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MATHEMATICAL MODEL FOR A COMPREHENSIVE ASSESSMENT
OF THE ECONOMIC IMPACT OF OPERATING INNOVATIVE VEHICLES
ACROSS THEIR LIFE CYCLE

Summary. The article presents the results of a scientific study aimed at developing a comprehensive methodology
for assessing the economic efficiency of operating innovative freight cars on the railway infrastructure of Ukraine.
The relevance is due to the critical wear of the freight car fleet and the need to implement tariff mechanisms that
consider the interests of both rolling stock owners and the infrastructure owner. Existing approaches focus mainly
on operator benefits, ignoring the significant impact of car technical characteristics on infrastructure costs (train
traction, track wear).

The proposed methodology is based on a comparative analysis of an innovative car and an analog car. A key
feature is the determination of two fundamental coefficients based on field tests: the change in the basic specific
resistance to movement (k,) and the change in the impact on the track (k). A mathematical apparatus has been
developed to calculate the annual change in infrastructure owner costs, covering expenses on fuel and energy
resources, track maintenance, locomotive maintenance, and en-route car maintenance.

The practical value lies in the possibility of using the results to justify differentiated tariffs. The procedure for
calculating the specific economic effect (C,,) and the innovative reduction coefficient to the base tariff (kt’:rv) is
proposed, creating an economic incentive for operators to purchase more advanced rolling stock. The approbation
of the methodology on the example of an innovative gondola car demonstrated a net economic effect of about
45,000 UAH per technological cycle due to increased productivity, reduced downtime, and higher speed.

Key words: innovative vehicle, economic efficiency, infrastructure owner, rolling resistance, track impact, cost
rates, tariff incentives, computer modeling, life cycle.

Problem statement. Freight rail transportation is one of the main activities of JSC “Ukrzaliznytsia”,
it largely meets the transportation needs of the national economy. It is freight transportation that
accounts for the largest share of JSC “Ukrzaliznytsia’s revenues in the overall revenue structure —
82.2 % (2024) [1].The current stage of development of the transport industry is characterized by the
rapid introduction of innovative means of transportation. However, the choice of specific models is
often based only on the purchase price, which is a strategic mistake. The relevance of the topic is due
to the need to transition to a comprehensive assessment of economic efficiency. The concept of life
cycle cost (LCC) becomes a key tool in this process. It allows you to take into account not only the
purchase price, but also the costs of operation, service and disposal. For innovative vehicles, this is
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critically important due to the specifics of their maintenance. The energy efficiency of new models is
often offset by the high cost of spare parts.

Traditional methods of calculating payback no longer correspond to market realities. The risks of
introducing innovations without proper analysis are excessively high. It is necessary to take into account
the dynamics of energy prices throughout the entire service life of the car. Life cycle cost allows you
to see a real picture of profitability. This helps to increase the competitiveness of transport enterprises.
Introducing innovations without calculating LCC leads to unforeseen losses. State support for
environmental initiatives also requires transparent assessment methods. Investors require clear forecasts
of costs for the long term. Innovative technologies often have more complex technical inspection cycles.

Analyzes of the latest research and publications. In the article [2], a scientific and methodological
approach is proposed to determine the change in the quantitative indicators of the use of gondola cars
for the transportation of loaded containers in them in the empty direction due to the decrease in their
empty mileage. A scientific and methodological approach is proposed to determine the influence of
the coefficient of empty mileage of cars to loaded on the cost of transporting loaded containers in
gondola cars in the empty direction. An increase in the efficiency of the use of gondola cars due to the
transportation of loaded containers in them in the empty direction is estimated

The article [3] presents the calculated results of the economic justification of the feasibility of
modernizing freight cars with axle units of improved design. The factors influencing the amount of
additional capital costs for modernizing cars with improved axle units are analyzed. The calculation
of annual operating costs for the car is adapted to the conditions of the specific Kharkiv-Kyiv route.

The paper [4] analyzes the current state, development dynamics, and prospects for updating the
freight car fleet in Ukraine. The most popular types of cars are identified.

In the work [5], the issues of the conceptual approach to determining the life cycle of a passenger
car are considered. The fleet of passenger cars of JSC Ukrzaliznytsia mainly consists of models
developed and manufactured in the 70s—90s of the last century at the car-building plants of Germany
and Russia. They are outdated both morally and physically. This necessitates the renewal of the
fleet of passenger cars by purchasing cars of both domestic and foreign production. But in modern
conditions, the user of new equipment is interested not only in the purchase price, but also in the costs
after the sale, which is reflected in the life cycle cost.

The article [6] describes the characteristics of iron ore pellets as a specific type of cargo and describes
the technology of their production in the conditions of a mining and processing plant. A comparative
analysis of the efficiency of using the specified types of freight cars was performed according to
such technical and economic indicators (criteria) as tare weight, load capacity, body volume, specific
material capacity, specific volume, dimensions, service life, mileage between overhauls, tare loading
coefficient, body capacity utilization coefficient, running load, cost, life cycle cost.

In the fundamental work [7]in one of the sections inmathematical modeling of the process of
forming reliability indicators of freight cars at the stages of the life cycle is presented.

The monograph [8] considers the issues of optimization design of elements of railway gondola
bodies and the organization of their production. It presents modern trends in the development of
gondola body structures, presents proposed approaches to their design, and formalizes the features of
the organization of their production.

The article [9] considers innovative vehicles as an important solution to reduce road congestion
and harmful emissions from trucks. The study found that in Europe, the main barriers to the transition
to water transport are insufficient depth of waterways and their inadequate maintenance, while in Asia,
the key obstacles are high initial investments in infrastructure and a shortage of vessels. Overcoming
these barriers will allow to obtain significant economic effects by reducing logistics costs, reducing
fuel and vehicle maintenance costs, as well as reducing environmental damage from CO, emissions.
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In the article [10], it is analyzed that urban growth and population density lead to a critical
deterioration of the transport situation, especially on routes with intensive freight traffic. The
proposed coordinated vehicle routing system uses personalized instructions and financial incentives
for individual drivers, taking into account their individual preferences using a hierarchical Bayesian
model. The implementation of such a system provides an economic effect by reducing congestion,
reducing delivery times and fuel costs, which is confirmed by numerous experiments on the Sioux
Falls transport network.

In the article [11], approaches to modeling the life cycle cost of vehicles with different types of
power plants are investigated. The work is aimed at determining the economic feasibility of using
alternative transport technologies compared to traditional solutions. The authors form a mathematical
model that takes into account the costs of purchasing, operating, maintaining and disposing of
vehicles. Considerable attention is paid to the analysis of factors that most affect the change in the
total life cycle cost. The results obtained demonstrate that the application of the LCC concept allows
for a more reasonable assessment of the economic efficiency of innovative transport systems.

In [12], the author considers a methodology for estimating the life cycle cost of transport
infrastructure, taking into account the spread of autonomous vehicles. The study focuses on predicting
changes in the structure of costs for the construction, operation and maintenance of highways. The
author proposes a model that integrates future transport scenarios with economic indicators of
infrastructure functioning. The analysis demonstrates that the introduction of autonomous transport
can significantly change the structure of operating costs. The results obtained can be used to form
long-term strategies for the development of transport systems.

In the article [13], researchers conduct a comprehensive review of modern approaches to assessing
the sustainability of the transport sector based on the life cycle concept. The authors systematize
existing analysis methods, in particular LCC, LCA and other integrated efficiency assessment tools.
The paper examines the features of applying these methods for different types of transport systems
and infrastructure facilities. The review allows us to identify the key advantages and limitations of
using the life cycle concept in transport planning. The results of the study form a methodological
basis for further improving the economic justification of innovative transport solutions.

In the publication [ 14] the authors analyze modern methods of economic evaluation of innovations
in the field of railway transport. The work focuses on identifying the main problems of applying
traditional economic models to the evaluation of new technical solutions. The authors propose improved
approaches that combine life cycle analysis with the assessment of operational and infrastructure
costs. Considerable attention is paid to the need to integrate technical and economic indicators in the
process of making investment decisions. The study demonstrates the prospects for the application of
complex methods for evaluating the effectiveness of innovations in railway transport.

The purpose of the study is a theoretical justification and development of a comprehensive
methodology for determining the economic effect of operating innovative vehicles based on modeling
the cost of their full life cycle. The research is aimed at creating a toolkit for objectively assessing the
effectiveness of investments in the modernization of transport fleets. The implementation of this goal
will allow enterprises to make strategically balanced decisions regarding the implementation of the
latest technologies.

The object of research is the process of forming economic results from the use of innovative
vehicles in the logistics system. The subject of the study is methodological approaches and tools
for assessing life cycle cost as a basis for determining the economic effect. The study focuses on the
relationships between capital costs and operational efficiency throughout the entire service life of
the equipment. Scientific research covers the mechanisms for transforming costs into added value of
transport services.
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To achieve this goal, the following tasks have been defined:

1. To analyze the factors influencing the technical characteristics of freight cars on the costs of the
railway infrastructure owner, in particular, on costs associated with train traction, track maintenance,
locomotive maintenance and technical maintenance of wagons en route, in order to identify key
parameters for economic evaluation.

2. Develop mathematical models to determine the coefficients of change in the main specific
resistance of movement () and the change in the impact on the track () k... based on data from full-
scale (dynamometric) tests of innovative cars and similar cars, which will allow us to quantitatively
assess their operational advantages.

3. Form a system of analytical equations to calculate the annual change in the infrastructure
owner’s costs () ZAEO by main items: fuel and energy resources (electricity/diesel fuel), current
track maintenance, locomotive maintenance and technical maintenance of freight cars in trains.

4. Determine the procedure for calculating the specific economic effect () per car-kilometer C,, and
to justify the methodology for calculating the innovative reduction coefficient () to the base tariff as a
tool for economically stimulating operators to purchase and operate more advanced rolling stock k,’;’fp.

To achieve the goal of the study, a set of scientific methods was used, in particular, system analysis
for structuring life cycle costs. Mathematical modeling methods were used to construct formulas for
calculating the economic effect. Comparative analysis became the basis for assessing the advantages
of different types of innovative vehicles. Financial management methods were used, in particular,
discounting cash flows to take into account the time factor. Statistical methods allowed processing data
on the reliability and cost of operating similar systems abroad. Graphical methods helped visualize
the dynamics of costs at different stages of the equipment life cycle.

The main part. The mathematical model of the study is based on a comparative analysis of the
operating costs of the infrastructure owner (JSC «Ukrzaliznytsia») when using innovative freight cars
and analogue cars. The main hypothesis is that the improved technical characteristics of innovative
cars (reduced rolling resistance, less impact on the track, greater load capacity) lead to a reduction
in infrastructure maintenance costs, which may be the basis for tariff incentives. The analogue car is
selected from among the most common models of the same type and purpose on the network, and the
selection criterion is the maximum freight turnover among cars of the corresponding class.

An innovative car is considered as a carrier of a set of measured quantitative and qualitative
indicators in absolute or relative terms (Fig. 1).

Running load — 1o more than 8.2 Climatic performance of UHL;

V. - Wan-exceeding the permissible
Tare coeffi ‘“_em' na-Eare than 0.36; . - values of the strength criteria of the
I'he permissible speed of loaded and QI ALITY CRITERIA track superstructure elements;

empty wagons is at least 90 km/h; No accumulation of disorders of

the lower track structure;
Maintenance (technical

Mileage between depet repaus 1s at
least 250 theusand km. from
constrenion to the first depot repair 1s at
least 500 thousand km.

The probability of failure-[iee
operation in operationis not less than

| waintenance) of wagons at  the
forming station  with  subsequent
maintenance at the destination station
- transit;

0.98; : : Optunized  vertical  dynanies
Time to failure: coaffintait.
wheel - at least 1.0 millionkm: QUANTITATIVE CRITERIA
bearing — at least 800 thousand kin.

Fig. 1. Criteria for innovative freight cars
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The solution to the problem of increasing the productivity of rolling stock through innovative
cars lies in the multiplicative effect of reducing the tare weight of cars, increasing the capacity of
the body and the speed of the train, expanding the range of permissible axle loads [15]. In addition,
the maintenance intervals of both cars as a whole and their individual technological equipment are
increasing, failures during operation are reduced, and loading and unloading methods are improved
with a corresponding expansion of the range of transported goods:

— the weight of the container is reduced due to the use of new high-strength steels;

— increasing the capacity of the body is achieved through the use of original design schemes with
full use of the overall capabilities of the car;

— an increase in permissible axial loads and speeds is ensured by the use of innovative bogies [15];

— operational reliability is based on modern scientific and technical support for the processes of
creating and producing railcar structures

The productivity of rolling stock in freight traffic is determined by two generalized indicators: the
mass of the train and the mileage of the traction rolling unit.

The tests are carried out by the dynamometric method in accordance with the rules of traction
calculations. At the selected intervals of the railway track there should be no sharp changes in the
speed of movement and traction force caused by changes in the positions of the driver’s controller.
The profile of the railway track should be directed along the entire length of the train. The main
specific resistance of movement within each interval S is a constant value and is calculated by the
formula [16]. w,

Change in average daily productivity of rolling stock.This is the main formula that shows how
productivity changes due to two factors: increasing train mass and increasing daily locomotive
mileage.

Wmax Wmax
AW'nmax — i6 AQmax + l ASmax. (1)
Q SI‘I

Where is the change in the average daily productivity of rolling stock (gross tkm). AW ™
W™ —average daily productivity of rolling stock (gross tkm).

Q° — gross train weight (gross t).

AQ™* — increase in gross train weight (due to the use of innovative wagons).

S" - average daily mileage of the locomotive (km).

AS™> — increase in the average daily mileage of the locomotive.

In expression (1), the components reflect the influence of two factors on the productivity of freight
rolling stock. The first component characterizes the target change in the mass of the train, namely the
effect of increasing the mass of the train formed from innovative freight cars. The second component
is responsible for the target change in the average daily mileage, i.e. the effect of increasing the ton-
kilometer work of traction rolling stock [16].

The magnitude of the change in the mass of a train with innovative cars is calculated by the
formula:

1 n 1
A max _ H nconst max _ 4 H nconst min ’ 2
Qn Yn n qn k:lmn Yn n qn k;nax ( )
k;onst — %’ (3)
0,

AQ™ — change in train weight with innovative cars.

H . . . . ..
v, — the share of innovative cars in the train composition.
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const

n, —number of cars in the train (pcs.).

g, — useful mass of cargo in the vehicle

g™ — mass of the tare in the composition (t).

k™ — the ratio of the net weight of the train to the gross weight.
k™ —ratio coefficient (probably related to tare).

O O™ _ net and gross train weight, respectively (t).

n

Change in average daily locomotive mileageShows the dependence of the locomotive’s mileage
on the station speed and regulatory downtime.

24
AST™ = @

const ?
1

+
I/n max L

y

AS™ — change in the average daily mileage of the locomotive (km/day).

V™ — traffic speed (km/h).

™ — normative idle time of the locomotive (hours).

L, — length of the section (km).

24 — number of hours in a day.

The increase in the actual loading rate of innovative cars ensures an increase in the capacity
utilization factor and static load of a given unit of rolling stock. The average train composition will
be formed taking into account the weight of the tare and the optimal specific load capacity of the
innovative car.

Therefore, a comprehensive system of performance indicators for innovative railcars is given by

the following system of expressions:.

kmm — V;ﬂ:onst

n VH >
kmax — ];const .

m TH >

! (5)
PnH + IZ,H const,

Py = T < V2

— B1H + T;zH < const

2 !

k™ — the ratio of the volume usage of the innovative car and the analogue car.
V. const — specific volume of the analog wagon (). Mm%/t
V" — specific volume of the innovative car (). M/t

n

k™ — coefficient of the ratio of the tare mass of the innovative wagon and the analogue wagon.
T, const — mass of the tare of the analogue wagon (t).
T" — mass of the innovative wagon’s container (t).

o — axle load of the innovative wagon (t/axle).
P _load capacity of the innovative car (t).

H . . .
T — mass of the innovative wagon’s container (t).

n

n — number of axles.
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const

P, — permissible axle load (t/axle).

q — gross running load of the innovative wagon (t/m).

2L — length of the wagon along the coupling axes (m).

g™ — permissible running load (t/m).

The set of indicators given in expression (5) ensures high-performance transportation of a wide
range of goods in specified volumes, which contributes to increasing the efficiency of using the
innovative freight car in terms of power and load capacity. This, in turn, gives a total effect in the
form of an increase in carrying capacity of 6.7 % and above.

As aresult, for a given length of train, innovative cars can form a train of greater weight than similar
cars. The main factor affecting the average daily mileage of a locomotive is the section speed. Part of
the technical possibilities for its growth are lost due to downtime and delays of trains at stations and
crossings, as well as due to loss of time caused by low-performance loading and unloading operations.

The results of the analysis of the downtime of local gondolas at the loading station require special
attention (Figure 2). More than half of this time (in hours, about 60 hours or more) is spent on
downtime from the moment of arrival to the completion of the cargo operation. This is explained by
the poorly established production connection between the arrival of empty cars and the possibility
of loading at the consignor, which leads to unproductive downtime of cars. The waiting time for
loading increased significantly after the cars were transferred from the inverter fleet to their own. The
planning horizon for supplying empty cars actually became equal to the planned time of an empty
trip. As a result, there was a transition from a regulated daily shift planning of car distribution (the
so-called “just in time” model) to a management model with an unfixed delivery delay time, in which
a reserve is required.

Ba0m
20,00% 1

oo ¢
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Fig. 2. Distribution of freight car operating time across different stages of the production cycle

The diagram shows that the lion’s share of time (69.9 %) is spent by the freight car directly on
the loading process (from the moment of submission to the completion of the operation). The second
longest stage is the period after exclusion from the train composition until the moment of submission
for loading (14.6 %). The operations of arrival at the station and shunting work take the least time.

The car hours of the production cycle of an innovative car are determined according to the elements

of working time
Z nt:'r)lin = Z ntﬁn + Z ntrtlicn + Z ntrzfn (6)
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z nt,. — total car hours of the production cycle.
z nt’>  — car hours in motion.
Zntﬁfn — car hours at stations and crossings (technical downtime).

Zntﬁn — car-hours of downtime during freight operations.
A comprehensive system of indicators of precinct speed.Shows how the speed of movement
changes depending on the technical characteristics and reliability of the cars.

V Vmin
!
o=t (7)
VT
tr <ty
p(®)" —0.98

k' — coefficient of change of the site speed.

X

k... —the coefficient of the precinct speed.

V" —technical speed with innovative cars (km/h).
Vr — technical speed (total) (km/h).
Vnin — minimum speed (km/h).
V" _ speed taking into account idle times (km/h).
ty, — downtime of the innovative car during freight operations (hours).
t7p — standard downtime of wagons during freight operations (hours).
p(?)" — operational probability of failure-free operation of the innovative car (aims to 0.98).
Infrastructure cost assessment (impact on track superstructure).A comprehensive indicator that
assesses how the increase in tonnage from innovative wagons affects track maintenance costs.

3
max Py | A
kACn :kcm (_OJ '}L—‘j 5
Po 0

CH
k. =—2, 8
o Cm ( )
A2 = 0,150,

k" — coefficient of change in track maintenance costs.
k. — coefficient of change in current track maintenance costs.

C, — the cost of current track maintenance during the operation of innovative wagons (CU).
C,, — the cost of current track maintenance when operating similar cars (CU).

Dy » Py — axle load of the innovative car and the analogue car (t/axle).
Ao>Ay — the number of freeze-thaw cycles (transitions) per 100 million gross tkm.

D;,D, — damage rate (number of failures) when passing tonnage.
(0° — tonnage missed (million gross tons).
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The developed approach allows for a mathematical model assessment of the following operational
indicators in comparison with a similar wagon: productivity of traction and non-traction rolling stock,
average daily mileage and section speeds in terms of various components of the fleet, mass parameters
of railway warehouses in terms of gross and net, technical and economic characteristics of wagons.
Model calculations of a comprehensive assessment of the operational efficiency of innovative wagons
in comparison with a model analogue wagon in freight traffic for one technological.

The final effect of the implementation of one innovative car (for 1 cycle of work) table 1.

Table 1

The final effect of the introduction of one innovative car (for 1 cycle) based on the proposed
mathematical model and taking into account the data provided in the studies [3, 7, 17]

Effect component Amount, UAH
Additional productivity (per day) +4 278
Downtime savings +1,080
Effect of increasing speed +108
Total benefit +5 466
Additional track costs (per cycle) —463
Net effect per cycle +5 003 UAH

Conclusions. The article develops a comprehensive methodology for assessing the economic
efficiency of innovative freight wagons, which, unlike existing approaches, takes into account not
only the benefits of the operator, but also the impact of the technical characteristics of the wagon
on the costs of the infrastructure owner.The considered mathematical model for evaluating the
performance indicators of innovative wagons makes it possible to determine the change in these
indicators depending on the specific wagon model and to compare them using a single methodology
for the same volumes of transportation work within a conditional section (section) of the railway
under given model conditions.

The mathematical model is based on a comparative analysis of the pair «innovative car — analogue
car» and the determination of two key coefficients based on the results of field tests: changes in the
main specific resistance of movement () and changes in the impact on the track (). The developed
mathematical apparatus allows calculating the annual change in infrastructure costs for four items:
fuel and energy resources, track maintenance, locomotive maintenance and technical maintenance of
cars. k k.

Testing the methodology on the example of an innovative gondola car showed that the innovative
car gives a net economic effect of about +5,000 UAH per technological cycle (approximately
1.5 working days) due to:

increased productivity,

reduction of downtime,

increasing speed, with a slight increase in infrastructure costs.
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! HanioHaJibHU TPaHCIOPTHUH yHiBepcHTET
> HanioHaJbHUii TeXHiYHUi yHiBepcuTeT « XapKiBChbKHIl MOTITEXHIYHMI iIHCTHTYT»
3 YKpaiHChbKHii Iep:KaBHUI YHIBEPCHTET 3aJIi3HHYHOTO TPAHCIIOPTY
4 HaionasibHMii aBianiitHuii yHiBepcuTer

MATEMATHYHA MOJEJb KOMILIEKCHOI OIITHKA EKOHOMIYHOI'O
E®EKTY BIJI EKCIIVIYATALIII IHHOBAIIHHUX TPAHCIIOPTHUX 3ACOBIB
HA ETAITAX JKUTTEBOI'O HUKJI

Anomauin

VY crarTi NpeACTaBIeHO pPe3yJAbTaTH HAayKOBOTO JOCIIKEHHS, CHPSIMOBAHOTO Ha PO3POOKY KOMILIEKCHOI
MaTeMaTHYHOW MOJIeJi OI[iHIOBaHHS €KOHOMIYHOT e()eKTMBHOCTI €KCILTyaTallil iIHHOBAI[IHHIX BaHTQKHUX BAaroHIB
Ha 3aJI3HUYHIHA IHPpacTpyKTypi YKpaiHu. AKTyanbHICTh pOOOTH 3yMOBJIEHA KPUTUYHUM 3HOCOM HapKy BaHTaKHUX
BAaroHiB Ta HEOOXITHICTIO BIPOBAIKEHHS TApUPHUX MEXaHI3MiB, SIKI BPaXOBYIOTh IHTEPECH 5K BIACHHKIB PyXOMOIO
CKJIagmy, TaK 1 BnacHuKa iHppacTpykrypu — AT «Ykp3anizHuus». IcHyIodi HigX0an 30CepeKYIOThCS TEPEBAKHO
Ha BUTOZAX VISl OLIepaTopa, iIrHOPYIOYM CYTTEBUH BIUIMB TEXHIUYHMX XapaKTEPHCTUK BaroHa Ha iH(pacTpyKTypHi
BUTpATH (Tsra moi3iB, 3HOIIYBAHHS KOJIiT).

3anponoHoBaHa METOAUKa 0a3yeThCsl Ha MOPIBHAIBHOMY aHali3i Hapu «iHHOBALIHHUI BaroH — BarOH-aHAJIO.
KitouoBoro 0coOnMBiCTIO € BH3HAYEHHS 3a pe3yibraTaMd HATypHHX BUIPOOyBaHb ABOX (DYHIaMEHTAIBHUX
koe]ilieHTiB: 3MiHM OCHOBHOTO IUTOMOTO OIIOPY PyXY (k,,) Ta 3MiHH BILIUBY Ha KOIit0 (k). Po3pobieno MaremMaTnanuit
armapar JJisi po3paxyHKy piuHOi 3MiHM BUTpaT BIacHUKa iHQPacTPYKTypH, KU OXOIUIIOE BUTPATU HA IAIMBHO-
CHEPreTHYHI pecypcH, YTPUMaHHS KOJlil, yTpUMaHHs JIOKOMOTHBIB Ta TEXHIYHE 0OCIYTroByBaHHS BaroHiB y JOpPO3i.
Mopenb BpaxoBye MyNBTHIUIIKATUBHUM €(EKT BIUIMBY TEXHIYHHX XapaKTEPHCTUK BAaroHiB Ha MPOXYKTHUBHICTh
TATOBOTO PYXOMOT'O CKJIaay, IIBUJIKICTb PYXY, TPHBAIICTh IIPOCTOIB Ta BUTPATH HA YTPUMaHHS iHPPACTPYKTYPH.

[IpakTruHa HIHHICTB HOJIATAE Y MOKIIMBOCTI BUKOPUCTAHHS PE3Y/bTATiB sl 00IPYHTYBaHHS JuepeHLiioBaHnX
Tapu(}iB.3anpONOHOBAHONIOPAL0KPO3PAXYHKY IUTOMOT0 eKOHOMiIuHOTr0e(eKTy (C,y) Ta1HHOBALIHHOTO HOHUAKYI0YOTO

Koeirienra 10 6a3o0Boro Tapudy (k,’:;p), 1[0 CTBOPIOE CKOHOMIUHHI CTHMYI JUTsl OTIEPATOPiB MPUIOABATH OLIBII
JIOCKOHAJTUI pyXOMU#i CKJia 1. ATpo0alliro MaTeMaTUIHOM MOJIeJTi BAKOHAHO Ha ITPUKJIA Il IHHOBAIIHHOTO HAMliBBATOHY,
10 JO3BONMJIO KIJBKICHO OLHWUTH YUCTHH EKOHOMIYHHH edekT. Pesynsratd MopentoBaHHS JIEMOHCTPYIOTb,
10 BUKOPHCTAaHHS I1HHOBAllilHMX BaroHiB 3a0e3reuye CYKYNHUH MYJIbTHIUTIKATUBHUNA e(eKT 301IbIIeHHs
MPOAYKTUBHOCTI PyXOMOTO CKJIa/ly 3a paxyHOK ITiIBUIIICHHS MacH 10131, 30LIbIICHHS CePeHhOJ000BOTO Mpooiry
JIOKOMOTHBA, CKOPOUYEHHSI IPOCTOIB Ta MOKPALICHHS JITbHUYHOT IIBUIKOCTI PH HE3HAYHOMY 3pOCTaHHI BUTpAT Ha
yTpuMaHHs iH(pacTpykTypu. Po3pobiieHa MaTeMaTiHyHa MOJIENb € YHIBEPCAILHUM IHCTPYMEHTOM JUIS OIIHIOBAHHS
e()eKTHBHOCTI IHHOBAI[IHMX TPAHCIIOPTHHUX 3aCO0IB HA BCIX €Talax KMUTTEBOTO IUKITY. 3aCTOCYBAaHHS Ii€i Mojeli
Ha MPUKJIaJl IHHOBAIIHHOTO HAMiBBAarOHA MPOAEMOHCTPYBAJIO YUCTHH €KOHOMIUHUH eheKT y po3mipi Oim3bKo +5
000 rpH Ha OJMH BaroH 3a TEXHOJIOTIYHHUI LUK 3aBISKHU IiJBULICHHIO MPOIYKTUBHOCTI, CKOPOUCHHIO TIPOCTOIB Ta
30LIBIIEHHIO MIBUIKOCTI.

Knwouogi cnosa: iHHOBaliiHUI TPaHCTIOPTHHI 3aci0, EKOHOMIUHA €()EKTUBHICTD, BTACHUK IHPPACTPYKTYPH, OTIIp
PYXy, BIUTHB Ha KOJil0, BUTPATHI CTAaBKH, TapH(HE CTUMYIIOBAHHS, KOMIT TOTEPHE MOJICIIFOBAHHS, KUTTEBUH LIUKII.
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