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ONTUMIBAIIA PYXY BAHTAXKONIAHOMHOI'O KPAHA
I3 TPABEPCHOIO III/IBICKOIO BAHTA’KY METO0OM
JUHAMIYHOI'O ITPOI'PAMYBAHHA

IlocTanoBka mpoOJjieMu. Y 6araTb0X BaHTAXOIMITHOMHHMX KpaHax
JI0 THYYKOI IMiJIBICKM 3aKpiIuieHa TpaBepca, a 0e3rmocepeHbo 10 TPaBepcH —
BAaHTA)K03aXBaTHUK opraH 3 BaHTaxeM. OCKUIBKM Maca TPaBEPCH MOXKE
OyTH y IeSKHMX BUIAJIKaxX IMOPIBHSHA 3 MAaCOIO BaHTaXy, TO BOHA BILTUBAE HA
TUHAMIKY pyxXy KpaHa. OnTumizaiisi pekMMIB PyXy BaHTa)OIiJHOMHOIO
KpaHa 0e3 BpaxyBaHHS MacH TPaBEPCH MOKE MaTH HETaTUBHUH pe3ynbTar y
IUTaHl JIOCSITHEHHST METH KEpYBaHHS, HANpHKIAJ, YCYHEHHS KOJIMBaHb
BaHTaXYy, MepEMIILIEHHs KpaHa 13 BaHTa)XeM Ha 3aJlaHy BiJICTaHb TOILO.

BaxnuBoro  3amadero Ui BaHTAXOMIAMOMHHUX  KpaHIB €
BCTAHOBJICHHSI KEPYBaHHs, NPU SIKOMY YCYBAlOThCSl 3OBHIIIHI BIUIMBH,
BUKJIMKAH1, HAIPUKJIaJ, BITPOBUMHU MOpUBAMU. Take KepyBaHHS MPUHHATO
Ha3UBaTH KEPYBaHHAM Yy BUIJISA1I 3BOPOTHOrO 3B’s13Ky. BukopucToByroun
ONTUMAJIbHE KEPYBAaHHS KPAaHOM Y BUTJISA1 3BOPOTHOTO 3B’ SI3KY Ha MPAKTHULI
e(peKTUBHICTh eKCIUTyaTallii KpaHa MO)Ke€ 3HayHO MOKpamuTuch. Lle
BUKJIMKAHO PSIOM MPUYMH: 3MEHIIEHHSM BTOMJIIOBAaHOCTI ONEpaTopa KpaHa
(B imeam KpaHIBHUK JIMIIE 337a€ METY KEpyBaHHS Ta CIIIKye 3a
BUKOHAHHSM MpPOLECY), 30UIbIIEHHSM TOYHOCTI MO3ULIIOBAHHS BAaHTAXY,
3MEHIICHHSM €HePreTHYHUX BUTPAT Ha BUKOHAHHS MepEeMIIlleHHs TOILO.

AHaJi3 ocTta”HHiX JgocdigxeHb Ta myOaikaniii. bumemiicts
JOCIITHUKIB JIMHAMIKM PYXY BaHTAXXONIAMOMHHMX KpaHIB KOPHCTYIOTHCS
JIBOMACOBOIO JTHHAMIYHOI0 Mojeinto [1-5]. Taka Moaenb € HECKIaIHOK 1
JI03BOJISIE TOCTATHHO TOYHO OLIHUTH PYyX peaibHOi KOHCTPYKIII KpaHa i3
BaHT&XEM Ha THyYkoMmy miaBicl. OnHaK, SAKIIO KOHCTPYKIIS KpaHa
o0lajHaHa TPAaBEPCHOIO IIJBICKOIO BaHTaXy, TO HEBPaxyBaHHSI Macu
TpaBepCcu MOXKE BUKIMKATH PO30LKHICTD TEOPETUYHUX Ta MPAKTHUYHUX
pe3yibTariB. ToMy A HpPOBEAEHHS JOCTIDKEHb KpaHa 13 TPaBepCHOIO
MIJBICKOI0 BAaHTAXY HEOOXITHO MPUUHSTH TPUMACOBY JUHAMIYHY MOJEIh
[6]. Taka Mmozenb 1a€e 3MOTY a/IeKBaTHO BIATBOPUTH AMHAMIKY pyXy KpaHa 13
BaHTaXeM. Y poOoTi [6], TakoX MpoBeAEHa ONTUMI3ALIS MEepPexXiTHUX
PEKUMIB pyXy KpaHa 13 TpaBEpPCHOIO MiJBICKOIO 3a JOMOMOTOK MPSMOTO
BapiatiitHoro Merony. /laHuil mMeToj 103BOJIslE BCTAHOBUTH ONTHUMAaJIbHE
IporpaMHe KepyBaHHs pyXOM KpaHa.

ITocTanoBKa MeTH Ta 3a/1a4 AOCTiIKEHHS.

MeToo TNpHUBEIEHOr0 JOCHIKEHHS € CHHTe3 ONTHMalbHOIO
KEepyBaHHsI BAHTAXKOMIAMOMHUM KPaHOM 13 TPABEPCHOIO M1JBICKOIO BAHTAXKY
METOZI0OM JMHAMIYHOIO MporpamyBaHHs. Jlisi JOCATHEHHS IOCTaBICHOI
MeTH HEeOOXiJHO BHPIINIMTH Taki 3aBHaHHA: 1) mMoOynyBaTH MaTeMaTUYHY
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MOJIeNIb PyXY KpaHa i3 TpaBepCHOIO MiJIBICKOI0 BAaHTaXXy y BUIJIAII CUCTEMHU
KaHOHIYHUX AudepeHIlialbHUX pIBHSAHB;, 2) CHHTE3yBaTH OINTHMAJIbHE
KEepYBaHHS KPaHOM y BUIJISAII 3BOPOTHOTO 3B’S3KY JAJSl BIAKPHUTOI 00jacTi
KepyBaHb, 3) 3HAWTH ONTHMaJIbHE KEPyBaHHS KpaHOM I o0iacTi
KepyBaHb  OOMEXEHOI Hamepel  BCTAHOBIECHHUMM  TpaHuIsMu;  4)
IpOaHaJII3yBaTl OTPUMAaHi pe3ylbTaTH Ta BKa3aTH LUISAXU I[OAAIBIINX
JIOCJIIJKEHD.

BukJiiag ocHOBHOTO MaTepiaJy.

Jns ommcy pyxXy KpaHa 3 TpaBEpCHOIO TIJIBICKOIO BaHTaXy
BUKOPHCTAEMO TPUMACOBY AMHAMIUHY pO3paxyHKOBY Mozaens (puc. 1.) [6],

m

y sAKiff TpUIMalOThCA 30Cepe/KEHMMH MacH Bi3Ka '™, TpaBepcu 2 Ta

e
BaHTAXy = °.

A

Puc. 1. PospaxyHkoBa [uHaMiyHa MOJENb pyXy KpaHa i3
TPaBEPCHOIO M1ABICKOIO BaHTaXy

Onuc pyxy TMpeacTaBleHOI CXEMH 3a JIOIIOMOIOK  METONy
Janambepa [7] 3anucyeTbes AuQepeHiaIbHIMI PIBHIHHIMU PYXY Mac:

mx, +m, lg(x1 -x,)=F —Wsign(x,);
! (D

m,x, —mzlg(x1 —)c2)+m3l§(x2 -x;)=0;
1 2

. g B
X = (%, —x;) =0,

1e m; — Maca BaHTa)XHOTO Bi3Ka; m, — Maca TpaBepCH; m3 — Maca
BaHTAXY; X|, X2, X3 — KOOPJAUHATH IIEHTPIB Mac BiAMOBIIHO Bi3Ka TPaBEpCH 1
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BaHTAXYy MiJ Yac pyXy; g — IPUCKOPEHHs BUILHOTO MaiHHS; /; — TOBXHUHA
THYYKOTO MIABICY, SIKa 3 €HYE BI30K Ta TpaBepcy; [, — JOBKHHA THYYKOTO
miABicy, sKa 3’€Hye TpaBepcy Ta BaHTax; F — mpuBoaHe (Tsrose adbo
raJbMiBHE) 3yCHJUIS, IO JII€ Ha Bi30K; W — cuiia onopy MepeMilleHHIo, 1110
JIi€ Ha Bi30K.

3aranom cxema, 300pakeHa Ha puc. 1, mpeacTasisie CO00I0 PyXOMui
[OABIAHUI MaTeEMAaTHYHUNA MasiTHUK.

bynemo BBaxaru, 110 TpU TMEpPEMIIEHHI KpaHa MPOTATrOM
rajbMyBaHHs BiH HE 3MIHIOE CBOK IIBUIKICT, T0OTO S€"% =1 Cucremy
piBHAHb (1) momamo y BUIJISAI OXHOrO JW(EepeHIIalIbHOTO pPIBHSIHHS
HIOCTOTO MOPSIIKY:

17 w —
X3+AX3+BjC.3 =MQ§IQ§2, (2)
m

1

ne A i B - xoe}ilieHTH, SKi BU3HAYAIOTHCS HACTYIHHMHU BHPa3aMHu:

m m m m .
2 1+Q |1+, B=Q Q| 1+—2+—=1; Q, i Q,
m, m, mm,

A=Q7 | 1+

BJIACHI YaCTOTH KOJIMBAaHb MATEMATHYHNX MAATHHUKIB 13 BaHTa)KaMu m2 i m3

l; h

BIJIMOBIAHO, 3aKpIIUICHUMH HAa THYYKOMY IiJIBiCi JTOBXHHOIO Ta 2,

BIIHOCHO HEpyXOMOi TOYKHM miaBicy (€2, = \/lg , Q= \/lg ). BsiBmm
1 2

F - W 2 2 .
nosHayeHHsd u=——-—Q; Q) Ta y,=x, 3anumeMo audepeHLiaIbHE

1

piBHAHHS (2) Y KAHOHIYHOMY BUTJISL:

Yo =15

V= Vo

Yy = Y3 3)
V3 = Vas

Vi = Vs

Vs =u—Ay,—By,.

Pyx kpaHa 13 TpaBepCHOIO MIJBICKOIO BaHTaXy XapaKTepU3YETHCS
NOYaTKOBUMH yMOBaMHM, $IKI MOXKHa 3alUcaTd y BHUIVILII BEKTOpa
nodatkoBuX yMOB Y(0)={y0(0), y1(0), y2(0), y3(0), y4(0), y5(0);.

JUis yCyHEHHS KOJIMBaHb BAaHTAXy y MOMEHT 3arajllbMOBYBaHHS
KpaHa HeoOXigHO, mo0 BUKOHYBaJIUCH Taki KiHmeBi ymoBH Y(T)={yo(7),

yl(T)a y2(T)a y3(T): y4(T): yS(T)}:O
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Jns  cuHTe3y  KepyBaHHS  HEOOXiAHO  3aJaTH  KpuTepii
ONTUMAIBHOCTI, SIKMM BU3HAYHWTH OJHE ONTHMAJIbHE KEpyBaHHA 13 yciel
MHOKMHU MOXJIHBHUX. KpHUTepieM ONTUMANIBHOCTI pyXy KpaHa HpPOTSATOM
HOTO TaJIbMyBaHHS MPUMUMEMO IHTETPAIbHUIN ()YHKITIOHAT:

T ( n=5
1:[ > 8y} +6u* |dt — min, 4)
0

i=0

e o6,, 0,, 0,, 0,, 0,, O5 - nmesiki koediuientn. Lli KoediuieHTH
MO’KHA PO3PaxyBaTH 3a HACTYITHOK (JOPMYIIOK0:

-7 7  i= 5)

6,=k;I,, j=0,1,2,3,4,5,
ne k; - BaroBuil Koedili€HT, SKHI BPaxoBye BaXIMBICTh
BIMOBIAHOTO j-TO TMOKa3HWKA Yy CTPYKTYpl KpuTepito; 7/ - JesKui

KOoeQILI€HT, SKUA NPUBOAUTH PO3MIPHICTH j-TO IMOKa3HHKA y CTPYKTYpl
Kkputepito (4) no Gezpo3mipHoro Burisigy. Kpurepiii (4) € KOMIJIEKCHUM
JIHIAHO-KBaIpaTUUYHUM IHTETpaJIbHUM KPHUTEpieM 1 BimoOpaxkae sk (a3oBi
KOOPJMHATH JUHAMIYHOT CUCTEMH, TaK 1 ,,BUTPATH’’ Ha KEPYBaHHS HEIO.

KepyBanHus, sike HEOOX1JHO 3HANTH, HE MOXE OYTH SKUM 3aBIOJTHO
3a BeIMYMHOI0. ToMy HEOOXIJTHO BCTAaHOBHTH MEXI JOMYCTHUMOI 00JIacTi, B
AKI IIyKaeTbcsd ONTHMajldbHE KepyBaHHS. ['panuni Ttakoi oOnacti
BU3HAYAIOTHCS BEJIMYMHOIO MAKCHUMAaJbHOI BEIWYMHU KEPyBaHHSA, sKa Yy
CBOIO 4Yepry BH3HAYAETHCS MEPEBAHTAXYBAJIBHOIO 3JAaTHICTIO IPUBOIY
KpaHa. [lepeBaHTaxxyBaibHy 34aTHICTh IPUBOY KpaHa HEOOXiTHO PO3YMITH
y ,,IIUPOKOMY” CEHCl — 116 OOMEXEHHS 110 BEJIUYMHI €JIEKTPOMAarHiTHOIO
MOMEHTY JIBUT'YHA, [10 BEJIMYUHI CTPYMY Ta TPUBAIOCTI HOro MpOTIKaHHS B
obmoTkax aBuryHa. KpiMm Toro, ontumalibHe KEpyBaHHS pealli3ye€ThbCs 3a
JIOTIOMOT'0K0 KEPOBAHOTO IPHUBOJY, TOMY HEOOXiZHO TaKOXX BpaxOBYBAaTH
OOMEXEeHHsI HaKJIaJeHI Ha MEepeTBOPIOBalbHI MPUCTPOi (YacTOTHUMI
HEepeTBOPIOBAY, MPUCTPIN MIABHOTO MYCKY TOLIO), SIKi )KUBJATH JIBUTYH. Y
3aralbHOMY BUTJISAA1I OOMEXEHHS Ha KEepyBaHHS MOXYTh OyTH 3amucaHi
TaKUM YHHOM:

ueU=NE(, y, a,), ¢=1..,0; i=0,..I; e=1..,E, (6)
k

ne P, - neska (-Ta MHOXHHA, KA € CKIAJHOK (QYHKIIEH CBOiX
aprymenTiB; Q - KUTbKICTh MHOXWH, sKi (opMyroTs MHOXHUHY U , 10 sSIKOT

HAJIEKUTh KEPYBaHHA u; [ - KUIBKICTh (Pa30BUX KOOpJAMHAT JHWHAMIYHOI
cucreMu; FE - KUIBKICTh MapaMeTpiB JAHHAMIYHOT CHCTEMH, SKi €
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aprymeHtamu q-toi MHOXuHM P, . Jlna jgaHoi 3ajadi  ONTUMANbHOIO

KepyBaHHS KpaHOM BHpa3 (6) MOXKHA MOJATH Yy TAKOMY BUTJISII:

ue U = Z/leax ﬂ ulmax‘tmax ? (7)

A€ u, - MakCHMalbHO JOIyCTUME KEPYBaHHs, SKE BUILIABAE i3

YMOBU HCHCPEBUILICHHA MAKCHUMAJIBbHOI'O MOMCHTY ABHUI'YHAa aCHHXPOHHOI'O

€JIEKTPOIBUIYHA IIPUBOAY KpaHa M ; u, - MAKCUMAJIBHO JOIIyCTUME

max

t

KEepyBaHHs, fKE€ BHIUIABA€ 13 YMOBU HENEPEBUILIEHHS MaKCUMaIbHO
JOIYCTUMOTO CTPyMY, KU MPOTIKae B OOMOTKax JBUTYHA 1 MO JIKEPETy
KMBJIICHHS JBUTYHa [ Ta MakCHUMAJlbHO AOMYCTUMIiil TpuBamocti f .

NpOTIKaHHS cTpymy [ . . u,, Ta u, € CKJIaJHUMU (DYHKILISIMU:

max “Tmax

’ ’
ulmax'tmax :f(ys’ a)o’ U.?K‘u(?ﬂ’ Rl’ RZ > Xl’ X2 s rKOJ’ nep /> (8)

’ ’ (9)
Up =f (s @y, Us Ry Ry Xy Xy 1y iy,

o’ nep /2

my, u

1€ ), - WIBHUJKICTb 1J€aJbHOIO XOJOCTOrO XOAY ABUIYHA IPHUBOAY

4
- Halpyra >KUBJIEHHs IBUIYHa; R,, R, - aKTUBHUH omip
’

cTaropa Ta NPUBEACHUN AaKTHBHUN OHIp POTOpa BIANOBIOHO; X,, X,

KkpaHa; U

aACus

pEaKkTUBHUN Omip cTaropa Ta NPUBEIECHUN pEaKTUBHUN Omip poTopa
BIAMOBIAHO; 7, - pajlyc Kojeca KpaHa; u,, - IEepeAaTOyHe YUCIO

Kon nep
NpUBOAY KpaHa. 3a3Hauumo, 1o oOMexeHHs (7) € CKIaJHUMH ISt
aHAJIITUYHOTO PO3B’sI3aHHA 3a/a4i, TOMY CIPOCTHMO iX. byaemo BBaxaru,
mo obmexeHHs (7) He 3anexarb Bil ()a30BUX KOOPJIMHAT JMHAMIYHOI
CHUCTEMH, HaIllpyra 1 4YacToTa HANpyrd >KUBJICHHS [BUTYHAa, a TaKOX
’ ’

napaMeTpu caMoro JBurysa R,, R, i X,, X, He3minHi B yaci. Toxi Bupa3

(7) Mmo>kHA 3aMIHUTH TaKUM:
|u| SU . (10)

TakuM dYWHOM, 3AlMCHEHAa [OCTAaHOBKA 3aJadyl ONTHMAaJIbHOI'O
KEpYBaHHS TUHAMIYHOIO CHCTEMOIO ,,KpaH 13 TpPaBEPCHOIO IMiJBICKOIO -
BaHTax . L{g 3amaua nossrae y Tomy, 100 MepeBeCTH NUHAMIYHY CUCTEMY
13 TOYATKOBOI'O MOJIOKEHHS, IKE XapaKTePU3YEThCs MOYATKOBUMH YMOBaMU
y KIHIIEBE, SKE€ XapaKTepPHU3YEThCS KIHIEBUMU yMoBamu. [lpu mpomy
KpUTepiii onTuManbHOCTI (4) moBuHEeH OyTu skHaiiMeHmM. Kpim Toro,
HaKJIaJaroThcs OOMEXKEHHs Ha KepyBaHHS y Burisiai HepiBHocTi (10), a
MOMEHT 3aKiHYeHHs KepyBaHHS 1 € He(hiKCOBaHUM.
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Jlnst po3B’s13yBaHHA 33Ja4ui ONTUMAIBHOTO KEPYBAaHHS BUKOPHCTAEMO
METOJ JOWHAMIYHOTO mporpamyBanHs [8]. JlaHwii MeTom CHUHTE3y
ONTUMAJILHOTO KEPYBaHHS Ja€ 3MOTYy 3HATU KE€PyBaHHs Yy BUIIIAAL QyHKIIT
¢$a30BUX KOOpAWHAT JWHAMIYHOI cuctemu. lle kepyBaHHS y BUTIISAII
3BOPOTHOTO 3B’s13Ky. OCHOBHE (DYHKIIIOHAJIbHE PIBHSAHHS JUIS TAHOI 3ajaui
3aMUCY€EThCSA TAKUM YHHOM:

(& oS oS as as as oS
E Oy +Ou* +—y +— —Vt— — ys+—(u—Ay,—By,) |=0,
mi £ Vi + O +a Oy1+ay] J’2+ay2 y3+ay3 Y4+ay4 y5+ay5 (u—Ay, J’2)J (11)

ne S - ¢yskuis bemimana. 3amauy OynemMo po3B’si3yBaTH IS
BUIIAJIKY KOJM Ha KepyBaHHS u He HakiazeHo oomexeHb (10). Lle macte
3MOTYy 3HAWTH aHATITHYHUHN po3B’A30K 3ajgadi. OnHAK y MOJANBLIIOMY MU
Bpaxyemo HepiBHicTh (10). MiniMyM niBoi yactunu piBHsAHHS (11) Oynemo
mykaTd 1o ¢QyHKmii u#, g 4yoro mnpoaudepeHiiroeMo i1 3a u Ta
HPUPIBHAEMO OTPUMAHE 10 HYJA:
aS

20iu+—=0.
6u+ay5 (12)

3naiinemo 3 piBHAHHA (12) QyHKIIO U :

1 dS
= 13
! 26, dy, (13)
[lepecBimuumocs y tomy, mo ¢gyHkuis (13) nocrasnse Bupasy (11)
MIHIMYM, JUIsl yoro npoaudepeniitoemo Bupas (12) me paz 3a u:

) as

—| 28u+— |=26,>0. 14

au ( 6” ays j 6 ( )
Takum unHOM, Bupas (13) Oyae nocTaBisATH JIBIM 4acTHHI BHUpa3y

(11) minimyMm. ¥ Bupasi (14) BUKOPHCTAHO CTPOTY HEPIBHICTh, OCKUIBKU

npu O, =0 piBuHsHHS (12) MEpeTBOPIOETHCS Y TPUBiaNbHE 1 ONTHMAJbHE

KepyBaHHs HEeMOJIMBO 3HaiTu. [lincrtaBumo Bupas (13) y piBHsHHA (11), B
pe3ynbTaTi 4oro OyaeMo MaTH:

aS aS aS aS
yz[—yz—B—J+y§5o+yl(—+y151J+y§5z+y3[—+y353j+
a% ays 8)’0 ayz
2
oS oS oS s ) 1 (15)
L4248 Py |- 2| —=o.
+Y4(ay3 8y5 +y, 4}"‘)’5[8)/4 + Vs sj (aysj 456

PiBasaHst (15) € HenmiHiliHUM nudepeHIiaIbHUM DPIBHSHHIM Y
YaCTUHHHUX MOXITHMX. byaeMo mrykatd HOro po3p’si30K Yy BHUIVIIL
KBaJpaTHIHOI (POpMHU, SIK [I€ MPUHHATO TPU PO3B’A3yBaHHI MOMIOHHUX 33724

[9]:
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S=Ayys + Ay} + Ay; + Ay; + Ay, + Ay: + Ay + A yoy, +

+ A Yoys + Yoy, + Ayoys + Ay, + Aoy ys + Asyys + Auyys + (16)
+ Ay, Y35+ Ay Vs + Ao ys + Agys Ve + Ao ysys + Ay Vs

ne A,, A, 4,, ...,4, - TOCTiiHI KoedilieHTH, sKI HEOOX1THO

BU3HAUUTU. Bi3bMeMo uacTHHHI moximHi 3 Bupaszy (16) 3a ¢azoBumu
KOOpJAMHATaMU AUHAMIYHOI CUCTEMHU:

aS
a_ =24y + A+ Ay, + Ay + Ay, + Agyss
g’ (17)
— =AYyt 240, + Ay, + A,y + Ay, + Ay ys,
86))/1 (18)
S
— = Ayt A +24,0, + Ay + Ay, + A5, (19)
2
oS
g = A yo + Apy + A5y, + 24,5+ Ay, + Ay s, (20)
3
oS
g = Aoy + Ay + Ay, + Agys + 24,5, + Ay s, (21)
4
oS 22
7: (o Vo + Ay + Ay, + Aoy + Ay v, +24sys. 22)
s

[TincraBumo Bupasu (17-22) y piBasHHS (15) 1 micns BUHECEHHS
CIIJTLHUX MHOKHHKIB 32 TYKKHA OTPHUMAEMO:

yal Ay +y7| 4 +8 A +y3| A4, - B4, +8 A +yi| A5 +8 Ay + 2 (A — Adyy +
0 0 466 1 6 1 456 2 11 17 2 456 3 15 3 486 4 18 20
A A A, A A A A A

+8, 2 4yl A+, -2 |+ Ay -0 1y A, — BA, -1 |+ A, -0
4 466] Vs | Ay + 05 3, Yo Ao 25, %)’2( 6 10 25, Vo3| 47 25,

A, A A, A A, A4
+J’OJ’4[AA10+A8_%J+)’0)’5[A9_ 1§ 5}")’1)’2[2’41_BA14+A7_%J+J’1J’3(AH_AS_
6 6 6

A, A A A A-A
_ﬁ}*)’lh[‘ﬂz —BAy +24, _ﬁj‘*)’l)’s[/llz —BAjy+24, - 1275619]"')’2)’3('414 — A —2X (23)

A-A A,A A,A
X BAs - g 5]"’)’2)’4[‘412_AA14+A9_%20}+J72J’5[A10_A13_ g S]"’)’3)’4("113""415_1‘11‘117_
6 6 6

A A A A A,A
— Bdyy = |t yoys| A+ Adig + 24y =220y, | Ay + Ajg =2 | =0.
28, 28, 3

Pipusiaus (23) Oyne cripaBeAJIMBUM Y TOMY BHUIAJKY, KOJIH BUPa3u y
OyXKax OyayTh piBHI HYJIO, OCKUIBKM ()a30Bi KOOpPAWHATH ITWHAMIYHOI
CUCTEMH OJIHOYAaCHO HE MOXYTh OyTH piBHI Hymt0. Tomy piBHAHHS (23)
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MOXKHa 3aMIHMTH Ha CHCTEMY HENIHIMHUX anreOpaidyHuX piBHSHB, SKa
OTpUMaHa IUIIXOM MPUPIBHIOBAHHS J0 HYJIS BUPA3iB y MYKKax 13 PiBHIHHSI
(23). He Oymemo 3ammcyBaTH IO CHUCTEMY OCKIUIBKM BOHAa € JIOCUTh
rpoMi3akor. OTpuMaHy CHCTEMY pPIBHSHb PO3B’S3aTH y AHATNTHYHOMY
BUTJISAJII IOCUTH BaXKKO TOMY cIipocTuMO ii. J{ms miporo momamo Bupas (13),
13 BpaxyBaHHAM GopMyn (22), y TAKOMY BHUTJISII:

__ Ao Yo+ A+ Ay, + Agys + Ay ys + 245y (24)
26, '

TakuM 9uHOM, JUIS 3HAXOJKEHHS HeBimoMmoi GyHkmii ¥ HeoOXimHO
3HaWTH Jume micte koediumieHTiB A, A,, A4,, A,, Ao, Ay. Hus
BU3HAUEHHS IUX Koe(ilieHTIB HeoOX1AHO chOopMyBaTH LIICTh PIBHSIHB, SIKI

MOYKHa OTPUMATH 13 BIJIOMOi CHCTEMHM piBHSHB OTpUMaHOI 13 BUpazy (23).
3anumieMo CUCTEMY 13 IIECTH HeNMiHIHHUX anreOpaiyHuX piBHSAHb:

AZ
5, ——2 =0;
* 46,
—BA  + A|24 -5 - A10A17 =0:
Y48, T 206, ’
2
A14A5 _ Alo _ 53 _ Al‘) _ AA” _ BA20 _ A17A20 — 0,
S 46, 26, (25)
AZ
Ay + 0, ——=2=0;
20 5 56
AZ A, A
4, +AA20 _54"'432 _%20;
A14A19 _ A120A20 A—BA17 +52_ A127 =0.
25, 26, 45,

[lepue piBHAHHS cucTeMH (25) € He3aneXHUM B1JI 1HIIHUX 1 MOKEMO
oJZlpa3y 3alucaTu:

A, =%2./6.6,. (26)

Bin’emHMil KOpiHB BIAKHUIAEMO, OCKITBKM BIH MOKE MPU3BECTH [0
HECTIHKOCT1 AMHAMIYHOT CUCTEMHU.
Cucremy piBHsHB (25) OyaemMo po3B’sI3yBaTH YHCEIHHUM METOIOM.

Jlng uporo 3agaMo mapaMeTpu JAMHAMIYHOI CHCTEMM: Maca KpaHa

m, =1000 ke, maca TpaBepcu m, =300 xe, maca Bantaxxy m; =1000 ke,
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JIOBXKHMHA THYYKOro MiABicy /, =6 m, NOBXWHA THY4YKOro miaBicy [, =2 m.
Kpim TOTrO, 3a1aMo BEJINYNHU BaroBUX Koe(iIieHTIB:
0,=0,=0,=0,=0,=0,=01, J,=0,4. B pesyabrari pO3paxyHKY
OTpUMANIH JCKiJbKa MIMCHUX Ta JEKUTbKa KOMIUIEKCHUX KOPEHIB CHCTEMU
(25). Bci kommuiekcHi kopeHi Bigkuaaemo. KpiMm Toro, BiIKuIaeMo Bif’€éMHI
KOpEH1, OCKITbKH BOHHM MOXYTh HPHBECTH 10 HECTIMKOCTI AMHAMIYHOL
CUCTeMH. [3 BpaxyBaHHSIM 3pOOJICHHX 3ayBaKCHb I BKa3aHUX BHIIE
napaMmeTpiB cucremu maemo: A4, =498, 4, =114, 4,=711, 4,,=0,23,
A;=0,36.

[TincTaBnsroun 3HaifeH] BEeIMYMHU KOedillieHTiB y Bupas (24), a
Bupaz (24) y naudepeHuianpbHe piBHSHHS (2) OTpUMaeMo JiiHIKHE
nudepeHIiagbHe PiBHAHHS

VI 4V A\ 4 A A
3t x| A+ =2 x5+ —2%, + (B+ A4, )i, + %, + 2 x, =0, 27)
s, 26, )" 28, 25, " 28,

IUIE  PO3B’SI3aHHS SKOTO HEOOXIJHO CKIJIACTH XapaKTepPUCTHUYHE
PIBHSIHHSL:

A A A A A
S+ 2P H A+ PP+ 2 PP+ (B4, )pt +E p+ L =0,
PSP ( 256}19 2.7 (B+4,)p 2.7 25, (28)

AnrebpaiuHe pIBHSAHHA IIOCTOrO MOPSIKY (28) HEMOXIHMBO
po3B’si3aTu B pagukanax. Tomy OyaemMo MIyKaTH YUCENbHUN PO3B’A30K
mudepenuianbHoro piBHAHHSA (27) metonom Pynre-Kyrra [10]. Ilouatkosi
YMOBM I  YWCEIBHOIO  IHTErpyBaHHsA  piBHSHHSA  (27)  Taki:
x,(0)=x,(0)=x;(0)=0, x,(0)=x,(0)=x,(0)=0,5 m/c. Taki no4aTkosi
YMOBU O3HAyalOTh MpOLEC 3arajJbMOBYBaHHS KpaHa 3 I0YaTKOBOI
mBuakocti 0,5 Mm/c, mpuuoMy KOJMBaHHS Mac Ha THYYKUX MiJBicax
BIJICYTHI.

VY pe3ynbTaTi YUCEIBHOI'O IHTEIPYBAaHHS OTPUMAHO HAOIMKEHUH

pO3B’s130K piBHSIHHS (27) 3a IOMOMOTOI0 SIKOTO TOOyI0oBaHO TrpadivHi
3aIeXKHOCTI AMHAMIKU pyXy cucTteMu (puc. 2).
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Axs 3, mjc

‘ui),",'”

U

N

Avz g, M

<
7

X5, M F, clur H
0.5

0.4
—5000}

0.3
—10000

=15000 ¢+

0.1 ~20000

t, ¢ =25000

—0.1¢t 30000

—35000

B) r)

Puc. 2. ®a3oBuil nopTpeT KOIMBAaHb Macu m, (a) BIAHOCHO Macu
m,; (pa30BUN MOPTPET KOJMBAHb MacH m, BIJIHOCHO Macu m,, rpadik
MIBUJKOCTI KpaHa X, (B), rpadik AMHAMIUYHOI CKJIQJA0BOi NMPUBOJHOIO
sycmis F, (T)

Anani3 rpagiyHUX 3aleXKHOCTEH BKa3ye Ha Te, 110 KOJIMBAHHS 3
IUTMHOM Yacy 3aTyXaroTh, 10 OylI0 HEoOXiaHO 3a ymMoBamHu 3aaayi. OnHak,
IHTEHCHUBHICTh 3aTyXaHHs KOJIMBaHb € HE3HayHOw. KpiM TOro, iCHyIOTh
NPUHIIMIIOBI HeOaXkaH! BIACTUBOCTI OTPHUMAHOTO ONTHMAIBLHOTO 3aKOHY
KEepyBaHHs, a caMe: 3HAKO3MIHHHUI XapakTep MIBHUIKOCTI Ta JWHAMIYHOi
CKJIQJIOBOT TPHUBOJHOTO 3yCWJUIA, HAA3BUYaifHO BeNUKa IOYaTKOBa
BeJIMYMHA JIMHAMIYHOI CKJIAOBOI TpUBOAHOTO 3ycwursd. Ll Hemomiku
CTaBJISATH MiJ CYMHIB MPAKTUYHY pealli3allilo CHHTE30BaHOTO ONTUMAIHHOTO
KepyBaHHs. OJHaK CTBEPKYBATH Te, 110 CHHTE30BAaHUN 3aKOH PyXy KpaHa
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HENpUAATHUM Ul TpakTHKKM He MokHa. [lepm 3a Bce mOTPiOHO
IpOaHaII3yBaTl OTPUMAHUIN 3aKOH pyXy KpaHa JUIsl BUSBJIEHHS IO3UTUBHUX
fioro BiacTuBOCTeH. 3amada aHamily YCKIAQAHIOETBCA THM, IO HEMae
FOTOBHMX aHAJITUYHUX 3aJCKHOCTEH, AKi O JaBajau 3MOTYy OIIHWTH BIUIMB
napamMeTpiB JMHAMIYHOI CHUCTEMH, BEJIMYMH BaroBUX KOeQiIi€eHTIB Ta
MOYAaTKOBUX YMOB pPyXy KpaHa Ha HOro KiHEMaTW4yHl Ta JIWHAMIYHI
XapaKkTEepUCTHKH TpU ONTUMAIbHOMY KepyBaHHI. Po3B’s30k 3amaui
onTUMI3allii pyXy KpaHa 13 TpaBEpCHOIO IiJIBICKOIO BUKOHaHWHA 0e3
BpaxyBaHHs oOmexenb (10). JInga BpaxyBaHHf 1HMX OOMEXEHb
BUKOPUCTAEMO TMPOCTHH TNPHUHAOM: CHTHAJI ONTHMAIBHOTO KEpyBaHHS
HOPOMYCTUMO Yepe3 HETIHIMHUI elleMEeHT TUIY ,,HaCH4YeHHs . Y pe3yibTari
OTPUMAEMO TaKe KePyBaHHS:

_|u_ s aKkwo ‘M‘Zum;
‘e U, AKUWO ‘M‘Sum . (29)

ax

[TokaxkemMo, SIK Take KepyBaHHS BIUIMBAE€ HAa JUHAMIKY pPyXy
cucteMu. s IbOro YHMCENbHO MPOIHTErpyeMoO Iu(epeHIialbHe PiBHIHHS
(2), mpudomy mpaBa YacTHHA LBOIO PIBHAHHSA € KYCOYHOIO (YHKIIIEIO
¢$a30BUX KOOpAMHAT AMHAMIYHOI CUCTEMH Ta BEIMYMHM MAaKCHUMAaIbHO
JIOITYCTUMOI BEJTMUYMHH KEPyBaHHA. 32 OTPUMAHUM PE3YJIbTaTOM MOOYIyeEMO
rpagiuni 3anexHocti (puc. 3). s mobymoBanux rpadikiB mapamerpu
JUHAMIYHOI CHUCTEMH 3aJIMIIAIOThCS HE3MIHHUMH, a MaKCHUMaJbHO

JIOTYCTHMA BeTMYMHA KepyBaHHS IPHAHATA Takoto ¥ =1,5m/c”.
AHani3 mnpuBeneHUX TrpadikiB Ja€ 3MOry BCTaHOBUTH, IO

3MCHILIEHHS BEIWYMHM KEPYyBaHHS, sKEe Ji€ Ha JWHAMIYHY CHUCTEMY
MIPOTSTOM PEKUMY PYXY ,,3aTATYE” MEePEX1AHUI MPOIeC TATbMyBaHHS.

Aiz_z, mjc Axy ;. mfe
0.15

Axs o M
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XM Fay. H
5000}

041

—5000}

wh
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r)

Puc. 3. ®a30Buii NOpTpeT KOIMBAHb Macu m;, (a) BIAHOCHO Macu

m, ; (pa30BUIl MOPTPET KOJIMBAHb MAaCH 71, BIAHOCHO Macu m, , rpadik

IIBUIKOCTI KpaHa 9 (B), rpadix AMHAMIYHOT CKIJIaJJOBOI TPUBOTHOTO
sycnmns F,,, (T)

3BificM BUIUIMBAE JIOTIYHUI BHCHOBOK: ONTHMAaJbHE KEpPyBAaHHS
OOMEXEeHE TpaHUICl0 JONMYCTUMHUX 3HAa4Y€Hb YCYBa€ MOKIIUBICTh
NEPEBAHTAXEHHS NPUBOJHOIO JBUTYHA, a TaKOX IIOJIOBXKYE IMIPOILIEC
YCYHEHHS KOJIMBaHb BaHTAXKY.

3 mpakTHYHOI TOYKM 30py HeOakaHi BIACTUBOCTI ONTUMAJIBLHOTO
KEpyBaHHS JOTIOBHEHOTO 30HOI0 HEYYTIWUBOCTI 3aJIUIIMINCH, IO BUIHO 13
rpadikiB Ha puc. 3. Sk Bke 3a3HaYaIOCh HEOOX1HI JOAATKOBI TOCIITKCHHS
CHHTE30BAaHOTO KEPYBaHHS IS TOTO, IIO0 BCTAHOBUTHU OOJACTh HOTO
BUKOPUCTAHHS.

Tenep pocniauMo 3akoH KepyBaHHS (29) 13 BHUKOPHUCTAHHSM
npuHnuny Makcumymy [11]. Lle HeoOxigHO ans Toro, mo0 3’sCyBaTu, 4u
MO’KHa KepyBaHHs (29) Ha3BaTu onTUMalbHUM. TOOTO YU 0OOMEkKEHE 30HOIO
HEYYTJIMBOCTI KEpYyBaHHS # 3alMIIA€TbCA ONTUMANbHUM uu HI? s
MPOBEJCHHS TAKOTO JIOCHIDKEHHS 3aluiieMo [ aMUTbTOHIAH S JaHOi
JTUHAMIYHOT CUCTEMH:

5 5
H:zwv+w6<u—Ay4—By2>—[za,yf+66u2j, (30)
v=0

= i=0
e Y, - v-Ta COpsDKeHa 3MiHHA. 3TiHO NPUHIMIY MaKCUMYyMY,
HEOOX1IHO TaKMM YHHOM KepyBaTH IpoiiecoMm, oo ["amineronian (30) OyB
MakCUMaJdbHUM. [l BIIKpUTOI 007acTi KepyBaHHS (u € (—oo; o)) Take
KepyBaHHsI 3HAXOAUTHCA 3 YMOB cTarioHapHocTi GpyHkuii ["aminbroHa:

OH

a—u—l//6—256u:0. (31)

61



ISSN 2311-0368 Hebezeuge und Fordermittel, Ne3 (39), 2013

3 piBHsHHA (31) oTprMaeMo:

u=te (32)
6
Jns toro, mo0 mepecBiIYMTUCH, IO OTpuMaHe KepyBaHHA (32)
noctaBisie MakcumyMm [aminbroniany (30), HEOOXigHO IpoaHai3yBaTH
3HAK Apyroi nmoxigHoi I'amMinbTOHIaHa 10 KEPYBaHHIO:

0’H
ou’

=26, <0. (33)

Bupa3z (32) cmpaBennuBui IS BIZKPUTOi OO0NAcTi KepyBaHHS.
Onnak, Ha KepyBaHHS HAKJIQJAIOTHCA OOMEXKEHHS Yy BHIJISAI HECTPOTUX
HepiBHocTe# (10). BpaxoBytoun obOmexenHs (10) onTumanbHe KepyBaHHS
MO>KHA MOJIaTH y TAKOMY BHUTJISIII:

Y
umax’ ﬂKWO 256 — “"max
v (34)
ﬂ, AKWO Vsl < U, -
26 26,
Amnani3 BupasiB (13), (29) Tta (34) nokasye, 110 BOHH CHiBIAJal0Th
SKIIO:
aS
Ve =—"3_" (35)
ay;

Jlis noBeneHHs i€l pIBHOCTI EPETBOPUMO JIIBY YaCTUHY PIBHSHHS
bennmana (11) Takum unHOM:

= 9y -1 dy 5 =0

: s 36
min(—l)(z (— aa—S]yv + [— BBTS](M ~ Ay, ~ By, )~ {Z Sy + 5&*}] _ 00

5 5
min[ a—Syv +a—S(u—Ay4 —By2)+[z5l.y,.2 +56u2D:

v=0 v—1

max(i(—a—S]yv +[—aa—y‘i](u — Ay, —Byz)—{i(fi v+ §6u2j}

v=0 ay vl i=0

[Topieuroroun Bupas (30) ta (36) MoxkeMo 3amucaT:

as
Sy, (37)
yv—l

3o0kpeMa Jiist v=6 CIIpaBHKYETHCS PIBHICTH (35).
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TakuM YHHOM, JOBEACHO, IO KepyBaHHS (29) € OoNTHUMalbHUM.
OueBuaHO, 10 ONTUMAaJIbHE KepyBaHHs (29) Bxke He Oyae 3aq0BOJIbHITH
piBusHHsS beruimana (11), omnak BuMory makcumyMmy ['aminbToHiaHa muis
nomycTuMoi obiacti kepyBanb (10) kepyBanHust (29) 3a10BOJIBHSIE.

Bucnosok
VY naniii poOOTi po3B’si3aHa 3a7a49a ONTUMAJILHOTO KEPYBAaHHS PyXOM
JUHAMIYHOI CHUCTEMHM ,KpaH 13 TPaBepCHOIO MiJBICKOI0 - BaHTax .

Po3B’s130k  3amaui  mIykaBcs 3a  JIOIOMOTOI0  METOJy JMHAMIYHOTO
nporpamyBaHHs. ['padiuni 3anexHocTi, MOOyAOBaHI 13 BpaxyBaHHSIM
OTPUMAHOTO KepyBaHHsI, BKa3ylOTh HE MEBHI HEAOJIKA KEpyBaHHS B IJIaH1
npakTU4YHOI peamizamii. OgHak, 1€ HE O3HAYa€ IO BiJA OTPUMAHOIO
pe3yapTaTy HEOOXITHO BIJIMOBISATUCH — HOTO HEOOXINHO MpoaHaTi3yBaTH
JUIS TOTO, 11100 BCTAHOBUTH palliOHAJIbHI PEXUMHU MPU SKUX BIH JIa€ Kpalli
XapaKTepUCTUKU Tpolecy. 3ajadya aHali3y OTPUMAaHOrO KEpyBaHHS €
CKJIQJHOIO, OCKIUIbKM HEMa€ BCIX aHANTHYHUX 3aJC)KHOCTEH, SAKI O
ONMKCYBaIM KIHEMaTHU4HI Ta JWHaMIYHI XapaKTePUCTHKU MpoOLecy Ta
KkepyBaHHs. CHUTyallis YCKJIQIHIOETHCS TUM, 110 caMa TPaHULs JOMYCTHUMOT
0o0yacTi KepyBaHHS € CKJIaaHOI0 (yHKIE0 Oaratbox aprymeHTiB. st
aHaJlizy OTPUMAHOrO0 KEepyBaHHS HEOOXiAHO Oyae BUKOPUCTOBYBATH
YucenbHI MeTOoaH a00/1 CIPOIIyBaTH 3a1ady.

OnHuMm 13 HeGaxaHMX (DAKTOPIB Yy OTPUMAHOMY KEpyBaHHI €
HAaJ3BUYANHO BEJIMKE 3HAYEHHS KEPYBaHHs Y NOYAaTKOBUM MOMEHT 4acy. Y
poOOTi 3ampoNOHOBAHO YCYHYTH 1€ HENOJIK IIJISIXOM BHUKOPUCTAHHS
HeNHIMHOI (QyHKUII TUIy ,,HACHYEHHS , apryMEHTOM $IKOi € ONTHUMallbHe
KepyBaHHs. [loBeleHO, 110 BHUKOPHCTAHHS Li€i HeniHiiHOI (yHKIII He
BIUIMHE Ha ONTHUMAJbHICTh IPOLECY, OCKUIBKM HpU LbOMY QYHKISA
l'aminbpTOHA TOCATaE MAKCUMYMY.
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