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Y merncax yzazanonenoi mooeni po3paxyHky HAGAHMANCEHb MEXAHIIMIE 6AHMANCONIOUOMHUX
mawun B.1. Bpayoe — M.C. Tep-Mximaposa 00rpynmoeano OuHaAMIiuHy OnMUMi3ayilo pexcumie
ix nycky 3a Kpumepiem mMiHimanoHoi nomyxcrnocmi. /s 6cmano61eHHA 0CHOBHUX KIHEMAMUYUHUX
XApaKkmepucmuK pyxy 6KazaHux mexanizmie y nepexionux npoyecax (nyckylzanvmysanns)
ma munie Koaueans (nepioouunux, anepioouynux, OUHAMIUHO20 XA0CY), WO GUHUKAIOMD,
GUKOPUCMAHO MeMOO KIACUYHO20 (ha306020 nopmpema ma (hazoeux nopmpemie UCOKUX NOPAOKIE.

Within the scope of the Braude —Ter-Mkhitarov generalized model of the load calculation
of the load lifting machines’ mechanisms, the dynamic mode optimization of their start
up regimes based on the minimal power criteria is proved in the article. In order to define
the basic kinematic characteristics of motion of the mentioned mechanisms during transitional
processes (start up/braking) and types of the arising oscillations (periodical, a-periodical,
dynamic chaos) the method of a classical phase portrait as well as phase portraits of high
ordersisused.

IMocranoBka mnpodaeMu. AHaNi3ylOud HaBaHTAKEHHS KpaHIB y TMpoimecax ix mnycky/
raJjbMyBaHHs, HEOOXiZIHO BPaxoOBYBaTH MOXIIHBICTh CYTTEBOTO pO3roWayBaHHs BaHTaxiB [1].
PoGora kpaHiB CympoOBOIKYETHCS BHUHUKHEHHSM MAasSTHHUKOBUX KOJNHMBAaHb BaHTaXy, KOTpi
BHKJIMKAIOTh HEPIBHOMIPHHI pyX caMHX KpaHiB, BAHTaXKHUX Bi3KiB, MEXaHI3MiB MiJiiOMy BaHTaxy
migiiomuo-Tpancnoptaux Marmud (ITTM), gomaTKOBiI HaBaHTa)XKEHHS Ha CHJIOBI €IeMEHTH KpaHiB,
CTBOPIOIOTH HE3PYYHOCTI MiJl Yac iX eKkcrryaTanii, mo HeoOXiJHO BpaxOBYBaTH B YTOYHEHUX
po3paxyHKax KpaHiB Ta MexaHi3zmiB [ITM.

AHami3 ocTaHHiX aocaiKeHb i myOuikaumii. PosrodiayBaHHS BaHTaxy y mporecax mycky/
rajJbMyBaHHs KpaHiB BUBYEHO y poOoTi [1]. CucTeMHI MeTomu po3paxyHKy BaHTaXKOIIJHOMHUX MAIlHH
sanpornonyBanu aBTopu [2]. JerepminoBani muHamiuri momeni ITTM, is SKHX 30BHIIIHI BIUTMBH M
napamMeTpu MOJIETi PO3PaxOBYIOThCS SIK HEBUIAIKOBI BedWyuHU Ta GyHKIN, momano y [3, 4]. V
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pPO3paxyHKOBHX cxeMax auckperHux wmopeneii I[ITM 3actocoByroThes 3ocepemkeHi macu [3, 5-13].
HecrarionapHi KOJMHBaHHS MEXaHIYHUX CHCTEM TOCHIKEHO aHATITHYHUMU MeToaamu B [14].

Meta poGoTu monsirae B OOTPYHTYBaHHI ONTHMAIBHUX PEXHMIB IyCKy MeEXaHI3MIB BaHTaXo-
MiAHOMHUX MAIllMH 32 KPUTEPIEM MIHIMAIBHOI MUTOMOI MOTYXHOCTI. [l AMHAMIYHOTO aHali3y BUKO-
puctano ysaraipHeHy mozens B.I. Bpayme — M.C. Tep-MxirapoBa [1] pospaxynky I[ITM Ta migxin
aBtopiB [14], skuii Ja€ 3MOTry BCTAHOBHUTH aHAJITHYHO OCHOBHI KiHEMATHYHO-CHJIOBI XapaKTEPHCTHKH
BKa3aHWX MalllMH 3a HasBHOCTI B HHUX HeECTaI[lOHApHUX KOJMBaHb, [I0 BHHHKAIOTH Yy MpoIecax
MyCKy/TajgbMyBaHHs MEXaHi3MiB MiHOMY BaHTaxXYy.

BukJiax ocHOBHOT0 MaTepiaiy 10CTiTzKeHHS.
8. Ananimuuni memoou po3paxynky Haganmaxcensv eanmaxyconiouomnux mawmun (ma IITM):
vzazanvnena mooens B.1. Bpayoe — M.C. Tep-Mximaposa.

[Tporiec HaBaHTa)KGHHs y HAWMpPOCTINIA JBOMAacoBiii po3paxyHKoBii cxemi [1, 2] wmae
ckiIagHuil xapakrep. Lle MOsICHIOEThCS THM, IO MiJl YaC KOXKHOT'O MYCKY Ta TallbMyBaHHS CHCTEMH
BUHUKAIOTh BUMYIICHI TMPYXHI KOJMBaHHSA Mac (4acTo 3 BUIMAJKOBUMH MOYaTKOBHMH YMOBaMH).
SAxmo y po3risiayBaHid 3amadi I BpaxyBaHHS PO3CiIOBaHHS €HEpTii KOJMBaHb 3aCTOCOBYETHCS
Teopis B'SI3KOTO TepTs, TOAl nedopMalis NpyKHOro jJaHmora q=0 - 0, (1e ¢ — nepemimeHHs
BeAy4oi Macu M (HAmpHKIaa, BAaHTaXXHOI'O Bi3Ka MOCTOBOTO KpaHa), a (, — HepeMilleHHs BeIeHOl

Macu M, (BaHTaXy Ha KaHATi)), IOB's3aHa 3 HABAHTAXXEHHAM S,

p Y JaHuory ¢popmyiown S, =q>

(¢ —xoedimieHT )xopcTKOCTI (KaHATA)), BA3HAYAETHCS y PE3YNbTATi pO3B’ 3aHHs AU(eEpeHIiaabHOr0

PIBHSHHS:
1
B+ 204 +n7>xq=———xA(t), (D)
m xm,
e N — napaMerp, SKUil XapakTepu3ye 3aTyXaHHS KOJUBaHb, N = m>(ml + mz) / (2 Xmy ><mz) ; N, —Kpyrosa
I +
YacToTa BUIBHMX KOJHMBaHb BIINOBIAHOI KOHCEPBAaTHBHOI CHUCTEMH, N, = M (y momemi
m X7,

H.A. JIo6oBa [1] c= m 9 , H — mosxxuna Bucka kanara);, A(t) —3oBHimHIN Brums, A(t)= S, (t)+
H m, X5

mos,, (t) [S, (t) — 3yCHJUIA JIBUT'YHA 4YH rajibM, S, (t) — omip pyxy]; M — Koe(illieHT HEMpyKHOTO
onopy. 3a3Ha4KMMoO, 110 y PO3IIIAAYBaHil TyT 3azadi S, (t) °0,a S (t) = P(t) -W, ne P(t) — cyMmapHe

TSATOBE YW TabMiBHE 3YCHJUISI MPUBIAHUX KOJIC KpaHa (MOCTOBOTO THIY) YM HOrO BaHTaXXHOTO Bi3Ka;

W — cuia onopy nepecyBaHHIO KpaHa 4M Bi3ka (Macu My). (BBakaemo, 110 y MOMEHT MOYATKy PyXy

& >0, roxi sign(é,) =1, a W —ammuiryaa cuim cyxoro Teprs).

JlerepMinoBaHuii po3B’ 30k piBHsAHHS (1) CKiIagaeThes i3 3arajJbHOrO PO3B'SA3KY BIIIOBIAHOTO
OJIHOPITHOTO PiBHSAHHS (MEPIIUii JOMAHOK) i YACTUHHOIO PO3B’ SI3KY HEOTHOPIAHOTO (APYTrUil T0AaHOK):

é @ n_. 0 6 . u
0 =exp(- nt) xady XCosNy X +—>8iNng X ++ 2 >&inng X+
e e No g No ¢ @)
1 t
+———— At ) expg nx{t- t )gpsinng{t-t) dt

No XM N1, o
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ne Oy, ¢y — mouarkoBi 3HaueHHs mpyxHOi Aedopmarii Ta ii MmBHAKOCTI, a Ny =\/nr2 -n?. Hapnani

BHUKOpPHUCTAEMO Taki MO3HAYEHHS:

2n=b; nZ°Ww;; f(t)= (3)

Toni piusians (1) HaOyBae BUTTISLY:

d+b>g+W5>q=f(t). (4)
9. Onmumizauia pexcumie nycky mexanizmie IITM 3a Kpumepiem MIiHIMAAbHOI RUMOMOT

nomyJycHocH.
VY pexuMax mycky npasa yactuHa (4) HaOyBae Burisiay [14]:

®x> 0
R (t —+d=- W
P W _R(ea()-w gD 0
W= m ) m ’ ©
dq

ne R (t) — aMIUTITYyJ]a BUMYIICHOI CHIIH; N :E — YacToTa 30BHINIHBOI CHIH, KA Y HaWIPOCTIIIOMY

BHITAJIKY € JIHIHHO (QYHKIIIEO:
n(t)=ex, (6)
. . 2 .
JI¢ € — IIBUJKICTh 3MIHU YaCTOTH N (t) . ex A — MHUTTEBa (aza KomuBaHb (y Mpoleci MycKy JBUTYHA);

d —mouaTkoBa (ha3a (BKa3aHHUX KOJHBAHB).
Toni piBHsiHHS (4) MOXKHA TTOIATH TaK:

Po(t)mos?;zmg-w
B-+b g +W5 g = o z . )

JIsst 3pydHOCTI Hamali JOCTiKEHHs TPOBOIUTUMEMO 3 PiBHSAHHAM (4), a HE 3 HOro pPi3HOBHIOM Y

dbopwmi (7).
Jomuoxumo (4) 3miBa i cipaBa Ha ¢, Toji MATHMEMO:

b =-b 4" - Wopd+ f (1) (8)

JliBa yactuna (8) €, MO CyTi, MUTOMOK TOTYKHICTIO, SIKa BUTPAYa€ThCs Ha IedopMaIlifo PYKHOTO

nanirora (kanata). OCKiUTbKM MOAIOHI €HEPreTHYHI BUTPATH HEBUTIIHI, TO PyX CHCTEMH MOBHUHEH OYyTH

TaKUM, 11100 BKa3aHi BUTPATH €HEPrii/moTyKHOCTI OyJau MiHIMaTbHUMH MPOTATOM BChOT'O IHTEPBAIY Yacy,
SKHH TpuBae myck (t, ), ToOTO KpUTepiit AKOCTI pyXy CHCTEMH Ma€ BUTIIAL!

t{’3(&1>«ze|) dth min. (9)
Bpaxosyrouu (8), kpurepiit (9) MO)KHCE)I MOJIaTH TaK:
tgL(q,(&,t) dtb min, nme L(q.@t)=-bxq*- Wapg+ f(t)>q. (10)
HeoOxinna le\)/IOBa peanizamis kpurepito (9), (10) — piBusuus Eitnepa—IIyaccona:
L. d&ELo, (11)
Ta dté&fde

sKe HaOyBa€e BUTIISIILY:

2xp x4 - %zo. (12)
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JIBiui inTerpyroun (12) 3a moyaTkOBUX yMOB:

Oio =% G = ° Vo, (13)
Ma€EMO.
_f(t) (), .
@(t)-%' o Vo (14)
t f (O
q(t):%ng(t)dt +V0>¢-2be)>¢+qo, (15)

ne £(0)=f(t)_,-
JIs1st mpucKOpeHHst N-ro nopsaaky (N3 2) maemo:

n-1. S
(n) = l Yd gf (t)H =2 4 l
g (t) o gt " 34,.... (16)
3a3HauuMmo, 110 i3 ypaxypanusm (5) Bupas f (O) HaOyBa€ BUTIILY:
f(0)= P, (0) xcosd - W _ an
m
Toni ns q(t) MOYKHA 3aIIiCaTH.
2R (0 d- Wpg e 2
Cl(t)=qo+vo>¢-§°( ) cos oo 1 ¢ xcospe +d—-Wudt
20 xm, 20 xm, og
(18)
R, (0) >cosd % 1 2 ol
=Qp+VoR- + ><oe XCOS +dzgdt.
Go *Vo 25 xmy 20 M og 0( ) g A

A. Posznanemo ¢unadok, konu Py (t) = Po =const, Ry (0)° Eo-
Toni (18) MoxHa MOJATH Y BUTJISIL:
Ryxcosdx = 1R (€ 2 d
9 + 0 ><{)§cos§aept +d i dt . (19)
)

Tarerpan y (19) MokHa momaTH iHaKIIe, BAKOPUCTOBYIOUH Gopmyiu Eitnepa:

41 @Fext20 1 @ ixesx 2 G

xexp(i >d ) xex ++ = xexp(- i >d ) ex dt;  i%=-1. 20
% 5 exn(id) PE, i p(-i>d) PE- % (20)
Bunocumo 3a 3nak interpaina (20) Koeq)uneHTH 110 HE 3aJIeKaTh Bin t :
t 20
|-lnt:xp(l>d)><oexpa¢>e>t -dt +l>exp( |>d)><oexp X e o (21)
2 & 2 & 2 5
Beenemo dyHKIIiIO, sika Ma€e Ha3By 1HTerpana HMOBIpHOCTEH Biji KOMIUIEKCHOTO aprymMenTy Z[15]:
25 2 2\ .0
W z) =exp -7 ﬁ+—><{)exp Z°)dz -. (22)
()=o) gl ()
. . : : (i +2) /e
3amiHa 3MiHHMX Yy mepiioMy iHTerpami (21) Ha: U 2# , a y JpyroMmy — Ha:
(i- 1)/e
= s MPUBOAUTH JI0 TAKOTO:
{ 8¢>e>t o, é& O (-i+1 i +1)x/e %
P —dt —eoeXp( )duuxu, 21=L?
& 0 Ve 2 (23)
t ae|>e>t o, & U (-i-1) (i - 1) x/e %
pg —dt = eOeXp( )dVL'JXT, L= (=
éo a ve 2
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Toxi (21) Mo)kHa TTOJATH TaK:

1., -i- D% 4 C1 i-1)xp .

I :E>exp(| ﬂ)%xgw(zl)mxp(zf)- 1H+E xexp(- i ﬂ)% (22)>exp(z§)- 14 (24)
OctarouHo s q(t) Ma€eMo:

Rycosdt Ry

23 2Xbxm

q(t) =gy +vo % - (25)

I:% exp(i >d)xe\N(zl)>exp(zl)

Benuuunu z Ta Z, BusHaueHo y (23).

ll:J+—(i ) b
a

™A xexp( - |>d)><9\N(22)>exp(zz) 13. (26)

e

E. Posenanemo eunaook, konu amnaimyoa R, (t) 3anexcums 6i0 uacy t Ak 3a Oii ioyenmposoi

cunu, BUKIUKAHOI HEBPIBHOBAINCCHOIO MACOIO.
SKIO 3HEXTyBaTH TAHTCHIIAJIBHOIO CKJIQJOBOI0 CHJIM IHEPIil HEBPIBHOBAXXEHOI MacH, IO
00epTa€eTHCs, TOMI aMILTITY Iy BUMYIIIEHOT CHJIM MOXKHA TI0JJaTH BUPA30M:

Ry (t) = gxe? %2, 27)
ne ( — koedilieHT IPOIOPIiOHAIEHOCTI.
OuyeBUIHO, II1O;
P {e)
=—2£ npu ex =Kk, (28

TOOTO (] € CTAaTMYHUM BIAXUJICHHSAM CHCTEMH BiJ| IMOJOXKCSHHS PIBHOBArW Iia JIEH0 CHIIN p = q ><k2, sIKa
{1108 P20
Binmosinae pesonancy (R 22 B).
€g

BukopucroByroun (18), MokHa TOaTH aHAITUYHO 3aJICKHICTh q(t) . Ans uporo HeoOximHO nmuIIe

3HAWTH aHAJIITUYHO IHTErpall, IKUH BXOAUTDH y BKa3aHE CIIBBIIHOIICHHS:

t 2.8 é 2 o
805024 2300 r— +d st = e Eneet +d 5-
0 g 2 8 g @
2 2 4 2 ) (29)
t > u é ) e o
q>e><o|expe|xi+|>du experlxei-wdwdt :q>e>@>¢smaept :u q.>e>4_
249 of '8 2 B8 2 i 5 2 i
Togmi, BpaxoByrouu (26), y IbOMY BUIAAKY UIs q(t) MaTHUMEMO:
R, (0)>cosd % ] 2 6
q(t) =gg +vo%- »(0)>cos st >%q>e>¢>s|n8%>t +di- -— y (30)
Ockinbku R (O) © 0 B TakoMy pa3i, TOA1 OCTATOUHO MAaTHMEMO:
N ) 5
4(1) =6 + Vo A + = A gre g n +d - T8 Y. (3D
2Xp xmy i g 2 g | b

BuchHoeku

1. BUKOpUCTOBYIOUM Yy3arallbHeHy MOJENb pO3paxyHKy HaBaHTa)KEHb MeEXaHI3MIB BaHTa-
xominiiomaux wmammH B.l. bpayne — M.C. Tep-MxitapoBa, BHA€TbCsS OOTPYHTYBAaTH AWHAMIUHY
ONTHMI3AIliI0 PEXHUMIB IX MYCKY 3a KPUTEPIEM MIHIMAJIBHOI MUTOMOI MOTYXKHOCTI JJIsl PI3HUX 3aKOHIB



124  Asmomamus3ayis eupobHuU4uUX rnpouecie y MawuHobydysaHHi ma npunadobydysaHHi. Bun. 47. 2013

3MIHM y Yacl amIUlTyAd W YacTOTH BHMYIIEHOI cuid. Bci pe3ynpTatd OTpHUMAaHO aHAJNITHYHO 3
BHUKOPUCTAHHSM IHTErpaTiB KMOBIPHOCTEH BiJl KOMIUIEKCHOTO apTyMEHTY.

2. OtpumaHi y poOOTi pe3yIbTaTH MOXKHA HaJajli BUKOPUCTATH JUIS YTOYHEHHS M BIOCKOHAJICHHS
BIJOMHX IHXKEHEPHHX METOMIB pO3paxyHKy MOMIOHMX MamlMH Ta CHCTEeM SK Ha  CTajii
MPOEKTYBaHHS/KOHCTPYIOBAaHHS, TaK 1 Y peKHMaX iX peabHOI eKCIUTyaTallii.
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