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Paspabomana meopus e3aumooeiicmeusi SUOKOU OUUCMUMENbHOU IONACMU C NOBEPXHOCMbIO 20]108KU KOPHEN00a
8 npoyecce ee ouuUCmKU om ocmamkoe bomevi. Ha ocnoee nonyuennvix oughgepenyuanvhovix ypagnenui 08UdlCeHus
Jlonacmu, KOmopas WapHupHO YCMAHOGIEHA HA NPUBOOHOM BANY C 20PU3OHMANLHOU OCbIO 8PAWjeHUs], NPUBEOEHDbI
HOBble Mamemamuyeckue 3a8UcUmMocmu, Komopule 060CHOBbIBAION OCHOGHbIE NAPAMEMPbl OAHHO20 MEXHOI0SUUECKO20
npoyecca.

The new theory of interaction of a flexible blade of the root cleaner with a surface of the top of the root during its
clearing of residuals of beet tops is offered. On the basis of the obtained differential equations of motion of a
articulated blade, which is installed on the drive shaft with a horizontal axis of rotation, the new mathematical
associations are submitted which justify the basic parameters of the given technological process.

OuniieHHsT TOJOBOK KOPEHEIUIOAIB BiJl 3JIMIIKIB THUKH HA KOPEHI € BAKIIMBOIO OIEPAIli€l0
TEXHOJIOTIYHOTO TpOIecy 30upaHHs ITykpoBoro Oypsiky. B [1] posrisiHyra Teopis JIOMaTteBOro
OUYMCHHKA TOJIOBOK KOPEHETUIO B OYPSAKIB 3 TOPU3OHTAIBHOIO BiCCIO 0OEepTaHHs 1 HaBE/IeH1 OCHOBHI
aHAJITHYHI 3aJIE)KHOCTI, 1110 ONUCYIOTh YAap OYHUCHO] JIOMAaTI [0 FOJI0BLI KOPEHETJIOY.

HactynHuM etamom JOCHi/PKEHHS € CKJIaJaHHSA JAW(EepeHLiaIbHUX pPIBHAHb PyXy TOYKH
KOHTAaKTy OM4Ya IO TOJIOBLI KOPEHEIUIOAY B IpOLEeCi 34iCyBaHHS 3 OCTAHHIM 3alMIIKIB TMUYKU
BBaXKAIOuH, 1110 Iei mpouec Oyae BiAOyBaTUCS y MO3J0BXHBO — BEPTUKAJbHIM IUIOMUHI , TOOTO,
KOJIU TUTOLMHA 00epTaHHs OMYiB PO3TaIlIOBaHA B3IOBXK PSJIKa.

300pa3uMoO CHUJIOBY B3a€EMOJIII0 OMYa 3 TOJIOBKOIO KOPEHEIUIOAY NpPU BUKOHAHHI OCHOBHOIO
IpOILIeCy 34iCyBaHHsI 3aJIMIIKIB, TOOTO MPH pyci OWva Mo MOBEPXHi TOJIOBKH KopeHeruiony (puc. 1).

B rtouni xontakry K OymayTb HifiTHM HacTymHi cunu: F, — BiOeHTpoBa cuila iHepIii, ska

HanpsMiieHa B3A0BXk panaiyca OK obGepranns Ouva HaBkoso oci O; G — cuna Barm Ouua, sika

HampsMJIeHa BepTHKanbHO J0HM3Y; N — HOpManbHa peakiis B3aeMojii OuW4a 3 TOJOBKOIO

KOPEHEIIONy, HalpsIMJICHa B3JIOBK HOpMaii N /10 FOJOBKH KOPEHEIIONy, MPOBEAEHOI KpPi3b JaHe
MOJIOKEHHSI TOYKH KOHTAKTY; Ifmp — chja TepTsd, sKa BUHHUKAE TPU pyci OWyYa MO TOJOBII
KOPEHEIUIOy, HalpsIMJIeHa B 01K, MPOTUIICKHUI HAMPSIMKY BEKTOpa a0COJIFOTHOI IIBUAKOCTI TOUKH
M Guua, sKa CHiBHajgae 3 TOUKOK KOHTakTy K; Q — cuia 3uicyBaHHS 3aIMINKiB TMUKH 3

MMOBEPXHI TOJIOBKH KOPEHEIUIONY, sIKa HampsiMiieHa B Oi1K BEKTOpa aOCOJIOTHOI MIBHUIAKOCTI TOYKH
M 6uua.
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Puc. 1. Cxema cunoeoi 63aemooii ouua 3 207106K010 KOPEHEn00y 6 npoyeci 34iCy8anHs
3AIUIKIG 2UYKU

3HaiileMo 3HAYCHHS 3a3HAuYeHMX cui. Jlis BU3HA4YeHHs BijueHTpoBoi cumu F, B Gyjab-skiit
TOYIll KOHTAaKTy K HE0oOXiIHO po3mIsHyTH KiHeMaTHKy pyxy Oouda O,C, 1o rosoBii KOpeHEmIoay
micyg yaapHoOro KoHTakTy B Touli K,. Ockinbku ynap BiaOyBaeThCs 3a AyKe MaJIUM MPOMDKOK
Jacy, TO 32 MOMEHT yjapy 014 He 3J1HCHIOE HISIKOTO MEepEMIIIEHHS 110 TOJIOBLI KOopeHeraony. Tomy
3a MMOYATKOBE IMOJIOKEHHs OMYa Ha TOJIOBII KOPEHETUTO Y IICHsl YAapy MOKHA BBAKATH TIOJOKESHHS
yIapHOTo KOHTakTy K.

Jlnst OLIbII TOYHOTO AOCHIPKEHHS pyXy OMda MO TOJIOBI KOPEHEIUIONy HEOOXITHO CKIIACTH
audepeHiagbHl PIBHAHHA PyXy TOYKM M 1O ToNoBII KOPEHEIUIONY, OCKIIBKH MpPU TaKOMY
JOCITIKEHH]1 BPaXxOBYIOThCS CHIIH, 1[0 BUKITMKAIOTh TAKUN PyX.

Crix BiAMiTHTH, IO OCHOBHY ponb y )OPMyBaHHI cuIH 3uicyBaHHs Q Bimirpae BimmeHTposa

cuna inepuii F,, cuma taru P Ta obGeprambuuit MoMeHT Guua M . Came 3aBjskM Jii IMX CHJI
BiIOyBa€ThCS MPUTHCKAHHSA OMYa O TOJOBKM KOpeHemnony 1 aedopmaris 3ruHy O6uda. [lilicHo,
BiZpasy Mic/isA yaapy BillleHTpoBa cwia iHepuii F, HampsmieHa B30BX OWYa i HamaraeThcs
BUIIPSIMUTH OWUY B3JIOBXK pajiyca p . Sk Ou us cuna Oyna BIACYTHS, TO MiJ JTI€I0 MOCTYHAIbHOIO
PYXy OYMCHHKa Ta o0epTaJibHOro pyxXy Omua HaBkojo oci O OWY mpHU KOHTAKTI 3 TOJIOBKOIO
KOPEHEIIOly MPOCTO O BIIXWIMBCA HA JIEAKUI KYT B OiK, MPOTHIICKHUM 00epTalbHOMY pyXy, 1 6€3
Oylb-SIKOTO 3yCHJUIS IIPOCKOB3HYB OH 10 TOJIOBLI KOPEHEIUIONY, HE 3MIHIOIOYHM CBOET
HpsSMOJIIHIRHOT pOopMHU, OCKUTBKY NifBicka O, — mapHipHa.

OTxe mizg ni€ero BiAEeHTpoBoi cunu F

8

IpY Hai3/l HA TOJIOBKY KOPEHEIJIOAY OMY 3aUINAEThCS
BUIIPSIMIICHUM B3JIOBXK pajiiyca p , a TOMY, BHACIHIIJJOK MOAAJIBILIOrO MOCTYNAILHOTO 1 00epTalbHOTO

pyxiB, OMY MPOKOB3Y€ MO TOJOBLI KOPEHEIJIONY, 3a3HAI0UU IPU I[bOMY ME€BHOI Aedopmalii 3rugy,
sIKa CTBOPIOE 3YCHILIS 34iCYBaHHS 3aJTUIIIKIB THUKH.
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Bennuuna BiguentpoBoi cwiam iHepuii F, B mouarkoBiii Toumi koHTakty K, (Touka M,)
JOPIBHIOE:
Fa= mwzp ) (1)
e m — maca Ouu4a.
BusnauuMo BiieHTpoBy cuiy F, Touku M B 6yab-skiif Touni K KOHTakTy 6Mya 3 TOJIOBKOIO
KopeHeriony. Jlana cuia Oyjie JOpiBHIOBATH:
F, =mo’-0OK, 2
ne O'K —Biacransp Big Touku K 1o touku O'.
Sk BUIHO 3 cXeMHM puC. 1, 1aHa BiJCTaHb MPUOJIU3HO JIOPIBHIOE
O'K =OK, -K,K+00', (3)
ne OK, =p.
Touni, BpaxoByroun, mo OO’ =V, -t ta KK, =V, -t i (3), oTpumyemo:
OK=~p. 4)
TakuM YWHOM BIIIEHTPOBA CHJIA 1HEPINi If6 B KOXHIM Toulli KOHTakTy K HaOmMKeHo
3aJIMIIAETHCS TIOCTIMHOIO 32 BETMYMHOIO Ta HAMIPSIMOM 1 TOPIBHIOE
F, ~ma’p. (5)
[Tpu oMy Macy Om4a M BBa)KAEMO 30CEPEPKEHOI0 Ha poOouiil yacTuHi Ouva. BignenTposa
cuja 1Heplii, siKka BUHUKAE BiJ oOepTaHHA Macu Oudya Onmkue 10 oci miaBicy O, BUKIMKA€e HATAT
Onya i 3piBHOBaXY€ETHCS peakuiero B mapHipi O, .
Hedopmariis 3runy Ovya BUHUKA€E BHACTIAOK MPUTUCKAHHS OMYa B TOYIll KOHTaKTy K cuiamu
inepuii F, Ta Barn Guua G mix miero TATOBOi CHIM P IOCTYHaNbHOrO PyXy OUYMCHHKA Ta

00epTanbHOro MOMeHTy Ouda M, .

Cuna nedopmarii 3ruHy Oyme JopiBHIOBaTH cumi 3uicyBaHHs Q. Omke cumma P

MOCTYMAJIBHOTO PYXy OUMCHHKA Ta 00epTaIbHUI MOMEHT Omua M, BXOIATH B CKIaAoBy cuian Q i

TOMY BOHH Ha puC. 1 He 300paxeHi.
Cuna tepTs, sIK BiJOMO, TOPIBHIOE
F,=fN, (6)
ne f — koedimieHT TepTs TmMOBepXHI OWYAa TO TOBEPXHI TOJOBKH KOPEHEIUIOMY;
N —HopMmasnbHa peakiiis B TOUlli KOHTakKTy K Oudya 3 rOJI0BKOI KOPEHETIOY.
Takum unHOM, TudepeHIiaTbHe PIBHSAHHSA PyXy TOUYKH KOHTAakTy K 110 TOJOBII KOpPEHEIUIOAY
B BEKTOpHil Gpopmi Oyae MaTH TaKuil BUTIISL:
ma=F,+G+N+F, +Q, (7)
e a — abCONIOTHE MPUCKOPEHHS pyXy TOYKM KOHTakTy K IO TroloBIi KOpEHerIoay; M — maca
Ouya.
OCKiIbKH B JAHOMY BHIIQJIKy MAa€EMO IIJIOCKY CHCTEMY CHJI, 1[0 po3TamoBaHa B mionuHi YOz,

To nudepeHmianbue piBHSHHS pyXy (7) 3BOAUTHCSA JO CHUCTEMHU ABOX NU(EpEHIANIbHUX PiBHSHB
JPYTOTO TMOPSAKY HACTYITHOTO BUTJISTY:
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my=F8y+Gy+Ny+Fmp-y+Qy’} (8)

miz= FSZ+GZ+NZ+Fmp.Z+QZ,

e ng, Gy, Ny, Fmp_y, Qy — mpoexuii BekropiB cun F,, G, N, F Q Ha Bice Oy

mp. !

G, N,, F Q, — mpoexiii BeKTOpiB 3rafganux cui Ha Bick OZ BiANOBigHO.

BianosigHo; F p.2

6z
BpaxoByroun 3HaueHHsI MPOEKIIA BEKTOPIB CHII, IIO BXOIATH B CUCTeMY Au(epeHLianbHuX
piBHsHB (8), Ta BUpa3u (5) 1 (6), 3ragana cucrema HabyBa€e TaKOTO BUTJISLY:

my = -ma’psina+ N cos (y,AN)— fN cos (y,A\7)+Q cos (y\7) ©)
mZ =-ma’pcosa—mg-+ N cos (z,AN)— fN cos (Z,A\7)+Q cos (227)
ne Ccos (y,AN), Cos (Z,AN) — HampsMHI KocunycH BekTopa cumi N j10 oceit Oy i Oz BixmosimHO;

CoS (y,\7), coS (Z',\7) — HampsAMHI KOCHHYCH BEKTOpa IBHAKOCTI V pyXy Touku koHTakty K 110
rojoBii kopeHemoay 1o oceit Oy 1 Oz BiAmoBigHO; Y, Z — MPOEKIIT BEKTOpa IMIBUIKOCTI V Ha
oci koopauHaT Oy Ta OZ BigNmOBIIHO.

3 [2] Bigomo, 110 3rafaHi HAMPsIMHI KOCUHYCH JTOPiBHIOIOTH!

oy of 1 oy of 1
cos(y,N)z——; cos(z,N)=——;

A é?yAf A 8.2 Af (10)
cos(y,V)= \%; cos(2,V )= 5

ne f(y, Z): 0 — piBHsiHHS B 5131 (IOBEpXHI, IO SIKiil pyXaeThcsi MarepianbHa Touka); Af — momynb
rpagienTa GyHkuii f (y, Z); V — Moaynb BEKTOpa MBUIKOCTI TOUKH.

OckinpkH crno4yatky OyJio MPHUHHSATO, IO TOJIOBKAa KOpEHEeIuloAy Mae cdepuuHy (opmy, TO
PIBHSAHHAM B 5131 € cdepa, 10 Ma€ TaKe pIBHAHHS:

f(x,y,2)=x*+y*+2*-R*=0, (11)
ne R —paaiyc cdepudHOi roJ0OBKM KOPEHEIUIONY.
Jia mouan YOz X =0, 1 ToMy piBHAHHS chepu (45) nepexoauTh B pIBHSIHHS KoJa:

f(y,z)=y*+2z*—R*=0. (12)

3rigHo [2], Moxyns TpagienTa GyHKINT Ta MOIYJb IIBUIKOCTI OYAYTh JOPIBHIOBATH:

w5 &)

V=4Jy2+22. (14)

[TincraBumo (10) B (9) Ta nogamo A0 cuctemu audepeHIialbHUX PiBHIHD (9) piBHSIHHS B’s31
(12), oTpumyemo HacTynHY cucTeMy Au(epeHIialbHUX PIBHIHb:

my:—ma)zpsina+£q— N1+Q1,
Aoy VvV VvV
N of Z Z
mi=-mo’pcosa—mg+———fN-—-+Q—, 15
@ pERE g Af 0z \Y QV (15)
y?+2*-R*=0.
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OO6uKCcIMMO YaCTHHHI TOXIiMHI Ta TpamieHT (YHKIII, SKi BXOASITh B CHCTeMy piBHSHB (15).
Matumemo:

of of
=2y, L =01, 16
=2 (16)

Toni , 3riguo (13):

Af =J(2y) +(2z2f =2R. (17)

[TincraBumo Bupasu (16), (17) B (15). Toni cucrema mudepenuiaabHux piBHAHB (15) HaOyBae
TaKOTO BUTIISTY:

" : y Yy oY
my=-mo’psina+=N-N2>+Q2,
y @'psine+ o v QV

m’z‘=—ma)2pc05a—mg+%N—fN\§+Q§, (18)

y>+z°—R?=0.

Cucrema piBHsiHB (18) € cuctemor0 TpboX piBHSAHB 3 Tpboma HeBimomumu Y, Z i N . Tomy

BOHA € BU3HAYCHOIO 1 Ma€ €IMHUN PO3B’S30K.
Bukimounmo 3 orpumanoi cuctemu piBHAHB (18) HeBimomi Benmmunman N Ta Z, 3BIBIIM TaKuM

YUHOM JaHy CHUCTEMY 0 OJHOTO MU(EepeHIIalIbHOTO PIBHSIHHS 3 OJHIEI0 HEBIAOMOIO (YHKIIIEIO
y(t). Hns mporo cminm mpoaudepeHuitoBatd aBa pasu mo t piBHgHHS B’s3i (12). Sxmo

npoaudepeHIiloBaTH 1aHe PIBHSIHHS OAUH pa3, TO OTPUMYEMO:

2yy+2z22=0, (19)
3B1JIKM 3HAXOAUMO:
yy+22=0. (20)
Sxmo npoaudepenuiroBaty piBHsIHHA (20), TO MATUMEMO:
yy+y:+z2+2° =0, (21)
abo
(yy + z'z')+(y2+z'2)=0. (22)
OCKIIIBKH y2 +2°=V?, 10 OTPUMAEMO:
VZ=—(yy+127). (23)
[TomHoxumo nepiue piBHSHHS cuctemu (18) Ha Y, Apyre Ha Z 1 MOYIEHHO A0JaMo iX,
OTPUMYEMO:
m(yy +22) = —(me?p ysina + e’ pzcos a)—mgz +
N/i, oy N, L Q, . . (24)
+E(y +z )— f v(yy+ zz)+v(yy+ 22),
3B1IKH, BpaxoByrouH Bupasu (20) ta (23), MmaTumeMo:
—mV? =-ma’p(ysina+zcosa)-mgz+RN . (25)
3 Bupasy (25) 3HaxonumMo HopMmaibHy peakiito N . Bona 1opiBHIOE:
N :%[ma)zp(ysinowzcosa)+mgz—mvz] : (26)
3poOumo nojanel nepeTBopeHHs. 3 Bupasy (20) orpuMyemo:
1=-3 27)

Y4
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. \2
TOxi 2 = (yyz) : (28)
z
- \2
260 22::—§¥¥)—5. (29)
R™—y
TakuM 9MHOM 7Sl BEJIMYUHU IBUIKOCTI pyxy V MOXEMO OTpUMATH TaKHi BHPA3:
- \2
2 w2 52 _ 2 yy
V= 2+Z =Yy +R(2f)y2. (30)
[TincraBnsroun Bupa3 (26) B nepie piBHAHHS cucTemH (18), oTpumyemo:

my = —ma)zpsina+(l— f lj [ ma’p (ysina +zcosa )+
R \% (31)

+mgz—mvz]%+Q\%.

Ockinekn Z =+/R? — y? | 10, BpaxoByroun Bupas (30), ocTaToyHO

" y f yyR?—y?

my = -mao’psina +| = —
R VR -y2)y? +(yy)

><{ma)2,o(ysinoz+\/R2—y2 -COSa)+mg R*—y? — (32)
_mHW—yﬂw+wwﬂ}1+Q WR -y
R*—y? R \/(Rz _ yz)yz +(yy)2

Takum umHOM, OTpuUMaHO audepeHIianbHe pPIBHAHHSA Jpyroro mnopsaky (32), B skomy

HEeBIJOMa JMIIe OofHa (YHKIiS Y, TOOTO OTpUMaHO Au(epeHlianbHe PIBHAHHS B TaK 3BaHIM

HOpMaJIbHIN GOpMi, KOJIM BHUILA ITOX1/THA BUPAKAEThCA Yepe3 HIKYI MOX1HI 1 HIyKaHy (YHKIIO.

Hesigomy cuny Q, mo BxoauTh B piBHSHHS (32), MOTPiOHO 3HAXOAWTU 3 YMOB AedopMariii
3TUHY Onya.

ToMy nnst po3B’si3yBaHHS JAHOTO PIBHSAHHS NOTPIOHO crioyaTKy 3HalTH cuiy Q, abo BupasuTH
il yepes B11OM1 BEIMYUHHU.

Ockinpku piBHSAHHA (32) € HemiHIMHUM, TO HOro MO)XHAa PO3B’SI3aTH JIMIIE YHCEIbHUMU
METOAAaMH Ha MePCOHATLHOMY KOMII FOTEpi MPH 3aIaHUuX MOYaTKOBUX YMOBAX, IO OyJe MpeIMeToM
HACTYITHOTO JOCTIHKCHHS.
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