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AHoTAaIisi. 3arpOTIOHOBAHUN KPUTEPIN I TH-
HaMiYHOI ONTHMI3alii MPy>KHOT cucTeMu (KaHATIB)
BaHTAXKOIMIAMOMHAX MEXaHi3MiB KpaHIB IpH IO-
CTYMaJILHOMY PpYyCl, SKHH MiHIMi3ye KoedirieHT
TUHAMIYHOCTI. BCTaHOBJICHI 3aKOHU PyXy €JIeMEH-
TiB BaHTXOMITHOMHOTO MeEXaHi3My KpaHa, 3a
SAKHX MOXKe OyTH peani3oBaHMH BKa3aHUM KpHTe-
pii. PeamizoBanmii miaxig g0 TUHAMIYHOI OIITHMI-
3amii npy»)HOI CHCTeMH (KaHaTiB) BaHTaXOIIiIiO-
MHHUX MEXaHi3MiB KpaHiB MpH iX MOCTYNAIbHOMY
pyci Moxke OyTH y TOAANbIIIOMy BHUKOPHUCTaHUI
IpU KOHCTPYIOBaHHI MEXaTPOHHHUX CHUCTEM Kepy-
BaHHS BKa3aHUMHU MEXaHi3MaMH, KOTpi 3/IaTHI 3a-
Oe3MmeuynTy BiICTiAKOBYBaHHS yCiX MHTTEBHX (pa-
MTOBUX) 3MiH KiHEMAaTHMYHHX, a TaKOK €HEProcH-
JIOBUX MapaMeTpiB BKa3aHUX MEXaHIYHUX CHUCTEM
3a PI3HUX CMOCO0IB MiAHOMY BaHTaXYy, a came. <3
Barm», «3 miaxsatom». [Ipu 11boMy BpaxoBYIOTHCS
BCi MEPEeBAaHTAXECHHS CHCTEMH, II0 BHHHUKAIOTH Y
Hiif caMe Ha mepBicHii cranii mixiiomMy BaHTaxy (y
MOMEHT ITyCKY — IIPH MiAHOMI <3 Baru»; y MOMEHT
BIJIPMBY BiJl OCHOBHU (3€MJIi)- IIpH MiAHOMI <3 Imij-
xBaTom»). CiiJl 3a3HaYMTH, II0 OTPUMaHI y poOoTi
pe3yNbTaTH, MO>KHA BUKOPHUCTATH U NPH MPOCKTY-
BaHHI TPHUBOJIB BAHTAKOMIAHOMHHX MEXaHI3MiB
KpaHiB, (QYHKUIOHYIOUHMX y TUX YH IHIIMX PEXKU-
Max, KOTpi 3a0e3neuyIoTh iaBHul (0e3puBKOBUIT)
IyCK MEXaHi3My, a 3HaYUTh 1 CYTTEBO 3HIKYIOThH
KOoeilieHT TUHAMIYHOCTI SIK Y MOMEHT ITyCKY, TaK
1 y mepioJy OCHOBHOTO PyXy, LIO 3aBEPIIyETHCS
IJIaBHOIO, a HE CTPUOKOMOIIOHOI0 3aBEPIIaTLHOIO
CTaII€r0 MIHOMY 10 TIOBHOT 3ynmuHKU. OTpuMaHi y
poOOTi pe3ynbTaTH MOXKHA TaKOK BHKOPUCTATH U
JUISE YTOYHEHHS 1 BJOCKOHAJICHHS iICHYIOUHX 1HXE-

HEPHUX METOJIB PO3PaxXyHKy IPYXKHUX CIICMCHTIB
(kaHaTiB) BaHTa)XOMIJHOMHHX MEXaHi3MiB KPaHiB 3
METOK VHHKHCHHS HEMHHYYE BUHUKAIOUUX Pi3HO-
MaHITHUX KOJHMBaHb y CaMUX KaHaTax (IT03I0BXK-
HiX, 3THHHHX, KPYTHHX Ta KOMOIHOBAaHHX) SIK Ha
CTaisIX iX MPOEKTYBaHHs, KOHCTPYIOBAHHS, TaK 1y
peXKHUMaxX peaybHOI eKCIUTyaTallii KaHATHUX CUCTEM
KpaHiB.

KirouoBi ciaoBa: oOrpyHTyBaHHS, KpUTepi,
MMHAMIKa, ONTHMIi3allisl, MPYXHICTh, KaHATH, BaH-
TKOIIAHOMHHMNA MeXaHi3M, KpaHH, MOCTYIaIbHUH

pyX.
I[TOCTAHOBKA 3AJJAYI

Bigomo, mo y cucreMi «BaHTaKHHUMA Bi30K-
KaHaT-BaHTaX» MOCTOBHX KpPaHIB MOXIIUBI
pi3HOMaHITHI KonuBHI miporiecu. OcoOIMBO 11e
CTOCYETBCSI TPYKHHX €JeMeHTiB (KaHaTiB,
TPOCIB) BaHTAKOIMITHOMHUX MEXaHI3MIB, ¢
BUHUKAIOTh, SIK Y CUCTEMaX 3 PO3MOIUICHUMU
rmapamMeTpamu, IMO3/I0BXHI, 3TMHHI, KpYyTHI Ta
KOMOIHOBaHI HaBaHTa)XCHHS Ta xBwm. Llew
(dakTop  HEOOXITHO  BpAaxXOBYBaTH  IIPH
CTBOPEHHI MEXAaTPOHHUX CHCTEM KepyBaHHS
BaHTaKOIT THOMHUMHU KpaHaMu 3a1Is
3a0e3neueHHs] BUCOKOI TOYHOCTI YIpaBIIiHHS
SK PyXOM BaHTaXy, TaK 1 KpaHa y IJIOMy B
mporiecax — Horo  mycKy/TaqbMyBaHHS — 4Yd
peBepCcyBaHH, Opd  IiaiAoMi/OmycCKaHHI
BaHTaXy a00 mpu HOro MO3WIIOHYBaHHI Ha
MeBHIN BUCOTI.
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Ha nymky aBTOpiB AOCHiKEHHS, BUKOPHUC-
TaHHS MeETOMIB (PI3UKO-MATEeMAaTUYHOTO Ta
KOMIT FOTEPHOTO MOJICITIOBAHHS, a TaKOX ITiJI-
XOJ[IB, PO3BUHYTUX Y TEOPil KJIIACUYHOTO Bapi-
aIiifHOTO YHCJICHHS, JIO3BOJISIE POBECTH yTO-
YHEHHS ¥ BJOCKOHAJICHHS ICHYIOUHMX 1H)KEHe-
PHHX METOJIB PO3paxXyHKY BKa3aHHX CHUCTEM
Ha OCHOBI Y3arajJbHEHOTO KPHUTEpPiI0 SKOCTI
PYXY KpaHOBUX MEXaHI3MIB MMiIHOMY BaHTaXYy,
SKUW onTUMi3ye (MiHIMI3ye) qMHAMIYHI HaBa-
HT@)XEHHS Ha KaHaTaxX Mpu poOOTiI KpaHIB Ta
iX MexaHi3MiB y MepexiJHUX Mpolecax.

AHAJII3 TTYBJIIKALIINA 3A TEMOIO
TOCIDKEHHS

Po3paxyHOK MO3710BXHIX KOJWBaHb BaHTa-
Ky Ha KaHaTaX BaHTAKOMIAMOMHOTO MEXaHi3-
My KpaHa 3a3BHYail MPOBOJATH 32 HAHUIIPOCTI-

III0K0 CXEMOI0 JIBoMacoBoi cucremu [1 — 6].

[Ipu mbOMyY BBaXKaroTh, IO JKOPCTKICTh KaHa-
TiB IOJIICNIACTIB HAa0arato MeHIIe KOPCTKOCTI
camoro mpuBoay. [lix mi€r0 30BHINIHIX CHI Y
HeyCTaJieHU# mepion (MycKy, TalbMyBaHHS,
peBepCyBaHHs) y MPYXKHIN cucTeMi (KaHATax)
BUHUKAIOTh MaJjil IO3J0BKHI KoJMBaHHS. J[u-
CHITaTUBHI TporiecH (MOTIMHAHHS €Heprii), sKi
HEMHHYYE BiTOYBAIOThCS y CAaMUX KaHaTax, He

BpPaxoOBYIOThCA, 5K, IO pedl, i 3MiHH y Yaci (t)

BUMYIIIEHUX CHJI, IIFOYMX 330BHI Ha BaHTaXXO-
HiIHOMHUI MeXaHi3M KpaHa (cuiia TSTW MpH-
BOJIy Ta Bara BaHTaxy).

Jlnsi oOTrpyHTYBaHHS METOIY PO3PaxyHKY
BUMYIICHUX TIO3[IOBKHIX KOJHMBAaHb BaHTaXKY
Ha KaHaTaX BaHTAXOIITHOMHOTO MEXaHI3MY
KpaHa y Tepioa WOro MycKy 3acTOCOBaHI MO-
aeni, po3BUHYTI y pobdorax [1, 2].

Pesyneratu po6it [1, 2] Ta miaximx aBTopiB
[7] BukopucTaHi pu NMPOBEICHHI JaHOTO JI0-
CJIIDKEHHS.

META POBOTHU

Mera pobotu mosisirae 'y OOIpyHTYBaHHI
KpUTEPiI0 AUHAMIYHOI ONTHUMI3aIlii, KU 10-
3BOJISIE OTPHMATH ONTUMAIBHUH 32 AKICTIO pyX
y MeXaHi3Mi MiIiHoMy BaHTaXXy KpaHOM B Iie-
pioa Horo mycky, 110 MiHIMI3ye KOeQillieHT
JTMHAMIYHOCTI cucteMu. [Ipu nbomy BpaxoBaHi
0COOJIMBOCTI 3MIHM Y Yaci (t) cuJIoBUX (hak-

14

TOPIB, IO JIO3BOJIIE CTBOPUTH Ha OCHOBI Me-
XaTPOHHUX 3ac00iB KepyBaHHS EKOHOMIYHO
BUIIPABJaHy CHCTEMY YIPABIIHHA KPaHOM Y
peXuMax IyCKy WOTro BaHTaXKOIMiIHOMHOTO
MEXaHI3MYy.

BUKIIA/L OCHOBHOI'O 3MICTVY
JOCJIDKEHHA

BukopucroByrouun miaxia aBTopiB [7] MOx-
Ha oTpuMatu QyHkiito Jlarpanxka st BaHTa-
KOMIAMOMHOTO KpaHa, y fKiil BpaxoBaHa Jis
Ha OCTAaHHIM CHCTEMI 30BHIIIHIX CHII F(t).

[Tpu boMy B Mekax JIBOMAcoOBOi MOJIEJIi BaH-
Ta)OIiTHOMHOTO MEXaHi3My HOoro y3arajibHe-
Ha Maca M BU3HAYACTHCS 31 CIHIBBIIHOIICHHS

m=mm (1)
m +m,

e M — maca Ge3nocepeHbO BaHTAXKOMIANO-

MHOI'O ME€XaHi3My, I} —Maca BaHTaXXy Ha Ka-

Harl.
Binmoginne piBHsHHS pyxy [1]:

%+ p? X=—[F (1), @)
m
e p2=%:%; P — BiacHa 4yacTo-

Ta KOJWBaHb BaHTAXXOIIIHOMHOTO MEXaHI3MY
3 BaHTa)keM Ha kasari, F (t) OTIUCY€E PIBHOI-
104y YCIX CHJI, IPUKIAJEHUX 10 cuctemMu (py-
IIiiHOT cHH P(t) Ta CHJIM OIOpPY Q(t)

(Puc. 1). MokHa TMOKa3aTH, KOPHUCTYIOUHCH
migxonoMm [1], mo

F(t) _mP(t)+m Q(t) (3)
m m [,

Kpurepiii sikocTi pyxy po3risigyBaHOI CHUC-
TEMU TIOJISTa€e y MiHIMi3alii TUHAMIYHOTO 3Y-
CHJUISL Yy KaHaTi KpaHOBOTO MeXaHI3My IIiJiiio-
My BaHTaxy (a, 3HaYMTh, i KoedillieHTa auHAa-
MIYHOCTI):
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t

ne t, —TpHBaNiCTh IIyCKOBOIO IPOLECY.

it

HeoOxigna ymoBa peanizarii kputepito (6)
3BOAMTHCS /10 piBHsAHHS Eitnepa:

x=0. (5)

i

T

Q(t)

Puc. 1. Cxema 1BOMacOBOi MIPYXKHOI CHCTEMH TIPU
nocrynanbHoMy pyci (J— BEKTOp MPUCKOPEHHS
BIJIbHOTO Ma/IiHHS)

Fig. 1. Scheme of two-mass elastic system with
translational motion § — vector of acceleration of

free fall)

Po3B’ s3ytoun cucremy piBastHb (2) Ta (5),
OTPUMAEMO

§ 1
X prbe=0LF (1) ©)
x=0.

3HaxXOOUMO PpIBHSHHS, SIKE JI03BOJIE BU-
3HAYUTU ONTUMAJBHI 3aKOHU PYXY X(t), 10

3a7I0BOJIBHSAIOTH KPUTEPItO sIKOCTi (4):
x=1F(t). (")
m

Y  nopampmioMmy OynemMo pO3IIyKYBaTH
pO3B’5130K (7) 32 HYJIBOBHMX ITOYATKOBUX YMOB:

l[J:(CD()Z dt = min, (4)

o = 01K = 0. ®
PosristHeMo KijlbKa BHUNAAKIB 3aJIEKHOCTI
Q(t) , BBa)karouu rpu npomy P =const (Too6-

To cuna P He € ¢pyHKIi€ro yacy t).
1. Q =const.

Po3B's30k (7) y IbOMY BUIIAIKY MA€ BUTJISIT

() =P MIQ) 4

T ©)

Jds mac m i m, maemo 3 (9) HactymnHi

ontumainbHi (y ceHci kputepito (4)) 3akoHu
pyxy [7]:

Xl(t):ﬁx(t):

_(mP+mQ)
2m(m+m,)
N L DR

Xz(t)_ (ml"'mz) (t)

__(mP+mQ) ,
2m, (m+m,)

(10)

(11)

IIpu upomy munamivune sycuansa P, (t) y

KaHaTi HaOMpa€e HaCTYITHOTO BUTJISITY:

o (g-SmPene) ¢

12
m O, (12)
Moro MakcuMalbHe 3HAYCHHS
R:[r::X = I:3:[1/1}1 (t)‘tZtn =
_c[ﬂszP+mlEQ)d§- (13)
m [, 2
Koediuient nunamiynocti K, (t) Mae BH-
LIS
c(m+m)
Ko (1) = ———"[0". 14
()=, (14)

MakcumanbHoro 3HaueHHs K (t) HaOyBae

npu t =t :

15
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k;;zx - km/m (t)‘tf{ =
_clm+m) b,
2m, [,

p° [ﬂn (15)

3 Bupasy (15) BumimBae, 110 3HAYCHHS
Kiot<2 s t—(l 2) c, skmo Pp<Ic.

KpiMm Toro, cimif 3a3HauuTH, IO y ITYCKOBUM
nepioa pyHKIIOHYBaHHSI BaHTAKOMITHOMHOTO

MEXaHi3My KpaHa, TOOTO MpHu tD[O, tn], byH-

kuisgs K () € MOHOTOHHO 3pOCTaruo (He

JIMH

Ma€e KOJMBHOTO XapakTepy) Ta 6e31mepepBHOI0.
2. 3aexHiCcTh Q(t) mae Burisig (Puc. 2):

0,t<0;

Q(t)= Qo 0<t<T;
Qo, >

(16)

; > t
o T
Puc. 2. 3anexHicTh Q(t) (16)

Fig. 2. DependenceQ(t) (16)

3aneKHICTh Q(t) (16) xapakrepHa ays Imi-

miiomy BaHTaxy “3 ocHoBu” / “3 3emmi” [1].
Po3B's130k (7) y 1bOMY BHIIAJKy Ma€ BUIJIST

3
24 Q[ 0<t<T:
2m 6T [in,

x(t) = (£+&jd§—%n @+

m m, 2m, (17)

2
+QOEr A>T .
6m,

16

Js mac m i m, maemo 3 (17) HactynHi
ontumainbeHi (y ceHci kpurepiro(4)) 3aKoHH
pyxy [7]:

m, |
(m+m,) (1)

m
(mormy) X0

(18)

[Tpyn npoMy AMHAMIYHE 3yCHILIA F}HH( ) y

KaHaTi Habupae HACTYITHOT'O BUTJISITY:

c{—HQLtT,Oqu;
2m 6rm,
(P £
Pun (1) = [—+&J5 (19)
o\ MM L t2T
—£t+_Q0T
| 2m,  6m, |

Horo makcumanpsHe 3Ha4eHHS (mpu t, >T):

Pr =P, ()] =

q{ QOEEtZ tHT_'_T_ZH' (20)
2m m, 2 6

Koeoiuient nunamiynocrti K, (t) Mae€ BU-

TJIs,

(0= [ 221

mom)2, (21)
F2
t=>T),
( QOTj[ﬂ+QOT2
+ 2m, 6m,

Aac
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wP+mé§
cim+m,) |’

F :{—W]ZP+WHQ°}.
° lcm+m,)

(22)

MakcumanbHOTo 3HauYeHHsS K ( ) HaOyBae

TH

mpu t =t :

k' =k, (t)=

£+& Et]i_QOT[ﬂ +(?07T2
lm m, ) 2 2m, " am,
F2

3 Bupasy (21) BuaHO, 0 y MyCKOBUIA mepi-
o1 (pyHKITIOHYBaHHSI BaHTKOITITHOMHOTO Me-
XaHi3My KpaHa (tD[Ot ]) byHKITS kmm( )

MOHOTOHHO 3pOCTal040l0, Oe3MepepBHOIO 1 HEe
Ma€e KOJIMBHOTO XapaKTepy.

3. 3anexHICTh Q(t) HOCHUTBH XapakTep Iuia-

BHOI/Taako1 (yHKIIT yacy (0e3 pi3KuX 3MiH)
(Puc. 3).

Q(t) A

Qo | Y |

0 T

Puc. 3. 3anexHicTh Q(t)
(rmagka ¢yskmis gacy 1)

Fig. 3. Dependenc&(t)
(smooth function of timd )

Kopucrtyrounch cyyacHUMH MeXaTpOHHUMU
CUCTEMAaMH KEpPYBAaHHS, MOYKHA CTBOPUTH Ta-
KHI PeXHUM PyXy BaHTaXOMIAHOMHOTO MeXa-
HI3My KpaHa, KOJHM TpH MiJHOMI BaHTaxXy

“3 ocroBu”[” 3 3eMuti” 3aJIECKHICTH Q(t) 3a10-

BOJIbHSE€ YMOBaM

dQ(t
Q)0 =0"2) =0
(24)
d
Q_t)|t:T =0;Q( )|t:T =Q,,

dt

Ipu [bOMY BBaXkaeMmo, mo t >T . 3anexHicTh
Q(t) , sIKa BimmoBinae ymoBaMm (24), KoTpi, 1Mo

CyTi, 3HUIIYIOTh MOXJIMBOCTI BUHUKHEHHS HE-
OakaHMX KOJMBaHb BaHTaXy Ha KaHaTi, Mae

BUTJIA
i
Q(t)=Q E{?‘F} (25)

Y 1upoMy BHUMAIKy po3B’si30K (7) mMae BH-
|

P, 1 [t
x(t)= _mt +szo{4rz 10r3}' (26)

Js mac m i m, maemo 3 (26) HacTynHi

ontumaineHi (y ceHci kputepito (4)) 3akoHu
pyxy [7]:

&Urﬁgsz
X{EHSZ(W 1::rgﬂ; (27)
&UF—Gﬁﬁgx

X[Zml SZ(ZFFZ 1t05r3ﬂ'

IIpu npoMy nuMHAMIYHE 3yCHILISA FZMH( ) y

KaHaTi HAOMpae HACTYITHOTO BUTIISIY:

P (1) =CX(t) =
_CEELt +iQO( t_t_ﬂ (28)
2m m, 4r- 100

Horo makcumansHe 3HaueHHS (mpu t, > T ):

17
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ler::x (t) = PIlPlH (t)‘t# =

ol P Lot (29
2ml m, zrr2 ior®

KoedimienT nuHamMigHOCTI km( ) Mae BU-
LIS
kﬂl/IH (t) =
4
c it2+iQ0 t ;- t S (30)
| 2m m, 4r° 1ar
= =5
Ac
t2 ot
o[ o]
F= :
(m+m,)
MakcumanbHOr0 3Ha4YEHHs km( ) HaOyBae
mpu t =t :
k;mH (t)‘t:tn = k;r:lix =
4 5
ci 7Q0 t2 tn3 (31)
_|2m " m, 4r° 1ar

FD

PosrnsiHemo fani BUMamok po3B’szky (7)
JUIA HACTYIHHMX IOYaTKOBHX yMOB (ImigiioM
BaHTaxy “3 Baru”) [1]:

_Q.
0= 1 X| o =0,Q = const. (32)

Po3s’s130k (7) y 1IbOMY BWIIAIKy Ma€ BH-

0-[22).2

mom, c (33)

Jns mac m it m,maemo 3 (33) HacTymHi
ontumanbHi (y ceHci kputepito (4)) 3akoHH
pyxy [7]:

18

<0 (a2 S)

Tl e

Junamiune 3ycusiss P,

JH

( ) y KaHaTi Mae

BUTIISI

P Q
P (t)=cl—+—= |—
o (1) C[EmlerJ +Q. (35)

HMoro makcuMmanbHe 3HAaUYEHHS.

max P Q
P,HI/IH = PD,I/IH t =C ~+ Q
% ‘ ( m m j (36)

Koedirient nuaamigHoCTi km( )

P i S

o (1) =
T e

MakcumanbHe 3Ha4deHHS K () HaOyBae

THH

npu t =t :
k;u/m (t)‘t:t = k;:lix =

{ Inmhee. o

e

BUCHOBKU

1. OOrpyHTOBaHMI KpUTEpii ISl AUHAMIYHOL
onTuMizaIlii mpyxHoi cucremMu (KaHaTIB)
BaHTAXOIMITHOMHUX MEXaHI3MIB KpaHiB
MPU MOCTYMAJIbHOMY PyCl 1 BCTaHOBJICHI
3aKOHH PyXy €JIEMEHTIB IIMX MEXaHi3MiB,
3a SIKUX TMPOTATOM TPOLECY MyCKY MiHIMi-
3YETHCSI TUHAMIYHUIN KOSQIIIEHT MpHU Mif-
oMl BaHTaxy crocobamu “3 Barum” Ta “3
ocHoBu"/* 3 3emui”.
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. Otpumani y po0OOTi pe3yabTaTH MOXKYTh
OyTM B TOJANbIIOMY BHUKOPHUCTaHI ISt
YTOYHEHHS W BIOCKOHAJICHHS ICHYIOYHX
IH)KEHEpPHUX METOJIB PO3PaxyHKy BaHTa-
KOMIAHOMHMX MEXaHI3MIB KpaHIB SK Ha
CTaMisX iX MPOCKTYBaHHS/KOHCTPYIOBAaHHS,
TaKk 1 y peKHMax pealbHOi eKcIuryaTarlii
(0oco0nHBO IS IPOLIECIB MTYCKY).
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Justification of the criterion for dynamic opti-
mization of elastic systems (ropes) of load-lifting
cranes mechanisms during forward motion

Yuriy Chovnyuk, Mykhaylo Dykteruk,
Olga Ostapuschenko

Abstract. The proposed criterion  for
dynamically optimizing the elastic system (ropes)
of load-lifting mechanisms of cranes with
translational motion, which minimizes the dynamic
coefficient. The laws of motion of the elements of
the lifting mechanism of the crane, in which the
specified criterion can be realized, is established
The implemented approach to the dynamic
optimization of the elastic system (ropes) of load-
lifting mechanisms of cranes with their
translational motion can be further used in the
design of mechatronic control systems by these
mechanisms, which can provide for tracking all
instantaneous (sudden) changes in the kinematical,
as well as power-supply parameters of the
specified mechanical systems for various ways of
lifting the cargo, namely: "from weight", "with
picking up". It takes into account all the overlead
of the system that arise in it at the initial stade
lifting the load (at the moment of launch - when
lifting "from the weight"; at the moment of
separation from the ground (ground) - when raising
"with lifting"). It should be noted that the resalt
obtained in the work can also be used in the design
of the actuators of load-lifting mechanisms of
cranes operating in those or other regimes, which
provide a smooth start of the mechanism, and
therefore significantly reduce the dynamic factor
both at the time of start and in the period of the
main movement, which ends with a smooth, not a
jump-like final stage of lifting to a complete stop
The results obtained in the work can also be used
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to refine and improve existing engineering
methods for calculating the elastic elements (fppes
of crane lifting mechanisms in order to avoid
inevitably arising diverse oscillations in the repe
themselves (longitudinal, bent, twist and
combined), as at the stages of their design,
construction, as well as in the real-world operatio
of cable systemef cranes.

Key words:. justification, criterion, dynamics,
optimization,  elasticity, ropes, load-lifting
mechanism, cranes, forward motion.
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