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MOJAEPHM3AIINA TEXHOJIOI'HYECKOT'O MPOLECCA KOHAEHCAIIMU XJTAJAT'EHTA
CTAHIIMA OXJVIAXKIAEHUA T'A3A

Maiictpumma M.M.!, Tenenko A.B.2

MODERNIZATION OF THE REFRIGERANT CONDENSATION PROCESS OF THE GAS COOLING
STATION
Maistrishin M.M.!, Telenko A.V.?

Annomayusn. Hccnedyemces MooepHuzayus mexHoi0euiecko2o npoyecca KoHoencayuu xiaoaeenma (nponana) 6
XONOOUNLHOM YuKie cmanyuu oxaadcoenus eaza. ObOCHO8aHa aKmyaibHOCMb nogbluenUs d¢hdekmusHocmu u
HaoexicHocmu pabomvl KOHOEHCAMopa XAa0d2eHma 8 YCA08UAX IKCHIYaAMayul 2a30mpaHcnOPMHbBIX 00beKmMos
Kpaiineco Cesepa. I[Ipeonodicenvt mexuuueckue pewienus, OCHOBAHHbIE HA GHEOPEHUU 3AMKHYMOU CUCMeMbl
ABMOMAMUYECKO20 — PeSYIUPOBAHUs  YACMOMbl  8PAWEHUsT  BEHMUNAMOPO8 KoHOencamopa. Peanuzayus
NPeONONHCEHHBIX MEPONPUAMULL NO360J1Aem NOBbICUMb IHEP203PPeKMUSHOCHb X0I00UTBHO20 YUK, CHU3UMD
BIIUAHUE YeNI08eHecK020 PaKmopa u obecneduums CMadUuiIbHOCb MEXHOAI0SUUECKUX NaApamMempos.

Abstract. This paper explores the modernization of the refrigerant (propane) condensation process in the
refrigeration cycle of a gas cooling station. The need for improving the efficiency and reliability of the
refrigerant condenser under the operating conditions of gas transmission facilities in the Far North is
substantiated. Technical solutions based on the introduction of a closed-loop system for automatic speed control
of condenser fans are proposed. The implementation of the proposed measures makes it possible to increase the
energy efficiency of the refrigeration cycle, reduce the influence of the human factor and ensure the stability of
technological parameters.

Kniouesvie cnoga. Cmanyus oxaasxcoenusn 2aszd, KOHOEHCAYUs NPONAHA, XON0OUTbHBIN YUK, A8MOMAMU3ayus,
KOHOeHcamop.

Keywords. Gas cooling station, propane condensation, refrigeration cycle, automation, condenser.
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PA3PABOTKA ABTOMATHU3UPOBAHHOM JIEBEJIKH JJIsI MOTPYKHBIX
OKEAHOJIO'HYECKHUX NIPUBOPOB

Huxumun B.B.!, Baraes A.B.2, logpynxuii B.C.?

DEVELOPMENT OF AN AUTOMATED WINCH FOR SUBMERSIBLE OCEANOLOGICAL
INSTRUMENTS

Nikishin V.V.!, Bagaev A.V2., Podrutcky V.S.3

Annomayusn. Ilpeocmasnenvt pesynvmamsl  pazpabomKy  CUCHEMbl  YNPAGLEHUS  A8MOMAMUUPOBAHHOU
1€6E0KO0U 011 8ePMUKATLHO20 NepemMeujerus OKeaH0I02ULecKko20 usmepumensHo2o obopyodosanus. Hasnauenue
KOMOUHUPOBAHHOU CUCEMbL — NOLYYEHUE BEPMUKATbHBIX Npoghuaetl pacnpedeierusi napamempos 00bl 8 MOpe
unu ozepe. Cucmema ynpasnenus cocCmoum u3 0paieepa d1eKmpoosueames, npoepammnozo obecneyenus s
VIPABIAIWEe20 MUKDOKOHMPOILIEPA U CYemyuKka 000pomos Ha oCcHoge ceHcopa Xoana.

Abstract. The results of the development of a control system for an automated winch for the vertical movement of
oceanological measuring equipment are presented. The purpose of such a combined system is to obtain vertical
profiles of the distribution of water parameters in the sea or lake. The control system consists of an electric
motor driver, software for the control microcontroller, and a revolution counter based on a Hall sensor.

Knroueswie cnosa. Cucmema ynpasnenus, MOHUMOPUH2, MUKDOKOHMPOILIED, OKPYIHCAIOWdsl cpeod.

Keywords. Control system, monitoring, microcontroller, environment.
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IHPEOBPA3OBAHUE ONTUMAJIBHOI'O YIJIOBOI'O IEPEHOCHOI'O YCKOPEHUSA B
3KBUBAJIEHTHOE 110 SHEPTOEMKOCTH PEJIEMHOE

Boxonckuii A.W.!, Bapmunckas H..2

CONVERSION OF OPTIMAL ANGULAR TRANSLATIONAL ACCELERATION TO RELAY
EQUIVALENT

Bohonsky A.L!, Varminskya N.I.2

Annomayusn. Buvisgnena 603modxcHocms npeobpasosanus 3apanee U38ecmHiozo pesepCcuoHHO KOHCMPYUpyemo2o
VAPAGIEHUs,  CHUJMCAIOWEe20 DHepeemuyeckoe NpUuHystcoeHue O  OOCMUNCeHUs Yeau  OBUMCEeHUS, 6
IKBUBANEHMHOE pelelinoe ynpasienue (nepenocHoe yckopenue). llpueeden npumep peanuzayuu aieopumma
PEBEPCUOHHO20 KOHCMPYUPOBAHUS NEPEHOCHO20 YCKOpeHus (Ynpaenenus) u HONYHYeHUs: dKEUBANEHMHO20 MO
IHEP2OEMKOCTU  PENetiHo20 YNPABIeHUs. OBUNCEHUEM, NpU KOMOPOM OOCMUSAeMC COCMOsSIHUE NOKO 8
KOHEeUHOM nojaoxceHuu. Pesynbmamvl UCCIe008aHUA  NOOMEEPHCOAIOM  BO3MOICHOCMb  NPAKMUYECKOU
peanuzayuu 0aHHO20 MUNA YNpagieHusl.

Abstract. The possibility of converting a previously known reversibly designed control, which reduces energy
coercion to achieve the motion purpose, into equivalent relay control (translational acceleration) is revealed. An
example of the algorithm implementation for reversive design of translational acceleration (control) and
obtaining equivalent in energy intensity relay control, at which quiescence state in the final position is achieved,
is given. The results of the study confirm the possibility of practical implementation of this type of control.

Knwuesvie cnosa. Peeepcuonﬂoe KOHCmpyupoeaHue, JHepcoemMKocmys, MUHUMANbHOE JHepzemu4decKkoe
nptuofcdeHue, AHATUMUYECKUL U YUCTIeHHbLU ananus, peﬂeIZHoe onmumalbHoe ynpaesjierue.

Keywords. Reverse engineering, energy intensity, minimum energy coercion, analytical and numerical analysis,
relay optimal control.
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CEJIEKTUBHASI CBOPKA Y3JIA IIATYHHO-IIOPIIHEBOM TI'PYIIIIbI IBUTATEJIEN
BHYTPEHHEI'O CI'OPAHUA

®unmunosuy O.B.!, Bauapimes J.A.%2, Tuynosa A.B.%, Kamues B.A.*

SELECTIVE ASSEMBLY OF THE CONNECTING ROD AND PISTON GROUP UNIT OF INTERNAL
COMBUSTION ENGINES

Filipovich O.V.!, Vandyshev D.A.2, Tiunova A.V.?, Kamtsev V.A.*

Annomayusn. Paccnampusaiomes eapuanmol KOHCMPYKYULl Y314 WAMYHHO-NOPUWHEGOU 2PYNNbL O8USAmelis
sHympenne2o ceopanust. [lis 0ocmudicenuss mpebyemot moyHOCHU €20 CONPSANCEHUL UCNONb3YIOM CeNeKMUGHbLE
Memoovl coopru. [locmpoena b6azoeas mamemamuieckas Mooeib, NO360A0UWdAsT NPU 3A0AHHBIX OONYUWEHUSIX
onpeoensims 8eposIMHOCIU 00PA306AHUL COOPOUHBIX KOMNLEKMOE. [[isi NPUHAMBIX UCXOOHBIX OAHHbIX NPUBCOECH
npumep onpedeiierust 0aHHO20 nokaszamensi coopounoeo npoyecca. O603HAUEHbI NEPCNEeKMUBbl OATbHEUUUX
uccuedo8aHuil.

Abstract. This article examines design options for the connecting rod and piston assembly of an internal
combustion engine. Selective assembly methods are used to achieve the required mating accuracy. A basic
mathematical model has been developed that, under given assumptions, allows for determining the probabilities
of assembly set formation. An example of determining this assembly process indicator for the adopted initial
data is provided. Prospects for further research are outlined.

Knrouesvie cnoea. Cenexmusnas c60p;<a, yzen mamyHHo—nopmHeeoﬁ epynnsl, mamemamuyeckas MO()eflb,
eeposinmHocmu 06pa306aHu}1 c60p01mbzx KOMNJIEKmMOos.

Keywords. Selective assembly, connecting rod and piston group unit, mathematical model, probabilities of
formation of assembly sets.
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CTAITMOHAPHBIE XAPAKTEPUCTUKHA HEHAJEKHOW BOCCTAHABJIMBAEMOW
MHOT'OKOMIIOHETHOU CUCTEMBI OBCHYXKHUBAHUA C NOTEPAMU

IMecyanckmii A.1.!

STATIONARY CHARACTERISTICS OF AN UNRELIABLE RECOVERABLE MULTI-COMPONENT
MAINTENANCE SYSTEM WITH LOSSES

Peschansky A.L!

Annomayun. Hccredyemcs HeOOHOPOOHAS MHO2OKOMNOHEHMHAA CUCMeMA OOCHYHCUBAHUA C NOMepAMU U
HEHAOeCHbIMU B0CcCcmanasiugaemvimu npubopamu. Ilocmynarowui 6 cucmemy NOMOK 3a5A60K NPOCEUULUI.
Bpemena obcnyscusanus na npubopax, napabomxu npubopog 00 OMKA3A U BPEMEHA UX B0CCMAHOBIEHUT
umelom  pacnpeoenenusi obweeo euoa. Ha ocnoganuu  ROCMPOEHHOU  NOAYMAPKOBCKOU  MoOenu
DYHKYUOHUPOBAHUSL CUCTIEMbL HAXOOSMCS ee CIMAYUOHAPHbIE XAPAKMEPUCUKY. (QUHATbHbIE 8ePOSIMHOCU U
cpeonue epemena npebvleanus 8 COCMOSHUSIX.

Abstract. A heterogeneous multi-component queuing system with losses and unreliable, recoverable devices is
studied. The incoming flow of requests into the system is simple. The service times on the devices, the mean time
between failures, and the recovery times have general distributions. Based on the constructed semi-Markov
model of the system's operation, its stationary characteristics are determined.

Kniouegvie cnoea. Munozoxomnonenmunas cucmem o0Ciyxcusanus, Hapabomka npubopa 00 omkasa,
NOIYMAPKOBCKAsL MOOENb, CMAYUOHAPHbIE NOKA3AMENU CUCHEMbL.

Keywords. Multi-component queuing system, device mean time between failures, semi-Markov model, stationary
system parameters.
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NPUMEHEHUE KPUBBIX JYBUHCA JJISI TEHEPALIUU OIITUMAJIbHBIX TPAEKTOPUI
Tokapes JI.A.!, Kyapsmos A.B.2, lementhes K.B.
USING DUBINS CURVES TO MAKE OPTIMAL PATHWAYS

Tokarev D.A.!, Kudryashov A.V.2, Dementiev K. V.3

Annomayun. B oannoii pabome Obln npo6edén ananuz mMemood NHOCMpoeHUs Mpaekmoputli O8UNCeHUs 2pynnbl
pobOMO8 ¢ 02PAHUYEHHOU MAHEBPEHHOCTbIO 8 MPEXMePHOM npocmparcmee. [ nocmpoenus mpaekmopuil
paccmampugancs memoo kpusvix [Jybunca. JonoanumensHo nposedeHo uccied08anue 603MOHCHOCmell Memood
6 NpUMEHeHUU K Npe0OMmEPAWeHUr0 CMOJKHOSeHull ¢ npenamemeuamu. Kpuevie, nonyuennvie 6 xode
ucciedosanus, npeocmasnenvl ¢ cmamove. Pe3yrbmamuvl dKCnepumMeHmos NOKA3aau, 4MoO Memoo KpUeblx
Hybunca modxcHo ucnonwb3o8ams 0151 HOCMpOoeHUs mpaeKmopuii Ol 2pynnsl pO6OMos 6 CIOACHOU MPEXMEPHOL
cpede ¢ npensmcmeusmu.

Abstract. This paper presents an analysis of a trajectory planning method for a group of robots with limited
maneuverability. The Dubins curves method was considered for trajectory generation. Additionally, the method's
potential for collision avoidance with obstacles was investigated. The curves obtained during the study are
presented in the article. Experimental results demonstrated that the Dubins curves method can be used for
planning trajectories for a robot group in a complex environment with obstacles.

Kniouegwie cnosa. ['enepayus mpaexmopuil, kpugvie [[younca, napamempuueckue Kpusbie.

Keywords. Trajectory synthesis, Dubins curves, parametrized curves.
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MCHOJIb30BAHUE METOJA TPAEKTOPHUM NPA MOJEJUPOBAHUN KUBEP®U3UYECKON
CUCTEMBI C 3AMEHOM 3JIEMEHTA IIPU KOHTPOJIE

3amopénos M.B.!, 3amopénos Y.M.2, Manumxkas A.A.3, Illepuenxo B.1.*

USING THE TRAJECTORY METHOD IN MODELING A CYBER-PHYSICAL SYSTEM WITH
ELEMENT REPLACEMENT DURING ITS MONITORING

Zamoryonov M.V.!, Zamoryonov 1.M.2, Malitskaya A.A.3, Shevchenko V.I.*

Annomayun. Pewena 3ad0aua  ananusa  HaoéxcHocmu  u  dppexkmusnocmu  GYHKYUOHUPOBAHUSA
Kubephusuueckol cucmemvl, 8 KOMOPOU OCYUECNBIACTNCA KOHMPOAbL U 3AMEHAd DIEMEHmMO8 8 npoyecce
akcnayamayuu. B xauecmee mamemamuueckozo UHCMPYMEHMApus 6bIOpAH annapam NOIYMAPKOBCKUX
npoyeccos. Hcnonb306an opucuHambHbIL Mmoo YKPYRHEHUs MOOeiU, O0COOEHHOCMbIO KOMOPO2O ABNAEMC
omcymcmeue HeoOXo0UMOCIU 8 NPeOBapuUmenbHoM OnpedeneHut CMayuoHAPHO20 PACNPeOeleHUs BIONCEHHO
yenu Mapxrosa. Onpedenenvi Kouegble XaApaxmepucmukil: nepexooHvlie 6eposMmHOCY, CMAYUOHAPHOe
pacnpedenenue. [[na ananusa cucmemvl NpUMeHEH MemMOO MPAeKmopull, HA OCHO8e KOMOPO20 NOCMpPOeHd
@ynryus pacnpedenenus epemenu 6Gezomxaznoi pabomwvr cucmemvl. IIposedeno cpasnenue pe3yrbmamos
MOOeNUposanus ¢  MeopemuyecKumMy  OYeHKaMu, MNOAYYEHHbIMU C  UCNOTbL308AHUEM  Meopembl O
CpeoHeCcmamucmu4eckomM epemenu npebvleanus 6 noOMHodcecmge cocmoanuli. Ilpeocmaenen umoz2ogwiil
amanumuveckuil  6U0  UCKOMOU QYHKyuu pacnpedeienusi, 4mo OeMOHCMPUPYen NPUMEHUMOCHb U
IPPEKMUBHOCTND OYEHKU HAOEHCHOCU CLOMHCHBIX MEXHUUECKUX CUCTEM.

Abstract. The paper addresses the problem of analyzing the reliability and efficiency of a cyber-physical system
that undergoes monitoring and component replacement during operation. The mathematical framework is based
on the theory of semi-Markov processes. An original model aggregation method is employed, with the key
feature being the elimination of the need for a preliminary determination of the stationary distribution of the
embedded Markov chain. Key characteristics such as transition probabilities and the stationary distribution are
defined. For system analysis, the trajectory method is applied, which is used to construct the distribution
function of the system’s uptime. A comparison is made between the simulation results and theoretical estimates
obtained using the theorem on the mean time spent in a subset of states. The paper presents the final analytical
form of the desired distribution function, demonstrating the applicability and effectiveness of the proposed
approach for assessing the reliability of complex technical systems.

Knrouegwie cnosa. Ilonymaprosckas cucmema, kubepgusuueckas cucmema, QyHKyus pacnpeoeienus, memoo
Mpaekmopuil, KOHMPO.lb U 3aMeHa dNeMeHMA.

Keywords. Semi-Markov system, cyber-physical system, distribution function, trajectory method, monitoring,
element replacement.
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MATEMATHYECKHUE MOJIEJIM OIITUMHU3AIIMU COCTABOB IAPTHI JETAJIEA U
MHOPSJIKOB X OBPABOTKHM B KOHBEMEPHBIX CUCTEMAX C MCHOJIb30BAHUEM
HEJOYUCJAEHHOI'O JUHEMHOI'O IMPOI'PAMMMPOBAHMUS

Kporos K.B.!

MATHEMATICAL MODELS OF COMPOSITION OPTIMIZATION BATCHES OF PARTS AND
THEIR PROCESSING PROCEDURES IN CONVEYOR SYSTEMS USING INTEGER LINEAR
PROGRAMMING

Krotov K.V.!

Annomayun. AsmomamuzuposanHoe YnpasieHue NpoOYeccamu 8vinycka Oemanell PA3HLIX MUNOE 8
NpoU3800CHIBEHHBIX KOHBEUEPHBIX CUCeMax npedycmampusaem opmuposanue U3 HUX napmuil u nocmpoeHue
pacnucanuti ux obpabomku. [lemanu, exirouaemvie 8 napmuu, oOPAbAMBIBAIOMCA HA YCMPOUCMBAX IMUX
cucmem nocredosamenvHo. Onmumusayus cocmago8 NApmuli U NopsoOKo8 ux ooOpabomxu Ha YCMpOUCmeax
B03MOJICHA C UCNONb308AHUEM YEN0UUCTeHH020 npozpammuposanus. Cospemennble MOOenu YeroyuUCieHHO20
NPOSPAMMUPOBANUSL NO360ISIOM PACAPEOeIsimb 0emay no napmusm O1si UX NAPALIeNbHOU 00pabomKu Ha
yempoticmgax. Cnocobd nepemewjenuss napmuil Mexicoy YCmpoucmeamu 6 IMux MoOenax npeonoidzaem ux
nepeoauy npu sasepuiehuy 00pabomku écex oemanel 8 Hux. AnbmepHamusHslii cnocob nepemeujenus oemaneu
u3 napmuii mexcoy 08yMs YCMPOUCMEAMU Hpeonoiazaem ux nepeoayy 6 MOMEHm 6peMeHU 3a8epUuieHUs]
00pabomku Kaxcoou 0emanu Ha npeouleCmayioujem ycmpoticmee. B ceasu ¢ smum 6binoiHeHa paspabomia
MoOenell YeloUUCIeHHO20 APOSPAMMUPOBAHUS ONMUMUZAYUU paccmampugaemvlx peuwieHuil. Ilepeonauanvho
NoOIYYeHbl 08¢ HeluHeliHble MoOenu, Komopble 3amem JuHeapu3osansl. Bepuguxayus moodeneil ocywecmeanena 8
npoepamme IBM ILOG CPLEX. Pe3ynemamol uccie0o8anuil nokazanu 3¢gexmusnocms modeneli npu peuieHun
paccmampusaemvlix 3a0ay u pocm npou3soOUmerbHoCmu 00pabomxu demaieil npu 6KIIOYEHUU UX 8 NAPMulL.

Abstract. Automated control of the processes of producing parts of different types in production conveyor
systems provides for the formation of batches from them and the construction of schedules for their processing.
The parts included in the batch are processed sequentially on the devices of these systems. Optimization of batch
compositions and processing procedures on devices is possible using integer programming. Modern integer
programming models allow parts to be distributed in batches for parallel processing on devices. The method of
moving batches between devices in these models involves transferring them when processing all the parts in
them is completed. An alternative way to move parts from batches between two devices involves transferring
them at the time each part is processed on the previous device. In this regard, the development of integer
programming models for optimizing the solutions under consideration has been carried out. Initially, two non-
linear models were obtained, which were then linearized. The verification of the models was carried out in the
IBM ILOG CPLEX program. The research results have shown the effectiveness of the models in solving the tasks
under consideration and an increase in the productivity of processing parts when they are included in batches.

Kniouesvie cnosa. Kowusetiepuvie cucmemvl, napmuu Oemainetl, pAcnucanus, MoOeiu CMEuaHHO20
YENOHUUCTEHHO20 TUHEUHO20 NPOSPAMMUPOBAHUSL.
Keywords. Conveyor systems, batches of parts, schedules, mixed integer linear programming models.
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YUCJEHHBII METOJ] CTABUJIU3ALIUUA OBYYEHHSI TEHEPATUBHO-COCTSI3ATEIBHbBIX
MOJEJEN C UCOJb30BAHUEM METPUKH BACCEPIITENHA JJIS1 AIIIIPOKCUMALIUMN
PACHPEJEJEHUI BUOMEJUIUHCKHUX JAHHBIX

A6ubysaes D.A.!

A NUMERICAL METHOD FOR STABILIZING THE TRAINING OF GENERATIVE ADVERSARY
MODELS USING THE WASSERSTEIN METRIC FOR APPROXIMATION OF BIOMEDICAL DATA
DISTRIBUTIONS

Abibulaev E.A.!

Annomayun. B cospemennou onxoouaznocmuxe npooiema agmomMamusupo8anHol KIAcCUuurayuu peoxux
namonozuti ocmaemcsi 00HOU U3 mpyoHopaspewumvlx 3adad. OzpaHuteHHOCmb OOCMYNHbIX PA3MEYEHHbIX
Habopos OaHHLIX, XapakmepHasi 011 OPQAHHLIX 3a001€8AHUL, NPUBOOUN K HECNOCOOHOCMU KIACCUHECKUX
aneopummos  2ny60ko2o  0byuenus Gopmuposamv  ycmouuugvle pazoensiouue  SUNepniIoCKOCm,  Ymo
sblpadicaemcsi 8 HUSKUX — nokasamensx — uyyecmeumenvnocmu  (Recall)  u  ewvicoxou  uacmome
JIOJACHOOMPUYAMENbHBIX 3aKuouenull. B pabome npedcmaenen emopoii sman (E2) KomniekcHozo ucciedosanus
no paspabomre 2UOPUOHOU OUACHOCMUYECKOU cucmeMbl. B omauuue om nepgoco smana, 20e npuMeHsLacCh
bazosasn apxumexmypa DCGAN, 6 meKkywem 3Kcnepumenme npednodxceH U 0OOCHOBAH Nnepexoo K
UCNONL30BAHUIO 2eHEePAMUBHO-COCIA3AMENbHBIX Cemell Ha 0CHOse Mempuku Baccepwmetina ¢ 2paouenmubim
WmMpaghom u cnekmpabHOU HOPMATU3AYUEIL.

Abstract. In modern cancer diagnostics, the automated classification of rare pathologies remains one of the
most pressing and challenging problems. The limited availability of labeled datasets, typical for orphan
diseases, results in the inability of classical deep learning algorithms to generate stable separating hyperplanes,
resulting in low sensitivity (recall) rates and a high false-negative rate. This paper presents the second stage
(E2) of a comprehensive study to develop a hybrid diagnostic system. Unlike the first stage, which utilized the
basic DCGAN architecture, this experiment proposes and mathematically justifies the use of generative
adversarial networks based on the Wasserstein metric with gradient penalty and spectral normalization.

Knrouesvie cnosa. ['enepamugno-cocmasamenvhvle cemu, CUHMEMUYECKAs ayeMeHmayus OaHHbIX, 2UOpuoHble
CNN-GAN mooenu, enyboxoe obyuenue.

Keywords. Generative adversarial networks, synthetic data augmentation, hybrid CNN-GAN models, deep
learning.
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MATEMATHYECKASI ®OPMAJIM3AIINA U CTATUCTUYECKHE METOJbI AHAJIM3A
3JIEMEHTHOI'O U NECTHIUIHOI'O CTATYCOB B BUOJIOTHYECKHUX CYBCTPATAX
MATEPU U HOBOPOXIEHHOI'O

Kpamaps B.A.!, Escradnera E.B.2, 3anara O.A.3, Mockosuyk O.B.*

THE MATHEMATICAL FORMALIZATION AND STATISTICAL METHODS OF ANALYSIS OF
ELEMENTAL AND PESTICIDE STATUS IN BIOLOGICAL SUBSTRATES OF THE MOTHER AND
THE NEWBORN

Kramar V.A.!, Evstafieva E.V.2, Zalata O.A.?, Moskovchuk O.B.*

Annomayusn. Cmamos npeonazaem Mamemamuyeckyro Gopmanu3ayuio anaiusa 31emMeHmuo20 U neCMuyuoH02o
cmamyca 8 OuonoSUYecKuUx cyocmpamax Mamepu u Ho8opodicoeHHo2o. Pazpabomansl nooxoovl k obpabomke
JIOZHOPMANbHBIX PACHpedeNeHUll ¢ Y4emoM Nnpeodenos OOHApYIICeHUs, BKI0YAs PAacyem 2eoMempuiecko2o
cpeonezo, 2eoMempuyecKo20 CMaHOApmMHO20 OMKIOHEHUs, KGAHMuULel U O08ePUMENbHbIX UHMEPEAL08 Oisl
cpasuenusi epynn. Memoowl pearuzyiomcesi ¢ ucnonvzosanuem naxkemosg R (survival, fitdistrplus, NADA) u Python
(scipy, statsmodels, lifelines).

Abstract. The article presents mathematical formalization for analyzing elemental and pesticide status in
biological substrates of mother and newborn. Approaches are developed for processing lognormal distributions
accounting for limits of detection, including calculations of geometric mean, geometric standard deviation,
quantiles, and confidence intervals for group comparisons. Methods are implemented using R packages
(survival, fitdistrplus, NADA) and Python (scipy, statsmodels, lifelines).

Kniouesvie cnosa. Mamemamuueckue memoobvl, 102HOPMATbHOE pachpedeienue, buorosudeckue cybocmpamol,
9eMeHmHbILL CIAmYC.

Keywords. Mathematical methods, lognormal distribution, biological substrates, elemental status.
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BEPUO®UKANINUA MOJIEJIU CUCTEMBI C 3AMEHOM SJIEMEHTA IPM EE KOHTPOJIE
Yanenxos H.W.!, 3amopénos M.B.2, 3amopénos M.M.3, Uenraps O.B.*
SYSTEM MODEL VERIFICATION WITH ELEMENT REPLACEMENT DURING CONTROL

Chalenkov N.1.!, Zamoryonov M.V.2, Zamoryonov I.M. 3, Chengar O.V.*

Annomayus. Ilpu nomowu cpedvl umumayuonnozo moodenuposanus AnyLogic cmpoumcs Ouckpemuo-
COOLIMULHAST UMUMAYUOHHASL MOOENb NOJYMAPKOBCKOU CUCMEMbl C KOHMPONEM COCMOSHUSA DNIeMEHma U e20
3amenotl npu omkaze. I[lymem cpasuenus pe3yibmamos UMUMAayuOHHO20 U AHATUMUYECKO20 MOOeTUPOBAHUS,
NONYYEHHO20 HA OCHO8e Memood nymel, 8bINONHAEmcs epugukayus anarumuyeckon modenu. [Ipusooumcsa
OdemanvHoe onucanue O10K08 UMUMAYUOHHOU MOOeN.

Abstract. In the article, a discrete-event simulation model of a semi-Markov system is constructed using the
AnyLogic simulation modeling environment. This model includes state monitoring of an element and its
replacement upon failure. Verification of the analytical model is performed by comparing the results of
simulation and analytical modeling, obtained using the path method. A detailed description of the simulation
model blocks is provided.

Knrouesvie cnosa. 3amena ajiemenma, uMumayuoOHHa:A MO()eflb, 6epudml<auuﬂ Moc)eﬂu, NOOMHOICECTBO
pa6omocnoco6ﬂbzx COCWIO}ZHLH:Z, MCKyCCI’I’lGEHHblﬂ UuHmeJlieKkm.

Keywords. Component replacement, simulation model, model verification, subset of operational states, artificial
intelligence.
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BJIMAHUE IIOTPEHIHOCTHU U3MEPEHUSI TUAMETPA BAJIA HA IHOKA3ATEJIM
HAJEKHOCTH JABUTATEJISI BHYTPEHHEI'O CI'OPAHUSA

Bamakun A.J1.!

THE EFFECT OF SHAFT DIAMETER MEASUREMENT ERROR ON THE RELIABILITY
INDICATORS OF AN INTERNAL COMBUSTION ENGINE

Balakin A.L!

Annomayus. Iloxasana axmyanbHOCMb — OYEHKU  GIUAHUA — NOSPEUHOCIU — USMEDEHUs  2e0MEempuieckKux
napamempos Oemaneii Ha nokazamenu HAOENCHocmu uzoenus. IIpugooumcs mamemamuyeckas Mooelb,
CBA3a8WAS  NOZPEULHOCIb  UBMepeHUusi Ouamempa 6and NOOWUNHUKA —CKOJbICEHUs C  NOKA3amenamu
Haoéxcnocmu. Jlan ananu3 CeA3U «2eoMempuieckas nocpewHocms — HaoédcHocmby. Ilpedcmasnen npumep
MOOenUposans, Ha KOMOPOM NOKA3AHO, YMO HOZPEWHOCMb usmepenus 6 3 MKM (npu donycke 6 30 mxm)
CHUDICaem pecypc ROOWUnHuKa ckoavoicenus Ha 15%, a pecypc ecezo osueamens na 1,26%.

Abstract. The relevance of assessing the impact of measurement errors in the geometric parameters of
components on product reliability indicators is demonstrated. A mathematical model is presented that links the
measurement error in the diameter of a sliding bearing shaft to reliability indicators. An analysis of the
relationship between ‘geometric error and reliability’ is provided. A simulation example is presented, which
shows that a measurement error of 3 um (with a tolerance of 30 um) reduces the service life of the plain bearing
by 15% and the service life of the entire engine by 1.26%.

Knrouesvie cnosa. Hal)QQlCHOCWlb, pecypc, nocpeutHocmbsv U3meperus, NOOWUNHUK CKOJIbICEHUA, osuzameinb
GHYMPEHHEe20 C2OPAHUAL.

Keywords. Reliability, service life, measurement error, plain bearing, internal combustion engine.
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YCTPOMUCTBO BAJJAHCHUPOBKH U IMORJEMEHTHOI'O U3MEPEHMS HATPSOKEHUSA
JUTUEBBIX BATAPEM

Bypnaxa B.B.!
DEVICE FOR LITHIUM BATTERIES BALANCING AND PER-ELEMENT VOLTAGE MEASURING

Burlaka V.V.!

Annomayusn. B pabome npednosceno cxemHoe peuleHue NpoCMO20 YCMPOUCmEd OalaHCUpOsKU U
NODNIEMEHMHO20 UBMEPEHUsL HANPSICEHUs.  AKKYMYIsImopHulx  6amapetl. Cxema cnpoekmuposana maxum
00pasom, wmo umeem OMHOCUMENbHO HeDOIbUWOe YUCLO INEMEHMOS8, He COOepIHCUM NPEYUUOHHLIX U
MPYOHOOOCMYRHbIX Oemaiet, no3goisem pabomamsv ¢ Oamapesimu, UMEIOWUMU PA3HOe YUCLO INEMEHMOS.
Tpumenenue maxo2o ycmpoucmea no3eoasien KOHMpOoauposams COCMOIHUE AKKYMYISIMOPHbIX bamapeti nymem
HODNIEMEHMHO20 UBMEDEHUSI HANPAICEHUS], a MAKHCEe NPOBOOUMb UX OANAHCUPOBKY, MEM CAMbIM RPOONEBUs. CPOK
aKCnIyamayuu oamapeu. Yempoticmeo modicem Cayscums OJisl OpeaHu3ayuu 3apsaoky aumuesblx bamapet om
NPOU3BONILHOZO UCMOYHUKA ¢ NOOXOOSWUMU napamempamu, obecneuueas OAIAHCUPOBKY U KOHMPOIb
HANPSIHCEHUT 2NEMEHTNOS.

Abstract. In the paper, a circuit topology solution of a simple device for battery balancing and per-element
voltage measurement is proposed. The circuit is designed in such a way that it has a relatively small number of
components, does not contain precision and hard-to-find parts, and allows working with batteries with different
number of elements. The use of such a device allows monitoring the state of batteries by per-element
measurement of voltage, as well as balancing them, thus extending the service life of the batteries. The device
can be used to organize charging of lithium batteries from an arbitrary source with suitable parameters,
providing balancing and control of element voltages.

Kniouesvie cnosa. Jlumuesas axkymyassmopuas Oamapes, Oarancuposka, usmepenue uanpsicenus, BMS,
yughposoii sorommemp.

Keywords. Lithium battery, balancing, voltage measurement, BMS, digital voltmeter.
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