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Abstract.

This article discusses indicators for assessing machines and the quality of mechanized work,
helping to choose the best option for machines with the current large supply on the market.

The valuation of agricultural equipment and machinery is a comprehensive study carried out
in order to establish its true value in a free market. In a market economy, the requirements for the
quality of agricultural machinery have increased, and therefore it is necessary to substantiate
(clarify) a new nomenclature of estimated indicators and their characteristics (weight, significance)
and, on this basis, build an indicator for a comprehensive assessment of the effectiveness of
functioning.

The scientific novelty of the research lies in the development of methods for determining the
overall satisfaction coefficient of machines and assessing the quality of technological operations.

As a result of the study, the elements of the experimental research methodology for the
overall satisfaction coefficient of machines and the quality assessment of technological operations
for the combined unit for improving pastures and grasslands were substantiated.

Key words: quality assessment, quality of mechanized work, machine reliability, satisfaction
coefficient, experimental research methodology, combined unit, tillage.

1. Introduction.

The current stage of development of agricultural machinery, characterized by the transition to
market relations, has formed a global issue related to the exacerbation of the problem of the
efficient use of agricultural machinery. The fundamental goals facing scientists in the operation of
the machine and tractor fleet are to bring the quality of work to a new level, increasing the
productivity of the machine - tractor unit and cost reduction per unit of output. The technical level
and reliability of the machines and equipment manufactured in our country, even newly developed
ones, are significantly inferior to the world level. This is primarily due to the fact that the existing
test system in many cases allows for the production and operation of uncompetitive equipment, the
reason for this is the imperfection of the methodological foundations of testing the equipment [1;2].

In the agricultural machinery testing system, during the period of the planned economy,
standards were developed for a comprehensive assessment of machines, which made it possible to
obtain a comprehensive (based on a set of indicators) quantitative assessment of the efficiency of
the unit's operation based on the test results. In the conditions of a market economy, the
requirements for the quality of agricultural machinery have grown, and therefore it is necessary to
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justify (clarify) the new range of estimated indicators and their characteristics (weight, significance)
and, on this basis, to build an indicator of a comprehensive assessment of the functioning efficiency.

The effectiveness of machines depends on the completeness of the volume of indicators and
the factors with which they are associated.

When choosing the best solution, it is necessary to evaluate system performance, as well as
select the best option for a machine or a set of machines that will be selected using optimization
criteria.

A company that sells agricultural machinery wants to study customer satisfaction with the
proposed new machine model and conducts experimental research to determine the overall level of
consumer (customer) satisfaction. It characterizes a comprehensive assessment of customer
satisfaction, considering the importance of the machine or its parameters and quality indicators
[3;4].

2. Materials and methods.

In fig. 1 presents system indicators for a comprehensive assessment of machinery in
agriculture. Some indicators are interconnected to such an extent that they can be attributed to
several groups, which is not an obstacle when deciding on the introduction of a mechanism.

Comprehensive indicator system
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Figure 1. The indicator system for a comprehensive assessment of machines

The currently existing optimization methods make it possible to evaluate the cost-
effectiveness of improving the reliability of individual machines both in the production process and
consumption. However, there is still no single methodology for determining the required level of
reliability from national positions, i.e. taking into account all the costs of manufacturing, operating
and repairing machines, creating a reserve of spare parts, as well as crop losses due to downtime of
unreliable machines. The issues of optimizing the reliability of agricultural machines used as part of
complexes for cultivating specific crops, depending on their biological characteristics, are also
insufficiently covered.

The system of indicators for evaluating machines in agriculture is expressed and evaluated
using more properties, indicators and characteristics of their quality and reliability.

In general, quality has four sets of properties: technical, economic, social, bioecological, and
reliability (Fig. 2).

The mechanization of agriculture is inextricably linked with the process of improving the
culture of agricultural production - the application of the latest achievements of science and
technology, the development of advanced technologies, the further intensification of agriculture, the
implementation of major works on land reclamation and the chemicalization of agricultural
production. Technique is the most active part of the means of production; it is of exceptional
importance in creating the material and technical base of agriculture [5].
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Figure 2. Classification and the relationship of the properties of machines
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The indicators for assessing the quality of mechanized work should be divided into
general for all types of mechanized work and for individual groups of technological processes (Fig.
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Indicators for assessing the quality of mechanized work by groups of
technological processes
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Figure 3. Indicators for assessing the quality of mechanized work

The aim of the study is to determine the overall satisfaction coefficient of the machine
according to the developed experimental research methodology.

Object of study - a combined unit for the surface improvement of hayfields and pastures.

The structure, elements and interconnection of elements of the methodology of experimental
research are presented in Fig. 4.

| ces | | nE
| pvErR P TRM [ OR Bk | | tPo |y wmpa |
v
\ 11 / USR
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Figure 4. The structure and interconnection of the elements of the methodology of
experimental research and determining the coefficient of user satisfaction :
PMER - the purpose of the methodology of experimental research; TRM-Tasks of the research methodology;
OR- about the object of research; POE parameters for object evaluation; CES-conditions for experimental studies;
Ek - experts; NE-number of experts; TS - time study; TPO -test procedure order; MPA methods for processing and
analyzing survey results; USR-User Satisfaction Rate.
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Based on the foregoing, we have developed a methodology for determining the overall
satisfaction coefficient of a machine, which is proposed to be used to evaluate the operation of a
combined unit for improving pastures and grasslands (Fig. 5), developed by the scientific and
production center for agricultural engineering [6].

Parameters for a general assessment of the quality of the machine include general and specific
indicators and are developed by analogy taking into account operating conditions:

-productivity (Pos);

-convenience of aggregation and management (Pg2);

-the possibility of transportation (Pg3);

-maneuverability when driving across the field (Pos);

-convenience in technological maintenance / charging, adjustments / (Pos);

-ease of maintenance (Pgg);

-maintainability (Po7);

- correspondence is with the safety requirements in the workplace and in service (Pgg);

- reliability (Pqo) [7].

/ 5

Figure 5. Structurally- technological scheme of the experimental sample of the combined unit:
1- frame; 2 - supporting-drive wheels; 3 - hitch; 4 - milling section; 5 - seed box; 5 - sowing apparatus; 6 -
needle working part; 7 - packer roller; 8 - disk; 9 - L-shaped knives; 10 - a casing; 11 - seed guide ; 12 - needles; 13 -
gear; 14, 15, 16 - springs.

During the study, the process of performing a technological operation according to the given
parameters of the machine is evaluated by experts, i.e. engineers for the operation and maintenance
of tillage and sowing machines.

To assess the quality of technological operations performed by the combined unit, an
assessment was conducted on the following main parameters:

- the depth of the strip milling (P1);

- uniformity of processing (P>);

- fragmentation of the soil (P3);

- uniformly s sowing (P,);

- the constancy of a given depth of sowing (Ps);
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- the evenness of the processed strips (Ps);

- quality of rolling (P7);

- the quality of work of aeration working parts (Ps);

- soil compaction (Py).

To determine the coefficient of satisfaction, specialists who meet the previously presented
requirements were involved.

Requirements for Specialists.

Collective expert assessments express the generalized opinion of a group of specialists. To
obtain quality assessments, experts must have the necessary level:

»professional competence;

»competence in the methodology of expert assessment, including knowledge of assessment
methods and practical skills of their use;

»interest in participating in an expert group depending on the possibility of using the results
in the expert’s practical work and his involvement in the main work;

»Business qualities of an expert like objectivity, accuracy, validity of estimates, etc.;

> QObjectivity in relation to the values of characteristics that are not directly related to the
quality of the evaluated area;

> Specific requirements depending on the type of property being evaluated.

The reliability of group expert assessments depends on the total number and members of
individual experts in the group, as well as on the competence (degree of qualification) of each of
them in a particular field of knowledge.

3. Results.

The required number of experts in the group

The determination of the number of experts in a group must be subject to the following
restrictive conditions:

* You should not be very small in order to avoid the influence of individual expert opinion on
the quantitative assessment;

* You should not be very large in order to avoid reducing the cost of evaluations of individual
experts, whose opinions differ significantly from those of the majority.

In accordance with these restrictive conditions, we can determine the required number of
experts in the expert group n by the following formula:
x> 9

g?

where, X is the argument of the probability interval, 9 is the coefficient of variation of expert
judgment, ¢ is the relative sampling error.

The number of specialists for research purposes is recommended to be in the range of 6-9
people. Each expert evaluates the machine with the selected parameters, setting the rating for each
parameter from 1 to 10. The expert ratings are averaged and displayed in table 1.

The procedure for determining the overall coefficient of satisfaction of machine users with the
quality of production, technological and material and technical support is as follows:

« To calculate the weighting coefficients, an estimate of the importance of the parameters (P;)
is used, which determines the weighting factors for each parameter (Tables 1, 2).

« Definition of a weighted score for each of the parameters (P;) and placement in table 2. The
weighted score is obtained as follows: 9.4 x 12.40 and 116.56% or a weighted score of 1.1656 or
1.17.

» Determination of the average value of a weighted estimate: 8, 48: 10 = 0, 848, since the
selected scale for evaluating the parameters is from 1 to 10.

« Comparison of the received user satisfaction rate with the base indicator, which is 75-80%.
If the coefficient obtained is greater, it is assumed that the machine meets the quality requirements
of consumers.

n=
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Table 1

The parameters of the evaluation of the machine, depending on the degree of
importance and weighting factors

Parameters Satisfaction rating Weighting factors Weighted
assessment
Po 9,4 12,40% 1,17
Poz 9,2 12,14% 1,12
Pos 9,1 12,01 % 1,09
Pos 8,0 11,74 % 1,04
Pos 8,5 11,21 % 0,95
Pos 8,3 10,95 % 0,91
Po7 7,9 10,42 % 0,82
Pos 7,3 9,63 % 0,70
Pog 7,2 9,50 % 0,68
8
Overall assessment Z 75,8 100% 8,48
1
Conclusion: The satisfaction rate is 0.848 x 100 = 84.8%.
Table 2
Parameters for assessing the quality of technological operations and weighting
factors
Parameters Satisfaction rating Weight coefficient Weighted
assessment
Py 9,5 12,60% 1,20
P, 9,2 12,20% 1,12
P3 7,3 9,68% 0,71
Py 8.1 10,74% 0,87
Ps 8,4 11,14% 0,94
Pe 8,3 11,01% 0,91
P, 7,8 10,34% 0,81
Psg 9,3 12,33% 1,15
Pg 7,5 9,95% 0,75
8
Overall rating 3 75,4 100% 8.4
1

Conclusion: The satisfaction coefficient is 0,848 x 100 = 84,8 %.

4. Main conclusions:

1. The elements of the experimental study methodology for the general satisfaction coefficient
of machines for a combined unit for improving pastures and grasslands are substantiated. The
combined unit for the surface improvement of pastures and hayfields, performs several
technological operations in one pass: strip processing of the soil with milling working bodies,
sowing grass seeds into the treated strips, rolling the soil in the treated strips and aeration
processing of the inter-strip space.

2. The satisfaction rate of the combined unit for improving pastures and grasslands was
determined to be 84.8% and for assessing the quality of technological operations 84.5 %. This
indicates a high degree of user satisfaction with the quality of the machine and the implementation
of technological operations with it.
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KYPAMA AYBLJ IHAPYAIIBIJIBIFbI MAIIIMHACBIH KEHHEH/I BAFAJIAY
KOPCETKILITEPI

AHaaTna.

by makanana Ka3ipri HapbIKTaFbl YJIKEH YChIHBICTAp JKaFAalblHAAa MAIIMHAIAP/AbIH €H KaKChl
HYCKACBIH TaHJayFa bIKHaJl €TEeTIH MallMHaJap/bl ’KOHE MEXaHUKAJIaHABIPbUIFaH XYMbICTAp/IbIH
carachlH Oarajiay KepCeTKIIITePl KapacThIPbLIaIbI.

AybUTIINPYanIbUIbIK  KaOABIKTaphl MEH MalllMHAJApblH Oaramay - Oyl epkiH HapblK
KaFTalibIHIa OHBIH HaKThl KYHBIH aHBIKTay MaKCaThIH/A KYPTi3UIeTiH KemeH i 3epTrey. HapbIKThIK
HKOHOMHKA >KarJaiblHAa aybul IIapyallbUIbIFbl TEXHUKACHIHBIH CalachblHa KOWBUIATHIH TajiarTap
OCTi, COHJABIKTaH Oarajay KOpCeTKIIUTEPIHIH JKaHa HOMEHKYJIAaTypachlH JKOHE OJap/blH
CUMAaTTaMajiapblH HETI3/ley OHE OChl HEri3fe JKYMbIC ICTey THIMIUIIIH KemleHai Oaranay
KOPCETKIIIIH KYPY KaXeT.

3epTTeyliH FHUIBIMU JKaHAJIBIFBl MallliHAIAP/bIH KaHAFATTaHYbIHBIH Kbl KOYQQHUIUEHTIH
AQHBIKTAy JKOHE TEXHOJOTHSUIBIK ONeparusIapblH camachlH Oarajiay oJIICTEeMECIH jkacay OOJIbII
TaObLIAIEI.

3epTTey HOTHXKECIHJE KalbUlbIMIAap MeH IIaObIHIBIK JKepiepil >KakcapTyFa apHajFaH
Kypama arperar YVIIH MallMHaJIap/AblH KaHAaFaTTaHYUIBUIBIFBIHBIH OKaldmbl  Ko3(QuuueHTiH
IKCIIEPUMEHTTIK 3EpPTTEY OMICTEMECIHIH D3JIEMEHTTEpl >KOHE TEXHOJOTHUSIIBIK OlepalusiapIbiH
caracelH Oaranay Heri3Ieni.
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Kinm ce30ep: camaHbl Oarasiay, MeXaHUKAJAHABIPBUIFAH JKYMBICTApJAbIH  Carachl,
MITIIMHATIAPABIH CEHIMIUTIT, KaHaraTTaHy Ko3(QUIMEHTI, SKCIEPUMEHTTIK 3epTTey OIiCTeMEC,
KypaMma arperar, TOINbIPaKThl OHICY.
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MOKA3ATEJIU KOMILIEKCHOM OLIEHKH KOMBUHUPOBAHHOM
CEJIbCKOXO3SMMCTBEHHO MAIIIMHBI

AHHOTAIUA.

B nmaHHOW cTaThe paccMaTpHBAIOTCSA TIOKa3aTeNd JUIsi OLEHKM MAIlMH M KadecTBa
MEXaHU3UPOBAHHBIX PA0OOT, CIIOCOOCTBYIOIME BBHIOpATh ONTHMANIBHBIM BapHaHT MAalIMH IpU
HBIHEIIHEM OO0JIBIIIOM MPEIIOKESHUN Ha PHIHKE.

OneHka  CelbCKOXO3SIMCTBEHHOIO  OOOpYNOBaHMS W MAIlMH HpPeACTaBiIsieT  coOoi
KOMIUIEKCHOE HCCIIEIOBaHME, MPOBOJMMOE C IIeNBI0 YCTAHOBIEHHS €ro JeHCTBUTEILHOU
CTOMMOCTH B YCIIOBHSX CBOOOAHOTO pbIHKA. B yCIIOBHSX PBIHOYHOM 3KOHOMMKH BBIPOCIIH
TpeOOBaHUS K Ka4eCTBY CEIIbCKOXO3SHUCTBEHHOW TEXHHKH, M TOTOMY HEOOXOIMMO OOOCHOBaHHE
(yrouHeHHEe) HOBOW HOMEHKJIATYPhI OLICHOYHBIX IOKAa3aTeleil M MX XapaKTepPUCTUK (BECOMOCTb,
3HaYMMOCTb) M Ha 3TOH OCHOBE MOCTPOCHHUE TOKAa3aTesisi KOMIUIEKCHOW OLEHKU 3(PPEKTHBHOCTH
(GYHKIIMOHUPOBAHUS.

Hay4nas HOBHM3Ha WCCIIEOBaHUI 3aKIIOYaeTCs B Pa3pabOTKE METOMWKHU IS ONpEIesIeHHUs
obmero kodp@UIMEHTa YIOBJIETBOPEHHOCTH MAallMH M OLEHKM KayecTBa BBIIOJHEHUs
TEXHOJIOTUYECKUX OTIePAITHIA.

B pesynbrare uccnenoBaHus OblIM 0OOCHOBAHBI AJIEMEHTHI METOJUKU HKCIEPUMEHTAIBHOTO
uccieoBaHus  o0miero kodg@uienTa yJAOBJIETBOPEHHOCTH MAIIMH M OIEHKH KadecTBa
BBINOJIHEHUS] TEXHOJIOIMYECKHX olepauuil i KOMOMHUPOBAHHOTO arperara Mo YJIy4dlICHUIO
MacTOUII M CEHOKOCHBIX YTOIMIA.

Knrwouesvie cnoea: oneHka KadecTBa, KauyeCTBO MEXaHU3WPOBAaHHBIX pabOT, HAAEKHOCTh
MaIlnH, KOX(QQHUIMEHT yTOBIECTBOPEHHOCTH, METOJOJOTHS IKCIEPUMEHTAIBHOTO HCCIICAOBAHMS,
KOMOWMHUPOBaHHBIH arperat, 00paboTKa IMOUBBI.
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OBOCHOBAHME METOJIA ONPEJAEJEHUS ITIOKA3ATEJENA KAYECTBA
IJI010B ABJIOK C UCIIOJIb3OBAHUEM MAIINHHOI'O 3PEHUSA

AnHOmayus.

B cratee paccMoTpeHbl 0OOCHOBaHHE METONOB U AITOPUTMOB OIPENEJICHUS IOKa3aTeleil
KayecTBa SOJIOK C HCIOJB30BAaHMEM MAIIMHHOTO 3pEHMS Ul JaJbHEIIeH COPTUPOBKOM HMX Ha
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