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THE USE OF ANYLOGIC SYSTEM FOR MODELLING A FLEXIBLE
AUTOMATED PACKING SYSTEM IN TRAINING ENGINEERING STUDENTS

Abstract. The authors have considered possibilities of organizing the training of students majoring
in engineering specialty “131. Applied Mechanics” in the course “CAD of packaging production”
using the specialized software of the AnyLogic Company.

The paper presents software products for automated calculation and modeling of the technological
process of packaging. As a result of studying the software product, the students will be able to
master the techniques of automated calculation and design of packaging components and
implement projects using modern CAD and CAM systems.

The purpose of modeling the technological processes of packaging is to increase their productivity
by determining and justifying the optimal parameters. The study of technological processes based
on simulation modeling allows the students to identify interconnections, to highlight technical and
economic indicators, to evaluate the impact on profitability, to determine the directions of
development and ways to improve the technical and technological facilities.

The methodology for developing a flexible automated line simulation model, for example, for the
production of macaroni products, is described in this work. Authors highlighted the stages of
modelling a flexible automated packaging system.

The criteria that influence the technological process of bulk products packing are determined. The
parameters for constructing the simulation model are selected. A formal description of the packing
line has been made for a more detailed understanding of the process and the adequate construction
of the model. With the help of the software of The AnyLogic Company, students create an acting
part of the model, simulate processing at workshops and the work of a warehouse.

As a result, in the developed simulation model, the authors researched the load of the production
elements, determined problematic structural elements and calculated the coefficient of the
technological line readiness. The virtual model of the technological line allowed testing the future
technological line for adequacy, process ability and reliability.

As a result of studying the discipline "CAD of packaging production" and AnyLogic software,
students develop holistic understanding of the automated process and acquire the skills of
modeling, analysis and optimization of the technological line.

Keywords: simulation modelling; flexible automated system; model; formalized description;
coefficient of readiness; discrete-event abstraction; logical circuit.
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1. INTRODUCTION

The problem setting. Automation of design works gives the possibility to increase
significantly labour productivity in designing, improve the quality of design documentation,
reduce the machinery design period, and improve the quality and technical and economic
level of machines both at the stage of their design and operation. It is safe to say that the
competitiveness of newly created machines is largely determined at the stage of their design,
effectiveness of which is directly related to the automation level of all stages of the multi-
stage design process.

Statistical data obtained from machine-building enterprises shows (Table 1) that the
drawing work takes more than 30% in direct hours for designing, while the creative elements
of design work take only 15%. The share of computing work in comparison with designing
and drawing work in percentage terms is rather small. Other, so-called indirect designing
works, take about one third of total designing time.

The results of the surveys clearly show that the “routine” procedures, which include
detailing, take a large part of hours in the design process. Therefore, at the beginning of the
designing work automation, the desire to automate these stages with the help of computer
technology dominated. A significant incentive for the development of virtual design systems
for complex technical objects, including technological machines, appeared about 30 years
ago, when a graphical computer image became available.

The accumulated experience shows that the automation of only certain designing
operations using the computer to perform drawing work and engineering calculations does not
significantly change the designing period.

But at the same time, it becomes clear that the main direction here is not the automation
of individual designing stages, not algorithms of engineering calculations, but the creation of
integrated automated virtual design systems that cover the designing stages from the project
start, when only contours of the future machine are made, which should correspond to the
initial plans, to its final design. Within such approach, the quality of the design decisions is
increased due to the applied optimal design methods.

Analysis of recent research and publications. Virtual simulation is a model designing
tasks solution using a computer, that is, automated CAD-based design. Computer systems
allow students to simulate the full design development process on computer models, create
cybernetic prototypes of process machines, lines or processes and to test them virtually in a
model environment. When studying “CAD of packaging production”, students simulate the
technological process using AnyLogic simulation environment.

Borshchev [1], comprehensively presents all three methods, or paradigms, in simulation
modeling: Agent Based, System Dynamics, and Discrete Event. The work explains how to
choose the right constructs of the modeling language to create a representation of a real world
system that is suitable for risk-free dynamic experiments. This book is extremely useful to
both simulation professionals and students learning simulation modeling.

C.M. Macali, M.J. North in article [2] provide a brief introduction to agent-based
modelling and simulation, illustrate the main concepts and foundations, discuss some recent
applications across a variety of disciplines, and identify methods and toolkits for developing
agent models.

Gizem Gunes and Ali Fuat Guneri [3] in their work combined the main concepts of
C.M. Macali and their practical implementation in AnyLogic.

Bjorn F. Postema, Boudewijn R. Haverkort,in “An AnyLogic simulation model for
power and performance analysis of data centres” [4] present high-level models to estimate DC
power consumption and performance. This demonstrates the universality of AnyLogic and the
possibility of its use in solving complex engineering problems.
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Analyzing the works of O.V.Karsayev and others [5], it can be concluded that the
AnyLogic simulation environment is flexible and can be used in various fields. According to
I. N. Khaymovich, D.G. Skripachev, S.Yu. Kolesnikova [6], the study of AnyLogic
simulation environment is compulsory for engineering students. E. V. Karmanova and others
argue that the software allows you to create a model of the production process and to evaluate
the impact of changes in various parameters of the system on the course of the production
process [7]. The application of this software will allow students to form a clear understanding
of the production process.

AnyLogic simulation environment is based on an object-oriented concept and has a
number of benefits. Some of them are the existence of all modelling paradigms (high choice
flexibility of the approach); the possibility of choosing between paradigms or applying an
integrated approach; it has all the properties necessary for the development of simulation
models [8]. AnyLogic environment is developed in a universal Java programming language,
which allows it not to depend on the type of operating system [9,10].

Unsolved aspects of the target. Studying and further use of the simulation means by
students of engineering specialties is a necessity today. Creation and wide implementation of
automated design systems into production is based on creation of a virtual computer
prototype, a prototype of a future technological machine. In this case, the work on the project
is accelerated; the number of errors is reduced. However, it is not always clear if the software
product is suitable for simulation.

The purpose of the article is to investigate production elements load using the
environment for simulation modeling and creating a computer model of the packaging line for
macaroni products in the course “CAD of packaging production” for engineering students.

2. THE RESULTS OF THE RESEARCH

The curriculum of students in the specialty “131.Applied Mechanics” majoring in
“Machines and Technology of Packaging” at Lutsk National Technical University includes
the study of the course “CAD of packaging production”. Besides software for creating
drawings and models - AutoCad, Creo Parametrix, SolidWorks, Compas, students study
AnyLogic simulation environment. Teaching “CAD of packaging production” is based on a
combination of students’ theoretical knowledge with their practical skills. In particular, when
studying the simulation environment, students create models of technological processes at
existing enterprises. Then they determine the weak points in the technological line, the joints
with the highest failure rate and the optimal combination and placement of technological
machines. It provides students with practical skills and knowledge that they further can
implement at the enterprise.

Simulation modeling consists of two major stages: the creation of a model and the
analysis of the data obtained with the help of a decision model [11].

First of all, a student must determine what tasks they have to deal with. The goal
depends on what processes in the real system should be selected and displayed in the model,
and which processes should be left out, which characteristics of these processes should be
considered and which - not, which correlations between the changes and model parameters
should be reflected in the model.

This stage can be described as the creation of a conceptual (content) model. The

structuring of the model is being provided at this stage, that is, the selection of individual
subsystems, the definition of elementary components of the model and their relationships at
each level of the hierarchy.
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The elements of the system, their relationships, parameters and variables, as well as
their relationships and the laws of their changes, must be expressed by means of the
simulation environment, that is, in this environment, variables and parameters of the model
must be defined, procedures for calculating changes of the variables and model characteristics
in time must be constructed.

If necessary, for a better understanding of the processes occurring in the model, students
develop an animation of these processes [12].

The constructed model is verified in terms of the correctness of its implementation.

The next step is to calibrate or identify the model, that is, to collect data and perform
measurements of those characteristics in the real system that the student introduces into the
model in the form of values of parameters and distributions of random variables.

Next it is necessary to perform a check of the correctness of the model (its validity). For
this purpose, the output model is checked in several test modes, in which characteristics of the
behavior of the real system are known or obvious.

The final stage of working with the model is a computer experiment, which is actually
the aim of creating the model.

To study AnyLogic simulation environment in our case, students need to simulate the
work of a flexible automated packaging system on the example of macaroni production. For
this purpose, it is necessary to simulate production with the following stages and the duration
of their operations (Table 1). Duration of each of the stages is obtained experimentally.

Table 1

Duration of production stages
Production stage Number | Duration, minutes
Press and pre-drying 1 5
Drying No.1 2 55
Drying No.2 3 300
Refrigeration unit 4 5
Hopper 5 50-80
Packing machine 1kg (0,9kg) 6 0,077
Packing machine 3kg (2kg) 7 0,066
Finished product warehouse 8 -

Having this technological equipment, it is possible to produce 7 types of products: rolls;
spirals; elbow macaroni; cuts of straw; vermicelli; shells; turtles.

Due to different shape of products, and as a result of their looseness, the filling time of
hoppers for different types of products is also different. The data on the filling of hoppers,
obtained experimentally, are given in Table 2.

Table 2

Time of filling the hopper with finished products

Type of product | Filling time,
minutes
rolls 55
spirals 50
elbow macaroni 60
cuts of straw 70
vermicelli 80
shells 60
turtles 70
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First of all, you need to define the input parameters for the simulation model. The input
parameters of the model are:

— type of product;

— speed of the conveyor;

— parameters of packing machines (weight of packed products);

— breakage of conveyors.

It should be noted that all parameters can be changed directly at the time of modelling.

2.1. The formalized description of the model consists of the exact location of the
equipment and its functions, which later will form the simulation model.

The line works as follows: pasta is squeezed out and then goes to pre-drying, where it is
pre-crushed and dried. After that, the product is delivered to the dryer by basket conveyor
number 1, where it passes through the system of belt conveyors and is dried for 55 minutes.
The pasta is then fed into the basket conveyor after drying number 2, where the products pass
through the system of conveyors and finally is dried for 5 hours. Finished pasta after drying
number 2 is fed into the refrigeration unit by a basket conveyor. After that, the product is
delivered to one of the unfilled hoppers by belt conveyors. From the filled hopper, the product
enters one of the vending machines depending on the customer’s requests. Packers put the
packaged products on pallets, which, after they are full, an electric loader transports to the
warehouse of finished products [13].

This model will be done in a discrete-event abstraction. First, you need to make a layout
of the key elements of the model (Figure 1).
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Fig.1. Key elements of the model
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Entering input data should start with view control.

Product management is possible by selecting a particular item from the list of available
types. Let’s look at Figure 2.

B listbox_product - List Box

General Name: | listbox_product [¥] Show name [ JIgnore [¥]Public [Jlcon
Advanced

Dynamic Items: ultinle selection
Description product_1
product_2
product 3
product_4
product_5
product 6
product 7
<add new element>

Link to: product_type
Enabled:

Action:
change_product ()

Fig.2. The box of product view configuration in AnyLogic

As you can see, list of available types is bound to the variable product_type (Figure 2),
and when you select any item in the list, the function change_product is called. This is a
variable of string type, which acquires the value of the name of the active item in the list. This
function, depending on the value of the product_type variable, changes the value of the
product_shape variable, and then calls the break_manufacture function.

Depending on the chosen type of the product, we change the two variables,
product_type and product_shape.

The elements of selecting the type of packaging work in the same way.

Next, let us consider the element that simulates the breakage control on the line - this is
the break element. This item is a button. It calls the break_manufacture function. Depending
on the type of breakdown, the variables will change.

The last element is the conveyor speed control element. This element is a slider; it
changes the value of the conveyor_speed variable. This variable is responsible for the speed
of the conveyor in the logical circuit of production.

The output of the simulation results is on the charts. They all work in the same way, let
us look at one of them, namely Product_in_bunker_kg, which shows the number of products
in hoppers ready for packaging (Figure 3).

= Properties 2 | Bl Console

Ik Product_in_bunker_kg - Bar Chart

General

Name: | Product_in_bunker_kg [1Show name [ ]Ignore Public
Advanced
Dynamic Title: | product_1 Color: | v
Appearance Valye: | product in bunker([0]
Description

Title: | product_2 Color: _V

Value: | product in bunker([1]

Title: | product_3 Color. [Corange | v

Value: | Product in bunker[2]

Fig. 3. The box of chart configuration for filling the hopper in AnyLogic
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Figure 3 shows that each element is bound to a value in the array. The value of the array
elements varies in the logical production circuit in delay5 element in the field on enter, which
is responsible for modelling of changes in the model state, when any element of the product
arrives at the hopper.

= Properties &2 | Bl Console
% delay5 - Delay

General

Name:  delay5 Show name [ |lgnore [ ]Public Show at runtime  Create presentation
Parameters
Statistics Type: Delay<T extends Entity> Entity class: ~ Product
Description Package: nylogiclibraries.enterprise v

Delay time is (®) Specified explicitly () Path length / speed

Delay time” 10/virt_time

Maximum capacity

On enter’ product in bunker[entity.id]++;

On exit”

Animation guide shape rectangled

Animation type Bag b

Fig. 4. Delay5 element

2.2. Design of the event part of the model

The main part of the model is logic circuits. For each element, its own logical circuit is
developed. In our case there are 6 of them:

— logical circuit of production;

— logical circuit of breakdowns;

— logical circuit for workers of the production site;

— logical circuit of packaging;

— driver’s logic circuit;

— logical circuit for trucks.

SO e ectoutputt delayl queusl conveyorl delay2 Gueue2 conveyor2 delay3 queued  conveyors

m—@@@—@g]]ﬂ;m—m: : J— D]]IE@—@ o
[

source_product_change delay sink_product_change

(V= {0 = (%)

e lectoutput3

Fig. 5. Logical circuit of production at the beginning of the production site

Each conveyor has a selectOutput element before it, which checks if this conveyor can
be used now. Selectoutput? is responsible for the second conveyor. It checks the value of the
break_bool variable. If the value is true, then the product gets to the exit T, that is, the
conveyor. If the value is false, then the element enters the exit F, and the failure request is
generated: source_product_change.inject.

2.3. Simulation of production sites of the enterprise

Let us look at the logical circuit of the enterprise in Figure 6.
source - an element responsible for generating a logical unit of the product;
delayl - press and pre-drying;
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delay2 - drying 1;

delay3 - drying 2;

delay4 - refrigerator;

delay5 - hoppers;

delay6 - packing machine 3 kg (or 2kg);

delay7 - packing machine 1 kg (or 0.9 kg);

batch, batchl - pallet forming;

delay8, delay9 - transportation of products to the warehouse of finished products;
unbatch, unbatchl - putting products into the warehouse of finished products;
queuel0, delay10 - storage of products in the warehouse of finished products;
delay20 - loading of products to the truck;

sink1 - export of goods by truck from the enterprise.

SOUTCE L ieciuput] 9eaY1 aueus  comeyort delay2 quese2  conveyor2 delay3 auesed  omveyors  delY  cegouputs 99U comeyors  delays

3
W Siiiz — TS gy e — ‘ Da-il E‘E‘U"mﬂigmﬂa—s-:e—r ii ﬁ—a—”]}]ﬂ:—s-:—a—a—( :7
sink % O_é\s

delay20

queues comveyars SEIECOUPULID | conuenrs 1 delayé quee batch queus?  delayd selectOutputs unbatch selectOutput1s
a

sinkt
) & e queueld  selectOutput]2
quevet15elecioutnusse T = — 5 Fe—s I-e—e( 5 ez
T el
= delay10
aqueuse conveyors SEIRCOUPUT  onueng 1 delayT queued batcht queues  delzyd selectOutputy unbatcht
Sz == ’f\.:j‘“** : FIfa—=-Tio 4’.[ M- 3 =

Fig. 6. Logical circuit of the enterprise

The logic of the design and operation of this circuit is similar to the logic of description
in the development of the logic circuit, with the only difference that these elements perform
their function in the logical circuit of the enterprise.

2.4. Imitation of warehouse work

Let us look at Figure 7.

queus1D selectOutputl2

delay1d

aSai

Fig. 7. Logical schema of the warehouse operation

As already noted, the storage of products in the warehouse is modeled by the elements
queuelO and delay10. The selectOutputl2 element verifies whether the machine is loadable,
the selectOutputl5 element checks if you still need to load the truck, or it has already been
filled in. An element sink1 models the export of products from the warehouse.

In order for this circuit to work, you need to design the logical scheme of the forklift
truck. This schema will change the state of the elements selectOutputl2 and selectOutputl5.
Consider it in Figure 8.
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lehtOutputs selectOutput fork_delay 2 fork_stop_delay 3kg  fork_delay 3 fark_delay 4 fark_stop_out_3kg  fork_delay 5

fork_source f rk_delay_‘lh

L Lt

fork_delay & fork_stop_delay_1kg fork_delay 7 fork_delay_8 fork_stop_out_lkg fork_delay 8

selectOutput?

Ty (T Ty
G e’ ® ® ® o-]

Fig. 8. The logical schema of the forklift truck movement

Fork_source - the element that generates a copy of the truck.

selectOutput6 - splits an instance into a possible type of truck.

selectOutput, selectoutput7 - decides whether it is possible now to come to the product.
fork-stop_out_3kg, fork_stop_out_1lkg - generates loading of the truck.

2.5. Calculation of the production line coefficient of readiness

The coefficient of readiness is the probability that an object will be able to work at any
time, except for the scheduled periods during which the use of the object for its intended
purpose is not provided.

The coefficient of readiness is a coefficient defined as the ratio of the time of successful
work to the sum of time of the successful work and the forced idle time of the object taken
during the same calendar period [14].

Ke=ty/ty+t,, (1)

where t,, — is total time of the proper operation of the object; t, — is total time of forced
idle time.

To switch to a probabilistic interpretation, the values ty, and t, are changed by the
mathematical expectation of the time between adjacent failures and the recovery time,
respectively.

K =ta/ tar + £, (2)

where: t,; — is average work before the refusal;
t, — is average recovery time.

Experimentally, we have got the following data:
Running before failure: t; = 47min, t, = 18min, t3 = 360min, t; = 220min, ts = 34min.
Recovery time: t;; = 15min, t;; = Smin, t3; = 12min, t4, = 25min, ts; = Smin
Then
tar = (47+18+360+220+34)/5 = 135,8 min.
tr= (154+5+12+25+5)/5 = 12,4 min.

Thus, the coefficient of readiness is:

K,=135,8/135,8+12,4=0,916
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3. CONCLUSION AND PROSPECTS FOR FURTHER RESEARCH

The presented simulation model has been developed for the university course “CAD of
packaging production” and can be implemented in the educational process for engineering
students to study the stages of simulation of flexible production systems with the help of
AnyLogic software. To accomplish the task, students work in teams, use modern software and
integrate their theoretical knowledge with practical skills. Moreover, simulation models are
created using real data from enterprises, which allows students to work with reliable
information, entering actual parameters.

The use of simulation modelling both helps to avoid serious mistakes that arise in the
creation of automated systems, and opens new horizons for research, in particular, the
development of intelligent production systems.

Simulation modelling allows students to acquire skills in using modern software
products. These skills will help students to practice real problem solving in their field.

As a result of studying the discipline "CAD of packaging production" and using
AnyLogic software, students develop holistic understanding of automated processes and
acquire the skills of modeling, analysis and optimization of the technological line.
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AHoTamiss. Y craTTi aBTOpaMH PO3TVITHYTO MOMJIMBOCTI OpTaHi3allii HaBYalbHOI pPOOOTH
CTyIeHTIB imkeHepHoi cnerianbHOoCcTi “131. Tlpuknagna MexaHika” y BUBYCHHI JUCIHUILTIHA
“CAIIP makyBampHOTO BHPOOHMITBA 3 BHUKOPUCTAHHSM CIEIiali30BAaHOTO MPOTPaMHOTO
3abe3neuenns komnanii The AnyLogic Company.

Y poboTi TpenacTaBiieHO TPOrpaMHi MPOAYKTH JJIsi aBTOMATH30BAHOTO pO3PaxXyHKy Ta
MOJICJIFOBAHHSl TEXHOJIOTIYHOTO TIPOLECY MaKyBaHHs. [lil 4yac HaBYaHHS CTYACHT OBOJIOJI€E
METOJAMKAMH aBTOMATH30BAHOTO PO3PaxXyHKy Ta NPOEKTYBaHHS C€JICMEHTIB Ta BY3JIiB
MaKyBaJIbHOTO OONaTHAHHS, OCOOMMBOCTIMHE IX peanizamii 3 BukopucraHHsiMm cydacHux CAD rta
CAM cucrewm.

MeTor0 MOJICTIOBAHHS TEXHOJIOTIYHHUX MPOIICCIB MaKyBaHHS € MiIBUIICHHS IX MPOIYKTUBHOCTI 3a
PaXyHOK BU3HAYCHHS Ta OOIPYHTYBaHHS ONTHUMAJIbHHUX MapaMeTpiB. JOCTiHKeHHS TEXHOIOTIYHIX
MIPOIIECiB HA OCHOBI iIMITAIlifHOTO MOJIEITIOBAHHS J03BOJSE CTYACHTY BH3HAUUTH B3a€EMO3B’S3KH,
BUJUIATH TEXHIKO-€KOHOMIYHI TIOKa3HWKH, OI[IHUTH BIUIMB Ha MPHOYTKOBICTh, BHU3HAYUTH
HaIpPSIMKH PO3BHUTKY Ta IUISXH BJOCKOHAJICHHS TEXHIKO-TEXHOJOTIYHOI 6a3u.

YV po6oTi mpeacTaBIeHO METOUKY PO3POOKH IMITAIIMHOT MOJIENi THYYKOi aBTOMAaTH30BaHOI JIiHI1
Ha TIPUKJIQaI BUPOOHHUITBA MaKapOHHHX BHPOOiB. ABTOpaMH BHIIJICHO €TAId MOJECITIOBAHHS
poOOTH THYYKOT aBTOMATH30BaHOI CUCTEMH NaKyBaHHs. Bu3HaueHO KpuTepii, SKi BILUIMBAIOTH HA
TEXHOJIOTIYHUH TMpOoIeC MaKyBaHHS CUNKOI mponykiii. BuOpano mapamerpu s MoOyIOBU
iMiTamiiHoi Mogeni. s OLIBII IEeTaNEHOTO PO3YMIHHS MPOLECY Ta aIcKBaTHOI MOOYIOBH MOJENI
31ificHeHO (opManizoBaHUIl ONKC MaKyBaJIbHOI JiHii. 32 JOMOMOI0I0 NIPOrPaMHOTO 3a0e3IeYeHHS
xommanii The AnyLogic Company CTyAeHTH pO3pOOJSIOTH MOJIEBY YaCTHHY MOAEINI, IMiTalilo
pOOOTH LEXiB MiIPUEMCTBA, IMITAI[iF0 POOOTH CKJIAIY IiAPUEMCTBA.

V pe3ynbTati B po3po0iIeHii iMiTariitHiil Moen mpoBeAeHO TOCIIHKEHHS CTaHy 3aBaHTaKEHOCTI
€JIeMEHTIB BUPOOHMIITBA, BHU3HAYEHO TMPOOJIEMHI CTPYKTYpHI €JIEMEHTH Ta pPO3paxoBaHO
Koe(illieHT TOTOBHOCTI TEXHOJIOTIYHOI JIiHii. BipTyaibHa MOJeNTb TEXHOJIOTIYHOI JIiHIT 1ana 3MOTy
MEepeBipUTH  MalOyTHIO TEXHOJIOTIYHY JIHIIO Ha aJeKBaTHICTh, TEXHOJOTIYHICTH Ta
0€e3BIIMOBHICTb.

V pesynbrati BuBueHHS aucuuiniian “CAIIP makyBajbHOTO BHPOOHHIITBA” Ta MPOTPaAMHOTO
nponykrty AnylLogic y cTyaeHTiB (oOpMyIOTbCS LiJiCHI YSBJIEHHS NP0 aBTOMAaTH30BaHUH
TEXHOJIOTIYHUH TMpOoIeC Ta HAOYBAIOThCS HABUKU MOJCIIOBAHHS, aHANi3y Ta ONTUMI3allil
TEXHOJIOTIYHOT JIiHiI.

KarouoBi ciaoBa: imitamiiiHe MOJCTIOBaHHS, THYYKa aBTOMATH30BaHA CHCTEMa; MOJICIb;
(hopmaizoBaHuii onmuc; K0e(ili€HT TOTOBHOCTI; AUCKPETHO-IIOIEBA a0CTPAKIIis; JIOTIYHA CXEMa.
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helenakrist61 @ gmail.com
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KaHAMJAT TEXHUYECKUX HAYK, JOLEHT

Jlyukuil HaMOHANBHBIA TEXHUUECKUI yHUBEpCUTET, T. JIynk, Ykpauna
ORCID ID 0000-0003-3617-7900
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AHHOTauusA. B cratbe aBTOpaMu pPacCMOTPEHBI BO3MOYKHOCTH OpraHU3alid y4eOHOW paboThI
CTYJICHTOB MHKeHepHOH cniermanbHocTH 131. “TlpukinanHas MexaHuka” B U3YYCHHUH JTHACITATUITHHBI
“CAIIP ymakoBOYHOTO NMPOMU3BOJCTBA” C MCIIOJIb30BAHUEM CIICIIHATN3UPOBAHHOTO TIPOTPAMMHOTO
obecnieuenns kommanun The AnyLogic Company.

B pabote mpencTtaBieHB NPOTrpaMMHBIE NPOMYKTH IS aBTOMATH3WPOBAHHOTO pacdera M
MOJIEIUPOBaHMS TEXHOJOTHUECKOTO Mpoliecca YIakoBKH. Bo BpeMs M3ydeHUs CTYAEHT OBJIaJeeT
METOJMKaMU aBTOMAaTU3UPOBAHHOTO PacyueTa M MPOSKTHPOBAHMUS JIEMEHTOB U Y3JIOB yIAaKOBKH H
0COOCHHOCTSIMH UX pPeaju3aluy ¢ ucnojibp3oBanuem coppeMeHHbIX CAD u CAM cucrem.

Lenbto MonaenupoBaHUs TEXHOJOTMYECKUX IPOLECCOB YMAKOBKHU SBISETCS MOBBIIMICHUE HX
NPOMU3BOJIUTENEHOCTH 33 CYET OIpeAeieHUss M OOOCHOBAaHMS ONTHMAIBHBIX IapaMETPOB.
HccnenoBaHne TEXHOJIOTMYECKUX MPOLECCOB HA OCHOBE WMHUTALMOHHOTO MOJEIUPOBAHUS
MO3BOJISIET CTYACHTY OIPEICIIUTh B3aMMOCBSI3H, BBIICIIUTh TEXHUKO-YKOHOMHYECKUE TTOKA3aTeIH,
OIICHUTHh BIWSHHE HA NPHOBUIBHOCTH, OIPENCIUTh HANPaBICHUS pPa3BUTHI H  IyTH
COBEPIIICHCTBOBAHUS TEXHUKO-TEXHOJIOTHIECKON Oa3bl.

B pabore mpencraBieHa MeTOAMKA pa3pa0OTKM  HMMHUTAIMOHHONW  MOJENH  THOKOM
ABTOMATH3MPOBAHHOW JMHWHM Ha TPHMEpPE IPOM3BOACTBA MAaKAPOHHBIX M3ACIHHA. ABTOpaMH
BBIJICJICHBI 3TAIlbl MOJCIUPOBAHHS PAa0OTHl THMOKOW aBTOMATH3MPOBAHHOW CHCTEMBI YIAKOBKH.
OnpeneneHsl KpUTEPUH, KOTOPHIE BIHMSIOT Ha TEXHOJOTHYECKUN MPOLECC YMAaKOBKU ChITydel
npoaykuuu. BpiOpaHo mapamerpbl AJisl TOCTPOSHMS HMMUTAIMOHHOW Monenu. /[lns Ooree
JEeTaJbHOTO MOHUMAaHMA TIIpolecca U aAEKBATHOTO TIOCTPOEGHUS MOJENU OCYLIECTBICHO
(opmann3oBaHHOE ONMUCAaHHE YNAKOBOYHOW JMHUH. C TOMOIIBI0 NMPOrpaMMHOTO OOecredeHHs
xommannd The AnyLogic Company cTyneHTHl pa3pabaThlBalOT COOBITHHHYIO YacTh MOJIEIH,
UMHTAIUIO paOOTHI IEX0B NPEANPHATHS, IMUTAIMIO PA0OTHI CKJIaaa MPEeIpHITHSL.

B pesynpraTe B pa3paboTaHHOW MMHUTAITMOHHOHW MOJETH TMPOBEICHO HCCISAOBAHWE COCTOSHUS
3arpy’KeHHOCTH 3JIEMEHTOB IPOU3BOJICTBA, ONPEIEICHBI MPOOJIEMHBIE CTPYKTYPHBIC 3JIEMEHTH 1
paccunTaH KOX(QQHUIMEHT TOTOBHOCTH TEXHOJOTWYECKOH JHMHWUH. BupryampHas Momaeib
TEXHOJIOTHYECKOW JIMHWU TI03BOJIMIIA TPOBEPUTH OYIYIIYI0 TEXHOJOTHYECKYI0 JMHHIO Ha
aJIeKBATHOCTH, TEXHOJIOTUIHOCTD U 0€30TKa3HOCTD.

Bo Bpemst umsyuyenus aucuumnuasl “CAIIP ymakoBouHOro mnpou3BOAcTBa” M IMPOrpaMMHOTO
nponykra Anylogic 'y  cTyaeHTOB  (GOpMHUpYIOTCS — LEJIOCTHOE  IpeACTaBIeHHE 00
ABTOMATH3MPOBAHHOM TEXHOJIOI'MYECKOM IPOIEcCe M NMPUOOPETAIOTCS HAaBBIKW MOJICIUPOBAHMS,
aHaM3a ¥ ONTUMU3AINH TEXHOJOTHYSCKON JIMHUM.

KiaroueBble CJI0BAa: MMUTALMOHHOE MOJICIMPOBAHUE, TMOKAas aBTOMATH3UPOBAHHAS CHUCTEMA,
MOJIeNIb; (POPMAITM30BAHHOE OIMUCAHUE; KOI(PPUIMEHT TOTOBHOCTH, JUCKPETHO-COOBITHITHAS
a0CTpakIys; JoruIecKas cxema.
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