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gl r1fs [dzcO | OHJd®Bs dzO

HsSlste IsjRdeduj MSdE d&OkS, HEeyjds, foslhjmhse SOW Ht
Cd d +CMfdzOOoydd dzjWhwdr 2 d ¢OLBe' 7 B MistisyHjd
1 jjeekteeMSd?2 cody J Ok tzi © O dgeg izl d

fMlseOydd stOmksp OBREOHE (S BOBOOLBA 6 dzd B H .

SAVENOK Olga Vadimovna

Doctor of Technical Sciences, Associate Professor, Professor of Development and
Operation of Oil and Gas Fields, St. Petersburg Mining University, Winner of an
award of administration of Krasnodar Region in the field of education for 2015.

1ofreovsrRur [ ?2 1011V 1] t-FF-$-5-v-f-fDEPUTY CHIEF EDITOR:

TotrR1U {1 O vO! WwdzO ¢ dzOIstsdz! j o dzO

flsOteh d2 ftojfsHOoOjd COWjHter tkMMitets WwWLrMGCO Ay

cskBOdMCd2 ctmkzuOtMmlse jdader 2 Isjndessdzsedyui MSd2 kdedojte
PARINOVA Tatyana Anatolyevna

Senior Lecturer of depart ment of Russian Lz
technol ogical wuniversitye.

trrosArRf11 38 s-f-df-o- EDITORIAL COUNCIL:

dpL1¢0f L] AOtdl ¢CttOBBso dYy
HsCltste sjRdduiMSdRt, O &Y jisite] MHOW j Hisr

clitejdedy djWlkwdzr o d eOLBoearn MCoOYdde aAgtfuv 1 [ ¢v
ctsfzH Otefilse j dedz’ 2 dzgj Wiswdets?2 Isjodedfad MSd2 kdzdoe jtefmdlsjlse
Md2Mets2 ¢COHJBId [ MisiMmise jdedz" » 1 OES (Tt ¢r1)., udzj dz
¢ tstedz 0o mozg, ydzj dz qumgmbwuq¢mm@csom§9459 [ 212.2
ALJJu 1 Wdd&smSd2 etz OteMmlise j dzdz" 2 dzj Wisw dats?2 s n dz
Izdzdscjtsfr]q’lsc;lse, ydzj dz Hdmmj elsOyds@dtsets Msea j SO 1 222.
Lj uvOkOtS Hdth) dg@sgdis j dz2 MCsets d qms;gbmsgs d dzfyls d Is L
dzj Wisd dd&sdd dzed 1 . 1. zOhddz© (1 ¢ coOIlsdzgjWis: e), 1 OMmdzzy 4
s j d&zOk &zq tsmqumcsz AjHjtOYydd, | Ofdzizy jdede 2 HjWlsj dz!
tdmMfEedzdSd 10" CtstelstsMmis Odz.

AGZAMOV Farit Akramovich

Doctor of Technical Sciences, Professor, Pro

depart ment FGBOU VO ¢Ufa state oil technical

Academy of Natural Sciences (Russian Academy of Natural Sciences), Member of
Academy of mountain sciences, Member of dissertation council D 212.289.04 on

the basis of FGBOU VO ¢The Ufa state @il tec
tion council D 222.018.01 on the basis of the Tatar research and design institute of
oi l of V. D. Shashin (PJSC c¢Tatnefte), Honor

Federation, Honored worker of science of the Republic of Bashkortostan.
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BAYRAMOVA Aygun Seymur gizi

PhD in Technical Sciences, Leading Researcher, Azerbaijan National

Aerospace Agency, Institute of Space Research of Natural Re-

sources, Azerbaijan, Baku, Azerbaijan.
lrsruvfl wjtc] I stedmtse d y
HsCIstste Isjrmdzdyd MSdr dzOEZE, ftosW sihmtste, fotsW j Mitste € C
WdLrduyujmMédr &BjlstsHtse tdmMitse d w@OLO jJHEd d&j Miststey H |
2" n dMEsfO]J B ncnj e I OLMEd2 WJiHjteOd dg 2
Pdzdo j smMdlsjlse, 1 tyylsdy 2 twOBBIsdzds d&OzSd d IjrdzdCd ¢
tcOBtSlsdzd ¢ cOL B2 ftetsdir " dzj dadzets iy lse-, 1 syyY Isdzr 2 tcOB 5ls da
dz8 dzj e jIsdyui MEse s Ctsif dzj ¢ MO, 1 ByY Isdzr 2 OB ®BIsdzd & dzC
dzd¢d ttshmd2mMéts?2 AjHjttOyYydd. ) 2o @teh d2 L &z0OC Mo . )
dzd yr 1 Otco Ots”

BEKETOV Sergey Borisovich

Doctor of Technical Sciences, Professor, Professor of department of geophysical

met hods of search and investigation of t he
Caucasian federal uni v e rs@ende yard,techHotogyoof thee y  wo r |
Russian Federation, Honorary worker of the gas industry, Honorary worker of fuel

and energy complex, Honorary worker of science and technology of the Russian

Federation, Patriarchal sign of the Saint great martyr Varvara.

IJJ?2YRS[]I O 1 OHJYHO 1 dECts5dzO] 9 dzO

HsC Istste aRdezaitedszse d yj MSda dOkS, OHtsyj dzls, LO9 jHEZE M QOW
WjHtts? Gc;tsdztsdqcf/\q!zgﬂlsqjq' EPMBtc @R OdzMC d2 et
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tdr1, ydzjdz vf [ 5 ftedS ZOHds?2 BEsdEZsedd MY j ydOod detsf
Gdw dzgiWiIsd d eOLOe, yYydzjdz (2mMMEiBets 6 tseteOVWdUd MEBEts

GOLCHIKOVA Nadezhda Nikolaevna

Doctor of Geological and Mineralogical Sciences, Associate professor, Head of geol-

ogy of oi l and gas depart ment FGBOU VO ¢Ast
Corresponding member of the Russian Academy of Natural Sciences, Member of

UMO on applied geol ogy of specialty ¢Geol o
the Russian Geographical Society.
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Ydzdzr d3 Is§ = desdztse d W o, fsyy sdzr 2 figsW j Mhste s OtcOC Odzf OF |
HOteMmise j dzdztsets kdzdo jtefdlsjlsO dagjded 1 jteH OF.
MUKHAMEDGALIYEV Bakhtiyor Abdukadirovich
Doctor of Chemical Sciences, Professor,Prof essor of ¢Construm-ti on Me
istrye department of Tashkent architectural
KEIO University (Yokohama, Japan), Regional Expert of the UN in the Central Asian re-
gion in environmental protection and ecology, Regional Expert of the international scien-
tific and technical program ¢Gl obal Emvironme
tries of Southeast and Central Asia, Scientific Secretary of commission of experts of VAK
of the Republic of Uzbekistan in natural sciences, Expert of the State Committee of the
Republic Uzbekistan in science and innovative technologies, Honorary professor of the
Karakalpak state university named after Berdak.

fomofruvzrl (MO 1 O0Cdjody
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MUKHAMETSHIN Rustam Zakiyevich

Doctor of Geological and Mineralogical Sciences, Professor, Professor of the Trofimuk

Department of Oil and Gas Geology, Kazan (Volga Region) Federal University and the

Department of Lithology and Geology of Combustible Minerals, Ural State Mining Univer-

sity, corresponding member of the Russian Academy of Natural Sciences (RAEN) (2015),

member of the Expert Commission on Oil and Gas Problems of the Higher Attestation

Commission of the Ministry of Education and Science ofthe Russian Federation, member

of the Russian Society of Experts on Subsoil Use (RSESU).
gRf J1Cc1A wjteej?2 [ dfOtedtseady
HsCIstste Isjrdzdud MSdrm dOEZEC, ftesW jinMmsts, ftosW i mMmtste ¢ O
dzd w dzj W Isw dz' ~ d cOLBer n MCoOyddz t 4 v dzj WiIsd d GOl
R. [ . Iz g MIso dIsj dz' dzr 2 @ ydzj dz ( @ OH j o3 € ) t smMimd2 mMe s
Hi®Bdd JMmisjMmise jdade” = deOEZS ([ or1)d- Hi2Mbsadlsjdz dg" 2
®dd bjrndsesedyjmMSdns dOkS taA, ydzjdz HdMMjtelsOyd tsdzdz
[ 212.200. 15Mfitd® ME@IEjs tctsMizH Otmigs j dzdzse s kEdzd o j tefdls
kO (&ZOYydodzOd dzf 2 dhidzj Hise Olsjdzr MSCd2 bkdzdoe jtemdlsjls) d
dsj ded R.[. 1 EBCHdO, ydkjd (Chfjtldses M jlsO0 &
dZj Wisd d c¢OLO lé¢s Htod [dJdsBtedOzSd {shmMmdd, [ OkztjC
di3j dzd OSOHjBISO R.[. JbkBSCdgiswEdaE89), 1 tyy lsdz 2
(1998), 1tyYylsds 2 telOdjstsdzdl€ d UsitSdfcotsiztsS 5 i3 dzj € MO
(2000), 1Yy ldOw MmjtejBtew dzOW &jHOd J1.RrR. | jtcdzOHMC
(2010), dZOCGLOYHY dz Bj wPde!dw ¢ s O@dEIS( 18DT ) ,
ydzj &z tejHOSydsdzdz & D geibp M < dzb k2 yydiste dzO dzts o
cl jMmMsdef&ydhdydd BERZtetse' 7 oHtewHYdSEseoe d culstetsdlsj dzi -
dZjWhwdr 7 d cOLBea" 7 MCoOyddz dzO Mmkhj d dzO0 dhBste e .

SIMONYANTS Sergey Liparitovich

Doctor of Technical Sciences, Professor, Professor of Department of drilling of oil and gas
wells of RGU of oil and gas named after I.M. Gubkin, Full Member (Academician) of the
Russian Academy of Natural Sciences (RANS), Full Member of Academy of Technologi-
cal Sciences of the Russian Federation, Member of dissertation council D 212.200.15 on
the basis of the Russian state university (the national research university) of oil and gas of
I.M. Gubkin, Member of Advisory Council on problems of oil and gas of VAK at the Min-
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istry of Education and Science of the Russian Federation, Winner of an Award of a
named after academician I.M. Gubkina (1989), Honourable Qil Industry Worker (1998),
Honorary Worker of fuel and energy complex (2000), Honourable Silver Medal of V.I.

Vernadsky, Ru53|an Academy of Natur al Scienc
Commemoration of the 850" Anniversary of Moscowe (1M97), M
cils of the scientific and technical magazi ne
torse and ¢Construction of o0oil and gas well s |

g[[[172110 1Odjdsddo | S sd&Oj o dzO
C OdzH (lsi jOfsdzd uj MS g7 dzOEC, MlsOwh d2 dzOkydy 2 MelselzhddC,
W jdedzr 2 ©wOBGlddS daj Whwdes?2 d COLBot?2 fsd N dj ddesmlsd

SOLOVYYOVA Valentina Nikolaevna
Candidate of Technical Sciences, Senior Research Associate, Honoured Worker of
the oil and gas industry of the Russian Federation.

stfru?cs ¢dzj EMOdzHte S tsodzi 9 dy

HsClstste IsjodedujMSda dzOkS, ¥ jmmste, LOsjHEs {2
CldWlkjcOLtsar j sjrddSO d bjrdsdatsedde aAgQJafvu 1 { C
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M telsOydsdzdztse s Mtse J SO 212.304.07 fted aAgsJvuv 1 [
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M2 AjHjtOYdd, GOGCELOYNHY dz SH i { sMd2MEs2 OC OH
Mlse j dzdz" = dzOk & ¢ sQ yjBzo e ddgj ded 1.1 . vOlsdh j 90O,
ZOGOYHY dg dBj HOdZ 8 ¢1 0 LOMzEgditzj tcjH kddoe jtemdlsj st

wjdedzr 2 OBGIsddS o' Mhj2 hemsd {6BMMI2MEE2 AjHjtOydd,
Bs fsyylsdtsj LoOddj ¢) Ofmdzzy j dedy 2 fes¥ jmiste Stqiuvu (1

TRETIAK Alexander Yakovlevich

Doctor of Technical Sci ences, Professor, Head of Departn
and technologiesé FGBOU VO ¢The southern Rus
(NPI') of M. 1. Pl atové, Academician of rthe RuUs
man of dissertation counciD 212. 304. 07 at FGBOU VOa-¢ YURGP
tove, Honour abl e prospector of subsoils Honor
sian Federation, Awarded the order t hael- Russi ¢
vantage to the Fat\N\e Talislached, élonousdneodker af the higher

school of the Russian Federation, Awarded wit
sitye, Honorary title ¢Honored professor of Y

MRrIr1(Cs Jtdetsted?2 1 jlteseady
HisClstste Isjradzdud MSda LdEziSHE: §ftd8Y jnAisitH to ts 2
CliWlsjeOL o j Ijrdtsdzsedde a4 Jiuv- 1 [ ¢l jteddmSd?2 dzOy
dzr 2 dmmdzj Hse OIsjdzr MEd2 fedzdsjrndzdyi mMed?2 Edzdo jtemdlIsjls
HIZHNYAK Grigory Petrovich
Doctor of Technical Sciences, Professbr, He a
ogiesé FGBOUN®YOi gRal mResearch Polytechnical
CtrfRrRBYULVS ( B5BOd w4 & dsody
HsCltste Isjrdeduj MSdr dOkS, (W jiihste, (sl jmhhst ¢ O
dedw  dgi Wlkswdgr 7 d G OL tsoA 5O difSsee GpL dixwlz ts R edBDdyts]

ZOdz dzsets sjRddujMStsets kdde jtthdsjlko dj%ksd d c¢OLO,

HiWlspga@lzCd vweuwt, [ OktjOls |tz ®emlse jdedzs?2 Htoj BJd o
fMlsd dOkZCd vStOddzr , dOCLOyHYjd Hsy fdsd ¢1 0 L OMdkzede
dzd , Hy2Mmisa dlsj dz dzgr 2 udz;dz 1 Okzydesets tsBh jMlso O dd3j dzd
OCOHJBIE vVEttOddzME B2 dzj WIsjcOLtsoats?2 OCOHJ B, RdtsMists

8



52 OCOY jlztgf § @RS Misfakgj dzd | . | jtedzOH M G ts,
% MjtejBtew das? BjHOd 5 dd3jded ) jtedzOHMEBEs.

YAREMIYCHUK Roman Semyonovich

Doctor of Technical Sciences, Professor, Professor of Department of drilling of oil

and gas wells of the Ivano-Frankivsk national technical university of oil and gas,

Honored Worker of Science of USSR, Winner of the State Award in the field of sci-

ence of Ukraine, Awar ded t-idéegree, Eukt MembeFad r Mer i
Scientific Organization of Shevchenko, Academician of the Ukrainian oil and gas

Academy, Foreign Member of the Russian Academy of Natural Sciences of V. Ver-

nadsky, Awarded with a silver medal named after Vernadsky.

[ sCIstste [ ytsh O [ jdzjL d s tsdadzj

HsSClstste mnddidd KBOIjtedOdzse, 1 tedfmlstsd , l jdzd ¢ sBtedIls Odzd"
dzj CIsste, tsls H ( ldzH jrddjdgiddd, Jfl]lSJfl]lSSJdEdZ»: zOk ¢, ctsfmizH O
Mlse j dzdz" 2 [k dzd o j tc fipAstgiClss tddsj, € 1 dietytddd v .

Dr. Joshua Lelesi Konne
PhD Materials Chemistry, Bristol, UK, Senior Lecturer, Chemistry Department, Facul-
ty of Science, Rivers State University, Port Harcourt, Nigeria.
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Annotation. This article examines modern
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U dzj wegits k2 oz Cf o 0Oy Cf s dzdzts @ C s dzj S fi) ggglt of a mobile ener_gy-reclamation complex
- gned for the disposal of coal waste

ZisddzdL Oydd Ekcetd dz = tS se © dZtS ® . S| dumps. The complex is based on an adapted
sdtctse Odzdzts2 s j n dZIS dZsedd fHHLJ d3d235— underground coal gasification (UCG) tech-
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Eetsd ds? lteOmndd d Mo 2 Mise Od ' 1§ poperties of coal dumps is carmed out. The
dzr | 1 sO0fr tjOdzdL Oydd fHtesj CIsO:i - initial stages of the project implementation
i ClsO HilOd ow cOL O | HEO g are defined: preliminary analysis of the site
J‘J’ q & gz dzccfl . & dzq. diz ii & ¢ ez JIS do O f(;-] chdi and detailed exploration with modeling. It is

G J d 4 BBEB 4 ! 50Yds shown that the use of a mobile ener

- . gy-

MO fLetsdvjls tjhdls! ItedjH d dzlz ¥ - reclamation complex makes it possible to
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dztso d Is L j dgdzd . facitlity, d‘g(tan(?)ra(tjeI dcijstributed energy, and

restore disturbed lands.
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Annotation. The article addresses the issues
of electricity consumption metering for gar-

deners in horticultural non-commercial

part-

nerships (HNCPs), which remain pertinent for

the vast majority of currently ope

rating

HNCPs. The characteristic features of the
metering tools, methods, and systems em-
ployed in practice are identified and de-
scribed, and a comparative analysis thereof
is conducted. In particular, the advantages
and disadvantages of various architectural
solutions and communication technologies in
use are examined. On the basis of the analy-
sis performed, the authors summarize the
key attributes thatn-¢

sumption metering system for HNCPs

ought

to possess. In doing so, the authors indicate
a direction for the further advancement of
such metering systems, oriented toward im-
proving their reliability and cost-effectiveness.
Special attention is given to the necessity of
simplifying metering labor i both for the gov-
erning bodies of HNCPs and for the garden-
ers themselves 1 while simultaneously ensur-
ing low acquisition and ownership costs for
such a system. The authors further conclude
that the subject matter raised in the article
remains insufficiently studied and warrants

additional investigation.

Keywords : electricity consumption metering,
problems of electricity metering, gardening

associations, metering automation,
metering devices, labor simplification.
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Annotation. The article examines the concept
of integrated coal field development aimed at
improving resource efficiency and reducing
the environmental impact of coal-fired power
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Annotation. The article investigates the effi-
ciency of coal enrichment and gasification
methods for application in energy technology
complexes in the Republic of the Union of
Myanmar. The relevance of the work is driven
by the i mplementatiar
tional Electrification Program, which envisag-
es increasing the share of coal in the energy
balance to 33 % by 2030. The study analyzes
two main types of fuel preparation: coal-water
slurry (E-gas and Texaco technologies) and
pulverized coal (Shell and MHI technologies).
Gasification processes were simulated using
the Thermoflow software package based on
the average characteristics of coals from the
Tigyit and Kalewa deposits. Data on the
composition and lower heating value of the
synthesis gas were obtained. The simulation
results show that among coal-water slurry
technologies, the E-gas process provides a
higher heating value, while among pulverized
coal technologies, the Shell process does.
The prospects of using energy technology
complexes with extraction of rare earth ele-
ments from ash and slag waste in Myanmar
are substantiated.

Keywords : coal gasification, water-coal fuel,
pulverized coal fuel, synthesis gas, energy
technology complexes, low heat of combus-
tion, ash and slag waste, rare earth elements.
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DEVELOPMENT OF THE ENERGY SYSTEM OF TERRITORIALLY ISOLATED
REGIONS OF THE FAR EAST USING RENEWABLE ENERGY SOURCES
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Annotation. The paper presents the results of
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FtcOo dzj ded 2 , Mo w ORI QY MG j HU &tcOddj-| constants and a damping coefficient. These
COltstc O dzOL 9 O dzdz" cOdzj J C ts 4 g -] values have been obtained by solving a sys-
dzj dZCfJ fgﬂ ftesS fnd de ?g(i g h Jd 4 ci C iy jas tem of equations that relate the dynamic
ttOC Is iG 5d¢ Lk Otets¢ j dzj Ol stc O parameters of the steam generator to the
J d fn d g B J J B ) U_ previously mentioned coefficients. An equa-
d fOLOdjister , tftejHjdgdedz §j © 1) tionis obtained that approximates the exper-
tetsdzj tOlsstc® BjIssHBR § dzsh OHJ 2, dzJ imental acceleration characteristic of the
stsydzsmisd Of f.ietsC md &3Oy d d steam generator. It is established that its
structure and parameters, determined as a
result of the steam generator identification by
the area method, do not provide the required
accuracy of approximation.
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®)

HJ KT Ty xifsslse jIsfilse jdedets S 1 WWdydidals §jtejHOUYd, §&Mmlstsw dac
sEzr Odzed WO lst©OddN@3) Bt HddZOBd Ul MSsets EyoOmisC O § Otse j dzj O
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(r2 + 20T )T, h (6)

a, =TT2. g

b=k. @)
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HJ P);, Pdt) 1 Msslse jIsMise j dzdes L dzOyj dedw HOo9 dzj ded™¥ OO L O j
sftejHjdzjdede | 5 joets 1 CMfjtoddsj delsOdz! dets?2 Ctodo 528 -teOL @ f5¢
hjBz EZteOodzj ded® (8) o wsHdd tWPE]T Rfjls Qi) dips" | jofejodsj dduj
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DETERMINATION OF THE PARAMETERS OF THE NETWORK HEATER
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O dzdzts s O Y MOGAstsHJC O i tcj Hj dzj dza@ v Annotation. The technique of determining the
5§ O e disnjdd s fdzsitdC oy REREEE e TRt oo o
odH] B Cdatso quZB Gt HJWW ] te] dzyd®q nay differential equation of the fourth order
Cts ftewHCO M ydbsr ot d¢gv € teOls dzr d3d | with four multiple roots of the characteristic
iz teodzj dzd v , sfdMmr a0 h jets fneo w1 dq equation describing the relationship between
f OO dz20 oS tH, Zfyls Odzats o € d Cf Is j d31]: the flow rate of the heating steam at the inlet
- . o . of the installation and the temperature of the
' aBHJj . UMISOdatse dzj dzO Mo W L !  d3j MSH| network water at its outlet is described. The
LW Wdydd dzls ©Odzd fitej HOIBYdzS?2 W Iz &2 relationship between these parameters and
fndzj H dzd J sftcjHJdzwe Isipw d3j |9C=HEsAs ts { the coefficients of the transfer function of the
fjtojotHds?2 nTOoLOSCIsjtedfmisdC f 5 HjsH heater is established. The latter are deter-
AN m mined by the least squares method based on
ted d3d dels OdZ’ qZB fs E2¢OL OdZdZB 05174 Q. OdZP‘ the tranysient chara?:teristic of the heater,
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culating these coefficients is designed as a
computational block in the Mathcad computer
mathematics system.
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fisdCO fMjlsjosct hfisH BCE o dHQls jinded 5C Y dzsfisd dOL o Odedz’ Rdzls sy €
Bsd o dH bz i tsd

COBRdYOCHY jtod i) dZsOcdz! ZOW § jtoj T6H ZOWSABEBS s5PEHEsdC O Mjlsjotat

t, iy 0 10 20 30 40 50 60 70 80 90 100 110
h, 0 0,03 0,09 0,27 0,47 0,63 0,76 0,86 0,92 0,96 0,98 1,0

1.2

1

0.8

< 0.6

0.4

0.2

€ & SKCIepHMEHTaTbHAA
aMMpPOKCHMHPYIOIIAsA

0 10 20 30 40 50 60 70 80 90 100 110 120
fc

{ k&S jBjitsHdr | RO©OSkjtedmlsdSd Mjlsjoscts foHECEL] o
LEMY § tod d3d datp dzd dzOY § e s € MG telzs h OW

(O ROLOCkjtdmisdCO doyils Brls! OfftesChMdddtse OdzO tej h j

(1), f(odzyjdd & §ed dzdjsdfR= 100 yP dhtsEo Liiise s T d &- stk

bsyds? WhkdS yddHippglejo®dsg dv (2). [ Oddesj tjh jdedj §%4HMsOs

yds dmmdjHi] &2 kMlsOdse Cd, fwdejHjddzzs € jHddedudesdsz L
70



Juv[f duvf{luesrR YU[1RC g1 ft1Rs uulp2026 . stsd3 4

t2 3

At 8-
ha(t)—l-%+?+2_l_2 o )
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¢ dzdzts Is © g Wz OB SIsT L OC dzs yO, Ismwj -] Annotation. The purpose of the work is to
dzj dzd v cdeted H'fdﬁBC&dZJ ajsR s I f’] Is O dzts 8¢ substantiate the use of a hybrid wind-solar

installation for power supply to oil and gas

fdzOB Y j dedw 5B jCIstsa  dgf W Isj ¢ OL 59 15 faciliies in regions with low wind speeds.
dzd L ShE2stotsMmiss 8 9 jIste®. [ jIstsH tsd3 d®8E Using mathematical modeling of the hybrid
9 Odad W cdBtodHdzsEts t6j )y dd&3s® H dzw lzjfry| mode for Viadivostok conditions (average
CRHEY OW Me stetsfls! 9 jlse® 5, 2 &R/ M e}]nnu;uwiggspee?of5.2m/s)|, itwaslfoung
. . n Lo that the addition of up to six solar panels witl
His M jfmisd Mtsdzdzj ydz fOdzj dzj 2 Bts 'l a capacity of 500 Watts reduces the required
fmMded L dlIs* stcjBlzj i3z MA@ dzg YW Is | wind speed to achieve a power of 3000 Watts
3000 1 1Isi2dz®G 1B/ 4. [ jr0Odedyj MG tsj fg] by 15125 m/s. The mechanical summation
Bis ojlslbzeedd d HodeOlsy v f Bl oRoR S I L e the lower
fmts dZdZJ ydz' H f Odgj dzd 2, OMmh qew jIs Ea range of operating wind speeds, increasing
tesmisj2 o jlstcO, fseor hOW dzOHY X dzsH-| the reliability of autonomous power supply to
N jdey Wisj cOLtsoar o tsBi jCIstse oil and gas facilities.
sdzs yjorj :fgidsw®Isiztes d dzO, ¢ d B to d Hylg] Keywords : wind turbine, hybrid mode, solar
dZOvw  Ockj dzi £.0s 6 panel, generator.
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¢ dzdzts s O s Ols ' § tc O fn MfOtsecdf p ®Q Is fBz| Annotation. This paper addresses the prob-

; ; W lem of position feedback delay effects on the
Hd B d ¢ o 5B KOs dzs 2 e Ld §5 1§ S stability and accuracy of position-controlled

dzts fyIs foLdydoddzse s 1 dzj ClsteSY t6d 4 glectric drives. Using a model of a three-loop
sty n S sdzlsktedets?2  sH yddzj dzdets?2 fd fMls| cascaded control system for a separately
fsmtsw dzdesets IsCO fp dzj L O9 d fnd d3rde excited DC motor implemented in the

i tshpts w ; SimInTech simulation environment, it is
dzs 2 o i ted) CH(ﬂ 6 @ldch SiminTech, L shown that the presence of pure time delay in

Yydmlssets L OYOLH' o Odzd W ) ¢ 5 dzbs 2 t@f- the position loop leads to overshoot and re-

dzj dzd fijtejtejeckzdzdtectseo Odzgdw d f)dzadEy| duced dynamic accuracy. Two methods are
misd. 1 toj HdztsY J dzr Ho O d3j sStsH O C B4 p][]?P?Se_dt t?j Cpmpen?atte fgr tllﬁs a:jverse;
lsq'a dZTSGB 1 WWJ ClsO: OEJJ HJ. dZdJ dZ{SdZJ@.G gec: |nr0_ycmga Irst-order lag elemen
HOdq v fsdzisyy | ded” d My Sazr L 50 0da | ing & rate limter amp Gencraton) wih a
dzd dzj 2 dzr 5 L d3j dzj ded j &3 teJ G Iz dzd te Iz j d3{ linear change of the controlled variable. The
BsH j dzd tetso Odad W fsHIse jtoy HOB Is {1 W W[ simulation results confirm the effectiveness of
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¢ dzdzts s O Y wils Ols+ j ttOMMdBEOIsted o O] Is iy Annotation. _This paper addregse; the prob-
slsCOL skzflsts? uq o sfls q- o1 tSt@JtS@IZSdZIZf tdsk Iem_ of ensuring fault tolergncelln high-voltage

variable-frequency electric drives based on

LdzjCltesftedotsHO dO BOLJ CBEGIOBIEY cascaded H-bridge multilevel inverters. The
COL Mddzser 7 wyids ftedotsHdIls € O failure of power cells leads to asymmetry in
dzd,?2 ybts Ctdlsdydsts H dzw dzj ff to j to" ofiglg| the output voltages, which is critical for con-

Pw ; ; tinuous technological processes in the oil and
mso dzj ¥ 54 ¢ OL BoasEs M CBELO. . g(gassector.Asaneffectivesolutionforim-

fts 9 rhojoded W tS Is (; OL sizfy IS.IS 2udotsmisd af proving fault tolerance, the controlled neutral
dzv j e ts Md3j M jdedw dgj 2IstcOdz! dats?2 OM shit algorithm is employed, allowing the
dzq Is fnd dscd3j Isted dzd dzj P Wz - tc @aO dzdf v Gizt] Preservation of line voltage symmetry despite
flse j OCIsd o dz R wyjgcs 9 wWoOLOo an unequal number of active cells in the

' phases. The paper presents the derivation of
s5BtOlsdts?2 &Otedyr C5tsteH d dzOIs dz" S -| an inverse coordinate transformation matrix,
9 Odedzts? Hdzv ftosdL o sdz! dg' = € tsd3B d df adapted for arbitrary combinations of faulty
1 BodL O fBHABHO L OCdzg yojlsmw 9O -] modules. The novelty of the approach lies in

S J &0z 5 datsof diDaq v Cssten d GOl de B d o o O TRETEn fIe e o
d ; . ypercomplex
f4tsry dZJ s fshisttOdmise § , Y space, which provides a compact analytical
OdzOdzd s yd Mk Wtedde d or yd fmdzdHs-| form and computational stability. The  pre-
Is ©9 dzj roj cjLikzdz OIsT stod j Is sented results are intended for direct real-
::"d K 9 J dﬁ?dq-z’ fr]Jls ; ds‘(gn b tcOo dzj dzq V? 4 tfjs% time implementation in control systems of
& 5 fie)sB i é LS 8" Ol j dzj 2 do fls s high-voltage frequency converters.

sdzs yjor j fgpasee@®Glztctso dzj o 2 C O ¢ OH| Keywords : multilevel cascaded inverter,
S so sdz' Isdg 2 LdzjCls tG sftedosH, fls m?tdlum—voltaget(_irl\i_e, fault :olﬁr%nce, Itmei
. . n . voltage symmetrization, controlled neutra
'géfg gfg ,(sz ¢ dzqod?ogtgdérgndzr ) t‘i :3 53 dzifg 1(’3 . shiftt, emergelncybmodg, hypgrchomgtlex space,
, quaternion algebra, Gram-Schmidt process,

MistcOdzMmlis o 5, 0O dzd fs Bz © a3 bs-4s ¥ gzt l4c@soq coordinate transformation matrix.

tc
J
S {0)

tedyoO CtststeH d dzOIlsdzr = . thJ sBtcOL ts9 O dad

J pjHjdtfj Mot d5j dedzs? dzHzflsted Odz des?2 § OwOHdCE dBj { dzj S

or Mskf Ojls WkdH O dzlstsdz { dzj teetst WW¥ jCIsdo desfplsd - Isj r dzts
flse ©. Cotd: ydv MddsBftsifipsikmded I MdMmsjd OoskF&OdL O
fMlse jdader 2 f jtejrtsH Bl ftsMmMsj2hdr dijtejeclkzdzdtekzj 5" 7 Mmr-j &5 &M
tejekzdzdtelzj disets ftcdotsHO (yil), tOBBlkOshdd M OfRdr @ dedz di3d
B dzj dzd i Odec g ldsdstc dats ¢ s Izq’tQO dzj dedv fwsLotdwjls ftojydL disdad
Ldzj Cstedyud MEs2 BON ddar Jmfjudoow or MsCdj HJZOBEY] MNEJJ
fslstcj Bdzj dedw o tsOLdzq’uder] 4>1q’d3 On dzOctkzL Cd [ 3,
ljtjosH § CkOMMOK uoqmwxgmqwm&sﬁﬁpw €j se[N BH d dBshls ©
Hiso OdzdW 3j G Oo Olslsdzsets € ZOMMO, hdetsSts ftoddj dzv j Bisc - Hdw
fstedzyr 7 OctejcOltss [5]. RMtsd LsoOddj o' McStet dzOf tew y j da

ssCd, ubt ¢ td sty jmBiddzoOpdiast uinj uj dedw C OB j dzt dzr & czdmizd 2
flsd dz0 §jtejHOUE 1 dzj Sttt djtecdd. (4OdkdLOydy kOSdn fmdmls
Bdzscsktictodz o' & bSfcdsed? ) cBHBOL 5o Ols) dzj 2 yOflssleg- ( NPC
tso OlssCasoftpdz Isdatsj o' AtHdasy d&ZOftewy jddj fllsjd fshdf-Hse Ols,
Cso’' n CdB3ftdyj dzlstse M d3j dz' N3 detsazd dzOdz! dg' o5 dz2Off teW ¥ § dad § f,
fsflsOs o' AtsHQEEE fdckOEO [ 6
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cOL dzd yos hdafmw 5 Mzsy desmisd Of f OtcOlsdes? toj OdzdL Oydeh-d Odze
dzj ded v .
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ftsdz Lso OdedY sdzzftesosHdzdSCsor 7 Sz yj?2 M Bsdzjj o' MsCdds ©

Il sstcOY BisbEHiBs SHdwOjlsmy dO ftooctOdRdidlzy tj sdW delzteC
lesMisj2hdB tjh jddj 3 Hdzv MsrteOdzj dzdv MdBi) stedd Mmdmisj i3r
dbfmw HftwoddzEndlsj dz dz" 2 9" oesH dL tOBTSIsT SsHddZOSCsotse s € sdzd .
[15]. 1 i MmMdsslstew dz@ HtetsMmisslskz toj OdzdL Oydd d MhteOdzj dzdj W OL B¢
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APPLICATION OF ARC S PRAYING FOR PROTECTION
OF CONCRETE STRUCTURES
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so jtey Hj dzO flsOBddz detsfls: ftetsyj i
o dzddzj 2 dzs?2 Cstetej dzw ydd By HEZ @
ddv d bidh dds?2 fsCterisdy OC tvdaisdl
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Annotation. The paper investigates the pos-
sibility of using electric arc spraying to apply
a Zn-Al protective coating on a concrete sur-
face. The stability of the deposition process
was experimentally confirmed, demonstrated
by a linear correlation between the spraying
duration and the coating thickness. The es-
tablished pattern enables the prediction of
coating thickness based on configuration and
the improvement of technological application
modes for building structures.

Keywords : electric arc spraying, Zn-Al coat-
ing, concrete, coating thickness.
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[ibttH bkjtt®dujmMStets Hzcsosets O’ dzj dedv, ki j ks L Ots,
fMjChtste] HdY LOMNdlT &jlsOkdzO, o fthmdjHddj HjMYVisdEPsdY do
2. uvjodsdscdy LOCds yOjlsmy o  &zOo dzj ded d ) Is O dzdzd g4 M S 52
@ZOydq) {dzjSlteduimSs?2 HEes2 M IsjdBfjcOBfteshtdst6) @O AR
YOoMmlsdy otLHEh ds?2 fMtekj2 O SBEOBOIT 8 0j iz f dzs-igs gls ! , vy
oL dsdedlesMiss2Cdy sCter Isdw [2, 3]. CWWjClsdodesls! § 5H 5B dzt
kdSs2. 10fteddsjte, f§tod tojf bsadpdndiz Coy dudj ndesinjls Ozuddstsy &z HEZE 5o
Bjlstsdzdz’ | CtdzmlstelzCydd [3]. 1 0dzj Mjdedetsy G tSter sdj o' ff tsdzdgw
CObHE?2 LOMNdlr, ybkt Mkh jMmise jddzes §tetsHddds ttjhmkteh hNssthk

dHEjLdY §sCtrilsdw stpd 8 jststizsd,d) BOdezd yj MSdr § so jjtr dsfls,
dagzh j Mise j dzdets B mn Oded ud ME a3 Myd§dzjdedd &3, LOadmwhij Bl tjc
1 si st shMdse dsy oddwddj d2O0 f§stedfissmis: d OHEJLdE- f5Ctr
Bste O toqtOdOs df tefsotej 3 d B dzOG " dzj dedv . ) sRIBs OdsdC sl
difmd Hse Odzd" ECOLT 90l O §lsjdydOd sOCdR St lsd2 Hd
[5], vulsts e jddss 0Oydets Hew i jClsso JdaWteOMstekSlskisr .

Ajdr ¥ HOdds? ©OBBlSrT Wodvjzsfv e B izb s dgizds O L 0ol d & fi
Ctor S| Zn OdesMd Bsc s &0 B jlsddzy o jtendsmis! , &l o] dj
fejHfcdkOcOjlsimY ©lkcOBskOl! BOLBo'j kjrdsdsedujmMSdj tj)¢
LOadMdBsmis! o ¢ tcaitvd Wjdiffdsidg dhHjjc & OdzOdzdL O.

, 160 MM |

a) D)

{ dildsC ebyj MM {djClesHketo et O dj dzdv ( O)
d odzjhdzd2 odH f o jtoRAdetsffled §daE @ jldsisvdzjZ n

10dzj Mjdedj HsCterlsdw dL ftoseotsdsSd &Owéd Zn85A1 HJOM] |
shkh j ilse dzv dzd { djj Sslstetsiz ¢ 5o 52  3j Is O dzdzd L GoYfQf. d2Ots tskyfy n@dztsdz@ dizj -
ftoj HiMls Oo dzjzdeClED tRAfif sdz' L so Oz j totsBtslsdL Jiotso Odzdzs? ted&e S d fy
s k) edzsfls! dzOdzj j dzdv dzO@ B jlstsdzdz' 2 BBOL Y. 1 2 ®©lO,iR] 6w , § ot
HdMisOdzydw da0A0 Glzj diatf H Oo dzj ded § 1M0j,06s SISO .0 5L @O @ dzOYH - Is j &Y §
sy ¢ d MmO dvdzO 28 AC.

Il AtH] 1 SCMfjteddd desO o Otc! dqtetso OkzOM! Hozdlsj d' detsflsy- dzOf *
dets?2 Issdzh ddzr . |1 dL zZOdz dz 2 s fisdgvls to tegifipial 50§ @adzB dz ts dz® iz ¢ ;S H dats
csRtco Olsts?2 MistezCbkzter, R OOCIjtodats? HdzZW HOdzdzsets Bj lssHO. K
HijWiClktseo dzj tsSB dZOtlzY j dzts.

O dzOdzdL Y tsdzeyd deder 1 HOdzdz" 7 (t6dfm. 2) ECOLM90jls dg@ dzd dzj
Ctor gl otcj dj ded dzgOdzj j dedw . 11 wo dzj dedzOwW oW s ff tetsf tsicy d s daC
tesmils! tsMisO HPEC sy sHr (W dadgs? 2O o fMj &3 f tesOY Y j ded d
Bddz dzOv MCtstetsMmls! dzOdzj M dedw fsCter sdw Lot dsfis f @B @dzls i v
ftSH LOHOdzdzgz® Hdzdlsj dz! desfpls! fJtetsyj MMO.
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1 Odzj fj dzdzts j A to '] jif 5B o8 detsfyls d stsdz0 S OLOCIsjtedL k28 Isf
slsfMkzlsmisodj & oadzjhdzdm Hj % jSlstso .

l sz yj dedzr | L OCtdasRj tedesfylsd dBsckls Moy dls! thdtsots2 Hd
dZOjdi j dzdv, O OGSy j Hhv ke dbks dj-dygse dtd (nimtd ® sd Odz®» d & dzL § S B
fsCter sd2 o LOsadMmdisiisd ls dn Itsdkhdd o Ct&fsdj dsdsets i

s MEk§ls | Okt

1. vkte €. ¢. s obftesmMkz t LOMdlk] b C(ttesLdd GO JClstse
C.¢. vbkte, w.l. 10MBse [/ / J1jMmlsdds 1tcjMmMsmMitsets csmMikzsOemise §
AnsLw2Mmilse j dzdetsy MistesdlIlsj dz' Miseo s, Isij202@ts I dz2 €A RB.Y TO5 d 64 st C sz
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THE GROWTH OF SMALL AND MEDIUM-SIZED BUSINESSES
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1 0kyder 2 tkzStsotsHdIlsj dz Scientific supervisor:

r 0dzed dzse [ . A B?Zt”c())rvo(f)'.l'ichnical Sciences
HBEC st ISJ"dZCfl{J mMédn dOE¢, Professor, ’
ftosW j MMtsts, Tyumen Industrial University

v ) dZMS d2 dqdzHlMmisted Odz dz 2 kdzd o j t

¢ dzdzts Is O U d WH O dzdats 2 MksOls! j dmmdzj H Iz An?_ot_a}ign. ||'This artix:c)a ex;;lonlas _the 'role qf

; ; ; ; artificial intelligence technologies in opti-
dm&immlse dzdzf ¢ (dals dzdz] CHSUXS JRI‘,‘R@B mizing demand forecasting processes on
cdetsL dtetse Odzd MftetsMO dzO 4 dzOls W tsits collective e-commerce platforms. In the con-
dzs?2 Iststec tso dzd . ] Emdzse dw s ydW &4 text of the digital transformation of the Rus-
MeB?2 1 CdtdE®2Y5 (Rd.2)4 dBOdz | d fn{ sian economy (20241 2025), small and medi-

(ful) MOk do O Ismw ) dzj 5B 2 tSH d um—_sized enterprises (SMEs) face the need

to improve the accuracy of procurement

§ zOdzd ets 0 Odzed W dzv Of) dz,(j B§ ded v ) 5§ J Oy planning to reduce operational costs. The
bolsstcOBd ftoj HdzEY j dzO BBH j dz d dztz-] authors propose a model for integrating ma-
dZsets 5B Yy ded W o Mmdmlsj d3r ¢ ts dzdzj ¢ | chine learing algorithms into collective pur-

; ] ro ; chasing systems, allowing for the aggregation
Oct) G d B5o Ols H O dzdz" Sl dgdatsy § M of data from multiple participants and the

9 MsS slstsydz § fetscdatsL ' . ] tGpr@SBlSE generation of high-precision forecasts. The
Otern dilsj Clslkzter daj 2tetsdadz” = MMjlsj 2 ( L | paper examines neural network architectures
( XGBoost), O sOCyJ ftoso tsH d Is fqW - | (LSTM) and ensemble methods (XGBoost) in
w J Cls Cf o dzts ﬁ,] Is C{ t J Led OIS’ q- fr] fr] dZJ detail, providing a comparative analysis of

. . . . . their effectiveness. The research results
3 dZJ H&J dZ;t@J n B ElZCf ? l;f SL o tsdz¥ d Is I a1 fl']t show that the implementation of Al solutions

ntcOdzj dzdj L OfWMmistso Hftpd I4/8 Is sy dzts M B 4| allows SMEs to reduce inventory storage
dzd W Y totsfif@ dalls I3 W fitsH j toy dIs f dg{ costs by up to 18 % and increase demand
HOY Cf q- U— s o dZJ H tGJ dzqf ¥ Cf dz,lsj dZdZJ Clkkzo forecgsting accuracy by 23 %.'The article

. contains practical recommendations for the
Efmiss2 ydotsets tisMisO KOdsets B dL dzj § inplementation of intelligent systems to sup-

CstcsHtsoe [ 1, 2] port the sustainable growth of small busi-
nesses within the 'smart cities' concept [1, 2].
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sdzék yjorj g€ &e@mlse j dadz 2 d dzls j dzdzj :(eyworqs: a:ltifici_al intelligence, dewang
; ; orecasting, collective e-commerce, small an
ﬁ]ﬂthSfDO QBdZdZJ ¢ lscfa dzO v {. dZJ ¢ IStGB.dZdZ medium-sigzed enterprises (SME), machine
BdLdeifp (fal), RO d dedzts § 5B EZUJ dfd- learning, digital economy, procurement opti-
sdd3dL Oydvw {smivs ¢ dzj 2 etsdzdz” § M J IS | mization, Russia, neural networks, XGBoost,
LSTM.
sotej 3 dzdzr 2 L sOf wWOLoadlkdw dBdteseots?2 d wshmhd2MEs2 1 Gt
H dzs?2 yd¥W¥ttsedL Oyd jf2tc mUnjjifipm=ed.2 @4 2 24 O tor dzsC odzj Clstets
dzd o tMMd2MEts?2 AjJHjtOYdd HJ Bsdhistedolzjls EMis tsXowxfip 12z totsf
dazj?2 ft dksseOdg 2024 cectsHO [ 1]. I Mt dB@iMmMlsts o 1Ists?2 1 Ctsmd
(fual) Colstster | MMmMlsQa v s sdtsesk cdBSCtsMmisd d ddeddBo Oyd ts¢
tcOC Isj todzg sctcOded yj dedz” § toj Miztemr , j nilstzd ¥ dBOpIs datf k| dztz @ L dzg tgY g
d o M2 CodSktej deydd Mt Mbtstetsder Ctokfdr 7 St stcOYd?.
JHdzdd3s dqL dzOdetdzjj +WWjClkdoedy »n ddzmistezdzj dzlstse § wer h j dzd
dIsfmw EyoOmlsd] o § ZzOLW stedzgOr Cdzdzj SIsdodets? {1 dzj Clstcldsdias? IstsH
dHddgv Is! LOCEYsydzr | tltcjBdetsisd Bdetsy j Mlsoa O B &Z2¢ dm fJetetsE ts
dzr 2 tOdzjj bid ¢ts Stk dtsdzs tedlsj2dzkz [ 7] . vd d3 dai dyi-dzd J .,

Bz L OeadMmdl s kosydshlsd ftotsedasL d tctsadffdfd vo jfiptztdsts i B 5[ hCd BHE j
stso Otetsea, dzdets & dLBrMIstsyder &3 L Of OMOd3, yYbts Stodlsdydets Hdzv W
LIstsds Stdelsj CMisy Jtoddid dzgj dedj Isjrmrdesdzsed?2 dmMeéemMmise j detese s ( d
tojdelsdz’ &3 ftoj dqdszh j Misesd3, o@ jdg e HHoddizdds EHdewshiso [ 4, 5].

S IszOd detsimls! dMMdzi Hse Odzedw BB ERMdzce dzj dzZO dzj 5B~ SHJ @3 Mls!
dedv §¢ EkZfttOodzjdeds dzO ®HMdesejp WAdedege meDat)a o MmMjaodjdalsj [ uwl
ckdddzr » eBtesHiSo e ( Smart ddzjtllesdz dddzlssj clastDadto T dadzlstj dz@fls W ts te d3
Ldtese Ols! dsedMmisdud MSdy olssSd d MmMddLdls! 1 Csdasecdwimizs
LS [ 6] .

1 sMsOdzse € O ff cBjdndEigIstew dz0 tsyjoedHdz § Htoj dd3kzh j iHso O yd\
toj dedv ftesHo d BEHIMCEROdEqzMIstcz d3j dzlsso o Mjcedzi dzlsy [ w) BMisOj
RZOYOdzs 2025 EHO20WdBOSE stztsj aBtcdvisd? o (sMimdd dhy sdz
Motsi?2 6 jttOydtsdedets? HiWIsjdz desfplsd [ 2] . [ Mmdetse dz d3d HsOte! § 6O
CdfdzHdodHEZO dzr = tod h § dzd 2, dz2i nr9OCO CoO0OddW¥Wdydtese Ocglzdz = ¢
B3 dzls Otcdetsils! HOdzdzr = [ 12] .

ltesBdzj BO EfmMEekBdv jlsmw M jyd¥deés?2 CtddjSikdodyr » L OC Izt
CcOL totsL dzj dgdzg' » EZyOMmlsdzd S tsea, d@jelsMmMe@) ey Qzz ¢ h Q&S s H d yd
ssHT MsOldmMisdy Misets O0dZOdzdL O dzj MysmMsedr <+ WWjCIlsdodzs B
Fydl' 9 Ols: Hdd&zOodBd ud MSdd dL d3j dad dedvw tor desydets?2 Ctsdz smlagClslzter
stcjBdatsfls! o tcOL tcOBSIsC jB Hifipdgsdz@ dialz’nr JRBEEOEAgjd2s fstetse dztsL Jtetso O
RR, OHOfIsdtetseo Odzdz" » f tsH dkyH' Ctdzdzj Clsdoder » § ZOIsW stedz H dzw

stesdzy Ibtsets, lmMizlMisedy MIsOdzH OtclsdL Jtsctso Odzdzr » Y SHABSHBS
cOL dzdyder » diMlssyded S s (o ¢ dzf RBPB' s RZBEigigd Hozdzi j B @Y™ H Odzd
dmisj 3" fejrftedvisd?) bkndsydvilk ftsyjmhn Wstddtetse @ddY Yy
v Isdv wBBMdzseo Odzedz" = EZfteOodzj dzyd MCdnr tejh jded?2 [14].

| isHBdtedw didiH co@BEd@R HOddsets dmhdzj @ tsdgPdzi ¥ fdsr2dz
fsHARtH, oCdz yoshd2 Mmdmisi ddde 2 OdzOdzdL Oterdlsj Clsizter OF dzOIs W ¢
sj B3OIdud MStsets dsH | dzdtetseo Odedw . [ Mmdeseo dz" d3 ddzmMstez d3j dastsds d M
Odz' dzts 2 Bts H j-wed e cgiDsait can e tsfydats & O dadats 2 dz® o d ag®) afddbasF s Bazds
(Machine Learning) [10].

[ d&zv O0dzOdzdL O B'" dzd dMfsdz’ L s Odgr MlsOlsdmisdyd MS dJteH Odedz"
Gtsodzd o© t A LO2DRpUdEK . 2Q2 A tctscdetsL dzr | § B8COLOIsjdzd d&zO 2025
fsmistetsj ded j ¢ tc OfschSwezdtiyfinlzfin dMmf sdz' L so Oded j &3 f tetsctc O Bgel3dz” = Mt
dZzdtslsj€d Pandas, Matplotlib).

[ issHisdzZsedw oCdzs yoOjls MmMdzjHbkeshdj 1IsOfr :

T Mt d ftejHSBKEOBSISSCO HOMd » s EyoOmlsddCse Csdzdzj CIsd e

T sydmis€ O HOdzdzr » sls OdesBOAZd2 dMif Otzsdzdzgy @edzd | Bicislf @G gls d
StSH;S9

T skzyjdedy d IsjMmisdteseo Odedj t©OL dzdyde' » BBHjdzj 2 fesecdetsL

T tsyj dzls ®ydztdhdsid) doff N s dzd L s e3P Ez\MABRE (Mean Absolute Percentage Error) d
RMSE (Root Mean Square Error).
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1 cOSIsd udefi S ooz den Oydiaf EMmf Jjh des?2 t6j OdzdL Oydd ¢ tslsjdizyd OdzO
zji Clsdo dzts? btsteetsodzd ftoj HZOG OB sfpw Mdzj HEE P dj M Oed:

T eaBLHOde] JHJdzr 7 fMlsOdzH Otelstso B B3] dgO HOdzder d3d: t OL tc OBt
BjLBYfOfMdes ff jtoj HOO Ols! BB j L dzd yJ dageclzls o @ Grdzdzts § O tiedzlf o s tf PO T 5 wzd
W dedw stsHj dzj 2 [ 6]

T RN sdz! L so Odzedj Mg kOYEsd R©BaasS): | diiMmMists OLOBEBISSd
o] S degHzj sy dMfsdz’ L s Ols! dElstsear j tsBdzOydze j tej ";jdedw,

I Rdzlsj ctcOydOtefipls g pliglzh dizd MdMmilsj BOBd: RrRMfcd L tso Odaff[-j H Oda
sdedzts? MdMmilsj 3" ([ rRe) d MdMmisj iz dsdedststcddzc © Istso Otetsd®- HdzW o
dzsydzr » Istej;dzHtse [ 1 5]

T BEydddd (JijtemMtdodzo: 1 erhjiddy ydWttseots? cttOddslsdsmls
dzdw oL @Bsy desmisy 2 dd dsfiglctOz judzlsiis{s? [RIR3 ] .

ltedd3jdzgjdedj bjrdesdzsed?2 dmMSkMmMmlse jdadesets ddalsj dzdzj CIsO Hd
MO jecduimMSdds ojSChstesds ttOLoadlsdw f ZzOLW stcdz € tsdzdzj S Isd o dats
fsHIse jtoHddzs, vyt JOdzdcHm d sdx®s EOh ddadetse s tsBlzyj dedw fiff-tsL 9 sz
Cd, MowLOdder §j M dejsftcjH]odzjdedzsmls! ¥ MftesMO,  sSfibddkdL dEt
2025 EBHO, CBCEHO YdWitksoOw (CudskdtO MisOdtse dlsfw Wk dzH Odsj
[wlyjtejL odzgjHtejdedj ddalsj dzadzj SlskzOdz! dz' 7 ddzmistelzd3j dalstseH -w o dzw §
sy j dzdzOW BtsH jdzr d tej Stsd3j dzHOydd Bsekls Bris! dMftsd L e Od
BOdsets BdLdzai MO o ©ORBCOR fosctoOBB cuddy 2 dihteh g U tofzdlftft
dzd GO j dz' Mlso © [ 3, 12].
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sddzesar A Mstc Ol j ¢ d2 BOdzr A d ntc medium-sized enterprises (SMEs). The paper
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Is d uwd frj ¢ chf ~ d dzfr] Is :’B Iz d34 sz'ls & ?v w 8 d30tG ¢ J I 35% increase in advertising campaign effec-
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?E(?éi ?zqﬁ? H ggé:jvzf ,_,fn IZ[B:E J QZIS 1585 ] BOdEE s data analysis [1, 2, 5].

sdz¥ yjor j fffdigsoe jOH | dzd ftslstcj B dIsj dg Keywords: consumer behavior, collective

; ; ; buying, marketing strategies, small and me-
U E5CE U ¢ Cf ! d30tG ¢ d Is Cf dzc 59 4 ﬁ] s©0ols J G dium-sized enterprises (SME), e-commerce,

(fwel), 1 dzj Clste tS_dZdZOW C 33 to Y qw + | digital transformation, customer loyalty, Gen-
dzsw dz! dztsfyls ! Cdzd j delstso,  t5€ tsdzitsdpdnjd | eration Z, big data, Russia.

J Efdseo W R Mmitej &dlsj i desc s Cu@usasdEd™ oy Bma@ TS B2 A jH,
2025 €¢.) fsojHjddj (sltejBdlsjdzj?2 ftjlsjefjod@jls Wk
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L UL El:
f ZOIY sted3OR Ctsdzdzj € Is d ottaf ISS0O 0 1Z® § st O oAl tRj Hf toj HY ted W Isd W &5 Lk dzd § C
ksyj ydesets otsLHj2flsoadw &0 yjdzjokt OknHdbttds, BdddkdL el
d fserhOw dn §oydLdej dedglzy ygj dedesfmls: (LTV) [8].
dSlszOd detsfyls! HOdzdesets (MMmdzj Hise Oded W OB UshilscR o drdgCriz®s|-dzlzj BBt
90dzdz’ 7 YHBHABHEBY § Wttddtss Odzds KOS jlsddzesar 7 MisteOlj ¢ d2

s fsojHiddd fcd LsoaOIjdzi?2 o ydqWtsets?2 MmMtejui [6].

sittejlbduimSd) Gmdss' O0dOdkdL O f{ it jlbesplsjHd dByS)ts ciists Istias o8 jd
YydgWtetso s?2 T lsfsH ndzsy dg" 2 ftetsyj Mg, oCdzs yoshd2 §sdms d-dW tstcd3e
dvilsdj tjhjddw 5 §sCkfCj d fohmajifsCkefsyd 2 sfrls [9]. 1
CazOmMmMdudi MSddz { sOf Oz HsB OO dzv j Isfqpw Mtsyd Odz! dz" 2 € s i3tsdzj dzls:
dzr'j ftesctOBB d ctzfiftseoOw HJZOBJESO [ 10] .

l 202025 GEtsHOR SCdzsyjord3 btejdHtsdz 9 t sMiMdd MlsOdD ¢ctcOY
sjdzd oMy yohj dhkls Mfsmtser flsddddL Oydd tOMAatHolB L
Wstedsr Ctdzdzj Slsdoder 7 d3Of dzeff sz df i elOEAz dac j Oz L Oydd + sts2 ff sists,

100 MoTHBamma DoTpeGHTe /Iel IPH HCII0Ib30BAHMH IUTAaTH0PM KO/UIEKTHBHBIX OKYIOK (%)

CTemneHb Ba>KHOCTH (%)

IKOHOMHA LIeHHIIHaIEHOE B3aHMOeHBRERAIOIMBHELE TOBAPYHOGCTEO I11aTGOpPME[OBEpHe K COOGIIeCTBY

{ lgdzslSi [ ssdo OydY §sltejBdlsjdj?2 ftd dMysd (soOddd § OkY std

[ jssHutsdsedw ffdjftestdaitse dyj MS ks BOLE dfMidj Hie Odedw
fSHABH, ®jlsH" flsOladeh s ufij i@ sstzdsls jitzCidsic 5 Mt sfyls Oo defj-dzd @
duj MSts2 BOL'T dMitd Lo Odd thyjlr O0dOdkdldyjmMSdas Ocj dzst
ftoscdesL dgr | fBECOLOIjdzd d2O 2025 etsH [ 1, 2].

RMMimdzj Hso Odzdj] HtesotsHddzsMm! o Isted 1 IsOf O:

T ¢dzOdzdL olststed Hdztsn HE GaRdgdf Gls tsim@Pdafw o A

i vtOodzdlsj dz' dzr 2 OdkzOdzdL 5o jHjddW tOL dZdydy 7 o Q-6 Ofls dz
ar) [5, 14]

T [ YyjdeC O 1+ WWjChdodeslsd twOL dzdyder 7 BOwS jlsddzetsa ™ °»  d daMmlst
CjMMpBOH ygWtesor 7 § zOWisteds [ 12] .

dstcOQodzdIlsj dz' dzr 2 OdzOdzdL Yo jHjdedw o s5C BdRLdedi] d j d Zd3d dedg H df
fsfdzy 1997 ctHO) d711d9dPdBdzjcded. Qdz' w o(ddv9:8lslfhfv  tsfydatso dz' d3d Hte O 9
ssteetsodzd o (tsMifdd. [Hd&ZOSCt dr §Ollkjtedy ot @y ddgl dzpddls df jozC
dets teOL dzd yOs Isfpw [ 5] .

1 sCtsdzjdedj Z HjdBsdMstodtekzjls Bdzjj o' MsC ks yOfmsgblz ¢
hjddvds fsH eodzdvdedjdd MsydoOodz dz@ 7 fjlsj?2. [ ddzdzj ded Ocdz' , azO
MtcOoadzj dzd®s yjdze d fsdmMék HdEMiecsydes?2 o etsHT [ 14] .
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YacroTa OHJARH-NOKYIOK B POCCHH 10 BO3PaCTHBIM IpynmaM (2024-2025)

[ MoxoyeHue Z
O MueHHAIB

w2
(=}

[~
=3

JloJis onpoIeHHEIX (%)

10

B

ExxeTHeBHO HecKoJBKO pas B HeZIedn Pa3 B Hefero Pasz B MecsIg Pexxe

{ lidzXi v Ofis s O (SEAMOREE o  sMmdd §65 o SLE8)Misd & ckff Od
{5 OdOdkdL O fojHjddw o bkdzyhjddd dgokeS jflsuldetsots in tHs

BOMMsosets BOLS jIsddze O ¢  jtemMsdzOdzdL dteso Odedets Bz f 50 gz § K™ L
fslstejBdlsjdzi?2 BLotsdvwjls Mjed3j dzZsdietse Ols! Okzudlststed® dzj Istsd
s fsojH]dy MSdd - @Bld tcdzOze ¢ KF My, Frequency, Monetary)

ljtemMsdzOdzdL Oydvw ftej Hdztsy J ded 2 : RMYy tsdz! L 59 Odzed § O Gerdzif ic Pls A3t
diststedd fsCkfts fosLotdvjl [ul VWsttdRdteses Ok! ddHde fHkzOd o
sdodzr = LOSEfBE, vybt tftserh Oj 815@d¢e jtcds o MtejHdzj O3 dzO 12

BimisiHHe MapKeTHHIOBBIX CTpaTeruii Ha KoHBepcHio B MCII (2024-2025, %)

TpagHUITHOHHBIA MapKeTHHT

Email-paccburku

SMM (CorceTH)

HH-riepcoHaInsaIus

PedeparbHBIe IPOrpaMMEI

0 2 4 6 8 10 12
KoadoHuITHeHT KOHBepPCHH (%)

{ izt | ded W dzd j BOLSC jlsddzetser R MwOls ¢ q2D250) Stdzo j gy o
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1 0ty jwebr dseor yYyditeseats?2 bOdWsttR3Oyud Hi3BOEY j Bpdd Gls j dzyc
MsOdS do Os sy ) ttWHEBHR BOWL! jtetse Htod odzj Hisj dzdd OdzOckd lsd uj
detsfls! ddzsjceteoydd Mdmisjdk d osfttshm' SdBjtjL s Ofdishisd [ 1
90dzdj © BAEOMISd L OMdIlsr jtemMdOdz df @ HOdzdzr 7 9 (A dzOC dzOH
BOdzr 2 BdLdzifp [ 11].

1 6OCIsdyudMSdy tof S sd3j dzv QU dfts frdatsvs jf wiltctse j H j dedets @ 5 jO-dzO dzf L ¢
Hize hdj tjSdjdrnoOoydd 5 kEdkzyh jdds BOwLS jlsddetsesr 7 MisttOlsj ¢

i JdHtejdedj GRS ORZOd dr 1 fMdMmisjd OdzOddlsdSd: (B j HJdzj

BOwLS jIsf dzj 2 se d MeeMmlse jdder 7 MO2stse HdivY ML HOdIY jHJdAdsd

i tOLodld) fLSCLOBE dswd dshisd @O BOL] cj2BIW¥dScoydd
fls d i3z dAfdimf'e C sdzdzj Slsdody R Hj2Mised?2 folswiadlsjdj2 [14]

i RMyGd L 5o ORijd SR dels 50  H W CsdBBzddSOydd: ¢olssdOlsdL
fsd Lo Olsjdzj 2 g0 f ZOlW stedsOR Ctsdzdzj Clsdoder 7 L OCEY S Hdvw

AsCkf O odH | BCBdasj dal§ tedydfyts y o Qdfilsdzlr:Owe tfdgBH f sylsj dad w
bijls OClkdodts dqMmitsd LsoOls! CsteslsSdj odHjts ( Reéb

mdzj HiIzJ s, Cl
sdeder » fsCkytsC [5].

dbdzOdzdL Yo jHjdedw HwslstejBdlsjdzj?2 deO f zOLW stedzsOR Ctsdzdzj S Is
Hazv fGidddtEts L WW jChkdody @ ROwLC jlddzetser 7 MisteOlsjed?2 [ful o 2
Ylsts fsded 3Oded dBslsdoaOydd fsdz Lso0Olsjdzi?2 d wOLdzdydd-9 (e
ftedwisdwd L &zOydlsjd dets fser Mdls: 1 WHjSkdodesfis: Mmas§Is? kOt
CodeS Etej dzydd dz0 tesmmd2MEtsds tor dz€j 1 dzj S stetsdedets? Iststcc tso dzd
d fjtemMdzOdzdL dictso Odzgdetsé s fBSHABHO MisOdese Jlsmw BWL Olsj dz' dz d
tesMlsO® d dswd dsfisd Cddj dsss [ 3, 15].

1. vedzseo . ¢. JLOdddzsy odzdvwded bteOdzmW stedZOydd fdslstej s d
dC (sMmd2mMStets | Codtsdsd yj M WRLs: kdzd o §

ka.ru (HOIO tsBtOh jddw 09.04.2026) .

. fotdse] jor JfRIELE M2 6 2 4 OdzOdzd Isd yd MS d 27 WRES dzOH .
https://sber. HOISO BBOM jdzdw 09.04.2026) .
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' SO d flsteyrdlsjdzj 2 i URL: httaswvdsithesew § MmfsidzdCH Ol © B teOn j dzd W

4. t OBOLOdtss RrR. ¢. 1itwMfiSlsder w®wOLoadlsdw BOdsects]BdL dad T

]

rl e

vtej dzgHT sl
pr

w

dZdw o Ctdilsj CMlsj/rudit.OBOdOo@sdd 4. 1/./ 1CCHMEYREKIO o ki tc0s d
https://elibrary.ru206h0O0O tBteOh jdedw 09. 04

5. [tjd MSOW ¢. 10Bjtejddy fobtejBdlsjdj?2 {(sStdjddy Z
Wildberries o tMimdd // rktcdzOddJREB) Yy hiztzPpesh keur. 3OBE i 640
sBtOh jddw 09.04.2026) .

6. | jdsBtcSH S O -dYj.IsSfs H Sy §SHESH § t©j OkdL Oydd OdzOd
BOwE jIsddze © // 1 jMmlsded ¢ (i UBL:d dg.t typ.sl:./ /IlviejsA Odzteaa®@.r u ( HOISO

7. | {wv t -270.008..5 BdzdsdteOWdyi M oOw MmMmr &z€¢O0. [Bhdi IstcjB
dzd W | u Is O deslOrctdsy, 8

iflsots d 1CtdsBICO L @OdR(?2: biOs dj da

8 ut . . d
Cdzj SlstctsdzdzOY BB dZEfRE] S Bt Elpishvy areyi brary.ru (HOO GBtO j d
9. 1 OfmMddzr joO [ .1. JtmMkHnOttMmilse j dzdzts] dzg ¢ Zdzffectists ©dzif J §f de@ds W
2025 /] SO O Ht fmpOofs/ielibrary.ru (HOO tBKOh jdad W
10. t ORZOL Odzso R . ¢ . uftdsilsdisij'e dA3 diatf®2 dz [ sMid d: odzdwglzdj f Oc

Bd2de 2 fitedsH [/ / [ OwCjlsddsei WRL {htfgfiidlde cdd no @i wkze Yy y 6§BOISO
09.04.2026).

11. | sC dzOH B ttOLaoadbdd &BOdtsets d MtejHdzjets ftojHY tod dad BOIs j
[ dded Milsj tefmilsea s + € tsdats d3d Yy j ) URLG: thitpss/@wve.efdnaimy.goy.ra (H OlstOs tc O N j dad W
09.04.2026).
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Tt faJrf3 cufRrRUOYEBRM LI E R CcRERBMUMODT RV UJS] E
Felptuvl{yuami f118mucm
IR T N O IR I |
PROBLEMS OF (;EI]J\RION}\ICSéN AND GRADI EGITSe
IN CONVOLUTIONAL NEU RAL NETWORKS

[ it 82 CHEZOWH |1 OMmddzr joady IF_>eS(t)voydEdl:ardt\gasiltyevich
oMY deOdzls, dday j dzj 6 ¢ Odtjjdajtetsj AO@dsoscd Postoraduate student, .
. s Engineer of the Department of Automation,
fpewiL! d eorf udMmdzdlsj dz' dzO" Isj = dzd & O,| Telemechanics, Communications
r sdzi ysd?2 ddemisdlskzls 3§ dzj L dztsH 5t t5) d and Computing,
ed.lesovoi2014@yandex.ru Donetsk Institute of Railway Transport
ed.lesovoi2014@yandex.ru
¢ dzdets s Oydsw toj 3] dedalz p € d dzj 2 tots dzdz' Arlnotlation.d Modern detep n‘eyral tnetl\(Norkshare
UtequJ dzwg lsfr]W 9 LOHO'L[O: gTSd3ﬂJ ¥ qu' acwey_qse |nc0mpu_erV|S|on askKs, wnere
. the stability of learning directly depends on the
o 5fls! 5B lzyd dZCf W oY oW 9'3'2 8 L O8 d M@-| choice of the activation function. The paper
ydd. ]l twOBwls] orf ff sdzdzj dz Mtec ©9 dzdds-| provides a comparative analysis of the activa-
o Oydd RelL U, Sigmoi d, ELU, S e ts 4 tion functions of ReLU, Sigmoid, ELU, SelLU
fr] lEﬂGZiZJ dch w CtcOH qu dzls © Cf II tGJ Hisls o o®H and PeL_U from the perspective of gr_ad|ent
. . propagation and prevention of degradation of
Misd dzj 2tetsdetso . t OmMmdsistej de _O dz&d heuronal activity. The analytical expressions of
yd?2 d d- ftesdLeotsHdA -, d MMdzi H 59 | functions and their derivatives are considered,
fsdztsy dlsj dz/ dats 2 d BltcdyOlsj dz' dats 20 -| the features of ]E)er?avior in the positive and
dzts 9 dzq‘ w dzd J W Iz dz$ Y q‘ 2 q‘@jﬁJ w@m q‘ Cﬂs o negative areas o t_e grgumen_t are |nvest|g_at-
. . ed. The effect of activation functions on learning
ud fn dzd Is § dz' dalz A, _(; Isd o datsfyls . d § stability, computational efficiency, and the likeli-
LWWjCts LOIkzrOsh jets CGteOHJj dzls O | hood of effects of a decaying gradient and dying
neurons is shown.
sdzs yjor | fif dztsiaC Oy d d OCIsdes Oydd; & | Keywords: activation functions; deep neural
; . n f ; . networks; fading gradient; dying neurons;
fgiémiig ,SeLLLJ %5_5 RO d2 cwOHd]das; &AL ey sigmoid, SeLU, PeLU,

O¢ drLojfmbdes 9 oMmMdzijHdeid otejdBY ot eofpim MWJittdF ydL
flso j dzdzOW dgj 2 tetsdegdzOW Mjls* (RrR1®). 1d dMmCdzs yj defv s v o
ststc®QIsdodzts odaj HicW s Isfpw  dzMistclz 3 BElsT BOM Jdedesets Ltejdedw. [ 1
Rdzls j demdodetsy odzgijHtejdedi dMEEkMmMmise jdadz 7 dgj 2tetsdedz" = fjlsd
dLtsBtcOY jdzd?2 d OQolstsdi30lsd 1§ CasjcHsy I& f G O telzj el fiyIs Pdkd 8 s teli-B ts 9 O dz
Y dedw cdzkze € B Iszi 2 totsdzdz” ~
M j dzdzs 90Oy dzr a3 { s MlsOdzseo dlsfqpw Hdzv Mo jelssyds & -dzj 2665
Elsfpw o fMdMmlsj BOR HBOh Jdzdese s Litej dzdy o bkeOdzNf celsdes? lsteOfdz
sdzs yjor @3 Cod3f sdzj dzlstsdz dze Bts?2 dgj 2tetsdedzs? Milsd MuPkojlsfmw
8 h OQw dzj dzd dzj 2 pakrdh)ls thsHo sdzv ¥ h OW ftedBdzdy Ols! Mdzsydz" § oL Od
or AtsHdz 3 H Odade’ &3 .
vy d3 dgj dBBjdzjj, M bkojdduyjddjd cdzsddy Mmjlsd TotiidgfdsOs s f
LOlkr Odzd v cotlz @Rl ¢ Pkl Rfctsdztso, Clstster | L dzOu(d Is isdyIsditsizdts iPdgte s dzw &
tOBOY fofbdvteds? WkEdiydji?2 O0CkdeOydd RelLU, B&ZOGKHOWLW
M stetsmisd ttOBIsT [ 8] .
JHdZOSC s jY dMfitd LsoOdedy MowLOdes M fslsjtei?2 OS I detsfilsd
ydd EMmbtcOdzvsls 1 Istsls dzffeatsmEBssS, Ehiniiddls tHOMY ctshistcOdzj dzd W
Kjdz s tOBBISrT wodw jlsfMv MtcOodzdlsj dz! dz" 2 OdzOdz L dz@xf B 50kzj |
ydd, SColtster j fteddsd dzv e IRl Ug 59 tgmie’i Ad MmeltMUimoJaslols syder = dzj -
dzr = Mmilbwn MwisH{S @ dade et dzO tcOMYf tesMisteOdzj dzdj CGCteOHdJ dzZs©O d
dzj Qtesdedz’ 7 Milsj 2.
Nddedw fflsOodzj dadets? yj dzd W sted3zdzd ez Isfqpw  fydzj H &
dieso Ols! OdzOdzdlsdyui M dy or teOyjdedw WkdzCyd2 d
| s+ COfSusodjoHQ AR © ®lsted yOlsj dz des?2 d  sdzsy dIsj dz' d
i o' Hoaddekls! cditsljLlkz s ftoj ddiskh jMmlseo Of orf BteOdadz § - W & dz€
CGteOHOYydd OSCIsdodesfisd;
I fteseo jMmMisd o90dzj HOyYyder dz20 MFJjydoOodz desdz ftesctcOBRBdsds 5B § fi
o 0Odedzr » HtojHY sdztsy j dad 2 .

dz
d
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ANzdzS ydd OCIsde Oyd v tr;lsdzJ 9 OBl dMme
9o0w% 99 jHJjdadJ dzj otsL ISy detsfls B H | dzd te's0 Oded W
Biste dzOff oW gz o dzO frjlsOBqdzsrdztfsdaﬂsﬁ]lscfssctutgﬁa‘qifvtesﬁn]lﬁﬂsﬁmdzjndh({

ANzdzZCydvw o' f tew HJdz (ReLU) t-dtesits
Cdr dazj 2 totsdede’ R cffr]dchlst;dzJ s f teisMistsls
zv jlsmw or Oy j dz

frecw (X) =max( 0,x) | 1)
Hj xXTontsH dzj Qs dzO-bfwi o jClstste o j Msear 7 CavioWnisdyrsj2dzlogiCilstste L o

ded Dy g M J dad § .

ReLU tBimMfjuydeaOjls dzddzj 2de’ 2 twtsMmls fted §odsydlsjd! df = L
fted GlstcdyOlsj dz' dz" = CsdzfMmizdmOjlls o tedsiydziazdils o L bzg € dztso
RO h jets GtcOHdj dzls O.

JHAZOC s ftod GlstedyOlsjd dgr » 9-rtsHOR ftesdL otsHdOY Wk ydd
ckdsdqcOs hdr dzj 2tcsdetseo e, CtSEGHO o jMO fjtej MlsOs s tsBdatso dzw Is+ fyv
sh de¢d.

dpdz' sjtodzOlsdode d3 i jdedi &3 HOdedets?2 HtotsBdzy FF WwWodzw jsfgw tsBd
fmisd d dz.J zd dzj 2 desflsd, € O¢ Elk kX Goff Osij dey POz EOW zdzEdgidxfdz0 v
(Exponenti alBrlditn efatgj HWnsiYtj)dzO H dzv  EZ d3j Bze b | de®vO H@Y Hstinfipls- Gl tsi ez
hdds sBtOL t5d3:

, Fx x>0
fELU(X)= ' @

a(ex-l),x ¢0

Hj Uicdf jtcf OcOBRj Iste, LOHOs h d2 cdzze d dzz dzOfUS Q);zdf v e 1s to d Y«
dzdj dOlskztcOdz' dets@ t52.@2B)G Oted W BO  ( §

]l wlsdzd RejL UslsfifdrUc OdzY jIs dzi dzelzdzj o tsls tf o @ ls pdzHaizR? wBB-ZOMIs d,

i ftosHBd Ols! Cttetej SsdtesaClk o jMmse. | i sdddls sk dz' &
j dzedw wltedyOlsjdzt dgf = " AtsHdE 7 L dzOyjded?2, B EZOGESHOLY yYj dal
uddd] kRSt jlshw.

BMisOlC OgHw weatrdzy j o' MsC OV or ydMmdzdlsj dz/ dzOw fydzsy dats il
OBUEdQ) dzzyh j MftcOodzw jlsmw ) ftetsBdzf Bs?2 Ed3dteOs h dn  dzj 2 t
Jd fsedzj B8O MOBSdetste 3O dzd L-@ tpd i3] toy d3ty detists d5Q dzd) LAV -0 dzdz" =
€A¢ O ddzts, MlsOssMw BddL Cddsd ¢ Misj ndej BBz L dEO Y dad ¥
d s tGOsdztsd3Iz d dzd y 4 HISl]'iSdZdZCflSJdZJ ' »n Bjlsswse dasts
Is (O] LU

L
v W dCyqw e
OB d o8 O dzdzbs s § tisth ji W 6 ©Oly doiyo B2 fyls

H

0¢
SelLU ftojHMIsOs dz
BOdzdL Oydd:

q
Is c

f,‘ax, x>0
%a(ex-l),x 00

dydj dzls OMh OBIPEE)Y Ddzdf"OOdj Iste + § MY sdzj dzyd Ocdz' ¢
9 nfBSH dzj ? 65dz0.

®3)

@y oi CL WY

( 1.6733) %7
Ols
q
J

1 tod tsu’tGJH'dzy dzdzr & O Al Medz 9] o) Adzd J OCIsdeo Oyd?2 Do lsts
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¢ dzdets s Oq dOfpls sw h OW tcOB SISO ff tsfye W h | Annotati on. This paper addresses the prob-
ydmdzj dzdetse s 3j IstsH O H dzw Oy Is s - lem of selecting a numerical method for cal-

n . | culating the hydrodynamic parameters of flue
Led 5IsE5¢0 H' @3so " A cOL 5o, feslsd gas flow in ultrasonic flowmeters. The selec-

tc Of_l] nBHB B34 6On Il BBt d31S_H 4 dzd d Y tion of a model and numerical method, in
syjtejH!, fHoLotddl thmih jMmissdls: turn, will enable the derivation of a calculated
B stesdzsedyjmMscdrn R OtOCIsjtedfisd ! 4 dependence on the metrological characteris-
&z 7 kmdzsesdwih 1+ S dzEOlsOYydd tics of the measuring unit under real operat-

ing conditions.
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d3d Ister fslss¢ 0O, d3tsH § dzd

tsH]ZOBISC O, CttetjShdil

d H tc ts@ 4 Keywords: flue gases, flow hydrodynamic
B Iz dzj gl parameters, turbulence models, computa-
P C st tional fluid dynamics, correction factor.
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dzj 2 o dzd 3Odzdw Hdzw ftsorhjdadvw Itsydsfmisd dss OodzdyO©fldEls( mA|
Hictseo dzO RAsfPBidzf yl RT8 CoOdalstsa Odad v .
1 OHOYO MMmissdls o tOLtcOBsE (Bl EEdEd O E6o @ datts b -ips ¢ s iy

siSydd dO oMstcOdoOj 3" »  ZOLW¥ sted3Or M 0OCyj dstsdz dzO Istsydats
BOLj] DSC BB ifMfjuydeaOjls dedL Ck¥ or ydmdzdlsj dz' dzgz¥ dzOctolzL Sk |
[SHjdzZ2 HBd dz0 tOBBIBOHZ RF ddj)§ @Bl PIS dz@& MRA s £ 9 Odzls s Odzd W
ANsteBOdz dats, dzj 5B A SHJ MBS d3d dzdCogd Lufdelitcato Ist ORIz HeIHERBID 290 ,

BOC g B3 L qMABG® 0% [ Mdse dats? WGk MBjh Ojlsmw M kHOM ddw fd
mMih j et or ydMmdzdlsj dz' dzr » BdzsCtse L O Muydls odzj Hicj dzd W o dzd BC

stsdzyj f ydwvw Otrndlsj Sbkzte’! BGMdeso OdzO dzO@ cdBtedH L Oydsef DSC
Cts COdzOdz dese s o ded ZOdedw ( CAM) Hdzv ftsor hjdd¥t) Mg fipf & tzd o bz
DSC-B dzs¢ d o Mg &ydyd&dwyYr(backbone) d O6tjeOydd (neckk-), yls:
hOjl dztsCOdzdL Oyds .
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{ dhdsEteddlsj ChkztcO SHdsYftesltHds2 CNN d&O shdsej cdzsddd & ]

[ dzZv o tsiMmisOdatse dzj dad v IR Wzt fiflagls tsdeg @ H dolafrpvj h do Oj s OOy detsfyls
dzO dz! dzts § 9 dzd d3O dzd J CAM WEdSydsddiizjls fklsjd Octcjcdtetso Odzd "
G dzsB Odz! dzts Emtej H dzj dzd | Hdzw ftsdzEyjddY HiMCtdflsstcO- § tsMdzj
ZOdztseo fp Y sdgsh @ 8 LHp B Mjddsdpdets fifo Wf tod o3 dej dedw 1 Isd - o j Mfge H dzv
nHdzr 7 COtels ftedL dzOC 5o . rdzv kZdz steOdzj e S s jMmMder 7 MbsdezCIskzte
ZOBd ud MEddz €54 W dydsjniale(is[@ 3Ol dd + Y Jteduyj MCd orf BleOdzdz o3
Ct WWdydaddbsds ots olststetsdy ff sdzdesmow L desds fmdztsj, ylsts Mmdady O Is
s MisOdeH Oteplstdis CHS AS E C Istsls diisHizdzr odzj Htew jIsfqw o Bdizs$C Backbo
171 o -BDSC j, W istcdftieriion BIBcE (DSC-AB)  (lte dufnj. dzj dzr j B di= X)) |, d dffj tsthgifsts
fsmdzi MdA3i P Joa Odedw COdZOzse IstejBlkjIsfMw EBsHEEY ydWw HdY - Istsydzs
sdtclzjlsmw Hdzv oLo jhdoOdedw HtedL dzOCtso, { tsfflsdatitesdztn fiplate AECaLL
sBdMfJudo OV fflsdd3Od datsj Mmdzdw dzd j? M HLQdAsTHEG. d §tetsMisteOdzilis

RiMMdzj Hso Oded ] ftetsotsHddzsm! dzO Raspberry Pi 5 Mmjdmf tsdz
dzdj L OojthOdsm’ f§omdj 150 {{§si, §shmd] yject &sHjdd Co O
WdekteOydd: MlsOdzH OtslsdzOW YOL Ov 8 B,dzts@ Ot et @LYCD L -Af PSSR0 djfS C
(sOBdz. 1). sdz¢yjo' & d3jlsted SmBRO]. 785, dzdfls RSz, " @PL QP siflstk 52 Is
zdL Oydd.

sOBddli@KDo dzj dzd j fteOdsj Stetso BisH j dzj 2

[ SH J dz Par ams ( GFLOPs FPS mAPO.5 (%) mMAPO.75 (%)
YOLOvV8n 3.25 8.7 16.5 74.1 61.1
OptiYOLO (DSC) 1.98 4.1 28.7 73.8 58.2
OptiYOLO (DSC-AB) 2.05 4.4 27.8 75.8 66.5

I BHjdz2 MBDIBGSCOL OO d3d dzd dz30dz! detsj kzo j dzd uj dedj Mmdzsy detsfyls
MeAP0 . 75 dzO 8.3 . §. (6 mePoidd:s ncmlddhdisfepoDEE) 5190, o Yl
dz' IsOI MlsOdzH Otelsdzs?2 YOLOv8n (61. 1%) fted BBdZijJ UYUjdB Hot
S ydd ftslsjte: dzO@ ctwOW dC i HABC CGnrGeq] Is fiyls =8 r dEdsHgjjdi' dD-XC B sz
dzds flsjte!, Yyt lstcOy Ojls Bsdzj j dedidiQdgdsvd. o daisdzO dmiBHz-Ulg Sag dit
dtenddz, ybaPOf.t&dbtet(fiBls. 3 . §. ) L dzOuydlilsj daARRE 54 t6 2a ©mMAsHIY ,§
W Yylss CAM M sCbkmMdttse Odzdzs EdzEyh Oj s dd3j dedets G J sd3d Isted y
fsHIse jtcHd d&zO, Ykt ORSdd f cifABDSCH Grdzlizdzj | BELd dzj c O Is ¢ € B
BddzdBdL Jtezw tshdeSd ftsLdydtsddtese Oded W .

l OdzdH Oydw) (fetgmlse j eHd dzO, yYlsts ddzlsj 6t Oy eips tedzf dsTztedz j fipdptd 6j
fsorhOjls Issydshls!: dsCOoddL Oydd, MtatOdw v Is)tej Busse jOHE Y ded jO
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mAPO. 75 8.3 §. 1. Hts 66. 5% HBSCOLT 90]Is, Yylsts d3j m Odzd L d3 9 dac
CibdBBibbtedud M 2 d deivesdesfOqd.d letcdDSIClstsdz BsHAR) @Gpctjio @@ H (B!
ZsC OdzdL Oydd Btsdzij Iswyjdzkzge YOLOvB®WOY dEWEg.z ydh l€asdizfdoetasiigi ‘i d
CoOdzsso Odzds ISOC Y] GYBHISe jteyHJ dzO, YsMisd ¢k OHOfIsdw detsjy 9
dzr 2 l]’tslstsC OB sdtsy twWOMtej Hjdzj dzadj d3dded d3Odz! dz = ®- yd mdzd
ded L o3 dzed 3O ded v W o dz¥ j IsfyW ds fHsdf"d3 Orias figds dffsy jeded v d&fQ dzO dzf @s - d3j 3 H Iz
034Lsthu4fn 52 boydtsmls: & d20 fjtedW jted2der » EmMltets2 Mmlse OF .

tdmMzdREGtcOodzj dzdj tjLbkdz sOlsse HjljSydd o tj Odz! detsdz o

vOCddz sBOLisd, ftotso jHjddets] dMmfdzj Hse Odadj kMY jhedzts f tots
(o RdzdisHzdzj 2 COdzOdz! detsets o ded 30OdzdwY o Otrndlsj Slsktelz dzO sy
fsLotsd jls HMisdy' L dOydlsj d dsects kdakzyh jddvw boydsflsd dse
dzj L desH stetsy dets?2 ddzW e OfMiste iz € lsnzARO ., 7 T o ge@zd ff@O aifiglg jfsdim{cit tafp B OL 50 152
BsHjd v, ftod {ksE MSRtOdv v o MsCks ftsdLotHdlsj d dsfls:
Raspberry Pi 5. Clls cdBtedHdz 2 §BHAtH VyYj dzi dAOG de@cr dafeteitizs
MewLd ® DSC, BjMfjudeOv e&Oqdiuft] ds tz@dzi W &kj §isH g dztsfyls: s
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s MEk§ls | Okt
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