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MATHEMATICAL MODEL OF THE LOGISTICS CHAIN
FOR THE DELIVERY OF BULK CARGO BY RAIL TRANSPORT

Purpose. Development of a mathematical model for the functioning of the production and transport chain (PTC)
of bulk cargo delivery by routes on the basis of a logistics approach.

Methodology. The formation of a model for the functioning of the production and transport chain for the delivery
of bulk cargo by rail transport is based on the analytical method of research, taking into account the principles of lo-
gistics and system analysis.

Findings. Costs of individual links of the PTC for the delivery of ore cargoes by routes are formalized: the costs of
loading, storage at the consigner’s depot, transportation and storage of the consignee’s cargo prior to its entering the
production. A mathematical model of the functioning of the PTC of bulk cargo delivery by routes is developed. The
optimized technological parameters related to the operation of the whole PTC are justified: the size of the cargo con-
signment, the technical equipment of the freight fronts, the delivery interval.

Originality. A mathematical model of the functioning of the PTC of bulk cargo delivery by railway routes is devel-
oped, based on the system approach and the principles of logistics, taking into account the interaction of production,
transport and consumption.

Practical value. The developed mathematical model of the functioning of the production and transport chain of
bulk cargo delivery allows modeling the process of cargo delivery from the mineral resource extraction sites and se-
lecting the rational parameters of the rolling stock as well as loading and unloading mechanisms, their quantitative
indicators; time and quantity parameters of the freight flow, depending on the values of the price and technological
parameters. The model allows solving a wide range of tasks: those of suppliers and consumers in the independent
formation of the supply chain; railway transport associated with the planning and management of operational activi-
ties of stations, and the choice of vehicle resources.
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Introduction. With the increasing complexity of the
links between the participants of the market process, the
requirements for productivity and the quality of the
work of rail transport are being increased [1].

Since large human and material resources are in-
volved in the transport and production sector, including
the rolling stock, technological equipment, loading and
unloading machines, warehouses with significant capi-
tal investments, there is a need to increase the efficiency
of using the equipment of production and transporta-
tion systems in order to reduce the total costs for pro-
cessing carload flows [2, 3].

Currently, more than 70 % of the transportation load
is made up of the ore-and-metallurgical cycle, energy
carriers, mineral building materials and petroleum
products, which are characterized by a high concentra-
tion of production and stability of material flows.

One of the most important ways to improve the sys-
tem of wagon flows management is forwarding routing,
which ensures a faster delivery of goods to consumers,
more efficient use of shunting means, reduction of idle
time of wagons at technical stations, along the way.

Analysis of the recent research and publications. En-
terprises dealing with the extraction of metallurgical raw
materials and concentrating complexes for its primary
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processing can be attributed to complex production sys-
tems [4]. They are characterized by geographical dis-
connection of individual production facilities of an en-
terprise, which are interconnected by transport [5].

Depending on the structure of production and trans-
port systems, the type of cargo, the type of transport, the
nature of the technological processes of industrial enter-
prises, the logistics chains have their topological, struc-
tural, and technological features in the distribution and
transportation of homogeneous bulk goods or diversi-
fied products [6—9].

Among the bulk goods transported by the railways of
Ukraine, iron and manganese ore makes up 19.1 %
(2017) of the total volume of transport. The most press-
ing problems associated with the transportation of bulk
cargo are: inefficiency of using the car fleet; delay of the
rolling stock by the consignor (consignee); untimely
provision of shippers with empty wagons to the extent
required; imperfect tariff policy; economic contradic-
tions between the interests of railways, consignors and
operators-owners of freight cars [10].

When organizing bulk shipments, the principle of
“just-in-time” logistics is used, which is ensured by the
synchronization of the work of transport and produc-
tion.

With all the differences in mathematical models de-
scribing the market processes, they share the common
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goal of determining the best behavior strategy of the
subject (both the carrier and the customer) on the trans-
port products market in terms of the economic content,
structure, objectives and methodological approaches
[11, 12].

The organizational forms and economic methods of
integrated traffic management are designed to minimize
the total costs at all stages of storage and transportation
of cargo, which causes a synergistic effect [13, 14]. This
is to no small degree facilitated by the routing of cargo
transportation from loading sites [15].

At the same time, through the reduction of the cost
of transportation, it is advisable to develop a system of
discounts to the tariff for the transportation of goods by
sender routes [16]. As a result of the technical and eco-
nomic analysis of the influence caused by the routing of
dispatched carload flows on the operation of common
and non-common use stations forming the routes, a
methodology for estimating the amount of the reduc-
tion factor to the tariff for the transportation of goods by
sender routes has been proposed [17].

A study conducted on the example of JSC “Metal-
lurgical Combine “Zaporizhstal” [18] indicates that the
volume of raw materials delivered to the ore yard of the
enterprise can fluctuate significantly during the day.
There is no definite regularity in the volumes of supplies
of raw materials during the day, month or year. At the
same time, 45 % of the working time of the technologi-
cal equipment (car loaders) is idle due to the lack of
cargo, which indicates a low organization of work with
suppliers on planning the supply of raw materials to a
metallurgical enterprise.

One of the requirements of consignors is timely in-
formation on the availability of empty wagons and the
expected time of their delivery for performing cargo op-
erations. To solve the problem of timely provision of the
rolling stock with loading resources by carriers-owners,
a model on the example of the traveling salesman prob-
lem is proposed [19].

To increase the productivity of the fleet of freight
cars in the organization of carloads with bulk cargoes
[20], an optimization model for the entire process of
hauling cars belonging to different owners was proposed.
At the same time, the given model predominantly takes
into account the interests of the railroad (improving the
use of basic funds and increasing the profitability of rail-
ways) and does not involve the interaction of all partici-
pants in the organization of the delivery of bulk goods.

The inconsistency of the interests of supply, con-
sumption and transport subjects led to the fact that in
most cases, the supplier enterprises and consumers built
additional storage areas larger in size than optimally
necessary, formed technological routes of a size differ-
ent from the optimal one, equipped the loading and un-
loading fronts with means of greater productivity than
the optimal ones for respective productions.

Therefore, an important problem is the improvement
of the route methods for the transportation of bulk cargo
by selecting the optimal technological parameters for the
rational use of technological equipment of metallurgical
enterprises and vehicles that supply raw materials.
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Objectives of the article. The aim of the study is to
develop a mathematical model for the operation of the
production and transport chain to deliver the bulk cargo
by routes on the basis of a logistics approach. Objectives
of the study are:

- to form a logistics chain for the delivery of iron ore
by wagons from the extraction sites;

- to formalize the costs of individual links in the pro-
duction and transport chain for the delivery of ore cargo
routes;

- to form a mathematical model for the functioning
of the production and transport chain of ore cargo deliv-
ery by routes;

- to justify the optimized technological parameters of
the production and transport chain for the delivery of
ore cargo by routes.

Methods.The development of a model for the opera-
tion of the production and transport chain to deliver the
ore cargo by rail is based on the analytical method of
research, taking into account the principles of logistics
and system analysis.

Explanation of scientific results. In connection with
the fact that the “just in time” delivery must be carried
out with minimal costs of labor, material and financial
resources, while constructing a logistics channel for car-
go flows the principle of optimality must be fulfilled in
addition to the system approach.

Therefore, the technological and technical parame-
ters of the given system should be optimized. These pa-
rameters include:

- the level of stocks in warehouses of enterprises;

- the size of the consignment;

- duration of the production cycle of an enterprise;

- the capacity of technical equipment of cargo fronts,
warehouses, and others.

The production and transport logistics chains
(PTGCs) at the micro level include subsystems such as:
production, transport, marketing and distribution, con-
sumption.

The structure of the objective function depends on
the technical and technological structure of the PTC,
the availability of particular elements, as well as the eco-
nomic and technological parameters.

The structure of the logistics chain is considered in
the transit form of supply and delivery of iron ore, when
this delivery is carried out by technological routes.

The ways of ore loading at the production points are
analyzed: bunker, semi-bunker, direct loading from cur-
rent production. The method of direct loading from
current production is adopted for research.

The structure of the channels of cargo flows, provid-
ing for the determinism of technological processes,
strict synchronization of transport operation and the en-
terprise shipping its products, precise delivery time and
the quantity of products are analyzed.

Thus, during the shipment of mineral resources into
railway wagons, the cargo is continuously supplied to the
wagons during the current extraction, thereby providing
a synchronous mode of operation for the production of
products and their loading into wagons. Accumulation of
cargo on the route is carried out directly in wagons.
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For the selection of rational technological parame-
ters of the logistic chain of iron ore delivery, it is pro-
posed to form the objective function expressing the spe-
cific costs of manufacturing, storing, transporting and
consuming finished products when the goods are deliv-
ered “just in time” and taking into account the costs of
all participants of the technological process: produc-
tion, transport and consumption.

Taking into account the above features, the objective
function R(m, q,;,) is formalized by sequential consider-
ation of individual components of costs. The main com-
ponents of these costs are as follows:

- costs associated with the use of the car when per-
forming cargo operations at the loading point R,,;

- costs related to the idle time of wagons waiting to be

delivered to the freight front of the sender R?;
- costs for the supply and removing of wagons at the

point of departure R(.;

- the cost of moving the goods to the point of deli-
very Ry,

- the cost of storing the goods until the moment they
enter production Ry,.

Parameters, whose values are associated with all
components of the objective function serve as optimized
ones.

In view of the above costs, the expression of the ob-
jective function can be written as follows

R=R, +R;+ R +R, +R, —>min. @))

It should be noted that each of the components of
the objective function (1) depends, in turn, on the value
of the consignment shipment m. At a certain value m =
=m,,, the reduced costs associated with the operation of
the PTC are minimal R;,. This value of the consign-
ment shipment (mass of the technological route) is op-
timal.

In the study, there is considered a situation when at
the contiguous station the route is formed by one load-
ing point. In this case, the idle time of the rolling stock
increases under the accumulation in anticipation of de-
livery and the increase in the rolling stock idle time un-
der loading is possible, due to the fact that the technical
equipment of the cargo front is limited, and its increase
requires additional capital investments.

The process of forming a sender route in the ore
mining area is considered. Ore extraction is carried out
by open-pit mining, with the need for continuous supply
of wagons, since the ore to be mined can only be loaded
into wagons, and there are no containers for its accumu-
lation. For continuous loading of ore in quarries, a non-
reducible reserve of gondola cars must be provided,
which are used as “warechouses on wheels”.

The demand is interpreted in two ways: on the pro-
duction side it is an order for empty cars, and for the
railway — an application for shipment of finished prod-
ucts. Since the demand is a fixed quantity, as a rule,
there are costs for the storage of ore at the quarry due to
a shortage in the stock of wagons.

At the enterprises, the cost function of the supplier
for the execution of the order represents the total operat-
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ing costs expressed in two main components: the costs
associated with the idle time of the wagons under freight
operations and the content of the LUM (depreciation
and current repairs).

quoad b ALUM K
b Mb

Ruse = Cin [z il + ter'm + b o
b Qioad b Zhjmj
J

» (2)

where C,, is the cost of using the car depending on the
number of hours of idle time of the car under loading #,,
UAH/h; m is the composition of the sender’s route, wag-
on; ¢, is the average static load of the car, £ ¢, is the time
for the production of all operations for supply and remov-
ing of wagons, A, h; is the number of routes of the j™ des-
tination for the planned period (month); g, is the total
productivity of the LUM of type b at the loading point,
t/h; q, is the productivity of one LUM of type b, t/h;

A s annual deductions for amortization of one

LUM, %; K, is the cost of one LUM of type b, UAH;; m;
is composition of the route of the j™ destination, wagon.

The storage costs of the finished product at the send-
er with the continuous accumulation process depend on
the number of wagons on the sender route m for each
route being formed, the cargo front productivity ¢,
and the cost of constructing the additional warehouse
area of the K,,,,,

0 AKwear qs
Ry =—wear " s, 3)
365-24%4 Doad b

where g,,,, is the hourly capacity of the loading point,
t/h; A is the annual depreciation, attributable to the ad-
ditional warehouse area, %; K., is the cost of building
an additional warehouse area, UAH; 365 is the number
of days in a year; 24 is the number of hours in a day.
When using railway industrial transport at enterprises
that have their own access roads, the cost function in-
cludes the costs associated with idle cars waiting for deliv-
ery (assuming that empty cars arrive at the junction sta-
tion evenly) and the mileage of the shunting locomotive.
R =C,t

mn-acc

m+ Cltsr ’ (4)

where 7, is the time of accumulation of wagons for de-
livery to the cargo front of the enterprise from the con-
tiguous station; C; is the cost of one feed to the freight
front, UAH/h.

The costs associated with transportation by the main
rail without taking into account the cost of the initial
operations, as they were taken into account at the previ-
ous stage, depend on the size of the transport lot m, the
distance of transportation / and the computed value of
the competitive tariff for rail transport

Rtar= Tar(l) -m, (5)

where T, is the tariff for the transportation of ore by
wagon shipments to the distance /, UAH/wag; [ is the
distance of transportation, km.

The cost of storing the goods at the consignee until
the moment of its entering into production
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58 = Cuse qut ’
20,

m, (6)

where C,,, is the rate of payment for using a car during
the day, UAH/day; Q, is the cargo front performance at
the consignee, t/day.

It should be noted that the functions of each stage Ry,
R,,..., Ry were obtained on the basis of a detailed analysis
of the technology of the relevant parts of the PTC.

Analyzing the research studies carried out and the
obtained relations (2—6), the mathematical model of
the entire PTC functioning for ore cargoes delivery is
offered

R(m’qload) = l:cin [Z%-Ffer'm-f-

b Qioad b

Dioad b ALUM
K,,m
2 , b Mb

b

+ +

0b
D hm, 7

J
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AKW@(U‘
+ —_—
365-24

AT () m+C, sy | min,
20, m

The values of the parameters m’, and ¢j,,;, which
minimize the objective function (7), expressing the total
current costs associated with the operation of the entire
PTC, are optimal for this PTC.

Moreover, the functional (7) has a number of limita-
tions:

1. The restriction caused by the physical meaning of
the quantities

(m’: q;aad) >0. (8)
2. Weight limitation of the gross train
mgg < Qbr' (9)

3. Compliance with the “just-in-time” requirement,
when the maximum delivery interval for a consignment
should not exceed the value /, stipulated by the contract
between the manufacturer and the consumer

My < .. (10)

n

4. Limitation on the capacity of railways t at the
junction station

m<r.

Given the specifics of the technology of mining op-
erations, if the delivery interval for finished products
(ore) to the metallurgical plants is met, the condition
(10), the delivery time of the order will be also fulfilled.
Otherwise, both conditions will not be met. Moreover,
for the metallurgical plants, which are the consumers of
this type of cargo, characterized by continuous technol-
ogy, the primary importance is the interval of supply of
raw materials.
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Given these features, the restriction on the delivery
date in further calculations is not taken into account.

By minimizing the obtained integral index R, the
values of the parameters m and g are determined. The
values of m, and ¢,,,;, determine the main parameters as-
sociated with the operation of the entire PTC, which are
optimal for this PTC:

- raw material delivery interval n

mq
n= St .

0,

- the required number of h-type loading and unload-
ing machines

Bb — qload b .
qop

Thus, the developed mathematical model for opti-
mizing the parameters of the logistics chain of delivery
of ore cargo is based on the interaction of production,
transport and consumption.

Conclusions. The conducted research made it possi-
ble to obtain the following results:

- a logistics chain for the delivery of iron ore by wag-
ons has been formed, in which four technological ele-
ments have been integrated in order to maximize the
interconnection of production and transportation pro-
cesses: storage and preparation of iron ore at the extrac-
tion sites; operations for the formation of trains with
iron ore; transportation of iron ore; warehousing of in-
surance and operational ore reserves at the consumer.
The approach to the construction of a PTC is universal
and, depending on the task, the number of links in-
volved in the supply chain of the cargo can vary;

- the costs of individual links in the production and
transport chain for the delivery of ore cargo are formal-
ized by routes: the costs of loading, storage at the send-
er’s, transportation and storage of the consignee’s cargo
prior to its entering the production;

- amathematical model for the functioning of the en-
tire PTC was developed, based on the system approach
and the principles of logistics. The model is universal,
open and can be expanded by the introduction of addi-
tional stages at different levels of the PTC to accommo-
date a greater number of factors affecting the final result.

The proposed model allows solving a wide range of
tasks:

a) those of suppliers’ and consumers’ with an inde-
pendent choice of material movement options, namely:
parameters of the rolling stock and the loading and un-
loading mechanisms, their quantitative indicators; time
and quantity parameters of the cargo flow;

b) those of the railway transport associated with the
planning and management of operational activities of
stations, and the choice of vehicle resources.

The optimized technological parameters associated
with the operation of the entire PTC are justified: the
size of the cargo consignment, the technical equipment
of the freight fronts, and the delivery interval.

Prospective directions of research include determi-
nation of optimal values of technological parameters as
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a result of modeling and development of a single tech-
nological schedule for interaction between the produc-
tion, transport and consumption.
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Meta. Po3poOka MaTeMaTuyHOI MoAedi (pyHKIIio-
HYBaHHSI BUPOOHWYO-TpaHcnopHoro jaHiora (BTJI)
JIOCTaBKM MAaCOBMX BaHTaXiB MaplIpyTaMy Ha OCHOBI
JIOTICTUYHOTO IMiIX0y.

Metomuka. ®opmyBaHHS Mofei GYHKIIIOHYBaHHS
BUPOOHNYO-TPAHCTIOPHOTO JIAHIIIOTa JOCTaBKUA Maco-
BUX BaHTaXiB MaplIpyTaMU 3aJi3HUYHOTO TPAHCIIOPTY
0a3yeThbCsl Ha AHAJTITUYHOMY METOJI AOCIIIKEHHS 3
ypaxyBaHHSM TPUHIMUITIB JIOTICTUKM i CUCTEMHOTO
aHaJizy.

Pesyabratu. @opmastizoBaHi BUTpaTH OKPEMUX Jia-
Hok BTJI moctaBku pyaHUX BaHTaXiB MaplIpyTamu:
BUTpaTH 3 HaBaHTaXXeHHs, 30epiraHHs y BillpaBHUKA,
TPAaHCTIOPTYBAaHHS 1 30epiraHHsI BAHTaXy B OJEPXyBa-
ya 0 MOMEHTY HaIXOIKEHHSI MOro Yy BUPOOHUIITBO.
Po3pobnena mateMatnyHa Mopesb (DYHKIIIOHYBaHHS
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BTJI noctaBKM MacoBUX BaHTaxXiB. OOIPyHTOBaHi TexX-
HOJIOTIYHI mMapaMeTpu, 110 ONTUMIi3YIOThbCSI, OB’ I3aHi
i3 pyHK1IioHyBaHHAM ychoro BTJI: po3mip TpaHcmopT-
HOI TapTii BaHTaXxy, IOTYXHICTh TE€XHIYHOTO OCHa-
IIEHHS BAaHTAXXHUX (DPOHTIB, iHTepBaJ MOCTABKU.

HaykoBa HoBu3Ha. Po3po0ieHa maTeMaTuyHa MO-
nenb pyHkiionyBaHHs: BTJI moctaBKu MacoBUX BaHTa-
KiB MapuIpyTaMy 3aJli3HUYHOTO TPaHCIOPTY, IO 3a-
CHOBaHAa Ha CUCTEMHOMY MiAXO0/i Ta MPUHIIUIIAX JIOTiC-
TUKMU I BpaXOBY€ B3aEMOJIi10 BUPOOHUIITBA, TPAHCIIOP-
Ty Ta CIIOXXUBAHHS.

IIpakTuuna 3HaunmicTs. Po3pobiieHa MmaTeMaThuyHa
momenb (yHkmionyBaHHsT BTJI moctaBKum MacoBUX
BaHTaXiB TO3BOJISIE MOJICITIOBATH IIPOIIEC TOCTABKU
BaHTaXiB 3 MiCllb BUAOOYBAaHHSI KOPMCHUX KOTAJIMH i
3/ilicCHIOBaTU BUOIp palliOHaJbHUX IapaMeTPiB PyXo-
MOTO CKJIady i BaHTaXKHO-PO3BAaHTAXyBAJIbHUX MeXa-
Hi3MiB, IX KUIbKICHUX ITOKA3HUKIB; YaCOBMX 1 KiJIbKiC-
HUX TMapaMeTpiB BaHTaXKOMOTOKY B 3aJleXKHOCTI Bif
3HaYeHb L[IHOBUX i TEXHOJIOTIYHUX MapameTpiB. Mo-
JIeJIb TO3BOJISIE BUPIIIUTU IIUPOKE KOJIO 3aBAaHb: IO-
CTaYaJIbHUKIB i CITOXMBAaYiB ITPU CAMOCTIHHOMY BUOODi
BapiaHTIiB MaTepialopyxy; 3aji3HUYHOTO TPAHCIOPTY,
MOB’SI3aHUX i3 TUIAHYBAHHSIM 1 YIIPaBIiHHAM €KCIUTya-
TaliifHOI pOOOTOIO CTaHIIil, BUOOPOM pecypciB TpaH-
CIOPTHUX 3aCO0IB.

KumouoBi cioBa: 1ocicmuunuil aanyroe, mapupymu3sa-
yisi nepegeszendv, BIONPAGHUUBKI MAPUIPYMU, MACO8I 8aH-
maici, 3anizHa pyoa, UpoOHUYO-MPAHCNOPMHA CUCHe-
Ma, mamemamu4Ha mMooenb

MaremaTuueckasi MO€b JOTHCTHIECKOM
IeNnH TO0CTABKH MACCOBBIX TPY30B
JKeJIe3HOIOPOKHBIM TPAHCTIOPTOM

H. I0. llpamenko', B. A. lllpamenko?

1 — XapbKOBCKUI1 HALIMOHAIBHBIN TEXHUUECKUI YHUBEPCH-
TET CeJILCKOTO xo3s1iicTBa uMeHM [leTpa Bacunenko, r. Xapb-
KOB, YKpauHa, e-mail: nshramenko@gmail.com

2 — XapbKOBCKWII HAIMOHAJIBHBI YHUBEPCUTET WMEHM
B. H. Kapasuna, r. XapbkoB, YKpauHa, e-mail: shramenko.
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Ienb. Pa3paboTka MateMaTuueckoii Moaeau (hpyHK-
LIMOHMPOBaHUS POU3BOACTBEHHO-TPAHCIIOPTHOM 1LIenn
(ITTLI) mocTaBKK MacCOBBIX I'Py30B MapllpyTaMU Ha OC-
HOBE JIOTUCTUYECKOTO MTOIXO0/a.
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Metoauka. @opmMupoBaHue Monean GyHKIHMOHU-
poOBaHUsI TIPOU3BOJICTBEHHO-TPAHCIIOPHON LEMU I0-
CTaBKHM MAacCCOBBIX TPY30B MaplIpyTaMU >KeJe3HOIO-
POKHOTO TpaHCIOpTa 0a3upyeTcsl Ha aHAIUTUYECKOM
METOJIe UCCIICIOBAHMS C YIETOM IIPUHIINIIOB JJOTUCTH -
KU ¥ CUCTEMHOTO aHaJIi3a.

Pesyabrarel. @opMann30BaHbI 3aTpaThl OTACTBHBIX
3BeHbeB [ITL noctaBku pyqHBIX IPy30B MapLIpyTaMU:
3aTpaThl IO TOTPY3Ke, XPaHEHWIO Yy OTIPaBUTEIS,
TPAHCIIOPTUPOBKE M XPaHEHUIO I'py3a Yy MOIydaTessi 10
MOMEHTA TTOCTYIUIEHUsI €ro B ITPOU3BOACTBO. Pa3pabdo-
TaHa MaTeMaTuyeckass Moneiab (YHKIIMOHUPOBAHUS
IITL nocraBku MaccoBbIX Tpy30B. OOOCHOBAHbBI OITHU-
MU3UpYEMbIe TEXHOJOTUYECKME TIapaMeTpbl, CBSI3aH-
Hble ¢ dyHkuroHupoaHueM Beeit [TTLL: pazmep TpaHc-
MOPTHOM MapTUM Tpy3a, MOIIHOCTb TEXHUYECKOTO OC-
HallleHUs TPY30BBIX (DPOHTOB, MHTEPBAJI IIOCTABKH.

Hayuynasa noBu3Ha. PazpaboTaHa MaTemartuyeckas
Monenb pynkunonupoBanus IITL[ mocraBku macco-
BBIX TPY30B MapIIpyTaMU KeJIe3HOTOPOKHOTO TPaHC-
TopTa, OCHOBaHHAsI HA CUCTEMHOM TIOIXOAC W MPUH-
LIMIIaX JIOTMCTUKU, YYUTHIBAIOIIAS B3aUMOICUCTBUE
MPOU3BOACTBA, TPAHCIIOPTA U MOTPEOICHMUSI.

IIpakTHyeckas 3HauumocTh. Pa3zpaboraHHass Mare-
MaTudeckasi Moaeab (PYHKIIMOHUPOBAHUSI TTPOU3BO/I-
CTBEHHO-TPAHCITOPHOI LIEMU JOCTaBKM MAaCCOBBIX IPY-
30B MO3BOJISIET MOAEIMPOBATH MPOLIECC TOCTABKU TPy-
30B C MECT HOOBbIYM TOJE3HBIX MCKOIMAeMbIX U OCY-
IIECTBIIATh BHIOOP pallMOHAIBHBIX IapaMeTPOB ITOMd-
BIDKHOTO COCTaBa M IOTPY309HO-Pa3rPy30IHBIX MeXa-
HU3MOB, X KOJMYCCTBEHHBIX MOKa3aTeseii; BpeMeH-
HBIX ¥ KOJIMYECTBEHHBIX ITapaMeTPOB TPY30II0TOKA B
3aBUCUMOCTH OT 3HAUYCHUM IIEHOBBIX U TEXHOJIOTHYEC-
CKUX mapaMeTpoB. Mofienb MO3BOJISIET PEIINTh IITUPO-
KM KpyT 3ajJay: MOCTAaBIIUKOB U MOTpeOUTEaei pu
CaMOCTOSITeJIbHOM BbIOOpE BapMaHTOB MaTepUaIOIBU-
JKEHUST; KeJEe3HOIOPOXKHOIO TPaHCIIOpPTa, CBSI3aHHBIX
C TJIaHUPOBAHUEM U YIIpaBJIEHUEM BKCILTyaTallMOH-
HOIt pabOThI CTAHLIUIi, BHIDOPOM PeCypCOB TPAHCITOPT-
HBIX CPENICTB.

KioueBble ¢lioBa: 10eucmuyeckas yens, Mapuipymu-
3auuUs Nepeso3oK, OMNPASUMENbCKUe Mapupymol, Mac-
coeble epy3bl, Jcene3Has pyoa, npou3eo0cmeeHHo-mpaHc-
NOpMHAs cucmema, Mamemamu4eckas mooensb
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€. C. Anvowmuncokum. Jlama HaAOXo0dceHHS pYKOnucy
08.08.17.

141




