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ABSTRACT The technological processes designing main criterion are identified. The reliability parameters: infallibility, durability,
repairability, preservation are described with machine part life cycle’s substages and stages are described. The reliability support
principles of difficult engineering systems for mechanical engineering production are analyzed. The insufficient researches level
regarding influence of casting’s structural components on defects formation on it surface is argued. The reliability varieties are
considered, its place in the machine part life cycle’s structure is identified and mathematical dependences for potential reliability
definition are suggested. Inexpediency of potential reliability using as the part condition forecasting’s criterion during it machining
is justified. The blanks operations importance in the technological process planning structure of cast blanks is confirmed. The
mathematical dependence for technological processes infallible implementation’s estimated probability (the technological process
reliability coefficient) is confirmed. The defects types and its formation mechanisms for blanks are analyzed. The casting defects
main types: burnt-on sands, cavities, flashes and cracks are characterized. The deficiencies role as surface layer ’s infringements
during parts work in machine is installed. The parameters for the deficiencies control according to 1SO 8785: 1998 are
presented. The metal destruction phases during machining are considered. It is installed that big angle grains boundaries have an
important role in technological damages and processes of alloys destruction situating between grains boundaries formation. The
material damageability degree evaluation's modern conceptions as the operating time result of direct and indirect measurements are
considered and its main deficiencies are specified. The LM-hardness method for definition of the castings damageability W as part
infallibility parameter is presented. The technological fixture and the experimental researches execution and implementation
technique are described. The received results justification and analysis are presented. The further researches directions are
scheduled.
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BILJIMB PO3MILIEHHS EJEMEHTIB KOHCTPYKIIII
HA ®OPMYBAHHA TEXHOJIOI'TYHUX MOWKO/A’KEHb BUJIMBKA

A. M. KYCHH*, B.T. TOITL/IbHUI[bKHH?

L xagpedpa mexnonozii mawunobyoyeanns, Hayionanonuii ynisepcumem “Jlvgiecoka nonimexnixa”, JIosis, VKPAIHA
2 kagpedpa npoexmysanns ma excnayamayii mawur, Hayionansnuii ynieepcumem “Jlvsiscoka nonimexnixa”, JIvsis, VKPAIHA

AHOTALIA BcmanosneHo ocHo8Hi Kpumepii npoexmysanus mexHonr02iyHux npoyecis. Onucano 36’130k NOKA3HUKIE HAOIUHOCMI:
0e36i0M08HOCTI, 008208I14HOCTNI, PEMOHMONPUOAMHOCII, 30ePeXrCIUBOCI 13 emanamy ma cmaodiamu HCUMmeE020 YUKIY 6Upoody.
Ilpoananizoeano npunyunu 3ab6e3neyenHs HAOIUHOCMI CKIAOHUX MEXHIYHUX Cucmem OAs MAWUHOOYOI6HO20 BUPOOHUYMEA.
Apeymenmoeano na He0OCMAMHbLOMY pi6HI 0OCTIONCEHb CIOCOBHO BNAUBY POIMIUeHHA KOHCIMPYKMUGHUX eleMeHmis UnUeKa Ha
opmysanns depexmis Ha 1i020 nogepxui. PoszensiHymo pizHoeuou HaoiliHOCMel, 6CMAHOGIEHO IX Micye Y CmpYyKmypi JCUmme8o2o
YUKTLY 6UPOOY ma NPueedeHo MamemMamudti 3a1e)iCHOCMI 015 6U3HAYeHHs. NOmeHYHoI Hadiinocmi. O6IPYHMOBAHO HedOYiIbHICMb
BUKOPUCAHHA NOMEHYIlHOI HAOIliHOCMI 6 AKOCMI Kpumepilo npocHO3Y6aHHs CMAHy 6upody nid uac 1020 6USOMOGNEHHS.
ITiomeepodiceno 6azomicme 3a20MiGelbHUX ONEPAYitl y CMPYKMYpi MEXHOIOSIYHUX NPOYecie MexaniuHozo 0OpOONeHHs IUmux
3a20mogok. Ilpueedeno mamemamudny 3a1exHCHICMb 015 OYIHKU UMOBIPHOCTI 6€38I0MO6HO20 30ilICHEHHA MEXHOI02TUHO20 NPoYecy
(koeghiyienma maoilinocmi mexuonoeiunozo npoyecy). Ilpoananizoeano uou Oeghexmis i mexanizmu ix hopmysanus 01 GUIUBOK.
Oxapaxmepu308ano 0CHOGHI 6uOU OegheKmie MUMea: npueapu, paKosuHu, 3AaIuUsUHU ma mpiwunu. Bcmanoeieno ponv 6ad sk
nopyuieHb noeepxHeso2o wiapy npu pobomi oemaneii 6 ckiadi eupobis. Ilpedcmasneno napamempu 015 KOHmMpo0 8ao 32iono 1SO
8785: 1998. Pozensanymo emanu pyuHysanHs memany nio wac oo6pobku pizaunsim. Bemawnoeneno, wo sasicnugy ponv y ¢popmysanni
MEXHONO2IUHUX NOWKOOJICEHb | NPOYecax Midc3epeH020 DYUHY8AHHA CHAAGIE MAlOMb GeIUKOKYMOSI epanuyi 3epeH. Poszenanymo
cyuacui KOHYyenyii oYiHKu CMyneHio NouwKoOdICyBaHocmi mamepiany AK HANpaylo8aHHs 3a pe3yNomamdami NPAMUX i Henpamux
BUMIPIOBAHL Ma 6KA3AHO iX 0CHOGHI Hedoniku. [Ipedcmasneno memood LM-meepoocmi Ons GusHaueHHs NOWKOOIICYBAHOCII BUNTUGKIE
W sk xapaxmepucmuku 6e36iomosnocmi eupo6y. Onucano mexwonoziune OCHAWEHHA Md MemOOUKy Npo8eoeHHs i 30iUCHeHHs
excnepumeHmanshux oocniodcens. Ilpeocmaegneno obrpynmysanus ma npoananizoeano ompumani pesyromamu. Hamiveno winsaxu
Nno0anbLUUX OOCTIONCEHD.

Knrwuoei cnoea: mexuonoeiunuili npoyec; HaoiliHicmv; 6e3610MOBHICMb; AUMA 3A20MOBKA;, MEXHOIO02IYHe HNOUKOONCEHHS,
HOWKOOIICYS8AHICTD

Introduction manufacturing cost. The reliability parameters, which are

. o ) occurred during parts exploitation, are usually disregarded
The main criteria of technological process [1-5].

planning are specifications support and minimum parts
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The reliability parameters. infalibility, durability,
repairability, preservation connect with al machine part
life cycle’s substages and stages in particular and
machines as a whole (fig. 1). The reliability parameters
are laid at the parts designing. The reliability parameters
are supplied at the parts manufacturing. The réliability
parameters are appeared at the parts exploitation.
Therefore the reliability problem is comprehensive [1, 2].

Fig. 1 - Product Lifecycle’s stages and substages

On the mechanical engineering development’s
modern stage the reliability problem becomes actua in
connection with designs complication, products
machining and assembles, tasks soluble responsibility
increasing. The successful decision of this problem
depends on the organisational, technical, information and
methodological quality components (fig. 2) [3]

Organisational ensuring realises the plans and
works complex to reliability parameters, the technical
services organisation, economic-legal and administrative
mutual relations between machines customer, designer
and manufacturer.

The difficult engineering system reliability
support principles

—»| Organizationa ensuring

Technical ensuring

Information ensuring

— Methodological ensuring

Fig. 2 - The difficult engineering system reliability
support principles

Technical ensuring is defined by the branch fitting-
out using of applied software, experimental and industrial
base, technology perfection, diagnostics and control.

Information ensuring is means and the directions
of the collection, accumulation, processes, anaysis and
using data about systems, failure and defects analysis
results design and exploitation processes.

Methodologica ensuring covers a theoretical base
and engineering-applied methods of systems reliability
analysis on the machine life cycle’s stages.

At the same time the influence of casting structural
components placement on it surface layer defects
formation is investigated less. Moreover the technique of
technological damages quantitative definition both on
casting operation, and during the technological process
planning. Therefore these questions require further
fundamental theoretical and experimental researches.

The investigation purpose

The investigation purpose is the casting structural
components influence’s analysis on the machines details
reliability parameters ensuring.

The main part

Technological process has direct and important
influence on reliability parameters. However these
communications are difficult, multi-stage and also not
obvious (fig. 3) [1-3].

Techno- Quality Exploi- Realibility
logical | paa | tation | paa
process meters traits meters

Fig. 3 — The dependence scheme of the reliability
parameters about the technological process level

Insufficient quality of the part conception
development processes and its production’s preparation
results in 80% of all defects emerging during production
and parts using. The wrong, hasty and uncompleted
technology design and technical requirements non-
observance cause about 60% of all failures arising during
part’s warranty period [2, 3].

Therefore, 1SO 9001:2008 standard underlines the
all actions integration. At the same time, the works
gravity centre is transferred from function to a process
that guaranteed the management's unity, the
organizational culture improvement and alows PLM
technologiesto be effectively implemented [2,3].

The modern reliability theory is based on
fundamental mathematics and natural sciences laws
[5-10].

There are potential, actual and reliable reliability
from technological contention. Potential reliability laids at
the design preproduction and technological preproduction.
Actua reliability is supplied at the production substage.
Exploitation reliability is displayed at the part exploitation
stage depending on particular conditions [3].

The tasks, which require a prime definition, are the
priority reliability characteristics establishing, its
guantitative definition development and part behaviour’s
forecasting both at the machine creation stage, and at the
exploitation stage.
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The part potential reliability defines it maximally
reliability achievable value [3]:

P0 = Pd : F)elem : Pprod. ' (l)

where Py, Pyen, Py — potential, respectively, the

design, furnishing elements and production processes
reliability.

The potential design reliability P, is the fact
probability that requirements specification which stated in
standard documentation specifications remain within the
given parameters limits, if sudden failure does not take
place.

The potentia furnishing elements reliability P, -

isthe fact probability that the elements will work properly
during determined time at given power modes and the
exploitation conditions:

I:)elem = ki . kc ' ke! (2)

where k; — coefficient accounting given type elements
failure intensity for determined period; k, — coefficient
accounting exploitation conditions (temperature, humidity
etc.); k, — coefficient characterising the equipment’s type
(power , elevating etc.).

The production processes potential reliability I,
is defined as the probability that individual technological
operations are completed without allowable defects.

In real exploitation conditions, the gap between
potential and practical reliability is appreciably given the
hidden and obvious defects (40-85 % of the total). These
defects are laid down at the machine creating stage (fig.
1), which cause failure during the exploitation stage [1-3].

In this regards potential reliability shouldn't be
considered as the machine part condition forecasting’s
criterion during it manufacturing.

Therefore the interrelations criteria establishing
between technological parameters on the substages of
machine creation stage and reliability characteristics are
the mechanical engineering's important task.

The blanking operation’s role is not enough taken
into account at modern technological process designing
from the reliability position [2,3]. The blanks structure
and property should be considered in close combination
with the metal heredity from liquid condition. Only 25%
of charge’s properties are transferred to the blank. Other
75 % are formed during aloy pouring and curing upon
cooling [2,3].

Therefore the reliability parameters formation's
analysis on blanking operations has a significant influence
to machine parts manufacturing by cutting.

The technological processes infalible
implementation’s estimated probability (the technological
process reliability coefficient) will be described including
blanking operations [1]:

A)-T1h-0-R)0-P, ) a-R)]. @

i=1

whereR,(t), P (t) - the technologica  process

performance's probability on blanking and intermediate
operations (the reliability coefficient on blanking and
intermediate operation), P, — the parts rejection absence's

probability on control operations (the reliability
coefficient on control operations).

Hence, the technological processes infalible
implementation’s estimated probability P(t) straight

depends on the technological process performance's
probability on blanking and intermediate operations P,
R, (t)and parts rejection absence's probability on control
operations P, .

The physical and chemical heterogeneity which are
formed during blank’s solidification, is transformed into
damages or defects at technological cutting as a structural
heredity result in determined cases [2-10].

The castings defects are diverse. Some of them
particularly formed on surfaces adjoining with gas phase,
by their essence relate to natural roughness. Considerably
lot of surface layer’s heterogeneities is connected with
processes occurring on the firm phase and foundry forms
boundaries. Their formation depends on the casting
method and the liquid material properties[11,12].

The burnt-on sands, cavities, flashes and cracks are
the main blanking’s defects.

The burnt-on sand is the metal surface’s defect as
difficult separated layer on casting which is formed as the
form material chemical and physical interaction's result
with metal and his oxides.

The gas cavity is displayed as cavity formed with
gases allocated from melt

The flash is a defect which results from liquid
metal's hit to backlash between the casting crust and the
crystallizer wall which is formed owing to the meniscus
twist in their contact area.

Hot crack is defect as surface breakage arising
during melt solidification.

Cold cracks arise at temperatures lying below
metal transition temperature from the plastic deformations
areato elastic area.

The medium's aggressive factors impact, working
loads, wear and corrosion result to surface layer
destruction. Morphology formed structures is connected
closely with the surface layer degradation’s mechanisms.
It allows solving diagnostic tasks according to technical
objects current condition’s appreciation [11].

The surface layer infringement at parts work
consisting of machine from the reasons not connected
with operational factors, as well as at transport, storage
and assembling, is attributed to flaws. Their presence and
characteristics are also specified and are applied for the
parts appropriateness evaluation to further operation.

The flaws are named by surface layer local
geometrical heterogeneities formed by inadvertent or
random impact.

The flaws can be displayed in any asperity
deviations dimensional level. Pursuant to 1SO 8785:1998
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they are considered as surface recesses scale’s
independent differentiated on morphology, camber and
combined relief elements.

Recess represents defect located below nominal
surface.  Among them they alocate following
heterogeneities types. groove, scratch, crack, blowhole,
wane, dent and others.

Cambers are relief elements formed with material
located higher than nominal surface. Their modifications
are presented by following types: flash, buckle, scale,
deposits and others.

The combined flaws can lie both above, and
below nominal surface. They involves crater, lap, scoring.

The flaws presence's admissibility depends on the
surface functional assignment and their characteristics -
length, depth, width, height, relative density of the
arrangement etc. These parameters are defined by simple
measurements on the following definitions basis (1SO
8785:1998) [11]:

surface imperfection length SIM; — greatest
dimension of the surface imperfection, measured parallel
to the reference surface;

surface imperfection width SIMw — greatest
dimension of the surface imperfection, measured normal
to the surface imperfection length and paralel to the
reference surface;

single surface imperfection depth SIM« — greatest
depth of the surface imperfection, measured from and
perpendicular to the reference surface;

combined surface imperfection depth SIMg —
greatest depth of the surface imperfection, measured from
and perpendicular to the reference surface;

single surface imperfection height SIMg, — greatest
height of the surface imperfection, measured from and
perpendicular to the reference surface;

combined surface imperfection height SIMe —
distance between the reference surface and the upper
most point of the surface imperfection, measured from
and perpendicular to the reference surface;

surface imperfection area SIM, — area of a single
surface imperfection projected onto the reference surface;

total surface imperfection area SIM; — areaequal to
the sum of the individual surface imperfection aress,
within the agreed limits of discrimination;

surface imperfection number SIM,, — number of
surface imperfection on the total rea surface, within the
agreed limits of discrimination;

number of surface imperfections per unit area
SIMW/A — number of surface imperfections on the
specified surface imperfection evalution area A.

The destruction process includes following
substages:

1) damages accumulation and material integrity
infringements in the voltage formation and deformations
areg;

2) the tiny cracks development in defect medium ;

3) cracks development and material particles
separation at unit loads and motions given on preparation
boundaries.

The grains boundaries with big angles have
determining role in technological damages formation and
alloys destruction between grains boundaries. The various
origin distribution boundaries influence to deformation
processes and alloys destructions isn't explored. To a
considerable extent it is due to failure to take account in
existing models the structure boundaries grains and
border grains zones structura -phase condition [2].

In practice of the materiology and the mechanical
engineering are known methods of the material degree
evaluation damageability as the operating time result by
direct (methods of weighing, metalgrafia etc.) and indirect
(electric resistance, acoustic emission etc.) measurements
of metal mechanical specifications without destruction
[2,12]. The specified ways application for material
degradation evaluation as a damages accumulation result
during operating time is followed by big errors, as
correlation  between  measured parameters  and
specifications of structural-phase condition for wide
nomenclature of materials ambiguous and is not
investigated thoroughly.

From known evaluation methods the most
appropriate is material hardness measurement method on
determined stages of the operating time. After that, taking
into account mechanical specifications correlations, in
particular hardness, with structure parameters, material
damageability evaluate degree. This method is
noninformative and inexact, as between material hardness
and it technological damageability correlation weak and
not is not always unambiguous.

Therefore necessity in method’s development of
the material structure evaluation's degradation as a
damages accumulation result during the operating time
arose which would allow to provide informativeness and
accuracy.

The samples structure condition’s surveillance
quality on the one hand and materia's damage of in
under study part of samples on the other hand can be
carried out by method of LM-hardness developed under
the academician A. A. Lebedev direction. By the
evaluation criterion not absolute physical quantities
values serve, and their derivatives, for example,
dissipation of received results of the control performed by
the same devices in identical conditions [2]. LM -
hardness method is easier to realise, applying as
mechanical specification hardness on Rockwell. The
hardness value is used for parameters indirect evaluation
by the structure and other properties.

Homogeneity serves of parameter which integrated
describes material condition during the hardness control
results processing. Homogeneity is described Vebull’s
coefficient m on Gumbel’s known formula [2,13]. Big
numerical values of coefficient m concern hardness sizes
dispersion's low level, the damageability lowest degree;
smaller values, according to logic, define a damageability
high degree[2,13].

The Weibull distribution is described by [2,13]:

fo)=1-0 1) @
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The Weibull °s homogeneity coefficient is defined
to mathematical dependence:

m= 2,30253(~r1°)(£g(H)) ’ ®)

where d(n) is characteristic, which is pegged to the
measurements amount N ;

s(zg<H>>=Ji.i(ﬂg<Hi)—ﬂﬁ>)ﬁ ©

n-1=

n

io(H)-—-3 rglH). U

In researches [2,13] is offered to evaluate the
material structure analysison it damageability W:

W = Mmac =My 6)
m

max

where m, isthe Weibull homogeneity coefficient's value
on i-i lines (planes); m,, is the maximum Weibull

homogeneity  coefficient's value for determined
measurements Series.
However, if unknown microhardness values

distribution on sample height (to priority of metal corium
hardening), the damageability value of W is inexpedient
to operate. Then the material structural condition's
evauation is implemented on the Weibull homogeneity
coefficient's value.

Experimental researches led for casting
components analysis influences of the technological
damageability formation, as part infallibility parameter.

In sand mold the blank (sizes 165x155x22 mm,
material AK21M2,5H2,5 GOST 1853-93) was cast (fig.
4). After crystallization the blank was divided in three
samples: with small and big risers and with gate.

Fig. 4 — The samples for experimental researches:
1 - with small riser; 2 - with gate; 3 - with big riser

Samples end surfaces were processed on universal-
milling machine tool 676 (t = 0,2-2 mm; SxB. = 42
mm/min; n = 640 mint) by end milling cutter & 45 mm
(z = 2). Two machining series were carried out. The

control of surface layer parameters was implemented after
each machining.

The hardness was measured in five cross-sections
on distances 2, 4, 7, 12, 17 mm from the casting’s surface
(on 30 values) after machining. The measurements
implemented for samples 1, 2 (fig. 4) on the device TP-
5006 GOST 23677-79 on N’s scale by means of ball @
3,175 with load 588,4 H.

The Weibull homogeneity coefficient (m) was
computed by equations (5-7). The casting material
damageability W was calculated by equation (8) in
medium Mathcad 15 by researches results. The change of
damageability W according sample’s thickness is
presented on thefig. 5.

Fig. 5— The material damageability dependence's
schedule W according thickness of samples 1 and 2 (fig.
4): 1, 2 - fromsmall riser fellow for the first and second
experience series respectively; 3, 4 - from opposite end

surface from riser a fellow for first and second experience
series respectively; 5, 6 - for gare from small riser a
fellow for the first and second experience series
respectively; 7, 8 - for gate frombig riser for thefirst and
second experience series

The results discuss

The casting damagesbility structure’s experimental
researches results showed.

1. The maximum technological damages quantity
takes place for the material’s zones at a depth up to 2 mm
from surface for sample with gape: more - on the small
riser's part, less - on the big riser’s part. It is due to specific
features of the material hardening process, impurities
presence, heterogeneities in surface layer and cavity biased
from symmetry axis to the small riser’s direction. Results
are confirmed by least Weibull homogeneity coefficient’s
values (m), as well as the damageability largest values W.
The Weibull homogeneity coefficient (m) is more for
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sample with small riser, and the damageability value W is
less. It is due to growth of the distance from gape.

2. The damageability stabilisation observed for
sample with small riser for the first and second experience
series at moving deep into material from 2 to 4 mm. At
the same time in the cross-section from gate the
damageability is more. It evidences about form design
elements influence of to impurities and heterogeneities on
casting section distribution. Damageability grows for
sample with gate at moving to shrinkage cavity (the
second experience series).

3. The damageability values stabilisation takes
place at a sampl€'s depth from 4 to 17 mm. It is confirmed
by growth of the Weibull homogeneity coefficient’s
values (m) and approach to the cross-section with quick
melt's solidification.

Conclusions

The main conclusions are made on the held
researches grounds.

1. The technological damages evaluation in parts
surface layers on blanking operations and after machining
is expedient to lead on the hardness characteristics
dispersion degree.

2. Parameter of technological damageability W is
offered for the first time as criterion for the parts
infallibility evaluation at the machine creation stage.

3. Further research are expedient to extend on
more wide parts and materials nomenclature, to introduce
a given technique to modern mechanical engineering
production's practice.
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AHHOTALIHUA Ycmanosnenvl OCHO8HbIE Kpumepuu npoeKmuposanisi mexHoioeuieckux npoyeccos. Onucauvl céa3u noxasameine
Haoedicnocmu: 6e30MKA3HOCMU, 00J208€4HOCHY, PEMOHMONPULOOHOCHY, COXPAHAECMOCMU C dJMANAMU U CIAOUAMU JICUSHEHHO2O
yuxkaa usoenus. IIpoananuzuposamvl  npuHyunsvl  0becneveHus:  HAOeHCHOCU  CIOJCHLIX — MeXHU4ecKux cucmem  Os
MAWUHOCPOUMENLHO20 NPOU3BOOCMBA. ApeyMeHmuposan HedoCmamounblil yposeHb UCCIe008AHUI OMHOCUMENbHO  BIUAHUS
pasmewyenus KOHCMPYKMUGHIX DNEeMEHMOs OMAUSKU Ha @dopmuposanue Oegekmos Ha e20 nogepxnocmu. Paccmompenvi
DPA3HOBUOHOCIU HAOEXHCHOCMU, YCIAHOBNEHO UX MECMO 68 CIPYKMYPe HCUSHEHHO20 YUKIA U30enus U NpUueedeHsl Mamemamuieckie
3asucumocmu 05 onpedenenus nomenyuanbHou nadexcrhocmu. ObocHosana HeyerecoodpasHoOCmy UCHOAb306AHUS NOMEHYUATLHOU
HaoedicHoCcmu 8 Kadecmee Kpumepus HPOSHOZUPOBAHUS COCMOSAHUA U30enus 60 epems e2o uszomoenenus. Iloomeepowcoena
3HAUUMOCHb  3A20MOBUMENLHBIX  ONepayull 6 CMpPYKMype mMexHON02UYEeCKUX Npoyecco8 MeXaHuyeckol 0Opabomxu aumslx
3azomosok. Ilpusedena mamemamuueckas 3a8UCUMOCMb Ol OYEHKU  GePOAMHOCHU  0OE30MKA3HO20 — OCYWecmeieHus
MEXHON02UYEeCK020 npoyecca (Kodghguyuenma HadesrcHOCmU mexHoa02uYecko2o npoyecca). Ilpoanarusuposansi 6uodvl deghekmos u
MexaHusMul ux popmuposanus 6 omauekax. OxXapakmepuz06aHbl OCHOGHbIE 8UObL OeeKMO8 UMb, NPUapbl, PAKOSUHbL, 3ATUBUHbL
U mpewunbl. Ycemanoeiena poiv U3bAHO8 KAK HAPYWEHUL NOBEPXHOCMHO20 Cl0s npu pabome Oemanell 8 cocmage uz0enuil.
Ipeocmasnenvt napamempol 0Jisi KOHMPOAS uzbsiHo6 coanacho 1SO 8785: 1998. Paccmompenvl smanvl paspywienus Memaiia npu
obpabomke pezanuem. Ycmanoeieno, umo 6aANCHYIO polb 8 DOPMUPOSAHUU MEXHONOSUYECKUX NOBPEXCOeHUll U Npoyeccax
MedHcOy3epeHHbIX paspyuieHuss Cniago8 umeiom epanuysl 3eper c boavwumu yanamu. Paccmompenvl cospemenmvie Komyenyuu
OYenKu cmeneHu nogpelcoaemMocmy Mamepuand Kak Hapabomku no pe3yibmamam NPAmblX U KOCGEHHbIX USMEPEHUll U YKA3aAHbL UX
ocHosHbie Heoocmamku. [Ipedcmasnen memoo LM-meepdocmu 015 onpedenenus nospexcoaemMocmuy Omaueox KaxK XapaKmepucmuxu
bezomkaznocmu uzdenus. Onucanvl mexHor02UUECKoe OCHAWeHUe U MemoOuKa nposedenUs U OCYWeCmeneHus IKCHepUMeHmaibHble
uccnedosanuil. [lpedcmasneno 060cHo8aHUe U AHATU3 NOTYYEHHBIX pe3yibmamos. Hameuenvt nymu 0anbHetiuux uccie008anull.
Kniouesvie cnosa: mexuonozuueckuii npoyecc, HAOEHCHOCHb, OE30MKAZHOCMb;, JIUMdA  3A20MO6KA;  MEXHON02UYEeCKoe
nospecoenue; noepexHcoaemMocs.
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