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DEVELOPMENT OF THE ALGORITHM
FOR DETERMINING THE OPTIMIZING CONSIGNMENT
SIZE IN INTERNATIONAL ROAD TRANSPORT

Lutsenko E.A.

There is considered the dynamics of the index of business activity
PMI (Purchasing Managers Index) across regions and countries. This
index is used to measure changes in inventory, supplier performance,
employment level, output volume, and the number of new orders in
production. A decrease of the inventories level increases the trade in-
tensity. Thus, the transition to more frequent deliveries in small batch-
es is necessary. This leads to increased transport costs. The influence
tendencies of such external factors as consumer demand for goods,
refinancing rate, national currency rate are considered.

Purpose. To determine the consignment size and its delivery fre-
quency using the minimizing total logistics costs criterion.

Methodology / Methods. In the article mathematical statistics meth-
od, regression analysis were used.

Conclusion. The algorithm for solving the optimizing consignment
size task is proposed. Dependences of components of total costs on the
delivery frequency are obtained.

Keywords: small-shipments; logistics costs; inventory manage-
ment, consumer demand; automobile transport.

PABPABOTKA AJI'OPUTMA
OINNPEJAEJEHHNSA OIITUMAJIBHOI'O PASMEPA
ITAPTUU I'PY3A IIPU MEXKAYHAPO/JHBIX
ABTOMOBUWJIBHBIX TIEPEBO3KAX

Jyyenxo E.A.

Paccmompena ounamuxa umoexca oenosoii axmusnocmu PMI
(Purchasing Managers Index) no pecuonam u cmpanam. Imom unoexc
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UCNOML3Yemcs 015l ONpedeieHUsl UIMEHEHUL MOBAPHBIX 3aNaco8, NPOU3-
600UMENLHOCU NOCIMABWUKOS, YPOBHS 3AHAMOCTU, 00bEeMO08 6bINYCKA
NPOOYKYUU U KOIUYeCmaea HOBbIX 3aKa308 6 npouzsoocmee. Crudicenue
VPOBHSI MOBAPHBIX 3ANACO8 YBETUUUBAEH UHIMEHCUGHOCb MOBAPO0O0-
poma. Taxum obpazom, HeobxoOum nepexoo Ha bolee wacmvle NOCMABKU
METKUMU NAPMUAMU. MO NPUBOOUN K Y 8EIULEHUIO MPAHCHOPIHBIX PAC-
X0008 HA MPAHCROPMUPOBKY. Paccmompenivl meHOeHyuu GRusHus MmaKux
GHEUHUX (PAKMOPOS, KaK NOMPeOUMeNbCKULL CHPOC HA MOBAPbL, CMABKA
pepunancuposanusi, Kype HAYUOHATLHOU BATIOMUbL.

Lenv. Onpedenumov pazmep napmuu epy308 u REPUOOUYHOCHIL UX NO-
CMABOK NO KPUMEPUIO MUHUMUZAYUY CYMMAPHBIX IOSUCHIUYECKUX 3aMPan.

Memooonozus / Memoowt. B cmamvbe ucnonv3yromesi memoovt mMa-
memMamu4eckol CmamucmuK, pecpeccuOHH020 AHamu3d.

Pezynvmamet. [Ipeonooicen ancopumm peutenust 3a0ayu Onmumu3a-
yuu pazmepa napmuu 2py308. [lonyuenvt 3a6Ucumocmu cOCmasisiiouux
CYMMAPHBIX 3ampam om Yacmomsl HOCMAGOK.

Knrwuesvle cnosa: menxkue omnpagku, 102UCTIUYECKUE USOEPIHCKLL
ynpagienue 3anacamu; nompeoumensbCKull Cnpoc, d8momoOUTbHbLL
mpancnopm.

Introduction

The article deals with the relevant topic of reducing stocks of fin-
ished products [1, 2]. This leads to an increase in the small shipments
turnover and an increase in logistics costs consequently. To address
this topic, it is necessary to consider the impact of external factors on
the rise of logistics costs.

In order to maintain the truck transport productivity using modern
technologies there is necessary to get reliable information about the
prospective cargo transportation volumes. One of the most significant
economic indicators of the demand forecast is the PMI (Purchasing
Managers’ Index) or purchasing managers’ expectations index [3]. It
is possible to identify active business areas, cargo flows directions and
their characteristics using the dynamics of changes in this indicator
(PMI) in a number of countries and regions.
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Currently, the principles of evaluating macroeconomic indicators of
the originally developed in the United States business activity index
are used in various economy sectors. The forecast of changes, growth
or decline, in the purchases and deliveries activity in industry, trade
allows transport companies to make all necessary preparations for the
upcoming work or freeze assets.

The method of assessing business activity [4] consists of selecting
the main indicators; determining its weight values; regular conducting of
industry senior employees survey under study on the selected indicators.

The greatest impact on the overall value of the PMI index is ac-
counted for by such indicators as new orders, output volumes (Table 1).

Table 1.
The importance of business activity indicators
No Indicator Weight value, %
1. | Inventory indicator 10
2. | Supplier activities 15
3. | Employment rate 20
4. | Production volumes 25
5 Number of new orders in the production seg- 30
ment
Total: 100

The range of the business activity index changes varies from 1 to
100. The index value of 50 means that half of the surveyed specialists
assess the prospect positively, and the other half mark negative pros-
pect. That means that they expect production and purchases decrease.
This can also be characterized as a stable situation in the economy or
industry. In practice the index deviates from 50 slightly. A value above
52 points indicates a marked growth in the economy while a value be-
low 48 points indicates a large decline (Table 2).

The analysis of world values shows the positive dynamics of the in-
dex. At the same time, Europe has been showing the index decline for
9 months (up to and including January 2020). That is worth marking
that South-East Asia (in comparison with Europe) is close to stabilizing
business activity. Despite the slight deviation of the PMI value from
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the normal 50 in the South-East Asia region some countries bordering
this region (for example, China) have been holding positive indicator
dynamics for a long time.

Table 2.
Dynamics of the manufacturing activity index PMI
by countries and regions (fragment)

Period for which the maximum
Country / region | PMI value| Trend or minimum value was reached
(based on the PMI trend)
World 50.4 1 10 months
Europe 47.9 1 9 months
Southeast Asia 49.8 1 1 month

Russia 479 0 5 months
China 51.1 l 4 months
Japan 48.8 i 2 months

In different countries (groups of countries), there is used the PMI
or its analog taking into account specific to a particular country addi-
tional indicators. Each country that uses business activity data has its
own research organization to collect and publish indicator data with its
own publication frequency that can be differed from other countries. In
Russia, the PMI index is published by the PMI research organization
Markit Economics. According to this organization, Figure 1 shows the
manufacturing activity index dynamics for 2019. As you can see, in the
first half of the year there was mainly positive dynamics, in the second
half of the year there is a negative dynamics. In late 2019 — early 2020,
there is a tendency to stabilize business activity, in January 2020 the
PMI index value was 47.9 points (Table 2) that still means a production
volumes and new orders reduction.

The “inventory level” indicator [5, 6] is of particular interest for
transport companies. The actual inventory levels are determined as the
difference between the respondents percentage marked “improvement”
and “deterioration” of the indicator compared to the previous period.
The dynamics of the surveys results of the actual inventory level ac-
cording to Rosstat data indicates an inventory decrease (Figure 2).
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Fig. 2. Dynamics of the surveys results of the actual inventory level (Rosstat)

Comparison of the dynamics of the PMI index (Figure 1) and the
inventory level (Figure 2) shows similar changes movements, there
is a stabilization of values in May—August 2019. Thus, the business
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activity weakening in the production sector (production volumes and
new orders reduction) and the decrease in the inventory level suggest
attenuation of consumer demand for goods.

When stocks are reduced the trade intensity increases meaning de-
liveries need to be made more often but in small consignments. How-
ever, increase in trade turnover in small-shipments leads to transport
costs growth [7], so it is necessary to consider the factors that influence
them. The trends of these factors are set in Table 3.

Table 3.
Influence of external factors on logistics costs
Factor Trend Logistics costs
Consumer demand for goods 1 !
Refinancing rate 1 |
National currency rate 1 |

The demand for logistics services can be characterized by such indi-
cators as: the cargo traffic volume, the directions of transportations, etc.

1) cargo traffic volume, as a key demand characteristic, is the
amount of cargo transported or planned for transportation between the
points of departure and destination for a certain period of time. The traf-
fic volume depends on the product demand. To determine the demand,
we use forecasting methods, effectiveness of the implementation of
the logistics concept-delivery “just in time” depends on accuracy and
reliability of these methods;

2) the directions of transportations are determined by the location of
product suppliers [8]. Supplies from European countries are gradually
being replaced by manufacturers from the Asian region, while the process
of import substitution is taking place. Increasing the distance of trans-
port from suppliers leads to an increase in transport costs. In addition to
reviving trade with China, the share of imports from Asia-Pacific eco-
nomic cooperation countries is also increasing. This is facilitated by [9]:

— igning of free trade zone Agreements between the EEU (Eur-

asian economic Union) and Vietnam in 2015, Iran—in 2017, and
Singapore —in 2019 [10];
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— establishment of the business Council for cooperation with Ma-
laysia (under the auspices of the Russian Chamber for Trade and
Commerce) in March 2016;

— acceptance of the roadmap for monitoring strategic programs of
Russian-Indonesian cooperation — in May 2016;

— creation of bilateral agreement on international road transport
between Russia and China in 2019. The signing of the new
agreement made it possible to transport goods not only to the
regions of China, but also in transit [11, 12].

Any business requires borrowing to purchase raw materials, equip-
ment, or finished products. The cost of borrowed funds is an import-
ant competitive advantage. The refinancing rate is the annual interest
rate of the Central Bank of Russia lending to credit institutions. At
the end of 2019, the loan rates are 7.9% in Russia (Table 4), that is
significantly higher than the level of European countries and, conse-
quently, has a negative impact on the purchase and updating of ve-
hicles. However, the reduction of the refinancing rate continues, in
December 2019 its value decreased by 1.5% (compared to the value
in December 2018), and in February 2020 — by 6% per annum (ac-
cording to the Central Bank of the Russian Federation). Declining the
rate reduces the cost of borrowed funds and creates favorable credit
conditions for doing business.

Table 4.
Loan rate in the countries of the world (fragment)

Ne Country Loan rate, %

1. | United Kingdom 1.75

2. | The Euro area 1.88

3. |India 9.4

4. |Russia 7.9

5. | Ukraine 15.04

6. |Japan 0.95

Exchange rate fluctuations of the national currency affect the ratio
of the expected profit to the initially planned cost for production and
goods promotion, and the loan rate [13]. In turn, the weakening of the
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ruble has a negative impact on goods and services imports and leads
to a reduction in freight turnover. At the same time, this has a positive
effect on exports, and national transport companies receive certain ad-
vantages.

The strengthening of the ruble (at the real exchange rate) in De-
cember 2019 against the dollar by 7.6% and against the Euro — by
11.7% (compared to December 2018) can be considered as another
positive factor for business lending, along with a refinancing rate
decreasing.

Transport companies do not have the ability to influence the above
factors directly. At the same time, the positive effect of external factors
helps to strengthen the company’s position, increase its competitive-
ness and profitability.

Internal factors are defined as the process of performing work that
the company can influence. In particular, these factors include the ve-
hicle fleet structure, the direction of transportations, the efficiency of
vehicle usage and the applied technological transportation schemes.

The main characteristics of a motor transport enterprise are its spe-
cialization and characteristics of the vehicle fleet. The specialization of
road transport companies engaged in cargo transportation depends on
the range of transported goods, the type of transportation (interurban,
international), the availability of specialized automobile fleet, as well
as the providing additional services (storage, warehouse processing).

Increased competition forces trading and manufacturing companies
to look for reserves to reduce costs. One direction is to reduce inventory.
Decreasing inventory levels and transition to just-in-time technologies
leads to declining purchased and transported cargo consignment size.

To describe and set the task, there is necessary to analyze the fol-
lowing terms: “dispatch”, “consignment of cargoes”, “logistics costs”.

In road transport:

1) carload dispatch is a dispatch required for transportation by one
consignor to one consignee on one bill of lading, for this transportation
a separate vehicle is provided. This term is given in the document that
is no longer valid (“General rules of cargo transportation by the road
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transport” (with amendment of 21.05.2007)), this definition is not giv-
en in the current document;

2) small consignment is a consignment of cargoes weighing up to 5 t
inclusive, issued by one bill of lading, for this transportation a separate
vehicle is not required. This definition is given in the expired document
(Government Decree of the Russian Federation of 15.04.2011 N 272
(ed. by 12.12.2017) “On approval of Rules of transportation of goods
by road”); in the current document, this definition is not given. This
definition of small consignment does not specify how many types of
cargoes can be transported in a single shipment;

3) consignment of cargoes is one or more names of cargoes trans-
ported by one bill of lading (Government Decree of the Russian Feder-
ation of 15.04.2011 N 272 (ed. by 31.01.2020) “On approval of Rules
of transportation of goods by road”).

In railway transport (the Order of the Ministry of Railways of the
Russian Federation of 18.06.2003 N 33 “On approval of Rules of trans-
portation of goods in small shipments by rail”): small dispatch is a con-
signment of cargoes presented by one transport railway bill, for this
transportation a separate wagon or container is not required. The total
weight of small dispatch of cargoes should be from 20 kg to 20 tons.

In water transport (“Rules of transportation of goods. Part 1” (ap-
proved by the Ministry of transport of the Russian Federation) (as
0f 01.01.1994)): small consignment is a consignment of cargoes less
than 20 tons. This definition is given in an invalid document, in the
current document (Rosstat Order of 28.03.2018 N 138 “On approval
of statistical tools for the organization of Federal statistical moni-
toring of transportation activities by the Federal Agency for sea and
river transport on sea and inland water transport”) the definition of
this term is not given.

There can be noticed that the availability of several types of cargoes
in one consignment is specified only in road transport.

After analyzing the terms discussed above, the concepts of dispatch
and consignment of cargoes can be considered equivalent. The concept
of consignment of cargoes is inextricably linked with dispatch frequen-
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cy that shows the number of delivered batches for a certain period to
meet the needs of demand.

Logistics costs are costs for delivering of the purchased products
from the supplier’s warehouse to the buyer’s warehouse, namely: the
costs for transportation; the costs for inventory in transit; the costs for
storage and warehouse processing.

Task statement:

The buyer X purchases the quantity of products Q from the seller
Y at a time (Figure 3) or in parts g, ..., g, (Figure 4) during the certain
time period 7. It is necessary to determine the optimizing consignment
size that provides the minimum costs.

Zn:iC] * g, — min.

i=1 j=1
Criterion: minimization of logistics costs for purchased goods
transportation from the supplier’s warehouse to the buyer’s warehouse.
Limitations:

Zqi =0,
i=1

g, — the quantity of transported cargoes in batch i; O — the quantity of
purchased goods; C— the logistics costs, taking into account the costs
of inventory in transit:
C=C+(C+C,

C, — the costs for transportation; C, — the costs for inventory in transit;
C, — the costs for storage and warehouse processing.

Options for solving the task:

1) the base (Figure 3): all purchased batch Q is delivered at a time;

2) proposed (Figure 4): all purchased batch Q is delivered in parts
qp - q,(from 2 deliveries per month).

Supplier 0 Buyer's
(manufacturer)

warehouse

Fig. 3. Basic option: one-time delivery of a batch of goods O
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g,
Supplier > Buyer's
(manufacturer) ik warchouse
q,

Fig. 4. Proposed option of cargo delivery in parts g,,..., ¢

n

Source data:

0O = 1000 units (33 pallets with cargo (hereinafter — pallets)) — the
size of the purchased batch of goods;

Cm = 200000 USD — the cost of the purchased batch Q;

4, 4., q,— batch sizes depending on the frequency of deli-
veries;

T =30 days — the period of delivery of the purchased batch of goods
from the manufacturer to the buyer’s warehouse;

L =2000 km — distance of transportation between points;

C,, = 2000 USD — costs for transportation (average market price
for transportation);

06[,_1”‘” Juee. = 10 USD — storage and warehouse processing costs of

1 pallet per month (average value on the Russian market);

r = 20% — the average market value of the lending rate (according
to the Central Bank of the Russian Federation);

N <5 — maximum number of deliveries per month.

To determine the optimizing consignment size

Decision

Minimum total costs:

¢=c, +¢C, +C +C,_ . USD,

C —total costs, USD; C — costs for transportatlon USD; C, m, — COStS
for inventory in transit, USD

_r*Cm*J1,,,,
nym. IOO*HK_ :
r — the annual interest rate on the loan, %; Cm — the cost of purchased
goods, USD; /I, —number of days for transportation, days; //_—num-
ber of calendar days in a year, days; C,, — storage costs, USD:
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C, = Cl"”“‘ *N,,. *1,,,USD;
N —number of transported pallets (in batch), pal.; C, Inar. _ storage

cggts of one pallet per day, USD; A, — number of storage days, days;
C,,, —costs of processing goods in the warehouse, USD:

Cip.= N, * i, USD;
Caﬁplf”“”- — costs for warehouse processmg of one pallet, USD.

The algorithm for solving this task is shown in Fig. 5.

Total volume of the purchased consignment Q

e . i Dividing the batch Q in parts q1, ... qn
T ¥ ?
(more than 1 delivery per month)

Calculation of total logistics costs II<

¥

Choosing the best option
(by the criterion of minimum logistics costs)

S

Fig. 5. Algorithm for determining the task of optimization

Based on the source data, the regularities of the impact of the size
of the consignment on logistics costs are obtained.

Regularities are defined between the dependent variable y (transpor-
tation costs; inventory costs in transit; storage and warehouse processing
costs) and the independent variable x (frequency of deliveries per month).
After constructing the dependencies based on the calculated data, a gen-
eral view of the functional dependencies of the trend lines y=f{x) was
obtained by smoothing, where a, b, and ¢ are the smoothing coefficients.
Along with the definition of the functional dependence type, the quality
coefficient of the line construction R’ is also determined.

The trend of transportation costs changes with the shipments fre-
quency increasing (Figure 6) can be described by the dependence of
the parabolic and power type of function, respectively. The accuracy
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of the constructed trend line was evaluated by determining the corre-
sponding coefficient value R’. The coefficient value in both cases is in
the range of more than 0.7 that indicates a close relationship between
the transportation costs and the frequency of deliveries. Therefore, both
options are suitable for describing the dependency, with high accuracy.

4000 -
a
S 3500 -
4 y=-ax’+bx+c¢
172) 2 —
2 s000 | RE=09975
=1
.- Parabolic
g 2500 - o
5 ependence
&
g 2000 -
=
1500 -
1000 T T :
0 2 4 6
Deliveries frequency per month
X Calculated data
a) b)
4000 -
2 3500 - [
) y =ax
)
8 3000 -
o
é Power
8 2500 1 dependence
2
§ 2000 -
H
1500 ~
1000 T T i
0 2 4 6
Deliveries frequency per month
X Calculated data

Fig. 6. Parabolic (a) and power (b) dependences
“transportation costs — deliveries frequency”
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Fig. 7 shows the dependence between the cost of maintaining inven-
tory in transit and deliveries frequency. After evaluating the accuracy of
the trend line, a power type of dependence (a kind of hyperbolic) was
determined. Fig. 8 shows the relationship between storage costs and de-
liveries frequency that also corresponds to a power model of function. As
you can see in Fig. 7 and 8, increasing of deliveries frequency reduces
the costs for maintaining inventory in transit and storage.

2000

A
w2
)
= 1600 -
wn
E
= 1200 -
% 800 -
3
= 400 -
(]
>
K=
0 T T T T T 1
0 1 2 3 4 5 6
Deliveries frequency per month
X Calculated data

Fig. 7. Power type of function “inventory costs in transit — deliveries frequency”

400

W

(=]

(=]
|

Storage costs, USD
[\
S
S

100 -

0 T T T T T 1
0 1 2 3 4 5 6

Deliveries frequency per month
X Calculated data
Fig. 8. Power type of function “storage costs — deliveries frequency”
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From the obtained dependencies (Figures 6-8), it can be seen that
batch size reduction entails an increase in transportation costs and, ac-
cordingly, a decrease in the costs of maintaining stocks in transit and
its storage. Reducing the costs of maintaining inventory in transit is due
to decreasing the amount of borrowed funds for the goods purchase.
The reduction of storage costs is due to the use of a smaller warehouse
space to accommodate the batch and the duration of goods storage.

Fig. 9 shows the dependence of total costs on the deliveries frequen-
cy [14]. The minimum total costs are achieved at the point of optimal
ratio of each costs component separately. The minimum calculated to-
tal costs value is reached at a point with a delivery frequency of two
per month. The graphical representation of the smoothing trend line
(based on the calculated data) indicates that the minimum total costs
are achieved when the delivery frequency is equal to three.

A 4500 ~

3 4000 | Total logistics costs
§ 3500 - X
3000 -
Transportation costs
2500 -
2000 -
1500 5 Inventory costs in transit
1000 -
Storage costs
500 -
0 i A—A |
0 1 2 3 4 5 6

Deliveries frequency per month

OTransportation EInventories in transit A Storage X Total costs

Fig. 9. Dependence between total costs and deliveries frequency

Conclusion
The development of an algorithm for studying the impact of the
frequency of deliveries, and therefore determining the batch size, on
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logistics costs allowed us to determine the degree of influence of each
logistics costs component on their total value. The solution of this task
led to the following conclusion: the total costs (with increasing the de-
liveries frequency per month) decrease at first, reaching 2—3 deliveries
per month, and then increase. The reduction is due to declining costs for
maintaining inventory in transit and also storage and warehouse pro-
cessing costs. The further increase in total logistics costs at a delivery
frequency of three per month depends on the costs of transportation.
It is important to note that the costs of maintaining inventory in transit
and storage, which are less than 50% of the total logistics costs, could
affect the constantly growing transportation costs and contribute to re-
ducing logistics costs at a delivery frequency of 2—3 per month. Thus,
there is always an optimal consignment size (depending on the size of
the purchased batch), in which the total logistics costs for purchased
goods delivery from the supplier’s warehouse to the buyer’s warehouse
will be minimal.
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MODEL FOR DETERMINING
THE OPTIMAL SIZE OF A MULTI-NOMENCLATURE
CARGO BATCH, TAKING INTO ACCOUNT
THE WEIGHT AND VOLUME CHARACTERISTICS
OF THE TRANSPORT VEHICLE

Lutsenko E.A.

There is considered the cargo transportation dynamics that indicates
an increase in the small consignments volume. There are determined the
main criteria for small shipments delivery in relation to transport compa-
nies and their customers. Based on criteria there was proposed solution
to optimize cargo deliveries. This solution is to consolidate cargoes de-
liveries with different nomenclature positions in a single vehicle. There
was proposed the model for determining the optimizing consignment size
task that allows loading the transport vehicle with several nomenclature
positions of cargoes effectively.

Purpose. 1o determine the consignment size using weight and vol-
ume characteristics of load units and the transport vehicle.

Methodology / Methods. In the article mathematical statistics meth-
od was used.

Conclusion. The algorithm for determining the optimizing consign-
ment size task is proposed.

Keywords: small consignments; weight and volume characteristics,
consumer demand,; automobile transport.

MOZAEJIb OITPEAEJIEHUSA OIITUMAJIBHOI'O
PA3SMEPA MHOTOHOMEHKJIATYPHOM MAPTUH
I'PY30B C YYETOM BECOTABAPUTHBIX
XAPAKTEPUCTHUK TPAHCIIOPHOI'O CPEJICTBA

JIyyenxo E.A.

Paccmompena dunamuxa 2py3onepego3ok, ceudemenbCmayiouast
00 ysenuyenuu obvema manvix napmuii epy308. OnpeoeieHvl OCHOBHbLe
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Kpumepuu 00CMasKu Maibix napmuil 2py308 o OMHOUWEHUIO K MPaHc-
NOPMHBIM KOMNAHUAM U ux Kiuenmam. Ha ocnose smux kpumepues
ObLIO NPEONIOdNCEHO peuteHie O ONMUMU3AYUL OOCIABKU 2pY308. Dmo
peuienue 3aKI0Uaemcs 8 KOHCOMUOAyuu noCmagox epy308 pasiuiHuIx
HOMEHKIIANTYPHBIX NO3UYULL 6 OOHOM mpancnopmuom cpedcmee. 1lpeono-
JHCeHa MOOeNb OnpedeleHsl 3a0avu ONMUMUAYUL PA3MePa 2py3d, NO360-
JAI0OWAsL 2HPEKMUBHO 3a2pPydcamb MPAHCROPMHOE CPEOCMBO HECKONb-
KUMU HOMEHKIAMYPHLIMU NO3UYUAMU MOBAPOS.

Ilenv. Onpedenums pazmep napmuu 2py306 ¢ HOMOUbIO 00bEM-
HO-MACCOBbIX XaPAKMEPUCTNUK YKPYNHEHHBIX 2PY308bIX eOUHUY U MPAHC-
nOpmMHO20 cpeocmaaql.

Memoodonozus / Memoowi. B cmamuve ucnonv3yemecsa memoo mame-
MAmuyeckou Cmamucmuxu.

Pezynvmamui. [Ipeonodicen ancopumm onpeoenenus onmumanbHo-
20 paszmepa napmuu 2py308.

Kniouesvie cnoea: menkue napmuu, odvemubvle U MACCOBble XAPaK-
mepucmuKu; NOMpeoUMenbLCKULl Chpoc, agmomMoOUNbLHII MPAHCHOPMN.

Currently, the transport system must interact with other components
of the cargo delivery transport system: the warehouse complex, sup-
pliers and goods consumers [1, 2]. Thus, transport companies should
be focused on achieving both their own goals and the goals of partici-
pants who interact throughout the whole supply chain from the goods
manufacturer to their final consumer.

The finished products consumer is aimed at minimizing transportation
costs. The main criterion that affects transportation costs is the rolling
stock (automotive rolling stock). It is due to the efficient use of vehicles
that the transportation rate (set by transport companies) is reduced.

For all supply chain participants, the most effective delivery option
is to deliver a batch of an equal a fully loaded vehicle batch. This option
allows, on the one hand, to effectively use rolling stock, which is one
of the fundamental tasks in the activities of transport companies, and on
the other — to deliver goods batch as quickly as possible from the man-
ufacturer to the products consumer, bypassing the time spent on storage
in intermediate warehouses [3, 4].
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However, the cargo transportation dynamics indicates an increase in the
small shipments volume. According to the research agency M.A. Research,
the share of groupage cargo transportation in the Russian Federation in the
cost volume structure of the commercial road cargo transportation market
in 2017 amounted to 20.7%, and in 2020, this segment is expected to in-
crease to 24.6%. The main factors for the growth of small consignments
transportation by road are a decrease in the physical volume of one delivery
of transported goods, a decrease in total costs by consolidating goods of
different nomenclature positions from different shippers, and the territorial
expansion of trade networks. Indicators that predict business activity (PMI)
[5, 6] and the inventories level [7-9] also evidence this trend.

For goods transportation in small batches, the main thing for the cus-
tomer (the consumer of goods) is, on the one hand, to minimize transpor-
tation costs, and on the other hand, there is a need to reduce the time for
delivery of goods in small batches. When transporting small consignments
of goods, additional necessary delivery participants appear (for example,
warehouse complexes — for storage and distribution small consignments to
one dispatch with a full load of vehicle in the direction of one consignee).

For transport companies, the main criteria for cargo transportation re-
main transportation costs reduction and need for efficient use of rolling
stock. This criterion is not fundamental for goods transportation with a
full load of vehicles. Consider the impact of the main criteria for small
shipments delivery in relation to transport companies and their custom-
ers (Table 1).

Table 1.
Criteria for goods delivery in small batches
Criteria Transport companies Customers
Minimizing transportation costs + +
Minimizing delivery time + +
The efficiency of vehicles use + -

Thus, it can be noted from Table 1 that the customer is not interest-
ed in efficient use of vehicles when ordering goods delivery. In order to
optimize the delivery of transport companies and at the same time not to
lose customers, it is necessary to improve the delivery process in small
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batches. Not all transport companies have the capacity to full the roll-
ing stock fleet with trucks of lower load capacity. Therefore, one of the
solutions to optimize cargo deliveries can be the consolidation of goods
deliveries [ 10—13] with different nomenclature positions in a single vehi-
cle. This solution will allow to use rolling stock efficiently, and to deliver
goods in the required for customers volume, corresponding to the final
consumers demand, which in turn will reduce the total logistics costs.

On water transport, a method was developed to determine the unit
loading volume of cargoes and the number of units of cargoes of two
nomenclature positions to improve the efficiency of vehicle cargo space
using. The efficiency of vehicle exploitation depends on the utilization
degree of cargo capacity (by volume) and load capacity (by weight).

A complex indicator that characterizes the efficiency of vehicle usage in
terms of volume and weight is the unit cargo capacity. This indicator is fun-
damental in the tariff rates formation for small shipments transportations.

In addition to the compatibility of transported cargoes of different no-
menclature items, the efficiency of vehicle using depends on the volume
and weight goods characteristics. The main cargo characteristic is the unit
loading volume that shows the average volume of one ton of cargo in a ve-
hicle. It is this characteristic that determines whether the load is heavy (full
load capacity use) or light (partial load capacity use) for the certain vehicle.

The purpose of this method is to determine the unit loading volume
of cargoes and the number of units of transported goods in two nomen-
clature items for a particular vehicle.

In accordance with the transport characteristics of cargo spaces (load-
ing capacity — weight and cargo capacity — volume) and load unit (di-
mensions, gross weight) there is determined the unit volume of the ve-
hicle and load unit. The further calculated stacking coefficient on water
transport takes into account the use of a cargo space that differs from
a parallelepiped (i.e., the space between the cargo and the walls of the
cargo space is additionally considered). This factor for palleted cargoes
delivery by motor vehicles can be neglected, as discussed cargo in the
integrated cargo units is approximated to the form of a parallelepiped, as
the vehicle itself, i.e., cargo shape coefficient can be taken equal to one.
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Comparing the unit loading volumes of cargoes and the vehicle al-
lows determining which one of the two cargoes is heavy and which is
light. Setting up a system of equations for load capacity and cargo ca-
pacity of the vehicle allows determining load of two types of cargoes.

The algorithm for calculating the effective cargo space use in a ve-
hicle is shown in Fig. 1.

Source data:

= dimensions of load unit, m;
= gross weight of load unit, t;
= loading capacity of vehicle, m’;
= cargo capacity of vehicle, t

v
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Light cargo
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Calculation of
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v

Calculation of loading and cargo
capacities coefficients for concrete
vehicle

Fig. 1. Algorithm for efficient vehicle usage
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Determining the optimal loading of a particular vehicle with car-
goes of different nomenclature positions (using the method used in
water transport) can also be used in road transport, taking into account
adjustments. As the carriage of goods in small consignments may re-
quire a vehicle load cargoes with more than two nomenclature items,
it is necessary to upgrade the approach with the possibility of loading
goods of more than two items.

References

1. Malikov O.B. Sklady i gruzovye terminaly v tsepyakh postavok [ Ware-
houses and cargo terminals in supply chains]. Russian Journal of Lo-
gistics & Transport Management. 2015. Vol. 2. Ne2, pp. 3-7.

2. Lutsenko E.A. Rol’ avtomobil 'nogo transporta v obsluzhivanii khabov
[The role of automobile transport in hubs service]. International Jour-
nal of Advanced Studies. 2015. Vol. 5 N3, pp. 50-54.

3. Domnina S.V., Fedorenko A.l. Razvitie rynka transportno-logistich-
eskikh uslug v stranakh Evraziyskogo ekonomicheskogo soyuza [De-
velopment of the transport and logistics services market in the countries
of the Eurasian economic Union]. Logistika segodnja. 2014. Vol. 66.
Ne06, pp. 344-361.

4. Terentyev Yu.A., Filimonov V.V., Malinetskiy G.G., Smolin V.S., Kole-
dov V.V,, Suslov D.A., Karpukhin D.A., Mashirov A.V., Shavrov V.G,
Fongratowski S.V., Kovalev K.L., Ilyasov R.I., Poltavets V.N., Levin
B.A., Davydov A.M., Koshkidko Yu.S., Kurenkov P.V., Karapetyants I.V.,
Kryukov P.V,, Drozdov B. V., Kraposhin V.S., Semenov M. Yu., Nizhelskiy
N.A., Solomin V.A., Bogachev V.A., Fomin V.M., Nalyvaichenko D.G.,
Bogachev T.V., Tochilo V.V. Integrirovannaya tranzitno-transportnaya
sistema (ITTS) Rossii na osnove vakuumnogo magnitno-levitatsionno-
go transporta (VMLT) [Russia integrated transit transport system (ITTS)
basid on vacuum magnetic levitation transport (VMLT)]. Transportmye
sistemy i tekhnologii [ Transportation Systems and Technology]. 2018.
Vol. 4. Ne3 suppl. 1, pp. 57-84. DOI: 10.17816/transsyst201843s157-84.

5. Shcherbinina L.Ju., Peres’ko Ju.A. Obzor metodik po otsenke indeksov
delovoy aktivnosti [Review of techniques for the evaluation of the in-



32 International Journal of Advanced Studies, Vol. 10, No 1, 2020

dex of business activity]. Voprosy ekonomiki i upravleniya. 2016. Vol.
3. Nel, pp. 52-55.

6. Natsypaeva Ye A. Analiz sushchestvuyushchikh podkhodov k otsenke
delovoy aktivnosti predpriyatiya [Overview of existing approaches to
business activity of enterprise assessment]. Vestnik Saratovskogo go-
sudarstvennogo social 'no-jekonomicheskogo universiteta. 2011. Ne3,
pp- 85-87.

7. Nahmias S. Sistemy skoroportyashchikhsya zapasov [Perishable Inven-
tory Systems]. International Series in Operations Research & Man-
agement Science. 2011. 96 pp. DOI: 10.1007/978-1-4419-7999-5.

8. Bochkarev P.A. Metodika rascheta pokazateley nadezhnosti v tsepyakh
postavok [Managing supply chain reliability in supply logistics]. PhD
thesis, NIU VShle. 2015. St. Petersburg.

9. Sviridova V.V., Kudryashova T.V. Sovershenstvovanie sistemy uprav-
leniya zapasami na torgovom predpriyatii [[mprovement of the inven-
tory management system at the trade enterprise]. BENEFICIUM. 2019.
Vol. 30. Nel, pp. 35-52.

10.Nagornyi Ye., Naumov V., Shulika O. Model’ vybora optimal’noy
mezhdugorodnoy skhemy dostavki upakovannykh gruzov s ispol’zo-
vaniem avtomobil’nogo transporta [The model for selecting the opti-
mal intercity scheme for packaged cargo delivery with the use of road
transport]. Avtomobil 'nyj transport. 2014. Ne35, pp. 110-115.

11. Aleksejevs R., Guseinovs R., Medvedev A.N., Guseynov Sh.E. Mod-
el’ perevozki sbornykh gruzov [Groupage cargo transportation model].
Transport and Telecommunication. 2016. Vol. 17. No. 1, pp. 60-72.
DOI: 10.1515/ttj-2016-0007.

12.Bakulich O.0., Musatenko O.V., Samojlenko E.S. Analiz pokazateley
effektivnosti raspredelitel’'noy sistemy dostavki gruzov [Analysis of
the efficiency indicators of cargo delivery distribution system]. Tekhino-
logicheskiy audit i rezervy proizvodstva [ Technology audit and produc-
tion reserves]. 2016. Vol. 29. Ne3/2, pp. 40—44. DOI: 10.15587/2312-
8372.2016.71550.

13.Liotta G., Stecca G., Kaihara T. Optimizatsiya gruzopotokov i snab-
zheniya v ustoychivykh proizvodstvennykh i transportnykh setyakh



MexayHapoaHblli XypHan nepcnekTuBHbIX nccnegoranumia, T. 10, Nel, 2020 33

[Optimisation of freight flows and sourcing in sustainable production
and transportation networks). International Journal of Production Eco-
nomics. 2015. Nel164, pp. 351-365.

Cnucok aumepamyput

1. ManukoB O.Bb. Cknajsl U rpy30BbIe TEPMHHAIbI B IIEMSIX MOCTaBOK //
Russian Journal of Logistics & Transport Management. 2015. No2(2).
C.3-7.

2. Jlynenxo E.A. Poip aBTOMOOMIIEHOTO TPAaHCIIOPTA B OOCITY)KHBaHUH
xaboB // International Journal of Advanced Studies. 2015. Ne3 (5).
C. 50-54.

3. Jlomuuna C.B. Pa3BuTHe pplHKa TPaHCIOPTHO-JIOIMCTUYECKUX YCIYT
B cTpaHax EBpasmiickoro skoHommuueckoro corosa / Jlomanna, C.B.,
®denopenko, A.W. // Jloructuka ceromus. 2014. Ne06 (66). C. 344-361.

4. Tepentses, N.A., ®unumonos, B.B., Manunenknii, I'.I. u ap. UnTe-
rpupoBaHHas TpaH3UTHO-TpaHcnopTHas cuctema (MUTTC) Poccun Ha
OCHOBE BaKyyMHOTO MarHUTHO-JIEBUTAITMOHHOTO TpaHcopta (BMJIT)
// TpancnoptHble cucTeMbl U TexHogoruu. 2018. T. 4. Ne3 mpunox. 1.
C. 57-84. DOI: 10.17816/transsyst201843s157-84

5. Ulep6ununa JI.}O. O630p METOAMK 1O OLIEHKE UHJCKCOB JI€TI0BOM aK-
tuBHOCTH / llepOunnna, JI.YO., [Tepecrko, FO.A. / Bonpockl 3k0HO-
MUKHU U yIpaBIeHUs: Hay4HbIH xxypHan. 2016. Ne3.1. C. 52-55.

6. Haupinaesa E.A. AHanu3 cylecTBYOLIIMX HOAXO0B K OLIEHKE J1eJI0BOI
aKTUBHOCTH npeanpusitus / Bectauk CaparoBCKOTro rocy1apcTBEHHOTO
conuanbHO-dKoHOMIYecKoro yHuBepcutera. 2011. Ne3. C. 85-87.

7. Hammac C. Cuctems! ckopomoptsimuxcs 3anacos // International Series
in Operations Research & Management Science. 2011. 96 ¢. DOI:
10.1007/978-1-4419-7999-5.

8. boukapes I1.A. Meroauka pacuera mokasareseil HaJe>KHOCTH B IIETISIX
MOCTABOK: JHMC. ... KaHa. 3KoH. Hayk: 08.00.05 / I1.A. boukapes; HY
BILID. CII6., 2015.

9. Csupugona B.B., Kynpsmosa T.B. CoepiieHCTBOBaHUE CHCTEMBI
yIpaBJIeHHs 3armacaMu Ha ToprooM npeanpustuu / BENEFICIUM.
2019. Nel (30). C. 35-52.



34 International Journal of Advanced Studies, Vol. 10, No 1, 2020

10. Haropusiii E., Haymog B., Illynuka O. Mogeib BBIOOpa ONTHMAIBLHON
Me)KI[yFOpOI[HOﬁ CXEMbI JOCTAaBKH YIIAKOBAHHBIX I'PY30B C MCIIOJIb30-
BaHUEM aBTOMOOMIILHOTO TpaHCIopTa // ABTOMOOWIIBHBIN TPAHCIOPT.
2014. Ne35. C. 110-115.

11. AnexceeB P. Mojenb nepeBo3ku cOOpHBIX Tpy30B / AnekceeB P.,
I'yceiinoB P., Measenes A.H., I'yceiinoB II.E. // Transport and
Telecommunication. 2016. Nel (17). C. 60—72. DOI: 10.1515/ttj-2016-
0007.

12.bakynna O.0., Mycarenko O.B., Camotinenko E.C. Ananu3 nmokasare-
neit 3G HEeKTUBHOCTH PacIPEICTUTEILHON CHCTEMBI TOCTABKH IPY30B //
TexXHONOTHYECKUI ayTUuT U pe3epBbl Mpou3BoacTBa. 2016. Ne3/2 (29).
C. 40-44. DOI: 10.15587/2312-8372.2016.71550.

13.JInotra I. OnTHUMH3AIHS TPYy30IIOTOKOB U CHAOKEHHUS B YCTOHYMBBIX
MPOM3BOICTBEHHBIX U TPaHCIOPTHBIX ceTsix / JIuorra I, Crekka I,
Kaiixapa T. // International Journal of Production Economics. 2015.
Nel64. C. 351-365.

DATA ABOUT THE AUTHOR

Lutsenko Elizaveta Aleksandrovna, Assistant Professor «Motor
transportations»
Moscow Automobile and Road Construction State Technical
University (MADI)
64, Leningradsky prospect, Moscow, 125319, Russian Federation
elutsenko07@gmail.com
SPIN-code: 4142-2781

JAHHBIE Ob ABTOPE

Jlyuenko EnuzaBera AJiekcaHapoBHA, CTapIIN PENOJaBaTENb Ka-
(dhenpol «ABTOMOOHIIbHBIC TICPEBO3KIY
Mockosckuti agmomoOUuIbHO-00POACHBLU 20CYOAPCMBEHHbLU
mexnuyeckuil ynusepcumem (MAHU)
Jlenunepaockuii npocnexkm, 64, Mocksa, 125319, Poccuiickas
Dedepayus
elutsenko07@gmail.com



MexayHapoaHblli XypHan nepcnekTuBHbIX nccnegoranumia, T. 10, Nel, 2020 35

DOI: 10.12731/2227-930X-2020-1-35-49
VIIK 629.13

AHAJIN3 OCTATOYHBIX JE®OPMAIAIA
B 3JIEMEHTAX KY30BA JIETKOBOI'O ABTOMOBUJISA
METOAOM NPAMOT'O UHTEI'PUPOBAHUA

Aonaee¢ P.P., Aonaes A.P,
Aobpamosa JI.C., Kcenogponmosa B.A.

B nacmosiwee epems cywecmeyem MHOICECBO PASTUUHBIX MEMO-
006 ONPedeNeHUst CKOPOCMU OBUICEHUS. MPAHCNOPMHO20 CPEOCMBA 6
MOMeNmM CIMOIKHOBEHUsL. B YCI08USIX 02PAHUYEHHBIX UCXOOHBIX OAHHBIX
07151 HKCNEPMOB, MAKUX KAK C1edbl KOLeC HaA Npoe3dicell 4acmu 8 ycio-
BUSIX MeCa RPOUCULeCMBUS], HAUDONee ONMUMATLHBIM MEemOoOOM 516~
JISIeMCst Memoo OnpedereHust CKOpOCHU a8MOMOOUIS 8 MOMEHM CMOJI-
KHOBEHUs, OCHOBAHHBII HA Yueme 3ampam KUHemu4ecKkol IHepeuu Ha
depopmayuio snemenmos u oemainell agmomoodunell. B ceasu ¢ uem,
cmambvs NOCésueHa npodemMe anatu3a OCMamouHblx deopmayuil 6
ANEMEHMAX Ky308a A8MOMOOUISL NPU OnpedeneHul CKOpOCmu e20 08U-
JIceHUst 8 MOMeHm cmolkHogeHus. [Ipogeden ananus paziuinblx U008
ocmamounvlx depopmayuii u Memoooe ux oyenxu. Ilpednosicer memoo
npAMO20 UHmMe2pUupoBanisl OJisk AHAIU3A OCMAMOYHbIX depopmayuil 6
INEMEHMAX KY308d 1€2K06020 A8MOMOOUS, NOCKOAbKY OH Haubonee
MOYHO Ompagicaem 8C10 MEXanuKy o0pazo8anus oegopmayuii Ky306a
U HA YPOBHE HUZKOU MPYOoeMKoCmuU. Imom Gaxmop a61semcst 0OOHUM
U3 BAJICHBIX NPU 8b1O0PE MEMOOUKU UCCLE008ANHUS OOCTOAMENLCNG 00-
POACHO-MPAHCROPMHO20 npoucutecmeust. [Ipednodicennas memoouxa
NOKA3bI8Aem HAUMEHLUYIO NOSPEUHOCTND BbIYUCTEHUL NpU Onpede-
JIEHUU CKOPOCIMU OBUICEHUS ABIMOMOOULEL 8 MOMEHIN CIMOJIKHOBEHUSL.

Lenv — paspabomamsv u 060cH06aMb MOOETL Yiema 3ampam Ku-
HemuuecKkoll dHepauu 0a 0epopmayuio KOHCMPYKMUGHBIX 1EMEHNO08
KV3084 1€2K08020 A8MOMOOUISL NPU ONpedeleHuu e20 CKOpoCcmu 08uU-
JHCeHUST 6 MOMEHN CIMOJIKHOBEHUSL HA OCHOBAHUU AHAIU3 OCMAMOYHbIX
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Oepopmayuil 6 s1eMeHmax Ky306a asmomoOusiss Memooom npsimoco
UHMEZPUPOBAHUSL.

Memoo unu memooonozus npoeedeHus padomsl: 6 cmamve uUc-
NONb308AUCH CUCIIEMHDBLIL NOOX00, MEMOObl AHAIU3A U MAMEMAMUYe-
CKO2O0 MOOETUPOBANLSL.

Pezynbmamol: npednodxicennas 6 pabome mMemoouxa 0aem 803mMoxHc-
HOCMb HA CMAaOUl UCCIe008aHUSA 0OCHOAMENLCIE OOPOHCHO-MPAHC-
NOPMHO20 NPOUCUIECBUST ONPEOeTUNIb CKOPOCTIb OBUNCEHUST ABMOMO-
ounetl 8 MOMEHM CMONKHOBEHUSL NO UX OeqhopMayusam, Komopas bonee
NOJIHO YYumwleaem 6ce 3ampamnl KUHEMUYEeCKOU SHEPeUU HA MEXAHUIM
OehopmMuposanust CLOJNCHBIX KY308HbIX NEMEHMO8, UMewux peopa,
20¢ppul U Opyeue dnemenmul, NOGLIUAIOWUE UX HCECTKOCIb NPU U32UDe.

Obnacmo npumenenus pe3yibmamos: NoIyueHHble Pe3yibnanvl
4enecoobpasHo NPUMEHIMb 8 IKCNEPMHOU NPAKMUKE UCCTe008aHUS
06CMOosAMenbCmMs U MeXaAHUIMA OOPOICHO-MPAHCNOPIMHO20 NPOUCUIE-
CMBUsL NPU ONpedeleHUul CKOPOCIU OBUNICEHUS. A8MOMODULel 8 MO-
MEHM CMOIKHOBGEHUS.

Knwoueewle cnosa: snepeus; deghopmayusi, HAnNPsACeHHoe COCMOosi-
HUe;, A8MOMOOUNL;, CKOPOCMb OBUICEHUE; CTOTKHOGEHUE.

ANALYSIS OF RESIDUAL
DEFORMATIONS IN CAR BODY ELEMENTS
BY DIRECT INTEGRATION METHOD

Ablaev R.R., Ablaev A.R.,
Abramova L.S., Ksenofontova V.A.

Currently, there are many different methods to determine the speed
of a vehicle at the time of collision. Under the conditions of limited ini-
tial data for experts, such as wheel tracks on the roadway at the scene
of an accident, the best method is to determine the speed of a car at the
time of collision, based on the amount of kinetic energy spent for the
deformation of elements and parts of cars. In this regard, the article
is devoted to the problem of analysis of residual deformations in the
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elements of the car body when determining the speed of its movement
at the moment of collision. The analysis of various types of residual
deformations and methods of their estimation is carried out. The meth-
od of direct integration for the analysis of residual deformations in the
elements of the car body is proposed, since it most accurately reflects
the entire mechanics of the deformation process for the car body at the
low level of labor intensity. This factor is one of the most important
when choosing a method for investigating the circumstances of a road
accident. The proposed method shows the smallest error of calcula-
tions when determining the speed of cars at the moment of collision.

The research purpose is to develop and justify a model for account-
ing for the cost of kinetic energy for the deformation of structural ele-
ments of the car body when determining its speed at the moment of
collision based on the analysis of residual deformations in the elements
of the car body by direct integration.

Methodology the article uses a systematic approach, methods of
analysis and mathematical modeling.

Results: the proposed method allows at the stage of investigation
of traffic accidents to determine the speed of the vehicle at the time of
collision in their deformations, which more fully accounts for all costs
kinetic energy for the deformation mechanism of complex body ele-
ments having ribs, corrugations, and other elements, which increase
the bending stiffness.

Practical implications: the obtained results should be used in expert
practice to study the circumstances and mechanism of a traffic accident
when determining the speed of cars at the time of a collision.

Keywords: energy; strain, stress state; car; speed movement, collision.

IHocTanoBka npodjeMbl

B nocnennee Bpemsi HaOmonaeTcs 3HAYUTENBHBIA POCT HKCILIya-
THUPYEMBIX TPAHCIIOPTHBIX CPEACTB B MUPE, YTO OOYCIIaBIMBACT [TOBbI-
LIEHUE B FEOMETPUYECKON MPOrPECCUN KOJIMUYECTBA TOPOKHO-TPAHC-
MOPTHBIX IpouciiecTBUs. IIpu 3TOM, COBpEMEHHbBIE TPAHCIIOPTHBIE
CpPECTBa XapaKTePU3YIOTCSl BEICOKUMH 3HAYCHUSIMH CPEIHEH CKOpO-
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CTH DKCILUTyaTalllM, YTO OKa3bIBaeT BJIMSHUE HA MOBBIIIEHUE KOJIHUYE-
CTBa IPOMCIIECTBUH € TSLDKKUMHU MocieacTBUAMEU. OIHUM U3 CIIOCO00B
NpOMUIAKTUKN HACTYIUICHUS! TOPOKHO-TPAHCIIOPTHOTO MPOHUCIIE-
CTBHS SIBJISICTCSI BBIHECEHHE OOBEKTHBHOTO HAKa3aHHsI IPaBOHAPYIIH-
TEJISIM, YTO 3a4acCTyI0 HEBO3MOXKHO 0€3 00BEKTHBHOTO aHAIN3a 00CTO-
SITEJBCTB IOPOKHO-TPAHCIOPTHOTO MPOUCIIECTBHUS U YCTAaHOBICHUS
(bakTHUECKHX 3HAYECHUI CKOPOCTEH ABMKEHHSI TPAHCTIOPTHBIX CPE/ICTB
B MOMEHT CTOJIKHOBeHus [ 1, 2].

Cy1mecTByIOT MHOXKECTBO Pa3IUYHBIX MaTeMaTHYECKUX MOJe-
JIeH, KOTOpbIE MO3BOJISAIOT YCTAHOBUTH 3HAYEHUE CKOPOCTH JIBHKEHHUS
TPAHCTIOPTHBIX CPEICTB B MOMEHT cTonkHOoBeHus [1, 10, 13], ogHako
JUISL MX UCIIONIb30BaHMsI B KCIIEPTHON MPAKTHUKE HEOOXOIUMBI JIOTIOI-
HUTEJbHBIE IaHHBIC O CJIEIaX, KOTOPbIE OCTAIUCh HA MECTE IIPOUCILIE-
CTBHSI U KOTOpBIE, K COKAJICHUIO, HE BCEra KOPPEKTHO (PUKCHPYIOT
B NEPBUYHBIX JOKyMEHTaX. JTOT (aKT UCKIIOYAeT BO3MOKHOCTD HC-
MOJIb30BAHMSA KIACCHUECKUX METOAOB HCCIIEIOBAHMUS U TpeOyeT Heto-
CPEICTBEHHOH OLICHKU 1 aHAJIM3a OCTATOUHBIX Ae(opMannii Ky30BHBIX
3JIEMEHTOB TPAHCIIOPTHBIX CPEJCTB, IPU ONPEAETECHUH CKOPOCTH JBH-
KEHUS 3TUX aBTOMOOMJIEH B MOMEHT CTOJIKHOBCHHS.

Leas cratbu — pazpaboTat 1 000CHOBATH MOJICNB Y4eTa 3aTpar
KMHETHYECKOH SHEPruu Aa aAedopmManuio KOHCTPYKTHBHBIX 3JIEMEH-
TOB Ky30Ba JIETKOBOTO aBTOMOOWIIS TIPU OTPE/ICIICHUH €r0 CKOPOCTH
JBIDKCHHSI B MOMEHT CTOJIKHOBEHHS HA OCHOBaHWHU aHAJIN3 OCTATOY-
HBIX Jie()OpMaIHii B JIEMEHTaX Ky30Ba aBTOMOOMIISI METOZOM IPSIMOTO
HMHTETPUPOBAHHUS.

H3i0:xeHne 0CHOBHOTO MaTepHAaJIa

J11 060CcHOBaHNS KOCBEHHBIX METO/IOB aHAJIN3a PACCMOTPUM PSIIT
3a/1a4 I [IaCTUYECKH Je(hOPMUPYEMBIX JIEMEHTOB KOHCTPYKIIHH
JIETKOBOTO aBTOMOOMIIA, TP 3TOM B Ka4€CTBE OCHOBHOM MepHI Ae(op-
Maru OyeM MPUHUMATh SHESPTHUIO JIe(hOPMAIIUU UK SKBUBAICHTHYIO
eit paboty. PaccmorpuMm omHoMepHEIH citydait. [IycTs ameMeHT KoH-
CTPYKLIMU MMEET IIEPBOHAYAIILHYIO JUIMHY / M IUIOMIA/Ib IOTIEPEYHOTO
ceuenust I (pucynok 1) [S].
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[Mon nmetictBuem ycuius P Ha i-M 1iare aedopMaivu JjidHa d1e-
MEHTa YMEHBIIUTCS HA BETUUUHY dll,, TOT/Ia TIpUpAIIeHUE paOOTHI Jie-
¢dbopmupoBanus Oynet passo (1) [3]:

dA, = Pdl, (1)
dly
/-------
é———————l———
2 +
; 1 1
7 1 I P
“~ 1 | —
b/ i 1
“
i’ I |
/ 1 [
7~
2 -
1
In -

Puc. 1. OngHomepHas muactudeckas aedopmanus 3MeMeHTa KOHCTPYKIUT

B MOMeHT, Kor/1a 3JIeMeHT KOHCTPYKIMHU Oy/IeT HAXOAUTHCS B KOHEY-
HOM COCTOsiHMH [, TonHas pabota nepopmuposanus OyneT papHa (2):

1
A = j Pdl. (2)
IO
C ydeToM 3HaKa pabOTHI TOMEHsIEM Mpeesibl HHTerpupoBanus (3):

ly
A, = jP dl. (3)
1

Ecim yennue P ipeaicTaBuTh Kak pacpese/ieHHOE ¢, TIO TUTOIIa N
F,, a muomane F BRIpasuTh 4epe3 oovem V) (4)

Fy=-2 4
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Torma nnrerpan (3) MmoxHO 3anucarhb B Buzue (5):
Il)
dl
4,=Vd, [ (5)
!

B Bripakenuu (5) 00beM V) BBIHECEH 3@ 3HAK MHTETPasia, TaK Kak Mpy
TUIACTHYECKHX JleopMalusix 00beM Tena He Mensercs [7, 12]. Cpennee
JIaBIICHHE ¢  HA IOBEPXHOCTH KOHTAKTA TAKXKC BEIHOCHTCS 38 3HAK HH-
Terpana, Tak Kak COIIaCHO TEOpPEME O CPETHEM B TEOPUH ITACTUYHOCTH
[3, 14], maBieHune Ha TOBEPXHOCTH TIACTHYECKH ASPOPMUPYEMOTO Tea
NPHHAMACTCS PABHBIM ¢, C BBICOKOi CTCTICHBIO TOYHOCTH.

BerImmonHsst ”HTErpHpOBaHUE, MTOTYINM (6):
/
A, =V, Gsln7°. (6)

[Tpu Oonbimx nedopMarusx CpeHee JaBlIcHHE q,, AOCTUTaeT mpe-
JieNa TEKy4eCTH 1 ToTia padoTa Jie(hopMHUpPOBAHNS B OJTHOMEPHOM CITy-
gae MOXKET OBITh OIpeeicHa ¢ MOMOIIBIO BeIpakeHusI (7):

ly
A‘) :GSVO 11'17, (7)
rae GS — HalIPsPKCHUEC TCKYUCCTHU MaTepuralia, [ipu 3TOM ynpyras COCTaB-
JISIOIIAs SHEPTHHU JIEPOPMAIMH COCTABHT A, = chp Al.

Paccmorpum mBYyMepHEIH caydait aedopmanuu. [locie mpekparie-
HUSI JEUCTBUS aKTHBHBIX CHJI, BBI3BABIIMX [IACTHYECKYIO Ie()OPMAIIHIO
B TeIte, popma Tema OymeT u3MeHeHa [3, 4, 5, 6]. XapakTepHbIi ipuMep
JIByMEPHOH TUIACTUYECKOH Ae(opMaliiy MPEICTaBICH Ha PUCYHKE 2.

[lon nefictBuem Ooinee xecTkoro Tena I, B nedopmupyemMom Teire
11 Bo3HMKIM TUTaCTUYECKHE (OCTATOUHBIC) HAPSKEHUS, TI0JIE PACTIPO-
CTPaHCHUSI KOTOPBIX XapaKTepH3yeTcst TMHUAME ckonbxernst O'C, O'D
U Tak gaynee. BAonb TUHUI CKOJIbKEHUS KacaTelbHble HaNpPsHKEHUs
JOCTUTAlOT MakCuMyma U Marepuan teder. U3Bectno [6, 8, 11, 12],
yTo BAasiauBaHue I B I BbI3bIBaeT pacnpocTpaHeHUE IIACTUYECKUX
nedopmanuii Ha clenyromue paccTosHu (8):

AC=BD =2a. (8)

JIuanu O'C u O'D npeAcTaBisior co00i MONTYyOKPYKHOCTH C paiv-
ycoM 2a. DHeprust AeOpMaIiu ISl ITON CXEMbI MOXKET ObITh BBIUUC-
neHa o gopmyie (9):



MexayHapoaHblli XypHan nepcnekTuBHbIX nccnegoranumia, T. 10, Nel, 2020 41

3,=4,=2(n+2)c ah, 9)
TJIE G, — HANPSIKEHUE TEKYYECTH;
h — rmyOuHa BHEApPEHUSI.
B cirydae, ecnu gedopmupytoree Teno uMeeT He TUIOCKYIO (hopmy,
a HarrpuMep, chepruieckyto (pUCyHOK 3), To paboTy nedopMaruu cie-
JyeT BBIYUCIIATH C TOMOUIBIO BLIp?)KeHI/IH (10) [9, 12]:

A= J.P dh, (10)
h
rae ycunue P Beraucisiercs o popmysie (11):
P:”cHdF. (11)
Hust ciyqas coepsr (12):
o, =Gs(l+%—y} (12)

a a — ¥~

€ A qd B D X / N I
A c D

R

I

Puc. 2. K onpenenennto Puc. 3. [Tnactuueckoe
30HBI TJIACTHYECKOH Aedopmariu neopMHUpOBaHHE MSTKOH CTaIn
B 1e(OpPMHPYEMOM TBEPIOM TeIe chepraecKuM TBEPIBIM TEIOM

Bonpmioit naTEpEC mpencTaBiIseT 3a/4a4a aHaIM3a IIACTHIECKUX
nedopManuii npu U3rude AIeMEeHTOB KOHCTPYKLMH U3 JIMCTOBOH cTa-
JIU, TAKUX KaK BHEUTHHE TTaHEIH Ky30Ba, KaIloT, KPhIIIKa OaraxHuKa,
u jp. O6o3HaunM vepe3 R, u R, pajuyChl BHyTPEHHEH W HAPYKHOM
MTOBEPXHOCTEH M3rndaeMoro JucTa (PUCYHOK 4).

B pesynbrare u3rnda JucT noayqui AeGopMalnio, XapakTepusye-
MyI0 YIJIOM U3ruba ¢ = @, + A, Ipu 5TOM paJinyChbl TOYEK BHYTPEHHEH
Y Hapy)KHOW MOBEPXHOCTEH CTanu r, ¥ r,. Bo3HUKalolue npu 510M
IUIaCTUYECKUE Ae(hOpMALIUK 3aBUCST OT yIjia ¢ U MOTYT OBITh OIpeie-
nensl o popmyne (13):
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no—1
1 0
g, =— (13)
l()
e [, — mMpuHa U3rubaeMoro dJIEMEHTA.
ITpu pasrpy3ke H30rHYTOIO JINCTA OKOHYATEIbHBINA paJuyC CpEAH-

HOMW MOBEPXHOCTH ¥, ONPENETUTCS U3 BhIpaxkenus (14)

R .
racm r() rpa3zp
e, — pammyc ynpyroi pasrpysku (15):
1 M
—==, (15)
Voasep EJ

rne M, E, J — XapaKTepUCTHKH YIIPYTOTo U3ruoa.

Buemnue nanenu, U3roToBJIeHHBIE U3 JINCTOBOTO Marepuaia B BU/IE
IUTACTHH, IPY JICHCTBUH CKUMAIOLIEH Harpy3KH (PUCYHOK 5), 0ObIYHO
TepsItoT ycTonumBocTh [11, 12, 14].

f—
b Ry
‘_
1—
a
Puc. 4. [Tnactuueckuii u3rud Puc. 5. K onpenenenuto
CTaJIBHOTO JIUCTA KPUTHYECKOIl COKUMAIOLIECH CHIIBI

IS IeTaJIel TUIA TIAaCTHH

[Mocaenyromiee aehopMupoBaHue HE TPEOYET JAOMOIHUTEIbHBIX
3arpar 3HepTud U UMU MOXHO TpeHeOpedb. JlelicTBre CixuMarorie
CUIIBI P, ¥ paBHOM €M peakiny R, ONIPEIIENACTCS U3 YPaBHEHHUS yCTO-
quBOCTH (16):

2
V2 iy, = Tn Ot (16)
D ox

e u — l'IpOFI/I6 TIJIaCTUHBI,
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3
Eh
D= >\ — WHJIMHIPUYECKAst )KECTKOCTb;
126 -V )
h — TOJIILIMHA IJIACTUHEL,
E, v — XapakTepucTUKH MaTepuala.
MunumanbHOe 3HaYEHHE CHITBI P, , TP KOTOPOH IIaCTHHA OBICTPO

M30THETCS, OpenensieTcss nuTerpupopanuem (17):
2 2

, [m° n
2 "o
2 2
a b
P, = - . (17)
2
a

Ecmu neopmupoBanHas miockas maHelIb HMeeT 00jiee OIHOM 10-
JYBOJTHBI M3rHOHOH Aedopmannu, To B (17) crnemyeT onpeaeanTh m u3

BeIpaxkeHus (18):
w=~m*+m, (18)

ey = V2- NPy U3rU0e B BUJIE JIBYX MOJTYBOJH, |l = J6- TpH TIOJY-
BOJIHBI M TaK Jajiee.

DOHeprus, 3aTpadeHHas Ha Ae(OpPMALUIO TAKOTO JIEMEHTa KOH-
cTpykuuu, Oyzer paBHa padore cuibl P, (19):

3,=4,=3 B, A (19)

. mnx
rae Ax = arc sin —.
a
ABTOMOOMJIBHBIC ITAHEH T10J1a ¥ BHELTHHE OOBIYHO UMEIOT pedpa,

ro(pbl U IPYTHE IEMEHTBI, MOBBIIIAIOIINE UX JKECTKOCTh MPU U3THOeE.
Takue seMEeHThI KOHCTPYKIIUH MPOIOJIKAIOT CONMPOTHBISATHCS JCH-
CTBHIO BHEUIHUX CHJI M TIOCJIE MOTEPU YCTOMYMBOCTH, IIPU STOM BO3-
HUKAIOT O60nbmme nedopmanuu [9]. [l ananm3a Takux cirydaes Oblia
paccMoTpeHa 3agava aedopManuy IIACTHHBI TPOU3BOIBHOTO Hepe-
MeHHoro npoduis (20):
h=flxp). (20)
Jiist yueTa BOZHUKAIOIUX 00NbIIKX Aeopmannii ObUTH BBIBECHBI
MonuduIpoBanHble ypaBHeHus: Kapmana [9] (21):

V>V2F =L (h,w,x,y)

: 21
VW = L,(h, F,w,x,y) 2D
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rae L, v L, — nudpepennnanbHbie Oneparophl;

F — pyHKIIMS HaNTpSHKEHWH;

h — TonIMHA IUIACTUHEI.

Pewas 3t MoguduuupoBanHbie ypaBHeHus: Kapmana coBMECTHO,
BO3MOJKHO ITONYYHTh YPaBHEHUS JJIs ONIPEICIICHNs] HOPMaJIbHBIX U Ka-
careJIbHBIX HANpPSDKCHUH, NEHCTBYIOMINX B CPEIMHHOM TNIOCKOCTH Ta-
HEJIH 10J1a aBTOMOOHIISL.
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BJUSIHUE YJIEKTPOMOBUJIEN HA YKOJIOT UIO
Pazumos I.A.

Yacmo cuumaemcsi, 4mo 31eKmpomMoOUIU AGTSIHOMCI BANCHBIM CPEO-
CMBOM COKPAaUjeHUst BbLOPOCO8 NAPHUKOBBIX 2A306 U IHEPeONOmpeOeHus
8 2100aILHOM MpPaHcnopme, 0COOEHHO 0151 ABMOMOOUTLHO20 NACCANCUD-
CKO20 mpancnopma.

Lenvio Oannoii cmamvu A6AAEMCS U3YHEHUe OMHOCUMETLHO2O UC-
NONb306AHUSL FHEPSUL U 8bIOPOCOB NAPHUKOBBIX 24308 INeKMPOMOOULel
10 CPABHEHUIO C ABMOMOOUTIAMU C O8USAMENEM BHYMPEHHE20 CCOPAHUSL.
Cpasnenue snepeodghpexmusnocmu, a maxdice cpagHeHue 6bloPoOcos
NAPHUKOBBIX 24308 ObLIU UCNONIB308AHbL 8 KAUECMEe Menmod08 6 OAHHOU
cmamuve. CpasneHust IHepeoIhHeKmusHOCHIU OCTIONCHSIOMCSL HPOMUBO-
PEHUBBIMU MEMOOAMU, UCTIONb3YEMBIMU OJ151 NEPEUHHBIX UCHOYHUKOG K-
MPOdHEPeUU, MAKUX KAK 2UOPO, COTHEUHAsL SHEP2USL WU IHEP2Usl 6empd.

B smoti cmamve nepecmampusaemcsi cmenets, @ KOMopou 3NeKmpo-
Mobunu mo2ym 3¢hghexmusHo pewtams npoodLembl 2100ATbHO20 UMEHe-
HUSL KIUMAMA U UCHOWEHUs. 3aNaACO8 UCKONAEMO20 MONIUGA.

bonee moeo, 6 cmamwve ymeepocoaemes, umo cpagenue s1eKmpomo-
ounell u mpaHcnOpmMHsIX CpedCms ¢ O8ucamenem HympeHHe20 Ccopanus
HAMHO20 CLOJICHee, yem 00wenpushanio. Heonpedenennocmu osnuxa-
H0M KaK npu UCNONb308AHUU NEPEULHOL SHEPeUL, MAK U Npu pacueme
8bIOPOCOB NAPHUKOBBIX 2A308.

B yenom, oondicen boimo coenan 8b1600 0 MOM, 4O 8bl20ObL OM UC-
NONb306AHUSL INEKMPOMOOUTLEN] 05t SHEPSUU U NAPHUKOBLIX 24306 MeHb-
ute, yem 0ObIYHO NPEONnoNAcaAemcsl.

Tonvbko Ko20a 60 63aUMOCEA3AHHBIX YHEP2OCUCTEMAX NPE0ONaA0aom
80300H0GIsEMblEe UCMOYHUKU IHepeult, Oyoem Oe30nacHO 3as615mb 0
npesocxo0cmee ANeKmpomoouel.

Kntouesvle cnosa: svibpocwl yenepooa, snekmpuieckie mpancnopni-
Hble CpeoCcmaa, IHeP2oIPEHEeKMuUsHOCHb, Xpanuuue dSHepeut; QP oex-
mbl nepenusa.
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IMPACT OF ELECTRIC CARS ON THE ECOLOGY
Rahimov E.A.

1t is frequently believed that electric cars are an important means of
reducing greenhouse gas emissions and energy consumption in global
transport, especially for passenger automobile transport.

The purpose of this paper is to study the relative energy usage and
greenhouse gas emissions of electric vehicles compared to cars with
an internal combustion engine.

A comparison of energy efficiency as well as a comparison of green-
house gas emissions were used as methods in this paper.

Energy efficiency comparisons are complicated by conflicting meth-
ods used for primary sources of electricity, such as hydro, solar, or wind.

This paper reviews the extent to which electric cars can effectively
address global climate change and fossil fuel depletion.

Moreover, the paper proves that comparing electric vehicles and
vehicles with an internal combustion engine is much more complicated
than generally accepted.

Uncertainties arise both when using primary energy and when cal-
culating greenhouse gas emissions.

In general, it must be concluded that the benefits of using electric ve-
hicles for energy and greenhouse gases are less than usually expected.

Only when renewable energy prevails in interconnected energy sys-
tems, it will be safe to claim the superiority of electric vehicles.

Keywords: carbon emissions, electric cars, energy efficiency, en-
ergy storage, spillover effects.

BBenenue

[MoGanpHBIA TPAaHCTIOPT SABISICTCS KaK OCHOBHBIM IOTpEOHTENIEM
MUPOBOH AOOBIYM HEPTH, TAK K OCHOBHBIM MCTOYHHUKOM BBHIOPOCOB
IIapPHUKOBBIX Ta30B, B YaCTHOCTH, OT yriekucioro raza (CO,).

Takum 00pa3oM, COKpalieHne KaK MOTPeOIeHHs SHEPTUH, TaK U
BBIOPOCOB MAPHUKOBBIX TA30B HA TPAHCIIOPTE MOXKET ChITPATh BAXKHYIO



52 International Journal of Advanced Studies, Vol. 10, No 1, 2020

POJIb B pELICHNH II00aTbHBIX MPOOIEM HCTOIEHHS 3aI1acoB HCKOTae-
MOTO TOTUTHBA (0COOCHHO He()TH) M U3MEHEHHUS KITUMaTa, ¢ KOTOPBIMH
CTaJIKUBACTCSl MHD.

Tabnuya 1.
Homenkiaarypa

CH , MeTaH

CO, yrmekuciblii ra3

CO,-5KB 5KBUBAJIEHTA YIJIEKKCIIOTO ra3a

NZO 3aKHUCh a30Ta

DNeKTpuvecKue TPaHCIOPTHEIE CPEACTBA, B JAHHOM CTydae BKITIO-
YaroIue MEKTPOMOOUIH € TOJTHBIM aKKyMYJIITOPOM, a TaKKe THOpH/I-
HBIE JICKTPOMOOWIIN C TOIKIIOYaeMbIM MOAYJIEM, YaCTO paccMaTpH-
BalOTCS B KQUECTBE BAYKHOT'O CPEJCTBA pelIeHus obenux mpodiem [1].
Kpome Toro, oHM TOMOTat0T YMEHBIIUTH 3arpsi3HEHIE BO3yXa B TOPO-
nax. Jlpyrue uccnenoBarenu [2—4] yTBEpKIAIOT, YTO CYIIIECTBEHHBIC
Oapbepsl TSl BHEPEHUS JIEKTPOMOOMIIeH OCTAFOTCS U3-32 MHOYKECTBA
COIMAJIbHBIX ¥ TEXHUUECKUX OapbepoB. Ma u jip. [S] cpaBHHIIM BEIOPO-
CBl TAPHUKOBBIX Ta30B OT MEKTPOMOOMIEH U aBTOMOOMIIEH ¢ IBUTATE-
JIeM BHYTPEHHETO CTrOpaHusl Ha OCHOBE IOJIHOTO KM3HEHHOTO ITUKIA
U1l KamuOpHUICKUX 1 OpuTaHCKUX ceTeil. Kak n oxxupanock, oHK
0OHAPYKUITH, YTO IEKTPOMOOUIIN CPAaBHUTEIILHO JIydUIIe padoTaau B
Kanudopuuu, yem B BenukoOpuranuu, u3-3a MeHee HHTEHCUBHOTO
WCTIOJIH30BAHUS UCKOMIAeMOTO TOTIITBA.

Kpome Toro, oHr 00Hapy>KUITH, YTO paboune XapaKTepPUCTHKHU HIIeK-
TPOMOOHIIEH YITyUIIHIINC B YCIIOBUSX HU3KHX CKOPOCTEH B TOPOACKHIX
YCIIOBUSAX M YTO 3aTPaThl HA MPOU3BOJICTBO MAPHUKOBHIX Ia30B MpHU
ITPOM3BOJICTBE aBTOMOOMIICH OBLITH BBIIIIE, YEM ITPH MTPOU3BOJICTBE aB-
TOMOOMJIEH ¢ IBUTATEISIMU BHY TPEHHETO CTOPaHUsI, ITIaBHBIM 00pa3oM
M3-3a MIPOU3BOJICTBA AKKYMYJISITOPOB.

Omnar u ap. [1] mpoBeny aHanu3 SHEPTHH U TAPHUKOBBIX TAa30B JIJIS
kaxaoro mrara CLIA s aBroMmoOuIteld ¢ JBUTaTeNsiMi BHy TPEHHE-
TO CrOpaHus, AMEKTPOMOOMIIEH U THOPUAHBIX neKTpoModuiei. OHn
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OOHAPYXKWJIH, YTO KaK y DIEKTPOMOOUIIEH, Tak B Yy THOPHUIOB MOTpE-
OneHre SHePTUH B TEYCHHE TIOITHOTO JKU3HEHHOTO KA OBIJIO HUKE,
4YeM y aBTOMOOMJICH C JBUTATE]eM BHYTPEHHETO CrOpaHUs B IEIOM
mo CIIIA, a raxoke Oonee HU3KHE BRIOPOCH yrepoaa. OaHako ruopu-
JIbl OBLTH TIPEBOCXOAHBI AIEKTPOMOOWIISIM IJ1sl TOTPEOICHUS SHEPTHN
ITOYTH BO BCEX INTATAX.

Haxoner, XoKnHC U COaBTOPHI [6] Pe3IOMUPOBATIN CBOUW BBIBOIBI
cienyronmM o0pazom: «Mbl HaXOAWM, YTO DIIEKTPUUYECKHE TPAHC-
MOPTHBIE CPEICTBA, PabOTAIOIIMe Ha CYIIEeCTBYIOIICH eBpOICHCKOM
CTPYKTYpPE JIEKTPOCHAOKEHHUSI, 00ECIICUNBAIOT CHIKEHNE TIOTCHINA-
na ro6anpHOTOo TIoTeruieHus Ha 10-24% 1mo cpaBHEHHIO C OOBIYHBIMH
JU3EbHBIMH WIIM OCH3MHOBBIMH TPAHCIIOPTHBIME CPEACTBAMH, MPE.-
TTOJTAaTaIONTUMHU CPOK cTyKOBI 150 000 kM.

Tem He MeHee, 2JIEeKTPOMOOHIIH IEMOHCTPUPYIOT MOTEHIMAT 3Ha-
YUTETHHOTO YBEIHMUYEHHUS! TOKCHYHOCTH IS 9eJIOBEeKa, DKOTOKCHYHO-
CTH JIJIsl IPECHOM BOJIBI, 3BTPO(UKALINYN TPECHOM BOJIbI U BO3ACHCTBUS
WCTONICHUS METAIJIOB, YTO B 3HAYUTEBHOM CTETIEHH CBSI3aHO C [IEMO0Y-
KO TOCTABOK TPAHCIOPTHBIX CPEACTB. Pe3ynbTaThl 4yBCTBUTENBHBI K
MIPEITOIOKEHNSM 00 HCTOUHHUKE IEKTPOIHEPTUH, TIOTPEOICHNH YHEP-
THH Ha dTarle UCTI0Ib30BaHMsA, CPOKE CIIYKObI TPAHCIIOPTHOTO CPEICTBA
1 TpaduKax 3aMEHbI aKKyMYIISITOPa.

Llenpro maHHOM CTAaThU SABJISETCS M3Y4YEHHE OTHOCHUTEIIBHOTO HC-
MTOJIb30BaHMSI DHEPTHUH U BEIOPOCOB TTAPHHUKOBBIX TA30B AIIEKTPOMOOH-
JIeH TI0 CPaBHEHHIO C aBTOMOOWIISIMU C JBUTATEIIEM BHYTPEHHETO Cropa-
Hust. CpaBHEeHHE SHEPro3((PEeKTUBHOCTH, A TAKIKE CPABHEHHE BEIOPOCOB
MTAPHUKOBBIX Ta30B OBUIN MCIIOIH30BAHbI B KAYECTBE METO/IOB B JJAHHON
crarbe. CpaBHEHHMS SHEProdPPEKTUBHOCTH OCIOKHSIOTCS IPOTHBOPE-
YMBBIMU METOAAMH, NCTIONIB3YEMbIMH IS TIEPBUYHBIX HCTOYHHKOB JJIEK-
TPOIHEPTUH, TAKUX KaK THUJIPO, COIHEYHAas SHEPTHsl MITU SHEPTUs BETpa.

Bomnee Toro, B craThe yTBEp)KAAETCSA, YTO CPABHEHHUE DIIEKTPOMOOH-
JIell 1 TPaHCIOPTHBIX CPEJICTB C JIBUraTejeM BHYTPEHHETO CrOpaHus
HaMHOTO CIIO)KHEe, 9eM o0Ienpu3HanHo. HeornpeneneHHOCTH BO3HU-
KaloT Kak MpH UCTIO0JIb30BaHUN MTEPBUYHON SHEPIUH, TaK U IPU pacyeTe
BBIOPOCOB TTAPHUKOBBIX T'a30B.
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B nenom, nomkeH ObITh C/I€IaH BBIBOI O TOM, YTO BBITOJbI OT HC-
[I0JIb30BaHMs 3JIEKTPOMOOWIEH Ul SHEPTUU M MapHUKOBBIX I'a30B
MEHBIIIE, YeM OOBIYHO MPE/II0IaracTcsl.

Tonbko KorAa BO B3aMMOCBSI3aHHBIX SHEPTOCHCTEMAX MPeo0IalatoT
BO300HOBIISIEMbIEC HCTOUHUKH YHEPTUH, OyleT 0e301acHO 3asBISTH O
MIPEBOCXOJICTBE AIEKTPOMOOHIIEH.

B aT0ii cTaThe epecMaTpuBaeTCs CTEEHb, B KOTOPOU AIEKTPOMO-
Oomu MoryT 3(h(heKTUBHO pemniarh MPooIeMbl III00ATBHOTO U3MEHEHUS
KJIUMaTa ¥ MCTONICHHUS 3allacoB MCKOIIAeMOro TOIUTHBA. [10CKOIBKY
TONBKO 4,4% 3MeKTposHEeprun, NpousBeieHHoW B Mupe B 2013 rony,
OBL10 pom3BeicHO U3 HeTH [ 7], MeKTpoMOOHIIH O€30TOBOPOIHO MO-
T'YT IOMOYb OTCPOYMTH HACTYIJICHUE «ITHKa 100bran HeTr». Ho B ciie-
IOYIOLIMX TPEeX pasJiesiaX 3TOH CTaThbH YTBEPKIAETCs, YTO HEBO3MOYKHO
OZIHO3HAYHO CKa3aTh, IOMOKET JIM 3HAYUTEIILHBIN [IEPEX0]l Ha AIEKTPO-
MOOMJIM C3KOHOMHUTH SHEPIUIO WM IAPHUKOBBIE Ia3bl 110 CPABHEHUIO
C TIPOAOJDKEHUEM MCIOIb30BaHMsI OOBIYHBIX TPAHCIIOPTHBIX CPEICTB,
paboraromux Ha OEH3MHE WM AU3EJIbHOM TOIUINBE.

CpaBHenue 3Heprodg@exTHBHOCTH

CpaBHeHue 3Hepro3hPeKTHBHOCTH Pa3JIMYHBIX ABTOMOOUIICH C JIBHTa-
TeJIeM BHYTPEHHETO CrOPaHUsl JIETKO; HAPUMED, CPABHUTE YHCIIO TPAHC-
MOPTHBIX CPENICTB B KM ISl K&XKJIOTO TPAHCIIOPTHOTO CPEJICTBA HA JIUTP
ucronb3yeMoro oensuHa. Ho Jiist cpaBHEHUs SIEKTPOMOOUIIEi U aBTo-
MOOWJIEH C IBUTATeNIeM BHYTPEHHETO CrOpaHus OCH3UH U JIEKTPUIECTBO
JIOJDKHBI OBITh MEPEBE/ICHBI B TIEPBHYHBIC SHEPTETHUCCKIE TEPMUHBI — Ha-
TpUMep, chipast HeTh /1st aBTOMOOHIIEH ¢ JIBUTaTeIeM BHYTPEHHETO Cro-
paHMs ¥ yrojib AIs IPOU3BOICTBA AIEKTPOIHEPIUH Ha YTOIBHBIX AJIEKTPO-
cranusix. Ho BO3HUKaeT TPYHOCTB MPH MPeoOpa3oBaHNH IEKTPUUECTBA
B IIEPBUYHYIO SHEPIHIO IS PA3JIMYHBIX HEMCKOIIAEMBIX BH/IOB TOILIMBA.

Jliis IpoM3BOICTBA TEIUIOBOW YHEPTUU HA aTOMHBIX HIIH I'e0Tep-
MaJIbHBIX AJIEKTPOCTAHIUSIX TIEPBUYHASI SHEPTUS BCETIa PacCUNThIBA-
€TCsI HA OCHOBE TEIUIOBOI YHEPTHH, MCIOIB3yeMOU il BHIPaOOTKH
ANIEKTPOIHEPIHH, TAK K€ KaK Ha JNEKTPOCTAHLUAX, padOTaIOINX Ha
HCKOTIAeMOM TOTLITUBE.
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JJisi HEeTeIUIOBOrO BO30OHOBIISIEMOTO JJIEKTPUYECTBA, TAKOTO Kak
AIIEKTPUIECTBO, TIPOU3BOIMMOE THAPOIIEKTPOCTAHIIUSME WA BETPSI-
HBIMH TYpOMHAMH, Pa3HbIE OPraHbl BIACTH UCTIONB3YIOT pa3HbIe METOJIBI
npeoOpazoBanus [8]. MexayHapoIHOE YHEPTreTHIEeCKOe areHTCTBO [7]
npeoOpazyeT TUIPOIHEPTHI0, (POTOITEKTPHUCCKHE DIIEMEHTHI U DHEp-
THIO BeTpa B cooTHomeHnu 1:1. B ommmuaume ot atoro, BP npeotpasyer
THJPOAJIEKTPOIHEPTHIO B IEPBUUHYIO SHEPTUIO TAKHM ke 00pa3oM, Kak
W ISl SITICPHOM 3JIEKTPOIHEPTUU — Ha OCHOBE TEIJIOBOW YKBUBAJICHT-
HOM 2JICKTPOIHEPT U Ha TETUTOBOM AIIEKTPOCTAHITIH, TIpenmoaras 38%
3¢ deKkTHBHOCTH NpeoOpa30BaHusl Ha COBPEMEHHON TEIJIOBOM AMEKTPO-
ctanm» [9]. Otciona cremyeT, 4To mepBUYHast SHEPTrodPPEKTUBHOCTD,
paccurTaHHas Jis JaHHOTO 3JIEKTPOMOOIISL, OyACT CUITBHO Pa3iIMyaThCst
B 3aBUCHMOCTH OT UCTOYHHKA HEMCKOMIAeMOM YHEPTUH.

B sueprocucreme, ucnonb3yromieit 100% sinepHoit snepruu, 3¢-
(heKTUBHOCTPH OyJIeT TaKkoM ke, KaKk B IHEPTOCHCTEME, HCITONB3YIOIIeH
100% rugposneKTpoIHEPruu, €Ciau paccuuTaTs ee MetogoM BP, Ho
HaMHOTO HIDKE, €CJIH HCII0JIb30BaTh METOI MeX/TyHapOTHOTO SHEepre-
THYECKOTr0 areHTCTBa. [[OHSITHO, YTO 3TO HEYAOBIETBOPUTEILHBIN pe-
3yabTaT. DTO TaKKe JiefaeT pacyeTsl 3(h(HEeKTHBHOCTH UCTIOIH30BAHUS
SHEPTUU JBHUTaTesi BHYTPEHHETO CrOPaHUs AIEKTPUIESCKHMHU TPaHC-
MTOPTHBIMHU CPEJICTBAMH TPOU3BOJIBHBIMU TSI CETEH, UCTIONB3YIOLIIX
3HAYUTEIHHOE KOJMYECTBO IIEPBUYHOMN AIIEKTPOIHEPTHH U3 BO30OHOB-
JIIEMBIX UCTOYHUKOB dHeprud. [Ipodiema MOXKET ycyryOUThCS TOJb-
KO B TOM CIlydae, eciiid, Kak U 0XHJaJ0Ch, YHEPTHUs BETpa, THIAPO H,
0Cc00eHHO, (POTORTEKTPUUECKUX IIIEMEHTOB, OylieT obecneunBaTh Bce
OoJtee BEICOKHH TPOIIEHT MUPOBOTO 3JIEKTPUUYECTBA.

JHanbHelee ocI0KHEHNE BO3HUKACT, €CIIH €CTh HEOOXOANMOCTH B
HaKOTUICHNH SHeprud. |0t aTOMHOMN JIEKTPOIHEPTHH MTAAeT, U JTAXKe
MeskayHapoaHas acCOLMALMs 10 aTOMHON SHEPTUH HE IPOTHO3HUPYET,
YTO €e JIOJIA 3HAYUTEIIHPHO BO3PACTET, €CIu BooOIe yBenmuautcs [10].
XoTs Ha yJIaBJIMBaHUE M XpaHEHHE yIIIepoa B 3HAUUTEIbHOMN CTENeHN
BIIHSTEOT ClIeHApUH MeXIpaBUTEIhCTBEHHON TPYIIITHI SKCIIEPTOB TI0 H3-
MEHEHUIO KJIMMaTa Ha CMSTYeHUE MOCIEICTBII N3MEHEHUsI KITUMaTa,
9TO B 3HAUUTEJILHOW CTETNEHU HeJloKa3aHHas TexHosorus [11], u kpo-
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Me TOTO, UMEET BBICOKHE SHEpreTHUecKre 3aTparsl [12] u AyuTenbHble
CPOKH peai3allim.

Ortctonia cieyert, 4To BO30OHOBIISIEMbIE HCTOYHUKH SHEPTUH JIOJKHBI
Oy/IyT UTpaTh IIIABHYIO POJIb B JIOITOCPOYHOM CMSATUSHUH TTOCIIEICTBAN
m3MeHeHus kinumara [13]. Tem He MeHee, BO30OHOBIISIEMbIC UCTOYHHKHU
SHEPTUH C HAHOOIIBIIINM TIOTEHIIHAIOM, BETPSIHOE U COTHEYHOE MIIEKTPH-
4ecTBO [14], ABISIOTCS MPEPHIBUCTHIMU UCTOYHUKAMU, U TTIO3TOMY I10-
TpeOyeTcst HeKoTopas (hopMa HAKOTUICHUSI SHEPTHH, €CITH AIEKTPOCHA0-
JKeHHe Oy/IeT TIOCTOSIHHO COOTBETCTBOBATh cripocy. B HacTosiiee Bpemst
MIPOMU3BOJICTBO IEKTPOIHEPIHU U3 ITUX HCTOUYHUKOB JJOCTATOUHO MaJIo
[9], 9TOOBI aCCHMHUIIMPOBATHCS B CYIIECTBYIOIINE CETH (T/I€ TIOUTH BCS
SHEPIHs MOCTYMAET OT UCKOMIAeMOT'0 TOIUINBA, THAPOAIEKTPOCTAHLIUH 1
aTOMHBIX CTaHIINI ), HO 3TO MPHUIAETCS N3MEHUTb.

AKKyMyJIMPOBaHUE SHEPTUH, BO3MOXKHO, C UCIIOJIb30BAHHEM YHEPIo-
HOCHUTEJNEH, TaKiX KaK BOIOPO/ MITM METaHOJ, 3HAYUTEIHHO CHHU3UT YH-
CTYIO JIEKTPOIHEPIUIO, TOCTYIIHYIO U3 JAHHOU BaJlOBOM SHEPrUM BETpa
Y COJTHEYHOH sHepruu. TakrM 00pa3oM, 3aTpaThl Ha IEPBUIHYTO SHEPTHIO
JUTSI 2IEKTPOMOOMITEH, paboTalONIMX OT TAKUX HCTOYHHUKOB, Oy/IyT PacTu.
OnuH U3 Ipe/I0KEHHBIX CIIOCOO0B YMEHBIIUTH IIOTPEOHOCTH B aKKyMYy-
JIMPOBAHUH SHEPTUU KOMMYHATbHBIMH TPESIITPUSTHSIMH UIJTH XKUAJTBIMH JI0-
MaMH — 3TO HCIOJIb30BaTh «TPAHCIIOPTHOE CPEJICTBO B ceTh». | Ipu ucrons-
30BaHUH TPAHCIIOPTHOTO CPEJICTBA JISl XPAHCHHS B CETH AJICKTPHICCKHE
TPaHCTIOPTHBIE CPEJCTBA OYIyT IOIKITIOYEHBI K 3JIEKTPUICCKON CETH H
OyIlyT HaKaITMBaTh SHEPIHIO B CBOMX aKKyMYJISITOPHBIX Oarapesix U Impo-
JIaBaTh TaKyrH HAKOIUICHHYIO DJIEKTPOIHEPTHIO B CETh, KOIJIa CIPOC Ha
AIIEKTPOIHEPTHIO TIPEBBIIIACT TeHEPUPYyEMOe TipeIokeHue [15].

Ho Takoii moaxoz OyzieT IpoTHBOPEUUTD PEIOKEHHIO O ITHPOKOM
COBMECTHOM HCTIOJIb30BaHUH aBTOMOOMJIEH, 9TO 3HAYUTEITHHO COKPATHUT
KOJIMYECTBO NPHHAICKAIINX aBTOMOOMIIeH. B HacTosiee Bpems aBTo-
MOOWMIT HaXOAATCS B Iy TH TOIBKO 4—5% Bpement [3]. Hemuzbexno, 9To
COBMECTHO HCIIOJIb3yeMbIe TPAHCIIOPTHBIE CPEJICTBA TEIeph OyIyT MC-
TTOJTE30BAThCS 00JIC€ HHTCHCUBHO (TO €CTh IPOE3KATh OOJIBIIE KM B TOJ),
TaK YTO BpPeMsI MX MAPKOBKH Takke OyaeT cokpamieHo. Takum o0pazom,
BO3MO)KHOCTH JIJTS1 THEBHOMW 3aps/IKHA M XpaHEHHSI SHEPTUH B CETH OyIryT
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yMmenblIeHbl. [loTpeOyercst 3apsiika Gatapeii B HOUHOE BpeMsl, HO, €CIH
COJIHEYHAsl SHEPIHs CTAHET IOMUHUPYIOLM HCTOYHUKOM SHEPTHH B Oy-
JIYIIeM, B HOYHOE BpeMsi HEOOXOIUMO, YTOOBI CETh ITOTPEOIsIa SHEPT U0
OT aKKyMYJISITOPOB aBTOMOOMJIS, @ HE TIOCTaBIIsUIA €e.

CpaBHeHue BbIOPOCOB IAPHUKOBBIX ra30B

[TpoOnembl, BEISIBICHHO B IPEABIIYIIEM pa3zere, MOXKHO U30exkKaTh,
€CIIM CPaBHUBAaTh AaBTOMOOWIIb C JABUTATeNIeM BHYTPEHHETO CrOpaHUs U
31eKTpOoMOOWITL Ha ocHOBe CO, nitH, B Gostee 00IIEM CMBICTIE, BBIOPOCOB
TIAPHUKOBBIX Ia30B, 00BIMHO BhIpakaeMbIX B okBuBaieHTe CO, (CO,-9KB.).
Ho 3arem Bo3HMKaeT HOBast polIiemMa: IOYTH BO BCEX OIMYOIMKOBAHHBIX
CPaBHEHUSX, HE CBS3aHHBIX C MCKONAEMBIM TOIIMBOM, 3JIEKTPHUYECCTBO
(BO300HOBIISIEMbIC HICTOYHUKHN SHEPTUU U aTOMHASI SHEPTHS) MPEATIoNia-
raeTcsl, 4TO 3TH UCTOUYHUKH FTEHEPUPYIOT HyJIEBbIE BEIOPOCH! HAPHUKOBBIX
r'a30B, YTO OHU SIBISIFOTCS «HYJIEBHIMU UCTOUHUKAMH YIIIEPOIIY.

Ho 510 nanexo He Tak. XOTs 3TO MpaBia, YTO 3TH UCTOYHUKHU Ha-
MPSIMYO TCHEPUPYIOT HE3HAYUTENIbHBIC TTAPHUKOBBIC T'a3bl, 9TO HE OT-
HOCHTCS K UX KOCBEHHBIM BBIOpOCaM.

I'unposnexTposHeprus ABISCTCS KPYINHEHIINM HUCTOUHUKOM 3JIEK-
TPOIHEPTUU U3 BO30OHOBISIEMBIX HCTOUYHUKOB DHEPTUH, U OONbIIAs
YacTh OCTAOLIEr0Csl HEUCIIOIb30BAHHOTO IOTEHIMAIA HAXOIUTCS B TPO-
mUyueckux pernonax Adpuxw, Jlarnackoit Amepuku u Asuu [11, 16].

Ecnu BonoxpaHuiuia 3a TPONUYECKUMHU 1aMOaMu colepkaT pas-
JIaraloluecs: pacTUTEIbHBIE BellecTBa (HalmpuMep, 3TO MPOUCXO/IHT,
€CJIN JIEC TIOTPY>KEH), MOTYT IIPOM30HTH 3HAUUTEIbHBIC BEIOPOCHI KaK
CO,, Tak u merana (CH,). CO, BO3HHKAET B pe3yybTaTe adpoOHOro
pacnazna; CH,, MOIIHBIM MapHUKOBBIM ra3, OT aHa3POOHOTO pacmaa.
B nepBble roapl 3KCITyaTalu BEIOPOCkl B dkBHBajieHTe CO, MOryT
KOHKYPHUPOBAaTh ¢ BEIOPOCAMH Ha JIEKTPOCTAHLUSX, pAaOOTAIOLINX HA
MPUPOHOM Ta3e, C OJMHAKOBOH BBIPAOOTKOM AnekTposnepruu [17].
I'eorepmanbHble PACTEHUS TAK)KE MOTYT BBIIENATH APHUKOBBIE Ia3bl
[11]. B oboux ciyyasix BaXKHO BBIYECTh 0a30BbIC BBIOPOCHI (BBIOPOCHI
710 CTPOUTETBCTBA EKTPOCTAHLINH ), YTOOBI IIOJIyYHTh OOJIee CIipaBel-
JIMBYIO KAPTHHY BHIOPOCOB.
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Uro kacaercst Apyrux BO30OHOBIISIEMBIX HCTOYHHKOB YHEPTUH, BbI-
OpOoChl NApHUKOBBIX TA30B BO3HHUKAIOT B PE3yJbTaTe 3aTpaT Ha CTPO-
WUTEIbCTBO BO30OHOBISEMBIX UCTOYHUKOB SHEPIMM WJIH, B Clydae
OMo3HEpruM, 1715 BhIpaluBaHus onomaccsl. I1ockobKy Ha HCKomae-
MO€ TOIUIMBO MO-TIPEKHEMY TIpuxoauTcs 86,3% Bcelt KoMMepUIeCcKoi
sHepru# [9], OombIas 4acTh YJHEPTUH, 3aTPAdyNBAEMON Ha CO3/IaHUE U
00CITy’)KMUBaHUE YCTPONCTB BO30OHOBIIIEMOM YHEPTHH, BCE €IIC MPO-
M3BOJMTCS U3 UCKOIAEMOT'0 TOILIMBA. 3HAYUTEIbHBIC MOCTYIIICHUS
A30THBIX yAOOpeHUH OymayT HEOOXOMUMEBI IS TIOBBIIMICHUS TOJOBOTO
ypoXas ¢ rekrapa Ono3HEeprur, 0COOCHHO HAa MaprHHAIBHBIX [TOYBAX,
KOTOpBIE OCTAHYTCS TOCIE YIOBIETBOPEHUS ITOOATBHBIX MOTPEOHO-
cTell B IPOAOBOJIBLCTBUH U KieTdaTke. Ho ynoOpenust nponusBoasT 3a-
KuCh a30Ta (N,O), MOLIHBIN U TOITOKKUBYIIMN NAPHUKOBBIN ra3 [18].

Kpytuen u ap [19] naxe cnopro yreepskaai, 4ro u3-3a N,O ocBo-
OOXKICHUS U3 OIJIOIOTBOPEHHBIX MTOYB, TOTUIMBO U3 OMOMACChl MOXKET
IPOU3BOJMTH aHAJIOTHYHbIE M faxke Oosiee Beicokue yposHu CO,-5KkB
YeM HMCKOTaeMOe TOIUTMBO. MOXKHO TMOIyMaTh, U4TO JUIS TaKOW CTpa-
Hbl, Kak Hopserus, roe moutu 100% snexTpo’Hepruu BelpadaThIBa-
€TCsl Ha THAPOIIEKTPOCTAHIINAX, 3aMEHA CYIIECTBYIOIINX JOPOKHBIX
TPaHCIIOPTHBIX CPEJCTB, paboTaromuX Ha HE(TSIHOM TOIUTUBE, Ha DJICK-
TPOMOOMIIM IPUBEIET K 3HAUUTEIHHOMY COKPAILEHNIO TPAHCIOPTHBIX
MapPHUKOBBIX I'a30B.

Ho cnenyer nomuuts, uto HopBerus sBiseTcst 4acTbro OoJiee Iupo-
KO €BPOIEUCKOM CETU U AKCIIOPTUPYET U3JIUILKU THAPOIIEKTPOSHEPIUH
B Jipyrue crpaHbl. BeposTHo, uto uem Oonbiue ruaposHepruu Hopserus
MOTpeOIsIeT, TeM OOJbIIE AIEKTPOIHEPIUU HYKHO OyneT BbIpabaThiBaTh
13 UCKOIIaeMOT0 TOIUIMBA B APYTHX YACTSIX EBPOIEHCKOM SHEPrOCHUCTEMBI,
YTOOBI 3AMEHNUTH HOPBEKCKHUI THIPOIHEPTETUUECKUIA UMIIOPT.

IHoGouHnbIe 3 PeKThI A5 JIeKTPOMOOUIei

Jlo HacTOsIIIET0 BpEMEHN CPaBHEHHUS] OCHOBBIBAIMCH HA COIIOCTAB-
JICHUH WCTIOJIb30BAHUS IEPBUYHON SHEPTHH H BBIOPOCOB MAPHUKOBBIX
ra3oB Ha TPAHCIIOPTHOE CPEACTBO-KM JUIsl JIEKTPOMOOMIIEH U aBTOMO-
Ouneil ¢ qBUTaTeNeM BHYTPEHHETO CTOPaHMSL.
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OjiHaKo Takue CpaBHEHUs HE OylyT JCHCTBHUTEIBHBI, €CIH MTPOU-
30y T nobounbIe 3G dexTrl. [lonoxuTensHoe pacpocTpaHeHue TIPo-
WCXOJIHT, €CJIU ‘TIPOJIBMIKEHUE OTHOTO MPO-3KOJIOTHUECKOTO MOBEICHHS
MTOBBIIIAET BEPOSTHOCTH TOTO, YTO JIFOJIM IPUMYT APYTOE MPOIKOITIOTH-
yeckoe noseaenue [20]. OrpunarenbHblid BTOpUIHbINA 3 dekT Bo3HU-
KaeT, KoT/a BBEJICHUE OTPEICTICHHOTO IPOIKOIOTHIECKOTO TIOBEICHUS
(Taxoro kak nmepepadoTKa OTXOJ0B) MPUBOJUT K CHIKEHHIO TPUHATHUS
JIPYTUX MPOIKOJIOTHYECKHUX MMOBEICHUH OTJIeNbHBIMY JuiiamMu. Hera-
THUBHBIE TI000YHBIC 3PPEKTHI CBA3AHBI C APYTUMH TTOHATHSIMH, TAKUMH
KaK «?HEPreTUYECKHUM OTCKOK» U «MOpalbHOE JTULeH3upoBanue» [21].

Krnexnep u ap. [22] cnennanbHO rccenoBany Takue 3G dexTor ams
anekrpomoOwmiiel B Hopseruu. DiiekTpoMoOMIIA XOPOIIIO ITPOJIAIOTCS B
Hopseruu, yuutsiBasi, 9To pa3nndHble HAIOTH HA TPAHCTIOPTHBIE CPE-
CTBa CHUYKEHBI MJIM OTMEHEHBI, a TAKIKE JIOPOXKHBIE COOPBI 1 CTOUMOCTh
napkoBky. OHU 0OHAPYKUIIH, YTO, ECITH B JOMOXO3SHCTBAX €CTh TOb-
KO 3JICKTPOMOOUIIb, OHU €3/I5IT HA HEM MEHBIIIE, UeM BJ1aJIeNIbIIbl OObIY-
HBIX aBTOMOOMIIeH. OHAKO OONBITMHCTBO MOKYITOK 3JIEKTPOMOOHITCH
B JIOMAIITHUX XO3SHCTBaX SIBJISFOTCS JTOTIOJIHEHUEM K aBTOIAPKY, a He
3aMEHOM TPaHCIIOPTHBIX CPEJICTB.

OTH TOMOXO035CTBa, BIACIONINE dJICKTPOMOOWIISIMH, €3/IWIIN Ha
CBOMX AJIEKTPOMOOMIISIX OOJIBIIIE, 4EM OXKUAANIOCH, CKOPEe BCeTo M3-3a
CyOCHIUH, yoKe YIIOMSHYTBIX JUIS JJIEKTPOMOOHIICH.

CrnenoBarenbHO, OTpUIIATETBHBINH TOOOYHBIH 3(h(EKT, To-BUIMO-
My, pabOTaeT, 4TO CTaBUT I10]] COMHEHHE NPSIMOE CPAaBHEHUE SHEPTHU
uin CO,-5KB Ha TPAHCTIOPTHOE CPEICTBO-KM ISl SIEKTPOMOOHIIEH 1
ABTOMOOMIICH C IBUTATEIIEM BHYTPEHHETO CTOPaHUSL.

O0cy:x1eHue U BIBOAbI

DrekTpuYecKre TPAHCIIOPTHBIE CPEICTBA, O3yCIOBHO, TIPEBOCXO-
JAT TPaHCIIOPTHBIC CPEACTBA C ABUTAaTCIIEM BHYTPCHHETO CrOpaHus 1o
CHIYKEHUIO MCITOJIh30BAHMUS TPAHCIIOPTHOTO TOTUTUBA U JIOKAILHOTO 3a-
TpA3HCHUA BO3AYyXa. y‘-II/ITI)IBaSI, YTO 3aTpaThbl HA SJICKTPOSHEPIUIO TaK-
K€ HAMHOTO HWKE 3aTpar Ha OCH3WH Ha TPAHCIIOPTHOE CPENICTBO-KM,
ANEKTPOMOOMIIN TaKke OyIyT IMETh OoJiee HU3KHE IKCILTyaTallHOHHbIC
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pacxojsl, ocobeHHo B EBporie, ¢ BBICOKMMU pacxoaMu Ha TOIIJIMBO Ha
ocHoBe He(pTH [7]. DneKTpuyecKre CeTH MOTYT (M OOBIYHO paboTaroT)
Ha pa3IMYHbIX BUJaX TOTUTUBA, YTO 00JIEr4aeT Mmepexo] K IEeKTPOMO-
OnIIsIM, pabOTAIOLIMM Ha MOJTHOCTHIO HEHCKOIIAeMOM 3IEKTPUYECTBE.

Kax 1 oxxuzanocse, B mureparype HeT COMHEHHI OTHOCUTEINBHO ITpe-
HMYILECTB 3IEKTPOMOOMIIeH B OTHOLIEHUN TIEPBUYHOI SHEPrUH U Iap-
HUKOBBIX Ta30B. Ecim HEoOXOAMM KHIIOMETpaXK, COOTBETCTBYIOIIHIA
TPAHCIIOPTHBIM CPEACTBAM C JBHUraTelieM BHYTPEHHETO CTOPaHMs, TO
YBEIMUYCHUE MACChl aKKyMYIISITOpa MPUBEJET K CHIKEHHIO SHEProd Q-
(DEeKTUBHOCTH SIEKTPOMOOHIISI M YBEJIIMUCHUIO BEIOPOCOB MAPHUKOBBIX
ra3oB. BIOpOCH MapHUKOBBIX Ta30B TaKXkKe OyIyT 3aBHUCETH OT COCTaBa
TOIUTMBA, UCIIOJIB3YEMOTro JUIsl SHeprocHaokeHus cetu. CpaBHEHHUS Kak
SHEPI'UH, TaK U IAPHUKOBBIX TA30B TAKKE OYIyT 3aBHCETh OT IIPEAIIOIa-
raeMoro CpOKa CITyObI TPAHCIIOPTHOTO CPEACTBA-KM H LIUKJIA BOYKICHUS.

B 37011 cTarbe ObUTH MOTHATHI HEKOTOPBIE APYI'HE BONPOCHI, KOTO-
pbie OOBIYHO HE PacCMaTPHUBAIOTCSl BO MHOTHX HCCIEAOBAHUSIX, MO-
CBSILIEHHBIX U3YyYCHHIO OTHOCHTEJIBHOTO MCIIOJIb30BaHUS SHEPTUU U
BBIOPOCOB MAapHUKOBBIX T'a30B ANEKTPOMOOWIICH IO CPAaBHEHHIO C aB-
TOMOOHJISIMU C JIBUTaTEJIeM BHYTPEHHETO CTOPaHuUsI.

Bo-niepBbIx, cpaBHEHHs 3HEProdP(HEKTUBHOCTH OCIOKHSIOTCS IPOTH-
BOPEUMBBIMU METOJAMH, UCIIOJIB3YEMBIMU ISl IIEPBUYHBIX NCTOYHHKOB
ANEKTPOIHEPT UM, TAKNX KaK T'HAPO, COTHEYHAST SHEPTHs MITH SHEPTHS Be-
Tpa. O1a mpobiemMa MOXKET cTaTh 0ojee Cepbe3HON TOJIBKO B TOM CITydae,
€CITH SHEPTHS BETPa U COTHEUHAst SHEPTUs OyayT JOMHUHUPOBATH B OyIy-
ILIEM SHEProcHa0KEHNH. 3aTparsl SHEPIUU Ha XpaHEHHE STHX NPEPbIBU-
CTBIX HICTOYHUKOB DHEPTUH SIBIISIFOTCS IOTIOTHUTEIBHBIM OCIIOKHEHHEM.

Bo-BTOpBIX, 17151 cpaBHEHHS TAPHUKOBBIX I'a30B MPSIMbIE BHIOPOCHI
HEKOTOPBIX BO30OHOBIISIEMbIX MCTOYHUKOB YHEPTUHU JOOABIAIOT €lle
OIMH UCTOYHMK HeomnpeneneHHocTH. Kpome Toro, eciu Gosnee mupo-
KO€ HMCTIOIB30BaHNE DIICKTPOMOOMIICH B 60raToil BO30OHOBISIEMBIMHE
HCTOYHHKaMH SHEPTHH CTpaHe, Takol kak HopBerus, mpuBOIMT K CHU-
KEHHUIO SKCIIOPTa IEKTPOIHEPIHU U3 BO30OHOBIISIEMBIX HCTOYHUKOB
SHEPTUH, TO O0IECHCTEMHBIC BBITOJIBI OT UCTIONB30BAHMSI TAPHUKOBBIX
ra3oB IS BJIEKTPOMOOUIIEH TOIKHBI ObITH COOTBETCTBEHHO CHYKECHBI.
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B-TpCTI)I/IX, HOBasd, NO-BUAUMOMY, «3€CJICHAA» TCXHOJIOTUA, TaKasi
KaK 2JIeKTPOMOOMITH, co3aaeT mododHbie Y(H(PEKTHI, 4To erne OOobIIe
YCIIOXKHSIET CpaBHeHHE. B 11e510M, TOJKEH OBITh C/IeJIaH BBIBOJ] O TOM,
YTO BBITONIBI OT UCTIONH30BaHUS DJIEKTPOMOOHIIEH IS SHEPTHH U TIap-
HUKOBBIX Ta30B MEHBIIIE, UeM OOBIYHO MpenoaaraeTcs. Tombko Koraa
BO B3aMMOCBSI3aHHBIX YHEProCHCTEMaX MPeoOIaaaroT BO30OHOBIIsIE-
MbIC HCTOYHUKU SHEPTHH, OyIeT 0€3011aCHO 3asIBIISIThH O IPEBOCXOJICTBE
AIIEKTPOMOOHITEH.
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NEPCIEKTUBBI PA3BUTHSI ABTOMOBWJIEN
C TMBPUJIHOM CUJIOBOM YCTAHOBKOM

Cuoopoe M.B., 3ap Hu Jlun, Yuscesckuii K.B.,
Cemenos M.A., Cuoopos B.H.

Paboma noceswena sonpocy pazeumusi u KOMNOHOBKe agmomoousel
€ 2UOPUOHOTL CUNOBOLL YCIMAHOBKOIL. B nacmosiwee epems nabnrooaemcs
SHAUUMETbHBI POCH UX UCHOAb30BAHUSL, KOMOPbILL 000CHOBLIBAECTCSL
BbICOKUMU IKOHOMUYECKUMU U IKOLOSUHECKUMU NOKA3AMeNamMU. IKo-
Jlo2udecKue nokazamenu 00Cmuearomest nNymem CHUdICEHUueM 8blopocos
ompabomasuiux 2azo8 3a ciem npumMeHeHus npeoopa308anHol U Ha-
KONJIeHHOU 971eKMpUuieckou dHepau. IKoHoMu4ecKue nokazamenu 0o-
CMU2arOmMes nymem pekynepayui KUHeMuyeckoll 3HepeuL, mem camvim
nogvluas MOnIAUsHyI0 dpexmuernocms. Ilpu axmusHom pazeumuu as-
momobunel ¢ 2uOPUOHOL CULOBOU YCIMAHOBKOM, 8 MOM YUCLe HA mep-
pumopuu Poccuu, mpebyemcsi cozoanue 0ONOIHUMEIbHbIX YCA08UU 015
obecneuenus Ux MmexHUuecKu UCNPAsHO20 COCMOSIHUAL.

Ilenv — onpedenenue payuoHaIbHLIX cxeM KOMIOHOBKU cUOPUOHOU
CUNIOBOUL YCMAHOBKUL.

Memoo unu memooonozus npoedeHus padomol: @ Cmamve UCHONb-
308aHbl MEMOObl AHAIUZA TUNEPATHYPHBIX UCTHOYHUKOS.

Pe3ynomamul: 6vifsieHa NepCcneKmuHas KOMNOHOBKA cUOPUOHOLL
CUNOBOU YCMAHOBKU Ot ABMOMOOUJIL.

Obnacmb npumenenus pe3yibmamos: noiyyeHHble pe3yibmanmol
4enecooopasHoO NPUMEHAMb 015 NOGLIUUEHUSL MONTUGHAS IKOHOMUY-
HOCMU a8momModUell U CHUMCEeHUs MOKCUYHOCMU 8b10p0C08 0mpabo-
maguux 2a3o8.

Knrouesnie cnosa: 2ubpuonas cunosas ycmaHo8kd, 2uOPUOHbLIL a8-
MOMOOUIIL, NIEKMPOMOMOp,; 08U2ameib 8HYMpPEHHe20 C2OPAHUsL, MA20-
8as AKKYMYISIMOPHAs bamapesi, peKynepayust, moniueHas IKOHOMUY-
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HOCMb; MOKCUYHOCMb 8b10POCOE OMPAOOMABUIUX 2A308, MEXHUUECKOe
obcmyicusanue; peMonm.

FUTURE DEVELOPMENT OF CARS
WITH HYBRID POWER INSTALLATION

Sidorov M.V., Zar Ni Lin, Chijevsky K. V.,
Semenov M.A., Sidorov V.N.

The work is devoted to the development of cars with hybrid power plant.
There is now a significant increase in their use, justified by high econom-
ic and environmental indicators. Environmental - reduction of exhaust
gas emissions due to use of converted and accumulated electric energy.
Economic indicators are achieved by recovery of kinetic energy, thereby
increasing fuel efficiency. With the active development of cars with hybrid
power plant, including on the territory of Russia, it is necessary to create
conditions to ensure their technically serviceable condition.

Objective — determination of rational layout schemes of hybrid power
plant.

Method or methodology of work: the article uses methods of anal-
ysis of literary sources.

Results: a promising arrangement of hybrid power plant for the
car has been revealed.

Field of application: the results obtained are useful for improving
the fuel efficiency of automobiles and reducing the toxicity of exhaust
gas emissions.

Keywords: hybrid power plant,; hybrid car; electric motor, internal
combustion engine; traction battery; recuperation, fuel economy, tox-
icity of exhaust gas emissions; maintenance, repair.

B cooterctBum co «Crparerneii pa3BuTHs aBTOMOOWIBHON MPO-
MbImuIeHHOCTH Poccuiickoit ®eneparnnu Ha nepuon 10 2025 T» u
«TpancnoprHoii crparerun Poccuiickoit deneparyn Ha nepuof 1o 2030
ronay [3, 4] omHUM W3 PUOPUTETHBIX HAIPABICHUH WHHOBAITMOHHOTO
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pa3Butus aBToMoOMIecTpoeHus B Poccuiickoii defiepariiuu B COOTBET-
CTBHY C MUPOBBIMH TEH/ICHITUSIMU SIBIISTIOTCS MOBBIIIIEHNE SHEPTOdPPeK-
TUBHOCTH ¥ KOJIOTUYHOCTH aBTOMOOMIIECH, COOTBETCTBHE NX KOHCTPYK-
U TPeOOBAHHUAM TEXHUYECKHUX PETIIAMEHTOB H JAPYTHX HOPMATHBHBIX
JOKYMEHTOB, a TaKKe TEXHOJOTHU DICKTPU(PHUKALIUKN TPAHCTIOPTHBIX
CpencTB (AIEKTPOMOOWIH, THOPUIBI). KpUTHUeCKMME TeXHOIIOTHYe-
CKHMH OTIepaIUsIMU MPU TIPOU3BOJICTBE aBTOMOOWMIICH SIBIISIFOTCSI TIPOH3-
BOJICTBO CHCTEM YITPABJICHUS M JJUaTHOCTHKH JBHUTATEIIs, HAKOITUTEIeH
ANEKTpodHEprin. B cdepe pa3BuTHs HOBBIX TPOIYKTOB MpeIIoiaraeTcs
MPUMEHEHHE MEXaHW3Ma KOHCOpLMyMa B 001acTu aBToMoOuIecTpoe-
HUS1, KOTOPBIH MPeCcTaBiIsIeT co00il BpeMeHHOe 00bEINHEHNE OPTaHOB
BJIACTH, OPraHU3aLlUi IPOU3BOJUTENCH aBTOMOOMIIEH M KOMIOHEHTOB,
HayYHO-HCCIIEIOBATENLCKIX M OOIIECTBEHHBIX OPTaHM3aIINiA, BBITTOTHS-
OIINX COBMECTHBIE HAyYHO-HCCIIEOBATENBCKHIE, OIBITHO-KOHCTPYKTOP-
CKHe, HH)KEHEpHBIE W TIPOU3BOJICTBEHHBIE Pa0OTHI, HApaBIEHHBIE HA
CO3/IaHME M PEAIM3aLUI0 BHICOKOTEXHOJIOTMYHON MPOIYKIIUH, BKITIOYa-
TOIIeH, B TOM YHCIIe, pa3BUTHE THOPHUIAHBIX aBTOMOOMIEH [3—8].

ABTOMOOMIIH ¢ THOpUIHOM critoBOM ycTaHoBko# (I'CY) otnnyarot-
Csl OT TPAIUITMOHHBIX, HaTuuneM AByX neurareneit (IBC u snextpu-
4ecKoro). B HacTositiee BpeMst CyIecTBYIOT CIIEAYIOINE KOMITOHOBKH
I'CY, xoTopble MOKHO pa3/eluTh Ha TPHU MPUHIUIHAIBFHO OTINYA0-
muecs cxemsl [1, 10]:

— mnocnenosarenbHyo (Plug-in Hybrid);

— mnapamienshyto (Mild Hybrid);

— mnocnenosarenbHo-napamuiensuyo (Full Hybrid).

IMocaenoBarenbHas cxema I'CY

OTIMIUTETLHON 0COOEHHOCTHRIO ITOCIEN0BATEILHON CXEMBI SIBIISIET-
csl oTcyTcTBHE Mexanuueckon cpsizu [IBC u Begymux Kojiaéc aBTOMO-
ows (puc. 1). B atom cirygae JIBC, paboTast Ha ITOCTOSTHHOM PEKHUME
MHUHHUMAJIHOTO YIEIBHOTO pacxoja, BpalaeT TOJILKO POTOP ICKTPU-
YECKOIo TeHepaTopa, Kak MpaBuiio, IEPeMEHHOTo ToKa. B mpuBojie Be-
QyIIUX KOJEC YCTAHOBIEH AIIEKTPOMOTOP, KOTOPBIM COCIUHEH C Ha-
KOIUTEISIMU DJIEKTPUUECKOM dHEepruu. Tak Kak HaKaruiuBaTh MOXHO
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TOJIBKO 3JICKTPOSHEPIHUIO MMOCTOSIHHOI'O TOKA, MCXKAY HUMHU yCTaHaB-
JIUBaeTCs Mpeodpa3oBareb (HHBEPTOP ).

Mexaquyerkas Hepeus  eKmpuYeKan Hepzus
- ol it

) EKMPOMOmop
fenepamap
Bediiyue koneca
Horuxaowyas
nepedas

Puc. 1. ITocaenoBarenpHas cxema KDY

B 3aBucumocTu ot pexxuma padotsl [IBC u ycinoBuil 10poKHOTO
JBIDKEHUS, DIEKTPUIECKIH TOK, BEIPAOATHIBAEMBII T€HEPATOPOM, MO-
KET TI0JIaBaThCs TOJIBKO Ha ANIEKTPOMOTOP, pabOTAOIIHI B 9TOM Cllydyae
B PEXKHUME 3JEKTPOABUIATENS, UM TOJIBKO B HAKOIMTEIb YHEPTUH, A
MOKET OJTHOBpEMEHHO B 00a 3T ycTpoiicTsa. [Tpu 3ameieHnn TpaHc-
MTOPTHOTO CPEZICTBA AIIEKTPOMOTOpP pabOTaeT B pexuMe reHeparopa,
oOecrieunBasi peKyrneparo KHHETHISCKOR-3Hepruu aproMoousist [ 1].

JloCTOMHCTBAMU MOCJIEIOBATEIbHON CXEMBI SIBISIFOTCSI BO3MOXK-
HOCTh pa®oTsl /IBC Ha pexxnMe MUHHUMAJIbHBIX YIENbHBIX PAacXOJ0B
TOIUIMBA WU JAAKE MPU MOCTOSIHHOW YaCTOTE BPAILCHUS KOJIEHYaTOTrO
Baja, 0ECCTyNeHYaToro N3MEHEHHUE TIePEIaTOIHOTO YICIa TPAHCMHUC-
CHH U €€ 3HaUUTENbHOE yIpolieHue. HenocraTkaMu sBISIOTCS: MaIblid
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KITJI cucremsr nepemaun suepruu ot JABC 10 Bemymux Komiec; 3apsaka
OT aKKyMYIISITOPHBIX Oarapeil W JBIKEHHE aBTOMOOWIIS MIPOUCXOIUT
TOJIBKO B peKrUMe OCTOsIHHOM pabotsl JIBC.

Mapanaeasnas cxema 'CY

[Tpu mapamnensroii cxeme I'CY (puc. 2) JIBC nmeet MexaHHIECKYIO
CBSI3b C BeAylIMMU Konécamu. Ha aBromoOuiie, B oTiMuue OT TMocie-
JIOBATEIILHOM CXEMBI, YCTAHOBJIEH TOJIBKO OJUH 31ekTpoMoTop. IBC u
ANIEKTPOMOTOP MOTYT paboTaTh HAa TPAHCMHUCCHUIO aBTOMOOHIIS KaK pas-
JeTbHO, Tak U coBMecTHO. JIBC uepe3 TpaHCMHCCHIO OTHAET SHEPTHIO
BEJIyIMM KOJIEcaM aBTOMOOMIISI M TIPH U30BITKE €0 SHEPIHU MOYXKET Ye-
pe3 AIEKTPOMOTOP, PabOTAIOIINI B 3TOM Cllydae B peKHME reHepaTopa,
nuTarh Hakonurens [ 1]. [Ipu Henocrarke sneprum JIBC nist aBrokeHns
ABTOMOOMJISI IOTIOJIHUTEIIBbHAS SHEPIHsl K BEAYILIM KoJiecaM IMOABOAUTCS
OT JNIEKTPOMOTOPA, PaOOTAIOLIETO B PEKUME JIEKTPOABUTATEIIS.

MexaHuseckan HEp2Us  NeKMpUYeCKan Hepeus
—— ——

—

e Kopodka nepedad *

Fnexmporoma,
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Bediue koneca
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Puc. 2. [TapamtensHas cxema ['CY
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JloCTOMHCTBOM TIApaJUIeNIbHOM CXeMBI siBiIsieTCs Oosiee Bhicokuii KITJ]
riepeiadn SHeprun ot nepsudHoro neurarens (JIBC) x Bemymmm kore-
caM B CPaBHEHHH C MOCJICAOBATEILHOM 1 BOZMOKHOCThH IPUMEHEHUS O
HOU AIIEKTPOMAIIHHBI BMeCTO JBYX [ 1]. HemocTarkamu sBisitoTCst 00513a-
TEJILHOE YCIIOKHEHHUE TPAHCMHUCCHH (TaK KaK HY>KHO 00€CIICUHTh TIO/IBOJT
KPYTAIIET0 MOMEHTA KaK OT/EIHHO OT 3JIEKTPOMOTOPA, TaK U OTAEIHEHO
ot /IBC) u ycnoxxHeHne cucteMsl yrpasieHus TpancMuccreit u [IBC.

MocnenoBarenbHO-napaieabHas cxema 'CY

[locnenoBarenpHO-NIapasIebHas CXeMa MPEICTABIsET CO00H Co-
BMEIIIeHNE TePBBIX IBYX [1]. B mapamnensnyro cxemy no0aBieH J10-
MOJHUTENBHBII TeHepaTop U IeuTeb MoInHocTH (puc. 3). biaaronaps
9TOMY aBTOMOOWIIb IIPH TPOTAHWUHU U HA MAJIBIX CKOPOCTAX TBHIKETCS
TOJIbKO Ha 3JeKTpuueckoit Tsre, JIBC Tonbko obecrnieunBaeT paboty
reHeparopa (Kak IpH IMOCIeIOBaTEIEHON cXeMe).

Ha BBICOKMX CKOPOCTSIX KPYTSIIMH MOMEHT Ha BeAyIIHE Koieca
repegaeTcst ¥ OT JABHraress BHyTpeHHero cropanwus [1]. [Ipu moBsI-
LIEHHBIX Harpy3kax (Harmpumep, pHu MoabeMe B TOpy), KOIa reHepa-
TOp HE B CHJIaX 00€CIIeYnTh TPEOYEeMBIi TOK, JIEKTPOMOTOP TOTydaeT
JOTIOTHUTENBHOE MTUTAaHUE OT aKKyMYJIsITopa (TMapajuiebHas cXxeMa).

[lockonbKy B cCTEME UMEETCs OT/ICIBHBIN TeHEePaTOop, 3apPsHKAFOIIHN
AKKYMYJSITOPHYIO Oarapero, 3J1eKTPOMOTOP UCIIONB3YeTCs TOJIBKO ISt
TIPUBO/IA BEIYIIMX KOJIEC U BO BPEMsI PEKYIIepaTHBHOTO TOpMOKeHust [ 1,9,
14]. Yepes rianeTapHbIii MEXaHNU3M (OH K€ JISJTUTENb MOIITHOCTH ), 4aCTh
KpyTsiero MmomeHTa ot JIBC uacTidHO niepeaeTcst Ha KoJieca U YaCTUYHO
oTOHpaercst ist paboThl FeHeparopa, KOTOPBIN MUTAET MO0 AIEKTPOMO-
TOP, TMOO0 aKKyMYJSITOPHYIO Oarapero. DIeKTPOHHBIN OJ0K yIpaBleHUsI
BCE BpPEMSI PETYINPYET MOady MOITHOCTH U3 000MX MCTOYHHUKOB [1].

[Inrockl mocnenoBaTeIbHO-NApaIeIbHOTO THOPUIHOTO JIBUTATE-
JI1 JTAHHOM CXEMBbl, B MAKCUMAJIBHOW TOIUIMBHON 3KOHOMUYHOCTH U
BBICOKOM AKOJIOTHYHOCTH. MUHYCBI CUCTEMBI — CJIOKHOCTh KOHCTPYK-
MU 1 BBICOKAsi CTONMOCTb, TIOCKOIIBKY TPeOyeTCsl JOTTOTHUTETbHBIN
TeHepaTop, AOCTATOYHO €MKasl aKKyMYJISITOpHas 6aTapest 1 CIOXKHBIN
AIIEKTPOHHBIN OJIOK YIIPaBICHMS.
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Puc. 3. [TocnenosarensHo-napasmienbaas cxema ['CY

ABTOMOOMIM ¢ THOPUIHOM CHIIOBOM YCTAHOBKOW MMEIOT CIIEIYHO-

1Me OCHOBHbIE IpeumymiecTsa [15]:

— DBKOHOMHUYHOCTb. Pacxon TorummBa ymensmaercs oT 20-25% npu
WHTEHCUBHOM SKCILTyaTallui aBTOMOOWIISL. JIBUraresis BHyTpeH-
HETO CTOPaHUs TPATUT OOJIBIIYIO SHEPTHIO TIPU CTAPTE aBTOMO-
OMJIA, TaK Kak IpH IBMXKCHUH C MEeCTa Ha aBTOMOOMIIb ICHCTBYET
OOJIBIIOE COTIPOTHBIICHHE, B OTO BpeMs B pabOTy BKITIOUACTCS
ANEKTPOMOTOP, TUTAIOIIUKCS OT aKKYMYJISITOPOB, KOTOPBIN MPH
YBEIUYEHIH 000POTOB COOCTBEHHOTO BaJla BBIJJAET MAKCHUMAITb-
HBIH KPYTALIMHA MOMEHT, OJ1arofapsi 5ToMy OCH3MHOBBIH HITH JTU-

3eNBHBIN ABUTATENh OYIyT SKOHOMUTH TOTUHBO [15, 12, 13];

— DKOJOTHYHOCTD;

— DJIEKTPOJBUTATENN THOPUIHON CHIIOBOH yCTaHOBKH MOTYT pa-

00TaTh KaK CTapTep UM T€HepaTop;
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— MOXeT o0ecreuuTh OoNbInii mpoder 0e3 103anpaBKH;

— TIONy4YeHHEe DYHEPTHH MOCPEICTBOM pEKyIepalnu, Mpru TOPMO-
KEHMH, a TaK)Ke 3apsi/ika aKKyMYJISTOPHBIX Oarapeil mpu paBHO-
MEPHOM JIBIDKEHHUH OT DJIEKTPOMOTOPA, KOTOPHIH paboTaeT Kak
reHeparop.

Henocrarku aBroMoOWIIs ¢ THOPUIHON CHIIOBOM yCcTaHOBKOM [11]:

— 3HAYUTENbHBIEC CIIOKHOCTH MPU YTUIM3AINH aKKyMYISITOPHOM
Oarapeu;

— 3aBBIIIEHHAS CTOMMOCTh aKKyMYJIITOpa IIPY €r0 OTPAaHUYEHHOM
pecypce;

— HEIOCTaTOYHOCTh COOTBETCTBYIOIINX PEMOHTA, TEXHHYECKOTO
00CITyKMBaHUS U AUATHOCTUPOBAHMUS, UX BBICOKAsi CTOMMOCTB;

— CIIOXHOCTH KOHCTPYKITHH.

Tsarosas axkymynstopHasi Oatapes (TAB) siBisiercst cocraBHOI
JacThI0 THOPUIHOTO aBTOMOOMIIS [2, 5]. OCHOBHBEIMH MapaMeTpaMu
pabotsl TAB sBnsitoTCst BBICOKAsl MUKOBasi U yJeJIbHAs MOIIHOCTD,
yIeIbHAs SHEPT U, BEICOKAs CTENEHb MIPHUCITOCOOIIEMOCTH K 3apsKe,
CIOCOOHOCTh MAaKCHMAJIBHO PEreHePUPOBATH SHEPTUIO TOPMOKEHHS,
BBICOKHIA pecypc padoThI.

B Hamm gHM DIMPOKO UCTIONB3YETCsl CBUHIIOBO-KUCIIOTHBIE OaTapeu.
OHH OTHOCHTEIIFHO HEOPOTH U 00JIa/Ial0T BHICOKOW MOIIHOCTHIO, Ha-
JeKHOCTBIO 1 Oe3onacHocThio [2, 5]. Ho Takne TAB nmeroT HU3KyIO
VAEThHYIO SHEPTHIO, YyBCTBUTEIIFHBI K HU3KOW TeMIeparype U UMEIOT
OTHOCHTEIILHO HEOOIBIION pecypc padoThl, YTO MPEMATCTBYET UX HC-
MoJB30BaHuI0 B ruOpuaax. Hukens-kaamuessie TAB uMeroT BbICOKyIO
YAETBHYIO MOIIHOCTB, 3HAYUTEIBHBIA pecypc padoTsl. OHAKO OHHU HE
BBIJAIOT HEOOXOJUMYIO SHEPrHIO IJIsl THOpUAHBIX aBToMoOmield. Hu-
KeJThb-BOJIOPOIHBIC OaTraper UMEIOT OoJiee BHICOKHIA, 0 CPABHEHUIO CO
CBHHIIOBO- KUCJIOTHBIMH, PECYpC, 00JIaJaloT HeOOXOMUMOW SHEPrUeH 1
cpaBHUTENHHO Oe3omacHbl. Takue TADB MCTIONB3YIOTCS B 3JIEKTPOMOOH-
JISIX ¥ THOPUAHBIX aBTOMOOMITSIX HEOO0b1I0i MOIHOCTH. K HeocTaTkam
HUKEJb-BOIOPOIHBIX Oarapeil OTHOCAT TEIUIOBBIICIICHHE TTPH BBICOKUX
TeMIIepaTypax, BBICOKYIO CTOUMOCTb, CaMopa3psi] 1 HEOOXOIMMOCTh KOH-
TPOJMPOBATH YTEUKH BOAOpOAa. JINTHI-MOHHBIE W JIUTHIA-TIONTUMEPHBIS
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Oaraper HMEIOT BBICOKYIO YICIBHYIO SHEPIHIO, MOLITHOCTD, M HU3KHIA ca-
MOPa3psil, YTO BIIOJHE OOYCIOBIMBACT UX NPUMEHEHHE B MMOPHUIHBIX
aBTroMoOMIsIX. OnHako utHeBbie TAB UMEIOT OTHOCUTETHHO MAJIBIiA pe-
CyPC I10 KOIIMYECTBY LIMKJIOB 3apAA-pa3psizl U CKIIOHHOCTb K cTapeHuio. B
HACTOsIIIee BPEMs TEXHOJIOTHUSI INTUEBBIX aKKyMYJISITOPOB aKTUBHO pa3-
BUBAETCS, B TOM YHCJIE JUIsl IPUMEHEHHS B THOPUIHBIX aBTOMOOMIISIX [ 1].

[lepcriekTUBBI pa3BUTHSI aBTOMOOMIIEH ¢ THOPHUTHON CHIIOBOH yCTa-
HOBKOH M MX CEPBHCHOTO 00CITY)KUBaHHUS:

— COBEpIIEHCTBOBAaHUE KOHCTPYKIIMHA aBTOMOOMIIS;

— wmoaepuuszanus TAB;

— TnpuoOpeTeHne HeOOXOMMON OCHACTKN aBTOCEPBHCA;

— obecnevyenue npohecCUOHaILHOTO 00y4eHHs paOOTHHUKOB;

— pa3BUTHE CHELMAIM3ALUMN YCIyI, IPEACTABIAEMbIX IPEAIIPUs-

TUSIMH CEPBHCA aBTOMOOHJICI;

— pa3paboTKa HOPMATUBHBIX U PEIIAMEHTHBIX JTOKYMEHTOB VIS
MPOBEJICHHSI KAYECTBEHHBIX PA0OT 110 PEMOHTY, TEXHUYECKOMY
00CITyKMBaHHUIO U AUArHOCTHPOBAHHUIO.

AHanuTudeckuii 06030p COBPEMEHHOI'O COCTOSIHUS Pa3BUTHSI aBTO-
MoOwIIel ¢ THOPUIHON CHIIOBOH YCTAHOBKOH ITO3BOIIMI BEISIBUTH CIie-
JYIOIIME HEeIOCTAaTKHU HMCIOIb30BAaHUS BBIIIE MU3JIOKEHHBIX CHCTEM:
CJIOKHOCTh YTHJIM3AaLMN aKKyMYJISITOPHBIX Oarapeil; BbICOKasi CTOM-
MOCTb aKKyMYJISITOPHBIX OaTapei, CIOKHOCTh KOHCTPYKIUH. JocTOnH-
CTBa MCIIOIb30BAHMS THOPUIHBIX CHUJIOBBIX YCTAHOBOK 3aKJIIOYACTCS B
CJIEYIOIIEM: SKOJIOTHYHOCTh; UCTIONh30BaHNE THOPUIHON yCTAHOBKU
M03BOJISIET MOBBICUTH MTPOOET aBTOMOOHJIS €3 03apaBKH; OTyYCHHE
SHEPTHH MTOCPEACTBOM PEKYTICPAIIHH.

TenneHuys pa3BuTHs U yBEJIMUYECHUE HKCIUTyaTallud aBTOMOOMIICH
C THOPUITHOW CHIJIOBOH yCTaHOBKOI OOYCIIOBJICHBI TIOBBITIICHUEM TpPE-
OoBaHMI MEKXAYHAPOAHBIX CTaHAAPTOB I10 HKOJIOTHUECKON Oe3omac-
HOCTH U SKOHOMHYHOCTH, POCTOM LI€H Ha YIJIEBOZOPOIHOE TOILUIHUBO.
Heo0xoqum psii MEpONpUsITHIA, HANTPABICHHBIX HA Pa3BUTHE U CO3/Ia-
HHE PON3BOJCTBEHHO-TEXHUUECKOTI0 00€CIICUCHHUS 110 MOAAEPKAaHUIO
1 BOCCTaHOBJICHHIO HCIPABHOTO U PabOTOCHOCOOHOTO COCTOSIHNUS aB-
TOMOOWMJIeH ¢ THOPUITHOM CHITOBOH ycTaHOBKOH. CyIiecTByeT moTpeo-
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HOCTH B Pa3pabOTKe TEXHOJOTHH BBIMOIHEHHS CEPBUCHBIX padoT, a
TaKXXe X HOPMaTUBHO-TEXHUYECKOTO 00ECIICUCHHUSI.
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XAPAKTEPUCTHKH BOKOBOWM PEAKIINU
NP UIBMEHEHUU TEXHUYECKOI'O
COCTOAHUSA AMOPTU3ATOPA

Tuxoe-Tunnukoe /I.A., @eoomos A.U., Anexcees A.B.

B cmamve npedcmasneno ananumuieckoe ucciedosanue st
MEXHUYECK020 COCTOSIHUSL AMOPMU3AMOPA HA XAPAKMEPUCIUKU U3-
MeHeHUsl 60K0BOU peakyuu 8 NAMHe KOHMAKmMa 1aCMU4HOU WUHBL C
0nopHoll nogepxnocmolo. Mcciedyemces npoyecc 08UdCeHUs A8momo-
OIS NO OKPYICHOCIU C Nepee300M eOUHUYHOU HeposHocmu. [Ipedino-
JHCEHO UCTONB3068AMb 3ABUCUMOCTb DOKOBOU PEaKyull Om 6PEMeHU 6
Kauecmee OUAZHOCIMUYECKO20 napamempd 0Jist KOHMpOJist MeXHU4ecKo-
20 COCMOosIHUsL amopmuzamopa. Bvinoinena oyenka uyscmeumensHo-
cmu U 0OOHO3ZHAYHOCIU PACCMAMPUBAECMOTU 3A8UCUMOCTIU.

Ienv — meopemuuecrkoe 0bocHo8anUe MemMoOa OUASHOCTIUPOBAHUS
noosecKku a8MomMooUIsL O UMeHeHUI0 DOKOBLIX PeaKyull 8 NsmHe KOH-
maxma xoneca ¢ 00po2otl.

Memoovt nposedenuss pabomul: UCNOIb308AHbL YUCTCHHbIE MENO-
Obl peueHusi QU@ pepeHyuaIbHbIX YPAGHEHUL, MEMOObL Mamemamuye-
CKO20 MOOEIUPOBAHUS U MAMEMAMUYECKO20 AHANU3A.

Pesynvmamot: paspaboman mamemamuyeckull annapam O0js aHa-
JUMUYECKO20 UCCIE008AHUSL UYECMBUMENIbHOCTU U OOHOZHAYHOCTIU
OOKOBbIX pearyutl a6MoMOOUISE NPU USMEHEHUU NAPAMEMPOS8 MEXHU-
YeCKo20 COCMOSIHUSL AMOPMUZAMOPOE.

Oobnacme npumeneHus pe3yIbmMaAmos: pe3yiomamsl Mo2ym Obimo
UCNONB308AHBL OP2AHUZAYUSAMU U VUPEICOCHUSMU, 3AHUMAIOUWUXCS]
Pa3padbomKoil. Memooo8 OUASHOCIMUPOBAHUSL ABMOMPAHCHOPIIHBIX
cpedcma.

Knrouesvie cnosa: asmomobuns, amopmuzamop, O0K08ast peaxyusi,
no08ecKa; OUACHOCMUKA, 4YECTNEUMEIbHOCHb, OOHO3HAYHOCD.
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CHARACTERISTICS OF LATERAL
REACTION AT CHANGE OF TECHNICAL
CONDITION OF SHOCK ABSORBER

Tikhov-Tinnikov D.A., Fedotov A.L, Alekseev A. V.

The article presents an analytical study of the influence of the tech-
nical condition of the shock absorber on the characteristics of lateral
reaction change in the spot of contact of the elastic tire with the sup-
port surface. The process of moving the car around a circle with pass-
ing along a single road ledge is the object of research. The change in
lateral reaction over time is a diagnostic parameter for monitoring
the technical condition of the damper. Sensitivity and unambiguity of
diagnostic parameter are calculated.

Purpose. The theoretical justification for the method of diagnosing
a car s suspension depending on changes in lateral reactions at the
point of contact of the wheel with the road.

Methodology includes numerical methods for solving differential equa-
tions, methods of mathematical modeling and mathematical analysis.

Results: the mathematical apparatus for an analytical research of
sensitivity and unambiguity of lateral reactions of the car at change of
parameters of technical condition of shock absorbers.

Practical implications: organizations and institutions that develop
vehicle diagnostic techniques can use the results.

Keywords: automobile; shock absorber; lateral reaction; suspen-
sion; diagnostics, sensitivity, unambiguity.

HccenenoBanne W3MEHEHH CBONMCTB YCTOMIMBOCTH aBTOMOOMIICH
SIBJISIETCS] BAXKHOM HAayYHO-TEXHUUYECKOW 3a7jaueii, pelieHne KOTopou
OCYLLIECTBIISIETCS KaK aHaIUTH4YecKumH [ 1, 2, 12], Tak 1 sxcnepumeH-
TalbHbIMH MeTofamMu [3-5, 13—15]. Jlanusie cBoiicTBa (hopMuPYIOT
CIIOCOOHOCTh TPAHCIIOPTHOTO CPEJICTBA MPOTHUBOACHCTBOBATH BO3HH-
KAaIOLIUM IPH JABKCHUU BO3ICHCTBUSIM OOKOBBIX CHJI. YKa3aHHAs CII0-
COOHOCTB OTIpENIENSIeTCS MTPOIECCAMMU, TPOUCXOISIINMU B IISITHAX KOH-



MexayHapoaHblli XypHan nepcnekTuBHbIX nccnegoranumia, T. 10, Nel, 2020 83

TAKTa NIACTUYHBIX IIUH C JIOPOTrOH, U XapaKTEPU3yETCs NIPEAEIbHBIMU
Y peaTn30BaHHBIMH BEJIMUYNHAME OOKOBBIX PEaKIINH.

TexHu4yeckoe cOCTOSTHUE aMOPTU3AaTOPOB B 3HAYUTENHHONW Mepe
oTIpe/iessieT BEMUYNHY U XapakTep M3MEHEeHHS OOKOBBIX pEeaKIluil.
CHmxeHHe 1eMIT(UPYIOLIUX CBONCTB MOJIBECKH YBEJIUYUBACT aMILIH-
TyAy W BpeMs 3aTyXaHus KojeOaHWW MOAPECCOPEHHON W HETopec-
COPCHHBIX MacCcC, 4TO IMPUBOAUT HECTAaOMIILHOCTH IISITHA KOHTAKTa U
KaK CJIEJICTBHE K Bapuallii OOKOBBIX PEAKIUI B TIPOIECCE IBHIKESHUS
aBTOMOGI/IJ'IS[. AHanorn4yHele 3aBUCUMOCTH MOXKHO YCTaHOBUTH U 110
JIPYTHUM 3JIEMEHTaM IOJIBECKH: TIPYKMHAM, peccopam, pbldaram, Imap-
HUpaM | cainienTonokam. Hannuame npeicTaBIeHHONM CBSI3U CO3/1aeT
MPEIOCHLIKHY JIJIs Pa3pabOTKH METO/Ia IMarHOCTUPOBAHHUS TIOABECKU
Ha OCHOBE aHaJIN3a M3MEHEHUs OOKOBBIX peakmuii. Metom mpemyc-
MaTpUBAET MPOBEJICHUE HCIBITAHUI aBTOTPAHCIIOPTHOTO CPEJICTBA
MoJT IelicTBHEM OOKOBOM CHUIIBI TTPH BO3MYIIIEHHOM COCTOSHUH TIOA-
Becku. HernpepbiBHOE BO3JIelicTBHE OOKOBOI CHJIBI 00€CIICUUBACTCS
IBIDKCHHEM aBTOMOOWIIS TT0 KPUBOJIWHEHHON TPAeKTOPUH [6] FITH 110
rnonepeyHoMy ykiony [7]. B oboux ciyuasx koneOaHUs MOJBECKU
BBI3BIBACT MPOE3]] KOJIEC aBTOMOOWJIS Yepe3 eIMHUIHYI0 HEPOBHOCTb.

J171s1 BEITIOTHEHUST UCCIIEIOBAHNM pa3paboTaHa MaTeMaTHdecKas
MOJIeJIb, OITUCHIBAIONIAS IBMIKEHUE aBTOMOOWIIS IO OKPYKHOCTH C
repee3noM eIuHUYHON HepoBHOCTH [11]. Maremarnueckuii amma-
paT MOl BKJIFOUAET YPaBHEHUS TMHAMUYECKOTO PAaBHOBECHS IO -
PECCOPEHHOM 1 HEIMOJIPECCOPEHHBIX MacC, a TAKKe B3aUMOJICHCTBU
AIACTUYHOW IIUHBI U OTIOPHOM MTOBEPXHOCTHU Aoporu. [Ipu sTom mo-
JIeNTh YYUTHIBACT CTIIAKMBAIOIIYIO CITOCOOHOCTH IIMHBI TIPU TIepee3ie
SAMHUYHON HEPOBHOCTH M M3MEHEHUS PEaKIMil B MSATHE KOHTAKTa
OT TIPOCKAJIb3BIBAaHUSA U OOKOBOTO yBona [8]. beumm paccunransl Xa-
PaKTEPUCTHUKHU MPOIlecca U3MEHEHHUsI OOKOBBIX PEaKIUi Ha Kolecax
aBTOTPAHCIIOPTHOTO CPEACTBa Kareropuu M1 Tipu ero IBM)KEHUH Ha-
KaTtoM co ckopoctu 10 M/c, To OKPYKHOCTH paguycom 15 M, ¢ nepe-
€3II10M EAUHUIHON HEPOBHOCTH KBAJIPATHOTO MPOGUIIST CO CTOPOHOM
0,05 M. PacueTsl mpoBOAMINCH MO SMIUPUIECKUM KOAPPUIIEHTAM
neMnupoOBaHus, COOTBETCTBYIOIINX PaOOTOCTIOCOOHOMY, IIPOMEKY-
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TOYHOMY U HEPAOOTOCIIOCOOHOMY TEXHUYECKOMY COCTOSHUIO aMOp-
TH3aTopoB [9].

Pesynbrarsl MosienupoBanus (puc. 1) MO3BONIAIOT BBISIBUTH HEKOTO-
pbl€ 3aKOHOMEPHOCTH U3MEHEHUS 3HaUCHUI OOKOBBIX peaKkni B 3aBU-
CHUMOCTH OT TEXHUYECKOTO COCTOSIHUSI aMOPTH3aTOPOB.

Ry11, Ry12,
4000 " 4000
1

2500 2500

1000 1000

[y

-500 500
227 229 231 233 t, cex 227 229 231 233 t, cex
Ry21, Ry22,
H 3a0Hee 6HympeHHee H
Koneco z

]
4000 ' 4000

2500 2500
0

1000

[}
T
1
]
]
]
1
t
1
()
([l
i
1000 0
"

-500 3489 -500

22,7 229 231 233 t, cex 22,7 22,9 231 233 t, cek

17 Heucl

Puc. 1. bokoBble peakiuy 1o KojecaM aBTOMOOMIIsS (pacder)

Kak BumHO 13 TpadvkoB HauanbHbIC 3HAYEHHSI OOKOBBIX PEaKIUH
(Touka 0) HEe paBHBI MKy COOOI, 9TO OOBSICHSAETCS TIepepacipeene-
HUEM Harpy3KH I10 KoJiecaM aBTOMOOMJISI, BCJIEJCTBUE TIOSIBIICHHS LICH-
TPOOEKHON CHIIBI TPH JBMKCHUH aBTOMOOMIISI IO OKPYXHOCTH. Takxke
MMEIOTCS He3HaUMUTeNbHbIe (MeHee 1%) OTuuns MeXIy HadaabHBIMU
3HAUCHUAMHU OOKOBBIX pEaKkUHi sl Kojec, JeMI(upyeMbIX UCTIpaB-
HBIMHU M HEHCIIPaBHBIMU aMOPTH3aTOPaMHU.

VYuactok 0-1 xapakTepu3yeT u3MeHeHHE OOKOBOM pEaKIuy B MATHE
KOHTaKTa O MOMEHTAa B3aUMOJAEHCTBUS KoJeca C HEpOBHOCTBIO. i
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MIePETHET0 BHYTPEHHETO KoJieca, KOTOPOE MEPBBIM B3aUMOJIEHCTBYET C
MIPETIATCTBHEM, OOKOBAs PEAKIINS OCTAETCS MPAKTUICCKH HEN3MEHHOIA.
[Ipu aTOM Hae3x JaHHOTO KoJieC Ha HEPOBHOCTH BBI3BIBAET CHUKEHUE
OOKOBOI peakIlny Ha TIepeTHeM BHEITHEM Koiece (puc. 1, Touka 1). B
paccMarprBaeMbIX Mpoleccax He HaOII0AaeTCs 3HAYUTENLHBIX Pa3Jii-
YU M@Ky OOKOBBIMHU PEAKITHSIMU MTEPEIHUX KOJIeC, AeMIT(UPYEMbIMU
WCIIpaBHBIMM U HEUCTIPAaBHBIMU amMopTH3aTopamu. B cBoio ouepens
B3aMMOJICHCTBHE KOJIEC MEepeIHE OCH C MPEMSITCTBHEM MPHUBOANT K
M3MEHEHUSIM OOKOBBIX peakInii Kojiec 3aaHeil ocu (puc. 1, ygacTok
0-1), mo mpuyrHe nepeaadn TMHAMUYECKOTO BO3ICHCTBUS Yepe3 MOoA-
PECCOPEHHYIO0 MacCy aBTOMOOMJIS. XapaKTep U3MEHEHUS OOKOBBIX pe-
aKIMM Ha JaHHOM y4YacTKe pa3jIndeH JUIs MCIIPABHBIX U HEMCIIPaBHBIX
aMOPTH3aTOPOB, ITPH STOM KOJIWYECTBEHHBIE 3HAYCHNUS N3MEHEHHUH He
HMMEIOT 3HaYUTEIbHBIX OTINYNH.

VYuyacTtok 1-4 moka3piBaeT M3MEHEHHE OOKOBBIX PEAKITUi IpH He-
MOCPEJCTBEHHOM B3aUMOJIEUCTBUHU KOJIEC C HEPOBHOCTBIO. B 1aHHOM
CIydae HeT 3HAYUTEIbHBIX OTIIMYHUN 110 U3MEHEHNIO OOKOBBIX PEAKIIHNA
JUISL KOJIEC C MCTPABHBIMHM U HEUCIPABHBIMU amopTH3aropamu. Jlis
BCe KOJIeC HaOJoIaeTCsl yBeTnIeHne OOKOBOH PEeaKITiy IPH Bhe3/ie Ha
HEPOBHOCTH (puUC. 1, TouKa 2) U MOCIEAYIONIEE €€ CHIDKCHUE IO HYyIIS
(puc. 1, Toukn 3, 4). MakcumanbHOE 3HAUEHUE PEAKINH MIPH BbE3JIe
m3MeHseTcs B nuana3one oT 140 1o 211 mporieHToB 0T HAYaIFHOTO 3HA-
YeHUs1, TPOJIOJDKUTEIBHOCTh OTCYTCTBHUS OOKOBOM PEAKIIHH ITPH ChE3/Ie
KoJieca ¢ npenstcTBus He npesbimaet 0,04 cex.

VYuacTku rpadukoB ot Touku 4 10 Touk# 11 xapakrepusyror ctadu-
JU3AIII0 OOKOBBIX PEaKIMii KOJIEC B ITOCIIE UX B3aUMOJICHCTBUSA C €U~
HUYHON HEPOBHOCTBIO. XapakTep MpOTeKaHHs MPOLECCOB MPU 3TOM
CYIIIECTBEHHO OTIMYACTCS JIJIS UCIIPABHBIX (yuacTok 4-5-6-11) u Hewc-
MPaBHBIX aMOPTU3aTOPOB (yyacTok 4-7-8-9-10-11). [Tpu nemnduposa-
HUY KOJIeca HEMCIIPaBHBIM aMOPTH3aTOPOM CTaOMIM3aIus 60KOBOM pe-
aKIMU MPOUCXOIUT € OOJIBIIIEH YaCTOTOM M aMILTUTYION IO CPAaBHEHUIO
C MCIIPaBHBIM aMOPTHU3aTOPOM. B Tpex ciryuasx HaOIIomaeTcsl CHUKe-
HUe OOKOBOM peakiuu J10 HyJist (y4acTok 7-8). YkazaHHbIE 00CTOSITE b~
CTBa CBHJICTEIBCTBYET O HECTAOMIHPHOCTH MSATHA KOHTAKTA, CHIKCHUN
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CIICTTHBIX CBOMCTB KoJjieca ¢ JOPOTOi, 4TO B KOHEYHOM UTOTE IPUBOAUT
K YXYIILIEHUIO yCTOWYUBOCTH M YIPABISEMOCTH ABTOMOOUIIS.

BoxoBbIe peakiyi JOKHBI OTBEYATh TPEOOBAHUSM, IPEbSIBISIEMBIM
K JMarHOCTHYECKUM IIapaMeTpaM: OHO3HAYHOCTH, YyBCTBUTEIILHOCTH,
crabuibHocTH U uHGopMaruBHocTH [10]. [locnenHnue nBa cBoiicTBa
OIIPENIEIISIOTCS. Ha OCHOBE CTATHCTUYECKUX MUCCIECAOBAHUN U B TaHHON
cTarhe paccMarpuBaThes He OyayT. UyBCTBUTENBHOCTD U OTHO3HAYHOCTh
BO3MO)KHO OLICHUTh aHAIMTUYECKH Ha OCHOBE PE3YJIBTATOB MaTeMaTnuye-
CKOTO MOJICTTMPOBAHHUS TIPOIECCa JIBHYKCHUSI aBTOMOOMIIS.

Paccmotpum npezacTaBiieHHBIE HA PHC. 2 paCYETHBIC XapaKTEPUCTUKH
OOKOBO¥ peaKIMK Ha TIEPEHEM BHYTPEHHEM Koslece Ry, IpU U3MeHe-
HUM JeMIT(UPYIOIINX CBOMCTB amopTu3aropa (rae: Ryll(uct) — xapak-
TepHCTHKa OOKOBOW pEeaKIUy TPH TEXHUUECKH MCIPABHOM aMOpTH3a-
tope; Ry11(0,9), Ry11(0,8), Ry11(0,7), Ry11(0,6), Ry11(0,5), Ry11(0,4),
Ry11(0,3), Ry11(0,2) n Ry11(0,1) — XapaKTepuCTUKH OOKOBBIX PEaKIUH
P CHIDKEHHBIX JEMIT()MPYIOIINX CBOMCTBAX aMOPTU3aTOpa 10 YPOBHEH
90%, 80%, 70%, 60%, 50%, 40%, 30%, 20% u 10% cCOOTBETCTBEHHO).

Ryl11,
H h Ry11 (ucn) Ry11 (0,9) Ry11 (0,8) Ry11 (0,7)
2) I Ry11(0,6) - - - Ry11(0,5) --------Ry11 (0,4) —-— Ry11(0,3)
T Ry11(0,2) = - = Ry11 (0,1)
2500 I ——
S =g
0
22,7 22,9 23,1 23,3 23,5 23,7 23,9 t, cex
sRyIll
H
150
0]
22,7 22,9 23,1 23,3 23,5 23,7 23,9 t, cex
URy11
(0]
22,7 22,9 23,1 23,3 23,5 23,7 23,9 t, cek

Puc. 2. UyscTBUTENBHOCTD S, | M MOKa3aTenb ofHo3HayHoCTH U, |

OOKOBOII peaKkIUK IepeHEeTo BHYTPEHHETo Koneca Ryl]
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Y4uThIBasA, YTO TEXHUYECKOE COCTOSHUE aMOPTU3aTOPOB IPH MOJIe-
JIMPOBAaHUM 3a1aHO Yepe3 PaBHbIC MHTEPBAJIbl, OLICHKY 4yBCTBUTEIb-
HOCTH MOYKHO TOJIyYUTb, OCHOBBIBAsICh TOJIBKO Ha MpHpAIlEeHUHU Be-
JMYUHBI OOKOBOH peakunu. B 3ToM cirydae oHa mpezacTaBisieT coOoit
CPE/IHIOI0 BEIMYMHY MOJYJISI TPUpAIeHUs] OOKOBOHM peaKIyu:

_ Z?=1|Ryj—RyJ'+1|
SRy =

(1

OIHO3HAaYHOCTh PacCMaTPUBACTCA KaK I10Ka3aTelb, IPUHUMAIOLIH
3HAYCHHE TUOO0 HYIH (YCIIOBUE OJHO3HAYHOCTH HE BBITTOIHSACTCS ), THOO
enuHuLa (YCIOBUE OJHO3HAYHOCTHU BBITIOIHSIETCS), H ONMpPEACIsIeMbIH
10 OCPEIHEHHOMY ¥ HOPMHPOBAHHOMY IT0 MOJTYJTIO 3HAYCHHIO MTPHUpa-
1ieHus: 0OKOBOH peakuuu:

_— U= (Z}l=1 (RYj—RYjH))/n
Ry = |RY j=Ry j41] . (2)
0-U<1

B Beipaxkenusix (1) u (2): Ry uRy,  — OOKOBBIE peaKINii B MOMEHT
BpPEMEHHU #; j — MHJICKC, XapaKTEePU3YIOIUI TEXHUUECKOE COCTOSHHE
aMOPTH3aTOPOB I10 JIEMII(UPYIOIIUM CBOWCTBAM.

Pacuetsl, BeimonHeHHbIe 10 (1), MOKa3bIBAIOT, 4TO HAMOOJIbIIAS
YyBCTBUTEILHOCTH OOKOBBIX PEAKLMH K M3MEHEHUIO TEXHUUYECKOT'O CO-
CTOSIHUSI aMOPTH3aTOPOB HaOroaercst B redeHnu 0,1 cekyHIIbI Tociie
B3aMMOACUCTBHSA KoJieca C SIMHUYHON HEpOBHOCTHI0. MakcHMallbHOE
3HAYCHHUE TyBCTBUTCIIEHOCTH SRy ,; cocrapnser 6onee 250 H Ha kaxipie
10% wu3meneHus aeMn@upyromux cBOUCTB amopTu3aropa. [lpu stom
pe3yIBTaThl PACYETOB IO YCIOBHIO (2) CBUICTEIHCTBYIOT O HAUTMIUH B
JAHHOM TIEPHOJE YETHIPEX 30H OJHO3HAYHOCTH (OTCYTCTBHUS DKCTpE-
MyMOB) (QyHKIIIH OOKOBOW peakIuy MPH N3MEHEHUH MTapaMeTpa TeX-
HUYECKOTO COCTOSIHUSI aMOPTH3aTOPOB.

[ocnemyronuii mepros BpeMEeHN XapaKTepru3yeTcs 3HAaYNTeTbHBIM
CHIDKCHUEM YPOBHSI YyBCTBUTEIBHOCTH, YTO JIENIACT €0 HENepCIeK-
TUBHBIM IS UCTIONB30BaHMUS B JAbHEHITNX UCCIEAOBAHUAX. AHAIIO-
THYHBIE 3aKOHOMEPHOCTH TaKXe HaOJIoaloTCs Mo APYTHUM KojlecaM
ABTOMOOMIIS.

n
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[Tony4eHHbIE pe3yabTaThl TPEOYIOT IPOBEACHUS IKCIIEPUMEHTAITb-
HOM IIPOBEPKH, HO ITPY ATOM MO3BOJISIFOT CAEIATh 3aKIIOYEHHE O HaJH-
YUU NOTEHIUAIBHON BO3MOXKHOCTHU ONPENEICHHs TEXHUYECKOIO COCTO-
SIHUSI aMOPTH3aTOPOB 110 BEJTMYUHE U XapaKTepy U3MEHEHHsI OOKOBBIX
peakuuii, 9YTo Co3/1aeT MPEANOCHUIKH Jis pa3paboTKH OIepaTnBHOTO
METO/1a KOHTPOJISL CUCTEM MOJPECCOPUBAHUS KOJIECHBIX TPAHCIIOPTHBIX
CPEJICTB B YCJIIOBUAX DKCIUTyaTALMH.

HNudopmannusa o koH(IMKTe HHTEpecoB. ABTOPHI 3asBISAIOT 00
OTCYTCTBHHU KOH(IMKTA HHTEPECOB.

HNudopmanus o cnoHcopcerBe. lccienoBanue He UIMENIO CIIOHCOP-
CKOM MONJCPIKKH.
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