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MOJIEJIFOBAHHSA PEXXKUMIB POEOTH EJEKTPOIIPUBOJIA NIJTHOMHOI
JIEBIJIKU KPAHA B CEPEJJOBUIII MATLAB

B pobomi nposedeHo aHaniz cmamu4HUX HABAHMAdCEHb nNIOUOMHUX /1e6i00K nidlloMHO-MPAHCNOPMHUX
MexaHizmie ma chopMo8aHo y3azanbHeHy Mamemamu4Hy mMoodeasb hidtiomMHoi se6idku kpaHa. Ha ocHogi 3anponoHosaHoi
Modei po3pobaeHo cmpyKmypHy cxeMmy nidliomHoi s1e6idku ma peasizo8aHo ii ik komn'tomepHy modeas y guaasdi 6410ka
6i6.1iomeku npoepamHozo cepedusuwa Simulink Matlab. BukopucmaHHs daHoi modeni do360/15€ cymmeso cnpocmumu
npoyec npoekmyeaHHs esekmponpugodie nidtlioMHux 1e6i00K KpaHis.

Katwouosi caoea: nidliomHa ne6idka, mamemamuyHa Modeab, cmamu4HUll MOMeHm, es1eKmponpusod.

BABIY Sergiy, MOSHNORIZ Mykola, PROCENKO Dmytro,
PAYANOK Oleksandr, ZHUKOV Oleksiy

Vinnytsia National Technical University

SIMULATION OF WORKING MODES OF THE ELECTRICAL DRIVE
OF A LIFTING CRANE WINCHES IN MATLAB

Among the most common mechanisms in the industry are lifting machines of various types and designs. They are widely used in
construction and assembly, repair, warehouse and other works related to lifting and moving large and heavy loads. The main and most
energy-intensive mechanism of lifting machines is the lifting winch. The electric drive of the lifting winch must meet the increased
operational requirements and ensure the performance of the given speed diagram, the necessary dynamics of work and high reliability in the
operating modes. The energy indicators of the electric drive of the lifting winch mainly determine the energy indicators of the machine as a
whole, therefore, due attention should be paid to the issue of designing the electric drives of the lifting winches. It is worth noting that the
kinematic connections of the lifting winch are not absolutely rigid, which determines the occurrence of oscillations in the system as a result of
dynamic forces. It is the presence in the electromechanical system of the lifting winch of elements with high inertia that causes the
appearance of elastic oscillations during any transient process in this system. The presence of elastic oscillations in the mechanical system of
the electric drive distorts the speed graphs of the system and leads to force pulsations. Elastic oscillatory processes in mechanisms lead to
unpredictable behavior of the system and can cause emergency situations. Thus, taking into account the elastic properties of the mechanical
system during its design will improve the efficiency and reliability of its operation. The results of the research carried out in the work contain
the analysis of static loads of lifting winches of lifting and transport mechanisms and a generalized mathematical model of the crane lifting
winch. On the basis of the proposed mathematical model, a structural diagram of a lifting winch was developed and implemented as a
computer model in the form of a Matlab Smulink PPP library block. The mathematical and computer models presented in the work allow
obtaining correct results in the entire range of loads, taking into account the change in the efficiency of the mechanical transmission when
the loads and the direction of transportation change, and also take into account the influence of the elastic connection between the drive
motor and the actuator. The use of the proposed models will significantly simplify the process of designing the power electric drive of lifting
winches of cranes.

Keywords: lifting winch, mathematical model, static moment, electric drive.

IHocTanoBKka mpo0JieMH y 3araJIbHOMY BUIJISTI
Ta 1i 3B’5130K i3 BaKJIMBUMM HAYKOBHMH M NPAKTUYHUMH 3aBJaHHAMUI

OmHMM 13 BaXJIMBHX HANpPSIMKIB PO3BUTKY cydacHoro einekrpumuHoro mpusona (EIT) e mpomoBxkeHHS
HAyKOBHX-JOCTI/DKEHb 31 CTBOPEHHS KOMIT IOTEPHHUX 3acOo0iB JUIsi MOJIEIIOBaHHS pexumiB ix podotu [1]. Ile
JIO3BOJISIE CYTTEBO CITPOLTYBAaTH Tpoliec nmpoekTyBanHs EIl BUpOOHMYMX MEXaHi3MiB i Ja€ MOXKIUBICTh TPOBOJIUTH
JTOCITI/KEHHS iX poO0TH 0€3 IITKOAM Ta 3HOMIEHHS TEXHOJIOTIYHOTO 00JIaHAHHS.

B mpomwucioBocTi OfHMMH i3 HAaHOUIBII MONIMPEHUX € BAHTAKOMIAWOMHI MAIIMHM PIi3HUX THMIB Ta
KOHCTPYKLiH. BOHN IINPOKO BUKOPUCTOBYIOTHCS IIPU BUKOHAHHI Oy1iBEIbHO-MOHTaXKHUX, PEMOHTHUX, CKJIaJICBKHX
Ta IHIUX POOIT, MOB’A3aHKUX 3 MIAHOMOM Ta MEPEMIICHHSIM BEINKOrabapUTHUX Ta BaroBUX BaHTaXiB. OCHOBHUM
Ta HaWOLIBLI CHEProEMHMM MEXaHI3MOM BAaHTAXKOIIJHOMHMX MAIlWH, HANpHKIAX KpaHiB, € miadoMHa nebiaka.
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Eneprernuni nokasauku EI miniomMHOil 1e6i1KH BU3HAYAIOTH TOJIOBHUM YHHOM €HEPTEeTHUYHI MIOKa3HUKU MAIIMHU B
uiiomy. HasiBHICTB B eJleKTpOMEXaHiYHil cHCTeMI ITiHOMHOT JIeOiIKN eJIEMEHTIB 3 BUCOKOIO 1HEPIIHHICTIO Mij yac
OyIb-SIKOTO TEPEXiHOro Mpollecy BUKIMKAE IOSIBY NPYKHHUX KOJHMBAaHb B LM CHCTEMI, SIKi IPH3BOJSATH IO
HEMpOTHO30BaHOI MOBEIIHKH CHCTEMH 1 MOXYTh CTaTH NPHYMHOIO aBapiiiHMX cuTyaulidl. BpaxyBaHHS Npy>KHHX
BJIACTHBOCTEH MeXaHIYHOI CHUCTeMM WiTHOMHOI J1eOifAkM mTijg 4ac ii NPOEKTYBaHHS JIO3BOJMTH IOKPAIUTH
epexTuBHICT, Ta HaniiiHicTh 11 pobotn. Came ToMy nuTaHHs npoekTyBaHHsi EIl minfiomMHuMX 1nebimox Mae
Oe33arnepeyHy akTyaJbHICTh Ta HOTpeOye MPOBENCHHS BiIIOBIHUX JIOCIIPKEHb.

AHaJi3 focairkens Ta myoaikanii

3HayHa YacTWHA NOCII/KEHb B Taly3i MiITHOMHO-TPAaHCHOPTHHX MAIIWH Opi€HTOBaHA Ha (HOpMyBaHHS
ONTUMAJIFHUX 3aKOHIB KePYyBaHHS MeXaHi3MaMH IIMX MAaIlWH, K II¢ TOKa3aHo, HalpHKiIal, B podorax [2, 3] Tormo.
[Hmi poOOTH TPHCBSIYEHI MUTAHHIO TIPOEKTYBAHHS CHJIOBOTO IIPHBOAA MEXaHi3MIB MiAHOMHO-TPaHCIIOPTHHUX
MamH. Tak B po0OoTi [4] 3amponoHOBaHO KOMIT'FOTEPHY MOJENb IMiAHOMHOI JIeOiAKM BAaHTaXXHOTO KpaHa B
cepenosui I1T1IT Matlab. [lana Monens 103BoJIsiE OTpUMATH KOPEKTHI pe3yJIbTaTH JIUIIE 32 YMOBH, SIKIIO 3HAYCHHS
koedimieHTa KopucHOI 1ii MexaHIYHOI mepexadi eyekTporpuBoja ckiagae He wMenme 0,5. Kpim Toro,
3alpONIOHOBAaHA MOJIENIb HE BPaxOBYE BIUIMB IPYXKHOTO 3B’SI3Ky MIDK HPUBOIHUM JBUTYHOM Ta BHKOHaBYUM
MEXaHi3MOM.

®opMyJIIOBAHHA Lijel cTaTTi
Mertoro poboTu € po3pobka MaTeMaTHIHOI Ta BiAMOBINHOI i KOMII IOTEpHOI MoJeNell miaifoMHOT JIeOiTKu
KpaHa, SKi BpaXOBYIOTh BIUIMB IIPY>KHHX 3B’ A3KiB MiJK IPUBOAHMM JIBUTYHOM €JICKTPOIIPUBOAA Ta HOr0 BUKOHABYUM
MEXaHI3MOM, 1 JO3BOJIIIOTH OTPUMATH PeabHI JHHAMIYHI XapaKTePHCTUKU JOCIIIKYBAaHOTO MEXaHI3My B YChOMY
Ziara3oHi HaBaHTaKEHb 13 BpaxyBaHHAM 3MiHH KoedinienTa kopucHoi nii (KK) mexaHiuHoi epenadi Ta HalpsIMKy
TPAHCMIOPTYBaHHS (MiIHOM, CITyCK).

Buxusian ocHOBHOTO MaTepiaiy
CrpoIeHo KiHeMaTHYHA cXeMa MiIHOMHOT J1e0inKu 300paxeHa Ha puc. 1.
Pe3ynbTyrounii MOMEHT CTaTHYHOTO OTIOPY MiAHOMHOT JIe0i KK 00yMOBIICHUH SIK aKTUBHMUM MOMEHTOM M
BiJl CHUIHM TSDKIHHSI, IO J[i€ Ha BaHTaXX Ta BAHTa)KO3aXBATHHM MPHUCTPIi, TaK 1 PEaKTUBHUM MOMEHTOM Mp Bia CHiIu
TEPTS B PyXOMHUX eJIeMEHTaX KiHeMaTH4YHOI cxemH [5]:

M, =M, +Mp, (1)

F-D
My=—-, 2

21y, -0
1

Mp=M,|—-1], 3)

Mmn
e F — pesyneryroue 3ycmiist Ha Oapabani siebinku, H; D — niamerp Oapa®aHa J1eOigku, M; i, — IepeJaToqHe

YHCIIO MEXaHIYHOI Mepeiadi; # — KpaTHICTh MOTicnacTa; 7., — KKJI MexaHi9HOi mepenayi mpy miaifoMHI BaHTaxy [5].
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Puc. 1. KinemaTuuna cxema nigiiomHoi jiediaku: 1 — 1BuryH; 2 — my¢ra; 3 — ranbmo; 4 — mexaHiuHa
nepenava (pegykrop); S — 6apaban; 6 — 610k mosicnacTiB; 6 — BaHTaXK03aXBaTHHI MPHCTPii

100 Herald of Khmelnytskyi national university, Issue 5, 2022 (313)



TexHiuHi HayKu ISSN 2307-5732

Pesynpryroue 3ycwist Ha Oapabani 1e0iaKu:
F:(m3+m0)'g:GB+GO’ (4)
e me—Maca BaHTaXy, T, Mp—Maca BaHTa)KO3axXBaTHOTO mpuctporw; G,—Bara BaHTaxy, H; Gy—Bara
BaHTAX03aXBaTHOTO MPUCTPOIo, H; g — puckopenHs BinbHOro naainns, m/c? [5].
Ha ocHoBi aHamizy HaBeIcHOI KIHEMaTH4YHOI CXeMH Ta 3 BpaxyBaHHsM BupasiB (1)-(4) cdopmyemo
y3arajlbHeHY CHCTEMY PiBHSHb, SIKi OIIMCYIOTh MEXaHIYHY YaCTUHY JICO1IKHU:

_ Wy Dg
24, u’
Go=m, g,
Gg =m,-g,
M, =M, +Mp-sign(V), )
M, = (GstGo)Ds
20,0
1
Mp =M, | —-1],
’7}11’!
ze V — WIBUAKICT, TPAaHCIOPTYBAaHHS BAaHTaXy, M/C; (g —KyTOBa INBUJIKICTh Baja JBUTYHA TIpH

TPaHCIIOPTYBaHHI BaHTaXy, pajy/c.
BinmoBimHa cTpyKTYpHA cXeMa MEXaHIYHOI YaCTHHU JIeOi Ik 300paskeHa Ha puc. 2.

v

my

my

Puc. 2. CTpykTypHa cxeMa MeXaHi4HOI YaCTHHH JieOiaKku

Ha pwuc.2: M — MOMEHT NPHUBOJHOTO MABHWIYHa, H-M; M.—TanpMiBHUH MOMEHT, CTBOPIOBaHMH
€JIEKTPOMATHITHAM TaabMoM, HM; Jx — MpUBENeHNH 10 Baa JBUTYHA MOMEHT iHEpIIii MPHBOJA, K M?,
KKJ mMexaHiqHOT mepemadi 3ajeXuTh BiJ HABAaHTAKEHHS, a TOMY Horo HaOmmKeHe 3HAYCHHSA NPH Oyab-

SKOMY HaBaHTA)XCHHI IIPOTIOHYETHCS PO3PAXOBYBATH aHAJITHIHUM IIJIIXOM Tak [6, 7]:

p=——— ©)
I+—+b
e
ne a — KoeiLieHT mocTiifHuX BTpat; b — KoedilieHT 3MIHHUX BTpaT; y — KOe(illieHT HABaHTA)XKEHHSI, 3HAYCHHS
SKOTO JJIS1 TiIHOMHOT J1e0iiku Moke OyTH po3paxoBaHO TaKMM YUHOM [6, 7]:
y=Tlat M %
my,, + My

ne Mg, — HOMIHAJIbHA Maca BaHTaXy, T.
[Tpn HOMiHANBEHOMY HaBaHTa)keHHI (y = 1) cHiBBiAHONIEHHS KOe(ili€HTIiB BTpAT BIJIOMI i3 CTATUCTUYHUX
JaHux [6, 7]:

a
k===12.15. 8
b ®)
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TakuM YMHOM 3HaueHHS KOe(]IIi€HTIB MOCTIHHMX Ta 3MIHHMX BTpPaT MOXHa pO3paxyBaTH ILITXOM
CYMICHOT0 po3B’s3Ky piBHsHB (6) Ta (8) mpuy =1 [6, 7]:

1= 1,00,
b — HOM
77H0.M(1 + k) ’ (9)
1-n
=kb=k oM 1
¢ Myoull+K) (1o

BinmoBimHO 10 po3poOieHOi CTPYKTYpPHOI CXeMH (IUB. pUC.2) Ta HAaBEIACHUX AHANITUYHUX BHpPA3iB
peanizyemo BiAmoBiaHy ctpykrypy B IIIIIT Mathlab Ta odopmumo ii y Burmsai enemenra 6i6miorekn Simulink (
ZUB. puc. 3).

Block Parameters: Model_lebidka ﬁ

Subsystem (mask)

Parameters

Maca BaHTaX03aXBATHOrO NPUCTPORD, KM

Wov [ . - = .
- HoMmiHanebHa BaHTaXonigHoMHICTE, KF
B
S m_v
KKD_mp_pidjom [» HoMiHansHa WEKWAKICTE TPaHCNOPTYBaHHA, M/c
[NiameTp bapabaHa nebigku, m
Jsum (¥
- KpiTHICTb nonicnacTa nigeicku
Hwdv P A
Mc|»
MepegaeankbHe YWCNO pegykTopa
Model_lebidka

KK peaykropa npu m_HoM

Mpueegexnii moM. iHepuii (Bez Bpax. Mac, WO pyx. NOCTYNANLHO), Kr*M2

OK ][ Cancel H Help H Apply

Puc. 3. HanamryBanus mojeJi migiioMHoi jiediaku

PosropHyTa cTpyKTypa MexaHIYHOI YaCTHHH JeOiIKN 300pakeHa Ha puc. 4.

2} > x
W — * ()
Products = —
Divide3 -
J1 > :
Jsumj-J{ mv+m0) -
|5 um T+
= x
Vnom: > - Products
x Divide2
1 ' " e
Vnom
Product2 r
D

Gaind |_>
|+
ez =l g () >

0 p—| ‘\ij
> = o
mv
u - _,_
x
u Sign x
Product3
- I—P m
e ProductS
»

(ol x
my_nom }—‘ kkd_mp Laka
m_nom Divide5

kkd_mp_nom KKD_MP KKD_mp_pidjom

Puc. 4. Po3ropuyra cTpyKkTypa MeXaHi4YHOI YaCTHHU MiAHOMHOI JieGiaKku

102 Herald of Khmelnytskyi national university, Issue 5, 2022 (313)



TexHiuHi HayKu ISSN 2307-5732

CrpykTtypa 610Ky po3paxynky KKJ[ mexaHiuHO1 nepenadi BianoBimgHo 10 Bupasis (6) — (10) mpuBeneHa Ha
puc. 5.

Divide3 Kid_mp

kkd_mp_nom

m_nom

Product

Divided

a? 3?

Puc. 5. Ctpykrypa 6;10ky po3paxynky KK/ mexaniunoi nepenaui edigku

IIpoBenemo MOJEITIOBaHHS pobotu eJIEKTPOIPHUBO/IA M JOMHOT J1e01 KN €JIeKTpOTAaITi
BaHTAXKOIITHOMHICTIO 2T. TIPX MigifoMi HOMiHAIBHOTO BaHTaxy. JleOigka MPHUBOAUTHCS B IO E€IEKTPOIBUTYHOM
notyxkHicTio 3 kBT. Moxens B IIIIIT Matlab Simulink Ta HamamTyBaHHsS ii mapaMeTpiB MpHBEICHI Ha puC. 6.
Pe3ynpraTi MOIENIOBaHHS IOBHICTIO 30iraloThCs 3 pe3ysbTaTaMH IPOBEACHHX AHATITUYHHX PO3PAaXyHKIB Ta
300paxkeHi Ha puc. 7.

Block Parameters: Model_lebidka @

Subsystem (mask) e

Farameters

Maca BaHT@K03aXBaTHOrO NPHCTPOD, KM
40
m_v
- HoMiHanbHa BaHTaX0NiAAOMHICTE, KI
m KKD_mp._piem :
2000
KKD_mp_pidjom
Jeum > 0.1508 HOMiHaMLHE WEWAKICTE TPAaHCMNOPTYBAHHA, M/C
Wwav Jsum o/eo =
Me » 458 Aiametp bapabana nebigku, M
0.26
- Me
Model_lebidka

KpiTHicTL nonicnacTa nigeicku

2

> Tm

MNepegaBantHe 4MCIO pedyKkTopa

Al a| <«Rotor speed (wm )= 35.5

m
| ”—@ B B D KK[l pegykTopa npu m_Hom
¢l alc <Eleﬂmmagnet|ctnrqueTe(N'm}: 0.8
Three-Phase Source Asynchranaus Machine M, w Npueeaennii Mom. iHepuil (bes epax. Mac, L0 pyX. NOCTYNaNbHO), Kr¥M:
Sl Units -

n144

4 1 3

[ OK H Cancel H Help ] Apply

b

Puc. 6. MozenioBaHHs €JIGKTPONPHBO/Ia JIEOIIKH eJIeKTPOTAJI IIPH MiAiioMi HOMiIHAILHOT0 BAHTAKY

BuxopucToByIOUM 3ampoONOHOBaHY MOZENh BHU3HAYMMO TPAaHUIl 3MIiHM CTaTHYHUX HAaBAHTa)XKEHb
pO3TIIsIHYTOI MigHOMHOI J1e6iAKM IpHW MiAHOMiI Ta CIIyCKy HOMIHAJIbHOTO BaHTaXy Ta HE3aBaHTaXXEHOTO
BaHTaK03aXBaTHOTO MPUCTPOIO (puc. 8). Pe3ynpTaTét MOAETIOBAHHS MPEICTABUMO Y BUTISAAL rpadikiB MEXaHIUHUX
XapaKkTepucTHK (puc. 9).
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FT M, ow LI—M: = )
File Tools View Simulation Help k]
@-(SOP® =-A-H-FlA-

<Rotor speed (wm)>, <Electromagnetic torque Te (N*m)= &
ol
250
S Ah
\
100 o (1)
T B s
] M_(t)
0
o 0.05 01 015 0.2 0.25 0.3
Ready Offzet=0 | T=0.300

Puc. 7. Pe3yabTaTi Mo/1eII0BAaHHS €J1eKTPONIPHBO/IA J1eDiIKH eJIEKTPOTAI NPU NMiHoMi HOMIHAJTBHOTO BAHTAXKY

v —l 'K} vy —l Vvl

KKD_mp_pidjom KKXD_mp_pidjom 1

s
E
¢

_l_.
725 W

Jaln"
W1 e

Mode| Ebikal

EI—"L"

KKD_mp_phdfom2 KKD_mp_pidjom3

- _I_- .
TLE Wy 125 L
Jaumz
Wauz W3

Rz Rz
> I 6057
kodel Bbkka? Model Ebkkad
M2 M3

Puc. 8. Moae110BaHHS CTATHYHAX HABAHTAXKEHD MiHOMHOI JIeOiKy Npy mifkoMi Ta cmycKy
HOMIHAJILHOT0 BAHTAKY TA He3aBAHTAKEHOI0 BAHTAK03aXBATHOI'0 IPHCTPOIO

o, pag/c

501

Mc 0l MCnoM.l MC, H-™m

or HOM.T

Puc. 9. Mesxi 3MiHHM CTATHYHHX MOMEHTIB J1e0iAKH NPH MilioMi Ta CIMyCKy BaHTaxkKiB

KinemaTruHi 3B’S3KH MiAHOMHOI JIeOiJKH HE € a0COIOTHO KOPCTKHMH, BOHH XapaKTePU3YIOTHCS MEBHOIO
JKOPCTKICTIO, [0 0OYMOBIIFOE BUHUKHCHHS KOJIUBaHb B CUCTEMI B PE3yNIbTaTi Ail TUHAMIYHUX 3YCHIIb.

HasBHiCTh NpY)XHUX KOJIMBAaHb B MEXaHI4YHIH CHCTEMI CIIOTBOPIOE Tpad)iky IIBUAKOCTI PyXy CHUCTEMH Ta
MPU3BOANTE 10 MyJbCalild 3ycHUIA. SIKIIO MmiJ 4ac MpOCKTYBaHHS ab0 MOJCIIOBAHHS HE BPaXOBYBaTH IMPYXKHI
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BJIACTMBOCTI MEXaHIYHOTO 3B’S3Ky, TO MO’KHA TIOMWJIMTHCS Yy BHOOpPI MaTepially B MEXaHIUHIA CHCTEMI, 3aBIaHHI
pexumy poboTh cucteMu. Bee e Moxke NPU3BECTH IO aBapii, 3yMUHKH TEXHOJOTIYHOIO MPOIECY, HAHECCHHS
IIKO/IM 00CITyTrOBYIOYOMY HIEPCOHAITY TOLIO.

[IpencraBuMo miAHOMHY JIeOiIKy TBOMACOBOI MEXaHIYHOK CUCTEMOIO 3 MPYKHUM 3B’s13k0M (puc. 10).

M (O cn an 2
o BEI ettt /o I
an Me

Puc. 10. ExBiBajieHTHA IBOMACOBa CHCTeMa 3 MPY:KHUM 3B’SI3KOM

Cuctema nu¢epeHIitHIX PiBHAHD TaKOI TBOMACOBOI CHCTEMH OyIe MaTH BHTIIS;

an =Cp A(D’
A¢ = J.(a)l -, )dt:
dao, (11)
M - an = Jl 7,
dw,
an - Mc = J2 79
ne M,, — MOMEHT TIpYXHOTO 3B’s13Ky, H'M; ¢;> — KoedilieHT npy>KHOCTI y 3B 513Ky MiX Macamu; 4@ — KyToBa

nedopmanist Mpy>XHOTO €IEeMEHTa, Paj; @, > — Y9acToTa o0epTaHHs mepioi Ta Apyroi mac, pan/c; M — pyuniHun
MomenT, H'M; J; J> — MOMEHT iHepIii IepIoi Ta Apyroi MacH, Kr-M->.
st cTaneBux BalliB Ta KaHATiB KOeQIIiEHT IPYKHOCTI po3paxoByeThes 3a hopmynamu [8]:

V4 d*
¢, =—- G —, 12
w =3, 7 (12)
1,11-10°-
e = SLRL— (13)
160'Hk_10_ ‘mk‘Hk
e G — KoeDilieHT, o XapaKTepH3ye MPYKHI AKOCTI MaTepialdy, 3 SKOro BHUroToBieHo Ban (G = 8,7+ 103

kr/cm? = 8,53 10'° H/m?); d — niameTp Baa, cM; Hy — JOBKHMHA KAHATY, M; /1 — 3aIIac IIPYKHOCTi KaHATYy.
CTpyKTypHa cXeMa BOMacOBOi CHCTEMH, CKJIAJCHOI yV BIMIOBITHOCTI 10 cucTeMU piBHSAHG (11) HaBemeHa
Ha puc. 11 [9, 10].

Iip p Ip

Me

Puc. 11. CtpykTypHa cxema 1B00XMacoBOi cHCTeMH

JIONOBHMBIIIM MOJZEJb MiAHOMHOI J1€01IKM CTPYKTYPOIO JIBOMAcOBOi CHUCTEMH, OTPUMAEMO Yy3arajibHEeHYy
MoJIeITb JIe01IKY 13 BpaxyBaHHAM NPYXKHOCTI MeXxaHiuHOi nepenadi. Ha puc. 12 HaBeneHO BiMOBIAHY KOMII IOTEPHY
MO/IeJTh (3 BUKOPHCTAaHHAM JIIHEAPU30BaHOI MOJIeIi PUBOJHOTO ABUTYHA) Ta Irpadiky MepexXigHuX MPOIeciB w;(?) Ta
w>(t) IpH TANROMI HOMIHAJILHOTO BaHTaXYy.
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Puc. 12. Pe3yJbTaTH MO/IeJIIOBAHHS IBOMACOBOI CHCTEMH i3 BpaXyBaHHAM
MPYKHOCTI Y 3B’SI3KY Mizk MacaMu

Ha puc. 13 naBeneHo rpadiku nepexiHUX NpOLECiB KyTOBOI MIBUAKOCTI ABUI'YHA /(¢), MOMEHTY JIBUT'YHA
M(), npy>*XHOTO MOMEHTY M,,(?) Ta MOMEHTY CTaTHYHOTO ONIOpY M,(t) IpH TiiioMi HOMIHAJIBHOTO BaHTAXY.
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Puc. 13. Pe3ybTaT MO/I€JIIOBAHHS IBOMACOBOI CUCTEMH i3 BpaXyBaHHSM HPYKHOCTI y 3B’SI3KY Mik MacaMH

3 rpadikiB BUAHO, IO B Pe3yJIbTaTi NPSIMOTO 3aIyCKy YCTaHOBKHM 11 IIBHJIKICT Ta MOMEHT MAlOTh OibII
BHpPOXCHUH KOJIMBaNbHUN xapaktep. TakWx KoJWBaHb HeMae Ha rpadikax (auB. puc. 7), ski oTpuMmani 0e3
BpaxyBaHHS NPY>KHOCTI. [Tpy>kHI KOMTMBaIBHI MPOLECH B MeXaHi3MaX HMPU3BOJIATH 10 HEMPOTHO30BAHOI IMTOBEIIHKH
CHCTEMH 1 MOXYTh CTAaTH INPUYMHOIO aBapiiHoi curyamii. TakuM YHHOM, BpaxyBaHHS HPYKHUX BIACTHBOCTEH
MEXaHI9HOI CHCTEMH TIiJT 9ac 11 MPOEKTYBaHHS T03BOJHUTH NOKPAIINTH e(EeKTUBHICTh Ta HAJIHHICTH 11 pOOOTH.

BHCHOBKM 3 1aHOT0 AOCJTiIKEHHS | NePCNEKTHBH NMOJAJIBIINX PO3BiIOK Y JaHOMY HanpsiMi
Po3pobuieni MaTeMaTH4HI Ta KOMIT IOTEPHI MOJIeNi JJ03BOJISIIOTE OTPUMATH KOPEKTHI pe3yJIbTaTH B YChOMY
Jiarna3oHi HaBaHTaXeHb 13 BpaxyBaHHsIM 3MiHM KK/I mexaniuHoi nmepexadi mpu 3MiHI HaBaHTa)KeHb Ta HAIPSIMKY
TPaHCIIOPTYBaHHS, a TaKOXXK BPAaXOBYIOTh BIUIMB HPYXKHOTO 3B’SI3Ky MiX IPUBOJHHMM JIBUTYHOM Ta BHKOHAaBYHUM
MeXaHi3MOM. BHKOpHCTaHHS 3alpOIOHOBAaHMX MOJENEH J03BOJHUTH CYTTEBO CHPOCTHTH IIPOLEC MPOEKTYBAHHS
CHJIOBOTO €JIEKTPONPUBOA IiAHOMHHMX J1€01/10K KpaHiB.
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