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PO HENNEPIOAUYHI KOJIMBAHHSA TP TUHAMIYHUX
HABAHTAKEHHAX BUKOHABYOI'O MEXAHI3MY MOBLJIBHUX
BEPCTATIB 3 TIAPAJIEJIBHOKO KIHEMATUKOIO

Axmyanshicmo memu docnioycennn. Ocobnuge micye y po3gUmMKy MexanockiaoanbHo20 sUpobHuymea nocioac oonao-
HAHMA, 3ACHOBANE HA MEXAHIZMAX 3 NapanenbHol Kinemamuroio. Ix nepesazu nposiensiomocs 6 ix Maniii MemanoeMHoOCHI, erep-
20EMHOCT, OUHAMIYHOCII, A MAKOIC Y Kinemamuunux moodicaugocmsx. OOHaK OOHICIO 3 ANCTUBUX 3a0aY NPU KOHCMPYIOBAHHI
MaKux 6epcmamie € OUHAMINHUL aHaNi3 BUKOHABYOL NAHKY, MOMY OOCTIONCEHHS 8 YbOMY HANPAMKY € AKWYANbHUM.

ITocmanoexa npobnemu. Ilpu npocnosyeanni eKcniyamayiiiHux XapaKmepucmux MoOiIbHUX epcmamis-pooomie Ha
OCHOGI MeXAMI3MI6 3 NAPANENbHOIO KIHeMAMUKON OUHAMIYHULL AHANI3 BUKOHABYOI TAHKU 6epCMammuoi cucmemu a6ise coboio
8adNCIUBY 3a0aYy, piuenHs AKOI OOYIIbHO GUKOHYBAMU HA OCHOBI 3ANY4eHHS KOWMIB IMIMAayitiHo2o MOOen08aHHs NOGeOiHKU
CIMPUICHEGUX RPOCMOPOBUX KOHCIPYKYILL.

Ananiz ocmannix docnioxcens i nyonikayiii. Ha ocnosi nposedenozo ananizy oCmantix 0ociiodceHb MOJCHA 3p0oumu
BUCHOBOK, WO NPU KOHCMPYIOBAHHI MAUIUH | MEXAHI3MIE SUDIUIATLHY POTb Y GUOOPI napamempie MaudymHbo2o 6upody mae
00TpyHmMOBaHe NPOSHO3YBAHHS U020 eKCHAYAMAYItIHUX NOKA3HUKIE, 3ACHO8AHE HA CUNOBUX PO3paxyHKax. TIpu ybomy noKasHuKu
OUIKYBAHOI MOYHOCTI BUKOHABYUX PYXi8 6UPOOY BUSHAYAIOMBCA 8UXO0AUU 3 OOPAHUX PO3PAXYHKOBUX CXeM, AKI 3ACHOB8AHI HA
NPURYWEHHSIX, WO O0380ISI0Mb 36€CL IX 00 SUDIULYBAHUX MAMEMATNUYHUX KOHCIMPYKYIN — PIGHAHHAM CIMAMUKU § OUHAMIKU.

Buoinenns ne supiwenux paniwe uacmun 3azanshoi npodnemu. 30e6in6ui020 NPUNYWEHHS Y PO3PAXYHKAX NPU KOHC-
MpYI08anti epcmamié 003601I0Nb 3HAXOOUMU CRINbHI PilenHsl, AKi 3ACHOBAHI HA YCMANEHUX DeXCUMAX (DYHKYIOHYBAHHS
6uUpoby, ane He 6epymbv 00 yeacu 0esKi GUNAOKU, SIKI CIAHO6IAMb NPAKMUYHUL inmepec i ne ¢ mpugianbhumu. Lle cmocyemucs,
nepeoycim, OUHAMIYHUX NPOUECIS, KT MOJICYNIb CYNPOBOOIUCYBAMU NPOEKMOBAHUL BUDIO.

ITocmanoeka 3ae0anna. Ilpogecmu ananiz UKOHABYOL YaCMUHU MAWUHHOL cCUCIeMU HA OCHOBI 3ayyYeHHtsl 3acodig cu-
MYTAYIUHOL NOGEOIHKU NPOCTNOPOBUX CIPYKIMYD.

Buxnao ocnoenozo mamepiany. Y npoyeci oocniodicenns 6yno 3anponoHo8aHo cxemy po3paxyHKy, sIKa 003601und npo-
eecmu ananiz OUHAMIKU KOHCMPYKIMUGHUX 0cOOnuUsocmell i npeocmasiamume npocmoposy CUCIEMY MAc, Wo NiO8iuyemucs
Y BPOCMOPI HA SHYUKUX eNleMEeHmax 3 Napamempami HCOPCMKOCMI X, ¢y, ¢z ma 3amyxauusam hx , hy, hz. /s yiei cucmemu 6
MENHCAX MAUX amnaimyo OYno 3a3Ha4eHo, Wo Yacmoma npasunbHux koausaus f modce 6ymu po3paxoeana iz 3a1edCHocmi
uacmomu 6i0 MAcu i HCOPCHKOCHII.

Haseoeno cxemy ounamiuno2o ananizy UKOHABYOL 2LIKU MAWUHY 3 NAPALETbHOI0 KIHEMAMUKOIO, WO CKIAOAEMbCs 3 Mi-
4 macu m, niogeuieHo20 Ha 080X NpydlcuHax 3 dxcopcmxicmio cl i c2. [{na yici cxemu 8paxo8yemvcs mamemMamuyHuil Onuc
2aPMOHIYHO20 OCYUTAMOPA, KU € BUKOHABYOIO JTAHKOI MOOIILHOT MAWUNY, AKWO 835miL 00 yeazu 00ypenuil eghexm.

Jlnsa suguenns ocobnugocmeti OUHAMIKU 3ABAHMANCEHOI GUKOHABYOL YACTUHU MOOIILHOT MAWUHU 8 KOMN 10MEPHOMY
cepedosuwi Simulink 6yno cmeopeno imimayitiny mooens. Ilpu 3a0aHux 3HAYEHHAX OMPUMAHA PeaKyis MoOei Ha NPUMYCOBI
2apMOHIuHT KOTUeanHa. Benuuuna amnnimyo y maxiii moOeni ne nepesuyye 2 Mm, 0OHAK 3ACIY208YI0Mb HA Y8A2Y KOIUSAHHS
K6a3i6UNA0K08OI NpupoouU, Xoua pigHOBANCHUL edheKm Mae cunycoioanviy hopmy.

Bucnoexku. Ompumanuii pe3ynomam 0036015€ NPURYCMUMU, WO KOTUBAHHS 3 WUPOKUM CREKMPOM YACMOM Ma amMni-
myou UHUKAIOMb Y 8UKOHAGYIL 1aHYI MOOIILHOT MAWUHU, WO MOJCe GUKTUKAMU PEe3OHANC eIeMeHMI8 MeXHON02IYHOI cuc-
memu Ha wupokomy oianazoni wacmom. Taxuii pedxcum pobomu MOOGITLHUX MAWUH 3 MEXAHIZMAMU NAPANETbHOT KIHeMAMUKY
nogunen Oymu 6paxo8anuti npu NPOEKMy6anui MexXHONOSIYHUX NPOYeci8 ma MmexHoN02iuHoi ni020mosKU eUpoOHUYMSEA 015l
3a6e3neuents NPOOYKMUBHOCHI] Ma MOYHOCMI 0OIAOHAHHS NPOMALOM YCb0O20 U020 MEPMIHY CIYHCOU.

Knrouogi cnosa: ounamiunuii ananis; inmeniekmyanshi gepcmamu-pobomu, napaneibha Kinemamuxa.

Puc.:6. bién.: 12.

ITocTanoBka npodiaemu. [Ipy KOHCTpYIOBaHHI MAIIMH 1 MEXaHI3MIB BUPIIAIbHY POJIb Y
BUOOpPI napaMeTpiB MailOyTHbOro BUpoOy Mae OOIpYyHTOBaHE MPOrHO3YBAaHHS HOro eKciurya-
TalIiHUX MOKa3HUKIB, 3aCHOBAHE HA CUJIOBUX po3paxyHKax. [Ipu boMy MOKa3HUKU OYIKYyBa-
HOT1 TOYHOCTI BUKOHABUUX PYXIB BUPOOY BU3HAYAIOTHCS BUXOIAYH 3 00paHUX PO3PAXYHKOBHUX
CXeM, SIK1 3aCHOBaH1 Ha NEBHUX MPUIYLUICHHSIX, U0 JO3BOJISIIOTH 3BECTHU 1X JO BHUPIINIYBAaHUX
MaTeMaTUYHUX KOHCTPYKIIM — pIBHAHHSM CTaTUKHM 1 AuMHaMIKU. OaHak 37e0UIbLIOro TakKi
MPUITYIIEHHS 103BOJISIIOTh 3HAXOAUTHU CIIUIbHI PIIIEHHS, K1 CTOCYIOTHCSl YCTAJICHUX PEXUMIB
(GyHKIIOHYBaHHS BUPOOIB, ajie He OepyTh /10 yBaru JAesKi BUIMAJKH, K1 CTAHOBIISATh MIPaKTH4-
HUH HTepec 1 He € TpuBianbHUMU. Lle cTocyeTbes, Hacammepe, AMHAMIYHUX MPOLIECIB, SIKi
MOXKYTb CYIPOBOJDKYBaTH MPOEKTOBaHMM BUpIO [6; 12].

© Kosanescrkuii C. B., Kosanesceka O. C., 2017



Ne 4 (10), 2017 TEXHIYHI HAVKHM TA TEXHOJIOTIi

TECHNICAL SCIENCES AND TECHNOLOGIES

AHaJi3 OCHOBHMX J0CJiIKeHb i myOaikanii. PO3BUTOK MEXaHOCKIIAaIbHOTO BUPOOHHU-
LITBAa TaKO 3aCHOBAHO HA 3aCTOCYBAHHI IEPCHIEKTUBHUX KOHCTPYKI[Ii1 OCHOBHOTO TE€XHOJIOT-
YHOIO YCTAaTKyBaHHs. ToMy 3HaXoJsTh 3aCTOCYBaHHS BHCOKOIIBUJKICHI OaraToornepaiiiHi
MeTalopi3alibHl BEPCTaTH 13 CUCTEMAaMH YHCIOBOIO MPOrPaMHOTO KEPYBaHHS, TEXHOJIOTTYHE
OCHAIL[EHHS] THYYKUX BEPCTaTHUX MOJYJIIB 1 BUPOOHUUTB, 110 poOoTH30BaHo. OcolnuBe Mic-
11e B I[bOMY MPOIIeCi ociae 00aJHaHHS, 3aCHOBaHE HAa MEXaHi3Max 3 mapajeiabHO1 KiHeMa-
THKOIO. IX IepeBaru NposBIAIOTECA B iX Mallili METAIOEMHOCTI, EHEPrOEMHOCTI, IMHAMIYHOC-
Ti, @ TAKOXX y KIHEMAaTUYHUX MOXKIUBOCTAX. Lle poOuTh Take 0OmagHaHHs TPUBAOITMBUAM IS
CTBOPEHHSI THYYKUX aBTOMATU30BAHUX BUPOOHUUTB 3 MEHIUMMH, B MOPIBHIHHI 3 TpaauLliii-
HUMU BUPOOHUYUMU PIILIEHHSMHU, IEPBUHHUMU BUTpaTaMH, a TaKOX BUTpaTaMH Ha MOCTINHE
OHOBJICHHSI OCHOBHUX BUPOOHMYUX (POHMIIB I MIATPUMKH KOHKYPEHTOCIIPOMOXHOCTI IIPO-
JYKIIi1, 110 BUITYCKA€ETHCS 32 PaXyHOK 3HMKEHH ii coOiBapTocTti [7; 8; 6; 10; 11; 12].

TakyuM 4MHOM, MPU MPOTHO3YBAHHI EKCIUTyaTallIiHUX XapaKTepUCTUK MOOUILHUX BepcTa-
TiB-poOOTIB Ha OCHOBI MEXaHI3MIB 3 MapayelbHOI KIHEMATUKOIO JUHAMIYHUM aHali3 BHKO-
HABYOI JIAHKU BEPCTATHOT CUCTEMH SBJISiE COOOI0 BAXKIIMBY 3aJauy, PILICHHS SKOi JTOIUIBHO
BUKOHYBAaTH Ha OCHOBI 3aJIy4€HHS KOLITIB IMITAl[IHHOIO MOJICJIIOBAHHS MMOBEAIHKH CTPHKHE-
BUX MPOCTOPOBUX KOHCTPYKIIIH.

Buxiax ocHoBHOro marepiajiy. Y po3po6ineniii [IpoGiemHoro mabopatopiero MOOUTEHUX
IHTEJIEKTYalbHUX TEXHOJIOITYHUX MamuH JloHOachkoi nepKaBHOT MamMHOOY/IIBHOI akaaemil
KOHCTPYKIIIi MOOUTRHOTO BepcTaTa-poO0Ta SIK BUXITHA JaHKA BUKOPUCTAHI MEXaHI3MU THITY
«TPUNO 1 «TETPANo», SIKUM y MOEAHAHHI 3 JEIbTa-MEXaHI3MOM 1 3 NMPUCTPOEM YIIPABIIIHHS,
3aCHOBaHMM Ha HEWPOH MEPEKEBO1 ETAIOHHOT MOJIETIl MEXaH13MY B pobodomy mpoctopi (puc. 1).

Puc. 1. Koncmpykyis i cxema mobinbHoeo eepcmama-poboma

Po3paxynkoBa cxema, 110 J03BOJISIE TPOBECTH aHATI3 0COOIMBOCTEH AMHAMIKA KOHCTPYK-
1ii, Moke OyTH MpejcTaBjeHa MPOCTOPOBOIO CUCTEMOIO MACH M, MIIBIIICHOI Y IPOCTOP1 Ha
THYYKHX €JIEMEHTaX 3 IOKa3HUKAMU JKOPCTKOCTI Cy, €y, C; 1 NeMn(ipyBaHHs hy, Ay, h. (puc. 2).

Puc. 2. Pospaxynkosa cxema mexauizmy 3 napaieibHoio
KIHeMamuKow 015l IMIMayitiHo20 MOOeI08aAHHS
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Jiis i€l cUCTeMU B MeKax MalluX aMILIITY]] Oy/ie cripaBeyIuBUM TBEPKEHHS PO Te, 1110
4acTOTa BIIACHUX KOJIMBAHb f) Macu m MOxe OyTH po3paxoBaHa 3a ¢popmynamu (1):

_ /Cl e, . [c,T¢ le.te
fox_ —x = foy: Iy Zy; fuz: Iz 22’ (1)
m m m

7€ fy— 4acToTa BJIAaCHUX KOJMBaHb, ['I; m — Maca, KT; Cix, Cax, Cly, C2y, Clz, C2, — JKOPCTKICTH H/M.
OcCKUIbKM pe30HaHCHA YacTOTa OJIHAKOBa Ui Oy/1b-SIKOr0 HAaIpSIMKY OCei, a Maca MaTepi-
ATHHOT TOYKH 3ATHIIAETHCS TIEHO K CaMOIO0 JUIsl OY/Ib-KOTO BUMIPIOBAHHS IIPOCTOPY, TO MOXK-

Ha IPUUHATHU PIBHICTH (2):
Clx +C2x :Clx +C2x :Clx +CZx : (2)

Buxonsun 3 11p0r0 BUpazy MOKHA OOMEKHUTHUCS AOCTIKEHHSIM OCOOIMBOCTEH TUHAMIKA
CHUCTEMHU, IO CKJIAJAETHCS 3 TLIa Macor0 7, MIABIIIEHOTO Ha JBOX MPYKHUHAX 3 JKOPCTKICTIO ¢
1 ¢, Tak, sIK MOKa3aHO Ha puc. 3.

q ¢

q ¢

ud

Puc. 3. Cxema ons ounamiynoeo ananizy 6UKOHa84oi
JIGHKU 8epcmama 3 napaneibHor KiHeMamuKkor
Jlis 1i€i cXeMH OJiep)KaHO MATEeMAaTHIHHUH OMUC TAPMOHIYHOTO OCHUJIATOpA, SIKAM € BH-
KOHaBYa JIaHKa MOOUTRHOTO BEPCTATa, SIKIIO B3ATH JI0 YBAard BIUIMB CHJIM, IO MIAKOPSIETHCS
3asiexkHocTi (3):

1 2
x+;x+a)0x:aocosa)t. 3)

Jlitoumnii BIUIMB CWJIM MIPEACTABICHUN y BUTIISI1 BUpa3y (4):
it __ : :
0, =a,(coswt+i sinwt). (4)

MoskHa IpUMHATH 3a PILICHHS PEYOBY YaCTHHY X, SIKIIO QY BHpa3l apcos @t 1ie pedoBa
BEJIMYMHA, TO PIIICHHS 3HaACHO (5):

x=X,e"". (5)
Tont:

(—w2+i7w+a)§ ] X, =a,e™". (6)
3Bigcu:

X, = a, a)(f—a)z—i(a)/r):a w, —o’ —i(w/1) . o

) 2 . ) 2 - 0 2 5
oy —0’ +i(w/7) o] -0’ -i(w/1) (a)(f—a)z) +(w/7)
A peuoBa i ySBHA YACTMHH 3HAXOMAATHCS SK:
2 2
(a)o - )ao

(a)(f —a)z)2 +(w/7)’

Re(Xo) = 5 )]
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-(0/7)a, ©)

(07-0") +(ere)”

Im(X,)=

[Ipn BeNMKHMX 3HAYEHHSIX T 3aTyXaHHS MOCIA0MIOEThCS 1 30UIBIIYEThCS YSIBHA YacTUHA
3CYBY IIPH PE30HAHCI.
Jlig aMIuIiTyau 3MilIeHHs MoxHa 3anucatu (10):

£ \1/2 (04
p:(XOXO) - ) : IRV (10)
[(a)(f —a)z) +(w/7) }
Tomi cuna, 110 i€ y BUKOHABYIH JIaHIll, MOXKe OyTu Bu3HadeHa 3a Gpopmymnoro (11):
1 1 2/
P2 Mayol, (x,)= Ma; @7 (11)

o ]

T

OTpumaHuii BUpa3 MOBHICTIO Y3TO/DKYETHCA 3 BUCHOBKAMHM, MPEJICTABICHUMH B PoOOTax
[9;1;2;3;4;5].

Jlns mocnimKeHHsT 0COONMMBOCTEH JUHAMIKA HAaBAHTA)KCHOTO BHKOHABYOI JIJAHKH MOOLIb-
HOro BepcraTta Oylia CTBOPEHO IMITAllliHY MOJIeNb Y KOMII FoTepHOMY cepeoBuini Simulink

(puc. 4).

Sine Wave

Integrator1

]

Constant

)\

>

) Scope

1 JL
) o | e

Integrator2 Integrator3
Gain3 g g
Gaind

h2 |

2 [

Gain5

Puc. 4. Imimayitina mooenv ukonaguoi 1anku MoobiibHo2o éepcmama 6 Simulink
[Ipu 3amannx 3HaveHHsx m = 20; ¢; = 20; h; = 0,02; ¢, = 30; h, = 0,03; q = 10; ammunityai
BUMYILIEHUX FapMOHIYHUX KojuBaHb 0,2 MKM, OTpHMaHa peaxiis MoJejl Ha BUMYIIEH] rap-
MOHIIMH1 KOJIMBAHHS y BUIJISI/IL, IPEJICTABICHOMY Ha pHC. 5.

Puc. 5. Tumuacosa diaepama konueans UKOHABYOI TAHKU MODIILHO2O
gepcmama npu GUMYULEHUX 2APMOHIUHUX KOTUBAHHSX

3HaueHHsl aMIUITYJ y Takiil MOJEesi He MEepeBUILY€E 2 MKM, OJIHAaK 3acilyrOBYyE Ha yBary
KBa31BUIIaJKOBUN XapaKTep KOJIUBAHb.
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Jlist BunipoOyBaHb BUIMAAKOBUM BIUIMBOM 3 XapaKTEPUCTUKAMMU:

Mean=0; Variance = 1; Seed=0; Sample time = 0,1.

XapakTep KOJMBaHb BUKOHABYOI JJAHKH aHAJIOTTYHUN HABEJACHOMY BHIIE 1 IO aMILTITY/I
TaKOX HE MEPEBUIYIOTH 2 MKM (pHC. 6):

Puc. 6. Tumuacosa diacpama Konueans UKOHABYOI TIAHKU MODITLHO2O
gepcmama npu GUMYWEHUX BUNAOKOBUX 8NIIUBAX

BucnoBku i npono3unii. OTpuMaHuil pe3ynbTaT J03BOJISIE IPUITYCTUTH, 1110 Y BUKOHAB-
4iif JaHI[l MOOUIBHOIO BEpCTaTa BUHUKAIOTh KOJIMBAHHA 3 HIMPOKUM YAaCTOTHHUM 1 aMILTITY/-
HUM CIIEKTPOM, 3/1aTH1 BUKJIIUKATH PE30HAHC €JEMEHTIB TEXHOJOTTYHOI CUCTEMU Y IIUPOKOMY
niana3oHi yacToT. Takuil pexum poOOTH MOOUIBHMX BEPCTATIB 3 MEXaHI3MaMHU MapajelbHOL
KIHEMaTUKH MIOBUHEH BPaXOBYBATHUCS MPHU NPOEKTYBaHHI TEXHOJIOTIYHUX MPOLECIB 1 IPU TEX-
HOJIOTTYHIM MIArOTOBILI BUPOOHMIITBA 3 METOI0 3a0e3MEe4YEeHHs MPOAYKTUBHOCTI M TOYHOCTI
o0JaiHaHHS POTATOM YChOT'O TEPMIHY MO0 eKCILTyaTallii.
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ABOUT NONPERIODIC OSCILLATIONS AT DYNAMIC LOADS
OF EXECUTIVE MECHANISM OF MOBILE MACHINES
WITH PARALLEL KINEMATICS

Urgency of the research. A special place in the development of mechano-assembly production begins to occupy equip-
ment based on mechanisms with parallel kinematics. Their advantages are manifested in their low metal capacity, energy
intensity, dynamism, and also in kinematic possibilities. However, one of the important tasks in constructing such machines is
a dynamic analysis of the executive branch; therefore research in this direction is relevant.

Target setting. In forecasting the operational characteristics of mobile robot machines on the basis of mechanisms with paral-
lel kinematics, the dynamic analysis of the executive part of the machine tool system is an important task, the solution of which is
expedient to perform on the basis of attracting funds simulation behavior of the spatial structures of the spatial structure.
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Actual scientific researches and issues analysis. On the basis of the analysis of recent studies, we can conclude that the de-
sign of machines and mechanisms crucial role in choosing the parameters of the future product has a reasonable prediction of
its performance indicators, based on strength and strength calculations. At the same time, the indicators of the expected accura-
cy of the executive motions of the product are determined based on the chosen calculation schemes, which are based on a num-
ber of assumptions that allow them to be reduced to solvable mathematical constructions — the equation of statics and dynamics.

Uninvestigated parts of general matters defining. In some cases, assumptions in calculations in the design of machines, allow
you to find common solutions that are based on the established modes of operation of the product, but drop some cases that are of
practical interest and are not trivial. This applies, first of all, to the dynamic processes that can accompany the projected product.

The research objective. Conduct an analysis of the executive part of the machine system based on the attraction of the
simulation behavior of spatial structures.

The statement of basic materials. In the course of the study, a calculation scheme was proposed that allowed an analysis of
the dynamics of the design features, and is represented by a spatial mass system m suspended in space on flexible elements with
rigidity parameters c,, c,, c. and damping h,, h,, h.. For this system, within the limits of small amplitudes, it has been stated that
the frequency of the proper oscillations fy can be calculated from the dependence of the frequency on mass and stiffness.

The scheme for dynamic analysis of the executive branch of the machine with parallel kinematics consisting of a body of
mass m, suspended on two springs with rigidity c; and c,, is presented. For this scheme a mathematical description of the
harmonic oscillator, which is the executive link of the mobile machine, is taken, if we take into account the perturbing effect.

To study the peculiarities of the dynamics of the loaded executive part of the mobile machine, an imitation model was
created in the Simulink computer environment. At given values, the reaction of the model to forced harmonic oscillations is
obtained. The magnitude of the amplitudes in such a model does not exceed 2 mm, however, deserves attention to the quasi-
random nature of oscillations, although the equilibrium effect has a sinusoidal form.

Conclusions. The obtained result suggests that oscillations with a wide frequency and amplitude spectrum arise in the
executive link of the mobile machine, which can cause resonance of the elements of the technological system over a wide
range of frequencies. Such a mode of operation of mobile machines with mechanisms of parallel kinematics should be taken
into account in the design of technological processes and in the technological preparation of production in order to ensure
the productivity and accuracy of equipment throughout its lifetime.

Key words: dynamic analysis; intellectual machines-works; parallel kinematics.
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O HEIEPUOJMYECKHUX KOJIEBAHUSAX ITPU JTUHAMUYECKUX
HAT'PY3KAX HCIIOJTHUTEJIBHOTI'O MEXAHU3MA MOBHJIbHBIX
CTAHKOB C TAPAJUIEJIBHOU KUHEMATHUKOU

B Oannoil cmamve paccmMompensl 60npochbl OUHAMUYECKO20 AHANU3A UCHOTHUMETLHO20 36€HA CIMAHOYHOU CUCHIEMbL.
IIpogeden ananus pacyemHou cxemvl, COCMOUM U3 NPOCMPAHCMBEHHOU CUCEMbL, NOOBEUIEHHOU 8 NPOCMPAHCMEEe HA 2UO-
Kux snemenmax. Ilonyueno mamemamuueckoe OnUCanue 2apMOHULECK020 OCYUNIAMOPA, KOMOPLIM SAGNAEMCs UCHOTHUMEb-
Hoe 36eno mobunvhozo cmanka. Co30ana uUMUMayuoHHAsl MOOenb 8 KoMnviomepnol cpede Simulink ons ucciredoganus oco-
Oennocmeil OUHAMUKU HACDYIICEHHOU UCNOTHUMENbHO20 38eHA MOoOUnbHO20 cmanka. Ilomyuena peaxyus mooenu Ha
BbIHYIICOCHHbIE 2APMOHUYECKUE KONeOAHUs, KOMOpPAs umeem K6asu CIYHauMblil Xapakmep, npu CUHycouOaIbHOM 8030€li-
cmeuu. Tlonyuennvlii pe3ynibmam no3eonsem npeonoiodiCunib, Ymo 6 UCNOIHUMENbHOM 36eHe MOOUTbHO20 CIMAHKA BO3HUKA-
10m Konebanus ¢ WUPOKUM YACMOMHBIM U AMITUNYOHBIM CHEKMPOM, CHOCOOHbIE 8bI36AMb PE3OHAHC IAEMEHNO8 MEXHON0-
2UYECKOU CUCTEMbl 8 UUPOKOM OUANA30He HACHON.

Kniouegvie cnosa: ounamuueckuti ananus; uHmen1eKmyaibHble CManKu-pabomyl; RApanienbas KUHeMamuxa.
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