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IF'EOAE3UYECKHUE OCHOBBI ITPU COBEPHIEHCTBOBAHUU
IF'EOAE3UYECKOI'O KOHTPOJIA HIOABEMHO-TPAHCIIOPTHOI'O
OBOPYJOBAHMUSA

Haausaiiko T.A.l, HanuBaiiko T.T.l,
1Xapblconcm/lﬁ HAIMOHAJILHbI YHUBEPCUTET CTPOUTEIHCTBA U APXUTEKTYPbI

Annomayusn. B pabome npedcmasnena meopemuieckas papabomxa cnocoba onpedeienus Oe-
Gopmayuii x0008bIX KOAEC MOCIMOBHIX U KO3L0BbIX KPAHOB, KAK 8 NPOUZBOOCMBEHHOM Npoyecce, Max u
npu U320MOBAEHUU U MOHMANCE KPAHOB8020 000pYy008aHus. Bwinoinen mamemamuyeckutl paciem u
0ana cpedHAs K8AOpamuyecKas no2peutHocms UsMepeHull Y208 nepeKocd X0008bix Koec KPaHda.

Knwuesvie cnosa: nodvemmo-mpancnopmuoe obopyoogauue, yeivl HepeKkoca X0008blX KOJec,
MOYHOCMb UBMEPEHUl, CPEOHSASA K8AOPAMUYeCcKas NospeutHoCms, OYeHKA MOYHOCHU.

BBenenue

Borbiioe 3uaueHne A1 HOpMaJlbHOW U Oe3-
OMACHOM paboThl MPOMBIIUICHHBIX MPEATPHSI-
TUH HMMEET TOAbEMHO-TPAHCIIOPTHOE 000pYyI0-
BaHUE, obecreunBaroIee MeXaHU3AIHIO
orepaluii TpaHCIIOPTHPOBKK PA3IHYHBIX KPYII-
HBIX U TSDKEJBIX TPY30B.

Cepbe3nyro mpobieMy it OecrepeOOoHOM
JKCIUIyaTaluu [OABEMHO-TPAHCIIOPTHBIX CPEACTB
npeacTaBisgeT gedopMmarys TEeOMETPHYECKHX
mapaMeTpoB KOHCTPYKIIHUI KPaHOBOTO 000pYyI0-
BaHUAA.

AHaau3 nyoJuKanui
B Hacrosmee Bpemst pazpabortan psia pas-
JWYHBIX Teoe3ndeckux MeTonoB [1-3], ogHako
W3TIOKEHHOE CBHJIETENBCTBYET O TOM, YTO MPO-
OneMa COBEPIIICHCTBOBAHMS CPEJCTB KOHTPOJIS

MOCTOBBIX W KO3JIOBBIX KPAaHOB OCTAeTCSI BaXK-
HOM M aKTyaJIbHOM JIJIsl IPOM3BOJICTBA, TAK KaK B
JaHHBIX pa3paboTKax METOJIUKA ONpPEACICHUS
VIJIOB Iepekoca ¢ XOAOBBIX koisec (puc. 1) Oa-

3MpOBAIach B OCHOBHOM Ha JIMHEHHBIX HU3Mepe-
as, as, by, by,
b3, by ot onopHbIX 0a3ucoB FE u MN,craiu-

HUSX BEIWYHUHBI a1, ap,

OHAapHO YCTAaHOBJIEHHBIX M 3aKpelJIEHHBIX Ha
ydacTKax TPOXOJHOW Talleped TMPOJIETOB WM
LIEXOB.

Ieab u MOCTAaHOBKA 3a1a4l
OcHOBHO# 3aia4yell TaHHOW pabOoTHI SIBIISET-
Cs HCCIENOBAaHME WU aHAIM3 TEOPETUYECKHX
pa3pabOTOK JjIsi COBEPIICHCTBOBAHUS U ITOBBI-
MICHHS TOYHOCTH U HAAC)KHOCTU H3MepeHHI71.

Puc. 1. Cxema omnpezeneHusi YIJIOB IepeKoca XOAOBBIX KOJEC METOAOM JIMHEHHBIX M3MEpPEHHH OT

OITOPHBIX 0a3MCOB
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JlocTOMHCTBA MOCTOBBIX M KO3JIOBBIX KPaHOB
mepen APYTMMH  BHJAMH  IIPOMBIIIICHHBIX
CPEICTB:

a) BOBMOXHOCTh OJTHOBPEMEHHOTO U HE3aBH-
CUMOTO TIEpEMEIIECHUS MOCTa M TEISKKH, YTO
MO3BOJISICT OJHUM WJIM JIByMsI KpaHaMH 0O0CITy-
JKUBATh BECh MPOJIET B IEXE;

0) 0CBOOOXKIEHHUE TTOJIC3HOM TUIOMIAIN 11EXa;

B) oOecIieueHHE TepEeMEIICHUs TPy3a B JIIO-
0OM HarmpaBJICHUU.

K HemoctaTkaM MOCTOBBIX KPaHOB MOXKHO
OTHECTH:

a) HEOOXOIUMOCTh COOPY)KCHHS M COJCpIKa-
HUS JOPOTOCTOSAIIMX TIOJKPAHOBBIX OAJIOK, ITy-
TEH;

0) yBelIMUYEHHE BBICOTHI 3[aHMS U, CJIEI0Ba-
TEIBHO, YAOPOXKAHUE BCETO COOPYKEHUS,

B) Iepefavya BUOpaIMii M HArpy3o0K MpH pa-
00Te MOCTOBBIX KpaHOB Ha KOJIOHHBI, (yHIa-
MEHTHI 1 37aHICE;

T') JOTOJIHUTEIbHBIC SKErOAHbIE JKCILTyaTa-
IIMOHHBIC 3aTpaThl HA OOCIYKUBAHUE U PEMOHT
KPaHOB U IOJKPAHOBBIX ITyTEH;

1) 3aTPyAHEHHOCTH IMOCTOSTHHOT'O HaJ30pa 3a
TEXHUYECKHUM COCTOSHHEM KpaHOB M PaboToii
X MEXaHH3MOB.

K Texauueckum aedeKkTam KpaHa OTHOCSTCS
[7]:
1. IlepeHOC XOMOBBIX KOJIEC B TOPHU30HTANIb-
HOM U BEPTUKAJIBHON IUIOCKOCTAX W 3HAYUTENb-
Hasl pa3HHIA JTUAMETPOB ITPOTHUBOIOIOKHBIX
BEIYIINX KOJIEC.

2. YMcHbIIICHUE W YBEITUYEHUE PaCCTOS-
HUSI M@Ky pelbcaMH IOIKPAHOBOTO ITyTH II0
CpPaBHEHHUIO C TMPOCKTHBIM pa3MepoM IIpojeTa
MOCTa.

3. Ilepekoc KOHIIEBBIX 0aJIOK MOCTa IPH €ro
M3TOTOBJICHUU WJIU B TIPOIECCE IKCILTyaTaIlHH.

PesyabTaThl neciaenoBanui

Heo0xoaumMo 0TMETUTh, 4TO, COTIacHo [5, 6]
JOIYCTUMBIE OTKJIOHEHHS XOJIOBBIX KOJEC MO-
CTOBBIX NOJABEMHBIX KPaHOB HE JOJDKHBI IIpe-
Boimath K, <2/l u K,<+17'2 coorser-
CTBEHHO sl YIJIOB IIEPEKOCa M YIJIOB HAKJIOHA
OT BEpPTUKAIBHON IIOCKOCTH. TakuM oOpas3oM,
BennuKMHbl K| 1 K, MOXHO OLICHUTh KaK O4€Hb

JKECTKYI0 HOPMY, 3HAQUYHUTEIBHO IOBBIIIAOLIYIO
TpeOOBaHUSI K TOYHOCTH TEOJe3MYECKHX H3Me-
peHuil.

CoBepuIeHHO SICHO, YTO HPU COBPEMEHHOM
YPOBHE IIPOU3BOJCTBA U TEXHOJOTHUYECKOMN
OCHAILICHHOCTH HU OJWH 3aBOJ-U3IOTOBUTENIb
MOJTbEMHO-TPAHCIIOPTHOTO O0OPYAOBaHMs HE B
COCTOSTHHHM O0ECIEYUTh CTOJIb BBICOKYHO TOY-
HOCTh U3MEPEHUI NPU YCTAHOBKE XOJOBBIX KO-

nec. Takum obpasom, nonyckun K, u K, B 61u-

JKalIIMe oAbl MOT'YyT UTPaTh POJIb YUCTO TEOpE-
TUYECKOr0 HOPMATHBHOI'O XapakTepa, 4YTO HE
MOJKET OBITh PEaIu30BaHO Ha MPAKTHKE.

[TycTh OpTOroHaIBLHO K TIOCKOCTH «3epKajio 1»
HarpaBJieH cBeToBoH Iyd 2 (puc. 2). Ecnu 3ep-
KaJI0 MOBEPHYTh HA Yroji ¢, TO OTPAXKEHHBIN OT
HEro Jy4 noBepHercs Ha yron 2¢ . [loctaBum
Ha IIyTH OTPa)KEHHOTO JIy4a, Ha paccTosiHuu L
OT 3epKaja, IMKaly 3, MIOCKOCTh KOTOPOM Iep-
MEHIUKYISIpHA TIOAAONIEMY JIydy 2, TOT/a Yol
MOBOpOTA 3epKana ¢ Oyner paBeH

i
to2p=—-, 1
g20= (D

rae /— oTcyer Ha mIKaje 3 M0 CBETOBOMY ISTHY
OTPa’KEeHHOT O JIy4a.
IIpencraBuM, 4TO yroil ¢ — O4E€Hb MaJleHb-

KUl 10 cBoeil BemmumHe, Hampumep ¢ =30".
Jnist oOHapyXeHUsI M U3MEPEHHS yIiia (¢ OTCUET

[/ 1o mkane 3 JOoMKeH ObITh JOCTATOYHO OOJb-
MM, YTOOBI €r0 MOXKHO OBLJIO JIETKO BH3yajlb-
HO OOHapyXuTh. [lycTh MUHUMAIBHBII OTCUET,
KOTOpBI JIETKO W HAJIGKHO OOHAapy)KHBaeTcs
BU3yaJIbHO, paBeH [/ = 5 mMm. Torma s Ttoro,
4TOOBI [ > 5 MM, paccTOssHHE L JOJDKHO OBITh
HE MeHee

[-p" 5-343%

L=t _

=17190 mm,
2.9 2:0/5

rae p'=3438' (paamaH B MUHYyTax).

Takum 00pa3oM, yBEIUYHBas PACCTOSHHE OT
3epKajia J0 IIKaabl 3, MOXXHO TOBBINIATH TOY-
HOCTb U HAACKHOCTb HU3MCPCHHA YIJIOB ITOBO-
pora ¢. PaccrosiHue L wurpaer onpeneacHHYIO
POIb i1 NOBBIMICHHA TOYHOCTU H3MEPCHUA
yrioB ¢@. BakHO NOQYEpPKHYTH, YTO B ONHCAH-
HOM METOJIC U3MEPEHHS YTIIOB TIOBOPOTA 3epKa-
Jla ATOT YroJI yABAaUBaeTCs, a 3aTeM (PUKCHPYET-
Ccsi B BHJE OTCYETa Ha IKajle 3. DTO TaKXKe
CBUJICTCIIBCTBYET O MOBBINICHWHW TOYHOCTU H3-
MepeHus yria ¢ . Ecnu paccMaTtpuBaTh (¢ Kak
YIJIOBYIO IIOIPEIIHOCTh YCTAHOBKH XOJOBBIX
KOJIEC B IIPaBUJIBHOM IT0JIO)KEHHH, TO IIPpHU YABO-
SHUU yTiia ¢ Jake Majoe 3Ha4YeHHUE ITOH I0-
IPEIIHOCTH MOXET ObITh OOHapYXEeHO, U3Mepe-
HO M yCTpaHeHO. B KOHEYHOM HTOre, YTOOBI
MOJTYYUTh 3HAUYEHHE ¢, HEOOXOMMO ITyTEM BbI-
YUCIICHUH TpaHC(HOPMHUPOBATh OTCUET [ B YIJIO-
BYIO BCIIMUNHY.
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TOYHOCTU W3MEPEHUS JTUHEHHBIX BETUYMH [ U
L. TIockonbKy |, BO MHOTO pa3 MeHbIIE L,

M K 4
, X
¢dopmyny (4) MOXKHO 3amucath B BHJIE

mq) = l"l/ : (p (5)

A .

N3 (5) cmemyer, 9TO TOYHOCTH H3MEPEHUSA

? oA ~3
/ P yIja @ B OCHOBHOM OIIPENENSETCS TOYHOCTBIO
orcyera / mo mkaiue 3.
N ITorpemHocTs H3MeEpeHHsI yria Iepekoca
XOJIOBOI0 KOJIECAa MOYKHO TaK)K€ BBIPa3HTh CO-

ri1acHo [6] dhopmysoi

3 H

Puc. 2. Cxema MeToa u3MepeHus yria ¢

CrenoBaTenbHO, U3JIOKEHHBIA METOJ] PEICTaB-
JIIeT KOCBEHHOE HM3MEpEHUEe YIIIOB, IPU KOTO-
POM H3MEPEHHBIN Yroji yaBawBaeTrcs U (hUKCH-
pyercs Ha 1IKaje B BUAE JUHEHHOro oTcyera [,
a 3aTeM BHOBb 00paIlacTcs B YIVIOBYIO BEINYH-
HY C TIOMONIbIO  MPOCTOW BBIYUCIUTEIBHOU
OTIepallyH.
B teopernueckoil 0OCHOBE METOjIa JeXaT JiBa
M3BECTHBIX 3aKOHA TEOMETPUICCKON OMNTHKU:
1) yron maymenust paBeH yriy OTpasKeHHS;
2) Hopmaisib N (puc. 1) K MOBEpXHOCTH OTpa-
JKEHUS JISKUT B OJHOM IJIOCKOCTH C TIAAONTUM

" OTPAXXCHHBIM JIYy4YEM.

OneHka TOYHOCTH

[TockonbKy TIpH YCTaHOBKE M KOHTPOJIE IO-
JIOKEHUSA XOHOBBIX KOJIEC MOCTOBBIX M KO3JIO-
BBIX I'PY30IOIBEMHBIX KPaHOB YIJIBI IIEpEKOCa

o (puc. 1) ue nmpeocxomsr 1°—...2°, bopmyny
(1) MOXXHO TIpenCTaBUTH B BUC
l-p'
= 2
2L
Ecnu nepeiliti K cCpeqHUM KBaIpaTHYECKUM
MOTPENIHOCTAM HM3MEpPEHHUs yria ¢, TO TOJy-

ynum
m12 m 2 m; m
m_ = = +LJ 20 ML 3
¢ (p[lJ (L I L @)
2 2
I m¢=cpJuL+u1—2u1-uL- “4)

p-my
2L

(6)

m_ =
¢

U3 (6) BuaHO, 4TO MPH OJHOM U TOM K€ 3Ha-

YCHHU ml IMOrp€uIHoCTh I’I’lq) YMCHBIIACTCA C

YBEJIMUECHUEM JJIUHBI L .
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Antonovich,

Geodetic bases for improvement of geodetic
control of lifting and transport equipment

Abstract. The theoretical work on the method of
determining the deformation of the running wheels of
bridge and gantry cranes is presented. The
measurement procedure can be performed, both in
production and in the manufacture, installation of
crane equipment at manufacturers’ plants. The
existing methods of geodetic measurements, based
mainly on linear measurements (lateral leveling), are
considered, when determining the angles of
inclination of running wheels of bridge and gantry
electric cranes, as well as the angles of skew of the
end beams. It was concluded that in the existing
methods of measuring the angles of the inclination of
the running wheels and the angles of the inclination
of the end beams, the accuracy of the determination
of these parameters does not always satisfy the
permissible  values, according to normative
documents. The disadvantages of installations
include the fact that they are poorly or almost not
adapted to the specific production conditions in
which measurements have to be made and do not
provide continuous visual inspection when installing
or correcting the running wheels and end beams.
Fundamentally new measurement technologies are
proposed and developed, providing with the required
accuracy continuous visual inspection of structural
deformations of lifting and transport equipment. The
main point of the proposed theoretical development
is that the directed laser beam on the mirror plane is
mapped when the mirror plane rotates by the value of
the double angle. Using the set scale on the source of
radiation, you can determine the count for the global
reflection of the beam, and also measure the distance
from the scale to the plane of the mirror, determine
the required angle of rotation of the mirror. It has
been determined that such technology can completely
resemble determining the angles of inclination of
running wheels and end beams of lifting and
transport equipment. The mathematical calculation
and the mean square error of measurement of the
angles of inclination of the running wheels of the
crane have been fulfilled. The proposed estimation of
accuracy meets the conditions of the tolerances of
limit errors completely according to the existing
norms. The conclusions are drawn and it is
determined that the main advantages of the
developed theoretical proposals are the high
accuracy of measurements, as well as the possibility
of continuous visual observation of the changes.

Key words: lifting and transport equipment, angle
of inclination of running wheels, accuracy of
measurements, average square error, daccuracy
estimation.

HammBaiiko Tapac AHTOHOBHMY, KaHAWIAT TCXHIY-
HUX HayK,
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XapKiBChbKUH HalllOHAIBHUN YHIBEpCUTET OyiBHHII-
TBa 1 apxiTekTypH, I. XapkiB, Bylr. Cymchka, 40,
61002 (380) 993 022 178, nalivajkota@ukr.net
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I'eone3n4Hi 0CHOBM NPHU BJOCKOHAJIEHHI
reoie3NYHOr0 KOHTPOJII0 MiAHOMHO-
TPAHCIIOPTHOTO 00JIAJHAHHS

Anomauin. B pobomi npedcmasneno meopemuu-
HY po3pobKy cnocoby susznauerHs degopmayii xo0o-
BUX KOJIIC MOCMOBUX [ KO3M08UX NIOIUMAIbHUX KpA-
Hig. Memoouka 8uMIpro8alb Modice BUKOHYBAMUCH K
V 6upobHuymesi, maxk i y npoyeci 6ueOmoeIeHHs,
MOHmMAdCY RIOIUMATLHO-KPAHOBO20  YCMAMKYBAHHS
Ha 3a600ax-eupobnukax. Posensinymo icnyloui me-
moou 2e00e3UHHUX GUMIPIOBAHb, KL 0aA3YI0MbCsl 8
OCHOBHOMY HA JIHIUHUX SUMIPIOSaHHsX (DOKOGe Hige-
JIOBAHHSL), NPU GUSHAYEHHI KYMI8 Nepexocy X0008UX
KOJIIC MOCTNOBUX | KO3/I08UX eIeKMPUYHUX — niditma-
JbHUX KPAaHi, a Maxodic Kymi6 nepexocy KiHyeGux
banok. Bynro 3pobneno 6UCHOBKU, WO 6 ICHYIOHUUX
Memooax — GUMIDIOBAHHsL KYMi6 NepeKocy X0008UX
Kojic [ Kymie nepekocy KiHyesux OaioK MOYHICMb
BUBHAYEHHS OAHUX NAPAMEmpI8 He 3a8XHcOU 3a0060-
JIbHAE OONYCMUMUM 3HAYEHHSM, BIONOBIOHO HOPMA-
MmueHux OoKymenmis. [0 HeOONiKi6 YCMamKy6aHb
MOICHA MAKOIIC BIOHECMU [ me, W0 60HU NO2AHO AO0
matidice He NPUCMOCOBAHT 00 KOHKPEMHUX 8UpOOHU-
YUX YMO8, 8 AKUX 0080OUMbBCS GUKOHYBAMIU GUMIPIO-
6anns, i He 3a0e3neuyioms Oe3nepeperHo2o 6i3)anIbHO-
20 KOHMPOMO NpU YCMAHOBKAX ab0 GUNPAGIEHHI
X0008ux Kouic I KiHyeeux Oanok. 3anponoHosano i
PO3POOIEHO NPUHYUNOBO HOGL MEXHONO2I SUMIDIO-
6amb, sKi 3a06e3neuyroms i3 He0OXiOHOI MOYHICIIO

besnepepsHuil  6i3yaNbHULL KOHMPOTb  Oeopmayiil
KOHCMPYKYIL NIOIUMAIbHO-MPAHCNOPIMHO20 YCMAam-
Kysanns.. OCHO8HA CYMb 3aNpONOHOBAHOI meopemu-
4HOI pO3POOKU NOAA2AE 8 MOMY, WO CHPIMOBAHULL
JIA3epHUll NPOMIHb HA NIOWUHY O03epPKaid 8i0oopa-
ACAECMBCST NPU NOBOPOMI NAOWUHU 03EPKANA HA Ge-
JUYUHY NOOBIIH020 Kymd. 3a 00nOMO02010 6CMAHO6-
JIeHoT wKanu Ha Odcepeni 8UNPOMIHIOBANHSA MOJICHA
BUBHAUUMU BIONIK 34 CEIMIA0BUM BIOOOPAICEHHSIM
NPOMEHS, A MAKONC, 3aMIPABUIU 6i0CMAHb 610 WKAIU
00 NIOWUHU 03ePKAd, BUSHAYAIOMb HEOOXIOHUI Kym
nogopomy 03epxana. Busnaueno, wo maxa pospooka
Modice NOGHICMIO OYMU NPUOAMHOI0 NPU BUSHAYEHH]
Kymie nepexocy Xo008ux Kojic i KiHyesux 0aioK ni-
OlIMAIbHO-MPAHCNOPMHO20  YCMAmKy8anHs. Buxo-
HAHO MamemMamuyHull po3paxyHox i OaHo cepeomio
K6aopamuuny HOXUOKY 6UMIPIOBAHL KYMi6 NepeKocy
X0008UX KOJIC KpAHA. 3anpononoéana oyinka mou-
HOCMI NOBHICMIO 3A0080JIbHAE YMOBU OONYCKi8 2pa-
HUYHUX TNOXUOOK, GIONO0GIOHO 00 ICHYIOUUX HOPM.
3pobneno ucnosku i 8usHAYEHO, WO OCHOBHUMU Ne-
pesazamu po3podaeHUX MeOPemUYHUX NPONo3uyil €
BUCOKA MOYHICMb  BUMIPIOBAHDL, a4 MAKOJiC 3abe3ne-
YEHHsL MOJACIUBOCI De3nepepE8HO20 GI3YaNbHO20 CHO-
cmepesicenst 3a 3MIHaAMU.

Knrouosi cnosa: niotiomno-mpancnopmue ycma-
MKY8AHHS, KYMU NEPeKocy X0008uUxX KOJIC, MOUYHICMb
BUMIPIOBAHDY, CepeOHsl K8AOpamuiHa noXuoKa, oyiHka
MOYHOCMI.



