optimization criterion, the complex integrated criterion that includes
average value of function the effort operating in the bridge of the crane
and average value of function efforts from fluctuations of freight is used.
For synthesis of the optimum law of movement of the transitional mode
of launch of the crane, the three mass dynamic model of the crane on
the basis of which the system of the differential equations movement of
the crane is received is used.

The optimum mode of movement of the crane received as a result
of the solution of the differential equation of the sixteenth order by a
collocation method. Results of optimization are illustrated with schedules
of speed and driving effort of trailer beams and phase portraits of
fluctuations of the freight and elastic effort arising in a bridge beam. As a
result of the performed optimization after the end of transition process of
launch of the crane on the optimum law oscillatory processes are absent,
and during the process of launch of the crane of a deviation of freight
doesn't exceed 0,14 m with a length rope of 3 m.

The synthesized optimum laws of movement can be used for
development of the system of control of the bridge crane based on the
microcontroller and the frequency converter that will work in real time.
Use of such system will allow reducing considerably fluctuations of
freight on a flexible suspension and the dynamic loads operating on a
crane metal construction, and as a result, reliability of operation of the
crane increases, energy costs of driving mechanisms decrease and
performance and safety of operation of the crane increases.

Keywords: crane, dynamic loadings, dynamic model,
mathematical model, reduced weight, crane beam, optimization,
complex criterion
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BU3HAYEHHA AKOCTI BUCIBY HACIHHA MHEBMOMEXAHIMHUM
BUCIBHUM ANAPATOM 3 NEPUPEPINHUM PO3TALLYBAHHSAM
KOMIPOK TA IHEPUIMHUM BUOANEHHAM 3AUBOIO HACIHHA
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AHoTauin. [IposedeHa cepisi OOCiOXeHb MHEBMOMEXaHIYHO20
8UCIBHO20 arnapama 3 rnepugepiiHuM po3maully8aHHSIM KOMIPOK Ha
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8uCIBHOMY OUCKYy ma rnacueHUM rpucmpoem Orisi sudasieHHSaM 3algoz20
HaciHHS IHepuitHUM criocobom Ha HaciHHI yykposux bypskie, eu3Ha4eHo
8r/iu8 PO3pPIOXXEHHS y 8aKyyMHIU Kamepi 8UCIBHO20 ariapama, Kos10801
weuodKocmi KOMIPOK 8UCiBHO20 Oucka, wWeudKocmi pyxy MOCI8HO20
azspesamy Ha KoedpiuieHm eapiayii po3MiWeHHS HacCiHHA 8 pPsOKY.
KoHcmpykuiss  HO8020  rHesMoMexaHiYHO20  8UCIBHO20  arnapama
00380/15€ 3HAYHO 3HU3UMU 8aKyyM & cucmemi, 36inbwus rnpu ybomy
Kosiogy weudKicmb KOMIPOK 8UCI8HO20 OucKa 00 3Ha4yeHb rnocmyrnarsbHol
weudKocmi rocieHo20 aegpezamy, mumMm camum 3abesrneqyumu cmary
MOYKY CKUOAHHS HaciHHS 3 8UCIBHO20 OucKa ma 0OHaKo8i mpaekmopii ix
rnonsomy 00 60OPO3HU  Mpu  SKICHOMY  3arlO8HEHHI  KOMIpPOK.
3anporioHosaHuUl  eucieHul  anapam  36inbWye  MEXHO02i4YHY
ehekmugHicmb 8UCI8Yy HaCIHHSA rpocarnHux Kynbmyp ma 3MeHWye
eHep20EMHICMb rpouyecy.

Kno4yoBi cnoBa: nHeeMoOMexaHiYHUlU eucieHul anapam,
eucieHul OuckK, ekcnepumMeHm, KoegiyieHm eapiauyii, po3piOxKeHHs,
Kosioea weudkicmb KOMIipPOK, mocmynasibHa weudkicmb

NocTtaHoBKa npob6brnemu. [lowyk HOBMX TexHonorin Ta 3acobis
MexaHi3auil 3 MeTo 30epexeHHA pPOoaHYOCTi IPYHTIB, 3MEHLUEHHS
pecypcoBuTpatr i 30epexeHHA HaBKONMULWIHBOrO cepedoBulla €
3anopyko ManbyTHLOro BpoXatro Ta JO6poOyTy KpaiHwm.

CyyacHi nHeBMOMEXaHiYHi BMCIBHI anapaTtn TOYHOro BUCIiBY, nonpwu
[OBry IiCTOPI0 X CTBOPEHHS | BOOCKOHASIEHHS, MalTb psg HeOoniKis,
OCHOBHUMM 3 SKUX €. HeJocTaTHA [o3ylya 34aTHICTb, BUKIMKaHa
obmexeHicTio KonoBOI LWBMAKOCTI BuciBHOro aumcka (V,<0,5 wm/c)
HasABHICTb BMMNALKOBOro HEKOHTPOSIbOBAHOIO nepeposnoniny iHtepsarnis
MDK HaciHMHamn B ©OpO3Hi, BHACNigoOK BENMKOI BigHOCHOI LUBWAKOCTI
HaCiHHS MPW KOHTAaKTi 3 OCTaHHbBOIO NiJ Yac pyxy ciBasikv Ha HOMiHaNbHUX
weuakoctax (V=1,5...2,5 wm/c). YCyHeHHA 3a3HayeHux HeJonikis
JOCAraeTbCs WNAXOM 30inbLUEeHHS KONOBOI LWBUAKOCTI BUCIBHOIO AUCKA |
Y3ropKeHHs 11 3 NOCTynanbHOK LWBUAKICTIO ciBanku [1-5].

AHani3 octaHHix gocnigxeHb. OQHaK, B KOHCTPYKLIiSIX Cy4YaCHUX
NMHEBMOMEXaHIYHMX BUCIBHMX anapaTiB BUpPIWUTM JaHy 3agady
TEXHOSIOMNYHO  HEMOXIMMBO, OCKIfIbKM  Le  noripwye  YTBOPEHHS
OAHOHACIHHEBOro MOTOKY HACIHHA We Ha noYaTKoBOMY eTani Moro
doopMyBaHHS.

AkicTb A03yBaHHSA HacCiHHA 0O 6OPO3HU 3anexuTb, B nepLly yepry,
Bif, PIBHOMIPHOCTiI po3TawyBaHHSA HaCiHWH Ha BUCIBHOMY AWCKY. Tomy
nigxig Ao obpaHHsa opMKU OTBOPIB AMUCKA € BU3HAYalrlbHOK NOYaTKOBO
YMOBOI PiBHOMIPHOro J03yBaHH4 [6, 7].

3 MeTol MiaBULLEHHA e(EeKTUBHOCTI TOYHOro BUCIBY HACiHHS Ha
Kadpepi cinbCcbKorocnogapcbkoro mawmnHobyayesaHHA KiposBorpaacbkoro

146



HaUiOHaNbHOro TEXHIYHOro yHiBEpCUTETY PO3p0obneHo AoCniAHNI 3pa3okK
CeKuil HOBOI MHEBMOMEXaHIYHOI ciBanku Ona TOYHOro BWUCIBY HaCiHHA
npocanHux kynetyp (puc. 1) [1-4].

Puc. 1. lHeBMOMeEXaHi4YHUI BUCIBHUIW anapaT: 1 — BUCIBHUI OUCK;
2 — KOoMipKa; 3 — nonaTtka; 4 — npnBoAHUK Bars; 5 — kopnyc; 6 — BUCIBHe
BIKHO; 7 — nacuBHUM NPUCTPIN ONs BuAaneHHs 3auBOro HacCiHHS;
8 — BakyyMHa kamepa; 9 — HaciHHA; a — cxema; O — TPbOXBUMIpHA
MoAernb.

Pe3synbtatn pocnigkeHb. [0OMOBHOK 0OCOGMAMBICTIO HOBOrO
BUciBHOro anaparta (puc. 1) € BWKOPUCTaAHHS BWUCIBHOMO Aucka 3
nepudepivtHNM po3TallyBaHHAM KOMIPOK, 32 AKMMW Ha WNOro BHYTPILLUHIN
NMOBEPXHi PO3MilLEeHi fionaTtkn Ans NpUMYCOBOro 3axorfleHHS HacCiHHA
Anckom B pobouin kamepi Ta NoganblIoro MOro TpaHcnopTyBaHHA 00
30HU cKnaaHHsa. [na BuMaaneHHsa 3amMBOro HaciHHS 3 KOMIPOK BWUCIBHOIO
ANCKa Yy BEPXHIN YacTuHI UMNIHOPUYHOI MOBEPXHi Kopryca BWKOHAHO
NacMBHUN NPUCTPIN Yy BUrMNALI MOPOXHUHKU, OO0 AKOI NOTpannaiTb 3auBi
HaCiHMHK |, BIOOKPEMIIOYMUCL Bi4 [AWUCKA, MOBEPTalTbCA OO0 30HMU
3anoBHEHHA. B HWXKHIM YacTuUHI NoOBepxHi Kopryca BWKOHAHO BUCIBHE
BiKHO, sike 3abe3nevye BiflbHe BUNadiHHA HACIHHA 40 BOPO3HM.

[1lna BM3HaA4YeHHs pauioHanbHMX NapameTpiB Ta pexunmies poboTu
BUCIBHOIO anapaTa BUKOPUCTOBYBABCS MeToq nnaHyBaHHS
baratogaktopHoro ekcnepumeHTty. MeToto gaHoi cepil gocnigis 6yna
peanisauis MaTtpuui LeHTpanbHOro KOMMO3ULIMHOIO mnraHy 23+3ip|<0|3i
TOYKW, B pe3yrnbTaTi YOro BCTAHOBMEHO BMIIMB YMHHUKIB AP, V , V. Ta

OTPUMaHi pauioHanbHi napameTpu Ta pexnmm poboTu BUCIBHOIO
anaparta 3 nepugepinHMMm po3TallyBaHHSAM KOMIpPOK Ans 3abe3neyvyeHHs
MakcMmaribHOl ePeKTUBHOCTI BUCIBY HACIHHA NPOCanHUX KynbTyp.

Llen eTtan ekcnepumeHTanbHMX OOCAILAXKEHb HadaBaB MOXIUBICTb
OUiHUTM  pO3MOoAin iHTepBaniB HaCiHHA B paAgKy, And  4oro
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BUKOPUCTOBYBABCA OUCK 3 NepudepinHuMn posTallyBaHHAM KOMIpPOK,
KiNbKICTb SIKUX Z OOpiBHIOBanNa 4 LuT.

Bu3HayeHO OCHOBHI piBHI Ta iHTepBanu BapitoBaHHA (PaKTopiB 4SS
BUCIBY LlYKpOBUX DYpSKiB Npu BU3HAYEeHHI koediuieHTa Bapiauil (Tabn. 1).

1. PieHi ¢bakmopie npu euciei HaciHHsi uyykpoeux O6ypsikie
eucieHUM arnapamom 3 nepugepitiHO po3mawoeaHUMU KOMipKkamMu
Ha eucieHoMy OUCKY

0 ® = = PiBHi BapitoBaHHS
I I I | cI
L T QI | g I ; :
52|30 a3 HaTypanbHi KOOOBaHi
dakTop on | dm | Fol= B e I = 3] _ |~
ST |OoOII|lp=|DmsS| T Slasas| T |S| | 2s
oYY o|TQ OXxX I O X |0 X o X
© O ol wml 27| o 4 |l gF|gT| X |2 ¥ | 27T
T c (= m| SO0 | © S|2e0o|lao |5 = |20
o™ = m T ™ = ™ = m T T ™ =
PoapigxeHHs L0 - o 0 0
- S 0 S o) ©
Yy BakyymMHIu AP Xxq > o » &N o - +1 0 -1 -168
kamepi klTa 9 © o o S+
Konosa O <) S g 2 ®
LUBUAOKICTb Vi X2 c_a‘ o) n o - — +*1 0 -1 -168
KOMIpOK, m/c N N N - +
LLBnakicTb § © 2 < ® o
pyXy NUMKOI Ve X3 S o) N © - - +1 0 -1 -168
CTPiYKKM, m/C + N N — +

PospipkeHHss Yy  BakKyyMHin Kamepi BMOpaHO Ha  OCHOBI
pekomMeHgauin gocnimpkeHbs [8—14], pes3ynbTaTiB nepwioro etany
pocnigpxeHb [8—14] Ta 3 ypaxyBaHHAM TeopeTU4HUX gocnimxkeHb [6, 15,
16], BignosigHo go akux AP=0,15; 0,3 kla Ta gogatkoso AP=0,225 «kl1a.
KonoBy wwBMAKICTb KOMIpOK V, BMOpaHO Ha OCHOBI pekoMeHOaLin
pocnimkeHs [8—14], pesynbTaTiB nepworo etany gocnimkeHo [8—14] Ta
pesynbTaTiB TEOPeTUYHUX JocrigXeHb [6, 15, 16], BignoBigHO OO0 AKUX
V.=1,5; 2,5 m/c Ta pogaTtkoBso V,=2 mM/c.

LBnakicte  pyxy numnkoi CTpidkm V., BUOpaHO Ha OCHOBI
pekoMeHZauin pgocnipkeHb [8—12] Ta pesynbTaTiB  TEOPETUYHUX
pocnimpkeHb [6, 15, 16], signosigHo Oo skux V.=1,423; 2,26 m/c Ta
popatkoso V,.=1,84 m/c.

KyT po3KpuUTTS MOPOXHWUHM MAcMBHOIO MPUCTPOD AN BUOANEHHS
3aMBOro HacCiHHA B gocrigax ctaHoBuB £=25° [15, 16].

OTpumaHi  pesynbTatm  peanisauil  maTpuui  nraHyBaHHA
eKCNepuMeHTy HaBeZieHo B Tabn. 2.

[Ana obpobkn ekcnepuMeHTanbHUX OaHMX 3acTOCOBYBanu nakeT
Statistica 6.0 [17, 18]. B peaynbTati 4yoro npoBeaeHo nobyaosy
CTaTUCTUYHOI MaTemMaTuUyHOl Mogeni ansa  KoediuieHTa Bapiauil
PO3MiLLEHHA HACiHHA B BOpo3Hi v, (¥, =v).
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2. Pesynbmamu  peanizauyii  mMampuuyi  nrnaHyeaHHSs
ekcnepumenmy 2*

dakTopu Kputepin
Pospipxents | Konosa WwenakicTs LWBnakicTe KoedbiiieHT
Homep | B BakyymHin | KOMIPOK BUCIBHOIO pPyxy L
. . i A Bapiauii;
pocnigy Kamepi; aucka; CTPIYKM; Vo
AP, kMNa Vi, M/c V., mic » /0
X1 X2 X3 Yg
1 2 3 4 5
1 0,15 1,5 1,463 10,37
2 0,3 1,5 1,463 7,41
3 0,15 25 1,463 8,46
4 0,3 2,5 1,463 25,53
5 0,15 1,5 2,26 25,38
6 0,3 1,5 2,26 25,14
7 0,15 2,5 2,26 57,16
8 0,3 2,5 2,26 36,66
9 0,098 2 1,842 37,92
10 0,351 2 1,842 31,62
11 0,225 1,159 1,842 5,36
12 0,225 2,84 1,842 12,14
13 0,225 2 1,138 19,22
14 0,225 2 2,546 16,35
15 0,225 2 1,842 18,61
16 0,225 2 1,842 18,73

OTpuMaHO piBHSHHA perpecil:

Y, =18,134-1,309x,+5,263x, + 6,21 7x, + 6,659x12 - 2,495x22 + 0,787x32 - (1)
~0,028x,x, — 4,333x,x, + 3,493x,x, '

[MobynoBaHO nNOBEpPXHi BIAryKy Ta JiHil piBHOro Buxody Afis
KoedilieHTa Bapiauii po3MilleHHA HaciHHS B 60po3Hi v (puc. 2).

AHania noBepxoHb BiAryKy Ta niHIK pIBHOroO BuUxody AnNs
ONTMMAarnbHOIrO 3Ha4yeHHA KoediuieHTa Bapiauil po3MilleHHA HacCiHHA B
OOpPO3Hi Vv, [ae MOXNMBICTb BM3HAYUTU pauioHanbHi  3HAYEHHS
AocCniopKyBaHUX dakTopiB, a came:

— BENUYMHa paulioHarbHOro pPO3PIMKEHHA Yy BaKyyMHIN Kamepi
x;—AP, noBMHHa 3Haxoautuck B mexax Big 0,20 go 0,30 kla;

— BennYnHa pauioHanbHOro pPOo3pPIAKEHHS Y BaKyyMHIN Kamepi
Xx1—AP, 3Haxogutbes B mexax Big 0,2 no 0,3 klla;

— pauioHanbHa KoOJfioBa LWBWUOKICTb KOMIPOK BWCIBHOMO Aucka
X—V,, 3HaxoanTbcsa B mexax Big 2,0 go 2,5 m/c;

— pauioHanbHa WBWAKICTb pPyxXy CTpidkn (ciBankn) xz— Vi,
3HaxoguTbca B mexax Big 1,0 go 2 m/c.
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Puc. 2. TloBepxHi Bigryky Tta niHil piBHOro smxogy onsa koediuieHTa
Bapiauil po3MileHHs HaciHHA B 6oposHi: a — ana Y,=f(x;, x3); 6 — on4d
Y2=f(x1, X3); B — Ana Y>=f(x,, x3).

BucHoBKku
1. KOHCTpyKUis AocnigKyBaHOro mMHEBMOMEXaHIYHOro arnapaTta
[o3Bonge  36inbWMTU  KOMOBY LUBWAKICTb KOMIpOK, y3roguBlin i i3

NMOCTYNanbHOK LWBUAKICTIO MOCIBHOrO arperaty B 3HaYHIA Mipi 3MEHLINTH
PO3PIAKEHHS Y BaKyYMHI Kamepi.
2. TobTto, 3anponoHoBaHMM BUCIBHMA anapaT  36inbluye

TEXHOJIONYHY edEeKTUBHICTb BUCIBY HACIHHA MpocanHuUxX KynbTyp Ta
3MEHLUY€E eHeproeMHICTb npoLecy.
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ONPEAEJIEHNE KAYECTBA BbICEBA CEMAH
NMHEBMOMEXAHIYHAM BbICEBAKOLWUM AIMNMMAPATOM
C NEPUDEPUNHBLIM PACMONOXEHUEM AYEEK
U UHEPUUOHHbIM YOAJNNIEHUEM JIMLUHUX CEMAH
K. B. Bacunbkoeckas, O. M. Bacunbkoeckuu, M. M. [lempeHko

AHHOTaUuSA. [lposedeHa cepusi uccriedogaHul
MHeBMOMEXaHUYECK020 e8bicesarowie20 arnapama c nepugphepultiHbIM
pacriofioxeHuUeM S4Yeek Ha ebicegsarouwem OucKe U NacCusHbIM
ycmpoucmeom 0515 yoarneHuUeM fUWHUX CeMSH UHEPUUOHHbIM Criocobom
Ha cemeHax caxapHOU CB€KIlbl, OrpedesieHO BrIUSHUE pPa3pexXeHusi 8
8aKyyMHOU Kamepe 8bicesarou,e2o arnnapama, OKPYXHOU CcKopocmu
sAYeeK ebicesgarowie2o oucka, CKopocmu 08UXKEHUS MOCeB8HO20 azpezama
Ha KoaghhuuyueHm eapuauuu pasmMeweHuUss cemMsaH 8  psoke.
KoHcmpyKuusi Ho8020 rnHeemMomMexaHU4eCcKo20 8bicesarouw,e2o arnrnapama
r103e0s1iiem 3Ha4umersibHO CHU3UMb 8aKyyM 8 cucmeme, ygenu4yums rnpu
3MOM Kpy208yl0 CKOPOCMb SYeeK ebicesarouie2o ducka 00 3Ha4vyeHul
rnocmyrnamersibHOU CKOPOCMU [10CE8HO20 azpezaama, mem caMbIM
obecriequms ycmou4usyro mo4ky cbpoca ceMsiH ¢ 8bicegarouie20 OucKa
U 0OUHaKo8ble mpaekmopuu ux rosema 8 6opo3dy rnpu Ka4ecmeeHHOM
3anonHeHuu  s4eek.  [1lpedrnoXeHHbIU  ebicesarowul  arnnapam
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ygenu4yueaem mexHOI02u4ecKyo 3hghekmusHoCcmMb 8bicesa CEMSIH
rponawHbIX Kysibmyp U yMeHblWaem 3Hep20eMKoCcmb fpouecca.

KniouyeBble cnoBa: nHeeMoMexaHUYeCKuUll ebicesarowjuu
annapam, ebicesarowWuli OUCK, 3KcrnepumMeHm, Ko3aghgpuyueHm
eapuayuu, pa3pexeHue, OKpY)XHasi cKopocmb s4Yeex,
nocmynamesibHasi CKOpocmb

DEFINITION OF QUALITY OF PNEUMATIC SOWING MACHINE
WITH PERIPHERAL CELLS LOCATION AND INERTIAL
SUPERFLUOUS SEEDS EXTRACTION
K. V. Vasylkovska, O. M. Vasylkovskyy, M. M. Petrenko

Abstract. A series of studies of pneumatic sowing machine with
peripheral cells on the seed disk and a passive device for removing extra
seeds with inertia method for precise seeding of cultivated crops studies
was proposed for sugar beet seeds sowing device, we defined the
influence of dilution in a vacuum chamber of sowing device and angular
velocity cell seed disk on the coefficient of variation of placing seeds in a
row. The design of the new pneumatic sowing machine can significantly
reduce the vacuum in the system having increased the angular speed in
cell seed disk to the values of seeding device travelling speed, thus
provide a constant point of seeds drop from the seed disc at the same
trajectory of their flight to the furrows and the qualitative cells filling. The
proposed seeding device increased technological efficiency seeding of
cultivated crops and reduces energy process.

Keywords: pneumatic seeding machine/device, seed disc,
experiment, coefficient of variation, dilution, cells angular speed,
forward speed
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