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ABSTRACT

Introduction. The volume of industrial, agricultural, and household waste generated annually in Vietnam has been steadily increas-
ing, while the demand for building materials is growing. This study evaluates the feasibility of using cement-free "green" concrete
based on thermal power plant fly ash, blast furnace slag, and glass waste to produce translucent decorative elements. Materials
and methods. The study used research methods that comply with current Viethamese standards, as well as a specially developed
experimental setup to determine the light transmittance coefficient of decorative “green” concrete samples. Cement-free binders
were produced using fly ash from the Pha Lai Thermal Power Plant and finely ground granulated blast furnace slag from the Hoa
Phat Steel Plant, combined with an activator consisting of a 1:1 mixture of aqueous solutions of NaOH and Na,SiO,. The concrete
mixtures also included glass waste of various colors, crushed to particles sized 5.0-20.0 mm, decorative fine aggregate with a frac-
tion of 2.5-5.0 mm, and a superplasticizing admixture under the trade name MVN-SR manufactured by Silkroad Hanoi. Synthetic
polypropylene fibers in the form of individual filaments and steel mesh fiber were used to provide dispersed reinforcement for
decorative translucent products to improve their crack resistance and mechanical properties. Additionally, various pigment pow-
ders in red, yellow, blue, and other colors were used to impart the desired color range and aesthetic properties to the decorative
products. Results. Four compositions with waste glass contents ranging from 5 to 20% by weight were developed to analyze their
effect on the workability of concrete mixes, as well as the physical and mechanical properties and light transmittance of decorative
products. The obtained results showed that with an increase in the glass content, the workability of concrete mixes according to
the cone flow decreased from 25 to 19 cm, while their average density increased from 2068 to 2169 kg/m 3. After curing for 28 days,
the compressive strength of concrete samples was 38-46 MPa, tensile strength in bending was at least 4.9 MPa, wear resistance was
0.3-0.51 g/cm®, water absorption by weight was from 7.3 to 8.5%, and the light transmittance coefficient increased from 11.8 to
20.5%. Conclusion. The resulting light-transmitting decorative products are suitable for interior and exterior decoration, simultane-
ously providing the required performance characteristics and creating a soft light diffusion effect indoors. Furthermore, the use of
high-volume industrial waste helps reduce natural resource consumption and carbon dioxide emissions, confirming the potential
of this decorative finishing material to enhance the architectural expression of residential and public building interiors.
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AHHOTALMA

BBepeHmne. O6bem MPOMbILIEHHBIX, CENbCKOXO3ANCTBEHHDIX 1 ObITOBbIX OTXOA0B, 0OPa3yOLNXCA eXXeroqHo Bo BbeTHame, no-
CTOSIHHO YBENNUYMNBAETCA, B TO BPEMSA KaK MOTPEOHOCTb B CTPOUTENbHbIX MaTepUuasiax CTaHOBUTCA BCe bonee akTyasibHOW. B faHHOM
nccnefoBaHUM OLEHUBAETCA BO3MOXKHOCTb MCMONb30BaHUA 6eCLIEMEHTHOrO «3e/1eHOro» 6eToHa Ha OCHOBE 30J1bl-yHOCa TEMI0BbIX
SNEKTPOCTaHLMIN, JOMEHHOTO LWaKa M OTXOLOB CTeK/a AA U3roTOBNEHMA CBETONPOMYCKaoWNX 4eKopaTuBHbIX n3genuin. Mare-
puanbi u meTogbl. B paboTe NpUMeHANNCb MeTOAb! MCCNeAOBaHWI, COOTBETCTBYOLME Ae/CTBYOLWMM BbeTHAMCKIM CTaHAApTaM,
a TaKkxe crneymanbHO paspaboTaHHas SKCNepuMeHTanbHas yCTaHOBKa ANA onpefeneHus KoddouumeHTa cBeTonponyckaHms o6-
pa3L0B AeKOPaTUBHbIX «3ef1eHblX» 6€TOHOB. [1ns nonyuyeHus 6ecLeMeHTHOro BAXYLLEro 6binm 1cnonb3oBaHbl 3o51a-yHoca TIC «Da
J1ain» 1 TOHKOMONOTbIN JOMEHHbIN FPaHYNMPOBaHHbIN LWIAK MeTanypruyeckoro 3asoga «Xoa ®art» B coueTaHMM C aKTUBM3ATOPOM,
COCTOALIMM U3 cMecK BoAHbIX pacTBopos NaOH v Na SiO, B cooTHoweHum 1:1. B cOCTaB GETOHHbIX CMeceil TakKe BXOAUIN CTe-
KOJIbHbI€ OTXOAbl PAa3HOro LiBETA, U3MeNbYEHHbIE A0 YacTuL, pa3mepom 5,0-20,0 MM, AEKOPATMBHbIN MENKNIA 3aNONTHUTENb GppakLun
2,5-5,0 mm, cynepnnactuouumpyoian gobaska nog ToprosbiM HazsaHrem MVN-SR nponssoacTtsa komnanum «Silkroad XaHoi». Ana
AVCNEePCHOro apMMpPOBaHNA [eKOPaATUBHbIX CBETOMPOMYCKAOWMNX N3[ENNA C Liefiblo NOBbILLEHMA UX TPELWNHOCTONKOCTA 1 yiyy-
LLIEHMA MEXaHNYECKMX CBOVICTB UCMONb30BaINCh CUHTETUYECKME MONUMPONMIIEHOBbIE BOJIOKHA B BUAE OTAESbHbIX GUIaMeHTOB
1 cTanbHas ceTyatas ¢pmbpa. Kpome Toro, Ans npuaaHusa JEKOPATUBHBIM U3AeNVAM TPebyeMoll LIBETOBOI raMMbl U 3CTETUYECKIMX
XapaKTepPUCTVK NPUMEHSANNC Pa3fIMyHble MUIMEHTHbIE MOPOLLUKY KPACHOTO, XKeTOro, CUHEro 1 Apyrux uBetos. Pe3ynbraTbl 1 06-
cy»kaeHua. boiny pazpaboTaHbl YeTbipe COCTaBa C CoAepPKaHVEeM OTXOLO0B cTekna oT 5 4o 20% Mac. € Lienbio aHanm3a 1ux BAnAHNA
Ha ynoboyKnafbiBaeMoCTb 6ETOHHON CMecH, a TakxKe Gpr3NKO-MexaHnYecKre CBONCTBA U CMOCOBHOCTb AeKOPATUBHBIX U3Lennii
nponyckatb cBeT. [loflyueHHble pe3ynbTaTbl MOKasanu, YTo Npy YBENNYEHUN COQEPKaHUA CTeKa yao60oyKnaabiBaeMoCTb 6ETOH-
HbIX CMecell Mo PacnibiBY KOHyca CHM3MMach € 25 fo 19 cm, Torga Kak nx cpefHas MiaoTHOCTb yBenmuumnach ¢ 2068 fo 2169 kr/me.
B Bo3pacTe TBepAeHMA 28 CyTOK MPOUYHOCTb GETOHHBIX 06Pa3L0B Ha CxaTre cocTaBuna 38-46 Mla, NPOUYHOCTb Ha pacTsaXeHre Npu
n3rnbe — He meHee 4,9 MIMa, nusHococtonkocTtsb 0,3-0,51 r/cm?, BogonornoueHne no macce ot 7,3 go 8,5%, a KoapduumneHT cBeTo-
nponyckaHua nosbicunca ¢ 11,8 go 20,5%. 3aknioveHue. [lonyyeHHble CBeTONPONycKalLe AeKopaTNBHbIe N34eNnA NOAXO[AAT
ONA BHYTPEeHHEN 1 HapyXHOW OTAESNKM U OfHOBPEMEHHO 0becneunBatoT Tpebyemble SKCMyaTaUIOHHbIE XapaKTePUCTUKY, a TaKxKe
CO3[aloT BHYTPY NOMeLLeHM 3PeKT MArKoro paccerBaHmaA cBeTa. Kpome Toro, MCMonb3oBaHKe KPYMHOTOHHAMHbIX MPOMBbILLIEHHbIX
OTXOLOB CMOCOOCTBYET CHUKEHUIO NOTPebeHNA NPUPOAHbIX PECYPCOB 1 BbIOPOCOB YrNeKUCI0ro ras3a, YTo NoATBepXAaeT NoTeH-
Lman ncrnonb3oBaHUs pa3paboTaHHOro JEKOPATMBHO-OTAENOYHOIO MaTepurana ans YCUIEHUs apXUTEKTYPHON BblPa3nTenbHOCTY
VNHTEPbEPOB WUJTbIX 1 OOLLECTBEHHbIX 30aHWIA.

KJTIOYEBDIE CJIOBA: «3eneHblii» CBETONPOMYCKatoLWuii 6eTOH, CTeKOmNbHble 0TX0fAbl, AeKopaTrBHbIe n3genus, KoadboduumeHT cae-
TOonponycKaHua

UCTOYHUKN ®UHAHCUPOBAHUA HAYYHOW PABOTDI, PE3YJILTATOM KOTOPOW CTAJIA NMYBJIMKALA: ConepaHue aaHHoM
CTaTby ABNAETCA YaCTbio PE3yNbTaTOB HAYyYHO-UCCIe[0BaTENIbCKOMO MPOeKTa Mo MHKYOaLMN HayYHO-TEXHONOMMYECKON NPoAyKLUN
XaHorckoro ropHo-reonoruyeckoro yHusepcuteTa (HUMG) Ha 2025 rop «PaspaboTtka cBeTonponycKaroLwmx 4eKopaTuBHbIX OETOHHbIX
N3LENNI C NCNONb30BAHMEM CTEKIIAHHBIX OTXOLOB U ANCMEPCHOro apMrpoBaHua» (Kog npoekta: DAUT.01.2005)

BNIATOAAPHOCTI: ABTOpbI Bbipa)atoT MCKPEHHIO GnarogapHOCTb nabopatopurt XaHOMCKOro ropHO-reosiorMyeckoro yH/Bep-
cuTeTa, MpefoCTaBIeHHON ANA peann3aunm JaHHOro NpoeKTa.

ana unTUPOBAHUA:
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INTRODUCTION

In recent years, the development of green building
materials and the promotion of a circular economy
model have become an important policy area for many
countries, including Vietnam, with the aim of reducing
greenhouse gas emissions, conserving natural resources,
and limiting environmental pollution. The production
of building materials, particularly cement and tradi-
tional concrete, is considered a significant source of
CO, emissions and is accompanied by high consumption
of non-renewable mineral resources [1]. Under these
conditions, research into green concrete using cement-
free binders or reduced cement content in combination
with the use of large-scale industrial waste, such as fly
ash from thermal power plants and metallurgical slag,
is attracting increasing interest from the scientific com-
munity and industrial practice [2, 3].

In parallel with the problem of emissions from the
production of traditional building materials, the volume
of glass waste generated during construction, building
renovation, and household consumption is constantly
increasing, especially in large cities. Glass is a material
that is difficult to decompose, persists for a long time in
the natural environment, and creates a significant burden
on solid waste disposal systems in the absence of effec-
tive recycling [4]. At the same time, due to its chemical
stability, high strength, and good light transmittance, glass
waste has significant potential for reuse as a functional
material in construction and decorative products, and
not just as waste subject to recycling (Fig. 1).

For interior and exterior building cladding, translu-
cent materials such as art glass, translucent stone, and
specialty composites are increasingly in demand due to
their high aesthetic value and ability to create expressive
light effects. However, most such products are currently
characterized by high costs, energy-intensive production
processes, and insufficient environmental sustainability.
Meanwhile, research into translucent concrete or glass-
filled concrete has primarily focused on large-format
architectural structures or cladding panels, while in-
sufficient attention has been paid to research focused
on medium- and small-sized decorative products that
simultaneously impose requirements on their mechani-
cal properties, light transmittance, and aesthetic quali-
ties [5].

In particular, for translucent decorative products, the
material must not only ensure strength and operational
stability but also facilitate efficient light distribution, cre-
ate a harmonious visual effect, and match the interior and
exterior spaces. The combination of “green” concrete with
waste glass for the production of translucent decorative
panels is considered a new approach that simultaneously
promotes the efficient use of solid waste and expands the
scope of “green” concrete’s application, from structural

applications to decorative and architectural finishing
[6, 7].

Based on the stated premises, this study aims to
evaluate the feasibility of using cementless “green”
concrete in combination with waste glass for the pro-
duction of translucent decorative products. The paper
examines material selection, design principles for the
mixture composition, manufacturing technology, and
key product characteristics, including light transmit-
tance, mechanical properties, and potential for use in
interior and exterior finishes. The results obtained are
expected to contribute to the development of scientific
foundations for the development of durable and environ-
mentally friendly decorative materials, as well as to en-
sure more efficient use of glass waste for the production
of modern building materials with great architectural
expressiveness.

Fig. 1. Decorative items made using glass waste:
a — Decorative box-type lamp; b — Decorative cladding
panel
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MATERIALS AND METHODS
2.1. Materials

a) Binder.

The binder used to produce the light-transmitting
decorative concrete product included a mixture of fly
ash from the Pha Lai Thermal Power Plant, which com-
plies with the requirements of the Vietnamese standard
TCVN 10302:2014 “Active mineral additive — fly ash for
concrete, mortar and cement” (Fig. 2), and finely ground
granulated blast furnace slag from the Hoa Phat metal-
lurgical plant, which complies with the requirements of
the TCVN 11586:2016 “Ground granulated blast-furnace
slag for concrete and mortar” (Fig. 3) [8].

b) Aggregates.
The aggregates used included glass waste of various

colors and sizes, obtained from solid waste landfills,
crushed to particles of 5.0—20.0 mm, as well as decora-
tive fine aggregate of 2.5—5.0 mm.

In this study, glass particles served as coarse aggregate
and met the requirements of TCVN 7570:2006 “ Aggregates
for concrete and mortar — Specifications” (Fig. 4, 5).

Prior to use, the crushed glass particles were washed
and classified according to color and size (Fig. 6). The
average bulk density of the glass particles was approxi-
mately 2480 kg/m?.

Decorative fine aggregate was used to reduce shrinkage
and enhance the load-bearing framework of the product.
The particles of decorative fine aggregate were obtained

Fig. 2. Fly ash from the “Pha Lai" Thermal Power Plant

Fig. 3. Fine-ground blast furnace granulated slag from
the “Hoa Phat” metallurgical plant

Fig. 4. Glass waste at a recycling collection point

Fig. 5. Glass waste particles after crushing
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Fig. 6. Glass particles after processing and sorting

by sieving coarse yellow sand through sieves with mesh
sizes ranging from 2.5 to 5.0 mm (Fig. 7).

In decorative concrete products in the form of thin
panels, cracking is often observed after molding due to the
high fluidity of the plastic binder suspension. Therefore,
the use of fine decorative aggregate is necessary. However,
when the aggregate content is excessively increased, the
rheological properties of the mixture and its ability to fill
the mold with the binder composition during the forming
process are adversely affected [9].

¢) Superplasticizing additive and activating solution.

In this study, a superplasticizer commercially known
as MVN-SR, produced by the concrete admixture
manufacturer Silkroad Hanoi (SILKROAD HANOI
JSC), was used. This admixture belongs to the third-
generation high-range water-reducing admixtures based

Fig. 7. Decorative fine aggregate

on polycarboxylates. The density of the aqueous solu-
tion of the admixture is approximately 1.15 g/cm?® at a
temperature of 25 £ 5 °C, complying with the require-
ments of TCVN 8826:2024 “Chemical Admixtures for
Concrete” (Fig. 8). In this research, the superplasticizer
was used at a dosage of 1.5% by mass of binder to ob-
tain a plastic suspension with adequate flowability and
self-compacting ability under its own weight during the
forming process.

The activating solution used in this study consisted
of a mixture of a 10 M NaOH solution and a Na,SiO,
solution with a SiO,/Na,O ratio of 2.75. The mass ratio
between the 10 M NaOH solution and the Na,SiO, solu-
tion was 50:50%.

The mixture of the superplasticizer and the activating
solution used in this study is shown in Fig. 9.

Fig. 8. MVN-SR superplasticizer
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Fig. 9. Mixture of the superplasticizer and the

d) Fiber.

Synthetic polypropylene fibers in the form of indi-
vidual filaments and steel mesh fiber were used for the dis-
persed reinforcement of decorative translucent products to
improve their crack resistance and mechanical properties.
The fibers were uniformly distributed throughout the raw
material composition to reduce local stress concentration
[10] (Fig. 10).

¢) Water and pigments.

Water used for preparing the concrete mixture and
for subsequent curing complied with the requirements
of TCVN 4506:2012 “Water for concrete and mortar —
Technical speccification”.

In addition, various pigment powders, including red,
yellow, blue, and other colors, were used in this study to
provide the decorative products with the desired color

Fig. 10. Fibers for crack prevention

range and aesthetic characteristics, depending on the de-
sign requirements of the products (Fig. 11).

2.2. Composition of the concrete mixture
and technology for producing translucent
decorative products

The composition of the concrete mixture for produc-
ing “green” concrete was developed based on the use
of fly ash and blast furnace slag as the main binders,
combined with fine and coarse aggregates, water, and

Fig. 11. Decorative pigment powder
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chemical admixtures to obtain a highly plastic mixture
suitable for molding decorative products. The content of
glass particles was selected according to the requirements
for light-transmitting effects and aesthetic appearance of
the products, rather than being determined solely based
on physical and mechanical properties, as is commonly
practiced in the mix design of conventional structural
concrete.

Based on preliminary laboratory investigations, the
following proportions of raw materials were adopted for
1 m? of concrete mixture:

— Binder: 1000 kg;

— The content of thermal power plant fly ash and finely
ground granulated blast furnace slag varied from 0 to
1000 kg to reach a total binder mass of 1000 kg;

— Decorative fine aggregate: 500 kg;

— Glass particle content: 5, 10, 15, and 20% by mass of
binder;

— Fiber content: 5 and 10% by mass of binder;

— Superplasticizer dosage: 1.5% by mass of binder;

— Colored pigment dosage: 1.0% by mass of binder;

— Activating solution-to-binder ratio: 0.25;

— Water-to-binder ratio: 0.15.

The compositions of the concrete mixtures used to
produce the green concrete are presented in Table 1.

The technological process for producing light-trans-
mitting decorative concrete products was carried out
through the following main stages:

1. Preparation of molds for manufacturing the prod-
ucts.

2. Preparation of raw materials.

3. Dosing of components and preparation of the con-
crete mixture.

4. Development of the decorative pattern and place-
ment of glass particles in the molds.

5. Casting of the concrete mixture into the molds and
forming of the products.

6. Demolding, curing of the products, application of
a protective adhesive coating, and final surface finishing.

Fly ash, blast furnace slag, pigment powder, and the
admixture were first dry-mixed to ensure uniformity of
the mixture. After that, water was added, and mixing was

Table 1. Concrete mix compositions

continued until the required plasticity of the mixture was
achieved. The glass particles were arranged in the molds
according to the designed composition in order to cre-
ate the light-transmitting effect and ensure the aesthetic
expressiveness of the products. After preparation, the
concrete mixture was carefully poured into the molds to
minimize the coverage of the glass element surfaces and
thereby ensure the required light-transmitting capacity of
the finished products [11, 12] (Fig. 12 and 13).

2.3.Test methods

In this study, the physical and mechanical proper-
ties of specimens in the form of thin panels of various
sizes and thicknesses (square panels of 200x200 mm
and 300300 mm, as well as rectangular panels of
200%300 mm and 300%400 mm, with thicknesses rang-
ing from 10 to 20 mm) made of “green” light-transmitting
decorative concrete were determined in accordance with
the requirements of TCVN 7744:2013 “Terrazzo Tiles”.

a) The following standardized parameters specified in
this standard were determined:

— The slump flow of the concrete mixtures was deter-
mined using a standard truncated cone in accordance
with TCVN 12209:2018 [13] (Fig. 14);

— The average density of translucent green concrete was
determined in accordance with TCVN 3115:2022 [14];

— The water absorption of the concrete was determined
in accordance with TCVN 7744:2013 [15];

— The abrasion resistance of the concrete was deter-
mined in accordance with TCVN 3113:2022 [16];

— The compressive strength at different curing ages
was determined using cube specimens of 100x100x%
100 mm in accordance with TCVN 3118:2022 [17];

— The flexural tensile strength at the age of 28 days
was determined using prism specimens of 100X 100 %
400 mm in accordance with TCVN 3119:2022 [18].
b) Model for determining the light transmittance coef-

ficient of experimental concrete specimens.

The light transmittance coefficient of decorative mate-
rials is used to evaluate the ability of light to pass through
a material under the influence of an incident light source.

Component content, kg
Concrete Blast fur- Fine MVN-SR N
mixture Flyash | naceslag Glass | yecora- . Super- el I Total
" o P par- . Fiber . ing solu- pig- Water
Pha Lai Hoa X tive ag- plasti- .
Phat” ticles A tion ments
at gregate cizer
GreCor-01 1000 0 50 500 100 15 250 10 150 2075
GreCor-02 600 400 100 500 100 15 250 10 150 2125
GreCor-03 400 600 150 500 50 15 250 10 150 2125
GreCor-04 0 1000 200 500 50 15 250 10 150 2175
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Fig. 14. Measurement of the slump flow of concrete mixtures
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In this study, the light transmittance coefficient was
defined as the ratio between the intensity of light transmit-
ted through the material specimen (in lux) and the initial
light intensity incident on the surface of the specimen
(in lux).

For translucent concrete materials, the light transmit-
tance coefficient reflects the efficiency of light transmis-
sion through the light-conducting components (such as
glass particles or transparent phases) distributed within
the concrete matrix. The value of this coefficient depends
on the structure of the material, the proportion and size
of the light-transmitting components, as well as the thick-
ness of the specimen.

In this study, the light transmission intensity of the
developed “green” decorative concretes was measured
using a Testo 540 illuminance meter (Germany) (Fig. 15).

In this study, the experimental setup used to evaluate
the light transmittance of decorative concrete products
was designed and fabricated under laboratory conditions.
It was constructed as a dark box in order to minimize the
influence of ambient light on the measurement results
(Fig. 16).

The light transmittance coefficient of “green” decora-
tive concrete specimens () is defined as the ratio between
the light intensity (/, lux) transmitted through the material
specimen and the initial light intensity (/, lux) incident
on the surface of the specimen, as expressed by the fol-
lowing equation:

w=1/I,x100%,

where: ¥ — light transmittance coefficient, %; I —
light intensity transmitted through the tested specimen,
lux; 1, — initial light intensity incident on the surface of
the specimen, lux.

Fig. 16. Experimental setup for determining the light transmittance coefficient of the light-transmitting decorative

concrete specimens
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RESULTS AND DISCUSSION

The experimental results obtained under laboratory
conditions for the concrete mixtures and the hardened
specimens of cement-free translucent decorative concrete
are presented in Tables 2, 3.

3.1. Effect of fly ash, blast furnace slag, and glass
particle content on the properties of concrete
mixtures

With an increase in the content of blast furnace slag
and a corresponding decrease in the content of fly ash in
the binder composition, the color of the concrete mixtures
gradually changed from dark gray to light gray and eventu-
ally to white. This is attributed to the color characteristics
of the raw materials: fly ash has a dark gray color, whereas
the blast furnace slag used in this study exhibited a light,
nearly white color.

In addition, as the content of glass particles increased
from 5% to 20% by mass of binder, significant changes
in the properties of the concrete mixtures were observed.
The workability, expressed in terms of slump flow, de-
creased from 25 to 19 cm, and the surface of the speci-
mens became rougher compared to those containing lower
amounts of glass particles.

Table 2. Properties of concrete mixtures

The experimental results indicate that concrete mix-
tures with higher glass particle content exhibit reduced
workability, which adversely affects their ability to fill
molds during the forming process.

Furthermore, considering that the average bulk den-
sity of the glass particles is approximately 2480 kg/m?,
an increase in their content leads to a slight increase in
the average density of the concrete mixtures, from 2068
to 2169 kg/m’.

3.2. Properties of “green” light-transmitting
decorative concrete

The experimental results presented in Table 3 indi-
cate significant changes in the physical and mechanical
properties of green concretes with increasing contents
of blast furnace slag and glass particles in the concrete
mixtures. Glass particles perform a dual function: they
act as coarse aggregates and simultaneously determine
the light-transmitting capacity of the product.

As the content of glass particles increased, the compres-
sive strength and flexural tensile strength increased by 24%
and 8%, respectively. In addition, the abrasion resistance
improved significantly, with the abrasion loss decreasing
from 0.51 to 0.30 g/cm?, while the water absorption by
mass decreased from 8.5% to 7.3%. At the same time, the

GreCor-01 GreCor-02 GreCor-03 GreCor-04
Parameter Mean Standard Mean Standard Mean Standard Mean Standard
devia- devia- devia- devia-

value . value . value . value .

tion tion tion tion

Slump flow diameter (cm) 25 2.1 23 2.2 20 1.5 19 25

Average density (kg/m>) 2068 7.5 2117 6.3 2119 8.2 2169 8.0

Color Dark gray Light gray Grayish white White

Table 3. Physical and mechanical properties of the light-transmitting decorative concrete specimens at 28 days

GreCor-01 GreCor-02 GreCor-03 GreCor-04
Parameter Standard Standard Standard Standard
Mean m Mean R Mean A Mean A
devia- devia- devia- devia-
value . value N value N value .
tion tion tion tion
Average density (kg/m?) 2048 4.0 2090 4.2 2110 4.0 2138 4.5
Water absorption (% by mass) 85 0.8 8.1 1.0 7.5 0.9 7.3 0.8
Abrasion resistance (g/cm?) 0.51 0.25 0.48 0.15 0.36 0.2 0.3 0.1
Compressive strength (MPa) 38 2.1 41 2.2 43 24 46 24
Flexural tensile strength (MPa) 49 0.66 5.1 0.85 53 0.9 54 1.1
Light transmittance coefficient 18 15.7 172 205
(%)
Surface condition Smooth dark gray Smooth light gray | Rough grayish-white Rough white surface
surface surface surface
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light transmittance coefficient increased from 11.8% to
20.5% (Fig. 17). Thus, the glass aggregate plays a key role
in determining both the strength characteristics and the
light-transmitting capacity of the specimens.

In addition, the water absorption by mass at 28 days
of curing of the green decorative concrete specimens de-
creased significantly, by 15.6%, as the content of glass
particles increased from 5% to 20% by mass of binder.
This trend can be explained by the low water absorption
capacity of glass particles [19].

The compressive strength and flexural tensile strength
of the obtained light-transmitting decorative concrete
specimens are presented in Fig. 18.

As shown in Fig. 18, when the compressive strength
of the light-transmitting decorative concrete speci-
mens increased from 38 to 46 MPa, the flexural ten-
sile strength also increased from 4.9 to 5.4 MPa at
the age of 28 days. The ratio between flexural tensile
strength and compressive strength ranged from 1/8 to
1/9, which is comparable to the relationship between

Fig. 17. Measurement of the light transmittance of light-transmitting decorative concrete products: a- Measure-
ment of the light transmission of a table lamp; b - Measurement of the light transmission of a thin sheet product
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Fig. 18. Compressive and flexural tensile strengths of light-transmitting decorative concrete specimens at 28 days

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2026; 18 (3):
379-392

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

1SSN 2075-8545 (online)

EFFICIENT USE OF RECYCLED RESOURCES

these strength parameters in conventional cement-
based concretes.

In addition, the experimental studies demonstrated that
translucent decorative products made of green concrete
and crushed glass waste are capable of transmitting light
from one surface to the other through the glass inclusions.
The transmitted light is not concentrated into intense light
beams but is softly diffused, creating a harmonious visual
effect. This feature makes such products suitable for both
interior and exterior decorative applications [20].

The light-transmitting capacity of the decorative prod-
ucts mainly depends on the content and size of the glass
particles, as well as on the color of the glass and the de-
gree of coverage of the glass particles by the cement-free
binder matrix. The light-transmitting decorative concrete
specimens containing transparent or light-colored glass
provide a more pronounced light-transmitting effect com-
pared with those containing dark-colored glass particles.
At the same time, controlling the process of placing the
concrete mixture into the molds to prevent the binder
paste from adhering to the surface of the glass particles is
an important factor in maintaining the light-transmitting
efficiency of the product.

Compared with traditional light-transmitting materials
such as art glass or translucent stone, the “green” decora-
tive concrete does not provide full transparency but rather
produces an effect of soft, diffused, and deep illumina-
tion. This characteristic makes such products suitable
for decorative architectural applications in both interiors
and exteriors, preventing glare and creating a comfortable
visual perception of light [21] (Fig. 19).

Overall, the obtained results indicate that optimizing
the content of blast furnace slag and glass waste not only
enhances the mechanical properties but also improves
the light-transmitting capacity of the material, while si-
multaneously ensuring that both technical and aesthetic
requirements for translucent decorative concrete products
are satisfied.

Nanob%

3.3. Evaluation of the application potential
of the “green” decorative concrete in construction

The research results indicate that translucent decora-
tive products made of green concrete and glass particles
have a high potential for practical application in con-
struction, particularly in interior and exterior finishing
works. With a compressive strength of up to 46 MPa and
a light transmittance coeflicient of up to 20.5%, such
products simultaneously provide the required mechani-
cal performance and a pronounced aesthetic lighting
effect.

These products can be used as decorative cladding
panels, translucent partitions, wall decorative panels, sig-
nage elements, as well as accent architectural components
in residential buildings, hotels, restaurants, schools, and
public spaces (Fig. 20 and 21).

Compared with imported light-transmitting materials,
this product has a cost advantage due to the use of locally
available waste materials such as fly ash, blast furnace slag,
and crushed glas.

In addition, the use of glass cullet and large-volume
industrial wastes for the production of decorative prod-
ucts contributes to reducing the consumption of natural
resources and lowering CO, emissions compared with
imported light-transmitting materials or conventional
decorative materials [22]. This represents an important
advantage of such products under current conditions,
where increasing priority is given in construction to en-
vironmentally friendly and durable materials.

+ Potential applications of the “green” light-trans-
mitting decorative concrete:

— Possibility of manufacturing structural elements that
simultaneously perform load-bearing and enclosure
functions due to the high strength of the material;

— Possibility of using the material as an element of natu-
ral lighting in buildings, as it possesses good light-
transmitting capacity;

Fig. 19. Examples of products made from the light-transmitting decorative concrete
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Fig. 20. Artwork “Spring in the Leaves”

— Possibility of application in interior and exterior fin-
ishing works in combination with traditional materials,
enabling the creation of unique architectural lighting
effects;

— Possibility of producing decorative partition walls.
However, in order to expand the application field of

decorative products made from cement-free concrete,
further studies are required to optimize the manufacturing
technology, improve surface quality control, reduce the
tendency for crack formation, and evaluate the durability
of products under different service conditions, particularly
in humid environments and outdoor applications.

CONCLUSION

Based on the experimental results of the research, the
following conclusion can be drawn:

1. Cement-free “green” concrete, produced using fly
ash, blast furnace slag, and glass particles, can be applied
in the manufacture of translucent decorative products,
ensuring shape stability, relatively uniform surface qual-
ity, and mechanical strength meeting practical service
requirements.

2. Glass particles incorporated into the “green” con-
crete matrix allow light to pass through the material,
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Fig. 21. Artwork “Favorable Wind”
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AHHOTALMA

BBepeHune. O6bemM NPOMBbILLIEHHDIX, CIbCKOXO3ANCTBEHHbIX 1 ObITOBbIX OTXOA0B, 06PA3YIOLLNXCA eXErofHo BO BbeTHame, MOCTOAHHO
YBEJIMUMBAETCS, B TO BPEMs KaK NOTPeOHOCTb B CTPOUTESNbHbIX MaTepuranax CTaHOBUTCA BCe bonee akTyanbHOW. B faHHOM nccnenoBaHum
OLIeHMBaETCA BO3MOXKHOCTb UCMOMb30BaHWA 6eCcLieMeHTHOrO «3eNeHoro» 6eToHa Ha OCHOBE 30J1bl-yHOCa TEMJTOBbIX SNIEKTPOCTaHLUIA,
JOMEHHOTO LUlaKa 1 OTXOA0B CTeKNa ANA U3roTOBNIEHMA CBETOMPOMNYCKaOWMX AeKOPaTUBHbIX n3genuvin. MaTepuanbl n meToAbl.
B pabote npumeHANMCcb MeToApbl CCNeoBaHWI, COOTBETCTBYIOLME AeNCTBYIOWMM BbETHAMCKMM CTaHAAPTaM, a Takxke crneymnanbHo
pa3paboTaHHas 3KCNepuUMeHTanbHas YCTaHOBKA Ans onpeaeneHns KoadoduumeHTa cBeTonponyckaHna o6pasLoB 4eKOPaTUBHBIX
«3efieHblx» 6eTOHOB. [1nA nonyyeHna 6eCcLIeMEHTHOTO BAXKYLLEro Oblnv NCMoNb30BaHbl 3051a-yHoca TIC «Da Jlai» 1 TOHKOMOSOTHIN
LOMEHHbIN rpaHyNMPOBaHHbIN LAk MeTanlypruyeckoro 3aBoga «Xoa Mat» B coueTaHM C aKTMBM3aTOPOM, COCTOALLUM U3 CMeCKn
BoAHbIX pacTBopos NaOH 1 Na,SiO, B cooTHowweHum 1:1. B cocTaB 6€TOHHbIX CMeceli TakKe BXOAWN CTEKOSIbHbIE OTXOfibl Pa3HOTO
LiBeTa, M3MeSIbYeHHbIe A0 YacTuL pa3mepom 5,0-20,0 MM, [EKOPATUBHDIN MENKWI 3anonHuTenb dpakuum 2,5-5,0 MM, cynepnnactudu-
umpytowan fobaska nog ToprosbiM HazBaHeM MVN-SR npoussogctea komnaHum «Silkroad XaHoiy. [ina gucnepcHoro apMmnpoBaHms
[EKOopPaTVBHbIX CBETOMPOMNYCKAKLWMX U3ZENNI C LIeNbIO MOBbIWEHNA UX TPELUMHOCTONKOCTA 1 YNTyULWEeHNA MeXaHNYeCKNX CBONCTB
MNCMOJIb30BANNCh CMHTETMYECKIME MONMNPONUIIEHOBbIE BONIOKHA B BUAE OTAENbHbIX GUTaMeHTOB 1 CTasibHaA ceTyatan prbpa. Kpome
TOro, ANA NPYAAHUA [eKOPaTVBHbIM U3L4eNnam Tpebyemoll LiIBETOBOI ramMMbl 11 SCTETUYECKMX XapPaKTEPUCTUK MPUMEHANNCH PasfnyHble
NMUrMEHTHbIE MOPOLLKM KPaCHOTO, XEeNTOro, CUHEro 1 ApYrux LBeToB. PesynbraTbl  06cykaeHuA. boiin paspaboTaHbl YeTbipe cocTaBa
C coflepaHreM 0TX0O0B CTeKsa oT 5 1o 20% Mac. C LieNiblo aHan13a Ux BIUAHWSA Ha yA060yKNaabiBaeMoCTb GETOHHOW CMecH, a TakxKe
dU3MKo-MexaHNYeCKme CBONCTBA 1 CMOCOOHOCTb AIEKOPATUBHbBIX U3AENnI NponyckaTb CBeT. [lonyyeHHble pe3ynbTaTbl MoKasanu, Y4to
npwv yBENMUYEHNI COePKaHNA CTeKNa yao0b0oyKnabiBaeMOCTb OETOHHbBIX CMeCel MO PacmiblBy KOHyca CHMU3MMAck ¢ 25 fo 19 cm, Tor-
[a KaK X cpeAHAA MIOTHOCTb yBenmuunach ¢ 2068 go 2169 kr/m?. B Bo3pacTe TBepAeHUA 28 CyTOK NPOYHOCTb BETOHHbIX 06pa3sLoB
Ha CKaTue cocTaBusia 38-46 MIa, NPOYHOCTb Ha PacTAXeHne Npu 13rnde — He MeHee 4,9 MIMa, nsHococtolikocTb 0,3-0,51 r/cm?, Bogo-
nornotleHve no macce ot 7,3 fo 8,5%, a koadpduLmeHT cBeTonponyckaHua nosbicunca ¢ 11,8 fo 20,5%. 3akntoueHue. [onyyeHHble
CBETOMPONyCKawLLve AeKopaTUBHbIe N3Lennsa NOAXOAAT AA BHYTPEHHEN 1 HAPYKHOW OTAENKM 1 OLHOBPEMeHHO obecrneyrBaoT
Tpebyemble SKCryaTaLOHHbIe XapaKTePUCTUKK, @ TaKKe CO3[aloT BHYTPU NOMeLLeHU SPdeKT MArkoro paccensaHus ceeta. Kpome
TOrO, NCMOJIb30BaHME KPYNMHOTOHHAXHbIX MPOMBbILLIIEHHbIX OTXOA0B CMOCOOCTBYET CHUMEHMIO NMOTPEONEHNA NPUPOLHbIX PECYPCOB
1 BbIOPOCOB YINEKMCIIONO ra3a, YTo NOATBEPKAAET NMOTEHLMAN NCMONb30BaHKA Pa3paboTaHHOMO AeKOPaTUBHO-OTAEIOYHOIO MaTeprana
ONA YCUNEHNA apXUTEKTYPHO BblPa3UTESIbHOCTV MHTEPbEPOB XKUJTbIX U OOLLECTBEHHbIX 30aHUIA.

KJTIOYEBDIE CJIOBA: «3eneHblii» CBETONPOMYCKAOLWNiA 6ETOH, CTEKONbHbIE OTXO[bl, AeKOPaTVBHbIE U3aenus, Ko3ddUUMEeHT cBe-
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XaHoWickoro ropHo-reonoruyeckoro yHnsepcuteta (HUMG) Ha 2025 rog «PaspaboTka cBETONPOMYCKaOLWMX AEKOPATUBHbBIX GETOHHbIX
N3LENNIA C NCNOJIb30BaHMEM CTEKIIAHHBIX OTXOLOB U ANCMEPCHOro apMUpoBaHuaA» (Kog npoekta: DAUT.01.2005)
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The potential of using «green» concrete and waste glass
in the manufacture of light-transmitting decorative
products
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ABSTRACT

Introduction. The volume of industrial, agricultural, and household waste generated annually in Vietnam has been steadily increas-
ing, while the demand for building materials is growing. This study evaluates the feasibility of using cement-free "green" concrete
based on thermal power plant fly ash, blast furnace slag, and glass waste to produce translucent decorative elements. Materials
and methods. The study used research methods that comply with current Viethamese standards, as well as a specially developed
experimental setup to determine the light transmittance coefficient of decorative “green” concrete samples. Cement-free binders
were produced using fly ash from the Pha Lai Thermal Power Plant and finely ground granulated blast furnace slag from the Hoa
Phat Steel Plant, combined with an activator consisting of a 1:1 mixture of aqueous solutions of NaOH and Na,SiO,. The concrete
mixtures also included glass waste of various colors, crushed to particles sized 5.0-20.0 mm, decorative fine aggregate with a frac-
tion of 2.5-5.0 mm, and a superplasticizing admixture under the trade name MVN-SR manufactured by Silkroad Hanoi. Synthetic
polypropylene fibers in the form of individual filaments and steel mesh fiber were used to provide dispersed reinforcement for
decorative translucent products to improve their crack resistance and mechanical properties. Additionally, various pigment pow-
ders in red, yellow, blue, and other colors were used to impart the desired color range and aesthetic properties to the decorative
products. Results. Four compositions with waste glass contents ranging from 5 to 20% by weight were developed to analyze their
effect on the workability of concrete mixes, as well as the physical and mechanical properties and light transmittance of decorative
products. The obtained results showed that with an increase in the glass content, the workability of concrete mixes according to
the cone flow decreased from 25 to 19 cm, while their average density increased from 2068 to 2169 kg/m 3. After curing for 28 days,
the compressive strength of concrete samples was 38-46 MPa, tensile strength in bending was at least 4.9 MPa, wear resistance was
0.3-0.51 g/cm?, water absorption by weight was from 7.3 to 8.5%, and the light transmittance coefficient increased from 11.8 to
20.5%. Conclusion. The resulting light-transmitting decorative products are suitable for interior and exterior decoration, simultane-
ously providing the required performance characteristics and creating a soft light diffusion effect indoors. Furthermore, the use of
high-volume industrial waste helps reduce natural resource consumption and carbon dioxide emissions, confirming the potential
of this decorative finishing material to enhance the architectural expression of residential and public building interiors.
KEYWORDS: "green" light-transmitting concrete, waste glass, decorative products, light transmittance coefficient
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BBEAEHUE CHMXXKEHUST BEIOPOCOB ITAPHUKOBBIX Ta30B, 9KOHOMUU

MPUPOIHBIX PECYPCOB U OTPAaHUUYEHUS 3arpsSI3HEHUS
B nmocnenHue rogbl pa3BUTHE «3€JIEHBIX» CTPOUTEIIb- oKpyxKatouieit cpenbl. [Tpor3BOACTBO CTPOUTETIBHBIX
HBIX MaTEpUAJIOB U MPOABUXKEHNE MOAECIN SKOHOMMU- MaTepuasoB, OCOOEHHO LIEMEHTAa U TPaAULIMOHHOTO
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BBICOKAM MOTPEOIEHNEM HEBO30OHOBIISIEMBIX MUHE-
PaNbHBIX pecypcoB [1]. B aTuX ycnoBusIX uccaenoBaHUs
«3€JIEHBIX» OETOHOB, UCHONB3YIOIIUX OECLIEMEHTHbIE
BSDKYIIIME WY IOHWXKEHHOE CoiepXKaHUe LIEMEHTA B CO-
YETAaHUU C UCTOJIb30BAHUEM KPYTMTHOTOHHAXHBIX MTPO-
MBILJIEHHBIX OTXOI0B, TAKUX KAK 30J1a-YHOC TEIJIOBBIX
3JIEKTPOCTAHIIUIA U METAJLTYPTUYECKHE 1IIJIAKU, BbI3bIBA-
IOT BCE BO3paCTAIOIINI UHTEPEC CO CTOPOHBI HAYYHOTO
CO0OIIECTBA U IPOU3BOJACTBEHHOM TTpakTUKu [2, 3].

IMapawtenbHO ¢ TpoOIEMOli BBIOPOCOB MPU MTPOU3-
BOJICTBE TPAIULIMOHHBIX CTPOUTEIbHBIX MAaTePUAIOB
00BbEM CTEKOJIBHBIX OTXOMIOB, 00PA3yIOIIUXCS B PE3YyJIb-
TaTe CTPOUTENIBHOM NESATEIbBHOCTU, PEKOHCTPYKIIAY 30a-
HUI 1 OBITOBOTO OTPEOJIEHUS, TIOCTOSTHHO YBEJTUYMBA-
eTcst, 0COOEHHO B KPYMHBIX roponax. CTeKIIo SIBIsIeTCs
MaTepUAJIOM, TPYAHO MOJIAIIUMCS PA3IOXKEHUIO, 11 -
TEJIbHO COXPAHSIOIIUMCS B IPUPOTHOM CPefie U CO3[AI0-
IIMM 3HAYUTEIbHYIO HATPY3KY HA CUCTEMY YTUIU3ALUU
TBEPIBIX OTXOOB MIPU OTCYTCTBUU UX I(DDEKTUBHOMN
nepepabotku [4]. Bmecte ¢ Tem Gmaromapst xumMmmde-
CKOW CTaOMJIBHOCTH, BBICOKOU MPOYHOCTU U XOPOILIEeH
CBETOIPOITYCKHOU CNOCOOHOCTU CTEKOJIbHBIE OTXObI
001a1a10T 3HAYUTEJIbHBIM TOTEHIIMAJIOM MOBTOPHOTO
WCTIOJIb30BAaHUS B KauecTBe (DyHKIIMOHAIBHOTO MaTe-
purasa B CTPOUTENIbHBIX U JEKOPATUBHBIX U3ETUAX, 2 HE
TOJIBKO KaK OTXO[, TIO[UIeXaluii yTuin3annu (puc. 1).

J71s1 BHYyTpEHHEN M HAPYXKHOU OTAEIKYU 31aHUIA CBe-
TOIMPOITYCKAIOIIAE MATEPUAIIBI, TAKUE KAK XyT0XECTBEH-
HOE CTEKJI0, CBETOMTPO3PAYHbIN KAMEHD U CTIeLIUATbHbIE
KOMIO3UIIMOHHBIE MaTepUaibl, CTAHOBSITCS Bce OoJiee
BOCTPEOOBAHHBIMU OJ1arofapsi BEICOKOU 3CTETUYECKOMN
LIEHHOCTU U COCOOHOCTHU CO3[aBaTh BbIPA3UTEIbHBIE
cBeToBbIe 9(hhekThl. OTHAKO OONBITMHCTBO TAKUX U3-
NI B HACTOSIIIIEe BPEMS OTJIUYAETCSI BBICOKOM CTOU-
MOCTBIO, 9HEPTOEMKUM IMPOU3BOACTBEHHBIM MPOLIECCOM
U HEIOCTATOYHOM 5KOJIOTUYECKOU YCTOMYMBOCTBIO. B TO
K€ BPeMsI UCCIIEOBAHUS CBETOMPOITYCKAIOIIETO OETOHA
W OETOHA C UCTIOJIb30BAHUEM CTEKJISTHHOTO 3aIIOJIHU -
TeJIsi B OCHOBHOM COCPENOTOYEHBI Ha ApXUTEKTYPHBIX
KOHCTPYKUMSIX WU OOJUILIOBOYHBIX TTAHEJISIX KPYITHOTO
(opmara, Torma KaK MccaenoBaHUSIM, OPUEHTUPOBAH -
HBIM Ha IEKOPATUBHBIE U3JEJIAS CPEAHETO U MAJIOTO pa3-
Mepa, OTHOBPEMEHHO MTPEIbIBIIAIONINE TPEOOBAHUS K UX
MEXaHUYECKUM XapaKTePUCTUKAM, CBETOMTPOITYCKAHUIO
U 3CTETUYECKUM TTOKA3ATEJIIM, YIEIEHO HETOCTATOYHOE
BHUMaHMUeE [5].

B yacTHOCTH, 7151 CBETONPOITYCKAIOIINX IEKOPATUB-
HBIX U3MEUIA MaTepua JOJDKEH He TOJIBKO 0becTeyu-
BaTh MIPOYHOCTD U SKCILUTYaTAlMOHHYIO CTAOMJIbHOCTD,
HO Y CIIOCOOCTBOBATh PALlMOHAIBHOMY PacIpeleIeHUIO
cBeTa, GOPMUPOBAHUIO TAPMOHUYHOTO BU3YaJIbHOTO
addeKTa 1 COOTBETCTBUIO MMPOCTPAHCTBY BHYTPEHHEH
u HapyxHo# oTaenku. CoyeTaHue «3eJIeHOro» OeToHa
C OTXOAAMMU CTEKJIA IS U3TOTOBJIEHUS CBETOIIPOMYCKAIO-
IIKX TEKOPATUBHBIX TAHHO PACCMATPUBAETCS KaK HOBOE

HarmpasjIeHe, KOTOPOe OJHOBPEMEHHO CITOCOOCTBY-
eT 3((HEeKTUBHOMY UCITOJIb30BAHUIO TBEPIBIX OTXOIOB
M paciumpsieT 06J1acTb MPUMEHEHHS «3eJICHOT0» OeTOHa,
Ha4yMHas KOHCTPYKIIMOHHOM c(hepoii 1 3aKkaHIMBast 00-
JIACThIO IEKOPATUBHOM U apXUTEKTYPHO-XYIOXECTBEH-
HOIi oTnenku [6, 7].

Hcxonst U3 M3JI0XEHHBIX MPEAITOCHIIOK, JaHHOE
HCCieIOBaHKE HATIPABJICHO Ha OIICHKY BO3MOXKHOCTH
WCTIOJIb30BaHUSI OECIIEMEHTHOTO «3eJICHOTO» OeTOHa
B COYETAHUM C OTXOIAAMMU CTEKJIA JIJIsT U3TOTOBJICHUS
CBETOTIPOITYCKAIOIINX JeKOPAaTUBHBIX U3aenuii. B pa-
60Te paccMaTPUBAIOTCSI BOITPOCHI BBIOOPA MaTepUAaJIoB,
TPUHIIMITHI TPOSKTUPOBAHUS COCTaBa CMECH, TEXHOJIO-
TUST U3TOTOBJIEHUSI 1 OCHOBHBIE XapaKTePUCTUKU TTPO-
JTYKIIMY, BKJTIOYast CBETOMPOITYCKHYIO CITOCOGHOCTb,
MeXaHWYeCKre CBOMCTBA M MOTEHIIMAT TPUMEHEHUS

Puc. 1. lekopaTuBHble N3[enuns, N3roTOBJIEHHbIE C UC-
Monb30BaHNEM CTEKOJbHbIX OTXOAOB: @ — EKOPATUB-
HbIN CBETUNBbHMK KOPOGYaToro Tna; 6 — AekopaTrBHas
0611LOBOYHaA NaHesb
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B 00J1aCTH BHYTpPEeHHEW U HapyxHOU oTaenku. Oxuaa-
€TCsl, UTO TTOJTyIeHHBIE PEe3YJIbTaThl BHECYT BKJIAM B (hop-
MUPOBaHNE HAYYHBIX OCHOB C TIEJIbIO Pa3pabOoTKHU J0JITO-
BEUHBIX U 9KOJIOTUYECKU 0€30TIaCHBIX TEKOPATUBHBIX
MarepuasoB, a Takxke obecrieuaT 6osee dhdekTruBHOE
WCTIONIb30BaHNE CTEKOJTbHBIX OTXOIOB TSI TTIPOM3BOICTBA
COBPEMEHHBIX CTPOUTENIEHBIX MATEPUAIOB, O0JIANATOTIINX
OOJIBIIION aPXUTEKTYPHOI BHIPA3UTEIIBHOCTHIO.

MATEPUAJIbl U METOADI
2.1. Acnonb3yemblie maTepuarsnbl

a) Bsxynee BelecTBo.

B cocraB BSKyILIEro ISl OJydeHUsI CBETOIIPOILY -
CKAIOLIEro AeKOPaTUBHOIO OETOHHOTO MU3E/IMS BXOI -
J1a cMech 30ibl-yHoca TOC «®a Jlait» (Pha Lai), cooT-
BETCTBYIOIIAsl TPEOOBAHUSIM BhE€THAMCKOIO CTaHAapTa
TCVN 10302:2014 «AkTrBHas1 MUHEpaJibHast 100aB-
Ka — 30J1a-YHOC I 6€TOHA, CTPOUTEIbHBIX PACTBO-
POB U1 LIeMeHTa» (puUC. 2), U TOHKOMOJIOTOTO JOMEHHOIO

TPaHyJIMPOBAHHOTO IJIaKa METAJLTYPTUYECKOTO 3aBoja
«Xoa ®ar» (Hoa Phat), cooTBeTCTBYIOIIETO TPEOOBAHN -
sm ctadgapta TCVN 11586:2016 «MomoTbIit TpaHyJIMpPO-
BaHHBII TOMEHHBIH 1IJIaK ISl 66TOHA U CTPOUTEIIBHBIX
pacTtBopoB» (puc. 3) [8].

0) 3amoHUTENN.

B cocTaB uCIONB30BaHHBIX 3ATTOJIHUTENIEH BXOIU-
JIA CTEKOJIbHBIC OTXObI Pa3HBIX IIBETOB U Pa3MEpPOB,
MOJy4YeHHBIE C TTOJTUTOHOB TBEPIBIX OTXOMOB, KOTO-
pble U3MeNnbuanu o yactuil pazmepom 5,0—20,0 mm,
a TakKe JIGKOPTUBHBIN MEJIKUIA 3aTTOJTHUTENb (paKIIUN
2,5—5,0 mm.

B HacTos1IeM HccTeIoBaHNN CTEKIISTHHBIE YaCTUIIbI
BBITIOJTHST (DYHKITUIO KPYITHOTO 3aTIOJTHUTENIST K COOT-
BeTcTBOBaJIM TpeboBaHusiM ctaHmaapta TCVN 7570:2006
«3aItoJTHUATENH JIJIs1 GETOHA M CTPOUTETBHBIX PACTBOPOB.
Texnuueckue TpeboBaHuUsI» (puc. 4, 5).

[lepen ncrnonb30BaHNEM U3METbYCHHBIC CTEKIISTH-

HbIE YaCTHUIIBI TPOMBIBAINCH Y COPTUPOBAIIUCH TT0 1IBETY
u pa3mepy (puc. 6). UX cpenHsisi HachIITHAsI TNIOTHOCTh
cocrapJisiia ropsiika 2480 kr/m?3.

Puc. 3. TOHKOMONOTbIN JOMEHHbIN FPaHYINPOBaHHbIN
LTaK MeTannyprmyeckoro 3aBoga «Xoa ®ar»

Puc. 4. CteKorbHble OTXOAbl Ha MyHKTe cbopa BTOPChIPbA

Puc. 5. YacTrubl CTEKOSIbHBIX OTXOA0B Moc/e ApobneHus
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Puc. 6. CTeknAHHblE YacTuLbl Nocsie 06paboTKN 1 COPTUPOBKY

HexopaTUBHBINM MEJIKWIA 3aITOTHATEIH UCITOIH30BAaI-
CsI C TIeJIbI0 CHIDKCHUS YCaaK/A 1 YCUJICHUS HECYIIEeTO
Kapkaca n3feians. YacTuiipl IeKOpaTUBHOTO MEJIKOTO
3aTIOJTHUTEIIS TIOTYJaId IIyTeM IIPOCEUBAaHUS KPYITHO-
3¢PHUCTOTO XKEJITOTO TIeCKa Yepe3 CUTa C pa3MepoM siae-
ek ot 2,5 mo 5,0 mm (puc. 7).

VY neKopaTUBHBIX OCTOHHBIX MU3IEIHNI B BUIC TOH-
KUX TTaHesel mociie (hopMOBaHUS YaCTO HAOTIOMACTCS
pacTpecKMBaHUE BCIICACTBHE BRICOKOI TEKYyUeCTH TIIa-
CTUYHOM cBs3ylIoIIel cycieH3un. [1oaToMy mpuMeHe-
HUE MEJIKO3epHHICTOIO IeKOPATUBHOTO 3aITOJTHUTEIIS
SBISIeTCST HeoOXomuMBbIM. OITHAKO TIPU TTOBBIIICHHOM
COIEP>KaHNH 3aTIOJTHUTEJIST YXYIIIAIOTCS PEOJTOTTICCKIE
CBOICTBA CMECH U €€ CTIOCOOHOCTB K 3aITOIHEHUTO (pop-
MBI CBSI3YIOIIIM COCTaBOM B ITporiecce hoopmMoBaHus [9].

B) CymnepruracTudupyooIias 100aBKa 1 aKTUBH -
pyromuii pacTBop.

B mccnenoBaHNT MCTIONB30BAIACh CYIICPIUIACTH(DH-
IMpyIomIas Jo0aBKa oI TOProBeIM HazBaHeM MVN-SR
TIPOU3BOACTBA KOMITAHUM IO TIPOU3BOACTBY OCTOHHBIX

Puc. 7. [lekopaTnBHbI MENKUI 3aNOfHUTENb

mo6aBok «Silkroad Xanoit» (SILKROAD HANOIL. JSC).
JaHHast mobaBKa OTHOCHUTCS K BBICOKO3(D(EKTUBHBIM BO-
JTOPEIYIIMPYIOIINM J0OaBKaM TPETHETO TIOKOJICHHS Ha OC-
HOBE TTOJIMKapOOKCHIaToB. I IIOTHOCTE BOMHOTO pacTBOpa
no6aBku cocrapisieT 1,15 r/cm® pu remmnepatype 25 =
5 °C u cooTBeTCcTBYeT TpeboBaHusaM cranmapta TCVN
8826:2024 «Xumundeckue 100aBKuU Uit 0eToHa» (puc. 8).
B HacToOsIIIeM mcClIeIOBaHUM CYIIEPILIACTH(UKATOP
MPUMEHSIICS B KondecTBe 1,5% OT MacChl BSKYILETO
IJIST TIONTYIeHUSI THTACTUIHOM CYCIICH3UH, 00J1aIaroIeit
CITOCOOHOCTBIO K TEKYIECTH M CAMOYIUTOTHEHHUIO TIO ICii-
CTBHEM COOCTBEHHOTO Beca Ipu (POPMOBAHUN MU3IECITHIA.

AKTUBUPYIOIINI pacTBOP, NCITOJIBb30BAaHHBIN B JaH-
HOM MCCJIeIOBaHUHN, TIpeICTaBIIAI coboit cMech 10 M
pactBopa NaOH u pactBopa Na,SiO, ¢ cooTHOIIEHUEM
Si0,/Na,0 = 2,75. CootHowenue mexay 10 M pactBo-
pom NaOH u pactsopom Na,SiO, cocrasnsio 50:50%.

Hcronb30BaHHAs CMeCh CYNepIUIacTU(DUIIMPOBAH-
HOI1 100AaBKM 1 aKTUBHPYIOIIIETO PacTBOpa M300paxkeHa
Ha pUCYHKe 9.

Puc. 8. Cynepnnactnéuympyiowias gobaska MVN-SR
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Jns mUCTiepcHOTO apMUPOBAHUS T€KOPATUBHBIX
CBETOMPOTYCKAIOIINX U3IEIUN C TIETbI0 TTOBBIIIIEHUS
WX TPEIIMHOCTOUKOCTU U YIyUIIEHUST MEXaHUIECKUX
CBOWCTB MCTIOTb30BATMCH CUHTETUUECKUE TTOJIUTIPO-
MMUJICHOBbIE BOJIOKHA B BUIE OTACTbHBIX (PMITaMEHTOB
u cTaibHast ceTyaTast pudbpa. Pubpa paBHOMEPHO pac-
TIpEIeNISIach B CHIPEBO KOMITO3UIIAN IJTSI CHUXKECHUS
KOHIIEHTPALIUM JIOKAJTbHBIX Hatipskenwit [ 10] (puc. 10).

1) Boma v murMeHTHI.

7151 IpUTOTOBJIEHNSI OETOHHON CMECHU U TIOCTIey-
OIIIETO yX0/a 3a OETOHOM UCITOJIb30BAIaCh BOMIA, COOT-
BeTCTBYIONIas TpeboBaHusIM cTaHnapta TCVN 4506:2012
«Bona it 6eToHa ¥ CTPOUTEIBHBIX pAaCTBOPOB. TexHM -
YyecKue TpeOOBaHMUSI».

Kpowme ToTO, M mpunaHusi 1eKOPaTUBHBIM U3-
JEJTUSIM TPEeOYeMOT 1IBETOBOM TaMMBI M 3CTETUUECKUX
XapaKTEePUCTUK B UCCIENOBAHNY TIPUMEHSUTUCH Pa3Td-
HbIE MUTMEHTHBIE TOPOIITKN KPACHOTO, XEJITOTO, CUHE-
TO U JPYTUX IIBETOB, B 3aBUCUMOCTH OT AU3AITHEPCKUX
TpeboBaHMit K m3nenusim (puc. 11).

Puic. 10. ®nbpa gns npenoTBpaLleHns TpewmnHoobpa-
30BaHMA

Puc. 9. Cmecb cynepnna-
cTnburympyioLLein 106aBKm
N aKTUBUPYIOLLErO
pacTBOpa

2.2. CoctaB 6eTOHHOI cMecU 1 TeXHoNornsa
nosiy4yeHuA CBeTONpPonycKawWwmnx AeKopaTuBHbIX
nsgenun

CocTaB OETOHHOI CMECH TSI TIOJTYUEHUST «3eJIEHOTO»
OeToHa pa3pabaThIBaJICSI HA OCHOBE TPUMEHEHUST 30JTbI-
YHOCA ¥ JIOMEHHOTO 1IJIaKa B KAYeCTBE OCHOBHOTO BSTXKY-
1IETO, B COYETAHUY C MEJIKUM Y KPYITHBIM 3aTIOJTHUTEIIEM,
BOJIOM ¥ XUMUYECKUMU TOOABKAMM TSI TIOJTYUYEHUST BBICO-
KOTUTACTUIHOM CMECH, COOTBETCTBYIOIIEH TPeOOBAHUSIM
(bopmoBanmst fekopatuBHBIX u3nenii. ConepaHue cre-
KJISTHHBIX YaCTHUII TIOA0MPATIOCh, UCXOMS U3 TpeOOBaHMI
K 2 deKTy CBETOMPOITyCKAaHUST U ICTETUYECKOTO BUIA
W3Meuii, a He TOIBKO Ha OCHOBAaHUY (DU3UKO-MeXaHUJe-
CKUX XapaKTePUCTHK, KaK 3TO MIPUHSTO TIPU TTPOSKTUPOBA-
HHU COCTaBa TPAAUIIMOHHOTO KOHCTPYKIIMOHHOTO OETOHA.

Ha ocHoBaHuM mipenBapuUTEIbHBIX JTA0OPATOPHBIX
WCCTIEIOBAHUN OBLUIN TIPUHSTHI CIEAYIONINE COOTHO-
IIEHUST UCXOIHBIX MaTepHajioB B 1 M3 GeTOHHOI cMecH:

Puc. 11. [lekopaTuBHbIN MMIMEHTHbIN NOPOLLOK
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— Bskymee BemectBo — 1000 xr;

— copxepxaHue 30JbI-yHoca TOC 1 TOHKOMOJIOTOTO
TPaHYJIMPOBAHHOTO JTOMEHHOTO IJIaKa BapbUpOBa-
sock oT 0 1o 1000 Kr 10 DoCTUXKEHUS 0OIIEeil MacChl
Bsekymero B 1000 Kr;

— MEJIKO3EePHUCTHIN NTeKOPATUBHBIN 3aIIOJTHUTENTh —
500 kT;

— coaepxXaHWe CTeKISHHBIX YaCTHUIl BApbUPOBAJIOCh
Kak 5, 10, 151 20% ot MaccChl BSKYILETO;

— coxepxaHue GuOpsl mpuHUMaIoch Kak 5 u 10%
OT MaCCHhI BSLKYIIIETO;

— JIO3UPOBKa CyNepIuiacTU(UIINPYIOLIE 100aBKI CO-
craisuia 1,5% ot Macchl BSKYIIETO;

— JI03MPOBKa LIBETHBIX MUTMEHTOB cocTaBisuia 1,0%
OT MaCCHhI BSLKYIIIETO;

— OTHOIIICHNE aKTUBUPYIOIINIA pPaCTBOP,/BSLKYIIEE IIPH-
HUMAaJoch paBHBIM 0,25;

— OTHOIIICHNE BOJA 3aTBOPCHMSI/BSIKYIIECe TIPUHIMA-
JIoch paBHBIM 0,15,

CocTaBbl OETOHHBIX cMecell JUIsT TTOyYeHUs «3eJIe-
HOro» 0eTOHa TIpeaCcTaBiAcHBI B Tadauie 1.

TexHOIOrMYECKUI TTPOIeCC U3TOTOBICHUS CBETO-
MPONYCKAIOIINX JTeKOPATUBHBIX OCTOHHBIX U3IEINIA
OCYIIECTBIISIICS TIO CJIETYIOIINM OCHOBHBIM DTariaM:

1. I[ToaroroBka ¢opMm mJIsI U3TOTOBJICHUST U3MIECIUIA.

2. IToaroTroBKa ChIPhEBBIX MATEPUAJIOB.

3. Jlo3upoBaHe KOMIIOHEHTOB U ITPUTOTOBJICHNE
OETOHHOM CMECH.

4. Pa3paboTKa 1eKOpaTUBHOTO pUCYHKA U pa3Melle-
HUE CTEKJITHHBIX YaCTUII B (hopMax.

5. 3anuBKa 6eTOHHOI cMecH B OpMBI U (popMoOBa-
HUE U3NEIUNA.

6. PacmayryOka, yxoJ 3a U3JeJIMsIMU, HaHECEHNE 3a-
IIUTHOTO KJI€eBOTO MTOKPHITUS M OKOHYATEJIbHAs OT-
JIeJIKa X TTIOBEPXHOCTH.

3oJ1a-yHOC, JOMEHHBIN IUTaK, TMTMEHTHBIN TOPO-
1IIOK ¥ ToOaBKa MpeaBapUTEIIbHO TTIepeMEITNBAIIICH B CY-
XOM COCTOSTHUM JIJIsT 00eCIIeYeHUSI OMHOPOIHOCTH CMECH,
TocJie 4ero 100aBIIsiiach BOJAa M BBITIOTHSIIOCH TIepe-
MEeIITUBaHUE IO TOCTIKEHUS TPeOyeMOU TINTACTUIHOCTI
cMmecr. CTeKIISTHHbBIE YaCTUIIBI pa3Mellainch B (hopme
B COOTBETCTBUHU C pa3pabOTaHHON KOMIO3UIINEH s
CO3JIaHUSI CBETOIPOITYCcKaroIero agpdekra u odecreye-

Ta6nuua 1. CocTaBbl 6ETOHHbIX CMeCel

HUSI DCTETUYECKOM BhIpa3uTeIbHOCTU u3aeaus. [locie
[IPUTOTOBJIEHUSI OETOHHASI CMECh aKKYPATHO 3a/IMBAJIaCh
B hOpMY C LIeJIbI0 MUHUMM3UPOBATh MEPEKPHITHUE I10-
BEPXHOCTH CTEKJISIHHBIX JIEMEHTOB U 00ECIIEYNTh TEM
caMbIM TpeOyeMYI0 CBETOIIPOIMYCKHYIO CIIOCOOHOCTD
roroBoro m3genus [11, 12] (puc. 12, 13).

2.3. MeToguKa ncnbiTaHum

B HacTostmmem mcciiemoBaHUU (PU3NKO-MEXaHIIe-
CKHME CBOICTBA 00PA3IIOB B BUAC TOHKUX TUIAT Pa3Idd-
HBIX Pa3MEpPOB M TOJIIIMHBI (KBaIpaTHBIX pa3sMEpOM
200x200 MM 1 300x300 MM, a TakKe TIPSIMOYTOJTBHBIX
pasmepoM 200x300 mm 1 300x400 MM ¢ ToHOIM oT 10
10 20 MM) U3 CBETOIIPOITYCKAFOIINX JEKOPATUBHBIX «3€-
JICHBIX» OETOHOB OITPEICIISUTICH B COOTBETCTBUH C TPE-
ooBanugmu ctangapta TCVN 7744:2013 «Teppaiio-
TUTATKA».

a) Ompenersunch ClieAyolne HOPMUPOBAHHBIC
B YKa3aHHOM CTaHAAapTe ITOKAa3aTelIn:

— OIpenecHNe pacIUIbiBa KOHyca OETOHHBIX cMecei
IIPOBOIMIIOCH C MCIIOIb30BAaHMEM CTAaHIAPTHOTO yCe-
YyeHHOTo KoHyca B coorBeTcTBMM ¢ TCVN 122009 :
2018 [13] (pmc. 14);

— CpemHSISI INIOTHOCTh CBETOIPOITYCKAIOIINX «3¢ICHBIX»
0ETOHOB ompeaesuiach B cooTBeTcTBUM ¢ TCVN
3115:2022 [14];

— BOIOTOIJIOIMIEHNE OETOHOB OIPENEIISIIOCh B COOT-
BetctBuM ¢ TCVN 7744:2013 [15];

— M3HOCOCTONKOCTHh OCTOHOB OIIpeesIsiach B COOT-
BerctBun ¢ TCVN 3113:2022 [16];

— TIPOYHOCTH Ha CXKATUE B pa3IMIHEBIC CPOKU TBEPIC-
HUS OIpeaesiach Ha oOpas3max-Kybax pasMepom
100x100x100 MM B cootBetcTBrM ¢ TCVN 3118:2022
[17];

— TIPOYHOCTH Ha pacTsLKEHUE TIPU U3THOE B 28-CyToU-
HOM BO3pacTe OIpeAesisiiach Ha o0pa3ax-Tpru3Max
pa3mepom 100x100%400 mm B cootBeTcTBrM ¢ TCVN
3119:2022 [18].

0) Mogenb a5 onpeneseHus KoapduureHTa cBe-
TOITPOITYCKAHUS SKCIIEPIMEHTAIBHOTO 00pa3iia OeToHa.

KoadduimeHT cBeTOnpoIycKaHus 1eKOpPaTUBHbBIX
MaTepuajoB MCIIOJIb3yeTCs IS OIICHKN CIIOCOOHOCTH

CopepKaHne KOMMOHEHTOB, Kr

BeToHHas . Menkosep- Cynepnna- .

AT 3ona- NomeH- Crexnau HUCTBIR Ae- | @ o cTudnuu- AxTusu- Usetnbie | o WUroro
yHoc T2C | HbI WAk Hele KOpaTUBHbII nopa pyiowasn Pyt | venTbI ona
YacTuubl pacTBop
3anonHuUTenb po6aBka
36-01 1000 0 50 500 100 15 250 10 150 | 2075
36-02 600 400 100 500 100 15 250 10 150 | 2125
36-03 400 600 150 500 50 15 250 10 150 | 2125
36-04 0 1000 200 500 50 15 250 10 150 | 2175
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Puc. 12. [lepeBsaHHble GopMbl AnAd GOpMOBaHNA U3[enns

TR
i

1 1 i drapedie 1 )
23 4 8 6 7 & 9 (0NISIOSISRIENE
onmil i "

Puc. 14. MamepeHme pacnnbiBa KOHyca 6ETOHHbIX cMecel
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CBeTa IMPOXOINTH Yepe3 MaTepuraj Mol BO3ICCTBUEM
TaIaroIero MCTOYHNUKA CBETa.

B manHOM mMccneqoBaHNT KO3 (MUIIMEHT CBETOIPO-
MyCKaHUS OIIpenelIsijics KaK OTHOIIIEHEe MHTCHCHUB-
HOCTH CBeTa, IIPOIIEAIICTO Yepe3 oopaser] MaTepuaia
(B MOKcax), K HAYaJIbHOI MHTEHCUBHOCTH CBETa, ITaja-
FOIIETO Ha TTOBEPXHOCTh 00pa3iia (B JIIOKCAX).

71 cBETOIIPOITYCKAIOIINX OCTOHHBIX MaTePHUAIOB
KOo2(DGUOMEeHT CBETOMPONYCKAHUSI OTpaxaeT >3-
(beKTMBHOCTDH CBETOMPOITYCKAHMSI CBETOIPOITYCKAIO-
IIUX KOMIIOHEHTOB (TaKMX KaK YaCTHUIIBI CTeKJIa WMJIN
npo3padHbie ¢Ga3bl), pacipeaesieHHBIX B OCTOHHOM
MaTpuie. 3HadeHNEe 3TOTO KO3 PHUIIMeHTa 3aBUCUT
OT CTPYKTYpPHI MaTepuraa, COOTHOIICHHUS U pa3Mepa
CBETOTIPOITYCKAIOIINX KOMIIOHEHTOB, a TAKXKE TOJIIIIH -
HBI OOpa3slia.

B paboTe MHTEHCUBHOCTD CBETOIIPOITYCKAHUS pa3-
pabOTaHHBIX JEKOPATUBHBIX «3€JIEHBIX» OETOHOB OIIpe-
IEJISIIACh C TIOMOIIBIO CBETOM3MEPUTEINS (MIITIOMUHO-
metpa) Testo 540 (I'epmanms) (puc. 15).

B manHOM mMccltleoBaHNYT KCTIepUMEHTATbHASI yCTa-
HOBKa, MCIIOJIb3yeMast IJIsT OLICHKYU CBETOIIPOITYCKAHUS
TMIEKOPATUBHBIX OCTOHHBIX U3IEJINIA, ObUIa pa3paboTaHa
¥ U3TOTOBJICHA B JJaOOpaTOPHBIX ycioBusax. OHa OblIa
BBITIOJTHEHA B BUIE TEMHOTO SIIINKA, YTOOB MUHUMM3HU-
pOBaTh BIMSHIE BHEIITHETO OKPY>KAIOIIIETO CBETA Ha pe-
3yJIbTAThl U3MepeHuit (puc. 16).

KoadduumeHT cBeTONpOITycKaHUs OETOHHBIX 00-
pas1oB ( ¥) orpenensieTcss OTHOIIICHNEM MHTEHCUBHOCTH
cBeta (/, TIOKC), TIPOIIIEAIIETO Yepe3 odpasel] MaTepH-
aja, K Ha4aJbHOM MHTEHCUBHOCTH CBeTa ([, IIOKC),
TaIaroIero Ha TOBEPXHOCTh 00pa3lia 1o (hopMyIre:

Puc. 15. I3meputenb ocBeLweHHOCTH
Testo 540 (TepmaHuA)

w=1/I, x100%,

rae ¥ — koa(dunment ceerorporyckanus, %; [ —
WHTEHCUBHOCTD CBETA, TIPOIIECAIICTO Yepe3 UCCIeaye-
Mblii 00pasell, JIIOKC; /; — HayajbHasd MHTEHCUBHOCTh
CBeTa, MaIaroIero Ha IIOBepXHOCTh 00pa3Ia, JIFOKC.

PE3YNIbTATbl U OBCYXXAEHUE

DKcrepuMeHTaIbHBIC pe3yIbTaThl, TTOJIyYeHHEIS
B JIAOOPATOPHBIX YCIOBUSAX IUTIT OETOHHBIX CMECei 1 T10-
JIyIeHHBIC B pe3yJIbTaTe MX 3aTBEPACBaHMSI 00pa3IloB
OECIIEMEHTHBIX CBETOIPOITYCKAOIINX JeKOPATUBHBIX
OCTOHOB, TIPEACTaBJICHBI B TA0IUIIAX 2 1 3.

3.1. BnnaHve copepKaHunA 301bl-yHOCa, LOMEHHOIro
wlaKka M CTeKNSAHHbIX YacTuL, Ha CBONCTBa
6eTOHHDbIX cmecelt

C yBeIUUEHHMEM COACPKAHMS JOMCHHOTO IIIIaKa
1 COOTBETCTBYIOIINM CHIKEHUEM COMIEpPKAHUS 30JIBI-
YHOCA B COCTaBe BSLKYIIETO IIBET OCTOHHBIX CMECei ITo-
CTETICHHO M3MEHSITICSI OT TEMHO-CEPOTO K CBETIIO-CEPOMY
1 mayee K 6eoMy. DTO 00YCIOBIICHO IIBETOBBIMU Xa-
PaKTEePUCTUKAMU CHIPhEBBIX KOMIIOHEHTOB: 30J1a-YHOC
AMeeT TEeMHO-CEPBIU IIBET, TOTIa KaK MCITOJIb30BaHHBIN
MTOMECHHBIN IIJIaK OTIWYAJICS CBETIBIM, IIOUYTH OCIBIM
mBeToM. KpoMe Toro, mpy YBeIMUCHUM COMEpPKAHUS
CTEKJIIHHBIX YacTull ¢ 5 10 20% OT MacChl BSIKYILETO
HaOJTIOIAINCh CYIIECTBCHHBIC M3MCHEHHUS CBOMCTB Oe-
TOHHBIX CMECEl: YIO000YKIaIbIBAeMOCTD IO PACILIBIBY
KOHYyCa CHIDXaach ¢ 25 mo 19 cMm, a IToBepXHOCTh 00-

Puc. 16. DKcnepumeHTanbHasa ycTaHOBKa AnA onpefeneHmsa koadduumneHTa
cBeTonponyckaHya 06pasLoB AeKOPATHBHbIX «3€NEHbIX» 6ETOHOB
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Ta6nuua 2. Noka3satenu 6eTOHHbIX CMecei

36-01 36-02 36-03 36-04
Coen- CraH- Cpen- CraH- Coennee CraH- Coennee CraH-
Nokasatenu PeA [apTHoe peA AapTHoOe PeA AapTHoe PeA AapTHoe
Hee 3Ha- Hee 3Ha- 3Have- 3Have-
OTKJO- OTKJ0- OTKJ0- OTKJ0-
YyeHue YyeHue Hue Hue
HeHue HeHue HeHue HeHue
[dnameTp pacnnbiBa KOHyca, CM 25 2,1 23 2,2 20 1,5 19 2,5
CpepHsas NNOTHOCTb, Kr/m3 2068 7,5 2117 6,3 2119 8,2 2169 8,0
Liset TemHO-cepbIl CeeTtno-cepblin Cepo-6enblin benbin

Ta6nuua 3. Dr3rKko-mexaHNYecKmne nokasateny obpasLoB 13 CBETONPOMNYCKaOLMX «3e1EHbIX» GETOHOB B 28-CyTouY-

HOM BO3pacTe

3b6-01 36-02 36-03 36-04
Coen- CraH- Coen- CraH- Coen- CraH- Coen- CraH-
Mokasarenu PeA AapTHoe PeA AapTHoe PeA AapTHoe PeA AapTHoe
Hee 3Ha- Hee 3Ha- Hee 3Ha- Hee 3Ha-
OTKJ10- OTKNO- OTKNO- OTKNO-
yeHune yeHune yeHune yeHune
HeHune HeHune HeHune HeHune
CpepHsas NNOTHOCTb, Kr/m3 2048 4,0 2090 4,2 2110 4,0 2138 4,5
BopmonornouweHwne, % mac. 8,5 0,8 8,1 1,0 7,5 0,9 7.3 0,8
M3HOCOCTOMKOCTD, I/cm? 0,51 0,25 0,48 0,15 0,36 0,2 0,3 0,1
MpoyHOCTb Ha cxkaTue, MlMa 38 2,1 41 2,2 43 24 46 2,4
MMPOYHOCTb Ha pacTAXKeHne 49 0,66 51 0,85 53 0,9 5.4 11
npw n3rnbe, MlMa
Kosdpuuument 11,8 15,7 17,2 20,5
cBeTonponyckaHusa, %
Mmapkas MMapkas LLlepoxoBaTasn LLlepoxoBaTas
CocToAHMEe NOBEPXHOCTH NOBEPXHOCTb TEMHO- NMOBEPXHOCTb NMOBEPXHOCTb CEPO- | MOBEPXHOCTb 6eNoro
ceporo LBeTa CBEeT/I0-Ceporo LBeTa 6enoro ugeTa uBeTa

pa3loB CTAHOBWIACH 00JIee IIEPOXOBATOM 1O CpaBHE-
HMIO C 00pa3LiaMu, COAePKALIMMU MEHbIIIee KOJIUYECTBO
CTEKJISTHHBIX YaCTHII.

[MonyyeHHbIE 3KCIIEpUMEHTAIbHBIE PE3YJIbTAThI
MOKAa3ajIi, YTO OETOHHBIE CMECH C MOBBIIIEHHBIM CO-
JepXKaHUEM CTEKJISTHHbBIX YaCTUL] 00J1a1al0T MEHbIIIE
yI000YKIaAbIBAEMOCTBIO, YTO CHIDKAET MX CITIOCOOHOCTD
K 3aII0JIHEHUIO (hOPMBI IIpK (POPMOBAHUST U3ACIIHIA.

KpoMe Toro, yuyuTheiBasi, 4TO CPEIHSISI HACHIITHAS
IUIOTHOCTh CTEKJISIHHBIX YACTHULI COCTABJISIET MOPSIAKA
2480 xr/m3, yBeIMYeHNE UX COIEPKAHMS IPUBOIAUT K He-
3HAYUTEIBHOMY POCTY CpeIHEH IIOTHOCTU OETOHHBIX
cmeceii ¢ 2068 mo 2169 kr/wm?.

3.2. CBoiicTBa CBETONPOMNYCKaOWMX AeKOPaTUBHbIX
nsgenuin n3 «3eneHoro» 6eToHa

DKcnepruMeHTAIBHBIC pe3YIbTaTHI, IIPEICTABICHHBIC
B TaOymiIe 3, TTOKA3bIBAIOT 3HAYNUTEIbHBIC N3MEHCHUS
(b13MKO-MEXaHUYECKUX CBOMCTB «3€JI€HbIX» OETOHOB IIpU
YBEIIMICHUHN COIEPKaHMS JOMEHHOTO IITaKa M CTEKIISTH-
HBIX YaCTHII B COCTaBe OETOHHBIX cMecel. CTeKIISTHHBIC
YACTHIIBI BEITTOJTHSIIOT TBOMHYIO (DYHKITNIO: CITyKaT KPYyII-

HBIM 3aIIOJTHUTEJIEM W OMHOBPEMEHHO OTIPEICIISIIOT CBe-
TOIIPOITYCKHYIO CITOCOOHOCTD m3neus. [1pn yBemmaeHum
COIEPKaHMS CTCKIITHHBIX YACTHII IIPOYHOCTH Ha CIKAaTHE
1 Ha pacTsDKEeHME TIPY U3TN0e BO3paCTaIM, COOTBETCTBEH-
HO, Ha 24% u Ha 8%, N3HOCOCTOMKOCTD OLIYTUMO yJIyu-
mwasack ¢ 0,51 go 0,3 r/cM?, BOAOIIOIIOLIEHUE TI0 Macce
CHIKAIIOCh ¢ 8,5 10 7,3%, a Koa(hdULIMEHT CBETOIPOITY-
ckanus yBeamumBaics ¢ 11,8 10 20,5% (puc. 17). Takum
00pa3oM, CTEKJISTHHBIIN 3aIIOJTHUTEITb UTPACT KITFOUEBYIO
POJTb, OTIPEIEIISISI KaK ITPOYHOCTHBIC XapaKTEPUCTUKM, TAK
1 CBETOIPOITYCKAOIIIYIO CITOCOOHOCTh 00Pa3IIoB.

Kpome Toro, BomomoriomeHne Mo Macce B Bo3pac-
Te 28 CYTOK TBepIEeHUsS 00pa3lloB U3 «3CJICHBIX» Ie-
KOpaTHMBHBIX OETOHOB 3aMeTHO, Ha 15,6% cHMXaoch
IIpY YBEIMICHUM CONCPXKAHUS CTCKIISTHHBIX YaCTHUII C 5
110 20% 0T Macchl BSKyLLIETo. JJaHHYIO TEHIECHLIMIO MOX-
HO OOBSICHUTh HU3KIM BOIOTIOTJIOIICHUEM CTEKIISTHHBIX
yacruil [19].

IIpouHoCTH Ha cXXKaTWe W Ha PACTSLKCHUE TIPU W3-
rube 006pa3IoB M3 MOJIYICHHBIX CBETOIPOITYCKAIOIINX
JIEKOPATUBHBIX OCTOHOB MPEACTaBICHBI HAa pUCYHKE 18.

Ha pucynke 18 BUIHO, 4TO TIpA YBETMUECHUH TIPOI-
HOCTH 00pasLoB Ha cxkatue ¢ 38 10 46 MIla mpouyHOCTb

http://nanobuild.ru

388

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2026; 18 (3):
379-392

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

ISSN 2075-8545 (online)

SOOEKTUBHOE UCI0OJ1b30OBAHUE BTOPUYHOIO CbIPbA

Puc. 17. /3mepeHue cBeTONPOMYCKaHMA NOMYNPO3payHbIX AeKOPaTUBHbIX OETOHHBIX U3AENUIA: @ — U3MEPEHNE CBE-
TOMPOMNYCKaHUA HAaCTONbHON Namnbl; 6 — 3MepPeHMe CBETOMPOMNYCKaHNA TOHKOFO IMCTOBOTO M3AENNsA

55

IIII]IIII ITpouHoCcTs Ha pacTsxkeHHe npn mrude, MIla

45
40
35
30

IIpounocts, MIIa

3B-01
OOpa31ibl CBETOIIPOITY CKAFOIINX JICKOPATHBHEIX OCTOHOB

3b-02 3b-03

50 ||E== Hpousocts Ha cxarie, MIIa

Puc. 18. [poyHOCTN Ha CXKa-
TUE 1 HA PaCTsKeHre Npu us-
rmbe o6pasLoB 13 CBETOMNPO-
NycKalLWmX AeKopaTUBHbIX
6eTOHOB B BO3pacTe 28 CyToK

3b-04

TIpY M3TUOe TaKKe Bo3pacTaeT — ¢ 4,9 no 5,4 MIla. Coort-
HOIIICHNE MEXITY IIPOYHOCTHIO TIPH U3THOE 1 IIPOYHOCTHIO
Ha cxkaTue KoJjiebeTcs B rpeaeiiax ot 1/8 mo 1/9, uro co-
TIOCTaBUMO C COOTHOIIICHNEM YKa3aHHBIX TIPOYHOCTHBIX
ToKazareseil y TpafuIIMOHHBIX IIEMEHTHBIX OCTOHOB.

KpomMme Toro, skcriepuMeHTaIbHBIC UCCICTOBAHUS
TO0Ka3aJii, 9YTO CBETOIIPOITYCKAIOIINE TeKOPATUBHBIC
W3IENNST, U3TOTOBJIEHHBIE U3 «3€JIEHBIX» OETOHOB U 13-
MEJIBYCHHBIX CTEKJITHHBIX OTXOMIOB, 00JIaTaloT CII0CO0-
HOCTBIO TIPOITYCKATh CBET C OMHOI IOBEPXHOCTH Ha APY-
TYIO Yepe3 CTeKJISTHHBIC BKTIoueHUs. [1poxomsimii cBeT
HE KOHIICHTPUPYETCA B BUIC MHTCHCUBHBIX CBETOBBIX
ITyYKOB, a MSITKO PacCEUBAETCsI, CO3IaBasi TaApMOHWIHBII
BUBYAIBHBIN 2((HEKT, YTO AeIacT TaKMe U3IeIs TIPHU-
TOOHBIMU [IJISI BHYTPEHHEN M HAPY>KHOU IEKOPATUBHOM
otnenku [20].

CaeToIpoITycKaIIas CltoCOOHOCTD IeKOPATUBHBIX
U3IeTUA B OCHOBHOM 3aBHUCHUT OT COACPKAHUS U pa3-
Mepa CTCKIISHHBIX YaCTHII, a TAaKXKE OT IIBETa CTEeKIIa
U CTCTICHU ITOKPBITUS €rO YacTHUIl OCCIIEMEHTHBIM BSI-
KyIITUM pacTBopoM. OOpasIibl ¢ UCTIOIB30BaHUEM ITPO-
3pavHOrO MJIM CBETJIOTO CTEKJIa 00eCIIeUYnBaOT OoJiee
BBIPAKCHHBII CBETOMPOITyCKaOMmMit 3 dEeKT o cpaB-
HEHUIO ¢ 00pa3liaMu, COIePKAIIMMM CTEKJIO TEMHBIX
OTTeHKOB. OTHOBPEMEHHO KOHTPOJIb IIPOIIecca YKIATKHI
OeTOHHOIT cMecH B (DOPMY C IICITBIO TIPEIOTBPAIICHMS
HaJINTIaHUS e paCTBOPHOI COCTABIISIONICH Ha TTOBEPX-
HOCTb CTEKJISTHHBIX YaCTHUII SIBJISICTCS BaXKHBIM (DAKTOPOM
IJIT cOXpaHEeHUS 3(D(HEKTUBHOCTU CBETOIIPOITYCKAHMS
WA3ICIIHS.

ITo cpaBHEHMIO C TPATUIIMOHHBIMH CBETOITPOITYCKA-
OIMMMH MaTeprajlaMi, TaKUMHU KaK XyIOXKeCTBEHHOE
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Puc. 19. HekoTopble 13genvs 13 ceeTonponyckarowero 6eToHa

CTEKJIO W CBETOTIPOHUIIAEMbIIl KaMEHb, I€KOPATUB-
HBII «3eJIEHbI» OETOH He 00eCTIeYnBaeT MOIHOM po-
3paqHOCTH, a hopMHUPYeT 3 GEKT MIATKOTO, pacCcesH-
HOTO U TIIyOMHHOTO OocBelleHus. JlaHHast 0COOeHHOCTh
JieJlaeT TaKue U3MeNNsT IPUTOIHBIMY JJIST TEKOPATUBHOTO
oopMIIeHUSI THTEPHEPOB U IKCTEPHEPOB, TIPEIOTBPA-
mast ocyeruisTionuii a¢ddekT u coznaBasi KoMOOPTHOE
BU3yaJibHOE BocmipusiTue cera [21] (puc. 19).

B uiesiom mostydeHHBIE pe3yabTaThl TOKA3bIBAIOT,
YTO OMTUMMU3ALMS COAEPKAHUS TOMEHHOTO IIJIaKa
¥ CTEKJISTHHBIX OTXO0B TMO3BOJISIET HE TOJBbKO MOBBI-
CUTh MEXaHWUYECKNE XapaKTePUCTUKU, HO U YIy4IIUTh
CBETOTPOITYCKHYIO CITOCOOHOCTh MaTepuaa, OMHOBPE-
MEHHO 00ecTIedrBast BHITIOTHEHNE KaK TEXHUIECKUX, TaK
M 3CTETUYECKUX TPeOOBAHMI K CBETOMPOIYCKAIOIINM
JEKOPATUBHBIM OETOHHBIM U3JEIHSIM.

3.3. OueHKa noTeHunana npyviMmeHeHnA
AEeKOPaTMBHOrO «3eJlIeHOro» 6eToHa
B CTpOMTENbCTBE

P €3YyJIbTaThl UCCJICAIOBAHMS ITOKA3bIBAIOT, YTO CBETO-
IIPOITyCKAaoMINE ICKOPATUBHBLIC U3ICTINA U3 «3CJICHBIX>»
OETOHOB M CTEKJISTHHBIX YaCTHUII 00/1a1aI0T BEICOKUM T10-
TCHIMAJIOM MPAKTUYCCKOIO IPUMCHCHUA B CTPOUTCIIb-

CTBE, OCOOEHHO B 00J1aCTU BHYTPEHHEN M HapYXXKHOMU
otaenku. [pu mpouHocTu Ha cxartue 1o 46 MIla u ko-
sddunmente ceerornpomnyckanus 1o 20,5% nomoOHbie
WU3IeNVs OMHOBPEMEHHO 00eCcTIeunBaIOT HEOOXOTUMBbIE
MEXaHWYEeCKNE XapaKTepPUCTUKU U BEIPAKEHHBIM 3cTe-
TUYECKUIi CBeTOBOM 2hdekT. [TpomyKins MoXeT ripu-
MEHSIThCS B KAUECTBE IEKOPATUBHBIX OOTUIIOBOUYHBIX
TaHeseli, CBETOTPOITYCKAIOIINX TIEPETOPOIOK, HACTEH-
HBIX JEKOPATUBHBIX MaHeJeil, BEIBECOK, a TAKXKE aK-
IIEHTHBIX APXUTEKTYPHBIX 2JIEMEHTOB B XWJIBIX TOMAX,
TOCTUHUIIAX, PECTOPAHAX, IIIKOJaX U OOIIECTBEHHBIX
npoctpaHcTBax (puc. 20, 21). [To cpaBHeHUIO ¢ UM-
TIOPTUPYEMBIMU CBETOMPOTTYCKAIOITUMU MaTepraiaMu
JlaHHAas MIPOIYKIMS 00J1afaeT eHOBBIM MMPEUMYIIe-
CTBOM 0J1aroiapsi UCTOJIb30BAHUIO TOCTYITHBIX OTEUE-
CTBEHHBIX OTXOJI0B, TAKMX KaK 30J1a-yHOC, TOMEHHBIN
1IJTaK U CTEKIJIO0O0M.

Kpome Toro, nucronb3oBaHue 0051 CTEKIIa U KPYITHO-
TOHHAXXHBIX TIPOMBITIUIEHHBIX OTXOJOB TSI U3TOTOBJIE-
HUSI IEKOPATUBHBIX U3MIENI CTIOCOOCTBYET COKpaIlle-
HUIO TTOTPEOJICHUS IPUPOTHBIX PECYPCOB U CHUKEHUTO
BbIOpocoB CO, MO CPaBHEHMIO C UMIIOPTUPYEMBIMU
CBETOMPOIYCKAIOIINMU MaTepraiaMu WU TPATUIIH -
OHHBIMU IEKOPATUBHBIMU MaTepuaiamu [22]. Dto sB-
JISIETCST BAXKHBIM TTPEUMYIIIECTBOM TTOTOOHOM MPOIyK-

Puc. 20. KaptuHa «BecHa B nuctee»

Puc. 21. KaptuHa «[MonyTHbI BeTep»
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MU B YCIIOBUSIX, KOTIA B CTPOUTENIBCTBE BCe OOIbIICE
TIPEATIOUTEHIE OTIACTCS SKOJIOTUIHBIM 1 JOJITOBEYHBIM
MaTepHaiaM.

* IloTteHuman mpuMeHEHMS CBETOIIPOITYCKAIOIIETO
JIEKOPATUBHOTO «3eJIEHOr0» OETOHA:

— BO3MOXHOCTb U3TOTOBJICHUS KOHCTPYKIIUIA, BEITIOJN-
HSIOIINX OMHOBPEMEHHO OTPaKIAIONIYIO Y HECYIITYIO
(yHKIIINM, GI1arogapst BRBICOKOI ITPOYHOCTH MaTePH -
ana;

— BO3MOXKHOCTB HCITOJIb30BAaHUS B KAYECTBE SJIEMEHTA
€CTECTBEHHOTO OCBEIIICHMST 3MaHMSI, ITIOCKOIBKY Ma-
Tepuraj 00JIagacT XOPOIIei CBETOITPOHUIIAEMOCTBIO;

— BO3MOXHOCTh IIPUMCHEHUS B MHTEPhEPHOI M 3KC-
TEepbEPHOIT OTHENIKE 3TaHNI B COYCTAHUU C TPaIM-
MOHHBIMHA MaTepHAalaMH, UTO TIO3BOJISICT CO3IaBaTh
YHHUKAJIbHBIC apXUTEKTYpPHBIC CBETOBBIC 3(P(DEKTHI;

— BO3MOXHOCTH M3TOTOBIICHHS JCKOPATUBHBIX pa3-
JETUTETBbHBIX TTIEPETOPOIOK.

OmHaKo I pacIIMpeHUs 00JIaCTH IIPUMEHEHMS e~
KOPATUBHBIX MBI 13 OECIIeMEHTHBIX OCTOHOB HE00-
XOIHUMO TIPOIOJIKUTH UCCICIOBAHUS TI0 ONTUMU3ALINT
TeXHOJIOTMY WX M3TOTOBJICHUS, KOHTPOJIIO KadyecTBa
TOBEPXHOCTU, CHIDKCHUIO TCHACHIINY K 00pa30BaHUIO
TPEIIMH U OLIEHKE JOJITOBEYHOCTH 3NCINI B pA3TMIHBIX
YCIOBUSX 9KCIUTyaTallii, OCOOCHHO BO BIIAXXHON P
Hapy>KHOM TIPUMCHECHUH.

3AKJIIOMEHUE

Ha ocHOBaHNM TTOTYYEHHBIX SKCIICPUMEHTATBHBIX
Pe3yJIBTaTOB ITPOBEICHHBIX MCCIICIOBAHNI MOKHO ClIe-
JIaTh CJICOYIOIINE BEIBOMIBL:

1. «3eneHbI» 0eTOH O€3 NCITOJB30BaHMS LIEMEHTa,
M3TOTOBJICHHBIN C MCITOIb30BaHUEM 30JIBI-YHOCA, I0-
MEHHOTO IIJIaKa 1 CTCKJISTHHBIX YaCTHUII, MOXET IIPH-

CMNCOK NCTOYHUKOB

MEHSTBCS JIJIsI MPOU3BOJACTBA CBETOIPOITYCKAIOIINX
JIEKOpPaTUBHBIX U3NEIUIi, o0ecrieurBasi CTaOUJIbHOCTD
¢GOpPMBbI, OTHOCUTEJBHO OJHOPOJHYIO TTOBEPXHOCTh
1 MEXaHWYECKYIO MPOYHOCTh, COOTBETCTBYIOLIYIO 9KC-
TUIyaTallMOHHBIM TPEOOBAHUSIM.

2. CTeKJISHHBIC YaCTUIIBI B MaTPHUIIE «3EJICHOTO»
0OeToHa MO3BOJISIIOT CBETY MPOXOAUTh Yepe3 MaTepual,
co3aaBast MSITKUIA pacCesTHHBIN CBETOBOM 3P (MEKT, oI~
XOISIIWN 111 BHYTPEHHEN 1 HapY>KHOM NEKOPAaTUBHOU
OTHEJIKH.

3. CBeTOoIpoITyCKHAs CIIOCOOHOCTh B OCHOBHOM 3a-
BUCHUT OT COAEPKaHUsI, pa3Mepa U 1LIBeTa CTEKISTHHbBIX
YacTull, a TAKXKE OT CTEMEHU UX MEePEKPBITUS BSKYLIEH
Marputieil. [Tpo3pauHoe 1 CBeTI0€ CTEKII0 00eCIIeurBaeT
0oJiee BhIpaXKEHHBIN CBETOBOM 3(h(eKT 10 CpaBHEHUIO
CO CTEKJIOM TEMHBIX OTTEHKOB.

4. Vcnionp30BaHNE CTEKIIO00sI, 30JIBI-YHOCA U J0-
MEHHOTO I11JIaKa CIIOCOOCTBYET CHUKEHMIO MOTPEOIEeHUS
NPUPOIHBIX PECYPCOB U BbIOpoCcOB CO,, 4TO COOTBET-
CTBYET HaIlpaBJIEHUIO Pa3BUTHSI MPOU3BOACTBA KO-
JIOTMYHBIX CTPOUTEIbHBIX MAaTEPUATIOB U MPUHIIAIIAM
CO3/1aHUs] 9KOHOMUKM 3aMKHYTOTO LIMKJIA.

5. CBeTOIPOIYCKAIOINI «3eJI€HbII» OETOH TEMOH-
CTPUPYET BBICOKUI MOTEHIIMA] MPUMEHEHUST B UHTE-
pbepax 1 9KCTepbepax 30aHUI pa3IMYHOrO Ha3HAYEHMUS,
a TakK>Ke XOpOIIUE TePCIEeKTUBbI Pa3BUTHS, TOCKOIbKY
SIBJISIETCSI DKOJIOTUYECKU 06€30MacHbIM AEKOPAaTUBHBIM
MaTepuaJoM.

PexomeHnnyeTcs poaoKUTh UCCAEI0BAHUS 11O
OLIEHKE JTOJITOBEYHOCTH, TPEILIMHOCTOMKOCTU U CTa0WIb-
HOCTHM 11B€Ta IEKOPATUBHbBIX U3EINI U3 OECLIEMEHT-
HbIX OETOHOB B Pa3JIMUHBIX YCIOBUSIX IKCITyaTalluu,
0COOEHHO MPU HAPY>KHOM MPUMEHEHUHU, YTO MOCIIY-
KUT OCHOBOH [JI1 UX MPOMBILIJIEHHOTO MPOM3BOJICTBA
1 MPAKTUYECKOTO UCTOJIb30BaHUSI.
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