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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 tadgiqotlar 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 tadgiqot
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 qondirishga 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 — Kkelajak
mutaxassislarini  yuqori malakali darajada tayyorlash uchun ta’lim jarayonini
modernizatsiya gilish.

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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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 qiluvchi 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 tadqgiq 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
qgildi, keyinchalik bu kafedra “Bino va sanoat
inshootlari qurilishi” deb gayta nomlandi.

1989-yilda Tohirov M.K. Moskva davlat
temir yo‘l alogalari universitetida “Atseton-
formaldegid oligomerlari go‘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, taniqgli
materialshunos olim, Rossiya arxitektura va
qurilish ~ fanlari akademiyasining hagiqiy
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‘liq. Xususan,
ushbu nazariyaning metodologik tamoyillarini
rivojlantirishda ~ M.K.Tohirov  bog‘lovchi
polimerbetonlarning tuzilishi hagidagi
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 asosly 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 xofjalik 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 saglab 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
muvaffaqgiyatli 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
ortig ilmiy maqolalar muallifi, 25 ta mualliflik
guvohnomasiga ega, 30 dan ortiq to‘plam va
monografiyalarning mas’ul muharriri bo‘lgan.

Professor M.K. Tohirov o‘z 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)
xorijiy a’zosi etib saylandi. “Vatanimiz
mustaqilligini mustahkamlash,
mamlakatimizning xalqaro miqyosdagi obro‘-
e’tiborini yuksaltirish, xalqimiz madaniyati va
ma’naviyatini yuksaltirishga go‘shgan
salmogli hissasi, ilmiy faoliyati, ilm-fan va
ta’lim sohasidagi ko‘p yillik halol mehnati
bilan erishgan umumxalq e’tirofi va hurmati,
ijtimoiy 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 taqdirlari 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, Kadyrovi®P? O. Tukhtasinovi®©¢, H. Sadykoval®®
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, Modifier, 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

@l https://orcid.org/0000-0001-5729-5178
bl 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. Asarule,
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 useful 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
42 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)
Cone Sand Crushed
Ci(:imﬁo Ceor}gret settleme Cement | Mk=2. stone W?te SMW P%'élm:vﬁ“])?” wi/C
stHons c1ass | 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 -/2.83 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

"J'\'Q\\\\\\\\\\\Q‘\\\\\\

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. Akramovi®2 Sh.T. Rakhimovi®b

1Tashkent 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.1©P
Toshkent arxitektura qurilish universiteti, Toshkent, O‘zbekiston

Magqolada 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
chiqarish 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. Tadqgigot metodikasi

Betonning bir turi bo‘lgan mayda donador betonlar
yurtimizda bunyod etilayotgan turar-joy, sanoat va jamoat
binolari qurilishida keng go‘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 0OS haroratda, 3, 7 va 28 sutka

https://orcid.org/0009-0000-5681-524X
bl https://orcid.org/0000-0003-1053-4906

davomida normal qotish 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 qotgan mayda donador beton namunalarining
rentgenogrammasi (1.1-rasmga garang) 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 chiziqlaridan
tashkil topgan.

Tarkibida sement-kul-superplastifikator bo‘lgan 28
sutkali qotgan 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
mahsulotlarining 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 qotgan 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. Tadqiqot natijalari va tahlillar

Yuqorida 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 kalsiy 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,
qorishmaning 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 gotish
sharoitida saglangan 3x3x3 sm sement toshidan olingan
namunalarni siqilishga bo‘lgan mustahkamligi aniqglandi.
Sinov ishlari natijalari 1-jadvalda va 3-rasmda keltirilgan.

1-jadval

Sinov ishlari natijalari

) = 28 _ ~ Siqilishga bo‘lgan =

£ s2 - EQE= mustahkamlik chegarasi, MPa =
£L 3= 3 853 7 sutka 28 sutka ZEE
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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

Siqilishga bo'lgan mustaxkamlik
ko'rsatkichlari 4. Xulosa

, MPa
D (o]
o o

N
o

\_‘_\_‘-\.

300 285 270 255 240 225 210 195 180

Sement sarfi, kg
=@ "7 sutkali 28 sutkali

S}
o

Mustaxkamlik

o

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

1-jadval va 3-rasmda Kkeltirilgan 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 miqdorda 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.

Shunday qilib, kompozit bog‘lovchilarning struktura
shakllanish jarayoni, «sement minerallari — kvars — kul — suv
— superplastifikator» va «sement minerallari—kvars—shlak—
suv—superplastifikator»  sistemasining qotishida yangi
hosilalarning ketma-ket ko‘payishi hisobiga, kvars va kul
(shlak) zarralarining sement minerallari gidratasiya
mahsulotlari bilan turli vagtda va intensivlik bilan
ta'sirlashuvi natijasida sodir bo‘ldi.
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Optimization of the composition of fine-grained concrete reinforced with

Abstract:

Keywords:

polypropylene fiber

.M. Makhamatalievi®2 R.B. Muminovl®P Sh.A. Uzakovl®¢

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

OIITPIMPIE}EIIII/IH cocTaBa TMCIIEPCHO-AaPMHUPOBAHHOT0 IMMOJUIIPOIMAICHOBBIM

(puOpPOBOJIOKHOM MEJIKO3ePHUCTOr0 0€TOHA

Maxamatannes M1.M.1©2 Mymunos P.B.1®° V3akos III.A 10°

ITamkenTcKuit rocy1apCTBEHHBINH TPAaHCIOPTHBIN yHUBEPCHUTET, TalikeHT, Y306eKkucTan

AuHOTaALMS:

KmoueBnie ciioBa:

1. BBeaenue

B cratbe npuBeeHbI pe3yIbTaThl HCCISAOBAHUHI [0 OITUMHU3AINH COCTaBa TUCIEPCHO-apMHUPOBAHHOTO
HOJUIPOIICHOBEIM  (DPMOPOBOJIOKHOM ~MeENKO3epHUCTOro OeroHa. Ha ocHOBaHMM peayn3anuu
AKTHBHOTO OJKCIICPUMEHTA METOJOM MAaTeMaTHYECKOTO IUIAHHPOBAHMS 3KCIEPHUMEHTOB IOMy4YeHa
MaTeMaTH4ecKasi MOJIeNb Mpezesia MPOYHOCTH Ha CKaTHe MOAH(UIIMPOBAHHOTO HEMEHTHOTO KaMHs,
MPOBECHNEM TpadoaHaATUTHYECKOTO aHAIH3a KOTOPOTO OBUTH yCTaHOBIICHBI ONTHMAIbHBIEC 3HAYECHUS
PELUENTYPHO-TEXHOJIOTHYECKIX  MapaMeTpoB, a HWMEHHO: JO3HPOBKH  CyIepIuiacTuuKaTopa
MasterGlenium ACE 430 — 1,0 % OT Macchl IIEMEHTHOTO BSIKYIIETO, COACPIKaHHS MUHEPATbHOTO
HATIOJIHUTENSI — MOJIOTOH IleonuTcoiepKaiield mopoasl — 18 % OT Macchl IIEMEHTHOTO BSDKYILETo,
conepkanus momunponuneroBoi ¢pudpsr FOX POLFIBER M12 — 0,4 % oT Macchl IEMEHTHOTO
BSDKYIIETO.

MEJIKO3epHUCTHIH 0eTOH, (HUOPOOETOH, MONUMNPOIIIICH, GUOPOBOJIOKHO, MUKPOCTPYKTYpa, MaTpHIIa,
MOPHCTOCTh, TPOYHOCTH, CBOIiCTBa, (UOpPOOETOHHAas CMech, LEMEHT, C)KaTHe, W30, COCTaB,
CYIepIuIacTU(UKATOp, MHHEPATbHBI HAMONHHUTENb, IICONUTCONEpXKAllasd TIOpoJa, IHCIEpCHOE
apMHUpPOBaHUE, KOMITO3HT

NPUBOJUT K YBEJIUYEHUIO OTHOIIEHHUS MPEIEIOB IPOYHOCTH
npu coxatun U pactsbkeHun  (Rb/Rbt). Ilpu  stom
SKOHOMMYECKAs 3¢ PEeKTUBHOCTD [IPUMEHEHHSI
(ubpobeTOHa TMOBBIMIACT KOHKYPEHTOCHOCOOHOCTh IO

B mHacTosmiee BpeMs OZHMM M3 TIEPCHEKTHBHBIX
KOHCTPYKITHOHHBIX CTPOHTEIBHBIX MAaTE€PUaJIOB SIBIISIOTCS
JHUCIepCHO-apMHUpOBaHHble  OeToHbl.  Takme  GeTOHBI
TIPEACTABIISIOT COO0H MHHOBAIIMOHHBIM KOMIIO3HUIIMOHHBII
Martepuay, KOTOpble B HACTOsIlee BpEMsi BCE IIHPOKO
NPUMEHSIOTCS. B PA3JIMYHBIX OTPACISIX CTPOUTENBCTBA.
JlucriepcHoe apMHUpPOBAHHE OCYILIECTBISIETCS BOJOKHAMU —
¢ubpamy, paBHOMEPHO pAaCIpEACNCHHBIMH B 00BbeMe
OETOHHOU MaTpPHIIBL, 0OOecIieunBast pH TOM padoTy OeToHa
B TpexMepHOM oObeme. Ha ceromssmHuii neHs ¢udpa
NPEACTaBIeHa B BHUJAC CTAlbHBIX, CHHTETHYECKUX U
OpraHuYecKux BOJIOKOH. [1 - 4].

JlutepatypHuslii ananu3. [Ipumenenue GuOpLI BaMsCT
Ha JKCIUTyaTal[MOHHBIE XapaKTePHCTUKU OCTOHA, a TaKKe

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

CPaBHEHHIO C IPyTHMH BUIAMH jKele300eToHa.

OKCIUTyaTallmOHHEIE CBOiicTBa (pubpoderoHa, Kak u
mo00ro KOMIIO3UTHOTO Martepuana, o0OyCIOBINBAIOTCS
CBOICTBaMH COBMECTHOI pabOTHI €T0 KOMIOHEHTOB: (hUOpPEI
U OcroHa-mMatpuibl. B ¢ubpoOeToHe Takas paboTa
obecrieqrBaeTCs 3a CUET CLETUICHUS M aHKePOBKH (GUOpHI B
MaTpuIEe KOMITo3uTa [5].

®ubpoOETOHB Ha OCHOBE CHHTETHUYECKHUX BOJIOKOH

OTIIMYAIOTCS BBICOKHMU 3HAYCHUSMH OCHOBHBIX
ToKazaTeen 9KCIUTyaTallMOHHBIX CBOWCTB [6].
MHoro4YucieHHbIe HccaenoBanus [7-15] moka3sIBaloT, 4TO
MPUMEHEHHE CHHTETHYECKHX BOJOKOH B  KadecTBE
apMHpYIOLIEro  Marepuaiga  OOBIYHO  NPHBOIUT K
YMEHBLICHHIO  YCaAOuYHbIX  AehopManuii  Xpymnkon

¢ https://orcid.org/0000-0002-5317-2602

ENGINEER


https://orcid.org/0009-0002-5945-2565
https://orcid.org/0000-0002-5297-1736
https://orcid.org/0000-0002-5317-2602

LEMEHTHON MAaTpULbl, IOBBIIIEHUI0 MOPO30CTOMKOCTH,
UCTHPAHUIO, AaTMOC(HEPOCTOMKOCTH M 3HAYUTEIBHOMY
YBEIMYEHHIO IPOYHOCTHBIX XapaKTEPUCTHK M ITOKa3aTemei
BSI3KOCTH pa3pyIIeHHs] OETOHOB HA BCEX CTPYKTYPHBIX
YPOBHSIX.

B macrosimee Bpemsi pa3paboTaHBl MHOTOYHCIICHHEIE
CHocoObl  ympaBineHHs  (OPMHUPOBAHHEM  CTPYKTYpbI
(uGPOOETOHOB M BBISBICHBI OCOOCHHOCTH M3MEHEHHS HX
CBOICTB B 3aBUCHMOCTHU OT TIPUMEHEHUSI Pa3TMUHBIX BUIOB
J00aBOK, MHKPOHAMOIHUTENEeH u JHMCTIEPCHOTO
apMupoBaHus. OIHAKO HIMPOKOMACIITAOHOE IPAKTUIECKOE
UCIIOIb30BaHHE (GHOPOOETOHOB B CTPOUTENHHON OTPACIIH 10
CHX TIIOp He HabmrogaeTcs. Ha mam B3mmm,
crepkuBaomuM  (akTopoM B Oojee  IIMPOKOM
NPaKTUIECKOM TIPHUMEHEHUH JIUCIIEPCHO-apMHUPOBAHHBIX
(hubGPOBOIOKHOM 0eTOHOB SBIISIETCS OTCYTCTBHE
YTBEP)KICHHONH HOPMATHBHOM M TEXHHYECKOH Oa3bl IO
OpUMEHEHHI0O  TeX  WJIM  HHBIX  Pa3sHOBUAHOCTEH
(uOpoBONIOKHA, a TaKkKe PYKOBOIIIIUX HOPMATHUBHO-
TEXHUYECKHX JOKYMEHTOB M WHCTPYKIHH II0 pacuéry
CTPOUTENIBHBIX ~ KOHCTPYKIMH W3  (GuOpoOETOHOB, B
YaCTHOCTH  C  IPUMEHEHHEM  IOJIMIPONMICHOBBIX
(pnOPOBOIOKOH.

B HWJI TanikeHTCKOro TpaHCIIOPTHOTO YHUBEPCUTETA
B TEUYEHHH MHOTHX JI€T BEIyTCS MWCCICHOBAHHUA IIO
W3yYCHHUIO BIWSHHUA MOIUNponmieHoBol ¢uoper FOX
POLFIBER M12, mnpowmsBoactBa kommanuu Sartech Yapi
Malzemeleri San. ve Tic. Ltd. Sti. (Typuus) Ha cBoiicTBa
IeMeHTHbIX OeToHOoB. Kak mokasamM wHcciaeqoBaHUs
Hanbosnee >(PQGEKTUBHBIMU C TOYKH 3PEHHS ITOBBIIICHHBIX
JKCIUTyaTallMOHHBIX MOKa3aTesel SBISIoTCS (pHUOpOOETOHBI
C TOJHIIPONHICHOBOH (GuOpo Ha OCHOBE HEMEHTHOTO
BSDKYIIETO.

2. MeToauka uccjie1oBaHus

OnTuMHU3aIUI0 CcOCTaBa JUCIEPCHO-apMHUPOBAHHOTO
HOJUIPONHICHOBBIM  (PUOPOBOJIOKHOM MEJIKO3EPHUCTOTO
0eToHa TPOM3BOAWIN C  HCHONB30BAaHHEM  METOJa
MaTeMaTHIEeCKOTO IUIAHHPOBAHUS 3KCIHEPUMEHTOB ITyTEM
peanu3anuy TpEX(PaKTOPHOTO IIaHa BTOPOTO MOPSAAKA Ha
rurepkyoe [16,17]. B kadectBe 00BEKTa HCCIEIOBAHUS
NPUHATA MaTPHLAa MOAU(PHUIIMPOBAHHOTO MENKO3EPHUCTOTO
($ubpobeToHa, coaepkalias B CBOEM COCTaBE CIELYIONINE
KOMIIOHEHTBI: LIEMEHT, MUHepalbHbIi HanonHuTens-MIII1,
nomunponmwieHoBylo  ¢uopy FOX POLFIBER MI12,
MOJTNKapOOKCUIIATHBIH cynepIuiacTupukaTop
MasterGlenium ACE 430 u Boma 3aTBOpEHHS.

B skcnepuMEHTAaNBHBIX — HCCIENOBAHUSX  OBUIH
WCHOJB30BaHbl: nopTianaueMeHT Mapku LIEMO 42.5H
npounsBoactBa OAO «Axanrapanmnement» (I'OCT 31108-
2020), MeNKUl 3aroNHUTENb - PEYHOH KBApUEBBIH MECOK
Kyiimokckoro kapsepa ¢ MoayieM kpynHoctd Mkp=1,81 u
cpenneii miotHocTeio (12000 kr/M3 (TOCT 26633-2012),
nonmunpornuienosass  ¢uobpa FOX POLFIBER MI12
KBaJIPaTHOTO cedeHHsT pazMepoM 20 MKM U ATMHOI BOJIOKHA
12 MM npon3BojcTBa Kommanuu Sartech Yapi Malzemeleri
San. ve Tic. Ltd. Sti. ® (Typmms), wmomoras

[EOJTUTCO IEPIKAIIAsT mopoja Benbrayckoro
mectopoxaenus (HaBowHckas 001.) ¢ yjaenbHOM
noBepxHocTeio  Syn=4000 cm2/r U CIEdyIOMUM

XUMHUYECKUM cocTaBoM, Mac. %: SiO2 -50,8; Al203 - 26,4;
Fe203-2,8; Na20 -10,3; MgO -1,5; CaO - 1,8; H20+ - 6,4;
HNOTepH MpPH NPOKAIMBAaHWU 3,2, TUmepruractudukarop
MasterGlenium ACE 430 mnpom3BojacTBa KOMITAaHHH

«BASF» (I'epmanus), npeactaBisommid co00H KHUIKOCTh
KOpHUYHEBOro ILBeTa MIoTHOCThIO 1,06+0,02 r/cm3. Jlns
OIIpeeNIeHNs] TIPOYHOCTHBIX CBOMCTB (ubpoderona 1o
CTaHIapTHOH METOMUKE M3TOTABINBAIN 0Opa3IbI-KyObl
pasmepoM 10x10x10 cm. OOpa3lbl HCHBITHIBAIHCH Ha
MNPOYHOCTh TIPH CXKAaTHU B 28-CYyTOYHOM BO3pacTe IOCIE
HOpMaibHOTO TBepAeHus cornacHo TOCT 10180-2012.

Ob6cyxnaenne. B kauecTBe HCXOIHBIX HE3aBUCHMBIX
MepEeMEHHBIX ObUIM BBIOpaHBI cienyromue ¢akTopsl: X1 -
coziepkaHue  cyneprulactTudukaropa B % OT  Macchl
BSUKYIIEro; X2 - cofepiaHie MHHEPATIbHOTO HAMOIHUTEIS
- MOIT B % or Mmaccel Bsbkymero; X3 — pacxon
MOJUIPONHIEHOBOTO (prOPOBOIOKHA, TaKXKe B % OT MacChl
BSDKYIIETo.  YPOBHH  BAapbHPOBAaHHS  HE3aBHCHMBIX
HepeMeHHBIX (PaKTOpOB NMpUBEACHEI B Tabnue 1, a MaTpuIa
TUTAaHUPOBAHUS U PE3YNbTAThl UCTIBITAHUH B TaOmuULE 2.

B kauecTBe BBIXOJHOTO TapamMeTpa WIIH MapaMeTpa
OTKJIMKa ObLT BBIOpaH: Y 1-Tipesien MpOYHOCTH MIPU CKATHH
MaTpHILIBI MEJIKO3EpHHICTOTO ¢pubpobeToHa,T.C.
MOTU(PHUIUPOBAHHOTO IIeMeHTHOT0 KaMHs (Rex), MITa.

Taéauna 1
HcxoaHble naHHBIE 1151 peaTn3anu TPEx¢paKTopHOro
NJIaHA IKCIIEPHMEHTOB BTOPOI0 MOPsIIKa

YpoBuu
Haumenosanue BapbUPOBAHUS
DaxTopbl
¢axropoB (axTopoB
-1 0 +1
Copepxanue
X1 CIL % 05| 10| 15
Copepxanue
Xo MILIIL, % 10 15 20
X3 Pacxong I1d, % | 0,1 | 0,3 | 0,5
Ta6anua 2

Manm[a MJIAHUPOBAHUSA IKCIIEPUMEHTOB U
MOJIYYE€HHbIC pe3yJbTAaThl 10 HUM

Ne Martpuua PesyabTaTsl
ONILITOB TJIAHMPOBAHMUS 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. Pe3yabTaThl HCCJIeI0BAHUS

Tlocme peanmsanmu MaTpumbl —IUIAHUPOBAHUS |
CTaTHCTHYECKOH O00pabOTKM IOJTYyYSHHBIX pe3yJIbTAaTOB
SKCHEpHUMEHTOB 10 20 HEe3aBHUCUMBIM ONBITaM OBLIO
HOJIYy4€HO cienyolee ypaBHEHHUE perpeccun
(MaTemaTHyecKas MOJENb IPOYHOCTH MPHU CIKATUH):

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

Jnst IpOBepKH aJeKBaTHOCTH MOJTYYSHHOTO yYpaBHEHHS
perpeccun, NpOW3BEIEHAa OIEHKAa HX CTaTHCTHYECKOi
3HAQUUMOCTH IIyTeM CpaBHEHHS pAacUEeTHBIX 3HAUCHHUI
kputepus Puiepa ¢ TaOIMYHBIM 3HAUCHHAMH. Pe3ynbrarTs
cpaBHeHHs kpuTepus Puiepa o ypaBHEHHSAM PErpeccuu
IpeAcTaBiICHbI B Tabmue 3.

Tadamuna 3
CraTHcTHYeCKas OLleHKA MOJTyYeHHBIX 3aBHCHMOCTel
1o kputepuio @Pumepa

Kpurepuii ®@uiepa
Ne
Tabanunoe Pacuyernoe
3aBHCHMOCTH
3HAYeHHUe 3HaYeHHe
1 5,05 4,99
2 5,05 4,31

Ha puc.] mnpuBenena rpaduyeckass HHTepIIpeTaIys
pe3ysbTaToB  00pabOTKM MAaTeMaTHYeCKOH MOJeNH C
HCTIONb30BAaHUEM ITPOTPAMMHOTO IIPOAYKTA.

Kak cinenyer w3 marematmdeckoil momenu (Rex), ¢
yBEINYEHHEM COIEPKAHHSA cymnepIiacTugukaropa
MasterGlenium ACE 430, MHHEpaIbHOTO HATIOIHUTEIS -
MIUIT wu nomunpornmwieHoBoro ¢uobpoBosokHa FOX
POLFIBER MIl12 B cocraBe MHOTOKOMIIOHEHTHOTO
[IEMEHTHOTO BSDKYIIETO HaOJIIOaeTCs POCT IPEENoB
MIPOYHOCTH Ha CXKAaTHEe MOAU(DHIMPOBAHHOTO IIEMEHTHOTO
KaMHS. CoBMecTHOE TIOBBIIICHNE COJIepKAHUS
cynepmiactudukaropa MasterGlenium ACE 430,
MHHepanbHOro HanosnHuTenss-MUIT u nonmunponuieHoBoMH
¢ubper FOX POLFIBER M12 npuBoauT K MOCTEIIEHHOMY
MOBBIILICHUIO TIPOYHOCTH, @ 3aTEM U K HE3HAYUTEIBHOMY €ro
cHIKeHn10. [ToHmkeHre MPOYHOCTH MOANGHIUPOBAHHOTO
[IEMEHTHOTO KaMHsS Ha OCHOBE MHOTOKOMIIOHEHTHOTO
IEMEHTHOTO BSDKYIIETO0 TPH TIOBHIIICHHBIX 3HAYCHHAX
TIEPEMEHHBIX ~ (PAKTOPOB  OOBsICHSAETCS  OJOKUPYIOIIUM
JEHCTBHEM Ha YaCTHI(Bl IEMEHTHOTO BSDKYIIETO MOJEKYT
cynepmiacTuukaropa | YacTHI]  MHHEPaJIbHBIX
HaIlOJIHUTEJNeH, YTO OCOOEHHO SICHO MPOSIBISIETCS MPH MX
Ype3MEePHOM BBE/ICHUH B COCTaB KOMIIO3UTA.

Kak moka3pIBaeT aHauM3 MaTeMaTHYeCKOW MOJEeNn
IMPOYHOCTH IIPU CKATHUU MO}lI/ICbI/ILII/IpOBaHHOFO HEMEHTHOT'O
KaMHS B BBIOPDaHHOM HHTEpBale INEPEMEHHBIX (AKTOPOB
HanboJiee 3HAYUMBIM (PaKTOPOM, BIUSIIOIIAM Ha ITPOYHOCTH
LEMEHTHOTO KoMIo3WuTa sBisiercst aktop Xs, T.e.
CoZIepKaHKe TIOJUIPOIIIICHOBOTO (hHOPOBOJIOKHA, BTOPHIM
MO 3HAYMMOCTH (HaKTOPOM MATEMATHUECKOH MOJIEINH
aBnsiercs  ¢aktop X2, T.e. COIEpKAaHUE MHHEPAIBLHOTO
Hanosiuutensi-MIIT u HanMenee 3Ha4UMBIM hakTopoM — X1,
T.€. COJIepIKaHue CymnepIuiacTudGuKaropa.

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. Baiusinue cogep:kanusi KOMIOHEHTOB MATPHIIBI
MeJIKO3ePHHCTOro (pudpodeToHa Ha npees NPOYHOCTH
MPH CKATHH KOMIIO3UTA

J1nst BBISIBJICHUS] ONTHMAJIBHBIX 3HAYEHHH MEPEMEHHBIX
(hakTOpOB MaTreMaTH4eckol MOJeNH OBUT  BBIIOJHEH
(hyHKIMOHAIBHBIHN aHAIN3 TIOJIMHOMA BTOPOH CTETEHH - Rex.
Jnst  3TOro  pemamu  COOTBETCTBYIONIME  ypPaBHEHUS
oTHOcHTeNbHO (akTopoB X1, X2 u X3, KOTOpOE MOJIyyaIn
MyTeM TPHUPAaBHUBAs HYyJIIO TEPBBIX  IIPOM3BOJHBIX
MaTeMaTHYeCKOH  MOJENM  B3SATHIX  OTHOCUTENHHO
BBIIICYKa3aHHBIX NEPEMEHHBIX q)aKTOpOB.

4. 3akrouyeHue

Takum oOpazom, TpadoaHATUTHYECKHM aHAIA30M
BBIITOJTHEHHBIM COTJIACHO [4] MOJTy4YeHHOH MaTeMaTHYeCKOH
MOJIENN npenena POYHOCTH Ha cKaTHe
MOANU(GHUIIPOBAHHOTO LIEMEHTHOTO KaMHs ObLIH
YCTaHOBJICHBI ONITUMANIbHbIC 3HAYCHUSI BCEX 3 TIePEMEHHBIX
(axTopoB, a MMEHHO: JO3HPOBKH Cymepruiactudukaropa
MasterGlenium ACE 430 - 1,0 % oT Macchl IIEMEHTHOTO
BSDKYIIETr0, CONEpPIKaHUsI MHHEPAJIbHOTO HAIONHHUTENS —
MUIT - 18 % OT Macchl HIEMEHTHOTO BSDKYIIETO, U
comepxaHus noiunponmieHoBoi puopsr FOX POLFIBER
M12 —0,4 % oT macchl IeMEHTHOT 0 BsDKyIero. Tobpko mpu
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COOMIONEHUN 3TUX ONTHMAIBHBIX 3HAUEHHMH TEePEeMEHHBIX
(akTOpOB OCTHraeTcs MaKCHMajbHOE 3Ha4YeHHE Mpezaena
HNPOYHOCTH Ha CXKAaTHE MOJU(UINPOBAHHOIO IIEMEHTHOTO
kamHs. OJHaKo, JUIS MPAaKTHIECKHUX IeJed PeKOMEeHIyeTCs
HCIIOBb30BATh cremyromuit cocTaB JIACTIEPCHO-
apPMHUPOBAHHOTO  IMOJUIPOIMICHOBEIM  (hPHOPOBOIIOKHOM
MEJIKO3epHUCTOr0 OeToHa, Hauboiee palUOHAIBHBIA C
SKOHOMHMYECKOW TOUYKHM 3pEHHUS] M XapaKTepU3yHOIIMMHCS
BBICOKHMU 3KCILTYaTaI[MOHHBIMHU MOKA3aTEeNsIMU: JO3HPOBKA
cynepmiactudukaropa MasterGlenium ACE 430 —0,8 %
OT MacCchl LEMEHTHOTO  BSDKYIIETO,  COJEpKaHUs
MuHepanbsHoro Hanosnuresns — MIII — 20 % ot maccel
[IEMEHTHOTO BSDKYIIEro, M Pacxo] IMOJUIPONHIEHOBOTO
¢ubposomokaa FOX POLFIBER M12 - 0,3 % ot maccer
[IEMEHTHOTO BSDKYILIETO.

Kak moka3pIBaloT 3KCHEPUMEHTAIbHBIE HCCIIEIOBAHUS,
npeanaraeMelid  coctaB  (GuOpoOETOHHOW  cMmecu €
MOJUITPOTIHIICHOBBIM (hubpoBoTIOKHOM nMeeT
HECOMHEHHBIE  TPEUMYINECTBA IO  CPAaBHEHUIO  C
W3BECTHBIMHM COCTaBaMH. Melko3epHUCThIE (HHOPOOETOHBI
no  pa3pabOTaHHBIM  COCTaBaM  MOIM(HIMPOBAHHOMN
¢ubpoOEeTOHHOM CMecH MOTYT OBITH HCHOJIB30BAaHBI IIPH
W3TOTOBJICHHN COOPHBIX M MOHOJIUTHBIX JKEIe300€TOHHBIX
u3eNuii U KOHCTPYKUMH JJIsI CTPOMTENbCTBA 3JaHUM U
COOPY>KEHUH >KUIHITHO-TPAXIAHCKOTO, MPOMBIIIIEHHOTO,
THAPOTEXHUYECKOTO M TPAHCIIOPTHOTO Ha3HAUCHHSI.
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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*®2, G.S. Nuriddinova®®
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)

Kputnyeckuii aHaIM3 COBpEMEHHBIX TEXHOJIOTHI M pelenTyp
HEABTOKJIABHOTI'O MEHO0ETOHA /Il YCJI0BHUIl npou3BoacTBa B Pecnnydiiuke
Y30exkucran

Ioii B.M.1©2 Hypuaaunosa I'.C.10P

TamxkeHTCKMI TOCYqapCTBEHHBIN TPAaHCIIOPTHEINA YHUBEPCHUTET, TamKkenT, Y36eKucTan

AHHOTALUA:

IleHoOeTOH — coBpeMeHHBIH (P (EeKTUBHBIA TEIUIOM30IALUOHHBII MaTepral, MPeACTaBISIOMUN co00H

CHUCTEMY, COO6HI3IOH.U/IXCH BO3QYUIHBIX SIYECK B IIEMEHTHOMN MaTpuue. YubITHBas TNEPCIICKTUBHOCTD
YCOBEPIICHCTBOBAHUS TEXHOJIOTH U COCTaBOB HeHO6eTOHOB, HUMECT CMBICII z[aanef/'Imaﬂ pa3pa60T1<a
PEUCHTYPHBIX U TEXHOJOI'MYECCKUX IMMPHUEMOB. Ilo KPUTHYECKOMY aHaJIM3y JCIA€TCA BbIBOJ O TOM, YTO
BBCJICHUC (1)]/161)1:1 u MOZ[I/I(i)I/IL[I/IpyIOHIeFO KOMIIOHCHTA B COUYCTAaHUHU C XUMHUYCCKUMH ,Z[OﬁaBKaMI/I, Kak
YCKOPUTEIU TBEPACHUS, ITOJIOKUTEIBHO CKa3bIBACTCA Ha SKCILUTY TaTallMOHHBIC U (1)I/I31/IKO MCXaHUYCCKHUEC

CBOICTBA HEABTOKJIABHOI'O ITIEHOOETOHA.

Kirouessle cioBa: neHo0eToH, MoauduKaIys, ycaaka npy BeICkIXaHud, pudpa, [IAB

1. BBeaenue

ITeno6eron - COBPEMEHHBIH 3¢ pexTHBHBIII
TEIUION3OJIIMOHHBIA MaTepuall, MPEICTABIBIIOMMN co00it
CHCTEMY, COOOIMIAIONIMXCS BO3AYIIHBIX SUEEK B MATpHIIE.
KiroueBble XxapaKTepUCTHKH JTOCTHTAIOTCA 3a CUET HU3KOI
IDIOTHOCTH M MaJioro KOd((HUINEHTa TEIUIONPOBOTHOCTH.
Ho crpykrypoobpa3oBaHue JaHHOIO MaTepHaia Ha MHKPO-
U MaKkpOypoBHE TPYJHO TIIOJUIAETCSl YIPABICHUIO |
peryJupoBaHHIO. Tpebyer OJJTHOBPEMEHHYIO
KOPPEKTUPOBKY HECKOJBKHX IIapaMeTPOB TaKUX Kak
peosornieckne CBOMCTBA, Yycaaka TPH  BBICBIXAHHH,
TPEIHHOCTONKOCTS. [MapannensHoe MpUMEHEHHe
PELENTYPHBIX W  TEXHOJOTHYECKHX IPHEMOB  JaeT
CHHepreTHIecKkuii 3 exT mpu pemeHnn 3a1ad MOBBIIIECHUS
JKCIUTyaTallMOHHBIX CBOMCTB [IEHOOETOHOB.

2. MeToauka uccjae10BaHuA

B  cratbe  mpuMeEHEHBI  HECKOJBKO  METOIOB
TEOPETUYECKOTO  WCCIEAOBaHUSA.  METOJIOM  aHam3a
paccMOTpEHO BIHMSHHE BCEX KOMIIOHEHTOB COCTaBa
MIEeHOOETOHA Ha ero ycaaouHble AehopMaluy U MPOYHOCTb.
MeTonoM cHHTE3a YCTAaHOBJEH CBS3b M 3aBUCHMOCTb

https://orcid.org/0009-0009-7560-2691
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PELUENTypHO -TEXHOJIOTHYECKHX (DaKTOpPOB  YIIydIIEHUS
coctaBa neHoOeToHa. Tak Kak B psjae HaydHBIX paboT [5-
15] o6pa3isl neHOOETOHOB ¢ IPHMEHEHHEM MHHEpaIbHBIX
nob6aBok ¥ (GUOPBl MMOKa3aaM HHU3KHE YCaJ0uYHbIC
JeopMaIiu, Mo METOAy HHAYKIIUH CIICJIaH BBIBOJI O TOJTh3e
MHUHEPaJbHBIX, XHUMHUYECKUX JO0ABOK B COYETaHHE C
¢hubpamu.

OxuH U3 CYIIECTBEHHBIX HEIOCTATOK IEHOOETOHA 3TO —
ycaaka npH BeIchIXaHud. [1o qaHHBIM [1-4] MOXKHO yKa3aTh
npu4uHbl ycanok: 1. O0beM ruapaTHPOBAaHHBIX MPOIYKTOB
MEHBIIIE, YeM UCXOMHBIH 00beM BsiKyIIero; 2. dusnueckas
ycaJKa - BoJa U3 MOp, HAXOAIIMXCS B My3bIPhKaX, TAKKE
HCTapsIeTCs], ¥ CTPYKTYpa HAYMHACT CXKUMAThCS, BBI3BIBAS
MHUKPOTPENINHBl B MaTepHaie, 4TO TaKKe CIIOCOOCTBYET
nanpHedme ycaake. 3. M3MeHeHHe BIaXXHOCTH TO-
pasHOMY JEWCTBYeT Ha LEMECHTHYIO MATPHIy H Ta30BYIO
(azy. Tak kak IleMEeHTHas MaTpuIla TepsieT BOLy ObIcTpee,
4eM TMOpbl MPOUCXOAUT HEepaBHOMEpHas ycaaka. OTo
NPpUBOAUT K HalpsKCHUIO BHyTpI/I Marepuala, qTo
CIOCOOCTBYET Pa3BUTHIO MHKPOTPEIINH, OCOOEHHO MpH
HaJINYUU BBICOKUX ypOBHel‘r’I BJIQAXKHOCTH B HepBOHaqaﬂbHOﬁ
CMECH. 4. OTtpunarensHoe  JAelcTBHE TTAB u
IACTU(OUIHPYIOMNX T00aBOK KaK 3aMEIJICHHE IPOLECCH
CXBaTBHIBAHHS U TBEPACHUS BSDKYILETO, YTO MOKET IIPUBECTH
K JECTPYKIMH TCHOIEMEHTHOW CHCTEMBI JO MOMEHTa
CXBaThIBAHMS BSDKYILETO - IICHOLIEMEHTHAs Macca JaeT
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yCaaKy, IO  BBICOTE  CBEXKCYJIOKEHHOTO  MaccuBa
00pa3yroTCsl CIUIONIHBIC KaHAIBI CIUSHHS ITy3bIPHKOB H
CHIDKEHHUIO SKCIUTyaTallMOHHBIX TIOKa3aTeiaed KOHEYHOTO
npoaykra. 5. C TOYKM 3peHHs KOJUIOUJHOW XHUMHUU

NEHOLIEMEHTHAsE ~Macca  OTHOCHTCA K  JIMO(QOOHBIM
rpyOOUCTIEpCHBIM BBICOKOKOHIICHTPHPOBAHHBIM
cucTeMaM, KOTOPBIE CelaMEHTAllUOHHO HEyCTOMYMBEIE.

Mepbl pery;THpoOBaHHS MeToxs! peryuposanus

JdedeKTer OO0BEKT peneNTypHOT0 NpPHEMaA PeIenTypHOTO COCTaRA TeXHOJIOTHYeCKOro
npolecca
‘VekopHTeIH H
| Cpokn | akTuBaTOpHI TBEpCHNS Temrneparypa BoJbI
Veaaka mpu CXBaThIBAHUSA
BBICBIXaHHH Bua IO IMapaMeTps
. CrolixocTs 1 .

KPaTHOCTb IeHBI

Huzkas

TIPOYHOCTE, KaHanos Ilnaro-
eIIHHO- I'n66ca

obpa3soBaHHe

. YIpouHeHne

MeKIIODOBOIT
MEPETOPOLIKH

Tun [TAB

Venosusa
TBEPAEHH
ry

JlHcIiepcHOe apMHpOBaHHE

MHHepMLHHe HaTIOTHUTETH

Ilopsamok n
1ocIeioBa-
TENBHOCTE
BBeJICHIA
KOMIIO-
HEHTOB

Momi$unupyromue J00aBKI

BHI I COCTaB BOKYMIETO
XapaKTepHCTHKH 3al0THHTeNe

IInacTHdumIpyIome
JIo6aBKH

B/T cooTHOIIEHHE

Puc.1. COBOKyIIHOCTl) PEUENTYPHBIX U TEXHOJOTHYE€CKUX IIPUEMOB

Jnsa  pemieHuss 3TOM 3afauyd  HYXXHO IPUMEHUTh
KOMIUIEKC PEIENTypHO- TEXHOJIOTHYECKHX MPHUEMOB C
pasHOro acmekra, T.e. BHIOpaThb pasHbIE OOBEKTH
peLenTypHOrO IpHeMa M BapbUpPOBaTh KOJIMYECTBEHHBIMU
HOKa3aTeJsIMU  PEeLeNTYpHOro cocrasa. Hampumep, 1o
JaHHBIM [5] KOTOpHIit 3 GEKTHBHO MPUMEHHIT YCKOPHUTEIh
tBepaennst NaF, NaCl (0,5 u 5 % oT Macchl BsDKYILEro)
COBMECTHO € KpeMHe- U JKelle30coaeprkarieil 100aBKon Ayt
neHoOeToHa  HAa  NPOTEMHOBOM  IIeHOOOpasoBaree.
Crabunn3anusl TI€HBl, YBEIWYECHHE TOJMIIWHBI IIICHKH
BO3HMKAeT B pe3yJlbTaTe B3aMMOJCHCTBUS TACTHUI[ 301

KPEMHHEBOW  KHCIOTBI M TeHOooOpasoBaTens ¢
oGpa3oBaHueM CTPYKTYPHOTO MPOCTPAHCTBEHHOTO
KPEMHEPOTEHHOBOTO KOMIIIEKCa. Habmronaercs

MOBBIILICHHE YCTOWYHUBOCTU HEHBI B 4 pa3a, yMEHBIICHHE
cpenHero amamerpa mop ot 600 MM mo 520 MK,
YBEIMYEHNE YHCIIa MOP CPEIHETo JHaMeTpa M IMPOYHOCTH
npoaykTa. B maHHBIX oOpasmax mosBisieTcs HoBas ¢asza -
ruapo cwimkar adBmumT. B3ammopeiicTBHe BBOIMMBIX
n00aBOK C TBepAbIM KaMEHHBIM CKEJIEeTOM IeHOOeTOHa
npuBoauT K cBsizbiBanuio Ca(OH)2 B HoBooOpa3oBaHwUsI.
Wmn ke  MOXHO  OTMETHTh  3(deKTHBHOCTH
COBOKYITHOCTH ~ HECKOJIBKMX  pEleNTypHBIX Mep B
WCCIIEIOBaHUAX [6], TIle MPUMEHIIN MOAUPUIUPYIOIINE
00aBKHM KBapIEBYIO CYCIIEH3HMIO, AHTHIPUT M KalUEBEIE,
HaTpUeBbIe aKTHBATOPHI TBEPACHHUS U 0a3aIbTOBYI0 (GHODY.
Crabunm3anusi TI€HHOH CTPYKTYpPHl C  YBEIHYEHHEM
CTOMKOCTH JocTHraercs H30BITKOM TBepaod (assl, He
OCEBILEH HAa MOBEPXHOCTH Iy3bIPbKa M3-3a2 BBICOKOH €€
KOHLEHTpalMi. DJTO o0ecreynBaeT 3aKyNOpKy KaHaJoB
[Tnato-I'n66ca ¢ hopMUpOBaHHEM YIUIOTHEHHOH YIaKOBKH
TBEPABIX YaCTUL] B MEXKITY3bIPbKOBOM IIPOCTPAHCTBE.
AHamm3 JaHHBIX [7] TOKa3bIBaeT, 4YTO AWCIIEPCHOE
apMHpOBaHHE B KOMOHMHAINH HHU3KOMOYJIBHBIX
(TIOMTIPOTINIIEHOBBIE) U BHICOKOMOAYJIBHBIX (0a3aJIbTOBBIE)
BOJIOKOH 3HAQUUTENBHO CHIDKAeT YCaAKy | IIOBBIIIAET
Npo4YHOCTh  meHodubOpoderona.  Bomokna  co3maior
HpOCTpaHCTBeHHin’I KapkKac, 1 4€EM MCHBLIC UX OAUAMETP U
JUTMHA, OOJbLIEe COJACpIKAaHUE B CTPYKTYpE SUEHUCTOTrO
OeToHa, TeM MEHbLIC JJIHMHA TPEIIMH. BONOKHA M3MEHSIOT
KaWUIAPHYI0O  CTPYKTypy  IIOPHCTOCTH,  jOenas  ee

MIPEUMYIICCTBEHHO 3aMKHyToW. Takum oOpaszom, ycaaka
YMEHBIIACTCS U3-3a 3aTPYAHEHHMS HCTIAPEHHUS KAIMIUIIPHOM
Blard.  BBICOKOMOAYJBHBIE  BOJOKHA  CHCP)KMBAIOT
ycagounble Jedopmanun u  OIOKHMPYIOT 00Opa3oBaHHe
TPELIMH B IIOTHBIX MEXIIOPOBBIX MIEPETrOPOAKAX C MOMEHTA
Havana (OPMHUPOBAHHUs CTPYKTYPBl M HPH MOCIEIYIOIICH
JKCIUTyaTanuu  ¢ubponeHoOeToHa.  HuskomomynbHbIC
BOJIOKHAa HCKJIIOYAIOT Pa3BUTHE YCAIOYHBIX SBICHHI N
TPeLMHOOOpa30oBaHWE HAa  YPOBHE  MAaKPOCTPYKTYPBI
Komro3uTa. Takoil ke 3¢dexT apMUpPOBaHHUS JOCTHTAETCS
3a cYeT NMpHUMEHEHHes CHHTETHYECKHX BOJIOKOH [8], Tme ¢
NOMOILIBI0 GUOPBI H3MEHEHO HANPsKEHHO-TehOpMaTHBHOE
COCTOSIHME MaTepHajla MOJA JSHCTBHEM COKMMAIOLIUX
Harpy3oK, [OITOMY IIapaMeTpbl ero  IPHU3MEHHOM
npoynoctH Ha 30-35% npeBkIaloT KyOUKOBYIO IPOYHOCTb,
MOBBILICHHE MPOYHOCTH Ha PACTSDKEHHE TIPU PACKAIBIBAHUI
B 1,2-2,5 paza.

ApMHpOBaHHE TTIEHOOETOHOB Ha OCHOBE MPOTEHMHOBOTO
MEHOOOpa3oBaTeNsi OTpe3KkaMH 0a3aJbTOBBIX BOJOKOH C
KpemHecozepkamum coctaBoM Si02 — 48-51% Ttoxe marot
BO3MOXKHOCTh YMEHBIICHHUS YCAJKH IMPH BBICHIXaHUH 110
1,37 mMm/M, Gosiee yeM B 2 paza [9]. DTo 00BICHSIETCS C TeM,
YTO Ha TpaAHUIE IEMEHTHOTO KaMHS M 0a3albTOBOTO
BOJIOKHA  HaXOJAIIerocs B  aMOP(QHOM  COCTOSIHHH
HPOMCXOJUT  XEMOCOPOLMOHHOE — B3aHMMOJCHCTBHE  C
OPOAYKTAMH THApaTallid LEMEHTa, ¢ 00pa3oBaHHEM
TOHYAHIIMX HWrOJNbYaThIX KPHCTAUIOB HAa IOBEPXHOCTU
[EMEHTHBIX 3€PEH, a TaKkKe, KPYIHBIX, HO YPE3BBIYANHO
TOHKHX IreKCaroHaJIbHbIX IJIACTHH B MEXK3CPHOBOM
IIPOCTPAHCTBE,  YINPOYHSAIOIIUX  CHCTEMY  IICJIMKOM.
TopueByro 4YacTe 0a3ajJbTOBOTO BOJIOKHA IPOHHUKAIOT
NPOAYKTHl ~ TUApaTalud  IEMEHTa ¢ o0Opa3zoBaHHEM
KPUCTAJIMYECKUX  CPOCTKOB  YIPOUHSIONIMX CHUCTEMY
nenukoM. ba3aibToBOoe BOJIOKHO COCTOMT M3 ele Oojee
TOHKHX BOJIOKOH. BO3MOXHO, Ha MX IOBEPXHOCTH B MECTaX
MEXaHNYECKHX nehexToB CO3/1AK0TCS LEHTPBI
KPUCTAJUTM3allMM, C  OOpa3oBaHMEM CeTH  TOHKHX
ICKCaroHaJIbHbIX IUIACTUH MW HWIr0JbYaTbIX KPUCTAJLIOB,
cpacraromuxcsi co chepuueckuMH 3epHaMH LEMEHTHOM
CUCTEMBI, JOIMOJHUTEIILHO YCUIIUBasA ﬂeﬁCTBMe BOJIOKHA KakK
JMCTICPCHOIT apMmatrypsl. biarogaps 3TOMY HPOMCXOAUT
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yBEINYEHHE IPOYHOCTH [IEMEHTHOTO KaMHsL.

Beenenne B CHCTEMY KpEMHECOAEPKAIINX
MHHEPAIBHBIX HAIlOJHUTENEHl BMeCTe C YCKOPHTEIIMH
TBEp/ACHMS  BIWSET  JBOSKO:  yMEHBINAET  yCaJKy,
CTaOWIM3HPYS TEHHYI0O MacCy W y9YacTBYeT B IOSIBICHUH
HOBOOOpa3oBaHmii neMeHTHOIT Marpusl [10]. [Ipumenenne
BBICOKOJIMCIIEPCHBIX MHUHEPAIBHBIX [J00aBOK pa3IUYHOI
yIeTbHON TOBEPXHOCTH ONTHMU3HPYET AUCTIEPCHBIN COCTaB
— HOJTy4aeTcs TYercTas CTPYKTypa C TOHKUMH, TNIOTHBIMH,
HNPOYHBIMH TeperopoakamMu. IIpodyHOCTh MOBBIIAETCA U
ycaJKa CHIXKaercs 3a c4eT (OpPMHUPOBAHHS OJHOPOAHOMH
IUIOTHOM ~ CTPYKTYpPBl ~ MEXKIIOPOBBIX IEPEeropofiok U
pacIIUpsIONIero  JSHCTBHS  JTTPUHTUTA, a  TaKKe
(hopMHpPOBaHNS HH3KOOCHOBHBIX TOOEPMOPHTONOTOOHBIX
THIPOCHIMKATOB KaJIbIIHS.

B »>ToM HampaBneHHM HMeEET MECTO IPUMEHEHHE
MHKpPOKpEMHEe3eMa B aMOP(HOM COCTOSHIH B KOMOWHALIUHI
HX C 30JIMH-yHOCA AJISI IEHOOETOHOB Ha CHHTETHYECKHX
neHooOpazoBarensix. AHanmu3upys AaHHBIX [11], memaem
BBIBOJ, 4YTO JUII CHHTETHYECKHX IIeHOoOoOpa3oBaTenei
CKOPOCTh ~ aJCcOpOLMM Ha IOBEPXHOCTH pasfena (a3
JKUIKOCTh—Ta3 OUeHb BEIIMKA, TIO3TOMY BPEMsI TOCTHKECHHS
TEpPMOANHAMHYECKOTO PaBHOBECHSI OYCHb KOpOTKoe. B
CBSI3U C 3TUM HEOOXOAMMO BBOAUTH CTAOWIM3UPYIOIINE
nobasku ¢ ompeneneauem KKM. B kadectBe Takmx cra-
OUIM3aTOPOB YYACTBYIOT PACTBOP JKUBOTHOTO KJIES, XKHUIKOE
CTEKJIO, CEPHOKHCIIOE JKeJI€30, IUTHOCYIb(POHATHI U Ap., WIN
)K€ HCIIOJIB3YIOT BBICOKOIUCIIEPCHBIE JOOABKH B BUJE 30JIBI
TOC, MHKpOKpeMHE3eMa, HM3BECTH, IOMEHHBIX TI'paHyJId-
pOBaHHBIX IITaKoB. B Takmx ciywasx cunrermueckue 110
HUMEIOT BOJOPOJIHBIA MOKa3arenb OMM3Kuil K (QoHOBOMY
TOKA3aTeNI0 LIEMEHTHOTO PAacTBOpa, O0MamaroT OombIieit
YCTOHYMBOCTBIO M KPAaTHOCTBIO II€HBI 110 CPaBHEHUIO C
OoenxoBeiMu  [10. CuHTeTHYEeCKHE TIEHOOOpa30BaTEIH
OKa3pIBAIOT  OoypIliee  BIMSHHE Ha IOBEPXHOCTHOE
HaTsDKEHNE PacCTBOPOB, YeM OEJKOBEIE.

OrienuBast posib B/T B ycOBepIICHCTBOBAaHHN COCTABOB
neHo6eroHa 1o AaHHbeIM [11]: npu 3Hauenunsx B/T menbiie
0,3 cTaHOBUTCSI HEBO3MOXKHBIM (POPMOBaHHUE IEHOOSTOHHOM
cmecu. Ecmn  B/T  mpeBemmaer 0,76,  cHmkaercs
OJHOPOJHOCTh HCXOJHOM CMECH W  yBEIHIHBAETCS
paccioeHne mneHoOeToHa. Eme oamH HeMmaIoBaKHBIM
(dakTop 310 — pasHmma mokazarens PH cpemsr 10 u
[IEMEHTHO CHCTEMBI - C yBETTMICHHEM Pa3HUIBI BO3pacTaeT
BIMSIHAE CTepUYecKoro d¢dekra, UYTO NPHBOOUT K
paspywenuto nenbl. [Toatomy pH pactBopa I1O nomxen
ObITH O1H30K K (hoHOBOMY pH 1IeMeHTHOTro pacTBopa.

C HeratuBHbIM BiusHHEeM [IAB MOXHO GOpOTBCS C
BBEICHHEM  pa3HBIX  MOAMGUIMPYIOMHX  J00aBOK.
Hampumep, mo pesynsraram [12] MOXHO cienath BHIBOZX O
TOM, YTO COBMECTHOE MpPHMEHEHHE KOMIIIEKCHO
MOIU(UINPYIOMIX J0OABOK Ha OCHOBE ATKHMI3aMEIIEHHBIX
(beHO.]'lOB W MUHEPAJIBbHBIX TOHKOAUCIEPCHBIX KPEMHHUCTBIX
HAaINOJIHUTENIEH 3HAYMTENHHO ITOBBINIAET CBOMCTBA IEHBI -
kpatHocTh 10 40% wu croiikocte 10 55%. bmaromaps
KpEeMHECOAep KallleMy HAIOJHUTENI0 CeIUMEHTAlMOHHAs
YCTOHYMBOCTH IEHOMACCHI MOBBICHIACh Ha 30%.

Uro Kacaercs BEIOOpa THIIa IEeHOOOpa3oBaTels,
0000mas nmaHHble [5-12] MOXXHO cJenaTh BBIBOJA, 4YTO
cunterndeckue [10 ycrynaror npotenHoBsle. Kaxkasrit Buz
[1O umeeT cBOM TPeOOBAHUS MO UCIIONIB30BAHUIO TAKHE KaK
BBEJCHHE CTa0MJIM3aTOPOB, COBMECTHMOCTH C JPYTHMH
KOMITOHEHTaMH HeHOGCTOHa, TeMIIEpaTypa BOAbI U T. 1.

CaMpIMH BAXXHBIMH MCTOJaMHU peryinpoBaHus
TEXHOJIOTHIECKOTO TpoIecca B I€HOOSTOHAX SBIISIOTCS
KOHTPOJIb TeMIepaTypsl BoJsl [14] u nocienoBaTesIbHOCTh

BBeleHUs komrnoHeHToB [13]. VYcranosneno [14], uyro
CHHTETHYECKHE TIE€HBI, IPUTOTOBIECHHBIE HA BOJE C
TeMreparypoit +4+2°C, coxpaHsIOT CBOIO YCTOMYUBOCTH B
2 pasa pgonbllie, 4eM II€Hbl Ha BOJE C TeMIEpaTypoi
+20+£2°C, u B 3 pa3za Jofblle, YeM IIeHBl Ha BOJAE C
temieparypoit +37+2°C. IleHooOpa3oBaHUe pacTBOPOB Ha
MOJIOTPETON M TEMJIONW BOJE HAYMHAETCS C PE3KOro pocTa
00BbEMa NeHbl B Te4eHue 1 1 2 MUHYTHI, C TPEThel MUHYTHI
MEepPEMENINBAaHUS BO3LyXOBOBJICUCHUE CTAOMIIM3UPYETCS -
Oospias 4acTh a71cOpOLMOHHBIX CBOWCTB
MeHoOOpa3oBaTenel MposBIsAeTCS B TedeHHe 1-2 MHH.
BoznyxoBoBneueHue e pacrsopoB IIAB Ha Boxe
MakCUMaIbHOUW IIOTHOCTH (+442°C) Xapakrepusyercs
CPaBHUTENBHO IUIABHBIM POCTOM B TEUEHHE IIEPBHIX 5-
6MuH., a 3ateM crabwmmsupyercs. PaHHSIS —moTteps
YCTOWYMBOCTU M CTOMKOCTH TEHHBIX IUICHOK CBSI3aHBI CO
CBOWCTBaMH BOJBI - UEM BBIIIIE €€ TeMIepaTypa, TeM OoJbIe
pasMax KoieOaHWid MOJEKyJl BOIABI M TeM ObIcTpee
pa3pymaroTcsl IUICHKH, B KOTOPBHIX OHAa Haxogutcs. Uem
HIDKE TeMIIepaTypa BOJBI, TEM MEHbIIE BOAOIOTPEOHOCTS,
onpejensieMas 10 BeJIMYUHE AUaMeTpa pacIulbiBa CMECH Ha
Buckozumerpe CyTrapaa.

JlucrepcHOCTh TEIUIBIX MIeH OblIa HU3KOH, YeM KpyIIHee
My3BIPEKU Ta30BBIX BKIIOUCHUH B MEHOCMECH, TeM Ooiee
HEyCTOHYMBBHIMU OHM CTaHOBATCA M TEM HIDKE OyaeT
KauecTBO 3aTBepeBIIero 6eToHa. [IeHbl, N3roTOBIEHHbIE Ha
Boge +4C, 001agarOT MOBBIIIEHHOH IUIOTHOCTBIO U
JIUCTIEPCHOCTBIO.

AHanmu3 (GU3MYECKUX CBOWCTB meH [15] mokasbIBaer,
YTO  HE3aBUCHUMO  OT  BEIIECTBEHHOH  NPUPOIbI
neHoo0pa3oBaTelsl MOHIKEHIE TeMIIepaTyphl BOIBI BEJET K
MOBBIIICHUIO TOKA3aTENIFHBIX XaPAKTEPUCTHK TIEH.

3. BbIBOABI U peKOMEH AU

Jlenast BBIBOA M3 BBIIICH3JIOKEHHOTO, IEHOOETOHEI
OTJINYAIOTCS CIIOXKHBIM CTPYKTYpOOOpa3oBaHHEM Ha MUKPO-
U MaKpOypOBHE IIpU YCOBEpPLICHCTBOBAHUE MX COCTAaBOB
TpebyeTcs KOMIIIEKC Mep MO PEeryIHpOBaHHUIO PEENTyPHO-
TEeXHOJNIOTHYEeCKHX  (akTopoB. BBememme B cocras
MHHEPaJIbHBIX HAaIOJTHUTENeH u XAMHYECKIX
MOIM(GHUKATOPOB  MOXKHO  PEryiaHpoBaTh  CBOICTBa
pa3padaThIBa€MOTr0 HEAaBTOKJIABHOT'O IEHOOeTOHA. B cBsi3M ¢
STUM HPEACTABIAETCS HAYyYHbIM U IPAKTUYECKUH HHTEpeC B
uccreI0BaHuU ¢bu3HKo MeXaHUYECKUX u
JKCIUTyaTallMOHHBIX CBOMCTB HEATOKJIABHOTO IMEHOOeTOHa
Ha MECTHBIX ChIPbEBBIX MaTepHajax.
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Vermiculite-based energy-saving concretes: experimental study of strength

Abstract:

Keywords:

N.K. Takhirzhanov®2, A.S. Ismaylova?®P

1Tashkent 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
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3Hepr0c6eperamume 0eTOHBI HA OCHOBE BEPMUKYJINTA: SIKCICPUMEHTAJIBHOC

HCCJICTOBAHUE ITPOYHOCTH
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KmoueBsie ciioBa:

1. BBeaenue

CoBpeMeHHBIE CTPOUTEIBHBIE TEXHOJIOTUH HAPaBICHBI
MaTepua’oBs,

Ha CO31aHUC

B nmannoil paboTe wHcclienyeTcsl BIUSHHUC BEPMHKYIHUTa W3 TeOMHOYTAKCKOTO MECTOPOXKIACHUS Ha
NPOYHOCTHBIE XapaKTepHCTHKU OeToHa. IIpoBeieHBI WCHBITaHWS Ha W3TMO M CkaTHe oOpasIoB ¢
Pa3IMYHBIM COZIep)KaHUEM BEPMUKYJIHTA. Y CTAHOBIIEHO, YTO YBEIMYCHHE JOJIH BEPMUKYJIUTA CHIDKACT
NPOYHOCTh OETOHa, HO MOXET CIOCOOCTBOBATH IIOBBINICHHIO €T0 TEIUIOM30JIIIMOHHBIX CBOMCTB.
TlosyuenHble pe3ynbTaThl MOTYT OBITh IOJIE3HBI ISl pa3pabOTKH JIETKHX W 3HEeprocOeperarommx
OCTOHHBIX KOMITO3UTOB.

BEPMUKYJIHT, 3HEprocOeperarommii OETOH, NPOYHOCTh TNPH CXKATHH, MPOYHOCTh MpH U3rude,
MOPUCTOCTbD, BOJOLEMEHTHOE OTHOIIICHHE

B oTirume oT Apyrux JErkux 3arnojHUTENEH, TAKUX KaK
KEPaM3HUT WK TIEHOCTEKITI0, BEPMUKYJIUT 001a1aeT O0IbINeit
COPOIMOHHOMN CITOCOOHOCTHIO i MEHBIIEH MITOTHOCTHIO. JTO
JIEJIaeT €ro MPHUBJIEKATELHBIM C TOYKH 3PEHUS CHUKEHUS
Beca KOHCTPYKIHMI, HO OJHOBPEMEHHO TpeOyeT ydera

COYCTAIOMNX  BRICOKHE W3MEHEHUsT BOJIOIIEMEHTHOro oTHomeHuss (B/I) mpu

TIPOYHOCTHBIE XapaKTEPHCTHKU ¢ YHEPro3((HEeKTHBHOCTHIO.
B cBsa3u ¢ rnoGanbHBEIM POCTOM JHEPTOMOTPEONICHUS B
CTPOUTENILHOW OTpaciu, pa3paboTKa 3HeprocOeperaronux
MaTepHanoB CTAHOBUTCS IPUOPUTETHOM 3aaueil. CoryiacHO
HCCIIEIOBaHMAM, HA OTOIUICHHE M KOHIMIIMOHHUPOBAHUE
3nanuii nmpuxoautes 1o 40% obuiero sHepromnoTpetIeHns
[1]. Hcmomp3oBaHWE JIETKUX M TEIJIOM30JISIIMOHHBIX
0ETOHOB MO3BOJISIET 3HAYUTEIBHO CHU3UTH TEIUIONOTEPH U
YIIYYIIATH S3HEPT03(PEKTHBHOCTD 31aHMUIA.

OnHHUM 13 TIePCTIeKTHBHBIX KOMIIOHEHTOB JJISI CO3MaHUS
9HeprocOeperarmnux OETOHOB SIBISETCS BEPMUKYIUT. ITO
IPUPOJHBII CIOUCTBIA CHIIMKAT C BBHICOKOH MOPHUCTOCTHIO,
HH3KOil TEeIIONPOBOTHOCTBIO U CIIOCOOHOCTHIO TIOTIIONIATh
H YAEpKUBATH 3HAYUTCIIBHOC KOJIMYECTBO BOJbI.
BepMukymuT ycrmemHo mpuMeHseTcs B CTPOHTEIBCTBE B
Ka4ecTBe TEIIOM30JIIIIMOHHOTO MaTepHaya, OIJHAKO €ro
BIMSHAE HA MEXaHWYECKHe CBOWCTBa OeToHa TpelyeT
JeTalbHOTO W3y4eHHWs. B wacTHocTH, yBelIMYeHHE
COZCpIKaHUsI BEPMUKYJIUTA MOXKET IMPUBECTU K CHUIKECHUIO
IPOYHOCTH H3-3a YBEJIIMYCHUSA MOPUCTOCTH nu
BOZIOTIOTJIOMICHHSI.

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

MIPOEKTUPOBAHUH cocTaBa OeToHa [2].

OnHako, HECMOTPSI Ha IPEHMYINECTBA, BEPMUKYIHUT
UMeeT U PsJ HeJOCTATKOB, KOTOPHIE MOTYT OIPaHNYUBATDH
€ro NpruMeHeHHe B OETOHaX:

1.  Bblcokasn cOpOLMOHHAA CIOCOOHOCTD.
BepMmukynur  cmocobeH — HOIJIOMIATh  3HAYUTENIbHOE
KOJIMYECTBO BOJBI, YTO INPUBOAWT K yBenmueHwio B/,
CHIDKEHHIO TPOYHOCTH I[EMEHTHOTO KaMHS U yXyIIICHUIO
aJIre3us ¢ IEMEHTHOM MaTpuiei [3].

2. IMonm:xennasas MexaHuvyeckasi HPOYHOCTb. B
OTJIMYUE OT TpaaulUOHHBIX SaHOHHHTeHeﬁ, TaKuX Kak
KBapIIEBBIil IECOK HJIM KEPaM3UT, BEPMHUKYIIUT UMeeT Ooliee
PBIXJIyI0O  CTPYKTYpY, YTO MOXET CIOCOOCTBOBATh
(GOPMHPOBAHHMIO 30H KOHIICHTPAIlMA HANPSOKCHUH |
CHIDKCHHIO 0011el poyHocTH OeToHa [4].

3. T'urpockonuYHOCTL M BO3MOKHOE CHIKEHHe
JA0JITOBEeYHOCTH. V3-3a BBICOKOH ITOPHCTOCTH BEPMHKYIIHT
MOXET aKTHBHO MOTJIONIATh BIIATY M3 OKPYXKAIOIIEH Cpessl,
YTO MOXKET INPHUBOAUTL K H3IMCHCHUAM 061;ema, norepe
NPOYHOCTH U TOTEHLUAILHOMY DPa3pyLIEHUIO CTPYKTYPEI
MaTepurajia npu HUKiIax 3aMOpa)kKMBaHUA-OTTauBaHUA.
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4. Heo0xoaMMOCTh KOPPEKTHPOBKH  COCTaBa
cMecH. M3-3a ocobeHHOCTEl BepMUKYIUTa OETOHHBIE CMECH
C ero cozepkaHueM TpeOyroT Oolee TIIATENBHOM
ONTHMU3ALMH, BKJIIOYAs HCIHOJIB30BAHAE CIICIHAIBHBIX
MOIHU(PHUKATOPOB, CynepIuiacTu(GuKaTopoB u
PEryIpOBaHMs KOJIMYECTBA BOMIBI, YTO MOXET YCIOXHHUTh
HPOIIECC MPOSKTUPOBAHUS U MPOU3BOJICTBA OETOHA.

B faHHOM HCCIIEOBAaHMM PACCMAaTPHBACTCS BIMSHUE
BEPMUKYJHNTA, J00bIBaeMOro Ha  TeOMHOymakckoM
MECTOPOXKJICHHH, Ha IIPOYHOCTHBIE  XapaKTEPUCTHKH
Oerona. OcHOBHas Lenb pabOTBl — 3KCIIEPUMEHTAIBHOE
OIIpE/IeJICHNE BIIMSIHUSL COJEP)KAHHS BEPMUKYJIHTa Ha
HNPOYHOCTh OETOHA NMpU M3rH0e U CXKATHH, a TAKXKE aHAIH3
€ro BIIVSIHUSI HA MEKPOCTPYKTYPY MaTepHala.

Jnst DOCTIDKEHUsT STOW LeNM B HCCIEIOBaHUM OBUIN
HOCTABJICHBI CIIEYIOLINE 3a/1a4H:

1. Omnpenenuts W3MEHEHHE NMPOYHOCTH OETOHA MPH
u3rube M CKAaTMM B 3aBUCUMOCTH OT COJCpIKaHHSA
BEPMUKYJIUTA.

2. HccnenmoBath  BIMSIHME ~— BEPMHKYJIHMTa  Ha

BOJIOIIEMEHTHOE OTHOLIEHHE M IIOPUCTOCTH IIEMEHTHOTO
KaMH;I.

3. IlpoBecTn cpaBHHTENBbHBI aHAIU3 IOJTYyYCHHBIX
Pe3yJIbTaTOB C HOPMATHBHBIMU TPEOOBAHUSIMHU.

4. OueHuthb BO3MOXXHOCTH MPAaKTHIECKOTO
HNPUMEHEHHS TaKuX OETOHOB B CTPOHUTEIFHONW HHIYCTPHH.

Tony4eHHbIe pe3yabTaThl MOTYT OBITH IOJE3HBI IS
pa3paboTKu HOBBIX COCTaBOB JIETKUX u
sHeprocoeperaromux 6ETOHHBIX KOMIO3UTOB, 00JIa1a0MINX
ONTHMAJIBHBIM  COYETaHHEM  TEIUIOM30JIILMOHHBIX U
MEXaHUYECKUX XapaKTePUCTHK.

2. MeTtoauka uccjie1oBaHus

Jlis mpoBefeHHs WCCICIOBaHUS OBLTH W3TOTOBJICHBI
OcToHHBIE  00pasmbl  pasmepoMm  40x40x160 M,
cooTBeTcTBytomue TpedoBanusim ['OCT 310.4-81. B
KayecTBE  KOHTPOJIBHOIO  COCTaBa  MCIOJIb30BAJIaCch
CTaHIAapTHas cMecb 0e3 BEpMHUKYJIHTa, a B TpeX
SKCIEPHUMEHTAIBHBIX COCTaBaX YacTh Mecka Oblila 3aMeHeHa
Ha BEPMUKYJHUT B PA3INIHBIX KOJINIECTBAX.

Marepuasnsl
KoMIoHeHThI OETOHHBIX CMECEH BKIIOYAIIH:
° IMoprnanauement (IIEM | 42,5) — ocHoBHOE
BSDKYIIIEE BEIECTBO.
° 307a-yHOC — HCIIOJIB3YETCSl Uil YacTUYHOH
3aMEHbl 1IEMEHTa M YJIYYIIEHHUS] CTPYKTYpPhl LIEMEHTHOIO
KaMHsI.

o Ilecoxk (¢ppakmus 0,16-2,5 MM) — Menkuid
3aMOJHAUTENb, O0ECIEeUNBAIOIINA IUIOTHYIO CTPYKTYpYy
GeToHa.

o Bepmukymut (TeOnHOyIaKcKoe MECTOPOKICHHE,
¢dpaxuus 0,5—2 MM) — JIETKUI TOPUCTHIN 3AITOTHUTENb.

J MUKpOKpeMHe3eM  —  TNpPHUMEHSeTcs Ul
MOBBIIICHUS] TPOYHOCTH M YIYYIIEHHS CIEIUICHUS MEXIy
KOMIIOHEHTaMH.

° Cyneprnactuduxarop — YMEHBIIAET
BOJIONIOTPEOHOCTH cMecH, yIydiaer
yA000yKIaabIBAEMOCTb.

° Bona (auctuimpoBaHHasi) — HeoOXoauma IS
TUpaTaIiy [IeMEHTA.

Xumunueckuit cocTaB BEPMUKYJIUTA ObLT

MpeaABapUTEIIbHO TIIPpOAaHAJIM3UPOBAH, W €ro OCHOBHBIC

XapaKTEepPUCTHKU IPEACTaBICHbI B Tabuuie 1.

Ta6auna 1
OCHOBHbBIE XapaKTePUCTHKH BEPMHKYJIHTA
IToka3arean 3Havenne
Hacoimaas rm}omocn,, 100-150
KI/M
[opucrocts, % 85-95
Boponornomenue, % 250-400
TeruIonpoBoHOCTS,
Br/(mK) 0,04-0,06

CocTaBbl 0€TOHHBIX cMeceit
Jnis uccnenoBanus ObLIM pa3pabOTaHbI YETHIPE COCTaBa
OeToHa:

Tabnauna 2
CocraB 00pa3unoB

Ne cocraBa 1 2 3 4
Iemenr (1) 600 | 600 | 600 | 600
3oxa (1) 260 | 260 | 260 | 260
ITecoxk (1) 663 | 663 | 663 | 663
Bepmukymur (1) - 408 | 508 | 608
MukpokpemueseM (T) 60 60 60 60
Cynepmiactudukatop (r) | 15 15 15 15
Boga (1) 310 | 600 | 625 | 690

Mertoauka HCIILITAHU]
OO6pasipl BBACPKUBATNCH B HOPMANBHBIX YCIOBHSIX
npu temmneparype (20£2)°C u OTHOCHUTENBHOW BIAXKHOCTH
(>95%) B Teuenue 28 cyrtok. Ilocne Habopa mpoYHOCTH

ObUTH HPOBE/ICHBI HCTIBITAHUS MEXaHHYECKUX
XapaKTePUCTHK:
1.  IIpouHocTh mpH HM3rude ONIpeAeNsuIach METOOM

TPEXTOUEYHOTO U3rHda C pacCTOSHUEM MEX Ty onopamu 100
MM corimacHo 'OCT 310.4-81. Harpyska npukiagsBanach
LEHTPAIM30BaHHO JI0 pa3pyLIeHUst 00pasiia.

2. TlpouHocTh TpPH CXKATUM H3Mepsylach Ha
MOJIOBHHKAX pa3pyllIeHHBIX oOpas3uoB corimacHo ['OCT
10180-2012. Kaxkmas MOJIOBMHA MOJABEprajach OCEBOMY
CKaTHUIO JI0 TOCTH)KEHHUS MPEAEbHOM Harpy3Ku.

Onenka BOJOLEMEHTHOTO OTHOLIEHHUSI H MOPHCTOCTH

Taxk Kak BEPMUKYJIUT obmamaer BBICOKOH
BO/IOTIOTJIOIIAIONIEH CIOCOOHOCTRIO, IS KaXKOOW CMeCH
paccuYUTHIBAIOCH (HJaKTHIECKOE BOJOIIEMEHTHOE OTHOIICHUE
(B/I). U3mepennme  obmed  nopucrocTH  OeroHa
MPOBOJIMIIOCH METOJIOM HACBHIIIEHUS BOJIOH C ITOCIIEYOIINM
THAPOCTATHYECKUM B3BEIINBAHHEM.

JIONOJTHUTETBHO OBUIH MPOBEJCHBI MeTPorpaduuecKuii
aHaIN3 ¥ CKAaHUPYIOIIas 2JIEKTPOHHast MUKpockorust (SEM)
UL BU3YaIW3alMH CTPYKTYPbl LEMEHTHOTO KaMHsi H
U3YYCHHS PaclpeesieH s mop.

CraTtucruyeckasi 00padoTka JaHHBIX
Kaxoe ncnpiTaHue MpoBOAUIIOCH HAa Tpex oOpasuax. B
pe3ynbTaTe  OBUIM  TMONMYYEHBI  CpPEIHHE  3HAYCHHUS
IPOYHOCTHBIX XapaKTCPUCTHUK U CTaHAAPTHBIC OTKIIOHCHUA.
Crarucrideckass 00pa0oTKa  BBINONHSJIACE — METOJOM
IUCHEPCHOHHOTO aHanmm3a IS OIEHKH 3HAYUMOCTH
pa3IHUIHil MEXTY COCTaBaMHU.

3. Pe3yabTaTsl

B nmanHOM pasgene OpeACTaBIEHBl  PE3YJIBTAThI
WCTIBITAaHUHA TIPOYHOCTH TIPH W3rHOE M COKATHH, a TaKKe
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NpOBEJeH  aHAIM3  BOJOLEMEHTHOTO  OTHOIIEHHS |
CTPYKTYPBI IOPHCTOCTH.

IIpouynocTs npu u3rude
HMcnbITanus nokasanu, 4To C yBEIUYCHUEM COEPKAHUS
BEPMUKYJINTA IPOYHOCTH OETOHA ITPH N3TN0e YMEHBIIAETCS.
OTO CBS3aHO C YBENUYEHHUEM IOPUCTOCTH M CHIDKEHHEM
IUIOTHOCTH cMecH. IlomydeHHble pe3ynbTaThl CBEICHBI B
Tabmuy 3.

Ta6uauua 3
IIpoyHoCTH 00pa3LOB NpH U3rHbe
Harpy3ska npu IIpoynocTh
Ne Cocras pa3pylieHun npu u3rude
H) (MIIa)
1 Be3 Bepmukyuta 4570 10,71
C BepMHKYIUTOM
2 (408 1) 2840 6,64
C BepMHKYIHTOM
3 (508 1) 2600 6,08
C BepMHKYIHTOM
4 (608 1) 2440 571

VcnpITanust Moka3ad, 9To C YBETHICHUEM COJICPKAHUS
BEPMUKYJIMTA IPOYHOCTH OCTOHA MPH H3THOE YMEHBIIACTCS.
DTO CBSI3aHO C YBEIMYCHHEM MOPHUCTOCTH M CHIDKCHHEM
IUIOTHOCTH cMecH. llomydeHHbIe pe3ylbTaThl CBEICHBI B
Tabmmy 3.

Ha pucynke | mpeacTaBieHa 3aBUCHMOCTD MIPOYHOCTH
TIPU U3TUOE OT COJICPKAHUS BEPMUKYITUTA.

3@aBUCUMMOCTbL NPOMHOCTH NPW M3rube 0T CoaepKaHua BEPMUKYINTA

—8— [IpOHOCTL NP M3rnie

Mpo4HocTs Npu n3rnbe (MMa)

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

Puc. 1. I'paduk n3MeHeHHs MPOYHOCTH NMPHU M3rHbe

IIpoyHoCTH NpPH C:KATHH
TIpounocTs O€TOHA IPH CXKATHU TAKXKE CHIKACTCS TIPH
YBEIMYEHHH  COAEpXaHWA BepMUKyiInTa. (OCHOBHBIE
MPUYMHBl 3TOT0 — YBEJIUYEHHE KOJIMYECTBA BO3JYIIHBIX
Op M CHIDKCHME IUIOTHOCTH LEMEHTHOTO KaMHs.
Pesysbratel npeacTasieHs! B TadauIe 4.

Ta6anna 4
IIpoyHoCTh NpPH C:KATHH 0ETOHHBIX 00pa3LOB
Harpyska npu | IlpounocTs
Ne Cocras pa3pyumieHHH NPH CKATHH
H) (MIla)
1 be3 BepmukyuTa - -
C BEpMUKYITHTOM
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 3aBUCHMOCTb NPOYHOCTH
TIPA CKaTHHU OT COJIEP/KaHNS BEPMHKYJIHTA.

3aBMCUMOCTb MPOYHOCTK NPU CXKATUW OT COAEPXKaHWA BEPMUKYIUTa

—8= [IpoyHOCTS MPH OKATHI

— —_
o ~

)

=

MpoYHOCTE NpKU cxKaTukn (MMa)
~ o

=)

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

Puc. 2. 'padux n3MeHeHusI HPOYHOCTH NMPH CKATHH

AHaJIn3 BOJ01IeMeHTHOro oTHomenus (B/LI)

Taxk Kak BEPMUKYJIUT oOmamaet BBICOKOH
BOJIONOTJIONIAIONIEH  CIIOCOOHOCTBIO,  YBEIMYEHHE €ro
COAEpXaHWsS  IPHBOTUT K  3HAYUTEINBHOMY  pOCTY
BojolieMeHTHOro otHomenust (B/Ll). DOto HerarnBHO
CKa3bIBAaeTCs HA IPOYHOCTHBIX XapaKTePHCTHKAX.

Tabauna 5
BojoueMeHTHOE OTHOLIEHHE PA3JIMYHBIX COCTABOB

Ne Cocras B/I1
1 Bes BepMukyuTa 0,52

C BEepMUKYJIUTOM
2 (408 1) 1,00

C BEpMUKYIUTOM
3 (508 1) 1,04

C BEpMUKYIUTOM
4 (608 1) 1,15

Ha Pucynke 3 mpexncrasieHa 3aBucumocts B/I[ ot
COZIEpKAHMS BEPMUKYIIUTA.
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¢puk nzmenenus B/Ll npu yBeanyeHuu
coJep:KaHusl BEPMHUKYJIHTA
Kak BumHOo w3 mamebIX, mpu B/L] > 0,8 mpodnocth
CHIDKaeTcst 00JIee MHTEHCHBHO, YTO COTJIACYETCS C MOJICIIBIO
Powers 11t mopucThix 6ETOHOB.

AHaJIM3 CTPYKTYPBI NOPHCTOCTH
beronsr ¢ BepMmmkymuTOM  oOmajmaioT  Ooiee
Pa3BETBICHHOM IOPHCTON CTPYKTYpoil, YTO yXyImIaer
CIIEIVICHUE MKy [IEMEHTHOH MaTpPHUIEH 1 3aIl0THATEIEM.
Ierporpadguyeckuii aHaMM3 IIOKa3al, d9TO pa3Mep IOp
yBenuuuBaercs: oT 0,1 mo 0,5 MM mo Mepe yBenH4eHUs
coJiep KaHHsI BEPMUKYJIUTA.

CpaBHeHHe ¢ HOpDMATHBHBIMH TPe0OBaHUAMH
CormacHo I'OCT 25820-2014, mpodYHOCTs Ha CXKATHE
OoeroHoB ¢ 508 T m 608 T BEepMHUKYIHTa COOTBETCTBYET
kraccy B7.5, 4ro pmemaer WX TOPUTOAHBIMH  JUIS
TETIOM30JISIIIMOHHBIX KOHCTPYKITHH, HO HE
PEKOMEHTyEeMBIMH U1l HECYILIUX JIEMEHTOB.
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Ta6uauua 6
CpaBHeHue moJy4eHHbIX AaHHbIX ¢ [OCT

IIpouno Knace
Pexomennyem
CocraB CTh NpH 6eToHa o -
rying rocr npuMeHeHue
(MIa) | 25820-2014 p
c Jlerkue
BEPMUKYJIUT 12,81 B10 OETOHHBIE
oM (408 1) GI1OKH
< Tenmnmouzomnsim
BEPMUKYJIUT 9,59 B7.5 €IIION30JIAL]
oM (508 ) OHHBbIC MaHeIH
< Tenmnmonzomnsiu
BEPMUKYIIUT 9,21 B7.5 CIIION30JISLT
oM (608 1) OHHBbIC MaHeIH

4. O0cy:xneHue

Bausinne BepMHKYJIHTA HA IPOYHOCTH

Pesynpratel  ucnbITaHWM  MOKa3bIBAKOT, 4YTO  C
YBEIMUCHUEM  COJCpXKaHMs BEPMUKYJIMTa IPOYHOCTh
CHCTEMAaTHYECKU CHIDKAETCS. DTO CBA3aHO C HECKOJIBKHMH
KIIFOUEBBIMH (haKTOpaMu:

® PocT mopucTocTH. BepMUKYIUT — 3TO HOPHUCTHIN
MaTepHai, KOTOPHIi yBEeIHINBAET 00bEM BO3IYIIHBIX MOp B
6erone. Ilpum 3TOM CHIDKAeTCsS IUIOTHOCTh LIEMEHTHOTO
KaMHsI, YMEHBINACTCA KOJIMYECTBO KOHTAKTOB MEXIY
3aMI0JIHUTEIIEM U [IEMEHTHON MaTpUIIeH.

e Ciabas aaresus. [IoBepXHOCTh BEpMHUKYJINTa MEHeEe
niepoxoBaTasi 0 CPaBHEHHIO C IIECKOM, YTO NPUBOIUT K
XYJILIEMy CLEIICHUIO C IEMEHTHBIM TECTOM.

® HepaBHOMEPHOCTh CTPYKTYpBI. Bsenenue
BEPMHUKYJIUTA IPUBOJHUT K TETEPOTCHHOMY pacHpe/eNIeHHIO
MOp, YTO CO3[AeT 30HBI KOHIEHTPAIUH HANPSDKCHUH o
CHIKAEeT MEXaHWIECKYIO MPOYHOCTb.

Bausinue BonouementHoro ornomenus (B/11)

Kak BumHo w3 Tabmuipl 4, pocT colepKaHUs
BEpMHKYJIHTA IPUBOIUT K yBennuenuto B/1] ¢ 0,52 no 1,15.
OTO CB3aHO C TEM, 4YTO BEPMHUKYJIMT BIMTBIBACT
3HAYUTENIFHOE KOJMYECTBO BOJBI, CHIKA 3((EKTHBHOCTH
THIpaTalH [IEMEHTA.

CormacHo mozenu Powers, mpu B/L > 0,8 mactymaer
pe3koe  CHIDKCHHE  TPOYHOCTH  H3-32  YBEIHYCHUS
KOJINYECTBAa KaWUIAPHBIX MOP B CTPYKTYpE LIEMEHTHOIO
KaMHs [1]. Or1o coryacyercs c HalluMU
JKCIIEPUMEHTAIBHBIMU JaHHBIMU (PrcyHOK 3).

BeIBOI: 151 IpEIOTBpAICHUs Ype3MepHoro pocta B/I]
HEOOXO0JMMO JINOO BBOJHTH BOJOYICPKHUBAIOIINE TOOABKH,
mb0 CHWXKaTh BOJOMOTPEOHOCTH COCTaBa 3a CYET
CYIEpIUIACTU(UKATOPOB.

Bimsinne cTPYKTYpbI HOPHCTOCTH

Vcnonb3oBaHne BEPMUKYJIUTA U3MEHSET CTPYKTYPY IOp
B OeToHe. AHanu3 MoKa3all, 4yTo:

® YBeJlMueHHe COJep)KaHUs BEPMUKYJIUTA MPUBOIUT K
yBEIHUEHHIO cpeHero auamerpa nop (ot 0,1 1o 0,5 mMm).

® B niemeHTHON Matpuie GOpMHUPYIOTCS KaUIIPHBIE
n 3aMKHyTbIe IOpbI, KOTOPLIC yxyumaloT MCXaHHUYCCKHEC
CBOWCTBa, HO MOTYT YIJIy4YlIaTh TEIUIOM30JIAIUOHHEIE
CBOICTBA.

CpaBHeHHEe ¢ HOpPMATHBHBIMM TPe0OBAHUSIMH
Cornacao I'OCT 25820-2014, 6eronnsie cMmecu ¢ 508 ¢
u 608 T BepMHKYJIMTa COOTBETCTBYIOT Kiaccy B7.5 n moryT
OBITh UCIOJIE30BAHbI B HEHECYIIUX KOHCTPYKIHAX. OIHAKO
UX MPUMEHEHUE B HECYIIMX 3JEMEHTaX OTPaHUYCHO U3-3a
HEIOCTATOYHOW TPOYHOCTH.

Jis  TOBBILIEHWA  NPOYHOCTHBIX  XapaKTEPUCTHK
PEKOMEHTyeTCsL:

o Cumxkenne B/II mo 0,6-0,7 ¢ HCIOIB30BaHHEM
CyIepIuIacTU(HKaTOPOB.

® ApMHpPOBaHHE BOJIOKHAMH (IIOJHMIIPONMIICH, 0a3abT,
CTEKJIOBOJIOKHO) JUISl IPEAOTBPAILCHUS Pa3pyLICHUS
10 c1aObIM 30HaM.

e JI3MeHeHHE TPaJMCHTa HAIONHUTENS — BO3MOXHO
YaCTUYHOC COXPAHCHUE TMecKa IS YIyYIICHHS
CTPYKTYPHI IIEMEHTHOTO KaMHSI.

Ha PucyHke 4 npencTaBIcHO CPaBHEHHUE MOJYYCHHBIX

JTAHHBIX ¢ HOPMATHBHBIMU 3HAYCHUSIMH.
CpaBHeHUe NpoYHOCcTU BeToHoB ¢ TOCT 25820-2014

=
N

=
o

@

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

MpoYHoCcTh NpuU cxkaTum (MMa)
[=)]

0 100 200 300 400 500 600
CogepxaHne BepmukynuTa (r)

Puc. 4. CpaBHeHne MOJIY4Y€HHBIX JaHHBIX €
HOPMATUBHBIMHU 3HAYCHUAMMU

Bo3MoikHBIE HETOCTATKH BEPMHKYJINTA

Hecmotpss Ha  mpemmymiecTBa  (Manblii  Bec,
TETUIOU30JISIIMOHHBIE CBOICTBA), BEPMHUKYJIHT HUMEET DS
HEZO0CTAaTKOB:

e Bricokas  BOZOIOIJIOMIAIOMIAs  CIOCOOHOCTE —
TpeOyeT yBENMYEHHs pacxXofa BOJBI M HCIIONB30BAHHS
1acTH(HUKATOPOB.

e CHIDKEHHE TPOYHOCTH — YBEIIMYECHHUE COJepPIKAHUS
BEPMUKYJIHTA MPUBOAUT K YXYALICHHIO MEXaHMYECKHX
XapaKTePHUCTHUK.

e HeomHOpoHOCTE  CTPYKTYpBl —  (opmupoBaHue
JIOTIOJTHUTENBHBIX TIOpP CHIDKAET JOJITOBEYHOCTh MaTepuaa.

Bo3moskHbIe perieHus:

1. Umnpernanus BEPMHUKYIIUTA TUIPOPOOHBIMU
COCTaBaMH Iepesl BBEICHHEM B OETOH.

2. TIpuMeHeHHe KOMIUIEKCHBIX ITaCTH()UKATOPOB IS
cHmkenus B/LI.

KOMGI/lHaLII/Iﬂ BEPMUKYJIUTA C APYTUMU 3aTIOJTHUTEIAMU,
HaIpUMep, KEPaM3UTOM HIIU TIEPIUTOM.

5. BeIBOABI

Ha ocHOBe mpOBeNEHHOTO HCCIIEAOBAHUS  OBLUIH
MOJTY9EHBI CIIETYIOIIHe OCHOBHBIC BEIBOBI:

[IpouHOCTH GeTOHA MPH M3THOE U CKATHN YMEHBIIASTCSI
C  yBEIMYEHHEM  COJEpXaHUS  BEPMUKYIHTa.  ITO
OOYyCIIOBIIEGHO ~ POCTOM  TIOPHCTOCTH,  YBEIMYCHHEM
BoZonleMeHTHOro otTHomreHuss (B/Ll) wu  yxyamenuem
a/Ire3nH MKy [IEMEHTHON MaTpPHIIEH U 3aII0THUTENIEM.

Pocr B/I] ot 0,52 mo 1,15 npu BBeICHUN BEpPMUKYIIHTA
MPUBOJUT K 3HAYUTEIHHOMY CHIKEHHIO MEXaHUYeCKOM
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npounoctu. Coriacuo mozaenu Powers, mpu B/I] > 0,8
HaOmogaeTcsl pe3Koe yXyIIICHHE XapaKTEpUCTUK OeToHa
H3-32 YBEJIUUCHUS KaIWUIIPHOH IIOPHCTOCTH.

AHanmm3  CTPYKTypHl THOPHUCTOCTH TOKa3ajl, dTO
YBEIMYEHHE COJCP)KAHMS BEPMHKYJIHTa CHOCOOCTBYET
(hOPMHUPOBAHUIO OTKPHITHIX ¥ 3aMKHYTHIX TI0P. DTO CHIDKAET
MPOYHOCTh, HO MOXKET MOJOXHUTEIbHO CKa3bIBAThCA Ha
TETIOM30JISIIMOHHBIX CBOMCTBAaX MaTepHana.

CpaBHenne ¢ HopMaTuBHBIMU TpeboBaHusaMu (I"OCT
25820-2014) moxkaszamo, uyro coctaBel ¢ 508 r u 608 T
BEPMUKYJINTA COOTBETCTBYIOT Kiaccy B7.5, uro mo3Bonser
HX HWCIIONb30BaTh B HEHECYIIHMX TEIUIOM30JIILIMOHHBIX
KOHCTPYKIMsAX. OIHAKO WX NpPHMEHEHHE B HECYIIUX
JJIEMEHTaX OrPaHIYEHO.

OCHOBHBIE ~ HENOCTaTKM  BEPMHKYJIHTa:  BBICOKas
BOJIOTIOTJIONIAIOIIAS CIIOCOOHOCTh, CHM)KEHHE MPOYHOCTH,

HEOJHOPOJHOCTh CTPYKTYDBHI. s HOBBILICHUS
XapaKTEPHCTHK PEKOMEHIyETCsl MpUMEHEeHHE THAPO(HOOHOH
00paboTKI BEPMHUKYJIUTA, HCTIOJIb30BaHNE

CyNepIUIacTU(GHUKATOPOB M KOMOMHHPOBAHUE C JIPyTHMH
HOPUCTBIMH 3aTIOJIHATEIISIMU.

IIpakTryeckoe IIpUMEHEHHE: pe3yJIbTaThl
HCCIIEIOBaHNUsI MOTYT OBITh TIOJIE3HBI IIpU pa3paboTke
JETKUX 9JHeprocOeperaromux OETOHHBIX KOMIIO3UTOB,
HCIONB3YEMBIX B CTpOUTENbCTBE. OCOOEHHO MEPCIIEKTHBHO
MIPUMEHEHNE TAaKUX COCTABOB IS TEIIOM3OJISIIMOHHBIX
naHesel, OJIOKOB U MMOKPBITHIHA.

IlepcriekTuBBI HanbHEHIINX HCCIIEI0BAHUIMA

® V3ydenue 107TOBEIHOCTH GETOHA C BEPMHUKYITHTOM,
B TOM YHCJI€ €T0 MOPO30CTOHKOCTH ¥ BOJJOCTOWKOCTH.

@ Mukpoctpykrypusii ananuz (POM, MPT) ms
JETaIbHOTO HW3YYEHHsl paclpeiesieHust 1mop U (a3oBBIX
B3aHMOJICHCTBHH.

@ VcnbITaHus Ha TETIOMPOBOJHOCTh, UTO TIO3BOJNUT
OLICHUTH BIMSHHE BEPMHUKYJIUTA Ha TEIUIOW3OJIALMOHHBIE
cBoiicTBa OeToHa.

« Pa3paGoTka KOMIIO3UTOB C KOMOWHHPOBAaHHBIMH
3aMOHUTEINSIMA TSI ONITHMAJIBHOTO COYETaHHs MPOYHOCTH
1 SHeprocOepexeHusl.
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Structure of ceramic fragments with vermiculite additives in various forming
methods

R.M. Auezbaevl®?2, P.D. Lepesbaeva®®P
1Tashkent 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
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Turli shakllantirish usullarida vermikulit qo‘shimchali keramik parchaning
tuzilishi

Auezbaev R.M.1®2 |epesbaeva P.D.20b

Toshkent davlat transport universiteti, Toshkent, O‘zbekiston
2Qoragalpoq davlat universiteti, Nukus, Qoraqalpog’iston, O°zbekiston

Annotatsiya: Ushbu maqolada 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 taggoslanadi. Vermikulitning keramika tarkibiga
qo‘shilishi natijasida hosil bo‘ladigan mikrostrukturaviy o‘zgarishlar, g‘ovaklilik darajasi va mexanik
xossalar tadgiq 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 magbul,
. . . . . universal va vaqt sinovidan o‘tgan qurilish materiali keramik
Mazkur tadgigotning asosiy magsadi — turli

g‘ishtdir. U quyosh energiyasini to‘plab, issiqlikni asta-sekin
va bir tekis targatadi, bu esa uyni yozda haddan tashgari
gizib ketishdan himoya qiladi va gishda issiglikni saglaydi.
G‘isht devor namlikni o‘tkazib "nafas oladi", natijada
xonalarda muvozanatli namlik darajasi saglanib qoladi.

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 qurug 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

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. G*isht 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. Tadqigot metodikasi

Qurilish sohasi uchun zarur bo‘lgan samarali, uzoq
muddat xizmat giladigan 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 gazib 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 miqdori va
nisbati bilan tavsiflanadi:

SiO: (Silisiy dioksid) — 38-42% MgO (Magnezium
oksid) — 20-25%,Fe:0s (Temir oksidi) — 5-12% ,ALOs
(Alyuminiy oksidi) — 9-12%, CaO (Kaltsiy oksidi) — 1-3%,
K:0 (Kaliy oksidi) — 4-7%, Na.O (Natriy oksidi) — 1-2%

Vermikulitning tarkibidagi bu oksidlar uning kengayish
qobiliyati, yong‘inga chidamliligi, issiqlik izolyatsiyasi va
agrotexnik xususiyatlarini belgilaydi. Tebinbulog konidan
olinadigan vermikulit yugori 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 xo‘jaligi substratlari va sanoat filtrlarida keng
qo‘llaniladi.

Tebinbuloq  konining  ko‘pchitilgan  vermikulit
zarrachasining umumiy ko‘rinishi va mikrostrukturasi 1-4-
rasmlarda, nuqtaviy 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 Al K Al K
SiK SiK SiK SiK
KK KK KK KK
FeK FeK Fe K FeK
Totals Totals Totals Totals

300um Electron Image 1
1-rasm. Vermikulit zarrachasining ajralish tekisligi
bo‘yicha umumiy ko‘rinishi (200 marta

kattalashtirilgan)

b B0um 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
o] Mg | Al | Si K Fe | Tot
al

Spectr [ 45. 198 |39 |12. [ 1.8 | 26. | 100
um 1 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. |1 9.7 |39 [12. | 2.6 | 30. | 100
um4 |5 |7 8 48 |2 60 | .00
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3-rasm. Namuna yuzinlng 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 qatlamlarining 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 chiqarish 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

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

Gil VVT  |Zichlik, |Sigilish |Massa |lIssiglik

xomashy|qo‘shimqkg/m* |ga bo‘yich |o‘tkazuvc

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

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

10 1190 6,1 115 0,103
20 1160 57 20,5 0,090
30 1055 55 28,5 0,085
40 990 50 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| 0 1650 | 105 10,2 0,589
koni

10 1000 58 13,0 0,139
20 790 35 25,6 0,130
30 610 30 375 0,125
40 505 2,6 425 -

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 qobiglarning 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 govushqgoqgligi yugori
bo‘lib, shakllantirish jarayonida vermikulit donalaridan
goliplash namligi sigib chiqariladi. 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
garatildi.
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 30 1800 30 25
koni
Xitoy Gold 2 10 1880 48,9 15,4
DFL 3 30 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 ! 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 yugqori
adsorbsiyalash gobiliyati qorishtiradigan suvning ortigcha 5 1 10 1960 0,67075
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 : 4300 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 2000 :
ko‘pchitilgan  vermikulit  zarrachalarini  sementlaydi.
Kontakt yuzasi ortishi natijasida bunday sementlashning » ; :
samaradorligi ham oshadi. Ushbu bosqichda 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 | Siqgilishdag
(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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Siqgilish, mm
7-rasm. 30% VVT qo‘shilgan keramik kukun yuklanish
sxemasi
Tpadux
O6pasubl ¢ 1 no 4 1
1
o
Z -10000 //7
=5 O6paseu N2
& -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
Sigilish, 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 CX:
{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 yuqori 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
gorishma 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‘shliqlaridan kattaroq g‘ovaklarga presslash paytida siqib
chiqarilgan namlik ta’sirida kontaktlarning adsorbsion
ravishda ajralishi bo‘lishi mumkin. Presslashda suvning
optimal migdorda ishlatilishi natijasida vermikulit
qo‘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 magsadga 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, wushbu mahsulotlarni asosan devor qurilish
materiallari sifatida ishlatish yoki suv shimishni kamaytirish
bo‘yicha  texnologik  choralar  ko‘rish  (shixtaga
plastifikatsiyalovchi qo‘shimchalar qo‘shish va boshqalar)
tavsiya etiladi.

Yarim quruq 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,
mahsulot qolipdan chiqarilgandan so‘ng, unda nugsonlar
paydo bo‘lmaydi. Presslash jarayonida esa siqib chigarilgan
namlik vermikulit plastinkalari orasidagi bo‘shliqni
to‘ldiradi.

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

M.A. Musazhonov!, A. Ibadullaev?, U.R. Chorshanbiev!
1Tashkent 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.l, 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 chiqildi. Tadgigotda 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. Tadgiqotning ilmiy asosi, polimer kompozitsiyalarining fizik-kimyoviy xususiyatlari va ularga
ta’sir etuvchi tashqi omillarni tahlil qilish orqali 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 atalmogda. 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 qaratilgan bo‘lib, bu
sistemalarning fizik-kimyoviy jarayonlarini chuqur tahlil
giladi. Kolloidlar va dispers sistemalarining ilmiy
rivojlanishida ko‘plab mashhur olimlar o‘z hissalarini
. . . . . qo‘shgan. Masalan, Thomas Graham (1805-1869)
rezina, bo _yoqlar va bo_s h_qa ko pla_b materiallar dispers kolloidlarni va eroziya tizimlarini ta’riflab, ularni kichik
sistemalarning - misollaridir. Shuning uchun, - bunday zarrachali eritmalar va katta zarrachali kolloidlar sifatida

sistemalarning xususiyatlarini o‘rganish ilmiy sohalar, ai ; ; ;

. S e o . jratgan. Shuningdek, Michael Faraday (1791-1867) dispers
xususan, .KO,IIOId kimyo fanlnlng'asoa h,ISObIE,madI' L,JShbu sistemalarining fizik xususiyatlari bo‘yicha muhim ishlar
soha, hozirgi kunda ko‘proq “Sirt hodisalari va dispers

Atrofimizdagi dunyo, shu jumladan bizning o‘zimiz
ham, dispers sistemalardan tashkil topgan. Dispers
sistemalar tabiatda keng tarqalgan bo‘lib, ular ko‘plab sanoat
va ilmiy sohalarda, shuningdek kundalik hayotda ham faol
qo‘llaniladi. Tabiatda uchraydigan ko‘plab moddalar,
masalan, tuproq gil, tabiiy suv, ozig-ovgat mahsulotlari,
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olib borgan, u elektromagnit maydonlarning kolloid
zarrachalariga ta’sirini o‘rgangan va Faraday effektini kashf
etgan. Friedrich Ludwig (1829-1901) esa, kolloidlarning
barqarorligini ta’minlash uchun kimyoviy moddalarni
qo‘llash orqali sirt hodisalarini o‘rganib, stabilizatsiya
jarayonlariga doir yirik tadgiqotlar olib borgan.

Adabiyotlar tahlili. Oc‘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 nuqgtai 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,
ayniqsa, qattiq zarrachalar va suyugqliklar orasidagi o‘zaro
ta’sirlar, ho‘llanish, adsorbsiya, desorbsiyalash,
sedimentatsiya va koagulyatsiya kabi jarayonlar bilan
bog‘lig. O‘rta Osiyo daryolarida loyga suv ogadi, 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, aynigsa, gidrotransport tizimlarining uzoq
muddatli va samarali ishlashini ta’minlashda muhimdir.
Odatda, bunday tadgiqotlarda quyidagi asosiy formulalar va
yondashuvlar qo‘llaniladi.

2. Tadqgigot 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)x100

Cod — tozalashdan oldin ifloslantiruvchi moddalar
konsentratsiyasi.

Cnew — tozalashdan keyin ifloslantiruvchi moddalar
konsentratsiyasi.

Bu formulada yuvishning samaradorligi (n) foizda
beriladi.

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

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

o=F/A

o — materialga ta’sir qilayotgan bosim.

F — materialga ta’sir qilayotgan 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:

e=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 — quvvat (Watt).

t — vaqt (soat yoki sekund).

Bu formula yuvish jarayonining umumiy energiya
sarfini hisoblashda ishlatiladi. Bir gidrotransport tizimida
yuvish jarayoni amalga oshirilmogda. 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 gilayotgan bosim mavjud bo‘lsa, va
yuvish jarayonida 5 kVt quvvat sarflansa, umumiy energiya
sarfini hisoblashni xohlaymiz. Yuqoridagi formulalar
yordamida ishlab chigilsa, yuvish samaradorligi 80% ni
tashkil etadi, quvurlarga ta’sir qilayotgan 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=(2x10%x0.5)/0.01=100x10°=100MPa

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

e=o/E

Bu yerda ko‘rishimiz mumkinki:

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

€=100x10%/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 qismi 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 gisqartirish
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 Yuv:jsh liai To‘planmalarni Energiya | Quvur ichki TIZIImI' .
r | kompozitsiyasi samaracoriigi kamaytirish Sarfi (MJ) yuzasi samaragorfigint
(%) oshirish
S Yuvish jarayonlari
- Quvurlar ichidagi A
1 Polietilen (PE) 75% shlaklarning 15MJ Yaxshilandi tezlasht!rlladl,
+ Elastomerlar K - energetik sarf
amayishi K :
amayadi
. . . . Yangi materiallar
Polipropilen Kimyoviy tizimning ishlash
2 (PP) + Karbon 80% to‘planmalarni 18 MJ Yaxshilandi mudc?atini
tolasi kamaytiradi uzaytiradi
. . Yuvish
Polivinilxlorid To*planmalarni __ samaradorligi
3 . 90% sezilarli darajada 10 MJ Yaxshilandi - :
(PVC) + Silikon S oshadi, energiya
kamaytiradi - .
sarfi kamayadi
Suvning yuqori Quuvurlarni tez
Epoksi + 0 ogim tezligi tufayli S yuvish, energetik
4 Polietilen (PE) 85% to‘planmalar 12MJ Yaxshilandi sarf 30% ga
kamayadi kamayadi
Tizim
. . . o
5 Poliuretan + 95% ]:9 pla.nmalarnl 20 MJ yaxshilandi samaradqulgl 25_%)
Elastomerlar to‘liq olib tashlash 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 yugori bosim va mexanik
ta’sirlarga qgarshi chidamlilikni ta’minlaydi. Masalan,
Polietilen (PE) + Elastomerlar kompozitsiyasida mexanik
kuchlanishga chidamlilik yuqgori 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 bargarorligi yugori. Bu
material agressiv kimyoviy moddalar bilan ta’sirda o‘zining
mexanik va kimyoviy xususiyatlarini saglab qoladi. 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 garshi
chidamli bo‘lib, tizimning ishlash muddati davomida

kompozitsiyalarining mustahkamligi gidrotransport
tizimlarining samaradorligini ta’minlashda muhim rol
o‘ynaydi. Mexanik kuchlanishga chidamlilik, kimyoviy
bargarorlik, haroratga chidamlilik va zarba kuchlariga
qgarshilik 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 qanday 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 tashqi 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

IIpumeneHnne 3HepPro3(p(peKTUBHBIX U IKOJOTHIECCKH 0e30MaCHBIX
MaTepHaJI0OB B COBPEMEHHOM CTPOUTE/IbCTBE

JlpoGuenxo H.B.102

!Camapkan ickuii TOCYIapCTBEHHBIN apXUTEKTYPHO-CTPOUTENBHBINA YHUBEPCUTET HMEHH Mup30 Viyroeka,
Camapkanj, Y30ekucran

AHHOTaNMS: B cratbe paccMaTpHBAIOTCS aKTyalbHbIE TEHICHIMM M WHHOBAlMOHHBIC MOAXOIbI B 00JAaCTH
MPUMEHEHHS YHeprodPPEeKTUBHBIX H SKOJIOTHYECKH O€30MaCHBIX MAaTEPHUANIOB B cTpouTebcTBe. Ocoboe
BHHMaHHUE yJIeJIEHO aHAJIM3y COBPEMEHHBIX TEXHOJIOTMYECKHX PEIICHHUi, HalpaBIeHHbIX HACHIDKCHUE
SHEProNOTPEOICHUs. U YIIIEPOJHOTO CIefa CTPOUTENbHOI oTpaciy. OnHcaHbl KIIFOYEBBIE KATETOPHU
TaKMX MaTEepPHUaJIOB, BKJIOYas OHOKOMIIO3MTHBIC TEIUION3OJSLMOHHBIE PELIeHNs, T'€ONOJINMEpHBIE
6eToHBI, 3Heprod(pQexTHBHBIE CTEKJIONAKETH U JPEBECHO-TIOJINMEPHBIE KOMITO3UTHL. PaccmarpuBaroTcs
UX TEXHOJOTHYECKHE OCOOCHHOCTH, NPEHMYILIECTBA, a TaKXKe BIMSHHE HAa YCTOWYMBOE pPa3BUTHE U
9KOJIOTHYECKYIO 0€30TacHOCTh CTpouTenbeTBa. OOCyKmaercs BHeApPeHHE NU(MPOBBIX TEXHOJIOTHHA U
HCKYCCTBEHHOTO HHTEIUICKTAa B IPOLECCHl IMPOCKTUPOBAHHMSA W MPOM3BOJCTBA CTPOHMTEIBHBIX
MaTepuasoB, YTO OTKPHIBACT HOBbIE BOSMOXKHOCTH IS ONTHMM3ALlMK MPOU3BOJCTBA M IOBBIICHUS
3¢ PEeKTHBHOCTH HCIOJIB30BAHMUS PECYpCOB. AHAIM3UPYIOTCS IEPCIEKTHUBBI JajlbHEHIIEro pa3BUTHS
JaHHBIX TEXHOJNOTMH W WX BIMSHHE Ha OSKOJOTHYECKYI0 M JKOHOMHYECKYI0 3(deKTHBHOCTH
CTPOUTENIbHOW WHAycTpuH. [IpencraBieHHbIE IaHHBIE MOATBEPKIAIOT 3HAYUTEIBHBIA TMOTCHIHA
COBPEMEHHBIX HHHOBAI[HOHHBIX MaTePHAIOB B PEAIN3aLK KOHIETIINY YCTOWYNBOTO CTPOUTENBCTBA U
CHI)KCHHH HETaTUBHOTO BO3/ICHCTBHUS Ha OKPYKAIOIILYIO CPeLy.

KiroueBsie cioBa: WHHOBALIMS, OKOJIOTHs, TEXHOJOTHs, CTPOHMTEIbHas OTpacib, SHEProd(hdeKTHBHOCTb, MaTEpHAIBI,
TEXHOJIOTHH, YCTOIYMBOCTB, OKpYKatolas cpesia, 0e30MacHOCTh OTHOLICHUE

0eTOH M KHpIU4, TPeOyIOT 3HAUUTENbHBIX 3aTpaT YHEPTHU
Ha MPOM3BOJCTBO U COMNPOBOXKAAIOTCS 3HAYUTEIBHBIMU

1. BBeI[eHI/Ie BBIOpOCaMH yIJIeKHciIoro rasa [1]. B cBs3u ¢ 3Tum pazButHe

9HeprodQ(GEKTUBHBIX U JKOJOTHYECKH  OE30MacHBIX

B ycnoBusax  cTpemuTeNbHOTO  poCTa  rOPOZIOB M CTPOUTENBHBIX MATEPHUATIOB CTAHOBUTCS MPHOPUTETHOM
yBEJIMYEHHUsT  MOTPEOJICHUsI  JHEPropecypcoB  meper 3a1aueil 111 CTPOUTENLHOM MHIYCTPHIL.

CTPOHTENBbHON OTpacibio BCTa8T  3ajaua  IOMCKa CoBpeMeHHBIE TEXHOJOTHH TO3BOJIIIOT  CO3/aBaTh

HHHOBALMOHHBIX PCIICHH, HAMPABICHHBIX HA CHIKCHHE MaTepHaIbl C yITydIIeHHEIMH XapaKTepHCTHKAMH, KOTOpHIE

HCraTHBHOTO ~ BO3ACHCTBHMA Ha  OKPYXAIOIIyr0  Cpeay. HE TOJBKO CHIDKAIOT DHEProNOTpeOieHHe 3[aHui, HO U

TpanvuMOHHbIE CTPOMTENLHBIE MATEPUANIbl, TaKHE Kak CMOCOOCTBYIOT MOBBILICHHIO UX JIOJTOBEYHOCTH, KOM(pOpTa

& https://orcid.org/0009-0003-3488-481X
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u 6e3onacHocTy. Vcrosap30BaHie TAKMX MaTEPUAIOB HTPAaeT
BaXHYIO POJIb B PCATH3AIUMH KOHIICTIHHA YCTOWYHBOTO
CTPOUTENBCTBA, KOTOpas MpEANojaracT MHUHUMHU3AIHIO
HETaTHBHOTO BO3/ICHCTBUS Ha OKPYKAIOIIYIO CPEAY Ha BCEX
JTarnax >KU3HCHHOTO IAKJIA 31aHUs - OT IPOCKTHPOBAHHUS JI0
SKCIUTyaTallud U yTUIu3anuu [2].

2. MeTo0J10rvsl iCCJIeOBAHUS

JIutepaTypHblii aHaJIu3. CoBpeMeHHOe
CTPOUTEIBCTBO CTPEMUTCA K CHIDKEHHUIO BO3JCHCTBHUS Ha
OKpY>KaIOIIyI0 cpeny u YBEIIUUCHUIO

9HeprodGpHeKTUBHOCTH 3AaHUN. DTO AOCTHraeTcs 3a CUET
NpUMEHEHHs] HHHOBAIIMOHHBIX CTPOUTENBHBIX MaTEPHAJIOB,
KOTOpBIE TIO3BOJITIOT  COKpAlaTh 3HEPromnorpedieHue,
yMeHbIaTh BbIOpockl CO: u obecreunBaTh KOM(OpPTHBIE
YCIIOBHS TIPOKUBAHUSL.

IIpenmymiectsa HCIIOJIb30BaHUS 9KOJIOTHYECKI
6e30macHBIX ¥ PHEProd(hGEKTUBHBIX MAaTEPHAIOB TAKOBEIL:

1. Dxonomsim snepeuro:

- CHIDKEHHE 3aTpar Ha OTOILICHHE u
KOHJMIIOHNPOBAHKE 33 CUET YIIYdIIEHHON TeTIION30IIIIUI
3JIaHHH,

- yMCGHBIICHHE TOTPeOIEHHs OJIEKTpUYECTBA IPHU
UCIIOJBb30BaHUN SHEProd()(EeKTUBHBIX OCBETHTENIBHBIX U
KIMMaTHYECKUX CUCTEM;

2. Ymenvwarom yenepoonulii ceo:

- cHwkeHue BbIOpocoB COz 3a c4y€T yMEHBIICHHS
MOTPEOHOCTH B MICKOTIAEMOM TOILIHBE;

- UCTIONIb30BaHNE BO3OOHOBIAEMBIX M IepepadOTaHHBIX
MaTepuaaoB, MUHIMU3UPYIOIUX HETaTHBHOE BO3/AEHCTBHE
Ha OKPYKaIOIIYIO CPEeny.

3. BezonacHul 0112 300p08bs nooeil.

- OTCYTCTBHE TOKCHYHBIX BBIICICHUH ¥ BpPEIHBIX
XHUMHUYECKUX COCIUHCHUH, YTO CHIDKAET PUCK aIeprHi U
3a00JIeBaHUil;

- pUMEHEHHe HaTypaIbHBIX MaTepHa’oB,
CMOCOOCTBYIOIIMX ~ YNYYIIEHHIO  MHKPOKIHNMaTa B
MOMEMIECHHSX.

4. Jloneogeunvt u ycmotiuugsl K GHEWHUM QaKmopam:

- BBICOKAsI CTOMKOCTb K BIIare, MI€CEeHH U HACEKOMBIM;

- MPOJOJDKUTENBHBIA CPOK JKCIUTyaTalMu 0e3 motepu
IKCIUTYyaTAI[HOHHBIX XapaKTEPUCTHK;

- CHIDKEHHE 3aTpaT Ha PEMOHT U 3aMeHY KOHCTPYKITHH
Grarozaps MPOYHOCTH U yCTOHYMBOCTH MaTepPHAIIOB.

PaccMOTpro OCHOBHBIE BHABI 3HEProd(GGEKTHBHBIX U
9KOJIOTHUECKU OE30ITaCHBIX MaTePHAIOB:

1. buoxomnosummubsle meniou30NAYUOHHbIE MANEPUATBL.
BrOKOMIO3UTHBIE — YTEIUIMTENH MNPEACTaBISAIOT  COOOH
NPUPOJIHEIE U NepepaboTaHHbIe MaTepHaibl, 00JaJaloIue
BBICOKOW TEIUIOM30JIIIIMOHHON CIHOCOOHOCTBIO M HH3KHM
yriepoaHbeM cienoM. Cpeny Hanbosee pacnpocTpaHEHHbBIX
OMOKOMITO3UTOB MOXHO BhIIETUTh (Tabm.1):

- JIbHAHBIC ¥ KOHOIIIAHBIC YTEIUINTENIN. DTH MaTepHAIIbI
XapaKTepU3yI0TCs BBICOKOM MapONPOHHIIAEMOCTBIO,
YCTOWYMBOCTBIO K TIIECEHH M TpuUOKaM, a Tarke
CHOCOOHOCTHIO OAEPIKUBATH KOM(POPTHBIN MUKPOKIAMAT
B nomenieHnu. OHM He COJEp)KaT BPEIHBIX XUMHYECKHX
BEIIICCTB U SBISIOTCS TIOJHOCTHIO OHMOpasznaraeMbiMu [3].

- Opeups 1mepcts. OmianMYaeTcss  OTIMYHBIMU
TEIJIOM30JSIIMOHHBIMI ~ CBOMCTBaMH,  CHOCOOHOCTEIO
BINTHIBATh U OTAABAaTh BIary 0e3 MOTEPH H3OJISIIMOHHBIX
XapakrepucTuk. Kpome TOro, HaTypaJbHBIH JIAaHOJMH,
coZeprKallMiicsl B IEPCTH, 3aIlIMIIAeT €€ OT HACEKOMBIX U
MHKPOOPTaHU3MOB.

Ta6auna 1
CpaBHUTeJIbHAsI TA0JMIA JILHIHBIX ¥ KOHOIUISIHBIX yTenJuTeaei
| XapakTepucTuKa || JIbHSHO# yTemIuTeb || Kononasiubiii yrenaureiab |
| Croipbé || JIpHSIHOE BOJIOKHO || KonomsiHOE BOJIOKHO |
| IKOJOTHYHOCTh || Bricokas, 6e3 xumun || Bricokas, 6e3 xumun |
| IMaponponuaeMocTs | | Bricokas | | Bricokas |
| YCcTolYnBOCTD K MJIECEHH U TPUOKaM || Bricokas || Bricokas |

Cnoco0HOCTH peryJiupoBaTh
MHKPOKJIMMAT (BJary M TemMIeparypy)

Xoporiasi, BIUTHIBAET
U OTHAET Biary, co3jasas
KOM(OPTHBIE yCIIOBUS

OTnudHas, Tyqiie yIep>KUBaeT
TEIUI0 3UMOM U COXpaHsieT
MPOXJIay JIETOM

| Tenmonposoanocrs (B1/ | 0,037-0,045 | 0,038-0,042 |
| 3ByKON30/ISILMS || Xoporuas || OueHb XOpoIuas |
| Maoraocts (kr/m?) | 2545 | 3050 |
I IIpoYHOCTDb U 10JITOBEYHOCTH || Cpenusis || Beicokas |

- JlpeBecHble BOJIOKHa M TNPOOKOBBIE MaHENH. OTH
Marepuaibl  00NajgaloT  BBICOKOW  IUIOTHOCTBIO U
TEIIIOEMKOCTBIO, YTO IT03BOJISIET 3()(DEKTUBHO HAKAIUINBATH
u yaepxwuBath Temo. [IpoGka Taxke SBISCTCS OTIMIHBIM
3BYKOM30JIATOPOM H YCTOWYHBA K BO3EHCTBHIO BiIaru|[2].

IIpumenenue OMOKOMITO3UTHBIX yTeIunTene
HO3BOJISIET CYLIECTBEHHO CHM3HTh JHEPronorpedieHue
31aHUH, YMEHBIIUTh BO3ACHCTBHE HAa OKPY’KAIOIIYIO Cpexy
U c0371aTh oJIee 3[J0pOBbIE YCIOBUS IPOKHBAHHS.

2. Teononumepnvie 6emonst. T'eononumepHsie GETOHBI
SBIIIOTCSL  QJbTEPHATHBOW TPAJUIMOHHBIM ILIEMEHTHBIM
CMeCsIM U 00JIa1at0T PSIJIOM NPEHMYILECTB:

- OxonmorngHOCTh. [IpOM3BOACTBO TeONMOIMMEPHOTO
6erona tpebyer B 40-80% wmenbime BeiOpocoB CO: mo
CPaBHEHHIO C OOBIYHBIM I[EMEHTOM, TaK KaK HE BKIIOYAET
nporecc oOxura winHKepa. COrNIacHO HCCIIEAOBaHUSM,
MPOU3BOACTBO TEOMONMMEPHOr0 IIEMEHTa Ha OCHOBE
Pa3IMYHBIX MaTEPHAJIOB MO3BOJISIET 3HAYMTENILHO CHU3HUTHh
BbIOpOCHl yriekucnoro rasa (CO2) [4] mo cpaBHEHHIO C
TPaJULHOHHBIM TOpTIaHAleMeHToM. Hampumep: — npu
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HCIIOJIb30BAHUM KAaOJHMHA B KayecTBE ChIPbs BEIOpochl CO:
MOTYT OBITh yMeHbIIEHBl mHpuMepHo Ha 80% [4]

IIpnmeHenne nurlaka B HPOWU3BOJCTBE TI'EOMOIUMEPHOTO
[IEMEHTA PUBOJIUT K CHIKEHUIO BEIOpocoB CO2 Ha 70% [4].
Hcnonp30BaHne TIeoNONMMEPHBIX TEXHOJIOTHI B IEIOM
MOXeT cokpaTHTh BeIOpockl CO2 10 90% 3a c4éT 0TKa3a OT
oOkura KIMHKEpa U TPUMEHEHUS IPOMBIIITIEHHBIX
MOOOYHBIX IPOIYKTOB [5]. DTH AaHHBIE TOATBEPIKIAIOT, YTO
TEONOJIMMEPHBI OeTOH sBisfeTcs Oonee 3KONOTHYECKH
YHCTOH QJIbTEPHATHBOH TpaIUIMOHHOMY OETOHY Ha OCHOBE

TMOpTIaHALCMECHTA.
- Bricokast MIPOYHOCTH u JIOJITOBCYHOCTD.
FeononHMepHHe Marepualibl JAEMOHCTPHUPYIOT

yIIydIIeHHbIe MEXaHHYECKHE XapaKTePUCTUKH, TaKUE Kak
YCTOHYHBOCTh K UCTHPAHUIO, CXKATHIO H PACTSHKEHHUIO.

- YcTOMUMBOCTh K arpeccuBHbIM cpenam. biaromaps
CBOEH XHMHYECKOH CTPYKType T'eONONUMEpHBIE OETOHBI
YCTOWYMBBI K  KUCIOTaM, cCyinbaraM ¥  JOPYTUM
arpecCUBHBIM BELIECTBAM, YTO JIEJIaeT UX UACATBHBIMU JUIs
UCIIOJB30BaHMS B NMPOMBIIIICHHOM M MH(PAaCTPYKTYPHOM
crpoutenscrae [1].

- Temmo- wu  or”ecroiikocts. I'eomonmumepHsie
MaTepHaibl  O0NamaroT  BBICOKOW  TEPMOCTOHKOCTEHIO,
BeIepkuBas Temmeparypsl 1o 1000°C, 4ro nemaer ux
OTIIMYHBIM BBEIOOPOM ISl OTHEYTIOPHBIX KOHCTPYKLUH [6].

BHenpenne reonoimMepHbIX OETOHOB B CTPOUTEIBCTBO
MO3BOJIUT COKPAaTUTh YIJIEPOJHBIM ClIe[l OTpaciu U
MOBBICUTh  JIONTOBEYHOCTh  BO3BOJUMBIX  3IaHUM U
COOPYKEHHH.

3. Duepeoaghpexmusnvie CMEKIONaKemsi.
CoBpEMEHHBIE CTEKJIONAKETH IIO3BOJIAIOT 3HAYUTENIHHO
CHM3UTbH TEIUIONOTEPH M MOBBICUTH YHEProd()(HeKTuBHOCTH
31aHuH. IX OCHOBHBIE 0COOCHHOCTH:

- Huskosmuccuonnsie (Low-E) mokpeitnsa. DOt
MOKPBITHSL ~ OTPaXAalOT  HMH(paKpacHoe  H3Iy4eHHE,
IpeaoTBpalias MOTepu Tera 3UMOW M CHUXKas Harpes
MOMEIIEHHS JIETOM [7].

- Hcnosnp3oBaHue MHEPTHBIX TIa30B. 3aloJIHEHUE
MEKCTEKOJIBHOTO MPOCTPAHCTBA aprOHOM MIJI KPHUIITOHOM

CHIKaeT TETIIONPOBOAHOCTD " YBEININBAET
TETIIOM30JISIIIMOHHbIE XapaKTePHCTHKN CTEKIIOIAKeTa.
- MHorocnoifHple  KOHCTPYKIUH. JByx- u

TpEXKaMepHBbIE CTEKJIOMAKeThl O00ECIeunBAIOT JIYUIIYIO
3BYKO- M TEIUIOM3OJISIIUIO 110 CPaBHEHHIO C OOBIYHBIMHU
OJIHOCJIOMHBIMHU OKHaMu [8].

- CenextuBHble  MOKpBITHA. OHH  TMO3BOJISIOT
perynmpoBaTh MOCTYIIEHHE COJHEYHOTO CBETa M TeIula B
MOMeIIeHHE, yMEHbIIIast HEO0OXOIMMOCTD B
KOHIWIIMOHUPOBAHUML.

- Camoounmiaromuecs: cTekna. HaHo-TexHomornaeckme
MOKPBITHSL ~ THO3BOJSIIOT ~ CTEKIy ~ OYHMIIATBCS  MOJ
BO3JICHCTBHEM COJIHEYHOTO CBETa M JOX[Is, CHIDKAs
MOTPEOHOCTH B YHCTKE OKOH M YXOJI€ 32 HUMHU.

[Ipumenenue Pa3NIU4HBIX 9HeprodpHeKTUBHBIX
CTEKJIONIAKEeTOB MO3BOJSIET 3HAUUTEIILHO CHU3UTH PACXOIBI
Ha OTOIUICHHE W KOHIUIMOHUPOBAaHHE, TTOBHINIAs KOM(OPT

MPOXXUBAHUS M YMEHbIas BO3JEHCTBUE HA OKPY>KAIOLIYIO
cpeny.

4. /lpesecro-nonumepnvie komnozumol (AI1K) [9] JIK
MPEJICTABISAIOT COOOH COYeTaHWe IPEBECHBIX BOJIOKOH M
MOJIMMEPOB, 4TO OOECIEeYNBAET MM BBICOKYIO NPOYHOCTS,
JIONTOBEYHOCTh U yCTONUUBOCTH K BHEITHUM BO3JEHCTBHUSIM.
OCHOBHBIE XapaKTepUCTHKH U npeumymiectBa AI1K:

- OkomormdHocTe. B cocraBe  HCHONB3YIOTCS
nepepaboTaHHbIE MaTepHanbl, YTO CHIXKAET HArpy3Ky Ha
HPUPOJIHBIE PECYPCHI.

- Bmarocroiikocts. B oTimume oOT TpaauLIHMOHHON
npesecunsl, JIITK He BINTHIBAIOT BiIary W HE MOABEPIKEHEI
THHUCHUIO.

- YcTol4nBOCT K YIbTPadHUONECTOBOMY H3ITYUYCHHIO.
Marepuan coxpaHseT CBOM XapaKTEPHCTHKU Jake MpU
JUTITENIHOM BO3JEHCTBUM COJTHLIA.

- Manoe TtpeboBanue k yxomy. AIIK He Tpebyror
MOKPACKH ¥ JOTIOJIHUTENEHOH 00pabOTKHM aHTHCENITHKAMH.

- Ilpocrora MonTtaxka. Bnaromapst cucreme ma3zoB H
3aMKOB, JIEMEHTBI JIETKO COOUPAIOTCS ¥ yCTaHABIMBAIOTCSL.

JITTK akTHBHO NMPUMEHSIFOTCS B CTPOUTEIBCTBE (hacajios,
Teppac, HACTHJIOB, OTPAXKICHUN M MalbIX apXHTEKTYypPHBIX
¢dopM. HMx  ucmonb3oBaHHE ~— TO3BOIAET  HMOBBICHTH
JONTOBEYHOCTh KOHCTPYKIHUHA M YIydIIUTh 3CTETUYECKUE
XapaKTePUCTUKU 3/TaHUM.

IMepcniektuBBl  pasBuTus, Oymymiee CTPOHTEIBHOU
OTpaciy CBS3aHBI C JAJbHEHIINM COBEpIICHCTBOBAaHHEM
9Heprod@(GEeKTUBHEIX M  DKOJOTMYECKH  Oe30IMacHbBIX
MarepuaioB. B Gimkaliiye AecsaTHICTHS MOXKHO OJKUIATh:

- PazBurne 6momarepuanos. (Tabm.2). Mcnons3oBanue
TPUOHBIX CTPYKTYp, BOAOPOCIEH U IPYTHX OHOIOTHIECKHX
KOMIIOHEHTOB B CTPOMTEIBHBIX MaTepualax MOXKeT
3HAYUTENIPHO CHU3UTH YTJIEPOJHBIN Cle] U CAeNaTh 3JaHUsI
6oJiee CaMOBOCCTaHABIMBAIOIIIUMHUCS.

- CoBeplLICHCTBOBAHHE TEXHOJIOTHH IepepaboTKH.
[oBbllleHWe  OIM  BTOPUYHOM  mepepabOTKH B
MPOU3BOJICTBE cTpoiiMaTepuaIoB MIO3BOJIUT
MHHUMU3UPOBATh OTXOABI M CHHM3UTH HArpysky Ha
OKPYKaIOIIYIO CPEemy.

- UHTerpanus uudpoBbIX TexHOJOTHH. Mcnonp3oBanne
HCKYCCTBEHHOTO HHTEIIEKTa M HU(PPOBOTO MOAEITUPOBAHNUS
MO3BOJIMT HPOEKTUPOBATH ¥ TECTHPOBATH HOBBIE MaTEPHAIIbI
C ONTHUMAJILHBIMH XapaKTEPUCTHKAMHU €Ille JI0 UX pPeaJbHOTro
MPOU3BOJICTBA.

- DHeproreHepupylomuie Marepuaibl.  Pa3BurHe
TEXHOJIOTHH, TIO3BOJISIOIMX CTPOUTENBEHBIM MaTepHallaM He
TOJIBKO COXpPaHATb, HO ¥ TEHEPHPOBATh DHEPTHUIO
(HampuMep, COJTHEYHBIE IMaHEH, BCTPOEHHBIE B (acasl),
MpPHUBEIET K CO3AaHMIO TOJTHOCTHIO aBTOHOMHBIX 3/JaHUH.

- I'mbpunmable xommo3utsl. KomMOMHAmms pa3immaHBIX
MHHOBAlIMOHHBIX ~ MaTepuajoB C  LEIbI0  CO3JaHHs
CBEPXITPOYHBIX, JICTKHUX 151 MHOFO(byHKLIHOHaJ'IbeIX
KOHCTPYKIHUH Oyner CrIocoOCTBOBAaTh Pa3BUTHUIO
CTPOUTEIILCTBA B OKCTPEMAJIBHBIX YCIIOBHUAX, BKIIIO4Yas
KOCMHYECKHE TTPOCKTHI.

ENGINEER



Pa3eutne 0MOMaTEPHAJIOB B CTPOUTEIbCTBE

Ta6auna 2

| Buomarepuaiu || Onucanue H IpeumymecrBa “ HepocraTku || IIpumenenue
I'puOHBIE CTPYKTYPBI - - YA3BUM K H3onaunonHele
P . PYKTYP Marepuan Ha ocHOBE . 1
(Muneanii) Buopa3znaraemsilii [Biare HaHeH,
rpUOHOTO0 MULIENHS, o
- JIérkuii u - Jlosroe Bpems ||[Kupnuuy,
BBIPAILEHHOTO Ha .
MIPOYHBIN MIPOU3BOJICTBA ||yaKOBKa
OpraHHYecKoM cyocTpare,
- Otnuynas
TAKOM KaK OIMIKH UIIH
o TEeIUIo- U
CEJIbCKOXO035IICTBEHHBIE
3BYKOU3OJISALUS
orxonsl. [Tocne
BBIpAIUBaHNs MaTepHAIl
BBICYIINBAETCA U
CTaHOBUTCSI IPOYHBIM.
Bonopocau (Hanpumep, - beicTpo - Tpebyer Dacanpl,
Hcnonb3yrores B .
CIUPYJIHHA, JaAMUHAPHSA) BO300HOBJISIEMBI||CIIELUATIBHBIX  ||0HOOETOH,
OuobOeToHe, maHesIX, .
pecypc yCIOBHI JIeKOpaTHBHBIE
OHOIUIACTHKE, a TAKXKE B
- Y1aBnuBalOT  ||BBIpalllMBaHUA |[3JIEMEHTHI
(hacamHBIX cUCTEMaX ISt
MIPOM3BOJICTBA KUCIOpOa C0- -~ Boicoras
P P - IToBblmarotT CTOUMOCTh
U yJIaBIMBAaHUS YIIIEPOAa.
MPOYHOCTh
MaTepHUaoB
bakTrepuaJjbHbIil 0eTOH B cocraB nobaBmusioT - YBenunuuBaer |- Bricokas lopoxxHoe
(caMOBOCCTAHABJIMBAIOIIM ||0aKTEpUH, KOTOPBIE CPOK CITy>KOBI CTOUMOCTb MIOKPBITHE,
Hcs1 0eToH) BBIIETISIIOT U3BECTh U - CHmxaer - Tpebyer MOCTBI,
3aMOJIHAIOT TPELINHBI B 3aTpaThl Ha oIpeAenEHHbIX ||GyHIaMeHThI
6eToHe, yBeIHYHBAsI CPOK |[pEMOHT yCIOBHI
€ro CIIy>KOBI. - YMeHbIaer AKTUBAIIMU
MOTPEOHOCTH B
[[EMEeHTE
buoachanabt - YMeHblIaeT - Hoporoi OpPOXKHOE
b AnbpTepHaTUBa Hlop Hop
ucnonb3oBaHue |(|OrpaHnYeHHas ||HOKpBITHE
TPaAUIIIOHHOMY ac(ajbTy
He(TenpOaYKTOB ||JOCTYITHOCTD
C HCIOJb30BAHUEM .
- bonee TEXHOJIOTHH
OMOCMOITEI (HaTpuUMep, U3
SKOJIOTUYEH
JIMTHMHA), 9YTO CHIKAET
3aBHCHMOCTH OT
HeTenpoayKTOB.
buopasnaraemslii
R [IpouzBoautcs u3 - Paznaraercsa B ||- He Bcerna OTtaenouHbie
KyKypy3HOTO KpaxMana, ||IpHpofe JOCTaTOYHO MaTepHallsl,
rpu0oB Wi GakTepuit 1 (|- MoXeT ObITh  ||IPOYHBIN YIaKOBKa,
MOJKET pa3yararbCs nepepaboTaH - CTOUMOCTb  ||3JIEMEHTHI
€CTECTBEHHBIM IyTEM 0Oe3 BBIIIE Mebenu
BpeJia UIsl OKpy Karolien TPaJULHOHHOTO
CpeJbl. IJ1aCTHKA
JlpeBecHbIe KOMMO3UTHI C .
- YcroiuuB K Orpanndennas |[[laremnm,
OpraHu4YecKuMHU CMech IpeBeCHBIX
BJIare " IUIECEHH ||IPOYHOCTH 00IHII0BKa,
no0aBKaMu BOJIOKOH C Tpubamu, .
- OxonormyHblit (|- Tpebyer Meberb
BOJIOPOCIISIMH, -
U NErKui nopaboTKH
pacTUTENLHBIMU CMOJIAMH, .
TEXHOJIOTHH
MOBBIIIAIOIIAs IPOYHOCTh
U YCTOMYHBOCTb
MaTepHana.
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3. 3akiao4yeHue

IIpumenenne 3Heprod(QEeKTUBHBIX H IKOJIOTHYECKH
0e30MacHBIX MaTepHUAlOB MrpaeT KIIOYEBYI0 pOlb B
Pa3BUTUHU YCTOMYMBOIO CTPOUTENLCTBA. PazBuTue naHHOMN
00acTH  CHOCOOCTBYET  COKpAIEHHIO  YHEpros3arpar,
YMEHBIIEHUIO HETAaTUBHOTO BO3/EHCTBUS Ha OKPY>KaIOLIY O
cpexly ¥ yJIydIIeHHIO KadecTBa JKM3HU JoJel. BHenpenue
WHHOBAIlMOHHBIX ~ MaTEepPHAJIOB  IO3BOJMT  CHEJAaTh
CTPOHUTENBCTBO 00Jee AKOJOTHMYHBIM W SKOHOMHYECKH
3¢ eKTHBHBIM B JONTOCPOYHOI NEPCIIEKTUBE.
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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

HOJIy‘IeHI/Ie 0e3bI3HOCHBIX HOKpblTI/Iﬁ Ha OCHOB€¢ M¢/I1 1 INHKA

rajoafmHaMH4€CKUM METOJA0M

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

ldenepanbHoE roCy 1apCTBEHHOE GIOKETHOE YUpPEXKAeHHE HayKK HCTUTYT MAINMHOBEIEHUS
uM. A.A. brnaronpasoBa Poccuiickoit akanemun Hayk (MMAILL PAH), Mocksa, Poccus

AHHOTALUA:

KmoueBnie ciioBa:

1. BBeaenue

B pabote mcciemyroTcss MOKPHITUS MEAHM W MEAW - IHUHKA (THUIA «JIaTyHW») IOIYYE€HHBIE METOJIOM
«XOJIOJHOTO» Ta30AMHAMHUYECKOTO HAIbIICHHUsA. MEeTOIOM PEeHTreHOCTPYKTYpHOro (ha30BOTO aHAIM3a
BBISIBJICHO, YTO LIUHK SIBIISIETCS OCHOBHBIM 3JIEMEHTOM, «3aXBaThIBAIOIIIM) YAaCTHIIBI KOPYH/a, HO OH HE
MOXET «yJepsKaTh» YaCTUIBI KOPYH/A IO BO3JIEHCTBUEM COIPSDKEHHON MOBEPXHOCTH, OTJIECIUBIINCH
OT TOBEPXHOCTH IIOKPHITUS, OHM OKAa3blBAIOT 3HAYMTENBHOE BIMSHHUE Ha MPOLECCHl TPEHUS B
Tpubonornueckoii mape. IIpemyokeHBl IBa MeXaHM3Ma, OINHUCHIBAIONIME BIMSHHE HA XapakTep
W3MEHEHUs: MHKPOT€OMETPUH TOBEPXHOCTH KOHTPTENA M ero M3HOC. VchbITaHMs MeIHO-IIMHKOBOTO
MOKPBITHS THUIA JJATYHHU B CpeJle MHAYCTPUAIBHOrO Macia B nape co cranbto 11IX15 nokasanu Hu3Ky1o
WHTCHCUBHOCTh W3HAIIMBAaHWUA BIUIOTH a0 d3(dekra Oe3p3BHOCHOCTH 0€3 yXyIIIeHWs KadecTBa
MOBEPXHOCTH Maphl TPEHHSI.

MOKPBITHE MEJH; MOKPHITHE MV W I[IHKA; JIATyHb; ()a30BBIH aHAIN3, Ta30AMHAMHYECKOE HANBUICHHUE;
MEXaHU3Mbl NU3HAIIUBAHHS

MOBEepXHOCTH wu3zenuil [2]. B kadecTBe MarepuasoB
MOKPBITHH HIMPOKOE PACHpPOCTPAHEHUE MOyYHIN MEIHbIE

CIUIaBbl  BCIEACTBHE HMX  CIIOCOOHOCTH  CO3]aBaTh

OPEINOChUIKA Ul pealu3allid  TOJOXKHUTENBHOrO

Bribop marepuanioB TpHOOTEXHHYECKOTO Ha3HAYCHUS [PaiMeHTd  MEXaHMYECKHX  CBOHCTB [0  TOJLIMHE
JUISL  TSDKEJIOHArpy)KeHHBIX ~ COMPSDKECHUH — Ompesensercs TIOBEPXHOCTHOTO KCIUTyaTALOHHOTO cIIos u,

HAJIMYMEM KOMILUIEKCa OMPENeNIEHHBIX CBOHCTB, CIIOCOOHBIX
obecreunTh paboTOCIIOCOOHOCTD U TOJATOBEYHOCTD U3 ICITHSI
¢ y4étoM (YHKIHMOHATHHBIX XapaKTePHUCTHK, OCOOEHHO
NPUMEHUTENBPHO K YCIOBHAM OKcmumyartaiuu. K Takum
XapakTepuCTHKaM B  TEPBYI0  O4Yepeab  OTHOCHTCS
HM3HOCOCTOMKOCTh W CIIOCOOHOCTH  MOBEPXHOCTHBIX
OKCILTYaTAllHOHHBIX CIIOEB COMPOTUBITHCS Pa3pyLICHUIO
I0JT BO3JICHCTBHEM HArpy30K M arpECCHBHBIX CPE/L.

JIJis M3rOTOBIICHHS JEeTaleil map TPEHUS CKOJBXKCHUS
UCIIONIB3YIOTCS pa3HooOpa3Hble KOHCTPYKIIMOHHBIE
marepuansl [1]. [Ind cCTanbHBIX TSDKEIOHArpyKEHHBIX
conpsbkeHni 3()()EKTUBHBIM CPEACTBOM TIOBBIIICHUS WX
HecyIei CIOCOOHOCTHU ABJISIETCS co3/1aHKe
MOIN(HUIAPOBAHHBIX IIOBEPXHOCTHBIX CJIOEB. C 3TOH IENBI0
TIPUMEHSFOTCS Pa3HOOOpa3HBIE METOIbI, OCHOBAaHHBIC Ha
MPHUHIHIAX  XUMHYECKOTO,  JJIEKTPOXUMHYECKOTO U
(buzndecKoro ocakaeHUs M (GOPMHUPOBAHUS TOKPHITHI Ha

CIIEZIOBATENBHO, JIOKAIH30BaTh B HEM (U3HKO-XUMUYECKHE
¥ JnedopMalMoOHHBIE TPOLIECCHl, OTBETCTBEHHBIE 3a
¢dopmupoBanne yactun nzHoca [3]. Ilpu sToM B ocHOBe
TpUOOTEXHIUECKOH  3(D(EKTUBHOCTH  MEIbCOMEPKAIINX
MOBEPXHOCTHBIX ~ CJOEB  SIBISIETCS (PUKIMOHHBIN
MaccoIepeHoc, KOTOPBIH OmNpesensiercss UX CTPYKTYypHO-
MEXaHHYECKHM COCTOSHHEM.

MacconepeHoc MaTepuana ¢ OJHOH MOBEPXHOCTH Ha
JOPYTYIO SIBISIETCS YHHBEpCaJIbHBIM 5(pdexToM H HMeer
MECTO MPaKTHYECKH MPH BCEX MEXaHNW3Max M3HAIIMBaHUS,
SBISIICH OJHMM M3 BaXKHBIX COCTABJISAIOIINX, KOTOpBIE
BIUSIOT HAa YPOBEHb IIOBEPXHOCTHOTO pa3pylleHHs,
HECYILYIO0 CTIOCOOHOCTh KOHTAKTa M PECypc y3jia TPEHHUS B
nenoM. Ha OCHOBE pe3ynbTaToB SKCIEPUMEHTATbHBIX
uccieoBaHuii B [4] omucaHbl IpecTaBIeHHs 0 Hanbolee
pacrpocTpaHEeHHBIX MeXaHH3Max (bPHUKIIOHHOTO
MaccoriepeHoca. Haumbompmmit  3ddexkt  moBbIIeHUs
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U3HOCOCTOMKOCTH ~ MaTepuana  Habmrojaerca  IpH
(pUKIIMOHHOM MaccomnepeHoce B YCIIOBHSIX
n3buparensHoro nepenoca [3]. CyTs MexaHH3Ma COCTOUT B
(hopMHpPOBaHNY B 30HE KOHTAaKTa CJIOSI MEIM B pe3yibTare
(U3UKO-XMMHYIECKHX  (pakTOpoB  HpH  TpPEeHHH B
MIOBEPXHOCTHO-aKTUBHOM  CMa304yHOM cpene U ero
MOCNIEJOBATEIFHOTO ~ TEpeHoca  Ha  COMPSDKEHHYIO
MOBEPXHOCTb H  00OpaTHO. DTOT MpOIECC  HMeEeT
IUKINYIEeCKHI XapakTep, BEI3BaHHBIN IepepaclpeaeieHueM
JIMCIIOKAI[IOHHOHN CTPYKTYPHI U JIETHPYIONIUX JIEMEHTOB, B
pe3ysbTaTe 4Yero Iapa TpPEHUS IEPeXOAUT B PEXHUM
MPaKTUIECKOH OE3BI3HOCHOCTH.

B Hacrosmee Bpemst 1S yBeITHUIEHHS pecypca CTaIbHBIX
map TPeHHs MONydaeT MPUMEHEHHE METOJ[ «XOJOIHOTO»
Ta30AMHAMHUYECKOTO HaNbIIEHHUS! TOKPBITHSA MEIH U MEAHO-
LUHKOBBIX TOKPBITUI THIA «JaTyHW» [5,6]. DTOT MeToxm
MO3BOJISIET HAMBUIATh (YHKIMOHAIBHBIE MOKPHITHS Ha
HeOONBIIMEe  yYacTKM W 3HAYMTEIbHBIE  IUIOIIA]H
MOBEPXHOCTHU JeTajell B 3aBOACKUX W IOJEBBIX YCIOBHSX
IIPU MMHUMAJIBHOM pa3orpese noanoxku 1o 150°C. Meroz
peanu3yercs IyTeM BBEACHMS B HAarpeTHIl OTOK BO3/1yXa,
MEXaHMYECKOH CMECH YacTUI[ METAUIOB M XHMHYECKOTO
COeIMHEHHSI — TBEPAOTO M XPYIKOTO OKCHAA ATIOMHHUS
(xopyHza), IpH COYAAPEHUH C KOTOPHIM H MOBEPXHOCTHIO
MeTauIbl Ae(OPMHUPYIOTCS, YIUIOTHSIOTCS U 3@ CUET 3TOTO
MOBBIIIACTCS KOTE3UsI HAHECEHHOTO CJIOSI METAJLIA U aAre3Usl
¢ Mmo10kKoi. CBOWCTBA MOKPHITHH CYIIECTBEHHO 3aBHUCST
OT MEXaHMYECKHX CBOWCTB METaJUIOB M TEMIIepaTyphl
HaIllBUICHHSI W, HANpHMep, VISl MOKPBITHS MEIH aare3us
nocturaer 50-55 MIlla u KoresmoHHas MPOYHOCTH
Haxomutcss B mpepenax 80-140 MIla, gto oOycioBineHO
HaJIW4YieM C)KUMAIOIIUX HANPsDKCHUH PasHON BETMYMHBI
[5]. Cronp BeIcOKHE 3HAYEHUSI IO3BOJISIOT PACCUUTHIBATE HA
CONPOTHBIIEHHE PA3PYIICHUIO HAaHECEHHOTO CIOS MeTalula
MO/ BO3JICHCTBIEM HOPMAIIBHBIX U KacaTeJIbHBIX Harpy30K.

Hamputenne HOKPBITHS c UCIIOJIb30BaHHEM
MEXaHMYECKOH CMeCH 4YacTHIl MeIM, I[MHKa W KOpyHIa
CONPOBOXK/IAETCS MPOLECCOM MOAN(PHKAIIMY YaCTHUI IINHKA
3a cuét audPy3un B HUX aTOMOB MeIH ¢ (OPMHUPOBAHUEM
CTPYKTYp, IPUCYIIHUX JIATYHSIM OT TBEPJIOTO paCTBOPA IIMHKA

B Meau (0-(asbl) 10 TBEPAOTO PacTBOpa MEAM B LMHKE (1)-
(hassl), 9TO JaJ0 OCHOBaHHE 00O3HAYUTH METHO-ITHHKOBBIC
MOKPBITHSI, KaK MOKPBITUS TUNA «IaTyHW» [6]. Hamuuue
KOpYH/Ia B TIOKPBITHAX, HAHECEHHBIX METOJIOM «XOJIOTHOT0»
ra3oMHaMHYECKOTO  HANBUICHWS, Kak OBl  3apaHee
MpeoNpeieNsieT HEBO3MOXKHOCTh UX HCIOIb30BAHHS IS
MOALIMIHUKOB ~ TPEHHS CKONBKEHUS U3-3a  HM3HOCA
CONpsKEHHON IOBEPXHOCTH — KOHTpPTENAa WM Hapbl B
nenoM. OgHaKo, MPOBEAEHHBIE U MPOBOAUMBIE HCTIBITAHUS
Ha TPEHHE B Pa3HBIX Cpelax, MOKa3bIBAIOT Pe3YJBTATHI,
KOTOpBIE JAl0T OCHOBAHHE CUHMTATh ITOKPBHITHS HAa OCHOBE
MeJIM ¥ METHO-IIMHKOBEIE TOKPHITUS THIIA «JIATyHI» BECbMa
MEePCIEKTUBHEIMU UL CO3JaHUs IIOBEPXHOCTEH TPEHUS
CKONBXeHHS (MOAMIUIHUKOB) KaK IPH H3TOTOBICHUH
Jetaneit v y31I0B, TaK ¥ IPH UX BOCCTAHOBJIECHHH.

HcnpiTanne TOKpHITUH MM, HAHECEHHBIX IPHU
temneparype 270°C u 450°C B conpsbKeHHH ¢ KOHTPTEIOM
n3 cramm HIX15, repmuaecku o6padorannoii Ha 60-62 HRC
B YCIOBUSAX CMa3Kd MHHepanbHbIM MacioM MW-20A u
IUIACTUYHOM CMa304HOM Martepuane Jluron-24, BbIABUIU
HHU3KYI0 HHTEHCHBHOCTh M3HAILIIMBAHUS, CON3MEPHMYIO C e€
MOKa3aTeNIsIMA TIPH TPEHUH B PEXHME H30HPATEIHHOTO
nepeHoca, Koraa MOTepd Ha M3HOC MpeaelbHO Majbl [5].
[ToxpsiTHE Meau, HaHECEHHOE METOJIOM
Ta30ANHAMHYIECKOTO HANbBUICHHS IIPU  HCHOJIB30BAaHUU
HHU3KOMl M BBICOKOM TeMIlepaTypbl IIOTOKAa BO3IyXa,
o0JtaiaeT BEICOKOH paboTOCIIOCOOHOCTBIO P UCTIBITAHHSX
B YCJIOBUSIX TpeHHMs M U3HammMBaHus: In (moxpeitus) = (1,1-
1,5x10%° u In (xomutprena) = (0,3-0,4)x10! npu cmaske
macioM M-20A u In (mokpbitua) = (2-5)x10° u In
(xoutprena) = 0,2x10°%* B JIuton-24 [5]. Hccnenosanue
MHKDOT€OMETPHUH TIOKPBHITHSA MEIHW, HAHECEHHOTO MpH
temneparype 450°C, u koHTpTena no napamerpam Ra u Rz
MOKa3bIBAET yJIydllIeHHE KauecTBa Ha | Kilacc moBepxHocTel
TpeHus 11t 00enx cpexn ucnblitanus (1adin.1), Y mokpeitus,
HaHecEHHOro mnpu  Temmeparype 270°C Toabko HpHU
ucnbiTaHud B Macie -20A He OTMeueHO YIIydIleHUs
KauecTBa, 4YTO MOXET OBITh OOYCIIOBIEHO H3MEHEHHEM
CBOWCTB MOKPBITHS, HAITpAMEp TBEPIOCTH [5].

Ta6auna 1
Pe3yabTaThl H3MepEeHUsI MUKPOTreOMeTPHH MOBEPXHOCTH MOKPBITUS MeIH, HaHecéHHOro mpu 450C U KOHTPTeIa U3 CTAIIH
[ 110, 4 ]
[lIepoxoBaTocTh, MKM
Pabouas Jlo ucnipITanus Kunacc [Tocne ucnbiTanus
Kunacc
cpena Ra | Rz 9HCTOTHI, V Ra | Rz qreToThL V
KonTpreno u3 cramm IX15 CTOTHI,
Ma;ggl’l' 0,135 0,785 10-11 0,057 0,396 11-12
Jluton 24 0,135 0,847 10-11 0,084 0,510 11
O6paselr ¢ MOKPHITHEM METH
Macmo U —
20A 0,292 0,855 9 0,15 2,189 10
JIuton 24 0.073 0,833 11 0,116 1,298 10-11

Ilenp uccnenoBaHus: NpoBEAECHHE OLEHKH COCTOSHHSA,
COCTaBa U CTPOEHUS CTPYKTYPbI IOKPBITUS MEIU U MEJHO-
LUHKOBOI'O MOKPBITUS THUMA «JIATYHW», a TAK)KE OINUCAHUE
MeXaHH3Ma BIUSHHS ~ OCOOCHHOCTEH  (OpMHPOBaHHS
NOKPBITUH Ha B3aMMOJECHUCTBUE MAp TPEHUS CKOJBbXKEHUS U
MacCONEPEHOC KOMIIOHEHTOB MOKPBITHUS.

Pexxumbl ~ HaHeceHMs  MOKPBITHA U
UCCIIEIOBAHMUS.

METO/IbI

Ha o6pazenr u3 cramu 40X HaHOCHUTCS TOKPBITHE C
nomomibto  ycranoBku JIMUMET—-405 npu ckopoctu
MepeMeIeHNs COIIa OTHOCUTENbHO obpasma 10 Mm/c u
paccTosHUs OT COIUIa JI0 MOBEPXHOCTH HamblIeHUs 10 MM.
[IprMeHsIn MeXaHUYECKyI0 CMECh YaCTUIl MEJH M KOpyHIa
B coorHoureHnn Cu:Al203=55:45 (macc%), UHMHKAa |
KopyHa B cootHomeHnu ZNn:Al203=55:45 (macc%) u menu,
[MHKa 1 KopyH/a B cootHomenun Cu:Zn:Al203 = 35:35:30
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(macc%) mpu STOM TemIeparypa TIOTOKa BO3AyXa
cocrasysuia 270°, 360°, 450° [7].

Ilepememenue comiaa BIoab Kpas oOpasia MO3BOJSIET
MOJy4YUTh CIOH MeTajula IIUPUHON ~5,5 MM, UMEIOILEro B
CCUEHUU BUJ CEIMEHTA OKPY>KHOCTH. COIUIO BBIBOJUTCS 32
HepUMETp MOBEPXHOCTH oOpa3lia M 3aTeM CMeIaeTcs Ha
paccrosnue L=2 mm (mepekpeitie ~64%) OTHOCHUTENBHO
paHee HAHECEHHOTO CJIOS MeTalla, MOCIe 4Yero mpHu
00paTHOM XOJ€ COTIa HAHOCUTCS CIICAYIOIIHiA cioi (puc.1)
[6]. TonmuHa HOKPEITHS 3aBUCUT OT (PU3HUKO-MEXaHUIECKUX
CBOICTB HAHOCHMOTO MeTajlla M TeMIIepaTyphl HalbUICHUS
U HaxoxauTcd B mpenenax 150-450 MkM M Ui moxydeHUs
JOCTATOYHOI JUTS IPOBECHHS HCCIICOBAaHNH 1 UCIIBITAaHNIT
TOJIIMHBI TOKPBITHA (>1MM) HambUICHHE MPOBOIMUTCS
MHOTOKPAaTHO 3a CU€T HAaHECEHHUs CJIOEB APyl Ha Jpyra
(umkioB HanbuIeHUS) (pHc.1).

L

-

|
|
|
|

- —  — i — i ——
 — — — i —

Puc. 1. IlpuHnMnuajJibHas cXxeMa HAHECeHHs
nmokpeITHA: By cOoky: 1- cormio; 2 — MOTOK YacTuir, 3 —
HaHECEHHBIH CIIOH; 4 — MOAT0XKKA; A — ypOBEHb
MeXaHI4eCcKOi 00padOTKH HAHECEHHOTO CIIOS MeTaa

@a30BBIl  COCTaB  MOKPBITHM  MCClIEeNOBald  Ha
mudpakxromerpe Rigaku Ultima IV ma Cu-Ko n3nydenun.
AHamm3  auQpPaKTOrpaMM  OCYIIECTBISIETCSI Ha OCHOBE
MIPOrPaMMHOI0 pOLyKTa PDXL (Rigaku) c
ucronb3oBanueM 0asbl naHHbiXx PDF-2. KonnuecTBeHHBIHM
aHaNM3 MPOBOAUTCS C UCIIOIb30BaHUEM MeTona Puteenba,
peanusoBanHoro B nakere nporpamMm PDXL (Rigaku).

PenTrenoduryopeceHTHBIN aHaTH3 OCYIIECTBIISIETCS Ha
cektpomerpe Rigaku Primusll ¢ wucnomns3oBanumem B
KadecTBE  HCTOYHHKA  PEHTITCHOBCKOTO  M3IyYeHHS
pentreHoBckoi Tpybku c¢ Rh-amomom, B Bakyyme u
nuamazone s1eMeHToB oT Ca go U. KommdectBeHHBII
aHaNM3 TPOBOJAUTCS TOCNIE 3aMUCH W PacIIN(POBKH
IKCIIEPUMEHTAIIBHBIX CIIEKTPOB OT HUCCIIEAYEeMbIX 00pa3IoB
C TMOMOIIBIO CHEHHAIFHOTO MPOrPaMMHOIO OOecreyeHHs
¢upmbr  Rigaku ZSX wmerogom  (yHIaMeHTaIbHBIX
mapameTpoB  SQX (6e3 HMCIONB30BaHMS — ATATOHHBIX
00pas1oB).

Wzyuenne MOpQOIOTHH U 3JIEMEHTHOTO COCTaBa
TIOKPBITUSL TPOBOJWUTCS HAa CKAaHUPYIOMIEM 3JIEKTPOHHOM
mukpockone FEI «Quanta-650» ¢ sHeproaucrnepcuoOHHbBIM
peHTreHOoCIIeKTpaabHbpIM  aHanu3atopom EDAX. B
HCCIIeI0BaHUU HCIIOJIb3YETCsI JETEKTOp
00paTHOOTPAKEHHBIX JNIEKTPOHOB, HO3BOJISIOIINA
MoaydaTh H300pakeHHEe C KOHTPACTOM II0 aTOMHOMY
HOMEpPY H BHU3YyallM3WpOBaTh pa3znnuuHble (a3sl  Ha
TOBEPXHOCTH 00pa3noB. [ICTOYHMKOM 3IEKTPOHOB B
MHKPOCKOIIE CITy>KHJ BOJIB()PAMOBBI KaTOM, yCKOpSIOIIee
HanpspKeHHue cocTasisieT 25 kB.

JlutepatrypHblii a”Haau3. C MOMOINBIO METOIOB
PEHTITEHOCTPYKTYPHOTO aHalM3a OINPEAENUTh COCTOSIHHE,
COCTaB M CTPOEHHE CTPYKTYPHI IOKPBITUS MEIX U MEIHO-
IIMHKOBOTO TIOKPBITHS THIA <JIaTyHM». JlaTb omicaHue
BIMSHUSL MeXaHW3Ma (OPMHUPOBAHUS IOKPHITUH Ha
B3aHMOJICHCTBHUE Map TPEHUS CKOJIBKEHUSI U MacCOIEepeHOC
KOMIOHEHTOB MOKPBITHS.

PentreHocTpyKTYpHBIN (hpa30BBIif aHATN3 MOKPHITHA Ha
OCHOBE MEXaHHYECKON CMECH YacTHIl ME/IU, IIUHKA, a TaKKe
9THX METaUIOB M KOpyHIa HaHec€HHbIX mpu 360°
MOKa3bIBa€T, YTO OCHOBHOW ()a30if B MOKPHITHH MeEIHN
SBIETCS UYWCTas Menb, TO €CTh COJEp)KaHHe OKCHIa
aIIOMUHMA He npesbimaet 1% [6,8]. YV nokpbITus nuHKa U
METHO-I[IHKOBOTO MOKPBITHUSI COAEP)KaHUE — MAacCOBast TOJIS
KOpYHJa TIPAKTHYECKH HE OTIMYACTCS M COCTaBIACT
5,6£0,7% u 5,3+1,4% coorBercTBeHHO. TakuMm 00pas3om,
BBIIBJICHO, 4YTO JAaHHOE HAalblIEHHE MOXET OKa3bIBaTh
3HAYUTENIBHOE BIIMSTHHE Ha TpUOOTEXHUIECKHE
XapaKTepUCTHKA  MEIHO-IMHKOBBIX ~ HOKPHITHA  HO
CPaBHEHHIO C TIOKPBITHSAMH MEIHM W WHTECHCHBHOCTD
W3HAIINBAHUS CONPSDKEHHBIX ITOBEPXHOCTEH Maphl TPEHHUSI.
Bonee Toro, MOXHO MpenNONOKUTb, YTO LMHK, KOTOPBIH
Opd  HOPMAJdbHOM  TeMmIeparype  HMeeT  HH3KHE
MexaHn4yeckue cBoiictna (8-30%, oB=120 MIla) He cMoxkeT
«yZepKaTb» dYaCTHIBI KOPyHAa TOJ BO3ACHCTBHEM
CONPSDKEHHOM MOBEPXHOCTH W OHH, OTICIMBIINCH OT
MOBEPXHOCTH TOKPBITUS, MOTYT OKa3aTh 3HAYNUTEIHEHOE
BIIMSIHAE HA IEJIOCTHOCTh CONPSKEHHOW IOBEPXHOCTH M
napsl B esioM [9]. PeHTreHoCTpYKTYpHBIH (ha30BbIi aHaAIH3
TaKoke BBIABISACT B MEIHO-IIMHKOBOM IIOKPBHITHU TBEpABIC
pacTBOpHI IEKTpOHHOTrO Tuma Ha 6ase CuZns (e-¢asza) c
MaccoBoi moneit 1o 12,6% u Ha 6aze CusZng (y—dasa) c
MaccoBoit goneit 17,0%, npucyIue JaTyHsIM, 9TO CBA3aHO C
muddysneit Mmenu B HUHK U €€ Mmoaudukanmeit [6,10].

[ToBepXHOCTh TOKPBITHS, HAHECEHHOIO Ha OCHOBE
CMECH YacTHIl MEeIU U KOpyHIa npu temreparype 360°C,
MOCJIe MEXaHH4YeCKOH o0pabOTKM Ha HaklauHOI Oymare
pa3HOW 3EpHHCTOCTM U TOJHPOBKE Ha CyKHE C
HCTIONB30BAHIEM CYCIHEH3HUH: BU3yaIbHO IOKPBITHE HMEET
JOCTaTOYHO MOHOJMTHBIH  XapakTtep ¢  perbedoM,
BO3HUKIINM 32 CYET YCTpaHEHHS XPYIKHX OKCHJIHBIX
IUIEHOK MO TpaHWIAM dYacTWI[ MeTauioB. Habmromaemble
3aMKHyTble mojoctd (yriayOmeHus) pasHoOil GopMbl U
HNPOTSDKEHHOCTH  MOTYT  C(OPMHPOBAThCs B Mpolecce
HaNBUICHHS, TaK KaK OTKPHITAs IOPUCTOCTH IOKPBITUS
coctaBisieT oT 4% 10 6% B 3aBUCUMOCTH OT TeMIIEPaTypbl
HAaITBUICHHUS, HO, B OCHOBHOM, X BO3HHKHOBEHHE CBS3aHO C
yCTpaHEHHEM YacTWYeK KOPYHAA TIPH MEXaHHIEeCKOH
00paboTke MOKpBITHA [S5]. OHM 3HAYUTENBHO OTIMYAIOTCS
0 pa3Mepy, HO B OCHOBHOM HX BEJIMYMHA HE MPEBLIIIAcT 2
MKM, ¥ OHHM ()YHKIIMOHAJIBHO MOTYT OCYIIECTBIATH POJIb
EMKOCTEN-KapMaHOB JJIsl yAepKaHUs cMa30uHbIX cpea. Ha
HIOBEPXHOCTU MOYKHO HAaOJIIOAATh YaCTHIIBI KOPYH/Ia pa3Hoi
GhOpMBI M HE3HAYMTENIBHOIO pa3Mepa, KOTOPBIE, MOXKHO
MPEIOJIOKHUTH, OCHOBHBIM 00BEMOM 3aKPETUICHBI B METHOI
OCHOBE, a TakKe TOHKHE (PPArMEeHTH KPHUCTAIIOB OKCHIA
QIIOMHHHS, pa3Mep KOTOPBIX HE NMPEBBIIIAET 5 MKM.

Ha moBepXHOCTH TOKpPBITHS MEAM W IMHKA OBLI
poBeAEH MHUKpPOPEHTI €HOCIEKTPaIbHbIN aHau3
XMMHYECKOTO COCTaBa B TOYKaX, KOTOPbIE BH3YaJbHO HE
COZIepIKAT YacTHI] KOPYH/IA, & TAKXKE KaKUX-JIH00 1e(eKToB.
pe3yﬂbTaTbI NpEACTABJICHBI B BUJIC BECOBOT'O COACPKAHUA U
WHTCHCHBHOCTH JIMHUH CIIEKTpa aMIOMUHHS  (OKCHIA
ATIOMUHHS) B TOKPBITHSIX MEIH U IWHKA (Ta0. 2).

30Ha WHUIWUPOBAHMS CIIEKTPa ISl JAHHOTO COCTaBa
HOKPBITHS TIPECTABISIET COO0H OKPY>KHOCTh AUAMETPOM ~2
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MKM Ipu Ti1yOuHE BO30Y)KIeHHWs, He mpeBblmaromeit 1-2
MkM. TakuM 00pa3oM, TPENCTaBICHHBIC PE3YJIbTATHI
MHUKPOPEHTTCHOCIIEKTPAIFHOTO aHAITN3a COCTaBa MOKPBITH
W COJICPXKAHNE KOMIIOHCHTOB TIOKPHITHS ¢ HHTEHCUBHOCTBIO
JUHUHA WMEIOT WHTErpajbHyI0 BennuuHy (Tabn. 2). U3
pe3yJIbTaTOB aHalM3a COCTaBa MOKPHITUS Ha OCHOBE MEIU
BHIHO, 4TOo cojepkanue amomuuus (Al203) orinuaercs
JOCTATOYHO 3HAYMTENBHO [0 MECTaM HWHHUIMUPOBAHMUS
cnekrpa oT 1,87 Bec% (MHTEeHCUBHOCTD 63,64, T.4, Tabm. 2)
mo 0,09 Bec% (wnTeHcHMBHOCTH 3,01, T.1, Ta6m. 2).
PesynbTaThl MOXXHO HMHTEPIPETHPOBATH KaK CIEKTP OT
HECKOJIbKAX  YaCTHIl, BO3MOXXHO pa3sHOTO pa3Mepa
MPUCYTCTBYIOIINX B 30HC HHUIIMUPOBAHUS, TaK U OT OJTHOM
yactuipl. OfHAKO, paccMaTpuBasl psi HHTEHCHBHOCTEH
(1.1.1,2,3,6,8,9), KOTOpBIE MOTJIM OBITH HOTYYEHBI OT YACTHUI]
NPUMEPHO OJHOTO pasMepa C Y4ETOM HX 3aKpeIUICHHS
OCHOBHBIM 00BEMOM - Pa3MepOM B MEIHOW OCHOBE, MOKHO
MPEANONIOKHUTh, YTO TMPH BO3OYXKICHUH OCTaIbHBIX
CHECKTPOB TaKWUX YaCTHI[ Ha IUIOMATHd WHHIUHPOBAHUS
CrieKTpa ObUIO OOJIbIIE, 2 UMEHHO B T.T.5 U 7 — 3-4 4acTHIIbI
u B 7.4 — 10-12 vactun. Takum oOpa3oM, MOKHO CIIENIaTh
BBIBOJI, UTO pAaclpeeieHne YacTHIl KOPYHIa MO IUIOMAIN

MOKPBITHST MEAU IOCTAaTOYHO HEPABHOMEPHO, UTO MOXKET

OKa3aTh BIMSIHUE Ha pabOTy CONPSKEHHON TTaphbl TPEHUSL.
Ecin cootHecTH Iuomanb, 3aHAMaeMylo MeEIbl0 U
IIOMHMHHUEM K BEINYMHE BECOBOM KOMIIOHEHTHI KaXJOTO
KOMIIOHEHTA M, COOTBETCTBEHHO, MHTCHCHBHOCTBIO JIMHUI
CHEKTPa, TO MOXKHO OIIEHUTDH BEJINUMHY (pa3Mep) IUIOMAIH,
3aHUMaeMon yacTULIAMU KOpYH/JA. PaccuutsiBast
MPOMOPLHOHANBHYIO 3aBUCHMOCTh HHTEHCUBHOCTH CIIEKTpa
METAJUIOB OT IIONIa 1 TOBEPXHOCTH, 3aHUMAeMOI MebIo U
TIOMHMHHEM II0JTyJaeM, YTO BEJIMYHMHA (IUIOIIAIb) YaCTUIIBI
KOpyH/Ia He MOkeT npebimath 0,05 mMm?, Kak BumHO U3
pe3yJIbTaTOB MPOBEAEHHOTO aHANIM3a, YacTHIBI KOPYyHZA
pa3MeIieHbl B IIOKPHITHH HEPaBHOMEPHO, 3aKpeIICHBI
JOCTATOYHO HAAEKHO B TOKPBITUN MU, a HHAUe OBLTH OBI
yAaJIeHBl TPH MEXaHUYeCKOi o00paboTKe H  JOJDKHBI
HE3HAUUTENBHO BBICTYNATh HajA IOBEPXHOCTBIO 3a CUET
yaaneHus 6osee MATKOH OCHOBBI MeTasuia. TakuM oOpazom,
MOKPBITHE  IpEACTaBisieT  co0oil  mnummdoBanbHO — —
MOJIMPOBAIBHBIA HHCTPYMEHT, KOTOPBIH NMPH HPHI0KESHUN
Harpy3KH W JBWJKCHHUHM IIapbl TPEHUS «BBIMIQKHBACT)
MHUKpPOHEPOBHOCTH IIOBEPXHOCTH KOHTpTENa W3 CTaJN
HIX15, 9T0 compoBOKAaeTCS 3HAYUTEIHHBIM YIyUIICHAEM
Ka4ecTBa IIOBEPXHOCTH, YTO OBUIO OTMEUeHO paHee (Tabim. 1).
Tabnauua 2

Pe3ym>TaTm MHUKPOPEHTI€HOCIHEKTPAJbHOI'0 AaHAJINU3A NNOKPLITUA HA OCHOBE MeIH U IMHKA

Coneprkanue antoMuHUs, % B IOKPBITHU
MeIu LIMHKA
BecoBoe IloHast HHTEHCUBHOCTH BecoBoe IloHas MTHTEHCUBHOCTH

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 3341
0,54 18,13 0,64 3341
0,23 7,54 0,77 22,09
0,17 5,55 - -

IIpu B3auMoAeNCTBUM CONPSKEHHON Mapbl TPEHUs, a
MMEHHO TOKPBITHSA MeIW C KOHTpTenoMm m3 crtamm LIX15
TepMudeckn oOpaboranHOH Ha TBEpHocTh 60-62 HRC B
[peaBapUTENIbHBII KOHTaKT BCTYHAIOT JiBE
NICEBJIONIOBEPXHOCTH — OAHY M3 HUX COCTABIIIOT YacTHUIIBI
KOpYHJa BBICTYHAIOLIE HaJ MOBEPXHOCTHIO MOKPBITHA, a
BTOPYIO — BEpLINHBI POQuIist MUKpoHepoBHOCTEH (Ra 1 Ry).
ITo TBEpaocTH OKCHI aMIOMUHUS YCTYNaeT TOJBKO anMasy
U, TO3TOMYy IIpM HarpyXeHHH Mapsl U CMEIICHUI
MOBEPXHOCTEH OTHOCHTEIBHO JIPYT ApyTa YacTHIBI KOPYHIA
BPE3aloTCsl B BEPIIMHBEI MHKPOHEPOBHOCTEH Ha TIyOHHY
BBICTYIAKOIIUX YaCTUL] KOPYH/A, YTO 3HAYUTCIBHO MECHBIIIE
napaMmeTpoB Ra u Ri, Takum o0Opaszom, yiyuinas KadecTBO
IMOBEPXHOCTH. OcranpHas H, BO3MO>XXHO BECbMa
3HaYUTENIbHAsg 4YacTh BEpIIMH MHUKPOHEPOBHOCTEH, He
MOABEPTIIMXCS MEXaHHUECKOMY BO3/CHCTBHIO YaCTHUI]
KOpYH/la, KaK HMHCTPYMEHT BpE3aeTCsi B IIOBEPXHOCTH
HNOKPHITHST MEIW W Ccpe3aeT CIOoi MeTaia, KOTOPBIi
ocTaéTcs Ha IIOBEPXHOCTH KOHTPTEINA, MOBBIIIAst €r0 Maccy.
[Ipu 3TOM, 32 Cuér chéMa 4yacCTH MOBEPXHOCTH MeTajlia
IOKPBITHS yBEJIMYMBACTCA pa3Mep BBICTYNAIOIEH Hax
INOBEPXHOCTBHIO YaCTHU YaCTHUIl KOPpYHJAA C YIIMPEHUEM UX Y
OCHOBAHHUS.

B nocnenyromem, npyu B3aUMOAEHCTBUM COTIPSIKEHHOM
mapel, Oojiee 3HAUUTEIHHO BBICTYMAIOIIME YaCTHIIBI
KOpYyHIa, OKa3blBAIOT CYIICCTBEHHOE BIHMSIHHE Ha
¢dopMupoBanue NpoQuIs MOBEPXHOCTH KOHTPTENa, UYTO
MOXET CONPOBOXKAATHCS ~ OOpaTHBIM IEPEeHOCOM  Ha
MOKPBITHE HE TOJNBKO MHKPOOOBEMOB Menu, paHee
«3aXBau€HHBIX», HO U HEKOTOPBIX 4YacTel CTalbHBIX
(hparMeHTOB MHKpPOHEPOBHOCTEH KOHTPTENa, TEM CaMbIM
M3MeHsIsi Maccy oOpaslia ¢ TMOKphITHEM. Pesymbrar 3TOoro
mpomecca emE B OOJNBIIEH  CTETIEHH  TO3BOJISET
c(hOopMHPOBABIIEMYCS MHUKpOpeIsedy MTOBEPXHOCTH
KOHTpTEJIa MEXaHWYEeCKH BO3JEHCTBOBAaTh Ha MOKPBITHE
MeJIIU U «3aXBaTbIBATh» - IEPEHOCUTDH O0JIee 3HAYUTEIBHYIO
Maccy MeJH, 4TO YK€ MOXET MO3BOJHUTh CHOPMHUPOBATHCS
TOHKOW IUIEHKM MeTajla, BO3MOXXHO HE Ha BCEH
MMOBEPXHOCTH KOHTpTENa, JIOCTAaTOYHO HaJIEKHO
3aKpeIUIEHHOH B yTITyOJICHUSIX MUKPOpEIbeda IIOBEPXHOCTH
(Ra m Ry). Cremyer oTMeTHTB, YTO TPH MEXAHUYECKOM
BO3JCHCTBUM  YaCTHIl  KOPYHOa Ha  TEPMHYECKH
00pabOTaHHYI0  TOBEPXHOCTh  KOHTpTena u e
«paspylleHUn» OT BO3AEHCTBUS YaCTHIl KOPyHIA SHEPrus
OyfeT yBenmMYMBATBCS, YTO OymeT CrnocoOCTBOBATh
co3laHMI0  Oonee  MPOYHBIX  CBA3€H  YacTUYeK -
MHUKPOOOBEMOB MEITN C TOBEPXHOCTHIO KOHTPTENA. DTHUM, B
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NpUHIMIE,  3aKaHYMBACTCS  MpoOIlecC  MPUPAOOTKH
MOBEPXHOCTEM Mmapsl TPEeHUS W B JalbHEHIeM
copMupoBaBIIasiCs INIEHKA TOKPHITHS MeIM Ha KOHTPTEIe,
OyydIH HOBEPXHOCTBIO — IICEBIONOBEPXHOCTHIO KOHTpTENIA
C OCTaTKaMH BBICTYTAIONIET0 MHKpopenbeda BCTymaer B
KOHTAKT C YaCTHI[aMHU KOPYH/a, KOTOpbIe e€ 1ehOopMUPYIOT-
«BCITy4HBAIOT», co3zaBast HEKYIO HOBYIO
MICEB/IONIOBEPXHOCTh, ~ BCTYMAIOMIyI0 B  KOHTAKT C
MOKPBITHEM, YTO MOXKET CIIOCOOCTBOBAaTh IEPEHOCY YiKe
HE3HAUUTENBHBIX MHKPOOOBEMOB MEAM Ha IOBEPXHOCTHh
NOKPBHITHS M 3aTeM oOpartHo. J[laHHBIE MeXaHH3M
paccMOTpPEH U MPEJCTaBICH KaK HEKUil ocae10BaTeIbHbLI
Mpolecc, OJHAKO H3-3a TOrO, 4YTO YacTHUIBl KOpyHIa
pacipesieeHbl IO IUIOAAU MOKPBITUS HEPAaBHOMEPHO, U
OHM MOTYT BBICTYyNATh HaJ IOBEPXHOCTbIO Ha DPAa3HYIO
BBICOTY, TO IIEPEHOC MacChl METalIOB JO/DKEH HOCUTH
MOCIIEOBATEIbHO - MapajUIelbHBI XapakTep MU €ro
(YHKIMOHUPOBAHUE, MOXKET OBITh, HE CBA3AHO C HATMIHEM
KaKo#-1100 CMa3049HON CpENIBL.

2. Meroauka ucc/ie10BaHus

BiusHme konmdecTBa dYacTMIl M HMX pPa3MEpoOB Ha
Ka4yecTBO COMPSHKEHHOW ITOBEPXHOCTH, TO HEOOXOIUMO
paccMOTpeTh J[Ba MEXaHHW3Ma, KOTOPbleé MOTYT OKa3aTh
BIMSHHE Ha XapakTep W3MEHEHUS MHKPOT€OMETPHHI
MOBEPXHOCTU KOHTpTENAa U ero u3Hoc. B MenHO-IIMHKOBOM
HNOKPBITUH, B OTIMYME OT IOKPHITUS MEOH, BU3YaIbHO
MOYKHO OTMETHUTbH JJOCTATOYHO MHOI'OYHMCIICHHBIC YaCTHIIbI
KOpyH[1a pa3Hoii popmbl U pazmepa. [Ipuuém, Mex Iy STHMHU
YacTULIAMU U MAaTpHULIEd — OCHOBOM MMEETCs HEKOTOPBIN
pa3pbIB - 3a30p, YTO MOXKHO HHTEPIPETHPOBATH KaK HE
CIIMIIKOM HaAEXKHOE MX 3aKperuieHHe B MOKphITUH. B
TIOKPBITUH YaCTHIIBI ITMHKA ¥ MEAN Pa3MEIIeHbI XaOTHIHO H,
B TOW WIM MHOM CTENEHHM MOTYT 4YepeloBaThCi IO
OTHOIIECHUIO K HAIIPABJICHHUIO MEPEMELICHUs CONPSIKEHHBIX
MOBEPXHOCTEH M €CIIM YacTUIIbl KOPYHJa. pa3MeLIEHHbIE B
YyacTHUIIaX [IMHKA C pa3MepoM 3aHuMaeMoi miomanu 1o 0,5
MM?, MOTYT HCKaXaTh MPOQWIb MOBEPXHOCTH, YXYIIIas
Ka4ecTBO, TO YaCTHIBI KOpyHIOa MeHbmiero pasmepa 0,05
MM? 3aKpEIUIEHHBIE HANEKHO B YACTHIIAX METH MOTYT U
OymyT 3amednBaTh AeEKTH, He JaBasi CHIDKAThCSI KadeCTBY,
YTO M HaONIONAETCs NMPH MPOBEACHUY HCIBITAaHUN MEIHO-
LIUHKOBOI'O MOKpBITHA Ha TpeHue [11]. Kpome Toro, mpu
paccMoTpeHHH paboThl Mapbl TPEHHs CIENyeT YYUTHIBATh,
YTO COZEP’KAHUE LIMHKA U MEJH 3aBUCHUT OT TeMIepaTypsl U
MPOJO/DKUTENIBHOCTY HANbUICHUS (KOJIMYECTBAa IMKIIOB),
YTO CBSI3aHO C YHEPreTHUECKUMU OCOOCHHOCTSMH METOAa
ra30MHAMHYECKOTO HANbUIGHHS W, HalmpuMep MpH
Temreparype HanbuieHHs 270°C maccoBas mOMS IIMHKA
MOJKET coCTaBiATh mopsiaka 10% [12,13]. U, B aTom ciydae,
3a CYET MOBBILICHUS COACPIKaHUA KOJIMYCCTBA YACTUL MEAU
¢ MenkuMH yacTHuamu kopyHaa (0,05 MM?) crocoGHBIX
3G GeKTHBHO  «3aJeyuBaTh»  MC(PEKThI, HaHCCEHHBIC
KpYIHBIMH JacTuaMHu KOpyHAa, HaXoJAIIUMHCA B
YacTHIAX [MHKA, MOXHO JIaXe pacCUMTHIBaTh Ha
TIOBBIIIEHHE KAauecTBa MOBEPXHOCTH KOHTPTENA W IIaphl B
LIEJIOM, KaK 9TO OBUIO BBISIBIICHO IPH UCIIBITAHUU TTOKPBITUS
Menau B mape co cratbto LIX15 (tabdmn.1).

[Ipy oTpbIBE OT NOBEPXHOCTU MOKPLITHS KPYMHBIX
qacTHLl KOpyHAa pasmepoM 10 10 MKM M OLEHKH
BO3MOXHOCTH HX BOSﬂeﬁCTBHM Ha TMOBEPXHOCTH Iapbl
TPEHUsI MOXKHO PAacCMOTPETh CleAyroumii mexanusm. Ilpu
HaHECEHWU MOKPHITUS C WCHOJNB30BaHUEM MEXaHHIECKOit
CMECHM YacTUL] MeIOW, LHMHKA U KOpyHIa METOJO0M

ra30MHAMUYECKOTO HAIBUICHHUS IPOXOIUT MOAN(UKALUL
YacTHI] IMHKA 3a cuéT nuddy3un Menu, B pe3ysibTaTe 4ero
¢dopmupyrotcess ¢assl mpucymme aTyHH. Momudukanus
CTPYKTYpHl IIMHKAa 3aBHCHUT OT IIapaMeTpOB HAIBUICHUS
(Temmepatypsl, TPOJOJDKHTEIBHOCTH) W COCTOSIHUS
CTPYKTYpHI, BKIIOYas BEIHYMHY MHuKponedopmarmii u,
COOTBETCTBEHHO CKOpPOCTH nuddys3un [6,13].
OtopBaBmIasics OT IOBEPXHOCTH HAMBUIEHHOTO  CJOS
MeTaJlla 4acTHLA KOPYH/a, epeMeIasch 0 HOBEPXHOCTH
MEHO-I[HHKOBOTO MOKPBITHUSI, MOXKET BCTPETHCS C JaCTUIIEH
Me/IH, YUCTOTO U MOANU(UIMPOBAHHOTO LIMHKA AeOpMUpYs
n/unn paspymas e€, B 3aBHCHMOCTH OT MEXaHHYECKHX
cBOiicTB MeTainioB. [Ipenen mpoYHOCTH MeIM, B HalleM
ciyuae, coctapiser 210-220 MITa npu mnactuanoctu 38%,
a muaka 120 MIla npu mnactuyHoctd 22% W MOXKHO
JOMYyCTUTh, YTO OHH HE CIIOCOOHBI ~ OCTaHOBHTHh
nepemenieHue TBEpnoi yactuusl [14]. Ho, Berpewasics ¢
MOIU(PHUIUPOBAHHONH YaCTHLICH IMHKA, KOTOpas HMeEeT
NEpEMEHHBII COCTaB M CBOMCTBA, 4YacTHLA OKCHIA
IIOMHHHSL MOXKET BIIOJHE OCTaHOBUTHCsS. [Ipm BXone Ha
MOIMGUIMPOBAHHYIO YacTHIy IIMHKAa YacTUIa KOpyHIa
HayHET  WCHBITHIBATh  YBEIMYCHHE  CONPOTHBIICHUS
MEepPEeMENICHNI0, TaK KaK IIPOYHOCTE €€ MEHseTcsl B
3aBHCHMOCTH OT COJIEpKaHUS KOMIIOHEHTOB (M€, [INHKA)
u MosxeT Bo3pactu 10 300 MIla, 94To COOTBETCTBYET JIATYHH
Mmapku JI90 — JI80. [Ipu cMmemeHun 9acTUIBl OKCHIA Jajiee
K IEHTPY MOJU(UIMPOBAaHHOW 4UACTHIBI NHMHKA C
YBEIMYEHHEM COJCp)KaHWs [MHKA W yMEHbIICHHEM
coJIep)KaHusl MeIu Tpees MpoyHOCTH Bo3pacTaer a0 400-
450 MIla, xak ans natyseit mapku JI63- JIS9 [10]. Ota 30Ha
HE3HAUWTEeJbHA [0 BEIMYMHE — TONIIMHE W MOXKET
CYIIECTBEHHO 3aTOPMO3HMTh YacTHUIly KOpYHAa, HO HeE
OCTaHOBUTH M TOTZA, IIPEOIOJIEB 3TO HE3HAYHTEIBHOE II0
BENIMUMHE TIPETATCTBHE, YacTHI[A KOPYHIA IOMajaeT B
obmacte ¢ copepxkanmeM Mmexu 8-10 Bec%, MPOYHOCTH
koTopoil cocraBiser 20-30 MIla u paspymaer e€, Tem
caMbIM, Kak-Obl Tomajas B kapMaH. Tak kak jganee 3a 3Toi
o0JlacThl0  OMATH ~ BO3HMKAET  YYacTOK  YaCTHUIIBI
MOJMGHUIMPOBAHHOTO MeIbI0 IIMHKA poyHOoCcThI0 400-450
MIla, To 5Ta Yactuma He OyAET UMETh BO3MOXKHOCTH
mepeMematbcs  Jajee W paspymarth  IeTOCTHOCTh
MOBEPXHOCTH MAphI TPEHHSI.

Hccnenyemsprit crmoco® MOMy4eHUS METHO-IMHKOBBIX
MOKPBITHH IMyTeM 0A00pa ONTHMAIBHBIX TEXHOJIOTHIECKHX
napaMeTpoB HambUICHHS C(HOPMHUPOBATH MOKPBITHE C
BBICOKUMH  TPHOOJIOTHYECKHMH, KOPPO3UOHHBIMH — WIIH
MEXaHHYECKUMH  CBOWCTBAMH, 4YTO  IOATBEPIKAACTCS
MPOBEICHHBIMH HCCIIEIOBAHUSIMU U IEMOHCTPHPYET, METOL
«XOJIOAHOTO»  Ta30JMHAMHUYECKOTO  HANBUICHHS, KakK
COBPEMEHHBIH TEPCHEeKTHBHBIN crmocod (OpMHpOBaHUS
(YHKIMOHAJBHBIX MOKPBITHH pa3JIMIHOTO HAa3HAYCHUsS Ha
MOBEPXHOCTH CIUIABOB XKEJIe30-yIIIePOoI.

3. 3akjo4YeHue

B pesynbrare  peHTI€HOCTPYKTYPHBIM  (ha30BBIM
aHAJIM30M OIpPENENEHO, YTO MPU HAbLICHUHM MOKPBITHSA Ha
OCHOBE MEXaHMYECKOIl CMeCH 4YacTull MeIW U LUHKA
METOA0M XOJIOJHOT'O a30AMHAMUYECKOrO HAIIUICHHS LIUHK
ABJSIETCSI  OCHOBHBIM ~ JJIEMEHTOB  «3aXBaTbIBAIOLIMM)
YaCTHILIbI KOPYHIA.

[luHK B TOKPBITMM THNA <JIATYHH», HE CMOXET
«yZepkaTb» YacTHLl KOpPyHIAa IOJ BO3AEHCTBHEM
CONpPSKEHHOW  MOBEPXHOCTH, 4YTO IPUBOAMT K HX
OTJEIICHUIO, OTJC/IUBIIUCH OT IIOBEPXHOCTH ITOKPBITHUSI, OHU
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OKa3bpIBAlOT 3HAYUTENbHOE BIMSHHE HA ILEIOCTHOCTh
CONpPSIKEHHOMN MOBEPXHOCTH U NApbl TPEHHUS B LIETIOM.

Ha moBepxHOCTH HaNBUICHHOTO IIOKPBITHS —THIA
«JIaTYHI» CYIIECTBYIOT 3aMKHYTBIE TIOJIOCTH (YTITyOJIEeHHs)
pa3HOH (OpMBI W TPOTHKEHHOCTH (HOPMHUPYIOTCS B
mpolecce HANBUICHHS, WX BO3HUKHOBEHHE CBSI3aHO C
yCTpaHEHHEM YacTH4eK KOpyHAAa TIpU MEXaHM4ecKoi
00paboTKe MOKPHITUS. VX BeIWYMHA HE MPEBBIIIACT 2 MKM,
U OHM (YHKIHOHAIBHO MOTYT OCYLIECTBISTH DOJIb
EMKOCTEN-KapMaHOB ISl AP KAHUSA CMa30YHBIX CPENl.

Pacripenenenne wacTui; KopyHAa O  IUIOLIAAH
HOKPBITHS MEAU IOCTaTOYHO HEPAaBHOMEPHO, YTO MOXKET
OKa3aTh BIIMSIHUE Ha pabOTy CONMPsHKEHHON ITaphl TPEHHS.

IIpennoxeHs! nBa MexaHU3Ma, KOTOPEIE MOTYT OKa3aThb
BIMSIHAE HAa XapakTep W3MEHEHUs MHKPOT€OMETPHI
MOBEPXHOCTH KOHTPTENA U €T0 H3HOC.

MeaHo-IIMHKOBOE TOKpBITHE THIA «JIAaTyHHNe B cpene
WHIYCTPUAIPHOTO Macia B mape co cramsio LIX15
MOKa3bIBAET HU3KYI0 HHTEHCHBHOCTD U3HAIINBAHMS BILIOTH
no addexra Oe3pI3HOCHOCTH 0e3 yXy/IUIIeHHs KadyecTBa
MOBEPXHOCTH Maphl TPEHHSI.

ABTopsl  OmaromapsAT  A.T.H. mpodeccopa JL.U.
KyxkcéHoBy 3a mpoBenieHHe MCHBITAHUH MEIHBIX U MEIHO-
IIMHKOBBIX TIOKPBITUH, OOCYXAEHHE M WHTEpPIPETAIUIO
pe3yJIbTaToB.
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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®2
1Tashkent 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 tadgiqgotlari

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

Magolada yer polotnosi va ko‘prik qirg‘oq tayanchlari tutashgan zonalarida ko‘tarmani temirbeton
qoziglar 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 qozig 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 orqasidagi ko‘tarmaning vaqtincha
yuklanishidan hosil bo‘ladigan gorizontal bosimni o‘ziga
qabul qilib, ustki qismida 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 Kkattalashib
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 qarab 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‘rigish 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).
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1-rasm. Ko‘prikni qirg‘oq tayanchi yer polotnosining
ko‘tarma qismini qoziglar bilan mustahkamlash:
1 — ko‘prikning qirg‘oq tayanchi; 2 — temirbeton qoziqglar;
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, qoziglardan
foydalanish ~ butun  inshootning  zilzilarga  garshi
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 qoziqg; 2 — yer polotnosi; 3 — asosdagi zaif

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

Eksperimentni boshlashdan avval hamma ashob 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‘Ichash 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.
O‘Ichovlar paytida 4 ta kanal bo‘yicha ma’lumotlar olindi.
O‘lchov usullari 4-rasmda Kkeltirilgan sxema asosida
bajarildi.

VH-1

[cyi3| Bubpatop c1-173|

MMCC

CM-3 :> 1:100 Ll [>

Hoyroyk

APK

OME3 [ 1100 L0

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

| CM—SI CM-3
VH1 VH2
K¥TapMa

1/ 777777777777777777777727771 7777/ /7771

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

Oc¢Ichash jarayonida SM-3 datchiklarida 4 ta kanal
bo‘yicha tebranishlar qabul gilindi: 1-kanaldagi datchik:
temirbeton gozigdagi tebranishlarni gabul gildi, 2-kanaldagi
datchik: temirbeton qoziqdagi 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 qildi. Barcha xolatdagi
natijalarning seysmogrammalari yozib olinib (5 va 6-
rasmlar) qayta ishlash orqali yer polotnosi va ko*prik qirg‘oq

Braovenne
BHOpaTOpA

’ \

I ||\ I iM“ ll

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].

Ve
Axax = %v (1)

bu yerda Ay~ haqgiqiy ko‘chish (mm), - mobil stansiya
kanalida o‘rnatilgan susayish koeffitsienti, V.- signalning
maksimumdan minimumgacha bo‘lgan amplitudasi (mm),
f- kanalning sezgirligini hisobga oluvchi koeffitsienti.
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5-rasm. Vibrator ishga tushirilganda temirbeton qoziq va qozigdan 15 sm uzoqlikda 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
quyidagi 2-ifoda orqali topiladi.
A= Amax - AMV[H! (2)
bu yerda A,,,- seysmogrammadagi amplitudaning eng
kichkina qgiymati (mm), A,.- Seysmogrammadagi
amplitudaning eng katta giymati (mm).
Mobil muhandislik seysmometrik stansiyasi (MMSS)

giymati

yordamida olingan giymatlar  Kilibrlash  natijasida
kuchaytirish koeffitsientining giymati 2-jadvalda keltirilgan.
2-jadval
Kuchaytirish koeffitsientining giymati
Kuchaytirish
koeffitsienti 1-kanal 2-kanal
fe V/imm f1=630 feo= 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'®?2, Vang Meng?', Zhao Yue!
1Tashkent 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

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

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
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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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Glass 12,7 5.

1 fiber 2,65 0,87 7 80 0
Basalt 30,7 2.

2 fiber 7,72 1,12 1 70 0
Quartz 59,4 3.

3 fiber 33,68 | 1,26 4 75 6

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 ExcglﬁprograLn, 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 1)
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
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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
156
244
25
244
246

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

oM

J
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

Degree
of
cement
filling,
%
10
20
30
2
3
4

Type of
superplasticizer
and mineral
filler
Superplasticizer
C-3, zeolite:
containing rock
Superplasticizer
MasterGlenium
ACE 430,
basalt fiber

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.

References

[1] Dvorkin, L., Konkol, J., Marchuk, V., & Huts, A.
(2023). Efficient, Fine-Grained Fly Ash Concrete Based on
Metal and Basalt Fibers. Materials, 16(11), 39609.

[2] Li, Y. Zhang, J. He, Y., Huang, G., Li, J., Niu,
Z., & Gao, B. (2022). A review on durability of basalt fiber
reinforced concrete. Composites Science and Technology,
225, 109519.

[3] Sim,J., & Park, C. (2005). Characteristics of
basalt fiber as a strengthening material for concrete
structures. Composites Part B: Engineering, 36(6-7), 504-
512.

[4] Jalasutram, S., Sahoo, D. R., & Matsagar, V.
(2017). Experimental investigation of the mechanical
properties of basalt fiber-reinforced concrete. Structural
Concrete, 18(2), 292-302.

[5] Krayushkina, K., Khymeryk, T., & Bieliatynskyi,
A. (2019, December). Basalt fiber concrete as a new
construction material for roads and airfields. In IOP
Conference Series: Materials Science and Engineering
(Vol. 708, No. 1, p. 012088). IOP Publishing.

[6] Hopowenxko O. IO., lopormenko FO. M.
JlucriepcHO-apMoOBaHuil OETOH — HAAIHHKUN Ta eEeKTHBHUIMA
marepiaj AJs TPAaHCIIOPTHOTO OY/AiBHHUIITBA
(npopoBxenHs). TpaHCIIOPTHOE CTPOUTEIBCTBO Y KPAUHBI.
2011. Ne 5. C. 16-20. 5.

[7]1 Bentz D.P., Snyder K. A., Ahmed A.
Anticipating the setting time of high-volume fly ash
concretes using electrical measurements: feasibility studies
using pastes. Journal of Materials in Civil Engineering.
Vol. 27. 2015. 6.

[8] Ren W. Dynamic compressive behavior of basalt
fiber reinforced concrete after exposure to elevated
temperatures. Fire and materials. 2015. 7.

[9] LimY.-C., Noguchi T., Cho C.-G. A quantitative
analysis of the geometric effects of reinforcement in
concrete resistivity measurement above reinforcement.

ENGINEER



Construction and Building Materials. 2015. Vol. 83. P. Information about the author
189-193. 8.

[10] Hong, G. H., & Shin, Y. S. (2003). Structural Soy V.M.  Construction of buildings and
performance evaluation of reinforced concrete beams with industrial facilities, Tashkent State
externally bonded FRP sheets. Journal of the Korea Transport University, Tashkent
Concrete Institute, 15(1), 78-86. E-mail: Volodya tsoy@inbox.ru

[11] Vladimir Tsoy, Firuza Karimova, Ne’matjon Shermukha-  Bridges and tunnels, Tashkent State
Mukhammadiyev and Jambul Turgayev. Parameters of the medov U.Z.  Transport University, Tashkent
oscillatory process of the sleeper base in the area of the rail E-mail: ulugbekjuve@mail.ru

joint when using elastic spacers. E3S Web of Conferences
401, 05078 (2023) Conmechydro — 2023. ; ; ; i
https://doi.org/10.1051/e3sconf/202340105078. diev N.R. !Pgl:;t;;lt Bﬁlil\llgre;'t; a;g';ﬁﬂ;itate
[12] Tsoy, V., Abdullaeva, D., Mukhammadiyev, N., E-mail: nemat.9108@mail.ru
Influence of silica-containing additives on structure
formation of composite cement binder for non-autoclaved industrial facilities, Tashkent State
aerated concrete, International Scientific and Practical Transport University, Tashkent
Conference on Problems in the Textile and Light Industry E-mail: 810463989@qq.com
in the Context of Integration of Science and Industry and Zhao Yue
Ways to Solve Them, PTLICISIWS 2023,
https://doi.org/10.1063/5.0197488.

Mukhamma-  Construction of buildings and

Vang Meng  Construction of buildings and

Construction of buildings and
industrial facilities, Tashkent State
Transport University, Tashkent
E-mail: zhaoyueleo@mail.ru

ENGINEER


mailto:Volodya_tsoy@inbox.ru
mailto:ulugbekjuve@mail.ru
mailto:nemat.9108@mail.ru
mailto:810463989@qq.com
mailto:zhaoyueleo@mail.ru

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?
1Tashkent 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 use 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 um,

alZ https://orcid.org/0009-0004-2390-696 1
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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 08|12 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 @=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 siilisnda | F9N |
mus%;hka musgtlah bo‘y(llab Sovau Suv Beton
Ne 2 kamlik | sigishga | 992 | o*tkazuy | OC
Sement | Qum mlik chegar (kgk/ chida chanlik sinfi
chegarasi, g gz mlilik
MPa asi, sm?)
MPa
1| 583 | 1422 205 55 182 |F300| 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, hisin turn, 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?
1Tashkent 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
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3Hepreanec1mﬁ AHAJIU3 npouecca CxBaTbiBaHUA 0eTOHA

Kaxapos 3.1, Amumos P.?
TamxkeHTCKMI TOCY 1apCTBEHHBIN TPAaHCIIOPTHEINA YHUBEPCHUTET, TalKenT, Y36eKUCTaH
2MexyHapoHbIi Ka3axcKo-Typelkuil yausepcuteT um. Xomku Axmena Slcasuu, Typkecran, Kazaxcran

AHHOTaIMA: OmnpeneneHusi SHEPTeTHYECKOTO 3HAYEHHsI IMECOYHOro OETOHa B MpOILECCe CXBATHIBAaHUS OETOHA.
Mertoznpl: MeToJ HCTIBITaHNS OSTOHOB IAPOBBIMHM MHAECHTOPAMH, OCHOBAaHHBIMH Ha 3aKOHOMEPHOCTSIX
B3aHMOJICHCTBYI TOBEPXHOCTH OETOHA U BIIABIMBAEMOr0 B Hee mapa. Pesynbratsl: PacueTsr 6eTOHHBIX
U JKeJe300€TOHHBIX KOHCTPYKIMH CTaTHYeCKOW HAarpy3KoW, OIpe/ielieH KPUTHYECKOe 3Ha4yeHUe
aMIDINTYABI KOJIeOaHUH, YHEPTeTHICCKUH YPOBEHb CHCTEMBI, KOTJ]a HAUYMHAETCs paspylleHHe CBs3eil
MeXIy uactumamu OeroHa. I[lpaktmyeckas 3Ha4MMOCTh: [IpOBEOEHHBI WCCIEIOBAHUI MOXKHO
3aKIIIOUUTh, YTO Macca OeTOHa NpH pas3pylIeHHH MpuoOpeTaeT KpuThueckoe 3HaueHne m_0/e, a B
Hepa3pyIIEHHOM COCTOSIHUHM ee 3HadeHne em_( B € pa3 OoJbIe mpy B3aMMOAEHCTBHN C HHICHTOPOM,
HEXXEJH TIPH pa3pyIIeHHN TPECCOM.

LIEMEHT, 3aloJHUTENb, (pakius, OeTOH, cXBaThlBaHWE OeToHa, Macca OeToHa, CkaTusi OeToHa,
UCTIBITaHHUS 00Pa3LOB, aMILIUTYAA KoJieOaHus, KPUTHIECKUIT yPOBEHB

KroueBnle ciioBa:

1. BBeaenue

beron — oauH W3 caMBIX pacHpOCTpaHEHHBIX
CTPOUTENLHBIX MaTepUanioB. DTO KaMEHb MCKYCCTBEHHOTO
MPOMCXOKICHUS, TMOJydaeMblii myTeM (opMOBaHHSI |
3aTBEPACHUS CMECH LIEMEHTa, 3alOoJHHUTENsT U BOJBI C
JI00aBJICHUEM PA3IUYHBIX HHIPEIUEHTOB ISl YIyUIICHUS
9KCIUTyaTallMOHHBIX CBOWCTB KOHEYHOro mponykra. OT
COOTHOIIICHUS W  OCOOCHHOCTEH KOMIIOHEHTOB IS
MPOM3BOJCTBA OETOHA 3aBHUCAT XapaKTEPUCTHKH OETOHA.

Pacuer OeTOHHBIX W >KeNIe300€TOHHBIX KOHCTPYKIIHH
TpeOyeT 0co00ro MoAXoJa B CBS3H CO CIEHU(PHYECKUMHU
CBOWCTBaMM MaTepuanoB. HUYTOXHOE CONpOTHUBIECHUE
OETOHOB PACTATUBAIOLINM YCHIUSIM BBIHYXaeT BBOJAUThH B
KOHCTPYKLIMH  JKEJIE3HYI0  apMaTypy, IOJBEpraeMyo
IpeIBapUTEIbHOMY HAIPSIKEHUIO Ha PACTsSKEHUE.

Pacuersl GETOHHBIX W KeNI€300€TOHHBIX KOHCTPYKIIHI
cleayeT NpOM3BOINUTE Ha BCE BU/IbI HArPYy30K, OTBEUYAIOIINX
(hyHKIMOHAILHOMY Ha3HAYCHUIO 3JIaHHH M COOPYXKEHUH, C
Y4eTOM BIHSIHUS OKpY)Kalomed cpenpl (KIMMaTHYECKAX
BO3JEHCTBUI M BOABI - Ul KOHCTPYKLUH, OKPYXEHHBIX
BOJIOM), a B HEOOXOJUMBIX CIIy4asx - C Y4eTOM OCOOBIX
BO3JICHCTBUM.

2. MeTox0/10rusl MCCJAeT0BAHUS

Matepuansl. [lpomecc mpurotoBieHuss OeToHa
COCTOUT M3 JO3MPOBAHUS KOMIIOHEHTOB, MEpeMElIMBaHUs
CMeCH, YKJIJIKa U YIUIOTHEHUS BUOpaIHii.

OCHOBHbIE KOMIOHEHTHI IJIsI W3TOTOBJCHHS OETOHa —
LIEMEHT (BSKYIIEE), 3al0THUTENb, BOJIA.

LlemeHT — TO OCHOBa cTpolMaTepualia, OH CBSI3bIBAET
OCTaJbHBIE HHTPEANCHTHI U IPHCYTCTBYET B COCTaBe OeToOHa
MPaKTUIECKH BCEX MApOK, HHOT/IA €T0 3aMEHSIOT H3BECTEIO.
OCHOBHOE CBIpbE M €ro H3TOTOBIECHHS — KIIMHKED,
TPaHyJIBI U3 CMECH N3BECTHSKA M TNIMHEL B 3aBHCcHMOCTH OT
COCTOsIHUA CBIpbA €CTbh TPHU crnocoba UxX H3MEIbYEHUs —
CyXOH, MOKpbIi M KOMOMHHMpOBaHHbIH. OCHOBHbIE
XapakTepUCTUKH  MaTepHana: MHpPOYHOCTh,  (pakims,
MOPO30yCTOMYMBOCTb, CKOPOCTh OTBEPAEBAHUS.

3anonHUTENs TO pasMepy (pakuuii genuTcs Ha
KpYNHBIM, cpenHuil 1 Menkuil. B xadecTBe mepBbIX ABYX
YaIe BCeTO UCIIOIb3YeTCs TPaBUH U IeOeHb, TPUMEHSIOTCS
U IpyTHe IPUPOAHBIE MaTepHabl, a TAKKe HCKYCCTBEHHBIE
aHaJIOTH, HaIIpUMep, KEPaM3HUT.

[IpakTHka ycTaHOBUIIA HOPMBI U TEXHOJIOTHIO IIpoLiecca
C TEOPETHYCCKUMH OOOCHOBAHHUSIMHM, OIMUPAIOIIAMUCST Ha
3HAQYCHUA TaKUX KOHCTAHT, KaK MPOAOJDKUTCIbHOCTD
cxBareiBanust (=28 cyrok ®m  7Op.), BpEeMEeHHOE
compoTuBicHne 00pasnoB cxaruro (R=50 MIla u nap.),
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TUIOTHOCTh MacChl U JIp.

XapakTepHO, 4TO B YCTAQHOBJIEHHBIX HOpPMax SIBHO
YyBCTBYETCS BIIMSTHHE OCHOBaHHUS HaTypalbHBIX
norapudmos €=2,7182... (Bec obpasma 103cm® — 2,2kr,
TIPOJIOJDKUTEIBHOCTE TIEPBOTO IEPUOJa CXBATHIBAHUS — 3
CYTOK H JIp.).

IIponecc TBepmeHnss OGeToHa —  KOMIUIEKCHAs
XMMHUECKasl peakuus, B KOTOpOH BO BpeMs KOHTAKTa
MUHEPAJIOB ¢ BOAOH 3allycKaeTcs Impouecc ruaparanuu. B
pe3ysibTaTe MPUCOEIMHEHHUS MOJIEKYT BOJBI K KIMHKEPHBIM
YJacTUI[aM 00pasyeTcs TBEpA0e MOHOJIUTHOE BELIECTBO.

3arBep/icBaHNie OCTOHa — TJIABHBIH UM CaMbIil
OTBETCTBEHHBIH 3Tal (OPMHUPOBaHUS /0 KOHCTpYKIUH. Bo
BpeMsI peaKknuH TBEPACHHS IPOHUCXOIHUT OKOHYATEIHHOE
TIpeBpalIeHNe CyXoro pacTBOpa, COSIMHEHHOTO C BOJIOH, B
MOHOJIMTHBIM MaTepua, KOTOPbII MOX0X M0 IPOYHOCTU Ha
KaMEHb.

B mpomecce cxBareiBaHums O€TOHAa COBEpIIAETCS
Tepexol XUMUYECKOW SHEPTHH, OCBOOOKHAOLICHCS NpH
B3aMMOJCHCTBUM IIEMEHTa C BOJOH, B MPUCYTCTBUH
TEIJIOBOI DHEPTUH, B MEXaHMYECKYIO, CO3MAIOIIYI0 CBS3U
MEXIy 4YacTHIAMH MHHEpaJbHBIX MaTepuaioB (mieOHs,
mecka M Jip.) M HPEBPaNIAIOIIyI0 CMECh B MOHOJIHMTHOE
COCTOSIHHE.

Metoabl. IIpouecc CXBaTbIBAaHUS 0eToHOB
TIPOJIOIIKACTCST OECKOHEYHO JOJITO, YTO CBHIAETEIBCTBYET O
HETIPEePHIBHOM Pa3BUTHH B HEM CHJI B3aUMHOTO IIPHTSKCHUS
YyacTHl. AMIUINTYZa COOCTBEHHBIX KoJjeOaHMH OeToHa
3aTyXaeT BO BPEMEHH TI0 3aKOHy o = age” % mpm
KOd(HIEHTe TOIJOMEHNsT SHEPIrHH 0o M HaYalbHOM
3HAUEHUH aMIUIMTYABl 00 Ipu TOCTOSHHOW 4YacToTe V.
Ilepenaya Hampsbkenuit ¢ noBepxHoctH OeroHa (R, Ila)
BITy6b COBEpIITAETCS IO TAKOMY e 3aKoHy R = Rye~“MIa,
U C YyBEIMYCHHEM Macchl OETOHa, BOCIPHHHMMAroUIeit
JIABJICHUE TpPH YBeJWuYeHHH ee h, HampspkeHust ObICTPO
3aTyXaloT, 4TO JiejlaeT OETOH He3aMEeHHMBI IIPH yCTPONCTBE
OCHOBaHMI 1 (yHIaMEHTOB.

MexaHHU3M IpoIiecca CXBaTbIBaHHsI OETOHOB JIO CHX ITOP
HE PACKPHIT, YTO MOXXHO OOBSCHUTH HETPHUTOTHOCTHIO
TMpUMEHSIeMBIX ~ METOIOB  HccienoBanms.  Hambomee
3G (GEeKTHBHBI METOI OCHOBAH Ha BOJHOBBIX CBOWCTBaxX
0ETOHOB, YCTaHABIMBAIOIIMX YacTOTBl W aMIUTHTYJbI
KojeOaHUH B Ppa3IMYHBIX YCIOBHUSX CONPOTHUBICHUS
0ETOHOB BHELITHUM BO3JICHCTBHUSIM.

DHepreTMuecknii aHaiM3 Mpolecca CXBATHIBAHUS
0eTOHa MPHUBOJAUT K BBIBOIY, UYTO B CBS3U C 0Opa30BaHHEM
CBA3€M MEXIy 4YacTULAMU SHEpreTMYecKuil ypoBEHb
YBEIMYUBAETCS C yBEINUCHNEM BPEMEHH CXBAaTHIBAaHUS { 1O
3akoHy £,=Ae® npum crpemnenmu t k t;, T.e. K
YCTaHOBJIECHHOMY BPEMEHU CXBATbIBaHUS. Kpome TOTO, IO
MIPEABIAYIIUM BBIBOJIOM &= %% CTPEMMTCSI Ha BEPXHEM
KPUTHYECKOM ypoBHe K Ae™ Ipu KpPUTHYECKOH Macce
e™=my. st roToBOro OeTOHA HIKHHUN KPHUTHYSCKHUI
YPOBEHL HACTYIAET MPH Pa3pyLICHUH Ey= ei"'

st 6eronHoro obpasua — kyouka 103 (cm3) Becom 2 kr
npu Mapke 6etona R=5000 H/cm3 B nepBoM npHOIIMKEHUH

50:%-5000:25000 H-cm/kr,
e™A =myA=2-25000 = 500 Tx/kr (=50000 H-cm/kr),
A =290 _ 15500 /.
m 2
Ecnmn macca oOpasia mpuHATO M= € = 2,72 Kr 1pu
R=5000 H/cw® e™A = 670 Jlx/r n 2 = 92 Jlx/xr.
Apmarypa, co3nmaromias B O€TOHE MpeaBapHUTEIbHOE
HanpspKeHue 0CEBOMY CXKaTHIO, MOBBILIACT

sHeprerHyeckyo koHcrauty A (Jx/kr), u mpu A = 670
HIDKHHHA KpUTHYeCKuil ypoBeHb 92 mosbimaercss po 250,
BepxHuii — 110 €34 = 13400 JIx/kr. OT 3TOro CTATHYECKOTO
pacyera, B OCHOBE KOTOPOTO JIGKHT JOIyCKaeMoe
HaNpsDKeHHE B MaTepHayax, HE0OXOOUMO MEepPeXOIuTh K
JUHAMHYECKOMY, B OCHOBE KOTOPOTO JIEKHT BHEPrHs
KoJIeOaHUH 1 BOJH.

Jedopmarust coxarus OetoHa ¢ (cM), H3MepsieMast
COBPEMEHHBIMH IIPUOOpPaMH B MHUKpPOHAaX, COOTBETCTBYET
KOJICOAHHSIM Ha IIOBEPXHOCTH 0. (CM) U 3aTyXaeT ¢ IIIyOHHOIt
OT MOBEPXHOCTH MO 3aKOHY J = §ye %M,

(wé)?
2

OHeprus KojeOaHUi HE JOJDKHAa JOCTUTaTh

BEPXHETO KPUTHYECKOTO YPOBHS, KOTJa BO3BOAMMOE
COOpY)K€HHE  TPUXOJUT B  KonebaHWE W TPO3UT
paspylICHUEM JUHAMHYECKOU CUCTEMBL.

Kputndyeckoe 3HadeHHEe  aMIUIUTYIBl  KojeOaHHit
COOTBETCTBYET CHIKCHUIO 3HEPreTUYECKOr0  YPOBHS

A
cucreMsl A 110 — ([Ix/xr), KOT/1a HAUNHAETCS pa3pyLIeHHE
0

CBsI3eH MEXIy JacTHI[aMHU OETOHA.

HcnbiTanns o0pa3ioB 0eToHA pa3pylIcHUEM MpeccaMu
Ha 0CEBOE C)KAaTHE HEe OTBEYAET COBPEMEHHBIM TPEOOBaHHAM
K pacdeTy KOHCTPYKIMH JUHAMHUYECKUM MeTonamu. beton
B OCHOBaHUAX M (yHIAMEHTaX COOpPYXKEHHH, IZIe OH
COMPOTHBISICTCS  BHEIIHUM  BO3ACHCTBUAM  OOJNBIION
Maccoi, MOrJIOMANell Bce TUHAMUYECKHE HAarpy3Kd Ha
Majoil riryOuHEe OT MOBEPXHOCTH, IOMagaeT B TSDKEINbIE
YCIIOBHS B BEPXHHUX CTPOEHHMSAX, B KOTOPBIX THHAMUYECKUE
Harpy3KH BBI3BIBAIOT KOJEOAHHS CJIOKHBIX KOHCTPYKIHH.
OcoOeHHO cliokHa paboTa OETOHA B TOHKUX O0OJIOYKAX,
apMHPOBAaHHBIX CETKaMH U peOpamu, 0O0pa3yrOIIMHU
HEXECTKHE METAUTNYECKHAE KOHCTPYKIHH.

Bonbnioit mHTEpEC MpeNCTaBIISIOT HCIBITAaHUS OETOHOB
MIaPOBBIMHI HHJICHTOPaMH, OCHOBaHHBIMHU Ha
3aKOHOMEPHOCTSIX B3aHMO/ICHCTBHS TIOBEPXHOCTH OETOHA 1
BIABIMBAEMOTO B Hee MIapa.

[lpu nmamerpe mapoBoii moBepxHOCTH D (cM) U
riyOvHe BAaBIMBaHUs O (CM) IO ASHCTBHEM BepPTHUKAIBHOM
cunbl F (H) pabora npubopa BelpakaeTcs IPOU3BEICHHEM
F& ([Ix), MOBEepXHOCTB JIyHKH — KOHTaKTa OETOHA C IapoM

F
nDJ (cM?) U HalpsKEHUE HA TOBEPXHOCTH OeToHa R= s
T

HPU 9TOM yJieNbHasi MOBEPXHOCTHASE YHEPIHsl Ha IUIOIMIAIN
F

KOHTaKTa RJ = —— C — xoHcTaHTa IPUOOpa, CO3TAIOMIETO
.

cuny F (H). Pasmepnocts C (Tlascm) oTimuaercss oT
pasmepnoctu R (ITa) Tak ke, kak ckaiusip OTJIMYAETCS OT —
HampaBlieHHeM. [lepexoj oT ckansipa K IOBEPXHOCTH JaeT
CKaJIsIp, MO3BOJISIONINI OTHOCUTB €ro K riayoune h (cm), Ha
KOTOpoit 6eToH cxxumaercs u gepopmupyercst. Cuny F (H),
pa3BHBaeMyl0  mpuOOpoM, W  AWAMeTp  IIapoBOi
noBepxHOCTH D (CM) MOXXHO M3MEHHTB, NOTyYast 3HAUCHUS
nedopmaryn & (MKM) B HY)KHBIX ITpefierax.

3. Pe3yabTaThl HCCIE10BAHUS

[TnoTHOCTH »HEPTMH B HANPSDKCHHOM O€TOHE T

ompenensieT £, KaK OTHOIICHHE IUIOTHOCTEH SHEpPrHH U
[

Macchl & = m—UI/ICCHGﬂOBaHI/Iﬂ CO CKOHCTPYHPOBaHHbBIM
0

MHJICHTOPOM I10Ka3aja, 4To R 1 & B OTAENBHOCTH HE MOTYT
XapaKTepH30BaTh IPOYHOCTHBIC CBOWCTBA OETOHOB, a B
npomsBeneHnd RO = C ka1o0My 3HAYSHHUIO 0 COOTBETCTBYET
OIIpe/IeIeHHOE 3HAUCHHUE
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R = g, 3HAYUTENBHO Ooliee  TOYHOMY, UeM
OIpEe/ENsIeMOMY TIPH IPECCOBBIX HCIBITAHUSIX.

TIpu mapasienbHBIX HCIBITAHUSIX 00Pa3LOB IECOYHOTO
GetoHa — KyOukos ¢ pebpom 7 cM (343 cm®) u Maccoit mg=
0,7 xr, mpu v = 0,002 kr/cm® mpeccom, XapakTepusyeMbiM RS
= 180 H-cm/cm®, u uaaentopom npu D =1,5 cm, F =5000 H,
C = R§ = 10620 H-cm/cm® Gbum omnpejieneHbl 3HAYEHUS
CJICAYIOIIUX TOKa3aTenel (tabm.1.):

Tadauna 1
IMoka3aTesiu 3HAYEHMIi aPaJLIETbHBIX HCIIBITAHUI
00pa31oB eCOYHOro HeToHA

< < z < = a <] E o QX £N
25 | E. 8| Bezisy 2558, 2%
S5 | EFE §EEEED £8gE7 8%
=3 S =7 & EE 3258 =&

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

-5

OcHoBHebIe nokazatenn 0 =370 (=0,037 cm), | = »= g

0,0053
=0,0053, B = o0z =2,5 HO3BOJISIIOT YCTAHOBUTH CPEIHUE

3HAQUEHUs] HANpPsHKEHWH IPU MPECCOBBIX M WHICHTOPHBIX
18 106,2

MCTIBITaHUAX: Ry = —— M Ry, = ——= 30000 H/cm?.
0,037 0,037

Ilpu peskux xonebaHusx R;; HaOMOAANOCH IUIABHOE

n3MeHeHue R ;.

4. 3akjIloyeHue

N3 npoBeneHHBIX HCCIEIOBAHUM MOXKHO 3aKJIIOYMTh,
9TO Macca OCETOHa TpH pa3pymICHHH MpUoOpeTaeT

m,
KPUTUYECKOC 3HAYCHUE TO , & B HECpaspymeHHOM COCTOSAHUN

ee 3HaYCHUE €m, B € pa3 OoJblle MpH B3aUMOICHCTBHU C

WHJICHTOPOM, HEXEJHU MPU pa3pyIISHUH IPECCOM.
VYauTeiBas, 4TO TPH B3aUMOJCHCTBHH C IPECCOM

o0pasell UCIBITBIBACT OCEBOE, a MPH BIABJIMBAHUM IIapa

i
oOriee cxxarue, MpH JACJICHUHN BCEX WICHOB Ha ff = ” (==2,5)

MOYXHO YCTaHOBUTH B3aUMOCBSA3b MEKY HANIPSHKCHUAMMU.

Hcnosb3oBanHas Juteparypa /
References

[1] KOM. BaxenoB. «Texuonorus  GeToHay.
Vuebnuk. -M.: Usnarenscto ACB, 2002.

[2] B.H. Boiikos, 3.C. Curanos «Kene3o6eToHHbIC
KOHCTPYKLIUU». Y4eOHUK Al By30B-5-e¢ m3a. Crpoimzn.
1991

[3] Djabbarov S., Kakharov Z., Kodirov N. Device of
road boards with compacting layers with rollers //AIP
Conference Proceedings. — AIP Publishing LLC, 2022. — T.
2432. - No. 1. - C. 030036.
https://doi.org/10.1063/5.0089679

[4] Dijabarov S., Kodirov N. The impact of dynamic
load from the wheel on the rail for high-speed trains in
Uzbekistan //E3S Web of Conferences. — EDP Sciences,
2023. - T. 402. - C. 06009.
https://doi.org/10.1051/e3sconf/202340206009

[5] Kakharov, Z., Mirzakhidova, O. (2023). Soil
Surface Compaction Analysis During the Construction of
Railways and Roads. In: Zokirjon ugli, K.S., Muratov, A.,
Ignateva, S. (eds) Fundamental and Applied Scientific
Research in the Development of Agriculture in the Far East

(AFE-2022). AFE 2023. Lecture Notes in Networks and
Systems, vol 706. Springer, Cham.
https://doi.org/10.1007/978-3-031-36960-5_65

[6] Kakharov Z. Mechanisms of the processes of
shear, slice, general compression and expansion of mass
/IE3S Web of Conferences. — EDP Sciences, 2023. — T. 402.
— C. 12007. https://doi.org/10.1051/e3sconf/202340212007

[71 Kakharov Z., Yavkacheva Z. Determination of the
bearing capacity of a building and structures of energy
facilities //E3S Web of Conferences. — EDP Sciences, 2023.
—T. 371. DOI:10.1051/e3sconf/202337102042

[8] Kaxapos 3. B., DumonoB ®@. ®., Koznos U. C.
Onpeuene}me 3HAYCHHHA SHEPTETUYCCKUX KOHCTaHT
MaTepHajoB IpH IpoOJICHHH TBepABIX Ten // M3Bectus
[etepOyprckoro yHuBepcuTeTa myTeit coodmenus. — 2019.
—T. 16. — Ne 3. — C. 499-504. DOI: 10.20295/1815-588X-
2019-3-499-504

[9] Kakharov Z.V. et al. Requirements for the
superstructure of the track on high-speed railways //Eurasian
Union of Scientists. — 2021. — no. 4-1. - P. 45-48.
https://doi.org/10.31618/ESU.2413-9335.2021.1.85.1325

[10] G.-A. Khalfin, Kh. Umarov; The work of
intermediate rail fasteners on mountain sections of railways.
AIP Conf. Proc. 15 March 2023; 2612 (1): 040023.
https://doi.org/10.1063/5.0126396.

[11] Khalfin G. A. et al. System for determining state
of continuous welded track //E3S Web of Conferences. —
EDP Sciences, 2023. — T. 401. — C. 02050. DOI:
https://doi.org/10.1051/e3sconf/202340102050

[12] Tenuuenko B.W., Tepentber O.M., Jlamiayc A.A.
«TexHomorus CTPOUTEJILHOTO MIPpOU3BOACTBA».
W3znarenscrBo «Beicimas mkomaa» -2005

[13] Umarov K. et al. Mathematical model for
prediction of cargo flow during the construction of the
railway line Uzbekistan-Kyrgyzstan—China //E3S Web of
Conferences. — EDP Sciences, 2023. — T. 401. — C. 03018.
https://doi.org/10.1051/e3sconf/202340103018.

[14] Umar Chorshanbiev, Ahmadjon Ibadullaev,
Durdona Toshpulatova, Askar Babaev and Baxadir
Kakharov. Modification of dispersed systems and its effect
of the internal corrosion of hydrotransports. E3S Web Conf.,
383 (2023) 04032. DOI:
https://doi.org/10.1051/e3sconf/202338304032

[15] Xodjiev, N., Juraev, S., Kurbanov, K., Sultonov,
S., Axatov, D., & Babayev, A. (2022, June). Analysis of the
resource-saving method for calculating the heat balance of
the installation of hot-water heating boilers. In AIP
Conference Proceedings (Vol. 2432, No. 1). AIP Publishing.
https://doi.org/10.1063/5.0090455.

Nudpopmanus 00 apropax/
Information about the authors

3alTiKaH Wnxenepus JKeJIE3HBIX JIopor,
Kaxapos TamkeHnTcKkui rocyJapCTBEHHBIN
YHUBEPCUTET nmyTei COOO0IIEeHH S,
Tamkent
E-mail: zumil525@mail.ru
Pycram JlupexkTop IEeHTpa 1O IOATOTOBKE
AuMoB TEPMHUHOJIOTHYECKUX cnoBapen u

NepeBOA0B, Mex1yHapoIHbIN Ka3aXxCKo-
Typeukui yHHMBEpPCUTET WM. XOIKH
Axwmena Scasuu, Typkecran, Kazaxcran

E-mail: zumil525@mail.ru

ENGINEER


https://doi.org/10.1063/5.0090455
mailto:zumi1525@mail.ru
mailto:zumi1525@mail.ru

Application of geopolymer concrete

A.K. Nazibekov!®?
1Tashkent 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
(CO2) 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.

& https://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.I 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 & NazSiO3
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. Sattorovi®2 N.A. Madraimov?
1Tashkent 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
gurilish materiallarining xossalarini tajriba-sinov usullari

Sattorov Z.M.1®2 Madraymov N.A.
Toshkent arxitektura-qurilish universiteti, Toshkent, O*zbekiston

Annotatsiya: Magqolada issiglik elektr stansiyalaridan chigariladigan F (uchuvchi kul) va C (kul qoldig‘i) sinfli
kullardan foydalanish orgali qurilish materiallariga qayta ishlash texnologiyalarini tahlil gilish yoritilgan.
Shuningdek, kul va toshqollarning fizik-kimyoviy xossalari, qurilish materiallaridagi foydalanish
yo‘nalishlari va ekologik samaralari tahlili ko‘rsatilgan. Kullardan qurilish materiallarini ishlab
chiqarishdagi 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
chigindilarning  ko‘payishi va cheklangan resurslar
muammosi ekologik jihatdan eng dolzarb va global bo‘lgan
masalalardan biriga aylandi. Chigindilarni qgayta 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 qgayta 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
“Chiqindilarni  boshgarish tizimini takomillashtirish va
ularning ekologik vaziyatga salbiy ta’sirini kamaytirish
bo‘yicha chora-tadbirlar to‘g‘risida”gi PQ-5-sonli qarori
qgabul qilindi [1].

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

al¥ 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 issiqlik
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 chiqgariladi.
Ushbu tadqiqot, ko‘mir chiqindilarining atrof-muhitga
ekologik ta’sirini kamaytirish va uni gayta ishlashning
muhimligini yoritadi. Tadgiqotda, uchuvchi kuldan beton va
sement ishlab chiqgarishda 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 chigindilarini samarali va ekologik toza qayta ishlash
yo‘llari hamda uning yangi foydalanish sohalarini
rivojlantirishga qgaratilgan [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 chiqgarilgan kul goldiglari (bottom ash) va uchuvchi
kullarning (fly ash) gayta foydalanish imkoniyatlari hamda
ularning turli sohalardagi qo‘llanishi tahlil qilingan.
Tadqiqotda, kul qoldig‘i va uchuvchi kullarning qurilish
materiallari, sement ishlab chiqarish, 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 qoldig‘i va uchuvchi kullarni yangi
texnologiyalar orgali gayta ishlanishi, ularni qurilish va
energiya manbaalarini ishlab chigarish sohalardagi
samaradorligi hamda ekologik baholanishiga qaratilgan.
Hozirgi kunda ko‘mir elektr stansiyalaridan chiqariladigan
kullar, atrof-muhitni muhofaza qgilish va tabiiy resurslarni
tejashda muhim ahamiyatga ega bo‘lib, ularning qayta
ishlanishi ekologik va iqtisodiy jihatdan ahamiyatli
hisoblanadi [3].

3. Abdulhameed Umar Abubakar, Khairul Salleh
Baharudin “Malayziya issiqlik elektr stansiyalaridan
chigadigan 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 tadgigotda 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
migdorda kul goldiglari ishlab chigariladi va uning fizik-
kimyoviy xossalari bilan qurilish materiallari sifatida
ishlatish uchun mukammal xom ashyo bo‘lishi mumkin.
Tadgiqotda kul goldiglarini beton, asfalt, sement va boshga
qurilish  materiallarini ~ ishlab  chiqarishda qo‘llash
imkoniyatlari va ularning ekologik iqtisodiy samaralari
ko‘rsatiladi. Shuningdek, kul goldiglarining gayta ishlanishi
va foydalanishining atrof-muhitga bo‘lgan  ta’siri,
chigindilarni kamaytirish va tabiiy resurslarni tejashdagi
ahamiyatiga e’tibor qaratilgan. Tadqiqotlar, 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
chiqarishda 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 tadgigot ishlarini olib borishgan. Ushbu
tadgiqotda issiglik elektr stansiyalaridan chigarilgan kul va
toshqol 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 chiqgarishdagi o‘mi 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
buyumlarning sifatini oshirishga ta’siri to‘g‘risidagi
ma’lumotlar beriladi. Shuningdek, tadgiqotda ushbu gayta
ishlanadigan chigindilarning umumiy ishlab chigarish
jarayoniga integratsiya qilish bo‘yicha yangi texnologiyalar,
buyumlarning barqgarorligini va atrof-muhitga zararsizligini
ta’minlashdagi ahamiyatiga e’tibor qaratilgan. Tavsiflangan
tadgiqot, qurilish keramikasi uchun ekologik toza va
igtisodiy jihatdan samarali materiallarni ishlab chigarishning
zamonaviy usullarini takomillashtirishga yordam beradi [5].

Tadgigot metodologiyasi. “Qurilish keramikasi ishlab
chiqarishda 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 tadgigotning metodologiyasi o‘rganildi.
Ushbu tadgigotda kul va toshqol chigindilarni qurilish
keramikasi ishlab chigarishda qo‘llashning samaradorligini
baholash magsadida bir gator tajriba-sinov va tahlil usullari
go‘llanildi.  Tadqiqot = 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 miqdorlari 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: tadgigotda 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 iqtisodiy tahlil: tadgigotda, kul va toshgol
chigindilarining qayta ishlanishi iqtisodiy tomondan
samarali ekanligi baholanadi; shuningdek, gayta ishlash
natijasida chigindilarni kamaytirish va tabiiy resurslardan
tejash imkoniyatlari aniglanadi.

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

2. Tadqigot metodikasi

“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)” tadgiqotidagi tajriba-
sinov usullari quyidagicha shakllantirildi [5]:

1. Fizik-kimyoviy xossalarni tahlil gilish.

Kul va toshgollarning kimyoviy tarkibini aniglash: kul
va toshqollarning har bir namunasining kimyoviy tarkibi,
ya’ni asosly 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 toshqgollarning material sifatida
ishlatiladigan beton yoki keramika bilan aralashgan holda
tajriba-sinovlar o‘tkazildi.

2. Qurilish keramikasini ishlab chiqgarish.

Keramika ishlab  chigarish jarayoni: kul va
toshgollarning turli  miqdorlarini  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 orgali ishlab chigarish va ularning
mustahkamligini hamda issiglik bardoshligini tekshirish.

3. Beton va keramika mahsulotlarining xossalari.

Suvga bo‘lgan ta’sir (gigroskopiya): beton va keramika
mahsulotlarining 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: gayta ishlangan kul va
toshqollardan ishlab chigarilgan keramika materiallarining
yoqilishi, ularning atrof-muhitga ta’sirini kamaytirishda
ekologik foydali yoki zararli ogibatlarni aniglash magsadida
tajriba-sinovlar o‘tkazildi.

Qayta ishlangan materiallarning emissiyasi (ionlar
chigarishi): kul va toshqgollarning qayta ishlanishini
tekshirishda ulardan chigarilgan har xil emissiyalarni tahlil
qgilish, 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. Iqtisodiy va ekotexnologik sinovlar.

Qayta ishlash samaradorligini baholash: kul va
toshqollarning gayta ishlanish jarayonining iqtisodiy
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 toshqollarning kimyoviy tarkibi.

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

Toshqgollarning  tuzilishi:  Toshgollarning  tuzilishi
ularning keramika ishlab chigarishdagi samaradorligini
aniqlashda 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 migdordagi toshqollar, keramika
mahsulotlarining  mustahkamligi  va  bargarorligini
oshirishga yordam berdi. Bu keramika materiallarini ishlab
chigarishda ekologik va iqtisodiy = samaradorlikka
erishishning muhim omillaridan biri bo‘ldi.

3. Xulosa

Tadgiqotlar natijalariga asoslanib, issiglik elektr
stansiyalaridan chigarilgan kul va toshqollarni gayta ishlash
orgali qurilish materiallari ishlab chigarishning ekologik va
iqtisodiy ahamiyati muhimligini ko‘rsatish mumkin.
Xususan, kul va toshqgollarning fizik-kimyoviy xossalari,
ularning keramika ishlab chigarishdagi foydalanishi
hagidagi tadgiqotlar, 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,
toshqol 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 o‘z
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navhatida, chigindilarni kamaytirish va resurslarni samarali
boshqgarishdagi muvaffagiyatli qadam bo‘ladi. Tadqiqotlar
natijalari shuni ko ‘rsatadiki, kul va toshqollarni qayta ishlash
nafagat qurilish materiallarini ishlab chigarishda, balki atrof-
muhitga  bo‘lgan  zararni  kamaytirish, iqtisodiy
samaradorlikni ~ oshirish  va  ekologik  xavfsizlikni
ta’minlashda ham muhim ahamiyatga ega.

Foydalanilgan
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On the new classification of minera | fillers used in asphalt concrete
technology

I.M. Makhamatalievl®23, A.M. Karabaev!®P, S.D. Avabde?®°¢
Tashkent state transport university, Tashkent, Uzbekistan
2Damascus University of Technology, Damascus City, Syria

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 HoBO# KJIaccHPUKANNHM MUHEPAJIBLHBIX HANIOJHHUTECH, HCI0Jb3yeMbIX B
TeXHOJI0ruu acaabT00eTOHOB

Maxamataiues U.M. 2 Kapabaes A.M.1©° Apague C.J1.20°¢
TamxkeHTCKMI TOCY 1apCTBEHHBIN TPAaHCIIOPTHEINA YHUBEPCHUTET, TamKkenT, Y36eKuCTan
2JlamackCKHil TEXHMYECKUH yHUBEPCUTET, I'opoa Jamack, Cupus

B crathe mpuBeneHBI pe3ynbTaThl HCCIEIOBAaHMII MO M3YYEHHIO ITOBEPXHOCTHO- AKTHBHBIX CBOHCTB
MECTHBIX MHHEPATBHBIX HAIMOJTHUTENEH C WCIIOIb30BAaHMEM METOJa ONpENeTeHHs pacHpeaeleHus
neHTpoB aacopounu (PLIA). Ha ocHOBaHNY MOJTy4EHHBIX PE3YJIBTATOB MO ONPEACICHUIO XapaKTePUCTHK
MOBEPXHOCTHO- AKTUBHBIX CBOMCTB MECTHBIX MUHEPANbHBIX HAINOJHUTENICH NPEIOKUTh EIUHBIH
KPUTEpPHH HayyHO OOOCHOBAaHHOI'O IPOTHO3MPOBAHMS ITOBEACHMS MUHEpAIbHBIX HAIOJHHUTEICH B
coctaBe achanbToOeTOHOB. [IpeayioKEeHHBI KPUTEPHH OLEHKM KHCIOTHO- OCHOBHBIX CBOICTB
MOBEPXHOCTH MHHEPAIBHBIX HAMOJHUATENCH TIO TIOKAa3aTeNio «IPHUBEAEHHOH XeMOCOpOIHOHHOM
AKTUBHOCTH» TIOKa3bIBaeT BBICOKYIO CXOJIMMOCTH IMONyYaeMBIX PEe3yJbTaTOB C pPEe3ylbTaTaMH paHee
NPUBEACHHBIX HCCIEJOBAHNI W MOXET OBITh IPUHAT B OCHOBY IPOTHO3HPOBAHHS W PETYIHPOBAHUS
(hu3HKO-MEXaHMIECKUX U OKCIUTYyaTallMOHHBIX CBOHCTB ac(aabToOETOHOB.

MHHEpaJIbHBIN HAIIOIHUTEIb, aChabTOOETOH, CTPYKTYpoOoOpa3oBaHue, IIEHTPbI aJCOPOIMHU, KUCIOTHBIE
LEHTPBI, OCHOBHBIE LIEHTPBI, XeMOCOPOLMs, ac(aabTeHbl, MUKPOCTPYKTypa, MaTpHIa, ITOPHCTOCTH,
NPOYHOCTh, CBOWCTBA, C)KaTHe, W3TMO, COCTaB, KOMIIO3UT, KHCIOTHO-OCHOBHOE B3aMMOJAEICTBHE,
MPOTHO3MPOBAaHKE, KPUTEPHH, KITaCCU(HKAIINS, TOKa3aTellb, OL[EHKa, 3)(HEKTUBHOCTD

AHHOTALUA:

KroueBnie cioBa:

MaTepuaoB IIOJTy4YEHBI U MOJHMEPHBIX KOMIIO3HTOB.
JlornuecknM NpoJOJDKEHHEM TaKUX Pe3yJIbTaTOB SIBISETCS
HCCIICIOBAaHUE  POJIM  TOBEPXHOCTH  MHHEPaJbHBIX
HaloJHUTENeH B  moiauMmepOeToHax M OeToHax ¢
nomuMepHbiMH  pobaBkamu.  Tak, O  C.IlomoBoii
HCCIIeIoBalIach azcopOims cMOT Pa3INYHBIMU

1. BBeaenue

B Hacrosimiee BpeMsi MHHEpalbHbIE HAIlOJIHUTEIH
paccMaTpHBarOTCS KaK OJWH M3 OCHOBHBIX KOMIIOHEHTOB
ac(hasbToOETOHOB MO3BOJIIOIINX PETYJIUPOBATH TPOLIECCH
CTpYKTypooOpa3oBanusi  ac(anbTOOCTOHHOW CMECH B

HY’)KHOM  HalpaBIeHHH W TIONy4aTb CTPOHUTEIIbHBIC
KOMITO3UTBl C 3apaHee 3aJaHHBIMH cBoiicTBamu [1-4].
OpHako, Kak TIOKa3blBaeT aHaIM3  JIUTEpaTypHBIX
HCTOYHHUKOB NOBEPXHOCTHO-aKTUBHBIE  CBOMCTBa
MHHEpPAIbHBIX HAlOJHHUTENEH HEIOCTaTOYHO MOAPOOHO

U3y9IeHBI.
JlutepatypHslii anaau3. OOIIEN3BECTHO, YTO BIEPBEIE
3aBUCHMOCTH MEXITY COCTaBOM MOBEPXHOCTH

HAaIOJHUTEIIeH n CBOMCTBaMH KOMITO3MIITMOHHBIX

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

MOBEPXHOCTSAMH, C(HOPMYIHPOBAaHA W  IOATBEpPIKICHA
runore3a 00 W30MpaTeNbHON amcopOIMH OpraHHYEeCKHX
COeMMHEHMH W3 >KUAKOH (ha3bl IMOBEPXHOCTAMH 3€peH
[IeMEHTa WM TUAPATHBIX HOBOOOpa3oBaHMi. [lomydeHsl
M30TEPMBI a7ICOPOIIMU CMOJT HA OBEPXHOCTU MHHEPATIBHBIX
BEIIECTB. B COOTBETCTBUM C 3KCHEPUMEHTAIbHBIMU
JAaHHBIMH ~ BOZOPAacCTBOPHUMBIC CMOJIBI  pa3leleHbl Ha
COOTBETCTBYIOIINE IPYIIIBL

¢ https://orcid.org/0000-0002-5317-2602
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BnepBble yuuThIBaTH B3aUMOJEHCTBHE B CUCTEME
LEMEHT - HaIOJIHUTENb IPEIOKEHO akageMmukoM B. M.
ConomarosMm (Poccust). Ero HaydHOI! mikome npuHaIexat
NPOBENEHHBIC  BIEPBBIE B TEXHOJOTMH  OETOHOB
HCCIIEI0BaHUS KHCIJIOTHO-OCHOBHBIX CBOICTB
HanonHutened [6-12] B ILIEMEHTHBIX U HOJIMMEPHBIX
oeronax. M. K. TaxupoBsIM, UCXOIS U3 MPEICTABICHUH O
CTPYKTypOOOpa30BaHUU  CBS3YIOLIMX MOJIMMEPOCTOHOB
CIEJTaHO TPEANOJOKEHHEe O TOM, 4Yro Mex(asHoe
B3aHMOJEHCTBHE B CHCTEME «IOJMMEpP-HAIOIHUTEIb)»
HOCHT  KHCJIOTHO-OCHOBHBI  Xapakrep. C  yuerom
BO3MOXKHBIX ~ TOIIOXMMHYECKHX  pEaKIui, KHCIOTHO-
OCHOBHBIX B3aNIMOJICHCTBHUI» Ha IOBEPXHOCTH AUCTIEPCHBIX
yacTHI] M pasgena (a3 CHOeTaHo IPEANONIOKEHHE O
HelesrecoodpasHoCTn COBMECTHOTO H3MeTbYCeHUS
HIEMEHTHOT'0- KJIMHKEpa ¢ MUHEPAIbHBIMH BELIECTBAMH IIPH
MONYyYEHNH CMEMIAHHBIX BXKYIIMX U  HEJOCTaTOYHOI
3¢ (EKTHBHOCTH  HCTIOIB30BAHUS  BBICOKOAUCIIEPCHBIX
HaMoJHUTENeH W  MOIy4eHO  3KCIEePUMEHTAIbHOE
noareepkaeHre. B paborax [13,26] mcmonb3oBaH MeTOn
JJIEKTPOHHON CHEKTPOCKOINH aICOPOMPOBAHHBIX MOJEKYJI
uHauKaTopoB. OmpeneneHa Ccuia ¥ KOHIGHTpaLUs
KUCJIOTHBIX M OCHOBHBIX IIEHTPOB HA MOBEPXHOCTH
JUCTIEPCHBIX BEMIECTB. YCTAHOBJICHO, YTO MHOBEPXHOCTh
YaCTHI] TOPTIAHAIIEMEHTa B €CTECTBEHHOM COCTOSHHHU
XapaKTepH3yeTcsl MPeoOIafaonM HaIUIueM OCHOBHBIX
LEHTPOB, U B KAYECTBE KPUTEPHsI aKTUBHOCTH MOBEPXHOCTH
IUCIEPCHBIX ~ BEHNIECTB  IpEAJoKeHa  Oe3pa3MepHas
BEJIMYMHA «II», TIPECTABIIOAst COO0 OTHOIIEHUE CYMMBI
KOHIIGHTpallMid  KUCJIOTHBIX ~ IEHTPOB K  CyMMe
KoHIleHTpanuii ocHOBHBIX IeHTpoB (3 CK/Y C0). OmHako,
KaKk TI0Ka3ajda IpaKTHKa JTOT KPUTEpUH B  CHIy
OTPaHMYEHHOCTH €ro BO3MOXKHOCTEH HCIONB30BaHHS HE
Hames MUPOKOTO MPAKTHIECKOTO TPUMEHEHHS.

Merton HU3MEpEHUS. agcopOu Kpacurenei
ucnonpzoBad  JL.C.TymumBuwigm 1npu  UCCIeIOBaHUU
BIIMSIHUSL KOMITOHEHTOB I[IIaKONOPTIAHJIEMEHTa Ha €ro
CBOMCTBA. YCTAaHOBJICHO, YTO PA3JIMYHble MaTepHalbl IO
pa3HOMy ancopOHPYIOT KaK HOHOIOJIOXKHTENbHBIE, TaK U
HOHOOTPUIIATETbHBIE KPACHTEIH.

B pabGorax [14,15] cdopmymupoBaHO — yCllOBHE
JOCTATOYHO NPOYHBIX aJTe3MOHHBIX KOHTAKTOB B CHCTEME
«IeMEHT-HATIOHUTENb». [lo MHEHHMIO aBTOPOB, 3TO
BO3MOXKHO B TOM CIIy9ae «eClIH IOBEPXHOCTHAs SHEPTHUs
HAllOJIHUTENSl  3HAYMTENBHO  BBINIE, YeM  LEMEHTay.
OtMmeuaeTcs, YTO OIpeNeNieHHe TTOBEPXHOCTHOH JHEpruu
TBEpP/BIX TN 3aTPYIAHUTENBHO, M O 3HAYEHHU €€ JUIS
TBEP/IBIX TEJ «MOXKHO CYAUTD JIMIIb KOCBEHHO - C TOMOIIBI0
psla pacdeTHBIX METONOB WM W3MEPEHUS] HEKOTOPBIX
MEXaHNYECKUX XapaKTEePUCTHUKY.

B pabore H.A. IllanruHoii [14] W a7 OUEHKH
TIOBEPXHOCTHBIX CBOWCTB MHHEPANBHBIX HAITOJIHUTENEH
Npe/araeTcs  HCMONb30BaTh  MHIWKATOPHBIA  METO[
ompeAeNeHus pacnpeaeneHus ueHTpoB aacopouuu (PLIA) B
CeKTpO(HOTOMETPUUESCKOM BapHaHTe pa3paboTaHHOM 11.X.H.
A.I1. Huuunopenko [5].

JlaHHBIIT MeTOJ O4YeHb HMHTEPECEeH C HayYHOW TOYKH
3pEeHUs ¥ TTO3BOJISIET B OTPEIETIEHHON Mepe IPOTHO3MPOBATh
1 YIPaBIATH CBOHCTBAMH [[EMEHTHBIX OETOHOB.

2. MeT0oa0J10rusl MiccJIe0OBaHUSA

MeTonasl. B IIPOBEIECHHBIX B TamkeHTCKOM
roCyAapCTBEHHOM TPaHCIIOPTHOM YHUBEpPCUTETE
SKCIEPUMEHTAJIBHBIX HCCICAOBAHMUSAX 110 BOCIOJHEHUIO

JAaHHOTO  HAy4yHOro  mpobena B HCCIEHOBAHHAX
MOBEPXHOCTHO- aKTUBHBIX CBOMCTB MECTHBIX MUHEPAIBHBIX
HAITOJHUTEJICH OBIIIM M3YyYeHBI 3TH CBOICTBAa HOBEPXHOCTH
HAITOJHUTEJICH C HCIIOIb30BAHHEM METOAA OIpEeIeNICHUS
PIA pazpaborannsiii 1.X.H. A.Il. Huaumopenko [5].

Meron ompenenenus PIIA  npu  uccienoBaHuM
MOBEPXHOCTHO-aKTHBHBIX CBOMCTB MHHEPaIbHBIX
HAaIOJHUTENeH WUMeeT OecCHOpHBbIE IPEeHMYIIECTBA 10
CPaBHEHHIO C paHee HCIOJIb30BAHHBIMU METOAAMH,
KOTOpBIE 3aKJIFOUAIOTCSI B CIECAYIOLIEM:

1. Merog TO3BONSAET  OLEHUTh HE  TOJBKO
KHCJIOTHOCTh WJIM OCHOBHOCTH IIOBEPXHOCTH, HO ¥
YCTaHOBHTH MIPUHAIEKHOCTD K  JIBIONCOBCKOMY
(ampoToHHOMY) MITH GpEHCTETOBCKOMY [5] THITY, UTO JlenaeT
BO3MOXXHEIM ~ IIPOCIEIUTH  MEXaHW3M  BIMSIHUS X
MOBEPXHOCTH Ha CBOWcTBa achanbTOOCTOHHOH CMecH M
acdanproOeToHa.

2. Tlo3Bomsier  OLEHMBATH  YPOBCHb  DHEPIHU
MOBEPXHOCTH, TaK KaK 3HAYEHMS CHIIBI KHUCIOTHl HIIH
OCHOBaHWSI ~ HMMEIOT  DJHEpreTHYecKoe  COAepIKaHHe,
MOCKOJIBKY ~ OTP@)XaloT JHEPrHI0 XHMHUYECKOW  CBSI3H,
BBIP)KasICh 4epe3 BEJIMYMHBI COOTBETCTBYIOIINX KOHCTaHT
Jccoluanui.

3. IlapameTpbl MeTOoza, OTPAXKAIOIIUE KHCIOTHO-
OCHOBHYIO H 9SHEPreTHUECKyI0 IPHPOLY IOBEPXHOCTH,
MO3BOJISIOT YTBEpPKIaTh ux B3aUMOCBSI3b c
XEeMOCOPOIIMOHHOM AKTUBHOCTBIO OPTaHUYECKOTO
BSDKYIIIETO u 9KCIUTyaTallHOHHBIMH cBOlcTBaMU
ac(anbToOCTOHHOI cMecH U achaTbTOOCTOHA - BA3KOCTHIO,
MPOYHOCTHIO u MOPO30CTOHKOCTEIO, TIOCKOJIBKY
BO3JICHCTBYIOT Ha KHCIOTHO-OCHOBHBIE M OKHCIHTEIBHO-
BOCCTAHOBHUTEIIbHBIC PABHOBECHUS B CHCTEME.

BriOpannsiii Meton omnpexpeneHus PLIA mo  cBomm
mapaMeTpaM MO3BOJSET MPEUIOKNTh EIUHBIH KpuTepuit
HayYHO OOOCHOBAaHHOTO IIPOTHO3MPOBAHUS IOBEICHUS
MHHEpaJIbHBIX HAMOJHUTENeH B cocTaBe achaibToOeTOHa.

Obcyxnenne. B Tabn.l u Ha puc 1-5 mpuseneHs!
pe3ynbraThl onpeneneHus: PLIA Ha mOBepXHOCTH MPUHATHIX
K MICCJIC/IOBAHNIO MUHEPAJIBHBIX HAMTOJTHUTEIICH.

Kpussle pacmpenenenus neHtpos ancopommu (PLIA)
MOBEPXHOCTH MHHEPANBHBIX HAMONHHUTENEH MOCTPOEHBI B
KOOpAWHATAX:

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

rae g pKa"™x- comepkaHue akTHUBHBIX IIEHTpPOB,

SKBHBAJIEHTHOE KOJIMYECTBY aJCOPOIMOHHOTO MHIUKaTOpa

JTaHHOI KUCIOTHOH cpenbl pKax, mpuBesiena Ha puc. 1-5.
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Puc. 4. PacnipeiesieHre HeHTPOB acOpOLMU HA
MOBEPXHOCTH: 1- 0TBAJBHOIO0 IJIAKA MeIeNJIaBHILHOTO
NMPON3BOACTBA
Jnst aHanm3a MoJTy4YeHHBIX pe3ysbTaToB Oosee yJ00HO
TIOJTb30BAThCS JTaHHBIMA Ta0M. 1, TJie TPUBOAATCS 3HAYCHUS
CyMMapHOH aKTUBHOCTH IICHTPOB B OIIpEAEICHHON 00IacTH
pacrpeneaeHus.
Takuwe naHHBIC SBIAIOTCS OYCHb IEHHBIMHU, TaK KakK
TMO3BOJIAIOT OLUCHUTD BIIMAHUE KaXXIO0I'0 U3 HUX HaA IMPOLECC
XEeMOCOPOLNH OPraHHYECKOTO BSKYIIETO.

Taéauna 1
Conep:kaHue EHTPOB aICOPOIUH MOBEPXHOCTH
MHHEPAJbHBIX HANOJHUTEEH

Ne Kon-Bo mentpos, 10° mr- | 06
n/ | Haumeno | skB/M?2 mee
i BaHHE KOJI-
MHUHEPATh BO
HOTO LEHT
poB

HAOJIHUT | - 0 7... >12,
e 4.0 | ... 128 | 8
7
Pol Pio | Pob Pui
1 | Ilecok 804 |91 |875 |188 | 27,7
Ksaprie 1 8
bl
2 | Mecok 412 | 7,0 | 995 | 1,07 | 22,2
GapxaHHBI 8 2
i
3 | Tmuex 13,2 | 16, | 10,0 | 2,87 | 42,6
2 47 | 8 4
4 | BazambT 234 |22, | 11,1 | 1,96 | 58,6
1 15 | 6 8
5 | O2I1 411 |54 1934 | 114 | 571
(oTX01BI 8 8 4
SIIEKTPOII
JIABHUTEITh
HOTO)
POU3BOJ
CTBa
6 | OMII 6,61 |23, | 16,3 | 4,32 | 51,1
(oTX0BI 88 |7 8
MEUILIAB
UTEJLHOT
0
POU3BOJ
CTBa)
7 | 3oma- 431 | 27, | 11,7 | 5,32 | 87,8
yHoc TOC | 4 61 |7 4
8 | Leomur 102, | 24, | 12,6 | 2,14 | 141,
coziepka 08 88 |2 72
mas
nopoja

B paborax Smeixkmsoit H.H. [15] moarsepkaeHa
copMynupoBaHHas €10 TUIOTe3a O TOM, YTO HCXOAs M3
CTPOEHUs NOBEPXHOCTH MUHEPAIbHBIX INOPOJ M COCTaBa
OWTyMa, MOXKHO CHAeNaTh BBIBOJA, YTO  MOJIEKYJIbI
OpPraHUYECKUX BEILECTB, COIEPHKALIUECS B BSKYILEM, MOTYT
JIOCTAaTOYHO aKTHBHO B3aHMMOJIEHICTBOBATh C IIOBEPXHOCTHIO
KHACIIBIX MHWHEpAJbHBIX MarepuanioB. Tak, Hampumep,
BXOJSIIIFE B cOCTaB ac(haJbTeHOB W CMOJI apOMaTHYeCKue
MOJIMIUKINIECKUE CTPYKTYPHI, BKIFOUAIOIINE T€TEPOIUKITBI
C a30TOM W Cepod, MMEIOMHKE T - CBA3H W aTOMBI C
HETO/ICTICHHBIMH SJICKTPOHHBIMHU TIAPAMHU, MOTYT SBIISTHCS
JIOHOpaMM  DJIKTPOHOB U B3aUMOJAEHCTBOBATH  C
JIEKTPOHOAKLIENITOPHBIMI KUCJIOTHBIMU LieHTpaMu JIbroca
(pKa > 13). [IprueM, KOHIEHCHPOBaHHbIE apOMaTUYECKUE
COCIMHEHHUs, cojlepkamecss B acanbTeHax, cCMoaX |
Maclax, SBISIOTCS Ooyiee HENpeAeNbHBIMH, YeM OEH301,
MIOSTOMY OHHU 3HAUUTEIBHO akTHBHEe. Kpome Toro, 60koBEIe
3aMECTHTEIH B BUJE MIPEACTBHBIX anu(aTHYecKuX memnei, a
Taoke apyrue 3amecturenan ¢ +C a¢pdexrom (-OH, -OR, -
OCOR, -SH, -NH2, -NHR) aktuBupyIOT OCH30JbHBIE
kosbla. HadreHoBble Koublia, copepikalliue, Harpumep,
a30T, SBJIAIOTCS TalKke CHJIBHBIMHU  JIBIOMCOBCKHMHU
OCHOBaHUSIMH, a MMUPUAWH O JaHHBIM [8], erko odpaszyer
KOMIUICKCHl C ampOTOHHBIMH KHCIOTaMH, KaKOBBIMH U
SIBIISIIOTCS. ~ JIBIOUCOBCKHE ~ KUCIIOTHBIE  IEHTPHl  Ha
MMOBEPXHOCTH KpeMHe3eMa.

KoMmrtekcHbie coenHeHUsT (DEHOJOB M a30THCTHIX
OCHOBAaHHUH TakKe CIOCOOHBI 00pa30BBIBATH TOHOPHO-
aKILIENTOPHBIE CBS3M C KUCIOTHBIMHU LIeHTpamMu JIbtouca (pKa
> 13) NoBEpPXHOCTH.

Ha BpencrenoBckux

KHCJIOTHBIX HEeHTpax,
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MPEICTaBISIONMX C000if MOBEPXHOCTHBIE T'MAPOCHIbHBIE
rpynnsl (pKa 0-7) mMoryT o6pa3oBbIBaTbCsS BOAOPOIHBIE
CBSI3M NP YyYacTHH aroMa BOJOPOJA ITOBEPXHOCTH,
TIPOSIBIISIONIETO  AJIEKTPOHO-aKIENTOPHBIE CBOHCTBA, B
KavyecTBe JIOHOPOB IIPU OOPa30BaHUM ITHUX CBSI3eH MOTYT
OBITh T - CBSI3H, TO €CTH DJIEKTPOHBI OEH30JIBHBIX SIep U
KpPaTHBIX CBSI3€il OpPraHMYECKUX COCIMHEHHH OuTyma, a
TaKKe HETIOJIETICHHbIE 3JIEKTPOHHbIE Maphl FeTepOaTOMOB.
IIpoBenéHHbIE MHOTOYMCIIEHHBIE HccaenoBaHus [9], sicHO
MOKa3bIBAIOT, YTO aACOPOLHs TMOJSPHBIX MOJEKYN WIN
apOMaTHUYECKUX COEIMHEHUM IOCPEACTBOM T - CBs3eH
MIPOUCXOAUT Hamboiee CHIBHO HA ITOBEPXHOCTHBIX
CHJIAaHONBHBIX TpYIIax, HE CBSI3aHHBIX BOJOPOJHBIMHU
cs3siMu ¢ coceqaumu OH-rpynmamu. CrieroBaTensHo, U1
JIOCTIDKEHUSI MAaKCHMAJIBHOW — afcopOIMH  IIOBEPXHOCTh
KpeMHe3éMa He MJOJDKHAa COJEpXKaTh aACOpPOMPOBAHHYIO
BOJY, HO JOJDKHA MMETh HAMOOJBIIYI0 KOHIIEHTPALHUIO
rpymn SiOH.

Ilo manabM Xaitpa u Dmmca [18] Haubosee cunbHas
azcopOuusl OpraHMYEeCKUX COCIMHEHUH IPOMCXOIUT Ha
W30JIMPOBaHHBIX, olJrafaronmmx HEBO3MYILCHHBIMU
KOJICOAHMSAMY THIPOKCHJIBHBIX TPYIIAX, PacHoJIOKEHHBIX
Ha  TepMHYECKH  JCTHIPATHPOBAHHOW  MOBEPXHOCTH
KpemHe3eMa. MoIeKynbl apoMaTHYECKHX YTJIEBOAOPOIOB
B3aUMOJICHCTBYIOT C  TOJOOHBIMH  THAPOKCIIBHBIMHU
rpynnamu npu cooTHomenun 1:1. B 6utymax conmepskarcst
TaKKe a30THCTHIE OCHOBAHUS U COSAWHEHHMS, COJEpIKalIne
TUJIPOKCUIIbHBIE (-OH), KapOOHUIIBbHbIE (-C=0),
cinoxkHodpupHbie (-COOR) u apyrue rpymsl, 00paszyromme
IPU OKHUCIICHUH HE(QTSIHBIX OCTATKOB, KOTOPHIC SIBISFOTCS
OpEeHCTETOBCKIMU OCHOBaHUSIMU u OynyT
B3aUMOJIEMCTBOBaTh C KHUCIOTHBIMU LieHTpamu bpencrena
MoBepXHOCTH. Jlpyrue (QyHKIHOHANIBHBIE TPYNIBl C
kucnoponseiM  atomoM  (-COOH, R-C+=0), a Taxxke
CBOOOJHBIE KHCIOPOJHBIE COCJMHEHUS - Ha(TEeHOBBIE
ac(aJbTOreHOBBIE KHCIIOTHI, aHTHAPHUIBI, (DEHOIBI TaKKe
CIIOCOOHBI acOpOMPOBATECS HA aKTHBHBIX MIOBEPXHOCTHBIX
LEHTpax KpeMHe3eMCoIeprKallnX MHHEpaJIbHBIX
MartepHanax.

Kucnotsl, ecrectBeHHO, OymyT B3aMMOIEHCTBOBATH C
OCHOBHBIMH OpencremoBckumu 1ieHTpamu  (pKa 7-13),
TpuYeM, apoMaTHYecKWe KHCIOTHI SBISTIOTCS  Ooree
CHIBHBIMH, 4YeM anu(paThdeckue, a Haaudue JIBYX
3amectuteneit, Hanpumep -COOH u -OH, y HadTeHOBBIX U
apOMaTHYECKUX KOJIEIl, YTO 4acTO HaOIroJaeTcsi B COCTaBe
OMTyMa, YCHIMBAae€T KHCIOTHOCTb, 4, CIJIEIOBATENbHO,
a/ICOPOLIMOHHYIO CITIOCOOHOCTH ATUX coeanHeHni. B pabote
[10] npu paccMOTpeHMHM MeXaHM3Ma peakuuil Ha
TOBEPXHOCTH  KpeMHe3eMa  yKa3plBaeTcs, UTO  IpH
aicopOIMH OPTaHUYECKHUX KUCIIOT, BEPOSTHO, 00pa3yroTCst
XEeMOCOPOHPOBAHHEIE COSTUHEHHS.

Anrugpunel  kucior  (R-C*O-O-CO-R)  sensrotest
aKIeNTOpaMu JNIEKTPOHOB, HO3TOMY CIIOCOOHBI
B3aHMO/ICHCTBOBATH C DJICKTPOHOJOHOPHBIMH OCHOBAHHSIMH
JIstouca (pKa < 0). U3 opraHmueckux BEIIECTB Ha ITHX
LEHTpax MOTYT TaKXKe aJcopOMpOBATHCS OpPraHUYECKUe
COCIMHEHHUS], COAEpXKAIIME II - CBSI3H, CONpPSDKEHHBIE C
3amectuTersiMu ¢ OonbiuM - C addexTom, sBISIOMUTEcs
JBIONCOBCKUMH KHCIOTaMH. B OuTymax 310 MOryT OBITH
COCIMHEHHS C TPYyNIaMu

SO3H+ um NO2+, HO HMX KOJHMYECTBO OYEHb MAJO.
Henp3st uckmoyaTh W BO3MOXKHOCTH — OOpa3oBaHHs
BOJOPOOHBIX CBsI3EH WM Jaxe TIepeaady InpoToHa B
pe3yJsibTaTe KHCIOTHO-OCHOBHOTO B3aUMOJICUCTBUSI KUCIOT
OWTyMa M OCHOBHBIX JIBIONCOBCKHMX IIEHTPOB MOBEPXHOCTH
KpeMHe3eMa, OJHAKO B HENOJSIPHBIX Cpefax dTo

MaJIOBEPOSITHO.
Hcxonst U3 BBILICH3I0KEHHOTO MOXKHO 3aKJIIOYHUTh, YTO
BONIPEKH  TPAAMIMOHHO  CIIOXKHBIIEMYCS  MHEHHIO,
MOBEPXHOCTb KHCITBIX KpeMHe3eMCOoIeprKalHX
MHHEpAJIbHBIX MaTepHaloB He SBIIETCS HHEPTHOH IO
OTHOILICHUIO K KOMIIOHEHTaM OuTyMa. B3anmopneiictBrue Ha
TpaHuLe pa3jena OPraHu4eckoe BSKYIIEe - MUHEPAIbHBIH
MaTepuai Helb3sl pacCMaTpPHBaTh YIPOLIEHHO, C TOH TOYKU
3pEHHsS, YTO IOBEPXHOCTh KHCIBIX MOPOZA 3apshKeHa
oTpHLATEeIbHO, a B OuTyme mpucyrcteyior I[IAB
NPEUMYIIECTBEHHO aHHOHHOTO THMa (ac(aibTOreHOBbIE U
Ha(TEeHOBBIE KUCIIOTHI), TIO3TOMY B3aHMOJIEHCTBHE MEXKIY
HUMH TIPaKTHYECKH HEBO3MOXHO. Heo0XoauMo yInuThIBaTh
HPUCYTCTBHE HA ITOBEPXHOCTH MUHEPANbHBIX MaTepHaoB
HE TOJIBKO TOHYAHIINX KOJUIOMIHBIX IUICHOK OKCHJIIOB H
THAPOKCUIOB U aMOP(HOr0 KpeMHe3eMa, HO U 0043aTeNIbHO
HAJIUYME AKTHBHBIX MOBEPXHOCTHBIX IEHTPOB, KOTOpBIE
MOTYT aJcopOMpOBaTh INPAKTUYECKH BCE OPTraHHYECKHE
COCJIMHEHHUS, COZeprKaluecss B OUTyMe, M 3a CYET 3TOro
obecrieyrBaTh IMPOYHBIE AAT€3MOHHBIE KOHTAKTHI MEXKIY
BSDKYIIIMM M TIOBEPXHOCTHIO MUHEPAITBHBIX MAaTEPUAJIOB.

3. Pe3yabTaThl HCC/IEI0BAHUS

YduThIBas BBIIEH3IOKEHHOE, a TaK K€ MPUHUMAs BO
BHUMAaHUS MAaJlO3HAYUMOCTh BIHMSHHUS WHTCHCHBHOCTEI
HEHTPOB aacopOIMU Ha IOBEPXHOCTH MHHEPAIBHBIX
HamoJiHUTeNed B obmactu pKa or -4 no 0 Ha
XEMOCOPOIIMOHHYIO aKTHBHOCTH OPTaHUYECKOTO BSIKYIIETO
HaMH OBUT MPEUIOKEH KPUTEpHil, MO3BOJSIONINI OLIEHUTh
MOBEPXHOCTHO- AKTHBHBIE CBOWMCTBa MHHEPaIbHBIX
HaroJIHUTENeH B acganbToOeTOHax. DTOT KpHUTepHil ObLT
Ha3BaH IIOKa3aTeleM MpPUBEAEHHONH  XeMOCOpOUMOHHOM
aKTHBHOCTH W 0003HaueH cuMBOJIOM Ppxa. [laHHBII
MOKa3aTellb ITOJICUMTHIBACTCS HA OCHOBAHUM PE3yJbTAaTOB
MOJTy4YESHHBIX ITOCIIE UCCIISIO0BAHUS JOHOPHO- aKIIEITOPHBIX
CBOICTB TIOBEPXHOCTEH MHHEpAJIbHBIX HANOJHUTENEH C
WCTIOJIb30BaHMEM HHAMKATOPHOTO METOAA OIpe/eNIeHUs
pactpeneneHus neHtpoB ancopbmmu (PLIA) mo cmocoby
Heunnopenko A.IL. [5]. Kak u3BecTHO, MOIHOE ONMUCAaHUE
KHCJIOTHO- OCHOBHBIX CBOHCTB TIOBEPXHOCTH MHHEPAIBHBIX
HAIOJTHUTENISH Hopa3yMeBaeT OIIpe/ieNieHne
KOHIICHTPALUH U CUJIBI aKTUBHBIX IIEHTPOB, T.€. MOJIyYeHUE
uX pacrpezaeneHus ¢ 1 GepeHInpoBaHHON Ha KUCIOTHBIE
u ocHOBHBIe 110 JIptoucy u Bpencrany.

Vimest pe3ynbTaThl IO ONpPEAEICHUIO PacIpeAeIeHUs
LHEHTPOB aacopOIMM Ha TOBEPXHOCTH MHHEPAIbHBIX
HAITOJHUTENICH JOCTaTOTHO JIETKO  TIOJICUMTHIBACTCS
MOKa3aTellb MPUBEAEHHOH XEeMOCOPOIIMOHHON aKTHBHOCTH
JAHHOTO  HANOJHUTENS, KOTOpas Ompejeisiercs Mo
tdhopmye:

Ppxa = Pkl+0,5Pkb+0,25Pob, 1)

rae, Pkl, Pol, Pob — koin4ecTBO 1IEHTPOB aacopOIiu B
obnactsax: pKa >13,0;

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

JlaHHBI KpUTEpHM XapaKTepU3yoIUH KHCIOTHO-
OCHOBHBIE  CBOWCTBA  IOBEPXHOCTH  MHHEPAIBHBIX
HAITOJTHUTEIICH MO3BOJISIET Hay4HO 000CHOBaHO
KJ'laCCl/ICbI/IL[I/IpOBaTb MHUHEPAJIbHBIC HAnOJIHUTECIIN 1o
CTENECHH HX BO3JCHCTBUS Ha KauyeCTBEHHbBIC MOKAa3aTelH
acampTobeToHa. B obmem ciyyae mpejiaraercs
clieyromas KIaccu(UKaIs MUHEPATbHBIX HATIOJHUTEICH
o KpuTepuio - Ppxa, To eCTb 1O BBMYHCICHHOMY IIO
dhopmyse (1) mokazarerro MpUBEIEHHON XeMOCOPOIIMOHHOM
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aKTUBHOCTH (TabJ1.2).

J1s  OpPUHATBIX K  MCCIEIOBaHWIO MHHEPAIbHBIX
HAITOJHUTEJICH MOICYET TAHHOTO KPUTEPHS T.€ MOKa3aTelst
NPUBEAEHHON XeMOCOPOIIMOHHOI aKTHBHOCTH BBINIOJHEH B
TabNMMIHO (hopMe U MpeacTaBiIeH B Tadl. 2.

Tabauna 2
Knaccuduxanus MuHepaJbHBIX HANIOJHUTeJIEH 10
N0KA3aTe/10 NPUBEJeHHON XeMOCOPOLHOHHOI
aKkTHBHOCTH Ppxa

<10
2 CpenHeakTUBHBI ot 10< 5-10%
e J0.<15
3 CHUIIbHOAKTUBHBI ot 15< 10-15%
e 10 <20
4 CymnmnepakTHBHbI Cablme 6onee 15%
e 1o >20

AHanm3 pe3ynbTaToB mojcyéra kpurepus Ppxa (tabim.
3.) TmoKa3plBaeT, UTO  COTJACHO  IIPEIOKEHHOI

Ne Bubr 3nauenn | IloteHumanpHas KIacCH(UKAIMA TPHUHATHIE K WCCICJOBAaHUIO MECTHBIE
1/ MHHEPAIbHBIX a1 s dexTHBHOCTE MUHEDAJIbHBIE HAIOJIHHUTEIM OTHOCATCA K CIELYIOLIUM
I HAMOIHATENeH KpuTEpH B CoCTaBe BUAAM [0 XEMOCOPOIIMOHHOW aKTHBHOCTU: MOJIOTHIH
a acgansrodeToHa GapxaHHbIH, kBapleBblii mecok, OOII- cpeHe aKTHBHBIC,
Ppxa , % npupocTa 0azaibT, IIEONUTCOAEpXKALIas MOPOJa - CHIBHO aKTUBHEIE,
IIPOYHOCTH OMII, 30na-ynoca TOC - cynepakTHBHBIE.
1 CnaboaktuBHble | ot 0< jo. Jo 5%
Tabauua 3
Hoacuér kpurepusi Ppxa B TabauyHoi popme
Ne Haumenosanue HcxonHble JaHHBIE IIpeo6pazoBannsie | Kpurep
n/n MHHEPAILHOTO -4...0 0...7 7...13,0 >13,0 JIAHHBIE i
HAIOJTHATENS Pol Pxb Pob Pu 0,25Po» | 0,5 Pwb Ppxa
1. Tlecox 8,04 9,11 8,75 1,88 2,18 4,55 8,61
KBapuessbiit
2 Iecok OapxaHHBIN 412 7,08 9,95 1,07 2,49 3,54 7,10
3. nuex 13,22 16,47 10,08 2,87 2,52 8,23 13,62
4. bazanpt 23,41 22,15 11,16 1,96 2,80 11,07 15,83
5 OOII-oTx0IBI 41,18 5,48 9,34 1,14 2,33 2,74 6,21
EKTPOIIIABUTEIHHO
To IPOU3BOACTBA
6. OMII-Otxoms! 6,61 23,88 16,37 4,32 4,09 11,94 20,35
MEIUIUIaBUTEILHOTO
POU3BOJICTBA
7. 3ouma- yHOC 43,14 27,61 11,77 5,32 2,94 13,80 22,06
8. Leomut conepxxamas | 102,08 24,88 12,62 2,14 3,15 12,44 17,73
nopoja
B  memsx  mOATBEpPXKIEHWS ~ JOCTOBEPHOCTH U NUcnoan30BaHnHaAA JuTepaTrypa /

KOPPEKTHOCTH TOJIYYEHHBIX Pe3yIbTaTOB HCCIECIOBAHUN 110
pa3pabOTKe HOBOTO KpPUTEpUS] OLEHKM ITOBEPXHOCTHO-
aKTUBHBIX CBOMCTB MHHEPAIBHBIX HANOJHHUTENESH IS
ac(anpTo0ETOHOB HAMHU OBUIH TMPOBEACHBI CPABHUTEIHHEIC
UCCIIEIOBaHMUsI C TIOJNYYEHHBIMH paHee pe3ylbTaTaMu
HCCIIEZIOBaHUH APYrUX y4EHBIX W crenuanictos [18-25].
Pesynbratsl nosicuéra npeioxKeHHoro kpurepus Ppxa st
MHHEpaJIbHBIX HAMONHHUTENEeH, NCCIIEOBaHHBIX B paboTax
anrunoit H.H., Snpixunoii B.B. [14,15] noka3siBaroT, 4To
MpPEUIOKEHHBIH ~ KpUTEpUH  OLIEHKH  MOBEPXHOCTHO-
aKTUBHBIX CBOMCTB MWHEPANbHBIX HAMOJIHUTENEH 110
MOKa3aTelio MPUBEIEHHON XeMOCOPOIIMOHHON aKTHBHOCTH
(Ppxa) mocTaToYHO KOPPEKTHO M OOBEKTHBHO OTpaXKaeT
MOTEHIHATBHYIO XeMOCOPOLMOHHYIO CITIOCOOHOCTD JAHHOTO
BHUJIA HATIOJIHUTENS B achanbToOeTOHAX.

4. 3akjIroueHue

TakuM 00pa3oM, TpPETIOKEHHBI KPUTEPHHA OIECHKH
KHCJIOTHO- OCHOBHBIX CBOMCTB IIOBEPXHOCTH MHHEPAIBHBIX
HaroJHUTENEH Mo Mmoka3areno Ppxa nokassiBaeT BEICOKYIO
CXOAUMOCTb C pE3yJbTaTaMH paHee IPHUBEICHHBIX
HCCIICIOBAaHUIT M MOXET OBITh TNPHHAT B  OCHOBY

IPOTHO3UPOBAHMS 7 peryJIMpoBaHUsI ¢bu3uko-
MEXaHUYECKHX u 9KCIUTyaTallHOHHbIX CBOWCTB
ac(anbpToOETOHOB.
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Preparation of polymer cement adhesive (PCA) by dry construction mixtures
technology (DCT)

U.J. Turgunbaev®? N.A. Sunnatillaeval®®
1Tashkent 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;

alZ https://orcid.org/0000-0001-5578-6555
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o 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;

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

breaking force, KN; F - average area of the working section
of the specimen, cm2; o - 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:

, APxF*83
SO =14 m, (22)

where, SO - surface area per unit volume; AP - pressure
difference on the sides of the sample; 8 - cross section of the
sample; F - porosity coefficient; Q - air flow rate; n - air
viscosity; 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, % R28, 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 15 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 | O 20 30 40
66 33 0 226 285 321 345

0,5 - 304 352 376

10 - 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, % WI/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
Syx. Sand, | POLIMIXJBI | Filler RZ. POLIMIXJBI | sand filler
cm2/g content, % content, % MPa 3 50 2
20 1,0 50 45
30 1,0 50 52 > °0 52
40 1,0 50 54 7 50 48
Cement Sand POLIMIXIBI
h 4
Sand drying
Dispensers components
¥ ¥ ¥
Cement Sand POLIMIXIBI
Receipt DCT
¥
Mill
Stocking of DCT
Fig. 1. Technological scheme of production of sand-filled DCT
Storage bunkers

Thus, the conducted researches have shown the activation of PCA components is proposed, and the second

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

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. Abdullaevi®?a
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.1®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: Yugqori 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 qadam 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. Mustagqillikdan 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.  Mustagillik  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, iqtisodiy samaradorlikni ham
ta'minlashda katta ahamiyat kasb etdi.

& https://orcid.org/0000-0002-1289-879X

kamaytirish, shuningdek ularning xossalarini yaxshilash
muammosida  mineral ~ modifikatorlar ~ bilan  beton
strukturasini  modifikatsiyalash sohasidagi tadgiqotlar
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 uzog  muddatli
ekspluatatsiyasini ta’minlaydi. Beton materiallari yuqori
sifatli bo‘lishi kerak, chunki ular turli xil tabiiy sharoitlarga,
sovuqqa, issiglikka, 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
asosly ekspluatatsion ko‘rsatkichlari — mustahkamlik,
elastiklik, korroziyaga chidamlilik, issiglikka va sovuqga
garshilik kabi xususiyatlar betonning uzoq muddatli
ishlashiga ta’sir giladi. Korroziya, namlik, yugori va past
haroratlar, kimyoviy moddalarga ta’sir qilish 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 boshqga yangi materiallar
yordamida  betonning  mustahkamligi va  boshga
ekspluatatsion xususiyatlari optimallashtirilishi mumkin.
Beton ishlab chiqgarish texnologiyalari, aynigsa, kompozit
materiallar yordamida yangilanmogda. Nanotexnologiyalar,
yuqori texnologik modifikatorlar va boshga innovatsion
usullar betonga qo‘shilishi mumkin. Bu, nafaqat betonning
sifatini, balki uning igtisodiy 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 iqtisodiy 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 chiqarish 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 chiqgarilishini ta'minlaydi.

Kul uchqundisi — bu termal elektr stansiyalarida
yoqilg‘ilarni, asosan, ko‘mirni yoqish jarayonida hosil
bo‘lgan chigindi 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 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 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.

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
komporzitlarida  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 uzoq muddatli ishlashni
yaxshilash uchun muhim vositadir. Ularning foydalanilishi
beton ishlab chigarish jarayonida samarali, igtisodiy 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 tadgiqotlar
muhim ahamiyatga ega.

O‘zbekiston Respublikasida turli yillarda ko‘p
komponentli yuqori sifatli betonlar kompozitsiyalaridan
foydalanish borasida A.I. 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. Tadqgigot metodikasi

Portlandsement. Tadqiqotlarda 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 uzoq 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 oqgilona qo‘llash yo‘nalishlariga oid
ilmiy-texnik adabiyotlarga sharh keltirilgan bo‘lib, tahlildan
quyidagilarni alohida ajratib ko‘rsatish zarur. Beton
qorishmalari va betonning sifatini oshirish uchun, ular
tarkibiga bog‘lovchi granulometriyasiga yaqin mayda
dispers mineral qo‘shimchalarni kiritish lozim. Bu turdagi
go‘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 qilishgan. Yuqori faollikga ega bo‘lgan
kul uchqindisining sement strukturasiga ma’lum noxush
ta’sirini inobatga olib, karbonat tarkibli minerallar bilan
birga qo‘llash lozim hisoblanadi.

Kul uchgindisi va ohaktosh kukuni asosidagi binar
go‘shimchali kompozit portlandsementi strukturasining
shakllanish va gidratatsiya jarayonlarining o‘ziga xosligi
hagida keltirilgan munozarali fikrlarni inobatga olib, ushbu
tadqiqotlarni o‘tkazish dolzarb bo‘lib qolmoqda.

Qotish davrida "kvars+karbonat” sistemasidagi binar
qo‘shimcha sement bog‘lovchisining g‘ovaklilik strukturasi,

kirishish  deformatsiyasi, mustahkamligi va boshga
ko‘rsatkichlariga ta’siri yetarlicha tadqiq etilmagan.
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Study of the influence of the specific surface of river aggregate on the
structure formation of non-autoclaved aerated concrete

D.F. Abdullayeva'®2, Sh.M. Sabiroval®®b
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.

non-autoclaved aerated concrete, specific surface area, strength, water-solid ratio, multicomponent
binders, hydraulic activity
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HccnenoBanue BJINSIHUS yIeJbHOW OBEPXHOCTH PEYHOI'0 NMECKA HA
CTPYKTYP00Opa3oBaHHe HEABTOKJIABHOIO ra300eTOHA

A6nyanaesa JI.®.102 Caéuposa LIIL.M.10P

ITamkenTcKuit rocy1apCTBEHHBIN TPAHCTIOPTHBINA yHUBEPCHUTET, TalkeHT, Y306eKncTan

AHHOTaIW: B craThe npuBeaeHs! pe3ynbTaThl HCCICAOBAHMS IO H3YUSHUIO ONTUMATBHOTO KOJIMIECTBA U YAEIbHOI
TOBEPXHOCTU peyHoro mnecka Kyimokckoro kapbepa. YCTaHOBIEHO 4YTO BEJEHME B COCTaB
HEaBTOKJIABHOTO I'a300€TOHA PEYHOr0 MecKa ¢ yIenbHoi moBepXxHOCThI0 2400 rp/cM2 moBHIIIAET GU3HKO
MEXaHUYECKUE M IKCILTyaTal[IOHHBIE CBOMCTBA UCIIBITYEMBIX 00pa3LoB.

Kirouessle croBa: HEaBTOKJIABHBIH Ta300€TOH, YyJelnbHAs IIOBEPXHOCTb, IPOYHOCTb, BOJOTBEPJOEC OTHOIICHHE,

MHOT'OKOMIIOHEHTHBIC BSIXKYIIUE, THAPABINYCCKAsl aKTUBHOCTD

1. BBeaenue

Haubonee  pacmpoCTpaHEHHBIH  KPEMHE3EMHCTBIH
KOMIIOHEHT  SIBIISIETCST  KBAaplEBBII  IECOK,  OJHAKO
u3-32 OTCYTCTBHSl TaKOro OBUIO TIPHHATO pEIICHHE
UCHONB30BaTh peuHoil mnecok Kyiimokckoro kapbepa.
Huszkoe conepkanme AHOKCHIA KPEMHHUS, W KpyIHas
(pakuus Bce ITH TOKa3aTeIW B 3HAYMUTENHHOH CTETEHH
CHIDKAIOT TIPOYHOCTHBIE IIOKA3aTeNH, MPOEKTHPYEMOTO
HEaBTOKJIABHOTO ra3o0eToHa. [ yBeInyeHns] aKTUBHOCTH
U COJIepIKaHUsl AUOKCHIA KPEMHUs OBUIO TIPHHSTO pelIeHHe
0 JajbHEWIIeM H3MENbYCHHH B IIApPOBOH MENbHUIE 0
ONTUMAJIBHOM yJIeNIbHOI MOBEPXHOCTH. [1]

2. MeTo10/10rusl UCCJIeI0BAHUS

IIpomecc moMoNa OCYMIECTBILLIM CYXHM CIOCOOOM,
IpeIBapUTENHHO BBHICYIIHMB IIECOK B CYIIMIBHOH KaMepe.
Puc 1. (cymka necka).

https://orcid.org/0009-0005-3398-8443
bl https://orcid.org/0000-0003-1282-152X

Puc. 1. IIpouecc cymku peynoro necka Kyiiiokckoro
Kapbepa

BricymuB 10 nocTossHHOM Macchl, iecok Kyimokckoro
Kapbepa H3MeNbYald B IIAPOBOH MEIBHHIC,HA BCEM
MIPOMEKYTKE H3MENBYCHUS Opad MpoOkI IS ONpeaeeHIst
Y/CNbHOW TIOBEPXHOCTH, B pe3yJbTaTeé 4Yero YyAaJloch
HOJIy4YHUTh CICAYIOIINE YAeNbHbIE MOBEPXHOCTH MOJIOTOTO
necka: 1200; 2400; 3700 rp/cm2. [3.4]
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Puc. 2. Ilpouecc n3meIbYeHHsI PEYHOI0 MecKa

Jisa onpezeseHre ONTUMAJIBHOU YAEIbHOU
TTOBEPXHOCTH [§3uit pa3paboTaHbl cleyomue
COCTaBBI,pPe3yJIbTaThl, KOTOPBIX IpeCcTaBJIeHHbIE B Ta0. 1.
B xkawectBe pesynbrupylomero Qakropa ObLIa IpUHATA
MIPOYHOCTh HEABTOKJIABHOTO razoberoHa. Ilo momydeHHBIM
JaHHBIM OBUIa TIOCTpOEHa TrpaduyuecKas 3aBUCHUMOCTb,
aHaN3 KOTOPOM IOKa3all, HanOOJBIIYI0 MPOYHOCTh HPH
CXKaTUH HOJYYHIN TIPY HCIOJIB30BAaHUH MECKa C YAENbHOI
nosepxHocTH 2400 rp/cM2,

i yo
Puc. 3. Ilpouecc onpeneneHus yaeabHo
noBepxHocTu Ha [1CX-11
AHann3 TONYYeHHBIX TpadUYecKUX 3aBHCHMOCTEH,
MOKa3aJl MOJOKUTENBHOE BIIMSHUE YBEIMYCHUE YAEIBHOM
MOBEpXHOCTH TIeCKa Ha IPOYHOCTh HEABTOKIABHOTO
ra3o0eToHa, 3TO CBA3aHO C TEM, 4YTO IPU YBEIUYCHUH
YAENbHOW TIOBEPXHOCTH  YBEJIMYHBACTCS  KOJIHMYECTBO
AKTHUBHBIX LIEHTPOB. [6.7]

Tabmauna 1
Onpegesienne ONTUMAJIBHON yeJbHOI MoBepxHocTH necka Kyiljlokckoro kapbepa
3 8 3 g s
o z S 1 J S & > = = S ) 5 %
s | L || L3 | Slae |2 |8 |8 |
= > > > 5 pd z
%) ) ) o]
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

1
e Mo

Puc. 4. Bansinue NpoYHOCTH HEABTOKJIABHOTO
ra3o0eToHa OT y/eJbHOIi MOBEPXHOCTH MecKa
Kyitmokckoro kapbepa, N3MeJIb4eHHOTO B IIAPOBOii
MeJIbHHIe

BropbiM 3ddexTom BIUSHUS H3MEHEHHS YyIeNbHON
MIOBEPXHOCTH IOBBIIIEHHE BOAOTBEPAOTOOTHOLICHUE, 3TUM

MOXHO  OOBSICHUTH  CHIKEHHE  INPOYHOCTH  Ha
MPEACTaBICHHOM TpaduKe.

310 MOITBEPIKAACTCS UCCIIeIOBAaHUSIMHU
MHKPOCTPYKTYPBI KOMIIO3HIIHOHHOT'O BSDKYILIETO
Ppe3yJIbTaThl KOTOPOT'O TIPUBEACHBI HUIKE.

U3zyuenue MHUKPOCTPYKTYPBI HEaBTOKJIaBHOTO

ra3o0eToHa ¢ KpPEeMHHHCOAEpP)KAIIUMH MHHEPaTbHBIMU
HanOJHUTECIIAMHA SABJIACTCA Han60nee HepCHeKTHBHOﬁ,
KOTOpBIE 110 MHEHHIO aBTOPOB [5] MPOSIBIAIOT HANOOIIBIIYIO
THPABIMIECKYIO AKTHBHOCTb. Jns N3ydeHHS
MPOILECCOB  THApATaldi  HANOJHEHHOTO  IIEMEHTHOTO
BSDKYIIETo OBUTH BBHINTOJTHEHBI UCCIIE0BAaHMS MOBEPXHOCTH
M3JI0OMa MaTepHasa C IIOMOIIBI0 PAacTPOBOTO HOHHO-
JNEKTPOHHOTO MUKPOCKOIIA.

Muxkpodortorpaduu MOBEPXHOCTH U37I0Ma
6€37100aBOYHOT0 [IEMEHTHOTO KaMHsI IIPE/ICTaBICHbI Ha PHC.
5. Kak BugHo u3 puc. 5, 0e3100aBOYHBIN 1IEMEHTHBIN
KaMeHb  COCTOMT W3  THJPOCHJIHKATOB  KaJbIWs,
Cynb(GOTHAPOATIOMUHATOB ¥ THIPOCHINKATOB Kaubnus. B
mopax IpPUCYTCTBYIOT HOBOOOpa30BaHUS, HO MOJHOTO
3apacTaHus 0P HE HAOIIIO1aeTCs.
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Puc. 5. MuxkpodoTtorpadum noBepxHOCTH U3/10Ma 6€3100aBOYHOI0 IEMEHTHOT0 KAMHS, MOJy4YeHHbIe

B Bo3pacre 28 cyTok

- et [S—r— S 0 -
Lo | LR L e e tew

T R e B A7 A
’ 1 e s -t - Tow e

Puc. 6. MukpodoTorpadgpuu noBepxHocTH H3J10Ma HEMEHTHOI'0 KaMHS € 30J10i YHOCa+ CIl, I0JIyYeHHbIe

.- - ——- - —

- - —— - e

B Bo3pacTe 28 cyTok

- s - - —
- - - -

Puc. 7. MuxpodoTtorpadun nopepxHocTa u3aoMa komnosunuoHuoro (MK+3omna ynoca+CII)
IEMEHTHOT0 KaMH$l, MoJIy4eHHbI¢ B Bo3pacTe 28 cyTok

Ha puc. 6-7 mokazaHo, 4ro B  oOpasmax
KOMIIO3UIIMOHHOTO BSDKYIIET0 B Bo3pacte 28 cyT. C
nobaskoit MK HaOmomaeTcs MOBBIIEHHAs OJHOPOJHOCTH
MOHOJHTa C SIPKO BBIPKEHHOH JHCIEPCHOH (a3oil.
Crenmyromiast 0cOOEHHOCTb - BEICOKAs! INIOTHOCTD CTPYKTYPBI
LIEMEHTHOT'O KaMH$ C OTCYTCTBHEM BHIMUMBIX Ae(EKTOB.

Ipu CTPYKTYpOOOpa30BaHUU MPOCMAaTPUBAETCS
BO3pACTAIONIasi CIIOCOOHOCTh K YIUIOTHSIOIIMM CBOHCTBaM
TOHKOJAMCIIEPCHOTO KpeMHe3ema. Ha puc. 6-7 mo 30He
KOHTAaKTa 4ETKO MPOSBIIIOTCS KaeMKH, COCTOSIIHE U3 (a3
HOBoOOpasoBaunii. [TopoBast CTpyKTypa IIEeMEHTHOTO KaMHS
¢ peobIaJaHueM MUKPOTIOP.

3. 3aka4yeHue

Beenenne KOMIUIEKCHOM J00aBKH 3oma
yHoca+tMK+Ilomummact ~ GecciopHO ~ BHOCHT — CBOIO

0COOEHHOCTH B TpOIEcC  CTPYKTYPOOOpa3oBaHUs
[[EMEHTHOTO KaMHSI.

Hcxons w3  BBIIENEPEUYHCICHHBIX  0COOEHHOCTEH
CTPYKTypooOpa3oBaHusl Oyaronmapss MeXaHH3MY JeHCTBUS
00aBKH TIOJIMILIACT B KOMIDIEKCe ¢ nobaBkoit MK+ 3oma
yHOCa MOBBIIIAETCS TPOYHOCTh IIEMEHTHOTO KaMHs 3a CUeT
MyIII0JaHOBO-aKTUBHOTO  BO3JEHCTBUS  TBepJeroleif
CHCTEMBI.

Jnsa  nomyuenus Mapku 1600  HeaBTOKIaBHOTO
ra3obeToHa c TIOBBIICHHBIMH TIPOYHOCTHBIMU
XapaKTepHUCTHKAMHU HEoOX01MO HCTIONIb30BATh
KPEMHE3EMHCTBIH KOMIIOHEHT C YAENBHOH MOBEPXHOCTBHIO
2400 rp/cM2. YcCTaHOBIEHO, YTO MONydYeHHAs YJeNbHAst
MOBEPXHOCTh  JOCTUTaeTcsi B TEeYEHHMH 25 MHHYT
u3MeNbYeHHs B  IIapOBOM  MeJbHHIE, JajbHelIee
yBeIHYEHHE yAeNBHOM MOBEPXHOCTU CHMXKaeT
MPOYHOCTHBIE XapaKTEPUCTHKU 3a CUET yBENUYEHUS
BOJIOTBEP/IOTO OTHOIIECHHS.
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Methodological basis for the use of additives for the production of complex
modified cement binders

V.M. Soy*®23, D.F. Abdullayeva'®®, 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.

Keywords: concrete, classification of additives, modification, plasticizer, mineral filler, surface tension, adsorption
centers, hydration activity

MeTOIlOJ'IOI‘I/l‘IeCKl/Ie OCHOBBLI IPUMCHCHUSA )I[OﬁaBOK AJIA TIOJTYYCHU A
KOMIIJICKCHO-MO)II/I(l)I/IIII/IPOBaHHI)IX HEMEHTHBLIX BAKYIINX

Ioii B.M.}3, Aoaynaesa JI.®.10° Hypuaaunosa I'.C.1

TamkeHTCKMI TOCY JapCTBEHHBIN TPAaHCIIOPTHEINA YHUBEPCHUTET, TalKkenT, Y36eKucTan

AHHOTanus: IlpuBeneHsl pe3ynbTaThl TEOPETHKO-IKCIIEPHMEHTANBHBIX HCCIICIOBAaHUI 10 pa3pabdoTKe HaydHO
000CHOBaHHOW METOAWKHM Ha3HAUCHWS IUIACTU(GUIMPYIONIMX XUMHYECKHX NOOABOK M MHHEPaJIbHBIX
HaIOJHUTEJIeH IPH MoAGOpe COCTABOB KOMILIEKCHO-MoaAnHIpoBaHHbIX 6eToHOB (KMB) Ha stame ux
npoexTHpoBanus. [Ipeaioxkena Knaccudukanys mIacTHGUIUPYIOMIUX J00aBOK IO CTEHEHH CHIKECHHS
HOBEPXHOCTHOTO HATSHKCHUS BOJbI NPU HMX BBEJCHHH M AKTUBHOCTH MHHEpANbHBIX J00ABOK II0

MOKa3aTeIio TIPUBEIEHHOI THAPaTaluOHHON aKTUBHOCTH, MO3BOJIAIOIIUE MOJTy4aTh
BBICOKOAKOHOMUYHBIX KMbB ¢ TpeOyempIMH OKa3aTesIMHi CBOHCTB.
Kirouessle cioBa: OeroH, Kiaccudukanus 100aBOK, MoAM(UKAIMA, ILIACTU(HUKATOP, MHUHEPAJIbHBI HAIOIHHUTENb,

TMOBEPXHOCTHOEC HATAXKCHUE, HEHTPBI a;[cop6u1/n/r, ruapatallioOHHas akTUBHOCTb

rlo;[6opa KOMIIOHCHTOB, IIPOCKTUPOBaHUA COCTaBa U yxoaa
3a TBEPACIOUIUM OETOHOM.

1. BBe[[eHI/[e JlutepaTypHbIii aHaJIM3. Spxum TIPUMEPOM
KOMIIO3UTOB HOBOT'O TOKOJICHHS SBIISIOTCS COBPEMEHHBIC
B Hacrosiiiee Bpemst 6€TOH OKOHYATENBHO YTBEPIHICS B 6eToHBI, peann3oBaHHBE B Hay4HO-HCCIIEIOBATENHECKOM
KayeCTBE OCHOBHOT'O CTPOMTEILHOTO MaTepraia B MEPOBOI MHCTHTYTe GeToHa 1 sKee3oberona (HUMKB, Pocens) [4].
MPaKTHKE CTPOUTENBCTBA. JTOMY CHOCOOCTBOBAIM Takue B  omx  Marepuanax  ONeCTAE  pEamM3yloTcs
ero OCHOBHBIC JIOCTOMHCTBA, KaK UIMPOKHMH KOMILICKC MOTEHIMAIbHEIE (QYHKIMOHAIBHBIE CBOMCTBA KOMIIOHEHTOB
CBOJCTB, ~ BBICOKAsf  TEXHONOTHYHOCTH,  JOCTYHHOCTH OeTOHHBIX cMeceil W OeTOHOB. Upe3BbIUAHO BBHICOKHE
CHIDbCBOH  6asbl, APXWTCKTYpHAs MPHBICKATEIBEHOCTD, BO3MOXKHOCTH O€TOHa U JKeNe300eToHa pear30BaHbI
YHUBEPCANBHOCTh ~ TPUMCHEHHUS,  SKOJOTUYHOCTE U aBTOpaMu B TexHoJorusx reactive powder concrete (RPC),
OKOHOMHYHOCTB [1]. atake macrodefect free concrete (MDC) [4].
BMecte ¢ TeM 3a MOCIIEAHNE ACCATHICTHS HabIo1aeTcs Bo ®panumu u CIIA B mIpakTHKe CTPOMTEILCTBA
PEBOJIIOLIMOHHBIA ~ XapakTep pa3BUTHSA OCTOHOBEACHUS, LIIPOKO TPUMeHseTCs TEXHOIOTHS
HPOSIBISIOIINICS B MOABJICHUN HOBBIX BHIIOB GeroHa ¢ yasTpadyHKHoHansHbix  Oetoros  (UHPC),  koTopble
YHUKQILHBIMA - CBOUCTBAMH,  TIONYYMBIIMMH  Ha3sBaHHE OTIMYAIOTCA BBICOKOH MPOYHOCTHIO Ha cxkaTue (> 200 MIla)

6etoHoB HoBoro noxoneHus (bHII). W Ha m3ru6 (> 50 MITa) [5, 6].

K Geronam moBoro mokomenns otxocstes high K paspsiny BHIT otHocuTes u self-compacting concrete
performance concrete (HPC), omnuuutensHOW ueproii (SCC). B Takux GCTOHAX KADIMHANBHO pElleHa TNABHAA

KOTOpBIX  SABJBICTCHA  NOCTIKCHHE MMM MaKCHMAJBHBIX TEXHOJIOTUYCCKas 3ajaa4da, CBsA3aHHasA C MI/IHI/IMI/ISaLlI/ICﬁ

TIoKasaTenen Tex;{onco quOCTHé nﬂo;gocm, TITOTHOCTH MaTepUaIbHBIX, SHEPTeTUIECKUX U TPYAOBBIX PECYPCOB NPH
nonroseynocty [2]. CormacHo [3], — 9TO WHXXEHEePHBIN JIOCTUKEHHH 3A1aHHBIX CBOHCTB GeTowa [6, 7).

MaTepual, B KOTOPOM — OZHO M HegKOJH)KO €ro B oTeuecTBEHHOI NpaKkTUKe 6ETOHOBEACHHUS K GETOHAM
crienudHIeCKUX CBOCTB YJlydIleHbI ITyTeM 060CHOBAHHOTO HOBOTO IIOKOJIEHHS OTHOCATCS M MHOTOKOMIIOHEHTHEIE

BBICOKOKauecTBeHHbIe OeToHbl (MBDB), pa3paboTanHbIe

https://orcid.org/0009-0009-7560-2691
bl https://orcid.org/0009-0005-3398-8443
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KOJUIEKTUBOM aBTOPOB MOJ PYKOBOACTBOM I.T.H., Hpod.
AUN. Appuixomxaesa [8]. OTu GeTOHBI comepkKaT B CBOEM
coctaBe 3omy-yHoca TOC, cymnepruiacTHGUIMPYIONIYIO
no6asky JK-08 1 oTIMUarOTCst BRICOKMMU ITPOYHOCTHBIMHU 1
9KCIUTyaTallHOHHBIMH CBOHCTBAMIL.

Kak wu3BecTHO, TOROOp COCTABOB TpaJWIIHOHHBIX
0eToHOB 0e3 100aBOK HE COCTABISET OOJBLIOTO TPYZa,
METOJUKM HX pacdeTa SBISIOTCS KIACCHYECKUMU H
NpUBEAATCS B Y4YeOHMKaX M Y4eOHBIX MOCOOMAX 110
CTPOUTENBHOMY MarepuanoBeneHuto [9]. OTnuuuTenbHOM
0cOOCHHOCTBIO ~ MoAuGUIMPOBaHHBIX  OeroHoB  (MB)
SBJIETCS HaIM4YMe B HX COCTaBe IUTacTH(UIUpYomeit
XHUMHUYECKOH J00aBKH s TOHKOJIHCIIEPCHOTO
MHHEPAIBHOTO  HAIOJHMTENS, METOJWKa Ha3HaueHHe
COCTaBOB C HX HCIONB30BaHHEM TaKXKe OTPAKECHO B
y4eOHBIX U Hay4HBIX myOnmukanusx [10, 11].

Uro  kacaercss ~ KOMIUIEKCHO-MOJH(DUIIMPOBAHHBIX
6eronoB (KMB), To HE0OX0AUMO OTMETHTB, YTO HECMOTPS
Ha OOJNBIIOE KOJMYECTBO HAYIHBIX TPYJOB, MOCBSIIEHHBIX
9TOMy BHUJIY OCTOHOB, BONpPOC pa3pabOTKH METOIANKU
noxbopa UX cocTaBa ¢ Ha3HAYCHHEM PalMOHAIBLHOTO BHIA
MHHEpaJbHBIX  HAIOJNHUTENEH B KOMIUIEKCE  C
IIACTHOUINPYFOIIAMHU XUMHYECKIMHU nobaBKaMu
MIPAaKTUIECKH OCTACTCS] HeU3yUCHHBIM.

ABTOpaMH  CTaTbU BIIEPBBIC  CHETaHa  IOIBITKA
pa3paboTK HaydHO OOOCHOBAaHHOH METOOWKH BBIOOpA
MHHEPAIbHBIX ~HANOJHUTENeH W  IUIACTU(QUIMPYIONINX
XUMHYecKkuX 100aBok st KMB.

2. MeToa0s10r1s HCCJIeA0BAHUA

IIo npeajgaraeMon METOJIUKE OIIEHKA
MIACTU(GUIMPYIONIUX XUMUYECKHAX 100aBOK IIPOM3BOAUTCS
10 KPHUTEPHIO, MPEACTABISIONIEMY CO0OH  CTeneHb
CHI)KEHHSI TTOBEPXHOCTHOTO HATSDKEHUS BOIBI TNPH HX
BBEJICHUH.

B ocHOBYy Takoro moaxona IOJOXEHa CIOCOOHOCTh
wiactuuuupyomeil  100aBKM  CHWKATh  MOKa3arellb
TIOBEPXHOCTHOTO HATSHKEHHS BOABI TIPH  OIPEASNCHHOIT
TeMmreparype  pactBopa. Ilo  HameMy — MHEHHIO,
TEXHOJIOTHIECKHE TTapaMeTPHI TPUTOTOBIIEHHS, KOJIIMIECTBO
BBOJIIMOTO HATIOJIHUTENSI M CBOWCTBA AaKTHBHPYEMOTO
HAITOJTHEHHOT'O BSDKYIIEro U OeTOHA CYIIECTBEHHO 3aBHCAT
OT XMMHYECKOT'0 COCTaBa, CTPOSHHMS U IUIacTHGUIHPYOLIei
CIIocOOHOCTH BBOJMMOM TOOABKH.

Jnst  SKCHepHMEeHTAaNbHBIX — HCCIEJOBaHWI  ObLIM
NPUHATH  CIEAyIOUIMe BHABI MECTHBIX W  Hauboiee
JOCTYNHBIX IUIACTH(QUIMPYIOMNX XUMHYECKIX T00aBOK U
COOTBETCTBYIOIMINE MM TIPEJENBI JO3UPOBOK B IIPOIIEHTAX OT
Maccel IIeMeHTa (Ha CyXOoe BeIIECTBO): JINTHOCYIb(OHAT
texuuyeckuit (JICT) — (0,10-0,25)%, kyOoBas HAKOCTH
Harpuit-kapOokcumeTmemutonossl (KHXK) — (0,3-0,9)%,
crounble Boabl Kanposnakrama (CBK) - (0,3-0,9)%,
cyneprutactuduxarop C-3 — (0,3-0,9)% [12].

Ha mepBoM 3Tame ucciefoBaHUi H3ydaloch BIMSTHUE
XAMHUYECKHX  JO0aBOK  HAa  CTEHNEHb  CHIDKCHHUS
TTOBEPXHOCTHOTO HATSDKEHHUsT BOABI Mo Meroamke [11]. B
pe3yJbTaTe MPOBEJCHHBIX SKCIIEPUMEHTOB ObLIH ITOJIyIeHBI
H30TEpMBI TOBEPXHOCTHOTO HATSHKEHMS BOAHBIX PACTBOPOB
XUMHYECCKUX )1063301( B 3aBUCUMOCTH OT HUX IOO3UPOBKH
(puc. 1), npencraBmsromme — coboil  cemeiicTBO
HUCMAJAIOMIUX KPUBBIX C SBHO BBIPQXXECHHOM 30HOMN
mepexoja OT  BEPTHKAIBHOTO K  HAKIOHHOMY |
TOPU30HTAIFHOMY yJacTKaM.

o-107, Him
80

72,5
70

7

3
50 \\\
e | 4
40
0 05 1,0 1,5 2,0
C. %

Puc. 1. Mzorepmpl (npu t = 20°C) noBepxHocTHOrO
HATSI3KeHHs] 6 XMMHYeCKHX 100aBOK B 3aBHCHUMOCTH OT
uX KoHuneHTpanuii C B BOAHOM pacTBope
1, 2, 3, 4 — xumunueckue nod6asku JICT, KXKH, CBK, C-3

Taxoit Bua KpUBBIX Ha pUC. 1 00BACHIETCS TEM, 4TO, B
COOTBETCTBUH C ypaBHeHHeM [ n06ca [13], mpu yBennueHnn
KOHIICHTpallMM XMMHYECKMX JOOABOK Bo3pacTaeT UxX
cozepxaHue Ha Mexda3HOil MOBEPXHOCTH, MPUBOAAIIEE K
CHIDKEHHIO  IIOBEPXHOCTHOTO  HATSDKEHHS  BOJHBIX
pactBopoB. IlpumdeM TpH  MambIX — KOHIIEHTPAIUAX
XUMHYECKUX HO0aBOK 3(PPEKT CHIKCHHUS TIOBEPXHOCTHOTO
HaTSDKEHNH BOJHBIX PAacTBOPOB OoJiee 3HAUNTEINeH, YeM IPH
MOBBIIICHHBIX JO3UPOBKax. XapakTepHas ke 00JacTe Ha
M30TepMax, OTHOCSIIASCS K MEPEeX0y OT BEPTHKAIBLHOTO K
TOPU30HTAIBHOMY YYacTKy CHIDKCHHUsS BEJIUYUHBI O,
CBHJICTEIILCTBYET o npeneIbHOM HACBIIICHUH
aJICOPOLIMOHHOTO CJIOST MOJIEKYJIaMH XMMHUYECKUX J00aBOK,
KOTOpasi, KaKk ObLIO YCTaHOBJIEHO, COOTBETCTBYET O0JaCTH
VX palMOHATBHBIX KOHIICHTPAIHIL.

Taxnm obpasom, H30TEPMEI HW3MEHEHUS
MOBEPXHOCTHOTO HATSDKEHMSI OT KOHIEHTPAIMH BOJHBIX
pacTBOPOB XMMHYECKHX H00ABOK MOTYT OBITh ITOJIOXKEHBI B

OCHOBY ux XapaKTePUCTUKH o CTEIEHH
WIACTUGUIMPYIOIIEH CIOCOOHOCTH H, CIICACTBEHHO, 1O UX
[OBEPXHOCTHO-aKTHBHBIM ~ CBOMCTBAM — Y€M  HHUKE

pacroyoxeHa N30TepMa ITOBEPXHOCTHOTO HATSDKSHUS, TEM
CHJIbHEE TPOSABILIETCS IUIACTHOUIMPYIONIAs CIIOCOOHOCTH
no6asku. bornee Toro, obmacti panroHANBHBIX TO03MPOBOK
XAMHUYECKHX  J00aBOK  MOXHO  OXapaKTepH30BaTh
OTHOCHUTCIIBHBIM IMOKA3aTECJIEM IMOBEPXHOCTHOI'O HATAXKCHUA
O, TpEeICTaBIAIONUM COO0OH OTHOIICHHE BEIMYHHBI
MMOBEPXHOCTHOT'O HATAXKEHUA NMPU NMPEACTIBHOM HACBIIICHUU
a7IcOPOLIMOHHOTO CJI0S MOJIEKYJaMH XUMHUYECKOH 100aBKH
K TIOBEPXHOCTHOMY HaTsSDKEHMIO pacTBopa 0e3 mobaBku. B
YaCTHOCTH, Ui HCCIEAYyeMbIX H00aBOK IOKa3areilb O
cocrasisier caenytoume 3HaueHus: JICT — 0,90-0,92; KHX
-0,88-0,90; CBK - 0,78-0,80; C-3 -0,67-0,70.

AHanmnM3 TONY4YEHHBIX 3HAYEHHH OTHOCHUTENHHOTO
HoKa3aTeiass MOBEPXHOCTHOTO HATSHKEHHS O MO3BOJISET
HPEUTOKAUTh KIACCH(HUKAIMIO XUMHIECKHX J00aBOK IIO
spdexTy mracTuGUKAIUM C y4ETOM HX MOBEPXHOCTHO-
AKTHBHBIX CBOWCTB, MPUBEACHHYIO B Ta0II. 1.
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Ta6auna 1

Knaccml)mcauml l'lJ'laCTl/l(l)PlIll/lple].l[ﬂX XHMHYECKHX 100aBOK 10 MOBEPXHOCTHO-aKTHUBHBIM CBOMCTBaM

OTHOCHUTEIBHBIH OKa3aTeNH TOBEPX-HOCTHOTO HATSKCHHUSI XapakTepucTuka 106aBkH 1o 3G deKTy miacTuduKamun
0, OTH. eIl

g >0,95 CuaOsrit mutactudukaTop

0,85<0<0,95 Cpenuuii macTudukaTop

0,75<0<0,85 CunbHBIH MIacTUGUKATOP

7<0,75 Cyneprnactudukatop

IIpumeHuTenEHO K = HCCIEAYEMBIM  XHUMHYECKUM
J00aBKaM OTHOCHUTEIbHBIM IIOKa3aTeldb MOBEPXHOCTHOTO
HaTSDKEHUSI 0 TO3BOJISIET PACHOJIOKHUTh W3ydeHHBIE HaMHU
no6aBki B crledyrounmid yOsBaroumii psg mo 3ddexry
miactupukanmn: C-3 > CBK > KHX > JICT,
XapaKTePU3YIOIIUH CHIDKCHHE HX IUIACTUGHUUUpPYIOImEH
CTMOCOOHOCTH.

Ienecoobpa3nocth Takou KIIacCU(UKAIIN
IACTHOUIUPYIOMNX XUMHIECKHX T0OABOK 3aKIr04aeTcs B
TOM, 4TO MX 3()(HEKTUBHOCTH OL[EHUBACTCSI [0 KOHKPETHOMY
YHUCICHHOMY 3HAYCHUIO MOKA3aTelsi 0 — OTHOCHTEILHOMY
MOKa3aTelTo TOBEPXHOCTHOTO HATSDKEHHSI, aHAJIOT KOTOPOTO
MOJET OBITh HCHOJB30BAaH M IMPH HAYYHO-OOOCHOBAHHOM
BBIOOPE AN LEMEHTHBIX  OETOHOB  JUCIIEPCHBIX
MHHEPaIbHBIX HAOIHUTEICH.

B mpemmaraemoii merommke BBIOOpa MHUHEPaJbHBIX
no6asok g1 KMB  wucnomesyercs  knmaccudukanms
HAITOJHUTEJICH I IIEMEHTHBIX OETOHOB I10 ITOKA3aTeNI0 X
THUIPATAIIMOHHONW aKTHBHOCTH [14-16], mo3BomsIOmEMY
Hanbojiee TOYHO OLEHUTh BKJIAA  IOBEPXHOCTHOI
AKTUBHOCTH MHHEPAJIbHBIX HAMOIHHUTEIECH Ha XOJ TEUCHUS
MPOIECCOB, MPOTEKAIOIINX B THAPATHPYEMOH CHCTEME.

B ocHoBe ompeneneHns ImokasaTeins T'MAPATaMOHHON
AKTUBHOCTH MHUHEPAJbHBIX HAIOJHUTEIEH HCIOIb3YIOTCS
9KCIEPUMEHTAIBHO TIOJTyYEHHbIC rpaduyeckue
3aBHCHMOCTH PAaCIIpe/IeICHUs Ha UX NTOBEPXHOCTH LIEHTPOB
azncopOuuu ( B 3aBUCUMOCTH OT KOHCTAaHTBI KHCJIOTHOCTH
pKa, moxa3anHbIe Ha prc. 2 I 6a3aIbTOBOTO HAIIOIHUTEIS
u 301bl-yHoca TOC.
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Puc. 2. Pacnpenesnenue ueHTpoB agcopouuu J Ha

MOBEPXHOCTH 0232, IbTOBOr0 HanoaHuTe s (1) 1 30J1bI-

yHoca TIC (2) B 3aBHCHMOCTH OT KOHCTAHTBI

KucjaoTHOCcTH PKa

pKa

Ta6auna 2

Coaep:kaHue IIEHTPOB aICOPOIMH HA MOBEPXHOCTH MHHEPAJIbHBIX HANMOJTHUTENEN
Ne KonuuectBo nentpos Pi-10°, Mr-sks/r, B AuanasoHax 3Hadenuii | OOlnee KONHYECTBO
n/m | MuHepanbHbIH pKa LIEHTPOB, MI-3KB/T

HATOJIHUTEb -4...0 0...7 7...13 > 13
Pol Pxb Pob Pui p

1 ITecok kBapueBbIii 8,04 9,11 8,75 1,88 27,78
2 IMecok 6apxaHHBII 4,12 7,08 9,95 1,07 22,22
3 I'mrex 13,22 16,47 10,08 2,87 42,64
4 bazansT 23,41 22,15 11,16 1,96 58,68
5 03Il 41,18 5,48 9,34 1,14 57,14
6 OMII 6,61 23,88 16,37 4,32 51,18
7 3omna-ynoca TOC 43,14 27,61 11,77 5,32 87,84
8 111 102,08 24,88 12,62 2,14 141,72

Ipumeuanus. 1. Coxpawenus: O — omxoovl snexkmponnasuivho2o npouzeoocmea; OMII — omxo0bl medeniasunbHo20
npoussoocmsa; LI — yeonumcooepoicawas nopooa. 2. Obwee xonuuecmso yenmpos cocmasnsem P = Pyxs + P + Pol + Pop. 3.

LTI — yeorumcoodeparcawas nopooa

JIJis OLEHKH TOBEPXHOCTHBIX CBOWCTB MHUHEPAIBHBIX
HAaITOJTHUTEIEH TIPECTaBIACTCS nenecoo0pa3zHbIM
UCMOJIB30BHUE OOOOIIEHHOTO KpUTEpUs — TIOKa3arens
NPUBEICHHOM TUJIpaTallMOHHOM AKTUBHOCTH Ppga,
paccuuThIBAEMOro 1o Gopmyrie

Ppga = Pis + P + 0,33P0| - 0,1P0b (1)

re Pis, Pu, Pol, Pob — KoNIuecTBO 1IEHTPOB ancopOmm
cootBeTcTBEeHHO B 001acTax 0 < pKa < 7; pKa > 13,0; -4 <
pKa<0;7,0<pKa<13 B 10 mr-sks/r.

JlaHHBIT KpUTEpHUl, XapaKTepU3yIOIUH KHUCIOTHO-
OCHOBHBIE  CBOWCTBa  TMOBEPXHOCTH  MHHEPaIBbHBIX

HAITOJTHUTEIEeH, TI03BOJISIET Hay4HO-000CHOBAaHO
KIacCH(UIMPOBaTh  MUHEPAIbHBIE  HAMOIHHUTEIH IO
CTETEHH UX BO3JCHCTBHS Ha IEMEHTHbIE CHCTEMBI.

B ofmem cmydae mpemaraercs  cleayomas
KnacCUpUKalMs  MUHEPaIbHBIX  HAIOJNHMTENeH 1o
KPUTEPHIO Ppga — MOKa3aTeto IpUBEIEHHOM
THIpaTaliOHHON aKTHBHOCTH, XapaKTepH3yoIeMy
MNOTCHIMATBHYI0O KX O3(Q(EKTHBHOCT, B  IIEMEHTHBIX
CHCTEMax, OIIEHHBAaEMYIO COKpAI[EHHEM Pacxoja IIeMEeHTa
(Tabm. 3).
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Ta6auna 3
Knaccuduxanmsi MuHepaJbHbIX HANOJHHUTEJIEH 110 0KA3aTe/I0 NPUBEIEHHOH IMIPATAIIMOHHONH aKTHBHOCTH Ppga

Ne Tun MUHEpaTbHOTO HATIOJHUTENS | 3HAUYEHUS] KPUTEPHS CokpareHue pacxoa 1ieMeHTa, %
n/n Ppga, OTH. eJ1.

1 CnaboaKTHBHEII 0 <Ppga <10 Ho 10

2 CpeHEeaKTHBHBIH 10 < Ppga < 25 10-20

3 CHIbHOAKTHBHBIH 25 < Ppga < 50 20-30

4 CynepakTuBHbII Ppga > 50 30-50

Z[J'ISI HCIIOJIB30BAHHBIX B UCCJIEAOBAHUAX MUHEPAJIBHBIX

THIPATallMOHHON aKTUBHOCTH Ppga IpHBEEHBI B TA0I. 4.

HaTIOJIHUTENCH MOKa3aTeNu MpUBEIEHHOMN
Ta6anuna 4
3HavyeHnsi KpuTepusi Ppga 111 MUHEPAJIbHBIX HANOJHUTEIEH
Ne MusnepaibHbIN 3navenus pKa, OTH. en. IIpeobOpazoBanHbIe Kpurepu
/T | HAIOJHHUTENb 4.0 0...7 7...13 >13 JTAaHHBIE i Ppga,
Pol Pkb Pob Pui 0.33Poy 0.1 Poy | OTH. €A
1 Iecox 8,04 9,11 8,75 1,88 2,65 0,87 12,77
Ksapuessrit
2 Iecok OGapxaHHBIH 4,12 7,08 9,95 1,07 1,36 0,99 8,52
3 ex 13,22 16,47 10,08 2,87 4,36 1,01 22,39
4 bazanbT 23,41 22,15 11,16 1,96 7,72 1,12 30,71
5 ODI1 41,18 5,48 9,34 1,14 13,59 0,93 19,28
6 OMIT 6,61 23,88 16,37 4,32 2,18 1,64 28,74
7 3oma-yHoca 43,14 27,61 11,77 5,32 14,23 1,18 46,68
8 I 102,08 24,88 12,62 2,14 33,68 1,26 59,44

Ipumeuanue: O] — omxodvl dnexkmponiasutbHoz2o npouzsoocmsea;, OMII — omxoowvl medennasunrvro2o npouzsoocmea, LI —

yeonumcooepicauas nopooa

CpaBHUTENBHBI aHAIW3 NPUBEACHHBIX B Tabn. 4
MHHEPaJIbHBIX HAIIOJIHUTENEH 10 KPUTEPHIO Ppga O3BOIIAET
BBIIIOJIHUTh Ul HUX PAHXKUPOBKY OS(Q(EKTHBHOCTH B
[IEMEHTHBIX CHCTEMax ¥ 0XapaKTepH30BaTh UX IO CTEHECHH
AKTHBHOCTH: IIECOK OapXaHHBII — CIIA00aKTUBHBIN; MECOK
KBapueBblid, rimex, ODIl — cpenHeakTHBHEIE; 0a3aibT,
OMI], 3oma-yHoca AHrpeHckoit TOC — cHIbHOAKTUBHAA U
LEOIUTCOAEPIKAIIAs TOPOJIa — CyIePaKTHBHAS.

Pazpaborannas KITacCUpUKAUL MUHEPATBHBIX
HAaIlOJIHUTENICH MO TPEIOKEHHOMY KPHTEPHIO OICHKH
KHCJIOTHO-OCHOBHBIX CBOMCTB ITOBEPXHOCTH MHHEPAIBHBIX
HamosHuTeNei P pga TOKa3ama BBICOKYIO CXOAMMOCTH
MOJTyYEeHHBIX JaHHBIX C Pe3yJIbTaTaMH PaHee BBIITIOJIHEHHBIX
HCCIIeJOBAHMIT C MO3UINK OLCHKH HX 3G ()EKTUBHOCTH TIPH
MIPOSKTUPOBAHHUH PA3JIHYHBIX BUAOB LIEMEHTHBIX OCTOHOB 1
pacTBOPOB, YTO IIO3BOJMIIO MOJIOXKHTH €€ B OCHOBY
pa3paboTaHHOH METOIUKH HaydYHO 0O0CHOBAHHOTO BEIOOpa
9THX JO00ABOK AJIS TOJYYSHWs] PAlMOHAIBHBIX COCTaBOB
KMB [16].

3. 3akj04YeHue

IIpennoxxenHas kinaccuukanus MIACTHOUIUPYIOMNX
J006aBOK IT0 OTHOCUTEIIBHOMY ITOKA3aTEeINI0 TOBEPXHOCTHOTO
HATSDKEHUST M MHHEpaJbHBIX HAMOJHUTENeH TOo HX
MOBEPXHOCTHO-aKTHBHBIM cBoifcTBaM HO3BOJIMIIA
paH)XUpOBaTh TakHe MOAU(PUKATOPHI COOTBETCTBEHHO IIO
wiactudunupyomemMy 3(GGeKTy W akTHBHOCTH, KOTOpas
CIy’)KHT OCHOBAaHHEM JUIsl HayYHO-OOOCHOBAaHHOTO BBIOOpa
MOIU(UKATOPOB ~ NPH  MONYYEHHH, B  YaCTHOCTH,
BEICOKOKOHOMIYHEIX KMB ¢ TpebyembIMu mOKa3aTeIssMu
CBOMCTB.
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Mechanical activation of limestone and study of its granulometric composition

U.Kh. Abdullayev®?
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: 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
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Ohaktoshni mexanik faollashtirish va uning granulometrik tarkibini tadqiq
etish

Abdullayev U. X 102
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Magqola qattiq jismlarning mexanik yuklar ta’sirida faollashishi ularning erkin energiyasi, entropiyasi
(gaytarilmas ravishda targqaladigan 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.

Kalit so‘zlar: high-quality concrete, limestone, composite binders, performance indicators, polymers, concrete
strength, granulometric composition, durability, construction industry, innovative technologies, concrete
compositions, construction industry of Uzbekistan

1. Kirish Uchinchi bosgichda faollashtirilayotgan modda zarralari

o‘lchamlari kichrayib, bunda sirt qatlamidagi energiyaning

Qattiq jismlarning mexanik yuklar ta’sirida faollashishi kondensatsiyasi tufayli gattiq moddaning termodinamik

ularning erkin energiyasi, entropiyasi (qaytarilmas ravishda
tarqaladigan 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
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
bosqichda 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 qisqa vaqt va fagat past
haroratlarda saqlanadi. Haroratning 100 °S dan yuqori
darajaga ko‘tarilishi qoldiq kuchlanishlarning relaksatsiya
tezligini keskin oshiradi va mavjud goldig kuchlanish
zonalarini gisqartiradi.

& https://orcid.org/0000-0002-1289-879X

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 boshga 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 saqlanib qoladi [1-2].

2. Tadgigot metodikasi

Kul uchqindisi IESlarda ko ‘mirni yoqish natijasida hosil
bo‘ladi va elektrfiltrlar tomonidan tutib qolinib, so‘ng
maxsus to‘plagichlarda quruq holatda saqlanadi. Uning
dispersligi 3700 sm?/g ni zarralarning o‘rtacha diametri 6,3
mkm ni tashkil etadi. Tabiiyki yuqori 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 IIIJIM-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 qgildi. Tadqgiq etilayotgan
material domiy massaga gadar quritish javonida 105-110°C
haroratda quritildi. Maydalik darajasi IICX-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 tadgigot 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 tasdiglaydi. 50 daqiqa maydalangan
kukunning Ne008-sonli elakdagi qoldiglari 63.1 % dan 19.2
% gacha bir tekis kamayadi. Mexanik faollashtirishning 60-
dagiqasiga kelib elakdagi goldiq 19.2 % dan 27.2 % oshadi
va bu holda zarralarning yopishish holati kuzatildi. O‘z

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 giluvchi
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-tadqiqot instituti olimlarining
tadgiqotlarida  [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
oshirish uchun ular ko‘pincha bog‘lovchi kiritilishidan oldin
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‘Ichovli tizimda
juda faol bo‘ladi. Suyuq dispersli muhit bilan bir hil
yopishgqoq  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 giymatlari birdan past bo‘lishi
kerak. Qattiq fazaning past zichligida, suyuglikning yugqori
zichligi va kontaktlararo o°zaro ta’sirning muhim energiyasi
bilan 100 nm  o‘lchamdagi  zarralar  kolloid
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nanostrukturalarga tegishli bo‘ladi. Shu munosabat bilan,
100 mikronli  zarra  o‘lchami  tizimi  "sement—
mikroto‘ldirgich—suv" [4] nanozarralarining o‘rtacha
o‘lcham chegarasiga tegishli bo‘ladi.

Mikrokremnezem. Asosan beton ishlab chigarishda
qo‘llaniladigan, kelib chigishi 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
yugori faollikka ega qo‘shimcha sifatida ishlatiladi. Kelib
chiqishi 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 qorishmaning suvni ushlab turish qobiliyatini
yaxshilaydi. Bu qo‘shimcha qorishmaning suv iste’molini
ko‘paytirishi  bilan ajralib, shuning uchun 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. O‘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 yuqgori ion almashinuvchanlikka ega va
bog‘lovchilarning suv talabligi ortishiga olib keladi. Yuqori
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
boglovchi 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 74,5 %
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 chiqgindisini
qo‘shish (85-95 %) buyumlar mustahkamligi va sovuqga
chidamliligini oshirishga yordam beradi. Shu bilan birga,
ularning nisbiy sirt yuzasiga qarab 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 chiqgindilarini
binar qo‘shimcha "kvars-ohaktosh” sifatida foydalanish 55
% gacha bog‘lovchini tejash imkonini berishi isbotlangan
[10].

Kul uchgqindisi. Ko‘p sonli tadqiqotlar kelib chiqishi
texnogen bo‘lgan kullarni sement tizimida qo‘llashga
bag‘ishlangan.

Kul uchqindisi 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 galinligi 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
uchqgindisi 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 yugori faolligini
bashorat qilish omilidir. Kulda mavjud bo‘lgan polidispers
sferalar sillig 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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2-jadval
Karbonat jinsining mineral tarkibi
. . - Ohaktosh
Mineralogik tarkibi (%
eralogik tarkibi (%) (Muruntov)
Kalsit 98
Kvars 2
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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 muvofig.

Tadgiqot ishida respublikamizning qurilish materiallari
bozorida nisbatan 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 nisbati 0,27 ga teng deb gabul gilindi. Sement
hamiridagi superplastifikatorning dozasi 0,8 % ni tashkil
qildi. Konusning tarqalishini o‘Ichash vaqti sement xamirini
aralashtirish tugagandan so‘ng aniqlandi. Qorishmani
aralashtirish vaqti 6 dagigani tashkil etdi.

Olingan natijalarni o'zaro tagqoslash konusning
yoyilishining eng yuqori  giymatlariga  erishishda
polikarboksilat efirlari asosidagi POLIMIX plastifikatoridan
foydalanish magsadga muvofiqligini 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. Yuqgorida keltirilganlarni hisobga
olgan holda kimyoviy qo‘shimcha sifatidla ARMENT
CONSTRUCTION CHEMICALS firmasining POLIMIX
polikarboksilat efirlariga asoslangan yangi avlod yugqori
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 golgan 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 (ishqgorning 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. Turgunbaeva'®?, I.M. Makhamataliyev?, 1.0. Kuznetsova?
Tashkent state transport university, Tashkent, Uzbekistan
2 Emperor Alexander | St. Petersburg 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:

IlepcneKTHBBI UCNIOJIB30BAHUS BO3MOKHOCTEH MCKYCCTBEHHOI0 MHTEJLIIEKTA
B NIPOM3BO/JICTBE THIICO0ETOHHBIX MA30rpe0HEeBbIX MJINT

Typrynu6aesa JK.P.1©2 Maxamaraaues U.M.!, Kysnenosa 1.0.2
ITamkenTcKuit rocy1apCTBEHHBIN TPAHCTIOPTHBINA yHUBEPCHUTET, TalikeHT, Y306eKkucTan
[letepOyprekuii rocy1apcTBEHHbIN YHUBEPCUTET IyTelt coobmenus, Cankr-IlerepOypr, Poccus

AHHOTanUs: B nanHO# paboTe paccMaTpHBArOTCS IIEPCIEKTHBHI MPUMEHEHHS TEXHOJIOTMH HCKYyCCTBEHHOTO
naTemekra (M) B mpon3BoaACTBE TUTICOOETOHHBIX MA30TPEOHEBBIX IUTUT. AHATM3UPYIOTCS OCHOBHBIE
STambI IPOU3BOCTBEHHOTO MPOIECCa, T/I€ BO3MOXKHO BHEPEHNE HHTEIUICKTYTbHBIX CHCTEM, BKITFOUAst
ABTOMAaTH3UPOBAHHOE MPOEKTHPOBAHHE COCTABOB, KOHTPOJb KA4eCTBA CHIPHSI M NMPOIYKIHH, a TaKKe
ONITHMH3AIMIO JIOTHCTHKA M 3Hepro3arpar. Ocoboe BHUMaHHE yJENEHO HCHOJB30BAaHUIO METOJOB
MAalIMHHOTO OOYy4YeHMsl A8 TPOTHO3MPOBAHHS IPOYHOCTHBIX XapaKTePHCTHK IUIMT Ha OCHOBE
nmapaMeTpoB CBIpbs M ycCioBUi mpousBoictBa. OtmeueHo, uto BHenapenue WU cmocoOcTByeT
MOBBIIICHUIO TOYHOCTH, CHWKEHHUIO INPOM3BOJICTBEHHBIX H3JIEPXKEK M YIYYIICHHIO 3KOJOTHYECKOi
ycroiunBocTi. PaboTa momyepkuBaeT BBHICOKHMI MOTEHIHMAN MU(POBH3ALMN M WHTEIUICKTYaIN3aluu
CTPOUTENHHON OTpAciH ¢ UCTIONIb30BaHUEM cOBpeMeHHbIX MM -TexHonorui.

UCKYCCTBEHHBI WHTEIUIEKT, TUICOOETOH, Ma3orpeOHeBast IUINTA, aBTOMATH3aIMs IIPOHM3BOJICTBA,
(POBHU3AIMSA  CTPOUTENBHOW OTPACIH, KOHTPOJb KadecTBa, ONTHMH3AINS HPOU3BOACTBEHHBIX
MPOIECCOB, CTPOUTENBHBIE MAaTEePHAIIbI, HHTEIEKTYIbHBIE CHCTEMbI

KmoueBsie ciioBa:

UHTEIUIEKTY JUIi MOJIOJEXKH U CIELHaNIUCTOB Oyner
CIOCOOCTBOBATh K 3HAUYUTENFHOMY MPOTPECCY B IKOHOMHUKE

1. BBeaenue

B pamkax "Crparermm pa3BHTHS  TEXHOJOTHH
UCKyCCTBEHHOTr0 nHTeekTa 10 2030 rona" yTBep kK IeHHOH
nocranoBnenueM IIpesunenta PecryOmanku Y30eknucran ot
14 oxtsa6ps 2024 roma, ompeAeNeHbl MPUOPHTETHHIC
HaIlpaBJICHUs, TaKUe KaK BHEJIPEHHE NPOEKTOB HAa OCHOBE
MCKYCCTBEHHOTO HHTEJUISKTa B CTpaHe, (OPMHpOBAHHUE
TEXHUYECKOIl MH(QPACTPyKTyphl W LIMPOKOE IPHMEHEHHE
BO3MOXXHOCTeH MCKyccTBeHHoro wuHreuiekta (MU) B
TEXHOJIOTHIECKHX IPOIIECCax BO BCEX OTPACISIX IKOHOMHKHI
u coepax xwu3HU. Pa3Butme nUQPOBON SKOHOMHKH B
V36ekucrane, d¢pdexktuBHoe  BHeapenme WU u
MHHOBAIIMOHHBIX TEXHOJIOTHH B IIPOM3BOJCTBO, a TaKKe
IpEeIOCTaBICHNUs NEPEeOBbIX 3HAHUII MO0 MCKYCCTBEHHOMY

all¥ https://orcid.org/0000-0001-6961-595X

U YCTOHUUBOMY €€ Pa3BUTHIO.

Brenpenue wuckycctBeHHoro wuHtemuekta (MU) B
npou3BoacTBo masorpedHeBbix mmt (IIIIT), Moxker OBITH
OYCHb TMOJNE3HBIM C TOYKM 3PEHUS ONTHMH3AINU
TEXHOJIOTHIECKHX  IIPOIECCOB, YIy4IICHHsS KadyecTBa
MPOIYKIMHU U TTOBEIIIEHHs 3()(hEKTHBHOCTH IIPOM3BOCTBA.

[TazorpedneBsie mnThl (IITTI) — 3TO cTpouTEnbHBIE
MaTepHanbl, KOTOPble MPEICTaBISIIOT CO0OH  IUIUTEL,
U3TOTOBJICHHBIE W3 THUIICA W ApMUPOBAHHBIE CETKOH, ¢
CHCTEMOH Na30B U rpeOHell Ha OOKOBBIX OBEPXHOCTAX. ITO
MO3BOJSIET WX JIETKO M OBICTPO MOHTHPOBATH, CO37aBast
KpeInKue U yCToMuuBbIe coeAuHeHust Mexxay rmuramu. TITTI
UMEIOT CTaHJApTHBIE pa3Mephl, KOTOphle OOJIerdaoT
TPaHCIOPTUPOBKY U MOHTaX. [LITUTEI OCTaTOYHO JIETKHE IO
BECy, HO MPHU 3TOM 00JIAJAIOT XOPOIIUMHU MPOYHOCTHBIMH
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xapakrepuctukamu. III'TI wacto wucmonmb3yroTcs A
BO3BEICHHUS BHYTPEHHHX IIEPETOPOJOK B OKWIBIX U
KOMMEpUYECKHX 3JaHMSIX, TaK KaKk OHH O0eCIeunBaloT
XOPOILYIO 3BYKO- M TEIUIOU30JIuI0. JIerkocTs MaTepuana
JieNaeT ero MOAXOAAIINM UL CTPOUTENbCTBA B paifoHax ¢

v add
£

IIpoussomurenn III'TI  cemeiiHoro  mpennpusATHsS
"HopkynoB-My6opak" CTalKHBaIOTCS C PSIOM HPOOIEM,
KOTOpBIE MOTYT IIOBIHATH Ha CeOECTOMMOCTh M KayeCTBO
npoxaykiuu. [IpousBoactBo II'TI TpeOyeT 3HAYMTENBHBIX
SHEpreTHYEeCKUX 3aTpaT, OCOOEHHO HAa JTale CymKH U
(dopmoBanus uznenus. HecrabuiipHOE Ka4yecTBO NPOAYKIIMU
TEXHOJIOTHYECKHE  TOTPEITHOCTH  TPeOYIOT  CTPOTOro
COOMIONEHNT  TEXHOJOTMYECKOTO  PEriJaMeHTa, HHade
BO3MOXXHBI IPOOJIEMBI C Ka4eCTBOM: IUTUTKH MOT'YT MMETh
nedeKThl, TaKue KaK TPEIIMHBI, HepaBHOMEpPHAs INIOTHOCTh
WM HenpaBWibHBIE pa3Mepbl. CoOnoneHne BIaXHOCTH U
TeMIIepaTypbl YCIOBHH XpaHEHHS M TPaHCIOPTUPOBKU
U3eNMH, a TakXKe YCTOHYMBOCTb K TEMIIepaTypHBIM
KoneGaHUsIM B TIPOIECCEe MPOU3BOACTBA Takke OYEHBb
Ba)kHBI. HenpaBHIEHBIM KOHTPOJB 3a 3TUMHU NapaMeTpaMu
MOXET TPHUBECTH K Je(opMaIyy IINT WIH yXyAMICHHIO X
SKCIUIyaTallUOHHBIX ~ XapaKTEPUCTHK. OrpaHudeHHas
JKM3HECIIOCOOHOCTh HA pPBIHKE B YCIOBHSX pacTymiei
KOHKYPEHIIUH U TIOSBJICHHS HOBBIX albTePHATUBHBIX
Marepuaios, 3actasisier npousBoauteneit [1I'TI nocrosiHHO
pabotath Hax yNydIIEHHEM KadecTBa  IPOIYKIUH,
CHIDKEHHEM ce0eCTONMOCTH u pacmmpeHneM
aCCOPTHUMEHTA.

B memom, s mpeomoneHWs 3THX  mpoOusieM
npomsBogutersiM  [II'TI HeoOXoauMO WHBECTHPOBATH B
COBPEMEHHbIE TEXHOJIOTHHM, JUIsl YIy4lleHHs KauecTBa
CBIPBS, @ TaKKE ONTHMH3ALMIO TMPOU3BOACTBEHHBIX
MPOLECCOB ISl CHIDKEHUsl 3aTpaT UM TOBBINIEHUS
YCTOMYMBOCTH TPOAYKLIUM Ha phIHKE. Jlnsa pemeHus
CTOSIIIUX  Tepe]] TPOM3BOAUTENIIMH  3TUX  IpodiIeM
NIpeJCTaBIsIeTCA 1esecoo0pa3HbIM HCIIOJIb30BAHUE
BO3MOXKHOCTeH HCKyccTBeHHOro wuHTemtekta (M) mpm
npomsBogcte [II'TI, koTopeli MoXeT OBITH OYEHb
TIONIE3HBIM C TOUKH 3PEHUS ONTUMH3AI[HN TEXHOIOTHYECKUX
MPOLIECCOB, a TaKXKe YMy4dlIeHHs KauecTBa MPOTYKIMU U
HoBbILIeHUS YQ(HEKTHBHOCTH TPOU3BOJICTBA.

Puc. 1. [Tazorpe6nenbie miautsl (IIT'), npouzsBoaumas B CII "HopkynoB-MyGopak"

MOBBIICHHBIMU TPEOOBAaHMAMHU K CEHCMOYCTOWYMBOCTH.
IIpeumymecta IIIMI — »93TO0 mpocToTa MOHTaXa,
9KOJIOTHYHOCTb, BBICOKAst CTENeHb TernIo- u
3BYKOM3OJIALMH, & TAK)KE OTHECTOHKOCTH (puc. 1).

2. MeToa0J10r1e MCCJIeA0BAHUS

Hcnons3oBanue BO3MOXHOCTEH  HCKYCCTBEHHOIO
untemiekta (M) B mpoussoacteo [II'T1 moxkeT BKITFOUATH
HECKOJBKO METOJIOB, KOTOpHIE IOMOTYT  YJIy4IIUTh
TEXHOJIOTHYECKAE  TPOLECCHl,  TOBBICUTH  Ka4eCTBO
NPOJYKIMH W CHHU3UTH IPOM3BOJICTBEHHBIE W3/IEPIKKU.
Hcnons3zoBanne MM mpu mIaHUpOBaHWM MPOM3BOACTBA
JIaCT BO3MOXKHOCTh aHAIIM3UPOBATH JAHHBIE O JOCTYITHOCTH
CBHIPBEBBIX ~MAaTEpPHAJIOB, YTO OyAET CHOCOOCTBOBATH
COKpAIlICHWI0 BpPEMEHH Ha BBHINOJHEHHWE 3aKa30B U
TOBBIIICHUIO THOKOCTH  TPOM3BOJACTBA. AHAIM3 U
VIOpaBICHHE JHEPreTHYECKUMH pecypcaMd Uil X
MOHHTOPHHTA B TPOLECCE MPOM3BOACTBA TAKKE MO3BOJIUT
CHM3UTH 3aTpaTbl Ha OSHEPropecypcsl W  MOBBICHTh
JKOJIOTHUECKYIO YCTOHYMBOCTD NPEIIPHSATHSI.

Posas UM B coBpeMeHHBIX MPOU3BOICTBEHHBIX
npoueccax

Buenpenne wuckycctBeHHoro wuHremmiekra (MU) B
pa3IMYHBIC OTPACIH YKE ITOKa3ajI0 CBOKO 3 HeKTUBHOCTE, U
MHOTHE TIPOU3BOJCTBEHHBIC TMPOLECCHl CTalM  Oolee
aBTOMATH3WPOBAHHBIMU U ONITUMU3UPOBAHHBIME OJIaroaps
IIepeIOBBIM TEXHOJIOTHAM. BHenpeHue 3TUX TexXHONOTUil
IIPU TPOU3BOJCTBE IOMOXKET PELINTh TaKHe aKTyallbHbIE
npoOJIeMBI KaK:

° MoHuTOpPHHT KaYecTBa: HCIIOJIb30BaHUE
KOMITBIOTEPHOTO 3pEHHUS [UISl BBISIBICHUS Je(DEKTOB IUTHT B
peaJbHOM  BPEMEHH,  aBTOMATHYECKOE  OTKJIOHEHHE
JeEKTHBIX U3ICTHH.

° IIporHo3upoBanue cmpoca: aHalW3 JaHHBIX O
MOTPEOUTENECKUX — MPEIIIOYTCHUAX ¥ TPeHIax s
ONTUMH3ALIUN TPOHM3BOJACTBA IUTUT ¥ MHHUMH3AIUH
CKJIaJICKHX OCTATKOB.

L4 OnTumu3zanus pacxoaa MaTepuaioB u
JHEeprum: HCNOJIb30BaHUE nn JJIA ONTUMHU3ALNU
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MPOLECCOB C IIENbI0 CHIDKEHHUS IOTEPh MaTEpPUalioB U
SHEpro3arTpar.

ABTOMaTH3allMsl H TOYHOCTH IPOHM3BOACTBEHHOIO
mpouecca: HCHOJb30BaHUE POOOTOB M aBTOMATHYECKUX
CHUCTEM yIOpaBICHUSA [ YHOPOLIEHUS U YCKOPEHUs
TEXHOJIOTMUECKUX onepanuil. Hcnone3oBanue

aBTOMaTu3alu IIPOHU3BOACTBCHHOTO IpPOLCCCa ITO3BOJIMT

=55

Puc. 2. ABTOMaTu3auusi 1 TOYHOCTH TEXHOJIOTHYECKHX nmpoueccos Npou3BoaACTBa Irm

W3 mpuBeneHHbIX BhIIE NPUMEPOB BUAHO, kak WU
MOJKET CYLIECTBEHHO YJIYy4YLIMTh IPOLECCHI, CBA3aHHBIE C
MIPOM3BOJCTBOM, KOHTPOJIEM KadecTBa U JIOTUCTHKOM, a
TaKOKe TIOMOYb B IPOTHO3MPOBAHUH M ONTUMHU3ALUK CObITA
npoxnykuuu. Baeapenne U B npoussozactso II'TI moxxet
TIPUHECTH CXOXXHE€ MPEHMYINECTBa, BKIIOYAsl IMOBBIINICHHE
KadecTBa, CHIDKCHHME 3aTpaT M IIOBBINIEHHE oOrmeit
3(h(eKTHBHOCTH MTPOU3BOJCTBEHHOTO MIPOIIECcCa.

IIpenmymectBa BHEJPEHUS nn CHIKEHHE
ce0eCTOMMOCTH  MPOJYKLHUH, YIydIICHHE KauyecTBa U
MHMHMMHM3aIUs Opaka, MOBBIIIEHHE MPOU3BOJUTEIBHOCTH,
CHIDKGHHME DJKOJOTHMYECKMX PHCKOB (Hampumep, uepes
yYMEHBIIEHHE OTXO/I0B).

HcnonszoBanune Bo3moxkHocteit MU B mpousBoacTBe, B
yacTHOcTH Tipu npomsBoxacTtBe [II'TI, mecer c¢ coboit
OTIPE/IENICHHBIE BBI30BBI M TPYAHOCTH, OJHUM U3 KOTOPBIX
SBIAIOTCS  BBICOKHE  IEePBOHAYAJbHBIE  3aTPAThI.
PaccmoTtpuM noxpoOHee, KakMe UMEHHO DPacXojbl MOTYT
ObITb CBsI3aHBI ¢ BHeApeHWeM TexHomoruid MU, a Taxke
KaKH{e Mepbl MOT'YT OBITh NPEIIPUHATBI JUI UX CHIKEHUS.

rapaHTHPOBATh BBICOKYIO TOYHOCTH B IIPOM3BOACTBE I1a30B
U TpeOHelH, 9TO yMEHBIINT KOJIMIECTBO NePEKTHBIX IUIHT 1
MOBBICHT 3(@QeKTHBHOCT, MOHTaXa. B ommume ot
TPaANIMOHHOTO TPOM3BOJICTBA, I7Ie BO3MOXKHBI OIIMOKH B
mporecce  3allMBKH, HCIIOJIb30BaHHE ABTOMATHYECKHX
CHCTEM YIpaBJeHHs HCKIIF0UaeT 3ToT (akrop (puc. 2).

Jnsa sddexruBroro BHenpenuss M B mpousBoacTBO
Tpebyercs crenuansHoe 000pyaoBaHHe U HHPPACTPYKTypa.
DTO MOTYT OBITh CEHCOPBI ¥ KaMephI JJIsl COOPKH JTaHHBIX B
peansHOM BpeMeHH (Harmpumep, Ui KOHTPOJIST KadyecTBa
IUNIIT C MCIOJb30BaHUEM KOMIBIOTEPHOIO 3peHUs). DTH
YCTPOMCTBA MOTYT OBITH JJOPOTOCTOSIIIUMH, OCOOSHHO €CITN
OHU JIOJDKHBEI OBITH BBICOKOTEXHOJIOTHIHBIMH M CIIOCOOHEI
paboTaTh B CIOKHBIX YCIOBHSAX MPOU3BOACTBA. 3aTPaTHI HA
pa3paboTKy W BHEAPEHUE MPOTpaMMHOTro obecnieuerns M-
CHCTEMBI HY’KAI0TCS B CIeLUATN3UPOBAHHOM
HNPOrpaMMHOM  O00ECIIEUeHHH, KOTOpOE  HE0OXOIHMO
pa3paboTaTh W ajanTHpOBaTh IO  crenuduueckue
TpeGOBaHUs MPOU3BOACTBA 3TO Pa3pabOTKa aNrOPUTMOB U
Mozeneil 11 oOpaboTKM TAaHHBIX M HPHHATHS PEIMICHUI
(HampuMep, Uit aHanmm3a Ae(EeKTOB Ha IUINTAX WIIH
NPOTHO3WPOBAHMSA  ONTHMAJbHBIX  MapaMeTpoB  JUISA
MIPOM3BOJICTBA). DTO TpeOyeT MPUBIICUCHHS CIICIIHAIHCTOB B
00acTH  MaIIMHHOTO  OOYYeHHWs, 4YTO CBf3aHO C
JIOTIOJIHUTEIIbHBIMH PACXOJIAMH.

Mepsl 1O CHIKEHUIO 3aTpaT, HECMOTPS Ha BBICOKHE
NEePBOHAYAIbHBIC  3aTPaThl, CYLIECTBYET  HECKOJIbKO
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MOAXO/0B, KOTOPbIE MOTYT IOMOYb CHH3UTh (DUHAHCOBYIO
HarpysKy Ha IpeAnpusTHe:

Mocrenennoe BHeapennme MU: Bmecto Toro 49toObr
cpa3sy HHTErpHpOBaTh BCE CHCTEMBI, MOXXHO HadaTh C
MIIOTHBIX TIPOEKTOB, BHeApsis MU moctenenHo, HaunHas ¢
OIIPE/IENICHHBIX yYacTKOB MM IIPOLECCOB (HANpHMeED,
aBTOMAaTH3allUsl KOHTPOJNS KadecTBa). OTO TMO3BOJIUT
CHU3UTb PHCKU U PACTSIHYTh 3aTPATHI.

TI'ocynapcTBenHble cyOcuauu M rpantbl: Bo MHOTHX
CTpaHax CYIIECTBYIOT IPOTPaMMBI MOJIEP>KKH MHHOBAINIT
W TEXHOJOTHYECKUX IPpeoOpa3oBaHUil UIS NPEANPHUSTHH,
0COOCHHO B TakWX OOJAacTSIX, Kak aBTOMaTH3aLUsI
MIPOM3BOJCTBA. DTO MOXET INOMOYh CHHU3HUTH HadajbHBIE
3aTparThl.

ITapTHEpPCTBA C TEXHOTOTHYECKHUMH KOMIIAaHUsAMH: B
HEKOTOPBIX ~ ClIy4asgX  BBITOJHO  COTPYAHHYATh  C
KOMIaHUSMH, KOTOPBIE YK€ IPEUIaraloT FOTOBBIE PEIICHHUs
Juis aproMatusauuu U WM. DT0 MoXkeT cylecTBeHHO
CHH3UTB PAcX0/Ibl Ha pa3paboTKy COOCTBEHHBIX TEXHOJIOT Uit
C HyJIAL.

Xota BHeapenue MU B mpoussoxactso INII'TT moxer
MoTpedoBaTh 3HAYUTEIBHBIX EPBOHAYAIBHBIX HHBECTUIINI
B 000pyIOBaHKe, IPOrpaMMHOE obecrieueHne u o0ydeHne
MepcoHana, 3TU 3aTpaThl MOTYT OBITh OIpaBAaHBl B
JONTOCPOYHON  MEpCHeKTHBE 3a CYeT  yBEIUUCHUS
NPOU3BOJUTEIBHOCTH,  CHIDKEHHS  CEOECTOMMOCTH U
yIy4OIeHHs KadecTBa NPOAYKIMH. BaKHO TIIATEIBHO
HpOIyMaTh CTpAaTerHio BHEJIPCHNS, 4TOOBI
MHHUMU3UPOBATh PUCKH M 3(QQPEKTHBHO HCIIOIB30BATH
JOCTYTIHBIE PECYPCHIL.

B Oynymem maTerpamus MW u npyrux TexHoioruit B
MIPOMU3BOJCTBO CTPOMUTENBbHBIX MAaTEPHUANOB, TAaKUX Kak
npousBoacTBo III'TI, OTKpbIBa€T HOBBIE BO3MOXHOCTH K
3HAUUTENFHOMY TIPOTPecCy Kak B cdepe IKOHOMHIECKOI
YCTOWYMBOCTH IPEINPUATHS, TaK U 3HEProdpQeKTHBHOCTH
u 3KOJIOTHUYECKOH 6e30macHOCTH MIPOU3BOICTBA.
VHHOBallMOHHBIE TEXHOJIOTHH, TaKHe KaK HCIOJIb30BaHHE
WM nns onTHMH3alMu cocTaBa MaTEpUalioB, BHEIPEHUE
TexHosoruu 3D-TmevaTH, co3JaHNe YMHBIX CTPOUTENBHBIX
KOMITOHEHTOB u HHTETPaInu Wnrepuera B
uHpOpMaIMOHHOe  obecriedeHne, OyIyT HE TOJIBKO
yIy4IOIaTh  I[POM3BOJCTBEHHBIE  MHPOIECCH, HO U
crocoOCTBOBaTh  co3maHMio  Oonmee  3()(EKTUBHBIX
MaTepuaIoB AJIs U3TOTOBJICHMS M3JENUIl U KOHCTPYKIIHH,
COOTBETCTBYIOLINX 3KOJIOTMYECKUM CTaHAapTaM Oyaymiero.

3. 3akiouyeHue

TlomBons urorm U3y4eHUs: BOmpoca 00 HUCIONBE30BaHUHU
Bo3MmoxkHocted U B mpousBoactee III'T] u panpHeimux
MEpPCIEeKTUBAX €ro BHEIPEHHs, MOKHO 3aKIIOUUTh, YTO 3TO
JacT OecCropHbIe MPEUMYILECTBa KaK IPOU3BOIUTENAM, TaK
u motrpeburensm. MM wMeeT OrpOMHBIN MOTEHIMAT IS
PEBONIONMOHU3ANAN  MPOM3BOJCTBA  THIICOOCTOHHBIX
ma3orpeOHeBbIX MT. Mcmons3oBanue Bo3mMoxHocTen U
HECOMHEHHO MPUBEET K YIYUIIEHUIO KayecTBa MPOyKIHUH,
MOBBIIICHHIO  JHEProd(P(EKTUBHOCTH  TMPOU3BOJCTBA,
CHI)KEHHIO ce0eCTOMMOCTH M3/IeNuii u Gonee ycToHUNBOMY
SKOHOMHMYECKOMY  COCTOSIHUIO  mpemnpustus. s
npousBoauteneil runcoberoHusix III'TI 3to o3Hawaer
yBeJIMYEHHE NMPUOBLIM U KOHKYPEHTOCIIOCOOHOCTH, a Ui
moTpeduTeneii — JOCTYH K BBICOKOKAYECTBEHHBIM,
9KOJIOTUYECKH YHCTHIM KU 3KOHOMHYHBIM CTPOHUTEIbHBIM
marepuaiam u usgenusm. Buenpenue MU B 3Ty otpacnp —

3TO HE TOJNBKO IIAr K WHHOBAIMAM, HO M BaXKHBII BKIad B
ycToiunBoe OyayIiee CTPOUTETLHON HHTY CTPHH.
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Thermophysical properties of multicomponent building materials during heat

Abstract:

Keywords:

and moisture treatment using solar energy

A.Kh. Alinazarovi®a A A. Tukhtabaev®P S.A. Adasheval@c

INamangan 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

Tenopusnyeckne CBOMCTBA MHOTOKOMIIOHEHTHBIX CTPOMTEIBbHbBIX
MAaTepPUAJIOB NP TEIJIOBJIAKHOCTHOH 00padoTKe ¢ MCIO0JIb30BAHUEM

COJIHEYHOM IHEPIruu

Aamnazapos A.X.}02 Tyxra6ae A.A.}10° Anamesa C.A.10C

'Hamanranckuii rocy1apcTBeHHBIN TeXxHUUECKUH yHUBepcHTeT, HamanraH, Y36ekucTan

AuHOTALMS:

KroueBnie cioBa:

B cratee paccMoTpeHO TeruioM3MYEecKHe CBOMCTBA CTPOUTENBHBIX MAaTepHalIOB M H3ACIUA Ha MX
OCHOBE IIPH TelNHOTeIUIoBOM 00paboTku. IlokasaHa ¢opMHUpoBaHHE BeNUYUHBI KO3((HUIHEHTA
TEIUIONPOBOAHOCTH OCHOBOIIONIArarolee BIMSHHE OyAyT HMETh TEIJIONPOBOJHOCTh TBEPACHOIIETO
CKeJeTa W 3allONHAIONICH Cpeabl U KOHBEKTHBHAS COCTABISIONIAs, a TaKKe MEpeHOC TeIlla 3a CY4ET
HepeMeIeHHs] MacC. Y CTaHOBIEHA, YTO PEryJIMpOBaHUs TEIIO(PU3NIECKUX CBOWCTB KOMIIO3HIIHOHHBIX
U3eTnil MyTEM TeNMOTEITIOXMMHUYECKOTO BO3JICHCTBHSA MO W B IIEPHOJ| CTPYKTYypooOpa3oBaHMS
BO3MOXKHO PETYJIMPOBAHHEM IMOPOBOIl CTPYKTYPBI, BIAKHOCTH, JHUCIIEPCHOCTH OCHOBHOTO CIIAraeMOro
BEIECTBA, PEXUMa TEMIIEPAaTypHOTO BO3ACHCTBHS, OT BHIAa W KOJMYECTBA MOAWU(DHIMPOBAHHO-
IacTHGUIUPYIOMNX 100aBOK.

TeIIo(pHU3NIECKUe CBOMCTBA, CTPOUTENBHBIE MaTEpUalbl, COJMHEYHAs JHEpTHs, MopoBas CTPYKTYpa,
YIpaBIEHHE CTPOCHHEM, OTXOJbl IPOU3BOJCTBA, TIEIMOTEIIOBas 00pabOTKa, TEINIONPOBOIHOCTS,
ylebHas TeII0EMKOCTh

1. BBeaenmue

I'moGanbHOE COKpAIlEHHE 3HEPropecypcoB Tpedyer
PE3KOT0 MOBBIMICHNST 3HEProd(hPEeKTHBHOCTH B OTpacin
TIPOU3BOJICTBA CTPOUTEINIBHBIX MaTepHasoB.
Oueprerudeckuii kpusuc XX Beka Iokaszanr He00X0ANMOCTh
JUIsL  CTPOMTEJBHOM OTpacid TIOBBILICHHS LEH Ha
JHEPrOHOCUTENM, CO3JaHHsS W BHEAPCHUS pecypco- u
9HeprocOeperalnX  TEXHOJOTMH B NPOHM3BOJCTBE
CTPOUTENIBHBIX MaTepPHAJIOB U U3JENHH, B CBSI3H C 3TUM B
cepe CTPOUTETBHBIX MaTePHAIOB OJHOW M3 BaXKHBIX 33134
ABJISIETCS a¢dexTrBHOE UCIIOJIb30BaHUE
3HEProcOeperaroInX TEXHOIOTHH, MPOU3BOJACTBO HOBBIX
CTPOUTENBHBIX MaTepHAIOB Ha OCHOBE IPOMBIIIICHHBIX
OTXOJIOB, COBEPLICHCTBOBAHHE HX TEXHOJIOTHH, YIy4IICHHE
HX CTPOUTEIBHO-TEXHHMYECKHX M  JKCIUTyaTallHOHHBIX
CBOMCTB.

https://orcid.org/0000-0001-5117-4252
bl https://orcid.org/0009-0006-2968-0179

B mocnennue roxsl MaTepHANOBEIaMH M CTPOUTENISIMA
BCETO ~ MHpa  TIPOBOJUTCS ~ MHOXKECTBO  HAYJHO-
HCCIIEI0BATENBCKUX paoor, HaIpaBJICHHBIX Ha
HCIIOJIb30BAHUE BO30OHOBIISIEMBIX UCTOUHHKOB 3HEPTUU, B
TOM YHCJIE COJTHEYHOM 3HEPruu, B CTPOUTEIBHOI OTpaciu.
Hcnonb3oBaHue  BTOPHYHBIX ~ peCypcoB,  pa3paboTka
9Heprod((GEeKTUBHBIX ~ TEXHOJNOTHMH WX  IOJy4eHHs,
HEWTpanm3amys OSKOJOTHYECKH BpPEIHBIX TEXHOTEHHBIX
OTXOJIOB SABISAIOTCS OJHMMH W3 aKTyaJbHBIX 3ajad.
VYTunm3anust IpOMBIIUICHHBIX OTXOAOB IO3BOJISIET PEIIUTh
JIBE€ Ba)KHbIE NMPOOJIEMBI - NPEIOTBPALCHUE 3arpsA3HEHUS
OKpY’Kalolllell cpeapl, a TakkKe HOCTHKEHHE BBICOKOM
JKOHOMHYECKOH A(P(EKTUBHOCTH TpPU  U3TOTOBJICHHH
Pa3NNYHBIX CTPOUTEIBHBIX MAaTEPUAIOB U U3JIENIHUI.

JlutepatypHslii ananu3s. Temnodusndeckne cBoicTBa
MHOTOKOMITOHEHTHBIX MAaTepHANOB 3aBHCAT OT MHOTHX
(axTOpoB W B TIEpBYIO OdYepens OT OOBEMHOI Macchl,
MOPOBOM CTPYKTYPHI, BITQ)KHOCTH u pexnMa
TeTMOTEIUIOX MMUYIECKOU 00pabOoTKH.

¢ https://orcid.org/0009-0000-4659-2353
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ITosToMy, ympaBiss CTPOCHHEM M CTPYKTYPHBIMU
XapaKTepHUCTHKAMH, MOXHO co31aBaTh 3 (EeKTUBHBIC
MaTepuaibl € YIYYIICHHBIMH  TEIIO(QM3HIECKHMHI
XapakTepucTUKaMu [1].

Orpaxzaaromye KOHCTPYKINH, B YaCTHOCTH MaTepHaJIbl
U3 30JI0IIEMEHTHBIX CMECel Ha OCHOBE 30JIOIITAKOBBIX
orxogoB TOC mpencraBisioT coOOH MENIKOINOPHUCTHII
MaTepuan, B KOTOPOM CIIEINIEHHE 3epeH MexXTy co0oit
OCYIIECTBIIAETCS TOJNBKO B MECTaX TOYEUHBIX KOHTAKTOB. B
MEJIKO3EpHHUCTEIX MHOTOKOMITOHEHTHBIX H3IENVsIX,
Omaromapss MajoMy  pa3Mepy  MEXK3EpHOBBIX  IIOp,
KOHBEKTUBHBIH TEIUIOOOMEH CBOJUTCS K MHHHMYMY,
MOATOMYy B TaKkOM MaTepuaje JIOTHYHO OXXHIATh

OIITUMAIILHOE COYCTaHUE HPOYHOCTHBIX u
TeII0()U3NIECKUX CBOICTB.

Tax KaK HOBBILICHUE TeMIIEPaTypbI
CTPYKTYpoOoOpasyroreit cpensl pH re-

JMOTEIUIOXUMUYECKOM BO3ACHCTBHU yCKOpSIET MpOoLEecc
TBEP/ICHUS 30JIOLEMEHTHOTO M3IENHs, TO KO3()(UIUESHTH
TEILIO-MacCcONepeHoca OymyT  3aBHCETh u oT
TeMIIepaTypHOro pexuma [2].

TermnonpoBogHOCTH CTPYKTypOOOpa3yIomero
30JIOLIEMEHTHOTO ~ MaTepuala 3aBHCHT OT  (PU3UKO-
XUMHYECKOH CTPYKTYpHI, IUIOTHOCTH TBEPHOH (assl,
BJIArOCOJCPKaHUSI ¥ BHYTPEHHETO JABICHUS IapoTra30BOit
cpenbl u cocrapisieT -0,28...0,32 Br/m. °C.

IIpn 5TOM TEIuIONpPOBOIHOCTH TBEPIBIX (a3, B CBS3H C
($a3oBEIMM M CTPYKTYPHBIMH  IIpeoOpa3oBaHUSIMU,
NPOUCXOMSAIIMMH B 30JIOLEMEHTHOM  W3JCNNH, HpHU
THIpaTalyiy [IEMEHTa, CO BpEMEHEM yBenuauBaetcs [3].

Ilepenoc Temma BHYTpH TOp  OCYIIECTBISIETCS
KOHBEKIIMEH U TETJIOMPOBOIHOCTHIO CPEIBI, 3aTIONHSIOMINE
HOpHl MyTEM M3ITydeHus. BnusHUE mTydmcToro mepeHoca
TeIa C Pa3BUTHEM PEAKIHH THAPATAlUH U TOSBICHHEM
KOHTPaKIMOHHBEIX TOp, JHMaMETP KOTOPBIX 3HAYUTENBHO
MEHBIIE 2 MM, PE3KO CHIDKAETCs, © UM MOXHO TpeHeOpeys.
TeronpoBoIHOCTE  3aIONIHSIONICH Cpelbl C TeYeHHeM
BPEMEHM W3-3a CTOKAa BOABI HAa THUIpATalMI0 M|
npeoOpa3oBaHWsl B Mmopax  OyAeT  yMEHBIIAThHCS.
CrnenoBaTenbHO, Ha (hopmupoBaHHe BEUYHNHBI
koo duIrieHTa TEIUIONPOBOAHOCTH OCHOBOIIOJIATAIOIIEE
BIMSIHHE OyXyT MMETh TEIUIONPOBOJHOCTH TBEPACIOUIETO
CKeJlera W 3aloNHSIOmeH Ccpeibl M KOHBEKTHBHAsS
COCTAaBIAIONIAs, a TaKkKe MEepeHoc TemIa 3a Cuér
HepeMenieHus Macc.

Bo BpeMs CTPYKTypOOOpa3oBaHuUs npu
TETUOTEIUIOXUMHIUECKOH  00paboTKe HU3MEHSIETCSI
kodurmeHT TEIUIONIPOBOJHOCTH,

TEMIIEPATYPOTIPOBOIHOCTH M TEIJIOEMKOCTH. B wactHOCTH
oH Oymer 3aBuceThb OT pasMmepa ¢pakuuu (Syn)
3alOJIHUTEN, MapKu IeMeHTa (M), BOJOLIEMEHTHOIO
OTHOIIICHUS (B/1), MOAN(HUIIIPOBAHHO-
miactTuunupyromux nobasok (MII), Bmusomero Ha
COCTaB M KOJMYECTBO 3aIOJHAIOLIEH CpeAbl B MOpax U OT
TeMIIepaTypsl BOJBI 3aTBOPEHMSI W BO3MyX HArpeThIX B
TeTUOTEIUIOTeHEPUPYIOIINX arperarax [4, 5, 6].

VY nenpHas TEIUIOEMKOCTH CTPYyKTypooOpasymero 3.11.K
(301I0TIEMEHTHAsT KOMITO3UIINS) HaXOAsATCs B Ipeaenax 830-
870 BT/(xr.°K), T.e. ynenbHas TEIUIOEMKOCTb SIBJISAETCS
BEJIMYMHON  CIabOYyBCTBUTEIBHOM K  CTPYKTYPHBIM
M3MEHEHHsSM Marepuana, HauOoJplMe e€ H3MEHEHHs
ONpENeNAOTCS B OCHOBHOM CTOKOM BJarM Ha PEaKIHIO
THApaTaliy, a BBHAY TOTO, YTO Ha CBOOOAHYIO BOIY
npuxogautcs He Oomee 7..8 % 0T 00BEMHOH Macchl
KOMIO3UIIMOHHOTO M3JENHs, TO ¥ 3TH HU3MEHEHHS MOXKHO
CUNTATh HE3HAUUTENILHBIM. Pe3ynbraTel MccienoBaHHi 3a

JTUHAMUKOHN K03 PHUIMeHTa TEIIIONPOBOAHOCTH A MPUBEAEH
Ha puc. 1.

2. MeToa0J10r1e MCCJI€A0BAHUS

B kauecTBe HCXOAHBIX MAHHBIX JUIS TIOMy4eHHS
3HaYeHUH KOA(PUIMEHTA TEIUIONPOBOTHOCTH A BBHIOpAHbI
OCHOBHbIE (aKTOPBI JKCIIEpPUMEHTa M HX TPaHUYHbBIE
3HAQUEHHS]  OCYNIECTBIEHHI HAa  OCHOBE  alpHOPHOMN
IKCIIEPUMEHTAIbHOH HH(OPMAIIHH.

VCTaHOBIEHO, 4YTO TEHJACHUMS M3MEHEeHHs A Ipu
paccMaTpHBaeMBIX PEeXKUMaxX UMeeT OANHAKOBEIN XapakTep:
HE3HAUUTENBHBIA  pOCT  3HaueHHmit A CMEHSIETCS
3HAQUUTENBHBIM €ro NaJeHHeM, a 3aTeM YyBEINYCHHEM U
cTabunu3anueil. J{nama3zon n3MEHEeHHUs TeIIONPOBOAHOCTH
OpU  Pa3IMYHBIX  PEXKUMaX  TeIHOTEINIOXUMHYECKOMH
00pabOTKH MOYTH TOT K€, YTO YKa3blBaeT B OCHOBHOM Ha
BIMSHHS ~ COCTaBa M MapKH  MEJIKO3EPHHCTOTO
KOMITO3UIIMOHHOTO H3/IEIIHs TOIUCTPYKTYPHOTO CTPOCHHUSL.

Temnepatypa TBepIeHUS] KOMIIO3UIMOHHOTO H3IEIHS
OKa3bIBAeT BIMSHHE HA MIEPHO/IbI HACTYIICHNSI MUHUMYMa A
1 BBIX0J] KO3 (HUIIMEHTA Ha TOCTOSIHHOE 3HAYEHHE: TIPH- tmax
MHUHMMYM U cTajusi crabmimsaius A HacTymaer ObicTpee.
IIpy HU3KHX TEMIEPaTypax - Teer CTANUA CTaOWIM3anuu A
HACTyIaeT Ho3JHee u KpHBast HU3MEHEHUE
TEIUIONPOBOAHOCTH HMeeT Oonee MOJIOTHH XapakTep H
MeJUICHHEE BBIXOJUTH Ha CTaJHi0 CTa0WIN3alMU. A TpH
CTPYKTYp0OOpa30BaHUH 30JI0L[EMEHTHBIX
KOMIIO3UIIMOHHBIX M3IENUH B E€CTECTBEHHBIX YCIOBHAX
MOHIDKEHHE U POCT 3HAYCHUH A PacTSHYTO BO BPEMEHH.

Ecin  cpaBHMTH XOI  KPUBBIX  HHTEHCHBHOCTHU
TETIOBBIICICHUS O ¥ KO (QUIMEHTOB TETIONPOBOAHOCTH
OIpeeNsieTcs] UHTepeCHass 3aKOHOMEPHOCTh YTO EPHOJIBI
MOCTYIJICHHUS] MUHUMyMa A © MakCUMyMa (> COBIIA/IAf0T, YTO
SIBIISI€TCS CIIE/ICTBUEM CTPYKTYpooOpa3oBaHus
MOJUCTPYKTYPHOTO MEJIKO3EPHHUCTOTO KOMIIO3HIIHOHHOTO
MaTepuajoB MpPU TeIHOTEeIUIOXMMHYECKOH 00padoTke;
BJIMSIHUE K€ TEMIEPaTypbl CKa3bIBACTCSl B YCKOPSHUH WIIH
3aMeJJICHIH 3THX IIPOIIECCOB.

Ha pmc. 1 Tmoka3aHa  3aBHCHMOCTh  MEXIY

HWHTEHCUBHOCTBIO TETUIOBBIICIIEHHS 0>,
TEIUIONPOBOAHOCTEIO A M CKOPOCTBIO  H3MCHCHUS
TEIUTOBBIICIICHHS 0ql0; CTPYKTYpPOOOPa3yIOIIEro

KOMIIO3UIIMOHHOTO H3/IeNHsl. AHalu3 U COMOCTaBJCHUC
pe3yJbTaTOB  Jajdd MHE MPEUIOKHTh  HHTEPECHYIO
B3aMMOCBS3b  3aKNIIOYAIONICHCS B CIEAYIOMEM: dTO
TOCTyTIIeHHe abCOTIOTHOTO MHUHUMyMa 3HaueHu# 0,/0;
COBMAJACT C HAYAIOM IepHoJIa CTaOWIHM3alii 3HAYCHHUIT
ko3 dureHTa  TEIIONPOBOJHOCTH, a aOCONIOTHOMY
MaKCUMyMy TETUIOBBIIETICHUS 0> COOTBETCTBYET
aOCOIOTHBIA MUHUMYM 3HA4eHUst A. ITO 03HAYAET O TOM,
YTO €CJIM M3BECTCH XOJ KPUBBIX q'), TO, BBIYHCIINB
TNIPOU3BOJHYI0  J,y/0; MOXHO TIOCTPOUTH ISl IAHHOTO
peXHuMa TeITHOTEILIOXUMHIECKONH 00pabOTKH TPOTHO3HYIO
3aBUCHMOCTh KOO (HUIMEHTa  TEMJIONPOBOAHOCTH B
Mpollecce CTPYKTYpOoOOpa3oBaHUsI BBICOKOHATOIHCHHBIX
30JI0LEMCHTHBIX KOMITIO3UILIMOHHBIX MaTepruaioB
MOJINCTPYKTYPHOTO CTPOEHUS.
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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. 3akiouyeHue

TakuM 00pa3oM, pPEryIHPOBaHUS TEIUIOPU3MIECKUX
CBOMCTB KOMITO3UI[MOHHBIX n3enui myTéM
TeIMOTETUIOXMMUYECKOTO BO3AEHCTBUS N0 M B IEPUOJ
CTPYKTYpOOOpa30BaHHs  BO3MOXHO  PEryJMpOBaHHEM
MOPOBOM  CTPYKTYpBI,  BJIQXHOCTH,  JHCIIEPCHOCTH
OCHOBHOTO CIIaraeMoro BEIIIECTBA, pexuma
TEeMIIepaTypHOTO BO3JEHUCTBHUS, OT BHOa M KOJINYECTBA
MOIU(HUINPOBAHHO-TIIACTUPHIUPYIOIINX T00aBOK.
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The effect of a complex additive on the homogeneity of cast concrete

R.A. Narov!®2 N.B. Rakhimoval®®
1Tashkent 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 IlOﬁaBOK Ha (l)l/l3l/IKO TeXHHYeCKHe CBOMCcTBA OeTOHA

Hapos P.A.1®2 Paxumosa H.B.1P

 TamxkenTCKMi TOCY 1apCTBEHHBIN TPAaHCIIOPTHEINA YHUBEPCHUTET, TamKkenT, Y36eKucTan

AunHOTALMS:

B nanHoit craThe MIPOCMATPUBACTCS BOIIPOC, OIIPEACICHUE BIUSHUA KOMILJIEKCHOI I[O6aBKI/I Ha OCHOBC

wiactupukaropoB All® wmu CADA u oteepautens COAIICTOH Ha mpodHOCTh, OJHOPOTHOCTB,
IUIOTHOCTH M Ha CKOPOCTh PAaCIPOCTPAHEHUS YIIbTPA3BYKH.

KroueBsie ciioBa:

KomIiekcHas no6aBka, ALlD, CADPA, COAIICTOH, mnactudukatop, OJAHOPOIHOCTh, MPOYHOCTH,

YIPYTHH, CTPYKTypa, KyO, MpHu3Ma, IUNIOTHOCTb, CKOPOCTh, YJIBTPa3BYK, PacIHpOCTPAHEHUE, CBOMCTBO,

YI000yKIIaqbIBAEMOCTh

1. BBeaenue

CoBpeMEeHHOE CTPOUTENBCTBO NPEAbABIAET BeE Ooiee
BBICOKHE TpeOOBaHMS K CTPOMTEIBHBIM MaTepuaiaM, B

YaCTHOCTH K OETOHy — OCHOBHOMY KOHCTPYKIIHOHHOMY
MaTtepualy B TPaXIAHCKOM, IPOMBIIIIEHHOM U
TPaHCIIOPTHOM CTPOUTENBCTBE. VerolunBocTh K

BO3JICHCTBUIO BHEIIHEH Cpelbl, BBICOKAs IMPOYHOCTS,
JIOJITOBEYHOCTD, TPEIIHHOCTONKOCTb, MOPO30CTOHKOCTh U
BOJIOHETIPOHUIIAEMOCTh — KIJIIOUEBBIE XapaKTepPHCTHKH,
OIpe/IeNSIONINE JKCIUIyaTallMOHHbIE CBOWCTBa OeTOHA.
OpHako TpaaWIMOHHBIE OETOHHBIE CMECH HE BCerja
CIOCOOHBI  yJOBJIETBOPHTH BCEM OTHM TPeOOBaHMSM,
0COOEHHO B YCIOBUSX CJIOXHBIX KINMAaTHYECKAX H
9KCIUTYyaTallMOHHBIX (haKTOPOB.

B 3701 cBsi3M BCE GOMBIIYIO aKTyalbHOCTh IPHOOpPETAET
MOAMGUIUpPOBaHWE OETOHHBIX CMeced C  IOMOIIBIO
pa3NMYHBIX ~MHHEpaJbHBIX M XHMHUYECKHX J100aBOK,
KOTOpBIE MO3BOJISIOT 3HAYUTENBHO YIIYYIIHTh (HU3UKO-
TEXHUYECKHE CBoiicTBa OeToHa. [IpuMmeHeHHe H00aBOK
CHOCOOCTBYET ONTUMH3AINH TEXHOJIOTHIECKOTO TIpoIiecca,
YIIydIIaeT XapaKTePUCTUKN Ha PAHHUX CTaIHsIX TBEPACHUS
U B JIONTOBPEMEHHON IEPCIIEKTHBE, a TaKKe MO3BOJIIET
pemarp 3aJauu 9Hepro3hHeKTHBHOCTH u
pecypcocOepexeHusl.

Hacrosimiee McciegoBaHHE TOCBSLICHO —HM3YYSHHUIO
BIMSHHUS Pa3IMYHBIX BHIOB J00aBOK Ha  (pU3HKO-
TEeXHUYECKHE CBOWCTBA 0OETOHA, TaKMX KaK MPOYHOCTh Ha
cKaThe, MOPO30CTOHKOCTh, BOJOHENPOHHUIIAEMOCTh |
MOJBIDKHOCTE cMecH. L{enbio paboThI SIBNseTCS BBISABICHUE
HamOosnee OQPQPEeKTUBHBIX J00AaBOK ©  OOOCHOBaHWE
[EeNeco00pa3HOCTH WX MPUMEHEHHUS B YCIOBHAX MECTHOTO
IPOU3BOJCTBA M CTPOUTEIHCTBA.

https://orcid.org/0000-0002-0675-8328
bl https://orcid.org/0000-0002-2477-4516

JlutepaTrypHblii anHanu3. VccienoBaHus BIUSHUS
n00aBOK Ha CBOMCTBa OETOHA HAYAJIM aKTHBHO Pa3BHBATHCS
¢ cepenuHbl XX BeKa M IO CeH IEHb OCTAIOTCS PEIMETOM
OPUCTABHOIO ~ BHUMaHHs  YY4€HBIX M HMHXKCHEPOB.
CyniecTByeT MHOXKECTBO KIIacCU(pHKaINi 100aBOK, OTHAKO
Hauboyiee  pacHpOCTPaHEHHBIM  IOAXOJOM  SIBISIETCS
JieICHHE Ha MUHePaJIbHbIe 1 XHMHYECKHE.

Munepanvhvie 006asKku

MuHepanbHble T00aBKH, TaKHe KaK MHUKPOKPEMHE3EM,
METaKaoJIH, 30Jla-yHOCa, JOMEHHbIe M (eppocCIUIaBHBIE
IITaK{, MPEJICTABISIOT  COOOM  MyIIOJaHOBBIE WU
WHEPTHbBIE MaTepHaIIbI, CIIOCOOHbBIE BCTYMATh B PEAKIUIO C
THAPOKCHIOM  Kamblus, 00pasys  JOMOJHHUTEIbHBIN
runpocuwukar  kaimpmuss  (CSH). Dto  cmocoOctByer
MOBBILICHUIO TIOTHOCTH CTPYKTYPbI IIEMEHTHOTO KaMHs,
CHIDKCHHIO MPOHHUI[AEMOCTH M YBEIHYECHHIO MPOYHOCTH. B
nccaenoBanmsx 3aiimea 1. C. oTmedaercs, 4YTO
MHKPOKPEMHE3EM CIIOCOOEH MOBBINIATh MPOYHOCTH OETOHA
10 20-30% npu CHUKEHUU BOJOLIEMEHTHOTO OTHOIIEHHMS.
3oma-yHoca ~ yiy4lmlaeT — BOAOHENPOHHIAEMOCTh U
MOpPO30CTOMKOCTb, 0COOCHHO MPH ONTUMAJIBHOM JT03UPOBKE
15-25% oT macchl 1ieMeHTa.

Xumuueckue dobasku

K  umenmy — XuUMHYecKHX — J00aBOK — OTHOCSATCS
IaCTU(GUKATOPBI, CYHEPIUIACTU(GUKATOPBI, YCKOPUTEIH U
3aMeUTUTEeNIM TBEPICHHS, BO3IYXOBOBJICKAIOIINE areHTHI,
HHTHOMTOPBl ~ KOPPO3HWH,  BOJOOTTAJKMBAKOIIME U
rupododusupytone BemectBa. Ocoboe  BHUMaHHE
yaensiercs — cymepmjacTH(ukaTropaM  Ha  OCHOBe
MOJIMKAPOOKCHIIATHBIX 3(HPOB, KOTOPHIE MO3BOJIIIOT
JOCTHI'aTh BBICOKOW TOJBMKHOCTH CMECH IIPH HH3KOM
BOJIOLIEMEHTHOM OTHOIIeHHH. B nccnenoBanusx Jlesnna H.
FO. otMmedaercs, uTO Takue JO0ABKH  IO3BOJISIOT
W3TOTABIIMBATh CAMOYIUIOTHSOIIMNCS GeTOH, obecrednBast
OJTHOPOZHOCTH M OTCYTCTBHE Cerperanni KOMIOHEHTOB.
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Coepemennvle meHoeHyuu

Cospemennbie uccaenoBanus (Li et al., 2018; Singh &
Kumar, 2020) wHanpaBiaeHsI Ha  HCIOJIb30BaHHE
HAHOPa3MePHBIX [100aBOK, TaKNX KaK HAHOJHUOKCHI
KpEeMHHMs, HaHOTJIMHA, HAaHOMOAMQHIMPOBAHHBIA TpadeH,
YTO IIO3BOJISIET 3HAYUTENLHO YIYUIIaTh MHKPOCTPYKTYpPY
IIEMEHTHOTO KaMHS M TEM CaMbIM IOBBIIATH €T0
NPOYHOCTHBIE  XapaKTEPHUCTMKU M CTOMKOCTh K
arpecCUBHBIM CpeaM.

Tem He MeHee, 3QPEKTUBHOCT 100ABOK 3aBHUCHT OT
MHOKECTBa (DaKTOpOB: COCTaBa I[EMEHTa, KauecTBa
3aMOJHUTENCH, peXHMa TBEPICHUS M KIMMATHYECKHX
ycnoBuii. Taroke OoJbplIoe 3HAUYCHHE HMEET INPaBIIILHBII
mo00p MO3MPOBKH OOABOK, IMOCKOJIBKY KaK HEHOCTATOK,
TaK ¥ N30BITOK MOKET HETaTUBHO CKa3aThCsl HA CBOMCTBAax
6eToHa. Hccnenopanus MOKa3bIBAIOT, 4TO
KOMOMHHMPOBAaHHOE  INIPUMEHEHHE  MUHEPAIbHBIX U
XAMHUYECKUX H00aBOK MOXKET OOECHEeYHTh HAMIYdIINit
3¢¢peKT B IUIaHE TPOYHOCTH, TPEIIMHOCTOUKOCTH U
JIOJITOBEYHOCTH OETOHA.

2. MeT0o0/10r sl MCCJIeIOBAHUSA

W3 3apanee ompeneNeHHBIX ONTHUMAIBHBIX COCTAaBOB
OeronoB kiacca B22,5; B30 u B40 O 3a (hopmMoBaHbI
00pasuel Kyost pazmepoM 10x10x10 cM 1 pU3MBI pa3MepoM
10x10x40 cm. Ilpu mpuroroBieHny GETOHHOH cMecH B ee
coctaB ¢ Bojaoi 3arBopeHue BBomwiu ALID- 0,1% wmu
CADA- 0,15% u otBepaurens COAIICTOH-1,5% ot Beca
uemeHra [6].

OO0pasipl 10 UCTIBITAaHHS TBEPAMIHA B TCUCHUH 28 CYTOK
B HOPMAIIBHBIX YCIIOBUSIX. IIpoBenenHbIMU
HCCIEOBAHMAMH yCTAaHOBJIEHO, YTO BBEACHHEM B COCTaB
OCTOHHOW CMecH KOMIUIEKCHYIO0 J00aBKYy Ha OCHOBE
mwiactupukatropo AIl® win CADA MOXKHO COKpATUTh
pacxon uemenra Ha 17 - 21% mnpu oAHOBpEeMEHHOM
obecriedyeHHN 3aJaHHOW MPOYHOCTH, JHOO TOBBICUT
npouHocTh Ha 20 - 22% 1o CpaBHEHUIO ¢ KOHTPOJIBHBIMHU
obpa3namm.

Beton ¢ xomImIekcHBIMU 100aBKaMH 1O OJHOPOTHOCTH
CBOHCTB M CTPYKType He ycTymaeT 0e3 M00aBOYHBIX
0eToHaM TeX JKe KITaCCOB.

Taxxe yCTaHOBIEHO, 4TO OETOH C KOMIUIEKCHBIMU
J00aBKaMU XapaKTepH3yeTCsl OJHOPOJHBIMH CBOHCTBAMHU
[0 BBICOTE, OHA TAKKE ITOATBEPXKIAETCS NaHHBIMHU II0
pacIpOCTPaHEHUIO yJIBTPA3BYKOBBIX KOJIEOAHMH JIUTHIX
0eTOHOB. YBenW4YeHHe OJHOPOIHOCTH B JHTOH OETOHE IO
BEICOTE ¢ go0aBKaMH OOBSICHSAETCS €ro  Jiydmreit
yA000yKIIaIbIBAEMOCTBIO IO CPABHEHHUIO ¢ 0€3 T0OaBOUHBIM
6ETOHOM.

ORHOPOJHOCTH CTPYKTYpPbI O€TOHA SBISIETCS OJHUM H3
BaKHEHIIINX noxas3areiei ero KauecTBa,
IpeonpeIeNsIonas OJHOPOAHOCTb MPOYHOCTHBIX,
YIPYTUX U IPYTHX (PU3HKO-MEXaHNYECKUX CBOMCTB JIUTOTO
0eToHa ¥ CYIIECTBEHHO BIMsACT Ha JIOJITOBEYHOCTH
KOHCTPYKIIHH.

B kadectBe mIAacTH(UKATOPOB B HCCIECIOBAHUIX
ucnons3oBaa B - kerocnupToBsix [TAB MeTnHONManeToHa
(aueronodopmansaerngaMuHoBbIi omumep) - ALID u ¢ dy
poraM  (aneTOHO(GOPMAIBACTHAAMUHOBBII ~ ONHUMEp) -
CAD®A wu oreepaurens COAIICTOH - otxoxm
MAacJIOKMPOBOH  NPOMBIIUICHHOCTH, IOJTyYaeMod IpH
paduHAIMK KHUPOB U Macel. DKCICPUMCHTAMHU 3apaHee
ObUIH OIpeleseHbl ONTUMAIBHBIE KOJNYECTBO JT00ABOK, U
onn Obun paBHbl - ALID - 0,1%, CADA - 0,15% u
oreepautens COAIICTOH - 1,5% ot Beca memeHTa U
BBOJWICS B C BOJOH 3aTBepAeHMs IIPU HPUTOTOBICHUS
OeToHHOU cMmecH [3].

Beun  TpoBeNeHBl HCCIENOBAaHHME II0 ONPEICTCHUIO
BIINSTHUE KOMIUTEKCHOU J00aBKH Ha OCHOBE
mwiactupukatopo All® u CADPA wu orBepautens
COAIICTOH Ha nOpoYHOCTh, IUIOTHOCTH M  Ha
OJTHOPOJHOCTh ONTHMAJBbHBIX COCTABOB OETOHa KJiacca
B22,5; B30 u B40. OnrumansHble COCTaBbl O€TOHA OBLIH
nomgoOpaHbl C IOMOIIBIO pacdéra 3KCIEPUMEHTAIBHOTO
Metoza [1].

Jlnst onpenienieH st MPOYHOCTH U OJHOPOIHOCTH JIUTOTO
0eToHa W3 ONTUMAIBHBIX COCTaB OeTOoHa  OBUIH
3adopmoBanbl  KyObl pasmepom 10x10x40 cm, 10
MIPOBEJICHUI UCHBITaHUHA 00pa3lbl XpaHWIN B TeueHue 28
CYTOK B HOPMAJIbHBIX YCJIOBUSIX.

B tabmume 1 npuBeieHB! ONTHMAIBHBIE COCTaBBI JINTOTO
Oerona. B mepuox mpuroroBneHnss OETOHHOI cMmecH B e
cocras BBoawH mtactadukaropst ALLD - 0,1% nm CADA
- 0,15% u oreepmaurens COAIICTOH - 1,5% ot Beca
nemenra [5].

Ta6auna 1
OnTuMaabHbIe COCTABBI JIUTOr0 0eTOHA
3 KomnyectBo 106aBok % ot
Pacxon marepuanos B kr Ha | M
Kiacc Cepust B BECa [IEMEHTAa
OeToHa | 00OpasoB I II 11 B 0 CADA COAIICTOH
ADLL

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 | 055 - 1.5
B-4 350 720 1100 1925 0,55 0,1 15

r-2 480 605 925 264 0,55 - -
B-30 r-3 375 720 1100 1875 0,50 0,15 15
-4 375 720 1100 1875 0,50 0,1 15

-2 520 595 910 260 0,50 - -
B-40 -3 420 700 1074 189 0,45 0,15 15
-4 420 700 1074 189 0,45 0,1 15

B tabnuie 2 npuBencHBI pe3yabTaThl UCTBITAaHUKA 00pa3loB MO ONPEENCHUI0 MPOYHOCTH IUIOTHOCTH M OJHOPOJHOCTU
(CKOPOCTB pacnpoCTpaHEHHs yIbTpa3ByKa) Kak KyOOBBIX, TaK M IPU3MEHHBIX 00pa31oB.
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Ta6auna 2
OHOPOIHOCTH CBOWCTB JIUTOr0 GETOHA HA BHICOTE

Ky©Osr ITpu3msl
u Ckopoctb CkopocTb
Cepus ccEz;g:Maﬂ [InotHOCTH Tposrocts pacgpoc_ IInotHOCTH Tpourocts pacﬁpoc_
Opasia 6eToHa 1pH 6eToHa P
oop TIPU3MBI po CXKATUU TpaHeHUs Po CKATHH TpaHeHus y/3, Vy
r/em® /3. Vv M/ r/em® /
Rex, MITa |Y/3, Vy M/CEK Rex, MIla M/CeK
1 2 3 4 5 6 7 8
1 - Bepx 2,27 28,5 3100
2 - cepenuHa 2,28 315 3200
B-2 2.28 31.2 3200
3 Hu3 2,30 33,6 3300
1 - Bepx 2,28 358 3290
B-3 2 - cepeuHa 2,30 38,0 3300 2,30 36,0 3400
3 -HU3 2,31 38,2 3480
1 - Bepx 2,30 36,0 3400
B-4 2 - cepenuHa 2,29 39,0 3300 2,305 38,0 3480
3 - Hm3 2,32 40,0 3570
1 - Bepx 2,30 30,5 3480
r-2 2 - cepenuHa 2,30 34,8 3570 2,31 34,0 3700
3 - Hm3 2,32 36,0 3780
1 - Bepx 2,30 49,0 3650
-3 2 - cepenuHa 2,33 52,7 3650 2,30 50,3 3710
3 -HU3 2,345 52,3 3800
1 - Bepx 2,30 48,5 3750
I-4 2 - cepeauHa 2,32 51,2 3600 2,30 50,1 3790
3 - Hm3 2,35 53,1 3900
1 - Bepx 2,31 34,0 3300
a-2 2 - cepenuHa 2,33 39,6 3740 2,34 36,0 3400
3 - Hu3 2,36 39,9 3570
1 - Bepx 2,32 56,0 3890
-3 2 - cepenuHa 2,35 57,6 3880 2,35 57,8 3990
3 - Hu3 2,37 58,5 4000
1 - Bepx 2,32 55,9 3890
-4 2 - cepeauHa 2,34 57,0 3850 2,34 57,5 3980
3 -HU3 2,36 58,0 4000
TIpo3ByunBanne  0Opa3soOB  OCYHIECTBISUIA IO V=S/Y-100% 1)
CTaHIapTHOH MeToanKe ¢ nomonsio npudopa YKB - 1M kak rae: S - cpeoHee ee KBaJpaTHYHOE OTKIOHEHHE
B/IOJIb, TaK W IOIEPEK HAaIpaBICHUs YKiIagke OeTOHHOM HCCIIelyeMOH XapaKTePUCTHKH, BEIYHCIISIEMOE Mo opmyie:
CMECH. Sr=0(y;—¥)?
OLeHKY OJJHOPOJHOCTH CBOWCTB M CTPYKTYphl GeToHa =t 2
o n—
IPOBOAWIN nope3yanaTaM HUCNBITAaHWUHU HICCTH 06p33uOB- ?’_ cpenHee apH@MeTquCKOe 3HAYCHHE H3yqaeM0ﬁ

Ky0oB ¢ pebpom 10 cM wHcCIeqyeMbIX —COCTaBOB,
TBEPIEBIINX 28 CYTOK B HOPMAJIbHBIX YCIOBHSAX.

B  kauecTBe  KONMYECTBEHHOHW  XapaKTEPUCTHKU
OJTHOPOTHOCTH HCIOIb30BATH KOS () (UIIMEHTHI BAPHAIHH IT0
npouHoctd  (VrY) M CKOPOCTH  pacrlpoCTpaHEeHHs
YIBTPa3ByKOBKX KOJIeOaHU BJIOJIb H TIOTIEPEK HATIPABICHUS
yknaaku (Vy), onpezensiiu mo Gpopmye:

XapaKTePHUCTHKHY;
Vi - yacTHOe 3Ha4YeHHE XapaKTePHCTHKH, MOJIYYECHHOE

PH IPOBEJICHHU eAMHUYHOTO dKcnepumenTa (I =1, 2, 3 n).
Pe3ynbTaThl HCIIBITAHUN IIpEACTaBICHbI B Ta0OmuIe 3.

Ta6anma 3
OZHOPOJHOCTD CBOKCTB 0€TOHA C KOMILIEKCHBIMH 100aBKaMH
Mapxuposka Bl | B2 | B3 | B4 r-1 | r-=2 r-3 r-4 | g1 | g2 | A3 | A4
COCTABOB
Koshdumu- Ve 6 8 4 7 6 7 5 6 5 7 6 5
CHTERL
Bapuanuu Vy 5 6 5 4 5 7 2 7 5 8 6 3
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Cpennee 3HaueHue Kod(hGHULMEHTa BapUalUyd MO
npoyHocTH Vr A BCEX HCCIEAYyeMBIX 00pasoB C
KOMIUICKCHBIMU JTOOaBKaMU COCTaBHIO 5,3%, IO CKOPOCTH
pacIpoCcTpaHeHus yIbTPa3BYKOBEIX Konebanui - 4,5%, 4ato
HE TIPEBBIIACT CPEJHMX 3HAYCHUH KO3 HUIMEHTOB
BapHaIiy TeX jK€ XapaKTepUCTHK JUIsl 00pa3oB OeToHa TeX
’Ke Mapok 0e3 100aBKH.

B MPEIIONIONKEHIN HOPMAJbHOTO 3aKOHa
pacrpeaeneHus MPOYHOCTH 05110 OTIPE/IENICHO
HEOOXOOMMOE KOJIMYecTBO oOpa3moB (n) OeToHa C
KOMIUIEKCHBIMU 100aBKaMH Ha OCHOBE IJIACTH()UKATOPOB U
OTBEpAUTENS [UISl TONYYECHUs JOCTOBEPHBIX MAHHBIX II0

OPOIHOCTH:
t? w?

n=" ®
rze: t - 4ucio, COOTBETCTBYIOIIEE PHHATOMY YPOBHIO
IOCTOBEPHOCTH MHpH 4Hcie cremeHeil cBobomsr f = 3

(6epércst mo TabiMIIAM CTAaTHCTHYECKOTO paclpesieieHus);

f - morpemHOCTh wHCHBITaHUS (TIPH  HCCIEOBAaHUH
BIMSIHUSL TeX WIM WHBIX [apaMeTpoB Ha IPOYHOCTh
HNPUHUMAIOTCS pPaBHOH 5 - 7%);

v- (aKTUUeCKH TIONYYEHHBIH TIOCie IPOBENCHHS
HCTBITaHUHA KO3()(DUIIMEHT BapHUaIiH.

IloncunranHoe mo ¢opmyne (3) HeoOxomammoe
KOJIMYeCTBO 00pa3ioB OeToHa, Kak 0e3 M00OaBKH, TaKk W C
NOOaBKOW NPHHATHIX  JO3MPOBKAX JUIL  IOJYyYSHHUS
JNOCTOBEPHBIX JAHHBIX II0 TPOYHOCTH (MCXOAd U3
(axTuueckoro  cpegHero  kod(duimeHta  BapHaIyn)
COCTaBIISIET HE MEHee TpeX 00pa3LoB.

Ha ocHOBaHuM NpPOBEINCHHBIX HMCCIEAOBAHUN MOMKHO
cenmath BBIBOJ O TOM, YTO OETOHBI C KOMIUIEKCHBIMH
n00aBKaMH Ha OCHOBE ITAaCTU(HKATOPOB M OTBEPIHUTEIIS T10
OJHOPOJHOCTH CBOWCTB M CTPYKTYPhl HE YCTyNaioT
6e37100aBOYHBIM OETOHAM TeX K€ KJIACCOB JINTHIX OETOHOB.

BiusiHne = KOMIUIEKCHBIX — J100aBOK Ha  OCHOBE
IacTH(GUKATOPOB HA HEPABHOMEPHOCTh CBOICTB O€TOHA Ha
BBICOTE, BO3HHUKAOLIYIO BCJIEJICTBHE SIBJICHUS
pacciauBaeMoil OCTOHHOW CMeCH H3y4ald Ha TNpH3Max
pasmepom 10x10x40 cm, xoropsle ¢QopmoBamu B
BEPTHKAIFHOM IIOJIOXKEHHH, YILIOTHEHHE OSTOHHOH CMecH
OCYIIECTBIISIIN MIThIKOBaHKEM. M3 kaxoro cocraBa 6eToHa
(hopMOBaIH 1O TPH MPHU3MBI.

OOpa3ibl 10 WCHBITAaHUS TBEpACTH 28 CYTOK B
HOPDMaJIbHBIX ~ YCJIOBHMSIX  OJHOBPEMEHHO  (hOPMOBAIIH
00pa3sbl - KyObl ¢ pazmepoM pedpa 10 cM [u1st onpeeneHust
npo4yHocTH. [IpH3MBI packaibIBaId Ha TPH PaBHBIE YACTH 110
BEICOTE, KOTOPHIE WCIONB30BANM JUIS  ONPEACNICHUS
IUIOTHOCTH O€TOHA (po), Mpeaena MPOYHOCTH TIPH CXKATHU
(Rex), cKOpOCTH — pacmpoCTpaHEHHSI  YJIbTPa3sByKOBBIX
xonebanuii (Vy) pe3ynbTaThl HCIBITAHWH MPECTABICHBI B
Tabauue 2.

VYcraHoBieHO, 4TO JUIsi OeToHa 0e3 100aBOK pasinyne
MIPOYHOCTH MEXIY BEpXHEil M HWXKHEH 4acThio Ipu3M (110
OTHOIICHUIO K CpEJHEMYy 3HA4YEHHIO) B CPEAHEM IS
coctaBoB B -2 - 17,5%, 1 -2 -18%, 1 -2 - 17,3%, a ana
0eToHa C KOMIUIEKCHBIMH J00aBKaMH Ha  OCHOBE
IacTU(GHUKATOPOB 3TH 3HAUEHHS cocTaBUIH: B -3 - 7% u B
-4-10%,T-3-6,7%,ul'-4-9,5%,1-3-45%ull-4
- 4,0%, To ecTh OETOHBI C ONTHMAJbHLIM KOJIMYECTBOM
KOMIUIGKCHBIX ~ J00aBOK  XapakTepusyrorcs  Ooee
OJHOPOJHBIMHU TIOKa3aTeNIIMH CBOMCTB IO BBICOTE, YTO
MOATBEPXKAACTCSl  TaKKe  JaHHBIMH 10 CKOPOCTH
pacIpoCTpaHEeHNs yIbTPO3BYKOBBIX KoseOaHMi B OETOHAX.

TloBbIIeHne OJHOPOTHOCTH CBOMCTB IO BBICOTE IS
0eToHa C KOMIUIEKCHBIMH J00aBKaMH Ha OCHOBE
IIACTU(GHUKATOPOB U OTBEPAUTEIIST OOBSCHICTCS €ro JIydlle

yA000yKIIaabIBAEMOCTHIO IO CPABHEHHUIO ¢ 63 106aBOUHBIM
OGETOHOM M YBEJIMYCHHEM JOJICH Iecka B CMECH C LENbIO
NPEeOTBPANICHUST PAcCIOCHNsT OCTOHHOW CMecH, M Kak
CJIEJICTBUE, MOJNy4YeHHe OoJyiee IUIOTHOH CTPYKTYpHI, YTO
CIIOCOOCTBYET MEHbIIEMY Pa30Opocy MPOYHOCTH.

IIpoBemeHHBle  HWCCIENOBaHMS  IIOKA3ald,  dYTO
KOMIUJICKCHBIE [TOOaBKHM Ha OCHOBE IUIACTU(HKATOPOB U
OTBEPIUTENI MOTYT OBITh HCIOJIB30BaHBI 3((eKkTHBHO B
TEXHOJOTMH  W3TOTOBJEHMS  KOHCTPYKLMH  HMMEIOLIMX
3HAYUTEIILHYIO BBICOTY.

3. 3akioueHue

IIpoBeseHHBIMH HCCIICIOBAaHUSIMH  YCTAHOBJICHO, YTO
BBEJICHUE B COCTaB OETOHHOM CMecH KOMIIIEKCHON J00aBKI
Ha ocHoBe Iactudpukatopos AIl® wimn CADA u
orBepautens COAIICTOH MOXHO COKpaTHTh pacxon
neMenTa Ha 17 - 21%, npu ogHOBpEMEHHOM 00eCTIeueHNI
3aJJaHHOM IIPOYHOCTH JIMOO0 MOBBICHTDH €€ IIPOYHOCTh Ha 20 -
22% 10 CpaBHEHWIO C KOHTPOJIBHBIMH 00pa3naMu. beTtoHsb!
C KOMIIJIGKCHBIMH JTOOaBKaMU Ha OCHOBE IIACTH(HUKATOPOB
U OTBEPIUTEIISI IO OJHOPOIAHOCTH CBOMCTB M CTPYKTYpe He
ycrymaeT 6e3 100aBOYHBIM OETOHa, TeX e KiaccoB. Takxke
YCTaHOBJIEHO, YTO OETOHBI C KOMIUIEKCHBIMH I00aBKaMu
XapaKTepu3yloTcst 0Ooxee ORHOPOMHBIMU IIOKa3aTEeIIMHU
CBOICTB IO BBICOTE, OHA TaKKe IOATBEPKAACTCS JAHHBIMHU
0 PACTIPOCTPAHEHHIO yIbTPA3BYKOBBIX KOIEOAHHH B JIUTHIX
OeToHax. YBeIMYeHHE OJHOPOAHOCTU B JIMTOH OETOHE C
nobaBKaMu 00BsCHICTCS ero Jydnreit
y1000YKIIaABIBAEMOCTBIO I10 CPABHEHHIO ¢ 6e3 100aBOYHBIM
6ETOHOM.
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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 (1), 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 chigindilari asosida ishlab chigarilgan avtoklavsiz gazobetonning
fazaviy-strukturaviy xususiyatlari va issiqlik texnik ko‘rsatkichlarini

Annotatsiya:

Kalit so‘zlar:

baholash

Kodirov B.G*.%, Shaumarov S.S.%, Kandahorov S.1.}
Toshkent davlat transport universiteti, Toshkent, O*zbekiston

Ushbu magqolada sanoat chigindilaridan, 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 taqsimoti
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) oraligda aniqlangan. Tadqiqot 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 chiqindilari, avtoklavsiz texnologiya, g‘ovak struktura, issiqlik o‘tkazuvchanlik
koeffitsiyenti, rentgenofazaviy tahlil, elektron mikroskopiya, fizik-mexanik xossalar, fazaviy tarkib.

tannarxini sifatni yo‘qotmagan holda pasaytirishga imkon

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 kasb
etmoqda. Gazobeton — bu kam zichlikka, yuqori issiglik
izolyatsiyasi ~ xususiyatiga va  yetarli  darajadagi
mustahkamlikka ega hujayraviy beton turidir. Bunday
xossalari tufayli gazobeton kam gavatli 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  gilgan.
Komponentlarni avtomatlashtirilgan tarzda dozalashtirish
tizimlarini joriy etish, avtoklav rejimlarini optimallashtirish,
texnologik issiglik va suvni gayta foydalanish, mugobil
bog‘lovchi materiallardan foydalanish kabi choralar
energiya sarfini sezilarli darajada kamaytirish va mahsulot

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
chiqarish texnologiyasi beton aralashmasining tarkibiga
bevosita bog‘liq bo‘lib, beton massasida hosil bo‘ladigan
g‘ovakli struktura, uning shakllanish usullari, gazobetonning
mustahkamligi va boshqga 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 gondira
oladigan muhim qurilish  materiali ~ sifatida keng
go‘llanilmoqda. Uning asosiy afzalliklari g‘ovakli tuzilma
natijasida yuzaga keluvchi past issiqlik o‘tkazuvchanlik va
yengil vazn hisoblanadi.

Ayni vaqtda, sanoat chigindilaridan, xususan, kvarts
qumi va po‘lat eritish shlakidan foydalanib, gazobeton ishlab
chiqgarishni takomillashtirish imkoniyatlari keng tahlil
gilinmoqda. Ushbu tadgiqotda gazobeton tarkibida sanoat
chigindilarini qo‘llashning issiqlik texnik va fazaviy
xususiyatlarga ta’siri o‘rganildi. Maqola sanoat chiqindilari
asosida tayyorlangan gazobetonning rentgenofazaviy tahlili,
elektron mikroskopik tasviri va issiqlik o‘tkazuvchanlik
koeffitsiyentini o°‘lchash natijalariga asoslangan holda
materialning optimal tarkibiy va strukturaviy parametrlarini
aniglashga garatilgan.

2. Tadqgigot 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 qattiglashtirildi. (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‘ovaklarming 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  issiqlik 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 issiqlik 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.

Issiqlik 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 issiqlik 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
gobiliyatiga 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 miqdorda turli foizlarda mavjudligi,
fizik-mexanik xususiyatlarining ta’sirini aniqlashdan iborat.

Olib borilgan eksperimental tadqiqotlar natijasiga ko‘ra
sanoat chigindilari tarkibida CaO, MgO, SiO2, MnO, Al20s,
P20s, va FeO + Fe203 oksidlari mavjudligi aniglandi. Ushbu
xom ashyo tarkibidagi oksidlar gotish 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
yaroqliligi hagida aniq baho berishga imkon beradi.

Portland sementning qotish jarayoni bu alyuminatlar va
kalsiy alyuminiyatlar hamda ferritlarni gidratsiyalanishini
o‘z ichiga olgan murakkab fizik-kimyoviy jarayonidir.
Sement suv bilan reaktsiyaga kirishganda, unda eriydigan
asosly minerallar quyidagi tenglamalar  bo‘yicha
gidratlanadi:

3Ca0 ¢ SiO2 + 5H20 = 2Ca0 « SiO2 * 4H20 + Ca(OH)z;
2Ca0 ¢ SiO2 + 4H20= 2CaO ¢ SiO2 * 4H20;
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3Ca0 * A1203 + 6H20 = 3Ca0  Al203 * 6H20;
4Ca0 ¢ A1203 * ®e203 + H20 =4Ca0 « A1203 * Fe203 *
H20

Bunda xom ashyo turiga, atrof-muhit ta’siriga,
haroratga, bog’lovchi moddalaring 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
chigindilari 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 aniqlash 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) Na2OAI203.

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).

[T.64
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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 oz ichiga

oladi:3Ca0O - SiO2 - 2H20 (d, nm = 2,088 A), gidrolit
2Ca0-38i02-H20 (d, nm = 1,432 A). Kristallardan iborat
bo‘lgan kimyoviy andraditlar CasFe2(SiOa)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, Fez,
Mg)2 [SisALO10](OH)2xnH20 (d, nm = 1,251 A);

Brusterit Ca(Al2SisO16) 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
qo‘llanilgan gazobeton bloklarining fizik-mexanik xossalari
yaxshilanishiga yordam beradi.

Sanoat chiqindi 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:

5Ca0-58i02-H20 (d, nm = 1,675; 1,358 A);

2Ca0-28i02:3H20 (d, nm = 1,663A);

2Ca0-Si02-H20 (d, nm = 1,507 A).

Kalsiy alyuminatlar va  alyuminoferritlari
gidratasiyasidan hosil bo‘lgan gazobeton quyidagi fazalarni
oz ichiga oladi:

_ ettringit 3Ca0 - Al20s - 3CaCO4 - H20 (d, nm = 1,850
A);

kalsiy gidroalyuminiyat 3CaO - Al203 - 6H20 (d, nm =
1,167 A).

Granit kristal-kimyoviy guruhining fazasi FesAl2(SiOa4)3
(d, nm=1,259A), tegishli g‘ovaklardan tashkil topgan mayda
fazalarini quyidagilardan iborat:

monomorillonit Al2[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, chiqindi kvars qumi
qo‘shilgan gazobeton bir tekis taqsimlangan 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 aniglash uchun avtoklavsiz
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gazobetondan 100x100x100 mm o‘lchamdagi namunalar

tayyorlandi. So‘ng issiqlik o‘tkazuvchanligi “Qurilish

issiglik 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

Issiqlik 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 (chiqindi 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 issiqlik
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 tarqog xXususiyatga 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 uzog muddatli ishlash
bargarorligini ta'minlashga xizmat giladi. Tahlil natijalari
Akimova A.V. [7] tomonidan ishlab chigilgan metodikaga
asoslanib, avtoklavlangan hujayraviy betonlarda g‘ovak
o‘lchamlarining  taqsimotini va ularning fazoviy
rivojlanishini baholash uslubi doirasida olib borilgan.
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8-rasm. Gazobeton namunalari kesim yuzasining tabiiy
ko‘rinishi

G‘ovaklarning tarqalish gistogrammalari tahlilidan

ko‘rinib turibdiki, aralashmaning tekis harakatchanligi

saqlangan va bir xil gaz hosil qiluvchi 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 tadgigotlar oldindan tayyorlangan yassi
siniglar va  kukunsimon preparatlar ko‘rinishidagi
namunalarda, ularni chinni hovonchada maydalash yo‘li
bilan 25-56 marta ishchi Kkattalashtirish 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 qora 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.

Oc‘tkazilgan rentgenografik tadqiqotlar 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 issiqlik texnik ko‘rsatkichlariga ijobiy
ta’siri tasdiglandi. Gazobeton namunalari 400-600 mkm
diapazondagi g‘ovak o‘lchamiga ega bo‘lib, bu issiqlik
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 (1), 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

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‘ligligi
nazariy jihatdan tahlil gilingan. Tadgiqotda turli tarkibli gazobeton namunalari (standart, shlak va qumli
chigindilar qo‘shilgan variantlar) solishtirilgan, ularning issiqlik o‘tkazuvchanlik koeffitsiyenti (L),
zichligi (p) va mustahkamligi analiz gilingan. Natijalarga ko‘ra, sanoat chiqgindilarini qo‘shish orqali
gazobetonning issiglik izolyatsion qobiliyati 12-15% yaxshilanganligi, aynigsa shlak va qumli
chiqindilarning kombinatsiyasi optimal ko ‘rsatkichlar bergan yoritilgan. Bundan tashqari, gazobetonning
A qgiymati uning zichligiga chizigli bog‘liq ekanligi matematik model (A = f(p)) orqali o‘z ifodasini
topgan.

gazobeton, issiqlik izolyatsiyasi, avtoklav, porozlik, zichlik, issiqlik o‘tkazuvchanlik koeffitsiyenti,
sanoat chigindilari

kimyoviy qo'shimchalar  kiritish  orgali  betonning

Bugungi kunda butun dunyoda energiya tejaydigan
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 nugtai nazardan, energiya tejovchi binolarni
loyihalash va qurishda tashqi devorlar uchun samarali
issiglik izolyatsiyalash materiallarini qo‘llash yoki ularning
ekspluatatsiya samaradorligini ta’minlash uchun devor
konstruksiyalarini ~ zamonaviy  issiglik  izolyatsiyasi
standartlariga moslashtirishga alohida ahamiyat beriladi.

Hozirgi vagtda 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 chigish, aralashmalarga maxsus

xususiyatlarini oshirish va energiya tejamkor tashqgi devor
konstruksiyalari uchun asosli talablarni shakllantirish
dolzarb ilmiy vazifalardan biridir. Bundan tashqari, yuqori
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 bormoqda. Shu
kontekstda yengil va issiglikni yaxshi saglovchi
gazobetonlar alohida e’tiborga loyiq. Gazobetonning asosiy
afzalliklari — uning past issiqlik o‘tkazuvchanligi, yengilligi,
qurilish tezligini oshirishi va ekologik tozaligidir. Biroq,
uning  issiglik izolyatsion  xususiyatlari  tarkibiy
komponentlar, poroz tuzilish va ishlab chigarish
texnologiyasiga qgarab sezilarli farq qgiladi. Mazkur tadgigot
gazobetonning texnologik xususiyatlarini o‘rganishga,
tarkibiy modifikatsiya orqali uning issiglik-izolyatsion
samaradorligini oshirishga garatilgan. Avvalgi tadgiqotlar
shuni  ko‘rsatadiki,  zichlikning  oshishi  issiqlik
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
chiqarilgan gazobeton namunalarining zichlik va issiglik
o'tkazuvchanlik ko‘rsatkichlari laboratoriya sharoitlarida
tajribaviy tarzda o‘lchandi va matematik bog‘ligliklar ishlab
chigildi. Natijada gazobetonning amaliy ekspluatatsiya
sharoitlaridagi samarali foydalanish sohalari belgilandi va
konstruktiv tavsiyalar berildi.

2. Tadqgigot 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 nisbati 0,5 miqdorda 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.
Issiqlik o‘tkazuvchanlik koeffitsiyenti (W/m'K) — ITP-MG
“Zond” qurilmasidan foydalanilgan holda, GOST 30256-94
talablariga binoan o‘Ichandi. Mustahkamlik (MPa) — sigish
kuchiga sinovlar o‘tkazildi.

1-jadval
Gazobeton tarkibi va uning asosiy texnik xususiyatlari
Issiglik
Tarkibiy Zichlik o‘tkazuv- | Mustahkam-
variant (kg/m?) chanlik lik (MPa)
(W/m-°C)

Standart 600 0.165 2.0

shlak 1 670 0.143 168
go‘shilgan

Qumli | gg5 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 issiqlik 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 qiladi. 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 chiqarish 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
nishatan 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 kashfiyot 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 qiluvchi modda va qo‘shimcha sifatida
ohak qo‘shib tayyorlanadi. Gaz hosil qiluvchi 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 tadgigot 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 (CaOCl12)
bilan vodorod peroksidi (H202) dan foydalanishni tavsiya
qilingan bo‘lib, bunda kimyoviy aralashmaning ko‘pchishi
reaktsiya paytida kislorodning ajralib chigishi tufayli amalga
oshiriladi:

H202 + CaOC12 = CaCl2 + H20 + O2f.

G‘ovakbetonni kalstsiy karbid (CaC2) va atsetilen gazi
(C2H2) chigishi bilan parchalanish reaktsiyasi natijasida
ham olinishi mumkin:

CaCz + H20 = CzH21 + Ca(OH)2.

1919 yilda Germaniyaning Berlin shahrida nemis olimi
Grosh tomonidan gazobetonishlab chiqgarishda 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 miqdorda 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 chiqarish rivojlanib
bormoqda. Shuni ta’kidlash kerakki, gazobeton tarkibidagi
g‘ovaklarni bir xillikka olib kelish uchun aralashma
tarkibiga alyuminiy kukuni bilan kerakli suv miqgdorini
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 chiqgarish texnologiyasi temirbeton konstruktsiyalar
texnologiyasidan sezilarli darajada farq qilugchi bir gator
xususiyatlarga ega bo‘lgan.

Bu xususiyatlar:

- belgilangan parametrli gazobeton aralashmasini
tayyorlash uchun zarralari mayda o‘lchamli to‘ldirgichlar
hosil gilish;

- ohak asosiy xom ashyo komponenti bo‘lib, bu
aralashmani kengayish xususiyatini belgilab beradi va
o‘ning yengillashishiga olib keladji;

- tarkibida 40-60 foiz suv bo‘lgan qorishmalardan iborat
gazobeton mahsulotlaridan tashkil topgan aralashma
tayyorlash;

- gazobeton aralashmasini goliplarga joylash;

- avtoklav gazobetonning gotish 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
chiqarishni yo‘lga qo‘yilgan bo‘lib, ushbu texnologiyaning
afzalligi barcha komponentlar bir tekisda aralashtirishi, shu
bilan birga qorishmaning ko‘pchish jarayoni sekinlashadi
[4].

Betonning govaklilik 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 fagat 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 govushgoqligi 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
miqdorda  reaktsiya berishi  natijasida, gazobeton
strukturasida yoriqlar 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 qovushishini
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 qorishma tarkibidan
chigish tezligi normal holatda bo‘lishi talab etiladi [5].

Gazobetonlarni goliplarga 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 migdorda bosim
berilishi;

-og‘irligi bo‘yicha 20 — 30 foizgacha bo‘lgan yuqori
namlik;

-avtoklav ~ betonning  xususiyatlariga  nisbatan
yorigbardoshligi past darajada bo‘lganligi bilan tavsiflanadi.

Bu sanoat ishlab chigarilishida migyosida 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 qimmat bo‘lganligi sababli avtoklav bo‘lmagan
betonlardan foydalanish anchagina iqtisodiy 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  avtoklay
gazobetonlarni 17 yil ekspluatatsiya qilingandan so‘ng
gazobeton strukturasida salbiy o‘zgarishlar: muzlash va
yemirilish, turli xildagi yoriglar, 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, 1.B. Udachkina, U.X.
Magdeeva, Yu.P. Trifonova, V.G. Suxova, E.V. Silaenkova,

ENGINEER



G.Ya. Axmaniskiy tomonidan olib borilgan. Ushbu
tadgiqotlarda 300-500 kg/m? 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
mahalliy 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 Kkul-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 igtisod 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 chiqamiz.

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.
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Grafikdan ko‘rinib turibdiki, zichlik 300 kg/m* dan 600
kg/m* gacha oshganda, issiqlik 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 issiqlikni tutib turuvchi havo
yostigchalari soni gisqaradi. Natijada issiglik energiyasi
materialdan tezroq o‘ta boshlaydi.

Gazobetonning  asosiy  issiglik izolyatsiyalovchi
Xususiyati — uning g‘ovakli (poroz) tuzilmasi bilan bog‘lig.
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
issiglik o‘tkazuvchanligi shuncha past bo‘ladi. Shunday
qilib, tashqarisi issiq bo‘lsa — ichki gism sovuq goladi, va
aksincha, sovuq havoda esa bino ichidagi issiglik uzoq
saglanadi.

Bu fizik jihatdan “issiqlik inertsiyasi” va “issiqlik
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 issiqlik qalqoni”: 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‘liqligi

Gazobetonning zichligi, Issiglik 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 issiqlik o‘tkazuvchanlik koeffitsiyenti
fagat uning zichligiga bog‘liq ekanligi asoslangan. Quyidagi
tenglama orqali ifodalanadi:

Pg Pg
Ay =ZLh+(1-DH2 1
g Ik wt( gk) v @

bu yerda:

Ag — gazobetonning issiqlik o‘tkazuvchanligi;

pg — gazobeton zichligi;

pk — mikroporali tsement toshi (MKT) zichligi;

Ak — MKT ning issiqlik o‘tkazuvchanligi;

Av — havoning issiqlik o‘tkazuvchanligi (20°C da 0,02
W/(m-°C) ga teng).

Yuqoridagi tahlillar shuni ko‘rsatadiki, eng yuqori
issiglik  izolyatsiyasi  300-400 kg/m*®  zichlikdagi
gazobetonlarda kuzatiladi. Shu sababli energiya tejamkor
qurilishlarda aynan shu diapazondagi materiallardan
foydalanish tavsiya etiladi. Bundan tashqgari, 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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muvofiqdir. 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 qarab optimal
zichlik va issiglik koeffitsiyentini tanlash zarur bo‘ladi.

Oc‘tkazilgan tadqiqotlar natijasida gazobetonning
zichligi va issiglik o'tkazuvchanlik koeffitsiyenti o‘rtasidagi
aniq bog‘liglik ilmiy asosda tasdiqlandi. 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 faqat ichki issiglik 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 issiglik
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. Bocharoval, 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:

HccnenoBanue 3ppeKTHBHOCTH NPUMEHEHHS TOHKOCTEHHBIX KOHCTPYKUMH B
MOKPBITUAX NPOMBIILIEHHBIX 3JaHUAX

Bouaposa JI.B.!, Myxammaacoues K.A.!
TamxkeHTCKMI TOCYIapCTBEHHBIN TPaHCIIOPTHEINA YHUBEPCHUTET, TalKkenT, Y36eKuCTaH

AHHOTaIHSA: CraTbgd TOCBSIIAETCS H3y4eHHIO 3()()EKTHBHOCTH TNPHMEHEHHUS IKeJIe300€TOHHBIX TOHKOCTEHHBIX
KOHCTPYKLHUH B MOKPBHITUSX NPOMBIIUICHHBIX 31aHui. Ha mpuMepe IByX KOHCTPYKTHBHBIX PELICHHMIT
MOKPBITHS MPOMBIIUICHHOTO 3MaHus ( ¢ MpUMEHeHHeM maseneii-odomouek tunma KXKC u 6e3 Hux)
HPUBOJUTCS] CPABHUTEIBHBIN aHAN3 TEXHUKO-9)KOHOMHYECKHX ITOKA3aTeleH: M0 KOIMIECTBY HECYLIHX
KOHCTPYKIMH, pacxoly MaTepuajoB Ha HHX, COOCTBEHHOMY BECY IIOKPBITHS, a TaKXe CPOKOM
BO3BEICHHS IIOKPBHITHS Ha CTPOMTEIBHOM IUTONmIafKe. BBIABIEHB NperMyIIecTBa, YCIOBUS H
paLMOHANBEHOCTh TPUMEHEHHS B MOKPBITHSX TOHKOCTEHHBIX MIPOCTPAHCTBEHHBIX KOHCTPYKIHSIX.
HPOMBIIIICHHBIE 3[aHUS, BapMaHTHOE IPOCKTUPOBAHHME, KOHCTPYKTHBHOE pEUICHHE, IOKPBITHE,
pebpucTas maHenb, CTpONIIbHAS QepMa, ITaHeTb-000I09Ka, MOJCTPONIIIbHAS OanKa, Harpy3Ka, pacxos
MaTepuajoB, HOpMa BpeMEHH

KoueBsie ciioBa:

MOKPBITHH, a Takke odopmieHHeM QacagoB 37aHHsI B
COOTBETCTBUHU C OKPYXAIOUIUM JEKOPOM M3 COBPEMEHHBIX
OTJEJIOYHBIX MaTepHUAJIOB.

B cooTBercTBHH C BBIIE H3JI0KEHHBIM, JOCTaTOYHO
aKTyaJbHBIM  SIBIISIETCSI ~ IPUMEHEHHWE  COBPEMEHHBIX
TpeOOBaHNH K NPOCKTUPOBAHUIO 3JAaHUH TEXHHYECKOTO
Ha3HAUCHHUS], CTPOSAIMINXCS B PACIIMPSAIOMNXCS TPaHHIAX
TOPOJICKOM 3aCTPOUKH.

1. BBeaenue

B cBs3u ¢ pocToM HaceneHns U ero GIArOCOCTOSTHHUS B
ropojax Pecrry6mmkn BO3HHUKAET OTIpeIeIeHHAs
npobieMa YBETNIEHHS TPAHCHIOPTHBIX MTOTOKOB
0O0IIECTBEHHOTO TPAHCIIOPTA M JITKOBBIX MAIINH.

C pa3BUTHEM O KWIHIIHOTO, OOLIECTBEHHOIO U
MPOMBIIUIEHHOTO CTPOMUTENLCTBA yBEIMYHMBACTCS  JIOJISL

rpy30BOro TpaHcnopra — MallkH  JId TNEPEBO3KU 2 MeTOlIOJIOFI/Iﬂ I/ICC.]IelIOBaHI/Iﬂ
CTPOHUTENBHBIX KOHCTPYKIMH " MaTepHanoB.,
KOHTEHHEPOBO30B M JIPYTUX CTPOMTENBHBIX  MAallWH HccnenoBanne  3(QGEKTHBHOCTH  KOHCTPYKTHBHBIX
Pa3sIMYHOTO HA3HAYCHHMS. pElIEHWH  TIOKPBITUS ~ NPOMBIIUIEHHBIX — 3JaHMH €
Bonpliuas HOMEHKIATypa aBTOMOOMIIBHOTO TPAHCHIOPTA NPUMEHEHHEM TOHKOCTEHHBIX KOHCTPYKIMH
PasIMYHOTO Ha3HAYEHHS Tpebyer YBEIMYEHHS NPOM3BOJWIOCE  C  HCIIONBb30BAHMEM B pacdérax
CTPOUTENBCTBA LIEHTPOB MO TEXHUUECKOMY OOCITY>KUBAHUIO TEOPEeTHYECKHX, HOPMAaTHBHBIX u METOANYECKHX
M KOMIIJIEKCHOMY PEMOHTY aBTOMOOWIIEH M CTPOUTEINbHOIT MaTepUaJIoB.

TeXHUKU. CTPOUTEIBCTBO TaKHUX MPEANPHUITHI KenaTelnbHO
pa3Melnarh B TpaHULIAX FOPOACKOH 3aCTPOMKH, He HapyIIas
CYILIECTBYIOIIETO APXUTEKTYPHO-TIIIAHKPOBOYHOT'O
pelieHus paiioHa B LeJoM, oOecriednBas 0OOCHOBaHHBIC
JIOTHCTUYECKHE  TMOABE3AbI B LEISX  HPOIyCKHOW
CIOCOOHOCTH YIHI] U IOpOT. DTU TpeOOBaHMSI MOTYT OBITh
BBITTOJTHEHBI npH MIPUMEHEHHN COBPEMEHHBIX
KOHCTPYKTUBHBIX pEIICHHWIl 3JaHul, B YaCTHOCTH, C
IpUMEHEHHEeM TOHKOCTEHHBIX HIPOCTPAHCTBEHHBIX

B kadecTBe MeTola MCCIIEIOBaHHSA HCIHOJIb30BANICS
CPaBHUTENBHBIH aHAIM3 BapUAHTHOTO IPOCKTHPOBAHUS
KOHCTPYKTUBHBIX DEIICHUH IOKPBITUH U HX TEXHHUKO-
SKOHOMHYECKHX moka3zareneit (TOII).

CoBpeMeHHBIH 3apyOeXHBII OIBIT JAEMOHCTPHPYET
pa3HOOOpa3ue MPUMEHSEMBIX MOKPBHITHI MPOMBIIUICHHBIX
3/J1aHHUi1, TT03BOJISIONIEE CHU3UTD HArPY3KU OT OKPBITHUSL, 4TO
0COOCHHO Ba)KHO B CEHCMHMYECKH OIACHBIX pPErHOHaX, a
TAKOKe MPHUAATh 3JaHUI0  3PUTENBHYIO  JIETKOCTBY,
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MPHUBIEKATETBHOCTh 32 CUET COBPEMEHHOTO [H3aiiHa M
(YHKLMOHATIBHYIO HHIMBUYaJIbHOCTb.

3. Pe3yabTaThl U 00Cy:KIEHUS

Texnuko-3KOHOMUYECKOE CPAGHEHUE 08YX
6ApUANMO06 KOHCMPYKMUGHBIX CXEM ROKPbIMUS
00H0IMadcn020 30anus «ILlenmpa no
KOMNJIIEKCHOMY pemoHnmy agmomoodunei 6
2.Camapkanoe»

B coctaBe cryneHdeckoil BBITYCKHOH paOoOThI ObUIH
3aIPOCKTHPOBAHbl JBa BapHaHTa KOHCTPYKTHBHBIX CXEM

TOKPBITUSL  OJHOATaKHOH TOIEpedHOH paMbl Kapkaca
3gaHus  «lleHTpa 1O KOMIUICKCHOMY  PEMOHTY
ABTOMOOMIICH».

CormacHo |- ro BapmaHTa B COCTaB MOKpBITHS

TPEXIPOJIETHOW OHOITAXKHOU MOIEPEYHON paMbl BXOAWIN
JKeIe300€TOHHbIE CeTMEHTHBIE  (epMBbl
18M, Ha KOTOpBIE ONHUPAIUCH
yKee300eTOHHbIe PeOPHCTHIC IUTUTHI HOKPHITHS pa3MepaMu
B 11aHe 3X6M, AIHHOH 5,97M.

Cornacuo |l
TPEXIPOJIETHOW OHOITAXKHOU MOIEePEYHON paMbl BXOAWIN
nma”Henn-o0oioukn mpoeroM 18m  TEma KXKC  3x18

C pacKoCHOH
pEeLIeTKON  IpoJIeTOM

ro BapuaHTa B COCTaB IOKPBLITUA

aj)
1B

(kpynHOpa3MepHas, JKele300eTOHHas, CBOIYaTast),
MIMPUHONW MeXIy nuadparmamu 3M. B mokpbeITun nmaHemn-

000JIOYKH  OMHUpArOTCs

C

Ha TOJCTPONUIIbHBIE OaKH,
YJIOKEHHBIE BJIOJIb MIPOAOJIEHBIX OCEH KOJIOHH C IIaroM 6M.
Ilo manenaM yknagsiBaeTcs TeIioe Mokpeitue. OTBOA BOJBI
C KpOBJIH OCYIIECTBIISICTCS Yepe3 BHYTPEHHHE BOIOCTOKH. B
MecTax €HI0B U paclioOkKEHUS BOPOHOK IIPEyCMaTpUBAIOT
YKIaAKy IOMOJHHUTENBHOTO clios OeToHa kiaccoB B7.5+
B10 1 BOgou30JI1IMOHHOTO KOBpa.

KKC

IpeacTaBiIsieT co00il KOPOTKUI MUITHHIAPUIECKUH TONOTHI

Konctpykmms MIaHeNN-000JIOYKH  THIA
Npe/IBApUTENHHO HAIPSDKCHHBIH CBOJ-000J0YKY C JBYMS
pebpamu—auadparMaMu CeTMEHTHOTO ouepTaHus (puc.l).

BBICOTY MOIEPEYHOr0 CEYCHHUS TAHEIH B CEPEIHE MPOJIeTa
1,1

npuHUMAT ( %+E) lo B 3aBHCHMOCTH OT BEJIHYHHBI

Harpy3ku ® mpojera. OdepraHue BEpXHEH MOBEPXHOCTH

000JI0YKM — TO KBaJpaTHOW mapadoie, MUHHMAaIbHas

tonumHa  0=30mm.  JImadparmsl

OOJICTYCHHBIMUH C BEPTHKAIBHBIMH pEeOpaMU KECTKOCTH.

MIPOCKTUPYIOTCA

MuHUManpHas TOJIIMHA CTEHKH auadparMbl B IMpoOJETe
40mm, a B 61m3u omopsl S0mm. ConpspkeHUEe 000JIOUKH C
nuadparMaMi  BBIIOJHSIOTCS C yCTPOWCTBOM  MMOJIOTHX
BYTOB, YKIIOH i=1/5 (puc.2).

Ta
.nc.- _l_f;:l-;:s_l_ 1500 _I_ ED _l_ 1700 _I_;-JI-B-DT-- R
} B ITBED }
A-A
&) =|
| 1THED T
E-B
2o Vft 2200 iiw 20
T 200 1] 100
Puc. 1. ITanean-o6oa0uxa KXKC 3x18
a) MaHeJb; 0) NPOAOJIbHBII 1 NoNepPeYHbIii pa3pes3bl
= =2 2| =2 =
4
] < 2| & g 8] g & 5 2
| T 2| = SR &5 & & & =
S00|500|500|500|500|500|500|500|500|500|500(=

Puc. 2. I'eomerpuyeckue pasmeps! naneaun-o06oa0uxkn K)XKC no odpasyromieii 060101Ke
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OcHoBHas pabouas Harmpsraemas apMaTtypa
pacrosiaraeTcsi B HIJKHEH yTONIIeHHOH 30He quadparM. Jta
apMarypa IPHHUMAETCSI W3 CTEp)KHEBOH, IIPOBOJIOYHOM,
HPsICBOM apMaTypbl B KaXXKI0M pedpe.

B omopHpIX y3max maHenum IpexyCcMaTpUBAIOTCS
CTaJIbHBIC aHKEPHBIC JETaNH, 00ECIeYNBAIOIINE HAJe)KHOE
3aKperieHue paboueil apMaTypsl B O€TOHE, BBITOIHSIOMIECH
POJIB 3aTSDKKU CBOAYATON KOHCTPYKIIHH.

O06o04yKa apMUPYETCS 10 PACUETy CETKaMH PYJIOHHOTO
tumna. [Inomans cedeHus apMaTypsl 0OOJNIOUYKH B CpeqHei
YacTH MaHeNU J0JDKHA COCTaBIIATh HE MEHee: MONepeyHOn
0.3%, npononsroif 0.2% .

JlnadparmMbl apMUPYIOTCSl CBAPHBIMH KapKacaMH TOJIBKO
B IPHOTIOPHBIX 30HaX (mmHo# 0.1lo i HemMHoro Gosnbie),
cpenHei 4acTu
pAcIOJIOKEHHBIMU B BEPTHUKANBHBIX pebpax. ITaHenu Tuna

KJ)KC mnpoexTHpyroTCs W3 TsDKENOro OeTOHa KIIacCoB

a B CTEPIKHAMU-TTO/IBECKAMHU,

B25+B50. KoHcTpykius naHenel Mo3BoJsieT yCcTpauBaTh B

000IOYKE  TEXHOJIIOTHYECKHE OTBEPCTHA  IHAMETPOM
400+1450mm, a Tarke NPSIMOYTOJBHBIE OTBEPCTUS JUIS
YCTPOHCTBA CBETOA’PAIMOHHBIX WM 3€HUTHBIX (OHAPEH.
Vcxons W3 3aJaHHBIX pa3MepoB 3IaHHS B IUIaHE
(54x72M), ero KOHCTPYKTHBHBIX PEIICHUH MOKPHITUS 110 | 1
Il BapmaHTam, T™pPOW3BENEH CPAaBHUTEIBHBI AaHAIN3
HEKOTOPBIX IapaMeTpOB BapHaHTHOTO IPOSKTUPOBAHMS,

KOTOPBIN IpeACcTaBieH B Tabm. 1.

Ha ocHOBe cpaBHMTENBHOTO aHajM3a MapameTpoB Tabm.l
MOJKHO 3aKJIFOUUTH CIIeyIOLIee:

— pacxopn OeToHa Ha KOHCTPYKIMHU IOKpHITHS 10 |l-omy
BapHaHTY CHIKAeTCs Ha:

272.2%100
100 - ————
3523

JKEeNIe300€TOHHBIX KOHCTPYKIUI NOKPHITHSA ¢ 255 10 72, TO
ects (B 3.5 paza) wm Ha 72%;

= 22.7% 3a cueT CoKpallleHUsI KOJINYeCTBa

— pacxoA CTaad Ha KOHCTPYKIHMM HOKpBITHA 1o |l-omy
BapHaHTy CHH3WJICS Ha:

_ 31680+100 _ 4 0, .
100 2905 9.2%

— IIOCTOSIHHAs HOPMaTHBHAs Harpy3ka Ha MOKphITus 110 |-
OMy BapHaHTy CHU3UJIACh Ha:

3100 20% .

100 — =
CTPOUTENILCTBE CEHCMUUECKU OTMACHBIX PETHOHAX.

= 0COOCHHO
3.75
OnHako, YTO MPOCKTHPOBAHKE

4TO BOKHO IIPU
clleyeT OTMETHTb,
Kapkaca 31anus 1o ||-oMmy BapuaHTy npeamnonaraer Hajau4ue
MOJACTPONIIIBHBIX KEIEe300€TOHHBIX OaloK pa3MepamMu
0.3x0.6x5.6M, TPSAMOYTOJHHOI'O MONEPEYHOr0 CEYCHUs,
KOTOpBIE ONHPAIOTCS Ha KOJOHHBI Kapkaca, HepenaBas
Harpy3Ky OT HOKPBITHSI.

OmnpenenuM CpOKM MOHTaXa HECYIINX KOHCTPYKIIMH
nokpeitist o | u |l-oMmy BapuaHTaM ¢ HCHOJNB30BaHHEM
YCTaHOBJIEHHBIX HOPM BpeMEHH JIEHCTBYIOIINX
HOPMAaTUBHBIX TOKYMEHTOB, Ta0I.2

Taéauna 1

CpaBHHMTEJbHBIN aHAJIU3 TAPaMeTPOB BAPHAHTHOIO MPOEKTHPOBAHHUS MOKPBITHSA 3AaHus «LleHTpa mo KoMIIeKCHOMY
PEMOHTY aBTOMOOMJIEH»

Homenxnatypa Komu- Pacxon marepuanon ITocTrosinnas
Ne KOHCTPYKIHH YECTBO [p— Cranb. kr Harpyska Ha
HOKPBITHS 10T, ’ ’ nokpeiTHe KH/M?

Bec xposnu — — — 1.25

[TnuTe! TOKpBITHSA 3X6M 216 1.07x216=231 93x216=20088 1.78

I CTponuibHbIe (bepMbI 39 3.11x39=121.3 380x39=14820 0.72
(DCM18)

Hroro: 255 352.3 34908 3.75

Bec xposmu — — — 1.25

I " TManenn-oGomouru KXKC- 72 3.78x72=272.2 440x72=31680 175

18
HUroro: 72 272.2 31680 3.0
Tabauna 2

CpaBHl/lTeJILHI)Ii/'I AHAJIU3 CPOKOB MOHTAKa HECYILIUX KOHCprKHI/Iﬁ NMOKPBITUSA 3JaHUSA «IIeHTpa M0 KOMIIJIEKCHOMY

PEMOHTY aBTOMOOMJIEH"
Homenxnatypa Hopwma KonuuectBo
Ne KOHCTPYKIINHI BpPEMEHU Ha IIT. Cpok MOHTaXa B JIHAX
HOKPBITHS 100 mit. yen/yac
I11UTHI TOKPBITHS 276 216 276216 3635
3x6m 100%82%2
| CrponuibHble GepMbl 784 39 784 %39 18.64
dCM18 100822
Uroro: - 255 55.0
[axenu-o60moukn KXKC-18 459 72 45972 2015
100%82%2
I TMoacTponuibHas Gaka 150.5 48 150.5%48 44
(0.3x0.6x5.8m) 100822
Uroro: - 120 24.6

HpHMeanHe: 3aech 8.2 gac — IIPOAOJIKUTECILHOCTD pa60t1er0 JHA B Hacax; 2 — KOJIMYECTBO MOHTaXXHBIX 6p14ra11.
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U3 ananmu3a Ta6s1.2 MOXKHO OTMETUTb, YTO CPOK MOHTaXa
HECYyIIMX  KOHCTPYKIMH  TOKPBITUS  C  y4eTOM
MOJCTPONIIIBHBIX 0ajiok 1o |l-oMy BapuaHTy cokpamaercs
B: 55/24.6=2.2 paza.

BapuanTt Il Obm1 BEIOpaH B KauecTBE OCHOBHOTO C

pacuyeToM M KOHCTPYHPOBaHHEM IaHENIN-OO0O0JOYKH THIA
KOKC 3x18m.

4. 3akjI04eHune

Oba BapmaHTa KOHCTPYKTHBHOTO PELICHHS IOKDPBITHS
MIPOMBIIIIEHHOr0 371aHus  «lleHTpa IO KOMIIEKCHOMY
PEMOHTY aBTOMOOHIIEH)» HMEIOT IPaBO OBITH OCHOBHBIMU
NIpU HAJIWYUU TPENPHATHH CTPOUTEILHOW HMHIYCTPHU C
IIMPOKOH HOMEHKIIATypOH BBHITYyCKaeMbIX KOHCTPYKIHUH
U3/IeNNid, B TOM 4YHCIE€ U TOHKOCTEHHBIX IIIUT-0001I0UYEK
pazmuuHBIX  pasmepoB:  3x12;  3x18; 3x24m. Or
TEXHUYECKHX, MAaTepHAIbHBIX M KBATH(UKAIMOHHBIX
BO3MOXXHOCTEW NPEANPUATHH CTPOUTENBHON MHIYCTPUU
3aBUCUT BCE TO pa3HOOOpa3We TPOCKTHBIX peIIeHUIt
NPOMBIIUICHHBIX 3[aHUH, KOTOpBIE JOJDKHBI OTBEYaTh
TEXHHYECKHM,  OKCIUTyaTalMOHHBIM,  OKOJOTHYECKHM,
JCTETHYECKHM ¥  JKOHOMHYeckMM TpeboBaHmsM. C
MIPUMEHEHHEM MOHOJIHMTHOTO >KeNe300€TOHa CTaJIbHBIX
MIPOCTPAHCTBEHHBIX KOHCTPYKIMI 3TH BO3MOXHOCTH €IIE
0oJee pacIIupsIFOTCS.
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Effective steel structures for industrial buildings

A.l. Kholmurodov®2
1Samarkand 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.1.102
'Samargand 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 konstruksiyalarni keng qo‘llanilishiga tusqinlik gqiladigan 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: po‘lat, profil, yupqa devorli, gofro to‘sin, mustahkamlik, ustuvorlik, samaralilik
- uchun, bino-inshootlarga sarflanadigan po‘lat migdorini
1. Kirish kamaytirish, dolzarb masala hisoblanadi.

Po‘lat konstruksiyalarning bir qator afzalliklari, ya’ni
yuqgori 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 yaqqol sezilmoqgda.

Po‘lat qimmatbaho, 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 Dbarpo 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 giladi. Shu

& https://orcid.org/0009-0000-6482-4170

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. Tadgigot metodikasi

Mamlakatimizda amalga oshirilayotgan islohotlar
qurilish sohasining yetakchi soxalaridan biri bo‘lgan po‘lat
konstruksiyalar soxasida ham ulkan o‘zgarishlarga olib
kelmoqda. Qurilish  sohasida ishlatiladigan  po‘lat
konstruksiyalarning hajmi yildan yilga oshib bormoqgda.
Oxirgi 10-12 vyillar 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 xujatlar ishlab chigarishga ancha kech(2024-
dekabr) kiritilganligi tufayli “LSTK” nisbatan kam ko‘llanib
kelinmoqda. “LSTK” ni keng qo‘llanilishiga to‘sqinlik
giladigan  asosiy = sabab, mazkur konstrukiyalarni
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hisoblaydigan kadrlarning 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 tashqari bitta konstruksiya
oraligida bunday kesimlarning soni bir necha bo‘lishi
mumkin. Keltirilgan omillar loyihachidan materiallar
karshiligi, elastiklik nazariyasi borasida chuqur bilimlarga
ega bo‘lishni taqozo giladi.

Respublikamizda po‘lat konstruksiyalarni rivojlanishiga
sababchi bo‘lgan yana bir hodisa, Samarkandda
«SAMARQAND ARYA BARON» MChJ korxonasini ishga
tushirilishi bo‘ldi. Mazkur korxona, penopoliuritan issiglik
gatlami asosida (42 kg/m3) uta yengil «SENDVICh»
panellar va gofr (to‘lginsimon) 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
qgabul gilinadi. Tusin devorchasi sinus shaklida gofrlangan
yupka (2-3mm) po‘lat varagdan 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
fagat tokchalarga yaqin gismlarida bo‘lib va juda gisga
muddat ichida nolga tushgan, chunki gofrali devorcha
ko‘ndalang yo‘nalishda siljishga qarshilik 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

-t
[ h |
|

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
mahalliy 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 ekanligjﬂaniqlangan.

1-rasm. Qo‘shtavr devorchasini gofrlash jarayi
(Samargand)

2-2

J

=
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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 gabul giladi. 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
sobig Sovet davlatlari olimlari tomonidan o‘tkazilgan
ko‘plab tajribalar gofra devorchali konstruksiyalarni, oddiy
to‘sinlarga nishatan seysmik kuchlarga qarshi yaxshi
ishlashi ta’kidlangan (1).

3-rasm. Samargand 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 gadami;

hef - 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?2- f Y16 ad);

Gofralangan devorchaning galinligi 1,5 mm dan kichik
bo‘Imasligi lozim, egiluvchanligi Aw = 200-500 oralig‘ida,
gofra panelining shartli egiluvchanligi

As=s/ty [RyJE < 23.

Gofra parametrlari quyidagi shartlarga javob berishi
kerak:

Tp,cr > Tocr (1)

To‘lgin shaklidagi gofra panelining mahalliy ustuvorlik
Tper  yo'qolishidagi kritik kuchlanish:

Tper =112 (534 + ) =2 @)

hyty/ X
Gofra  devorchaning umumiy  ustuvorlik g,
yo‘qolishidagi kuchlanish

“/DiD%
Toer = 32,4 (3)

hZ t, '
Bunda, D1 va D2 - bosh yo‘nalishlar bo‘yicha egilish
bikirliklari, N-mm:

Et3, as, E]

D, = 12002 s’ 27 &y “)

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 qgalinliklari tw tegishli hisoblashlarga doir
gabul qilinib, bunda quyidagi shartlar bajarilishi lozim,
bunda gofralar gadami a < 60 tw, gofra balandligi
f = hw/ 30+ 30mm, hw- devorcha begingligi, 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 katta
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 tv dan Katta
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:
bet < [ ber ], bunda, ber=0,5(br +2/3 f); [ ber] = 0,25

t- - VE/Ru. (5)
bt - tokcha eni; E- elastiklik moduli.

To‘sin devorchasini, tokchaga birlashtirib turuvchi
payvand choklar bir tomonlama bo‘lib, choklarning
galinliklari 1,2 tw dan katta bo‘Imasligi talab qilinadi.

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
qo‘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 golmasligi
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®® H. Samadov®®
1Tashkent 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 lvanov 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.

al“ https://orcid.org/0000-0002-3258-9249
bU 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]

Qer = %qcal 1)

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. Gpacy- 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.
Geal =4n = qokc (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: gpaca= 0.45 - 1 - 1.4 = 0.63 MPa. Consequently,
the control destructive load is equal to:
cqi=22.063=151MPa  (3)

Ger =595 = 075
The strength of the panels was assessed using the safety
factor (C).
c=2% @)

dcal

where m = 0.75; q¢a= 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.

p-2
50 -
P-1
40 -
N 30
=) ©
&= 3
2 Tap
3
o 10
= P41 P2 P3
= Iml
= 0
B /4 172 /4 /4
E Displacement meter
la) P S S S S T T T W
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 | (g,) L] um um
(ax) Ak Acceptable actual acceptable actual

13.3 36 2.7 1.15 13.6 1 1
2400 212

44 33 15 151 124 1 1 1
200 1910 230

44 33 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 1 /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
conclusions:

- The panels demonstrated good composite behavior,

findings support the following
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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

Mopean ne¢popMupoOBaHNS MATUCTPAJIBLHBIX TPYOONPOBOA0OB IPU MOBTOPHO
MepeMeHHOM HATPYKEeHHH € YYeTOM MOBPEKIAeMOCTH MATEPHAJIOB

Adaycarrapos Al

ITamkenTcKuit rocy1apCTBEHHBIN TPaHCTIOPTHBIH yHUBEPCHUTET, TalikeHT, Y306eKkncTan

AnHOTAIHMA: TlpuBoAATCS TOCTAHOBKA 3aJa4d M pacyeTHOW Mopenu JeOpPMHUPOBAaHUS MAarucTpajbHBIX
TpyOOIPOBOZIOB NPU MOBTOPHO-TIEPEMCHHOM HAarpy)XKeHHH C Y4eTOoM IoBpexaaemoctd. Ha ocHoBe
TEOPHU MaJIBIX YIPYTOIIaCTHYECKUX AehopMaiyili 1 BapUallMOHHOTO MPHHIIUIA, TTOJTyYEeHbI CHCTEMBI
muQepeHINaIbHEIX ~ ypaBHEHU JABIKEHUS (paBHOBECHs) MAruCTpPalbHBIX  TPYyOOIPOBOIOB,
copMupoBaHa KpaeBas 3ajava.

Kirouessle croBa: HEepeMeHHOe HarpyxeHue; aedopmarys; HOBPEKNAeMOCTh; BapHAILMOHHBIM NPHHINI; ypaBHEHUS
paBHOBeCHs

MaKCUMAaJIbHO TPHOIIKEHHBIX K PEaTbHBIM (IIHKIMICCKI
U3MEHSIONINECS ~ HANpPSDKEHUs), CKOHCTPYHpPOBaHA U

1. BBeI[eHI/Ie M3TOTOBJIEHA YCTaHOBKa. Pa3paboraHa maremaTtudeckas

monens H/IC tpyGomnpoBosa, mo3BOIAONIas MUCCIEIOBATH

B mocreiee  Bpems LMKIMYECKOH TMPOYHOCTH M BIIMAHKE SKCIUTYaTalMOHHBIX HArPy30K HAa XapaKTePUCTUKU
HaJIeKHOCTH  WHKEHEPHBIX  COOPYXKEeHHMH  ynensiercs HPOYHOCTH U yCTOHuMBOCTH Tpybomposoaa. B pabote [3]
6o07bIIOE BHUMAHMS, B YACTHOCTH ISl MAarMCTPalbHBIX HICCIIETOBAHO BITUSIHHC acHMMeTpHH LIMKIIOB
TpyGONpOBOIOB. ITO CBA3AHO C BO3PACTAIOIMICH POIBIO HECTAl[MOHAPHOTO  HArPY)KEHWs HAa  HUHTEHCHBHOCTD
TPYOONPOBOIHOrO TPAHCIIOPTA B CHAOKEHMH HApOTHOTO HAKOIUICHHs. PACCESHHOH IIOBPEXKACHHOCTH B CTCHKE
X03qHCcTBa HETHIO M Ta30M, TaKXKe 3HAYHTENEHBIM POCTOM MaruCTpaIbHbIX TPYGOMpPOBOIOB (ra3sompoBoJIoB),
MPOTSHKEHHOCTH H yBEITHICHIEM IHAMETPa TPYO0npoBOIOB, BBIIOJIHEHHBIX X3 CTamd. Tak jke aHaIM3UPOBAIHCH
HOBBILIEHHEM TPeOOBaHUI K OXpaHe OKPY KaroIled cpesibl. paspyIIeHHs Ta30MPOBOAHBIX TPYG B  KOPPOSHOHHO-
Ilpobnema  oGecrieyeHns LMKIMYECKOH NPOYHOCTH M aKTUBHOI cpeJie IIpH JIUTENbHO dKcIuTyartaiuu. B pabote
HaJIOKHOCTH  MArMCTPANbHBIX  TPYOOMpOBOZIOB  — [4] cdopmymupoBaHa  TEOMETPHYECKHM  HEIMHEHHAs
MHOTOIIJIAHOBAs aKTyaslkHas 3ajauya. MccrenoBaHuio u IOCTAHOBKA 3aja4i O HANPSKEHHO - 1e()OPMUPOBAHHOM
OLCHKE MPOYHOCTH TPYGOMPOBOJOB MOCBAMICHO GOMBIIOE COCTOSIHHH TPYOONPOBOJOB, MPOJIOKEHHBIX B CJIOXKHBIX
KONM4ecTBO pabor [1-4]. HH)XEHEPHO - T€0JIOTMYECKUX YCIOBHAX.

B monorpapum [1] coxepxurcs Ommcanue METONOB JlurepaTypHelii  anamms. B gaHHON  craThe
IMCICHHOrO MOZEIMPOBaHNA MarucTpalbHbIX cdopMyIupoBaHa NOCTAHOBKA 33/1a4M U pacueTHas MOJENb
TpyOonpoBoHbIX cHcTeM. [IpeanioxkenHbie KOHIENIHA 1 JnebOpMHUPOBaHUA MAarucTpaibHBIX TPyOONpPOBOJOB HpH
METO/IBI SABNISAIOTCS 6a30BBIMH IEMEHTAMH TEOPETHIECKOTO IOBTOPHO-TIEDEMEHHOM HAIPYKEHHH HA OCHOBE TEOPHH
dynnamenta COBPEMEHHOTO KOMIILIOTEPHOTO MaJIbIX YNpPYroIUIacTHYeCKUX AeopMalnnidi M yTOUHEHHOH
MHCTpYMEHTapust A7 3()(GEKTUBHOTO PELICHHs] LIHPOKOTO Teopuu crepxkHeii [5-7].

Kpyra TEXHUYCCKUX u TEXHOJOTHYCCKHUX np06ﬂeM

NPOEKTHPOBAHHS COOpYKEHHH u 00BEKTOB

TpyOOIIPOBOHOTO TpaHcmopTa. B pabote [2] Ha ocHOBe 2. MeTOJIOJIOFI/Iﬂ HCCJIeI0BAHUSA
TIPOBENIEHHOTO CTATHCTUYECKOTO aHaNM3a NPUYHH OTKA30B

MarucTpabHEIX TPYOOIPOBOIOB B 3aBUCHMOCTH OT CpOKa IIpuBenéM pacuérHele Mojemu  neOpMHpPOBAHHA
SKCIUTyaTallid TOKa3aHO, YTO OIpENeTeHHbIe edeKTHI MarucTpaibHOro  TpyOOTmpoBOojZa  HpH  BO3JEHCTBHM
YKIIaIKH TpyOOIPOBOIOB MOTYT UHULIMUPOBATh BHELIHHUX IMOBTOPHA+-NIEpEMEHHBIX HarpykeHuil. Crenys
paspylIeHue Aaxe Ioclie JTIMTENbHOM SKCILTyaTalny, Koria teopuu [8], BBenem pasHoctn

Jerpajands MeTajula JIOCTUTaeT ONPEAEIEHHOIO YpPOBHS.
Jlnst  WCTBITaHUs  3NEMEHTOB  TpyOBI B YCIOBHSX,

- -1 — -1 - -1
ugn) — (_l)n(ui(n ) _ ul(n))’ e;,(n) — (_1)n(el(n ) el(n))'o-z,(n) — (_1)n(o.i(fﬂ ) _ o.i(Tl) (1)
J J J J J J
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CornacHo CTaTHYECKUM THIIOTE3aM, BBIPXKEHUS AT NMEPEMEIEHHUs] TOUeK MarucTpalbHbBIX TpyOOIpoBOga MPpU IMEPEMEHHOM

Harpy>KeHHUH TIPEICTaBUM B BHIE aHAJIIOTHYHO, KaK B padote [7]:

Ul(n) =70 — ya(n) zdgn) + ™ + al,él(n) + az,gz(n).

00 = 5™ — 26,58 = w® + ygo, @)

rae dgn),dgn) — YIJIBI IOBOPOTA CEYEHHS MPU YHCTOM kpyuennss Cen-Bewana. C yuerom ¢opmymsr Komm
(n) (n) OIIpe/ieNIeHEl KOMITOHeHTH! nedopManuu. [Ipu moBTOpHO-

nu3rube Opu N HOM HarpyKeHWw; [5; —  YIJEI .
e MEPEeMEHHOM HAarpy>KeHUH KOMIIOHEHTHI HANpPSDKCHUH U
nonepeuroro capura; 6™ — yron kpyuenus; voo— nedopmaruit  mpM N-HOM  Harpy>)KeHMH  CBSI3aHBI

MOTOHHAsl 3aKPyTKa IpU N — HOM Hany)KeHI/II/I - q)yHKuI/Iﬂ cieayromuM oopazom [9]:
0-11 =3GleM _ ﬂ)e () +Za)0(n rn) 0(” m) G{ ) w(n)e*(n) Yk y0t=m) g—gin—M)}_ 3)

IIpn nmuueliHOM yrpoyHeHHN MaTepuaia GyHKIUS NIACTHIHOCTH HMEET BA
0, npuzl’ < & (),

w(") =

n

B ciyuae 06061menHoro npunnuna Masunrad, = 4, &,
& (M) = dnes + BO)TBYY - [1- 05,11 - (1 -

=)
& n
s ( ):|' _(n)>_§n)( )

(n)

= a0, &g, a IPU yU€TEe HAKOIUICHUS TIOBPEKICHHUMN:
)1+a]1/a(n _ 1)—1/11.

@OyHKIKs TOBPEXIaeMOoCTH 77(N) OIpeesieTcst U3 KUHETHYECKOro ypaBHeHus [8]:

= £ (6 mm

npu ycnosusx 7(0)=0, n(in)=1, rme AN (o
MOJYIUKIIOB HAIPYKEHHSI.

BouiBoj ypaBHeHHusi ABMKeHHsi. [l ompejaeneHus
ypaBHEHHS JBWKEHUS (PAaBHOBECHS)  MaruCTPaabHOTO

L
= 4

) f= (1—1/111’)“ *)
TpyOOIpOBOIa P MOBTOPHO-TIEPEMEHHOM HAarpy>KeHUH C
y4eToOM YIPYromIacTUYECKUX nedopmaruit u

MOBPEKIAEMOCTH HCMOJIB30BaH BAPUAIIMOHHBINA TPHHIUIT
Tamunbrona — Octporpackoro [7]:

8 [,(r™ — 1™ +A(">)dt =0 (5)
me 8 f,7™dt = [ A% ESY®dxl, — f, [ ATE" ESY™ dxde; 6)
yo a
5 f nmde = f {(Ay" —A’”)W+ B”" —B””)Y(”)} E5Y(")dt| f f { (A —a™)
t t

+(B" = B")Y™) + (O - C'”) 7 + (D" = DY MWESY Mdxdt; )

8 [,AMdt = [ Q7 8ydtl, + [, [ Q"Sydxdt (8)

TlozxcTaBissi BEKTOPHBIC BHIPAXKEHMS BapHaLlMM KMHETHYECKOH, TTOTCHIMATIBHOM SHepruil u paboTsl BHemHuxX cui (6)-(8) B
BapUanUOHHBIN mpuHIHII (5), momydnm:

52y(n) ] ym
f f { [(AY” A’”) +(By"—B'“)Y(n>]+

(D = DY ™ + QY Esy ™ dxdt + ©)

™)

+ (Cyn _ Cn,v) — +

ym
+ J {(AY" A’”) + (B — B™)Y(™ + QF (”)}ESY(")dtI + f A =0.
t x x t

N3 3Toro ypaBHeHMI BBITEKAET CIEAYIONIYIO KPAaeBYIO 3a1a4y:
_9%Y™ Q) Y™

ay
At [(Ay" A ——+ (B - B’”)Y(")] + (€ — ¢y

at2 + (D" =D"yYy™ 4 Q" = 0.

_gym
{(Ay" A'”) ~+ (B — B)Y + pr} sYl, =0, AZ" an(")| =0. (10)
3neck matpuibl 4, B, C, D — kBagpaTnuHble MaTPHULBI ACBITOrO NOpsiika, Q" u Q% BEKTOPBI BHEIIHUX CHII )IeBﬂTOFO nopsika

¥ K03 QUIHEHTH UMEIOT cneny}omeﬁ BHI:

(ay = aj —a;;™, by = by —bj™, cj=—by, diy=dyj —d;;™).

ij ij ij
W3 BapuanuoHHbIx ypaBHeHuil (10) moiyuena cucrema TPAaHNYHBIMH YCIOBHSMH B BekTopHOU ¢opme. Ilocme
1 hepeHITHATBHBIX ypaBHEHHI paBHOBeCHS NpUMEHEHHUsT METOfa KOHEYHBIX PAa3HOCTEH OHU IPHUMYT
MarucTpaibLHOTO TpyOomnpoBozaa npu TIOBTOPHO- B!

NEPEMEHHOM Harpyx¢Huu C COOTBETCTBYIOIIIUMHU

k) w0

(a7 =4 ) T (B = BT 4 (" - c”“("))vl =4, +3¢, +d .

Jdnst  peuieHuss  HEJIMHEHHBIX — KpaeBbIX  3ajaad
UCTIONIB3YIOTCS METOJI YIPYTHUX pemieHuid A. A. MiprommHa
[5] 1 MmeTon MaTpudHO# poroHku [9]. B pesynbrate nmeem

[(Ayn Am(k)) dV + (Byn Bm(k))V(k)]

i
—A>(k)
=F . (12)
r
CIIEYIONINE PEKYPPEHTHBIE COOTHOILIEHHS:

Sl = fv 21'3=1 aijé'eij dv = fU[JMSeaa + aﬁﬁSeﬁB +
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Oupbeqpldv  8I1= fy fﬁ {aaa(? [u -(r-1) g—‘;’] +
Oapd [rv —(r-1 Z—Z]} |ardBdy +

+J;L{aﬁﬁ%5[rv—(r—1)g—];/

1 a
+ 04 ;5 [u -(r-1) %]} |Bdady

L[5l -5

+ (2L D) s [rv - - 5] - —}oﬁﬁsw](ld;

6A =

3nech Y;
S, 2 Xidudv + Jg J Zio1 pidudBda +
+J, fy Y1 Pibu;|Bdady + f,; fy2?=1 qi6u;ladfdy;
a
A= [, f, [ [Xiow + X,5 (rv - (r - 1)%) + X368 (u -

ow
r = DZ)| dadpdy +
Ha OCHS)Be TMPUBEACHHBIX aJITOPUTMOB PECUICH pAJ 3a1a4

mna  adanmuza HJIC  TpyOGompoBOZOB IpU  MOBTOPHO-
MEPEMEHHOM HarpyXeHHd. B 4acTHOCTH, IPH OTCYTCTBHU
KpydeHus u nonepeynoro casura (6=0, v=0, £1=0, /»=0).

IIpumep pacuera. B kavecTBe mpuMepa MpPUBEICHBI
pe3yJbTaThl  pacuera TOHKOCTEHHOTO — TpyOOIpoBOAa,
3aIEMJICHHOTO MO TOpL@M IpH TOBTOPHO-IEPEMEHHOM
HAarpy>)KeHMM C YYeTOM HaKOIUICHHS IOBpEXACHUH. 3a
KHHETHYECKOe ypaBHEHHE IPHHATO popmyia (4).

3ajaya penleHa MpH CICAYIOINX HCXOIHBIX JAHHBIX:
MaTepuaibHble KOHCTaHThl KHHETHYECKOTO YypaBHEHHS
nospexaaemoctu: A=12-10"% a=p=5; v1=0.8; r=1.2;
a1=0.97; B=1.4-10% &=0.0015. 3a BHEmHIOI HArpy3Ky
IPHHATHI CIEAYIONME 3HaueHus: fy = 25; f5” = 50; f3f =
10; fy =5; (xr/emd); a = /3; a* = /2,y = /4, v*
/6. UncneHHble pe3ynbTaThl BEKTOpa IMEpeMEIleHUi B
3aBHCHMOCTH OT YHCJIa UTEpaLUiiy U Yucia HUKIOoB Kk (Ipu
N =40, k=2 u k=10) npuBoIsTCS C HCIOIB30BAHHEM

00001IeHHOr0 MpHHIMIa Masunra. J[JIs WUToCTpanuy Ha

o k
pI/IC.l NOKa3aHbl U3MCHCHHA MNECPEMEIICHUN W(k), ai )HO

JUTMHE TPYOONpOBOAA, NPH PA3IHYHBIX HHTEHCHBHOCTH
Harpys3KH o.

ay

Puc. 1. I3meHeHus1 nepeMenenuii o aimxe Tpyost (1-6=1; 2-6=1,5; 3-6=2; 4-6=2
(C y4eTOM NMOBPEKI2€MOCTH))

a

AHAIIM3 YUCIIEHHOTO KCIIEPUMEHTA MOKa3bIBA€ET, YTO C
YBEIMYEHHEM YHCIA [HUKIOB HATrPyXKEHHS HW3MEHSIOTCS
3HaYeHHs1 (DYHKIUM MIACTHYHOCTH M TIOBPEKIAEMOCTH, a
TaKXKe MOKA3aHO BJIMSHHE TUX MAPAMETPOB HA KMHETHKY
HaNpsHKEHHO-1e()OPMHUPOBAHHOTO COCTOSIHUSI
Tpy6onposoa [10-12].

3. 3aki4yeHue

ChopmynmupoBaHa MOCTaHOBKA 3a/add M COCTaBJIEHA
pacdeTHass CXeMa MAaruCTpPalbHBIX TPyOONMpPOBOJAOB MpPH
MOBTOPHOM - NEPEMEHHOM HAIpy>KEHHU Ha OCHOBE TEOPUH
MaJIbIX YIPYTOIIaCTHYECKUX Ae(hOopMalnii 1 yTOUHEHHOM
TeopuH crep)kHed. Pa3paboTana MeToanka pemeHus 3a1a4d
C YYeTOM BTOPHUYHBIX IUIACTHYECKHX Jedopmanuii u
HaKOIUIEHUs] MOBpexkAeHUl. IlpuBeneHbl  pe3ysbTaThl
pacuera nepeMelleHHi TP Pa3IuuHbIX Harpy3Kax.
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Calculation of a steel prestressed truss with a span of 60 m, taking into
account seismic impacts

G.S. Fridmanl®2 Sh.M. Turakuloval®®
!Samarkand 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

Pacuyer cTajJbHOM NpeIBapUTEIbHO HANIPSIKEHHOH epMbI
npoJieroM 60 M ¢ y4eToM CeMCMUYEeCKUX BO31eHCTBUI

Xaabpuu I'.P.102 Typakyaosa IIL.M.10P

!CamapkaH ICKHi TOCYIapCTBEHHBIN aPXHTEKTYPHO-CTPOMTENbHBIN yHUBEpcHTET, CamMapkaH i, Y306eKucTan

B Hactosmedl paboTe NPUBOMATCSA pacdeThl CTaJbHON CTPOIMIBHOH (epMBI TIOKPBITHS C
NIPEJBAPUTENILHO HAPSKEHHBIMU 3aTsDKKaMU IIpoJieToM 60 M. PacueTsl BBIOI"HEHBI B TEOMETPUYECKI
HeJIUHEHHOW nmoctaHoBke B nporpaMMmHoM komiuiekce JIMPA CAIIP 2022. [Ins ydera BepTUKaIbHON
CeNCMHUYECKOM Harpy3Ku UCIOJIb30BaH METO]| «MH)KEHEPHOI HennHelHocT». [Toka3zaHo 3HauuTeNbHOE
MOBBIIICHNE KECTKOCTH (EPMBI U CYIIECTBEHHAS SKOHO MM CTali Ha HEe 3a CUET HCIIOJIb30BAHMUS

AunHOTALMSA:

BBICOKOIIPOYHBIX 3aTSKCK.

Kirogessrie crosa: cTanpHas (epma, 3aTDKKa, MpPEIBAPUTENBHOE HAMpPsHKEHHE, TeOMETpUUEecKas HEIMHEHHOCTb,
ceifcMuueckas Harpy3ka, MH)XeHepHas HeJIMHEHHOCTh

1. BBeaenue

IIpenBapurensHOoe HAmpsyKEHHE B METALUIMYECKHX
KOHCTPYKLMAX OCYIIECTBISAETCSA C LENbIO MOBBIIICHUS HUX
Hecylieil COCOOHOCTH M JKeCTKOCTH. Pacxon cramm mpu
STOM CHIDKaeTcs 3a CueT NPUMEHEHHs 3aTsDKeK U3
BBICOKOIIPOUHBIX MaTepHUaloB (CTajbHblE KaHATbl, IIy4YKH
MPOBOJIOKH U 1p.) [1].

KomnbloTepHoe  IpOEKTHpPOBaHHE  IPEABAPUTEIBHO
HanpspkeHHbIX KoHcTpykiuid B 1K JIMPA CAIIP mmeer
cleayromue 0cooeHHoCTH [2]:

1. Jm MOJIEIUPOBAHUS IIPEBAPUTEIILHO
HaNpsDKEHHOM  3aTSDKKU  UCIIOJIB3YETCsl  T'€OMETPUYECKH
HENMHEHHbBII KoHeuHbIH dmeMeHT KD-308 (dopkond).

2. Pacuer KOHCTpYKUMH CIemyeT BBINOJHATH B
reOMETPUUECKH HEIMHENHON MOCTaHOBKE, 3a/1aBas BMECTO
PCY ucropun 3arpyxxennii.

B crarbe [3] nokaszaH netanpHBINA pacueT (hepMbl THIIA
«apKa ¢ 3aTsHKKOI» IpojeroM 36 M Ha CTaTUYECKHE
Harpy3ku. B Hacrosmeit paboTte mpUBOANTCS aHAJIOTHIHBII
pacuer pepmbl posieToM 60 M ¢ BBIHOCHOM 3aTsSKKOH IpH
JIOTIOJIHUTEJIBHOM ~ Y4YE€T€ BEPTHKAJIBHOM CEHCMUYECKUI
Harpy3ku. [Ipu 3ToM ncmnoss3yercsi 060CHOBaHHBIN B [4]
METOJ] «HUHXCHEPHOW HEIMHEHHOCTH», IO3BOJISIOLIUI
UCIIONb30BaTh CHEKTPAJIbHBIA MOAXOJ IJIs ONpeleseHUs
CeHCMUYECKHUX HAarpy30K B HEIMHEWHBIX 3a7adax.

https://orcid.org/0009-0008-7327-1991
bl https://orcid.org/0009-0006-4557-1319

2. MeToa0/10rusl UCCJIeI0BAHUS

CrponmibHas cTajdbHas ¢epmMa — 23TO IUTOCKas
CTEpXKHEeBass KOHCTPYKIUS HOKpPHITHA 31aHWSA. B manHOM
cirydae uccieayercs bepma TUIst TOKPBITHUS
GospienposieTHoro 3xaHus (60 M) TpakIaHCKOTO WA
MPOMBIIIIEHHOTO HazHayeHus. [ pacuera Takoil (pepmbl
Oynem HCIIOJIb30BATh KOHEYHO-2JIEMEHTHOE
MOJIETUpOBaHUe B MporpaMmHoM komrutekce JIMPA CAIIP
2022. [Ins co3naHus pacdeTHOH CXEMBI, a TakKe pacdera i
aHanM3a pe3yJIbTaTOB HCIIOIb3YeM BCTPOEHHBIE CPEICTBA
9TOW CHUCTEMBI.

depMa COCTOMT M3 JKECTKOH YacTH C 3JIEMEHTaMH U3
NPOKATHBIX WM THYTBIX NpOoQuiIeid ¥ ABYX BBIHOCHBIX
3aTAXCEK U3 BBICOKOIIPOYHBLIX CTAJIbHBIX KaHATOB. Kectkue
DJICMCHTBI MOJEIUPYIOTCA KOHCYHBIMHU JJIEMECHTaMH
wiockoir pamel — KD-2. MopennpoBanue 3aTsDKEK
OCYIIECTBIETCS TEOMETPHIECKH HEITMHEHHBIMA
KOHEYHBIMH 3JIEMEHTAMH ISl CO3/IaHUS TIPEIBAPUTEIEHOTO
HanpspxeHus: — K9-308 (popxomnd).

Hanmnune HeNWHEHHBIX DJEMEHTOB B KOHCTPYKIUU
TpeOyeT ee HelMHeiHOro pacdera. OTO O3HAyaeT
MICIIOJIb30BaHKE IIar0BO-UTEPAIIMOHHOTO METOIa pacyera ¢
3aJJaHueM HCTOpUH (IIOCIeqoBaTEeNbHOCTEH) 3arpy’KeHus.
[Ipu 3TOM B BapuaHTe KOHCTPYHPOBaHHs 3a1aeTcsi mMoa00op
CEUYECHUH 3JIEMEHTOB I10 YCHIIHAM.

OCHOBHBIE Harpy3ku MOIs Takodl ¢epMBl — 3TO
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COOCTBEHHBIM BeC IMOKPHITHS M cHer. Kpome Toro, amis
(bepMBl Takoro mpojera 00s3aTENIeH y4eT BEePTHKaJIbHOIL
celicMUUecKoi Harpys3kd. JlomomHHWTenbHAs Harpyska OT
TIPEABapUTEIILHOTO HANpPSHKEHHS 3aTsDKEK Co3JaeTcs Ha
CTaINM MOHTaKa KOHCTPYKIMH C IEJbI0 ITOBEIIICHHS ee
JKECTKOCTH U CHIDKEHHSI METaTIOEMKOCTH.

B cootBercTBMM ¢ METOAOM  HMHXEHEPHOH
HEITMHEHHOCTH pacdeT KOHCTPYKIUM IPOU3BENEM B JBa
JTamna:

1. JluneiiHplli pacueT ¢epMBl 0€3 3aTdKEeK Ha
CTaTUYECKHE M CEHCMHUYECKHe HarpysKd; 3TO HEOOXOAUMO
JUIL  TIepBOHAYAJIbHOTO MoAbOpa CedYeHHWH, a Takke
OIIpe/IeNICHUS TUHAMWYIECKHX XapaKTePHCTHK KOHCTPYKIIHH.

2. Hemuneitnsit pacuer MIpeIBapUTEIBHO
HanpsOKeHHOW (epMBI C 3aTsHKKaMH Ha Harpy3kd Kak B
CTaJUU MOHTaXa, TaK U B CTAANHU dKCILTyaTauu. [Ipu s3tom
UCIIOb3YyeTCs KBa3UCTaTUYECKOE 3arpyxeHue
MHEPIUOHHBIMI CeHCMUYECKUMH Harpy3Kamy,
HaiineHHBIMU B 11.1. [lanmee MOXxHO ompenenuts 3pdexT oT
NpeIBAPUTENHHOIO HAIPSDKSHUS 3aTSKEK.

2.1. HcxoaHble JaHHBIE 321241
CrpomunbHast  ¢epmMa TNPSIMOYTOJNBHOTO  OYEpPTaHHS
numeet mponer 60 M; mar ¢epm — 6 M. Bricota (hepmbr
coctapisier 5 M (L/12) npu 1yiMHE MaHeTH BEpXHETo Iosica

3 M, pemeTka ¢pepMbl — IIPEHTeIbHAS.
CedeHHs CTEPIKHEH )KECTKOH YacTH (hepMbI IPHHSATHI H3
3aMKHYTBIX THyTocBapHbIX mnpodmineit (I'CII), matepuan

9TOi wacTH ¢(epMbl — cramb kiacca C255. 3armspkku
BBINIOJIHEHBI W3  KaHata wmapku JIK-3  6x25(1+6,
6+12)+7x7(1+6); npmaMerp KaHaTa MpEIBAPHTEILHO

MPUMEM PaBHBIM 42 MM.

ITocTosiHHAs Harpy3ka NpUHATA OT YTEIJIEHHON KPOBIH
Ha OCHOBE CTAIBHOTO TNPO(QHUIMPOBAHHOTO HACTHIA U
COOCTBEHHOTO Beca MeTAIIOKOHCTpYyKImid. Kpome Toro, Ha
HIDKHHE TI05ICa OTMPAIOTCSI KOMMYHHKAIMN W KOHCTPYKIINI
MO/BECHOTO TMOTOJIKA — OTy HArpy3kKy OyleM CYHTaTh
paBHOMepHO-pacipezieeHHoi. PalioH cTrpourtenscTBa — T.
Camapkann.

2.2. OmnpenelieHHMe Harpy3ok, /JIeiiCTBYIOIIHMX Ha
bepmy

INocrosiHHas Harpyska. PacdeTHyro Harpys3ky oT Beca
HOKPBITHS (BKITIOYAs Bec (hepM CO CBSA3SIMH) IPHMEM PaBHO
g» = 1,5 kH/M?. Y3110BBIE HAarpy3KH Ha CpEIHUE U KpaiiHue
Y3JIBI BEPXHETO I105ICa PABHBIL:

P = Qan = 1,563 =27 KH, P2 = Punil2 = 13,5 kH.
3neck B —miar ¢pepm, d — [uTiHA ITaHEH BEPXHETO MosIca.
PacyerHass Harpy3ka OT IOJBECHOTO TIOTOJIKa U

xoMMyHuKamui pasia 0,8 kH/mM2. Toraa Harpy3ku Ha y3Jbl
HIDKHETO Tosica OyIyT paBHBI:

Pnn=0,8-6-6=28,8 kH/m.

CueroBas Harpy3ka. HopmaTnBHas Harpyska Ui T.
Camapkana pasna 0,5 kH/m?, pacuetHas Harpyska 0,5-1,4=
0,7 kH/M?. Y3110BbIE HArpy3Kd Ha CPEIHHUE W KPaHUE y3IIbI
BEPXHETO 105Ca PABHbI:

Peni=0,7-6-3=12,6 kxH; Penz = Pent/2 = 6,3 xH.

Ceifcmudeckas Harpys3Ka.

Ilpn ompeneneHWH BepTHKANBHBIX Y3JIOBBIX Macc
MIOCTOSIHHAsI Harpy3Ka npuHuMaetcs ¢ koadunuentom 0,9,
a cHeroBasl Harpy3ka — ¢ koa¢umuesTom 0,5.

Jlnst cpeqHUX M KpalHUX y3JI0B BEpXHETo mHosica Oyaem
HUMETb:

Pewsi = 0,9'P)1K1+0,5'P(:1t1 = 0,927+O,5 12,6 = 30,6 kH;

Pevez = Pest/2 = 15,3 kH.

JInst y3710B HIODKHETO 1osica Oy1eM HMETh!

Peomi = 0,9'Pnn = 0,928,8 = 25,92 kH.

Harpy3ka oT npenBapuTeIbHOTO HANPSHKEHHS 3aTsDKEK
YUYUTBHIBACTCS JOTIOJIHUTEIEHO B OTACIBHOM 3arpyKeHHH.

3. Pacuer u ana/u3 pe3yJibTaTOB

3.1.Pacuer  ¢epmbl
HaNpPSKeHUs

[o anamornu ¢ [3] B mpunoxernun 1K JINPA CAIIP
co3maauM (ain 3amayn, TpUHAB Ui Hero 2-0i mpu3HaK
cUCTeMHI (TUTOCKask pama). Jlanee BBeieM pacueTHYIO CXeMy
(depMbl, TpUHUMAs Ul BCEX CTEXHEH THUI KOHEYHOTo
snemenTa KO-2 (pucynok 1). [Tonyuyennas cxema rnokaszaHa
Ha pHCyHKe 1.

0e3  mNpeaBapUTEJbLHOIO

25

25

3

‘\\/ ‘\\/ ‘\\/ ‘\\/ ‘\\/ ‘\\/ 7 ‘\\/ ‘\\/ ‘\\/ ‘
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Puc. 1. Cxema ¢epmsl npoJieTom 60 m

Jlaee BBeZIeM THITBI )KECTKOCTH CTEPXKHEH U TapaMeTphl
KOHCTPYHpOBaHUs. Bynem cumrars, 9TO BCE y31bI (hepMbI
3aKpEIUICHBl W3 €€ IUIOCKOCTH CBS3IMH  MOKPBITHS.

Vka3zaHHbIE MTapaMeTpsl UL JIE€BOil MOJIOBHHBI OKa3aHbI Ha
pHUCyHKe 2.

111 111 111 111 111
3 3 3 3 4

111

111

L1l L1
3 3

111
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Puc. 2. Tumnsl :xecTKOCTH CTEPKHEH M MapaMeTpbl KOHCTPYUPOBAaHUS

Baenem y3moBbIe Harpy3ku 3arpyxeHnst 1 (ocTostHHAs
Harpyska), 3arpyxeHust 2 (CHeroBas Harpyska), H
3arpyskeHus 3 (ceficMuyeckas Harpyska). 3axaauMm
napametrpbl PCY a1 OCHOBHBIX M OCOOBIX COYCTaHHit
Harpy3kok, a Juid 3arpyxeHus 3 napaMeTpsl
JUHAMUYECKOTO 3arpyXeHus Uil §-0autbHOH 30HBI T.

Camapkanna. 3agaauM TakkKe MpeleNbHble HEyNnpyrue
nedopmaru pasHbiMH 10.

BbBIMONMHAM ~ pacyeT, 3aMEHHM MPHHSTBIC CEUCHHS
cTepkHeil Ha mojoOpaHHble, W TOBTOPHM pacyer.
OKOHYATEINIbHBIC PE3YJIBTATHI OA00PA CEUCHHH MPHBECHBI
Ha PUCYHKe 3 (CeUeHH s MOIHOCTHIO COBIMAIAIOT).
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m MNoaobpaHHble ceuedma (Metann) X
Cxema
OcHOBHEA CeMa MNoKazaTs D |l:? Y ?
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. IlpunsiToie H N0J00PAHHbIE CEYEHHS CTEPKHEI

Tlo pe3ynbraTaM pacyera 3HAYMMBIMH OKa3aJIMCh TPU
(hopmbI coOCTBEHHBIX KoNeOanuit KoHCTpyKuun — 1,3,5. B
KayeCTBE WUTIOCTPALIMU Ha PHCYHKE 4 IpHBeeHa

nedopmupoBaHHas cxema GpepMsl OT 3-it HhopMEI
KOJIeOaHUH.

Puc. 4. lepopmupoBanHasi cxema (pepMbl OT ITHHAMHYECKOT0 3arpys:xenus (popma 3)

Junamuueckue XapaKTePHUCTHKU KOHCTPYKIHH
(mepuoabl COOCTBEHHBIX KOJIeOaHWH M MOJAIBHBIC MAacChl)
npuBeneHsl B Tabmune 1. CymmapHas MonaibHas macca
cocraBnser 96,1%, 94TO O3HaYaeT JOCTATOYHYIO TOYHOCTH
pacueTos.

Tabauna 1
Ne Ne Iepuon MopanbHas
3arpyk. | ¢dopmsl ceK Mmacca, %
3 1 0,768 83,630
3 3 0,162 7,309
3 5 0,089 5,164
Uroro: 96,104

s pacuera mpenBapuUTENbHO HANPSHKEHHOH (hepMBI B
COOTBETCTBUM C METOJOM HH)XEHEPHON HEeIUHEHHOCTH
MOHATO0ATCSA CTaTHYECKHE WHEPIOHHBIE BO3IEHCTBHUSA OT
ceficMHYecKOoro 3arpyKeHHus. PesynpTHpyromue
MHEPLOHHBIE HArPY3KH OIPEEIIAIOT 1o (hopMyIie:

S, = /z s?,

rae Si — MHepLMOHHAs Harpy3Ka B y3Je OT i-To# (opMBbI
KOJICOaHHIA.

Ta0amma 2
Harpy3ku /i1si BepXHHUX Y3J10B
Ne HuepunonHsle Harpy3ku, KH
y3na 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

Jns  BepXHUX Y3JI0B JICBOM MOJOBUHBI  (hepMBI
WHEPIHOHHBIE HAarpy3KH MpuBeNeHBl B Tabmuie 2
(BBIYKCIIEHHUS BBITIOJHEHBI B iporpamme Microsoft Excel).

AHAJOTUYHO  HaWIeM  3HAYCHUS]  HWHEPLUHOHHBIX
HArpy30K JUTs HIKHUX y3J7I0B (Tabnuma 3).
Tab6uuua 3
Harpy3ku 1Jisi HHKHHX Y3J10B
No WNuepuronnsie Harpy3ku, KH
y3na S1 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

Teoperuueckyio Maccy (GepMbl MOJIYYUM, CYyMMHUPYS
Harpy3ky ot ee cobcrBenHoro Beca B JINPA CAIIP. B
JTAHHOM CJTydae OHa paBHa 7765 Kr.

[IpoBepum mporub ¢depmer oT 3arpyxenuit 1, 2 u 3
(dopma 1):

f = 17,30+526+491=2747 o > [f] =
L/400=60-100/400 = 15 cm.

[IpoBepka He BBHIMOJHACTCS, TAK YTO )KECTKOCTh (hepMBbI
HeznocTarouHa. Ho OKOHYATenbHBIA BBIBOJ, O KECTKOCTH
c/ieaeM IOCNie pacyera MpeIBapUTENIbHO HAIPSDKEHHOM

hepMel.

3.2.Pacyer npeaBapuTeJbHO HANPSIZKEHHOI (epMBbl

3a ocHOBy Bo3bMeM (aiftn mpenpimymieil 3amgaum,
COXpaHHM €ro TOX JpyrMM WMeHeM. Baexem
JIOTIOJTHUTENbHBIE CTEPHKHU: OMOPHYIO CTOMKY AMHMHOM 2,5 M
U IBEC CUMMETPUYHBIC 3aTAXKKHU, 3aaluM IJId HUX CEYCHUA,
BBEIEM I[apaMETpbl KOHCTPYUPOBAHUA. 3aMeHUM THII
KOHEYHOTO 3/1eMeHTa 3aTshkek Ha KO-308.

Cxema (epMBI ¢ 3aTsDKKaMU ITOKa3aHa Ha PUCYHKeE 5.
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Puc. 5. Cxema (pepMbl ¢ 3aTsKKOH

B namHOM ciyyae menecooOpasHO HPOU3BOAUTH
MIpeABapUTEIFHOE HarnpsDKeHHe 3aTSDKEK rocie
TIPUJIOKEHHS TTOCTOSIHHOM Harpysku. B mpoTuBHOM citydae
B CTEP)KHAX HIDKHETO II0sica BO3HHKHYT CXKMMArolIne
yCHIIUsI, KOTOpBIE TIPH OOJIBIIMX pAacyYeTHBIX JIMHAX
MPHUBEAYT K CYLIECTBEHHOMY YBEITMYICHHIO CEUECHUIA.

TlosToMy mpuMeM cHemyIOLIyI0 IMOCIEA0BAaTEIbHOCTh
3arpyKeHUMN:

1.IlocTosiHHAsA HAarpys3Ka;
2.IlpenBapuTtenbHOE HANIPSDKEHUE 3aTKEK;
3.CHeroBast Harpy3ska;

4.CeiicMuuecKkas MHEPIIMOHHAS HATPy3Ka.

Jlnst iMuTanmu 0co00ro CoueTaHns Harpy30K YMHOKUM
Harpys3ku 3arpyxenus 1 Ha koadduiment coueranmii 0,9, a
Harpys3ku 3arpyxkenust 3 — Ha ko3dunuent 0,5. Beruuunny

MpeBAPUTENBHOTO HAMPSDKEHUS 3aTsHKEK IMPHMEM PaBHOM
500 xH. Cozpanum 3arpyxeHue 4 u BBelIeM Ui HErO
CTaTHYECKHe WHEPIUOHHBIC HArpy3KH HArpy3KH M3 TaOmmIy
2u3.

Jlns ydera HenmMHEWHOH pabOTHI KOHCTPYKIMH YAAIUM
tabmuy PCY wu BBemem Tabiumily MOIEIUPOBAHUS
HENMHEHHBIX 3arpyKeHui: ucropus 1 — 3arpyxenus 1 u 2
(cTaaus cTagust MOHTaXa) M UCTOPHS 2 — 3arpykeHus 1, 2,
3 uw 4 (cramus oKclulyatanuu). B Bapuante
KOHCTPYHPOBAHUSI BBEJIEM I10100p CEUCHUH MO YCHIIUSIM.

BemonHuM  pacdyer, 3aMEHHM IPHHSTHIE CEYCHHUS
JJIEMEHTOB Ha TMOJOOpaHHBIE, W IOBTOPUM pacdyer.
OKoHUaTeNIbHbIE Pe3yNIbTATH T000pa CeUeHUH IPUBEACHBI
Ha pUCYHKE 6 (34eCh BHIHO IOJHOE COBIIAJCHHE CEUCHUIM
CTEpIKHEH).

B | MonoBpanHble ceuerus (Metann) X
Cxema
OCHOBHAA cxema MNokasaTh D ;lzt Y ?
Tekylne ceveHnn MogoBpaHHLe cedeHms
# Mpoduns 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. NpamMoyronsHas Tpy6a 50 x 5 Mu. 1200 x @ 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 Mh. 1140 % 4 C355
gl 9. MpAMoyronsHas Tpyba 100 g MH. 050 % 2 C255
10. KaHaT 45.5 10 rH. 1100 % 3 C255

Puc. 6. IlpunsToie U N0J00OPAHHbIE CEYEHHS CTEP KHeH

ITpoBepum nporud GepMel OT OCHOBHOH HCTOPUH 2:

f=18,84 cm>[f]=15cm.

ITpoBepka He BBINOJIHSACTCS, HO MPEBBIICHHE NPOTrnoda
HeOONbIIOe, M TPH 3aMEHE pAcUYeTHBIX Harpy3oK Ha
HOpMAaTUBHBIE TpOBepka OyneT BhIMOMHEHA. OTMETUM
TaKkKe, 4YTO yMEHbIIeHHWE mporuda 3a cder oOpaTHOTO
BBITHOA OT TPEIBAPUTENBHOTO HATIPSDKEHUS  3aTSHKEK
coctaBmio 31,4%.

Macca depmbl cocTaBiseT 2556 Kr, SKOHOMHUSI CTaJIH TI0
CpaBHEHHIO ¢ (epMoii Oe3 3aTsmKek paBHa 28,2%.

4. 3akjIroueHue

IIpuBeneH pacdeT OONMBIIETIPOTETHON CTAILHON (epMBbI
C IpeABapUTENIbHO  HANpPSUKEHHBIMU — 3aTSDKKaMH B
nporpammHoM komruiekce JIMPA CAIIP 2022. Jns
OJTHOBOEMEHHOTI'0 y4yeTa reOMEeTpUYEeCKOi HeITMHEHHOCTH U
BEPTUKAIBHOH  ceficMUYecKol Harpy3ku HCIOJIb30BaH
METO/]I UHKEHEPHOU HEJIMHENHOCTH.

Tlokazano, 4TO TpeaBAPUTETLHOE HANpPSHKEHHE (EepMBI
BBICOKOIIPOYHBIMU  3aTSDKKAMHM INIPUBOAUT K CHIKCHUIO

pacxoxa cramu Ha 28%
KOHCTpyKIuHu Ha 31%.

U TNOBBIHNICHHUIO JKECTKOCTHU
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Geotechnical risk assessment and monitoring of the railway tunnel on the
Angren - Pop section

Kh.K. Umarov®?, Yu.K. Tursinaliyeval®®
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: 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.

Keywords:
section

geotechnical risks, risk assessment, risk control, geotechnical monitoring, tunnel, Angren - Pop railway

Angren — Pop uchastkasida joylashgan temir yo‘l tunnelini geotexnik riskni
baholash va nazorat gilish

Umarov X.K.2@2 Tursinaliyeva Yu.K @b
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya:

Angren — Pop temir yo‘l uchastkasida ekspluatatsiyadagi tunnelni tabiiy-texnogen xavfsizlikni

soddalashtirilgan miqdoriy tasniflash asosida geotexnik risklarni miqgdoriy baholashga yangicha
yondashuv ko‘rib chiqgilgan. Riskni baholash retrospektiv tarzda bajarilgan bo‘lib, asosan loyihalash va
qurish bosgichlari hisobga olingan. Batafsilroq baholash uchun o‘xshash algoritmlarni ishlab chiqish
magsadga muvofigligi isbotlangan va tunnelni geotexnik risklarni prognoz gilingan.

Kalit so‘zlar:
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 chuqur 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 vagtda geotexnik risklarni nazorat gilish uchun
ragamli geomexanika vositalari, tabiiy va texnogen
jarayonlarni matematik modellashtirish, neyron tarmoqlari
asosida chuqur o‘gitish metodikasi, BIM-texnologiyalarini
qo‘llagan holda yer osti inshootlarining texnik holatini
baholash algoritmlari muvaffaqiyatli qo‘llanilishi mumkin.
Kompleks geotexnik monitoring tizimi  tarkibidagi
inshootlar va gamrovchi massivlarning kuchlanganlik-

https://orcid.org/0000-0003-0397-2780
bl https://orcid.org/0009-0002-5824-3200

geotexnik risklar, risklarni baholash, risklarni nazorat qilish, geotexnik monitoring, tunnel, Angren — Pop

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 gilish
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 qisqa peregon “Kon -
Temiryo‘lobod” 13,2 kmni tashkil giladi. “Orzu — Chodak”
peregonida 19 kilometrli tunnel joylashgan (1-rasm).

st.Angren Orzu Temiryo'lobod . Pop
2 ¢ 2 E U 0
610 ‘ 213 2270 ‘ 14.3‘ 132 14.90 ‘ 186
b D 2 H 40 S 6 70 8 % 10 W B
BpevA Xqia, WH.
[Angrendan 27 30 30 27 24 23 25
[Popdan 26 3L 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%o0). 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%. (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 |

(]

q
i
N\
1

2-rasm. Tunnel marshrutining joylashish sxemasi
“O‘zbekiston” lokomotivning  “Orzu — Chodak”
peregonida sostav og‘irligi quyidagi formula orqali
aniglanadi.

Fer — R (W + i)
Qbr - W¢;' + ir s

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
ogiirligi Qpetro=0,84:Qp,=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 — trgxy) - @y [juft poezd
B t"+t"+21 ( sutkada )

bu yerda typxy — 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 qabul qilinadi;

a,, — ishonchlilik koeffitsienti, umuman harakatlanuvchi
tarkibdagi nosozliklarni hisobga olgan holda, mavjud
o‘tkazish qobiliyatini hisoblashda ishonchlilik koeffitsienti
elektrlashtirilgan bir yo‘lli liniyalarda 0,93 olinadi;

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 ¢t;

Bunda:
(1440 —-60)-0,93 juft poezd
T 30+30+2-3 sutkada

Angren — Pop uchastkasi umumiy poyezdlarni o‘tkazish
gobiliyati 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
gobiliyatiga ega.

Yuk tashish qobiliyatini quyidagi formula bilan
aniglanadi:

Vatk = 365 Qp  yuk ) 10_6‘ml7'l.t
14 yil

bu yerda n,, — ma’lum bir yo‘nalishda temir yo‘l
o‘tishi mumkin bo‘lgan yuk poezdlari soni;

v - tashishning notekislik koeffitsienti 1,2.

Bunda:

365-2240- 14 min.t
Yuk=—————-107%=9,54 —
1,2 yil

Hisob ishidan ma’lumki, “Orzu — Chodak” peregoni
umummiy yuk o‘tkazish hajmi 9,54 mln 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‘liq,
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
gilishning asosiy usullari sifatida xalgaro me’yoriy-uslubiy
hujjatlar talablarini hisobga olgan holda turli xil
yondashuvlardan foydalaniladi. Bundan tashqari, tunnel
quvvatini kuchaytirish bosgichida risklarni sifat va miqdoriy
baholashning turli xil zamonaviy algoritmlari sinov rejimida
amalga oshiriladi [5, 6].

2. Tadqgigot metodikasi

Har qanday 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 yotgizilish 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/yoriglar yo‘qligi 5
Ish hajmi
Juda katta @ > 12 m 20
Kattab m<@<12m 15
O‘rtacha3 m<@<6m 10
Kichik @ <3 m 5
Qazish chuqurligi, D
Chugur joylashuv, D > 50 @ 20
1,50<D<500 5
Chuqur bo‘lmagan joylashuv, D<1,50 10
Qurilish 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 giladi. 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

Tunne;i:::sg”;‘Rlsk- Tunnelning “Risk-reyting”i
Juda baland 75 dan katta
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 aniqlandi.

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 miqgdoriy 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 gisga 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 boshqgarish nazariyasi nuqtayi nazaridan
xavfli hodisa va jarayonlarni integral baholash profilaktik va
tiklovchi chora-tadbirlarni ishlab chigishga yondashuvlarni
birlashtirish, risk darajasining ishonchli ko‘rsatkichlarini
tanlash va ularning har biri uchun javob choralarini ishlab
chigish imkonini beradi. Risklarni soddalashtirilgan
miqdoriy baholash usullari loyiha oldi tayyorgarlik
bosqgichida  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 tadqiq
qgilishning 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 risklari muvaffagiyatli nazorat
qgilish 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.
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Pacuérnl cericMu4YecKuX HArpy30K Pe3akcaiickoro BOAOXpaHUIMINA

AHHOTALUA:

KmoueBsie ciioBa:

Xynaiioepaues H.%, Xynaiikyaos C.?

'HamaHraHckuil MHKEHEPHO-CTPOUTENbHBIN MHCTUTYT, Hamanran, Y36ekucTan
2TanikeHTckuil MexyHapoanbiil Yuusepcuter Kumé, TamkenT, Y30ekucTan

B cratbe paccMaTpuBaeTcs pacdeTHas Harpys3ka Ha pa3HbIE CEYEHHS U KOJIeOaHUS BOAONPOBOISIINX
TpyO, MOIYYEHHOH SMIUPUYCCKHM IyTEM M TOATBEPKAEHHBIM TEOpETHYECKHMH (opmynamu. [Ipu
MOCTPOCHUM 3MIOPB  pacdyeTHOH paBHOZEHCTBYIOLIEH CUIBl CyMMUpyeTcs Bce Harpysku. He
YUUTBIBAECTCSI HECOBMECTHMOCTh BO BPEMCHM JIOKAJbHBIE pacueTHble Harpy3ku. HaxoxneHus
paBHOAEHCTBYIOIEH HAarpy30K M HX pAacIpeneNeHus] 10 BceMy OO0bEeMy COOpYXKEHHS C yIeTOM
OJTHOBPEMEHHOCTH IEHCTBHS BO BCEX CeUCHUSX Benercs rmo ¢opmyine A. JI. MoxxeBntnHOBBIM 1 B. H.
Byxapriesbim.

BOJOXPAHWIIUILE, BOJOXPAHWIHIIEC, CEHCMHYECKOT0, OaioB, COOPY)KEHHH, JAedopMaruid,
BOJOCOPOCHBIE, OIEHKY, IUIOTHHBI, KOJIeOaHUH, CKJIOHBI, IPOYHOCTH, KaMEHHO-3€MIISHYIO,
OTPaHNYEHHOCTH, IIIyOWHA BOIBI Y COOPYXKEHHS, Harpy3KH, MacCy BOABI

1. BBeaenue

Pesakcolickoe BOIOXpaHWIMIE - THIPOTEXHUYECKOE
COOpY)KEHHE, TOCTPOSHHOe M  XpaHEeHHs  BOJHI,
cTekatoniell ¢ TopHeIx xpedroB Kypama. OH cimyxuT aist
obecrieyeHHss BOJOH CEIBCKOXO3SIHCTBEHHBIX —KYJIBTYD.
CTpouTenscTBO BOAOXpaHMIUIA Hadanock B 2003 rofy.

Puc. 1. Pe3akcaiickoro BoqoXpaHuJuIna

CoriacHo MPOEKTy, MIOTHHA ObLIa qocTpoeHa. 4470 M,
Ms4. 89 M, nonHas BMectuMocTb 300 MitH. M Pesakcoiickoe
BOJOXPAHWJININE BKIIOYAeT B ce0s KaMEHHO-3EMIITHYIO
IUIOTHHY, 2 COOPY’KEHUsI, 00eCTIeYyMBaIONIMX 014y BOABI B
pexy Ceipnappto u CeBepHblii @DepraHckuil kaHanm c
pacxomom 40 m3/c, 1 Bomoc6pocHEIe.

JlutepatypHublii aHamm3. OmeHka CEHCMHYHOCTH
IUIOIIAI0K CTpOUTEIbCcTBa Pe3akcalickoro BoJoXpaHuIuIIa.

1. TIpu npoeKTUPOBaHNH BOJOIOANOPHBIX COOPYKESHHIH
Il u IV knaccoB, paspymieHHe KOTOPBIX HE NPHBOIHUT K
KaTacTpOUUYECKHMM  TOCIEACTBUSIM, M  OE3HAIOPHBIX
COOPYXEHMH BCEX KJIAcCOB CEWCMUYHOCTb IUIOMIAI0K
CTPOUTENBCTBA TPHHUMAIOT IO KapTaM CeHCMHYIECKOTO
paliOHHPOBAHUSI TEPPUTOPHH HIH TI0 CHHCKY OCHOBHBIX
HACENICHHBIX ITYHKTOB, PACHOJIOKEHHBIX B CEHCMHYECKHX
paiionax (Ta6muna 1.). [Tpu 3TOM cieayer y4uThIBaTh, 4TO
CeMCMUYHOCTh  paiioHa, NpHUBElNeHHas, a  KapTax
celicMUUecKoro palloHMPOBaHMsI, OTHOCUTCS K y4acTKaM cO
CPEAHMMHU TPYHTOBBIMH YCJIOBUSAMH, XapaKTEPU3YEMbIMU
MEeCYAHO-TJIMHUCTBIMA TPYHTAaMH TP HU3KOM YPOBHE
rpyHTOBBIX BOJ (R > 6M). B nanpHeiimemM ceiicMHYHOCTD
YTOUHAIOT C YTBEpXKAAIOMEH IPOEKT OpraHM3alneH,
PYKOBOJICTBYSICh JaHHBIMH, TIPHBEICHHBIMU B Ta0M. 1.
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Taoaunna 1
YTouHeHHEe CEHCMHYHOCTH ILUIOMIAKH
crpouTenbeTBa Pe3akcaiickoro Bogoxpanuwiauima Ha
OCHOBAHMHM HMHKEHEPHO-I'e0JOTHYeCKUX JAaHHBIX

Karerop | I'pyHTHI OCHOBaHUS YTo4yHeHHas
Hst CECMUYHOCTb,
rpyHTa Oasbl, npu
1o CEHCMUYHOCTH
ceifcMuy paifona, 6aIbI
€CKUM
CBOWCTBa
M.
| CxanbHbIE, 6| 7 8
TMOJTy CKaJTbHBIE u
KpYIHO-00JIOMOYHBIE
0c000 MJIOTHBIE.
1 TnvHBI M CyrJIMHKA 7] 8 9
TBEpJBIE,
KPYITHOOOJIOMOYHBIE,
rpaBHHHO-TaJCUHbIE,
rpaBUHAHO-TATIEYHBIE U
KPYTIHBIE TIECKH.
11 TnvHBL W CYTJIMHKA 8| 9 >9
MATKO W TeKyde
IUTACTHYHBIE,  HECKH
cpeaHell KpyImHOCTH U
MEJIKHe

IIpumeuanus: 1. B paiioHax celicMHYHOCTBIO 6 GayIOB
YTOYHEHHYK CEHCMMYHOCTh IUIOIIAJOK CTPOUTEIbCTBA
BOJIOTIOJIOPHBIX ~ THIPOTEXHUYECKHX COOPYXKEHUH Ha
rpyntax |ll kareropum ciemyer HpHHUMATh paBHON 7
Gamram.

1. CTpOHTENBCTBO THAPOTEXHUIECKUX COOPYKEHUH Ha
rpyHTax |1l kaTeropun B paiioHax ceiicMUIHOCTBIO 9 GamToB
paspemnraercsi TONBKO TIPH CHENUATFHOM OOOCHOBAHHMU
[1,2,4-6].

2. Ha cragun TeXHMKO-3KOHOMHYECKOTO 0OOCHOBAHUS
CTPOUTEIILCTBA BOAONOANIOPHBIX COOPYKEHUH BCEX KJIACCOB
CEHCMUYHOCTh IUIOIIAAOK CTPOUTEIbCTBA HA3HAYAIOT
COTTIACHO M. 1; TpH 3TOM CEHCMHYHOCTh CTPOUTENBHBIX
TUIOIIA/IOK COOpY KeHMH | Kiracca moBeImaroT Ha 1 6am.

3. Ilpu pa3paboTKe TEXHWYECKHMX W TEXHO PabOdHX
MPOEKTOB BOJOTIOATIOPHBIX coopykeHuid | u |l xmaccos,
BO3BOJMMBIX B palOHaX CEHCMHUYHOCTBIO 6 OAIJIOB U BHIIIIE,
CEHCMUYHOCTh  IUIOHIAZIOK  CTPOMTENLCTBA  CIEHyeT
YTOYHATh Ha OCHOBAaHMU CIIELUAIBbHBIX HCCIEIOBaHUH,
BKJIFOUAIOIIUX:

a) W3yYCHHE CEHCMHYECKOTO pEeXHMa IUIONIAIKH
CTPOUTENBCTBA W TIONydEeHHWE MAAHHBIX UL pacdyeTa u
MPOEKTUPOBAHUS ~ CEHCMOCTOMKHUX  COOPYXEHMH, HX
OCHOBAHUH 1 OEPETOBEIX CKJIOHOB;

0) BBIBIEHHE BO3MOXXHBIX 30H BO3HHKHOBEHUS
OCTaTOYHBIX AedopManuil OCHOBaHMI UM OLEHKY HX
3HAYCHHUH B KXKJI0W 30HE;

B) BBISIBJICHHE APYTHUX BUJIOB CEHCMHUYECKOM ONaCHOCTH,
HarpuMep BO3MOXKHOCTH OOpyIIeHHsS B BOJOXPAaHMININE
OOJIBIIINX Macc TOPHBIX MOPOJ, TAJACHNS HEIOCPEICTBEHHO
Ha COOpY>KeHHE HEYCTONUMBEIX CKaJIbHBIX MacCHBOB H JIp.;

T) OIpeneNieHHe AWHAMHYECKHX Je(OpMAaIMOHHBIX H
IPOYHOCTHBIX XapaKTEPUCTUK MATEPUAIOB COOPYXEHUH U
TPYHTOB OCHOBaHHI C YYETOM M3MEHEHHUS] UX CBOWCTB MpHU
00BO/IHCHHH,

I1) OLEHKY BO3MOXHBIX H3MEHEHHH CEeHCMHYHOCTU
TUIOMIAAKU CTPOUTENBCTBA  IOCIE  HAMOJIHEHHS
BOJIOXPAHIJIHIIA.

4. Ha mepwox CTpOUTENBCTBA THAPOTEXHUYECKUX
COOpYXKeHHH, 3a UCKIMo4YeHneM coopysxennii | u 1l kimaccos
U COOPY’KEHHH, YIaCTBYIOIINX B IIPOIIECCE CTPOUTEIIHCTBA B
CO3/IaHUM HATOPHOTrO ()POHTA, PACUETHYIO CEHCMHYHOCTH
IUIOIIAIOK CTPOUTENILCTBA CHIDKAIOT Ha 1 6amn [3.4,5].

2. MeTox0J10rusl McCJIe0OBaHUS

IlocranoBka Bompoca. OnpezeneHue CEHCMHUYECKUX
Harpy3ok Pesakcaiickoro BojoxpaHmmima. B pacderax
OPOYHOCTH M YCTOMYMBOCTH  THIPOTEXHHYECKHX
COOpPYKEHHH Ha celicMHYecKue BO3AEHCTBUS HEOOXOIMMO
YUUTBIBATh ~ CEMCMHYECKME  BO3AEHCTBUSA  OT  Macc
COOpYKeHHH (ceficMUYecKie MHEPLUUOHHBIE HATPY3KH), OT
MPUCOEIVHEHHBIX Macc BOIbBI (MM THAPOANHAMHYECKOTO
NaBJIEHHS), OT BOJH B BOJOXPAHWIMINE, BBI3BAHHBIX
3eMJICTPSICEHHEM, OT TUHAMHYECKOTO JIaBJICHHsS HAHOCOB.
Ipn TEXHHKO-I)KOHOMHYECKOM 000CHOBaHHNHI
CTPOUTENILCTBA THUIPOTEXHHYECKHX coopyxeHud | u |l
KJIaCCOB M Ha BCEX CTaJHUAX HMPOEKTUPOBAHMS COOPYKEHHI
111 u IV xnaccoB amst onpeneneHus: CeHCMUYECKIX Harpy30K
MOTYT OBITh HCITIOIB30BaHbl MPHOIMKEHHBIE 3aBUCHMOCTH,
YYHTHIBAIOIIUE TOJBKO MEPBEIi (OCHOBHOM) TOH KOJeOaHUit
U OTBEUAIOLIYI0 3TOMY TOHY HPHOIDKeHHYIO (opmy
JeOopMaIiK COOPYKECHUSL.

Ilpm  pacyerax  HPOYHOCTH  THAPOTEXHHUUYECKUX
COOpPY)XEHHIl ~ YYHTHIBAlOT  TOJBKO  TOPH30HTAJBLHBIE
COCTABIIAIOILUE CEHCMUUYECKOT0 Bo3AeicTBYA. cKimtoueHne
COCTaBIISIIOT ~ COOPYXKCHHS, HAINpPSHKEHHOE  COCTOSHHE
KOTOPBIX 3aBUCUT OT BEPTHKAIBHBIX CMEIIEHHUH (HapuMep,
apOYHBIE IIIOTHHBI ABOSKOW KPUBH3HBI).

Ilpm pacuerax yCTOWYMBOCTH T'MIAPOTEXHUUECKUX
COOPYKEHUH YUUTBIBAIOT TOPU30HTAIBHYIO "
BEPTHKAIBHYIO  COCTAaBJSIONINE,  JEHCTBYIOIIME  OJ-
HOBPEMEHHO.

l'opu3oHTaNbHYI0  COCTABIAIOUIYIO  CEHCMHUYECKOM
Harpy3KH Sy, B TOUKe k COOpY>KEHHS, COOTBETCTBYIOIIYO i
-My TOHY €ro COOCTBEHHBIX KOJICOaHHiA, ONPEeNsIIoT 10
hopmyie:

Sik = Qmk 1, = 90m3 - 2300:—l;~ 1,0-0,025-
1,5=7762,5«I' = 7T762,5kI' (1)

I'meQ.- Bec aneMeHTa COOpYKEHUS, OTHECEHHBIN K TOU-
ke k; m - Ko3pPHUIUEHT, yIUTHIBAIOLIHIA OCOOBIE yCIOBHUS
paboThl THAPOTEXHUYECKUX COOPYKEHUH, HMPHHUMAEMBIit
paBHbIM 1,5.

}'\\
z N

: T T

020406 08 1 12 14 T c
Puc. 2. I'padux a5 onpenenenusi kodpduuneHra
AMHAMHYHOCTH f3;

Jns Geronnsix miotuH | kmacca; 1,3 mis miotud |
KJlacca U3 TPYHTOBBIX MaTepuanoB, 1,0 .Jlyns ocTabHBIX
coopy>keHuit | kiacca u Bcex coopyskenuit |1—IV xnaccos;
k. — xoddpdunueHt ceiicmuuHocTH (Tabn.2). Ilpu
OTHOBPEMEHHOM YueTe TOPU3OHTANbHOH M BEPTHKAIBHOM
COCTaBJISIONINX CEHCMHUYECKHX cHII 3HaueHuek, B Gpopmye
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(2) ymHOXalOT Ha cosa (30eCb @— Yrol MEXTy

HanpaBJIeHUEM celicCMUYECKOTO BO3JIEMCTBUA u
ropH30HTANbI); B—KodddHIMeHT AMHAMPYHOCTH;
0 _ -
Bl =m°B; =02 @

3nech m®— kosduumenT, 3aBUCAIIMH OT BUIA MaTe-
pHara M KOHCTPYKIUH coopyxkerus (tadbm. 3); fi—
KOX(QQHUIUCHT TUHAMHYHOCTH, COOTBETCTBYIOIIUI i -TOM
bopme COOCTBEHHBIX KosteOaHui COOPYKEHHS,
ompenensieMblii Mo rpaduky Ha puc, 1. B 3aBUCUMOCTH OT
nepuoaa coOCTBEHHBIX KoyieOaHUi coopyskeHus T;0001-
peneneHuu 3HaueHuil T;- A7 IUIOTMH M3 TPYHTOBBIX Ma-
Tepuayos cM. 1. 9.5[2,10,11]; 3HaueHue ﬁ? NIPUHUMAIOT HE
menee 0,8; 1;,— kodbduimenT, 3aBucsiuii ot i -Toit pop-
MBI COOCTBEHHBIX KOJIOAQHMH COOpYKEHHSI M OT MecTa
PacIoNIOKEH s TOUKH K.

X)) Xy QiXa(x)

Tabuauna 2
3navenus ko3pduuuenta ceiicmuunocru k.

PacueTnas celicMMYHOCTD, OaLIBI k.
7 0,025
8 0,050
9 0,100
Tab6uuua 3

3uavenus kodpdunuenta m°
CoopysxeHust m
JKene3obeToHHBIE M OCTOHHEIC, 1
paboratommue npu KonebaHusax 6e3
PacKphITHSI [IBOB
Beronnsie, cB0OOIHO 0,8
nedopmupyromuecs Mpy KoIeOaHnsIX
C YaCTUYHBIM PACKPBITHEM IIBOB
3eMIIsIHbIC U KaMEHHO-HaOpOCHBIE. 0,7
J1s1 TUOPOTEXHUYECKUX COOPYKEHUM, MpU pacueTax
KOTOPBIX ~ MOXHO  OTPaHMYHMTBCS  YY4ETOM  TOJBKO
TOPU3OHTAIBHOM COCTaBISIONIEH cMeneH s, Ko duimenT
1), OTIPEIETISIOT 1O hopMyJie

0

2

0,2 (31, 5m3 - zoooﬂ% +41,343 - 1600}% + 9043 - 2300%)

Nik = =
‘ i QX2 (x)) (31,50 200025 0,04 + 41,3%% - 160025 0,09 + 90x° - 23005 - 0, 04)
_ 67216k2 __ 3
167472k @

roe X;(xp), X ,-(x]-)~ CMEIIEHHsT COOPYKEHHS M0 | -My
TOHY COOCTBEHHBIX KOJIEOAHUH B TOUKAX ¢ KOOPAUHATAMHX
M XTI B DPACYCTHOH CXEME COOPYKEHHS IPHHATHI
COCPEIOTOUEHHBIE MACCHI.

Ilpu ompenenenuu 1o ¢dopmyne (2) celicMuUYecKO
Harpy3Kd Ha T[OJ3EMHBIE COODYXEHHS U CKAJIbHBIE
MacCHBBI, 00pasylolMe OCHOBAHWS THIPOTEXHUIECKUX

COOpYXKEHMH M OeperoBble  CKJIOHBI,  CICAyeT
npuHuMaTh,B1;, = 1a Ha moAmOpHbIe cTenkH [3,7,9].
0, _
Binu =15 4)

BepTHKabHYI0  COCTABJSAIOILYIO  CeliCMHYECKOM
Harpy3kuSs B Touke KkCOOpYKEHWS OMpENeNsIOT IO
dopmye

sE = Qumk,sina = 90m3 - 2300;—£~ 1,0-0,025-
sin30° = 2587,5kI' = 2T587«T (5)

I'ne @ -yroa Mexny TOpU3OHTAIbIO U HAIllpaBIEHUEM
CEMCMUYECKOTO BO3JCHCTBHSA, NPHHUMAEMBII He Oonee
30°.Ilpu oleHKEe IPOYHOCTH COOPYKEHUH pacueTHbIE
YCWIUSL OT CEHCMHYECKOTO BO3ICHCTBHS CYMMHPYIOT C
YCWIMSIMH  OT JIPYyTHX HAarpy3oK, BXOISIINX B JaHHOE
COYeTaHHEe HArpy30K M BO3JEHCTBUM.

l_[pO'-lHOCTb OETOHHBIX rpaBUTAllMOHHBIX W ApPOYHBIX
IUIOTUH TPOBEPSIOT Ha TOPU3OHTAJbHBIE celicMuYecKue
Harpy3ku, KOTOpble ONpPEAENAoT JId KaXIoro W3
YUHUTBIBAEMbBIX TOHOB COOCTBEHHBIX KOJICOAHMUIH.

Pacuernbie ycewmamss N,  (momepednyro  wim
HOPMaJIBHYIO ~ CHIy,  W3rHOalomuid  MOMEHT) B
paccMaTpHBacMOM CEUEHHH KOHCTPYKIMH MU IEepHOJe
TepBOTo (OCHOBHOTO) TOHA COOCTBEHHBIX KoJieOaHMid Ooee
0,3 ¢ onpepensror o GopmyIe:

Np= |2 N} =V37+37+47 = V34~ 5,83 (6)

[ne m - 4yucio y4nTHIBaeMBIX TOHOB KoieOaHuii;N ;-
yCuIIME B PaccMaTpuBAEMOM CEUeHHMH Juii i -ro TOHa
xonebGanuid. Ilpu mepwone INepBOro TOHA COOCTBEHHBIX

xonebanuii, He npesbrmarormem 0,3 ¢, N, TOICYUTHIBAIOT MO
dbopmyie

V52434 | o ¥, N2
N, = Ninax )

I'me Npjax— HauOomblliee 3HAYCHHUE YCHIHS B
paccMaTprBacMoM CCYCHHUH, omnperesnseMoe u3
COTIOCTABJIEHUSI AIIOP CEHCMUYECKUX YCUINN, OTBEYAIOIINX
oTHenbHBIM (opMaM KoneOaHmid coopyxkenus; N; —
3HAYEHHS] YCHIIMS B TOM )K€ CEUYCHHH IO JPYTHM SIOpaM
(kpome  3HAUEHHAN 1,4y ). Y CHITHS B KOHCTPYKIHAX
N;(Nnax())COOTBETCTBYIONIME  yIUTHIBAEMBIM  (hOpMamM
COOCTBEHHBIX KOJIeOAHUIA, ONpPENeNsIOT B MPENOI0KEHNN
CTaTMYECKOT0 ACHCTBHS Ha COOPY)KEHUE CEHCMUYECKUX CHII
S, BBIYUCIICHHBIX 10 (opmye (2).

PacueTnyio TOPH30HTAJIBHYIO ceiicMHYeCKYI0
Harpy3KyS,B pacCMaTpuBaeMOM CEUEHHH COOPYIKEHHUS TIPHU
pacdeTax ero yCTOMIHBOCTH ONPEAENSIOT Mo (opmyie:

n
> 87 = /(762,507 + (2587, 5xr)” ~
i=1

~ 394867, 2xr = 394T867kr2r (8)

Si- pacueTHas Harpy3ka B TOM JK€ CEUCHHHM AJIsi -TO
TOHa KonebaHuii, onpenensemas no gpopmyine (2). Cnexyer
UMEThb B BHY, YTO NPHU ITOCTPOSHUII SMIOPBI  PacYeTHBIX
Harpy30K Ha COOPYKCHHE B IIEJIOM WM ONPEAeNICHUH
pacueTHOH paBHOJEHCTBYIOLIEH CyMMHpPOBaHHEM
Harpy3ok, HaiiieHHbIX mo ¢dopmyie (8), momyuarorcs
3aBBIILICHHBIC PE3YyJIbTAaThl, IOCKONBKY TpPHU 3TOM  He
YUUTBIBACTCS HECOBMECTHMOCTh BO  BpEMEHH
JIOKANbHBIX PACYETHBIX HArpy30kK S,. [IpueM HaxoxIeHUs

paBHOAEHCTBYIOIEH HArpy30K M MX pachpejeleHus I0
BCEMY OOBEMY COOPYKEHHS C YUIETOM OIHOBPEMEHHOCTH
JIeHCTBUSI BO Bcex ceueHHsx npemioxkeH A. JL
MoxesutrHOBEIM U B. H. Byxapuessmm [2,3,8,9].
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TIpucoenuHeHHYI0 MacCy BOABI Ty, IPUXOAALIYIOCS HA
e[MHUIy TUIOI[AJX IOBEPXHOCTU THAPOTEXHHIECKHX

COOPYKEHHUH, ONpeNeNsIoT 1o GhopmyIie
T

1_
Tg = %Wh;up = 93;&; (488,20 — 463, 55F)M -

0,66 - 0,53 = 8010, 5xr = 8T10krx 9)
I'ne yw- ynenbHbll Bec BOABL %; h -rmyOuna BoxsI y

COOPYKEHUS,M; | -Oe3pa3sMepHbIi

KOG (HIMEHT  NPUCOEAMHEHHOW  MacChl  BOJBI,
OTIpeseNIsIeMbIii B 3aBUCHMOCTH OT XapaKTepa IBIKEHHUS 110
(opMynam, IpUBEIEHHBIM B Ta0il. 4; P— Oe3pa3mMepHBIit
KO3 (HHUIMEHT, YYUTHIBAIOIINA OrPaHMYEHHOCTh JUIMHBI

l
BojIOEMa (Tabnm. 6.) [3mechl— paccrosiHUE MEXKITY

COOPY’KEHHEM H TIPOTHBOIOJIOKHBIM eMy Oeperom BogoeMa
(11 TNUTI030B M QHAIOTHYHBIX COOPY)KEHUH MEXTy
MPOTHBOIIOJIOKHBIMH CTEHKaMH KOHCTPYKIWH) Ha ITyOnHe

2 .
3 h, ot cBOGOTHOM TOBEPXHOCTH BOJIBIL.

Ilpn Hammuum BoApl ¢ 00EHX CTOPOH COOPYIKECHHS
NPUCOCANHEHHYIO Maccy BOABI IPUHUMAIOT PaBHOH cymMMe
BEJIMYMH Tg, IOJCYUTAHHBIX 110 opmyte (9) 11t Kax 101 13
ero CTopoH. /Iy OTHENBHO CTOSIIMX COOpPYKEHHH (BO-
03a0OpHBIE OalllHH, OMOpPHI MOCTOB, CBah M IIp.)
NPUCOCIMHEHHYI0 MacCy BOABI Tp Ha COUHHIYY IJIMHBI
KOHCTPYKIIMH TIOJICYUTHIBAIOT 1O hopMmyIie:

T
Ty = % = i (24,65M)% - 0,66 =

CEKZ
T-cex?

40,97 (10)

rae d - TuaMeTp KpyIJioro Win pa3Mep CTOPOHBI KBaj-
paTHOTO TIONEPEYHOro CcedeHus coopyxeHus, M.Ilpu
MONEPEYHBIX KOJIEOAHUSIX CBail IPHCOSIUHEHHAs Macca
BOJIbI Ha €AMHHILYy MX JUIMHBI NPHOIMKEHHO paBHa Macce
BOJIbI B 00bEMe €ANHHUIBI JTTHHBI CBaM.

3. 3akio4yeHue

1. [lokazana OmEHKa CEHCMHUYHOCTH  IUIOHIAJIOK
cTpouTenscTBa KapKkumoHcKkoro Bo1oXpaHUIMIIA

2. OnpeneneHsl celicMuueckue Harpy3ku
KapkuJoHCKOrO BOAOXpAaHWIHUIA C BEPTUKAIBHBIMH U
TOPU30HTAIBHBIMHU COCTABJISIOILUMU celicMHuecKoi
Harpys3KH.

3. [OpH30HTANBHYI0 COCTABISIIOIIYI0 CEHCMHYECKON
Harpy3ku. Pacuernele ycmmms IlpucoenmueHHylo Maccy
BOJIBL.
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Calculation of joints of bending wooden structural elements in ANSYS
Workbench

S. Razzakovi®2 D. Berdakov2®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.20P

INamangan davlat texnika universiteti, Namangan, O‘zbekiston
2Qoragalpoq davlat universiteti, Nukus, Qoraqalpog’iston, O*zbekiston

Annotatsiya:

Magolada egiluvchi yog‘och elementlari birikmalaridagi birikma mustahkamligini oshirish, ANSY'S

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
qo‘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 wusul ob’ektlarni
muayyan holatdagi tavsifini maksimal darajada yaqin
bo‘lishini saqlab qoladi va ayni vaqtda dasturiy kompleks
qo‘yilgan masalani matematik jihatdan hal qilish uchun
imkoniyat yaratadi. Agar sohada bo‘lgani kabi dastlabki
ob’ektda ham qandaydir 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 tadgiq gilish imkonini beradi.
Bunday holda gamrab olingan funksiyalar tekis yoki egri

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. Tadqgigot metodikasi

Shu magsadda, birikmaning matematik modeli va
tajribaviy tadqiqotlarni qiyoslash hamda o‘xshashligini
tekshirish magqgsadida 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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000 150,00 300,00 (mm)
75.00 22500

1-rasm. Amaldagi birikmaning ANSYS Workbench dasturidagi umumiy ko‘rinishi
Amaldagi birikmani 25 mm o‘lchamdagi chiziqli chekli elementlarga ajratilgan ko‘rinishi 2-rasmda keltirilgan.

000 150.00 300.00 (mim)
75.00 225,00

2-rasm. Birikmaning ANSYS 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.

5%

3-rasm. Birikmaning ANSY'S Workbench dasturidagi umumiy ko‘rinishi
T-2 seriyali birikmani 25mm o‘lchamdagi chizigli chekli elementlarga ajratilgan ko‘rinishi 4-rasmda keltirilgan.

153 24-aprel, 2025
“Samarali qurilish materiallari, konstruksiyalari va texnologiyalari”
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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.

5-rasm. Birikmaning ANSY'S Workbench dasturidagi umumiy ko‘rinishi
T-3 seriyali birikmani 25mm o‘lchamdagi chiziqli chekli elementlarga ajratilgan ko‘ri-nishi 6-rasmda keltirilgan.

L..' ’
000 10000 200,00 (mem) o
 —

50.00 150,00

6-rasm. Birikmaning ANSYS 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,

chiziqsiz 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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7-rasm. Amaldagi T-1 seriyali birikmaning egilishdagi deformatsiyasi

Design-——Static Structural (BS)

8-rasm. Tavsiya gilinayotgan T-2 seriyali birikmaning egilishdagi deformatsiyasi

Design—Static Structural (BS)

1
. SOLIFTICEI

9-rasm. Tavsiya gilinayotgan T-3 seriyali birikmaning egilishdagi deformatsiyasi

Olib borilgan hisoblash ishlarining natijalari hamda
birikma to‘rlari va seriyalarining egilishdagi va
70.0
—_ -1
-T-2
-T-3

60.0

Yuk, kN

30.0

20.0

10.0

0.0

0 2 4

kuchlanishdagi bir-biriga taggoslangan diagrammasi 10,
11-rasmlarda keltirilgan.

6 8 10 12 14
Solqilik, mm

10-rasm. Amaldagi T-1 va tavsiya gilinayotgan takomillashtirilgan T-2, T-3 seriyali tadqiq gilinayotgan birikmalarning
egilishdagi deformatsiyalanish grafiklari
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Birikmalarning yuk ko‘tarish qobiliyati hamda
egilishdagi mustahkamligini tahlil giladigan bo‘lsak,
ANSYS Workbench dasturida hisoblangan amaldagi T-1
seriyali birikmaga solishtirganda takomillashtirilib tavsiya

1
‘

Kuchbanbh, MPa

Yok, kN

11-rasm. Amaldagi T-1 va tavsiya gilinayotgan takomillashtirilgan T-2, T-3 seriyali tadgiq gilinayotgan 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 53 7.3 8 8.8 7.35
3. Xulosa [6] TOCT 16483.0-89. Jlpemecuma.  O6mue

Birikmalarning egilishdagi kuchlanishlari hisoblangan
amaldagi T-1 seriyali birikmaga nisbatan solishtirilganda,
takomillashtirilib  tavsiya gilinayotgan T-2  seriyali
birikmaning egilishdagi yuk ta’siridagi kuchlanish qiymati
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 aniqlangan.
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The use of armogrunt structures to strengthen the railway roadbed

A.Kh. Abdujabarov®?2 P.A. Begmatovl®P?, G.R. Khalfinl®¢
1Tashkent 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

IIpumeHeHne apMOTPYHTOBBIX KOHCTPYKIHIA ISl YKPeNJIeHUsl 3eMJISTHOTO
MOJIOTHA KeJIe3HbIX 10POT

A6ayxaéapos A.X.12, Bermatos ILA.20° Xanb¢un I'.P.10C

ITamkenTcKuit rocy1apCTBEHHBIN TPAHCTIOPTHBINA yHUBEPCHUTET, TalikeHT, Y306eKkucTan

AunHOTALMS:

apMOTPYHTOBBIMH ~ KOHCTPYKIUSIMHU,

B nmanHO# paboTe paccMaTpHBAeTCsl TEXHOJIOTHS YKPEIUICHHS 3eMIITHOTO IIOJIOTHA JKEJIE3HBIX IOpOT
KOTOphIE  MO3BOJIIOT ~ BOCHPUHHMATH  3HAYHUTEIBHBIC

pacTATHBAIONINE YCHJIMS, YTO MPEJONpeNesieT MEHbIIYI0 YyBCTBUTEIBHOCTh K HEPAaBHOMEPHBIM
ocaJKkaM OCHOBaHMs, TOBBILIEHHYIO YCTOMYMBOCTh K CEMCMHUYECKMM BO3AeHCTBUAM. IlpeanoxxeH
BapHaHT apMOTPYHTOBOM HACBIIH HAa KPYTOM CKaJIbHOM KOCOTOpE.

Kimrouessle crnosa: 3eMJIIHOE [I0JIOTHO, apMOIPYHTOBbIE KOHCTPYKILIUY, HACKIIIb, F€OTEKCTUIIb, OCHOBHAS IJIOIIAKA

1. BBeaenue

TepmMuH “apMUpOBaHHBIH TPyHT BBelIeH Bamamum
(®parmust) B 1966 romy [1]. ApmupoBaHHE TpyHTa B
001aCTH TPAHCIOPTHOIO CTPOMUTENIbCTBA MOJy4aeT BCE
OoJsiee IIMPOKOE PacHpPOCTPaHEHUE, YTO OOOCHOBBIBACTCS
PSIOM NPEHMYIIECTB apMOTPYHTOBBIX KOHCTPYKUMH. DTH
KOHCTPYKIMU JIEeMOHCTPUPYIOT CIOCOOHOCTh
BOCIPHHUMATh 3HAYUTEIbHBIE PACTATHBAIONINE YCHIIHS,
9TO, B CBOIO O4Yepenb, MpEeIonpenesieT MEHBIIYI0
BOCIPHAMYHNBOCTh K HEPAaBHOMEPHBIM OCaJKaM OCHOBAHHS
U TOBBIIIEHHYIO  YCTOWYMBOCTh K  CEHCMMUYECKUM
Harpy3kam. J[aHHbIE XapaKTEepUCTHKU OOBSCHAIOTCS Oonee
BBICOKOW TMOKOCTBIO U JIydllleil amanrtaiueil B TpyHTOBOM
cpelie 10 CPaBHEHHIO ¢ TPAJUIIMOHHBIMU METOIaMHu. [2, 5].

JlutepaTypHblii aHanu3. ApMaTypHble MOJOTHHMIIA
(OPMHUPYIOT MOMONHHUTENBHBIE CBS3H MEXKAY YacTHIIAMHU
TPyHTa 3a c4eT (HUKTUBHOTO CIEIUICHHS. B HecBSI3HBIX
TPYHTaX TaKoe CIEIUICHHE CO37aeTcsi MCKYCCTBEHHO, B TO
BpeMsI KaKk B CBS3HBIX OHO YCHIHMBAeTCS. ApPMHpYIOIIHE
IPOCIONKH, B3aUMOJECHCTBYS C TPYHTOM, MOPOXKIAIOT
nepepacipeieieHe  HampsDKeHMH B MacCUBe, YTO
CIOCOOCTBYET Iepelaue HaIpsDKEHHH C Meperpy>kKeHHBIX
Y4acTKOB Ha COCEJHHME HEIOTPY)KEHHbIe, BOBJIEKas HX B
paboTy. DTO NPUBOAUT K 3HAYUTENHFHOMY YBEIHYCHHIO
YCTOHYMBOCTH OTKOCOB 3€MIITHBIX COOPY)KEHHH, KOTOpBIE
MOTYT OBITh BBINOJNHEHB! IIOJ JIO00H YTIJIOM HAKIOHA,
BKJIIOYAsl BEpTHKaJbHBIE. Takke MOXHO OTMeYaTh
3HAQUUTENIFHOE CHIDKCHHE PHCKa  BHOPO-Pa3KIDKEHUS
IPYHTOB  Hachlllel B  pe3yibTare  3eMJICTPSICEHUM.
[IpeumymiectBa apMOTPYHTOBBIX KOHCTPYKLMH
3aKJIIOYAIOTCS B BO3MOXHOCTH HMX  BO3BEICHUS B

https://orcid.org/0000-0001-7097-5071
bl https://orcid.org/0000-0003-0160-9814

Pa3HO0OpPa3HBIX TOHOTPapUUYECKUX YCIOBHAX, BKIIOYAs
OTpaHMYCHHBIC IPOCTPAHCTBA, CHIDKEHHH WJIHM IIOJHOM
WCKIIFOYEHUH  "MOKpBIX"  TpOLECCOB, TAaKUX  Kak
6eTOHMPOBaHHE, a TAKXKE HCIOJIL30BAHUH MECTHOTO TPyHTa
B KadeCcTBE OCHOBHOTO CTPOMTENBHOTO MaTephana, dUTo
MO3BOJIIET M30EKaTh TITyOOKOTO 3armyOineHus GyHIaMeHTa.
[3].

CpaBHHMTEIBHO HH3Kasi CTOMMOCTb W yMEHbIICHHE
BpPEMEHH, 3aTpavyrBacMoro Ha CTPOMTENLCTBO,
00YCIIOBJIEHBI TIPOCTOTON TEXHOJIOTUYECKOTO MpoLecca, 4To
MPaKTUYeCKH  HCKIIOYAeT  HCHONB30BaHHE  TSDKENIOTO
cBacOOHOTO U KpaHa, TI03BOJISIS OTPAaHUYUTHCS HEOOIBITUM
KONMYECTBOM MAIIMH M MEXaHM3MOB, TaKHX Kak
OyJIB103€pPhl, KaTKA U CaMOCBAITHI.

B kauecTBe apMHpPYIOLIMX MaTepHAIOB MPUMEHSIOTCS
METaJll, T€OTEKCTHIIb, JKEJIE300€TOH U JPYTHe, a TaKKe HX
koMOuMHaiu. B mocnemHme  romel  HaGmomaercs
BO3pacTaloIIee HCIIOJIb30BaHUE TeOTEKCTHIIBHBIX
MaTepHajoB, MONHBIA ACCOPTUMEHT KOTOPHIX BKIIOYAET
mouytn 200  HAaWMCHOBAaHWH,  TPOM3BOAMMBIX W3
HEPTEMPOTYKTOB (TTomMaMuIbL, MO QUPHL,
MOJUIPONIIIEH), JPEBECHOH MyJIBIIEI (BUCKO3a, aleTar) U
NpeACTaBJICHHBIX B cbopMe TKaHbIX, HCTKAHbBIX U CETUATBIX
uznenuii[4]. B 1TaHHOM KOHTEKCTE MPEANOYTEHUE OTAASTCsI
MaTtepHanaM, XapaKTepH3yIOLIMMCsl BBICOKOW MPOYHOCTHIO
Ha pacTsHKCHHE, 3HAYUTEIBHBIM MOayJeM aedopManuu
(HeOONBIIMM YJJIMHEHHEM MpH paspylICHHH), a TaKKe
YCTOWYMBOCTBIO K KOJEOAHHUSAM TEMIEPATyp, BO3ACHCTBHIO
MHUHEPAJIBHBIX KUCIIOT, MEJIOYHBIX CPEJ Pa3INIHBIX THUIIOB
U CTereHel 3aCOJICHHOCTH, BJIare W CONHEYHOW paualniu
[6, 71.

CTeKJIOMIaCTHKHY, BKJTIOYAsT CTEKJIOTKAaHH "
CTEKJIOCETKH, 007a1al0oT HauboNbIIEH COOTBETCTBHEM
TpeOOBaHMIM K apMHPOBAHHIO IPYHTOB IPU BUOPALIMOHHBIX

¢ https://orcid.org/0000-0002-7217-8161
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Harpyskax, €CIIM OHM IMOKPBITHl PA3IHMYHBIMH 3alUTHBIMU
IJIEHKaMM, CMOJIaMU U JlakaMu. [IpoBeieHHbIe COBMECTHO C
IlenTpanbHBIM Hay4YHO-HCCIIEAOBATENBCKUM HHCTUTYTOM
cTpoutenbHEIX  coopyxenuit (LIHWUMC) wnccnenoBanus
MPOJIEMOHCTpUpPOBaIH, 4TO cTekiomactuku tuna CITATL
COXPAHSIOT CBOIO NPOYHOCTh B YCIOBHUSIX IHKIMYECKOTO
3amopaxkuBanus (1o MmuHyc 50 °C) M HOCIEAyIONIEro
OTTauWBaHUA, B TO BpeMs KaKk IIOTEPU TNPOYHOCTH
CTEKJIOTKaHEH MY yBIAXXHEHUH U BO3ACHCTBUU KHUCIBIX U
LIEJIOYHBIX CpeJ UMEIOT TCHICHIUIO K YMEHBIICHHIO.

2. MeT0o0/10r sl MCCJIeJ0OBAHUSA

AHanu3 MHOXXECTBA 3EMIICTPSICEHUH JEMOHCTPHUpYET,
YTO B BEpXHEH UYacTH Hacklmeil oOpa3yercs 30Ha
pa3yImIOTHEHUs, UYTO TPHUBOAUT K BO3HMKHOBEHHUIO
3aKpyIJIEHHOH (OpMBI OCHOBHOH IUIOIIAAKH, a TaKkKe K
HOSIBJICHUIO TPEIINH, 0OPYIIEHHIO OTKOCOB U TIOBPEIKICHUIO
WM Pa3pyIICHUIO BEPXHETO CTPOCHHUS ITyTeH.

Hcnonb3oBanne apMHUPOBAHHOTO TIPYHTa B 3€MIITHOM
MOJOTHE YKpeIIAeT [aHHYI0 pPa3phIXICHHYI0 30HY H
OJHOBPEMEHHO IOBBINIAET €€ CIEIUICHHe C 30HOH,
TIOJIBEPKEHHOH TIOBBIIICHHOMY YIIOTHEHHIO.
Pexomennyercst TIPUMEHATD ONpeeIeHHbIN BU
apMHUpPOBAaHMS Ul HACBIIEH, COCTOSIIUX W3 IeCUaHbIX
TJIMHUCTBIX TPYHTOB.

IIpennoxennas cxema BKJIFOYAeT 00CHINKY
apMHUPYEMBIX OTKOCOB CJIOEM TIPyHTa C IOCIEIYIOIINM
YKpeIUIeHHeM TpaBocessHHeM. B maHHOM ciydae It
yAepKaHUS TPYHTa, HCIOIB3YEMOro B OOCHINKe, OyneT
JOCTaTOYHO.

ApPMOTpYHTOBBIE KOHCTPYKIHH C Ooiee KpYTHIMH
OTKOCaMH{ MOTYT JJOIIOJIHUTEIBHO OKPHIBATHCSI HAOPBI3rOM
0eToHa WM CJIOeM SHOKCHIHOW CMOJBI, B YaCTHOCTH, Ha
MOATIOPHBIX CTEHAX M KPYTHIX OTKOCAX HACHINEil B MecTax
MPOXOKICHHS BOIOTIPOMYCKHBIX TpyO. (puc. 1).

Puc. 1. BapuaHT KOHCTPYKIIHMH apMOTPYHTOBOI
HACBINH HA KPYTOM CKAJIBLHOM KOCOrope:

1 — moBepXHOCTH KOCOTOPa; 2 — KIOBET-TpaHIIes; 3 —
Ipoe3’kasi 4acTh; 4 — apMUPYIOILKE MOJOTHUILA; 5 —
orpaxkaeHue; 6 — 3aIUTHOE OKPHITHE U3 HAOphI3ra OeToHa
0 3aaHKEPEHHOH CeTKe

Ilpy mpUMEHEHHM TEOTEeKCTWIS B POJIM OOpPaTHOTro
¢dmteTpa TUTS MPEOTBPAICHUS nedopMaruii
MOJNTOIUICHHBIX ~ OTKOCOB, TIOMHMO TOBBIIICHUS  €T0
CEMCMOCTOHKOCTH, ~ BO3MOXXKHO  TaKXKe  JOCTHKECHHUE
3HAYUTENLHON SKOHOMIUH (PUHAHCOBBIX CPE/ICTB Ha OOBEKTE.

3. 3akioueHue

B nmanHOlf paboTe mNpoaHAIM3MPOBAHEI MaTepHAIH,
UCTIONB3yEeMBIE OISl apMHUPOBAHMS 3€MIISTHOTO MOJIOTHA.
Ilpennaraemass KOHCTPYKLIUS apMHPOBAHHOTO TpPyHTa
3eMIITHOTO TIOJIOTHA YKPEIUIAeT pa3phIXJICHHYIO 30HY U
OJHOBPEMEHHO YBEIWYMBAET €€ CIEIUICHHE C 30HOit
MOBBIIICHHOTO yIUIOTHEHWs. B HanbGomnbmiell creneHn
TpeOGOBaHUAM apMHUPOBAHUS T'PYHTOB IPH BHOPAIIMOHHBIX
Harpy3kax  OTBEYalOT  CTEKJIOIUIACTUKH,  IIOKPBITHIE
Pa3IMYHBIMH 3alIUTHBIMH IUIEHKAMH, CMOJIAMH M JIAKAMH.
3HAuUUTENIBHO  MOXKHO  COKOHOMMTBH  CpEICTBA  MPH
HCHOJIb30BaHUH F'€OTEKCTHIIS, B Ka4ecTBE 00paTHO GHUIIBTPA,
a Takke TPENOTBPATHTh JAe(opMaly TOATOIIEHHBIX
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®?
Tashkent 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

MeTO)I pacueTra yCTOﬁqHBOCTH 0ecCTBIKOBOIO YT C IPUMEHCHUEM
KOI)(l)(l)I/I[[I/IeHTa NMPpM;KATUA IPOMEKYTOYHBIX PEJIbCOBBIX CerH.HeHl/Iﬁ
Pandrol Fastclip

Xaabgun I'.P.102

ITamkenTcKuit rocy1apCTBEHHBINH TPAHCTIOPTHBINA yHUBEPCHUTET, TalkeHT, Y306eKncTan

AHHOTanus: B nanHO# cTaThe MpencTaBlIeH yCOBEPLICHCTBOBAHHBIH METOJ] OICHKH YCTOWYMBOCTH OECCTBHIKOBOTO
MYTH, YYUTHIBAIONIMH KO3()(GUIMEHT NPIDKaTHs MPOMEKYTOUHBIX PENbCOBBIX CKperuieHud Pandrol
Fastclip. IlpoBeneH aHamM3 CyNIECTBYIOIIMX METOIOB pacuera, CPEeAH KOTOPBIX METOJ KOHEYHBIX
snemernToB (MKD) W MeTron HMHTAalMOHHOTO MOJENHpOBaHHA. BBemeHHbIH Kodddumment k3’
CIIOCOOCTBYET IMOBBILICHUIO TOYHOCTH PACYETOB KPHUTHYECKOW TeMIIEpaTypHOH CHIbI, BIMSIOIICH Ha
ycroitunBocts BII. OueHeHo BimsHWEe naHHOTO Kod(duimeHTa Ha CTAOWIBHOCTH TIYTH C
WCTIOJIE30BaHUEM PENTbCOBEIX ckperuteHuid Pandrol Fastclip. JlanHas paboTa HarpaBieHa Ha OBBIIICHHE
HaJIeKHOCTH ¥ 0€30MaCHOCTH JKEJIE3HOJOPOXKHOTO ITyTH.

KitoueBslie croBa: YCTOMYMBOCTD, OICHKA, TeMIepaTypHas cuia, KO3(QOUIMEHT, MPOMEXYTOUHOE CKpPEIUICHUE, YCUIIHE

TPYDKATHUS

Onpepensronmm (baxTopom, HETIOCPEICTBEHHO
BIUSAIOI[MM HAa YCTOHYHBOCTH OECCTBHIKOBOTO  IYTH,
SBIISIETCS KOPPEKTHas yCTaHOBKAa M OLIGHKA COCTOSHUS
PENBCOBBIX CKPEIJICHHUH, BKIIOYAIOIINX B ce0sl apaMeTpsl
NPOYHOCTH, YHNPYrOCTH M TNPWKAMHOTO  YCHJIMS.
CoBpeMeHHbIE HCCIIEI0BaHUs, a TakKe HOBBIE MOJXOIbBI K
MOJICTUPOBAaHUIO €  NPUMEHEHHWEM  BBIYHUCIHTEIBHBIX
KOMIIIEKCOB, ~ CO3[Al0T  BO3MOXHOCTH Uit Ooiee
3G PeKTUBHON OLIEHKH PabOTHI PENbCOBBIX CKPEIUICHHN Ha

1. BBeaenue

beccteikoBoit  myte  (BII) mpencraBmsier  coboit
KPUTHYECKH  3HAYMMBI{  KOMIIOHEHT  COBPEMEHHOI
KEJIE3HOOPOIKHOU UH(DPACTPYKTYPBHI, KOTOPBIH
obecrieunBaer Ge3omacHoe U (eKTHBHOE MEepeaABIIKEHUE
nmoe3noB. [lpobmema ycroiumBoctw BII B ycrmoBmsx

TEeMIIepaTypHBIX KoJeOaHMH, MEXaHHYECKHX Harpy3oK Hu
MPOIECCOB CTAPEHHsI MAaTePHATIOB OCTAETCS aKTyalbHOH B
HaygHOH oOmactu. 3ajgada TOBBIMIEHHS 0€30MacHOCTH,
HaJe)KHOCTH U JOJITOBEYHOCTH OECCTHIKOBOTO MyTH TpeOyeT
NaJbHEHIIero  COBEPUICHCTBOBAHUS ~ METOAOB  €ro
ycroitunsoctu [1].

B MexnyHapogHoil npakTuke ObUIM  pa3paboTaHbI
pa3nUYHBIE METOABI OIeHKH ycroiumBoctH BII, cpexmn
KOTOPBIX METOJBI pacueTa PaBHOBECHUS DPENICONIITAIBHON
pemIeTKH, MeToJN  KOHeYHbIX  dmemeHToB (MKD),
UMHTAIIOHHOE MOJENMPOBaHUE M psn Apyrux. OmHako
OOJIBIIMHCTBO W3 A3THUX METOJIOB HE YUYHTHIBACT BIIMSIHUE
Takux (HaKTOPOB, KaK TOYHOCTh MPHIKATUSL PENbCOBBIX
CKpeIICHHH, 4YTO OrPaHWYMBAaCT UX MPaAKTHYECKOe
npumenenue [4, 10].

als https:/orcid.org/0000-0002-7217-8161

CTaJiH IpOeKTUpoBaHus [3].

Llenp  maHHOTO  WCCNIENOBAaHMS  3aKIIOYaeTcs B
YCOBEPIIEHCTBOBAHNH PACYETHBIX METONOB YCTOWYHUBOCTH
6eccteikoBoro  mytu  (BII) ¢ yuerom koaddunmenta
IPIKATHS  TMPOMEXKYTOUYHBIX  PEIbCOBBIX  CKPEIUICHHUM
CHCTEMBI Pandrol Fastclip. YkazaHHOe
YCOBEpPIICHCTBOBAaHHE OOECIEYUT MOBBIILICHUE TOYHOCTH
IPOTHO3UPOBaHMsI YCTOMYHMBOCTH IyTH B Pa3IMIHBIX
9KCIUTYyaTaI[MOHHBIX YCIOBHAX. I peanm3anuyl JTaHHOI
[eTIM HeOOXOANMO PEIINTH CIICIYIOINIHE 3aJatH:

1. TIpoBecTn aHANN3 CYNIECTBYIONINX METOMOB pacdeTa
ycrounBoctH BIl u ux orpannyeHui.

2. PaspabGorate HOBBIH KOI(hQHIMEHT I ydera
IPIKATHS ~MPOMEKYTOYHBIX  PENbCOBBIX  CKpPEIICHHH
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Pandrol Fastclip u wuHTerpupoBaTh €ro B pacueTHbIE
¢dbopmybL.

3. OneHuts BIMSHHE HOBOTO Kod(¢ummeHTa Ha
KPUTHYECKYI0 TEMIEPaTypHYI0 CHIy M YCTOWYHBOCTB
0eCCTBIKOBOTO ITyTH.

IIpennoxxenHoe uccienoBanue OyIeT CrOcoOCTBOBATH
COBEpIICHCTBOBAHHUIO PACUETHBIX METOAMK B 00JacTH
JKEJIE3HOJOPOXKHOTO CTPOMTENBCTBA U IKCIUTyaTallMH, 4TO
SBJISICTCS  KPUTUYECKH  BXKHBIM 11 NOBBILICHUS
0€30MacHOCTH U YCTOHYMBOCTH OECCTHIKOBOTO Iy TH.

2. MeTox0J10Tv MiCCJIeOBAHUS

Jnst aHanm3a yCTOMYMBOCTH OECCTBIKOBOTO ITYTH C
ydeToM  KO3((UIMEHTa MPIKATUS — MPOMEXYTOUHBIX
PETBbCOBBIX CKpeTIeHuH MIPUMEHSITICH METO/IBI,
Haxofsdmuecs B pAAE KIACCHYECKHX M COBPEMEHHBIX
Hay4yHbIX pabor [2-5, 9]. OcHOBOW 111 NUPOBEICHUS
pacdeToB moCHyXwi JTuddepeHaIbHbe  YpaBHEHHUS,
OIUCHIBAIONINE YCTOHYMBOCTD PEIbCOIINAIBHON PEIIeTKH,
¢ po0aBleHHEM ydera INPOAONBHBIX YCHIMH U HX
COIIPOTUBICHUN B MecTax KkpemieHus [7]. B pacuerax
HCTIONB30Balach  Meromonorus, mpemnoxkenHas C.IL
Iepmmuom [1, 6], xotopas Opula MOIU(HUIMpPOBAHA C
Y4eTOM CTENeHH TpIKaTtus cKpemieHuid Tuma Pandrol
Fastclip. lanHas Momudukanus 3aKiIr049aiack BO BBEJCHUI
HOBOTO KoddduimenTa npmwxaTus, 4To HO3BOJISIET Ooiee
TOYHO  OIEHHTb  BO3ACHCTBHE  YCWIMS  IPYDKATHS
CKpEIUICHUH Ha yCTOWYMBOCTD IIyTH.

ITapameTpsl, nCHOIB30BaHHEIE B pacyere, BKIOYAIN
CIIEIYIOIINE AIEMEHTHI: XapaKTEePHCTHKU PEIbCOB (TUIIBI
P50 u P65) ¢ cooTBETCTBYIOIIMMY 3HAUCHUSAMH TApaMeTPOB
A ¥ |1 YKJIOH HayaJbHON HEPOBHOCTHU JKEJIE3HOLOPOKHOTO
myTH i (2%o A7 TPSIMBIX y4acTKOB M 3%o ISl KPHUBBIX);
ko3 dupentsr ki u k2, ompenensronme cONpoTHBICHHE
OajTacTa U Harpy3Ky Ha LIaJIbl; a TakKe KodpuieHTs! K3
u k3', xapakTepH3yoIIie CTeNeHb 3aTSHKKK OOJITOB H yCHITHE
npwkatus.  MozenupoBaHHe — MO3BOJMJIO  HOJNYYHTh
Ka4eCTBEHHBIC W  KOJIMYECTBEHHBIE  XapaKTEPUCTHKH,
HEOOXOANMEBIE AN aHaIn3a Pa3JIMYHBIX TUIIOB PEIIbCOBBIX
ckpemieHnii. C  [eTbl0  YTOYHEHHS  3aBUCHMOCTH
koapdunuenta Kks' or ycunus NpHKATUS CKPETUICHHN
Pandrol Fastclip Obina paspaboTana ycoBepIIeHCTBOBAHHAS
MOZIeNb, Y4YUTHIBaIONass  HenuHeiiHele 3(QGeKT |
MePEeXOoIHbIE 30HBI YIIPYrocTH [8].

3. Pe3yabTaThl HCCI€10BAHNS

IIpoBeneHHBIE BBIYUCICHHA IO3BOJIMIM YCTAaHOBHUTH
KPHTHUECKYIO TeMITepaTypHyIo cHiry Ns, KOTopast BHI3BIBAET
BBIOPOC OECCTHIKOBOTO MYTH B TOPU30HTAIBHOM MIIOCKOCTH,
C UCHOJIb30BAaHHUEM ClIelyIomIeit (hopMyJIbL:

Ny =k kg IS

T'paduueckuit anamus 3aBucuMoCTH K03hPuireHToB Ki,
ko u ks' mpomemoHCTpHpoOBan creayomee: yBEIHICHHES
CONPOTHBJICHHsI Oamnacta BBI3BIBACT POCT Koddduimenrta
ki, 49To OKa3plBaET TOJIOXHTEIBHOEC BIHMSHHC Ha
yCcTOMuMBOCTh MIyTH (puc. 1); ycunume mNprKaTus
CKpeIIEHHH NMEeeT MPSIMOe BO3eHCTBHE HAa KO3 (UIUESHT
ks' 1, COOTBETCTBEHHO, Ha OOLIYIO YCTOHYMBOCTD ITyTH (PHC.
2 u puc. 3).

0.2 0.4 0.6 0.8 1 12 ks
Puc. 1. 3aBucumoctb ko3pduimenta ki or
CONPOTHBJIEHHUS faJlIacTa

ks
1.1

1.05
1
0.95
0.9
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Mr, KH:cm

Puc. 2. 3aBucumoctb ko3 duumenta ks ot yeuans
3aTSKKHU raek 00JITOBBIX CKpelieHuii: 1 — mpu ykJjioHe
HEPOBHOCTH B NIPSIMOM NYTH i=2%o, 2 — NIpH yKJIOHE
HEPOBHOCTH HAa KPUBOH i=3%o

ks'
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0.9
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Puc. 3. 3aBucumoctb ko3pduuuenta Ks' ot ycuauns
npu:katus ckpensienuii Pandrol Fastclip: 1 — npu
YKJIOHEe HEPOBHOCTH B IPAMOM IYTH i=2%o, 2 — IpU
YKJIOHE HEPOBHOCTH Ha KPUBOM i=3%o

4. 3akroueHue

VYBenuueHune ycwmnms NprokaTus ckperuieHui Pandrol
Fastclip crioco6cTByeT MOBBIICHNIO KPUTHIECKOH CHITEI N3,
YTO B CBOIO OUEpe/lb 3HAUMTEIIHHO YIyUlllaeT yCTONUYMBOCTh
6eccTHIKOBOrO MyTH. B pamMkax McciefoBaHHs HPEUIOKEH
YCOBEpPILICHCTBOBAaHHBII METOJ] pacyeTa YCTOWYHMBOCTH
0ECCTBIKOBOTO TyTH, KOTOpPBIM BKIOYaeT KO3()(GHUIUESHT
OpPIDKATUSL  TIPOMEXKYTOUYHBIX  PEIIbCOBBIX  CKPEIUICHUH
Pandrol Fastclip. [laHHBII MeTo MO3BOJISAET OOJiee TOYHO
YYUTHIBATh TEMIEpaTypHbIC M3MEHEHHS W MEeXaHHYeCKHe
Harpy3Kd, OKa3bIBAIOIIME BIHMSHHE HAa YCTONYMBOCTH
penbcoB. [lpakThueckass 3HAYMMOCTh JAHHOW pabOThI
3aKII0YAeTCsl B ONTUMM3ALMU  MPOCKTHPOBAHUS U
JKCIUTyaTallul PEJIbCOBBIX CKPEIUICHHUH, YTO CIOCOOCTBYET
MOBBILICHUIO  0E30IIaCHOCTH  JBIDKCHHS  IOE3[A0B H
CHIDKEHHIO 3aTpaT Ha TEXHUUECKOE 00CITyKMBaHHUE.
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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. Lesov2®®, T.A. Salakhov!, M.K. Kenjaliev2®¢

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:

MoaenupoBaHue NPOAO0JbHBIX CIJI B PeJIbCOBOI IIETH JAJIS1 OLEHKH
YCTOMYNBOCTH 0€CCTHIKOBOIO IyTH

A.A. Bonpnapenko'®?2, K.C. Jleco?®P, T.A. Canaxos!, M.K. Kenxaanep2©°
Ipusomxkckuii rocy1apcTBEHHBIN yHUBEPCHTET MyTel cooOiuenus, Camapa, Poccus
ITamkenTcKuii rocy1apCTBEHHBIN TPAHCTIOPTHBINA yHUBEPCHUTET, TalikeHT, Y306eKkucTan

AHHOTaLUA: B crarbe paccMaTpuBaeTcst MOJIEINPOBAaHKE IPOIOJIBHBIX CHII B PEIILCOBOH IUIETH OECCTHIKOBOTO ITyTH
C y46TOM TeMIlepaTypHBIX M JUHaMH4YeCcKUX (akTopoB. [IpoaHaIM3MpOBaHO BIMSHUE TOPMOXKEHHS
MOJBIKHOIO COCTaBa Ha YCTOHUMBOCTb ITyTH, BKIIIOUYAs JONOJHMUTEIIBHBIC IIPOAOJIBHBIC HArpy3KH,
00YCIIOBIICHHBIE M3MEHEHHEM TEMIIepaTypsl PEbCOB M BO3ACHCTBHEM TATOBBIX TOKOB. Pa3zpaboTaHEI
MaTeMaTHIeCKHe MOJEH, ONHUCHIBaIoNe (OpMHUPOBAHHE NPOAONBHBIX YCHIMH, WX BIUSHHE Ha
ngedopmanuu MyTH W ycioBUs O€30IAacCHOM SKCILTyaTarud. [IpeacTaBieHbl METOMUKH M3MEPEHHsS U
KOHTPOJS TPOJONBHBIX CHJ, a TAaKXKe JaHbl PEKOMEHJAUH 10 MOHHTOPHHTY W TIPEIOTBPAIICHHUIO
KPUTUYECKUX Harpy30K, CIOCOOHBIX IPUBECTH K NOTEpE YCTOHYMBOCTH.

NPOJONBHBIE CHJIBL, OCECCTBHIKOBOM IyTh, TEMIIEpaTypHBIE HANpPsDKSHHUs, TOPMOXKEHHE TMoe3Ja,
YCTOMUYMBOCTb IIyTH, HATPEB PEIILCOB, TATOBBIC TOKH, MOJCIUPOBAaHHE

KroueBnie cioBa:

ANIEKTPOIMHAMHIYECKHE (haKTOPBI CYIIECTBEHHO BIMAIOT Ha
MIPOIOJIFHYIO YCTOHYMBOCTH IyTH [3, 9, 10].

1. BBeaenue

beccTbIkOBOH  IyThb  LIMPOKO  HpPHMEHSETCs B
JKEJIe3HOJOPOIKHOM HHPPACTPYKType Onaronapst
MOBBIIICHHON HaA&KHOCTH, CHIDKEHHIO IIIyMa M BUOpaIuy,
a TaKk)Ke COKPAIIEHNIO IKCIUTyaTallMOHHBIX 3aTpaT. OnHaKo
obecrieueHNe €ro yCTOWYMBOCTH TPeOyeT KOMIUIEKCHOTO
aHanM3a TPOAONBHBIX  YCHIMH, BO3ZHHKAIOIIUX IO
BO3/ICHCTBHEM Pa3IHIHBIX ()aKTOPOB — OT TEMIIEPATyPHBIX
HaNpsOKEHUH 10 TOPMOXKCHUSI M JIEHCTBHS TATOBBIX TOKOB
[1-3].

B MupoBON HayyHOW JMTEpaType 3HAYUTEIBHOE
BHUMaHHE YJeNsIeTCs TeMIepaTypHbIM HANpsDKEHUSIM B
pernbcax U X BIMSHHIO HA yCTOHUYMBOCTB TMyTH [2, 4-6]. B
paborax [7, 8] moguépkuBaeTcss HEOOXOIUMOCTH KOHTPOJIS
CHJIBI yTOHAa, BO3HUKAOMEH TIpH TOPMOXKCHUH, U

MHHUMAJIBHOT'O CONIPOTUBJICHUA IpOoaAOJIbHOMY
NEPEMECUICHUTIO PEILCOB. Hccnenopanus TaK¥XKE
IIOKa3bIBaKoOT, qTO TCPMOMEXAaHUYECCKUE n

alY https:/orcid.org/0000-0003-0504-4670
b https://orcid.org/0000-0002-9434-0713

Tem He MeHee, KOMIUIEKCHBIH YYET BCEX HMCTOYHHKOB
MPOJONBHBIX ~ HArpy30K TPH  MPOSKTHPOBAHHH U
JKCIUTyaTallul OECCTBIKOBOTO IMYTH OCTAa&TCs aKTyalbHOI
3aiaveid [11]. OcoOeHHO 3TO BaXKHO B YCJIOBHUSIX BBICOKHX
TeMIlepaTyp, 3HAYUTENBHBIX HPOIOJBHBIX TPAAUCHTOB WU
SKCIUTyaTalluu JUIMHHOCOCTABHBIX NOE3/10B.

[lpeamer  wccnenoBaHWs:  MPOAOJBHBIE  CHJIBI,
BO3HHKAIONINE B PEIHCOBON IUIETH OECCTHIKOBOTO IYTH, U
WX BIUSHAE HA YCTOWYHBOCTH  JKENE3HOAOPOKHOM
HHPPACTPYKTYPHIL.

Llens wuccnenoBaHust — pa3paboTka M BepHUKALUs
MaTEMAaTUYECKUX MOJAEIEH NPOAOJIBHBIX CHUI C Y4ETOM
TEeMIIEPaTypHBIX M JUHAMUYECKUX BO3JEHCTBHUI, a Takxke
dbopMmHpoBaHHEe  PEKOMEHIAI[HIA mo  obecreueHHo
YCTOWYMBOCTH MYyTH.

3aauu UCCeIOBaHuUS:

* onucaTb (1)I/I3I/I‘{eCKI/IC TMPpUHOUIIBI BOBHUKHOBEHUA
IIPOAOJIbHBIX CUIT]
* HUCCIIC0BaTh IIe(bOpMaHI/H/I oyTu nona

BO3EHCTBUEM NPOJOJIBHBIX HAIPY30K;

¢ https://orcid.org/0000-0003-4622-5937
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. pa3paboTaTh MaTeMaTUYECKUE MOAENU IS
pacuéra NpoJOIbHBIX CHII;

. MIPEJIOAKUTh METOJUKY U3MEPEHUS U KOHTPOJLS;

. chopMyIHpOBaTh pexoMeHanuu o

00ecre4eHHIO YCTOWYNBOCTH Iy TH.

2. MeTo0J10T v iCCJIeIOBAHUS

B ocHoBe wmccnenoBaHus AQHATNTUYCCKAE H
YHCICHHBIE ~ METOABI ~ MojenupoBaHHs.  IlocTpoeHsI
MaTeMaTHIeCKHe MOJIEINH, OITUCHIBAIONINE IIPOJOJIBHBIC
CHJIBI, BBI3BaHHBIE TOPMOXKCHHEM, TECIUIOBEIMH d(dexTamu
OT THAMOBOIO TOKa M W3MEHCHWSAMH TEMIIepaTyphl
OKpy>Karomeit cpensl [2, 3,9, 10]. Mcnonb3oBanich 1aHHbBIE
0 TEIUIOBBIX XapaKTEPHCTHKAX PENbCOB MO HOPMATHBHBIM
nokymenram [1, 12, 13].

Tlomyuena 3aBHCHMOCTB JIONIOJHHUTEIBHOTO HarpeBa
PeIbCOBOH IIIETH Yt OT IPOTEKAIOLIETO B HEl TATOBOI'O TOKA!

I?R, [1 _ e—(é)(k—IZRoa)]

k— IZRoa
+ 9pe” (t/C)(k—I?Ry )

| t=4c | |t—126
| t=36c

Je = 1)

t=44c

I?R
9, = (1= e t//K) + 9pet/C 1K
rzie | — BenmuuHA MOTPEOIIEMOTo TOKA;
Ro — comporuBnenne penbcoBoi HUTH NP HaYaIbHOM
temneparype t=0 °C;
€ — OCHOBaHHE HaTypaIbHOTO JIoTapuma;
Kk — TermooTnaya co Beeit MOBEPXHOCTH PEITbea;
t — Texyuiee Bpems;
C — TEII0eMKOCTb PebCa;
0. — TeMIepaTypHbIil KO3 PUITHEHT COPOTUBIICHUS;
fo— HavaypHas TeMIepaTrypa peiabcoBoi miety, to = 20
°C (110 HOpMaTHBY).
JIONONHUTENBHBIA HArpeB pelIbCoOBBIX IIETEH A OT

@

TOPMOKCHUST IIOABUXXHOTO cocTraBa OIIpeaCICH
BLIpa)KCHI/Ier
a
q(x)dx
a0 = 2 1BV dx @)
u2m —9)

rae g(X) — yAenbHBIH TEIUIOBO# MOTOK B 30HE KOHTAKTa
KoJieca M penbca; u — KodpduImeHT TermooTnadn; 0 —
PAcCTOSHUE MEXKTY OCAMH KOJIECHBIX TIap.

Ha puc. 1 wnsobpaxeH mpoliecc HarpeBa peliibca IIO
CEUECHHIO U TI0 BPEMEHHU.

|t-20c t=28c |

It52c

t=60c

Puc. 1. Dmiopa HarpeBa roJioBKH peJibca

MogenupoBaHre BBHIMONHSIIOCH METOJOM KOHEYHBIX
anemerToB (MKD), ¢ yu€tom ycmoBuid 3aKperuIeHUs
penbcoB, HEOAHOPOTHOCTH OCHOBAaHUSI W TPaAUCHTOB
TEMIIEPAaTypHBIX W MEXaHHMYeCKHX BO3JACHCTBHHA [6].
Bepudukanus Mozeneil mpoBeaeHa Ha OCHOBE HATYPHBIX
HaOmonenuii [3, 14].

3. Pe3yabTaThl HCCJIeI0BAHUS

MogenupoBaHye MMOKa3ajio, YTO COBOKYITHOE IeHCTBHE
TEIIOBBIX M TOPMO3HBIX BO3EHCTBHI MOXKET NPHUBECTH K
NPEBBILLICHUIO JOIIYCTUMBIX pOAO0JIbHBIX yCl/IJ'lI/II\/'I,
yCTaHOBJEHHbIX HopMmartuBamu [1, 13]. Tak, nokanbHbIH
HarpeB penbcoB 10 10—15 °C cBepx poHa MOXKET YBETHIUTH
npoJosbHOe HanpspkeHue Ha 10-25 % [9, 10].

Bompoc ydera momosHHTENEHBIX NCTOYHUKOB Harpena
PeJIbCOBBIX IUIETel 1 AKBUBAICHTHBIX Temrepatyp (A1)
U3-3a HaNW4Ms He MOAOHMTHIX MIman (HepaBHOYNPYTOro
OCHOBAHUSI) YPE3BBIYAHHO BaXKEH, T.K. OHH OKAa3bIBAIOT
olpemeNAIoNiee BIMSHHE HA pacdeT TeMIepaTypHOTO

WHTEepBaja 3aKpeIUIeHHus peNbCOBhIX IuleTell. B  cBolo
odepeab yCTOHYMBOCTh OECCTBIKOBOTO IYTH B IIpoIecce
9KCIUTyaTaluy OyIET TeM BBIIIE, YeM OoJiee ITMPOKUM Oy IeT
TeMIIepaTypHBIi HMHTEpBaI 3aKPEIUICHUSI PEIbCOBBIX
IUIETEN 3a CYET YBEJIMYEHUS BEPXHEW TIpaHUIlbl 3TOT0
uHTepBana. Eciu dakTrdeckue Temreparypbl pelbCOBBIX
rieTei BBIXOJAT 3a NPEACIIbl TEMIIEPATYPHOI'0O MHTEpBaja
3aKpeIUICHHs, TO OTO HAKJIAAbIBACT OrpAaHUYCHHS Ha
BBITIOJTHEHUSI HEKOTOPBIX BHJIOB ITyTEBEIX PAOOT, CBI3aHHBIX
c ocrabiaeHneM CONPOTHBICHUH TIepeMeIeHIH
PETbCOIMTANGHON PEMIeTKH KaKk B IPOJOIBHOM, Tak M B
MONEePEeYHOM OCH ITyTH HampaBIeHWH. B To ke Bpems
IMOBBINICHUEC BCJIUYHUHBI BerHeP’I I'paHUIBl TEMIIEPATYPHOI'O
HMHTEpBajla TII03BOJIIET CHATH YaCTb Ol"paHI/l'-[eHI/lﬁ Ha
BBIITOJIHEHHUE ITYTEBLIX pa60T IIPHU BBICOKUX TEMIIEpATypax.

[pexxae uem Gojee MOAPOOHO HCCIIEAOBAThH CTEIICHB
BO3JICI>’ICTBVI$[ NpOoAOJIbHBIX CHJI BO BpPEMA OBUKXCHUA
MOABI)KHOTO COCTaBa, CTOUT HAYATh C (PH3UIECKOTO CMBICIIA
MOHSTHUS «IIPOJIOTBHBIE CHIb»y. OHM MPEICTaBIAIOT co00i
CHJIBI, JISHCTBYIONIWE B HANPABICHWM IBIDKEHHS II0€371a,
KOTOpPBIE BO3HHUKAIOT M3-3a TPEHUS KOJIEC IT0€3]a O PEIbCHI
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U HEMOCPEICTBEHHOIO BO3ICHCTBUS BO3LYLIHON CpEIbI.
IIpomonpHble cUIbl MOTYT UMETh PA3IMYHYIO NPHPOAY H
MPOSIBIATECS Ha pasHBIX ydactkax nytu [8]. Omm

ONPEACIIAOTCA HECKOJIbKUMH (I)I/ISI/ILIGCKI/IMI/I
MPpUHOUIIAMU,KOTOPBIC MPEACTABICHLI B Ta6J’II/IH€ 1.

Tabuuna 1
IIpononbHbIe CHJIbI, BOSHMKAKOIIME NPU IBHKCHUHU N10€310B

Bua npoaoibHO# CHIIBI Onucanue
Ilpy fABWKEHHMM IO HAKJIOHHOMY IIyTH BO3HHKAaeT CHJIA TSIKECTH, KOTopas
HalpaBlieHa BHHU3 II0 CKJIOHY. OJTa CHJIa CO3LAeT IMPOAOJIBHBIC CHUIIBI, KOTOPBIC
JEUCTBYIOT Ha moe3d. Eciu IyTh HMMeeT MOJOXKHTENbHBIM Yrojll HakJIOHA
(BocXomsmuii CKJIIOH), TO CWIa TSDKECTH TPHAAeT JBIDKCHUIO II0e3[a
JIONOJHUTENbHYI0 3Hepruto. Ecau xke myTh MMeeT OTpULATEeNIbHbIM yTroll HaKIOHa
(HUCXOSIINHA CKJIOH), TO CHJIAa TSDKECTH OyleT HpensTCTBOBAaTH JBIDKCHHUIO U
TpeOOBaTh NOMOJHUTEIbHBIX YCUINH OT MOJBHKHOIO COCTaBa
BuusiHue ckopocTH Ha BO3HUKHOBEHUE MPOJIOJIBHBIX CHJI CBA3aHO ¢ HHepuuen. [Ipu
HapacTaHHU CKOPOCTH IO€3a YBEIMYMBAETCA €ro KMHETHYECKash SHEprus, 4To
IIPUBOJUT K IOBBIIICHUIO CUJI MHEPLUH, BO3HUKAIOMIUX IIPU U3MEHEHUU CKOPOCTH.
[lpm nBWXEHWN IO HAKIOHHOMY IIYTH 3TH CHJIBI MOTYT NOOABHTBbCSA K CHIIaM,
CBSA3aHHBIM C YIVIOM HAaKJIOHA, M INPHUBECTH K YBEIMYCHUIO WU YMEHBLICHUIO
IIPOJOJIBHBIX CUJL, B 3aBUCUMOCTH OT HAIIPABJICHUsI JBHKCHUS M BEKTOPOB 3TUX CHUJI
Macca u pa3nuuHbIe apaMeTpsl MOABMKHOTO COCTaBa, TAKUE KAK CONMPOTUBIICHUE
IOBIKEHHI0O M KO3(DOUIMEHT TpeHWs, Takke BIHMAIOT HA BO3HUKHOBCHHE
MIPOJONBHBIX CHII. bosbmas Macca TpeGyeT OonbIIel CHIIbI TATH AT IIPEOIONICHHUS
TPEHHS ¥ CONPOTUBIICHUS ABIDKCHUIO. BelnuHa TPEHNUs B CBOIO OYepeb 3aBUCHT
OT XapaKTEPUCTUK IYTH U COCTOSIHUS KOJIeC

Yroi HakITOHA myTH

CKOPOCTb ABMIKEHUS

XapaKTepuCTUKU
TIOJIBI)KHOTO COCTaBa

Ilpy yBeNHYCHHH JUTMHBI T0€3[a PacTeT pa3HUIA BO 6a/IacCTHOM OCHOBAaHUM, 0COOCHHO B 30HaX IepexooB [15-

BPEMEHH CpabaThIBaHUA TOPMO30B H, COOTBETCTBEHHO,
YBEIMYMBAETCA MPOJONbHAS CHIA B IyTH JABIDKCHUS
MOJBMKHOTO COCTaBa. 3-3a MPEpBIBUCTOTO TOPMOXKEHUS
TOPMO3HOH IyTh ISl JUTMHHOCOCTaBHBIX ITOE3[J0B TaKKe
yBenuuuBaercs. B ciydae SKCTpeManbHBIX CHTyalui
3HAYMUTENIbHAs BEJIMYMHA IPOAOJIBHOM CHJIBI  MOXET
IPUBECTH K CXOAYy C pEIbCOB WU  CEPhE3HBIM
noBpexaeHusM noesna. Kpome Toro, HeratuBHoe
BO3/ICHCTBHE MPOAOIBHBIX CHI MPUBOAUT K YBEITHICHHOMY
HM3HOCY BaroHOB. YTOOBI H30€KaTh M3NHITHAX TTOKa3aTenei
TIPOJIOTBHBIX cH, HE0OX0I1MO TIIATEIHHO
KOHTPOJIMPOBATh TOPMO3HYIO CHCTEMY TTO€3/1a.

Ecnu myTh He HaZIeXHO 3alHIIEH OT YTOHA C TOMOLIBIO
MPOMEXKYTOUHBIX PeJIbCOBBIX CKpEIUICHUH,
obecrieurBaOIIMX HOPMAaTHUBHOE IPIKUMHOE YCHIIHNE WIIH
IIPOTUBOYTOHAMH Ha Y4acTKax ¢ JEPEBSIHHbIM OCHOBaHUEM
U KOCTBUIBHBIM COEJUHEHHEM, TO B pelbcax MOIyT
BO3HHKATh CYIIECTBEHHBIE IPOAOJBHBIC CHIbBI, YTO MHPH
OIIPE/IENICHHBIX YCIOBHAX MOJXET HMPUBECTH K CEPHE3HOMY
HapyUIEHUIO YCTOMYUBOCTU PENbCOBOM KOHCTPYKIIMH.
OnHAaKO HAIMYHE KPEHMKHX IPOMEXYTOUHBIX CKPEIUICHUH
MPaKTUYECKU TOJIHOCTHIO UCKIIIOYAaeT BO3MOXKHOCTh YTOHA,
4ToO, COOTBETCTBEHHO, YMEHBILIAeT BEPOSITHOCTh
BO3HUKHOBEHUS BIIMAIOIIAX JOIOJHHUTEIBHBIX CHI OT
TOPMO3AIIETo Moe3a.

Cmma yroma myth mnpu ckopoctn 10 KM/9 MoOXer
nmocturath 33,4 kH, Torna kak mpu 80 KM/4 CHUKaeTcs A0
13,7kH [7]. MuHUManbHOE IOIyCTUMOE COMPOTHBIICHUE
pernbca IPOTOIBPHOMY TEPEMENIEHHIO JOJDKHO COCTaBIATh
He meree 3,86 kH/m [8]. Ilpu CHWXEHMH CONMPOTHBIICHHS
BO3PaCTaeT PHUCK CIBHra PEJILCOBOHW IUIETHM U HOTEpH
YCTOWYMBOCTH MyTH.

Ocoboe  BHMMaHHE  yJEJICHO  PaclpeAeieHUI0
TOPMO3HBIX ~YCWIMHI B JUIMHHOCOCTaBHBIX IOE€371aX.
HecunxpoHHOCTh cpabaTbIBaHHS TOPMO30B IIPHBOIHUT K
HEpaBHOMEPHOMY pacrpeneneHuio TIPOJIONBHBIX
HampspkeHHH.  Taroke  BaXHBIM — (DAKTOPOM  SIBIISIETCS
COCTOSIHUE CKPEIUICHWH M yCTOMYMBOCTH ONOpPHI LINaji Ha

17].

BzanmmocBa3p  Mexny — gedopmammeit  mytm
MPOJONBHBIMHU CHIIAMH, BOSHUKAIOMINMH ITPU MPOXO0XKACHUN
Moe3/1a, SIBISIETCS BAXHBIM ACIEKTOM Ul OoOecredeHust
6ezomacHOCTH ¥ I(P(EKTHBHOCTH  KEIEe3HOZOPOIKHOTO
TpaHCIopTa.

W3ydyeHne B3aMOCBSI3M MEXIy AedopManued myTH U
NPOJONBHBIMU CHJIAMH BKJIIOYAET aHAIM3 (U3NYECKUX H
MaTeMaTHIECKIX Moerei, 9KCTIepIMEHTAIbHBIE
UCCIIEI0OBaHUS W WCHONB30BaHHE  KOMIIBIOTEPHBIX
MOJICTUPOBaHUA. Bumel nedopmaruii, BO3MOXHEBIE TpPH
MPOXOXKIACHUN noessa, BKJTIOYAIOT MPOJOIBEHOE
pacuiMpeHue, NpOJOJbHOE CXKaThe, MpPOJAOJbHBIE U
MONepPEeYHbIe U3TUOBI U T. A. MoienupoBaHue U aHaJIHU3 3THX
nedopmanuii  TO3BOJSET  ONPENEINUTh  BEIHYUHY U
HaIpaBJICHUE MPOJIOJIBHBIX CHJ M OLEHUTH MX BIMSHHE Ha
MyTh U MOJBMKHOM COCTaB.

4. 3akjIr09eHne

1. KomruiekcHOe MOJeTHpOBaHUE NPOIOJIBLHBIX CHII B
penbcoBOl TUIETH obecreunBaeT Oojiee TOYHYIO OLIGHKY
YCTOHYUBOCTH OECCTBIKOBOTO ITyTH.

2. JIomONHUTENBHBIH HAarpeB OT TATOBBIX TOKOB H
TOPMOKEHUS TpeOyeT ydéra mpH pacuére TeMIIepaTypHbBIX
HHTEPBAJIOB 3aKPEILICHUS.

3. Pexomenayercs ~ BHeIpeHHE  MOHHTOPHHIOBBIX
CHUCTEM AJsl KOHTPOJIA MPOAOJBHBIX YCHIMH B PEabHOM
BPEMEHHU.

4. TloBblIIeHHE MIPOYHOCTH PENLCOLITAIEHBIX
CKpEIUICHU M OJHOPOJHOCTH O0aIaCTHOTO OCHOBaHUS
CHIDKAET PUCK yroHa IIyTH.

5. Heobxommmo Y4UTBIBAThH B3aUMOJICHCTBHE
TOPMO3HBIX CHCTEM JUIMHHOCOCTABHBIX IOE3I0B U
MeXaHUYECKUE XapaKTePUCTUKH OCHOBAHUSL.

6. Pe3ymnbTaTs MOJICIUPOBAHUS MOTYT OBITH
HCITOJIb30BAaHbI JUI aKTyaJii3aluu HOpMAaTUBOB
3aKpEIUICHUS PEIbCOB U ONTUMU3AINHN IKCIUTYaTallUOHHBIX
pelieHui.
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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

JdedopManoHHbIe XapaKTePUCTHKH MOJUNIPONUIEHOBOM HUTH (Tn-1) nuist

CHHTCTUYCCKHUX CTPOII

Paxmanos B.K.., Pa3zaxos C.)K.2

l®epranckuil rocyapcTBEeHHBII TexHUYeCKHil yHUBEpcuTeT, Peprana, Y36ekucTan
2HamaHraHCKuii roCy1apCTBEHHbIN TeXHMYECKUH yHUBepcuTeT, Hamanran, Y36ekucTan

AuHOTaALMS:

KroueBnie cioBa:

1. BBeaenue

Paznuunbie NPpUPOAHO-KIIMMATUICCKUE YCJIIOBUA, B
KOTOPBIX IPOUCTEKAIOT CTPOUTEJILHBIC ITPOLICCChl HAYUHAIOT

B craree mpuBeneHs! neopManoOHHBIE XapaKTEPUCTUKH ITOJMMEPHBIX MaTepHaloB, B YaCTHOCTH,
CHHTETHYECKHX HUTEH Ul TPy303aXBaTHBIX CTPOII, KOTOPBIE HCIIOJIB3YIOTCS B TAKEIAXHBIX paboTax.
BmusHme TemmepaTypsl Ha XapaKTEpHCTHKH JIe(OpPMAIMOHHBIX M TPOYHOCTHBIX CBOMHCTB
CHHTETHYECKHX BOJIOKOH. BBISBIEHBI B3aHMOCBSI3H MEXIY XapaKTEPHCTHKAMH Ae(OpMalHOHHBIX
CBOIICTB M MOJIEKYJSIPDHBIMH IIPOLIECCAMH, IPOTEKAIONIMMH B IOJHONE(PUHOBBIX HUTAX. JlaHa
XapaKTePHCTHKA MyJIbTH(GHIAMCHTHBIX HUTEH, U3 KOTOPBIX M3TOTaBIUBAIOT CHHTETUYECKHE CTPOIIEL, a
Taroke 1eOpMalvoOHHbIe U MEXaHWIECKHE XapaKTePUCTHKY.

TaKeJaXHble PabOTBHl, TIPy303axBaTHbIE INPHUCIIOCOOJICHUS, TEKCTWIBHBIH CTPOI, CHHTETHYECKUE
BOJIOKHA, Jie()OpMaIlMOHHbIE XapaKTePHUCTHKH, TEMIIepaTypa

BO3/ICHCTBOBATH HA arperaTHoe COCTOSIHAE CHHTETHYECKHX
JIEHT, KaHATOB M CoOCTaBisromux Hutedl. g Bcex
CHHTETHYECKAX MATEPHUAIOB C M3MEHEHHEM TEeMIIEPaTyphl
OKpY’KaroIei cpebl XapaKTepHbI YCIOBHBIE IepeXxomsl [1].
B tabnure 1. mokasaH quana3oH XapaKTEPHBIX TEMIIEPATYP
JUTSI pa3iIMYHBIX MaTEPHAJIOB.

Tab6auna 1
Jlnana3oH xapaKTepHBIX TeMIEPATYP /ISl Pa3THYHBIX MATEPHATIOB
T xpynkocTa TeC* o
Ne N o T°C
Marepuan (MOpO30CTOK pabouas T°C pasmsiraenus
n/m IUIaBJICHUS
OCTB) (ae Oomee)
1 2 3 4 5 6
1 ITomuamupg -50 100 170 215
2 Tomadup —60 120 225 260
3 TomponmireH —40 80 140 170
4 [onmaTHneH —70 80 120 150
5 Apamun —70 80 120 150
6 BbicokoMONEKyYISIPHBIiA _70 250 ) 450-500
HOJTUATHIICH

He yrny6nssce B (DU3MKO-XMMHYECKHE CBOWCTBA U
MOJIUMEpPHBIC  MPEBpALICHHS  PAacCMOTPUM, Kak  3TO
OTPa3UTCS Ha TOTOBOM TEKCTUIIBHOM JieHTe (CTpore):

— KPHCTAUIMYECKOE COCTOSHHE — TP HHU3KUX
TeMreparypax crponm OymeT Xpymkhii ¥ KECTKHH,
TIOJTb30BAThCS € 110 Ha3HAUYSHUIO HEBO3MOJKHO;

— HOpPMaJIbHOE COCTOSIHHE — WHTEpBaJl TEMIIEparyp, B
KOTOPBIX JIEHTa (xaHar) MOXET HOPMAaJIbHO
9KCIITyaTHPOBAThCS;

— pa3MsAryeHue — MpU JAalbHeHIIeM HarpeBaHUU CTPOII
HAyMHAaeT BBITATMBATbCA IOJ HArpy3Kod, OH pPacTSHETCS
(kaK >keBaTeNbHas Pe3NHKA) U YAaCTUYHO WM IOJIHOCTHIO
MOTEepsieT CBOM CBOWCTBA M 3TO OyJgeT «TOYKOH He
BO3BpaTay;

— IDTaBJICHUE — €CIIM TeMIIepaTypa MpOoJOIDKAeT PacTH,
CHHTETHYECKOE BEIIECTBO HAYHET IUIABHTHCA M IIOTOM
MCHApSThCS WM PaspyIiaThCsl, TOrAa 3To OyIeT TerioBas
JECTPYKITHS.
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[IpeBbllleHHE  JaHHBIX  TEMIEPATYPHBIX  YCIOBHM
COKpAIllaeT CPOK CIy>KOBI M CHMXKAeT AKCILTyaTaI[OHHBIE
XapakTepucTHKU cTpon. Ilpu sTom pabodas TemmepaTypa
BCeT/a JOJDKHA OBITh HIDKE TEMIEPATyPhl Pa3MsTdeHNUS.

B YCIIOBHSX VY36ekucrana CTPOUTEIBCTBO
OCYILECTBIIAETCS B TEMIIEPAaTypHBIX Auana3oHax oT —20° 1o
+50°, mpu 3TOM pa3nWYHBIE MaTEepPHANbl HOJA HPSAMBIMH
Jy4aMd CcoJHOa pasorpeBatrorcss go 70-80°C. Ilpm
UHTEHCHBHOM HCTIONb30BaHUH CHHTETHUYECKUX
TEKCTHJIBHBIX CTPOIl C PA3NUYHBIMU COCJUHHUTEILHEIMHU
JJIEMEHTaMH, KOHIIEBUKAMH, POJIMKAMH, BaJIaMH U JIPyTHUMHI
TTOBEPXHOCTSAMH COIIPHKOCHOBEHUS CJIEAYeT Y4YHUTHIBATH
JIaHHBIE YCIIOBUS, KaK JeiCTBUE BHEIIHUX CHJI TpeHus [2,3].
IlomMmumMO nEHCTBUSI BHEIIHUX CHJI TPEHHUS UMEET MECTO
JEeHCTBHE BHYTPEHHHX CHJI TPEHHS — 3TO BHYTpEHHee
TpeHHEe BOJOKOH Jpyr O Jpyra, BO3HHKalollee MpH
MPOTSKKE KaHATOB [4].

JIutepaTypHblii aHaJIu3. MHorue YYEHBIE,
3aHUMAIOLIMECS MCCICAOBAHUEM MEXaHHUYECKUX CBOWCTB
NOJMMEPHBIX ~ MaTepualoB,  IMPHUIABaIkM  OIPOMHOE

NPaKTUYeCKOe W TEOPETHYECKOe 3HauYeHHEe BOIPOCAM,
CBSI3aHHBIM C M3yYCHHEM OCTaTOYHOH AedopManuy Hpu
pacTshKeHUH TONIMMEpHBIX MaTepuaioB [5]. HecomHeHHbII
HWHTEpeC TPEACTABIAIOT JAHHBIE O BOCCTAHOBHTEIBHBIX
CBOWCTBAX  CHUHTCTHUYECKMX  BOJOKOH W  HHUTEH,
npezcraBieHHble B u3BecTHbIX kHurax I.H. Kykuna, A.H.
ConosseBa, A.H. Ko6isixosa, K.E. [lepenénkuna [6]. Cpenun
CHHTETHYECKUX BOJIOKOH Hanbomee JUHAMUYHO
pa3BHBaeTCs TPOM3BOACTBO mosmnponwieHoBsx (ITIT)
BOJIOKOH U HHUTEH, KOTOPbIEe HAIILIN MINPOKOE MPHUMEPEHUE
KaKk I M3TOTOBUTENCH — M3JENIUH  TEXHUYECKOTO
Ha3HAYeHMs, TaK M B IIPOM3BOJCTBE TOBAPOB MAacCOBOTO
noTpebeHns. DTO 0OBACHICTCS JOCTYIHOCTBIO HCXOJHOTO
CBIPBS,, TPOCTOTOH TEXHOJOTHM TIIOMYYeHHS BOJIOKOH,
JIOCTaTOYHO BBICOKUMU IKCILTyaTal[HOHHBIMH

XapaKkTEepUCTHKAMU U3AENNH, BbIpaboTaHHbIX Ha ocHOBe 111
BOJIOKOH U HUTEH [7].

BeicokonpouHsle BBICOKOMOTYJIbHEIE
MOJUIPONMICHOBBIE HUTH HAXOSIT HIPHMEHEHNE B TEXHHUKE
Y MEJHIIHE ¥ B CTPOUTEIBCTBE IJIsI H3TOTOBIICHUS CTPOIIOB,
KaHaTOB, IIHYpOB, BEPEBOK, DPBHIOOJIIOBHBIX  JIECOK,
XUPYpPTUUECKUX INOBHBIX HUTEH, JUIi apMHpPOBAHUS
371acTOMEpOB. MHPOBOE MPOU3BOACTBO YKAa3aHHBIX B Ta0I. 1.
BUJIOB XUMHYECKHX BOJOKOH B 2020 r. Mo cpaBHEHHIO C
2010 r. Bo3pocio Ha 3,5%. [lepBoe MecTo IO MPOU3BOICTBY
XUMHUYECKUX BOJIOKOH B Mupe 3aHsu1 Kutaii - 6,7 MJIH. TOHH,
Ha BTOopoM Mecte CIIIA - 4,2 muH. ToHH (+ 5,9%), Ha
TperbeM Mecte TaliBaHb - 3,2 MIIH. TOHH.

3amaun, KOTOphIE PelIaoTcsl B JaHHOH YacTu paboTHl,

COCTOSIT B BBISIBIICHUH B3aUMOCBSI3U MEXIY
XapaKTepUCTUKaMH  J1e(OPMALMOHHBIX ~ CBOMCTB M
MOJEKYTAPHBIMH  IPOLIECCAMH,  MPOTEKAIOIIUMU B

nonuoneuHOBEIX HUTIX. Ocoboe BHHUMaHHE YHAENICHO
UCCIICJIOBAaHUIO OCTATOYHOTO KOMIIOHEHTa jae(opMalui,
KaKk OJHOW M3 OCHOBHBIX XapaKTEPUCTUK CTaOWIBHOCTH

pasMepoB  MaTepUaloB  MOCIAE HMX  MEXaHHYECKOTO
HArpyKeHHs.
O0OBeKTOM HCCICIOBaHUS SIBJISIACH

BbIcOKOOpueHTHpoBaHHas IIII HUTM NPOMBIIIIEHHOTO
npousBozactea (I1I1-1) u3z mapku nmomunporunena [MITFR—
173H u FR-170 H [7]. UccnenoBaHusi MeXaHUYECKUX
CBOMCTB M CTPYKTYpPHBIX IIPOLIECCOB IPOBOJMINCH P
temreparypax T=20, 50, 80, 100°C, Haxonsmuxcs BbIIIE
TEeMIlepaTypsl  CTEKIOBAaHMS M 3HAYMTEIBHO  HIDKE
TeMIIepaTypsl IIaBieHus. Poct ycamouHsIx aedopmanuii y
9Toi HuTH Habmomaercs mpu T>80°C. Ilpm T=100°C,
&y =1,5%, TeM He MeHee M TIpU ITOH TeMIEpaType
MPOBOIVIIMCH HCCIIEOBAHUS Ie) OpMAIIIOHHBIX IPOLIECCOB.

Juarpammsl pactskeHus HuTH [111-1, nosryuenssle nmpu
V=100 mm/muH, u T=20, 50, 80, 100°C, mpeacrtaBicHbl Ha
puc.7.

Juarpamma pacTspkeHUs MOTUTTPOTTHUICHOBON HUTH
(III1-1) mpu pa3nUIHBIX TEMIEpaTypax

~N @
o O O O
o O O O

Hanpsioxenune, MIla
P N W D OO o
o O O O
o &S S S

=8 Tewmmnepatypa, 20°C

005117227334 5 6 8 10 12 14 16 18
Jedopmanns, %

=@="Temneparypa, 50°C

Temneparypa, 80°C =@ Temneparypa, 100°C

T,°C: 100 (1); 80 (2); 50 (3); 20 (4)

Puc. 1. Iluarpammsl pactsikenust noaunponuiedoBoii Hutu (III1-1) npu pa3au4HbIX TeMnepaTypax

Bruto IIOKa3aHo, 4TO

3HAYUTECJIIBHOT'O

HN3MCHCHUA

3HAYUTENIFHOE HM3MEHEHHE
ckopoctu pactsixenus (ot 0,1 10 500 MM/MUH) HE BBI3BIBACT

BUJA

ITUX KPHUBBIX

— M3MEHCHHS 3Ha4yeHUH aedopManyy M HaIpsDKEHUH B
YKa3aHHOM JjMana3oHe CKOPOCTel COCTaBIsIIO He Ooiee 5%.
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2. MeTox0J10rvsl iCCJIeOBAHUS

Takum 0o0pa3oM, B  ONPEHCNEHHOM  JIMAITa30HE
cKopocTeil 1e)OPMUPOBAHMS MOXKHO CUHUTaTh KPHBYIO
pacTshKeHHUsT JOCTaTOYHO CTaOMIBHOM XapaKTEePUCTHKOM
MEXaHHYECKUX CBOMCTB 3TOH HUTH. AHAIN3 POPMBI KPUBBIX
o(€) MO3BOMISAET OTMETUTD, YTO AUAarpaMmbl pacTsuxkeHus [111
HUTH COCTOSIT U3 JABYX YYaCTKOB, IPaHHUIIA MEXKIY KOTOPBIMU
HaxoguTcs BONMM3U €~4-5%. Jlna Oojiee TOYHOrO aHAIW3a
(hOpMBI 3TUX KPHUBBIX PACCUUTHIBAIUCH 3HAYCHUS TEKYIIETO

(xacarempHOTO,  TaHreHmHaibHOro)  E(e)  Momyns,
HoJIy4eHHble Iu(depeHnpoBaHHeM IuarpaMmsl, T.c.
E(e)=0o(¢)/0e.

Tponeccs HOJI3Y4ECTH u 3JIACTUYECKOTO

BoccTaHoBneHuss HUTH [1[1-1 uccrnenoBamucy B MIMPOKOM
JMaTia30He Harpy3ok (OT MaJBIX JI0 TPepa3phIBHEIX) MPH
temneparypax 20, 50, 80, 100°C. BoccranoButenbHbIE
HPOLECCH POXOIMIM IPU IOJHOM pasrpy3ke oOpasIoB.

BpeMH MOJIBYYECTH M DJIACTUYECKOI'O BOCCTAHOBJICHUSL
12 5

cocrapnsuo 10 mus. [TpoBoaunuce u Gosee AIUTENbHBIE (B
TEUeHNE 2-X YacoB) OSKCIIEPUMEHTHI II0 3JIaCTHIECKOMY
BOCCTaHOBJeHUIO. [loka3aHO, YTO CKOpPOCTH Iporecca
BOCCTAQHOBJICHUSI CYIIECTBEHHO TMaJaeT BO BPEMEHH,
MOATOMY MOXKHO CUYHTaTh, YTO 3a BpeMs paBHOe 10—t
MHHYTaM TPOXOAMUT OoJblIas YacTb 3TOTO Tpollecca.
CemeiicTBa KpPHBBIX  IOI3Y4eCTH M 3JIACTHYECKOTO
BOoccTaHOBNeHUs IieHouHOU HUTH [1I1-1 mpencraBneHs! Ha
puc. 2-5 B momymnorapu(pMHYECKOil CHCTEMe KOOpIHHAT.
VHTeHCHBHOCTE  NIPOTEKaHWS  Ipolecca  MOJ3Y4ecTH
CYIIECTBEHHO 3aBHCHUT OT BEJIHYMHBI IIPHIOKEHHOI
Harpys3kd, T.e. HaOJIOJaeTcs POCT CKOPOCTH Iporecca
MOJI3y4YECTH IIPU OINIPEICICHHBIX 3HAUCHUH HanpshkeHus [ 8].

Ha puc. 2. nokasansl ceMeiicTBa KpuBbIx monsyuectd (1)
u 3J1aCTHYECKOTO BOCCTAHOBJICHUS (1)) y
nomunponwieHoBoil Hutu (I1I1-1), momy4yeHHBIE TpH
T=20°C u pa3nMyHbIX 3HAYCHUAX HANPSDKCHHUS.
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3HaueHus 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. CemeiictBa kpuBbix mosydectu (I) u anacruueckoro Boccranonienus (II) y moannponuienoBoit muru (II-1),
nojiydeHHblie mpu T=20°C u pa3iMYHbIX 3HAYEHUSAX HATPSIKEHUS
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3naveHus o, Mna: 24 (1); 40 (2); 56 (3); 63 (4); 79 (5); 95 (6); 100 (7); 119 (8); 134 (9); 154 (10).
Puc. 3. CemeiicTBa kpuBbIxX noasydectu (I) u asacruueckoro Boccranosenus (II) y noaunponuiaenosoii uuru (ITI-1),
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MOoJy4YCeHHbIC MPH T=50°C n Pa3JIMYHbIX 3HAYCHUAX HANIPSKCHUSA

1

0 03 06 09 12 15 1.8

Ig t. (t-MmA.)

3nauenns ¢, Mma: 24 (1); 40 (2); 56 (3); 63 (4); 79 (5); 95 (6); 100 (7).
Puc. 4. CemeiicTBa kpuBbIx nossyqecru (I) u 3jacruueckoro Boccranosienus (I1) y mosunponuienosoii uuru (ITIM-1),
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nosay4yeHHble npu T=80°C u pa31uyHbIX 3HAYEHHUSIX HANIPSKEHUS

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

3navenus o, Mna: 7,9 (1); 15,9 (2); 24 (3); 32 (4); 36 (5); 40 (6); 47 (7); 63(8).
Puc. 5. CemeiicTBa kpuBbix nosydecru (I) u 3jacruueckoro Boccranosienus (1) y mosunponuienosoii uuru (ITI-1),
nosay4yeHHble npu T=100°C u pa3/iM4HbIX 3HAYCHUAX HANPSKCHUS

VYBenuueHne  HArpy3Kd MPUBOAWT K  HOSBICHHUIO
JOCTaTOYHO  OONBIIMX  OCTAaTOYHBIX  AehOopManui.
Hcnonssys ceMelicTBa KPUBBIX NOJI3yYeCTh—

BOCCTaHOBJICHHE, OBUIH ITIONYYEHBI 3aBHCHMOCTH Eucr (0),
OIIpeIeSIIONINE HAKOIUICHHE HEeoOpaTHMOro KOMITOHEHTa
nebpopManMi B 3aBUCHMOCTH  OT  IIPUJIOKEHHOTO
HanpspkeHus (puc.6). Ha 3THX 3aBUCHMOCTSAX OCTaTOUHBIMH
cuutaiuck  nedpopMaiMe,  MOJy4YEeHHble B KOHIE
BOCCTaHOBHTEJIBHOTO Hpolecca, anuBuierocss 10 MHHYT.
b momydeHbl  NMOZOOHBIE — 3aBHCHMOCTH — IIPH
JUTITENIBHOCTH BOCCTaHOBHTEIILHOTO IIpollecca paBHOM 2
gacaM. CpaBHEHHE 3aBHCHMOCTEH Eycp(0), MOMYUCHHBIX
NP Pa3INYHBIX BPEMEHaX BOCCTAHOBJICHHUS IIOKA3aJIo, YTO
YBEIMYEHHE JUIMTEIBHOCTH JTOrO Mpolecca INPHUBOIHUT
JUIIb K HE3HAYWTENbHOMY YMEHBIICHHWIO 3HAYCHHUI
OCTATOYHOTO KOMIIOHCHTA M HE M3MEHSET Xapakrepa 3TOi
3aBucHUMOCTH. [IpH Bcex TeMmIeparypax Ha 3aBHCHMOCTSIX
&ocr (0), HAOMOmaercst nBa yuactka. Ha mepBoM yuacTke
OCTaTOYHBIC nedopmaru MaJibl. ITpeBsinieHne
ONIPENENCHHBIX (U1 KaXTOH TeMIIepaTypbl) I'PaHMYHBIX
3HAYCHMIl HAINPSDKEHHS Op BBI3BIBACT CYLIECTBEHHBIH POCT

ocrarounsix aedopmaruii: mpu T=20°C 3nauenue o. =120
MlIla; T=50°C — o, = 60 MIla; T=80°C — o, =35 Mlla;
T=100°C — 22 Mna. 3aBHCHMOCTH &y, (0°), TONyUCHHBIE
UL PasHBIX TeMIlepaTyp, IO3BOJSIIOT OINPEACIUTh He
TOJBKO Oy, HO M T 3HAYECHHs OCTaTOYHOH nedopmaryu
(&3¢r), TIPEBBILIEHHE KOTOPBIX MPUBOAUT K HHTCHCHBHOMY
pOCTy HEeoOpaTHMOro KOMIOHeHTa. 3HadeHue £5.. ~ 0,5%
HE 3aBUCHT OT Temmeparypsl (puc.6). Wrak, npaxe
JOCTATOYHO MaJjble Harpy3KH BBI3BIBAIOT HEOOpaTHMBbIE
npoueccaM B opueHTHpoBaHHOM 111, uTo moxTBepikmaeTcs
MHTCHCHBHBIM POCTOM OCTaTOYHOTO KOMIOHEHTa. /[yt
YCTAaHOBIEHHUSA  B3aHMOCBSI3M  MEXAy  3HAUYCHUSIMHU
HampsHKeHUss W AedopMaluy B IPOIECCEe IMOI3Y4ecTH
HCTIONB30BAUCh  M30XPOHHBIE  3aBUCHMOCTH 0 (€19),
MOTy4YeHHBIE AT Pa3NUYHBIX TeMIIepaTyp U3 ceMeicTBa
KpuBbIX moi3ydyectd. Ha puc. 6. [loka3aHa 3aBUCHMOCTH
0CTaTOYHOM JiehopManyy OT MPUII0KEHHOTO HAMIPSKEHUS Y
nonmunponuiaeHoBoil Hutu (IIII-1), mnomydyeHHble mnpH
Pa3IMYHBIX TEMIepaTypax.
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330

T, °C: 20 (1); 50 (2); 80 (3); 100 (4)
Puc. 6. 3aBHCHMOCTH 0CTATOYHOH Ae)OpMALUH OT MPHUIIOKEHHOTO HANPSIKEHUS Y noaunponuieHosoii vuru (IMIM-1),
NoJIyYeHHbIe IPU Pa3JINYHbIX TeMIepaTypax

3. 3akJI0uYeHue

Takum  obpasom, mpu  Temmeparype T=20°C
NPaKTHYECKH BO BCEM  HCCIIEJOBAaHHOM  JIMara3oHe
HanpspkeHuid (ot 0=24 MIla no 278 MIla) ocratouHbIit
KOMIIOHEHT B OCHOBHOM CKJIajbIBaeTcsi U3 &°gc;, T.C.
SABJISIETCS YacThIO «BPEMEHHOI» COCTaBJISIOLIEH

nonsydectu &'y Tonbko mpu Gosee BHICOKMX HArpyskax (o
=294 MIIa u 315 MIla) He3HauuTeNbHas YacThb (6+13%)

HEOOpaTUMOrO KOMITOHEHTa HAKaIlUTMBaeTCs 3a Malble
BpeMeHa, T.e. BXOJAUT cocTapistomeii B &', YBennuenue
TemnepaTypbl HE MCHSICT yKa3aHHy}o BBIIIIC TCHACHIIWIO, T.C.
W TpH TOBHIIICHHBIX TEMIIEpaTypax HEOOpaTUMBIi
KOMITOHEHT B OCHOBHOM BXOJHT COCTABJISFOIIEH YaCThIO B
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BBICOKODJIACTUYCCKYHO KOMITOHEHTY. VBenauueHue
HaOpsHKCHUSA IMPUBOAUT K TOMY, YTO BCE OoJibIlias 4acTh
OCTAaTOYHOI'0 KOMIIOHEHTA COCPEAOTOYECHA B SIKM.
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Modeling of unsteady heat transfer processes in combined coatings

D.T. Sharipoval®?, N.B. Rakhimoval®®
1Tashkent 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
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0 MOJICJIUPOBAHMHA MPOIECCOB HECTALIMOHAPHOI'O TCILIOIIEPCHOCA
B COBMCIICHHbLIX IIOKPBITUAX

Illapunosa JI.T.02 Paxumosa H.B.1®P
ITamkenTcKuit rocy1apCTBEHHBIN TPAHCTIOPTHBINA yHUBEPCHUTET, TalikeHT, Y306eKkucTan

AnHOTanus: MopenupoBaHue NPOLECCOB HECTALMOHAPHOIO TEMJIONEPEHOCA B COBMELICHHBIX MOKPBITUSX SBILIETCS
BOKHOM 3ajgadell A pa3paboTkM 3((EKTHBHBIX TEXHOJIOTWI M MaTephanoB, NPUMEHSIEMBIX B
Pa3IHYIHBIX OTPACIAX MPOMBIIIICHHOCTH, TAKHX KaK MAIIMHOCTPOCHHE, SHEPTETHKA, CTPOUTENBCTBO U
apyrue. COBMEIICHHBIE MOKPHITHS IPEACTABISAIOT CO00H MHOTOCIOWHBIE CTPYKTYpBI, KOTOpBIE
o0ecreqyrBaoT 3alIUTy OT BHENIHWX BO3JACHCTBHUM, YNydInas SKCIUIyaTallMOHHBIE XapaKTEPUCTUKH
MaTepHaoB.

HECTallUOHAPHBIA  TEIUIONEPEHOC,  COBMEIIEHHBIE  IIOKPBITUS, MHOTOCIOWHBIC  CTPYKTYpBHI,
TeMIIepaTypHbIE I0JI, METOJl KOHEUHBIX 3JIEMEHTOB, TEIUNIOTEXHUUCCKUE XapaKTEPUCTHKH, YHCICHHBIC
METOAbI, IUHAMHUYECKOe MOJEIUpOBaHUE, TeIulonepeaaya, KOHAYKIMSA, KOHBEKLUS, paaualus,
TeMIlepaTypHbIe IPaJUeHThI, TETUI000MEH, HH)KEHEPHBIE MaTepHalbl, 3aIllUTa OT BHEITHUX BO3/ICHCTBHI

KmroueBsie ciioBa:

1. BBeaenue

CoOBpEMEHHOE CTPOUTENILCTBO IPEbSABISIET BHICOKHE
TpeOoBaHMUs K TEIUIOM3OJALHMOHHBIM XapaKTEePUCTHKAM
30aHHUH, 4YTO OOYCIOBIEHO CTPEMIICHHEM IOBBICHUTH
9Heprod(hHEeKTHBHOCTH M KOM(OPT IKCIUTyaTanuu. BaxHoit
YacThI0 JTHUX TPEOOBAHUH SBISIETCS ydYeT MPOIECCOB
TETIONepeHoca, TIPOHCXOISIINX B Pa3ITHIHBIX
KOHCTPYKTHBHBIX 3JIE€MEHTaX 3/JaHHi, OCOOEHHO B
COBMEIICHHBIX TOKPBITHAX, TaKMX KaK KpBIIH. OTH
MOKPBITHSI TIOJIBEPralOTCsl 3HAYNUTEIBHOMY BO3JCHCTBUIO
COJIHEYHOW paauanyy, 4YTO TPHBOJUT K YBEIHYCHUIO
TEIUIOBBIX HArpy30K W MOXET CYIIECTBEHHO IOBJIMATH Ha
BHYTPEHHHH KIMMaT MOMENIeHHH, OCOOCHHO B >apKoe
BpeMsI rojia.

HccnenoBanms  MOKa3hIBAIOT, dTO  BO3JCHCTBHUE
COJIHEYHOH pajialii Ha TOPH30HTAIBHYIO IOBEPXHOCTH
3HAYUTCIIBHO HHTCHCHUBHEC, qyeM Ha BECPTHUKAJIbHBIC
OTpaxJarole KOHCTPYKIMM, TaKhe KakK CTEHbl. OTO
00BsICHAETCS TEM, YTO TOPU30HTANILHBIE JIEMEHTHI (KPOBJIS)
TOJTy4al0T MaKCUMAaIbHOE KOJIMYECTBO COTHEUHON SHEPTUH
B TeUYeHWEe IHS, TOTAA KaK BEPTHKAIbHBIE KOHCTPYKIINH
YaCTUYHO 3aIIHIIEHBI OT MPSIMBIX COTHEUHBIX JIydei.

https://orcid.org/0000-0003-1993-8165
bl https://orcid.org/0000-0002-2477-4516

2. MeToa0J10rusl MccJIe0BaHUSA

ITockonbKy Bo3aelcTBHE TOTOKA COJHEUHON pagualuu
Ha TOPHM3OHTAJBHYI0 MOBEPXHOCTh OKa3bIBaeTCs Ooiee
WHTEHCHBHBIM, 4YeM TaKkoe »JKe BoO3jeiicTBHE Ha
BEPTUKAIBHBIE orpaXkaarommne KOHCTPYKIIHIH, TO
COBMEIIIEHHbIE KpPBIMIN 3[JaHUN WCTBITHIBAIOT TEIUIOBHIE
Harpy3kd, 3HAYHTENFHO  TPEBHIIIAIONINE  TaKOBBIE,
BO3/ICHCTBYIOIINE Ha CTeHBI. BrimoaHeHHbIE B [ 1] HaTypHBIE
HAOJIOJICHHsT TOKa3alk, YTO, HampuMep, acOodanepHas
KphIllIa MOXKET HarpeBathcs 10 55-60 °C, a pyOepouaHas
3anpuleHHas - go 70 °C. B pesynbrare npoHCXOIUT
NEPErpeB BEPXHUX OTAKEH OKCIUIyaTUPYEMbIX 3/1aHUM.
[MosToMy 3amaua MaTreMaTH4ecKOro  MOJICIUPOBAHUS
MIPOIIECCOB HECTAI[HOHAPHOTO TEeIUIonepeHoca B
COBMEIIIECHHBIX TOKPHITUSAX TPENCTABISACTCS JOCTATOYHO
aKTyaJbHOU PH TEPMOOOHOBICHUH ITPAKIAHCKUX 3TaHHUM.

TeMmnepaTypHOe 10Jie BHYTPH CJIOHCTOH KOHCTPYKIMH

HOKPBITHSA OIHCHIBAETCS nuddepeHaTbHBIMU
YpaBHEHUSIMU TEILIONPOBOAHOCTH
oT, T &)
—==a; 5 1= 1,2,. ., YCIIOBUSIMU
ot ox

COIIPSPKECHUS Ha
CTBIKC CJIOCB
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Ti :Ti(x)’ 7=0, (©))
U T'PaHUYHBIMU
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_/’{1,\—]:&6/4(7’ _T’l)’ X

Gt
ox

4)

Il

0,

or
/1111 —"= QK + qpaz). - Qpa().n.’ xX= Rm'
0x B
MpaBOH YacTH ypaBHEHHs (4) NpeACTaBIEHHI IUIOTHOCTH
TETUIOBBIX TOTOKOB KOHBEKIMEH
Ok =0w[Te(t) -Tm], (5)
a TaKKE 32 CUCT IOTVIONICHHS CONHEYHOH paguanun
Gpao = p*Q(1) (6)

HawnGonee CJIOXKHOU SIBIISICTCS 3a7aqa
omnpeneNneHus pao.n. — MOBEPXHOCTHOM IUIOTHOCTH MOTOKA
W3JTy4YEeHUs IPUMEHHUTENBHO K IOKPBITHIO, OOpaieHHOMY B
cTopoHy Oe3o0mayHoro Heba. B mporecce uncieHHOro
MOJCIHPOBAHUS IIPOLIECCOB TEIUIoNepeHoca B
COBMCILIECHHBIX IIOKPHITHAX OBUIM PAacCMOTPEHBI JBa
TIOAX0/1a B OTIPEICIICHUN BEITHYMHBI Qpao.n..

CornacHo mepBoMy crocoOy, H3IydeHHe «Heba» He
YUUTBIBAaeTCS: B pacdeT Oepercst TOJbBKO oOpaTHOE
U3JTy4EeHHE - OT IIOBEPXHOCTH MOKPHITUS B COOTBETCTBUH C
3akoHOM Ctetana-bonbiMana:

qpad.H. = 8anOT1£r1-l Q)
Jis OpaKTHYECKOTO MCHOJIb30BaHHA TEOPETUIECKHMX
pE3yJIbTaTOB  MEPBOCTENEHHOE  3HAYEHHE  HMMEET
COIJIaCOBAaHMS  MHOCIHEAHUX C  DKCHEPMMEHTaJIbHBIMH

pesyiabTatamu. 1 UX COIJIacOBaHHs BO BTOPOM IOAXOJE
HCIIOJIb30BaHa CBA3b, nmonyyeHHas C. B. 3okoneem B pabote

[2]:
Qpao.n. =€np-E (8)

B KOTOpOH [lnp OOBIYHO mpHHUMaeTcst paBHOI 0,9.
IToBepXHOCTHAS IJIOTHOCTH MOTOKA U3JIy4CHHUs aOCOJIIOTHO
4yepHOro tena E s IJIOCKOTO MOKPBITHS, coriacHo [2],
cocrasnster okoio 100 Br/m?,

Jlns pelieHus 3a1a4u TEIIONepeHoca COrNacHO MOJIECIH
(1) - (4 Obul TUpUMEHEH pA3HOCTHBIA  METOH,
peaM30BaHHBId B BHIC OTACIBHOW MPOLEAYpHl pacyera
HECTAlMOHAPHBIX TEMIIEPATyp COBMEIICHHBIX TOKPHITHH B
IPOrpaMMHOM

ol, T. -T oT.
/li ‘LZJLLV]:;LM el X=X
Ox R, ox )
KOMILIEKCE MOJIENIH TEIUIONEPEHOCA.
s COTJIACOBAHUSA TEOPETHYECKUX u

SKCTIEPUMEHTANIBHBIX JAHHBIX U OLEHKH TOYHOCTH PabOTHI
MOJIeNy, HeoOXOIMMBI ITaHHBIE HATYpHBIX W3MepeHuil. B
KauecTBE HATYpPHBIX JaHHBIX OBUIM  HMCHOJB30BaHbI
Ppe3yJIbTaThl IKCTIePUMEHTAIBHBIX o0cien0BaHuH,
BoeinonaHeHHbIX E. A. ConparoBeiM [3]u  U. C. CyxaHOBBIM
[4] (Byxapa, kmmatuueckuii paiion |11'). Huke npuseneso
COMNOCTaBIICHUE pe3ynpTaToB pacueTa u
SKCTIEPUMEHTANIBHBIX JAHHBIX MPOIECCa HECTAHOHAPHOTO
TEIJIONEpeHOca B COBMEIIEHHOM  IIOKPBITHH  IIPH
pagualiOHHO-KOHBEKTUBHOM TEIUIOOOMEHE Ha BHEIIHEi
MOBEPXHOCTH (I'paHUYHOE YCIIOBHE (4)).

dusnyeckue napaMmerpsl HCCIETYEMOTO COBMEIICHHOTO
HOKPBITUSL, MPEACTABIIONIET0 CO00H  MHOTOCIOHHYIO
KOHCTPYKIIUIO, COCTOSIIYIO M3 KeJIe300€TOHHOH IUIUTHI,
KEepaM3HTOBOTO  YTEIUIUTENs, IEMEHTHOH CTSKKH U
PYJIOHHOTO KOBpa MPHUBEICHBI B Ta0I. 1.

Tabéauna 1
PDuznyecKue NapaMeTpbl COBMEIIEHHOM KPBIIIN U OKPY KAIOLIel cpeabl
Un
Knumaruueckuii , : a, tan, Osa, B /‘( ’ 2.
paiion M B1/(m:°C) M2c °C | Br/(m2 °C) B ch)d "
KenezobeToHHas mumTa
01 | 192 | 914107
" KepamM3uTOBBIH yTEIIUTEND
(r. Byxapa) 0,35 ‘ 0,19 ‘ 3,77-107 30 87 20 0.80 0.65
IlemeHnTHas CTSDKKA
003 | 076 | 503107

CyTouHBIE U3MEHEHHS TEMIIEPaTyphl HapyKHOTO
Bo3nyxa T¢(7), a TakkKe IUIOTHOCTH TEIUIOBOTO IIOTOKA
CyMMapHO# conHeyHoi pamuanu Q(T) B uroie Mecsie
Opaice 1o nMaHHBIM TiaBel |l. Bemmumnaa Tepmmgeckoro
KOHTaKTHOTO  CONPOTHBIICHHA  MEXIy  ciosMH Rk
MPUPaBHUBAIACH  HYIIIO. [Ipenmonaramnoce,  4TO
MpeALecTBYIONas JUIUTEIbHOCTh TEIIO00MEHa HACTOJIBKO
BEMKA, 4YTO BJIMSHME HAYAJIBHOTO  paclpeneseHus
temmeparypsl (3) yxe He nposiensiercs. [Ipu 7 = 0 HavanbHas
TeMIIepaTypa ONUCHIBAJIACh JOMAHOW KPHUBOM, XapakTepHOH
IUTSL CTallIOHAPHOTO COCTOSIHUS. 3aTeM BBIMOJHSJICS PacdeT
TEMIIEPaTypHOTO TIOJII  IOCIEAOBATEeNbHO B  TEUCHHE
MITH CYTOK TpHU Mepuoandeckux mimeHeHusx 7(7) u Q(z).
Pacnipenenenns HecTalIMOHAPHBIX TEMIIEPATYP OTPAKICHUS
B MEPUOA TMATHIX CYTOK MPUHUMAIUCh B Ka4decTBE
HCKOMBIX.

PaccunTaHHbIE ¢ TOMOIIBIO IMPEIAraeMoro MeToza
3HAUEHUS TEMIEpaTyp Ha HAPYKHOW IMOBEPXHOCTH
MOKPBITHS Tinos(7), TEMIIEpATyp HA HAPYIKHOUN MOBEPXHOCTH
yremnurenst  Tyrenn(f) ¥ BHYTPEHHEH  HOBEPXHOCTH
KOHCTPYKIUH Tewnos (7) (IIOTOJKA TOCHEIHETO 3Ta)a)
npeacTaBiacHbl Ha puc. 1. Ha aTom jxe pHcyHKe Takxke

0TOOpaKEeHBI 3KCIEPUMEHTAJIbHbIE 3HAYEHUS
COOTBETCTBYIOIINX TEMIIEPATyp, MOJyYCHHBIC B pE3yJbTaTe
HAaTypHBIX JKCIEPUMEHTOB, BBIIOJTHEHHBIX E. A

ConpnaroBeiM u U. C. CyxaHoBbM [5,6].

ENGINEER



) ) — T DO

— PRI ¢ KO TORRIN gy (114
— AW € KNSRI Gopuymyl (1.26)

~<

3

N

1

W’\'I’I'W‘I'V.'\\ I8
brasenguNeNRN
Bpwuncyrer,

ST ¢

U )

Bt cymee v

neuUNNIRYU L

TTTTTTTTTTT
terneusunan

Bpon cymoe ¢

Puc. 1. CyTouHble Ko/1eGaHUs TeMIIEPATYPHI 3JIEMEHTOB

COBMEIIIEHHOT 0 MOKPBITHS: &) - HAPY)KHOW IOBEPXHOCTU

MOKPBITHSL; 0) — HAPYKHOM MOBEPXHOCTU YTEIUIUTENS; B) —
BHYTPEHHEH HOBEPXHOCTH (IIOTOJKA) KOHCTPYKLIUH

Amnanuz
peanuzanuu

MPEACTaBIICHHBIX
MOJCIIBHOT'O

Ha

puc.1
TEILIOBOTO

pe3ysbTaToB
nepeHoca B
paccMaTpuBaeMoOl KOHCTPYKIMM COBMEIICHHOTO IMOKPBITHS

B COIIOCTABJICHMH C PE3yJbTaTaMH HATYPHBIX M3MEPEHUH,
YKa3bIBAlOT Ha JOCTATOYHO BBICOKYIO TOYHOCTh pacdera
TEMIIepaTypHBIX pPaclpeneNeHnil, a 3HAYHuT, IPUEMIIEMO
HepealoT IeHCTBUTENbHYI0 KapTHHY TEIUIOBOTO IepeHoca.
KonnuecTBeHHBIC OLICHKH TOYHOCTH paboTsl MozenH (1) - (4)
npencraBieHsl B Tabn. 1. IlpuBeneHHble B Tabn. 1 OIEHKH
TOYHOCTH pacyeTa TEIUIOBOTO INEPEHOCa B KOHCTPYKLIHH
COBMEIIEHHOTO MOKPBITHUS, TPEXE BCErO, MOKA3hIBAIOT, YTO
ucnojb3oBanue  Gopmyasl  (8) mpu  ompenercHUU
NOBEPXHOCTHOH IUIOTHOCTH MOTOKA HM3IYYCHUS  COpao.n.
NPUMEHHUTEIFHO K HOKPBITHIO OKa3ajloch 0oJiee TOYHBIM,
MI03TOMY, B TPAHHYHOM YCIIOBHH (4) clleyeT IPUMEHSTH 3Ty
¢dopmyy. B memom MozenbHble pacdeTsl pacHpeneleHHs
TEeMIIepaTypHOTO MOJs, Kak (QYHKIUH BpPEMEHH CYTOK,

3JICMEHTOB COBMEIICHHOTO TTOKPBITHS (Hapy>kHas
MMOBEPXHOCTh MOKPBITHS, HapyXHas TOBEPXHOCTh
YTEIUIMTENT W BHYTPEHHSS TOBEPXHOCTh  TMOKPBITHS)
O0Ka3aJIMCh JOCTATOYHO TOYHBIMH.

Taéauma 2

OneHka TOYHOCTH MO/IEJH TEMI0BOT0 nmepeHoca B COBMEHICHHOM IOKPBITUH

Hapy»KHas noBepxHOCTb Hapy»KHas noBepxHOCTb BHYTpeHHAA NoBepXHOCTb
Bpemsa NOKPbITUA yrenaurens KOHCTPYKLUK
CYTOK, Temnepartypa, °C
Hac Tw | T Al | T | e a7 | Al | A
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
8 215 | 152 | 63 | 251 | 36 |l 215 | 141 | 74 | 23,7 | 22 § 305 | 29,7 | 08 | 304 | 01
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 33,4 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 33,4 22,3 11,1 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
z
|2
& ot o3 ot o3 o} a3
E 11,8 2,.66 6,25 2,16 0,04 0,04
© e |ages] |age] |age] || |aga]
16,2 1,8 14,2 2,4 0,8 0,5
r r r r r r
0,919 0,992 0,909 0,993 0,993 0,998

IIpumeuyanne: T,y — TemmepaTypa Mo pe3yibTaTaM HAaTypHBIX M3MEpPEHMH; 11 — MoJeNbHas TeMIlepaTypa, pacCUMTaHHAs C
ucrons3oBanreM (Gopmyist (3.24); T2 — MoJeNnbHAs TeMIepaTypa, pacCIWTaHHas C HCIHOJb30BaHHeM (opmynsr (3.25);|A] —

abcomoTHas ommbka; G2 — JIMCTIEPCHS OIIUOKH; |

Amaxl

MEXy HaTypPHBIMU H3MEPEHUSIMU U PACCUNTAHHBIMU TEMIIEPATypaMu.

- MakCHMaJjibHasi abCONIOTHAS OIIHOKA; I — KOAP(UITUSHT KOPPETAIHH
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A npuHHMMas BO BHHMaHHE Majoe H3MCHCHHUE
TeMmnepatypsl TMOTONKA  Tawnoe(t) (02 = 0,04), MoXkHO
OTMETUTH 3HAYUTEIBHYIO TCILUIOYCTOWYMBOCTH MOKPHITHS. B
MOCJIEIHEM Clly4ae, Kak BUAHO W3 TaOil. 1, UCMONb30BaHUE
dhopmy (7), (8) npu pacyere BETHIUHBI Upao.n, IPAKTHUCCKH,
UAGHTUYHO. DTO OYEBUAHBIA pe3ynbTar, MO0 BIMSIHUC
BHEIITHETO MOTOKA U3TyYCHUSI Ha BHYTPCHHIOI TIOBEPXHOCTh
OTpaxJICHHs OYCHb MaJIo.

Ha ocHOBaHMM ONHCAaHHOW BBIIIE MOJEIH TEIUIOBOTO
TepeHoca ObUTH MPOBEICHBI YUCIICHHBIC YKCIIEPUMEHTBI IS
Pa3IMYHBIX KJIMMATHYECKUX 30H Y30eKHcTaHa W JAPYTHUX
BapHAHTOB TOPU3OHTAIBHBIX OIPAXKIAIONIMX KOHCTPYKIIHH,
CcXeMa KOTOpBIX II0OKa3aHa Ha puc.2. PaccmarpuBanuch
COBMEILICHHbIE TIOKPBITUS U1 JIETHUX YCIOBHH B T.
Kapakanmaxus, r. Tamxenr, r. Tepme3 KIMMaTHUYECKHX

dusnyeckue XapakTepUCTHKH PACCMOTPEHHBIX
MaTepUaIoB OrpaXAAOINX KOHCTPYKIMIT IPUBEICHbI B
Tabm. 3.6.

Ha puc. 3. npuBeneHs! pacnpeeaeHus HeCTallnOHapHbBIX
TeMneparyp HapyxHOH Tunos (T) M BHYTpeHHEH Tun nos (T)
MOBEPXHOCTEH MOKPHITHS, PACCUNTAHHBIE B COOTBETCTBHE C
nmaaHeiME VI-1X BapranToB (Ta0u. 3). 3nech ke n300pakeHbl
W3MEHEHHUs] TeMIlepaTypbl HapyXHoro Bosayxa 1. (t) B
TEYEHHE CYTOK JUIsl JAaHHOTO KIMMATHYECKOro paioHa.

Kak BuHO U3 IpHUBEICHHBIX Ha PHC. 3. KPUBBIX,
HOBBILICHHBIE AMILIUTY/Ibl CyTOYHBIX KOJCOAHUH BHELIHHUX
TETIJIOBBIX BO3ACHCTBHI MIPAKTHIECKH HE OTPAXKAIOTCS  Ha
W3MEHEHUH TeMIIepaTypbl BHYTPCHHEH IIOBEPXHOCTH
KOHCTPYKIUH  Tonnos (T).

CrenoBaTelbHO, PACCMOTPEHHBIE COBMENICHHBIE MOKPHITHS

30HaX. (VI-1X) MoxHO o1eHuTb, KaK Temwioycroitunsere. [Ipu 3ToMm
JUISL pa3iMYHBIX BHAOB YTCIUIUTENCH CO 3HAYUTEIbHBIM
pasnmuuueM B KO3 QHUIUEHTE TEIIONPOBOAHOCTH (BapHaHT
VIl u IX, Tabn. 2) HecTaumoHapHBIE TEMIIEpaTyphl Ha
BHYTPCHHEH  IOBEPXHOCTH  OTPaXICHUS IO  Mepe
NPUONVDKEHUS] K MAKCHMAIIbHOMY 9acy CyTOK IIporpeBa
KOHCTPYKIIMM ~ 3aMETHO  YBEIMYMBAIOTCSA,  JOCTHUTast
MaKCHMaJIbHON BEJTMYUHEI (OKOJIO Ipaayca) B 16 yacoB (puc.
4, KpUBas pa3HOCTH).

BapuanTtbi VIII -X

ﬁ

Puc. 2. CxemMa KOHCTPYKIHM COBMEIEHHBIX MOKPbITHIA:
1- sxene300eTOHHAS TUTHTA; 2—yTEIUTUTENb; 3 — [IEMEHTHO-
necyaHasi CTSOKKa; 4 — THAPOU3OIIIIIHOHHBIA KOBEP

Ta6auna 3
PDu3uyecKue NapaMeTpbl 3JIeMEHTOB OKPBITHH, HCI0Jb3yeMble KaK BXO/JHbIe JaHHbIE IPU YUCJICHHOM MO/eJHPOBAHUM
J A
= \
= 3, ) a, tou, R,
2 E Marepuan " BT/m m2/c oC €np p V2K | oC
Z = oC
Tlmura
Vi Kenezoberon 0,10 1,92 9,1-107 23 0,9 0,7 3,302
A1 Kenezoberon 0,10 1,92 9,1-107 23 0,9 0,7 3,302
VIII Kenezoberon 0,10 1,92 9,1-107 25 0,9 0,7 1,848
IX Kenezoberon 0,10 1,92 9,1-107 25 0,9 0,7 1,469
CTsiKKa
VIr .
IX LleMeHTHO-TIeCUaHBIil pACTBOP 0,02 0,76 5,03-107 — — —
T'unpousomnsiuns
VI Butym 0,02 0,27 1,15-107 — — — —
VI . -7
LLX PyGepouamblii kKoBep 0,01 0,17 1,69-10 — — —
VYrennurens
VI Bepmukysut 0,20 0,067 7,98-107 — — — —
VIl IInute! u3 crexnoBoiokaa URSA 0,12 0,04 7,94.107 — — — —
VIII TlenoGeTon 0,17 0,11 4,37.107 - - — —
1X TImuTel MUHEpaIOBaTHBIC 0,07 0,06 7,14-107 — — - -
YcioBHble  0603HavYeHMsi: O -  TONI[MHA  CJOS; A — KOO(GQUIMEHT  TEIIOMPOBOAHOCTH;  a-KO3(hHUIHEHT

TEMIIepaTypPOIPOBOAHOCTH; tsy—TEMIIEpATypa B IOMEIIEHHE; Enp — IPUBEICHHAS CTENICHb YEPHOTHI; P -KOA(P(QUIMEHT MOTTIOMEeHUS
COJIHEYHOH pajuaIi; R — TepMudeckoe COMpOTHBIICHNE TEILIONEpeIade.
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Puc. 3. HecranuoHapHble TeMIIEPATYPbI COBMEIIEHHOT0 MOKPBITHS:
1 — Hapy>XHOU NMOBEPXHOCTH; 2 — HAPYIKHOTO BO31(yXa; 3 — BHYTPEHHEH MOBEPXHOCTH; 4 — Pa3HOCTH TEMIIEpaTyp BHYTPECHHEN
MOBEPXHOCTH, PACCYUTAHHBIX ISl yTEIUIUTENEH ¢ pa3nmimyHoi TemtonpoBoaaocthio (BapuanTsl VI u IX Tadmn. 3).

Ha puc. 4. mpuBeicHBI BETMYMHBI TUIOTHOCTEH TETUIOBBIX
MOTOKOB HAa HAPYXHOH Qunos M BHYTPEHHEH  sn.nos.
noBepxHocTax orpaxkacHuii (VI-1X), HaiineHHbIC HA OCHOBE
coOTHOIICHHUS (4). i1 MIUTIOCTPALIMK Ha THX e PUCYHKaxX
MMOKa3aH CYTOYHBI XOA IUIOTHOCTH TEIIOBOTO ITOTOKA
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CcyMMapHO# conHeuHoi paauanmu Q (t). CrenaHHbli paHee
BBIBOJI O MOBBIMIEHHON Teruto3anmte mokpeituid (VI-1X),
MOATBEPKAACTCA CIAOBIMU KOIEOAHUSIMH BEITUINHBI Uer.nos -
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(r.Tepmes)

1000

<3¥8583383

b B AR A Bd Bd B |

2 4 602UV
Riprasn cyvoa. ww

02 &6 % WIZUIEW
Dpern o1 on e

Puc. 4. Cyrounble n3MeHeHHUS MIOTHOCTH TEMJIOBOI0 MOTOKA CYMMAPHOIi COJIHEYHO# paguanuy (BBepxy) H IVIOTHOCTH
TeIJIOBOr0 MOTOKA HA Hapy:kHOii (1) 1 BHyTpeHHeli (2) MOBEPXHOCTH (BHH3Y) COBMEILEHHOI'0 NOKPLITHUS /ISl BADHAHTOB

Takum  00Opa3oM,  paccCMOTPEHHBIE  PE3YJIBTATHI
YUCIEHHOTO MOJICIIMPOBAHMS MPOIECCOB TEILIONEPEHOCa B
OTpaXIAOIUX KOHCTPYKIMAX B JIETHEE BpeMsl Ha OCHOBE
pa3paboTaHHOrO METOJa, HArJSIAHO MPOASMOHCTPUPOBAIU
BO3MOXXHOCTh TPHEMJIEMOH OLEHKH TEeMI0yCTOHYUBOCTH
orpaxneHuii. Bappupys Temiohpu3ndecKuMu mapaMeTpamu,
MOXXHO  TIPOBOJUTH  HWCCJIEIOBAaHHS B  PAa3IUYHBIX
CTPOHTENBHBIX KOHCTPYKIHUIX Kak B MHOTI'OCIOMHBIX
CTCHAX, TaK U B COBMEHICHHBIX IOKPBHITUSAX, YTO JaeT
MIPOCTOM MHCTPYMEHT HH)KEHEPaM - IPOESKTUPOBIIUKAM JJIs
pelICHUs] TPAKTHYECKUX ONTUMHU3AIMOHHBIX TPOEKTHBIX
3a7a4 CTPOUTENILHON (PHU3UKH.

3. 3aka4yeHue

[IpemiokeH MeToA pelieHus 3a7ayll HeCTallMOHAPHON
TECIJIONPOBOJHOCTU B MHOFOCHOﬁHbIX CTPOUTEIBbHBIX
KOHCTPYKIHAX C YYETOM pe3yJIbTUPYIOWIETr0 H3Iy4EeHHUs

VI-IX

MEX/y Orpa)XJI€HHeM M OKpyKatomed cpenoi. lns ero
YHCIIEHHOH peanusanuu paspaboTaHa mporpamma «Pacuer

TEIUIONIEpEHOCa B MHOTOCIOHHBIX  CTPOUTEIBHBIX
KOHCTPYKIMAX C y4YeTOM COJIHEUHOH  paauanum»,
MO3BOJIAIONIAS €  BBICOKOM TOUHOCTBIO  OMpENeNsATh

TEMIIepaTypHBIC MMOJIS OTPKACHUHA U TUNIOTHOCTH TETUIOBBIX
MTOTOKOB Ha UX HAPY)KHBIX U BHYTPEHHUX TIOBEPXHOCTSX.

I[lo  pesympraraM  YHCIEHHBIX  JKCIIEPUMEHTOB
YCTaHOBJICHBI rpadudeckue 3aBUCHUMOCTH,
xapaKTepmy}oume U3MECHCHUA TeMHepaTyp U TEIJIOBBLIX
IIOTOKOB THIOBBIX OTPaXIAIOIIMX KOHCTPYKIMH NpH HX
J'ly‘-II/ICTO-KOHBCKTl/IBHOM nporpeBe, IIOKa3aHO BJIIUSIHHUEC
TeMl'lepaTypr Hapy)KHOFO BO3}1yXa U UHTCHCHUBHOCTH
COJIHEYHOW paJMallid Ha JHHAMHKY TETUIOBBIX PEXHMOB
OTPaKICHHUH.

Bemo  ycraHOBIEHO, YTO  OKpacka  HapyXHOM
MMOBEPXHOCTH OTPAKACHUS COCTaBOM C K03 HUIHEHTOM
MOTJIOLIEHUST CONMHEeyHOoi pamuamuu 0,3 1O3BOJSET, IO
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CPaBHEHHIO C COCTAaBOM € KO3(OHULIHEHTOM IMOIJIOLIECHUS]
0,7, CHM3UTH TEMIEPaTypy BHYTPCHHEW MOBEPXHOCTH
orpaxjaroneil koHcTpykuuu Ha 15%.

[TokazaHo, YTO ydYeT pe3yIbTHPYIOUNIETO H3ITyYCHUS
MEXITy OTpakIeHHEM H OKpYy’Karomiel cpenoii npu pacdere
BEJIMYMHBEl TEMIIEpaTyphl Ha BHYTPEHHEH MOBEpXHOCTH
OrpakIeHHs MIOBBLILIAET €€ 3HAYEHUE B cpeaneM Ha (2 —4)°C
(3-16%), 0 cpaBHEHHIO C OIPEAETICHHON 0 CTaHIAPTHOM
METOJIUKE.

TlontBepkaeHa >()GEKTHBHOCTb PACIIONOKEHUS CIOS
TETJIOU30JSIIUN C HApyXHOW CTOPOHBI CTEHBI, MPH 3TOM
IUTOTHOCTh TEIUIOBOTO IOTOKAa Ha HapyXHOH CTOpoHE
OrpaXIeHUH 3amafHOM UM BOCTOYHOH  OpHEHTalUu
MHHAMAaJIbHA ¥ IPAaKTUIECKH ITIOCTOSTHHA B T€YCHHE CYTOK.

Pazpaborana MeTouKa pacdera I OLEHKH TEIIOBOTO
pexuMa U TeII0yCTOWYMBOCTH COBMEIIEHHBIX MOKPBITHIL
OpH  paJualMOHHO-KOHBEKTHBHOM  TEINIOOOMEHE  Ha
BHEIITHEH TOBEPXHOCTH, TO3BOJISIONIAs TOBBICUTH TOYHOCTh
ompexenenust Ha 5 — 8%.

MopgenupoBanue MIPOLIECCOB HECTalIOHaPHOTO
TEIIONEPEeHOCa B COBMEMICHHBIX ITOKPBITHAX SIBISCTCS
Ba)KHBIM MHCTPYMEHTOM B IPOSKTUPOBAHHU COBPEMEHHBIX
3naHuit. OHO TO3BOJAET YYHTHIBATH BCE KIIOYEBBIE
(daxkToppl, BIMAIONIME HAa  TEIUIOBOH  PEXUM, U
pa3pabateiBaTh 3 (HEKTHBHBIEC CTPATETHH IS YMEHBIICHUS
HETaTUBHBIX IOCIEACTBHN meperpeBa Kpbim. C ydeTtom
TeKyIIMX TEHACHIMH B O00JacCTH CTPOUTENBCTBA U
WU3MEHEHUs KIMMaTa, TaKhe WCCIENOBAaHWS W pEIICHUs
CTaHOBSITCS HEOTBEMJIEMOH  YacTblO  pa3paboTKu
9KOJOTHYECKU YHCTHIX U SHEProd(PPeKTHBHBIX 31aHUI.
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Innovative approaches to architectural design of youth centers in the era of
information society

E.V. Shchipacheval®2, 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.
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information society, youth center, youth leisure, planning system, functional spaces,architectural and

NHHoBanMOHHBbIE MOAX0bI K APXUTEKTYPHOMY NMPOEKTHPOBAHUIO
MOJIOIE:KHBIX IEHTPOB B 310Xy HH(POPMAIIMOHHOT0 001IeCTBA

IMunauyesa E.B.12 Ymaposa H.D.!

ITamkenTcKuit rocy1apCTBEHHBIN TPAHCTIOPTHBINA yHUBEPCHUTET, TalkeHT, Y306eKncTan

AHHOTALUA:

B craTthe npuBogHTCS aHANMN3 00BEKTOB KY/IBTYPHOTO Ha3HAUCHNS,

OpPHEHTHUPOBAHHBIX Ha

COBPEMEHHYI0O MOJOAEXKHYI0 cpexy. IIpencraBieHsl pe3ynbTaThl HCCIEAOBAaHMS TpaHC(HOPMALUH
00BEMHO-TIIIAHUPOBOYHON CTPYKTYPBI COBPEMEHHBIX MOJIOAEKHBIX IPOCTPAHCTB B KOHTEKCTE Pa3BUTHUS
nHpopMaroHHoro obuiectsa. [IpuBeieHa apXUTEKTYPHO-TUIAHUPOBOYHAS KOHIIETIIHS, KOTOPasi MOXKET
OBITb TOJIOJKEHA B OCHOBY CO3/IaHUSI COBPEMEHHOT'O MOJIOAEKHOTO LICHTPA.

KmroueBsie ciioBa:

NH(OPMAIIMOHHOE OOIIECTBO, MOJIONEKHBIH IEHTP, MOJOAEKHBIA JIOCYT, CHCTeMa IUIaHHUPOBKH,

(YHKIMOHATBHBIE IPOCTPAHCTBA, APXUTEKTYPHO-TIAHNPOBOYHBIE IPUHIIHITEI

1. BBeaenue

XXI Bek — 3T0 Bek HHPOPMAIIOHHOTO 00IIECTBa, KOTra
TJIaBHBIM PECYPCOM CTaHOBHUTCSI MH(OpPMAIHS, a YCIOBUS
’KU3HH JIOJIeH BO MHOTOM OIIPE/IEIISIIOTCSI COBEPIICHCTBOM
nH(OPMAIMOHHBIX TexHonoruil. [loTeHnman pasymHoro u
TPaMOTHOTO HCIOJIB30BAaHMSI BO3MOXHOCTEH, KOTOpBIE
co31aéT HHPOPMATMOHHOE OOIIECTBO, BEIHUK U OTKPBIBAET
MINPOKHE MEePCIEKTUBHI ISl PA3BUTUSI CTPaH, CTAHOBUTCS
CTUMYJISITOPOM H3MEHEHHWs] YPOBHS M KadecTBa >KM3HHU
TMOAEH, CIOCOOCTBYET paCIIMPEHHIO BO3MOXHOCTEH s
HpeIpHHAMATENbCTBA, METULINHEL, obpa3oBaHus,
KyJIbTypbl, cdepsl ycinyr. Hapsagy ¢ orpoMHBIMH
BO3MOYXHOCTSIMHU, HH(OPMAIMOHHOE 00IIECTBO TauT B cebe
¥ MHOTO yTPO3 Pa3IMIHOTO XapaKTepa, KOTOPHIE, B IEPBYIO
ouepelb, CBSI3aHBI C HEPAaBEHCTBOM JIOJEH B JIOCTyNE K
ro6ansHOi MH(GOPMAIIMOHHOM CHCTEMe M3-32 CONUAIbHO-
HKOHOMHYECKOTO M HAayYHO-TEOPETHUECKOTO pa3phiBa, a
TaKOKe C TEM, YTO HACEJICHHE B IIEJIOM CTAJIO NMPEANOYUTATh
HEaKTUBHBIE BHJBI [J0Cyra, KOTOPBIE IIPH YPE3MEPHOM
YBJICUCHUHN MOryT CII0COOCTBOBATH YXYyALIEHUIO
(1)1/13PILICCK0FO U TCHUXOJIOTHYCCKOro 3I0POBbBA. ['maBHBIM
CyOBEKTOM pa3BHUTHS HH(POPMAIMOHHBIX TEXHOJIOTHI
SABIAETCS ~ MOJOJO€  IOKOJeHHe  Kak  Hamboiee
BOCIPHMMYNBOE KO BCEM HOBIIECTBAM, OOJajaromee
BBICOKIM YPOBHEM MOOHMIBHOCTH W WHTEIUICKTYalbHOI
aKTHUBHOCTH, OCTpO OILyIIatolee Ha cebe Kak MO3UTHBHBIE,
TaKk ¥ HeraTtuBHble BAMAHUSA [1]. B cBs3u c aTuM, mepen
roCyJapcTBOM JIGKHT OrPOMHas OTBETCTBEHHOCTb 3a

&% https://orcid.org/0009-0000-0489-445X

Oymyliee CyIecTBOBaHHE MUPA, TAPMOHUYHOE BOCIIUTAHUE
MOJIOJICHKH.

CpenctBoM  pemieHHs — MPOOJIEMBI  BOCHHUTAHHSA
MOJIONEKH KaKk 4YacTh HMH(POPMANMOHHOTO oOIIecTBa
SIBJISIETCS] HE TOJIBKO JOCTHIKEHHE BHICOKOTO YPOBHSI 3HAaHMI
o COOTBETCTBYIOLIUM HAaIpaBJICHUSIM, HO u
Y/IOBJIETBOPEHHE TOTPEOHOCTH MOJIOAOTO IOKOJICHUS B
OpraHU30BaHHOM nocyre, HAIOJIHCHHOM
MHTEJUICKTYlTbHOM NIeSITETbHOCTHIO, TBOPYECTBOM,
oOrmIeHneM, 3aHATHSIMHA CTIOPTOM.

[Tomumo  1mIKOJN, BY30B M KOJUIEIKEH B TOPOJCKOM
3aCTpOiiKe JOJDKHA CO3JaBaThCi CpeAa, oOecreduBaromias
yCIIOBUSL Uil Yy4eOHOW M BOCHUTATENBHOHN JEATENbHOCTH,
peanu3anidi TBOPYECKOW M OOIECTBEHHOW AaKTUBHOCTH,

KyJIbTypHOTO COBEPILLICHCTBOBaHHUS MOJIOJIEKH.
CyuiecTByronMe MOJIOZEKHBIE LIEHTPHI B pecryOiiiKe He
MOTYT  oOecrednTh KayeCTBEHHBIH, OTBEYAIOLIUHI

pa3IMYHBIM HHTEpecaM JOCYI, TaK KaK KOJMYECTBO
NOMEIICHUH B HHX Mallo, IIPEIOCTABIsEMbIC BHIbI
JEATENBHOCTH CBSI3aHBI TPEHUMYIIECTBEHHO € HM3y4YCHHEM
S3bIKOB W IIOJTOTOBKOW K TOCTYIUICHHIO B BY3bl, HE
NPUCIIOCOONCHBI JUISl TPOBEJICHHS J0CYTa, BKIIOYAIOLIETro
MO3HABATENIbHYIO M HAYYHYIO JESTENbHOCTh, HE B IOJHOM
Mepe HCHOJB3YIOT BO3MOXKHOCTH COBPEMEHHOW TEXHHKU H
TEXHOJIOTHH.

Kpome Toro, ocobble KTMMaTHYECKUE 1 reou3ndeckne
YCIIOBHSA Pecrry6mmkn V30ekucTan TpebyroT
JIOTIOJIHUTEIIEHOTO y4deTa HX IpH pa3paboTke 0ObeMHO-
IUJIAHUPOBOYHOTO M KOHCTPYKTHBHOIO pELICHHs 3JaHHs
MOJIOJISKHOTO  LIGHTpa Ul obecrieyeHuss JOMKHON
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HPOYHOCTH u Ha/Ie)KHOCTH o0beKTa, ero
9HeprodpdHexTHBHOCTH U KOM(DOPTHOCTH.

2. MeT0o0/10r sl MCCJIeJ0OBAHUSA

B wuccnenoBaHMM HCIONIB30BaHBl TEOPETHYECKHE U
MPAKTUYECKHE MaTepHalbl, OTPAKAIOUINE IMPHHIUIIBI
MPOEKTUPOBAaHUA OOBEKTOB KyJIbTYPHOTO HA3HAYCHHS,
OpPHUEHTHPOBAHHBIX Ha COBPEMEHHYIO MOJIOJCKHYIO Cperdy,
cofiepXaIiue HOBBIC TPeOOBaHHWS K HHM, OIpeesieMble
BIMSHAEM IIOBCEMECTHOTO BHEAPEHHs B OOIIECTBEHHYIO
JKU3Hb ~ COLMAJIBHBIX  CeTei,  OHJaWH-pecypcoB U
BUPTYyaJIbHBIX IPOCTPAHCTB.

OCHOBHBIM METOZ0M HCCIIeIOBAHU MIPUHAT
(YHKIMOHATBHO-KOMIIO3UIIMOHHBI  aHaM3 MPOEKTHBIX
peueHnit 30aHUH MOJIOAEKHBIX LEHTPOB, KaMmIlyCOB H
00BEKTOB KYJIBTYPHO-IIPOCBETUTENHECKOTO HAa3HAYCHUS.

3. Pe3yJbTaThl MCCJIeI0BAHUS

B nmaHHOM pasiene INpPEeNCTAaBICHBl  Pe3yJbTaThl
UCIIBITAaHUH NPOYHOCTH TIPH U3THOE M CXKATHH, a TaKKe
NPOBEJCH  aHaNU3  BOJOLICMEHTHOrO  OTHOLICHHS U
CTPYKTYPBI IOPUCTOCTH.

Lensto HCCIEN0BAHUI SIBUIOCH HU3ydeHue
TpaHchopManuy  0OBEMHO-TUIAHUPOBOYHOW  CTPYKTYpHI
COBPEMEHHBIX MOJIOJIEKHBIX MPOCTPAHCTB B KOHTEKCTE
pa3BuTHs HHOPMALIMOHHOTO OOIIECTBA, Y/ICITHB OCHOBHOE
BHUMaHHE MPaBUIBHOCTH (YHKIHMOHAIBHOTO DPEIICHHS U
KOJIMYECTBY ~HAIpaBICHHH B y4eOHO-BOCIHTATEILHOM

Puc. 1. MexxayHapoanblii MoJiofe:kHbIi HeHTp B Odepuiiaiicxaiime (I'epmanns):

[UIaHe,  [OBBIUICHAIO  YPOBHS  KOM(MOPTHOCTH U
JOCTYITHOCTH.

Jlnst BBISIBJIEHHMST OCHOBHBIX TEHJEHIMH pa3sBUTHS
00bEMHO-TUIAHUPOBOYHOM CTPYKTYPBI 31aHUH,
NpeHA3HAYCHHBIX JUISI COBPEMEHHOW MOJIOAEKH, ObLT
NPOaHATU3UPOBAH  3apYOEKHBIA  OIBIT  CTPOUTEIHCTBA
MOOOHBIX 0OBEKTOB.

3.1 3Bapy6e:xublii ONBIT
MOJIO/IE)KHBIX 00 bEKTOB

NMPOEKTUPOBAHUA

B coBpemenHOM 00IIECTBE MOJIOIEKHBIE TOCYTOBEIE
HEHTPHl aKKyMYJIHPYIOT B CBOMX HPOCTPAHCTBAaxX JIOJCH,
o0JrafafolmyX BBICOKOM COIMATbHON aKTHBHOCTBIO.

Medxtcoynapoousliic. - Mon00edHCcHbIE  YeHmp 6
Oébepwinaiicxaiime (I'epmanus).

Ilenpto mpoekTa OBUIO CO3JAaHHE OOIIECTBEHHOTO
HPOCTPAHCTBA, B KOTOPOM MOJIOAEKD C Pa3HbIX CTpaH MHpa
Moruia Obl aKTUBHO B3aUMOJICHCTBOBATh, 3aBOIUTH HOBBIC U
VKpeIUIATh ~ HMMEIOUIMecs  JPY)XKEeCKHE  OTHOLICHHS,
¢opMupoBaTh mepcrekTUBB Ha Oynmymee [2]. Kommrekc
COCTOMT M3 YETHIPEX OTHCIBHBIX 3[JaHUH (TJIABHOTO JOMa,
JKHJIOTO 3JIaHUsI, MACTEPCKOM M KEMITHHTa), 00BbEANHEHHBIX
OTKPBITBIMH TIpOCTpancTBaMu (puc.l). Bee 3manus uMeroT
HENpaBUIBbHYIO IATHYTOJNbHYIO WM LICCTHYTOJIBHYIO
dopmy. OOBemuHAET 30aHUS B EOMHYI0 KOMIO3HIIUIO
oOmmpHas Teppaca.

B nenTtpe riaBHOro moMa pacnosioxeHa <« JIeCTHHUIA
BCTpPEY», KOTOpasi MOMHMO OCHOBHOTO HAa3HAueHUS —
JocTymna K KOMHaTam OOIIEKUTHS CITYXKHT
KOMMYHHKaTHBHBIM IIEHTPOM, ITPEIOCTABIISIS IPOCTPAHCTBO
JUISL OTIbIXa, BCTPEY, IIPOBEICHUS BBICTABOK, TO €CTh
SIBIISIETCS] 30HOU U1 HepOPMaAITFHOTO OOIICHUSI.

a - o0mii BUI; 0 — «I1€CTHHIA BCTPew»

Ceynsckuii oopazosamenwvhuiii kamnyc Hands-on
Learning ona monooexcu (FOxcuas Kopes). I'maBHOM
IENBI0  aPXUTEKTOPOB ObUTO (OpMHpOBaHKHE HauboIee
HPHUBJIEKATENBHOW  cpexbl, KoTopas Obl  ciyxuia
UCTOYHHUKOM BJIOXHOBEHHS U JIFOei, 3aMHTEPECOBAHHbBIX
B CAMOPa3BUTUH U IPHOOPETCHNHN HOBBIX HaBbIKOB. Kaskioe
TIOMEIIeHNe KaMIyca MpeJcTaBiIsieT co0OH OTHENbHYIO
00pa30oBaTeNbHYI0 IUIOMAJKY, MMEIONIYI0 CBOH IBET M

“B

ox

Puc. 2. MoJioae:KHbIH Ka

Ha0op BJIEMEHTOB, M PACIOJOKEHHOE B COOTBETCTBHH C
MOCIIEI0BATEIBHOCTHIO JTANoB 00pa3oBaTeIbHOTO
npoiiecca (puc.2a) [3]. [IpumeHeHne aHGUIATHON CHCTEMBI
TUIAHUPOBKH CIOCOOCTBYET BOBJICYCHHUIO MOJIOJCKH B
CMEXKHBIE  BHJBI  JICATEIBHOCTH, CIOCOOCTBYeT — ee

HUHTEJUIEKTYyalbHOMY ~ POCTY,  Pa3BUTHIO  TBOPYECKHX
CIOCOOHOCTEH, TOBBIMIAET YPOBEHh KOMMYHHKAOEIEHOCTH
(puc. 26).

mnyc Hands-on Learning (FO:xuas Kopesi. CeyJ): a, 6 - HHTepbepbI
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Monooescnwtit yenmp Rivas (Hcnanua. Maodpuo,
2009 2). C camoro Hauyasa TPOEKT 3aTyMbBIBAJCS Kak
CHMBOJ MOJOA&KHOTO ayxa Manpunckux okpauH [4]. OH
puoOpEN ApKHUil U HEOOBIUHBIN Mo Gopme dacan, gep3rue
BEI3BIBAIOINE HHTEphephl (puc. 3). DyHKIHMOHAIBHBIE
LEHTPHl 3MaHMs 3aJyMaHbBl KaK «B3PBIBBI AKTHBHOCTHY,
HMEIOIINEe pa3HOe KOHCTPYKTHBHOE u  00BEMHO-

[UIAHUPOBOYHOE PEIICHHE: OT OOBIYHBIX MPSIMOYTOJIbHBIX
[0 CJIOKHBIX TIONy3BE3A4YaThIX (OPM aTPHYyMHOIO THIIA.
COBMECTHO C pa3HOYPOBHEBBIMHU IUIONIKAMH BHYTPH
3MAHUS, a  TaKKe SKCIUTyaTHPYEMbIM TIOKPBITHEM OHHU
CO3[Al0T  MPEKPacHOEe MPOCTPAHCTBO UL OOINCHUS U
00MeHa OIBITOM.

7

Puc. 3. MoJoaexusiii nentp Rivas (Mcnanusa. Maapun):
a — o0wmuii BHI; 6 -MHTepbep 3Be314aTOro 3a71a; B — pa3pe3; I — IVIaH

Obpazosamenvuvtit  napk  Raices  (I'yamane,
Konymoua, 2015 2.). Tlpoekt Briouaer oOydaroliue u
KyJbTYpHBIE JBYXITaXHbIC OJIOKH, 00beIMHEHHBIE
OTKpBITOW  rajmepeeii W OOMIMPHBIM  JBOPOBBIM

OPOCTPAHCTBOM,  JIAIONIMM  BO3MOXXHOCTh ~ [IPOBOJIHTH
MEpOTPHUATHS Ha OTKPBHITOM BO3AyXE U SIBISIONIMMCS
KOMMYHHKAIIMOHHBIM ~ TIPOCTPAHCTBOM  JUISL  BCEro
koMmIutekca (puc. 4) [5].
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Puc. 4. O6pa3oBarennnblii napk Raices (I'yatane, Koxymoms):
a — o0uuii BuA; 0 - UIaH

Kynomypnouii yenmp "Longgang' ¢ Ilnvuicine
(Kumaii, 2019 2.) BxmoyaeT B ceds LEHTP NOMYJSIPHOM
HayKu 1 feTeit u oHomectBa (10 000 M?), MOJIOAEKHbIi
LIEHTp U1 OOLICHUS, 3aHATUI cIOPTOM U KoHIIEepToB (8 000
M?), Xy 10’KECTBEHHBIN My3en c LIEHTPOM
rpagoctpouTenbersa (13 500 M?), KHIKHBIN LeHTp ¢ Kade 1
pectopanamu (35 000 Mm?). Takke B KOMIUIEKC BXOJIAT

MarasuHbI ¥ TIOI3eMHBIH rapask (21 500 M?) (puc. 5) [6]. [Ipu
IUIOMIAIM YYacTKa B 3,8 ra 3HaUMTENbHAs €r0 4acTh 3aHsiTa
OOIIECTBEHHBIM IPOCTPAHCTBOM. braromapst pa3smerueHuio
BXOZIOB B KYJbTYPHBIC LEHTPHI Ha KPBITHIX IUIOLIAMSX,
pasiMYHble KyJBTypHBIE MEPONPHSATHS MOTYT TaKke
MPOBOJUTHCS HA OTKPBITOM BO3/IyXE.

Puc. 5. Kyabrypusiii uentp "Longgang' B llIbabwxane (Kuraii):
a — o0Luii BUA, 0 — HHTEpbep

OrpomMHBIE OTKpPBHITBIE TIPOCTPAHCTBA M aTPHyMHAs
IUTAaHUPOBOYHAS CHCTEMa pacrojiaraeT K IIHPOKOMY
OOIIEHNI0, CIIOCOOCTBYET IOBBIIIGHUIO HMHTEpeca K
pa3NMYHBIM BHJAM JIEATEIBHOCTH Kak TO Hay4YHOM,
TBOPUYECKOH MM CIOPTHUBHOM.

Kynvmypuouii yenmp 6 Aysnay ( @panyus, 2009 2.)
TIpeHa3HaYeH IS JTI0ICH Pa3HOTOo BO3pacTa, B TOM YHUCIIE 1
it Monoxexu (puc. 6) [7]. Ha mepBom sTaxke 3maHus
pa3MeIeHbl IpOCTPaHCTBA Ui OOMICHHS JIIOAEH pasHBIX

oI
b R

) SO

BO3PAaCTHBIX  TPYMNI, MyJbTUMeOWifHas  OuOImoTexa,
HeOonpIe KOH(EpeHI-3abl U OQHUCHBIE TOMEIICHUS.
JIBYyXCBETHBIH YUTANBHBIN 3aJ1, PaCIOJIOKEHHBIN Ha BTOPOM
JTake, OrPOMHBIM BHUTPa)XOM BBIXOJHUT Ha TOPOJCKYIO
IUIOIIA/b, YTO CIOCOOCTBYET MOMyJsipu3anuu uteHus. Ha
TPETbEM JTaXe 3alpOEKTHPOBAHBI TAHIEBAJIBHBIA U
TUMHACTHYECKHH 3all, MHTEPhEP KOTOPBIX Pa3HOOOpasHT
BKJIIOYEHHE BO BHYTPEHHEE MPOCTPAHCTBO 00BheMa KPBIIIN.

" i'u \ i i v,». i
Puc. 6. KynbTypHblii neHTp B Ay3Hay (PpaHuus):
a — o0wmuii BHI; 6 — IUIaH MEePBOIo 3Taka; B — pa3pes3
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Monooéxcnviii yenmp Ispu Komepa (Hukaczo,
CIIIA, 2006 2.) ueHTp SBISIETCS NPOCTPAHCTBOM IS
Pa3IHIHBIX MOJIOJIEIKHBIX 00pa3oBaTeIbHBIX u
pa3BiekaTenpHBIX nporpamm  (puc.7) [8]. LlenTpom
COOPY)KEHHUSI SIBISIETCS YHUBEPCAJIBHBINA CIIOPTUBHBIN 3all,
KOTOpBI, B ciy4yae  HEOOXOOUMOCTH,  MOXeET

KOMHATBl IJI 3aHATHS HMCKYCCTBOM M peMECIaMu,
KOMIIBIOTCPHBIC JTA0OPATOPHH, TAHLECBAIBHBIC 3albl U
CTyIMsi  3BYKO3AaIMCH, TOMEIICHHA JUI1  HM3y4YeHHS
PAa3NIUYHBIX IPEAMETOB, BEICTABOYHBIC 3a/bl. Ha BHEIIHIO0
CTOPOHY 30aHUSA BBIXOZSAT TaHIIeBaJIbHbIC u
XYHOXKECTBEHHBIE 3aJbl, YTO MO3BOJSIET PEKIaMHPOBATh
JeATeIILHOCTD MOJIOJICKHOTO IEHTPA.

IIpumeHenne  CBETONPO3payHBIX  IIEPETOPOJIOK
obecrieqrBaeT BU3YIBHBINH JOCTYI K Pa3JIMYHBIM TPYIIIaM
HOMEIICHHH, YTO CIOCOOCTBYET MOBBILICHUIO MHTEpeca U

TpaHc(hOPMHUPOBATECST B TeaTpaibHylo Iwioniaaky ¢ 600
3PUTENBCKUMH MecTaMH. K CHOPTHBHOMY 3ally IPUMBIKAET

KageTepui.
Co Bcex CTOPOH 3all OKpYXaeT TPEeXypOBHEBOE
HPOCTPAHCTBO, aJlanTHpyeMoe nox T00BIe

o0pa3oBaTeNbHbIE HIIH pa3BiIeKaTeIbHbIC TOMEIICHHS:
MOCJIEAYIOIEH BOBIEUEHHOCTH B TOT WJIM MHOM mpolecc
MOJOABIX JIFOZIEH, a Takke CO3JaeT y HHUX YyBCTBO
6€30IacHOCTH.

Ha xpblne HaJl yHUBEPCATBHBIM 3aJI0M PacloIOKeHa
3eleHasi 30HA, KOTOpas MOXET CIYXHTb KaKk MECTOM
OT/IbIXa, TAK U MECTOM JUIS 3aHATHH 110 BBIPAIIUBAHUIO ATOL
U OBOILEH, KOTOPBIE 3aTEM UCIOJIB3YIOTCS Ha 3aHATHAX 110
KyJIMHApHOMY HCKyccTBY. [l JOCTyIa €CTECTBEHHOTO
CBETa B IOMEIIEHUE YHUBEPCAIBHOIO CHOPT3aja Ha KphIIIe
YCTaHOBJIEHBI CBETOBBIE JIFOKH.

Ry

P‘n‘cA.7. Moutoaé:xnblii neHTp I'>pu Komepa (CLIIA):

-

a — o0 Mt BUI; 0 — nJiaH co 3PUTEJIBHBIM 3aJI0M; B — HHT€PbEP YHUBEPCAJTBbHOI'0 CIIOPTUBHOIO 3aJ1a; I' — 3€JIeHasA 30HAa Ha

Oopazoseamenvholit yeHmp 01 00APEHHBIX Oemeil
«Cupuyc» (Poccus, Couu, 2019 2.) npencrapisier coboit
KOMIUIEKC 3/1aHuif, 0OBbEeIMHEHHBIX OOIIel TeppuTopHeit
(maBWJIbOHHAS apXUTEKTypa). B cocraB koMmiekca BXOIAT
aIMUHUCTPATHBHO-CIIAJIBHBIA KOPITyC, a TaKkke Kopmyca
«xoma», «Cmopt» u «MckyccTBo». ApXHUTEKTypa Tpex
MOCHEAHUX  KOPIYCOB pelleHa B CAMHOM  KIIOYe
IUIACTUYHBIX ~ OOTeKkaeMbIX  (GopM  cdepHdeckoil U
3JUTMIICOBU/IHON KOH(BUIYpALMH, YTO TTO3BOJISAET OPraHHIHO
BIMCATh UX B OKpyxKarommuii nangmadr (puc.8) [9].

Kopnyc «lllkoma» mnpencraBmsier coboif B IiaHe
KOJIBIIO C OTKPBITBIM HEOOCBOAY BHYTPEHHHUM JIBOPOM
(puc.8). Mcrionp3oBana KOPUAOPHAs CHCTEMA INTAHUPOBKH C
JBYXPSIHON 3aCTPOMUKOM (puc.9). ITomermmenus,
OPHEHTHPOBAaHHBIE HAa  BHYTPEHHHH JBOp  HMEIOT
TTaHOpaMHBIE OKHA. 371eCh MPEIYCMOTPEHBI ayANTOPHHU ISt
HPOBEACHUS TEOPETHYECKUX 3aHATHH, KOTOpbIE
HOJIKPETUISIOTCS MPaKTHKON u OIIbITaMH B
YIbTPaCOBPEMEHHbIX 11a00paTOpHAX pasHoii
HAINpaBI€HHOCTH: nudpoBas, €CTeCTBEHHO-HAy4Hasl,
CKaHUPYIOIIEH 30HIOBOH MHKPOCKOINH, TEXHOJIOTHIECKAst
Mactepckas W Ap. Mexay ydeOHBIMH KOMHAaTaMH BO

KpbIlle

MHOTHX CIIydasx HpeIyCMOTPEHB! TPaHC(HOPMHUPYIOIIUECS
MEePErOPOJKH, IO3BOJISIONINE H3MEHSTh MPOCTPAHCTBO B
3aBUCHUMOCTH OT TpeOyeMoil BMECTUMOCTH BO BpeMs
NpOBeIeHNsT  3aHATHH. BHemHsas o0ojouka  37aHUS
BBITOJIHEHA BEHTHJIMPYEMOH ¢ NMPUMEHEHHEM TEXHOJOTHI
SEVALCON. CnoxHOEe KOHCTPYKTHBHOE  peEIICHHUE
00OJIOYKH COCTOMUT W3 BHYTPEHHETO IOKPBITHI U3
npodncTa, mapo-, TEIIO- M TUIPOM3OSIIUM, a TakkKe
BHEIIHEH JIeKOPaTHBHOM CHCTEMBI, BBIHECEHHOH Ha
MeTaJUTMYECKOM Kapkace Ha 160 MM HapyXy U OTAeIaHHOH
QIIOMHHHUEBBIMH JIICTAMU C TIPOPE3IMU 11 OKOH U
3EHUTHBIX (hOHApE.

Kopmyc «Cnopt» B IulaHE HWMEET JIUIUIICOBUIHYIO
dopmy (puc.10). B 3maHmm  Ha TEpBOM  dTake
MPeyCMOTPEHBI BXO/HAS TPyIa, OacceiiH, pa3feBalKH C
IyIIEBBIMH, OOCITyXuBafomue rmomMemenus. Co CTOpOHBI
KpPBITOT0 OacceiiHa ¢ HapyKHOM CTOPOHBI IPUMBIKAET BAHHA
OTKpBITOro OacceiiHa. Ha BTOpoM 3Taxke pacroioKeHbl
CIIOPTHBHBIE 3aJIbI C TPAHCHOPMUPYIOIIEHCS MEPEropoIKOH.
B HapyxHOH 0005I04K€ YCTPOEH OIPOMHBIN 3E€HUTHBII
¢oHaps.
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Puc. 8. OopazoBaTtenbublii neHTp «Cupuyc» (Poccusi, Coun):

1 — agMUHHMCTPATHBHO-CNAJIBHBIA KopHyc; 2 — «Hkoay»;

3 — «HckyceTBO» 4 - «Criopm™»

Puc. 9. Kopnyc «llIkona» B «Cupuyc»:

a — IUIaH MepPBOro 3Taxa; 6 — paspes

B B

S ¥ 5

5 CRY R

Puc. 10. Kopnyc «Criopm» B «Cupuyc»:
a — IJIaH MepBoro 3Taxka; 0 — IJIaH BTOPOro 3TaKa; B - pa3pe3

Kopnyc «MckyccTBo» 3ampoekTHpOBaH B IIaHE B
Bune «pbiOku»  (puc.11). IlmanmpoBodHOe perIeHHe
JIOCTaTOYHO CJIOKHOE — COYEeTaHUEe aTpuyMa U KOPUAOPHOI
cucreMbl. IlpenycMoTpeHBl pa3iaMyHble IO IUIOLIATH
MIOMEILEeHNS, IPEeJHa3HAUE€HHbIE AJIS 3aHATHH )KUBOIIUCHIO U

CKYJIBIITYpOii, MY3bIKOH, TIEHUEM, TaHIIAMH,
peneTULHOHHbIE OaJsieTHBIE KJIaCChI u T.IL
3anpoeKTUPOBaHbl U KOHLEPTHBIH 3aJl CO CLEHMYECKOH
IUIOIIAAKOW M OajJKOHaMH B BHJE OTKPBITOI Tanepeu, U
BBICTABOYHOE IPOCTPAHCTBO.




TR - ML
| | | |

Puc. 11. Kopnye «HMckyceTrBo» B «Cupuyc»:

a — IUIaH NepBoOro Taxa; 6 — paspes

PaccmoTpennsie CTPOUTEIILHBIE 0OBEKTEHI,
OpPUECHTUPOBAHHBIC HA MOJIOJIEKb, OJHO3HAYHO yKa3bIBAIOT
Ha  HEoOXOIUMOCTbH HX  MHOTO(QYHKIHOHAIEHON

HAaIIPaBJICHHOCTH, OPUTMHAIBHOCTH B pEIICHHH (acajoB,
HUHTEPHEPOB ¥ KOHCTPYKTUBHOTO PEIICHUSI, OTKPBITOCTH ISt
GOJNBIIMHCTBA TTOTBb30BaTeNie. OHAKO TIIABHBIM OCTAETCS
BOIIPOC ~ BOBJEYEHMS IIOAPACTAIONIETO IIOKONEHHS B
aKTUBHYIO COLHOKYIbTYPHYIO JKH3HB, «OTBOEBAaB» €r0 OT
OITyTHIBAIOIINX CeTel NH(POPMAITHOHHOTO O0IIEeCTBA.

3.2 Konnenuusi TNPOEKTHPOBAHUA  MOJIOJEKHBIX
ueHTpoB AJst Pecny0siukn Y36exkucran

Ha ocHoBe aHanm3a MHPOBOTO OMBITA MPOEKTHPOBAHHS
3IaHUK MOJIOA&KHBIX [IEHTPOB U M3YYEHHUH ITyOJIMKALIIA 1
COOCTBEHHBIX HCCIEOBAaHUH, KAaCAIOIIUXCA JOCYTOBBIX
HpeIIoYTeHUH 3ToH KaTteropuu rpaxaan [10 — 13], 6buia
copmynupoBana ApXHUTEKTYPHO-IUIAHUPOBOYHAS
KOHIIETIIIMS, KOTOpasi MOXKET OBITH INOJIO)KEHa B OCHOBY
CO3JIaHHsI COBPEMEHHOT'O IPOCTPAHCTBA Ul MOJIOAEXH, B
ToM uncne u B PecrryOunke Y30ekucTaH.

1. Mmnocogynkyuonanvuocme.

CoBpeMeHHBII MOJIOAEKHBIN LEHTP JIOJIKEH
MPEICTaBIATE CO00H MHOTO(YHKIIMOHAIBHBIN KOMIIIEKC, B
KOTOPOM OCHOBHOE BHHMaHHe OyneT oOpaiieHo Ha
HPOCBELICHHE, CAMOPA3BUTHE, OKa3aHNUE HH(POPMAIIMOHHBIX
U KOHCYJIBTAaTHUBHBIX YCIyT, Pa3BUTHE WH()OPMAIIMOHHOM
KyJBTYpPBI ¥ 00ecreueHne HHOPMaIMOHHOI 0€301macHOCTH
JUYHOCTH, OTHBIX, 3IO0pOBBI 00pa3 KW3HHW, OOIIeHHeE,
NpHOOIIeHNe K HAIMOHAIBHEIM IIEHHOCTSIM M MHPOBOIt
KYJIBTYpe, COMKEHHE C OKPY KAIOIIEH Cpemoii.

MHOTroQyHKIMOHATBFHOCTh JJOJDKHA HAUTH OTpaskeHHe U
B O1aroycrpoiicTBe npuseramouiei TeppuTopun.

2. DYHKYUOHANbHOE 30HUPOSAHUE NPOCMPAHCMEA.

Heo0XxoauMo  MHOroypoBHEBO€  (pyHKIHOHAIBHOE
30HMPOBaHHE TMPOCTPAHCTBA MOJIOAEKHOTO IIEHTpAa C
3JIEMEHTaMH TUIABHOTO «IIEPETEKaHUs» U3 OHOTO B APYTOE,
4TOOBI, C OXHOI CTOPOHBI, YETKO Pa3rPaHUUYHUTL PAa3HBIE
XapakTepsl ~ AEATENPHOCTH, HO, BMECTE€ C  TEM,
3aMHTEPEcOBaTh MOJOJEKD JPYTHMH HANpaBICHHIMHI
AKTHBHOTO J0CYTa.

3. Opeonomuunocms eHympenHe2o npoCmpanHcmad.

[TpocTpaHCTBO 37aHHS MOJIOJISKHOTO LEHTPa JOJKHO
MCIOJIB30BaThCsl MaKCUMAaIbHO 3((eKkTuBHO. JlecTHHUIIBI,
rajgeper, BECTHOIOJM, XOJUIbI JIOJDKHBI CTaTh HE MPOCTO
30HaAMH KOMMYHUKAaIUi, a ¥ TPOCTPAHCTBAMHU JUIS
HepopManbHOTO  OOIIEHWs, OpraHM3alMM  BBICTaBOK,
JOTIOJTHUTENBHBIX 3PUTENBHBIX MECT NPH KOHIEPTHBIX M
CIIOPTHBHBIX 3aJaxX.

4.  Texnonocuueckas unmezpayus.

Buenpenue COBPEMEHHBIX TEXHOJIOT Ui
(MynbTUMEANITHBIE CTyIUH, HMHTEpaKTUBHBIC
HH(OpPMAIMOHHBIE CEHCOpPHbIE TaHEeMH U LU(POBBIE
OMOMMOTEKHN, KOMIBIOTEPHBIE KOBOPKMHT 30HBI) Oynmer
CHOCOOCTBOBATH MOBBIIIEHUIO 3()()EKTHBHOCTH OOYUICHUS 1
obOMeHa MH(pOpManued. YUUThIBasl, YTO BaXKHBIM 3TAlloM B
pa3sBUTHH  WHPOPMAIMOHHOTO  OOIIeCTBA  SBISIETCS
BHEJpEHHE pPOOOTU3alUM, TO CIIEIHAIbHBIE 30HBI IS
KOHCTPYHPOBAHUSI  aBTOMATH3MPOBAHHBIX  TEXHHYECKHX
CHCTEM U JAEMOHCTPAllMH pe3yJIbTaTOB IOJDKHBI OBITh
MaKCHMAJIEHO OTKPBITBIMHU U JOCTYITHBIMU.

5. Tpaucgopmayus npocmpancmsa.

Brenpenne — TexHOomorMH  TpaHC(HOPMHUPYIOIIUXCS
MIEPETOPOJIOK, TIO3BOJISTIOIIHX pa3ouTb Ooubiroe
MPOCTPAHCTBO HA TOA30HBI WJIHM, Ha00OpOT, OOBEIUHUTH
Majble IOMEIIEHHs B OONbINOE, IO3BOIUT OBICTPO
aIaNTHPOBATh 3/1aHNE N0 HOBBIE (DYHKIIUH.

6. Aeumayuonnas nHacnsoHoCmb.

Jlns  BoBIeYeHHS MOJIOAEXKH B
JIeITeNbHOCTH, TeM CaMbIM CrocoOCTBYs eé
MHTEIUICKTY aTbHOMY pocrty, nenecooopasHo
WCIIOJIb30BAaHUE MIPH MPOCKTUPOBAHNY 3/1aHII aH(HITagHOM
U aTPpUyMHOH IUITAHMPOBOYHBIX CHCTEM, a Takke
MPO3PavHBIX KOHCTPYKIMH BHYTPEHHHX IEPETOPOJIOK.
Co3nanue He(opManbHbIX MIPOCTPAHCTB Oyner
CTUMYJMPOBATh MOJIOASKb K KOMAHJIHOW (COBMECTHOI)
pabore.

Jns  mpuBiedeHHs MOJIOABIX JIIOfeH B paboty
MOJIOJISKHBIX IIEHTPOB I[eTIeCO00pa3HO NMPEeayCcMaTpUBaTh B
3HAYNMBIX (DyHKIIHOHAIBHBIX MPOCTPAHCTBAX YCTPOMCTBO
OONBIINX BUTpPaXeH, OPHUEHTHPOBAHHBEIX B CTOPOHY
TOPOJICKOM 3aCTPOMKH, YTO MO3BOJIUT MOKAa3aTh AMHAMUKY
MPOUCXOAIINX BHYTPHU MPOLIECCOB.

7.  OpueunanvHocms gopmwl u pacados.

3naHue MOJOAEXKHOTO IIEHTPAa JOJDKHO IPHUBIEKATh
BHUMaHHE HEOXXUAAHHOCTBIO apXUTEKTypHOH (OpMBbI,
HCTIOIBb30BAHIEM HEOOBIYHBIX KOHCTPYKTHUBHBIX PEIICHHH,
«HTpOi» € TBETAaMH W  TEKCTYpaMH  OTAEIOYHBIX
MaTepHajoB, COYETaTh HOBEHIINE apXUTEKTYPHBIC TIPHEMBI
u (QOpMBI C BIEMEHTaMH HAIMOHAJIBHOTO 304ECTBA U
JIEKOPaTUBHO-TIPUKIIATHOTO HCKYCCTBA.

8. Bruiouenue npupooHo2o KOMHOHEHMA.

OOBeNUHSIONIM HIN JTOTIOJHSIONAM MTPOCTPAHCTBOM
MOJIOAEKHOTO  LEHTpa JOJDKEH CTaTh  NPHUPOIHBINA
KOMIIOHEHT B BHUJE BHYTPEHHETO O3CJIIEHEHHOTO JBOpa,
OpamKepeH, MPHUJIeraomed TepPUTOPUN WITH 03eTICHEHHOIT
MOBEPXHOCTH KpHIH. Takie BKIIOUCHNUS PACIIUPSIIOT 30HBI
HedopMansHOTO oObmenns, OTIbIXa u MOTYT
HCTIOB30BATHCS JUIS IPOBECHHS HAYYHBIX UCCIIEIOBAHMI.

9. HUuxniosuenocms.

CMCXKHBIC BHUJBI
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BaXHBIM acCIIeKTOM SBJIIETCA CO3JAHME JOCTYIIHOM
Cpelibl 1JIs JIIO/IEN ¢ OTpaHMUYEHHBIMU BO3MOXXHOCTSIMU. Bee
MPOCTPAHCTBA  JOJDKHBI  OBITH  aJalTHUPOBAHBl  UISL
KOM(OPTHOTO  HCHONB30BAaHHMS  BCEMH  KaTETOPHSIMU
HaceJICHUS.

10. Peanuszayus

apxumexmypul.
3maHne  MONOA&KHOTO  IEHTpa  JODKHO  OBITH
JIOJITOBEYHBIM U ceficMocToWkuM. [Ipu mpoekTupoBaHun
clieqyeT MpeayCMaTpUBATh HCIOIb30BAHUE SKOJOTHYECKH
YHCTBHIX ~ MaTepuanoB. Hapsimy ¢ TpaaWIMOHHBIMU
CHCTEeMaMH KINMAaTH3alli{, HEOOXOANMO MPHUMEHATh
CONHEYHble ©OarapeM W IIAHENW, BETPOTEHEPATOpH,
TEIIOBBIE ~ HACOCHl,  COTNIACHO  3(Q(EKTHBHOCTH  HX
NIPUMEHEHUS B KOHKPETHOM PaliOHE CTPOUTENbCTBA [14].

NPUHYUNOB YCMOU4UBoL

4. 3akja04YeHue

B pesynmpraTe  BBIIONHEHHBIX  HCCIEAOBAHHMH
YCTaHOBJEH KOMIUIEKC AapXUTEKTypHO-IUIAHHPOBOYHBIX
NPUHIHUIIOB (GOPMUPOBAHHUS 3JaHIH MOJIOJISKHBIX IIEHTPOB
B yCIOBHAX  MHGOpPMamMOHHOro  oOmiecTBa s
KIMMaTHYeCKUX  ycioBud  PecnyOmmkm — V30ekucTaH.
Pesynpratel  paboTel  MOTyT  OBITH  HCIONB30BAHBI
apXUTEKTOpaMH  HPH  IPOEKTHPOBAHHH  OOBEMHO-
IUIAHUPOBOYHBIX PENICHUH MOJNOAEKHBIX HMPOCTPAHCTB B
ycrnoBusAx oOydeHHs W JajbHEHINEH  IMepCrHeKTHBEI
caMopealM3allil B YCIOBHAX  HMH(OPMAIIMOHHOTO
ob1ecTBa.

CoopmynupoBaHHEIE TpeOOBaHUS K OpraHH3ALUN
ApXUTEKTYPHOH cpeabl Isi BHEy4eOHOH OesTenbHOCTH
MOJIOAEKH TO3BOJISIT MPOBOJAWUTH IKCIIEPTHYIO OLEHKY
COOPY>KEHHUH, BBIOIHSIOMNX STH (YyHKIIUH.
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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

CoBpeMeHHBIE OAXO0AbI K IPOEKTHPOBAHUIO CTYACHYECKUX OO IIeKUTHIA:
3HePro3pPeKTUBHOCTh, PYHKIHUOHAJIBHOCTh U COLMAJIbHAS cpeaa

Illaymapos C.C.%, Hypmyxamenosa JI.P.!

ITamkenTcKuit rocy1apCTBEHHBIN TPAHCTIOPTHBINA yHUBEPCHUTET, TalikeHT, Y306eKkucTan

AHHOTanus: CraThsl aHAIM3HPYET COBPEMEHHBIC TCHICHIWH B NPOEKTHPOBAHHU CTYICHYECKHX OOIICKHUTHH,
OpPHEHTHUPOBAHHBIX Ha YJOBJICTBOPEHHE IOTPEOHOCTEH CTYAECHTOB B KOMQOPTHBEIX, O€30IacHBIX H
9HeprodG(HeKTHBHBIX YCIOBUSX. B HCCIENOBAHMM PAacCMAaTPHBAIOTCS HPHHLUIBI ()yHKIMOHAIBHO-
KOMITO3HIIMOHHOTO aHaNN3a 00bEMHO-TUIAHMPOBOYHBIX PEIICHHH, a TAKKE UX aJalTalus K HK3MEHEHHAM
00pa3zoBaTenbHON cpenbl H COIHANBHBIM 3ampocaM. Oco0oe BHUMaHUE YIETICHO 3apyOeKHOMY OIIBITY
HPOEKTHPOBAHMUS CTYACHYECKUX OOIIEKUTHH, YTO TI03BOJIMIIO BBISIBUTD JyUIIHE IPAKTUKH YCTOIYMBOTO
CTPOMTENILCTBA M CO3/aHUSI KOM(GOpPTHOH 00pa3oBaTenbHOI cpenpl. B 3awimoueHne npHBeneHB
pPEKOMEHJAlMM 110 COBEPLICHCTBOBAHUIO IPOSKTHBIX pEIICHHWII CTYJEHYECKHX OOIIeKUTHI B
V30ekucrane, ¢ y4eToM CHeH(DUKN MECTHBIX KIUMAaTHYECKUX U SKOHOMHYECKUX YCIOBHH.

Kirouessle cioBa: CTyJIeHYeCKOe OOLIeKUTHE, MPOCKTHPOBAHHUE, IHEProdQ(PEKTHBHOCTh, YCTOWYHBOE CTPOMTEIBCTBO,
colMajibHas Ccpela, apXUTEKTYpHOE MPOEKTHPOBaHHE, (YHKIHMOHAIFHO-KOMIIO3UIIMOHHBIA aHaiu3,
3apyOeXKHBIH OIBIT, PEKPEAI[OHHBIC 30HBI, IKOJOTHYECKUE TEXHOIOTHH

CTaTh OCHOBOH nX Oyaymux mpo(heCCHOHANBHBIX U JIMIHBIX
oTHOIIEHWH.  BaxHOocTh  3TOrOo  acmekra  TpPYJHO

1. BBeI[EHI/Ie MEPEOIIEHUTD, TAK KaK OOLIEKUTHE cnoco6CTByeT Pa3BUTHIO
HaBBIKOB KOMMYHHKAIIMH, TOJIEPAHTHOCTH M CIOCOOHOCTH K
IMepron 00yueHus B By3e SIBISIETCS BKHBIM 9TAIIOM JUIS COTPY/JHUYECTBY, YTO SBISETCS BaXKHOH COCTABISIOLIEH
COLMANTM3AIMN  MOJIOJCKH, (HOPMHUPYST  OCHOBBI  HX COLMATTLHOI aIanTalliK CTYJACHTOB B OOIIECCTRE.
JMYHOCTHOTO M HPO(ECCHOHANBHOTO pocTa. B aToM Omuako B  Pecry6muke — Y30eKHCTAaH — MHOTHE
Iporecce HEMATYI0 POJIb UIPacT IPOCTPAHCTBCHHAS Cpela, CTyICHYECKHE 00mexuTus ObuTH mocTpoeHs! enie B 70—80-
C KOTOpO#l CTYJCHTH TOCTOSHHO —B3aHMOJCHCTBYIOT, X ToJax TPONUIOr0 BeKa IO THIIOBEIM MpPOEKTaM, U B
O0COOCHHO B YCIOBHsX y4eOGHOro 3aBeieHus. OnHuM u3 HACTOSIIIEe BPEMsI MPOIOJDKAIOT JKCIUTyaTHPOBAThCS 0e3
BAXKHEHIIMX  ONEMEHTOB ~ OTOH  CPE;pl  ABIACTCA 3HAUUTENbHBIX M3MeHeHnil. CdopMmupoBaHHass B 9THX
CTyJIEHYECKOEe OOILICKUTHE, KOTOPOE CTaHOBHUTCS JOMOM OGIIEXUTHAX  TPEAMETHO-TIPOCTPAHCTBEHHAs  Cpefa,
JUISL CTYJICHTOB Ha MPOTSHKEHUH HECKOJIBKHUX JIET MX JKU3HU NpeAnoNaraiomas  KopuiOpHOE PACIONOKEHHe  KIIBIX
B Byse. DTOT BHJ JKHJIHIIA JOIDKCH YIOBICTBOPSTE PsilL KOMHAT Ha 2—4 uenoBeKa, He COOTBETCTBYET COBPEMEHHBIM
COLMANBHBIX (DYHKLHH, CIIOCOOCTBYIOMIX KOMDOPTHOMY COLIMATIBHBIM 3aIpocaM U TPeOOBaHMSAM, TPEIbSIBISIEMBIM K
TPOJYKTHBHOMY TPEOBIBAHMIO CTYJCHTOB: COXPAHCHHE y4eOHOMY TIpOLIECCYy M KauyeCTBY >KHU3HH CTYIEHTOB. JTH
370pOBbS, CO3JaHHE ONArONPHUATHOTO IICHXOJOTHYECKOTO 31aHUS He 00ECTIeINBAIOT 0JDKHOTO yPOBHS KOM(OPTA, 4TO
KJIMMara, YCJIOBHUs JUISl HOJATOTOBKU K 3aHATHSAM, a TaKkKe HEraTHBHO BIMAET HA  370POBbE  CTYNEHTOB, HX
OpTraHu3allysi 10Cyra u OTAbIXa. yCHeBaeMOCTb U OOILYIO YIOBJICTBOPEHHOCTb YCIOBHAMHU
CryneH4yeckoe OOILIEKUTHE, SBIAACH HEOThEMIIEMOM IPOKUBAHHS.
YacThI0 YHHBEPCUTECTCKOMN KU3HHM, BBIIOJIHSCT POJIb CBOCTO B oTBeT Ha 3TH BBI30BHI BO3HHMKAET HEOOXOIMMOCTH B
pOZa COLHUATBEHOTO LEHTPA, IIe MOJIOJBIC JIFOIU HE TOJIBKO PEKOHCTPYKIIMH CTYJCHUECKHX OGIICKUTHI, 4TO Tpebyer
TNPOXWBAIOT, HO M AKTHBHO B3aMMOJCHCTBYIOT Ipyr ¢ W3MEHEHUI KaK B 00hEMHO-TUIAHUPOBOYHOM PEIICHHH, TaK

IpyroM, (OpMHpPYSI COLUANBHBIE CBSI3H, KOTOPBIE MOTYT
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U B MH)KCHEPHBIX CETSAX M TEIUIOBOM OajlaHCe 31aHMM.
CoOBEpLICHCTBOBAaHUE II03BOJIMT HE TOJIBKO  YIIYHIIHTh
YCIIOBHSI TIPOKMBAaHMS CTYZEHTOB, HO M co31aTh Ooiee
3¢ dekTHBHYI0 00pa30BaTeNbHYIO U CONMAIBHYIO cpeny. B
YCIIOBHSIX COBPEMEHHOTO MHpa, KOT/Ia aKI[EeHT Ha 3/I0POBbE,
TICUXOJIOTHYEeCKHH KOoMGOpT ¥ pa3HooOpasme Jocyra
CTaHOBUTCS Bce 60JIee 3HAUUMBIM, BaXKHO IEPEOCMBICIIUTD U
OOHOBHUTb apXUTEKTYpHbIC M (DYHKIHOHAIBHbBIE HOAXObI K
MIPOCKTUPOBAHMIO CTYJCHUECKHX OOIICKHUTHIA.

2. MeTo0J10Tvl iCCJIeIOBAHUS

B wuccnenoBaHMM HMCHONB30BaHBI TEOPETHUYECKHE H
MPaKTHYeCKHe  MaTephajlbl, KOTOPHIE  PacCKPHIBAIOT
TIPUHLUIBI TPOEKTUPOBAHUS CTYJEHUYECKUX OOIEKHUTHH U
JKUJIBIX  3[JaHUM,  COOTBETCTBYIOLUIMX  COBPEMEHHBIM
MOTPEOHOCTSAM  CTYIEHTOB.  YUHUTBIBAIOTCS ~ HOBBIE
TpeOOBaHMS, BBI3BAHHBIE pAa3BUTHEM OOpa30BaTEIBHOM
cpenbl, H3MCHSIONMMHUCS  YCIOBHSAMH  COLMAIBHOI
ajlanTanuy ¥ He0OXOIMMOCTBIO 00ecTIedeHHsT KOM(OPTHBIX
u Oe3omacHBIX ycioBWH Uil mpokuBaHusA. Ocoboe
BHUMAaHHE yJeJseTcss BOIpocaM SHeprodddexTnuBHOCTH U
YCTOWYMBOCTH 31aHUH.

OCHOBHBIM ~ METOZIOM  HCCIIEIOBAaHMS  SBIAETCS
(YHKIMOHATBHO-KOMIIO3UIMOHHBIN  aHAM3 MPOEKTHBIX
peleHnH UTs CTy IeHYECKUX OOIMICKUTHI 1 )KIIBIX 31aHHH,
OpPHEHTHUPOBAHHBIX Ha YIOBIECTBOPEHHE IOTpPEeOHOCTEH
CTYZICHTOB B KOM(OPTHBIX YCIOBHAX JUISl Y4€Obl, OTABIXA U
COIIMAIIBHOM  aKTUBHOCTH. Tarkke  paccMaTpHBAIOTCS
MPOCKTHBIE PpEIICHUs, HalpaBlICHHbIE Ha YJIydllIeHHe
KadecTBa JKU3HM  CTYAEHTOB, CO3JaHHE  3J0POBOIt
TICUXOJIOTHYECKOI aTMocdepsl, obecrieueHme
9Heprod3(h(HEKTHBHOCTH U CO3/IaHHE YCIOBHUIT IS yCIIEITHOM
COIMAITH3AIIH.

3. Pe3yabTaThl HCCI€10BAHNS

ensto UCCIIeIOBAHUS SIBIISICTCS aHaIH3
TpaHCcpopMani  OOBEMHO-TUIAHUPOBOYHOH  CTPYKTYPBI
CTYJICHYECKHX OOIISKHUTHII C y4eTOM COBPEMEHHBIX
TpeboBaHmuil 3HEprodpdekTuBHOCTH. Ocoboe BHUMaHUE
YIEAeTCs BHEAPEHUIO BHEProcOeperarIx TeXHOIOTHH,
TaKMX KaK MCIIOJb30BaHME COJHEYHBIX Oarapei, TerIoBhIX
HACOCOB 1 yTEIJIEHHBIX MaTepHAJIOB, a TAK)Ke ONTUMHU3AINT
WHXEHEPHBIX CHCTEM JUIsl CHIDKEHUSI OTPEOJICHUSI SHEPTUU
W TOBBILICHUS KOM(DOPTAa IMPOXHBAHUS CTYAeHTOB. Jlis

Yuueepcumem Unnononuc, Pecnyonuxa Tamapcman
31aHue yHHMBEpCHTETa HANOMHHAET KopaOilb O4YeHb
nHTepecHOr Qopmbl. Ceifuac B COBpPEMEHHBIX TOpoJax
OYeHb MHOTO CTEKISHHBIX 31aHui. Ho, apXuTexkropsl-
MPOEKTUPOBLIMKN JAHHOTO TPOEKTa HE HCIOIb30BaIH

BBISIBJICHUSI OCHOBHBIX TEHACHLUH B IPOEKTHPOBAHUH
9HEProdG(HEKTHUBHBIX CTYACHYECKUX OOLICKUTHH ObLI
NPOAHATN3UPOBAH  3apyOEKHBIH OIBIT CTPOUTENILCTBA
HOJOOHBIX OOBEKTOB, YTO IIO3BOJIWJIO BBEISBUTBH JIy4IIHE
HNPaKTHKA B OOJACTH YCTOWYMBOTO CTPOUTENBCTBA. OTH
MOAXOABI CHOCOOCTBYIOT HE TOJNBKO CHIDKEHHIO 3aTpaTr Ha
JHEpronoTpedlieHre, HO U co3aaHuio Oojee KOMGOPTHOI,
JKOJIOTUUECKU YHUCTOH 1 GE30IIaCHOM CpeIbl TS CTYACHTOB,
9YTO 0COOEHHO BaXXHO B YCIIOBHAX COBPEMEHHOTO OOIIECTBA,
aKIEHTUPYIOIIET0  BHUMAaHME  HAa  3KOJIOTMYECKOit
OTBETCTBEHHOCTH.

3.1 3apyOe:kHblii ONBIT NMPOEKTHPOBAHMSI

MOJIOJI€KHBIX 00bEKTOB

Hazapoaee Ynusepcumem, zopoo Hyp — Cynman.

Hazap6aeB  YHuBepcuTeT  MpeACTaBIseT  LEJIBIA
YHHABEPCUTETCKUI KOMIUIEKC — KaMITyC. 3/1eCh HaXOJISITCS
BCC YCJIOBHS Ui y4eObl, ISl OTAbIXa OOYYaroIUXCS H
nperoaBaTesei. Teppuropus YHUBEPCUTETCKOTO
KOMIUIeKca 3aHuMaet 95 ra. OH BKIOYaeT B ce0s HaydHYIO
U y4eOHYyIO0 30HBI, CIIOPTUBHBIA KOMILIEKC, OOIIECTBEHHBIH
MapK, CTyJeHYeCKHe OOIISKHUTHS M JKWIbIC OOMa JUISL
npenofasateneil. Kammyc pasoutr Ha (GyHKIMOHAJIBHEBIC
30HBI, CBA3aHHBIC MEXIy c000il. B HEM ecTh COBpeMEHHbIE
yueOHbIe KaOMHETHI, Hay4HbIe Ja00paTOpPHUH U OHOIHOTEKA.

Bu3uTHOI KapTOYKOH INIaBHOTO YHHUBEPCHTETA CTPAHbI
SBIACTCS  aTpuyM. YKpalleHHeM, ILIEHTPOM, SIPOM
LHEHTPAIbHOW 4YacTWM XOJUla SBJISETCS BEYHO3ENCHBIE
MaJBMBI, (POHTAHBI Pa3HBIX [[BETOB C MIOICBETKOM 1 OacceiiH,
CO3JAOIIUH YIOTHYIO aTMoc(depy Ie MOKHO IMpPOTYJISThCS
MEX/Ly 3aHATHAMH B XOJIOIHYIO IIOToy. Y4ueOHbIe KopITryca
uMeroT BUJ Ha ampurearp (Puc. 1a).

CryzneHuyeckoe OOLIEKHUTHE — LENBIH KOMIUIEKC CO
CBOMMH  KHMHO3aJlaMH, KiIybaMH 1O  HHTepecam,
KOHIIEPTHBIMHM U CIIOPTHBHBIMH 3anamu. Bce 3T 3maHus
OOIIEKUTHST MMEeT B IUIaHE NPsIMOYrojbHYyI (opmy ¢
OompmmM  atpuyMoM.  OOWEXUTHS AN CTYIEHTOB
MOCTPOCHBI TI0 TEXHOJIOTHH 3€JIE€HOT0 KaMIlyca: BCe
MaTepHaigbl  WCIOIb30BAHHBIE  HPH  CTPOUTENHCTBE
9KOJIOTHYECKH 4HcThie W Oe3omacHele. B kammyce ecTh
CrenManpHble Mecta Uil cOopa Makynmatypel. A s
YJOBJIETBOPEHUS noTpeOHOCTEH ropsiaei BO/IbI
HCIIOJIb30BaHbI COTHEYHbIEe OaTapen Takke pa3paboTaHHBIE
B yHuBepcutere. Kpome Bcero, mis oOorpeBa 3IaHUs
UCTIOJB3YIOT TEIUIOBBIE HACOCHl M JHeprocOeperaromiye
CTEKJIONAKeThl. Bce 3TH TEXHOIOTUH MPHIYMaHbl HAyqIHOI
naboparopueii yanBepcutera Hazap6aesa. [1] (puc. 16,18).

B
Puc. 1. Hazap6aeB YHusepcurer, ropog Hyp — CyaraH: a - aTpuyMm; 6 — MHOI03Ta:kHOe O0Le:KMTHS A1 MAarUCTPAHTOB U
yuHuTeseil; B - KUJIble KOMHATHI 00 IEeKUTUS

MOHOTOHHOCTH (hacasia 3a CYET UMIIPOBH3AINN C PETbehOM
n3 nepeBo. Kopmyc yHmBepcuTeTa Kak OBl IIIBIBET —
BOJIHHUCTBIE, IIABHBIC JIMHUH TJI€ TO YBEJIUUUBAIOTCS, 1€ TO
UIyT Ha MUHUMYM. Tak, pacay yHHBepcUTETa HE CMOTPUTCS
CKYYHBIM, MOHOTOHHBIM, OJJHOTUITHBIM. DTHU k€ JMHUH Ha
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(dacagax NHOBTOPSAIOT JIMHUM IIPUPOABI TJ€ HaXOIUTCS
YHHBEPCUTET U penbedsl 3TOro MecrTa. I'pymnma KoHcounei
YBEIUUYUBACT 3/1aHHE BBEPX, U CKJIA/IbIBAeTCs BIICYATICHUE
YTO MACCUBHBIM KaMIIyC YHUBEPCUTETA NApUT Haj 3eMieH .
(Puc. 2a ). BHyTpn Kkopmyca JOCTaTOYHO €CTECTBEHHOTO
OCBEIEHH ¥ IPOCTPAHCTBA 3a CYET MPOCTOPHOIO aTPHyMa.
BHyTpeHH:s 9acTh KaMITyca COCTOUT U3 Pa3HBIX KOPUAOPOB
- MEePEX0/I0B, KOTOpBIE SIBIISIOTCS TJIaBHBIMH
cocraBinsomuMy.  OTJenbHBIE HEBECOMble  KaOHMHETHI
YAUBISAIOT CBOEH JIETKOCTBIO. APXHUTEKTOPHI U AW3aifHEepbI
BHIOpAJIM MMEHHO OCnbId M 3€JNeHBI LBET, U OTACNKH

BHYTPEHHETO MPOCTPAHCTBA, YTO SIBIIETCS CBA3BI0 MEKIY
TIPUPOJIOH ¢ TOPOJOM.

CryneHTaM yHHMBEpPCUTETa O4YEHb II0BE3JIO MU UM
HPaBHUTCS YTO, B CaMYI0 IUIOXYIO IIOTOY M He 00s13aTeIbHO

BBIXOJIUTh Ha ynuiy. Tak Kak ecTb M3 37aHHs KOpIyca
OTZAENbHbIE BXOABI U BBIXOJBL. Tak, OHH MOTYT IONAacTh B
CBOE OOIIEKHUTHE MO MOJ3eMHBIM IepexogaM. OIuH Takoit
MOA3EMHBIH KOPHAOp OOBEIMHSET YUeOHBIH KOpIyc C
YEeTBIPEMSL  JKWIBIMH  CTYJICHYECKHMH  OOLICKHUTHAMHU.
Kommnekc  yHMBEpCHTETCKOTO  ropojka IMpOJOJIKAIOT
JKUJIBIE CTy[ICHYECKHE OOLICKHUTHS, COCTOSIIUA U3 5
staxkeil. Ha ¢acagax apXWTEKTOpHl Takke HCIOIb30BAIU
UHTEpecHyl0 Hrpy. Jnd OONMLIOBKH TNPUMEHSUICh POK
MaHeNH Cceporo, Oenoro ILBeTa, HMUTHUPYIOMIUE AEpeBO
Pa3HBIX OTTEHKOB, U3 KOTOPBIX MOIy4mIack Mo3anka. Camu
MaHEeNIU TEIJIO03alllUTHBIC, OHU MPOU3BOJATCA U3 KaMEHHOH
BaTbl U HMMEIOT BBICOKMH YPOBEHb I102KapOyCTOHYUBOCTH
(puc.26 ).

Puc. 2. Yuusepcumem Hunononuc, Pecnyonuxa Tamapcman:
a - 001Mii BUA; 6 — KOpIyca yHUBEPCHTETA

Oowencumue Hoeocubupckozo z2ocyoapcmeeHnozo
YHUgepcumema

[TnanupoBka  OOIIEKUTHH  KOPHIOPHOTO  THHA
BKITIOYaeT B ce0s Kak OJHOMECTHBIEC, TaK M JIByXMECTHBIC
JKIITbIe KOMHAThl. Kakapril xummolt OJ0K MMeeT KOpHaop,
caHy3eql ¢ JOCTYNHON CaHTEXHUKOW, BaHHYIO KOMHATy M
KYXHIO, KOTOpasi 00CITy>)KUBaeT BeCh dTax. B oOmexxuTun
PacrookKeHo 526 KHUIIbIX KOMHAT, MpeAHa3HAYSHHbIX IS
1-2 yenosek. Kak ykazaHo, Ha Ka)KIOM 3Ta)ke ecTh oOIIas
KyXHS C HEOOXOIUMOW MeOenblo, XOJIOIWIBHUKAMH ¥
JNEKTPOIUIMTAMH, a TaKKe KOMHATHI I y4eObl, Jocyra U
OTAbIXa. B IOKONBHOM 3Take HAXOIWTCS TIpadeyHas C
CTHPABbHBIMUA MAITMHAMH, KOMHATON JJIS TIAXKKH U CYIITKH

ONCKIBI, a Ha TMEPBOM dTaxe — cToyioBas (kaderepuii).
CryzneHTHI 1-2 KypcOB NPOKUBAIOT B OOJBIINX, CBETIBIX U
VIOTHBIX KOMHATax Mo 3 4eloBeKa, 4YTO JaeT UM
BO3MOXKHOCTb TO3HAaKOMHUTBCS C HOBBIMH JIIOABMH U3
pa3HeIx TopomoB m crpaH. CrygeHTsl 3-4 KypcoB
pa3mMeraotcst B 0oilee KOMITAKTHBIX KOMHATax it 1-2
YeJ0BeK, KOTOPbIC TeM He MEHee TaKkkKe yJIOOHBI U YIOTHBL
Kaxpmas xomHaTa 00OpyZOBaHa CTaHIAPTHOW MeOelbio:
KpOBATbhlO, CTOJOM, CTYJBSIMH, HPUKPOBATHOW TyMOOH,
mKkahoM JUI OJSKABI U MOJOYKaMH. J[JIs pOoJICTBEHHHKOB
CTY/ICHTOB TPEAyCMOTPEHBI CHELHaNbHbIe 30HBI  JUIS
OT/IbIXa U BPEMEHHOTO MPOXKUBAHMS BO BPEMsI BU3UTOB.

Cmyoenueckuit  20poook  Tuemzen 6  z2opode
Konenzazen nperncrasisier coOol yHHKaNbHOE OOIIEKUTHE
Kpyriaoii  (Gopmbl ¢ OONBIIMM BHYTPEHHHM JJBOPOM.
Crnannsiit B 2006 rony, kaMmIyc BKItodaeT 7 3taxeit u 360
JKIJIBIX ~KOMHAaT obmed mmiomaneto 26 800 kB.M.
ADXUTEKTYpHOE pEILIEHHE CHMBOJM3UPYET EIHUHCTBO H
PaBEHCTBO, a MATh BEPTHKAIBHBIX JIMHHUN Pa3AeNsioT 31aHne

0
Puc. 3. Oomexntie HoBocHOMPCKOro rocy1apcTBeHHOT0 YHHBEPCHTETA
a-¢hacan, 6 - HHTepbep

Ha (pYHKIHOHAIBHBIE 30HBI, COETUHEHHBIC IPOXOIHBIMU
apkame, BeIyIIUMH BO 1BOp. KyXHH [UISi CTYJEHTOB
pacHoyNokKeHbl M0 OJHOI Ha Kaxkaple 12 KMJIBIX KOMHAT,
Kaxaas obopyoBaHa HEo0X0 MO Mebenblo,
MOPO3MJIbHUKAMH U IUTUTAMH.

Kaxknast sKuioi KOMHAThl UMEET IIomaas ot 26 a0 33
KB.M, a JUISI CEMEHHBIX MJIM MaruCTPAHTOB MPEIyCMOTPEHBI
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30 IByXKOMHATHBIX alapTaMeHTOB IJIomanbko 45 k.M. Bee
KOMHAThl MMEIOT OJIMHAKOBYIO (OPMY C IIHPOKOH YacThiO,
MapajyieTbHOM  JBepH, ©  OOCCHCYCHBI OKHAMH  C
TIPEeKPacHBIM BUIOM Ha KaHall M OKpecTHOCTH. Pa3zmernenne
KOMHAaT, OKOH M Teppac co37aéT (yHKIMOHAIBHOE U
TapMOHMYHOE IPOCTPAHCTBO, TA€ KaXIBI  yroJoK
HATIOJIHEH CBETOM U CBEXHM BO3IyXoM [2].

@acan 3maHMSA  OONMIIOBAaH MEOHBIM CIUIABOM  C
Pa3IBMKHBIMH IIEPErOPOIKAMH JUIS PETYJIMPOBAHNUS CBETa U
TEeMITIepaTypbl, 4TO JAeNaeT 3AaHue dHeprodpQexTHBHBIM U

YAOOHBIM I MPOKUBAHUSA B JI0O0OE BpeMs CYTOK. DTOT
Marepuai o3BOJISET JIETKO NOICPKUBATH CTEHBI B YUCTOTE
Y MUHUMH3UPOBATh HEOOXOANMOCTh B YaCTOM PEMOHTE.

Lenp  mpoekta  3akmouaeTrcs B CO3aHHU
WHHOBAIlMOHHOTO W KOMQOPTHOTO  CTYISHYECKOTO
OOLIeKUTHS, KOTOPOE 00ECIeUnBAET CTYICHTOB HE TOJIBKO
COBPEMEHHBIMH M YIOOHBIMH YCIOBHAMH IS IPO’KUBAHHU,
HO M CIOCOOCTBYET pa3BUTHIO COLMAIBHON CpPEBl,
HOJICP)KUBACT 3HEProdPEeKTUBHOCTE M YCTOIYMBOCTH
3IaHHUSL.

Puc. 4. Cmyoenueckuii zopoook Tuemzen 6 zopode Konenzazen
a — o0IIUiT BU; 0 — IJIAHBI dTAXKEH:

Obwesrcumue Maccauycemckozo Texnonozuueckozo
uncmumyma «Simmons Hally ¢ 20pode bocmon

Lenpto mnpoekta OBUIO OOBEAMHUTH HPOCTPAHCTBO
BOKPYT U BHYTpH Kammyca. MTU xoTenn cienarts 31aHue
(YHKIMOHANBHBIM, a apXUTEKTOp XOMUI XOTeN CO31aTh
HEOOBIYHOW (POPMBI KOPITYC IJISI TOTO YTOOBI CTYIEHTHI U
HETOJIBKO MOTydalId 3CTeTHIECKOe HaCIaKICHNEe CMOTpS Ha
3laHWe W YIOUBIACH He3aOblBaeM OHW3aliHOM 37aHus. B
pe3ynbrate coBMecTHOH paboTel MTU U apXuTeKTypHOTO
MPOEKTHPOBIIUKA Xomna OBLIO peann3oBaHo
JNECATHITAXHOE 3JaHHe JUI IPOXKHBAaHHS CTYACHTOB,
KOTOpOE CTaJI0 CBOETO poja «ropojoM B ropoze». [Ipoext
COYETAaeT pA3NIMYHbIC APXUTEKTYpHbIE pEIICHHs ¥

SR

FERFEEE] B8 R

a

3IIEMEHTBI, BKJIFOUasi KOMOHHAIIMEO TBEP/BIX TEN U MYCTOT, a
TaKXKe  KOHTPACT  MEXIYy  HENpO3pauyHOCThI0  H
MPO3PAYHOCTHIO. KoHcTpyKTHBHOE peleHue,
MPEVIOKCHHOE MPOSKTHPOBIIMKOM, TO3BOJIMIIO 3aHHI0
(DYHKIMOHMPOBATh KaK «TyOKa», CO3[aBas IIOPUCTYIO
CTPYKTYPY, Uepe3 KOTOPYIO €CTECTBEHHBIH CBET MPOHUKAET
B mioMenieHus1. Takue OTBEPCTUS HE TOJBKO 00eCeynBaoT
NOCTYIUIEHHE JIHEBHOTO CBETa, HO M CHOCOOCTBYIOT
UPKYJISMA  BO3IyXa, 4YTO YJIYYIIAET YCIOBUS JUIS
OPHEHTAIMH CTY/CHTOB Ha 3Ta)KaX W B IEJIOM IOBBIIIACT
KOM(OpPT MNpoXHBaHWs. Ha OpHUTHHAJBHBIX  3CKH3aX
apXUTEKTOpa BHIHO, KaK OTH OTBEPCTHS BBIMOJIHAIOT
(DYHKIIMHU KaK OCBEIICHHSI, TAK U BEHTHISAIMH (pHc. 50).

Puc. 5. Obowerncumue Maccauycemckozo Texnonozuueckozo uncmumyma
«Simmons Hall», 2.6ocmon, CIIIA
a — o0l BUA; 0 — LUPKYJISALMA BO31yXa B KopIyce:
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Bikuben Kollegiet — oowesrcumue ¢ cmune Kyousm.
3nanue coctonT u3 107 CTyAMHHBIX KBapTHP HAa LIECTH
STaXax W BKIOYACT TPCHAXKEPHBIA 3al, MpadyeyHyIo,
Teppachl U KOMHATy s BeueprHOK. Kak 1 B OOLICKUTHH
Tietgen, Ha KaXIOM O3TaXe HMMCIOTCS OOIINE KyXHH H
TOCTUHBIE, CIIOCOOCTBYIOIIME CO3JaHUIO  COIMAIBHBIX
CBA3CH MEXY )KUTEISIMH.

ADXUTEKTOPbl ~OTMETHJIH, 4YTO «OAHHOYECTBO M
OTCYTCTBHE COLMAIBHBIX CBSI3ell — OCHOBHBIC NPOOJIEMBI
JUISL MHOTHX CTYZAEHTOB». MX Lenbio ObUIO «oOecneduTh
MaKCHMaJIbHOE B3aUMOJCHCTBME MEXAYy OOIMMH U
YAaCTHBIMH  [OMCUICHUSIMH, [PH  3TOM  TapaHTHpPYs
MPUBATHOCTh KaKI0i KBapTUPBI». OCHOBHBIM
APXUTEKTYPHBIM ~pCLICHHEM JUIsl JOCTHIKCHHSL 3TOrO
SIBIISICTCSL «JIBOMHAs CIHpalb», OKPYKaollas aTpuyM B
LEeHTpe KyOOBUAHOTO 3/1aHUS.

DTOT arpuyM SBISETCS CIOXHBIM IPOCTPAHCTBOM,
TPaHHIBl KOTOPOTO pAa3leNsAioT OOIIMe ITOMEIICHUS,

Teppachl, COEJUHEHHBIE C BHEUIHEH YacTblO 3J1aHus, U
BEPTUKAJIbHBIE KOMMYHMKALIUH. BsaumogneiictBue
MPOUCXOINUT MO-Pa3sHOMY: IIPH [IBIDKEHHH II0 3IaHHIO,
NPUTOTOBJIICHUN IIMIMM HAa KyXHE WIM HPOCTO CHAI B
TOCTHHOHM M HaOmronas 3a ImpocTpaHcTBOM. PazHooOpasme
IPOCTPAHCTB ¥ OPHEHTalUs STHX OOMMX 30H JelaeT
peureHne 00 OpHMEHTALMM TPOEKTa Ha COLHUATbHOE
B3aMMOJICHCTBHE YCHECUTHBIM. [3]

CrnoxHas cxeMa IUPKYSIIUH U OOIIMX MPOCTPAHCTB
BBIp@XKEHA B BBIPE3aHHBIX Teppacax, OOBUBAIOIIUX YETHIPE
CTOPOHBI 3[aHMS, YTO JOMOJHHUTEIBHO MOAYEPKUBAETCS
SIPKMM OpaH)KEBBIM IIBETOM BEPTUKAJIbHBIX KOMMYHHKAIIUH.
OcranbHas 4acTh (acasa BEIIOJIHEHA B BUJE IAXMaTHOTO
y30pa CBETJIBIX M TEMHBIX CEPBHIX OJOKOB, YTO BHU3yaJIBLHO
CKpBIBAaeT OKHA, CO3[aBas WIIIO3UI0 AHOHUMHOCTH U
MPUBATHOCTH AT OTACNBHBIX KUIBIX TOMEIIEHHH.

Puc. 6. Bikuben Kollegiet — o6ue:kutue B cTiie Kyousm
a — miaH; 0 — pa3pes:

B wurore, Xors  3apyOexHblE  NPUMEpHI
TIPOCKTUPOBAHHS CTyJJCHUECKHX OOLIeKUTHI
TIPECTABISIOT coboit BBICOKO? (P EKTHBHBIE u
WHHOBAIMOHHBIE PENIeHHs, TPOSKTHPOBAHNE OOIEKHUTHI B
V30ekucraHe  JOJDKHO  YYUTBIBaTh  cHenuduueckue
KJIMMaTHYECKUE U SKOHOMHYECKHUE YCIOBHS, OTPaHNIECHHBIE
WHBECTUIIMM B HOBBIE TEXHOJOTHM M HEOOXOANMOCTh
aJlanTalnuy K MECTHBIM PEaNHsIM.

3.2 PekoMeHganuun

Ha ocHoBe anHanm3a MHPOBOTO ONBITA MPOEKTHPOBAHHS
CTyICHYECKHX OOWIeKHUTHH M W3y4eHHs MyOIHMKanui, He
MEHEee BaXKHBIM aCHEKTOM SIBJSIETCS CBsI3b C Mpuponaoil. B
MIPOEKTHPOBAaHUH  OOIMIEKUTHUH  BaXXKHO  HCIIOIH30BATH
DJIEMEHTBI, TaKH€ KaK aTpUyMbl, BHYTPEHHHE JIBOPbI U

MPOCTOPHBIE OKHa, KOTOpBIE CIOCOOCTBYIOT
MaKCHMAaIbHOMY HCIIOJIb30BAHUIO COJHEYHOTO CBETa U
00eCTIeYeHNI0 €CTECTBEHHOH BEHTWIALUH. DTO TO3BOJIUT
CO3/1aTh 3JI0POBYIO U MPHATHYIO aTMOchepy Ul CTyJCHTOB
U CHHM3UTH 3aBHCHMOCTb OT MCKYCCTBEHHOTO OCBELICHUS U
KOHMIIMOHUPOBAHUSI.

Kpome Toro, mpmes moguepkuBaeT HEOOXOIMMOCTH
WHKIIIO3UBHOCTH ¥ JOCTYITHOCTH 3[JaHUH IS BCEX
CTY/ICHTOB, BKJIIOYAsi WHBAIUIOB, YTO TpeOyeT CO3MaHMUS
Oe30appepHOl  cpembl W YHOOOHBIX  JJIEMEHTOB
HH(PACTPYKTYPHI, TAKUX KaK JADTHI U MAHTYCHL.

Ha OCHOBE aHanmsa MOXHO COCTaBUTH
BUJION3MEHEHHYIO CXeMy (DYHKIIMOHAJILHOT'O 30HUPOBAHUS
(puc. 7), BKIIOYAIOIIYI0 B ceOsl JOMOJHUTEIbHBIC 30HBI B
OOIIECTBEHHOH YacTH, a Takke Oojiee MEJNKHE >KHIIbIe
SIYEHKHU C OT/AETbHON KyXHEH U CaHy3JI0M ISl OBBIIIEHHON
KOM(OPTHOCTH TpokuBanus. [5]- [8]

Aveiika
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Kownara

Kunas
Kinas

|}.\m._. y

Kunas

OT/IbIXa

Aueiika
AeHKa

Kitnas
Kinas
Kunas
fuelika

OGinecrre|

Hzonstop, MocTupounas ¢
> © ALHoi 1

1HAA yacTh

BuGanoreka

KowmaTa
oranixa

INomeimenns ans pasoTe!
Kpy Ko

TloMemen e aammnneTpaimm
+ nepconana

BecrnGione

[TOMEIISIIHA /Ui KYILTYPHO-
MACCORKIX MEPOIPHATHI

i nns enor ax
aannTi

Puc. 7. IoaHoueHHasi PYHKIHOHAIBHASI CTPYKTYPa 00LIeKUTHI /1151 CTYI€HTOB BY30B C COUYETAHHEM KUJIOH U
Y4eOHO-10CyroBOii YacTH
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Coueranue COLIMOKYJIBTYPHOM,
TOPrOBOPA3BJIEKATENBHOM W aJIMUHUCTPAaTHUBHOAEIOBOMN
(YHKIMI B NPOCTPAHCTBE XWIOW Cpelsl IMPHBOIHUT K €
APXUTEKTYPHO HPOCTPAHCTBEHHOMY M (DYyHKIIHOHAIBHOMY
pa3HO00pa3smio.

OcHOBHOI1 Weell mpeIaraeMoro IpOEKTa SBIIETCS
CO3JIaHHEe CBOEOOPA3HOTro OJIOKA 3IaHMH, BKIIIOYAIOILIETO B
ce0s HECKOIBKO XKUIIBIX KOPITyCOB, 00BEIMHEHHBIX EPBBIM
HEXWIBIM 3TaXOM. THIOBOM 3TaX 3JaHUs NPEACTaBIAET
coboif  rpymmy  KoMmQopTaOelpHBIX  JKHIBIX  SYECK,
CO3/IaHHBIX IO MPHHIUITY MUHHU-KBApPTHP Ha JBYX UENIOBEK C
COOCTBEHHBIM CaHy3JI0M u KyXHeH-HUIIeH,
OpTaHN30BaHHBIX BOKpYT 00IIecTBEeHHOM 30HEL.
OOmecTBeHHasI U peKpealnoHHasi 30Ha COBMEIAIOT B cebe
KaK OTKpBITBIE, TaK W 000COOJIECHHbIE MPOCTPAHCTBA JUIS
OTIbIXa U 3aHATHH.

PannonanpHON KOMIAKTHOCTBIO XapaKTEPU3YIOTCS Tak
Ha3bIBa€MbIe IIHPOKOKOPIyCHBbIE OOMmEeXHTHA. Takue
OOIIEKHUTHS TIO3BOJISIOT CHH3UTH TEIIONOTePH,
MHKPOKJIUMAT B HHUX OoJiee yCTOIYMB, MEHEE IOJBEpPIKEH
BETPOBOMY «BBILYBAaHHIO», BBIXOJAXHBAHUIO ITOMEIICHUH
kBapTHp. IlosTOMy Tam, rzae 5TO BO3MOXKHO, CIEIyeT
CTPEMHUTBCS K YIIMPEHUIO KOPIyca HPOEKTHPYEMOro
JKHUJIOTO 3/1aHUSI, TIOCKOJIBKY 3TO 00ECIeunBaeT CHIDKCHUE
TEIUIONOTEPh 332 CYeT YJAydlleHHs Kod(duimenta
koMmmakTHOCTH. [lpm  paspaboTke  MHAWBHUIYaTbHBIX
MIPOEKTOB MOT'YT OBITh MPEIOKEHBI JPYTHE aPXUTEKTYPHO-
IUTAaHUPOBOYHEIE PELICHHUS, obecrieynBaroye
Tem103((HEKTUBHOCTh JKWJIOTO 3JaHus. B wactHocTH
MMEIOTCs TUIAHUPOBOYHBIC PELIeHHs 3/1aHUil, OCHOBAaHHBIE
Ha JIy4e€BOM PacroI0XEeHUN KBapTHP. Taxoi
IUIAHAPOBOYHBIM TPHEM IO3BOJSIET pa3MeIarh Oojbliee
KOJIMYECTBO KBapTHp Ha dTaxe (0T 8 10 12) 6e3 yummHeHus
BHEKBAPTUPHBIX KOMMYHHKAIIHH. Ot perreHus
o0ecreunBalOT yMEHBIICHNE TIEPUMEeTpa Hapy>KHBIX CTEH Ha
eIMHUIly OOIel IUIONIaAM JOMa, YMEHBIICHHE JUTHHBI
Hapy)XHbIX M BHYTPEHHUX WH)KCHEPHBIX KOMMYHHKAIIUH,
yBEJIMYEHHEe Harpy3Kd Ha JUQTH, 4TO B KOHEYHOM HTOTE
BeleT K JKOHOMHOMY pAaCXOJOBAaHHIO JHEPTeTHYECKHX
pecypcoB. OCHOBHBIE BHE-KBAPTUPHBIE KOPHJIOPHI IIPH
JAHHOM TIJTAHIPOBOYHOM PEIICHUH MOTYT OBITh OCBEIIEHBI
BTOPBIM CBETOM.

4. 3akjI09eHne

Pe3ynpTaThl MCCIEIOBaHMS TMOKA3aIHM, YTO OOBEMHO-
IUITAHUPOBOYHBIE PEIICHUs] WIPAIOT KIIOYEBYI0 pPOJIb B
CO3JIaHUN KOM(MOPTHHIX U PYHKIHOHAIBHBIX CTYJEHIECKAX
obmexutii. TriatensHo MpoayMaHHast CTPYKTYpa 3JaHui
W WX OpUCHTAIMsS Ha MECTHBIC KIMMATUYECKUE YCIOBUS
CHOCOOCTBYIOT HE TOJBKO yNOOCTBY IMPOXKHUBaHHA, HO H
YIYYIIEHHIO 3HeProd(pHeKTHBHOCTH.

Ocoboe BHHMaHHE ClelyeT YACIUTh KOHLEMIHN
HCIIOJIB30BaHUA MPUPOIHBIX pecypcos, TaKuX KakK
COJIHEYHOE OCBELICHHE U eCTECTBEHHAas BEHTWJISILNS.
IIpocTopHBle BHYTpEHHHE IBOPHI, (hacaabl ¢ OpUEHTAIHEH
Ha COJIHEYHBIE JTyYd ¥ BCTPOSHHBIE aTPUYMBI 00€CIICUHBAIOT
paBHOMEpHOE ocBemieHHe W 3()(QEKTHBHYIO MUPKYIALUIO
BO3/yXa, YTO CHIDKAET 3aBHCHMOCTH OT HCKYCCTBEHHOTO
OCBCUICHUA U KOHAUITMOHUPOBAHUA.

Kpome Toro, obuiee pacnpeneneHne GyHKIMOHATBHBIX
30H, BKJIIOYas OOLIME MOMEIICHHs, TaKue KaK KyXHH U
CTOJIOBBIC, 1 UX MHTETPALHA C KUJIBIMUA 6J'lOKaMPI ImoMoracT
ONTUMH3HPOBATh  HCIOJB30BAaHHE  MPOCTPAHCTBA U

pecypcoB. OTO HE TOJBKO YIy4llaeT YCIOBUS I
CTYJICHTOB, HO U CIIOCOOCTBYET SKOHOMUH SHEPIUH.

Konnenmus 3Hepro3pGHeKTUBHOCTH TaKKe BKIOYAET
HCIIOb30BaHIE COBPEMEHHBIX CTPOMTEIBHBIX MaTepHaoB
U TEXHOJIOTHIl. YTEIIEHHbIE CTeHBI, COJIHEUHBIE OaTapen 1
TEIJIOBBIE HAacOCHl — BCE O3TO IIOMOTaeT CHU3HTH
HOTPEOHOCTH B OTOIUICHMHM M OXJIQK/ICHHUHM, IOBBILIASL
ycroiunBocTh 3nanuii. [9]- [10]

Takum o6pa3oM, 00BEMHO-TUIAHUPOBOYHBIE PEIICHHUS,
WUHTETPUPOBAHHbIE C COBPEMEHHBIMH  TEXHOJOTHAMH,
CO3AI0T COATAHCHPOBAaHHYIO Cpely, KOTOpas OTBEYaeT
HOTPEOHOCTSIM  CTYIAEHTOB M IOJJCP)KUBACT IIPHHIIAI
YCTOWYUBOTO Pa3BUTHS.
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Digital technologies in urban planning: a development vector for Uzbekistan

Abstract:

Keywords:
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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.
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Hl/l(l)pOBble TEXHOJIOTHH B IPagoCTPOUTEC/ILHOM IMPOCKTUPOBAHUMN: BEKTOP

AuHOTALMS:

KmoueBsie ciioBa:

pa3BUTHA 1JIs1 Y30eKHCTaHa

Mapkat6aesa K. T.102

IKapakannakckuii rocy1apcTBeHHbIH yHuBepcuTeT, Hykyc, Y30ekucTan

B ycnoBusix cTpeMHTENBHOTO Pa3BUTHS MU(POBBIX TEXHOJOTUI IPaOCTPOUTENBHOE IIPOSKTUPOBAHUE
CTaHOBHUTCS KIIOYEBOW 0ONAacThIO Ul MX BHEIpeHMs. B craThe paccMaTpHBarOTCsI COBPEMEHHEIC
(pOBBIE HHCTPYMEHTBI, BKIIOYAsh TEXHOJOTMH MH(OPMAIMOHHOTO MozenupoBanus 3xanuil (BIM),
reouropmanmonnsie cuctemsl (I'MC), mudpoBbie ABOHHMKM W TIaTGOPMEHHBIC pEIICHHS,
HIpUMeHseMbIe B MEXIyHapoIHOH npakTuke. Oco6oe BHUMAHHE yASNCHO aHATN3Y TEKYIIEro COCTOSHHS
OUQPOBHU3AUH TPAaJOCTPOUTENHHON Ccdepsl Y30eKncTaHa, BBIABICHHIO 0aphepoB M MEPCIIEKTUB
BHeZpeHus. [IpoBen€H CpaBHHUTENBHBI aHATH3 C 3apyOSKHBIMH MPHMEpaMH, IPEATOKESHBI
HalpaBJICHUs] Pa3BUTHS HAIMOHAIBGHON 1m@poBol matdopmsl. PesdynbraTtel  ncciemoBaHHs
MOKa3bIBAIOT, YTO IPU KOMIUIEKCHOM MOAJEPIKKE TOCYIapCTBa, MOATOTOBKE KAJpOB W CO3JaHUM
HOPMAaTHUBHO# 0a3bl, Y30C€KHUCTaH CMIOCOOCH YCKOPUTH BHEAPEHUE ITU(POBBIX PEIICHHUH B apXUTEKTYPHO-
CTPOUTENIBHYIO OTpPacib, MOBBICHB TE€M CaMbIM 3HEpProd((eKTHBHOCTh, YCTOWYMBOCTH M KaueCTBO
TOPOJICKOM CpeJibl.

U POBHU3AINSL, TPAIOCTPOUTENBHOE MTpoeKTHpoBaHue, BIM, mnudpossie nsoitauku, [MC, Y36ekucTaH,
YMHBIi Topon, mudporas Tpanchopmars 0009-0007-1710-8228

1. BBeaenue

CoBpeMeHHBII 3Tanm  ypOaHHCTHYECKOTO Pa3BHTHS
XapaKTepH3yeTcs pocTom HaCeJIeHUs rOpOJIOB,
YCIIOKHEHHEM MIPOCTPAaHCTBEHHOTO IUIAHHUPOBAHHS,
MOBBILIEHHEM TPeOOBaHH K SHeProdhGEeKTHBHOCTH 3/1aHUI
M YCTOHYMBOMY HCIIOJBb30BAaHUIO pecypcoB. B aTtmx

YCIIOBHSIX rrdpoBu3arys rpaJoCTPOUTEILHOTO
MPOSKTUPOBAHMSI CTAHOBHUTCS HEOTHEMJIEMBIM YCIOBHEM
3¢ EeKTHBHOTO pa3BuUTHUS TOPOICKOM Cpelbl.

WNudopManroHHbIE TEXHOJIOTHH IO3BOJSIFOT TEPEHTH OT
TPaJANUIIMOHHOTO YePTEKHOTO MOIX0 1A K HHTETPUPOBAHHBIM
U poBEIM MOJIEISIM, 06eceYrBarOIIM
MEXIUCIUIUIMHAPHOE B3aMMOJECHUCTBHE U ONTHMHU3AIUIO
JKU3HEHHOTO ITUKIa 00beKTOB [1].

Ha MexayHapoIHOH apeHe aKTHBHO TNPUMEHSIOTCS
matgopmsel, ocHoBanHble Ha BIM (Building Information
Modeling), T'MC (reomHpOpMAIMOHHBIX  CHCTEMax),
1 QPOBBIX JIBOMHHUKAX u AITOPUTMHIECKOM

& https://orcid.org/0009-0007-1710-8228

MOJICIUPOBAaHUU CLIEHApUeB pa3BUTUs Tepputopuil. OHU
MO3BOJISIIOT HE TOJBKO IOBBICHUTH KAa4deCTBO IPOEKTHBIX
peleHud, HO M O00ecCle4YUuTh MPO3PauyHOCTb IPOLECCOB,
TOYHOCTb OLIGHKH 3aTpaT, IKOJIOTHYECKYI0 YCTOWYHNBOCTD U
BOBJICYEHHOCTH OOIIIECTBEHHOCTH [2].

s Y30ekucrana, Haxonsmerocs B (paze MacmTaOHBIX

TPaIOCTPOUTEILHBIX peoOpa3oBaHuH, BHEJ[PCHUE
I (POBBIX TEXHOJIOT i TIPE/ICTABIISET coboit
CTpaTerMyeckd BaXKHOe  HampasieHue. B crpane

peanu3yroTcs MacTabHble IPOrpaMMbl TI0 MOAEPHH3ALMN
ropoAckod  MHQPACTPYKTYphl, CTPOUTENIBCTBY  HOBBIX
JKUJIBIX U OOIIECTBEHHBIX KOMIUIEKCOB, CO3AaHMIO "YMHBIX
roponos". OmHaKo ypoBeHb NU(POBU3AIUYN TNPOESKTHOI
oTpaciu Bc€ emié ocraéTcsi Ha HayalbHOM CTaauu, 4TO
co3MaéT TPEmATCTBHA Ha IIyTH IIOBBIIICHHS KavyecTBa
ApPXUTEKTYPHBIX PEIICHUH W yCTOWYHMBOTO IUIAHMPOBAHUS
[3].

AKTyalbHOCTh JAHHOTO MCCJICIOBaHUS OIpeAesseTcs
HEOOXOIMMOCTHIO CHCTEMHOTO OCMBICICHUS TMEPCIICKTHB
BHEAPEHHs U(POBBIX TEXHOIOTHH B IPaJOCTPOUTEIIBLHYIO
IPaKTUKy Y30eKuCTaHa, aHAJIM3a MEXIYHapOIHOIO OIIbITa,
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a Take (HOPMYJIMPOBKH KOHKPETHBIX MPEUIOKEHUH IO
cozgannio  dddexkTuBHON  1mdpoBoi  MIATHOPMBEI,
aJlalTUPOBAaHHOM K HALIMOHAJIbHBIM YCIOBUSM.

Ilenbro HacTosmedl cTaThbM SBIAETCA MCCIEAOBaHUE
COBPEMEHHBIX TEHICHIMH NM(pPOBH3AIMK B 00IacTH
TPaIOCTPOUTENILHOTO IIPOSKTUPOBAHMUS, aHATN3 OaphEPOB 1
BO3MOKHOCTEH MX NMpPUMEHEHHS B Y30EKHCTaHe, a TaKkkKe
(dopMHpOBaHHE  BEKTOpa  Pa3BUTHSA  HALMOHAIBHOM
dpoBoit cpensl B IPOSKTHOM chepe.

YposeHb uudppoBU3aLMm1 rpagoCTPOUTENLHOIO
NMPoOeKTUpoBaHuUAa B Mupe
W Vicnonb3osanue BIM (%) Wnterpauus FMNC (%) LudpposreaBoitHUKI
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cTaH

Puc. 1. YpoBens nu¢poBu3aluu rpaocTpoOUTe1LHOT0
NMPOEKTUPOBAHUS B MUpe

2. MeToa0s10rus HCCJIeA0BAHUSA

B HacTos1eM uccneaoBaHuM NPUMEHEH KOMIUIEKCHBIN
AHAJMTUYCCKUM  IOAXOZ, BKIIOYAIOMIMN  CIEAYIOIIUE
METOJIBI:

1.  Konrenr-anamms
HalMOHAIBHBIX HCTOYHHKOB

TIpoBenéH cuCTEeMHBIN aHANU3 CTpaTeruii HU(POBOTO
pa3BUTHs, HOPMATHBHBIX JOKYMEHTOB M  Hay4YHBIX
my OMKanui B chepe TpajioCTPOUTEIBHOTO
npoekTupoBaHus. Oco60e BHUMaHHUE yIIENEHO OTBITY CTpaH
C BBICOKHM YpOBHeM IH(POBO# 3penoct — CuHramypa,
Benukobpuranuu, ['epmannmy, a takoke pernonos CHI'.

2. CpaBHHTEIBHO-CTATUCTHYECCKUI aHAITN3

Ha ocHOBe cOOpaHHBIX TaHHBIX BBIIOJHEHO CpaBHEHHE
YpOBHEW BHEIPEHUS] KIFOYEBBIX IH(POBBIX TEXHOJIOTHI
(BIM, TUC, uudposbie 1BOHHUKN) B Pa3INYHBIX CTPaHAX,
BKJIIOYasi Y30ekucTaH. J[aHHbIe BH3yaJIM3UpOBaHBI B BHUJIE
TabNuI ¥ AUarpamM, 4TO MO3BOJMIIO HATTIAJHO OIEHHUTH
rmoJioXKeHne Y30ekucTana Ha oomemM (oHe.

3. SWOT-anamu3z  mu¢ppoBoil  TpaHchopmanuu
TIPOEKTHOH ceprl Y30eKknucrana

OueHeHbl CHIBHBIE W clabble CTOPOHBI, BHEIIHHE
BO3MOYXHOCTH M HOTEHIMAJIbHBIE YTrpo3bl MPU BHEIPEHUH
I (POBBIX pereHui B IpaloCTPOUTENILHOE
NPOEKTHPOBaHHE Y30eKHcTaHa. DTOT aHAIM3 IO3BOJISET
OTIPENENUTE HAMPABJICHUS JUISl BBIPAOOTKU CTPATETHIECKUX
I1aroB.

MEXIyHapOIHBIX i

3. Pe3yabTaThl HCCI€1I0BAHNUS

Obwasn oyenka yugposusayuu 2pacocmpoumenbHozo
cexmopa Y3bexucmana

IIpoBenénHbIN KOHTEHT-aHAJIU3 HOPMATUBHO-TIPAaBOBOM
0a3bl, CTATUCTHYECKUX JAHHBIX M OTKPHITBIX HMCTOYHHKOB
mmoKasaJ, 4ro B Y30ekucTaHe  IH(POBU3ALUSL
TPaIOCTPOUTENILHOTO  NMPOEKTHPOBAHHUS HAXOJWTCA HA
HauaJbHOM dTame. HecMoTps Ha HaMdHe TakWX
nHniyatu, kak «L{udposoit VY3bexucran — 2030»,

BHEJ]PECHHE HMHHOBALMOHHBIX PEUIEHHH B apXUTEKTYPHO-
CTPOUTENFHOM cekTope UAET MeanenHo. Ha 2024 rox:

® Tombko 5-7% ApPXUTEKTYPHO-IIPOEKTHBIX
opranuszanuii ucnons3yoT BIM Ha HauaibHOM ypOBHE;

e [Ipumenenne reonHdopmanmonHsx cucreM (I'MC)
OTpaHNYEHO KapTorpadueil n ya€ToM 3eMels;

e OTCYTCTBYIOT IIPHMEPHl peaju3anuu IH(POBBIX
ABOIHMKOB B KOHTEKCTE TOPOJICKOTO INIAHUPOBAHUS;

e Bce cormacoBaHms 10 NMPOEKTaM OCYIIECTBISIOTCS B
OymMakHOH M oy poBoi Gopme;

e He cymecrByeT HauMOHaJbHOH  uUGpPOBO
mJIaT¢OpMBbI 1T TPOSKTUPOBAHUS U COTJIACOBAHMSI.

Takum  oOpa3oMm,  TpagOCTPOUTEIBHBIH  CEKTOP

V30ekucrana HCHBITHIBACT HEZI0CTAaTOK B
WHCTUTYLIMOHAJIBHON, KaIpOoBOi U H(POBOI 3pETOCTH.
Medsnrcoynapoonuvie nooxoowt: cpagHenue u

3auMCcmeosanue onvima

MmupoBasi TpakTHKa JIEMOHCTPHUPYET 3(Q()EKTHBHOCTD
IUQPOBBIX penieHHnid B 00ECHEYEHHH YCTOHYMBOTO U
YMHOT'O pa3BUTUs FOpoA0B. PaccMOTpUM KIltOUEBbIEe KEHCHIL:

e Cunramyp  peamusyer  nporpammy  Virtual
Singapore, B paMkax KOTOPO# CO3[aH IU(PPOBOiA ITBOWHUK
Bcero ropofa ¢ 3D-Monensamu 31aHuN, HHPPACTPYKTYPHI
3eMJICTIONB30BAHMA. DTO MO3BOJISAET TOYHO IPOTHO3HPOBATH
Tpaduk, 3HEPronoTpedIcHNE U FKOJIOTHIECCKUE TOKA3ATEIH.

® BesnkoOpuTanus BHEJpHUIIA o0s13aTesbHOe
ucnons3zoBanre BIM ypoBHs 2 17151 BCeX roCyAapCTBEHHBIX
MPOEKTOB. DTO CHU3WIO CTOMMOCTH IPOCKTUPOBAHUS Ha
20-25%.

e B I'epmanuu u @®paHuuM aKTUBHO pPa3BUBAIOTCS
g posble miaTGopMel Ha 6aze OTKPHITOrO MPOrPAMMHOTO
obecnieuenus (Hampumep, KROQI, BIMserver).

Y30ekHucTaH MMEET BO3MOXHOCTH aaNTHPOBATh 3TH
MOOXOMBl € YYETOM HAIMOHAJIBHBIX  OCOOCHHOCTEH:
MHOTO3Ta)XHOTO  CTPOMTENbCTBA, IUIOTHOH TOPOACKOMN
3acTpoiiku, ceifcMoonacHbIX TeppUTOpuUil u
KOHTHHEHTAJBHOTO KJIMMaTa.

OchogHnule bapvepul yugposoii mpanchopmayuu

B pesynpraTe aHanM3a HCTOYHHKOB, B TOM YHCIIE
oruéroB UN-Habitat, MuHHCTEpCTBA CTPOUTEIBCTBA
V30ekncrana, a Takke NyOnmKamuid B 0aze Scopus,
BBISIBIICHBI CIIEYIOIINE CTPYKTypHBIE Oapbhephl:

1. Hu3kuii ypoBeHb 1H}POBOIl TI'PaAMOTHOCTH
CIEIMAINCTOB apXUTEKTYPHO-CTPOUTENbHOI oTpaciu. Ilo
JlaHHBIM ~ orpocoB, MeHee 20% WHXKEHEpPOB BIAJEIOT
COBPEMEHHBIMHU IIM(PPOBBEIMU HHCTPYMEHTAaMH Ha 6a30BOM
YPOBHE.

2. OrcyrerBue  cranaapros BIM  u THUC-
HHTerpanuu. B Y30ekncrane moka He yTBEpXKICHBI HU

BIM-knaccugukaropsl, HU HOPMAaTHBBI obmeHa
H(GPOBBIMU JTAHHBIMH.
3. ®uHaHCcOBble  orpanuyeHus.  JIuneH3MOHHOE

nporpammuoe obecreuerne (Revit, ArchiCAD, Civil 3D)
OCTa&TCs IOPOTUM JIJISl MHOTHX YaCTHBIX KOMITAHUH.

4. HexBaTka TOATOTOBJEHHBIX KaJapoB. By3bl
0o0y4aloT B OCHOBHOM II0 KIJIACCHYECKHM METOAaM, |
IU(POBEIC AUCIUIUIAHBI BBOIATCS KpaitHe MEIIEHHO.

5. YcrapeBmne ¢opmsbl coriacoBanus. OTcyTcTBHE
OUPPOBOI EIUHOW CHUCTEMBI MEXKAY MYHHUIIUIAIUTETaMHU,
apXUTEKTOPaMH ¥ TOCOpPTaHAMH 3aMEUIsieT Pa3BHUTHE
IPOEKTOB.

SWOT-ananus

J11s1 KOMITJIGKCHOM OLIEHKH MEePCHEeKTHB HU(PPOBU3ALUH
B Y30ekucrane 6611 coctaBineH SWOT-aHamm3:
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CuiibHbIE croponbl | Ciadble CTOPOHBI
(Strengths) (Weaknesses)
IMoxnepxka rocymapcTsa
(nporpamma "Iudposoit
VY36ekucran")

Poct unTepeca wactHoro | Huskuit YPOBEHb
cekropa k BIM MOATOTOBKH KaJpOB

OTCyTCTBHE CTaHIAPTOB U
1u(pPOBOIl SKOCUCTEMBI

PazButne nT-

nadpactpykryper  (5G Orcyrerue

O/ o 6naque‘ CHEeLUATU3UPOBAHHOTO
TeXH(;J'IOl“I/II/I) co(Ta Ha y30EKCKOM SI3bIKE
BosmoxkHocTH

(Opportunities) Yrpo3sl (Threats)
Buenpenue

HAIUMOHANBHOI 1n(poBoii | 3aBUCHMOCTh OT HMIOpPTA

1T OPMEI I10 u UT-3kcnepToB
MIPOEKTHPOBAHUS

MesxtyHapoiHoe

cotpymucetso  (ADB, Poct mudpooro paspsisa
UNDP, GIZ) MEXJy perHoHaMH

DxcenopT mu¢poBeixX yeuyr | KoHcepBatusm
B CTPOUTENBCTBE B | MPO(ECCHOHATEHOTO
LlenTpanbpHOl A3un coo0mecTBa

4. O0cyxneHue

PesynpraTtel  mMCCIeOBaHUS — MOATBEPXKAAIOT,  YTO
Y30eKkucTaH CyMIeCTBEHHO OTCTAaET OT PasBHUTHIX CTpaH B
obJactH udposoro IpaloCTPOUTEILHOTO
NpOeKTHpoBaHUA. HecMoTps Ha Hamuyue OTIEIBHBIX
WHUIMATUB ¥ TOCYIapcTBEHHOH mporpammsel «L{udposoit
V36ekuctan — 2030», BHEPCHHUE KIFOUEBBIX TEXHOJOTHIA,
takux kak BIM, 'MC u undpoBbie TBOWHUKH, TPOUCXOAUT
MEJUIEHHO U 6€3 CHCTEMHOTO ITOX0a.

BIM (Building Information Modeling) B crpanax-
munepax, Takux kak CuHramyp u BemukoOpuranws,
SBJSETCS 00s3aTENbHBIM JUIS BCEX TOCYJapCTBEHHBIX
MPOEKTOB, YTO OOECleYyrBaeT MPO3PavyHOCTb, TOYHOCTH U
3¢ PEeKTHBHOCTD B YNPABICHUH CTPOUTEIBHBIM IIPOIIECCOM.
B  V3bekucrane, HampoTHB, HCHOJb30Banue BIM
OTPaHMYMBACTCS HECKOIBKMMH MHIOTHBIMH IIPOEKTaMH,
YacTO peaan3yeMbIMH MPH IOJICPIKKE MEXTyHapOIHBIX
OpraHMu3alum.

T'eonndopmanmonnsie  cucrembl (I'MC)  akTuBHO
ucnonwp3yrorcss B ctpaHax EC  wu  Asum g
NPOCTPAHCTBEHHOTO IUIAHMPOBAHUS, OLEHKH DPHUCKOB H
ynpasieHus: MHQpacTpykTypoil. OmHako B VY30ekucraHe
OHU TPHUMEHSIOTCS, B OCHOBHOM, B KapTorpadpuu u
KagacTpe, MU HE HUHTCTPUPOBAHBI B TI'PaIOCTPOUTECIILHBIC
perIeHusI. OtcyTcTBHE eTUHON 1T OPMEI
MIPOCTPAHCTBEHHBIX JIAHHBIX TAaKKEe CHIDKAET ITOTEHIIHAT
T'UC-TexHOMOTHIA.

udpossie JIBOIHUKH, obecrieunBaroye
MOJIENTMPOBaHKe TOBEICHHS TOPOJICKOI Cpebl B pealbHOM
BPEMEHH, CTajli OCHOBOM KOHLENIMH «YMHOTO TOpOIay
(Smart City) B Takux crpaHax, kak IOxnas Kopes u OAD.
B V30ekucrane 3Ta TEXHOJIOTHs [IOKAa OTCYTCTBYET AaXke Ha
YpOBHE KOHIIENTYaIbHOTO IPOEKTHPOBAHUS, HECMOTpS Ha
pacTymryro ypOaHM3amMIO ¥ YCIOXKHEHHE TOPOJICKOI
HHPACTPYKTYPHL

B xone obcysxaeHns BEISIBICHBI CIETYIONINE KIFOUEBEIE
Gapbephl:

* Huskuit YPOBEHB 1 poBoit IPaMOTHOCTH
CIICLMAIICTOB B C(hepe CTPOUTETBCTBA U APXUTEKTYPHI;

* OTCyTCTBUE CTaHIapTOB u HOPMAaTHBOB,
PETYNUPYIOMUX HCHONb30BaHUE IU(POBBIX TEXHONOTHN B
TPalOCTPOUTEIILCTBE;

+ OparmentupoBanHocTs  IT-uHdpacTpykrypsr n
ciabast KOOpAMHAINS MEXITY BEOMCTBAMH;

* OrpanndyeHHoe (UHAHCHPOBaHHE W OTCYTCTBHE
MEXaHU3MOB TOCYAapCTBEHHOTO CTUMYJTHPOBAHUS
IU(POBBIX PEIICHUH.

Bwmecre ¢ Tem, uMeeTcs psii BOZMOKHOCTEH:

e CTapT mporpaMM HMIIOPTO3aMEIICHHs LH(PPOBBIX
peleHui ¢ pa3paboTkoii tokanbHbIX BIM-mnardopm;

* [IpuBneyeHne  MEXAYHAPOOHBIX  TPAHTOB U
MHBECTHUIMOHHEIX IIporpaMM (Hanpumep, EBPP, UNDP);

* Bximroyenne mu(pOBBHIX KOMIETCHIMH B y4eOHBIE
IporpaMMBl  BYy30B ¥ TOBBIIICHHE  KBaTH(DUKaIUH
JEUCTBYIOMNX CIIELUATHCTOB.

Takum o6pa3om, 00cyXAEHHE IOKa3ajo, 4TO INpHU
NpaBUWJIBHOW  MOJUTHUYECKOM  BOJE, WHBECTHLIMOHHOMN
MOJ/ICPXKKE M KaIPOBOM OOeCTIedeHUH, Y30CKUCTaH MOKET
npodTH nyTh IMppoBoi TpaHcopmammm B chepe
rpaloCTPOUTENILCTBA 3a 5-7 JIeT, nepeHuMast
aJIaNTHPOBAHHBIA MEXyHApOIHBIH OMBIT.

5. 3akiaodyenue

Ludposuzamms rpagoCTPOUTENFHOTO TPOSKTUPOBAHHUS
HPEJCTABIsIET CO00H HEOTHEMIIEMYIO YacTh YCTOHYHBOTO
Pa3BUTHS ¥ HOBBILIECHUS YHEPro3(HEKTHBHOCTH TOPOICKOI
cpensl. [IpoBenéHHBIN aHAIN3 ITOKa3al, 4TO, HECMOTpS Ha
mIo0anbHble  TEHAGHIMM W HAIMYHE  [EepeoBOTO
MEXIyHapOIHOTO OMBITa, Y30EKHUCTaH HAXOJUTCS Ha
Ha4yaJgbHOM JTale BHEAPEHMS LU(POBBIX PpEIICHHH.
OCHOBHBIE TPEISITCTBHSI — 3TO HENOCTaTOK LU(PPOBOI
TPaMOTHOCTH, cllabas HopMaTHBHas 0a3a, OTCYTCTBHE
enuHOW  mUdpoBod  MIaTGOpMBl W OrpaHUYCHHOE
(uHAHCHUpOBaHHE.

Bmecre ¢ Tem, cTpaHa 00maiaeT BBICOKUM MTOTEHIIHAIOM
i 1dpoBoi TpaHchOpMAIUK B CTPOHMTENBHOU cdepe.
IIpy KOMITIIEKCHOM TMOAXOAE, BKIFOYAIOMIEM HOPMAaTHBHOE
perynmpoBaHue, HWHBECTUIINHT B g posyio
UHQPACTPYKTYpy W TOATOTOBKY KBaIH(HUINPOBAHHBIX
Ka/IpoB, Y30€KHCTaH MOXKET B OMKaiIye To/sI BHEAPHTH
coBpemenHble uHCTpymeHTHl BIM, T'MC wu 1mdpoBbix
IBOMHMKOB B  HAalMOHAIBHYI0  T'PagOCTPOUTENBHYIO
HPaKTHKY. Ot0 MO3BOJIUT COKPaTHTh CpOKH
NPOEKTHPOBAHUS,  TMOBBICHUTH  9HEProdddeKTHBHOCTH
00BEKTOB M O00ECIeudTh MpPO3PavHOCTh BCEX JTAIOB
JKI3HEHHOTO IIUKJIA 3MaHUi U HHPPACTPYKTYPBHL.
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Energy efficiency of buildings: world experience and prospects for Uzbekistan

E.M. Urazkhanoval®?
!Karakalpak State University, Nukus, Uzbekistan

Abstract: 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
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JHeprod3gPeKTUBHOCTD 31aAHUI: MUPOBOM ONBIT U MEPCHEKTUBBI ISl
Y30ekucrana

Ypasxanosa J.M.152
!Kapaxanmakckuii ToCyJapCTBEHHBIN yHEBEpCHTET, Hykyc, Y36ekucTan

AHHOTaLUs: CraTbhs MOCBAIICHA aKTYJILHON Mpo0seMe d3HEProdpPEKTUBHOCTH 3IaHUH U COOPYKEHHH, ¢ (OKYCOM
Ha TMPUMCHCHUH SHEProdddeKTHUBHBIX TEXHONOTHI B Y30ekucraHe. PaccMaTpuBaeTcss OIBIT
3apyOCIKHBIX CTpaH B 00JIACTH CTPOUTENLCTBA SHEPro3(h(HEKTHBHBIX 3[JAHUH, BKITIOYAsl HCIIOIE30BAHKC
MACCUBHBIX JIOMOB U COBPEMEHHBIX TCIUIOM30JIIIIMOHHBIX MaTEPUAIIOB. B cTaThe Takke aHATHU3UPYIOTCS
KJIMMaTHYeCKHe 0COOCHHOCTH Y30eKucTaHa, KOTOPhIe OKa3bIBAIOT BIUSHUE HA BBIOOP TEXHOIOTHH W
MarepuaioB ais crpoutenbcTBa. Ocoboe BHUMaHWE YIEIEHO BOMpOCAM 3aKOHOAATENBHOW H
(hUHAHCOBOW MOJMEPKKH, a TaKKe HEOOXOAMMOCTH pPa3pabOTKU agalTHPOBAHHBIX O] MECTHBIC
YCIIOBHSI TEXHOJIOTHi. B 3aBepiieHne, [emaeTcst BBIBOA O BAXKHOCTH Mepexo/ia K 3HeproddpdexTuBHOMY
CTPOUTENBCTBY ISl YCTOHUUBOTO Pa3BUTHS SKOHOMHUKH U SKOJIOTHU CTPAHBI.
KiroueBslie cioBa: 3Hepro3GHEeKTHBHOCTh, CTPOUTENBCTBO, TEIUIOM3OJISAIUS, MACCHBHBIC TOMa, YCTOWYHMBOE DPa3BUTHE,
VY36ekucTaH, BO30OHOBIISICMbIC MCTOYHHUKH JHEPTHH, 3aKOHONATENBCTBO, KIMMATHYECCKHE YCIIOBHS,
SHEPrO3KOHOMHUS

KIUMAaTHYECKUMH  YCJIOBHSIMH  OTOIUIGHHE  3aHHUMAaeT
OCHOBHYIO JIOJIIO B 3HEPronoTpebIeHnH, B TO BpeMs Kak B
Gonee TEMIbIX CTpPaHAX BAKHBIMH SIBISIOTCS BOIPOCHI
TEIJIOM30JSIIMM W TMOTPEOHOCTH B OXJIAKACHUHU
B TOCICARNE ACCATHIICTHA BOTIPOCKI nomenieHuii. B 3ToM koHTekcTe pa3paboTka M BHEIpeHHE
9HEProdoGGeKTHBHOCTH 37aHUH CTAHOBATCS Bee Oonee HOBBIX  CTPOMTENbHBIX  TEXHOJOIHWil, HCHOJIB30BaHHE
aKTyanbHBIMM Ha riobanbHOM  yposHe. IloBbileHne MHHOBALIMOHHBIX MAaTepUaJIOB M YJIYYIICHHE MPOEKTHBIX
3HepFOC6€P'3>£“°«1“H’15I H CHIDKCHHE NOTPEGICHHs PeCypCoB B pelleHni CTAHOBSITCS KIIOYEBBIMH HAIPABICHHSIMH B
CTPOHTENLHOH OTPACIH MMEET BAKHOE 3HATCHHE Kak Ui CTPOMTENBHON OTPACIH.
YCTOHYMBOTO Pa3BUTHS SKOHOMHUKH, TaK U JUISl COXPaHEHUS JUISL CTpaH ¢ Pa3BUBAIOLIMMUCH SKOHOMHKAMH, TAKHX
OKpYy»atollleii cpefibl. B yCoBHsX r106anbHEIX M3MEHEHMIT Kak Y30eKucTaH, BOIPOC 3HEProdpPEeKTHBHOCTH 3MAHMUIT
KiuMaTa,  CTPESMHUTCIBPHOTO  pOCTa  HaCcClIeHMA M npuobperaeT 0coOyr0 3HauUMOCTh. B VY36ekucrane
OTPaHUYCHHOCTH SHEPreTHYCCKUX PCCYypCOB, BHEAPCHUC JHEPreTUUECKU CEKTOP CTaJIKMBAETCS C PSAJOM BBI30OBOB,
SHEProdP(EKTUBHBIX ~ TCXHONOTHH B CTPOMTENBCTBO BKJIIOYAsl BBICOKHI YPOBEHb MOTPEOJICHUS] JHEPIHU Ha

1. BBeaenue

CTaHOBHTCSI HEOOXOIMMOCTBIO. ITo JTAaHHBIM
MexIyHapOIHOTO JYHEPreTHYECKOrO areHTCTBa, 3MaHUs U
COOPY)KEHHUSI SIBISIFOTCSI OJHHM U3 CAMBIX KPYITHBIX
moTpeduTeNeil YHEPruU B MHpPE, & CTPOUTEIBHBIH CEKTOP
oTBevaeT 3a 0koyo 40% MHPOBBIX BEIOPOCOB YTIIEKHCIOTO
rasa, 4To JINIA€T 3TOT CEKTOpP BAXKHBIM HAIPABIECHHEM B
00pB0E ¢ KIMMAaTHUYECKUMHU U3MEHEHUSMH.
OHeprodGdeKTUBHOCTh 3IaHUI HANPSAMYIO BIMSET Ha
MX DKCIUTyaTallMOHHBIC pacXOlbl, a TaKKe Ha YpPOBEHb
KoM(dopTa U 3I0POBbs JKUTENCH. B cTpaHax ¢ XOJOJHBIMU

& https://orcid.org/0009-0007-8846-1686

OTOIUICHHE M OXJIAKJICHHE, YCTApeBIIHUE TEXHOJOTHH
CTPOUTENIBCTBA M HEJOCTATOUHYIO SHEprodd(HeKTUBHOCTH
CYIIECTBYIOIMX 31aHui. [103TOMY CO3/1aHHEe W BHEIpEHHE
9HeprodHHEKTHBHBIX 3[aHUIl CTAHOBUTCSI BaKHBIM LIarOM
Ha ITyTH K yCTOWYUBOMY Pa3BUTHIO CTPAHbI.

B VY30ekucrane TpeanpHHUMAIOTCS ~OIarH MO
YIIYYIICHHIO CHTYallMd B 00JacTH 3Hepro3((HeKTUBHOCTH.
[IpuHsATHE 3aKOHOJATENBbHBIX HWHUIMATHB M MPOrpaMM,
HanpaBJICHHBIX Ha  TOBBILICHHE  DHEPreTHYECKOil
3(h(hEeKTHBHOCTH, a TAK)KE PA3BUTHE CTAHIAPTOB U METOIUK
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UL OLIGHKH JHEPreTHYecKod dS(GQPEeKTUBHOCTH 3aHH
SBJAIOTCS OCHOBHBIMHU HANpPaBIECHUSMH TOCYIapCTBEHHOM
nommTukd. C  TOMOINBIO 3THUX Mep MpPEeAIoIaraeTcs
VIYYIOIUTh HE TOJBKO DSHEPreTHYECKHUE XapaKTePHCTHKU
3JIaHUH, HO W OOIIMI ypOBEHb XXW3HH HaceleHHs. BakHo
TaloKe YYUTHIBATh MHPOBOH ONBIT B JaHHOW 0OJIACTH, Tak
KaK MHOTHE CTPaHBI yKe YCIIEITHO Peaau3yioT MPOrpaMMbl
[0 TMOBBIIICHUIO YHEProd()PEKTHBHOCTH B CTPOUTEIHCTBE,
YTO TO3BOJAET Y30EKUCTaHy 3aMMCTBOBaTh JIydIIHE
MPaKTUKH U aJaNTHPOBATh UX C yYETOM CIIELU(PUKU CBOETO
KJIMMaTa ¥ SKOHOMHKHU.

Takum o00Opazom, mnpobiema 3HEProdhHEeKTHBHOCTH
31aHUi B Y30ekucrane TpeOyeT KOMIDIEKCHOTO IIOJXO0fa,
KOTOPBIH BKJTIOYaeT B cebst HCIIOIb30BaHHE
WHHOBAIlMOHHBIX TEXHOJIOTHH, ONITHMHU3AIHIO
CTPOUTENIBHBIX MPOIECCOB U yYET MHUPOBOTO OMBITA. DTOT
IpolLEecC MPEANOoNaracT He TOJNIBKO TEXHUUECKUE PEIeHNs,
HO W HM3MEHCHHE BOCHPHUATHSA 3HEProdpQeKTUBHOCTH Ha
YpPOBHE MOTPEOHTENEH M OPraHOB rOCYJAPCTBEHHOI BIACTH.

2. MeToa0s10rus HCCJIeA0BAHUSA

Jlnst aHanmmW3a TEKYIIEro COCTOSIHUSL M pa3paboTKH
PEKOMEH AN HCIOIB30BANICEH CIEAYIONIIE METO/IBL:
® AHanu3 CTaTHCTUYECKHX JAHHBIX: U3y4YEHHE OTUETOB H

CTATHCTUKH I10 SHEPTONOTPEOICHNIO B CTPOUTEICTBE.
e CpaBHHUTEIBHBIN aHAIIM3: PACCMOTPEHHE OIIBITA APYTHX

CTpaH B cepe 3HeprodPpGHeKTUBHOCTH 3JaHUM.

e OreHKa TEKyIIMX HHULIUATHB: aHAIU3 CYIIECTBYIOINX
HPOEKTOB u porpamMm o TIOBBIIICHUIO
sHeprosddexTuBHOCTH B Y30eKuCTaHe.

B mporecce ananm3za 3HeprodpPEKTUBHOCTH 3[aHUIN B
V30ekucrane u 3a pyOeKOM OBLIO BBIIEICHO HECKOJIBKO
KITIOYEBBIX (axTopos, KOTOpBIE OTIPENEINSIOT
3¢ (EeKTHBHOCT MPUMEHEHHUS Pa3IUIHBIX TEXHOJIOTHH W
MaTepHalIoB B CTPOHUTENBCTBE. PaccMOTpUM pe3yJbTaThl,
MOTydYeHHBIE B XOJ€ aHaIW3a MEXITyHapOJHOTO OIBITa U
NPaKTUKW, @  TaKkkKe  pe3yJbTaTbl  NPUMEHEHUs
9Heprod(HeKTUBHBIX pelnIeHnii B Y30eKnucTaHe.

Anamm3  3apyOexHoro ombita. HccnenoBanust
HPOEKTHI o sHepro’hexTHBHOCTH 3JIaHUH,
peann30BaHHBIE B PA3NUYHBIX CTPaHaX, NPEZOCTAaBISIOT
OoraTelii MaTepHwan Uil aHaNIW3a W 3auMCTBOBaHMS. Ha
CETONHSAIIHUI JeHb BEAYNIMMH CTPaHAMHU II0 BHEIPEHUIO
9Hepro’GHeKTUBHBIX TEXHONOTUH sBIsIOTCS ['epmaHms,
IIBenus, Hopserus, a taxxe psn crpad Espomeiickoro
COI03a.

I'epMaHus SBIISIETCSI MUOHEPOM B OOJIACTH MTACCUBHOTO
cTpouTenscTBa UM dHeprodddekruBHocTu. [Iporpamma
"[laccuBHblit  noM", paspaboranHas B [epmanun,
MpENCTaBIsIeT COOOM apXWUTEKTYpHBIH CTaHAApPT, MpH
KOTOPOM 3/IaHHSI MPAKTUYECKH HE TOTPEOISIOT BHEIIHEe

OTOIIJICHUC. Bwmecto TpaAUUOHHOT' O OTOINJICHUA
HCIIOJIB3YETCA peKynepanusa TEIjia, a 3Hepr0HOTpe6HeHI/Ie
MUHHUMU3UPYETCA 3a CUCT NPUMCHCHUA

BbICOKO3(b(1)eKTI/IBHbIX TEIIOU3O0JIALMOHHBIX MaTepI/IaﬂOB u
IePMETHYHOCTH  KOHCTPYKLHMH. I'epMaHMs  aKTHBHO
IPOJIBUTAET TaKUE CTaHAAPTHI, Kak Passivhaus, npemiaras
Gostee 5 PeKTHBHOE UCIIOIB30BaHNE SHEPTHHU B IOMaX, 4TO
MO3BOJIAET 3HAYMTENBHO COKPATHTH OKCILTyaTal[OHHBIE
pacxomsl W BBIOpOCHI  yriiekucioro rasa.  CoriacHo
UCCIIEIOBAHUAM, 3[aHUs, TMOCTPOEHHBIE II0 HEMEIKHAM
CTaHJapTaM MAacCHUBHOTO JoMa, moTpebnstor Ha 75-90%
MCHBbIIIC 3Heprpm, yeM Tpa}]I/ILII/IOHHble JaomMma.

[IBeunst  sBIsETCA  OJHUM M3 JIMAEPOB MO
HCIOJIb30BAaHUIO BO3OOHOBIIICMBIX MCTOYHHUKOB SHEPTHUH B
cTpoutensctBe. B IlIBerum aKkTHBHO TNIPHUMEHSIOTCS
TEXHOJIOTHH COJIHEYHBIX IIaHEeNeH, TEIUIOBBIX HAcOCOB, a
TaKOKe TeOTepPMalIbHBIE CHCTEMBI OTOIUICHHS. 31eCh TakkKe
OYEHB BBICOKO 3HaUEHHE SHeprod(HeKTHBHOCTH, 0COOCHHO
B OKWIMIIHOM CTpouTenbcTBe. IIIBenckue CrenuanucThl
YTBEPKIAIOT, YTO 3HEPro3GEeKTUBHOCTH 30aHHUH MOXKET
OBITh 3HAYUTENBHO YJIy4lIeHa 3a CYET KOMIUIEKCHOTO
HOJX0/Ia, BKJIIOYAIOIIETO TEIUIOM30JISILIIIO, HCIIOIB30BAHHUE
BO30OHOBIISIEMBIX HCTOYHHKOB JHEPTHM U  pa3syMHOE
MPOEKTHPOBAHHE, C yIETOM KIMMAaTHIECKHX 0COOEHHOCTEH.
B IlIBennu pa3paboTana cucreMa cepTU(QHKAINY 3TaHHH 10
9Hepro3((HeKTUBHOCTH, KOTOpas OIIEHWBACT 3JaHUS II0
TaKUM rapaMerpam, KaK TEIIOTeXHIYECKHE
XapaKTePUCTHKH, UCHOJIb30BaHUE  BO30OHOBIISIEMBIX
HCTOYHHUKOB 3HEPrHH, a TAaKKe YPOBEHb MOTPEOICHUSI
JHEPTHH.

Hopserus, o0nanas XOJNOAHBIM KIMMAaToM, TaKXe
MocTaBmiIa cebe 3agady MOBHICUTH SHEeprod(heKTHBHOCTH
3/1aHUH. 371eCh aKTHBHO IIPUMEHSIOTCS MaTepHaIbl ¢ HU3KHM
KO9((GUIIEHTOM TEIUIONIPOBOIHOCTH, A TAaKXKE CHCTEMBI
[IACCHBHOTO  COJHEYHOro  oborpeBa W Jpyrue
BbICOKOA(QekTuBHBIe pemeHus. B Hopeerun OGompmioe
BHUMaHHUE YIEISAETCS YIIYUIICHUIO H30JSIHU KPBILI U CTEH,
a TaKKe MCIOJIb30BAHUIO COBPEMEHHBIX OKOHHBIX CHCTEM C
BBICOKHM KO3()(HUIIMEHTOM TETIOTEXHHUKH.

IMpumenenne  SHeprod(QEKTHBHBIX  pEIICHUH B
V36ekucrane. B Y30ekucrane Taxxke Benercss paboTa Ho
MOBBIILICHUIO YHEProd((EKTUBHOCTH B CTPOUTENBCTBE.
CrpaHa akTHBHO CTPEMHUTCSl BHEIPSTH MEKTyHapOIHBIN
OmBIT B 00NacTd SHEProdh(HEKTHUBHOCTH, C YUETOM
crienM(UKK CBOETo KJIMMaTa U 9KOHOMHYECKUX YCIIoBHil. B
HOCJIEHHE TOJbl 3HAYMTENBHOE BHHMAHHE YHAENsIeTcs
CO3/IaHUI0 HOPMAaTHBHBIX JIOKYMEHTOB, HANPaBJICHHBIX Ha
MOBBIIIEHNE HeprodddpexTuBHOCTH 31aHui. B 2020 rony B
VY36ekucrane Obuta  paspaborana  HarnuoHanbHas
nporpaMma 1o 5Hepro3G(HeKTUBHOCTH, KOTOpasi HareleHa
Ha CHIDKEHHE MOTPEeOIeHNs SHEPTHHU B 3[JaHUSIX, a TAKKe Ha
YIIy4IIeHHE COCTOSHHUS YHEPTreTHIECKOH HHPaCTPYKTYpHI.

Tenuousoasiumsi. OMHAM U3 KIIOYEBBIX HarpaBJIeHHMIT
YIIydlIeHUsT  dHEProdPPeKTUBHOCTH B  Y30eKucTaHe
SBISIETCS BHEAPEHHE TEIIOW3OJLMOHHBIX MAaTepUasoB,
KOTOpBIE CHIDKAIOT TEIUIONOTEPH B 3UMHHI HEpUOA U
YMEHBIIAIOT HEOOXOJMMOCTh B  KOHJUIMOHUPOBAaHHU
BO3lyXa JieToM. B V30ekucraHe akTHBHO NPUMEHSIOTCS
HOBBIE  MaTepuaibl, TakHe Kak [CHONOJNYpPEeTaH,
9KCTPYIHUPOBAHHBIHA MIEHOMOJIUCTHUPOII, a TAKXKE CTEKIOBaTa
n 0GazambToBas WM3OMANMA. OTH MaTephaibl IT03BOJISTIOT
CYIECTBEHHO CHH3UTh TEIUIONOTEPU M MOBBICUTH KOM(OpPT
B NOMEIICHHUSX, YTO OCOOEHHO BaXXHO B YCIIOBHSX PE3KO
KOHTHHEHTAIBHOTO KIMMaTa Y30eKucraHa.

Bo300HoB/IsSIEMbIe HCTOYHHKH YHEPruM. B nocnenxne
rogsl B Y30CKHCTaHE TaKKe aKTHBHO pPa3BUBAIOTCS
TCXHOJIOTUH BO306HOBHﬂeMbIX HUCTOYHHUKOB JHCPTUH, TAKHUE
KaK COJIHCYHBIC MaHEJIM W TCIUIOBBIC HACOCHI. YUMTBIBAS
COJIHEUHYI0O aKTHBHOCTb B CTpaHe, HCIHOJIb30BaHHE
COJIHEUHBIX Oarapeil CTAaHOBHTCS OJHHM W3 CaMbIX
3} (heKTHBHBIX CIIOCOGOB MPOU3BOJICTBA SHEPTHHU JUIS HY K]
3/1aHuil. B CENBCKHUX paiioHax V30ekucTaHa
YCTaHABIMBAIOTCS COJNIHEYHBIC MaHEeIH Uil 00ecredeHHs
ABTOHOMHBIX UICTOYHUKOB SHEPI'UU IJId OBITOBBIX HYX], 4TO
CIIOCOOCTBYeET CHIDKEHHIO 3aBUCUMOCTH oT
LIEHTPAJIN30BaHHOTO JJICKTPOCHAOKEHUSI M CHIDKCHHIO
Harpy3KH Ha SHEPTeTHYECKYIO CHCTEMY CTPaHBbI.

IpoexTupoBanue u CTPOUTENBCTBO

ENGINEER



9HeprodpeKTUBHBIX  3maHMil. BaxkHbBIM  ImaromMm B
MOBBIIECHUH YHEPro3()(HEKTUBHOCTH SBIISETCS BHEAPEHNE B
MIPOEKTHPOBAHUE 3MaHMI CTAaHIApPTOB, OPUEHTHPOBAHHBIX
Ha CHIDKGHHE NOTpeOyieHus sSHepruu. B VY306ekucrane
CO37IAI0TCSl HOBBIE JKMJIBIC KOMIUIEKCHI, COOTBETCTBYIOIINE
MEXXTyHapOJHBIM CTaHAapTaM SHeprodpeKTUBHOCTH, IPH
3TOM  0coboe BHHUMAHHE  YAENACTCS  BEHTHIIALUM,
COJIHEYHBIM KOJJIEKTOpaM M KIMMaT-KOHTpomto. Takue
3JJaHHA IPOEKTUPYIOTCS C yU€TOM MECTHBIX KITMMaTHYECKUX
YCIOBHH, YTO IO3BOJIIET ONTHMH3MPOBaTh IMOTpeOIeHHe
SHEPrHHU Ha OTOIUICHHE U OXJIaXKICHHE.

Jns  momydeHus  Oojiee  TOYHOH  KapTHHBI O
a¢dexkTHBHOCTH IIPUMEHEHUS 9HeprodGHeKTUBHBIX
pemreHuii B Y30eKkucTaHe OBUIM IPOBEAEHBI HECKOJIBKO
HCCIIEOBaHNN, HANpPaBIEHHBIX HA OIEHKY IPUMEHEHHUS
Pa3IUIHBIX TEXHOJIOTHH M MaTepHaOB.

Ouenka 3pQEeKTHBHOCTH TeIUIon30siuul. B paMkax
3TOTO 3KCHEPHMEHTa OBIIM NPOTECTUPOBAHBI PA3TUIHBIC
BUABl  TEIUIOM3OJAIMOHHBIX ~ MAaTE€PHUalioB,  BKIIOYAs
CTEKJIOBaTy, HCHONONMYPETaH W  OKCTPYAUPOBAHHBII
HEHOTOINCTHPOI. Pesynbrarsl TIOKa3aJIH, qTO
9KCTPYIUPOBAHHBIH MIEHOIIOJIMCTUPOIT obnanaer
HaWITy4IINMH TEIUION30JALHOHHBIMA XapaKTePUCTHKAMU,
CHIDKas Temionotepu Ha 25% 1O CpPaBHEHHIO C
TPaAUIMOHHBIMU MaTepuagaMi. JTO MOXET CYIECTBEHHO
CHM3UTh HOTpEeOJICHHE HEPIHMU Ha OTOIUICHHE B 3MMHUIL
TIEPHOJ M OXJIAXK/CHUE B JICTHHH.

IIpumenenue conHeuHbIX naHenei. B pamkax ganHoro
JKCIIepUMEHTa OBUTM  IPOAHAIU3MPOBAHBl  COJHEYHBIE
MaHeH, YCTAaHOBJICHHBIC B OJHOM M3 JKHIIBIX KOMIUICKCOB
ropoja Hyxkyca JUTSt obecreyeHus rOpsTYUM
BOJOCHA0XEHHEM U MOIJICP)KaHUS MHKPOKINMaTa B
nomemnieHny. CornacHO pe3yibTaTaM, COJNHEYHBIC MaHEeNIH
nokpsuta 10 40% TOTPEeOHOCTH B 3HEPTUH AN TOPSIEro
BOJOCHAOXEHHUS M OTOIUICHHS B 3UMHHUH IEpPHOJ, UYTO
MO3BOJIMJIO  3HAYMTEJIBHO  CHH3MTh  3aTpaThl  Ha
JNIEKTPOIHEPTHUIO.

Hecmotpst Ha yCIexu B obmacTtu
3HeprodaGHeKTHBHOCTH, B  Y30CEKHCTaHE  OCTAKTCS
HECKONBKO MpoOJIeM, KOTOphIe 3aTPyAHSIOT —MOJHOE
BHeZIpeHHE SHeprod(GEeKTHBHBIX TexHoJorui. OmHOW M3
TJIABHBIX ~ MpOOIEM  SIBISIETCST  BBICOKAsh  CTOMMOCTH
WHHOBAI[MOHHBIX ~ MaTepuajoB W  TEXHOJIOTHWH, dTO
OTPaHMYMBAET WX MOOCTYIMHOCTh JUIS IMHPOKUX CJIOEB
HaCeJeHUs. Taxoxe CYIIECTBYET HeXBaTKa
KBTI (UIIMPOBAHHBIX CIEIMAINCTOB B obnactH
9HeprodG(HEeKTUBHOTO CTPOMUTEIBCTBA, YTO 3aTpyIHSIET
BHEJIPEHUE HOBBIX PELICHHH B MAaCCOBOE CTPOUTENBCTBO.

Eme omHOit mpobmemoli  sBIsAETCS  HEOOCTATOK
nHpOpMaNMKM  Cpemy  HaceleHHs O IPEHMYIIecTBax
9Heprod(GEKTHBHBIX  pelleHHnd W  TexHouoruil. B
V30ekncrane  HEOOXOAWMO  TIPOBOAWTH  AKTHBHYIO
UH(OPMAIMOHHYIO PaboTy, YTOOBI HKHTEIH MOHUMAIH
B)KHOCTh JHEProd((GEKTUBHOCTH M MOMJIM MPUMCHSATH
COOTBETCTBYIOIIUE TEXHOJIOI'MU B CBOUX AOMaX.

3. 3akj04YeHue

PaccMoTpeHHBIe Pe3yIIbTaThl UCCIENOBAHMUS W aHAIlM3a
3apyOexHOro ombita B o0sacTH 3HEProdpdeKkTHBHOCTH
3aHUN TIOATBEPKAAIOT 3HAYUTEIbHBIA TOTEHIMAN IS
BHEAPCHUA Pa3JIMYHBIX TEXHOJIOTHH | MaTtepualioB B
crpoutenscTBe Y306ekucraHa. HecMOTpst Ha JOCTHXKEHHUS B
9TOM HAIpPaBIEHUH, €IIe CYLNIECTBYeT psI BHI30BOB,
KOTOpble  TpeOYIOT  BHHMaHHMS Ul JaJbHEHIIEro

COBEpILCHCTBOBAHMSI ~ JHEpreTudeckoir  sddexTuBHOCTH
31aHUH.

IMpesxne Bcero, HEOOXOIMMO OTMETHUTH, YTO BHEAPEHHE
9Hepro3()(PeKTUBHBIX TEXHOJOTHH B Y30eKHUCTaHE JIOIDKHO
YYUTHIBATh YHUKAIBHbIE KIIMMAaTHIECKHE H SKOHOMUIECKUE
yCIoBHs CTpaHbl. Hampumep, B oTiamume OT CTpaH C
YMEpEHHBIM KIIMMaToM, Takux Kak I'epmanus wnu LBerus,
V30ekucTaH CTalKuBaeTCd C PE3KO KOHTHHEHTaIbHBIM
KIMMaToM, dYTo  Tpedyer ocoboro moaxoma K
MPOEKTUPOBAaHUIO U  BbIOOPY MaTepuanoB. OmHaKo
MEXIyHapOIHBI OIBIT TOKa3bIBA€T, YTO IPHMEHEHHE
COBPEMEHHBIX TEIUION30JSIIMOHHBIX MAaTepHalIOB, TaKHX
KaKk ICHONOJUCTUPOT WIH CTEKIOBaTa, 3HAYUTEIHHO
yIIydmiaeT SHeprodGQeKTHBHOCTb 3MaHMIl B YCIOBHSIX
moboro kimMmara. Ha 6ase takoro ombita B Y30ekucrane
TaKoKe JIOJKHBI OBITh aJaNTHPOBAHBI HOBBIE CTPOUTEIBLHBIE
HOPMBI U CTaHJIaPThl, OPHEHTUPOBAHHBIE HA MAKCUMAIIbHY IO
TETIIOM30JISIHI0O 1 MUHUMH3AIHIO TETIONOTEPb.

Eme onHoi BaxHONH TeMOHl sBIsETCS pa3BUTHE
BO30OHOBIISIEMBIX ~HCTOYHHUKOB DJHEPIUHM, TaKUX Kak
COJIHEUHble NaHenu. Y30ekucraH, pacronaras OONbIIMM
KOJIMYECTBOM COJIHEUHBIX JHEH B TOIy, HMeEeT Bce
BO3MOYKHOCTH JUIsl IPUMEHEHHsI COJIHEYHBIX IaHeseH, Kak
JUISL BBIPAOOTKH 3JIE€KTPOIHEPTHH, TaK M IS 0OecTieueHust
TOpsiuero BOAOCHAOXKeHUs. BHeqpeHne Takux TEXHOIOTHI
yoKe MOKa3ajo CBOIO 3(PEKTUBHOCTD B IIIOTHBIX POEKTaX,
Kak B CEJbCKON MECTHOCTH, TakK M B ropomax. OmHaKo st
MacCOBOTO BHEJPEHUSI COJHEYHBIX Oarapeldl HEoOXOoanMo
pemmuTh  TMpoOIeMy HMX  CTOMMOCTH M CO3JaHHUS
COOTBETCTBYIOIEH MHPPACTPYKTYPHI, YTO B CBOIO OYepeh
TpeOyeT 3HaYNTENIbHBIX HHBECTULIHH.

Kpome Toro, BakHOH 3amaueil sIBISETCS NOBBIILICHUE
OCBEJIOMJICHHOCTH  CpPeIM  HAaceleHHs O 3HAUYCHUHU
9HEeprodH(HEeKTHBHOCTH W NPEUMYINECTBaX BHEIPEHUS
TakKUX TEXHONOTHHA. JTo moTpedyeT HE  TONBKO
nHdopMaIMOHHOI paboTel, HO W pa3paboTku Ooiee
JNOCTYNHBIX ~ (UHAHCOBBIX  CXeM, 4YTOOBI  Clenarh
9HeprodpdeKTHBHOE CTPOMTEIBCTBO JOCTYIHBIM  JUIS
HINPOKOH ayAUTOPHU.

Hakonen, HeoOXOJMMO OTMETHTb, 4YTO TEKyIIHe
HOPMATUBHBIC JIOKYMEHTHI B Y30eKHCTaHE B 00JacTH
9HEeprod((HEeKTHBHOCTH JOJDKHBI OBITH ITIEPECMOTPEHBI C
YYeTOM MEeXIyHAapOAHBIX CTAHAAPTOB M JIyYIINX NPAKTHK.
Hanpumep, crpansl EBpombl yxe HMEIOT J0ITOCPOYHBIE
OporpaMMBbl MO CepTH(UKALMK 3[aHUH IO KPHUTEPHIM
9HeprodGHeKTUBHOCTH, YTO CHOCOOCTBYET CTHMYJISLIMU
CTPOUTENIBHBIX KOMITAaHHH BHEAPSTH HOBBIE TEXHOJOTHH U
HCIIOJIb30BATh 00JIee YCTOWYNBBIE MaTEPHAIIBL.

Takum o00pa3oM, HeCMOTpS Ha CYyIIECTBYIOUIHE
pOOIIEMEL, MIOTEHIHAI JUISt YITyUIIeHUS
5Hepro3(h(HeKTUBHOCTH 3/1aHUH B Y30€KHCTaHE OTPOMEH, U
JanbHeWmmas paboTa B 3TOM HAaNpaBICHHH OOECIIEUUT
CHIDKEHHE DHepros3arpar, yJydllIeHHEe KadecTBa KH3HU U
COKpalleHNE BO3/ICHCTBHS Ha OKPYKAIOLIYIO CPEny.

OHeprodGdeKTUBHOCT,  3MaHUIl W COOPYIKESHHIH
ABJIIACTCA OJHHUM H3 KIHUYCBBIX AaCIICKTOB yCTOI\/'I‘{I/IBOFO
Pa3BHUTHS CTPOUTEILHON OTPAciH, KaK Ha II00ANTbHOM, TaKk
U Ha JOKaJbHOM YpOBHSAX. B mocnemnne pecatunerus B
Pa3NUYHBIX CTpPaHaX MHpa aKTHBHO pa3padaThIBAIOTCS M
BHEJIPSIOTCSL HOBBIC CTAaHAApTHl W  TEXHOJIOTHH  JUIS
HOBBILIEHUS 9Hepro3hHeKTUBHOCTH JKHITBIX U
KOMMEPYECKHUX 3[aHUN. Ba)kHO OTMETHUTB, YTO YCIEIIHOE
IPUMEHEHHEe ITUX TEXHOJIOTHH CIIOCOOCTBYET HE TOJIBKO
OKOHOMHH DHEPrUHU, HO W YIYUIICHUIO KayeCTBa >XHU3HHU,
3aIIUTe OKPY’Karomiel cpezbl X CHIDKEHHIO BO3JICHCTBUS Ha
KIIMMaTHYeCKUe U3MEHEHHS.
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HccnenoBanre u aHanu3 3apy0eKHOTO OMbBITa, a TAKKe
pe3yabTaTel  paboThl, MpoOBenEHHOW B  Y30ekucrase,
MOATBEPKAAIOT HEOOXOMMOCTD nepexona K
9Heprod((GEeKTUBHEIM TEXHOJIOTHSIM B  CTPOUTENILCTBE.
V30ekucTaH, WMEIOIMNH XapakTepHBId UL MHOTHX
PETHOHOB MHpa KIMMAaT C PE3KHMH KOHTHHEHTAJIbHBIMHU
KOoJIeOaHMAMHU  TeMIIepaTypbl,  MpeACTaBiseT  cobOoit
YHHUKAJIBHBIA  ciIydaif, TpeOyroumidi HWHAUBUAYAIHLHOTO
MOAX0Aa K NMPOEKTUPOBAHMIO M BBIOOPY MAaTepHaNoB IS
CTPOHUTENBCTBA. B  yCHOBHAX TakMX KIMMAaTHYECKHX
(daxTopoB 0coboe 3HAUECHHE HMEET MPaBHJIBHBII BBHIOOP
TEIIOM30JIIMOHHBIX ~ MaTepUajoB,  KOHCTPYKTHUBHBIX
pelieHuit W HCIONB30BaHHE COBPEMEHHBIX TEXHOJOTHUH,
TaKWX KaK COJIHEYHBIC IaHEeIH W CHUCTEMBI peKyIeparuu
SHEPTUH.

KitoueBbiMM  ()aKTOpaMM  YCIICHIHOTO — BHEIPEHMS
9HEprodp(eKTHUBHBIX  TEXHOJOTUH B  CTPOMTENBHYIO

HPaKTUKY V30ekucTaHa SIBIIIOTCS: BBICOKAsI
OCBEJIOMIIEHHOCTh HaCeNeHUs 0 3HAUCHUH
sHeproddheKTuBHOCTH, rpaMoTHas NOJIMTUYECKAs

MOAJEPIKKa, JOCTYHHBIE (HUHAHCOBBIE MHCTPYMEHTHI IUIS
UHBECTOPOB, @ TAaKK€ COOTBETCTBYIOIUME M3MCHEHUS B
3aKOHOJATEeJIbHBIX u HOPMaTHBHBIX aKTax.
T'ocynapcTBeHHBIE MHHIMATUBBI, TaKHe Kak CyOCHAWMM Ha
BHEJIPCHHE COJHEYHBIX MaHeNel WM JIbIOTHbIE KPEIHUTHI
JUISL CTPOUTENBCTBA 3HEProd(p(eKTUBHBIX 3JaHUH, MOTYT
CTaTh BaKHBIM HMHCTPYMEHTOM B CTHMYJIHPOBAHUM POCTa
CEeKTOpa.

Kpome Toro, HeoOXOOUMOCTH ydeTa KIMMaTHYECKUX
O0COOCHHOCTEH  CTpaHBl IPH  IPOEKTHPOBAHHH U
CTPOUTENILCTBE  IHEProd((GEKTUBHBIX  3MaHUH  HMMeEeT
pematomee 3HaueHHe. ONBIT CTpaH C  yMEPEHHBIM
KIuMmaroM, Takux ~ kak  ['epmanms, IIeenus wu
BenmukoOpuranus, TOKa3bIBaeT, YTO CTAHAAPTHBIE PEIICHUS
He BCer/a MPUMEHNUMBI B yCIIOBHAX Y30ekncrana. [Toaromy
Ba)XKHBIM HaIIpaBJIEHHEM ATl CTPaHbI ABJIIETCS pa3paboTKa
HOBBIX,  QJANTHPOBAaHHBIX IOJ MECTHBIE  YCIIOBHUS
TEXHOJOTMH W  MaTepualoB, a TakXKe CO3JaHue
CIHeLUATN3UPOBAHHBIX HOPMaTUBHBIX JIOKyMEHTOB,
KOTOpBIE OymLyT  CTHMynMpOBaTh HCTIONIb30BaHUE
9Heprod(HeKTHBHBIX pEIICHHH B CTPOUTEILCTBE.

OpHoM U3 IpobIIeM, ¢ KOTOPO# CTAIKWBAIOTCS CTPaHbI,
B TOM 4HCIIe Y30EKHCTaH, SIBISIETCS BBICOKAs CTOMMOCTH
CTPOUTEINIBCTBA YHEPTro3hPEeKTHBHBIX 31aHuil. HecMoTpst Ha
JIOJITOBPEMEHHYIO 3KOHOMHIO, 3aTpaThl Ha
MPOEKTUPOBAHUE, CTPOUTEILCTBO M OCHAILCHHUE TaKUMHU
TEXHOJIOTHSIMH 4acTO MPEBBINIAIOT OOBIYHBIE PACXOJBI HA
CTPOMUTENILCTBO TPAAUIMOHHBIX 3[aHMH. OJTo Tpebyer
co3maHus Oojee JOCTYNHBIX (PUHAHCOBBIX MEXaHH3MOB,
TaKWX KaK MpOrpaMMBbI MOANEPKKH M CyOCHAMpOBaHHMS, a
TaKoke HAIOTOBBIX JIBIOT JJISI HHBECTOPOB M CTPOUTEIIBHBIX
KOMIIaHHUH.

B KoHTEKcTe r100aIbHBIX 9KOJIOTHUECKUX N3MEHEHUH U
CTPEMIJICHUA K yCTOI‘r’I'—lI/lBOMy Pa3BUTHUIO BAXKHBIM LIaroM JJjisd
V30eKkucTaHa CTaHET TaKKe Pa3BUTHE BO30OHOBISIEMBIX
UCTOYHHUKOB DHECPIHU. CTpaHa pacnojiara€T 3Ha4YuTCIbHbIM
MOTEHIMAJIOM I HCTIOJI30BaHMUS COTHETHON SHEPTHH, YTO
Ja€T  BO3MOXKHOCTH  COKPaTHTh  3aBUCUMOCTh  OT
TPaANIMOHHBIX 3HEPTOHOCHTENEH M CHU3UTH HArpy3Ky Ha
JHEPreTHYecKylo cHucTeMy. IIpiMeHeHHWe CONHEYHBIX
HaHesel, COIHEYHBIX KONJIEKTOPOB M APYTHX TEXHOJOTHH
MO3BOJIUT HE TOJIBKO TIOBBICUTH 3HEProdpPpeKTHBHOCTH
3)13HPII>’I, HO W CYHICCTBEHHO CHHU3UTH 3aTpaThbl Ha
3JIEKTPO3HEPTHIO B TOJITOCPOYHON IEPCTIEKTHBE.

He MeHee BaXHBIM acCIEKTOM SBISETCS IOBBINICHUE
YCTOHYUBOCTH CTPOHUTEIBHBIX 00BEKTOB K KIIMMaTHIECKUM

U3MEHEHUSIM. Y CTOIYMBOCT K SKCTPEMAJIBHBIM TIOT'OIHBIM
YCIOBUSM, TAaKHUM KaK pE3KHE Mepemaasl TeMIeparyp,
OBUIBHBIE OypM M 3aCyXH, CTAQHOBHTCS  Ba)KHOI
XapaKTepHCTHKOW COBPEMEHHBIX 3JaHuil. lcnomp3oBanne
3Q(EeKTHBHBIX  TEIUIOM3OJIIIMOHHBIX ~ MaTepHaloB U
TEePMETHYHBIX ~ KOHCTPYKTHBHBIX  DEIICHHA  MOXeET
CYILIECTBEHHO MOBBICUTH JIOITOBEYHOCTD 3[[aHUI U CHU3UTh
HOTPEOHOCTh B HYAacThIX PEMOHTaxX M JIONOJHUTEIHLHOM
9HEProcHaOKEeHUH.

B 3aBepuieHHe, MOXHO CKa3aTb, 4YTO HEPEXox K
9HEeprodh(HeKTUBHOMY CTPOMTEILCTBY B Y30eKucTaHe
TpeOyeT  KOMIUIEKCHOTO  MOAXOJAa,  BKJIIOYAIOUIErO
yIIydImIeHHe 3aKOHOJATeNBbHOW 0a3bl, pa3BUTHE HOBBIX
TEXHOJIOTHH W MaTepHaloB, a TakkKe IOIJIEPKKY CO
CTOPOHBI TOCyJapcTBa W YacTHOTO cekTopa. OpHako
HOJIOXKUTENBHBIA ONBIT APYTHX CTPaH, a TaKKe PacTyIHUil
HHTEpEC K TeMe 3HeprodpQeKTUBHOCTU B CTPOUTEIBLCTBE,
JIal0T OCHOBAHMS IOJIArath, YTO B OyIyIEM 3TOT CEKTOP
Oyner pa3BUBATHCS OBICTPHIMH TEMIIAMH, YTO IPHHECET
3HAUUTENbHbIE  JKOHOMHYECKHE,  JKOJOTHYECKHe U
COIMAJIbHBIE BBITOJIBL.
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Smart city: problems and solutions

Y.l. Turdibekov!®2
!Samarkand State University of Architecture and Civil Engineering, Samarkand, Uzbekistan

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
Things), energy efficiency, environmental protection, smart systems, green technologies

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,
10T (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,

& 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 |oT, 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
(10T), 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.
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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:
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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

& https://orcid.org/0009-0002-9150-808X

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]. (eg.,
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 Availability: 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.I. Makhsimovi®2, 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

& https://orcid.org/0009-0002-9150-808X

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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1Tashkent state transport university, Tashkent, Uzbekistan

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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NuHoBanmoHHoe pa3BUTHE CHCTEMbI HHAKEHEPHOT0 00pa30BaHUA

Xaabpuu P02

ITamkenTcKuit rocy1apCTBEHHBIN TPAHCTIOPTHBINA yHUBEPCHUTET, TalkeHT, Y306eKncTan

AHHOTALUA:

B crartbe paccMaTpHBAIOTCS BOIPOCHI PA3BUTHS CHCTEMBI NPO(ECCHOHANBHOIO HHKECHEPHOTO

00pa3oBaHUs. AHANMU3UPYIOTCS COBPEMEHHBIE TEXHOIOTHH 00pa3oBaHus. [IpuBeneHbI peKOMeHIalun
110 3((eKTHUBHOMY BHEAPEHHIO HHHOBAIMH B HHKCHEPHBIX By3aX.

KmoueBsie ciioBa:

1. BBeaenue

WmxeHnepHoe 00pa3oBaHHE TPENCTABIAECT  COOOH
KIIFOYEBOH Pecypc IJIsl pa3BUTHS CTPAHBI, H €r0 3HAYCHHE
pacTeT ¢ ycKopsIoIeiicss CKopocTeio. beicTpoe ycrapeBanue
3HAHMI CTaBUT Nepe]] CHCTEMOI HH)KEeHEepHOTo 00pa3oBaHuUs
3a1aqy  (OKyCHUpOBaHMS IOArOTOBKM Ha  acIeKTax
CaMOpa3BUTHS U OCBOGHHMH TEXHOJOTHH HENpepbIBHOTO
o0yuennsi. GopMupoBaHHe €IMHOTO TIIOOATEHOTO pPBHIHKA
TpyAaa oOyciaBIMBaeT HEOOXOOMUMOCTh  YHU(DHKALUH
Y4eOHBIX MTPOTPaMM HHXEHEPHBIX CIIEIHATUCTOB [1].

OO0pa3oBaHHe WCHBITBIBAET MHABJICHHE CO CTOPOHBI
PO ECCHOHANBHBIX OOBETUHEHHH, KOTOPHIE TPeOYIOT
GoJiee OBICTPOrO BBIXOJIA BBIMYCKHHKOB Ha PBIHOK TpyJa U
MOBBIILICHNUS UX TOTOBHOCTH K paboTe B mpodecCHOHANTBHOI
cpene. YCKOpeHHE Hay4YHO-TEXHHUYECKOI'O Mporpecca
TpebyeT OT 00pa3oBaTENbHBIX OpPraHU3AIMH ITOJrOTOBKU
CIEIWAINCTOB  C  HCIONb30BAaHHEM  COBPEMEHHBIX
TEXHOJIOTHH u IIJIOTHOTO B3aUMOJIEHCTBUSA c
TOCYAapCTBEHHBIMH opraHamu BJIACTH, Hay4HO-
HCCIEAOBATEIbCKUMI  MHCTUTYTaMH ¥ TI€PEIOBBIMHU
npeanpusTusiMi.  [IoBBINIEHHEe KadecTBa WHIKEHEPHOTO
00pa3oBaHus, B CBOIO 04epelb, CIIOCOOCTBYET YBEIUUCHUIO
KOHKYPEHTOCHOCOOHOCTH 0o0IecTBa M 00pa30oBaTeIbHBIX
yupexaeHui [2].

B chepe maccoBoro  Bwicmiero  o0Opa3oBaHUS
HabJoaeTcst akTUBHAS AuBepcuuKanys Gopm, ypoBHeEH 1
cofiepKaHus y4eOHOTO Tporiecca. YKperuIsieTcs TeHACHI
HMHTepHAI[OHAIN3AIIH 00pa3oBaHus u Ipyrue
AQHAJIOTHYHBIE ABIDKCHHUS. AKTyalIbHbIE TPEHABI ¥ HOBEHIIINE
Tpe6OBaHI/I$[ CTaBAT MEPEN By3aMHU 3ala4U, KOTOPHIC MOI'YT
OBITh PEICHBL TOJIBKO yepes BSaHMO}leﬁCTBHe )51
MHTerpanuio. B 3Toii cBs3M 11e71eco00pa3Ho COCPETOTOUNTD
JIOPOXKHY IO KapTy pasBuTUsA u MOBBILIEHUS
KOHKYpPEHTOCIIOCOOHOCTH ~ HMH)KCHEPHBIX ~ BY30B  Ha
CJIeYIOIIUX HAIPABICHHAX:

@iy https:/orcid.org/0000-0002-7217-8161

WHHOBALIUH, HH)KEHEPHOE 00pa3oBaHUEe, KAYeCTBO 00pa30BaHMs, KOHKYPEHTOCIIOCOOHOCTD By3a

- co3JaHue pecypcoB Ut COBMECTHBIX
00pa3oBaTeNIbHEIX IPOTPaMMm;

- pa3BHTHE CHCTEM DJEKTPOHHOTO OOydYeHHs W
MOHHTOPHHTA B By3aX;

- peanu3anysi BHEIIHMX HMH/DKEBBIX IPOEKTOB,;

- COTPYIHUYECTBO C BHEITHUMH JICPIKATEISIMU KYPCOB U
OTKPBITBIX ME/IHa KOJUICKIIUH.

JlutepaTrypublii aHaam3. Ha ceronusmnuii n1eHb
JMUCTAHIIMOHHOE  OOy4YeHHWe  mpHOOpeTraecT  0COOyrO
3HAYUMOCTb, obecrieunBast JOCTYTI K
BBICOKOKQUEeCTBEHHOMY  00pa3oBaHHIO I JIFOJCH,
HECIIOCOOHBIX ~ BOCIIONIB30BaThCS ~ OYHBIMH  (OPMaMH
oOyuenusi.  XapakTepHble  4YepTHl  JAMUCTAHIMOHHOTO
oOydeHHsi, TakMe Kak  T'HOKOCTb,  MOJYIBHOCTb,

TapajuIeJIbHOCTh, OXBar, peHTaGeJ’ILHOCTL n
HWHTCPHAIMOHAJIBHOCTb, OCHOBBIBAIOTCSA Ha COBPEMEHHBIX
neagaroru4eCKux METOdax u HH(bOpMaHHOHHO-

TEJIEKOMMYHUKAIIMOHHBIX TEXHOJNOTusX. lcrnonp3oBaHue
KOMIIBIOTEPOB U TEJIEKOMMYHMKALMOHHBIX  CPEJCTB,
BHEJIpeHNE TMOKOTO pacHHCaHusl U MOJYJBHOH CTPYKTYpBI
KypCOB MIPUBOIUT K 00pa30BaHUIO HOBOW 00pa30BaTeNbHOM
MOJIENN C HEONpeIeNeHHBIMU TPAHUIIaMH (OPM 00y IeHHS.
I'maBHBIMM TEXHOJOTHSIMH TUCTAHIIMOHHOTO OO0y4eHHs
CUHUTAIOTCS] HHTEPHET-TEXHOJIOTHH, Ke{cOBasi TEXHOJIOTHS 1
TCJICKOMMYHHUKAIITUOHHBIE TEXHOJIOTMH, KOTOPBIC CIECAYET
paccMaTpHUBaTh KaK B3aUMOCBSI3aHHYIO CUCTEMY.
Crnenuanuctel FOHECKO akueHTupyoT BHUMaHHE Ha
TOM, YTO JUCTaHIHOHHOE 00y4YeHHe MPH3BAHO 00ECICYUTh
paBHBIM IOCTYm K WHpOpMAIMM ¥ OOpa30BaHUIO IS
Ka)KIOTO YeI0BeKa, O3B0 U3y9aTh IPOrPaMMBbI JIF000T0
KOJUIe/DKa WM yHUBEPCHTETa B J000H Touke mmpa. B
nokmane Jlymca Pocemmo, pykoBommTens — cekTopa
nuctanumonHoro ooOpasoBanuss KOHECKO, o6o3HaueHbl
OCHOBHBIE 33/1a4M Ha nepsble necatuinetus X XI Beka, cpenn
KOTOPBIX 3HAYUTCA INEPEX0T OT OF‘paHM‘leHHOﬁ KOHIICITIIMH
(U3MYECKOrO TEepEeMELICHHs] CTYJCHTOB K KOHIICIHINH
MOOWIBHOCTH WJeH, 3HaHHH W OOydYeHHs, C IIENbI0
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pacrpeneneHus 3HaHuH myTeM oOMeHa 00pa30BaTeIbHBIMU
pecypcamu Mexay ctpaHamu [1].

Crenys TpeHzaM, TpasNIINOHHEIE (hopMEI
JIUCTaHIIMOHHOTO OOyd4eHHs1 HpeoOpa3yloTcss B MaccoBOe
OTKpbITOE 00pa3oBaHME, YTO OTPaXKAaeTCs B PaCIIUPEHUHN
CIeKTpa  00pa3oBaTENbHBIX  HHTEPHET-TIPOEKTOB B
VYHuBepcutere MailiHOp i1 CTYIEHTOB M BHEIIHHUX
none3oBateneil. Cucrema omnupaercs Ha IOCTOSHHO
0OHOBJIAIOLTYIOCS 023y Y41eOHO-METOANYECKUX MaTepHaJIoB,
BKJIIOYasi ydueOHbIE IJTaHBI, MPOTPAMMBI, METOAUUECKUE
pa3pabOTKH U KOJUIEKLHUIO aTTECTAHOHHBIX U 00yJaroIIIX
3aJIaHAM.

Jpyrum  cnocoboM  moBbImIEHHST  3((HEKTHBHOCTH
o0pa3oBaTe)IbHOH ~ CHCTEMBI  SIBISIETCSI  BHEIpPEHHE
WHHOBAIlMOHHBIX ~pemeHnid. OToT mpouecc B cdepe
o0pa3oBaHUsl TpEACTAaBIsIET COOOH CIOXKHOE SIBJICHUE,
IpeIoaramolee MoCcTeNeHHOe OOHOBIEHHE COJEp KaHuU,
METOOB U (opM OOy4eHHUS U BOCIUTAHUI, 4YTO,
0e3yCIIOBHO, BIHSACT Ha Ka4€CTBO MEIarorHueckoi paboThl.
Knaccngukanus HOBOBBeleHHII NpelcTaBieHa B TpylHax
TaKuX y4eHbIX, kak K. Aurenosckue, H.B. [opOyHoBa, A.B.
Jlopencos, M.M. IMotamnuka, H.P. FOcyd6ekosa n npyrux.

HCCHCZ{OB&TGJ’II/I, 3aHUMaroImurueCcsa nez[arornquKoﬁ
PIHHOBaTPII(Oﬁ, CTPEMATCA YBA3aTb HOBOC B INEAArOTrUKE C
XapaKTCpUCTUKAMU, TaKUMH Kak IIOJIC3HOCTD,

MPOTPECCHBHOCTH HCOBPEMEHHOCTH[ 3, 6, 7].

MHHOBamMM B paMKax IeJarorudeckoro Imporecca
MOJPa3yMEBAIOT  BHEIPECHHUEC  HOBBIX  JJCMEHTOB B
colepkanne, MeToasl u (OpPMBI OOyUYCHHS, a TaKKe
OpraHU3aIMI0 COBMECTHOM JNESATEIBHOCTH MPEMOaBATEI 1
CTyZeHTOB. [IOHSITHE MHHOBAIMA B O0YYCHUH OXBATHIBACT
HOBBIE NEIarOTHYECKHE METOAUKH, CIIOCOOBI OPraHU3aLUI
y4eOHBIX 3aHATHA W WHHOBAIlMM B 00pa3oBaTEILHOM
MpoIiecce, BKIF0Yask METOIbI OLIEHKH YUeOHBIX Pe3yIbTaTOB.
K mpumepy, 310 MOTyT OBITE IPOGMITEHBIE KIACCHI, ITKOJIBI-
MapKH, UTPOBBIX METOJIMKH U THIOTOPCTBO [4, 5].

WuHOBaMM B yOpaBicHUH  00pa30oBaTebHBIMU
YUPESKACHUSIMU OXBATHIBAIOT BHEAPCHUE HOBBIX MOIXOJI0B
W CXeM VIpaBlICHUS, TaKhe KaK MapKCTHHIOBBIC
HccIeI0BaHMs, 00pa3oBaHNe CIEHATH3UPOBAHHBIX TPYIIT
BHYTPH YYPESKICHUHA, CO3MaHUE YIPABIAIONINX COBETOB C
peambHBIMH  (QYHKOUSMH ¥ DPa3BUTHE  CETEBOTO
B3aMMOJEHUCTBUS. B KOHTEKCT€  TOATOTOBKH U
MEPENOATOTOBKH IEIarOTUYECKUX KaIpOB HOBOBBEICHHS
MOJPa3yMEBAIOT HOBBIC MOAXOJBI, & TaKXKe MPOTPAMMBI,
OpPHUCHTHUPOBAHHBIC HA U3MCHCHHE TPEOOBAHUI K KaueCTBY
0o0pa3oBaHusA, BKJIIOYas JAWCTAHIMOHHOE OOYYCHHE WU
CO3JIaHHE MEXTUCIUTUTHHAPHBIX KYPCOB.

2. MeToa0J10rusl MiccJie0BaHUuSA

Haubonee >¢d¢dexTnBHO HOBIIECTBA peaNU3ylOTCS B
Manbix  koyuiekTuBax (500—1000 wuenoBek), rae Jerdye
obecreynTh MOArOTOBKY MEJarorHueckoro MepcoHaiga K
U3MEHCHUAM U 6bICTpee BﬂOXHyTb B HUX 3HTy3I/Ia3M. Ba)KHO
IUIAHUPOBAaTh  BO3MOXKHBIE PUCKH TIPH  peaH3alui
WHHOBAIIMOHHBIX ~ TPOIIECCOB,  yYUTHIBAas, YTO  Kak
YTBEPXKIACTCS PSIOM HCCIIEAOBaTeNel, Kaxkaas BTopas
OpraHU3aIMOHHAs HOBAIMS MOYKET 3aBEPIINTHCS HEyAaueH.

D¢ dexTUBHOE BHEIPEHUE HHHOBAIMI B By3ax TpeOyer
IOATOTOBKM OyAyIIUX MpernojaBaTesieil K HNHHOBallMOHHON
ACATCIIBHOCTH l'IyTCM:

1) uHTerpauu oOMIeearoTHYeCKIX U CIeIHATbHBIX
JUCHIUILTHH B Y4eOHbBIE IPOTPaMMEI;

2) moMomM CTyIeHTaM B ()OPMHPOBAHMU HaBBIKOB
MCHOJIb30BAHUS HHHOBALHMIA;

3) co3maHMs CIENUATIBbHBIX KYypCOB IO MHHOBAaTHKE U
nporeccaM B 00pa3oBaHUM;

4) BKJIIOYEHHUS HAyIHO-HCCIIE0BATEIILCKOH paboTHI;

5) BOBIEYEHHS CTYICHTOB B IIPOEKTHI, CBSI3aHHBIE C
WHHOBAIMSAMHU.

3. 3akioueHue

OO0paszoBaHue, MpEACTABIAIONICE COOOH  001acTh
HAaKOIUIEHWS 3HAaHWH W yMeHHi, 00s3aHO CO3/1aBaTh
YCIIOBHS, CIOCOOCTBYIOIINE BBISBICHHUIO M Pa3BUTHIO
TBOPYECKUX CHOCOOHOCTEH, obecreunBas (opMupoBaHHE
HAaBBIKOB ~ €aMOOOpa3oBaHMsA M, KaK  CJE/ACTBHE,
caMopeanu3alMy  MHOMBHAyyMa. [laHHas ~ cucTeMa
HOATOTOBKM OYIYIIMX II€aroroB K WHHOBAL[MOHHBIM
NpaKkTHKaM HaleleHa Ha (OpPMHUPOBaHHE Yy CTYACHTOB
HHTepeca K BHEAPEHHUIO HOBIIECTB B UX NMPodeccnoHaIbHO
NEATENBHOCTH ¥ OCYIIECTBISIETCS Yepe3 IMOCIe0BaTeNbHOe
OCBOGHHME 3HaHMH O HOPMAaTHBHOM  HCIOJIB30BaHHU
WHHOBAIWi1 B y4eOHOH NesTeIbHOCTH.
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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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is outlined. The problem of admission to the profession is
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O coBepIIEHCTBOBAHMHU CHCTEMbI MMOATOTOBKH KAJIPOB JIsl CTPOUTEILHOM
oTpacu

Iunavesa E.B.102, [Tupmartos P.X.}0P
ITamkenTcKuit rocy1apCTBEHHBIH TPAHCTIOPTHBINA yHUBEPCHUTET, TalikeHT, Y306eKkucTan

AHHOTaNUS: PaccMOTpeHBI Iy TH COBEPIIICHCTBOBAHMUS MTOITOTOBKHU KaJPOB JJIsl CTPOUTENBbHOM oTpaciu PecryOnuku
VY30eKkucTaH B COBPEMEHHBIX YCIoBUsIX. O003HaueHa CyLIecTBYyoas npodieMa OTpaciu, CBSI3aHHas
C OCTpOif HEXBaTKOW  BBICOKOKBAIH(HIIMPOBAHHBIX HMHXEHEPHBIX KaapoB. IlocraBieHa mpobiema
JIOTTyCKa K mpodeccuu.

KiroueBsie cioBa: mpoeccHOHaNbHOE MAacTepCcTBO, CHCTeMa MOATOTOBKH KaapoB, CHCTeMa [OOMyCKa K mpodeccud,

TCOPETUYCCKUEC 3HAHUA, HpaKTI/I‘{CCKI/Iﬁ HaBBIK

1. BBeaenue

CrpoutenbHast otpacib PecrmyOmukn — Y30ekucran
CTPEMHTENIFHO  pPa3BUBACTCS. DJTOMY  CIIOCOOCTBYIOT
Tocranosnenus [IpaButenscrsa [1, 2, 3], rocy napcTBeHHBIE
WHBECTUIIMOHHBIE IIPOTPAMMBI, AKTHBHOE IPHUBIICUCHUE
3apyOexxHbIX MHBecTopoB - Poccum, Kwuras, Typumm u
EBpomneiickoro 6anka pexoHcTpykiwn u passutus (EBPP).
[IInpoxo BHEAPSIIOTCS HOBBIE CTPOMTENIBHBIE TEXHOJIOTHH,
WHHOBAIIMOHHBIE PEIIeHUs B 00J1aCTH SHEprocOepexeHus 1
sKkojormdecko  OesomacHoctH.  Ocoboe  BHHMaHHE
yaensieTcss  BOIpocaM  CEHCMOCTOMKOCTH — 3JaHUM  u
Pa3BUTHIO KOHIETIUH YMHBIX ToMOB (Smart Homes). et
aKTUBHBIM  Tpoliecc TOATOTOBKM  KaapoB. Ilomumo
OTCUECTBEHHBIX BY30B, OTKPBITBI JECATKH (DUIIHAIOB
3apyOCKHBIX ~ 00pa30BATENBHBIX  YUPEKICHUH, COTHH
MOJIOJIBIX JIFOJIeH OTHPABIISIOT AJIs 00y4YeHUs 3a TPaHHUILY, TO
€CTb  PYKOBOACTBO  CTpaHbl  INPOSABISIET  OOJNBIIYIO
3aUHTEPECOBAHHOCTD B MOSBICHUH 3HAUUTEIHHOTO YHCIIA
CIIEIMAINICTOB, 00JIAJAIONINX TITyOOKUMH TEOPETHIECKIMHU
3HAHMUSIMH ¥ JOJDKHBIM HPO(ECCHOHAIBHBIM MacTEePCTBOM.
OnHako, HECMOTPSI HA MOCTOSHHO HIYIIYI0 paboTy B 3TOM
HamnpaBJICHUH, OGIJ.(CCTBO UCIBITHIBACT OCTPYIO HEXBATKY B
BBICOKOKBAJTM(UIIMPOBAHHBIX  CICLMAIUCTaX, B IEPBYIO
ouepe/lb, MHXKCHEPHBIX KaJpax, OTBEYAIOLIUX 32 Ka4eCTBO
BBITMOJTHEHHSI IPOSKTHBIX PaboT, BHEIPEHNUE COBPEMEHHBIX

TEXHOJIOTHH, pa3paboTKy HOBBIX CTPOUTENBHBIX
MaTepuasoB.

JIr060i1 CTPOUTENBHBII OOBEKT SBIACTCSA PE3yIHTATOM
paboTh Pa3IMIHBIX TpyHII CIIEIHAJINICTOB -
IPOEKTUPOBIIMKOB,  NPOU3BOJAUTENICH  CTPOUTENBHBIX
MaTepHuaioB u KOHCTPYKIIUH, cTpouTenei,

OCYILECTBIAIONINX BO3BEIECHHE 31aHUN U coopyxkeHuil. Ot
KBaJH(UKALMK BCEX ITUX CIELUATNCTOB 3aBUCUT KaueCTBO

KOHEYHOro npojaykra. [Ipuuem, npumepHo, B 80% cimydasx
aBapHUyu 3[aHUH U COOPY)KEHHH IPOUCXOIAT B pe3yjbTare
MepeceyeHust BYX HE3aBHCHUMBIX HETaTHBHBIX COOBITHIL:
COOBITHSI, COCTOSIIIEr0 B  HEOXKUJAHHOM  IOSIBICHUH
BHEIIHETO 3allPOEKTHOTO BO3JEHCTBUSA, NMPOBOIMPYIOUIETO
aBapuIo, W COOBITHS, 3aKIIOYAIOMIEroCs B TOM, YTO IIPH
BO3BEACHUH W/WIIM SKCIDTyaTaluk OOBEKTa HOITyIIeHa
ONIpENeNICHHass COBOKYITHOCTh YETOBEYECKHX OIIMOOK,
CHM3MBIIASL YPOBEHb €0 KOHCTPYKIIMOHHOW 0€30MacHOCTH.
Kak mnoka3biBaeT MEXIyHApOIHBIH OIBIT IPOBEICHUS
JKCIIEPTH3 CTPOUTENIBHBIX OOBEKTOB, BTOPOE COOBITHE
MOXET HaCTYIHTh U3-32 OMIMOOK MPOSKTUPOBIINKOB B 15%
CllydaeB, II0 BHHE IIOCTABIIUKOB MaTepHaloB H
KOHCTPYKIHH - B 25%, a o BuHE cTpouTeneil — B 60%.

Bonpmrass  4WacTe 3THX  CHENUAIHUCTOB  MOJTYYaroT
oOpazoBaHne B By3ax pecmyOnmkdn. I kak oTmedaror
paboToaTeNnn, OCHOBHBIMU HEJOCTATKaMH B MX ITOJITOTOBKE
SIBIIOTCS OTOPBAHHOCTH OT PEATbHOW IMPAKTHYECKOit
NEeSTeNbHOCTH W HEBBICOKHH YPOBEHb TEOPETHYECKHX
3HAHUH. 3HAYUT HEKOTOpas A0J1s1 OTBETCTBEHHOCTH JIC)KUT U
Ha CHCTEME IIOJTOTOBKH  KaIpoB, IEJarOTMYeCKUX
KOJUICKTHBAX, 00yJaronx " TIPUCBANBAIOIINX
COOTBETCTBYIONIYIO KBATH(DUKAIUIO.

2. MetoaoJ1orusi ccjie0BaHus

OCHOBHBIMU METOaMH HCCIIIOBAHUI OBUTH MPUHSATHI
METO]] KPUTHUYECKOTO aHaIn3a U 0000IeHNe JaHHbIX.

3. Pe3yabTaThl HCCIE10BAHUS

[ToAroToBKa CrenUaIMCTOB B 00JIACTH TPAXKAAHCKOTO U
IPOMBIIIUIEHHOTO CTPOUTENHCTBA B PecmyGnuke
V30eKHuCTaH OCYLIECTBIAETCSI Ha OCHOBE ['0Cy1apCTBEHHBIX
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o0pa3oBaTenbHbIX cTaHAapTOB. JlJist TOro, yToObI y4eOHbIe
IUIaHBl M HPOrpaMMBbl  AUCLUIUIMH  COOTBETCTBOBAIIN
TpeOOBaHMUAM CETOAHSIIHEr0 JHS W OTPAXaIM YPOBEHb
Pa3BHUTHS CTPOMUTEIHHON HAyKH W TEXHHKH, UX IOCTOSHHO
MepecMaTPUBAIOT, KOPPEKTHUPYIOT, COBEPUICHCTBYIOT U
aKTyaJIH3UPYIOT.

A Ttak xkak [ocymapcTBeHHBIE 00pa3oBaTenbHBIC
CTaHIapThl, yueOHbIE IIIaHBI U IPOrpaMMBbl y4eOHBIX
JUCHMIUIMH ~ TPOIITM  JODKHYIO — JIKCIEpTH3y U
COOTBETCTBYIOT MEXIyHapOIHOMY YPOBHIO, TO,
ClIeIOBaTeNbHO, HEOOXOJUMO TIOBBICUTh MHHUMAbHBIE
TpeOoBaHMsI K BBHIIYCKHHKAaM, ITOJIYyYAIONIUM IHUILIOMBEI O
BBICIIEM 00Opa3zoBaHuu. Hampumep, paccMoTpeTh BOIPOC O
TOM, YTOOBI OTHENBHBIM CTYACHTaM, cabo OBJIAJICBIINM
TeM 00bEeMOM  3HaHWH,  KOTOpBIH  HeoOXoauM
JUIUIOMHPOBAHHOMY CHELHANNCTy, BMECTO IPHCBOCHUS
KBaJM(UKALMHK, BbIAABaTh CEpTHHHUKAT O MPOCTYLINBAHUI
COOTBETCTBYIOMINX KYPCOB.

WHo#t moxxox momKeH OBITH K TEM BBIMTYCKHHKAM,
KOTOpBIE IPOSIBIJIM CBOM JIy4IlMe KadyecTBa B IIEPUOL
oOyueHuss B OakalaBpuare, a, MOXET OBITh, YyKe
NPOJEMOHCTPUPOBAI B Marucrparype WiId  Ha
NPOU3BOJCTBE  CHOCOOHOCTH  JOCTHIaTh  BBICOKHX
CTaHAAPTOB, TpeOyeMbIx s mpodeccroHana. OcoOeHHO
9TO KacaeTcs TeX, KTO CBOIO0 OYyAYIIyo MPpoQecCHOHATBHYIO
NESTEIbHOCTh CBSA3BIBACT C pPabOTOH, BIHMSIOMEH Ha
0e30MacHOCTh OOBEKTOB CTPOUTENBCTBA. MOXKET OBITH,
[eIecoo0pa3sHo  HMCKIIOYUTENFHO UL HUX — TpH
BBIIyCKAIOIMX  Kadexpax  co3maBaTb  OIHO- WU
IBYXTOJUYHBIC CIELHAIUTETH, IepedeHb MUCLUIUINH B
KOTOPBIX HOJDKeH (opMHpOBaThCS € Y4ETOM MHEHUS
paboronareneii, TpaguLuil YHHUBEPCUTETA H OCOOEHHOCTEH

IIpenomaBatens 37ech  BBICTYHAaeT B KadecTBe
KOHCYJIbTaHTa, HE BMEIIMBAsCh AKTUBHO B TBOPUYECKHUil
HpoIecC, HO TIPH OOpameHN! JaeT KOMIIETEHTHBIE COBETHI.
CTyZAeHTBl CaMOCTOSITEIBHO HILYT MNpoOJeMy, KOTOPYIO
CllelyeT PeUIMTh Ul JOCTHIKEHHs IOCTABICHHOM Iieny,
HaxomAT €€ BO3MOXKHBIE peIIeHHs, O0CYXKIAloT UX U
NPUHUMAIOT OKOHYATeNBHBIH BapuaHT. BeicTymas mnepexn
ayAUTOpHUEH ¢ TOKIIAJ0M II0 Pe3yNbTaTy paboThl, CTYICHTHI
HMpHOOPETaIOT YyBCTBO OTBETCTBEHHOCTH 3a BBIIOJHEHHOE
JIe7I0, OUIYIIAlOT CBOIO YBEPEHHOCTh M MOKAa3bIBAIOT
BBICOKHH ypOBEHb KpeaTHBHOCTH. (OOpa3oBaTeNbHBIN
pe3yJIbTaT 3TOr0 METOa HanboJiee 3HaYMM, TaK Kak JEep>KHUT
BCIO ayJUTOPHUIO B 3axBaThIBAIOLIEH JEJOBOM urpe u
MO3BOJISIET KaKIOMY CTYIEHTY BBICKa3aTh CBO€ MHEHHE B
KOHTEKCTe OyayIlei TpodecCHOHABLHON eI TeTbHOCTH.

IIpodeccust ctpoutens — He u3 nerkux. OBnaacHue ei
Ha JODKHOM YPOBHE TpeOyeT OT MOJIOJOTO UeNOBeKa H
OIIPENENICHHOTO CKJIAJla yMa, U ycepAus B MPHOOPETEHUH
TCOPETHYECKHX 3HAHWH, M OCBOCHHH IPAKTHIECKHX
HaBbIKOB. He citydaiiHO, Ka)AbIii 4eTBEpTbIM CTyAEHT B
I'epmanuu He nmosryyaeT cBoit nuruiom. M, kpome toro, ecnu

rOBOpPUTH 00pa3HO, TO caM mporecc OOy4eHUs — 3TO
OCBOGHHME «a30yKH» M «4YTEHHS II0 cioram». A BOT
«CBOOOZHOE YTEHHME» — 3TO yXKEe Pe3yJbTaT MOCTOSHHON

paboThl  BBINYCKHHKa Hax  coboif, ero kemaHus
COBEPIICHCTBOBATh HABBIKKM M NMPUOOPETATh MPaKTHYECKUit
OIIBIT B TPYAOBBIX KOJUIEKTHBAX. B 3TOM OTHOLICHNH, YTOOBI
HOMHATh MPO(ECCHOHANBHBIA  yPOBEHb  BBIYCKHHKOB,
XOpOIINM HauyMHAHHEM MOXKET ObITh 00pa3oBaHHE MPH
BBITyCKalomux  kadeapax  HEOONBIIMX  HPOSKTHBIX
OpraHu3anuii, B KOTOPBIX CTYJCHTBl HAa4YMHAIH OBl
OCBaMBaTh TPOCKTHHIC HABBIKM, BBIMONHSS  IOCHJIBHBIC
3a/1aHusl, 3HAKOMHJIHCh Obl Hanboyee TECHO ¢ MPOCKTHOW

PErHOHAIBHOTO pBIHKA TpPYZAa, a MX COJEpXKAHHE —
HOCTOSHHO ~ Pa3BUBaThCi M OOHOBIATBCA C  Y4ETOM
MOCNIETHAX ~ JOCTIDKCHHH B  CTPOUTENBHOH  OTpaciH.
OOydenue B crenUaInTeTe JODKHO OBITh HAIpaBICHO HE
CTOJIBKO Ha MOJTyYeHNE TEOPETHIECKUX 3HAHUH, CKOJIBKO Ha
OCBOGHHE NPAKTUUSCKUX HABBHIKOB — HOBBIX PAcYETHBIX
METO/IOB M NIPOIPaMM, IPHHIUIIOB IPOSKTUPOBAHUS U T.II.

K mpoBenenuio 3aHATHH, OCOOCHHO CBSA3aHHBIX C
BBITNOJIHEHUEM TIPOCKTHBIX DPaboT, ClefyeT IpHUBJICKaTh
BBICOKOKBaIM(UIIMPOBAHHBIX HHXEHEPOB-
NPOM3BOJICTBEHHHKOB. Takue TBOPUECKHE COJIPYKECTBA
OyZyT BBITOJHEI KaK YHHBEPCHTETaM, KOTOpBIE OyIyT
MOBBIIATE  CBOIO  IIPECTIDKHOCTh, MpeIaras CBOUM
CTYZICHTOM BO3MOXHOCTD IOy YCHUS BEICIIIETO
00pa3oBaHus ¢ MOCIENYIOMUM TPYAOYCTPOUCTBOM, TaK U
opraHu3auusM-apTHEPaM, KOTOpbIE TapaHTHPYOT cebe
Ha0O0p KBATM(PUIUPOBAHHBIX COTPYIHHKOB.

COBpeMEHHBIH CTYACHT 3HAYMTENBHO OTIMYACTCS OT
CBOMX CBEpCTHHKOB mponuioro crojetus. OH Oonee
cocpenoTtoueH Ha cebe, MeHee HaueleH Ha paboTy B
KOMaHJie, JaJeKo He BCerja IpOSBIIeT WHUIMATUBY B
pelIeHNH KOHKPETHBIX 3ajad, MEHee CTUMYJIMpPOBaH Ha
riay0oKoe OCBOGHME CIICHHAIBbHOCTH, KaXIET OBICTPOro
HOJIy4CHHUsI TOTO WM MHOTO pe3ynbTara. UToObI OBBICUTH
3aMHTEPECOBAHHOCTE B MPOYECCHH, pPAa3BUTh YYyBCTBO
KOJUICKTUBM3MAa B IPHUHATHH  PCIICHUH,  pa3BUTh
npoheCCHOHABHYI0 KOMIIETEHTHOCTh BO3MOKEH BO3BPAT B
o0y4eHHnn K 01HOH U3 e€ 3a0BITBIX HOPM — «IETIOBOH UTPE,
Hpernonarammen pemieHue MIPOEKTHBIX init
NPOU3BOJCTBEHHBIX 3a7ady TpyNnaMd CTyJISHTOB Ha
KOHKYPEHTHOH OCHOBE.

paboToif, JTydrie TOHUMaNH OBl CTEIIEHb OTBETCTBEHHOCTH
3a pe3ysbTaT CBOETO TPYyAa.

Eme oauH oueHb BaXKHBI BONPOC — 3TO JOIMYCK
BBIITYCKHUKOB BY30B K CaMOCTOSITEJIbHOM HH)KEHEpHOH
JIeSTeNbHOCTH. B pa3BUTBIX cTpaHax K 3TOMY OTHOCSATCS
ropaszio 60Jiee Cepbe3HO U OTBETCTBEHHO.

B CHIA s TOTO, YTOOB! IUMIIOMUPOBAHHBII HHXKEHEP
UMeNT TIPaBO CAMOCTOATENBHO IPUHAMATH PEIIeHHUs,
CBSI3aHHBIC MPOEKTHPOBAHUEM 3/IaHUII U C BO3MOXKHOCTBIO
YTBEP)KICHUS CBOMX PpELIEHUH JIMYHON  IOAMMUCEHIO,
MHHUMaIbHBIM  TpeOOBaHWEM,  MOMHMO HaJIMIHs
oOpa3oBaHus,  SBISIETCS  yCNeIIHas  cAada  JABYX
CTaHIAPTU30BaHHBIX 3K3aMEHOB — «OCHOBBI HHKEHEPHBIX
HayKk» U «[IpHHIMIBI ¥ TPaKTHKAa B WHXKCHEPHBIX HAayKax»
[4]. Ilpuuem, B OAHMX IITaTaXx CTYIECHTaM pa3perIeHO
cAaBaTh IEPBBII OSK3aMEH [0 MOJIyYCHHs OUIIOMA, a B
JIPYTHX JUISt 3TOTO TPeOyeTCsl IMETh HECKOIBKO JIET OIIBITa
paboTHL.

Jns mposenenue sk3ameHoB B CIIIA axkpemuroBaHa
HETOCYapCTBEHHAst HEKOMMepJecKast OpraHu3anus
«HaroHanbHbIA COBET 9K3aMEHATOPOB /11 MHKEHEPOB U
uspickaresnein» (National Council of Examiners for
Engineering and Surveying — NCEES). Ilocie cpauu
sk3aMeHa «OCHOBBl HMHXKEHEPHBIX HAyK» CIIEHHAIUCT
MOTydJaeT CTaTyC WHKeHepa-MHTepHA. 3aTeM OH IPOXOAUT
MPAKTHKY, CPOK KOTOPOH COCTaBIISIET HE MEHee JBYX JIET (a
B HEKOTOPBHIX IITaTaXx He MEHee YEeTBIPeX JIET), U TOIBKO
TOrJa  HWHKEHEP-MHTEPH  IIOJy4aeT  BO3MOXKHOCTh
3apeTUCTPUPOBATHCS IS craun BTOPOTO
CTaHIAPTU30BAHHOTO 3K3aMEHa, COCTOALIETO U3 TECTOBBIX
BOIIPOCOB M pacueTHOW uacTu. Ilocnme ycmemHod craun
JK3aMCHa ((l_lpl/IHL[I/Il'Ibl U TIPAKTHUKA B WHXKCHEPHBIX HAYKax»
HHKEHEp HMeeT TMpaBo IONYYHTh JIHIEH3WI0. B
JaTbHEHIIeM JIMIEH3UPOBAHHBINA HHKEHEP CTpaxyeT CBOIO

ENGINEER



OTBETCTBEHHOCTb, U TOJIBKO TOT/A TOJyYaeT MOJIHOE MPABO

CTaBHUTh CBOIO JIMYHYIO T€4aTh U MOAMHUCH HA YepTeXaxX U

pacyerax, BEITOJIHAEMBIX UM B paMKax CO3JIaHUs POEKTa.
B  AHrmmm Ui momydeHHs — KBaJIH(HUKAINMH

JUTTIOMHPOBAaHHOT O, TaKk Ha3bIBAEMOTO
TIPUBUJICTHPOBAHHOTO HHXCHEpPa, TpeOyeTcs He MeHee
BOCBMH JIET — HO daiie Bcero He MeHee 10 jmer —

YHUBEPCUTETCKOTO 00pa3oBaHHsA M  IOCIEAUTIIOMHOTO
oOpazoBanus [5]. 3BaHKMEe NMPUBUIETHPOBAHHOTO WH)KEHEpa
MOJKHO TOJNYYHTb TOJIKO Ha 0ase NpodhecCHOHAIBHOIT
HETrOCyapCTBEHHON OpraHu3aluu BemukoOputaHum —
Cosera mmxeHepoB (Engineering Council), B koTopyio
BXOJST caMble BBICOKOKBATHU(HIIMPOBAHHBIE U OIBITHBIE
HHKeHEepBI-cTpouTenu  crpanbl.  CoMcKaTens  3BaHUS
MIPUBUJIETHPOBAHHOTO WH)KCHEpa MOJDKEH HMETh CTENeHb
MarucTpa  (JOMOJHHUTEIBHO TIPUBETCTBYETCS HAIM4UE
CTENEHH MOKTOpa WHXXEHEPHBIX HAyK) U OINBIT pabOTHI
(0OBIMHO HE MEHee YeTHIpeX—IIATH JIeT). B pesynbpTare
cobecenoBanusi B CoBeTe HMHXEHEPOB, B XOZI€ KOTOPOTO
OIpesenseTcst YPOBEHb npodeccHoHanbEHOM
KOMIIETEHTHOCTH COMICKATeNsl M YCTaHABINBACTCS HaINIUe
y HEro >kellaHus JaJbHEeHIero npodeccnoHaIbHOTO POCTa,
MOXET OBITh HPHHATO pEIICHHE O INPHCBOCHUM 3BAHUS
MIPUBHIIETHPOBAHHOIO HHXeHepa. C 3TOro MOMEHTa OH
MOXET CaMOCTOSTENIbHO HECTH OTBETCTBEHHOCTh 34
BBIMIOJTHSEMBIE PACUETHI M YEPTEXKH.

AHaOru4YHbII MOJXOJ K MOJATBEPKICHUIO
KBamu(UKAIlMA HHXCHepa HaOmogaeTcs B Kanajae u B
ABCTpanuu, TO €CTh HH)XCHEp JMOJDKeH IpHOOpecTH
OoNBIION  OMBIT pPAabOTHl M HPOUTH JOTOJTHUTEIIBHYIO
HPOBEPKY, MPEXKIE YeM OH IOJIyIUT IPABO CAMOCTOSTEIHLHO
MIPUHAMATH PEIICHUs IPY CO3JaHUN MPOEKTOB 3IaHUN HIH
coopyeHui [5].

CucremMbl nomycka K TpodeccHd B Pa3BHTHIX
3apyOeXHBIX CTpaHaX IO3BOJITIOT TAPAHTUPOBATH BEICOKUIT
YpOBeHb  IpodeccHoHaIn3Ma  HHKEHEPOB-CTPOUTEINCH.
[Mono6Hass mpakTHka Moryia Obl OBITh TPUHATA U B
V36ekucrane.

B Tom ciyuae, xorna OyayT mepecMOTPEHBI TOJIXO0J K
TIOJITOTOBKE CTYAEHTOB M CHCTEMa JOIyCKa K mpodeccun,
001IecTBO CMOJET MOy IHUTh JEHCTBUTENBHO
KBaNN(HUITIPOBAHHBIX CHEIHAINCTOB, CIIOCOOHBIX TTOJHATH
CTPOUTENBHYIO OTPAcib Ha BHICOKHH yPOBEHb, 00ECTIEUNTD
HaJIeKHOCTh M JIOJITOBEYHOCTH CTPOUTENIBHBIX OOBEKTOB U
CBECTH K MUHUMYMY PHCKH aBapHil 3aHUI U COOPYKEHUIL.

4. 3akrouyeHue

CTpOUTENECTBO  SIBISIETCS  BHICOKOTEXHOJIOTHYHOW 1
HayKO&MKOH OTpacibio, OTBETCTBEHHOH 3a ()OPMUpPOBAHUE
KOHKYPEHTHOCIIOCOOHOTO 00pa3a Pecrybnmkn Y36eknucran
U TpeOymomieil MOATOTOBKH KaJpOB HOBOTO ITOKOJICHHSI.
Heo0xoauM HOBBIM BEKTOp B CHCHHAIHLHOM 00pa30BaHHUH,

CHOCOOHBIN obecrieunThb OBICTpBIiA poct
MHTEUICKTyJIbHOTO ~ HOTEHLMaTa M HMH)KCHEPHOM
KOMIIETEHIH OT€YECTBEHHOTO CTPOUTEIHFHOTO KOMILIEKCa.
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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.I. 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

Yupyromiactu4ecKu u3rud TpEXCJAOMHBIX CTEP:KHEl PU OAHOKPATHOM U
NePeMEHHOM HAIPY/KEHHHU C YYETOM MOBPEKAAEMOCTH U TEMIIEPATYPHOI 0
BO3/1eliCTBUA

Aobaycarrapos A.l, Ctaposoiitos J.1.°
TamkeHTCKM TOCY 1apCTBEHHBIN TPAHCIIOPTHEINA YHUBEPCHUTET, TamKkenT, Y36eKucTan
Benopycckuii rocy1apcTBEHHbIH YHUBEPCUTET TpaHCIOpTa, I omens, benapychb

AHHOTaIH: B cratee mpumBomuTCS cxema pacdera JeOpMHPOBAHHS HECHMMETPHYHBIX MO  TOJIIHHE
YIPYTOIUNIACTHYECKUX TPEXCIOMHBIX CTEp)KHEH C JKECTKUM 3alOJHUTENeM IIpH OJHOKPAaTHOM U
MEePEMEHHOM Harpyk€HHH C y4eTOM IOBPEXKIAeMOCTH M TeMIepaTypHoro BoszaeictBusa. Ha ocHose
BapHalMoOHHOro mnpuHImna Jlarpamka cdopMysrpoBaHa MOCTaHOBKA 3aJadyd M3rnda TPEXCIOHHBIX
CTep)KHEH IpU OJHOKPAaTHOM U 3HAKOIIEPEMEHHOM HarpykeHuu. Js pelieHus 3ajad NpUMEHSEeTCs
NpUONVDKEHHBIH MeToJ, 0a3upyIouiicss Ha MeTOJAe YNPYrux pemeHuid. [IpuBeneHsl pacyeTHbIE
BEJIMYMHBIL I TPEXCIOMHBIX CTEpXKHEH C YYeTOM IUKJIMYECKHX XapaKTePUCTHK MaTepualioB,
HaKOIIICHHS TIOBPEKICHUH U BINSHUS TEMIIEPaTyphI.

KitoueBslie crnoBa: TPEXCIONHBIN CTEp)KeHb, IEPEMEHHOE Harpy>KeHue, TeMIIepaTypHOE BO3JEHCTBUE, MOBPEKIAEMOCTb,
BapHUAIOHHBIA IPHHIINI, yPaBHEHUS] PABHOBECHSI, TIEPEMEIEHHUS, YTOJI TIOBOPOTA

1. BBeaenue

B oOmactm cTpoMTENBCTBA M TEXHUKH IIHPOKOE
NPUMEHEHHE  HAXOJAT  CIIOUCTBIE  KOHCTPYKIHH, B
YaCTHOCTH, TPEXCIIONHBIE, BHINIOJIHEHHbIE U3 MAaTEPHANIOB C
CYIIECTBEHHO OTJIMYAIOIMMHCS (DH3UKO-MEXaHUUYECKUMH U
HNPOYHOCTHBIMHM ~ CBOMCTBaMHM, OOJaJarolIUe IIMPOKUM
CIIEKTPOM  HOBBIX  KayeCTB: BBICOKOM  Hecyuien
CIOCOOHOCTBIO M M3TMOHON KECTKOCTBIO, CTOMKOCTBIO K
TCIJIOBBIM BOS)ICI\;ICTBI/IS[M, CPaBHUTEJILHO MaJIbIM yI€JIbHBIM
BECOM II0 CPAaBHEHHUIO C TPAJUIMOHHBIMU OJHOCIIOHHBIMU
KOHCTpyKuusMU. Hecymue ciion u3 mMarepHalioB BBICOKOI
HPOYHOCTH M JKECTKOCTU MPEJHA3HAYEHBI AT BOCHPHATHSL
OCHOBHOH 4acTH MexaHM4ecKoW Harpysku. Cpszyromue
CIOM, CHyXKamue a1 o0pa3oBaHUS  MOHOJIMTHOM
KOHCTPYKIHH, 00ECIICUHBAIOT NepepacnpenesicHle yCUIIHii
MEXAY HECYIIMMHU CJIIOSIMU.

Pabora GOJIBLINHCTBA HECYILHX JJIEMEHTOB
TPEXCIOWHBIX KOHCTPYKIHUH TPOUCXOIHUT Ha (OHE BBIXOJA
MaTepuagoB 3a TIpefensl ympyroctd. Ilpum nelictBun
HMKJIMYECKHX HArpy30K 3TO HPHBOAUT K BO3HHKHOBEHHUIO
psia JONONHUTENBHBIX SBJIEHUM, TAKMX KaK BTOPHUYHBIE
mIactuyeckue  Jgedopmanuu, U3MEHEHHE  Marpamm
neGopMUupoBaHus, TerooOpazoBaHue, HaKOIUICHHE

MOBPEXACHUN U pacIpOCTPAHEHNE TPEIHH, MPUBOISIIIUX K
pa3pyLISHUIO MaTepHaIoB.

Jlutepatypublii anmamm3. B monorpadum  [1]
pa3paboTaHbl ~ OCHOBHBIE  YpaBHEHHS  HEPEeMEHHOI
IUITACTHYHOCTH,  BBEJICHO  KHHETHUECKOE  ypaBHEHHUE
MOBPEXIAEMOCTH JUISl OIEHKH MUKIMIECKOH U JUTNTENbHOM
MPOYHOCTH 3JIEMEHTOB KOHCTpyKuuid. B kHure [2]
MpPUBEIEHB! METOABI pacieTa MHOTOCIOWHBIX KOHCTPYKIIHI
Ha CTaTHYeCKHe, JUHAMHUYCCKHE W  TEMIIepaTypHbIC
BO3/CUCTBUSI. [Toka3aHsl CIOCOOBI OIIpEIETICHUS
3G GEKTUBHBIX (DU3NKO-MEXaHUIECKUX XapPaKTEPUCTHK, a
TAKKe ONTUMAIBHOTO BHIOOpPAa MapaMeTpoOB CIOMCTHIX
KOMITO3UIIHOHHBIX ~ MaTepHallOB. B pa6orax [3-5]
MPOAHATU3UPOBAHEl OOIIME MOAXOAB K ITIOCTPOSHHUIO
Teopuil  neOPMHUPOBAHUS  HEOJHOPOAHBIX  CIOHCTHIX
JJIEMEHTOB ~ KOHCTPYKIMH TPH  KBa3HUCTaTHUECKUX M
MMHAMUYECKUX Harpy3kax. I370keHbl TMOCTaHOBKH U
METO/bl  pELIEHUs 3aJad TPEXCIOHHBIX  3JIEMEHTOB
KOHCTPYKIH#, CBSI3aHHBIX C Y4ETOM YHPYTMX OCHOBAaHHIA
pH CHJIOBBIX, TETIIOBBIX H panuaMoOHHBIX
Bo3meHCTBUAX[S]. YureHBl (QU3WYECKH  HEIMHCHHEBIC
CBOIiCTBA  MaTepHaNoB  CIIOEB. IIpuBenen  psn
AQHANTNTHYECKUX M YHCIICHHBIX PEUIeHUH JUIS TPEXCIONHBIX
CTEpXKHEH U IUIaCTHH.
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B paGote [6] paccMOTpeHBI COBpeMEHHBIE MPOOIEMbI
OLICHKA CONPOTHBIEHHWS MaTepPHAOB M  DJIEMEHTOB
KOHCTPYKITHH AEHCTBHIO MINPOKOTO KPyra MOBPEKIAIOIIIX
(axropoB. OOOCHOBBIBa€TCS TPUMEHEHHE YypaBHEHUH
COCTOSIHUSI, MOZieNel tepopMHUpOBaHMS U paspylIeHHs IPH
KpPaTKOBPEMEHHOM M JJIHUTEIbHOM, MAJIOLHUKIOBOM U
MHOTOIIMKIIOBOM HarpyxkeHusx. IloxpoGHoe omucaHue
JHarpaMM LHUKIHYECKOT0 Ae(OPMUPOBAHUS IS Pa3THIHBIX
KOHCTPYKIIMOHHBIX MaTepHajoB BBIIONHEHO B [7] H
MOKa3aHbl ~ BO3MOJKHBIE  YTOYHEHHS  MHTEpHpeTaIuii
JUarpamMM IpH PEIIeHNH 33/1a4 HUKIMYECKOH TPOYHOCTH.

Cratest [8] mocBsmena mpoOnemMe IOCTPOCHHS
MaTeMaTHYECKUX Moenei TIOBPEXIaeMbIX
TEpPMOYNPYTOBS3KOIIIACTUYECKUX ~ CpeJ M METoAaM
ONpENIeNICHNs]  «HECTaHAAPTHBIX» KOHCTAaHT  MOJENeH,
CBSI3aHHBIX C  TapaMeTpaMH  MOBPEKAAEMOCTH U
MOAJTEKAIINX SKCIIEpUMEHTAIbHOMY —OMpejeneHuo. B
pabote 9] paccMarpuBaeTcs KOMITBIOTEPHOE
MO/JICIIPOBaHNE TIPOLIECCOB nedopMupoBaHHS,
HNOBPEKAACMOCTH M KOHTHHYaJIbHOTO  pa3pyILCHUS
HEJIMHENHHBIX MaTepualloB U KOHCTpykuuil. B cratee [10]
paccMaTpUBaeTCsl COBPEMEHHAs Teopusl HEyNpyrocTH
(TepMOBSI3KOIIACTAYHOCTH), SABJIAIONIAasACS 0000LMIEHHEM U
pa3sBHUTHEM HAEH, COIEpIKaIIUXCs B PA3INYHBIX BapHAHTaX
TEOPUH IUIACTHYHOCTH, MON3YYECTH, HEYNPYTOCTH U
HakoIUIeHHWs moBpexaeHud. Pabora [11] mnocesmieHa
MOCTPOCHUIO ONPEJEISIOMNX COOTHOIICHUH Ha OCHOBE
9KCIIEPUMEHTAILHOTO HCCIIeI0BaHMS, YCTaHOBJICHBI
obJactH ¢usmyecKoin JIOCTOBEPHOCTH TEOpHu
IJIACTUYHOCTH MPUMEHHUTEIBHO K IIPOIECcaM CIIOXKHOTO
LUKIMYECKOTO HATPY>KEHUSL.

OCHOBBI pacueTa MEXaHUKH CIOUCTBIX 0alloK, MIIACTHH
1 000J109€K NIPH TEPMOCHIIOBBIX HATPY>KEHUSIX H3TI0’KCHBI B
moHorpaduu [12]. Paborer [13, 14] mocBsIeHb
HCCIIE/IOBAaHMIO N3rN0a COH/IBUY-TIIIACTUH B 3aBUCUMOCTH OT
uX (OpPMBI, HAIMYKS YOPYTHX U KECTKHUX OIOp, YHPYroro
OCHOBAHWUSI ¥ BUJIA STYEUCTOTO 3aIOTHUTEIIS.

B crateax [15-16] BeIBeZieHBI ypaBHEHUs paBHOBECUS U
TIPE/ITOKEHBI METO/IBI perreHus YIPYTHX,
YTIPYTOIUIaCTHYECKIX u BSI3KOYIPYTOIIACTHYECKUX
crepkHeit. Yuncnenno wuccnenoBana HJC TpexcimoiHBIX
CTEepXHEH IpU AEHCTBHU OMHOKPATHBIX M IMKIMYECKHX
Harpy3ok. CopmynrpoBaHa mocTaHOBKa KPaeBoi 3a/1auul 1
MOJIyUYE€HO €€ peUIeHUEe JUIsd TPEXCIOWHOW IUIACTUHBI C
YIPYroIUIaCTHYECKUMU HECYIIUMH CJIOSIMH ¥ HEIHHEHHO
YOPYrUM  3alOJIHWTEJIEeM  TIPH  HAarpyXeHHn |3
€CTECTBEHHOTO COCTOSHHS M TIOBTOPHOM 3HAKOIIEPEMEHHOM
Harpy>KeHUU. YYTEHO BIMSHUE KOJIBLEBOW pPaBHOMEPHO

pacnpeneneHHon
BO3/CHCTBUSL.

B paborax [17-19] npuBeseHEl HOCTAHOBKH ¥ METOJIBI
pemeHuss  3amad  AeOPMHPOBAHHS  YIOPYIHX U
YIPYTOIUIACTHYECKUX — DJIEMEHTOB ~ KOHCTPYKIMH  TIpH
OJHOKPaTHOM M LUKINYECKOM HarpyxeHusx. Ha ocHoBe
BapHAaI[IOHHOTO MpUHIUIA MOy YEHBI cucTeMa
nuddepeHIanbHbIX YpaBHEHHH PaBHOBECHS U ABMKEHUS
JUISL 3JIEMEHTOB KOHCTPYKIHH, TPH 3TOM YYUTHIBAIOTCS
MOBPEXIAEMOCTH MaTepHuasoB. [IpuBoanTes
YIPYTOIUIACTHYECKUH pacueT TOHKOCTEHHBIX CTEpXKHEH U
MarucTpaiabHBIX TPYOOIPOBOAOB IPH IPOCTPAHCTBEHHO-
MEPEMEHHOM  HAarpy>XKeHHH C y4eToM 000OIIeHHOTO
npunimna Masunra. HccnenoBano HJIC TOHKOCTEHHBIX
CTEepXHEH U IMIACTHHOK MU NEPEMEHHOM HATpyKEHUH C
y4eTOM BTOPHMYHBIX IUIACTHUECKUX JedopMaruil U
MOBPEXIaEMOCTH MaTepHANIOB.

Harpysku u TEMIIEPaTyPHOTO

2. MeToa0J10r1e MCCJIeA0BAHUS

Henpro 3amauu  ABIAIOTCA HUCCICOOBAaHMA MOJIENEH
neOpMUPOBAHUS  TPEXCIOMHBIX  YIPYTOIDIACTHYECKUAX
CTEpXKHEH Ha OCHOBE psja THUIOTE3 WM BapHAIOHHOTO
MPUHIAINA Jlarpamxa, MOJTy4eHue CHCTEM
1 hepeHITHATBHBIX ypaBHEHHI paBHOBecHUs B
HepeMeNICHUSX INPH IEePEeMEHHOM HarpyXeHHH M cXema
peanu3anuy paciyeTa ¢ HCIOJIb30BaHUEM METOJIa KYTIPYTHX»
pemieHudi, a Taxke aHanu3 HJIC mpu opHokpaTHOM u
MEPEMEHHOM HAarpy>keHHH ¢ y4eToM 0000IIeHHOTO
HpHUHIHIA Ma3uHra, HAKOIUICHHUS TIOBPEXKIaEMOCTH B CIIOSAX
U TEMIIEpaTypHOTO OIS,

[HocranoBka 3amaum. PaccmarpuBaercs — u3ru®
HECUMMETPUYHOTO 110 TONIIMHE YIIPYroIIACTHYECKOTrO
CTepXKHs Ha ynpyrom ocHoBaHumu. CHcTeMa KOOpAWHAT
CBSI3BIBACTCS CO CPEIMHHOI IUIOCKOCTBIO 3alOJIHUTENS
(puc.1). lomyckaercsi, 4TO AJIs TOHKUX HECYIIUX cioeB 1, 3
CIpaBe/UIMBBI THIOTE3bl bepHyium, a A1 HeC)KUMaeMoro
0 TOJIIIMHE 3aMOTHUTEIS 2 TIPEIoIaraeTcsi, IT0 HopMaib
OCTaércsl MPSMOJIMHEHHOMN, HE N3MEHSeT CBOEH JJIUHBI, HO
MOBOPAYNBAETCA HAa HEKOTOPBIH JOMOIHHUTEIBbHBIH yToX
P(x). debopmaruu cuntarorcss MaisiMu. Ha BHEIIHUIA c10i
CTEpXHS MO JUIMHE AEHCTBYIOT pachpeenéHHbIe CHIOBBIE
Harpysku P(X) u g(X), a Takxe peakius ocHOBaHHS (Rr(X)
(Puc.1). Ha Ttopuax mnpenamosaraercsi HalM4dMe >KECTKHUX
muadparm. 3necs hk — Tommunaa k — ro cios (k=1,2,3 —
HOMep cJ1os1), pH 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:kenue TpexcJOHOr0 CTep:KHs, CBSI3aHHOIO € YIIPYTHM OCHOBAHMEM
B cooTBeTcTBUHU C NPUHATBIMU T€OMETPUUCCKUMU THITIOTE3aMHU MIPOAO0JIbHBIC NEPEMELICHUA B CJI0AX u(k)Bpra)KalOTCﬂ yepes3

TpH UCKOMBIX GyHKImH U(x), P(x), w(x) [2]:

u,(cl)=u+01/)—zw,x, c<z<c+hy;

3
u;)=u+z¢—zw,x, —c<z<g;

)

2
u,(c)zu—a,b—zw,x, —c—h,<z< —c.
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TJIe Z — PacCTOSTHHE OT PAcCMaTpPUBAEMOI0 BOJOKHA [0 HOJIyYUM KOMIIOHEHTHI TeH30pa AedopManuii B cinosx. s

CPEAMHHOHN IUIOCKOCTU 3allOJHUTEIS; 3aldras B HUKHEM CBS3M HaNpsDKeHWH ©  JedopMaruii  HCIOIB3YIOTCS
nHJeKce 0003HauaeT omeparuio AndQepeHnnpoBaHHs 10 YPaBHEHUS COCTOSHHMS Ha OCHOBE TEOPHHM  MAaJIbIX
CIIETYIOILEH 3a Hel KOOpIHHATE. yrpyromiactiudeckux nedopmarmii Mnsrommna:

Wcnons3yst coornHomenus Komm m Beipaxkenus (1),

k
Sy = 26(1 = W (e, TONIL; 0* = 3K (e — aeT®) ()

l]‘

3nech sl(]k’), a(k), 33.{), e® JEBATEPHBIC U IIAPOBLIC wractuyaoctn  (k=1,2), a npu k=3 ‘U(3)(51(¢3))
YacTH TEH30pa HanpspkeHuid; Gy, Kj —MOIyJb CIIBUTOBOM U YHHBepCallbHas (QYHKIHMS, ONMCHIBAIOIAS (PUZHUECKYHO
06BEMHOI nedbopMarii; stk)— HHTCHCHBHOCT HEJIMHEWHOCTh 3anonHuTens. [ GpyHKIMN miacTHIHOCTH
), (k) MPUHUMAIOTCS CIEAYIOUINE BBIPAXKEHHUS:
ngedopmanuy; @ (g, ) — B HECYIMX CHOSX (GYHKIHS
() (),
0, & <& 0, (3) < 31(3))'
w® () = 00\ w® () = ® (3)
al1 -5 £ 5 W0, _ Suo
RON u y 1 £® '
u u

YpaBHeHusi paBHOBecHsI TPH OTHOKPATHOM HATPY:KeHUH

Jli1 BBIBOJA ypaBHEHUsI PaBHOBECHUS TPEXCIOMHOTO CTEP>KHS BOCIIOJIb3yEeMCS BApHALMOHHBIM puHIKIOM Jlarpanxa [3]:
6(A—I)=0; 6A=030A;+0d4, (4)

rne 6A— Bapuanuy paOOTHI BHEITHUX CHIL:

1
64, = bf (Péu + (q + qg)oW)dx;
0

31ech qp— peakuus OCHOBaHMS 1O BuHkiepy qr = kow, ko— k03(GUUMEHT mocTend, b— HIMpHHA CEYCHHS CTEPIKHS.
Bapunanust paGoThI BHEIIHUX CHJI 1 MOMEHTOB Ha TOpLIAaX
845 = (No — NpSu + (Qo — Q)ow — (Mo — M)éw,, ®)
rae Ng, Qo, My, Ny, Q;, M— 3aJaHHBIC CHIIBI ¥ MOMEHTBI Ha Topuax crepxHs (x=0, x=[). §Il — Bapuanuy MOTEHIHUATLHON
sHepruu, umerotiue Bua [2] (dv = dzds; ds = bdx):

81 =b [ [Sioy f, o06el dz+2 [, 0P6cdz] dx. 6)

Temnepsb onpenesnsieM KOMIOHEHTHI TEH30pa HAMPSKEHUH B CIIOSIX, UCIIOIb3Ys COOTHOIICHUsI (2). Beimenum nuHeliHbie (MHICKC
«e») ¥ HelMHeWHbIe (MHIEKC «M)») YacTH KOMIIOHEHTOB HAIIPsHKCHUH B cliemyromeM Buae [2, 3]:

k k k 3 3 3
o) =0 — oy o =05i- o) ™)
rac
o = 26,0% +3K,e"; 0l = 26,0 w® ({);
,5’2‘2 — 26005 o), = 26,900,090 (®)

[IpoBenem ciieAyrOINIYO MOJOOHYO OTEPAIHIO ¢ 000OMICHHBIMI BHYTPEHHUMH YCHIHSIMHA K MOMCHTAMM:
K k K K K k 3 3 3
N()zNe()_N(E))i M”:Mé) M()Q() é)_ IE))_ @)

3/1eCh COOTBETCTBYIOIINE JIEMEHTHI (6) ONPEACISIFOTCS 110 (bopMynaM, HanpuMmep,
k k k k 3 3
NG =b ], oudz M7 =b [ oi)zdz Q3 =b [ 0, dz. (10)

¢ Ixzw
Omnpenensisi Bapuauy paboThl BHEMIHUX ¢yl (5), MOTEHIMAIBHON dHepruu (6) U MOJACTaBIsIs UX B ypaBHeHUe (4), momydaem
cucteMy i depeHanbHbIX ypaBHEHUH paBHOBECHS TPEXCIOHHOTO CTEP)KHS HA YNPYrOM OCHOBAaHHU B YCHIHSX C Y4ETOM
(usmueckoi HenuueHOCTH (g = 0):
N!Je;: —bP +NuacJ; H'i_ Qe = H'?cu_ Qe; M'ix _b(q+qR) +Mixx' (11)

rae
3

k 1 2 3 3
C= NG, H = NP NP+ MO, 0.= 0,
k=1
4 k 4 k
No =1bTio G fhkwms,ﬁ ddz; M, =3b%i, Gi ), w®el2dz;  Q, =2bGs [, wsipdz. (12)
OmnpenenuB yIpyrue COCTaBJIAIOIIME BHYTPEHHUX YCHIHH '-lepe3 HCKOMBIE TIEPEMEINEHUA U, UV, W WU TOJACTAaBUB HUX B
ypaBHeHus (11), HOIyYUM CIIEAYIONIYO CHCTEMY HEMMHEWHBIX M depeHHanbHbIX ypaBHEHUH B TIEPEMEIICHHSAX :

AUyt AgPoxx— A7Wixxx = =D + Do
Aol xxt QP — A3W,xxx— Asth = hy; (13)
A7 xxt A3Woxxx— AUWoxxxx = —q + G-
3nech KO3 GHULIUCHTHI A4, Ay, . ..., A7 OIPEACIIOTCS 0 GopMyIam:

2
a = Kihy +K2+h2 4 2Kie; ap = c? [K;h1 K h, +§K3+c];
2
as ==¢ K1 hl(C‘l' h1)+K2+h2(C2+ h2)+ + 2],
+ 1 + 2 4 2
4—1(1 hl(C +Cl’l1+ h1)+K2 hZ(C+Ch2+ hz)‘l‘ K3 5

1
as = 2G3¢c;  ag = c[Ki'hy — Ky hy);  a; = Kihy(c +Eh1) = K hy(c, +Eh2);
Ki = Kif +3G,  (k=123).(14)

ENGINEER



B ypaBnenuu (13) HenuHelHbIE caraeMble UMEIOT CIIEIYIOIINI BUL:

1 1 1
j— w . j— w wY. w
Pw_B_N:x: hw_B_(er_Q ); Qw_ erx
0 0
Jdns  pemrennst  cucremel  (13)  mpuHHMaercs HyJEBBIE, B z[anLHeHmeM Ha KaKIOM [Iare OHHU
NIpUOIMKEHHBII METO — METOJ] YIIPYTUX pemmeHui. Jis n- BBIYHCIISIFOTCS o pe3ynbTaTaMm HpEIbIIyLIEro
ro NpUOMDKEHUS HETPYAHO IepenucaTb  CHCTEMBI npubmwkenus. OTMETHM, 4YTO TIpoLexypa IMONydYeHHs
ypaBHeHuil (13). Bxozmsmye B mpaBble YacTH BEIMYHHBI pemieHuss cucteMbl ypaBHeHuu (13) He oTiamyaercs OT
-1 - -1
pU D pID gD vkt «IOMOTHUTENbHBIMIY 3aja4d TEOPHHM YNPYrocTH. B pesyibTrare MomydaeMm

HCKOMOE aHAJMTHYECKOE PELICHHE B PEKYPPEHTHOM BHJIE
IUTs N-TO MpuOIIKeHns [2]:

YW @) = ¢V sh(Bx) + €5V ch(Bx) + 5 [sh(Bx) [ g™ ch(Bx) — ch(Bx) [ g™ sh(Bx) dx];
u<”>(x) =y ™ + - [~aslz (0~ py ”)+a7L31(q a$” ”)+ﬂc(") 2] + c(")x+cé"); (15)

BHCIIHUMU Harpys3kamu. Ha INEPBOM MIare UTepanvvu OHU

w®(x) = a1 f Y™dx —a, 132 — pI ) + a1L7 (g — ¢ ) + g™ C(n) 1+- > C(n) 24 C(n)x + C(n)
e
9" (x) = —nh‘" Yty =0 ) + 1 f (@ - a5~ ydx+ ™)

n n
KoHCTaHTH WHTETPHPOBAHHS Cg ) Cg ) (3MeCh MHIEKC «M» — HOMEP HATPYKEHHs). DTH yCHIHUS

OTIPEIETISAIOTCS U3 YCIOBHUIA 3aKPETUIEHHUS CTEPIKHS. cosmanyr B K-M ClOC CTEPXKHA INOJC NepeMeLICHHIT

IlepemenHnoe HArpy:KeHue c yuerom almi), pmk), gy (mio, Aepopmanim
noBpexaaemoctu. [IpuBoauM Temneps cxema MOCTPOCHUE é,(cm’k), 5§m’k), é(m’k)n HaNpsHKEHUH
pemreHHs 3ama4d Ul JIO00TO  M-TO  MEPEeMEHHOTO Gmk) - k) = ~(mk) = -(m3)

HATPyXKEHHA  TPEXCIOHHOTO  YNPYrOILIACTHYECKOTO x g Cox

Cunraem, u9TO cooTHomeHuss Komwm, cBs3pIBaronye
nedopmanu ¥ NepeMemeHus Ul BeIUYUH C «YEepTOi»,
OyayT cmpaBemauBbl. [l CBSI3M  HANpsDKCHUH |
nedopmaruu mpumeM (QU3MYECKHE YPABHEHHS COCTOSHUS
Tuna (2), yYUTHIBAIOIINE TOBPEKIAEMOCTH MaTEpHaa :

CTCp)KHS Ha YNPYroM OCHOBAaHHM C YYETOM HAaKOIUICHHUS
nospexaaemoctu[1]. Tpenmonoxkum, uro mocne (M-1)
NONYIUKIIA HArpy)KeHWs, HadyMHas C MOMEHTa tp,_q,
MPOUCXOJUT MTHOBEHHAs pasrpy3ka M HOBOE Harpy:KeHHE

OCYILECTBISICTCS YCHIUSIMA OOpaTHOTO 3HaKa p(m) q("‘)
§i(]?n'k) — Zka(m,k) (égm l,k)' T](m_l'k))ég-n'k); a‘_(mrk) = 3K, =(m, k) (16)
e
]E(m,k) — (1 — @i (él(tm,k)'n(m—l,k)))_ (17)
HpI/I YUE€TE NOBPEKAAEMOCTHU (byHKL[I/II/I IIaCTUYHOCTU MOXHO MPEACTABUTH B BUJIE
0 _(m,k) < £® ;
) = Ssm )
(mk) — _ (18)
w 20
_ k k
1 (1-8D), 0 )
'll

31ech NepeMeHHbIH peaes TeKy4ecTH:
£9(p) = amr (®) ~1.pY, n—2 ty1+m) ™ Ve
m() = a7 (1 + ay)eg” + (3G)™ - B/a|1-05(1+ap)a 772 [1— (1 —n®)lm] . (19

®ynxius nospesxaaemoctu 1% onpenenserca u3 KuneTHueCKOro ypasHenus [1]:

My _ camky A MK (k) (m.je) (‘-Tl(tm'k))a
s = MO0 ) MY = Ao (20)
npu ycnouun(0) =0, n(Ay) =1, roe Ay— uwmcio kak B (7) - (9).
TONYIUKIOB [0 HACTYIUIEHHS TPENEeIbHOTO COCTOSHUS VYrpyrue («e») M Heynpyrue («m») COCTaBISIONIHME
(paspyrueHus). BHYTPEHHHX YCHJIMH BBIYUCISIFOTCS] aHAJIOTUYHBIM 00pa3oM
Ucnone3yst ¢usnueckue cootHomenus (17), 3mech o ¢opmynam tuna (12). Hanpumep,

TaKke KOMIIOHEHTHl HaNpsDKEHUH M BHYTPEHHHUX YCHIHH
MOJpa3euM Ha JIMHEHHbIe U HeJIMHEeHHbIE COCTaBIIAIOIINE,

N0 =b [, 65 dz,...., MGM =b [, 65" zd (21)

B 3TOM citydae, cCOOTBETCTBYIOIME UTEPALIMOHHBIE YPABHEHUSI PABHOBECHSI CTEP KHA B Nepemenienusx (13) Ha n-M mare a1
BEJIMYMH € 4EPTOH IPU M-M MOJYLHUKIIE HMEIOT CIIEAYIOIUMA BU:

g+ agh = anl’ = —p + 50" Y,
a6 5+ 0 80— g (20— a0 = K,
azu ’;r;lxn)+ a3lp'9(cr;clxn) a4WU(c79?xn) q(m) + q(mn 1) (22)
BeIuumHLL ﬁl(umn 1)’ hg”:"‘l)’ q((umn 1)’ HCIONIB3YeTCsl MOMU(UKAIIUN METOA KYTIPYTHX» PELICHHH.

Jnst pemieHus KpaeBbIX 3ajad HEOOXOIMMO J0OaBHUTh
rpaHnyHbele ycnoBus. Hampumep, B cioydae kEcTkon
3alIeIKi  000UX TOPCOB CTEPIKHS JOJDKHBI BBIOJTHSTCS

COOTBETCTBYIOIIIE HEYNPYTUM COCTaBJIAIOIINM B (22) Ha
MIepBOM Iare NpU He y4€Te MOBPEXKIAEMOCTH CUUTAEM
W3BECTHBIMH, B CIEAYIOIEM IIare BBEIYHUCISIOTCS II0

pe3yHBTaTaM Hpe/:[bl/:[ymero HpI/I6.]'II/I)KeHI/I$I, T.C. rpaHI/I‘IHLIe yCHOBHﬂ:
x=0, 1 womm = gomm = honm) = ™ _ g 23)
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OTMeTuM, 4YTO MCKOMBIE pEUIeHHs 3aaud Ha M-M HArpy>KEHHH C y4eTOM MNPHUBEAEHHBIX COOTHOIICHHUIH OMpENEIsIOTCS

CIEIYIOIUM 00pa3oM:
v —

I BEIMYUHBI C OJHUM INTPUXOM — HANPSIKCHUS U
nedopmanu B TPEXCIOHHOM CTEp)KHE IPU OJHOKPAaTHOM
Harpy>kKeHHUH.

Takum oOpa3zom, KpaeBas 3amada s BEIHYHH C
«4epTON» € TOYHOCTBIO 1O OOO3HAUEHHH COBMAAACT C
KpaeBoM 3ajauell ynpyromiaactuyeckoro pacuera. [loaromy
B HEKOTOPBIX CIIy4asgX MOXHO OyZeT MOCTPOHUTh
PEKYPPEHTHBIE YHCICHHO — aHAIUTUYeCKue penienus [3, 5].

IIpumepsr pacuera. B kxadecTBe mpumMepa IpuUBeAEM

o™ 2) = 0~ T, (D" 62 e (2) = €7 Bl (D" e x,2),

pe3yabTaThl  pacdera JeHOpPMHPOBaHHS —TPEXCIOWHBIX
CTepIKHEH npu 3HAKOTIEPEMEHHOM HaTpy>KCHUH.
TpexcnoifHblil cTepKEeHb BBINOIHEH U3 MaTepraioB D16T —
0,09- ST
wi a
2
u.%—— 4‘.
/’V’ 9 IS
-
0,0%—— e
a) 0 L3 0.6 08 x : 1.0
003
Y = \\‘ !
‘\\‘
| 2
204 L]
— — — ]

0)

(25)
¢roporulacta — D16T ¢ TomumHON cioeB: hy = hy =
0.03, c=0.09. Ha puc.2 moKa3aHO H3MCHEHHE
nporuba w(™ (x) u PP (x) TpexcroHOro CcrepKHs
(KOHCOJIBHOE ~ 3aKpeIUIeHHE) TMpU  3HAKOIEePEeMEHHOM
Harpy>KeHHHU: 1 - ymopyrumit  pacwer; 2 @ —

yIpyromiacTudeckuii; 3* — ynpyromiacrudyeckuil Ha 10-m
HNOIyLUKIe. 37ech KpUBBICE C OJHUM  INTPUXOM
COOTBETCTBYIOT HArPY>KCHUIO U3 €CTECTBEHHOI'O COCTOSIHHUS,
C IByMs 03HA4alOT — IIOBTOPHBIN M3TH0O 3HAKOIEPEMEHHOIT
Harpy3koii (@ = 2.5MIIa).

W12 2

0,0
NIV N
003 f— —t. \\

ol 02 |04 |05 o xM 1

0,065 |
MANI D

«),12 \H‘“} ‘“’f J

0,15

Puc. 2. Usmenenne nporuoa w(™ (a) u caura ™) (6) TpexciaoiitHOro cTep:Kus

OTMeTHM, YTO YYeT HEIWHEWHOCTH B NTAHHOW 3ajade
MPUBOANT K yBEIMUCHUIO MAaKCHMAaTIbHBIX HAMPSHKEHHI BO
BHEIIHUX CJI0sX Ha 4—5%, B 3amonuutene Ha 12-14%. B
pabore [3] oTMedeHO, YTO pe3yNbTaThl  pacdeTa
CYIIECTBEHHO 3aBHCST OT 3HAYCHUSI KO3 HUIMEHTA OCTENN
ko (ko =1,10%,10° MITa/m).

B kadecTBe BTOpOTro ImpuMepa MpOBOJSITCS Pe3yIbTaThl
pacuyera  TPEXCIOHHOTO  CTEPXHS CO  COKMMAEeMBIM
3aMOJIHATENIEM B TEMIIEpPaTypHOM Tosie. Matepuaisl cloeB
TaKxKe H16T-¢dropormact-16T. WHTeHcuBHOCTH
MOBEPXHOCTHOM Harpy3ku qo = -10 MIla. OtHocuTenbHas
tomuHa cioes hi = 0,04, ho = 0,02, hs = 0,18.
TemnepaTypHBIH peXUM IPUMEHSIETCS] TAKUM, Kak B paboTte

O 062 04 06 08X 1.0
Wy
£y
-0,002 4
.0,004
-0,006

[2]. HAns yuera BIMSHUS TEMIEpaTypbl Ha yIpyrHue
XapaKTepHCTHKU MaTepHaia HECYIINX CIOEB MPUHUMAIACh
¢dopmyna bemma, amd 3amomHMTENS - TeMIepaTypHast
cocrasistomnias u3 [2].

Ha Puc. 3. a) u 6) noKa3aHO BIHMSHHE TEMIIEPATYPHI U
(u3MYecKON HETMHEHHOCTH MaTepHaloB: Ha MPOTHObBI — a)
U TIPOJIOJIbHBIE IepeMelleHns — 0) B IepBOM  clloe.
Hymepamust ~ kpuBbIX: l-ynpyruit  crepxkeHp;  2-
TEPMOYIPYTHHA;  3-TepMOYIPYToIUIaCTHYECKUH.  3/1ech
YBETMYEHHE NPOJOIBHBIX TepPEMEIeHNI He3HAUUTEIBHO, Y
MpOrHOOB OHO COCTAaBIIE€T B KOHEUHOM urtore 53 % 1o

CPaBHEHHIO C YIPYTHM.

2 |
(1] 0,2 0,4 0,6 0,8 X 1,0

Puc. 3. UsmeHeHue nporudéa w, (a) 1 NpoA0JbHOIO nepeMeiieHus U (0) TPexca0HHOI0 CTePsKHs

OtHocuTenbHaAst — AedopMamusl  3alONHHUTENS €2z
U3MeHseT CBOIO (opMy, a HMEHHO KpoMme OoOXKaTus
HOSIBIISIIOTCS.  30HBI  PacTsDKEHHS  BOMM3M  Omop B

3aIIOJIHUTCIIC, JOCTUTAOTCA MaKCHUMaJIbHBIC

3HA4YCHUA.

rme "
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3. 3akao4yeHue

Ha ocHoBe BapmammonHoro mnpuHnumna Jlarpamxa
copMynupoBaHa MOCTAHOBKA 3aa4H, IPHBEAEHBI CHCTEMA
b depeHInaTbHbIX ypaBHEHHUit paBHOBecHs B
MEPEMELICHUAX  TPEXCIONMHOIO  YHpPYroIUIaCTHYECKOTO
CTEPXKHS NPU OJAHOKPATHOM U IEPEMEHHOM HATPy>KEHHH C
ydeToM HoBpexaaeMoctu. IlpoaHamusupoBaHa KUHETHKA
HarnpsDKeHHO-e(hOPMUPOBAHHOTO COCTOSIHUSA
TPEXCIOHHOTO CTEpIKHS npu 3HAKOIIEPEMEHHOM
Harpy>KeHHH C Yy4EeTOM LHUKIMYECKHUX XapaKTePHUCTHK
MaTepHanioB U TeMmmepaTypHoro moid. IlokasaHo, 4TO
UCTIONIb30BaHUE OOOOLICHHOTO NpHHUMIA MasuHra npu
pacuere TPEXCIOWHBIX CTEPXKHEW MO3BOJISET MOJIyYUTh
pelleHre 3agadd Uil JII000T0 MHTEPECyIOUIEro LKA
HarpyxeHuil.
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Mathematical modeling using software to determine the stability of railway
track slopes in sandy soils

Sh.A. Tadjibayev'®2
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 qilish va qurilish loyihalari sifatini
yaxshilash uchun matematik modellardan foydalanishning asosiy tamoyillari va yondashuvlarni talab
etadi . Magolada qurilishda matematik modellardan foydalanishning afzalliklari va cheklovlari ham
muhokama gilingan. Qurilishda matematik modellashtirishni rivojlantirish, optimallashtirish usullarini
ishlab chigish, 3D modellashtirish va virtual modellarni hagigiy ishlab chigarishda qgo'llash, shuningdek,
ma'lumotlarni tahlil gilishning yangi usullarini ishlab chigish istigbollariga alohida e'tibor garatilmogda.
Shuningdek ushbu maqgolada 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 maqola 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,qiyalik, qumli grunt, texnologiya, mustahkamlik
1. Kirish ekspluatatsion ishonchliligi nugtai nazaridan axamiyatli

hisoblanadi. Geosintetik materiallarni qo‘llashning jaxon

Temir yo‘llar yer polotnosi giyaliklari shamol va suv tajribasi shuni ko‘rsatadiki, ushbu materiallar boshga

ta’sirida eng ko‘p zarar ko‘ruvchi elementlardan biri
xisoblanadi. Barcha toifadagi yo‘llar ekspluatatsion
ishonchliligini va uzoq vaqtga chidamliligini oshirish
usullarining umumiy strukturasida birinchi navbatda yer
polotnosi qiyaliklari ustuvorligini ta’minlashga e’tibor
garatish kerak [1,2,5].

Temir yo‘l infratuzilma ob’ektlaridan ishonchli
foydalanishni ta’minlab beruvchi tadbirlar kapital ta’mirlash
yoki yangi qurilishda amalga oshirilishi mumkin. Murakkab
muhandislik-geologik sharoitlarda mayda qumlardan barpo
etilgan er polotnosi  Kkonstruksiyalarida — geotekstil
materiallarni  qo‘llash  resurslarni  tejashdan  ko‘ra
konstruksiyaning ishlash  qobiliyati va  transport-

& https://orcid.org/0000-0001-9748-2568

qurilish konstruksiyalariga nisbatan qo‘llanilish soxasi,
tejamkorlik va ekologik jixatdan birmuncha afzalrogq
sanaladi.[2,5]

Yer polotnosi gruntlarini kuchaytirishni loyihalashda
zarur mustaxkamlanadigan gismini  baholash, grunt
massiviinig kuchlanganlik — deformatsiyalangan holatini
(KDH) hisobga olgan holda uning joylashuvini aniglash
zarur bo‘ladi [3,4]. Shu bilan birga yer polotnosi ko‘tarma
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‘riqish-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. Tadqgigot 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 aniqlash uchun
professor G.M. Shaxunyans tomonidan ishlab chigilgan [9].
_ I Myg _ Xi(cili +iNi+Tiyq)

K= LMy Y Tica @

formula asos qgilib 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” dasturiy 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
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Maximum value = 7,241*10-3 m (Element 36 at Node 4)
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3 —rasm. Ko‘tarma qiyaligi geosintetiik materiallar bilan mustahkamlanmagan holda
vaqt birligi ichida kuchning ko‘chish qiymati.U=7,241+10-° m.

“Plaxis 2D” dasturiy ta’minoti yordamida ko‘tarmaning
qgiyaliklari 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 tashgi 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

5,00 0.0 500 10,00

T

sttt it

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 keltirilgan.

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+103m.

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 qiyaliklari 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

mustahkamlanmagan va geosintetik materiallar (geotekstil
va xajmli geopanjara) bilan mustahkamlash orqali
aniglangan.

“Geo 5”7 dasturiy ta’minoti yordamida
mustahkamlanmagan  ko‘tarma  qiyaliklari  ustuvorlik
koeffitsientini hisoblash modeli va natijalari 6 — rasmda

ko‘tarma qiyaligi koeffitsienti keltirilgan.

s

¥ et

vt F omen s

i Kt

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

g8 8
7 — rasm. Geosintetik materiallar bilan mustahkamlangan ko‘tarma qiyaliklari ustuvorlik koeffitsientini hisoblash modeli
va natijalari

Geo 5” dasturiy ta’minoti yordamida bajarilgan hisob — koeffitsienti (6- rasm) K=1,13 ni, geosintetik material bilan
kitoblar  tahlili shuni ko‘rsatdiki, mustahkamlanmagan mustahkamlangan holda (7 — rasm) K=1,28 ni tashkil etdi.
mustahkamlanmagan ko‘tarma  qiyaliklari  ustuvorlik

1,35
) 1’3 1,28 1,29

=
c

1,25

ye

L
N

1,15

-
=

1,05

Ustuvorlik koeffitsi

1

Plaxis 2D GEO-5

® Mustahkamlanmagan ~ ® Mustahkamlangan

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 yotqizgan 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 qildi,
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

H3HococTOlIKHE 3J1aCTUHYHbIE KOMIIO3UIMUOHHBIEC MaTEPHAJIbI paﬁoTaloume B

CJIO’KHBIX YCJI0BUAX

Camanznapos X.0.102 Héaayanaes A.10°, Banmaes M.J1.%0°, Tema6aesa J.y 104
 TamkeHTCKMI TOCYJapCTBEHHBIN TPAHCIIOPTHEINA YHUBEPCHTET, TalKkenT, Y36eKucTan

AnHOTAIUS

KiroueBsle ciioBa:

2TamkeHTCKUI YHUBEPCUTET NPUKIAAHBIX HayK, TalikeHT, Y30eKkucTan

B nanHoOI cTaThe NpUBEIEHBI PE3YJIbTaThl UCCIICIOBAHUYI BO3MOXKHOCTH TpuMeHenue kusuiarus (I'JIEX)
AHTPEHCKOT0 MECTOPOXKAEHHSI B KaUeCTBE MUHEPAJIbHOI'O HAIlOJIHUTEIIS B IPOU3BOJICTBE 31aCTOMEPHBIX
koMno3unusx. [Ipu 3ToM H3ydeHsl ero (GU3NKO-XUMHYECKHE CBOWCTBA M CTPYKTYPHBIE OCOOCHHOCTH, a
Taoke Metozbl oboramenue. [Ipy M3ydyeHHn nporecca cMemeHus KaydykoB ¢ ouniieHHsM [JIEX,
YCTaHOBJIEHO TIOBBINIEHHAS BTUPAEMOCTh W IIOTJIONICHHE B MAaTPHIE MO CPAaBHEHUIO C MCXOAHBIMH,
KOTOPBIE XapaKTepU3YIOTCS MEHBIIMMH 3HAYCHUSIMH aMIUTUTYbl KOJIeOaHWil KPYTAIIEro MOMEHTA.
HccnenoBanusamu ycranoBieno, uro BBeaeHue ['JIEJK B smacToMepHy:0 KOMITO3WIMIO MOBBIIIAET
3Ha4YeHUs ycinoBHOro Hanpspkerus mpu 100-300%-HoM yUTMHEHUH ¥ TIPOYHOCTH MPH PACTSHKEHHH, TI0
CPaBHEHUIO C PE3UHOH, colepxallell CepuiHO MpUMEHsSEMble HAllOJHMUTENIH, a TaKKe 3HAuYUTEIbHO
MOBBIIIAET CONPOTHBICHHE PE3NH K Pa3gupy M H3HOCY. DTO OCOOSHHO SIPKO MPOSBISIETCS TPH
conepxxanuu 40-60 mac.u. ['JIEX Ha 100 Mac.4. kay4yKoB, T.€. CONPOTUBIICHUE K Pa3upy MOBBIIIAETCS
ot 40,6 no 76,4 xH/m a uznoc ot 0,4 10 0,86. B pesynbrate npemtoxkena texHonorus ourctku [JIEX
OT OKCH/IOB MeTaJIoB. JJOCTaTOYHO BEICOKAs CTENEHb OYMCTKH YKa3aHHBIM CIIOCOOOM CBSI3aHA C TEM, UTO
B TIpoIiecce TeMIepaTypHoro Bo3aeiicteus npu 950 K noHs! xene3a n3 mapaMarHUTHOTO COCTOSIHUS ([1-
¢opmer  Fe203) mepexomar B deppomarautHyio (T-¢popmy Fe304). IlenecoobpasHocts U
MEePCIEKTUBHOCTH MCIONB30BAaHMS €70 B PELENITYPaxX PE3MHOBBIX CMeCeH I MPOU3BOACTBA PA3IHMIHBIX
TUIIOB PE3MHOTEXHUYECKUX M3eTUi padoTaroIUX B CIOXKHBIX YCIOBHSX XKEJIE3HOMOPOKHBIX MyTeH, a
TaKOKe B MAIIMHOCTPOCHHE.

N3HOCOCTOMKOCTD, 3JIACTUYHOCTb, KOMIIOZMIMS, OKCHIBI METaJUIOB, 3J1acTOMEp, IMPOYHOCTh,
IUIACTHYHOCTh, pa3aup, (EPpPOMArHUT, MapaMarHUT, PE3WHOTCXHUYECCKHUE H3ICNUs, HAIOIHUTEb,
TBEPAOCTH

1. BBeI[eHI/Ie OnmHUM W3 TIPHOPHUTETHBIX HANPaBICHHI B pa3BHTHU

HAYYHO-TEXHHUYCCKOI0 MIporpecca B MAaAIIUHOCTPOCHUEC
SABJIACTCA CO3JaHUEC HMMIIOPTO3aMEIIAOIINX MAaTEPUAIOB U
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3KCIIOPT OPUEHTUPOBAHHON TEXHOJIOTUH C PAL[OHAIBHBIM U
3¢ (GEeKTUBHBIM  HCIONB30BAHUEM  CBIPBEBBIX PECYPCOB
V36ekucrana [1-4]. B peuieHMM MOCTaBJICHHBIX 3a1ad
3HAQUUTENbHAS  POJb  OTBOAMTCA  KOMIIO3MIMOHHBIM
MartepHazam, 00J1aJafolIIM BBICOKOH TPOYHOCTHIO, MOIYJITIO
YIIPYTOCTH, TBEPAOCTBIO, H3HOCOCTOHKOCTBIO, TEIUIO-
MOPO30CTOMKOCTBIO U LEJIOT0 psifia APYTHX NPAaKTHIECKH
Ba)XHBIX  CBOHCTB.  bmaromaps  ¢yHAaMeHTaJIbHBIM
UCCIIEIOBAaHUAM DAfa 3apyOeKHBIX U OTEUECTBEHHBIX
yu€HBIX B 00IaCTH XUMHU U TEXHOJIOTMU KOMIIO3UIIMOHHBIX
MaTepuanoB, IOCTUTHYThl 3HAYMTENbHBIE YCIEXH B
CO3JJaHMM KOMITO3HMI[OHHBIX MAaTEepPHAJIOB, Ha OCHOBE
THOKO-)KECTKOIIEIHBIX MOJIUMEPOB, IIUPOKUM CIIEKTPOM
cBoiicTB. MexXIy TeM, UCCIIeIOBaHMsI B 00JacCTH CO3aHUS
(DU3UKO-XMMHYIECKHX OCHOB TEXHOJIOTHH  IOJTYyYCHHUS
3/aCTOMEPHBIX ~ KOMIO3HLHUOHHBIX ~ MaTepHaloB, C
UCIIONB30BAaHUEM DPA3IHYHOM MO NPHPOAE H CTPYKType
WHTPEINEHTOB, Naleko He oOocHoBaHbI [5-8]. lns storo
TpeOyeT NPHUHIMINANGHO HOBOTO MOAXOAA K CO3JaHHUIO
BBICOKOKAQUECTBEHHBIX HMHIPEANCHTOB, Ha 0a3e CHIPHEBBIX
pecypcoB, pacrojaraeMelx PecryOnukoif, ¢ yderom
crierMpUKA MX CTPYKTYphl W cBoHCTB. C pacmmpeHHeM
MAaIIMHOCTPOCHHE u JKEITe3HOTOPOIKHBIX y3JI0B
3HAQUUTENFHO  BO3PAacTacT pONb  PE3MHOTEXHHIECKHX
U3JENUA  pa3sMYHOTO  Ha3HA4YeHWe, CIOCOOHBIX K
SKCIUTyaTalldd B KapKuX KIMMAaTHYECKUX YCIOBHSIX
Cpenneit Asmm. [l pemieHuss mpoOiieM, CBSI3aHHBIX C
JNaJbHEHWIINM pPa3BUTHEM IIPOM3BOJCTBA JIACTOMEPHBIX

KOMITO3HIIMOHHBIX MaTrepuasIoB u CO3JIaHMs
KOHKYPEHTOCIIOCOOHBIX ~ W3JENHH,  INpexIe  BCEero,
HeoOXoIMO pa3paboTaTh HOBBIE Ooiee 3(QeKTHBHBIE
TEXHOJIOTHI TIPOU3BOJICTBA c palMOHATBHBIM

UCIOJIb30BAHUEM JIOCTYNHBIX U BBICOKOKAYECTBEHHBIX
CBIPbEBBIX MAaTepHaAoOB C 3aJaHHBIMH TPEOOBaHHAMH Ha
OCHOBE MECTHBHIX CBIPbEBBEIX pecypcoB [9-10]. PaspaboTka
3¢ PEKTHBHBIX TACTHYHBIX KOMIIO3MIIMOHHBIX MaTepHaIoB
U OCBOCHHE HOBBIX TEXHOJOTHYECKUX IMPOLECCOB C IIENbIO

CO3JaHHs pecypcocOeperarnmx TEXHOJIOTUI
MPOU3BOJICTBA PE3MHOTEXHUYECKUX U3 JIENHid
MAIIMHOCTPOUTEIBHOTO Ha3HAYCHUS, MIPE/ICTABISIET

HECOMHEHHO OOJIBIIION HayYHO-TIPAKTUIECKUI HHTEPEC.

Ha ocHOBe BBIIIEH3I0)KEHHOTO B JTaHHOW CTaThe
MPUBOIATCA PEe3yJbTaThl HCCIEIOBAHUN MO pa3pabdoTKe
H3HOCOCTOMKHX PE3MHOTEXHUYECKUX H3JIeTTUH
MalIMHOCTPOUTEIBHOTO U KEJIE3HOI0OPOKHOTO Ha3HAUCHUS
Ha OCHOBE MECTHBIX CBIPBEBBIX PECYPCOB.

2. MeToa0/10rusl UCCJIeI0BAHUS

HccnenoBamn KOMIO3WINH Ha OCHOBE KOMOWHAINH
Kay4yKoB CKHU-3(15%)+CKH-26(15%)+CKC-30APK
(70%) Hccnenyemble pPE3MHOBBIE CMECH  COJEPXKAIH
HanosnHuTenu 10 go 60 mac. 4. Ha 100 mac. 4. xaydyka.
CMecH M3roTaBIIMBaIU Ha J1AOOPaTOPHBIX BAIBIAX, a TAKIKE
B CMECHTEJIBHON Kamepe Iuiactukopaepa bpabennep tumna
PIY-151 o6bemMoM 75 cM® TpH 4acTOTe BpamIeHHs POTOPOB
30 muH-1 u HavanpHOM Temmeparype kamepnl 343+3K.
CremneHb 00BEMHOTO 3aMOTHEHUS] KaMepPhI cocTaBisiIa 77%.
Hamonautenyn BBOAMIM B KaMepy IMOCIE TPeIBapUTENbHOI
IJIACTUKAIlMN Kay4dyKa B TCUCHUEC 3 muH. o [NOJTY4YCHHBIM
3aBUCUMOCTSIM KPYTSLIEr0 MOMEHTa Mkp OT BpEMEHM W3
JI1acTOrpaMmbI pacCUnThIBAIN IMOoKa3aTeiib
obpabarsiBaeMocTd (A). CTeneHb IUIACTHKAIIMHA CMECH
Muake/Myun, OTHOCHTEIEHOE BO3pAacTaHHE MaKCHMAaIbHOTO
KPYTAIIEr0 MOMEHTAa IPH BBEACHHH HAIOIHHATETI Mo,

YCIIOBHYIO CKOPOCTH IUIACTHKALMU Vin M MaKCHMajbHOE
3HAUYEHHE TEMIIEpaTypbl B CMECHTENbHOH Kamepe Twmaxe.
[InpuiryeMocTs pe3MHOBEIX CMeCei M3ydaiH ¢ MOMOIIBIO
NPUCTaBKU, UCHONB3Ys (Guibepsl d= 3 MM M MYyHIIITYK
«T"apBeit». OOpasIpl MINPUIIEBAIN IIPU YacTOTE BPAIICHUS
mueka 20-120 mun! u Ttemmeparype 293-363 K.
[InacrosnacTuueckue  CBOMCTBA  PE3MHOBBIX  CMeceH
ompepensiiu o T'OCT  1020-95-xectkocts XK/ u
anactudeckoe BoccTaHoBieHue JJ] mo [edo; mo 'OCT
10722-94-Bs3kocth 10 Mym (ML4-373 K). ODuswuko-
MEXaHMYEeCKHE CBOHCTBAa  BYJIKAaHM3aTOB  OMNPEAEIIIH
COOTBETCTBYIOIINMH TOCTSIMU.

3. Pe3yJILTaTI)I HCCJIeaJ0BaHUA

Ha ocHoBe aHamm3a [JaHHBIX MHOTOYMCICHHBIX
HCCIEI0OBAaHUN M IKCICPHMEHTAIBHBIX  PE3yJIbTaTOB
YCTAaHOBJIEHO, 4YTO OCHOBHBIE (PU3MKO-MEXaHHIECKHE
MOKa3aTesI KOMITIO3UIMOHHBIX 3J1aCTOMEPHBIX MaTepHajoB
MOBBIIAIOT ~ MHHepajbHble  HamojHuTenu. [loaTomy
HCCIEIOBAIM  BO3MOXKHOCTH — NIPUMEHEHHE  KH3WJITHS
(I'JIEXK)  AHIpeHCKOro MECTOPOXICHHS B  KadyecTBe
MUHepagbHOr0  HamojHuTens.  OpHako  ero  0e3
MPEIBAPUTEIBFHBIX ~ 00pabOTOK H  COOTBETCTBYIOIIUX
XUMHUYECKUX MOANGHKAIMI HE MOTYT OBITh UCIIOIb30BAHBI
B IIPOM3BOJICTBE PE3UHOTEXHUUYECKHUX M3aenuil. Tak, kak oH
cozepxart 10 5,7 % oxcuna sxenesa 10 30 % Bozbl, KOTOpBIE
OTPHIATENIHHO BIMSIOT HAa TEXHOJIOTHYECKHE M (PHU3HKO-
MEXaHUUYECKUE CBOICTBAa DIaCTOMEPHBIX KOMIIO3HULIMH M
u3genMii W3  HHX. A OCHOBHEIM  TpeOOBaHHEM,
OpenbsABIAEMBIM K  HAMNONHHUTENSM,  SBIAETCS, HX
comepxanne He Oomee 0,3%. Ilocme smeKTpoMarHUTHOI
cemapanun ¥ cymku npu 373-426 K conep:kanue OKCHIOB
METaJUIOB yYMEHbIIaeTCs JUMb A0 3,2 %, a KOJMYEecTBO
CBSI3aHHO# BOIbI yMmeHbimaercs jo 15 % [11-14]. s
MOBBIIICHUS MarHuTHOW BOCHPHUHMYUBOCTH
c1a00MarHUTHBIX OKCHIOB MeTAJLTOB (B ocHOBHOM Fe203) n
yaaneHus CBsi3aHHOW BoAbl B cocraBe [JIEX, Obin
npuMeHeH Metof o3oHmpoBanue (O3). O6padorka ['JIEXK
NpOBOJIMIACH B TEUYEHHH pA3NIUYHOTO BpPEMEHH U
TeMIlepaTtypax, 3aTeM OCYIIeCTBIUIaCh OYMCTKA Ha
3NIEKTPOMATHUTHOM CerapaTope.

Tab6auna 1
Binsinne BpeMeHHU 1 030HHOT0 00pa00TKH HA CTelleHb
ounctku I'VIEXK oT 0kcHI0B MeTaJIIOB

CopeprkaHue OKCHUJIOB METAILIOB, Yo
Bpe epM00OpabOTKH,
=5 5 RS peMst TepMOOOPaOOTKH.
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W13 naHHBIX Tabnuipl | BHUAHO, YTO Uil TOCTHIKEHUS
Gonee Bblcokoi crenenn oumctku IJIEX, cnenyer
MOJBEpPraTh TIpeABapUTEIIHHY O 3NIEKTPOMATrHUTHYIO
cenapanuio ¢ rnocjieAayouuM o30HupoBanueM npu T=800-
950 °C B Teuennn 20 MUHYT U 3IEKTPOMATHUTHOMN OYHMCTKE.
JlocTaTOuHO BBICOKAst CTENEHb OYHCTKH yKa3aHHBIM
Croco0OM CBsi3aHa C TEM, YTO B IPOLECCE BO3JAEUCTBUS
osona npu 800 °C HWOHBI Kene3a W3 MapaMarHUTHOTO
COCTOSTHUS (1-popMbr Fe203) nepexosiT B
(deppomaruuThyio (r-popmy FesOa).
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JlepuBoTorpaduueckue ncciaeA0BaHNs TAKKe MOKA3aIIH,
s rirybokoro obesBokuBanua [JIEXK gocratouno
TepMuUeckas 06paboTka mpu Temmeparypax T=700-850 °C.
HccnenoBanus nmokasaiy, 4to npu repmoodpadorke ['JIEXK,
TaKoKe UMEET MECTO CTPYKTYpPHBIE H3MEHEHUS, YBEINUCHUS
MacJI0eMKOCTH U yJIeIbHON TreOMeTPHUIECKON ITOBEPXHOCTH.
C nomopio Metoga DIIP ObU10 yCTaHOBIECHO MOBBIIICHHE
KOHIIEHTPAIHN CBOOOTHBIX paauKanos,
CBHUJIECTENBCTBYIONMX 00 00pa3oBaHMM MapaMarHUTHBIX
LEHTPOB B UccienyeMbix oopasuax (Tabmuua 2).

Tadamnna 2
YaeabHoil reoMeTpuYecKoii MOBEPXHOCTH U
maciaoemkoctu I'JIEZK 1o u nociie repmoodpaborku, B
TeuyeHue 20 MUHYT

Haumenosanue Jo [Tocne
MoKaszaTesei TepMOooOpabOTKH | TepMOOOPAOOTKH
Sy, M¥/T 18,3 22,2
Macnoémkocth Mi1/100r
JIpHsIHOE 20,1 25,5
MacIIo
Bazemunosoe 18,3 28,1
Macjo
Jb® 17,1 23,3

OOHapy)XeHO  TaKKe  CyLNIECTBEHHOE  OTJIHYHE
ucxojHoro u ountenHoro I'JIEX no aucneprupyemoctu u
pacIpeieJIeHUI0 YacTHLL B 3J1aCTOMEpHOI MaTpuue. Jlyumas
JUCIEPTHPYEMOCTh U, COOTBETCTBEHHO, HAMOOJbIIast
CTENEHb  PAaBHOMEPHOCTH  pAaCHpENeNeHUsT  JacTHUI]
HaNOJHUTENS XapaKTepHO [ PE3HHOBBIX CMECeH,
HaTOJHEHHBIX ouniieHHoM [JIEX.

CoctaB, CTpyKTypa U CBOWCTBA MUHEPAIbHBIX
HalOJIHUTENEH CYLIECTBCHHO BJIMAIOT HA OCHOBHBIC
TEXHOJIOTHYECKHEe ¥  (PU3UKO-MEXaHWYECKHe CBOWCTBA
JJIaCTOMEPHBIX KOMIIO3UIMIT Ha OCHOBE KOMOWHAIMU
pa3iuuHBIX TUIOB KayuyykoB. Ilpm usydeHum mnpornecca
cMmerieHust kayuykoB ¢ ounmeHHbM [JIEXK, ycranosneno
TIOBBIIIEHHAsT BTUPAeMOCTh U IOTJIOIIEHHE B MAaTpHIlE 110
CPaBHEHMIO C HCXOAHBIMH, KOTOPBIE XapaKTEPH3YIOTCS
MEHBIIUMH  3HAYCHUSIMH  aMIUIUTYIBl  KosebOaHwmit
KPYTSILEro MOMEHTa
(Pucynoxk 1).
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Puc. 1. Kunernka u3MeHeHMs] KPyTSILero MOMEHTA
(Myp) B monecce cmemenus 40 mac.4. kaoymmna (),
T'JIEXK () ma 15 mac.u., CKU-3+15 mac.uy., CKH-26+70
mac.4., CKC-30APK

D10, B CBOIO OYepenb NPHBOJUT K JIydmeH
00pabaTeIBaEMOCTH W IUIACTHIMPYEMOCTH DPE3MHOBBIX
cMeceit " 00YCIIOBJICHO (IBUKO-XUMHIECKUMH,
CTpyKTypHBIME ~ ocobeHHOCcTsiME [JIEXK. B moms3y
BBICKA3aHHOI'O MPEANOJIOKEHUST YKAa3bIBACTCA YMCEHBIICHUE
BpEMEHU U TEMIEPATYpbl CMEIICHHUSA 3JIACTOMEPHBIX
KOMITO3UIIMH.

BrisicHeHo, uTo ¢ yBenuueHuneM copaepxkanus ['JIEXK B
KaydyKe 3HAUUTENIbHO yMEHBIIAETCSI BOCCTAaHABINBAEMOCTh
pe3nHOBOM cMecn mocne aedopmupoBanus. IIpum 3Tom
CIIOCOOHOCTH ~ CHCTEMBI K  HAaKOIUICHHIO  DHEPTUH
JyacTHYecKoi medopManuy, T.e. pa3OyxaHHs dKCTpynara

(P5), B 3HAYMTEJBHONM CTEICHH 3aBHCHT OT Y/ACIBHOM
TeOMETPHYECKOM MOBEepXHOCTH (Syx) [JIEXK.
[Tnacro-smactuueckue cBoifcTBa HAaITOJTHEHHBIX
pesunoBbix cmeceir ¢ ['JIEXK moxazanu, yto mo cBoum
TEXHOJIOTHYECKHM  IIOKa3aTelsiM,  IPaKTHUeCKH  He
OTJIMYAIOTCSl OT CEPUIfHO NPHMEHSEMBIX MHUHEPAIBHBIX
HanosHuTeneil. OJHaKo, IpH BBICOKUX CcTemneHax (6oiee 30
Mac.4. Ha 100 mac.4.) HamoJHeHUsI KaydyKOB HEOOXOIHMO
OyZeT ydYuTBIBATH €r0 YyACJNBHYIO IOBEPXHOCTH U
CTPYKTYpHBIE 0COOCHHOCTH, KOTOpas CIocOOCTBYET K Oonee
3HAYUTELHOMY YBEMHYCHHIO S((GEKTUBHOU BS3KOCTH U
KOH(EKIMOHHYIO KJICHKOCTh PE3NHOBEHIX cMecel (PucyHok
2). Hampumep, mpu HamonHeHnd 50 Mac.4. KOMOWHAIIUH
kayuykoB CKU-3, CKC-30APK u CKH-26 I'JIEXKom
KOH(EKIIMOHHAS KJIEHKOCTh PE3MHOBEIX CMecel COCTaBIIeT
2,15.
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Puc. 2. 3aBUCHMOCTD BA3KOCTH 110 Myun (1,1) 1
Kk03¢uuenTa KieiikocTn (2,2') pe3MHOBBIX CMeCH HA
ocHoBble 15% CKH-3+15% CKH-26+70 CKMC-30

APK (comep:xanue kaoauna (2) u TJIEXK (2') 40 mac.u.
Ha 100 Mac.4. Kay4yKoOB)

C uensro BeigBieHusa Biaugaug ['JIEJXK Ha TexHuuyeckue
CBOICTBa BYJIKAHHM3aTOB, MOJPOOHO OBUIM PACCMOTPEHBI
YIPYTro-IPOYHOCTHBIE cBoiicTBa HAIOJTHEHHBIX
KOMITO3UIIMOHHBIX 3JIACTOMEPHBIX MaTepuanoB [15-17].
HccnenoBanusimu ycranoBieHo, yto BBenaenue [JIEX B
3MIACTOMEPHYI0  KOMITO3WIIMIO  MOBBIMIAET  3HAYCHUS
YCIIOBHOTO HAaIpsHKEHNS npu
100-300%-HOM yAJIMHEHHH ¥ MPOYHOCTH IPH PACTSIKEHHH,
[0 CpaBHEHUIO C pe3UHOH, copaepkameil cepuiiHo
NpUMEHsSEMbIE HANOJHUTENH, a TaKkKe 3HAYUTEeNIbHO
MOBBIIIAET COMPOTUBIICHUE PE3UH K pa3Iupy U U3HOCY. DTO
0COOEHHO SIPKO MPOSBIsIETCS PH coaepskannu 40-60 mac.d.
I'VIEX nma 100 mac.4. KaydyKoB, T.c. CONpPOTHBIICHHE K
pa3aupy nossimaercs ot 40,6 no 76,4 kH/m a uznoc ot 0,4
bi (o] 0,86
(Pucynox 3).

[}

&0

6l

M HIHOCOCMONKOCITT
>

Pa, kHu

L 1 L 1 .
i 20 30 40 50 @, vac. 2.

Puc. 3. 3aBucHMOCTD BIUSTHUSA COJepiKaHUE
TJEX () u kaoauna (") Ha pa3puBHOE NPOYHOCTDH U
H3HOCOCTOIiKOCTH pe3uHu Ha acHoBe 15% CKHU-3, 15%

CKH-26+ CKMC-30 APK
W3yuenne sausHus I'JIEX na qunaMuueckue cBoiicTBa
BYJIKAHH3aTOB IIPU MHOTOKPAaTHOM CXKaTHHU TOKa3ajo, 4To
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IpH BBEJCHUM €r0 B COCTaB KOMIIO3ULMH Habogaercs
YMEHBbIIICHHE TEIuI000pa30BaHus " OCTAaTOYHOU
nedopmanuu, a TaKkKe yBEIHUYCHHE JIUHAMHYECKOI
BBIHOCIIMBOCTH PE3UH IIPH MHOTOKPaTHOM pacTsDKEHHH
(Npac). B mpemnokeHHBIX KOMIO3HUIHUAX Npac MPOXOIHUT
yepes MakCHMyM ¥ e€ro HauOojbllee 3HAuYCHHE
HaOmonaercs npu coxepxanuu 40-60 mac.u. Ha 100 mac.u.
Kay4yKa.

4. 3akjI09eHue

IIpennoxena texnonorus ounctku ['JIEX or okcugos
MeTayuloB.  J[OCTaTOYHO  BEICOKAst CTENEHb OYHUCTKH
yKa3aHHBEIM CIIOCOOOM CBs3aHa C TeM, 4TO B IIporecce
TeMmIepaTrypHoro Boszeicteust npu 950 K mons! xenesa uz
MapaMarHUTHOTO COCTOSIHUS
(n-popmer  Fe203) mepexomsar B (peppoOMarHUTHYIO
(r-popmy FesOa). LlenecoobpazHOCTs U MEPCIIEKTUBHOCTH
HCIIOJB30BAHMS €T0 B PELENTypax Pe3MHOBBIX CMecei Uit
NPOU3BOJCTBA PA3JIMYHBIX THIOB PE3HHOTEXHHYECKHX
u3genuii  paboOTAalOIMX B CIOXKHBIX  YCIOBHSX
JKEJIe3HOZOPOXKHBIX IyTeil, a TAKXKE B MAllTMHOCTPOCHHE.
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