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JUSTIFICATION OF CRITERIA FOR ROPEWAYS ENERGY
EFFICIENCY

Purpose. The article is aimed to form and justify the energy efficiency indicators of ropeways of traditional de-
sign and ropeways with self-propelled wagons based on the determination and comparison of their values. The sub-
stantiation of the energy efficiency criteria of ropeway wagons allows us to determine fully the direction of further
research in the field of development of alternative transport mode. Methodology. To obtain initial data, the authors
reviewed the world trends in the development of ropeway wagons, proposed analytical formulas for determining
criteria for ropeways™ energy efficiency used to compare traditional ropeways and ropeways with self-propelled
wagons. Herewith, we took into account the influence of the loading degree and rated power on the electric motor
efficiency. In order to take into account the energy dissipation in the haul rope through its elastic properties, the
concept of the efficiency coefficient of the haul rope was introduced. Findings. The authors formed a methodology
for calculating the efficiency of ropeways, developed formulas for determining energy efficiency. We assessed the
influence of the ropeway characteristics on their calculated values; constructed dependence graphs of the self-
propelled ropeway efficiency coefficient on the rated electric motor power and the efficiency coefficient on the
ropeway drive loading, as well as compared general efficiency coefficients for ropeways with self-propelled wagons
and for ropeways of traditional design. The results are based on the averaged values of the electric motors parame-
ters at their different loads. Originality. The authors first proposed and justified the energy-efficiency criteria for
ropeways that make it possible a comparative analysis of traditional ropeways and those with self-propelled wagons.
We determined the dependence of these indicators on the ropeway parameters. Practical value. The results of the
comparative analysis of traditional construction of ropeways and the ropeways with self-propelled wagons, based on
the proposed energy efficiency indicators, can be used to substantiate the feasibility of using certain type of rope-
ways for the implementation of individual transport processes. The construction diagram of a self-propelled wagon
can be used in the development of energy efficient passenger ropeway projects.

Keywords: ropeway; energy efficiency; self-propelled wagons; alternative transport; specific energy consump-
tion; efficiency coefficient

Introduction and freight traffic. Aerial ropeway for any terrain
has low construction and operation costs. Ecologi-
cal cleanliness, safety, movement speed, consider-
able carrying capacity — these factors have become
decisive for the use of ropeway transport not only

Throughout the world, ropeway is called the
transport of the future. Modern transport complex-
es must fully meet the urban needs of passengers
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for tourist entertainment, but also for passenger
transportation along with the traditional transport
modes — by cars, railways, trams and so on. The
use of aerial ropeways helps to reduce the traffic
load on automobile roads. The ropeways can have
a long distance between supports, pass over hous-
es, settlements, forest stands, and overcome long-
range water obstacles.

Aerial ropeways are a versatile transport mode
that has significant advantages over existing
transport that provide transportation of goods and
people. The volume of construction and mainte-
nance costs for ropeways is much lower than the
corresponding values that characterize other modes
of transport [6].

The use of modern technologies has made it
possible to create reliable transport systems inte-
grated into the urban environment. Economic effi-
ciency is one of the main indicators of ropeway
transport [15]. The use of rope haulage is ex-
plained by the lower power consumption due to the
combination of end (and intermediate) destination
points over the shortest distance. There is also
a possibility to adjust the number of cars on the
route depending on the line congestion and the
possibility of work automation on the sections be-
tween the city districts. When designing a rope-
way, one searches for an optimum-compromise
solution that meets the requirements of economic
efficiency, manufacturability and safety.

Comparative evaluation of the effective intro-
duction into operation of wagons and energy-
saving technologies, productivity and economic
efficiency of machines and units is carried out us-
ing the operating and reduced costs [12].

a b c

= ==

The rules for the construction and safe opera-
tion of aerial ropeways of the Labor Safety Laws
and Regulations 60.2-1.02-14 set safety require-
ments for the equipment of ropeways for transpor-
tation of passengers and apply to economic entities
regardless of ownership and organizational and
legal forms involved in its manufacture, installa-
tion, dismantling, adjustment, operation, repair,
maintenance and modernization [9].

Let us compare the types of passenger rope-
ways by the number of ropes.

In single-rope ropeways, the rope performs
both traction and carrying functions at the same
time. When passing the pick-up and drop-off
zones, it is possible to stop the wagons; at the same
time, the system has high carrying capacity. Sin-
gle-rope ropeways are becoming more widespread
in today's urban mobility. The main characteristics
of this type of ropeway are as follows [1]:

— carrying capacity — up to 4,500 people/hour;

— wagon movement speed — up to 6 m/sec;

— wagon capacity — up to 10 people.

Two- and multi-rope ropeways have one haul
rope and move along one or two carrying ropes.
Ropeways of these types allow changing the num-
ber of wagons on the track. They also have high
capacity, guarantee extraordinary stability of
movement in case of significant increase in wind
speed [7]. The main features of this type of rope-
way are as follows:

— carrying capacity — up to 6,000 people/hour;

— wagon movement speed — up to 8.5 m/sec;

— wagon capacity — up to 35 people.

The ropeway classification by wagon types is
presented in Fig. 1 [8].

d e

=

Fig. 1. Passenger ropeways by types of wagons:
a) single-rope dismantable; b) two-rope dismantable,
¢) multi-rope dismantable; d) group reversible wagons; e) aerial tram
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The advantages of ropeways over other
transport modes are as follows:

1. Small capital investment and operating costs.
The cost for implementing the ropeway system is
about half the cost for the tram and about 1/10 of
the cost for underground [16].

2. Constant transportations — ropeways guaran-
tee uninterrupted travel time, do not impede the
traffic of other transport modes.

3. Fast creation — ropeways can be built in
a short period of time, immediately after ordering.
This is mainly due to the use of modular structures.

4.Low space requirements — when designing
ropeways, the location of all possible obstacles is
considered, which is particularly relevant in dense-
ly populated urban areas. Supports and stations
occupy a relatively small space, and cable lines are
conveniently integrated into the cityscape.

5. Environmentally friendly — ropeways have
no harmful emissions because the type of system
drive is electric.

6. Separate track that does not cross the existing
transport routes.

7. Insignificant dependence on terrain and ele-
vation differences — ropeways can run on steeper
slopes than any land roads and are suitable for use
in any terrain [1].

8. Architecture — architects and designers have
many creative possibilities for designing stations,
supports and interiors and exteriors of ropeways.

Given the benefits of ropeways, it is obvious
that they can be widely used to solve the transport
problem of metropolitan areas.

Purpose

The main purpose of the article is to formulate
and substantiate the energy efficiency indicators of
ropeways of traditional design and those with self-
propelled wagons based on comparison of their
values.

Substantiation of energy efficiency indicators
of ropeways allows determining in full the direc-
tion of further research in the field of development
of alternative mode of urban transport.

Methodology

The concept of energy efficiency was intro-
duced in the draft Law of Ukraine «On Energy Ef-
ficiency» and is formulated as follows: energy ef-

ficiency is the ratio between the volume of pro-
duced benefits (results of activity (functioning),
products (goods, works, services) and energy) and
the volume of energy used for production of such
benefits [11]. A similar concept is presented in the
current Law of Ukraine «On Energy Efficiency of
Buildings,» which states that the energy efficiency
of a building is a property of a building, character-
ized by the volume of energy required to create the
proper living and/or life conditions of people in
such a building [4]. It should also be noted that it is
advisable to compare the structures of different
size according to specific indicators — the ratio of
absolute values to the basic design indicator (for
example, productivity). Considering this, we will
assume that the energy efficiency of ropeway is a
property of the road, which is characterized by the
volume of energy required to carry out the
transport process.

To compare the ropeways, it is necessary to de-
termine the energy efficiency parameters for each
type.

To obtain the initial data, an overview of the
world trends in the ropeways development was
conducted. Analytical formulas are proposed to
determine the energy efficiency indicators by
which traditional ropeways design and the rope-
ways with self-propelled wagons are compared.
Herewith the effect of the load degree and rated
power on the motor efficiency coefficient was tak-
en into account. In order to take into account the
energy dissipation in the haul rope due to its elastic
properties, the concept of efficiency coefficient of
the haul rope was introduced.

Findings

Instead of the traditional ropeway design, we
propose the use of ropeways with self-propelled
wagons as one of the possible solutions to the
transport problem of large cities. The following
advantages are expected from the use of such
a transport system: high mobility, reduced energy
costs due to the use of electric motors of lower
power than in traditional ropeways, and the design
of a fundamentally new wagon drive structure with
modern electric motors.

The use of modern software systems for engi-
neering calculations and the creation of models
with high reliability of the obtained results allow
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us to confirm the expediency of using innovative
ideas, as well as to clearly present the results of
engineering and design solution. During the mod-
eling of the self-propelled system design, the engi-
neers used the principle the simpler the system, the
higher the reliability, as well as the principles of
partial and complete interchangeability.

The task of the research is to compare two
ropeway designs: traditional (with haul rope) and
self-propelled wagons, based on the need to mini-
mize the reduced energy costs. Unlike traditional
ropeways (with haul or load-haul rope), decentral-
ized haul ropeways have self-propelled wagons or
a group of locomotive-driven trolleys. A distinc-
tive feature of such roads is also the horizontal or
gently inclined, mainly rail ropeway, as well as the
ability to equip self-propelled cars with lifting
mechanisms. These ropeways have electric traction
[1].

A self-propelled vehicle is a vehicle equipped
with a propulsion device that enables it to move
itself without the external forces, in the presence of
batteries — devices for the accumulation of energy
for its further use.

The basis for the creation of a new system of
alternative transport (ropeway with self-propelled
wagons) is its following advantages:

1. compactness of vehicles;

2. movement interval of 50 meters;

3. automated control system;

4. self-propelled movement principle;

5.separate path integrated into complex urban
development.

The purpose of using a self-propelled aerial
transport system instead of traditional ropeway is
to increase energy efficiency and the degree of au-
tomation of the transport process.

Low energy costs can be achieved through the
use of a self-propelled transport system:

— innovative technical solutions;

— individual drive for each wagon;

— energy recovery during braking;

— possibility of using renewable energy.

The ropeway design with self-propelled wag-
ons involves the use of drive motors on each unit
of rolling stock instead of a single centralized drive
located at one of the stations.

To improve the safety of transportation, pas-
senger comfort and energy efficiency in a funda-

mentally new design of the passenger wagon of the
ropeway, air conditioning systems, regenerative
braking, energy storage, automatic control of wag-
on movement, temperature control inside and out-
side the cabin, and air speed, as well as integrated
security system (cabin return to the station in case
of any emergency) are provided.

The following basic parameters of the self-
propelled system are provided: maximum wagon
movement speed, diameter and type of rope, max-
imum operating temperatures of the rope system,
maximum wind speed, maximum carrying capacity
(number of passengers carried per hour), specific
energy consumption, capacity of the battery sec-
tion, power consumption, loading factor, the track
length in the plan, reduced wagon movement re-
sistance factor.

The new self-propelled wagon scheme (Fig. 2)
contains accumulator batteries for the subsequent
accumulation of energy during the journey from
the initial station to the destination.

While moving the car down (descent), it is pos-
sible to accumulate energy — recharging the bat-
tery, which is realized through the use of regenera-
tive braking. Full charging must occur at the sta-
tion.

Fig. 2. Construction diagram
of self-propelled wagon:
1 — carrying rope; 2 — cabin fastening to the running equip-
ment; 3 — cabin; 4 — accumulator batteries;
5 — solar panel; 6 — drive wheels

The ropeway with self-propelled wagons is
provided a single-rope type; herewith the rope is
not haul but only load one. The individual drive of
the self-propelled wagon gives the cabin move-
ment relative to the support rope, and the cabins
move in the desired direction.
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It is provided recharging the batteries from so-
lar energy, as well as to store it for future use.

A significant advantage of this scheme is the
ability to stop one wagon at a pick-up and drop-off
station.

The utility model «Aerial over-ground transport
systemy» by E. M. Kublanov (Fig. 3) was taken as
a prototype of the aerial self-propelled transport
system (Fig. 3) [10].

Indicators of the ropeway efficiency are the
specific energy consumption and the increase of
the efficiency coefficient.

Fig. 3. Aerial over-ground transport system:
1 — support; 2 — lower rail; 3 — moving element of transverse
movement confinement; 4 — wagon,
5 — platform; 6 — live cable; 7 — upper rail; 8 — power compo-
nent; 9 — rollers;
10 — electric motor; 11 — current collector,
12 — clutch elements; 13 — foldaway doors;
14 — power struts

Specific energy consumption is the amount
of energy consumed by a ropeway for transporting
a unit of a transported cargo (or one person for
a ropeway) [2].

The specific energy consumption of the rope-
way can be defined as the ratio of the output power
of its drive to the ropeway performance (carrying
capacity):

e=—,
P
where € — energy consumption; D — drive output
power; P — ropeway productivity (carrying capaci-
ty).

Such a criterion allows us to estimate the ener-
gy costs for transporting passengers and cargo (by
weight, volume, quantity, etc.) [6].

Drive output power:

D=2-(m+m)-g-L-v-w"A,

where mo — wagon weight (empty); m; — total
weight of passengers with luggage; g — accelera-
tion of gravity; L — track length in the plan; v —
wagon movement speed; w' — reduced wagon
movement resistance factor; A — wagon hanging
spacing.

Carrying capacity of the passenger ropeway:

P=A-m v,
Then the energy consumption of the drive:
e=2-(1+k,)-g-L-w'

The analysis of the obtained dependence shows
that the factors that influence the specific energy
consumption are:

— track length in the plan L;

— wagon loading coefficient

— reduced wagon movement resistance factor
W'
Specific energy consumption for traditional

design (with haul rope):

YR =2-(1+km+%]-(f ‘L+H)-g,

where f — resistance factor of wagon movement
and haul rope; qr— distributed load taking into ac-
count the weight of rope and wagons.

Specific energy consumption for self-propelled
wagons (without haul rope):

€/ =2-(1+k,)-g-L-w".

Since the factor f takes into account the move-
ment resistance of wagons and haul rope and the
coefficient w— only the wagon movement re-
sistance, it can be stated that:

€/, =2-(1+k,)-g-L-w<2-(1+k,)-g-L-f
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Let us transform the expressions to determine
enr to bring it to correspondence with the formula
for ewmr:

iR :29‘[(1+km)' f -L+H(l+km)+_q:n'1xx

x(fL+H)I;

er =2(1+k,)-g- f-L+2g-[(1+k,)H +

+M(f ‘L+H)]
ml

Let w' = f, then:

e, =8¢ + Ae,

where Ae — excess specific energy consumption
caused by the energy consumption for lifting wag-
ons and moving the haul rope for a ropeway of
traditional design;

Ae:2-g-{(l+km)-H+qu-(f-L+H)}.
m

The last expressions show that the specific en-
ergy consumption for ropeways of traditional de-
sign (with haul rope) exceeds that for ropeways
with self-propelled wagons.

The absence of traction rope will reduce the
specific energy consumption. However, the use of
an individual drive leads to an increase in the wag-
on weight (mg), which can cause increase in re-
duced energy consumption.

As it is known, the efficiency coefficient of
a mechanical system is the product of all the com-
ponents of efficiency coefficient that are part of
this system [3]. Let us consider the schematic dia-
grams of drives of a self-propelled wagon (Fig. 4)
and aerial ropeways of traditional design (Fig. 5).

O

| motl

Wheel

Mechanical
transmissiomn

1 mechi

Fig. 4. The drive scheme of self-propelled wagon

Overall drive efficiency of the self-propelled
wagon:
novl = nmotl ’ nmechl’

where nmou — efficiency coefficient of electric mo-
tor of self-propelled wagon; nmecn1 — efficiency co-
efficient of mechanical transmission.

-

1 moty,

Pulley

Mechanical
transmission

llmechn

Haul rope
“I—]R

wagon

n
wagot

1L

Fig. 5. The drive scheme of the traditional type
of ropeways

The overall efficiency of traditional ropeways:

Movn = Nimotn “Nimechn “TNHR >

where nmotn — efficiency coefficient of electric mo-
tor of traditional ropeway; nmech.n— efficiency coef-
ficient of mechanical transmission; nur — efficiency
coefficient of haul rope — a value that characterizes
energy dissipation due to the damping properties of
the rope.

The efficiency coefficient concept of the haul
rope was introduced conditionally to take into ac-
count its energy dissipation properties during
transportation.

Let us find the
coefficient:

increase in efficiency

Aﬂ =Movi ~ Movn-

If An > 0, then the ropeway with self-propelled
wagons is more energy efficient than that of tradi-
tional design.

The motor efficiency coefficient may vary de-
pending on the following parameters:

1) rated power;
2) loading degree;
3) rated shaft speed.

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/195601

© S. V. Raksha, O. S. Kuropiatnyk, O. L. Krasnoshchok, 2019

65


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HaL[iOHAJIIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcnopty, 2019, Ne 6 (84)

EJIEKTPUYHUIA TPAHCIIOPT, EHEPTETUYHI CUCTEMU TA KOMIUIEKCHU

The dependence of the motor efficiency coeffi-
cient on the rated power can be represented in the
form of a graph (Fig. 6), based on the analysis of
efficiency coefficients of motors of different rated
power in the catalogs of their manufacturers [5].

100

Efficiency coefficient, %

59[:-.13 20 40 60 30 100

Rated power of electric motors, KW

120 132

Fig. 6. The dependence of efficiency coefficient on the
rated power of electric motor

The dependence of the efficiency coefficient on
the motor loading is presented in Fig. 7. In case of
overload of electric motor, the efficiency coeffi-
cient is lower than the design value [13].
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84

.
82 25 a0 60 80 100 125
Loading of electric motor, %o
Fig. 7. The dependence of efficiency coefficient on the
loading of electric motor

The analysis showed that the effect of the rated
shaft speed on the motor efficiency coefficient is
negligible (within 0.5%).

The power range of motors for traditional type
of ropeways is 20... 250 kW. Efficiency of motors
of corresponding power is 0.91... 0.93. For self-
propelled cars, the capacity of the engines is
3...10 kW. The efficiency of these engines varies
significantly: 0.81... 0.87.

The range of power levels of electric motors for
traditional ropeways is 20...250 kW. Efficiency
coefficient of motors of corresponding power is
0.91... 0.93. For self-propelled wagons, the power

is 3... 10 kW. The efficiency coefficient of these
motors varies significantly: 0.81... 0.87.

Since the transmission mechanisms in both cas-
es (self-propelled wagon, traditional ropeway type)
are structurally composed of the same components,
we will assume their efficiency coefficients are the
same.

Let us consider the case when a traditional
ropeway motor is loaded at 25% power. Such
a case is possible if 75% of the wagons are re-
moved from the track due to their underload. At
the same time, for self-propelled wagons, the elec-
tric motor is 100% loaded. In both cases, we be-
lieve that the wagons remaining on the track are
fully loaded.

The increase in the efficiency coefficient is de-
fined as:

— \l . " . _ 1 . " . .
An_n mot1 n mot2 T.lmechl n motn n mot n nmechn TlHR’

where n'mot, N'motn — the values that take into ac-
count the effect of electric motor power on its effi-
ciency coefficient for a self-propelled wagon and
a ropeway of the traditional type; 1"motz, 17"mot n —
values that take into account the effect of the load-
ing of electric motor on its efficiency coefficient
for a self-propelled wagon and a ropeway of the
traditional type, respectively;

Then the haul rope’s efficiency coefficient can
be defined as:

' "
T] motl'n motl —

Al n
n mot25 n mot 25

1 "
_ n mot1” T] mot1 T]mechl
MHr2s% =

n
mot25 n mot 25 nmech 25

~ 0.94-0.84
0.83-0.89

Efficiency coefficient cannot be greater than
one, which means that in case of 25% loading of
both ropeways, the ropeway with self-propelled
wagons has an advantage over the overall efficien-
cy of the system.

Let us consider the case when a motor of the
traditional ropeway is loaded at 100% power. At
the same time for self-propelled wagons, the elec-
tric motor remains loaded at 100%. Under the fol-
lowing conditions, the haul rope efficiency is as
follows:

~1.07 >1.

'n'motl‘ n::motl _ 0.94-0.84 ~0.94.
n mot100 n mot 100 094 . 089

MNuRr100% =
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The haul rope’s efficiency coefficient is less
than one, which means that there is a limit value of
the number of wagons nim, for which the total
ropeway efficiency coefficient of traditional rope-
way and self-propelled wagons is the same, despite
the relatively low motor efficiency of the latter.

To check the accuracy of the calculation, let us
draw up a mathematical block diagram of finding
the efficiency coefficient of the haul rope, depend-
ing on the loading of electric motors (Fig. 8).

The data given above we take as the output, as
well as take the efficiency coefficient of transmis-
sion mechanisms 0.9 [14]. For the efficiency coef-
ficient of traditional ropeways, depending on the
loading (25-100%), we form the matrix of the ini-
tial data. The haul rope efficiency matrix is ob-
tained as a result of mathematical actions.

As a result of mathematical actions, it follows
that in the case of loading of traditional ropeway
motor of less than 50% self-propelled wagons will
be guaranteed an advantage, despite the low effi-
ciency coefficient of electric motors of relatively
low power. This indicates that there are certain
conditions in which the use of ropeways with self-
propelled wagons instead of traditional ropeways is
appropriate and justified in terms of energy effi-
ciency.
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Fig. 8. Mathematical block diagram of determining the
efficiency coefficient of the haul rope in the Simulink
software application

Under real conditions, the efficiency coefficient
of the haul rope is always less than one.

Originality and practical value

The authors first proposed and substantiated
energy efficiency indicators that allow for
a comparative analysis of ropeways of traditional
ropeways with self-propelled wagons. The depend-
ency of these indicators on the ropeway parameters
was determined.

According to the proposed indicators of energy
efficiency, the results of the comparative analysis
of traditional ropeways with those containing self-
propelled wagons can be used to justify the feasi-
bility of using certain types of ropeways for im-
plementing certain transport processes.

The developed design scheme of the self-
propelled wagon can be applied during the devel-
opment of energy efficient projects of passenger
ropeways.

Cocnclusions

Specific energy consumption for traditional
ropeways (with haul rope) exceed those for the
ropeways with self-propelled wagons. The absence
of haul rope will reduce the specific energy con-
sumption. However, the use of an individual drive
leads to increase in the wagon weight, which can
cause an increase in reduced energy consumption.

Using a specific example, the traditional rope-
ways were compared with self-propelled wagons
by the criterion of increasing energy efficiency.
The concept of the efficiency coefficient of the
ropeway's haul rope, which takes into account en-
ergy dissipation, was introduced. There is no haul
rope’s efficiency coefficient for calculating rope-
ways with self-propelled wagons, since the rope is
a supporting one.

It is established that the total efficiency coeffi-
cient of traditional ropeway can be comparable to
the efficiency coefficient of a ropeway with self-
propelled wagons due to the expedient loading of
the electric motors of the latter.
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OBOCHOBAHUE OKA3ATEJIEH D HEPTO3®®EKTUBHOCTHU
KAHATHBIX JOPOI'

Iestb. OCHOBHO# TENBIO CTATHH MBI CTaBUM (POPMHUPOBAHKE W 00OCHOBAHKE MOKa3aresel 3HeprodhPpeKTHBHOCTH
KaHaTHBIX OOpOor Tpa):[HL[HOHHOﬁ KOHCTPYKIIMHU U J0POT" ¢ CaMOXOJHBIMM BaroHaMm OCHOBE CpPaBHCHHUSA WX BCIMYMH.
O0ocHOBaHHE MOKasateliel SHeprod)()eKTUBHOCTH KaHATHBIX JOPOT IMO3BOJSIET B IIOJHOM OOBEME OMPEICTUTHCS
C HampaBJICHHEM [aJbHCHIIINX UCCIICIOBAHUN B O0JIACTH Pa3BUTHs aJIbTCPHATUBHOIO BHIA T'OPOJCKOrO TPAHCIIOPTA.
Metoauka. /I mogyueHHsT UCXOHBIX JAHHBIX IPOBEJICH 0030p MHPOBBIX HAIPABICHUH Pa3BUTHS KAHATHBIX JOPOT.
IpenioskeHbl aHATUTHYECKHE (GOPMYITBI JJIs OTPEAEIICHHS TIoKa3aresell SHeprod(HeKTUBHOCTH, 10 KOTOPHIM BBITOJIHE-
HO CPaBHCHHC KaHATHBIX JOPOT Tpa,[[I/IL[I/IOHHOI‘/II KOHCTPYKIMH U J0OPOr' ¢ CaMOXOJHbIMH BaroHaMu. HpI/I 9TOM YYTCHO
BIIMSTHAE CTETIEHH 3arPY>KEHHOCTH ¥ HOMHHAJIBHON MOIIHOCTH Ha KOO()(QHIMEHT MOJE3HOTO NEHCTBHSA 3JIEKTPOIBUTATE-
751 C TeNBIO yueTa pacCesiHus SHEPTHH B TATOBOM KaHATe M3-3a €ro YIPYTHX CBOMCTB OBUIO BBEIEHO MOHATHE KO3P(HH-
IIMEHTA TI0JIE3HOTO JIEHCTBHUS TATOBOTO KaHaty. PesyawbTaThl. ChopMupoBaHa MeTOqMKA TIofcUeTa Kod(uImeHTa 1mo-
JIE3HOTO JICHCTBHSI KaHATHBIX J0por. Pa3paboTansl GOpMyIIEI JUTs ONpeieIeH st SHEPro3(hGEKTHBHOCTH 1 OIIEHEHO BIIHS-
HHE XapaKTepPUCTHK KaHATHOM IOPOTH Ha MX pacueTHbIe 3HaueHHs. [10CTpoeHsI rpaQuKy 3aBHCHMOCTH KOd(OHIMEHTa
TIOJIE3HOTO JICHCTBHUS CAMOXOHON KaHATHOM JOPOTH OT HOMHMHAIBHOM MOIIHOCTH 3JIEKTPOIBUTATENS M KOd(dHImeHTa
TOJIE3HOTO JEHCTBUSI OT 3arpy>KEHHOCTH MPUBO/IA TIOJBECHON KaHATHOM J0opory. Takxke CpaBHEHBI 00IIHe Kod(QhHIIHEH-
ThI IIOJIE3HOI'O I[eﬁCTBHH UL KaHAaTHBIX O0POI' ¢ CaMOXO/HbBIMH BaroHaMu W Jjis1 10por TpaZ[I/II_II/IOHH()ﬁ KOHCTPYKIIHH.
IIpuBeneHHbIE PE3yJIbTATHI OCHOBBIBAIOTCS HA YCPEIHEHHBIX 3HAUEHMAX [1apaMETPOB JIEKTPOBUTaTENICH IIPU UX PA3HOU
Harpyske. Hayunast HOBU3HA. ABTOPBI BIIEPBBIE NPEJIOKIIA M 000CHOBATH MOKA3aTEH SHEProd((PEKTUBHOCTH, KOTO-
PBIC MO3BOJIAIOT OCYHICCTBIIATH CpaBHI/ITeHI)HLIﬁ aHaJIN3 KaHaTHBIX JOpor ’I’pa}lHHHOHHOﬁ KOHCTPYKIHMH U 10POT" C CaMO-
XOIHBIME ~ BaroHamu. ONpemesniM  3aBUCHMOCTh OTHX  TOKazarejedl OT IapaMeTpoB  KaHATHOM  JIOPOTH.
IMpakTHYyecKast 3HAYAMOCTb. Pe3y/bTaTHl MPOBEACHHOTO CPABHUTEIBHOTO aHAIM3a KAHATHOM JOPOTH TPaJIHUIIHOHHOMN
KOHCTPYKIIMH C JIOPOTaMH, KOTOPBIE MCIIOJIB3YIOT CAMOXOIHBIE BATOHBI, IO TIPEIIOKEHHBIM TIOKA3aTesIM SHepProdddhek-
THBHOCTH MOTYT OBITEH HCTIOJIB30BAHBI Ui OOOCHOBAHHS 1IEJIeCO00PA3HOCTH MIPUMEHEHHS OTIPEIEIIEHHBIX BHIOB KaHaT-
HBIX JIOPOT C TIEJBI0 PEATH3AINN OTIETBHBIX TPAHCIIOPTHBIX MTPOIIECCOB. Pa3paboTaHHy0 KOHCTPYKTHBHYIO CXEMY CAMO-
XOJIHOTO BarOHa MOKHO TPUMEHSITH MPH pa3paboTKe SHeProdPHEKTHBHEIX POEKTOB MACCAXUPCKUX KAHATHBIX JIOPOT.

Knouesvie crosa: xaHatHas a0pora; 3HepProdp eKTHBHOCTH, CAMOXOIHbBIE BArOHbI, ANbTEPHATHBHBIN TpaHC-
MOPT; YACIbHBIC YHEPro3aTpaThl; KOI(DMHUIHEHT MOJIE3HOTO IeHCTBUS
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OBIPYHTYBAHHS IOKA3HUKIB EHEPTOE®EKTUBHOCTI
KAHATHHUX JOPII'

Merta. 3a OCHOBHY METY CTaTTi MU CTaBHUMO (HhOpMyBaHHS Ta OOTPYHTYBaHHS NMOKAa3HHUKIB €HEproeeKTHBHOCTI
KaHaTHHUX JOPIT TpamuIiiiHOl KOHCTPYKII{ Ta JOPIr i3 caMOXiTHUMH BaroHaMH Ha OCHOBI MOPIBHAHHS iX BEIMYHH.
OOTpyHTYBaHHS MTOKa3HHUKIB €HEeproe()eKTUBHOCTI KaHATHUX JOPIr TO3BOJIIE B IIOBHOMY OOCS31 BU3HAYHTHCS 3 Ha-
MIPSIMOM TIOAANBIINX JOCIIIKEHb Y cepi pO3BUTKY aTbTEPHATHBHOTO BUIIYy MiCEKOTO TpaHCHOpTy. MeToauka. J{ms
OTPUMAaHHS BUXiTHUX JaHUX MPOBEACHO OIS CBITOBHX HANPSMIB PO3BUTKY KaHATHHUX JOPIr. 3alpoIIOHOBAaHO aHa-
TiTHYHI GOPMYIH s BU3HAYEHHS MOKAa3HHUKIB €HEProe(eKTHBHOCTI, 32 SIKIMH BHKOHAHO MOPIBHSHHS KaHATHUX
JIOpIr TpaauuiiHOT KOHCTPYKLIT Ta JOpIr i3 caMoxinHuMuU BaroHamu. [Ipu 11boMy BpaXxOBaHO BIUIMB CTYIEHS 3aBaH-
Ta)XEHOCTI i HOMIHAJILHOT OTY>KHOCTI Ha KOe(ilieHT KOPUCHOT Iii eJIeKTPOIBUTYHA. 3 METOI0 BpaxyBaHHs pO3Cito-
BaHHS €HEPrii B TArOBOMY KaHATi 4epe3 HOro Nmpy>kHi BIACTUBOCTI OyJI0 BBE/ICHO MOHATTS KoedilieHTa KOpUCcHOT aii
TATOBOrOo KaHaty. Pesyabrarn. ChopMOBaHO METOIMKY MiAPaxyHKy KoedimieHTa KOpUCHOI Aii KaHATHUX JIOPir.
Po3pobinero hopmynu 11 BU3HAUCHHS CHEProe(eKTUBHOCTI i OILIHCHO BILIMB XapaKTEPUCTHK KaHATHUX JOPIr Ha
ix po3paxyHkoBi 3HaueHHs. [1o0ynoBaHo rpadiku 3anexHOCTI KoedilieHTa KOPUCHOI /1ii caMOXiHOT KaHAaTHOI J10-
pPOTH Bil HOMIHAJHHOI IIOTYXXHOCTi €JIEKTPOIBUTYHA Ta KOe]ilieHTa KOPHUCHOI Aii BiJ 3aBaHTa)XEHOCTI IPHUBOIY
miABICHOT KaHaTHOI Hoporu. Takoxk MOPiBHAHO 3araibHi KOeQIieHTH KOPUCHOT il IS KaHATHUX JOPIr i3 caMoXi-
HUMU BaroHaMH Ta JUIs JIOPir TpaauuiiHoi KOHCTpyKuii. HaBexeHi pe3ynbTaTh IPYyHTYIOTBCS Ha YCEPEAHCHUX 3Ha-
YEHHSAX MapaMeTpiB ENCKTPOABUTYHIB 32 YMOBH iX pi3HOro 3aBaHTakeHHA. HaykoBa HOBH3HA. ABTOpH BIEpILe
3aIPOIIOHYBAJIM Ta OOIPYHTYBAJIH MOKA3HUKU CHEPrOe(EKTHBHOCTI, sKi JO3BOJIAIOTH 3MIHCHIOBATH MOPiBHSUIBHUI
aHaJi3 KaHATHHUX JOPIT TPaAULIHOI KOHCTPYKIII Ta JOPIr i3 CaMOXiTHUMH BaroHaMu. BU3HaUMIM 3a1eXKHICTh LUX
MOKa3HUKIB Bijl mapamerpiB kaHatHoi noporu. [lpakTuyna 3HauMMicTh. Pe3ynbraT npoBeeHOr0 NOPIiBHSIBHOTO
aHaJi3y KaHaTHOI JOPOTH TpaJMLiiHOI KOHCTPYKLIi 3 1Oporamu, siki MICTSITh CaMOXiJHI BaroHH, 3a 3alpOIOHOBa-
HUMU TIOKa3HUKaMH eHeproeeKTHBHOCTI MOXKYTh OyTH BUKOPUCTaHI Il OOTPYHTYBaHHS JOLIIBHOCTI 3aCTOCYBaH-
Hsl TIEBHUX BUJIIB KAHATHUX JOPIr 3 METOO peajizalii OKpeMHUX TPAaHCHOPTHHUX TpoueciB. Po3pobieHy KOHCTpYKTH-
BHY CXEMYy CaMOXIJIHOTO BaroHa MOXXHa 3aCTOCOBYBATH IIi/l 4ac PO3POOKH eHeproe(eKTUBHUX MPOEKTIB Macaup-
CHKHX KaHATHHUX JOPIT.

Knrouogi crosa: xaHaTHA I0pora; eHEProepeKTHBHICTh; CAMOXIiHI BarOHH; aIbTEPHATHBHUN TPAHCIIOPT; IIUTOMI
€HEepPTOBUTPATH; KOe(ili€eHT KOPUCHOI mii
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