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BHUMOT'H IO MOJEJIEN AHAJII3Y HEBE3IIEKH I PO3PAXYHOK CTYIIEHS
PU3UKY

Ha niocmasi cmamucmuunux 0anux cqpopmynbo8ani OCHOBHI NPUYUHU HEBUCOKO20 Pi6Hs OP2aHi3ayii 0XOpoHu
npayi 6 Yxpaini. Busnauena neobxionicme po3pooKu HOBUX Memo0ie aHANIZY Ma MOOENI08AHHA YMOBHOI IMOBIPHO-
cmi 8UHUKHEHHS BUPOOHUYOI Mpasmu, NPUUHAMHUX O NPAKMUYHUX [HoICeHepHUX po3paxyukie. Ha ocnosi 3acmo-
CYBAHHS UMOBIPHICHO20 MemoOdy OJisi MOOENO8AHHSA YMOGHOI UMOBIDHOCI YPAJICEHHST NPAYIBHUKA NPU 6UKOHAHHI
MEXHON02IYHUX Onepayitl NPoBeOeHO OYIHKY UMOGIDHOCHI GUHUKHEHHSI HEWACHO20 GUNAOKY MA PO3GUMKY DIZHUX

sapianmie Hebe3neuHUx cumyayiil.

Kniouoei cnoea: oxopona npayi, 6upobHuuuti mpasmamusm, GUpooHude cepedosuuje, HewacHutl UNAadoK, pu-

3UK, Hebe3neKka, WKIONUGicmy, UMOGIPHICMb.

ITocTanoBka npoodJiemMu

B ocranni gecarmmitrs B YKpaiHi (opMyeThCs
mpaBoBa 0asa IOJO MOMNEPEIDKEHHS PO3BUTKY Mpode-
CIlHUX Ta BHpOOHHMYE - OOYMOBJICHMX 3aXBOPIOBaHb,
3HIDKEHHS (D)aKTOpIB PHU3UKY iX PO3BHTKY, a TaKOX BH-
3HAYCHHS Ta JiKyBaHHS paHHIX (GopM mpodeciiiHux 3a-
XBOPIOBaHb. 3a maHMMU MiXHapOHOI opraHizaiii mpa-
i [1] , mopiuno B cBiti ¢ikcyroTs 6au3pko 340 MiTH.
HEIIACHUX BWITAAKIB Ha BHpoOHUNTBI Ta 160 MIH.
XKepTB mpodeciiiHux 3axBoptoBanb. l1lopoky 3 mux xe
MIPUYHH THHE 2,3 MJIH. JIFOACH.

VY 2020 poui B Ykpaini Oyno pizke 30iJIbIICHHS
BHIIA/IKIB BUPOOHHYOTO TpaBMaTH3My — 6 THCSY 646, 3
Hux 393 — cmeprenbhi. O6csr puruiar PoHIY corcTpa-
XyBaHHs ckiaB 9,4 mupa. rpH. Bimeimry wactuHy 1miei
CYMH CKJIAJIU IIOMICSAYHI CTPaxoBi BUIUIATH B pa3i 4acT-
KOBOi YW IIOBHOI BTpaTW TNpane3JaTHOCTI — 8 Mupn.
836,5 muH. rpH. Ha 1momicsiuHi cTpaxoBi BUILIATH Ci-
M'sSIM, SIKi BTPaTHJIM TOMyBaJbHUKIB, Moo 334 MiH.
TPH. Ha JOIIOMOTY 3 TUMYacOBOI HETIpare3aaTHOCTI ve-

i, NPHPD.-

13,.7%

Texwiuni
12.2%

pe3 HemacHui BUMagoK abo mpodeciiiHe 3aXBOPIOBAHHS
— 138,1 muH. TpH.

AHaJi3 0CTaHHIX JOCTiKeHb I myOJiKkanii

3a 11 wmicsmie 2021 poky uepe3 opraHizauiiiHi
npuauHA cranocs 255 (moHax 74%) cMepTenbHUX He-
mracHuX BUMAnKiB. Ha mpyromy micmi — 47 BUDanKiB
yepe3 Ncuxo(i3udHi, TSXHOT'CHHI, IPUPO/THI, €KOJIOTIYHI
Ta comianbHi npuunnu (13,7%). Ha TpethoMy — TexHi-
yHi npuuund (42 Bunanku, 12,2%) [2].

Jepxnpani TakoX HaBOJHUTH JaHi PO CTaH BHPO-
OHUYOTO TPAaBMaTH3MY 3a OCTaHHI TPU POKH.

OCHOBHMMHM MPUYMHAMH HEBHUCOKOTO PIiBHS Opra-
Hizauii oxoponu npani B Ykpaini € [3]:

HU3bKHMI piBeHb KBastidikaiii, BAPOOHNYOT KyJIb-
TYPH Ta TEXHOJOTIYHOI TUCIUILTIHH;

CIpaIbOBaHICTh 3acO0IB BHPOOHHIITBA; BIICYT-
HICTh €(EeKTUBHOTO Trajy3eBOro Ta perioHalbHOTO
YIPaBJIHHS OXOPOHOIO TIpalli;

14,1%

Puc.1. [IpuunHy HEIACHUX BUIAJKIB 31 CMEPTEIHHUM HACIIAKOM, ITOB'I3aHUX 3 BUPOOHUITBOM, 3a 11 micsmis 2021
POKy
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Iuginvna 6e3nexa
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Puc. 4. JTuramMika OIi#, 1110 MPU3BEIIN 0 HEIIACHUX BUITAIKIB 31 CMEPTEIbLHIM HACTiakoM 3a 11 micsimis 2018-
2021p.p. (% Bix 3aranpHOI KUIBKOCTI 3arnOIINX)

BiJICYTHICTh TOCTaTHIX IHBECTHI[IH y BUPOOHHIITBO
Ta OXOPOHY TIpail;

HEeHaJIe)XHe (piHAHCYBaHHS POOOTONABISIMH 3aXO0-
JIiB 3 OXOPOHH Tpari;

BIJICYTHICTB MiJrOTOBKH (haxiBIliB 3 OXOPOHH IIpa-
11i, HU3bKHUI PIBCHD MiABHIICHHS KBatidhikaIlii Ta mepe-
MIATOTOBKH KaJIPiB 3 MUTaHh OXOPOHU TIpall;
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XpoHiUHEe Heno¢iHAHCYBaHHsS HAI[lOHAJbHUX, Ta-
JTy3€BUX, PETIOHATLHUX TPOTpaM TOJIMNIIEHHs Oe3MmeKH,
Tiri€HY Mpalli Ta BUPOOHUYOTO CepPeIOBHIIA;

BIJICYTHICTh Ha MiIMPUEMCTBAX YITKOI OpraHi3amii
OXOpOHH TIpalli;

BIJICYTHICTb p03p00JeHOI Aep:KaBHOI HONITHKH B
rajgy3i OXOpPOHHM Ipali i CTUMYJIOIYOT CHCTEMHU LIO/O0
6e3meqHo]1 mparti;

HeaJeKBaTHE MHCIJICHHS 1 CTaBJICHHS 1O INUTaHb
Oe3NeKy  YYaCHUKIB  TPyJOBOTO 1  BHUPOOHWYO-
TEXHOJIOTIYHUX IIPOLECIB 110 BEPTUKANl YHpaBIiHHA 1
BUKOHAHHS.

B yMmoBax chorosieHHs cHCTeMa YIpaBJIiHHS OXO-
POHOIO Tparli Mae 0a3yBaTHCs HE TUIbKM Ha 3aX0lax 3
00Ky JeprkaBu, ayie i Ha 3aliKaBJICHOCTI Cy0 €KTIB TPY-
JIOBHX TIPaBOBITHOCHH Y 30€peXCHHI HAICKHOTO (i3u-
YHOT'O CTaHy NpaliBHUKA, 110 HEPO3PHBHO IOB’SI3aHO 3
€KOHOMIYHUM 1 COLIATBHUM OJaromoiryqdsM sK pooo-
TOJABIIA TaK i HAIIMaHUX MPAIliBHUKIB.

@DopMyJIIOBAHHS METH CTATTI

OTxe, MMTaHAA OXOPOHU TpaIli CKIATHE i JOCHUTH
BINOBiaJIbHE. AJDKE 32 HUM JKUTTS 1 3I0POB’S JIFOJICH,
SIKI CBOEIO TIpAlC0 CTBOPIOIOTH JUISl JIEpXKaBH Ta Halil
MaTepianpHi Omara. Sk moxa3ye cBIiTOBHMHA JOCBix, Oe3-
TeKa Tpaltli € OCHOBHOIO rapaHTI€r0 CTablIbHOCTI, SKOC-
Ti Ta eh)eKTUBHOCTI Oyab-sKOro BUpoOHULTBA. J[0 TOrO
K BIJICYTHICTh HEIIAaCHUX BHMAJAKIB Ta 3MEHIICHHI
mpogeciifHO 3aXBOPIOBAHOCTI MO3HAYAETHCS HA Mpode-
CifiHI¥ aKTHBHOCTI MPAIIOI0YKX, HA MOPAIILHOMY KJIiMa-
Ti B KOJIGKTHBI, @ OT)Ke 1 Ha €(PEKTHBHOCTI Ta MPOTYKTH-
BHOCTI TIpaili, CKOPOYye BUTPATH HA MUIBI'H Ta KOMIICH-
carfii 3a poOOTy B HIKIAJUBHX 1 HEOE3MEUHUX JJISL 370~
pOB’Sl yMOBax.

PeanpHa oIiHKa pU3KKY 30OPOB'I0 HEMOXKJIHBA 0e3
JnoCTaTHhOI iH(OpMAIiiHOT 6a3u IMI0A0 KIJIBKICHUX Ta
SIKICHUX XapaKTepUCTHK (DaKTOPIB PH3MKY Ta JAHHUX MPO
CTaH 3[0pOB'S TUX KOHTHHTCHTIB HACEJCHHS, AKi 3a-
3HAIOThH BIUTUBY 1UX (akTopis [4].

dopMmyBaHHS KiJIbKICHUX MOKAa3HUKIB PU3UKY TOTO
9y iHIOoro npodeciifHoro 3aXBOPIOBaHHS IIPOTATOM Iie-
piony BIDIMBY BiAITOBIZHOTO HIKiJIMBOTO BUPOOHUYOTO
(akTOpa BU3HAYAETHCS HE TINBKH IHTEHCHBHICTIO (hak-
TOpa, a i peXXKMMOM HOTO BIUIMBY, HAsSBHICTIO CYITYTHIX
IKIATBUX (aKTOPiB BUPOOHUYOTO CepeOBHUINA, 1HIHU-
BinyanbHHAX ()aKTOPIB PU3UKY Y EKCIIOHOBAHOI 0COOH
(WIKiIMBI 3BUYKH, MiBHIIEHA YyTJIMBICTS Ta iH.) [5]. V
CYCIIUIBCTBI 3pOCTae IMOTEHIlifiHA HeOe3meka 30pOB'sS
YUHHUKIB 010JI0T1YHOT0, M€HETUYHOI'O, COLIaJLHOTO 1
MOBE/IIHKOBOTO Xapakrepy. BcTaHOBIIEHO eeKT MoTeH-
LiFOBaHHS IpU KOMOIHOBaHOMY BIUTHBI Npo¢eciitHnX Ta
Herpogeciitiux (dakropiB. ToMy € HEOOXimHICTH PO3-
poOKM HOBHX METOMIB aHATi3y Ta MOAETIOBAHHA YMOB-
HOi WMMOBIPHOCTI BHWHHKHEHHS BHUPOOHHYOI TpaBMH,
NPUHHATHUX U1 NPAaKTHYHAX IHXKEHEPHHMX pO3paxyH-
KiB.

BuxkJiiag ocHOBHOro Mmartepiany
[Toka3HukOM OLIHKY piBHs 3a0e3neyeHHs Oe3neKn
TmoAel Ha 00'eKTax € WMOBIPHICTH 3aN00ITaHHS BIUIHBY
(FB) HebOesmeunnx Qaxropis (HD) BupoOHMHIOTO Ce-

penosuina (BC) Ta tpynosoro npouecy (TII), sika Moxe
OyTH BH3HAY€HA 32 BHPA30M

Fg =1-Pg, 1)

ne Pg - pospaxymkosa iimosipricTs BrumBy BD
Ha OKpeMy JIIOJIMHY Ha pik (po3paxyHKOBHH iHAMBimya-
JTBHUNA PU3HK).

PiBenr 3a0e3meuenHs Oe3IEKH JIFONEH BiAMOBImae
HEOOXITHOMY, SIKIIO

P <P§', @

ne Pg' - JonycTuMa HMOoBIpHIicTh BBy B Ha

OKpeMy JIOJMHY Ha PIK, SKa MPHAMAETHCS BiAMIOBIIHO
10 YAHHUX HOPMATHBHUX JIOKYMEHTIB (HOpMOBaHE 3Ha-

. . H -6 _ . -1
YCHH 1HAWBIAYAJIbHOI'O PU3UKY PB = 10 le )

ImoBipHicTh BBy B® BHpoOHHYOrO cepenoBu-
Ia Ta TPYAOBOTI'O NPOLECY Ha TIOAUHY BU3HAYAETHCS

P, =P [N/[Mj(BcnﬂTnm) ! ®)

n=1 m=1

ae N, M - kinpkicts H® BupoOHHYOro cepeno-
suma ta tpynosoro npouecy, BC, TII - noxis sunu-
kaenus N -ro HO I1C ta Bunukuenss M -ro HO TII,;

U ,ﬂ - cuMBONM 00'eqHaHHA (CyMH) Ta mepe-

THHY (TBOPY) BUIIAJIKOBHUX MO/IIH.
VY pasi Ko po3TIISIHYTI MOAIl He3alekHi, TO HMO-
BIPHICTh HACTAHHS HEL[ACHOT'O BHUITAJIKY:

N
P, =1-[ [T I[2-P(BC,)-P(111,)]" Q)

n=1 m=1
ne P(BC,), P(TIIy,) - fimosiprocti moser N -ro

H® BCwu M -ro H® TII.
Vmogipuicts BrumBy N-ro H® IIC Moxe GyTu
BU3HAYCHA 32 (OPMYJIOO:

P(THn)= l:)nb ) l:)np ’ |:)nnc ' ®)

b . . . .

ne Py, Pnp - iMOBipHOCTI HasBHOCTI y po6ouiii

30H1 N-ro H® (pe4oBuHN) Ta 3HAXOMKEHHS JIOJUHU B
C nc :

somi xii N-ro H®, Py~ - Bpakatoua 3parnicts N -ro

H® (peuoBunm).
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Husinvna 6e3nexa

WmosipHicTh HassBHOCTI B poOouiii 30H1 N -To HO
(WKiIMBOT PEYOBUHM) Ta 3HAXODKEHHS JIIOJIMHU B 30HI
aii N -ro H® Bu3HauaroTeCs 3a hopMynaMu:

b p
t t
po_n;pP_-n ©)
T T
c c
b +p .
ne Ty, Ty -4ac gii (excmosuuis) M-ro H® ta
Yyac 3HaXOJPKEHHs JIFOJUHU B 30H1 1ii HO npotsarom po-
6040i 3minn T .

Bpaxatoua 3matricts N -ro HO:

pre = dn, 7)
Dn

e dn - ¢akTuyHui BMicT N - of mKigMBOi pe-
YOBHHH, Dn - TPaHUYHUI BMICT IIKIJJIUBOI PCUOBHHU

(Takoi KUTBKOCTI, MPU SKOMY TPANIOIOUi IiUIATal0Th
HeraiHil eBakyarii 3 HeOe3eYHOo1 30HH).

[MincraBuBmm y hopmymy (5) 3HaUYCHHS Pnb , Pnp ,

phe _
n  OTPHMAEMO:

b P,
Ry, = ty -ty -dp ®)
Dn-Ng
H® Bu3HavaeThes 3a hopMymoro:
: ©
R(N)=1-]J0-Rn)
n=1

3natoun imoBipHicTk fii HO Ha npaijorouux, Mo-
*KHa BU3HA4UTH WKiuuBicTs [1C y ninomy:

b KR KRR+ KaBN)  (10)
K
ne K1, Ko, ..., Ky - kinbkicts mpamorounx y
somi mii 1, 2, ..., N H®, K -3aransHa uncenbHicTh
MPALO0YHX:
K =Kp+ Ky +Kp+...+ Ky (11)

Je Kb - KUIBKICTh TPAIIOI0YHX, SIKi HE MiIIaI0Th-
cs it HO.

WmogipHicts HasiBHOCTI M -ro HO® TII moxe Oyt
BH3HAYCHA 32 (OPMYIIOIO:

Rm = P% ) Pn?' (12)

ne PY, PP -iimosiprocti BrumBy M-ro HO ta

3HAXOJKEHHS IPaLIovoro B 30Hi aii M -ro HO.

ImoBipHicTh fii H® Ta WMOBIpHICT 3HAXOKCHHS
MIPAIFOI0Y0ro B 30HI HOro Jii MOXYyTh OyTH BH3HaueHi
3a hopMymaMu:

P%:t

3<

p
ipp-tm, (13)
TC

!

ne '[X], tnrﬁ) -yac aii M-ro H® Ta yac 3Haxo-
JOKEHHS Tparror4doro B 30Hi aii M -ro HO 3a gac po-
6ouoi 3minn T .

[incraBuBmm dopmymn (13) y dopmyny (12)
OTpHUMaeMO HMOBIPHICT BIUTUBY Ha Iparorouux M -ro
H®:

v v
P _pV.pp_tﬂ.ﬁ_tm'tfg. (14)
vm = m - m = i
Te Tc T¢
3a HasBHOCTI 2, 3, ... M H® WMOBIpHICTD TXHBOT
JiT BU3HAYAETHCS 3a (opMyIamMu:
Pv(z): R2+PRa—-R2-Pa
Pv(3): Ps+PR2-R3z-Re2 (15)

R(M)=Pm +Py(m-1)~Pm - R(m-1)

3narouu iiMoBipHicTs BBy H® Ha mpaitorouux,
MoykHa BH3HaunTH HeOe3neky TII B minomy:

_ KR+ KaRy(2)+...+ KpPy(M) (16)

0
F’n M K

me Ky Ko ooor Ky - KUTBKICTh MPAIIOI0YHX, SKI
niggarotees BumBy 1, 2, ..., M dakropis, Po(1)
PO(Z), . PO(M) - WMOBIPHICTh BIUIMBY Ha IMPAIOIO-
uux 1, 2, ..., M @akropis, K - zaransna uncenbhicts
MPAIOIOYHX:
K=Ky, +Ki+Ky+...+ Ky » 17)
ne K - saranbua uncensHicts npamorounx HO.

Juiis BU3HA4YCHHS WMOBIpHOCTI BHHUKHeHHs H®O
3aCTOCOBYIOTH TIPOOIT hyHKIi0 y Buriszi [6]:

r(t)-
F(H@):J%P tj) 5exp{—':(r2’t)2:l dF(r,t)dt’ (18)

T
—o0

ne F (r, t) - mapameTp H®, o BUHHK HA BijcTaHi

I' Big mxepena HeGe3neKH HA MOMEHT Jacy t .
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3ayiexHICTh MPUYKMH BUHUKHEHHS H® ommcyroTh
posnozinom Ilyaccona [6]:

F(r,t)=exp(4 At)i (Z2) )

k=1 L

ne A - inTeHcuBHicTh BunukHenus HD, At - in-

TepBal yacy, 3a AKO BuHHKac |-Ta meGesmeuna oG-
CTaHOBKA.
BennunHy npoOiT QyHKUi, 3arajgoMm, ONHCYIOTH
BHPa30OM:
t
Pr(t)= A+BlIn [D(t)dt (20)
0
ne A u B xoncranru, siki 3anexaTh Bin cTymeHs
MOPa3KH MPaLiovoro, D(t) - BEJINYMHA BPA)Kal4oro
(baxTopa, 1110 BIUIMBAE HA IPAIIOIOYOTO. .
Sxkmo L xoukypyroui He3aneskHi NpHYMHY HOSBH
noJii HEIAaCHOTO0 BHMAJKYy, TOJl JIETKO BH3HAYUTH
CIpaBeUIMBICTh HACTYITHOTO CITiBBIHOLICHHIM

R(t)=> R(t) = i}h(t).ﬁ F[HC(7)]dt - (21)

j#l

e R(t) - NOBHUI PH3MK HEN[ACHOTO BHUIAJKY,
R(t), - PU3MK BHPOOHHMYOrO TPaBMAaTH3MYy BiJ | -oit
MIPUYYHHY, h(t)l - cepeHsl UITBHICTh PO3MOALTY Hellac-

HOTO BHMAAKy B 4aci 7 3 | -oif mprramnm.

3 ¢popmynu (21) BUIIMBAE, IO PU3HUK HEIIACHOTO
BUIIAJIKy XapaKTepHU3y€e BHECOK IEBHOI NMPUYUHU Y (oO-
pMyBaHHsI TpaBMOHeOe3neyHol curyalii Ta € 6e3po3mi-
PHOIO BETTMYHHOIO.

BucHoBxku

TakuM 4MHOM, Ha OCHOBI 3aCTOCYBaHHSI HMOBIpHi-
CHOTO METOJy AJISl MOZEIOBaHHS YMOBHOT HMOBIpHOCTI
Ypa)keHHs NpaliBHUKA NPU BUKOHAHHI TEXHOJOTIYHHX
orepariiii MpPOBEJCHO OLIHKY WMOBIPHOCTI BUHHKHEHHS
HEI[ACHOTO BHIAJIKy Ta PO3BUTKY Pi3HHX BapiaHTIiB He-
OesneuHnx curyauiil. [Ipy mpoMy BUSBICHO NPUYWHH,
IO BIUIMBAalOTh Ha HMOBIPHICHHUI IOKAa3HUK TpaBMY-
BaHHS Ta HEIACHUX BUIIAJIKiB, BUKOHAHO OI[IHKY 00cTa-
BUH Ta YMOB, IO CHPUSIOTh BUHUKHEHHIO Ta PO3BUTKY
MOIOHNX TPaBMOHEOE3NMEeUHNX CUTYyAIliil Ha BUPOOHUII-
TBI.
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REQUIREMENTS FOR HAZARD ANALYSIS MODELS AND CALCULATIONS DEGREE OF RISK
0. Bogatov', V. Zaichenko?, P. Bilym?, A. Rogozin?
'Kharkiv National Automobile and Road University, Ukraine
20.M. Beketov National University of Urban Economy in Kharkiv, Ukraine
Based on statistical data, the main reasons for the low level of labor protection organization in Ukraine are

formulated. In recent years, there has been a sharp increase in cases of industrial injuries. UAH 334 million was spent
on monthly insurance payments to families who lost breadwinners. for temporary incapacity for work due to an
accident or occupational disease - UAH 138.1 million. The data presented in the article indicate that the main causes
of fatal accidents are organizational, psychophysical, technogenic, and technical. The main reasons for the low level of
labor protection organization in Ukraine are given by the authors, who say that in today's conditions, the labor
protection management system should be based not only on measures from the state, but also on the interest of the
subjects of labor relations in maintaining the proper physical condition of the employee.

A real health risk assessment is impossible without a sufficient information base on the quantitative and
qualitative characteristics of risk factors and data on the health status of those contingents of the population that are
exposed to these factors. The effect of potentiating with the combined influence of professional and non-professional
factors has been established. Therefore, there was a need to develop new methods of analysis and modeling of the
conditional probability of the occurrence of an industrial injury, acceptable for practical engineering calculations. The
proposed indicators of the level of ensuring the safety of people at the objects are the probability of preventing
exposure to dangerous factors of the production environment and work process, which can be determined by the full
risk of an accident.

Thus, on the basis of the application of the probabilistic method for modeling the conditional probability of injury
to an employee during technological operations, an assessment of the probability of an accident and the development
of various variants of dangerous situations was carried out. This will make it possible to get an assessment of the
circumstances and conditions that contribute to the occurrence and development of traumatic situations at work.

Keywords: labor protection, occupational injuries, industrial environment, accident, risk, danger, harmfulness,
probability.
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