of Russia are more acute, since salts contribute to the development of thermokarst, thermal
erosion and solilux processes, due to which the level of permafrost deepens and chemozems
are formed near industrial sites. Scientists are considering various methods of recultivation
of saline soils, which can be divided into three areas: increasing the salt tolerance of plants,
selecting stress-resistant plants (halophytes) and increasing the bio-genicity of techno-soils.
However, in the Arctic regions with harsh climatic conditions and low biological
productivity, restoration methods require careful selection, especially on disturbed soils in
the mining industry. In this connection he purpose of this review article is to use available
sources and published literature on soil salinisation in general, and particularly in the Far
North, to highlight available methods for reclamation of areas affected by salinisation in
mining.

Keywords: soil degradation, salinization, secondary salinization, Far North, salt
tolerance, halophytes, biogenicity.
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CraTbst COIEPXKHUT aHAJIU3 TUIOBBIX arperaTtoB JUIsl KiIacCU(UKALUU U U3METbUYEHUS
MmatepuanoB. IIpennokeH KOMIUIEKCHBIM arperarT HOBOI'O THIA, KOTOPBIA MOXET
UCIIOJIb30BAThCS Ul MepepabOTKH ClIadbIX TOPHBIX MOPOJ, OONaJarolUX BbIPAKEHHBIMU
IUTACTUYECKUMHU CBOMCTBaMH, M TO3BOJIUT OCYIIECTBIIATh B paMKax €AMHOIO LHUKJIA Kak
U3MeNbYCHNEe, TaK U KJIacCU(UKALUIO HCCIEAYeMbIX MAaTepUaioB, HCKIIOYas IOMOJIHH-
TEIbHYIO TPAHCIOPTUPOBKY U MPOMEXKYTOYHOE XpaHEHHUE MpoJayKTa nepepadoTku. OnucaH
NPUHLIMIT JIEWCTBUS arperaTta, TakXKe IpPeICTaBICHbl HEKOTOPBIE 3JIEMEHThl HHKEHEPHBIX
pacyeToB Ul OmNpeAeNieHHs HauOojiee BaXHBIX TEXHOJOTHMUECKUX MapaMeTpoB MpHU
nepepaboTKe YKa3aHHBIX TOpHBIX Mopof. IIpuBeneHs! pe3ynabTaThl OolieHKH 3(P(eKTUBHOCTH
npolecca NMpyu UCHOIb30BaHUHN U3MENIbYUTEIN-KIIaCCU(PUKATOPA.

Kntouesvie cnosa: w3menpueHue, KiacCU(PUKAIMS TOPHBIX TOPOJI, DHEPreTUUYECKUIl
METO/I, CIBHUTOBBIE HANPSOKCHUS, Bal-U3MEIbUUTENb, TNeppopupoBaHHbIl  OapabaH,
3¢ (PEKTUBHOCTS.
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BBEJIEHUE

I'opHasi mpOMBINIIEHHOCTh BO BCEM MHUpPE Pa3BUBAETCS B HANpPaBICHUU IOBBIIICHUS
3¢ (PeKTUBHOCTH TEXHOJIOTUN JOOBIYM MOJIE3HBIX UCKOMAEMBIX, a TakkKe ux nepepadorku. [Ipu
CO3/IaHUHM TOPHOTO OOOPYAOBaHUS B psAle CIy4aeB HEAOCTATOUYHOEC BHUMAHME YACISICTCS
TOPHBIM MOpOJaM, 00JalalolUM CpeHENH U Ci1a0oi MPOYHOCTHIO C JIOCTATOYHO BBICOKUMU
IJIACTUYECKUMU cBoWcTBaMU. K TakuM mopojamM MOXKHO OTHECTH cllabble U3BECTHSKH, THIIC,
Mel, TanbK U Ap. [1]. Mcnonbs3oBaHue TpaaULIMOHHOTO TEXHOJIOTHYECKOIO 000PYOBAHUS IS
nepepaboTKU CpeAHMX U CJIA0bIX TOPHBIX IIOPOJ, XapaKTEPU3YIOUIUXCSA CYIIECTBEHHBIMU
MJIACTUYECKUMU CBOWCTBAMHU, MOXET MPUBOAUTH K MOBBIIICHHOMY SHEPTONOTPEOICHHUIO TPU
U3MENbYCHUN M Kiaccupukamuu. Tak, Ipu W3MENbUYCHHHM KAOJMHOBBIX TJIMH C HCIIOJIb-
30BaHHEM IMAPOBBIX OapaOaHHBIX MeNbHHUII 3(PPEKTUBHOCTH TpOIecca IMOMOJIA MOYXKET
cHmkarbea Oonmee ueM Ha 40 % mno cpaBHeHUIO € TmepepaboTKON MOpoJ, KOTOpbIE
HE 00J1a/1a0T TIACTHYECKUMH CBOMCTBAMH.

HecmoTpst Ha HU3KYIO 3P PEKTUBHOCTD, HAa MPEINPUATHAX U 1epepaboTKu cradbix
TOPHBIX TMOpPOJ, OOJAJAIOMIMX I[JJACTUYECKUMHU CBOMCTBaMHU, B OOJIBIIMHCTBE CIy4aeB
UCIIONIB3YETCSl TpaaulMoHHOe obopynoBanue [2]. Takoe o00pyIdoBaHHE XOTS U HUMEET
BO3MOXKHOCTh pEIlIaTh JOCTATOYHO IIMPOKHUH NEepedeHb TEXHOJIOIMYECKHUX 3a/7ad Ha OCHOBE
TUTIOBBIX METOJIOB pa3pylIEHUs TOPHBIX MOPOJ, HO B paccMaTpUBaEMOM Ciy4yae 3TO
OPUBOIUT K 3HAUUTEIBHOMY CHIDKEHUIO 3()(QEeKTHBHOCTH IMpoliecca H3MEIbUeHUs H3-3a
3aBBILICHHOW METAJUVIOEMKOCTH M MOIIHOCTH THIIOBBIX arperaroB M WX HENpPUCIo-
COOJIEHHOCTH JUIsl NepepadOTKH IJIACTMYHBIX TOpHBIX mopon. Cieayer OTMETUTh, 4YTO
o0opysoBaHue, MpelHa3HAuYeHHOE Ml MepepadOTKU TaKMX MaTepHalioB, B Halllel cTpaHe
(dakTUYECKU HE MPOU3BOIUTCS.

CrnenoBarenbHO, IS TOBBIIIEHUS 3()(HEKTUBHOCTH MEPEpaOdOTKU TUIACTHYHBIX TOPHBIX
nopoa cinaboil MPOYHOCTH HEOOXOAMMO pa3padaThiBaTh CHEIUAIU3HPOBAHHOE 000pYy-
JOBaHMe, IPeIHAa3HAYCHHOE JJIs TAKUX MAaTEpPHAJIOB.

AHAJIN3 UCITOJIB30OBAHMUS TUITIOBBIX ATPEI'ATOB
JJISA HIEPEPABOTKH I'OPHBIX ITIOPO/]

[Ipennpusituss TOPHOM NPOMBIINIJIEHHOCTH HAIEW CTpPaHbl [JI1 HW3MEJIbYEHHUS
Pa3IMYHBIX MaTEpHAJIOB HUCIOJB3YIOT HIMPOKHHM CHEKTP TEXHOJOTHYECKOro 00OpYIOBaHUS,
KOTOpOE BO3JEHCTBYET Ha TOPHYI HOPOJY pPAa3JIMYHBIMHM CIIOCOOAMU: pa3aMblBaHHUEM H
packajblBaHHEM; Pa3/IaBIMBAHUEM U MCTHPAHHEM C pa3/iaBIMBaHUEM; yJIapoOM M YAapOM C
HCTHUpaHuEM; KOJUIOUTHOM 00paboTkoii u ap. [3].

Kpome toro, mo 3.A. XonyHoBy [4], 060pynoBaHHE MOXHO KJIaCCU(PHUIMPOBATH 10
TakUM (pakTopam BO3AEHUCTBUS Ha MOPOAY, KaK Harpy3Ka, JUINTEIbHOCTh HArpy3KU U MECTO €€
npuiokeHus. AHanu3 (aKTOpOB BO3JCHCTBHUS IOKa3bIBAET, UTO Ul CYLIECTBYIOIIHUX
METOJIOB H3MENIbYECHHS, KaK IPaBWIO, TPYJHO TEOPETHYECKH OLICHUTh JHEPreTHUUYECKUE
3aTpaThl BCJIEACTBUE B3aMMHOTO BIIMSHHUS OJHOBPEMEHHO JAEUCTBYIOUIMX (DAKTOPOB.
Ucxonss w3 naHHBIX, TpecTaBleHHbIX B padore O.A. XomyHoBa, ISl CYIIECTBYIOIIETO
U3MENBYUTEIBHOIO 000py/I0BaHHUsA OBbUIO YCTaHOBJEHO, YTO BAaJKOBBIM mpecc sBIsSeTCA
Han0oJiee MEePCHEKTUBHBIM arperaToM ¢ TOYKU 3pEHUs nepepaboTKH Cl1adbIX TOPHBIX MOPO/,
00Jafaomux CyIeCTBEHHbIMU MJIACTHUYECKUMU CBOWCTBaMU. BankoBbIil mpecc aHamorudeH
BAJIKOBOH JIpoOMJIKE, HO TNPHUHLMIT BO3ACHCTBHS Ha TOPHYIO MOPOAY Y HHUX pPa3JIUYEH:
B BaJKOBOM IIpecce pa3pylleHHe MopoJasl B OonbIIeld Mepe MPOUCXOAUT 3a CYUeT
B3aMMOJICHCTBUSI M3MENIbYAEMbIX 3JIEMEHTOB IMOpPOJAbI, UYTO CIOCOOCTBYET 3(PQEKTUBHOI
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nepeaaye SHEpruu, HeoOXOAMMOM Ui paspylieHus. V3menpyeHne B BAJIKOBBIX Ipeccax
OCYIIECTBIISICTCS B 3aKPBITBIX 00BEMaX, YTO HE IMO3BOJISIET OTAEIBHBIM YaCTUIIAM BBIPHIBATHCS
U3 30HBI IUIACTUYECKOW nedopManuy W, Kak CJIEICTBHE, OOECHEYMBACT OTHOCHUTEIBHO
BBICOKYIO MTPOM3BOAUTEIBHOCTh U YMEHBIICHHE U3HOCA pabovnuX OpraHoB 00OPYAOBaHUS IO
CPaBHEHHUIO C arperatamMu APYrux THIIOB.

B GonbIIMHCTBE THIOBBIX arperaTtoB U U3MeNbYeHUs 3()(HEKTHBHOCTD CYIIECTBEHHO
CHIDKAeTCs M3-3a TOTO, YTO B 30HE pa3pylIeHUs MPUCYTCTBYIOT YacTHUIbl, KOTOpBIE HE
TpeOYyIOT JalbHEHIIEro M3MENbUCHHS, HO NPOJOJDKAIOT HM3MEIbYaThCs. DTO MPHUBOIUT K
Heper3MeIbYCHUIO U JIOTIOJHHUTENIFHBIM 3aTpaTaM SHepruu. TakuM o0pa3oMm, HOBBIIICHUE
3 PEKTUBHOCTH MepepabOTKH HEBO3MOXKHO 0€3 BHECEHHS B KOHCTPYKIIMIO pa3padbaThIBaeMbIX
KOMIUIEKCHBIX arperaroB YCTPOMCTB MJisi YAAJCHHS KOHAMLIMOHHBIX YAaCTHIl M3 30HBI
pa3pyLIeHus.

[Tocne sTama W3MeIbUEHUS MOTYYaeTCs MPOIAYKT, COACPKAIIUN YaCTULIBI Pa3IMYHBIX
(dpakuuii, KOTOpbIE MOABEPraOTCs JANbHEHIIEH KiIaccu(puKauy ¢ pa3aeieHueM Ha (ppakiuu
U OTJEJICHHEM KOHIHMIMOHHOTO TNPOAYKTa, MPU 3TOM Ooyiee KpymHbIE (Qpakiuy OTHpPaB-
JSIOTCS. HAa BTOPHYHYIO mepepaboTky. /[lns kiaccupuKanuym TOPHBIX IOPOJ  MOTYT
UCTIOJIB30BaThCS CIEIMaIbHBIE BHJBI KIacCH(UKATOPOB (THAPABINYCCKHE, MEXaHHUYECKHE,
ITHEBMAaTHYECKHUE, IEKTPOPU3NIECKUEe, HICKTPOMArHUTHBIC H JIp.).

Mexanndeckue KiaccuUKaTOpbl 00JIAAAIOT JOCTaTOYHO BBICOKOH  IPOU3BO-
JTUTEITHHOCTBIO, XapaKTePHU3YIOTCS OTHOCUTEIBHO HEBBICOKMMHU SHEprosarparaMu M olecrie-
YHBAIOT KaYECTBEHHOE pa3JielieHNe MPOAYKTa Ha (PPaKIUU C TIOMOIIBI0 KAIMOPOBAHHBIX CHUT
W pemeTok. Takue Kiaccu(pUKaTopsl OBIBAIOT IUKIMYECKOTO (IPOXOTHI) U HEMPEPHIBHOTO
neicTBus (0apabaHHBIC KIIACCH(PUKATOPHI U Ip.).

bapaGannple KIacCUPUKATOPHI HMEIOT BBICOKYIO MPOU3BOAUTEILHOCTb, MOTYT
UCIIONIB30BAThCS U PAa3IMYaIONIMXCs O CBOMCTBAM IOPOJ U SIBISIOTCS YCTPOHCTBAMH
HEMpepbIBHOTO JeicTBUsA. Kpome TOro, OHM MOTYT HPUMEHATHCS JUIS KJIacCU(UKAIUU
TPYAHOTPOXOTHUMBIX MaTEpUAIIOB, 00JIJAIONINX BBIPAKEHHBIMU IUIACTHYECKUMH CBOMCTBA-
Mu. OJHAKO CYLIECTBEHHBIM HEJAOCTAaTKOM TaKUX KJIACCU(PUKATOPOB SIBJISAETCS CHUKEHUE
3P PEKTUBHOCTH KJIACCU(PHUKAINY U3-32 YBETUUYEHUS KOHIIEHTPALMHN YaCTHIl MEIKUX (hpaKiuii
B MCXOJHOM Matepuane. /s cHimKeHust HeraTHBHOTO () (eKTa psSaoM YUeHBIX MPeUI0KEHBI
BBIP@KEHUS JUIsI TEOPETHUECKOro aHalu3a Ipolecca KiIacCU(UKALUU C MOJy4YeHHEM
palMOHATIBHBIX PEKUMOB TpoxoueHHs B OapabGaHHBIX Kiaccudukaropax. Kpome Toro,
HEOOXO/MMO YYHUTHIBaTh, YTO WHTCHCHBHOCTH KJIACCHU(HUKAIIMH TOHM)KAETCS B MpoIecce
JIBYDKEHUS TTOPOJIBI M3 30HBI 3aTPY30YHOTO OKHA B 30HY Pa3TPY3KH, IPU STOM KOHIIEHTPAIUS
YaCTHI] MEJIKUX (paKkLUuil YBEIMUUBAETCS BO3JIE LIEHTPA LUPKYIALNU.

Jlnist yMEHBIIEHUS 3aTpaT CyMMapHOW SHEPTHH MPHU M3MEIbUCHUH U KIIaCCU(DUKALIUT
TpeOyeTcsl TPOBECTH TEOPETHUYECKHI aHauM3 pa3pymeHHs CIa0bIX TOpPHBIX TOPOJ,
o0najaroIuX IUIACTUYECKMMH CBOMCTBAMH, BBIIBUTH 3aKOHOMEPHOCTH JAedopManuu npu
U3MENBbYCHUH M pPa3paboTaTh KOHCTPYKIMIO KOMIUIEKCHOTO arperara — HW3MeNbYUTeNs-
KiIaccupukaropa, C IOMOIIBIO KOTOPOTO MOXKHO TOBBICHTH 3(PQPEKTHBHOCTh TaKOTO
KOMOMHHUPOBAHHOTO MPOLIECCa 3a CUET MCI0JIb30BaHMsI CUHEPreTHYecKoro 3 dexra.

MOJAEJIb UBMEJBYUTEJA-KIACCUDPUKATOPA
AHanu3 CymecTBYIOIIETO APOOUIHHO-COPTUPOBOYHOTO 000pYAOBaHUs MMOKa3al, YTO B
HACTOSAIIEe BpeMsi OTCYTCTBYET CIELMaIN3UPOBAaHHOE OOOPYAOBAaHME AT M3MENbUCHUS U
Kiaccu(ukanuu ciradbIX TOPHBIX MOPO/I, 00JIAAIOIINX [JTACTUYECKUMH CBOMCTBAMHU, HO €CTh
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o0opynoBaHue (BaJIKOBbIE IMpecchl W OapabaHHbIE TPOXOTHI), Ha OCHOBE KOHCTPYKIIHA
KOTOpPOTO MOXHO CO3/1aTh KOMIUIEKCHBIM  arperar, H3MeJIbYHTeNb-KiaccudukaTop,
COBMEIIAIONINIA TEXHOJIOTHYECKHE TIPOLECChl HM3MEIbUCHHUS M KIacCU(DUKAIMU, MUHYS
POMEXYTOYHOE TPAHCIIOPTUPOBAHKUE M KOHBEHepHyIo meperpy3ky. Crocod Bo3zeiicTBus Ha
nepepabaThIBAEMyI0 IMOPOJY M KOHCTPYKTHUBHBIE OCOOCHHOCTHM IaHHOTO arperara JIaroT
BO3MOXKHOCTH MCIOJIB30BaTh €ro Kak JUIsl H3MEJIbYEHUS CIa0bIX TOPHBIX OO/, 00JIa 10X
IUTACTHYECKUMH CBOMCTBaMU, TaK U JIJIsl UX KJIACCH(HUKALINY.

Jns aHanM3a Tpolecca W3MENbUeHHs BHYTpH OapabaHa arperata ¢ TIOMOIIBIO
pabodero opraHa — Baja-M3MEIbUUTENSI HEOOXOIUMO CO3JaTh PACYETHYIO MOJENb TaKOTrO
nporecca, Koropas OyIeT COOTBETCTBOBAaTH YCIOBUSM JedopMalMd NpU Pa3pyLICHUH
IUTACTUYHBIX MaTepuanoB. Cxema pabodero mpOCTpaHCTBA MPEIAraeMoOro YCTPOMCTBa
1oKa3zaHa Ha puc. 1.

B o0macth 4 npu OTHOCHUTENBHO HEBBICOKMX Harpy3kax IpOTEKaeT MpoIecc
YIJIOTHEHHS YacTHIl ¢ (POPMHUPOBAHUEM KaK YIPYTHX, TaK U IUIacTHUecKux aedopmarmii. Ha
3TOM JTale MPOUCXOIUT Pa3pyIICHHE B MEPBYIO OYepeIb MEHEE MPOYHBIX (ParMEeHTOB MO
HavMeHee cIa0bIM CEYEeHUSIM WU IePeKTaM.
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Puc. 1. Cxema pabo4ero mpocTpaHCTBa arperata i U3MeIbUCHHUS
V| — HampaBiIeHNE KacaTeIbHOW CKOPOCTH pad0OYero oprana — Baja-u3MeIbYHTes,
V', — HampaBiIeHUe KacaTeNbHOM CKopocTH paboyero oprana — 6apabana
(4 — obnacTh MpeaBapUTEIHLHOTO YINIOTHEHUS TOPHOU MTOPO/IbI;
b — obnacTh pa3pyiieHust TOpHOI MOPO/IbI)

B nacrosiiiee Bpems He CyliecTByeT OTpaOOTaHHONM METOJUKH ONpeAeieHUs 3aTpaT
SHEPrHM Ha YIUIOTHEHHE MaTepuala, 00JaJarollero IUIACTUYECKHMMU CBOWCTBAMH, HO JUIS
peLlIeHNs pa3IMYHbIX 33]a4 M0 U3MEJIbYEHHIO TOPHBIX MOPOJI MPEATI0KEHbBI MOJIENIN PACUYETOB,
MO3BOJISIOIINE C HEKOTOPOH TOYHOCTBIO MPOBECTH OLIEHKY JAaHHOTO mpolecca. Tak, MOJenb
JUISL OTIpeNeNIeHHs] dHEepro3arpaT IMpH YIUIOTHEHWH TOPHOW TOPOABI C IOMOIIBIO Tpecc-
BaJIKOBOI'0 arperara ajis MOJy4eHUs KyOOBHJHOIrO IeOHS W3 CJlaHLEBOM moponbl [6]
NoKa3aHa Ha puc. 2.

Becmnux Teepckozo 2ocyoapcmeenno20 mexHuiecko2o yHugepcumemd.
Cepusa «Texnuueckue nayku». Ne 3 (27), 2025

96



Puc. 2. Cxema ynioTHEHHs IOPO/bl B IIPECC-BATIKOBOM arperare

C uenblo BBISBJICHUS PALMOHAIBHBIX MApaMETPOB arperara MpOBENIM aHaIU3 Ipej-
JIOKEHHOM cXeMbl. BpUT10 ycTaHOBJIEHO, YTO CHIIa, HEOOXOAUMAs /ISl YIUIOTHEHUSI, 3aBUCUT OT
pacnojyiokeHusi ponuka 1 oTHocuTenpHO Kopmyca OyHkepa 2. Ilonokenue poisnka
OIPENIeNIIIOCh CMEIIEHUEM €ro OCH B T'OPU30HTAJIBHOM IUIOCKOCTHM Ha paccTosHue L U B
BEPTUKAJIBHOHN IUIOCKOCTH / OTHOCUTENBHO TOUYKH A. Ha puc. 2 ucrnonb3oBaHbl cleayromue
0003HaYEeHMUS:

0. — 3HaYEHME yTJia HAaKJIOHA HUKHEH IIOBEPXHOCTH OyHKepa;

J — pacueTHbIH yroia 3axBara Mopojbl;

h — BbICOTA CJ10s1 YIUIOTHEHHOW NIOPO/ibl B HanpaBieHuu JuHuu OD;

y — yroJ HaKJIoHa TMHuU AB K ropusonty (1gy =1 / L).

Ha ponuk nelictByer pacupenesieHHas Harpy3ka ¢, BeIM4rHa KOTOPOH pacTeT 1o Mepe
NpUOIMKEHNs YIUIOTHEHHOM Macchl K guHuM OD. Ilpu 3TOM BEnUYMHY ¢, H/M’, MOXHO
NpEeJCTaBUTh Kak Mpou3BelneHHe Kod(h(UIMEeHTa u, OTBEYAIONIEro 3a 3KCIEePUMEHTAIBHO
onpezenseMble CBOMCTBAa Marepuana (IpaHyJOMETPUYECKHI cocTaB, QOpPMBI U pa3Mepbl
YaCTHI[ U Jp.), Ha U3MEHEHHE TOJIIPHON KOOPAMHATHI OTHOCUTENHHO TOUuku O Ap (¢ = u Ap)

(puc. 3).

Puc. 3. Cxema n1s pacuera Harpy3ku
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[lonyyeHo BbIpaXkeHUE I ONpPEAETCHUS CWIbI, JECTByroled Ha poiuk 1 (cMm.
puc. 2):

9

Feirbh+r)| Z22Y ¥
siny 2

rae r u b — paanyc u AJIMHA POJIHUKA COOTBETCTBEHHO;
y=a-vy+p.
AHaJII/I3 Hpel[CTaBJIeHHOI‘O BBIpa)KeHI/ISI IIO3BOJISICT HOJIyT-II/ITB paLII/IOHaJIbHBIe
napamMeTpsl MPOEKTUPYEMOTO arperara, HO OCHOBHOHM MpoOIEeMOH SBIISETCS HaXOXXICHHE

K03((hULMEHTa, OIPeIENAIONIEro CBOIiCTBA MaTepuaa ,u/ .

Hcnonp3ys mpelcTaBiICHHOE BBIPAXKEHHE U IMPEAJAraéMyl0 MOJAEIb KOMIUIEKCHOIO
arperara npu Ko>QpQuuuMeHTe 4, IOIYyYEHHOM Ul CIAHLUEBOM IOPOABI, OblLIa YCTaHOBIICHA

Cuia, NEHCTBYIOIIAs Ha pOJIMK, M HW3MEHEHHEe 3a3opa B 30HE nedopMalldd, 4YTO Ao
BO3MOKHOCTh OIIEHUTh C HEKOTOPOM TOYHOCTHIO 3aTPaThl YHEPTUM HA MPOIECC YIUIOTHEHUS
nopoasl. Ha ocHOBe aHanmm3a NpHBENEHHBIX JAHHBIX OBUIO YCTAHOBJIEHO, YTO paccMat-
pUBaeMbId dTam MOTpedyeT CpPaBHUTEIBLHO HEBBICOKMX 3aTpaT SHEPruu, MOSTOMY IMpHU
MOJICJIMPOBAHUU OH HE Oy/I€T YUUTHIBATHCS.

B obOnactu 5 ymioTHeHHass Macca MHTEHCUBHO paspyliaercd 3a CYeT IUIacTu-
yeckoi aedopmaiuu, aHaliu3 KOTOpOM OyleM MPOBOAUTH C MOMOINBIO MPHOIMKEHHOTO
sHepreTuueckoro Merona. HeoOxonumas nns Takodl JedopMaluud  MOIIHOCTb, KOTO-
pas pacCUMUTHIBAETCA C TMOMOIIBI0O 3TOTO METOJd, HE3HAYUTEJIPHO IPEBBIIIACT BEIMUYUHY
JNEHCTBUTENFHOM MOIHOCTH BHYTPEHHUX CHJI JJIS IUIACTUYECKOrO (HOPMOU3MEHEHHUSI.
CrnepnoBarenbHO, OJTYYEHHOE HA OCHOBE DHEPIeTUYECKOT0 METO/a JaBJeHHE, NEHCTBYIONIEE
Ha paboyue TMOBEPXHOCTH arperara, SBIISCTCS BEPXHEW TpaHUICH IS NEeHCTBUTEIBHON
BEJIMYMHBI.

Psanom wuccnenoBarenell yCTaHOBIEHO, YTO B YCIOBHUSIX BCECTOPOHHETO CiKaTUs
MJIACTUYHBIC TOPHBIE TOPOABI BEAYT Ce0S KaK >KeCTKO-UEaTbHO TJIACTUYHBIC MaTEpHAIIbI
[7, 8]. Torma mporecc pa3pylieHHs IUTACTHYHONW TOPHOM MOponbl B oOmactu b umeer
HEKOTOPOE CXOJICTBO C AedopMalieil JHMCTOBOTO MeTajula MpU MPOKATKE MEXAY ABYMS
BaibllamMu. (CrenoBaTeNbHO, MpPU aHAIM3€ IUIACTHYECKOW nedopManud MOTYT ObITh
WCITOJIb30BaHbI U3BECTHBIE 3aBUCUMOCTH, TOJTYyYEHHBIE ISl ’KECTKOTO HUJ1€aTbHO-TUIACTUYHOTO
MaTepuana B YCIOBUSX TUIOCKOU 3a1auu [9].

[Ipu yBenn4eHUM CKOPOCTH V| OTHOCUTEIBHO CKOpPOCTH V) pe3ylbTUpyromas
CKOPOCTh Ha pa3pblBe OJOKOB HM3MEIbUYAEMOr0 MaTepuana MOXET COBMACTb C BEKTOPOM
IJIABHBIX KacaTEeNbHBIX HAIpPSKEHUH. DTO CYIIECTBEHHO YMEHBIIUT 3aTpaThl dHEPrUU Ha
paspylleHue, BCIEACTBHE YEero CHHU3UTCS JaBl€HHE Ha paboyhe TOBEPXHOCTH TMep-
dbopupoBanHoro Oapabana u Bama-usmenpuutens [10]. Beuto ycTaHoBI€HO, 4YTO mTpH
oTHomieHuu V/V, okojo Tpex naBieHHe Ha paboure moBepxHOCTH OapabaHa CHMKAETCS
OoJiee yeM B MOJITOpA pasa.

Teopernueckas Mojenb Tporecca pa3pylieHUsT TOPHOM TOPObI, 0OJagaromei
MJIACTUYECKUMU CBOMCTBAMH, TMO3BOJIMJIA BBISIBUTH OCHOBHBIC 3aKOHOMEPHOCTH ITpoIiecca
nedopmupoBanus. [lOCKONbKY OrpaHMUYEHUS MOJETU HE JAl0T BO3MOXKHOCTU OIEHHUTH C
JIOCTATOYHOM TOYHOCTBIO dS(PGHEKTUBHOCTH H3MENBYCHHS, [JII TMPOBEPKH TMOIYYCHHBIX
pe3yJbTaTOB HEOOXOJUMO TMPOBECTH JIAOOpATOPHBIE MCIBITAHUS Ha (DU3MUECKOH MOJAETH
KOMILJIEKCHOTO arperara.
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IMIINPUYECKOE UCCIIEAOBAHUE IMPOLUECCA USMEJIBYEHUSA

Teopernueckuii aHanu3 mporecca pa3pyuieHus caadbIX TOPHBIX MOPOJ, 00JIaJa0IINX
IUIACTUYECKUMU CBOWCTBAMU, BBISIBUJI BIIMSHUE CKOPOCTEW BpallleHUs pabOYMX OpraHoB Ha
CWJIOBBIC TapaMeTpbl M, CJIEI0BATENbHO, Ha A(()EKTHBHOCTH NEepepabOTKU MaTepHaioB
n3MenpunTeneM-kiaccudukaropom [20]. B To ke Bpems TeopeTHueckas MOJENb, BBHUIY
CBOMX OTpaHHYEHUH, HE MO3BOJISIET OLCHUTH B MOJHON Mepe MPOLECC U3MEIbUEHUS CIIa0bIX
TOPHBIX TOPOJ, OOJNIATAOIIMX I[UJIACTHYECKUMH CBOWMCTBAMH, IOITOMY JUIS TIPOBEPKHU
MOJTyYEHHBIX 3aKOHOMEPHOCTEH HEOOXO0IMMO MPOBECHUE CTEHAOBBIX UCTBITAHUH. [ 3TUX
nenei OblIa HCHOJIb30BaHA MPHUHIMIIMAIBHAS CXeMa SKCIEPUMEHTAIbHON YCTaHOBKH,
MoKa3aHHas Ha puc. 4.

7 L
1/2/) 15\ \3

Puc. 4. HpI/IHHI/IHI/IaHBHaﬂ cXema BKCHepHMeHTaHLHOﬁ YCTAaHOBKHU

KoHcTpykinsi ycTaHOBKHM JJisi JTaOOPAaTOPHBIX HMCCIENOBAHUN IPEICTABISET COOOU
OCHOBaHME | C YCTaHOBJIEHHBIM Ha poyiukax 3 nepdopupoBaHHBIM OapabaHOM 2, BHYTpHU
KOTOPOTO HMEETCsl Baj-U3MeNbuuTeNb 4, 3aKpEIUIEHHBI Ha pEryJlupyeMbIX omopax 3.
[lepdopauuu B Gapabane mpeaHazHAYEHBI JUIsI OTBEACHUS KOHIUIIMOHHOTO U3MEIHLYCHHOTO
IPOAYKTa U3 30HbI lepepaboTKu. J[o3upoBaHre UCXOJHOIO MPOAYKTa 7 OCYILECTBIIAETCS IpU
oMo OyHkepa-ao3aropa 6 ¢ ynpapisieMoil 3aCIOHKOi 8.

[Ipn npoBeAeHHM SKCHEPUMEHTANbHBIX HCCIEAOBAaHUN HCIONb30BaiICA rumnc [72
['OCT125-2018, 13 KOTOpPOro B COOTBETCTBMM C TEXHOJOTHMEH NPHUTrOTOBIEHUS (POpMHU-
poBasics OpukeT. 3aTeM OpUKeT MoJBepracs ApoOJICHUIO U KJIacCU(PUKALIUU C TIOMOIIbIO CUT.
Jlnsg mpoBeneHUs 3KCIEPUMEHTOB Ha KOMIUIEKCHOM arperaTe HCIOJIb30BaJICd HCXOIHBIN
IPOAYKT, B COCTaBE KOTOPOT0 ObUIN YacTUIlb! ¢ pazmepamu oT 4 10 1 Mmm. O0bEM UCXOTHOTO
npoaykra 0,02 M, BpeMsl €ro mepepabOTKU 3a TpU HpOXoja ocTaTka B cperHeM 42 MHUH,
sKcriepuMeHT noBropsiics 10 pa3. 3aTpaTel 3HepruM Ha oOpabOTKy MPOOBI MO pe3yibTaTam
skcriepuMenTa coctaBuiau ot 0,36 mo 0,63 kBt-u. Pazmep uactuir rotroBoro mpoaykta
cocraBui 0,3 MMm.

Jisa oneHkn 3¢PGEKTUBHOCTH HCCIEAYEeMOro Mporecca HeoOXOIMMO YUHUTHIBATh

MoNHy0 mpousBoguTensHocTs Jyy, ¢ yderom o6beMHON mpomsBomuTensHocTH o 1

TIPOM3BOUTENEHOCTH 10 TOTOBOMY TIpoaykTy O , %:

O, =0, 0, /100.

Kpome Toro, Ha 3¢ ¢eKTUBHOCTH Mpoliecca BIUSET pazMep paboyMx MOBEPXHOCTEH
arperara. [[ns ydera 3TOro mapamerpa pacCUMThIBaJach YAeNbHas MOUIHOCTh paspylle-
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HUS AW Kak OTHOILIEHHE MOIIHOCTH J//, HeoOXoIuMOW Ha H3MeNb4YeHHE (U3MEpsIiach
naboparopHsiM BarTMerpoM PCE-360), k kBajpary quaMerpa pabouero oprana d:

AW =W /d*.

Takum o0Opa3oM, 3PPEeKTUBHOCTh MEPepadOTKH MOPOJBI D MOXKHO OIICHHUTh Kak

OTHOULIEHUE YAECIbHON MOITHOCTU AW K IIOJHOW MPOU3BOJUTEILHOCTH IpoLiecca 0 .
I=AW/Q,.

s u3mepeHus HEOOXOIMMOM Ha H3MENbUYEHHUE HIIEKTPUUYECKOW MOIIHOCTH MpHU
NPOBEJCHUN  JIaDOpaTOPHBIX  HUCCIEJOBAHMI  Ha  OKCIIEPUMEHTAJIBbHOM  YCTaHOBKE
UCTIOJIBb30BasICs BaTT™MeTp Jaboparopuslit PCE-360.

[Ipu npoBeneHUM H3MEPEHUN HIEKTPUYECKOH MOIIHOCTH TpeOyeTcs Y4YUTHIBAThH
MOTEPU B MEPEAATOUYHBIX MEXaHU3MaX YCTaHOBKM, Ha OCHOBE MPEIBAPUTEIHLHOTO aHalIM3a
obumit KIIJI skcnepuMeHTanbHOM ycTaHOBKM Obl1 Okojio 0,6. TouHee MOJIy4YEHHYIO
BEJIMYMHY YCTaHABIUBATh HE TPeOyeTcs, TaK KaK METOJWKAa M3MEPEHUH OCHOBBIBACTCS Ha
CpPaBHEHHH.

N3mepenust He0OXOAUMOM ISl U3MENBYSHHS] MOIIHOCTH TPOBOJAMIIUCH Ha YCIOBUSIX
HanOOJIbIIeH MPOU3BOAUTENBHOCTH, MOJYYCHHONH Ha wHchbITaHusx. [lpu TeopeTmueckoM
aHaJM3e Mpolecca pa3pylIeHUs CIa0bIX TOPHBIX MOPOJ, OOJIaJAIMIUX IUIACTUYECKUMU
CBOIiCTBaMH, OBLIO BBISABIEHO, YTO Ha paboOYMX MOBEPXHOCTAX arperara JaBiCHHUE ¢
HanMeHbinee. ClenoBaTeNlbHO, MUHHMAJIbHBIE 3aTpaTbl dSHEPrUM TpPU  U3MEIbYCHUU
HAOMIOIAIOTCS TMPU  COOTHOILIEHUSX KacaTeNbHBIX CKOPOCTEH Baja-U3MENbUUTENs] U
nepdopupoBaHHoro Oapabana B wumHTepBasie 2/1-3/1. B »TOoM nuamazoHe NIPOBOIUINCH
HKCIIEPUMEHTAIBHBIE UCCIIEAOBAHMS, PE3YIbTaThl KOTOPOTO IMOKa3aHbI Ha PHC. 5.

Ha ocHoBe ananm3a pe3yiabTaToB SMIUPUYECKOTO UCCIIETOBAHHS BIUSHIS OTHOIICHUS
BEJIMYMH KacaTeJIbHBIX CKOpOCTel Basa-u3Menpuurens V', u nepdopupoBaHHoro 6apadana V,
OBUTO BBISIBIIGHO, YTO TIPH HX COOTHOLIEHWH OKojio 2,3/1 sddexkTuBHOCTH Mpoiecca
M3MEbYEeHHUS ISl TaOOpaTOpHOM ycTaHOBKM yBenuuuBaercs Ha 30 %.

1,8

8
(=)
2
=] —+—S5=3
E
; —m—-S =16
i S=10

1 2 3

OTHoIIeHHe TAHTeHIHAIBHBIX cKopocTeil,  V1/V,

Puc. 5. 3aBucumocts 3P PeKTHBHOCTH U3METBYCHUS OT OTHOIICHUS V) K V),
MIPHU PA3JIMYHBIX 3HAYCHUSX TEXHOJIOTHIECKOTO 3a30pa
Mexay 6apabaHoOM U BaIOM-U3MENbUUTENEM S
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bruto ycranoBneno, uro Hanbomnee 3(hHeKTUBHBIM OyAeT Mpolece U3MeIbueHHs pU
TEXHOJOTUYECKOM 3a30pe S MEX.y BalOM-U3MeNbunuTeNeM U nepoprupoBaHHBIM OapabaHoM
10 mm. [Ipu TexHOMOTHYECKOM 3a30p€ 3 MM IOBBIIIACTCS BBIXOJ] TOTOBOT'O IPOIYKTa (pacTeT

O, ), HO TIpU 3TOM 3HAYUTEIHHO YBEIMYUBAIOTCS 3aTPaThl SHEPTUU Ha u3MenbueHue. [Ipu

TEXHOJIOTHYECKOM 3a30pe 16 MM CHIIKAeTCsl BBIXOJ TOTOBOTO MpojayKTa (yMmeHbmaercss Q; ),

HO IIpX 5TOM COKpallarOTCA U 3aTPaThbl SOHEPIrul Ha U3MEJIBUYCHUC.

3AK/IIOYEHHUE

[IpeioskeHHast TeopeTHyecKass MOJENb pa3pylleHUs ciaadblX TOPHBIX TOPOJ,
o0ajaroIuX MIaCTUYECKMMHU CBOMCTBaMH, OCHOBAaHHAsI HA YHEPI€TUYECKOM METOJIE pacyera
KOHTAKTHBIX JaBJICHWH, II03BOJSIET OCYILECTBJIATh TEOPETUYECKUH aHalu3 Ipolecca
U3MENbYCHHS, YTO OOECIeUMBACT MPHU MPOCKTUPOBAHUHN HM3MEIBUYUTEIHLHOTO 000pyI0BaHUS
BbIsIBIICHHE Hanbouee 3(p(peKTUBHBIX TapaMeTpOB pabOYMX MOBEPXHOCTEH arperaTos, a TaKkxe
ONTUMAJIBHBIX PEXKUMOB I1epepabOTKH.

IIpencraBneHHbI ITOAXOJ, OCHOBAaHHBI Ha TEOPETUYECKOM AaHAIM3€ IPHUHITOU
MOJICNIM, TIO3BOJHMT Ha OJTale IMPOCKTHPOBAHUS HOBOTO arperara BBISIBUTH BEIyIIHE
3aKOHOMEPHOCTH TEXHOJIOTMYECKOI0 Ipolecca MepepaboTKH, 4TO OOECHeyUT MOoJIydeHue
HanOonee HS(PQPEKTHBHBIX pelIeHWA. AHAINW3 pe3yJabTaTOB, TIIOJIYYEHHBIX Ha OCHOBE
TEOPETUYECKUX HCCIECIOBAHNMN, BBISBWJI, YTO NPH COOTHOIICHWH KacaTeIbHBIX CKOPOCTEH
BaJla-U3MeNbUUTENsT U nepdopupoBaHHOro Oapabana V, = 3V,, naBieHue Ha pabouue
HOBEPXHOCTH U3MEIbUUTENA-KIACCU(PUKATOPAa MOXKET CHUXKAThCA 110 1,5 pa3za. T0 MO3BOJIUT
CYIIECTBEHHO CHU3UTh YHEPTro3aTpaThl HA U3METbUCHHSL.

OKcIlepUMEHTAJIbHbIE UCHBITAHUSA Ha JIAOOPATOPHOM YCTAHOBKE IOKA3al, YTO MJIs
JOCTH)KEHUSI HauBbIcHIeH 3((GEKTUBHOCTH Ipoliecca U3MENbUYEeHUs CabbIX TOPHBIX MOPOJ,
o0aaromuX IUIACTUYECKUMHU CBOMCTBaMH, HEOOXOJMMO TPOBOAMTH JIOTIOJTHUTEIBHBIC
UCCIIC/IOBAaHUST B 30HE ONTHMAIBHBIX IapaMETPOB  pa3pylIeHUs Ui  YTOYHCHHS
TEXHOJIOTUYECKUX PEKUMOB NEPEepabOTKH.
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ANALYSIS OF THE EFFICIENCY OF THE UNIT FOR THE COMPLEX
PROCESSING OF ROCKS WITH PLASTIC PROPERTIES

LV. GORLOV', Dr. Sc., P.E. MITUSOV?, Cand. Sc.

'Tver State Technical University,
22, Af. Nikitin emb., Tver, 170026, e-mail: gorlovivi@yandex.ru
*Moscow Research and Development Institute of Technology and Innovation,
4, Nagatinsky 1st pr., Moscow, 117105

The article presents an analysis of typical units for classification and grinding of
materials. A new type of complex unit is proposed, which can be used for processing weak
materials with significant plastic properties. The proposed unit will allow both grinding and
classification of the studied rocks within a single cycle, excluding additional transportation
and intermediate storage of the processed product. An original design of a complex unit - a
grinder-classifier is proposed, and its operating principle is described. Some elements of
engineering calculations for determining the most important process parameters in the
processing of rocks with significant plastic properties are also presented. The paper presents
the results of the analysis of the growth of process efficiency when using a grinder-classifier
for processing weak rocks with significant plastic properties.

Keywords: grinding, classification of rocks, energy method, shear stresses, grinder
shaft, perforated drum, efficiency.
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