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Potentially toxic metals (PTMs) contamination in the water bodies had been a worldwide challenge. Industrialization and anthropogenic activities
have produce and discharge wastes comprising organic and inorganic pollutants into the water resources making them hazardous and threatening
human health and the environment. Packaging technology for food and beverages such as juices, milk, and other liquids using paper packets,
generally known as Tetra Pak, has resulted in the generation of too much waste in the world in recent decades. On the one hand, it appears that the
building of composites from Tetra Pak trash allows for maximum recycling of these materials, while on the other hand, the inclusion of Kraft paper,
Al, and polyethylene in the packet composition can improve the functional features of the goods. Tetra pak packaging is comprised of three different
types of raw materials: cellulose (75 %), low density polyethylene (LDPE) (20 %), and aluminium (5 %).The present research aimed to assess the
potential of Tetra Pak industrial waste as biosorbents to remove PTMs such as lead (Pb), Nickle (Ni), and Copper (Cu) from PTMs-artificial
contaminated water. Approximately, 0.05 mg/L concentration for Ni, 0.027 mg/L for Pb, and 0.05 mg/L for Cu were artificially added in the water
bodied to assess the adsorption efficacy amended with two samples of waste Tetra Pak OTP (sample productl) and DOTP (sample product 2) as
biosorbents. The obtained results showed that the maximum Ni adsorption recovery was received by (83 % with DOTP), Pb 52 % with OTP and
Cu 32 % with OTP as bio-sorbent amendments. Overall, the present study indicated that the remove of PTMs from dilute aqueous solutions and using
industrial waste material as easily available and low-cost sorbent, that can be successfully used to remove pollutants from multi-metal polluted water.

Keywords: adsorption; tetra pack; potentially toxic metals; polluted water.

BUAANEHHS NOTEHLIAHO TOKCUYHUX METANIB I3 BOAOWM
3 BUKOPUCTAHHAM NPOMUCTIOBUX BIAXOAIB TETRA PAK AK BIOCOPBEHTY

A. Myxammagil*, A. I. Jlaropi?, B. Bam6onb?, C. Bam6onb*
ldepepanbHNit yHIBEPCUTET MUCTELTB, HAYKM | TexHoNOril ypay, Kapaui, MakucraH
yHisepentet CiHa Maapeccatyn Ainama, Kapaui, Makucran
HauioHanbHuii yHiBepcuTeT "MonTaBcbka nonitexHika imeHi Opis KoHapaTioka", MonTasa, YkpaiHa
*[lepxxaBHuii BiOTEXHONOriUHMIT YHIBEPCUTET, Xapkis, YkpaiHa
*E-mail gna nuctyBaHHs: agsa.env@gmail.com

Orpumaro: 12 Cepnus 2021; Mpusuaro: 05 BepecHs 2021

LuryBatn sik: Myxammani A., Jlaropi A. I'., Bam6ons B., Bam6ons C. (2021). BumaneHHs NOTEHLIHHO TOKCHYHHMX METaliB i3 BOJOWM 3
BHUKOPHCTaHHAM NpomuciioBux BinxoniB Tetra Pak sik 6iocopOenty. [Ipobremu oxopornu npayi 6 Yrpaini, 37(3), 3-7.

3a0pyIHeHHs BOJOHM noTeHniitHo TokcnuyanMu Metanamu (IITM) crano npo6iaemoro B ycboMy CBITi. IHycTpiani3aris Ta aHTpOIIOreHHa TisIbHICTD
MPU3BOSITH /10 YTBOPEHHsSI i CKUAAHHS BiAXOXIB, LIO MICTATh OpraHiyHi Ta HEOpraHiuHi 3a0pyaHIOBa4i, B BOJHI pecypcu, L0 POOUTH iX
HEOEe3MeYHUMH 1 3arpOKyIOTh 3/J0POB'I0 JIOAMHY | HABKOJIMIIHEOMY CEpPEOBHILY. TEXHOIOris yIIaKOBKHM Xap4OBHX HPOJYKTIB i HAIOIB, TAKUX SIK
COKH, MOJIOKO Ta IHIN PiIWHH, 3 BUKOPUCTAHHSAM IAIIEPOBUX IIaKeTiB, 3a3BH4ail Bimoma sk Tetra Pak, mpuBena 1o yTBOpEHHS 3aHAATO BEIHKOL
KIJIBKOCTI BiXOAIB B OCTAHHI AECATHJITTSA. 3 OAHOro OOKY, 3/1a€ThCs, L0 CTBOPEHHS KoMmo3uTiB 3i cmirts Tetra Pak nosBossie MakcumaiibHO
NepepoOHTH 1Ii MaTepialll, a 3 iHIIOTo, - BKIIOYEHHS KpadT-Tanepy, aloMiHiIo Ta HOJieTHIeHy 1O CKIaay IMaKeTa MOXe IMOMIMIHTH (YHKI[IOHAIbHI
XapaKTePUCTHKH YIIaKoBKY. YmakoBka Tetra pak ckiamaeTbest 3 TPhOX PI3HUX THIIB CHPOBHHH: LENI0N03u (75%), HOJieTHIeHy HU3bKOI IUIBHOCTI
(LDPE) (20%) i amomiHito (5%). Lle mocmimkeHHs crpsiIMOBaHe Ha OLIHKY MOTEHL{aly MpOMHCIOBHX Binxoni Tetra Pak B sikocti GiocopOeHTiB st
supaneHss [ITM, takux sk ceunens (Pb), mikens (Ni) i Mins (Cu) 3 mTy4HO 3a0pyqHeHil umu MeTanaMu Boau. [Ipubmusuo 0,05 Mr/n koHIeHTparmii
Ni, 0,027 mr / 1 Pb i 0,05 mr / 1 Cu Oyiu mITY4HO J0/1aHi B BOJOWMY JUISl OLIHKH aJcopOLiiiHOI e()eKTHBHOCTI 3 TOMPABKOIO Ha JiBa 3pa3Ka BiJXOJiB
Tetra Pak OTP (3pasok mpoaykry 1) i Tetra Pak (DOTP) (3pasok mpoxaykry 2) B skocTi OiocopOeHTiB. OTpHUMaHi pe3yibTaTd MOKa3aiH, IO
MaKcHMalbHe BifHOBIeHHs ancop6uii Ni 6ymo orpumano (83% 3 DOTP), Pb 52% 3 OTP i Cu 32% 3 OTP sk nobaBku Giocopbenty. B mimomy,
JaHWI JOCIIJUKEHHs 1oKa3aio, mo BuianeHHs [ITM 3 po30aBieHNX BOAHHX PO3YMHIB IUIIXOM BHKOPHUCTaHHS IPOMHCIIOBHX BiIXOHIB B SKOCTI
JIOCTYITHOTO 1 HEJIOPOToro COpOeHTY, MOXe OyTH JOCHTb CHEKTUBHHM.

KurouoBi ciioBa: afgcop6uis; Tetra pak; moTeHIHANPHO TOKCHYHI METAITH; 3a0pyAHEHA BOJA.

1. Problem statement and analysis of the recent Metal ions are a severe environmental pollutant seen in
researches and publications. industrial wastewater regularly [2]. It is eminent that about 70
With the world's population quickly rising and water to 80 % of diseases in un-developed countries are because of
supplies becoming scarcer, there is a pressing need to the utilization of polluted water [3]. Because of their toxicity,
examine our consumption patterns and how we use our water persistence, and bioaccumulation in food chains, an increased
resources. Potentially toxic metal (PTMs) contamination of release of PTMs into the aquatic environment creates major
the environment from industrial effluent is a big issue [1]. water pollution problems. Metals and pesticides, in particular,
Ipo6riemn Oxoponn lpayi B Yxpaini 37(3)/2021 3
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tend to collect and get magnified in the food chain. It is
therefore necessary to inspect metals at the point of discharge
to ensure that they do not enter the aqueous system [4]. To
de-polluted water contaminated with PTMs, a variety of
physicochemical methods are utilized around the world.
These solutions, on the other hand, are fundamentally
difficult to apply and are not cost-effective [5]. Biological
processes such as bioaccumulation and biosorption have
gotten a lot of attention recently due to a variety of benefits,
and experts from all around the world have been working to
determine the most effective biomass type [6]. Pakistan has a
coastline of around 990 kilometers. Out of this, 960 km is
largely pollution-free, whereas 30 km of Karachi's coastal
water is heavily polluted from both home and industrial
sources. According to a JICA report, about 20% of the city's
annual wastewater is treated, while the rest is dumped
untreated into Karachi Harbour and the surrounding coastal
areas via the Lyari and Malir river outfalls. Different
industrial units operate in the city are discharging their waste
into coastal water [7]. Packaging technology for food and
beverages such as juices, milk, and other liquids using paper
packets, generally known as Tetra Pak, has resulted in the
generation of too much waste in the world in recent decades.
Around 312,000 tonnes of these items were found among
Europe's 12 billion tonnes of recycled materials in 2006. On
the one hand, it appears that the building of composites from
Tetra Pak trash allows for maximum recycling of these
materials, while on the other hand, the inclusion of Kraft
paper, Al, and polyethylene in the packet composition can
improve the functional features of the goods [8].

The word "biosorption" refers to the non-metabolically
mediated passive adsorption of metals to living or dead
biomass. Because most current methods are ineffective and
expensive, particularly when employed to reduce heavy metal
ions to low concentrations, novel separation methods are
needed to reduce heavy metal concentrations to
environmentally acceptable levels at a reasonable cost.
Various researchers have investigated a variety of low-cost
biomass for mitigating pollution from various sources in
various parts of the world. The majority of cellulosic
materials tested were shown to be effective heavy metal
adsorbents [9]. Traditional methods for the elimination of
PTMs ions such as chemical precipitation and membrane
filtration are too much expensive when amending at the huge
amount of water, useless at low amounts of PTM (incomplete
metal elimination) and produce large proportions of sludge
and other toxic materials that require careful disposal. Bio-
sorption and bio-accumulation are ecological alternatives.
These alternative methods have merits over conservative
method [10].The most abundant biopolymer in nature is
cellulose. It is made up of glucose units that are linked
together by b-1, 4-glycosidic linkages. The topics covered
include washing, drying, and screening processes, as well as
chemical treatments such as acid-base treatment and
formaldehyde  treatment. Although,  phosphoration,
carboxylation, sulfoethylation, carboxymethylation, and other
chemical reactions [11].

The use of paper sludge as an adsorbent raw material has
several benefits, including lowering the amount of solid
waste produced and the cost of treatment, as well as offering
a low-cost adsorbent for heavy metal removal. Because of
their high carbon content and cellulose fibber proportion,
paper sludge and other organic waste materials from the
paper industry could be considered adsorbent materials [12].
A ton of pulp made from recycled paper uses 60% less
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energy to create than a ton of bleached virgin kraft pulp. PTMs
have been dumped in huge quantities in the environment in
recent years. Numerous techniques for metal removal from
contaminated waters have been developed due to their toxicity
[13].

Tetra Pak is a beverage and liquid food system that is
commonly used as an aseptic packaging material around the
world. This unique packaging technology allows products that
were traditionally deemed perishable to be delivered and stored
for up to six months or longer without refrigeration - even
delicate foods like milk, soy drinks, juice, and nectars. More
than 137 billion tetra pak packets were sent around the world in
2007. As a result, the number of trash tetra pak packaging in
municipal solid wastes is steadily increasing. That is why, both
economically and environmentally, converting discarded tetra
pak packages into valuable chemicals or fuels is critical. Tetra
pak packaging is made up of three primary materials: duplex
paper about 75%, Al 5%, and low-density polyethylene 20%.
Three methods are used to recover the Al and polyethylene
layers such as energy generation through incineration,
aluminum recovery in pyrolysis ovens, and high-end plastic
lumber goods are made by processing a blend of plastic and
metal [14]. Therefore, the main aim of present research was to
explore the potential of olpers tetra pack (OTP) and dairy
omeng tetra pack (DOTP) industrial waste as biosorbents to
eliminate PTMs such as lead (Pb), Nickle (Ni) and Copper (Cu)
from PTMs-artificial contaminated water. It is hypothesised
that the tetra pak industrial waste as biosorbents might be
highly effective to eliminate Pb, Ni, and Cu from metal-
polluted water.

2. Statement of the problem and its solution.

2.1 Materials and methods.

Tetra Pak is made up of 25 % LDPE, 70 % kraft paper, and
5 % aluminium, all of which are laminated in six layers. The
tetra pak was stripped of its (Al) foil and plastic, leaving the
only paper for the experiment. The paper pulp was washed
many times with distilled water until the pH of the supernatant
water layer of the pulp was around 6.5 to 7.0, to remove
external contaminants such as oil, black ink, and bleaching
agent (chlorine dioxide). To penetrate the phosphate into the
cellulose matrix, the paper pulp was refluxed with 5.0 percent
Na2HPO4 for 3 hours using a water condenser. The analysis
was carried out on three metals such as, Ni, Pb and Cu.

Lead. 1g-5g of lead nitrate salt was dissolved in 50 ml of
water to make a lead stock solution. In 0.5g of sample, 50 ml of
each stock standard solution was introduced and allowed
overnight for adsorption. The sample was filtered and dried
before being used. 50 mL of each sample (filtrate) was placed
in a volumetric flask with 2 mL of acetic acid and heated on a
hot plate, followed by the addition of potassium dichromate to
generate a yellow precipitate of lead chromate. The precipitates
were weighed after being dried, filtered, and weighed again.
5 mL nitric acid (HNO3), and 10 mL chloric acid (HCLO3) was
added to the paper sample and cooked on a hot plate until a
clear solution was formed. The final volume was made up to
50ml, then 2ml of acetic acid was added, the solution was
heated on a hot plate again, cooled, and potassium dichromate
was added to create the precipitate. Adsorbed lead was found in
the precipitates.

Nickel. Nickel chloride salt stock standard solutions were
made with concentrations ranging from 0.01M to 0.05M. 50ml
of each stock standard solution was added to 0.5g of sample
and left overnight for adsorption. The sample was filtered and
dried before being used. In a volumetric flask, 50 ml of the
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sample (filtrate) was placed and heated to 75 degrees Celsius.
5 mL ammonia was added, then 35 mL DMG was added, and
it was placed on a water bath for 15 minutes, after which the
precipitate was filtered, dried, and weighed. 5 mL nitric acid
and 10 mL chloric acid was added to the paper sample and
cooked on a hot plate until a clear solution was formed. The
final amount was made up to 50ml, with 10ml of ammonia
and DMG added before being placed in a water bath.
Filtered, dried, and weighed precipitates.

Copper. To begin, prepare a copper chloride standard in
250 mL with a concentration range of 0.01-0.05M. In 0.5 g
of sample, 50ml of each stock standard solution was
introduced and allowed overnight for adsorption. Filtration
and drying were done on the sample. The sample was filtered
next day, and the solution was made up to 20 ml with 1 ml
NH4,OH, and the absorbance was measured with a
spectrophotometer at 610nm. Digestion of paper was done
with 1 mL nitric acid (HNO;) and 1 mL chloric acid
(HCLO,), boiled on a hot plate till 1 mL NH,OH was added,
and makeup to the mark 50 mL with distilled water, and
absorbance was measured at 610nm with a
spectrophotometer.

Statistical analysis. The data were analysed using Excel
2013 and the graphs were made by using OriginPro software
(version 16).

2.2. Results and Discussion.

2.2.1. Sample characterization

Three main components are grouped in six layers in Tetra
pak packaging materials: duplex paper cellulose fibres 75 %,
low-density polyethylene (LDPE) 20 %, and aluminium (Al)
5 %. Cellulosic fibres make up the majority of Tetra pak
panels, accounting for 75 %, and LDPE, a thermoplastic
substance, makes up the remaining 20 %. Al, which is a
metal, is the third component. Even though it is widely
known that cellulose fibres make about 75 % of the material,
it is not pure cellulose. The kraft process, often called as kraft
pulping, is a chemical process that produces the paper used in
Tetra pak packaging material. The kraft method is thought to
remove more than 95 percent of the lignin in wood. There are
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still some polyoses like xylose and mannose, as well as some
lignin, after the kraft process [15]. The illustrated chemical
characteristics of tetra pack packaging material are indicated in
(Figure 1).

Lignin ATabinan cojoor)
39%_ 01% o830,
N ,_,/.

Gluecan
B1.65%

Total
Carbohydra
tes
96.1%

Xylan
. 8.83%

Mannan
4.7%

Chemieal properties of tetra pak packaging material

Figure 1 — Paper used in tetra pak packaging material chemical
characterization [15]

2.2.2. Impact of absorbents on adsorption of potentially
toxic metals in water

The initial concentration acts as a powerful driving force,
overcoming all adsorbed mass transfer resistance between the
aqueous and solid phases [16]. As shown in (Figure 2 a, b, c),
the maximum adsorption capacity of Ni in the artificial
contaminated water was observed by 0.12mg/g with application
of DOTP as compared with OTP. Because, oxygen-containing
cellulose has a higher attractive force, this occurs. Furthermore,
greatest the adsorption potential of Pb was noted by 0.000995
mg/g in artificial contaminated water with application of OTP
rather the DOTP. Similarly, the highest adsorption capability of
Pb in artificial polluted water was found by 0.01003 mg/g
amended with OTP as compared with DOPT. It was assumed
that that DOTP as bio-sorbent has potential to adsorb mo Ni in
the water bodies, whereas OTP has capability to adsorbed
maximum Cu and Pb in the contaminated water, mean while it
could might be due to nature and chemical properties of
potentially toxic metals in the water bodies.

014
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Figure 2 — Adsorption capacity of Ni (a), Cu (b) and Pb (c) in water with application of OPT and DOTP

2.2.3. Recovery of potentially toxic metals in artificial
contaminated water

The maximum Ni adsorption recovery in the water body
was received by 83% with application DOTP as compared
with OTP. While, in case of Pb content in the water body the

maximum recovery was observed by 52 % with application of
OTP rather than DOTP. Likewise, the greatest recovery of Cu
in the water bodies was received by 32 % with application of
OTP as compared with DOTP (Figure 3). It is observed that the
DOTP has potential to easily recovered Ni from water bodies
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as compared with Pb and/or Cu. However, OPT as additive
was found to be highly effective to recover Pb and Cu from
aqueous solution as compared with Ni. This recovered metal
may be recycled in other processes, making it a very cost-
effective commercialization method for any sector. Singh and
Ali [3] reported that Cu’+, Pb*+ and Ni*+ were evidently
removed from industrial effluents with application of
agricultural wastes made biosorbent. Khan et al. [17] stated
that the removal capacity of Ni*+ and Cu’ in the aqueous
solution was observed by 90 % with application of biomass
and clay materials. Shin [18] revealed that the adsorption of
Ni*+, Cu’+ and Pb*+ in the waste water treatment system was
observed with application of Hizikia fusiformis made
biochar.
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Figure 3 — Maximum recovery of potentially toxic metals
in water
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Conclusion.

A bio-sorption technique that can successfully applied the
living or dead biomass to eliminate the potentially toxic metals
viz., Ni, Pb and Cu from polluted water. The waste products
from the Tetra pak industry seemed to be sufficient for
recovery of Ni, Pb and Cu in the water bodies. The use of tetra
pak to Ni, Pb and Cu from industrial water was revealed in this
study. In the present work DOPT has potential to recover Ni in
the water bodies, whereas OTP was found to be highly
effective for recover of Pb and Cu from artificially potential
toxic metal polluted water. Gravimetric, traditional digestion,
and spectrophotometer methods are used in the research. The
pattern of Ni, Pb and Cu removal can be better understood by
comparing multiple samples from the same category. Due to
the use of traditional methods, there was an error in the
expected outcome, and it was difficult to analyse all areas using
the same way. Future studies must be focused on conversion of
tetra pack waste material to prepare biochar at low or fast
pyrolysis temperature for stabilization of pollutant from multi-
metal polluted water and soil.
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YIAJEHUE MOTEHIUAJIIBHO TOKCHUYHBIX METAJIJIOB W3 BOJOEMOB C HCIIOJIb3OBAHUEM
IMPOMBIIIJIEHHBIX OTXOA0B TETRA PAK B KAYECTBE BUOCOPBEHTOB
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3arpsi3HEHHE BOJOEMOB MOTEHIMAILHO TOKcHYHBIMH Metaiutamu (IITM) crano mpo6iemoit Bo Bcem mupe. MHmycrpuanmusamms u
AQHTPOIIOTEHHAs JIEITSIBHOCTh HMPUBOAAT K 00pa3oBaHMIO M COpOCY OTXOJOB, COAEPXKAMUX OPraHMYECKHE U HEOpraHHIeCKUe
3arpsI3HATENH, B BOJHBIC PECYpChl, YTO JENAeT MX ONACHBIMH M YTPOKAIOIIMMHK 3I0POBBIO YENIOBEKA M OKpY)Kalomleh cpeje.
TexHoNOrMsl yNakoBKHM IHINEBBIX MPOJAYKTOB M HAIIMTKOB, TAKMX KaK COKH, MOJOKO M JPYIHe >KUAKOCTH, C HCIIOJIb30BaHHEM
OyMakKHbIX IaKeToB, 0OBIYHO HM3BecTHas kak Tetra Pak, mpuBema k 0Opa30BaHMIO CIHIIKOM OOJBIIOrO KOJIMYECTBA OTXOAOB B
nocieanue necsatuiaerus. C OAHOH CTOPOHBI, KXKETCs, YTO CO3/laHHe KOMIIO3UTOB M3 Mycopa Tetra Pak mosBonser MakcHMalibHO
nepepaboTaTh 3TH MaTepHaibl, a C APYTroif, — BKIIOYEHHE KpadT-OyMaru, allOMHHHS U TOMUSTHIEHa B COCTAaB MAaKeTa MOXET
yIAy4IIATh (YHKIHOHANBHBIE XapaKTEPUCTUKH YMAKOBKH. YMakoBka Tetra pak COCTOMT M3 TpeX Pa3IMUHBIX THIIOB CBIPBS:
netonossl (75 %), nommatinena Huskoi mwiotHoct (LDPE) (20 %) n amomunus (5 %). Hacrosimee nccnexoBanue HapasieHo HA
OLICHKY INTOTEHIIHANA IIPOMBIIIIEHHBIX 0TX0J0B Tetra Pak B kxauectBe GuocopOenToB must ynaneHus I1TM, takux kak ceurern (Pb),
nukenb (Ni) 1 Menp (Cu) U3 MCKyCCTBEHHO 3arpsi3HEHHOW STUMH MeTaiiaMu Boasl. [Ipubnusurtensho 0,05 mr/in koHnenTpanuu Ni,
0,027 mr/n Pb 1 0,05 mr/n Cu 6bIIM HCKYCCTBEHHO 100ABICHBI B BOJOEM ISl OLICHKH a/ICOPOIIOHHOM () PEKTHBHOCTH C NOIPABKOM
Ha naBa obOpasua orxomoB Tetra Pak OTP (obpasen mpoxmykra 1) u Tetra Pak (DOTP) (oOpasen mpoxykra 2) B KauecTBe
OuocopbenToB. [lonydyeHHble pe3ysbTaThl IOKA3aIM, YTO MAaKCHUMAJIbHOE BOccTaHOBJICHHE ancopOuun Ni 6buto moiyueHo (83 % c
DOTP), Pb 52 % ¢ OTP u Cu 32 % ¢ OTP B xauectBe n06aBOK O6uocopOeHTa. B 1iemoM, HacTosiee uccieqoBaHuE MOKa3aio, 4To
ynanenue IITM mu3 pa30aBIeHHBIX BOIHBIX PpACTBOPOB IIyTE€M HCIHOJB30BAHMS MPOMBIIUICHHBIX OTXOMOB B KadecTBE
JIETKOAOCTYITHOTO ¥ HEZIOPOTOro COpOEHTa, MOXKET OBITh JOCTATOUHO 3P (PEKTHBHBIM.

Kurouesble cioBa: ancop6uus; Tetra pak; moTeHIMANbHO TOKCUYHBIC METAJLIbL; 3arPSI3HEHHAS BOJA.

Ipo6riemn Oxoponn lpayi B Yxpaini 37(3)/2021 7
Labour Protection Problems in Ukraine



- ay «HALIIOHA/IbH{:H:i HAYKOBO-AOC/HIAHHNI IHCTUTYT
HHé NMPOMUCIIOBOI BE3IMEKN TA OXOPOHMU MPALI»

ISSN 2664-4304

O. Kpy»xwmnko T1a iH. Ipo6riemn Oxoponn lpayi B Yxpaini 37(3)/2021
UDC 331.45 RESEARCH ARTICLE
DOI: 10.36804/nndipbop.37-3.2021.8-13 OPEN ACCESS

AOCNIDKEHHA BNJINBY 3AXOAIB IEPAPXII KOHTPOJIHO
HA NPO®ECINHUN PUBUK

0. €. Kpyxunko', H. B. BonogueHkosa®, B. B. MaiictpeHko?, I. M. Tkanuu?,
0. I. Nonykapos®

TexHiuHwit yHiBEpCUTET «MeTiHBECT noniTexHika», Mapiynosnb, YkpaiHa
[lepxaBHa ycTaHOBa «HaLjioHanbHUI HayKOBO-A0CNIAHMI IHCTUTYT NPOMUCIIOBOI 6E3MEKM Ta OXOPOHW npaui», Kuis, YkpaiHa
3HauioHabHUI TEXHIYHWIA yHIBEPCUTET YKPaiHK «KUIBCbKMI NOMITEXHIYHMIA IHCTUTYT iM. Irops Cikopcbkoro», Kuis, YkpaiHa
“E-mail ans nuctysaHHs: olkruzhilko@ukr.net

Otrpumaro: 12 sepecHs 2021; MpusiHaro: 21 BepecHs 2021

HuryBatu sik: Kpyxwuiko, O., Bonoguenkosa, H., Maiictpenko, B., Txamud, 1., [Tonykapos O. (2021). [{ocni/ukeHHS BIUIMBY 3aXOZiB iepapXxil
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VY crarTi mpoaHani3oBaHO MiDKHAPOJHMH Ta BITYM3HSAHMII JOCBiI MOOYNOBHM CHCTEMM YNpaBIiHHS Oe3MeKol Ta ririeHow. Bix3HaueHo, 1o
HPIOPUTETHIMH 3aBIAHHAMH B Ipolieci 3a0e3nedenHs Oe3MeYHNX Ta HEIIKiUIMBUX YMOB ITpali A 6araTb0X po3BHHEHUX KpaiH CBITY €: Meperisn
Ta yJ0CKOHAJICHHs HOPMAaTHBHO-TIPaBOBOI 0a3M 3 MUTaHb OE3MEKH Ta Tiri€HU Mpaili, CTUMYJIIOBaHHS POOOTOAABIIB 1010 3a0€3IEUCHHS HATCKHUX
YMOB TIpalli, a TAKOX IIJBUIICHHA DPiBHSA 00i3HAHOCTI KEpIBHMKIB Ta NpaLiBHUKIB 3 MUTaHb Oe3MeKH Ta TirieHn mpari. Pexomenpauii 1jono
MJIAaHYBAaHHS 3aXOAIB B 3aJEKHOCTI BiJl HasSBHMX HAa MiANPUEMCTBAX HeOE3MeK Ta pPe3yJbTATiB OLIHKM PH3UKIB MICTATBCA B JOKYMEHTaX
MixHapozaHoi opranizauii npaii. CiocoOu Ta METOM BUSBICHHS Ta OLIHKK (haKTOpiB HeOE3MeKH MOXHA BUOMpPATH BIIIOBIIHO 10 0COOIMBO CTEH
poGouoro micust. EQexTuBHA misIBHICTE 31 3HIDKEHHS Mpo¢eciiiHOro pu3nKy € mnependadae BUKOHAHHS HEBHOI MOCTITOBHOCTI 3ac00iB Ta METOMIB
yHpaBiiHHs (iepapXii KOHTpOIIO), K I1€ 3a3HaueHO y MikHapogHoMmy cranaapti ISO 45001. IIpornonyeThcst BUKOPUCTOBYBATH TaKi MPiOPHTeTH
BHKOHAHHS 3aXOJIB 31 3HW)KCHHS PU3MKY: YCYHEHHs (hakTopiB HeOe3NeKHu, 3aMiHa IMpOIECiB, omepaiii, MaTepiaiB a0 oOJaJHAHHA Ha MEHII
HeOe3IeuHi, 3aCTOCyBaHHS TEXHIYHUX 3ac00iB 1 METOJIIB YNPaBIIiHHs, peoprasizalis podiT Ta MiAroTOBKA MPaliBHUKIB, aJIMiHICTPATHB HUI KOHTPOJIb
(akTopiB HeOe3nekH, 3aco0M IHAMBIAYaIbHOrO 3aXHCTy. 3a pe3ysbTaTaMH INPOBEICHUX MOCII/PKEHb BCTAHOBJICHO, IO B YMOBAaX BiJICYTHOCTI
pecypciB Juis peanizaiii 3axoziB HaWBHIIMX MPIOPUTETIB HAHOUIBII PE3y/IbTATUBHUM BHUSBUBCA MiAXiJl, SIKMH MOEAHYE 3aCTOCYBAaHHSA TEXHIYHHUX
3aco0iB 1 METOIB yNpaBIliHHA, peopraHizarlis poOiT Ta MiroToBKa MpPAIiBHUKIB, & TAKOXK aJAMIHICTpATUBHUI KOHTPOJb (akTopiB HeOesneku. s
BIIPOBA/KEHHSA CHCTEM YIPABJIIHHS Tiri€HOI0 Ta 0€3MEKOI0 Ipalli Ha OCHOBI PU3MKOOPIEHTOBAHOTIO IiIX01Y HEOOXiIHO, HacamIiepes, po3poOuTH Ta
3aTBEPJUTH METO/MKY, IO BHU3HAYAE MOPSJIOK PO3paxyHKy HpodeciiHOro pusuky Ta 3a0e3MeUUTH BpaxyBaHHS PE3YJIbTATIB OLIIHIOBAHHS PHU3HUKY
IPY TUIAaHYBaHHI TPOMINAKTHYHUX 3aXO/IB.

KuarouoBi ciioBa: oxopoHa mnpai, npodeciituuii pusuk, npodinaktuka, HeOe3neka, IiaHyBaHHS.
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The article analyzes the international and domestic experience in building a safety and hygiene management system. It is noted that the priorities in
the process of ensuring safe and harmless working conditions for many developed countries are: revision and improvement of the legal framework
for occupational safety and health, encouraging employers to ensure proper working conditions, and raising awareness of managers and employees
on occupational safety and health. Recommendations for planning measures depending on the hazards present in enterprises and the results of risk
assessment are contained in the documents of the International Labor Organization. Methods and methods of detection and assessment of risk factors
can be chosen according to the characteristics of the workplace. Effective occupational risk reduction activities involve the implementation of a
certain sequence of tools and management methods (control hierarchy), as specified in the international standard 1SO 45001. It is proposed to use the
following priorities for risk reduction: elimination of hazards, replacement of processes, operations, materials or equipment for less dangerous, the
use of technical means and methods of management, reorganization of work and training of employees, administrative control of hazards, personal
protective equipment. According to the results of the research, in the absence of resources for the implementation of measures of the highest
priorities, the most effective approach was the combination of technical means and management methods, reorganization of work and training, as
well as administrative control of hazards. To implement occupational health and safety management systems based on a risk-based approach, it is
necessary, first of all, to develop and approve a methodology that determines the procedure for calculating occupational risk and ensure that the
results of risk assessment are taken into account when planning preventive measures.

Key words: labor protection, occupational risk, prevention, danger, planning.
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1. ITocraHoBka mpoGjeMH Ta aHaAJ3 OCTaHHIX
JocaigKeHb i myOJikamniii

Konmenmis  pedopMyBaHHS  CHCTEMH  YHpaBJiHHA
OXOpPOHOI0 Tpalli B YKpaiHi 3yMOBIIOE HEOOXiIHICTH
YIIPOBAPKEHHSI CUCTEM YIPABIIHHS Tiri€HOI0 Ta 0e3MeKolo
mpaiii Ha OCHOBI PH3UKOOpi€HTOBaHOro mimxomy [1].
[ToOynoBa mogiOHUX CHUCTEM, IMOCTAITHE BIIPOBAIKCHHSI STKUX
3a0e3reunTs ypaxyBaHHS —IPO(eciHHOro pU3UKYy IIpU
IUIAaHYBaHHI ~ NPOQITAKTHYHMX  3aXOHiB,  mepenbadae
MIPOBEICHHS KOMILIIEKCY TEOPETHYHNX Ta
€KCIIepUMEHTAIBHHX JOCHTiPKeHb, CIPSIMOBAaHUX HAa HAYKOBE
OOTpYHTYBaHHS iIeHTH(IKamii iCHYIOUMX Ha BHUPOOHMIITBI
HeOe3IeK Ta OiHKY NpodeciiHux pusukiB. TpaguiiitHo mpn
pO3pOONIeHH] 3axofiB 31 3HIDKEHHS piBHSA mpodeciiHol
3aXBOPIOBAHOCTI Ta BHUPOOHUYOTO TpaBMaTU3My
BHUKOPUCTOBYIOTBCS PE3YJbTAaTH aHaNi3y IPUYMH, BHJIB
MO Ta IHIWX YHHHUKIB, MO TPHU3BEIU JIO HEMACHUX
BHIIQJIKiB. AJe Takhd TigXiZ, SK II¢ HEOJHOPa30BO
BiJ[3HAYAIOCh y HAyKOBHX IpaIiX Ta myoOmikamisx [2, 3, 4],
HE BIJIITOBIJIa€ BUMOIraM CHLOTOIEHHS. Pa3oM 3 TuM, miaxig g0
TUTAaHyBaHHSI 3aXOJiB Ha OCHOBI OIIIHKHU NpodeciifHIX pH3HKIB
MATBEPKYE CBOIO €(EKTHBHICTD JUIS ITJUIPUEMCTB Pi3HHUX
raimyseil, Hacamrepes, HaHOUTBII BaXKJIMBUX ISl €KOHOMIKH
Vkpainu (100yBHa NMPOMHCIIOBICTb 1 PO3pOOJICHHS Kap’epiB,
BUPOOHMIITBO MallMH 1 YCTaTKOBAaHHS, METalypriiHe
BUPOOHHUIITBO, EpepOOHa IIPOMHCIIOBICTB).

HeoOxiqHo Bif3HAYHTH, IO B TPOMHUCIOBO PO3BHHEHHX
KpaiHax cHcTeMa yhpaBlliHHs OE€3IEeKOI0 Ta Tiri€Ho mpari
PO3TIISIIAEThCS K BaXKIMBUHA Ta O0OB’S3KOBUH KOMITOHEHT

3arajbHOl cHCTeMH YIpaBIiHHSA BHPOOHHUIITBOM,
CIIPSIMOBAaHMI Ha 3a0e3medyeHHs Oe3MeYHHX Ta 3Z0POBHX
YMOB TIpaLli.

AHani3 MDKHapOJHOTO JOCBiAy TOOYJIOBH CHUCTEMH
yIOpaBliHHS OE3MEeKO0 Ta Tiri€HOI Tpami, a TaKoK
JOCITIJDKEHb BITUM3HSHHX 1 3apyOiKHUX HayKOBILIB IOKa3aB,
1110 TIEPIIOYEPrOBUMH 3aBJIAHHAMH 3 IUTaHb Oe3MEYHOI mpai
Iust 0araTboX KpaiH CBITY €: Meperisi Ta yAOCKOHAJIEHHS
HOPMaTHBHO-TIPaBOBOI 0a3u 3 muTaHb Oe3NeKH Ta TirieHu
mpaifi; CTUMYJIIOBaHHA pOOOTOAABIIB y 3a0e3medeHHi
Oe3revHrX YMOB Ipalli; MiJABUIICHHS PIBHS 3HaHb 3 MUTaHb
Oe3reKy Ta TirieHd mpaili; 3aJydeHHs MPALiBHUKIB 10 y4acTi
B ¢opMmyBanHi  Oe3meyHoro  poOOYOro  HPOCTOPY;
[IEPEBEJICHHS AKIEHTY 3 BUIIPABJICHHS HAa HONEPEKEHHS
HeOe3MeYHUX CUTYaIlil.

VY GinbmiocTi KpalH CBiTy 3a0e3ledeHHs 3[0pOBUX Ta
0e3MevHrX YMOB Ipalli BiINOBIIHO 10 BUMOI' 3aKOHO/IABCTBA
MOKJIaJJeHO Ha pOoOOTONABL. 3aCTOCYBAHHS CHUCTEMHOIO
MiAX0My A0 YIpaBliHHA OE3MeKOo Ta TiCiEHOK mpali Ha
MiAMPUEMCTBAX Ta B OpraHisaiisix Oyap-sakoi cdepu
INiSUIBHOCTI  pI3HMX — rainy3eid  eKOHOMikM  3abe3redye
MiATPUMKY 3aXOfAiB 3 OPOQITAKTHKH Ta 3aXUCTy Ha
HEOOXiJHOMY piBHI 3 OLIHKOK iX e(EeKTUBHOCTI ILIIXOM
e(heKTUBHOTO YIIPABIiHHS PU3UKAMHU Ha POOOYOMY MICIIi.

37M0poBHil  Tiy3n Ta 3aKOHOAABCTBO  CTHUMYINIOIOTH
pOOOTONABIIIB OLIHIOBATH PU3MKU JUI CBOrO MEPCOHANY Ta
BXKHBATH  BIANOBiAHMX 3axomiB  [5, 6, 7]. Skmio
npodiTaKTHYHI 3aXOM CIPSIMOBaHI HA YHUKHEHHs PH3HKIB,
TO 3aXOIM KOHTPOIIO 3aCTOCOBYIOTBCS [UISl 3MEHIICHHS
pu3HKiB Ta ympaBiinHsa HUMHU. [IpodinakTuka o3Havae [ir0
a00 NpaKTHKy, CHOpPSMOBaHYy Ha  YHMKHEHHS PHU3MKY Ha
BupoOHUITBI. Ha BiaMiHY Bix MpOQiNakTUKH, KOHTPOIb — 1€
TEpPMiH /U OMUCY 3aXOMAiB 31 3MEHIICHHS PHU3UKY, KOJIU
PHU3UK HEMOXJIMBO yCYHYTH. Ha mymKy aBTOpiB, HEOOXimHO
YHHKATH (YCyBaTH) pU3UKH a00 3MEHIIUTH iX BILTUB IILUIIXOM
BXKHTTS PO LTAKTHIHUX 3aXOJIiB y MOPSAKY
npioputeTHOCTI. Bu3HaueHHs MOpsAKY HpiopuTeTy (Takox
BiJIOMHH SIK i€papXisi KOHTPOJIIO) Hepeadavae 1’ siTb HAIPsIMiB
peadi3arii 3aX0/IiB 31 3HIKEHHS PiBHS pU3HKY [S].
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II1. Ycynenns: VYcyHeHHs HeGe3leK BiJHOCHTBCA O
MOBHOTO  YCYHEHHS HeOe3lmek, a oOTxke, e(eKTHBHO
YHEMOXKJIUBIIIOE BCI BHSBJICHI MOXJIMBI aBapii Ta morase
CaMOIOTYTTSL.

I12. 3amina: 3amiHa O3Ha4Yae 3aMiHy JpKepenna HeOe3NmeKH
JUIT  3MEHIICHHS pPH3UKYy (HampuKiIag, 3aMiHa —XiMigHOI
PEYOBHHU OLTBII Oe3MeYHo0 (POPMOIO TOrO CaMOro XiMiKary,
HANpUKIIAd, TPaHYId YU TIOPOIIOK, a0 3aMiCTh XiMiKaTy
3aIIpOIIOHYBATH OE3MEeUHHIT aHAaJIoT).

I13. [mkeHepHUIT KOHTPOJNB: 3aCTOCYBAaHHA TEXHIYHHX
3aco0iB (3aco0iB, M0 0OMEXYIOTh HEOE3NeKy — BOHH MOXYTb
BKJIIOYAaTH CTPYKTYpHI 3MiHH poOodoro cepenoBuma abo
pobounX TpoIieciB), METOAIB YIIPaBIIiHHI, peopraHizamis pooir,
a TaKOX ITITOTOBKA MPAIliBHUKIB.

[14. AnminicTpaTuBHUIT KOHTpONb (OpraHi3amiiiHi 3axoan):
3MeHIIye abo ycyBa€e BIUIMB HEOE3MEKH ILITXOM JOTPHMAaHHS
npouenyp abo iHcTpykuid. [limBUIEeHHS Tpane3naTHOCTI
TPaI[iBHAKIB 32 JOIIOMOTOI0 3aXO[iB, CHPSIMOBAaHMX Ha
3MIiIHEHHS 37I0pOB’ s Ha POOOUOMY MiCIl MOXKE OYTH KOPHUCHHM
ACIIEKTOM IIIJTICHOTO TiIXOY 10 MPO(DiTaKTUKH Ta KOHTPOJIIO.

T15. 3acobu 1H/TUBI{yaJIbHOTO 3aXHCTY: Caig
BUKOPUCTOBYBATH JIMIIIE B KPafHEOMY BUIIAJIKY, ICJISl TOTO, SIK
Oymu poO3MIAHYTI BCl IHIII 3aXOAM KOHTPONIO abo s
pearyBaHHs Ha  HemepenOadeHy CUTyalilo Mg gac
HaI3BUYAHHOI  cuTyamii  (TeXHIYHOro  OOCITyroBYBaHHS,
PeMOHTY a00 K 10/aTKOBUH 3aXUCHUI 3aXin).

Omxe po3rIsHyTa iepapXisi KOHTPONIIO JIS)KUTh B OCHOBI
YIpaBIiHHA PH3MKaMHM, aje st 1i NpakTUYHOI peati3arii
HEOOXiTHO BpaxOBYBaTH TOW ()aKT, IO YMHHI METOIUYHI
HiIXOOM OO OWIHKM TNPOQECiiiHUX pPH3HMKIB HE MOXYTh
BBaKATHCS YHIBEPCAIBHUMH VIS TiANPUEMCTB Pi3HHUX Taiy3ei,
a pe3yJIbTaTUBHICTh iX BHKOPDHUCTaHHA 3HAYHOK MipOIO
3aJIeKUTh BiJl KOHKPETHUX BHUPOOHMYMX YMOB. TakuM 4HMHOM,
pO3pOOJICHHSI ~ METOAWYHHMX  MIAXOAIB  JO  YIPaBIiHHS
npodeciiHUMH pU3HKaMH 3 METOI0 3a0e3rnedeHHs peasizauil
npaB MpaliBHUKIB Ha O€3MeyHi Ta 3/[0pOBi YMOBH Ipari
3aIMIIAEThCS AKTYAIBHUM 3aBJAaHHSAM, 10 BHPILICHHS SKOrO
MOXKYTh 3aJIy4aTHCs SIK HAYKOBIII TaK i MPaKTHUKH.

2. ITocraHoBKa 3aBAaHHA Ta HOro BUpilLIeHHS

2.1. Marepiaim Ta MmeToau

OuiHka pH3HMKIB € Oe3lepepBHUM 1 CHCTEMaTHYHUM
MPOLIECOM 1 IPOBOAUTHCS MOETAITHO, 3 ypaXyBaHHSAM paHille
BUsIBJICHHX HeOesmek. JloknmanHi peKoMeHAalii 3 METOIMKU
MPOBEICHHS OLIHKM PHU3UKIB, a TaKOXX PEKOMEHMAIll IMI0/10
IUTaHYBaHHS 3aXO[iB 3aJIe)KHO BiJl PE3y/lbTaTiB IHMX OLIHOK
BiOOpaxkeHi B IOKyMeHTax MiKHApOAHOI opraHizauii mpaii
[8]. ILli pexomeHmamii HOCATh 3arajibHAil  Xapakrep i
YHIBEpCalbHi /I BCIX OpraHizaliiii Ta miInprueMCcTB, IpOTe A
KOXKHOI Tany3i HeoOXigHO 3iiicHioBaTH 00K HeOe3rek, siKi
xapakTepHi Aast 1i BHUPOOHHUYMX YMOB 1 TEXHOJIOrIYHOIO
3abe3neyueHHs. BussieHns HeOe3nek nependavae BU3HAYCHHS
Ta 00MiK HeOe3MeKk: 3 ypaxyBaHHSM ii BIUIMBY Ha 3I0pOB'S
npaiiBHUKiB. HeoOximHo OpaTé [0 yBaru paHilll BHSBICHI
HeOe3Mmeky, a TakoK Taki BUPOOHUYI (akTOpH, sIKI MOXKYTh
3aBJaTH LIKOAW Yepe3 OCOOHMCTI JaHi MpaliBHUKIB i (akTopiB
TpyaoBoi aisuibHOCTI. Taki (hakropu MOXKHA JIErKO PO3Mi3HATH
HUIAXOM KOHTPOJIO POOOYHMX MiCIlb, CIIOCTEPEHKEHHS 32 XOA0M
poboTH 1 omuTyloud mpaiiBHEKIB. [lix wac 3amucy (akropis
Hebe3neku ciij GpikcyBaTH TaKOX BCi YTOYHEHHSI I[O/I0 LIHOTO,
KOMEHTapi Ta MUTaHHS.

Ilepebir BUpPOOHWYMX TMPONECIB 1 TPYIOBUX OIepariit
MOB'SI3aHUI 3 HAABHICTIO HEOE3MEYHHMX 1 IIKIIIUBUX
BUPOOHUYMX (PAKTOPIB, OTXKE Oy/b-sKa BUPOOHHYA MisSUTBHICTD
HPUHIUIIOBO HE MOXKE BBaKATUCS aOCONIOTHO OE3NEYHOI0 SIK
JUISL TIPALIOIOYMX, TaK 1 U THX, XTO 3HAXOIHUThCS IOPYH,
OCKIJIbKU TIPAaKTHYHO 3aBXAW iCHYE BHUIAJIKOBA MOMKIIHBICTBH
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HACTaHHS CHTYyallii, KOJIM BIUIMB HEOE3NeK Ha OpraHizM
JIIOMMHU CTa€ HEBiABOPOTHHM [9]. BukopucTaHHs iCHYIOUMX
METOJIIB OIIHKK PU3HUKIB Tependavae ix aganrariro 10 yMOB
KOHKPETHOr0 MIiJNPHEMCTBAa (TpyNH  IMiJNPHEMCTB) 3
ypaxyBaHHsM ix cnenudixn. HaiiGinmpm npusabiuBuMu s
MIPAaKTHYHOTO BHUKOPHCTaHHS MOXKHA BBaYKaTH METOAU
Enmepi, ®aiin-Kinni, HAZID uepe3 momipHi BEMOTrH 10
HEOOXiJTHUX pecypciB, HH3BKY CTYNiHb HEBH3HAYE€HOCTI
pe3yNIbTaTiB Ta TIOMIpHY CKIIaJHICTh peaii3arii. YpaxyBaHHS
crer(iki  KOHKPETHOIO  MiINPHEMCTBA MOXe  OyTH
JOCATHYTO Yepe3 THYYKUH MeXaHi3M CHCTEMH aHKeTyBaHHS,
1110 /103BOIIsiE peanizyBati meron Enmepi [10].

Criocobu Ta METOAM BHSBICHHS Ta OLIHKH (aKTOpiB
HeOe3TeKkn MOXKHa BHOWpAaTH BIATIOBIAHO 10 ocoOnmBOCTEH
pobodoro MicIl, IpH IBOMY CIiJ BPaxOBYBaTH BCi BHAN
pobiT 1 Bci  Qakropu HeOe3NmeKH. 3a  JOIOMOTOH
0Oe3MepepBHOTO 1 CHCTEMAaTHYHOTO KOHTPOJIO  MOXKHA
3abe3reunTy Oe3MneKy Iparli Ta BHSBHTH paHillle IPUXOBaHI
HeOe3IeKn Ta HeJIOMIKY B 11 opraHizarii.

EdextrBHA misUTBHICTE 31 3HIDKEHHA TpodeciitHoro
PHU3MKYy — IIe BUKOHAaHHS ITOCNIIZOBHOCTI iepapxii 3aco0iB Ta
METOJIB YNPAaBIiHHSA, SK I 3a3HAUYCHO Y MIKHAPOIHOMY
cragpapti ISO 45001 3 cucremu ympaBiiHHS OXOPOHOIO
370poB'st 1 3abe3neueHHs Oe3meku mpami (po3poOieHui Ha
3aminy BS OHSAS 18001:2007).

nNPOMHUCI/IOBOT BE3MEKN TA OXOPOHU NMPALYI»
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3 BUMOr BHIIEBKa3aHOTO CTAHAAPTY IPOMOHYETHCS
BUKOPHCTOBYBaTH TaKi MPIOPUTETH BHUKOHAHHS 3axOXiB 31
3HIWKEHHS pu3uKy: [11 — ycyHeHHs dakropiB HeOesmexw, [12 —
3aMiHa TIPOIIECiB, ONepalliif, MaTepianiB abo oOnagHaHHS Ha
MeHI HeOesmeuHi, [I3 — 3acTocyBaHHS TeXHIYHMX 3aco0iB i
METOJIB YNpPaBIiHHS], peopraHizamis poOiT Ta MiArOTOBKa
npamiBHUKIB, [14 — anMiHICTpaTHBHHH KOHTPOIbL (aKTOpIB
Hebesmeky, [15 — 3acobu iHANBITyaIbHOT O 3aXHCTY.

Po3paxyHok  mpodeciiiHOro  pH3HMKy — IIPOIIOHYETHCS
MIPOBOIUTH 33 (POPMYJIOIO:

R = PxS, o)

ne R — ominka BUpOOHMYOro pu3UKy; P — oliHKa HMOBIpHOCTI
HACTaHHS HEOE3NeKH; S — OIiHKa Cepio3HOCTI HACIIIKIB
HeOe3IeKH, 10 HacTaa.

[Ikaym OriHIOBaHHS WMOBIPHOCTI HACTaHHS HEOE3MEKH Ta
CepHO3HOCTI HACHIIKIB HEOE3MeKH 3arpoIIOHOBAHO B Jiara3oHax
0 — 1. Toni mMakcuMaibHE 3HAUYEHHS PHU3HKY, PO3paxoBaHE 3a
¢opmyoro (1), cranoBuTs 1, a MiHiMasHe — 0.

3HaueHHs1 OLIHKM (KiJBKICHOI Ta sKicHOT) mpodeciifHoro
PH3HKY Ta peKOMEHJIOBaHi 3aXO/M 31 3HIDKECHHS PiBHS PH3HKY,
OTPUMaHI Ha OCHOBI Pe3yNIbTATIB EKCIIEPTHOrO OLIHIOBaHHS,
HaABEJICHO B TaOJIHII.

Tabmuia — Oninka npogeciiiHoro pusHKy Ta peKOMEHI0BaHi 3aX0I1

OuiHKa pU3UKY

Pexomenosani 3axonu

KiJIbKicHa SKiCHa
081-10 Hyxe Po6oTy He MOXKHA PO3MOYMHATH (IIPOAOBYKYBATH) JO 3MEHIIECHHS CTYHEHS PU3HUKY 10

' ' BEJUKUH  JONYCTHMOIO PiBHS

N Po6oTy MOXXHA PO3MOYMHATH (TIPOIOBKYBATH) 32 YMOBH BXKUTTS 3aXOAH 31 3HIDKCHHS PU3HKY Ta
0,61-0,80 Benuknii . .
3a0€3MeYNTH MOCHICHUH KOHTPOJIb BUKOHAHHS POOIT

0,41-0,60 Cepenniii  3ampoBaguTH 3aXO0/M IOAO 3MEHIICHHS PU3HUKY Ta 3a0€3MeYUTH KOHTPOJIb BUKOHAHHS POOIT
0,21-0,40 Husbkuit 3abe3rne4nTy KOHTPOIIb BUKOHAHHS POOIT, 32 HEOOXiJHOCTI — BXKHUTTS IPO]ITaKTHYHUX 3aXOMiB

0-0,20 Hesnaunmnit  Hemae HeoOXimHOCTI y BXKMBaHHI Oy/Ib-SIKUX 3aXOiB

3amporoHOBaHMI MiAXiZA A0 BU3HAYEHHS rpajamiit
npoeciiHOro pU3uKy y MOEJHAHHI 13 peKOMEHIALIsIMHU 100
HEOOXiJHOCTI BYKUTTSI KOHKPETHHUX 3aXO/IiB 31 3HW)KSHHSI PIBHS
pU3MKY anmpoOOBaHMII B yMOBax peajbHUX BHUPOOHHUITB Ta
JIOBIiB CBOIO NMPAKTUYHY LiHHICTb.

2.2. Pe3yabTaTH q0C/1ilKeHHS Ta IX 00rOBOpPeHHSs

Hns  po3paxyHKy 3Ha4eHb pOdeCiiHUX  PU3HUKIB
BUKOPHCTAHO: MACHBH CTATUCTHYHHX AaHUX (CIIOCTEPEIKEHB ),
pe3ynbTaTH  aHKETyBaHHS  MNPAIBHUKIB, JaHi  LIOJI0
[UIAHYBaHHS Ta BHUKOHAHHS 3aXOiB 3 OXOPOHM [Mpalli.
BigmoBigHo 1o icHyrowoi knacudikarii IIKiumBHX 1
HeOe3neyHnx (akTopiB BHUPOOHUYOrO CEPEAOBHUINA AHKETH
pO37iJieHi Ha I’SITh KaTeropiii BUpoOHU4KX (akTopiB, a came:
¢biznuHi, €proHOMIYHi, XiMiYHi, GiosoriyHi,
ncuxodizionoriydi Ta HeOE3MeKH HEIACHOrO0 BUMAAKY. Y
KOXHil aHKeTi BpaxoBaHo mo 10—15 ¢axropiB Hebesneku abo
HeOe3rneuni curyauii. ®Dakropu Hebe3nekn po3diieHi 3a
JOMOMOTOI0  MMi/I3arOJIOBKIB  HA TPYIH Uil [OJNETIICHHS
00poOKH. 30KpemMa, BpaXxOBYIOUH Crelu(iky TOCTiIKyBaHHX
pobounx Micib, Gi3uuHEMH (AKTOpaMH PH3UKY €: IIYM,
TeMIIepaTypa, pyX MOBITPs, OCBITICHHSI, paialiis TOIIO.

[lomepeane OIIHIOBaHHS KOXKHOTO 3aXOMy i3 3HM)KEHHS
npodeciiHOro pH3HMKYy 3AIHCHEHO Tpymor excrepTiB. Jo
€KCIIepTHOI TPYMH Oyino 3alydeHO BHCOKOKBAi(hiKOBAHUX
CIeI[iaiCTiB 3 MUTaHb Oe3MeKy Ta TirieHu mpartl, 00i3HaHHUX 3
0COOIMBOCTSIMU TEXHOJIOTYHHX TPOIIECIB T BUPOOHHIOTO
obmasHaHHs MiANPUEMCTBA, O3HAWOMIICHHX 3 iH(OpPMAIIE0
(yMoBM Tmpami; CTaTHCTHYHI JaHi TPO IHIMACHTH Ta

HeOe3meuHi  cuTyalii,  BHPOOHMYMIA  TpaBMaTH3M i
npo3aXBOPIOBAHHS; JaHi PO MOMJIMBOCTI (piHAHCYBaHHS
3axO0IiB TOIIO).

Huns MIPOBEIACHHS OLIIHIOBAHHSI 3axo[iB
BUKOPUCTOBYBAJIUCh TaKi KPHUTEPii: pe3ylIbTaTUBHICTh 3aX0AY
(ctyminp  3a0e3meyeHHs] 3HIKEHHS  PH3UKY  HACTaHHS
TpaBMaTH4YHOI MOAii); cTabiIBHICTh pe3ynbTaTy (CTYIiHb
3a0e31eueHHs CTiHKOro HE3MIHHOrO [O3UTHBHOI'O
pe3yibTary); e(eKTHBHICTb 3axofy (3BaXKEHICTh BUTPAT
MaTepialbHHUX 1 JIOJCHKUX PECypciB Ul BTIICHHS 3aXOAdy);
LIBHIKICTh BIPOBADKCHHSI (YACOBUIA MEpiof, 3a SIKMH AaHU
3axii Moke OyTH peayi3oBaHHi); JIETKiCTh YIPOBAKCHHS
(BiacyTHicTh mOTpeOM y CKIaJHUX TEXHIYHUX PILICHHSX,
NpPOEKTYBaHHI,  MEpPEepPUBAHHI  BHPOOHHUYOrO  TMPOILECY,
crenno3Boiax, romo) [11].

TpoTsrom poKy NMpOBENEHO JIOCHIIKEHHS! Ha BU3HAYEHHX
pOOOYMX MICISIX TPOMUCIOBOTO MiAMPHEMCTBA, SKE TOJSTaIo
y BHU3HAY€HHI BIUIMBY pe3yiabTaTiB peamizamii obpaHuX
3axoiB (3rpyNnoBaHUX BiMOBIJHO O i€epapXil MPiOPUTETIB:
I11,...,I15), wa piBenp upodeciitnoro pusuky. Pesynbratn
JIOCTTi[DKEHD 3a MICSIISIMU TIOJIaHO Ha puc. 1.

Otpumani 3a pe3ynbraTamu MaTeMaTHIHOTO
MOJICTIIOBAHHS HAa OCHOBI OOpPOOKM CTaTHCTHYHHX JaHUX,
OPOTHO3HI  3HAa4YeHHs  mpodeciiiHoro  pusuky  (JiHis
«[Iporuo3», puc. 1), BianmoBimaroTe cuTyamii, KOIU
VIIPaBITiHHS OXOpPOHOIO Mpalli 3IifCHIOETHCS TpaJULiHHUME
MeTomaMu (ToO0TO 0e3 ypaxyBaHHS (aKTOpy PHU3HKY). Sk
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cramacs, a (IiHAHCYBaHHI 3aXOMNiB  3MIMCHIOETBCI Y
MiHIMaJIBHOMY 00CS3i, He3Ba)KaroUM HaBiTh Ha OOIPYHTOBaHI
HaraibHi MoTpeOu.

MHWUA PU3NK

Mpodeci

1 2 3 4 5 6

Micayp

—{—porHoz —@®—[l4tall5 —C—TMN3T1all4

Pucynok 1 — Pe3ynbraTn oniHku piBHIB IpodeciiiHOro pusHKy 3aeKHO BiJl pe3ynbTaTiB peaizanii 3axoniB
3 OXOPOHH TIpali

3acTocyBaHHS 3aXO[iB aJMiHICTPaTUBHOTO KOHTPOIIIO
(IT4) y moenHaHHi i3 3aCTOCYBaHHIM 3aCO0IB 1HIMBITyaIbHOTO
3axucry (I1S) nae kpammii pe3ynbTar MOPIBHSHO 3
TPaJUIIHHOI0 TEXHOJOTII0 YIPaBIiHHS OXOPOHOIO Tpai
(mimiz  «[14 Ta II5», puc. 1). Cmig Big3HAa4MTH, IO
PE3YNBTATUBHICTh IIMX 3aXO/IB 3JIEKHTh BiJl KOMIIETEHTHOCTI
MOCAZIOBUX O0Ci0, sIKi 3MIiHCHIOIOTH KOHTPOJb, @ TAaKOX BiJ
MPaBUIBHOTO BUOOPY 3aXHMCHOTO CIIOPSDKEHHS, a TAKOX HOro
HaJeKHOTO  BCTAHOBJEHHS, MOCTIHHOIO  HOCIHHA  Ta
HaJIS)KHOTO 00CITyrOBYBaHHSI.

Haiibinbim  pe3yabTaTUBHHUM BUSIBUBCS —MIAXiH, SIKAi
MOEJHYE 3aCTOCYBaHHS TEXHIYHUX 3aco0iB 1 MeTOHiB
yIIpaBIIiHHS, peopraHizaiis podiT Ta MiAroTOBKa MPalliBHUKIB
(IT13), a Takox aAMIHICTPaTHBHUIA KOHTPOIb (haKTopiB
ne6esneku (I114). Sk Bugno 3 pucynky 1 (minis «I13 Ta [14»),
TaKWii MiIXiJ 103BOJISIE MAaKCUMAIIbHO 3HU3UTH HpodeciitHuii
pusuk. Hanpuknan, 3acTocyBaHHS — MICLHEBOI  BHUTSDKHOL
BEHTWIALIT U1 3HWKCHHS PU3UKIB BHACHIZOK il Mty abo
BUMApPiB Oyle MaKCHMAllbHO Pe3yJbTATUBHUM Yy MOETHAHHI 3
KOHTPOJIEM CTaHy 3aMUIICHOCTI MOBITPSI POOOYUX 30H.

2.3. lllasxu BUpilleHHs MpodJeM

BusiBneHHsT WKiAMBUX Ta HEOE3NEYHUX BUPOOHHUMX
¢dakTopiB Ta B MOAANBIIOMY OI[HKA ¥ JIOCIIIKCHHS
npodeciiHOro  pU3UKy  J03BOJISIE  BCTAHOBUTH  IEBHI
3aKOHOMIipPHOCTI, BUKOPUCTaHHS SIKHX 3abe3mneuye
OOIpYHTOBaHE IUIAHYBAHHS 3aXO[iB i3 MONIIIIEHHS YMOB
mpaifi Ta 3a0e3MeveHHsT HaJeXKHOro piBHsi Oesmeku. Bee 1e
3YMOBJIIO€ 3POCTAaHHSI MOMYJSIPHOCTI METO/IB, 10 0a3ylOThCs
Ha OILIHIOBAaHHI MPOQECiiHUX PH3HKIB, I OOIPYHTYBAHHS
IUIaHIB 3aXOfiB 3 MPOQIIAKTHKA BUPOOHHYOTO TPaBMATU3MY
Ta npodeciifHIX 3aXBOPIOBAHb.

Pasom 3 TuM, i BiazHauMTH NPOOIEMH, SIKi HEOOXITHO
BUPIIIMTH  MIANPUEMCTBY Ul  BIPOBAIDKEHHS  CHCTEM
VIOpaBIiHHS TiTi€HOID Ta OE3MeKOK IMpali Ha OCHOBI
PHU3UKOOPIEHTOBAHOTO i IXOMY:

- HeOOXIZIHO PO3pOOMTH Ta 3aTBEPAUTH METOAUKY (abo
IHIOMH JOKYMEHT), SIKUH BH3HA4Ya€ TMOPSIOK ITiITOTOBKU
MOYAaTKOBHX JAHUX Ta PO3PaXyHOK MPO(ECiiHOro pU3MKY;

- OCKUIKM  OIliHKa pU3UKIB €  Oe3lmepepBHUM 1
CHCTEMaTUYHUM IIPOLIECOM, SKMH HPOBOAMUTHCS IOETANHO 3
ypaxyBaHHSM paHillle BHSBICHHX HeOe3leK, HeoOXiJaHO
CTBOPHUTH BIiJIOBIIHY iH(OpMALiiiHY cUCTeMy, HpH3HAYCHY
Ju1st 300py, HAKONMMYEHHS Ta aHAli3y JAAQHMX 1 PO3PaxyHKY Ta
OL[IHKU MPOQECIITHUX PUBHKIB;

- HeoOXigHO ~ 3a0e3nmedyuTH  MiArOTOBKY  (baxiBIiB,
CIIPOMO)KHUX TIPOBECTH OILIHKY MNpodeciiiHuX pHU3UKIB B
Cy4aCHHX BUPOOHHYMX YMOBAX;

- HeoOXiJJHO mepen0aunuTH MOXKJIMBICTh BHECCHHS 3MiH Ta
JIOTMOBHEHb 10 METOJMKH PO3PaxyHKY MPOQECciiiHOro pusmky
3aJIeKHO BiJl ICTOTHMX 3MiH, [IO BiOYBalOThCS Ha
BUPOOHULTBI (3aMiHa 00JIaJIHAHHS, TEXHOJIOTIYHUX IMPOLECIB,
3MiHa YMOB Mpalli TOIIO).

BucnoBku

VipoBa/pkeHHST CHCTEM  YIpPAaBIiHHS TiCiEHO  Ta
0e3neKor0 TMpali Ha OCHOBI PU3UKOOPIEHTOBAHOIO IIiJXOAY
nependadyae IMPOBEJNECHHS KOMIUIEKCY TEOPETHYHHX Ta
SKCIIepUMEHTAIbHUX ~ JIOCHI/DKeHb MO0  iAeHThdikamil
ICHYIOUHX HA BUPOOHHUITBI HeOE3MeK Ta OLIHKH MPodeciitHuX
pusukiB. Otrpumani 3a pe3ylbTaTaMd MaTEeMAaTHYHOrO
MOJICJTIOBaHHsI TPOTHO3HI 3HAYeHHs MpodeciiiHOro pHU3KKy
(moBOIATH €(peKTHBHICTH 3aCTOCYBAHHS PU3UKOOPIEHTOBAHOTO
MiIXOMy TOPIBHSHO 13 TPaIULiHHUMKA METOJAMHU YIIPABITiHHSL.
Tlokazano, m©O HaWOIABII pe3yabTaTUBHUM (B yMOBax
O0MEXEHHX pecypCiB) BHSBHBCS Mi[Xif, SIKHHA MOEIHYE
3aCTOCYBaHHS TEXHIYHHX 3ac00iB 1 METOMIB YIpaBIiHHS,
peoprasizaigiss poOiT Ta MiJrOTOBKY MPALiBHUKIB, a TaKOXK
aZIMiHICTPATUBHUIT KOHTPOIb (pakTOpiB HeOe3MmeKu.

Konduikr inTepeci

Ilpu mpoBeneHHI MAOCHIHKEHHS IIOAO 3MICTY CTaTTi
KOH(ITIKTY iHTEPECiB CTOPIiH HE CIOCTePIiranoch.
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O. Kpyxuiako, H. Bosoguenkona, B. Maiictpenko, U. Tkaauy, A. Iloaykapos
UCCJEJOBAHUE BJIMSIHUSA MEPOIIPUATUA UEPAPXUHA KOHTPO.JIS1 HA IPO®ECCHUOHAJIBHBIN PUCK

B crarbe npoaHaIM3MpOBaHbI MEKIYHApPOIHBIH M OTEYECTBEHHBIH ONBIT MOCTPOCHHUS CHCTEMbI YIPaBICHHS OE30MACHOCTBIO M
rurueHoil. OTMEYeHo, YTO TPHOPUTETHBIMH 33/1a4aMH B Ipoliecce oOecredeHus: Oe30MacHbIX M Oe3BPEHBIX YCIOBHMH Tpyna Ui
MHOTMX Pa3BHTBIX CTpaH MHpa SBISIOTCSA: IMPOCMOTP M COBEPIICHCTBOBAHME HOPMATHUBHO-TIPAaBOBOM 0a3bl IO BOIPOCaM
0€30MacHOCTH W THIMEHBI TPy, CTUMYJIUpPOBaHHME paboronaTeneil Mo oOeCHeueHHI0 HaUISKallluX YCIOBHH TpyHda, a TaKke
MOBBIILICHHE YPOBHS OCBEIOMIICHHOCTH PYKOBOJIHWTENCH W pabOTHUKOB MO BOMpocaM Oe30MacHOCTH W THMTHEHBI Tpyaa.
PexoMeHaaIMK 10 TJIAHUPOBAHUIO MEPONPHUSTHH B 3aBUCHMOCTH OT MMEIOLIMXCS Ha TPEANPHUATHSAX OMACHOCTEH M pe3ylbTaToB
OLICHKU PHCKOB COZAEPXKATCAd B JOKyMEHTax MexmyHapomHOl opranm3anuu Tpyaa. CrnocoObl M METOIbI BBISBICHUS M OLEHKH
(haKTOPOB OMACHOCTH MOXKHO BBIOMPaTh B COOTBETCTBHH C OCOOEHHOCTAMH pabodero mecra. D¢QeKTHBHAs AESATEILHOCTH MO
CHIJKCHHIO NPO(ECCHOHAIBHOTO PUCKa MPEJIOoiaracT BBIIIOJIHCHHE OIPE/ICICHHOH IOCIEI0BATEILHOCTH CPEICTB U METOJOB
YIpaBieHUs (MepapXuy KOHTPOJA), KaK 3TO yKa3zaHO B MexmyHapomHoMm cranaapre ISO 45001. Ilpeanaraercst MCHONB30BaTh
CIIEJIYIOIINE TIPUOPUTETHI BBIOJIHCHUSI MEPOIPUATHIA 10 CHI)KEHHIO PUCKA: YCTpaHEHHE (haKTOPOB OIMACHOCTH, 3aMEHA IPOLIECCOB,
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olepanuii, MaTepraloB WIM OOOpYHZOBAaHHS Ha MEHEE ONACHbIC, NMPUMEHEHHE TEXHHYECKHX CPEICTB M METOIOB YIPaBIICHUS,
peopranmzaims paboT U MOAr0TOBKa PaOOTHUKOB, aIMHHICTPATUBHBIN KOHTPOJIb (PAKTOPOB ONMACHOCTH, CPEICTBA MHAUBHIyaIbHON
3amutel. [lo pesynbraTaM NpPOBENEHHBIX UCCIECJOBAaHUN YCTaHOBJICHO, YTO B YCJIOBHSAX OTCYTCTBUS PECYPCOB Ul peanu3aliu
MEpONPHUITHH BBICOKHX IPHOPUTETOB HAMOONIee Pe3yAbTATHBHBIM OKAa3aJCs ITOAXOM, COYCTAIOMMKM NPHMEHEHHE TEXHUYECKHX
CPeACTB M METOAOB YIPABJIEHHS, PEOpraHM3alys paboT M IOArOTOBKa pabOTHMKOB, a Takke aJMUHHUCTPATHBHBIN KOHTPOIb
(axTopoB omacHocTH. /151 BHEAPEHHS CHCTEM YIPABICHUS TMTHMEHOW U 0€30MacHOCTHIO TPY/A Ha OCHOBE PHCKOOPHEHTHPOBAHHOIO
MOX0a HEOoOXOOUMO, NpexJe BCEro, pa3paboTaTb M YTBEPAUTH METOAUKY, KOTOpas OHpelenseT HOpsJoK pacdeTa
NIPpo(heCCHOHAIBEHOTO PUCKA, i 00ECTIEUNTh yIeT Pe3yIbTaToOB OIEHKH PHUCKA IPH INTAHUPOBAHUH MPOGIIAKTHYECKIX MEPOIPUSTHH.

KuroueBrble ci1oBa: oxpaHa Tpy/ia, IPOPeCCHOHANBHBINA PUCK, MPOPUIAKTHKA, OITACHOCTb, TUIAHUPOBAHHE.
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HurtyBatn sk: Toxapcekuit, O., Bomibpyx, b. (2021). MetoanuHi OCHOBH JOCIHI/KEHHsI ONTHMAIBHOTO Yacy POOOTH PATYBAJIbHUKIB TiPCHKUX Y
TipChKHX YMOBAX 3a Pi3HHX HaBaHTa)KeHb 1 TeMIIepaTyp BILIUBY. [Ipobremu oxoponu npayi ¢ Yxpaini, 37(3), 14-20.

MeTtor0 cTatTi € OOIPYHTYBaHHS OCHOBHHX KPHUTEpIiiB s PO3POOJCHHS METOAMKHM BH3HAYCHHsS ONTHMAJIBHOTO 4Yacy pOOOTH PsTYBaJbHHKIB
ripChbKHX 3a Pi3HUX HaBAHTAXKEHb Ta TEMIlEpaTyp BIUIMBY. [IpoBe/ieHO aHali3 yMOB Mpalli pATYyBaJIbHHUKIB TiPCHKUX y BECHSIHUIT nepioa. 3aiiicHEHO
€KCIEPHMEHTAIbHI JJOCII/UKCHHS [IPOLiecy MeTaboii3My pATYBAIBHUKIB 0e3 3aXHCHOro Omsry. IIpoBEIEHO eKCIepUMEHTANIbHI JOCIIIKEHHS Ta
MOJICJIFOBaHHS BIUIMBY IHTEHCHBHOCTI BHKOHAHHS POOIT 3a TeMIepaTypHd HaBKOJMIIHBOIO CepeloBHINa B Jjiana3zoni +16 — -24°C. JlociimkeHo
JMIUHAMIKY TIPOIeCy MeTaboIi3My pATYBaJIbHUKA TIPCHKOTO Iifl Yac MPOBEACHHS MOIIYKOBO-PATYBAIBHUX POOIT Y TipChKiil MiciieBOCTi. BuzHaueHo
TEMIIEpaTypHi PEXKUMH CEPLIEBUHH Tijla PATYBaJbHUKA 32 YMOB HABAHTAXXEHb Pi3HOI IHTEHCHBHOCTI. BU3HAYEHO CHEPreTHYHMIT Aiara30H BUKOHAHHS
3aB/IaHb B TIPCHKIii MiCILIEBOCTI 3a TPhOMa BHAAMHU HaBaHTaXeHb. [100yI0BaHO aJIrOPUTM AOCIIKEHH IPOIIecy MeTaboi3My B TipchKiil MiCLIeBOCTI,
10 Ja€ MOXKJIMBICTD KJIacU(iKyBaTH yMOBHU MPOBEACHHS MOLIYKOBO-PATYBAJIBLHUX POOIT 32 CTYNEHEM BaXXKOCTI BUAIB poOiT. OTpUMaHi MOKa3HUKH
HAaBaHTAXEHb, MeTaboli3My, IHTCHCUBHOCTI BHKOHAHHS IIONIYKOBO-PATYBAIBHUX pPOOIT HAl0OTh MOXUIUBICTE chOpMyBaTH 0a30By MOJeNb
JOCTI/DKEHHST [POLIeCY HOPMYBaHHSI CTPOKIB BHKOHAHHS 3aBIaHb. 3acTocyBaHHs mporpamuoro komiwiekcy ANSYS FLUENT Ta ytouHeHux
KpHUTEpiiB OLIHKM IPOLECY MeTaboii3My J03BOJIMIO YAOCKOHAIUTH METOJOJIOTII0 MOJENi BU3HAYECHHS CHEPreTHYHUX 3aTpaT psTyBalbHHUKA
ripcbKOro IiJ 4Yac BHKOHAHHA pOOIT y Tipchkili MicmeBocTi. Buchoeku. OOIPYyHTOBaHO HEOOXITHICTh CTBOPEHHS pO3PaXyHKOBOI MOZeni
3aIPOBAKEHHS CaHITAPHO-TIFi€HIYHUX BUMOT JUIS PErIaMEHTy Oe3IIeUHHX PEXXUMIB pOOOTH PSTYBaJIbHHKIB TipChbKUX. Bu3HaueHo 6a30Bi YMHHUKH
MOJI€II IS TOJAIbIINX JOCIIIKEHD.

Kurouosi c10Ba: ymoBH mpani, MeTaboIIi3M, TeMIIEpaTypy CEPLEBUHH Tilla, pETIaMeHT POOiT.
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The purpose of the article is to substantiate the main criteria for developing a method for determining the optimal operating time of mountain
rescuers at different loads and temperatures. The analysis of working conditions of mountain rescuers in the spring period is carried out.
Experimental studies of the metabolism of rescuers without protective clothing have been carried out. Experimental researches and modeling of
influence of intensity of performance of works at ambient temperature in the range +16 - -24°C are carried out. The dynamics of the process of
metabolism of a mountain rescuer during search and rescue operations in a mountainous area has been studied. The temperature regimes of the
rescuer's body core under conditions of different load intensity are determined. The energy range of tasks in mountainous terrain for three types of
loads is determined. Practical consequences: The built algorithm of research of process of metabolism in mountain area gives the chance to classify
conditions of carrying out search and rescue works on degree of difficulty of kinds of works. The obtained indicators of loads, metabolism, intensity
of search and rescue operations make it possible to form a basic model for studying the process of rationing the deadlines for tasks. The use of the
ANSYS FLUENT software package, refined criteria for assessing the metabolic process allowed to improve the methodology of the model for
determining the energy costs of a mountain rescuer in a mountainous area.i Conclusions. The necessity of creating a calculation model for the
introduction of sanitary and hygienic requirements for the regulation of safe modes of operation of mountain rescuers is substantiated. The basic
factors of the model for further research are determined.

Key words: working conditions, metabolism, body core temperatures, work regulations.

1. IlocraHoBka mpoG/jeMH Ta aHaJi3 OCTaHHIX mpari, HEOOXiZHO 3a3HAaYWTH, IO 3HAaYHA IX KIJIBKICTH
JOCJizKeHb i my0Jtikauiit norpedye JETalbHOIO ONPAIIOBAHHA Ta CIOHYKae Jo
VY KOHTEKCTI €BpOIHTErpaliifHUX IPOLECIB, 30KpeMa, neperyisiny  hopmary  (QYHKIIOHYBaHHS MNPAaBOBOrO  IOJIs
3anpOBA/KEHHS CTAHIAPTIB 1 PEIIAMEHTIB y Taiy3i 0e3neku
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IISIBHOCT]  BINOBITHUX CTPYKTyp[l—4]. ¥V Bumaaxy, mo
pO3IIISIIAETHCSl, L€  CTOCYETBCS CHCTEMH  IOIIYKOBO-
pATYBaNbHHX — OHepaliii B  TipChKifi  MICIEBOCTI,  sKi
3IHCHIOIOTECS 38 OyAb-SKUX MOTOJHUX YMOB Ta 4acy IOOH.
JlocniKyt04d YMOBU BHKOHAHHS 3aBIaHb PATYBaJIbHUKAMH
ripCbKUMH B TipCHKil MICLIEBOCTI Ta peryiaMeHT MMPOBEACHHS
pATYBAIBHHX POOIT B KpaiHax €BPOCOIO3y, MOXKHA 3pOOUTH
BHCHOBOK, IO 3aXHCT CaMHUX pATYBAIbHHKIB Mae He
BupimeHHi porenep npobmemu [5-9]. Ilix wyac mpoBeneHHs
TOLIYKOBO-PSITYBAIbHUAX POOIT PATYBaJbHUK IiPCHKUii 3a3HAE
BIUIUBY UIMPOKOTO CIIEKTPY HEOE3MeUHNX 1 MIKiUIHBUX
¢axropis (HILI®D) [14]. Jominyrounmu HIID e kmimatnani
yMOBH (HU3bKa TeMIlepaTypa, BUCOKa TeMIepaTypa), Gi3udHi
HAaBaHT@XEHHS Ta HEHOPMOBaHUH poOoumii  pexum
BuKoHaHHS poOiT [15]. Ha croroani B YkpaiHi psATyBaIbHO-
MOIIYKOBI POOOTH B TipChKill MICHEBOCTI 3miHCHIOIOTH Y
m’atH  obnactsax:  3akapnarcekidi, JIbBiBcbkiil, IBaHo-
OpankiBepkiil, YepHiBenpkiii Ta TepHominbchkiil. IloHan
200 psATyBaJBbHHUKIB TIpCBKHX LUIOJOO0OBO  3AiHCHIOIOTH
4yepryBaHHs B Tipcekiii MicueBocti. bepyunm mo ysaru
BiZICyTHICTh HOPMaTHBHO-IIPABOBOT'O 3a0e3neyeHHs
(YHKUIOHYBaHHS  PATYBAIbHO-TIOIIYKOBUX  OMEpamiii B
ripcekiif MicmeBoCcTi B YKpaiHi, ITOCTAa€ JOTiYHE 3aBIAHHS
IIOJ0  BM3HAYCHHS  ONTHMAIBHUX  PEXHUMIB  poOOTH
PATYBAIBHUKIB, OOIPDYHTYBaHHS METOAIB Ta CIOCO0IB
Mimimizanmii BBy — HII®, pospobmenns  cucremn
peryiaMeHTiB 3aCTOCYBaHHS BiZIMTOBITHUX 3aco0iB
inauBigyansHoro 3axoxay (313).

2. TlocraHoBKa 3aBJaHHA Ta MHOro BHpilIeHHs.

MeToau AOCTi/IzKeHHS.

3abe3neyeHHs 0e3NeYHNX YMOB BUKOHAHHS IOIIYKOBO-
pATYyBaNbHUX  POOIT  PATYBaJbHUKAMH  TIPCBKUMH €
JNOBrOTPUBAJIMM HAyKOBHM IIOINIYyKOM 1 Hepexbadae
3MilicCHeHHs 0aratoGakTOPHUX KOMIUIEKCHHUX JOCIi/KCHb.
BusHauadbHMM 3aBJaHHAM € BH3HAYEHHS pPHU3UKIB Ta
3HIDKGHHS iX [0 pIiBHA JIONYyCTHMHX, BPaxXOBYIOUH

t=n
dizionoris
AHTpoOTIOMeTpis
HIID
Xapakrepuctuku 313
Merabosiyni 3MiHA
Big 150 no 900 Bt
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3000B’s13aHHS BIMIOBIMHUX CTPYKTyp B LApHHI IOJITHUKH
ririenn Ta 6e3nexu npani (I'1BIT).

Oco0IMBO BOXXIMBUM, Y 3a3HAYEHOMY HAyKOBOMY IIOILIYKY,
€ BHM3HA4YCHHS HOPMOBAHOTO 4acy 3/aTHOCTI PsTyBaJbHHKA
ripcbkoro eQeKTHBHO BHKOHYBAaTH 3aBJIAaHHA. 3 METOI
CTBOPEHHS CHCTeMH HOPMAaTHBHO-IIPaBOBOIO OIS
(yHKLIIOHYBaHHS PATYBaJbHHKIB B TIPCBKIH MiCLEBOCTI,
BIJIMIOBIZTHO JI0 MDKHApOJHUX HOPM 3 O€3IeKH Mpalli, MaeMo
3aCTOCYBaTH MoAenb 3 (akTopaMH BIUIMBY: IapaMeTpH
HaBKOJIMIITHBOTO CepeIoBHILa (TeMIepaTypa, IBHIKICT BITPY)
BHCOTA CHDKHOTO IIapy, peibed MicueBocti, mapameTtpu 313,
¢ismune  HaBaHTaxeHHA. Oxpemoro 1 00OB’SI3KOBOTO
JOCIIIJKEHHST 3aClIyrOBY€E IPOLEC METaboi3My pATYBaJbHUKA
ripcekoro 3a QaktuyHuxX (akToOpiB BIUIUBY 1 3acobiB ix
MiHiMizamii.

Jeranizanist GpyHKLIioHaTy Hporecy MeTtaboii3My BHMarae
BpaxyBaHHsI aKTHBHHX KOMITOHCHTIB: KPOBOTIK, BMICT KUCHIO B
KpOBi, IIJIOIIa TOBEPXHI Tila, CEpUEBHHA BHUKHI, piBEHb
nerimpatamnii (3HEBOAHEHHS), yHaapHHH 00’eM Ta 00’eM
HOTJIMHAHHS KHCHIO. JI0 MAacHBHHX KOMITOHEHTIB BiJHECEMO
IHOEGKCH, IO MOJENIOITh CEPLEBHHY, M’S3U, XUD, CyIUHH
MKipH Ta IKipy Oe3 cyamH. Y pa3i BH3HAYEHHS CHEprii
BUTPAYCHOI PATYBAIBHUKOM, JIOLUIBHO 3aCTOCYBAaTH HOpMYITY

[11]:

4184
M=010-m+6,25-h—-5-n+5)- ————, 1
( ) 24-60° )
Jie m — Maca TiJia B KiJlorpamax, 4 — 3piCT y CAaHTUMETpax, 1 —
BIK y pOKax, a 4YacTka B KiHII — TEPETBOPEHHSI MiX

KiJIoKasopissMu  Ta Baramu. lloTiM po3paxoBaHe mepiie
3HAUSHHS OKPYTJISUIN 10 HalOnmk4oro 1inoro yucna. Bubpane
MakcuManbHe 3HaueHHs M cranHoBwio 900 Bt, ockigbku
BBaXANOCS, IO IIel MOKA3HUK IEPEeBHUINY€E iCTHHHUA M st
BCIX pATYBaNBHHKIB TipchknX. CHpoOIIeHH NpUKIA] OLIHKH
MPOIIECY MIBUAKOCTI METabO0IIi3My MPEJCTABICHO Ha puc. 1.

t=n+1
Jliana3oH MOeIbOBAHUX
Temmeparyp Bix 37,5 no 38,2°C
Temneparypa sinpa 38,5°C

Pucynok 1 — CripoiieHuii MPHKIIAA OLIHKH MIBHIKOCTI METa0OI3My BiJl TEMIIEpaTypH sapa
3a JIOMOMOTO0 MOJIENTi TepMOPEryIIsLil

3a ¢dopmMaroM IBOTO EKCHEPHMEHTY, a TaKOX 3a
BiANOBiAHUME JUKepenamu [8—17], Oyio 3amporoHOBaHO
MOJETb Ta TPOBEICHI PO3paxXyHKH IpoLecy MeTadoizMy
pATyBaNbHHWKA TipCBKOro Imix d9ac poboTH 3a  pi3HOL
IHTEHCHBHOCTI HABaHTa)KCHb.

Jnst  noOynoBM  Mopeni  3aCTOCOBAaHO — IIPOrPaMHHUI
xommiekc ANSYS FLUENT. 3ampomnoHoBana Mopenb
MICTUTh 00’€MH MOJeNi CEepLUEeBHHH Tijla PpsTyBaJIbHHKA
ripcbKOro, MOBEPXHEBOrO MIApy IIKIpH, a TaKOX LIapu
3aXHCHOTO ozATy (B 3UMOBHI mepioxn). Takuii Bua Mozeni nae
3MOTy BpaxyBaTd HEPIBHOMIPHICTh TeMIEpaTypd pi3HUX
YacTMH TiJIa, a TaKO)XX BIUIMB MOYATKOBOTO PO3IMOILITY
TeMIepaTyp Ha TeIUIOBHH cTaH opraHizmMy. Cxema
MpEeCTaBlIeHA HA PUCYHKY 2.

IlinkocTroMHHIT ~ mpocTip A7 pO3paxyHKiB  HE
ypaxoByBaBcsi. HaTimbHHH OfAr ypaxOBYETbCS B MOJEII SK
TepMIYHUI OITip Ha MOBEPXHI KOHTAKTY 00 €My MOBEpXHEBOTO
mapy Tima. Moro BenmumHa Oyna BM3HAYEHA BUXOIAUM 3
BEJIMYMHYU  TEMIIEpaTyp INKIpH, BHUMIpSHHUX MiJ  dYac
eKCIIepUMEHTY,a ~ caM€ NpH  BHUKOHAHHI  ITOLIYKOBO-
pATYBaIbHUX pPOOIT MOOJAM3Y TPhOX HACENCHHX ITyHKTIB
3akapnarchkoi oOmacti B Tipcbkiii MicueBocTi: JlazemuHa,
H.Bopora, Iununeus (tabmuus 1) B TpaBHi Mmicsui. [Ipu
L[bOMY TEMIIepaTypa OTOYYIOHOro cepeloBuIa Oyna, Y
OUTBIIOCTI BUIA/IKIB, KOM(OPTHOIO.
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Pucynok 2 — Cxema TeIiooOMiHy pATYBalIbHUKA TiPCHKOTO 3 HABKOJIUIIIHIM CEPEIOBHILEM: £,; —TeMIIEpaTypa OBEPXHI TiJa;
t,> — HE TIOKPHUTOI 3aXUCHUM OJSITOM; X ;—X, — KOOPAWHATH MEX LIapiB MPOTHO30BAHOTO 3aXHCHOTO OJATY (3UMOBHUH MEpioz)

Tabmuus 1 — CepenHi 3Ha4CHHS YMOB HABKOJIMIIHBOTO CEPEIOBHUILA BiIIIOBIAHO MiCIsl IPOBEACHHS
HOIIYKOBO-PATYBAJILHUX pOOIT y 3akapraTchKii 061acTi

- - Temnepatypa BigHocHa BosoricTh
A a A nioBiTps (°C) (%)
1 23.7 55.2
Jlazemuna
24.1 54.9
1 21.2 342
H.Bopota 2 15.7 69.2
3 16.5 474
1 18.2 45.9
ITnnunens
2 18.4 49.7

VYV  3a3HaueHOMY BHNAJKy IIPOBEICHHS IIOLIYKOBO-
pATYBaNbHHUX POOIT y TipChKiil MiCLEBOCTI BpaxOBYBAKCh SIK
IHTEHCHBHICTH MIEPECYBAHHS TPYII, TaK 1 PeIbed MiCIEBOCTI.

Byno B3sTO cepenHiil cTymiHb HaBaHTaXeHHS. Pe3ynpraTti
MIpeCTaBIeH] B Ta0HIi 2.

Tabmuwus 2 — MozenoBaHHs TeMIIEpaTypH CEpPLIEBUHH Tijla
PATYBaJIbHHUKA TiPCHKOTO 1 MIBUAKOCTI METa0Oi3MY

. MogaenroBana TTIKK
IBuakicTh
. TeMIieparypa (TIoKa3HUK
MeTaboIi3zMy . .
(Br) TiJla pATyBaJbHUKA koedinieHTa
ripcekoro (°C) KOpeJsii)
270 37.51 0.02
272 37.54 0.01
274 37.56 0.03
277 37.60 0.05
278 37.61 0.06

TTomykoBi po6OTH 3AIHCHIOBAINCH y JICUCTIH MiCIIEBOCTI
3 yarapHUKamu, 10 HE AaBajio 3MOTU 30UIBLINTH MIBUIKICTH
nepecyBaHHs Ipyn. OnAar pATyBajdbHHKA TiPCHKOIO CKJIaaaBcs
3 JITHBOTO KOMIUIGKTY: HaTiUIbHA OLIM3HA, KypTKa Ta OpIOKH
(baBoBHsHI), Kemi Ta OepuoBkd. HeoOXigHO 3a3HAYWTH, L0
0a30By MOJENIb TEPMOPETYJILii Ta Mporecy MeTabodi3My B
MO/IAJIBIIOMY MAEMO PO3IIISIATH 3 ypaxXyBaHHSM KOHBEKLIT,
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BUIIPOMIHIOBAHHSI, BUIIAPOBYBAHHSI, TEIUIONPOBIJHOCTI MIapiB
3aXHCHOTO onAry Ta  TEMIEPATypHOIO  PEKHUMY
MAKOCTIOMHOTO TpocTopy. Ha pucyHky 2 mpeacraBieHO
CXEMy TEIUI00OMiHY PATYBaJbHUKA T1PCHKOTO 3 HABKOJIHIIHIM
CEepeIOBUILEM.

VY mpomeci NmpoBeneHHS MOCTIIHKEHb TEMIIEpaTypH Tiia
PATYBAIBHUKIB TIPCHKHX Yy KOXHIH 13 TphOX JIOKauid Oyio
3amisHO 8 oci0 i3 JBOX PSATYBAJBHO-NOIIYKOBHX BiJUIiIEHb.
HeoOxiaHo 3a3HauUTH, L0 AOCIIHKSHHS 3/1iCHIOBAJIHCH SIK Y
3MMOBHI MEPiof, TaK i BECHSAHUI — y TpaBHi. B mpeacTasieHiit
poboTi  HamarThCI ~ pe3ydbTaTH  AOCHIIKEHb,  sKi
3IHCHIOBAINCH Ml Yac TPABHEBHX IOIIYKOBO-PATYBaJIbHUX
pobir. (tabm. 3).

3a 0a30Bi MapaMeTpu Ta METOJ JOCIIKCHHS OyJO B3ATO
ocHoBHi kputepii momenmi ANSYS FLUENT - ne moxens
TEPMOperyJIsiLii, po3po0ieHa UIsi IPOrHO3yBaHHS TEIIOBOTO
HABAaHTAXKEHHS, fKE BiIYyBa€ JIIOJUHA B CIIOPTUBHHUX,
MPOMUCIIOBHX 1 BilichKOBHX yMoBax. L{s mporpama monentoe
¢iziomoriuni 3MiHH TeMIepaTypu Tina, peaxuii
TEPMOEIIEKTPOHIB 1 3MiHH KpoBOOOIry s cy0'eKTiB, sKi
MaroTh pi3HI TUMH OJATY 1 BHKOHYIOTH POOOTH B yMOBax
HU3bKHX YM  MiABULICHHX  TEMIEPaTyp  30BHILIHBOTO
cepeloBHIIa, Ae MeTaboTidHe PO3CiIOBaHHS TeIIa Moxe OyTH
YCKJIaJIHEHE.

IIporpamunii xommieke ANSYS FLUENT mnporxosye
BHYTDIIIIHIO TEMIICpaTypy 3 YpaxyBaHHSAM psy BXIIHHX
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JaHUX, BKIIIOYAIOUH MIBHAKICTH MeTabonizmy (M); mapamerpn
HaBKOJIMIIHBEOTO CepefoBHINa (Temmeparypa moBitps (7n),
CepelHIO TEeMIepaTypy BHUIIPOMIHIOBaHHS 16, IIBUIKICTH
BiTPY V6 1 BiTHOCHY BoOJIOTiCTB; GiO(i3M4YHI XapaKTEePHUCTHKU
omiry (yrerumoBad (clo), mapomponukHicTE (i m));
IHMBIlyaJIbHI QaHTPOIIOMETPUYHI apameTpu (3pict, Bara i %
JKUPY B OpTaHi3Mi).

Mogens TOAUISIEThCA HA TMACHBHY 1 aKTUBHY CKJIAIOBI.
[TacuBHI KOMIIOHEHTH MOKHA IOJaBaTH y BUNNILAL 4 abo 6
KOHI[CHTPUYHNX IIJIHAPIB, KOXKEH 3 SKUX MOJENIIOBaTUME
BIJINTOBIZIHY YaCTHHY IHIIOTO MaKPOKOMIIOHEHTa JIOJCHKOTO
Tina:

1) ueHTpanpHe sapo, sIKe IPeCTaBIIsIE ceplie, JIeTeHi Ta

BHYTpIILIHI OpraHu;

2) M's130BH mmap;

3) miamKipHO-KUPOBUIL 1Iap;

4) cynuHHUN MKipHUH map;

5) nmoBepxHeBHi Oe3 CyANHHUN IIKIpHUH 11ap;

6) LHeHTpaIbHUIT KOMIAPTMEHT KPOBI.

[HTEHCHBHICTL POOOTH BH3HAUAETHCA AK «Ierka: M <300
Br; «romipay: 300 Bt < M <450 Br; «Bucoka»: M > 450 Br.

HIBuaxicte MeTaboINi3My OLIHIOBAIM LUIIXOM TeHeparlii
OIIIHIOBAaHMX  3HAYCHb Ta TOPIBHAHHHX  OIIHOK 13
CIIOCTEPEIKYBAHUMH 3HAYCHHSAMH JUISl KOKHOTO PATYBAJIbHUKA
ripandoro. I'eHepyBaHHS [iama3oHy OLIHIOBAHHS 3HAYCHb
OyJio 3MiHCHEHO NUIIXOM yTPHUMaHHA BCIX  BXIJHHUX
napameTpiB MOCTIHHUMHM 1 BBOJSAYHN Jiana3oH M i KOXKHOTO
kpoky 4acy (Bim 1 cekynau mo 1 xBunmnam). Ilicas Toro sk
niamason M Ta iHmn BXifgHi gaHi Oyno ompainboBaHo ANSYS
FLUENT i chopmoBaHO niama3oH OLIHIOBaHHS 3Ha4eHb 1c,
PO3paxoByBaId KOPEHEBY KBaJpaTHy MOXHOKY MiX KOXKHHM
OLIHCHUM 3HAa4YeHHSAM 7c Ta CIOCTEPEKECHUM 3HAYCHHSM.
[otim Gyso obpano M, sike najo po3paxyHKOBE 3HaueHHsS ¢
3 HalfMEHIIOI MOXMOKOIO, SIK HalKpamuil IOKa3HWK JUIs
BOTO KPOKy uacy (¢=n), a Tpouemaypy IOBTOPHIH JUIs
HACTYITHOTO KpOKy vacy (t=n+1).

OOroBopeHHs pe3yJIbTaTiB

Ha namy mymky, O6epyun nmo yBaru Bumoru [18-20], B
neprkaBax €Bponu — wienax €C Ta YkpaiHi, He BU3Ha4YCHO Ta
YiTKO HE TIPOMUCAHO HOpPMH O€3MeKH 1 Tiri€eHH mpami
PATYBAIBHUKIB TIPCHKUX B TipChKiil MicueBocTi. IIpoBeneHnm
JOCHIJDKEHHSM ~ OOTPYHTOBAaHO  METOOJIOTIIO  TTO0YI0BH
Monenmi  gus Bu3HaueHHs BBy — HII®  pobGotm
PATYBNBHUKIB TIPCBKHX IiJ Yac IOIIyKOBO-PSTYBAIBHUX
poGiT B Tripchkiit MicreBocti. B poboTi  BHU3HAYCHO
eHepreTiyHi BuTpatu (F) psTyBalbHHMKA TipCBKOrO Min Yac
HABaHTAXEHb PI3HOTO CTyNeHs. ICHyI04i MeToan O0YMCIeHHS
Ta MojemoBaHHs [21-24] mal0Th MOMKJIMBICTH OOYHCIIOBATH
TeMmrepaTypHi Ta audy3iiiHi mpomecd B MaTepianax abo
[aKeTax MarepiaiiB, IO JUIT  BHIAAKy  IpOLECiB
TEIIONEPEHOCY B TiNi JIIOAWHA HEAOCTaTHHO iHPOPMATHBHI.

M’5130Bi HaBaHTa)KEHHS MOXKYTh 301IBIIYBaTH METa00IIi3M
1o 15 pa3iB y mopiBHsSHHI 3 0a30BMM IOKa3HHKOM. BTpara-
nepenaya TemUla BifOyBaeTbCs SK BUIIAPOBYBAaHHSM, TaK i
KOHBEKTHBHHM MEXaHi3MOM. 3a BapiaHTy MOJCIIOBaHHS
«CepLEBUHA-TIJIO-TIOBEPXHS», 3a3BUYall 3aCTOCOBYIOTh MiAXIiJ,
Jie TEIUIOBHH TOTIK Ha IMOBEPXHi TiJia 3 KOOPAWHATOWO X7 i
TEMIIEPATYPOIO £, = 1(X,, 7) CyMapHO CTAHOBHUTH TPH CKIIAJIOBI
TEIUIOBOT'O TIOTOKY:

ISSN 2664-4304

1€ (yazp — TENIOBHH TOTIK CEPUEBHHH, (p,9 — paiallifHuit
TEIUIOBUHM TOTIK Bifl TOBEPXHI TiNa f,., IKUH OOYHCITIOETHCS
3a 3akoHOM Credana-bonbmana:

4 4
tyos +273 _ t,,+273
G =567-9¢ [ 100 ] ( n ] @

VY Bumajky, 1O PO3MISIAEThCA, IS JOCSATHEHHS METH
HEOOXiJHI KOHKPETHI HalalTyBaHHS JHMCKpeTu3auii Ta
BHU3HAUEHHS TapaMeTpiB 3 ONTHMAIbHOI TOYHICTIO IIpH
MiHIMaJNbHAX 4YHCENbHUX 3ycwuisax. Cimig BpaxoByBaTH
BUXIJIHY TOYKY HAIIOi KOHKPETHOI IPOTpaMH IOTOKY Terlia
(KOHBEKIIHUH TEIUIOBHIf), IO HE € 3araIbHAM y MOJENI,
SKUH TONaHO B HECTHCIOMY ojaHo(dasHOMy TmoTomi 0e3
XIMIYHHX peakiiid. Y moaanbiioMy, BapiaHT METOOJIOTI, 1110
MPOIIOHYETHCsI, Mepeadadae 30iMbLUICHHS B MOIE KiIbKOCTI
mapaMeTpiB, 30Kpema, JOCITIPKCHHs BIUIUBY ILIBHIKOCTI
KpOBOTOKY, 3MEHIICHHS YacOBOI'O KpOKY, 30UIbIICHHS
iTepaifHOTO LHUKIYy. 3ampoNOHOBAaHMHA METOJ JO3BOJHTH
MIPOTHO3YBAaTH IPOLECH Yy TEPMOPETYIIITOPHOMY LEHTpI Y
rimorajamyci, 4epe3 SKHH 3IHCHIOETBECS B3a€MO3B’SI30K
BEreTaTHBHOI HEPBOBOI CHCTEMH LIOA0 KOHTPOIIO Iepeaadi
TeIIa BiJ CEpPUEBHHHM Tila pPATYBAIBHUKA TipPCBKOTO JIO
MOBEPXHi TiJla 3aBASKU KPOBOOOIry.

BucHoBku

IIpoBemene  mocmimkeHHs  (paKTHYHOTO  TpOIECY
MeTaboIi3My Yy PATYBAIBHUKIB TIPCHKUX il Yac MPOBEICHHS
MOITYKOBO-PATYBAIFHUX POOIT y TipchbKid MICIIEBOCTI 3a
pi3HMX HaBaHTaXCHb [I03BOJISIE CTBEPIUKYBaTH Take. Jlis
ouminkn  M-npo¢iniB, 3maTHUX TeHepyBaTH  (hiKCOBaHi
TEMIIEpaTypHi PEXUMHU SIK BXiOHI JaHi, B MoJei
TEPMOPETyJIsLii BUKOPUCTOBYBAJINCh MaKCUMaJbHI 3HaYCHHS
T, Ta 3Ha4YeHHS HABKOJIMIIHBOTO CEPEAOBHIIA, I KOXKHOTO
paryBanbHuKa ripcbkoro — M. IToka3Huku 00’€HYBaiCh B
OIHY 3 TpPbOX TPYN IHTEHCUBHOCTI Tpami. [HTEHCHBHICTBH
BH3HAYaIack i3 po3paxyHky mex Big 110 go 500 Br. Cepenni
3HaueHHs M Mau KoauBaHHA B Mexkax Big 180 £70 Bt mo 510
+ 152 Br. 3aranpHi BUTpaTé €Heprii Uit KOXKHOTO Hepiomy
poboru kosmuBanuck Bix 1,1 0,2 MJTx 10 2,4 + 0,5 M]Dxk.

Pesynbratu aHamizy OTpUMaHHX MOKAa3HHUKIB 3aCBIIUMIN
HiJIBUILCHHS TEMIEpaTypy Tila PATYBAIbHUKA TiPCHKOIO 10
1,6°C ynpoJoBxK JBOX T'OJMH MOIIYKOBO-PATYBAJIbHUX POOIT.
3a3Ha4yeH pe3yabTaTH JO3BOIISIOTH (HOPMYBATH METOIOJIOTIIO
CTBOPCHHS AJITOPUTMY BHKOHAHHS MOIIYKOBO-PSATYBAIbHUX
pobiT y Tipcbkiidi MicueBocTi. [loka3HWKH ITiABHIICHHS
TeMIIepaTypyu CEpLEBUHM Tila pPATYBAIBHHKA TipCHKOTO 32
BIANOBIJIHMX HABaHTA)XEHb Ta TEMIEPAaTypU 30BHILIHBOTO
cepeloBHIla 0e3 JOAATKOBMX 3aco0iB  IHJMBITyaIbHOTO
3aXMCTYy MOJXKHA 3aCTOCOBYBAaTH SIK 0a30By IuiaTGopmy
(dbopMyBaHHSI HOPMATHBHUX BUMOT I10J0 Kiacuikarii ymMoB
mpami pATyBaJbHUKA TIPCBKOTO B TipChKid MICHIEBOCTI Ta
MOJAJIBIIIOTO JOCHIKEHHS MiHiMi3amii BIUIMBY HEOE3MEeYHHUX i
IIKIUIIBHUX (haKTOPIB.

Konduikr inTepecis

Y aBTOPCHKOTO KOJECKTUBY HeMae KOH(QUIIKTIB iHTEpECiB,
TIOB’S[3aHUX 3 IIUM JOCIIiKEHHSM.

BucisioBieHHs1 noasiku
ABTOpHU BHCIIOBIIOIOTH IOJSIKY PATYBaJIbHUKAM TipCHKUM

Z 4=q. —-q. —q @) 3akapnaTchKOr0  TapHI30HY 32  HAaJaHy  MOJKJIUBICTB
wazp - Hwona L pao> HPOBEICHHS JOCIiIKCHb.
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A. Toxapcknii, b. Boauopyx
METOAWYECKHE OCHOBBI HMCCJEJIOBAHHUSI OITHUMAJIBHOIO BPEMEHU PABOTBI CIIACATEJIEM
T'OPHbBIX B TOPHBIX YCJIOBHSIX IIPA PASHBIX HATPY3KAX M TEMIIEPATYPAX BO3JIENCTBUS
Lenpro craThu sBISIETCS OOOCHOBAaHHME OCHOBHBIX KPUTEPHEB UIS pa3pabOTKH METOIMKH ONpeIeleHHs ONTHMAJIbHOTO BPEMEHHU
paboTHl cracarelieii TOPHBIX HpPH Pa3IMYHBIX Harpyskax M TeMmeparypax Bo3geiictBus. I[IpoBemeH aHanmM3 ycCIIOBHH Tpyna
criacatelieil TOPHBIX B BeCEHHHH neprol. OCyIecTBICHB! SKCIIEPUMEHTAIbHbBIE HCCIeJOBaHuUs Mpolecca Metabonu3ma cracaTeseit
0e3 3amuTHON onex kL. [IpoBe/ieHbl SKCIIePUMEHTAIBHBIE HCCIISOBAHMS ¥ MOJICIIMPOBAHUE BIIMSIHUS HHTEHCUBHOCTH BBIIIOJIHEHHS
pabot npu Temneparype okpyskaromei cpeapl B quanasone +16 —-24°C. MccnenoBana 1uHaMuKa rpolecca MeTadoIu3Ma cracarens
TOPHOTO TIpU TPOBEJEHUHM IOUCKOBO-CIACATENBHBIX pabOT B TOpPHOH MecTHOCTH. OnpeleneHsl TeMIepaTypHbIE PEXHUMbI
CepALICBUHBI TeNla CIacaTelsl B YCIOBUSX HArpy30K pa3lNYHOM HHTEHCHBHOCTH. OTIpeneneHbl JHEPreTHYECKHH Anana3oH
BBITIOJTHEHNUS 33124 B TOPHOH MECTHOCTH IO TPEM BHAAM Harpy3ok. IIocTpoeH anropuTM HccIeoBaHHS IPOIecca MeTabonnu3Ma B
TOPHOI MECTHOCTH, YTO JaeT BO3MOXHOCTb KJIaCCH(HIMPOBATH YCIOBHS IPOBEICHUS MONCKOBO-CIIACATENFHEIX PA0OT IO CTENCHU
TSDKECTH BHAOB paboT. [lomydyeHHBIe IOKa3aTey Harpy3o0K, MeTaboan3Ma, HHTCHCUBHOCTH BBIOJHEHUS MTOUCKOBO-CHACATENIBHBIX
paboT naroT BO3MOXKHOCTH cCHOpMHpOBaTh 0a30BYI0 MOJEINb MCCIIELOBaHMS MPOLECCa HOPMHUPOBAHUS CPOKOB BBIIOJIHCHUS 3a/ad.
ITpumenenue nporpammuoro komiuiekca ANSYS FLUENT 1 yTO4YHEHHBIX KPUTEPHEB OLIEHKH IIpOIlecca MeTaboIn3Ma MO3BOJIHIO
YCOBEpPIIEHCTBOBATh METOJOJIOTHIO MOJIENHN ONPEAENEeHNsI SHEPTeTUIEeCKHX 3aTpaT ClacaTelsl TOPHOTO IMPHU BBIIONHEHHU PaboT B
ropHoit MmecTHocTH. BeIBOgBI. O60CHOBaHa HEOOXOAMMOCTH CO3AAHMS PACUETHOW MOJEIM BHEAPEHMS CAaHUTAPHO-THTHEHHYECKHX
TpeOOBaHHMI AJIS periaMeHTa Oe30MMacHBIX PEeXHMOB paboThHI cmacaTeneil TopHBIX. OmpeneneHsl 0a30Bble (AKTOPHl MOICTH IS
JaIbHEHIINX UCCICIOBAHHUMN.
KioueBble c10Ba: yciIoBHs Tpyaa, METaO0IN3M, TEMIIEpaTypsl CepALICBUHEI TeJa, PETJIaMEHT paboT.
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HAYKOBI OPIEHTUPU 3 NONEPEMKEHHA BUPOBHUY0IO TPABMATU3MY
BHACNIAOK NEPEBYBAHHA NPALIBHUKIB HA POBOYOMY MICLUI B CTAHI
AJIKOIroJibHOro Crn'ssHIHHA
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HuryBatu sik: Taipoa T., Pomanenko, H., Crinmauyk, O. (2021). HaykoBi OpieHTHpPH 3 NONEPEPKCHHS BUPOOHHYOrO TPaBMATHU3MY BHACIIIOK

HCEe6zBaHHﬂ HBaLliBHl/IKiB Ha Bo60q0Mx MiCIli B CTaHi aJIKOTOJIBHOTO CI'SIHIHHSI. Heoéﬂe/wu oxoporu neaui [ YKEai7li, 37(3), 21-27.

Po3po6iieHHs HayKOBO OOIPYHTOBAaHMX 3aXOJIB 3 HPO(ITAKTHKY BUPOOHUYOTO TPaBMATU3My Yepe3 alKOTOoJIbHE CII'SIHIHHS IPAIiBHUKIB HA OCHOBI
MOJICJIIOBAaHHS CHCTeMH oXxopoHH npami sk migcucremu CYOIL Jlnst po3poOku edeKTHBHUX NPO(QITaKTHYHUX 3aXOMiB IOAO HEMOIYIIECHHS
HEI[ACHUX BHIQJIKiB HA BUPOOHULTBI OyJ0 MOOYIOBaHO MAaTeMaTH4HY MOJEIb CUCTeMH OXOpoHHW mpaui (cucrema OII), 110 BpaxoBy€e MHOXHHY
MOKa3HUKIB, 32 SKUMH OI[HIOIOThCS IOPYIICHHS TPYAOBOi Ta BUPOOHHYO NUCHUILTIHH, IIOB’SI3aHI 3 BIKHBAHHIM alIKoromo. JlocmimKeHHs
6a3zyBasioch Ha (h)aKTHYHHX CTATHCTHYHUX JAHUX 3 BUPOOHHYOrO TPaBMaTH3My. 3aCTOCYBaHHS METOIY MaTeMaTHYHOI'O MOJEIIOBAHHS Ha OCHOBI
MMOKA3HUKIB TPAaBMAaTH3My € BUIIPaBJIaHUM, OCKUIBKM 3alPOIOHOBAHMI MiAXiJ J103BOJISE 3a0€3MEYUTH IIJILOBY CIPSIMOBAHICTh MPO(ITaAKTHYHUX
3aX0/iB, KOMIUIEKCHICTh 1 aIbTEpPHATHBHICTH BHPIMICHHS HNPOOIEMHHX HHUTaHb, 00 €KTHBHICTh YNPaBIIHCHKHX DillleHb. 3alpONOHOBAHI HAYKOBI
MiIXOIM 10 PO3poOIIeHHs NPOBIIAKTHIHUX 3aX0JiB 3 OXOPOHHM IIpali JO3BOJSIOTH IiBUIINTU PIBEHb BUPOOHNYOI GE3IIEeKH, ONTHMI3yBaTH PO3MIp
mtpadHUX CaHKLIH 32 MOPYIIEHHS TPYIOBOI Ta BUPOOHUYOI AUCLMIUTIHY, BPETyIIOBATH BITHOCHHH, 10 BUHUKAIOTH y MPOLECi TPYJOBOI JisTbHOCTI,
IIOB’s3aHI 13 BXKMBaHHSIM aJKOTOII0 Ha pobodoMy MicTi. Po3pobieni HaykoBi minxoau mono mpo¢ilakTHKA BHPOOHHYOrO TPaBMATH3MY depes
AJIKOTOJIBHE CIT’STHIHHS IPAI[iBHHUKIB € YHIBEpCAILHUMH, IX MOXHA 3aCTOCOBYBATH VIS PI3HUX rany3eil ekoHoMiku. OziepkaHi TeOpeTHIHI BUCHOBKH,
o 6a3yroThCsl HA CTATUCTHYHMX JaHUX 3 BUPOOHHYOrO TPaBMAaTH3MYy, HOBEIEHO JIO PiBHSA KOHKPETHUX HPOMO3MIiH, MPUAATHUX [0 MPAKTHYHOTO
BUKOPHCTAHHS IPH IUIAaHYBaHHI NPOQITaKTUIHHUX 3aXOJiB 3 OXOPOHHU Ipami Ha mignpueMmcrBax. [IpefcraBieHi HayKOBiI MiZXOXM IO BUPIIICHHS
YIPaBIiHCHKUX 3aBJaHb 3 OXOPOHH Ipami 0a3ylOThCs HAa KOMIIOHEHTHOMY METOZI OLIHKM HAcTaHHS TPaBMAaTHYHUX IIOAIH depe3 IOpYIIEeHHS
TPYZOBOI Ta BUPOOHMUYOI JUCUHUILTIHK K MPAliBHUKaMH, TaKk i po60TOAaBIsAMH. J{/Is1 KOMIUIEKCHOTO aHaji3y BUPOOHHYHMX PH3UKIB BPaxOBYBAaIUCS
OCHOBHI Ta CyIyTHI NPUYHHH, IO NPU3BEIM IO HEIIACHHX BHIAJKIB 4epe3 alKOroJbHE CIISHIHHA mpaniBHUKIB. lle mo3Bommio 3abesnednTn
CHUCTEMHUI MiJXiJ 10 OLIHKK BUPOOHUYUX YMOB Ta MOBEIIHKOBUX PEAKLiil IEPCOHAITY.

Ki11040Bi cj10Ba: 0XOpoHa Mpaili, HayKOBi MiJAX01, BAPOOHUYHI TpaBMaTH3M, MATEMATHYHE MOJICIIFOBAHHSI, aJIKOTOJIbHE CIT’SIHIHHS
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Development of scientifically based measures for the prevention of occupational injuries due to alcohol intoxication of workers are based on
modeling of the labor protection system. In order to develop effective preventive measures to prevent accidents at work, the mathematical model of
the labor protection system (OS) was built, which takes into account many indicators that assess violations of labor and industrial discipline related
to alcohol consumption. The study was based on actual statistics on occupational injuries. The application of the method of mathematical modeling
on the basis of injury indicators is justified, as the proposed approach allows to ensure the targeting of preventive measures, the complexity and
alternative solutions to problems, the objectivity of management decisions. The proposed scientific approaches to the development of preventive
measures for labor protection allow to increase the level of industrial safety, optimize the size of penalties for violations of labor and industrial
discipline, regulate relations arising in the course of work related to alcohol consumption in the workplace. Limitations / implications of research.
The developed scientific approaches to the prevention of occupational injuries due to alcohol intoxication of workers are universal, they can be
applied to different sectors of the economy. Practical consequences. The obtained theoretical conclusions, based on statistical data on occupational
injuries, are brought to the level of specific proposals suitable for practical use in the planning of preventive measures for labor protection at
enterprises. The presented scientific approaches to solving management problems in labor protection are based on a component method of assessing
the occurrence of traumatic events due to violations of labor and production discipline by both employees and employers. For a comprehensive
analysis of industrial risks, the main and concomitant causes that led to accidents due to alcohol intoxication of workers were taken into account.
This allowed to provide a systematic approach to the assessment of production conditions and behavioral reactions of staff.
Key words: labor protection, scientific approaches, occupational injuries, mathematical modeling, alcohol intoxication.
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1. [TocranoBka mpoOjemMu i aHami3  ocTaHHiX
JIOCJizKeHb i my0Jikamiii.

Ha cporonni ctan BupoOHn4oi Ge3nekn B YkpaiHi He €
3a710BUIbHUM. 3a nmanumu [lepkaBHoi ciyxOu VYkpainun 3
MUTaHb Mpali KiibKicTh TpaBMoOBaHuX y cidni 2019 poky
cranoBuia 339 ocib, a cTaHOM Ha IPyAEHb LBOTO K POKY Lel
moka3HuK 3pic 10 3876 oci6 [1]. ¥V 2020 pomi coctepiraemo
CTpiMKe 3pOCTaHHS KUTBKOCTI HEIIaCHUX BUMAAKIB. [IpoTsarom
3a3HadeHoro  mepioxy  3adikcoBano 6121  Bmmamox
TpaBMaTH3My. TakoxX IM(pPH HEBTINIHI IIOJ0 BUPOOHUYOTO
TpaBMaTH3My 3i cMepTenbHuM Hacmiakom. Y 2020 poui Ha
BUPOOHHUITBI OJEp)KAIM CMEPTEIbHI TpaBMu 653 ocobu, 1o
Ha 231 ocoOy Oinble, Hix 3a monepenHiii nepiof [2].

Busnaueno, mo y 2019 poryi B 3aranbHiil CTPYKTYpi IPUYHH
HEIIACHUX BHUIIAJIKiB HA BUPOOHHUIITBI 31 CMEPTEIbHAM HACIIIKOM
73 % cxmamaioTh oprasizamiiimi nprawaM, 14 % Ta 13 % —
BIATIOBITHO TeXHIYHI Ta ncuxodizionoriyni. [lopiBHSHO 3
TIOTIEPEHIM POKOM CIIOCTEPIra€ThCsl 3POCTAHHS TPAaBMATH3MY
4yepe3 MNpPUYMHM IIcHXodizionoriyHoro xapakrepy. Jlo Hux,
30KpeMa, HaJIeKaTh: HEBIAMOBIIHICTh yYMOB IMpalli aHaTOMO-
(bi3i0nOriYHMM 1 TICHXOJIOTIYHUM XapaKTepPUCTHKAaM OpraHiamy
JIFOJIMHY, HE3a[OBUTBbHHUI IICHXOJIOTIYHMIA KJIiMaT y KOJICKTHUBI,
XBOPOOJIMBI CTaHH, BTOMA, B)KUBAaHHS AJTKOTOJIO.

Buxozasun 3 pe3ysbTariB aHaNi3y HaAyKOBUX JITEPATYPHUX
JDKepell, BH3HA4YeHO, IO MpOBiAHA pONb y MNpOdiTaKTHI
TpaBMaTH3My,  MOB’S3aHOTO 3  ICHXO(]i310J0TiYHUMHA
NIPUYUHAMH, HAJEKHUTh CaMe HEJOMyIEHHIO BHKOHAHHS
TPYIOBUX 00OB’SI3KIB B CTaHIi aJIKOTOJILHOTO CIT’sTHiHHA [3—7].

3a manumu BcecBiTHBOI opraHi3aiii OXOpPOHH 340pOB’s
(BOO3) y 2012 porii BXHBaHHS aJKOTOJIO CTaJ0 IPUINHOIO
maibke 5,9 % (3,3 muH) ycix cMmepTed y CBITI 1 BTparoio
5,1 poky XHTTS (3 MONMPaBKOK Ha iHBamiaHicTh). llIkimnuBe
BXKHBAaHHS QJIKOTONIO € NpUYMHHHAM (akTopoMm moHan 200
MIOPYIIEHb 30POB’s, MOB’SI3aHUX i3 XBOPOOAMHM i TpaBMaMH.
3a piBHEM CHOXHBAHHS CIHPTHOTO (JeraibHoro) YkpaiHa,
3aiiMae ofHe 3 MPOBIAHUX Miclpb y €Bpomi. 3a nannmu OoHLy
COLiaJIbHOTO CTpaxyBaHHs YKpaiHH YIPOAOBXK IEPIIOrO
miBpivust 2019 poxy 2,4 % mnorepminux uyepe3 HELIACHI
BUINAJKK HA BAPOOHULITBI 3HAXOMIIUCH Y CTaHI QJIKOrOJIbHOTO
c’sHiHHA. [Ipy IbOMY KITBKICTH CMEPTENFHHX BUIAJIKIB
cepell MPaIiBHUKIB, SKi BXKUBAJIM aJIKOroJb, cTaHOBHIA 10 %
[8]. AukorompHe  CH'HIHHA ~ CIPUYUHSE  3MIHH B
TICUXOJIOTIYHUX, (i310OriYHUX 1 MOBEJIHKOBHX (DYHKIISX
JIIOIMHYU, TOMY BIJIIOBIHO 1O BHMOT IPAaBHJI BHYTPIIIHBOTO
TPYZOBOTO PO3MOPSAKY IMiANPUEMCTBA NpaLiBHUKAM y CTaHi
QJIKOTOJIPHOTO, TOKCHMYHOTO YH HAapKOTHYHOTO CISHIHHS
3abopoHeHO TiepeOyBaT Ha BUpPOOHMUMX 00’ekrtax. Taki
MPaLiBHUKHA MarOTh OyTH BiJJCTOPOHCHI BiJl BUKOHAHHS POOIT.
Pazom 3 THM, CII’SIHIHHS HE 3aBXKIH € IMOMITHUM, HalPUKIA,
TIPY JISTKOMY CTYTIEHI CIT'STHIHHSI TOBE/{IHKOBI IIPOSIBH MOXYTh
OyTm  BiACYTHiI, OJHAaK dYepe3 pO3CIIOBAHHS  yBarw,
YIOBIJIBHEHHSI peakiil MoO)Ke 3MCHIIyBAaTHCS 31aTHICTB
KepyBaTd TPAHCIOPTHUMH 3acoOamu. bimbmn Bakki craii
CI'IHIHHS ~ QJIKOrOJIeM, SIK HPaBUIO, CYIPOBOIKYIOTCS
BTPATOI0 peaabHOi OI[IHKA OOCTAHOBKK 1 pOJi BIacHOI
0COOMCTOCTI, pO3NaZiaMH yBard, IMam’ATi Ta KOOpIUHALIl
PYXiB, I10 HNPH3BOJMTH A0 IIIBHUINCHHS PU3HKY OTPUMAHHS
tpaBM. Hampuxmax, y 2016 poumi B VYkpaiHi BomisMu y
HeTBepe3oMy cTaHi Oymo ckoeno 8129  nmopokHBO-
TPaHCHOPTHUX mpuroa, mo Ha 10% Oinpmie HiK Yy
nonepenHsoMy poui. [lpmuomy mix wac migpaxyHKIiB
BPaXOBYBAJIMCS JIMIIE BUIAAKHU, KOJIU BOIi IIPONIIUIH OIS Ha
CTaH AJIKOTOJBHOTO CI’IHIHHSA [9].

Ilossea ®Ha poboTi y HeTBepe3oMy CTaHi, CTaHi
HapKOTHYHOTO a00 TOKCHYHOTO CIT SIHIHHS, KOJH HpaIliBHUK
HEe MOXXe KPUTHYHO OLIHIOBATH BJACHI Jil, BTpavyae IOUyTTs
JIO3BOJICHOTO 1 BIANOBIZANBHOCTI, € TPyOUM MOPYIICHHIM
TPYJOBOi JIHMCHMIUIIHMA Ta MPaBHJI BHYTPIIIHBOTO TPYAOBOTO
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pO3HOPSAAKY, SIKE MOXE CIPHIMHHTH aBapiiiHy CHTyaIilo.
PoGoTa y TakoMy cTraHi HPU3BOAUTE J0 HOPYLIEHb IIPABUII
OXOpOHM  IIpalli, HENIaCHOIO BHIIAJKy, BUIOTOBJICHHS
OpakoBaHOI MPOIYKI], ITOMUJIOK IIPY BHKOHAHHI CKJIAQJHHX
3aBiaHb Towo. IIpaliBHMK y TakoMy CTaHi 3aBaxae
HpaLoBaTh iHIIMNM ocobaM, sIKi 3HaXOIIThCs mopyd. Y pasi
BHSIBJICHHS MPALliBHUKA y CTaHi aIKOTOJIBHOTO CIT’SIHIHHS HOTO
HETalfHO MOTPiOHO BiACTOPOHUTH BiJl BUPOOHUYOTO IMPOIIECY.
[Ipore me He € OCTAaTOYHUM PIMICHHSAM y PO3IpBaHHI 3 HUM
TPYJOBUX  BINHOCHH. BiANOBimANBHICTE Ta  HOPSIOK
BIJICTOPOHEHHSI IIPALliBHUKIB Bix poOOTH Yepe3 nepeOyBaHHs
y CTaHi aJKOTOJBHOTO CII’STHIHHS BU3HAYA€THCS BiNOBITHUMUI
HOPMATUBHUMH aKTaMH, $Ki [iI0Tb Ha MiANPHEMCTBI Ta
KOJICKTUBHHUM JIOTOBOPOM.

IIpoBenennii aHami3 M>KHAPOIHOTO OCBiLY CBITYUTH MPO
HEOOXiZHICTh YNOCKOHAJCHHS MiAXOMiB IO MPOQiIaKTHKH
TPaBMaTH3My 3 METOI0 HEJOIYIIEHHS IOpYIIEHb TPYIOBOI
JICIUILTIHA, TIOB’sI3aHUX 3 NIepeOyBaHHAM Ha poOOoYOMY MicIi
B CTaHI aJIKOTOJBHOrO CI’siHiHHA. OpiEHTHPH JJISI PO3POOKH
e(eKTHBHUX NPOQIIAKTUYHHUX INIpOorpaM Ha pobodoMmy Micri
BusHaueHi B JICTY ISO 45001:2019 (ISO 45001:2018 IDT)
«CucrteMn ympaBliHHS OXOPOHOIO 3JI0pOB'sS Ta Oe3NeKoro
mpani. Bumoru ta HacTaHOBHU 1010 3acTocyBaHHD» Ta JJCTY
IEC/ISO  30010:2013  (IEC/ISO  30010:2009  IDT)
«KepyBaHHs1 pu3uKoM. MeToau 3arajJlbHOTO OI[IHIOBaHHS
pu3uKy», KepiBHMOTBI MixHapogHoi opraHizamii mpami
(MOII) «MenemxmeHT npobiieM, OB’ I3aHUX 3 AIKOTOJIEM Ta
HapKoTHKaMu Ha pobouomy wmicii» (ILO Management of
alcohol- and drug-related issues in the workplace, 1996),
kepiBunuTBi  Kourpecy Ilpodceninox/Tpea-tonioniz (TUC)
«HapkoTtuku i Anxoroms Ha Po6owomy Micui» (Drugs and
Alcohol in the Workplace, 2019). BinpimicTe BITYH3HSIHHX
YU4EHHX Yy TpoLeci aHamizy BHPOOHHYOTO TpPaBMAaTHU3MY,
TIOB’S3aHOTO 3  AJKOTONBHMM  CIUSHIHHSAM  IpamiBHUKIB,
YPaxoBYIOTb TiIbKM OCHOBHY HpPHYHMHY HEIIACHUX BUIIAJKiB,
IO 3HWKYE piBeHb OOIPYHTOBAHOCTI INpPOQiNaKTHIHUX
3axofiB. JIns KOMIUICKCHOTO OIIHIOBaHHS BHPOOHHUYOTO
pU3MKy HEOOXiTHO BpaxOBYBaTH OCHOBHI Ta CYIyTHI
MPUYMHH, 10 IPHU3BEIH [0 HEIACHOTO BUIAJKY, TOYMHAIOYN
BiJl XapakTepy BHPOOHHYMX yMOB IO MOBEIIHKOBOi peaKii
TIOANHM, siKka OyJia 3ajisiHa y TPYZOBOMY IIPOIIECi.

Takok criJ 3a3HAYUTH, IO B YKpaiHi HA 3aKOHOIABUOMY
PiBHI J0Ci HE BiAIPAbOBAaHO MEXaHI3M HaKJIaJeHHs TpadiB Ha
MOPYIIHUKIB TPYyIOBOi Ta BUPOOHMYOI JUCLMIUIIHH, 4Yepe3
nepeOyBaHHs Ha pPOOOYOMY MICIIi Yy CTaHi aJKOroJIbHOTO
CIT’SIHIHHS, @ OTXKE HE CIIPAl[bOBY€E HEBIJIBOPOTHICTH MOKAPAHHSL.
VYV pobori [10] HaBemeHO pe3yNbTaTH aHAJi3y CTATHCTHYHHX
JIaHHX 32 OCHOBHHUMHM ITOKa3HHKaMH BHPOOHHYOTO TPaBMaTHU3My
Ha TiAmpueMcTBax Ykpainn Ta kpain €C (ABcrpis, Benmka
Bpuranis, T'epmanis, [anis, Hopgeris, [lomema, Yropumsa,
Oimsanis, paxmnis) Ta HOPMAaTHBHO-TIPABOBOI 0a3M YkpaiHu Ta
€C 3 OXOpOHM Tmpalli # MPOMHCIOBOI OC3MEeKH, SKIi TaAKOX
CBIYaTh MPO HASBHICTH MPOOJEM Ta HEOOXIJHICTh BHECCHHS
3MIH [0 BITYM3HSAHUX HOPMATHBHO-TIPABOBHX JIOKYMEHTIB.
Hocmimpkenns, npencraeineni y  poodori [11],  Takox
MATBEPDKYIOTh  HEOOXiZHICTh  €()eKTHBHOTO  YIPAaBIiHHSI
BUPOOHHIYOO OE3MEKOF0.

AHaii3 cTaHy BHBYEHOCTI HMpPOOJIEMH JJ03BOJHB 3pOOHTH
BHCHOBOK IIOJI0 JOLUIGHOCTI IIPOBEAEHHS MOJANBIINX
JNOCIIUKEHb JUIS OTPUMaHHS HAayKOBHX 1 IPaKTHYHUX
pe3ynpTaTiB y HampsMax IIJBHIIEHHS pe3yJIbTaTHBHOCTI
CVYOII ra ympaBiiHHs pH3UKaMy B cepi OXOpOHH Hparli.

IlocTaHoBKa 3aBJaHHA Ta i0ro BUPillIeHHs

Mamepiaru ma memoou Oocniodxcennsa. TeopeTHIHOIO Ta
METOJOJIOTIYHOI0 023010 JOCIIIKEHHS € Mpalli Y9eHuX y cdepi
YOpPaBJiHHA OXOPOHOIO Tmpami. Y Tpoueci JOCIIKEHHS
BUKOPHCTAHO METOJH CTATUCTHYHOTO, KUTBbKICHOTO Ta SIKICHOTO
aHai3y TpaBMaTH3My, IPUKIAJHOIO CHCTEMHOTO aHali3y,
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MaTeMaTHYHOTO MOJZEIIOBAHHS, (DYHKI[IOHAIBHOTO, COLiabHO-
SKOHOMIYHOTO Ta KOPEJAIIHHO-perpeciifHOro aHami3y.

IlpoBenennit  aHaNi3s  BUPOOHUYOTO  TPaBMATU3MY
IPYHTYETBCS ~ Ha  JaHMX  MaTepialiB  CHeLiaJIbHOTO
po3ciigyBaHHS ~ HELIaCHUX BHIIAAKIB Ha  BHUPOOHHITBI
Vkpaiuu, siki Hagiiuum o HHITIBOIT 3a nepiox 2005-2018
pp. PopmyBaHHS eneKTpOHHOI 0a3u JaHWUX MPO TPaBMATH3IM
Ha BHUPOOHHLTBI NPOBOIWIOCH 3a JONOMOTOI IPOTpaMH
Microsoft Exel. Jlo BuGipkm ygifinmo 550 HemacHmx
BUNAJKIB (TSHKKUX Ta 31 CMEPTEIbHIM HACIIIAKOM), IPHUHHOIO
HACTaHH SKUX CTaJIO aJIKOTOJIbHE CIT’STHIHHSI IIPAIliBHUKIB, 110
cknamae 4,9 % Bim 3aranpHOro MacuBy gaHux. Ilig dvac
JOCII/UKEHHST BPaxOBYBaJHCh SIK OCHOBHi, Tak i CymyTHI
MPUYUHU TPAaBMaTH3MY.

Pesynomamu docnioocens.

BusnaveHo, mo OiMBIIICTh HEIMIACHWX BHIAJKIB dYepe3
nepeOyBaHHS Ha pPOOOYOMY MICII B CTaHi alKOTOJIBHOTO
CII’STHIHHS TI0B’SI3aHi 3 IOPYIICHHSIM TPYyIOBOi Ta BUPOOHMUOT
JMUCHUILTIHA SIK MOTEPIiINM, Tak i poboTomasuem (73,4 %
BHIAJIKIB) (Tabm. 1).

Tabmuus 1 — Po3nofin HelacHUX BHIAIKIB 32 BUHYBATISIMH

Tlopyuauk (BUHYBaTenb) ITuroma Bara, %

HE BCTAHOBIICHO 2,1

moTepriIuit 10,2
poboTonasens 13,9
noTepninuii Ta poboToaBeLb 73,8

Cepen BHIIB TOMiN, BHACTIJOK SKHUX CTAIUCh HEINACHI
BUIIAJKH, TOB’sI3aHi 3 mepeOyBaHHAM Ha pobo4yoMy Micui B
CTaHi  aJIKOTOJBHOTO  CI'SHIHHS, JIOMIHYIOTh  TaJiHHS
MOTEPIIIOTO TiJl Yac mepecyBaHHs abo MajiHHSA 3 BHUCOTH, B
KOJIONA3b, €MHICTh, My Tomio (32,4 %), nis mpeaMeTiB Ta
Jerajned, M0 pPyXaloThCs, PO3JITAIOTBCS, 00EpTaloThCs
(13,5 %), mnaninHsa, OOpyIICHHS, OOBAJCHHSA IMPEIMETIB,
MaTtepiaiiB, mopoau, rpyHty touio (7,6 %) (tabm. 2).

Busnaueno, mo Maibke 50% TpaBMOBaHMX Ha
BUPOOHHUITBI Yepe3 nepedyBaHHs HAa poOOYOMY Micli B cTaHi
QJIKOTOJIHOTO CIT’siHiHHS Oynu BikoM Big 40 mo 54 pokis,
22 % — Bin 30 no 39 poxkis (puc. 1), cepen AKX nepeBakaioTh
MpaliBHUKK 40JI0Bi40i crari (Tabi. 3).

Tabnuust 2 — Po3mo/ia HeIaCHUX BUIIAAKIB 33 BUAAMU IO Iii

<20 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 > 64
Pucynok 1 — Po3noain nutomoi Baru oTepninmx Ha
BHUPOOHUIITBI BHACIIIOK BYKUBAHHS aJIKOTOJIIO 32
BIKOM

96,9%
B YoxOBiku

B Kinku

Pucynok 2 — Po3moain muToMo1 Baru MoTepimx Ha
BHPOOHUIITBI BHACTIIOK BXXMBAHHS aJKOTOIIIO 32 CTATTIO

Haiibinpora KUTBKICTB BUTIAJIKIB TpaBMyBaHHS
MPALiBHUKIB Y CTaHI aJKOTOJBHOTO CII'SHIHHS TpHUIIaJae Ha
BepeceHb-K0BTeHb Micsub (20,7 %) (puc. 3).

Bun monii Iutoma
Bara, %
npuroau (moxii) Ha TPaHCTIOPTi 18,6
HajliHHs IOTEPIiNoro (Iij Yac nepecyBaHHs 304 NuneHs
a00 3 BUCOTH, B KOJIO/ISI3b, EMHICTh, SIMy TOIIO) ?
naiHHs, OOpYIICHHs, 00BaJICHHS MPEIMETIB, 76
MarepiaJiiB, HOPOJH, IPYHTY TOLIO i
mist HpenMeTiB Ta JeTanei, Mo pyXaioThCs, 13.5 PucyHnok ‘3 - Po34r[0}1in MIUTOMO] Baru HOTepningx Ha
PO3ITTAIOTECS, 06EPTAIOTHCS ’ BUPOOHMIITBI BHACIIIOK y>KMBaHHS aJIKOTOJIIO 32 MiCALAMU
YPKCHHA CIICKTPUHAHMM CTPYMOM 3,2 Jns BU3HAUeHHS OCOOJNMBOCTEH TpaBMaTH3My uepe3
AL TCMIICPATyp. 1.4 QJIKOTOJIbHE CII'SHIHHA 3alHATUX y TPyZOBOMY Ipoueci 0yio
AUt WKIAABKX | TOKCUIHUX PCHOBMH 5.8 JOCTiJPKEHO JWHAMIKY HEMACHUX BUNAAKIB y Tramy3ax
HOKA3HMKK BAKKOCT1 paill 0,2 Harnsy. Hal6iaplny KinbKicTh TaKMX BHIAAKIB 3a()ikCOBaHO
YIIKOAXCHHS BHACT1OK KOHTAKTY 3 y OyAIBHHITBI Ta MPOMHUCIOBOCTI Oyamatepianis (tabi. 3).
TBAPUHAMH, KOMAXaMH, IHITUMH 0,3 Pesynpratm  amamizy  cBimyaTth, Mo  Halvacrime
Tpe/ICTaBHUKAMHU (ayHH, a TAKOK driopu OTPUMYIOTh TPaBMH BHACIIJOK IepeOyBaHHS Ha pOOOYOMY
YTOIICHHS 1,7 Micli B CTaHI aJIKOTOJIEHOTO CIT’SIHIHHS NPAL[iBHUKH, 1TOB’s3aH1
acikcis 1,5 3 BHUKOHAHHSIM OyAiBeNbHUX pOOIT: OyHiBeJBHUKH Ta
HaBMKCHE BOMBCTBO 260 TpaBMa, 3arojlisHa 0.9 peMoHTHUKH criopyX (9,4 %) Ta OyIiBENbHUKH CTPYKTYPHHX
iHIII0I0 0c060I0 > yactuH OyniBens (4,8 %), a Takox MajokBalidikoBaHi
HOMKeskKa 53 npaniBaukn (12,8 %) ta omeparopu ycratkoBaHHA (12,8 %)
(Tabmn. 4)
BHOYX 1,2
iHO1 BUIMA 4.5
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Tabmuus 3 — Po3moia HEIacHUX BUIIAIKIB 33 BUIAMU

HarsIy
Bun narnsny HHTOI:;Ia
Bara, %
ByzniBHAIITBO Ta MPOMUCTIOBICTH
OyamartepiaiiB 23,9
CinbChKe TOCHOAAPCTBO 16,4
ColliajbHO-KYJIbTYpHA chepa Ta TOpPriBis 16,2
Tpancnopt 8,3
ByrisiibHa MpOMHUCIIOBICTh 6,7
MamnaoOy TyBaHHS 5,8
Enepreruka 3,9
KK 3,5
XapuoBa IPOMHUCIIOBICTh 3,0
MerasypriiiHa IpPOMHUCIIOBICTh 2,6
XimiuHa, HapTOXiMiuHa, HadTomEpepoOHa
HPOMHCIIOBICTh 2,0
BupoOHunTBO 1epeBrHH Ta BUPOOiB
3 IGPEBUHU 1,8
JlicoBe rocmnonapcTBo 1,4
liparyopyaHa i HepyJHa IPOMHUCIIOBICTh 1,2
Trmm 3,3

Tabnui 4 — Po3noiin HellacHUX BUIAIKIB 32 podecisiMu

MOTEPIITHX
HasBa npodecii 1:;2(’)1\:/?
MarnoksamigikoBaHi poOITHUKH 12,8
Oneparopu ycTaTKyBaHHs 12,8
ByniBeIbHUKH Ta PEMOHTHUKH CIIOPY X 9,4
Crrocapi 8,9
Cropoxa i 0XOpoHIIi 8,5
Tpakropuctu 8,2
Bogii 8,1
ByII.iBeJII;HI/IKI/I CTPYKTYPHHX 4aCTUH 43
OyniBeib i
Enexrpuku 4.4
3BapHUKH 43
lNpHuku 4,0
Hpoq)eciogann, (haxiBIi, TeXHIYHI 37
ciryx0oBIIi ’
Kepisuuku 3,0
KBaniq)iKOBaHi POOITHUKH CLTBCBKOTO, 2.7
JIiCOBOTO Ta BOJHOTO TOCHOAAPCTB
Maiictpu Ta Opuragupu 1,4
Tamm 2,8

3 ypaxyBaHHAM pE3yJibTaTiB MOCTIKEHHS Ta 3 METOI0
PpO3pOOIICHHS HAYKOBO OOIPYHTOBAaHUX 3aXOMIB 3aro0iraHHs
BUPOOHHYOMY TpaBMATHU3My MOOYZOBaHO MaTeMaTHYHY
monens cuctemud  OIl  (poOOTOAaBEIb-TIPAIIBHUK) LIS
OyniBenbHOI ramysi. s 11 moOymoBH BHU3HAUCHO HAWOLIBII
BaroMi MOKa3HHKH, [0 XapaKTEepU3ylTh KOXHY 3 i
miICHCTeM: eKOHOMIYHy,  TEXHI4UHy,  Oprasizamiiiny,
CaHITapHO-TIri€HiYHY, paBoBy [12, 13]. BunineHHs HaOUIbII
BIUTMBOBHX ITOKAa3HWKIB HATJIAAOBOI MiSUTBHOCTI 3 OXOPOHH
mpami  HOPOBEAEHO  METOAOM  KOpEJSIiHHO-perpeciiiHoro
aHAI3y LUIAXOM BH3HAYCHHS TICHOTH Ta HAIPaBICHOCTI
3B’3Ky MK KOXHHUM 13 MOKa3HHUKIB HATJISII0BOI JMisUTBHOCTI 3
OXOPOHM TIpalli Ta MOKa3HHMKOM BHPOOHHYOIO TpPaBMAaTHU3MY
UL KOXKHOTO ~ POKY  JOCHIIKEHHS.  Pe3ysibTaTHUBHICTH
¢yukuionyBanus cucrtemMu OII omiHroBanach 3a MOKa3HUKOM
BUPOOHHYOrO  TpaBMaTtu3My. Po3poOiieHa MaTeMaTHYHA
mozenb cuctemMu OIl  IPyHTYyeTbCS Ha  BCTAHOBJICHHX

MaTeMaTHYHUX  3aIEKHOCTAX MDK IIOKa3HHKaMH, IO
XapaKkTepH3yloTh KOXHYy ii mimcucremy cucremu OII, Tta
NOKa3HUKaMH BUPOOHHYOTO TPaBMaTU3MY.

Maremarnuny wmozens cuctemu OIl  (poGoronasers-
MpaliBHUK) MpeAcTaBieHo piBHsHHEM (1):

2
Y™ =18,1-0,00631x; +0,4647.x, +0,0563( 3" ) —3,4740x)" —

2 2
~0,0094(x;" ) —0,2335x7" —7.3£05(x;" ) X, +0,0017x7" x, +

2
+0,00014(X3RP) x50 —0,0014x5" X" —0,0014.x] X7 +0,0046 X7 X,

M

e X; — MHOXKHMHA MOKa3HHKIB, 3a SIKUMU OLIHIOETBCS CTaH
coLiaIbHO-€KOHOMIYHOTO PO3BUTKY raiys3i (iHmexc
BUpOOJIEHOT POAyKIIiT); X; — MHO)KHHA IOKa3HUKIB, 33 IKUMU
OLIIHIOETHCS MOPYLICHHS MpaliBHUKOM 1 po0oToJaBIeM
TPYIOBOi Ta BUPOOHHYOT TUCLHILTIHK; X3 — MHOXKHHA BXITHUX
3MiHHUX, 32 SKHMH OL[IHIOETHCS CTaH JACPKABHOTO yIPABIiHHS
3 OXOpOHM mpaui (HAWBIUIMBOBIIIMKA ITOKa3HUK HArJISIOBOL
misbHOCTI 3 OXOpomM mpani); YX¥ — MHOMHMHA BHXiZHHX
3MIHHHX, 32 SKUMH OLIHIOETBCS CTaH Ta PE3yJbTaTHBHICTH
¢yHnkuionyBanus cucremu OIl  (HOKa3HUK BHUPOOHUYOTO
TpaBMaTH3MY).

OpnepxaHi pe3ysibTaTH CBiA4YaTh, LI0 OPH MPHHHATTI
YIOPaBIiHCHKUX pIlIeHb 3 TiJBHUIICHHS pe3yJIbTaTUBHOCTI
¢yukuionyBanus cuctemu OIl  moTpiOHO  BpaxoByBaTH
peabHUI CTaH BUPOOHHUYOIO TPaBMAaTH3My Ta KOPETYBAaTHCh
BIJIOBITHO 1 TIOKa3HUKH HATJISAAOBOI TISUIBHOCTI 3 OXOPOHH
TIpai, 30KpeMa IOKa3HUK €KOHOMIYHOI MOTHBAIIi] MpamiBHUKa
i pobGoTomaBus OO IOTPHUMAHHS TPYHOBOI Ta BHPOOHHYOI
JUCHMIUTIHK. [IyIsi HayKoBOro OOTpYyHTYBaHHS 3a3HAUYEHOTO
MOKa3HUKa PO3pOOJICHO MaTeMaTHuHy Mozeib cuctemu OIl,
IO [J03BOJISIE BM3HAYUTH ONTHMAJbHMII pO3Mip IITpadHUX
CaHKLil Ha mMpaliBHUKA 3a HOPYUICHHS HUM TPYAOBOI Ta
BUPOOHNYO! IWCLUILIIHM, OB S3aHOTO 3 TepeOyBaHHAM Ha
pobodomMy Micli B CTaHI ajJKOTOJBHOTO CIISHIHHS, Ta Ha
po6oTonaBIs 3a IOMYCK A0 BUKOHAHHS POOIT IPaNiBHHKIB Y
CTaHi aIKOTOJIBHOTO CII STHIHHS.

Po3paxyHOK  ONTHMMaJBHOTO  3HAYEHHS  IIOKAa3HUKIB
CKOHOMIYHOT MOTHBAIii TpaliBHAKA 1 pPOOOTOHABILI [0
JOTPUMAHHS TPYJOBOI i BAPOOHMUYOT AUCLUILIIHY, TPOBEJIEHO
Ha OCHOBI (paKTUYHMX CTATHCTUYHUX JAHWUX JOCIHIUKCHHS Ha
OCHOBI po3po0ieHNX MaTeMaTWyHuX Mmopenel cucremu OI1
(poboTonaBenb-TIPaLiBHUK ) [UIXOM 3HAXOJKCHHS
exkcTpemyMy (GYHKIIT TOOTO, MiHIMAILHOTO 3HaYCHHS (QYHKIIIT
Ha 3a7aHiil MHOKUHI. OCKUTBKY (YHKIIS, IO TOCITIJKYEThCS,
OLIIHIOETHCSl  3HAYEHHSMHM  IIOKAa3HHKIB  BHPOOHUYOIO
TpaBMaTH3My, TO TO4YKa, B SKi JOCATa€ThCS EKCTPEMyM
(GyHKII, € TOYKOI MiHIMyMy eKcTpeMyMy (YHKIIOHATy Ta
XapaKTepH3y€eTbCd  MIHIMAIBHMM  3HAUCHHSAM  IIOKa3HUKa
BUPOOHUYOTO TpaBMAaTU3My. 3HaYEHHS 3MIiHHOI X3 3HAXOAUMO
Ha OCHOBI MaTeMaTHYHOI Mozemi (poOoTonaBenb-NpaiBHUK),
IpU SIKOMY TOXigHa (YHKIIT Bix dx, HMEpeTBOPIOETHCS Ha
HyJ1b. 3a3HaueHi pO3pPaxyHKHU IIPOBEICHO 3a PIBHIHHIM (2)

dYRP
= 0,0094X;" ~0,2335+0,00014X 5" X5 ~0,0014.X, X,
dx.

3
+0,0014X] +0,0046X, = 0 (@)

AJIrOpUTM 3HaXOMKEHHS (YHKUII MoJArac y BH3HA4YCHHI
4acTKOBOI MOXiqHO{ Bix naHoi (QyHKUii, NpupiBHIOBaHHS ii 10
HyJsi Ta 3HAXOMKEHHS 3HAYCHHs 3MiHHOI, TOOTO TOrO
ONTUMAJILHOTO 3HAYCHHs MOKa3HUKA €KOHOMIYHOI MOTHBAii
SIK Ha TpaLiBHUKA, TAK 1 HA TOCaJOBY 0CO0Y.

Ha ocHOBi mpoBeneHHX poO3paxyHKIB BCTAHOBJIEHO, IO
GdakTHyHUi po3Mip IITpadHUX CaAHKIINA, HAKIAaICHUX Ha
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NpaniBHAKAa 3a HOPYIICHHS HHUM TPYIOBOI Ta BHPOOHMUYOL
IUCLMIUIIHM, IIOB’S3aHOTO 3 IepeOyBaHHSAM Ha poOodOMy
MICI[i B CTaHi aJIKOTOJIBHOTO CIT’SIHIHHS Ta Ha pOoOOTOJaBIIs 32
He3a0e3NeueHHs] HaJIeKHOro KOHTPOJIIO 32 TPYHOBOIO Ta
BUPOOHMYOI0 IMCUHMIUIIHOIO € HEZOCTaTHIM. AJDKe HaBiTh
3aCTOCYBaHHS /10 3a3HA4YEHUX OCI0 PO3PaxyHKOBOTO PO3Mipy
mrpadHUX CaHKLIH, po3Mip skoro B 1,3 pa3a mepeBHILye HOTO

80

27,74
60

32,23

[MTpadni cankmii

“ dakTuuHi faHH]

40 .
204
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(akTHYHE 3HAYCHHS, A03BONMIIO O TiNbkH Ha 1 % 3HU3UTH
piBeHb BHPOOHHYOrO TpaBMATH3My B raiysi (puc. 4) uepes
MOPYUICHHSI ~ TPYJOBOI  Ta  BUPOOHMYOI  JUCIUILTIHH
(mepeOyBaHHs TpalliBHUKa Ha poOOYOMY MicCIli B CTaHi
QJIKOTOJILHOTO CIT’STHIHHS).

60,39

57,47

[Mopymenns TpyaoBoi Ta
BUPOOHUYOT TUCTIUTLTIHA

B Po3paxyHKOBI JJaHHI

Pucynok 4 — Jlunamika (pakTHYHUX Ta PO3PAXyHKOBHX MOKA3HUKIB IITpAHUX CAaHKIIHM 32 MOPYIICHHS [IPALliBHUKOM i
poboToaaBieM TpyI0BOi Ta BAPOOHUYOT AUCIUILTIHI

BucHoBku

Ha oCHOBI KOMIIEKCHOTO TiOXOXy OO  aHAizy
BUPOOHMYOTO  TPaBMAaTH3My pO3pOOJICHO  MaTeMaTH4Hy
monens cuctemu OIl  (poOoTomaBenb-NpaliBHUK), IO
IPYHTYETbCS Ha (aKTHYHHX CTaTHCTHYHUX JaHUX 3
BHUPOOHNYOTO TpaBMaTH3My. Bu3HaueHO onTHMansHUN po3mip
wrpadHUX CaHKLiH, SKi MOXyThb OyTH HakjIageHi Ha
mpaiiBHUKAa 1 poOOTOAABI 3a MOpPYLICHHS TPYIOBOI Ta
BUPOOHMYOI JIHUCLMIUTIHM, LIO JO3BOJMTH 3HU3HTH DHU3MK
HACTaHHs HEIACHUX BUIIAJIKiB, OB’ 3aHHUX 3 IepeOyBaHHAM Y
CTaHI aJKOTOJBHOTO CITSIHIHHS IPaIiBHUKIB Ha poOOYMX
micusx. JloBemeHo, 1o Uit 3a0e3MedYeHHsS — LiJIbOBOT
CIPSIMOBAHOCTI MPO(MITAKTUYHMX 3aXO0JiB, 00’ €KTHBHOCTI
YIPaBIiHCHKUX pillleHb 3 NHWTaHb OE3MeKH MNpari NPUYIUHU
HELaCHUX BUMAJKiB, IO CTaluci uepe3 nepeOyBaHHs
nepcoHanry Ha pobouoMy Micli B CTaHi aJKOrOJBHOTO

CI’SIHIHHS, MAalOTh pO3MVIIJATHCS 3 YpaxyBaHHSAM CTaHy
OXOPOHH ITparli Ha i JIPHEMCTBI.

IlepcrieKTMBHEM HamNpsIMOM IIOJAIBIINX JOCIIUKEHb €
yIOCKOHAJICHHS KJIacu(ikaTtopa MPUYUH, IO HPHU3BEIH [0
HacTaHHs HemacHoro Bunanky «Ilopsaky posciigyBaHHS Ta
00JIiKy HELIaCHWX BHUIAJKIB, NpodeciiHNX 3aXBOPIOBaHb Ta
aBapiil Ha BUPOOHUIITBI».

Iloasika aBTOpPiB

ABTOpPH  BHUCIIOBIIOIOTH MOASKY  aAMiHICTpamii Ta
(axiBIsAM HAayKOBHX 3aKiajiB 3a MOXKIMUBICTh HPOBEICHHS
JIOCIIIJKEHHSI.
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T. H. Tauposa, H. B. Pomanenko, A. A. Cinnauyk

HAYYHBIE OPHEHTUPbBI IO MNPEAYINPEXIAEHUIO MPOU3BOJACTBEHHOI'O TPABMATHU3MA IIO
NPUYUHE IIPEBBIBAHUSI PABOTHUKOB HA PABOYEM MECTE B COCTOSIHUM AJIKOI'OJIBHOI'O
OIIbSIHEHUS

Pa3paboTka Hay4HO OOOCHOBAaHHBIX MEPONPHATHII MO NPOGHIAKTHKE MPOU3BOACTBEHHOIO TPaBMAaTHU3Ma H3-3a IpeObIBAHUS
pabOTHHUKOB B COCTOSIHUM AJIKOTOJBHOTO ONbSHEHMS Ha OCHOBE MOJIEIMPOBAHHUS CHCTEMbI OXpaHbl Tpyaa, Kak nogcucrembr CYOIL.
s pa3pabotku 3(PeKTHBHBIX MPOGHIAKTHYSCKUX MEPONPUATHH M0 HEIOMYIICHHI0 HECYACTHBIX CIyYaeB Ha IPOM3BOJICTBE
IIOCTPOCHO MAaTEMaTHYECKYI0 MOJENb CHCTEeMBI oXpaHbl Tpynaa (cuctema OII), koTopas ydYHTBIBAET MHOXKECTBO IOKa3aTellel, 1o
KOTOPBIM OIICHUBAIOT HApyIIeHHE TPyJOBOM M IPOM3BOJCTBEHHOI AWCHUIUIMHBI, CBS3aHHBIE C YIOTPEOJIEHHEM AJIKOTOJIS.
HUccnenoBanne 06a3upoBaioch Ha (AKTHYECKUX CTATUCTUYECKHUX MAHHBIX [0 IPOW3BOJCTBEHHOMY TpaBMaTH3My. IIpuMeHneHue
METOJa MAaTeMaTHYeCKOro MOJCIMPOBAHUS HAa OCHOBE IIOKa3aTeledl TpaBMaTH3Ma SBJISIETCS ONPABJAHHBIM, ITOCKOJBKY
NPEUIOKEHHBIH MOIXO0A MO3BOJISAET 00ECIEUUTh LIEJIEBYI0 HAINPABICHHOCTh NPO(GMIAKTHYECKUX MEPONPUSTHH, KOMIUIEKCHOCTb U
aJIbTCPHATHBHOCTh PEIICHUS IPOOJIEMHBIX BOIPOCOB, OOBEKTUBHOCTH YIPABJICHYECKUX peuleHuil. IIpeanoixkeHHble Hay4qHbIE
MOAXO/bI K pa3paboTke NMpOo(IIAKTHYCCKUX MEPOIPHUATHI MO OXpaHe TPyJa MO3BOJISIOT MOBBICUTH YPOBEHb IPOU3BOACTBEHHON
0€30I1aCHOCTH, ONTHMH3UPOBATh pa3Mep IUTPAadHBIX CAHKUMH 3a HApYIICHHE TPYAOBOH M IPOM3BOACTBEHHOH IHCLMUIUINHBI,
yperynupoBaTh OTHOIICHUS, BO3HHUKAIOIIHE B IIPOIECCE TPYIOBOH NEATEIBHOCTH, CBS3aHHBIE C YHNOTPEOJICHHEM aJIKOToJIsl Ha
pabouem Mmecre. Pa3paboTaHHBIE HaydHBIE ITOIXOIBI MO HPOQHIAKTHUKE MPOU3BOACTBEHHOTO TpaBMaThU3Ma 4depe3 IpeObIBaHHe
pabOTHUKOB B COCTOSTHUY QJIKOTOJILHOTO OIBSHEHHS SBJISIOTCS YHUBEPCATBHBIMU, MX MOKHO IMPUMEHSTH JUIsl PAa3JIMUHBIX OTpaciel
9KOHOMHMKH.. [loiydueHHBIE TEOpEeTHYeCKHe BBIBOJBI, OCHOBAHHBIE HAa CTaTUCTUYECKUX [JAaHHBIX @O MPONU3BOACTBEHHOMY
TpaBMaTH3My, JIOBEACHbI IO YPOBHS KOHKPETHBIX MPEUIOKEHHUH, IIPUTOIHBIX K IPAKTHYECKOMY HCIIOJIB30BAHUIO P IUIAHUPOBAHUN
NpOGUIAKTUYECKMX MEPONPUATHH 110 OXpaHe TpyJa Ha MNpPENNpUATHAX. IIpencTaBiIeHHbIE Hay4yHBIE IOAXOIbl K PELICHHIO
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YIIpaBJIEHYECKUX 3aJad II0 OXpaHe TpyJaa 0a3UpyIOTcs Ha KOMIOHEHTHOM METOJE OICHKH HACTYIUICHUS TPaBMaTHUECKUX COOBITHIL
3a HapyIIeHHs TPYAOBOH M HPOW3BOACTBEHHOW AWCLIUIUIMHBI Kak paOOTHHMKaMHu, Tak U paboTomarensmu. [Iisi KOMIUICKCHOTO
aHaJM3a MPOM3BOJICTBEHHBIX PUCKOB YUYUTHIBAINCH OCHOBHBIE M COITYTCTBYIOIIME IPHYMHBI, IPUBEIINE K HECUACTHBIM CIIy4asivM U3-
3a npeObIBaHUs paOOTHUKOB Ha paboyeM MeCTe B COCTOSIHHH QJIKOTOJIBHOTO OIbSIHEHHWS. DTO MO3BOJMIIO OOSCICYUTh CHCTEMHBII
IO/IXO/I K OLIEHKE IIPOU3BOJICTBEHHBIX YCIOBUI U MOBEICHYECKUX PEaKLHii epcoHaa.

KiioueBble ci10Ba: oxpaHa TpyZAa, Hay4HbIE MOIXOZBI, NPOU3BOACTBCHHBIH TpPaBMaTH3M, MaTeMaTHYECKOEe MOJIEIMPOBaHMUE,
AJIKOTOJIEHOE OIIbSIHEHHE.
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MOAENOBAHHSA CTIMKOCTI BIMHUX MOPIA Y BYIJIENOPOAHOMY MACUBI
MPU PISHUX CMOCOBAX OXOPOHU BUPOBOK
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HutyBartu sk: Josraims B. 10. (2021). MoentoBaHHs CTIHKOCTI OIYHUX TOPiJ Y BYTJICHOPOJHOMY MacHBi IPH Pi3HUX CHOCOOAX OXOPOHH BHPOOOK.

HEO5JZ€MH ox0poitit ngaui 6 Vxeaihi, 37(3), 28-34.

Merta — 10CHiKEHHSI NPOSBIB TIPHUYOTO THCKY Y BIJIKATHOMY LITPEKY KPYTOTrO BYTUIBHOTO ILIACTa ISl 3a0€3Me4eHHs eKCILTyaTalliiHOTro CTaHy
BUPOOKHM Ta MiJBUILCHHS Oe3MeKd poOiT Ha BUIMKOBIH AiMBHHII TIHOOKOI BYTUIBHOI HIaXTH. Y JOCHIPKEHHI BUKOPHCTOBYBABCS KOMIUICKCHUI
X, 010 BKJIIOYAE aHaNi3 1 y3araJbHeHHS TEOPETHYHUX Ta eKCHePUMEHTAIbHHUX JOCIIDKEHb 3 i€l Mpo0IeMHu, IPOBEJeHO HATYPHHIT eKCIIEPUMEHT
3 BUBYCHHS CTIMKOCTI BiJIKATHMX IITPEKIiB i 0OPOOKY €KCIEPUMEHTAIbHUX AaHUX. J[s OIIHKM CTIMKOCTI MiArOTOBUOi BUPOOKM OyJNM BHKOHaHI
IIaXTHi JOCHi/UKEHHS 3 BHBYCHHS IIPOSBIB TiPHHYOTO THUCKY y BiJKaTHOMY IITPEKy HpH Pi3HHX CIOCO0aX OXOPOHH, KOIM BCTaHOBIIIOBAIacs
BEJIMYMHA 3MIIIEHHs OIYHHX IOPiX Ha KOHTYpi Ta 3MiHM IUIOLI ITONEPEYHOro INepepidy INTPeKy M0 TOBXKHHI BUIMKOBOI AiNbHHII. B pesymbrari
BHMKOHAHUX JIOCII/UKEHb OOIPYHTOBAHO YMOBHM CTiHKOCTI BiJKATHUX IUTPEKiB KPYTHUX BYTUIBHUX IUIACTIB HPH OXOPOHI KOCTPAaMHU 3 JIEPEB'SHUX LTI
1 Kymamu 3i cTosikiB. 3adikcoBaHO, IO B 30Hi BIUIMBY TipHUYUX POOIT, KPIIUICHHS y BiIKaTHOMY IITPEKy Ae(pOPMY€ETHCS 1 Ma€ XapaKTepHi BUTHHU 3
6oky mokpisii. Ha Bigcrani /> 80 M 1mo3aay 04MCHOrO BUOOK BTpara IUIOLII MOMEPEUYHOro Mepepizy BUPOOKU ckiaia 6im3bko 50 % mpu crocoodi
OXOPOHH KyIIaMH 3i cTosIKiB Ta 30 % mpu 3acToCcyBaHHI JepeB’sTHUX KOCTpiB. ExcriepIMeHTanbHO HOBEACHO, L0 MIPU CIIOC001 OXOPOHU JIIBHHIHUX
MiATOTOBYMX BHPOOOK JKOPCTKHMH J€PEB’STHUMH KOHCTPYKISIMH Yy BUIVIAI KyINiB 3i CTOSKIB, 3MiHa IUIONI IIONEPEYHOTO Iepepily BiAKaTHOTO
IITPEKy 033y OYHCHOrO BHOOIO B 30HI BIUIMBY OYHMCHHUX POOIT BinOyBaeThcs 3a JIHIHHOIO 3aJeXKHICTIO 31 301IBIICHHSM JOBXHHU BHUIMKOBOI
IUIBHUII 1O TIOBHOTO PYHHYBaHHS OXOpPOHHOI criopyau. s 3a0e3mnedeHHs: CTIHKOCTI BiIKATHUX IITPEKIB y MIMOOKIH BYTiIbHIN 1IAaXTi 3 KPYyTHUM
3aTaHHSAM BYTUIBHHMX IUIACTIB, JONIUIBHUM € 3aCTOCYBAaHHSA OE3LINTMKOBUX CIIOCOOIB OXOpPOHM, KONM Ui MiATPHUMKH OiYHHX HOpix
BHUKOPHCTOBYIOTBCSI IIOJIATJIMBI CHOPYAU y BUINIAI KOCTPIB 13 JiepeB’sSHHX IIIal. 3aCTOCYBAaHHS LbOTO CIOCO0Y OXOPOHHU IIJATOTOBYOI BHPOOKH
JI03BOJISIE 3MEHILUTH HMOBIPHICTh OOBAJICHB 1 MIIBUIMTH OE3MEKy TiPHUYUX POOIT.

KurouoBi ciioBa: CTiiiKicTh, MO/ICIIOBAHHSI, ByTJICIOPOAHHUUIT MaCHB, )KOPCTKICTh, OXOPOHHE CIIOPYKEHHSI, Oi4HI IIOPOAH, TipHHYa BUPOOKa
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Purpose of work. Determine the conditions of the side rocks stability in a coal massif with different ways of support coal-rock stratum to ensure safe
working conditions for miners in the excavation areas of a coal mine with steep coal seams. To achieve this goal, laboratory studies were carried out
on models of optical and equivalent materials. The modeling of the stability of side rocks in a coal-rock massif was carried out with the methods of
support roadways with vertical timber setsand wooden crib supports: 4-point chock.On models made of optical materials in the analysis of the static
field of the distribution of shear stresses in side rocks, the regularity of the change in hazardous manifestations of rock pressure, depending on the
deformability of support structures, was recorded. On equivalent models of support structures, the deformation characteristics of experimental
samples were determined and their effect on the integrity of the roof under the action of static loads was established. When using rigid support
structures in the form of vertical timber sets made of wooden racks to protect sliding drifts, there is a deterioration in the stability of side rocks and
destruction of the roof. When using flexible support structures in the form of wooden crib supports: 4-point chock, a smooth deflection of the roof
and its integrity are observed. A decrease in the size of the stress concentration zone in the model of a coal-rock massif with workings after the
compaction of flexible support structures located above the haul roadway, due to a change in their rigidity, when as a result of the convergence of
side rocks, a smooth deflection is provided and the movement of the roof is limited. To ensure the stability of side rocks and development workings,
as well as reduce the level of injuries of miners from landslides and collapses in the excavation areas of coal mines that develop steep seams, it is
advisable to use flexible support structures, when using which, a smooth deflection of side rocks and their integrity in the mined-out area is ensured
coal massif.

Key words: stability, modeling, coal massif, rigidity, support structures, side rocks, mining.

1. IlocraHoBKa mpodJjeMH Ta aHaJi3 OCTaHHIX MOKa3ye, [0 3 pPOCTOM TDJIHOMHM TipHUYUX poOIT y

JIOCTiIKeHb i myOJaikauii

Ha meit wac pobora mignpueMcTB — BYTLIBHOI
MIPOMUCIOBOCTI ~ YKpaiHM  3IIMCHIOETBCS B TipHHYO-
TEOJIOTIYHUX yMOBaxX, MO MOCTIHHO MOTipUIyIOThCA. Maia
HNOTY)XHICTh BYTUIBHHX IUIACTIB, MiJIBHIIEHa TI€O0JOTiYHa
HOPYLICHHICTh 1 TEKTOHIYHA TPILIMHYBATICTh BMIIIAIOUUX
HOpiJ, € XapaKTepHOI PHCOK ponoBuIl ILleHTpanbsHOro
paifony JlonOacy. [locBix poOOTH mIaxT, MO PO3pOOISIIOTH
Kpyti ByrineHi mmactd B Kwrai, Typewumni i1 VYkpaini

BYIJICIIOPOJHOMY MacHBi 3 BUPOOKAaMH IOYMHAE IHTEHCHUBHO
MPOSIBIISATHCS po3IIapyBaHHs OiuHMX mopin. Lleit HeraTuBHMIA
NpUPOIHUIA (PaKTOp ICTOTHO BIUIMBAE HA CTIMKICTH MOKPIBII i
MiOMBY IUIACTa, CTaH BHPOOOK, HPOBOKYIOYM OOBaIH 1
00BaJIeHHS.

BxxuBaHi Ipu MOBEPXOBOMY CIOCOOi MiJrOTOBKH KPYTHX
BYTiIbHUX IUIACTIB CIIOCOOM OXOPOHM BIiJIKATHUX IITPEKiB
iTMKaMi BYTUUIS abo Kylmiamu 3 JepeB'sHUX CTiHoK, He
3aBRKaM 3a0e3nedyioTh 3aXHCT BHPOOOK BiJ HeOe3MmeYHUx
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HpOSIBiB TIPHAYOrO THCKY. B Takmx ymoBax KpilUICHHS B
BIIKATHOMY IITPEKy Ae(OPMYEThCS, a IUIOIIA MOIEPEYHOrO
nepepisy 3MeHIIy€eThesl. 301IbIICHHST MPOTSHKHOCTI BUPOOOK
Ha BHIMKOBUX IJIBHHULSX, TAK CaMO CYTTEBO IOTipmIye ix
CTaH, 110 3HIKYE Oe3MeKy pooiT.

BuBueHHs ocobOnmBocTell pyHHYBaHHS OIYHUX TIOpiA,
IpU Pi3HUX CHoco0ax OXOPOHH BHPOOOK 3 ypaxyBaHHIM
neopMariiHuX XapakTepUCTHK OXOPOHHHX CIOpYH, iX
BIUIMB HAa CTaH BiJKATHUX IITPEKiB 1 HAa OCHOBI IHOTO,
po3poOka  epEeKTMBHHX  3aXOHiB, CIPSAMOBAaHHUX  Ha
3a0e3neyeHHs CTIMKOCTI MOKPIiBIi y  BYIJICIOPOJHOMY
MAacHBi, CIPHATHME CTBOPCHHIO OE3MEYHMX YMOB Tpari
TipHUKIB Ha BUIMKOBUX AUTBHUIISIX BYTUIBHOI IIAXTH.

AHaniz pocaimxens i my6uaikauiii. Opmniero 3
HalBXIUBIMNX (YHKIIOHAIBHNX JAHOK BYTLIFHOI IIAXTH €
MiATOTOBYI BUPOOKH, BiJ HOPMAIBHOTO (YHKIIOHYBAaHHS
KX 3aJeXHUTh e(PeKTHBHICTH PoOOTH OYMCHUX BHOOIB Ta
Oc3meka mpaili TipHHUKIB. AHaNi3 BiJIOMHX JOCIIIKCHb
MOKa3ye, M0 B [IIHOOKUX MIaXTax OpPH PO3poOLi KpyTHUX
BYTiIbHUX  IUIACTiB, 30epeeHHs TIpHUYNX  BUPOOOK
3a0e3meuyeThcss 3a PaXyHOK CTIHKOCTI TOKpIBMi, 5K
OCHOBHOTO BaHT2)KOHECYYOTO EJIEMEHTa BYIJICIIOPOIHOTO
macuBy|[1, 2, 3].

3i 30UIBIICHHSM TIMOWMHM TIPHUYUX pPOOIT, YMOBH
BUJIYYEHHSI KOPHCHHMX KOIAJIWH IOTipPIIYIOTHCS, @ HeraTHBHI
HPOSIBY TiPCHKOTO THUCKY, 1[0 HETATUBHO BIUIMBAIOTH HA CTaH
6iyHuX mopin i BUPOOOK, iHTeHCH(iKyIOThCs. PeanbHICTh
oOBaJieHb ~ MOKpiBII Yy  BYIJICIIOPOZHOMY  MACHBI
00yMOBIIOETBCS HE TUIBKA YMOBaMH PO3POOKH KPYTHX
BYTUIBHUX IUIACTIB, TOB'SI3aHUX 3 KyTaMH iX MamiHHA aje i
(i3uKO-MeXaHIYHIMHU BIIACTHBOCTSMHU Oi4HUX Topin [4, 5].
IIpn moBepxoBoMy croco0i MiATOTOBKH i 3aCTOCOBYBAHOMY
croco0i ympaBiiHHS TipHHYMM THCKOM B OYHCHOMY BHOOI
NOBHMM  OOBaJICHHSM IIOKpIBJ, HE IPEACTaBISIETHCS
MOXJIMBUM YTPUMATH HABHCAIOYy pO3LIAPOBaHy TOBIILY
nopix y BupoOneHoMmy mpoctopi. HagmiliHicTe miaTpUMKH
BUPOOOK B TakMX yMOBax 0arato B 4YOMY 3aJ€XHUTh BiX
PO3MIpiB 30H 3pYHHOBaHUX MOPiJ y BYTJICTIOPOJHOMY MacHBi
1 crioco0y OXOpOHU AUTPHUYHHUX MiATOTOBYMX BUPOOOK [6, 7,
8].

BuBuenns MexaHi3My B3aemMonii OJOKOBOi CTPYKTypH
po3IIapoBaHMX OIYHUX MOpiX mNpH crocobi ynpasiliHHI
TIPpHUYUM THCKOM TOBHMM OOBAJCHHSIM TOKPIBIi IMOKAa3ye,
mo 0e3 ii epeKTHUBHOI MiATPUMKH, TEOMEXaHIUYHUI CTaH y
BYTJICTIOPOHOMY MAacCHBi 3 BHPOOKaMH IOTIPIIYETHCS 3a
pPaxyHOK pO3IIAapyBaHHS HABHCAIOYOl TOBII i MOJANBIIOTO
oOBasleHHA, WO 30iMbIIye HMOBIPHICTH TpPaBMYyBaHHS
ripaukiB [9]. O4eBHIHUM € Te, IO 32 IHIIUX PIBHUX YMOB,
HWMOBIpHiCTh OOBalieHHs OIYHMX NOpix 1 3aBaliB BHUPOOOK
Oyne Ounble B pa3i BiACYTHOCTI HaJ BiIKATHUM LITPEKOM Y
BUpOOIIEHOMY pocTopi omopu [10].

B nocrmimkennsix[4, 10] npuBeaeHi pe3yabTaTi BUBYCHHS
MPOSIBIB TIPHUYOr0 THCKY Y BiIKATHOMY LITPEKY HpH Crocobi
OXOPOHH IITUKaMH BYTUUIA. Y [bOMY BHOAIKy LUIHKA
BYTUUUIT OOMEXEHHX PO3MIpIB PpO3IIANaNH SK OXOPOHHI
CIIOPYIH, 1[0 BUKOHYIOTH PONb HiATPHUMYIOUMX ormop. Jlis
3a0e3nedeHHss CTIMKOCTI BHPOOOK aHANI3yBadM CXEMH
HaBaHTA)XCHHS LUINKIB 3 BU3HAUCHHSM IX HECy4ol 31aTHOCTI.
lnsxom aHamizy craHy BHpPOOOK 1 BHUMIpIOBaHb 3CYBIB
6iyHMX TOpiA B  HATypHMX yMOBaX, BH3Hauamacs
KOHBEpreHIis OIYHUX MOpix Ha KOHTYpi BUPOOKH i pakTHyHe
Hampy>keHHs WinmukiB. Takuii maXig B JOCTIIKCHHSIX
JIO3BOJIUB IPOTHO3YBATH CTaH BUPOOOK 1 IiMUKiB. OqHAK IpH
UbOMY 3aJIMILIINCS HE BHPIlICHI NMUTaHHS 3a0e3IeYCHHS
CTIHKOCTI OIYHMX TIOpiX HaJX INTPEKOM, 3 TOYKU 30pYy
OOMEXEeHHs 1X MepeMillieHb, 110 € MiJCTaBOI0 ISl MOYaTKy
PO3BUTKY 00OBAaJIECHb i ITOJAJIBLIOrO 32 [[UM 3aBaJly BUPOOOK.
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JletanbHuii aHami3 aBapiii, 110 CTATUCS HA MAaXTax YKpaiHu
B pe3yibTaTi OOBaIeHb OIYHMX IOpiX BKazye Ha Te, IIO
OCHOBHOIO IPHYMHOIO TPaBMaTH3My TipHHKIB 32 UM
BUPOOHUYNM (DAKTOPOM, € HE TINIbKU MOPYIICHHS MaclopTiB
KpilJIEeHHS TP TPOBEACHHI, PEMOHTY Ta MiATPUMAaHHI
BIJKATHUX IUTPEKiB, a W HEBIAMOBIIHICTH 3aCTOCOBYBaHUX
Croco0iB  OXOpOHH  BHPOOOK,  KOHKPETHHM  TipHHYO-
TEOJIOTIYHUMHU YMOBAaMH PO3POOKH BYTUIBHHX IUTACTiB [9].

TakuMm 4HHOM, 3a pe3yJbTaTaMHM BHKOHAHOTO aHaJi3y
JOCTIDKEHb 1 3 ypaXyBaHHSM  JIOCBIy  eKcCIUTyartaril
MiArOTOBYHMX BHUPOOOK MPHU Pi3HUX CIIOCOOAX OXOPOHH, MOXKHA
OUIHUTH €(EeKTHBHICTh MIATPUMKH BiIKATHUX LITPEKiB MO
JOBXHMHI BHIMKOBOi JUTBHUII B 3QJIOKHOCTI BiJ THITY
OXOpPOHHMX cmopyd. OnHaK [UIS OIIHKH CTiMKOCTI OiYHMX
nopix i BUPOOOK, HEOOXiTHO BpaxoBYBaTH JAedopMariifHi
XapaKTEPHCTUKH OXOPOHHHMX CIIOPY[, SIK BaHTaKOHECYYHX
OIOp, B3aEMOJIIIOYKMX 3 MOKPIBJICIO 1 MiJONIBO, 1X BIUIMB Ha
NPOTHIII0 TIPHUYOMY THCKY i Horo 30ypeHb, HOB'S3aHUX 3
ripppuuMu  poboramu. KoMmruiekcHe — BHUpIMICHHS — IBOTO
NHUTAHHSA JO03BOJMTH CTBOPUTH Yy BYIJICIIOPOJHOMY MAacHBi
COPUATINBY TE€OMEXaHIYHy OOCTaHOBKY /IS MiATPHUMKH
BUPOOOK i O€3MeYHOr0 BeIeHHS TipHUYHUX POOIT.

IocranoBka 3amaui pociaimkenHs. OLIHUTH YMOBH
CTIHKOCTI OIYHUX MOPIJ Y MOJENI BYTJICTIOPOAHOTO MacUBY IIpH
pi3HHX cHocobaXx OXOpPOHM BHPOOOK 3  ypaxyBaHHSIM
nedopmariiHuX XapaKTepUCTUK OXOPOHHUX CHOPY/I.

Marepiaau i pe3yabTaTH  JochdimkKeHb.  Jlns
MOJZICNIOBaHHS CTIHKOCTI OIYHMX MOpiZ y BYIJICIOPOAHOMY
MacHBi IpH pi3HUX croco0ax OXOPOHM BiIKATHUX LITPEKIB,
Q1 BHUKOHAaHI1 nabopatopHi JIOCITi PKEHHS Ha
CKCIICPUMEHTAJILHUX MOJIENAX 3 ONTHYHMX MarepianiB. Ilpu
NPOBEICHHI JIOCHIKEeHb (iKCyBajach CTaTMYHA KapTHUHA
PO3MOALTY TOTHYHHX HAIPYKEHb B MOJe, sika GpopmyeThbes y
BMIIYIOUMX MOPOJAx y HepUInii mepios micisi BUTMKH BYTiLIs
[11]. EdexrtuBHicTh cnocoOy OXOpOHH BiJKATHOI'O LITPEKY
BU3HA4alacsd 3HIDKEHHSAM HEOE3NeYHUX NPOSBIB TipHUYOro
THUCKY B MOJEJI BYIJICIOPOJHOTO MAacHBY, KOJNH (iKcyBamocs
3MEHIICHHS 30HM KOHLEHTPALii HApPYy>KeHb B OIYHUX TOPOIax
1 Ha KOHTYpi BUPOOKH. 30HA, B sIKil (iKCyBanach KOHIIEHTPAIIis
HaIPY)XCHb, SABIsIa 00J1aCTh BYTJICIOPOAHOTO MAacHBY, B SIKii
MOYMHAIOTH ()OPMYBATUCS YMOBH 00BaJI€Hb OIYHUX ITOPINI.

YV  nabopatopii ripumdoro tucky [JonHTY  Oymm
BUTOTOBJICHI ONTHYHI MOJIENI 3 iraaHiTa (CKJIaa MaTepiany:
rainepun — 30 %, xenatun — 25 %, Boga — 45 %). Posmipu
momenmi: 300x300 wmwm, ToBmmHa 20 MM, TCOMETPHUYHHIA
maciitab 1:100. Mopenb imiTyBana BiAKaTHHE IOTPEK 3
pizHEMHU criocobamu oxopoHH. Kputepii moxiOHOCTI, Mpy>kHi 1
ONTHYHI KOHCTAaHTH MOJCJIEH, BHM3HAYEHI BIAMOBIAHO MO
Metoauku [12]. JlochmimkeHHS MoOJeNell BHKOHYBAJIOCS Ha
nomspu3aniiigiit ycranosni IIITY — 4, Bimommm cnocobom
3icTaBJIEHHS KOJILOPIB i CMYT PO3MOIUTY JOTHYHUX HAlpyKeHb
[13]. Ycboro Gyino Binibpano 4 moneri.

Cratuude mone Hampyr (ikcyBasocsi B HaBKOJO
BIZIKATHOTO IITPEKYy, MNPOWAEHOr0 IO BYTUIBHOMY IUIACTY
notyxHicTio m = 1,0 M. Lltpek apkoBoi popmu (Bucota 2,5 M,
mmpuHa 2,5 M). Kyt napinnas miacra & = 60°. J{ocnimkeHHs
HPOBOIMINCS Ha MOJCNSX 3 LIApaMH, SIKi PO3MIISAAIHCS 5K
MOKpIBJIA 1 MifONIBAa BYTUIFHOTO InTAacTa. IIoTyXHICTH mIapiB

BigmoBifana 3m, Je m — MOTYXHiCTh miacta. Mojesb
3aBaHTaXyBangacsi  3a  CXEMOK,  KOJIM  BEPTHUKAIbHE
HaBaHTaXKeHHs Biamosimamo rmmbuni H = 1200mM, a

TOPU30HTAJIbHE  HABAaHTAXCHHS  CTBOPIOBAIOCH  BiACIU4IO
0iyHMX CTiHOK Mozenmi. JlepeB'sHi KOCTpH MajiM ycajaKy [0
60 %. Jepes'ssHMiA Kym 31 CTiOK  BCTaHOBIIOBAaBCS
NEPICHANKYJIIPHO HAIIApyBaHHIO IMOpiA 1 MpencTaBisB
JKOPCTKY KOHCTPYKIIItO.

Jns  Bu3HaueHHs — AeoOpMalifiHUX  XapaKTEPUCTHK
OXOPOHHHX CIOpPYA BHKOPHCTOBYBAIH CKCIICPHMEHTANIbHI
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XapaKkTePUCTHKU €KCIIEPUMEHTAIIbHUX 3Pa3KiB MPEICTABIICHI B
Taou. 1.

3pa3sKy 3 JiepeBa y BUIJISAI KOCTpa 31 IIMal i KyIa 31 CTOSIKIB.
Macmtab wmomeneit  1:25. Po3mipu  excriepUMEHTAIBHUX
3paskiB: Bucota h = 0,04 m; mwmpuna b = 0,04 M, roma
norepeyroro meperny S = 0,0016 M>. Dizuko-MexaHiumHi

Tabmuus 1 — di3uko-MexaHiuHi XapaKTePUCTUKH eKCIICPUMEHTAIbHUX 3pa3KiB

Meska MILIHOCTI Ha CTUCK Monynb npysxkHocTi E, Koedimient [lyacona, v

. OxopoHHe Ocne> MIa MIla
Marepian
CHOPYKCHHA  y30B3K Y3I0BXK Y3I0BXK nomnepex Y3I0BXK nonepex
BOJIOKHA BOJIOKHA BOJIOKHA BOJIOKHA BOJIOKHA BOJIOKHA
JiepeB'THUi
KocTep 3i
P - 86 - 570 - 0,02
mmna
COCHa Kymy i3
Hepeg'ﬂHHx 85 - 12600 - 0,5 -
CTiifOK

JedopmariiifHi XapaKTepUCTUKHA OXOPOHHHX CHOPYA IpPH
imiTamii MOKpIBIi 1 MiIOMIBM BYTUIBHOTO IUIACTA, y BHIJLAIL
6anox mesHoi momxkuuu (L = 0,1 M), BH3Hawanmmcs mpu
OJJTHOOCHOBOMY CTHCKaHHI 3pPa3KiB.

bankyn, mo iMIiTyrOTh NOKPIBIIO Ta MiJOLIBY BYTLIEHOTO
iacTa, OyJd BHUIOTOBICHI 3 MIIIAHO-IIEMEHTHOI CyMilli,
3rizHo pexomenpauiii [14]. st COpOIIEHHS! €KCIIEPUMEHTIB
Ganka, 10 MOJCIIOE MOKpiBItO, Oyna iZeHTH4Ha Oani, sKa
MozemoBana map migousy. [inbHICTE MOIEIEOBaHUX OATOK

p=2300 KF/M3, Monyib npyxsocti E = 11200 MIla, mexa

MIITHOCTI Ha CTHCKaHHS 0.~ 48 MIla.

Tpu NpPOBE/ICHHI EKCTIePUMEHTIB 3i CTHCKY
eKCTIICPIMEHTAIBHUX 3pa3KiB, B SKOCTI BUIPOOYBAIbHOTO
oOnagHaHHA BUKOPUCTOBYBaJM TifpaBmiuauii mpec [TI-50.
®oTo excrepruMeHTaIbHUX 3pa3KiB IPEJCTaBICHO HA PHC. 1.
B pesynbrari cTaTHYHOrO CTHCKAHHS, IPH Aii BepTUKAIBHOI
cumi F (H), BcTaHOBIIOBaNM BEIHYMUHY 3MIiHH BHCOTH
CKCTIICPHUMEHTAIBHUX 3pa3kiB As (M).

Pucynok 1 — ®oto excriepuMeHTaIBHUX 3pa3KiB 10 cTUCKaHHs Ha npeci ['TI-50:
a) MOJIeJTb IEPEB'THOTO KOCTpa; 0) MOEb KyIlia 3 JICPEeB'sSTHUX CTOSKIB

BinnocHy nedopmanito ekcriepuMEHTaNbHUX 3pa3KiB IpH
OTHOOCHOBOMY CTHCKaHHI, BU3HAYAIIH 32 BUpa3oM [15, 16]

P )
h

Iie i — mepBicHa BHCOTA 3pa3ka, M.
JKopcTKicTh eKCIIepUMEHTATBHUX 3pa3KiB BHU3HAUYAU 3a
3akoHOM ['yka [16], xomm

c=— 2
Ah

Iokasuuk riacTudHoi nedopmanii § BU3HAYaBCs 33 BUPA3OM

[17]
5 = DRy 1o0% )
h

Ie 7, — BICOTa eKCIIEpUMCHTAIIEHOTO 3pa3Ka ITiCIIs CTHCKAHHS, M.

Tlokasauk  mnactuyHoi  fmedopmarii  XapakTepusye
pEaKIlito Til MPHU CTUCKAaHHI, TOOTO BigoOpakae iX 3MaTHICTH
3MIHIOBAaTH CBOT PO3MIpPH IIiJ ZIi€f0 HAaBaHTa)KCHHSI.

Citijf 3a3HaYMTH, 1O NIPU CTHCKAHHI MOJIesIeH y BUIIISAI

JIEpEeB'sTHAX KOCTPiB, HABAHTAKEHHS MPHUKIANAIOCS IOMEPEK
BosokoH. [Ipm cTHckaHHI Mopmeneil y BHIVIAAI KyIIiB 3i
CTOSIKIB, HABAaHTAXXCHHS IPUKJIAATIOCsH B3IOBX BOJIOKOH,
KOJIM JICPEB'siHI CTOSIKM BCTAQHOBJIIOBAJINCS MEPICHIUKYISPHO
muram npeca I'TI-50.

PesyabTaTn nociaigkeHnsb.

Ha puc. 2 npencrasiena cxema MoJeii ByTrJIEHOPOIHOTO
MacuBy 3 (iKCaI[i€l0 CTATHYHOTO IOJISI ZOTUYHHUX HAIPYIKEHb
HPH Pi3HUX CHOCO0aX OXOPOHHU BiJKATHOT'O IITPEKY.

AHaJli3 KapTHH CTaTHYHOTO MOJIS JOTHYHHUX HAINPYKEHb B
Mozensx (puc. 2) BKa3zye Ha Te, IO NMPH OXOPOHI BiJKATHOTO
LITPEKY  JICPEB'SIHUMH ~ KOCTPaMH, Ma€eMO  MiHIMallbHY
KOHIICHTpALi0 HAaIlIPY)KEHb HA KOHTYpi BUPOOKH, a TaK camo B
6iyHux noponax (puc. 2 a), B MOPIBHSIHHI 3 OXOPOHOIO
HiAroToBY0I BUPOOKM KYIUIAMH 3 JIepEB'SHUX CTOSKIB (puc. 2
6). Ilpu HaBaHTakeHHI Mozemi, B SKill U1 OXOPOHH
BIIKATHOTO INTPEKY BUKOPUCTOBYIOTh JEpeB'sHi KOCTPH,
BIIPI3HAETBCA HE3HAYHA KOHICHTpAIisl HANpYyXEeHb Ha
KOHTYpi BHPOOKH 1 3 OOKy MOKpiBIi, IO OOYMOBIIOETHCS
YCaIKOI0 OXOPOHHOTO CIIOPYKEHHs (puc. 2 a).
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Pucynok 2 — Cxema MoJieIi ByTJIEIOPOIHOTO MacHBY 3 (DIKCALI€I0 CTATUYHOTO IIOJISI JOTUYHHUX HAINpPy>KeHb IIPH OXOPOHI
BiZIKATHOTO IUTPEKY: a) AEPEB'STHUMHU KOCTpaMH; 0) KyIIaMH 3 JIEpEB'THUX CTOSIKIB

ITpu OXOpOHI BiJKATHOTO LITPEKY KyLIaMH 3i CTOSKIB,
KOHIIEHTpAIlisl TOTUYHUX HAIPYKeHb (PIKCyeThCS Ha KOHTYPI
BHPOOKH 1 B OIYHMX MOPOAaX, B MiCli KOHTAaKTy ITOKpiBIIi i
MiIONIBM 3 OXOPOHHUM CIOpyMXKeHHsM (puc. 2 0).
OueBHAHUM € Te, IO OXOPOHHE CIOPYKEHHS y BHIJLAIL
Kylla 3i CTOSKIB SIBIISIE COOOIO JKOPCTKY KOHCTPYKLIIO 1 €

S =
10 — B 10
a5 as as
10 19
0 as 10
a5 as
05
— T

KOHIICHTPATOPOM ~ HAMpPY>KeHb Yy IMOKPIBJII Ta MiJOMIBi
BYTLIBHOTO TUIAcTa (pHc. 2 0).

Ha puc. 3 npexacraBneHa cxema MOJeINi CTATHYHOTO OIS
JOTHYHUX HATpPYXKEHb IPHU MiATPUMII HOKPIBII AEpeB'sTHUMA
KOoCTpaMH a00 KyIlaMy 3 IEpeB'sIHUX CTOSIKIB.

10 = 10
20
a5 as
510 gF_‘\\ZQ'/ 0
A
7 11 | l [[1]

05 \/

Pucynok 3 — Cxema MOJeIi CTATUYHOTO MOJISL AOTUYHHUX HANPYXKEHb IPH MiATPUMaHHI MOKPIBIi:
a) AepeB'sSTHUMU KOCTpaMH; 0) KyILIaMH 3 IepeB'SHUX CTOSIKIB

AHaiti3 CTaTHYHOTO TOJSI B MOJIENIAX BKa3ye Ha TOU (akr,
1I0 BHKOPHCTAHHS JICPEB'SHUX KOCTPIB Ul MiATPUMaHHS
MoKpiByi, 3abe3nedye ii IUIABHUA TNPOrHMH 1 MiHIMaJIbHY
KOHIICHTPAIlil0 HampyKeHb B OiuHMX mopoaax (puc. 3 a).
BUKOpHCTaHHS KyIla 3 JePeB'SHUX CTOSIKIB VIS TiATPHMAHHS
MOKpiBJi, 30iMbIIy€e KOHLCHTPALIIO HANpyKeHb B OIYHHX
nopozax (puc. 3 6).

Buxomsuu 3 1bOr0, MOXHA 3pOOMTH BHCHOBOK, IO
BUKOPHCTAaHHS [ OXOPOHM [IJIBHMYHHMX HiJrOTOBYMX
BHPOOOK JIepeB'THIX KOCTPIB, SIK MiANaTINBUX KOHCTPYKIIiH,
hw

a6

ans

a4

ai

agz

o071 '

a o 2 » w0 £k

3BOAMTH A0 MiHIMyMy HEOE3MeUHi MPOSBH TIPHUYOTO THCKY Y
BYIJICTIODOAHOMY  MacuBi.  BuKOpHCTaHHS  KOpPCTKHX
OXOPOHHHX KOHCTPYKIIH, y BHITIII KyIUiB 3 JAEpeB'SHUX
CTOSIKIB, CIIPUsIE BUCOKIH KOHIEHTPALl HANPYXeHb B OIYHUX
nopojax i Ha KOHTypi BUpoOku. O4YeBUAHO Lie MPU3BOAUTH, 3
IUIMHOM 4acy, 10 PyHHyBaHH IOpiJ.

Ha puc.4 npencraneni rpadiku 3MiHH — BHCOTH
EKCTIIEPIMEHTATBHUX 3pa3kiB h (M) Bi BETHYMHU CTHCKAIOYO1
cumn F (xH).

hm

a0es
a0% =
a0z o B B
am
aozs
aoz
aon
aot
aags

5 w 5 ¥ 2 BF
6)

Pucynok 4 — I'padixu 3MiHM BUCOTH €KCIIEPUMEHTANBHUX 3pa3kiB h (M) Bix Bexnunun cruckatodoi cun F (xH):
a) nepeB'stHUI KocTep; 0) Kyl 3 ICPEB'SHUX CTOSIKIB
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Ilpu  omnoocroBomy cruckanHi Ha mnpeci I'TI-50
eKCIIePUMEHTAIBHUX 3pa3KiB y BUIIAL AEPEeB'SIHUX KOCTPIB,
3adikcoBaHo 3MeHIIeHHs Bucotu Mmoneni 3 h=0,04 m no
h=0,011m npu F=33 xH (puc. 4 a). V pa3i omHOOCHOTO
CTHCKaHHs MOJIEJNI KyIlla 3 JepEeB'sTHUX CTOSKIB, BUCOTA 3pa3Ka

a)
Pucynok 5 — ®oto excriepuMeHTaIbHUX 3pa3KiB Micias cTUCHeHHs Ha npeci [ TI-50:
a) MOJIeJTb IEPEB'THOTO KOCTpa; 0) MOJEb KyIlia 3 JICPEeB'sSTHUX CTOSKIB

Ha puc. 6 npencraBneni rpadiku 3MiHH KOPCTKOCTI
106[ H) SKCIIePUMEHTAIbHUX ~ 3pa3KiB  BiJ  BEIHYMHH
e 100l 2

M

BiHOCHOT nedopmartii A IIPY OTHOOCHOMY CTHCKaHHI.

o105 HM
|
60 i
2
1=
o ¥
|
I.
20 /
w0 7 <
% =t
i S S B
4 az 4 as a

Pucynok 6 — I'paciku 3miau sxopeTkocTi cx10° (H j
M
EKCIICPUMEHTAJIbHHX 3Pa3KiB BiJ BEIMYHHH BiTHOCHOT
nedopmarii A mpu 0THOOCHOMY CTHUCKaHHI:

1 — nepeB'stHUI KOCTEP; 2 — KYII i3 AEPEB'THIX CTOSKIB
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3mintoBanacs Bim h=0,04 M mo h=0,036 M npu BenHUMHI
cruckarouoi cum F=23 xH (puc. 4 6).

Ha puc.5 mnpencraBmeni (oOTo eKclepUMEHTaIbHUX
3paskiB micist ix OJJHOOCHOT'O CTHCKaHHS

I3 puc. 6 BUIHO, LIO MPU CTUCKAHHI 3pa3KiB y BUIIAIL
MoOzeni  JIepeB'sTHOr0  KOCTpa, JKOPCTKICTh — KOHCTPYKIIT
A4=0,02 nmo

3MEHHIYETBCA 3, _ () 85.10° E lipu

M
C=0’2.106£ npu 1 =0,38, a HOTIM 3 POCTOM BiJHOCHOI
M
nedopMariii 30UIbIIYETHCS 10 c=1,1»106£ npu 1=0,75
M
(puc. 6, 3anexHICTb 1).

VYV pesynbraTi CTHCKaHHS MOJENi Kylla 3 JAepeB'sSHUX
CTOSIKIB,  KOPCTKICTb ~ KOHCTPYKLii  30imbIryeTrscs  3a
3aJIeKHICTIO, 300paXCHOI Ha puc. 6, (3aleXHICTh 2) i3
c:0,48-106£ mpu 1 =0,02 10 c=5,0-106£ pu

M M
A =0,1. Tlomanpuie 306iNbLICHHS HABAaHTAKEHHS, KOJH
F > 25 xH, npusBeno no pyiHyBaHHS OIYHUX MOPiJ 1 BTpaTH
CTIHKOCTI ~ eKCIIepHMEHTaIbHOro  3paska. Ilpm  1pomy
KOHBEPTIeHIisl O1YHUX MOPi HE 0OMEKYEThCS.

YV Tabn. 2 HaBeAeHO TOKa3HUKH JAedopMariifHux
BJIACTUBOCTEH eKcIIepUMeHTaNbHuX 3paskiB npu A =0,1.

Tabmuws 2

ExcniepiuMeHTanbHUM 3pazok KOpCTKICTE 4 1 H
cx10”,—

3arajpHHUN TOKa3HUK BingnocHa pedopmartist mpu

M IUTACTHYHOCTI § ctrckanui A
JIepeB’SIHUI KoCTep 0,42 72,5 0,1
Kyl 3 IIepEB’THUX CTOSIKIB 5,0 10 0,1

I3 rtabmuui 2 BUAHO, IO JepeB'sHI KOCTPH MalOTh
3araJIbHAM  [OKa3HUK  IUIACTHMYHOCTI 5m=72,5, 110

BIANOBIZIa€ TMONATIMBUM OXOPOHHMM coopynaM. Kymr i3

JIEPEB'THUX CTOSIKIB 3 MOKa3HUKOM IUIACTHYHOCTI 5m CIIiJT

BIZIHOCHTH [0 KOPCTKHX MIATPUMYBaHHX KOHCTPYKLIii.
OOroBopeHHsI pe3yJabTaTiB MoCTiIKeHb. B pesynbrarti
BUKOHAHMX JIOCHIDKCHb BH3HAYCHI YMOBH CTIMKOCTI Oi4HHX
HOpiZ B MOAENi BYIJICHOPOJHOTO MacHBy (puc. 2) mpHu
OXOpOHI BiIKATHOTO IUTPEKy AepeBsTHUMU KocTpamu (puc. 1
a, 2 a) 1 Kymamu 3 JepeB'sHuX cTosikiB (puc. 1 6, 2 0) 3

ypaxyBaHHsIM AehopMalifHUX XapaKTepPUCTHK OXOPOHHUX
cropyza (tabm. 2).

Ha w™mopmemax 3 ontuunux warepiamiB (puc. 2, 3)
BCTAaHOBJICHO  3aKOHOMIPHICTH  PO3MOAITY  JOTHYHUX
Hampy>XeHb B OIYHHX TOpoJax 1 Ha KOHTYpi BHPOOKH.
3agikcoBaHo, mo HeOe3MeuHi MPOSBH TIPHUYOTO THCKY Y
BYIJICIOPOAHOMY MacHBi 3 BHpOOKaMH B  pe3ysbTati
HOPIiBHSIHHS ~ CTAQTHYHOTO  MOJIS  PO3MOJLTY  JOTHYHHX
HAIPY)XCHb MPH COCOOaX OXOPOHU JCPEB'SIHUMH KOCTpaMH
(puc. 2 a) i KymaMu 3 aepeB'ssHUX CTiHOK (puc. 2 0) 3BOIATHCS
[0 MiHIMYMY [P BUKOPUCTAHHI B SIKOCTI OXOPOHHHX CIIOPYJ
IepeB'stHUX KocTpiB (puc. 2 a, 3 a). [lpu BukopucTaHHI I
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OXOpOHHM BHPOOOK KyIIiB 3 JEpeB'SIHNX CTOSKIB, MaeMoO
MaKCUMaJbHy KOHLEHTpALil0 HampyXeHb B IIOKpIiBII Ta
migomBi (puc. 2 6, 3 6) i Ha KOHTYpi BIAKATHOTO IITPEKY
(puc. 2 6).

Kpurepiem ans OLIHKM CTHCKAaHHA OXOPOHHUX CHOPYXR
MOXKHa BB@XaTH iX JKOPCTKICTH (Bup.2). BemuunHa
JKOPCTKOCTI 3aleXuTh BiX JAedopMariiHuX 0coOIMBOCTEH
BAaHT)KOHECYUHX OIOpP 1 BU3HAYAETHCS IPH MAKCHMAIIBHHX
3HAUeHHsAX BimHOCcHOI  nedopmamii 4 mpane3gaTHuUX
OXOpPOHHHX cmopyxA. Jlms paepeB'SHHX KOCTpiB BEIHYMHA
JKOPCTKOCTI JOPIBHIOE c:1,1'10“£ npu A = 0,74 (puc. 6,

M

3anexHicTs 1). s kymiiB 3 gepeB'ssHUX CTOsIKiB — ¢ = 5,0 -
106% npu A =0,1 (puc. 6, 3anexuicts 2).

[Ipn 0omHOOCHOBOMY CTHCKaHHI IEpEB'SHUX KOCTPIB, iX
JKOPCTKICT HA TepmoMy eTami aehopMyBaHHSA, KOJH

21=0,1-0,43MenHmyersest g0 ¢ =0,2-10° f—:, a IOTIM

. H

36inburyetses 1o ¢ =1,1-10°= nmpu 2=0,74 (puc. 6,
M

3anexHicth 1). Y pesynprari Takoi B3aemMomii OXOPOHHOTO

CIOPYDKEHHS 3 OIYHUMH HOPOJaMH, MTOKAa3HUK [UIACTHYHOCTI

AOPIBHIOE 5 =725, WO BiANOBiZae aedopmauiiium

XapaKTePUCTUKAM MiJAATIUBUX KOHCTPYKIIH (Bup. 4,
TaoI. 2).

Jis  OXOpOHHUX CHOpPYIDKEHb, y BHIJISAI KyIB 3
JIEpEB'THUX ~ CTIOK, KOJM  CTIHKH  BCTaHOBIIIOIOTHCS
MEPIEeHUKYISIPHO ~ HAaNIapyBaHHIO IOPiJ 1 CTHUCKaiode
HaBaHTA)XCHHS NPHUKIANAETHCS Y3I0BXK BOJIOKOH, )KOPCTKICTh
ormop  30UIBIIYETHCS [0  3HAYEHb c=5.0-10° H  npu

M
MaKCHMalbHHUX 3HAaueHHsX BinHocHoi medopmanii 4 = 0,1
(puc. 6, 3anexuicts 2). [Ipn 1bOMy IMOKa3HUKY IUIACTHIHOCTI
zopiBHioE § =10, WO BiANOBiZa€ NapaMeTpaM >KOPCTKUX
OXOPOHHHX KOHCTPYKIIH.

TakuM 4YHHOM, B pE3yJbTaTi BHKOHAHUX JOCIHIKCHb
BCTaHOBJICHO, IO ISl 3a0€3MEUCHHS CTIMKOCTI GIYHUX MOPiT
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Ha IUIACTaX KPYTOTO MajiHHA, HEOOXiHO BHKOPHCTOBYBATH
NOJATIMBI OXOPOHHI CIIOPYJAM, II0 BHUKOHYIOTH (yHKIIT
BaHTKOHECYYHX OIOp, SIKi PO3TALIOBYIOTHCS HAJ| BiIKaTHUM
IITPEKOM 1 3abe3neduyloTh IUIABHUM MPOTHH MOKpimi. [Ipu
BUKOHAHHI 1Li€l BHMOTH, KOJNHM 3MIIICHHS MOKPIiBIIi
00MEKYIOTBCSI, BHKIIIOYAIOTHCSI OOBaJICHHA OIYHMX TOpin, a
3HAUUTh MIJBHIIYEThCS Oe3leka TipHHYMX poOiT Ha
BUIMKOBHX AUIBHULISX BYTIIBHOI IAXTH.

BucHoBku

OcHoOBHUM (hakTOpoM TpH (OpMyBaHHI YMOB CTiHKOCTI
OiYHUX TOpiA y BYIJICIIOPOAHOMY MAacHBi 3 BHUPOOKaMH, €
nedopmManiiiHi  XapakTepHCTHKHA OXOPOHHHUX cropyxa. Ilpu
BUKOPUCTAaHHI  MiAJATIMBAX  OXOPOHHHX  CHOpPYyA 3
TMOKa3HUKOM IIJIACTHYHOCTI 8, =72,5, upu il HaBaHTaXXCHHS,

TIOKPiBJIA BUIIPOOOBY€E 3TUHANBHI Aedopmanii i Hag BHPOOKOIO
BinOyBaeTbcss IUIaBHMH mporumH Oiuamx mopix. Ilpm
MakCUMaJbHIH aedopMamii MiATATIMBHX BaHTAKOHECYYHX
onop (A =0,7) 3MilleHHs HOKpiBIi 00MEKYIOTbCS. Bucoka

KOHIIGHTpAllis HalpyXeHb B OIYHUX IMOpOJax i Ha KOHTYpi
BUPOOKM TPOSBIISIFOTHCS NPU  BUKOPUCTaHHI  KOPCTKHX
OXOPOHHHX CHOpYJ, Y BUTJIAl KYIUiB 3 AEPEB'SHUX CTOSKIB,
TIOKa3HUK IUIACTHYHOCTI sIKMX jopisHioe § =10. Ilpm

BITHOCHO HEBEIHMKHX 3HAYCHHSX BIIHOCHOI Jedopmarrii
KOPCTKHX BaHTakoHecyuux omnop (A =0,1), B 30Hi Bucokoi

KOHIEHTpauil  HampyXeHb NpH  Oil  HaBaHTaKCHHS,
BinOyBa€eThCcs pyHHYBaHHS OIYHHMX IOpiA i BTpaTa CTIMKOCTI
BaHTaxxoHecydoi omopu. 11100 yHHKHYTH TpaBMaTHU3MY
TipHUKIB Bix oOBaliB 1 OOBaJICHb, PEKOMEHIYETHCS JUIS
OXOPOHH BHPOOOK BHKOPHCTAHHS MiAJATIMBHX OXOPOHHHX
CIIOpY .

BucioBieHHS NOASAKH

ABTOp  BHCIIOBNIIOE  BIsuyHicTh  acmipanty JIBH3
«loHeupkuil  HaIlOHAIBHUI  TEXHIYHMH  YHIBEpCHUTET»
Korresiit O. II. 3a momomory y BUTOTOBICHHI Mogeneil Ta
TIPOBEICHHI EKCIIEPHUMEHTAIBHUX JTOCIIIKCHb.
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B. JoBraanb
MOJIEJIMPOBAHUE YCTOMYMBOCTH BOKOBBIX IIOPOJ B VIJIENIOPOAHBIX MACCHUBAX IIPH
PA3JIMYHBIX CIIOCOBAX OXPAHBI BBIPABOTOK

Iens — wccenoBaHMe TPOSIBICHUH TOPHOTO NaBJEHHS B OTKATHBIX IITPEKax KPYTOTO YTOJBHOIO INIacTa Il oOecrieueHus
9KCITyaTallMOHHOTO COCTOSIHHS BBIPAaOOTKM ¥ IOBBINIEHHs 0€30MacHOCTH pabOT Ha BBIEMOYHBIX YYacTKaxX IIyOOKOH yroibHOM
maxTel. B HccIenoBaHUM MCHONB30BANCs KOMIUICKCHBIM IOAXOM, BKIIIOYAIOMIMI aHamu3 M OO0OOIICHHE TEOPETUUECKUX U
SKCHEPUMEHTAIBHBIX UCCIEJOBaHUMN 10 3TO IpolieMe, IPOBEICH HATYPHbIM SKCIEPUMEHT 110 U3YUCHUIO YCTOMYMBOCTH OTKATHBIX
IITPEKOB M 00pabOTKy SKCIIEPUMEHTAIbHBIX JaHHbBIX. [IJIs OIIEHKH yCTOHYMBOCTH MOATOTOBUTEIBHON BHIPAOOTKH OBUTH BHITTOTHEHBI
IIAXTHbIE MCCIEA0BAHUS MO M3YyYEHMIO MPOSBICHUN TOPHOTO JABJICHMSA B OTKATHBIX IITPEKAX IPU Pa3IMYHBIX CIOCO0aX OXpPaHHI,
KOT/Ia yCTaHABIIMBAIACh BEINUMHA CMEIIEHHsI OOKOBBIX MOPOJ HAa KOHTYPE M U3MEHEHHs IUIOIIAAN [TONEPEYHOTO CEYEHHUS ITPEKa 110
JUIMHE BBIEMOYHOTO ydJacTKa. B pe3ynbraTe BHIMOIHEHHBIX HCCIIEA0BAHUN 0OOCHOBAHBI YCIOBHS YCTOMYMBOCTH OTKATHBIX IITPEKOB
KPYTBIX YTOJIBHBIX IUIACTOB MPH OXpaHE KOCTPAMH M3 AEPEBSHHBIX IIMal M KyCTaMH 13 CTOEK. 3a(UKCHPOBAHO, YTO B 30HE BIMSHUS
TOPHBIX PaboT, KPEIUICHUS B OTKATHBIX INTpeKax IeGOpMHPYeTCs M HMeeT XapaKTepHble H3rHOBI cO CTOpOHBI Kpomiu. Ha
paccrosann L > 80 M mo3amu ourcTHOro 320051 MOTEps IUIOMAIH MONEPEYHOr0 CeYeHHs] BBIPaOOTKH cocTaBmia okono 50 % mpu
criocobe oxpaHbl KycTamu u3 croek W 30 % npu NpUMEHEHHH JEpeBSIHHBIX KOCTPOB. DKCIEPUMEHTAILHO J0Ka3aHO, YTO IIPH
croco0e OXpaHbl YYaCTKOB IOJTOTOBHTEIBHBIX BBIPAOOTOK JKECTKMMH IEPEBSHHBIMH KOHCTPYKLIMSMU B BHJE KYCTOB U3 CTOCK,
U3MEHEHHE IUIOIAAM IONEPEeYHOro CEYEeHHs OTKATHOTO INTPeKa MOo3aJd OUYMCTHOrO 3a00s B 30HE BIUSHUS OUHCTHBIX PaboOT
MPOUCXOAUT IO JHMHEHHOW 3aBUCUMOCTH C YBEIMYEHHUEM IJIMHBI BBIEMOYHOIO YYacTKa K MOJHOMY pa3pyLIEHHIO OXPaHHOTO
coopyskeHus. [y obecriedeHuss yCTOHIMBOCTH OTKATHBIX IITPEKOB B IIyOOKOH YrOJBHOW IIaXTe C KPyTHIM 3aJ€raHueM YTOJBHBIX
IIACTOB, Leeco00pa3HO MPHMEHEHHE OECIIETMKOBEIX CIIOCOOOB OXpPAaHBI, KOTAA IS HOAAEPKAHUS OOKOBBIX MOPOJ UCTIONB3YIOTCS
MIOJIATJIUBEIE COOPY’KEHHSI B BHAE KOCTPOB M3 NEpeBSHHBIX mman. IIpuMeHeHume 3Toro crmocoba OXpaHBI HOATOTOBHTEIHHOM
BEIPAOOTKH ITO3BOJISICT YMEHBIIUTH BEPOSITHOCTH OOPYIICHHUI 1 TOBEICUTH OE30IIaCHOCTH TOPHBIX PadoT.

KioueBble cjI0Ba: yCTOHYNBOCTE, MOJEIMPOBAHHE, YTIICIOPOIHBIN MAaCCUB, KECTKOCTh, OXPAHHOE COOPY KEHUE, OOKOBBIE ITOPOJIH,
ropHast BBIpaboTka
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