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AHOTALIA. Cmamms npucesiyeHa onmumidauyii pexxumy rnycKy MexaHiamy rnogopomy cmpirniogo2o KpaHa 3a
Kpumepiem cepedHbokeadpamuyHO20 3Ha4YeHHs NpyxxHo20 MomeHmy 8 npueodi. Ha ocHosi nobydosaHoi mame-
MamuyHoi Modesii QUHaMIKU pyXy MexaHi3My rogopomy 8UsI8/IEHO, W0 8 efleMeHmax rnpusody mid Yyac nepexio-
HUX pexXumax 8UHUKaromb 3Ha4yHi OUHaMIiYHi HasaHmakeHHsi. Tomy 0151 iX MiHiMi3auii npoeedeHo onmumisauito
rpouecy rycky mexaHiamy rnosopomy 6awmoeozo kpaHa. [NpedcmaesneHuli criocibé mMiHimMiayii KornueaHb rMokasye,
5K 3a 0oromoz0t0 Memodie eapiauiliHo20 HYUC/IEHHS 8upillyembcsi nocmassieHa 3adayqa. Po3e’ss3ku 3adayi npeo-
cmaereHi epaghikamu 3anexxHocmel, Kompi xapakmepusyrmb Cymb OMUMAallbHO20 3aKOHY PyXy — MpukiadaH-
Hsl MOMEeHmIig ma 3ycuslb makuM YUHOM, Wob HagaHMaxxeHHs 8 rpusoldi 6ynu MiHiManbHUMU, W0, 8 C80I0 Yepay,
nidsuwums npodykmueHicmb ma HadiliHicmb MeXaHi3My Mo8opomy ma KOHCMPYKUIi KpaHa 8 uinomy.

Knroyoei cnoea: 6awmosull KpaH, MexaHi3Mm rnogopomy, OuHaMiyHi HaeaHMaXXeHHs1, Kpumepid, onmumi3auis,
MiHIMIi3auisi, KONTUBaHHS, MPYXXHUU MOMEHM.

AHHOTALNA. Cmambs nocesuweHa onmumMu3ayuu pexxuma rycka MexaHu3ma rnogopoma cmpesioso20 Kpa-
Ha o Kpumepuro cpedHekgsadpamu4yecKo20 3Ha4YeHUs1 yrpy2o0e0 MoMeHma 8 rpusode. Ha ocHose cocmaerieH-
HoU Mamemamuyveckol mMolOesnu OUHaMUKU OBUXEHUST MexaHu3Ma rogopoma yCmaHOo8/IeHO, Ymo 8 3/ieMeHmax
rnpusoda fnpu nepexoOHbIX PEXUMax B03HUKaOmM 3HayumesibHble QUHamudeckue Hazpy3ku. [Mosmomy Ons ux
MUHUMU3ayuu posedeHo onmuMu3ayuro rpouyecca rnycka mexaHudma rosopoma baweHHo20 KpaHa. [lpeod-
cmasesieHHU crnocob MuHUMu3ayuu konebaHull nokasbigaem, Kak ¢ MOMOWbI0 MemModo8 8apuayiOHHO20 UCHUC-
JieHus1 pewiaemcs nocmaereHHas 3adava. PeweHusi 3adaqu npedcmasneHbl epachukamu 3agucumocmedl, KOmo-
pble Xapakmepu3upyrm Cymb ONMuManbHO20 3aKoHa O8UXEHUST — MPUITOXEHUSI MOMEHIMO8 U yCunul maxkum
obpasom, ymobbl Hagpysku 8 rnpueode Obiau MUHUMarbHbIMU, YMO, 8 C80K 04Yepeldb, rosbicum pou3eodu-
menbHOCMb U Ha0eXHOCMb MexaHu3Ma ogopoma U KOHCMPYKUUU KpaHa 8 UesioM.

Knroyeenle cnoea: baweHHbIU KpaH, MExaHU3M 1ogopoma, OUHaMu4YecKue Hazpy3ku, Kpumepud, onmumu-
3ayusi, MUHUMU3auusi, KonebaHus, yrnpyauli MOMeHM.

ABSTRACT. Purpose. The article is devoted to the optimization of the starting mode of the jib-crane slewing
mechanism upon criterion of the root-mean-square value of the elastic torque in the drive. It has been found out,
on the basis of the constructed dynamic mathematical model of the slewing-mechanism motion, that considerable
dynamic loads occur in the elements of the drive during transient modes. The optimization of the starting process
of the tower-crane slewing mechanism has been carried out to minimize them. Methodology. The way repre-
sented in the research of the minimization of variations shows how the set problem is solved by the methods of
the calculus of variations. Findings. The characteristic curves, which describe the essence of the optimal law of
motion, are the solution of the problem; in other words, exerting torques and forces so that the loads in the drive
can be minimum, Originality/value which, in turn, is going to enhance the productivity and reliability of the slew-
ing mechanism and the crane structure in general. Value. The results obtained in this investigation may be used
further in order to improve and to define more exactly engineering’s methods for calculating the turning of cranes
in transition mode of operation (starting, braking) at the stages of project/design and at the stage of real operation
as well.

Keywords: tower crane, turning mechanism, dynamic load, criterion, optimization, minimization, fluctuation,
elastic moment.

34



TBAMM, 90, 2017, 34-41

I[TOCTAHOBKA 3AJJAYI

3 nocmimkens [1, 2] Bigomo, o npu podo-
TI MeXaHI3My IIOBOPOTY OamITOBUX KpaHiB
MalOTh MiCII€ KOJIMBAaHHS BaHTaXYy, sIKI 3a Xa-
paKTepoM [ii CXO0Xi Ha MasTHUKOBI KOJIMBaH-
Hs, KOTPi, B CBOIO 4Yepry, MPU3BOATh 10 HEPI-
BHOMIPHOTO pyXY JaHOK (4aCTHH) MEXaHi3My
MPUBOAY Ta KOHCTPYKIli. BoHu € HeOakaHu-
MH, OCKUIBKH BUKJIMKAIOTH JOJATKOBI1 JUHAMI-
YHI HaBaHTAKEHHS, 110 3HWXKYIOTh HATIHHICTh
MIPUBOAY MEXaHi3My MOBOPOTY Ta KOHCTPYKLIi
KpaHa B IUJIOMY 1 IPU3BOJIATH 10 3MEHIIICHHS
MPOYKTHBHOCTI, HE3PYIHOCTEH MPH EeKCILTya-
TaIlii, a TakKoX 30UTBIITYIOTh IMOBIPHICTh BUHH-
KHEHHS aBapiiiHOI CUTYyaliH.

Bupimenns 1iei mpobieMu acTh MOXKIIH-
BICTh 3MEHIINTH JUHAMIYHI HABAHTAXKEHHS 3a
paxyHOK 3MEHIICHHS KOJHMBaHb BaHTaXy Ha
THYYKOMY MifBICI MiJ Yac MepexiHuX IMpore-
CiB, 110, B CBOIO YEpTy, 3a0€3MEUUTh OLIBIIT
Ha/iliHy, MPOJAYKTUBHY 1 €(QEKTHBHIIIY eKC-
IJTyaTailito OalmToOBUX KPaHiB.

AHAJII3 ITYBJIIKALL 3A TEMOIO
JIOCJIDKEHD

Sk BigOMO, MpH eKCIuTyaTallii BaHTaKOITi I~
HOMHUX MallMH iCHYe mpobiemMa KOJIMBaHb
BAaHTAXY HAa THYYKOMY IIJIBICl Ta TUHAMIYHHUX
HaBaHTAXEHb Yy NpUBOJAX Ta KoHCTpykmii. Lli
npobiemMn HaOyBalOTh OCOOJWMBOI Barm B
OCTaHHI POKM, KOJU TMPOIYKTUBHICTH KpaHIiB
3Ha4YHO 30uThImMIachk. JlOCHIKEHHSIM TIpO-
OJeMH yCYHEHHsI KOJIMBaHb BaHTaXXy Ha THYY-
KOMYy TIBICI Ta 3MEHIICHHSM UHAMIYHHX
HABaHTAXXCHb MPHUCBSIYEHO psig pobit [1-6].
BinbIricTe 1UX AOCHIIKEHb TPYHTYIOTHCS Ha
BUKOPHCTaHHI MaTeMaTUYHUX TEOPI ONTHMa-
JBHHUX MPOIECIB, TAKUX SK MPHUHIUI MaKCH-
MyMy Ta Bapiariine uuciaeHus [7-12]. Crin
3a3HAYUTH, 110 B Cy4YaCHUX YMOBAaX yCYHEHHS
KOJINBaHb BAHTAXy IPOIOHYETHCS pealli3oBy-
BaTH 3a JOMOMOTOI0 AESIKOI Kepyrouoi i Ha
MEXaHI3M TOBOPOTY TiJl 4Yac TMEepeXiTHuX pe-
XKHUMIB PyXy PO3rOHY Ta raJibMyBaHHS.

I3 anamizy po6or [3, 4, 13]BusBieHo, mpo
aBTOpHU 3a Kepylouuil mapameTp obupanu cu-
JIOBY JIit0 Ha MPUBIAHI MexaHi3Mu. ToOTo, s
TOTO, MO0 YCYHYTH KOJNWBaHHS BaHTaXy IO-

TpIOHO KEpyBaTH MOMEHTOM Ha Bajly €JIeKTPO-
JIBUTYHA MEXaHi3My TOBOPOTY KpaHa. [lpu
IOMY KEepyIoda Jisi Ma€, K MpaBUIIO, peliei-
HUW XapakTep, 0 MPU3BOIUTH JO JOAATKO-
BUX JWHAMIYHUX HABaHT)KEHb Ha MPUBIA 1
KOHCTPYKLi0. TakuM YMHOM, JaHUH MiaxXina €
HEMPUIHATHAM 3 TOYKH 30pY BUHHKHCHHS
JMHAMIYHUX HABaHTa)KCHb.

OpnHak, 3a JOMOMOTOK BHKOPUCTAHHS Ma-
TEMaTUYHHUX TEOPil ONTHUMAILHUX MPOIECIB, a
camMme  Teopii  BapiamifHOrO  YHCJICHHS
[8, 14 -16],m0xHa 3a0€3MCUUTH TUIABHY 3MIiHY
KIHEMaTHYHUX  XapaKTePUCTUK  MEXaHI3MY
MOBOPOTY 1 3BECTH KOJHMBAHHS BaHTAXy Ha
THYYKOMY TIJBIC1 10 MIHIMyMY.

META JIOCJIDKEHHS

Mertoto poOOTH € ONTUMI3ALS PEKUMY PY-
Xy MEXaHi3My IOBOpPOTY OamToBOTO KpaHa 3
BaHTa)KEM Ha THYYKOMY IiJIBiCI MiJ Yac mepe-
XigHUX TponeciB. g MOCATHEHHS TOCTaBIIe-
HO MeTH NOTPiOHO BUPIMIMTH HACTYIHI 3aja-
4i: oOpaTu AMHAMIYHY MOJIEIh MEXaHi3MYy T10-
BOPOTY CTPLIOBOrO KpaHa, MoOyayBaTH MaTe-
MaTU4YHY MOJEh MEXaHi3My IOBOPOTY CTpi-
JIOBOTO KpaHa, oOpaTu KpHUTepiil onTumizarii
PEKUMY HOBOPOTY KpaHa Ta BCTAHOBUTH yMO-
BU MOTr0 MiHIMyMY; BU3HAYUTH ONTHMAaJIbHUN
PEXKUM PO3TOHY MEXaHI3My MOBOPOTY 1 MIPOBE-
CTH aHaJli3 OTPUMAHUX Pe3yJIbTAaTIB.

BUKIIA/L OCHOBHOI'O MATEPIAJTY

Jlnst mpoBeAEHHS JOCHIJUKEHb IMPHHHATO
TPUMACOBY JIMHAMIYHY MOJETh MEXaHI3MY
noBOpoTy kpaHa (puc. 1), moOynoBa sikoi Te-
pendadae HACTYIHI TPUITYIIICHHS .

— MmiABIMIEHWH BaHTaXX MNONIOHWI 1O BUILHO
BUCAYOTO MasITHUKA;

— IMPUITYCKAEMO BiJIIEHTPOBI KOJUBAHHS BaH-
Ta)Xy B TOPIBHSHHI 3 pajialbHUMU HE3HAYHH-
MU 1 iX J1i10 HE BPaXOBY€EMO;

— yCl eJIeMEHTH MEXaHI3My MOBOPOTY BBa)Ka€-
MO a0CONIOTHO TBEpAMMHM TiJaMHd, OKpiM Iie-
penaBaIbHOTO MEXaH13My MPUBOAY.

[lepepaxoBaHi NPUTYIIEHHS JAIOTh JOCUTH
Majy MOXUOKY, IO MATBEPIKYETHCS MPAKTH-
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YHUMHU JOCTIPKCHHSIMH KOHCTPYKIIIH MexaHi-
3My MMOBOPOTY pPeabHUX KPaHiB [2].

r

Puc.l. /IluHaMiyHa MOIETh MEXaHi3My ITOBOPOTY
KpaHa

Fig.l. Dynamic model of the mechanism
turning the crane

3a y3aralbHEHI KOOPAMHATH JUHAMIYHOT
MOJIeJTI IPUIHSATI KYyTOB1 KOOPAMHATH ITOBOPO-
Ty 3BEICHOI MO0 OCi MOBOPOTY KpaHa MacH
eJleMeHTiB puBoay @, MOBOPOTHOI Gamitu 3i
CTPUIOIO BIJHOCHO BIACHOI Ocl 00epTaHHA @4
Ta BaHTAXy §,.

Jlunamiuaa mojens (muB. puc. 1) omwucy-
€TBCS CHCTEMOIO HACTYNMHHX JudepeHIianb-
HUX PIBHSHDb PYXY APYTOTO MOPSIKY:

=M, _C(d)o _¢1}

119, = C(¢o B ¢1)’ m'29(¢1 B ¢2)/' ~My
S )

(1)

ne | o — MOMEHT 1HepIlli MPUBITHOTO MEXaHi-
3My, 3BEICHHH JI0 OCi TOBOPOTYy KpaHa,
|, —MOMeHT iHepIii 6amTH Ta CTPiNH, 3Befe-
HUM 70 OCl TOBOPOTY KpaHa; M — maca BaH-
Taxy; M o~ pPYLIHHUNA MOMEHT Ha Bally IpH-
BIJTHOTO EJEKTPOABUTYHA, 3BEIEHUH 10 oOcl
HOBOPOTY KpaHa, M, — MOMEHT CHJ CTaTu4-

HOTO OTIOpPY, 3BEACHHH JO OCi IMMOBOPOTY Kpa-
Ha, | — MOBXWMHA THYYKOTO IMIBICY BaHTaXY;
I' — Bt BaHtaxy; C— koe(illieHT )KOpCTKO-
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CTI TIPUBIIHOTO MEXaHi3My, 3BEJICHUA O OCi
MOBOPOTY KpaHa, § — MPUCKOPEHHS BUTLHOTO
agxiHHs.

3 piBHsHb cuctemu (1) 3HaXoaMMO KiHEeMa-
TUYHI XapaKTePUCTUKUA OaIlTH, BUPAKEHI de-
pe3 XapaKTepUCTHKU BaHTAXKY:

|
b, =0, +—0.;
1 2 9 2
|
¢1:¢2+E¢2; (2)

(V)

Toxi npy>XHUII MOMEHT B NPUBITHOMY Me-
XaH13M1 BU3HAYA€ETHCS TAKOIO 3aJI€KHICTIO:

(V) ,
M01:|15|:|(|) 2+(I1+mr )[df)2+|\/|1. (3)

3a kpuTepid onTHMi3aulii Mpolecy IyCcKy
MEXaHI3My MOBOPOTY KpaHa MPHUIHATO Cepell-
HBOKBAJ[paTUYHE 3HAYCHHS MPY>KHOT'O MOMEH-
Ty B NPUBOJI, OCKIJIBKH caMme IIeii MOMEHT B
3HAYHIA Mipi BU3HA4Ya€ JMHAMIYHI HABAaHTa-

JKEHHS .

]
Mot =| — IMgdt | - min; 4)
tl 0

2
2 | (V) 2
f=Mq = I1;D¢ 2+(|1+mr )Edp2+M1 (5)

VYMoBa MiHiMyMy kputepito (4) 3 ypaxy-
BaHHAM BHpa3y (5) BU3HAYAETHCS 13 PIBHIHHS
Ennepa-Ilyaccona:

X dof d°a& & d¥ &

_—t————————+——— =0, (6)
ap, dtap, dtz a9, dtsapz dt4 v)
0¢2
Jlns MexaHi3Ma MOBOPOTY KpaHa CKJIAJOBI
piBusHHS (6) MarOTh HACTYITHUI BUTJISL:

of _ of _ of —o
oy dbp Oy
(V)
i:2(|]_+I’nf2 |1|— ¢ o+ |1+mf2)¢2+M1;
b2 9
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[Ticns migctaHoBKU BupasiB (7) B pIBHSHHS

(6) maemo
A\ N
(Ilgj ) 2+2|l;(ll+mr) b o+

8
5 2(V) ®)
+(I1+mrj ¢ »=0.

Posminsemo Bci wienu piBusHus (8) Ha Ko-
edinienT Oins HalcTapmioi MOXigHOI, B pe-
3yJbTaTi YOTO OTPUMYEMO

(viir) V1) (V)
o ,+20K°0¢ »+k* 009 520, (9)

111/9
BaHb CUCTCMU.

Jlnst po3B’ 53Ky AudepeHIiaabHOTO PiBHSH-
Hs (9) ckilaaeMo XapaKTepUCTHYHE PIBHSIHHS

i [(r4 okl ol +k4)=0; (10)
I’4

e k= — 4acToTa BJIACHUX KOJIU-

:qu1:r2:r3:r4:O; (11)
3pobumMo 3aMiHy
r-=np (13)

Tomi

56 = V-k? = £k, (14)
r75 =V=k* = tk;, (15)

Bignosiguo no pos3s’sskie (12), (14)i (15)
xapakrepuctuyaoro piBHsHHs (10) po3B’s30k
mudeperiiaabHoro piBHAHHS (9) Mae BUTIIA

2 3
=C+Ct +Cot ™ +Cyt™ +
+ C5+C6t C$inkt + C7+08t [toskt,
ne C;,C,,....Cg —mocrTiiiHi, fKi BU3HAYAIOThCS

3 KpailoBux ymMoB pyxy. [ns mponecy mycky i
YMOBH MalOTh BUIJIS]

{tin d2=91=0 dpo=01=0;
(17)

t=t1: ¢o :¢1:wyt1/2; b2 :(I)l:(;.)y.

Bupasumo kpaiioBi ymoBu ¢ i ¢ uepes
KOOPJMHATY ¢2 Ta ii moximHi 3a yacom. Jlms

[[OTO CKOPHCTAEMOCS 3aJCKHOCTAMHU (2), sKi
aI0Th

t=0: ¢2=0 ¢2=0 $o=0 $o=0
{ 2 2 2 2 (18)

t=tg: do=wty/2 ¢p=w,,0p=0 $=0

Hns BuszHadyenHs mnoctiiHux C;,C,,....Cg

Bi3bMEMO MOXiaHi Bif 3amexHocTi (16) BKiro-
YHO JI0 TPETHOTO MOPSJKY, B PE3yJabTaTi 4Yoro
OTPUMAEMO

b5 = Cy +2Tat + 34t +(Cg - C7k - Cgkt) O
Csinkt + (Cg + Cgk + Cgkt) Cboskt;

§ = 2[Cg + 6 Cyt - (2Cg + Gk + Cakt) Ik
Ginkt + (2Cg — C7k - Cgkt) Tk [osk;

5 = 6[C4 - (3Cg - C7k — Cgkt) k- sinkt -
(3cg + Cak + Cgkt) Tk [oskt.

[Ticns migcraHoBkH KpaiioBux ymoB (18) B
3anexHocti (16)1 (19) 6ynemo matu
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C+C; =0,Cy +Cg+Ck =0,

2G5+ (2C6 - C7k)k =0,6C, -

- (3C8 + Csk)k2 =0

G +Coty + C3t12 + C4tf + (C5 + C6t1)sinkt1 +
Wyl |

e

C, + 204 +304t2 +C,t2 +(Cg ~C k—Cgl )0
E'l;inkt1+(08 +Csk+C6kt1)coskt1 = Wy; (20)
2C, +6Cty - (205 + Gk + Cykiy )0

[ksinky + (2C6 -Gk - C8kt1)k cosky =0;

6C —(3c _C.k-C kt)<zsinkt -
P R A 1

—(30 +C k+C kt )<2coskt -0
8 5 61 1

Po3B’s3aBimm cucremy (20), 3HaligemMo mo-
criitniC, C,, ...,G;. IlincraBuBmm ix B (16) Ta
(19), orpuMaemMO ONTHMAIBHHIA PEKHUM ITOBO-
poTy BaHTaxy. ITicis mbOTO 3a JOMOMOTOI0
3ajekHOCTI (2) MOke OyTH BH3HAYEHHI OII-
TUMAaJIbHUN PEKUM ITOBOPOTY KpaHa.

3 cuctemu (1) Moke OyTH BH3HAYEHHI pe-
UM PyXy HPUBITHOTO MEXaHi3My, SKHH Bif-
MOBiJ]a€ ONTHUMAJIBHOMY PEXKHUMY MOBOPOTY
KpaHa:

o e My

b, =0yt By byt
I1.. mfz..

bo =0t SO (21)
|l|v ar2 IV

L Rl P S

Jlnst MexaHi3My TOBOPOTY CTPUIOBOI CHC-
temu kpana QTZ — 80 3 mnapamerpamu

2

IO:7162,615cz|I\l42; |, =49207385%c ",

1
C = 6626669045H Dw/pa(); m = 2000ce; r = 40m;

| =30m; M =85H [w; M =368H [;
Kp H

38

u=13552 n = 086; & =10467pad/c;

®, =950dpadfc; A =28 g = 98Lu/ ¢ noGyso-

BaHO KIHEMaTHYHI XapaKTEPUCTUKHU IIOBOPOTY
BaHTAXY, KpaHa Ta MPHUBIITHOTO MEXaHI3MY
(puc. 2 - puc. 4), a TakoX NPYKHOTO Ta PY-
IIHOTO MOMEHTIB npuBoay (puc. 5).

3 noOynoBaHux TrpadikiB KiHEMaTHYHUX
XapaKTePUCTHK TPUBOJY, MMOBOPOTHOI OarnTu
Ta BaHTAXYy, a TAKOX MPYKHOTO Ta PYIIIHHOTO
MOMEHTIB MPHUBOJY, OTPUMAHUX B PE3yIbTaTi
OIITUMI3AIli] 32 KPUTEPIEM CepeIHbOKBAAPATH-
YHOTO 3HAYEHHS MPY)XHOTO MOMEHTY B IpH-
BOJAI 0ayMMoO, 10 OTPUMAHUI PEXKUM pyXy
MPHUBOANTE N0 3HIKCHHS TUHAMIYHMX HaBaH-
TaXXCHb B TPUBOJI Ta METaJIOKOHCTPYKIi 3a
pPaxyHOK TOTO, IO BUKOHYETHCS TUIABHUH pPYX
IPOTAroM MepexigHoro mpouecy. OTpumanuit
ONITUMAIILHUH 3aKOH KepyBaHHs OYyne Y moja-
JBIIOMY peai30BaHUN 1 eKCIIepUMEHTATbHUM
INUSIXOM TEePEBIPEHU i1 MEXaHi3MY ITOBO-
POTY CTPiIOBOTO KpaHa.

BHUCHOBKU

B pe3ynbrari mpoBeneHOTO OCIIKEHHS
Ha OCHOBI TPHMAacCOBOI JMHAMIYHOI MOJENI Ta
MaTeMaTUYHO1 MOJIeTi pyXy OammToBOro KpaHa
Oyna mTpoBEACHA ONTUMI3AIIS TEPeXiTHUX
PEXKUMIB PYXy 32 KPUTEPIEM CEPeTHbOKBAIpPA-
TUYHOTO 3HAYCHHS MPYKHOTO MOMEHTY B TIPH-
BOJI.

BcranoBieHo, 1mo 3agady 3MEHIIEHHS KO-
JIMBaHb BAaHTAXXY Ha THYYKOMY TIiJIBiC1 JOIILJTb-
HO BHpIIIyBaTH LUISXOM BapiallifHOTO 4YHC-
JIEHHS, OCKUTbKM 3HAWJeHa Kepyroda Jis Ha
MEXaHi3M IMOBOPOTY 3aJI0BOJILHSE YMOBH TIO-
cTaBieHoi 3aaa4i. OOpaHuil KPUTEPId ONTUMI-
3amii peXXUMy pyxXy MeXaHi3My MOBOPOTY J0-
3BOJISIE 3MEHIIUTH JAUHAMIYHI HaBaHTAXCHHS B
MPUBOAL Ta KOHCTPYKIT 32 paXyHOK IJIABHOTO
MPUKIIQTAHHS ITyCKOBOTO MOMEHTY TPH TIepe-
X1IHUX pexuMax pyxy. PeamizyBatu oTpumani
ONITUMAJIbHI 3aKOHU PYXY MOXKHA 3a JIOTIOMO-
rOI0 MEXaTPOHHOI CHCTEMH KEpyBaHHS MeXa-
HI3MOM TIOBOPOTY CTPIJIOBOTO KpaHa.
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Puc. 2. I'padixu 3MiHM KYTOBUX KOOPAWHAT JIAHOK KPaHA: a — IPUBOAY; 6 — IIOBOPOTHOI OAIITH; 6 — BAHTAKY
Fig. 2. Chart changes in corner coordinates of crane:liaksgrive;b - turning towergc — cargo
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