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AuHHoTamus. [[7151 CHYKSHHUS CONleprkKaHusl IOUYBSHHBIX MTPUMECEH 1 TIOBPEXKICHNH KiTyOHel kapToderns npu yoopke
HE0O0X0JMMO HUCCIIEA0BATh COCTAB pa3eisaeMoil cMecH KITyOHEHOCHOTO BOPOXa TOBAPHOM MPOIYKIMHU U OIPENIeITUTh
SHEPTUI0 Pa3pyIICHUs TMMOYBEHHBIX KOMKOB. C IIETIbIO BBISBICHUS 3aKOHOMEPHOCTEH (DHU3UKO-MEXaHUIECKHUX
CBOMCTB KOMKOB TIOYBBI IIPU B3aWMOIEHCTBUM C CEHNAPUPYIOIMM pabOdyMM OpPraHOM SKCIIEPUMEHTAIBHO
WCCIIEIOBAIA pa3pyIlIeHNe MOYBEHHOTO KOMKA. DHEPrHs pa3pylIeHHs MOYBEHHBIX KOMKOB BBIIIETIOYEHHOTO
YyepHO3eMa IUIOTHOCTRI0 B mHTepBaie or 1300 mo 1700 kr/m® ompenmensiiack Ha oOpasiax pasMepoM 5 cMm
nipu BiaxkHocTH 1oussl 10...30%. Ha naGopatopHoii ycTraHOBKe, BKITIOUAIOIIEH B ce0sl cenapupyrOLHUid Py TKOBbIH
7IEBATOP, UCCIIEOBATIOCH BIIMSHHUE BO3/ICUCTBHS MOJIOTHA (4ACTOTHI BCTPSXUBAHMUS HHTEHCH()UKATOPOB CETapariin)
Ha KOJIMYECTBO OOpa30BaHHBIX MOYBEHHBIX (pakiuii pasmMepoM 5 cM. BpisicHMIM, 4TO MarepualibHbIi OanaHc
IS CETIApUPYIOIMX YCTPOMCTB KapToheneyoopoaHoro komoaiiHa NepBUYHON M BTOPUIHON OYMCTKH OTIPENIEISECTCS
MaccoBOM TMojadell KIyOHEHOCHOW Macchl Ha CEHNapHpYIOIIMH OpraH W KOJIWYECTBOM MAcCChl, CXOJSILCH
¢ cenapupyolero oprasa. KonudecTo ynansieMoii ¢ cenapHpyroIero opraHa Macchl sIBISIETCS CTallMOHAPHOM
(GyHKIMeH YacTOThl KOIeOAaHWH IMPYTKOBOTO 3JI€BATOpa M KOJIMYECTBA HAXOMASIIETOCS HAa HEM IPOIYKTa.
Pa3paborana MeToaMKa UCCIeI0BaHUM 110 ONPEICTCHUIO SHEPTUHU PAa3PYILECHHUs TOUBEHHBIX KOMKOB C IOATOTOBKOM
npoObl TouBHL. [IpoBeNeHbI SKCIEPUMEHTANBHBIE HWCCISIOBAHHUS 0 OINPENCIICHUI0 YHEPTrHH Pa3pyIICHUs
MOYBEHHOI'0 IUIACTa MPU B3aMMOJECUCTBHU C a0COIIOTHO TBEPABIM TEJIOM. YCTAHOBIJIEHO, YTO MPHU YBEIUYECHUH
BIaKHOCTH 1104BbI ¢ 10 10 30% >Heprus paspylieHns KOMKOB BO3pacTaeT B auanasone 6249,18...10118,5 Jlx/m’.
[Mpu BnaxkHoCTM TOYBHI Oonee 25% NPOMOPIMOHANBHO TOBBIIAeTcs 10 60,2 ¢M MakcUMaibHas BBICOTA
paspylLIeHus MOYBEHHOT'O KOMKA. YCTaHOBJICHA SMITUPUYECKask 3aBUCUMOCTD OTIPE/ICTICHUS] SHEPTUH Pa3pyIICHUs
YaCTHIIBI TIOYBBI TTPU BapbUPOBAHUH BIAKHOCTH. Pe3ynbraTsl Mccae0BaHNi TIO3BOJISIOT HA OCHOBE TTOKA3aTeIst
BJIQ)KHOCTH MOYBbI NOIOMPATh ONTUMAIIBHYIO YaCTOTY KOJIeOaHHH MPYTKOBOTO 3JIeBaTOpa U 00eCIeUnBaTh BHICOKOE
Ka4eCcTBO CerapaluH.

Ki1roueBble ¢j10Ba: IOYBEHHBIE KOMKH, BIAKHOCTb, SHEPTHUsl pa3pyLIEHUs [IOUBEHHBIX KOMKOB, CETIapUPYIOILUI
OpraH, KOMIIOHEHT, cenapaiys KiryoHeil kaprodens
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Abstract. To reduce the content of soil impurities and minimize damage to potato tubers during harvesting, it is
necessary to study the composition of the separated pile of market tubers and determine the energy of soil clod
crushing. In order to identify the regularities of physical and mechanical properties of soil clods interacting with
the separating working tool, the authors experimentally studied the crushing of soil clods. The crushing energy
of leached chernozem soil clods with a density between 1300 and 1700 kg/m? was determined for samples of 5 cm
in size at a soil moisture of 10 to 30%. The authors used a laboratory installation with a separating rod elevator
to determine the influence of the apron (the shaking frequency of the separation intensifiers) on the amount of 5-cm
soil fractions formed. It was experimentally found that the material balance for separating units of potato harvesters
of primary and secondary cleaning is determined by the mass of tubers fed to the separating tool and the amount
of mass removed from the separating tool. The amount of mass removed from the separating tool is a stationary
function of the vibration frequency of the bar elevator and the amount of product on it. The authors have developed
a research methodology to determine the energy of soil clod crushing using soil sample preparation. The authors
have conducted experimental studies to determine soil clod crushing energy when interacting with an absolutely
solid body. It has been found that an increase in soil moisture from 10 to 30% results in an increase in the energy
of soil clod crushing of 6249.18 to 10118.5 J/m’. When the soil moisture exceeds 25%, the maximum height
of soil clod crushing increases proportionally up to 60.2 cm. The empirical dependence of soil clod crushing
energy on the varying moisture content has been established. The research results are useful for selecting
the optimal vibration frequency of the bar elevator, based on the soil moisture index, and for achieving high
quality of separation.

Keywords: soil clods, moisture, soil clod breaking energy, separating body, component, potato tuber separation
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Beenenue CYILIECTBEHHON PHOABKH ypoxkaitHOCTH. B cBsI31 ¢ 5TUM
HEOOXOIMMO HAXOUTh ONTHMAILHOE COUETaHUE Kaue-
CTBEHHBIX MTOKa3aTesiel onepauuii, MMEIOLIMX B3auM03a-
BHCUMOCTb Ha OCHOBE 000CHOBAHHOTO KPUTEPHUS OLIEHKH

TCXHOJIOTHH.

Llemnbto BEICOKOA(D(EKTHBHOTO MMPOU3BOICTBA OBOIII-
HBIX KYJIBTYp U KapTo(es SBISeTCs TOCTHKEHNE MaK-
CUMAJIbHBIX YPOXKACB YCTAHOBJICHHOI'O Ka4€CTBa P MU -
HUMAJBHBIX 3aTparax. [IpenenpHble 3Ha4YEHUS ypoyKai-

HOCTU OOYCIIOBJIEHBI TE€HETUYECKUM IOTEHLHATIOM
copTa, MOYBEHHO-KIMMATUYECKUMH YCIOBUSIMU IO
Y KQUECTBOM BBIIIOJIHEHUSI TEXHOJIOTMUECKHUX ONEpaLUii
BO3JIEJTIBIBAHMS CEIbCKOXO3ICTBEHHBIX KYJIBTYP.
KagecTBo BBINONHEHMS Tpolecca YOOPKH KapTo-
(et TOCTUIIIO JOCTATOYHO BBICOKUX 3HAYEHUH, U ero
JAIBHENIINI POCT NPUBOAUT K 3HAYUTEIIBHOMY YBEIIH-
YEHMIO DHEPIreTUYECKUX 3aTpar, HO IPH 3TOM HE JaeT

Hay4nast mpoGrnema 3akimtodaeTcs B TOM, YTO MOBBI-
IIEHHOE COZIepKaHMe TIOYBEHHBIX MTPUMECEH B CXOTOBOM
BOpOXe KITyOHEH KapTo(ers SBISeTCs OCHOBHBIM (haK-
TOPOM YBEJIMUYEHUs TOBPEXICHUN (TPaBMHUPYEMOCTH)
KiTyOHeil pu ero yoopke. IlepcriekTBHBIM Harpasiie-
HHMEM CHIDKEHMs COJEpKaHUs MOYBEHHBIX HpUMecel
SIBJIICTCS] COBEPIIEHCTBOBAHUE TEXHOJIOTMYECKHUX TPO-
LIECCOB NEPBUYHON M BTOPUYHOHN cenapaiyu, a TaKxke
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TEXHUKA U TEXHONOIrMU ANK

pa3paboTka TEXHUYECKHX CpPEICTB C LU(POBOH CH-
CTEMOM PAaCIO3HaBaHHsI KOMKOB IOYBBI U MX OYHCTKU
ot Ki1yOHe# kaproders [1, 2].

JInsi TOBBIIICHUST TIOJTHOTHI Pa3/EeHUsT KOMITO-
HEHTOB BOpOXa W IPOM3BOJAUTEIILHOCTH YCTPOWCTB
BTOPUYHON Cerapalyy, a UMEHHO HallkuaThIX TOpOK,
YCTaHABIMBAIOTCSI HTHTEHCU(HUKATOPBI CEMapaIivi, KOH-
CTPYKLUH KOTOPBIX paccMoTpeHbl B paborax A.C. Jlo-
poxoBa, M.H. Epoxuna, H.B. bsimiosa, C.I". boperuesa,
I'K. Pembanosuua, H.I1. Jlaprommna u ap. [3, 4]. Paz-
paboTaHa KOHCTPYKIHS KapToderneyOopouHOit MaliHb
C IPY’KUHHBIMH TTJIbI[AMH, KOTOpast peraeT npooiemy
pyudHoro cOopa kaprodens [5]. B komOaiine ¢ Tpax-
TopoM MotTHOCThIO 30 kBT ricrionb3yrores amst coopa
Kaprodernss cOOpodHas Jiornara W KOHBEWEpHas Iellb
C MPY>KUHHBIMH TAJIBIIAMH, a TaKXKe YCTPOWCTBA JUIs
noxbeMa, cbopa M OT/esIeHHs KapTo(ess OT MOYBHI'.
OnHako ypoBEHb 3arpsi3HEHHs M TOBPEXICHUS Kap-
To(essi He COOTBETCTBYET HALMOHAJIBHBIMH OTpac-
JIEBBIM CTaHAapTam. J[ins KoMOMHMpOBaHHOTO cOopa
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Kaptogelisi, COpPTHPOBKU U cOopa (pakimii kaproderst
pa3paboTaH KomOaifH, HMCHONB3YIOMUIl YCTPOHCTBO
BTOPHYHOM COPTHPOBKHU KapTO(esi pOIMKOBOTO THIIA.
OnHaxo gaHHas KOHCTPYKIIMS HE OTBEYAET TpeOOBaHU-
SIM COPTHPOBKH U XapaKTepU3yeTCst HU3KOH d(pheKTnB-
HOCTBIO cOopa’ [6]. PaspaboranHoe cemapupyromiee
YCTPOMCTBO JBYXBAJILIIOBOTO KOMOaiiHa /y1st cOopa Oa-
tara (puc. 1) [7] He obecrieunBaeT cenapaluio TOBapHOI
MIPOMYKIIMH KITYOHEH B TIOJIHOW Mepe, IIOCKOJIBKY B Me-
TOZIOJIOTUH Pa3pabOTKU yCTPOWCTBA HE YYHMTHIBACTCS
B3aMMOJICHCTBHE TIOBPEKICHHBIMU CTOJIOHAMH Oarara
Ha KOHBeHepHOH JIeHTe TpaHcnoprepa (puc. 2).

Jns  ycTpaHeHHs TIEPEYHCICHHBIX HEIOCTaTKOB
TIpy pa3paboTKe’ cenapupyIoLIUX YCTPoicTs [8, 9] He-
00XOIMMO YYUTBIBATh COCTaB pas3esisieMoil cMecH KiTyo-
HEHOCHOTO BOPOXa TOBAPHOU MPOITYKIIHH.

Leab uccaenoBaHumii: onpeneieHue 3aKOHOMEp-
HOCTEH (PM3UKO-MEXaHWIECKUX CBOWCTB KOMKOB TI0U-
Bbl TPU B3aUMOJCHCTBUM C CEMapUPYIOIIUM pabo-
YUM OpTaHOM.

._.
(%))

ETIELTEEATELL Y LATRS
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Puc. 1. Koncrpyknust AByXBaJIbLI0BOI0 kKoM0OaiiHa:

1 — monBecHas pama; 2 — TPaHCMHUCCHST; 3 — BTN IIKKUB; 4 — POJIMKOBBIH IKUB [T cOopa Oarara; S — ponuk Juist coopa Oarara;
6 — cOopryk Oarara; 7 — pe3aKk aspoaMHaAMHIECKOro mpoduist; 8, 9, 10 — ponMKOBbIH ILIKKB, KATOK U HOXK /IS YHUUTOXKEHHS OOTBBL;
11 — IKKB MPUBOIA PYJIS BBICOTHI; 12 — KONIeco orpaHudeHusl DTyOuHsI; 13, 14 — paMka 1 sk Juist coopa Oarara; 15 — muT;

16 — neHTOUHBII KOHBEHEp CTEP)KHEBOM; 17 — 11ecTepHsl KOHBEHEPHOM! JIEHTBI

Fig. 1. Design of a two-roller combine:
1 — hanging frame; 2 — transmission; 3 — drive pulley; 4 — roller pulley for collecting sweet potatoes;
5 —roller for collecting sweet potatoes; 6 — sweet potato picker; 7 — airfoil cutter;
8,9,10 —roller pulley, roller, and knife for removing tops; 11 —elevator drive pulley; 12 — depth limit wheel;
13, 14 — frame and box for collecting sweet potatoes; 15 — shield; 16 —rod belt conveyor; 17 — conveyor belt gear

' Xiao W., Gao Y., Chen H., Zhang Y. Design and experiment of small potato picking and grading machine // Journal of Food Process
Engineering. 2019. Ne 12. Pp. 130-134.

*Liu J., Wei M., Kang H., Wang Y., Zhou J. Design and experiment of potato harvester based on roller separation / INMATEH
Agricultural Engineering. 2021. Ne 5. Pp. 96-103. https://doi.org/10.35633/inmateh-64-14.

*Kamunun A.B., Pyxben B.A., Termuckuii 1.3, MUpoBble TEHISHIMI H COBPEMEHHbIE TEXHUUECKUE CUCTEMBI 11l BO3/IE/bIBAHMSI
kaprodernst: YueoHoe mocodue. CI16.: Cankr-IlerepOyprekuii rocyapcTBeHHBIN arpapHsbiil yauepeutet, 2016. 160 c.

6 HopoxosA.C., EpoxuH M.H., Crnbupés A.B., MocsikoB M.A. OHeprus paspyLUeHNs NOYBEHHLIX KOMKOB CenapupyIoLLmM. ..


https://www.mdpi.com/2077-0472/12/10/1559#fig_body_display_agriculture-12-01559-f006
http://dx.doi.org/10.35633/inmateh-64-14

Agricultural Engineering (Moscow), 2024;26(4):4-12

Puc. 2. Anaau3 cui Ha KOHBeHepHOI JeHTe:
F, — omopHas cuna KOHBEHEPHBIX JICHT;
f— crta Tpenus KOHBeHepHBIX JeHT H;

G — BeC MOBPEKICHHBIX CTOJIOHOB KapTO(hers;
0 — TOPH3OHTAIBHBIHN YTOI
MEJK/ly KOHBEHEPHBIMH JIEHTAMU U 3eMJIel

Fig. 2. Analysis of forces acting on a conveyor belt:
F,,— support force of conveyor belts;
f— friction force of conveyor belts;
G — weight of broken sweet potato stolons;
0 — horizontal angle between conveyor belts and the ground

MarepuaJjbl 1 METOIbI

Jlns ompezeneHnst SHEPruM paspyiieHUs MOYBEH-
HBIX KOMKOB BBIIIEIIOYEHHOTO YepHO3eMa TUIOTHOCTHIO
1652 Kr/mM® OATOTaBIMBAIACH 00PA3IIbI JTTMHOM, BHICO-
TOW M TOJIIIUHOM He OoJiee S5 CM pa3InIHON BIQKHOCTH.

Yacrora BparnieHuss HHTCHCH(DHUKATOPOB CeTapariiy
BapbUpOBaJIach B auanasone ot 10 10 12 mun’.

BraxxHOCTh WCCIeMyeMbIX TOYBEHHBIX 0O0pa3IioB
W3MEHSUTH METOJIOM TIOBEPXHOCTHOTO  YBIAXKHCHUS
¢ 10 o 30% c mHTEpBaAJIOM BapbUPOBaHMS B CTOPOHY
yBenuueHust Ha 1% U onpesensiiu TepMOCTaTHO-BECO-
BBIM CIIOCOOOM.

DHeprus pa3pyieHus TOYBEHHBIX KOMKOB OTPE/Ies-
JIach MPU OTHOKPATHOM CTAaTUCTUYECKOM CYKaTHH HAKO-
HEYHUKOM TBEP/IOMEPA UCXOJIS U3 YCIIOBHS Pa3pyIICHUs
He meHee 90% IMOUYBEHHBIX KOMKOB.

Macca KOMKa TIOYBBI OIPEAETIAIACH
¢ TouHocThiO A0 0,1 T Ha DSNEKTPOHHBIX Becax
M-ER122ACFJR-300.01 LCD.

Cenapauus ki1yOHel KapTodens OT MEXaHUUECKUX
npuMeceld NpPH COMOCTAaBICHUM C ChHITYyYUMH Mare-
pHaTaMi OTIMYAeTCs HEMpPepbIBHBIM 00pa30BaHUEM
MEJIKMX YaCTHUI] TTOYBBI, TOSBISIOIINXCS B PE3yJbTaTe
COyAapeHnil KOMKOB IIOYBBI O pabOuyr0 MOBEPXHOCTH
OYHUCTUTEIBHOIO yCTpoicTBa. Clie0BaTeIbHO, UCXO/-
HBI (PPAKIMOHHBIA COCTAB SIBISCTCS HETIOCTOSHHBIM
Y MEHSIETCsI B 3aBUCUMOCTH OT IIapaMeTPOB U PEKHMOB
paboThI PYHKIMOHUPYOIIUX dIeMeHTOB [ 10-12].
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s ompezeneHus TMapaMeTpoB — CeMapupyroIe-
T0 OpraHa KaK 3JIEMEHTa CHCTEMbI aBTOMAaTHYECKOTO
PETyJIMpOBaHUs HEOOXOMMMO HWMETh HWH(OpMaITHIO
00 OCOOCHHOCTSIX MPOTEKAHWSI TEXHOJIOTUYESCKOTO
nporiecca cenaparyy, (QU3NKO-MEXaHHYSCKHX CBOM-
CTBaX KIyOHEHOCHOTO BOpOXa, pa3MEPHO-Macco-
BBIX XapaKTEPUCTUKAX MaTepHaya, BO3ZHHKAIOIINX
MPY M3MEHEHUH TOJIIIMHBI CJIOS1 Ha BBIXOJIC U3 OUHCTH-
TEILHOTO YCTPOMCTBA IO BIMSHHUEM YTIPABIISIONIETO
BO3/ICHCTBUSL.

Pe3yabTarsl 1 MX 00CyXK1eHHE

Ha m3roronenHoit taboparopHoii ycraHoBKe (puc. 3)
MPOU3BOIIIIACH cerapanusi KiyOHei kaprodens u uc-
CJIE/IOBAJIOCH BIMSHHE BO3ICHUCTBUS MIOJIOTHA AIIEBaTOpa
Ha KOJIMYECTBO 0Opa3yeMOi HCCIIeTyeMOi MOYBEHHOM
(dpakmuu (He 6osee 5 cM, uTO OOYCIIOBIICHO CPETHUM
pazMepom KiTyOHel KapToders).

Mertonuka mpoBeNeHUsI MCCIEIOBAHUI Mpexycma-
TpYBaJIa MACCOBBIN 3aMep UTMHBI, ITUPUHBI WITH TOJIIIH-
HBI MTOYBEHHBIX (ppakiuii. [1o momyyeHHbIM 3HaYCHUSIM
CTPOMJIM BapUallMOHHBIE KpHBbIE (puc. 4) U ompese-
JSUTM CTENEHb OTASNMMOCTH JTaHHOTO cocrama. [Lmo-
maab 1 (MeXIy KpUBOi M OCBIO a0CIHCC) COOTBETCTBY-
€T OCHOBHOMY KOMITOHEHTY, a IUIOIab 2 COOTBETCTBY-
eT MPUMECH.

J171st moCTIeI0BaTeNIbHOTO U3YUEeHUSI IBYX IIPU3HAKOB
X u'Y pazneneHus IByXKOMIIOHEHTHOW CMECH UCTIOJNb-
30BaJIN KOppeIsIHOHHbIe Ta0muipl. [Tpn Hammaum Tpex
npu3HakoB X, Y U Z MO>KHO MCIOJIb30BATh MIPOCTPaH-
CTBEHHBIE KOPPEIAIIMOHHBIC PEIICTKH.

Uem otHOpOIHEE TOMYYEHHBIE (PPAKLIIU [0 JTAHHOMY
NPH3HAKY, TEM TOYHEE MOXKET OBITh OCYIIIECTBIICHA CeTla-
parwisi 1 TeM Bblle YQGEKT pasaeieHusl.

CreneHb U3BJI€UEHNSI TOBAPHOU MPOTYKIIMHU U3 CeMa-
PHpyeMOro BOpoxa OIpeAesieTcs Mo Gpopmyie:

n=-—--, (1)

rzie Q, — KOMMYEeCTBO KOMIIOHEHTA IOCJIe CenapanuH, %;
Q, — KONMMuEeCTBO KOMIIOHEHTA B UCXOAHOM (hpaxiuu, Y.

OddexT cenaparyu, 3aBUCAIINH OT PEKUMOB PaOOThI
YCTPOMCTBA U MapaMeTpoOB €ro padoTsl, onpeessieTcs
nofjaueil BOpoxa, BpeMeHeM 00paboTkH, (hH3NUECKUMU
CBOMCTBAMU U IETMMOCTBIO UCXOTHOTO IIPOJTYKTA.

Bemuunna momaun (O, Kr/c) ompenernsiercs
BBIPAKEHHEM:

0=, @

tB
rae f — cedenune moroka Chiydyel Maccel, M?; O, — JUTH-
Ha CeMapupyroIIel MOBEPXHOCTH, M; Y — OOBEMHBII
BEC Pa3JIeIAeMOro MaTepuana, Kr/m*; t, — Bpems obpa-

0OTKH, KI/C.
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Puc. 3. O0muii BujA J1a00paTOPHOIl YCTAHOBKH J1JIs1 HCCJIEIOBAHMS
HHTEHCHMBHOCTHU CEeNapaluU MOYBEHHBIX MPUMeceii:
1 — pama; 2 — eMKOCTB IS MPEIBAPUTEIFHOTO Pa3MEIICHUSI BOPOXa; 3 — CEMapHPyIOINIA PYTKOBEIN HIEBATOP;
4 — OpeseHT 1 cOopa puMeceit; 5 — Ope3eHT ISl CerapupOBaHHON MPOTYKIIUH; 6 — SNICKTPOIBUTATET;
7 — pemyKTOp OJJHOCTYIICHUATHII; § — MpeoOpa3oBarellb YaCTOTHBIN; 9 — mepenaya rerHast; 10 — CToiKH OropHbIe

Fig. 3. General view of the laboratory installation for studying the separation intensity of soil impurities:
1 — frame; 2 — container for preliminary placement of a heap; 3 — separating rod elevator;
4 — tarpaulin for collecting impurities; 5 — tarpaulin of separated products; 6 — electric motor;
7 — single-stage gearbox; 8 — frequency converter; 9 — chain transmission; 10 — support posts

o

A=1

P

A=0

2

ITonHoTa BEIZETEHHS P, %
Completeness of separation P, %
R

- b

i

-—

Bo

Pasnensemasn cMeck, % / Separated mixture, %

a

6

Puc. 4. BapuanuoHHble KpHBbIe IPoLiecca cenapanuu pasie/lMMoii (a) 1 Hepa3seumoii (0) cmecu:
| — OCHOBHO#1 KOMITOHEHT; 2 — IPUMECh

Fig. 4. Variation curves of the separation process for a separable mixture (a) and an inseparable mixture (b):
1 —main component; 2 — impurity

‘VhenbHas HauaabHas mojada OIpeaCICTCA KaK

%
Oy = B,’ €)

riae B, — mmpuHa paszensemMoro noToxa, M.

[TouBeHHBII KOMOK MMEET PazHOOOPA3HYIO (POPMY.
CrienoBaresbHO, TIPUMEM 3a LIEHTP KOOPIIHMHAT IEHTP
TSDKECTH KOMKA M PACCMOTPUM BO3MOYKHBIC CITydaH Ha-
TPYKEHUS €70 B [IOYBEHHOM Macce.

J11s1 cymiecTByOIHX KapTodeneyOOpOIHbIX MAITHH
BO3MYIIAIONIMM BO3JICHCTBUEM SIBIISICTCSI OTKJIOHCHHE
T0/Ia4¥ KITyOHEHOCHOU Macchl. [Tomy4nm HeoOxoaumbie
COOTHOIICHU MJIs1 OIMCAaHUs NUHAMHNYCCKHUX CBOICTB

KapTodeneyOopodHOro KoMOaiiHa Kak 00bEKTa peryim-
POBaHMS MO YIIPABJIAIOIIEMY BO3ICHCTBHIO.

VYpaBHEHHE MaTepHaIbHOIO OanaHca Ui cenapupy-
IOIIUX YCTPOKCTB KapTodheeyOopoIHOro KomoOaiiHa mep-
BUYHOM ¥ BTOPUUHON OUYMCTKU UMEET BUJL:

dC,

dt
e Q, — nonaya KIryOHEHOCHOM Macchl Ha CENapUPYIOLIUIA
opras, M’/c; C, — KOIMYECTBO MPOIYKTa, HAXOAIIETOCs
Ha CENapupyroIen moBepxHocty, M*; C ., — KOIUYECTBO
MPOJTYKTa, CXOJIIETO C CEerapupyromeil MoBepXHOCTH,
M*/c; C,p — KOIMUECTBO TIPOCEUBAOIETOCs IPOIYKTa, M*/C.

Q1 - CCX - CPP > (4)
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B ycraHoBuBIIEMCSI pEXHMME KOJIMYECTBO MOYBBI,
0
BBIJIEIISIEMOE Ha cenapupyoiieM oprase Ci, , ABIsIETCS
MOCTOSIHHBIM, TOTIa

QIO = CgP + COCX’ ®)

e O — KOMYECTBO MACChl, TIOCTYTIAKOLIEH Ha cenapy-
pyromuii opran, Kr; Cgy, — KOJTMYECTBO MACChl, CXOJIsI-
el ¢ cenapupyroniero oprata, Kr.

YuuteiBas paBeHCTBO (5), a TaKXKe TO, YTO IMOada
Macchl Ha CENapUPyIOILNA OpraH SBIAETCS OCTOSTHHOM,
TO ecThb Q, = Q? = const, ypaBHeHue (5) MOXKHO 3aru-
carhb CJIeLYIOIIM 00pa3oM:

dC
— = ACy; (6)
ACy; = ACy +AC ;s (7
AC, =—BEL2LEL Ahi, )

rae Ahp — pa3HMIA TONIIMHBI CJIOS TTOYBBI HA BXOJE
1 BBIXOJIE C YYacTKa Cerapariu, M.

KonmuectBo ynansiemoli ¢ cenapupyromiero opraia
maccpl Cy IIPEICTABISET CTALMOHAPHYTO (QyHKIMIO Ya-
CTOTHI KoJIeOaHMI ITPYTKOBOTO 3JI€BaTOpa M KOJIMIECTBA
HAXOJISILIETOCs HA HEM MPOIYKTa:

Cyﬂ = CUD (C1>C‘)1 )> (9)

I7le ®, — 4acToTa KosieOaHHii IPYTKOBOIO JIeBaTOpa, €.

[Ipn moOBCEMECTHOM BHEOPEHWH B KOHCTPYKLIMIO
DHEPrEeTHYCCKUX CPEICTB M CaMOXOJHBIX YOOPOUHBIX
MallvH C TUAPOCTATUIECKON TPAHCMHUCCUEHN TTOSIBUTCS
BO3MOXXKHOCTh BAPbUPOBAHUS MOAAYU NPOAYKTA HA Ce-
MapUPYIOIIKE OPTaHbl 3a CYET COOTBETCTBYIOIIETO U3-
MEHEHHS CKOPOCTHU JIBUKEHUs arperara. [lostomy naib-
HEWIIIME MCCIIEIOBAaHMS BIMSHUS OTKJIOHEHUM ITOJa4Yu
Ha TOJIIIUHY CJI0S1 KITyOHEHOCHON MacChl PE/ICTABIISTIOT
€000 IepCIeKTHBHOE HAIpaBJICHIE HAyIHO-MCCIIEI0Ba-
TENBCKUX padOoT TI0 COBEPIICHCTBOBAHUIO (DYHKITUOHH-
PYIOIIUX JIEMEHTOB ¥ TEXHOJIOTUIECKUX CXeM YOOpOU-
HBIX MAIlIVH, a TAK)KE UX arperaTupOBaHUIO.

Bk

Lk
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Hawnbonee BayxHbIM apaMeTpoM paseneHnsi KOMKOB
HOYBBI OT KITyOHEH kapTrodesns sBIAeTCs pa3Mep KOM-
KOB (puc. 5).

[lepemeriene Ha OYHCTUTENBHBIX YCTPOMCTBAX
yOOpOYHON MaIlIMHBI TOYBEHHBIX IPUMECEH B Ipeesiax
OJTHOTO TEKYIIIETO CJI0sl CBUJIETEBCTBYET O HEBO3MOKHO-
CTH MX MOJIHEHIIEro pa3pyILeHHs BBUY HEOCTaTOUHON
BBICOTHI TIEPEIaia MEXK/Iy CeapupyOIMMH pabounMu
opraHamu (IpenesibHO JOIMyCTUMasi BBICOTA TaJCHHS
KITyOHEl Ha METaJUTMYECKYIO TOBEPXHOCThH COCTABIISET
He 6oinee 0,3 m). B 3TOM cityyae MOYKHO TOBOPUTH O He-
JTIOCTAaTOYHOM YZIENBHOW MOTEHIMATBHON SHEPTHH pa3py-
IIEHHsI TOYBEHHBIX KOMKOB.

ITpu mpoBenieHnK HCCIeA0BaHUI SHEPTUH Pa3PYILIEHUS
TIOYBEHHBIX KOMKOB M3y4aJICh 00pa3Lbl BIAKHOCTBIO, Xa-
PaKTepHOI Py yOOpKe KapTodersi U COOTBETCTBYIOIICH
(OpMHPOBAHUIO MOHOJIUTHOTO ITOYBEHHOTO IJIACTA.

Pesynerarel npoBeEHHBIX MCCIEIOBAaHUN HEPIUU
pa3pyLIeHNs TOYBEHHBIX YaCTUI] BBIIIEIIOYEHHOTO Yep-
HO3eMa ITUIOTHOCTBIO 1652 kr/M® mpu KoddduitmeHTe
BapHaIMU SKCIEPUMEHTAIBHBIX AaHHBIX 0,28 (coBo-
KYITHOCTb MOYKHO CUMTAaTh OJJHOPOAHOMN ) MPEICTaBIECHBI
B TaOJIMIIe U HA PUCYHKE 6.

OMnMpHyecKass 3aBUCUMOCTb BBICOTHI IaJICHUS
Y HEPTHH pa3pyLIeHNs TOYBEHHBIX YACTHI OT UX BIIAXK-
HOCTU IPEJICTABICHA CUCTEMON BBIPAKCHUIM:

H(W)=-18,21+49,121gW
D(W) =-2684,87 +7755,311g .

[pyn HeM3MEHHOM MIOTHOCTY MOYBBI U POCTE €€ BIIaXK-
HocTtH 0T 10 10 30% MPOYHOCTH KOMKOB ITOYBBI YBEJIH-
ynBaercs ¢ 6249,18 no 10118,5 [Ix/m>. [pu Bnaxkaoctn
MOYBBI CBbIIIE 25% MPONOPLMOHAIBLHO YBETMUMBAECTCS
MaKCHMaJIbHasl BHICOTA pa3pyIlIeHNUs TOYBEHHOTO KOMKA:
B cpemHeM ot 21,8 10 62,5 cM, 9T0 00bsICHSeTCS Ha0yXa-
HHEM YaCTHUII ITOYBbI, YMCHBIICHHUEM PACCTOAHUSA MCKITY
KOJUTOMIHBIMU YaCTHIIAMH U CO3JIaHKIEM JieMIepa.

Hk

(10)

Puc. 5. Pa3mepHble XapaKTepUCTUKU KOMKA NOYBbI/KJIyOHsI KapTodes:
Lk — nymuna, mv; Bk — BeicoTa, MmM; Hk — Tommuna, Mmm

Fig. 5. Dimensional characteristics of a soil clod/potato tuber
Lk — length, mm; Bk — height, mm; Hk — thickness, mm

Dorokhov A.S., Erokhin M.N., Sibirev A.V., Mosyakov M.A. Energy of soil clod crushing with a separating working tool... 9
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JHeprus pa3pyuieHus MOYBEHHbIX KOMKOB IIPH BAPbHPOBAHNY MX BJIAKHOCTH M BBICOTHI A CHAS fagmua
Table
Results of studies of the energy required for crushing the soil layer
BsIcoTa majieHNs MOYBEHHBIX YACTHII, CM
AOGCOTIOTHAS BJIAKHOCTD Drop height of soil particles, cm VaeabHast IOTeHIHATLHAS HEPrHsl
BbIIIEJIQYEHHOTO YepHo3eMa, %o pa3pylIeHns OYBEHHBIX KOMKOB, JlK/M?
Absolute humidity Specific potential energy required
of leached chernozem, % Nel No?2 o3 cpeanee sHaqeHue Jor crushing soil clods, Jim
average value
10 36,5 36,3 37,6 36,8 6249,18
11 36,8 36,8 374 37,0 5990,15
12 36,4 37,3 37,3 37,0 5990,15
13 36,9 38,1 37,2 374 6054,91
14 37,0 36,5 37,5 37,0 5990,15
15 373 37,0 37,6 37,3 6038,72
16 38,2 39,1 37,9 384 6216,81
17 384 37,7 40,0 38,7 6265,37
18 39,1 38,6 39,9 39,2 6346,32
19 40,8 41,0 39,7 40,5 6556,78
20 413 434 40,7 41,8 6767,25
21 41,4 422 433 423 6848,21
22 445 43,6 46,0 44,7 7236,75
23 474 47,6 484 47,8 7738,62
24 50,9 50,4 50,5 50,6 8191,93
25 51,7 52,4 51,6 51,8 8386,21
26 52,9 51,3 50,2 52,7 8531,91
27 50,3 54,4 48,7 53,2 8612,86
28 53,4 53,6 532 534 8645,24
29 57,0 56,2 56,9 56,7 9179,51
30 62,3 614 63,8 62,5 10118,5

10 Hopoxos A.C., EpoxuH M.H., Cubupés A.B., Mocsikos M.A. QHeprusi paspyLLeHNs NOYBEHHLIX KOMKOB CenapupyoLLmnM. ..
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Puc. 6. YoenbHast NoTeHIHAIbHAs YJHEPrUsl Pa3pyLIeHUsl I0YBEHHbIX YACTHL INIOTHOCTBIO 1652 kr/m?
B 3aBHCHMOCTH OT BJI2)KHOCTH U BbICOTBI I1a/ICHUSA

Fig. 6. Specific potential energy of crushing soil particles with a density of 1652 kg/m?
as a function of moisture and drop height
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JIETIATH YHEPTHIO pa3pyIICHUsI TIOYBEHHBIX KOMKOB TIO-
JIOTHOM 3JIeBaTopa.

[Ipu yBenmuuenun Bnaxknoctu noussl ¢ 10 1o 30%
SHEPTUs pa3pylieHnss KOMKOB BO3pAacTaeT B JHamnas3o-
He 6249,18...10118,5 JIx/M’. TIpu BAaKHOCTU TOYBBI
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