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OcoOenHocTH NpUMeHeHHus (POPMYJIBbI BJIAT03aN0JTHEHHOCTH (HJIBTPATOM KANMJISIPHOH KaiiMbl
0caJKa B HeHTpudyrax ¢ yueroM BOZHMKAIOLIEr0 B HUX ra30BOI0 AaBJICHUS

HccnenoBanue HapaBiIeHO HA TIOJTYYEHUE pacueTHON (OPMYIIbI BIAr03anoIHEHHOCTH QHIIbTpaTa
KalWUISIPHOM KaliMbl B TOPOBOM IIPOCTPaHCTBE LeHTpUudyrupyemoro ocanka. B nmonydennoit panee
aHATUTHYECKOU (hOpMYIie HE YUUTBIBACTCS Ta30BOE JaBJeHue B nenTpudyre. s yuera razoBoro
JIABJICHUS TpeIaraeTcss MoAupUKaIMsA pacueTHON (hOpMYIIbI IPEACIBHOTO THaMeTpa MOPHI,
OonpeacsICMOro u3 NpcaACJIbHOr0 CUJIOBOIO paBHOBECHA MCKAY KPpaCBbIMU KAITUJIJIAPHBIMU CUJIaMU U
CyMMOI>'I HHCPUUOHHBIX I_[eHTpO6C)KHBIX CHUJI COBMECTHO C CHJIaMH JaBJICHHUA I'a3a. B IIpUMEPEC pacucTa
paccMOTpeHbI ciaydan 00pa3oBaHUs ABYXCIOMHOW KaMMWJUIAPHON KalMbl (C HACBIIIIECHHBIM (PUIBTPATOM
IIOAOIIBCHHBIM CJIIOEM U C HCHACBIICHHBIM CJIIOEM 6aXpOMI>I), a TaK¥XKe O,Z[HOCJ'IOfIHOfI KaHHHHHpHOﬁ
Kaiimbl (B BUzie 6axpomel). [1o pe3ynbraraM pacyeToB BBHISBICHO COOTBETCTBUE MOJIYYaEMbIX KPUBBIX
BJIAro3ariOJIHCHHOCTH JaHHBIM SKCIICPUMCHTAJIbHBIX HCCHGHOB&HHﬁ. HonyquHHe pPE3YyIbTaThl
H€O6XOI[I/IMI)I A OCJICHAIIPABJIICHHOIO U3MCHCHUS ITapaMETPOB MEXaHUYECKOU CYIIKH C LECJIbIO
CHUIKXCHUA WJIN YBCIIMYCHUS BJIArO3aII0JIHCHHOCTH OCaJKa.

KuroueBble ciioBa: 1ieHTpUyrupyemMblii 0Cag0K, MOJMpa3MEepHbIE MOPHI, KaMWUIIpHas Kaiima,
HOI[OI_HBCHHBII\/'I CJ'IOfI, clou 6aXp0MLI, ra3oBO€ OaBJICHUC, HpeﬂeﬂbHHﬁ ANaMeTp, (bYHKI_II/ISI IIJIOTHOCTHU
BCPOATHOCTHU paCHpPCACICHUA IO IO pa3MEpaM, BJIaro3arioOJJHCHHOCTb OCaJKa
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V.G. Zhukov, V.M. Chesnokov, N.D. Lukin (All-Russian Research Institute of Starch and Processing
of Starch-Containing Raw Materials - a branch of the Federal State Budgetary Scientific Institution
""Federal Research Center for Potato named after A.G. Lorkh») E-mail: z-v-gr@mail.ru
Peculiarities of application of the formula of moisture content of capillary rim filtrate in centrifuge
sediments taking into account the gas pressure arising in them

The research is aimed to obtain a calculated formula of moisture content of capillary rim filtrate in
the pore space of centrifuged sediment. The previously obtained analytical formula does not take into
account the gas pressure in the centrifuge. To take into account the gas pressure, a modification of the
calculation formula for the limiting pore diameter is proposed, which is determined from the limiting
force balance between the edge capillary forces and the sum of inertial centrifugal forces together with
the forces of gas pressure. In the calculation example we consider the formation of a two-layer capillary
rim (with a filtrate-saturated plantar layer and with an unsaturated fringe layer), as well as a single-layer
capillary rim (in the form of a fringe). According to the results of the calculations, the obtained moisture
content curves were found to be consistent with the results of experimental studies. The results obtained
are necessary for targeted modification of mechanical drying parameters in order to reduce or increase the
moisture content of the sediment.

Keywords: centrifuged sediment, polysizes pores, capillary rim, plantar layer, fringe layer, gas
pressure, limiting diameter, probability density function of pore size distribution, moisture content of
sediment
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P.B. Pomantox, M.I'. /lacymkun, 0-p mexn. nayx, H.B. /lanunenko, A.C. Cokon06, kKanouoamst mexH.
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Pacuer PACXOAHBIX XaPAKTCPUCTUK U nokasareJeit pa3aecJIcHUsI BUXPEBOI'0O MbLJICYJIOBUTEJISA HOBOIi
KOHCTPYKIUH

OT BbIOOpA KOHCTPYKTHUBHBIX U PEKUMHBIX ITAPAMETPOB PaOOTHI BUXPEBBIX MbLICYIOBUTENCH
(BITY) 3aBHCAT 3HEpreTHYECKUE 3aTpaThl Ha o0ecredeHrue HeoOxoaumMon 3¢ (HEeKTHBHOCTH
IbUICYJIABIMBAHUS IPU 331aHHON 00BEMHOM MTPOM3BOAUTEIBHOCTH 10 OUYHIiaeMomy Tasy. [IpuBeneHs
JlaHHBIE TI0 HauboJIee parMoOHAIBHBIM KOHCTPYKTUBHBIM NapameTpam 3aBuxputeneit BITY. Ha ocHoBe
aHAJINTUYECKUX 3aBUCHUMOCTEU U JaHHBIX KOMIIBFOTCPHOI'O MOJACIMPOBAHUA pa3pa60TaHa MCTOAUKaA
pacuera ruJpaBianyeckoro conpotusicHus BITY HOBON KOHCTPYKIIMU U €r0 pa3aeistoniei
CIIOCOOHOCTH.

KuroueBble ciioBa: IbUICOYUCTKH, BI/IXpeBOI\/'I IIBUICYJIOBUTEIIb, HOBAsA KOHCTPYKIIUA,
3aBUXPUTCIIN, pallUOHAJIIbHBIC ITapaMCTPhbI, KOMIIBIOTCPHOC MOACIIMPOBAHUC, PACXOJHBIC
XApPaAKTCPUCTHUKH, pa3aCiIsaronias CHOCO6HOCTL, MCTOJHKA pacucTa
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R.V. Romanyuk, M.G. Lagutkin, N.V. Danilenko, A.S. Sokolov (Moscow Polytechnic University,
Russia) E-mail: romanyuk217@gmail.com
Calculating the flow characteristics and separation indicators of a new design vortex dust collector

The choice of design and operational parameters of the vortex dust collectors (VDC) influences
the energy costs to ensure the required efficiency of dust collection at a given volumetric productivity of
the gas being cleaned. The article presents data on the most rational design parameters of the swirlers of
the VDC. On the basis of analytical dependencies and computer simulation data, a method for calculating
the pressure drop of a new design VDC and its separating ability has been developed.

Keywords: dust cleaning, vortex dust collector, new design, swirlers, rational parameters,
computer simulation, flow characteristics, separating power, calculation method
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KunemaTnueckuii aHaJIM3 M Mccilel0BaHUEe HEPABHOMEPHOCTH BpaleHusi padoyero oprasa
nepeMelIMBAIOIIEr0 YCTPOHCTBA ¢ IVIAHETAPHBIM UCIOJHUTEIbHBIM MEXaHU3MOM

HccnenoBaHo nepeMenInBaroiee yCTpoHCTBO ¢ HEPABHOMEPHBIM JABH)KEHHEM padodero oprata,
4yT0 00ecreunBaeTcs MPUMEHEHUEM JBYXPSITHOTO TUIAaHETAPHOTO MEXaHMW3Ma C apoil UIUHAPUIECKUX
3yOuaThIX KoJsiec (C BHYTPEHHHUM 3alleTJICHUEM) U Iapoil 3JUIMIITUYECKUX 3y0UaThIX Kojec (C BHEIIHUM
3arerieHueM). [IpoBesieH KuHEMaTHUECKUN aHANIN3 MIPEACTaBICHHON NIepeaun U onpeesieHa
nepeaaroyHast GyHKIHS MeXaHu3Ma. B pe3ynbpTaTe UnCIeHHOTO YKCIIEPUMEHTA H3yYeHa 3aBUCUMOCTh
K03(pHILIMeHTa HEPaBHOMEPHOCTH BpallleHUs paboyero opraHa nepeMennBaroiero ycTpoucTBa ot
KOHCTPYKTUBHBIX MMApaMETPOB UCITOJITHUTCIBHOI'O MEXaHM3Ma: COOTHOIICHUA PAaaANyCOB HUINMHAPHICCKUX
3y04aThIX KOJIEC U IKCIEHTPUCUTETA Maphl JITUNTHYECKUX 3y0daThiX kojec. [TokazaHno: mo
MIPEIOKEHHOM cXeMe TITaHETapHOU Tepeaadn 00eCTieunBaOTCs ITMPOKUHN JUATIa30H U TTPOCTast
HACTpoiiKa K03 PUIMEeHTa HEPAaBHOMEPHOCTH BpaIlleHUs] paboUyero opraxa.

KuroueBble cjioBa: nepeMennBarolee yCTpoiCcTBO, HEpaBHOMEPHOE ABHXKEHNUE, TJIaHETapHbII
MEXaHM3M, JUTUIITHIECKIE 3y0UaThie Kojeca, KHHEMAaTUYeCKUH aHau3, KoOQUITUEHT
HEPAaBHOMEPHOCTH BpPALCHUS
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Kinematic analysis and study of the impeller rotation irregularity in a stirred tank with planetary
actuator
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This article discusses a stirred tank with impeller irregular motion, which is ensured by using a
two-row planetary mechanism having a pair of cylindrical gears (with internal gearing) and a pair of
elliptical gears (with external gearing). A kinematic analysis of the presented transmission is carried out
and the transfer function of the mechanism is determined. As a result of a numerical experiment, there
was studied the dependence of the impeller rotation irregularity coefficient in the stirred tank on the
design parameters of the actuator: the ratio of the radii of the cylindrical gears and the eccentricity of a
pair of elliptical gears. It is shown that the proposed planetary gear scheme provides a wide range and
simple adjustment of the impeller rotation irregularity coefficient.

Keywords: stirred tank, irregular motion, planetary gear, elliptical gears, kinematic analysis,
rotation irregularity coefficient
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(punuan) ®I'bOY «Kazanckuii HQUUOHATBLHBLIL UCCT1E006AMEIbCKULL MEXHON02UYEeCKUT
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Ouenka 3(ppeKTHBHOCTH KOHTAKTHBIX YCTPOMCTB B IMa0aTH4YeCKOil peKTH(NKALMOHHON KOJIOHHE
IPH pacipeaeJeHHOM 0TBOAE TeIJIOThI

[IpencraBneHsl pe3yabTaThl HCCIEIOBAHUH 1O OLEHKE () (HEKTUBHOCTH Pa3IMYHBIX BapHALU
O0TBOAA TCILUIOTBI OT TAPCIIOK, PACIIOJIOKCHHBIX B YerHHHIOIHGﬁ qacTu I[I/Ia6aTI/I‘{eCKOI71
PEKTHU(PHUKAIIMOHHON KOJIOHHBI. J[i1st moBBIIIeHUs 3HEProd(h(HEKTUBHOCTH MPOLIECCOB Pa3ICIICHUS
MaKCHUMAJILHBINA TEIJI0BOM ITOTOK H606XO,Z[I/IMO o0ecreunTs Ha BerHefI TapCJIKEC KOJIOHHBI, ITIOCTCIICHHO
yMCHbIIAA TCIVIOBYIO MOITHOCTHL BCTPOCHHBIX IIe(i)HeFMaTOpOB K TapCJIKC IMUTAaHU. Ucnone3oBanue
MPOLIECCOB TUA0ATUYECKON peKTU(UKAIIMY MTPH MMPOYUX PABHBIX YCIOBUIX M03BOJIsAET MOBBICUTH KIT/]
KJIanaHHOM Tapesku Ha 3,3 % 1o cpaBHEHUIO ¢ KOJIOHHOW 0€3 J10NOJHUTEIBHOTO OTBOAA TEIIOTHI.
YcTaHOBIEHO: IIPUMCHCHHUC ,Z[I/Ia6aTI/I‘IeCKOI7I peKTI/I(bI/IKaI_II/II/I B MacCOOOMEHHBIX alaparax sABJISICTCA
ueﬂecoo6pa3HmM AJI1 CHUIKCHUA OHEPTrO3aTPATHBIX U U3JIMIITHC BBICOKUX MACCOBLIX pacxoJ10B HapOBOfI
q)aSH Ha TapcCiikax 3a CHCT YJaCTUYHOH KOHACHCAIUU ITOAHUMAIOIINXC BBECPX ITAPOB. HpI/I 9TOM BHYTpH
KOJIOHHBI 00pa3yercs (piierma Toro ke cocTaBa, KOTOpast 3a CUET TEIJIOTHI, BELICISIOMICHCS TpH
KOHACHCAUU MTapOB, ITIOBTOPHO UCIIAPACTCA.

KuoueBble ciioBa: quabdaTudeckas peKTU(GUKaus, TeII0OHOCUTENb, OTBOJI TETUIOTHI, MAaCCOBBIE
pacxonbl, KIIJ[ Tapenku, ckopocTs napa
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I.N. Madyshev (Nizhnekamsk Chemical Technology Institute, Russia); O.S. Dmitrieva, A.O.
Mayasova, A.N. Nikolaev (Kazan National Research Technological University, Russia) E-mail:
ilnyr_91@mail.ru
Efficiency evaluation of contact devices in a diabatic rectification column with distributed heat
removal

The article presents studies on evaluating the effectiveness of various variations in heat removal
from trays in the strengthening part of a diabatic distillation column. To increase the energy efficiency of
separation processes, it must ensure the maximum heat flow on the topmost plate of the column,
gradually reducing the thermal power of the built-in reflux condensers to the feed plate. Using diabatic
distillation processes, other things being equal, makes it possible to increase the efficiency of the valve
plate by 3.3 % compared to the column without additional heat removal. The conducted studies show that
the use of diabatic distillation in mass transfer apparatuses is expedient for reducing energetically
unfavorable and unnecessarily high mass flow rates of the vapor phase on the trays because of partial
condensation of rising vapors. Here, refluxe of the same composition is formed inside the column, which,
because of the heat released during the condensation of vapors, re-evaporates.

Keywords: diabatic distillation, coolant, heat removal, mass flow, plate efficiency, steam velocity
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Cradtuau3zanusi BAUXpEeBOil CTPYKTYPbI B MYJbLTHBUXPEBOM celapaTope 1Jisl YJIaBJIUBAHUS YACTHIL
U3 IIPUPOIHOIO ra3a

st 5pdekTUBHOTO yaaaeHus MPUMECE U3 MPUPOIHOTO Ta3a B YCIOBUSIX MTPOMBICTIA
npeIaraeTcsi KOHCTPYKITUS MYJIbTHBUXPEBOTO ceraparopa, o0ecrneunBaromias 00pa3oBaHue CTaOMIbHON
BUXPEBOU CTPYKTYpHI B 30HE pazaeneHus. [IpeacraBiena cxema ycTaHOBKH ceraparopa Ha ra30BOM
KOJUIEKTOPE C OMKUCAHUEM MPUHITUTIA ero paboThl. B X0/ yncieHHoro uccineaoBanus 3 (HEeKTHBHOCTH
cernapaly BapbUpPOBAINCH TMaMETp OTBepCcTHid nucka (6, 8 u 10 MM) 1 00beMHBIN pacxo/ ra3a Ha
Beixogie (0,5...3 M3/q). BrisiBnieHBI 1Ba pexnMa padOThl MyJIBTUBHXPEBOTO cenaparopa. [lomyuena
3aBUCUMOCTD T'HAPaBINYCCKOI'0 COIIPOTHUBJIICHUA OT cpeﬂHepacxonHoﬁ CKOpPOCTH I'a3da Ha BXOIC B
ycTpoiicTBo. OLieHEHBI TOKa3aTeNy padoThI CernapaTropa Npy TEYSHUH IPUPOIHOTO ra3a Ha BXOAE CO
ckopocThio A0 0,21 M/c u npu gaBienun 6 Mlla. [Tonydyena 3aBUCUMOCTh cemapaliiOHHON
3¢ (HEKTUBHOCTH JIJIs TMAIa30Ha JUaMETPOB YacTHIl OT 5 10 50 MKM. Y CTaHOBJICHO, YTO C YBEITUICHHEM
CKOpPOCTH Ia3da Ha BXOAC B YCTpoﬁCTBO U C YBCIIMUYCHUCM NHUAMCTpPa OTBepCTI/Iﬁ Ha JUCKE 9(1)(1)6KTI/IBHOCTB
ceapanun CHUXKACTCH.

KuroueBble ciioBa: BHXpPH, TAHI'CHLIUAJIbHAsA CKOPOCTD, 3(1)(1)€KTI/IBHOCTB CCliapaluu,
TUAPABINYCCKOC COIMPOTUBIICHUEC.
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A.V. Dmitriev, M.O. Utkin, G.R. Badretdinova (Kazan State Power Engineering University, Russia);
V.V. Kharkov (Kazan National Research Technological University, Russia) E-mail:
ieremiada@gmail.com
Stabilization of the vortex structure in a multivortex device for particles separation from natural
gas

For effective removal of impurities from natural gas under gas-field conditions design of a
multivortex separator is proposed, which provides the formation of a stable vortex structure in the
separation zone. In the numerical study of the separation efficiency the diameter of the disc holes (6, 8
and 10 mm) and the volume gas flow rate at the outlet (0.5...3 m*/h) were varied. Two operating modes
of the multivortex separator are identified. The dependence of the pressure drop on the average gas
velocity at the inlet to the device is obtained. The performance of the separator at a natural gas velocity of
up to 0.21 m/s and at a pressure of 6 MPa is assessed. The separation efficiency dependence for the
particle diameter is obtained ranging from 5 to 50 pum is obtained. It is found that with an increase in the
gas velocity at the inlet to the device and the increase in the diameter of the holes on the disk, the
separation efficiency decreases.

Keywords: vortices, tangent velocity, separation efficiency, pressure drop
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Pa3pa0oTka KOHCTPYKIUH 3JIeKTPOOapoMeMOPAHHOIO0 aNNapaTa KOMOMHHMPOBAHHOIO THIIA JJIsSI
pa3jejieHusi paCTBOPOB M METOHKA PacyeTa reoMeTpPHYeCKUX M TEXHOJIOTHYeCKHX MapaMeTpPoB
TaKOro anmnapara

PazpaboTana KOHCTPYKITUS IEKTPOOAPOMEMOPAHHOTO arapaTa KOMOMHUPOBAHHOTO THIIA JIJIst
pasjieneHus, KOHUEHTPUPOBAHUS U OYMCTKU MPOMBIIIJICHHBIX PACTBOPOB U CTOKOB. Paznenenue pactsopa
IIPOMCXOTUT B JIBE CTA/INU: HA MIEPBOM CTAJMU PACTBOP MPOXOIUT Yepe3 TUNIOCKOKAMEPHBIH MOy b, a Ha
BTOpOH — yepe3 TpyOuaThlii MOYIb, YTO 0OECIIEUNBACT BHICOKYIO CTEIIEHb OYUCTKU pacTBopa. Taxxke
pa3zpaboTaHa METO/IMKA pacyeTa IUIoNan pa3AeNeHus, 00beMa pa3aensieMoro pacTBopa
IUIOKOKaMEPHOT0 M TpyOUYaToro Moy, a Takxke oobeMa COOPHUKOB ISl IPUKATOJHOTO M TPUAHOIHOTO
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nepMeara Tpy04aToro MoayJisi TAaKOro anrmapara. BeIoJTHEHbI pacueTsl CpeHel TPOHULIAEMOCTH T10
JUTMHE MEMOPaHBI U O0IIEro pacxojia JICKTPOIHEPTUH HA pa3/ieJICHUE TEXHOJIOTHYECKUX PACTBOPOB
TaJIbBAHUYCCKUX NPOU3BOJCTB, COACPKAIIUX COJIU TAXKCIIBIX MCTAJIIIOB.

KiroueBble cj10Ba: KOHCTPYKITUS, DJIEKTpPOMEMOpaHHBIH anmapar, pacuer
UDK 66.081.6
S.1. Lazarev, D.N. Konovalov, M.1. Mikhailin, D.D. Konovalov (Tambov State Technical University,
Russia) E-mail: kdn1979dom@mail.ru
Design development of a combined-type electrobaromembrane apparatus for separating solutions
and method for calculating the geometric and technological parameters of the apparatus

The design of a combined-type electrobaromembrane apparatus for separating, concentrating and
purifying industrial solutions has been developed. The separation of the solution occurs in two stages: at
the first stage, the solution passes through a flat-chamber module, and at the second stage, through a
tubular module, which ensures a high degree of purification of the solution. A method has been
developed for calculating the separation area, the volume of the separated solution of a flat-chamber and
tubular module, as well as the volume of collectors for the near-cathode and near-anode permeate of the
tubular module. The calculation of the average permeability along the length of the membrane and the
total power consumption for the separation of technological solutions of electroplating industries
containing salts of heavy metals has been performed.
Keywords: design, electromembrane apparatus, calculation
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YK 621.5
H.A. Apxapoes, 0-p mexn. nayk (MockoecKkuil 2ocyoapcmeeHHblil mexXHUYeCKuil yHueepcumem umeHu
H.3. baymana, Poccusn); A.U. /loezanno, /I.A. Yenanos, 0okmopa mexn. nayk, O.B. Tpemkuna
(Camapckuii HayuoHabHBLIL UccTedosamenbcKuil ynueepcumem umenu akaoemuka C.I1. Koponeea,
Poccus) E-mail: dmitry.uglanov@mail.ru
Ouenka nokazaresieii 3¢peKTHBHOCTH CXeMHBIX pellieHHi YCTAHOBOK KoreHepauuu Ha 6aze I'TY
npu ucnojn3osanun CIII' B kauecTBe TOMINBA

HpeI[CTaBJ'IeHO PACUCTHO-AaHAIIUTUYICCKOC UCCIICAOBAHUC OHEPTCTUICCKHUX YCTAHOBOK
KOreHepauun Ha Oaze FTy, MNPpEAHAa3HAYCHHBIX IJIs IPOU3BOACTBA JJICKTPOIHEPIUHU ITPU HCITIOJIb30BAHUN
HU3KOMOTEHIIMAIBHON TEIIOTHI CKMKeHHOTo npupoaHoro raza (CIID). Kaxmas sneprerudeckas
CHUCTEMA COCTOUT U3 TPEX KOHTYPOB. B pa60Te NPpUBCACHDBI PC3YJIbTATEI TCPMOANHAMHNYCCKOTO pacdcTa
BCEX KOHTYPOB paCcCMaTpUBACMBIX SHEPTCTUICCKNX YCTAHOBOK, a TAKXKE BBIMOJIHCHO UX CPABHCHUC I10
3¢ (EeKTUBHOCTH, MOLITHOCTH, KO3 PUIIMEeHTaM BO3BpATa SHEPTUHU C YUETOM PAa3JIMYHbIX PAOOUYMX Ted U
YCIJIOBHMI Ha rpaHUIIaX KOHTYPOB.

KuroueBnle ciioBa: HU3KOMOTCHIUAJIbHAA S3HCPIUA, HU3KOIMMOTCHIIMAJIbHAA SO HECPIrCTUICCKAA
YCTaHOBKA, CKMUIKEHHBIN PUPOIHBIN T'a3
UDC 621.5
I.A. Arkharov (Bauman Moscow State Technical University, Russia); A.l. Dovgyallo, D.A. Uglanov,
0O.V. Tremkina (Samara National Research University named after academician S.P. Korolev, Russia)
E-mail: dmitry.uglanov@mail.ru
Evaluation of performance indicators of circuit solutions for cogeneration plants based on a gas
turbine power plant using LNG as a fuel

This paper presents a computational and analytical study of cogeneration power plants based on
gas turbines designed to produce electricity using the low-grade heat of liquefied natural gas (LNG). Each
energy system consists of three circuits. The paper presents the results of a thermodynamic calculation of
all circuits of the power plants under consideration, and also compares them in terms of efficiency,
power, and energy recovery factors, taking into account various working fluids and conditions at the
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boundaries of the circuits.
Key words: low-grade energy, low-grade power plant, liquefied natural gas

Cekuus «Kprnodumanka, KpuoreHHas TeEXHUKa»

YK 621.594
J.H. Knumanckuii (Jlabopamopusn ¢usuxu evicokux snepeuit Q0ve0unénno20 uHCmunmyma a0epHvlx
uccneoosanuu (J/I®BI OUAHN), 2. /Iyona, Poccua; Mocko8cKuil 20cyoapcmeeHHvlil mexXHu4ecKuil
yuueepcumem um. H.3. baymana, Poccus); H.A. Apxapos, 0-p mexn. nayk (Mockoeckuii
2ocyoapcmeennvtit mexuuueckui ynueepcumem um. H.3. Baymana, Poccus) E-mail:
klimanskiy@jinr.ru
Oco0eHHOCTH ra30Boii CHCTEMBI )KUAKOBOAOPOAHbIX MumieHeii JI®BD

PaccMoTpenst mpoOieMbl 1 0COOCHHOCTH OpTaHU3AIMHN Ta30BO CHCTEMBI KU IKOBOIOPOHBIX
mumeHer B Jlabopatopun ®@usuku Beicokux Duepruii (JIOBD) OUAMN (r. lydbna), 00yciaoBieHHbIC
TpeOOBaHUSAMH NMPOBEJCHUS HUZNIECKUX IKCIIEPUMEHTOB Ha MTyYKaX YCKOPEHHBIX YaCTHIl Pa3HON
HMHTCHCHUBHOCTH, Tpe6OBaHI/I}IMI/I B3prB06630HaCHOCTI/I, TOYHOCTBIO KOHTPOJIA U H606XOI[I/IMOCTBIO
Ka4yeCTBEHHOU OLCHKU COCTOSAHUA MHUIICHU U ONPCACIICHHA YPOBHS JXUIAKUX BOAOPOJA, I[CﬁTCpPI?[, e
B COCYAC MUILICHH, a TAKIKC 0COOEHHOCTAMU BOI[OpOI[HOfI KpI/IOFeHHOﬁ TEXHOJIOT'UH.

KiroueBble ¢JI0Ba: KUIKUH BOIOPOI, AciTepuit u renuii; GM kpuopedpuxeparop;
yckopurenbHblil komiuieke NICA; BM@N u SRC skcniepuMeHT
UDC 621.594
D.I. Klimanskiy (JINR VBLHEP, Dubna, Russia; Bauman Moscow State Technical University,
Russia);
I.A. Arkharov (Bauman Moscow State Technical University, Russia) E-mail: klimanskiy@jinr.ru
Peculiarities of the gas system of VBLHEP liquid hydrogen targets

In the presented work, the problems and peculiarities of the organization of the gas system of liquid
hydrogen targets in the Veksler and Baldin Laboratory of High Energy Physics (VBLHEP) of JINR
(Dubna) are considered, due to the requirements for conducting physical experiments on beams of
accelerated particles of different intensities, explosion safety requirements, control accuracy and the need
for a qualitative assessment of the state of the target and determination of the level of liquid hydrogen,
deuterium, helium in the target vessel, as well as the features of hydrogen cryogenic technology.

Key words: liquid hydrogen, deuterium and helium; GM cryocooler; accelerator complex

NICA; BM@N and SRC experiment

Cekuus «XonogunbHasi TEXHUKA U KOHOMLMOHNPOBAHNE»
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JI.H. Hnvunckasn, A.A. Kazakoea, kano. mexu. nayx, C.A. Toxapee (Mockoeckuii zocyoapcmeeHnnulii
mexnuyeckuit ynueepcumem um. H.3. baymana, Poccusn)
E-mail: kazakova@bmstu.ru
MepepaboTka yrnekucaoro rasa Ha Tepputopumn HedprenepepabatbiBalollero 3asoaa

MpeanoxkeHo peweHne No nepepaboTKe yrnekMcnoro rasa Ha Tepputopun MocKoBCKoro
HedTenepepabaTbiBatowero 3aBoga. O6ocHOBaHa aKTyaibHOCTb AeKAapOOHU3aLUMN Ha CEroaAHALLHNM
AeHb. MpuBeaeH 0630p NPaKTMK pasnyHbIX BUA0B nepepaboTku yrnekncnoro rasa. PazpabotaH ackus
TEXHO/I0rMYeCcKOn IMHUKN NepepaboTKM YrNEeKMUCAoro rasa Ha TeppuTopmm 3aBoda. MccnepgosaHa
9KOHOMMYECKas LenecoobpasHOCTb BHeAPEHUA NPOEKTA.

KnioueBble cnoBa: yrnekmcabiit ras, nepepabotka CO,, HedpTenepepabaTbiBatoLLmMin 33804, CyXOMn
Nnén, KuaKana yrnekmcnora
UDC 658.567.1
D.N. llyinskaya, A.A. Kazakova, S.A. Tokarev (Bauman Moscow State Technical University, Russia)
kazakova@bmstu.ru
Processing of carbon dioxide at the oil refinery
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This article discusses the solution of the problem of processing carbon dioxide in the Moscow
refinery. The relevance of decarbonization to date is described. An overview of the practice of various
types of carbon dioxide processing is made. A sketch of the technological line for processing CO; at the
refinery has been developed. The economic feasibility of the project implementation is investigated.

Keywords: carbon dioxide, CO, processing, oil refinery, dry ice, liquid carbon dioxide

KOMILIEKTYIOINUE U3AEJINUA. IIPUBOPDI

YK 66.022.54
A.b. Kanpanoea, 0-p ¢pus.-mam. nayx, /I.B. Cmenwvko, A.E. /lebedes, 0-p mexn. nayk, U.C. I'yoanos,
Kano. mexu. nayk (Apocnaeckuii cocyoapcmeennvtii mexnuueckuil ynueepcumem, Poccus); /1. A.
Juuak, kano. mexu. nayk (Apocnaeckuii zocyoapcmeennuiii nedazozuueckuii ynugepcumem um. K. /1.
Yuwunckozo, Poccusn)
E-mail: kapranova_anna@mail.ru
AHAJN3 JHEPreTHYEeCKUX MAapPpaMeTPOB B MO/I€JIM NPeIBAPUTEIbHOI0 CMeIIeHHsI AUCTIEPCHBIX
MOJIMMEPHBIX KOMIIOHEHTOB AJId 3D-neuyatn

Brimonnen PaCUCT SQHCPIrETUYCCKUX MApaMETPOB IIPU CTOXACTUUCCKOM OIMMCAHUU ITpoLecCa
MpCABATUTCIIbHOI'O CMCIICHUSA AUCIICPCHBIX ITOJJUMEPHBIX KOMIIOHCHTOB, IIPUMCHACMOI'O JJIA
IMMPOU3BOACTBA INIACTUYCCKUX HUTEN JJIS 3D-neuatn. YCcTaHOBIEHO BIUSHUE SJICKTPOCTATUYCCKUX
CBOMICTB QJUIMIICOUAAJIBHBIX YaCTHUII ITOJUITIPOIIUIICHA (HepBI/I‘lHOFO U BT OpI/I‘lHOFO) Ha XapaKTep
MOACIINPYEMBIX SHCPICTUYCCKUX IMAPaMCTPOB U 3aKOHOB paClpCACICHUA JaHHBIX YaCTHUIL 11O YITy
p336paCHBaHI/I}I B CMCCHUTCIIBHOM Y3JIC 6apa6aH —Jonacmu arperara-CMCCUTCIIA. HOKaSaHO, 4To IIpH
(uKCHPOBAaHHOM 3HAYEHUHU YIJIOBOM CKOPOCTH BpaIEHMsI 3TOro y3ia U yBenuueHuu B 1,02 pasza crenenu
I[e(bOpMI/IpOBaHI/IH Jionacrei IIpHU BBIXOZC U3 3a30pa Ha6JIIO,Z[aCTC}I YBCINYCHHUC [TUKOBLIX 3HAYECHUI
COOTBETCTBYIOIIMX (PYHKIUHN pacnpenenacHus B 3,2 pa3a i IEPBUYHOIO KOMIIOHEHTa U B 1,7 pa3a — s
BTOPHUYHOTIO.

KuaroueBnle cjioBa: CMCHICHUC, BTOPUYHBIC U ICPBUYHBIC KOMIIOHCHTEI, arperar-CMECUTCIIb,
OQHCPICTUYCCKUC ITaPaMETPhbl, CTOXACTHYCCKad MOJCJIb, CI)YHKI_II/II/I pacipeaciICHuA
UDC 66.022.54
A.B. Kapranova, D.V. Stenko, A.E. Lebedev, 1.S. Gudanov (Yaroslavl State Technical University,
Russia); D.A. Lichak (Yaroslavl State Pedagogical University named after K.D. Ushinsky, Russia) E-
mail: kapranova_anna@mail.ru
Analysis of energy parameters in the model of pre-mixing of dispersed polymer components for 3D
printing

The energy parameters are calculated for a stochastic description of the process of pre-mixing of
dispersed polymer components used for the production of plastic filaments for 3D printing. The influence
of the electrostatic properties of ellipsoidal particles of polypropylene (primary and secondary) on the
nature of the simulated energy parameters and the laws of distribution of these particles over the
scattering angle in the mixing unit of the drum - mixer blades has been established. It is shown that at a
fixed value of the angular velocity of rotation of this node and an increase in the degree of deformation of
the blades by 1.02 times at the exit from the gap, an increase in the peak values of the corresponding
distribution functions by 3.2 times for the primary component and 1.7 times for the secondary component
is observed.

Keywords: mixing, secondary and primary components, mixing unit, energy parameters,
stochastic model, distribution functions
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A.B. Cmenuvikun, kano. mexu. nayxk, H.C. I'opronos, J1.A. Manwvicun, A.A. Cuoacun, 0-p mexu. Hayx,
M. byxapos, EEM. Tymanuna (Huscezopoockuit 2ocyoapcmeeHHblil mexHUYeCKuil yHueepcumem
um. P.E. Anexceesa, 2. Huncnuu Hoszopoo, Poccus) E-mail: cngh@yandex.ru

Bansinne BbICOTHI MUKPOHEPOBHOCTEH MOBEPXHOCTH HA CMAYMBAEMOCTh MOJTUMEPHBIX
HACAal0YHbIX YCTPOICTB
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I/ICCHGHOBaHO PACTCKAHUC TJICHKH KUJIKOCTHU 10 MOJIMMCPHBIM IIJIACTUHAM C
MHKPOHEPOBHOCTAMU paanquﬁ BBICOTHI. HpeI[CTaBJ'IeHO Ka4€CTBCHHOC U KOJIUYCCTBCHHOC CPABHCHUC
CTCIICHU CMAaUUBACMOCTH UCCIICAYCMBIX ITIJIACTHH. YCTaHOBJIeHO, YTO IJIACTUHA C BLICOTOU
MHKpOHGpOBHOCTCfI 0,5 MM OTJIMYACTCA qumeﬁ CMAauMBAaC€MOCTBIO, YEM I'JIaZiKas IIJIACTUH,a IIPHU BCEX
3HAUEHUAX IJIOTHOCTU opoleHus. IIpu 3ToM macTuHa ¢ BBICOTOM MUKPOHEPOBHOCTEH 1,2 MM
CMa4yuBaeTCs Jy4llle T KON TIaCTHHBI JUITh HAYWHAsI C TNIOTHOCTH opomenus U = 0,61 Mg/(M v). [Ipun
MJIOTHOCTAX opotnenus Beime U = 0,78 MS/(M Y) CTETIEHb CMAQUUBAEMOCTH JIAaHHOU TIJIACTUHBI
HanOOJIbIIAs.

KuaroueBsble ci10Ba: noJiMMepHas HacaJka, CTPYKTypa IIOBEPXHOCTH, CETYATAsI CTPYKTYPA,
CMauYnBacMOCTh, IIJICHKA XXUJIKOCTH.

UDC 66.021.3:66.069.833

A.V. Stepykin, N.S. Goryunov, L.A. Malygin, A.A. Sidyagin, D.M. Bukharov, E.M. Tutanina (Nizhny
Novgorod State Technical University n.a. R.E. Alekseev) E-mail: cngh@yandex.ru

Influence of the height of fine surface irregularities on the wettability of polymer packing devices

Spreading of a liquid film over polymer plates with different sizes of micro-dimensions was
studied at a laboratory stand. According to the results of these studies, it was found that the height of the
profile affects the wettability of the surface. Both qualitative and quantitative comparison of the degree of
wettability of the studied plates is presented. It has been found that a plate with a height of micro-
dimensions 0.5 mm high has better wettability at all values of irrigation density in comparison with a
smooth plate. At the same time, a plate with a profile height t = 1.2 mm is wetted better than a smooth
sample only starting from the irrigation density U = 0.61 m*/ (m h). At irrigation densities above U = 0.78
m>/(m h), the degree of wettability of this sample is the highest.

Keywords: polymer packing, surface structure, mesh structure, wettability, liquid film
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AHHOTAIUM cTaTel KypHaIa « XUMH4YecKoe U HepTerazopoe MallIMHOCTPOEHH €»
Ne 2-2023

HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATALIUA

IMPOLHECCBHI 1 OBOPYJIOBAHUE
XUMHUYECKHUX U HE®TEI'A30BBIX TEXHOJIOT U

VIK 66.011
K.A. Mynnaoaes, C.K. Uypakosa, 0-p mexu. nayk (Ygumckuii 2ocyoapcmeennslit He(pmanoii
mexnuueckui ynusepcumem, Poccus) E-mail: kamil200995@gmail.com
Pa3paborka MmaTemaTu4ecKkoii MO/Ie/IM UCTeYeHUs TUcepCHOM ¢a3bl C IPUMEHEHUEM MeTOoAa
Volume of Fluid

Pa3pa60TaHa MareMaTnuceckKkasia MOA€CJIb UCTCUCHUA ,Z[I/ICHepCHOI\/'I (1)8.3]:1 C IPpUMCHCHUEM MCTOZla
Volume of Fluid (VOF). Ha ocHOBaHWY ONBITHBIX U PACYCTHBIX JAHHBIX MO IEPHOAY 00pa30BaHUs KaILIH
IMPOBCACHA CTATUCTHUUCCKAA 06pa60TI<a MMOJIYYCHHBIX PE3YJIbTATOB, IIOATBCPKACHA aICKBATHOCTDb
MaTemaTtuueckoil mojenu. C ucnob30BaHuEM pa3pabOTaHHONW MOJIEH OIpeIeeHa KpUTHUYeCKast
CKOPOCTb UCTCUYCHHA, COOTBCTCTBYIOIIAA MIEPEXOAY U3 KAIICJIBHOI'O pCXKUMaA B CprﬁHBIﬁ. HOJ’Iy‘IeHHOG
3HAYCHUC KpHTH‘IGCKOfI CKOpPOCTH XOpPOoIO COrjiaCyeTcs CoO 3HaYCHUCM KpI/ITI/I‘IGCKOﬁ CKOpPOCTH,
paCcCYUTAHHBIM I10 TpaI[HHHOHHOﬁ METOOUKE. P a3pa60TaHHa51 CFD MOACJIb MOXKET OBITH ITOJIE3HA IIpu
aHaJIN3e¢ KOHCTPYKTUBHOTO OOPMIICHHUS PACTIPEACITUTEIBHBIX YCTPOMCTB C IIENIBI0 00CCIICUeHUS
3(PEeKTUBHOTO pacpeaesICHHs] TUCIIEPCHOM (a3bl B KOJOHHBIX arraparax.

KiroueBble ¢JIoBa: aJjeKBaTHOCTh MOJICIH, KPUTHYECKAsi CKOPOCTh ucredeHwst, Metosr VOF,
MOJCIHUPOBAHUC, OTBEPCTUC, IICPUOI O6paSOBaHI/I}I KallJIkn, SDKCIICPUMCHT.
UDC 66.011
K.A. Mullabaev, S.K. Churakova (Ufa State Petroleum Technological University, Russia) E-mail:
kamil200995@gmail.com
Development of a mathematical model of the dispersed phase outflow using Volume of Fluid
method

By using Volume of Fluid method (VOF), the dispersed phase outflow mathematical model has
been developed. Based on experimental and calculated data on the drop formation time, statistical data
processing was carried out, during which the adequacy of the mathematical model was confirmed. The
developed model was used to determine the critical outflow velocity corresponding to the transition from
the drop regime to the jet regime. The obtained value of the critical velocity is in good agreement with the
value calculated by the existing calculation method. The developed CFD model can be used in the
analysis of the distributor design in order to ensure efficient distribution of the dispersed phase in
columns.

Keywords: critical outflow velocity, drop formation time, experiment, model adequacy, orifice,

simulation, VOF method
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HU.C. I'yoanoes, I0.b. /laspenmves, A.A. Bamazun, kanouoamut mexu. nayk, A.E. Jlebedes, 0-p mexH.
nayk, /I.C. Jloneun (Apocnasckuii 2ocyoapcmeennslii mexnuueckuii ynusepcumem, Poccus) E-mail:
goudanov@yandex.ru
O pe3syabTaTax pa3padoTKH KOHCTPYKIUM CTPYHHOI0 PEaKTOPa CEPHOKUCJIOTHOTO
AJIKWINPOBAHUSI BTOPOii CTyNeHH

[Ipemnaraercs mopbIeHre 3(PHEKTUBHOCTH MPOIECCa CEPHOKUCIIOTHOTO AJIKMIIMPOBAHUS Ha
momHocTsX HII3 ¢ BHeapeHneM B mpoIiecc HOBOM KOHCTPYKIIUU CTPYHHOTO peaktopa. [ToBbieHue
3¢ (HEeKTHBHOCTH TpoIiecca JIOKa3aHo ¢ MPUMEHEHHEM YUCIIEHHOTO MOJICITHPOBAHUS 110 TIOTYICHHBIM
TUAPOUHAMHYECKIM KapTUHAM paclpe/esieHrs CKOPOCTEel MOTOKOB B armapare.
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I.S. Gudanov, Yu.B. Lavrentiev, A.A. Vatagin, A.E. Lebedev, D.S. Dolgin (Yaroslavl State Technical
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On the results of the design development of a jet reactor for sulfuric acid alkylation of the second
stage

The article discusses the increase in the efficiency of the sulfuric acid alkylation process at
refinery facilities by means of the introduction of a new jet reactor design into the existing process.
Efficiency has been proven using numerical simulations based on the obtained hydrodynamic flow speed
distribution patterns.

Keywords: alkylation, reactor, acid, CAD, calculations, modernization, efficiency

YK 66.095.26
I A. I'ankun, kano. mexu. nayk, FO.T. Cenusanos, C.HU. Jlazapee, 0ooxkmopa mexn. nayk, M.C.
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paragam@inbox.ru
Biiusinue TeMnepaTypbl Ha YCTOHYHMBOCTh PEAKIIMOHHOW CHCTeMbI IIPH CYyCIIEH3UOHHOM
moJimMepu3aluu METUWIMETAKpUJIarTa
PaCCMOTpeHO aIrapaTypHoc OQ)OpMHeHI/Ie ponecca CYCHGHSHOHHOﬁ MMOJIUMMEpHU3all B
HEMPEpPbIBHOM pexkume. [Ipu peanuzanum nporecca CyClieH3MOHHOW MOJMMEPHU3allii HA KHHETUKY
Impouecca noJIMMEpru3alinuu 00JIBIIIOE BIUSIHAE OKA3bIBAIOT JUCIICPCHOCTD peaKHI/IOHHOI‘/'I CHUCTEMBI U
Temneparypa cpenbl. [IpoBeeHbl SKCIEPUMEHTAIBHBIE UCCIEA0BAHUS JJISI ONPEICIICHUS BIUSHUS
TEMIICPATYPhI HA TPOAOJLKUTCIBHOCTD CYHICCTBOBAHU A («BpeM}I )I(I/I3HI/I») OTACIBHBIX KaIl€Jlb
JMCTIEPCHOM (ha3bl peakIMOHHON CHCTEMBI B KOHTAKTE IPYT C IPYTOM HIIH ¢ MeK()a3HOI MOBEPXHOCTHIO.
I[OCT&TO‘IHBIM (I)aKTOpOM oOecrneueHust YCT OMYHUBOCTHU CUCTEMBI MOXKET SIBISITHCS J'IaMPIHaprIfI PEKHUM
NnepeMCIMBadms, Ipu KOTOPOM MEXAHUYCCKOC BOSILCﬁCTBI/IG Ha CUCTEMY HEC CTOJIb BCIIUKO. P8,3pa60TaHI)I
H IIPOIIIN anpo6aumo B IIPOMBIIIIJICHHBIX YCJIOBUAX 3alIATCHTOBAHHBIC KOHCTPYKIUU aIlllapaTOB C
MEIIAJIKaMU JJ1s1 00eCIIeYCHHsI PAIlMOHATIFHOTO PEKUMa TIEpeMEeITMBAHUS TUCIICPCHON (a3bl.
KuroueBble ciioBa: PEaKTOp C Memankoﬁ, CYCIICH3WOHHAs IMOJIMMEpU3alusd, JUCIICPCHAA (1)8.38.,
MOHOAUCIICpCHAA SMYJIbCHUA
UDC 66.095.26
P.A. Galkin, Yu.T. Selivanov, S.1. Lazarev, M.S. Abramov (Tambov State Technical University,
Russia) E-mail: paragam@inbox.ru
Effect of temperature on the stability of the reaction system in suspension polymerization of methyl
methacrylate
The hardware design of the continuous process of suspension polymerization has been considered.
Kinetics of the polymerization process in suspension is greatly influenced by the dispersity of the reaction
system and the temperature of medium. Experimental studies have been carried out to evaluate effect of
temperature on lifetime of individual dispersed phase droplets in contact with each other or with an
interfacial surface. A sufficient factor to ensure the stability of system can be the laminar mixing regime,
in which the mechanical effect on the system is not so great. Patented designs of devices with agitators
that allow mixing of the dispersed phase have been developed and tested in industrial conditions.
Keywords: reactor with stirrer, suspension polymerization, dispersed phase, monodisperse
emulsion

VK 62-405.6:621.01:62-932.2

A.A. Bamazun, U.C. I'yoanos, kanouoamuot mexn. nayk, A.E. J/lebeoes, 0-p mexn. nayk, A.b.
Kanpanoesa, 0-p ¢puz.-mam. nayx, /1.C. [oncun (Apocnasckuii 2ocyoapcmeennulii mexHuuecKui
yuueepcumem, Poccus) E-mail: vatagerr@bk.ru

CoBeplieHCTBOBAHHE MPOIECCOB CMENIMBAHUS CHIMYYHX CPel, CKIOHHBIX K cerperanum, B
annaparax ¢ nHoABHKHOM JICHTOH
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Bo u3bexanue cerperanuu cMecu (ee pas3zielieHus B MpoLeccax MOTy4eHUs! U BHITPY3KH)
MPEJI0KEHO MPOLIECC CMENTMBAHUS OCYIIECTBIIATH B JUCIIEPCHOM COCTOSIHUU C OpraHu3alei
pPasaciIbHOro, HE3AaBUCUMOTI'O pa36pacmBaHH;1 KaXKI0ro KOMIIOHCHTA C MOCJICAYIOINMHA HAJIOXKCHUCM
IIOTOKOB YaCTUI U YAapHbIM BSaHMOﬂeﬁCTBHeM C(bOpMHpOBaHHBIX IIOTOKOB C DJaCTUYHBLIM OTOOHHBIM
OpraHoM. JTO 1eJIec000pa3HO OCYIIECTBIATh B CMECUTENSAX C MOABMKHOW TPAHCIIOPTEPHOM JICHTOM,
CBﬂSBIBaIOH_[eﬁ BC€ y3JIbl arpe€rara B €IUHYI0 CUCTEMY.

KiaroueBsble cj1oBa: CMCIIMBAHHUE, ChIITYYHUEC MAaTCpHaJIbl, CCrperanuusia, TpaHCIopTep,
BEPOSITHOCTHBIN MOJIXO0
UDC 62-405.6:621.01:62-932.2
A.A. Vatagin, 1.S. Gudanov, A.E. Lebedev, A.B. Kapranova, D.S. Dolgin (Yaroslavl State Technical
University) E-mail: goudanov@yandex.ru
Improving the processes of mixing bulk media prone to segregation in a moving belt apparatus

In order to prevent segregation of mixture (its separation in the process of preparation and
unloading) it is proposed to carry out the mixing process in a dispersed state, while organizing separate,
independent scattering of each component, followed by overlapping of flows and impact interaction of
the formed flows with an elastic fender. It is advisable to carry out this in mixers with a movable
conveyor belt that connects all units of the unit into a single system.

Keywords: mixing, bulk materials, segregation, conveyor, probabilistic approach

KPUOI'EHHASA TEXHUKA. ITIPONU3BOACTBO U TIPUMEHEHUE
MNPOMBIIIJVIEHHBIX I'A30B. BAKYYMHAS TEXHUKA

YK 621.593
A.B. Illakypos, kano. mexu. nayx, JI.M. Konviuxkun (Mockoeéckuii 2ocyoapcmeeHHblii mexHUu4ecKuil
yHueepcumem umenu H.D3. baymana, Poccusn)
E-mail: shakurov@bmstu.ru
I/ICCJIe}IOBaHHe PE€KUMOB pa60T1>1 KPHUHOI'€HHOI'0 PACIILIJIMTC/ILHOI0 CMECUTEJIBLHOI'O raan)nKaTopa
¢ peryJiMpyemMoii Npou3BOANTEIbHOCTHIO

[IpennosxeH HOBBIN THIT ra3u(UKATOPA KHUIKOTO a30Ta, 0OSCIICUUBAIONIETO BO3MOKHOCTh
IIOJIC3HOI'O UCITOJIB30BaHUs TCIIJIOTHI (1)2130BOFO nepexona Ijis MmoJIydeHUs IMOTOKA XOJIOAHOTO ra3a.
Paccunrana n CIIPOCKTUPOBAaHa MPOTOYHAA YaCTh KPHUOTCHHOI'O PACIIBIIIUTCIIBHOTO CMECCUTCIIBHOT'O
Fa3I/I(1)I/IKaTOpa, MHO3BOJIAOLICTO 00ecIeunTh YBCINYCHHUC 3HepreTI/I‘leCKOﬁ BQ)(I)CKTI/IBHOCTI/I TakKoro
anmnapara. Anmnapat usrotoniieH ¢ npumeHenrueMm FFF TpexmepHoii meyatu niaacTUKOM U IPUMEHEH B
YCTAHOBKE JIsI ITPOBCACHUA O6H_IeI71 KpHUOTCpaIinm. HOJ’Iy‘IeHLI 3aBUCUMOCTH MACCOBOTI'0O pacxoJa KUAKOTO
a30Ta yepe3 pacHblIUTEINb OT JaBJICHUS B COCYJE, pa3MEPOB U KOJIMUYECTBA (POPCYHOK, a TAKKE MOJTYUEHbI
3aBUCHMOCTHU MACCOBOT'0O pacXxoJid ra3da Ha BbIXO/JC allllapaTa 1 neperiaga TeMIICpaTyp B alrapare.
TToka3aHbl BO3MOKHOCTHU pEryjainpoBaHus NPpOU3BOJUTCIbHOCTH ra3n(1)HKaTopa 3a CUCT NPUMCHCHUA
I/IMHYJ’IBCHOI\/'I IIoaa4yu XKUIKOro a3orta. P C3YyJIbTAThI pa6OTLI IOKa3aJIn BO3BMOKHOCTHU U IICPCIICKTUBbBI
MMPUMCHCHUA Ha MMPAKTHKE IJIACTUKOBBIX KPHOTI'CHHBIX PACIIBIIMTCIIBHBIX CMECUTCIIBHBIX I‘aSI/I(bI/IKaTOpOB
CIIOKHOMU Q)OpMBI C perlepreMoﬁ MMPOU3BOJAUTCIIbBHOCTBIO U 6BICTpLIM BBIXOJIOM Ha PCKUM KPHUOT'CHHBIX
TEeMIIEpaTyp.

KuroueBnle ciioBa: ra31/1(1)1/11<au1/1;1, pacnblUICHUC, CMECUTCIIb, )I(I/I,Z[KI/Iﬁ a30T, TpéXMepHaH neyaTtb
MOCJIOMHLIM HaIlJIaBJICHHUEM IIJIACTUKA
UDC 621.593
A.V. Shakurov, L.M. Kolyshkin (Bauman Moscow State Technical University, Russia) E-mail:
shakurov@bmstu.ru
Study of the operating modes of a spray mixing cryogenic gasifier with controlled productivity

This study proposes a new type of liquid nitrogen gasifier with the ability to use the heat of phase
transition to supply a cold gas stream to a consumer. The cryogenic spray mixing gasifier was designed,
which makes it possible to increase the energy efficiency of the apparatus in comparison with analogues.
The apparatus is made using FFF 3D plastic printing and used in a whole body cryotherapy unit. The
dependences of the mass flow rate of liquid nitrogen through the sprayer on the pressure in the vessel, the
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size and number of nozzles are obtained, as well as the dependences of the mass flow rate of gas and the
temperature drop across it. The possibilities of regulating the productivity of the gasifier through the use
of pulsed supply of liquid nitrogen are analyzed. The results of the study showed the possibilities and
prospects for the practical use of complex-shaped plastic cryogenic spray mixing gasifiers with controlled
performance and quick access to the cryogenic temperatures.

Keywords: gasification, spraying, mixer, liquid nitrogen, PETG fused filament fabrication

YK 621.585
B.b. Canoscnukos, 0-p mexn. nayk, M.A. Yzonvnukoea, kano. mexu. nayk, B.B. Uepnaeckan
(Mockoeéckuili noiumexnuyeckuil ynugeepcumem, Poccus)
E-mail: set-square@mail.ru
Ouenka 3ppekTHBHOCTH PA0OTHI YCTPOHCTB HU3KOTEMIIEPATYPHOI0 pa3/iejieHUsl sKMAKUX Cpell
IPpU IBYXCTYIICHYATOM BBIMOPA)KUBAHHUU C MIPEABAPUTECIBHBIM OXJVIAKACHUEM

[Ipennaraercsa KOHCTPYKLHS YCTPOMCTBA HU3KOTEMIIEPATYPHOTO pAa3ACICHUS )KUAKUX CPEL] C
ABYXCTYINICHYAThIM BLIMOPAXKUBAHUECM C UCIIO0JIb30BAHNEM HAMOPOKCHHOI'O JibJld B KAYCCTBC
XOJIO,HO&KKYMyJI}IHHOHHOﬁ MacCChl UL NPEABAPUTCIIBHOTO OXJIAKACHUA IIPOAYKTA. Hpe)lCTaBJ'ICHa
MCTOJHKA pacucTa JMHAMHWKHU HAMOPAKMBAHUA BOAHOI'O JIbJIa Ha BHyTpeHHefI IIHJIPIHI[pPI‘ICCKOﬁ
MOBEPXHOCTH — paboueli MOBEPXHOCTU MPEIOAKEHHOTO ycTpoicTBa. [IpoBeaeHo cpaBHeHne
3P PEKTUBHOCTH MPUMEHEHHS YCTPOHCTB C OJHOCTYNEHYATHIM M JIBYXCTYIICHYATHIM BEIMOPAKUBAHUEM.

KuroueBble ciioBa: HU3KOTCMIICPATYPHOC pA3ACICHUC KUJKUX CPCI, KPUOKOHLETPATOP,
JAWHaMHKa HAMOPaKMBaHUs, BOIIHI)IfI JCO, ABYXCTYIICHYATOC BHIMOPA)KMBAHUC
UDC 621.585
V.B. Sapozhnikov, M.A. Ugolnikova, V.V. Chernyavskaya (Moscow Polytechnic University, Russia) E-
mail: set-square@mail.ru
Evaluation of the efficiency of devices for low-temperature separation of liquid media with two-
stage freezing and pre-cooling

The design of a device for low-temperature selection of liquid media with two-stage freezing is
proposed, in which frozen ice is used as a cold-accumulation mass for cooling the product. A method for
calculating the dynamics of water ice freezing on the inner surface of the cylinder - the working surface
of the proposed device, is also proposed. The efficiency of applying methods with one-stage and two-
stage freezing is compared.

Keywords: low-temperature separation of liquid media, cryoconcentrator, freezing dynamics,
water ice, two-stage freezing

VK 621.51:62-932.4:66.081
A.A. /Kepoes, 0-p mexn. nayk, A.A. Illoouypapos, A.B. Illakypos, kanouoamut mexu. nayx, A.H1.
Yemwowkuna (Mockoeckuii zocyoapcmeennutii mexnuueckuil ynusepcumem umenu H.J3. baymana,
Poccua) E-mail: azherdev@bmstu.ru
I/Iccne}lona}me a}ICOpﬁlll/[OHHI)IX XAPAKTEPUCTUK KOMIIO3UTHBIX H I'PAHYJIMPOBAHHBIX a}]copﬁeHTOB
I/ICCJ'IG,[[OBaHBI aI[COp6I_II/IOHHLIe XapaKTCPUCTUKU aI[COp6eHTOB B I'paHyJIMPOBAHHOM BHUIC U B
¢dopmoBaHHOM Buje. [Ipoanann3npoBaHbl H300pakeHUsI TOBEPXHOCTH a/ICOPOIIMOHHBIX MaTepuaios. Ha
OCHOBEC 3KCUKATOPHOI'O METOa UCCIICAOBAHUS a,[[COp6I_II/IOHHBIX MaTCpHraJIOB ITOCTPOCHBI U30TCPMBbI
aI[COp6IlI/II/I, Ha OCHOBAHWH KOTOPLBIX CACTIaH BBIBOA: AJI U3TOTOBJICHHUA KOMITO3UTHBIX aI[00p6III/IOHHI)IX
MaTCpHraJIOB OITUMAJIBHO MOAXOOUT aKTUBHBIN OKCHU I aJIFOMUHUAA. HpI/I 3TOM a,Z[COp6I_II/IOHHa${ E€MKOCTH
KOMITO3UTHBIX MaTEPHAIOB MEHBIIIE aJICOPOIIMOHHON €MKOCTH TPaHyJIMPOBAHHOTO aJICOPOCHTA Ha
10...15 %, uTo KOoMmeHcupyeTcst 60iee BBICOKMMU 3HAYEHUSMH IIJIOTHOCTH.
KuroueBble ciioBa: afcopOIus, CxKaThId BO3AYX, OCYIIUTENh, OCYIIIKA ra3a, aJcOpOEHT, MOHOJIHT,
KOMITIO3UT
UDC 621.51:62-932.4:66.081
A.A. Zherdev, A.A. Podchufarov, A.V. Shakurov, A.l. Ustyushkina (Bauman Moscow State Technical
University, Russia) E-mail: azherdev@bmstu.ru
Adsorption characteristics of composite and granulated adsorbents
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A study of the adsorption characteristics of adsorbents in granular and molded form was carried
out. Images of the surface of adsorption materials are analyzed. Based on the desiccator method for
studying adsorption materials adsorption isotherms were constructed, on the basis of which it was
concluded that active alumina is best suited for the manufacture of composite adsorption materials.

The adsorption capacity of composite materials is less than the adsorption capacity of the granulated
adsorbent by 10...15 %, which is compensated by higher density values.

Keywords: adsorption, compressed air, dehumidifier, gas dehumidification, adsorbent, monolith,
composite

KOMIIPECCOPBI. HACOCHBI.
TPYBOIIPOBOJHAS APMATYPA

YIK 621.512
B.E. Illep6a, 0-p mexn. nayk, A.X.-C. Tezocanos, kano. mexu. nayk, I.H. Exumoe (Omckuii
20Cy0apcmeeHH bl mexHuYeckuii ynueepcumem, Poccus)
E-mail: Scherba_V_E@list.ru
Pa3paboTka onbITHOro 00pa3ua nopuIHeBoii rTHOPHUIHON IHEPreTHYeCKOil MAIIMHBI 00bEeMHOI0
AelCTBHS ¢ IBYMS BCACBIBAIOIMMHY KJIANIAHAMM M CTEH/a JJIsl HCCJIeJOBaHNs 00pa3na MAIIUHbI
Hana knaccudukanus konctpykuuid [IIMMO/] u ycTaHOBIIEHO, YTO U1 OpraHU3alluu
py0alieyHoro oxJjaxJIeHus MOPITHEBOTO0 KOMIIpeccopa 1e1eco00pa3Ho UCIOIb30BaTh MOPIICHb
KoMIpeccopa A o0ecredeHns He TOJIbKO BCAChIBAHUSA r'a3a, HO M BCACBhIBAHUS KHUAKOCTH. J[is
OpraHU3aIi 00PaTHOTO TEYSHHUS KUIKOCTH I[EIecO00pa3HO 3a/1eCTBOBATh YAaCTh CKATOTO rasa.
Pa3paboTana nmpuHIMIIMANBHAS CXeMa IMOPITHEBOI THOPHIHON YHEPTETUIECKON MAIMHBI 0O BEMHOTO
nencTBUsl, KoTopas 3amuiieHa nareHTom P@®. Ha ocHoBanuu pa3paboTaHHON CXEMbI IIPOBEACHA
KOHCTPYKTHBHAs pa3padoTKa HOBOM IUJIMHPOIIOPIIHEBOM TPYIIIIBI, CO3AaHbI SKCIIEPUMEHTAIBHBIN
oOpasel MallliHbI U SKCIIEPUMEHTAIbHBIA CTEH/I, OCHAILIEHHbIH HEOOXOAUMONW KOHTPOIbHO-
MU3MEpPUTENIbHOM annaparypoil. PaccMoTpena MmeToiuka u3aMepeHust OCHOBHBIX TEPMOJIMHAMUYECKUX U
PacXOHBIX MapaMeTPOB MPU paboTe MAIIUHBEI.
KuroueBble cjioBa: nmopiiHeBasi THOpHIHAS YHEPreTHYECKas MalIMHA, OXJIaKIAoIasl >KUIKOCTb,
MOPITHEBOW KOMITPECCOp, MOPIITHEBON HACOC, YHCTIO 000POTOB KOJIEHYATOTO BaJia, aBlIeHHE HAarHETaHUS

UDC 621.512
V.E. Shcherba, A.K.-S. Tegzhanov, G.I. Ekimov (Omsk State Technical University, Russia) E-mail:
Scherba_V_E@list.ru
Development of a pilot sample of the positive displacement hybrid power machine with two suction
valves and a stand for its research

The classification of existing PHPMs has been carried out and it has been established that for the
organization of jacket cooling of a reciprocating compressor, it is advisable to use a compressor piston,
which provides not only gas suction, but also liquid suction. To organize the reverse flow of liquid, it is
advisable to use part of the compressed gas. A schematic diagram of a positive displacement hybrid
power machine has been developed, which is protected by a patent of the Russian Federation. On the
basis of the developed scheme, a constructive development of a new cylinder-piston group was carried
out and an experimental sample was created. An experimental stand was developed with the necessary
control and measuring equipment. The paper considers a technique for measuring the main
thermodynamic and flow parameters.

Keywords: piston hybrid power machine, coolant, piston compressor, piston pump,
crankshaft speed, discharge pressure
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H.A. Boiinos, 0-p mexn. nayx, A.B. bozamkosa, /I.A. 3emyos, H.I1O. Koicyxosa, kanouoamot mexH.
HayK, B.A. Yepnoe (Cubupckuii 2ocyoapcmeeHHblil yHUGepCUnmem HAyKUu U mexHoa02uil UMeHu
akaoemuka M. @. Pemuemnesa, 2. Kpacnosapck, Poccus) E-mail: n.a.voynov@mail.ru
Hacanounasi Tapesika nepeKpecTHOr0 TOKa JJIsl YKPeIIaoeil KOJOHHbI
[IpencraBneHbl pe3yabTaThl HCCIIEOBAHUS THAPOIUHAMUKHA U MacCOOOMEHa HACaJ0YHOM
TapCJIKU MEPEKPECTHOI'O TOKA C IPUMECHCHHUEM CICAYIOIIUX HACaI0K — CHHp&J’IBHO-HpHSM&TH‘IGCKOﬁ,
peryisipHoii, koiseny Pamura. [1omydeHsl S5KCIIEpUMEHTAIbHBIE JAHHBIC BEIUYUHBI THAPABIMYECKOTO
CONpOTUBIIEHUS, YP(PEKTUBHOCTH TTPH peKTHUHHUKAIIMHU K a0COPOLINH, YASPKUBAIOIIECH CITIOCOOHOCTH IO
XKHUJIKOCTH. Y CTaHOBJICHO, YTO HanOoJbIIeH 3PpPEKTUBHOCTHIO OTINYACTCS TapeIKa CO CUPATHHO-
HpHSMaTquCKOﬁ Hacam(oi/'l. HpOBe,I[eHO CpaBHCHHEC HACaOYHBIX peKTI/I(bI/IKaL[I/IOHHBIX KOJIOHH.
HOKa3aHO, YTO KOJIOHHA C HACAAOYHBIMHA TAPCIKAMU MMEPCKPECTHOI'O TOKA OTIINYACTCA MEHBIIIEH Maccou
HacaJaKu, MCHBIIHUM I'MAPaBIMYCCKHUM COIIPOTHUBJICHUEM U 0O0JIBIINM JAUAITa30HOM HArpy3KH I10 I1apy.
KiaroueBble cjioBa: TUAPABJINYCCKOC COIIPOTUBJICHUEC, KOJIOHHA, HACaaKa, peKTI/I(i)I/IKaLII/ISI,
Tapenka, 3 HeKTUBHOCTh
UDC 66.015.23
N.A. Voinov, A.V. Bogatkova, D.A. Zemtsov, N.Yu. Kozhukhova, V.A. Chernov (Reshetnev Siberian
State University of Science and Technology, Russia)
E-mail: n.a.voynov@mail.ru
Cross-current packing tray for a strengthening column
The results of hydrodynamics and mass transfer studies of cross-current packing plate with the
following packing - spiral prismatic, regular, Raschig rings are presented. Experimental data of hydraulic
resistance value, efficiency at rectification and absorption, retention capacity by liquid have been
obtained. It has been determined that the most effective is a tray with a spiral prismatic packing. The
comparison of packing rectification columns is carried out. It is shown that the column with cross-current
trays has a lower weight of the packing, lower pressure drop and a larger range of steam load.
Keywords: pressure drop, column, packing, rectification, tray, efficiency

YK 621.355
A.B. I'ycokos, 0-p mexn. nayk, I1.B. Mapuenko (Hoeocubupckuii 2ocyoapcmeeHHblil mexHu4ecKuil
yuueepcumem, Poccusn); I'.B. Ky3ueuos, 0-p ¢pus.-mam. nayx (Hayuonanonutii ucciedogamenbckuil
Tomckuii nonumexnuueckuii ynusepcumem, Poccus) E-mail: a.guskov@corp.nstu.ru
IKCNEPHUMEHTAJBHBIN aHAJIN3 TEIJIOBBIX PEKUMOB AKKYMYJISITOPHBIX OaTapei

Cdopmynuposana rmpobiaemMa paboTOCIIOCOOHOCTH HAKOTIUTENICH SHEPTHH, B TOM YHCIIC
aKKyMYJISITOpHBIX OaTapeii. PaspaboTaHa MeToIMKa SKCIIEPUMEHTAIBLHOTO ONpeIeIeHNs TeMIIEPAaTyphl B
XapaKTEpHBIX TOYKAX aKKyMYJISTOPHOU OaTapeu M 3JeKTPOIUTA. Y CTAHOBJIEHBI 3aBUCHMOCTH
TEMIICPATYP B XapAKTCPHBIX TOYKAX OT IIPOAOJIZKUTCIIBHOCTH 3apdia U paspdaaa. HOKa3aHO, qTo 1Ipu
Pa3HBIX TOKOBBIX Harpy3Kax yYBEJIMUYEHHUE CHIIBI TOKA U TEMIIEPATYPhl BO3/1yXa, OKpYXKaroero oarapero,
MMPUBOJAT K YBCIIMUCHUTIO TEMIICPATYPhI BO BCEX TOUYKAX KOPITYCa 6aTapeH U DJICKTPOJIATA. YcTaHoBlIeHA
CBSI3b pexkHrMa paboThl OaTapeu (3apsaa WK pa3psil) U U3SMEHEHUH TeMreparypbl. Boijenens! ycinoBus
pa6OTI>I, IIPU KOTOPLBIX TEMIICPATYpPa JJICKTPOJIUTA 6aTapeH MMPEBLIMIACT ITPEACIIEHO ,Z[OHyCTI/IMHﬁ YPOBCHb
temmneparypsl (50 °C) gepes 2 4 pabOTHI.

KiroueBble ciioBa: AKKYMYJISAITOpHAas GaTapeﬂ, TEMIICpAaTypa, 3apsa, paspiaa, 3aBUCUMOCTD, TOK,
DHEPrust
UDC 621.355
A.V. Guskov, P.V. Marchenko (Novosibirsk State Technical University, Novosibirsk, Russia); G.V.
Kuznetsov (Tomsk State University, Tomsk, Russia) E-mail: a.guskov@corp.nstu.ru
Experimental analysis of thermal modes of accumulator batteries

Variants of energy storage devices are considered, among them batteries are highlighted. A
method of experimental studies of temperature at characteristic points of the battery and electrolyte is
proposed. The results of the temperature dependence at these points on the duration of both charge and
discharge processes are presented. The analysis of the temperature change of the battery in the
characteristic points of the housing at different loads of charge and discharge is carried out. It is
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highlighted that an increase in the current and temperature of the environment surrounding the battery
leads to an increase in temperature at the measured points of the battery housing and, accordingly, inside.
The connection between the battery operation mode (charge or discharge) and temperature changes is
highlighted. With a load current of 18 amperes, the temperatures of the electrolyte and the battery plates
exceed the maximum permissible temperature level (50 °C) after 2 hours of operation.

Keywords: battery, temperature, charge, discharge, dependence, current, energy
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/. @azynnun, kano. mexu. nayk, I.B. Maspun, kano. xum. nayx, JI.H. @aszynnuna (Kazauckuii
deoepanvuwlit ynusepcumem, 2. Haoepexncnvie Yennwl, Poccus);
HU.T. Illaiixues, 0-p mexn. nayk (Kazanckuii HayuoHaabHblil UCC1€006AM ENbCKUTL MEXHO102UYEeCKUTL
YHueepcumem, 2. Kazano, Poccus)
E-mail: denr3@yandex.ru
HanoduabTpanus napoBo3AyIIHON CMeCH OT NpeJeJbHbIX YIJIeBOIOPOA0B ¢ IPUMEHECHUEM
KOMIIO3UIITUOHHBIX MeMﬁpaH

HpOBeI[eHBI HUCCIICOOBAaHUA B 00JIaCTH OYUCTKH BO3J1yXa OT IIapOB HPCACIIbHBIX YITICBOAOPOI0OB
METOJIOM HaHO(PWIBTPAIMH C UCIIOJIL30BAaHUEM KOMMEpPUYECKUX MeMOpaH n3 nosmdpupcyabpona (I19C)
n KOMHOSI/II.II/IOHHOﬁ MeM6paHLI Ha 6y'Ma)KHOI7I OCHOBC C ITOBCPXHOCTHBLIM CJIOCM M3 all€TaTa LHCJIIIKOJIO3bI
(MALI-3), noiay4eHHOM Ha MOATIOKKE U3 PHIBTPOBAILHON OyMarn METOIOM MOTPYKEHHUS OAHOH 13
CTOPOH ITOJIOKKH B TpeXKOMHOHeHTHHﬁ PpacTBOp MmoJumepa. TOJ'IIJ_[I/IHa KOMHO3I/II_II/IOHHOI71 MeM6paHBI
coctraBuia 121 mxm, mopucrocts 46,4 %. 3anepkuBaroias CrioCOOHOCTh KOMITO3UITUOHHOW MEMOpaHbI U
kommepueckux [I9C MeMOpan ucciiejoBana mpu pasaeieHuy MapoBO3AYLTHON CMECH OeH3UH — 8030)X.
[Iponnnaemocts koMozumoHHoit memOpansl MAILL3 u kommepueckoit MmemOpans! Mmapku [19C-30 npu
pazzieJIeHuy NapoBO3AYIIHOM cMecH coctaBuia 0,33 I[M3/(M2'q-KHa). YcraHoBieHa BbICOKas
3a/IEPKUBAIOIIAS] CTIOCOOHOCTH KOMIO3UIIMOHHOM MeMOpanbl MAILL-3 nmo HoHany u nekany — 6osee 90
%, CpemHss 3a/Iep KUBAKOIast CIIOCOOHOCTD 10 ankaHaM — 6osee 88,6 %. Cpenu memOpan mapku [19C
HanboJIee BRICOKAS 3a/IePKUBAIONIAs CIIOCOOHOCTH IO alTkaHaM ycTaHoBJIeHa y MeMOpanbl [19C-30 —
6omee 93 %.

KuioueBble cj10Ba: aikaHbl, MpeeibHbIC YTIEBOJOPOIbI, Pa3eIeHHE ra3oB, (pakTop
pa3aciiCHuA, IPOHUIAEMOCTD, ITIapOBO3AYyIIHAsA CMECh, OeH3uH
UDC 66.071.6
D.D. Fazullin, G.V. Mavrin, L.I. Fazullina (Kazan Federal University, Naberezhnye Chelny, Russia);
I.G. Shaikhiev (Kazan National Research Technological University, Kazan, Russia) E-mail:
denr3@yandex.ru
Nanofiltration of vapor-air mixture for removal of saturated hydrocarbons using composite
membranes

Research was carried out in the field of air purification from vapors of saturated hydrocarbons by
nanofiltration using commercial nanofiltration membranes made of polyethersulfone (PES) and a paper-
based composite membrane with a surface layer of cellulose acetate (MAC-3). The membrane was
obtained on a filter paper substrate by immersing one of the sides of the substrate in a three-component
polymer solution. The porosity of the resulting membrane is 46.4 %. The membrane thickness determined
by the eddy current method was 121 um. The retention capacity of the composite membrane and
commercial PES membranes was studied by separating the vapor-air mixture of gasoline-air. The
permeability of the MAC-3 composite membrane and the commercial PES-30 brand membrane during
separation of the gasoline-air vapor-air mixture was 0.33 dm®m?h-KPa. The high retention capacity of
the MAC-3 composite membrane was found to be more than 90% for nonane and decane; on average, the
retention capacity for alkanes was more than 88.6%. Of the commercial membranes of the PES brand, the
highest retention capacity for alkanes was found in the PES-30 membrane, more than 93%.

Keywords: alkanes, saturated hydrocarbons, gas separation, separation factor, permeability,
vapor-air mixture, gasoline
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YK 66.081.6
C.U. Jlazapes, H.B. Xopoxopuna, ookmopa mexu. nayk, M.H. Muxaiinun, O.C. Quaumonosa
(Tambosckuit zocyoapcmeennvtit mexnuueckuil ynusepcumem, Poccus) E-mail:
kotelnikovirina@yandex.ru
HN3Bi1eueHne TAKEJIBIX METALJIOB U3 IMPOMBIBOYHBIX BOJA I''aJIbBAHHYECCKUX IMIPOU3BOACTB U
METOAMUKA pacueTa 3JICKTPOACUOHU3ALMOHHOT0 armapara
I/ICCJ'IGI[OBaHBI KHMHETHYCCKUEC XapaKTCPUCTUKHU IIpOoLeCCa HCHpepBIBHOfI SJICKTPOACHOHHU3 AN
PacCTBOPOB TSDKEJIBIX METAJUIOB C HCIIOIh30BaHUEM HOHOOOMEHHBIX MeMOpan MA-4111, MK-40 u
HOHOOOMEHHBIX MaTr€puajioB B Me)I(MeM6paHHBIX KaHaJ1ax. Pa3pa60TaHa MCETOJHUKA pacucTa
SJICKTPOACUOHHU3AIMOHHOT'O IIJIOCKOKAMEPHOI'0 almapara Ajid U3BJICUCHUA HOHOB TSKCJIBIX METAJIJIOB U3
TEXHOJIOTHYECKHUX PACTBOPOB. Pacueramu YCTAHOBJICHO, YTO SHEPro3arparbl Ha IIPOBCACHUC
AJEKTpoJIenoHu3auu B 10 pa3 MeHbIIE MO CPAaBHEHUIO C SHEPro3aTpaTaMu MpHU IEKTPOIUATIU3E.
KuroueBble ciioBa: SJICKTPOACHOHHU3alMA, METOJUKA, MeM6paHBI, TSAXKEIIbIC METAJIJIbI
UDC 66.081.6
S.1. Lazarev, 1.V. Khorokhorina, M.1. Mikhailin, O.S. Filimonova (Tambov State Technical University,
Tambov, Russia) E-mail: kotelnikovirina@yandex.ru
Extraction of heavy metals from washing waters of electroplating industries and calculation
method for electrodeionization apparatus
The Kinetic characteristics of the process of continuous electrolytic ionization using ion-exchange
membranes MA-41P, MK-40 and filling of ion-exchange materials in intermembrane channels were
studied. A method for calculating an electrodeionization flat-chamber apparatus for the extraction and
detection of metals from technological solutions has been developed. Calculations have shown that the
energy consumption for conducting electrodeionization is 10 times less compared to electrodialysis.
Keywords: electrodeionization, technique, membranes, heavy metals

www.himnef.ru - caiit xxyprana «Xumuueckoe 1 Hedrerazosoe MalmmHOCTpOCHHE,
www.intecheco.ru - caiit korbepeHuuii 11 MPpeAnPHATHIl IHEPTeTUKH, METAJUTYPIHH, HE(TEra30Boi 1 XUMHUUYECKOM oTpacJeil


http://www.himnef.ru/
http://www.intecheco.ru/

*Hry,
I oS ! AHHOTAIMM cTaTeill KypHaja « XuMHYecKoe H He(pTerazoBoe MaimHOCTPoeHne» 3a 2023 r.

AHHOTAIUM CTaTel KypHaIa « XUMHYeCcKoe U HepTerazopoe MAaIIMHOCTPOECHUE)
Ne 3-2023

HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATALIUA

IMPOLHECCBHI 1 OBOPYJIOBAHUE
XUMHUYECKHUX U HE®TEI'A30BBIX TEXHOJIOT U

VK 62-98
HU.10O. I'onosanos, E.IO. bapanoea, kano. mexu. nayk, A.C. Cokonos, kano. mexu. nayk (Mockoeckuii
noaumexnuyeckuil ynugepcumem, Poccusn);
M.I. Jlacymkumn, 0-p mexu. nayxk (MUPIA — Poccuiickuii mexHonozudeckuili yHugepcument, 2.
Mockea). E-mail: igol95@yandex.ru
Biausinue TOJIIUHBI CTCHKHU KOJIEeL[ Pammura Ha IHEPreTUHICCKue 3aTpaThl NPH IKCIVIYyaTaAllUH
KOJIOHHOT0 000pYy/10BaHuUsl

HpI/IBe,IleHLI PE3YJbTAaThl aHAJIN3a BIIMAHUS TOJIIHWHBI CTCHKU KOJICIT Pamura B HachITHBIX
HAcCaJKax Ha YHEPTreTUYECKUE 3aTPaThl IPH IKCIUTyaTaIllMH KOJIOHHOTO 000pY/I0BaHUS HA IPUMEPE
CYHII/IHBHOﬁ OamrHu IMPpOU3BOJACTBA CepHOﬁ KHCJIOTHI. HpeI[CTaBJ'IeHLI YpaBHCHUA pETPECCUA U
rpaduvecKre 3aBUCHMOCTH Y/ICIbHOM MOBEPXHOCTH M CBOOOHOTO 00beMa HACHIITHON HACAIKHU U3 KOJIEIl
P almra, a Takxe ruIpaBJINICCKOTO COIIPOTUBJICHUA U SHEPTCTUUCCKUX 3aTPAT IIPU SKCIUTyaTallun
KOJIOHHOTO 000pYZ0BaHMsI OT TONIMHBI CTEHKH Kosel Pamura.

KuroueBble cj10Ba: KOJIOHHOE O60py,Z[OBaHI/IC, HacChIITHasA HaCcaJKa, KOJbIa Paera, YACIbHAadA
IMOBCPXHOCTD, CBO6OIIHI>II71 O6"I)GM, TOJIIMHA CTCHKW HAaCaAKU, QOHCPICTHUIYCCKUC 3aTPaThbl
UDC 62-98
I.Yu. Golovanov, E.Yu. Baranova, A.S. Sokolov (Moscow Polytechnic University, Russia); M.G.
Lagutkin (MIREA — Russian Technological University, Moscow).
E-mail: igol95@yandex.ru
Effect of the Raschig rings thickness on the energy consumption during the operation of column
apparatuses

The article presents an analysis of the effect of the thickness of Raschig rings in bulk nozzles on
energy consumption during the operation of column apparatuses on the example of a drying tower for the
production of sulfuric acid. Regression equations and graphs of the effect of the thickness of the Raschig
rings on the specific surface and free volume of the bulk nozzle of the Raschig rings, as well as hydraulic
resistance and energy consumption during the operation of column apparatuses are presented.

Keywords: column apparatus, bulk nozzle, Raschig rings, specific surface area, free volume,

nozzle thickness, energy consumption

YK 621.928.37
B.O. Aononckuii, kano. mexu. nayk (Bonzozpaockuii zocyoapcmeeHHblil mexHu4ecKuil yHugepcumem,
Poccus) E-mail: everests8@mail.ru
MopenupoBanue pasieieHus1 BA3KOIUIACTHYECKUX CPe/Jl B HUJIMHAPOKOHUYECKOM I'HIPOIUKIOHE
HanopHo# guioranuen

Matemaruueckas MOJIENb pa3/ieJeHHs] HEOAHOPOIHBIX JKUIKUX CHUCTEM B TOJIE LIEHTPOOEKHBIX
CHUJI aIalITUPOBAHA K MPOIECCY OUUCTKHU BSI3KOIJIACTUYECKUX KUIKOCTEH B LIMJIMHIPOKOHUYECKOM
TUIPOLIMKIIOHE HAaMOpHOM ¢uioTanueil. B Moaenu yureno aeiictsue cui unepiuu, cui Kopuonuca u
MPUCOEAMHEHHOMN Macchl )kuakocT. CucreMa nuddepeHnanbHbIX YpaBHEHUN B YaCTHBIX
IIPOM3BOIHBIX, OMUCHIBAIOIIAs MTpoLiecc IIOTAINH, CBEJIEHa K cCUCTeME OOBIKHOBEHHBIX
mudhepeHIMaTbHBIX YPaBHEHUH U pellieHa YUCIEHHBIM METOJIOM C y4E€TOM FeOMETpHH pabodero
MPOCTPAHCTBA IUJIMHIPOKOHHYECKOTO THAPOIUKIOHA. Ha ocHOBE pa3paboTaHHOW MaTeMaTHUeCKOM
MOJIEJIH MPOAHATN3UPOBAHO BIHUSIHUE (DaKTOpa pa3zesieHus: Ha OCTAaTOYHYIO0 KOHIIEHTPAIIUIO YaCTHII
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TBGp,Z[Oﬁ (1)8.31:1 IIPpU pa3IMYHBIX 3HAYCHUAX yIJIa KOHYCHOCTH KOPITyCa U YHCJIa MJIAaCTUIHOCTH.
[IpuBeneno ¢uznueckoe 000CHOBaHKE pe3yabTaToB. [loydeHHBIC PE3yIbTaThl MOTYT OBITh
UCTIOJIb30BaHBI MIPHU pacuére 000pyaOBaHUs IS Pa3AeiiCHUs BI3KOIUIACTHYECKHUX CPel] B TUIPOIIUKIOHAX
HarmopHou (oTaruei.

KiaroueBble cj10Ba: BSI3KOINIACTHYECKAS KUOKOCTh, NPCACI TCKYUCCTU, HAIIOpHAasd (1)J10TaI_II/I$I,
HI/IJ’II/IHI[pOKOHI/ILIeCKI/Iﬁ TUAPOLUUKIIOH, YHUCJIO INTACTHYHOCTH, (baKTOp pasaciiCHuA, IMOKa3aTelib
HGJII/IHGfIHOCTPI, HHACKC KOHCUCTCHTHOCTHU, OCTATOYHASA KOHLICHTPAIUA
UDC 621.928.37
V.0O. Yablonskiy (Volgograd State Technical University, Russia)

E-mail: everest58@mail.ru
Modeling of separation of viscoplastic media in a cylindrical-conical hydrocyclone by pressure
flotation

The mathematical model of separation of inhomogeneous liquid systems in the field of centrifugal
forces is adapted to the process of purification of viscoplastic liquids in a cylindrical-conical
hydrocyclone by pressure flotation. The model takes into account the action of inertia forces, Coriolis and
the attached mass of liquid. The system of partial differential equations describing the flotation process is
reduced to a system of ordinary differential equations and solved numerically taking into account the
geometry of the working space of a cylindrical-conical hydrocyclone. Based on the developed
mathematical model, the influence of the separation factor on the residual concentration of solid phase
particles at different values of the body taper angle and the plasticity number is analyzed. The physical
justification of the obtained results is given. The results obtained can be used in the calculation of
equipment for the separation of viscoplastic media in hydrocyclones by pressure flotation.

Keywords: viscoplastic fluid, yield strength, pressure flotation, cylindrical-conical hydrocyclone,
plasticity number, separation factor, nonlinearity index, consistency index, residual concentration

YK 66-6:66-97
B.A. Aspopoes, 0-p mexn. nayk (Ilenzenckuii 2ocyoapcmeeHHblil MEXHOI02UYeCKUIl yHUsepcumem,
Poccus) E-mail: v_avrorov@bk.ru
JHeprocoeperaye TenJoOBble YCTAHOBKH C HANPABJIEHHBIM M0ABOJA0M HHPPAKPACHOIO
H3JTy4YeHUs

PaCCMOTpeHLI BOIIPOCKHI CO3JaHUA aHeproc6epera}0HmX TCIIJIOBBIX YCTAHOBOK Ha OCHOBC
ucnonb3oBanus nHppakpacHsix (MK) uznyuareneil ¢ HanpaBieHHBIM NOABOJOM H3inydeHus. [IpuBenena
KJaccu(uKanus u 1aH aHanus npumensemsix MK-uznyuareneit. [IpuBeneHs! pe3yapTaTsl UCCIIEOBaHUM
1o BBI60py HUCIIOJIHEHHNSA TOUYCYHBIX HCTOYHUKOB I/IK-I/I3J'Iy‘IeHI/I$I AJI IPUMCHCHUS B TCIIJIOBBIX
YCTaHOBKAX, 00EeCIeunBaouX c(hpOKyCHpOBaHHO-HANIPABICHHBIH MOABO/I TETNIOBOM SHEPTUH K
HarpeBaeMbIM MaTepHaiam 0e3 JOMOIHUTENbHOM yCTaHOBKH OoTpakaTeneii-pediekropos. [IpuBeneHs
CpPaBHUTEJIbHBIEC YHCIOBBIE JAHHBIE MHPPAKPACHBIX 3€pPKaIbHBIX JIAMI U TPYOUaThIX
TepMOBHeKTpOHaneBaTeHCﬁ IO TNIOTHOCTH IMMOTOKA U3JTYUCHUS C CAUHULIBI IOBEPXHOCTH, IIEPCAABACMOI'0O
obmydaemomy matepuainy. OCyIiecTBlIeH BHIOOp KOHCTPYKIIMOHHOTO MaTepHalia Jyisl H3rOTOBJICHUS
pa60LII/IX 30H TCIUIOBBIX YCTAHOBOK C HAWJIYUIIUMHU YCIIOBUAMHA TEILIOOOMEHA. OnpeneHeHa
noTpedssieMasl MOLTHOCTD JIaMITOBBIX M3JTydaTeslel P pa3HbIX PACCTOSIHUSIX MEX/y TOBEPXHOCTHIO
H3JTYUYCHUSA U HAIrPEBACMbBIM o6pa3u0M MaTepuajia. HOKa3aH0, 4TO IIPH UCIIOJIb30BAHHUU aBTOMATHYECKOI'O
PEryJsTOpa HanpsjiceHue — memnepamypa MorpeinrHoCTh MEXTY 3a/1aBaeMoi U (paKTHYECKOn
TemIepaTypoii — B ipeaeiax 1,5...2,0 °C. IIpuBeneHbl IpUMeEpPbl KOHCTPYKTUBHO-TEXHOJIOTUYECKHE CXEM
TCIJIOBBIX YCTAHOBOK C HAITPABJICHHBIM I1IOJABOJOM HK-HSJ’IY‘IGHI/IH

KiroueBblie ciioBa: nadpaxpacHoe usinydenue, reueparopsl UK-uznydenus, TerioBsle
YCTAaHOBKHU C HAITPABJICHHBIM IIOJABOJOM UK HU3JTy4YCHUA
UDC 66-6:66-97
V.A. Avrorov (Penza State Technological University, Russia) E-mail: v_avrorov@bk.ru
Energy-saving thermal installations with directional supply of infrared radiation

The article discusses the issues of creating energy-saving thermal installations based on the use of
infrared (IR) emitters with directional radiation supply. The classification and analysis of known IR
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emitters are given. The results of studies on the choice of the design of point sources of IR radiation for
use in thermal installations providing focused-directed supply of thermal energy to heated materials
without additional installation of reflectors-reflectors are presented. Comparative numerical data of
infrared mirror lamps and tubular thermoelectric heaters on the power of the heat flow transmitted to the
irradiated material are presented. The choice of a structural material for the manufacture of working areas
of thermal installations, which provides the best conditions for heat exchange, has been carried out. The
power consumption of the lamp emitter is determined at different distances between the radiation surface
and the heated material sample. It is shown that the use of an automatic voltage-temperature controller
provides an error between the set and the actual temperature in the range of 1.5...2 °C. Examples of
structural and technological schemes of thermal installations with a directional supply of IR radiation are
given.

Keywords: infrared radiation, IR radiation generators, thermal installations with directional IR
radiation supply

MPOMBILWWIEHHAA 3KONOIruns

VIK 662.62:662.75:662.94
/I.B. I'60305aK06, A.B. 3enkos, kanouoamul mexu. nayk (Hayuonanonwiit ucciedosamenvckuil
Tomckuit nonumexnuueckuit ynugepcumem, Poccus)
E-mail: dim2003@tpu.ru
CpoiicTBa n XapaKTEPUCTUKH BOAOYI0JIbHBIX cycrleH3m7i C IlOﬁaBKaMI/I nnporeHeaneCKoﬁ
JKHIKOCTH

[IpeacraBnensl pe3ynbTaThl UCCIAEAOBAHUHN TEIUIOTBOPHOUM CIIOCOOHOCTU U JUHAMUYECKON
BA3KOCTU BOAOYT'OJIBHBIX CYCHGHSI/Iﬁ C I[O68.BK8.MI/I HHpOFeHeTquCKOﬁ KUAKOCTH. BBe,Z[eHI/Ie B COCTaB
JABYXKOMIIOHCHTHOI'O BOJAOYI'OJIbHOI'O TOILIIMBA HHpOFeHeTI/IHGCKOﬁ KUAKOCTHU B OTHOCHUTCIIBHO
HeOoIbIINX KomudecTBax (He 6omee 10 % Mac.) cmocoOCTBYET YBEIMUYEHHUIO TETNIOTBOPHOU CITOCOOHOCTH
cycrieH3uu Ha 6 %. Haubosnbliee yBennyeHne BI3KOCTH TPEXKOMIIOHEHTHBIX CYCIIEH3UM B CPaBHEHUH C
ABYXKOMIIOHCHTHBIM BOAOYI'OJIbHBIM TOILNIMBOM (Ha 9 %) XapaKTCPHO AJId TOILNIMBA C I[O6aBKaMI/I
Hauboee kamopuiHoM (3,5 M/Ik/KT) MUPOreHETHUECKOM JKUTKOCTH.

KuroueBble ciioBa: 6ypBII>'I yroJjib, BOAOYTroJibHas CYCIICH3UsA, MUPOTCHETUICCKAA )KUIKOCTh
UDC 662.62:662.75:662.94
D.V. Gvozdyakov, A.V. Zenkov (Tomsk Polytechnic University, Russia)
E-mail: dim2003@tpu.ru
Properties and characteristics of coal-water slurries with pyrogenetic liquid

The results of complex studies of the calorific value and dynamic viscosity of coal-water slurries
with various types of pyrogenetic liquid are presented. It was found that the calorific value of pyrogenetic
liquid samples differs by 19 %. Introduction of pyrogenetic liquid into the composition of two-component
coal-water fuel in relatively small quantities (no more than 10 % by weight) promotes the growth of the
calorific value of the slurry by at least 6 %. The greatest increase in the coal-water slurry viscosity in
comparison with two-component coal-water fuel (by 9 %) is characteristic of fuel with pyrogenetic liquid
with the highest value of calorific value.

Keywords: coal, coal-water slurry, pyrogenetic liquid

YK 66.081.6
C.B. Kosanes, O.A. Kosanesa, ookmopa mexu. nayx, H.C. Ceoonnamos (Tamboseckuii
2ocyoapcmeennstii ynugepcumem umenu I'.P. /leprcasuna, Poccus)
E-mail: sseedd@mail.ru
Mertoauka pacyera o0bemMa, MacChl JJIEKTPOXMMUYECKOr0 MEMOPAHHOI0 aNnapara pyJOHHOI0
THNA JIS1 pa3/ieJieHNsl MPOMbIILIEHHBIX PACTBOPOB

[Tpu aHanM3e KOHCTPYKITUI SIEKTPOXUMHYECKUX MEMOPAHHBIX alapaToB BHISBICHO:
MEePCIIEKTUBHBIM SIBJISIETCS almapar PyJIOHHOTO THTIA ¢ OOJIBIION IUIOMIAIBI0 JIEKTPOXUMUIECKOTO
MEMOpPaHHOTO pa3/eIeHUs PacTBOpa MPU MUHUMAILHOM MJIOMIAAHN, 3aHUMAaeMO armnapaToM Ha
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nnpousBoACTBe. lIpennokena MeToauka pacyera yCTpOMCTBa PYJIOHHOIO TUIIA JUIsL ONIPEICIICHUS €70
KOHCTPYKTHUBHBIX IMapaMeTpoB (00BEMa M MACChI 3JIEMEHTOB arlapara).

KuroueBble ciioBa: MmeMOpaHa, KOHCTPYKIIMSI, allapar, pacueT, pacTBOp, pa3eiieHue
UDC 66.081.6
S.V. Kovalev, O.A. Kovaleva, 1.S. Sedoplatov (Derzhavin Tambov State University, Russia) E-mail:
sseedd@mail.ru
Method for calculating the volume, mass of a roll-type electrochemical membrane apparatus for
separation of industrial solutions

The analysis of the designs of electrochemical membrane apparatuses showed that a roll-type
apparatus is promising, providing a large area of electrochemical membrane separation of the solution
with a minimum footprint on the facility. A method for calculating a roll-type device is proposed, which
makes it possible to determine its design parameters (volume and mass of elements).

Keywords: membrane, construction, apparatus, calculation, solution, separation

YIK 66.074.2
M.A. IOpoeckas, B.K. J/leonmves, kano. mexu. nayk, A.E. /lebedes, 0-p mexn. nayk (Apocnrasckuii
20Cy0apcmeeHH bl mexHu4YecKuil ynueepcumem, Poccus)
E-mail: barashevama@ystu.ru
Pacuer MUHHMAJILHOTO AHaAMETPa YaCcTul, yJIaBJIUBa€MbIX Ha BTOpOﬁ CTYIICHH NIBLICYJIOBUTEJISA-
KJIaccupuraropa

[TomoOpana MeToavKa pacdeTa MHEPIIMOHHOW CTYIICHU MBLICYJIOBHTENS-KIaCCH(PUKATOPA.
HpOBe,Z[eH pPacd€eT MUHUMAJIBHOI'O pasME€pa 4aCTHUL, YJIaBJIIMBACMbIX Ha BTOpOI71 CTYIICHHU allrapara.
HpOBG[[GH CpaBHHTeHBHBIﬁ AHAJIN3 ONBITHBIX U paCYCTHBIX JAHHBIX, ITOJYUCHHBIX JJIS YaCTHIL] a6pa31/IBa u
CTPOUTCIBbHOI'O IICCKA.

KuroueBble cjaoBa. HHCPIHUOHHOC OCAXJACHUC YaCTHUIL, HI)IJIeyJIOBI/ITeJIL-KJIaCCI/ICbI/IKaTOp,
MUHHUMAJIbHBIN pa3Mep YacTHUIl, MHEPIIUOHHBIA KPUTEPUI TTO100US
UDC 66.074.2
M.A. Yurovskaya, V.K. Leontiev, A.E. Lebedev (Yaroslavl State Technical University, Russia) E-mail:
barashevama@ystu.ru
Calculation of the minimum diameter of particles trapped in the second stage of the dust collector-
classifier

A method for calculating the inertial stage of a dust collector-classifier has been selected. The
calculation of the minimum size of particles captured at the second stage of the apparatus was carried out.
A comparative analysis of the experimental and calculated data obtained for abrasive particles and
building sand was carried out.

Keywords: inertial particle settling, dust collector-classifier, minimum particle size, inertial
similarity criterion
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2ocyoapcmeennulit ynugepcumem, Poccus); I1.H. 3opun (000 «/Juacnocmpy, 2. Tonvammu, Poccus)
E-mail: RastlgAev@yandex.ru
Oco0eHHOCTH JIOKAJIM3ALMU MeCT TeYH PACTBOPA eKOr0 HaTpPa ¢ NPMMeHeHueM MeTo/1a
aKyCTHYECKOH IMHCCUH

[IpoBeneH aHamu3 CUTHAJIOB aKyCTUYECKOM SMUCCUH, 3apPETUCTPUPOBAHHBIX B HECKOJIBKHX MECTax
UCTEUYEHHUs €IKOT0 HaTpa U3 TpyOOompoBoaa MpU MaHOMETPUUYECKOM KOHTPOJIE €r0 TePMETUYHOCTH
HEINOCPEJICTBEHHO BO BpeMsl SKCIuTyaTanuu. Ha OCHOBaHUM MOJTY4YEHHBIX PE3YJIbTaTOB YCTAaHOBIJIEH
napaMeTpHuecKuil 00pa3 UCTOUHUKA aKyCTHUECKOM SMUCCHUU M3 MECT T€YH PacTBOpa €JIKOT0 HaTpa U
BBIIBUHYTO MPEIOJIOKEHHE 0 ero pusnueckoit npupojie. Jlansl pexkoMeH1anuu ais Bbi0opa KpuTepren
OLIEHKH KJIacCa OMAaCHOCTH UCTOYHUKA aKyCTHUECKON AIMUCCUM JaHHOTO BHJIA M OLIEHEHA ITOIPELTHOCTh
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€ro JOKaJIU3alHU C IPUMEHEHUEM JIMHEHHBIX aHTEHHBIX IPpymIl. [10CKOIBbKY SKCIIEpUMEHTAIIbHBIE
JaHHBIC IMOJTY4YCHBI HpOMBIIHHeHHOﬁ CUCTEMOH AKyCTUKO-ODMUCCHOHHOT'O KOHTPOJIA ¢ HU3KOYaCTOTHBIMUA
npeoOpa3oBaTeNIIMU, TO BO3MOKEH MPSMON IIEPEHOC MOIYYEHHBIX PE3yabTaTOB Ha POMBIIIICHHBIH
KOHTPOJIb T€PMETUYHOCTHU IMPOTAKECHHBIX 00BLEKTOB C CAKHNM HaTpOM C IPUMCHCHHUEM METOJa
aKyCTHYECKOW SMUCCHUU.

KuroueBble ciioBa: TpyOOIpOBO/I, €KW HATP, HEPA3PYIIAOIINN KOHTPOJIb, AKyCTHYECKOE
TCUYCUCKAHNEC, aKYyCTHYCCKasA SMUCCUSA
UDC 620.165.29:620.162.4:620.179.17
I.A. Rastegaev, A.K. Khrustalev, I.1. Rastegaeva (Togliatti State University, Togliatti, Russia); P.N.
Zorin (Diagnost Ltd, Togliatti, Russia) E-mail: RastigAev@yandex.ru
Features of localization of sodium hydroxide solution leakage using the acoustic emission method

The paper analyzes the acoustic emission signals recorded in several places of the caustic soda
outflow from the pipeline during manometric control of its tightness directly during operation. Based on
the results obtained, a parametric image of the source generating acoustic emission from the places of
caustic soda leaks was established and an assumption was made about its physical nature.
Recommendations are given for the selection of criteria for assessing the hazard class of an acoustic
emission source of this type and the error of its localization using linear antenna groups is estimated.
Since the experimental data were obtained by an industrial acoustic emission control system with low-
frequency converters, it is possible to directly transfer the results obtained to industrial tightness control
of extended objects with caustic soda using the acoustic emission method.

Keywords: pipeline, caustic soda, non-destructive testing, acoustic leak detection, acoustic
emission

MATEPUAJIOBEJEHUE. 3BAIIUTA OT KOPPO3UU

YK 681.518.5:539.1.06
B.11. 3aapuuwui, 0-p mexn. nayk, 10.B. Ilacmyxos, H.JI. I'onuk, kanouoamol mexH. HayK
(Bonzozpadckuii 2ocyoapcmeeHnnblii mexHuueckuil ynueepcumem, Poccus)
E-mail: zvp2000@mail.ru
MartemaTuyeckoe 0600CHOBaHHE MOHUTOPUHIA KOPPO3HOHHBIX MPOIECCOB B TEXHOJIOTHYECKOM
000py10BaHMHU PAIMOMETPHYECKMM METOI0M

IIpuBeneHs! pe3yabTaThl pa3paboTKU MaTEMAaTHUECKOTr0 000CHOBaHMS PaIMOMETPUIECKOTO
MOHHMTOPHHTA KOPPO3HOHHBIX MPOIIECCOB B (heppocoIeprKalliX MaTepraiax TEXHOJIOIHYECKOTO
000pyI0BaHUs MPHU BO3/IEHCTBUM Ha HUX arpeCCUBHBIX cpeA. MOHUTOPUHT MPOBOIMIICS C IPUMEHEHUEM
oOpasuos-cauaerenei (OC), U3rOTOBIEHHBIX U3 MaTepuana 000pyA0BaHUs (WM aHATIOTMYHOTO0) U

59
COZIEPIKAIIMX PATUOHYKITHIHYIO METKY ( 59 CO min ,, F€). TlonydeHHbIe COOTHONIEHNUS aIE€KBATHO

OTpaXAOT NPOTECKAHNUE PCAJIBHBIX KOPPO3HMOHHEBIX IMTPOLUECCOB, XOPOLIO COITTACYIOTCA € PE3yJIbTaTaMU
HATYPHBIX SKCIICPUMCEHTOB U MOT'YT OBITH MMPUMCHCHEI ITPU pa3pa60TKe MAaTEMATHYCCKUX Moneneﬁ 151
YTIyOJIEHHOTO UCCIIE0BAHUS KOPPO3HUOHHBIX MPOIECCOB C YYETOM 0COOCHHOCTEM KOHCTPYKIIMOHHBIX
martepuaios, cBoicTB OC, criocoba kpemnenus OC, pacnionoxxenus nerekropa. [loxydyeHnHsle
BBIpaXXEHUS — BO3MOXKHOCTh BbIOOpa Harbosiee 3p(pEeKTUBHBIX BAPUAHTOB CUCTEM KOHTPOJIS
KOPPO3HUOHHBIX MPOUECCOB, aHAJIN3a U OIITUMU3AIUU XAPAKTCPUCTUK PATUOMETPUICCKUX CUCTEM (TaKI/IX
KaK 9yBCTBUTCJIBbHOCTD, ITOIPCIIHOCTDH I/IBMepeHl/If/'I, JUINTCIJIIBHOCTD U AUalla3oOH I/ISMG];)GHI/II\/’I).

KuroueBnle c1oBa: KOHCTPYKIHUOHHBIC MaTCPUAJIbI, KOPPO3HA, MATEMATHUYCCKOC MOJCIIMPOBAHUC,
paluOMETPUYECKUI MOHUTOPUHT
UDC 681.518.5:539.1.06
V.P. Zayarnyi, Yu.V. Pastukhov, I.L. Gonik (Volgograd State Technical University, Russia) E-mail:
zvp2000@mail.ru
Mathematical substantiation of monitoring of corrosion processes in technological equipment by
radiometric method

The results of the development of a mathematical justification for radiometric monitoring
corrosion processes in ferrocontaining materials of technological equipment when exposed to aggressive

www.himnef.ru - caiit xxyprana «Xumuueckoe 1 Hedrerazosoe MalmmHOCTpOCHHE,
www.intecheco.ru - caiit korbepeHuuii 11 MPpeAnPHATHIl IHEPTeTUKH, METAJUTYPIHH, HE(TEra30Boi 1 XUMHUUYECKOM oTpacJeil


http://www.himnef.ru/
http://www.intecheco.ru/

*HIy,
I oS ! AHHOTAIMM cTaTeill KypHaja « XuMHYecKoe H He(pTerazoBoe MaimHOCTPoeHne» 3a 2023 r.

media are presented. Monitoring was carried out using witness samples (WS) made of equipment

material (or similar) and containing a radionuclide label (3Co or gg Fe). The obtained ratios adequately

reflect the course of real corrosion processes, are in good agreement with the results of field experiments,
allow us to develop model representations (mathematical models) that provide a more in-depth study of
corrosion processes similar to those described, taking into account the features of structural materials, WS
properties, the method of their attachment, the location of the detector and, consequently, to choose the
most effective options for control systems corrosion processes, which increases the effectiveness of anti-
corrosion measures. They allow analyzing and improving the most important characteristics of
radiometric systems (sensitivity, measurement error, duration and range of measurements).

Keywords: structural materials, corrosion, mathematical modeling, radiometric monitoring

YK 621.763

O.10. Epenkog, 0-p mexu. nayk, /I.0. Asopckuit (Tuxookeanckuit 20cyoapcmeenHvlil yHUgepcument,
2. Xabapoesck, Poccus) E-mail: erenkov@list.ru

3.]IeKTp01/IMl'Iy.J'IbCHaﬂ oﬁpaGOTKa IMOKCHAHOI0 CBABYIOIIEI0 HEMMOCPEACTBCHHO IIPHA (l)OpMOBaHI/II/I
U3a€JUA JJISl MOBBIINCHUSA MPOYHOCTH IOJYYA€MOI'0 CTEKJIOIJIACTUKA

HpeI[CTaBJIeHI)I PE3YIbTAThI SKCIICPUMCHTAJIbHBIX I/ICCJICIIOBaHI/Iﬁ BIIMSAHUA BJIeKTpO(i)I/I?;I/I‘ICCKOﬁ
O6pa6OTKI/I MOJIMMEPHOT'0 CBA3YHOLICT'O HEITOCPEACTBECHHO B npecc-(bopMe Ha IMPOYHOCTHBIC ITOKA3aTCIIn
CTeKJIoIUIacTuKa. IIpuBeeHsl pe3ynbpTaThl HCCIEAOBAaHUN HAAMOJIEKYIIIPHOU CTPYKTYPBI U
TeHJ’IO(l)I/ISI/I‘ICCKI/IX CBOICTB MOJIMMEPHOTI'O CBA3YIOLICTO. HNznoxena (I)I/I3I/I‘IGCK8.}I HUHTCPIIpCTAlUA
MOTYYCHHBIX PE3YyJILTAaTOB.

KuroueBble ciioBa: CTCKIIOIJIACTUK, ITOJIUMCPHOC CBA3YIOIICC, HAAMOJICKYJISIpDHAA CTPYKTYpa,
HAaHOCCKYHAHBIC 3JICKTPOMAroHUTHBIC UMITYJIbChI, SJICKTPOMArHuTHOC I10JIC, MCXaHUYCCKUC CBOMCTBa
UDC 621.763
O.Yu. Erenkov, D.O. Yavorskiy (Pacific National University, Khabarovsk, Russia)

E-mail: erenkov@list.ru
Electro pulse treatment of epoxy binder during the product molding process in order to improve
the strength of obtained fiberglass

The results of experimental studies of effect of electro physical processing of a polymer binder
directly in a mold on the mechanical characteristics of glass fiber reinforced plastic are presented. The
results of the supramolecular structure studies and thermophysical properties of the polymer binder are
presented. The physical interpretation of the results is presented.

Keywords: glass fiber reinforced plastic, polymer binder, supramolecular structure, nanosecond
electromagnetic pulses, electromagnetic field, mechanical properties

YK 621.512.2

P.3. Koovivckuit, C.C. Bycapoe, kano. mexu. nayk (Omckuii 2ocyoapcmeeHHblil mexHu4ecKuil
yrusepcumem, Poccus) E-mail: kobilsky@gmail.com

IIporuo3upoBanue pecypca padoTbl HHJINHAPONOPIIHEBBIX YIVIOTHEHH MOPIIHEBbIX
KOMIIpecCopoB

UccnenoBan TeopeTudeckuii pecypc paboThl 0€CCMa30uHbBIX MAaTEPUAIOB IIMIHHAPOTOPITHEBBIX
YIJIOTHEHUH TUXOXOIHOTO JJIMHHOXO0BOTO MOPIIHEBOro Komnpeccopa. [Ipencrasien nabopaTopHbIit
SKCIIEPUMEHTANIBHBIA CTEH/I JUISl POBEIEHUSI PECYPCHBIX UCIBITAHUH, 110 pe3yIbTaTaM KOTOPBIX
TEOPETUYECKHI pecypc pabOThl HCCIETOBAHHBIX AaHTH(PPUKIIMOHHBIX CAMOCMA3bIBAIOIINXCS MATEPHUATIOB
coctaBui oT 5000 1o 40 000 u. [TonyueHHble 3HaUEHUS pecypca paboThl COOTBETCTBYIOT TPEOOBAHUAM
JUIs BCeX cep NPUMEHEHHUs IOPIIHEBBIX KOMIIPECCOPOB — OT HedTenepepadbaThIBAIOLINX 3aBOIOB JI0
KOCMHYECKUX CTAHITHMH.

KuroueBrble cj10Ba: TUXOXOAHBIN MOPITHEBON KOMITPECCOP, MAHKETHBIE YIIJIOTHEHHUS,
SKCIIEPUMEHTAIILHOE UCCIIEIOBaHUE pecypca, UCIIBITaHU s Ha U3HOC, MPUOOpPHAs MOTPEIIHOCTD,
paavalbHBIA U3HOC YIUIOTHEHUN
UDC 621.512.2
R.E. Kobylskiy, S.S. Busarov (Omsk State Technical University, Russia) E-mail: kobilsky@gmail.com
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Prediction of the service life of cylinder piston seals of reciprocating compressors

The theoretical resource of the work of non-lubricating materials of cylinder piston seals of a low-
speed long-stroke piston compressor was determined. A laboratory experimental stand is presented for
carrying out resource tests, during which the theoretical resource of the tested antifriction self—lubricating
materials was from 5000 to 40,000 hours. The resulting operational life allows us to cover all areas of
application of reciprocating compressors from oil refineries to space stations.

Keywords: slow-moving piston compressor, cuff seals, experimental study of the resource, wear
tests, instrument error, radial wear of seals

YK 669.539.261

H.I'. /lyokuna, kano. mexn. nayx, U.H. 3axapos, 0-p mexn. nayk, B.B. bapunoeé (Boazozpaockuii
20Cy0apcmeeHH bl mexHuyeckuil ynueepcumem, Poccus)

E-mail: dpm@vstu.ru

Biansinne XHMH4Y€eCKOIo COCTaBa CTAJH HA TEIJIOCTONKOCTD MOBEPXHOCTHOI'O CJ10H, MOABEPIrHYTOI'O
KOMOMHUPOBaHHOM ynpouHsiiomei oopadorke IMO-+ITIIL

Hpe,[[CTaBJ'IeHLI PE3YyJIbTAaThI I/ICCJ'I@,[[OB&HI/II‘/'I TEIIOBOM CTOMKOCTHU IMOBCPXHOCTHOI'O CJIOA
CTaJIbHBIX 00Pa3I0B, MOABEPTHYTHIX KOMOMHHUPOBAHHOMY YIIPOYHEHHUIO SJICKTPOMEXaHHYECKON
00paboTKe C MOCIeIyIOIINM TOBEPXHOCTHBIM IIacTHueckuM aedopmupoBanueM (OMO-IIII).
[IpuBeneHbl 3KCIEPUMEHTAIbHBIE IaHHBIE U PACCMOTPEHBI XapaKTepHble 0COOEHHOCTHU PaCIIpeIeICHUS
MUKPOTBEpPA0CTH Oenoro cios craneid Mapok 40X, 55, 60C2A npu nocnenoBatenbHoM Harpese oT 100
110 400 °C. YcTaHOBIEHO: TEIIOBask CTOMKOCTh MOBEPXHOCTHO YIpouHeHHbIX DMO-III] cTanbHbIX
06pa3u0B 3aBUCUT OT COACPIKaHU: Yyriiepoda U JICTUPYIOIUX 3JIEMCHTOB UCXOAHOT'O METAaJlJIa. TennoBas
cToikocTh Oenoro ciost mociae IMO-+IIII] yBenuuuBaercs Ha 30...35 % mo cpaBHEHHUIO C OETBIM CIIOEM,
MOJTyYEHHBIM TPAIUIIMOHHON 3JIEKTPOMEXaHUYECKOH 00pabOTKOIM.

KiroueBblie cjioBa: KOMOMHHPOBAHHOE YIIPOYHEHHUE, AIEKTPOMEXaHndeckas oopadorka (OMO),
MOBEPXHOCTHOE TutacTuueckoe aehopmuposanue (I111]]), mOBEpXHOCTHBIN €TI0, CTallb, OCIIBIN CIIOH,
MUKPOTBEPAOCTb, TEIJIOBAsI CTOMKOCTh
UDC 669.539.261
N.G. Dudkina, I.N. Zakharov, V.V. Barinov (Volgograd State Technical University, Russia) E-mail:
dpm@vstu.ru
Influence of the chemical composition of steel on the heat resistance of the surface layer subjected
to combined hardening treatment EMT+SPD

The results of studies of the thermal stability of the surface layer of steel specimens subjected to
combined hardening by electromechanical treatment with subsequent surface plastic deformation
(EMT+SPD) are presented. Experimental data are presented and characteristic features of the distribution
of the microhardness of the white layer of steels 40Kh, 55, 60S2A during sequential heating from 100 to
400 °C with an interval of T = 100 °C are considered. It has been established that the thermal stability of
surface hardened EMO+SPD steel samples depends on the content of carbon and alloying elements of the
original metal. The heat resistance of the white layer after EMT+PPD increases by 30...35 % compared
to the white layer obtained by traditional electromechanical processing and furnace martensite.

Keywords: combined hardening, electromechanical treatment (EMT), surface plastic deformation
(SPD), surface layer, steel, white layer, microhardness, heat resistance
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YuciieHHOe onpe/iesieHHe PALMOHAJIBHBIX pa3MepoB (popMoodpa3yiolero KaHaja npu
COOKCTPY3HMHU H3/1eJIUH WK Npoduiieil ¢ yCHICHHOM 30HOH KOHTAKTa MATEPHAJIOB
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JI1st Iosry4eHus JJIMHHOMEPHBIX OJMMEPHBIX JBYXCIOMHBIX U3JEIUN IIPEAIaracTcs IpUMEHEHUE
CODKCTPY3MOHHOM TOJIOBKHU C YCUJIEHHOM 30HOM KOHTaKTa MaTepuasoB. JJis BBISIBICHUS palliOHAIbHBIX
¢dbopM U pa3MepOB YCHIIMBAIOIIETO dJIeMEHTa (3y011a) MPOBEACHBI YHCIICHHBIE OMBITHL. [locTpoeHBI
3aBUCUMOCTH KOB(l)(bI/II_[I/IeHTa HEOOAHOPOJHOCTH CKOPOCTU B BBIXOAHOM CEYCHHHU I'OJIOBKH OT
OTHOCHUTEJILHOM BBICOTHI 3y0lla U €ro yIia.

Knroueente cnoea: IMOJIMMEPEI, PE3HHA, COOKCTPY3Hsd, COOKCTPY3HOHHAs I'0OJIOBKA, YCUJIICHHAA
MOBEPXHOCTh KOHTAKTA, U30KOHTYPBI CKOPOCTEH, K03 PHUIIMEHT HEOTHOPOTHOCTH CKOPOCTH
UDC 678.027.3
D.S. Dolgin, I.S. Gudanov, A.E. Lebedev (Yaroslavl State Technical University, Russia); Ya.V. EKimov
(TECHNOCENTER-NEFTEMASH LLC, Yaroslavl, Russia) E-mail: dim_dol.94@mail.ru
Numerical determination of the rational dimensions of the forming channel during co-extrusion of
products or profiles with reinforced contact zone of materials

To obtain long-dimensional polymer double-layer products, it is proposed to use an extrusion
head with a reinforced contact zone of materials. Numerical experiments were carried out to identify
rational shapes and sizes of the reinforcing element (prong). The dependences of the velocity
inhomogeneity coefficient in the output section of the head on the relative height of the tooth and its
angle are constructed.

Keywords: polymers, rubber, co-extrusion, co-extrusion head, reinforced contact surface, velocity
isocontures, velocity inhomogeneity coefficient
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AHHOTAIUM cTaTel KypHaIa « XuMH4YecKoe U HepTerazopoe MallIMHOCTPOEHH €»
Ne 4-2023

HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATALIUA

IMPOLHECCBHI 1 OBOPYJIOBAHUE
XUMHUYECKHUX U HE®TEI'A30BBIX TEXHOJIOT U

VIK 621.565.93
M.B. Knvixos, T.B. Anywikuna, P.I. Xacanos, kanouoamut mexu. nayxk (Mucmumym
Heghmenepepabomku u negpmexumuu @IbOY BO YTHTY ¢ 2. Canasame, Poccus) E-mail:
alul@yandex.ru
OHTI/IMHSaIIHﬂ anmapaToB BO3AYIIHOT'0 OXJIAKICHUSA MO0 KPUTEPUIO MUHUMYMA IIPUBCACHHBIX
3arpar

Pa3pa60TaHa MCTOAHKA ONITUMHU3ALKUK KOHCTPYKIUHA allllapaTOB BO3AYIIHOTI'O OXJIAXKIACHUS, B
Ka4ueCTBC KPUTCPUA OITUMAJIbBHOCTH IIPUHATHI IPUBCACHHBIC 3aTPAThl HA OCYHICCTBJICHUC ITPOLIECCa
OXJIAKACHUA U KOHACHCAIHUU ITPOAYKTa (3KCHJIyaTaIII/IOHHBIe 3aTpaThl, BKIIHOYAOMIUC CTOUMOCTD
BHCKTqueCKOﬁ OHCPI'vMM HA IIPpUBOJ BCHTHUJIATOPA, 3aTPAaThbl HA 06CJ'Iy>KI/IBaHI/Ie arrapara B €AUHULY
BpeMeHH (TOJ]) U KalMTaIbHbIE 3aTPaThl, OTHECEHHBIE K HOPMATUBHOMY CPOKY CITy>k0bI). MiccrenoBanus
ONTUMU3ANHU aAIIIIAPpaATOB BO3AYIIHOI'O OXJIAXKACHUA, IPOBCACHHBIC JIA ITPOLIECCA OXJIAKACHUS
NEPETPECThIX BOAAHBIX IMAPOB, MX KOHACHCAIIUU U IMOCIICAYIOIICTO OXJIAXKACHW A, ITOKa3aJin, YTO
KOA((UIIMEHTHI TEIUIOOTAYH B MEXKTPYOHOM MPOCTPAHCTBE MPUOIU3UTENHHO paBHBI KO puiineHty
TETUIOOT/Aa4YH B TPYOHOM MTPOCTPAHCTBE, YMHOKEHHOMY Ha KOA(PPHUIIMEHT OpeOpeHUs ISt
COOTBCTCTBYIOIIUX IIPOLCCCOB. 910 YCJIOBHUEC TAKKC COOTBECTCTBYCT MUHUMYMY 3aTpaT DHCPIUn Ha
MPUBOJT BEHTUIIATOpA.

KuoueBble cjioBa: amnmapar BO3IyIIHOTO OXJIXACHUS, KO UIMEeHT opeOpeHus,
KOB(I)(l)I/IIlI/ICHTI)I TCIIO0TAAYHU, METOAUKA OIITUMU3AlINU, TPUBCACHHLBIC 3aTPAThI
UDC 621.565.93
M.V. Klykov, T.V. Alushkina, R.G. Khasanov (Institute of Oil Refining and Petrochemistry FSBEI of
HE USPTU in Salavat, Salavat, Russia)
E-mail: alul@yandex.ru
Optimization of air coolers according to the criterion of minimum reduced costs

A method for optimizing the design of the air coolers has been developed, where the reduced costs
for the implementation of the cooling and condensation process of the product are used as an optimality
criterion (taking into account operating costs, including the cost of electric energy for the fan drive, the
maintenance costs of the air coolers per unit of time (year) and capital costs related to the standard service
life). The air cooler optimization studies carried out for the process of cooling superheated water vapor,
their condensation and subsequent cooling showed that the heat transfer coefficients in the inter-tube
space were approximately equal to the heat transfer coefficient in the tube space multiplied by the finning
ratio for the corresponding processes. This condition also corresponds to the minimum energy
consumption for the fan drive.

Keywords: air cooling apparatus, finning ratio, heat transfer coefficients, optimization method,

reduced costs
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HpeI[CTaBJIeHBI PE3YIbTAThI SKCIICPUMCHTAJIBHOT'O UCCIICAOBAaHUA CTPYKTYPhI TIOTOKOB B
71a00paTOPHBIX OMCEPHBIX METBHUIIAX ABYX KOHCTPYKIIUH C pa3IMYHBIMU TIEPEMEIITHBAIOIIIMHU
9JICMCHTAMH1 Ha pOTOPEC MCJIBHUIBI U Pa3JINYHBIMHA CUCTCMAMU OTACIICHHUA 6Hcepa OT IIPOAYKTA. I[HSI
OIMHMCAHUsA CTPYKTYPhI IIOTOKA MCITIOJIB30BAINCHh HHTETPAJIbHBIC KPUBEBIC paCIIpCaACIICHUA BPEMCHU
Hpe6bIBaHI/ISI, MOJIYYCHHBIC MCTOAOM CTYIICHYATOI'O BBOJa HHAWKATOPA. Y cTaHOBIICHO BIUSIHHUE
TEXHOJIOTHYCCKUX U KOHCTPYKTUBHBIX IIAPaMETPOB Ha CTPYKTYPY ITIOTOKaA 6I/ICCPHI>IX MEJIbHUII. HJ’IH
OTMCAHMSI OMBITHBIX JAHHBIX OBLTH MCIIOIB30BaHbI sfueeuHas U AU Py3nOHHAS MOJEIN CTPYKTYPHI
II0OTOKA.

KiaroueBble cjioBa: OucepHasi MEIbHULA, U3METbUCHHE CYCIIEH3UH, CTPYKTYpa MOTOKA, BPEMsI
npeObiBanms, MU y3noHHAS U TYSCUHAs] MOJIEIH, MPOAOIBLHOE TIEPEMEIIMBAHKE, TUCIICPTUPOBAHNE
UDC 621.927.9
G.A. Nosov (MIREA - Russian Technological University, Moscow, Russia);

L.S. Elinevskaya, R.N. Ivanov, A.A. Semenyachenko (JSC «Augusty Inc, Moscow, Russia) E-mail:
r.ivanov@avgust.com
Flow structure of agitated bead mills

This article presents the results of an experimental study of the structure of flows in laboratory
bead mills of two designs with different mixing elements on the mill rotor and systems for separating
beads from the product. The authors use the method of stepwise indicator input to obtain integral
residence time distribution curve which uses to describe the flow structure. The article explains the
specifics of the influence of technological and design parameters on the flow structure of bead mills.
Cellular and diffusion models of the flow structure were used to describe the experimental data.

Keywords: stirred media mill, agitator bead mill, suspension grinding, flow structure, residence
time, diffusion and cell models, longitudinal mixing, dispersion
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CenapanuoHHoe yCTPOCTBO JIS YJIABJIUBAHUSA MEJKOAUCIIEPCHBIX YACTHI, 00pa3yoIuxcs npu
padoTe peaKTopPOB € MCEBI00KHKEHHBIM CI10€M
[Ipu paboTe peakTopoB C ICEBAOOKUKEHHBIM CI0EM BO3HUKAIOT IPOOJIEMBI, CBSI3aHHBIE C
YJIaBIMBAaHUEM YaCTHI] KaTaJIU3aTOPHOM MBUIM U3 OTXOASAIIMX ra30B. i UX pa3pelieHus npejioxKeHa
KOHCTPYKIUS CENapalliOHHOI0 YCTPONUCTBA C 1yrooOpa3HbIMU 31eMeHTaMu. [loka3zaHo, 4TO BOCXOAAIIUM
MOTOKOM Ta3a CYIIECTBEHHO CHUXaeTcs Y(H(PEeKTUBHOCTD yIaBIMBaHUS YACTHUI] BCICICTBUE TOBTOPHOTO
3axBaTa OTCCIIaPUPOBAHHBIX YaCTHUII. I[J'[f[ Pa3pymICHUS HUCXOJAIINX U BOCXOAAIINX ITOTOKOB rasa
pPaccMOTpPEHBI TPU BUA CEMapallMOHHBIX perieTok. [lokazana He0OXOAMMOCTh IPUMEHEHUS
cenapalMOHHBIX PEIIETOK HE TOIBbKO Il 3 (PEKTUBHOTO HAIIPaBIIEHUS YIOBICHHBIX YaCTULIBI B OYHKEp
ycTpoiicTBa 6e3 00pa3oBaHUs «MEPTBBIX» 30H, HO U JIJISl CO3/IaHUS COTIPOTUBIEHUS JIBIXKEHUIO
BOCXO/IAIIET0 MOTOKa ra3za. Hambomnee 3¢ dexTuBHA pemieTka u3 npoaodbHbIX U MOTEPEUHbIX V-
o0pa3HbIx TactuH. OnTrManbHas CKOPOCTh ra3a Ha BXOJIE B CEMapaliOHHOE YCTPOKCTBO C
JyrooOpa3HbIMU 3JIEMEHTaMH COCTaBIIsIET 1 M/c, TP 3TOM 00ecTIeunBaeTCsl MUHUMAJIbHBIA a0pa3uBHBIN
M3HOC KOHCTPYKTUBHBIX 3JIEMEHTOB CENapallMOHHOTO YCTPOUCTBA B XOJI€ SKCILTyaTallUH.
D¢ heKTUBHOCTH yIaBIUBAHUSI YaCTHUIl COCTaBIsAET 88,6 %, ruapaBiandeckoe conporusienue — 43,9 Ila.
KuroueBnble ci10Ba: 1ceBA00KIMKEHHBIN CIIOM, KaTalIM3aTOPHAsS MbLIb, CeMapalus,
cenapanuoHHasl pemerka, 3p(HeKTUBHOCTh YIaBINBAHUS
UDC 66.074.2
V.E. Zinurov, A.V. Dmitriev, A.A. Abdullina (Kazan State Power Engineering University, Russia); E.I.
Salakhova, O.S. Dmitrieva (Kazan National Research Technological University, Russia) E-mail:
ja_deva@mail.ru
Separation device for capture of particles formed during operation of fluidized bed reactors
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During operation of fluidized bed reactors there are problems associated with the capture of
particles of catalyst dust from the exhaust gases. To solve them, a design of a separation device with
arcuate elements is proposed. It is shown that the ascending gas flow significantly reduces the efficiency
of particle trapping, by bending it around arcuate elements from bottom to top, because of the re-capture
of separated particles. We consider three types of separation grids for the destruction of descending and
ascending gas flows. It has been proven that it is necessary to use separation gratings that will not only
effectively direct the trapped particles for collection into the hopper of the device without the formation
of "dead" zones, but also create resistance to the movement of the upward gas flow. For these purposes,
the most suitable is a lattice of longitudinal and transverse V-shaped plates. The optimal gas velocity at
the inlet to the separation device with arcuate elements is 1 m/s, while ensuring minimal abrasive wear of
the separation device structural elements during operation. The particle collection efficiency — 88,6 %
hydraulic resistance — 43,9 Pa.

Keywords: fluidized bed, catalyst dust, separation, separation grid, collection efficiency
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@.P. Hcmazunos, 0-p mexu. nayk, /I.A. Jlenkesuu (Acmpaxanckuii 2ocyoapcmeeHuvlil mexHu4ecKuil
YyHugepcumem, Poccu:)

E-mail: frismagilov@bk.ru

OneIT ONITUMHU3AIUHA CXEMBI PEKYIIEPATUBHOTO TernJI000MeHa nmpouecca moArOTOBKU CbIpbs JAJIs1
YCTAHOBOK M30MEPH3ALMHU M KATAJIUTHYECKOTr0 pudopmMuHra 6eH3uHOBBIX (ppaKkuui

Ha MpUMEPE YCTAHOBKHU IMOATOTOBKHU CBIPbA JJIA ITPOLECCOB U30OMEPHU3AUN U KATAITUTUICCKOTI'O
pudopMuHTa OEH3UHOBBIX (PAKIUI MPEATOKEHBI TyTH COKPAILIEHUsI TOTPEOICHUS YHEPTUH 32 CUET
ONTUMU3AIINU CXCMbI PEKYIICPATHBHOT'O TEIUIOOOMEHA C MNPUMCHCHUCM MCTOAA IMMHY-aHAJIHN3a.
Hpoue):[ypa IIMH4Y-aHaJIu3a, B OCHOBC KOTOpOI71 JICKUT IMPUHIOUII HHTCTPAall TCIIJIOBBIX IIOTOKOB,
MpoBejieHa B Tpu dTana. Ha mepBom stare — cOop ¥ U3ydeHHE CBEICHHUI O TEXHOJIOTUUECKUX U
OHCPICTUYCCKUX XAPAKTCPHUCTUKAX YCTAHOBKHU, HAa BTOPOM — OIIPCACICHUEC BAPUAHTOB TCXHOJIOTHUYCCKUX
PEIIEHHI 10 MOBBIICHUIO YHEProd()(HEeKTUBHOCTH YCTAHOBKH, HAa TPETHEM dTAle — JAeTallbHAs
npopa60TI<a M DKOHOMHYECKOE 00OOCHOBAHUE TEXHUUYECKUX peIJ_IeHI/Iﬁ 110 ONITUMHU3AINH BAPHUAHTOB CXCMbI
PEeKyIepaTUBHOIO TEIJI000OMEHa MOTOKOB. [10 COBOKYITHOCTH TOJIOKHUTEIBHBIX 3HAYCHUN
SKOHOMHYECKHX MOKa3aTejel 1 KPUTCPUCB IIPOTrpaMMBbI ITOBBIIIICHU OHepaHHOHHOﬁ B(I)(beKTI/IBHOCTI/I
IIPEIOKEHBI BAPUAHTHI MOJICPHU3AINH IEUCTBYIOIIEH POMBIIIJIEHHON YCTaHOBKH, KOTOPBIE IPUHATHI K
pcajmm3anuu. Hpez[noxceHHHe KOMITOHOBKH CHUCTEMBI TEIIO0OOMEHA MOTYT OBITH UCITOJIB30BaHbI Ipu
IPOEKTUPOBAHNUN U MOAEPHU3ALNN YCTAHOBOK BTOPUYHOM MEPETOHKHU OEH3MHOB Ha HedTe- n
ra30nepepa6aTHBa10mI/Ix 3aBoJax.

KuroueBble cjioBa: cbipbe, 0EH3MHOBBIE PPAKIMH, PUPOPMUHT, H30MEPU3ALIHS, THHY-METO,
TENI000MEHHAas CHUCTCMA, TeMHepaTypHO-BHTaHLHHﬁHaH Auarpamma, CEToYHas JuarpamMmma,
PEKyICpanus TCIJIOThI, YTUIIUTBI, CTOUMOCTHLIC COCTAaBHBIC KPUBBIC, CTPYKTYpa TEIUIOOOMEHHOM CXEMBI,
BApHUAHTBI MOJACPHU3AINN YCTAHOBKHA
UDC 544.421.42:536.755
F.R. Ismagilov, D.A. Lenkevich (Astrakhan State Technical University, Russia)

E-mail: frismagilov@bk.ru
Experience in optimizing the regenerative heat exchange scheme of the process of preparing raw
materials for isomerization and catalytic reforming units of gasoline fractions

Using the example of a raw material preparation plant for the processes of isomerization and
catalytic reforming of gasoline fractions, ways are proposed to reduce energy consumption by optimizing
the scheme of regenerative heat exchange using the Pinch analysis method. The Pinch analysis procedure,
which is based on the principle of integration of heat flows, was carried out in three consecutive stages.
At the first stage, information on the technological and energy characteristics of the installation is
collected and studied, at the second — technological solutions for improving the energy efficiency of the
installation are outlined, at the third — a detailed study and economic justification of technical solutions
for optimizing the options for the scheme of regenerative heat exchange of flows is carried out.
According to the totality of positive values of economic indicators and criteria of the program for
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improving the operational efficiency of the refinery, options for upgrading the existing industrial plant are
proposed, which are accepted for implementation. The proposed layouts of the heat exchange system can
be used in the design of new and modernization of gasoline secondary distillation units and at Russian oil
and gas processing plants

Keywords: Raw materials, gasoline fractions, reforming, isomerization, pinch method, heat
exchange system, temperature-enthalpy diagram, grid diagram, heat recovery, utilities, cost composite
curves, structure of the heat exchange scheme, options, plant modernisation options
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CpaBHenue 3Heprerudeckoro KII/I Tensioo0Mena npu Te4eHun B TpyOe NPSIMOro U 3aKPy4eHHOI0
IMOTOKOB

[IpuBeneHs! pe3ybTaThl PACYETHOTO aHAIM3a TEIUIOTUAPABINYECKON 3(D(hEeKTHBHOCTH MPOLIECCOB
TETI000MEeHa MPU TEUSHUH B TPYOE MPSAMOTO U 3aKPYyUEHHOTO (C MPUMEHEHHEM BCTaBJISIEMOM B TPYOy
Cpr‘-IeHHOﬁ JIGHTI)I) IIOTOKOB BO3aYyXa P OAWMHAKOBBIX MEPEAABACMbIX TCIIJIOBBIX IIOTOKAX U
TEMIICPATYPHBIX YCIIOBHUAX. C ucnoap30BaHHEM OHEPICTUICCKOIO KHH, XapaKTCPU3yromero
TETUIOTUAPABIMYECKYIO 3 PEKTUBHOCTD TEINIO0OMEHa, TOKa3aHO, YTO COOTHOIICHHE TTepeaBacMOoi
TCIJIOTHI U 3aTPaT SHCPI'UK Ha IIPOKAYMBAHUC TCINIOHOCUTCIIA B ITPOLICCCE TemaooOMeHa AJISA 9THUX ABYX
CJIy4aeB MPAKTUYECKU OJIMHAKOBOE B 001acTy uncen PeliHolb/ca moToka TeroHOCUTeNs 10 2,5 10%, a npu
OOJIBIINX YMCIIAX PeﬁHOHBﬂca TCIIOrUAPaBIINYCCKast 3(1)(1)€KT UBHOCTH TEIJI000MEHA IpAMOIo 1OoToOKa
BBIIIIC.

KuroueBbie cjioBa: TeriooomeH, sHeprerndeckuii KIJI, Termoruapasinueckas 3 heKTUBHOCTb,
IIPSIMOM TIOTOK TEIJIOHOCHUTEJIS, 3aKPYYEHHBIN ITOTOK, MPsAMasi U CKpy4EHHas! JICHTBI
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Yu.Ya. Pechenegov (Engels institute of technology (branch) of Gagarin state technical university,
Saratov region, Russia) E-mail: y.pechenegov@mail.ru
Comparison of the energy efficiency of heat exchange during the flow of direct and swirling flows
in the pipe

The results of the computational analysis of the thermohydraulic efficiency of heat exchange
processes during the flow of direct and twisted air flows in the pipe (with the help of a twisted ribbon
inserted into the pipe) under the same transmitted heat flows and temperature conditions are presented.
Using the energy efficiency characterizing the thermohydraulic efficiency of heat exchange, it is shown
that the ratio of the transferred heat and energy costs for pumping the coolant during heat exchange for
these two cases is almost the same in the region of Reynolds numbers of the coolant flow up to 2.5 - 10%,
and with large Reynolds numbers, the thermohydraulic efficiency of direct flow heat exchange is higher

Keywords: heat transfer, energy efficiency, thermal-hydraulic efficiency, direct coolant flow,

swirled flow, straight and twisted tapes
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IIpoexTupoBanue u pacyer 3(p(PeKTUBHOI KOHCTPYKIMHU FJIEKTPOMEMOPAHHOI0 aNnapara
TPY0YATOro THIA C YBEJIMYECHHOH MJIOIAAbI0 MEMOPAHHOIO Pa3/ieIeHUs] TEXHOJIOTHYeCKHX
pacTBOpoB

[IpoBeneH aHamu3 KOHCTPYKIUN JIEKTPOXUMUIECKIX MEMOPaHHBIX anmnapaToB TPyO4aToro THIA.
PazpaboTana KOHCTPYKITHS IIEKTPOMEMOPAHHOTO afapaTa ¢ YBeIWYECHHOH TUIOIAAbI0 Pa3IeICHUS
pacTBOpa U CHUKEHHOW KOHLIEHTPAMOHHOW nossipu3anuei. [IpennoxeHsl aHaTuTHYECKUE BBIPAXKECHUS
JUTSL OTIpEIEIICHHS OOIIEH TUTOIIAAN TTOBEPXHOCTH MOTYNPOHUIIAEMbIX MeMOpaH It pa3ieeHus
pPacTBOPOB U TUIOIIAN TPUAHOAHBIX, TPUKATOTHBIX MEMOpaH.
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Design and calculation of high-efficiency tubular type electromembrane apparatus with increased
surface area of membrane separation of technological solutions

The article analyzes tubular-type electrochemical membrane devices. The design of the
electromembrane apparatus has been developed with increased surface area of membrane separation and
with reduced concentration polarization. Analytical expressions are proposed that determine the total
surface of semipermeable membranes for separation of solutions and the area of anode and cathode
membranes.

Keywords: electrode, cathode, anode, permeate, retentate, turbulator mesh, membrane

KPUOI'EHHASA TEXHUKA. ITIPONU3BOACTBO U TPUMEHEHUE
INPOMBIIIVIEHHBIX I'A30B. BAKYYMHASA TEXHUKA

YIK 665.725:[624.953:620.181.5]
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A.H. Cmopooun, 0-p mexu. nayk (MockosecKuii 2ocyoapcmeeH blil meXHUu4eCKuil yHueepcunem
umenu H.J. Baymana, Poccusa); H.B. Yemeepmyxun, A.B. Konomwiyee (000 «HIIK H3zomepmux», 2.
Mockea, Poccus)
E-mail: isotermik@yandex.ru
I/IHHOBaHHOHHI)Ie TEXHOJIOTMHU " oﬁopyJIOBa}me B MAJJOTOHHAKHOM H30TCPMHUYECCKOM
pe3epByapoCTPOCHNH /Il XPAHEHHUA CKUKEHHOI0 IIPHPOIHOIO ra3a

PaCCMOTpeHH JOCTUXKCHUSA OTE€YECTBEHHOU HAayKHU 1 IIPOU3BOJICTBA B o0JracT MAJIOTOHHAYKHOT'O
HN30TCPMHUYCCKOTI'0 pE3CPBYAPOCTPOCHUS IS XPAHCHUA CXKUKCHHOTO ITPUPOAHOIO I'a3a. AHaJ'II/ISI/IpyIOTCH
pa3pabOTKH KHUIAKOCTHBIX HACOCOB (ISl HAKOIUIEHUS U OTIOPOXKHEHUSI U30TEPMHUUECKOT0 pe3epByapa
(1P), a taxoxe mia uupkynsauuu CIITI B xpanunumax), pa3paboTKu apMaTypsl U KOHTPOJIBHO-
M3MEPUTEIIbHBIX MPUOOPOB U APYTrOro COMYTCTBYIOMIEro 000pynoBanus. PaccmaTpuBaeTcst mepcreKkTuBa
HCIIOJIb30BaHUA ITPU CO3TaHUU np HHHOBaHHOHHOfI TEXHOJIOTHH «DKO-0ETOH) (6eTOHI/IpOBaHI/IC ong
CBCPXBBICOKHUM JJaBJICHUEM B BOI[HO-&BpO?.OJ‘IBHOfI cpez[e), a TAK)XKC HHHOBAILITMOHHOT'O ME€TOAa
COOPYKCHUSA MCTAINIMICCKUX npP - CIIMPAJIBHO-HABUTOI'O CBAPHOT'O crocoda («MexaHI/BI/IpOBaHHHﬁ
MOJINCTOBOM CITOCOO MOHTa)Ka CTEHKHU pe3epByapa METOAOM MopaniuBanus»). [lokazano, yto
PaCcCMOTPCHHBIC NOCTHUIKCHUSA TTO3BOJIAIOT COOPYKATH Oe30macHbIE B 9KCIUTyaTallu MaJIOTOHHAKHBIC
M30TEPUMYECKHUE PE3EPBYAPHI C HAZEHKHOCTHIO HE MEHEE 1-10%, Buenpenue BIM-texnonoruun
OTEUYECTBEHHOU p33pa60TKI/I [IO3BOJIUT O0ECIIEYNTH BBICOKYHO 3(1)(1)6KTI/IBHOCTI> 1 0€30I1aCHOCTH Ha BCEM
IIPOTSKEHUH )KU3HEHHOTO 1ukia 1P.

Kimrouessbie caoBa: CIII', n3orepmudeckue pe3epByapsl
UDC 665.725:[624.953:620.181.5]
Kh.M. Khanukhov (NPK Isothermic LLC, Moscow, Russia); A.l. Smorodin (Bauman Moscow State
Technical University, Russia); N.V. Chetvertukhin, A.V. Kolomytsev (NPK Isothermic LLC, Moscow,
Russia) E-mail: isotermik@yandex.ru
Innovative technologies and equipment of small-tonnage isothermal tank building for storage of
liquefied natural gas

The article discusses the achievements of domestic science and production in the field of low-
tonnage isothermal tank building for the storage of liquefied natural gas. Developments of pumps (used
for the accumulation and emptying of insulated tanks, as well as pumps that ensure the circulation of
LNG in storage facilities) is analyzed, as well as the level of development of fittings and instrumentation
and other related equipment. The prospect of using the innovative technology "Eco-concrete™ (concreting
under ultra-high pressure in a water-aerosol environment) and an innovative method of constructing
metal ITs — a spiral-wound welded method (“mechanized sheet-by-sheet method of mounting the tank
wall by growing”) when creating IT is considered. It is shown that the considered achievements make it
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possible to construct low-tonnage ITs that are safe in operation with a reliability of at least 1-10®. The
introduction of domestically developed BIM technology will ensure high efficiency and safety of IT
throughout their life cycle.

Keywords: LNG, insulated tank

V]K 66.071.6.001.57
A.b. Banoviues, kano. xum. nayk, B.A. Kynukos, kano. mexn. nayk (Hncmumym mawiunoseoenus
Ypansckozo omoenenus PAH, 2. Examepunoype, Poccus) E-mail: vandyshev@imach.uran.ru
Biausinue TOJIIUHDBI MeMﬁpaHbI Ha mapaMeTpbl NOJYYCHUS BLICOKOYHUCTOI0 BOAOpoaAa U3
YIJIEBOJOPOIHOIO ChIPbSi B MEMOPAHHO-KATAJIUTHYECKHUX YCTPOICTBAX

MGTOI[OM MaTeMaTU4CCKOTI0O MOACIUPOBAHUA TPHU CTAHAAPTHBIX UCXOAHBIX YCIOBUAX
IIPpOaHATIN3UPOBAHO BIIMAHUC TOJIIIWHBI M6M6paHBI Ha IIoKa3aTCJIM IMOJTYYCHHA BBICOKOYHUCTOIO BOAOPOaa
B MEMOpPAHHO-KaTAJIMTUYECKOM YCTPONCTBE U3 CMECH METaHa C I1apaMu BOJIbl. Y CTAHOBJICHA JIMHEWHAs
3aBUCUMOCTH CPEJIHEH IJIOTHOCTH MOTOKa Auddy3ur BoIOPOIa Yepe3 MeMOpaHy OT 00paTHOM TOJIIIMHBI
MeMOpaHBbl.

KuroueBble ci10Ba; MaTEMaTHUECKOE MOJCINPOBAHUC, MeM6paHHO-KaTaJII/ITI/I‘leCKOG yCTpOﬁCTBO,
BBEICOKOYUCTBIN BOOOPOd, MCTAaH, TOJIIMHA M6M6paHI)I, HaJIJIaIlI/IeBHﬁ CIlJIaB
UDC 66.071.6.001.57
A.B. Vandyshev, V.A. Kulikov (Ural branch of Russian academy of sciences Institute of engineering
science, Ekaterinburg, Russia) E-mail: vandyshev@imach.uran.ru
The effect of the membrane thickness on the parameters of high-purity hydrogen production from
hydrocarbon raw materials in membrane-catalytic devices

The influence of the membrane thickness on the parameters of high-purity hydrogen emission in a
membrane-catalytic device from a mixture of methane and water vapor has been analyzed in detail by
mathematical modeling under standard initial conditions. The linear dependence of the average density of
the hydrogen diffusion flux through the membrane on its inverse thickness is established.

Keywords: mathematical modeling, membrane-catalytic device, high-purity hydrogen, methane,
palladium alloy membrane thickness
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YK 621.22
A.B. I'puzopves, E.A. Ilagniouenxo, C.IO. Kaiizopooos, kanouoamur mexn. nayx, K.H. Cokupko
(Omckuii 2ocyoapcmeennblii mexnuueckuil ynueepcumem, Poccus)
E-mail: grigorev.84@list.ru
KommiekcHasi OLleHKA MyJIbCAIHOHHBIX SIBJEHHI M JTUHAMHYECKHX HATPY30K B padounx
3J1eMeHTaX THAPONpPHBoOAa

PaboTa cucTeMbl THAPOITPUBOIA COMTPOBOKIAETCS MYIIbCAIIUSIME pacxo/ia pabodei KUIKOCTH ’
naByieHUs pabouel JKUAKOCTH, YTO BJIMSET Ha MOBBIIICHUE IIYMOBBIX XapaKTepUCTUK IMIPOIPUBO/IA,
BO3HUKHOBEHHUE JIOTIOJHUTEIBHBIX HATPY30K U CHIDKEHUE dHEProd(HPeKTUBHOCTH pabOThI THIPONIPUBO/IA.
Ha ocHoBe npoBe1IeHHOTO aHaJIM3a BBISIBJICHBI OCHOBHBIE (DaKTOPHI, BIUSIONINE HA BOSHUKHOBEHHE
MyJIbCaAllMOHHBIX SIBJICHUU B THAPOIIPUBOJC. OnpeﬂeneHm MPUYUHEBI MOBBIIICHUA TUHAMHYCCKUX
Harpy3ok B pabo4ux 3JeMeHTaX THIpoNnpuBo/a (IyIbCAllUU IaBICHUS KUIKOCTH U BEPOATHOCTh
BO3HUKHOBEHUS TUAPOYIAPA).

KiroueBble cjioBa: ruipaBInYecKHil TPUBOJ, MYJIbCALUs 1AaBICHUS, THAPOMAIIINHA,
HEPABHOMEPHOCTh MOAAYN
UDC 621.22
A.V. Grigoriev, E.A. Pavlyuchenko, S.Yu. Kaigorodov, K.N. Sokirko (Omsk State Technical University,
Russia) E-mail: grigorev.84@list.ru
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Comprehensive assessment of pulsation phenomena and dynamic loads in the working elements of
hydraulic drive

The work of the hydraulic drive system is accompanied by pulsations of the working fluid flow
rate and pressure, which increase its noise characteristics, lead to additional loads and reduce the energy
efficiency of the hydraulic drive. Based on the analysis, the main factors affecting the occurrence of
pulsation phenomena in the hydraulic drive were identified. Reasons of increase of dynamic loads in
working elements of hydraulic drive are determined, namely pulsation of liquid pressure and probability
of hydraulic shock occurrence.

Keywords: hydraulic drive, pressure pulsation, hydraulic machine, irregularity of supply

VIK 621.22
E.A. Ilagnrwuenko, A.B. I'puzopves, C.IO. Kaiizopooos, kanouoamwt mex. nayk, K.H. Coxupko
(Omckuii 2ocyoapcmeennwiii mexnuueckuil ynueepcumem, Poccus)
E-mail: hystonru@mail.ru
OC00eHHOCTH YHCJIEHHOI 0 MOAC/JIMPOBAHUA BUXPEBLIX T'MIPOANOI0B MOBLIIIEHHOM AUOJHOCTH

PaCCMOTpeHa MEPCHCKTUBHAA KOHCTPYKIUA BUXPEBOTI'O r'HAPpOANOAa MHOBBIIICHHOM JUOAHOCTHU (B
CpaBHEHHH C U3BECTHBIMH KOHCTPYKIUSMHU BUXPEBBIX AMOAOB) JUIS MOBBIIIEHUS 3 (PeKTHBHOCTH 1
HaaCKHOCTHU pa6OTLI TUAPOIIPpUBOIA. PaCCMOTpeHLI OCHOBHBIC METOJbI NCCIICAOBAHNA TCUCHUA
YKUJIKOCTH B IPOTOYHOM YaCTH THAPABINYECKUX AUO00B. [IpoBenen ananu3 moeneit TypOyIeHTHOCTH,
HCIIOJIb3YEMBbIX IJIA YUCIICHHOI'O MOACIUPOBAHHA. BrimmonHeHo ynciaeHHOE MOACIIMPOBAHUEC TCUCHUA
JKUAKOCTHU B KaHaJlaX BUXPECBOI'O rUApOoaAnOaa MHOBEIIIIEHHON AUOOHOCTU C UCMTOJIB30BAHUCM PA3JIMYHBIX
MO,Z[CJ'IGI71 Typ6yJICHTHOCTI/I. HonyquHHe PE3YIbTAaThI COIMMOCTABJICHBI C SKCIICPUMCHTAJIbHBIMU JaHHBIMHA
Y JIaHbl PEKOMEHIALIUHU 110 BBIOOPY MojieIel TypOyJEeHTHOCTH IIPU pacueTe TEeUEHUs! )KUJKOCTH B
MPOTOYHOM YaCTHU TUJIPOANOIA.

KuroueBsnle ci10Ba: THApOANON, BUXPEBOU IPOCCEIb, TUAPOANOIHOE PEryINPOBAaHUE, BUXPEBOU
TUAPOANO]
UDC 621.22
E.A. Pavlyuchenko, A.V. Grigoriev, S.Yu. Kaigorodov, K.N. Sokirko (Omsk State Technical University,
Russia) E-mail: hystonru@mail.ru
Features of numerical simulation of high-diode vortex hydrodiodes

A promising design of a vortex hydrodiode for hydraulic drive (with increased profitability in
comparison with known designs of vortex diodes) is considered. The main methods of studying the fluid
flow in the flow part of hydraulic diodes are considered. The analysis of turbulence models used for
numerical modeling is carried out. Numerical simulation of fluid flow in the channels of a vortex
hydrodiode of increased profitability using various turbulence models has been performed. The obtained
results were compared with experimental data and recommendations were given on the choice of
turbulence models when calculating the flow of liquid in the flow part of a hydrodiode.

Keywords: hydrodiode, vortex choke, hydrodiode control, vortex hydrodiode
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BuxpeBoi ruipoAuo/ MOBbIIIEHHON JHOIHOCTH

[IpencraBiena nepcrnekTUBHAS KOHCTPYKIUS BUXPEBOTO TUAPOANOAA C TOBBIIIEHHON
JUOJTHOCTBIO U HU3KMMH MHEPLMOHHBIMU ITOTEPSMHU IIPU CMEHE PEKMMA ABMKEHUS KUAKOCTH.
[TpuBeneHbl pe3ynbTaThl TEOPETUUECKUX UCCIEJOBAaHUM XapaKTEePUCTHK BUXPEBOTO THAPOANOIA
NOBBILIEHHON AUOJHOCTH. BBINOIIHEHO YNCIEHHOE MOJEINPOBAHUE TEYEHUS )KUAKOCTH B KaHajax
BHUXPEBOI'0 AMOJa B MIPSMOM U 00paTHOM HampaiieHUsX. [lonydeHbl KapTUHBI TeUEHUH, OIS
pacnpeneneHuil napaMeTpoB OTOKA B IPOTOYHOW YacTH I'MAPOIMO0/IAa U PaCXOJHbIE XapaKTEPUCTUKH
ruaponuoaa. Ilo pesynpraTam NpoBeleHHOTO YUCIEHHOTO SKCIIEPUMEHTa 000CHOBAHBI TPUHSTHIE
TEXHUUYECKNE PELIEHUS U NTOJIy4€HO 3HaY€HUE JUOJHOCTU — 1,37 1iis 3ajaHHBIX TPAHUYHBIX YCIOBUH.
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KuroueBble cj10Ba: rupoinoa, BUXPEBOM APOCCENb, THAPOAUOAHOE PETYIUPOBAHUE, BUXPEBOU
TUAPOINO, TUOTHOCTH
UDC 621.512
E.A. Pavlyuchenko, S.Yu. Kaigorodov, V.E. Shcherba (Omsk State Technical University, Russia) E-
mail: hystonru@mail.ru
High diode vortex hydrodiode

This paper presents a promising design of a vortex hydrodiode with increased diodeity and low
inertial losses when changing the mode of fluid movement. Theoretical studies of the characteristics of a
vortex hydrodiode with increased diodeness are presented. Numerical modeling of fluid flow in the
channels of a vortex diode was performed for the forward and reverse flow directions. The patterns of
flows, distribution fields of flow parameters in the flow part of the hydrodiode and its flow characteristics
are obtained. According to the results of the numerical experiment, the correctness of the adopted
technical solutions was substantiated and a diode ratio of 1.37 was obtained for the given boundary
conditions.

Keywords: hydrodiode, vortex choke, hydrodiode control, vortex hydrodiode, diode
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AHHOTAIUM CTaTel KypHaIa « XUMHYeCcKoe U HepTerazopoe MAaIIMHOCTPOECHUE)
Ne 5-2023

HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATALIUA

IMPOLHECCBHI 1 OBOPYJIOBAHUE
XUMHYECKHUX U HE®TEI'A30BBIX TEXHOJIOT U

VK 621.928.2.001
FO.T. Cenusanos, 0-p mexn. nayk (Tamooeckuii cocyoapcmeenHblii meXHU4ecKuil ynugepcumnent,
Poccus) E-mail: utseliv@mail.ru
HUcnonb3oBaHue MaTeMaTH4eCKOr0 anmnapara ueneii Mapkosa 1Jis1 ONTUMH3AIUM POLECCOB
CMCIIIMBAHUA U KJIaCCI/I(l)I/IKaIII/II/I ChINIYYUX MaTEpUuajaoB

HJ’IH ynOpH,Z[O‘lGHHOﬁ 3arpy3Ku KOMIIOHECHTOB CMECH B I_II/IpKYJ'ISII_II/IOHHHﬁ CMCECHUTCIIb ITPCIJIOKCHA
KOHCTPYKLUSI CMECUTENISI HENPEPBIBHOTO AeiicTBUs. PaspaboTrana Mmaremarnyeckas MOJENb
IIPUTrOTOBJICHUSA TpeXKOMHOHeHTHOﬁ CMECH IJIsd HCHCHaHpaBHeHHOﬁ KOPPCKTUPOBKH XapaKTEpa
OopraHu3alru 3arpy3Ku HanOoJIee CKJIIOHHOIO K cerperauuu KjIr04E€BOro KOMIIOHEHTAa B CMECHUTCIIb. ,Z[JISI
HeﬁTpaJ’IH3aHHH HEraTuBHOI'O 3(1)(1)6KT8 cerperanuu B 3alaTeHTOBAHHOM KOHCTPYKIMU I'POXOTAa BHYTPHU
Oapabana MOTYT OBITh YCTAaHOBJICHBI PaIHaTbHBIC JIONACTH. Pe3yIbTaThl YUCICHHBIX KCIICPUMEHTOB
IMO3BOJIAIOT OIIPCACIUTD IMMOIICPECUYHOC CCUHCHUC KJIaCCI/I(i)I/IKaTOpa, B KOTOpOM 3(1)(1)6KTI/IBHOCTB OTACIICHUA
YaCTHUI] MEJIKOW U TOBAapHOU (hpaKIMii OT CMECH yMEHbIIIaeTcsi (AMEHHO B 9TOM CEYCHHH Kiaccu(ukaTopa
JOJI’KHa OLITH YCTAHOBJICHA paaraibHAA J'IOl'IaCTb). Hcnonp3oBaHue MaTreMaTHUYECKUX MO,I[GJ'IGIZ Ha Oaze
MAapKOBCKHUX HeHefI BO3MOJXHO M IJId APYTIUX TUIIAX allapaToB C YIIOPAJOYCHHBIM ABHKXCHUCM
KOMIIOHCHTOB CMECH CBIITYYHUX MATCPUATIOB.

KiroueBble cjioBa: cMecuTelNb, KIIACCH(PHUKATOP, CHITYYHA MaTepHall, MapKOBCKasl LIeIb
UDC 621.928.2.001
Yu.T. Selivanov (Tambov State Technical University, Russia) E-mail: utseliv@mail.ru
Using the mathematical apparatus of Markov chains to optimize the processes of mixing and
classifying bulk materials

To implement an ordered loading of the mixture components into a circulation mixer a design of a
continuous mixer was proposed. The mathematical model for case of preparing a three-component
mixture allows to adjust the organization of loading of the key component most prone to segregation into
the mixer. To neutralize negative effect of segregation in the patented screen design, radial blades can be
installed inside drum. The results of numerical experiments make it possible to determine the cross
section of classifier, in which efficiency of separating particles of fine and commercial fractions from the
mixture decreases In this section of the classifier the radial blade should be installed. The use of
mathematical models based on Markov chains is also possible for other types of devices with an ordered
movement of the components of a mixture of bulk materials.

Keywords: mixer, classifier, bulk material, Markov chain

YK 66.048.37

M.B. Knvixos, T.B. Anywikuna, kanouoamsl mexu. nayk (Mncmumym negpmenepepadomxu u

Hepmexumuu OI6OY BO YI'HTY 6 2. Canasame, Poccus)

E-mail: alul@yandex.ru

HccnenoBanue oxJiaskaeHHs MUPOra3a B HACAJ0YHOM CKpPyOOepe ¢ peryJsipHoil HacaaKou
HccnenoBan nporece oXJIaKASHUs TUpora3a B Hacal0uHOM CKpyOOepe ¢ perysisspHOi HacaaKou ¢

TPEYroJabHBIMU U Tpanenen1aabHbIMU rodpamMu (BMECTO OXJIaXACHUS NMUPora3a Mocie0BaTelbHO B

amnmaparax BO3JIYIIHOTO M BOJSHOTO oxJaxaeHus). [lo pesynbraram MoaearpoBaHust KO3QPUITMEHTHI

TeTIonepeiadu B CKpyoOepe, oxmak1aeMoM BOJIOM, Ha 1,5...2 TopsiiKa BhIIIE€ B CPABHEHHH C

OXJIAKJIEHUEM MMHUPOTa3a B anmaparax BO3AYIIHOTO M BOJASHOTO OXJIaXAeHUs. [ uIpaBinyeckoe
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COIIPOTHUBIIEHUE CKpyOOepa Ha MOPAI0K HUXKE COTPOTUBIICHUS alapaToB BO3AYIITHOTO U BOJISHOTO
OXJIAXKACHUA. Yucio arrmapaToB BO3AYHIHOI'O OXJIAXACHHA U allllapaTOB BOASHOI'O OXJIAXIACHU,
UCTIONIB3YEMBIX JUIS OXJIAXICHUS BOJIBI, OPOIIAOLICH CKpyOOep, COKpaIieHo COOTBETCTBEHHO B 10 1 6
pa3 B CpPaBHCHHUH C YHUCJIOM alIapaToB IJIA IIPAMOI0 OXJIAXACHHUA IMUporasa. 3anaTBI QJICKTPOOHCPIHUH HA
IPUBO/I BEHTHJISTOPA alllapaToB BO3AYIITHOTO OXJIAXKIEHUS ¢ IPUMEHEHHEM CKpyOOepa cokpamieHsl B 12
pa3. [Ipu ananu3e 3aBUCUMOCTH KO3 (HUIIMEHTOB TEILIONEepeIaun B CKpyOOepe OT MOBEPXHOCTH
TemIoooMeHa YCTAHOBJICHO, YTO CHMIKCHUC y,HGJIBHOfI MMOBCPXHOCTHU HACAJAKHU IMPUBCACT K CHUIKCHUTIO
TUPABIMYECKOTO COITPOTHRIICHUS CKpyOOepa U yBeIndeHUI0 ko3P puiimenTa Terionepeaaan
IPOTNOPLHUOHATIBHO CHIKEHUIO YJIIIbHOM MOBEpXHOCTH Hacaaku B crenenu 0,9.

KuroueBble ciioBa: ckpyo0ep, oxXJIaxIeHHe MUpOoras3a, perysapHas Hacaaka, TeII000MeH,
HUCCIICAOBAHUC
UDC 66.048.37
M.V. Klykov, T.V. Alushkina (Ufa State Petroleum Technological University, Institute of Oil Refining
and Petrochemistry of the University in the City of Salavat, Salavat, Russian Federation) E-mail:
alul@yandex.ru
Investigation of pyrogas cooling in a packed scrubber with regular packing

The cooling of pyrogas in a packed scrubber with a regular packing with triangular and
trapezoidal corrugations instead of sequential cooling in air and water coolers was studied. According to
the results of modeling the heat transfer coefficients in the scrubber with cooled water are 1.5...2 orders
of magnitude higher in comparison with pyrogas cooling in air and water coolers. The hydraulic
resistance of the scrubber is an order of magnitude lower than the resistance of air and water coolers. The
number of air coolers and water coolers used to cool water spraying the scrubber has decreased by 10 and
6 times, respectively, compared to the number of devices for direct pyrogas cooling. The cost of
electricity to drive the fan of air coolers with the use of a scrubber was reduced by 12 times. From the
analysis of the dependence of the heat transfer coefficients in the scrubber on the heat exchange surface,
it follows that a decrease in the specific surface of the packing will lead to a decrease in the hydraulic
resistance of the scrubber, and an increase in the heat transfer coefficient in proportion to the decrease in
the specific surface of the packing to the power of 0.9.

Keywords: scrubber, pyrogas cooling, regular packing, heat exchange, research
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MopeanpoBaHue u pacuet agcopoepa 1Jis YJIABJIMBAHUS MAPOB METAHOJIA AKTHBHBIM YIJIEM C
AP PY3MOHHON CTPYKTYPOH MOTOKA 110 ra3oBoil (pase
[IpencraBnens! pe3ynbTaThl MOJACIMPOBAHUS U pacdeTa ajgcopOepa i yIaBIUBaHUS [TapOB
METaHOJa aKTUBHBIM yTiieM ¢ TudGy3nOHHON CTPYKTYpO MOTOKa 1Mo ra3oBoii ¢asze. [IpuBeneHs
AKCTIIEPUMEHTAIbHBIC JAHHBIE MOJIEH CKOpOCTeN (DUIBTPAIIMOHHOTO TEUEHHUS MTOTOKA Ta30BO (a3bl uepes
cioit akTuBHOTO yriist Al'-3u pe3ynbTarhl X 00paboTKU O€3MHIMKATOPHBIM METO/IOM C MOTYYeHHEM
HEOOXOMMBIX TTAPaMETPOB CTPYKTYphI oToKa. [ToKa3aHbl JOCTOMHCTBA MIPEAJIaracMoro
0e3MHANKATOPHOTO METO/Ia ONIPEACTICHHS MapaMETPOB CTPYKTYPHI MOTOKA U BOZMOKHOCTH IIPUMEHEHHS
METO/1a JIJISl MAaTEMATHYECKOTO MOJICIIMPOBAHUS MaCCOOOMEHHBIX COPOIIMOHHBIX CHCTEM.
KuroueBble ciioBa: agcopOuusi, copOIus, MaccooOMeH, OYMCTKa ra30BbIX BEIOPOCOB,
TUAPOIMHAMUKA, TA30JUHAMUKA, (PHIIBTPAIIMOHHBIC TEUEHHUS, CTPYKTYpa MOTOKA, TMOJIsI CKOPOCTEH
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A.V. Persidskiy (JSC Federal Scientific and Production Centre «Titan - Barricady», Volgograd,
Russia)
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Modeling and calculation of an adsorber for methanol vapors trapping using active carbon with a
diffusion flow structure in the gas phase
The results of modeling and calculation of the adsorber for methanol vapors capturing with

activated carbon with a diffusive flow structure in the gas phase are presented. Experimental data of the
velocity fields of the filtration flow of the gas phase flow through the AG-3 activated carbon layer and
their processing by a new non-indicator method are presented. The advantages of the proposed non-
indicator method for determining the parameters of the flow structure and the possibilities of its
application in mathematical modeling of mass transfer sorption systems are shown.

Keywords: adsorption, sorption, mass exchange, gas emissions cleaning, hydrodynamics, gas
dynamics, filtration flows, flow structure, velocity fields
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Moneprmsaum{ KOHCTPYKIITUMA prﬁanoro JICKTPOXUMHUYECCKOIO0 MeMﬁpaHHOFO almnapara aJjist
YBeJMYCHHUS IUIOLAIN pa3jiesieHus U 00beMa 0YHILAaeMOro pacTeopa

Pa3paborana (MogepHU3HPOBaHA) KOHCTPYKIUS TPyOUATOTO AICKTPOXUMHUYECKOTO MEMOPaAHHOTO
alrIapara ajd pereucpanuu TCXHOJIOIrHYCCKHUX PaCTBOPOB B PA3JIMYHBIX OTPACIIAX IIPOMBIIIIICHHOCTH.
OTHYUTEIIBHON 0COOCHHOCTHIO pa3pabOTaHHOTO anmapara sSBJISeTCS YBEIHUCHUE TUIOIIA N Pa3ICICHUS
1 00beMa OoUuIIacMoro pactsopa, 4ro 00€eCIIeUnBaET MOBLIIIEHUE MMPOU3BOJUTCIIbHOCTU U Ka4CCTBa
pasznenenus. Pazpaborana MeToMka pacueTa IUIOMAAN pa3AesieHust 1 00beMa 0YUIIIaeMOTo pacTBoOpa.
Pacueramu noaTBeprkieHa BeICOKas 3P PEKTUBHOCTH pa3paboTaHHON (MOACPHU3UPOBAHHOM )
KOHCTPYKIIMU B CPABHCHHUH C allllapaTOM-IIPOTOTUIIOM.

KuroueBble ciioBa: KOHCTPYKIM:, alllapar, pacucT
UDC 66.081.6
S.1. Lazarev, D.N. Konovalov, P.A. Galkin (Tambov State Technical University, Russia) E-mail:
kdn1979dom@mail.ru
Modernization of the design of a tubular electrochemical membrane apparatus with increased
separation area and volume of the purified solution

The design of a tubular electrochemical membrane apparatus for the regeneration of process
solutions in various industries has been developed. A distinctive feature of the developed apparatus is the
increased separation area and the volume of the solution to be separated, which leads to an increase in
productivity and quality of separation. A method for calculating the separation area and the volume of the
separated solution has been developed. Calculations confirmed the increase in effectiveness of the
developed design in comparison with the prototype apparatus.

Keywords: design, apparatus, calculation

KOMITPECCOPBI. HACOCBI.
TPYBOIIPOBOJIHAS APMATYPA

Mop6opka ctaten OMCKOro rocyfapCTBeHHOro TeXHUYECKOro yHuBepcureTa

YK 621.512

B.E. Il]epoa, 0-p mexn. nayk, A.C. Teeocanos, E.A. /lopogpees, kanouoamur mexu. nayx, I .H. Exumos
(Omckuii 2ocyoapcmeennslii mexnuueckuit ynusepcumem, Poccus) E-mail: Scherba V_E@list.ru
AHaJIU3 pe3yJIbTATOB IKCHEPUMEHTAJIBHOI0 UCCIEeOBAHUSA Pa00YUX MPOLECCOB MOPUIHEBOM
THOPUIHOM IHEPreTH4eCcKOM MAallIMHbI 00BEMHOI0 1eliCTBHS € ABYMS BCACHIBAKIIMMHU KJIANIAaHAMU
NPH U3MEHEHUH JABJIeHUS] HATHETAHUSI KOMIIPUMHPYEMOro ra3a
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HccnenoBaHUsIMU OTIBITHOTO 0Opa3iia MOpUIHEBOM THOPUIHON SHEPTETHUECKOM MAIIUHBI C IBYMS
BCACBIBAIOIIMMU KJIalTaHAMH YCTAHOBJIEHO, YTO MAKCUMAJIbHBIN PAcX0/l OXJIAKIAIOIIEN KUJTKOCTH
HabOmoaeTcs npu AapineHnn Harnetanus 0,5 MIla. YBenuueHue naBiaeHus] HATHETAHUS IPUBOJIUT K
YMCHBIICHUIO IIPOU3BOANUTECIBHOCTH MAallIMHBI (KaK Ha BCaCbIBaHMH, TaK M HA HaFHeTaHI/II/I) u
yMEHbIIEHUI0 KodduiinenTa mogaun. OmnpeesieHbl COCTaBIIOMUE KOAPGUITUEHTA TOAaYu |
YCTAaHOBJICHBI (l)I/I3I/ILIeCKI/Ie 3aKOHOMEPHOCTH UX U3MCHCHUS. HpOBeI[eHHBIM AdHaJIM30M BJIUAHUA
JIaBJICHUSI HATHETAHUS HA TEMIEPaTypy AeTajel HHIHNHAPOIIOPIIHEBOM IPYIIbl YCTAHOBJICHA
3HAUUTEIbHAS HEPABHOMEPHOCTh PACIIPEACIICHHs TEMIIEPATyPhl BJIOJIb 00pa3yroniei MuHapa — 10 26
K.C YBCIMYCHHUEM YaCTOTHI BpallICHUA KOJICHYATOI'O BaJla 9Tda HCPABHOMCECPHOCTL YBCIIMYUBACTCA.
MakcumalibHOE 3HaU€HUE UHIUKaTOpHOro n3orepmudeckoro KIIJI mis uccnenyeMoi MalimHbl
HabOmo1aeTcs nmpu AasieHuy Harueranus 0,35 MIla.

KuroueBble ciioBa: IopIIHEBaA FI/I6pI/I,I[HaH OQHCPIreTUYCCKad MalllHa, OXJIaKJAaromasa )KuAKOCTb,
HOPIIHEBOW KOMIIPECCOP, YUCIO 00OPOTOB KOJIEHYATOTO Baja, JaBJICHUE HArHETaHus, KO3 (HUIIHEHT
nonayu, naaukaTopusiid KI1/I, TeMneparypa neraneid HHIMHAPOIIOPITHEBOM IPYIIIbI
UDC 621.512
V.E. Shcherba, A.S. Tegzhanov, E.A. Dorofeev, G.I. EKkimov (Omsk State Technical University,
Russia) E-mail: Scherba_V_E@list.ru
Analysis of the results of an experimental study of the working processes of a positive displacement
hybrid power machine with two suction valves with a change in the discharge pressure of the
compressed gas

Using the prototype of a piston hybrid power machine with two suction valves it was found that
the maximum flow rate of the coolant is observed at a discharge pressure of 0.5 MPa. Increasing the
discharge pressure leads to a decrease in the performance of the machine on both suction and discharge
and a decrease in the delivery ratio. The components of the feed rate were determined and the physical
picture of their change was disclosed. The analysis of the effect of discharge pressure on the temperature
of the parts of the cylinder-piston group made it possible to establish that there is a significant non-
uniformity of temperature distribution along the generatrix of the cylinder, which reaches 26 K. With an
increase in the number of revolutions of the crankshaft, this non-uniformity increases. The maximum
value of the indicator isothermal efficiency for the machine under study is observed at a discharge
pressure of 0.35 MPa.

Keywords: reciprocating hybrid power machine, coolant, reciprocating compressor,
crankshaft speed, discharge pressure, feed rate, indicator efficiency, temperature of parts of the
cylinder-piston group

VIK 621.512
B.E. Il]epoa, 0-p mexn. nayk, A.C. Tezocanos, H.11. 3anosznos, E.A. /lopoghees, kanouoamur mexm.
Hayk, I'H. Exumos, K.H. Cokupko (Omckuit 2ocyoapcmeeHHblii mexHu4ecKuil ynueepcumem,
Poccusn) E-mail: Scherba_V_E@list.ru
IKcnepUMeHTAILHOE UCCIIeI0OBAHNE BJIMSHUSA YaCTOThHI BPAllleHUs1 KOJIeHYAaTOro Bajia Ha paboune
npouecchbl NOPUIHEBOH r’MOPUIHON IHEPreTHYECKOH MAIIMHBI 00bEMHOI0 1eiCTBUS € ABYMS
BCACHIBAIOIIIMMHU KJIaNlaHAMU

[IpoBeneHsl SKCIEpUMEHTANIbHBIE UCCIEI0BAHMS TEIUIOHANIPSKEHHOCTH JI€TaIei
MUAJTUHAPOMOPITHEBON TPYIIIIBI, PACX0/1a OXJIAKTAOIICH )KUIKOCTH U KO PHUIMeHTa mo1auu NopiurHeBOn
THOPUAHON PHEPTETUYECKOM MAIITMHBI C IBYMS BCACHIBAIOIIUMU KJIallaHa MPU U3MEHEHUH YaCTOTHI
BpaIleHHUs KOJICHYATOrO BaJla M JaBJICHUS HarHETaHUsI KOMIIPUMHUpPYyeMoro rasa. [IpoBeaeHHbIM
AQHAJIM30M YCTAHOBJICHBI OOIINE 3aKOHOMEPHOCTH U3MEHEHHSI YKa3aHHbBIX (DYHKIIUH OTKIIMKA B
3aBUCHMOCTH OT YaCTOTHI BpAIIeHUs KOJeHYAaTOro Basia. Hanbonpmmii pacxo/1 0XJIaXk1aroIiei )KUIKOCTH,
CJIeIOBATENbHO, U HAWIYYIIEe OXJIAXKICHHE 00eCIIeYNBAIOTCS MPU YacTOTE BpPAI[CHHs KOJIEHYAaTOTO BaJia
1200 mus . Ha XapakTep 3aBUCUMOCTU KO3 (UILIMEHTa MOJaun OT YacTOThI BpallleHUsI KOJIEHYaTOro
Bajia BIUSET AaBieHue HarHeTtanus. [Ipu naBnenun Harnetanus py = 0,4 Mlla MmakcumanbHOE 3HaUEHHE
koa(ddurmenta nomaun obecrneunBaercs B auamnazone 1100...1300 MHH .,

KuroueBble cjioBa: nmopiiHeBasi THOPHIHAS YHEPreTHUECKasi MAIlIMHA C ABYMSI BCACHIBAIOIITIMH
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KJIalTaHaMH, HOpLHHCBOfI KOMIIPECCOP, HaCTOTA BpallICHUA KOJICHYATOI'0 BaJjid, OXJIaXKAaromas > XuAKOCTb,
JIaBJICHUE HAarHETAaHUs, TEMIIEpaTypa AeTajaei HWIMHAPOIOPIITHEBOU TPYIIIIbI
UDC 621.512
V.E. Shcherba, A.S. Tegzhanov, I.P. Zaloznov, E.A. Dorofeev, G.I. EKimov, K.N. Sokirko (Omsk State
Technical University, Russia) E-mail: Scherba_V_E@list.ru
Experimental study of the influence of the crankshaft speed on the working processes of a positive
displacement hybrid power machine with two suction valves

Experimental studies of the heat stress of the parts of the cylinder-piston group, the flow rate of
the coolant and the feed rate of a piston hybrid power machine with two suction valves are carried out
with a change in the crankshaft speed and the discharge pressure of the compressed gas. The analysis
carried out established the general patterns of change in these response functions depending on the
crankshaft speed. The highest coolant flow and therefore the best cooling are achieved at a crankshaft
speed of 1200 min*. The nature of the dependence of the feed rate on the rotational speed is affected by
the discharge pressure. At discharge pressure p = 0.4 MPa, the maximum value of the feed rate is
provided in the range of 1100...1300 min .

Keywords: reciprocating hybrid power machine with two suction valves, reciprocating
compressor, crankshaft speed, coolant, discharge pressure, temperature of parts of the
cylinder-piston group

YK 621.512
A.C. Tezxncanos, kano. mexu. nayx, B.E. Illep6a, 0-p mexn. nayk, E.A. /lopogpees, H.I1. 3ano3znos,
kanouoamul mexu. nayx, I .H. Exumos, K.H. Coxupko (OmcKuit 2ocyoapcmeennblil mexHu4ecKuil
yuueepcumem, Poccus) E-mail: Scherba_V_E@list.ru
JKCINePUMEHTAIbHOE HCCIeI0BAHNE XaPAKTEePUCTHK NMOPIIHEBOH Ir’MOPHUIHOI IHePreTHYecKoi
MAallIHHbI 00LEMHOI0 HeﬁCTBHH C ABYMsl BCAaCbIBAKOIIUMHU KJIallaHAMHU IIPHA UCITOJIB30BaAaHUH
PA3JIMYHBIX OXJIAKIAIOUIUX KHUIKOCTEel

[IpencraBneHsl pe3ynbTaThl SKCIEPUMEHTAIBHOTO UCCIE0BAHUS TTOPITHEBON THOPHUIHON
BHCPFGTHHGCKOﬁ MallluHbI € IBYMS BCACBIBAOIIHMMU KJIallTaHAMU IIPU UCITOJIB30BAHUHN PA3JIMIHBIX
OXJIQXKIAIOIIUX XKUIKOCcTeH (Boaa, antudpus, macio ATF). [1pu ananuze padounx nporueccos [IIMMO/J]
orpezeneHbl He0OX0IMMBbIE CBOMCTBA oxyaxaaroei xuakoctu [IIMMO/]: BbIcokas MIOTHOCTD,
OoJbIIas yieabHas TEMII0EMKOCTb, BBICOKUN KO3 (ULIMEHT TEMJIONPOBOIHOCTH, HU3KUN KOA(DUITUEHT
I[I/IHaMI/I‘leCKoﬁ BA3KOCTH. 3KCHCpI/IMeHTaJ'IbHBIMI/I HUCCIICAOBAHUAMUA YCTAHOBJICHO: MaKCHUMAaJIbHBIN
pacxo/1 OXJIAXKAAIOMIEN KUIKOCTH, HAWITydlIee OXJIaXICHHUE JIeTalei [WIMHAPOIOPIIHEBON IPYIIIIbI U
BCaChIBA€CMOI'O Ia3a, HanOOJIBLIINI K03(1)(1)I/II_II/ICHT nogayu o0ecIieunBaroTCs IIpH UCIIOJIb30OBAHHUU BOJbI.
Pacxon Bozbl npeBbimaeT pacxoq Macia 10 50 %, pa3Hula B CpeJTHEMHTETPAJIbHBIX TEMIIepaTypax
IMMOBCPXHOCTHU ZLeTaHefI LIHJIHH,[[pOHOpH.IHCBOfI TpyHIibl ITPU UCITOJIB30BAHUH BOJABI — IO 8K (HO
CpPaBHEHUIO C UCTIOIB30BaHKeM Maciia) U 70 4 K (1o cpaBHEHHIO ¢ UCTIOJIb30BaHUEM aHTU(DpH3a).
Pa3Huna B TemmnepaTypax BcachblBa€MOI0 ra3a IpH HCHOJIb30BaHNUU Bobl M Macsia ATF — o0 7,5 K.

KiaroueBnle ciioBa: MopuHeBasa FI/I6pI/II[Ha$[ OHCPIreTUYCCKas MalllrHa, HOpHIHeBOﬁ KOMIIpECCOp,
OXJIaXK/IAto1Iast ’KUIKOCTb, TEMIIEpaTypa JieTaleil HIUIMHIPONOPIIHEBON TPYIIIbI, KO3 (UIIMEHT oAy,
K03 (UIIMEHT MOAO0rpeBa, TEMIIEpaTypa BCaCblIBa€MOTr0 raza
UDC 621.512
A.S. Tegzhanov, V.E. Shcherba, E.A. Dorofeev, 1.P. Zaloznov, G.1. Ekimov, K.N. Sokirko (Omsk State
Technical University, Russia) E-mail: Scherba V_E@list.ru
Experimental study of the characteristics of a positive displacement hybrid power machine with
two suction valves using various coolants

The results of an experimental study of a piston hybrid power machine with two suction valves
using various coolants (water, antifreeze, ATF oil) are presented. When analyzing the working processes
of PDHPM, the requirements for the PDHPM coolant were determined: high density, high specific heat,
high thermal conductivity, low dynamic viscosity. Experimental studies have established that the
maximum flow rate of the coolant, the best cooling of the parts of the cylinder-piston group and the
intake gas, the highest feed rate are provided when using water. The water consumption exceeds the oil
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consumption by up to 50%, the difference in the average integral surface temperatures of the parts of the
cylinder-piston group when using water is up to 8 K (compared to using oil) and up to 4 K (compared to
using antifreeze). The difference in suction gas temperatures when using water and ATF oil isup to 7.5
K.

Keywords: reciprocating hybrid power machine, reciprocating compressor, coolant,
temperature of parts of the cylinder-piston group, feed rate, heating factor, intake gas
temperature

ABTOMATU3AIUA PACYETOB U IPOEKTUPOBAHUA

VIK 621.165.533
ILII. Owenkos, I1.P. Banvexo Manvoonaoo, JI.B. Bunozpaooe, kanouoamuel mexu. nayx (Poccuiickuii
YHUgepcumem opyxcovl Hapoooes, 2. Mockea)
E-mail: oshchepkov-pp@rudn.ru
ABTOMaTH3HMPOBAHHOE NIOCTPOEHHE PelIeTOK NpoguIieii npeodpasoBaHneM 0BOMIA

PaCCMOTpeHBI PE3YyIbTaTbl KOHCTPYUPOBAHUA PCIICTKH HpO(l)PIJ'I@fI AHAJIMTUYCCKUM METOAOM Ha
OCHOBE MpeoOpazoBaHuit oBouaa. st peanuzanuu npeiaraeMoi MaTeMaTudecKol MOJIENIN pa3padoTaH
AJITOpUTM, Ha €0 OCHOBC — IIAKCT ITPHUKJIIAIHBIX ITIOAIIPOrpaMm (MO,I[}U'ICFI). I[aHBI OCHOBHBIC
OpPUTHHAIBHBIC PACYETHBIC 3aBUCMOCTH. AHATTUTHYECKHE U KOHCTPYKTHBHBIE MTPOPAOOTKH MPOpUIIs
BKJIFOYAIOT: MTpeoOpa3oBaHKe OBOMIOB-TIPOOOPa30B B MPO(HIN-00pa3bl, pacueT UX T€OMETPHICCKUX
XapaKTEePUCTHUK, TOCTPOECHUE CPEIHEH JIMHUU U ONIPeIeTICHNE MAaKCUMaIbHOUW TONIIUHBI TPO(HIIS,
KOMITIOHOBKY PCHICTKH 1 MCKJIOIIATOYHOT'O KaHaJ1a. Hpez[naraeMa;I MaTeéMaTHN4dYeCKasa MOACIJIb MOXKET
paccMaTpuBaThCs KaK CaMOCTOATEIbHAs CUCTEMa WM Kak nojcucreMa (mporpammusiii Moayiib) CAIIP.

KuoueBrble ciiaBa: kpeMoHoBbIe IpeoOpa3oBanusi, CAIIP, pemerka npoduiieii, oBoua,
TypOomaimHa
UDC 621.165.533
P.P. Oshchepkov, P.R. Vallejo Maldonado, L.V. Vinogradov (RUDN University, Moscow) E-mail:
oshchepkov-pp@rudn.ru
Automated construction of lattice profiles by ovoid transformation

The results of profile lattice construction by analytical method based on the ovoid transformation
are considered. To implement the proposed mathematical model, an algorithm has been developed, and
on its basis, a package of applied subroutines (modules). The basic original calculation dependences are
given. Analytical and constructive elaborations of the profile include: conversion of ovoid-images into
profile-images, calculation of their geometrical characteristics, construction of a midline and
determination of the maximum thickness of the profile, lattice and inter-blade channel layout. The
proposed mathematical model can be considered as an independent system or as a subsystem (software
module) of CAD.

Key words: cremona transformations, CAD, lattice profiles, ovoid, turbomachine

IMPOMBIIIIVIEHHAS OKOJIOI'UA

YK 628.543
FO.A. Ileuenezos, 0-p mexn. Hayk (IHzenbCccKuil mexnHoaocuieckuii uncmumym (gpunuan)
Capamoeckozo 2ocyoapcmeenno2o mexnuueckozo ynugepcumema um. I'acapuna F0.A., Poccus); P.H.
Ky3zvmuna, 0-p xum. nayx, O.B. Bypyxuna, kano. xum. nayk (Capamoeckuii HayuoHaabHlil
uccieoosamenvckuil cocyoapcmeennsiit ynueepcumem umenu H.I'. Yepuviumesckozo, Poccus); B.A.
Kocos, M.A. Kocos (Capamoeckuii zocyoapcmeennblii mexuuueckuii ynugeepcumem umenu I'acapuna
FO.A., Poccus) E-mail: y.pechenegov@mail.ru
Ileub A5l C)KUTAHUA TBEPIABIX OTXO0JA0B € KATAJTUTHYECKUM 00e3BpPeKUBAHUEM NMPOIYKTOB ropeHust
[TpuBeneHo onvcanne KOHCTPYKIIUU U paOOTHI MPEIOKEHHON TIEUH JUIs CKUTAHUS TBEPIIBIX
MIPOMBIIIIICHHBIX U OBITOBBIX OTX0/I0B. K OCOOEHHOCTSIM M€Yl OTHOCUTCS PUMEHEHNE TEXHOJIOTUHI
KaTaAIUTHYECKOTO 00€3BPEKUBAHUS BHICOKOTEMITEPATYPHBIX Ta3000pa3HbIX MPOJIYKTOB CTOPAHUS OTXO/I0B
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npu UIBTpAIMK UX Yepe3 HEeTIOIBIKHBIH CII0M 3€pHUCTBIX TBEP/IBIX YaCTUIl KaTanu3aropa. [IpuBeneHs
PE3YNIbTaThI OTIBITOB TTO 00E3BPEIKUBAHUIO TIPOAYKTOB cropaHusl. [IpenioxkeHa MeToInka pacueTa OCHOBHBIX
TCIUIOTUAPABINYCCKUX XAPAKTCPUCTHUK TICUU ITPU pa60Te B YCJIOBUAX CaMOTSTH, COSI[aBaeMOﬁ I[BIMOBOﬁ
TPYOOH.

KuaroueBble cj10Ba: C:KUTaHUE OTXOO0B, II€Yb, KATAJIUTUYCCKOC JOXKUI'aHUC, 3€pHI/ICTBII71
KaTaJM3aTop, METOAMKA pacdueTa, CaMOTsAra, TCINIOTHUAPABINYCCKUC XapaKTCPHUCTUKN
UDC 628.543
Yu.Ya. Pechenegov (Engels institute of technology (branch) Saratov state technical university named
after Gagarina Yu.A., Russia); R.l. Kuzmina, O.V. Burukhina (Saratov national research state
university named after N.G. Chernyshevsky, Russia); V.A. Kosov, M.A. Kosov (Saratov state technical
university named after Gagarin Yu.A., Russia) E-mail: y.pechenegov@mail.ru
Solid waste incineration furnace with catalytic neutralization of combustion products

The description of the design and operation of the furnace proposed by the authors for burning
solid industrial and household waste is given. A feature of the furnace is the application of catalytic
neutralization of high-temperature gaseous waste combustion products when filtering them through a
fixed layer of granular solid catalyst particles. The results of experiments on the neutralization of
combustion products are presented. A method for calculating the main thermal-hydraulic characteristics
of a furnace operating under conditions of gravity generated by a chimney is proposed.

Keywords: waste incineration, furnace, catalytic afterburning, granular catalyst, calculation
method, gravity, thermohydraulic characteristics

Y]IK 628.511.4
HU.C. I'yoanos, A.A. Bamazun, kanouoamot mexn. nayk, A.E. J/lebeoes, 0-p mexn. nayx, A.b.
Kanpanoesa, 0-p ¢pu3z.-mam. nayx, /1.C. /lonzun (Apocnagckuii 2ocyoapcmeennvlii mexHuuecKuil
YHugepcumem, Poccus)
E-mail: goudanov@yandex.ru
Mopepauszauus koHcTpykuuu augdysopa siekrpopuiabtpoB Tuna II'AB ¢ nenabio odecneyenust
PABHOMEPHOCTH ra3onbli€eBOro moToxka

[TpoBeneH aHamu3 MPOMBINICHHON dKcIuTyaTauy GruibTpoB DT AB1-19-15-6-2,
NpCaAHa3HaYCHHLIX AJI OUUMCTKHU HECAIrPCCCUBHBIX HEB3PBIBOOIIACHBIX TCXHOJOIMYCCKHUX I'a30B U
ACIIPAMOHHOTO BO31yXa OT IBIJIH. bruia BoisBiICHA HEPAaBHOMCPHOCTD paclpCACICHUA ITOTOKOB HA
BXOJI¢ B pab0ouyIo 30HY (GUIBTPa, YTO MPUBOJIUT K YXYAIICHUIO 3(h(PEKTUBHOCTH PabOTHI, ITOBBIIIICHUIO
AHEpro3arpaT 1 YaCTON YMCTKE OCaJAUTEIbHBIX 3JEKTPOO0B. B X011 paboThl, aBTOpaMu CTaThH,
MPEATIOKCHBI KOHCTPYKTHUBHBIC YIIYUIICHU A BHGKTpOCbI/IJ'ILTpOB C IPUBCACHHBIMUA paCUYCTaAMU.

KuaroueBble ciaoBa: anekTpodunstp, 3hdexTuBHOCTD, TBIIeynaBmmBanue, CAD, pacuersl,
CCUCHUs, IIJIaCTUHBI.
UDC 628.511.4
I.S. Gudanov, A.A. Vatagin, A.E. Lebedev, A.B. Kapranova, D.S. Dolgin (Yaroslavl state technical
university, Russia) E-mail: goudanov@yandex.ru
Modernization of the design of the diffuser of the EGAV type electric filters in order to ensure the
uniformity of the gas and dust flow

The analysis of industrial operation of EGAV1-19-15-6-2 filters designed for cleaning non-
aggressive non-explosive process gases and aspiration air from dust has been carried out. The uneven
distribution of flows at the entrance to the working area of the filter was revealed, which leads to a
deterioration in operating efficiency, an increase in energy consumption and frequent cleaning of the
collecting electrodes. In the course of the work, the authors of the article proposed constructive
improvements of electrostatic precipitators with the given calculations.

Keywords: electrostatic precipitator, efficiency, dust collection, CAD, calculations, sections,
plates
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HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATALIUA

IMPOLHECCBHI 1 OBOPYJIOBAHUE
XUMHUYECKHUX U HE®TEI'A30BBIX TEXHOJIOT U

YK 621.928.37
M.I. Jlacymkun, 0-p mexu. nayxk (MUPIA — Poccuiickuii mexHonozudeckuili yHugepcument, 2.
Mockea, Poccusn); A.H. lllynak, E.FO. Bapanosa, kano. mexu. nayx (Mockoeéckuii nonumexuuueckuii
yuueepcumem, Poccus) E-mail: lagh3@yandex.ru
CHuKeHHe JHePreTH4YeCKHUX 3aTPAaT HA NPOBe/AeHNe Npolecca pa3jieieHus CyCleH3uii B
THAPOLHKJIOHAX

HccnenoBana 3a1a4a palidioHaIbLHOTO BEIOOpA KOHCTPYKTUBHBIX MTApaMETPOB TUAPOLUKIOHOB TS
MUHUMU3ALUU YJHEPTeTUYECKUX 3aTpaT Ha oOecriedeHrne HeoOX0IMMBIX TTOKa3aTelel pa3aeneHus
CYCIIEH3UM MPH 33J]aHHON 00BEMHON TPOU3BOAUTEIILHOCTU. TEOPETUUECKUM aHATTU30M YCTaHOBJICHO,
YTO PHEPreTHUECKUE 3aTPaThl OyAyT MUHHUMAILHBIMH IIPU IUaMETPe BXOJIHOTO MaTpyoKa,
cocrasistonieM 0,366 oT 1uaMeTpa HUIMHAPUYECKON YacTU THIPOLUKIIOHA, U TUaMETPE BEPXHETO
CIIMBHOTO MaTpyOKa, ONpeaesieMOM M0 YPaBHEHUIO B 3aBUCUMOCTH OT yIiia KOHYCHOCTH KOHHMYECKOMH
YaCTH TUJIPOIMKIIOHA M OT COOTHOIICHUS AUaMETpa IPAHUYHOTO 3€pHA Pa3/IeJICHUs K TUaMETPy
WIMHIPUYECKOM YacTH ruApoiKkioHa. COOTHOIIEHUE MNIOTHOCTH TUCHIEPCHOM (a3bl K MIOTHOCTH
JTUCTIEPCUOHHON CpeIbl HE OKA3bIBACT BIMSHUS HA YIHEPTETUUECKUE 3aTPATHI.

KuoueBble cji0Ba: THAPOIMKIOH, TPAHUYHOE 3€6pHO pa3/IeNieHUs, ToKa3aTeNln pa3aeleHus,
00BbEMHAS MPOU3BOIUTEIBLHOCTh, INIOTHOCTH (a3, YHEPreTUUECKUE 3aTPaThl, palluOHATIBHBIC TAPAMETPHI,
pacuer

UDC 621.928.37
M.G. Lagutkin (MIREA — Russian Technological University, Moscow, Russia); A.N. Shulyak, E.Yu.
Baranova (Moscow Polytechnic University, Russia) E-mail: lagb3@yandex.ru
Reduction of the energy costs for the process of separation of suspensions in hydrocyclones

The rational selection of design parameters of hydrocyclones in order to minimize the energy
costs while ensuring the necessary indicators of separation of suspensions at a given volume capacity has
been considered. Theoretical analysis has shown that the minimum energy costs will be provided with an
inlet pipe diameter of 0.366 of the diameter of the cylindrical part of the hydrocyclone and the diameter
of the upper drain pipe, determined by the equation depending on the taper angle of the conical part of the
hydrocyclone and the ratio of the diameter of the boundary grain separation to the diameter of the conical
part of the hydrocyclone. The ratio of the density of the dispersed phase to the density the dispersion
medium does not affect the energy costs.

Keywords: hydrocyclone, boundary grain separation, separation indicators, volumetric

productivity, phase density, energy costs, rational parameters, calculation

YK 66.081.6
C.U. Jlazapes, H.B. Illlens, 0okmopa mexn. nayx, /I.H. Konosanos, kano. mexu. nayk, A.B. Kpwvinos,
./1. Konosanoe, M.A. Xpeomoea (Tamboeckuii cocyoapcmeennvlii mexHuveckKuil yHugepcumem,
Poccus) E-mail: kdn1979dom@mail.ru
MonepHu3zauus KOHCTPYKIIUM 3J1€KTPOOapOMeMOPAHHOI0 annapaTa MmiIoCKOKaAMepPHOro TUIa ¢
OXJIaK/IEHHEM Pa3/ieisieMoro pacTBOpa U MeTOIMKA PacyeTa TEXHOJOTHYeCKUX 1
KOHCTPYKTHBHBIX IAPaMeTPOB anmapara

MonepHu3upoBaHa KOHCTPYKIIHUS dIEKTPOOapOMEMOPaHHOTO armapara MI0CKOKaMepHOTro TUTIa
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JUISL pa3aesICHMs, KOHIICHTPUPOBAHUS M OYMCTKH PACTBOPOB M CTOKOB B Pa3JIMYHBIX OTPACIIAX
MPOMBINUICHHOCTH. OTINYUTETIEHON 0COOEHHOCTHIO MOJCPHU3NPOBAHHON KOHCTPYKIIMH arapara
ABJIACTCA OXJIAXKACHUEC Pa3sACIICMOro paCTBOpa B MAJIbIX KaMEpax pa3aCiICHHA. Pa3pa60TaHa METOAHKA
pacudera o01Iero oobeMa pa3ieisieMoro pacTBopa, a Takke o0Iero oobemMa MaTepraia Kopimyca
amnrmapara 1 ero 3JIEMEHTOB (BKJIIOYasi TEXHOJIOTHYECKHE U KOHCTPYKTUBHBIE TApAMETPhI paiiaTopa
OXJ'Ia}K,I[eHI/I}I), AJIA OoIpPEACTICHUA MaCChl KOHCTPYKIIMOHHOI'O MaTepuajia npu NpoCKTUPOBAHUHN U
H3TOTOBJICHUM allllapara. HpeIICTaBJIeHBI CPaBHUTCJIbHBIC JAHHBIC, OTPAKar0Iue Bq)(beKTI/IBHOCTB
pa3pabOTaHHOW KOHCTPYKIIUU B CPABHEHHH C aIlIapaTOM-TIPOTOTHUIIOM.

KuroueBble ¢JIoBa: KOHCTPYKIIUS, JIEKTpoOapOMEMOpPaHHBIH arapar, pacyeT
UDC 66.081.6
S.1. Lazarev, N.V. Shel, D.N. Konovalov, A.V. Krylov, D.D. Konovalov, M.A. Khrebtova (Tambov State
Technical University, Russia) E-mail: kdn1979dom@mail.ru
Modernization of the design of a flat-chamber electrobaromembrane apparatus with cooling of the
separated solution and the calculation method for technological and design parameters of the
apparatus

The design of a flat-chamber electrobaromembrane apparatus for separating, concentrating and
purifying solutions and effluents in various industries has been modernized. A distinctive feature of the
modernized design of the apparatus is the presence of cooling of the separated solution in small
separation chambers. A method has been developed for calculating the total volume of the separated
solution, as well as the total volume of the apparatus body and its elements, including the technological
and design parameters of the cooling radiator. Comparative data are presented showing the effectiveness
of the developed design in comparison with the prototype apparatus and ultimately allowing to determine
the mass of the structural material in the design and manufacture of the apparatus.

Keywords: design, electrobaromembrane apparatus, calculation

KPUOTI'EHHASA TEXHHUKA. ITIPOU3BOACTBO U IPUMEHEHUE
MNPOMBIIIVIEHHBIX I'A30B. BAKYYMHAS TEXHUKA

YK 66.071.6.001.57
A.b. Banovuues, kano. xum. nayk, B.A. Kynuxoe, kano. mexn. nayx (Hncmumym mawiunosedenusn
Ypansckozo omoenenusa PAH, 2. Ekamepunoype, Poccusn)
E-mail: vandyshev@imach.uran.ru
Biusinue cucTeMbl 0TBOAA BBICOKOYHMCTOI0 BOJAOPOAA HA IKCIUIYATAIITUOHHBIC IMTOKA3aTE/IH
MeMOpPaHHO-KATAJIUTHYECKHX YCTPOHCTB

CpaBHI/ITeJ'IBHHM AHAJIN30M YCTAHOBJICHO BJIMAHUEC JOITOJIHUTCIBHOI'O q)aKTopa, CBA3aHHOTO C
CUCTEMOM 0TBOJIa BBICOKOYHUCTOI'O BOAOPOAA U3 MeM6paHHBIX QJICMCHTOB IINIOCKOI'O THIIA, Ha I1OKa3aTC/In
MOJTyYEHUS BOJIOPOJA U3 YTIIEBOJAOPOJHOTO ChIPbsS B MEMOpPaHHO-KAaTAIMTUYECKUX YCTPOMCTBAX.

KuroueBble ciioBa: CpaBHHTeHBHLIP'I AHAJIN3, CUCTEMA OTBOJa BBICOKOYUCTOT'O BOAOpOAa,
MEMOpaHHBIE PJIEMEHTHI, MEMOpPaHHO-KAaTaTUTUHIECKHUE YCTPONCTBA, YTIEBOJOPOIHOE ChHIPhE
UDC 66.071.6.001.57
A.B. Vandyshev, V.A. Kulikov (Institute of engineering science, Ural branch of Russian academy of
sciences, Ekaterinburg, Russia) E-mail: vandyshev@imach.uran.ru
The effect of the high-purity hydrogen removal system on the performance of membrane-catalytic
devices

Comparative analysis has established the influence of additional factor associated with the system
of removal of high-purity hydrogen from flat-type membrane elements on the indicators of hydrogen
production from hydrocarbon raw materials in membrane-catalytic devices.

Keywords: comparative analysis, high-purity hydrogen removal system from membrane elements,

membrane-catalytic devices, hydrocarbon raw materials

www.himnef.ru - caiit xxyprana «Xumuueckoe 1 Hedrerazosoe MalmmHOCTpOCHHE,
www.intecheco.ru - caiit korbepeHuuii 11 MPpeAnPHATHIl IHEPTeTUKH, METAJUTYPIHH, HE(TEra30Boi 1 XUMHUUYECKOM oTpacJeil


http://www.himnef.ru/
http://www.intecheco.ru/

*HIy,
I oS ! AHHOTAIMM cTaTeill KypHaja « XuMHYecKoe H He(pTerazoBoe MaimHOCTPoeHne» 3a 2023 r.

KOMIIPECCOPBI. HACOCBHBI.
TPYBOIIPOBOJHAS APMATYPA

Mop6opka ctaten OMCKOro rocyfapCTBeHHOro TeXHU4YECKOro yHuBepcureTa

YK 621.512
B.E. Il]epoa, 0-p mexn. nayk (Omckuit 2ocyoapcmeennstii mexuuueckuil ynusepcumem, Poccus) E-
mail: Scherba V_E@list.ru
K BOIIPOCY O HpaKTI/I'leCKOﬁ peajim3anui H30TEPMUYECCKOI0 nmpouecca C:katusi OAHOATOMHLIX I'a3oB

Pa3pa60TaHa HOBasd CXEMa IIPOBEACHHS ITPOLECCa UBOTCPMUUCCKOI'O CXaTUA ra3a C
HUCITIOJIB30BAHUEM TOJBKO oxnaxcz[alomeﬁ KUAKOCTU — B BUJC ) KUAKOCTHOI'O IMOPIIHA U B BUAC BITPBICKA
OXJ'Ia}K,I[aIOH_[eﬁ KUAKOCTH. PaCCMOTpeHBI JABa BapuaHTa OCYHIECTBJICHUA IIPpOoLECCa UBOTCPMUICCKOT'O
CIKaTus B paMKax HpeI[JIO)I(eHHOfI CXEMBI U pa3pa60TaHLI TCOPCTUYICCKHUEC OCHOBLI UX pacycTa.
HpOBeI[eHHBIMI/I YU CJICHHBIMHU 3KCIICPUMCHTAMU YCTAHOBJICHBI ITPOJOJIZKUTCIIBHOCTD IIPOLECCa CKATHA,
Tpe6yeMa;1 CKOPOCTD KUJIKOCTHOI'O MMOPIIHA JJIA OCYIICCTBJICHUA U30TCPMUUCCKOI'O IMPOoHIecca CKaTu-d
(HpI/I 3a1aHHOM KOJIMYCCTBEC BHpLICKHBaeMOﬁ )KI/II[KOCTI/I) u Tpe6yeMoe KOJINYECTBO BHpBICKHBaCMOfI
KUAKOCTHU (TpU 3aJaHHOM 3aKOHE CKOPOCTH JKUJKOCTHOI'O OpIIHS). B pe3ysibTare YncieHHbIX
OKCIICPUMCEHTOB MOATBCPIKACHA BO3MOKHOCTE OCYIICCTBIICHUA N30TCPMHUYICCKOIO IMTPOLECCA CIKATUA
OJHOATOMHBIX I'a30B C BBICOKHM I10Ka3aTCJIEM aZII/Ia6aTI)I.

KuroueBble ciioBa: I/I30TepMI/I‘IeCKI/II71 IIponecc CXaTusa, KOMIIPECCOpP 00BEMHOTO ,HeﬁCTBHH,
)I(I/IZIKOCTHOﬁ MOpHICHb, BIIPBICKMBACMas ) KUAKOCTb, OAHOATOMHBIC I'a3bl
UDC 621.512
V.E. Shcherba (Omsk State Technical University, Russia) E-mail: Scherba_V_E@list.ru
On the question of the practical implementation of the isothermal process of monatomic gases
compression

A new scheme for the implementation of the isothermal process of gas compression by using only
the coolant was developed — in the form of a liquid piston and in the form of a coolant injection. Two
options for the implementation of an isothermal compression process within the framework of the
proposed scheme are considered and the theoretical foundations for their calculation are developed. The
conducted numerical experiment made it possible to determine the time of the compression process, the
required speed of the liquid piston for the implementation of the isothermal compression process for a
given amount of injected liquid, and the required amount of injected liquid for a given law of the liquid
piston speed. As a result of a numerical experiments, the possibility of implementation of an isothermal
process of compression of monatomic gases with a high adiabatic index is shown.

Keywords: isothermal compression process, displacement compressor, liquid piston,
injected liquid, monatomic gases

YAK 621.512
B.E. Il]ep6a, 0-p mexn. nayk, E.B. Xooopesa, kano. mexn. nayk (Omckuii 2ocyoapcmeeHHulil
mexnuueckui ynueepcumem, Poccusn)
E-mail: Scherba_V_E@list.ru
Pacuer nponecca oxJiaskAeHUs1 CTEHOK padoyveil KaMephl NOPIIHEBO rHOPHUAHON YHEPreTHYeCKOM
MAaIIMHbI 00EMHOI0 1eliCTBHUS € pereHepaTHBHBIM TeINJI000MEeHOM Ha OCHOBE YPABHEHH
TeIJIOBOro 0ajaHca

Pa3paborana ympouieHHass METOAMKA OLEHKU MPOJOKUTETbHOCTH OXJIaKICHUS
IWJIMHIPOTIOPIIIHEBOM IPYIIITBI MOPIIHEBOM I’MOPUIHON SHEPreTHUECKONW MalllMHBl 00BEMHOTO JIeHCTBUS
C pereHepaTUBHBIM TEIUIOOOMEHOM MpU padboTe B pexkruMe Hacoca. PerenepaTuBHbIN TEMI000MeH
(BciencTBUE OTCYTCTBUS TEPMUUECKOTO COMPOTUBIICHHUS PA3/ICIUTEIbHON CTEHKH) — OoJiee 3 (HEeKTHBEH,
YeM peKylepaTUBHBIN TEMJI000MEH, peau3yeMblii B HACTOAIIEE BPEMS BO BCEX MOPIIHEBBIX
Komnpeccopax. [IpoBeieH YMCIEeHHBIH SKCIIEPUMEHT, B KOTOPOM YCTaHOBJIEHBI 3HAYEHMSI YUCIIA
Pelinonbaca u koadunrenTa TemiooTaaun B paboueil kamepe MalliHbl, YCTAaHOBJIEHBI PEKUMBbI
TEUEHUS KUAKOCTH B 3aBUCHMOCTH OT YTJla TIOBOPOTA KOJICHYATOr 0 Bajla B paboueii kamepe MalliHbI, a
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TAKXKC 4aCTOTa BPAIICHHUA KOJICHYATOI'O Bajia I pCain3aliun Typ6y.HeHTHOF0 PCKUMaA TCUCHU .
YcTaHOBIIEHO, YTO OCHOBHAS A0S TEIJIOTHI (95...96 %) OT HUIMHIPOMIOPUIHEBON IPYIIIBI OTBOAUTCS
OXJIa)KI[aIOH.[Cﬁ KHUIKOCTBIO, ITPU 3TOM pallMOHAJIbHAA 4aCTOTAa BpallICHUA KOJICHYAaTOI'0 Bajia, IIpU
KOTOpOfI 00eCcIIeunBalOTCsI BLICOKHE OHEPIrCTUYCCKUEC IMOKA3aTCIIM U AOCTATOYHO 6I>ICTpOC OXJIQAXKACHUEC
JeTajedl WINHAPONOPIIHEBOM IpyIIibl, cocTaBisieT ~200 MHH .

KuroueBble ciioBa: IopIIHEBaA FI/I6pI/I,Z[HaH OHCPreTU4YCCKasd MalirHa, HOpHIHCBOﬁ KoMIIpECCOop,
HOPUIHEBOW HACOC, PEr€HEPATUBHBIN TEMJI000MEH, TEMIIEpaTypa AeTajiel HUINHAPOIOPIIHEBOM IPYIIIH,
oxyraXaaromasa )XKuJIKOCTb
UDC 621.512
V.E. Shcherba, E.V. Khodoreva (Omsk State Technical University, Russia)

E-mail: Scherba_V_E@list.ru
Calculation of the cooling process of the walls of the working chamber of a positive displacement
piston hybrid power machine with regenerative heat exchange based on the heat balance equation

A simplified method for estimating the cooling time of the cylinder-piston group of a positive
displacement hybrid power machine with regenerative heat exchange when operating in a pumping mode
has been developed, in which, due to the absence of thermal resistance of the separating wall, it is more
efficient than recuperative heat transfer, which is currently implemented in all reciprocating compressors.
A numerical experiment was carried out, in which the values of the Reynolds number and the heat
transfer coefficient in the working chamber of the machine were established, the modes of fluid flow
along the angle of rotation of the crankshaft in the working chamber of the machine, as well as the
angular velocities of the crankshaft for the implementation of the turbulent mode of motion were
established. It was found that the main part of the heat from the cylinder-piston group is removed by the
coolant and it is about 95...96 %, while the rational number of revolutions, which provides high energy
performance and sufficiently fast cooling of the parts of the cylinder-piston group, is ~200 rpm.

Keywords: reciprocating hybrid power machine, reciprocating compressor, reciprocating
pump, regenerative heat exchange, temperature of parts of the cylinder-piston group, coolant

YK 621.512

B.E. Il]ep6a, 0-p mexn. nayk (Omckuii 2ocyoapcmeeHHblil mexHudeckui ynueepcumem, Poccus) E-
mail: Scherba V_E@list.ru

Pacuer n anaau3 MPOoLHECCOB HAHETAHUSA U BCaCbIBaAaHUS B l'lOpllIHEBOifl FHﬁpH}IHOﬁ
JHEPreTHYEeCKOH MalIMHe 00bEeMHOI0 JCHCTBHSA C pereHepaTHBHBIM TeIJIO00MEHOM

Pazpaborana meTonuka pacuera mpoiecca Harueranus B [IMNMO/] ¢ perenepatuBHBIM
TEIIOOOMEHOM C Y4YC€TOM MMOTEPDb AABJICHUS BCICACTBUC MMOAOIPEBA JKUAKOCTH B pa6oqel71 II0JIOCTH.
HpOBGI[GHHI)IM AHAJIN30M MCTOYHUKOB IIOTEPH AABJICHUA B IPOUCCCC HArHETAHHUA Ha OCHOBC PE3YJILTATOB
YUCJICHHOTO 3KCIICPUMCHTA YCTAHOBJICHO! HauOOJIbIIIAE MOTCPU NABJICHUA (90 % n 60nee) 3aBHUCAT OT
MECTHBIX COMPOTHUBJICHUH KianaHa. OTHOCUTENbHBIE TIOTEPH JaBJIeHUs, 00yCIIOBJIEHHBIE HATPEBOM
pa6oqel71 KUIKOCTHU, YBCIIMUUBAKOTCA B IMTPOLECCCC HATHCTAHUSA U K KOHIY ITPOLECCAa HATHETAHUA MOTYT
COCTAaBJIATH 3HAYHUTCIBbHYIO BEJIMYHHY. CpeILHCI/IHTeI‘paﬂBHHe OTHOCHUTCIIBHBIC TIOTCPU OABJICHUAA,
06y0J'IOBJ'IeHHBIe mogoTrpeBOM pa6oqel71 KHUIOKOCTH, COCTABIAKOT OKOJIO 5%mu HaxXoAdTCd Ha BTOPOM MCCTC
IMOCJIC OTHOCUTCIIBHBIX ITOTEPb HA MECTHBIC COIMPOTUBIICHUS, C YBEJIMYCHHUEM YaCTOTHI BpallICHUA UX
BJIMAHUC YMCHBIIACTCA.

KuroueBble cjioBa: nopinHeBas THOpHIHAS SHEPreTUYECKask MAllIMHA C PET€HEPATUBHBIM
TCHJ’IOOﬁMCHOM, HOpI.HHCBOfI HacCoC, MPOUEeCC HAaru€Tanus, nNpouccC BCaCbIBaHUA, YUCIIO 060pOTOB
KOJICHYATOI'O Bajla, 1aBJICHUC HArHCTaHUA
UDC 621.512
V.E. Shcherba (Omsk State Technical University, Russia)

E-mail: Scherba V_E@list.ru
Calculation and analysis of the processes of injection and suction in a positive displacement hybrid
power machine with regenerative heat exchange

A method was developed for calculating the injection process in RHPM with regenerative heat
exchange, taking into account pressure losses due to heating of the liquid in the working cavity. The
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analysis of the existing sources of pressure losses during the injection process, based on the results of a
numerical experiment, made it possible to establish that the largest contribution to the pressure loss (90 %
or more) depends on the local valve resistances. Relative pressure losses due to heating of the working
fluid increase during the injection process and by the end of the injection process can amount to a
significant value. The average integral relative pressure loss due to heating of the working fluid is about
5% and is in second place after the relative losses due to local resistance; with increasing rotation speed,
their influence decreases.

Keywords: reciprocating hybrid power machine with regenerative heat exchange, piston
pump, injection process, suction process, crankshaft speed, discharge pressure

YK 621.512

B.E. Il]ep6a, 0-p mexn. nayk (OmcKuii zocyoapcmeeHHblil mexHudeckuil ynueepcumem, Poccusn) E-
mail: Scherba_V_EQ@list.ru

CpaBHuTeIbHbIH aHAIM3 3()(PEeKTUBHOCTH NIPUMEHEHNS PeKYIePaTUBHOIO TENJI000MeHa U
pereHepaTuBHOro TEeIJIO00OMEeHA B MOPUIHEBBLIX KOMIIpECcopax

Pa3pa60TaHa MCTOJHKA OIIPCACIICHUA MACChI C)KATOI'O Ira3a u HOI[BCI[GHHOﬁ HHHHKaTOpHOﬁ
paboThl KOMIIpEccopa U Hacoca Mpu padoTe KOMIPeccopa MPU UCIIOIb30BaHUH PET€HEPATUBHOTO
TeImIo00MeHa UiIu PCKYHICPATUBHOI'O temiooOMeHa. Ha ocHoBe IMOJTYYCHHBIX BLIpa)KeHI/Iﬁ JIA pacdyeTa
Macchl 10/1aBa€MOT0 K OTPEOUTENIO CHKATOT0 ra3a U MoABOAMMON MHAUKATOPHON pabOThI MPEASIOKEHbI
K03 UIIMEHTHI, XapakTepusyroue 3pPeKTUBHOCTh U SIKOHOMUYHOCTh PEr€HEPaTUBHOTO TEII00OMEHa
10 CPABHEHUIO C PEKYNEPAaTUBHBIM TEIJIO0OMEHOM MPHU OXJIAKICHUH KOMIIPECCOPA.

KuroueBble ciioBa: [MOopHIHCBAaA FI/I6pI/II[Ha}I OHCPreTU4YCCKasd MallirHa, pereHepaTHBHHﬁ
TEIJI000MEH, PEKYNEePATUBHBIN TEIIO00OMEH, MOPIIHEBONW KOMITPECCOP, MOPIIHEBOM HACOC,
kod(urmenT noxauu, uHAMKaTOpHBIA KI1/]

UDC 621.512

V.E. Shcherba (Omsk State Technical University, Russia)

E-mail: Scherba_V_E@list.ru

Comparative analysis of the effectiveness of the use of recuperative heat transfer and regenerative
heat transfer in reciprocating compressors

A method was developed for determining the mass of compressed gas and the summed indicator
operation of the compressor and pump during compressor operation, both when using regenerative and
recuperative heat exchange. On the basis of a certain mass of compressed gas supplied to the consumer
and the indicator work supplied, coefficients are proposed that characterize the efficiency and economy
of using regenerative heat exchange compared to recuperative heat exchange for compressor cooling.

Keywords: reciprocating hybrid power machine, regenerative heat exchange,
recuperative heat exchange, reciprocating compressor, reciprocating pump, feed rate, indicator
efficiency

MATEPUAJIOBEJEHHUE. 3BAIIIUTA OT KOPPO3UU

YK 620.197.3

P.K. Bacanos, 0-p mexn. nayxk, P.P. Kanmiokos, /[.H. 3aneeanoe, kanouoamot mexn. nayx, K.A.
Hoamynnun, kano. xum. nayk, B.B. Apkoesoit (000 «I'asnpom BHUHUI'A3», 2.0. /lenunckuii, n.
Pazeunka Mockoeckoit 06.11., Poccus)

E-mail: R_Vagapov@vniigaz.gazprom.ru

OueHka BJIMSHUSA MUKPOCTPYKTYPHBIX 0COOEHHOCTEH cTaJieil HA MX KOPPO3HMOHHYIO CTOHKOCTH B
YCJI0OBHSIX NMepepadoTKm rasa, coaep:xamiero CO,

OpHMMH U3 OCHOBHBIX KOPPO3UOHHBIX YCIOBUH MU TiepepaboTKe ra3a sIBISFOTCS YCIOBUS
KOHJICHCAIIUY BJIard B MAapOBOH (pa3e v MepeMEeHHOTO CMauMBaHUS HAa BHYTPEHHEH MTOBEPXHOCTH
obopymnoBanus. [Ipu 3 TOM MUKPOCTPYKTYpa CTalI U COAECPKaHNE HEMETAIUTMUECKUX BKIIOYCHH BIUSIOT
Ha 00pa30BaHME U PA3BUTHE KOPPO3HOHHBIX 1e(DEKTOB yIIICPOJIUCTHIX U HU3KOJICTUPOBAHHBIX CTAJICH.
[TokazaHo, 4TO JOKaNIU3AIHsl YTIAEKUCIOTHOW KOPPO3UU HA CBAPHOM IIIBE CTAIN X65 mpoTekaeT donee
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HUHTCHCHUBHO, YEM Ha OCHOBHOM MCTAJLJIC. HpOBeI[eHHI:Ie Ha pa3pa60TaHH0M CTCHAC UCIIbITAHUA B
YCJIOBHSIX TIEPEMEHHOT'0 CMauyMBaHUsI MIOKa3ajiu, 9To Ha moBepxHOCTH cTay 091 2C nokanbHbIC NeheKThI
B BUJI€ KOPPO3HOHHOTO MUTTHHTa BOZHUKAIOT B MECTaX yHOCA POAYKTOB KOppo3uu. Mopdoorus
(TUTOTHOCTB, CILIONIHOCTH U Ap.) oOpasyromuxcs npoaykToB kopposuu (FeCOs3) Bauser Ha
NOTEHIMAJIbHBIE OapbepHbIE CBOMCTBA MPOIYKTOB KOppo3uu. IIpuMeHeHneM HHruOMTOPOB KOPPO3UU
MpEeaOTBpaAIIACTCA 3apOKACHUC JTOKAJIIBHBIX HOBpG)KI[eHI/Iﬁ CTaJIu IIpH BOB,Z[GfICTBI/II/I cpea, CoAcpiKamunux
CO..

KiroueBble c10Ba: CKOPOCTh JJOKAJTIbHOM KOPPO3UH, CBAPHOM LIOB, YTIJIEKUCIOTHAS KOPPO3HS,
MPOAYKTEI KOPPO3UH, HEMETAINIMYCCKIEC BKIIIOYCHHUS.

UDC 620.197.3

R.K. Vagapov, R.R. Kantyukov, D.N. Zapevalov, K.A. Ibatullin, V.V. Yarkovoi (LLC Gazprom
VNIIGAZ, Russia) E-mail: R_Vagapov@vniigaz.gazprom.ru

Evaluation of the effect of microstructural features of steels on their corrosion resistance under
conditions of processing corrosive gas containing CO,

One of the main corrosive environments in gas processing is the conditions of moisture
condensation in the vapor phase and variable wetting on the inner surface of the equipment. Under such
conditions, the microstructure and the presence of non-metallic inclusions influence the formation and
development of corrosion defects on carbon/low alloy steels. It is shown that the localization of carbon
dioxide corrosion on the welded seam of X65 steel proceeds more intensively than on the base metal.
Tests carried out on a specially designed stand under conditions of variable wetting showed that on the
surface of 09Mn2Si steel, local defects in the form of corrosion pitting occur in places where corrosion
products are carried away. The morphology (density, continuity, etc.) of the resulting corrosion products
(FeCOg) affects their potential barrier properties with respect to carbon dioxide corrosion of steel. The
use of corrosion inhibitors can prevent the initiation of local damage on steel.

Keywords: local corrosion rate, weld seam, carbon dioxide corrosion, corrosion products, non-
metallic inclusions

YK 621.763

O.10. Epenkog, 0-p mexu. nayk, E.I1. /lopogees (Tuxookeanckuii zocyoapcmeenHblil yHugepcument,
2. Xaoaposck, Poccus) E-mail: erenkov@list.ru

I/Icc.neJmBa}me IKCIIYaTAMHOHHBIX CBOICTB OTBEPKACHHDBIX ITOJJUMEPHBIX CBA3YIOIIMUX ITOCJIE
3JIEKTPOMMITYJIbCHOI 00padoTKHN

Hpe)ICTaBJ'IeHBI PE3YIbTATBI SKCIICPUMCHTAJIbHOI'O UCCIICAOBAHW A BIIMAHNA BJIGKTI)O(l)I/ISI/I‘IeCKOI\/'I
06pa6OTKI/I OTBCPIKACHHBIX CUHTCTUYCCKUX TCPMOPCAKTUBHBIX CMOJI Ha UX TTPOYHOCTH U
BOJOIIOTJIOICHHUC. 3KCH€pI/IMCHTaJ'IBHO MOATBCPKACHO MOBBIICHUC ITPOYHOCTU U CHUIKCHUC
BOJOIIOTJIOIICHUA OTBCPIKACHHBIX o6pa3u013 HCCIICAYEMBIX CMOJI ITOCJIC UX 06J'Iy‘IeHI/I}I HaHOCCKYHJAHBIMU
OJICKTPOMAriMTHbBIMHU UMITYJIbCaMH. YcTanosieH paHI/IOHaJ'II)HHﬁ PEXKUM 06J'Iyq€HI/I$I OTBCPKIACHHBIX
CMOJI, ITpH pe€ajin3daliivl KOTOPOTro IJid BCEX UCCICAYCMbIX CMOJI Ha6J'IIOI[aIOTC$I MaKCHUMAaJIbHBIC
MOBBIIICHUEC MPOYHOCTHU U CHUKCHHUE BOJOIOITIOMICHUS.

KiroueBble ciioBa: PCAKTUBHBIC CMOJIBI, TIPOYHOCTD, BJIATrOMOTTIOMICHUC, HAHOCCKYHIHBIC
OJICKTPOMArdHUTHBIC UMITYJIbChI, JUIIOJIbHAA IMOJIApU3alus, STIOKCUIHBIC I'PYIIIIbI, 3(1)I/IpHI>I€ TpyHIibL
UDC 621.763
O.Yu. Erenkov, E.P. Dorofeev (Pacific State University, Khabarovsk, Russia) E-mail: erenkov@list.ru
Study of the performance properties of cured polymeric binders after electropulse treatment

The results of an experimental study of the effect of electrophysical treatment of cured synthetic
thermosetting resins on strength and water absorption are presented. The positive effect of increasing the
strength and reducing the water absorption capacity of the cured samples of the studied resins after their
irradiation with nanosecond electromagnetic pulses has been experimentally proven. The rational mode
of irradiation of cured resins has been established, during the implementation of which, for all the studied
resins, a maximum increase in strength and a decrease in the water absorption index are observed.

Keywords: thermosetting resins, strength, moisture absorption, nanosecond electromagnetic
pulses, dipole polarization, epoxy groups, ether groups
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YK 544.653:620.193.013
K.P. Tapanuyeea, 0-p mexn. nayk (Ilenzenckuii 2ocyoapcmeennlit mexHoa02uieckKuii yHugepcumem,
Poccus); K.B. Tapanyes, 0-p mexn. nayk (Ilenszenckuit cocyoapcmeennutit ynugepcumem, Poccusn);
A.B. Kopocmenesa, kano. mexn. nayk (Ilenzenckuii cocyoapcmeennslilt mexHono2uieckuil
yHnueepcumem, Poccus)
E-mail: krtar@bk.ru
KaTtanutnyeckass aAKTHBHOCTDb H CTOHKOCTD KaTaJIn3aTopoB BOCCTAHOBJICHUS KHCJIOPOAA HA
OCHOBE€ cepeﬁpa H HUKEIA B HICJI0OYHO-3TAHOJBHBIX Cpe€aax

I/ICCJ'IGI[OBaHBI KaTaJIMTH4YecKass akTHBHOCTh M CTOMKOCTD cepe6p>1Hbe 1 HUKCJICBBIX
KaTaJIn3aTOpOB, OCAKACHHLIX HAa PA3JIMYHBIC MCAHBIC ITOAJIOXKKHU, JJIA ITPOBECACHUA PCAKIIUU
BOCCTaHOBJICHHS KHCJIOPO/Ia B 3TaHOJbHO-IIEI09HbIX cpeaax EtOH + KOH + H,0 (pH = 13,1),
MPCAJIOKCHHBIX PAHEC IJIA TPOUCCCa HUSKOTCMIICPATYPHOI'O 3JICKTPOOKHCIICHHA 3TaHOJIA. VCTaHOB.HeHO,
YTO UCXO0AHAada KaTaJIMTNYCCKasd aKTUBHOCTD cepe6pa K BOCCTAHOBJICHUIO KUCJIOpOAa BbICOKAs, OAHAKO
XUMHUYECKON HECTAOUIBHOCTBIO cepe6pa B IICJIOYHLBIX Cp€aax OrpaHUIMnBaACTCA BO3SMOXKHOCTD €TI0
MMPUMCHCHUA AJId HU3KOTEMIICPATYPHOI'O OKUCIICHUS 3TaHOJIAa B CUCTEMC CUJIbHOIICIIOYHBIX 3TaHOJIbHBIX
cpenax. B naHHbIX ycnoBusix 6osee cTaOUIIbHBI KaTaIu3aToOpbl HA OCHOBE HUKEJIEBOU ME€HBI, IPUMEHEHNE
KOTOPBIX Oonee MNEPCHCKTHUBHO, HCCMOTPS Ha MCHBINKMEC TOKH BOCCTAHOBJICHUA KUCJIOPOAA.

KuroueBble cjioBa: KaTaJIM3aTopbl, BOCCTAHOBJICHHUEC KUCJIOpOAa, HICJIOUYHBIC CPCbI, C€p€6p0,
HHKCJIb, OKCUJbI U THAPOKCHUBI KCJIC3a U KoOaibTa
UDC 544.653:620.193.013
K.R. Tarantseva (Penza State Technological University, Russia); K.V. Tarantsev (Penza State
University, Russia); A.V. Korosteleva (Penza State Technological University, Russia) E-mail:
krtar@bk.ru
Catalytic activity and stability of oxygen reduction catalysts based on silver and nickel in alkali-
ethanol media

The catalytic activity and stability of silver and nickel catalysts deposited on various copper
substrates for oxygen reduction in ethanol-alkaline media EtOH + KOH + H,0 (pH=13.1), previously
proposed for the process of low-temperature electrooxidation of ethanol, have been studied. It is shown
that despite the initial high activity of silver in oxygen reduction, chemical instability of silver in alkaline
media limits the possibility of using it for low-temperature oxidation of ethanol in a system of strongly
alkaline ethanol media. Under these conditions, catalysts based on nickel foam are more stable, which
makes them more promising for practical use, despite the lower currents of oxygen reduction.

Keywords: catalysts, oxygen reduction, alkaline media, silver, nickel, iron and cobalt hydroxides
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AHHOTAIUM CTaTel :KypHaIa «XUMH4YecKoe U HepTerazopoe MAaIIMHOCTPOECHUE)
Ne 7-2023

HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATAIIUA

MNPOLUECCHI U OBOPYJIOBAHUE
XUMHUYECKHUX U HE®TET'A30BbBIX TEXHOJIOTI' T
VIIK 62-98
HU.IO. I'onosanos, M.I'. /lacymkun, 0-p mexu. nayk, A.C. Cokonos, kano. mexu. nayk (Mockoeckuii
noaumexnuueckuu ynueepcumem, Poccus) E-mail: igol95@yandex.ru
Biausinue TOJHIUHBI CTEHKH IMMOJIHUIIPOIINJICHOBBIX KOJICI( Pammra n METO0Ja UuX U3roToBJICHUA HaA
MaAaTEePHATOEMKOCTb HACBIITHBIX MAacco00MEHHBIX HacaJaok
[IpoBeneH cpaBHUTEIBHBIN aHAJIN3 METO/I0B M3rOTOBJIEHUs KoJjel Pamura u3 nonunponuieHa (¢
Y4E€TOM PacXOHbIX KO3(DPHUIIMEHTOB B IPOU3BOCTBE U3/ICIUI U3 TEPMOILIACTOB) HA MPUMEPE
MacCcOOOMEHHOM HacaJKu ISl CYIIMILHOM OaIIHu MPOU3BOJCTBA CEPHOM KUCIOTHIL. [IpencraBiieHp
rpa(bnqecxne 3aBUCUMOCTHU U YpPaBHCHUSA PEIrPCCCHUU MACChI HACAJOK U3 IUPOKO NPUMCHACMBIX Ha
IMPAKTHUKEC KOJICIT Pamura AUaMCTpOM 75 MM U 3aBUCHMOCTH MacChl IMOJIUIIPOIIHUIICHA, 3aTPpaYrBaACMOI'0O Ha
WX U3rOTOBJICHUE, OT TOJIIUHBI CTEHOK KOJIeI] (C y4€TOM METO/1a U3TOTOBJICHHUS KOJIEIT).
KuroueBble ciioBa: Hacaaka, KOJIOHHBIH alrapar, KojJbla Pamnra, ITOJIMIIPOITUJIICH,
KOMIIBIOTCpHAd MOACIIb, MacCa HACaAAKH, MCTO/ U3IrOTOBJICHHA, PACXOJHBIC KOB(b(l)I/IIII/IeHTBI
UDC 62-98
1.Yu. Golovanov, M.G. Lagutkin, A.S. Sokolov (Moscow Polytechnic University, Russia) E-mail:
igol95@yandex.ru
Effect of the wall thickness and the manufacturing method of polypropylene Rashig rings on the
material consumption in the production of bulk mass transfer nozzles
The article presents a comparative analysis of the methods of manufacturing Rashig rings made of
polypropylene (taking into account the consumption coefficients in the production of products from
thermoplastics) on the example of manufacturing a mass transfer nozzle of a drying tower for the
production of sulfuric acid. Graphical dependences and regression equations of the mass of mass-
exchange nozzles made of Raschig rings (diameter 75 mm) and the mass of polypropylene for their
manufacture (taking into account the manufacturing method) are presented.
Keyword: mass transfer nozzle, column apparatus, Rashig rings, polypropylene, computer model,
mass transfer nozzle mass, manufacturing method, consumption coefficients

YK 66.096.5
A.B. Muxanés, O.10. Munoeanos, /I.B. Knumos, P.JI. Hcvémun, kanouoamul mexn. nayx, B.C. Kox-
Tamapenxo, A.B. Heovieaee (Tamboeckuii 2ocyoapcmeennslii mexnuueckuii ynugepcumem, Poccun);
@. Tauoom, PhD (Opti’'Tech, 2. Jleinuyuez, I'epmanus) E-mail: penergy@list.ru, fouzi.tabet@gmail.com
HccnenoBanue BJAMAHUSA KaTAJIM3aTOPA HA MPOLECC BJIAKHON TOppeduKanuu OuomMaccol B
KHIISIIEM cJ10e B cpejie MeperpeToro BOASTHOIO napa

[IpoBeneHO cpaBHUTENBHOE HCCIEIOBAHUE TIPOIIECCOB MONYyUEHUsT OMOYTIIS (ChIPhs ISl CUHTE3a
COpOEHTOB) METOJIOM BIAXKHOUW TOppePuKauu CKOPIYIbl GyHIYKA B KUTISIIEM CIIO€ B Cpefie
MIEPETPETOro BOISHOTO Mapa 6e3 HCIOIb30BaHMsl KaTanu3aTopa (OJMBUHOBOIO MIECKA) U C
UCIIOJIb30BaHUEM KaTanuzaropa. [lokazaHo, yTo IpH UCIIOJIb30BAHUN KaTalu3aTopa Mpoliecc BIaKHON
ToppedUKaK HTHTCHCU(DUIIUPYETCS, TIPU ITOM XUMHYECKHUI COCTAB MOJYYEHHOTO OMOYTIISI OCTaeTCs
TaKUM K€, KaK MPHU MPOBEICHUH TIpoIiecca 0e3 KaTaan3aropa.

KuroueBble cjioBa: OM0yToib, BlakHast TOppeduKains, COpOCHTHI, KaTalu3aTop
UDC 66.096.5
A.V. Mikhalev, O.Yu. Milovanov, D.V. Klimov, R.L. Isemin, V.S. Kokh-Tatarenko, A.V. Nebyvaev
(Tambov State Technical University, Russia); F. Taibot (Opti’Tech, Leipzig, Germany) E-mail:
penergy@list.ru, fouzi.tabet@gmail.com

www.himnef.ru - caiit xxyprana «Xumuueckoe 1 Hedrerazosoe MalmmHOCTpOCHHE,
www.intecheco.ru - caiit korbepeHuuii 11 MPpeAnPHATHIl IHEPTeTUKH, METAJUTYPIHH, HE(TEra30Boi 1 XUMHUUYECKOM oTpacJeil


http://www.himnef.ru/
http://www.intecheco.ru/

*HIy,
I < ! AHHOTAIMM cTaTeill KypHaja « XuMHYecKoe H He(pTerazoBoe MaimHOCTPoeHne» 3a 2023 r.

Study of the influence of a catalyst on the process of biomass wet torrefaction in a fluidized bed in
an environment of superheated water steam

A comparative study of processes of biochar production (raw material for synthesizing sorbents)
by means of the wet torrefaction of hazelnut shells in a fluidized bed with superheated steam, both with
and without the use of a catalyst (olivine sand), was conducted. It was shown that the use of a catalyst
intensifies the wet torrefaction process, but the chemical composition of the resulting biochar remains the
same as in the case of conducting the process without a catalyst.

Keywords: biochar, wet torrefaction, sorbents, catalyst

Y]IK 534-8:66.084:628.3

M.C. Mynnakaes, 0-p mexn. nayk, P.M. Mynnakaes, O.b. boonaps, 0-p mexu. nayx (Poccuiickuii
2ocyoapcmeennvtit ynugepcumem negpmu u 2aza umenu U.M. I'yoxkuna, 2. Mockea) E-mail:
mullakaev@mail.ru

Monepﬂnsauuﬂ TEXHOJOI'MM OYUCTKHU IMOA3CMHbBIX BOA HA OCHOBE YJIbTPAa3BYKOBOI'0
rajibBaHOKOAryJISiMmOHHOI0 ME€TOa

Hpe,[[CTaBJ'IeHLI PE3YJIbTAaThbl SKCIICPUMCHTOB I10 yHBTpaSBYKOBOﬁ rajbBaHOXMMHYECKON OUHUCTKE
IIOA3€EMHBIX BO. I[aHI)I PEKOMCHAAIWHA 110 MOACPHU3AINN CUCTEMbI OUUCTKHN (BOIIOO‘H/ICTHI)IX
COOpyX(eHHﬁ) Ha OCHOBC al'[l'[apaTypHO-TeXHOHOFHHeCKOﬁ CXEMBI C UCITOJIB30BAHUEM aBTOHOMHOI'O
YJIBTPA3BYKOBOI'O raJIbBAHOKOAr'YJIIHUOHHOI'O OJ10Ka. HpennaraeMaﬂ TEXHOJIOTHS MOXKET CTaTh OCHOBOM
HOBOI'O IIOAXO0/Ja K pCHICHUIO 3aaa4 I10 OYUCTKE IIOJA3CMHbBIX BO/I.

KiaroueBnle ciioBa: MMOA3CEMHBLIC BOAbI, T'AJIbBAHOXHUMHUYCCKAsA OYUCTKA, IraJIbBAHOKOATr'yJIsITOP,
MAar"ueTurT, YJIbTPA3BYK, YJIbTPA3BYKOBAA aKTUBALIUA, MapPTaHCIL, 06mee KCIIC30, erMHHfI, CTCIICHb
OYMCTKH, alllIapaTypHO-TCXHOJOIMYCCKasaA CXeMa, MOACpHHU3aAllUA OUYUCTHBIX COOp}I)KeHI/Iﬁ
UDC 534-8:66.084:628.3
M.S. Mullakaev, R.M. Mullakaev, O.B. Bodnar (Gubkin Russian State University of Oil and Gas,
Moscow, Russia) E-mail: mullakaev@mail.ru
Modernization of the groundwater purification technology based on the ultrasonic
galvanocoagulation method

The results of experiments to determine the rational modes of ultrasonic galvanochemical
treatment of groundwater are presented. Recommendations are formulated for the modernization of the
existing cleaning system of the enterprise on the basis of the developed hardware-technological scheme,
which provides for the use of an autonomous ultrasonic galvanic coagulation unit. The proposed
technology can become the basis of a fundamentally new approach to solving a wide range of problems
of groundwater treatment.

Keywords: groundwater, galvanochemical treatment, galvanocoagulator, magnetite, ultrasound,
ultrasonic activation, manganese, total iron, silicon, degree of purification, process flow diagram,
modernization of treatment facilities

YK 532.542
A.B. Cmenvikun, C.P. Py3anoe, kanouoamol mexu. nayk, A.A. Cuoazun, 0-p mexu. nayx, /I.M.
byxapoe, EM. Tymanuna (Huscezopoockuii 2ocyoapcmeennvlit mexHu4ecKuili yHugepcumen um.
P.E. Anexceesa, 2. Huscnuit Hoszopoo, Poccus) E-mail: cngh@yandex.ru
JKCNepUMEHTAIbHOE HCCiIeJ0BaHNe THAPABJINYECKOr0 CONPOTUBJICHUS MJIACTHHYATBIX MOy el
TeMJI0MAacCO0OMEHHOI0 YCTPOMCTBA

[IpuBeneHb! pe3ynbTaThl SKCIEPUMEHTAIILHOTO UCCIIE0BAaHUS THIPABINYECKOTO COMTPOTUBIICHUS
TETMIO0OMEHHBIX MOJYJIEH, BXOJISIINX B COCTAB TEMJIOMAaCCOOOMEHHOTO ycTpoiicTBa. [IpoBeneH ananus3
JUTEPATYPHBIX TAHHBIX TI0 U3YYSHHIO THAPABINIECKOTO COMPOTUBIICHHS B OJM3KUX 1O KOHCTPYKIIHA
IUTACTHHYATHIX TeIJI00OMeHHHKaxX. JlaHo onucanue 1abopaTopHON yCTaHOBKH, TPUOOPOB KOHTPOJIS,
METOJUKHU IKCIIepUMeHTa. B pe3ynbTaTe 00pabOTKH SKCIIEPUMEHTAIBHBIX JAHHBIX MOJIYYEHBI
3aBHCUMOCTH KO3 (HUIMEHTa THAPABINIECKOI0 CONPOTUBIIEHHS OT yKcia PelfHombaca 11t Moaynei
pa3IUYHBIX TUNIOpa3MepoB. OmnpeeneHbl 3aBUCUMOCTH ISl pacueTa K03 uIueHTa ruipaBIndeckoro
COIIPOTHUBIIEHUS. Y CTAHOBIIEHO, UTO C yBeIHMUEHHEM uncia PeitHombaca k03 puumeHT ruipaBandeckoro
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COIIPOTUBJICHUSA CHUXKACTCA, C YBCIIMUCHUCM TOJIIUHBEI MOAYJIS — BO3pPAacCTacT. Iloka3zarens creneHu npu
qucie PCI\/'IHOJ'II)I[CE). OIM30K K MMPUBCACHHBIM B JIMTCPATYPEC SHAYCHUAM IJIs IIJIACTUHYATBIX
TEIJI000OMEHHUKOB.
KuroueBble ¢j10Ba: KOHTAKTHEBIE yCTpOﬁCTBa, TEILIOHAITPAXKCHHBIC IIPOLECCHI, TCIJIONEpEaada,
TCII0O0TAAYa, TUAPABINYCCKOC COIIPOTUBJICHHUC
UDC 532.542
A.V. Stepykin, S.R. Ruzanov, A.A. Sidyagin, D.M. Bukharov, E.M. Tutanina (Nizhny Novgorod State
Technical University n.a. R.E. Alekseev, Nizhny Novgorod, Russia) E-mail: cngh@yandex.ru
Experimental study of the hydraulic resistance of plate modules of a heat and mass transfer device
The article presents an analysis of the results of an experimental study of the hydraulic resistance

of heat exchange modules that are part of a heat and mass transfer device. The paper analyzes the
literature data on the study of hydraulic resistance in plate heat exchangers similar in design. A
description of the laboratory installation, control devices, and experimental methods is given. As a result
of processing experimental data, the dependences of the resistance coefficient on the Reynolds number
for various module sizes are obtained. Dependences for calculating the resistance coefficient are
determined. It is established that with the growth of the Reynolds number, the resistance coefficient
decreases. As the thickness of the module increases, the resistance coefficient increases. The exponent of
the Reynolds criterion is close to the values given in the literature for plate heat exchangers.

Keywords: contact devices, heat-stressed processes, heat transfer, heat transfer, hydraulic
resistance
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Onpene.ﬂeﬂne NMPOU3BOJIUTECIBHOCTH POTAIIMOHHOI'0 CMECUTEIA TBEPABIX TUCIEPCHBIX
MOJIMMEPHBIX KOMIIOHEHTOB

Brimmonnen pacueT pOTAIUOHHOTO aIrrapara Ha OCHOBC CTOXAaCTHYCCKOTO IMOAX0Ja K
MOACIINPOBAHUIO TpoHecCa CMCUICHUA TBEPABIX JUCIICPCHBIX MMOJIMMEPHBIX KOMIIOHCHTOB C YUCTOM
0COOEHHOCTEH ABHKCHUA 4aCTHUL KOMIIOHCHTOB B (1)0pMI/Ipy}0H_II/IXC}I Pa3pPEIKEHHBIX IIOTOKAX, B TOM
YHclie 3JIeKTpocTaTndeckoro 3¢ dexra u ctonkHoBeHUH. [IpoBeieHO cpaBHEHNE OTYYEHHBIX
rokazaresei pacdeToOB MPOU3BOAUTCIIBHOCTU U PE3YJIIbTATOB 3KCIICPUMCHTAJIBHBIX HUCIBITAaHUN
1a00paTOPHON YCTAHOBKH C JABYMsI dTallaMHU CMEIICHHUSI KOMITOHEHTOB — SJUTUTICOMIHBIX YaCTHIT
MMOoJIMIpONHIICHA (BTOpI/I‘{HOFO u HepBI/I‘{HOFO) B cooTHotIeHuu 1:9. YcraHoBieHb!: ciadast HETHHENHOCTD
PErpeCCHOHHBIX 3aBUCUMOCTEN MPOU3BOJUTCIIBHOCTHU OT YaCTOTHI BpallICHUSA CMECUTCIIbHBIX 6apa6aHOB;
cirabas KBaApaTU4Hasd 3aBUCUMOCTb CYMMAPHOT'0 pacxoJa KOMIIOHCHTOB OT er'IOBOfI CKOpPOCTH
BparieHus: 6apabaHOB MPH YIOBICTBOPUTEITHLHOM COTJIACUU C ONBITHBIMU JAHHBIMU (OTHOCHUTEIbHAS
HorpemHocThio 5...10 %). YBenuuenue yrioBoii ckopocTH BpaiieHus: 6apadanoB B 1,06 pa3a BiuseT Ha
yBEJIMYEHHUE MPOU3BOAUTENBHOCTH B 1,28 pa3a. YcTaHOBIIEHBI OCHOBHBIE TAPAMETPhI, OKa3bIBAIOIINE
S3HAYUTCJIBHOC BJIUAHNUC HA TPOU3BOJUTCIIBHOCTDb POTAIMOHHOI'O allllapaTta.

KuroueBble ciioBa: cMelIeHHE, pOTALIMOHHBIN CMECUTENb, MPOU3BOAUTEIBLHOCTD, PACYET,
CTOXACTHUYECKHUI noaxon, SKCIICpuMEHT, CpaBHI/ITCJ'IBHHﬁ aHaJln3
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A.B. Kapranova, D.V. Stenko (Yaroslavl State Technical University, Russia);
D.A. Lichak (Yaroslavl State Pedagogical University named after K.D. Ushinsky, Russia) E-mail:
kapranova_anna@mail.ru
Determination of the productivity of a rotary mixer of solid dispersed polymer components

A calculation of the rotating apparatus was carried out based on a stochastic approach to modeling
the process of mixing solid dispersed polymer components, taking into account the peculiarities of the
movement of their particles in the forming rarefied flows, including the electrostatic effect and collisions.
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A comparison was made of the obtained performance calculation indicators and the results of
experimental tests of a laboratory installation with two stages of mixing components, in particular, in a
ratio of 1:9 ellipsoidal polypropylene particles (secondary and primary). The following are observed:
weak nonlinearity of regression dependences of productivity on the rotation speed of mixing drums and a
weak quadratic dependence of the total consumption of components on the angular speed of rotation of
drums, with satisfactory agreement with experimental data (with a relative error of 5...10 %). Including
an increase in the angular velocity of rotation of drums by 1,06 times leads to an increase in productivity
by 1,28 times. The main parameters have been established that have a significant impact on the
performance value of the rotary apparatus.

Keywords: mixing, rotary mixer, productivity, calculation, stochastic approach, experiment,
comparative analysis
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AKKyMyJIﬂTOpr X0J104a ¢ MCIT0JIb30BaHUEM 6I/IHapHOF0 JbJda B CUCTEMAaX KOHAUITHOHUPOBAaHUSA
BO3yXxa

[IpuBeneHbl ccaen0BaHus aKKYMYJIATOPOB X0J10/1a C UCII0JIb30BAHUEM OMHAPHOTO JIbJa B
CUCTCMAaX KOHAWUIIMOHHUPOBAHUS BO3ayXa. PaCCMOTpeHH OCHOBHBIC JOCTOMHCTBA U HEAOCTATKN
pacrpoCcTpaHEeHHBIX CIIOCOOOB MOTyYeHUss OMHAPHOTO Jibjia. PaccMOTpeH BapHaHT YCTaHOBKH JIJIst
MMOJIYy4YCHHUA 6I/IHapHOFO JIbJda METOJ0M BaKYYMHO-BBIHapHOﬁ KpucCTallIn3allhuu. HpI/IBeI[eHBI PEIKUMBI
paboThl reHepaTopa OMHAPHOTO JIbAA U NAPOKOMIIPECCUOHHOIO YHJIIepa (B CPAaBHEHUU) MIPU UX
napauiCJibHOM IHOAKIOYCHHH. Hpezmo;er ONTHUMAaJILHBIA PEKUM pa6OTBI reueparopa 6I/IHapHOFO JIbJa
P €0 UCIOJIb30BAaHUHU B CUCTEME KOHIMIIMOHUPOBAHUS BO3/lyXa s moMmetenuit kadenpsl 94 MI'TY
uM. H.O. baymana.

KuroueBble cjioBa: OMHapHBII Jie1, aKKyMYJIATOpP X0J10/1a, BAKyyM-BbIllapHasi yCTaHOBKA,
reHeparop OMHAPHOTO JIbAa, SKOHOMHUYECKas 3 HEeKTUBHOCTH JIbJIOTCHEpAaTOpa
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Cold accumulators using binary ice in air conditioning systems

This article is aimed at the study of cold storage batteries using binary ice in air conditioning
systems. The main advantages and disadvantages of common methods of obtaining binary ice are
considered. A variant of the installation for obtaining binary ice by vacuum-evaporated crystallization is
considered. The operation modes of binary ice generator and steam-pressure chiller at their parallel
connection are compared. The optimal mode of operation of the binary ice generator for the Department
of Refrigeration Technology of BMSTU is proposed.

Keywords: binary ice, cold storage, vacuum evaporator, binary ice generator, economic efficiency

of ice generator
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AHaJu3 BJMAHHA 00beMa MEPTBOI0 MPOCTPAHCTBA Ha padoune NPOLEeCcChl H XapaAKTEePUCTUKH
MOPIIHEBOM I’MOPUIHON JHEPreTHYECKOM MALMHBI € ABYMS BCACHIBAIOIIMMHU KJIANIAHAMHU
HccnenoBano BiIMsHUE 00beMa MEPTBOTO MPOCTpaHCTBa Ha paboune mporeccel [IMMO/] ¢
JBYMsI BcachbIBaloIMMU KianmaHaMmu. C y4eToM TOro, YTO MPOLEecC 0OpaTHOTO paclIMpeHus B JaHHON
MallliHe MMPOTEKAeT ¢ MePEeMEHHOM Maccoil ra3a, MoJiyueHo BhIpaskeHHUe Ui ONpeieieHusl 00bEMHOTO
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Ko ureHTa mpu NepeMEeHHOM Macce paclIupsIonierocs ra3a. B pesynbrate npoBeaeHHOTO
YUCJICHHOTO SKCIIEPUMEHTA TI0 pa3pabOTaHHOW paHee MaTeMaTHUYECKONW MO YCTAaHOBJICHO BIUSHUE
o0bema MCPTBOI'0 MPOCTPaHCTBA HAa MTHOBCHHBIC UHTCTPAJIbHBIC XaPAKTCPUCTUKN MAIlIMHBI. HOKa3aHO,
4YTO YBCIIMUCHUC o0neMa MCPTBOI'0 MPOCTPAHCTBA MMIPHUBOJUT K YBEJIMYCHUIO JJIMTCIBHOCTH IIpOLECCa
paciupeHus (HECMOTpsl HA YMEHBIIEHHE MACChl pacIIMPSIOLIEr0oCs ra3a), YMEHbUIEHUIO pacxoa
oxnamz[alomeﬁ KUIAKOCTHU, SBHAYUTCIIbHOMY YMCHBLIICHUTO KOB(l)(bI/II_[I/IeHTa nmoga4yu 1 HE3HAYUTCIBbHOMY
YMEHBUIEHUIO HHAUKATOpHOTO n3orepmudeckoro KII/I.

KuroueBble ciioBa: IopiIIHEBasa FI/I6pI/I,I[HaH OHCPreTU4YCCKasd MalirHa, HOpIJ.IHGBOfI KoMIIpeCCop,
MCPTBOC NPOCTPAHCTBO, BcaCBIBaIOH_[I/Iﬁ KJ1allaH, MHAUKATOPpHAad JuarpaMmma, I/IHIII/IKaTOpHHﬁ
nzorepmudeckuii KIT, o0bemMHbIi K03 duineHT, KodhPHUIMEHT TIOTHOCTH, KO3(PGHUIIMEHT MOTauu.
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Analysis of the influence of the dead space volume on the operating processes and performance of a
reciprocating hybrid power machine with two suction valves

The work examines the influence of dead space volume on the working processes of a PDPHPM
with two suction valves. Taking into account that the process of reverse expansion in this machine occurs
with a variable mass of gas, an expression is obtained to determine the value of the volume coefficient
with a variable mass of expanding gas. As a result of a numerical experiment using a previously
developed mathematical model, the influence of dead space volume on the instantaneous integral
characteristics of the machine was established. It is shown that an increase in dead space leads to an
increase in the duration of the expansion process despite a decrease in the mass of the expanding gas, a
decrease in coolant consumption, a significant decrease in the flow coefficient and a slight decrease in the
indicator isothermal efficiency.

Keywords: piston hybrid power machine, piston compressor, dead space, suction valve,
indicator diagram, indicator isothermal efficiency, volumetric coefficient, density coefficient, flow
coefficient
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KaTaianTnyeckass akTHMBHOCTb M CTOMKOCTH KaTAJIU3aTOPOB OKUCJIEHHUS ITAHOJIA HA OCHOBE
NepexoAHbIX MeTAJJIOB U IINMHeJ el MepexXoHbIX MeTAJIOB
B IIEJI0YHO-ITAHOJBHBIX Cpeaax

[IpencraBnensl pe3ynbTaThl UCCAEAOBAHUS KATATUTUUECKON aKTUBHOCTH MEJIHBIX 3JIEKTPO/IOB, B
TOM YHUCJIC ITO30JIOUYCHHEBIX, C IOKPBITUAMU HA OCHOBC HUKEIEeBOH ICHBI, OKCHUJIOB U TUAPOKCHUIOB KECJIC3a
¥ K00ambTa B CUJILHOIIEIOYHBIX STAHOJIBHBIX CpeAax AJsi HU3KOTEMIIEPATyPHOTO OKHCIEHUS 3TaHOIA.
yCTaHOBJ'IeHO, YTO HHUKCJICBLIC IICHBI C OKCHUJIAMH U TUAPOKCHIAMU KEJI€3a U KO6aJ'II)Ta, OCa’XC€HHBIC Ha
MEIHOU TIOJITI0kKKE, 00JIee aKTUBHBI B PEAKIIUIX OKHCIICHUS ATAHOJIA U TIEPCIIEKTUBHBI IJIsl IPUMEHEHUS B
TOIUIMBHBIX DJIEMEHTAaX. AHAJOTUYHEIE IIC€HBI, OCAXJICHHBIC Ha MC}IHOf/i IIOJJIOXKKE C TAJIbBBAHNYCCKUM
CJIOEM 30I10Ta, O0Jiee MePCIEKTUBHEI JIJIsl YCTAHOBOK Pa3JI0KEHHS BOJIBI, TAK KaK 00eCTIeYnBAIOTCS
BBICOKHE TOKU OKUCIIEHUS KHCIOPO/Ia.

KuroueBble ci10Ba: Katanu3aTopbl, HU3KOTEMIIEPATYPHOE SJIEKTPOOKUCIECHUE OKUCICHUE
OTaHOJIa, HUKEJICBAA II€HA, OKCHUJbI U TUAPOKCUBI KEJI€3a U HUKCIIA
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Catalytic activity and stability of ethanol oxidation catalysts based on transition metals and
transition metal spinels in alkaline-ethanol media

The results of a study of the catalytic activity of copper electrodes, including gold-plated ones,
coated with nickel foam, oxides and hydroxides of iron and cobalt in strongly alkaline ethanol media for
low-temperature oxidation of ethanol, are presented. It is concluded that nickel foams with oxides and
hydroxides of iron and cobalt deposited on a copper substrate are more active in ethanol oxidation and are
promising for use in fuel cells, while the same foams deposited on a copper substrate with a galvanic gold
layer are more interesting for decomposition installations. water, providing high oxygen oxidation
currents.

Keywords: catalysts, low-temperature electrooxidation, ethanol oxidation, nickel foam, oxides
and hydroxides of iron and nickel
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/.C. [loneun, H.C. I'yoanos, kano. mexu. nayx, IO.b. /laspenmues, kano. mexu. nayk, A.E. Jlebeoes,
0-p mexH. Hayk (Apocnaeckuit zocyoapcmeennwvlii mexnuueckuii ynugepcumem, Poccua); #1.B.
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MoaepHu3anusi IPOTEKTOPHOI IKCTPY3NOHHOI TOJT0BKH [1JIs1 YepBAYHOI Mammubl MUX-200

[IpoBeneH pacyer ruApoIMHAMUKN 0a30BOM SIKCTPY3UOHHOM rOJIOBKY YepBAYHONU MammHbl MUX-
200 ¢ mpumenenuem ANSYS. Jli1st MotepHH3aLUH TOJIOBKH MPEIOKEHO MTPUMEHEHHE IITH(TOBOM
OKCTPY3HUH. MCTOIIOM HaIIpaBJICHHOI'O IIOHCKa pa3pa60TaHa HOBast Oojiee MpOCTasd KOHCTPYKI M I'OJIOBKH.
[Ipu cpaBHEHUU TaHHBIX O paclpeesIeHuU CKOPOCTEW TeUeHUs MaTepHraiia JJisg 0a30Boi U HOBOM
KOHCTPYKIUH TOJIOBKH MOATBEpkIeHa 23P(EKTUBHOCTh BHEAPEHUS ITU(PTA B SKCTPY3UOHHYIO TOJIOBKY
HOBOW KOHCTPYKIHH.

KuroueBble ciioBa: MMOJIMMEPBI, pE3HUHA, IKCTPY3UA, SKCTPY3UOHHAA I'OJIOBKA, I.HTI/I(i)T,
M30KOHTYPBI CKOPOCTEM, S0P OTHOCUTENIBHBIX CKOPOCTEN
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D.S. Dolgin, I.S. Gudanov, Yu.B. Lavrentiev, A.E. Lebedev (Yaroslavl State Technical University,
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Modernization of the tread extrusion head for the MCH-200 worm machine

Hydrodynamics of the existing basic extrusion head of the MCH-200 worm machine were
calculated using ANSYS. It is proposed to use pin extrusion for modernization of the head. A new
simpler head design has been developed using the directional search method. When comparing data on
the distribution of material flow rates for the basic and new head designs, the efficiency of the pin
insertion into the extrusion head was determined.

Keywords: polymers, rubber, extrusion, extrusion head, pin, velocity isocontures, relative
velocity plot
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Biusinue CKOpPOCTH MpeccoBaHMs MOPOIIKO00Pa3HbIX MATEPHAJIOB HA POU3BeAeHNe
K03(puIMEeHTAa BHELIHEr0 TPeHus U Ko3(ppunuenTa 60KOBOro 1aBjaeHHUA

Pazpaborana maTemaTuyeckast MOJIENb, OTpaKaroIas BIUsHAE (DAKTOPOB JaBICHUS U CKOPOCTH
Ha U3MEHEHUEe NMpou3BeAcHUs Ko PUIlMeHTa BHEIIHETO TPEHUS U KA PuImeHTa 00KOBOTO JaBICHUS
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IPY IPECCOBAHUM MMOPOLIKOOOPA3HBIX MaTepPHUaIOB B 3aMKHYTOM MaTpuIe. Tak Kak CKOPOCTH
IMPECCOBAHUA B SaMKHYTOﬁ MaTpue JO0CTAaTOYHO MaJlbl, B MOJCIN YYTCHO TOJBKO BIMAHHUEC CKOPOCTH
CKOJIBXKEHUS (TIpeccoBaHms) Ha Ae(POPMAITMOHHYIO COCTABIISIIOILYIO IIPH PacyeTe COMPOTUBIICHUS CIIBUTY.
O6pa60TKa OKCIICPUMCEHTAJIBHBIX JAaHHBIX ITPOBEACHA 110 METOAY HAMMCHBIIINX KBaApPaTOB C
MIPUMEHEHUEM JINHEMHON PErPECCHOHHON MOJENH TPEThEro nopsaka. Ilo pesynbratam
KOppEIIIOIUOHHOI'O aHAa/IM3a YCTAaHOBJICHBI CUJIbHAs B3aUMOCBSA3b ITPOU3BEACHU A KOS(l)(bI/II_II/IeHTa
BHEIIIHETO TPeHUs U K03 puirienTa 00KOBOTO JaBJICHUS C PSKUMHBIMU TTapaMeTpaMu MPEeCCOBAHUS
(I[aBJ'IeHI/IeM u CKOpOCTI)IO), a TaK>XX€ HE3aBHCHUMOCTb (baKTOpOB CKOpPOCTH U JAaBJICHUSI.

KuroueBble ¢JIoBa: MOPOIIKOOOPA3HBIN MaTeprall, IUIOTHOCTD, JIaBIIEHUE, CKOPOCTh
npeccoBaHusl, KO3 OUIIMEHT BHEITHETO TPEeHHS, KO3(PPHUIIMEHT OOKOBOTO JaBJICHHUS, paCIIPECIICHHIE
HaIpsHKEHUN
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V.Yu. Arkhangelsky (Moscow Polytechnic University, Russia, Applied Chemistry R&D Institute JSC,
Russia); I.N. Shestakov, S.V. Shibanov (Applied Chemistry R&D Institute JSC, Russia); E.E.
Kazakova (Moscow Polytechnic University, Russia)
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Effect of the velocity of pressing of powder materials on the product of the external friction
coefficient and the lateral pressure coefficient

Mathematical model is developed, which describes the influence of factors of pressure and
velocity on changes in the product of the external friction coefficient and the lateral pressure coefficient
during powder materials pressing in a closed die. As the velocities of pressing in a closed die are rather
low, this model takes into account the influence of only the velocity of slipping motion on the
deformation component in shear strength calculations. Processing of experimental data was performed
according to the least squares method using a linear regression model of the third order. The results of
correlation analysis demonstrate strong interaction of the product of the external friction coefficient and
the lateral pressure coefficient with pressing modes (pressure and velocity) as well as independence of
factors of velocity and pressure.

Keywords: powder material, density, pressure, the velocity of pressing, the external friction
coefficient, the lateral pressure coefficient, stress distribution
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2008 ropa - cMm. Ha cauTe http://www.intecheco.ru/

Mpumepbl BUAEO npeablayLimx KoHdepeHumi cm. Ha YOUTUBE: https://www.youtube.com/@intecheco

OaTbl npoMbilneHHbIx koHdepeHunn 000 «kMHTEX3KO»:

29 mapTa 2023 r. - XIV MexoTpacneBas koH¢pepeHunsa «kKAHTUKOPPO3UOHHAA 3ALLUTA-2023»
6 uroHA 2023 r. - XV Bcepoccuiickas koHcpepeHuma « PEKOHCTPYKLUUA SQHEPTETUKU-2023»
26 ceHTAGOpAa 2023 r. - XVI MexxayHapoaHasa koHdepeHuusa «NMbIJIEFTA3SO0OYUCTKA-2023»

31 okta6psa 2023 r. - XIV MexoTpacneBas koHdepeHuusa «BOOA B MPOMbILLUITEHHOCTU-2023»

27 mapTa 2024 r. - XV MexoTpacneBasi koH¢pepeHuna «kKAHTUKOPPO3UOHHAA 3ALLUTA-2024»
5 utoHA 2024 r. - XVI Bcepoccuiickas koHgpepeHumsa « PEKOHCTPYKLUUA SQHEPTETUKU-2024»
25 ceHTAOps 2024 r. - XVII MexxayHapoaHas koHdepeHuus «MbINIEFTA3O04YUCTKA-2024»

30 okTA6psa 2024 r. - XV MexoTpacneBas koHdepeHunsa «BOOA B MPOMbILUITEHHOCTU-2024»

29 mapta 2023 r. - XIV MexotpacneBasa koHdepeHuna AHTUKOPPO3UOHHAA 3ALLINTA-2023

KoHdepeHuma «AHTUKOPPO3MOHHAA 3ALLNTA» exerogHo npoeogutcas OO0 «MHTEXBKO» ¢ 2010 roga u
NnocBsilleHa OEeMOHCTpaUuM MPOMbILLNEHHBLIX MaKOKpacoYHbIX MaTepuanoB, HOBbIM TEXHOMOMMSIM, Kpackam U
mMaTtepuanam Ans 3awutbl OT KOPPO3WM, OrHe3alMTbl U U30NSUMK, SMEKTPOXMMUYECKMM MeTogam 3aluuThl,
npmbopam KOHTPONs KavyecTBa MOKPbITUMI, COBPEMEHHOMY OOOpyAOBaHUIO Ans NOAFOTOBKM MOBEPXHOCTU U
oKpacku, Borpocam MpOMbILLNEHHON 6e30MacHOCTU, pelueHUsM O YCUMEHUS U BOCCTAHOBIEHUSI 34aHUR,
COOPYXEHMWI N TEXHONOMMYECKOro 060pPYyA0BaHNS MPOMbILINIEHHbIX NPeanpuUaTUi.

= v [

www.himnef.ru - caiit xxyprana «Xumuueckoe 1 Hedrerazosoe MalmmHOCTpOCHHE,
www.intecheco.ru - caiit korbepeHuuii 11 MPpeAnPHATHIl IHEPTeTUKH, METAJUTYPIHH, HE(TEra30Boi 1 XUMHUUYECKOM oTpacJeil


http://www.himnef.ru/
http://www.intecheco.ru/
http://www.intecheco.ru/
https://www.youtube.com/@intecheco
http://www.intecheco.ru/anticor/

+HIy,
W AHHOTAIMM cTaTeill KypHaja « XuMHYecKoe H He(pTerazoBoe MaimHOCTPoeHne» 3a 2023 r.

6 uoHa 2023 r. - XV Becepoccumckasa koHdepeHuma PEKOHCTPYKLUINA SHEPTETUKU-2023
Bcepoccuiickaa koHdepeHumnss «PEKOHCTPYKUMA 3SHEPIETUKW» exerogHo nposogutcs ¢ 2009 roga wu
MOCBSILLIeHa BOMpocaM MPOEKTUPOBaHWUA W CTPOUTENbCTBA MPEeAnpUATUN SNEKTPOIHEPreTUKU, PEeKOHCTPYKLUK
anekTpoctaHuun - TOLU, T3C, NTPAC, ASC n N3C, npumepam moaepHU3aunm TypobuH, KOTIOB, FOPENoK, rpagupeH
n apyroro obopynoBaHus, npudopam KUIM u cuctemam aBToMaTm3aumm, 000pyaOBaHUIO CUCTEM BEHTUNSALMN U
rasoounCTKM, BOJOMOArOTOBKM W BOAOOYWUCTKW, akTyarnbHbIM BOMpPOCaM WMMOPTO3aMeLLeHUs U BHeOpPeEHUs
COBpPEMEHHOro BCnomoratensHoro obopyaoBaHuMs — HacoCOB, KOHBEWepoB, KOMMNEHCATOpoB, apMaTyphbl, Tpyo,
TENNooOMeHHMKOB, CPeACTB 3alluTbl NepcoHana, maTtepvanoB ANns OrHe3alnTbl U aHTUKOPPO3MOHHOWM 3aluUunThl,
MPOMBILLMIEHHOW M 9KONOrnyeckon 6e30nacHOCTM 3NEKTPOCTaHLUNIA.

MoapobHee - cMm. canT koHpepeHumun «PEKOHCTPYKUNA SHEPTETUKN» - www.intecheco.ru/energo/

26 ceHTA6pa 2023 r. - XVI MexayHapoaHasa koHdepeHuums MbINTIEFTA30O0YUCTKA-2023
C 2008 roma OO0 «NHTEX3KO»  exerogHo  npoBoauT  MexagyHapoaHyl  KOHepeHUMto
«MbINEFA3OO0YNCTKAY», NOCBSLLEHHYI0 BONPOCaM ra3oodnCTKN BO BCEX OTPACIIAX MPOMbILLIIEHHOCTH.

Okonornyeckas koHdepeHums «MbINEFTASOOYNCTKA» KOMNNEKCHO OXBaTbiBAET OCHOBHbIE peLUeHusT U
obopynoBaHue Anga 3awmTbl aTMOCeEpbl OT MPOMbILLIIEHHbBIX BbIOPOCOB: 3NEKTPOMEXaHUYECKUEe, XMMUYECKME,
ovonormyeckne u gpyrme TEXHOMOMMM OYUCTKM Ta3oB OT MbinW, 30Mbl, OUOKCUOA Cepbl, OKUCIOB as30Ta,
cepoBoJoOpoa, MepkanTaHOB W OPYrMx BpeaHbIX BELLECTB; COBPEMEHHbIE KOHCTPYKUMWM 3NEKTPOPUbLTPOB,
pyKaBHbIX UNbTPOB, CKpybbepoB, LMKNOHOB, TpyO BeHTypu; cucTembl nNblnenogaBneHusl; NPOMbILUIEHHbIE
MbINeCcoCbl; CUCTEMblI BEHTUMALMM W KOHOULMOHWPOBAHUA; COBPEMEHHbIE (UNbTPOBanbHbIE MaTepuansl;
npuMMepbl PEKOHCTPYKLUUM  YCTAHOBOK Fa3004MCTKM Ha MPEeAnpUATUSIX pasfMyHbIX OTpacriel NpOMBbILLSIEHHOCTH;
abdeKTUBHOE BCNoOMoraTenibHoe 0b6opyaoBaHWE - BEHTUIIATOPbI U ObIMOCOCHI, KOHBEWEPbI, AbIMOBbIE TPYOHI,
KOMMNeHcaTopbl, Hacocbl, apmaTypa, CUCTEMbl 3KOMOMMYECKOro MOHMTOPMHra, nbifieMepbl, ras3oaHanu3aTtopsl,
pacxogomepbl, ACYTI1 rasoo4ucTku, arperatbl NMUTaHUS 3NeKTPoMIbLTPOB; 3anacHble 4acTM K pPyKaBHbIM
dunbTpam 1 anekTpodunbTpam; HecTaH4APTHOE ra3oo4uncTHoe obopyaoBaHue.

MoppobHee - cMm. canT koHdepeHuun «MbINEFASOOYNCTKA» - www.intecheco.ru/ecolog/

31 okTa6psa 2023 r. - XIV MexoTpacneBas koHdepeHuusa BOOA B MPOMbILLITEHHOCTU-2023
MexoTtpacneBas koHdepeHuma «BOOA B MPOMBIWIEHHOCTW» nposogutca ¢ 2010 roga v nocesleHa
MoAEepHM3aUMM CMCTEM BOAOMNONb30BaHWUS, BOAONOATOTOBKW, BOAOOYUCTKA M BOAOCHAGXKEHUSI MPOMbILLNEHHbIX
npeanpuatuin. Llene koHdepeHuun - cnocobcTBoBaTb BHEAPEHUIO HOBLIX TEXHOMOrMM u obopynoBaHWus Ans
BOLOMNOArOTOBKA W BOOOOYMCTKM, COBPEMEHHbIX PEeLUeHUA AMs OYUCTKM CTOYHbIX BOA, NPUBOpPOB KOHTPONS
KadecTBa M pacxofda BOAbl, CUCTEM aBTOMaTMU3aUUN BOAOOYUCTKU, COBPEMEHHBIX peareHToB, TpyG, apMaTypsl,
KOMMNeHcaTopoB, HACOCOB U Apyroro obopynoBaHus Ansa adeKTUBHOIO BOAOCHaGXeHNS.

www.himnef.ru - caiit xypHana «Xumuueckoe u HedrerazoBoe mammHocTpoeHue»,
www.intecheco.ru - caiit KoH(bepeHIHil I PEANPUATHI SHEPTETUKH, METALTYPTHH, HE(DTEra30BOM U XMMHUUYECKOM OTpaciei


http://www.himnef.ru/
http://www.intecheco.ru/
http://www.intecheco.ru/energo/
http://www.intecheco.ru/ecolog/

W AHHOTAIMM cTaTeill KypHaja « XuMHYecKoe H He(pTerazoBoe MaimHOCTPoeHne» 3a 2023 r.

27 mapTa 2024 r. - XV MexoTpacneBas koH¢pepeHuna «kKAHTUKOPPO3UOHHAA 3ALLNTA-2024»
5 utoHAa 2024 r. - XVI Bcepoccuimckas koHdpepeHumsa «PEKOHCTPYKUUA SHEPTETUKU-2024»
25 ceHTA6ps 2024 r. - XVII MexxayHapoaHas koHdepeHuus «MbINIEFTA3SO0O4YUCTKA-2024»

30 okTa6pA 2024 r. - XV MexoTpacneBasi KoHepeHuus «BOOA B MPOMbILUIIEHHOCTU-2024»

[na pernctpauumn y4acTusi oTnpaeBbTe CKaH NOAMNMCAaHHOW 3asBKM Ha an.noyty: admin@intecheco.ru

Mo Bcem Bonpocam obpaltantech kK opraHusatopy koHdepeHumnm - 000 «MHTEX3KO»:

105613, r. Mockea, Mamannosckoe Lwocce, a. 71, k. 4-1, OO0 «MHTEX3KO»
EpmakoB Anekcernt Bnagmumuposuy, T.: +7 (905) 567-8767,
e-mail: admin@intecheco.ru, intecheco@yandex.ru

CtoumocTb u rpadpumk koHpepeHumnn OO0 «MHTEX3KOy: http://www.intecheco.ru/doc/plan_intecheco.pdf
YOUTUBE-kaHan koHdepeHumii OO0 «MHTEXSKO»: https://www.youtube.com/@intecheco
C6opHukn koHdepeHumn OO0 «MHTEXOKO» ¢ 2008 roga: http://www.intecheco.ru/catalog/sbornik.html

Cant npombiwneHHbIX kKoHgdepeHumn OO0 « MHTEX3KO»: http://www.intecheco.ru/

www.himnef.ru - caiit xypHana «Xumuueckoe u HedrerazoBoe mammHocTpoeHue»,
www.intecheco.ru - caiit KoH(bepeHIHil I PEANPUATHI SHEPTETUKH, METALTYPTHH, HE(DTEra30BOM U XMMHUUYECKOM OTpaciei


http://www.himnef.ru/
http://www.intecheco.ru/
http://www.intecheco.ru/
http://www.intecheco.ru/
http://www.intecheco.ru/doc/plan_intecheco.pdf
https://www.youtube.com/@intecheco
http://www.intecheco.ru/catalog/sbornik.html
http://www.intecheco.ru/

