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Annotation: Methods of technical and economic evaluation of road-construction
machines are highly developed but their operation requires a wide list of initial data which is
very difficult to obtain without monitoring systems. In modern conditions, economic factors
determine the possibility of machines’ operation and the technical excellence of the machine
is viewed by considering the cost of ownership and operation. This determines the relevance
of the application of technical and economic assessments. In order to ensure the feasibility of
applying of such technical and economic indexes towards the efficiency evaluation, they need
to be adapted for use in monitoring systems. Modern monitoring systems allow you to monitor
the technical and operational characteristics without a comparison with the indexes of the
economic sphere. There is almost complete uncertainty in the methods of selection and
evaluation of equipment that could be used in practice in modern conditions characterized by
the presence in the market of equipment of the same purpose from different manufacturers. In
such conditions, a system for collecting and processing the information with feedback would
be convenient - a monitoring system for effectiveness evaluation. Feedback is necessary for
creating the control actions in order to increase the efficiency or maintain it at satisfactory
level - performance management. The development of methods of both technical and
economic assessment which are suitable for using for road-construction machines and
adapted for implementation in monitoring systems is a relevant topic of scientific research.

The concept of efficiency applies not only to machines but also to enterprises which
determines the hierarchy of efficiency indexes for different decision-making levels. Indexes
of this hierarchy can be applied to the evaluation of the technical and economic efficiency of a
certain road-construction machine [1].

Natural indexes (length, time, area, volume, mass, etc.) that occur at the driver’s level,
form more complex, intermediate indexes (metal consumption, productivity, energy intensity,
etc.), which determine, in turn, indexes of the next level (for example, the full unit cost of
production) [2; 3].

There may be the following hierarchy of indexes presented in real time by monitoring
(actual), related to different decision-making levels:
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* level of operator and/or on-board computer: efficiency indexes; indexes of the
functional state of the aggregates; indexes of stock sufficiency of materials (technological,
fuel and lubricants);

* level of the work supervisor at the facility: indexes of the integrated productivity of
the unit (or group) of the machines; performance schedule, indexes (alarming) of the
operability; indexes (alarming) of the position or direction of movement of the self-propelled
machine; indexes of the physiological state of the driver or operator, indexes (alarming) of the
quality of work of the machines;

* level of the Head of the enterprise: integrated indexes of the implementation of the
schedule; quality indexes (emergency) of operation; indexes (emergency) of machine
operability; indexes (emergency) of the schedule;

* level of regional and sectoral leader: indexes of risk to the life or health of the
population of the region, indexes of the threat to the environmental situation; generalized
indexes of the implementation of the schedule of works on the objects by contractors.

The efficiency of equipment exploitation may depend on decisions which the
implementation is mandatory directly in the process of work as well as on strategic decisions
that are appropriate for further using of equipment. Due to the fact that the collection and
processing of data in automated systems may take some time, to simplify data processing it is
advisable to separate the indexes obtained during the monitoring which need to be processed
in real time, and the indexes that can be processed with a delay.

To simplify the separation of indexes into the two considered groups, it is advisable to
distinguish such generalizing features as spatial position, state of internal systems, and
product quality. For the spatial position, the following subgroups can be distinguished (real-
time mode): maintaining a given trajectory of the working body in a local coordinate system
tied to the object of impact; tracking the position and speed of movement of machines in the
global coordinate system. The following subgroups can be distinguished for the state of the
internal systems (real-time mode): registration of operator state indexes; registration of
efficiency indexes of machines. For product quality, the following subgroups can be
distinguished (real-time mode): measurement of machine’s efficiency indexes (deviation from
design parameters of the surface, degree of compaction, etc.) moving in field with the global
coordinate system; measurement of the efficiency of stationary machines in the local
coordinate system.

A natural index of the effectiveness of machines must be available for instrumental
control in order to enable automated accumulation of the index values in processing and
decision making. Among the physiological parameters of the operator there are may be: blood
pressure level; heart rate; body temperature.

Among the natural indexes of the efficiency of moving machines there are the
following:

» indexes characterizing the work of machine units: independent timer; the crankshaft
rotational speed, rotational speed of the driving element of the propulsion unit (sprocket or
wheel); fuel consumption, frequency of pressure pulsations in the hydraulic system;
consumption of technological materials (if provided by the type of machine); CO and NOXx
content in engine exhaust;

« indexes of the scope of work performed by the machine: the volume of load carried
by the machine with the moldboard; the distance of material movement dragged by
moldboard; the time of material movement; the volume of material moved by the machine
with a bucket; the distance of material movement by bucket; material transfer time by bucket;
the volume of the excavation (pit, trench, well, ditch, etc.) dug by the machine; the time to
create a notch; the volume of material transported by the machine; material transportation
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distance; material transportation time; surface area processed by the machine; surface
processing time;

» indexes characterizing the quality of work of machines: the discrepancy between the
actual and designed marks of surfaces; the discrepancy between the actual and designed
degrees of compaction; the discrepancy between the actual and standard distribution densities
of reagents; the discrepancy between the actual and regulatory conditions of the surface of the
artificial coating.

Indexes of the work quality can be controlled by modern monitoring systems, but there
are no systems that allow to obtain the integrated technical and economic indexes [4-11], i.e.
this direction does not need a development.

When reaching to higher decision-making levels the natural indexes stop to be relevant
but are included in (i.e. define) more complex calculated indexes.

The calculated indexes at the level of the facility manager allow an operational
assessment of the effectiveness, allowing to determine the machines or groups of machines
that need attention with the following formation of a control action. These indexes include:

« shift time utilization rate (determined by the duration of the engine with a nominal
power or close to the last);

* productivity of machine (determined by the volume and range of the transferred
material; the volume of laid material; the amount of laid material; theoretical speed; slipping;
resistance to displacement; soil strength; size of the tool, working time in traction mode, etc.);

* resource capacity of production unit (for example, fuel consumption per unit volume
of extracted, displaced or compacted soil, laid cement or asphalt concrete, distributed reagent,
etc.).

As for the Head’s level of the enterprise, in addition to indexes of the direct
assignment of the created object, it is necessary to form an idea of the work efficiency at the
facility, the efficiency of the enterprise and the industry. It is also necessary to have an idea
about the possible environmental consequences of working activity (for example, transport
construction). Thus, for this level there are technical, economic and sanitary-environmental
indexes. Technical and economic indexes are important for all interested groups - both for the
work producer (contractor), and for the customer, who may be presented as an administrative
organizations (authorities) and private organizations. Sanitary and environmental indexes in
the context of a well-established relationship with a relatively low responsibility can be
considered as significant only for the customer who belongs to the administrative structures.

These two groups of indexes essentially contradict with each other, since the process
of any construction is accompanied by environmental degradation. Sanitary and
environmental indexes, as a rule, are transferred to the category of restrictions consisting in
establishing standards for harmful effects on the environment and humans. In case of going
beyond the limits of the norm, legal proceedings are initiated against the responsible persons
(physical, legal) and end in fines. Thus, restrictions on sanitary and environmental indexes are
ultimately reduced to indexes of the economic sphere.

A significant index of the work’s manufacturer (the contractor) is the profit p; for the
reporting period [12]:

_ Dx-Z5

i= T

where Dy is the sum of all (gross and other) incomes for the period T;; Zy - current

expenses and losses for the period T;; T, - the duration of the construction of the object of
transport construction.

The value Dy may define the sum of the contract fixed during the tender won by the
manufacturer (contractor). The value Z5 consists of the operating costs Z; and losses Z, on
eliminating of negative effects of the construction such as changing of hydrogeological
conditions [12]:

)

0-25



Zz' = Z1 + Zz.

The value T; is usually fixed by the contract and depends on the amount of work Qy
on the object stipulated by the contract and the productivity P;of the machines provided by
the contractor [12]:

T] = &

Py

The contractor’s profit p; being a possible criterion of its effectiveness depends on

external factors (D5, Qx, Z,) which the contractor cannot influence and factors determined by

the contractor (Py, Z7) [12]:
__ Pa(Dx-7;-7)

Pi
Qz
Thus, operating costs and efficiency can be attributed to the largest indexes of the

contractor’s self-control. If these indexes are combined, then the unit cost of production will
be obtained.

As the main criterion for assessing the technical and economic efficiency it is
advisable to choose the unit cost of production including the cost of ownership (SEPV):

SEPV = f}—l + L * Co, (thousand rubles / production unit)

2 T2Tzng P

where C; is the cost of machine-shift with reduced costs of ownership (thousand

rubles); P, - operational replacement performance (production unit / shift); T,- the life of the

machine (years); T - the number of days in a year (days); n; - the number of shifts per day;
C, - the cost of the machine (thousand rubles).

At the regional and federal level, it is necessary to guide by higher level indexes in
order to assess the effectiveness of the implementation of budgetary funds and to assess the
sanitary and environmental safety of the region. To do this, you can use the following
indexes: the timing of the construction of the object; the expected profit of other economic
entities from the commissioning of the object; socio-economic consequences of the facility
commissioning; budget expenditures on control compliance with the rules of construction and
eliminate its negative consequences.

Conclusion. Thus, by depending on the level of decision making there is a significant
number of indexes. Some of these indexes are used for direct control on the machines, so they
must be available in real time. The other part can be obtained with some delay. To assess the
effectiveness of road-construction machines, the decision-making levels of the Head of the
company and the work manager at the facility are important, whose operating costs and
productivity can be attributed to the largest indexes of self-control, i.e. there is the owner’s
possibility to correct these indexes.
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Knrwuoeu oymu: epexmugnocm, Habniooenue, NbmMHO-CIMPOUMENTHU MAUUHU, eOUHUYA
Pasxoou 3a npouzBo0Cmao.

Pestome: Memooume 3a mexuuuecka U UKOHOMUYECKA OYEHKA HA NbMHO-
cmpoumenHume MAwuHu ca 000pe paszeumu, HO MAXHOMO NPUTLONCEHUE UBUCKEA WUPOKA
2ama om NbPEOHAYAIHU OAHHU, KOUMO MPYOHO Mo2am 0a OvbOam noayuenu 6e3 HaIuyuemo
Ha cucmemu 3a HabaoOoenue. Ilpu cvepemennume ycioeus, UKOHOMUHeCcKume Gakmopu
onpeoenam 8b3MOACHOCMMA 3d U3NOJI36AHe HA MAWMUHUME, d MEeXHUYEeCKOMO CbCMOsHUE Ha
Mawurume ce onpeoesi NPeoOUMHO Om paszxooume 3a nooovpoicane u excnioamayus. 1osea
onpeoenis HeoOX0OUMOCMMA OM U38bPUIBAHE HA UKOHOMUYECKU U mMeXHU4ecKu oyenku. 3a oa
ce ocucypu Cbomeemcmeue MedxHcOy NPUNONCEHUemo HA NOOOOHU MEXHUYeCKU U
UKOHOMUYECKU UHOEKCU 3d OYeHKd HA epeKxmusHOCmma, e HeoOX00uMo 0a ce U3noJ36am
cucmemu 3a Habnwooenue. CvepeMeHHUmMe cucmemu 3a MOHUMOPUHE NO360JA8aM 04 Ce
HabO00asam mexnuieckume U eKCnioamayuoHHU XapaKkmepucmuky Ha mauwunume o6e3 oa ce
u38vpuiea cpasHenue om uxonomuyvecka 2i. m. Coujecmaysa, obaue u3geCmua HecuesypHocm
npu uzbopa Ha mMemoou 3a usmepeame U OYeHKd, KOUMo ce U3NON36am 6 NPaKmuKama npu
Cb8peMeHHUme YCl08Usl, NOPAdU HATUYUEMO HA NA3APHA UKOHOMUKA U 8b3MONCHOCH OpYe
npouzeooumen 0a npeoiaza Cvuusi nPoOyKm npu no-ooope yciosus. Ilpu maxusa yciosus,
BHEOPSABAHEMO HA CUCeMA 3d CvbOupane u 0opabomeane Ha UHGopmayus ¢ 0Opamua 8pwv3Ka
om Kiuewmume we 0OvOe om noi3a — cucmema 3a HaOMOOeHue 3a OYeHKd Hda
egpexmusnocmma. Obpamuama 6pwv3Ka ¢ KIUeHmMuUme e HeobXoouma 3a Cb30A8aAHEMO Hd
KOHMPO, Maxa ye 0a ce noGUUU eqheKmueHoCcmma u noOOPAHCKAMA HA CUCEMAMA HA eOHO
3a00601umenHo pasHuwe. Pazeumuemo Ha memooume 3a mexHUYecKa u UKOHOMUYECKd
OYeHKa, KOUMO Mo2am 0d ce NPUNoXcam u npu NbmHO-CIMPOUmMenTHume Mawutu u oa ce
aoanmupam 3a 8HeopsAeaHe 6 cucmemama 3a HAbAOOeHUue e OCHOBHA Yell HA HACMOAUUSL
00K1a0.
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