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Annomayusn. Ommeuena 6epoOAMHOCMHAL CYUHOCMb COObLMUTL npoeKkmHoi cpedvl. Packpbvimo
cucmemMHvle OCHOBAHUS YNPABILEHUS MPAHCNOPMHLIMU pabomamu 8 npoekmax Y6opKu
cenvcroxosaiicmeennvix Kyavmyp. Ob6ocnosano codeprcanue 3aday ynpasieHus YyO6oOpPOLHO-
MPAHCNOPMHBLLMU PAbOMaMu 015 PA3HbLX YNPABLEHYECKUX NPOUECCO8.

Knwuesvie cnosa: npoexm, ynpagienue, yoopKa, ceslbCKOX03aUCMEeHHbLe KYJLbMmYpbl,
mpancnopmubsle pabomut, cucmema.

Abstract. Probabilistic essence of events of project environment is marked. The system grounds of
management transport works are exposed in the projects of collection of agricultural cultures. Mainte-
nance of tasks of management collectively-transport works is reasonable for different administrative
processes.

Key words: project, management, collection, agricultural cultures, transport works, system.
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POSPAXYHOR KIHEMATHNYHHUX ITAPAMETPIB ITPOITECY
BE3IIOCEPETHHOI'O BUWJIYUYEHHA KOPEHEILJIOAY 3 IPYHTY
ITPU BIBPAIIINHOMY BHKOITYBAHHI

BusnaueHo 3aKOH nepemiujeHHsa UeHmpa Mac Koperennoldy npu 6e3nocepednbomy 6ULYUeHHi 3
2pyHmMyYy ma 3HAUOeHO 4ac BULYYEeHHS KOPeHenaody 3 zpyHmy Oas Pi3HUX 3HAYEHb SUXIOHUX
KiHeMamuiHUX napamempié 6UKOHAHHA MEXHOJL02I4H020 npoyecy 6i0payiiln0z0 6UKONYBAHHA
KopeHennodie uyKposozo OYpaKy.

Knrouosi cnosa: xopernenaio, 8i0payiilnuil uKonyoyuil podoyuil opzan, rpynm, dugepernyiaivti
PIBHAHHA PYXY, HAC BUNLYLEHHA.

ITocTaHoBKaA mpPoGJeMU B 3arajibHOMY BHUIJISII Ta il 3B’A30K i3 BasKJIMBUMHM HAYKOBUMHU YU
NPAKTUYHUMU 3aBHAaHHAMH. BiOpaiiiiHe BUKOIIYBaHHA KOPEHEIJIOAIB IIYKPOBOrO OYPAKY Mae pPAL
mepeBar B NMOPiBHAHHI 3 iHIMUMMK cmocob6aMM BUKONYyBaHHs. BOHO XapaKTepU3yeTbCA MEHIIINM
TOMIKOMKEHHAM KODEHEILJIOAiB, 3HMMKEHHSIM BTPAT BPOKAI0 MpU 30MpaHHi, OiJbII iHTEHCUBHUM
OUUITIEHHAM KOPEHEILIONIB BiJi HAJUILIOrO I'PYHTY, MEHIITUM 3axapalleHHAM Po0ouoro pycsja Kolaua
rpyHTOM Ta Oyp’siHamMu. Tomy came Iieii TeXHOJOTIUHUI IPOIleCc MOTpedye MOKJIATHOTO aHAJITUYHOTO
JTOCJIIPKEHHS Ta IIOAAJIBIIIOl PO3POOKI i BIIPOBaMKEHHS BIOCKOHAIEHNX BiOpaIlifiHX BUKOIIYIOUX OPraHiB.

ITocTtaHoBKA TIpoOIeMu. PyHIAMEHTAIbHI TEOPETUUHI TOCTiPKEeHHA BiOpaIliitHOTO BUKOIIYBaHHSA
KOPEHEILJIOAIB JAal0Th MOKJINBICTh HAYKOBO OOI'DYHTYBATH KOHCTPYKTHUBHI i KimemMaTuuHi mapamerpu
Bi6pamifiHNX BUKOIYIOUMX POOOUYMX OPraHiB. ¥ CBOIO Uepry IVIMOOKUWU TEOPETUUYHUI aHAaJi3 OyIb-
SAKOTO TeXHOJIOTiYHOTO IIPOIeCY MOKJINBUI JIUIIe 38 HASABHOCTI aJeKBaTHUX MaTEMaTUYHUX MOJeJIelt,
110 OMIMCYIOTh MaHWU ITPOIlec.

Amnani3 ocTaHHIX TOCHiIKeHb i My0miKaIliil, B AKNX 3aII0YaTKOBAHO PO3B’I3aHHS JAaHOI MPOOJIeMI.
dyHgaMeHTaIbHI TEOPEeTHUHI Ta eKCIepMMEeHTAJIbHI MOCJTilKeHHs BiOpaIliiHOTO BHKOIYBaHHS
KOPEHEIJIOAIB IYKPOBUX OypakiB Oysau 3xiticHeni y mpani [1]. Oxpmayk y maHiii mparii mporiec
0esIocepeHLOI0 BIJIYUEHHST KOPEHEeIIONiB I[YKPOBUX OYPAKIB 3 I'PYHTY aHAJITUUHO He JOCTiIKYETbCs,
a BKasaHo, ITI0 34 JT0JaTKOBO CKJIAIEHNMU PiBHAHHAMY KiHETOCTATHKY OTPUMAHI YMOBHU 1X BUKOITYBAHHA.

3HauHa KiJbKicThb HayKOBUX (B OCHOBHOMY €KCIIEPUMEHTAJNBHUX) PE3yJbTATiB CTOCOBHO
BiOpallifiHOro BUKOIIYBaHHA KOPEHEIJIONiB HaBeZeHa ¥ npanax [2] i [3]. IIpore maTemaTuyuHOl MomeJti
BiOpaItifiHOTO BUKOIIYBaHHS KOPEHEIIOAY IYKPOBUX OYPAKIB TYT He HaBEeIeHO.
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ITomansIuit po3BUTOK Teopid BiOpaIliiiHOTO BUKONYBAHHSA KOPEHEIJIOAIB OTPpUMAJIA YV IPAIAX
[4-7]. Tak, y npari [4] pospobJieHa Teopis BiIbHUX i BUMYIIIEHUX IOB3AOBMKHIX KOJIUBaHBb TiJja
KOPEeHeIJIONY, AKi BUHUKAIOTH IIiJ] i€I0 BEpPTUKAJIbHOI 30yPYIOUOi CUJIN.

¥ crarTax [5, 6] posryiamamThCA IIONEPEYHi BiJIbHI i BUMYIIIEHI KOJIMBAHHA Tijla KOPEHEILTIOY,
AKi BUHMKAIOTH IIiJ Ii€o 30ypyroUuoi CUJIN, 10 CIIPAMOBAHA Y HAIPAMKY PyXy Komaua.

¥ nparii [ 7] pospobaeHa MaTeMaTUUHA MOJIEJb, III0 OIIUCYE IIPOIlec 6e3II0cepeIHbOr0 BUIIYUYeHHSA
KOPEHeIJIOAY OYPAKY 3 I'PYHTY, SIKe 3MiNCHIOETLCS MiJ Ai€l0 BepPTHUKAJIbHOI 30ypyrouol cuam Ta
TATOBOTO 3YCWJLIA, IO HAZAIOTHCSA HOMY Bifi BiOpaIliifiHOTO BUKOIIYIOUOTO pobouoro oprany. Ilpm
IIbOMY OTPHMAaHa crcTeMa Au(epeHIIiaTbHIX PiBHAHD, PO3B’ I3yBaHHS AKOI J1aJI0 MOYKJINBICTL 3HANTH
3aKOH PYXY KOPEHEIJIONY B IIPOIleci oro 6e3mocepefHHOTO BiOpaIiffHOr0 BUJIYUEHHS.

Meta nocaimsxennsa. Ha 6asi maremaTuuHoi Mozesi 6e3mocepeIHbLOT0 BUIYUEHHA KOPEHEILTIOnY
3 I'PYHTY, OTPUMAaHOI y poboTi [7], moOyayBaTy ajJrOpUTM PO3PAXYHKY KiHEMaTHUYHUX IIapaMeTpiB
mpoilecy 0e3mocepeqHbOr0 BUJIYUEHHSA KOPEHEILIOAY Ta 3 HOro JOIIOMOTOI0 BU3HAUUTH HEOOXimHi
KiHeMaTUYHi mapaMeTpy BUKOHAHHSA 3a3HAYEHOTO TEeXHOJIOTIYHOTO IIPOIIECY.

Bukaag 0CHOBHOrO MaTepiay JOCTiI;KeHHS 3 IOBHUM OOIPDYHTYBAaHHAM OTPMMAaHUX Pe3yJIbTaTiB.
¥ pobori [ 7] orpumaHna cucTema gudepeHITiaIbHUX PiBHAHD, KA MOJEJIIOE IIPOIlec 6e31mocepeIHbOTO
BUJIYUEHHSI KOPEHEIJIONY 3 TPYHTY, IO 3AiMCHIOETHCSA ITiJl BIIMBOM BePTUKAJIBHOI 30ypyouoi cuau
Ta TATOBOTO 3yCUJLIS, II[0 HAJAIOTHCS KOPEHEILIOAY BiJl BiOpaIliifHOTO BUKOIIYI0UOro poO0YOro opraHa.

Hana cucrema nudepeHIiaJbHNX PiBHAHB € CUCTEMOIO JIiHIHHUX AudepeHIliaJbHUX PiBHAHD
IPYroro mopAnKy. fIK BimomMo, BOHA pPO3B’sA3y€ThCA B KBaJgpaTypax.

ITouaTkoBi yMOBU 14 maHOI cucTeMu AudepeHIiaTbHUX PiBHAHD MAOTh HACTYITHUUA BUTJIA:

1
upu t = 0O: x, =0, z, =0, X1 = X0 Z = —;hk . (1)
B Ui copolIeHHA 3anucy cucTeMu qud)epeHITialbHUX PiBHAHD (1) BBeIeMO HACTYIIHI ITO3HAUYEHHSA.
1 cosot . o . o
= gY + fcos® 8sin | y+—E"2 Isiny + fcos§cos | ¥+ — cosy | =0, , (2)
m | g’y +1+1g°B 2 2
2 251nytgy - +fsin2ysin(y+a""2‘"‘“]0036+fsinycosycos[y+a’“2‘““] =V (3)
My | \Jtg y+1+1tg°B
1 cos dt, . o .
— > 2P — — fcos dsin y+ KL gin§ | =¢,, (4)
m _\/l‘g v+1+1g°B 2 |
2 sinyt. L o .
— > vigh — — f'sinysin y+—ELm 6in§ =y, . (5)
m | \tg“y+1+tg™P

Bpaxosytouu Bupasu (2)-(5), cuctema I[I/I(l)epeHHia_JIbHI/IX piBHsAHB (1) HAOyIe HACTYITHOTO BUIJIAAY:

.. . R
¥, =¢,Hsinot+y, P ——L,
my
- . R, ' (6)
Z,=¢,Hsinot+y,P———g.
my

Y pesynbraTi iHTerpyBaHHA cucTeMu AudepeHIianbHUX PiBHAHBL (6) OTPUMYyeMO 3aKOH

IepeMillieHHA IIeHTpa Mac KOPEHeIJIONY y IIpolleci 1oro 6e3mocepeHbHOr0 BUJIYUYEHHS 3 I'PYHTY Y

HaAIPAMKY Oceil Ox1 Ta OZ1 , TOOTO II0 XOAy KoIlaua i Bropy:
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3 npyroro piBHAHHA cucTeMu (7) MOXKHA BUBHAUUTU 4ac !, 06e3rOoCepeHBOr0 BUIYUEHHS
KOpeHeIIony 3 I'PyHTY. s 11boro HeoOXiHO Vv JIIBY YACTHMHY 3a3HAUEHOTO PiBHAHHSA HiJCTABUTU
3HavyeHHA 2z, = 0 i posB’aA3aTu OoTpUMaHe DiBHAHHA BimHOCHO t,. OCKiNbKM DiBHAHHA €
TPaHCIEHAEHTHUM, TO OTPUMATHU AHAJITUYHUN BUpA3 [JIA BUSHAUEHHSA !, HEMOXKJHUBO, IIPOTe HOTo
moskHa poss’asaru Ha IIEOM 3a momomoroio BifomMux dmcenbHUX MeToAiB. O0unc/ieHe 3HAUEHHS t,
MOKHA 3aCTOCYBaTU [Jid BU3HAUEHHS NPONYKTUBHOCTI arperaTty AJs BUKOIYBAaHHSA KOPEHEILIOAiB
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BiOpaIifHUMU BUKOIIYIOUNMU POOOUNMU OPTraHAMU.

BukopucToByouu pesyabTaT po3podseHol Teopii 6e3rnocepeIHbOTO BUTYUEHHA KOPEHEIJIONY 3
I'PYHTY, IIOOYAYEMO AJITOPUTM PO3PAXYHKY KiHEMAaTUUYHUX IapaMeTpPiB JAHOTO TEXHOJIOTiYHOTO IIPOIlecy:
1. 3Bamaemo HeoOXimHi BuXimHi maHi AJIa pO3paxyHKY.

2. O6uucmoemo Bemmuauan §,,\,,d,,, srigHo supasis (2), (3), (4) Ta (5) BizmosixHo.

3. 3HaxoauMO 3aKOH PYyXy KOPEHEeILIOAY Ipu 0e3mocepeJHLOMY BUIYUeHHi 3 I'PYHTY 3TigHO Bupasis (7).

4. DBypyemo rpadiku niad pisHMX 3HAUYEHb BUXiAHUX MapaMeTpPiB, 3 AKUX 3HAXOAUMO Yac
0es1mocepefHHOTO BUIYUEHHA KOPEHEIIONY 3 I'PYHTY.

I mpoBeleHHS PO3PaXyHKIB 3alaeMO 3HAUEHHA HEOOXiMHUWX IJIA IIhOro mapameTrpiB. [lani
BeJIMYUHU BuOUpaemo sriguo [2], [3]:

— Maca Koperemwrony m, = 0,9 kr;

—  jgomxmHA KopeHemwmony: /1, = 0,25 m;

— KYTH TPUIDaHHUX KJUHIB Bi6paliffHOTO BUKOIIYIOUOTO OPraHy: Y = 14°, B= 52°;

—  koeimient Tepra craiui mo noesepxHi koperemnony: f =0,45;

—  CHJIM OmOpY I'PYHTY Ipu mepemimenni kopenemnoxy: R, =100H , R =100H ;

— awmmityga 36ypyrouoi cunau: H =500H ;

—  BemmumHa 60KO0BOi pymiitHoi cumu: P, = 400H ; .
—  KYT BiIXWJIEHHA BEKTOPAa CUJIN TEPTHA BiJl BEKTOpa MiHiMaJIbHOTO 3HAUEHH ITiel cum: O K — 307;
— TOYaTKOBe MOJIOXKEeHHs IeHTPa Mac KopeHemony 1o oci O, x,: X, = 0,2 m.

Ha 6asi oTpuMaHOro 3aKoHY PyXy IIEHTPa Mac KOPEHEeIJIOoY (7§ B CUCTeMi KOODAUHAT X, O1 zZ,
nobynyemo B cepemosuini Mathcad rpadiku x, = x,(f), z, =z,(f) 38 MeTol BHU3HAUeHH:A Yacy
BUJIYUEHHSA KOPEHEILJIOAY 3 I'PYHTY mpu BiOpariifinomy BukomyBaHHi (puc. 1). dx BugHO 3 rpadika,
4yac BUJIYYEHHsS KOPEHEIIOAY 3 IPYHTY (z, = 0) cranosuts 0,032 c.
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Puc. 1. pagiku 3anexxHOCTEN NepeMILLEHHS LIeHTPY Mac KOPEHEr104y B30BX OCEeV O] X, 0 0121
Big Yacy ripu 6esrnocepenHboMy BuJly4eHHI kopeHeriiogy 3 royHTy ( H = 500 H, P1 =400 H,
R_=100H, R _=100H, V=10Twu)
Ha puc. 2 nmokaszano TpaeKTOpPiio pyxy IeHTPa Mac KOPEHEeIJIONY IIpu 0e3ImocepeHbOMY HOro
BUJIyYEHHI 3 I'PYHTY.
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Puc. 2. TpaexTopisi pyxy KOpeHennony B CUCTeMI KOOPANHAT X, 0121 npuy 6esnocepenHbLOMY BUITYHEHHI
kopeHennoay 3 royHTy ( H = 500 H, P1 =400 H, Rx = 100 H, RZ =100H, Vv =10 Twu)
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fAx BuAHO 3 HaBemeHoro rpadika, Ha iHTepBaJi BUJIYUYEHHS KOPEHEIJIOAY 3 I'PYHTY
(— 0,083<z < O) HOT0 LEHTP Mac MepeMiIlyeTbes Mo IpAMil JiHii.

3BHUUaiino, JaHa TPAEeKTOpiA BiAMOBimae peasbHIil TpaeKToOpil pyxy IleHTpa Mac KOPEeHEeILIOAY
JIUIIIE Y TIePIITOMY HaOJMMIKEeHHi, OCKiIbKY CUJIU OTIOPY I'PYHTY IPU HMEePEMIiIeHHI KOPEeHEILIOaY Rx] i
R_, Gyno mpuitHaATo mocTifHIMY.

TaxkoX mpoBemeHi PO3paxyHKM Ta OTpuMaHi rpadikm z, =z, (H,t) npu P, =const, Ta
zZ, =z (P,,t) opu [ = const (puc. 3).

Pk I 2!00 4!][’ 6!.10
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Puc. 3. lNosepxHs (a) Ta KOHTYpHWI rpagik (6) yHkuii z, = z, (H ,t) npy 3miHi amnaityam 30ypyoHoi
cwm B gianasoHi H = 100...700 H (P, =400 H, V =10 I'y)

SAx BugHO 3 HaBemeHoro rpadika, mpu sMidi ammiriTyau 36ypyiouoi cunu y mexxkax 100...700 H
yac BUJIYyUYEHHS KOPEHEIJIOAY 3 I'PYHTY 3MiHIOeThca ¥y meskax 0,053...0,028 c.
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Puc. 4. lNosepxtsi (a) Ta KOHTYpHWI rpagik (6) yHkuii z, = z, (R,t) rnpy 3miHi 6OKOBOI pyLUiiHOT
cun B Aiana3oHi P1 =100...700H (H =500H, V =10 Iyu)

fAx BumHO 3 HaBemeHoro rpadika (puc. 4), nmpu 3MiHi 00KOBOI PyIIifiHOI cuiam y Memxax
100...700 H uac BuiyuyeHHsS KOPEHEIJIONY 3 I'PYHTY 3MiHIOeThesa y Mexkax 0,046...0,026 c.
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BucnoBku. 1. Po3B’s30k oTpmmaHOi cuctemMu nudepeHI[iaJbHUX PiBHAHBb OaB MOXKJIUBICTH
3HAUTU 3aKOH IePeMiIl[eHH [[eHTPa Mac KOPEHEeILJIOAY Y IT0OB3[0BKHbO-BePTUKAIBHIN IIIONUH] IpH
OesmocepeHbOMY BUIYUYEHHI Ta YaC BUJIYUEHHA KOPEHEIIOAY 3 'PYHTY.

2. IIpu 3miHi ammiTyau 30ypyiouoi cunu y meskax 100...700 H yac BunyuyeHHS KOPEHEILIOAY
3 TPYHTY 3MiHIOETBCA B Mexkax 0,053...0,028 c.

3. IIpu 3miHi 60ko0BOI pymritinoi cuau y mexxkax 100...700 H yac BuiyyeHHSA KOPEHEIJIIOAY 3
TPYHTY 3MiHIOETHCA B Mexkax 0,046...0,026 c.
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Annomayusn. Onpedenen 3aKOH nepemew,eHus yeHmpa Macc KOpHenaoda npu
HenocpedCcmEeHHOM U3BJeYeHUU U3 NOYBbL U BbLUUCACHO 8PeMs U38JeUeHUS KOPpHenJaoda us3
nousvl 0n8 PA3NUUHBLLX 3HAYEHUI UCXO00HLLX KUHeMAMUYEeCKUX NAPAMempo8 BblNOJHEeHUS
MexHOoL02UYeCK020 npoyecca 8UbOPAYUOHH020 BbIKANLIBAHUSL KOPHENJ0008 CAXAPHOIL CECKIbL.

Knrwwuesvie cnosa: xopHennod, suGpAyUOHHbLI BblKANLIEANUW UL paboyuil opzaH, nousa,
JuggpepeHyUANIBHBLE YPABHEHUSL 0BUNCCHUSL, BPEMS U38JLeLeHUS.

Summary. The law of a root crop mass center transition is defined at direct extraction from
soil. Time of extraction of a root crop from soil for various values of initial kinematic parameters of
execution of sugar beet root crops vibrational digging up technological process is evaluated.

Keywords: root crop, vibrational digging out executive device, soil, differential equations of
movement, time of extraction.
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HNIABUIMEHHA EPERTUBHOCTI BUROPUCTAHHSA TEIIJIOTHA
B MAJIOTABAPUTHUX CYIINJIBHUX YCTAHOBRAX

IIpedcmagneno KOHCMPYKMUBHY CXeMY MA ONUCAHO POOOMY CYuLapKu-6000HaA2pi6aia i Hagedero
pe3yavmamu it 00Cci0HCeHHA.

Knrmouosi cnosa: monka, cywuivHa kamepa, 6000Hazpieay, menaoo0 MiHHUK, eleKmpoHazpieay,
naponosimpsanuil kaanax, dumozaprna mpyoba, 10mok, depaexmop, deepyama.
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