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Onrumizallisi NepexiJHUX PeKUMIB PyXy KPaHOBOTO
Bi3Ka 31 3MIHHOI JOBKMHOIO MiJABICY BAHTAXKY

B crarTi npuseaeHo crocid BUpIMEHHS MPOOIEMH YCYHEHHS KOIMBAHb BAHTAXKY IMiJ Yac IMyCKY Bi3Ka
KpaHa 31 3MiHHOIO JOBXXHHOIO THYYKOTO IABICY BAHTAXYy. B SKOCTI KpHTEpiiB onTHMizalii MEPEXiTHOTO PeKUMY
BHCTYTIA€ KBAJApPATHYHA PI3HHUI IPHUCKOPEHb TAa PHUBKIB Bi3ka 1 BaHTaKy. /JlaeThcs aHAm3 OTPHUMAaHHX
PE3yIbTATIB Ta BU3HAYAOTHCS MEPCIICKTHBH ITOJANBIINX JOCILIKCHb.
onTHMI3artisi, KPaHOBHii BI30K, mepexiHi pe;kuMu pyxy

O6rpynryBanHs npob6aemu. Bimomo [1], mo npu poOOTI KpaHIB CHIOCTEPITAFOTHCS
MasiTHUKOBI ~ KOJMBaHHS  BaHTaXy, KOTPl  BHUKJIUKAIOTh  HEPIBHOMIPHHUH  pyx
BAHTAXKOIMIAHOMHUX MEXaHI3MiIB, BaHTa)KHUX BI3KIB, JOJATKOBI HaBaHTa)KEHHs Ha CHJIOBI
€JIEMEHTH, CTBOPIOIOTH HE3PYYHOCTI MPH IX eKCIUTyaTtalii, a TakoX 30UIbIIYIOTh PHU3UK
BUHUKHEHHSI aBapifHUX cuTyauiid. TOMy akTyaJbHOIO € 3a/1a4a YCYHEHHsI KOJUBAHb BAaHTAXKY
3 ONHOYACHUM MimiomMoM, ab0 OMyCKaHHAM BaHTaXy (Tak Ha MPAKTHIl BHUKOHYIOTH
NepeBaHTAKYBaJbHI pOOOTH AOCBIIYEHI KpaHiBHUKH). L{e 1acTh 3MOTry CKOPOTUTH TPHBAJICTD
NEPEeBAHTAKYBAJBHOTO LUKy Ta B KIHIEBOMY BHUMAAKy MpHU3BENE 1O IiJBUIICHHS
e(peKTHBHOCTI eKCIUTyaTawli HasIBHOTO KPAaHOBOTO O0JIaTHAHHSI.

AHAJI3 OCTaHHIX JAoCHiKeHb 1 myOaikauid. BupimenHs npobiemu ycyHEHHs
KOJIUBaHb BAHTAXY 3aKPIIUIGHOTO Ha THYYKOMY IJBICI, JOBXHHA SIKOTO 3MIHIOETHCS
NPOTSIrOM Yacy, HAJIIYY€E BXKE ACKIIbKA TECATHIITh.

B po0ori [2] oy yCyHEHHsST KOJTMBAaHb BAaHTAXKy BUKOPUCTOBYETHCS (3a1A€THCS) 3aKOH
3MIHU KyTa BIIXHMJIEHHS] BAaHTaXXy BiJ BepTUKami y 4aci. Takuil 3aKOH 3aJJOBOJIbHSIE IPUHHSATI
KpaiioBi yMOBH 3a SIKHMH KyT Ta MOro meplia MoXigHa 3a 4aCOM Ha MOYaTKy Ta B KiHII

po3roHy piBHI Hys0. Ha OCHOBI Takoro 3akoHy JJIsl KyTa 3HaXOOUTHCS KEPYBaHHs (CHIIOBA
st Ha BI30K), SIKa yCYyBa€ KOJIMBAHHS BAHTA)XXy, NPUYOMY 3aJaHO, LIO JOBXKHUHA MIABICY
BAHTAXy PIBHOMIPHO (3a JIHIHHMUM 3aKOHOM) 3MIHIOETbCs y 4aci. CUHTE3 KepyBaHHsS 3a
TaKOK METOJMKOIO He 3a0e3nedye onTuMisaliii poOOTH KPaHOBOTO Bi3Ka.

BupimenHs ontuMizauifHuX 3aaad4, sKi JO3BOJISIOTh YCYBATH KOJHMBAHHS BAHTAXKY 31
3MIHHOKO JOBXHHOK TinBicy HaBereHe y [3]. CuHTe3 kepyBaHHS MAasTHUKOM 3MIHHOI
JOBXKUHHU TIPOBOJAUTHCS IIJSIXOM ONTHMAJBHOTO CIIOJYYeHHsT HAHMPOCTININX THINB PYXY:
ONYCKAaHHS BaHTAXy 3 MAaKCHMAJbHOK IIBUAKICTIO, ONTHMAJIbHUN 32 HIBHIKOAIEID
pO3riH/ranbMyBaHHS TOYKM MiABICY MNPH TMOCTIHHIA MOBXUHI TMIABICY, TOPU3OHTAJIbHE
nepeMileHHs] cucTeMHu 0e3 KOJHMBaHb 3 OINMYCKAaHHSM BaHTaXy Tomo. Ha OcHOBI BUXITHHX
pekuMiB  OyIYyIOTBCS ONTHUMANIbHI 3aKOHU pPyxy TOYkM miasicy. Hemomikamm oxpeMux
3HAWJEHUX ONTHUMAaJbHUX PEXKHMMIB PYyXy Bi3Ka 3 BaHTAXKEM € CKIAIHICTh peaii3awil iX Ha
MPAKTHIIl, HASBHICTb KOJHUBAHb MPOTSITOM YCTAJICHOTO PYXY.

Buxopucranus npuHimny Makcumymy TloHTpsriHa [4] no3BoJsie CHHTE3YBaTH 3aKOHH
pPyXy Bi3Ka KpaHa 3 YCYHEHHSIM KOJIMBaHb BAHTAXY Ta 31 3MIHHOIO JTOBXKHHOIO MizBicy. B mii
e poOOTI MpHBENeHI NPUKIATN PO3PAXYHKIB ISl OKPEMHX KPAHOBUX MEXaHI3MiB.
HenonikoM Takoro kepyBaHHA € HOro pPO3PUBHMI XapakTep, INO MABHUINYE IUHAMIYHY
HABAHTAKCHICTD €JIEMEHTIB KpaHa.



[InaBHy 3MiHYy KiHEMAaTHMYHHX Ta AMHAMIYHUX XapaKTePUCTUK KPAaHOBOTO BI3Ka 3
BAHTA)KEM Ha THYYKOMY IMiABICI 3 OHOYACHUM AeMIIpipyBaHHIM KOJHMBAaHb BAHTAXY MOXKHA
OTPUMATH 32 JOTIOMOTOI0 BHKOPHCTAHHs TeOpli BapiamiifHOTO YHCIEHHs, SIK 1€ 3pO0JeHO B
pobori [5]. ITpuitMemo came Takuii MAXiA 10 AaHOI MPOOIEMU.

Mera Ta 3aaa4i gocaigxKeHHsl. MeTOI TaHOTO JOCTIIKEHHS € CHHTE3 Kepyrodoi aii
Ha BI3OK, NMpHU SKIH OM KOJHMBAHHA BAHTAXy YCYBAIHCS MPOTATOM NEPEXiTHUX PEKHUMIB 3
OTHOYACHUM IIiTHIMAHHSIM (ONyCKaHHSIM) BAHTaXy. Y BIAMOBIAHOCTI 0 METH CTaBJISTHCS
TakKi 3a7a4i JOCIIIKEHb!

— CHHTE3YBAaTH 3aKOHHM PYXy KPaHOBOTO Bi3Ka 3a KPUTEPISIMH, sIKI HE BPAXOBYIOThb
3MIHHY JOBXKHMHY Ii/IBICY BaHTaXY;

— CHHTE3yBaTU 3aKOHU PyXy Bi3Ka 32 KPUTEPISIMU B SIKI BXOAWTb 3MIHHA JOBXKMHA
kaHary (/=lyt+vit),

— IPOaHaI3yBaTH OTPUMaHI PE3yJIbTATH Ta 3aPOMOHYBATH MMOAAJBIII JOCIHIIKEHHS B
L[bOMY HaTPSIMKY.

Buxknaxg ocHoBHOro marepiandy. Jlis mNpoBeNeHHS MOCITIIKEHb BHUKOPHCTAEMO
IBOMACOBY OUHaMIYHY Mozaenb (puc. 1.), mobynosa sikoi nependayae HACTYIMHI TPUMYIIEHHS

[4]:

a) MIBIIIEHUH BaHTAX MOMIOHUIN 0 BUTPHO BHCSYOTO MAsTHHKA, 2) Barow TSTOBOTO
€IeMEHTa HEXTYEMO; 3) MPHUMYCKAEMO TOMEPEeYHi KOJHMBAHHS BAHTAXKY B MOPIBHSHHI 3

MOB3JIOBKHIMHU KOJMBAHHIMHU HE3HAYHUMU 1 1X IF0 HE BPAXOBYEMO.
"

i

PucyHok 1 - Po3paxyHkoBa MOAETH CHCTEMH ,,BI30K-BAHTAK

Pyx mnpuBenenoi po3paxyHkoBoi cucreMu (puc. 1.) OIHUCYeTbCA CHCTEMOIO
mrdepeHuiaabHUX PiBHAHD (Kpamka HaJl CHMBOJIOM O3HAa4dae TU(EPEHIIIIOBAHHS 32 YaCOM):

.. m
mx, +ng(x2 -x) =0,

m ¥ +myi, =F, Wsignx, 1)

JIe M1 — Maca BaHTaKHOTO BI3Ka,
My — Maca BaHTaXYy,

X1, X2 — KOOPAMHATHU LIEHTPIB MAC BIAMOBITHO Bi3Ka 1 BAHTAXKY i 4ac pyxy,

g — MIPUCKOPEHHS BUTBHOTO MaliHHS,

/ — noBXXMHA THYYKOTO MiJBICY BAHTAXKY,

I, — mpusigHe (TAroBe a0 ranbMiBHE) 3yCHIUIA, O Al€ HA Bi30K;

W — cuna onopy mepeMillieHHIO, MO i€ Ha BI30K.

Haiinpocrimmii crocid BpaxyBaTH 3MiHHY JOBXKHHY KaHATY MPHU MEPEXiTHUX PEKUMaX
pPyXy Bi3Ka 3 BaHTa)XEM — II€ ONTHUMI3YBaTH PyX BI3Ka 3a KPHUTEPISIMH, sSIKI HE BPaXOBYIOTb
3MiHHY BenmuunHy /. B poGortax [6-8] mpoBOAMTHCSA CHHTE3 TaKUX 3aKOHIB (TIPUHAMAETHCS
I=conts). B sikocTi KpUTEPiiB BUCTYMAOTh IHTETPaIbHI (PYHKLIOHAIN BUY:



] n
| (x,)*dt —> min, )
0
Ie 1 — TOPSIOK TMOXIAHOI KIHEMAaTUYHOI XapakTePUCTHKH PyXy BaHTaxy (Tepruuii
NOPSIAOK — MIBHIKICTD, APYTUH — MPUCKOPEHHS TOLIO);
{] — 4ac MePexiTHOTO PyXy Bi3Ka 3 BAHTAXKEM.
YMOBOIO MIHIMYMYy 1HTEerpajibHOTO (PYHKLIOHAJTY 3a BHpa3oM (2) € piBHsHHSA Elinepa-
Ilyaccona [9]:

n
n 2
d” 0(x,)
dtn n
ox,
Ile piBHAHHS MOKHa PO3B’SI3yBaTH NPHU PI3HUX KPaHOBUX yMOBaxX, MPUUOMY JUIs
PI3HUX TOPSAKIB PIBHSAHHS HEOOXITHO BUKOPHUCTOBYBATU PI3HY KUIBKICTH KPAaHOBHX YMOB,

OTPUMYIOYH 3aKOHHU 3MIHHM KiIHEMAaTHYHUX (PYHKLIN Bi3Ka 3 KPaL[ow0 ado TipLIO TUHAMIKOKO.
Marouu 3aKOH 3MIHH NEPEMIIIEHHS BAHTAXKY 3 CUCTeMH PiBHAHB (1), MOkeMO 3HalTH (QyHKIIi

pyXy Bi3Ka:
I(t) ..

X, =X, +—X (4)
1 2 g 2

(-1 =0. 3)

Ta (PYHKLIIO 3MIHU IUHAMIYHOTO 3YCHJUIA

(gl 07,
g g

[TepeBaror Takoro MeTony onTUMIzalii € Te, mo GyHKI /(f) MoxHA 0OpaTH KOO
3aBrogHo. [lpuiiMemMo JiHIMHMI 3aKOH 3MIHM JOBKHHU THYYKOTro minsicy /=[tvi. Taxuii
3aKOH 3MIHM MOXJIMBHH Yy BHUMNAAKY MIIHAOMY BaHTaxXy Oe3 KepyBaHHS EJIEKTPOIPHUBOIY
MexaHi3My miniomy. lle € mepeBaror0 MaHOTO 3aKOHY pPYyXy, OCKUIBKH BHKOPHUCTAHHS
MPUCTPOIB IJII KEPYBAHHS MiAHOMOM/OMYyCKAHHSIM BaHTa)Ky BUMAra€ 3HaYHUX KaMITATbHUX
BUTPAT (YaCTOTHOTO MEPETBOPIOBAYA, CUCTEMH KEPyBaHHS HUM TOIIO).

MoskeMo 3anucati GyHKLIO MepeMiIleHHs Bi3Ka:

F

Oun

=¥,(m +m,)+m(—=

[, +v,1 ..
X4 =x2+7x2, (6)
g
1e V; — WBUAKICTD MaHoMy, ad0 OMyCKaHHSI BAaHTaXXy (TIPU OMyCKaHHI V; Mae TOAATHE
3HA4YEHHsI, IPU MiTHIMAaHHI — Bl €MHE).
3aKOHU 3MIHH LTBUAKOCTI Ta MPUCKOPEHHS Bi3Ka MPUHMYTh TAKUI BHI

: : v, .. L+t
X, = X, + — X, + ——X,, (7)
g g
. Vi lg+rvp?
¥ =%, +2-L% + 2L xs, (8)
g g
3aKOH 3MiHU TUHAMIYHOTO 3yCUJUIS TIPH JIIHIHHOMY 3aKOHI 3MiHH JOBKUHH MIABICY:
% l,+vit !V
_ e l e
E o _‘x2(ml+m2)+ml(g‘x2+ p X5). )

HaBenemo konkperHi mnpuxmaan. Jiast mporo mnoOynyemo rpadikm  PyHKUiN
KIHEMAaTUYHUX XapaKTePUCTUK Bi3ka 3 BaHTaxeM (puc. 2 a-B) Ta rpadik QyHKUii
OUHAMIYHOTO 3yCHUJUTS, IO € Ha BI3OK (PUC. 2 1), OTpUMaHKX y poOoTi [7] (3ak0oH pyxy Bi3ka



U1l CUMETPUYHHX KPalOBHX YMOB), NPUYOMY IOBXKHMHA MIABICY 3MIHIOETHCS 32 3aKOHOM
I=ly+vit. Tputimemo ly=8wm, m1=1000xr, m;=2000kT, a IJ1s1 V; pO3TJITHEMO J1BA BUTIAIKU:

a) miaiom BaHTaxy vi=-0,5 m/c;

0) omyckanHs BaHTaxy V/=0,5 m/c.

IITpuxoBOIO JIHIEK MOKAa3aHI KIHEMATHYHI XapaKTePUCTHKHU PyXy BAaHTAKY.
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PucyHok 2 - I'padixu nepeminieHss (a), mBuAKOCTI (0), MpHCKOPEHHS (0) Bi3Ka 1 BAHTAXKY Ta JIFOHMOTO HA Bi30K
JUHAMIYHOTO 3YCHIULA (1T)

Ile ogmnH croci0 BpaxyBaTH 3MIHHY AOBJKHHY PHYYKOTO MIABICY IiJ Yac pO3roHy abo
rajlbMyBaHHsI Bi3Ka — anpiopl 3a7aTH 3aKOH 3MiHHM JOBKMHU KaHATy 1 BPaxyBaTH Lei 3aKOH
NPU CUHTE31 ONTUMAJIbHUX 3aKOHIB pyxy A Bi3ka. [IpuBenemo npukian.

[IpuitmMemo, 5K 1 B IOTIEPEIHBOMY BUIIAJKY, JIHIHHUA 3aKOH 3MIHU JOBXHHHU MIIBICY
[=ly+vit (Mu 3poOmnu e it Toro, mod B MOAANBIIOMY MOJIETITUTH PO3B’SI3YBAHHS PIBHSIHHS
Eifinepa-Ilyaccona, Xo4a 3akOH 3MIHM [OBXXMHHU TIIBICY BaHTAXY MOXe OyTH SKHM
3aBro/iHO). 3anumemMo (YHKLIO 3MIHHM PUBKA Bi3Ka (IIBHIOKICTH 3MIHU HMPUCKOPEHHS), AJIS
qoro npoaudepeHLiroeMo Bupas (8) 3a yacoM 3 BpaxyBaHHIM TOTO, O /=/ytvi:

o v
Xo+——X»2. )
g g

3 BupasiB (8) Ta (9) MOkeMO 3HAWTH PI3HULI KIHEMATHYHUX XAPAKTEPUCTUK Bi3Ka 1

v
ner _ ees l
X, =%, +3—+

BaHTaxy. Ax= f(x,, 7). IIpoBegemMo onTumizaiiro pyxy Bi3ka 3a KPUTEPLSIMH KBaaparTy

n
pi3HULI A X, Ui 4OTO CKJIAAEMO BiAMOBIIHI (PYHKIIOHAH:

[y +v,t1

I, :I(A)'c')zdt:j(2§'fc'z+ x2)>dt — min, (10)
0 0



[y+vitV

1, = [(aeydi = [ 2dt — mi
Z—I( ) t—f( — X2+ X2)“dt — min.
0 o & g

(11

YmoBoro MiHiMyMy ¢yHkmioHany /; € piBHsHHS Eitnepa-Ilyaccona (3), sike mMoxHa
3aMMuCcaTH HACTYITHUM YHHOM:

VI Vi VIT
10v7 x,+ (I, +v,0)[8v, x,+ (I, +v,t) x,] =0.

Le piBHsAHHA OynemMo po3B’sA3yBaTH P TAKUX KPAOBUX yMOBaxX:

%,(0)=%,(0) = X,(0) =X,(0) =0,

5(0) =, B()=%0,)= x2(,)=0.

Jnis 3MEHIIeHHs 3auCy OTPUMAHMX (PYHKIIH BBEIEMO HACTYITHI MO3HAUEHHS:

cl=1,+vi

lt1 =1, v

X a=log(l, +v1);
b=1log(l, +v,1,);
. ¢ =log(/,).

(12)

(13)

(14)

Ekcrpemans QyHKIioHana /; mpu 3amaHUX KPallOBUX YMOBax NPEACTABISIETHCS Y

BUIJISL:

X, = V[T200117 (31, + 2t,v,)c” + 60la(-1v, (3615 +1145ty, +1261 11} +
+ 55060 + 3L (1 +20)v) +3LLEV, +EEV)) 1201 (31, + 26,v,)b +
+1v,(4,v,(21601¢ + 3600, (31 +19¢,)v, +1801 (-2t> +19#t, + 4261 )V +
+600; (317 -191°t, + 63117 + 556)v) - 617 (181 - 9561, + 2106717 -3051 x
X1 - 60tV + 20 ¢t (<2707 +1350%1 -140117 + 9087 ), + 171 (181% +35 x

< ft, - 6017 v ) -121_(180F; +3002 (3¢ +16¢,)v, - 30 (¢* - 8et, - 1461 )v} +
+50(36 - 166°1, + 4217 + 246 W, +171(-9¢ + 40, - T0tt] + 608, )y, +
+50,67(t -4 )]y, - 506°b) =120 ¢(v, (-1800; (¢ +¢,) - 300, (3¢7 +281t, +
+19¢7 v, +300 (¢ +3¢)(¢7 -14¢t, -T2 W - 51 (3¢* - 226, +90¢71] +234 %
<) + 556 W) +1,(9¢ - 55¢ %, +1507°17 - 270¢% -4108 =308 )v! +3 %

<tt,(3t" - 1501 +306°1 - 3011 - 108 W, ) +60L I (31, +24v, )(a +b)))] %
[10v,(¢2v; (2160 + 5761, + 486117 v] + 14416 v) + 151t} -£v) ) +

+ 18051, (A1, (3L, + 24w, )c™ + c(tyv, (2415 + 520y, + 32087 v} + 56v)) -
- 81,12 (31, + 2tv,)b) + b(-4, v, (2415 + 525t v, + 321 17v} + 56v,) ) + 4l [
x (31, + 21w )BT
(15)



3 ypaxysanHsaM Bupasis (6) ta (15) moxxemo 3HalTH KiHeMaTU4HI (QYHKIIi I Bi3Ka.
3anumemo  gume  (QYHKOIFO 3MIHM  [IBUAKOCTI  Bi3KA, OCKUIBKM BOHA  MOXKe
BUKOPUCTOBYBATUCH JJIs peastizallii ONTUMAJIbHOTO KePYBaHHs PYXOM Bi3Ka Ha MPAKTHULIL:

X, =v[728l51; (31, + 21v,)e® +12a(-1v, (186 I° + g(1815 + 5751y, +
+631517v] +2906v; + 3158 (21 + 1)V + 617K V] +20°6v])) + 6 gl
X (3ly + 269 + v, (v, (T2(1 - 1, v, (1207 + (- +1,) + 31,4, (3¢, - 2)v, +
+ 211 (2t +1)v}) + (21613 +361) (19, - 3t)v, +181; (t* - 2tt, + 421} )%
x v =612 (9 -381°t, + 631t} - 585 )W +3001,(-9r + 36171, - 341t +12 %
XYW 1 (17 + 8it - 18L1)W) ) - 61, (-36v) (4L (1 - 1,)? + [yt (-1 +21,) %
XV, + 1)) + g(3615 + 61y (-3t +161,)v, + 120 (17 - 4ut, + T4} + 17 (-9
X1 43207, - A2 + 246 ) + ALt (L -3tV - 46V b - 6¢l (v, (36 %
x(t-1,)°v (4t + (4 -ty - g (3615 (1 +1,) + 61 (-417 + 2211, +191])
X v, + 617207 - 11671, +30t] + 216w +1,(-41* + 442°t, -901°1) +108¢ x
X3+ 5811 +30,(-300 +120°7, - 180717 +12187 + 241 ) +12 g1,/ (3
<1y +2tv)a+b))Lg (v (2161, + 57611y, + 486 111v; + 144176, +
H15L0) - 5] ) 18I, (4112 (Bl + 20v))e® +e(tv, (241 + 52151, +32 %
< Lot 2v] +5159)) - 8L (Bly + 20,,)b) + b(-t, v, (241, + 52151y, + 3211}
XV 50 + AL (Bl + 26)B)] (16)
Jnsa 3HaligeHux KiHeMaTHYHUX (YHKIIH Bi3ka 1 BaHTaXy, a TaKOX s (PyHKIIT
OUHAMIYHOTO 3ycujuis modynyemo rpadidni 3ajexHOCTi (puc. 3) mpH TakuxX HapaMeTrpax
CHCTEMH. HOMIHAJIbHA LIBUAKICT PyXy Bi3ka v=1 M/c, TpHBaJiCTh PO3TOHY Bi3Ka /=3 C,
MOYaTKOBA JMOBXKHUHA TiNBiCY /p=8 M, MBUAKICTH TimiioMy BaHTaxy vi=-0,5 m/c (3HaK ,-” y

3HaYeHHl MIBUAKOCTI V; O3HA4YaE MIAMOM BaHTaxXy), mMaca Bi3ka m;=1000kr, Maca BaHTaxy
m,=2000kr.
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Pucynox 3 - I'padiku nepemimeHns (a), IBHAKOCTI (0), MPUCKOPCHHS (0) Bi3Ka i BAHTAXKY Ta JIFOYOTO HA Bi30K
JUHAMIYHOTO 3YCHIULA (1T)

PiBustHHA (12) MOKHA PO3B’SA3aTH TAKOXK MPH TAKUX KPAHOBUX yMOBaX:
w
%,(0) = %,(0) = ¥,(0) = ¥,(0) = x2(0) =0,

X, () =v, X)) =%()=0.
OTpumaeMo excTpeMalb:
x, = V[t (216019 + 360105 (3t +171,)v, + 181 (-21> + 1711, + 32t} v/ +

+ 601 (317 17171, + 481t} + 291 ) + 61:1(-181° + 85t°, -160#] +115 x
X W= 20071, (811% - 2401, + 28010 )v) + 171 (-361 + 251,)v? ) + 12(601; x
17 (3L, + tyv))e” - v, (18015 + 301y (31 + 81,)v, (17 - 4tt, - 217 v} + 515 (317 -

(17)

81t + 617 + [P (<917 + 201t - 1067, + 5312 )b + Sla(tv,(-361; -

-102051,v, - 961511v} - 29058}v; + 316 v) + v ) + 12017 (31, + 1,v))¢) -

-1,c(v, (18043 (¢ + 1,) - 300 (31* + 2611, +171}yv, + 30, (¢ -10¢%t, - 411 -

-168) )7 - SI2(3t* - 200%, + 72671 +1681t + 294 v, + 171(9t* - 50°1, +

+120£°4] -18011 -1908 v} + 61,71, (3t* -10tt, + 10t} )v) +31°17 (31 -10 x

xtty + 10607 ) + 60111 (31, + 1,v,)(a + DYW[10v, (v} (21615 + 50415 x (18)
X1V, +3420560v] +181517v; -390yt v} - 265v] ) + 181517 (1, (2415 + 2015 x

X1V, - vaf) + 4lolt1 3Bl +tv)(c-b))(c- o™

DyHKIIS IBUAKOCTI PyXy Bi3Ka NMpUiMe TaKUH BUTIISI!



X, = v[728151 (Bl + 1yv,)e® +12a(ty, (184)v; (I, +17) + g(-1815 - 51151, x

x v, - 4815tV 1306V + 61t v! + 2656 v0)) + 6gl§lft Bl +tv)b-vitx

x (6, (¢ -1, (12171 + 31, (61 - 1))y, + dtt}vi )+ g(-21617 +36l (3¢ -17 x

xt, ), - 1813 (4t -17tt, + 32t} )] + 617 (9t -34¢%t, + 481t} - 261 v +3 %

x Ltt, (271% - 6418, + 5017 v, + 217 (91 - 341)17v} ) + 61 (361v) (<41, + 4
)ty +1,t0) + g(361) + 61 (-3t +8t,)v, +120; (¢t -1,)* v} + 1 t(-9t> +16tt, -
-6t + ALV )D) - 61, c(v,(36(L -1,V (A13t7 - 1t (817 + tt, + 1] )y, +

+ 202 -t V) - g(361] (¢ +1,) + 61 (3% + 2018, + 171} v, +121°(£* -5
x 2t +12tt] + 86 W) + 17 (-9t + 406°t, - 72171] + 7211, + 261, ), -6l (-3x
x 1% =81ty + 617 v, -30°17 (317 - 811, + 617 W) ) +12g151; (31, +1,v,)(a + b)))] %
[g(t*v} (216l + 50415t v, + 3421t 20} +18176v) -390 tv! - 26597 ) + 1817 x
L2 (1,v,(2415 + 20051y, - 659 )+ 411, (3L, +1,v,)(c - b)) (c - D)™,

[IpoimtocTpyeMO OTpUMaHI KIHEMAaTH4HI Ta AuHAMI4HI (DYHKIID Bi3Ka 1 BaHTAXY
rpadikamu (puc. 4).

a9

x| x3, M ¥ %, mle
12F
[ 10 r e
10 | e g
i 08 | .
08 L Y,
i 06 f
06 |
04 |
04 Ve
s
02t 021
-
t 05 1.0 15 20 25 30
0)
7 #y. Ml Fm, H
3 3000 F
; 2500 |
21 2000 |
. 1500 F
e T T~ 1000 F
e - | I | S, t 500 F
05 10 i 20 25 30
05 10 15 20 25 30
B) r)

PucyHok 4 - I'padixu nepeminieHss (a), mBuAKOCTI (0), MPHCKOPEHH: (0) Bi3Ka 1 BAHTAXKY Ta JIFOHMOTO HA Bi30K

JUHAMIYHOTO 3YCHIULA (1T)

1



3 pucyHskiB puc. 3(B) Ta puc. 4(B) BUAHO, IO BI3OK HA MOYaTKy, a0 B KIHIl PO3TOHY
(BIAMOBINHO B KIHII TrajbMyBaHHsS) Ma€ HE HYJNbOBI MPHUCKOPEHHS, LIO TMOTIPUIYE TUHAMIKY
poboTH MexaHi3My MpHBOAY Bi3ka. TOMy MOLIIBPHO MPOBECTH ONTHMIZALII 32 KPUTEpieEM
OLIIbII BUCOKOTO TIOPSIZIKY, a CaMe 3a KpHUTepieM [, siIKkuil BU3HA4aeThes 3a Bupazom (11). s

JAHOTO KPUTEPIIO0 YMOBA MIHIMyMy NpUiiMe TaKUH BUTJIISI
Vi 154 X
14v? x, + (I, +v,)[10v, x,+ (I, +v,1) x,] = 0. (20)

e nudepeHLiaibHe PIBHSIHHS OyIeMO PO3B’ I3yBAaTU MPU TAKUX KPAHOBUX YMOBAX:
y y

1,(0) = £,(0) = ,(0) = ,(0) = x2(0) = 0,

w v

X, (1) =v, X,(4)=%,(4)=x2(t;) =x2(1,) =0.

He Gynemo mpuBoauTu po3s’si30k piBHSAHHS (20) OCKUIBKH BiH Mae 3Ha4YHUI 00 €M,

oOMeXMMOCh TpadiyHUM TMPEACTABICHHSIM OTPHUMAHOTO ONTHMAJILHOTO 3aKOHY PYXY Bi3Ka.
JLns KIHEeMaTUYHUX Ta TUHAMIYHUX (QYHKIIH Bi3Ka 1 BAaHTaxKy moOyayemo rpadiku (puc. 5).
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Pucynok 5 - I'padiku nmepemimerHs (a), mBUAKOCTI (0), IPUCKOpeHHS (0) Bi3Ka 1 BAHTAXKY Ta JIF0YOTO HA Bi30K

JUHAMIYHOTO 3YCHIULA (1T)

3 pucyHnka 5(B) 6a4nmMo, 10 Ha MMOYATKY Ta B KIHII PO3TOHY Bi3Ka HOTO MPUCKOPEHHS
piBHI HYJIFO, IO NPU3BEAE OO 3MEHLICHHS AMHAMIYHOTO HABAHTAKEHHS NPUBOIY BI3Ka Ta
METAJIOKOHCTPYKIII1 KpaHa.

Jnst po3B’si3yBaHHs piBHAHHSA (20) MOYKHA MOCTABUTH TaKi KpaHOBI YMOBH:
1w

%,(0) = £,(0) = £,(0) = £,(0) = x2(0) = x2(0) = 0,

. (22)
xZ(Zl) =V, jéz(ll) = xz(ll) = x2(ll) =0.



Sk 1 B monepenHbOMY BHIAIKY, €KCTPEMajb, a TAKOX OTPHMaHI 32 JOIIOMOTOK Hei
KIHEMaTUYHI Ta TUHAMIYHI (PYHKLIT Bi3Ka 1 BAHTaXy MarOTh 3HauHUi 06’ em. ToMy npusenemo
nvie rpadiku oTpuMaHux GyHKIIH (puc. 6).
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Pucynox 6 - ['padiku nepeMimeHHs (a), IBAAKOCTI (0), mpuUCKOpeHHS (6) Bi3Ka i BAHTAXKY Ta JIFOYOTO HA Bi30K
JUHAMIYHOTO 3YCHIULA (1T)

Otpumani rpadiuHi 3aNeKXHOCTI BKa3yIOThb Ha IUIABHICTb PO3TOHY Bi3Ka MPOTITOM
yCBbOTO MEPEXITHOTO PEXUMY PYyXy Bi3ka. Lle 3MeHIye nuHAMIuHI HAaBAaHTAKEHHsI KpaHa Ta
MiABUINYE HAAIHHICTH HOro poOoTH.

3a3HauuMO, IO OTPUMAaHI 3aKOHH KEPYBaHHS PyXOM BI3Ka 3 BaHTAXEM, MPH 3MiHHIH
JOBJKUHI THYYKOIO MiaBICY, npu /=cost (abo ¥=0) nepexomaTs y 3aKOHH PyXy, 5Kl 3HaHAEHI
panime y podortax [6-8]. TakuM 4unHOM, 3HaieH] B AaHii poOOTI ONTHUMANbHI 3aKOHU PYXY
Bi3Ka € 3arajbHIIIMMU BUIMAIKAMHU BIAOMHX PAHIIIE ONTUMAJBHIX 3aKOHIB PyXy Bi3Ka.

IlepcriekTuBH TOAANBIIUX AOCHIIUKEHb Yy HAHOMY HAmpsIMKy MOJSATalOTh Y
BUKOPUCTAaHHI IMHAMIYHUX KPUTEPIIB PyXy Bi3Ka THITY:

q
Jodt = min, (23)
0

ne F2

.., - ANHaMIYHA CKJIaJ0Ba MPHUBOIHOTO (TaJIbMIBHOIO) 3yCHIUIA, SIKE JI€ HAa BI30OK
31 CTOPOHH MTPHUBOAY.

MiHimi3alisi JUHAMIYHOTO 3YCHJUISL JO3BOJHTH 3MEHIIUTH KPYTHHH MOMEHT JBHT'YHA
NPUBOAY Bi3Ka, SKUH, SK BIAOMO, MpONoOpLiiHMA cTpymy. Lle mpusBeme OO 3MEHIICHHs
EIeKTPUYHUX BTpPAT Ta TOKPAIIUTh pexnM (30KpeMa TeMmmepaTypHuii) poboTu
enekTpoaBuryHa. Kpim Toro, sik BUAHO 3 pUC. 3-6 BUKOPUCTAHHS PI3HUX KPaOBUX YMOB Ja€
3MOTY OTPUMATH pI3HI, 32 SIKICTIO OUHAMIKH PyXy, ONTHUMAaJbHI 3aKOHH. TOMy € CeHC
BapIOBATH KPaiOBi YMOBH 1, TAKIM YHHOM, OTPUMYBATH Pi3H1 3aKOHH PYXY Bi3Ka.

OnHak, HAMBAKIIMBIIINM HAMPSIMKOM NOCHIIKeHb y IiH 00JacTi, Ha HAaIy TYMKY, €
HACTYIHUH: HEOOXITHO CHHTE3YBAaTH ONTUMAJIbHI 3aKOHU PYXY JUISI BEPTUKAJIBLHOTO MiTHOMY



BAHTAXY Ta ,,CHONYYUTH iX 3 ONTUMAJIbHUMH 3aKOHaMH pyxXy Bi3ka. Lle macte 3mory
ONTHUMI3YBaTH BECh MEPEBAHTAXYBAJIbHUN LIMKJ, a HE OKpeMl Horo ckianosi. JlerampHOro
PO3MISITYy TAaKOXK 3aciyroBYE IUTAaHHA MOOYJOBH CTPYKTYpPH Ta alrOpHTMIB poOOTH
aBTOMATH30BAaHOI CHUCTEMH KEPyBAaHHS KpPaHOM, sika O MOrja peani3yBaTH ONTHMAaJbHE
KEPYBaHHSL.

Bucnosxn

BuxopucranHs BapiamiffiHOTO YHCJIEHHS O3BOJISIE CHHTE3YBAaTH ONTHMAaJbHI 3aKOHHU
PYXy KpPaHOBOTO BI3Ka 3 BAHTAXKEM, NPHU SIKOMY KOJMBAHHS BAHTAXKY YCYBAKOTHCS MPOTITOM
NepexiTHNX PeXXUMIB HOro pyxy. Y AaHifl CTaTTi 3aIPONOHOBAHO J1BA CIIOCOOHM CHHTE3Y TaKHX
3akoHiB. J{ns mux crmoco®iB oOpaHO JIHIHHWUN 3aKOH 3MIHU JOBKHHU THYYKOTO TiJBICY
BAHTAXY y Yaci, peamizamis sKOro He nependadae BUKOPHUCTAHHS CIELIAIBHUX MPUCTPOIB
KEPYBaHHs EJIEKTPONPUBOIOM MEXaHI3My minidoMmy. ToMmy OTpHMaHi 3aKOHH KEepyBaHHS
PYXOM Bi3Ka MOXyTb OyTH BHMKOPHCTaHI Ul KPAaHOBHX MEXaHI3MIB JIMIIE 3 IMPHCTPOEM
(YacTOTHHWI  TEepeTBOPIOBAY) JIsl  KEPYBAHHS  €JIEKTPONPHUBOIOM  TOPH3OHTAIBHOTO
nepeMileHHs Bi3Ka (SIKHH € BITHOCHO MAJIOTIOTYKHUM 1, SIK HACJIITOK, HEOPOTUM).
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B. Jlogeiixun, IO. Pomacesuy

OnTaMu3anus mePexXoHLIX PEKNMOB IBILKCHISA KPAHOBOI TEJICKKHA €O CMEHHOI JTITHOI
nojBeca rpysa

B cTarbe mpuBeacH Coco0 pemeHuA mpoOIeMbl YCTpaHCHHS KOTCOaHUH TPy3a HA MPOTSHKCHUH ITyCKa
TEJICKKH KPaHa ¢ JUIMHHOH THOKOTO TOABECA TPY3a, KOTOPAs H3MCHACTCA. B KaueCTBC KPUTCPHCB ONMTHMH3AIHH
MICPEXOTHOTO PSKHMA BBICTYNAFOT KBAAPATHUHAS PA3HHIA YCKOPCHHH W PBHIBKOB TCICKKH W Tpy3a. Jlacrcs
AHAJIH3 MOTYICHHBIX PE3yIBTATOB H OMPEACILIFOTCS MCPCIICKTHBREI MOCTICIYFOIINX HCCIICTOBAHMMH.

V.Loveikin, J Romasevich,

Optimisation transmit movement modes carts with shift of suspension cargo

In article is brought way of the decision of the problem of the eliminating the fluctuations of the cargo
on length of the starting the pushcart of the tap with long flexible hang up cargo, which changes. As criterion to
optimization of the connecting mode emerge the square-law difference of the speedups and jerk of the pushcart
and cargo. It Is given analysis got result and are defined prospects of the following studies.
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