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ERROR ANALYSIS OF THE MIXED FINITE ELEMENT METHOD VIIOH GRARIARINI
ELENENTS

Kalisatarova Laula Muratqy:.
Scientific adviser: Omariyeva Dinara Akylb

Abstract: This paper is devoted to the construction and study of the finite element method-fo
dimensional nonlinear equation of elliptic type. Efjtlesdgpearise in solving many amuli#dms,
including problems of the theory of multiphase fluid flow, the theory of stewicesdaotmar
others. The relevance of the study of this problem is associated wahdthelopeelffectparallel
methods for solving this problem. To discretize the equatiofinige rigewnt method with Bre
DouglatMarini elements is usAd. a priori estimate is obtained, from which the converger
approximate solution to the exactrsédlitavs. An analysis of the accuracy of the method is gi\
example of several model problems in a squarardbthaimesults of the analysis of the method
various norms depending on the diameter of the mesh are presented.

Key wordsmixed finite element method; nonlinear Poisson equation; a priori estimate; itel
BrezzDougla$larini elements.
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Multiphase fluid flow modeling is of great practical importance in the petroleum industry, hyc
carbon sequestration, anclear waste management. Fluid flow models are the basis of fluid dynam
simulators used in the development of oil fields and allow predictive calculations of development indic:

The study of fluid flow models is most fully carried out undepttbe atsacal phase equilibrium
[2i 5]. However, it is shown in many studies thaetingliboium effects should be taken into account at all
stages of the development of oil fields which consists in the delay in the establishment & saturatior
due to the fact that the dependences of the pressure drop on time, obtained during laboratory stt
samples of a porous medium in order to determine the relative phase permeability functions, differ sig
from the theoretical curves ctddukathin the framework of the classical fluid flo@y. thieergffect of
norequilibrium can be significant, since the saturation time under oil field conditions can be on the or
yearT].

The paper considers afthase nonequilibrium flaid model with a generalized nonequilibrium law
introduced in [8]. Determining the pressure field within the framework of this model is reduced to s
mixed problem for an elliptic type equation. In the previous works of the authorsbjizetDd], the st
biconjugate gradient method (BIiCGSTAB) was used to solve this problem. Diagonal and incomp
factorization are chosen as preconditioners of the method; the algorithm is implemented in C++ u:
Eigen library, a comparative analysisminber of iterations required to achieve a given accuracy is
carried out.

In this paper, a mixed finite element method wioBgékiarini elements is used [11] to solve
the problem of determining the pressure field. An a priori estimatdranobthiokdhe convergence of
the approximate solution to the exact solution follows. An analysis of the accuracy of the method is
the example of several model problems in a square domain.

LetWE R? be a bounded convex domiirbardeG = G, C G, . Consider the problem

- Dk(x)pp)+b(x, p)=0, xI W, (1)
- k(x)Ppd=g,, xi G, 2)
P=0p, xi G, 3)

wherep is the function to be defined. Let us assume that thekfugctiodb(x, p) satisfy the
conditions

0<g ek(x)ec, |blxp)-blxp,)eclp- pl @)
Problem (4B) is equwalent to the problem of flndlnﬁ,laq)alH (div;W)? L2(W), such that
gl uz‘(“) (E@p)= (t@lgD) " 1 H, (div;W),

r(am‘fv) (b(x, p)v)=0, Vi LE(W),

where
H (div; W) ={rT L2(W): DT LZ(V\/)}
(dlv W) ={f1 H(div;W): FO'=0 dz@,}.
Let T be a quasiniform triangulation Wt The mixed finite element method is to find
(Ur, p,)i BDM, 2 P, with the conditiogh®'= g,,,, on theG, such that
i - (pdp,)=-(GTg, ), " 1 BOM,,,
i (©ar.v)+ (b(x, p,)v) =0, “vi B,
where

(5)

(6)

BDM, ={" |0 R(K)? "Ki T},
BDM, ,, =BDM, &£H (div; W),
P ={v: v| I P(K) "KIT},
and Pn(K) Is space of polynomials of degree at most

~ ~ N ~
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Under conditions (4), the f((/gllo(\éving inequaIiEi;es hold:
pdi- o) eclpdy - PO +[p- b
Cc C C .
- I + - el ¢ (10 P A +p- Rl )
whereP, and P, are projection operators.

Let us present the results of studying the accuracy of method (6) by comparing the approximate
with the exact solutiorcomputational experiments, the error was determined by the formula

|e| = n|2|aTX| p( K)' ph( K)|’
wherep(x) denote the exact solutim(x) Is the approximate solutiongand the center of the

triangleK .
Problem 1. In the unit square, considebleendd 2, p. 7]

B?p(x,y)=0,

% (0,y)= %(1, y)=0, p(x0)=0, p(x,1)=1+cospx

The exact solution of the problem has the(fosj= L

sinhp
diametell of the triangulation HyThe dependence of the emrdne@number of elements for Problem 1
is presented in Table 1. Plots of the approximate solution and absolute error are shown in Figure 1.

cospxsinhpy +y. Denote the

Table 1
Error analysis for Problem 1
h Nodes Elements Edges &
0.0705 2406 4610 7015 2.687111Q0*
0.0496 5295 10288 15582 1.616501Q0 *
0.0354 9307 18212 27518 8.630193Q0°°
0.0281 14565 28628 43192 6.051073Q0°°

P abs error

16e06 05 1 15 2.0e+00 32e-11 5e-5 12e-04
- oame | = - —
a) approximate solution b) error

Figure T Results of solving Bblem 1
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Problem 2. In the unit square, consider the problem
D*p(x,y)=6,
p(x,y)=1+x2 +2y?, x=0, x=1,

E:0, y=0; E:-4, y=1.
Ky Ky
The exact solution of the problem has tméﬁgr)m 1+ x> +2y?. The dependence of the error on

the number of elentseis shown in Table 2. Graphs of the approximate solution and absolute error are s|
in Figure 2.

Table 2
Analysis of the error of the method for Problem 2
h Nodes Elements Edges &
0.1698 141 240 380 3.10636100°°
0.0776 517 952 1468 6.287641Q0 *
0.0421 1978 3794 5771 1.9727630G0*
0.0279 4406 8570 12975 8.147708Q0°°
0.0246 7662 15002 22663 6.966669Q0°
0.0168 12139 23876 36014 2.92615200°

P abs_error
10e+00 15 2 25 3 35 40e+00 7.0e-06 2e5 3e5 4,0e-05
s | s o |
©) approxi mat e B) error

Figure 2 Results of solving problem 2

Problem 3. In the unit square, consider the problem
p’p=e xy(xz + yz)’
p(x,0)=1,0¢ x¢1,
p(x)=€*,0¢x¢1,
p(0.y)=1,0¢ y¢1,
p(l,y)=€?,0¢yc¢1.
The exactodution to the problem has the fpfxny) =€ ™. The dependence of the error on the
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number of elements is presented in Table 3. Plots of the approximate solution and absolute error are
Figure 3.

Table 3
Method error analysis for Piein 3
h Nodes Elements Edges |e|
0.0705 2406 4610 7015 2.68711100*
0.0496 5295 10288 15582 1.61650100*
0.0354 9307 18212 27518 8.630193%0 °
0.0281 14565 28628 43192 6.051073G0°°

o
00e+00 02 04 i 24e-10 286 4:25 “oo. 8e6 1.0e05
| | & -
E—— — -— - - -
©) approxi mat e B) error

Figure 3 Results of solving Problem 3

Thus, the presented method (6) converges with the second order. The results obtained will be
solving the problem ofilvase nonequilibrium flow of angressible fluid in arbitrary domains.

References

1. Fucik R., Klinkovsky J., Solovsky J., Oberhuber T., (2K8Rdultidimensional mikgtrid
finite element method for compositiofddaeoflow in heterogeneous porous media and its parallel
implementation on Gpomputer Physics CommunicatR$$65 180

2. Puscas M., Enchery G., Desrozig&818)Application of the mixed multiscale finite element
method to parallel simulations gfhtyge flows in porous mediiaand Gas Scienand Technology,
7338,1i14

3. Salinas P., Pavlidis D., Xie Z., Osman H., Pain C., Jackgoh8)Discontinuous control
volume finite element method fophagdé flow in heterogeneous porous media. Journal of Computation
Physics, 352, 6@14

4. Zhumagulov B., Temirbekov N., Baigere3@1/JD.HKfficient difference schemes for the three
phase neisothermal flow problem. AIP Conference Prod&Sfli0go00}, 1i 10

5. Bastian P. (2013). A-fallypled discontinuous Galerkindrfethiwwphase flow in porous media
with discontinuous capillary pressure. CompGttgriahce$8(5), 779 796

www.naukaiu




~ \\ \\ ~

it RaEOFT Adags 0. 002

6 . ANO2LEdzdd u. (2007). [ OIj®BOBdyUy MEtsy dBsSH]
dzj BH dzstcts H dzts 2 quQBﬁ]élsquchISJ’ts]IBGﬁWﬁ]Gsf” Mtej HOR. [ dMm
7. 1 Otcj dzB dzOIsls | 1980 . | d\dgdae/Qugj dt€ asj MelzOW (W d dz! Is te O

NdHEBMIs] 2. uvMIPB d3j -~ Odzd ¢ d,

8. [ttdBOcOBBjIstse uv. (2010). o¢dzetstedlsdyz ydmdzj da
L OC Bdzs 3 dzj RQeodptplsjdiydzts iy d AFOL | EPEJHWUDHA OY L

9. [BOdjO90 1., 102citejio 1. (2019). wutcOo dz,
HOo dzj dzedw o L OHOVYJ dzj tcOo dztso j it dzdzt af @y dsticd2dgts{dfiz
SOLOrMIsOdzO/f jH Ol AOEB®H dzs 2 4, I68D2Y j o J dzyd d, Y.

10. vjdBBdwe J Stse 1., 1 02cjtejdo 1., ] 3Oted j 9 O
BdMtsftew y jdzdz" » GCtOHdJ dzlstse Hdzv tojh jdzdw BktcOo dzj dzd
W ddz' Istc Oy dsd@ Ly hR] SHBIGESD ¢

11 Zhang S.X2@19. An efficient implementation of-Beargiadlarini (BDM) mixed finite element
met hod i n MEB08I0G4#S 1119 Ar Xi V. , B

12. Fabricious U. (2008). A parallel algebraic multigrid for finite elentient d$thetiPoisson
equation. PhD thesis. Erlarigksp,

13 Gatica G., BaierR.and TierraD®(( A mi xed finite el ement
pressure dependent porosity. Mathematics of Co2@uthai,

14. Auricchio F., Veiga Brezzi F. and Lovadina 201} Mixed finite element methods.
Encyclopedia of Computational Mechanics Secorid E8&ion,

15. Vorwerk J., Engwer C., Pursiainen S. and Wolters C. (2016). A mixed finite element method
the EEG forward lgeom. IEEE transations on medical iMa@@aRH41

AaROY0O-ARRI EDIRAOB I



i+ raeor|E

S_?Qé/i\G BGEWZQS@@&@GQC
3 0 DA aj Dz D7

aOa Ea @EOéR
fr]lslz jdzls 2 CEtMO ¢
A1 Juv 1 [ ¢cykoOhMmMCd?2 ctmMkzuOteMmise j dzdz ,2 (kz=thffipd W

I 8B Y2 vH Odedzs 2 MMz Hise Olsj d2! MS 52 OB B jOA
ydd OB’ ¢olskOlsdL Jose Odzdz’ & wdflsj ks vy ke
Odz' degsfyls: Isj s tBLEMdss dzj z0 dzj ¢ - tedd g5 tigls 1 sd
o Odzd" ftotsd hdzjdegder & ftwjHftedwisd?2 o bkfdse d on
BislsO OdOdzdL dqiekzjls Mkh jmsokzs hdj djlssHr i IEF
kO, Bd hdi HOdE 7 J sCaEGQddi Iy fdsidshgy?
dzj dzdz" &3 dzg©@ Y tseor h jdad] bydsfisd ftoscdsL Jiosd €
dzj dzr fteddzjter bk jh detsets odzj Hicj dad W d dzdats © O ustf
pOdy o' oH' GifePoi o dOl odgBJY d o L d3s:
9" a tojh jdad?.

sdksyjoerj mMhseO: duuv uvd), sfldidLOoydw, JhGk
Zsedd, fotscdsL et Oddj, cdBStMmis: ki 0o dajd
sdw, ddzdeso Oydd, odzjHtcjdedi, L OlstcOIsr .

NEW SOLUTIONS TO OPTIMIZE THE OPERATION OF AUTOMATED CONTROL S
AndreeDenisAleksandrovich

Abstract This research paper examines modern approaches to optimizing the operation af
cess Control Systems (ACS). The relevance of the topic is due to the need to improve theaef
bility of industrial enterprises in a dynamically developing technological environment. The twc
ing optimization methods, incluéingehof artificial intelligence, big data and cloud technologit
attention is paid to new solutions aimed at improving forecasting accuracy, management f
reduction. Examples of successful implementation of innovaties tecantdotated control syst
are presented. In conclusion, conclusions are formulated about promising areas of developr
barriers to the introduction of new solutions.

Keywords Automated control systems, optimization, artifieiat@tbltigdata, cloud technologies,
casting, management flexibility, efficiency, reliability, industrial enterprises, innovation, impler
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THEORETICAL AND EXPERIMENTAL STUDY OF AERODYNAMIC PROCESSES OF THE
BALLISTIC TRAJECTORY
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Abstract: The most accuratetiheel for studying the aerodynamic properties of a body in free
conduct experiments on ballistic installations and specially equipped ballistic tracks. Howeve
is impossible to conductdalle tests due to their high odstlifficulties associated with creating ¢
model or insufficient equipment. In such situations, you can use modeling and numerical ¢
various software packages. One of such packages for solving problems of fluid dynamit®d(
in free flight is the OpenFOAM (Open Source Field Operation and Manipulation) package.
Mathematical modeling of the flow around bodies of various shapes is an important part of h
aerodynamics. [7]. It helps to understand howéqgedesinteract with various objects to impro
dynamic parameters.The study of the aerodynamics of bodies in free flight includes theyar
namc forces acting on objects in motion through airspace or other environments. Bripendagte
aerodynamic drag, lift, stability and controllability of objects [1]. Research continues to edsh
ern modeling technologies, computational methods and experimental techniques, which allc
our understanding of aeradimahenomena and create more efficient and innovative technic
and is at the intersection of fundamental science and practical application [2]. At the neen
search in the field of aerodynamics [3,4,5] is actively conductedemrchacgnters and univers
around the world. They include both theoretical research using mathematical models andxsir
perimental research using various laboratory setups and technologies.
Keywordsmathematical modeling, aerodynaxpesneental data, ballistic trajectory, numerical n
aerodynamic characteristics, least squares method, model calibration, statistical analysis-v
tion, fluid flow, body stability, air resistance, flight parameters.
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1 1Ux=U, UyUZz= 0 , o, RePskesko, ¥ =¥0;

1 Ux=o, UyUZ= 0 , o, RsPskoko,¥=¥y;

13: BBvceC¢dj ctwOdzduyds § Emzsedw Hdv eMmjinr f OO

— m

14 kfmdzseodw ftoddzdti Odad W

(Weuy=uz=0,grad(n =0)z M dztso d ¥ Is j(dfakts=@) tsdz¥ yd d

1 OyoOdzr dz" § BEfMmdzse v :

Ux=Uo, UyUz= 0 , o, ReBskesko, ¥ =¥

Il sy M stesMmisj?2, Isj i jteOlsizter  HOoadzj dzdw f tod
sftej H] dzZvw dzd ! dzO BMdese Oded d yd 82 dzdets & ts iy BB Hif- Bzt & {5
stso fHtotsotsHddzOM! MBBtet MY ts@d yisls @z j the dzBfd ldzdf Is ( tc df fe
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BsH jdz2 (Shear Stress Transport), fdtse OdzdzOv dzO
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111 Juv 1] citsmMssamMits] BBA&ZOMIsdats] EZydd

I &y Jmidj Hse QEafy j H Razdjuj Gk dzdffL © B j ifiys
fsd LsoOded™ M jofloseddstsyf dde RzOM tsfidslog Ba
©r j LOdd®Os sy Misclsde ds?2 ¢dddeomsds s2 .
[OjtedOd d &jlssH . 1 1CMfjeddj dsQd Hlsse
HjobkhjC Mmitsklshmdj dss fMsOwhj 18 djls. 1Mmj sy
ol a5y Jdz¥W steRdtese Odzdesj Mise zOMd | 2O kyOfls
d Ui MSdi L OB fsdzj o O ot wOlsA] 3 jlede® d dzv oz’ § L
tf cismsseomSts) ®©BE&OMisds] bEydddhj (S sddjH
OB SEOlstedy j §SCOLO)d&d oMmjn kyOmsdds s .
{jLEd OIsT . 16 OdzOcdzdL j L WWjCldo @sfglsdygd!
Colstster j L OdddOs kv M stelsde des?2 ¢ ddBdOmisds s2
Edkzz yh O s tcOKEldE uszsdisH tSuddt€ 50, O kOSCyj dst
OHOf IsOYdtsdedz’ 2  fAtptisfy Hzydf iQlsits g j figfcfidy sqidatslzw, J sy lsf so '
stcj dzd tetso € .

1 OC dz¢ yj dzd j . l o jHjdedzr 2 1S jteddsjdels HOJIs
fejHmlse HEY ddy, Sslse’j LO0dddkoskshY nfsels
J 3w h o'y seEmisdCd, MYBEEE I ke O Cdad dsdOmyidy
LtoEtsE jdzder j Mtej Hinlse O.

THEUSEOFERGOGENIRBRUG®URINGREGULARRAININBYATHLETEOFGYMNASTICS

Gorshkovévetlana/iktorovna
Semenov®lgaOlegovna
Babakhova@\liceAlexandrovna

AnnotationThe purpose of the study. Ty stod analyze the safety and effectiveness of the us
ergogenic probiotics based on Bacillus subtilis in athletes who are engaged in gymnastics.

Materials and methodk the experiment, clinical observations were carried out on endiir
athletes over the age of 18. All participants signed a voluntary informed consent to particig
included in the experiment. Also, all participants had no serious chronic diseases. Volunteer
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regular sports classes at tie#d® Regional College of the Olympic Reserve. The clinical and{a
rameters of all participants were evaluated.

Results.When analyzing the effectiveness and safety of the use of probiotics in athletes whc
gymnastics, it was fothat the use of this drug improves the functioning of the gastrointestinal
as normalizes the nervous system and increases the adaptive potential of the cardiovascul
makes it possible to increase the effectiveness .of training

Conclusion.The conducted experiment makes it possible to recommend the use of ergogenic
ple who are engaged in sports.
Keywordsprobioticsportsgastrointestinahctjntestinegdaptatiotrainingergogeniagents.

10 MpcagRdevH j dz@ fteddsj dzj dzedj ftesBdBlsdStses o MY
Y stelshdsj detse § tsH o j toy jCd N jiuteissecdr] d4sOelD Clsjiziz(Hrissuudsts, €
sctcOdzd ydo O Is tcOBSIssMf sMtse dzsMmis .

[ dzv ktejeolkzdzdtetso OdzdW H Odade” ~J U de@sadiz] dite tsdajO=ipde’ t5-H dY
shdeseo ] fJtotsBdtslsdS 9. g4 stelsmd3j dzr Bdzsc d = MistcOdz
M selsmd dz20 d §sdzzyj dzdv dOder mMhdr ©jLEZdz Ot
ydmeédy HtwesuHkzCIlsr .

(thd R.R. [ Juddfidstey jdglets " Giisdzjf dzOf tc ©Oo dzj dzdzetsj dL d3d
B ¢ tetsW dztste’ - O eyt gdsts sStcOCISO flzlsjd3 99 jHjddw Xy
Hdzw f tsHOo dzj dedwv ocdzd dztsfylsdz" = RBJCteststec OdzdL d3goe . € Is

Medn JohHR] Hiseyj dz' ¥ fsdkkzyj v Bdsdscdyuj MS@- OSIs
LT 908 hdn fsdoydlsjd desj Hj2Msadj dzO0 Btee Odzed L 3,

RABBzdsdzsedl JR EdDafBsg g .j R Htc. dLEzZyoOodzd jMmisj Mmls
stec Odzd L BBO. wtsMisswdzadj dddzzdedets? MdMmisy d3r tsthe Odzd L
hjyded €O, Jjets BIStesBdByl dsL sd3, O OCY | BHE tetsB (
ZsysSd tlsO, dOtekzyder n ftsdkzcer » ttecOdtses d . . [ 1

[ Odzedz" | dGZdatsedOAs jdfyfdzjf sCOL " 9 O Is, Yt fMsoesC Y dz
v e lsfw Mot sBtOLd &3 { CMstcOS e SteOdz! dzf f Biec Odzt
fslsj dzydOdzO wtecOdegdL O yJj dztse j $ O, yYybts Lo dvjl
tectsHZOCG L YPMlsdesmisd MYy stelsdode §j [ 2, 4] .

[ idHEdRZOtsHd 2 tdddkfd2ms d2-1Casidgigjols jL Qiydaldias ts to
sste’ §J Htod f jtostcOdz detsdy u’teq’Jd3; 9 Isjuyddedd dzj m¢ts
BOCIjted?2 o Cdhjyddsd [1,5].

lt slsdyd MSdy Htoj f OteOlsT o MtcOodzj dedj M drtckze d
9" n BdCtoststccOdzdL Gso, Ctslstster j| HO¥ s §sdzsydlsj dz d

r dzv sstecOdzdL 30 MY stelsmdzy dzO tsyj dz2 dzj sB R S8 BB,
tetsW dzstelz dzt§ §f tzp yilzgec 5 S OC SO, O IkOSYj tsB dZOH Oz
90xydz' j &jsOBtsddUuiMEd) syl M’ stecOddL BO- MYt
LB OdedV tj MztemMse BcOddL &30 MY slsmdzj dzO, P qilsg MY
St OdzdL BBO BIs t©OL dzd ydzr = L OB tsdzj 9 Odzd 2 .

10 fMJjcetsHdawh dzd 20 HHjdddz diats Hdz@Bdasets dzjl ju sd L o j Mlsidz” =
MlsOoadlsj dzj 2 tsHO BOYdddzd. 1 td hddmlsets B OS dsj-ted 2
0JCO d Ndsits s OdffuddsfiidstdOjdd) dinte Hj . [kMlzisMmise dj
jlsOBtBsdzdlstse ftsLoatsdzV jls MydlsOls: dr dOdBdzj j

) 51 BBz yjd ¢ Oh jot qhmdj Hise Oddw iyl dides f
Jqodzsfls: My sd Lso Odzdfic fBdihisilod Sats 0! @GS Gty gt &
siRj detsS, Ctlstster j L Oded BOs kv M tstelsdo dzs?2 & d
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) jcs OO mMisklshdj dss, Ccst’ j dO feslswyj dd
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EXPLORATION AND DEVELOPMENT OFEMEBHRATWEHHYDROTELMAL RESOURCES:
COMPARISON WITH OIL AND GAS RESERVES

Tillaboev Jamshidbek Mirzarakhimov

Annotation Exploration, drilling and development-fnipghature hydrothermal geothermal res
usually borrow ideas from the oil and gag.ikthyséver, some methods in the oil and gas indust
quite applicable to geothermal resources because of different geological conditions and explt
Exploration of geothermal resources is aimed at identiéymeetagire ratkquids, and the advant
electromagnetic method is mainly used to identify geological structures around geothermal rt
of its low cost. As for seismic surveys, mainly used in the oil and gas industry, it is difficult to
associated with higmperature geothermal activity, except for high cost and high time consui
oil and gas wells, geothermal wells have large borehole radii and high casing corrosiorete
ments. Lodensity drilling fluids atenofised because of loss of circulatiofhdpdéner wells mos
complete conventional geothermal wells.

Keywords:Hydrothermal Resource, Oil and Gas Resource, Research, Drilling and Comple
Development.
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THE IMPORTANCE OF UX RESEARCH IN THE SOFTWARE DEVELOPMENT PRC
Savinykh Alexander lvanovic

Abstract the article discusses the importance of UX research at various stages of softwarael¢
metlods used at each stage are described, including desk reegdncimtenviews and UX testin
addition, the article focuses on the importance of regular monitoring and assessment of the
product to prevent deterioration of keyarsd

Keywords UX research, software development, users, qualitative research, quantitative re:
functionality, metrics analysigpgth interviews, monitoring.
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MATERIALS FOR CONTAINERS FOR COLLECTING BATTERIES
Poddubny Nikita Sergeevic

Scientific supervisors: Kudryavtska&¥rgeevne
Ermakova Lidiya Sergee'

Abstract The article discusses the main materials used for containers designed to collect u
public places. An analysis of aluminum, steel and plastic is carried out in terms of strenc
sistance, cost and environmental friendliness, as well as their applicability depending on the
of the container. Additionally, existing models of containers and their intended use are consic
Keywordsstructural materials; battsrycling; container; environmental friendliness; strength
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RESEARCBF FROST RESISTANCE OF DIESEL FUELS BY EXPERIMENTAL METF

Manapov Kuandyk Yerzhanu
Bolotov Aldiyar Altauly
Kenzhegulov Aldiyar Bakytzhanovi

ScientifiadviserMyrzabekova Dinara Myrzabek

Abstract the article discusses the issues of changing the operational properties of summer g
the addition of certain tygfawmixtures when used in winter. The methods of conducting the re
theoretical methods, namely analysis, modeling, classification, analogy. The results of as
resistance of diesel fuel by experimental methods have bed@ydb&amethod of comparative ani
of the operational properties of diesel fuel, the composition of special mixtures ensuring
resistance of fuel to freezing in conditions of negative temperatures is justified.

Keywordsdiesel fuel, ftoresistance, performance properties, mixture, fuel fluidity, fuel stability
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