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AnHoramus. Cywecmegyrnoujue Mauunsl 0431 YOopKu KOpHen10008 u KayoHell Kapmoghens biNOAHAIOM MEXHOA02UHeCKULl npoyecc
NpU NOBbIUEHHOU AANCHOCMU NOUEbl, YO OMPULAMENbHO 8AUsSeM HA NOKA3ameau Kavecmea Y00opKu 6 pe3yabmame CHUNCEHUs
noAHOMBbL cenapayuu moeaproi npodykyuu. /lia nosviuenus cenapupyoueii ChOCOOHOCMU weneabix yCmpolicme npediazaemcs
VCOBEPUIEHCMB08AMb CNOCOO 0002Pea NOBEPXHOCMU 20PAHUM BbIXAONHBIM 2A30M IHEPLeMUUECKOU YCMAHOBKU YOOPOHHOU MAWUHBL
unu npueoda. B OHAL] BUM paspabomana cenapupyiowas cucmema mauiutvt 0451 yOOpKU KOPHENA0008 U Kapmogens npu noebi-
UEHHOU 6AANCHOCMU C UCNOAb308AHUEM MENA0Mbl OMPAbOMasUIUX 2a308 CUN060U YCmMaHo8KU. J1s onpedeneHus OnMumManbHuix
3HAueHUll cucmembl, a MAKice PeKOMeHOAUUN 8 NOCAeOVIOUUX USMEHEHUSX KOHCMPYKMUBHO-MEXHOA02UHeCKUX Napamempos ma-
WuH 015 yOOPKU NPeonodcena MamemMamuueckas Mooensb 8biHUcieHUs Kavyecmea yY00pKu KOpHeNni0006 u kapmodgheas 3Hepeo-pecyp-
cocbepezaroujeil mexHoA02UU NPU NOBbIUEHHOU 6AadCHOCMU NoU8bl. TIpedcmasnenbl 6eaudUHbI HAXONCOCHUS NOAHOMbL CENapayuu
N0 8bIPANCEHUIO, 3ABUCAU4UE OM MACCHI BOPOXA KOPHENA0008 U Kapmogdens, ROCmynanye2o ¢ NOOKanbleanuux Ha cenapupyoujie
pabouue opeanvt, a makice Kodppuyuenma K . uzmenenus cmpyKmypHocmu 6AaiCHOCHU RO4GbL.

KioueBblie cioBa: yoopka, cenapauyus, KOpHena00bl, pabouue opeansl, MAWUHa 015 yoopku

MATHEMATICAL MODEL OF INDICATORS DETERMINATION
OF QUALITY ROOT CROPS HARVESTING
AND POTATO ENERGY SAVING TECHNOLOGY IN HIGH HUMIDITY SOIL
CONDITION
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Abstract. Existing machines for harvesting root crops and potato tubers perform the technological process in conditions of high soil moisture, which
negatively affects to the quality of harvesting as a result of a decrease in the completeness of separation of marketable products. To increase the
separating capacity of slotted devices for cleaning root crops, it is proposed to improve the method of heating the separating surface with hot exhaust
gas from the power plant of a harvesting machine or drive. The FSC VIM has developed a separating system for harvesting root crops and pota-
toes at high humidity using the heat of the exhaust gases of the power plant. In order to determine the optimal values of the developed separating
system, as well as recommendations for subsequent changes in the design and technological parameters of harvesting machines, a mathematical
model has been developed for calculating the quality of harvesting root crops and potatoes using energy-saving technology in conditions of high
soil moisture. The values of finding the completeness of separation by expression are presented, depending on the heap mass of the root crops and
potatoes coming from the digging fo the separating working bodies, as well as the coefficient K . of the change in the structural moisture of the soil.
Keywords: harvesting, separation, root crops, working bodies, harvesting machine

TexHonoruyeckuii mpoiecc yOOpKH KOPHEIIO-
OB M KapTodessi B yCIOBUSIX MOBBIIIEHHON BIaXHO-
CTU TOYBBI OCYILIECTBISIETCS MPU HMHTEHCHU(UKALIUU
OYMCTKH TOBAPHOI MPOAYKIMU BO3AYIITHBIM ITOTOKOM
cemapupylollieii TMOBEpXHOCTU OTpabOTaBIIMMM Ta-
3aMH CWJIOBOM YCTaHOBKM, UTO COKpalllacT BpeMs Ha

*

CXOJI TIOUBEHHBIX ITpUMeceil ¢ paboueil TOBEpXHOCTU
B PE3YJIbTATE CIIa/la UX BIAXHOCTHU, U KAaK CJIEACTBUE —
CHUXAET CKBAXKHOCTb U JIMTIKOCTb.

CyIecTBYIOT ~ pa3HOOOpa3Hble  cerapupyloIme
YCTPOMCTBA JJISI BBIOJTHEHWUS OYMCTKA TOBAPHOMU TIPO-
IYKIMU OT MEXaHUYECKUX MPUMECET.

Pa6ora BbimosHeHa B pamkax ctunienanu [pesuaenta P® mist rocynapcTBeHHOM MOAAEPXKKH MOJIOABIX poccuiicKux yueHbix CIT-
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OrtneneHure KOPHETJIONOB OT MPUMECeil B MeXaHU-
YecKMX CernapaTtopax OCHOBAaHO Ha (hU3MKO-MeXaHU-
YeCKHUX CBOMCTBax: Koa(ppuuueHTsl (GOpMbl, TPEHMS,
BOCCTaHOBJIEHMSI CKOPOCTH; Macca, IJIOTHOCTb, pa3Mep
W TIPOYHOCTHBIE CBOMCTBA. HambGombinyio mpaktude-
CKYIO peaTn3aluio MOTyIIn: KOI(DMOUITMEHTH TPEHUS
Ka4yeHUS U CKOJIbXKEHUSI, a TAKXKE pa3Mep.

J71st TIOBBILIEHMST TIOMHOTHI pa3fesieHus] KOMIIO-
HEHTOB BOpOXa W TMPOU3BOIUTEIBHOCTH YCTPOMCTB
BTOPUYHOMN cenapannu (Majgp4yarble TOPKU) CTAIH yCTa-
HaBJIMBaTh MHTEHCU(UKATOPHI CeTrapalni, KOHCTPYK-
I KOTOPBIX paccMoTpeHbl B paborax H.B. beimosa,
C.I'. boperueBa, H.I1. Jlaprommna, A.M. JlaprommHa,
A.A. IIporacona, I'.'K. Pembanosuua. MU3BecTHBIC OUM-
CTUTENIbHBIE YCTPOWCTBA IEPBUYHOI U BTOPUYHON ce-
Mapanyy OOECIEeYMBAIOT TEXHOJIOTMYECKUNA TpoLEece
B YCJOBUSIX ONTUMAJbHON BIAXHOCTU TIpU yOOpKe
(W = 18...22%), noBblmast nmokasatesib a0 25...27%.
Paboyas moBepxHOCTb CENMapupyOIIMX YCTPOMUCTB 00-
BOJIAKMBAETCSI TTIOYBEHHBIM CJIOEM U TEXHOJOTUYECKUN
Mpolecc yxyalaeTcss Wi Tpekpainaercs. [lostomy
HEOOXOMMMO pa3paboTaTh YCTPOWCTBA MEPBUYHON
¥ BTOPUYHOM cemapaiii COBMECTHO ¢ MHTEHCUDUKa-
TOpaMu, YTO TTO3BOJIUT BBITIOJHSTH OUMCTKY TOBAPHOU
MPOAYKIIMY TIPU MOBBIIIEHHON BJIAXXHOCTH MOYBHI.

B ®HAII BUM pa3paboTtaH KOMIUIEKC cerapu-
pPYIOLIMX arperatoB MallWH IS YOOPKU KapTodens,
MPENCTABICHHBINA YCTPOCTBAMU MMEPBUYHON OUUCT-
KM C ae(IeKTOPHbBIM HMHTeHCUDUKATOPOM cemapa-
MK 0TpabOTaBIINX Ta30B — MPYTKOBBIM 3JIEBATOPOM
W OYHCTHUTEJIBHON 3Be300M IISI CBEKJIOYOOPOYHOIO
KoMmOaiiHa.

Lenp paboThl — yCOBEPIIEHCTBOBATH TEXHOJIOTUYE-
CKUIi TIPOIIECC OYUCTKUA KOPHETIOA0B CBEKIIOYOOPOU-
HBIM KOMOAHOM B YCJIOBUSIX TTOBBITIIEHHOM BIIasKHOCTH
32 CUET ONTUMM3AIUN KOHCTPYKTUBHO-TEXHOJIOTUIE-
CKMX TIapaMETPOB CEIMapupyIOIIEro YCTPOUCTBA C UC-
MOJIb30BaHUEM TETUIOTHI OTPAOOTABIINX Ta30B CUJIOBOM
YCTaHOBKU MAIIIHBI.

MATEPUAJIBI U METOJbI

YT0OBI CHU3UTH TPABMUPOBAHNE KOPHEKIYOHEILIO-
JIOB U ITOBBICUTh Ka4€CTBO OUMCTKU OT MEXaHUYECKUX
M pacTUTEIbHBIX pHUMeceit pa3paboTaH OJUCKOBBIN ce-
MapUpYIOLIMii OpraH ¢ MHTEHCU(UKATOPAMU OUMCTKH,
B BUJE CYECBIBAOIIMX CIHII, TmateHT P® Ne 2727917
(puc. 1). [IuckoBbIii cemapupylONIMii OpraH Comep-
KT OUCK 1, 3aKpeIUICHHBIN Ha BEPTUKAIHBHOM Baly 2,
MMeEIOLINIA cTynuiy 3 U cyechiBalollye CIUIBI 4, coe-
JIUHEHHBIE CO CTYIMUIleH mapHupamMu 5. PemeryaTolii
JUCK ] yCTaHOBJIEH MOJ, YIJIOM CKAaTbIBaHUSI IMOYBEH-
HBIX TIPUMECEN K BEPTUKAJIbHOU W TOPU3OHTATBHOM
wiockocTssM. CuechIBaoIIne CIUIEI 4 CBOOOTHO Bpa-
IIAIOTCS ¢ TTOMOIIBIO IAPHUPOB 5 OTHOCUTEIBHO CTY-
MWL U KPOMKHU PEIIeTYaToOro JUCKa.

Hapn xoHuamu cueckiBaromux cnull 4 nucka / ycra-
HOBJIEHO KOJIbLIEBOE pellleTyaToe Pe3nHOTEXHUYECKOe
orpaxaeHue oO.

Ha cemapupyiomeM AMCKe MMECTCS pelIeTdaThbIii
IIHUTOK 7, KOTOPBIH CYKMBAET ITOTOK BOPOXa JIyKa 1 YKJIa-
JIBIBAET €r0 B BAJIOK, STYCHMKU PEILIeTYATOrO IIUTKA MEHb-
1€ MMHUMAJILHOTO pa3Mepa KOpHeKIyoHemnonos d . .

Jns mpenoTBpallieHUs] 3a0MBaHUSI CUYECHIBAIOIINUX
CITUII PACTUTEILHBIMU TIPUMECSIMU TIPEAYCMOTPEH UM~

[l [TPOLIECCHI M MAIIMHBI ATPOVMH>XEHEPHBIX CUCTEM

6 7 7

Puc. 1. OuncrurebHas 38e3/1a cenapupymoeil cucTeMbl KoMOaiina
Holmer Terra Dos T3: 1 — aucK; 2 — Baji BepTHKAJIbHBIIA;
3 — cTynuua; 4 — cnuubl CYEChIBAIOMINE; 5 — MIAPHUP;
6 — orpaKieHne pe3MHOTeXHNIECKOe; 7 — MUTOK PeIeTIaThiil;
& — uncTHK; 9 — rUapoHacoc.

cTuk §. PaboTa mpuBoaa cenapupyolero opraHa ocy-
IIECTBIISETCS TUAPOHACOCOM 9.

CenapupylolM AUCKOM BOPOX HEOUUIIEHHBIX
KOPHEIUIOAOB IIONAeTCS TPAaHCIOPTEpPOM BHYTPhL pe-
IIeTYaTOTo AMCKA Ha cuechliBaloliue cruubl. Ilog meii-
CTBUEM LIEHTPOOEXXHBIX CHJI BOPOX KOPHEIUIOAOB pac-
CpelIOoTauyMBaAETCS IO MOBEPXHOCTU AUCKA, MPU 3TOM
TTOYBEHHBIE TTPUMECH CKAThIBAIOTCS K €70 KpoMke. [1pu
YCTaHOBKE CeNapupyIOLIEro NUCKA MO YIJIOM CKAaThIBa-
HUS TMMOYBEHHBIX MTPUMECEN K BEPTUKAIBHOM TUIOCKO-
CTU M B pe3yJbTaTe IMMOBOPOTA CUECHIBAIOIINX CHUII 4,
OTHOCHUTEJIbHO IIAPHUPOB 5, MOYBEHHbIE TPUMECH OT-
JEJISIIOTCS OT JYKOBMIL M IIPOBAJIMBAIOTCS BHU3 Ha I1O-
BEPXHOCTD TTOYBHI.

PacturenpHble mpuMecH OCTalOTCS Ha BOpCE Oue-
CBHIBAIOIINX CIIUII 4 ¥ IIPY ITOBOPOTE Ha IIapHUpPaX yaa-
JISIIOTCST ouucTUTeIeM. JIYKOBUIIBI TPAaHCIIOPTUPYIOTCS
K 30H€ OTBOJILETO TPaHCIIOPTEPa C MOMOIIIbIO PelIeT-
YaToro IIUTKa 7, a MIOYBEHHbIE MPUMECU MPOXOAAT
yepe3 STYEUKU U JOTIOJTHUTEJIEHO CeTapupyloTCs.

PaGoTta 1MCcKOBOTO cemapupyIomero oprasa.

Bopox ouniiaeMbIx KOPHETUIOAOB MTOIAETCsT TPAHC-
TMOPTEPOM CBEPXY HA CIIULIBI IUCKA YEPE3 IIPOCTPAHCTBO
MEXIY pafuaaibHBIMU CIIMLIAMU OTPaXKIeHUS.

JucK BpalaeTcs W ero CIuibl CO31at0T U1l KOpHe-
TUIOAOB CBEKJIBI LIEHTPOOEXKHBIE CWJIBI, OTOpPAChIBAIO-
IKYe UX K MPYyTKaM OrPaXIEHUs, KOTopoe Osaroga-
ps IPUBOAY BPALIAETCAd B TOM XK€ HANPAaBJIEHUHU, YTO
W IUCK, HO C IPYTO#l YIJIOBOM CKOPOCTBIO, B PE3YJIbTATE
Yero KOPHEIUIOAbl PACIpPENeNsItoTCs BAOIb 00pasyro-
1IEeH AUcKa U B3aMMOJEUCTBYIOT OJHOM CBOEH YaCThIO
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CO CIIMLIAMU, IPYTOil — C ABMKYIIUMUCA IPYTKAMU, 4YTO
obecrneynBaeT UX MHTEHCUBHBIE TTOBOPOTHI U 3 deK-
TUBHYIO OYMCTKY OT IOYBBI. [Ipy 3TOM 3HaYUTEIbHO
CMSITYAIOTCS yAapbl KOPHEIUIOAOB O MpYyTKU. ocTur-
HYB 30HBI BBITPY3HOTO TpaHCIIOpPTepa, CIUIIBI IMCKa
OTYCKAIOTCSI BHU3 M3-3a HAaKJIOHA KOMHWpa W MOBOPO-
TOB KPOHIITEIHHOB C POJIMKAMH B IIIAPOBBIX IIAPHUPAX.
OuuileHHbIE KOPHEIUIOABI MagaloT BHU3, COCKAJIb3bI-
Basl CO CIUII AUCKA U MPYTKOB OrpaxKIeHusl Ha TpaHC-
TopTep, OTBOMATCS 3a MpeAesbl ycTporicTBa. OUnCTUTE b
KPUBOJIMHEWHON (hOPMBI CUMIIIAET C PATVATBHBIX CITHUIL
HaBUCIIINE PACTUTELHBIE OCTATKH.

I1o pesynbpTaTam aHaaM3a KOHCTPYKIIWIT MHTEHCH-
(rKaTopoB cenapali OCHOBHOTO 3jieBatopa B @HAILL
BUM paszpabotaHa KOHCTPYKTMBHO-TEXHOJOIMYE-
CKas cxeMa IIPYTKOBOTO 3jieBaTopa C acUMMETpUY-
HBIM pacroyJioXXeHWeM BcTpsxuBareieir (mateHT PO
Ne 2638190), obecrieunBatoiiasi yMeHbIIIEHUE TTOBPEX-
JICHUU U TTIOBBIILIIEHUE KAYECTBA CEMAapUPYyEMOU MPOAYK-
1IUU, B pe3yJibTaTe CHIDKCHUS IO MMHMMYyMa BO3Meii-
CTBUSI BEPTUKAJIbHOW COCTABJISIIONIEH CHUJIbI TSKECTU
KOPHEKJTyOHeII01a.

Cenapupylomuyii 3;1eBaTop MalIvHbl ST YOOPKU
KapTodest ConepXuT YCTAaHOBJIEHHBIN Ha paMme [ TIpyT-
KOBBII 371€BaTop 2, MonI CTOpoHaMu 3 M 4 KOTOPOTro
YCTAHOBJICHBI BeIyILIKE I, MOAACPXKMUBAIOIINE 6 U BeIO-
MbI€ 7 POJIMKM, CMOHTMPOBaHHbIE Ha pame [ (puc. 2).

IToa mpOTHUBOMOJIOXHBIMU CTOPOHAMU 3 U 4 TIpYT-
KOBOTO 3jieBaTopa 2 HaxXOASTCS BCTPSXUBATENMW & CO
CMELLEHUEM OCEM BPALLECHUS B TOPU3OHTAIBLHON ILIO-
CKOCTHU TI0 JUIMHE HA BEJIMUYMHY S M HECOBIIAICHHEM
a3 mogpemMa U OMyCKaHUS MPOTUBOIOJIOXHBIX CTO-
poH. Ilpu maHHOM pacmoJioXKeHUM BCTpsXuUBaTesneil &
Ha CeMapupylolleM 3jeBaTope 0b0ecrieYnBaeTCsl pexkKuM
paboThI, MPU KOTOPOM TIPOUCXOIUT TIepeMeIieHNe BO-
poxa KiryOHe# KapTodeist TT0 TOBEPXHOCTH MTPYTKOBOTO
aneBaTtopa 2 6e3 mogopackiBaHus. B MOMEHT oIrycKa-
HUSI CTOPOHBI 3 MPYTKOBOTO 3JieBaTopa 2 MPOUCXOIUT
MOIBEM IIPOTUMBOMNOJIOXHON CTOPOHBI 4 IO IJIMHE S
MPYTKOBOTO 3JIeBaTOpa, MPOTUBOIIOJIOXHBIE CTOPOHBI

ST
6/

Puc. 2. Cxema npyTKOBOIO 3J1eBATOPA C ACHMMETPHYHBIM
pacnoioxKeHneM BCTPSXUBATeJeil MAIMHBI 1151 yOOPKU KapTodes:
1 — pama; 2 — 351eBaTop NPYTKOBDIii; 3, 4 — BETBU NPYTKOBOTO
371eBaTopa; 5 — PoJIMKM Belylye; 6 — POJMKH NoepKUBAIoIIHe;
7 — POJIMKY BeJIOMble; § — SJUIMNTHYECKHE BCTPAXUBATEIH.

e
VA  ——

paboTaioT B mpoTrBOdaze. BeposTHOCTH IMMOBPEXICHNUS
KJIyOHell MeHbllle, a KaueCTBO Cernapauuu Jydlle, TaK
KaK BpeMsl COTPUKOCHOBEHMST KITYOHSI C TOBEPXHOCTHIO
MPYTKOBOTO 3JIeBaTopa OyJeT MPOJOJIKUTEIbHEE.

PaGora cemapupyiomero 3jieBaTopa ¢ aCMMMeTPHY-
HBIM PACTIOJIOKEHHEM BCTPSXUBATEJIE.

Bopox knyoHeit kapTodenst M pa3TUUHbBIX TpUMecei
C TIOoAalollero TpaHCIIOpTepa WIM ITOAKAIbIBAaIOIIETO
paboyero opraHa nocTyIaeT Ha MPYTKOBBIH 2JieBaTop 2.
ITo Mepe mpoaBUXEHUSI BOPOXa, TTPOUCXOIUT MTOIBEM
cTOpoHBI 3 BcTpsixuBareneM §. [lombem u nanbHeiee
nepeMelleHne KIYOHEHOCHOTO BOpOXa TOCTUTACTCS
B pe3yJIbTaTe IPUOOPETEHUST YCKOPEHMUSI, COOOIIaeMOro
BCTpsIxuBaTeaeM & IMPYTKOBOMY 3JI€BaTOpy, KOTOpOe
OoJiblIe YCKOpeHUs1 cBoboaHOoro naaeHus. Ilpu nogbeme
CTOPOHBI 3 M OITyCKaHWU TIPOTUBOITOJIOXHONW CTOPO-
HHI 4, BOpOX KIIyOHEeH KapToderst cMelmaeTcs K IIeHTPY
IIPYTKOBOT'O 3JIEBATOPA MOJ, YIJIOM 0.;; K TOPU3OHTY.

B MoMeHT omyckaHMsI CTOPOHBI 3 TIPOUCXOIUT
MOIBEM MPOTUBOIIOJIOXKHOI CTOPOHBI 4, UTO MIPUBOAUT
K pa3pbIXJIECHMIO U AedhopMallii MTOYBEHHOIO IuiacTa
W3-3a €70 M3JI0Ma, a TAaKKe PaBHOMEPHOMY pacrpese-
JICHUIO CEINapupyeMori TOBApHOW MPOAYKLMUHU IO BCEU
IMpHHE pabodeii MOBEPXHOCTH TPAHCIIOPTEpa U yIyd-
ILIEHUIO MpoIlecca cerapaluu.

PE3VJIBTATBI 1 ObBCYXIEHHNE

Kommnekce pazpaboTaHHBIX YCTPOMCTB JJIST OUUCT-
KM KOPHEIUIONOB BXOIWT B CEMapUPYIOLIYI0 CH-
CTEMYy C TEIUIOBOI 3Heprueil oyucTtku (mareHT PO
Ne 2754037), BkTo4yarmonIyo pabodunii opraH (O4MCTH-
TeJbHAasl 3Be311a/TIPYTKOBBIN 3JIeBaTOp), AeMIEKTOPHI
IJ1s1 o6ayBa paboueii TTOBEPXHOCTU, PACTIONOXEHHbIE
110 BHEITHEMY KOHTYPY OTPaXIACHUS C 3a30pOM, 0bec-
TEYMBAIOIIMM PETYJIMPOBKY YIJIa MX HAKJIOHA, CHCTEMY
BO3IYXOBOJOB IJISI TOIBOJAa K HUM OTPabOTaBIIMX
ra3oB OT CUJIOBOU YCTaHOBKM.

ITokazatenu KauyecTBa TEXHOJOIMUYECKOIO IIpoliecca
yOOpKM KOPHEIJIONOB CaXapHOW CBEKJIBI M KITyOHEU
KapTodest AOJKHBI COOTBETCTBOBATD MPEAbSIBISIEMBIM
arpoOTeXHUYECKNM TPEeOOBAHUSIM M HAXOIUTHCS B WH-
TEpBAJIC 3HAUYCHUI:

Ymin < Yi < YmaX' (l)
rae Y, — BeInInHa 3HAYCHHS i-TO MOKa3aTesIst KauecTBa
paboThl MAIIWHBI IS YOOPKM KOPHEIUIOAOB M Kap-
topens; Y ., Y~ — MUHUMAIbHOE U MaKCUMAJIbLHOE
3HAYEHHS ToKa3zaTelssl KauecTBa paboThl MAIIMHBI JIJIsI
yOOpKU KOPHETUIOA0B 1 KapTodeisi, He BBIXOASIIME U3
arpoOTeXHUYECKMX TPEOOBAHWUI.

MakcumanbHas 3(pHOEeKTUBHOCTh YOOPKN KOPHEIDIO-
JIOB TOCTUTACTCS TP MUHMMAJTBHBIX 3HAYCHUSX BEPOSIT-
HOCTHOTO TTOKa3aTeJIsl Ka4eCTBa BHITOJHEHMS TEXHOJIOT U -

YeCKHUX OIepaLivii ¥ 3aTpar Ha yOOPKY €TUHULIbI TIOLIAIN:

X — min,
{3 - min,’ (2)
Ilie X — BEepOSITHOCTHBIN MMOKa3aTe b KauyecTBa BHITIOJ-
HEHMSI TeXHOJIOTMYECKUX Oomepaluit Mpu yOopKe Kop-
HeIuIomoB U Kaptodensa, %; 3 — 3aTpaTthl Ha YOOPKY
KOPHETUIONOB C eAMHUIIBI TTOMIAN, PYO.
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BeposiTHOCTHBIN OKa3aTe b Ka4eCTBA BBITTOTHECHUS
TEXHOJOTUYECKUX OTepalnit mpu yoopKe KOPHEIJION0B
U KapTtodenss MOXHO MUHUMM3UPOBATh COBEPILICH-
CTBOBaHMEM pabOYUX OpPraHOB MAIlIMH, B3aWMMOMECH-
CTBYIOIIMX C TOBAapHOW TPOMYKIIMEH, COBMEIIEHUEM
omnepanuii 1 ”3SMEHeHEM MeXaHU3Ma B3auMOIeACTBUS
¢ paboyMMu OpraHaMu.

B cBs3M ¢ TeM, 4TO IpHU BBIMOJHEHUU TEXHOJIOTH-
YEeCKOro Tpoliecca cernapaluuy CHUXAETCS BIAXXHOCTb
TOYBBI, BEPOSITHOCTDb ITOBBIIICHUSI KAYeCTBa OYMCTKU
YBEJIMUMBAETCS COTJIACHO aHaJUTUIECKOM 3aBUCUMO-
CTHU HACTYTUICHUS UCCIIEMYeMOTO COOBITHSI.

[porHosupyemast vy, MOJTHOTA Cenapalny Kop-
HEIUIOMOB U KapTodes:

vark = 1= (Vawky  Vawyky * Vawky  Vamkys Vapky): (3)

TI€ Vp, — TPOTHO3MpYeMas IIONHOTA Cemapaiun
KOPHEIUIONOB M KapTodesss Ha ITOAKAIlbIBAIoIIeM pa-
6ouyeM opraHe, %; V ek, — TIPOTHO3MpYeMasi OJTHOTa
cemnapaluu KOpHEIUIoA0B U KapTodeast Ha paboyeM op-
raHe epBUYHON cenapaunu, %; V 11pyk,, — MPOTHO3UPY-
emMas MOJTHOTa ceTlapalii KOPHEIJIOA0B U KapTodes
Ha paboyeM opraHe NMepBUYHON cenapaiiv C UHTEHCH-
¢ukaTopom cenapauuu, %; Vpyk,, — IPOTHO3UpYeMast
MOJTHOTA cerapaluyd KOPHEIIoAoB U KapTodenss Ha
pabodeM opraHe BTOPUYHOM cenapaunu, %; VK, —
NpOrHo3vpyemas II0JIHOTa CeNapauuyd KOPHEIUIONOB
Ha BBITPY3HOM TpaHcroptepe, %.

Tak Kak MHTeHCU(DUKAIMS Cerapallii BEITIOTHSIETCST
Ha OYUCTUTEIbHOI 3Be3/¢ C TEIUIOBbIM BO3ASHCTBMEM Ha
pabouylo TTOBEPXHOCTh OTPAOOTABIIMX Ta30B, JACTATLHO
PACCMOTPUM WICH V pyp MpeICTaBICHHbIN B 3aBUCUMO-
CTH 3, ONPENENAEMbI OTHOILIEHMEM Maccoii Bopoxa Q, ,
MOCTYMUBIIETO HA pabOYyI0 TTIOBEPXHOCTh K MacCce BOPOXa
QBp Ha cxofie ¢ paboyeil MoBepXHOCTH:

C))

QB
V(HP)Kyn = Q_Zp . 100%,

rne Q, — Macca BOpoXa, TIOCTYNMBILETO Ha pabodyro
TIOBEPXHOCTB, KT/C; Q — Macca BOpOxa Ha CXojie ¢ pa-
0oueil MOBEPXHOCTH, KT/C.

W3-3a Toro, 4ro ¢ cemapupyiolieii IOBEPXHOCTU
OYMCTHUTEILHOIO YCTPOMCTBA TP ONTUMAJIbLHOM BJIaX-
HocTt nouBbl (W = 18...22%) nipu y6opKe CXOISIT KOp-
HETUTOABI ¥ KapTodesb, KPYITHBIE U COM3MEPUMBIE C TO-
BapHO MPOAYKIIMEN MTOYBEHHBIE KOMKH, TO TIOJTydaeM
Maccy m., ~BOPOXa KOPHEIUIOAOB Ha CXOJIE C Cenapu-
PYIOILIEro YCTPOICTBA:

M(xsn = (Mg + mz +my) - P/, ®)
Iie M, — KOMKW MOYBEI, COM3MEPUMBIE TIO pa3Mepam
C KOPHEIUIOAAMMU, KT; M, — KPYITHbIE TIOUYBEHHbIE KOM-
KM, KI; M; — KOPHETUIOMBI, KT.

ITpu BnaxxHocT ouBsl W = 25...27% MexaHN4YecKue
MPUMECH B BOPOXE TOBAPHOW MPOMYKLINY MPEICTABIISIOT
C0001i OTHOPOIHYIO TUTACTUIHYIO MAcCy, TIO3TOMY Ha CXO-
JIe C OUMCTUTEIHHOTO YCTPONCTBA MOTyJaeM:

(6)

rae m,, — OOHOpPOAHAA MacCa IMMOYBCHHBIX HpHMeCCfI,
BKITIo4aromad MCEJIKUEC ITOYBCHHLIC IPHUMCCHU, KOMKU

Meyon1 = (Myp3 +my) - P,

[l [TPOLIECCHI M MAIIMHBI ATPOVMH>XEHEPHBIX CUCTEM

MTOYBBI COM3MEPUMBIE 110 pa3MepaM ¢ KOPHEIUIOAAMU
U KJIyOHSAMU, KPYITHBIE TOUBEHHBIE KOMKU, KT.

mqp3 = My + m, + ms. (7)
BepOHTHOCTI) P’ ncxmouenns IIPpOCEUBaHUA ITOUYBCH-

HBIX ITPUMecel (m,,,) 4epe3 LIENeBbIe OTBEPCTHUA S, CeTa-
PUPYIOILIETO YCTPOMCTBA OMPEAEISETCS BRIpAKEHUEM:

P’ = m—21; + 2D imin
T m2Sy

Mz —ny) —

Djimin

—Eh(sin2n; —sin2n) — 5~ M), (8)
e D MUHUMAJIBHBI JUaMeTp KOpHeIIona
U KapToensa, M; ¢ — Yroj MeXIy TOPU3OHTAIbHOIMA
npoeKluneil KopHerioaa (KayoeHb) U pyTKaMU cera-
PUPYIOLIETO YCTPOWCTBA, TPal.; Y,, — YTOJI MeXIy Bep-
TUKAJTBHOM ITPOEKIINEit KOpHEInIona (KIyoeHb) 1 IPyTKa-
MU CEMapupyIoIIero YCTPOUCTBa, rpaj.

S ©)

Jimin

. 28y
N, = arcsin .
Djimin

Macca oTcenapMpoBaHHON M, MOYBEHHOMN (paKIny
BBIUMCIISIETCS TaK:

1, = arcsin

(10)

m¢ = Mgy — Mcxsn (11)
[fe my, — Macca BOPOXa KOPHEIUIONOB U KapToder,
TIOCTYTIAOIIIETO C MOIKAITBIBAIOIINX Ha CEITapUPYIOIINe
pabouue opraHsbl, KT.

M3-3a moBBIIIIEHUS BIAXHOCTHU TOYBHI BBIpaXe-
Hue (11) mpeacrasum ¢ ydetoMm Kosdbunumenrta K.
W3MEHEHMUS €€ CTPYKTYPHOCTH:

Ke ="/, (12)

rae W, — ontuManbHast BIaXHOCTb 18...22%; W, — mo-

BbILLIEHHAs 25...27%.

13)
(14)

m¢ = K¢+ (Mg — Mcxsn),
gy = 2

[Ipy mnepeMemeHNM Macchl BOpPOXa KOPHEIIO-
OB U KapTodessi Mo MOBEPXHOCTH CEMapUpPYIOIIETO
ycrpoiicTBa (puc. 3) MPOUCXOAUT MPOIIECC PACKINHU-
BaHWS KPYITHBIMU YaCTULIAMU ITPOMEXYTKOB B Macce.

B 06pazoBaHHBIX MPOMEXKYTKAX HAXOISTCS YACTULIBI
C MEHBIIUMHU pa3MepaMu. Bopox KOpHETUI0[0B U Kap-
Toesss pacnpenensieTcsl Mo IUIOTHOCTH, a B Mpeaeax
JAHHOM MJIOTHOCTU — KPYITHOCTH.

Ha nocnoiiHoe pacnonoxxeHue Macchl BIUSIOT (hak-
TOPBI: (POpMa 1 COCTOSTHUE TTOBEPXHOCTH, TOJIIIIUHA BbI-
IIEIeXAIUX CJI0EB U PEXUMBI pA0OTHI CENTAPUPYIOIIETO
3]1eBaTopa.

[Tpu nepemerieHUM MO ceMapUpyIONIE TOBEPXHOCTU
MPOXOJ YaCTUIIBI Yepe3 MIENEBOE OTBEPCTUE BO3MOXEH
eCIu:
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dy < Sp, (15)
rae d — IMaMeTp YaCTULBI TIOYBEI, M.

ITonHOTa cenapaluu v BOpoxa KOPHEIUIOAOB U Kap-
ToesT BEIYMCIISIETCS 110 (hopMyIIe:

(16)

M_ K
vp—Vv
v =V 1009,
v

IJie Vi — Macca OoYBEHHbIX IPUMECEN B MICXOIHOM BO-
poxe, KT; V& — Macca HeBbIIeJIEHHbIX TOYBEHHBIX ITPH-
Meceit, KT.
Taxkum o6pa3om, BeipaxeHue (16) ¢ yuetom (13) 3a-
MHUCHIBAETCS B BUJIE:
vii -(1-m() 0
v=T100A) (17)

IMoBpexneHuss Ha (YHKLIMOHMPYIOLIEM 3JIEMEHTE
MaIVHBI IJ151 YOOPKY KOPHETIOAOB M KapTodeis orpe-
JEJISIIOTCS 10 hopMyIIe:

— _ Gnos
Ger—Grios

-100%, (18)

rae G, — Macca MOBPEXIEHHBIX CTAHAAPTHLIX KOp-
HETUIONOB U KIyOHEeN KapTodens B BOPoxe, KI; G, —
Macca BCero KoJiMyecTBa KOPHEIUIOA0B U KITyOHei Kap-
To(ens B BOpoxe, KT.

IMorepu P, 3a (PYHKUMOHUPYIOIIUM 3JIEMEHTOM
yOOpOYHOIM MaIIMHBI HAIEHEI 10 (popMmyJIe:

Py =100 — (—2—

G1+Giz

) +100, (19)

rne G, — Macca KOPHEIUIONOB M KapToens, OTo-
OpaHHBIX B Tapy Ilepea B3aUMOICUCTBHEM C paboInM
opraHoM, Kr; G, — Macca KOpHEIJIOAOB U KapTodes,
OTOOpPaHHBIX B Tapy MOCJIe B3aUMOICHCTBUS ¢ paboYrM
OpraHoM, KT.

BriBonpl. Pa3zpaboTtaHna MaTtemaTuyeckasi MOAEb
orpenesieHUs] ToKa3artesiell KauecTBa dHEPro-pecyp-
cocbeperaloliieil TeXHOJIOTUM YOOPKU KOPHEIJIOAO0B
U KJyOHell Mpu TOBBIIIEHHOU BJIAXXHOCTU IMOYBHI,
MPENCTABICHHAS BEJIWYMHON HAXOXIECHUSI TOJTHO-
THI cemapanuu mo BeIpaxeHuto (13), 3aBucsmas or
Macchl m, BOPOXa KOPHEIUIOLOB M KapTodes, Io-
CTYMNAIIETO C MOAKATIBIBAIOIIMX HA CEMapupyolimne
pabouue opransl, a Takxe Kosdduunenra K name-
HEHUS CTPYKTYPHOCTH BJIa>KHOCTHU MOYBHI.

CrenoBarenbHO, 111 KAYECTBEHHOTO BBITIOJHEHUS
TEXHOJIOTMYECKOTO TIpoliecca yOOPKU KOPHETUIOLOB
B YCJIOBUSIX MOBBIIIEHHOM BJIAXXHOCTU MTOYBBI HEOOXO-
JIVMMBI TaJIbHEUIIINE 9KCTIEPUMEHTAIbHbIE UCCIEA0BA-
HUS 10 COBEPIIEHCTBOBAHUIO KOHCTPYKIIUU U PAOOTHI
cemapupymlleil cucreMbl YOOPOUHBIX MalllH, B TOM
YU CJie TT0 U3YYEHUIO BIUSTHUS BBIXJIOMTHBIX FA30B JBH-
ratesss KoMOaliHa Ha Ka4eCTBO KOPHEIUIONOB U KIy0-
Hell, KOTopbie OyIyT BHITIOJIHEHBI TIpU (DUHAHCUPOBA-
Huu Poccuiickoro HayuHoro ¢boHaa npu peaau3anuu
npoekra «DHeprocoeperaioniass TEXHOJOTUSI YOOPKU
KOpHEIIoZoB U kaptodens ¢ uudpoBoil cUCTeMON
9KOJIOTUYECKOW OILIEHKM Ka4ecTBa TOBAPHOW MPOIyK-
un» KoHkKypca 2021 roga «IIpoBenenue dyHmameH-

e Sn

G s

Puc. 3. Cxema npoxoaa 4aCTHIbI 0 CeNAPUPYIOIIEii NOBEPXHOCTH.

TaJIbHBIX HAYYHBIX MCCJICIOBAaHMI 1 IIOMCKOBBIX HAy4-
HBIX MCCJIEAOBAaHUI MaJIBIMM OTACIbHBIMM HayYHBIMU
rpymnmamm».

Aemopul baazodapsim peyeH3eHmos 3a Ux 6Kaa0 8 dKc-
HEPMHYI0 OUEHKY IMOI pabombi.
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