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PaccmaTpuBaercsa npobiema TpaBMaTu3Ma U aBa-
PUMHOCTH TpU 3KCIIyaTallud IPY30HOJbEMHBIX
MalluH ¥ MexaHu3sMoB B Poccum. IlpuBogstcs
CTaTUCTHKA HECYACTHBIX CIy4aeB U CMEPTEIbHBIX
TpaBM Ha HOJBEMHBIX COOPYKEHHUAX, a TaKKe
JTaHHBIE TI0 AaBapUMHOCTH TIPY30MOABEMHBIX Ma-
mmH (I'TIM). B mpouecce ananusza JaHHBIX HUC-
[0JIb30BAJIUCH AJITOPUTMbl MHTEPIIOJIALNHY, 3aJ10-
KEHHbIE B MaTeMaTH4yecKoe MporpaMMHoe obec-
nedyeHue. B pesynpTare MOAEIMpOBaHUS IIPOTHO-
3a Ha OBM ornpenensiorcss HHTEPBAIbl BPEMEHU,
naromue Oosee TOYHBIE JAHHBIE B OTHOLICHUH
JUHAMHUKU SKCIUTyaTallid aBTOKPAHOB C HCTEK-
UM CPOKOM CHYKObI U Kod(pduimeHta cmep-
TenbHOro TpaBmatuzMa Ha 1000 xkpaHoB. Takxke
AQHAIM3UPYIOTCS TEPCHEKTUBHBIE METOAbl IpPO-

THO3a JJIs lajibHEeNIIel HaydHO paboThI.

KuiroueBble cioBa: aHanu3, MPOTHO3, TpaBMa-
THU3M, l"py?)OHOI[’I)éMHBIe MAaIlIMHbI U COOPY)KGHI/ISI,
skctpanossiust, MathCAD.

BBenenue. B nameit crpane 607b1110€ BHUMA-
HUE YIENSeTCs BOIMpPOCcaM TMPOMBIIUICHHONH 0e3-
onacHoctd: B 1997 rogy npunar 3akoH «O mpo-
MBIIJIEHHONH 0€30MacCHOCTH OMACHBIX MPOU3BO/I-
CTBEHHBIX OOBEKTOBY», YTBEPXKICHBI HOPMBI U
npaBuiia B 00JacTU MPOMBIIUICHHON Oe30macHo-
ctu [1, 2]. B nHactosiiee BpeMsi UMeeTCsl A0CTa-
TOYHO OOJIBIIOE KOJTHYECTBO HAYYHBIX PadOT, Mo-
CBAIICHHBIX aHANIM3y CTaTUCTUKUA aBapui ©
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The article deals with the issues of injuries and

accidents in the operation of hoisting machinery
in Russia. The paper provides the statistics on
accidents and fatal injuries on hoisting devices,
as well as data on the accident rate of hoisting
machines (HM). In the process of data analysis,
interpolation algorithms embedded in the math-
ematical software are used. As a result of com-
puter simulation of the prediction process, time
intervals are determined, which give more accu-
rate results of the prediction in relation to the
dynamics of operation of autocranes with the
expired service life and the coefficient of fatal
injuries per 1000 cranes. In addition, the analysis
of perspective prediction methods for further
scientific work is given.
Key words: analysis, prediction, injuries, hoist-
ing machinery and constructions, extrapolate,
MathCAD

Introduction. In our country, much attention
is paid to industrial safety: the law "On industrial
safety of hazardous production facilities" was
introduced in 1997, the rules and regulations in
the field of industrial safety were approved [1,
2]. Currently, there is a large number of scien-
tific papers, in Russia as well, devoted to the
analysis of emergencies and accidents statistics
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HECYACTHBIX CJIy4aeB MPH SKCILTyaTal[Uu pa3jiny-
Heix I'TIM, B ToM uucne u B Poccuu [3, 4]. Ux
aBTOpBI IpEJIaraloT UCIONIb30BaTh MaTeMaTuye-
CKOE€ MOJICIMPOBaHNE KaK MHCTPYMEHT CO3JaHMUS
aJIeKBaTHOW MOJENU JAJisi IPOTHO3UPOBAHUS YHC-
JIa aBapuil U HECYACTHBIX CIIy4aeB.

OpnHako MpakTUYECKU HET UCCIIEOBaHMM, Iie
Obuti ObI HalIEHBl KOPPENIALUOHHbBIE 3aBUCHUMO-
CTH, C IOMOLIbIO KOTOPBIX 10 Kputeputo Ilupco-
Ha (K03 GUIIUEHT KOPPEIAIUN) MOXKHO OBLIO ObI
YCTaHOBUTH TMPUYUHHO-CIICACTBEHHbBIE CBS3H C
aBapusIMH U TPaBMaTH3MOM.

Coznanue mMateMaTH4ecKol MOJENH, C MOMO-
IbI0 KOTOPOM MOYKHO OCYILIECTBUTH IPOTHO3UPO-
BaHUE aBAPUITHOCTU U HECYACTHBIX CIIy4aeB, MO3-
BOJIUT KOHTposiupyromemy oprany (Pocrex-
HaJ30py) pa3padaThiBaTh U OCYIIECTBIATH MEPHI
B 00JacT 0OeCHedeHHs] MPOMBIIUIICHHON 0e3-
OMACHOCTH JUIS TPEJOTBpAIICHUS aBapuii U
HECYACTHBIX CIIy4YaeB Ha MPEIIPUSTUNX, IKCILTY-
atupyromux ['TIM. 3anaya, crosias nepes aBTo-
pamMH JITaHHOTO HCCIEAOBAHUS — PAaCCMOTPETh
pa3IuYHbIE METO/Ibl aHAJIM3a U MIPOrHO3a aBapUii-
HOCTU M TPOU3BOJACTBEHHOIO TpaBMaTHU3Ma,
IPEJICTaBUTh HCII0JIb3YEMOE MPOrpaMMHOE oOec-
Ne4YeHNe, POBECTH MPOTHO3HbIE pacd€Thl JHUHA-
MUKH JKCIUTyaTalldd aBTOKPAHOB C HCTEKIINM
CPOKOM CJIy>KOBI M BBIIBUTH NMPOTHO3 K03 duiu-
eHTa cMmeprenbHoro tpaBMatusma Ha 1000 kpa-
HOB Ha 10 ner — 10 2025 roga. Pe3ynpratsl npo-
BEJICHHOT'O UCCIIEIOBAaHUS MOTYT JaTh B OyayIiem
BO3MOXXHOCTh OCYILIECTBIISITH POTHO3UPOBAHUE
CIIy4aeB TpaBMaTHU3Ma, 3TO MO3BOJUT OCYLIECTB-
JSATh MEPHI IO MPEJOTBPALLICHUIO aBapUH, JTUKBU-
JAllMY HECYACTHBIX CITy4aeB.

OcHoBHast yacTb. OlHa U3 HETaTUBHBIX CTO-
POH B cylIecTBYIOIIEH NpobieMe TpaBMaTu3Ma u
ABApUMHOCTU TPHU JKCIUTyaTallUd TPY30MOabEM-
HBIX MalIMH U MeXaHu3MoB B Poccun — 310 cra-
peHHME TMapkKa Tpy30NOABEMHBIX MamuH. Jlei-
cTBUTENBHO, B 1990-x romax B P® cokpartuioch
KOJIMYECTBO BBITYCKAEMBIX OTEUECTBEHHBIX Kpa-
HOB, a YMCJIO 3KCIUIyaTUPYEMbIX KpPaHOB 3apy-
OCKHBIX MPOU3BOAUTENCH OBLIIO HUYTOXKHO Ma-
aeM (puc.1).
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in the operation of various HM, [3, 4]. Their au-
thors propose to use mathematical modeling as a
tool for creating an adequate model for predict-
ing the number of emergencies and accidents.

However, there are practically no studies
where correlations were found, with the help of
which, according to Pearson's criterion (correla-
tion coefficient), it would be possible to estab-
lish cause-and-effect relationships with accidents
and injuries.

The creation of a mathematical model, which
can be used to predict emergencies and acci-
dents, will allow the Supervisory Authority
(Rostekhnadzor (Federal Service for Environ-
mental, Technological and Nuclear Oversight of
Russia) to develop and implement measures in
the field of industrial safety to prevent emergen-
cies and accidents at enterprises operating HM.
The task for the authors of this study is to con-
sider various methods of analysis and prediction
of accidents and industrial injuries, to present the
software used, to make predictive calculations of
the dynamics of operation of cranes with the ex-
pired service life and to identify the prediction of
fatal injuries coefficient per 1,000 cranes for 10
years — until 2025. The results of the study can
provide an opportunity in the future to predict
the occurrence of injuries, it will allow you to
implement measures to prevent emergencies,
eliminate accidents.

Main part. One of the negative sides in the
existing problem of injuries and accidents in the
operation of hoisting equipment in Russia is ag-
ing of the lifting machines fleet. Indeed, in 1990-
ies in the Russian Federation, the number of
produced domestic cranes reduced, and the
number of operated cranes of foreign manufac-
turers was negligible (Fig.1).
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Puc. 1. JluHaMuKa CHU)KEHUS KOJIMYECTBA 3KCIUTyaTUPYEMBIX KpaHOB B Poccun

Fig. 1. Dynamics of decrease in the number of operated cranes in Russia

[Ipobnema ycyrybnsercs tem, uro B P®D, mo
nanHbiM ['ockomcrata PO, ¢ cepeaunnr 1990-x
no0 2008-2009-x TOMOB Pe3KO BBIPOCIO YHUCIO
I'TIM ¢ ucrtekmum cpokoMm ciyxObl. [lpuunna
3TOr0 KPOETCS B TOM, YTO CTpaHa *Hia 3a CUET
pecypca, HaKOIJIEHHOTO B COBETCKOE BpeMsi, KO-

r1a OTe4ecTBeHHbIM npousBogutens [TIM
CIPABIISJICS C TIPOU3BOACTBEHHBIMU HYXJAAMU
(puc. 2).

Hauunas ¢ 2009-2010 romoB mo HacTosiee
BpEMsl CUTYyalllsl HECKOJIbKO M3MeHmsIack. Komu-
gyectBO [ TIM, y KOTOPBIX UCTEK CPOK CITYKOBI, HE
CHUXKAJIOCh, CTajo cTabwibHbBIM (pHC. 2, 3) 3a
cu€T Impekae Bcero 3akynok kpaHos u I1C 3apy-
0€KHOTr0 MPOU3BOJICTBA. AHAJIN3 CTATUCTUYECKUX
JaHHBIX 10 TpaBMatu3My 3a 2009-2015 rr. noka-
3bIBAET, YTO HAOJIOJAETCs TEHAEHIUS POCTa Kak
aBapUIHOCTH, TaK U CMEPTEJILHOIO TpaBMaTHU3Ma
OpU 3KCIUIyaTallud TOABEMHBIX COOPYXEHUI
(ITIC) Ha omacHBIX MPOU3BOJCTBEHHBIX OOBEKTAX
(OT1IO) (puc. 4, 5).

B0

The problem is exacerbated by the fact that in
Russia, according to the State Statistics Commit-
tee, the number of HM with an expired service
life sharply increased from the mid-1990s to
2008-2009-ies. The reason for this lies in the fact
that the country lived at the expense of the re-
source accumulated in Soviet times, when the
domestic manufacturer of HM coped with the
production needs (Fig. 2).

From 2009-2010 to the present day, the situa-
tion has changed somewhat. The number of HM
that have the expired service life has not de-
creased, but has become stable (Fig. 2, 3) primari-
ly due to the purchasing of foreign cranes and
hoisting devices. The analysis of statistical data
on injuries for 2009-2015 shows that there is a
tendency of growth of both accidents and fatal
injuries in the operation of hoisting devices (HD)
at hazardous production facilities (HPF) (Fig. 4,
5).

—a—a_

70

| ~

&0

50
40

————

30

% wmCcTeKmero cpoka

sl 3
CITyKOBI

% of the expired

20

service life

10

o]

2000 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2015

Puc. 2. I[I/IHaMI/IKa SKCILTyaTalluu OaIleHHEBIX KpaHOB C UCTCKIINM CPOKOM CJ'Iy>K6I>I

Fig. 3. Dynamics of operation of autocranes with the expired service life
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Fig. 4. Dynamics of emergencies and accidents in the operation of HD
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Fig. 5. Dynamics of fatal injuries in the operation of HD
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UcnonwszoBanue PUCK-OPHUEHTUPOBAHHOTO
MOJIX0Ja TpPU OpPraHU3alUH TOCYAAPCTBEHHOTO
KOHTpOJISI U Haza3opa 3a cobmroaeHueM TpeboBa-
HUM MPOMBIIUIEHHOW 0€30MacHOCTH MPHU IKCILTY-
aTaluu OIIO C I1C MIPUBEJIO
K COKpAIllEHUIO Ha TOT MEPUOJ YHCIIa TUIAHOBBIX
IIPOBEPOK, MPOBOAMMBIX PocTtexHaa3zopom B OT-
HOIICHUH  OpPTraHM3alud,  IKCILTyaTUPYIOLIUX
OIIO. Tak, nmo urtoram mnposeneHHo B 2013 r.
nepepeructpauuu OIIO ¢ nmpucBoeHuem kiacca
omacHoctu okono 92% Bcex OIIO c IIC 6butH
oTHeceHbI K [V kiaccy omacHOCTH, B OTHOLIEHUH
KOTOPBIX MPOBEPKH HE MpoBoAsTcs. Takum obpa-
30M, ¢ 2013 rona orpomuoe konudectBo [IC He-
CKOJIBKO JIET SIBJISIOCH HE MOJAKOHTPOJIBHBIM IOC-
yIapCTBEHHBIM HAA30pHBIM opraHam. Kpome To-
ro, U3BMEHEHUS 3aKOHOJATENbCTBA B YACTH BBIBO-
na mudToB, TIATHOPM TIOIHEMHBIX ST WHBAIU-
JIOB U 3CKaJaTOpPOB BHE METPOIOJMUTEHOB U3 Ka-
teropun OIlO Takke MOBIUSIO Ha OclablieHue
HA/J30pa 3a STUMHU OOBEKTaMHU CO CTOpPOHBI Po-
cTexHana3opa. Jlanuelii dakrop ycyryomn u 6e3
TOTO CJIOKHYIO CUTYyalMio ¢ oOecriedeHuem O0e3-
onacHoctu npu 3kcruryaranuu ['TIM u I1C B Poc-
CHH.

B pesynbrare Biajenbibl NOABEMHBIX COOPY-
JKEHUH MPAKTUYECKU HA 3aKOHHBIX OCHOBAHUAX HE
BKJIQ/IBIBAIOT CPEACTBA HE TOJIBKO HA TEXHUYECKOE
NIEPEBOOPYKEHUE, HO M Ha NOJEPKAHUE H3HO-
HIEHHOTO TapKa IMOJABEMHBIX COOPYKEHUH B HC-
IPaBHOM COCTOSIHMHM, a TAaK)K€ Ha COJEp)KaHHE B
nirare KBaJM(UUIMPOBAHHOTO OOCITYKMBAIOIIETO
nepcoHala W crenuanucToB. JlaHHoe o00CTOs-
TEJIbCTBO HEJOMYCTUMO U BEAET K POCTY aBapuii-
HOCTH M TpaBMaTH3Ma MpPU JKCILTyaTalluu Tpy30-
MOABEMHBIX MAIllMH U MeXxaHu3MoB B Poccuu. Pe-
3yJbTaThl TAKON MOJUTUKU MPUBEAYT K POCTY YUC-
Jla aBapyuidl U HECYACTHBIX CITY4aeB.

Oo0mee xe cHmxeHne ¢ 1995 rona HeCUaCTHBIX
CITy9aeB CO CMEPTENbHBIM HCXOJOM OOBSICHSICTCS
CHIDKEHMEM OOIIEero KOJMYEeCTBAa SKCILTyaTupye-
Meix [TIM B Poccun. KommdectBo aBapuii npu
9KCIUTyaTanuu KpaHoB B Poccun cocrasnsier ot 40
1o 60 B rox (puc. 6). ABapuu €XKerofHO TPUBOJIAT
K 90-100 cmepTeNnbHBIM HECYACTHBIM CIy4asiM Ha
npou3BozicTBe. [IpencraBieHHble TaHHBIE BeCchMa
YCTONYUBBI.

Safety of Technogenic and Natural Systems .. 2018

The use of a risk-based approach in the organ-
ization of state control and supervision over the
compliance of industrial safety requirements in
the operation of HPF with HD led for that period
to the reduction in the number of planned inspec-
tions conducted by Rostechnadzor for organiza-
tions operating HPF. Thus, according to the re-
sults of the re-registration of HPF in 2013 with
the assignment of the hazard class, about 92% of
all HPF with HD were assigned to the IV hazard
class, in respect of which no inspections are car-
ried out. Thus, since 2013, a huge number of HD
has not been controlled by the State Supervisory
Authorities for several years. In addition, changes
in legislation regarding the withdrawal from the
HPF category of elevators, lifting platforms for
disabled people and escalators, that are not used
in metro also contributed to the weakening of the
Rostekhnadzor supervision over these objects.
This factor has aggravated the already difficult
situation with ensuring safety in the operation of
HM and HD in Russia.

As a result, the owners of lifting facilities
practically legally do not invest in technical re-
equipment, as well as they do not maintain in
good condition the worn-out park of lifting facili-
ties, and maintain a staff of qualified service per-
sonnel and specialists. This circumstance is unac-
ceptable and leads to an increase in accidents and
injuries in the operation of lifting machines and
equipment in Russia. The results of this policy
will lead to an increase in the number of acci-
dents.

The overall decrease since 1995 in fatal acci-
dents is due to the decrease in the total number of
HD operated in Russia. The number of accidents
during the operation of cranes in Russia is from
40 to 60 a year (Fig. 6). 90-100 accidents are fol-
lowed by death at work each year. The data pre-
sented are very stable.

[T
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IIpyuunHbl aBapuii, Kak U3BECTHO, JEIATCSA Ha
TEXHHYECKHE W OopraHu3anuoHHele. Cremyer 3a-
METUTb, 4TO Ooiblie monoBuHbI (60%) aBapuit
HPOUCXOIUT 10 TEXHWYECKUM INPHYMHAM, B OC-
HOBHOM H3-3a HEYIOBIJIETBOPUTEIHHOTO COCTOS-
HUS TeXHU4Yeckux yctpoiict (30%), u3-3a mnpu-
6opoB Ge3onacHocTH (15%) u HapymIEeHHUS TEXHO-
JOTUU Tpomu3BoAcTBa paboT (25%). Bricokum
OCTaeTcs KOJMYECTBO aBapHii 1O OpraHU3aIHOH-
HbIM nipuanHam (40%).

The causes of accidents, as you know, are di-
vided into technical and organizational. It should
be noted that more than half (60%) of accidents
occur for technical reasons, mainly due to unsatis-
factory condition of technical equipment (30%),
due to safety devices (15%) and violations of the
technology of work (25%). The number of acci-
dents due to organizational reasons remains high
(40%).
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40 | KonuuecTBo aBapwii
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Puc. 6. KonngectBo aBapuii rpy30noqpEMHBIX KpaHoB B Poccun

Fig. 6. Number of accidents of hoisting cranes in Russia

Ha puc. 7 npencrasineHo pacnpezesneHue 4uc-
Ja CMEpTENbHBIX TPAaBM MPHU SKCIUTyaTallud pas-
JTuuHbIX BunmoB I'TIM, »TM naHHBIE CBUICTEIIb-
CTBYIOT O TOM, YTO caMasi BBICOKasi aBapHUIHOCTH
ObIBaeT pu pabote OaleHHbIX
¥ aBTOMOOMIIBHBIX KPaHOB.

CaMbIMH omacHBIMU (haKTOpamMu TpH padoTe
9THX MEXaHU3MOB SIBJISIOTCS JKCIUTyaTalusl mpu-
OOpOB M yCTPOUCTB 0€30MACHOCTH C PA3TUYHBIMU
nedeKTaMu, a TaKKe MOBPEXKICHHUSI TEXHUIECKUX
ycTpoicTB 1 aneMeHToB ['TIM.

Fig. 7 shows the distribution of the number of
fatal injuries in the operation of various types of
HM. These data indicate that the highest accident
rate occurs during the operation of tower and au-
tomobile cranes.

The most dangerous factors in the operation of
these mechanisms are the operation of equipment
and safety devices with various defects, as well as
damage to technical devices and elements of the
HD.
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Fig. 7. Distribution of fatal injuries by the type of lifting equipment
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B cpennem exxeroano B Poccuu mpu sKcmtya- On average, from 96 to 105 people in Russia
TalliM IOJBEMHBIX COOPYXKEHHH CMepTeIbHbIC annually suffer fatal injuries during the opera-

TpaBMbI MOJTy4aroT oT 96 10 105 yenoBex. tion of lifting facilities.

AHanu3 craTucTUyeckux MaHHbix 3a 2015 ron The analysis of statistical data for 2015 al-
[IO3BOJISIET CHIEJIATh BBHIBOJ, YTO CAMBIH BBICOKHI lows us to conclude that the highest level of ac-
YpOBEHb aBapUWHOCTH HAOJIONACTCS MPU IKC- cident rate is observed in the operation of tower
yaraiui OameHHbIX (13 ciydaeB) U aBTOMO- (13 cases) and automobile (9 cases) cranes (Fig.
omnpHBIX (9 cityuaeB) kpaHoB (puc. 8) [5]. (8) [5]-

14
12
10
8
6
4 He=i
2 : — ; ; ., Konugectro aBaphit
0 T A e e Number of accidents
= 3, = 23 = g - B 9y
- == = PE B8 o2 o £
=Y B3 Ey B3 E S S
o) 5 = r Q28 e = )
58 %5 ES &% §4 4
4 33 g% Y 5%
g5 B V= s
= 2=

Puc. 8. Pacnipenenenue apapuii o BuaM rpy30n01bEMHbBIX MalllUH

Fig. 8. Distribution of accidents by the types of hoisting machines

3HaueHus ~ KOd(pQHIMEHTA  CMEPTEIHHOTO The values of the coefficient of fatal injuries
tpaBmaru3Ma Ha 1000 kpanoB B Poccuiickoit ®e- on 1000 cranes in the Russian Federation, accord-
Jiepalyu, o JaHHbIM PocTexHanzopa, mpejacras- ing to the Rostekhnadzor, are presented in Fig. 9
JeHsl Ha puc. 9 (cpeanuit koadduient mo Poc- (the average coefficient in Russia is 0.19 for
cunt — 0,19 Ha 2014 rox) [5]. 2014) [5].
0,45
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0,2 LI— - 1000 kpaHoB
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Puc. 9. Koadpunuent cmeprensHoro TpaBMaruzMa Ha 1000 kpanos

Fig. 9. Fatal injury rate per 1000 cranes

MeToabl MPOrHo3a W aHAJAW3a TPaBMaTH3- Methods for prediction and analysis of in-
Ma. J/laHHEIC CTATHCTUKH TPAaBMaTH3MAa ABJIAIOTCS juries. Injury statistics are a multiparametric
MHOTOITApaMeTPUIECKON (PYHKIMEH C TPHUCYT-
CTBHEM CTOXAaCTHYECKHUX JJICMCHTOB. HpI/I aHaJIu-
3¢ KOMIIOHEHTOB CIy4YalHBIX (DYHKIIMH HE0O0XO-

function with the presence of stochastic ele-
ments. When analyzing the components of ran-
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JUMO HMETh IMPEJICTaBICHHE O IOIPEIIHOCTH
MPUMEHSIEMbIX METOJIOB pacuéTa, a TaKkKe pacro-
narate 3(G(EKTUBHBIM aJITOPUTMOM MPOBEPKHU
JAHHBIX Ha a/IeKBATHOCTH MPOTHO3UPYEMBIX 3HA-
YEHUH.

[Ipu 06paboTKe CTAaTUCTUKHM B JAaHHOW oO0ia-
CTH UCHOJIB3YIOTCS CIEAYIOIINE METO/IBI:

1. Ilpeackazanue (dKCTpamoJIsiiUsi) BEKTOpa
JAHHBIX C WCMOJb30BAHUEM CIICIUAIBLHOTO IPO-
rpaMMHOro obOecrnedeHus [6]. AHaTUTHYECKHE
METOJIbl PErpecCHOHHOrO OmucaHus (QYHKIUI
TpaBMaTh3Ma B BHJE IMOIYIMIUPUUYECKUX (Op-
MyIL.

2. MeToapl, CBsS3aHHBIE C aHATU30M (pak-
TAJIBHBIX PAa3MEPHOCTEH, NMPHUBICYCHHBIC U3 TEO-
pUH CHUTHAJIOB, COJEPKAIIUX B CBOEM OINHCAHUU
Cly4aliHble cOCTaBIIsOIIHMeE [7].

3. I'pynma MeTonoOB, aHAIM3UPYIOIIAs CTaH-
JApTHBIE U ClielMalbHbIe CTATUCTUYECKHUE XapaK-
TEPUCTUKH BBIOOPKH (CpenHee aprudMeTHYecKoe,
reOMEeTpPHUUECKOe,
koadunmeHT koppensuuu, moaenb Ilyaccona,
ko3P durment R? u t.11.) [8, 9].

4. Amnanu3 nepeBa COOBITUH — aNropuTM Mo-

rapMOHHUYCCKOC B3BCIICHHOC,

CTPOCHUS IOCIIEIOBATEIBLHOCTH COOBITHIA, HUCXO-
JSIIMX U3 OCHOBHOT'O COOBITHS (aBapHiiHasi CUTY-
alysl) Ha OCHOBAaHUM KOTOPOTO MOKHO paccuu-
TaTh BEPOSTHOCTH BEPIIMHHBIX COOBITHH paziny-
HBIX CUTYyaluH.

[Tpu ananm3e JaHHBIX UCHOJIB30BAJICS MaTeMa-
truecknii maker MathSoft MathCAD (puc.10).
OcHoBHas ucnonb3yemasi pynknus predict (v, m,
N). Ota QyHKIUS UCIOIB3YET TPU ONepania: V —
UCXOJIHBIA BEKTOP IAaHHBIX; M — KOJIWYECTBO
UCXOJIHBIX TOCJIEIHUX 3HA4eHUN B BBHIOOpKE, KO-
TOpble OepyTcs A COCTAaBICHMS IPOrHO3a; N —
KOJINYECTBO YHUCEl, oIpeJensonee 00bEM Mpo-
rHos3a [6].

—

dom functions, it is necessary to have an idea of
the error of the calculation methods used, as
well as to have an effective algorithm for check-
ing the data for the adequacy of the predicted
values.

The following methods are used to process
statistics in this area:

1. Prediction (extrapolation) of data vector
using special software [6]. Analytical methods
of regression description of injury functions in
the form of semi-empirical formulas.

2. Methods related to the analysis of fractal
dimensions drawn from the theory of signals
containing random components in their descrip-
tion [7].

3. A group of methods analyzing standard
and special statistical characteristics of the sam-
harmonic

ple (arithmetic mean, geometric,

weighted, correlation coefficient, Poisson's
model, R? coefficient, etc.) [8, 9].

4. Analysis of the event tree — an algorithm
for constructing a sequence of events originating
from the main event (emergency) on the basis of
which it is possible to calculate the probability
of apical events of different situations.

The mathematical package MathSoft
MathCAD was used for data analysis (Fig.10).
The main function used is predict (v, m, n). This
function uses three operands: v — the initial
vector of data; m — the number of the initial last
values in the sample, which are taken to make a
prediction; n — the number of numbers that de-
termine the volume of the prediction [6].

[T
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Puc. 10. TIpumep 3KCTpanossIui BEKTOpa TaHHBIX ¢ moMoIibio GyHkmuu predict (v, m, n)

Fig. 10. An example of extrapolation of the data vector using the predict function (v, m, n)

[Ipu okcrpanomsiuun B MathCAD pacuérsr
MPOBOJASTCS B BUJE OTJIAJAKU MPOrHO3a, T.€. BHA-
qajie MpoBEPsIeTCsl aJIeKBaTHOE IO IOTPEITHOCTH
KOJIMYECTBO JieT mpu mporHose. [locne BbiOupa-
€Tcs TepuoJl BPEMEHHM /ISl TMPOTHO3a M OCY-
HIECTBIISICTCS DKCTPAMOJIALUS BEKTOpa JaHHBIX.
[orpenrHocTh TpOBEpsIETCS C TIOMOIIBIO perpec-
CHOHHOTO Kod(¢uumenta R? (oTHOmIeHME mwC-
Hepcuil UCXOIHBIX 3HAYEHUH BEKTOpa JTaHHBIX U
NIPOBEPOYHBIX 3HAYEHUH, BBIYMCICHHBIX IS TOTO
e Mepro/ia BpeMeHH).

Pe3yabTarsl NpOrHo3HbIX pacuyéToB. beuin
NPOBE/IEHbl TMPOTHO3HbIE pacyéThl JUHAMHKHU
IKCIUTyaTalliil aBTOKPAHOB C MCTEKIINM CPOKOM
CIIy’)KObl Kak (pakTopa, O€3yCIOBHO BIMSIOLIETO
Ha JIMHAMHKY aBapUHHOCTH U HECYACTHBIX CITyda-
eB HC npu skcrmyatauuu I1C, u koapdunmenta
cMepTenbHOoro TtpaBmarudMa Ha 1000 xpaHOB
(puc. 11-13).

When extrapolating in MathCAD the calcu-
lations are carried out in the form of debugging
the prediction, i.e. first you check the adequate
error in the number of years of the prediction.
After that, the time period for the prediction is
selected and the data vector is extrapolated. The
error is verified by the R? regression coefficient
(the ratio of variances between the original data
vector values and the test values calculated for
the same period).

Prediction Calculations Results. The au-
thors have carried out the prediction calculations
of the dynamics of autocranes operation with the
expired life service as a factor that will definite-
ly influence the dynamics of accidents and
emergencies during operation of HD, and the
rate of fatal injuries per 1,000 cranes (Fig. 11-
13).

50

45~

T T

-

2004 2006

il Hﬂﬂﬂﬂﬂm

2008
VX

2010 2012

Puc. 11. Ucxomuas cTaTUCTHKA AMHAMHUKHN SKCIDTyaTallid aBTOKPAHOB C HCTEKIIIMM CPOKOM CITYKOBI

Fig. 11. Initial statistics of operation dynamics of cranes with the expired service life
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Puc. 12. Otnajaka nporHosa ¢ momoInsio kodgpduruenta R?:
Fig. 12. Debugging the prediction by the coefficient R*:

SR_VYA — cpennee apumeTHIecKOe OTIATOUYHBIX 3HAYCHUMH, B3SATHIX U3 BEeKTOpa AaHHbIX 3a 2010-2014 rr.,
SR_VP — cpennee apudMeTHUecKOe CIPOrHO3UPOBAHHBIX 3HaUeHUH 3a 4 roga, DISP VYA,
DISP_VP — nucniepcuu IBYX aHAIM3UPYEMBIX BHIOOPOK, R2 — perpeccronnbiii koodduument R? (nomken
noKa3biBaTh 5—10-TIPOIIEHTHOE OTHOILICHHUE)
SR_VYA — the arithmetic average of the debug values from the data vector for 2010-2014, SR_VP — the
arithmetic average of the predicted values over 4 years, DISP_VYA, DISP_VP — the dispersion of the two
analyzed samples, R2 — the regression coefficient R? (should show a 5-10% ratio)
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Puc. 13. Om1ajaka nporHosa ¢ nomolnsio kodgpduuuenta R? u Gpynkuun
predict (v, m, N) AMHAMHKHU SKCIUTyaTAl[MH aBTOKPAHOB C HCTEKIIUM CPOKOM CITyXKObI

Fig. 13. Debugging the prediction by the coefficient R and function predict (v, m, n) of autocranes with
the expired service life operation dynamics

Hcxonnbie nanHble 11 pacuéra ObLIM MPHHS- The initial data for the calculation were tak-
THl U3 CTaTUCTUKU 10 aBapHIHOCTH M HECUacT- en from the statistics on accidents and emergen-
HBIM ciTydasm npu skcruryararmu [1C. cies during the operation of HD.

[Ipu oTiazke MpOrHO3a MCIOJIL30BANICS MEPHU- When debugging the prediction, the period
O/l BPEMEHH C HAKOIJICHHON CTAaTHCTHUKOW aBa- with the accumulated accident statistics from
puitaoctr ¢ 2001 mo 2014 roxa. B pesynbrate ot- 2001 to 2014 was used. As a result of debug-
JaaKku ObIIO OMpEAeIeHO, YTO MOKa3aTeslb N uMe- ging, it was determined that the indicator n has
€T ONTUMAJIbHOE 3HaYeHHE, paBHOE 5 (puc. 14). an optimal value of 5 (Fig. 14).
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Puc. 14. Pe3ynbrat hopMHUpOBaHUs OTIAKESHHOTO MIPOTHO3a AMHAMHKH SKCIUTyaTally aBTOKPAHOB C
HCTEKIITUM CPOKOM CITYKOBI ¢ Tomonipto ¢pyHknmu predict Ha 10 set, BmioTh 10 2025 roxa

Fig. 14. Result of formation of the debugged prediction of autocranes with the expired service life operation dy-
namics by means of the predict function for 10 years, up to 2025

Iporno3 kodppuumeHTa CcMepPTEILHOIO Prediction of fatal injuries coefficient per
TpaBMaTu3Ma Ha 1000 kpanoB Ha 10 jert, 10 1,000 cranes for 10 years, until 2025. Fig.15
2025 roma. Ha puc.15 npescraBieHsl pe3yabTaThl shows the prediction calculation results of the
pacyéra NpOrHo3a JMHaMUKU Kodpduuuenrta  dynamics of fatal injuries coefficient on 1000
cMeprenbHOro Tpamarusma Ha 1000 xpaHOB Ha  cranes for 10 years. As it can be seen from the
10 ner. Kak BuIHO 10 pesynbTaTaM IIPOTHO3a, K prediction results, by 2025 the coefficient should

2025 rony cnenyer oxuaTh CHIKEHUA K03bdH- e expected to decrease by no more than 0.25.
nuenTa He 6osee yeM Ha 0,25.

0.5 T T
0.4 _
vy 03 -
0.2 _
il ol
2000 2010
VX
a
n R?
7 0,464
6 0,391
5 0,372
4 0,408
3 0,324
b
05 T T T
vyi 04 —
5 03 .
- H HH
Y02 = -
AL AL O R A
2000 2005 2010 2015
VX, VXA
C




Lt 03F

il

N

=

HHHH (0l ettletet]

2000

2020

vXi, VXPk

Puc. 15. IIporao3 xos¢pdunmenra cmeprenpHoro Tpasmarusma Ha 1000 kpanoB Ha 10 net:

a — JIaHHbIE CTATUCTUKH, b — oTyajaka nporxosa no R%, ¢ — sdeKTHBHBINA BapuaHT IPOTHO3a,

d — pesynbrat nmporHosa Ha 10 ner

Fig. 15. Prediction of fatal injuries coefficient per 1000 cranes for 10 years:
a — statistics b — debugging the prediction on ??, ¢ — efficient variant of the prediction,
d — result of 10-years prediction

Koppeasinusi COOTHOIIEHUSI MekKAY YHUCIOM
KPAaHOB € MCTEKLIUM CPOKOM CJIY:KObI U KOJIM-
yecTBOM aBapuii. Koaduument koppensiuu
I'yy MO3BOJISICT ONMPEICIUTh CUITY JIMHEHHON KOp-
PEJSLIMOHHON CBSI3U MEXAY CIy4alHBIMU COOBI-
TUAMU. V3BECTHBI CUIIBI KOPPEIALIMOHHON CBS3U:
cuinbHas — ot £0,7 no £1; cpenusas — ot +£0,3 1o
+0,699; cmabas — ot 0 go £0,299.

Pacuer Benu ¢ ydé€roM TOro, yto ciydaiiHas
BennurnHa X — npoueHt Buja I'TIM ¢ ucrexkumm
CPOKOM CIIyXObl, a cirydaiiHas BenuyuHa Y — Ko-
JMYECTBO aBapuil COOTBETCTBYIOILIErO BUAA Kpa-
HOB.

Koaddummentsl koppensiun ObIT paccuuTa-
HBI ¢ oMmorneko makera MathCad, u pesynbraTs
IpeJICTaBIECHbI Ha puC.16.

0,6

0,5

0 ABTOMOOH/IBHBIH

04
03 .
02
01

BamenHsIH
Automobile Tower

Correlation of the ratio between the num-
ber of cranes with the expired service life and
the number of accidents. Correlation coefficient
ry allows you to determine the strength of the
linear correlation between random events. We
know the forces of correlation: strong — from
+0.7 to £1; medium — from +0.3 to +0.699;
weak — from 0 to +0.299.

The calculation was carried out taking into ac-
count the fact that the random variable X — per-
centage of the type of HM with the expired ser-
vice life, and the random variable Y — the num-
ber of accidents of the corresponding type of
cranes.

The correlation coefficients were calculated
using the MathCad package and the results are
shown in Fig.16.

Bun I'MII
HD type

T'yceHHIHBIH
Track-mounted

Puc. 16. KoagduumeHTsl KOppeIsILMUOHHON CBSI3M MEXY YACIOM KPAHOB C UCTEKIINM CPOKOM CITyKOBI

1 KOJIMYECTBOM aBapuid

Fig. 16. Correlation coefficients between the number of cranes with the expired service life and
the number of accidents
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B cnyuae aBTokpaHoB ko3 dunment Iupcona
Iyy = 0,524 monoxuTteneH, 4YTO O3HA4YaeT Cpej-
HIOIO IIPSIMYIO 3aBUCUMOCTh. C pocTOM umcIia aB-
TOKPAHOB C HUCTEKIIUM CPOKOM CIYXObl BO3pac-
TAaeT KOJWYECTBO aBapuil. Takas K€ TEHICHIUSA
nojlydeHa M i OalleHHBIX KpaHOB (Tyy =
0,495).

Yrto KacaeTcs CBA3M MEX]y KOJINYECTBOM 3KC-
IUTyaTUPYEMBIX KpPaHOB M KOJIMYECTBOM aBapui,
TO OHA TaKKe CpenHss (Iy, = 0,54), u ee HyxHO
YUUTHIBATS.

Koapduuuent mnonoxuteneH, 3TO O3HAYaET
CPEHIOI0 NPSMYI0 3aBUCHUMOCTh. Ecim konuue-
ctBo ['TIM Oyzner yMeHbIIAThCs, TO U KOJIUYECTBO
aBapuil COOTBETCTBEHHO TOXKE.

Crnenyer OTMETUTh, YTO UHTEPEC MPEACTaBIIS-
€T  BBIIBIIGHHUE U JIPyTUX  IPUYUHHO-
CIIEICTBEHHBIX CBS3€H, OKa3bIBAIOLIUX BIIUSHUE
Ha aBapUUHOCTb U TpaBMaTH3M B cepe mpume-
HeHuda ['TIM. Hanpumep, HHTEpECHO paccMOTPETh
BOIIPOC O CHJIE KOPPEJSIHUOHHOM CBSI3HM MEXIY
KOJIMYECTBOM 3KCIUlyaTupyeMbix B Poccuu 3apy-
OEKHBIX KPAaHOB U YHCIIOM aBapuil.

BoiBoabl. IlpuBeneHa craTucTUKa HecdacT-
HBIX CJIy4aeB U CMEPTEIbHBIX TPAaBM Ha MOJIBbEM-
HBIX COOPYXEHUSX, a TaKKe JaHHbIE 110 aBapuil-
HOCTHU rpy3onoabéMHbIX MamuH (I'TIM).

BoinonHen 0030p pa3inyHBIX METO/I0B aHAJU-
3a ¥ IPOTHO3a aBapUITHOCTU U ITPOU3BOJCTBEHHO-
ro TpaBMaTHU3Ma, a TAK)KE ONHMCAHO UCIIONIb3yEMOE
nporpaMMHoOe oOecrieueHue.

B npornecce ananusa JaHHBIX UCIOJIB30BAIUCH
QITOPUTMBl MHTEPIIOJALNNA M SKCTPANOJISLUH,
3aJI0)KEHHbIE B MaTeMaTHYeCKOE€ IPOrpaMMHOE
oOecrnieueHre, KOppensalus CIydaiHbIX BETUYHH.

B pesynbrare MozmenupoBaHus Impolecca npo-
rHo3a Ha OBM omnpenensroTcs MHTEpBajIbl Bpe-
MEHH, Jarolue 0osee TOYHbIe Pe3yibTaThl B OT-
HOLIEHUU TMHAMMKH SKCIUTyaTallud KPaHOB C HC-
TEKIITUM CPOKOM CITYkObI U Kod(h(dulimeHTa cmep-
TenbHOro TpaBMatuzma Ha 1000 kpanoB. Poct
KOJIMYECTBA KPAHOB C UCTEKIIUM CPOKOM CITYKOBI
coueTaeTcss C YyBEIUYEHHEM Kod(puiueHTa
cMeprenbHoro tTpapmatusma Ha 1000 kpaHOB, 4TO
BIIOJIHE OOBSICHUMO.

PaccMoTpena koppemsius COOTHOILIEHUS YuC-
Ja aBTOKPAHOB C MCTEKIIMM CPOKOM CITYXKObI U
KOJINYECTBA aBapuil ¢ HUMH, BBIYHCIECHBI KO3(-

Nl Safety of Technogenic and Natural Systems .~ 2018

In the case of autocranes Pearson coefficient
ry=0.524 is positive, which means the average
direct dependence. The number of accidents in-
creases with the increase in the number of cranes
with the expired service life. The same trend is
obtained for tower cranes (rxy=0.495).

When it comes to the relationship between the
number of cranes in operation and the number of
accidents, it is also average (rxy=0.54), and it must
be taken into account.

The coefficient is positive; it means the aver-
age direct dependence. If the number of HD de-
creases, then the number of accidents, respective-
ly, too.

It should be noted that it is of interest to iden-
tify other cause-and-effect relationships that af-
fect the accident rate and injuries in the field of
HD. For example, it is interesting to consider the
strength of the correlation between the number of
foreign cranes operated in Russia and the number
of accidents.

Conclusions. The statistics on accidents and
fatal injuries on lifting constructions, and the data
on accident rate of hoisting devices (HD) are giv-
en.

The review of various methods of analysis and
prediction of accidents and industrial injuries is
provided, as well as the software is described.

In the process of data analysis the interpola-
tion and extrapolation algorithms incorporated in
the mathematical software, correlation of random
variables were used.

As a result of computer simulation of the pre-
diction process, time intervals are determined,
which give more accurate results of the dynamics
of cranes operation with the expired service life
and the coefficient of fatal injuries per 1000
cranes. The increase in the number of cranes with
the expired service life is connected to the in-
crease in fatal injury rate by 1,000 cranes, which
is understandable.

The correlation between the ratio of the num-
ber of cranes with the expired service life and the
number of accidents with them is considered, the

[T
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(GUIMEHTHl KOpPEJSIHUU, KOTOpBIE IOKa3alu
YCTOMUYUBYIO CBSA3b MEXK]y COOBITUSMMU.

JluHaMuKa SKCIUTyaTallud aBTOKPAHOB C HC-
TEKIIMM CpPOKOM CIIyXObl sBIsieTCAd (aKTOPOM,
BIMSIOIIMM HAa JMHAMUKY aBapuUHHOCTH M
HECYaCTHBIX CiIy4aes IIpu dKkcruryaranuu ['TIM.

PocT konnuecTBa KpaHOB € UCTEKIIUM CPOKOM
CIIy’)KOBI coueTaercsi ¢ yBenumueHueM Koddduiu-
eHTa cMmeprenbHoro TpaBMatuzma Ha 1000 kpa-
HOB, YTO BIIOJIHE OOBSICHUMO.

Haiinensl KoppenslMOHHBbIE 3aBUCHUMOCTH, C
IIOMOIIBI0 KOTOPBIX 10 Kputeputo [lupcona (ko-
3 PUIUEHT KOPPENALHNH) YCTaHOBICHBI TPUYHH-
HO-CJIE/ICTBEHHBIE CBSI3U C aBapusIMU U TpaBMa-
TU3MOM. Taxxe BbISIBJIEHA IPUYUHHO-
CIIEICTBEHHAs! CBA3b KOJMYECTBA TI'PY30I0JbEM-
HBIX MAlllMH U AuHaMuky aBapuiiHoctu ['TIM.

Haubonee mnepcneKTUBHBIMU METOJAAMH IS
JAJIbHEHMILIEro MCCIEOBAHUS SIBISIOTCS METObI
(dpakTanbHOTO U BelBIET-aHAIM3A.

B pesynbrate npoBENEHHOIO HCCIIEAOBAHUS
O’KU/IaeTCsl BO3MOXKHOCTb OCYILECTBIIEHHUS IPO-
THO3UPOBaHUS TpaBMaTH3Ma, KOTOPOE IO3BOJIUT
opraHaMm HaJ30pa U KOHTPOJISI COBMECTHO C COO-
crBeHHukamu ['TIM pa3paOaTbiBaTh M OCYIIECTB-
JATH MEpbl MO MPEeNOTBPALICHUIO aBapuil WU
JMKBUJIAIIUN HECUACTHBIX CIy4yacB, KOTOPBIE MO-
I'yT npoucxoauTh B OyaymieM. [locnennee oGcTo-
ATEJIbCTBO IIO3BOJIMT KOMIIAHUSM JKOHOMUTH
JIEHbI'M Ha MEIUIIMHCKOM OOeCHeyeHUM U KOM-
NEeHCallMM MOCTPaJAaBIIMM pabOTHHUKAM, U 3TO
Oyner
SKOHOMMYECKOE BO3JIEHCTBHE Ha 3aIIUTy padoT-

BIUSATh Ha TO3UTUBHOE COLMAJIBHO-
HUKOB OT TPaBM Ha paloTe.
Bbubanorpaguyeckuii cnucox
1. O nmpomblmaeHHON 0€e30macHOCTH omac-
HBIX TNPOU3BOACTBEHHBIX OOBEKTOB : (enep.
3akoH [npuHAT ['ocynapcrBeHHoit [ymoii 20

utoHss 1997 rona] : [DnekTpoHHBIN pecypc] /

Koucynerantllmtoc. — Pexum gocryna:
http://www.consultant.ru/document/
cons_doc LAW 15234/ (matra oOpameHus:
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HOocTH «[IpaBuia 6€30MacHOCTH OMACHBIX MPO-
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correlation coefficients are calculated, which
showed a stable connection between the events.

The dynamics of operation of cranes with the
expired service life is the factor influencing the
dynamics of accident rate during the operation of
HD.

The increase in the number of cranes with the
expired service life is connected to the increase in
fatal injury rate by 1,000 cranes, which is under-
standable.

Correlation dependences are found, with the
help of which by Pearson's criterion (correlation
coefficient) cause-and-effect relationship with
accidents and injuries are established. The causal
relationship between the number of hoisting de-
vices and the dynamics of the accident rate of HD
was also revealed.

The most promising methods for further re-
search are the methods of fractal and wavelet
analysis.

As a result of the study, it is expected that it
will be possible to predict injuries, which will al-
low the Supervisory and Control Bodies, together
with the owners of HD, to develop and implement
measures to prevent accidents or eliminate emer-
gencies that may occur in the future. The latter
circumstance will allow companies to save money
on medical care and compensation for injured
workers, and this will affect the positive socio-
economic impact on the protection of workers
from injuries at work.
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