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Problem formulation. Nowadays there are different methods for the grading determination of
asphalt mixture and bitumen content determination. The most common and available one in Ukraine is
burning method according DSTU B.V.2.7-89.

Researches, which became the basis of the existing standard burning method to determine the
content of bitumen and grading of asphalt mixtures were conducted in 70-ies of XX century at the
Department of Road Construction Materials Kyiv Automobile and Highway Institute (now National
Transport University), led by Professor H.K. Sunji.

On the basis of the research was proposed a new method - the method of heat treatment method
(KADI) [1, 2].

Thus, under the supervision of Professor Sunji there were conducted researches of temperature
regime with various stone rocks (granite, limestone, marble, basalt, andesite, and other material) in the
temperature range 300-1000 © C. It was found that the stone materials in the temperature range 300-700 °C
does not change their size distribution, because the optimal temperature conditions for the study of the
selected temperature of burning asphalt mixture is 590-600 °C.

Previous studies have also revealed the time (duration) of burning of stone materials in which there
was no destruction of skeletal material.

As a result of laboratory tests, it was found that the asphalt mixture in the selection of components
with different components of the tests carried out by heat treatment did not significantly affect each other and
the deviation at test on the unit Soxhlet did not exceed 0.4 % of bitumen and 0.6% in mineral powder, which
meet the requirements of GOST -12801-71 [6]. In order to to test the proposed method there were performed
parallel testing of asphalt mixtures obtained from the plant to the current standard method for Soxhlet device
and developed a method of heat treatment. These test results are checked against the convergence results.
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There have been 27 tests of asphalt concrete mixtures of different compositions derived from plant and
deforestation are taken from the urban asphalt road surfaces. To determine the convergence comparative
results obtained by thermal method and the Soxhlet method), the method of static treatment.

The calculations to determine the results of the two methods show that differences comparing the
results of two methods are included in the confidence interval (P = 0.95 ) and the differences of these values
fully satisfy the requirements of GOST 12801-71, that investigated a new method of heat treatment (KADI)
may satisfy the requirements [2].

As a result of experimental studies of the proposed method of heat treatment in the laboratory and
conducted research in terms of production technology was finally developed the test.

The tests showed high accuracy and stability test results proposed by heat treatment. This suggests
that this method is suitable for rapid routine control asphalt mixtures produced at the factory.

Based on the results it was compiled recommendations for the use of the accelerated method of heat
treatment (KADI) to determine the composition of asphalt mixtures.

Thus, studies of the thermal method for determining the content of bitumen and asphalt mixes
grading under the guidance of prof. Sunji in 1972 - 1975, with the use of a muffle oven for burning of asphalt
mixture was allowed to justify the method of testing. This technique provides a complete burnout of bitumen
without disturbing the grain of mineral materials [1-3].

Problem statement (statement of the object of the article).

Object of study — grading of asphalt mixtures and bitumen content.

Purpose - study of the quality assurance during asphalt concrete mixture testing to determine its
grading and bitumen contents.

The main material of research and explanation of scientific results

Change of asphalt mixture grading after burning

Preparation of asphalt mixture mineral part sampling. Grading and bitumen content for calibrating
tests were such Hot mixture. Large Grading. compact asphalt concrete. type A, continuous grading, sort |
according to DSTU B V.2.7 -119-2003 [4].

Grading required by DSTU B V.2.7-119 is shown in Table 1 according to fractions for 1600 g
sample (according to DSTU B V.2.7-89-99 [5] for evaluation of bitumen content and grading). Mix design
(grading according to groups of mineral part and bitumen content) is shown in Table 2.

Table 1 — Design model grading

Remains on sieve size, mm

sieve 40 ‘ 20 ‘ 15 ‘ 10 ‘ 5 ‘ 2,5 ‘ 1,25 ‘ 0,63 ‘ 0,315 ‘ 0,14 ‘ 0,071 ‘ <0,071
Design control grading

Partial, g 0,00 | 400,00 | 96,00 | 176,00 | 240,40 | 208,00 | 96,00 | 96,00 | 80,00 | 64,00 | 43,2 | 1008

Partial, % 0,00 | 250 6,0 11,0 15,0 13,0 6,0 6,0 5,0 4,0 2,7 6,3

SLIGZS: than this 100,0 | 7750 | 669,0 | 558,0 | 443.,0 | 330,0 | 224,0 | 118,0 [ 113,0 | 99,0 | 63 0,0

Table 2 — Mix design

Indicator Amount, % from total mass
Aggregate (>5 mm) 57
Sand (2,5-0,071 mm) 36,7
Mineral powder (<0,071 mm) 6,3
Binder 4.4

To ensure production of samples in compliance with design (table 2), aggregate and stone residue
were mechanically sieved according to fractions and washed (except from fractions less than 0.071 mm),
dried to constant mass at temperature 105 °C. Mineral powder was sieved through 0.071 mm grid [7]. Part
less than 0.071 mm is used. Prepared fractions of mineral materials were used for production of mineral
mixture samples, every fraction was weighed in compliance with table 2 and with accuracy to 0.01g. For
fractions less than 0.071 only sieved mineral powder was used.

Checking the change of mineral part grading without bitumen. According to methodology calibrated
mixture #1 was produced without bitumen. Then the mixture was burned in oven. Results of the tests for
analysis of changes in grading for every fraction are shown in tables 3 and 4.
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Table 3 — Change of grading for every fraction of mineral part (without bitumen) after burning

Ne Sieve size, mm
sampl | remains 40 | 20 15 10 | s 2,5 125 | 063 | 0,315 | 0,14 | 0,071 | <0,071
e on sieve
Design model grading before burning
1 partial, % ‘ 0 ‘ 25 ‘ 6 ‘ 11 ‘ 15 ‘ 13 6 6 5 ‘ 4 ‘ 2,7 ‘ 6,3
Grading of mineral part after burning
partial, % 0 22,5 7,7 11,2 | 15,2 12,7 5,8 6,25 5 3,5 3 7,15
L1 deviation
from 0 2,5 -1,7 -0,2 | -0,2 0,3 0,2 -0,25 0 0,5 -0,3 -0,85
model, %
partial, % 0 24,9 5,96 11 14,6 13,1 5,5 6,2 5 3.8 3,1 6,84
12, deviation
from 0 0,1 0,04 0 0,4 -0,1 0,5 -0,2 0 0,2 -0,4 -0,54
model, %
partial, % 0 26,1 5,1 11 11,8 15,9 5,8 6,2 4,9 4 3,1 6,1
13, deviation
from 0 -1,1 0,9 0 3,2 -2,9 0,2 -0,2 0,1 0 -0,4 0,2
model, %
partial, % 0 25,2 5,9 10,6 | 12,9 15,6 5,7 6,2 4,8 3,8 3,3 6,1
1.4, deviation
from 0 -0,2 0,1 0,4 2,1 -2,6 0,3 -0,2 0,2 0,2 -0,6 0,2
model, %
partial, % 0 24,6 6,6 10,9 | 12,8 15,2 5,7 6,6 4,5 3,7 3,6 5,8
5. deviation
from 0 0,4 -0,6 0,1 2,2 2,2 0,3 -0,6 0,5 0,3 -0,9 0,5
model, %
partial, % 0 23,3 7,9 10,7 | 12,2 16 5,9 6,4 4,6 3,7 3,6 5,8
6. deviation
from 0 1,7 -1,9 0,3 2,8 -3 0,1 -0,4 0,4 0,3 -0,9 0,5
model, %
Total deviation, % 0 | 0,567 | -0,527 | 0,1 1,75 | -1,75 0,267 | -0,308 0,2 0,25 | -0,583 | 0,002

Table 4 — Changes in groups of mineral part grading (without bitumen) after burning

) Content of mineral part, %
Ne Indicators -
sample aggregate (>5 mm) | sand (2,5-0,071 mm) mineral pc:;:g; T (<0.071
Design model grading before burning
1. Content of components | 57,00 | 36,70 | 6,30
Grading of mineral part after burning

Content of components 56,60 36,25 7,15
1.1. deviation from model, % 0,40 0,45 -0,85
Content of components 56,46 36,70 6,84
1.2. deviation from model, % 0,54 0,00 -0,54
Content of components 54,00 39,90 6,10
1.3. deviation from model, % 3,00 -3,20 0,20
Content of components 54,60 39,30 6,10
1.4. deviation from model, % 2,40 -2,60 0,20
Content of components 54,90 39,30 5,80
1.5. deviation from model, % 2,10 -2,60 0,50
Content of components 54,10 40,10 5,80
1.6. deviation from model, % 2,90 -3,40 0,50
average deviation, % 1,89 -1,89 0,00
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Picture 1 — Dessicator
1- Dessicator volume; 2 — calcium chloride (CaCl,); 3 — ceramic stand with holes; 4 — mineral mixture

sample.

Analysis of the results shows that the change in grading of the mineral part after burning in oven almost has
not changed. Deviations observed match the experimental scatter.

Table 5 — Results of mass loss after drying samples of mineral mixtures

Mass loss depending on drying temperature at temperature 170 °C
Ne sample
mass loss
g % Average, % Variation, %
1 6,49 0,41
6,47 0,40 0,44 5,69
3 7,14 0,47

Results of evaluation mass loss of mineral part (without bitumen) after burning. Prepared samples of mineral
mixture were burned in oven in accordance with method. The results are given in Table 6.

Table 6 - Results of mass loss of mineral part (without bitumen) after burning)

Ne mixture mass average | variation, %

. mixture mass mass mass
sample | before burning, . o
after burning, g loss, g loss, %

g
1 1605,31 1596,76 9,32 0,58
2 1601,44 1590,85 10,59 0,66 0,62 6,43
3 1602,66 1592,81 9,85 0,63

The results indicate that loss of mass after burning mineral part of asphalt mixture mainly occurs
within the experimental scatter due to the removal of hygroscopic water. The difference between mass loss
after burning and weight loss after drying of the mineral asphalt mixture is only 0,18%.

Checking changes of asphalt mixtures. Hot asphalt mixtures in the laboratory are produced according
to method described in Section 4.3 DSTU B.V.2.7-89 hot technology: mineral materials (aggregate, sand,
mineral powder) are dried and bitumen is de-watered.

Mineral materials in quantities specified in table 1 are weighed and put in tank, heated, mixed
occasionally, until the temperature is 170°C, and add right amount of not heated mineral powder and
bitumen BND 60/90 [8] heated in a separate container to a temperature 150°C. All components are
thoroughly mixed until they are smooth, mixture must have temperature 155°C. The mixture is then placed
in trays and burning method is carried out. Then amount of bitumen is defined according to methodology and
grading is determined. In determining the amount of asphalt mixtures prepared in laboratory conditions take
into account hygroscopic moisture of mineral asphalt mixtures and loss of bitumen due to its adhesion to the
mixing equipment. The determination of loss due to adhesion of bitumen to the mixing equipment
(containers in which mixing is done by hand with spatula) was performed by weighing the vessel before
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filling it with components of asphalt mixture and weighing vessel after preparation of the mixture. Bitumen
content after burning was determined by the formula:
bg= (Mg + b)) - Wr,
where Bg — redetermined amount of bitumen after burning;
Mp — actual amount of bitumen after burning %;
b — amount of bitumen left in container, %;
Wr — hygroscopic moisture (table 2.5), %.
Amount of bitumen left in container is defined:
B]‘[ = ((MMI'I/MAB)* 1 00)/(B/MH),
where My — weight of mastic, which remained in container due to adhesion;
Mg — weight of prepared asphalt mixture;
b — design bitumen content, %;
MIT — design amount of mineral powder, %.
The results of experiments in the laboratory showed average by = 0.26%. Obtained value of Mg is showen in

Table 7.

Table 7 - results of mass loss by asphalt mixture after burning in oven.

Ne Mass before Mass after M Mo, % average variation, %
sample | burning, g burning, g B & By 70 Mg, %

1 1663,73 1589,74 73,99 4,69

2 1661,75 1586,44 75,31 4,74 4,73 0,95

3 1661,02 1585,92 75,1 4,77

Based on experimental data, average amount of bitumen that is obtained by burning:

bg= (Mg + Bp) - Wr = (4,73+0,26) — 0,44 = 4,55 %.
Design bitumen content is 4.40%. The difference between these data is 0.15%, which is less than the
experimental scatter.
The test results are shown in Table 8 for the analysis of changes in grading of asphalt mixture for each
fraction, and in Table 9 for the analysis of changes in the main components of the mineral (aggregate, sand,
mineral powder).

Table 8 — Change of mineral part grading with bitumen after burning

remains sieve size, mm
Ne onsieve | 40 | 20 | 15 [ 10 ] 5 [25][1,25][063]0315]0,14]0,071[<0,071
sample Design model grading
1 |pattia,% | 0 | 25 | 6 [ 11| 1513 6 ] 6] 5 | 4] 27] 63
Grading of mineral part with bitumen after burning
partial, % | 0 | 273 | 39 | 7,7 | 17,8 | 13 6 | 62 5 3,7 | 3.3 6,1
L.1. | deviation
from 0 | -23 |21 ]33]|-28]| 0 0 |-0,2 0 0,3 | -0,6 0,2
model, %
partia,% | 0 | 22,7 | 7,8 | 11,3] 153 |12,8| 5,8 | 6,3 5 3,5 3 6,4
1.2. | deviation
from 0 23 | -1,8-03(-03 02102 |-03 0 0,5 | -0,3 -0,1
model, %
partial, % | O | 251 | 6 |11,1| 14,7 |132] 55 | 6,3 5 3,8 | 3.1 6
1.3, | deviation
from 0 | -0,1 0 |-0,1| 03 |-02]05-03 0 0,2 | -0,4 0,3
model, %

73




Table 9 — Change of mineral part grading with bitumen after burning

Content of mineral part, %
saljjlgple Indicators aggregate (>5 sand (2,5- mineral powder
mm) 0,071 mm) (<0,071 mm)
Design model grading before burning
1. Content of components ‘ 57,00 ‘ 36,70 ‘ 6,30
Grading of mineral part after burning
Content of components 56,7 37,2 6,1
1.1. deviation from model, % 0,3 -0,5 0,2
Content of components 57,1 36,6 6,3
1.2. deviation from model, % -0,1 0,1 0
Content of components 57 37 6
1.3. deviation from model, % 0 -0,3 0,3

Analysis of results shows that change in grading of asphalt mixture after burning in oven has not
changed. Deviations observed match experimental scatter.

Conclusions. Conducted researches of grading changes of mineral part without bitumen after
burning, grading changes of asphalt mixture after burning showed that the method of burning is an effective
method of quality assurance during asphalt concrete mixture testing to determine its grading and bitumen
content.
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ABSTRACT

Mozgovyy V.V., Onyshchenko A.M., Baran S.A., Aksenov S.J., Kutsman O.M., Olkhovyy B.Y.
Quality assurance during asphalt concrete mixture testing to determine its grading and bitumen contents.
Management of projects, systems analysis and logistics. Kyiv. National Transport University. 2013. Vol. 11.

The paper analyzed the existing methods for determining grading of asphalt mixtures and asphalt
content determination. Laboratory studies have been conducted to study the quality of assurance testing
asphalt mixtures to determine its grading and content of bitumen. To determine this change in grading of the
mineral mixture without the addition of asphalt bitumen by burning in a muffle furnace and compared to the
original composition of the mineral part, determined by the mass loss of the mineral asphalt mixture (without
bitumen) after firing, checked the change in the composition of asphalt mixture after burning.

KEWORDS: GRADING, BITUMEN CONTENT, ASPHALT CONCRETE MIXTURE, BURNING

PE®EPAT

Moszroeuii B.B. 3abe3nedenns sikocTi BUNpoOyBaHb acanbToOETOHHOI CyMillli TP BU3HAYEHHI 11
3€pPHOBOTO CKIamy Ta BMicTy Oirymy./ Mosroeuit B.B., Onumenko A.M., Bapan C.A., AxcwonoB C.I1O.,
Kyiman O.M., OnbxoBuit b.1O.//YnpasiiHHs mpoeKTaMHu, CHCTeMHMI aHami3 i jorictuka. — K.: HTY —2013.
— Bumn.11

B crarri Oyno mpoaHai3oBaHO iCHYIOWI METOM BU3HAUEHHS 36PHOBOTO CKIIany ac(haibTOOETOHHUX
CyMilllei, a TAKO)K BU3HA4YEHHS BMICTy OiTyMy. Byno mpoBemeHo abopaTopHi JOCHIPKEHHS 110 BUBYCHHIO
3a0e3nedyeHHs] SKOCTI BHIIPOOYBaHb ac(hanbToOETOHHOI CyMmillli MpH BHU3HAYEHHI 11 3epHOBOTO CKIIAAy Ta
BMIcTy OiTymy. JI7sl IbOTO BU3HAYalM 3MiHY 3€PHOBOTO CKJIaJy MiHEpajbHOI YacTUHU ac(haibToOeTOHHOT
cymimri 6e3 nofaBaHHs OITYMY,IUIIXOM IPOXKaprOBaHHS B My(QenbHIN Medi i TOPIBHSIHHAM 3 MOYaTKOBUM
CKJIaJIOM MiHEpalbHOI YaCTHHH, BU3HAYAIM BTPATH MAacH MiHEpaIbHOI YacTUHI acdaabTOOETOHHOI CyMilli
(6e3 OiTyMy) Ticns BHUIANIOBAHHS, TMEPEBIpAIM 3MiHY CKIaay acalbTOOCTOHHOI CyMilni Ticis
BUTATIOBAHHSL

KJIKOUOBI CJIOBA: 3EPHOBUIA CKJIAJI, BMICT BITYMY, ACOAJIbTOBETOHHI CYMIILII,
METO/ BUITAJTFOBAHHSA

PE®EPAT

Moszrosoii B.B. Obecrieuenne kauecTBa UCIBITAHUNA acQalibTOOCTOHHON CMECH IPH ONPEJIETICHNN ¢
3€pPHOBOT0O COCTaBa M KoindyecTBa Outyma./ Mosroeoii B.B., Onumienko A.M., bapan C.A., Axcenos C.1O.,
Kyiman A.M., OnbxoBeiit b.1O.//YnpaBinenue nmpoekTaMu, CUCTEMHBINH aHanu3 u joructuka. — K.: HTY —
2013. - Bpm.11

B cratbe ObUTM TpOaHANTM3UPOBAHBI CYIIECTBYIOIIME METOIBI OMpENeNICHHs 36pHOBOTO COCTaBa
acdarbTOOCTOHHBIX CMECEH, a TaKkXkKe ONpeeIeHUs] CoJiepiKaHusl OMTyMa. BbIjIo mMpoBeneHb! IabopaTOpHbIE
WCCIICIOBAaHNS IO M3YYCHUIO KayecTBAa HCIBITAHWH acdalbTOOCTOHHOM CMECH MpH OMNpENeICHUN ee
3ePHOBOIO COCTaBa W cojepkaHus Outyma. s 3TOro ompenensuii HM3MEHEHHWE 3EPHOBOTO COCTaBa
MUHepalbHOH YacTH achanbToOCTOHHOW cMecH Oe3 Jo0aBiieHHss OWTyMa TIyTeM TIpOKaJIMBaHUS B
Myq)eHBHOﬁ nme4n 1 CpaBHCHHUEM C IEPBOHAYAJIBHBIM COCTaBOM MHHepaHLHOﬁ 4aCTH, ONpCACIIA]IN MOTCPpHU
Macchl MHUHEPaIbHOW YacTH achabTOOCTOHHON cMecH (0e3 OuTyma) mocie 00Kura, MpoBepsUTd N3MEHEHUH
coctaBa ac(haibTOOCTOHHONH CMECH MOCJIE BBIKUTaHHUS.

KJIFOUYEBBIE CJIOBA: 3EPHOBOI COCTAB, KOJIMYECTBO BUTYMA,
ACDOAJIBTOBETOHHBIE CMECH, METO/] BUXUT AHUSA

ABTOPU:
Moszrosuii Bonogumup BacwiboBuu, IOKTOp TEXHIYHMX Hayk, mpodecop, HarionanpHuit
TPAHCIIOPTHUI YHIBEpCHTET, 3aBijyBad Kadeapu AOpOKHBO-OyIiBEIbHUX MaTepiamiB 1 Ximii, e-mail:

mozgoviy@gmail.com, ten. +380442859528, Vkpaina, 01010, m. Kuis, Byn. Cysoposa 1, k. 317.
Onmmenko Apryp MukonaifoBuY, KaHIUAAT TEXHIYHMX HayK, HaiioHanbHHH TpaHCHOPTHUMA

VHIBEPCUTET, JIOKTOpaHT Kadenpu JOpOKHBbO-OYAIBENbHHX  MaTepiaimiB 1 Ximii, e-mail:

artur_onish@bigmir.net, Ten. +380442859528, Ykpaina, 01010, m. Kuis, By;1. Cysoposal., k. 317.

75



Bapan Cerpiit Anatomifiopuu, HamioHanbHUI TpaHCIOPTHUH YHIBEpCHUTET, acHCTEHT Kadenpu
JIOpOKHBO-OY/NIBENBHUX MatepiamiB 1 Ximii, Ten. +380442859528, Ykpaina, 01010, m. Kuis, By:n. CyBopoBa
1, x. 317

AxcwonoB Cepriii IOpiiioBuu, HamioHanbHHI TpaHCIIOPTHUN YHIBEPCHUTET, MOJOANIMNA HayKOBHH
CIIBpOOITHUK Kadenpu TOpOKHbO-OYyIiBENbHIX MaTepialiB 1 Ximii, Ten. +380442859528, Vkpaina, 01010,
M. Kuis, Byn. CyBoposa 1, k. 317

Kynman Onekcannp Muxaitnosuy, HamionansHUN TpaHCIIOPTHUIN YHIBEPCHUTET, aCHCTEHT Kadeapu
JIOpOKHBO-OYMIBENBHUX MaTepiaiiB 1 Ximii, Ten. +380442859528, Ykpaina, 01010, m. Kuis, Byn. CyBopoBa
1, x. 317

OmnbxoBuit bornan FOpilioBnu, HarioHaibHMI TPaHCIOPTHUN YHIBEPCHTET, MOJOJIINA HAYKOBHIMA
CIIBpOOITHUK Kadenpu NOpOKHBbO-OyAiBeIbHUX MaTepiaii i ximii, e-mail: b.olkhovyy@gmail.com , Tem.
+380442859528, Yxpaina, 01010, m. Kuis, Bysn. Cysoposa 1., k. 317.

AUTHOR:

Mozgovyy Volodymyr V., Doctor of science, professor, National Transport University, chairman of
road building materials and chemistry department, e-mail: mozgoviy@gmail.com, tel. +380442859528,
Ukraine, 01010, Kyiv, Suvorova str.1, of 317.

Onyshchenko Arthur M., Candidate of science, National Transport University, doctoral student of
road building materials and chemistry department, e-mail: artur onish@bigmir.net, tel. +380442859528,
01010 Ukraine, 01010, Kyiv, Suvorova str.1, of 317.

Baran Sergiy A., National Transport University, professor assistant of road building materials and
chemistry department, tel. +380442859528, Ukraine, 01010, Kyiv, Suvorova str.1, of 317.

Aksenov Sergiy Y., National Transport University, research scientist of road building materials and
chemistry department, tel. +380442859528, Ukraine, 01010, Kyiv, Suvorova str.1, of 317.

Kutsman Oleksandr M., National Transport University, professor assistant of road building materials
and chemistry department, tel. +380442859528, Ukraine, 01010, Kyiv, Suvorova str.1, of 317.

Olkhovyy Bogdan. Y., National Transport University, research scientist of road building materials
and chemistry department, b.olkhovyy@gmail.com, tel. +380442859528, Ukraine, 01010, Kyiv, Suvorova
str.1, of 317.

ABTOPBI :

MoszroBoii Bnaanmup BacunbeBuu, IOKTOp TEXHHYECKHX HayK, mpodeccop, HammoHanbHbIH
TPAHCIOPTHBIA YHUBEPCHUTET, 3aBEAYIOMINH Kadenpoil JOPOKHO- CTPOUTENBHBIX MaTEpPHAJIOB U XUMHH, € -
mail: mozgoviy@gmail.com, Ten . +380442859528, Ykpauna, 01010, r. Kues, yi1. Cysopora 1, k. 317.

Onnmenko Aptyp HukonaeBwd, kaHAWIAT TEXHMYECKWX HayK, HamumoHanbHBIA TpaHCHOPTHBIMA
YHHBEPCUTET, JIOKTOPAaHT Kadeapsl JOPOKHO -CTPOMTENBHBIX MATEpUAIIOB W XHMHUH, € - mail
artur_onish@bigmir.net, ten . +380442859528, Ykpauna, 01010, r. Kues, yn. Cysoposa 1., k. 317.

Bapan Cepreli AnaronumeBnd, HalroHanbHBIA TPaHCIIOPTHBIN YHHBEPCUTET, ACHCTEHT Kadeapsl
JIOPO’KHO- CTPOUTEIBHBIX MaTEpUalioB M XUMHUH, Ten . +380442859528, Ykpamna, 01010, r. Kues, yi.
Cysoposal., k. 317

AxcenoB Cepreii IOpbeBuu, HannoHanpHBI TPaHCTIOPTHBIM YHHUBEPCUTET, MIIAJIINNA HAyYHBIN
COTPYAHHMK Kadeapbl JOPOXKHO- CTPOUTEIBHBIX MaTepHalioB M XuMmuu, Tel . +380442859528, YkpauHna,
01010, r. Kues, yn. CyBoponal., k. 317

Kymman Anekcannp Muxaitnosuy, HannoHanpHBI TPaHCHOPTHBIM YHHBEPCHUTET, ACHCTEHT
Kadeapbl JOPOXKHO- CTPOUTEIBHBIX MaTEPHAIIOB U XUMHKH, Te . +380442859528, Vkpauna, 01010, r. Kues,
yin. CyBoposal., k. 317

OmnbxoBbiit borman HOpreBny, HammoHanbHbIA TPaHCIIOPTHBIM YHUBEPCUTET, MIIAIIINKA HAayYHBIH
COTPYIHHK Kadenphl TOPOKHO- CTPOUTENBHBIX MaTepPUAIOB U XUMHH, € - mail: b.olkhovyy@gmail.com, Ten
+380442859528, Yxpauna, 01010, r. Kues, yin. CyBoposal., k. 317

PEEH3EHTMU:

I'on B.1., nokrop TexHiYHUX HAyK, mpodecop, KuiBChbKUil HalliIOHANBEHUI YHIBEpCUTET OY/IBHHUIITBA i
apxiTeKTypH, JeKaH OyIiBeNbHO-TEXHOIOTIYHOTrO (akynbTery, KuiB, Ykpaina.

Cnaginceka O.C., TOKTOp TEXHIYHHX HayK, mpodecop, HanioHansHM TpaHCTIOPTHUN YHIBEPCHTET,
JIeKaH JOpOXKHBO-OyIiBenbpHOr0 akyabTeTy, Kuis, Ykpaina.

REVIEWER:

Goc V.1, Doctor of science, professor, Kyiv National University of building and architecture, dean
of building-technology faculty, Kyiv, Ukraine.

Slavinska O.S., Doctor of science, professor, National Transport University, dean of road building
faculty, Kyiv, Ukraine.

76



