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Kopynsx IlI., Kepuuubkuii 1., bapanosuu C., Manuk 1., Becnajgos P. Bi0pauiiine maninyjaioBanHs BupoOamu
OCHOBOIO PO3BUTKY MAIIMHOOYIYBaHHS € MiJBHMIIECHHA €(EKTUBHOCTI BUPOOHMLTBA, 301IBLIEHHS BUIYCKY MPOAYKLIl 1
MiABUILEHHS i SKOCTI 3a OJHOYACHOI'O 3HW)KEHHS TPYJNOBUX BUTpAT, MOJIMIIEHHS OpraHizalii Ta yNpaBiiHHSA BUPOO-
HUUTBOM. Lle 3a0e3meuyeThesi BAOCKOHAJICHHSM 1CHYIOUMX 1 BIPOBAIXKEHHSIM HOBUX BUJB YCTaTKYBaHHS, TEXHONOTTYHUX
mpoleciB 1 3aco0iB X MexaHizalii Ta aBroMmaru3auii. BrockoHnaneHHs 3aco0iB aBTomaTu3alii 31iiCHIOETbCS SIK CTBOPEHHSIM
3aco0iB aBTOMaTH3allii iICHYIOYOr0 YCTaTKYBaHHS 3 METOIO MiJBHILIEHHS HOro eQeKTHBHOCTI, TaK i CTBOPEHHSM HOBHX
TEXHOJIOITYHUX KOMIUIEKCIB, A€ OB’ A3aH1 MUTAaHHS NiJIBUILEHHS NPOAYKTUBHOCTI, HAJIMHOCTI, piBHA aBTOMATHU3aLlil, IKOCTI
MIPOYKLIIi TOIIO.

Haii6inpl Tpy1OMICTKUMHU 3 MOINIAAY aBTOMAaTU3allli BBaXKAIOTHCS MPOLIECH, SKi OB s3aHi 3 HEOOXIAHUM OPi€HTYBaHHIM
BUpOOIB TiJ 4ac, HaNpuKiIaa, oOpoOJIEHHs, CKIIaJaHHS, KOHTPOII, MaKyBaHHA Towio. Jns Horo peamnizauii Haledek-
TUBHILIMM € BiOpaliliHe YCTaTKyBaHHs, 3aBJISKU SIKOMY 3[1IICHIOETbCSI Opi€HTYBaHHS BUPOOIB y HEOOXiJHE MOMOXKEHHS Ta
NepeMillieHHs iX Ha po0o4y MO3UIIit0 a00 B TEXHOJIOrUHE 0013 THAHHSI.

BaxnmuBoro 3HaueHHs, 3 HOMNIAAY HiIBUIIEHHS €()EKTUBHOCTI POOOTH ICHYIOUMX CHCTEM MiJ Yac CHPSDKEHHS JeTaliel, a
TaKOX IO3ULIOHYBaHHA 1X Y B3a€MOJII 3 MaHIIYJIATOpaMU Ha0yBa€ 3aCTOCYBaHHS y BUPOOHUUHUX Ipoliecax cHelu(iuHux
BiOpaliitHIX TPaHCTIOPTYBANBLHUX HPHCTPOIB. IX CYTTEBOIO OCOBIMBICTIO € Te, IO MepeMillicHHs BUpOOY 3/1iliCHIOETbCA HE B
pe3yibTaTi CyMiCHOrOo pyxy 3 poOOYMM OpraHoM, a BHACHiJIOK BiOpanii ocraHHboro. Lls oOcraBuHa BH3HAuYa€ HHU3KY
BaXXJIMBUX TEXHOJOTTYHUX Ta EKCIUTyaTallifHUX repeBar. BUKOPUCTaHHS €IeKTPOMArHiTHOIO MPUBOLY B TaKUX HPUCTPOSIX
Jla€ 3MOT'Yy peasli3yBaTH HEOOXiHICTh YacTOro Maibke MUTTEBOro Oe3iHepuLiiiHOro iX ypyXxomuleHHS (YBIMKHEHHS 1
BHUMKHEHHS), @ TAKOXX IUIaBHE PETYIIOBAaHHS IIBUIKOCTI Ta 3MIHU HAIPSIMKY PYXY.

[Ipuctpoi cTBOpeHi 3a CTPYKTYPHOIO CXEMOIO TPAHCIOPTEPIB 3 HE3AICKHUM 0araTOKOMIIOHEHTHUM 30YpEeHHSIM KOJHMBaHb
Ta €JIEeKTPOMAarHiTHUM IPHUBOJAOM Y JBO-, TPHU- 1 OaraToMacoBUX KOJIMBaJIbHUX CHUCTEMax 3 KOMOIHOBAaHMMM HPYXHUMHU
cUcTeEMaMHM, L0 POOUTH iX YHIBEPCAJbHUMM, YMOXIIMBIIIOE peEali3allilo Pi3HUX PEeXHUMIB BiOPOTPAHCIOPTYBAHHS,
JCTAHIIIHHOr0 260 MPOrpaMHOro KEPYBaHHSA POOOTOIO TOLLO.

Kurouogi ciioBa: BiOpallisi, KOHBeep, BUPIO, TPaHCIIOPTYBAHHS, KOJIMBAaHH:, poOoUnii oprad, MOay/b, MaHIIIyIIOBaHHS.

Koruniak P., Kernytskyi 1., Baranovych S., Malyk I., Bespalov R. Manipulation of products by vibration transport
modules

The basis for the development of mechanical engineering is to improve production efficiency, increase production and raise
its quality while reducing labor costs, to improve organization and management of production. This is ensured by the
improvement of the existing and introduction of new types of equipment, technological processes and means of their
mechanization and automation. Improvement of automation means is carried out both by creating means of automation of
the existing equipment for the purpose of its efficiency increase, and creation of new technological complexes where
questions of increase of productivity, reliability, level of automation, quality of production, etc. are connected.

In terms of automation, the most labor-intensive processes involve the necessary orientation of products during processing,
assembly, control, packaging, etc. For its implementation the most effective is the vibrating equipment thanks to which
orientation of products is in the necessary position and its movement on a working position or in the technological
equipment is carried out.

It is important in order to increase the efficiency of work of the existing systems during conjugation of details, and also their
positioning in interaction with manipulators acquires application in production processes of specific vibrating transport
devices. Their essential feature is that the product is moved not as a result of joint movement with the working body, but
due to the vibration of the latter. This fact determines a number of important technological and operational advantages. The
use of electromagnetic actuators in such devices secures satisfaction of the need for frequent almost instantaneous inertial
movement (on and off), as well as smooth speed control and change of direction.
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Poznin 2

Devices are created according to the structural scheme of conveyors with independent multicomponent oscillation and
electromagnetic drive in two-, three- and multi-mass oscillating systems with combined elastic systems makes them
universal, allows to implement different modes of vibrotransportation, remote or software control, etc.

Key words: vibration, conveyor, product, transportation, oscillations, working body, module, manipulation.

ITocTanoBka nmpodaemu. 3i Bciel CyKyHmHOCTI
TEXHOJIOTIYHUX MPOIIECiB HAHOLIBII TPYAOMICTKUMH 3
MOTJISAy aBTOMATH3allii BBaXKAIOTHCS IPOLIECH, SIKi
OB’ s13aHi 3 HEOOXITHUM Opi€HTYBaHHSIM BHPOOIB Mif
yac, HaIllpUKJIaJ], 0OpoOJIeHHS, CKIIalaHHs, KOHTPOIIIO,
MaKyBaHHS TOmO. ToMy BaXIMBOIO CKJIQIOBOIO SIK
KOMILIEKCHOI MeXaHi3allil, Tak 1 aBToMarH3allii BU-
POOHHMIITBA € IPOIIECH IPOCTOPOBOTO MAHIMYTIOBAHHS
00’exTamu 00poOneHHs Ta cknaganHg [12]. Ockinbku
MaHINyJAIis € TPoLecOM CKIATHUX BHIIB Mid, TO
CTOCOBHO BHUPOOHHMYHX IPOIECIB IiJl aBTOMATHYHUM
MaHIMyJIOBaHHAM BHPOOAMH CIiJl PO3YMITH KOMII-
JeKCc 00OB’SI3KOBUX TMPUHOMIB, sKi HEOOXiTHO
BHKOHATH 3 HMMH TiJl Yyac aBToMaTH3aiii OyIb-sIKoi
TEXHOJIOT1YHOI orepaltii.

Posrnsmatoun MaHIMyTIOBaHHS SIK 3AiHCHEHHS
OKpeMHX pyXiB BUpoOamu, HOTO MOXKHA MOMUIMTH Ha
BXE BiZIOMi €TalM: PO3TOHY, BCTAHOBJICHOI'O PyXY 1
rajgbMyBaHHs. Peaizarist iX cynpoBO/DKY€eThCS BUHUK-
HEHHSIM JWHAMIYHMX HAaBAaHTAKEHb, SKi, CBOEIO dYep-
rOI0, MOXYTh INPH3BECTH 1O IOPYLICHHS TOYHOCTI
MO3UITIOHYBaHHS BUPOOY, (PYHKIIOHYBaHHS TEXHO-
JIOT1YHOrO OOJIaJIHAHHA, a TaKOX, 30KpeMa, MiJl Yac
CYMICHOI pOoOOTH 3 TIPOMHUCIOBUMH poOOTaMu. 3 OTJIs-
Iy Ha I OJHUM i3 HamnpsMiB MiJBUIIEHHS e()eKTHUB-
HOCTI TakWX BHPOOHMYMX IIPOLIECIB € 3aCTOCYBaHHS
crenu(piyHuX TpaHCHOPTYBAIBHUX BiOpamiifHuX mpu-
CTpOiB, SKi JalOTh 3MOTY 3MIHIOBATH HE JIHMIIE
HampsiIMOK, a W BHJ pyXy 00’€KTa MaHIIMyJIIOBaHHS
(TpaHCIIOpPTYBaHHS).

[xHBOIO CYTTEBOIO OCOONMBICTIO € Te, MIO
MepeMillleHHs BUPOOY 3IIMCHIOETHCS HE B PE3yabTaTi
CYMICHOTO pyXy 3 POOOYMM OpraHoM, a BHACIiJOK
BiOpamii ocranHboro. Ll ob6craBiHa BH3HAYAE HUBKY
BOKJIMBUX TEXHOJIOTIYHMX Ta EKCIUTyaTaliiHUX
nepeBar. BUKOpHUCTaHHS eIeKTPOMarHiTHUX IIPHBO/IB
y TakuxX TMPHCTPOSX Ja€ 3MOTY peani3yBaTH HE00-
X1IHICTh YacTOro MaiyKe MUTTEBOTO Oe3iHEepIiHHOrOo
ix ypyxomieHHs (YBIMKHEHHS i BUMKHECHHS), a TAaKOX
IUTaBHE PETYNIOBAHHS MIBUIKOCTI pyXY.

AHaJi3 ocTaHHIX JocaigxeHb i myOaikamiii.
[lepmumMu  TakuMH MOAENSAMH MOKHA  BBaXKaTH
BiOpOTPaHCIIOPTEPH 3 EIEKTPOMATHITHUM IPHBOAOM
Ta ENINTUYHUMH KOJNHMBAHHIMH, JOCHIDKCHHS SKHX
3alo4aTKyBaJl0 CTBOPEHHS HHU3KH  BiOpamiiHuX
peBepcuBHUX TpaHcnoprepiB (BTM), abo Tpancmop-
TyBaJbHUX MOAYJIB, 1 BiOpaIiifHUX TpaHCIOPTHO-
MaHinyaroBanbHUX MoaydiB (BTMM) [2; 3; 13; 17,
18].
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[Ipuctpoi cTBOpeHi 3a CTPYKTYpHOI CXEMOIO
TPAHCIIOPTEPIB 13 HE3aNEKHUM 0araTOKOMIIOHEHTHUM
30ypeHHSIM KOJIMBaHb Ta EIEKTPOMArHiTHUM MpU-
BOJIOM Yy JIBO-, TpHU- 1 06araToMacoBUX KOJMBAJIBHUX
cUCcTeMax 3 KOMOIHOBaHMMHU MPYKHUMH CHCTEMaMH,
oo pobuTe iX yHIBEPCANbHUMH, YMOXKIHMBIIIOE
peaiizanio pi3HUX PEKUMIB BiOpOTpaHCIOPTYBaHHS,
IMCTaHLIHOrO  abo  MPOrpaMHOro  KepyBaHHS
pobororo tomio [1; 4; 7-10; 18].

Bukopucranus BiOparifHuX TpaHCIOPTYBalb-
HUX MOJYJIB i TPaHCIIOPTHO-MaHIMyJIOBAIBHUX MO-
JYJTiB 3HAYHO CITPOIIYE CyYacHi crocodu i 3aco0u aB-
TOMAaTHYHOTO MaHimyjoBaHHs Bupobamu [5; 6]. Ix
JIETKO MOJKHAa BMOHTOBYBATH B KOMIIJICKCH aBTOMAaTH-
30BaHOTO 1 MEXaHi30BaHOTO OOJIAZHAHHS Ta THYYKI
BUPOOHMYI CHCTEMH, 3aMIHIOIOYHU B I[bOMY pa3i CKIIa-
Hi CHCTEMH TO3UIIIOHYBaHHS, MAHIYJIATOPH Ta po0o-
T [15; 16].

[Tix yac manimymoBaHHS BHpoOaMu Ha BiOpy-
rouiil miommHI (puc. 1) MOXKHA peamizyBaTd pi3HO-
MaHIiTHI TpaekTopii IXHBOrO pyXy B TPIMOMY 1
3BOPOTHOMY (peBepc) HampsMKax Ta OOepTaHHS
BHPOOY HABKOJIO CBOET OCi B Pi3HI CTOPOHH. 3HAYCHHS
IIBUJIKOCTI TPAaHCIOPTYBAHHS MOXKE KOJIHMBATUCH Y
IIMPOKOMY Jiama3oHi. 3a X yMOB 3a0€3MeUyI0ThCs
HEe3MiHHE NOJNOKCHHA 1 Oe3BiIpUBHUI IIABHUM pyX
IIpeAMETIB BITHOCHO MOBEpXHi pobouoro oprana [11;
14]. Kpim Toro, 3a HeoOXiTHOCTI MOXKHA MepeadadnuTH
MEepeMillleHHs TMpeIMeTiB  JOropH 3a KpPYTOBOIO
TPAEKTOPi€I0 200 BEPTUKAIBHO.

Cnin 3ayBakuTH, IO 3a3HAYeHi MPUCTPOI Ha-
Oynu HaileeKTUBHIIIOIO 3aCTOCYBaHHS Y BHPOO-
HUYMX TIporecax 3 BHUpoOamHu, sIKi MaroTh HE3HauHi
MacOBO-T€OMETPHYHI MapaMeTpH.

Onny 3 xoHcTpykuin BTMM HaBeneHo Ha puc.
1. Bin moOynoBaHuil 3a TPUMAcCHOI KOJIHBAJIBHOIO
CXEeMOI0 1 00’ €THY€ TpH KOJMBHI Macu: m; , m, 1 m3, Ki
3’€¢MHAaHI MDK  COOOI0  CTaJeBUMH  IPY>KHUMH
cucreMaMmu. PobOowya Maca m; OXOIUTIOE TpaHCIIOp-
TyBaJIbHY TOBEpXHIO (poboumii opraH, neka) |
MPSIMOKYTHOI (hopMH, AB1 MapH SKOPiB 2 MO3TOBXKHIX
Ta TIONEPEYHHUX KOJNHMBaHb, SKip 3 BEPTHKAIBHHUX
KOJIMBaHb, YOTHUPU KPOHIUTEHHH 4 IS KpilUIEHHS
NpYyKHUX €JEeMEeHTIB (TIpyxuH) Ta Oapaban 5, ski
CKJIaIal0Th B CyMi JKOPCTKHUH BY30IL.

[Tpomixkna Maca m; ckiiagaeTbes 3 6apabana 6 3
JIBOMa HapaMM eJIeKTPOMAarHiTHUX BiOpo30yproBadiB
(eTeKTpOMArHiTiB 3 KOTyHIKaMH) 7 MO3JOBXKHIX Ta
MONEPeYHNX KOJIMBAHb 1 YOTHUPHOX KPOHIUTEHHIB 8§
TUTSL 3aKPIIUICHHS IPY>KHH.
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Puc. 1. KoHCTpyKTHBHA cXeMa BiOpaliifHOro TpaHCIOPTHO-MAaHIIMYTIOBATLHOIO MOTYJIS
Fig. 1. Constructive scheme of the vibrating transport-manipulating module

PeakTBHAa Maca mj; CKIAIA€TbCs 3 TOBCTO-
CTiHHOI TpyOM 9 1 3aKkpilsIeHOro 10 Hel eJeKTpo-
MAarHiTHOTO BiOpo30yproBaua BEPTUKAJIbHUX
KosuBasb 10.

[IpomixkHa m; 1 peakTHBHa mj3; MacH 3’ €IHaHi
MDX CO0O00 32 JOMOMOTOI0 BOCBMH IUIOCKUX HPYXHH
11, po3MilIeHUX y TOPU3OHTAIBHUX IUIOMMHAX, IO
YOTUpU, Ha TOpUIX Mac my, mjz. Ilpyxunu 11
JO3BOJISIIOTh  KOJIMBAaHHA Mac Yy BEPTUKAIBHOMY

65

HanpsMKy. PobGoya m; 1 mpoMi>kHa m, Macu 3’€THaHi
MK COOOK 3a JIOMOMOIOK YOTHPBOX IUIOCKHX
IpaTyacTuX NpyxuH 12, posMimenHux uepe3 90° y
BEPTUKAIBHIN IJIONIMHI, SIKi TO3BOJISIOTH KOJIUBAHHS
Mac y Oyap-sIKOMy HampsMKy TOPH30HTaJIbHOL
IUIOIMHU. Bibpoi3omsmiss Momymst 3AiHCHIOETBCS 3a
JIOIIOMOT'0K0 YOTUPHOX TYMOBHX aMmopTH3aTopiB 13,
yepe3 SKi IpPUCTPIH  OMHpaeThCSI HA HEPYXOMY
onopy 14.



Poznin 2

[puctpiii pozpaxoBaHuii Ha poOOUy YACTOTY
komuBanb S50 [, ska 3abe3nedyeTscs MoOAYCIO
Hampyrd 4Yepe3 OJIHOMIBIepiofaHi BUIpsaMiadi. Ilix
Yac HoAayi HampyrH dYepe3 BUIPAMIAY Ha BiOpo-
30yproBay BEpPTUKAIBHUX KOJMMBaHb 10 32 OJHOTAKT-
HOIO CXEMOIO XMBJICHHA 1 mapy BiOpo3OyproBauiB 7
TOPU3OHTAIBHUX TO3J0BKHIX KOJMBAaHb 3a JIBOTaKT-
HOIO CXEMOIO KHBJICHHSI (HAIIPSMOK IO X-X) poOodmii
opran | 3xifiCHIOE HampsMJICHI KOJMBAHHS 3 KyTOM
BiOpamii 3, siki 3a0e3meuyoTh BiOpOTPaHCIOPTYBAHHS
Jeraneil y mo3I0BXKHBOMY HaIpsaMKy. llepemimeHHs
BHPOOIB y IIONEPEYHOMY HAMpPSMKY BiTOyBa€eThCs
aHAJOTIYHO MONEepPEeTHHOMY BUIIA/IKY 38 YMOBHU yBIMK-
HEHHsI BiOpo30yproBauiB BEPTUKAIBHUX Ta TOPH30H-
TaJbHUX MOMNEPEYHUX KOJIIMBAHb (HAMIPSIMOK )-)).

I3 3cyBomM (a3 BepTUKAIBHUX KOJNHBaHb
BiJTHOCHO T'OPHU30HTAJbHUX KOJUBaHb TPAHCIOPTY-
BallbHa TIOBEPXHS B3/IMCHIOE KONWBaHHS 3a ellil-
TUYHUMH TPAEKTOPISIMU, sIKi 3a0e3MmedyioTh edek-
TUBHE BIOPOTPAHCIOPTYBaHHS 31 3HAYHO OLNBIIMMU
Koe(ilieHTaMH IIBUAKOCTI IOPIBHSIHO 3 HaIpsM-
JICHUMH KOJIMBAHHSAMM, Y IBOX B3a€MHO IEPICHIUKY-
JSpHUX HampaMkax. OHoOYacHe BKIIOUEHHS TOPHU30H-
TalbHUX TIO3/IOBXKHIX Ta MONEPEYHUX KONHUBaHb, a
TAaKOX BEPTUKAJIBHMUX KOJMBaHbL 3a0e3leuye TpaHC-
MOPTYBaHHA BHPOOIB y Oynp-SIKOMY HaIpsAMKY
TPaHCIOPTYBANbHOIO MOBepxHel0. HampsaMok Ta
IIBUJIKICTh TPAHCIIOPTYBAaHHS 3aJeXaTh BiA CIIiB-
BITHOIICHHSI aMIUIITY]] MO3MOBXKHIX 1 TOMEepPeYHUX
KOJIMBaHb, a TaKOX 3CyBy (a3 MK HHUMH. 3MiHa
HampsIMKY (peBepc) TPaHCHOPTYBAHHS 3IIHCHIOETHCS
i3 3cyBOM (a3 BepTUKaJbHHX KOJIWBaHb BiTHOCHO
ropu3oHTaIbHUX Ha 180°. 3MiHa KyTa 3cyBy (a3 Mix
BEPTHKAJIBHOIO 1 TOPU30HTAIBHOIO CKIIAJIOBUMH KOJIU-
BaHb YMOXJIMBIIIOE OJICpKaHHS OyIb-KOTO HaXUITy
oci eJrinca TpaekTopii KOJNMBaHb 1 BiIMOBITHO Pi3HUX
PEKUMIB Ta HAaPSIMKIB BiOPOTpaHCHOPTYBaHHS.

Ilin wac BimiMKHEHHS BiOpo30yproBaua BEpTH-
KaIbHUX KOJNMBaHb Ta BBIMKHEHHs 000X map
TOPU3OHTAIBHUX BiOpPO30yproBauiB 3a JABOTAKTHOIO
CXEMOIO JKUBJICHHS i3 3CyBOoM (a3 MK HumH Ha 90°
KOXKHA TOYKA TPAHCIIOPTYBAJIBHOI IOBEPXHI 3iHCHIOBA-
TUME KOJMBAHHSI 32 KPYIOBUMH TPAEKTOPLSIMH Y
TOPU3OHTANIBHIN TJIONIMHI, TI0 3a0e3medye oOepTaHHS
JieTajiell HaBKOJIO CBOiX ocel. PeBepcyBaHHS HalpsMKy
o0epTaHHs 3iHCHIOETHCS 3MIHOIO KyTa 3CyBYy (ha3z Mix
TO3I0BXKHIMH 1 TIOMEPEYHUMHU KOTMBaHHAMHU Ha 180°.

IIpyxHi cucremu Momyns 3abe3NedyroTh
KOJIIMBaHHS TPUMACHOI KOJIMBAJIBHOI CUCTEMH K JBOX
JIBOMACHUX KOJHMBAJIBHUX CHCTEM. Y pa3i TOpPH30H-
TalbHUX KOJIMBAHb Maca mj3 NMPHEIHYETHCS A0 MACH
m; (KONMMBAIOThCA SIK OJHE LiJe) 1 JBOMa KOJH-
BalbHUMH Macamu € Maca m; 1 (m,+m;3), a B pasi
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BEPTHKAIBHUX KOJIUBaHb CYMYIOTBCSI Macu mj; 1 my i
KONMMBAJIBHIUMU MacaMu € Macu (m;+m;) 1 m;. Tomy
i 9ac po3paxyHKy MPY)KHOI CHCTEMH 3BeAeHa Maca

M gonuBajgbHOI CHCTEMH B NEPIIOMY BapiaHTi

BHU3HAYAETHCSA 32 HOPMYIIO0
m1[ My + ms)
l:ml-l- m; + TI]3} ’

(1
a B Ipyromy —
_ m;':m1+m2}

(my+ my +my)’ 2)

INomanpmuii po3paxyHOK aHAJOTIYHHH TOMY,
10 BUKJIaAeHuH y mparii [18].

Binomi takox ixmi xkoHcTpykuii BTMM. Taxk,
Yy Pe3yibTaTi HayKOBO-TOIIYKOBOTO MigXomy Oyio
3aIllPOTIOHOBAHO OUIBII YJOCKOHAJIEHY KOHCTPYKIIIO
JIBOMAacCHOI0 BTMM, OCHOBHI pe3yJsbTaTu
JOCIIKeHb Ta X ampoOarfisi BUKJIAICHI aBTOPaMHU B
npamsix [4; 7-10; 19; 20].

ITocTanoBka 3aBaanHs. Meroto poboTH € 10-
CIIJPKCHHS, MOJETIIOBAaHHS Ta peaiallis CKIaIHOTO
PyXy BHpOOY Ha TOpPHU30HTANbHIN BiOpyrouiil miomu-
Hi, 2 TAKOXX BIUIMB [TapaMEeTPiB Ha XapakTep pyxy.

Buknaa ocHoBHOro marepianay. PosrisHemo
pyX Tila Macor m MO TOPH3OHTAJIBHIM IOBEpXHi.
IloBepxHs 3miliCHIOE KOMMBAaHHA Yy BEPTUKAIBHOMY
HaNpPsIMKY 3TiIHO i3 3aKOHOM z;(f), @ TAKOXX KOJNHMBaH-
HS B TOPU3OHTANbHIN IUIOMMHI y JBOX B3aEMHO
MEepIeHUKYIIPHUX HanpsMKax x;(¢), v,(¢), a came:

x,(t)=asin(wt+a);

y,(t)=bsin(wt +p);
z,(t) = csin(ot) ,

3)

ne a, b, ¢ — aMILTiITYIM KOJUBaHB; 0, § — pizHULA (a3,
® = 2mv = 2750 =314 pan/c.

Pyxomy cucteMy KOOpPOMHAT TIOEIHAEMO 3
PYXOMOIO IUIOLIMHOI0, IPHYOMY MOYATOK KOOPIMHAT
30ira€Tbes 3 MOYATKOBUM MOJIOKEHHM Tina. Toxi pyx
TiJa MOXKHA pO3MIAAATH SK CKIagHuid (puc. 2):
MOCTYMAaJbHUN TEPEHOCHUH pyX pa3oM 3 PyXOMOIO
MOBEPXHEI0 1 BIAHOCHUM pyX BIAZHOCHO pPyXOMOi
CHCTEMH BiIJTiKYy.

Hudepentiianbai piBHAHHS BiTHOCHOTO PyXy
TiNa MOKHA 3aIUCaTH TaK:

2 2 2 2
m—c;f =— ciitfl +7; mcjﬁg} =—ma;’t);1 +T,; 4
d*z d*z
m?Z—m dl‘zl +N—mg,

ne x(¢), y(t), z(f) — 3akoH PyXy TOYKH BiJJHOCHO
pyxomoi cuctemu Bimmiky; 7)1, T» — mpoekuii cmiin
TepTsa; N — HOopMmasibHa peakmis; g = 9,81 m/c —
MIPUCKOPEHHS BUIBHOTO MaAiHHS.
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Puc. 2. Tpaexropis pyxXy Tijla 3a pi3HHX 3HaU€Hb 3CYBY (a3:
ninsHka 1— o = /2, B = n/2; gingaka 2 — o = 7n/2, p = -n/2;
minsaka 3 — o =7n/2, B = 0; ninstaka 4 — o = -n/2, f = 0;
0<t<32; a=0,001wm;b=0,002wm;f=0,5c=0,001m
Fig. 2. The trajectory of the body at different values of the phase shift:
area l-a =mn/2, B =n/2;area 2 —a = 7/2, p = -n/2;
area3—oa=n/2,=0;aread4 —a =-n/2, =0;
0<1<32;a=0.001 m;b=0.002m;f=0.5;¢c=0.00l m

BBaxkaemo, 110 TiJIO MiJ Yac pyXy HE BiIpHUBAETHCS
BiJl TutomuHM (Oe3BiApUBHMIA pexum), ToOTO z(£)=0.

Tomi 3 ocTaHHBOrO PpiBHSAHHA cucreMu (4),
BpaxoByO4H (3), 3HAXOIMMO HOPMAJILHY PEaKIIit0
N =mg —mo’csin(ot). 5)

£ .
2

YMoBa O€3BIAPUBHOCTI N > () => ¢ <

[Tig wac pyxy cumia TepTs JA0CSIrae rpaHUYHOTO
3HAYEHHS, TOOTO

|T|=/N=f( mg — mw’csin(wt) ). (6)
Toni T i T, 6ynyTh HOpiBHIOBATH
T =-m(g-wc sin((ot))L ;
.2 .2
X+
~ y
T, = -m(g —o’csin(0t)) ———— - (7)
3 puc. 3 BuaHo, mo mpu f > 0,1 xoedirient
TEpTd INPaKTHYHO He BIUIMBa€E Ha  3HA4YCHHS

nepemimienss. [lincraBusmm Bupaszu (3) i (7) y (4),
ollep’)KUMO  TudepeHITiabHI  PIBHSHHS BiJIHOCHOTO
PyXy Tina B ocTaTO4Hii opmi:

d*x 5 . 2 . X .
=ao sin(oft+a)— (g -0 csin(wt)) —">
- (0f +a)~ (g )
d’y 2 .
=bo’ sin(wt +B)—
e (0t +P)
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(g —wzcsin(mt))%' (8)
ey

s  cucrema  piBHSHb  PO3B’sI3yBasiach
YHCIIOBUM METOJIOM y cepenoBulili MATLAB 3a Takux
OYaTKOBHX YMOB: =0, x=0, y=0,
X =—awcos(a), y =—bwcos(P) PesynbraTy
PO3B’SI3Ky MOKa3aHi Ha puc. 3—6.

3 puc. 6 MOXHA BHU3HAYUTH CEPEAHIO

HIBUJIKICTD PyXy B HANpsIMKy KOOPIMHATHUX OCEH Ta

CyMapHy CepeIHIO IBUAKICTb:

V,=0,065/0,2 = 0,325 m/c; V,,= 0,042/0,2 = 0,21 m/c;
V,=10,078/0,2 = 0,39 m/c.

Bapro 3ayBakuTH, 10 32 YMOBH BiJICYTHOCTI
BEPTHKAIEHUX KONMUBaHb (¢ = 0) 1 HAIBHOCTI IX JIHILE
B TOPH3OHTANBHIM IuTOmMHI (y JBOX B3aEMHO
NEepHeHIUKYIIPHUX  HAmpsMKax) KOXHAa  TOYKa
pobouoi moBepxHi onucye kKoo ado emince (puc. 7, 8),
a TiJ10, SIKE MICTUTHCS HA HHOMY, 00epTa€ThCA.

Posrnssnemo Takuit mpukian. SKmo HeoOXimaHO
MEepPEeMICTUTA TUIO 2 3 TOYaTKOBOTO TIOJOXCHHS
My (x20, y20) V KiHIIEBE TIONOXEeHHS M| (Xo4, Vor), TO
MOJKHA I1€ 3pOOUTH PI3HUMH CIIOcOOaMHU.

1. CnouaTky MOXHA TIepeMimatu Tino 2
nmapanenbHo 10 oci Ox, MOKU X; < Xy, a MOTIM
mepeMiliatd Tuto 2 mapaneiabHo 1o oci Oy, MOKu

y2 < yx e pyx MOKHA  OIHUCATH
TuQepeHIlialbHUMU  PIBHSAHHIMY, aHAJOTIYHUMH 10
piBasiHE  (4). Tomy cucrema mudepeHIliaIbHUX

PIBHSIHB Y IIbOMY pa3i MaTHME BUIJIS
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) 2
dd22 = (F,(0)—c.zy)/ (m; +my)> N:m2%+m2g; T'= fNsign(x,) ©)

t2

Puc. 3. 3anexHicTh 3HaYSHHSI NIEpEMIiLlIEHHS TiJla Bix Puc. 4. 3anexHicTh HaNPsMKY pyXy Tijia Bif
Koe(illieHTa TepTs KOB3aHHS: CHiBBI/IHOIIEHHS aMILTITY:
a=0,0015;5=0,001; 0=PB=m/2; 0<t<2 mgis 1— b/a=1/3; ninig 2— b/a=2/3; nmiuis 3 — bla=1;
Fig. 3. Dependence of the amount of body displacement niHist 4 — b/a=4/3; ninis 5- b/a=5/3;
on the coefficient of sliding friction: 0<t<2; a=0,0015m; /=0,3; a=n/2, p= 7/2
a=0.0015;5=0.001; 0=B=m/2; 0<t<2 Fig. 4. The dependence of the direction of the body

motion on the ratio of amplitudes:
line 1- b/a=1/3; line 2— b/a=2/3; line 3 — b/a=1;
line 4 — b/a=4/3; line 5— b/a=5/3;
0<t<2; a=0.0015m; /=0.3; a=n/2, p=n/2
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0.01

) S ) O N O N T <
¢ 01 02 03 04 05 06 07T 08 0 002 004 006 008 01 012 0M 016 018 02
Puc. 5. 3anexHicTh HANPSIMKY pyXy TiJla Bifl 3MiHU (a3: Puc. 6. 3miHa B yaci KOOpAMHAT TOUKH (U Tijia) Ta
niHisa 1—- B = -n/2; ninig 2 — B = -w/4; niHisg 3 — BiJICTaHi $(f) BiJl IOYAaTKy KOOPAUHAT:
B=n/8; muist4— P =n/4; miHia 5-PB=m/2;0<t<2; B=n/8a=5b=0,001wmf=03;0=n2
a=>b=0,001 M, f=0,3; 0 =m/2 Fig. 6. Change in time of coordinates of a point (or body)
Fig. 5. Dependence of the direction of body motion on and distance s(f) from origin coordinates:
phase change: line 1- = -n/2; line 2 — = -n/4; B=n/8a=5b=0.001m;/=0.3;0=n?2

line3—-B=n/8;lined—-P=n/4;lineS—P=n/2;0<t<
2;a=b=0.00l m; f=0.3; 0 =7/2
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Puc. 7. TpaexTopist BiZIHOCHOTO pyXy TOYKH ITOBEPXHI
(4u TijIa) HA TOYATKY PYXY:
saymoBa =b=1wmMm, ¢ =0, f=0,3 tascyBy das 90°
Fig. 7. The trajectory of the relative motion of a point on
the surface (or body) at the beginning of motion:
under conditionsa =b=1mm, ¢ =0, f=0.3
and phase shift 90°

d*x, . d*x d’x,
dtzl =(F@®)—cx+T)/ms dt22 =-T/m, - dtzl )

d’z, _
dt’
d’z
N =m, de2+ng; T = fNsign(y,);
d’y
ar’
d’y, d’y
= _T / m ——L >
dt’ Podr
1€ ¢, — KOPCTKICTh HPY)KHOTO €JIEMEHTY IiJ yac
KOJIMBaHb y HANpsIMKY oci Oy.

F()= {(? sin(ot +a) ;

2. MoxHa, HaBIAKH, CIIOYATKy IEpeMillaTH
TiNO B HampsiMKy oci Oy, a MOTIM MapajeabHo 0 oci
Ox, TOOTO CTIOYaTKy BUKOPUCTOBYBATH piBHAHHA (10),
a MoTiM piBHSIHHA (9).

[Tepemimmat TiO 2 MOXHa MO MPAMiH, sKa
CIIONIyYa€ IOYATKOBE 1 KIHIIEBE IIOJNIOKEHHS Tifa,
TOOTO OIHOYACHO 3AIHCHIOBATH KONHMBaHHS Y BCIiX
TPbOX HamNpsIMKaXx, aje 3a Ifi€i yMOBH HEOOXiTHO
3a0€3MeYnTH TIeBHE CIIBBIJHOIICHHS MK aMILTITY-

(£ () —c.2,) [(my +m,)

(10)

L= (F () e,y +T)/m;;

E<OF3<0-

HUMH 3HaueHHAMHU cun F| i F;, a came:
& _ Y2k TV
Fr Xk — X, (11)

ﬁ yinm)

1560

05p

K{mm)

Puc. 8. TpaexTopist BiIHOCHOTO PYyXy TOYKHU TPH
0,9c<t<lc.
3cyB (a3 90°. Koo BiANoOBigae piBHUM aMILTITYIaM
a=b=1wmm c=0.

Eninc Bignosinae ammiityaam ¢ = 1 MM, b =2 mm, ¢ =0
Fig. 8. The trajectory of the relative motion of a point at
0.9¢ <t <le.

Phase shift 90°. The circle corresponds to equal
amplitudesa =b =1 mm, ¢ =0.

The ellipse corresponds to the amplitudes
a=1mm,b=2mm,c=0

Y mpoMy pasi pyx Tila 2 ONHCY€ThCS CHUC-
TeMOI0 JH(epeHIlialbHIX PIBHSIHB, a pe3yIbTaTH
mokaszaHi Ha puc. 9—12:

2
d’z,
dr’

=(Fy(t)—c.z,)/ (m, +m,)>

2 .
szz—dd;2+m2g; TX:](NL;

2 .2
NX T

2 ) .
iz;] =(F0)=ex+T)/m> ddtfz =—Tx/mz—iz£" (12)
).’2 ,
T, = fN—=22)
dzy

.od’ d’
a =(F@O)-cn+T,)/m> ?)2}2:_7;/,,12_ dt)z’l .

dt
BucHoBku. 3amporoHoBaHuil croci6 BiOpa-
MIHHOTO MAHIMYJIOBaHHSA BHPOOAMH YMOMKIIMBIIIOE
HOro BHUKOPHUCTaHHS IiA 4Yac, HaIpHUKIAL, aBTO-
MaTHYHOr'O CKJIaJaHHs, KOJIH HEOOXIIHO 3a0€3MeUnTH
MpaBUIbHE CYMIIIEHHS €JIEeMEHTIB Iepen iX cCrps-
JKEHHsSIM 1 3’€qHaHHAM (y By301). BipoBakeHHs aHa-
JIOT1YHMX BiOpalifHUX NPHCTPOiB y pOOOTOTEXHIUHI
CHCTEMM 3HAYHO IMOJETIIye Ta CIPOILYE POOOTY
MaHIMyaATOpiB. 3aBASKM IM MOXKHA BIUIMBATH Ha
XapakTep Ta HANpsAMOK pPyXy BHpPoOYy BiOpyIOUOIO
MTOBEPXHEIO.
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Puc. 9. I'padiku nepeMinieHHs Tina 71, BiTHOCHO
HanpsMkiB Ox Ta Oy Bix dacy ¢
Fig. 9. Graphs of body displacement m, relative to the
directions Ox and Oy from time ¢
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Puc. 11. I'padiku 3MiHA KOOPMHAT TiJia /71 3AJICKHO BiJl
yacy ¢ MiJ] 9ac MepeMIIeHHS B TOYaTKOBOIO 10
KIiHIIEBOT'O TTOJIOKCHHS
Fig. 11. Graphs of changes in body coordinates m;, as a
function of time ¢ during movement from the initial one
to the final position

OpnuM i3 HaleeKTHBHIIMX BIPOBAIKCHB
KOMOIHOBAaHOT'O BUKOPUCTAaHHs BiOpaliiHUX TpaHC-
MOPTHO-MAHIITyTIOBAIBHUX TPHCTPOIB € TEXHOJIO-
riYHa omepailisl IMiIbHOTO YyKIaJIaHHS BUpPOOiB, Ha-
INpUKIag, Mif 4Yac MakyBaHHS abo X Mmicis BUPOO-
JeHHS 4Yd OOpOOJICHHSI KPUXKUX YU MAJOMIIIHUX
BHPOOIB.

KpiM Toro, BUKOpPHCTaHHS Ta PO3IMIUPEHHS
(YHKIIOHATBHIX MOXIIUBOCTEH JJ03BOJISIE €PEKTUBHO

70

& yiram)

100 120 140 160 180

Puc. 10. Tpaekropis pyxy Tina m,
Fig. 10. The trajectory of the body m,

Puc. 12. Tpaekropis pyxy Tina m,
Fig. 12. The trajectory of the body m,

iX BIpPOBa/PKYBAaTH HE JMIIE y (OpPMyBaHHS TpaHC-
MOPTYBaJbHUX CHUCTEM aBTOMATUYHMUX JIiHIH, a W
CTBOPUTH TEPEIyMOBHU IPOEKTYBAHHS MiXOIEpariii-
HUX HarpoMa/JKyBadiB BUPOOiB.
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