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YOK 621.01

ABpyka l. C., acnipaHT (HauioHanbHW yHiBEpCUTET BOAHOTO
rocnogapcTBa Ta MPMPOAOKOPUCTYBaHHS, M. PiBHe)

AOCNIIKEHHA MATEMATUYHOI MOZEJI MPOLIECY
NEPEMILLEHHA MEXATPOHHOIO NMPUCTPOIO B TPYBOIMNPOBOAI

Y ctaTTi npoaHani3oBaHo npouec nepeMillleHHs MeXaTpPpoOHHOro npu-
cTpolo B Tpy6onpoBoAi Ta Aocnig)KeHo MaTeMaTuvy Mofesb, Lo ONUCYE
AaHuvn npouec. NMpeacraBneHi UMKANiIYHI YacoBi giarpamu Ail Ta piarpa-
MU pyXy MeXaTPOHHOro NPUCTPOIO NPU peBepPCUBHOMY PYCi.

Knrouosi cnoBa: MexaTpOHHUM NPUCTPIA, NTHEBMOKaMepUu, peBepPCUBHUN

PyX.

Ha paHMi 4Yac KOHCTPYKTUBHA CKNAAHICTb Ta 3Ha4Ha BapTiCTb Bi-
AOMMX CaMOPYXOMUX MexaTPOoHHMX npucTpoie (M), wo nepemiwawTbcs
B TpybonpoBoAi CTaBNsATb 3a4ayvyy CTBOPEHHA e(PeKTUBHMX, MPOCTUX Ta
newesnx MI 3 cucteMmaMm aBTOMATUYHOIO KEPYBAHHSA, 30KPEMA 3 MOX-
NUBICTIO aganTauii po ¢isndyHMx po3Mipie Tpybonposoay. BigoMumu €
POBOTOTEXHIYHI NMPUCTPOI 3 TEXHIYHOro 06CNyroByBaHHS i gedekTocKonil
TPyO pi3HUX OiaMeTpiB BUKOHAHMX 32 aBTOMOOGINbHUM NpUHUKUNOM “OBU-
r'yH — Koneca".

MpuHuunn pit MM aBTOMOBINBHOrO TUMY MNONASITAE Y BUKOPMUCTaHHI
OBUTYHA i pyxoMol nnathopmMm 3 pi3HOK KiNbKICTHO KONIC Big ABOX A0 Wwe-
ctn. MpuHumn git MM Tuny “naByk” OCHOBAHMW HAa BUKOPMUCTAHHI 4Y0TU-
pbOX Map KoJic, sKi 3'efHaHi Mi>xk cob0to0 33 LOMOMOroH LAPHIPHMX JIAHOK
[11.

Heponikamn paHmx pobOTOTEXHIYHMX MPUCTPOIB €: NEPEMILLEHHS
Ha HeBEeNMKI BiACTaHi, HEMOXJIMBICTb NOBEPHEHHSA Ha3aph, 3aCTOCYBaHHSA
B Tpybax Benukux giametpie > 300 MM, BigCyTHICTb PEBEPCUBHOIO Pyxy
Ta CKNafHIiCTb NepeMileHHs B Tpybax 3 KyTaMu, obMeXkeHa AUCTaHLUin-
HICTb Ta HEAOCTATHI TAroBi 3ycunns.

BipoMun TakoxX peBepCMBHUI NiJ3EMHOPYXOMUA NPUCTPIN, WO BU-
KOPUCTOBYETLCA AS1 YTBOPEHHS MOPOXHWUH Y FPYHTI N YKNAAAHHSA NiHIN-
HO-NMPOTSXXHMUX 06'EKTIB, @ TAKOX K NiA3EMHOPYXOMUWA TPAHCMOPTHUM
3acib 6araTouiNIbOBOro WMPOKOro NpM3HadeHHs [2].

Heponikom nig3eMHOPYXOMOro NPUCTPOI0 € HEAOCTATHA FHYYKICTb,
LLIO HE [03BOJISIE PYXaTMUCb NO KPMBOJIHIMHIN TPAaeKTOPIl, @ TAKOX HU3bKA
apanTUBHICTb A0 3aCTOCYBaHHA B TpybonpoBoadax 3 pi3HUMM piameTpa-
MU,

AKTyanbHOl € 33fa4a CTBOPEHHA caMmopyxoMmux M1, aki 3abesne-
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4yylTb O0CTaBKy 3acobiB 36opy iHpopMaLil B 30HY MOXINBUX OedeKTiB
KOHCTPYKLiN Ta MOXYTb OyTWM NpMAaTHUMK ONS 3aCTOCYyBaHHS B 3abpya-
HEHMX CepeaoBULLAX.

MocTaHoBKa 3aBAaHHA. AHaniTU4HO onucaTu Mogaenb, 3OINCHUTU
aHani3 yacosux giarpam gil enemeHTiB Ml npusHayeHoro ana nepemi-
LLleHHs B TpybonpoBoaax.

MM ansa nepemiweHHsa B Tpy6onpoBopax (puc. 1) cknapaetbcs 3
HocoBux 15, 16 i xBoCTOBMX 2, 4 diKCytOUMX MHEBMOKaMep, MOBEPX AKUX
3MOHTOBAHO MPY>XHY 000M10HKY 3 AN [OAATKOBOMO 3aXMUCTY, i CEpeaAHbOl
YaCTUHU, KA 3HaxopuTbCa B roppoBaHoMy Kopnyci 13. [Ins nepeMileH-
HS NPUCTPOIO MO FOPM3OHTasi BUKOPUCTOBYETLCA KYJ/IbKO-FBUHTOBA ne-
pepayva 11, rHyuyka mydpta 9 obepTaeTbCcsi peBEPCUBHMM OBUIYHOM NOC-
TiMHOrO CTpyMy 7 | BKpy4YyeTbcs B ravky 11. [lna nepepayi KpyTHOro mMo-
MEHTY BaJly ABUIYHA BUKOPUCTOBYETbCA MydTa 8.

Puc. 1. MexaTpoHHMI NPUCTPIN oS NepeMilleHHs B TpybonpoBoaax

Pyx Bnepea. 36inblweHHA B 06'eMi 060/10HKW 3a4HbOI NHeBMOKamepwu [3].

=05, ~F . 2(0)=R.. Z/(0)=0.
d*Z . .
m p 3 ZpSk -F - pyxoMa Maca 00607T0HKU 3a4HbOI MHEBMATU4YHOI Ka-
t

Mepu; S, - naowa 6iyHoI NnoBepxHi 0BOSIOHKM 33[4HbLOI MHEBMATUYHOI
Kamepu; p — pobouunn TUCK; Z — padiyc 060SOHKKN 3aQHbOT NHEBMATWY-
HOT KaMmepwu; t — yac; F — cuna onopy. m, S, , F € KOHCTPYKTUBHUMMU

napameTpamu piBHAHHA (1) | TiNbKM p MOXXHA 3MIHIOBATKM Mif 4Yac pyxy
MIT.

MpocyBaHHA Bnepea Ha AOBXMHY KPOKY S HOCOBOI YaCTUHW BigHO-

CHO ¢iKCOBaHOI XBOCTOBOI.
2

m*‘fc’?f:g_q,s(t) 0,5(;)=0, (2)
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B, — kopucHa cuna pfii Ha Tpybonposig MI1; ¢ — cuna onopy Tpy6onpo-
Boay (B,'>>¢'); m*— pyxoMa Maca HOCOBOI YacTUHU; S — NepeMilLeHHS
HOCOBOI YacTUHW Bnepep BiAHOCHO ¢iKCOBAHOI XBOCTOBOI, 7 * € KOHC-
TPYKTUBHUM MapameTpoM piBHAHHA (2), B, MOXXHa 3MiHI0BaTK nig vac
pyxy MI1, a ¢ 3MiHIOETbCA CaMOCTINHO Nif Yac pyxy, ¢, — 4Yac 36iNblUeHHS
B 06'€MI OiNAHKN 3aA4HbOI NTHEBMATMYHOIT KaMepu 40 BNUPAHHSA Y CTiHKY.
3MeHwWweHHsA B 06'eMi 060N10HKN 3aAHbLOT iKCy4O0I rigponHEBMO-
Kamepwm [3].
d’Z
dt’
P« - HOpManbHUI aTMochepHUn TUCK. Bci napaMeTpu piBHAHHSA (3) €
KOHCTPYKTUBHUMMW, ¢, —4ac PiKcaLil XBOCTOBOI HYaCTUHM.

36inbweHHA B 06'eMi 060N10HKM nepenHbOl QiKCYH4Y0i NMHEBMOKa-
Mepw.

m :paSk_F'Z(t1+t2):R'Z,(t1+t2):0' (3)

—d*Z
m 2
dt
S, — nnowa 6i4yHoI NoBepxHi 060S0HKN NepefHbOI MHEBMATUYHOI Kame-

=pSy—F, Z(t,+1,)=R_, Z'(t, +1,)=0, (4)

pu; m — pyxoMa maca 060SI0OHKM nepenHbOl NHEBMATUYHOI KaMepwu; m ,
_k , F' € KOHCTPYKTMBHMMM NapameTpamMm piBHAHHA (4) i TiNbKM p MOXKHa
3MiHOBaTH Nig 4ac pyxy Mrl.

MigTaryBaHHA XBOCTOBOI YaCTUHM A0 $iKCOBAHOI HOCOBOI.

~ d’S

n 2

dt

m — pyXxoMa Maca XBOCTOBOI YacTuHK; F,' — cuna TepTa 06 cTiHKy Tpybo-
NPoOBOAA MOPOXXHMHWU XBOCTOBOI YacTMHn MI; p* — cuna niaTaryBaHHS
XBOCTOBOI YacTUHN 00 iKCOBAHOI HOCOBOI YaCTUHU. i € KOHCTPYKTUB-
HUM nNapaMeTpoM piBHAHHA (5), p* MoXXHa 3MiHIOBaTK Nig Yac pyxy MM, a
F|' 3MiHI0ETbCA CaMOCTINHO Nif Yac pyxy, f, — 4ac 3MEeHLWeHHS B 06'eMI

060/10HKMN 33a4HbOT MHEBMATUYHOT Kamepu A0 nonepeaHix po3Mipis.
3MeHwWweHHsA B 06°'eMi 060/10HKN NepeaHbol GiKCy4Ool NHEBMOKA-
Mepw.
—d’Z
m 2
dt
t, —4ac, 3a aKuit BiabyBaeTbCA NiATATYBaHHA XBOCTOBOI YaCTUHM A0 PiK-

COBaHOI HOCOBOI.
PesepcusHum pyx M. 36inbweHHsa B 06'eMi 06010HKN NepeaHbol
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=p,Si—F, Z(t,+t,+t,+t,)=R, Z'(t, +1, +t,+1,)=0,  (6)
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=p,Si—F,z(0)=R,, Z'(0)=0 , (7)

dikcyrouoi nHeBMokamepw [3].
—d’Z
m 2
dt
m, S, , F €KOHCTPYKTMBHUMU NapaMeTpamMu piBHSAHHS (7) i TiNbKU p MOX-
Ha 3MiHOBaTK Nig Yac pyxy M.
lMpocyBaHHA Ha3aa Ha OOBXWHY KPOKY S XBOCTOBOI YaCTUMHU Bif-
HOCHO iKCOBaHOI HOCOBOI.
~ d’S
n 2
dt
f;, — KOpPUCHa cuna Ail Ha CTIHKY XBOCTOBOI YacTuHu MIT; ¢, — yac 3MmeH-

- Rg, 5(0)=0, 5'0,)=0 ®

LUeHHSA B 06'eMi 060N10HKM NepeaHbOT NHEBMATUYHOI KaMepu o nonepe-
OHiX po3MipiB, ¢ — cuna npocyBaHHsA Ha3ag XBOCTOBOI YAaCTUHU, M — €
KOHCTPYKTUBHUM NapaMeTpoM piBHAHHA (8), f; MOXXHa 3MiHIOBATU Nig

yac pyxy MMM, a ¢’ 3MiHIETbCA caMoCTiMHO nig Yac pyxy. Ockinbku, no6o-
BOr0 ONOPY AJ1 XBOCTOBOI YaCTUHW NpU pycCi Ha3aa HEMAE, TO Pb, >>q'.

3MeHWweHHA B 06'eMi 000n0HKM nepefHbOl ¢iKkcyr4dol rigpo-
nHesMokamepw [3].
—d*Z = ,
me = pSi=F, 2l +t, )= R 2, 1, )=0.
Bci napameTpu piBHAHHSA (9) € KOHCTPYKTUBHUMM.
36inbweHHA B 06'eMi 060710HKKN 3aAHBOI GiKCYHOYOl MTHEBMOKaMEpM.
d’Z

dt’

m—=pS,—F, Zlt,+1,)=R., Z'{t, +1,)=0, (10)

m, S,, F € KOHCTPYKTUBHUMM napameTpamu piBHaHHSA (10) i Tinbkn p

MOXXHa 3MiHIOBATK Nig Yac pyxy M.
MigTaryBaHHA HOCOBOI YaCTUHM A0 $iKCOBAHOT XBOCTOBOI.

d’s
%k
dt’

- =P —F'a, Sl +e v, )=0, 8+, +1,)=0, (1)

F'1e — cuna Teptsa 06 cTiHKy Tpy6onpoBoay HOCOBOI YacTMHU MIT; B -
cuna niaTaryBaHHS HOCOBOI YAaCTUHUM A0 $iKCOBAHOI XBOCTOBOI YaCTUHW;
m* € KOHCTPYKTUBHUM NapameTpoM piBHAHHA (11), P, MOXHa 3MiHI0BaTK

nig 4ac pyxy MM, a F'/¢ 3MiHI0ETbCA CaMOCTIHO nig yac pyxy, ;' —
4ac, 3a KM NepeMillyeTbCA Ha3a XBOCTOBA YaCTUHa Ha BiACTaHb S,
— 4ac 3MEHLEHHA eNacTUYHOI 060IOHKKN 0 NonepeaHix po3MipiB.
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3MeHLWeHHs B 06'eMi 060/10HKM 3aHbOT PiKCYOHOT MHEBMOKaMepW.

d*z

dar’

t,’ —u4ac, 3a aKui BiABYBaETLCA NepeMillleHHS HOCOBOT YaCcTUHU Brepef,
Ha BiacTaHb S . Bci napaMeTpu piBHAHHSA (12) € KOHCTPYKTUBHUMMU.

Yac pil KOHCTpyKTUBHUX enemMeHTiB MI, wo 3abe3neuvywTb Moro

PyX.
Yac 36inbweHHs B 06'eMi 060/10HKM 3aAHbOI QiKCYHO4YOI NMHEBMOKA-

Mepu.

m

=S —F, Zlt, e, a4t =R, 2 v, v 4 )0, (12)

J; J2PS,(R=R)=c*(R =R , )

t, = ,|—arctg , (13)
c pS, —cR

m — PyxoMa Maca 060/1I0HKWN 3aAHbOI MHEBMATUYHOI KaMepu; ¢ — XOpCT-
KicTb 060N10HKKN; p — poboumnn TucK; S, — nnowa 6iyHOT NnoBepxHi 060-
JIOHKM 33a4HbOI MHEBMAaTUYHOI KaMepu; R — pagiyc po3ayToi 060/10HKM
33[HbOI MHEeBMaTUYHOI KaMmepun; R, — papdiyc 34yTol 060S0HKM 3aAHbOI
MHEeBMAaTUYHOI Kamepu. m, ¢, p, S, , R, R, € KOHCTPYKTMBHWMM napa-
MeTpaMu piBHAHHA (13) i Tinbkn P Mo>KHa 3MiHIOBaATK Nig, Yac pyxy MI.
ToMy Ona perynioBaHHA BeSIMYMHM f, MOXHA BMKOPUCTOBYBATM JvLUe
pobo4nn TUCK.

Yac npocyBaHHA Bnepen Ha OOBXMHY KPOKY S HOCOBOI Y4acTUHM
BigHOCHO ¢ikcoBaHoil xBocToBol [3].

m* (1 4)

S — «kpok» MI; B, — kopucHa cuna pil Ha Tpybonposig HOCOBOI YacTu-
HW; g — cuna onopy TpybonpoBoay; m* — pyxoMa Maca HOCOBOT YaCTUHY;
m*, S € KOHCTPYKTUBHUMMN napameTpaMmu piBHSHHA (14), P, MoXHa 3Mi-

HIoBaTK Nig vac pyxy Ml1, a g 3MIHIOETbCA HE3aNEeXKHO B KOXHiM TouL,.
Yac 3MeHwWweHHA B 06'eMi 060I0HKKN 3a4HbOT QiKCYHO4OI NHEBMOKA-
Mepw.
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2
R _PaSk
1— C
_FBSy

3 Z\/Earctg < (15)
c R _PaSk

C

R LS

c
P — HopManbHui aTMochepHUn TUck. Beci napameTpu piBHAHHA (15) €

a
KOHCTPYKTUBHUMU. TOMY Yac 3MeHLWeHHs 3aAHbOoI MHEBMATUYHOI KaMepu
byae NocTinHUM.

Yac 36inbweHHs B 06'eMi 006010HKM nepeaHbol dikcyo4ol rigpon-
HEeBMOKaMepwu.

R
Rc_pSk (16)
t Z\/Earctg ¢
tVe R
R _PSe
c

m — pyxoMa Mmaca 060NOHKM nepefHbOl NHEBMaTU4YHOI Kamepu; S, -
naowa 6i4yHOI NoBepxHi 060J0HKN NepefHbOI MHEBMATUYHOI KaMepwu. m ,
S,, ¢, R, R, € KOHCTPYKTUBHUMMW NapaMeTpamu piBHAHHA (16) i Tinbku
P MOXHa 3MiHoBaTK nig vac pyxy MI1. Tomy gna perynwoBaHHSA BeNNYU-

HW ?, MO>XHa BMKOPUCTOBYBATK NuLLEe poboUuni TUCK.
Yac nigTsaryBaHHA XBOCTOBOI YaCTUHU 0 PpiKCOBAHOI HOCOBOI.

8Sm

ti= |———
° rd’ p — 4kmg

(17)

M — pyxoMa Maca XBOCTOBOI YacTUHU; d — pdiaMeTp; k — koedilieHT Tep-
TS CTIHOK; g — NPUCKOPEHHS BiNIbHOro NafdiHHA. m, §k , d € KOHCTPYKTU-
BHUMW napameTpaMu piBHAHHSA (17) i TiNbKM p MOXXHa 3MiHIOBATU Nig
yac pyxy M. ToMy gns perynioBaHHA BEUYMHMN £, MOXHA BUKOPUCTO-
ByBaTu Ninwie pobouni TUCK.
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Yac 3MeHLWweHHA B 06'eMi 060/10HKM NepenHbol PiKCy4Hoi MHEBMO-
KaMepw.

1- RCS_
POy
R— Lk
t —\/Earct ¢ 18
6 c g RL,_
R_pSA

m, c, S,, R, R, € KOHCTPyKTMBHMMM NapameTpammu piBHAHHA (18) i
TINbKW p MOXHa 3MiHIOBaTK nig Yac pyxy MI1. Tomy ona perynioBaHHS
BEJINYMHU f, MOXXHa BUKOPUCTOBYBATM NnLle PO6OUYMI TUCK.

Mpwn peBepcMBHOMY pycCi 3MiH 3a3HAE NINLLE Yac pyxy NepenHbol Ta

3a4HboI YacTUHW. Yac npocyBaHHS Ha3ad Ha OOBXMWHY KPOKY S XBOCTO-
BOT YaCTMHU BiAHOCHO ¢ikcoBaHol HocoBol [3].

(19)

Pb, — KOPUCHa cuna Ail Ha CTiHKY XBOCTOBOI YaCTUHW MeXaTPOHHOro npu-

CTpolo; q' — CWNa onopy A/ NpoCyBaHHA Ha3ad XBOCTOBOI YacTUHW. 11, S
€ KOHCTPYKTUBHUMW NapaMeTpamu piBHAHHA (19), Pb MOXXHA 3MiHIOBaATH

nig 4ac pyxy MM, a ¢' 3MiHI0ETbCS HE3anexHo.
MigTaryBaHHA HOCOBOI YacTUHM 0 GiKCOBAHOI XBOCTOBOI.

: 8Sm”
f = | (20)
nd"p—4km g

m*, S, D, d € KOHCTPYKTUBHMMU napameTpamu piBHAHHA (20) i Tinbku
P MOXXHa 3MiHloBaTK nig vac pyxy MI1. Tomy gnsa peryntoBaHHS BENNYU-
HU #; MOXXHa BUKOPUCTOBYBATU NNLLE POGOYMIA TUCK.

Yacosi giarpamu gii enemeHTiB MT1.

I3 HaBegeHoOro Buue BUNAMBAE, WO Aig Ml Mae UMKNiYHUI xapak-
Tep. Pyx Bnepen npucTtpoto BigdyBaeTbca 3a 4 ¢dasu. lNpotarom nepuioil
da3n unkny ¢$opMyeTbCsa 3a4HSA 0OMoOpa, BiQHOCHO SIKOI nepecyBaETbCs
Bnepen HocoBa 4acTuHa (apyra ¢asa). MpoTaroM TpeTboi ¢a3n Gopmy-

292



@ BicHuk
HYBIMM
ETbCA NepefHs onopa, aKka i 3abe3nevye MOXIUBICTb NIATATYBAHHA XBO-
CTOBOI YaCTUHWU | NepeMilleHHa TUM caMuM Kopnycy Ml Ha 0gMH «KPOK».
3a3HayeHi UMKAN NOBTOPKOKOTLCS | NPUCTPIM pyxaeTbeca Bneped. Pyx Ha-
3a[ TaKoXX npoxoauTb 3a 4 ¢dasn. Ane npoTtarom nepwoi pasn opmy-
ETbCS BXEe nepefHsa onopa, BIiAHOCHO SKOI NpoTaAroM gpyroi ¢asum nepe-
CYBa€ETbCH Ha3an XBOCTOBA 4YacTuHa. lpoTarom TpeTbol ¢pa3n GopMyeThb-
€S 3aQHSA onopa, sKa 3abe3neyvyye MOXKMBICTb NiATAFYBaHHSA HOCOBOI Ya-
CTUHMU i NnepeMileHHs TUM caMuM MI1 Ha 0gMH «KPOK».

Mpouecw, sKi BigbyBaOTLCA B MEXAX KOXKHOIT ¢pa3mn poboyoro uukny,
npeacTaBiieHi YaCoOBMMM fiarpamMamMm Ha puc. 2 Ta Ha puc. 3.

|
£ £z ¢ H t
’ |
= ] [
8 s
3 il : .
£2 H {
= " " !
s 1l : I
. N
fa s fs I t
v
t
fs
T.l
Yac pobotn
Puc. 2. UmknivyHa vyacosa giarpama gii Ml npu pyci Bnepeg
|
‘ t
4 £s 1 s
|
= L
'S ¥ t
o ts ”
>
s 111 :
A ]\ 1; \
1
£ L _"‘LJ t
v
t
t 2
T

Yac poboTtun
Pwuc. 3. UnknivyHa yacosa piarpama pii MIN npu pyci Ha3ag
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t, —4ac 36inbleHHs B 06'eMi AiNAHKM 3a4HbOI MHEBMAaTUYHOI KaMepu A0
BMNUPaHHSA Y CTiHKY; £, i t," — 4acu ¢ikcauil XBOCTOBOI YaCTUHKU, NPOCYy-
BaHHSA HOCOBOI YaCcTUHW BNepep, i Ha3apj BiANOBIAHO; 7, — YaC 3MEHLUEeHHS
B 06'eMi 060/10HKWN 3a4HbOI MHEBMATMYHOI KamMepu 0 nonepenHix po3mi-
piB. [lepeMileHHs BNepen HOCOBOI YaCTUHU Ha BiACTaHb S BigbOyBaETbCS
3a y4ac t,, a Ha3apd 3a 4yac — t,". 36inbweHHsA 06'eMy 060/10HKM NepeaHbOl
NnHeBMaTM4HOI KaMepu 3a yvac f, (t, <t;). Yac =17, —17,. Yac dikcauii
HOCOBOI YaCTUHW AOPIBHIOE £, @ YAaC 3MEHLUEHHS 1T eNacTU4HOI 060SI0HKM
[0 nonepefHix po3MipiB popiBHioe 7, (z, <t ). MiATAryBaHHA XBOCTOBOI
4acTMHM Ao diKcoBaHOI HOCOBOI YacTMHM BifOyBaETbCA 3a 4ac t,, a ne-
peMillleHHs1 Ha3a/, XBOCTOBOI YaCTUHM Ha BiAcTaHb S 3a 4ac «'. Yac po-
6ouoro unkny npw pyci enepeg ctaHosuts 7T, , a npu pyci Hasap - T,".

OTe, nepiognyHa 3aMmiHa poboumnx uuknie Ml B yaci 3abe3neuye
MOro nNocTynanbHUW PyX, Aiarpamu SIKOro npencraBfieHi Ha puc. 4 Ta
puc. 5.

33 F
os D E
><
=
5 C
= s B
A t
o [ | ts [ s t to
Tu Tu Tu
Ty 2Tu 3Ty
Hac pyxy
Puc. 4. liarpama pyxy MI1 enepeg
3st F
oS D E
>=<
o<
5 C
= s B
A t
o Lot 1. - 11“ — gtl’ T 1 -
Tu’ U W
Tu’ 2Tuw’ 3Tuw
Hac pyxy

Puc. 5. Oiarpama pyxy MI1 Ha3ag

Ha piarpamax kopnyc MIT 3HaxoaAnTbLCS B HEPYXOMOMY CTaHi, nepe-
MilLleHHs 3a 4Yac ¢, BiABOYBAETbLCS TiSIbKM HOCOBOI YacTWMHK, a 3a 4ac ¢’
npu pesepcuBHOMY pyci nuwe xsBocTtoBa. AB, CD, EF - BigbyBaeTbca ne-
peMillleHHs1 Kopnycy 3a 4ac 4 i ¢, — BiANOBiAHO.
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Taknm ynHoM, WBKAKICTb V' paHoro auckpetHoro pyxy MI1 Bu3Ha-
YaETbCA 3a HacTynHot dopmynoo [3].

S
V=—=f*S§ (21)
T"t
f* —yacTtoTa kpokis M.
Toai wnsx nponaeHn NPUCTPOEM Bnepen BU3HAYAETLCSA AK

S="1t, (22)

t,, —4ac pyxy MM enepen (#,, =T, *n, n - KiNbKiCTb pO6OUNX LMKNIB).

p
Ons pyxy Hasag wBMAKICTb V' gaHoro guckpetHoro pyxy MI1 Bu-

3HayaeTbcs 3a GopMyIoto

=2 (23)
TH
Toai wnsax npongeHnn NPUCTPOEM Ha3a BU3HAYAETLCSA SK:

t,, —4ac pyxy MM nazap (¢,,'= T "*n,n — KinbKiCTb po6oUMX LMKNIB).

p
BucHoBkuM. [lpoBefeHO AocnigXKeHHa MaTeMaTUYHOI Mogeni, aHanis

NpoLuecy NepemilleHHs MEXaTPOHHOro NpucTpoto B Tpybonposogi. Mpea-
CTaBNeHi UMKNiYHa YyacoBa giarpaMu gil Ta giarpamu pyxy Ml npwu pyci
Bnepepn Ta Ha3ag,

3 npoBeneHoOro aHanisy sunnueae, wo Ais MM mMae unKnivHun xa-
pakTep. Pyx Bnepen npuctpoto BiadyBaeTbca 3a 4 ¢asu. Npu pyci Bnepea
NPUCTPOIO NpoTAromM nepwoi ¢da3nm unkny GopMyeTbCS 3agHS onopa Ta
nepecyBaEeTbCsA Bnepen HOCOBA YaCcTMHA, a NpU pyci Ha3an-dopMyeTbCSA
nepegHsl onopa, BiGHOCHO SIKOT NepecyBa€ETbCS Ha3an XBOCTOBA YacTMHA
npuctpoto. MpoTaroM ocTaHHbOI dpa3n PoOpPMYETLCSA NepenHs onopa, sKa
0AE MOXKNUBICTb NIATANYBAHHS XBOCTOBOI YAaCTMHWU | TUM CaMUM nepemMi-
LLYETLCSA KOPMNYC MEXaTPOHHOro MPUCTPOI HA OAWMH «KPOK». 3a3HaueHi
LMK NOBTOPHOTLCS | MEXAaTPOHHUN NPUCTPINA PYXAETbCS BNepen Ta Ha-
3an.

Ha ocHoBi npoBeneHoro AocnigXXeHHa OTPUMaHO MaTeMaTUYHy Mo-
OeNb NepemileHHs MeXaTPOHHOro NPUCTPOLD, KA AA€ MOXUBICTb MO-
AaNblUOol po3p06KM CUCTEMM aBTOMATUYHOIO KEpPYBaHHSA MOro WWBUAKICTIO
Ta 3MIiHOIO HaNpPsAMKY pyXxy.
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Avruka I. S., Post-graduate Student (National University of Water and
Environmental Engineering, Rivne)

RESEARCH OF MATHEMATICAL MODEL OF MECHATRONIC DEVICE (MD)
MOVING PROCESS

In the article the research the mathematical model and its analytical
presentation and analysis of the movement of mechatronic device.
Presented cyclic timing diagrams MD steps when moving forward and
backward movement and charts MD back and forth.

Keywords: mechatronic device, pneumatic chamber, reversible
movement.

ABpyka W. C., acnupanT (HaunoHanbHbIN yHUBEPCUTET BOLHOMO
X034MCTBA U NPMPOAONOSIb30BaHus, r. PoBHO)

WUCCNEOOBAHUA MATEMATUYECKOM MOAEJIU NPOLIECCA
NEPEMELLIEHUS MEXATPOHHOIO YCTPOMUCTBA

B cTaTbe npoaHann3upoBaH npouecc nepeMeLLeHUs MeXaTPoOHHOro
ycTpoicTBa B Tpy6onpoBoae u uccnepoBaHa MateMaTuyeckas Mogenb,
onucbiBalowWas aaHHbIA npouecc. MpeacraBneHbl ULMKNUYECKUe Bpe-
MeHHble AuarpaMMbl AeNCTBUA U AUarpaMmbl ABUXKEHUS MeXaTPOHHOro
YCTPOWUCTBa NPU PEBEePCUBHOM ABWMKEHUM.

KnioueBbie cnoBa: MexaTpoHHOe YCTPOMCTBO, NTHEBMOKaMepbl, peBep-
CUBHOE ABWXEHUe.
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