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Abstract: The shortage of material and energy resources in the world requires the effective use of local raw materials and 

industrial waste in the building materials industry. In developed countries, it is important to increase the volume of 

cement production, use industrial waste in production, reduce the cost of cement by reducing the amount of clinker in its 

composition without reducing the quality of cement, and increase its efficiency. In particular, as a result of the increased 

demand for cement, special attention is paid to the development of energy-efficient production technologies using 

existing local raw materials and industrial waste. 

INTRODUCTION 

When applied, building materials, objects and structures must withstand external forces and environmental 

influences. Therefore, the building material used in the preparation of items, materials must be resistant to physical 

and chemical, mechanical influences, vapor in the air, gas exposure, temperature changes, humidity, water Frost 

exposure when repeatedly frozen and melted. To develop the production of building materials, we have a large 

supply of raw materials.  The abundance of fossil resources and raw material products (oil and gas production, 

precious stones, iron ores, limestone, gypsum, etc.The abundance of fossil resources and raw material products (oil 

and gas production, precious stones, iron ores, limestone, gypsum, etc.k.) Opens up wide opportunities for the 

development of the production of building materials. At the same time, the widespread use of industrial waste in the 

production of building materials is also one of its main tasks.  For example, from slags with industrial waste of 

metallurgy, various dense, porous and fibrous-structured objects are obtained in the construction materials industry.  

The use of industrial waste, along with the expansion of the raw material base for building materials, also provides 

the opportunity to free up most of the land occupied by waste, to clean the environment. One of the main tasks in the 

development of the production of building materials is to make more use of domestic raw materials and increase the 

quality of products derived from it.  For example, basalt slag, which is a local raw material, gives the economic 

effect of obtaining solid heavy concrete, based on Lime and sand. 

In our republic, further deepening economic reforms in the building materials industry, improving and 

developing production, their economic efficiency at the modern stage, the production of energy-efficient low-water 

demanding Cements with a high-quality recognition price of complex and rational use of domestic raw materials and 

industrial waste sources, as well as obtaining concretions based on them are urgent problems.  

The decree of the president of the Republic of Uzbekistan dated July 6, 2022 PQ-307 “on organizational 

measures for the implementation of the innovation development strategy of the Republic of Uzbekistan in 2022-

2026”, PF-158 of September 11, 2023 “on the effective use of the local raw materials base and the development of 

an industry based on advanced technologies”, “on the radical improvement of environmental problems affecting 

human life in the Republic”, it also serves to carry out research work in the implementation of the tasks set out in all 

regulatory legal acts related to this activity 
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RESEARCH OBJECT AND MATERIAL  

• As the main object of the study, low-water demanding cements developed on the basis of basalt (shlaki) 

rock, physical and mechanical and exploratory properties of concrete mixtures and ready-made concrete 

samples were obtained from them. 

• The following raw materials and components were used in the production process: 

• * Basalt (shlaki) rock — derived from local sources, the average particle size is 0.5–5 mm. the main 

object of the study, low-water demanding cements developed on the basis of basalt (shlaki) rock, 

physical and mechanical and exploratory properties of concrete mixtures and ready-made concrete 

samples were obtained from them. 

• The following raw materials and components were used in the production process: 

• * Basalt (shlaki) rock — derived from local sources, the average particle size is 0.5–5 mm. 

• • Portlandsement (M500) — according to standard gost 10178-85 [1] requirements. 

• * Mineral additives-microsilicate and ash (fly ash), in a ratio of 5-15%. 

• • Water-clean drinking water according to technical requirements. 

• • Chemical additives-superplastifiers (based on polycarboxylate) to reduce the water-cement ratio. 

LITERATURE REVIEW AND METHODS 

The study was carried out at the following stages: 

1. Sample preparation 

• Cement mixtures and concrete mixtures were prepared at a water-cement ratio (w/c) of 0.25–0.40 intervals. 

• The mixtures were prepared in a concrete mixer (with a capacity of 20 l) according to the 3-stage mixing 

technology: mixing dry components, adding water and additives, final homogenization.The study was carried out at 

the following stages: 

1. Sample preparation 

• Cement mixtures and concrete mixtures were prepared at a water-cement ratio (w/c) of 0.25–0.40 intervals. 

• The mixtures were prepared in a concrete mixer (with a capacity of 20 l) according to the 3-stage mixing 

technology: mixing dry components, adding water and additives, final homogenization. 

2. Laboratory tests 

* Determination of crustal performance-Abram cone deposition method (GOST 10181-2014) [2]. 

* Compression and hardening dynamics - using Vicat pribori (GOST 310.3-76)[3]. 

* Concrete density-according to GOST 12730.1-78[4]. 

• Compressive strength-determination according to GOST 10180-2012 in samples hardened for 7, 14 and 28 

days. 

• Water permeability coefficient-according to GOST 12730.5-84[5].Concrete density-according to GOST 

12730.1-78[4]. 

• Compressive strength-determination according to GOST 10180-2012 in samples hardened for 7, 14 and 28 

days. 

• Water permeability coefficient-according to GOST 12730.5-84[5]. 

• Freezing-using freezing / thawing cycles (GOST 10060.0-95)[6]. 

3. Efficiency assessment criteria 

• The level of attainment of performance determined by the minimum water consumption. 

• Increase in compression strength (%) for 28 days. 

* Improved density and waterproofing indicators. 

• Increase in frost resistance indicators (number of cycles). 

4. Data processing 

The experimental data obtained was processed statistically, calculating the average arithmetic values, dispersion 

and standard deviations. Microsoft Excel and OriginPro applications were used for analysis. The results were 

presented in the form of tables and graphs, efficiency indicators were compared with theoretical models. 

This study was carried out within the framework of the priority “effective use of the local raw material base and 

development of an industry based on advanced technologies”, which is listed in the annex of Decree No. 158 of the 

president of the Republic of Uzbekistan on the strategy of Uzbekistan-2030 (adopted on September 11, 2023).  

Major researchers around the world with problems of creating and using local raw materials and industrial waste, 

mineral Binder and producing high-quality concretions using them, developing their compositions, improving 
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physical and mechanical and technical characteristics and increasing their strength, including: Volzhensky A. V..[7], 

Pashyenko V.[7], Pashyenk V.[7], Pashyenko A.A.[8],Timashev V.V., Schmidt M.[9], Zhao Qinglin, Chen.[7], 

Pashyenko A[7], PashyenkoV.[7], Pashyeko A.A.[8],T[7], Pashyenko AV.[7], PashV.[7], PashyenV.[7], Pashyenko 

A.A.[8],T[7], PashyesV.[7], Pashyenko A.A.[8],Timashev V.V., Schmidt M.[9], Zhao Qinglin, Cheng Xin, Stark J., 

Wicht B., Batrakovted significantly to the resolution of these issues. 

Scientists of our country have conducted a number of studies in the study of the development of the composition 

of building materials on the basis of domestic homashyo and industrial waste, improving the structure and properties 

and improving their effectiveness. Odilkhaojayev A.ScScientists of our coScientists oScientists of ouscientists of 

ourScientistsssScientists of oScientists ofsScientists of our scientists of our country have conducted a number of 

studies in the study of the development of the composhieved significant results in this area based on their research in 

different years.  

Analysis of the research carried out showed that significant positive results were obtained in the field of 

improving the production of low-water demanding Cements and creating resource-efficient technologies. However, 

the fact that there is insufficient research in our Republic aimed at developing effective compositions of low-water 

demanding cements suggests that it requires more extensive research work in the Soha.  

The local raw material consists of optimizing high-quality low-water demanding cement compositions using 

technogenic waste (basalt shale) while saving the amount of cement clinker and their application in the production 

of the underlying concretions.  

The object of the study was obtained low-water demanding Cements and concretions using cement clinker,basalt 

slag, Barkhan sand and superplastifier JK-02.  

The subject of the study is the physical-chemical, physical-mechanical and technical-economic parameters of 

low-water demanding Cements and the concretions on which they are based, using man-made waste and local raw 

materials.  

In cement production, the forming components in roller and gear zm-800 mills are a scientifically based solution 

to improve the physical and mechanical properties of Cements and concretes obtained by joint grinding, that is, 

mechanical activation and modification. According to the results of this scientific research work, the determination 

of the specified properties of Cements and concretions depends on the physicochemical target effect on cement, 

which is indicated by the exact formation.  

RESULTS 

Low water is of the type of cements obtained using such a method of mechanical activation and modernization of 

the components that make up in the production of demanding Cements, and in their preparation it is necessary to 

take into account the type and properties of chemically active mineral additives used for modification.  

The effect of a comparable Surface Surface on the normal thickness and hardening time of cement is shown in 

Table 1.  

TABLE 1. Composition and properties of PS-500 and low-water demanding cements 

T/r 
PS clinker 

quantity, % 

Gypsum 

stone, 

% 

B
as

al
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sl
ak

e,
 %

 

B
ar

k
h

an
 s

an
d
 

JK-02 

amount, % 

Specific surface 

area, m2/kg 

Water-cement 

ratio, % 

Strength, MPa 

3 days 28 days 

1 95 5 0 0 0 320 25,6 15 51.9 

2 65 5 15 15 0.6 500 17.0 29 68.7 

3 55 5 15 15 0.8 550 18.0 26 59.2 

4 45 5 15 15 1 570 19,0 19 50.8 

 

The mill showed a high strength when the strength of the 3-day Strength of the crushed cement to 550 m2/kg 

softness was compared to the contrast sample, i.e. a simple portlandsement sample that was not mechanoactivated, 
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and can be seen to be 19 MPa, 26 MPa, 29 MPa respectively. This can be explained by the fact that the results 

depend on the degree of softness of the cement and the amount of active mineral particles in the cement. 

TABLE 2. Qizilqumsement SEM I 42.5 and the amount and description of raw materials that make up low water demanding 

cement 

№ Cement name 
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 c
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Given hot-wet 

processing, MPa 

28 days, 

MPa 

1 SEM I 42.5 95 -  - - 0.8 5 450 25.1 48.3 51.1 

2 KSTS-50 50 15  15 15 0.6 4.4 578 17.8 50.8 52.3 

3 KSTS-50 50 15  15 15 0.8 4.2 580 18.1 52.2 55.5 

4 KSTS-50 50 15  15 15 1.0 4.0 579 17.3 51.9 53.8 

5 KSTS-55 55 10  15 15 0.6 4.4 581 17.9 55.8 59.9 

6 KSTS-55 55 15  10 15 0.8 4.2 580 17.9 59.2 63.5 

7 KSTS-55 55 15  15 10 1.0 4.0 579 17.6 60.1 61.8 

8 KSTS-60 60 5  15 15 0.6 4.4 580 18.6 60.2 63.3 

9 KSTS-60 60 15  15 5 0.8 4.2 585 17.0 63.8 65.9 

10 KSTS-60 60 15  5 15 1.0 4.0 587 17.3 62.1 64.5 

11 KSTS-65 65 5  10 15 0.6 4.4 589 17.5 65.8 67.6 

12 KSTS-65 65 15  10 5 0.8 4.2 590 17.9 67.4 70.1 

13 KSTS-65 65 15  10 5 1.0 4.0 587 19.0 69.0 71.4 

14 KSTS-70 70 5  15 5 0.6 4.4 595 17.4 70.2 73.9 

15 KSTS-70 70 10  10 5 0.8 4.2 600 18.8 74.0 78.8 

16 KSTS-70 70 15  5 5 1.0 4.0 597 19.0 71.1 75.2 

Low water has been studied for the strength of the demanding cement stone in natural conditions and in 

compositions given hot wet treatment. 

TABLE 3. Optimal compositions of heavy concrete. 

T/r Cement type 

Material consumption, (kg/m3) 

P
la

st
ic

iz
er

 J
K

-

0
2
 

S/S 

M
o

b
il

it
y
 

b
ra

n
d
 

Mixture density 

(kg/m3) Ceme

nt 
sand Flint water 

1 SEM I 42.5 N 400 687 1202 175 
- 

0.44 
P5 

2464 

2 KSTS-50 400 725 1225 135  0.34 P3 2485 

3 
SEM I 42.5 N 

JK-0.8% 
400 712 1207 160 

0.8 
0.40 

P4 
2479 

4 KSTS-50 400 703 1254 130  0.33 P3 2487 

The scientific study carried out from the results of the experiment shows from Table 3 that in terms of the 

technological properties of a heavy concrete mixture of equal Mobility, s/S=0.26, the mixture was found to be 

effective (T/r No. 4) with a density of 2507 kg/m3.  
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TABLE 4. Strength of concrete number 1-4 based on Table 3. 

T/r Cement type 

Concrete strength Rsqueeze, (kgs/sm2) 
Clinker 

consumpti

on, 1m3, 

Skg 

Comparative robustness Rcasting, 

(kg/sm2/kg) 

Concrete hardening period Concrete hardening period 

1 day 
Heat 

treatment 
28 days 1 day 

Heat 

treatment 
28 days 

1 SEM I 42.5 145 492 530 420 0.35 1.17 1.26 

2 KSTS-50 187 502 576 210 0.89 2.88 3.11 

3 
SEM I 42.5, JK-

02-0.8% 
195 498 545 420 0.46 1.46 1.66 

4 KSTS-50 218 505 555 231 0.94 2.96 3.0 

When the properties of heavy concrete based on low-water demanding cements of basalt scale (rock)are 

analyzed, the decrease in water demand due to the reduction of contact points between the grains of different basalt 

scale (rock)with a high concentration of basalt scale (rock) indicates a certain amount of strength. 

The composition and properties of the concrete mixture based on SEM I 42.5 and low water demanding Cements 

are presented in Table 5.  

TABLE 5. Experimental test results 

T/r Cement 

Material consumption, kg/m3 

Kdipping, sm S/S 
Density, 

kg/m3 
Cement 

consumpti

on 

fillers 

water 
sand Flint 

1 

SEM I 

42.5+SP 

JK-02 

420 795 1100 175 10 0.42 2490 

2 KSTS-50 420 755 1200 130 9 0,31 2505 

3 KSTS-55 420 775 1200 128 9 0,30 2523 

4 KSTS-60 460 764 1200 138 9 0,30 2562 

5 KSTS-65 480 768 1200 133 7 0.29 2581 

6 KSTS-70 480 772 1200 133 7 0.29 2585 

 

Table 5 shows that “Qizilqumsement” SEM I 42.5, superplastifier JK-02 – 0.8%, low water-demanding cement-

based heavy concrete samples of basalt scale (gravel)showed high strength of hardened concretes from heat 

treatment under normal conditions or.able 5 shows that “Qizilqumsement” SEM I 42.5, superplastifier JK-02 – 

0.8%, low water-demanding cement-based heavy concrete samples of basalt scale (gravel)showed high strength of 

hardened concretes from heat treatment under normal conditions or. The main reasons for this are due to the high 

degree of softness of the cement, the presence of a basalt scale (masonry)-10%, a superplastifier-0.8%, active and 

chemical additives in the composition, the formation of a high-strength structure under their influence. That is, the S 

/ S ratio is small, the mobility of the concrete mixture (K-immersion) is equal, has a positive effect on the high 

density.  

CONCLUSIONS 

1. Crushed basalt slag has a high dispersion and is considered an effective mineral waste, due to its vitreous 

structure and high specific surface area, it was found in literature analysis that low water is an active mineral 

additive in demanding cement-based systems. 
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2.. Crushed basalt slag has a high dispersion and is considered an effective mineral waste, due to its vitreous 

structure and high specific surface area, it was found in literature analysis that low water is an active mineral 

additive in demanding cement-based systems. 

2. In studies on low-water demanding cements, it was found that the crystallization process and the factors that 

create the curing system are desirable as an addition to the softness of the cement, the high strength of the cement 

stone formed 

3. Using modern methods of physical and chemical and physical and mechanical research, the properties of raw 

materials and components used in research work were studied and carried out using modern research methods of 

physical and chemical and physical and mechanical research, and scientific analysis was carried out. 

4. Optimal parameters of low water demanding Cements with a specific surface surface area of 550-600 m2/kg 

“cement clinker, basalt scale (gravel), ash, Barkhan sand, superplastifier in a five-System System, a mathematical 

demanding regression of the selection of logical and structural quantities of raw materials for low water cement with 

basalt scale (Gravel)has been developed. 

5. Using the method of mathematical planning of carried out scientific research experiments, a mathematical 

regression on the optimization of low – water demanding cement compositions obtained by mechanical activation of 

components with an optimal parameter of 65-75% cement clinker, basalt scale (gravel) – 15%, Barkhan sand-10%, 

and the optimization of technological parameters of production according to the results of the analysis. 
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st>re lra'ISIEAe. edlt aciaJA a'ld crealecler,vat1„-e'IYCIBs,l'Ofl'l llle Wtrt-On-wholeor in 
par1) ttiroo;ihOut ltm � In ai torma:s at'ld media WOOll'lel' ncw kf'IOtM'l or la:er 
developecl, n n llOllex.CU� f"lilhl ano brGe to ijo lhe sarne .,,.,i lhD 
S>Jpple,r,,nt;wy Ma""'al 

2 T!'.19 r,ghl for .A.!P Pvbllstlng 1D freely trcW1sfeJ ardlor subiee� any � a 01 lhe 
e:dusive r'l�ls. lls18!1 In •1 abOYe Sublbnslf'til lrcludes the ng llt 10 au!harlze 
reqie:ts. for reuse af 1he Wtrk tty lhird patfieS 

3. Die l'9tw 10r AIP PI.(!!� 10 '8t:.e \t.'i�r � l col'IQde-s l!eC8"81'Y 10 Clftltecl 
ano e.r.oce, at 115 tlW'l expense the exctusivt r,gtns granred herein äQalM1 INrd 
por:les 

Aul/10, Rlghls •nd Pormltted Uses 

SUqect ti ine t'fgtlts nenM 9,antetS a, AF PUtt:shlrg, aach Copyrlgn, OWne«' retai ns o..mershp or 
CO!Jy/'Jnt ana al 011',01 �pt\t!aty rtihs st<II „ palefll ng!U In itle WOJ1<. 

Eadl C<wl!i lll OWner relans itle f�ta""1g nonexcllJ$lve �"' 10 use lhe 'NIXk wtil10\II Oll!anlng 
permiSSion rrom AIP P,i""'11r',i, in keep� """ p-al P"�tc�n •""" alld prov�e:I cleir 
eredlt iS g� 1D � '"irst ptJ>IICaliOn in an AIP PtbllSt'inQ !)'OCeed'nQ Anr nwse /TllSl lnciv:le a lllll 
ffldlt lne """".w.ill'IO A ,p N,1,st,ng's putl,Ca(iOn ;n! • "" lo u,,, VerslOO ol Recolll (VOR) .. 
J,::P PubliSh11'9'S Slte 

Eadl Cojlyilght o.mer may; 

Reprif1 Po<fOr&ol t,e W0<II (t1t<111pcs, fllu,es. lil�esl In rvrure •NOrl<s ""''"" t,y Ute 
/wt'lor. la lee� w,10 ;rofewon• publlcatlcrl el/llCS. 

2 Post lhe Accept&d ,,1MU$Ct\()I (AM} II> lnelr petSO/\iJI \\-e,D page m !hell emj:tlyefs 
we1>page lmmeoinly aoor &:C(>ptanC!t b)' Alfl P1.t>l!SN19 

3 Oeoos-1 ltle AM In il1 illStil!Alonai 01 furd9'-0esigoa!ed ,eposilJory 1mmec11ate1y alter 
acceptara by AIP P\i�lng 

usa lheAM lofpooUfVl IMltlinscr,,,nr.c-- ne-• (SChs). For ade<al!d 
Cl8SCl1p1lon or Oll poli:y or, posOng II> SCNs., �ease SM ()Uf Wfb Posu� Gude nes 
(Mps l�ISIWlg �p "'9/a--�,nesf 

5 R&p!lnt lhe VIISICfl ol Raco<d �)" PMI-IIOr&""llert ll11heAUltlOf, O< ""• 
hllhot'.S � Of �Oll 1t 1s Ullde,staod and apl'IHd t,,r lhe mesiS fS 
dl$$$18b0n may bt made IYalllt>le �c.aty on 1t-e l.ll!'ll�S slle � in lts 
mposlillfy Bild'"" <0!)0$ � l>e ollorol fo, .... -

6 Rar,ocluce copieS or ,ne VOR klf """'' iaiqr< by lht •- •• .,,_ at il1e 
lnsllMloll ""'rt lhe Autl'()( � eml)lo)'ad, prOl'<ltd no lot l• chir11ed ror a:00$$ 10 ,i.. 
-

7 Use h VOR fot lmem.i val� nl noncommett:lal bus;,,ess tk,tPOS8S IJy lhe 
Auflors emi:t,yer. 

8 Use tlle VOR In oral ;ns&"llallOI\S made b)' tr. Au111or. tt.dl as al (()l'lfet't!f'US 
mee!!�� setl"#IWS et., ptl)Ytled thoit recelvmg coples .- lntotmed lr\a! dtey ffi1I/ 
oot t11t.ner oopy or dGlnbine 11\e Work. 

9 OlsUibule the VOR „ ooroa;""' ro, roroommettiii schola,y .., pm,tcoo thooe 
rectt<.',rig coples 81i lrdon'ned 111a1 City nl&y nol ll.l'ltler oopy 01' �UIO lhe WM 

10. Post the VOR 10 ll'l&lf Plf$MII web ?,801 rt lh&r �ye,'s web cagt 12 motllhS 
all8r pu��alion bt AIP Puti!Shilg. 

11 Depo$t ih8 'IOR lo an tlsbOlilonal « iu-�es�na:td r'90Sii:<Y 12 motlL'lS aller 
fl'Jblcailon by AIP Publsllirg. 

12. Upd� a p'lor posUf'9 wOh lhe VOA oo I noocoo,1terdal server such as a'Xiv, 12 
mcr,111S oller oublcailoo by AIP PIJ�lsNng 

Author Wa,notles 

The Werk ls llle orlglnal lndeJ)al'ldent crt.adon d e.acl'I AutMr and does: nol lntringe 
any coP'flgltt 01 ..rate any o1ne, flgl'C ol 111y lhinJ ffMY 

2 The Wo"- hao not oeen p<W""'1y ��•he<I arr;I is COL bfling """'°""° 1or 
pubOcatk>n trseY'tleftl In trlY form.. ex.cepl as a i::,epnN on III noncommercial SM'fr 
sWI as arXIY, or In a thiesis or 0;sser1;mn 

3 'Nf\11en pam1lsslon has beffl obralneo for &IYf man� !Md ffom CXhef sot'Ce5 and 
�lesal lhe pe,irnl$sicw'l gra,1$ h.'lve rieen s� IO AIP Pollllsl'lng IO De incll.decl 
In ti• miWIUSCIIJ)l fil8 
All llilf11.par1y ma'.Oriol lor •Nch perml<slcrl ,,es ... , - nas b""1 pmoe,ly 
crecfOOO wilh\t\ 11'18 manuscr DL 

S 1„ cie twent lha lhe A\(tl(f 1$ sut9eCl to ufl'<el'$ily open access: palaeS; or otner 
1!15,wtlonal restrlc.fOr& 11\atconlfcl wtth any ol  tne tlgl!3« p,0Ylslcr\s of thls lk::ense, 
$1.('h Au!rof Mil obtalnetl the neces.siry w� tmM hls � herU'livefSll)' or insötullOn 

l'Ns llcef\lO must !Je si�ie:I ll1 tlo! All!l,Qlls) ard ln ll1e case ol 11'1'011< Mac!e 1orHh•. itso by the 
C.Opyrgl\l O!Ml91'S Otlo Alf.llOf�ylighl OMT:er may si;.n on behalf ot al the c0!1111butcrs,�ers 
Ollly II 11'8)' oll have """""'°a ihe ,:g,,g, apj>f\lved ol lht ÜC8ll$0, ""' ag,eeo"' oe boond by il 
The �gr,1.-g Al'110/ 3rd, In the case o4 a Wo<1< Ma<le lorliire. lheslgnilt! C<j)yfllhi o.ner 'Nil/l'anlS 
!hat l'ltisl'leAr has-.ill Bllthori!) to enter lrtia Iris tlc se anc1 a:, make tfle �ram:s ltts Ucoose cootail'IS. 

1. The AIJlrli;r nwst please SICfl Md (u:e,,I if i 
orease s1g, urr;ler "3 bei..,

S.S.Babayev 11.24.2025 

Aulllorls) S�""'1.l'e Daoe 

i Tte Col','flg/11 o ..... , (H '"""'" ffOOI ''"' Aut."<ll) must !)lease 591 here' 

Daie 

3 lf an AJJthor 1s a U.S. Gowrrme11tempk)yei& UhAllltQ tTIJst �ase slgn below 
The $1gl'ttlg Alfhor certlliE$1hal tht Work was Wl'l!ten as l)llrl 01 hlsA'ler oflcial OW!$ illChS tnefefOte 
nol �!tlle f�oopyr.ghl ,:rot.ectlon In lhe Uilted Stal.es. 

NameofUS Go""'"'ml"11tali0n(e.g N"'�Researthlaboraro,y NISTJ 

P""tName Oaoe 

PLE.ASE NOTE, NATIONAL lABORATORIES THAT AAE SPONSORED BY US. GOVERNMENT 
AGENCiES BIJT AAf INOE�EMXiNTl Y RUN AAi: NOT CONSIOEREO GO\IERNMENT 
INSTll\JTlONS (HI/ examt>le, A�ne. lll'ool<t.aven, l ........ 1.1wm-ae. Sarr;lla, ano Olll,,s.) 
AuUlofl at ihese �ll" ol IMlllu>llns -� llll• \/Oder ,11 or 112 _._ 

□ Comract#{S) -------------------'' li•I 

Auto-generated PDF by ReView 3rd International Conference Advanced Mechanics: Structure, Materials, Tribology

043TCABabayevAMSMT2025.pdfMainDocument AIPP Review Copy Only 8



Auto-generated PDF by ReView 3rd International Conference Advanced Mechanics: Structure, Materials, Tribology

043TCABabayevAMSMT2025.pdfMainDocument AIPP Review Copy Only 9


