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B. B. Asunos

OIIEHKA KOMILIEKCHOI'O BJIUSIHUA SJIEKTPOUCKPOBO OBPABOTKHA
INOBEPXHOCTHU TPEHUSA U IIPUMEHEHUSA IINTIACTUYHBIX CMA30K
C DOOEKTUBHBIMU IPUCAIKAMU HA U3HOCOCTOMKOCTh
TAXKEJTOHATI'PYKEHHbBIX TPUBOCUCTEM

AnHoTtanus. [IpeanoskeHa KOMITICKCHAs METO/IMKA COBEPIIICHCTBOBAHUS Y3J1a «IISTHHUK —
MOMISATHUKY, BKIIOYAIOIIas 00pabOTKy MOBEPXHOCTH MOISTHHKA METOIOM 3JIEKTPOHCKPO-
BOTO JIETHPOBaHUs B WHAyCTpruanbHOM Macie M-40 BomshpamoBeiM amektpogom FUBAG u
UCIOJh30BaHUE IIACTUYHBIX CMAa30YHBIX MaTePUANIOB, CcoAepKamuX 3((EKTUBHBIC IPH-
CaJIKH, CIIOCOOCTBYIOIUE 00Pa30BAHUIO0 BTOPHYHBIX CTPYKTYP Ha METANIMYSCKOM KOHTpPTEIIE.
IIpoBeaeHBI TPHOOIOTHIECKIE UCTIBITAHNS Ha MaIlIMHE TPEHUS ¢ o0pa3namu u3 ctanmm 30X13
nociie 00pabOTKU METOIOM 3JIEKTPOUCKPOBOTO JISTUPOBAHUS B IPUCYTCTBUU CMa304HOTO Ma-
tepuana [IYMA-MP. B kauecTBe npucaaku UCIONb30BaH JBOHHON MeTadocdar Kalblus U
rHKa. C MOMOIIBIO METO/I0B TUTAHWPOBAHUS SKCIIEPIMEHTA HCCIIEIOBAHO BIMSHUE MTPOIIEHT-
HOTO COZEPIKaHUSA MIPUCATKNA U HATPY30YHO-CKOPOCTHBIX YCIIOBUM Ha BeMHMYMHY m3HOoca. Om-
TUMU3AIUS COJICPIKAHUS PUCAJKH K CMa30YHOMY MaTepHally IMO3BOJIMJIa CYIIIECTBEHHO YBe-
JUYUTH Pecypc paOdOTHI UCCIEAyeMOi (GPUKITMOHHON CUCTEMBI.

KaioueBble cjioBa: M3HOCOCTOMKOCTh, MOTU(HUKAINSA TOBEPXHOCTH, SJIEKTPOUCKPOBOE
JISTUPOBAHUE, CMAa304YHBIC MaTEPHAJIbI, TPUOOIOTHSL.

Jasi nutupoBanus: Aswios, B. B. OneHka KOMIUIEKCHOTO BIUSHHUS 3JIEKTPOUCKPOBOI
00pabOTKH MOBEPXHOCTH TPEHUSI M MPUMEHEHHUS TJIACTUYHBIX CMa30K € 9 (EKTUBHBIMU TPH-
caJIKaMH Ha U3HOCOCTOUWKOCTh TSDKETIOHATPy)KEeHHBIX TpuOocucteM / B. B. ABunos // BectHuk
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V. V. Avilov

ASSESSMENT OF THE COMPLEX EFFECT OF ELECTRIC SPARK TREATMENT
OF THE FRICTION SURFACE AND THE USE OF GREASE LUBRICANTS WITH EFFECTIVE
ADDITIVES ON THE WEAR RESISTANCE OF HEAVILY LOADED TRIBOSYSTEMS

Abstract. The study proposes a comprehensive methodology for improving the “center
plate — thrust bearing” node, including the treatment of the surface of the thrust bearing by the
method of electric spark alloying in 1-40 industrial oil with a FUBAG tungsten electrode and
the use of plastic lubricants containing effective additives that promote the formation of sec-
ondary structures on a metal counterbody. Tribological tests were carried out on a friction
machine with 30X13 steel samples after processing by the method of electric spark alloying
in the presence of PUMA-MR lubricant. A double calcium and zinc metaphosphate is used as
an additive. Using experimental planning methods, the effect of the additive percentage and
load-speed conditions on the wear rate was investigated. Optimization of the lubricant additive
content made it possible to significantly increase the service life of the friction system under
study.

Keywords: wear resistance, surface modification, electric spark alloying, lubricants, tri-
bology.
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A. U. Boponaes

MOBBIMIEHAE N3HOCOCTONUKOCTH TAXKEJTOHATPYKEHHBIX TPUBOCUCTEM IIYTEM
INPUMEHEHUMSA KOMBUHUPOBAHHbBIX NOHHO-IIVIASMEHHBIX AJIMA30IIOIOBHBIX
MOKPBITHH CrSiAIN + DLC IIPA CTABUJIM3AIIANA A30TOM *

AHHoTanus. PaccmoTpeHna 3anada onpeneneHus GU3NKO-MEXaHUUECKUX U TpUOOIOrHye-
CKUX IapaMeTpOB HOHHO-TNIA3MEHHBIX NOKPBITHI DLC, HaHECEHHBIX Ha CTATBHYIO MOAJIOKKY
C MCIIONB30BAHUEM a30Ta JJIsl CTAOMIIM3ALMU CTPYKTYPHI M TOJIIUHEI MOKPHITHH. [Tomy4yenHble
3aBUCHMOCTH K03(hpuImenHTa TpeHus L ¥ JTUHBI mpodera L 00pasmnoB 10 MOMEHTa pa3pyIeHHs
MOKPBITUS OT TOKa M MHAYKIMOHHBIX KaTymek (A, A) — MOIIHOCTH HOHHOIO NTOTOKA, KOJIHYe-
cTBa ctabuuzaTopa —a3ota (%N) MO3BOJUIM HE TOJBKO ONTUMH3HUPOBATH PEKUMBI HAHECCHHUS
TIOKPBITHS, HO U BBIIBUTH Henoctatku DLC-mokpeITHii. B 9acTHOCTH, yCTaHOBIEHO, 94TO KO-
(GULMEHT TpeHHs NPaKTHYECKH OCTAeTCsl IOCTOSIHHBIM M IOCTaTOYHO MaJIbIM BO BCEM JUara-
30He Harpy3ok Ha ypoBue | = 0,17. Uto kacaeTcs u3HOCa, TO B MHTEPBAJIC 3HAYUTEIBHBIX
Harpy30K dKCIEpUMEHTaNIbHAS 3aBUCUMOCTh ITyTH TPEHUS A0 pa3pylieHHsS HEMPEephIBHO YObI-
BAaeT U cTpeMuTcs K Hymr0. IloaTomy nanpHeiimme nccaenoBanus OblIM HapaBlieHb! HA pa3pa-
OOTKY TEXHOJIOTUH MOJTY4YeHUs] KOMOMHUPOBAHHOTO MOKPBITUS MTyTEM YepPEIOBaHUS METaJIO-
kepamudeckux cinoeB CrAlSiN, mosyueHHBIX TyroBbIM HANbLICHUEM MyTeM (pU3MYECKOTO Ba-
KyyMHOTO ocaxkaeHust PV D-TIOKpHITHH, U YTIIEPOJHBIX (B TOM YHCIIE aTMa30TIOA00HBIX) CIIOEB,
MOJY4YEHHBIX JIA3€PHBIM UCTIapeHueM rpaduta, 6e3 u3BiedeHUs] 00pa3LOB-TIOAJIOKEK U3 BaKYy-
yMHO# Kamepsl yctaHoBkH BRV-600. B pe3ynbraTe coBMenIeHHsS BRICOKOW H3HOCOCTOHMKOCTH
autpuaHoro mokpbiTus CrAISIN u Huskoro koad¢unuenta Tpenns nokpbitusi DLC cyre-
CTBEHHO yBEJIMYUBAET N3HOCOCTOWKOCTH BBICOKOHAIPY>KEHHBIX TPHOOCONPSKEHHUH.

KiroueBble cjioBa: BakyyMHasi HOHHO-TUIA3MEHHASI TEXHOJIOTHSI, HUTPUIHBIE U AIMA30II0-
JOOHBIE TTOKPBITHS, MEXaHMUYECKHE H TPHOOJIOTUIECKHUE CBOWCTBA TOKPHITHIA, TapaMeTphbl HaHe-
CCHMS OKPBITHI, KOMOMHUPOBAHHBIE TIOKPHITHS.

Jas unTupoBanusi: Bopomaes, A. WM. IloBblllieHuE M3HOCOCTOMKOCTH TSDKEIIOHATPYKEH-
HBIX TPUOOCHCTEM ITyTeM MTPUMEHEHUS] KOMOMHHPOBAHHBIX HOHHO-TUIA3MEHHBIX aJIMa30Mo100-
HbIX TokpbITHiA CrSiAIN + DLC npu cradunuzanuu azotom / A. 1. Bopomnaes // Bectauk Po-
CTOBCKOI0 FOCYIapCTBEHHOTO YHUBEpCUTeTa myTeit coobiuenus. — 2024. — Ne 3. — C. 17-27. —
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A. l. Voropaev

INCREASING THE WEAR RESISTANCE OF HEAVILY LOADED TRIBOSYSTEMS
BY USING COMBINED ION-PLASMA DIAMOND-LIKE COATINGS CrSiAIN + DLC
WITH NITROGEN STABILIZATION

Abstract. The study considers the problem of determining the physico-mechanical and
tribological parameters of ion-plasma DLC coatings applied to a steel substrate using nitrogen
to stabilize the structure and thickness of coatings. The obtained dependences of the coefficient
of friction u and the run length L of the samples up to the moment of coating destruction by
the current and induction coils (A, A) — the power of the ion flux, the amount of stabilizer

* PaboTa BbINMOJIHEHA PU HUHAHCOBOU mojnepkke Poccuiickoro HaydHoro ¢ouna (mpoekt Ne 21-79-30007).
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nitrogen (%N) allowed not only to optimize the coating modes, but also to identify the disad-
vantages of DLC coatings. In particular, it was found that the coefficient of friction remains
practically constant and quite small over the entire range of loads at the level of p =0,17. As
for wear, in the range of significant loads, the experimental dependence of the friction path to
destruction continuously decreases and tends to zero. Therefore, further research was aimed at
developing a technology for obtaining a combined coating by alternating CrAISiN metal-ce-
ramic layers obtained by arc spraying by physical vacuum deposition of PVD coatings, and
carbon (including diamond-like) layers obtained by laser evaporation of graphite, without ex-
tracting substrate samples from the vacuum chamber of the BRV-600 installation. As a result
of combining the high wear resistance of the CrAlSiN nitride coating and the low friction
coefficient of the DLC coating, the wear resistance of highly loaded tribounits is significantly
increased.

Keywords: vacuum ion-plasma technology, nitride and diamond-like coatings, mechanical
and tribological properties of coatings, coating parameters, combined coatings.

For citation: Voropaev, A. I. Increasing the wear resistance of heavily loaded tribosystems
by using combined ion-plasma diamond-like coatings CrSiAIN + DLC with nitrogen stabili-
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C. A. Jlykun, C. A. Bacun, E. B. Ilaumioxuna

METOIUKA ITPOEKTUPOBAHUSA YHUBEPCAJIBHOI'O
MEXAHHUYECKOI'O JJMCKOBOTI'O BYHKEPHOT' O 3ATPY30YHOI'O YCTPOMCTBA
C 3YBbsAMMU U PEI'YJIMPYEMBIM OPUEHTATOPOM JJIS1 3AI'OTOBOK TEJI BPAINEHUA
B ®OPME KOJIITAYKA

AHHOTanus. PaccMoTpeHbl OCHOBHBIE BHJIBI 3aTOTOBOK TeJI BpallleHHs B (hopMe KoJnauka
C HESIBHOM U IBHOM aCUMMETPUEH U NIPEJIOKEHHOE YHUBEPCAIbHOE MEXaHUYECKOE JUCKOBOE
OYHKEpHOE 3arpy30YHOE YCTPOUCTBO € 3yObsIMU U PETYJIUPYEMbIM OPUEHTATOPOM JUISI UX aB-
TOMAaTHYECKOW 3arpy3KH B TEXHOJOIHMYECKOe O0OpyAOBaHHWE NATPOHHOTIO IPOM3BOJCTBA.
Omnucadbl OCHOBHBIE ATaIlbl IMPOCKTHUPOBaHNA YHUBEPCAJIbHOI'O MCXaHUYECKOTO AHMCKOBOI'O
OYHKEpHOI0 3arpy304HOI0 YCTPOMCTBA C 3yObsIMH U PETYIHPYEMbIM OPUEHTATOPOM, B MPO-
1ecce KoToporo OyJIeT peann3oBaHa 3arpy3ka pa3IMyHbIX 10 popMe 1 pazMepaM 3aroTOBOK €
BO3MOXKHOCTBIO OBICTPOM TEpPEeHAIAAKH C OJHOTO TUIOpa3Mepa Ha Ipyrou, odecredeHo
HaJIe)kKHOE (PYHKIIMOHUPOBAHKE IIPH OPUEHTHPOBAHHUH 3aTOTOBOK, IIOBBIIIEHA BEPOSITHOCTH 3a-
XBaTa 3aroTOBOK KapMaHaMH yHUBEPCAIbHOIO OYHKEPHOTO 3arpy304HOrO YCTPOWCTBA C Iie-
JIBIO YBEITMYEHUS €70 MPOU3BOJUTEIBHOCTH.

KiroueBble cj10Ba: IPOEKTHPOBAHKE 3aTPy30UHOI0 YCTPOICTBA, YHUBEpCaIbHOE OyHKEp-
HO€ 3arpy304HO€ YCTPOMCTBO, OPUEHTUPOBAHUE IITYYHBIX 3aTOTOBOK.

Jas outupoBanusi: Jlykua, C. A. MeTonuka NpOEKTHPOBAHUS YHHUBEPCAIHHOTO
MEXaHMYECKOTO JIMCKOBOTO OYHKEPHOTO 3arpy304HOr0 YCTpOWCTBAa € 3yObsIMH U
peryiaupyeMbIM OPHEHTaTOpOM [Jisi 3aroTOBOK TeJ BpalleHus B ¢GopMme Konmauka /
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S. A. Lukin, S. A. Vasin, E. V. Pantyukhina

PROCEDURE FOR DESIGNING UNIVERSAL MECHANICAL DISK HOPPER LOADING DEVICE

WITH TEETH AND ADJUSTABLE ORIENTATOR FOR BLANKS OF BODIES
OF REVOLUTION IN THE FORM OF A CAP

Abstract. The article considers the main types of blanks of bodies of revolution in the form
of a cap with implicit and explicit asymmetry and the proposed universal mechanical disk
hopper loading device with teeth and an adjustable orientator for their automatic loading into
the technological equipment of cartridge production. The study describes the main stages of
designing a universal mechanical disk hopper loading device with teeth and an adjustable ori-
entator, during which loading of blanks of various shapes and sizes will be implemented with
the possibility of quick readjustment from one standard size to another, reliable operation dur-
ing blank orientation will be ensured, the probability of blank capture by pockets of the uni-
versal hopper loading device will be increased in order to increase its productivity.

Keywords: design of loading device, universal hopper loading device, piece blanks orientation.
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. C. Maumypos, U. B. bonvwux, E. I1. borvuux

MATPUYHOE CBA3YIOUEE JJSI AHTU®PUKIIMOHHOI'O IOJIMMEPHOI'O
KOMITIO3UIIUOHHOI'O MOKPBITHUA *

AnHoTanus. PaccMOTpeHBI BONPOCH TPUMEHEHHUS HOBOTO MAaTPUIHOTO CBSI3YIOIIETO IS aH-
TU(PUKITUOHHOTO MOJIMMEPHOTO KOMIIO3HMIIMOHHOTO TOKPHITHA. B pa3zpabaTsiBaeéMOM MOKPBHITHH
MIPUMEHSETCST ApMUPYIOIHA KapKac Ha OCHOBE OPraHUYECKUX BOJIOKOH, BKITFOUAIONTHHN MTOTUTET-
padTopatuieHoBbie BojokHa ([ITDD) u nonuamMuaHbie HUTH. B KauecTBe ajire3uBa ObLIO BEIOPAHO
pacTBOpHOE CBSA3YyIOIIee Ha OCHOBE (heHWIOHA, MOAU(MUITMPOBAHHOE HATIOIHHUTEISIMHA. B uccieno-
BaHUM MHOTOKOMIIOHEHTHBIX CHCTEM, TaKMX KaK KOMIIO3UTHBIE MaTepHalibl, BOSHUKAET 3aJaua

* I/ICCJ'IC,HOBEIHI/IC BBITIOJIHEHO IPpU (bHHaHCOBOﬁ NOAACPIKKE (Denepanbﬂoro AréHTCTBAa XKCJIE3HOAOPOIKHOTO TpaHC-
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OTIpeieTICHNs] BIUSHUS KaXXIOTO KOMITOHEHTa Ha CBOWCTBAa KOHEYHOTO MPOIYyKTa. JlJisi pereHus
JTOM 3a/1a4y¥ MPEJIaraeTcs UCIOIb30BaTh CUMILICKC-PEMIETYATHIE TUTaHbL. JTO 00eCneurnBaeT J0-
CTAaTOYHO MOJHOE YCTAHOBJICHUE BIMSIHUS KaXJIOT0 KOMIIOHEHTA Ha PEe3yJbTUPYIOIINE CBOMCTBA
KOMIIO3HTA U TIO3BOJISIET MOYYUTh 00JIee TOYHBIE U HA/ICKHBIE PE3yIIbTATHI.

KiaioueBble ca0Ba: MOMMMEpHBIE MaTEPHAbl, apMHUPYIOMIHA Kapkac, (EHHIIOH, TOPOIIOK
MeH, TUMETUICYIb()OKCH, BI3KOCTh, CUMILICKC-PEIIETYATHIC IJIaHbI, MATPHIIA TUTAHUPOBAHUSI.

Jast uutupoBanus: Manrtypos, 1. C. MatpuuHoe cBs3yromee Uit aHTHPPUKIIHOHHOTO TTOJIH-
MepHOTO KoMno3unnoHHoro mokpertust / 1. C. Mantypos, U. B. bonbmux, E. I1. Bonsmux // Bect-
HUK POCTOBCKOTO rocyaapcTBEHHOTO YHUBEpcUTeTa myTeit coodmenus. — 2024. — Ne 3. — C. 36—
42. —DOI 10.46973/0201-727X_2024_3 36.

D. S. Manturov, I. V. Bolshikh, E. P. Bolshikh
MATRIX BINDING AGENT FOR ANTI-FRICTION POLYMER COMPOSITE COATING

Abstract. The article considers the application of a new matrix binder for an antifriction
polymer composite coating. The coating being developed uses a reinforcing frame based on
organic fibers, including polytetrafluoroethylene fibers (PTFE) and polyamide threads. A solu-
tion binder based on phenylone modified with fillers was chosen as an adhesive. In the study of
multicomponent systems, such as composite materials, the problem of determining the effect of
each component on the properties of the final product arises. To solve this problem, it is pro-
posed to use simplex lattice plans. This ensures a fairly complete determination of the effect of
each component on the resulting properties of the composite and allows obtaining more accurate
and reliable results.

Keywords: polymer materials, reinforcing frame, phenylone, copper powder, dimethyl sul-
foxide, viscosity, simplex lattice plans, planning matrix.
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E. B. llaumioxuna, C. A. Jlyxun, C. A. Bacun

PA3PABOTKA YHUBEPCAJIBHOM KOHCTPYKIIMA
MEXAHUYECKOT'O JUCKOBOI'O BYHKEPHOI'O 3ATPY30YHOI'O YCTPOMCTBA
C3YBbsAMMU U PET'YJIMPYEMBIM OPUEHTATOPOM /IS 3AI'OTOBOK TEJI BPAILIEHU A
B ®OPME KOJIITAYKA

AHHoTamus. PaccMoTpeHa TpaUIIMOHHAs TEXHOJIOTHS U OCHOBHBIE 3TAIlbl N3TOTOBJICHUS
natpoHoB. [Toka3ana HeOOXOIUMOCTh MPUMEHEHHSI CUCTEM aBTOMAaTHYECKOH 3arpy3Ku ¢ Me-
XaHMYECKHMH JUCKOBBIMH OYHKEPHBIMHU 3arPy30YHBIMA yCTPOUCTBAMH JIJIS TIOJa9u C Tpeby-
€MOH MPOU3BOJUTEIBHOCTHIO U BRICOKOHW HaJEKHOCTHIO B aBTOMATHYECKHE MAIIMHBI M TUHUN
NaTPOHHOTO MPOM3BOJCTBA MITYYHBIX 3arOTOBOK U FOTOBBIX M3ACIHHA, UMEIOMUX (HOpMY Tel
BpameHus. [Ipencrasinena yHruBepcatbHass KOHCTPYKIIHS MEXaHUIECKOTO IUCKOBOTO OYHKEp-
HOT'O 3arpy309HOTO YCTPONCTBA C 3yOBSIMHU U PEryIHPYEMbIM OPUEHTATOPOM JUIS 3aTOTOBOK
TeJ BpaleHus B hopMe Koimayka. PaccMoTpeH mpuHIun QyHKIMOHUPOBAHUS M OCOOESHHO-
CTH HaJaJIKH TIPEUI0KEHHOW YHUBEPCATFHOW KOHCTPYKITHH MTPH OPUEHTHPOBAHNHN 3aTOTOBOK
B (hopMe KoIavKa, UMEIOIINX Pa3InIHOE COOTHOIIEHHE TEOMETPUIECKUX TapaMeTPOB.

KuaroueBble cjioBa: cCUCTEMBl aBTOMAaTHYECKOH 3arpy3Kd, OPHEHTHPOBAHUE 3arOTOBOK,
OyHKEpHOE 3arpy304HOE YCTPOMCTBO, MATPOHHOE MTPOM3BOICTBO.

Jns uurupoBanmsi: [lanTioxuna, E. B. Pa3paboTka yHHBepcandbHON KOHCTPYKIUH
MEXaHMYECKOTO JIUCKOBOTO OYHKEPHOTO 3arpy304HOr0 YCTpOWCTBA € 3yObsIMHM U
peryaupyeMbIM OPHEHTAaTOpOM Uil 3aroTOBOK Tel BpameHus B (opme Kojimadka /
E. B. [lanTioxuna, C. A. Jlykun, C. A. Bacun // Bectauk PocToBCKOro rocyaapcTBEeHHOTO
yHuBepcuTeTa myTed coobmenus. — 2024, — Ne 3. — C. 43-49. — DOI 10.46973/0201—
727X_2024_3_43.

E. V. Pantyukhina, S. A. Lukin, S. A. Vasin

DEVELOPMENT OF A UNIVERSAL DESIGN OF A MECHANICAL DISK HOPPER LOADING
DEVICE WITH TEETH AND AN ADJUSTABLE ORIENTATOR FOR BLANKS OF BODIES
OF REVOLUTION IN THE FORM OF A CAP

Abstract. The traditional technology and main stages of cartridge manufacturing are con-
sidered. The study shows the necessity of using automatic loading systems with mechanical
disk hopper loading devices for feeding with the required productivity and high reliability into
automatic machines and cartridge production lines of piece blanks and finished products hav-
ing the shape of bodies of revolution. A universal design of a mechanical disk hopper loading
device with teeth and an adjustable orientator for blanks of bodies of revolution in the shape
of acap is presented. The operating principle and adjustment features of the proposed universal
design when orienting blanks in the shape of a cap having different ratios of geometric param-
eters are considered.

Keywords: automatic loading systems, blanks orientation, hopper loading device, car-
tridge production.

For citation: Pantyukhina, E. V. Development of a universal design of a mechanical disk
hopper loading device with teeth and an adjustable orientator for blanks of bodies of revolution
in the form of a cap / E. V. Pantyukhina, S. A. Lukin, S. A. Vasin // Vestnik Rostovskogo
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NHOOPMAIIMOHHBIE TEXHOJIOI'NH,
ABTOMATHUKA 1 TEJIEKOMMYHHNKAIINN

M. H. Yenyos, C. /. Conuna, M. FO. Acmpumcxuii

METO/ 'EHEPALIUU TIPOTPAMMHOI'O KOJA 110 MAPAMETPAM MOJEJIA
HEWPOHHOM CETH

AHHoTanms. B craThe mpeaiokeH MeTo ] FeHepaliy IporpaMMHOro Ko/ia Ha OCHOBE Tapa-
METpPOB MOJIeTH HelpoHHOH ceTn. OO0CHOBaHA HEOOXOANMOCTh Pa3pabdOTKH TAaHHOTO METOa
JUTS TIOBBILICHUSI OBICTPOACHCTBHS MPOTPAMMHOTO 00ECTICUeHHS M PACIIUPEHHSI BO3MOKHOCTEH
WHTErpaldd B CUCTEMBI C OTPAHUYEHHBIMU alllapaTHbIMU pecypcaMu. PaccMoTpeH mpolecc
CHHTE3a MPOTrPaMMHOI0 OOECIEeUEHUs, BKJIIOYAIOLUINNA CO3JaHHE KOAa MPSIMOro IMPOXoAaa
HEUPOHHOHU CETH, OCHOBAaHHOI'0O Ha MmapaMeTpax ee Moaenu. [IpuBeneHsl npuMepsl peann3anuu
KOJa JUIS Pa3InYHBIX KOH(PUTYpallMii HEMPOHHBIX CETEH, BKJIFOYAs CETH C OJHHM U HECKOJIb-
KHMMH BbIXOJaMH. Pe3ybpTaThl MOKa3bIBalOT BO3MOXKHOCTh YMEHBIICHUS! BPEMEHHBIX U PECypc-
HBIX 3aTpaT MPH BBHIIOIHEHUH PacyeTOB B HEMPOHHBIX CETSIX, YTO MO3BOJIsIeT 3G (EKTUBHO UC-
MOJIb30BaTh HU3KOIPOHM3BOAUTEIILHOE O00OpYIOBaHWE Ui BBIIOJHEHUS 3allad Ha OCHOBE
HEHPOHHBIX CETEH, YTO CHUKAET 3aTpaThl HAa o0opymoBaHue. CreHepUpOBaHHBIA KO/ MOYKET
OBITH JIETKO MHTETPUPOBAH B Pa3JIMUHbIE CUCTEMBI, BKIIIOYasl T€, KOTOPhIE UMEIOT OIpaHUYCH-
HBIC armnapaTHbIC PECYPCHI. MeTO)IOJ'IOI‘I/IH IMO3BOJIACT alalITUPOBATh U MaCHITa6I/IpOBaTB peme-
HUA 1104 KOHKPETHEBIC 3aadu U Tpe6OBaHI/I$I, 4TO OCOOEHHO BaXKHO IUIA IPpUKJIaQJHBIX 3aJiad B
o0nacTsx, TaKUX Kak 00paboTka n300pakeHnH 1 BUEO, pAaCcIIO3HABAHUE PEYX U TEKCTOB, aHa-
JIM3 JaHHBIX ¥ IPOTHO3UPOBAHHUE.

KuaroueBble cjioBa: HepoHHAs CeTh, IPOrpaMMHOE O0ECIICUCHHE, ONTUMHU3AIIUS PaOOTHI,
CKOpPOCTh (PYyHKIIMOHUPOBAHHUS.

Jas umTuposanusi: Yennos, M. H. MeTton reHepaiium nporpaMMHOI0 KoJia 1o MapaMmeT-
pam moJenu Heiipornoit cetu / M. H. Yenos, C. JI. Conuna, M. 0. Sctpumckuii // Bectauk
PocroBckoro rocyiapcTBeHHOrO yHUBepcHTeTa ImyTeit coodmenust. — 2024. — Ne 3. — C. 50-55.
—DOI 10.46973/0201-727X_2024_3_50.

M. N. Cheptsov, S. D. Sonina, M. Yu. Yastrimskiy

A METHOD FOR GENERATING PROGRAM CODE BASED ON THE PARAMETERS
OF A NEURAL NETWORK MODEL

DOI 10.46973/0201-727X_2024_3_50

Abstract. The article proposes a method for generating program code based on the parameters

of a neural network model. The necessity of developing this method to improve the performance
of software and expand the possibilities of integration into systems with limited hardware resources
is justified. The process of software synthesis is considered, including the creation of a direct pass
code of a neural network based on the parameters of its model. Examples of code implementation
for various configurations of neural networks, including networks with one and several outputs, are
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given. The results show the possibility of reducing time and resource costs when performing cal-
culations in neural networks, which makes it possible to effectively use low-performance equip-
ment to perform tasks based on neural networks, which reduces equipment costs. The generated
code can be easily integrated into various systems, including those with limited hardware resources.
The methodology allows you to adapt and scale solutions to specific tasks and requirements, which
is especially important for applied tasks in areas such as image and video processing, speech and
text recognition, data analysis and forecasting.
Keywords: neural network, software, optimization of operation, speed of functioning.

For citation: A method for generating program code based on the parameters of a neural net-
work model / M. N. Cheptsov, S. D. Sonina, M. Yu. Yastrymsky // Vestnik Rostovskogo Gosudar-
stvennogo Universiteta Putey Soobshcheniya. — 2024. — No. 3. — P. 50-55. — DOI 10.46973/0201—
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B. B. Illlmanxe

METO/bI AHAJIN3A CUTHAJIOB MATHUTOUHAYKIIMOHHOI'O JATYUKA
ITPHU ITPOXOJAE KOJIECHBIX ITAP ITOJABHUKHOTI'O COCTABA

AHHOTaUus. AKTyaJbHOCTh HCCIIENOBaHUS OO0YyCJIOBJIECHA BHEAPEHHEM €IMHON CHUCTEMBI
YIpaBIeHUs JIBIKEHHEM IOE€37I0B Ha MarucTpPalbHBIX JKEJIE3HBIX JOpOrax, OCHOBaHHON Ha
MHUKPOIIPOLIECCOPHBIX TeXHONOTHAX [1]. 3HaunWTenbHas pojb B CHCTEMax TEXHHYECKOM
JUAarHOCTHKH TSTOBOTO MOABKMKHOTO COCTaBa OTBOAMTCS MYTEBBIM JAaTuvkaM. Haydno-
BHenmpeHueckuit  1eHTp  «besomacHocTh  Tpancmopta» (HBL[ BT)  PoctoBckoro
TOCY/IapCTBEHHOTO YHHBEPCHUTETa ITyTeld COOOIIEHUS] MPOBEN HCCIEOBAaHUE ITapamMeTpOB
CHUTHaJIa, TIOJIy4aeMOoro IpY MPoxXo/ie Kojieca HaJl MAarHUTOMHIYKIIMOHHBIMH JaTYNKaMH; HOBBIE
KOHCTPYKIMH JaTYMKOB U METOJ 00pabOTKM MX CUTHAJIOB MO3BOJIAIOT HE TOJIBKO CUUTATh OCH,
HO Y BBISIBIIATH 1€(PEKTHI KOJIEC.

AHan3 CUTHAOB, MOAYJIMPYEMbBIX MarHUTOMHIYKIMOHHBIM JaTYMKOM IIPHU MPOXOJE Hal
HUM KOJIECHOH Tapel MOABMXXHOTO COCTaBa, Oiarojapsi COBPEMEHHBIM alapaTHO-
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MPOTPaMMHBIM KOMILIEKCAM M BO3MOXKHOCTSIM TpauecKoro MmpeCcTaBiIeHus] JaHHBIX MOXET
OTpaXkaTh PeajbHYI0 KapTUHY COCTOSHUS MPO(MIIS KOJIECHBIX IMap MPOXOJAIIero Moe3na, a
TaK¥Ke MO3BOJISET ONPEICIHUTh MIEPEKOCHI TEICKKH, HATTMYUE BOJIOKYIIUXCS IeTalIeH, KpUTUIHO-
neperpersie OyKcrl. B ctaThe mpezcrasieH rpaduko-nndpoBoit MeTo 00paboTKH cUTHATA TS
MOJYYEHUS] JUArHOCTUYECKOW WHGOPMAIMH MOHHTOPUHIa COCTOSHHS KOJIEC IMOJBUKHOTO
COCTaBa KeJe3HOAOPOKHOIO TPAHCIIOPTa.

KiwueBble cioBa:  JaTYUK ~ MarHUTOMHAYKIIMOHHBIM,  TlapameTpbl  CUTHAJIOB,
JIETEPMUHUPOBAHHBIC CUTHAJBI, JTe(EKThl KOJIECHOH Mapbl, aqroput™m (ukcanuu aedeKTos,
UMUTAINS TTOMEX.

das untupoBanus: llranke, B. B. MeToapl aHanu3a CUTHaIOB MarHUTOMHIYKIIHOHHOTO
JlaTYMKa TIPU TPOXOJE KOJIECHBIX map mojaBmwxkHoro cocraBa / B. B. Illtanke // BecTHuk
PocToBckoro rocynapcTBeHHOro yHUBepcuTeTa myted coodmmenus. — 2024. — Ne 3. — C. 56-67.
—DOI110.46973/0201-727X_2024 3 56.

V. V. Shtanke

METHODS FOR ANALYZING THE SIGNALS OF A MAGNETOINDUCTION SENSOR
WHEN PASSING WHEEL SETS OF ROLLING STOCK

Abstract. The relevance of the study is due to the introduction of a unified train traffic
control system on mainline railways based on microprocessor technologies. Track sensors play
a significant role in the technical diagnostics systems of traction rolling stock. The Scientific
and Innovation Center "Transport Safety" (SIC TS) of the Rostov State Transport University
conducted a study of the parameters of the signal received when the wheel passes over
magnetoinduction sensors; new sensor designs and the method of processing their signals make
it possible not only to count the axles, but also to identify wheel defects.

The analysis of signals modulated by a magnetoinduction sensor when a rolling stock
wheelset passes over it, thanks to modern hardware and software complexes and the capabilities
of graphical data presentation, can reflect the real picture of the profile of the wheelsets of a
passing train, and also allows you to determine bogie distortions, the presence of dragging parts,
critically overheated axle boxes. The article presents a graph-digital signal processing method
for obtaining diagnostic information for monitoring the condition of wheels of railway rolling
stock.

Keywords: magnetoinduction sensor, signal parameters, deterministic signals, wheelset
defects, defect fixation algorithm, interference simulation.

For citation: Shtanke, V. V. Methods for analyzing the signals of a magnetoinduction sensor
when passing wheel sets of rolling stock / V.V.Shtanke // Vestnik Rostovskogo
Gosudarstvennogo Universiteta Putey Soobshcheniya. — 2024. — No. 3. — P. 56-67. — DOI
10.46973/0201-727X_2024_3_56.
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YK 624.131 + 06 DOI 10.46973/0201-727X_2024_3_68
M. B. Oxocm, A. B. Mopo3os, T. B. Cysoposa, B. JI. Illanosanos

UCCJIEJJOBAHUE BJIMAHUSA IUKJIAYECKUX BO3JIEMCTBUI
HA JE©QOPMHUPOBAHUE I'PYHTA
B YCJIOBUAX OCECUMMETPUYHOI'O HAT'PYXKEHUS *

AnHoTauus. Pabora nocssieHa u3yueHuro aedpopmannii o0pasoB rIMUHUCTOTO IPyHTa, a
TaKXXe OLICHKE UX HAKOIUICHUS VIS YCIOBUM IPHIIOKEHNUS MHOTOKPATHBIX LIMKIMYECKUX Harpy-
30K B YCJIOBHUSIX OCECHUMMETPUYHOTO HArpyKE€HUs,, IMUTHPYIOIINX paboTy IPyHTOB HAachIIEH
NpY MOE3THOM Bo3zeHcTBuU. MccnenoBaHust mpoBeAeHbl Uil 00pa3loB TIUHUCTOTO TPYHTA,
HaXOoJIIKXCA B MAaKCUMaJIbHO-YIIJIOTHEHHOM M HEJOYIJIOTHEHHOM COCTOSHHSX, a TaKKe MPH
BJI&KHOCTH TPYHTa BbIIIE ONTHMalIbHOM. [lomydeHHbIe 3aBUCUMOCTH 3KCTPANIOIMPOBAHbl Ha
NEepUoJ ATUTEIBHON dKCIUTyaTalud (QyHKIHMEH U3 TpeX SKCIOHEHT. Takas MEeTOIUKa MOXKET
0Ka3aTbCsl BOCTPEOOBAHHON MPH OINpeeeHNH CPOKOB KOHCONMUIALWU U BETMYUHBI HAKOTILJIE-
HUSI OCTATOYHBIX Je(QOpMaIiii TPYHTOBBIX HHKEHEPHBIX COOPYKEHUH, OABEP>KEHHBIX LIUKIIU-
YEeCKUM Harpy3kaM U BO3/IEHCTBUSIM.

KuroueBsble cjioBa: 3eMJISIHOE TOJIOTHO, HATPY3KH M BO3JEHCTBHS, METOJ TPEXOCHOTO CXKa-
THS1, IPOTHO3 HAKOIUIEHHUs 1eopManuil.

Jast uutupoBanms: VccienoBanue BIMSHUS [UKINYSCKUX BO3ICHCTBUI Ha nedopMUpPO-
BaHHWE TPYHTA B YCIOBHUAX OCECUMMETpUYHOTo Harpyxernus / M. B. Oxocrt, A. B. Mopo3zos, T.
B. Cysopoga, B. JI. [llarmoBanos // BectHrk PocToBCKOT0 TOCyIapCTBEHHOTO YHUBEPCUTETA ITy-
teit coobmenust. — 2024. — Ne 3. — C. 68-78. — DOI 10.46973/0201-727X_2024_3_68.

M. V. Okost, A. V. Morozov, T. V. Suvorova, V. L. Shapovalov

STUDY OF THE INFLUENCE OF CYCLIC EFFECTS ON SOIL DEFORMATION
UNDER AXISYMMETRIC LOADING

Abstract. The work is devoted to the study of deformations of clayey soil samples, as well
as the assessment of their accumulation for the conditions of application of multiple cyclic loads
under axisymmetric loading conditions, simulating the operation of embankment soils under
train effect. The studies were carried out for clayey soil samples in maximally compacted and
underconsolidated states, as well as at soil moisture higher than optimal. The obtained depend-
ences were extrapolated for the period of long-term operation by a function of three exponents.
This methodology may be in demand when determining the consolidation time and the amount
of accumulation of residual deformations of soil engineering structures subjected to cyclic loads
and effects.

Keywords: roadbed, loads and effects, triaxial compression method, prediction of defor-
mation accumulation.

For citation: Study of the influence of cyclic effects on soil deformation under axisymmetric
loading / M. V. Okost, A. V. Morozov, T. V. Suvorova, V. L. Shapovalov // Vestnik Ros-
tovskogo Gosudarstvennogo Universiteta Putey Soobshcheniya. — 2024. — No. 3. — P. 68-78. —
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YIIPABJIEHUE U JIOTUCTUKA HA TPAHCIIOPTE

YK 656.212.7 DOI 10.46973/0201-727X_2024_3_79

A. C. Axenves, P. I'. Koponb

OIITUMM3ALNUA IIAPAMETPOB ®YHKIIMOHUPOBAHUA
TEPMHHAJII)HO-JIOFPICJ’H‘IECKOPI HHOPACTPYKTYPbI
KEJE3HOAOPOKHOU TPAHCIIOPTHOU CUCTEMBI

AHHoTauus. 3MeHenne napaaurmel (QyHKIIMOHUPOBAHHS TPAaHCIIOPTHO-TIOTHCTUYECKOTO
priHKa Poccun, BbI3BaHHOE MEepeOpHEHTAIell OCHOBHBIX MMOTOKOB TOBAPOJBMIKEHUS Ha «BO-
CTOYHOE» HalpaBieHUe, TpeOyeT YCKOPEHHOTO TEXHOJIOTHIECKOro M HHPPACTPYKTypHOTO pas-
BUTHS TPAHCTIOPTHOM cucTeMbl [[anbHeBOCTOYHOTO perroHa. OcymecTBiIsieTcs MOIepHU3AIH
JKENE3HOJJOPOKHOM HHPPACTPYKTYpBl BOCTOUHOTO MOIHMIOHA JIJIsI MPOIYCKa 3asBICHHBIX 00b-
€MOB TI'py30II0TOKa, NIPH 3TOM HEOO0X0IuMO oOecrednTh 3PPEeKTUBHYIO MepepaboTKy TpaHC-
NOPTHBIX CPEACTB U I'PY30B HAa OOBEKTaX TEPMHUHAIBHO-JOTMCTHYECKOW HHQPACTPYKTYPHI.
Ienb paboTHI 3aKIH04YAETCS B pa3pabOTKe pEIICHUH, HAITPABJICHHBIX HA yBEJIIMYCHUE Tiepepada-
TBIBAIOLIEH CIOCOOHOCTH TEPMHUHAIBHO-JIOTUCTUYECKOH HHQPACTPYKTYpPbI KEIE€3HOI0POXK-
HOT'O TPAHCIIOPTA IyTeM CTPYKTYPHOIH ONITUMH3ALNHU CETH IPY30BbIX TEPMUHAJIOB, KOHCOIHIa-
[[UH TPY30IIOTOKOB M OpTaHU3aI[H BCIIOMOTATENFHBIX TEPMUHAIOB-IEMIIPEPOB. 3a/1auu ucclie-
JIOBaHMS BKJIIOYAIOT aHAJIM3 KOJMYECTBEHHBIX ITOKa3aTesled AeATEIbHOCTH TEPMHUHAIBHO-
CKJIaJICKOr0 KOMIUIeKca JlabHEBOCTOYHOM >KENEe3HOM IOpOrH, ONMCAHHE XapaKTepUCTHK H
000CHOBaHME OpraHM3aLMK TepMHUHANA-AeMI(epa i Hepenadn rpysomnoroka. [Ipeamerom
WCCIIEIOBAHUS SBIISIOTCS TEXHOJIOTHUECKHE POIIECCH M MHPPACTPYKTYPHOE Pa3BUTHE TEPMH-
HAJIBHO-JIOTUCTHYECKON HH(PACTPYKTYPHI JlanbHeBOCTOYHOMH keme3Hoi goporu. B padore uc-
M0JIb30BaHbl TEOPETHUYECKHE METO/IbI HccienoBaHus. CTaThs MOCBsILEHa BOPOCAM MOBBIIIE-
HUS 9 EKTUBHOCTH (QYHKIIMOHUPOBAHUS TPY30BBIX TEPMUHAJIOB 3a CUET Iepepacipe/ieleHus
TPY30TIOTOKOB MEXAY OOBEKTaMH TEPMHUHAIBHO-IOTUCTHUECKON MHPPACTPYKTYPHI JKEIE3HO-
JOpOXHOTrO TpaHcnopTa. [Ipeanoxena meroauka BbIOOpa rpy30BOro TepMHUHANA AT IEpeaaydn
TPY30T0TOKA B YCIIOBUSAX HAMWYMS OIPaHUYMBAIONINX (DaKTOPOB.

KiroueBble cjioBa: TepMUHAIBHO-JIOTUCTHYECKAs HHPPACTPYKTYpa, JlambHeBOCTOYHAS JKe-
Jie3Has J0pora, rpy30Bble ABOPHI, TEPMHUHAI-IEMII(eEp.

Jns uuruposanus: AxkenbeB, A. C. Onrtummsauus napameTpoB (QyHKIMOHHPOBAHHS
TEePMHHAIILHO-JIOTUCTUYECKOI HHPACTPYKTYPHI )KEIE3HOAOPOIKHOM TPAHCTIOPTHOM CUCTEMBI /
A. C. Akenbes, P. I'. Kopoib // BecTHuk POCTOBCKOT0 rocy1apCTBEHHOTO YHUBEPCHTETA Iy Teit
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B. B. Tpanenosg

KOMIUIEKC TIPOEKTUPOBAHUS CETU Y3JIOBBIX IOTUCTHYECKHUX I'PY30BbIX
PACHIPEJAEJIUTEJIBHBIX HEHTPOB B YCJIOBUAX MYJIbTUAT'EHTHOCTHU
TPAHCIIOPTHOI'O OBCJIYKUBAHUSA

AHHOTanus. B cBs3u ¢ pa3BuTHEM TPaHCIIOPTHOM HAyKH Ha MPUHLUIAX IU(POBU3ALMH U
MHTEIUICKTYAIN3allui HEOOXOMMbI MEPOTIPHUSTHS 110 COBEPILICHCTBOBAHUIO METOUKH (HOpMU-
pPOBaHUA CETH Y3JOBBIX I'PY30BBIX paclpeAeIUTENbHBIX [EHTPOB HAa KOHKYPEHTHBIX 3KOHO-
MHKO-Te€Orpa)nuecKux NpUHIMIAX Pa3MEIEHHS C yYETOM MYJIbTHAar€HTHOCTH TPAHCIIOPTHOTO
o0CITy>)KMBaHHS U €€ pealn3alys NOCPEeICTBOM Pa3pabOTKH aJalTHBHBIX aJTOPUTMOB H IPO-
TPaMMHOTO KOMIUIEKCa. DTO MO3BOJISET BBIIONHATE 00pabOTKy OOJBIIMX MacCHBOB JaHHBIX,
YUUTHIBaTh PasHOPa3MEpHBIE MPUHIMIBI 0JIOYHO-MOAYJIBHOTO MIPOEKTUPOBAHUS U 30HMPOBA-
HU y3JI0BOH TeppuTOpHuH. B cTaTthe paccMaTpuBaeTcs pa3sBUTHE 3KOHOMHUKO-TEOrpaduaecKoro
MOJX0/1a K Pa3sTPaHu4CHUIO «30H BIUSHHUI» TPAHCIIOPTHO-CKIIAJICKUX OOBEKTOB 3a CUET OITH-
MU3ALMU paclpeesiCHHs IPy30II0TOKOB COTTIACHO pa3MepaM 30H O0CITyKMBAHUS U KOJINYECTBY
KJIMEHTOB, HCIOJIb30BAaHMS alreOpandyecKuX KPUBBIX BBICIIMX MOPSIKOB B ONPEACICHUN KOH-
¢burypanuu 30H CKIaICKOr0 00CTyKUBaHUs, (OPMUPOBAHUS MOAUDUIIMPOBAHHON Te€OMETpH-
YECKOH €BKIIMJOBOM MOJEIIN CKIIAZCKOM CETH, 3a1aHNs 3aBUCUMOCTEN CTOMMOCTEN ITEPEBO30K.
J1J1s BBIOJTHEHUS] MHOTOBapHAaHTHBIX PAcueTOB pa3padoTaH aBTOPCKUI ONTHMHU3ALMOHHBIN all-
TOPUTM, OCHOBAaHHBIN Ha METOAX MHTETPAIbHOIO MCUUCICHUS, U IPOrPAMMHBIH KOMIUIEKC B
cpene Maxima. PaccMoTpuM mpuMep pabOTHI TPOrpaMMBbl Ha 00BEKTE HUCCIIEIOBAHUS — JIOTH-
CTHUYECKOH CKIIaICKON HH(PPACTPYKTYpE TPAHCIIOPTHOTO y31a «Py. Onpenenensl 3¢ (heKTHBHEIE
MECTOIIOJIOKEHHS JIOTHCTHUECKUX PACTIPEACTUTENbHBIX LICHTPOB Ha IJIAaHE y3J1a, UX «30HbI BIIH-
SIHUS» U IPUKPEIUIEHUE MOTpeOuTeNel CKIaCKUX YCIYT 0 KPUTEPUI0 MUHUMYyMa TPaHCIIOPT-
HBIX PacXxo0B.

KuroueBble c10Ba: TPaHCHOPTHBIM y3el, JIOTHCTHYECKUM I'py30BOM pacnpeaenuTenbHbIil
LUEHTP, MyJIbTHATE€HTHOCTD, MOJM(PUIUPOBAHHBIH IKOHOMUKO-Teorpapuueckuii MeToll, «30Ha
BIUSIHUSIY, METOJT MHTETPAIILHOTO MCUYMCIICHHS, KO3(DOUIIMEHT HENPSIMOIMHEHHOCTH MapIIpy-
TOB, ONITUMU3ALMOHHAs FEOMETPUYECKas EBKINI0BA MOAEIb, IPOTPAMMHBII KOMIIJIEKC.

Jast uutupoBanms: Tpanenos, B. B. KoMmiuieke mpoeKTUpOBaHUS CETU Y3JIOBBIX JIOTUCTH-
YECKHUX IPY30BbIX PACHPEACIUTENbHBIX IEHTPOB B YCIOBUAX MYJIbTHAT€HTHOCTH TPAHCIIOPT-
Horo obciyxuBanus / B. B. Tpanenos // BectHuk PocToBckoro rocyJapcTBEHHOTO YHUBEPCH-
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V. V. Trapenov

THE COMPLEX OF DESIGNING A NETWORK OF NODAL LOGISTICS CARGO
DISTRIBUTION CENTERS IN THE CONDITIONS OF MULTI-AGENT TRANSPORT SERVICES

Abstract. In connection with the development of transport science on the principles of digi-
talization and intellectualization, measures are needed to improve the methodology for forming
a network of nodal cargo distribution centers based on competitive economic and geographical
principles of location, taking into account multi-agency transport services and its implementa-
tion through the development of adaptive algorithms and a software package. This makes it
possible to process mass data and take into account the different-sized principles of block-mod-
ular design and zoning of the nodal territory. The article considers the development of an eco-
nomic and geographical approach to delimiting the “zones of influence” of transport and ware-
house facilities by optimizing the distribution of cargo flows according to the size of service
areas and the number of clients, the use of higher-order algebraic curves in determining the
configuration of warehouse service areas, and the formation of a modified geometric Euclidean
model of the warehouse network, setting dependencies of transportation costs. To perform mul-
tivariate calculations, an original optimization algorithm based on integral calculus methods and
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a software package in the Maxima environment have been developed. Let's consider an example
of the program’s operation on the object of study — the logistics warehouse infrastructure of the
transport hub "R". The effective locations of logistics distribution centers on the hub plan, their
“zones of influence” and the attachment of consumers of warehouse services according to the
criterion of minimum transport costs have been determined.

Keywords: transport hub, logistics cargo distribution center, multi-agency, modified eco-
nomic and geographical method, “zone of influence”, integral calculus method, route non-line-
arity coefficient, optimization geometric Euclidean model, software package.

For citation: Trapenov, V. V. The complex of designing a network of nodal logistics cargo
distribution centers in the conditions of multi-agent transport services / V. V. Trapenov // Vest-
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O. A. Bopon, B. U. Mouceesg

NPUMEHEHUE TEIIJIOBBIX AKKYMYJIATOPOB IIPU ITEPEBO3KAX
CKOPOIIOPTAIMXCA I'PY30B B UBOTEPMHUYECKOM BAT'OHE

AnHoTanus. PaccMoTpeH crocob v TEXHUYECKHe yCTPOUCTBA IS MPOIOKUTEILHOTO MO-
JeprKaHusl TEMIIEPATYPHOTO PeXrMa B 000rpeBacMOM N30TEPMHUUYECKOM BaroHe, MpeaHa3HayueH-
HOM JJIS1 IEPEBO30K CKOPOITOPTSIIMXCS MUIEBBIX MPOAYKTOB. CTaThs ABISAETCS MPOJOKEHUEM
WHUIMATHBHBIX UCCIIC0OBAHUI aBTOPOB 0 Pa3padOTKe TEXHUUECKHUX PEIICHHUH JUIsl TUITaXKa H30-
TEPMUYECKUX BarOHOB M KPYITHOTOHHAYKHBIX KOHTEHHEPOB.

[Ipennaraemble ycTpoicTBa paccMaTPUBAIOTCSI COBMECTHO C MCIOJIB30BaHHEM 3JIEKTPOO0O-
rpeBaTeNbHBIX AJIEMEHTOB M OJIOKa TEIUIOBBIX aKKyMYIJISITOPOB C OOJIBIION SKBUBAJICHTHOW TeTI-
JIOEMKOCTBI0, o0ecrieunBaeMoi (paz000paTHMBIMU peaKIUsIMHU B TEIIOAKKYMYJIHPYIOIIEM MaTe-
puaine. B cratbe npencTaBiieHbl aHATUTHYECKHE 3aBUCHMOCTH JJIs pacyeTa napameTpoB GpasoBoro
nepexo/ia HEKOTOPBIX TEIUIOAKKyMYJIUPYIOIINX MaTepUalioB, MO3BOJIIONIME PACCUUTATh pas-
MepBI U BEIOPATh THT TEIUIOBOTO aKKyMYJISITOPa, JTy4IINM 00pa3oM MOIXOISIIETO JUTS HCTIOJIB30-
BaHMsI €T0 NPH MEPEBO3KAaX «TEPMOCONIPUTOJHBIX» IPY30B B BATOHE-TEPMOCE.

KuroueBsble ¢j10Ba: CKOPONOPTSIINECS MUILEBBIE MPOTYKTHI, U30TEPMUYECKHUN BaroH, TET-
JIOBOM aKKyMYJISTOp, TEIUIOAKKYMYJIHPYIOIIMKA MaTepual, CUCTeMa 000TpeBa «TEIUIBIM MOy,
TrPpy30BO€ IOMELICHHE.

Jas mutupoBanusi: Bopon, O. A. [IpuMeHeHre TEIOBBIX aKKyMYJISTOPOB IIPH MIEPEBO3-
Kax CKOPOHOPTSIIMXCSI TPy30B B M3oTepMuieckom Barone / O. A. Bopon, B. 1. Moucees //
Bectauk PocToBCKOro rocyaapcTBeHHOr0 yHUBEpcuTeTa myTei cooduenus. — 2024, — Ne 3. —
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O. A. Voron, V. |. Moiseev

APPLICATION OF HEAT ACCUMULATORS IN TRANSPORTATION
OF PERISHABLE GOODS IN AN ISOTHERMAL CAR

Abstract. The article considers the method and technical devices for long-term maintenance
of the temperature regime in a heated isothermal car intended for transportation of perishable
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food products. The article is a continuation of the authors' initiative research on the development
of technical solutions for the type of isothermal cars and high-capacity containers. The proposed
devices are considered together with the use of electric heating elements and a block of heat
accumulators with a large equivalent heat capacity, provided by phase-reversible reactions in
the heat-accumulating material. The article presents analytical dependencies for calculating the
phase transition parameters of some heat-accumulating materials, allowing to calculate the di-
mensions and select the type of heat accumulator best suited for use in the transportation of
"thermally suitable" goods in a thermos car.

Keywords: perishable food products, isothermal car, heat accumulator, heat-accumulating ma-
terial, “heated floor” heating system, cargo space.

For citation: Voron, O. A. Application of heat accumulators in transportation of perishable
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U. l. Dnazos, 2. H. IOcughzade, A. b. Baxwues, U. /. I'yceiinos
METOJIUKA PACUYETA JOJIT'OBEYHOCTH KOJIECHOM IAPBI BAT'OHA

Annoraums. KonecHas mnapa siBIseTCSI OCHOBHOM YacThbIO BaroHa, €€ IMPOYHOCTh U
JOJTOBEYHOCTh PACCUMTHIBAIOTCS TPAAWLIMOHHBIMH MeTofamu. OJHaKo BONpockl obec-
TIEYEHHUs JOJITOBEYHOCTH KOJIECHOM Maphl B TEUEHUE 3a/JaHHOTO CPOKa CITyKObI B TEOPHHU Baro-
HOB MaJIo u3ydeHsl. [t obecnieuenus O6e3omnacHoi u 3)(PEKTHBHON IKCIUTyaTallny KOJIECHBIX
Map BaroHOB HA CETH JKENE3HBIX JIOPOT K HHUM MPEIbSBISIOTCS pPa3IMYHbIE TpeOOBaHUS,
KOTOpBIE HEOOXOMMO B IMEPBYIO OYepe b MOATBEPAUTD IyTEM OLIEHKH MToKa3aTeNiell IPOYHOCTH
Y BBIHOCIIUBOCTH.

[IpennoxeHa MeToIMKA pacyeTa BEPOSITHOCTU JOJATOBEUYHOCTH KOJIECHOM Mapbl 10 TOCTH-
JKEHHMS €10 TIPEeIeIbHOTO COCTOSIHUSL. J{0IrOBEYHOCTH KOJIECHOH Maphl 1o Koddduiuenty ycra-
JIOCTHOM BBIHOCITMBOCTH OTIpEJieNieHa NCXOAS M3 KBAHTHIISI B 3aBHCHUMOCTH OT U3MEHEHUS pas-
HOCTH HanpsbkeHHH. OT4eT BBINOJIHEH C Y4YE€TOM OCHOBHBIX IapaMETPOB MEXaHHYECKHX
CBOWCTB KOJIECHOH Mapbl (IPOYHOCTh, TEOMETPUUECKIE Pa3Mephl Maphl KoJjieca, KauecTBO I10-
BepxHOCTH). lIpemoKeHHbI METO pacdeTa JOJTOBEYHOCTH KOJIECHOW Maphl MOXKET OBITh
MIPUMEHEH KaK MPOrPEeCCUBHBINA METOJ MPH 00eCTIedeHNH TToKa3aTeNel Ha/Ie)KHOCTH JeTalei u
y3JI0B BaroHOB, a TAaKXe JPYTHUX MAaIlIMH U MEXaHU3MOB, YTO MO3BOJHUT YBEIUYHUTH JIOJIFOBEY-
HOCTh KOJIECHOH Taphl, a TAK)KE CHU3UTh 00BEM 3aTpar Ha TEXHUUECKOE 0OCITy)KUBaHHE H pe-
MOHT BaroHOB.
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KiroueBble cjioBa: Barox, KojiecHas mapa, 0JIroBeYHOCTh, KOAQPUIMEHT 3armaca, Kodhhu-
[UCHT JIOJTOBCUYHOCTH, IPOYHOCTb, PECYPC, HAJICKHOCTh, HAMPSHKEHHE.

s muTHpoBaHusi: MeToauMka pacdeTa JOJTOBEYHOCTH KOJECHOW Taphsl BaroHa /
. 11I. Das308B, 3. H. FOcudsane, A. b. baxmmes, U. JI. I'yceitHoB // Becthuk PocToBckoro
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I. Sh. Elyazov, E. N. Yusifzade, A. B. Bakhshiev, I. D. Huseynov
METHOD FOR CALCULATING THE DURABILITY OF A CAR WHEELSET

Abstract. The wheelset is the main part of the car, its strength and durability are calculated
using traditional methods. However, the issues of ensuring the durability of a wheelset during a
given service life have been little studied in the theory of cars. In order to ensure the safe and
efficient operation of wheel pairs of cars on the railway network, various requirements are imposed
on them, which must first be confirmed by assessing strength and endurance indicators.

A method for calculating the probability of durability of a wheelset before reaching its limit
state is proposed. The durability of the wheelset according to the fatigue endurance coefficient
is determined based on the quantile, depending on the change in the stress difference. The study
is made taking into account the main parameters of the mechanical properties of the wheelset
(strength, geometric dimensions of the wheel pair, surface quality). The proposed method for
calculating the durability of a wheelset can be applied as a progressive method to ensure the
reliability of parts and units of cars, as well as other machines and mechanisms, which will
increase the durability of the wheelset, as well as reduce the cost of maintenance and repair of
wagons.

Keywords: car, wheelset, durability, safety factor, durability coefficient, strength, resource,
reliability, stress.
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MOJIEJIMPOBAHUE CUCTEM U ITPOLECCOB

YK 629.43 : 62 — 50 + 06 DOI 10.46973/0201-727X_2024 3 119
C. B. Jlazapenxo

CHUHTE3 UHTEJUIEKTYAJIBHOI'O 3AKOHA YIIPABJIEHUSA 9JIEKTPOBO30OM
HA OCHOBE PEJQYKIIAHU 3AJIAYM JIATPAHKA K U3ONNEPUMETPUYECKOM 3A/TAYE *

AnHoTauus. [Ipouecc GyHKIMOHNPOBAHNS HHTEIICKTYaIbHON HH(OPMAaLMOHHO-YIIPABIs-
IOLLEH CUCTEMBI NPEACTABISIETCS CEMAHTUYECKOM CEThIO TUIIOBBIX CUTYallUM, KaXAy0 U3 KOTO-
PBIX BO3MOXKHO ONHUCATh CEMAHTUYECKOH CEThIO MPOOJIEMHBIX CyOCHTYallMi C COOTBETCTBYIO-
VMU ONTUMHU3aLIMOHHBIMY 3a7adaMy. Koraa quHaMuKka MpoTEKaroNMX MPOLECCOB yIOBIETBO-
psiet npuHImny ['amunbToHa — OCTpOrpasckoro, CHHTE3 yIpaBJIeHUH Ha OCHOBE PEIyKIUH 3a-
Jauu JlarpaHka K U30IEpUMETPUYECKON 3a/1aue NPUBOJAUT K JBYXTOUEHYHON KpaeBoOul 3ajade,
OTKyJa CIEAYET MHO’KECTBO KBa3HONTHMAIBHBIX CTPYKTYp yIpaBiieHuil. OHM MOTYT CTaTh OC-
HOBOM moctpoeHus 0a3bl paBuwil. B pabote cCMHTE3MPOBaH OAWH U3 BApPUAHTOB 3aKOHA yIIPaB-
JICHUs, TJE sl HICKITIOUEH U HEOTIPEIEIIEHHOCTH BEIOOpA €T0 ITapaMeTpa B COOTBETCTBHH C ITPO-
OneMHOI cyOCcTUTYyLMEN HCIOIb30BaHa HeueTKas JIoTuKa. KOHCTPYKTHBHOCTh CHHTE3UPOBAH-
HOT'0 MHTEIUIEKTYaJIBHOTO 3aKOHA YIIPABIEHUS TPOJEMOHCTPUPOBaHA Ha IIPUMEPE PEIICHHUS 3a-
Jlauy CTaOUIN3alMU CKOPOCTH T0€3/1a ¢ €UHCTBEHHBIM 3JIEKTPOBO3OM.

KroueBble ci10Ba: 3aK0H yIpaBlICHHUS, TapaMeTpUUecKas ajanranus, npodiemMHas cyocu-
Tyamusi, CHHTE3, ONTUMU3ALUs, YCIOBHE MakcUMyMa (yHKLUUH 0OOOIIEHHONH MOIIHOCTH, He-
4yeTKas JIOTUKA, ypaBHEHMs JlarpaHka BTOpOro poja.

Jast nutupoBanms: Jlazapenko, C. B. CuHTE3 MHTEIIEKTYaIbHOTO 3aKOHA YIPaBICHUS
9JIEKTPOBO30M Ha OCHOBE PENyKLMH 3aj1aud Jlarpamka K HM30mepuMeTpuueckoi 3amade /
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S. V. Lazarenko

SYNTHESIS OF AN INTELLIGENT LAW OF ELECTRIC LOCOMOTIVE CONTROL BASED
ON THE REDUCTION OF THE LAGRANGE PROBLEM TO AN ISOPERIMETRIC PROBLEM

Abstract. The process of functioning of an intelligent information and control system is repre-
sented by a semantic network of typical situations, each of which can be described by a semantic
network of problem subsituations with corresponding optimization tasks. When the dynamics of the
ongoing processes satisfies the Hamilton-Ostrogradsky principle, the synthesis of controls on the
basis of the reduction of the Lagrange problem to an isoperimetric problem leads to a two-point
boundary value problem, from which follows a set of quasi-optimal control structures. They can form
the basis for the construction of a rule base. In this re-search paper, one of the variants of the control
law is synthesized, where fuzzy logic is used to eliminate the uncertainty of the choice of its param-
eter according to the problem substitution. The constructiveness of the synthesized intelligent control
law is demonstrated by the example of solving the problem of stabilizing the speed of a train with a
single electric locomotive.

* PaboTa moAroToBjieHa B paMKax HaydHOW TeMbl «Pa3paboTka O€CIUIOTHBIX TEXHOJIOTHH Ha OCHOBE
KOMIUIEKCHOM NO3TaIHOM ONTHUMHU3ALMU C PEAYKIIMEN SKCTPEMAJIbHBIX 33a4 U HHCTPYMEHTOB HEHPO-HEYET-
koro mojenupoBanus (FZNE-2022-0006)».
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maximum condition for the generalized power function, fuzzy logic, Lagrange equations of the sec-
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M. M. Huxudghopos, C. I. lllaumapenxo

OBECHEYEHUE SHEPTETUUYECKOM BE3OITACHOCTH
SJIEKTPOTAI'A HOE3/10B HA KEJIE3HOJOPOXHOM TPAHCIIOPTE

AHHOTauus. B cTathe npencTaBieHsl pe3ynbTaThl pPa3padOTKH HOBBIX HAYYHO OOOCHOBAH-
HBIX TEXHHYECKUX U TEXHOJIOTMUECKHUX PEIICHUI MO CHIKEHHUIO SHEPreTHYECKUX MOTEPh, 110-
BBILICHUIO SHEproodecreueHus], 3PPEeKTUBHOCTH U YCTOHYMBOCTH IJIEKTPOTSATH TIOE3II0B 32
CYET COBEPIUCHCTBOBAHUS YCIIOBUI B3aUMOJEHCTBUS U TEXHOJIOIMH 3KCIUIyaTallud CUCTEMBI
TSATOBOT'O HJIEKTPOCHAOKEHUS U JIEKTPOMOIBIKHOTO COCTaBa AjIsl 00eclieueHus] SHepreTuye-
CKOl 0€30MacHOCTH MEPEBO30YHOI0 MIPOLIECCa Ha JKENIE3HOAOPOKHOM TPAHCIIOPTE.

Pemiensl 3a1aun MOHUTOPHHTA, OLIEHKH M MPOTHO3UPOBAHMS COCTOSIHUS SHEPreTUUECKOU
0e30MmacHOCTH; ONpeeIeHUs] PECypPCcOB, HEOOXOIMMBIX /ISl IPEAOTBPALIECHHS YIPO3 SHEPreTH-
YeCKOW 0€30I1aCHOCTH, YTO SIBJISETCS OCHOBOHM CHCTEMBI YIPaBJICHUS PUCKAaMH B 00J1aCTH SHEp-
TeTUYeCKOi 6€30MaCHOCTH ANEKTPOTSTH MOE3/0B.

[IpumeHeHune Momy4YeHHBIX HAYYHBIX TTOJIOKEHHI M METOIOB MO3BOJISIET ONPEAETISTh NCXOI-
Hble TpeOOBaHMs U1 pa3pabOTKN TEXHUIECKUX YCIOBUM Ha POEKTUPOBAHIE CUCTEM TSATOBOTO
ANIEKTPOCHAOKEHHUSI, 00ECTIeYNBAIOIINX dHEProdPdeKTHBHOE U YCTOHUMBOE 3JIEKTPONUTAHKE
TSITH TI0€3/I0B; BBITIOJNHSATH OIIEHKY 3HEPreTHYeCKO AP PEKTUBHOCTH U KOPPEKTUPOBKY TEXHH-
YECKUX M TEXHOJOTMUYECKHX PEIICHHUH MO 3HeprocOeperaroiieil sKCIuIyatauuil 000py10BaHus
TSATOBBIX MMOJCTAHLUI U AJIEKTPOIIOABHKHOTO COCTaBA.

KaroueBble cioBa: sHepreTndeckas 0€30MacCHOCTb, TATa IMOE370B, CHCTEMa TATOBOTO
AJEKTPOCHA0XKEHHUSI, DIIEKTPOITIOIBUXKHOM COCTaB, MOTepH (HeOallaHC) 3JIEKTPOIHEPTHH, SHEP-
TSl peKynepanuu, sHeprocoepexenue, sHepreTudeckas 3pQpeKTuBHOCTh TATH MOE3/0B.

Jas uurupoBanus: Huxudopos, M. M. ObecnieueHne sHEpreTHYECKOl 0e30MacHOCTH
3IIEKTPOTATH MOE3/I0B Ha JKeJIe3HO10poxkHOM TpaHcnopte / M. M. Hukudopos, C. I'. [1lanTa-

penko // BectHuk PocToBCKOro rocy1apcTBEHHOTO yHUBEpCUTETA IyTel coobuienust. — 2024,
—Ne 3. - C. 130-138. — DOI 10.46973/0201-727X_2024_3_130.

M. M. Nikiforov, S. G. Shantarenko
ENSURING ENERGY SECURITY OF ELECTRIC TRAINS ON RAILWAY TRANSPORT
Abstract. The article presents the results of the development of new scientifically based

technical and technological solutions to reduce energy losses, increase energy supply, efficiency
and stability of electric train traction by improving the conditions of interaction and technologies




ISSN 0201-727X BECTHHUK PI'YIIC Ne 3 /2024

of operation of the traction power supply system and electric rolling stock to ensure the energy
security of the transportation process on railway transport.

The tasks of monitoring, assessing and forecasting the state of energy security have been
solved; determining the resources necessary to prevent threats to energy security, which is the
basis of the risk management system in the field of energy security of electric trains.

The application of the obtained scientific provisions and methods makes it possible to deter-
mine the initial requirements for the development of technical specifications for the design of
traction power supply systems that provide energy-efficient and sustainable power supply to
train traction, to evaluate energy efficiency and adjust technical and technological solutions for
energy-saving operation of traction substation equipment and electric rolling stock.

Keywords: energy security, train traction, traction power supply system, electric motive
power, loss (imbalance) of electricity, energy recovery, energy saving, energy efficiency of train
traction.
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B. A. Ocunos

HHTEI'PALIA BOJIOKOHHO-OIITHYECKHUX JIMHUM CBSI3HU
C CUCTEMOMU TAT'OBOI'O JIEKTPOCHABKXEHHUA KAK CIIOCOB ITOBBIIIEHU A
SHEPTETUYECKOMN Y®PEKTUBHOCTH KEJE3HBIX JOPOT

AnHOTanMs. PaccMOTpeHBI BOMPOCHI HCIIOJB30BAHHS BOJOKOHHO-ONTHYECCKUX JTUHUHU
CBSI3H, TPOKJIAIBIBAEMBIX Ha OMOpPaxX KOHTAKTHOMW CETH B KA4eCTBE AJIIEMEHTOB CHUCTEMBI TSTO-
BOTO 3JieKTpocHaOxeHus. [IpennoxkeH BapuaHT OTKa3a OT MCIOJIB30BAHUS JUAIEKTPHUECKUX
kabenel Tuna OKCH, mpuMeHsieMbIX B HACTOSIIIEE BPeMsl, U IePeX0/1 Ha KaOeH, BEITIOJTHEHHEIE
13 MPOBOIAIIETO MaTepuaiia, B 9acTHoCcTH Ha Kabenmu OKI'T. [IpuBeaeHs! mpuMepsl HCIIOIB30-
BaHus kadenel Tuna OKI'T B cocTaBe CyIIEeCTBYIOIINX TATOBBIX CETEH JJIsl JOCTIIKEHUS IIeJIei
MOBBINIICHHUS YHEProd(h(HEKTUBHOCTH TIEPEBO30YHOrO Tpoliecca. B ux uucie npuMep opranusa-
[N DJIEKTPUIECCKU CKOMIICHCHPOBAHHBIX TATOBBIX CETeW 0€3 MPOKIIATKH TOTOTHUTEIHHBIX
MIPOBOTHUKOB, MTOBLIIICHUE HAICKHOCTH CUCTEMEI TPYIIIOBOTO 3a3€MJICHHUS OTIOP, a TAKXKE Op-
TraHU3alMsl TPO303aIIUTHON KOHTAKTHOM CETH ydacTKa >KeJIe3HOH T0pOru.
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KiroueBble c10Ba: BOJIOKOHHO-ONITUYECKAS JIMHHS CBSI3U, SHEPT03(PPEKTUBHOCTD, TATOBAS
CETh, TPYIIIOBOEC 3a3EMJICHHE OTIOP, IPO303aIIHTA.

Jast mutupoBanusi: Ocunos, B. A. MaTerpanus BoJIOKOHHO-ONITHYECKUX JIMHAHA CBSI3U C
CHCTEMOH TATOBOTO MIEKTPOCHAOKEHHS KaK CITOCOO MOBBHIIMICHHS dYHEPTeTHIECKON 2 DeKTHB-
HOCTH KEJIE3HBIX opor // BecTHUK POCTOBCKOTO roCyIapCTBEHHOTO YHHBEPCUTETA ITyTEH CO-
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V. A. Osipov

INTEGRATION OF FIBER-OPTIC COMMUNICATION LINES
WITH THE TRACTION POWER SUPPLY SYSTEM AS A WAY TO INCREASE
THE ENERGY EFFICIENCY OF RAILWAYS

Abstract. The article is devoted to the issues of using fiber-optic communication lines laid
on the supports of the contact network as elements of the traction power supply system. The
option of abandoning the use of dielectric cables of the OKSN type, currently used, and the
transition to cables made of conductive material, in particular, to OKGT cables, is considered.
The paper provides examples of using OKGT cables as part of existing traction networks to
achieve the goals of increasing the energy efficiency of the transportation process. Among them,
there is an example of organizing electrically compensated traction networks without laying
additional conductors, increasing the reliability of the group grounding system of supports, as
well as organizing a lightning protection contact network of a section of the railway.

Keywords: fiber-optic communication line, energy efficiency, traction network, group
grounding of supports, lightning protection.
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T. JI. Punonv-Capazocu

WCCJIEJTOBAHUE DHEPTO3ATPATHOCTH MPOLIECCA
AJICOPBIIMOHHOM OCYIIKH CJKATOT'O BO3IYXA
MPU UCITOJIL30BAHUU PA3JIUYHBIX MOJU®UKALIUI ATTFOMOTEJISA

AHHOTanus. MaTepuan 1aHHOM CTaTbU MOCBSILEH PACCMOTPEHUIO BIMSHHUS TaKUX MOKa3a-
TeJIed, KaK OTHOCUTENbHAs BIXKHOCTh aTMOC(EPHOTO BO3AyXa, CKOPOCTh JBIKEHHS CKATOTO
BO3yXa uepe3 ajcopoep, TpedyeMblil KIacc YMCTOTHI CXKaTOTr0 BO3/yXa MO BIAr0COAEPIKaHUIO
B COOTBETCTBHU C JICI\/’ICTBYI-OHII/IMI/I HOPMAaTHBHBIMHU TOKYMCHTaMH, IIOPO3HOCTH aﬂcop6eHTa Ha
SHEPro3aTpaTHOCTh TEXHOJOTMYECKHUX MPOLECCOB aIcOPOIMOHHON ocylIkU. B kauecTBe 00b-
€KTa MccieI0BaHNM BRIOpaH aicOpOSHT allfoMOTeNb, @ TOYHEE YEThIPE ero HanboJiee NCIob3Y-
€MBIC B ITPOMBIIIJICHHOCTHU MO,ZII/I(i)I/IKaHI/II/I. B cratbe MMPEACTaBJICHBI PE3YJIbTaThl I/ICCJ'Ie}IOBaHI/Iﬁ
10 OMpEIENeHUI0 3HEProdPGEeKTUBHOCTH KaXKAOH M3 YETHIpEX BBIOPAHHBIX MOAWU(DUKALMHA
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amoMoresia. Ha ocHOBaHMM aHanu3a MOJIyYEHHBIX Pe3yJIbTaToOB COPMYJINPOBAHbI BBIBOBI U
NpeaIoKeHNs, 0003HaUeHa MPAKTUIECKas 3HAYMMOCTh IPOBEJCHHBIX HCCIICAOBAaHUH.

KiroueBblie cioBa: amomorens, MoaupuKanys, 3HeprodheKTUBHOCTD, CKATHIH BO3IYX,
KJIacC YHUCTOTHI, BIAroCOIepKaHue, IHEPTUsl.
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T. L. Ripol-Saragosi

INVESTIGATION OF THE ENERGY CONSUMPTION OF THE PROCESS OF ADSORPTION
DRYING OF COMPRESSED AIR USING VARIOUS MODIFICATIONS OF ALUMOGEL

Abstract. The material of this article is devoted to the consideration of the influence of such
indicators as the relative humidity of atmospheric air, the speed of movement of compressed air
through the adsorber, the required purity class of compressed air in terms of moisture content in
accordance with current regulatory documents, the porosity of the adsorbent on the energy con-
sumption of technological processes of adsorption drying. The adsorbent alumogel, or rather its
four most widely used industrial modifications, was chosen as the object of research. The article
presents the results of research to determine the energy efficiency of each of the four selected
modifications of alumogel. Based on the analysis of the results obtained, conclusions and sug-
gestions are formulated, and the practical significance of the research is indicated.

Keywords: alumogel, modification, energy efficiency, compressed air, purity class, mois-
ture content, energy.
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