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B.B. Ctpenbbinpkuii, JI.B. BoBHerpa, A.B. ITaBauIko
MOJEJIIOBAHHSI EKCITYATAIIMHOI HAOIMHOCTI XOJOBUX KOJIIC
MOCTOBHUX KPAHIB MOPCBbKUX ITOPTIB

AHomayis. Mocmosi KpaHu WUPOKO 3aCOBYIOMbCA Y MOPCbKUX MA PIYKOBUX nopmax ON1s nepe
BAHMAXEHHA BAHMAXIB HA BIOKPUMUX Ma 3aKpUMUX CKAAOCbKUX MalioaHyukax. OCKiIbKU BOHU
€ OCHOBHOI IAHKOK MexHOI021YHUX npouecis, momy 8i0 ix HadiliHoi ma 6e3nepepsHoi pobomu
3anexums NPooyKMUBHICMb NOPMOBUX BUPOOHUYUX JiHIl. Bidomo, wo npu ekcnayamauii kpa
HiB 90% Xx0008UX KONIC BUXOOOM 3 a0y U 3AMIHIOEMbLCA HOBUMU Yepe3 THMeHCUBHUL 3HOC pe
60p0, a 60 70% niokpaHosux peliok Yepe3 3HOC ixHix 614HUX 2paHeli. OCKiIbKU pecypc € OCHOB
HUM NOKA3HUKOM 00820814HOCMI demasell ma By3/1i8, MoMy niOBUUEHHA BCMAHOBEHHSA pecyp
CY KOJIIC € AKMyasbHO 3a0ayero, o 003801UMb 3MEHWUMU BUMPAMU HA PEMOHM Ma eKcnay
amayir KpaHis. Memoto 00CiOXeHHA € BU3HAYEHHS pecypcy X000B8UX KOJIIC MexaHizMig MoCmo
BUX KPAHIB 3 NOHAOHOPMOBUMU MepMiHamu ekcnayamauyii. [ns 0ocnioxeHs 6y10 06paHo 4 ide
HMUYHT MOCMOBT KPaHu, BaHmaxonioliomHicmio 10 MoH, AKT NPayMb Yy KPIOKOBOMY pexumi
y Mopcbkux nopmax. KpaHosi koneca sueomosneri 31 cmani 65 memodom numsa. MexaHizmu
KpaHig 06cmexysasnu 8i3yasbHO ma BUMIPIOBAIU 3HOC KOJIC yepe3 3 Micayi npoms2oM 4 poKis
pobomu. 3a pe3ynbmamamu 00CNIOMeHb pO3PAxosaHi napamempu Modesb 3HOCy Bi0 Yyacy y su
enfadi cmynexesoi @yHkYii. OmpumMaHi 3HaYeHHA KoegiyieHmy Kopeaayii BKa3yloms Ha me, o
MIX 3HOCOM ma yacom pobomu icHye 00CMamHbo WinbHuUll 38'30K. CepeOHE 3HAYeHHS NOXUOKU
3a 3anpoNoOHOBAHOI MO0/ He nepesullye 6,1%, wo € YiKoM NPUUHAMHUM ON1S THXEHepHUX
pO3paxyHKis. BcmaHosieHo, wo pecypc KpaHosuX Koslic He nepesuwyye 3,3...3,4 pokis pobomu,
YO MeHLe 4 POKIB 3a3HA4eH020 BUPOBHUKOM.

Kntoyosi cnosa: HaodiliHicms, pecypc, 3HOC, Yac pobomu, cmyneHesa QyHKYis, KoepiyieHm Kope
NIAYTT, KOJ1eco KpaHa, MOCmoBuULl KpaH.

ITocTranoBKa mpoo6sieMu. MOCTOBI KpaHM IIMPOKO 3aCTOCOBYIOTHCSI Y MOPCh-
KMX i piYKOBMX IMOpPTax JJ1s1 BUKOHAHHS ITepeBaHTaKyBaIbHUX POOIT HA BiIKPUTUX Ta
3aKpUTUX cKnagax [1-6]. OCKibKM BOHM € OCHOBHOIO JIAHKOK) TEXHOJIOTIYHUX IPO-
1IeciB, TOMYy BiJ iX HafilfHOI Ta 6Ge3mepepBHOI POOOTU 3aJIEKUTDH MPOIYKTUBHICTD
MTOPTOBUX BUPOOHUUMX JTiHIA.

ITpoTte, choromHi moHam 88% KpaHiB PiUKOBMX i MOPCbKMX IMOPTiB YKpaiHM BiJ-

TMpalffoBaay HOpMaTUBHMIL pecypc i TPOOBKYIOTh IpalfioBaTu [1-3,5-7].
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Bimomo, mo npu ekcrutyaTailii KpaHiB 90% X0moBUX KOJIIC BUXOOOM 3 Jady U
3aMiHIOETHCSI HOBMMM Uepe3 iHTeHCUMBHUI 3HOC pebopn, a 60-70% migkpaHOBUX pe-
JIOK yepes 3HOC iXHiX OiYHMX rpaHeii. 3HAUHMIi piglle IMpOBOAUTUICS 3aMiHa KOJIC
IIpYU BUXOZ| 3 JIaAy IMiOIIMUITHUKIB 1 e piflie - B CUy PYIIHYBaHHS BiJ yTOMJIEHOCTI
MeTasry 6iroBoi Jopi>xkku Kosieca [3,8,9].

Crnip 3a3HAUMTH, IO TTOHAZHOPMOBA Ta TpuUBajia pobOTa MOPTOBUX KPaHIiB y
pPEeXMMi iHTEHCMBHOTO ILIMK/JIiYHOTO HaBaHTa)KeHHS MPU3BOAUTH OO0 MepeauyacHOro
BUXOJy XOJOBMX KOJIiC BHACTiLOK 3HOCY [1,5] Ta yTBOpeHHSI BTOMHUX AedeKTiB, 110
npu3Bee A0 BMXOAY 3 Jaay By3JIiB Ta aBapiii [2,3,6,7]. SIK Tokasye [OCBiJ eKCIuTya-
Tallii, XomoBi Kojieca MalOTb € HAlOiJbII 3HOIIYBAaHMMM €JeMEeHTaMM MeXaHi3MiB
repeMinieHHs. Tak, CTPOK iX eKCIUIyaTallil CKJIafa€ Bifi KiJbKOX MiCSIIiB A0 2-3 po-
KiB [1,8]. Lle moB’s13aHO 3 TUM, 1[0 3aMiHa KOJIic GifbII elieBa y MOPiBHSIHHI 3 3aMi-
HOIO ITiIKPaHOBOTO LIJISIXY.

OCKiTbKM pecypC € OCHOBHMM MOKa3HMKOM JOBrOBIYHOCTI JieTasieil Ta BY3JiB,
TOMY MiABUIIEHHS BCTAHOBJIEHHS PECypCy KOJIiC € aKTyaJbHOIO 3a/iauelo, 1110 103BO-
JIUTb 3MEHIIUTY BUTPATH HA PEMOHT Ta eKCITyaTallilo KpaHiB.

AHaji3 ocTaHHIX DOCTIIKeHb i myosmikamii. AHaji3 JOC/iIKeHb CKIaIHUX
TeXHIYHUX CUCTeM ITOKa3YeE, I0:

1) Ha#iliHiCTh MexXaHi3MiB MOCTOBUX KpPaHiB, 1110 eKCILTyaTyeTbCsl moHazg, 30 po-
KiB Y MOPCbKOMY TIOPTY, 10 KiHIIg He BuBUeHa [1,2,4,5-7];

2) HampalloBaHHSI BIUIMBAIOTh HEOJHO3HAUHO HA MeXaHiuHi XapaKTepUCTUKU
Marepianis [5-7];

3) BUXi[ iX 3 JaAy XOLOBUX KOJIC 3yMOBJIEHMI IepeBaKHO 3HOILIYBAHHSIM iX
MOBepXOHb [8], pyiiHyBaHHS Ta 3HOUTYBaHHS pebopa [9,10];

4) B peaJIbHMX YMOBAaX eKCIUIyaTallii mpu OIISIAi XOJOBUX KOJIIC CIIOCTEPIraeThb-
CS1 OTHOYACHO JAEKiJbKa 3 MOIIKOMKEeHb (3HOC pebop/I, 3HOC TTOBEPXOHb KaTaHHS Ta
in) [1,8,9,10];

5) xapakTep MOILIKO/KeHb KOJIiC 3a/eXXUThb Bif, yMOB ekcrutyaraiiii [1,8,9,10].

MeTo10 OCTiI)KEHHST € BU3HAYEHHS pecypcy XOJ0BMX KOJIiC MeXaHi3MiB MOC-
TOBMX KpaHiB 3 TOHaAHOPMOBUMM TepMiHaMM eKCIuTyaTallii.

BukinageHHsI OCHOBHOTO MaTepiaay AOChimKeHHsA. [T OOCTiIKeHb OYyJ0
00paHo 4 imeHTUYHi MOCTOBi KpaHM, BaHTaXOMigiioMHicTIO 10 TOH, SIKi ITPAIIOIOTh Y
KPIOKOBOMY DE€XMMi Y MOPChKUX MOPTaX.

Jyist aHaTi3y BUKOPUCTAHO iHGopMaliilo sSKa MiCTUTbCS Y BiITIOBiAHMUX XXypHa-
JaX TeXHIYHOro OOCTYrOBYBaHHSI Ta PEMOHTY BifmoBimHux kpadiB 3 2018 mo 2021
POKMU.
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P036iskHiCTh Yacy 3aMiHM pobO0OYMX KOJIiC, sIKi Oy/IM BUTOTOBJIEHI 3i cTam 65T
MeTOAOM JIMTBA, MeXaHi3MiB IlepeMillleHHSI KpaHiB He MepeBuilyBaia 1 MiCsib.

MexaHi3MM KpaHiB 00CTeKyBa/IM Bi3yaJIbHO Ta BMMipIOBajIM 3HOC KOJIiC uepes 3
MicsILIi TTPOTSITOM 4 pOKiB po60TH. AHa/i3 OTPMMaHMX TaHUX MOKA3aB, 1[0 HAOiIbII
3HOIIYBAHMMM € pebopau MPUBITHMX Kojeci, 3HOC ITOBEPXOHb KOUEHHS 3HAYHO Me-
HIIle y TOPiBHSIHHI 3 pebopaamu. Ciim BigMiTUTH, 110 TIpoOIlec 3HOIIYBAHHS KOJIiC Bi-
IOYBA€EThCS B 30Hi 3iTKHEHHS KOJjieca 3 peiKoIo.

PesynbTaTy BUMIipiB 3HOCY 3BefieHiy Tabm.1.

AHasi3 oTpuMaHuX (IMBUCh Tabs.1) BKa3ye Ha Te, IO 3aJI€KHICTb 3HOCY Bif
yacy pobOTH € HeJliHiTHOIO.

151 mogablinX po3paxyHKiB pe3y/abTaTiB BUMipIOBaHb 3HOCY yCepeaHIOBaJIN.

Tabmuug 1
Pe3ynbTaTyt BUMipSIHUX CepeqHiX 3HaUeHHS 3HOCY h KOJIiC [JjIS1 MOCTOBMX KpaHiB
Yac | 3Hoc Komeca i y MM
poGoTH
t, TOI. 2
sl g |3 |9 |lsls |z |2 |2 |z |2 |22 /2|32 |F%
-l | = Z|l&2 |5 |5 |2 |g|2 |22 |2 |2 | &
2
o

1200 | 1,2] 1,0 1,0 1,0 1,0 1,1 1,2| 1.1 ] 11| 1,0 1,0 1,1 | 11| 1.1 | 1,1 | 1,1 | 1,10
2400 | 25| 24| 2.6 | 2.5 | 24| 23| 25| 24| 2.6 | 25| 24| 23| 2.6 2.5 | 2.4 | 2.3 | 245
3600 | 3,9 3,7 | 40 | 3.9 | 3.9 39| 39| 3.9 | 3.85| 3,85 3,.95| 3.9 4,0 40 | 4.0 | 40 | 3.91
4800 | 53| 5.2 | 53| 5.1 | 53| 50| 53| 52| 5.2 5.1 53| 5.1 53| 5.1 | 5.3 | 5.1 | 520
6000 | 65| 64| 6,7 | 65| 68| 6,7| 65| 64| 67| 65| 6.7| 6,7 6.7| 65| 6.8 | 6,5 | 6,60
7200 | 8,5| 84| 86 | 85| 8,7 | 86| 85| 84| 86| 85| 8.6 85 8.6 | 85| 87 | 86 | 855
8400 | 10.8| 10,7] 11,0 | 10,8 | 11,1] 11,0 10,8] 10,7| 11,0| 11,0] 10,8] 11,0] 10,9] 10,9 11,1 | 11,0 10,92
9600 | 12.8] 12,7] 13,0 | 12,9 12,6 12,9] 12.8] 12.7| 13,0 12,9 12,6] 12,8] 13,0] 12,9] 12,6 | 12.9] 12.82
10800 | 15.7| 15,6| 15,9 | 15,7 | 15.8| 15,6] 15.7| 15.6| 15,9 15,7| 15,8] 15,6] 15,9| 15,7| 15,7 | 15.6 | 15,72
12000 | 18.8| 18,7| 18,6 | 18,9 | 18,6| 18,5| 18.8| 18,7| 18,5| 18,6 18,6| 18,8| 18,7| 18,8 | 18,7 | 18.6 | 18,68
13200 | 21,9| 21,8 21,9 21,7 | 21,7] 21,8] 21,9| 21,8 21,9 21,7| 21,8] 21,8|21,9] 21,7| 21,7 | 21,8 | 21,80
14400 | 23.5| 23,5| 24,0 | 22,0 | 23.5| 23.6] 23.5| 23.5| 24,0 22.9] 23,5| 23,6] 24,0] 22,9| 23,5 | 23.6 | 23.50

OCKinbKM, 3HOC KPAaHOBMX KOJIiC OY/I0 BUMIpSIHO uepe3 BiloMi IMPOMiXKKM Yacy,
TOMY BUKOPUCTOBYEMO KOPEJISILIiiHUIA aHajli3 Ta BBAKa€EMO 3aJIeKHICTb 3HOCY Bif
yacy y Buriasai GyHkiii [11,12]:

h=ct", (1)
ne h — 3HOC pebopa KpaHOBUX KOJIiC, MM;
t — nepiop (4ac) poboTu, rox;
C - mnocTiliHa MaTepiasy KOJicC;
m — TOKAa3HUK CTYIIEHS.
Inst BU3HaueHHs nocTifiHux C 1 m 3anesxkHOocTi (1) cKimageMo CUCTeMy piBHSIHb:
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Y, =1lghy,lgh, lghs..lgh,)
fy (2)

Xi=lgt,lgt,, lgty....0gt, J

[Ticast yoro, po3paxoByeMO cepeliHi 3HaueHHS X, Ta Yo

X

ch = i=ln ’ (3)
2 Vi

ch = i=1—7 (4)

n
JIe N — KIJIbKiCTh OOCJIiIKeHb.

BM3HAYAa€EMO AOIOMiKHI BeJIMUMHM JJISI BUSHAUEHHS apaMeTpiB PyHKITii:

Sx:ZXiZ—“Xczp, (5)
i=1

S, =YV -nvg, (6)
i=1

Sy =3 XiYi =X oY - (7)

i=1

Topni, mapametpiB ¢pyHKuii Cu m:

o ®)
S X
a=Y, -BX_, 9)
cC=10"°, (10)
KoediuieHT kopensitii Kiy:
S X!
K, - (11)
S S

3a 3amporioHoBaHUM ajaropuTmom y MS Excel Bu3HaueHi: mapameTpiB QyHKIIii
C= 0,00015 ta m=1,24 koedimieHt kopensaiii Kxy = 0,98. T.T, 3a/ieKHiCTb 3HOCY

KOJIiC:

1,24
) (12)
Po3paxoBaHi Ta BUMipsiHi 3Ha4eHHS 3HOCY KOJIiC HaBeJieHi Ha puc.1.

h = 0,00015 t

ISSN 1562-9945 (Print) 83
ISSN 2707-7977 (Online)



«CucrteMmHi TexHosorii» 6 (143) 2022 «System technologies»

25,00

20,00

15.00 /
3a popmynoro (12) /\

10,00 >/\
s
/\ EKCMEepUMEHT

3noc /i, MM

5.00 /
e 7

1200 2400 3600 4800 6000 7200 8400 9600 10800 12000 13200 14400
Yac pobotu 7, Tox

0,00

PucyHoK 1 — 3ayieskHiCTh 3HOCY KOJIiC BiJi yacy po60Tu KpaHa

OTpumaHi 3HaueHHsT KoeillieHTy Kopessilii BKa3yloTb Ha Te, 110 MiK 3HOCOM
Ta Yacom poOOTH iCHY€E JOCTATHbO IIiIbHUI 3B'130K. CepeHe 3HAaUEHHS MTOXMOKM 3a
3alpOMIOHOBAHOI0 MOJIEJUII0 He mepeBuIlnye 6,1%, 10 € IiJIKOM TNPUITHATHUM IJIsI
iH)kKeHepHUX pO3paxyHKiB.

'paHMYHMIT 3HOC BU3HAYAETHCS 1i IIUPUHOIO - 25 MM.

[lyis BU3HAUEHHST pecypcy poOOTH KoJjieca BM3HAUMMO 3HOC KOJIiC 3a 3ajeskHic-
TI0 (12) mpoTsirom 19200 rom po6oTH, T.T. 4 poKiB PoOOTH, SIK 3a3HAUEHO BUPOOHMU-
KOoM. Pe3ynbTaTit po3paxyHKy HaBedeHi Ha puc.2.

OckinbkM, pecypc Kodjic, ckaamae 16200 roauH, 3HAYHO MeHIIe 3aK/IafJeHOro
BUpoOHMKOM y 19200 rom, To MOsKHa 3pOOUTM BUCHOBOK IPO HEOOCTATHIO iX HaJlili-

HicTb. T.T. pecypc KpaHOBMX KOJIiC He TepeBuInye 3,3...3,4 pokiB poboTu.
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PucyHok 2 — Po3paxyHKOBa 3aJIeKHICTb 3HOCY KoJjleca Bif] uacy pob0oTH KpaHa

BucHOBKM. 3a pe3yjbTaTaMi OOCTIIKeHb PO3paxOBaHi IlapaMeTpyu MOeb
3HOCY BiJ yacyy BUIJISIZI CTyIIeHeBO1 (PyHKIIii.

OTpumaHi 3HaueHHs KoeillieHTy KopeJisiiii BKasyloTb Ha Te, 1[0 MiK 3HOCOM
Ta YacoOM POOOTHM iCHY€E MJOCTATHBO IIiTbHMIT 3B'130K. CepelHE 3HAUEHHS ITOXUOKM 3a
3aIPOINIOHOBAHOI0 MOJE/UII0 He mepeBuinye 6,1%, 1m0 € UJIKOM NPUAHSITHUM [OJ1s1
iH)KeHepHMX pO3paxyHKiB.

BcTaHOBJIeHO, 1[0 pecypc KpaHOBMX KOJIiC He repeBuIlye 3,3...3,4 pokiB pobo-
TU, 1[0 MEHIIIe 4 POKiB 3a3HAUEHOI'0 BUPOOHMKOM.
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Modeling of operational reliability of running wheels
of overhead cranes of seaports

Overhead cranes are widely in operation in sea and river ports for cargo
transshipment in open and closed storage areas. Since they are the main link in
technological processes, the productivity of Port production lines depends on their
reliable and continuous operation. It is known that during the operation of cranes, 90%
of the running wheels fail and are replaced with new ones due to intensive wear of the
edges, and 60-70% of crane rails due to wear of their side faces. Since the service life is
the main indicator of the durability of parts and assemblies, therefore, increasing the
installation of wheel life is an urgent task, which will reduce the cost of repair and
operation of cranes. As the experience of operation shows, running wheels have the most
worn elements of movement mechanisms. Thus, their service life ranges from several
months to 2-3 years. This is due to the fact that replacing the wheels is cheaper
compared to replacing the crane track.

Since the service life is the main indicator of the durability of parts and assemblies,
therefore, increasing the installation of wheel life is an urgent task, which will reduce the
cost of repair and operation of cranes.

Analysis of studies of complex technical systems shows that the reliability of
overhead crane mechanisms operated for more than 30 years in the Seaport is not fully
understood, the nature of wheel damage depends on the operating conditions.

For research, 4 identical overhead cranes with a lifting capacity of 10 tons were
selected, which operate in Hook mode in seaports. Crane wheels are made of 65g steel by
casting. Crane mechanisms were visually examined and wheel wear was measured after 3
months during 4 years of operation. Based on the research results, the parameters of the
Wear model from time to time in the form of a step function are calculated. The obtained
values of the correlation coefficient indicate that there is a fairly tight relationship
between wear and operating time. The average error value for the proposed model does
not exceed 6.1%, which is quite acceptable for engineering calculations. It is established
that the service life of Crane wheels does not exceed 3.3...3.4 years of operation, which is
less than 4 years specified by the manufacturer.
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Ctpenb6inbkuii BikTop BacmiboBUY — IOLIEHT, KAHAUAAT TEXHIYHMX HAYK, Kade-
apa Ilig/ioMHO-TPaHCIIOPTHI MallMHU Ta iHXXMHIPUHT MOPTOBOTO TEXHOJOTIYHOTO
obagHaHHs, OgecbKMii HalliOHAJIbHMIT MOPChKMI YHIBEPCUTET.

BoBHerpa JI1o60B BiTaniiBHa - M0lleHT, KaHAUAAT TEXHIYHMX HAYK, 3aBilyBad Ka-
degpu iHGopMaliiHNX TEXHOJIOTI IMIPOEKTYBAHHS Ta Au3aiHy, HallioHaJIbHMIT YHi-
BepcuTeT «OecbKa IoJIiTeXHiKax.

IMaBaumko Aauapini BomoguMupoBuu - IOLIEHT, KAHAUIAT TEXHIYHUX HAYK, 10-
11eHT Kadenpyu iHboOpMaliliHMX TEXHOJIOTiN MPOEKTYBAHHS Ta Au3aiiHy, HalioHanb-

HUI1 yHiBepcuTeT «OecbKa IOJIiTeXHiKa».
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