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Extreme operating conditions of mining equipment (abrasive dust, high humidity,
shock and vibration loads, a wide temperature range) limit the service life of traditional
lubricants and seals. This article presents an analytical review of the physicochemical,
rheological, and tribological properties of magnetic lubricating fluids (MLFs) as a class of
"smart" fluids and lubricants. Based on a critical analysis of the work of Russian and
international authors, this article systematizes data on the influence of magnetite nanoparticle
concentration, magnetic field parameters, and friction pair materials on the friction
coefficient, wear, and load-bearing capacity of MLFs. The article summarizes the results of
experimental tests of MLFs in magnetic fluid plain bearings, shaft seals, belt conveyor rollers,
drilling tools, gearbox gears, as well as in magnetic separation processes, magnetoflotation,
cutting fluids, and hydraulic fracturing. The tabular presentation presents quantitative
indicators for reducing rotational resistance (up to 73 %), increasing water resistance
(retaining properties after 24 hours in coal slurry), increasing service life (by 1,6...7 times),
gold recovery during magnetic flotation (92...97 % versus 75...82 %), and reducing cutting
tool wear (by 50...70 %). Key promising areas are identified: large-gap seals (up to 0,8 mm),
hybrid "lubrication and sealing" systems, adaptive magnetorheological dampers, and
intelligent monitoring systems for magnetic fluid condition. A forecast for technology
development through 2035 is provided.

Keywords: magnetic fluid, ferrofluid, tribological properties, magnetic fluid bearing,
magnetic fluid seal, belt conveyor, roller bit, magnetoflotation, cutting fluid, magnetite
nanoparticles.
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CraThsl TIOCBSIIIEHA WCCIENOBAHHIO HWCTCUCHHS 3arpsA3HEHHOTO IOTOKAa TIpH
YCTpaHEHUHM 3acopa B TpyOax-MoOCTax, HCIOJNb3YeMBIX INpPH J00bIYe TOPQPSHOTO CHIPHSL.
3acopeHue TpyOONmpoBOJOB (MJIOM, JPEBECHBIMU M TOPPSHBIMU OCTaTKaMH) MPUBOAMUT K
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MOJAMOPY BOJBI B KapTOBBIX KaHajaX U CHIKEHUIO 3ddextuBHOCTH 100b1un. M3ydeHo
W3MEHEHUE THUJIPABIMYECKUX TMapaMeTpoB (aBJICHUS, CKOPOCTH, pacxoja) MOTOKa Mpu
TUAPOIMHAMUYECKOW MPOYHUCTKE, OleHeHa 3(QexkTuBHOCTH Meroaa. s 3Toro cosjmana
nabopaTtopHas YCTaHOBKa, MOJENMpyollas Ipolecc HcTredeHus. I[IpuMeHeHbl 3aKOHbI
TUAPABIMKU JJIS HAMOPHBIX TPYOOINPOBOAOB, BBIMOJHEHBI THUAPABINYECKHE PaCUeThl I10
YpaBHEHUIO bepHymM, NpOBENECH aHAIU3 OSKCIEPUMEHTAJIbHBIX JaHHbIX. BbIABIEHA
3aBHCHMOCTb JIaBJICHUS HA BBIXOJIE OT IUIOTHOCTU MOTOKA U KOH(UTYpaIU CEUeHUs, a TaKxKe
MOATBEPXKJCHO BJIUSHUE MECTHBIX CONPOTHUBICHUH. Pa3zpaboTanbl pexkoMeHAAIMu TIO0
ONTUMM3AIMU OOCITYKUBAHUS TPYO-MOCTOB JJIsl MOBBIINICHUS HAJAEKHOCTH OCYIIUTEIbHBIX
CUCTEM.

Knrouesvie cnosa: nobObiua TOpPSHOTO CHIPBS, TPYOBI-MOCTHI, 3arps3HEHHAsl Macca,
Tpauuies, ypasuenue /. bepHysim, BRIXOAHOE ceueHue, HaOPHbIN TPyOOIPOBO/I.

BBEJIEHUE

IIpu noGbiye TOP(AHOrO ChIpb MNPUMEHSIOT TPYOBI-MOCTBI, CIIy)Kallue JJis
CBOOOJHOTO TPOXOJa BOJABI M OTBOJA BJAard W3 KapTOBOW ceTH B BajioBylo. J[lanHas
KOHCTPYKLIUSI IpeACTaBisieT co0OW ceTb M3 TPyOONPOBOJOB, 3aCHIIAHHBIX B TPAHILCK B
pe3yibpTaTe 3aBEPIIAOIIETo dTana OA3EMHOM IPOKIIAIKY HHKEHEPHOU KOMMYHUKaluu. [Ipu
9KCIUTyaTalldd CUCTEMa YacTUYHO MJIM IIOJHOCTBIO 3arpsi3HAETCS WIOM, JApPEBECHBIMU
OCTaTKaMM, YTO MPHUBOJUT K IMOANOPY BOJAbI B KapTOBBIX KaHanax. [logHsATHE YpOBHS
IPYHTOBBIX BOJ| MPAKTUYECKU A0 IOBEPXHOCTH YCIOXKHSAET paboTy TOP(SHBIX MAaIlUH U
YBEJIMYUBAET BPEMs CYILKH B MOJEBBIX YCIoBUsX [1, 2].

IIpouncTKy TpyOOIIPOBOIOB OCYIIECTBIAIOT CHELMAIbHBIMU MAIIUHAMU, Y KOTOPBIX B
KayecTBe pabodero opraHa MOTYT HCIIOJIb30BAaTHCS THAPOBUOpPAIIMOHHAS T'OJOBKA (MallnHA
I[ITM-1), rumpaBaumveckas npoOka wiau nutanr co crtpenoit (IITM BI2, MTII-34 —
IpULIeNIHble MamuHbl K  Tpakropy MT3-1021). bonee mnomynasipHbl MalluHBL C
THJIPOAMHAMUYECKUM MPUHLIUIIOM paloThl. ['uapaBnnyeckas npodka ¢ pe3sMHOBOM kamepoi
NpUKpEIieHa K METAIUTMYECKOMY OCHOBaHMIO. K mpoOKe MprCcOoeIuHEH UTAHT, 10 KOTOPOMY
1oJ1 IaBjieHneM rozgaetcs Boaa (puc. 1) [3].

Puc. 1. Mamuna [1TM BI'-2 npunensas k tpakropy MT3-1021

[lpuHuMn [nefcTBUS MalIMHBI 3aKJIIOYAETCs B CO3JaHUM HM30BITOUHOTO JIaBJICHUS
NIOTOKAa BOJbI, HampasieHHOro Ha 3acop [l]. IIpm compuKOCHOBEHMM IIOTOKAa BOIBI C
MTOBEPXHOCTBIO 3aCOpa BO3HHMKAET THJPABIMYECKHNA yIap, COMNPOBOXKIAIOIIMICT pPE3KUM
MOBBILICHUEM [JABJICHMSI M 3aCTaBIAIOLIMN 3arpsA3HEHHYI0 MacCy IEpeMelaTbCcsi BHYTPH
TpyOOIIpoBOJa 70 BBIXOJA B OKpyxkawiyto cpeay. [locie compukocHOBEeHUsI BoJa U Macca
YaCTUYHO CMEIIMBAIOTCS, YTO JEJIaeT 3acop MEHee IUIOTHBIM. 3arpsi3HEHHBIM IOTOK
nepeMeniaeTcss BHyTpu TpyOOmnpoBo/ia B BHJIE JKUIKON CYCIEH3MH. 3aCOp MOXKET YaCTHYHO
WIN TIOJTHOCTBIO TIEPEKphIBaTh JKMBOE ceueHue TpyOorpososa [4]. B MOMeHT yaapa MOTOKY
BO/AbI TpeOyeTcss mepenaTh 3acopy JaBleHUe, HeoOXOauMoe sl MPEOJOJIEHUs CHJI
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COTIPOTUBIICHUS MEXAY CTCHKaMH TPpyOOIrpoBoaa U 3acopoM (puc. 2). [lockonabKy Ha BBIXOJIE
U3 TpyOompoBoaa HaOIIOAAETCs BHELIHEE N3MEHEHHE THIPABINYECKUX MMapaMeTpOB MOTOKa,
MOYKHO TPEIIOJIOXKHUTh pa3jiMdhe MapaMeTpoB HAa BXOAC M BBIXOJE W3 JKUBOTO CEUYCHUS
TpyOomnpoBoOa.

Tpydonpobod Jacap

Fz‘onp

( Unanz

( flomaok Bod

Beixadroe ceqerte /

Puc. 2. MOMEHT COITPUKOCHOBEHHsI [TOTOKA BOJIBI M 3aCOPa BHYTPHU TPyOONpPOBOIa
TIPH TIOJTHOM IEPEKPBITHH KUBOTO CEYEHHS. Fiopp — CHIIA COMPOTHBIEHHS
MEXy IIOTOKOM BOJbI U BHYTPEHHEH MOBEPXHOCTHIO TPYOOIPOBO/IA,

Fi,B — CHJIa JABJICHUS [IOTOKA BOJIbI

MATEPHUAJIBI U METObI

Jl1ig viccneioBaHus TaBJICHHS U CKOPOCTH Ha BXOJIE U BBIXOJIE M3 BBIXOJHOT'O CEUCHUS
TpyOONIpOBOJAa CKOHCTPYHpPOBaHA Ja0OpaTopHasi YCTAaHOBKA, COCTOSIIAsh W3 JKECTKOTO
HAIlOPHOTO  TPYOOIIpOBOJA TMOCTOSIHHOTO cedeHus 1, pacxomomepa 2, BHIEO- U
¢dorokameps! 3, G€IOr0 MaTOBOTO IUIACTHKOBOTO HIMTa 4, JaMIbl 5; B KadecTBe paboueit
JKUJIKOCTH B3siTa Bojaa (puc. 3).

Kectkuii HamopHBIM TPyOONPOBOJ] YCTAHOBJIEH MEXKIY IUIACTUKOBBIM IMUTOM H
JaMron TakuMm o0pa3oM, yTOObI T€Hb OT HETO, MaJarollas Ha IIUT, UMeNa JeWCTBUTEIbHOE
nzobpaxenue. [[ns u3smMepeHus pacxoia BOJbl Ha TPyOONpPOBOJIE YCTAHOBJIEH OOBEMHBIN
pacxogomep. Psyom ¢ nmammoii 3akperniieHa Bujieo- U ¢Gorokamepa A (PUKcAlMd MOMEHTa
UCTEUEHUS KUJKOCTU U3 BBIXOJHOIO CEYEHMsSI B OKPYXKAIOILYIO Cpely U U300paKeHUU TEHU
Ha 6esoM 1uTe. MHOTOKPATHBIM ONBIT MO3BOJIMII MOMYYUTh H300paxKeHus mpoduiel moToka
KUJKOCTH Ha BBIXOJIE€ U3 BBIXOIHOTO CEUEHUs TpyOOIpoBoa.

7

Puc. 3. Cxema nabopaTopHOil yCTaHOBKHU
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PE3YJIbTATBI UCCJIEJOBAHUSA
PaccmoTpuM /1Ba JKMBBIX CEUEHHMS, PACIIOJIONKEHHBIX MEpe] BBIXOJHBIM CEUYCHHUEM
TpyOoIpoBoJa U cpa3zy mocie Hero. Uepes meHTp xuBoro cedyeHus: O mpoBeneM IMIOCKOCTh
cpaBHeHus O-O U NpsAMOYroibHYI KoopauHaTHyo IuiockocTh XOY (puc. 4). B momeHT
UCTEUEHUS KUIKOCTU U3 BBIXOAHOIO CEYEHHsI CTPYs BOJBI HA IPaHUIIE C Ta30M UMeeT popmy
C HEpPOBHBIMU KpasMH, YTO CBHJIETEIHLCTBYET O HEPAaBHOMEPHOM paCIPEACIICHUH JIaBJICHUS
BHYTPH MOTOKA WJIK MECTHBIX CKOPOCTEH.

"

712

72

Puc. 4. IIpogonbHbIi MpodHIIb TOTOKA KUAKOCTH HAa BBIXOJE U3 TPYyOOIIpOBOAa

JIns 3a1aHHBIX CEYEHUH COCTaBUM ypaBHeHHE Jl. bepHyim 1 HalmopHOro IOTOKa
AJIEMEHTApPHON CTPYMKHM pPEaJbHOM KMAKOCTH M BBIPA3UM €r0 4epe3 CPEIHIOK CKOPOCTh V
noroka u kodpduuuent Kopuonuca a [5].

PN G T S (1)
P9 29 P9 29 1-2
TA€ Z; U Z, — KOOPJAWHATHI LIEHTPA TSHKECTH YKUBBIX CEUEHUU; Pq U P, — JABJICHUE TEpe.
BBIXOJIHBIM CE€YEHHEM U Cpa3y MOCIe HEro; V4 U V, — CPEAHHE CKOPOCTU MOTOKA KUIAKOCTH
JKUBBIX CEYEHWH; h,,  — CyMMapHble TOTEPH HAIopa; P — IUIOTHOCTh XXUIKOCTH; g —
YCKOpEHUe CBOOOIHOTO Ma/ICHUS.

Koopannatsl LieHTpa TSAXKECTH pPACHOJOXKEHbl HA IUIOCKOCTH CPaBHEHUA Z; = Z,.
PaccrostHre MeXy KUBBIMH CeUEHUSMHU KpaiiHe Mano: dl = 0, mo3ToMy MOTepsMU HaIopa
Mo JUIMHE MOXHO TpeHeOpedb. TpyOOINpoBOJ TMOCTOSIHHOTO cedeHus S; = S,, pacxon
JKUJKOCTU Ha BXOJE U BBIXOAE CEUEHHUs MOCTOSIHHBIM: () = const. CorinacHO ypaBHEHHIO
HEpa3phIBHOCTH TMOTOKa, Q = S;v; = S,v, [5]. C yderoM BBINMIECKA3aHHOTO TOJYYUM

vy = V,, Tornaa ypaBHenue /l. bepHymiu npumer Bua

P_p
P9 Pg + s 2)

rjae h, — IMoTepH Halopa Ha MECTHBIX COMPOTHBIICHUSX.
JIOMHOKHM JIEBYIO U TIPaBYIO YacTH ypaBHEHHH (2) Ha pg:

p1 =Dz + hypg$; (3)
p2 = p1 — hypg, 4)

CJIeIOBATENIbHO, JABJICHUE HA BXOJEC M BBIXOJE W3 BBIXOJHOTO CEYCHHS TPYyOOIpoBOAA
3aBUCHT OT IJTIOTHOCTH MOTOKA KUIAKOCTU, KOHPUTYPALIUU KHUBOTO CEUCHHSI.
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OpHako Ha CTPYIO >KMJIKOCTH B MOMEHT €€ HCTEUeHHS IEHCTBYIOT arMocdepHoe
JIaBJIEHUE W MAacCoBble cuibl (puc. 5). Cuna nasnenus F,, NEHCTBYIOIIAs HA )KUBOE CEYCHUE
o ocu OY:

E, = pymdL + F, )

rzae dL — momans TOBEpXHOCTH KUBOTO ceueHus 1o ocu OY.
[lo ocu OX cuna nmasuenust F,, = s;p,. Onpenenum paBHOACHUCTBYIOIIYIO CHITY
JaBjieHUsl F B LIEHTpE )KUBOT'O CEUEHUS:

F = /szz + F,°. (6)

Ucxons u3 BelpaxeHus (6), yrBepxaeHHs 00 OTCYTCTBUHU [aBJICHHUS Ha BBIXOJE U
nepexojie MOTCHIMAIBHOW SHEPrHHM JKUJIKOCTHU B KHUHETHYECKYIO DJHEPrUI0 JIBHKCHUS
HEpPAaLUOHAIIbHBI.

W,

7 /2

Puc. 5. Cunbl, geficTByrOLIME HA TOTOK JKUJIKOCTH B MOMEHT €r0 UCTEUEHUS
13 BBIXOJIHOTO OTBEPCTHS B TPYOOIIPOBO/IE

3AK/IIOYEHUE

B xone uccnenoBanus U3y4eHbl 0COOEHHOCTH UCTEUEHHsI 3arps3HEHHOr0 MOTOKa MpU
yCTpaHEHUH 3acopa B TpyOax-mMocTaxX, MCHOJNb3YyEMbIX MpU J00bYe TOP(SHOIO ChIPHS.
DKcIepuMEeHTHI Ha 1a00paTOpHOM yCTaHOBKE MO3BOJIMIIN:

M3MEpUTh JaBJIEHHE M CKOPOCTh MOTOKAa Ha BXOJE€ M BBIXOJE M3 TpyOOmpoBoja Mpu
Pa3IMYHBIX CTENEHSX 3aCOPEHUS;

MOATBEPAUTH NPUMEHUMOCTh ypaBHEHUs bepHynnam ans aHanus3a TUAPaBIMYECKHX
IIapaMeTPOB MIOTOKA B YCJIOBUAX MPOYHUCTKH;

BBISIBUTH 3aBUCHMOCTb JIaBJICHUS Ha BBIXOJIE U3 TPyOONpoOBOJia OT INIOTHOCTH MOTOKA
KHUJIKOCTH U KOH(UTYpaLIUU )KUBOTO CEUEHUS;

OLICHUTh BIIMSIHUE MECTHBIX CONPOTHUBIEHUI Ha W3MEHEHUE THJIPaBINYECKUX
XapaKTEpUCTUK NOTOKA.

YcTaHOBIEHO, YTO TUAPOAMHAMHUYECKUH METOJ] MpOUYUCTKU dhPexTuBeH s
YCTpaHEHUs 3aCOPOB, COCTOSIIIUX W3 TOPQSIHBIX YaCTHIl, WA M JPEeBECHbIX ocTaTKoB. [lpu
CO3/laHMM HM30BITOYHOrO JaBICHHA U TUAPABINYECKOM YAape 3arpssHsiomas Macca
NEPEXOANUT B COCTOSTHUE KUJIKON CYCIIEH3UU U BBIBOJIUTCS U3 TPYOBI.
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PesynpTaTthl NPOBEAEHHBIX HCCIEAOBAHMH MOTYT OBITH HCHOJNB30BaHBI IS
pa3paboTku Oosiee 3(PPHEKTUBHBIX METOAOB MPOYUCTKH TPYO-MOCTOB, ONTUMH3AIMHU Tpaduka
OOCITY)KUBaHHS COOPY)KCHUIl Ha TOPQSIHBIX MECTOPOXKICHHUSAX, MPOCKTHPOBAHUS HOBBIX
KOHCTPYKIIUH TPYyO-MOCTOB C y4ETOM MHHUMH3ALUM PUCKA 3aCOpa, CHIDKEHHs 3aTpar Ha
IKCILTYaTaluio TOP(SIHBIX MECTOPOKICHUIA.
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STUDY OF CONTAMINATED FLOW DISCHARGE DURING CLEARING
BLOCKAGES IN PIPE-BRIDGES USED IN PEAT RAW MATERIAL EXTRACTION

D.M. SHCHERBAKOVA, Cand. Sc., L.V. LOBACHEVA, Cand. Sc.

Tver State Technical University,
22, Af. Nikitin emb., Tver, 170026, e-mail: dscherbakowa@yandex.ru

The article is devoted to the study of contaminated flow discharge during the clearance
of blockages in pipe-bridges used in peat raw material extraction. Blockages in pipelines
(caused by silt, wood debris, and peat residues) lead to water backup in cart channels and
reduced extraction efficiency. The study examines changes in hydraulic parameters (pressure,
velocity, flow rate) during hydrodynamic cleaning and evaluates the method’s effectiveness.
For this purpose, a laboratory setup was created to simulate the discharge process. The
principles of hydraulics for pressurized pipelines were applied, including hydraulic calculations
using the Bernoulli equation and analysis of experimental data. The research revealed a
dependence of outlet pressure on flow density and cross-section configuration, and confirmed
the influence of local resistances. Recommendations have been developed to optimize the
maintenance of pipe-bridges, aiming to improve the reliability of drainage systems.

Keywords: peat raw material extraction, pipe-bridges, contaminated mass, trench,
Bernoulli’s equation, outlet cross-section, pressurized pipeline.
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