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Typology of means of technical control of physiological
and ergonomic indicators of machines for forestry works

Abstract. Nowadays, during logging and timber transportation operations, most of the equipment that is used was put
into mass production at the beginning of the millennium. Due to the lack of own funds at the enterprises of the forest
complex in recent years, there is no renewal of machines for forestry works, and the worn-out equipment is re-introduced
into the same devices as replaceable parts and other fragile elements. In the structure of the existing machinery fleet,
80% is occupied by fully amortised equipment that needs to be upgraded or written off, and the disposal rate is 10 times
higher than the renewal rate. The existing repair policy was developed in pre-market conditions with appropriate ratios of
prices for raw materials and machinery. At that time, the concept of technical control of machines for forestry operations,
which is still in force today, was created: admissions, regulations, standards, etc. In the current economic conditions, new
approaches to the development of a methodology for technical control and repair of machinery for forestry operations are
needed. Technical support for the operation of machines for forestry operations can be considered as a tool for managing
the stock of their potential capabilities laid down during manufacturing and restored during technical control and repair.
Determining the time to carry out work to restore the technical condition of the machine depends on various factors,
which often contradict each other. The goal is to perform analytical and experimental studies to confirm the existence
of typological means of technical control of physiological and ergonomic indicators of machines for forestry operations
by modelling the processes of their functioning. Methodology — to test the means of a systematic approach and a systematic
analysis of the typology of technical control tools for physiological and ergonomic indicators of machines for forestry
operations. The paper presents the generated result in the form of a recording algorithm of the module for technical
control of machines for forestry operations. Based on the results of experimental studies, the authors present a graphical
interpretation of Integral noise levels at the workplace of a forward driver in a loaded state, in an empty state. Conclusion —
the conducted research allows suggesting the optimal placement of elements on the vehicle’s instrument panel in terms
of information perception and reading time. Scientific significance - it is confirmed that when analysing the impact of the
frequency of performing technical control operations of forestry equipment on the listed indicators, it is advisable to use
a pair correlation analysis, which consists in determining the relationship between the frequency of performing technical
control operations and the amount of total unit costs, reliability indicators, and functional properties indicators
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INTRODUCTION
The issue of improving the use of the suitability of machines  their technical condition and reliability with the economic
for forestry operations is multifaceted [1]. This multiplicity = processes of using them for their intended purpose [2].
is a direct consequence of the close connection of the advan- The content of the scientific foundations of the
tages and disadvantages of machines as objects of managing  organisation, technology of technical control and repair
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of machines for forestry works is mainly aimed at studying the
dynamics and identifying the causes of changes in their con-
dition [3], assessing and predicting further changes in the
technical condition of parts, components, and the machine
as a whole to develop optimal methods [4] and ways to man-
age the technical condition of machines [5].

In accordance with this, the main research areas were
formulated, dictated by the need to improve the organisa-
tion, technology of maintenance and repair of machines for
forestry operations.

Adjustment of technical control modes of machines
for forestry operations consists in clarifying the list of main-
tenance operations [6] and the frequency of their implemen-
tation to achieve modes that are optimal for these operating
conditions of machines for forestry operations [7].

In this regard, when adjusting the modes, both spe-
cific costs for technical control and repair of machinery for
forestry operations, and reliability indicators were consid-
ered [8]. Thus, the task under consideration is to determine
the numerical values of the list of technical control oper-
ations and the frequency of their maintenance [9], which
ensure not only the necessary reliability of the forestry
equipment in operation [10], but also the minimum costs
for maintenance and repair of the forestry equipment [11],
which fall on a unit of mileage or transport work [12].

MATERIALS AND METHODS
For each group and homogeneous elements, the task of
adjusting the frequency of technical control of the forestry
equipment to find | ; - the optimal frequency of technical
control operations of one group of elements [13] is formu-
lated in the form of an objective function as follows:

Cun=fdl,)—min,
provided that:

P =01(l) =P, 2y, =1 ) =7, )

P =omlo) =Py, Zi, = ¥rlo)) = Zy,
where: [, — optimal frequency of technical control oper-
ations of one group of forestry equipment elements,
years [14]; C., — total specific reduced costs for technical
control of a homogeneous group of forestry equipment ele-
ments, UAH/1,000 km [15]; P,,...,P, - indicators of reliability
of forestry equipment elements, to be taken into account
when determining the frequency [16]; Pi,..., P;, - standard
values of reliability indicators of forestry equipment ele-
ments to be taken into account [17]; Z,...,Z; — indicators of
functional properties of forestry equipment elements for-
estry equipment, which must be taken into account when
determining the frequency [18]; Z,,..., Z; — normative values
of indicators of functional properties of forestry equipment
elements [19]; ¢,(l ),...,¢,(I,) — dependence of reliability
indicators of forestry equipment elements on the frequency
of technical control [20]; y,(l ),...,v, (I.) — dependence of
indicators of functional properties of forestry equipment
on the frequency of technical control [21].

L. Titova and H. Sobczuk

A second-degree polynomial was used to approxi-
mate these dependencies (1) [14]. Therefore, the considered
dependency models have a form:

P=a+a l+a,l*,|Z=b_+b I+D,*. )
where: a, a,, a, b, b,, b, - coefficients of the polynomial.

Then the objective function:

C,=C+C I+C,*>min, P=a,+a, I+a, I’=P; 3)
P=a, +a, I+a,mP=Py;
ZI=b01+blll+b21l2:Z;

ZK=b0K+b1Kl+b2KI2=7K' 4)

To obtain sufficiently objective data when adjusting
the technical control modes, the number of controlled vehi-
cles for forestry operations was 15...20, and the duration of
follow-up was 3...6 months [22].

When analysing the influence of the frequency of
performing technical control operations of forestry equip-
ment on the listed indicators, a pair correlation analysis
was used, which consists in determining the relationship
between the frequency of performing technical control
operations (X) of the amount of total unit costs, reliability
indicators, and indicators of functional properties (Y) [23].

The correlation ratio is used as an indicator of the
tightness of the connection:

N E{(9)
SaY (5)
where: 1
i) = mzi\’ e =% (6)
1
Sy(Y) = mzi\'()’j -y (7

where: §(y) - variance of the regression line deviation from
the overall average; S%(y) - total variance of the dependent
variable specific costs, reliability indicator, functional indi-
cator; N - scope of observation.

Variable costs are the cost of paying staff C , for
spare parts and materials C_:

CV€Y=CYS+CSI7+ENKO (8)
Determining the cost of spare parts and materials:
C,~3".P, )

where: P, - cost of j-th detail or materials, UAH; j - the
number of materials and parts that are replaced at the con-
sidered mileage interval of forestry equipment.

Staff labour costs are determined by:

C =C_>t, (10)
where: C, - average staff rate, UAH.; Yt - total labour
intensity of maintenance and repair of forestry equipment
at the mileage interval, person-hour.

Determination of capital investments for technical
control and repair of forestry equipment:

K=mN, (11)
where: N - rate of capital investment per production worker,
UAH; m - the number of workers required for technical
control and repair of the controlled forestry equipment at
the mileage interval.

Value m is calculated using the equation:

Xt
m===

T, (12)
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where: ¥t - total labour intensity of technical control and
repair in a given mileage interval, person-hour; T, - time
fund of repair workers for this period, h.

To get unit costs, the resulting value C_ is divided by
the mileage interval of forestry equipment [24].

After determining the values of functional indica-
tors [25], reliability indicators, and unit costs for each con-
trolled unit of forestry equipment, the information obtained
can be provided in the form of a matrix:

X1, P11, Poty s Pmas 211,221, 0 Zia
(13)
xn'Pln'PZn'---'Pmn' Zln'ZZn'---'an

where: x, X,,...,x, — the value of periodicity in controlled
forestry equipment, h; P, , P,,,...,P, — values of reliability
indicators of controlled forestry equipment; Z,, Z ...,.Z, -
the value of functional indicators of controlled forestry
equipment.

The output data matrix (13) is used to find the
regression coefficients of models included in the objective
function (4). The task is to determine the regression coeffi-
cients of the equation:

y=b_+b x+bx*. (14)

In this case, the task of b, evaluation is to find
a curved regression using the least squares method. Using
Chebyshev system of orthogonal polynomials, equation (14)
can be represented as follows:

Y=C,HC O HC0,(). (15)

For this equation, the formulas for calculating Cheby-
shev polynomials will have the form:

1
P10) =x— X1 x5,

TSIy x2yx 2
9200 = x2 = T (x - 1 2x) 5

sz_%(ZXZ) N (16)

The values of the coefficients included in equation (15)
are determined by:

1 —
o= ;2?:17”1‘3’]', 17
EJS‘=1‘/’1@"1/‘3’_/‘
= 2P Y 1
° Zf:ﬂﬂf(@mj ’ ( 8)
S NV
¢, = e 0:GDm7] 19

S 2 ’
Xj=1 P2 (M

where: S - the number of intervals for changing the fre-
quency of performing operations of technical control of for-
estry equipment; xj, yj — average value of values x and y in
j interval; m; - the number of machines for forestry opera-
tions, in which the frequency is in the j interval.

Checking the adequacy of the constructed equation
is performed using the F-criterion:

SE)

F= 5200 > By (fo fres)
where: §2 (y) - residual variance, which characterises the
scattering of experimental points relative to the regression
line; S}(y) - total variance, which characterises the scattering
of points near the general average.

The adequacy hypothesis is accepted.
Value S? (y) (v) is final and S}(y) is determined by

res

the equations:

(20)

1
Srzes(y) = Nek-1

M-y 1)

SFO =S50+ Sfes() = £ ZL 0 = F) + S%es ) 2D)
where: k — the number of parameters of machines for forestry
operations wheny; f - number of degrees of freedom, f =k-1.

Value f, and f, are calculated using the formula
f7N-1, f,,=N-k-1.1f the equations are adequate, the con-
structed objective function is used to calculate the optimal
frequency of technical control of forestry equipment
[26-28]. If the adequacy condition is not met, then
additional terms are introduced into the polynomials,
after which regres-sion coefficients are calculated again
and the adequacy of the refined model is determined.
This process is repeated sequentially until models that
satisfy the adequacy condition are obtained.

When adjusting the list of technical control opera-
tions for mechanisms that ensure traffic safety, the condi-
tion for including the operation in the corresponding type
of technical control is determined at the value of the repeat-
ability coefficient that satisfies the following ratios:

a) for TC-1 - 1> k,>0.26;

b) for TC-2 - 0.26>k,>0.12.

The operation remains under current repair if k<0.12.

For other mechanisms, the condition for including
troubleshooting operations of forestry equipment during
a particular period of technical control is determined from
the ratio:

a) for TC-1 - 1>k >0.30;

b) for TC-2 - 0.30>k,>0.13.

The operation remains in the current process of
technical control of forestry equipment if k<0.13.

The purpose of the study is to perform analytical and
experimental investigation to confirm the existence of typo-
logical means of technical control of physiological and ergo-
nomic indicators of forestry equipment by modelling the
processes of their functioning.

RESULTS AND DISCUSSION

The study presents a methodology for assessing the relia-
bility of drivers of forestry equipment vehicles of the for-

warder type.
To assess the driver’s level of reliability, it is sug-
gested to use the reliability criterion:
K=K¢K KK, K,

Q" “E~EC”'BM’

(23)
where: K, - criterion of safety for performing forestry oper-
ations by machine; K - criterion of productivity of timber
transportation by car; K, - criterion of cost-effectiveness
of performing forestry operations by machine; K, . - crite-
rion of extreme conditions for performing forestry oper-
ations by machine; K, - criterion of knowledge of the
basic mechanics by the driver of forestry equipment.

It is proposed to determine the safety criterion for
performing forestry operations by a machine:
Kpp+KunmytKunm
K= % 24)
where: K - criteria for evaluating driver behaviour,
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where: H, - number of errors during acceleration and
braking; H,, - number of errors when performing trans-

verse manoeuvres; T, = — time of movement of the for-
warder with longitudinal acceleration, s;j,, ., ,, — Permissible
value of longitudinal accelerations, m/s*; K., K - crite-
ria for the degree of uniformity of movement along the lon-
gitudinal and transverse axes of forestry equipment.
Transportation productivity criterion:

v,
K, =22

vavb

(25)

where: v - average movement speed by the test driver,
km/h; v,,, - the basic speed of forestry equipment, km/h.

L. Titova and H. Sobczuk

Cost-effectiveness criterion:
Lop . |NEn=Nen,| of
41— b =F
Lq NEny, Q

K ]
E 3 )

(26)

where: E,, - standard value of the number of rotations of
the engine crankshaft; Q, - standard value of fuel consump-
tion, cm?; Q — actual fuel consumption when traveling along
the route, cm?®.

Indicators that characterise the assessment of driver
behaviour in extreme conditions K. and the driver’s knowl-
edge of basic mechanics K, were determined using the
simulator programme.

On-board recording equipment (Figure 1) was
equipped with: fuel consumption sensor, motion sensor,
transverse acceleration sensor, crankshaft speed sensor,
driving speed sensor, longitudinal acceleration and decel-
eration sensor.

220V
SENSORS |
PERSONAL
speed of forest COMPUTER
equipment v TECHNICAL
9| CONTROL | |speed of forestry
MODULE equipment
engine
crankshaft speed engine
crankshaft speed
transverse
accelerations COUNTERS linear
time of accelerations
. rectilinear
centrifugal movement centrifugal
accelerations accelerations
number of wheel -
rotations engine
fuel . crankshaft
consumption rotation marks
number
start of of engine hydrostatic
rectilinear Crankghaft transmission
movement rotations gear marks
| * 12V
POWER SUPPLY F—m

Figure 1. Correlation between gas (a) and electricity (b) consumption and external temperature

Test algorithm:

1. Checking the serviceability and technical condition
of indicators and control and measuring devices of forestry
equipment.

2. Determination of the test route with a length of
one hour drive at a speed of 40...80 km/h.

3. Synchronisation of data acquisition, calibration of
channels of measuring and recording equipment.

4. Determination of standard speed values va,,, fuel
consumption on the route Q,, the weighted average value
of the gearbox gear ratio i', .

5. Performing 39 runs by 20 test drivers along a given
route on forestry equipment machines, equipped with

a complex of the module of technical control of forestry
equipment with measurement of the duration of movement
of forestry equipment D,,, the number of rotations of the
crankshaft N,

6. Processing of results and conclusion about the
level of reliability of the driver of a timber road train.

Based on the criteria K, K, K, K, and K, an inte-
gral driver reliability criterion is defined K. Moreover, if the
driver’s reliability is high, then K, K, K, K., K, , K. >1.0. If
the driver’s skill is not sufficient, the values of the indicators
K, K, K, Ky, Ky, and K, <1.0. The developed technique
improves the handling of forestry equipment. The position

of the model of the oscillating system of a forestry machine
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with two controlled axles and independent wheel suspen-
sion is determined by generalised coordinates: the angle
of rotation of the wheels of the first axle around the pivot
axis — Q,, deg.; the angle of rotation of the wheels of the sec-
ond axle around the pin axis - Q,, deg.; the angle of rotation
of the wheels (body) in the transverse vertical plane ¥, deg.

Equation of motion by coordinates ¢,=Q,, Q,, ¥
is compiled in the form of the second order Lagrange
equations:

d 0E, 0E 9E,

L(qk'qk't)a'@_aqk ay

28)

where: E, - kinetic energy of the system, J; E, - potential
energy of the system, J; R, — generalised reactions of elastic
wheel connections with the road.

After the transformations, the equation of motion of
the two-bridge model is obtained. When solving the system
of equations (27) on a PC, the physical parameters were rep-
resented by their electrical counterpart —voltage. Physical
differential equations were transformed into machine
equations. Where: Q, - real-time variable; Q_- variable
in machine time t and M=5:

ae, a6 d*6, _ %6,

0, =6 =5 = .
¢ T at dr’ dt? dzt

29)

Value of scale coefficients: M =1,000 r/rad;
M¢=1,000 r/rad; M,=1,000 1/rad; M,=2,000 r/rad. Physical
variables expressed in terms of machine and time scales:

_ 1y, ax, _ M, adx; d’x, _ M} d’X;
X = My T ar T My dr’ dt2 M, dr?’ (30)

where: t - index of physical quantities; t — index of machine
variables.

Then a system of machine equations is obtained
describing the motion of a two-bridge model with three
basic degrees of freedom (Q,, Q,, V). For testing, a machine
for forestry operations was allocated, which has a factory
setting of the parameters of steerable wheels. The technical
condition of forestry equipment met the requirements of the
factory instructions. Recording and measurement of oscilla-
tion parameters was carried out using a measuring complex,

which was developed considering the specifics of the exper-
iment and the conditions of its conduct.

Operational tests of the timber road train were car-
ried out to determine reliability, operability, compliance
with safety and ergonomics requirements in the general
technological cycle in two shifts in LLC “European tim-
ber processing group” of Zhytomyr Oblast. Export of forest
products was carried out on three types of haul roads: forest
tracks, roadways, highways in the amount of 20 thous. km
of mileage. The actual load ranged from #10% of the rated
load. Timekeeping observations were carried out during
15 control runs in each season (winter and off-road).

Studies to determine the effect of wheel convergence
on self-oscillation have shown little effect. In general, there
is a tendency to slightly decrease the intensity of self-oscil-
lations with a change in convergence towards negative val-
ues. At small values of the angle vy, the effect of convergence
is greater than at large positive values.

Self-oscillations for forestry equipment exist when
v<-1.9°, that is, the stability of movement of the steered
wheels is ensured when setting the angle y within the range
of -1,5° to -9°. At angles vy less than -9° aperiodic instability
occurs. Stability of the steered wheels is also possible at other
values of angle y — with large positive results. The move-
ment will be stable even when y>13°. The greatest inten-
sity of fluctuations is observed at y=3°...5° and v=45 km/h.

If there are no gaps in the power steering mounting
hinges (=0 ) the movement of the steered wheels is stable
when setting the angle of the longitudinal pin y<-1.5°. Con-
sidering the operational gaps, the pins must be installed
with a slope of y=2°...3°. If there are gaps in the system of
the order §26 mm, the movement of the steered wheels
becomes unstable at any negative angle values y. The inten-
sity of vibrations is the lowest at y=-4°, that is, the lowest
required damping energy of reservations at y=-4°.

When considering the working conditions of driv-
ers, the study used a noise-vibration measuring equipment,
a luxmeter, and a thermometer. The external noise spectra
are shown in Figure 2.

db

80

70

63 125 250

500 1000

2000 4000 Hz

Figure 2. External noise spectra of the forwarder: 1 - on the left; 2 — on the right
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The noise spectrum in the cabin is shown in Figure 3.  external noise, and it meets the ISO requirements for noise
The forwarder does not meet the ISO requirements for  at the driver’s workplace.

db i
—__—Ir”’
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5 =
,ID’
a) .
.// \1
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@
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b) % /
c//’,
4
76 L2
(-]
8 11 14 17 20 m/s
30 40 50 60 70 km/h

Figure 3. Integral noise levels at the forwarder driver’s workplace:
a) in the loaded state; b) in the empty state. 1, 2 — speed in 7-th gear

The average operating fuel consumption per shift  operational tests was carried out by registering failures. At
was carried out by refilling the fuel tank during daily refu-  the same time, the average time to failure separately for the
elling. The regular load of each road train was checked tractor and semi-trailer and the complexity of eliminating
by control weighing using a dynamometer. Identification failures were determined. Tests were carried out to determine
of the reliability and operability of the road train during  the speed characteristics (Fig. 4).
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Figure 4. Speed characteristic of acceleration in direct transmission
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To improve the ergonomics of timber road trains,
a different layout of display elements on the instrument
panel is offered. The best layout option was determined based
on consideration of the load of the driver’s visual analyser.
There are 4 options for placing indicators, from which the
best option was selected. When modelling the informa-
tion display elements of the instrument panel of a tim-
ber road train, indicators of various car brands were used.

When processing the findings, an assessment scale
of psychophysiological indicators of drivers was used. The
conducted research offers the optimal placement of ele-
ments on the vehicle instrument panel from the standpoint
of information perception and reading time: place the speed
sensor in the centre of the driver’s field of view; place the
water temperature and oil pressure indicator to the left of
the speedometer; place the fuel level sensor and ammeter
vertically to the right of the speedometer; place the tachom-
eter to the left of the temperature indicator; place the indi-
cator system at the top of the field.

A set of measures has been developed to improve the
organisation and technology of maintenance of machinery
for forestry operations, which reduces downtime in routine
repairs and improves the quality of maintenance. Savings
from the implementation of the proposed measures amount
to 523,572 UAH/year in December 2021 prices.

CONCLUSIONS

1. A methodology for assessing the reliability of driv-
ers and operators has been developed, which allows

determining measures to improve traffic safety on forest
roads. The effectiveness of implementing measures is deter-
mined by reducing traffic violations, reducing physical and
psychological injuries from road accidents, reducing the
degree of danger to the driver’s profession, and improving
the reliability of timber removal. Reduction of accidents
occurs by increasing the professional skills of drivers and
reducing fuel consumption.

2. The developed analytical dependencies allow calcu-
lating an integral criterion that characterises the reliability
of the driver of forestry equipment based on the data of
recording equipment.

3. The developed method of improving the han-
dling of forestry equipment allows determining the per-
missible value of wheel imbalance for any model of for-
estry equipment. Self-oscillations for forestry equipment
exist when y<-1,9°, that is, the stability of movement of the
steered wheels is ensured when setting the angle y within
the range of -1,5° to -9°. At angles y less than -9° aperiodic
instability occurs. The movement will be stable even when
y>13°. The greatest intensity of fluctuations is observed at
y=3°...5° and v = 45 km/h.

4. Different placement of control and measuring
sensors on the instrument panel of a forestry machine
affects the speed and accuracy of information perception.
The compact pairwise-symmetrical vertical arrangement
of control and measuring sensors on the instrument panel
reduces the time of reading information and the number
of errors.
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TunonoriyHicTb 3aco6iB TexXHIYHOro KoOHTponio disionoriuHMx
i @ProHOMiYHMX NOKAa3HMKIB MaLUMUH ANd NicCOTeXHIYHUX pobiT

AHoTaUif. Ha cboroHilHii AeHb Mmif yac JicociuHmX, 1iCOTPaHCIOPTHUX PO6OTAX, B GIIBIIOCTI, EKCIUTYaTYEThCSI TEXHIKA,
SIKY 30U Ha cepiliHe BUPOOHUIITBO HA TOYATKY TUCSUOITTS. Yepe3 BifCyTHICTh BIaCHUX KOIITIB y MiAMPUEMCTB JIiICOBOTO
KOMIUIEKCY B OCTAHHI POKM He TTPOBOAMUTHCSI OHOBIEHHS MalllMH JJIsI JTiICOTEXHIYHMX POOIT i yCTaTKyBaHHS, B SIKMX 3a TEPMiH
iX CTy>kO6M 3HOIIYIOTHCS He TiIbKY BUXi[IHI 3pa3Ku, a i Linit KOMIIEKC TOBTOPHO BBOAMUTHCS Y Ti 3K MallMHY 3MiHIOBAHUX
JeTaseii i iHIIMX HETPUBKMX e/IeMeHTiB. Y CTPYKTYPi Aitouoro napky TexHiku 80 % 3aiiMae IOBHICTIO aMOPTHU30BaHa TEXHiKa,
sIKa MMOBMHHA OyTM MozepHi3oBaHa abo criycaHa, a KoedinieHT BUOYTTs B 10 pasiB nepesuinye KoedilieHT OHOBIEHHS.
IcHyIOUa peMOHTHa ToiTHKa chopMyBaacs B JOPMHKOBUX YMOBAX MPU BiATIOBIJHMX CITiBBIJHOILIEHHSIX [iH Ha CMPOBMHHI
pecypcu i MmamHu. Y TOi repiof i 6ysia cTBOpeHa fifoua 10 CbOTOAHIIIHbOTO JHS KOHIIETIisSl TEXHIUHOTO KOHTPOJTI0 MaIIH
IJIS1 TICOTeXHIUHUX POOIT: NOMYyCKHM, perVIaMeHT!, HOPMAaTUBH i T. 1. Y HMHIITHIX eKOHOMiUHMX YMOBaXx MOTPi6HI HOBI
miaxonu 1o GopMyBaHHSI METOAOJIOTII TEXHIYHOTO KOHTPOJIIO i pEMOHTY MAIIVH AJIS1 JIiICOTeXHIYHUX Po6iT. TexHiuHMi
CYIIPOBiJ ekcIuTyaTalii MauImMH AJisl JIiCOTeXHIUHUX POOIT MOXKHA PO3IVISIATH SIK iHCTPYMEHT YIIPaBJIiHHS 3a11acoM ix
MOTeHLIJIHMX MOX/IMBOCTEIA, 3aKIaleHMX 1P BUTOTOBJIEHHI i TOHOBIEHMX (BiJHOBIIOBAHMX) IIPU TEXHIYHOMY KOHTPOIL
Ta peMOHTi. BU3HAaUeHHSI MOMEHTY J1Jisl IPOBeJeHHS POOIT 110 BifHOBIEHHIO TEXHIYHOTO CTaHy MAIllMHU 3aJI€KUTh Bif,
Pi3HMX UYMHHMKIB, 4aCTO CyllepevyaTb OOMH OZHOMY. MeTa — BUKOHATH aHaJliTUUHI Ta eKCcllepUMMeHTalbHi JOCTiI)KeHHS 3
MiJTBepIyKeHHS iCHYBaHHS TUTIOOTIYHOCTI 3aC06iB TeXHIUHOTO KOHTPOIO (i3ioNoriyHMX i eproHOMIYHMX MTOKa3HUKIB
MAalIVH AJIS1 TiICOTEeXHIUHUX POOIT MIJIIXOM MOZEIIOBAHHS MPOLeciB ix QyHKIIOHyBaHHS. MeTomooris — anpobyBaTu
3ac00M CMCTEMHOTO ITiAXOAY Ta CUCTEMHOTI'O aHaJIi3y TUITOJIOTIUHOCTi 3aC06iB TEXHIUHOTO KOHTPOJIIO (i3iomoTiuHmX i
€pPrOHOMiUHMX MTOKA3HMKIB MalIVH IJIs JIiCOTeXHIYHMX POOIT. B cTaTTi mpecTaB/ieHo 3reHepOBaHMii pe3y/bTaT y BUNISIII
PEECTPYIOUOro AJITOPUTMY MOJY/ISI TEXHIYHOTO KOHTPOJISI MAILMH JIJIs1 JIICOTeXHIYHMX POOGIT. ABTOpamMu 3a pe3y/ibTaTaMu
eKCcIepyMeHTalbHUX JOC/iIKeHb IIpeficTaB/ieHa rpadiuHa iHTepripeTallist iHTerpaabHUX PiBHIB IIyMy Ha pO60YOMY Miclii
BoZis1 popBapmepa B HABAHTAKEHOMY CTaHi, B TOPOKHbOMY CTaHi. BUCHOBOK — ITPOBeIeHi JOCTiIsKeHHSI JaI0Th MOK/IMBICTb
3aMpOIIOHYBaTH ONTUMAaJIbHE, 3 TOUYKY 30py CIIPUITHATTS iHdopMallii i uacy 3uMTyBaHHS, pO3MillleHHSI eJleMeHTiB Ha
TaHesTi MPUIajiB TPAHCIIOPTHOTO 3aco6y. HaykoBa 3HaUMMICTh — MiATBEPIKEHO, 1110 TIPY aHai3i BIUIMBY MepioguyHOCTi
BUKOHAHHS OTIepalliii TeXHIYHOT0 KOHTPOJII0 MalllMHH JIJIs1 JIICOTeXHIUHMX POOIT Ha MepepaxoBaHi MOKa3HUKM TOIITbHO
BUKOPUCTOBYBATY MApHUI KOPeSILiiHWIT aHaMi3, SIKMii TTO/IITae y BU3HAUEHH] 3B’513Ky MiK MepioAMYHICTIO BUKOHAHHS
orepalliil TeXHiYHOTO KOHTPOJIIO i BEIMUMHOI0 CYMapHUX MUTOMMX BUTPAT, TIOKa3HMKaMM HaJliliHOCTI i TOKa3HUKaMU
(byHKITiOHAIBHUX BIACTUBOCTEM
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