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PA3PABOTKA 1 OBOCHOBAHUE ITAPAMETPOB YHUBEPCAJIBHOI'O
TEXHUYECKOI'O CPEACTBA [J15 YBOPKU BOTBbI KOPHEIIJIOAOB

AHHOTAUSA

B cratee paccmarpuBaroTCsi BOMNpOCHl yOOpKM  KopHeruiofoB. Paspaborana
OpUTMHAJbHAS KOHCTPYKIUS MAIlIUHbI, HCIOJIb30BAHUE KOTOPOM TMO3BOJIUT TOBBICUTH
3¢ dexTUBHOCTh OTHeNeHUs OOTBBI OT KOpHerioaoB. [IpeacraBineHbl TeopeTHUECKHE U
1abopaToOpHBIE UCCIICIOBAHUS MAPAMETPOB OYUCTHUTENS TOJIOBOK KOPHEIUIOAOB, PACCTAHOBKHU
Ouuell ¥ 3aTpaT MOILIHOCTU Ha UX BpallleHUE.

Kniouesvie cnosa: xopHeron, yOopka OOTBbI, TEOPETHUYECKHE HCCICIOBaHUS,
nabopaTopHble  UCCIEOBAHMS, TMATEHTHBIM  TOWUCK, OpUTHHAJbHAs  KOHCTPYKLHSA,
JIOOYHMCTUTEb, OUY.

BBenenue

B nocnepnee BpeMst maieHHE MPOU3BOJCTBA KOPHEIUIOAOB OTYACTH OOBSICHICTCS
OTCYTCTBHEM TEXHUYECKHX CPEJICTB /Ul UX YOOPKH, U MO3TOMY MpoliaeMa HEXBATKU TEXHUKHU
BCTAaeT C Ka¥JbIM roaoM Bce Oomee octpo. s yOopku KOpHEIIONOB Tpedyercs B
JIOCTATOYHOM KOJIMYECTBE IPOU3BOJAUTENbHAS, HO IPOCTasl, YHUBEpPCAIbHAs W HeIoporas
TexHuka. llepenoBas TexHuka w3 3amagHoM EBpombl KOHCTPYKTMBHO CJIOKHA U
MHOTO3aTpaTHa, OKYIAeTCS MPH YCIOBUU BBICOKOW YPO'KAMHOCTH KOPHEIUIOAOB M OOJIBIION
CE30HHOM BBHIPAOOTKM TJABHBIM OOpa3oM 3a CuUeT NPONJICHUS MepHoAa YOOPKH, UTO
SKOHOMMYECKU Helenecoo0pa3Ho, Tak Kak MpH paHHUX cpokax yOopku tepsierca 1o 30%
noTeHIuana ypoxas. Kpome Toro, Tspkenas KOpHEIUIOAO0yOOpOUYHash TEXHHUKA Maccoi Ooree
30 T ABAsIETCS OJTHOM W3 MPUYMH Aerpaaanuu moyus [1].
enb nccnegoBaHuil - MOBBIIIEHUE HKCILTyaTAIAIOHHOW HAJEKHOCTH JIOOUYUCTUTENS TOJOBOK
KOPHETIJIOJIOB OT OOTBbI COBEPILIEHCTBOBAHMEM €T0 KOHCTPYKTHUBHBIX MTaPaMETOPOB.

OcHoBHast YacTh
IIaTeHTHBIN MOUK

Jlist mOCTKEHUsS] TIOCTABICHHOW IeNMHM OBbLT MPOBEACH MATEHTHBIA MOWCK, KOTOPBI

MoKa3aj, 4TO M3BECTHA MallluHa Ui YOOpKH KOPHEIUIOJO0B, COJEp Kallasi MOCIe0BaTEIbHO
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pacrosoxeHHbIe 00TBOCpE3aloIIee YCTPOMCTBO B BUIEC KOCHIKU-M3MEIBYHUTENS C OYHKEPOM-
HAKOMHUTENeM, KaTKH JJI CMSITHS YEpEIIKOB OOTBBI C TOPU3OHTAIBHBIMU OCSMU KadeHUs,
YCTaHOBJICHHBIMH HE TI0JI PSIMBIM YTJIOM K MPOJOJIBHON OCH MAIIMHEL, ¢ pudIeHoi padoueit
MOBEPXHOCTHIO U3 DIACTUYHOTO MaTepHalia U POTOp C AJIACTUYHBIMU OMYaMM JJIsi OYHCTKU
TOJIOBOK KOPHETUIOAO0B Ha KOPHIO OT OCTaTKOB OOTBHI [2].

Takas MammHa mo3BoJsieT 3PGEKTUBHO Cpe3aTh OCHOBHYIO 4acTh OOTBBI Ha BBICOTE
30...80 MM OT TOJIOBOK KOPHEILIOIOB, HO HE TMO3BOJSET TOOUTHCS MOTHONW OYMCTKU TOJIOBOK
KOPHEIIJIOJIOB OT YEpPEeHIKOB OOTBBL. DTO MPOUCXOAMUT IMOTOMY, YTO KATKH IJISI CMSITHS
YepeImKkoB OOTBBI HAKJIOHSIOT WX BIEPEl, HAKPHIBas OCTATKaMH OOTBBI T'OJIOBKH BIIEPEIH
CTOSAIIUX KOPHEII0J0B. [Ipu 3TOM CyliecTBeHHO 3aTpyIHSETCS AOCTYN JIACTUYHBIX Ouueit
OYUCTHUTENS TOJOBOK K Hambosee CiaboMy MeECTy KpEIUICHHS KOPEIIKOB OOTBBI
HETMOCPEACTBEHHO Ha TOJIOBKaX KOPHEIJIOJOB, & OCHOBHAs Macca YepelIkoB OOTBBI TacUT
KAHETHYECKYI0O W YNPYTYIO SHEPTHIO0 AJIACTHYHBIX OWYel OYMUCTHTENS, BO MHOTOM CHIDKas
3¢ (HeKTUBHOCTH UX PabOTHI IO OTAETICHUIO YEePEIIKOB OOTBBI OT TOJIOBOK KOPHETLIOIOB.

B BI'ATY pazpaGorana opurumHanbHas KOHCTPYKIMS MalllMHBI 15 yOOpKH OOTBBI
KopHermnooB (puc. 1) [3], cocTosias u3 60TBOCPE3ar0IIEero YCTPOorUcTBa 1, BEIMOTHEHHOTO B
BUJIC KOCWIKH-U3MENBUUTENS] C OYHKEpPOM-HAKONHTEIEM, Ha KOTOPYI0 NpU IOMOIIU
MeXaHH3Ma HaBECKH 2 M pa3rpy304HOI MPYKUHBI 3 ¢ Mepearolleii OT Hee yCHue Ienbio 4
HABELIMBAETCSI OUUCTUTEND IOJIOBOK KOPHEIUIOAOB 5 C pOTOPOM, BKJIIOYAIOIIMNA TMAPOMOTOP
6, yCTaHOBJICHHBIN Ha HECYIIeW KOHCTPYKIIMH, BHIIOTHEHHON B BUJIE PEIyKTOpa 7, BXOASAIIUE
BaJIbl 8§ KOTOPOTO BMECTE C 3aKPEIUICHHBIMU Ha HUX 00oiMaMu 9 00pa3yroT JEBYIO U MPABYIO
ceknuu poropa. K oboiimam 9 moxm yriiom y K ocu poTtopa Kpemsarcs KpoHImTerHbl 10 c

3JIaCTUYHBIMHA Omuamu 11.
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Puc. 1 — Mammuna aiis yoOopku O0TBBI KOPHETIIIONOB: A -
BUJ cOOKY; O- BIJI COOKY KaTKOB M pOTOpa OUUCTHUTEIIS; B
- KaTKU 715l CMSITHS UEPEHKOB; T, [I, € -CXxema Tpex (a3
B3aMMOJICHCTBYSI OYa JIEBOU CEKIIMH OYUCTUTEIS
rOJIOBOK KOPHEIUIOAOB C YepeHKaMU OOTBbI KOPHEIUIOAa

K penykropy 7 «kpenarca xatku 12 u 13 ¢
TOPU30HTAIILHON OChIO Kau€HUsl IJISl CMATHS KOPEUIKOB OOTBBI B BUJE JBYX 3JIACTUYHBIX
0aJlJIOHOB HU3KOTO JIaBJIEHUS, UX FOPU30HTAIbHAS OCh Kau€HUsl COCTABIISET C LIEHTPAJIbHOMN
IPOIOJILHOM OChI0O CHMMETPHH I10 HAMPABIEHUIO OCTPhIA yroa o (85...88°), a mmpuHa
OoJibllie MUPUHBI 00pabaTHIBAEMOT0 PSIKA, @ UX MOJIOKEHUE OTHOCUTEIHHO BAJIOB 8 poTOpa
10 BBICOTE PETrYyJIUPYETCS] BUHTOBBIM coeAnHeHueM 14. CMuHamme 3nacTuuHble KaTku 12 u
13 umeroT pudiaeHy >IaCTUYHYIO MOBEPXHOCTh MOJ YIJIOM y K UX LEHTPAJIbHOW OCH

BpallleHus1, OONBIINM yria TpeHus 00TBbI 0 pe3uny (30...40°) [4], pudbl BEINOTHEHBI B BUIE
IPOJOIbHBIX PAaBHOOEIPEHHBIX TPEYTOJIbHUKOB C IIaroM, MEHBIIMM IOJIOBUHBI AHAMETpa
TOJIOBKM HAaUMEHBIINX CTAaHJAPTHBIX yOUpaeMbIx KopHer1onoB. CMuHaromue katku 12 u 13
MMEIOT JIEBOE M IMIPAaBOE HAMPABIICHHE HABUBKU PHUGPOB, MO aHAIOTHH [5] ¢ BUTKaAMH
MHOT'03aXOJHON pe3bObl BUHTA, HA 3JACTHYHON MOBEPXHOCTH KAaTKOB M YCTaHABIMBAIOTCS
COOTBETCTBEHHO Ha JIEBYIO U IPaBYIO0 CTOPOHBI MAIIMHBI, CYUTASI 110 XOAY €€ IBUKEHUSI.

[Ipu aToM B paboueill HmxkHel wactu kaTkoB 12 u 13 ux pudsl obpasyor c
NEePHEHANKYISIPOM K IIEHTPATIBLHOM MPOAOIEHON OCH CUMMETPHUH, OOpaIlleHHbIE K Hel
BEpUIMHAMU OCTpBIE YIIIbl ¥ + O . 101 OCTpBIM yIiioM y K HEHTpaJIbHOW MTPOIOIBHON OCH
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BaJIOB 8 yCTaHaBIMBAIOTCS Ha oOoiiMe 9 kponmTeiiHsl 10. Dnactuunble Ouum 11 umeror
CEUYCHHE B BHJIE PAaBHOOEIPEHHON Tpameluu U Kpemsarcs K KpoHmreldHam 10 kaxgod u3
CeKIMII poTopa TakuM 00pa3oM, 4TO OOJBIINE OCHOBAaHUS Tpaleluii 0OpalieHbl B CTOPOHY
HEHTPaIbHOU MPOJOIBHOM OCH CUMMETPHH MAITUHBI.

JUia  mepenayd  MOUIHOCTM K  OUYMCTHUTENIO TOJOBOK KOpPHEIUIOAOB S5 Ha
0oTBOCpe3aroIIeM ycTpoiicTBe 1 ¢ OyHKepOM-HAKOMUTENIEM YCTaHOBJICHBI HACOCHAS] CTAHIUS
C TIPEIOXPAHUTENBHBIM KJIATAHOM 15, MpUBOASIIAsACS OT Bajia 0TOOpa MOIIHOCTH TPAKTOpa, U
Oak it Macna 16, coequHEeHHbIE MeX Iy co00it u ¢ ruapomMoTopoM 6 ntanramu 17. [loabem
OUHCTUTENS TOJIOBOK KOPHEIUIOAOB 5 B TPAHCIOPTHOE IOJIOKEHUE IPOU3BOJIUTCS IPHU
noMou ruapoumwinHapa 18, a duxcamus B 3TOM TMOJOKEHUU K paMe OOTBOCPE3aAIOIIETO
ycTpoicTBa 1 ¢ OyHKepOM-HAKOMUTEIEM OCYIIECTBIISIETCS C TOMOIIBIO HETH 4.

MarmmHa 11 yoopku 60TBBI paboTaeT CaeayoIM 00pa3oM.

[Ipu nBYMOKEHWM MAIIMHBI IO TIOJIIO C KOPHEIUIOJaMu OOTBOCpE3arolee yCTPOUCTBO 1
cpezaeT 00TBYy Ha BhicoTe 30...80 MM OT TOJIOBOK KOPHEILIOIOB, H3MENbUAET €€ U MOJaeT B
OyHKEep-HaKOIHUTEIb, OTKY/J]a OHA BBITPY’KAETCA B TPAHCIOPT M UCIOJIB3YETCs B JalbHEHIIEM
JUIsl KOpMOBBIX 1ened. CmuHaromue jeBblii 12 u mpaBblil 13 KaTKU HepeKaThIBAIOTCS 110
psAAKaM KOPHEIIONOB W MPOCKalb3bIBAlOT BAONb HHUX. [Ipum 3TOM uyepemiku OOTBBI Ha
TOJIOBKAaX KOPHETJIOJOB CrHOAI0TCsI, CMUHAIOTCS, YaCTHYHO 00JaMbIBAIOTCS U 3aXBAaThIBAIOTCS
pudamMu Ha TIOBEPXHOCTH KAaTKOB W INPH UX TNPOCKAIB3BIBAHWU BIOJb PsJIKA, BCIEIACTBUE
OCTPOro yria O YCTAHOBKM OCEH KAaTKOB, HANpPABIAIOTCS B CTOPOHY IIEHTPAIBHON
MPOJOIBHOW OCHM CHMMETPHUM MAIMHBI Kak y JieBoro 12, Tak u y mpaBoro 13 kaTkoB, U
YaCTUYHO OTJEISAIOTCS OT TOJIOBOK KOPHEI040B. KOHTaKT pu(IeHBIX MOBEPXHOCTEH KaTKOB
12 u 13 co BcemMu pPacHoNOKEHHBIMU MO BBICOTE HaJ YPOBHEM MOYBBI KOPHEIUIOJIAMH
oOecrieunBaeTcss KaK YMNPYTrOCTbIO SJIaCTUYHOW TOBEPXHOCTH KAaTKOB, TaK U YIPYTUMHU
CBOWMCTBAMH TOYBBI, a 3aXBaT CMSTHIX YEPEIIKOB OOTBHI puaMH KaTka Ha BCEX Pa3HBIX IO
pa3MepaMm  CTaHJApTHBIX KOPHEIJIOAAaX OOECHeurMBaeTcs IIaroM HaBUBKUM  PHUQOB.
Hanpasnenue yepemkoB B CTOPOHY IEHTPAIbHOM MPOJOJIBHOW OCH CHMMETPUU MallWHbI
neBeiM 12 u mpaBeiM 13 kaTkamu oOecriedumBaeTcs 3a CYET TOTO, YTO CMUHAIONINE KATKU
UMEIOT JIEBOE M MPAaBOE HANpaBICHWE HAaBUBKU pH(OB, U B paboueil HIDKHEH YacTH KaTKOB
pudbI 00pa3yroT ¢ NEPIEHIUKYISIPOM K LIEHTPAIbHON MPOAOIBHON OCH CUMMETPUH MAIUHBI
oOpallleHHbIe K Hel BEepUIMHAMH OCTpPbIE YIIIBl ¥ + O , OOJbIIIE YIJIa TPEHHUS YEPEIIKOB OOTBbI

O PpEe3HWHOBYIO MOBEPXHOCTh puGoB. [l HCKIOYeHHs 3anumnaHus puQOB IMOYBOH OHHU
BBIIIOJTHEHBl B BHUJE TYIOYTOJBHBIX PaBHOOEAPEHHBIX TpeyrosbHUKOB. Ilpm sTOoM mof
JICCTBHEM MABJICHUS! CMHHAIOIIMX KAaTKOB 12 u 13 mMpOMCXOQUT HEKOTOpPOE BHIPABHUBAHHE
roJIOBOK KopHer1010B. Heo6xonumas 11t 3¢ (heKTHBHOTO CMATHS YepPEIIKOB OOTBBI TUIOIIAIb
KOHTaKTa KaTKOB C T'OJIOBKAMH KOPHEIUIOZAOB, T.€. CTEIIEHb BO3JEHCTBHS KaTkoB 12 u 13 Ha
KOPHEIUIO/BI, 0OecneynBaeTcsi moJ00pOM BEIMYMHBI M30BITOYHOTO JABICHHA B KaTKax M
HATSDKEHHSI pa3rpy30YHON MPY>KUHBI 3, BOCIIPUHUMAIOIIEH YaCTh CHIIBI TSXKECTH OUMCTHTEIS.
OnactuuHble Ouuu 11, mpuBeneHHBIE BO BpallleHHE OT Baja 0TOOpa MOIIHOCTH TPaKTOpa C
IIOMOIIBIO THUAPONPHUBOIA, BO3ACHCTBYIOT HAa YEpEIIKH OOTBBI M TOJOBKM KOPHEILUIONOB B
HANpaBJICHUH, IPOTHBOIMOJIOKHOM JBM)KCHUIO MAalMHBL. [IpM 5TOM mepBOHAYANBHBIN
KOHTAaKT 3JIACTHYHBIX Onyeid 11 ¢ ceueHneM B Bujie paBHOOEIPEHHOM Tpaneuy ¢ YeperKaMmu
OOTBBI M TIOBEPXHOCTHIO OIS MPOUCXOIUT UMEIONIMMHU OONBIIYI0 KHHETHYECKYIO SHEPTUIO
YTOJIIIEHHBIMU YacTMHU OM4eid, 0OpalieHHbIMH K IIEHTPAIBbHON OCH CHMMETPUU MAIlUHbI 32
CUET UX YCTAaHOBKHM B KaXXJIOW M3 CEKIMH pOTOpa C YIJIaMH ) OTHOCHTEIFHO OCH BaJoB &

pOTOpa, COBMAMAONIMMH C YIJIAMH W HANPaBICHUSIMH HAaBUBKH pHU(OB COOTBETCTBYIONIUX
kaTtkoB. [Ipu 3TOM yTonIeHHass 4acTh OWMYeil Bpe3aeTcsi B OCHOBHYIO YacCTh HAMPABJICHHBIX
katkamu 12 u 13 (puc. 1, T) B CTOPOHY LEHTPAIBbHOM OCH CUMMETPUM MAIIMHBI YEPELIKOB
OOTBBI, CKpPy4YMBasi W I[IOBOpauMBasi WX B CTOPOHY, MPOTHUBOIOJIOKHYIO HaNpaBICHUIO
JIBU)KEHUS MalIWHBI, 1 YaCTUYHO OTAEJSIS UX OT TOJOBOK KOPHEIIOAO0B. [Ipu 3TOM rojioBku
KOPHEIUIOJ0B MaKCUMAaJIbHO PACKPBIBAIOTCS JJI MOCIEIYIOIIEr0 BO3IEUCTBUS BRIPABHEHHBIX
B pe3yJibTaTre JalbHEHIIero ABMKCHHUS OWYed WX HIDKHUX YacTed, KOHTAKTUPYIOIIUX C
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MOYBOM M TOJOBKaMH KOpHeETuIofoB (puc. 1, mx). B aToit ¢daze 6mum 11 BO3mEHCTBYIOT Ha
PACKpBIThIE TOJOBKM KOPHEIJIOJOB C MAaKCHMAaJIbHO BO3MOXXHBIM YCHJIMEM OT HX YIPYTHX
CBOWCTB, yaassisi octatku OoTBbl (puc. 1, e). B pesynprare mnoBbImIaeTcs KpaTHOCTH
BO3JCHUCTBUSL OUUCTHUTENS TOJIOBOK KOPHEIUIONOB S5 Ha Yepellku OOTBBI 3a CYET
HOCJIEI0BATENbHO OCYLIECTBISIOMINXCS HAKJIOHA, CMATHUS U IEpEMEILEHUs YePELIKOB OOTBEI B
CTOpPOHY LIEHTPAJIbHON OCH CHMMETPHUM MAIMHBI C YACTUYHBIM OTAEIECHUEM UX 3JIACTUYHBIMHU
KaTKaMH OT T'OJIOBOK KOPHEIUIOAOB M Pa3MEIIECHUs OCHOBHOW MacChl YEPEIIKOB OOTBBI MOJ
yaap Han0oJiee MaCCHBHOM YacTH OMYEH ¢ MOCIEIYIONEl 3a4iCTKONW TOJIOBOK KOPHETUIOI0B
cuiaMu  ynpyroctd Owueil. CHIKEHHE HEpaBHOMEPHOCTH PACIOJOXKEHUS TOJIOBOK
KOPHETIJIOJIOB MO BBICOTE IOCIE MPOXOAAa KAaTKOB 3a CUET BIABIMBAHMS UMH OTHEIbHBIX
BBICOKOCTOSIIIUX KOPHEIJIOJOB B MOYBY TaKXke CO3JaeT ycioBUs Juisd Oosee 3(h(HEeKTUBHOIO
BO3/CUCTBUS 31acTUUHBIX Omuel 11 Ha uepemku OOTBBI Ha TOJOBKAaX KOPHEMJIOJOB.
CMmuHaromue katku 12 u 13 ctabunmu3upyroT BBICOTY PAcIONOKEHHsI pOTOpa OTHOCUTEIBHO
rojoBOK KopHernofoB. lllupuHa ycTaHOBIEHHBIX IO psJiaM KOPHEIUIONOB CMUHAIOIIMX
KaTKoB 12 u 13 noxbupaercs ¢ yuerom obecriedeHuss UMU 3PPEKTUBHOTO BO3JICHCTBUS Ha BCE
KOPHETIJIO/Ibl, PACTIONIOKEHHBIE B COOTBETCTBYIOILIEM PSIJIKE.

IlepeBon ouncTUTENS TOJOBOK KOPHEIUIOAOB S5 B TPAHCHOPTHOE IOJIOKEHHE
OCYILECTBIIAETCS NP MOMOLIM TMAPOLMINHApa 18, a ¢pukcanys B 3TOM HNOJOXKEHUU K paMe
KOCHJIKU-U3MENIBUUTENS ¢ OyHKEPOM-HAKOIUTEIEM OCYIIECTBIIAETCS ¢ IOMOIIBIO 1IenH 4.

Teopernueckue ucc/ie10BaHuA

OnHUM M3 OCHOBHBIX HEJOCTATKOB B pa0oTe MalUH i1 YOOpPKH OOTBBI SIBISETCA
ObICTpast MoTeps MepBOHAYATILHOMN JKECTKOCTH OMYel OYMCTUTENS TOJIOBOK KOPHEIUIOA0B, YTO
pe3ko cHmwkaer ux 3pdexTuBHOCTh. [ToaTOMY TpM 000CHOBaHMM pa3sMEpPOB M KOJIHMUYECTBA
Ouuell HEOOXOIMMO YUYUTHIBATh BEIMYMHY JAONYCTUMBIX JedopManuii, BOZHUKAIOMIUX IMPHU
paboTe oUMCTUTENS.

PaccMoTpuM Oud, Kak TOHKUH, THOKUI CTEPIKEHb, KOTOPBIM HAXOAUTCS MO NCHCTBUEM CHIIBI

F, BO3HMKaromen B pe3yipTaTe BO3JACHCTBHS CO CTOPOHBI ITOBEPXHOCTU IOJII U T'OJIOBOK

KOpHer1010B. OMH KOHell O1ya JKeCTKO 3aJielIaH.

JuddepennnansHoe ypaBHeHHE YIPYTroi TuHUM Ouda (puc. 2) Oyaet uMmetb Buf [6]
El-dQ/dS =—-Fx, (1)

rae ( — yroa Mexay KacaTelbHOM K yIpyroW JIMHUM U OCBIO oY ; A KpUBOJIMHEHHAs
abcmmcca TeKymed TOYKM M, OTCUHMTHIBAEMOW OT CBOOOJHOTO KOHIA TpyTKa; dQ/dS —

KPHMBH3HA OCEBOM JIMHUM M30THYTOro Ouda B Touke M; £ — momyns ynpyroctu marepuana
6uua; / - MOMeHT UHepIUHK ceueHus Ouya.

S
1 | A
| 4
|
|
|
- |
| F
| )
X | S\\» 7
=3 e - //V U
Tk

Puc. 2 — PacuerHas cxema nzruda ouya

[TosTomy,

dx/dS =sinQ (2)
Pagunyc kpuBH3HA yyacTKa M30THYTOH OCH OWYa MEXAY JBYMS CMEXKHBIMH CEUCHHSIMU OyJIeT
HaWMEHBIIUM Ha YYaCTKE JCUCTBUSA HaMOOJIBIIIETO U3rHOAIOIIEr0 MOMEHTA B TOUKE A,
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R=dS/dQ=~EIFx 3)
NN ITOJIOXKHUB

h=F/(EI), R=—1/(hx), (4)
u3 (1) momyuum
x=—-dQ/(hdS). (5)
IMozxcraBum B (2) BMecTo X ero 3Hauenue u3 (5), OyaeM UMEThH

d’Q/dS* =—-hsinQ (6)
[IpounrerpupoBaB ypaBHeHue (6) U IpUHAB BO BHHMaHuE, YTO Ha CBOOOJHOM KOHIE Ouya
Q= u kpuBu3Ha dQ/dS paBHa HYJIO, IOIYYUM

(%} =2h(cosQ —cos ) 0

Paznenss mepeMeHHble M MHTErpupys ypaBHeHue (7) moslydaeM [UIMHY AYT'M H30THYTOTO
Ounua,
1 I dQ
2+h \/sinz(%)—sinz(%) @®)
Ilycts sin(%) = P. BBems HOBYWO IMEpPEMEHHYI0 @, CBs3aHHYI0O ¢ Q ypaBHCHHEM

sin(%) = psing =sin(%4)sing maiinem

/2

1
= k(p? 9
2\/_J.«/1—psm¢ \/Z(p) ®)

rae [ — nnuua 6uda; k(p’)— MONHBINA SIUIMOTUYECKHI uHTErpan Jlexanapa mepBoro poaa B
HOpMabHOU (hopMe.

Pemass ypaBuenue (7) OTHOCHTEIBHO X, ONpENeIsseMOro COOTHOINEHHEM dx = sin Qds ,
MOJIyYUM TOPU30HTAJIbHOE NIEPEMEIIEHUE KOHIIAa O1ya:

x,=2p/h (10)
Teneps u3 (4)

R=1/2ph) (11)

Jlns onpenenenust £ paccunraeM mporu6 6u¥a B BepTHKAILHOM HAIPAaBJICHHU OY ys

. . d
yYpaBHEHUS YNPYroil KpUBOH, C y4ETOM TOTO, UTO ﬁ =cos 0 moay4um

y=—]£costS+C (12)

0
[locTrositHHAsT MHTErpUpPOBaHUSA C onpezensercs U3 TPpaHUYHBIX YCIOBUH Ha KOHIE Ouda:

C=I _A, rae A — eprukansHas gedopmaims 6uda (puc. 2).
C yderom BeipaskeHus (7) ¥ MIPUHATHIX paHee 0003HAUCHUI:

A cos QdQ =I—A—i
A I\/2h(cosQ—cosa) Jh

=1- A——[2E<p )—K(p")]

%
V1= do =
p’sin’ pdg !m

oe—ux

(13)
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rne E(p’) — NONHBIA JJUIMNTHYECKUH MHTErpan JlexaHnapa BTOPOro pojaa B HOPMAJbHOM

dopme [7]. OueBuano, uro B Touke O y=0, Toraa
1
I-A=—=[2E(p")-K(p)]
[ToncraBum 3HaUEHUE \/Z u3 (9) B (11) u (14) ¢ yuerom TOro, 4YTO AJIsi MPOPE3UHEHHBIX U

XJIOMYaTOOYMaKHBIX TKAHHBIX OWYed TONIUHON o Rmin/ 6 215 HMEEM CHUCTEMY
ypaBHEeHHUH [8]:

2 2
a=2BPOEP) p 1 p o siss, (15)
K(p~) 2pK(p7)
Ha puc. 3 npencraBieHa, mOCTpOCHHAss HA OCHOBaHUMW BhIpakeHuit (15), HOMorpamma
JUISL ONpe/eNIeHUsT MAaKCUMaJIbHO JOMYCTUMOM TONIIMUHBI (O) WU MUHUMAJIBHO JOMYCTUMOM

IHBL (/) OWdYa B 3aBUCHMOCTH OT €T0 BEpPTHKaIbHOU nedopmanuu (ycinoBuid padotel) (A) .

Homorpamma ycTaHaBIMBAaeT B3aMMOCBsI3b KOHCTPYKTHBHBIX MapameTpoB Ouueii (/ u
0 ) ¢ ycnoBuAMHE uX dKciuryaranuu (A ). Hanpumep, npu BepTHKaIBHON AehopManun Grudei
30 MM 1 ux giuHe 150 MM U1t oGecniedeHus: MOCTOSHCTBA KECTKOCTH OWYell UX TONIMHA HE
JIOJKHA MPEBBIIATE 7 MM.

Bo Bpems BBINOJIHEHMS] TEXHOJOTMYECKOTO Mpolecca KaXAblii OMY JMIIb B TEUEHHUE
OTHOCHUTEJIBHO KOPOTKOT'O BPEMEHHU HAaXOIHUTCS B KOHTAKTE ¢ MOBEPXHOCTBIO MOYBBI, paBHOU

AZ , a CyMMa IOJIMHBI YYaCTKOB UX KaCaHHA O MOBCPXHOCTU STOU TIomaaKm 6yILCT 3aBUCCTH
OT MmapamMeTpa OwWueil, YrJIOoBOM CKOPOCTH POTOpa M IMOCTYHATEIbHOW CKOPOCTH MAIIWHEI.
OTHOIIEHUE 3TOM CyMMBI K JUIMHE Y4acTKa, KOTOPYIO Mbl Ha30BeM KO3((UIIMEHTOM YaCTOTHI
BO3JICUCTBUS Ouuel, OyIeT B OMNPEACICHHOW CTENEHW XapaKTepu3oBaTh 3(PHEKTHBHOCTH
paboThI POTOPA OUUCTUTEIIS.

Ha puc. 4 mpencraBieHa cxema KOHTakTa OW4a C TMOBEPXHOCTHIO MOJs. B mpegemax
cektopa AOB 614 BO3/I€HCTBYET Ha TOJIOBKH KOPHETIJIO0B, OYHILAS UX OT OCTATKOB OOTBHI.

JlmuHa 30HBI BO3JEHCTBUS OHYa:

L=2(r, +1)* —(r, +1 - A)* =22(r, + DA- A = 2,/2(r, +D)A, (16)

II€ 7 - PafuyC OKPYKHOCTH KpeIUIeHUs! OHUei.

4,
50 }
40

34

i ?,wn

d -
~— 7 4
g
&
\ 17,
A

TARTE
20 '/ //
£ Z

om0 20 2p o
Puc. 3 — Homorpamma [y1st onpeieieHusi MakCUMaJIbHO

NN~

JIOITy CTUMOM TOJIIIHBI ©) » Puc. 4 — Cxema
MUHHMMAJILHO JOIYyCTUMOM JITTMHEI () 6yua B KOHTaKTa Ouya ¢
3aBHCUMOCTH OT €r0 BEPTUKAIBbHON JepopManuu (ycaoBHi ITOBEPXHOCTLIO ITOJIS

pabotsl) (A)
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IIpu ckoOpoOCTH NBMIKEHUS MALLIWHBI PABHOM V| 3a BpeMs [ MallMHa IPOMIET myThV [, a

TIPU YTIIOBOM CKOPOCTH POTOpPA (0 3a 3TO BPEMs YHCIO 000POTOB OHOTO Ouva @t/ 27.
KoadduumeHnT yacToTsl BO31EHCTBHS MOCIEI0BATEIBHO 71 PACTIONIOKEHHBIX OMueii:

N3 Beipakenwus (17) BUIHO, 4TO HaMOOJEE MPOCTO MOBBICUTH YaCTOTY BO3JECHCTBHS OMYEH Ha
TOJIOBKH KOPHETJIOJIOB MOKHO ITyTEM yBEJIMYEHHUS YIJIOBOM CKOPOCTH pOTOpa, 4YMcia Ouyeit
U TpY YMEHBIICHUH MOCTYNATEIILHOW CKOPOCTH JIBM)KCHUSI MallWHbI. J[7iHa Oudeid U Bemu-
YHHA UX BEPTUKAIBHON JeopMalny BIUSIOT HA 3TO B MEHBIICH CTETICHH.

OpHako mpu OOJBIIOM YHKCIIe OMYel OHM BO BpeMsl KOHTaKTa C MOBEPXHOCTHIO OIS OyayT,
yAApSIThCS APYT O Apyra u 3pPEeKTUBHOCTD UX PAOOTHI CHU3UTCH.

3amuimieM yciIoBUEe HECOYAapseMOCTH OMUei BO BpeMsi KOHTAKTa MX C MMOBEPXHOCTHIO TMOJIS:

JP—(1=a) =N21A—A? =~ 2IA < (I+1)sin 2, (18)
n
OTKyJa n <z /arcsin(v2IA)/ (I +r) (19)

Hanpumep, mpu /=100 mm, A= 20y 7+ =4y 1569 [Tpu 3THX K€ mapameTpax H
@=100c""; n=4. y _1500 mm/c; i = 6,47.
Ha puc. 5 npexacraBieHa 3aBUCHMOCTh — OPEACNIBHO  JIOMYCTHMOTO — KOJHYECTBA

MIOCJICIOBATEILHO PACIIONOKEHHBIX Onueil potopa ' OT WX JUIHHEI [y BEPTUKAIbHON
nedopmanuu A, MCX0s U3 YCIOBHS HECOYIAPAEMOCTH OUYEA.

n, wm. ,/‘
g et
A
s
7 =
6 .
£
= N‘?“‘
i A0

100 %50 200250 b M

Puc. 5 — Hpeﬂeano AOIIYCTHUMOC KOJHUYCCTBO IOCJICAOBATCIIBHO PACIOJIOKCHHBIX ounuei

poTOpa N B 3aBUCMMOCTH OT MX JUIMHBI | M BepTukanbHOM medopmanmm A, wcxons wus
YCJIOBHS HECOYJApSIeMOCTU Onuei 7, = 45mum

JlaGopaTopHble UCC/IeI0BAHUS

D dekTHBHOCTH pabOTHI MAITKUH 1)1 YOOPKH OOTBBI BO MHOTOM 3aBHCHT U OT
paccTaHOBKH OUYEH.

Jlnst  mpoBeneHus Ja0OpaTOPHBIX HCCIEAOBAaHWUN IO PAcCTAaHOBKE OWYed U
OTIpE/ICNICHUIO 3aTpaT MOIIHOCTH Ha WX BpalleHHWe ObLIa W3rOTOBJICHA HKCIIEPUMEHTAIbHAS
YCTaHOBKa, BKIJIIOUaromas B ceds pamy, a TakkKe 3aKpelyieHHble Ha Hell porop u
AJIEKTpoABHTraTeNb. POTOp OBLT BBIMIONHEH B BUAEC YCTAHOBJICHHOTO Ha JIBYX OIMOpax Baja C
IUTACTUHAMMU IS KpETyIeHUs] OMuel 1 CMEHHBIM IIKUBOM. Bparienue k poTopy nepeaaBajioch
OT DJIEKTPOABUTATENIsI C TMOMOUIBI0O pEeMEHHOM mepemaud. WMmMurauus 3arpy3kd potopa
MPOU3BOMIIACH C MTOMOIIBIO PACIIOIIOKEHHOTO 10| BaJIOM POTOpa PEryIUPYyEMON IO BBICOTE
TOPU30HTAIILHOW METAJUIMYECKOM IJIACTUHBI.
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Pa3HoCTh MEXAy pacCTOSIHUSIMM OT KOHIIA 3JIACTUYHOM JIOMACTU M OT IUIOCKOCTH IO
OCH BpALIEHUs POTOPA ONpeeslach BEIMUNHON BEPTUKAIBHOM nedopMaluy JIOMacTH.

Jlnist miccenoBaHUi ObLUTH BRIOPAHBI CIICAYIONINE THITHI MaTEPUAIOB OWYeH:

- KOpJ10Basi TKaHb TOJIIIMHON 3 U 6 MM;
- IPOPE3UHEHHBIN IBYXCIOWHBIM peMEHb TOILIUHON 6 U 9 MM;
- pe3HHa TOJIIMHON 6 MM.
HccnenoBanuck cienyronye pazmMepbl OMuei:
- mupuHa 30, 40, 50, 60 1 70 mm;
- niuHa 50, 75, 100, 125 1 150 mMm.

A Taxoke /1Ba crioco0a HMX 3aKpeIuIeHUs] Ha pOTOpe: KECTKUI U IapHUPHBIH. PexxuMel

paboThl U 3arpy3KH JOOYUCTUTENS] U3MEHSUIUCH CIETYIOIIUM 00pazoM:
- yrioBas CKopocTb potopa 73, 98, 133 u 165 ¢

-BEJINYMHA BEPTUKAIBHOU Aedopmanuu jonactel MeTalmaudeckon miockoctbio 0, 5,
10, 15 1 20 mM.

KonunuectBo ycTaHaBiMBaeMbIX Ha poTop Ouuedl usMmeHsuiiacb or 1 jgo 6. Ilpu
ycTaHoBKe 6 OMueil 3aMepbl HHEPrOEMKOCTH MPOMU3BOJAMIMCH NMPU MX PACHOJIOKEHMU Kak
MOCJIE0BATENbHO, TAK U B IIAXMATHOM MOPSIKE.

XKectkocTs Ouyell onpezensnack MNpU UX JKECTKOM KOHCOJBHOM 3aKpEIUIEHUH IyTeM
U3MEPEHUS OTKIIOHEHUH CBOOOJIHOIO KOHIA OMYEl OT MX NEPBOHAYAILHOTO MOJOKEHUS IO
JEUCTBUEM NPWIOKEHHOM K HEMY 3aJaHHOM cuibl. MOIIHOCTh, 3aTpayuBacMmas Ha
nepeMeIeHle U U3rud JOmacTel, OmpeAessuiach Kak pa3HOCTh MOIIHOCTEH, MOTPEOIIeMBbIX
JIEKTPOJBUraTeNIeM BO BpeMsi paboOThl jomacTeid UM XOJIOCTOTO BpalleHus poTopa 0e3
JIOTIaCTEN.

[TockonbKy HampsKEHUE B CETH NEPEMEHHOIO TOKA HE SIBJISETCS IMOCTOSHHBIM, TO
U3MEHEHHUs MOIIHOCTH IPH XOJIOCTOM BpAaIl€HWHW pOTOpa MPOU3BOJAWIACH BO BpeEMs
BBIMOJIHEHUSI ~ KaXAoro  ombita.  Jlig  u3MepeHUss  MOIMHOCTH  MOTpebisieMoi
JIEKTPOJIBUraTeNIEM IPUMEHSUICS IEPEHOCHOM  M3MEpUTeNbHBIM KoMmIiulekT Ttuma K 51,
OCHOBHAsl IOIPEHIHOCTh KOTOPOTO IMPH M3MEPEHUM AKTUBHBIX MOLIHOCTEH HE IPEBBIIIACT
+0,5%. IloBTOpHOCTH ONBITOB ABYKpaTHad. [lpu ypoBHe 3Haunmoctu 0,05 n1oBEpUTEIBHBIN
uHTepBaji ObuT paBeH 0,68 BT.

Pe3ynbTarhl 0TUETOB MpeAcTaBieHbl B Tabmumax 1, 2, 3, rae oHu anmpoOKCMUUPYIOTCS
NOJMHOMOM YeOblieBa MMEIOIUM BT

2 n
y=a,+ax+ax +..+aXx ’ 20)
rae aop, aj, az, ... , - pacyeTHbIE KOAPPUIIUEHTHI.

CooTBeTcTBHE aNNpPOKCUMHUPOBAHHBIX 3aBUCUMOCTEH AKCIEPUMEHTAIbHBIM JaHHBIM
IIPOBEPSUIOCH NPU NoMomy Kputepus dumiepa ¢ HCNONb30BAaHUEM NPEICTaBICHHBIX B
tabnuuax 1 — 3 aucnepcuii OTKIOHEHUS aNMpOKCUMAIMM OT SKCIIEPUMEHTAIbHBIX 3HAUEHUN
d.

Tabmuuma 1- 3nadeHus kod(p(UIMEHTOB MoiMHOMa YeOblmeBa ammpoKCHMUPOBAHHBIX
3aBHCcHUMOcCTel 3aTpat MouHocTH W Ha BpalieHue Oudeil 0T yrioBoi CKOpocTH potopa o [9]

JIMHA Iupuna HCIIEPCHUS

61/1{[16171, MM GHHeII)‘/'I, MM KosdprmmenTer A P
! H 2;*10"" a,*107 ;%107 S

30 0,78 -0,12 0,01 0,69
40 1,79 -0,28 0,01 1,41
S0 50 2,37 0,35 0,02 4.60
60 3,57 -0,53 0,03 12,26
70 3,33 -0,45 0,02 20,58
30 2,16 -0,36 0,02 4,24
75 40 3.36 0,57 0,03 5.24
50 4,28 -0,67 0,03 8,93
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60 3,78 -0,58 0,03 11,65
70 7,06 -1,16 0,06 50,92
30 1,85 -0,22 0,02 8,49
40 5,67 -0,96 0,05 26,28
100 50 7,79 -1,28 0,07 40,44
60 7,00 -1,14 0,07 38,62
70 5,56 -0,82 0,06 31,31
30 3,59 -0,53 0,04 1,14
40 7,90 -1,31 0,08 52,77
125 50 14,48 -2,42 0,13 97,82
60 15,62 -2,63 0,15 101,97
70 19,47 -3,40 0,20 81,35
30 10,53 -1,80 0,11 42,34
40 15,24 -2,63 0,16 107,53
150 50 20,48 -3,56 0,21 119,17
60 29,73 -5,24 0,30 471,06
70 34,79 -5,99 0,35 617,92

Pe3ynbpTaThl OMBITOB MOKa3ald, YTO PAacCTaHOBKA OWYeil B IIaXMaTHOM MOPSAKE IO
CPaBHEHHUIO C PACIOJIOKEHUEM WX B DS BIIOJbL OCH POTOpa IO3BOJIIET CHU3HUTH 3aTPAThI
MOIIHOCTH Ha BpaileHue ouueit B mpenenax 16,3...31,9%. 3arparbl MOIIHOCTH Ha BpallleHUE
Ouuell 3aBUCAT OT UX YMCIIA B IEPBOM, OT IMIMPUHBI OUYEll BO BTOPOM, OT YaCTOTHI BpaLICHUS
poTOpa B TPEThel U OT ATUHBI OMUEl B YETBEPTOM CTEIICHH.

Tabmuna 2- 3HadeHust kodddummeHToB moaumHOMa YeOwimeBa [9] ammpoKCHMHPOBAHHBIX
3aBUCHUMOCTEH 3aTpat MomiHocTeld W Ha BpaiieHue oudei oT AuHbI Ouueii /

Yacrora .
BpalICHUs Iupuna Gusei, KoaddurmenTs Jucnepcus
potopa, ¢! MM
® H ar*107 | a*10™* | a3*10® | as*10® 8
30 28,08 -92,02 104,38 -32,86 0,01
73 50 35,41 -94,73 100,45 -28,23 1,76
70 30,38 -47,65 36,30 -0,15 1,64
30 -17,30 73,17 -70,34 27,17 3,57
98 50 39,88 -106,36 127,40 -37,03 0,03
70 9,55 82,86 -119,04 62,19 4,04
30 60,11 -206,61 240,55 -79,94 0,03
133 50 37,18 -74,38 82,97 -8,15 0,50
70 83,40 -206,99 243,32 -52,33 14,26
30 -63,20 280,25 -293.84 | 125,59 3,02
165 50 96,76 -204,27 248,55 -44,28 6,49
70 -76,36 392,97 -261,94 | 122,97 43,39

Tabnmuna 3- 3Hadenust kodddunrenToB moiamHoMa YeOwimeBa [9] anmpoKCHMHPOBAHHBIX
3aBHCUMOCTEH 3aTpaT MomHocTelt W Ha BpareHue Ondeit ot mmpuHbl ondeir H

JlmuHa Ouueid, Yacrora
MM BpaIleHus Koaddutmentor Jucnepcust
poTopa, c-1
l = 107 a,*10° 5
109 = 2,08 0,07 0,59
98 3,94 018 302
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133 4,31 0,76 27,91
165 4,30 3,26 245,15

[[TapaupHOE KperieHue Oudeit Mo CPaBHEHUIO ¢ KOHCOJIBHBIM MIPH WX B3aUMOJACHCTBUU
¢ aedopmupyromieit IwiockocThio U xectkoctu 70...180 H/M mpuBOAUT K yBETHUEHUIO 3aTpaT
MOIIIHOCTH Ha MpUBOJ Omuert mo 1,9...2,2 pa3. 3T0 0OBACHAETCS TEM, UYTO MIPH IIAPHUPHOM
KperyieHnu Oudeil TpeOyIoTCs AONMOIHUTENbHBIE 3aTpaThl JHEPTUU Ha BO3BPAIICHUE CHIIBHO
OTKJIOHSIIOLIUXCA MPH yAapax Oudeil B MooKeHHe paBHOBECHS.

[To cpaBHEHMIO C XOJOCTHIMH OOOpPOTaMH NpPU 3HAUYCHHM BEPTUKAIBHOU jaedopMariuii
ouueit A= 20 MM HaOIIO1a€TCS YBETUYCHHUE 3aTpaT MOIITHOCTH Ha BpamieHue ouyei B 1,8...4,3
pasampu o="73 ¢ uB 1,2... 2,4 pasa npu 0= 165 ¢

Pe3ynbTarhl 1a00paTOPHBIX UCCIIEOBAHUM MOKa3bIBAIOT, YTO JOOMBATHCS MOBBILICHUS
Y4acTOTHI BO3ACUCTBUS OMUEH 3a CUET yBeIMYCHUS UX JUIMHBI | 1 BepTUKaIbHOM aedopmarun
A nanmenee >¢dextuBro. Hambomee 1enecoodbpa3Ho 3To JenaTh 3a CUeT YBEIHMUYCHHS YnCia
Ouueil, Korga Mpu JUHEHHOM BO3pacTaHUM KO3(duLMeHTa 4acTOTHI BO3ICHCTBUS 3aTpaThl
MotmHocTH W pacTyT JMIIb B MepBOi creneHu. [Ipu 3ToM OUYM TOJKHBI pacronaraThCsl B
I1aXMaTHOM IMOPSAJKE.

BriBoabI

— pazpaboTaHa OpUTMHAJIbHAS KOHCTPYKLHUS MAIIUHBI, MCIOIb30BaHUE KOTOPOM
MTO3BOJIUT MOBBICUTH d(PPEKTUBHOCTH OTJEICHHS OOTBBI OT KOPHEILJIOIOB;

— TMpHUBEIEHO OOOCHOBAaHME TIAPAaMETPOB OYHCTUTENS TOJOBOK KOPHEIJIOJOB,
pe3ynbTaThl KOTOPOTO MOKA3bIBAIOT YTO:

— IpU MPOEKTUPOBAHMM OUYEBBIX OUMCTHUTENEH T'OJOBOK KOPHEIUIOAOB OT UYEPEHKOB
00TBBI HEOOXOAMMO YUYUTHIBATh B3aUMOOTHOILIECHUE JOMYCTUMBIX  Aedopmanuii ¢
napameTpamu Onuei;

— TpeUIoKeHa HOMOTIpaMMa, JJIsl OIpeleeHHs] pa3MepoB OMYel MCXOAsl U3 YCIIOBUS
IIOCTOSTHCTBA UX KECTKOCTH;

— ONpEIeNeHo MaKCHMaJbHOE KOJMYECTBO OWYe HCX0Asd U3 YCIOBUS HUX
HECOYAapsSEMOCTH;

— pacctaHoBKa OWYeil B IaXMAaTHOM MOPSAKE MO CPABHEHUIO C PACIOIOKEHUEM HUX B
PSA BAOJIBL OCH POTOpa MO3BOJIAET CHU3UTH 3aTpaThl MOIIHOCTH HA BpalleHHe Oudeil B mpe-
nemax 16,3...31,9%;

— 3aTpaThl MOITHOCTH Ha BpalleHne OUyeil 3aBUCAT OT UX YHCIa B IEPBOM, OT IIUPUHBI
Ouuell BO BTOPOil, OT 4acTOTHI BPAILEHUS] pOTOPA B TPEThEH U OT JAJIMHBI OMUYEH B YETBEPTOM
CTETICHH.
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Shyla I.N., Ramaniuk N.N., Aheichyk V.A., Sviryd L.A.

DEVELOPMENT AND JUSTIFICATION OF PARAMETERS OF THE UNIVERSAL
TECHNICAL TOOL FOR CLEANING OF THE TOPS OF VEGETABLE OF ROOT
CROPS

In article questions of cleaning of root crops are considered. The original machine
design which use will allow to increase efficiency of office of a tops of vegetable from root
crops is developed. Theoretical and laboratory researches of parameters of a cleaner of heads
of root crops, arrangements of scourges and costs of power of their rotation are presented.

Key words: root crop, cleaning of a tops of vegetable, theoretical researches, laboratory
researches, patent search, original design, doochistitel, scourge.
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