliklari ustuvorlik

s x

D e S

g 4

By g

7 —rasm. Geosintetik materiallar bilan mustahkamlangan ko‘tarma qiyaliklari ustuvorlik koeffitsientini hisoblash modeli
va natijalari

Geo 5” dasturiy ta’minoti yordamida bajarilgan hisob —
kitoblar  tahlili shuni ko‘rsatdiki, mustahkamlanmagan
mustahkamlanmagan  ko‘tarma  qiyaliklari  ustuvorlik

koeffitsienti (6- rasm) K=1,13 ni, geosintetik material bilan
mustahkamlangan holda (7 — rasm) K=1,28 ni tashkil etdi.

1,35
% 13 1,28

-
=

1,25

In
o

Ustuvorlik koeffitsiyen
oD
[ o

=
o
(3]

=

Plaxis 2D

® Mustahkamlanmagan

= Mustahkamlangan

1,29

GEO-5

8 — rasm. «Plaxis 2D» va “Geo 5” dasturiy ta’minotlari yordamida ko‘tarma qiyaliklari ustuvorlik
koeffitsientini hisoblash natijalari diagrammasi
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«Plaxis 2D» va “Geo 5” dasturiy ta’'minotlari yordamida
ko‘tarma qiyaliklari ustuvorlik koeffitsientini hisoblash
natijalari diagramma ko ‘rinishida 8 — rasmda keltirilgan.

3. Xulosa

1. Yer polotosi ko‘tarmasi qiyaliklariga geosintetik
materiallarni yotgizgan holda ko‘tarma konstruksiyasi
hisobi natijalari barxan qumlaridan barpo etilgan ko‘tarma
giyaliklari mustahkamlash va uning ustuvorligini oshirish
uchun geosintetik materiallarni qo‘llash samaradorli deb
hulosa gilishga imkon beradi.

2. “Plaxis 2D” va “GEO 5” dasturiy ta’minotlari
yordamida mustahkamlanmagan va geosintetik material
bilan mustahkamlangan ko‘tarma qiyaligi ustuvorlik
koeffitsienti aniglandi.

3. “Plaxis 2D” dasturiy ta’minoti yordamida ustuvorlik
koeffitsientini hisoblash natijalari bo‘yicha ko‘tarma
giyaliklari mustahkamlanmaganda K=1,16 ni tashkil gildi,
mustahkamlanganda esa me’yoriy qiymatlar K=1,29 ga
oshdi, “GEO 5” dasturiy ta’minoti yordamida mos ravishda
K=1,13 va K=1,28 ni tashkil etdi.

4. “Plaxis 2D” dasturiy ta’'minoti yordamida ko‘tarma
giyaligi geosintetik materiallar bilan mustahkamlanganda
poezdan tushadigan tashqi kuch ta’sirida tebranma
harakatning vaqt birligi ichida ko‘chishi, geosintetik
materiallar ~ bilan  mustahkamlanmagan  ko‘tarmada
ko‘chishga nisbatan kamayishi aniqlandi.
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Wear-resistant elastic composite materials working in difficult conditions
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This article presents the results of the study of the possibility of using cisilgium (GLEJ) of Angren deposit
as a mineral filler in the production of elastomeric compositions. At the same time its physical and
chemical properties and structural features, as well as methods of enrichment are studied. When studying
the process of mixing rubbers with purified GLEJ, it is established increased rubbing and absorption in
the matrix in comparison with the initial ones, which are characterized by lower values of the amplitude
of torque oscillations. The studies have established that the introduction of GLEJ into the elastomeric
composition increases the values of conditional stress at 100-300% elongation and tensile strength,
compared to rubber containing commercially used fillers, as well as significantly increases the resistance
of rubbers to tearing and wear. This is particularly pronounced at a content of 40-60 wt. hr. GLEJ per
100 wt.h. of rubber, i.e. tear resistance increases from 40.6 to 76.4 kN/m and wear from 0.4 to 0.86. As
a result, the technology of cleaning of GLEJ from metal oxides is proposed. Sufficiently high degree of
cleaning by the specified method is connected with the fact that in the process of temperature influence
at 950 K iron ions from paramagnetic state (d-form of Fe203) pass to ferromagnetic (g-form of Fe304).
The feasibility and prospects of its use in the formulations of rubber mixtures for the production of
various types of rubber products working in difficult conditions of railroad tracks, as well as in
mechanical engineering.

Wear resistance, elasticity, composition, metal oxides, elastomer, strength, ductility, tear, ferromagnet,
paramagnet, rubber products, filler, hardness

N3HococTolKMe 3JIACTHYHBIE KOMIIO3UIIHOHHbIE MATEPHUAJIBLI padoTainue B

CJIOKHBIX YCJI0BUAX

Camanpapos X.0.122 Ho6amyanaes A.10° Banaes M.JI.2C¢, Tema6aesa J.Y. 0¢
TamkenTckuil rocyIapcTBEHHBINM TPAHCIOPTHBIHA YHUBEpCUTET, TalkeHT, Y36eKucTan

AHHOTAIWMA:

Kinrouessie cioBa:

2TamkeHTCKUI YHUBEPCUTET IPUKIAAHBIX HayK, Tamkent, Y36ekucTan

B nanHO# cTaThe NpHUBEICHBI Pe3yJIBTaThl HCCIIEJOBAHUH BO3MOXHOCTH npuMeHenue kuzunrust (IJIEX)
AHIPEHCKOro MECTOPOXKICHHUS B KAUECTBE MUHEPAILHOI0 HATIOJIHUTEIIS B IPOU3BOJICTBE AACTOMEPHBIX
KoMno3uusax. [Ipy 3ToM U3ydeHs! ero GU3MKO-XMMHYECKUE CBONCTBA U CTPYKTYPHbIE OCOOCHHOCTH, &
TaKke Meronpl oboramenue. [Ipu n3ydeHun mpouecca CMeIIeHUs KaydykoB ¢ ounineHHbIM [JIEXK,
YCTAHOBJICHO IOBBIILIEHHAsI BTUPAEMOCTh M IOIJIOLIEHHE B MATPHULC [0 CPABHEHUIO C HMCXOJIHBIMH,
KOTOpBIE XapakTepPU3YIOTCS MEHBLIMMH 3HAYCHUSMH aMIUINTY[bl KOJEOaHWH KPYTAILEro MOMEHTA.
HUccnenoBanusimu ycranoieHo, uro BBeaeHue [JIEXX B snmacToMepHyr0 KOMIIO3ULMIO IOBBILIAET
3HaueHus1 ycioBHOro Hampspkenust npu 100-300%-HoM yIMHEHHH U TIPOYHOCTH MPU PACTSDKCHUH, IO
CPaBHEHMIO C PE3MHOM, coeprKallled CepuilHO NpHMEHseMble HAIOJHHUTENH, a TaKKe 3HAYUTEeJIbHO
IOBBIILIAET CONPOTUBIECHUE PE3UH K pa3aupy M H3HOCY. OTO OCOOCHHO SIPKO IPOSBISAETCS HPH
conepxanun 40-60 mac.u. ['JIEX na 100 mac.u. kay4yKoB, T.€. COIPOTHUBICHUE K PAa3UPY MOBBIIIAETCS
ot 40,6 o 76,4 kH/m a uzHoc ot 0,4 no 0,86. B pesynbrare npemaioxkena Texuosorus ounctku [ JIEX
OT OKCHJIOB METaJIOB. JOCTaTOYHO BBICOKAS CTENEHb OYMCTKH YKa3aHHBIM CIIOCOOOM CBsI3aHA C TEM, YTO
B IIpoIiecce TeMIepaTypHoro Bo3aeiictus npu 950 K noHsI jxenesa u3 napaMarHUTHOTO COCTOSTHUSA (A1-
¢opmer  Fe203) mnepexomit B deppomarautHyo (r-¢popmy Fe304). IlenecoobpazHocts u
MEPCHIEKTUBHOCTD MCIIONB30BAHUS €r0 B PELENTYPaX PE3MHOBBIX CMECEH Il IIPOU3BO/ICTBA Pa3IM4HbIX
THUIIOB PE3MHOTEXHUUECKUX M3/ICNINH pabOTAIONIMX B CIOXKHBIX YCIOBHAX XKEJIC3HOAOPOXKHBIX IyTeil, a
TaK)Ke B MAIIMHOCTPOCHHE.

VI3HOCOCTOHKOCTb, ~3JIACTHYHOCTb, KOMIIO3MIMS, OKCHABI METAUIOB, 3JacTOMEp, IIPOYHOCTH,
IUIACTMYHOCTb, pa3aup, (eppoMarHuT, napaMarHuT, PE3MHOTEXHHYECKUE H3JENUs, HAIOJIHUTEINb,
TBEPJIOCTH

1. BBeneHne OfHUM U3 TPUOPHTETHBIX HAIPABICHUH B Pa3BUTUHU

HAay4YHO-TEXHHYECKOr0 Iporpecca B  MAalIMHOCTPOCHHE
SBJIIETCSA CO3JIaHHE MMIIOPTO3aMEILAIOIUX MATEepHAIOB U

a {2 https://orcid.org/0009-0001-1147-0281 ¢ https://orcid.org/0000-0003-2488-3744

b (& https://orcid.org/0000-0002-8089-2592 d & https://orcid.org/0009-0002-0831-2749
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9KCTIOPT OPHEHTHPOBAHHON TEXHOJIOTUH C PAIIMOHAIBHBIM 1
3 QEeKTUBHBIM HCHOJNB30BAaHHEM CBIPBEEBBIX PECYpPCOB
V3bekucrana [1-4]. B pelueHud IMOCTABJIEHHBIX 3aiad
3HAQUUTENBHAS ~ PONb  OTBOAWTCS  KOMIIO3MIIOHHBIM
MaTtepuasaM, 001aJaroIIM BEICOKOH POYHOCTHIO0, MO0
YOPYTOCTH, TBEPAOCTBIO, H3HOCOCTOHKOCTBIO, TEILIO-
MOPO30CTOMKOCTBIO U IIENOTO Psifia APYTHX IPAaKTHYECKH
BaXHBIX  CcBoiictB.  bBnaromaps  ¢yHIaMeHTaIbHBIM
HCCIICIOBAHMAM psla 3apyOeXHBIX M OTEYECTBEHHBIX
Y4EHBIX B 00JIACTH XMMHUH ¥ TEXHOJIOTHH KOMITO3UIIHOHHBIX
MaTepuasoB, JOCTUTHYTHl 3HAUUTENBHBIE YCHEXH B
CO3JIaHMHM KOMIIO3MIMOHHBIX MAaTepHaloB, HAa OCHOBE
T'HOKO->KECTKOIEITHBIX ITOJUMEPOB, IIUPOKUM CIIEKTPOM
CBOWCTB. MeX/y TeM, HCCIEOBaHuUsI B O0JACTH CO3/IaHMS
(U3MKO-XMMHIECKUX OCHOB  TEXHOJIOTHH  IOJYyYEeHUS
9JIACTOMEPHBIX ~ KOMIO3WIMOHHBIX ~ MaTepHayioB, C
HCTIONB30BAaHMEM PA3NIMYHOM 10 TIPHpPOAE M CTPYKTYpe
WHTPEIUCHTOB, Jaleko He oOocHOoBaHbI [5-8]. Jlns storo
TpeOyeT NPUHIUITNAIBHO HOBOTO IOJXO0JAa K CO3JaHHIO
BBICOKOKAYEeCTBEHHBIX HHTPEJUCHTOB, Ha 0a3e CHIPHEBBIX
pecypcoB, pacrionaraeMelx PecmyOmmko#, ¢ ydeTrom
cnemuduK UX CTPYKTYpHl M cBoMcTB. C pacmmpeHueM
MAaIIMHOCTPOCHUE u HKEJTe3HOTOPOKHBIX y3II0B
3HAQUMTENFHO  BO3pacTaeT poOJb  PE3MHOTEXHHYECKUX
M3IENMH  Pa3IMYHOTO  Ha3HaueHHe, CIIOCOOHBIX K
9KCIUTyaTallk B KAPKUX KJIMMAaTHYECKUX  YCIIOBHSX
Cpenneit Asum. [lnst penieHust mpoOieM, CBS3aHHBIX C
NaJbHEHIINM pa3BUTHEM NPOM3BOACTBA 3JIaCTOMEPHBIX

KOMITO3UIIMOHHBIX MaTepHaoB u co3/aHus
KOHKYPEHTOCIIOCOOHBIX ~ M3IEJUH,  TIpekae  BCero,
HeoOXxoauMo pa3paboraTe HOBble Oonee 3((eKTHBHBEIE
TEXHOJIOTHU HPOU3BOJCTBA c PAaLMOHATBEHBIM

UCIIONIB30BAHMEM JOCTYIHBIX M  BBICOKOKAUECTBEHHBIX
CBHIPBEBBIX MaTEpHAJIOB C 3aJAHHBIMH TPEOOBaHMAMH Ha
OCHOBE MECTHBIX CBIPbEBBIX pecypcoB [9-10]. Pazpaborka
3¢ PEKTUBHBIX 3TACTUYHBIX KOMIIO3HIIMOHHBIX MaTePUaIOB
U OCBOCHHE HOBBIX TEXHOJIOTUYECKHX IPOLIECCOB C LIEIBIO

CO3IaHNU pecypcocoOeperaronmx TEXHOJIOIHit
MIPOU3BOJICTBA PE3MHOTEXHUYECKUX u3zenuit
MAalIHHOCTPOUTEIBHOTO  HA3HAUYCHHUS, HPECTaBIseT

HECOMHEHHO OOJIBIION HAay4YHO-TIPAKTHYECKUIT HHTEpeC.

Ha ocHoBe BBIIEH3I0KEHHOIO B JAHHOM CTaThe
NPUBOJIATCS PE3YJIbTaThl HCCIENOBAaHUH 10 pa3paboTke
HM3HOCOCTOMKHX PE3UHOTEXHUYECKUX 156)1 (S017171
MAalIHHOCTPOUTEIBHOTO M XKEJIC3HOAOPOKHOTO Ha3HAYCHUS
Ha OCHOBE MECTHBIX ChIPbEBBIX PECYPCOB.

2. MeTo10/10TrMsl HCCJICI0BAHUSA

HccenenoBanu KOMIIO3MLMM Ha OCHOBE KOMOWHALUK
Kay4dyKOB CKHU-3(15%)+CKH-26(15%)+CKC-30APK
(70%) Hccnenmyemble pe3MHOBBIE CMECH  COMAEPXKAIH
Hanonautenu 10 mo 60 mac. u. Ha 100 mac. 4. Kayuyka.
CmMecH U3roTaBiIMBaIM Ha J1a00pPaTOPHBIX BANIbLIAX, @ TAKKE
B CMECHUTENBbHOW KaMepe IuacTukopzepa bpabennep Tuma
PIY-151 o6bemoM 75 cM® mpu 4acTOTe BpalLIEHUs POTOPOB
30 mun-1 u HayanmpHOM Temmeparype kamepbl 343+3K.
CreneHb 00BEMHOr0 3aM0JIHEHHS KaMepbl cocTasiisiia 77%.
HanonuuTenu BBOAWIM B KaMepy IOCIe MpeaBapUTEIbHOM
IUTACTUKALMK Kaydyka B TedeHHe 3 MuH. [lo moiydeHHbIM
3aBHCHUMOCTSIM KpPYTSILIEro MOMeHTa Myp OT BpEeMEHH H3
IUIACTOTPaMMBI paccuuThIBaNU ToKa3arelb
obpabarpiBaemocti  (A). CTemeHb IUIACTHKAIMUA CMECH
Muaxe/Mui, OTHOCHTEJIBHOE BO3PACTaHHE MAKCHMAaIbHOTO
KPYTAILIEro MOMEHTa INpPU BBEICHHM HAMONHUTENS Mom,

YCIOBHYIO CKOPOCTH IUTACTHKAIIMU Vi M MaKCHMalbHOE
3HAYCHHE TEMIICPATYPhl B CMECHUTENIBHONH KaMepe Taxc.
InpuiyeMoCTh PE3HHOBBIX CMECEeH H3y4ald C MOMOLIBIO
NPUCTABKH, UCTONB3YyS Qmibepsl d= 3 MM M MyHIITYK
«[apBeit». OOpa3Lbl MIMPULIEBATH IIPU YaCTOTE BpPAIICHHUS
mueka 20-120 mume? wu Ttemneparype 293-363 K.
IInacroanacTuyeckue  CBOWMCTBA  PE3MHOBBIX  cMecel
ompenessiim o ['OCT  1020-95—kectkocth K] 1
anmactryeckoe BoccranoBieHne D) mo Jedo; mo 'OCT
10722-94-ss3k0cth 10 Mym (ML4-373 K). Dwusuko-
MEXaHHYECKHE CBOMCTBAa  BYJKAHH3aTOB  ONPEICISIIN
COOTBETCTBYIOIIUMH FOCTSIMH.

3. Pe3yabTaThl HCCAe10BAHUS

Ha ocHoBe aHanmmM3a MJaHHBIX MHOTOYHCIIEHHBIX
HCCIIENIOBAaHNH W OKCIIEPUMEHTAIBHBIX  Pe3yJIbTaTOB
YCTaHOBJIEHO, YTO OCHOBHBIE (PH3MKO-MEXaHWIECKHe
TOKa3aTe TN KOMITO3UIIMOHHBIX 3JIACTOMEPHBIX MaTepHajioB
MOBHIMIAIOT ~ MUHEpAJIBbHBIE  HamoiHWTeNnw.  llosTromy
HCCIIEIOBAI  BO3MOXKHOCTH ~ TPUMEHEHHE  KH3WITHSL
(IJIEX) AHTpeHCKOro MECTOpOXKISHHMSI B  KadecTBe
MHUHepanbHOro  Hamonuutenms. OpHako  ero  0e3
Npe/BapUTENIBHBIX ~ 00pab0TOK W COOTBETCTBYIOIIUX
XHUMHUYECKUX MOAN(UKALMIA HE MOTYT OBITH UCIIOJIb30BAaHbI
B MIPOU3BO/ICTBE PE3UHOTEXHUIECKHUX M3Aenuil. Tak, kak OH
conepxar 110 5,7 % oxcupa xxenesa 10 30 % Boabl, KOTOpbIE
OTPHIATEIBHO BIMSIOT HA TEXHOJIIOTMYECKHEe W (PHU3HKO-
MEXaHUYECKHEe CBOMCTBA JJIACTOMEPHBIX KOMIIO3UIMH W
m3genuii W3  HHX. A OCHOBHBIM  TpeOOBaHHEM,
NpeNbsSBISEMbBIM K  HAllONHUTENSIM,  SIBISIETCS,  HX
conepxxanne He Oonee 0,3%. Ilocne anekTpoMarHUTHOH
cenapauuy u cymku npu 373-426 K conepxanue okcuaoB
METAJUIOB yMEHbIIAeTcs Julb 10 3,2 %, a KOIMYeCTBO
CBsI3aHHOM BOIBI yMeHblmaercss g0 15 % [11-14]. Hna
HOBBIIIECHUS MarHUTHON BOCIIPUMMYHMBOCTH
CTabOMarHUTHBIX OKCHIOB MeTALIOB (B ocHOBHOM Fe203) u
yraneHust cBs3aHHOW Boipl B coctaBe [JIEXK, Obut
npuMeHeH Meron o3oHupoBaHue (Os). O6padorka IJIEXK
HNPOBOAWJIACH B TEUYCHHUHM DAa3IM4YHOTO BPEMEHH U
TeMIeparypax, 3areéM OCYIIeCTBIIach OYHMCTKA Ha
3JIEKTPOMArHUTHOM CenapaTope.

Tabauna 1
Biusinue BpeMeHH M 030HHOT'0 00PadOTKH Ha CTeNeHb
ounctku I'JIEXK oT okcHI0B MeTAJLI0B

CoziepkaHue OKCHJIOB METAJIIOB, %
Bpe epMO00padoTKH,
S5 E | gp|  Denepnootpmon
85 o & o | MAH
o 2 Bl BEZ2E| 8 &
=23 828 &8
= = B E = \Q
5% T8 | B&E[ 10 [ 30
SE 5 |=¢g| 1 4
57 3,22 800- | 2,25 02 |01 |01
950 0 9 9

W3 panHbIX TaOauipl 1 BUAHO, YTO IS JOCTHXKCHHUS
Gonee Boicokoi crenenn ounctku [JIEXK, cruemyer
HOJBEpPraTh  NPEABAPUTEIBHYIO  AJIEKTPOMArHUTHYIO
Cemnapanuio ¢ MoCIeAyIOMUM 030HupoBaHueM npu T=800-
950 °C B Teuennn 20 MHHYT U 3MEKTPOMATHUTHOH OYHCTKE.
JlocTaTouHO BBICOKas CTENEHb OYUCTKH YKa3aHHBIM
crocoOoM CBsi3aHa C TeM, Y4TO B Mpoliecce BO3JeHCTBUS
osona mpu 800 °C uHOHBI Keme3a U3 MAapaMarHUTHOTO
COCTOSIHUSI (m-popmer Fe203) HEePEeXoasiT B
deppomarauthyio (r-popmy FesOa).
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JlepuBoTorpadudeckue HCCIeJOBaHMS TaKKe TOKA3aIH,
it riryookoro obe3BoxmBanus [JIEXK  mocrarouHo
TepMuUeckas 06paboTka mpu Temmepatypax T=700-850 °C.
HWccnenoBanus nokasany, 94to npu Tepmoobdpadotke ['JIEXK,
TaK)Ke MMEET MECTO CTPYKTYPHBIE H3MECHEHNS, YBEITHICHUS
MAacJIOEMKOCTH U yJIeTbHOH TeOMeTpHUYECKON TIOBEPXHOCTH.
C nomomrpio Metoza DIIP GbUTO YCTAaHOBIICHO ITOBBILIEHHE
KOHIICHTPAINN CBOOOTHBIX pavKaIoB,
CBUJICTENIECTBYIOINX 00 00pa3oBaHUM IapaMarHUTHBIX
LIEHTPOB B HccieyeMbix oopasiax (Tadmuma 2).

Tadmamma 2
YaeabHol reoMeTpu4YecKoi NOBEPXHOCTH U
macaoemkocTu I'JIEXK 1o u mocjie TepmoodpadoTku, B
Teuenne 20 MUHYT

HaunmenoBanue o Tlocrne
rmokazaTenedl | TepmMooOpaboTKH | TepMooOpabOTKH
Syn, MYT 18,3 22,2
Macnoémkocts Mt/ 100r
JIeasHOE 20,1 25,5
Maclio
BazenunoBoe 18,3 28,1
Maclio
JIED 17,1 23,3

OOHapyXeHO  TaKXe  CyIIECTBEHHOE  OTJINYHE
ncxoanoro u ountienHoro I'JIEX no nucneprupyemoctr u
pacIpeIeNIeHHI0 YacTHII B JJ1acToMepHO Marputie. Jlydmmas
JIMCTICPTUPYEMOCTb M,  COOTBETCTBEHHO, HamOoJbIlas
CTETIEHb ~ PABHOMEPHOCTH  PACIpPENIENICHUs]  YacTHUI]
HaNoJHUTENS XapaKTepHO JUII PE3HHOBBIX  CMeCEH,
HamoJIHEHHBIX ounieHHoM ['JIEX.

CocrtaB, CTpyKTypa WM CBOMCTBa MMHEPAIBbHBIX
HaNoJHUTENEH CYIIECTBEHHO BIUSIOT HAa OCHOBHBIE
TEXHOJIOTM4YeckHe U  (U3MKO-MEXaHUYECKHE CBOWCTBA
3NIACTOMEPHBIX KOMIO3MIMH Ha OCHOBE KOMOMHALMU
pasNuuHBIX THUMOB KaydykoB. [Ipu m3ydenun mnporecca
cMeleHus kaydykoB ¢ ouuieHHeIM [JIEX, ycranosneno
MOBBIIIEHHAs] BTUPAEMOCTh U TIOTJIOIIEHUE B MAaTpHILE IO
CPaBHEHHMIO C HCXOJHBIMH, KOTOpBIE XapaKTEPU3YIOTCS
MEHBIIMMM  3HAQUCHUSMM  aMIUIMTYIpl  KoseOaHuid
KpYTAILIEro MOMEHTa
(Pucynok 1).

i/ | IR

—23°C
.- 76°C

0 ! 1 | | -
0 i0 20 30 40 T,

Puc. 1. KnHeTnka n3MeHeHUsl KpPYTSILEro MOMEHTa
(M,p) B monecce cMerenus 40 mac.4. kaoymnua ( ),
IJIEXK (7) 1a 15 mac.y., CKU-3+15 mac.u., CKH-26+70
mac.4., CKC-30APK

DT0, B CBOIO OuepeAb MPHUBOAUT K JIydllel
00pabaThIBaeMOCTH ¥ IUIACTHLUPYEMOCTH PE3UHOBBIX
cMmeceit u 00YCIIOBICHO (HDU3UKO-XUMUYECKUMHU,
cTpykTypHbiME  ocobenHocTsimu  [JIEXK. B mose3y
BBICKa3aHHOT'O MPE/INOI0KEHHS YKA3bIBACTCS YMEHBIICHNE
BPEMEHH M TEMIIepaTypbl CMEIICHHS 3IaCTOMEPHBIX
KOMIIO3ULIMH.

BrricaeHo, uro ¢ yBenunuenueM coaepxkanus [JIEX B
Kay4yKe 3HAYMTEIbHO YMEHbIIAETCs! BOCCTAHABINBAEMOCTh
pe3uHOBOM cMmecu mocie aedopmupoBanus. [lpu 3ToMm
CIIOCOOHOCT ~ CHUCTEMbl K  HAKOIUICHHIO  DHEpPruu
JnacTUueckoi naedopManuu, T.e. pa3dyxaHHs SKCTpyaaTa

(P,), B 3HAYMTENBHON CTENEHH 3aBHCHT OT YICIBHOM
reoMeTpryecKoit moBepxHOCTH (Syx) [JIEXK.
[Inacro-snmacTudeckue cBoifcTBa HAaITOJTHEHHBIX
pe3unoBbix cmeceit ¢ ['JIEJK mnokazanu, uto mo cBoum
TEXHOJIOTHIECKUM  IIOKa3aTelsiM,  MPAKTHYeCKH  He
OTJIIMYAIOTCSl OT CEPUHHO NPHMEHAEMBIX MHHEPATBHBIX
HaroiHuTeNned. OHaKo, IpH BEICOKUX cTemneHsx (O6onee 30
Mac.4. Ha 100 mac.4.) HATIOJTHEHNS KayIyKOB HEOOXOIMMO
OyZeT y4YuTBIBATH €ro yAENBHYI0O IOBEPXHOCTH U
CTPYKTYpPHBIE OCOOEHHOCTH, KOTOPAst CIIOCOOCTBYET K Ootee
3HAUUTENFHOMY YBEJIMUYCHHIO 3()(EKTHBHON BS3KOCTH WU
KOH(EKIIMOHHYIO KJIEHKOCTh pe3nHOBBIX cMeceil (Prucynok
2). Hanpumep, npu HamoiaeHurn 50 Mac.d. KOMOWHAIIUH
kayaykoB CKMU-3, CKC-30APK u CKH-26 T'JIEXXom
KOH(EKIIMOHHAs KJIEHKOCTh PE3NHOBBIX CMECeH COCTaBIIIET
2,15.
i
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=
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Puc. 2. 3aBucumMocTb BA3KOCTH 110 My, (1,1') "
Ko03duIenTa KieiikocTn (2,2') pe3MHOBBIX CMECH Ha
ocHosble 15% CKH-3+15% CKH-26+70 CKMC-30

APK (conepsanue kaosuna (2) u TJIEXK (2) 40 mac.u.
Ha 100 Mac.4. Kay4yKoB)

C nensto BeisiBnenus BausiHus [JIEXK Ha TexHndeckue
CBOMCTBa BYJIKAHM3ATOB, MOAPOOHO OBUIM PACCMOTPEHBI
YIPYro-NPOYHOCTHbIE CBOWCTBa HaTIOJIHEHHBIX
KOMIIO3MIIMOHHBIX 3JIaCTOMEpHBIX MarepuaioB [15-17].
WccnenoBanusimu ycraHoieHo, uro Beeaenue [JIEX B
9JIACTOMEPHYI0  KOMIIO3HLIMIO  MOBBINIAET  3HAYCHUA
YCJIOBHOTO HaIPsDKEHUS pu
100-300%-HOM ymIMHEHHH U MPOYHOCTH MPH PACTSHKESHHH,
[0 CpaBHEHUIO C PE3UHOH, cojepkaiieil cepuiiHo
NpUMEHSEMbIe HAIOJHUTENH, a TaKkXkKe 3HAYUTEIIbHO
HOBBIIIAET CONPOTUBIICHUE PE3UH K Pa3Aupy U U3HOCY. ITO
0COOCHHO SIPKO MpOosIBIIsieTCs: Ipu coneprkannu 40-60 mMac. 4.
TJIEXX na 100 Mac.y. KaydyykoB, T.e. COIpPOTHBJIEHHE K
pa3aupy nossimaercs ot 40,6 no 76,4 kH/m a usnoc ot 0,4
10 0,86
(Pucynok 3).
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Puc. 3. 3aBucuMOCTDb BJIMSIHHSA COJlep:KaHHe
TJIEXK (—) u kaoauna (™) HAa pa3puBHOE MPOYHOCTH U
M3HOCOCTOIKOCTH pe3nnu Ha acHoBe 15% CKHU-3, 15%

CKH-26+ CKMC-30 APK
Wzyuenne Busnust [JIEXK Ha nuHammueckue cBoiicTBa
BYJIKAHU3aTOB IIPY MHOTOKPAaTHOM CXKaTHHU TOKa3aio, 4YTo
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IpY BBEICHHH €r0 B COCTaB KOMIIO3MIMII HalOiromaercs
YMEHBIICHHE  TEII000pa3oBaHus u OCTaTOYHOIt
nebopMmaly, a TaKKe YBEJIMYCHHE JHHAMHYECKOU
BBIHOCJIMBOCTH PE3WH NP MHOTOKPATHOM PACTSHKCHHU
(Npac). B mpemiokeHHBIX KOMITO3HIUAX Npac MPOXOIHT
4yepe3 MakCHMyM M €ro HauOojbliee 3HauCHHE
HabOmronaercs npu conepkannu 40-60 mac.4. Ha 100 mac.d.

Kaydyka.

4. 3akjao4YeHue

IIpennosxxena texnonorus ounctku [JIEXK or okcumos
MeTaJuToB.  JIOCTATOYHO BBICOKAsl CTENEHb OYHCTKH
YKa3aHHBIM CIIOCOOOM CBsi3aHa C TeM, 4TO B IIpoIecce
TeMIieparypHoro Boszaeiicteus npu 950 K nons! xenesa us
rapaMarHUTHOTO COCTOSTHUS
(n-popmer  Fe203) mepexomsdT B (eppoMarHUTHYIO
(r-popmy FesOs). LlenecoobpazHOCTE W MEPCIEKTHBHOCTH
HCTIONB30BAHMS €0 B PELeNnTypax pe3NHOBBIX CMecei ULt
MMPOU3BOJICTBA PA3IMYHBIX THIIOB PE3MHOTEXHUUECKUX
n3genuii  paboTarompX B CIOXKHBIX  YCIIOBHSX
JKEJIE3HOJJOPOXKHBIX TyTeH, a TAK)Ke B MAlTMHOCTPOCHHE.
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