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MaremaTu4Ha MOJACIb JMHAMIYHOI B3a€MO1i poO0UYOro
eJIEMEHTa BIJOKpEeMIIIOBauYa TMYKU 3 TOJOBKOIO
KOPCHEILJIOAY

Po3pobeHo MaTeMaTHYHY MOJEIb B3a€MOJIl poOOYOro eleMeHTa 3 FOJIOBKOI0 KOPEHEIUIOY IyKPOBHX
OypsikiB mpu ioro ckinagHoMy pyci. OTpuMaHi aHAJITHYHI 3aJIE)KHOCTI HOPMaJIbHOI peaklii, sSIKy CTBOPIOE
pobounii eneMeHT Ha KOPEHEeIUTi]], BiJl KOHCTPYKLIHHUX MapaMeTpiB BiIOKpEMIIIOBaYa THYKH Ta HOTO PEeXHUMIB
poboTu. 3a nonomororo naHoi MoAeNi AOCIKEHO pyX poOOYOro elieMEeHTa IO TOJIOBII KOPEHEIUIOoy Ta
OTpPHMaHi 3aJeKHOCTI 3MIHH CKJIQJIOBHX HOPMAalbHOI peakmii Bim 9acy. 3HaueHHA CKIAJOBHX HOPMAaJBHOI
peaxiiii Oyl BUKOPHUCTaHi y MOJANBIIOMY JJISl CHIIOBOTO aHAIIi3y BKa3aHOI B3a€MOII.
MaTeMaTH4Ha MOJelIb, THYKA, KOPEHEIUIi/l, FTOJI0BKAa KOPEHEII0ay, po0ounii eJleMeHT, TOUKAa KOHTAKTY,
CHJI0BA B3aEMOIis

IlocTanoBka mnpodiaemu. BigokpemieHHS THYKH IIYKPOBUX OYpsKIB € Ba)KIIUBOIO
OTIEpaLli€l0 TEXHOJIOTIYHOTO Tpolecy 30uMpaHHS IIyKpOBHX OypsKiB, Tak $fK HE3Ha4YHA
KUIBKICTh THYKW TIPU ITyKPOBApiHHI NPHBOJWUTH IO 3B’SI3yBaHHSA IYKPIB Ta 3HWIKEHHS iX
3arajlbHOr0 BUXOXy. Y TMpoLeci BiJIOKPEMJIEHHS TMYKH OJHUMH 13 OCHOBHHUX HpoOieM €
HEJOCTaTHS SIKICTh KIHIEBOTO BOPOXY KOPEHEIUIONIB JJIi TMYKOBIJOKPEMIIIOBAIbHHUX
amapariB CyLLUIBHOTO 3pi3y Ta HHU3bKa MPOAYKTHUBHICTH amapaTiB KOMIpHOro tuimy. Tomy,
OOTpYHTYBaHHS TIapaMETPiB HOBOTO KOIPHO-POTOPHOTO BIJOKpEMJIIOBa4a THYKH €
aKTyaJIbHUM HayKOBO-TEXHIYHHUM 3aBJIaHHSIM.

AHani3 ocTa”HHIX gocailxkeHb Ta nyOaikamii. [luTaHHAMH TEOpeTUYHUX Ta
eKCIIEpUMEHTAIBHUX  JIOCHI/DKEHb  BIJOKPEMJIGHHS THYKA 3 TOJOBOK KOPEHEIUIO/IB
npucBsueHi yucenbHi mpami  [1. M. Bacunenka, B. M. bynrakosa, JI. B. Iloropinoro,
I1. B. CaBuua,M. B. Tarpsuka [1, 2, 3].

ITocTanoBka 3aBIaHHA. AHAJITUYHE BU3HAYEHHS 3yCHJIb, SIKI BUHHUKAIOTh B TOYII
KOHTaKTy poOOYOro eJeMeHTa BiJJOKPEMITIOBaYa TMYKHU 3 TOJIOBKOIO KOPEHEIUIONY.

Bukigax ocHoBHOro Martepiajay aociigxeHHsi. Jlig BHU3HAuU€HHS 3yCHIIb, IO
BUHUKAIOTh MIPHU B3a€MOJIii pOOOYOro eIeMEHTY 3 TOJIOBKOK KOPEHEIIONY HaMU HacaMIlepe.l
noOy/loBaHa €KBiBaJieHTHa cxeMma (puc. 1), Ha sKiii poOounii eneMeHT mpu 0O0epTaTLHOMY
PYCi, a TAKOXK MOCTYMAILHOMY MEPEMIIIeHI KOHTAKTYE 3 TOJIOBKOIO KOPECHETIONY.

B Toumi K KOHTakTy poOOYOro eneMeHTy 3 TOJIOBKOIO KOpEHEIIony OyIyTh AiATH
HACTYIHI CWJIM: O — CHJIa 3YiCyBaHHS T'MYKM, SKa HampsMmieHa 110 JOTHYHIA 10 MOBEpXHi
TOJIOBKH KOPEHEIIOAY B OiK BEKTOpa aOCOJOTHOI MIBUAKOCTI TOUYKU M pobOOYOro ejaeMeHTa;
N — HOpMaJlbHa peakiis 3 60Ky TOJOBKH KOPEHEIUIONY, HAIpSIMJIEHA B3JOBXK HOpMai 77 110
TOJIOBKH KOPEHEIUIONY, MPOBEAEHOI Kpi3h JaHE IMONOKEHHS TOUKM KOHTAaKTY; F.,. — CHIa
TEpTs, 1[0 BHHUKAE TIPU pyci poOOUOro ejeMeHTa 1o TOJIOBI KOPEHEIUIOAY, HalpsMJIeHa B
OiK, MPOTHJICKHUI HANPSMKY BEKTOpa aOCOJIOTHOI MBHUJKOCTI TOYKHA M poOOYOro eeMeHTa,
sKa CIIBIAJa€ 3 TOUKOI KOHTAKTY K, sika MPEJCTaBIeHa Y BUIVIAI CKJIAIOBHX Ha OCi X Ta ;
G — cuja Bard po00Yoro eJeMeHTa.
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Pucynox 1 — ExBiBajeHTHa cxema B3aeMOZil poOOYOro eIeMeHTa 3 TOJIOBKOIO0 KOPEHETIOAY

JudepenuiaabHe piBHAHHSA pPyXy TOUKM KOHTakTy K IO TOJNOBII KOPEHEIUIONy Y
BEKTOPHIN popmi MaTuMe Takuil BUTIISL:
ma=0+N+F_+G, (1)

Ie a —abCoNMIoTHE TPHUCKOPEHHS pPyXy TOYKM KOHTakTy K 1O TOJOBII
KOPEHEIIOy;/ — Maca poO0Yoro eieMeHTa, 3Be/IeHa 0 TOUYKU KOHTAKTY.

[Ticns migcranoBku B (1) HEOOX1AHUX BETUYMH 1 MPOBEACHUX MEPETBOPEHb OTPUMAHO
CHCTEMY HENHIMHUX AudepeHIiabHUX PIBHAHB JPYTroro TOPSIKY BiTHOCHO HEBITOMHUX
byukin x(7), y(7) 1 z(¢) Ta HeB1TOMOT HOPMATILHOT peaKitii V:
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¥ +y' 4+ -R* =0.
TakuM YMHOM, OTpUMaHa CUCTEMa HEIHIMHUX Au(EepeHIIHHUX PIBHAHb JPYroro
MOPAAKY BIAHOCHO HeBimomux (yHKHid X(t), y(t) iz(t) Ta HeBimoMoi HOpMambHOI peakmii M.
Cucremy nmudepeHIiiHuX piBHSAHb (2) MOXXKHA PO3B’S3aTH JIMIIEC YUCEIILHUMH METOAaMU 3
BUKOPUCTAHHSAM KOMIT FOTEPHHX IpOrpam IpU 3aJaHUX IOYaTKOBUX yMoBaxX. OCKUIBKH, B
cucteMy AudepeHIiMHuX piBHSIHb (2) BXOAWTH HEBIIOMHUI CHJIOBUH (hakTOp — HOpMajbHa
peakitist N, To i ii Bu3Ha4YeHHs OyJI0 MPOBEACHE AOCIIPKEHHS KIHEMAaTHKN B3a€MO/Iii poO0UYoro
eJIeMEHTa 3 TOJIOBKOIO0 KOPEHEIUIOAY. B pe3ynbrari boro JOCHIKEHHSI OTpUMaHa 3aJIeKHICTh
KyTa BIIXUJICHHS pOOOUYOTro eJIeMEeHTa ¢ Ta HOro KyTOBOTO MPUCKOPEHHS ¢ BiJ Yacy.

BusHaueHo HOpMaJbHY peakilifo Ha KOPEHEeIUTi1 IyKpOBUX OYpsKiB MpH [ii HA HHOTO
OJTHOTO poOOYOTo eIeMeHTa:
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JIe y — TYCTHHA poOOYOro eJIeMeHTa;

§ — IJIOIIA MONEPEYHOro Mepepizy podoYoro eIeMeHTa;
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@ — KyTOBa IIBUJKICTb POTOPA;

ro — pajiyc oci mBicy pod09oro eIeMeHTa;

@ — KyT IIOBOPOTY pOO0OYOro eJeMeHTa BIIHOCHO IJIOIIMHU 00EpTaHHA pOTOPa;

OK — muede HopMaibHOT peakii N BITHOCHO Oci mijiBicy poO0Yoro eleMeHTa.

Pyxatounch 1o TroJOBIII KOpPEHEIUIONy, POOOYMiA €IeMEHT MOXKe MisTH Ha Hel y
MOB3/IOBKHBOMY HampsiMi psiika Ta B IONEPEYHOMY, a TAKOXK BiH CTHCKA€ T'OJIOBKY KOPEHEIUIONY
B BepTUKaJbHOMY Hampsivi. CKiazoBa HOpPMAaBHOI peakiii N, CHOpUYMHIOE BHOWBAHHS
KOPEHEIUIOAIB B IIONEPEYHOMY HampsiMi, a Ny y HO3I0BKHBOMY HAlpsMi BIAHOCHO psAIKa.
BeprukanbHa >k CKJIazoBa HOpMaJbHOI peakiii Ny 3a0e3rnedye HeoOXiqHe 3yCWIUIS B KOHTAKTI
TOJIOBKa KOpPEHEIUIoNy-poOoumii eneMeHT. [l cunm BIUMBaIOTH HA Takl TOKAa3HUKH SIKOCTI
NpOLIECY BIJOKPEMJICHHS] THUKH, SIK MOLIKOKEHHS Ta BUOMBAHHS T'OJOBOK KOPEHEIUIONIB. 3a
pesyibTaTamMu urcenbHOro MozemoBaHHs Ha [IEOM Oymm moOynoBaHi rpadivni 3aJIeKHOCTI
(puc.2-4) BKazaHMX CKJIQJOBUX CHJI Bia yacy. Sk O6aummo 3 rpadikiB MakCHMaJbHI 3HAYCHHS
BKa3aHUX CKJIaJ0BUX HOPMAJbHOI peakwii cKIafatoTh Nymax= 65 H, Nymax=55 H, Nymax= 15 H.
i 3HaueHHs OyaM y MOJaIbIIOMy BUKOPHUCTAHI MPYU MOJIEIIIOBAHHI CHUIJIOBOI B3a€MO/I1i OUMCHOTO

€JIEMECHTA 3 I'OJIOBKOIO KOPEHETIIIOAY ITYKPOBOI'O 6yp5ﬂ(y
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PucyHok 2 — 3anexHicTh BepTHKaIBHOI NV, CKIIaJ0BOI HOPMaJIBHOI peakii Bix yacy
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Pucynok 3 — 3anexHicTh MO370BXHBO-TOPU3OHTAIEHOT V,CKJIa0BOI HOPMAIIFHOI peakilii Big dacy
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Pucynok 4 — 3anexHicTh NONepeyHO-TOPU3OHTAIIBLHOT V,CKI1aJ0BOT HOPMaJIBHOT peakIii Bz yacy
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BucHoBku:

1. Cknaznena cucrema nuepeHIiHUX PIBHAHB APYroro MOPSIKY, SKa OMHCYE PyX
TOYKHM KOHTAaKTy poOOYOro eJeMeHTY [0 TOJIOBII HEPYXOMO 3akpilUIEHOrO0 Yy IPYHTI
KOPEHEIIOy IyKPOBHUX OYpSKIB.

2. B pe3ynbTrati po3B’si3Ky OTpUMaHOI CUCTEMH PIBHSHb 3HAMIEHO aHAJIITUYHUN BUpa3
JUI. BHU3HA4YEeHHS IUIOIII 34€CaHOi IMOBEPXHI 3 TOJIOBKM KOPEHEIUIONY OJHMM poOOYMM
€JIEMEHTOM.

3. B pesynbrati po3B’s3Ky AudEepeHIiaTbHOrO0 PIBHIHHS 00€pTOBOTO PyXy poOOUYOro
€JIEMEHTa 3HAWIEHO aHANITUYHUN BHpa3 HOPMAJIbHOI peakiii ToJOBKM KOPEHEIUIoNy Ha
poOoUMii eIeMEHT.

4. TakuM YMHOM, Ha MiJCTaBl MaTeMaTHMYHOIO MOJIEJIIOBAHHS OJep)KaHl 3HAUYEHHS
HOPMAJIBHUX pEakIliif, 0 [i0Th B TOYIl KOHTAKTy pPOOOYOro elleMeHTa 3 TOJIOBKOIO
KopeHemony. A caMe, Nymax = 65 H, Nymax = 55 H, Nymax= 15 H.
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B. Byneaxos, A. bopuc
MartemaTH4eckass MoOAedb THHAMHYECKOT0 B3anMMOJeliCTBHS pPadodero 3jieMeHTa OTHeJTUTENs
GOTBBI C TOJIOBKOIl KOPHEILIO A

Pa3paborana MaTemaTrnyeckas MOJENb B3aMMOIEHCTBUS pabodyero 3jeMeHTa ¢ TOJOBKOW KOpHEIUIoaa
CaxapHOM CBEKJIbl, TNPH €ro CJIOKHOM [BIKCHHHU. [lodydeHbl aHATUTHYECKHE 3aBUCHMOCTH HOPMAaJIbHOH
peaknuy, KOTOPYIO CO3JaeT pabOuMil 3IEMEHT Ha KOPHEIUIOJ, OT KOHCTPYKIMOHHBIX NapaMETPOB OTICIHUTENb
OOTBBI U ero pexxuMoB paboTel. C IOMOIIBIO TaHHON MOJENH MCCIEeIOBaHbI JBI)KEHHE paboyero 3neMeHTa Mo
rOJOBKE KOPHEIUIOA U MOTy4YeHbl 3aBUCUMOCTH U3MEHEHUS COCTAaBJISIONIMX HOPMAIbHON peaklui OT BPEMEHH.
3HaveHHs COCTaBISIOIINX HOPMAIBHOM peakiny ObUTH HCIOJIB30BaHbl B JAIBHEHIIEM JJIsi CHIOBOTO aHalIn3a
YKa3aHHOTO B3aHMOJICHCTBHSI.

V. Bulgakov, A. Borys
Mathematical model of dynamic interaction of the working element separator topper head root
crops

The mathematical model of interaction between the working element of bolt root of sugar beet, with its
complex motion. The analytical dependence of the normal reaction that creates a working element to the root,
from the structural parameters of separator tops and its modes of operation. With this model the movement of
the working element in the head and root dependences change part of the normal reaction times. The value of the

normal components of the reaction were used in the future for power analysis indicated interaction.
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