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Abstract

Background. During operation, the condition of the machine is subject to con-
stant changes, occurring unpredictably and depending on a multitude of operating
factors that affect the wear and tear of individual machine components to varying
degrees, requiring different amounts of repair and maintenance for each piece of
equipment. Preliminary diagnosis of the entire system or its individual parts helps
to accurately determine the amount of maintenance or repair required. This study
analyzes methods for improving the accuracy and reliability of machine technical
condition assessment. Also considered are the key factors of technical diagnostics
that provide assessment of the current parameters of the object and prediction of
the state on the basis of data obtained through direct or indirect measurements. The
authors propose a method of evaluating the efficiency of diagnostic procedures tak-
ing into account various combinations of influencing factors. The influence of the
marginal cost of diagnostics on the total specific repair costs is shown.

Purpose. The purpose of the research is to study the role of diagnostics in the issues
of improving the objectivity of the assessment of the technical condition of machines

Materials and methods. Availability of information on specific values of con-
trolled parameters allows to control the threat of disturbance of normal operation
of machines. Assessment of the state of machinery is carried out by comparing the
actual values of parameters with the specified norms. Detailed control requires
methods of monitoring the monitored parameters, including the collection of ad-
ditional data on how these parameters change over time. Modern technical devic-
es are equipped with a continuous condition monitoring function, which makes it
possible to continuously monitor the operation of machines and equipment. Early
fault detection includes a set of measures to identify emerging defects, determine
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their root causes, and carefully analyze the nature and degree of development of
these problems. Technical diagnostics consists in assessment and forecasting of the
object state based on the results of direct or indirect measurements of state param-
eters or diagnostic parameters.

Results. The results of this study show that diagnostics allows management at
two levels: technical state and technological process. At the first level, diagnostics
is directly related to maintenance (TO), while at the second level it is more related
to the organization of technological processes.

Conclusion. Application of modern methods, tools and approaches to diag-
nostics in the system of maintenance and repair will increase its efficiency due to
more complete utilization of operational characteristics of each individual object.

Keywords: technical diagnostics; technical condition assessment; reliability;
safety; machine
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POJIb JTUATHOCTUKH
B BOITPOCAX NOBBIIEHUA OBBEKTUBHOCTH
OHEHKHU TEXHUYECKOI'O COCTOSAHUA
CEJbCKOXO3SMCTBEHHBIX MAIIIMH

C.HU. Ilonos, H.C. [onyos, /1.B. Pyooii, A.B. Onvuiesckas,
C.B. Tennakosa, A.C. Ilpyykos, I0.B. Mapuenxo

Annomauus

Oo6ocHoBanue. B mporecce sKcIuTyaTaiui COCTOSHUE MAIIIHBI TIOIBEPTaeTCs
[TOCTOSIHHBIM M3MEHEHHMSM, ITPOUCXO/ISAIINM HENPEeICKa3yeMo U 3aBUCUMO OT MHO-
JKCCTBA IKCIIITyaTallMOHHBIX Q)aKTOpOB, B pa31—10ﬁ CTCIICHHU BJIMAIOIIMX HA HU3HOC
OT/ICNBHBIX KOMIIOHEHTOB MAIlIMH, YTO TpeOyeT pa3auyHOTo 00beMa PEeMOHTa U
00CITy)KUBaHUS /TSl KOXKA0HM eAMHUIB 000pynoBanus. [IpenBapuTenbHas quarto-
CTHKa BCEW CHCTEMBI HITH €€ OTACIbHBIX YacTeil IOMOraeT TOYHO OIPECITUTh 00b-
€M HE0OXOAMMOTO 00CITY )KUBAHUSI MM PEMOHTA. B paMKax TaHHOTO HCCIIeJOBAHUS
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IIPOBECH aHAJIN3 METOJOB YITyUIIEHUS] TOYHOCTH U JTOCTOBEPHOCTH OIIEHKH TeX-
HUYECKOTO COCTOSIHUSI MaIliH. Takke pacCMOTPEHBI KITIOUEeBbIe (PAKTOPbI TEXHH-
YeCKOHM MArHOCTHKH, 00eCTICIMBAIOIIIE OIIEHKY TEKYIINX MapaMeTPOB 00bEKTa U
IIPOTHO3UPOBAHNE COCTOSHUSI Ha OCHOBAHHH JaHHBIX, TIOJYYEHHBIX Yepe3 MPSMbIe
WA KOCBEHHBIE M3MEpPEHHs. ABTOpPaMH MPEAJIOKEH METOJ OLleHHBaHUs dPdek-
THUBHOCTH NPUMCHCHUSA TUAaTrHOCTUYCCKUX MPOUCAYP C YUCTOM Pa3JIMIHBIX KOM61/I-
HaIMii Bo3aecTBYOMUX (akTopoB. [Toka3aHO BIUSHHUE MPEACIbHON CTOMMOCTH
JMarHOCTHPOBAHUS HAa CyMMapHBIE yICIbHbIE 3aTPaThl HA PEMOHT

Lean. Iens ucciaen0BaHus 3aKII0YACTCS B U3YUCHHH POIU TUATHOCTHKU B
BOIPOCAX MOBBIIIEHNUSI 0OBEKTUBHOCTH OLIEHKH TEXHUYECKOTO COCTOSHUS MALINH

Marepuanbl 1 MeToAbl. Hannane nHOpManuy 0 KOHKPETHBIX 3HAYCHHUSIX
KOHTPOJHMPYEMBIX TOKa3aTelei, Mo3BOJISIET KOHTPOIUPOBATh YIPO3y HAPYIICHUS
HOPMaJbHOTO (YHKIHOHMPOBaHUS MamInH. OLeHKa COCTOSIHUSI TEXHUKU OCY-
LIECTBISIETCS IIyTeM CpaBHEHUS (HaKTHYCCKHX 3HAYCHUH IMapaMeTpoB C 3aJaH-
HBIMH HOpMaMmH. [l eTaIbHOTO KOHTPOJIsSI HEOOXOIMMBI METOIbI MOHHUTOPHHTA
OTCIICKUBAEMbIX TTAPAMETPOB, BKJIIOUAIOIIHE COOP IOMOTHUTEIBHBIX CBEACHHIN O
TOM, KaK dTH IapaMeTpbl MEHSIOTCS co BpeMeHeM. COBpeMeHHbIE TEXHUIECKHE
YCTPOMCTBa OCHAIICHBI (DYHKIMEH HEeMPEephIBHOTO MOHUTOPUHIA COCTOSIHUSI, YTO
JIaeT BO3MOXKHOCTb IIOCTOSIHHO KOHTPOJIMPOBATh PaboTy MalIMH U 000PYyIOBaHMS.
OOHapy»)eHHe HEUCTIPABHOCTEH Ha PAHHKX ATAlax KCILUTyaTalluk BKIIIOYAET B ceOst
KOMILJIEKC MEPOIPHATHI 0 BBISIBICHUIO BO3HHKAIOIIUX JE(EKTOB, ONPESIICHUIO
UX TEPBOIPUYMH, a TAKXKe TLIATEJIbHBINA aHAINU3 XapaKTepa U CTENEHU Pa3BUTHsA
9THX npobieM. TexHudyeckass TUarHOCTHKA 3aKJII0YAeTCsl B OLIEHKE U TPOTHO3UPO-
BaHHU COCTOSIHUSI 0OBEKTa Ha OCHOBE PE3YJBTATOB MPSIMBIX HIIH KOCBEHHBIX U3Me-
peHuit mapaMeTpoB COCTOSTHHS JIHOO AUATHOCTHIESCKUX TTAPAMETPOB.

Pe3yabrarsl. Pe3ynsrarsl mpoBeI€HHOTO HCCIIEJOBAHUS TOKA3bIBAIOT, YTO ANA-
THOCTHPOBAHUE [TO3BOJISIET OCYILECTBISITh YIIPABICHNE Ha JIBYX YPOBHSIX: TEXHHIE-
CKOM COCTOSIHMHU M TEXHOJOTHUECKOM Tporiecce. Ha mepBoM ypoBHE THArHOCTHKA
HaIpsIMYIO CBSi3aHa C POBEJCHUEM TeXHUYecKoro oociyxuBanus (TO), Torna kak
Ha BTOPOM OHa OOJIbIIIe KacaeTcsi OpraHM3aliH TEXHOIOTHUECKHIX MIPOLIECCOB.

3axkatouenne. [I[puMeHeHe COBPEMEHHBIX METO/IOB, MFHCTPYMEHTOB H IOJIXO/IOB
K IMarHOCTUKE B CHCTEME OOCITy)KMBaHUS U PEMOHTA MOBBICUT €€ 3P heKTUBHOCTD
Omarogapsi 6oiee TIOHOMY HCIOJIB30BAaHHIO SKCIUTYaTAllHOHHBIX XapaKTEPHCTHK
Ka)KJIOr0 OTIEBHOTO 00bEKTA.

KuiroueBble cj10Ba: TEXHUYECKas AMArHOCTHUKA; OLIEHKA TEXHUYECKOTO COCTO-
SIHUST, HAJISKHOCTD; 0€30MacHOCTh; MalllnHa

Jas nutuposanus. [Tonos, C. U., lonnos, H. C., Pynoii, 1. B., Onpmesckas,
A.B., Terusikosa, C. B., IIpynkos, A. C., & Mapuenko, FO. B. (2025). Pons nuarso-
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CTHKH B BOIIPOCAX MOBBIMICHHS OObEKTUBHOCTH OLICHKH TEXHUYCCKOTO COCTOSHHS
CEJICKOXO3HCTBEHHBIX MallnH. Siberian Journal of Life Sciences and Agriculture,
17(6-2), 730-745. https://doi.org/10.12731/2658-6649-2025-17-6-2-1576

Introduction

Modern tendencies of machine building development are aimed at con-
structive complications and, as a consequence, increasing the cost of tech-
nical systems. Therefore, in order to ensure the required level of technical
characteristics during the operation of machines, there is an inevitable need
to solve diagnostic tasks, including determination of their technical condition,
identification of possible failures and determination of residual life. Taking
into account the growing requirements to increase the productivity of tech-
nically complex devices, the process of diagnostics must meet high quality
standards. The use of complex and expensive automated systems for con-
trolling technical objects requires qualitative analysis of their technical con-
dition, accurate identification of failures and reliable prediction of remaining
service life. Improving the efficiency of machine operation remains an urgent
task, which is directly related to the level and quality of applied diagnostic
methods and tools [1].

Technical diagnostics plays a key role in ensuring safety, reliability and
efficiency of technical systems, helps to reduce maintenance costs and losses
caused by downtime due to breakdowns and early repair of equipment [2-5].

Diagnostics allows not only troubleshooting, but also controlling the quality
of maintenance and repair of machinery and equipment. In addition, the effec-
tiveness of the measures taken is evaluated, compliance with the established
standards and norms is checked, and the compliance of the results achieved
with the planned indicators is analyzed. Diagnostics helps to predict the remain-
ing life both for individual components and modules of the system and for the
whole plant, to plan in advance the necessary repairs, to reduce the probability
of emergencies and to optimize operating costs.

Different diagnostic methods are used for a more accurate assessment of the
current state of the equipment. For example, the D-1 procedure is performed
before and during the first technical service (TO-1) to assess the condition of
the main units and assemblies that affect the safety of use and availability of the
vehicle. A D-2 diagnosis is performed prior to the second maintenance (TO-2)
to analyze the overall condition of all critical system elements such as units,
assemblies and vehicle systems. This makes it possible to determine the amount
of maintenance and repair work required.
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Modern methods and means of technical diagnostics allow to improve the
processes of solving many tasks important for the production process. The most
important tasks include the reduction of operating costs by reducing labor costs
and time for repair work and failure prevention, as well as increasing service
life by early detection of defects [6-9].

Materials and methods

The key tasks of machine condition diagnostics systems are primarily fo-
cused on the observation of measured parameters. This function allows con-
tinuous monitoring and analysis of the main characteristics of the machine or
equipment operation. The process includes the collection of information about
the key performance indicators of machinery [10-12].

The next, no less important task of the systems for diagnosing the technical
condition of machines is aimed at identifying malfunctions in machines and
equipment. Identification of specific problems or failures in the operation of
machinery is necessary not only to detect the malfunction, but also to establish
the causes of its occurrence. In this case, the control is aimed at wear and tear
of components, violation of operating rules, adjustment errors or the influence
of external factors on the functioning of equipment [13].

The third task of technical condition diagnostics is aimed at predicting po-
tential changes in the operation of machines or equipment over time. By an-
alyzing actual data, it is possible to predict the behavior of machinery, which
allows planning preventive measures or repair work in advance before the onset
of serious breakdowns [14-15].

Thus, for successful performance of basic diagnostic manipulations it is
necessary to have data on changes and permissible limits of key operating pa-
rameters. Availability of information on specific values of controlled parameters
allows to control the threat of disturbance of normal operation of machines.

Assessment of the state of machinery is carried out by comparing the actual
values of parameters with the specified norms. In other words, when diagnosing
or analyzing equipment performance, real data (such as temperature, pressure,
speed, etc.) are compared with the normative values set by technical documents
or the manufacturer. Any deviation from the standard values is considered as
an indication of a defect or problem.

Detailed control requires methods of monitoring the monitored parameters,
including the collection of additional data on how these parameters change over
time. Therefore, more advanced monitoring techniques are envisioned that not
only record current parameter values, but also track their changes over a peri-
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od of time. This approach helps to identify defect trends before they cause se-
rious consequences, as well as to predict possible failures and plan prevention
in advance.

Modern technical devices are equipped with a continuous condition mon-
itoring function, which makes it possible to continuously monitor the opera-
tion of machines and equipment. This process facilitates the timely detection
of deviations from normal operation and the taking of corrective action before
problems become a serious threat. Continuous monitoring prevents unexpect-
ed damage, accidents or sudden breakdowns, and reduces the risk of critical
machinery-related situations.

Early fault detection includes a set of measures to identify emerging defects,
determine their root causes, and carefully analyze the nature and degree of de-
velopment of these problems. Forecasting of possible changes in the technical
condition of the equipment allows effective planning of preventive maintenance
and repair work. As a result, it is possible to respond to emerging problems in
a timely manner and prevent serious breakdowns, thereby increasing the level
of reliability and extending the service life of the equipment used.

Technical diagnostics consists in assessment and forecasting of the object
state based on the results of direct or indirect measurements of state parameters
or diagnostic parameters. Diagnostic parameter by itself does not allow to es-
timate the technical state of the object. It is important to take into account both
the current state of the object D, , and its normative technical value D . The
difference between the actual and reference values of diagnostic parameters is
called diagnostic symptom A.

A= D/act - Dn.—t. (1)

The technical condition of an object is assessed by the value of a diagnostic
symptom and comparison with acceptable technical or design parameters. In
order to carry out condition assessment, appropriate information is required.

For systematic maintenance and repair, reliability information is collected
and processed in the format of statistical variation series of controlled indica-
tors, and diagnostic information, which is individual when considering a par-
ticular object. Reliability data are formed by collecting information through
the analysis of failures of typical components or machines, and individual di-
agnostic information is formed directly by measuring the parameters of a par-
ticular object.

The collected statistical information allows to make intermediate conclu-
sions on the volume of regularity of maintenance with a certain degree of prob-
ability.
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Based on the diagnostic information obtained, the parameters are adjusted
for a specific vehicle. Such sequence of actions allows to reduce labor and, as
a consequence, economic costs for routine maintenance of vehicles and their
restoration after failures. Specifically, the amount of savings in scheduled main-
tenance works depends on the coefficient of variation of vehicle resource, the
cost of emergency repairs, the cost of preventive maintenance and diagnostics.

Figure 1 in nomogram format shows the graph of dependence of diagnos-
tics efficiency and its cost. Thus, it is visually demonstrated how the economic
efficiency of using different diagnostic approaches changes when combining
different factors affecting technical diagnostics.
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Fig. 1. Nomogram of marginal cost of diagnostics

Nomograms are based on the assumption that total costs of repair, preventive
maintenance and diagnostics cannot exceed the unit costs of repair and preven-
tive maintenance alone, excluding the costs of diagnostics:

cqq +d(1 —qq) + cang Lt d(1-q)
I fact - I fact (2)
. l p I EVR
where ¢ — emergency repair costs; ¢, and g — probabilities of occurrence of

emergency failures during maintenance with and without diagnostics; //“ u
11]”” weighted average actual mileage before restoration with and without di-
agnostics; n, — number of diagnostics before recovery; d — maintenance costs.

In accordance with the character of curve changes, it can be stated that the
efficiency of diagnostics depends on the increase in the coefficient of variation
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of resource and probability of unit failure during scheduled maintenance and
the growth of costs for elimination of such failures.

Nomograms help to determine the marginal cost of diagnostics of a certain
mechanism under given conditions, exceeding which makes it more profitable
to use scheduled maintenance without preliminary diagnostics. It has been pre-
viously found that the use of diagnostics can reduce vehicle maintenance and
repair costs by 10-25%.

Another significant benefit of diagnostics is the ability to improve the re-
source utilization of assemblies and components through accurate information
support in the planning and execution of various operations such as repair, pro-
curement, fuel economy, road safety and other tasks.

Vehicle diagnostics is a key aspect of integration of modern maintenance
and repair technologies, focused on optimizing the use of internal resources
by fully unlocking the potential and technical characteristics of the equipment.
The efficiency of diagnostics of various units and systems is directly related to
testability — the property of the vehicle that allows diagnostics to obtain accu-
rate information about the current technical condition with minimal labor, time
and material resources. In order to assess maintainability, a simple measurable
output parameter is defined that demonstrates a change in performance charac-
teristics. Parameters allow the collection of detailed information on the perfor-
mance of each device and element of a technical system, taking into account
its unique characteristics. Accordingly, diagnostics are organized in the same
manner as maintenance and repair procedures (Figure 2).

BER= I

o T o

Ia

IR?]DY L p ]

Fig. 2. Diagnostics algorithm scheme: R and D — diagnostics by parameter D1- D7
in R1- R7 mode; TO — maintenance service; P — repair
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The technical condition of the vehicle is monitored by means of built-in
diagnostics, and daily maintenance is carried out by means of control inspec-
tions. During Maintenance and Repair TO-1, comprehensive diagnostics of the
main systems affecting safety is performed. Advanced diagnostics of assemblies
and units is carried out before maintenance and repair TO-2, and during the
elimination of detected defects within the framework of TO the system of DR
diagnostics is used. To ensure intermediate and final quality control of adjust-
ment and repair work, diagnostic procedures are combined with maintenance
and repair operations.

Results

The results of this study show that diagnostics allows management at two
levels: technical state and technological process. At the first level, diagnostics is
directly related to maintenance (TO), while at the second level it is more related
to the organization of technological processes. In the further development of
diagnostics it is supposed to create automated diagnostic tools that will be part
of automated production management systems, as well as the introduction of
embedded diagnostics. This will allow to use diagnostics for operational man-
agement of maintenance and repair processes. Application of modern methods,
tools and approaches to diagnostics in the system of maintenance and repair will
increase its efficiency due to more complete utilization of operational charac-
teristics of each individual object.
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