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AHoTanis. 3a3BUuail po3pi3HAIOTH TPH OCHOBHI
cTafdii pyxXy BaHTaKOITHOMHOTO MEXaHI3My Kpa-
Ha: mycK (pO3riH), yCTaJeHHH pyX i raibMyBaHHSI
(BuOIr, 3ynunka). s KoxKHOT i3 BKa3aHUX CTamil
PyXy XapaKTepHi NEeBHI CIIBBIIHOIICHHSI MiX PO-
O6oramMu pymnifiHUX (4M TaIbMIBHHX) CHJI 1 CHII
oropy. 30kpeMa, Ha CTaJlii MyCKy MeXaHi3My He-
00Xi/THO, 00 PyUINHUNA MOMEHT OyB OUTBIIMM 3a
MOMEHT Bij CHJI oTIopy pyxoBi. IIpu 1isomMy Ha Ba-
JIy JBUTYHA TPOTATOM 4acy IyCKy BUHUKAa€e HE0O-
XiJIHE IPUCKOPEHHS 1 HOro KyTOBa IIBUAKICTH 3pO-
CTa€ BiA HYJS JO yCTAJICHOTO 3HAYEHHS, IO Bif-
TIOBIZIa€ MMACIIOPTHOMY pekuMy. IIpoTsrom HabOpy
YaCcTOTH JI0 yCTAJCHOTO 3HAYCHHS BJIACHA YacTOTa
obepranHs Baja IBUTYHA € (yHKIiEro dacy. Y
Mporieci MyCcKy MeXaHi3My MigiHoMy BaHTaXxy BH-
HUKAaE pe3oHaHc (4actota oOepTaHHS Bajia JABHUTY-
Ha JIOPIBHIOE BIIACHIN YacTOTI KOJHMBAaHb CHCTEMHU
«IIPHBIJ — KaHAT — BaHTak»). Came Leil pe3oHaHC
MPHU3BOJIUTH J0 CYTTEBOTO IMEPEBAHTAXKCHHS JIBH-
TyHa y Tporeci Ha0Opy HUM YCTaJeHOI 4acTOTH
obepranua. HeoOXimHo mpwiiMaTei 3aX0Id MO0
3MEHIIICHHsI HEOE3MEeYHUX TMEPEBAHTAXKCHD JBHTY-
Ha y TIpoLeci HOro MycKy, a TAKOX 3MEHIIYBATH 10
MIHIMaJIBHOIO 3HA4YCHHS KOeQILI€HT IepeBaHTa-
JKEHHs/HaBaHTa)KeHHs (IMHAMIYHOCTI) y TPY>KHO-
My eneMeHTi MexaHi3Mmy (kaHari). [y mporo Bu-
KOPHCTOBYIOTh Cy4acHi MEXaHOTPOHI CHCTEMH Ke-
pyBaHHS PyXOM MEXaHI3My IiTHOMY BaHTaxy i 3a
JIOTIOMOT'OI0 CTICIIAIbHUX KOHTPOJIEPIB 3a1aTH TakKi
3aKOHHM PYXY HNPUBOIY i BaHTaxy, 3a SKHUX Koedi-
IIEHT TUHAMIYHOCTI Oyae MiHiMabHUM. [lpu mpo-
BEIICHHI MOMIOHMUX pO3paxyHKIB W onTHUMIi3aIii Tu-
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HaMiYHMX HABAaHTOKEHb y KaHATaX MEXaHi3My ITi-
THOMY BaHTaXy CJiJ BpaxoBYBaTH CIIOCOOH IIif-
HOMy BaHTaXY. <3 Barm», <@ IMIXBaTOM» abo0 <3
3eMIII», @ TaKOX OCHOBHI KIHEMATHUYHO-CHJIOBI M
TEOMETPUYHI TapaMeTpyu MexaHizmy. Mera mgaHoi
pobOTH TONIITae y BCTAaHOBIICHHI 3aKOHIB PyXy
€JIEMEHTIB BaHTaXOIMIJHOMHOTO MeXaHi3My KpaHa,
3a SIKUX MIHIMI3YIOTbCS PYLIIHHUI Ta HaJJIHIIKO-
BHIf MOMEHTH Ha BaJly IBUTYHA, a TaKOX Koedirri-
€HT JUHAMIYHOCTI y TPYXHUX eJieMeHTax (KaHa-
Tax) MEXaHi3My y mHpoleci Horo mycKky HaBiTh 3a
HAsBHOCTI pe30HaHCIB (30iraHHsA MUTTEBOI YaCTOTH
obepTaHHA Bajia 3 BJIACHOIO YaCTOTOIO CHUCTEMH
«IPUBIJ — KaHAT — BaHTaX»). BpaxoBaHi MOMEHT-
Hi XapaKTEepHCTUKHU JIBUTYHA 3a (popmymnoro Kioc-
ca, a TaKOX Pi3HI BUAM JUHAMIYHOTO OTIOpYy 00ep-
TaNbHOMY PyXy BaJla JBUTYHA. 3IiHCHEHUI po3pa-
XYHOK TapaMeTpiB ONTHMAJIBHOTO IyCKy BaHTa-
YKOTITHOMHOTO MEXaHi3My Ha OCHOBiI OOTpYHTOBa-
HUX CKBIBAJICHTHHX CXEM: a) <@ Baru» abCOJIIOTHO
JKOPCTKUM KaHATOM; 0) <3 Barw» Mpy»XHUM KaHa-
TOM; B) <3 IiaxBaTOM» abo <3 3emii». Bcranosie-
Hi 3aKOHHU PYyXy, 3a SKUX MIiHIMI3YEThCS HATAT
NPYXHUX €JIEMEHTIB MeXaHi3My (KaHaTiB) MpH Ti-
IAOMI BaHTaXy y TpoIlecax IMycKy. Bukopucrani
MiIXOW Ta METOAM KJIIACHYHOTO BapiarifHOro 4u-
cienHs. HaBeneHi pe3ynbraTé OTPUMaHi YHCENb-
HO-aHATITHYHHUMH METOJIAMH.

KurouoBi cioBa: oOTpyHTYBaHHS, CKBIBAJICHT-
Ha CXeMa, PO3paxyHOK, MapaMeTpH, ONTUMATbHUAN
MyCK, BaHTAXKOIMIIMNOMHHMN MEXaHi3M, KpaH, MiHi-
Mi3allis, HaTAT, KaHaTH, MTHOM BaHTaXy, CIIOCO-
ou.
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[TIOCTAHOBKA 3AJIAUI

Po3pi3HAIOTH TPU OCHOBHI CTajii pyxXy BaH-
TOKOMIIAOMHOTO MEXaHI3My KpaHa. IIyCK
(po3riH), SIKMil TPUBAE MPOTATOM JESKOTO Tie-
piony wacy t,, ycranenuii pyx (mpotsrom va-

cy t,) i ranmpmyBaHHs (BHOIr, 3ynMHKa), sIKe
TPHUBA€ MPOTIAroM Jeskoro dacy t . Jlus xox-

HO1 3 HUX XapaKTEpHI MEBHI CITiBBIIHOIICHHS
MDK poOOTaMu pyHIHHUX (YW TaJbMiBHHUX)
CWJI 1 cWJI omopy. 30Kpema, Ha CTajii MycKy
MEXaHi3My HEOOXiTHO, 00 pYIIHHUI MO-
MEHT OyB OUIbIIIE MOMEHTY BiJl CHJI OTIOPY PY-

xoBi (M, >M €, e M, — pymiiinuii mo-
(cr.) :
MeHT, M "’ —MoMeHT cuit onopy (cTarionap-
Huil). [HaKIIe KaKydd, HaJUTUIIKOBUH MOMCHT
(M ), SKuii TOpIBHIOE PI3HHMIII MiXK MOMECH-

tamu M i M 1) Gys 6Ginpme myms. Ipu

HaJL.

[IbOMY Ha BaJIy JBUT'YHA IIPOTATOM Yacy ITyCKY
(t,) BuHKMKae HEOOXiaHE IPUCKOPEHHS W)/t i

foro mBHIKICTb 3pocTae Big 0 10 Wy, Ae W,

ycTalieHa KyTOBa IIBHJKICTh OOEpTaHHS Baya
neuryHa. Ciim 3a3HaYWTH, MO MPOTATOM Ha-
0opy uyacToTu (), BJIaCHA 4acTOTa O0OEpTaHHS

BaJla JABUTYHa W € QyHKII€w dacy t, ToOTO
w(t) . Kpim Toro, y mporieci mycky MexaHizmy

nigifioMy BaHTaXy BHHHUKA€E pe30HaHC W=Q,
ne ( — BjacHa 4acTOTa KOJIMBaHb CUCTEMHU
“mpuBig — kaHat — BaHTax . Llelt pe3zonaHc
HOPU3BOJUTH JI0 CYTTEBOIO IEPEBaHTAXEHHS
JBUTYHA caMme y Tpolieci Habopy HUM ycTaje-
HOi yactotu obepraHHs (). HeobxigHo mpu-

HMaTH 3aX0¢ 1010 3MEHIICHHS HeOe3euyHNnX
NepeBaHTaKEHb JIBUTYHA Yy Tpolieci Horo myc-
Ky, a TaKkOoX 3MEHIIYBaTH 10 MIiHIMaJbHOTO
3HAUEHHS Koe]ilieHT IIEpEBAHTAXKEH-
Hs/HaBaHTaXXCHHs (IMHAMIYHOCTI) y HPYKHO-
My eJIEeMEHTI MeXaHi3My, To0To y kaHarti . [lyis
IIbOTO MOKHA BUKOPHCTaTH MEXaHOTPOHI CHC-
TEMH KEpYBaHHS PYXOM MeEXaHi3My MigiioMy
BAaHTAXY 1 3a JIOTIOMOTOIO CHEIlaJbHUX KOHT-
poJiepiB 3a7aTH TaKi 3aKOHU PyXy MPUBONY 1
BAaHTAXY, 3a AKUX KOEQIIEHT TUHAMIYHOCTI
Oyne minimanbHuM. HesaiiBum Oyzme 1 kepy-
BaHHA 32 JIOIIOMOTOI0 BKa3aHUX CHCTeM 00ep-
TaJIbHUM PYXOM Bajia JIBUTYHA, KOPUCTYIOUHUCH

YaCTOTHUM TIEPETBOPIOBAYEM, IO MPHBOAHTH
y KIHLIEBOMY BHIIaJKy IO MiHiMi3amii came
PYIIIHOTO 1 HAITTUIIIKOBOTO MOMEHTIB.

[Ipu mpoBeneHHi MOAIOHUX PO3PaXyHKIB 1
onTUMIi3alii TUHAMIYHUX HABAHTAXKEHb y Ka-
HaJIaX MEXaHI3My HiAioMy BaHTaxy CIiJ Bpa-
XOBYBaTH CIOCOOHW MiTHOMY BaHTaxy. “3 Ba-
ru”, “3 migxBaroM”/* 3 3eMi1i”, a TAKOXK OCHOB-
HiI KIHEMaTHYHO-CHJIOBI 1 TEOMETpPUYHI mapa-
MeTpu MexaHizmy. Came 1M mpobiiemam Ta
iX BUPIMICHHIO 1 TPUCBSYEHE JIaHE JTOCIIIKEH-
HSI.

AHAJI3 ITYBJIIKAL 3A TEMOIO
TOCIDKEHHS

OcHoBHI Mojeni (YyHKIIIOHYBaHHs BaHTa-
KOMIHOMHHUX MEXaHI3MiB KpaHiB PO3TJISHYTI,
BCEOIYHO JOCIIKEHI Ta OOTPpYHTOBaHI y PO-
oorax [1, 8, 9, 11, 13]/lunamiuHa onTUMI3a-
i T AHOMHO-TPAHCTIOPTHUX MAIWH, y T.4. Y
pexuMax ix mycky, po3rsnyTi y [2 — 7].TIpo-
TE€, aBTOPU BKa3aHUX JOCITIKCHb HE BHUBYAIH
PE30HAHCHHUX SIBHUIIL, SIKI HEMUHY4YEe BUHUKAIOTh
npu HaOOpl JABUTYHOM YCTaJ€HOI YacTOTH
o0epTaHHs y mpolecax MycKy BaHTaXKOIIiIiHo-
MHHUX MeXxaHi3MiB [9].

Kpurepii sikocTi pyXy BKa3aHUX MEXaHi3MiB
y mepexifHux mporecax (Myck, ralibMyBaHHS,
peBepCyBaHHs), KOTPi JISKATh Y OCHOBI JIMHA-
MIugOl omTWMisarii, 3aCHOBaHl Ha IHIINX 3a-
camax (He Ha MiHiMi3allii KOSQIIiEHTy TUHA-
MIYHOCT1).

VY naHoMy JOCHiJKEHHI BpaxoBaHi came
PE30HAHCHI SIBUIA, 110 BUHUKAIOTh Y CUCTEMI
“mpuBig — KaHAT — BaHTAX MEXaHI3MIB ITiJI-
oMy BaHTa)Xy, a TaKOX BCTAHOBJICHI 3aKOHU
PYXy €JIEMEHTIB NMPUBOY Ta BaHTaXYy, 3aKpiIl-
JICHOTO Ha KaHaTi, 3a AKUX MIHIMI3ye€ThCS KOe-
GbIMieHT IMHAMIYHOCT] Y TIPY)KHUX €JIEMEHTAX.
Kpim Toro, Bu3HaueHi 3aKOHU PyXy Baja JIBH-
TyHa, 3a SKAX MIHIMI3YIOTbCS PYIIIMHUN Ta
HAJIITKOBUN MOMEHTH Y TIpOIecax MycCKYy.

META POBOTU

Merta po0oTu mosisirae y BCTAaHOBJICHHI 3a-
KOHIB PyXy €JIEMEHTIB BaHTaXKOIiIHOMHOTO
MEXaHI3My KpaHa, 3a SKHX MIHIMI3ylOTbCs
PYIIIHHUI Ta HAUTUIIIKOBUH MOMEHTH Ha BTy
JBUTYHA, & TaKOXK KOe(DIIiEHT JMHAMIYHOCTI Yy
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NPY)KHUX elleMeHTaxX (KaHaTax) MeXaHi3My Y
mporieci #oro mycky HaBiTh 3a HasiBHOCTI pe-
30HaHCIB (CIMIBMAIiHHS MHTTEBOI YacTOTH
oOepTaHHs BaJia 3 BJIACHOI YaCTOTOK CHCTE-
MU “TIpUBi — KaHAT — BaHTax . [lpu mpomy
BpaxoBaHI MOMEHTHI XapaKTEPUCTHKH IBHUTY-
Ha 3a popmymoro Kiocca [1, 10],a Takox pi3-
HI BHIM JWHAMIYHOTO OIOPY OO0EpPTaIbHOMY
pyxy Baya aBuryHa [9].

BUKIIAJL OCHOBHOI'O 3MICTY
JOCJIDKEHHA

1. Anami3 Ta ONTHUMI3AIls PEKUMIB IYCKY
JBUTYHA  BaHTQXKOMIAHOMHOTO  MEXaHI3MY
KpaHa.

JIyist IpoBeIeHHsI PO3PaxyHKIB, MOB’ A3aHUX
3 MPOXOJKCHHSIM Yepe3 PE30HaHC, AJIs BU3HA-
YeHHs JTUHAMIYHMX HaBaHTaXEHb Y MEXaHi3-
Max MigioMy BaHTaXy KpaHiB Ta iX eJIeMeH-
Tax, a TaKOX JUIsl PO3B'SI3KY IHIIUX 1HXEHEP-
HUX 3aJa4 HeOOX1JHO 3HATH, 3a SKUM 3aKOHOM
3MIHIOIOTBCS OOEpPTH MAIllMH y TEPEeXiTHUX
peXHMax, 30KpeMa y Mporecax mycky. Tak,
JUIS BU3HAUEHHS MAaKCHUMAJIbHOI aMIUTITyId
KOJIMBaHb HEOOXITHO 3HATH KYTOBE MPHUCKO-
pPEHHS Y MOMEHT 30iraHHs 4acTOT BUMYIIICHOI
CWJIH 1 BJTACHUX KOJIMBaHb CUCTEMH “TIPHUBII —
KaHaT — BaHTAX MEXaHI3MY IMiIHOMY, OCKLITb-
K MakCUMyM aMIUTITyld KOJHBAaHb CYTTEBO
3aJIe)KUTh BiJl KyTOBOTO MPHUCKOPEHHS caMe Y
el MOMeHT. 3aKoH 3MiHM 00epTiB y Yaci Io-
Jlati Bl pe30HAHCY BIUIMBAE HA PE3YJIbTAT J0-
Bout caabo [9].

Busnauaroun KyTOBe MPUCKOPEHHS, SIKE Bi-
JIOBIJTA€  PE30HAHCY, OyIeMO BUXOAWTH 3
IIPUITYILEHHS], 0 3BOPOTHUHN BIUIUB KOJUBHOI
cucremu (“mpHBix — KaHAT — BaHTaX') € cja-
OuM (TOMY HUM MOXXHA 3HEXTYBATH) 1 IO MO-
MEHTHA XapaKTepUCTUKa JBUTyHA HE 3aJe-
KUTHh BiJ] KYTOBOTO MPHUCKOpPEHHS, TOOTO €
CTaTUYHOIO.

OTXe, HEXTYIOUN KPYTHUMH KOJHBaHHSIMU
y cucTeMi “IIBUTYH — IPHBIJT BaHTaXKOIIIHO-
MHOTO MEXaHi3My, CKJIaieMo nudepeHiriaibHe
PIBHSIHHS 00€pTaIBLHOTO PyXY Bajla JBUTYHA:

16+M,, (¢)=M(9), 1)
e ¢ —KyT MOBOPOTY poTopa nBuryHa; M (¢)
— CTalioOHapHa MOMEHTHA XapaKTepUCTHKA
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nBuryHa; M . (¢) — MOMEHT cui omopy; | —
3BEJCHUN 10 Baja JBUTYHAa MOMEHT iHEpIi
neranei, 1o obeprarotees; ¢ =dd/dt,
$ =d%p/dt?, t —uac.

Benemo nosnauenns: w=¢, tomi (1) mo-
»KHA MOJAaTH HACTYITHUM YHHOM:

|%’=M(w)—|v|m(m). (2)

bynemo y nopanbmomy BBakaTH, IO JBH-
I'VH € CHCTEMOIO 3 KOPOTKO3aMKHEHUM aCHHX-
POHHUM €JIEKTPOABUI'YHOM, MOMEHTHA Xapak-
TEPUCTHKA SIKOTO ONHUCYETHCA  (POPMYIIOF0
Kiocca [9]:

oM, 3 01-2
j— wC
M (w) =" B
© —22+1+sf
W, w,
ne Mmax:meMH; SK:SH[Qmw-I-Vn‘ﬁ_l);
S, S ) , M., M, — MakcuManpHuil 1
w

C

HOMiHaJIbHUH MOMEHTHU JABUTYHA; M, — KpaT-
HICTb MAaKCHMAalIlbHOI'O MOMEHTY; (), — HOMi-
HaJbHA 4acToTa 00epTaHHA Baja JBUTYHA;

— CUHXPOHHA 4acToTa 00epTaHHS Bajia JIBUTY-
Ha; S, S, — KPUTHYHE KOB3aHHS (KOB3aHHS,

IpU SKOMY BHHHKAE 1 JOCATAETHCS MaKCHMa-
JbHAH MOMEHT OOCpTaHHS), KOB3aHHS MpPH
HOMIHAJILHOMY PEKUMI BiIMTOBITHO.

[lpr mycky IOBUTYHa Ha XOJOCTOMY XOJi
CHJIU OTIOpY OOYMOBJICHI T€PTAM Y IiAIIUITHU-
Kax W HIIMX YacTUHAX, a TAKOX BTpaTaMH Ha
BeHTWIsAMiI0 Ta 1H. CyMapHHA MOMEHT IIHX
cun y pobodomy pexumi ckiamae ours 10%
BiJl HOMIHAJIBHOTO MOMEHTY NBUTYHA. Tomy
P PO3MIISIAL MYCKYy MeXaHi3My/MamuHu 6e3

HAaBAHTAKECHHS MOXKHA NpUHHATH M (o)) =0.

JIJis IpUCTPOiB 3 BIJAICHTPOBHUMH Hacoca-
MU, BEHTUJISITOPAMH 1 ISl IPUIIAJIIB 3 BEITUKU-
MU BTpaTaMH y PEAYKTOpax MpPH IMYCKY I
HABaHTKEHHSM PEKOMEHIyeThes [9] miHiliHa
3aJIEKHICTD Bl W:
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M8 (@) = B @)

HaBanTtaxkeHHst Bii BiOpaimiiiHUX TPOXOTIB
Ta 1HIUX BiOpaIIiHUX MPUCTPOIB MPUNMAEThH-
Csl IPOMOPIIITHUM KBaJpaTy KyTOBOI IIBUIKO-

CTi W:
M w)
H > - . 5
(1-s) [Ewoj ©)

BBeneMo moHATTS e(heKTUBHOTO MTYCKOBOTO
MOMEHTY JIBUTYHA!

M o) =

M& (w)} - (6)

SIK11o BU3HAYaTH MOMEHT Ha Bajly JIBUTYHA,
3BEJICHUI J10 OCl MpUBiAHOTO OapabaHa Mexa-
HI3MY MIIAOMY BaHTaXy, TO BiH PO3paxoBY-
€TbCsl 32 HacTymHOwo (opmynoro Kiocca [1,
10]:

M (@) 2 D ()

Wy
W ), s

-y
Wy

ne M, ., — MakCUMalbHMM MOMEHT Ha Baiy

npuryHa, U — 3arajpHe nepenaToyHe 4YUciIo
IpUBOJY; N, — KOehillieHT KOPHUCHOI Aii MmpH-
BOIY; S, =S, [@)\ ++/ X —1); A=m, — mepe-
BaHTaXyBaJlbHA 3JaTHICTh JIBUTYHA;
S, =1-w, /w,, W, —KyToBa MBHIKICTH izea-
JBHOTO XOJIOCTOrO XOXy. I[HII mMo3Ha4YeHHs
HaBeJIeHi Buie y Gopmyi (3).

Zanumemo piBasHHA (3) — (6)y Ge3po3mip-
HUX 3MIHHHUX:

— \_2ms(1-®) _ _

M ( )—[(l_m)ersf},co—co/wc,

IV Mon [

(0)” ME : ®)

v_ M _) v(l)_ w
T )

Mo (@)= (f: P

Beenemo 0Oe3po3mipHy 3MiHHY dacy T:

M, O S
= o a Tako Oe3pO3MipHHUI KyT MOBO-
M .
poTy poropa ABUTYyHA O : ¢=$. Toni

piBHsIHHS (2) HaOyBa€e BUTIISIITY

9)

a MoMeHT M ((I)) =M ((_x)) ~Mon ((_x)) =0,.

SIKIIO TPHUBAJICTh MYCKY IBUTYHa (10 MO-
MEHTY Ha0Opy HUM YCTaJeHOI YacTOTH 00ep-
TaHHs Bana W, ) €t , 1o

yer

M, O, 10
“Th (10)

SIkmo BukopucroByBatu Qopmyrny(7), To
MPOIICAYPH 3BEACHHS PIBHSAHB 1 XapaKTepuc-
TUK pyXy JABHIYHa 10 0e3po3MipHOi dopmu
3IMMIAIOTECS TAKUMHU K, ale 3MiHIOIOTHCS
HACTYIHI BUpa3u:
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=/ W, :@D:wl(%}

D s I W .

= Sw=w, /| —

=05 ag=a, /(%)

coME o M

p ||]0C Y4 |[€w0j’
U

MOE . M3

— () = 2m. 8, [(1-)
M Ty o]
W (a)- 2m, M, 5, f1-)

[(1— (T)D)2 + sf}

(11)

U

=(2) , B NG
o ( )_ (l_SH)Z
W (o) (&) Mo
(1-s)

VY nopanbmomMy OyaeMo po3risaaTH Iepe-
X1JTHI TIPOLIECH Y JABUTYHI MEXaHI3My IiIHOMY
BaHTaXy KpaHa, SKi BHU3HAYAIOTHCS CIIIBBiJ-
nomenusmu (8) — (10).

Busnaunmo ymoBH peanmizamii pyxy Baia
IBUTYHA, 3a SKOTO pealli3yeThcsi HACTYyITHA
AKICTb PYXY, IO 33J10BOJIbHSIE KPUTEPIIO

3po3ymilio, M0 veﬁ ((I)) € QyHKIieo T,
OCKUTbKU W= G)(T).

HeoOximna yMoBa peamizaifii KpHUTEpItO
(12), sixkuit hopMy€eTBCSI 3TiTHO 3 BUHAUYCHHIM

M et (G)), 3BOJMUTHCS 10 piBHIHHS Elnepa-
ITyaccona:

q54r = 0 * (13)

Posmykyemo ¢yHKIIIFO qS(T) y BUTIISI
CIUIaliHA TPETHOrO MOPSAKY 1O T:

P(T)=A+AO+AT +AT,  (14)

71 KOHCTaHTH Ay, , ; MOXKHA 3HAalTH 3 HACTYI-

HUX YMOB:

qj |r=0= O'qu L=O: O’zljr Lrp = G)l;

Ba e =0 o)
2t =T, -
B pesynbsTarti MaTumMemo
qiot(-[):ﬁljiz_(nl ’
P T, 3t
_ @A o, [1°
@y (T) 2% G ZTZ :
p p
== (opt)
Mer (@) =2m, (5, %
2
[1— 2% -0l }
x B b _ (e

(1-s, T, T
- - 2

— .2

L PIC YL

l-s)[ v T

Jlam po3rasiHeMO YMOBH, 32 SIKUX MIHIMI3Y-
€TbCS PYLIIIHUI MOMEHT NMPUBOIY Yy NpoOLECi
nycky. 3 mepmioro piBasHHS (9) cucreMu Mma-
€MO
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M (@) =M,, (@) +3,. (17)

PosrnsineMo 1Ba BUMAIKH.

1. M, ()=

- ®
(1-s)
mo W= Q)(T), MoxHa (17) 3anucatu HacTyr-

Toni, BHACIIZOK TOTO,

HUM YHAHOM.

M (@) =M (1) ( .. (18)

3’'scyeMo, 3a SKUX YMOB PEali3yeThCcsl Ha-
CTYHNHHMI KpHUTEpi SKOCTI pyXy NpHBOAY B
MpoIIeci HOro MmycKy:

TiETJ:[M(T)]sz:
&

HeoOxigHoto ymoBoro peanizarii (19) e pi-
BHsiHHA Eitnepa-Ilyaccona:

@TT —_ O

(1—8 )2 . (20)

(19)
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} dT= min.
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Bpaxosyroun te, mo ¢, =d®/dt, 3 (20)

MaeEMoO

(21)

Onnokparne interpyBanus (21) mo T (mpu
koHcTanTi iHTerpyBanus C =0) 3poauts (21)
110

=0. (22)

Olop= 00|, =@, (23)

OTPUMAEMO  ONTUMATbHHM 3MIHH

G(T) = G)f)lgt (T) , 32 SIKOTO peayli3yeThCsl KpUTe-

piit sxocti pyxy npusoay (19):

3aKOH

oft) =
w°[ﬂ{1—psﬂj . (24)
)
SUCES 5’2)2 roi a1 M (1) waewo
ﬁ( ):(12) +T_ . (25)

PiBusiuust  Eiinepa-Tlyaccona mis (19) y
[IbOMY BUIIAJIKy HaOyBa€ BUTIISATY

2

%T—m[ﬁb?’:o. (26)

MoxHa 3HalTH JABa PO3B’A3KH IIOTO PiB-
HaHHS (26) y 3aJeKHOCTI Bifl MOYAaTKOBHX
ymoB [12].

Tepmmii po3s's3ok. Moro orpumaemo mpu
MOYaTKOBHX (FpaHHYHHUX) yMoBax (23):

®(1)=a) (1 :(1_5‘1)2;
sk,
é:Tp_wc[ql_Sﬂ)

yCT.

Hpyruii po3s'si3ok. Moro orpumaemo npu
IIOYaTKOBUX YMOBAax

0l=0; & |,=F, (28)
1e € — [MOYaTKOBE KyTOBE IMPUCKOPEHHS NpH-
BOJy B Iporieci ioro mycky. Toi MmaTuMemMo

o(t)=a (1) -

opt

: (29)
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MOAEAIOBAHHA POBOYNX MPOLECIB

TOOTO BHU3HAYAETHCS 3a JOIIOMOTOIO EIIINTUY-
HOTO iHTerpaiy npyroro poay [12].

BMCHOBKU

1. Ortpumani aHaNmiTHYHI PO3B’S3KH, SKi
BCTAQHOBIIIOIOTh  ONTHUMAaJbHI 3aKOHU PYXY
MPUBOJYy  BAaHTAXOIMITAOMHHX  MEXaHI3MIB
KpaHiB, 3a SIKHX Yy IPoIIeci iX MyCKy MiHIMI3y-
I0ThCSl €(PEKTUBHUN KPYTHUH MOMEHT Ha Bajy
JBUTYHA TPHUBOJY 1 HOTO MyCKOBUU KPYTHUU
MOMEHT.

2. Otpumani y poOOTi pe3yibTaTH B IIO-
JambIIOMY MOXYTh OYTH BHMKOPHUCTaHi st
YTOUHEHHSI ¥ BJOCKOHAJICHHS 1CHYIOUHX 1HXKe-
HEPHUX METOJIB pPO3PaxyHKY IPHBOJIB BaH-
TKOMITHOMHUX MEXaHI3MIB KpaHiB y Ipolie-
cax 11X MYyCKy SK Ha CTaJisfiX MPOEKTyBaH-
HS/KOHCTPYIOBaHHS, TaK i y pexuMax ix pea-
JTBHOT eKCIUTyaTallii.
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Substantiation of equivalent circuitsfor the cal-
culation of parameters of the optimal starting of
the load-lifting crane mechanism for the mini-
mization of ropestension during load lifting
with the help of various manners

Yuriy Chovnyuk, Michail Dikterjuk,
Viadimir Kravchjuk, Olga Ostapuschenko

Abstract. Usually distinguish three basic stages
of the movement of the lifting mechanism of the
crane: start (overclocking), steady motion and in-
hibition (run, stop). For each of these stages@f m
tion, certain relations between the work of the mo-
tive (or brake) forces and forces of resistance are
characteristic. In particular, at the stage oftstgr
the mechanism, it is necessary that the motive
moment is greater than the moment from the forces
of resistance to the motion. At the same time on
the shaft of the engine during the start time there

a necessary acceleration and its angular velocity

increases from zero to tireless value, which corre-
sponds to the passport mode. During the frequency
set to the tireless value, the proper frequenahef
engine shaft rotation is a function of time. In the
process of launching the lifting mechanism, a reso-
nance arises (the engine shaft rotation frequesicy i
equal to the intrinsic frequency of the "drive-repe
load" system fluctuations.) This resonance causes a
significant overload of the engine in the procelss o
recruiting a fixed frequency. reducing the danger-
ous overloads of the engine during its start-ug, an
also reducing the over-load / load factor (dynamic)
to the minimum value in the elastic element of the
mechanism (rope). Participating mechatronic sys-
tems for controlling the movement of the lifting
mechanism and using special controllers to set the
following laws of the movement of the drive and
the load, in which the dynamic factor will be
minimal. In carrying out such calculations and op-
timizing the dynamic loads in the ropes of the lift
ing mechanism, the ways of lifting the load should
be taken into account: " from the weight "," with
lifting "or" from the ground ", as well as the main
k-nematy-force and geometric parameters of the
mechanism. The purpose of this work is to estab-
lish the laws of motion of the elements of the lift
ing mechanism of the crane, which minimize the
driving and excess moments on the shaft of the
engine, as well as the dynamical coefficient in the
elastic elements (ropes) of the mechanism during
its start even in the presence of resonances (eoinc
dence instantaneous the frequency of rotation of
the shaft with the own frequency of the system
"drive - rope - load"). The torque characteristofs
the engine are taken into account according to the
Clause formula, as well as various types of dy-
namic resistance to the rotational motion of the
engine shaft. The parameters of optimal start @f th
crane lifting mechanism are calculated on the basis
of substantiated equivalent schemes: a) "from the
weight" by an absolutely hard rope; b) "from
weight" by an elastic rope; c) "with picking up" or
"from the ground". Established laws of motion,
which minimize the tension of the elastic elements
of the mechanism (ropes) when lifting the load, in
the process of launch. The approaches and methods
of classical variation calculus are used. The given
results are obtained by numerical-analytical meth-
ods.

Key words: substantiation, equivalent circuit,
calculation, parameters, optimal starting, load-
lifting mechanism, crane, minimization, tension,
ropes, load lifting, manners.
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