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VISCOSITIES OF BINARY LIQUID MIXTURES OF 1, 2-DICHLOROETHANE
WITH PYRIDINE, DIMETHYL SULFOXIDE, ACETONE, FURAN AND
TETRAHYDROFURAN AT 303.15 K

Atri Deo Tripathi, Asim Ahmad

Kinematic Viscosities, at T=303.15K, have been measured for binary liquid mixtures
of 1, 2-dichloroethane with pyridine, dimethyl sulfoxide (DMSO), acetone, furan and
tetrahydrofuran (THF). The values of _ have been fitted in appropriate equations using a least
squares method. The values of the quantity A , which refer to the deviations of the
experimental values of the dynamic viscosities of the mixtures from the mole fraction mixture
law values, have been calculated. Further analysis has indicated that McAllister’s approach
correlates _ of the investigated mixtures all over the entire composition range to a appreciably
high degree of accuracy.

In conclusion, we note that the viscosity data show that binary liquid mixtures of
CH2CICH2CI with pyridine, dimethyl -sulfoxide, acetone, furan and tetrahydrofuran show
specific interaction between components. The complex formation between DMSO and
CH2CICH2CI are believed to be stronger than those between CH2CICH2CI — acetone. The
slightly negative values of Av dichloroethane-acetone system show that acetone forms
molecular complexes with dichloroethane, whereas this value is positive with dimethyl
sulfoxide showing that dichloroethane forms strong adducts with DMSO. The specific
interaction is expected to be hydrogen bond formation between the hydrogen of 1,2-
dichloroethane and proton acceptor groups. The positive values of Av for the system
dichloroethane-pyridine undoubtedly indicates a strong hydrogen bond formation between
lone pair electrons on N atom of pyridine and H atom of dichloroethane. Also there is a
possibility of formation of charge transfer complexes via Cl-m —electron interaction between
dichloroethane and pyridine is believed to be present. Viscosity data also shows that the large
negative values of Av for dichloromethane-furan can be accredited to the high proportion of
contributions to Av on account of the dispersion, dipolar and induction forces over those
caused by specific interactions between the components. The ether oxygen in furan is a weak
proton acceptor and forms hydrogen bond with CH2CICH2CI. However, owing to the
presence of double bonds in the ring, the oxygen becomes less basic, and therefore possibility
of hydrogen bonding is much reduced, resulting large negative values of Av. THF is saturated
molecule and the values of Av for the CH2CICH2CI -tetrahydrofuran system is positive,
which indicates strong specific interactions. On the other hand, the complexation between
CH2CICH2CI with acetone, DMSO,THF or pyridine can be attributed to the formation of
strong hydrogen bonds between the hydrogen atom of CH2CICH2CI and the lone-pair
electrons on the oxygen or nitrogen atom of acetone, DMSO, THF or pyridine.



LOCATION SELECTION OF LOGISTICS CENTER IN E-COMMERCE NETWORK
ENVIRONMENTS

Baiyu Chen, Biying Wang

The site selection of logistics center is a very complicated and enormous system
problem. Each site selection method and model is based on a certain premise and hypothesis.
The site selection decision of distribution center has an important influence on the whole
logistics system operation. A good location of urban logistics sites is important for optimizing
the logistics network, and improving the urban traffic conditions, and level of logistics
services. Motivated by this, in this paper, based on the research of sixteen cities in
southeastern China and neural network algorithms, we proposed a logistics center location
selection algorithm. Our method considers the six important concepts reflecting the
performance index of the city logistics, such as city location quotient, market prosperity
degree, proportion of freight volume, urban centricity, per capita gross domestic product
(GDP), and population size. Our method conducts the nested fuzzy analytic hierarchy process
(AHP), and then investigates the total ranking of the single order hierarchy to select suitable
logistics centers.

Concerning the microscopic problem of site selection of multi-area urban logistics
center. We present a perspective for consideration that embeds the fuzzy analytic hierarchy
process in a more comprehensive manner in this paper. Combining the expert advices, the
pairwise judgment matrixes all passed the consistency check, which has verified the
rationality of the matrix [81-83], at the same time the pairwise comparison of factors has
largely reduced the error brought by the Delphin expert consultation method. The site
selection of logistics center is a very complicated and enormous system problem. Each site
selection method and model is based on a certain premise and hypothesis. The site selection
decision of distribution center has an important influence on the whole logistics system
operation. Therefore, only the correct site selection can maximize the effectiveness of the
distribution center and meet the demands of consumers, so as to achieve the maximum

economic and social benefits.



AN EFFECTIVE COMBINATION OF PRE-PROCESSING TECHNIQUE AND DEEP
LEARNING ALGORITHM FOR HAMMERING SOUND INSPECTION

Balage Don Hiroshan Lakmal, Daisuke Oka, Yoichi Shiraishi, Kazuhiro Motegi

This paper deals with the identification problem of defective products of door strikers
installed in automobiles based on their hammering sounds. The difference of the hammering
sounds between defective and acceptable products is very small and each sound signal has a
unique pattern. The capabilities of conventional human sensory tests are not enough to
identify such differences between these two classes. Hence it is suggested to apply deep
learning algorithms (DLA) as per the versatility and feature extraction power. Usually, some
kinds of pre-processing are adopted before the application of DLA in order to increase the
accuracy of inspection as well as to reduce the training and the application time of DLA. In
this paper, the combinations of five kinds of pre-processing techniques and three types of
DLAs are applied to the actual hammering sounds inspection of door strikers. Especially in
two types of DLAs, the sound data have been evaluated as images. The evaluation results
show that the combination of the wavelet analysis and the Convolutional Neural Network
(CNN) only attained the 100% accuracy of inspection with great response time. The wavelet
analysis and the CNN are independently attain the high performances comparing with others
and it is likely that they are useful in this kind of hammering sound inspections.

This paper deals with the problem what combinations of pre-processes and deep
learning algorithms give the best performances by using the actual hammering sound
inspection problem. Five kinds of such pre-processes as Short Term Energy Analysis,
Wavelet Analysis, Cross-Correlation, Fast Fourier Transform and Discrete Walsh-Hadamard
Transform are adopted. As deep learning algorithms, Feed Forward Network, Stacked Auto
Encoder, and Convolutional Neural Network are used. The experimental results show that
only the combination of Wavelet Analysis and Convolutional Neural Network attains 100%
accuracy against three datasets consisting of actual hammering sounds. Moreover, it is
concluded that Convolutional Neural Network attains the highest accuracy among deep
learning algorithms and also Wavelet Analysis is the best among pre-processes. As future
work, the detailed processes inside of deep learning algorithms should be analyzed, the
incremental learning should be researched and the hammering sound inspection system
implementing the obtained best combination is should be in practical use as soon as possible.
Moreover, it is expected that other DLA application areas of the combinations dealt with in
this paper would be investigated.



STUDY AND PREDICTION OF LANDSLIDE IN UTTARKASHI, UTTARAKHAND,
INDIA USING GIS AND ANN

Dilip Kumar, Neha lakhwan, Anita Rawat

Landslide is defined as a slow to rapid downward movement of instable rock and
debris masses under the action of gravity. Landslides are one of the major natural hazards that
account for hundreds of lives besides enormous damage to properties and blocking the
communication links every year. The area chosen in the present study is Uttarkashi district of
Uttarakhand, suffering from frequent landslides every year. Present study focused on the
possible factors that are responsible for the landslide in hilly regions of Uttarakashi,
Uttarakhand. In present study we used the already existing topographical maps, satellite
imageries and field work. Integrated them together using GIS and soft computing to create a
database that will generate the output for the future use for prediction of susceptibility of
landslide. The main aim of present study is to integrate the result of our study with spatial
data, soil parameters, land inventory and used the output as a user friendly application using
GIS which could predict the future susceptibility of region to landslide and% contribution of
each factor for the same. In this study, layers are evaluated with the help of stability studies
used to produce landslide susceptibility map by Artificial Neural Network (ANN). ArcGIS
9.3, ERDAS and Excel software have been used for zonation, and statistical analysis
respectively. Database of this information layer is used to train, test, and validate the ANN
model. A three-layered ANN with an input layer, two hidden layers, and one output layer is
found to be optimal. Finally, an overlay analysis will be carried out by evaluating the layers
obtained according to their accepted coefficient in final model.. Efficiency of the application
will be calculated by the help of previously acquired data of the study area at different places
and then the reliability of the application will be judged.

The study has to led the determination of factors on the basis of past studies and
determination of weightage for the chosen six factors namely soil depth, soil texture, rock
type, height, slope and land cover. It has led us to understand the application of probabilistic
approach and its success in the work. With the further advancement in such type of study, we
could interpret results for future from past records, if the site is inaccessible, or the test results
are erroneous. Here we have used the already existing topographical maps, satellite imageries
and field work integrating them together using GIS and ANN MODEL to create a database
that has generated the output for the future use. The result of present study with spatial data,
soil parameters, land inventory and presented by a landslide hazard zonation map and a user
friendly application using GIS that could predict the future susceptibility of region to
landslide and percentage contribution of each factor for the same. The reliability of ANN is
high over other methods. Largely this study emphasize on the lucid presentation of result for
laymen.



OFF-LINE HANDWRITTEN CHARACTER RECOGNITION SYSTEM USING
SUPPORT VECTOR MACHINE

Gauri Katiyar, Ankita Katiyar, Shabana Mehfuz

Selection of classifiers and feature extraction methods has a prime role in achieving
best possible classification accuracy in character recognition system. Issues of character
recognition system related to choice of classifiers and feature extraction methods can be
resolved through these objectives. In this proposed work an efficient Support Vector Machine
based off-line handwritten character recognition system has been developed. The experiments
have been performed using well known standard database acquired from CEDAR, also seven
different approaches of feature extraction techniques have been proposed to construct the final
feature vector. It is evident from the experimental results that the performance of Support
Vector Machine outperforms other state of art techniques reported in literature.

Support Vector Machines are one of the most effective methods used in the field of
patter recognition. The method described in this paper makes use of the preprocessing
methods such as binarization, slant correction, smoothing and noise removal, and
normalization to make the process of classification easier and more exact. Seven approaches
of feature extraction namely, box method, diagonal distance method, mean and gradient
operation, standard deviation, centre of gravity and edge detection have been used to develop
an efficient off-line character recognition system using Support Vector Machine. The results
shown in Table 3 Clearly illustrate the higher performance of the proposed method in the task
of recognition of handwritten characters within the dataset used. The proposed method
outperforms most state of the art methods examined in the paper for capital letters with an
accuracy of 95.74%. The method also performs quite well for lower case alphabets with an
accuracy of 92.19% and numeric digits with an accuracy of 97.16%. The timing analysis also
shows that the method proposed is fast and efficient while being fairly accurate at the same
time. The superior performance of SVM is due to superior generalisation ability of support

vector machine in high dimensional space.
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IDENTIFICATION OF COMPLIANT CONTACT FORCE PARAMETERS IN
MULTIBODY SYSTEMS BASED ON THE NEURAL NETWORK APPROACH
RELATED TO MUNICIPAL PROPERTY DAMAGES
Gholamhossein Lari, Saeed Ebrahimi

In this paper, a new approach for identification of the compliant contact parameters
model in multibody systems simulation using a neural network algorithm is presented. Based
on the training and testing the network for some input and output data sets, a general
framework is established for identification of these parameters. For this purpose, first, the
literature devoted to the identification of contact parameters using analytical approaches and
methods based on the neural network is reviewed in brief. Next, the proposed approach is
outlined. Finally, considering a classical example of contact of two bodies, the proposed
approach is applied for verification of the obtained results.

In this paper, we proposed an algorithm for identification of compliant contact
parameters in multibody systems based on the neural network approach. Specifically, we
focused here on the identification of the penetration exponent and hysteresis damping
coefficient in the contact force formula.First, an FEM model of the contact model of a rigid
sphere and a rigid rod was created. This example was simulated for 150 different input sets.
The results obtained from these simulations were used to evaluate the real values of
penetration exponent and hysteresis damping coefficients (outputs) corresponding to the input
sets. Then, a neural network was trained using theses inputs and outputs. In the next step, the
already trained network was served to identify the value of the unknown variables for new
input sets. The obtained results confirmed that the trained network can be used as a reliable
tool for identification of contact parameters provided that enough number of input data sets

with suitable variety is used in the training step.
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EVALUATION OF EXPRESS SERVICE QUALITY ON CAMPUS
Ji Xuehua

To satisfy individual needs of customers. The thesis analyses factors that affecting the
quality of campus express mail service, in order to find out the best solution. On the
foundation of the reality of campus express delivery, The Service Quality (SERVQUAL) and
LSQ model applies to an index system with 20 indexes, Using questionnaires and factor
analysis, the quality of campus express delivery is evaluated in three dimensions. With the
index system, using fuzzy analytic hierarchy process (FAHP) to determine the index weight
of campus express delivery, the result shows that there is still room for improvement in the
quality of campus services. Suggestions are proposed to against existing roblems and improve
the overall quality of campus express delivery.

From school’ view, school as the interested representation of school customer, it not
only carries out the integration and management of resources, but also takes on the
responsibility of timely feedback and meets the basic needs of clients. Of course, the school
should participate in the process of solving the problem of campus services and adopt active
measures. From consumer’s perspective, as a service object of campus express, teachers and
students should respect courier. They should produce certification as much as possible while
picking up the courier, the way would effectively avoid the misconduct and improve the
efficiency. However, when personal rights are threatened, they should dare to complain to
courier company or school management department.

Nowadays, the research on express delivery services mainly focuses on the
macroscopic aspect and locks of systematic thinking. So this paper based on SERVQUAL and
LSQ evaluation system, campus express service quality model is evaluated by Factor
Analysis and Fuzzy Analytic Hierarchy. From the analysis, there is still room for
improvement. The improvement of school express service depends on the deep cooperation
among express delivery companies, school, teachers and students, as well as adopts scientific
management methods. However, the result may be affected by the limited number of
questionnaires. Can add the size of the survey to let the analysis more dependable and
credible.
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RESEARCH ON DESIGN OF VIBRATION PLATFORM OF MOLDED CASE
CIRCUIT BREAKER AND RELIABILITY OF PLATFORM FRAME

Jiaguo Yao, Ying Pan

With the continuous development and improvement of modern transportation systems,
the demand for transport equipment has been increasing day by day, and low-voltage
electrical appliances have become an indispensable part of transport equipment. In the
railroad highway navigation and transportation, strong vibration, impact and natural
mechanical environment have become one of the important factors affecting the stable,
reliable and safe operation of electrical equipment. Molded case circuit breakers generally
study their performance index under static conditions, and there are few researches on them
under dynamic vibration environment. Therefore, the vibration platform test of molded case
circuit breakers is established here to fill in the dynamic test of low-voltage electrical
apparatus. The blank space. In addition, in order to ensure the stability and longevity of the
overall framework of the designed platform, the reliability of the established test platform
framework is analyzed on the basis of ansys analysis, and it is concluded that the established
platform framework can guarantee the dynamic testing nder vibration. The overall stability
will not cause vibration damage to the frame.

This paper mainly studies the reliability of circuit reaker under dynamic load,
establishes corresponding vibration test system, and analyzes the structural static and dynamic
characteristics of the mechanical arm of the three-way stretching mechanism. A mechanical
analysis method for the failure of low-voltage circuit breakers under vibration excitation is
presented. The mechanical characteristics model of low-voltage circuit breakers is
established. The characteristics of the response of low-voltage circuit breakers under vibration
excitation are analyzed. This method can be used to obtain the low-voltage circuit breakers
subjected to simple harmonics. Under the excitation (sinusoidal vibration) load, the vibration
response and characteristics of the internal moving contact are analyzed. The sinusoidal
excitation test and the random excitation vibration test were performed for the 3VT8 molded
case circuit breaker and the 3WT8 frame circuit breaker.

In this paper, the design of the moulded case circuitbreaker vibration test platform is
firstly implemented modularly, and the main components and the designedstructure are
introduced. The feasibility of the platform construction is well explained. In addition, based
on the analysis of the finite element, the reliability of the experimental framework of the
platform was studied, and the deformation and natural frequency of the frame were analyzed.
Finally, the results that meet the experimental requirements were obtained. The accuracy of
the experiment and the safety of the equipment structure were also obtained.
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THEORETICAL AND EXPERIMENTAL INVESTIGATION ON PERFORMANCE
IMPROVEMENT OF SOLAR HOT WATER SYSTEM UNDER REAL WEATHER
CONDITIONS AT HO CHI MINH CITY, VIETNAM
Le Minh Nhut

This paper presents the results of theoretical and experimental investigation to
determine the optimal flow rate of collector loop to improve the performance of a solar hot
water system under real weather conditions at Ho Chi Minh City, Vietnam. The optimal flow
rate of flat-plate collector loop is researched based on the relationship between the useful heat
gain of the flat plate collectors and the electricity consumption of the collector pump. The
result of the simulation and experiment shows that the optimal flow rate was determined at the
value of 0.132 (kg/s). Besides, the effects of various parameters such as initial water
temperature of storage tank, flat plate collector area and volume of storage tank are
investigated. Furthermore, the validation of simulation and experiment results of the progress
of the water temperature in the storage tank is also evaluated. This paper proposes a constant
mass flow strategy for a collector loop, a Matlab programs is written and developed based on
a simplified mathematical model to determine the optimal flow rate of collector of solar hot
water system under real weather conditions at Ho Chi Minh City, Vietnam. The optimal flow
rate is obtained at the value of 0.132 (kg/s) (7.92 (I/m)) and is recommended for using in the
flat plate collector loop of the solar hot water system in weather conditions of South
Vietnam. Besides, the study results also show that the thermal performance is strongly affects

by the various parameters such as initial water temperature of storage tank, flat plate collector

area and volume of storage tank.
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GRID-CONNECTED CONTROL SYSTEM FOR THREE-PHASE BIDIRECTIONAL
DC/AC CONVERTER TO EXPLOIT PHOTOVOLTAIC POWER GENERATION

Le Tien Phong, Do Trung Hai

A grid-connetected control system is proposed in this paper to regulate three-phase
bidirectional DC/AC converters in distribution grid exploiting photovoltaic power generation
and not having energy storage at the DC side. To interact power flow at two its sides,
statbilize voltage at the DChus and synchronize with the grid, it includes an inner current
controller and an outer voltage controller in a cascaded structure. Using small signal modeling
and information about voltage at the point of common coupling and DCbus, control
parameters for controllers are determined to balance power between photovoltaic system side
and grid side. Simulation results show that the grid-connected control system helps the three-
phase bidirectional DC/AC converter meet all requirements very well due to the balance of
power at its sides to hold voltage at DC side at a fixed value, grid synchronization and low
harmonic distortion total for current and voltage waveforms. They also represents the
capability to exploit maximum available power of photovoltaic power generation under any
operational condition. This paper builds a grid-connected control system for a three-phase
bidirectional DC/AC converter to exploit PVg. By combining IB-AVC method for a DC/DC
boost converter and the grid-connected control system for the bidirectional DC/AC converter,
power flow goes through the power circuit of this converter in two directions to charge the
capacitor at DChus or generate power from PVg into the grid. Parameters for voltage and
current controllers are determined by using parameters of power circuit to create a stable
operation for DC/DC and DC/AC converters. The grid-connected control system has two
control cascaded loops (outer voltage loop, inner current loop) using information provided by
a PLL to hold voltage at DCbhus at a fixed value, balance power at two sides of the
bidirectional DC/AC converter and synchronize to the grid under any operational condition.
Simulation results showed that the designed control system adapted to execute all
requirements for a grid-connected system. It helped to exploit power at MPP at any value of
(G, T) and generate it to the grid, provide low value of THD for voltage and current waves at
PCC. Because of being mainly affected by G, this paper only simulated at a scenario of G and
a fixed value of T but simulation results could show that current amplitude also changed with
the change of G while voltage amplitude was held at a fixed value (peak value is 400V).
Moreover, output current and voltage waves were always in sine form. These results prove the

correctness of the designed control system and can apply it under real condition.
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EVALUATION OF VALUE STREAM MAPPING APPLICATION IN PASTA
MANUFACTURING: A CASE STUDY OF GOLDEN PASTA COMPANY, LAGOS

Mauton Gbededo, Peter Farayibi, Tiamiyu Mohammed

Over the years manufacturing industries faced persistent increase in global
competition to the extent that most industries find it difficult to make profits. This
unfavorable trend in global competition coupled with high costs of production were
responsible for the new trend in business. In order to survive in today’s fiercely competitive
market, and remain profitable while producing at a lower cost, many manufacturing outfits
started thinking on the best way to eliminates wastes through the lean methodology. This
work evaluated the application of lean approach of wastes elimination through the application
of Value Stream Mapping (VSM) techniques. The manufacturing operations of Fava Long
Goods 3 (FLG3) production line of Golden Pasta Company (GPC) was carefully
understudied. Data collected from the company’s Enterprise Resource Planning system (ERP)
and shop floor including feedback from the customers were analysed and evaluated. The
results of the evaluation of these data were used to derive the Value Stream Mapping
parameters for the developing the current state map and exposure of pasta manufacturing
activities that accumulated to wastes generation. A Kaizen Blitz, a lean improvement
workshop was held at the workplace where improvement suggestions were made towards the
elimination of the wastes. The improvement suggestions were approved and implemented
using a series of Value Stream Mapping techniques such as 5S, Kanban pull system,
Supermarket pull system, Single Minute Exchange of Die (SMED), Kaizen idea sheet, Lean
implementation tracking sheet and root-cause analysis to remove all the identified wastes. The
results of the leanimplementation showed that Production Lead Time (PLT) was massively
reduced from 34.4 hours to 5.04 hours with a 85.3% waste reduction. A practical approach of
implementing the value stream mapping, using Microsoft Visio 2016 software was suggested.
An actual cost savings of N158, 515,200 was realised after third quarter (nine months) of lean
implementation between September 2016 and June 2017. This was revealed in the Financial
Statements of Accounts approved by the General Manager/Director of the Golden Pasta
Company. This work evaluated the implementation of value stream mapping techniques, a
lean manufacturing principle for the elimination of wastes along pasta manufacturing
company in Nigeria as revealed in this case study. The Current State manufacturing processes
for a single Production Line FLG3 was thoroughly understudied, data from Golden Pasta
Company, Enterprise Resource Planning (ERP) system and shop floor were collated and
analysed and the Current State Value Stream Map was developed using Microsoft Visio, 2016
software. The Value-Added and Non-Value Added activities, which were the actual wastes of
manufacturing, were clearly spotted along the Supplier Loop, Processing loop, Packaging
loop and Customer loop of the Current State Map. A Kaizen Blitz method, which constituted,
series of brainstorming sessions were carried out on the four loops. At the end of the Kaizen
Blitz events, recommended Improvement suggestions were implemented to eliminate the
Non-Value Added activities which accumulated to wastes. The proposed Future State Map
was equally drawn implemented and evaluated to determine the performance of the Value
Stream Mapping techniques in Pasta manufacturing. A set of objectives and targets were
established along the four loops using the Future State Map. The results of performance
evaluation against targets revealed that Value Stream Mapping techniques successfully
reduced Production Lead Time (PLT) of Fava Long Goods 3 Spaghetti Production Line from
34.4 hours (1.43 days) to just 5.04 hours with a 85.3% in waste reduction. The cost savings of
N158, 515,200 was realized after 9 months of lean implementation as revealed in the financial
statements of accounts for FLG3 production line, which was sighted in the conversion cost
report of June 4th, 2017 released from the Accounts Department.
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BPSO APPLIED TO TNEP CONSIDERING ADEQUACY CRITERION
Meisam Mahdavil, Amir Bagheri

Different methods have been proposed to solve the static transmission network
expansion planning (STNEP) problem up to now. But in all of these studies, loading of
transmission lines has not been studied using binary particle swarm optimization (BPSO)
algorithm. BPSO is a good optimization method to solve nonlinear large-scale problems with
discrete variables like STNEP. Thus, in this paper, STNEP problem is being studied
considering network adequacy criterion using BPSO. The goal of this paper is obtaining a
configuration for network expansion with lowest expansion cost and a specific adequacy. The
proposed idea has been tested on the Garvers network. The results show that the network will
possess maximum efficiency economically.

By including the network adequacy criterion in the fitness function of STNEP
problem, an optimized arrangement is acquired for the network expansion using binary
particle swarm optimization algorithm that is proportional to a specified adequacy rate. This
arrangement possesses a proper adequacy for feeding the load with a respectively lower cost.
The obtained conclusions from adequacy-cost curve show that a more robust network with
respect to lines overloading has not been obtained for more expansion cost (indeed, adding
more new lines to the network). Finally, using the expansion cost index on the adequacy, an
optimized plan is acquired with respectively lower expansion cost, according to a specified

adequacy.
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MODELING ASSESSMENT ON TECHNOLOGICAL CHALLENGES FACING
SMALL-SCALE GOLD MINERS IN TANZANIA AND HOW ENGINEERING
COULD SOLVE THEM

Mtaita Charles Mtoni

This paper aims on assessing the effects associated to the challenges facing small-scale
miners in Tanzania. Small scale mining in Tanzania is characterized by low productivity
which is mainly a result of application of rudimentary and inappropriate technology which in
turn impact on capacities to generate income. The choice of technology among small scale
miners is largely influenced by the lack of capital. In order to get gold, small scale miners
typically have to excavate the earth and extract gold rich ores, pull the ores from the pits,
carry them to the crushing machine, crush them, sieve the sand and lastly extract gold from
the sand by using mercury. Each of the stages mentioned above involve a ton of technological
challenges which, if solved could improve productivity and subsequently the lives of small
scale miners in the country. However, this study focuses on the costs of that economic growth
in gold production over small-scale miners. It is estimated that in the early 1990s, Small-Scale
Mining in gold accommodated around 400,000 people in Tanzania. Due to a lack of hard data,
this study was based on mostly qualitative fieldwork in Chunya district, Mbeya region,
Tanzania. The research investigates how technological challenges can affect small-scale gold
miner’s livelihood, focusing on those who depend, or have depended only on small-scale
mining activities.

The formulated analysis has shown a strong relationship between the challenges facing
small scale gold miners and effects occurring in small-scale mining activities such as hazards,
low production, low per capital income and poor National economy. Also risk that human
health is encountered.

Under present technological conditions productivity, gold recovery and yields
continue to be low and income remains at subsistence level. This hinders re-capitalization and
advancement of ining operations and keeps small-scale miners in a vicious cycle of poverty.
A major problem restraining access to technology by small-scale miners is lack of finance and
appropriate nformation about where and how to procure equipment. In addition, there are few
companies specialized in small scale mining equipment. There is a need to improve
technological capacities. As it can be observed, processes involved in gold mining are
modular and highly non-mechanized. Efforts should be made, especially in the
miniaturization of large scale mining equipment into small and affordable to the majority of
small scale miners. Efforts should be made to introduce small and affordable machines that
can combine two or more processes thus increase efficiency. Surveys and mapping areas as
well as zones with gold should be provided to small scale miners which will reduce their
wild-hunting for gold, which is uneconomical Essentially, there is a need to create
technologies that are more productive, flexible, affordable, reliable, acceptable, and simpler
and cheaper that can foster the development of local competitive small to medium-scale
enterprises. Access to technology can also be facilitated by the establishment of communal
centers, where centralized equipment and services could be provided to small-scale miners at
discounted prices or through payment in kind. All small scale mining activities should be
registered and given sticker under supervision of professional mining engineer or recognized
mining engineer as per ministry of energy and mineral resource equirement or mining
engineers’ registration body which currently does not exist yet. No small scale miner should
be allowed to conduct mining activities without having stamp or certificate of professional
mining engineer or recognized mining engineer.
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INSTRUMENTAL TEXTURE PROFILE ANALYSIS (TPA) OF CUCUMBER FRUIT
AS INFLUENCED BY ITS PART AND MATURITY STAGE

Oderhowho Nyorere, Hilary Uguru

Instrumental texture profile analysis (TPA) of Nandini cucumber fruit, was measured
as a function of its parts (stalk, mid and blossom), and maturity stages. These textural
parameters; hardness, springiness, adhesiveness, gumminess, stringiness, fracturability, and
chewiness of the fruit were measured; over a course of four maturity stages, 6, 9, 12 and 15
Days after Peak Anthesis (DAPA). The texture profile analysis was done by using the
Warner-Bratzler shear force (WBS) method, and the results showed that maturity stage and
fruit part significantly (P < 0.05) influenced all the textural parameters evaluated. Over the
course of maturation, all the parameters investigated were found to increase. During
maturation, the stalk, mid and blossom hardness increased by 25, 26 and 32% respectively;
springiness increased by 6.4, 7.7 and 6.2 % in the stalk, mid and blossom; gumminess
increased by 57.7, 57.4 and 42.2% in the stalk, mid and blossom; chewiness increased by
60.5, 63.1 and 47% in the stalk, mid and blossom; fracturability increased from 89.13 to
118.29, 82.76 to 110.7 and 62.28 to 90.12 N in the stalk, mid and blossom; adhesiveness
increased from 9.14 to 13.2, 8.49 to 12.27 and 7.15 to 9.83 Ns in the stalk, mid and blossom;
lastly, stringiness increased from 20.05 to 21.61, 19.46 to 20.81 and 19.06 to 19.79 mm in the
stalk, mid and blossom. The results showed significant correlation of all the parameters
investigated with maturation and fruit part.

The results of the study showed that the fruit part and maturity stage significantly
influenced all the textural qualities of the Nandini cucumber fruit. The results indicated that
the fruit hardness, springiness, gumminess, stringiness, fracturability, adhesiveness and
chewiness decreased from the stalk part of the fruit to the blossom part. All the parameters
studied increased with increase in maturation for 6 DAPA to 15 DAPA,; and strong correlation

(>T7} 0.90) was established between the TPA parameters and maturity stage.
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HEALTH AND SAFETY MANAGEMENT PRACTICES IN THE BUILDING
CONSTRUCTION INDUSTRY IN AKURE, NIGERIA

Olusoga Olawale Oreoluwa, Fagbemi Olasunkanmi

Health and safety of construction workers on building construction sites in Nigeria
have become necessary as a result of the hazardous nature of the practice. It is noteworthy to
mention that accidents of any kind are bound to happen on these sites resulting into injuries
that are sometimes fatal to site workers. Nevertheless, an evaluation of the health and safety
management practices put in place by building contractors in the construction industry in
Nigeria is the main thrust of this study. This paper discusses the different sources of accidents
on construction sites. It also investigates the current state and adherence to health and safety
practice in Nigeria. 110 questionnaires were used to extract information from respondents
within the Akure metropolis. The safety precautions put in place by contractors for their site
workers was also probed. Issues such as the post-accident treatment of site workers were also
investigated. Data collected were analysed using descriptive statistics. The study found that
construction workers are left to protect themselves in the line of duty and are largely
responsible for any occurrence of accidents. As a result, a lot needs to be done to ensure the
health and safety of site workers. Recommendations were made on possible solutions
yearning for strict actions to be taken against defaulters by the respective site inspectors.
Accidents are unavoidable occurrences on construction site all over the world with a lot of
research done on mitigating it from source.

The regular practice of safety known to building contractors within the study area is
basically provision of personal protective equipment. This is seen from literature as not the
only means of mitigating construction site accidents with education and provision of safety
signs seeming another possible way out. This paper has carefully examined health and safety
management practices in Akure. Professionals in the building industry also compete for and
undertake building construction work. It can be observed that the small scale construction
industries operate within the confines of their budget because they lack the resources to
perform at a high level of health and safety performance. These constraints as regards budgets
also tend to prevent such industries from doing a thorough accident reporting. Health and
Safety issues are almost never factored in their bidding at the tendering stage thus, making it
very difficult in earmarking funds to cater for the events of accidents. Employment of site
workers which is predominately casual or daily pay basis provides the building contractor a
safe haven when accidents occur. Without employment letters as well as decent contract
document which can serve as a legal means of demanding for their rights, these workers are
left to cater for themselves and left defenseless. There is also risk of job loss to site workers
within the small scale companies when they try to complain or report accident cases. It can
also be seen that few construction companies have a decent level of safety practices captured
in their company policies. With the increasing number of small scale construction companies,
a lot still needs to be done in mitigating accident causations as the life of construction site
workers matter. An area of further study will be to investigate the enforcement of such safety
policies whenever there is an unfortunate occurrence of accidents and also seek to build up
affordable health and safety practices in small scale enterprises. To ensure the smooth running
as well as timely delivery of building projects, all parties — clients, project managers,
Architects, contractors, sub-contractors and artisans must see health and safety as a
fundamental issue.

The issue of life and its importance must be a key element within the policies of the
stakeholders within the industry. Building plans should not be approved without detailed
health and safety documents indicating protective equipment provided by companies. Also
construction sites where work is carried out must be sealed when there are no provision of
safety equipment. At the University level, health and safety issues should be included in the
curriculum for both undergraduate and postgraduate levels so that they know its importance at
the early stages of their training.
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APPLICATION OF ARTIFICIAL NEURAL NETWORK FOR FLOW STRESS
MODELLING OF STEEL

Sushant Rath, Pinaki Talukdar, Arujun Prasad Singh

The hot rolling mills of steel plants are in the process of transformation from manual
operation to artificial intelligence (Al) based automatic operations. Most of the mill input
parameters required by the automation system are recorded from different sensors installed in
the mill except the flow stress of rolled material. Generally a semi-empirical equation is used
that correlate flow stress with strain, strain rate and temperature during rolling. The
coefficients and exponents of the empirical equations are calculated from experimental data
with parameter estimation techniques. This paper discusses the application of artificial neural
network (ANN) for calculation of flow stress of material from experimental data. Experiments
were conducted in a dynamic thermo-mechanical simulator to measure flow stress of steel at
different strain, strain rate and temperature. The experimental data was used to calculate
coefficients of empirical equations using multivariable optimization techniques. The data was
also used to formulate an ANN model using feed forward network. The ANN model was
trained with backpropagation algorithm. The ANN method is found to be more accurate than
the semi-empirical equations for correlating the flow stress with strain, strain rate and
temperature.

Hot rolling is an important process in a steel plant. The operators of hot rolling mills
decide draft and speed schedule of the mill using their expertise and experience. A
transformation is under progress in rolling mills to replace the manual operation with artificial
intelligence (Al) based operation. Online mathematical models, data-driven models and
hybrid models are being formulated to calculate mill parameters accurately. However, all
these models require accurate and reliable data. Most of the input parameters like material
temperature, strip width, roll gap, speed, roll force, torque required for model based operation
are recorded from mill sensors. However, flow stress of steel, which is an important input
parameter cannot be measured online because no such sensor is available at present which can
measure flow stress online during rolling process.

The traditional semi-empirical equation based models for calculation of flow stress of
material at different strain, strain rate and temperature have been replaced by ANN based
model. The model is more accurate than the semi-empirical equation based models. It is also
found that there is close match between the calculated flow stress at different strain, strain rate

and temperature.
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MODELING AND OPTIMIZATION OF CARBON STEEL AIlSI 1045 SURFACE
ROUGHNESS IN CNC TURNING BASED ON RESPONSE SURFACE
METHODOLOGY AND HEURISTIC OPTIMIZATION ALGORITHMS

Vijay Nagandran, Tiagrajah V. Janahiraman, Nooraziah Ahmad

surface roughness or surface quality is considered to be one of the most crucial
requirement of a machined part since it directly influences the mechanical properties of the
part. However, the traditional method of choosing cutting parameters’ values to obtain a good
surface finish has its own disadvantages. Therefore, an experimental study has been
conducted to develop a suitable mathematical model and pair it with an optimization
technique that able to produce low surface roughness of carbon steel AISI 1045. Response
surface methodology (RSM) is used to develop the mathematical model whereas three types
of heuristic optimization methods namely Genetics Algorithm (GA), Particle Swarm
Optimization (PSO) and Simulated Annealing (SA) employed to optimize the model and find
the optimal cutting parameters’ values. A brief comparison of the three optimization methods
has been made to study their performance to the developed model. Experimental results
indicate that the proposed modeling technique and PSO are quite efficient in determining
optimal cutting parameters for CNC turning of carbon steel AISI 1045.

In this paper, experiment was conducted to develop a RSM model that able to predict
surface roughness of carbon steel AISI 1045. From the model evaluation and ANOVA output,
it was found out that the model able to predict surface roughness in terms of cutting
parameters quite well. The model was then optimized with three types of heuristic
optimization methods using MATLAB to compare the output and performance of them. After
the optimization, it is concluded that:- (i) PSO and GA generally performed well and better
than SA by producing lower surface roughness. (ii) PSO converges and produces output at
faster rate compared to GA & SA. Therefore, from this study, it is known that PSO is a better
heuristic optimization method than GA & SA. However, this study posses certain limitations
where all three optimization methods employ random starting points and may produce
different output each time and the obtained simulation results need to be verified by

machining with the obtained values to determine the accuracy of the optimization output.
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ARCHITECTURE OF THE EXTENDED-INPUT BINARY NEURAL NETWORK
AND APPLICATIONS

Wafik Aziz Wassef

The proposed architecture of a binary artificial neural network is inspired by the
structure and function of the major parts of the brain. Consequently it is divided into an input
module that resemble the sensory (stimuli) area and an output module similar to the motor
(responses) area. These two modules are single layer feed forward neural networks and have
fixed weights to transform input patterns into a simple code and then to convert this code back
to output patterns. All possible input and output patterns are stored in the weights of these two
modules. Each output pattern can be produced by a single neuron of the output module
asserted high. Similarly each input pattern produces a single input module neuron at binary 1.
The training of this neural network is confined to connecting one output neuron of the input
module at binary 1 that represents a code for the input pattern and one input neuron of the
output module that produces the desired associated output pattern. Thus fast and accurate
association between input and output pattern pairs can be achieved. These connections can be
implemented by a crossbar switch. This crossbar switch acts similar to the thalamus in the
brain which is considered to be a relay center. The role of the crossbar switch is generalized to
an electric field in the gap between input and output modules and it is postulated that this field
may be considered as a bridge between the brain and mental states. The input module encoder
is preceded by the extended input circuit which ensures that the inverse of the input matrix
exists and at the same time to make the derivation of this inverse of any order a simple task.
This circuit mimics the processing function of the region in the brain that process input
signals before sending them to the sensory region. Some applications of this neural network
are: logical relations, mathematical operations, as a memory device and for pattern
association. The number of input neurons can be increased (increased dimensionality) by
multiplexing those inputs and using latches and multi-input AND gates. It is concluded that
by emulating the major structures of the brain using artificial neural networks the performance
of these networks can be enhanced greatly by increasing their speed, increasing their memory
capacities and by performing a wide range of applications.

The proposed architecture of a neural network is inspired by the structure and function
of the brain. Although it is impossible to duplicate (or understand) the great complexity of the
brain as a whole yet it is very useful and instructive to imitate some of the brains structures.
Thus the input signal is processed first by the extended input circuit then sent to the input
module to be converted to a simple code. The output module receives this simple code after it
is properly diverted to its proper inputs by a crossbar switch. These two modules have fixed
weights that can be deduced directly due to the use of the extended input circuit. It is shown
that the nonzero weights of the input module take only two values, +1 and -1, similar to the
excitatory and inhibitory synapses in biological neural networks. The only two values of
weights reduce the almost infinite range of continuous and unknown weights between input
and output neurons usually calculated by error criteria such as cost functions and by iteration
techniques. The direct connection between input and output modules using a single
connection by the crossbar switch for each pair of input and output patterns speeds up the
response of the network and ensures that the output pattern is produced accurately. The
capacity of this neural network when used as a memory device, (with an original n input
neurons), is 2n a much greater capacity than other neural networks used for pattern
association.

The training process of the present neural network is not a process of adjusting the
synaptic connections among all neuron in the network but rather by turning on and off the
transistors of the crossbar switch which connects and disconnects the output neurons of the
input module and the input neurons of the output module. Thus the process of training
becomes much more accurate and faster.The present neural network is used in several
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applications such as: pattern association and as a memory device. It can also be used to
generate periodic functions and also for logical and mathematical operations such as
conditional logic, addition, subtraction and multiplication.

The number of original inputs (the dimensionality) of this neural network may be
increased significantly by multiplexing the original inputs and using latches and multi-input
AND gates between input module and the crosshar switch. The role of the crossbar switch is
generalized by postulating the presence of an electric field which mediates between input
(stimuli) and output (responses) regions of the brain. Consequently the brain is viewed as the
input and output neural networks that transform input stimuli into simple codes and then
convert back these codes to output responses. The mind on the other hand is the global field
that selects the response which is appropriate to match each of the input stimuli.
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MOTION ANALYSIS AND OPTIMIZATION DESIGN OF BACK SUPPORT
MECHANISM BASED ON POSE ADJUSTMENT

Yibo Liu, Ying Pan

In order to realize stable and safe operation of multi-mode bed back support
mechanism, various angle adjustment mechanisms are studied and analyzed. An angle
adjustment mechanism using a guide mechanism is proposed. The function of back support is
achieved by using an electric push rod. A model of the back support mechanism was built.
Based on the analysis of the geometric relationship and mechanical model of the back support
mechanism, the optimal solution of the fixed position of the electric actuator was solved by
using MATLAB. Dynamic simulation, performed by SOLIDWORKS Motion, determine the
optimal stroke of the electric actuator. Finite element analysis, performed by SOLIDWORKS
Simulation, verify the feasibility of the back support mechanism. The simulation results show
that using the back support echanism of the guide rod mechanism reduces the load of the load
beam, improves the safety of the back support mechanism, and tabilizes the back support
process.

The back support mechanism described in this article is simple in structure, and the
core component for realizing the back support is an electric push rod, which is a standard part
and has strong interchangeability. By solving the best fixed position of the electric push rod,
the load required by the electric push rod, the load beam, and the hinge is greatly reduced, the
possibility of material damage is reduced, and the safety of the back support mechanism is
improved. And in the process of back support, the angular velocity changes slowly, and the
back bed plate assembly is stable. The mechanism meets the requirements of mechanical

development, saves materials and has a good application prospect.
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NPUMEHEHUE HEMPOTEXHOJIOT UM 151 TIPOTHO3UPOBAHMUS
PUHAHCOBOI'O COCTOAHMUS ITPEAIIPUATHUA

Bbeayrina M.M. Pemternsik T.B., Oabxosckas O.J1.

Heiiponnbie cet — OJHO W3 HANpaBlIEHUN B pa3pabOTKE CUCTEM HCKYCCTBEHHOTO
uHTeekTa. Mes 3akiitouaeTcss B TOM, YTOObI MAKCUMAJIbHO OJIM3KO CMOJEIUPOBATh padoTy
YeJI0BEYECKON HEPBHOW CHCTEMBI — a UMEHHO, €€ CIIOCOOHOCTH K 00YUEHUIO M UCIIPABJICHUIO
omuOoK. B 3TOM cOoCTOUT TiiaBHAsi 0COOEHHOCTh JTFO0OW HEHPOHHOUW CeTH — OHA CIOCOOHA
CaMOCTOSITENIbHO 00y4YaThCsl U JIEHCTBOBATh HA OCHOBAHUHU MPEIBIIYILErO OMbITA, C KaXKIbIM
pa3om Jziernasi BCE MEHBIIE OITHOOK.

Bce 3amaum, KOTOpBIE MOTYT pelIaThb HEHPOHHBIE CETH, TaK WJIM MHAYE CBS3aHBI C
oOydyenuem. Cpean  OCHOBHBIX  oOOJlacTeld TNpPUMEHEHHUsS  HEHPOHHBIX  CeTe —
MIPOTHO3UPOBAHUE, TMPUHATHE PEUICHH, paclo3HaBaHHE OOpa30B, ONTHMHU3ALMS, aHAIHU3
JAHHBIX.

B Hactosiiee BpeMsi HEHPOHHBIE CETHU HUCHOJBb3YIOTCS ISl PELIeHMs LIeJIOr0o psja
3ala4, OJHOM M3 KOTOPBIX SBJseTcs 3anada mnporHo3upoBanus [1-5].  Llensto
MIPOTHO3UPOBAHUS SIBJISIETCS YMEHbILIEHUE PUCKA IPU NpUHATUU petieHuid. [Iporaos3 oo6br4Ho
[I0JIy4aeTcsi OIIMOOYHBIM, HO OIIMOKAa 3aBUCUT OT HCIHOJB3YEMOW MPOTrHO3UPYIOLIEH
cucteMsl. [IpegocraBisis npor1o3y 00bllie PeCypcoB, MOKHO YBEIUYUTh TOUHOCTH IIPOTHO3a
Y YMEHBIIUTH YOBITKU, CBSI3aHHBIE C HEONPEACIEHHOCTBIO MPU MPUHATUHU PEIICHUH.

CrnocoOHOCTH HEHpPOHHOW CEeTH K MPOTHO3HPOBAHUIO HAMNPSAMYIO CIEAYIOT U3 ee
CIOCOOHOCTH K OOOOILICHHIO M BBIACICHHIO CKPBITBIX 3aBHCHMOCTEH MEXIy BXOIHBIMU U
BBIXOJIHBIMU JaHHbIMU. [locie oOydeHus cetb crocoOHa Mpejcka3aTh Oynyliee 3HAUYCHUE
HEKOH IMOCJIeI0BAaTeIbHOCTH Ha OCHOBE HECKOJBKUX MPEAbLAYIINX 3HAYCHUE U/UITU KaKUX-TO
CYUIECTBYIOIIUX B HACTOSIIIUNA MOMEHT (pakTopoB. ClenyeT OTMETUTh, YTO IPOrHO3UPOBAHHE
BO3MOXXHO TOJBKO TOTJa, KOIJa MNpEeAblIyLIMe H3MEHEHUs AEUCTBUTEIBHO B KaKOH-TO
CTEIEHHU MPENONPELIIAIOT Oy ayIue.

B Hactosimielt pabore paccmaTpuBaeTcsi IpUMEHEHHE HEMPOHHOW CeTH Ul peleHHs
3aJ]auu MPOTHO3UPOBAHUS (PMHAHCOBOI'O COCTOSTHUS IIPETPUSATHS.

[enpto paboThl sABIsIETCST  pa3paboOTka MPOTHO3a (UHAHCOBOTO  COCTOSIHHS
MaIIMHOCTPOUTEIBHOTO NPEANPUATHS HA OCHOBE HCIIOIb30BaHUS HEPOMOJIEIH.

Ha npumepe QuHAHCOBOM OTYETHOCTH MAIIMHOCTPOUTENBHBIX —MPEIIPUATHIA
IIpeIaraeTcsi MOCTPOEHNE HEMPOCETEBON MOJIENH.

[Ipouecc mocTpoeHuss HEUPOHHOM CETH BKIIFOYAET CJIEAYIOIIUE ITAIbI:

1. Br160p Tumna cetH uisl perieHus ocTaBIeHHOM 3a/1auu;

2. OOyueHue HEMpPOHHOM CeTH, TO €CTh OIpEJEeICHUS YHCICHHBIX 3HAuYeHUil
BECOB KaXJOr0 U3 HEHPOHOB HAa OCHOBAHMU OJKCHEPTHOM MM PETPOCHEKTUBHOMN
nH(popMaLuu;

3. [IpoBepka HelpoHHOW ceTH, KOTOpass Impouuia oOydeHHe, Ha JaHHBIX
KOHTPOJILHOT'O IIPUMEpa;

Hcnonb3oBaHue ceTH, KOTOpasl YCIIEIIHO Mpolula o0y4yeHHe U TEeCTUPOBAHHUE, JUIS
pelIeHus 3a1a4H.

C nomompro makera Statistica Neural Networks (StatSoft Inc.) [6], xoTopsrii
o0benuHseT B cebe yaoOHbII MHTepdelic U MUPOKHEe BOZMOKHOCTH BbIOOpA Pa3HbIX THUIIOB
HEHPOHHBIX ceTel MOCTPOeHa MOJIEIb OLIEHKU U aHaJIM3a peain3alui (PMHAHCOBOTO IJIaHa Ha
npuMepe nanabix 3A0 HKM3.

B kadecTtBe BXOJHBIX MOKa3aTeled MOJENEH HEUPOHHBIX CETEHW pacCMaTPUBAIOTCA
TEMIbl M3MEHEHHs] 3HAYCHUN TaKUX [OKa3aTeleil NpeAnpusTUs, KakK: TEeMI HW3MEHEHUs
donmoemkoctn mponaykiuu (T_FE), TemMnm wu3sMeHeHuss MaTepuaioeMKOCTH MPOIYKIIUU
(T_ME), temn u3MeHeHHs moramaeMocTu aeoutopckor 3amomkenHoctu (T_PDZ), temn
u3menenust oovema mpoaax (T_OP), temn wm3menenust ¢oupa omiatel tpyma (T_FOT),
OTpaXalIllie MHTEHCUBHOCTb BO3JEHCTBUS Yrpo3. BBIXOIHON NEpEMEHHOM SIBISIETCA THUI
(UHAHCOBO COCTOSIHUS.

Jlns mepebopa Mojenel HeMpoHHBIX ceTel B makere Statistica Neural Networks
npuMeHsercs Macrep pemenust 3amad (Intelligent Problem Solver). Moayns Mactep
pelieHus 3aJad  pas3peraeT MpPOCMOTPETh JOBOJIBHO OOJBIIOE KOJUYECTBO BO3MOXKHBIX
MoOJIeNIeH, MPOBECTH UX OOYYEHHE M TECTHPOBAHWE PAa3HBIMU METO/JaMH, aBTOMATHYECKU
BBIOPATh HAMITYYIIYIO.
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Ha Puc.1 npusenena skpannas ¢popma nporpammbl SNN, moka3ssiBaromnias pazoueHue
HCXO/IHOM BBIOOPKH JaHHBIX HA TPHU KJilacca: 00ydaeMylo, 10 KOTOPOW CTPOUTCS HEHPOHHAS
ceThb, BepU(ULHPYEMYIO, HCIOJIB3YyEMYI0 B KadecTBe 0a3bl 3HAHUW AJISi KOPPEKTUPOBKH
BECOB; U TECTUPYEMYIO, KOTOpas IMOJAETCS Ha BXOJ MOCTPOCHHOW HEWPOHHOM CETH M
SBIISICTCS CPEICTBOM NPOBEPKU TMOKOCTH MOJIEIHM K HOBBIM JaHHBIM. Pa3OueHune ncxomaHoi
BBHIOOPKM JAaHHBIX HAa TPU TPYIIbl OCYIIECTBISETCS CIy4alHBIM 0O0pa3oM, MpH 3TOM
KOJIMYECTBO HaONI0/IeHUH B BBIOOpPKAX 3a/1aeTCsi HEMOCPEICTBEHHO JHOO MO YMOJIYaHHIO.
OOyuaemMoe MHOXECTBO CIY)KUT sl OOy4eHHsT HEHPOHHOM CeTH, KOHTPOJBHOE — JUIs
HE3aBUCHMOH OIICHKH X0J1a 00y4eHUsI, TECTOBOE — JUISI OKOHYATEIHHOM OLIEHKH MOJIENH TI0CIIe
CEpPHUH SKCIIEPUMEHTOB.

i1 Data Set Editor (models1news-xtz)

Wariables 4 E 1 E LCaszes |54 E |2? E |2E E
[ ED | T_ME [t POz [t _op [t _FoT |
ny] 1.014286 1.014286 1.055595 0.9619052
0z 1.014286 1.014286 1.022946 0.9619052
0z 0.8714286) 0.8714286 1.055917 O0.8312567
04 0.8714286 0.8714286 1.023231 0.8312567
05 1.042557 1 1.055113 0.29353945
0E 1.042557 1 1.022485 0.929353945
ar 1.042557 1 1.00004 0.929353945
ne 1.142557 1.142557 1.05649 1.092026
09 1.142557 1.142557 1.023793 1.092026
10 1.142557 1.142557 0.4654571 1.092026
< >

Puc.l ®parmeHT pa3OueHuss UCXOAHBIX JAHHBIX HAa TPU TPYHIBl Ui OOYy4YECHHUS
HEUPOHHBIX CETEH.

Hannyumen
HauMEHbUIYI0 BennuuHy omuoku (0,013).
Ha Puc.2 npuBeneHa apxuTekTypa 3TOM MOAEIH.

BbIOpaHa

MOJEIb

O—

P 7

MHOTOYpPOBHEBOTO

/
7Z

HEepPCENTPOHa,  UMEIOIIast

Puc. 2 Bun apXuTekTypbl MOJIETM MHOIOYPOBHEBOTO IIEPCENTPOHA

Hcnonb3ys JaHHYI0 MOJENb MOXHO CJIeNaTh MPOTHO3 OLEHKU YPOBHS (PMHAHCOBOIO
COCTOSIHUSI MAalIMHOCTPOUTENIBHOIO NMPEANPUATUS Ha TepcrnekTuBy. Tabn. 1 mpencraBiseT
co0OH pe3ynbTaT KJIAcCH(PUKALUU C UCIOIb30BAHHEM MHOTOYPOBHEBOT'O IMEPCENTpPOHA IS

HOBBIX CJIYYacB.

Tabmura 1

Pe3ynbrathl knaccu@ukai HOBBIX CIy4aB Ha OCHOBE HEHpPOCETeBOW MOIETH

Bxonnrie Brixognrnie Tumn kiacca mo

IIEpEMEHHBIE T_ME | T_PDZ| T_OP | T_FOT nepemennble| Moaenu(T KLASS)

Input 08 | 08 | 08 | 08 | output | KL2(meycroitumusoe
(MHAHCOBOE COCTOSIHHUE)

Input | 085 | 085 | 085 | 085 | oOutput |, KL2(meycrofiumsoe
(bHHAHCOBOE COCTOSTHHE)

Input 00 | 09 | 09 | 09 | output |, KL2(meycrotiumsoe
(hMHAHCOBOE COCTOSIHUE)

Input 0.95 0.95 0.95 0.95 Output KL2( meycroitunBoe

27



(rHAHCOBOE COCTOSIHUE)
KL4 (ycroiiunBoe
(rHAHCOBOE COCTOSIHUE)
KL3 (HopmanbHOe
(MHAHCOBOE COCTOSIHUE)
KL3 (HopmanbHOe
(HHAHCOBOE COCTOSTHHE)

Input 1 1 1 1 Output

Input 1,05 1,05 1,05 1,05 Output

Input 1,1 1,1 1,1 1,1 Output

Input 1,15 1,15 1,15 1,15 Output KL3 (aopmanbHoe
(HHAHCOBOE COCTOSHKE)

Input 1,2 1,2 1,2 1.2 Output KL3 (aopmanbHOe
(puHAHCOBOE COCTOSIHHE)

BBIBO/IbI

Kak B oreuecTBeHHOH, TaKk M B 3apyOC)KHOW IPAKTHUKE CYIIECTBYET JIOCTATOYHO
00JIBIIIOE KOJMYECTBO MOJENEH s aHanu3a (PUHAHCOBOTO COCTOSIHUS MPEANPHUSATHH, HO UX
WCIIOJIb30BaHNE JIa€T BO3MOXHOCTH TOJYYHTHh TOJBKO OIEHKY cocTosiHus. Ho storo He
JOCTaTOYHO JJIsi yCNEIHOro (YHKIIMOHUPOBAHUS TMPOU3BOJACTBA, IMOCKOIBKY HYKHO HE
TOJIBKO aHAIIM3UPOBATh PE3yIbTAaThl PAOOTHI MPEANPUATHUS, HO U CAENATh MPOrHO3 PaboTHl Ha
Oymymiee.

JIJis ycrienTHoW OIeHKH pa0OoThI MPEANPHUATHS U pa3pabOTKH MPOTHO3a Ha Oyaymiee B
CTaThe IPeJIaracTcs UCIO0JIb30BaHUE HEHPOCETEBBIX TEXHOJIOTHH.

C nomompro makera Statistica Neural Networks mocTpoeHa Mojenb OICHKH H
MPOrHO3a YPOBHS (PHMHAHCOBOTO COCTOSHHUS MAIIMHOCTPOUTEIHLHOTO NPEANPHITHS Ha
npumepe aanHbix 3A0 HKM3.

N3  npemnmokeHHBIX ~ HEHPOCETEBBIX ~ MOJenei  Obula  BbIOpaHa  MOJENb
MHOTOYPOBHEBOI'O TEPCENTPOHA (€€ MPUMEHEHHE JAaeT HAUMEHBINYI0 OLIMOKY IMPOTHO3a).
Hcnonb30BaHne TaHHOW MOJETW TO3BOJIMIO KJIACCU(DUIIMPOBATH YPOBEHb (PHMHAHCOBOTO
COCTOSIHUS TIPEANPHUSATUS B 3aBUCHIMOCTH OT PA3JIMYHBIX 3HAYCHHUA BXOJHBIX MEPEMEHHBIX. B
JTAHHOM CJIy4ae BXOJIHbIE IepEeMEHHbIE — HA0OP PUHAHCOBBIX MOKA3aTENEeH.

Takum 00pa3oMm, HCMONB30BaHHE aHHOW MOJENU TMO3BOJISIET HE TOJIBKO OIICHHUTH
(hMHAHCOBOE COCTOSHUE TPEANPHUATHS, HO U CIIPOTHO3UPOBATH €TI0 YPOBEHb B 3aBHCUMOCTH
OT 3Ha4YeHHH (PUHAHCOBBIX MOKa3aTeNeH.
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®PIBUYHE TA IHTEJIEKTYAJIbBHE MOJAEJIIOBAHHA ITPOLECIB AKYC-
TUYHOI'O BIIVIMBY HA ®OPMYBAHHSA KOMITIO3UTHOI'O IOKPUTTSA
POJIMKIB POJIBI'AHI'IB

Bbepyc C.M.

HaiiGinpiie HaBaHTa)XEHHS I 4Yac pPoOOOTHM poOJIMKa pOJIbraHra Jsira€ Ha
MIIIAITHAKOBUNA BY30JI, TOMY OJIHIEIO 3 OCHOBHHX 3aJa4, sIKi HEOOXIJHO BHPIIIUTH,
3a0e3MeYuTH ONTUMAaIbHI YMOBU JUIsi pOOOTH LBOro By3na. [[isi BU3HAYEHHS 3aXO[iB, fAKi
3abe3neyaTh ONTUMAIbHI YMOBHU pOOOTH MiIIIMITHUKOBOTO BY3JIa, 3aCTOCOBYIOTBHCS TEOPii 1
METOJIM YJOCKOHAJICHHs] BUPOOHHUIITBA HA OCHOBI aHaJIi3y TEXHOJIOT1] BUTOTOBJICHHSI JeTalei
POJIMKY POJIbIaHTy, CKJIaJJaHHS BUPOOY 1 BUBUCHHS HOTO YMOB eKcCIuTyarallii Tomo (puc.l).

Ha ocHOBI KOMIUIEKCHOTO aHalli3y BHIIEHABEIECHUX YMOB BH3HAYAIOTHCS 30HU
HaOIBII WMOBIPHOTO 13HOCY JIE€TAJIEH POJHMKY POJIBIAHTY Ta MPUUMAETHCS PIMICHHS MO0
BJIOCKOHAJICHHS] KOHCTPYKIIIT pOJIUKY posibranra (puc. 2).

BukopuctanHs KOMMO3HMIIWHUX MaTepiamiB JIO3BOJISIE CIPOCTUTH Ta TOKPAIIUTH
KOHCTPYKIIi0, 320IIaUTH JOPOTi KOJOPOBI METAIHM Ta MAaCTUJIA, 3MEHIIUTH TPYJOMICTKICTh
TEXHIYHOTO OOCIYroByBaHHS Ta PEMOHTY, 3MEHIIMTH BTPAaTH Ha TEPTS Ta IMiIBUIIUTH
3HOCOCTIMKICTh, PO3IIMPUTH Jiala30H eKCIUTyaTaliiHuX pEeXHUMIB poOoTH 0OJIaJHaHHSA,
301IBIIMTH JOBTOBIYHICTh Ta 1HINI TOKa3HUKH [ 1].

OpnHak, BUHUKHEHHS BHYTPIIIHBOI Hampyrd B XoAi ¢GopMyBaHHS aAre3iiftHOro
KOHTAKTy IIiJ YaCc HAaHECEHHS KOMIIO3MTY BHACIHIJOK IpPOIECciB XimiuHoro ado ¢izmunoro
CTPYKTYypyBaHHS KOMIIOHEHTa, a TaKOXX 4epe3 TEpMiuHI HANpPYKEHHS, MOKE MPU3BECTH [0
MHUMOBIJIFHOTO BiJIIIIApPOBYBAaHHS KOMIIO3HTY B Tporieci ekcruryaTamii. Lle oOymoBieHo TuM,
0 BHYTPIIHSA Hampyra CHOpsMOBaHa NPOTH CHJI a[re3iHOro 34eryieHHs 1 3aleXHICTb
a/are31iHO1 MIITHOCTI CUCTEMH BiJl BHYTPIIIHIX HAPYKeHb Mae CKIaJHui xapakrep [3].

s 3abe3nedeHHs JOCTaTHROT aAre3iifHol MIIHOCTI 1 JOBTOBIYHOCTI pOOOTH pPOIUKA
pOJbTraHra NUISIXOM BIUIMBY Ha TOBEPXHI TEPTA-KOB3aHHS CIIONYUYEHHX JeTallell pojmKa
BiOpalliii pe30HAaHCHOT YaCTOTH HEOOXIJHO JOMOTTHCS 3HIM)KEHHsS BHYTPILIHIX HampyKeHb B
1iapi KOMIO3UTY.

Jaxody, Sk 300630eYATe OIMUMAIBHI YMGBY pooomy
miwunHukobozo by3na ma npusbedyms 4o MoBuLerHs
upzo Gobzobisrocmi

/\

AHOM3 MEXHONOZIT BUZOMOGIeHHS AHOI3 YMoB exchyamaly/li
demanen DOUKY

AHOM3 MEXHOA0ZI CKAGTaHHS
DOUKY

Puc.1 - BuznaueHHns 3axo/iB, siki 3a0e3medarb ONTUMaIbHI YMOBH pOOOTH
M1IIAITHAKOBOTO BY3J1a POJIMKY POJIbraHra

Jlnsi 3MEHbLICHHS  BHYTPIIIHBOI HAampyru y psAl BUIAAKIB BUKOPUCTOBYETHCS
BiOpo0oOpoOKa, sika eKOHOMIYHIIIE TepMidyHOT 00poOKku mpubauzHo B 10 pasiB, Tak SK BOHA
Mae Taki mepesaru [2]:
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1.HeoG6xomue st BiOpooOpoOkM oOnagHaHHS € YHIBEPCAIBHUM IS PI3HHX
KOHCTPYKIIIH, KOMITAKTHUM 1 MOO1ITbHUM;

2. Bapricth ycTaTKyBaHHS, a TaKOK BHTPAaTH Ha WOro OOCITyrOBYBaHHS 1 JIOTJISI 32
HHUM BIITHOCHO HEBEIHUKI;

3. IIpotiecu 3HATTS HANPYKEHb MPOTIKAIOTh MBUIKO;

4. Metan 1 moBepxHs jAetaneld micis OOpOOKM HE 3a3HAE MOMITHHUX (i3UKO-
MEXaHIYHUX YIIKO/PKCHb (HEMa€E OKAJIMHHU, ITUTAKY, KOJIbOPIB MIHJIUBOCTI 1 T.I1.).

Ha tenepimmniii yac Ui 3HATTS 3aJUIIKOBUX HANPYT B METall MOYKHA 3aCTOCOBYBAaTH
TEXHOJIOTI0 HU3bKOYACTOTHOI BiIOpo0OpoOKkK Ha pe3oHaHcHUX dacTtoTax (HBO). Texnomoris
3aCTOCOBYETHhCS Ha MIANMPHUEMCTBAX MAIIMHOOYIYBaHHs, CyTHOPEMOHTY Ta iH. [lepeBaroro
HBO € 3HMXEHHS HamnpyXeHHS Yy BCid KOHCTPYKLII LIJIKOM, IO J03BOJISE MOBHICTIO 200
YaCTKOBO BIIMOBUTHCS TepMIUHOT 00poOKH [3].

Ha Bigminy Bix qoporoi TepmiuHoi 00poOKH, Ky MOKHA 3aCTOCYBAaTH HE B Oyab-sKiii
curyanii, HBO, He 3MiHIOIOYH CTPYKTypH MeTally NpPU MalMX EHEProBUTpaTax, 3/aTHA 3
BHCOKUM CTYIIEHEM €(EeKTUBHOCTI 3HU3UTH 3IHIIKOBI HATIPYTH y BUPOOaXx.

Jls mpoBeieHHS! eKCIIEPUMEHTY BUKOPHCTOBYBaacs 30ipHa KOHCTPYKIIS, IO IMITye
IITYy4YHE CTBOPEHHS BHYTPIIIHIX HAMpPY)XEHb NPU HAHECEHHI Ha JeTalb KOMIO3HILIHHOTO
Matepiay. Cxema KOHCTPYKIIii TPeICTaBlIeHa Ha pUC. 2.

/i

g

2 7

\1 1/

Puc. 2 — Cxema ekcriepuMeHTalIbHOT 301pHOT KOHCTPYKIIT (1 — ompaBka KOHYCHa, 2 — BTYJKa
KOHYCHA, 3 — TBUHT, 4 — 11aiiba)

BinnoBigHO 10 cxemM, IITy4YHE CTBOPEHHS BHYTPIIIHIX HANpyKeHb peani3yeTbes
3aBJIIKM CTBOPEHHIO HATATY y 3’ €/lHaHH1 JAeTaned 1 Ta 2 miJ Jac iX 3TSHKKU TBUHTOM 3.
VYcraHoBka 11 mpoBesieHHS 00poOkH 3 3actocyBaHHsIM metony HBO cknamaerses 3
BUIIPOMiHIOBaYa Ta MpuiiMaya, 1110 BCTAHOBIIOIOTHCS Ha €KCIIEPUMEHTAIbHUX JETaNIsAX, Ta sKi
MIJKITI0YEH] 10 3BYKOBOi KAapTH IMEPCOHAIBHOTO KOMIT'IOTEpY. YTpaBIiHHS 3aBIaHHSIM
KOJINBaHb Ha BUIIPOMIHIOBAaul 31MCHIOETHCS 3a JOIOMOIOI0 I'€HEepaTopy CUrHaily. AHaii3
pe3yNbTaTiB BUMIPIOBAaHb YacCTOT KOJHMBaHb, K1 3HIMAIOThCS 3 NpuiiMada, (iKCYIOThCS 3a
JIOTIOMOT 00 MPOTPaMHOT0 aHAJI3aTOPY CIEKTPY.
[Tin yac mpoBeIeHHS EKCHEPUMEHTY 13 pe3y/ibTaTiB BUMIPIOBAHHS BUKIIOYAIOTHCS
CIIEKTp BJIACHUX KOJIMBaHb 3BYKOBOI KapTH.
[lepunit eTan mpoBeAEHHS €KCIEPUMEHTY - (pikcallisi CIeKTPYy BJIACHUX KOJUBaHb (3
HYJBOBUM 3YCHJUISIM 32)KMMY Ta 6€3 00poOKn):
1. nmerami 1 —FS1 0;
2. neram 2 — FS2_0;
3. nmerami 1 2 (y360pi)—- FS12_0.
Jlpyruii etan HpoBEIEHHS EKCHEpPUMEHTY - (ikcallisi CHEeKTpY BJIACHMX KOJIMBaHb
nerani 12 mij HaBaHTaKEHHSAM (ITi1 HABaHTAXXCHHSM Ta 6€3 00poOKu):
1. 33ycwmuam 1 — FS12_1;

2. 33ycumsim 2 — FS12_2.
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Ha xoxxHOMy etami OyJ0 OTpHUMAaHO CHEKTpP aMIUTITYAHO-YaCTOTHUX XapaKTEPHCTHUK,
aHaJi3 SKMX TOKa3aB, M0 aMIUTITYJHO-4aCTOTHI XapaKTEPUCTHUKH MAIOTh Psiji MPOMIKHHUX
PE30HAHCHUX YacTOT («KHUIICHBY).

Tperiii eranm mpoBeAeHHS EKCIIEPUMEHTY - (ikcaris CIeKTpy KoJimBaHb neranmi 1 2
micist 00poOKH:
1. BiOparmisiMi MIUPOKOIIOIOCHOTO CHEKTPY («Oimuit mym») — FS12 00p;

BiOpartismu 3 yactororo 7062 I'm— FS12 o6p1,;
BiOparttismu 3 yactororo 18777 I'm— FS12 06p2;
BiOparttissmu 3 yactororo 9474 I'n— FS12 06p3;
BiOparttissmu 3 yactororo 8613 I'i— FS12 06p4;
BiOparttisimu 3 yactororo 9302 I'i— FS12 06p5.

ok wm

[Ticns oOpoOku netani 12 BiOpamisiMi MHUPOKOIMIOIOCHOTO CIIEKTPY («OLTUM LHIyMOM)Y)
aMIUTITYya KOJHMBAHb 3MEHIIMJIACS, PO3MIp BHYTPIIIHIX 3IMIIKOBUX HAINPYKEHb JeTani 2
3HU3uBCs Ha 15%.

OOpobka neranmi 1 2 Ha IHIIMX PE30HAHCHUX YaCTOTAX BIAMOBIIHO 10 OTPUMAHHX
pe3yNbTaTiB MiATBEPAMIIA TEOPETHYUHI MPUMYIIECHHS MIOJ0 3MEHIICHHS PO3MIPY BHYTPILIHIX
3aJIMIIKOBUX HANpyXeHb Aetani 2 micis oopooku aerani 1 2 merogom HBO.

BUCHOBKUA

[Ticnss 06pobku nerani 1 2 meromom HBO amrumiTyna BepXHiX YacTOT KOJMBAHHS
3MEHIIY€ETHCS, HIDKHIX 4acTOT 3pocTae. Y jaerani 2 BiIOYBaeThCS MEPepO3NOIia BHYTPILIHIX
Hanpy>KeHb 3 OUIBIIMX 3HAYEHb J0 MEHIIUX, IO CBITYUTH IPO 3MEHIICHHS HAIPYKEHOTO
CTaHy KOMIIO3MLIHHOTO MOKPUTTS POJMKY poJibraHra. 3a pe3yibTaTaMH IpPOBEACHHS
EKCTIEPUMEHTY PEKOMEHIYETHCS MPOBOJUTH OOPOOKY POJMKY PpOJIIaHTy 3a MPHHIUIIOM
LIIMPOKOCMYTOBOI'O CIIEKTPY KOJIMBAaHb MPOTAroM 60-90 XBHINH.

CIIMCOK BUKOPUCTAHUX JUKEPEJI

1. Tymunos A.B., I'onuapos A.B. Hogbie KOMNO3UYUOHHbIE MAMEPUATbL 8 PEMOHMHOM NPOU3eoocmee //
Pemonm. Boccmanosnenue. Mooepruzayus. — 2003. —Ne 11. — C. 46-49.

2. Apmyp . Max-Henu. Ananuz asaputinvix paspywenuti. M.: Texnocgepa, 2010, 416 c.

3. baghaes /I. X., Bexbyoos L. X. Opgexmusnocmv npumenenus KOMNOSUYUOHHOZO MamMepualda 8
noowunnuxax onop eanxos // Texnuxa. Texnonoeuu. HUnocenepus. — 2017. — Ned. — C. 31-36. —

URL https://moluch.ru/th/8/archive/68/2560/.
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IHTEJIEKTYAJIBHE MOJEJTIOBAHHSA HOBOI'O METOY OBPOBKHA
POBOYMX IIOBEPXOHbB JETAJIEM MAIIIUH

Taymmy K.C.

HaniiiHicTh 1 JOBrOBIYHICTH MAIIMH CYTTEBO 3aJIEkKaTh BijJ TOBrOBIYHOCTI BY3IIB.
[TepeBakHa OLIBIIICTH BTpAT POOOTO3ATHOCTI €JIEMEHTIB MAIllMH ITOB’s3aHa HacaMmIiepes 3i
IIBUJKUM 3HONIYBAHHSM KOHTaKTYIOUHMX MOBEPXOHb JIETANCH BY3JiB a00 3 iX pyilHYBaHHSIM
[1, 4, 5]. Tomy BuHHMKa€e HEOOXITHICTD IMIABUIIICHHS HAIIHHOCTI i JOBIOBIYHOCTI J€TaNCH, 110
3HOIIYIOThCA. Lle nocAraeTbcsiza paxyHOK IMOKpAIIEHHS EKCIUTyaTallliHUX XapaKTEePUCTUK
(MIITHOCTI, TBEPAOCTI, 3HOCOCTIMKOCTI TOIIO). € BENWKAa KIIBKICTh METOMIB ITi{BUINCHHS
eKCIUTyaTaIliiHUX XapaKTepUCTUK: (13U4HI, XIMIYHI, €JICKTPUYHI, KOMOIHOBaHi TOIIIO.

Metoro poOOTH € OCBITIIGHHS Ta EKCIePUMEHTAIbHE MIATBEPDKCHHS METOMY
IIJIBUIIICHHS. TBEPJOCTI Ta 3HOCOCTIMKOCTI, 3a paXyHOK aKTHBi3amii Mii emijamMiproBaHHS Ha
MOBEPXHI J€Talli HOBUM BUIOM 00pOOKH 32 JOIIOMOT0I0 00€pPTOBOTO MarHiTHOTO TOJSL.

OOepToBe MarHiTHE TIOJie — MAar”iTHE TIOJIe, BEKTOpP MAarHIiTHOIIHIYKIII SIKOTO, HE
3MIHIOIOYHCH 3a MOJYyJEM, OOEpTAaeThCsAd 3 TMOCTIMHOI KyTOBOO IMBHAKICTIO [2]. Jlms
CTBOpPEHHSI 00EpTOBOTO MArHITHOTO TOJS PO3POOJIEHO TMPUCTOCYBAHHS 3 EIEKTPUUHOIO
CXeMO, sika BijoOpaxkae 3CyB ¢a3u CTpyMy B OOMOTKAaxX UOTHPHOX COJICHOI/IB.
CuHycOigaNbHUNA CTPYM y KOXKHIN 3 YOTHPHOX CTAI[lOHAPHUX OOMOTKAX COJICHOIIB BUPOOIIsE
YOTHPHU 3MiHHI MarHiTHi IOJIs, MEPIEHANKYIISIPHI 10 Oci o0epTaHHs, sSKi CTBOPIOIOTH OJHE
obOeproBe MarHiTHe moje [2]. BinmoBigHO 10 TiMOTE3W MPO MOBEAIHKY 3€peH Ha poOouiit
MOBEPXHI JIETajli B 00epTOBOMY MarHiTHOMY TIOJIi, Taka il B YMOBaxX PEe30HAHCY MPU3BOAHUTH
70 pyXy 3€pHa, 3Myllye ix ymnopsakyBatucs. [Ipu BBeaeHHI 30yIKYyHOUOTO MOJIS 3MIHHOT
9acTOTH, BiAOYBA€THCS TOTIMHAHHS €HEPrii, 3MIHIOETHCS OpI€HTALl MAarHiTHOTO MOMEHTY
BIIHOCHO TOCTiIHHOTrO mois. [Hakime KaXydw, CIOCTepiraeThcsl pe3oHaHc. Haxopasuuch y
B3a€MOJII 13 30BHILIHIM IOJIEM, 3€pHAa aKTUBI3YIOThCA. BUHMKaIOTH yYMOBHM, KOJHM 3€pHa
CTalOTh TEPEUIKOAOI [UIsl YTBOPEHHSA Je(deKTiB, HANpHUKIaJ BHPIBHIOETHCS CTPYKTypa
30BHILIHBOTO 1IAPY MOBEPXHI.

Jns minTBepmKeHHS Aii 00epTOBOTO MArHITHOTO TOJSI HA MiJBUIICHHS TBEPAOCTI
poOou0i MOBEPXHI MPOBOIMINCS JTOCIIDKEHHSI Ha 3pa3Ky 13 cTtaii 40, BCTAaHOBJIEHOMY Ha
BepCcTaTi. I[HCTpyMEHT MAiisi CTBOPEHHS OOEPTOBOTO MArHITHOTO TIONS CKIAAA€Thes 3
MarHiTonposiga i3 gorupma karymkamu. Kimekicte BuTkiB N=3500 mrt Ha omHiid, mpu
noBkuHi 1=43 MM, HapyxHoMy aumamerpy D=10 Mm karymkd. €MKICTh OIHOTO
koHgeHcaropy C=30Mkd.

[IpoBeneHO po3paxyHOK PE30HAHCHOI YAaCTOTH KOJUBAIBHOTO KOHTYpY. Bu3HaueHHs
IHIYKTUBHOCTI KaTYIIKHA POBOAMINCS 3a hopmyioro[2]:

D
(E)Z . N2

= 1).
(45-D)+ (10D @
3BijcH, IHAYKTUBHICTh KaTymku L = 25789 mkl .
YacToTa KOJIMBAJIBHOTO KOHTYPY po3paxoBaHa 3a ¢opmyior[2]:
1
f= (2).

2-m-VJL-C
3Bizcy, yactota f = 180 [y. I 10CKOHANOro aHai3yA0CiPKEHHS IPOBOMIN IPU

100w, 200Tw, 300Tm. JDxeperom mogayi Hampyru Ta KOHTPOJIO YacTOTH B

EKCIIEpUMEHTAJIbHIM YCTAHOBIII BUKOPUCTAHO TeHEpaTop iMmyisciB ['5-54.

ExcrniepumeHTanbHe AOCHIPKEHHS MPOBEICHO HACTYITHUM YHHOM.

1. IIpoBeneHo oOpoOKy MO YOTHUPHOM TOYKaM KOXHOI i3 9 mmilok 3paska y
PaHIOMi30BaHOMY MOPSAIKY MPOTATOM 2 XB — 3 MIMKAKH, 4 XB — 3 MIMHKH, 6 XB — 3 MIUHKH, TIPU
gactoTi 100 ', 200 I'y, 300 'l HA KOKHY MIUHKY.
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2. BukoHano BUMIp TBepAOCTi 3a gomomoroio TBepaoMmipa OTM-01 mo Tta micis
00poOKH, PO3PaxOBaHO MPUPICT TBEPAOCTI Ta MIBHUIKICTh BUHUKHEHHS MpHpocTy. OTpUMaHO
rpadik MBHIKOCTI MPUPOCTY TBEPAOCTI, 300paKEHOMY Ha PHCYHKY 4, 3 SKOTO BHUIHO, IIO
e(peKTUBHUM BIUIMBOM Ui WiJABHIIEHHA TBEPAOCTI € 00poOka mpoTsiroM 4 XBHIMH Ta
gactotoro 200 I'1r.

3. IlpoBeneHo 00pOOKY MpH PI3HUX MIBHAKOCTSIX oOepTaHHs 3paska: 12,5 mM/xB — 3
muiikn, 16 M/xB — 3 mmiiku, 20 M/XB — 3 MMAKKA, TPU OJHAKOBIM MIHIMaJIBHIN mojaadi
iHCTpyMeHTy, mpoTsroM 4 xBuwiauH Ta 4actoTi 200 I'm. Bukonano BuMip TBepIOCTi 10 Ta
micist 00poOku. Po3paxoBaHO MPUPICT TBEPAOCTI.

4. O6pobiieHo 3pa3ok MOBEepXHEBO akTHBHOIO peuoBnHOIO (IIAB) KF, noBeaenoro 1o
CTaHy piUHH. BB peuOBHHM aKTUBOBAHO Ji€f0 00EPTOBOIO MArHITHOTO TOJIS MPHU Pi3HUX
MIBUJIKOCTSX 0OepTaHHs 3paska: 12,5 m/xB — 3 mmiiku, 16 m/xB — 3 mmiiku, 20 m/xB — 3
IIUHAKH, TIPH OJTHAKOBIM MiHIMAJBHIA MOJa4i IHCTPYMEHTY, MPOTATOM 4 XBWJIMH Ta 4acTOTI
200 I'n. Bukonano BUMip TBEPAOCTI J0 Ta Miciist 00poOKku. Po3paxoBaHo MpUpiCT TBEPAOCTI.

5. IlpoBeneHo BunpoOyBaHHS 3pa3ka HAa 3HOCOCTIMKICTH 3a JIOIIOMOIOI0 YCTaHOBKH,
IIPEJCTaBICHOT Ha PUCYHKY 5. JloCHiPKeHHs IPOBECHO Ha YOTUPHOX IIUIKaX 3pa3ka, OAHa 13
SKUX He o0poOiieHa, a iHII TpU OOpOOJICHI eImilaMipIOBaHHSM Ta aKTHUBAIIE€I 00EpTOBUM
MarHiTHUM ToJieM ynpoaoBxk 4 XxBuiauH Ta 9acToTH 200 I'i. 3HOCOCTIMKICTh BU3HAYEHO 32
pe3yabTaTaMu, MPEICTaBICHUMHU y TaOIHI 1, IIMPUHK CITiTy MiCIIsE BUIIPOOYBaHHS, HA OCHOBI
3pobnenux (orto 3a gomoMoror kKamepu. OTpUMaHO 3aJEKHICTh IIUPUHU CIIAY BiA
TPHUBAJIOCTI BUIPOOYBAHHSI.

Tabmurs 1

PesynpTaTy BUnpoOyBaHHs Ha 3HOCOCTINKICTD

Yac, Mupuna cainy, MM

XB Touka be3 00pobku 1 mmiika 2 mmiika 3 mmiika

3 1 20,92 19,34 20,40 18,31
3 2 20,98 16,78 17,01 17,21
3 3 20,31 13,51 14,95 20,84
Cepenne 3HaYEHHSA 20,74 16,54 17,45 18,79
6 1 66,25 47,86 53,71 45,14
6 2 60,58 45,79 54,88 46,72
6 3 67,32 4481 56,60 44 48
CepeiHe 3HAYCHHS 64,72 46,15 55,06 45,45
9 1 127,99 71,70 86,35 69,47
9 2 110,53 75,47 81,07 68,95
9 3 111,45 73,12 71,26 72,22
CepenHe 3HaYEHHS 116,66 73,43 79,56 70,21

Jlns mocmipKeHHs 3a 1omoMororo Herpoimitatopa NeiroPro.0,25 wa 0ocHOBI JgaHuX
KO>KHOTO eTary J0ciiay, copMoBaHa HaBYallbHA Ta TECTOBA BUOIPKa, 3a IKUMHU MOOYI0BaH1
MaTeMaTU4YHI arpOKCHUMAIIIIHI MOJeN TMporecy oO0poOkn poOodoi MOBEPXHI B 00EPTOBOMY
MarHiTHOMY IOJIi.

3a pesyapTaTaMd MOJICIIOBAHHSA 0araTOMIpHUX ampOKCHUMAIlIHHUX 3aJIeKHOCTEH
OTpHMaHi 3HA4YeHHs MPHUI0AHOI TBEPAOCTI MOBEPXHI, B 3aJEKHOCTI BiJl PEKUMIB Ta yMOB
MpoBeACHHS 00POOKH 00EPTOBUM MAarHiTHUM TOJIEM.
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PesynpTaT cBigYaTh TPO HASBHICTh EKCTPEMaJbHUX 3HAUYCHb TBEPAOCTI TpH
MPOrHO3yBaHHI pe3oHaHCHOI yacTotu 200 ['m. BusiBneHO edekT ekcTpeMalbHOI 3aleKHOCTI
TBEPIIOCTI BiJl TPUBAIOCTI MPOIECY, IO HA HAaNIy IYMKY MOSCHIOETHCS C€(PEKTOM, SKHUN
CIIOCTEpITraeThCs MU TpUBANIiK BiOpamiitniid 00poOii [6]. Edekr minBuienHs TBepaocTi npu
3MEHILIEHH] IIBUJKOCTI TMOSCHIOETHCA IMO3UTHUBHUM BIUIMBOM TPUBAJIOCTI Jii 00e€pTOBOTO
Mar"iTHOTO TOJIS, aJIe B MEKaxX OOMEKEHb MOTEPETHIM 3ayBaKEHb.

BUCHOBKU

Ha mizgcraBi rinoTe3n 1 eKCIepuMEHTaIbHUX JOCIIKEHbh MOYKHA CTBEPJIKYBAaTH, IO
OCe3KOHTAaKTHA 00poOKa O0OEpPTOBUM MArHITHUM IIOJIEM J03BOJISIE OTPUMYBATH TIO3WTHBHI
3MIHHU SIKOCTI TMOBEPXHEBOTO IIapy, MOJSrae y MiJABHMIIEHHI TBepAOCTi. Becranosneno, mo €
eKCTpeMajIbHI 3HAUYCHHS MOKa3HUKIB MpU 00poOIli B yMOBaX PE30HAHCY YaCTOTH 00EPTOBOTO
MarHiTHOTO TOJIi Ta BJACHOI YacTOTH OOpoOKM TmoBepxHi. TakuMm 4YHHOM Timore3a
MIATBEP/KEHA PE3yJIbTaTaMU €KCIEPUMEHTY: IMiJIBULICHHS 3HOCOCTIMKOCTI MOBEPXOHb TEPTS
npu 3 xBuiauHax BunpoOysanHs — B 1,1...1,2 pa3, npu 6 xBuiuHax — B 1,3...1,4 pa3, npu 9
xBuwimHax — B 1,5...1,6 pa3. HoBu3zHa TexHiuHOI Mpomo3ullii MiATBEpIKEHA MO3UTUBHUM
PILICHHSM LIOJI0 BUa4i maTeHty [7].

CITMCOK BUKOPUCTAHOI JIITEPATYPU:
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MOJIEJIIOBAHHS JUHAMIYHUX MPOLECIB IIEHTU®IKAILI PO3MIPHUX
TA ®I3UKO-MEXAHIYHUX BJIACTHUBOCTEM BUPOBIB
MAIINMHOBYAYBAHHS

30aposchkuii C.B. , Koaneschkuii C.B

[TinBuIIeHHS pIBHIB aBTOMATH3allii Ta THYYKOCTI TEXHOJIOTIYHOTO OONaJHAHHS Ta
TEXHOJIOTIYHUX CHCTEM HEOJMIHHO MAa€ CYIPOBOJUKYETbCS BJIOCKOHAJIEHHSIM METO/IB
KOHTPOJIFO  TIOKa3HUKIB  sAKOCTi mpoxykiii. ToMmy, miJBHIIEHHS JOCTOBIPHOCTI 1
MPOAYKTUBHOCTI JIarHOCTUKH T€OMETPUYHHUX 1 (DI3MKO-MEXaHIYHUX BIIACTHBOCTEH JeTajiei
MallliH 3aJMIIA€ThCS aKTYaJIbHUM 3aBIAaHHAM. Padile npoBeneHi HaMM JOCHIKEHHS IO
imenTudikamii crekTpiB 30yUKEHUX KOJMBaHb 3pa3KiB JeTaieil 3a po3MipaMu, MOPCTKOCTI
MMOBEPXOHb 1 iX TBEPIOCTI TMOKa3aJd MOMKJIMBICTh J1arHOCTYBAHHS ITOKa3HUKIB SKOCTI 3
nocsraeThest  moxuOkoro  Memmre  107-102% moms  posciroamms mapamerpis. OnHax,
eKCIIePUMEHTaJIbHI JaHi MOTPeOYIOTh TEOPETUYHOMY OOIPYHTYBaHHI, IO 1 € METOI M€l
poboTH.

Jis TeopeTHuHOro OOIPYHTYBaHHsI 3alIpOIIOHOBAHO 3aCTOCYBATH amapaT KIITUHHHUX
aBTOMaTiB. MoJemoBaHHA mpolecy GopMyBaHHS QYHKIIT BIATYKY Ha 30y/DKYIOYi BIUTUBY Ha
BUPIO BKJIFOYAE HACTYITHI €TAIlH.

1. CTBOpEHHSI MOJIGIBHOTO TIOJIS 3Pa3KiB;

2. BcTaHoBieHHS NpaBWiia KJIITHHHOTO aBTOMATa;

3. BBeieHHSI TOYaTKOBUX YMOB /IIalrHOCTHYHOTO BIUIMBY Ha 3pa3Ku;

4. MopentoBaHHS JUHAMIYHOT (PYHKIIIT BIATYKY;

5. AHauti3 pe3ynbTariB MOACITIOBAHHS.

Jis CTBOpPEHHS MOJENBHOTO MO 3pa3KiB BUKOPUCTAHUHM TaOMWYHUN Hpolecop
Excel. ¥ nupomy Tabnuunomy 1o copMOBaHi JiBa OJIOKH 3pa3KiB:

[Tepmmii 6510k npencTaBieHu Ha puc. 1.
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Pucynok 1 — Ilepiie monensHe nosne 3paskis: 1 - 10x5+6x5+8x3; 2 — 9x5+5x5+7x3; 3
— 8x5+4x5+6x3.

[lepuie 3 [BOX MOMIB KOKHOTO 3pa3Ka SIBJIsiE COOOI0 OCHOBHE TOJIE pPe3yJbTaTiB Ail
KIITUHHUX aBTOMarTiB. [Ipyre 3 /ABOX MOJIB KOXKHOTO 3pa3ka € IOJIeM MpaBUi KIITHHHHUX
aBTOMATIB.

JUis KITITUHHUX aBTOMATiB NMpHitHATO HacTynHe npasuio (Ul + U9 - 3HaYeHHs KIIITHH
I10JIs aBTOMATIB:

UlfuU2|U3
U4 | U5| U6
U7|U8| U9

_ U1+U2+U3+U4+U5+U6+U7+U8+U9

: 1)

U5

AHaJIOTI4HO 1)1 Ipyroro 0JI0Ky 3pa3kiB (puc.2):
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Pucynok 2 — Jlpyre monenbHe nosie 3paskiB:1 — 7x5+5x8+3x7; 2 — 5x13+3x7;
3 — 3x7+7x8+5x5; 4 - Tx5+5x7+3x7; 5 — 5x13+3x5; 6 — 3x4+7x8+5x5.

[TpaBuia KIITUHHUX aBTOMATIB aHAJIOT1UH1 MPUHHATUM paHile.

TTouarkoBi

[Tpu

OJIMHUYHMM pIBHEM OCEpPEIKIB 10 KOHTYpY 3pa3KiB.

YMOBH 3aJiaH1
MOJICJIIOBaHHI JAMHAMI4HOI (YHKIIT BIATYKy OysiM peani3oBaHi MOBHI IUKIM KIITHHHUX

aBTOMATIB SIK JJIsl IEPILIOTO 1 Apyroro 010Ky 3pa3kiB. il oTpuMaHHs A1arHOCTUYHOT (PyHKIIIT

BUKOPHUCTaHI 3Ha4eHHs (HIKCOBAHOTO KIITUHHOTO aBTOMATa.

Ha puc.3 npencrasneni

3HAYEHHS KJIITUHHOIO aBTOMaTta B (DYHKLIT KUIBKOCTI HUKJIIB (@) 1 BIIXWICHHS B1J CEPEIHBOTO

3Ha4eHHs (0) 11 nepuioro 070Ky 3pa3KiB.
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Pucynox 3 — 3HaueHHS KIIITUHHOTO aBTOMATa IS epIioro 0JI0Ky 3pa3KiB

a)
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Ha puc.4 npencrasieHi 3Ha4€HHS KIITUHHOTO aBTOMaTa B (DYHKIIIT KUTBKOCTI ITMKJIIB
(a) 1 BigXuJIEHHS BiJ CepeIHbOTO 3HAaYeHHS (0) U1 Jpyroro OJI0KY 3pa3KiB.

6)
Pucynok 4 - 3HaueHHs KIITUHHOTO aBTOMaTa JUIsl Ipyroro 0JIOKY 3pa3KiB

Sk BUITHO 3 pe3ysbTaTiB MOJENIOBAHHS, MPEACTABICH] 3pa3Ku JalOTh Pi3HI 3HAUECHHS
GyHKIIH, 110 3a/1eXaTh Bil KUTBKOCTI IIUKIIB KIITHHHUX aBTOMATiB (OJHAKOBI AJIS MEPIIOTO
OJIOKY 1, OKpeMo, g Apyroro OJoKy 3pa3kiB). UMcIO KIITUHHUX aBTOMATIB Ha IOJe
KOH(iryparliil 3pa3kiB BIANOBIa€ YaCTOTHOMY Jliana3oHy 30y/KYIOUMX BIUIUBIB - YUM BHIIE
yacToTa, THUM MEHIIE€ KpOK ITepalid KIITMHHUX aBTOMaTiB. Takuii BHCHOBOK J100pe
Y3TOJIKYETHCS 3 €KCIIEPUMEHTAIbHO MiATBEPPKEHUM €(EeKTOM B3a€MO3B'S3KY aMILTITYIHO-
YaCTOTHOI XapaKTEepUCTUKH BJIACHUX KOJIMBAHb 00'€KTa 3 MOro reoMeTpuyHUMH 1 (i3HKO-
MEXaHIYHUMU XapaKTePUCTUKAMH.

TakuM YWHOM, BUKOHAHWH KOMIUIEKC IOCHIHKEHb i3 3aCTOCYBAaHHSIM MAITMHHOTO
eKCIEpUMEHTY MiJITBEP/UKYE TEPCIEeKTUBHICTh JAIarHOCTHUKM TEOMETpUYHHX 1 (i3uKo-
MEXaHIYHUX BJIACTUBOCTEH AeTayieid MamuH. KiiTHHHI aBTOMATH SK 1HCTPYMEHT JOCIIKEHb
MO>KE€ MaTH BEITUKY MEPCIEeKTUBY ISl 11eHTU(IKAIT 00'€KTIB.
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JOCIIIKEHHSA EJIEKTPOPO3PAJTHOT'O 3SMINHEHHSA POBOYUX T10-
BEPXOHbD JIETAJIEA MAIIIAH

Kamuina A.B.

Merta: IOCHIAWTH BIUIMB BHCOKOBOJBTHHUX PO3PSIIB Ha TBEPIICTh Ta IIOPCTKICTBH
neranl

3anaui: JochmiauTy BIUIMB BUCOKOBOJIBTHHUX PO3PA/IIB Ha SKICTh MOBEPXHI

OOG’€eKT MOCTIIHKEHHS — €KCIIEPUMEHTAJIbHI 3pa3Ku, MPEICTaBIIeHI KOMIUIEKTOM BaJliB,
B KUTbKOCTI Ny 1.

[TinroToBKa 10 €KCIEPUMEHTATBHOIO JOCIIKEHHS IPOBOIMIIACS B TPHU €TAIlU:

1-i1 eran. IlinroToBKa €KCIEPUMEHTAIBHOTO CTEHAY IS BIUIUBY BHCOKOBOJIbTHUMH
PO3psiiaMu €JIEKTPUYHOTO CTPYMY Ha MOBEPXHIO JI€Tai.

2-i1 eram. IligroroBka oOJamHaHHS, WIATOTOBKA Ta HAIATOKCHHS TOKAPHOTO
Bepcrara 1K625.

3-ii etamn. [1igroToBKa 3aroTOBOK IIJISIXOM TIOIIEPEIHBOTO 3HATTS MaTepiany.

Ha mepmiomy erami OyB BHUIOTOBJICHHM €KCIIEPUMEHTAIBHUN CTEH[, 300pa’keHHS
IIpe/ICTaBIeHO Ha puc. 1

Pucynok 3.4 — ExciepuMeHTaIbHUNA CTEH]] TeHepyBaHHS BUCOKOBOJIBTHHUX PO3PAIIB.

ExcniepuMeHTanbHUN CTEH]J CKJIAJA€TbCs 13 OJIOKY KHMBJIEHHS, BHCOKOBOJIBTHOTO
neperBoptoBada «Po3psin 1», mpucrocyBaHHs ans ¢ikcaiii €1eKTpoAy Ta BCTAHOBIEHOTO
3pa3ska.

Hanaromxeno tokapuuii Bepcrar 1K625, BUKOHAHO LIEHTpYBaHHS 3aroTOBKH, Ta ii
MiATOTOBKA /10 IPOBEJICHHS €KCIIEPUMEHTAIBHUX JIOCIIIKEHb.

BriuB BHCOKOBOJIBTHUM PO3PSAJIOM 31HMCHIOETbCS HACTYMHUM 4yuHOM. Ha moBepxHio
eKCIIEpUMEHTAIBHOTO 3pa3Ka HaBOJUTHCA BHCOKOBOJIBTHUH €eKTpoj Ha BiacTani A =3, 5,7
MM BiJ] IOBEPXHI, Y BUIJISAAL JKeperna BUCOKOT Hapyru B Mexax 25 kB.

Ha kiHI1eBi pe3ynbTaTH €KCIIEpUMEHTY BILUTUBAIOTH MEPEeMiHHI (haKTOPH: BiJICTaHb Bij
€JIEKTPOY JI0 TIOBEPXHI, YaCTOTY 00EpTaHHS Ta TPUBAIICTD IX BIUIMBY Ha €KCIEPHUMEHTaNIbHI
3pa3Ku.

Jlns 3abe3nedeHHs OAHOPIIHOCTI IUIaHY Ta BpaxyBaHHSA (DAaKTOpiB MpPOBEIEHHS
eKCIIEpUMEHTY BUKOHAHA PaH0Mi3allis MOCTIIOBHOCTI BUKOHAHHS JOCIIKEHb.

AHaJi3 pe3yabTaTiB eKCIePUMEHTAIbHUX JAOCITIIKEHb Ta MPAKTUYHI PEKOMEH IaIlii.

[TocnimoBHO I KOKHOTO 3pa3ka Ha OKPEMUX AUISTHKaX 3 BUXIAHUMHU BIACTUBOCTSIMHU
BH3HAYEHO TBEP/IICTh Ta MIOPCTKICTh MOBEPXHI.

JlaH1 mpoBeICHHS eKCIIePUMEHTALHOI 00p0oOKH HaBeneHi B Tabm.1. s mpoBeneHHs
EKCIIEpUMEHTY TI0 3MIIIHEHHIO Oy0 0OpaHO HaJalITyBaHHsS YacTOTH OOepTaHHsS 3pa3Ka B
IIMHAHAEI TOKapHOTO BepcTaTa Ta BiJICTaHb BiJl €JIEKTPOAA 0 OBEPXHI JeTalli.
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Ta6mums 1 — BuxigHi gadi Ta pe3yiabTaTH TPOBEICHHS €KCIIEPUMEHTY

Yac o0podkn | Yac 06podku 4 | Yac 00podku
Yacrora .
Homep ofepTamms: mm, X8 Bigcranb, MM 2 XB XB 6 xB
’ Ra HB Ra HB Ra HB
2 12,5 3 59 | 2019 | 4.2 225,8 4,2 239,4
4 20 3 6 2338 | 3,2 229,2 51 231,5
5 16 3 5 230,3 | 3,6 228,1 4,3 237,2
1 12,5 5 6,5 | 2258 | 4,7 231,5 3,8 232,6
6 20 5 55| 2394 | 33 237,2 3 233,8
9 16 5 47 | 2224 5 2224 4 2429
3 16 7 53 | 2451 | 3.3 225,8 54 233,8
7 20 7 53 | 216,7 5 229,2 3,1 239,4
8 12,5 7 4 226,9 3 233,8 3,4 233,8

3a OTpUMaHUMHU pe3ylbTaTaMH, 3BeJICHUMH B Tabm. 1, Oyso modyaoBaHo rpadiku puc.
2 Ta puc. 2, SKi JaI0OTh MOXJIMBICTh MOOAYUTH NPU SKOMY BiJTHOILICHHI YacTOTH OOEpPTaHHS
3paska, yacy Ta BIICTaHl MIXK €JIeKTPOJOM Ta 3pa3KoM BiIOyBa€ThCs HEOOX1HE 3MILHEHHS Ta
3HOCOCTIMKICTh POOOYMX ITOBEPXOHb, a CaMe 3MEHIICHHS IIOPCTKOCTI Ta ITiJBUIICHHS

TBEPJIOCTI TTOBEPXHI.

TexHIYHUM pPE3yNbTaTOM € MiJABHIIEHHS MIIHOCTI POOOYHMX MOBEPXOHb JIETalei 3a

KOPOTKHMI TPOMIXKOK 4Yacy, BHUKOPHUCTOBYIOYM HECKJIaJHE OONaAHAHHA, MiJBUIIYIOYU
MIPOYKTHBHICTH Ta 3HIKYIOUH €HEPTreTHYHI BUTPATH.
LLlopcTKICTb NOBEPXOHb
7
6,5
6
> \
5 A //" \
/ \ \’/ =4="Ra npu 2 xB
4> / Ra npy 4 x8

</ |\
RENES s \V/ %*
3 N )

2,5

5

3 3

5 | 5

7 7

12,5 20 16 12,5 20 16 16 20 12,5

=== Ra npu 6 xB

Pucynox 2 — Pe3ynbTar 3MiHU IIOPCTKOCTI TIOBEPXOHB 3pa3Ka Miciist 00poOKu
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240
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230
225
220

TBepAicTb NOBEPXOHb
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X \

\

J/fn«y\/

/

=4—HB npu 2 x8
== HB npu 4 x8
HB npw 6 x8

215 /
210 /
205 J

3 3 3 5 5 5 7 7 7

200

12,5 20 16 12,5 20 16 16 20 12,5

Pucynok 3 — Pe3ynbTar 3MiHU TBEPIOCTI MOBEPXOHB 3pa3Ka Micisi 00poOKu

3rilHO0 METOAMKH IPOBEJIEHO EKCIIEPUMEHTAIbHI JOCHIKEHHS JUIs MOJaJbIIol
00pOOKH OTpUMAHUX JTAHHX.

[IpononoBanuii BapiaHT 0OpOOKH MMOBEPXHEBOTO APy AETall € Majlo BUTPATHUM, a
caMme TPUCTPI CTBOPEHHS BHCOKOBOJBTHOTO PO3PSAY Ta METOIUKA BHKOHAHHS 3MIIIHEHHS
KOHKPETHUX POOOYHX MTOBEPXOHb.

3a OTpUMaHUMHU pe3yJibTaTaMH, 3B€JIeHUMH B Tabi. 1, 6ysi0 nobyaoBaHo rpadiku puc.
2 Ta puc. 3, [Ki Aal0Th MOXKJIMBICTh MOOAYUTH MPHU SKOMY BiJIHOLIEHHI YaCTOTH OOEpTaHHs
3pa3Kka, 4acy Ta BIJICTaHI MiX €JIEKTPOIOM Ta 3pa3KoM BiJ0OyBaeThCsl HEOOX1AHE 3MILIHEHHS Ta
3HOCOCTIMKICTh pPOOOYMX TOBEPXOHb, a CaM€ 3MEHIICHHS IIOPCTKOCTI Ta IiIBUIIECHHS
TBEPJIOCTI IOBEPXHI.

Pe3ynbpTatom € miABUIEHHS MIITHOCTI PIKYYUX IHCTPYMEHTIB Ta pOOOYUX MOBEPXOHb
netaned 3a KOPOTKMM NPOMIKOK 4Yacy, BHKOPUCTOBYIOUM HECKJaaHe o0O0JaJHaHHS,
M1BUIIYIOYH MPOAYKTUBHICTD Ta 3HUKYIOUU €HEPreTUYH1 BUTPATH.
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VJIOCKOHAJIEHHSI BEPCTATIB 3 KHHEMATHUKOIO APAJIEJIbHOI
CTPYKTYPU HA HEMPOMEPEXKOBOMY BA3HCI

KoBaaescobka O.C.

[lepcieKTUBHUM HaIMpsIMKOM B MiJBUIICHHI THYYKOCTI BUPOOHUIITBA €
OCHAILIEHHSI MOro BepCTaTHUM OOJAJHAHHSAM 3 MEXaHI3MaMU MapajebHOi
CTPYKTYpH. MOKJIMBOCTI Takoro OOJIafHAHHS TIPYHTYIOTbCS Ha MOJYJBHOCTI
CTPM)KHEBHX KOHCTPYKIIIM, Ha MYJIbTUIUIIKATUBHOCTI Ta MacmTaOyBaHHI iX
KoH(pirypariii, Ha MEXaTPOHHMX BY3JIaX 1 aIaITUBHUX aJITOPUTMAaX yIPaBIiHHS.

OpnHak, MexaHiYHa YaCTUHA 1 CHCTeMa MPUBOAIB BUKOHABUMX MEXaHI3MIB
BEPCTATHOTO  OOJNIalHAHHA 3  MapajlellbHOI0  KIHEMAaTHKOI0  MOTpedye
BJIOCKOHAJICHHS TPOCKTYBaHHS, KEPyBaHHS Ta KOHTPOJIIO 3aBASKH CKJIATHOI
TPAEKTOPIi MEepEeMillleHb BUKOHABUMX JIAHOK. YMCIeHHI TOCTiKEHHS B 00J1acTi
TOYHOCTI TO3WIIIOBAaHHS, KIHEMAaTUKH Ta JUHAMIKA BepCTaTiB Ha 0asi
MEXaHI3MIB MapajenbHOi CTPYKTYpPH MIATBEP/UKYIOTh TE€3y NP0 CKIAJIHHMA
XapakTep yOpaBIiHHS JIaHKaMM  MEXaHI3My HaBiTh JUIi  BUKOHAHHS
MPSAMOIHIMHUX TEPEMIlIeHb PI3aJIbHOTO 1HCTPYMEHTY. ICHye HEOOXI1AHICTH B
cucrteMaTuzamii  (akTopiB 3 ypaxyBaHHSM MPUHUMUIIB MOOUIBHOCTI Ta
BIJIMOBIAHOTO PIBHA aBTOMAaTH3aIlii, po3poOIll HOBHUX CHCTEM Kiacudikalii
MEXaHI3MIB  MapajelbHOi  CTPYKTYpPH, CIOCOOIB KOHTPOJIIO  €JIEMEHTIB
oOnagHaHHS Ta METOAMKU MOOYJAOBH €TaJOHHUX 1 MAaTEMaTUYHUX MOJENEH s
BU3HAYCHHS Ta KOPETYBaHHS XapaKTEPUCTUK >KOPCTKOCTI BEpcTara MpPOTATOM
BCHOT'O TEPMiHY BUKOPUCTAHHSI.

VY nockoHalleHHST BEpCTaTHOTO OOJagHAHHS 3 MEXaHI3MaMH THapajeabHO1
CTPYKTYpPH MOXKe OyTH ITOCATHYTa 3a PaxXyHOK PO3POOKH Ta BIPOBAKCHHS
MPUHIUIIB CUCTEMATHU3alli CTPYKTYp 1 HapaMeTpiB BEPCTATHOIO O0JIaJHAHHSA 3
MEXaHI3MaMu TapaliebHOT CTPYKTYpH, 1AEHTU(IKAIIHHUX MaTeMaTUYHUX
MOJICJICH TO3UITIOHYBaHHS BHKOHABYOI JIAHKM BEpPCTATHOTO OOJagHAHHS 3
MEXaHIi3MaMHu  TapaJieIbHOI  CTPYKTYpM HAa OCHOBI  €KCIIEPUMEHTAJILHO
BU3HAYCHUX CIIEKTPATbLHUX XapaKTePUCTUK 13 3aCTOCYBaHHSM HEHUPOHHUX
mepexx. B poborax C. Kreiner, D. Kunderman, C.T. Chiang, J. Zimmer, R.
Tischler, A.I'. IBaxnenko, A.H. Adonina, I1.B. Ilogzoposa, B.A. I'mazyHoBa,
JI.I. PiGak po3risiHyTI NMHUTAaHHS TPOEKTYBAHHS BEPCTATHOTO OOJIATHAHHS 3
MeXaHI3MaMH TapajieJbHOI CTPYKTYpPH Ta BJOCKOHAJIEHHS CHCTEM KEPYBaHHS.
Opnak, y TemepiliHii Yyac HEBUPIMICHUMH 3aJIHMINAIOTHCS MUTAHHS CTBOPEHHS
11eHTUIKAIIITHIX MAaTEMAaTUIHUX MOJIENIeH MTO3UIIOHYBAHHS BUKOHABYO1 JIAHKH
MEXaHI3MIB IMapaielibHOI CTPYKTYPH 13 3aCTOCYBAHHSM HEHPOHHUX MEPEX, IO
J03BOJISIE  TIBUIIUTH SIKICTh TPOCKTYBaHHS, KOHTPOJIIO 1 EKCILIyaTarlii
BEpPCTATHOT'O OOJIaHAHHS.

AKTyaqpHOIO HAayKOBO — TEXHIYHOK TIPOOJIEMOIO € CTBOPCHHS
METOJ0JIOTIT  MPOEKTYBAaHHS BEPCTATHOIO OOJaAHAHHA 3 MeXaHi3MaMu
napajiebHOI CTPYKTYPH, MIJBUIIEHHS SIKOCTI MOTO eKcIulyaTallii Ta TOYHOCTI
poOOTH BUKOHABYOTO MEXAHI3MY 3a PAaxXyHOK IHTEJIEKTYyaJIbHOTO YIPaBIIHHA 13
3aCTOCYBaHHSIM €TAJIOHHOI MOJIEJIi Ha OCHOBI TJIMOOKUX HEUPOIOIIOHUX Mepex
KAaCKaJHOI apXITEKTYPH.
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JIJist cTBOpEHHSI METO/O0JI0TIi MPOEKTYBaHHSI BEPCTATHOTO O0JIaHAHHSA 3
MeXaHI3MaMH MapayelbHOl CTPYKTYpU Ta IHTENEKTyalbHUM KEpyBaHHSIM Oyiu
MOCTaBJICHI Ta BUPIIICH] HACTYITHI OCHOBHI 3aj1a4i:

1. IlpoanamizoBaHO TEXHIYHUM PIBEHb, METOAW Ta OCOOJMBOCTI
KOHCTPYIOBAaHHS BEPCTAaTHOrO OOJIalHAHHA 3 MeEXaHI3MaMH TMapajesbHOi
CTPYKTYpH,

2. Po3po0neHO MNpHHIMIM CHUCTEMAaTH3alli CTPYKTyp 1 MapameTpiB
BEPCTAaTHOTO OOJNaJHaHHA 3 MEXaHI3MaMH TNapajelbHOI CTPYKTypH Ha OCHOBI
¢aceTHOi KIacudikaii,

3. Po3pobneHo MeTOAMKy aHamizy poOo4doi 30HW BEPCTATHOTO
oOJaZiHaHHS 3 MEXaHi3MaMU MapajelbHOI CTPYKTYPH;

4. Po3pobisieHo ineHTH]IKAIIHHI MaTeMaTHYHI MOJENI MO3UIIOHYBaHHS
BUKOHABYOi JIAHKM BEpPCTATHOTO OOJaJHAHHS 3 MEXaHI3MaMu TMapanelbHOI
CTPYKTYpH Ha OCHOBI €KCIIEPUMEHTAJIbHO BHU3HAYEHUX CIHEKTPATbHUX
XapaKTEPUCTHUK;

5. TeoperndyHo 1 €KCIEPUMEHTAIBHO OOIPYHTOBAHO MOJKJIMBICTh
IHTEJeKTyali3amli JIarHOCTUKK 1 VyHOpPaBIIHHS TpU TMPOEKTYBaHHI  Ta
eKCIUTyaTallii BepCTaTHOTO 00JaHAHHS 3 MEXaHI3MaMHU MMapajeibHOI CTPYKTYpU
13 34CTOCYBaHHSAM HEHPOHHUX MEPEIXK;

6. CTBOpPEHO JOCIIIHUI 3pa30K BEPCTATHOrO OOJIaTHAHHS 3 MEXaHI3MOM
napaenbHOl CTPYKTYPH Ta IHTETIEKTyaTbHUM KePYBaHHSM;

7. Po3p00sieHO MpaKTUYHI PEKOMEH/Iallli M0 3aCTOCYBaHHIO BEPCTATHOTO
oOnagHaHHS 3 MEXaHI3MaMU NapaJieIbHOT CTPYKTYpH Ta I1HTENEKTyaJbHUM
KEpYyBaHHSIM Y BUPOOHHMIITBI.

O0'ekT pochaimxeHHsi — BepcTaTHE OOJaJHAHHS 3 MEXaHI3MaMu
napaenbHOl CTPYKTYpH Ta IHTETIEKTyalTbHUM KepPYBaHHSM.

IIpenmer [oc/igKeHHI — METOJOJIOTISI CTBOPEHHS BEPCTATHOTO
oOnmagHaHHS 3 MEXaHI3MaMU TapaliebHOT CTPYKTYpH Ta I1HTEICKTyaJbHUM
KEepyBaHHSIM.

Teopernuni gocmipkeHHsT 0a3yBaMcsl Ha HAYKOBUX TOJIOKEHHSIX TEOpIi
TEXHIYHUX CHCTEM, T€Opii aBTOMATUYHOTO YIpPABIIHHS, Teopii iAeHTHdIKaIIii,
Teopii  TpadiB, Teopii  KOHCTPYIOBaHHS  BEpPCTATHOrO  OOJaJHAHHS.
BuxopucTtoByBaiucs METOAM MaTEMaTHYHOT CTATUCTHKH, METOAM JAOCIIHKEHHS
omeparlifi, METOAM CHUCTEeMHOr0 aHali3y, METOAM MOJCIIOBaHHS Ha
HelipomepexkeBoMy Oasuci. ExcrniepuMeHTanbHl JOCTIKEHHS TMPOBOJMIKNCS B
Ja00paTOPHUX 1 BUPOOHMUMX YMOBaxX 3 IMOJAJIBIION OOPOOKOIO pe3ysbTaTiB, 3
BUKOPUCTAaHHSAM CY4aCHUX BUMIPIOBAJILHOT anapatypu 1 001aiHaHHS.

B pe3ynbTaTi BUKOHaHHS pOOOTH aBTOPOM:

1. Bmnepiie oOrpyHTOBaHI HAyKOBI OCHOBM MPHHIIUINIB CHUCTEMaTH3aIlil
CTPYKTYp 1 apamMeTpiB BepCTaTHOrO oOJaJHaHHS 3 MEXaHi3MaMHU IMapajeibHOI
CTPYKTYpH Ha OCHOBi (haceTHOi kiacudikarli, rpadiB 3B’S3KIB Ta MaTpPHIIb
IHIIUJIEHTHOCTI, IO JO3BOJIIE HA €Talll MPOCKTYBAaHHS OTPUMATH ONTUMAJIbHE
MO€THAHHS CTPYKTYPH, KOMIIOHYBAaHHS 1 TapaMeTpiB BEPCTATHOTO O0IaJHAHHS;

2. Bmepme HaykoBO OOIpyHTOBaHa Ta po3poOJjeHa METOIuKa
MoOYyZIOBM €TaJOHHUX Mojielieli poOo4yoi 30HM BEPCTATHOTO OOJAJHAHHS 3
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MEXaHI3MaMH IapaJieIbHOI CTPYKTYpU Ha OCHOBI CIEKTPAJIBbHOIO aHaJi3y, LIO0
J03BOJIIE BpaxyBaTH BIUIMB CTAaTUYHHUX Ta JUHAMIYHMX XapaKTEPUCTUK
BEPCTATHOI'O O0JIaJHAHHSI MTepe]] EKCILTyaTall€lo;

3. Bnepme HaykoBOo OOIpyHTOBaHa Ta po3po0JieHa METOJUKa
IPOEKTYBaHHS MEXaHIYHMX JIAHOK BUKOHAaBUMX MEXaHI3MIB IIPU 3aCTOCYBaHHI
OPUHLUITY MYJBTUIUTIKATUBHOCTU PyXOMHX IUIEYEH BEPCTATHOTO 0OJIaHAHHS 3
MEXaHI3MaMHu TapaJiebHOT CTPYKTYPH, IO O3BOJISIE OTPUMATU 301TBIICHHS
nepe1aBajJbHOrO BiTHOIIEHHS! BUKOHABYOTO MEXaHi3My B 3-5 pasiB.

4.  Bmepme HaykoBO OOTpyHTOBaHI Ta poO3poOJeHI MPHUHIIMIIN
ONTUMI3AIl TpaekTopli TEpeMillleHHS BHUKOHABYOi JIAHKK BEPCTATHOTO
oOjazHaHHS 3 MeXaHI3MaMH MapaielbHOI CTPYKTYpPH 3a paxyHOK MiHIMi3amii
CYMHU TIEpPEMIIICHb PYXOMHUX €JIEMEHTIB IUJIeuel Ta HUIAXOM MIHIMI3aIil 4acy
MO3UIIOHYBaHHS,

5. Bmepme pgocmipkKeHO  BIUIMB  JAMHAMIYHUX  XapaKTEPUCTHK
BEpPCTATHOTO OOJIaJHAHHS 3 MEXaHi3MaMu MapajiesibHOI CTPYKTYpH Ha 3CYB
y3arajJbHEHOTO0 LIEHTPY Mac B BUKOHABUYOMY JIAHIIO31, 3/aTHUN BUKIMKATH
PE30HAHC €JIEMEHTIB TEXHOJOTTYHOI CUCTEMH B IIMPOKOMY Jliana3oH1 yacToT. Le
JI03BOJIsi€ BpaxyBaTH BU3HAYEHUI pEXUM POOOTH MPOEKTOBAHOTO BEPCTATHOTO
oOjazHaHHA 3 METO0 3a0e3NEYeHHs TOYHOCTI 1 NPOAYKTHBHOCTI IpH
eKCILTyaTallii;

6. Bnepiie po3po0ieHO METOAUKY IHTEIEKTYyalbHOTO YIPABIIIHHS
BEpCTaTHUM OOJaJHAHHAM 3 MEXaHI3MaMH MapajelibHOI CTPYKTYpH Ha OCHOBI
€TAJIOHHOT MOJleJli Ha TIMOOKMX HEHUPONOAIOHMX Mepexax KacKaJaHoi
apXITeKTYpU 13 CHEKTPAJIBHOTO aHali3y (QYHKUINA, [0 CYNPOBOIKYETHCS
OTPUMAHHSM MaTeMaTUYHHUX 1JE€HTU(IKAIIHHUX MOJENeH, Kl J03BOJIAIOTH MO
3a37ajeriib BHUMIPIOBAHUM I[apaMeTpaM TOYHOCTI BHOCHUTH KOPEKIIIO [0
KEepy4oi MporpaMu MeXaHOOOPOOKH.

Po3po6ieHo HOBI CTPYKTYpH CKJIQJIOBHX BEpPCTaTHOrO OOJagHAHHS 3
MeXaHI3MaMH MapajeibHOl CTPYKTYypHU. Taki CTpyKTypu MaroTh rpadu 3B's3KiB,
EiinepoBu 1 'aminbTOHA UKIIH, 1ITO OXOIUTIOIOTH BUKOHABYI JIaHKH. JlocsATaeThes
3MEHIIIEHHS PO3PaxyHKOBOI MOXUOKH 10 80% BiJl BEIMYMHU JUCKPETH KOKHOTO
OpUBOAY B HANpAMKy pPYXOMOTO IIieda BEpPCTAaTHOTO OOJIagHAHHS 3
MeXaHi3MaMH MapayieIbHOl CTPYKTYPH.

Po3po6iieHo MeTOauKy BH3HAYEHHS TPAHUYHUX 3HAYCHb KYTiB MOBOPOTY
KapeTKH BUKOHABUOT'O MEXaHI3MY MPU OJHAKOBUX TPAEKTOPISIX MEPEMILICHHS
BUKOHABYOI JIAHKM BEPCTATHOTO OOJagHAHHS 3 MeXaHi3MaMu MapanelbHOl
CTPYKTYpH,

Po3po6ieHo mnpakTUyHI peKOMEHAAllli CTBOPEHHsI amapaTHUX 3aco0iB
IHTEJEKTYyaJIbHOTO YIPABIIHHSA BEPCTATHUM OOJAaJHaHHSAM 3 MeEXaHI3MaMH
napajiebHOl  CTPYKTypU IS TIABUINEHHS TOYHOCTI  TO3WIIIOHYBaHHS
BUKOHABUMX MEXaHi3MiB, 3a0e3MeUeHH X TUHAMIYHOT HACTPOMKH 1 ONTHMI3aIli
TPAEKTOPIH MepemilieHb poOOYUX OpraHiB.

43



NEPCHEKTHUBHU PO3BUTKY HEMPOMEPEJXKHOI'O MOJIJEJOBAHHA
KoBajaeschknii C.B.

Heiipomepexkne (HelpoMepexoBe) MOJCIIOBAaHHS YSBISE COOOI0 METOHOJIOTIIO
imenTudikaiii 00’€KTIiB 3aJ0MOMOrOI0 OaraToMipHOi ampokcuMarii. Taka MOXKJIUBICTb
3 SIBIISIETHCSL TOMY, 1110 HEHPOMEPEKHI MOECII 3MIHIOIOTh CBOKO CTPYKTYPY B 3QJICKHOCTI BiJT
IIO€THAHHS 3HaYeHb BXIJIHUX 3MiHHUX. BukopucToByrouM TaKy BIACTUBICTb
HEUPOMEPESIKHUX MOJIeJied MOKHA HE TIJIbKM CTBOPIOBATH I1MeHTHU(DIKAIIHHI MOJET SK
3aBI'OJIHO CKJIa[HI, ajie 1 JOCIiAUTH 0COOJMBOCTI 00'€KTIB.

ToMy, NEpPCHEKTUBH 3aCTOCYBAaHHS HEHPOMEPEKEBUX MOJEIECH BU3HAYAIOTHCS
BJIACTUBOCTSIMH 1CHTU(IKAIHHIX MOJIENEH, 0 3MIHIOIOTh CBOIO CTPYKTYPY B 3aJI€KHOCTI
BiJI BX1JIHUX BEKTOPiB 00'€KTIB, a caMe:

1.InenTudikaris nMpocTux 00'€EKTIB 3 METOI IHTEPIOJALT MPOMDKHUX 3HAYCHb O€3
BIJIIIYKAHHS CTPYKTYPH 1ICHTHU(IKAIITHAX MOAETeH, MAKCUMAIIbHO BiJIIIOBIIAIOTh XapaKTepy
o0'exta. Taka BIAaCTHBICTb HEHPOMEPEKEBUX MOJENEH pOONATH iX 3aCTOCOBHUMH Ha Oyb-
SIKOMY MOJEIUPYEMOM Oe3iui;

2.CTpykTypH iieHTUDIKAIIITHIX MOJIeTei MalOTh BIACTUBICTh OYTH CIIPOIIEHUMU TPU
30epeXeHHI aJeKBaTHOTO BiOOpaXeHHS HABYAIBHUX MHOXHH 3HAYCHb HABYAJILHOTO
BekTopa. Ilpm 1mpOMy, HelpomepekeBi MOZENi CIPOMIEHUX CTPYKTYp CKOPOYYIOThH
anmnpoKCUMHUPYIOIINE BIaCTUBOCTI;

3.0nTuMi3anis CTPYKTYpH 1AeHTU(IKAITHUX MOojenel Ha HelipoMepexxeBoMy Oazuci
MIOBUHHA TMPOBOJUTHCSA IUIAXOM BHJIJICHHS 3 MPEICTaBICHOI O€3ii4l CTaHIB BEKTOpPIB
HAaBYAJIbHOTO 1 TECTOBOTO MHOXHH TaKUM 4YHHOM, 100 MoXMOKa MOJEIIOBaHHS Ha
HaBYaJIbHOMY MHOXHHI Oysa afieKBaTHa MOXUOKH TECTOBOTO;

4.BupouryBaHHS CTPYKTYpH 1IeHTU(IKALIHHIX MOJieNiell MOXe MPOBOAUTHUCS IUISIXOM
J0JIaBaHHST HEHPOMOAIOHNX €JIEMEHTIB J0 BepcTBaM HEWpoHHOI Mepexi. Ha mpakrtumi 1e
MO)KE€ BUKOHYBaTHCA a00 J10/laBaHHAM HEHpONOAIOHMX €NeMEHTIB B HasBHUU Imap, ado
301IBIIEHHSM KIJIBKOCTI IIapiB HEHPOHHOI MEpPExI.

5.3HUKae BIAMIHHICTh MK BUPIIICHHSM 3aBAaHb ieHTUdIKall 00'eKkTiB "3 yuntenem"
1 "0e3 yuurens", KO po3risgaTH 0e3id BEKTOPIB BXOAY 1 BUXOAY MallOyTHBOI MOJEN K
0e3J11u cTaHiB BX1IHOTO BekTopa. Take mpumymieHHs: HabyBae 0COOIMBOrO 3MICTY B 3B'A3KY 3
THM, 110 MOJIEJIIOBAHHS TOPOJDKYE MOKIIMBICTD PO3B'sI3aHHA 00EPHEHUX 3a]1ad, SKi, 3a3BUYai,
MAaloTh 3HAUYHO OUIBIIY CKJIQIHICTh iX BUPIILICHHS.

6.BupimeHHss  y3aranbHeHHMX 3aJad  CTBOPEHHS  IJICHTHQIKAIIfHUX  MOzemen
B1IOYBAETHCS MIJISXOM JOJIABaHHS IIapiB 3 MOJAJIBIINM JOHABUYAHHS JO CTaHY BIATBOPEHHS
3HAa4YeHHs BXIJHOTO BekTopa. HeilpomomiOHI eneMeHTH, SKi BUKOPUCTOBYIOTbCS B TaKHUX
Mepexax, TOBUHHI BOJIOJIITH ICTOTHOIO HEIHIMHICTIO CITMO1THOTO TUITY.

7.Inentudikamiiai  Mojeni, moOymoBaHiI BIAMOBIAHO 1.6, HAOYBarOTh 3/aTHICTH
BIIHOBIIIOBATH (aMpOKCUMYBATH) JaHI TaKUM YMHOM, IO HEBIZOMI 3MiHHI BEKTOpa OYyIyTh

BiJIHOBJTFOBATH BUXiJHI 3HAYCHHS BEKTOpa 3MIHHUX.
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Taki BnacTUBOCTI MojeNed JTO3BOJSIOTH TPOTHO3YBaTH pAJ  MEPCIEKTUBHUX
HaIpsIMKiB 3aCTOCYBaHHS 1ICHTU(IKAIITHIX MOIEJICH Ha HAUPOCETEBOM Oa3ucl.

VY cywyacHHMX cHcTeMax aBTOMAaTH30BAaHOI'O YIPABIIHHA, sIKI BUMararoTh NPUUHATTS
pillleHb Ha OCHOBI PO3Mi3HAHMX CTaHIB OO0'€KTIB iAeHTHdIKAIil, BUKIAJCHUHA IMiIXiJl MOXKE
MaTH TPIOPHUTET, OCOOIMBO I 33134 MOJBIMHOTO Mpu3HA4YeHHs. /[0 YMcia Takux 3aBaaHb,
TaKO’K, BIIHOCSITHCS 3aBJaHHS I1IBUIIEHHS HaAIHHOCTI 00'€KTIB.

[TpuiiHATTS pilleHb B yMOBaX HEBU3HAYEHOCTI fBJSE cOOOI0 3ajady HaJ3BUYAlHOT
ckiagHicti. ToMy, BIacTHBICTh ieHTH(]IKaIHHUX MOJENEH alpOKCUMYBAaTH OaraTOBUMIpHI
3aJIe)KHOCTI MOXKYTh BHMKOPHCTOBYBAaTHCSI JAJISl 3HMXKEHHS pPIBHA HEBU3HAUYEHOCTI YMOB
3aBJaHHs. 3BIJCH BUIUIMBAE, 11O 3aCTOCYBAHHS HEMpPOMEPEKEBUX MOJENEH 3/1aTHE CIPHITU
MIJBUIIICHHIO TOYHOCTI JIarHOCTUKUA 00'ekTiB. Jl0 MpakTUYHWX 3aBAaHb TAaKOTO THITY
BITHOCSATHCSl 3aBIAaHHS KOPEKIii 3 METOI KOMIeHcalii abo mpuadaHux MOXuOOoK, abo
MaiOyTHIX BiAXWJIEHb CTaHIB 00'€KTa BiJ HEOOX1IHUX.

Ocob6nuBy rpyny 3aBAaHb 3HM)KEHHS DPIBHS HEBM3HAUEHOCTI OOEKTa MOJEIIOBAHHS
MPEJCTAaBISAIOTh 3aBJAHHA CHHTE3y CTPYKTypu oO'ekta. Jlo uymcnma Takux 3agad MOXKYTh
CTaBUTHUCSl 3aBJaHHS TMPOEKTYBAHHS TEXHOJOTIYHMX MAIIMH, HANpHUKIAJ, BEPCTaTiB 3
MeXaHI3MaMHU HapajeibHOl CTPYKTYPH, TEXHOJOTIYHOTO OCHAIEHHS s omepauii
MeXaHI4HOT 0OpoOKM 1 cKiIagaHHS BHPOOIB MamMHOOYIyBaHHs. Takox, 1€ MOXYTb OyTH
3aBJIaHHSI CHHTE3y PEKOH(IrypoBaHUX BUPOOHMUMX cucTeM. OpHAaK, pilIeHHS TakuX 3a/1ad
BUMara€e CTBOpPEHHS crnocoOiB (OpMaIbHOrO OMHCY OO0'€KTIB AJs 1AeHTU(IKAI] BUXITHUX
JaHUX 1 3HAWJICHUX PIllICHb.

3 ornsAy Ha MOXKIIMBOCTI 0OaraTOBUMIpHOI ampokcuMarlii 00'€KTiB 3a J0MOMOTO0
HEUPOHHUX MEPEXK, SBJSE MPAKTUYHE 3HAYCHHS OCHIDKEHHS 1H(OpPMAIIHHUX CUTHAIIB,
SIKUMH CYIIPOBOJIKYIOTBHCS TIPOLIECH, SIK1 TOCIIJIKYIOThCSL.

YucneHHl JOCHKEHHS HAayKOBO-AOCHIAHOI JabopaTopii cHemiaJbHUX MeETOIB
00poOKK pOOOYMX MMOBEPXOHb JeTajel MamuH Kadeapu TEXHOJIOrii MammHOOYyBaHHS
Jlorbacbkoi nep»)aBHOI MAIMHOOYAIBHOT akajaeMii MOKa3aid, M0 XBUJIHOBI MPOLECH, SK1
CYIPOBO/DKYIOTh TEXHOJIOTIYHI IPOLECH MICTATH 1H(OpPMALIiI0, 1110 JO3BOJISE 1AEHTU(IKYBaTH
i mpouecu. /i Tux 00'€KTiB, sIKi HE MarOTh JPKEped CHTHaliB Mpo iX cTaH, HEOOXiaHe
BKJIFOUEHHSI IIMX O0'€KTIB B MpPOLIECHI cHcTeMHU. Y IMX BUMAAKaX iAeHTu(ikarlis o00'eKTiB
MPOBOJUTHCSI HAa  OCHOBI  IUIAXOM  HAKIAJACHHS Ha  O00'€KT  IIMPOKOCMYTOBOTO
BUTMIPOMIHIOBAaHHS, 30KpeMa - AaKyCTUYHOTO, YJIBTPa3BYKOBOTO, IMHPOKOCMYTOBOTO
PaliOBUNPOMIHIOBAHHS 3 aMILTITYIHO-4aCTOTHOT XapaKTepiCTIIKON 3 MOCTIMHOIO aMILTITY/00
B YChOMY CIIOCTEPIra€eThes Aiarna3oHi 4acToT.

[ToOynoBa ineHTH(iKAIIHUX MoJened O0O0'eKTIB 1 MPOIECIB MO aMIUIITYIHO-
YaCTOTHUX XapaKTEPHCTHKAX CUTHATIB BIATYKY JO3BOJIIE BHUKOHATH iX HEHpoOMepekeBe
MO/IEJIFOBAHHS JJIS TOAAJIBIIOT0 BUKOPUCTaHHS B TEXHOJIOTTYHUX CHCTEMaX.

[TpukiagaMu TaKOro MiAXOJY MOXYTh CIYXHTH MOJEJ TEXHOJOTIYHOTO BIUIUBY Ha
00'eKT 3a JTaHUMU CIEKTPIB CUTHAIB BITYKYy 00'€KTa MpH:

-BU3HAUEHHS XapakTepy pO3NOJULY 3aJIMIIKOBUX HAIPY)KEHb Y BHJIMBKAaX 1 3BapHUX
KOHCTPYKIIifL;
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-BiOpocTalini3alionHOW 00pOoOIll KOHCTPYKIIN Ui MEepepo3NOAlTy 3alUIIKOBUX
HaIpyT 1 3HWKEHHS 1X MKOBUX 3HAYCHD;

-JIIarHOCTUKA PO3MIPiB 00'€KTIB 1 MOKa3HUKIB SKOCTI MOBEPXHEBOTO Iapy JeTanci
MaIlliH;

-TeXHOJIOTTYHOMY BIUIMBI Ha 00'€KT 3 METOIO 3MiHHU HOTO CTaHy;

-OnTuMizarlis TEXHOJOTIYHUX PEKHUMIB.

3 ormsgy Ha IIUPOKMM  Jiama3oH  MOXJIMBUX — HaIpsMKIB  3aCTOCYBaHHS
HEHpOMepe)KeBOro Miaxoay, HeoOXimHo chopMyBaTH CHCTEMY MpPOrpaMHO-aapaTHUX
3aco0iB IS imeHTU(IKAIli, JIArHOCTUKHK Ta TEXHOJIOTYHOTO BIUTMBY Ha 00'ekTH. JIJIa 1IbOTO
HEOOX1IHO:

-CTBOPUTH JIHINKY JaTYMKIB KOHTPOJIbOBAHHX ITAPAMETPIB;

-CTBOPUTH JIHINKY IIUPOKOCMYTOBUX BUIIPOMIHIOBAUiB;

-CTBOPHUTH CUCTEMY CTTaHAAPTHUX iAeHTU]IKAIIIHI MOJenel;

-pO3pOOUTH  TPOrpaMHUN  MPOAYKT Uil 0O0poOkM curHanmiB 1 moOyaoBu
inmeHTH(IKAIIHHIX MOJIeTICH Ha HepoMepekeBOMY Oa3uci.

OcobmuBy 007aCTh  MEPCIEKTHBHOTO  3aCTOCYBAaHHS  HHPOCETEBUX  MoOjeien
MIPEICTaBISIOTh KOHCAIITUHTOBI MOCIIYTH.

JIificHO, KOHCaNTHHT SBJsiE COOOIO ILIIECHPSIMOBAHY CHCTEMY PEKOMEHJallid, IIIO0
CTOCYEThCA 1H(QOpMaLiHY, MaTepiaJbHy 1 €HEepreTH4YHy CTOpPOHY O00'eKTa 3 METOI iX
COBEIICHCTBOBAHISA JIJISl IOCATHEHHS CTPATETTYHUX MTOKA3HUKIB.

s inenTugikanii 06'eKTiB KOHCAITHHTY HEOOX1THO PO3pOOUTH MPUHIUIH 1X OMHCY.
Jlis 11bOro MOKHa BHUKOPUCTOBYBATH MpoliecHi Mojeni omnucy. [loegHaHHS NpoOLECHOro
onucy 00'€KTIB KOHCAJITUHTY Ta CTPYKTYPHOI IOKOCTI HEHpOMEpEKEeBUX MOJENeH J03BOJIsE

BHUSIBUTH a0COJIFOTHO HOBY 00J1aCTh HEHPOCETEBOTO MiIXO0TY.
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CTBOPEHHA TEXHOJIOI'TYHOT'O OBJIAJHAHHA 3 BUKOPUCTAHHAM
IHTEJEKTYAJIbHUX MOJIEJEN

KoBaneBcokuii C.B., Emens B.B.

OcHOBHE TpHU3HAYECHHS POOOYUX TOBEPXOHb JCTAICH MAIlMH 1 MEXaHI3MIB — II¢
3a0€3MeUeHHS 1X 3aJjaHuX MapaMeTpiB, Kl 3a0e3MeYyr0Th BUKOHAHHS HEOOX1THUX pOOOYMX
¢GyHKIiH. YBech KOMIUIEKC 3ac00iB MPOEKTYBAaHHS MAIlWH, HAsBHUU Yy PO3MOPSIKEHHI
KOHCTPYKTOpA, CIYXHUTb (OPMYJIOBAHHIO TakuX BUMOr. BOHM € HaciiIKOM YysIBJIECHb
KOHCTPYKTOpa MpO Tpare3aaTHICTh MalOyTHhOI MaIlIuHU 1 il MpPOrHO30BaHi CIIOXKUBYI
BJIACTHBOCTI. BukoHaHHS 3a1aHuX poO0oUMX (YHKIIH B 3aralbHOMY BHUIJISIIL 3aBXKIU MOXKE
OyTH 3ajaHe BUMOTaMH IPOCTOPOBO-YACOBHX OOMEXEHb Ha KOOPAMHATH KOXKHOI TOYKH
MPOEKTOBAaHUX MamMH ab0 MexaHi3MiB. OCKUIBKM Take OOMEXKEHHsI € HIYUM I1HIIHUM, SK
CHUCTEMOIO B3a€MOINOB'SI3aHUX PO3MIPHUX JIAHIIOTIB MAIIUMHHM, W10 PErJIaMEHTYIOTh
MOJKJIMBICTh BHKOHAHHS HEK 3ajaHux (yHKUIA, TO ¢GOpMyBaHHS TaKUX PO3MIPHHUX
JAHIIOTIB 1 30epeXeHHs HUMH MapaMeTpiB y 3aJaHUX JONYCKAMH MEXaX € OCHOBHUM
3aBJlaHHSAM TexHoJiora. be3yMOBHO, periaMeHTalilo mNapaMeTpiB PO3MIPHUX JIAHIIOTIB
MaliMH 1 MeXaHi3MiB, a TaKOXX HasBHI B PO3MOPSJKEHHI BUTOTOBIIOBAYIB MAaIlUH
TEXHOJIOT14HI METOAM HEOOXiHO MiATPUMYBATH B AaKTyaJIbHOMY CTaHi 1 MOCTiHHOMY
PO3BUTKY. Y 3B'A3KY 3 IIUM CTBOPEHHS HOBUX peCypco30epiratounx TEXHOJIOTIYHUX METO/IIB
¢bopMyBaHHS HEOOXITHUX XapaKTEpUCTHK poOOYMX MOBEPXOHb JeTajeil MalluH,
3aCHOBAHUX Ha BUKOPHCTaHHI Pi3HUX (PI3UYHUX €(PEKTIB 1 ABUII, € aKTyaJIbHUM.

[Ipy npoexkTyBaHHI TEXHOJOTIYHOIO OOJaJHAHHS Ta TEXHOJOTIYHOIO OCHAIICHHS
HEOOX1HO BUPIIIYBaTH HACTYIHI 3aBAaHHS:

-3a0e31e4eHHs] HEOOX1THUX PYXIB;

-3a0e31e4eHHsI HeOOX1THOTO MO3UI[IOHYBAHHS BUKOHABYMX MEXaH13MiB;

-3a0e31eueHHs1 He0OX1IHUX OIMOPIB 30BHIIIHIX BIUIUBIB.

Bumora «3abe3neuntn» nependadae 3aBJaHHS YMOB, SIKI CIIPUSTUMYTh BUKOHAHHIO
BU3HAYEHUX 3aBIaHb JUIS JIOCSATHEHHS TEXHOJOTIYHUX LiJeHd, TOOTO BHKOHYBATUMYTh
¢byHK1ii, TOB'A3aHI 3 TAKUMH €JI€MEHTaMU BIUIUBY, SIK:

- cuosi (F);

- yacosi (t);

- ipocToposi (1);

-MarepianbHi (m).

CnonydeHHs IUX eJeMEeHTIB (OpPMYIOTh BIUIMBY, SIKI XapaKTepHU3YyIOTbCA: POOOTOIO
(A), notyxHictio (N), mBHIKICTIO (V), pUCKOpeHHsM (a). CHcTeMHY B3a€MO3B'I30K BCIX IIUX
€JIEMEHTIB TEXHIYHUX CHCTEM MOJKHA UTIOCTPYBATH TaK, K MOKa3aHO Ha pHc. 1.

[TpoekTyBaHHS TEXHOJIOTIYHOTO OOJaJHAHHS Ta OCHALICHHS Iependadae MOIIyK
ONTUMAJILHOTO NIO€HAHHS YNHHUKIB, 110 3a0€3M€4YyI0Th CTBOPEHHS IIPOEKTOBAHOIO 00'€KTA.

[TepenbavaeThcss BUKOHYBATH MOJCIIOBAHHS 00'€KTa MPU HASBHOCTI TaOIUII 3pa3KiB-
MPEIEICHTIB 3 BiMOBIAHUMH iM €KCIIEPTHUMH OI[IHKaMU. Taki OIIHKHA JO3BOJSIOTH iICTOTHO

47



CKOPOTUTH TOILIYK pIlIeHb Ha OCHOBI CKJaJaHHS pPO3PaxXyHKOBHUX CXEM 1 3aCTOCYBaHHS

YUCENHHUX METO/IIB, 30KpeMa, METO/ KIHIIEBUX €JIEMEHTIB 1 HOro MOAU(IKAITIH.
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Pucynox 1 — Tabuuis moB's13aHOCT] €J1EMEHTIB TEXHIYHOT CUCTEMH

OpHak, NPOEKTYBaHHS €JIEMEHTIB TEXHOJIOTTYHMX CHCTEM Ma€ CYNpPOBOKYBATUCS
[IbOBUMH YMOBaMH, SIKi € BU3HAYaJbHUMH /ISl BCi€i MHOXHHU MOXIIMBHX TEXHIYHHX
pimenb. ToMmy, BUXIIHMMH yMOBaMHU TMOBUHHI cTaTh (YHKIIi TEXHOJOTIYHOI CHUCTEMH, a
MOXITHUMHU CTaHYTh CTPYKTYpPHI OCOOJIMBOCTI MaTepiajJbHUX O0'€KTIB TEXHIYHHX CHCTEM.
CucreMHy B3a€MO3B'A30K BapiaHTIB TEXHIUYHUX PIllIEHb MOXKYTh BiI0OpaxaTH MoJieni-o0pasu
TEXHOJIOTIYHHMX MAIlIMH, 1110 3a0e3Me4yI0Th He00X1/1HI TEXHOIOT14HI QYHKIIII.

OyHKIiT
DopMOYTBOPYIOIOUH -~ TEXHOJIOITYHOI —— .
o5 IpoLeCcH e CHCTEMHU Hetipo-
€KT ——N
BUPOOHUIITBA .
ﬁ J_L MOJIEITb
CTpYK-
oo
3a0e3MeYeHHs AKOCTI ] Crpykrypm |
GyHKIIOHATBHIX — | TexHomoriyHoi [N MO
IIOBEPXOHb CUCTEMHU

Pucynoxk 2 — Ilpouec npoekTyBaHHs TEXHOJIOTIYHOT CHCTEMH Ha HEHpOMEpeKHOMY Oa3uci

3a0e3neueHHs] TOYHOCTI BHMIOTOBJIEHHS BHUpPOOIB NPONOHYETHbCS TIpyIyBaTH 3a
HACTYITHUMH O3HAaKaMHU:

-3a METOJaMM JOCSTHEHHS TOYHOCTI (METOJ] MNpOOHUX XOMIIB 1 MPOMIpIB, METOJ
00poOJIeHHS Ha 3a3/1aJIeTi b HaTallITOBAHOMY BEpCTaTi);

-3a METOJaMH TMpU3HAYEHHS JOIMYCKIB Ha po3Mipu poOOYMX TOBEPXOHb Ta
3a0e3nedeHHs1 30upaHHs BHUPOOY (METOJ TOBHOI B3aEMO3aMIHHOCTI, METOJ HEMOBHOI
B3a€MO3aMIHHOCTI, METO/1 PETYJIIOBAaHHS, METO IIPUTOHY);

-3a XapakTepoM 3MiHM PO3MIipiB POOOYMX MOBEPXOHB JeTallell MallMH Y Mpoleci ix
ekcruTyaTtariii (po3MipHe ajares3iiiHe abo mudy3iifHe 3HOIICHHSI, BTpAaTa TOYHOCTI Yepe3 BIUIUB
3aJIMIIKOBUX HANPYXXEHb B JCTAISIX MAIIUH);

-3a (hakTOpamu, SIKi CyIpPOBOKYIOTh TEXHOJOTIUHHI mpouec (KiHeMaTH4Hi (akropwu,
MIIIHOCTI, TeMmeparypHi (akTopu, MO0 BIUIMBAIOTH HA PO3MIpH JeTajedl y mporeci ix
CTBOPCHHS);

-3a METOJJaMU KOHTPOJIIO TOYHOCTI JTIHIMHUX 1 KYTOBUX PO3MIpiB;
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-3 HAA1MHICTIO TEXHOJIOTTYHHUX MPOLIECiB (CTaOUIBHICTD MapaMeTpiB SKOCTI);

-3a JICTEPMIHOBAHICTIO 00'€KTIB 1 MPOIIECIB (CUCTEMATHUYH1, BUTIAIKOBI, 3MIIIIaHi);

-3a BUTpPAaTaMH PECYpPCIB — CHEPIreTUYHHX 1 YaCOBUX B MIPOIIEC CTBOPECHHS MAITUH.

Sk ycska knmacuikaris, Take HMOJaHHS TEOPil TOUHOCTI Ma€ Psii HEAOJNIKIB, OJHAK
JI03BOJISIE BUALIMTH OCHOBHI KiIacU(iKaliiiHi Tpynu, B MeKaX SKUX MOXYTh OyTH BHUSABIEHI 1
BpaxoBaHi 3arajibHi 11 HUX OCOOJMBOCTI 1 3aKOHOMIpHOCTi. OCHOBHHMM MPHU3HAYCHHIM
CHeliaJbHUX METOJIIB 0OpOOJICHHs] poOOYUX MOBEPXOHb JIETAICH MAIIUH € CTBOPEHHS TaKHX
TEXHOJIOTIYHUX MPOIECIB, AKI JO3BOJIMIN O BUTOTOBISATH BUPOOH 3 HEOOXiIHOIO SKICTIO B
3a/IaHIi KIJTBKOCTI 3a meBHUU 4ac. [Ipw mpoMy MOBHHEH OyTH JOCATHYTHH EKOHOMIYHHI
pe3yiabTaT y BUIIISAAI NpUOYTKY HiAIPHEMCTBA — BUPOOHHUKA MAIIIMHH.

Bce Bumieckasane xapakTepusye BaXKJIMBI CHCTEMHI BIACTUBOCTI CHUCTEMH, IO
PO3BHBAETHCS — LUTICHICT 1 TPAarHEHHS /10 IWHAMIYHOI PiBHOBArM, SKi CIiJi BpaXOBYBaTH y
BUPOOHUYOMY IPOILIEC, 30KpeMa — y TEXHOJIOTTYHOMY MPOIIECi.

Bynp-sika cTBOprOBaHAa MalllMHA Ma€ CBOEK METOK OpaTH ydacThb y CHCTEMI
€KOHOMIYHUX BIJIHOCHH 1 TOMY HiAIOPSAKOBaHA OCHOBHIN BUMO31 — CTBOPIOBATH IEPEAYMOBHU
s (GopMyBaHHS TOBapHUX BlacTUBOCTEed BUpoOy. ToBapHi BIAacTHBOCTI BHPOOY
MIPOSBIISAIOTHCS Y CTBOPEHH1 B KiHIIEBOMY MiICYMKY IPUOYTKY, SIK PI3HUII MiXK LIHOIO BUPOOY
1 co0iBapTICTIO 11 BUTOTOBJICHHS B CYKYIHOCTI 3 BUTpaTaMy Ha MIATPUMKY Mpaire3gaTHOCTI
BHUPOOY B MePioJ] yChOTro HOTro )KUTTEBOTO IIHKITY.

Y mux ymoBax TMparHeHHS /A0 OTPUMaHHS MaKCHUMaJbHOTO MpHUOYTKY BUPOOHHWKA
HEOJMIHHO Ma€ CYIpPOBO/JKYBATUCS JIOCATHEHHSIM ONTHMAJIBHOTO pIiBHS BUTpAT Ha

BUPOOHULITBO BUPOOIB.
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HAJTAIITYBAHHSA BAI'ATOPE3HOBUX IHCTPYMEHTIB 3A JJOIIOMOI'O10
AKYCTHYHOI JIATHOCTHUKH

KoaneBcokuii C.B., KomeBoii A.O.

Pixxyuuit iHCTpyMEHT € TUM 3aco00M, O€3 SIKOTO HEMOJKJIMBO MOBHICTIO pealli3yBaTH
3aKJIaJieHi B BEpCTaTaX TEXHOJOTIYHI MOKIIMBOCTI 1 IOCSTTH BUCOKUX TEXHIKO-EKOHOMIUYHUX
NOKa3HUKIB 00poOku aeranedl. Came TOMY BelMKa yBara HMPHUIUISETHCS BJOCKOHAJICHHIO
PLKYJOro IHCTPYMEHTY 1 IHCTpYMEHTAJIBbHUX MaTepiaiB.

CTBOpEHHS HOBHX 1 BJIOCKOHAJIEHHS CTApUX KOHCTPYKIH PKYYHMX 1HCTPYMEHTIB,
3aCTOCYBaHHS HOBUX IHCTPYMEHTAJIbHHMX  MaTepiayiiB 1 BHUKOPUCTaHHA HAayKOBO
OOTPYHTOBaHMX PEXUMIB pi3aHHS € BUPIMAIBHUMH (aKTOpaMd B IMIJIBHIICHHI NEpPioay
CTIMKOCTI pi3aJbHOrO iHCTPYMEHTY 1 MPOJYKTHBHOCTI Ipari npu oOpoOIi netaneil 3 pisHUX
Marepiaiis.

Pixyumii iHCTpyMEHT € OJHHM 3 HaWBaXJIMBIIIKX 3ac00iB MaTepiaibHO-TEXHIYHOTO
3a0e3neueHHs] BUPOOHUYOro IMpoLecy B psjii Tajdy3eidl MPOMHCIOBOCTI, Jie 3aCTOCOBYIOTHCS
TEXHOJIOT1, ITOB's13aH1 3 00pOOKOI0 MaTepialiB pi3aHHM.

VY po3nopsKeHHI TEXHOJO0ra ChbOTOAHI BENUKHUN BUOIP PLKYYOro iHCTPYMEHTY, IIO
BOJIOJII€ PI3HUMH TEXHOJOTIYHUMH MOXJIUBOCTSAMH 1 pLKy4nMHU BiacTuBOCTsMHU. [lopsn 3
IHCTPYMEHTOM 3arajbHOT0 NMPU3HAUEHHs BUITYCKAIOTHCS 1HCTPYMEHTH AJisi 00poOKM aeraneit
3 Ba)XKKOOOPOOIIIOBaHMX CTajlei 1 CIutaBiB, pismi i Gppe3u, OCHAIIEHI pIKYYHMHU TUIACTUHAMH 3
MiHEpaJOKepaMiKH 1 HAITBEPIUX MaTepialliB.

VY mmMx yMOBH Tepej TEXHOJOTOM BUHHUKAE CKIIAJHE 3aBIAHHS: NPAaBUIBHO BHUOPATH i
HalKpalM YMHOM 3aCTOCYBAaTH TOM 4K 1HIIMH IHCTPYMEHT B KOHKPETHHX yMOBaxX 0OpOOKH.
B poGoti 3ampornoHOBaHO e()EeKTUBHUIN IH)KEHEPHUH IHCTPYMEHT, Yy3arajibHIOIYHN
peKoMeHAallli 00 PalliOHATbHOTO 3aCTOCYBAaHHS MapoOK IHCTPYMEHTAIbHHUX MaTepiatiB 3
ypaxyBaHHSM OCHOBHHMX YMOB €KCIUTyaTallii IHCTPYMEHTY.

[Ipane3naTtHicTh MeETANOPI3AIILHOTO 1HCTPYMEHTY 3alle)KUTh Bil Horo (hi3uko-
MEXaHIYHHUX BJIACTUBOCTEH 1 yMOB ekcIulyartaii. 3okpema, BiOpawii piKy4oro iHCTpyMEHTY
301IBIIYIOTh JAOBXKUHY LUIAXY pi3aHHA. AJjie NMpH LbOMY 30UIBIIYETHCS IUIOIIA 30HU 3HOCY
po6ovoi yacTuHU Horo pexxymas kiuHa. Tomy, B mporeci poOOTH BHUXiJHI PO3XOJKEHHS B
CTIMKOCT1 THCTPYMEHTY 3pOCTaTUMYTh 1 PUBOJAT 10 IPUCKOPEHOTO 3HOCY YACTUHHU IJIACTUH
OaraTopisleBi IHCTPYMEHTY.

bepyun w, — po3citoBaHHs ()i3MKO-MEXaHIYHUX BIIACTMBOCTEH HENEPEeTOUyBAHUX
PDKYYHX IUIACTHH iHCTPYMEHTIB 3 MEXaHIYHUM KPIIUICHHSM IUIACTHH; Wy — PO3CIIOBAHH
BJIACTMBOCTEH HEMepenTauiBaéMUX IUIACTH, 3ajie)KHE Bl yMOB IX 3aKkpilVIEHHS B
0araTtopi3lleBUX I1HCTPYMEHTax; (W; — PpO3CIIOBAaHHS BEIMYMHU 3HOCY HEMEepeTOUyBaHHX

pLKYYHX IUIACTUH 4epe3 HEeCTaOUIbHICTh BIACTUBOCTEH OOpOOIIOBAHOI 3aroTOBKU; (W, —
PO3CIIOBaHHS BEJIIMYMHM 3HOCY HENEPEeTOUYyBAaHUX PDKYYUX IUIACTHH 4Yepe3 CTaH

METaJIOPI3aIbHOTO OONAaTHAHHSA; (Wocy — PO3CIIOBAaHHSA BEJIMYMHU 3HOCY HEMEpeTOYyBAHUX
pUKYYMX IUJJaCTUH B 3aJIe)KHOCTI BIJ CTaHy TEXHOJIOTIYHOTO OCHAIEHHS, CyMapHe
PO3CiIOBaHHA 3HOCY HENEpPEeTOYYBAHUX pULKYUYMX IUIACTUH TPEACTABICHO HACTYIHOIO
3aJIEKHICTIO:

By = O, + @

p T W3+ W+ Wocy-

CymapHuii po3nonia Mae OuibliIe Mmojie paccesHies 1 TOMY CBITYMTH HPO MOTipPIICHHS
CTIMKOCTI 0araTtopizleBoro MeTaaopizalbHOTO IHCTPYMEHTY.

JIisi BUpIIICHHS 3aBIAHHS 3MEHIICHHS (Wy AOULIGHO 3a0€3MMEYUTH 3HIDKCHHS MOJIs
PO3CiIOBaHHA CTIMKOCTI OKPEeMHUX IJIACTUH 0araTtopi3leBi IHCTPYMEHTY.
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B po6oTti 3po6iieHO MPpUMYIIEHHS MPO Te, M0 3a JOTIOMOTOI0 BapilOBaHHS 3yCHJLISA
3aTUCKY OKpeMHX IIacTUH bararopisueBi 1HCTpYMEHTY MOXKHA 3MiHIOBATH ITOKa3HUK
CTIHKOCTI pDKyYOro 1iHCTpyMeHTy. lle mnpumymieHHs € TOXiIHMM BiJ TINOTE3UW PO
B3a€MO3B'SI30K aMIUTITYITHO-4aCTOTHOI XapaKTEpUCTHKH COOCTBEHHX KOJIMBaHb IUIACTUH 1
MMOKa3HUKIB iX CTIMKOCTI. OCKUIbKH I0JI€ PO3CIIOBAHHS MOKAa3HUKA 3HOCY PKYYHX IUIACTHH
3aJIeKUTh  BiJ CTAaOUIBHOCTI 1X  BJIACTUBOCTEM, TO IJEHTHUYHICTH  BJIACTHUBOCTEH
HETMEepPETOUYYBAaHUX PUKYYHMX IUTACTHH, MIATBEPKEHA MOMIOHICTIO X aMIUTITYIHO-4aCTOTHHUX
XapaKTePHUCTHK, 3a0€3MCUNTh 3HIKCHHS Wy 1, OTXKE, MiJBUINCHHS Tepiony Oe3rmepepBHOT
eKcruTyaTarii  30ipHoro MeramooOpoOHoro iHcTpymenty. Ha puc.l mokazana cxema
MPUYMHHO-HACIIIKOBUX 3B'SI3KIB  MpU  (OPMYBaHHI PO3CIFOBaHHS TPYIMOBHH CTIMKOCTI
TUTACTHH.

Mexarns e MeTanopi- Meranopi-
¥ AT SHECT :> 2aMBHEG <: ZATE HEC
TOTaC THE 1HC TP ¥MEHT E&DPCTAT
HemepaTory-
Eaml G
IOTaC THEEL TE]{I:!:H&-
JaroToEEa C —

Pucynok 1 - Cxema npu4rMHHO-HACIIIKOBUX 3B'A3KiB (hOpMYBaHHS TPYNOBUN
CTIHKOCTI IJIaCTHH.

Ha puc.2 MOKa3aHO 3MiHa aMILTITYIHO-4aCTOTHUX XapaKTePUCTHK
HEMEPEeTOYYBATBHUX IUTACTHH METAJIOPI3aIbHOTO IHCTPYMEHTY TIPH PI3HUX 3YCHIUISIX
3akpimieHHs nux miactuH (P = 100, 200, 300 i 400 H). 3a mkanoro abcruc BiakiIaaeHi
3HAYEHHS YaCTOTH KOJMBAaHb IUIACTUHM, [ 1.
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Pucynoxk 2 - AMIUNTYIHO-4aCTOTHI ~ XapaKTEPUCTUKM  3MIHHUX  IJIACTUH

METaJIopi3aIbHOTO THCTPYMEHTY TP PI3HHUX 3YCHIUIIX 3akpimieHHs mux miactud (P = 100,
200, 300 i 400 H). 3a mkayoro abCHuC BiIKIaACHI 3HAYCHHS 4acTOTH KOJIMBAaHb IIACTHHH,
I
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CyyacHl 1HCTPYMEHTH 31 3MIHHUMH IIJTaCTUHAMHU 3a0e3MedyloTh OUIbII HaIIdHY
TEXHOJIOTi10, 3MiHHI IUIACTHHU 3a0e3MeuyloTh rapaHTyBaja-BaHHY CTIHKICTh, IO JO3BOJISE
yHHKATH Opaky. OcoOIMBO aKkTyaJbHUM 1€ € JUIsl YUCTOBUX Omepalliil abo BUITYCKY JOPOTUX
JeTaneld, BIIHOBJIGHHS SKHMX Yy pPa3i MOJOMKH PKYYOro IHCTPYMEHTY Habarato JOpoXxde
BapTOCTI KOMIUIEKTY BUKOPHCTOBYBAaHUX 1HCTPYMEHTIB.

TakuM YMHOM, BUKOPHUCTaHHS CY4YaCHHUX IHCTPYMEHTIB B KOMIUIEKCI 3 Cy4YaCHHMH
TEXHOJIOTIYHUMH 3HAHHAMH  (PaxiBI[IB-TEXHOJIOTIB  JIO3BOJISIE  MPOBECTH  OMTHMI3AIlIO
TEXHOJIOTIYHOTO MPOIECY 1 ICTOTHO 3HU3UTHU COOIBApPTICTh 0OPOOIIIOBAHUX JIETAICH.

30UIbIICHHS CTIMKOCTI IJIACTUH NpU (pe3epyBaHHI 3 MiHIMaJIbHUMHU BUTpaTamMH, HE
30UIBIIYIOYM TIPH [IBOMY IX BapTICTh MOXKHA JOCSTTH, 3a0€3MEYMBIIM PIBHOMIPHHHA 3HOC
IUTACTHH, BHACTIJIOK SKOTO 3HHUKHE JIAHI[IOTOBA peakilis, MpH SKid 3HONIYEThCS OIHA
IJIACTUHA, BHACIIOK YOr0 BUHMKAE HEOOX1HICTh 3aMiHH BCI€T TPYIH TUIACTHH Ha (pe3i.

HepiBaomipHoro 3Hocy cnpusie 6e3miu (akropiB. OJUH 3 OCHOBHUX - YPUBYACTICTh
camMoro mporecy (pesepyBaHHS uepe3 HEPIBHOCTI IOBEPXOHb, MIKPOTPIIMH 1
MUKPOBKJIIOYCHUI Ha 3aroTiBili, a TAaKOX JAe(EKTiB 3arOoTOBKU. AJie HE MEHII BaXJIMBUM
(hakTOpOM € 1 T€, IO IJIACTUHHU BCE XK Pi3HI MIXK CO00I0.

3a3HaveHi MUTaHHS, HA Hall MOTJISA, HEIOCTATHLO NOCHiKeHi. [IpakTHIHO He iCHye
pEKOMEHIallil 11010 PaIliOHAIBLHOTO 3aCTOCYBAHHS aKYCTHYHOTO METOIY MPHU CEIEKTUBHOMY
nigbopi tiactuH (pe3u. Came TOMY JOCTIDKEHHS € po3poOKa HOBOTO METOY IiABHICHHS
CTIMiKOCTI ()pe3 Ha OCHOBI CENEKTHUBHOI 300pKM IUIACTUH 3a JOMOMOIOI iX aKyCTHYHOI
TIaTHOCTHIKH, SKAW 3MOXe 3a0e3nmeunTd Mmigdip IUIacTHH Juist 30ipHUX ¢pe3, 1acTh
MOKJIUBICTh CTBOPUTH HOBY CHUCTEMY MJIarHOCTHKHU iX IapaMmeTpiB, a TaKOX CIPUATUME
MIIBUIIICHHIO CTIHKOCTI (pe3.

OdeBuaHO, MO CTIWKICTH 30ipHOI (pe3u 3pocTe, SAKIMIO 11 MIACTUHH OyIyTh
3HOIIIYBATHUCS SIKOMOTA O1JIbIII PIBHOMIPHO.

Takok MOXXJIMBa €KOHOMIYHA BHUT0Jla, OCKUTBKH HE 3HAJAOOMTHCS MIHSTHU TUIACTHHH,
SIK1 I1[€ HE TIOBHICTIO 3HOIIIEH], Yepe3 KPUTHYHE 3HOIICHHS OKPEMUX IJIACTUH Ha I[iH (pesi.
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BUKOPHUCTAHHA HEMPOMEPEXXOI'O MOJIEJTFOBAHHS J1JIsI BUMIPIB
HAHO-TIOKPUTTIB JETAJIEM MAIIIUH

Kosajnenko /I.B.

Jiist 30UIbIICHHS TEpMiHY CIYOM Ha JeTallb HAaHOCATHh 3HOCOCTiMKI mokpuTTs. Lle
HOKPUTTS SIBIIAETbCS OJHUM 13 OCHOBHMX IIOKa3HHKIB JIOBroBiuHOCTI MamuH. Came
HAaHECEHHS 3HOCOCTIHKUX IMOKPUTTIB SIBISETHCS OJHUM 13 METOJIB 3aXHCTy MOBEPXOHb BiJ
TEePTSA 1 JO3BOJIIE OJIEP)KYBATH Pi3HI BJIACTHBOCTI MOBEPXHI JeTali. BakIMBOWO YacCTHHOIO
JOBrOTPUBAJIOI pOOOTH JETaeil SBISAETHCS MPOBEACHHS BUIIPOOOBYBaHb Ha 3HOCOCTIHKICTb
WX TOKPUTTIB. [[711 BH3HAUYCHHS 3HOMIEHHS HEOOXiAHO 3adiKCyBaTH MIKPOIPOIIECH, SKi
Bi/I0OYBAIOTHCSI HA TIOBEPXHI JeTalli. B mocimimKeHHSIX HAyKOBIIIB TakuxX sk B. B. 3amopoxiis,
B. M. Craaganuenka, B. B. Tokapyka, O. M. Tpomina, B. B. Bapsaposa [1,2,7]
PO3TIISAIAIOTECS MIKPOIPOIIECH, IO TOCTIHHO 3MIHIOIOTBCS Ha TIOBEPXHI JETali Ta s
(bikcyBaHHS IIMX MPOLECIB BUKOPUCTOBYIOTHCSI METOJM HEPYHHIBHOTO KOHTPOJIIO, SIKI MAlOTh
BHCOKY YYTJIUBICTb.

TpaauuiiiHi MeToau BUNPOOYBAaHb € HENPUIYCTUMHMHU 13-32 HE3HAYHOI TOBIIMHU
MOKPUTTIB, KpIM TOTrO, BHCOKa IX B3HOCOCTIMKICTh 3HA4YHO 30ibIIyE Yac IPOBEIACHHS
BUNpoOyBaHb. HU3bKa TOYHICTh TPAAULIIMHUX METOIB BUMIPIOBAHHS 3HOCY (JIIHIMHUN, METO]
mMTyYHuX ©0a3, BaroBuil) BHMarae O0araTOKpaTHOTO TIPOBEICHHS EKCHEPUMEHTIB IS
I1BUIICHHS] TOYHOCTI 1 CTATUCTUYHOT OL[IHKH 1X pe3yibTariB.[7]

MeToro poOOTH € eKCIEepUMEHTAIbHE JOCHIHKEHHSI BUMIPY TOBIIMHM TOKPHUTTS 32
JI0NIOMOT'00 CTBOPEHOT'0 BUMIPIOBAJILHOI'O IIPUCTPOIO.

[Mpunin  poGOTHM BUMIPIOBAJIBHOTO MPUCTPOIO, IO 3a3HAYeHWH Ha puc. 1
CKJIaJa€ThCs 3 HACTYNHOro: cCTpwkHIO (1) 3 Macoo m; A0 CTPUXKHS IpHUEIHAHI
I1’€30€NIEKTPUYHUN BUIIPOMiHIOBau (2) Ta 1m’e30enekTpuyHuil natuuk (3). 3aBAsku Maci m
CTPYDKHS BiIOYBA€ThCs pO3/LT CUTHAIYy BUIPOMiHIOBaua Ta jAaTuMka. Ha BHMiproBasJbHUMN
MpUCTpiN mojaeTbea 30y/pKyroue BHUNPOMIHIOBaHHA (4). B m’e30enekTpuuHOMY AAaTUUKY
BiIOYyBa€ThCs CKJIalaHHS 30Yy/DKYIOUOTO BUIPOMiHIOBaHHS (4) y Burisaai «bijmoro mymyy,
AYX gKxoro mMae MocTiiHy aMIUIITYAy Ha BCbOMY Jiana3oHi BunpominioBanHs 20 + 20 000 I'xg
1 BUIIPOMIHIOBAHHS, 1110 BITHOCUTBCS A0 00’ €KTY BUMIPIOBaHHS, TOOTO 3pa3Ka 3 MOKPUTTSIM.

% 7
4
2
3
r/
N

L—~L_™

Pucynox 1. - [Ipunyunianvna cxema pobomu UMIpo8anibHO20 RPUCTPOIO

Metoarka mpoBeIeHHS €KCTIEPHUMEHTY.

[TinroToBKa eKCIIEPUMEHTAILHOTO 3pa3Ka.

Ha meraneBuii 6pyc mociiJoBHO HAaHOCUIIUCH MIapy CKOTYY TOBIIMHOIO 0,036 MM.

OO6nanHaHHS.

Curnan-renepaTop, BUIPOMIHIOBaHHS y BUIJIsAL «bioro mymy», sike ysBisie co00i0
KOMIT IOTepHY pealtizallito Ha ocHOBI nporpamu «\Wavetools». dikcyBaHHS BUIPOMIHIOBAHHS
MMPOBOAMJIOCH  aHAJI3aTOPOM CIHeKTpy dyactoT "Spectrum Analyser", 3abe3nedyrounm
OTPUMAaHHS YMCJIOBUX 3HAYE€Hb OTPUMAHOTO CIIEKTPY.

Xi1 eKCTIEpUMEHTY.
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1.

KoxxHuil excriepuMeHTaIbHUN 3pa3oK MiJAEThCS BILUTUBY BUIIPOMiIHIOBAaHHSIM

y Buriszi «binoro mymy». Beboro 36 mpoBeneHHX eKCIIEPUMEHTIB.

2.

OnHOYacHO 3 BHIIPOMIHIOBAaHHSM BiOYBaeTbesl (ikcallisi BiTOMUTOrO0 CHUTHAITY

1’ €30€JEKTPUYHUM JTATUUKOM.

3.

3HavyeHHS 3a()iKCOBAaHUX CUTHAJIIB 3aHOCUTHLCSA 110 Ta0uIll (puc. 2)

1:] Ic 1D IE IF G H n 1] K L M IN 10 P s} IR Is T %)

1 |x235 X236 x237 X238 x239 X240 X241 X242 X243 x244 X245 X246 x247 X248 x249 X250 X251 X252 %253 ¥

2 -100,87| -101,14| -100,99| -101,54| -101,92 -101,96| -103,05| -103,28| -102,75| -102,37 -102,98| -103,48| -103,70| -103,69| -104,38 -104,58| -104,56| -104,70| -104,73 0,000
3 -100,62| -10045| -100,59| -100,95| -102,16| -103,08| -103,15| -103,53| -102,97) -102,84| -103,89| -103,88| -103,90 -104,62| -10504| -104,82| -105,28) -104,93| -105,12] 0,038
4 -100,60| -101,41] -102,01| -102,13| -102,01| -101,81| -101,56| -101,96| -102,31) -102,73| -103,48) -104,00| -104,19 -104,56| -104,64 -10511| -105,33] -105,73| -105,35 0,072
5 -100,68| -101,17| -101,04| -101,02| -101,51| -102,47| -103,34| -103,51] -103,14) -103,65| -103,51] -103,91| -104,96| -105,20| -105,07 -10574| -10505 -104,71| -104,93 0,108
6 -101,02| -101,31] -102,03| -101,98| -101,23( -102,13| -101,86| -101,80| -102,85 -103,02| -103,52| -104,13| -104,45 -104,55| -104,40| -104,39| -105,20| -105,73| -106,60| 0,144
7 -100,58| -10041| -10047| -101,64| -102,44 -102,04| -102,51| -102,71| -103,04| -103,15| -103,19| -103,00| -103,67[ -104,43| -104,72| -104,59| -105,30| -10546| -105,47| 0,180
8 -100,85| -101,25| -101,54| -101,71| -101,64 -102,04] -102,45| -103,29| -104,36| -103,28| -103,19| -104,31| -104,54 -105,33| -10536| -104,99| -104,71] -104,87| -104,78| 0,218

4.

Pucynox 2 — Ckpin mabauyi amnaimyoro-uacmomuux xapakmepucmux (1)

VY nporpamuomy naketi "Neuro Pro 0.25" Ha 0CHOBI i€l TaOJIHIII CTBOPIOETHCS

ineHTHdIKaIiiHA MOJICITb.

BepOanpHuii onuc CTBOPEHOT MOJIEIII:

Tlons 6azvl OaHHbBIX (UCXOOHBIE CUMRIMOMDL):
X23
X26
X61
X87
X92
Tlons 6azvl Oannwix (KoHeunvie CUHOPOMbL):

Y

IIpedobpabomka 6xoonwix noneu B/{ ons nodavu cemu:
X23=(X23--83,02499)/4,564999
X26=(X26--82,81)/5,209999
X61=(X61--89,295)/3,744999
X87=(X87--91,96)/3,110001
X92=(X92--91,495)/3,505001
DyHKYUOHATIbHbIE NPeobPA308aAmMeni:
Cuemouoal (A)=A/(0,1+|A4])
Ilocmobpabomka KOHEeUHbIX CUHOPOMOS.
Y=((Y*1,2960000038147)+1,2960000038147)/2)

5.

Ha ocHOBI1 cTBOpeHOi MOJieN1 TECTYIOThCS Pe3ybTaTh BUMIPY MOKPUTTS LIbOTO

K CKCIICPUMCHTAJIbHOI'O 3pa3Ka.

3 ImpOBENEHOr0 €KCIEPUMEHTY BHUIHO, 110 MPHUCTPI BUMIPIOE TOBIIMHY MOKPUTTS 3
nmoxuokoro £+ 0,00125 mm.
Jls mpakTUYHOTO MiATBEP/HKEHHS pOOOTH BHMIPIOBAJIILHOTO MPUCTPOIO MPOBOIUMO
BUMIp TOBIIUHH €M1JIaMiHOBaHOTO MOKPUTTSL.
[TpoBOISTHCSI BUMIpH HAHECEHOTO IOKPUTTS Ha JEBATH 3pa3kax Ta pe3ybTaTh
3aHOCSTHCS 10 Tabmui (puc. 4).

18 Ic D I IF
1 %235 X236 x237 x238 x239

2 90,88 91,15 -91,08  -90,7  -90,
3 9147 9189 91,79 92,77 92,
4 91,41 91,53 -91,89 92 92,
5 9221 91,9 9211 91,89 92,
6 90,85 9175 91,9 81,51 91,
7 9004 9123 91,78 92,19 92,
s 81,32 91,37 9151 92,67 92,
s 91 9167 92,00 92,11 92,
10 90,83 9124 91,2 81,56  -92,

G H 1 1 1K I M IN 10 P a
%240 x241 X242 x243 x244 x245 X246 x247 x248 x249 X250
88 91,66 -92,87 -93,09  -93,3  -9347 -94,27 -9491 9459 94,63  -9503  -94,56
85 91,97 9215 93,06 9432 9432 9402 9481 9543 9519 9521 9536
57  -92,62 -93,04 -93,05 -9349 9353 -94,12 9458 -9562 -9654 9531  -95,13
44 9264 92,63 93,65 9421 9434 9435 9495 9569 9587 9526 965
83 91,91 9168 92,36 93,66 93,53 -93,74 9423 9473 9511 9513  -94,65
23 9202 93,15 93,89 9417 9521 94,78 9452 9435 9491 949 94,72
48 9238 93,77 93,82 93,87 941 9432 94,84 9453 9511 9554  -95.33
27 9251 92,72 93,51 93,52 93,52 94,35 9447 93,98 9465 9431 953
55 93,02 92,74 93,73 9435 9434 947 9504 9536 9465 9491 9573

IR
%251
94,28
95,56
95,37
-96,63
94,16
94,86
95,14
94,6
95,31

15
%252

-34,51
95,64
-95,52
-96,65
93,87
95,38
95,51
-93,93
95,55

Pucynox 3 - Ckpin mabauyi amniimyOoHo-4acmomHux xapakmepucmux (2)
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IT
%253
-103,01
-102,86
-102,95
-104,49
-103,05
-102,19
-102,95
-103,33
-102,29

Y
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Tabmuns 3 maHuMU 3aBaHTaXyeThes B "Neuro Pro" Ta TecTyeTbest Ha CTBOPEHIM BiKe
inenTudikamiiHii Moaem. TakuM YMHOM 3HaXOIUMMO 3HAYEHHS TOBITUHU TTOKPHUTTS.

Tabnuys 1 — 3nauenHs mosuWUHU NOKPUMMIS

Ne 3pa3ka ToBuIMHA NOKPUTTS
1 0,1150351
2 0,1085265
3 0,1088137
4 0,1059736
5 0,1048312
6
7
8
9

0,1074473
0,1068053
0,1048432
0,1037230

TakuMm YMHOM JTaHWI BUMIPIOBAJILHUIA MPUCTPI BUMIPSAB TOBLIMHY €IM1IaMiHOBAaHOTO
MOKPUTTS 3 moxuokoro =+ 0,00125 mm.
BUCHOBKU
3 NpOBEJEHOI0 EKCIEPUMEHTY MOKHA CTBEP/KYBAaTH, IO 3a JAHUMU CHEKTPaMH
MOKJIMBO BHU3HAUUTHU TOBIIMHY NOKPUTTA. JlaHui crnocid Ta BHUMIPIOBaJIbHUN HPUCTPIN
npaioroTh. Lleit crnoci6 703BONUTE BUMIPSTH TOBIIMHY Oy/1b-KOTO MOKPUTTS NIPU LIbOMY HE
BHMararo4y BEJIMKOI'0 4acy Ta JOJaTKOBUX BUTpAT.

CITMCOK BUKOPUCTAHOI JIITEPATYPU

1. 3anoposceuv B. B. Kpumepii oyiniosanmns mexaunizmy oucunayii enepeii ma npoeHo3y8anus pecypcy
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2. Tpowin O.M. Tpubonoeis 3nococmitikux noxkpummis // Cucmemu 036po€HHs Ma SIICbKOBA MEXHIKA.
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Himuenxo // Bicnux Hay. mexn. yn-my "XIII" : 30. nayk. np. Temam. eun. : Mexaniko-mexnonoziuni cucmemu ma
xomnaexcu. — Xapxie : HTY "XIII". — 2015. — Ne 21 (1130). — C. 50-56.

6. Koemyn L1 Hepytinienuii KOHmpoJb i NPOSHO3YSAHHSA XAPAKMEPUCIUK MIYHOCMI | RAACTUYHOCMI
Mmamepianie memooom axycmuunoi emicii / 1.1. Koemyn, B.Il. Poiuizman, A.B. I'opowxko // Hadiiinicms mawun i
npoenosyeanns ix pecypcy, 2000. - C. 4-5.

7.3anopoyceuys B. B. Ilpuckopena memoouka 6U3HAYEHHS 3HOCOCMIUKOCMI HAHONOKPUMMIE 6
mpibocucmemax 3 6UKOPUCMAHHAM THPOPMaAmMueHux napamempie axycmuuroi emicii / B. B. 3anopooiceyw, B. M.
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MPOEKT IHHOBAIIMHOI' O TEXHOJIOI'TYHOI'O KOMILVIEKCY
BUT'OTOBJIEHHSA JINMBAPHUX MOJEJIEA 3A 1OIIOMOI'OIO 3-3 IPYKY

Kopoaescbkuii .M.

CyyacHUMM TEXHOJIOTiIIMA OTPUMaHHA BWJIMBKIB 3aCTOCOBYETBCS JUTTS TI0
BUIUIABIIIOBAaHUX 1 BHUNAIIOBAaHMX Mojenax. Jlo mepeBar LMX TEXHOJOIIM BIAHOCUTHCA:
MO>KJIMBICTh OTPHMAaHHS BIJIMBKIB CKJIQAHOT KOH(Irypaiii, pa3oBe BUTOTOBJIECHHS Ipec-(hopM,
HU3bK1 BUTPATH Ha MaTepialiy, 3HWKEHHs TPYIAOBUTPAT, TOYHICTh BUTOTOBJISIFOTHCS BUJIMBKIB,
€KOHOMIIO €JIEKTPOEHEPTii, MOPIBHSIHO HEBEIUKY BapTICTh OOJIAHAHHS, IO 3aCTOCOBY-ETHCH.
Jlo HenoJiKiB BITHOCATHCSA: HEOOXITHICTH CTBOPEHHS CHEIaJbHUX [UISHOK, BUIUICHHS
MIKITTUBUX PEYOBMH B XOJI TEPMIYHOTO BHJAJICHHS MOJENEH, CKIATHICTh MOJIEIBHOTO
ocHaenus [1,2,3].

Metoto po0OOTH € 3HWKEHHS TPYAOMICTKOCTI, @ TaKo)X 3MEHIIEHHS dYacy Ha
HiArOTOBKY TEXHIYHOI JOKYMEHTalli 3aBJSKU 3acTOCyBaHHIO 3D npyKy IUisi BUTOTOBJICHHS
MO/JICIIbHUX KOMIUIEKTIB. PO3paxyHOK €eKOHOMIT MPOBOAMBCS Ha OCHOBI IBOX TE€XHOJIOTIH:

- BUTOTOBJICHHSI MOJIEIbHUX KOMIUIEKTIB TPAJULIIHHUM CIIOCOOOM 3 I€PEBUHU;

- 3actocyBanHsM 3D npyky 3a TexHomoriero FDM miactukom ABS.

Sk 00'exT mpuitHATHH MoAeNbHMI KoMIUTeK «Kpuikay (puc. 1)

Pucynok 1. JleTanp npencraBHUK.

Tpamuuiiinuii  cnoci® BHUPOOHHUIITBA MOJAETBHOTO KOMIUIGKTY Mae Ha yBasi
BUI'OTOBJIEHHSI MOJIEN, TUBHUKOBOI CUCTEMH 1 BUIIOPIB PYYHUM CIOCOOOM 3 BUKOPHUCTAHHSAM
JIOMIOMI>KHOT'O 00JIaJ{HaHHS NpeacTaBieHo B Tabm. 1,2. [TocnigoBHICTb MpoLecy BUTOTOBIECHHS
MO/JIEIIEHOTO KOMILIEKTY:

- BUKPECIUTH 3T1HO KPECIEHHS BCl BUJIU 1 pO3pi3H;

- BUKOHATH 3arOTOBKY LIMJIIHAPUYHUX 1 paJllaJIbHUX YaCTHH;

- 310paTu 3arOTOBKU B €IMHY KOHCTPYKLIIO;

- JMBHUKOBY CUCTEMY 1 BUITOpA 3TOTOBUTH OKPEMO;

- Ha BCIX eJIEMEHTaX MOJEIbHOI0 KOMIUIEKTY BCTAHOBUTH MiAHOMM JJIsi BUITYYSHHS 3
bo-pmu.

Marepian JUis BUTOTOBJIEHHS MOJENTBHOI'O KOMIUIEKTY IpeJacTaBieHi B Tabm. 3.
Buxinni nani ogepskaHi 3 iCHyFOUOTO TEXIPOIIECY.

Tabmumst 1. Bumm pobit, mpodecis, po3psg 1 HOpMa dYacy HA BUTOTOBJICHHS
MOJIEJIBHOTO KOMIUIEKTY 3 J€PEBEHHU.

Bunu po6it [Ipodecis Po3psan TpynomicTkicTh
H/T.
MopenbHi pobOTH. MoenbIk 5 po3psi. 16-30 =/r.
Tokapni po6oTu. Tokapb 4 po3psia. 0-48 u/r.
ModnsipHi poOOTH. Mausap. 3 po3psiz. 1-54u/r.
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Ta6muis 2. JlomoMi>kHe 00J1aJHAHHS JUIsl BUTOTOBJICHHST MOJICIBHOTO KOMILJICKTY.

Ha3zpa oGnagnanns Monens Bepcrata. | CnokuBua Burpaueno na
MOTY)XHICTb | BUTOTOBJICHHS KBT.
KBT.

CraHok ¢GyroBajibHUH. Cd-4, 3,0 xBT. 0,5 xBT.

CTaHOK peiicMyCOBUH. Cp 6-9. 8,6 kBT. 2,0 kBrT.

IInna JTiHTOYHONHUILHA. Centauro 900 7,5 xBT. 7,5 xBT.

ToxapHuil CTaHOK. TJ1200-04 2,0 kBr. 1,2 xBr.

[InidyBanbHUN CTAaHOK. nJ1b-6. 4,5 kBr. 3,0 xBT.

Ta6mmis 3. HeoOximHi MaTepiaau 1Jisi BATOTOBJICHHS MOJICTLHOTO KOMILJIEKTY.

HaiimenyBanHs KinpkicTs K,
M3.

[Tunomarepianu CocHa 2-copt 0,012 m3.
LBsaxu 40MmM. 0,08 kr.
Ko IIBA 0,092 xr.
®apba HII-132K 0,015 xr.
[InakmiBka HII-008 0,017xr.
danepa OK 4mm. 0,00033 m3.

Henomixu: BuCOKa TPYJOMICTKICTh, BEJTUKI BUTPATH HA BapTICTh MaTepiajiB, KUIbKICTh
NepcoHaly, [0 TNPUIMAaEe ydacTh Y BHIOTOBJICHHI MOJENBHOTO KOMIUICKTY, HEBEIHKa
CTIMKICTh MOJENBHOTO KOMIUIEKTY, Maja HOMEHKIATypa BHUTOTOBJCHHS MOJEIbHUX
KOMIUICKTIB, HE CTaOUIbHI BIACTHBOCTI JEPEBUHU 4Yepe3 HABKOJIMIIHIO Cepely, IIo
MPU3BOIUTH JI0 TIOPYIICHHS T€OMETPHYHUX (OPM MOJETHHUX KOMILJICKTiB, HU3bKa TOYHICTh
IIPU py4Hil 00poOIi MOJETBHUX KOMILIEKTIB.

Cnoci0 TpUBHMIPHOTO TPOTOTUITYBaHHS 3a TexHosorieto FDM Bxitouae HacTymHi
eTanu:

- cTBOpeHHs TpuBUMipHOI Mojeni B STL ¢popmari;

- reHepyBaHHs G-kony B mporpamHomy 3abesneuenHs Ultimaker Cura;

- migroroka 3D npuHTepa 10 podboTH;

- npyk 3D o6'exra;

- (pinimrHa 0OpoOKa MoIeni;

Texnonoris FDM € HaiOinblnl nomupeHoro, nependayae BUTOTOBJICHHS MOAETI
[IIXOM TIOIIAPOBOI0 HAIJIABIICHHS, M0 MOBTOPIOIOTH KOHTYpH mudpoBoi moxeni [4]. Ha
pPUCYHKY 2 moka3aHa TpuBMMipHa Mojnenb B STL ¢opmari ska 3aBaHTakeHa B IpPOrpaMHe
3a0e3neuenHs Ultimaker Cura nns renepyBanHs G-Koay 1 MONepeaHbOr0 pO3PaXyHKY BUTpAT
Ha BUTOTOBJIEHHS MOJIENI.

cura. Noaroronka SN A P oo

umss ot
220.0.x106.0 % 140,044
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Pucynox 2. 3reHepoBaHa TpuUBUMIpHA MOJCIb IS JAPYKY B TIPOTrPAMHOMY
3abesneuenHi Ultimaker Cura.

[IporpamMa aBTOMAaTUYHO OPIEHTYE TPUBHUMIPHY MOJENb B BIpTyaJlbHOMY IPOCTOpI
pobouoi kamepu. [Tapamerpu Ipyky npeacTaBieHi B Ta0Ouuili 4.

Tabmuus 4. Ilapamerpu neyari.

Tun matepiany ABS
Bucora mapy mm. 0,3
[upuna aiHii MM. 0,8
ToBIMHA CTIHKH MM. 1,0
[linpHicTh 3amoBHEHHS % 15
Temmnepatypa coria, rpaTycH. 250
Temmnepatypa cToxiy, rpagycu. 85
HIBuakicTh 11eyaTi MM/CEK. 100

Jani micns npopaxyHky nporpamuoro 3abesnedennst Ultimaker Cura:

- Yac BUTPAYCHU Ha BUTOTOBJICHHS MOJEII 3 JIMBHUKOBOI CHCTEMOIO 1 YOTHPHOX
BHIIOPIB cKyiasio 12 roaun 12 XBUIUH.

- ONEepaTUBHHUN Yac IS TOCTOOpPOOKH CKJIaB 15 XBWJIMH.- KUIBKICTH Martepiaily 3
UIUIBHICTIO 3allOBHEHHA MOJEIbHOro KoMIuiekTy Ha 15% ckmano 85,05 merpie ABS
IIacTUKY 200 596 rpam.

Otpumanuii pe3ynabTaT y BUTIsAI G-KOMy CHpSIMOBYETBhCS B Kepyrouuid 0ok 3D
MpUHTEpaA 71 APYKY Mojeni riactukoM ABS.

[lepeBara TEXHOJOTII TPUBUMIPHOTO MPOTOTHIIYBAHHS B TOMY IO BOHA J[03BOJISE
JIpYKyBaTH OOOJIOHKOBI MOJeNi 3 MiHIMadbHUM BHYTpIIIHIM 3amoBHeHHsM. Lle mo3Bomsie
€KOHOMUTH Ha KUIBKOCTI Marepiany, 3HM3UTH BUTPATH Ha Marepial OCKUIbKM aJUTHBHI
TEXHOJIOTIi MPaKTUYHO Oe3BIAXOAHI, KPIM IOTO 3'SBISETHCS MOMJIHMBICTH BUTOTOBJICHHS
YHIKQJIbHUX MOJIETEH MPpHU LbOMY JOCATAETHCA PO3MIpHA TOYHICTh MOJENEH, €KOHOMIS TLIOI]
JUTSL BCTAHOBJICHHS 00JIaJHAHHSI, EKOHOMIsI €IEKTPOEHEPrii.

BHCHOBKU

Ha miacraBi mopiBHAHHS ABOX BapiaHTIB BHUTOTOBJICHHS MOJEIHHUX KOMIUICKTIB
MIPOSIBU-TIUCS TIEpEeBard 3alpONOHOBAHOTO BapiaHTa, SIK MO 3HIKEHHIO TPYIOMICTKOCTI 1
3MEHILIEHHS KUIBKOCTI po00OYMX, TaKk 1 MO 3MEHILIEHI0O BHUTpAT Ha Marepiajid, OCKUIbKH
BUTOTOBJISIETHCST 000JI0-HKOBA MOJIeTIh 3 BHYTPIIIHIM 3allOBHEHHSM Tilla MOJEINi JIMIIe Ha
15%. 3a 3amponoHOBaHUM BapiaHTOM MOKHA BHUTOTOBIIATH MOJIEJl BUCOKOI CKJIQJHOCTI IO
JI03BOJIsSIE BUKOPUCTOBYBATH OUIBII TOYHI TEXHOJOTIi JUTTS B Mimadi GopMHu 1 JOJATKOBE
3HMKEHHS TPYIOMICTKOCT1 BUTOTOBJIEHHSI MEXaHO BUPOOIB.
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HEMPOMEPEKOBE ITPOT'HO3YBAHHSI KOHTPOJIbHUX ITOKA3HUKIB
TPEHYBAJIBHOI'O IPOLECY

Koimesna JI.B.

Onuc CykymHOCTI KOHTPOJBHUX IMOKa3HHMKIB TPEHYBAIBHOIO IMPOLECY SIBISE COOOIO
cmabko QopmarnizoBane 3aBaaHHsA. MojenoBaHHS, K 3acid (opmamizamii ¥ MoaaIbIIoOro
BUKOPHUCTAHHS JJIsl BUPIIICHHS TOCTaBJICHUX 3aBJaHb, J03BOJSE YHUKHYTH BHTpaT dacy,
IHIIKX PecypciB i MpH IOMY JTOCATTH HEOOXITHOTO PiBHS SKOCTI BUPIIICHHS TAaKUX 3aBIaHb.
Mogeni BUKOPUCTOBYIOTHCS i Y BHIAJKaX, KOJIM HEOOXIAHO mependayaT ASIKUNA pe3yabTar
IIPHU BIIOMUX MOYATKOBHX YMOBax JIOCIiAy a0 K KOJU MOCTaHOBKA JOCIITYy HEMOXJINBA Y
3B'A3Ky 3 HEOOXIJHICTIO TPOBEICHHS JOCHIDKEHb Ha PIBHI TPAHUYHUX MOXKJIMBOCTEH
OpraHizmy.

BaxxnuBe 3HAYeHHS MalOTh AITOPUTMH MOJICTIOBAHHS U alTOPUTMH BUKOPHCTAHHS
pe3yNbTaTiB MOJAENIOBAHHS JIJISl YXBaJCHHS pillleHb. Y paMKax CUCTEMHOTO MiIXOAy Mojeii
PO3TIISAIAIOTHCS K TOJOBHHUM 1HCTPYMEHT B YIIPaBIIHHI CKJIAJHUMH cucTeMaMu. Bumoru 1o
MOJIETIi € TAKHMH:

- MOJIETIb TOBMHHA OYTH CTiIHKOIO, TOOTO Pi3HI BIAXWICHHS, IO BHUHUKAIOTH
Mi]] BIUIMBOM 30ypIOBAJIbHUX CUTHAIIIB, 3T0JIOM MOBUHHI 3MEHIITYBATHUCS;

- peakiiss MOJEN Ha BXIiJHI CHTHaJId IOBMHHA SKICHO 30iratucs 3 ITOBEIIHKOIO
pealbHOTO 00'€KTA.

CTBOpeHHsSI MaTeMaTHYHUX MoOjeleld (aKTUYHO € TEOPETUYHHM BiJIOOpaKCHHSIM
JOCHIKYBaHOTO 00'ekTa mporiecy (opMyBaHHS KOHTPOJBHHX ITOKa3HUKIB TPEHYBAaJIHHOTO
poIecy.

CknagHICTh yHpaBliHHS B MIATOTOBLI (axiBUsA MOJAra€e B TOMY, LI0 HEMae
MOXKITUBOCTI ~ O€3MOCepeIHhO  YIPaBIATH  (OPMYBAaHHSIM  KOHTPOJLHUX  ITOKAa3HHKIB
TpeHyBaJbHOTO Tpoliecy. CKIaaHICTh PO3B'A3yBaHUX 3aBIaHb MOJATAE 1€ H y TOMY, IO TYT
HE MO’KHA MPOCTO 33/1aTH CTYJAEHTOBI MEBHY MPOrpaMy BIpaB (TpeHYBaIbHE HABAaHTAXKEHHS) 1
oMaraTtucs ii IpaBUJIBHOTO BMKOHAHHS, 30KpEMa MpPaBUJIBHOI TEXHIKM pyXiB. Y cHUCTeMI
MIPOTPAMHOTO YIPABIiHHS (OPMYBAHHIM KOHTPOJIBHUX MOKA3HUKIB TPEHYBAIBHOTO MPOIIECY
3acobamu  (I3MUHOTO BUXOBaHHsS CyO'eKT (BUKJIagad) 1 0O0'€KT ympaBiiHHA (CTYAEHT)
B3a€MOJIIIOTh MDK CO0OI0 ¥ 13 30BHIIIHIM CEpeJOBHUILIEM 3a JOMOMOIOK0 iH(popMarlii.
VYnpasninas (GopMyBaHHSM KOHTPOJBbHUX IMOKAa3HHMKIB TPEHYBAIBHOTO MPOLECY 31HCHIOEThCS
IIPY HAsBHOCTI y BUKJIajjaya Takoi iHdopMarlii:

- UTBOBUX BUMOT J10 (popMyBaHHS MPOQECITHO OPIEHTOBAHUX OCOOUCTICHUX SIKOCTEH;

- ICUXO0(1310JIOTIYHUX XapAKTEPUCTHK CTY/ICHTIB;

- CYKYITHOCTI 3ac00iB, 3aCTOCOBYBaHUX Yy TEAAroTidHIM TEXHOJIOTI] (I3HIHOTO
BUXOBaHHSI, i BaplaHTIB IOCSTHEHHS LIIeH 13 ypaxXyBaHHSM I1ITOTOBJIEHOCTI CTYACHTA.

Bu3zHauuMo TOHSTTS «IIATOTOBJICHICTh CTYAEHTa» SK TMPOIEC, CIPSIMOBAHHMA
Ha CBIJIOMy 3MiHY TOBEIIHKM CTYyJEHTa, BIAMOBIAHO [0 3aBAaHb ioro mpodeciiiHoi
nisuibHOCT1. OCKIIBKHM BUPIMICHHS 3aBAaHb, IO CTOSThH MEpPEeNl CTYASCHTOM, BiAOyBaeThCs 3a
JOTIOMOTO0 BJIOCKOHAJICHHS PiBHS WOTO (Di3UYHOI KYJIBTYPH, TO B IbOMY BHUIAAKY HICTHCS
Mpo Tpoliec, TOB'SI3aHWI 13 MPAKTHUYHUM BIPOBAKCHHSIM TMEJAroriyHoi TEXHOJIOT],
3aCHOBaHOi Ha CHCTEMHOMY 3aCTOCYBAaHHI BCHOTO apceHanly 3aco0iB, BKJIIOYEHUX Y
nporpamy ¢i3UYHOTO BHUXOBAaHHS 3 YpaxyBaHHSIM B3a€EMO3B'SI3KYy «MeTa — IHTEpecC —
MoTuBaIlis». HasgBHICTh 1 KiJbKICHA OIlIHKA CTYIEHS IXHIX B3a€EMO3B'SI3KIB BHUSBISIOTHCS
B MpOIIeCi HaBYaHHS.

BinmoBimHO 0 JOTIKM  PO3BHTKY TEOPETUYHOTO  JIOCHIIKCHHS OCHOBHUMU

3aBAaHHSAMHU TEOPil TEXHIYHOT MiATOTOBKH € TaKi:
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- po3poOKa MaTeMaTHMYHUX Mojeneil (GopMyBaHHS KOHTPOJIBHUX MOKa3HHKIB
TPEHYBaJIBHOTO MPOIIECY B MPOIECI HABYAHHS CTYACHTA,

- po3poOKa KOMIUIEKCY MeETOMiB (OpPMYBaHHS OCOOMCTICHO OpIEHTOBAHUX
JTOBUIBHUX MPOTPaM;

- po3poOKa METOJIIB yIOCKOHAIIOBAHHS MPOrPaM JIOBUIHHOTO YIIPABIIHHS MOJCISIMHU
(bopMyBaHHS IIHHICHOTO MOTEHIIialy CTYCHTA;

- po3poOKa METOMIB KOHTPOJIFO 3a piBHEM (OpMyBaHHS OCOOMCTICHHX SIKOCTEH
CTYJICHTIB B MailOyTHbOMY - (paxiBIIiB;

- INIaHyBaHHS TpoleciB (popMyBaHHS OCOOMCTICHHUX SIKOCTEH CTYACHTIB 3acobamu
(13MYHOTO BUXOBAHHSI.

[pyHTYIOUHCh HAa YABJIEHHSAX PO HEOOXiAHICTH CHCTEMHOrO  MiAXOay
710 BUPIIICHHS  TMO3HA4Y€HOi  BUIIE  mpoOseMH  MAroTOBKM  (axiBIsg, HaMu
3aIpONOHOBAHUN MIiAX1JA, NpH SKOMY LSl mpobiiemMa MOXe BUSIBUTHUCA PO3B'SI3HOIO 3
ypaxyBaHHSM OCOOJMBOCTEH 3aCTOCOBYBaHOro iH(opwmariifHOTO cepemoBumia. Sk Take
cepeloBHUIIe MOXe OyTH 3acTOCOBaHa JesKa IHTEIeKTyalbHO-TICUXo-(iziosoriyna
MOJellb TOro, KOro HaBuyarTbh. lle skuiich BipTyalbHUN 00'€KT, 3MaTHUNA HECTHU
JUHAMiYHy iH(OpPMAIiI0 IPO TOro, KOro HABYAIOTh. I CTBOPEHHS MOKe 3ilCHIOBATHCH
3a JIONMIOMOTOI0 BIpTYyaJIbHOTO CKaHepa, IO SIBJIsSE€ COOOI0 CHCTEMY TECTiB, CIIPSIMOBAHUX
K Ha ieHTU(IKaIil0 TOTo, KOr0 HaBYalOTh, TaK 1 Ha CTBOPECHHS HMOT0 IMCHXOJOTIYHOI
Mojeni, HakjaaaeHoi Ha (izionoriuHy monenb. [Iporpamna peanizaiis Takoi Mojeni
MoO)Ke OyTH BHKOHaHa Ha OCHOBI MaTeMaTUKH HEUPOMOIiOHUX eJIeMEHTIB, 310paHuX Yy
HelpononioHy cith. HellpociThoBI MOJIEII HAMOIBIN SICKPABO BUSBISIOTH CBOI IepeBaru
B MOJEIIOBaHHI cllabko abo Baxko (opmanizoBaHHX 3aBJaHb, SKOK € CTBOPCHHS
IHTeNeKTyalbHO-TICUX0-(i3iojoriuyHa Mojenb. Hampukmnaa, MoXHa ySBUTH TOTO, KOTO
HaBYalOTh, y BUTJISAAI MiJCUCTEMH BiAMOBIAHO /10 BUALIEHUX AacCIEKTiB, AOCIIIXYBaTH
1ioro, IpoOBOAUTH BipTyallbHI HaBUaJIbHI a00 TpPEHYBaJbHI 3aXOJH i YCTAaHOBUTH iXHIO
e(peKTUBHICTD.

HIty4yni HeWpoHHI ciTi 1HJIyKOBaHI 010J0OTi€l0, TOMY LI0 BOHHU CKJIaJalOThCA
3 eJIEeMEHTIB, (YHKLIOHAJIbHI MOXJIMBOCTI SIKMX aHAJOTi4HI OiJbIIOCTI eleMEeHTapHUX
¢byHKui 6ionoriuHoro Hepona. Crnoci6 oprasizamii IUX €JIEeMEHTIB MOXe BIAMOBIIATH
(abo He BiamoBimaTu) aHatomii MO3Ky. Hampwukiaa, BOHM HaBYalOTHCS Ha OCHOBI
JOCBIJly, y3araJbHIOIOTh MONEPEAH] MPELeeHTH ISl BAKOPUCTAHHS B HOBUX BUMAJKaX 1
O0epyTh HalicyTTeBime 3 iHPOpMaIlii, 1110 HAAXOAUTH 1 KA MICTUTH 3aiiBi gaHi. LTyuHi
HEUpPOHHI CITI MOXYTh 3MIHIOBATH CBOIO TOBEIIHKY 3aJIe)KHO B1J 30BHIIIHBOTO
cepenoBuina. [licias HaBeneHHsS BXIJHHMX CUTHANIB (MOXJIHMBO, pa3oM 13 HOTpPIOHUMU
BHXOJIaMH) BOHU HACTPOIIOTHCA, 00 3a0e3meyuTH HEeOoOXiIHY peakiliro. Biaryk citi
MicJsl HaBYaHHS MOKE OyTH MEBHOK MipOI0 HEUYTIMBHUN O HEBEINUKUX 3MIH BXITHUX
curHaniB. Ilg BHyTpilIHBO BiacTUBa 3JAaTHICTh OauuTH o00pa3 Kpi3p IMIyM 1
MepeKpydyBaHHS KUTTEBO BaXKJIMBa JIJI pO3Mi3HAHHSA 00pa3iB y peajlbHOMY CBITI.

3 MaTeMaTU4HOI TOUKH 30py HEHPOHHA CiTh € 6araToImapoBO0 CIThOBOIO CTPYKTYPOIO,
110 CKJIAZIA€THCS 3 OAHOTHIHUX (1 MOPIBHAHO MPOCTHX) MPOLECOPHUX €JIEMEHTIB — HEHPOHIB.

Heiiponu, 3B'13aHi MK COOOI0 CKJIAJJHOIO TOMOJIOTIEND MIXK3’€/IHAHb, TPYNYIOTHCS B
mapu (SK IpaBUJIO, IBa—TpPH), C€Pell HUX BUIUISIOTHCS BXITHHUM 1 BUXIAHUHA. Y HEHMpPOHHHUX
CITSIX, 3aCTOCOBYBAaHUX JUIsl MPOTHO3YBAaHHS, HEHPOHM BXIJHOrO MIapy CIPHIMAaIOTh
iHpoOpMallilo PO MapaMeTpu CUTYalii, a BUXIIHUHN IIap CUTHANI3ye PO MOXKIUBY PEAKIIiI0
Ha 1m0 curyaiito. Ilepen BUKOPUCTAaHHSM HEHPOHHA CITh MPOXOAWTH CHEIlaJbHUN eTarl
HaCTPOIOBAaHHsI — HaBYaHHs. SIK MpaBWIIO, CITI MPE'SIBISIOTh BEIUKY KUTBKICTh 3a37aJIeTiah
MiTOTOBJICHUX MPUKJIIA/IB, VIS KOXKHOTO 3 SIKUX BiJloMa HEOOXiTHA PeaKIlist CiTi.
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SIkicTh BUpIIICHHS 3aBAaHb HEHPOHHUMHU CITSMH 3JIEKUTh BiJ HACTPOIOBAHHS
napameTpiB ciTi (Bara 3B's3Ky, 3cyB). HacTporoBaHHS 3IiHCHIOETBCA 3a JaHUMH, IO
MICTATBCS B HaBUalIbHIA BUOIpii. ToMy 00'€éKTHBHICTH 1 MOBHOTA JaHUX BILIWBAIOTH
Ha SKICTh OCTaTOYHO HABUYCHOTO HEHPOCITHOBOTO amapary. Po3mip HaBuYaibHOI BUOIpKHU
(KiTBKICTh MPUKIIAAIB y BHOIpIi) BU3HAYAE KUIBKICTh HEHPOHIB 1 3B'SI3KIB y MPOMIKHHX
mapax. B oOuucmoBanbHOMYy mpomeci [y 30epiraHHs mapameTpiB  CiTi, IO
HaCTPOIIOTHCS, BHKOPUCTOBYETHCS TIEBHA KiJIbKICTh OCHOBHUX 3MiHHHX. [yisi 30epiranHs
pe3ybTaTiB MPOMIKHUX OOYKCIICHb MTapaMeTpiB, 110 HACTPOIOIOTHCS, BUKOPHCTOBYIOTHCS
JOJATKOBI 3MiHHI, KUIBKICTh SIKMX JOPIBHIOE KIIBKOCTI OCHOBHHX 3MiHHHMX. KiJIbKICTB
JOJTaTKOBHUX 1 OCHOBHUX 3MIHHMX OOMEKeHa pO3MipOM ONEpaTHBHOI MaM'saTi KOMIT'IOTepa.
ToMy nOWINBHO ONTHMMI3yBaTH HaBuYajbHy BHUOIPKY, TUM CaMHM 3MEHIIUTH KiIBbKICTb
MPUKJIAJIB TIPU 30€pEekKEHH] IKOCTI HEHPOCITLOBOIO arapary.

VY mamiit po6oTi 3aiiiCHEHa cTipoba po3pOOUTH METOIUKY, IO JO3BOJISE 3aCTOCYBATH
s oOyJNOBH HaBYaIbHHMX BHOIpOK Heipomapamurmu «back propogation». s mouatky
SKCIIEPUMEHTH 31 CKIIAJaHHS BUOIPOK TPOBOMWIIHCS IS JITKO (OpMaii30BaHUX 3aBIaHb,
BIJIMOBIA1 SIKUX MOXHa OyNo MEepeBIPUTH MiJACTAHOBKOK BXIAHHMX 3HA4YEHb 0 MAaTEMaTU4HOI
mozeni. [IpoananizyBaBiiy pe3yinbTaTu, MOKHA 3pOOUTH TaKi BACHOBKH:

— KOXXHHU mapaMeTp BHOIPKM MOBHHEH OYTH NpPEICTaBICHUH, K MIHIMYyM, I'STbMa
3HAYCHHSMHU, PIBHOMIPHO pO3MOAUICHUMHA TIO Jiana3oHy MPHUITYCTUMUX Ui JIaHOTO
napamMmeTpa 3HaucHb;

— OakaHO MaTH MAaTeMaTUYHHI MEXaHi3M YNpaBJIiHHS HANlOBHEHHSM 1 PIBHOMIPHUM
PO3MOIIJICHHSIM 3HAYEHb Y HABYAIBHINA BHUOIPIIl 3aJ€KHO B 33JaHOI TOYHOCTI KiHIIEBHX
pe3yibTarTiB.
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BIBPAI.[IﬁHA JIATHOCTUKA TEXHOJIOI'MYHUX MAIIUH I OBJIA/ITHAHHS
Kpasuos L1

OCKUIbKM TepeKauyroThCs IIaXTHI BOAM B 3arajlbHOMy BHUIAJIKYy € HE TUIbKU
arpecMBHUMH 3a CKJIAJIOM, aj€ 1 HECyThb BEJHKY KIJIbKICTh aOpa3WBHUX YACTHHOK, TO JO
MarepiaigiB poOOYMX JeTale MIaXTHUX BiAIEHTPOBHX HACOCIB MPEH'SIBIASETHCS KOMILUICKC
BUMOT 3 IPOTU/I1 KOPO3ii, Tipoabpa3suBHOIO 3HOCY 1 B OKPEMHUX BUIAJIKAX TiAPOEPO3ii.

EnexTpoxiMiuHa KOpO3isi 0OYMOBIIOETHCS TEPMOAMHAMIYHOT HECTIHKICTIO METaly B
KOHKPETHUX YMOBAaX, MOB'A3aHUX TOJIOBHUM YMHOM 3 HAsIBHICTIO BOJIOTH 1 BAHHKA€E B METalax
MaJjioi pi3HUIII MOTEHITIaIiB, BUKIIMKAHO1 PI3HUM XIMIYHUM CKJIQJIOM, PI3HHUX 3aIacoM €Heprii i
XOJIOM TJIbBAaHIYHOT peaKilii.

['iapoaOpa3uBHMIA 3HOC BU3HAYAETHCS CKIIAJOM 3HAXOATHCS B IIaXTHIA BOA1 TBEPAUX
9aCTOK, a TAKOXK IIBHJIKICTIO 1 CIIOCOOOM iX BIUIMBY Ha MaTepial.

['inpoabpa3uBHUIl 3HOC B 3arajlbHOMY BHIIQJKy 3aJIEKUTh BiJ BEIMKOI KUIBKOCTI
(akTopiB: KOHIEHTpaIii abpa3uBy, po3MipiB i POpPMHU 3BAKEHHUX YaCTOK (HAsIBHICTH T'paHEi,
rocTpux KyTiB 1 iH.), [IIBUAKOCTI pyXy TBEpAUX YaCTUHOK, IX KyTa aTaku, 3araJibHO1 JMHAMIKU
MOTOKY.

HIBuAKICTh pyXy 1 KyTH aTakd aOpa3MBHUX YACTUHOK, SIKI HEPEHOCATHCS MOTOKOM
piAMHU B pI3HMX NMPOTOYHUX KaHAJaX peabHUX TiAPOMAIINH, OE3MEepepBHO 3MiHIOIOTHCS.
Omxe, Ha 3HOC ICTOTHUH BIUIMB POOJATH MUHAMIYHI MapameTpu moToky. Ilpu oOTikanHi
MIOTOKOM TIEPEIIKO/ YTBOPIOIOTHCS BHUXOPH, SIKi MOXYThb MiATH Ha JeTajb IMiJl Pi3HUMH
KyTaMH, HOCWJIIOIOYHM, TaKMM YHHOM, MiclieBe aOpa3suBHE 3HOLIYBAaHHs IOBEPXHI JeTalll.
@®opma BHXOpIB B CKIAJHUX MEPETHHAX JAETaled TiIpaBIiYHUX MAaIINH Oe3rnepepBHO
3MIHIOETHCSI, 1 a0pa3uBHI YAaCTKHU BILTUBAIOTH HA JIETalll MO-Pi3HOMY, B TOMY YHCIIi 1 HAMMEHII
CTIPUSTIINBUM.

Ile cnpusie mposiBY MICLEBOrO 3HOCY, SKHHM MpOTiKae B KiUIbKa pasiB IIBUIIIE
3arajJbHOTO 1 XapaKTEepPHHM JUIsl TaKUX JeTajed MaXTHUX HAcOCiB, sIK MPOTOYHI KaHAIU
POOOYMX KOJIIC, YIIIIbHEHHS, KPUIIIKH, HAIpaBJIAoYi arnapary i T. 1.

['inpoepo3is - pyliHyBaHHSI MaTepiaily IiJ BIUIMBOM KaBiTallil - y 6araTb0X BUNAAKaX €
OCHOBHOIO IPUYUHOIO MEPEJYacHOr0 BHUXOAY 3 JIagy poOoYMX JeTajged [aXTHUX
BIIIICHTPOBUX HAacociB. MexaHi3M KaBiTallii g0 TEMepillHbOro 4Yacy BHBYCHUUN IIIE
HE/I0CTaTHbO TOYHO, MPOTE OOIPYHTOBAHO, 110 BiH MPOXOAUTH y JABi (a3u: 1) ocBiTYy KaBepH,
3arMoBHEHUX OynpOamikamMu mapa 1 BOJM B 30HaX 3HMKEHMX THUCKIB; 2) KOHJIEHcallls mapa
BCEPEMHI KaBEPH, L0 CYNPOBODKYIOTHCS MIKPOJOKAJIbHUMI TiJPaBIiUHUMH yJapaMH B
00JacTi BUCOKOTO TUCKY; MPHU IIbOMY Y BIAMOBIIHUX MIKpOOO'eMax THUCK MIABUIIYETHCS O P
'=1500-3000 aTm. .

3a3HaueHi (aKkToOpU - €NEeKTPOXiMiuHa Kopo3is, riipoabpa3uBHUN 3HOC 1 KaBiTallis -
TII0Th HAa TIOBEpXHI pOOOYMX JeTaneil HacociB KOMIUIEKCHO, OJHOYacHO B PI3HUX
noeaHaHHAX. [1iq X BIUTMBOM MOBEPXHIO pOOOUYMX JeTanei HacociB Oe3mepepBHO KOPOIYE, a
MPOAYKTH KOpO3il BIIOKPEMIIOIOTHCS yAapaMu CTPYMEHIB PiAMHHU, YAaCTHHOK alOpa3uBy i1
kagiTaiii. HaifOip11 iHTEHCUBHO 3HOC MIPOTIKAE TIPU HAIBHOCTI KaBiTarlii.

3 Buule 3a3HaueHHX (HAKTOpiB 3HOCY pOOOUYMX JeTaield pO3MITHEMO MaTepiaiy,
BUKOPHUCTOBYBAHI1 JJIs BUTOTOBJIEHHS pOOOYHX KOJIIC HACOCHOTO arperary.

Merta: oTpuMaTH BHUCOKY MIIHICTh, KOpO3iiiHy 1 TIuapoabpa3uBHYIO CTIHKICTh
MaTepiairy poOouoro Koieca.

3aB/aHHA:

- PO3pOOUTH CyJacHUH TEXHOJIOTIYHHIA MPOIEC BUTOTOBICHHS POOOYOT0 KOJIECa;

- ]I eKCIUTyaTalifHi BIACTHUBOCTI HAcOoca BHOpaTH MiAXOISAIINI Marepian pododoro
KoJieca,

- BU3HAYCHHS ONTUMAIBHOTO CIIOCOOY OTpUMaHHS MOBEPXHI Kojeca i3 3a0e3neueHHIM
HEOOX1THUX TTapaMeTPiB SIKOCTI Ta MiABUIIICHHS ITPOyKTUBHOCTI.
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PoGoue korneco € HaWBaXIMBINIMM BY3JIOM B KOHCTPYKIIii BIJIIIEHTPOBOTO HAcoca.
OcHOBHE HOro MpHU3HAUEHHS MOJSrae B Iepeaadi eHeprii Bil KPyTHOrO Bajla 1O PiIHHH.
[Hakmie xaxy4u, poboye KOJEeCO € TeHepaTopoM BIALIEHTPOBOI CHUJIHU, 3a JOMOMOIOIO SIKOi 1
CTBOPIOETHCSL THCK, IO pyXa€ MOTIK pinuHH. SIK mpaBmio, poboue KOJIeCO CKIANAEThCA 3
HaCTYITHUX OCHOBHHUX €JIEMEHTIB: MepeaHii abo MpoBiIHUNA AUCK; 3aHIA a00 BEACHUHN HCK;
KpUJIbYATKA, M0 CKIAJAETHCS 3 JOMAaTeH, AKi 3HAXOIAThCS MK TUCKAMU, JIOTATI KPHIILYATKU
Hacoca, MaloTh 3ITHYTICTh B CTOPOHY, KA MPOTUJICKHA HAIIPSIMKY PyXy poO0UYoro Koeca.

[Mpunuun aii poGoyoro Kojieca MOJSATa€ B HACTYNHUX BAaXJIMBUX MOMEHTAax: Ha
MoYaTKy poOOYOro MUKIY PiAMHA HAKOMUYYETHCS MIXK JIOMATSMHU, 3 [OYaTKOM OOepTaHHS
KpWJIbYaTKHA OJTHOYACHO MOYMHAE o0epTatucs 1 piguHa. [Ipu oGepTaHHI BUHHKAE BiIIIEHTPOBA
cuiia, siIKa CIpHUs€E MOSIBl THCKY, I TUCKOM PilMHA BIIXOIUTH BiJ IIEHTPY poOOYOro Koieca i
MOYMHAE MPUTUCKATUCA JI0 CTIHOK Hacoca, piuHa MiJ HarmopoM BHUXOAUTH HAa30BHI uepe3
HarHITQIbHUN MaTpyOOK, B 1€l MOMEHT B IEHTPI KPUJIbYATKH CTBOPIOETHCS MiHIMAIbHHUNA
THUCK, sIKE CIIPHUSIE HAXOIKEHHS 10 POOOYOro Kojiecy HOBOI MOpLii piAUHHU.

[Ipu oMy BapTO BiA3HAYUTH, IO BECH ONMUCAHHIA MPOIEC TPOXOANUTH UKIIYHO, IO B
CBOIO 4Yepry, cmpusie cTabuibHIM 1 6e3mepelbiitHiil poOOTI BChOrO BiALIGHTPOBOTO HAcOCa B
iomy.

[Ipu koHCTpyrOBaHHI pPOOOUYOro Kojeca Hacoca BUOUPAIOTh HAMOUIBII €PEKTUBHY
dbopMy, Tipodiik 1 KUIBKICTh JIONMATOK, BUXOJSYH 3 3aBJaHHS, MaTH MiHIMAJbHI TiApaBIivHi
BTpat 1 MakcumanbHuit KKJI.

VY 6inpmocti HacociB IIHC 3acTocoByroTh po0Oodi Koseca 3aKpUTOTO THITY 3 TOKPUBAE
nuckoM. PoGoui koneca BUTOTOBJISIIOTH 3 PI3HUX COPTIB 4aBYHY, BYIJICLIEBUX 1 JIETOBAaHUX
CTaJiel, CIUIaBiB KOJIbOPOBHX METAJIB, MOJIIMEPIB i KepaMmiyHUX MarepiaiiB. 3aCTOCYBaHHS
TOTO 4YM IHIIOTO MaTepialy BHU3HAYAETHCS yMOBaMU pPOOOTH, PO3MIpaMHU 1 YACTOTOIO
o0epTaHHsI, a TAKOX POJIOM IepeMilyBaHOI piIMHU. Y MepeBaxHii OUTBIIOCTI pobodi Koeca
- nuti. BijyuBaroTe ix abo B 3emisiHy (opmy, abo MeTogamMu To4HOro JUTTS. Ilpudomy B
OCTaHHHOMY BHUIMAJIKy BOHH BHXOJSTH 3 MPOTOYHOIO YACTHHOKO BHCOKOI TOYHOCTI 1 YHCTOTH
nosepxHi (RZ40-RZ20). 3BaproBanbHO-TUTI KOHCTPYKIIIT HE PO3IIIAAAIOTHCS.

PoGoui komeca (pucl) GararocTymnmeHEBHUX HACOCIB BHUTOTOBIISIIOTH 3 IOJOBXKEHOIO
MaTOYMHOIO, [0 Ja€ MOKJIHUBICTh YHUKHYTH 3aCTOCYBaHHsS TUCTAHIIIMHMX BTYJIOK B
KOHCTPYKIIi poTopa. MaTounHa BIUTMBAETHCS Pa3oM 3 poOounM KosiecoM. JIJisi 3MEHIIIeHHS
MEPETOKIB PIIMHU IO Baly HIMOHKOBHI a3 B CTYMHIl poOOYOro Kojieca BUKOHYIOTh HE Ha
BCIO JIOBXKHHY.

Pucynok 1 — Po6oue koneco nacocy LIHC
HenepnenaukymsipHICTP  TOpIIIB MAaTOYMHH poOOYOro Kojeca HE TOBHUHHA

nepesumryBatd  0,01-0,02 mm. Po3TO4YeHHs MOCagKOBOrO OTBOPY B MAaTOYHMHI KoJieca
BUKOHYIOTb 32 JIPYT'MM KJIacOM TOYHOCTI.
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UucTtoTra BOJOINPOBIAHUX KaHAIIB pPOOOYOro Kojeca Ma€ BEJIWKWW BIUIMB Ha
rifipaBiiyHi BTpaTu. EKCIIepMMEHTATbHO MEPEeBIPEHO, L0 3MEHIIEHHS IIOPCTKOCTI KaHAalliB
pob6ounx komic 3 RZ160-80 no RZ40-20 6e3 Oyab-aKuX KOHCTPYKTHBHUX 3MiH JJIs KOJIIC
HU3BKUX 1 CEpeHIX ns mpu3BoAUTH 1o minsumieHHs k. [1. JI. Ha 3 - 4%.

ITpu BuOOpPiI MaTepiany poOodmx Koiic Tpeba BpaxoBYBaTH psiji BUMOT. MexaHiuHi
BJIACTUBOCTI Martepiajly MOBHMHHI 3a0e3rnedyBaTH HEOOXiIHy MIIHICTH pobodoro koieca 3
ypaxyBaHHSIM TeMIEPAaTypHUX HampykeHb. KoedimieHT THIHHOTO PO3IMIMPEHHS HE MTOBUHEH
CWJIBHO BIZPI3HATHCS BiJ KoedillieHTa JIHIHHOTO PO3MIMPEHHS MaTepiary Bay.

He MeHII BaXJIMBOI0O XapaKTEPHUCTHKOI € CTIMKICTh MaTepially MpoTH Kopo3ii B
nepekavyerbess piguHu. HalOiabIoro momMpeHHs s BUTOTOBJEHHS pOOOYMX KOJIC
OTpUMAaJIA CIpUi YaByH, BYTJielleBa a00 XpOMHCTa CTajb, OPOH3a, IMOJaMiIHI 1 MOJIMEpHi
Marepiaju.

[lepexauyeTbcss pinMHa pyxaeTbcs B KaHajlaX poOOYOro Kojieca 3 BHCOKUMH
IIBUJKOCTSMH, TOMY MaTepiajl KOJIIC NMOBMHEH MaTH TapHy CTIHMKiCTh mpotm eposii. He
OCTaHHIO POJIb BIAIPAIOTh JIUBApPHI BIACTUBOCTI MaTepiany, 0OpoOIIOBaHICTb 1 T.iH..

OcHoBHI Hampyru B po604oMy KoJjieci BiJIEHTPOBOTO HACOCa CTBOPIOIOTHCS Mifl JIEI0
BiJIIICHTPOBUX CHIIL.

JocBin ekcrtyarallii maxTHUX HACOCIB MOKa3ye, M0 HAaHOUIbII IHTEHCUBHOTO 3HOCY
CXHJIBHI po0O0Ui KoJieca, OUIBII TOTO, iX BaXKKO BIIHOBUTH B YMOBaX PYAOPEMOHTHHUX 3aBOJIIB.
ToMmy 3 Meroro 30iTbIIEHHS HANpAalIOBaHHS Ha BIIMOBY pPOOOYUX KOJIC OOOB'SI3KOBO
BpPaxOBYBaTH OCOOJHMBOCTI €KCIUTyaTallii B IMIaXTHUX yMoBax. Kopo3is MeTalliB B MIAXTHUX
BOJAX-pe3yjbTaT ENEeKTPOXIMIYHUX peakiiif, 0cOOIMBO MpHU HASBHOCTI TajdbBaHIYHOI Mapu
(Mikpomapa), HalpHKIad, YaByH - KOJBOPOBI MeTaid. B mpoMy BUNAIKYy aKTHBi3yIOTHCS
MpOLIeCH: aHOJHUI MepexiJl 10HIB 3 MeTally B PO3YMH 1 KaTOAHUN - pO3psiiKa €IEKTPOHIB.
UuciaeHHI TPUYMHE KOPO3ii B MIAXTHUX HAcOCaX YCKIQJHIOITH aHali3 MpOIeCy 3HOCY
poOOUYHX KOJIIC B CKJIAJHUX YMOBaX PYJHHUYHOTO BOJAOBIUIMBY. BIITUBY enekTpoMexaHIqHOi
KOpOo3ii Ha po0Ooui Kojieca HaCOCIB MaJlo IPUJIIJIEHO YBaru B FipchbKii JiTepaTypi, HeMae 0y/ib-
AKUX pekomenaanii. OfHaK 3 JOCBiqy eKCITyaTallii BiJIoMOo, [0 MPUCYTHICTh B MIAXTHIH BOJI1
PO3YMHIB CIPYAHOI Ta COJIIHOT KUCIJIOT, a TAKOX 10HIB XJIOPY, 1 OCOOIMBO CyIb(aTiB BaXKKHUX
METaJiB, 3aBAa€ PYHHIBHOI Aii Ha MeTal poOoYnX KoJic Hacoca. Y 3B'3Ky 3 LIUM HOTPiOHO
rITMO0KE OYMIIEHHS IIAXTHUX BOJ B MiA3EMHUX YMOBaX.

Hanpuknan, poOoui kojeca IIaXTHHUX HacociB, BLAaUTI 3 4aByHy Cul5-32, npu
B1JIKQYIIl IIIAXTHUX BOJ] 3 BUCOKUM BMICTOM MEXAaHIYHHMX JOMIIIOK (20-25 mr / 1), miaaaroThCcs
CHJILHOMY €pO31iHOr0 3HOCY 1 MaloTh HarmpalroBaHHs Ha BiiMoBY 10 1000.4. . Po6oui koseca,
BUTOTOBJICHI 3 YaBYHY IIi€i K MapKH 3 HAHECEHHSM Ha IMOBEPXHIO aHTUKOPO31HHOTO TTOKPHUTTS
a0o 3 BYIJICLIEBUX 1 HU3bKOJETOBAHUX CTajiei, MaioTh TepMiH ciayxo6u mo 2000-2500 u.
I'inpoaGpa3uBHOro 3HOCY A00pE MPYHarOThCS TAaKOXK CTanu aycreHiTHoro kiacy 1X18HIT,
12X18H101TJI, 10X17H13M2T, 10X17H13M2T (X17HI3M2T , EI448, ananor AISI
316Ti).

Buxonsguu 3 Bulle CKa3aHOTO, TEXHOJOTIYHHMHA MpolleC BUTOTOBJICHHA 1 BUOIp
Marepiaiay poOoUdoro Kojieca BUMarae peTesibHOr0 aHalI3y 1 MPaBIIIBHOMY BHOOPY MaTepiary
JieTaxi MEeTOy BUTOTOBJICHHSI.
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JOCJIIIKEHHS TEPMO-EPC 3 BUKOPUCTAHHSAM SDR-IIEPETBOPIOBAUYIB
JlirBunenko O.1.

MeTor0 po6OoTH € OCBITJIEHHS Ta €KCIIEPUMEHTaJIbHE MIATBEPKEHHS 3B'SI3KY CIIEKTPY
tepMo-EPC 3 pexumamu pi3aHHs, TOYaTKOBUMH JaHWUMH IIOPCTKOCTI Ta KIHIICBUMU
napaMeTpami.

OO'ekt B xomi  #oro ne3BiiHOI 00poOwi (pyiHHYBaHHIO, TEPTIO, IJIACTUYHOT
nedopmariii) npeacrabisie coOor iH(GOpMaIIHHUA MOTIK, SKWA 3'IBISETHCS B PE3YJIbTATI
peectpamii  TepMo-EPC 3  mOCTIiHOIO CKJIaJIOBOIO, MOJYJIbOBAaHUH BHCOKOYACTOTHUM
€JIEKTPOMArHiTHUM BHUIIPOMIHIOBaHHSM [4]. AJie, peecTpallisi 3 HACTYITHOIO 00pOOKOIO JTaHUX,
BHKJIMKA€ TPYAHOII 3a BIJICYTHICTIO BIUIMOBIIHMX amapatHux 3aco0iB. s cmocoly
peectpartii OyB 3arpONOHOBAHMIA CIIOCIO, 3aCHOBAaHM HA MPUHIMII MPSMOTO MEPETBOPEHHS
pazio cUrHaJiB 3 MporpamMHor0 o0pookoro TexHosorii Software Defined Radio (SDR) [5,6,7].
Ha ocHOBI 115010 cr1oco0y po3po0iieHa cxema mpuiiaay A NEPEeTBOPEHHS BUCOKOYACTOTHHX
curHaiiB tepMo-EPC B HU3bKOYACTOTHI Ta iX peecTpalii, sfika MpeacraBieHa Ha puc. 1.
3aroriBka giamerpy D (Mm) 3 Ny, mmiikamu 3akpiruieHa Ha BepcTaTi y MaTpoOHi 1 3aIHbOMY
neHtpi. Pizenp 3akpituieHuit y pisnerpuMadi, 10 pi3ld NpHETHAHUNA TEpEeTBOPIOBAY
npencrasiennii Ha puc.l. Iliciga momepeqHpOro HanmamITyBaHHS BepcTara IO 3aroTOBKHU
MiABOJUTHCS pi3elb, y Pe3yabTari, B mpoieci 0OpOOKH 3ar0TOBKHM Pi3IleM BHHUKA€E CUTHAI,
KA TomaeThes vepe3 koHueHcaropu C2, C3 mo BHcokowacToTHMX aioniB V1,V2,V3,V4
BBIMKHEHUX TakUM 4YHMHOM, 100 chopmyBaru curHanm uepe3 konmaeHcarop Cl i C4 Ta
peryiboBaHUN pe3ucTop R B JaHIO31 3aroToBKa-iHCTPYMEHT-IPUCTPIM-3eMIIsd KU
IIOJIA€THCS 10 3BYKOBOI KapTH.

_'.'.- - |
W1 C3 V4
L1 | [l L1
) [l | =
AN~
R

Pucynok 1. - IlpuHnumniagsHa cxema peectparii IIMPOKOCMYTOBOTO CIIEKTPY
aMIUTITYAHO-4aCTOTHOI  XapakTepucTuku tepmo-EPC; V1-V4 - BucokouactotHi mioau; Cl,
C2,C3,C4 - xonaencaropy; R - pezucrop.

BucyHyTo HacTyIHI IpUIyLIIEHHS.

1. Cnextp Tepmo-EPC MicTuTh iH(opMaliro Moo pexXuMiB pi3aHHS Ta MOYAaTKOBUX JaHUX Y
BUTJISAI IOPCTKOCT;

2. Cnextp Ttepmo-EPC wmicTtuTh iHpOpMAIIO MO0 CHUCTEMH BEPCTAT-MPUCTOCYBAHHS-
iHCTpyMeHT-3aroTiBka. CucTema: BepcTaT-pUCTOCYBAaHHS - Ma€ MOCTIHHUIA XapaKTep BILIUBY
Ha CIIEKTp, a JaHUH cTociO J03BOJISIE BUKITIOUNTH TTOCTIHHY CKIIaJIOBY;

Ha ocnogi m. 1 ta m.2. 3po3ymisio, mo crnektp Tepmo-EPC Mictuts iHdopmartito om0
KIHLIEBUX TapameTpiB o0poOienoi 3aroriBku. Tomy, Ha OCHOBI HapaMeTpiB OTpUMaHHX
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aMIUTITYJl Ta 9aCTOT MOJKJIMBO JI3HATHCS KIHIIEBI MapaMeTpu MOBEPXHI 00poOJIeHOI aeTaii
0e3 10JaTKOBUX BUMIpIB.

Bepcmam
ma IHWe
O00A00HaHHT

ra,,
o Grenmp~——

Fexumy piEaHHsT
170 Io9amkol daH

Pucynok 2. - Cxema 3B's3ky cnektpy TEPC 3 iHmmmu enemeHtamu cucremu: Rajq
(mouaTkoBa MOB30BXKHS IMOPCTKICTh), Ra, ; (moyaTkoBa normepeyHa mopCTKICTh).

ExcriepuMeHTanabHe  JOCHIIKEHHS TMPOBEACHI HACTYMHUM YUHOM. ToOYiHHS
mpoBoAuIIocs Ha TokapHoMy Bepctati 111365, crans Ct 30 3 moyaTkoBUM JliaMeTpoM 46 MM,
kinpkicTh muiiok Np.=9; C1,C4 - kongencaropu emuictio 10 mF; C2,C3 - konaeHcaropu
emHicTio 470 pF. Peectparist curnany mpoBoauThes 3 HaBaHTaxeHHAM R = 2,2 kOm; pizens
T5K10 T'OCT 24996-81 25x20, mnactuna DHMG ¢ipmu "Sandvik Coromant"; mporpama st
CHeKTpaJibHOTO aHamizy "Spectrum Analyser"; BHMIpOBaHHS IIOPCTKOCTI MPOBOIMIIOCS
npodinomerpom TP-200; pexxumu pizanHs 3a3HaueHi y Tabdm. 1.

Tabmuig 1 - Pexxumu pizanas

n, 00/xB S, MM/00 t,MM
273 0,09 0,5
385 0,12 0,75
530 0,17 1

Jns 3a0e3nedeHHs OJHOPIAHOCTI IUIaHY Ta BpaxyBaHHSA yciX  (akTOpiB yBech
eKCIIEpUMEHT TPOBOJMBCA 3a MeEToJOoM panjomizauii. Ilepmmit eran ckinagaBcs 3
panaomizaii n Ta t mpu noaayi S = 0,09 mm/06. pyruit eTan panaomizailis n Ta t mpy moaayi
S =0,12 mm/06. Tpertiit etan pangomizariist n ta t mpu nogayi S = 0,17 mm/00.

XiJ eKCIIEpUMEHTY.

1. TIlpoemeni mnouaTtkoBi Bumipu D, Ra;; (mouaTkoBa TOB3JOBXKHSA IIOPCTKICTH),
Ra, ;(mouarkoBa momnepeyHa MIOPCTKiCTh). IlpoBeneHi BuMipM Ticis KOXKHOTO €TaIry
EKCIIEPUMEHTY.

2. 3a monoMororo nporpamHoro nakery "Neuro Pro" cTBopeHa Ta HaBY€HA MOJIENb MPOLECY
pi3aHHS Ha OCHOBI 324 TECTOBMX 3HAU€Hb paHillle 3HAWICHUX aMIUTITYJI, YaCTOT Ta PEXKHUMIB
pizaHHa (Tabn. 2). B pesynbrari, BUsBIEHI HallMEHIIl 3HAYEHHSI IIOPCTKOCTI pPa3oM 3
31CTAaBHUMHM JI0 HUX PEXHUMH pi3aHHs, puc.3.

Tabnuus 2. - TecToBi pexXUMHU pi3aHHS

VvV S t Ra; 4 Ra, 4
35 0,1 0,5 2,5 1
50 0,12 0,75 5 2,5
65 0,15 1 7,5 5
- - - 10 -

PesynbraT cBiguaTh mpo Te, IO caMe 3MiHHA, a HE IOCTIHHA YaCTHHA CIIEKTPY
HaWOIIBIII  TOBHO BHW3HAYa€E PEXUMH pi3aHHsI. B momanpmioMy, el Crmocid MOXITHBO
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BUKOPHCTOBYBATH JUIS IiIBUIICHHS MPOIYKTHBHOCTI BUPOOHMIITBA 32 PaXyHOK: CKOPOYECHHS
Yyacy Ha BUOIp ONTUMAJIBHUX PEXHMIB Pi3aHHS; 3MEHIICHHS 3HOCY PLKYYOTO 1HCTPYMEHTY;
MOXJIMBOCTI YHUCTOBOT OOpPOOKH pi3lieM 3aMicTh HUTI()YBaHHS;IPOSKTYBAaHHS HOBHX METAJIO
00pOOIOBANBHUX CTAHKIB. A TaKOX, I aHAJI3y CTaHKIB Yepe3 CIIEKTP PEKUMIB Pi3aHHS.

BUCHOBKU
Ha migcraBi excriepuMEHTAIbHHX JOCTIIDKEHb MOXKHA CTBEP/DKYBATH, IO 3MiHHA
yactuHa cnekTpy TEPC mos'szana ta nae indopmariro mpo KiHIEBI 3HaYCHHS HapameTpiB
MOBEPXHI JeTai, 0 1a€ MOXKJIUBICTh 0OpaHHs ONTUMAJIBHUX PEKUMIB Pi3aHHS 32 KOPOTKHI
MMPOMDKOK Yacy. BcTaHOBIIGHI 3aI€)KHOCTI BIUIMBY KOKHOTO 3 TapaMETPiB PEXKHUMIB pi3aHHS
Ha KiHIIEBY SIKiCTh. HOBH3HA OTPUMAHOTO TEXHIYHOTO PIlIEHHs MiATBEpKeHa [§].

CIIMCOK BUKOPHUCTAHOI JIITEPATYPU:
1. lueuoep FO.I. DxcnayamayuonHsie c80lUCmea Oemanell ¢ pe2yiapHbiM Muxkpopeivegom. — 2-e u3o.,
nepepab. u oon. —JI.:. Mawunocmpoenue, 1982. — 248 ¢

2. Peowcumsl pesanus mpyoHoodbpabamuleaemvix mamepuanos: Cnpasounux / A.JI. I'vpeeuu, M.B.
Topoxos, B.U. 3axapos u op. — M.: Mawunocmpoenue, 1986. — 240 ¢

3. 3. [Ipocro3ysanHs @naugy pesicumis pizaHHs nio 4ac moyiHHsA HA AKICMb NOBEPXOHb Oemalell i3
sadickoobpodroganvuux cmanei. A.M. Kycuu, A.M. Jlumsunsx, A.M. Kyx. Hayionanonuil ynigepcumem
"Jlvsiecvka nonimexuixa" 2007 p.

4. Ilocmnos B.B., Vcmanos B.®. Ananusz cheKmpanbHbiX XApAKmMepucmuk U npumeHeHue
MAMeMamuyecko2o NiaHUPOBaHUs. IKCNEPUMEHMa Ol peuleHus 3a0aiy onmuMusayuu npoyecca pe3anus
memannos. Becmuux YIATY, [S.1], v. 15, n. 4 (44), p. 225-229, ase. 2018. ISSN 1992-6502. Jocmynuo na:
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5. Software defined radio: architectures, systems, and functions. Dillinger, Madani, Alonistioti.
Wiley, 2003. 454 pages

6. [anxin B.A. Ocnosu npocpamo-xkoughizypyemoeo padio. - M .: I'apsaua ninisa - Tenexom, 2013. -
372 ¢

7. Teopemuuni ma eKcnepumeHmaibHi nepedymMosu 00CHLONCEHHs. THHOPMAYITIHUX NOMOKIE Npu
dopmoymeopenns pizanusim. Kosanescokuii C.B., Kosanescvka E.C., Kowosuii A.O. [[JIMA 5 c.

8. [Ilamemm 06383 Ykpaina, MIIK GOIB 9/02.Cnoci6 peccmpayii KOMNIeKCHUX napamempis
npoyecy pizanns / C.B, Kosanescokuii, O.1. Jlimeunenxo, 3asen. 07.06.2018; onyon. 13.11.2018 - 5 c.
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AOCIIUKEHHA HOBOI'O METOAY 'BUHTOBOI'O HAKOTYBAHHA V1A
3AIMCHEHHS HOBEPXHEBO-IVIACTUYHOI'O 3SMIIIHEHHS POBOYHX
IHOBEPXOHb JETAJIEM MAIIIMH

Mananuyk C.D.

Ha cporognimHiii 1geHb ICHye Oarato METOMIB  MOBEPXHEBO-IIJIACTUYHOTO
nepopmyBanns  (IIIIJ]) — BurmamkyBaHHs, BIOPOBUITIQIKYBaHHS, JpoOecTpyiiHe
00poOJIeHHs, HAKOYYBaHHS CPEPUYHUM, IMWITHAPUYHAM 1 KPYTOBUM POJIMKOM Ta iHmil. [1].
Takox 3 poboru [4],HamaHi TeopeTHUYHI Ta €KCIIEPHUMEHTAbHI JaHHI IMOJ0 3MII[HEHHS
poOOYMX OBEPXOHB JeTanel MamuH Ha ocHOBI [111/] mpu HaKOYyBaHHI POJTMKOM 3 KPYTOBUM
npodigeM Ta HEraTUBHUM KyTOM Haxwiy oci posuka. Lli crmocoOu maroTh oOMeExeHi
TEXHOJIOTI1YHI MOJIMBOCTi, TOMy, 0 00poOka III1J[ KOpOoTKMX Ta OOMEXEHHX POOOUMX
MTOBEPXOHb 3/1a€THCSI HEMOMIIUBHUM.

Mertoro poOOTH 3 ekcriepuMeHTalbHE MiATBepKeHHs BIUHBY [1I1]] rBHHTOBUM HAKATHUKOM
Ha INOPCTKICTh 1 TBEPAICTh PoOOUYOi MOBEpXHI JeTani mpu OOpOOILi,IpH PI3HUX KyTaxX HaXWIy
HAKaTHUKY.

Teoperuune oOrpynryBanss meroay I[I1/] rBMHTOBUM HaKaTHHUKOM.

[TpoGiemMu o0 OOMEKEHHIO TEXHOJOTIYHUX MOXIMBOCTEH, HU3bKOI MPOAYKTUBHOCTI
nporecy III1/] BupimyeThcs 3a paXyHOK TOTO, HIO y SKOCTI JeOpMyrOuoro iHCTpyMEHTa
BUKOPUCTOBYEThCS TBUHTOBUN HAaKaTHUK 3 KyToM Haxuiy. OOpoOKa HaKaTHUKOM 3aJIEKUTh
BiJl KyTa HaXWJIy HaKaTHUKA, IIary BUTKIB, CIIBBiHOIIEHHS JiaMeTpa HaKaTHUKA, JiaMeTpa
00pOOIIIOBANIBHOI JIeTalli Ta BEIWYMHM KOHTAKTYIOYOi MOBEPXHI HAKATHUKA 3 MOBEPXHEIO
nerani, mo oopodisierses. [Ipu 00poOIi TBUHTOBHMI HAKaTHUK HEMOJBM)KHUHN 1 PO3MILICHUN
i KyTOM , TOMY 32 PaxXyHOK KyTa 1 KPOKY BHUTKIB KOHTaKTy€ 3 MOBEPXHEIO AETaji ojpa3y
JIEKIILKOMa BUTKAaMHM, IO HaJa€ OUIbIIE TEXHOJOTTYHMX MOKIMBOCTEH, 1 MEHII CKJIAIHHI
pyx iHcTpyMmeHty. Illo no3Boiuth 00poOnaTH AeTami y MaloAOCTYHHHMX Micipsix. Cxema
00pOoOKY I'BUHTOBUM HAaKaTHUKOM IpEJCTaBlIeHa Ha puc.l

Pucynok 1 — Cxema 00poOKH FrBUHTOBUM HAaKaTHHUKOM.

3aroroBka JiamerpoM dl, (MM) 3akKpiIUIIOE€THCS Ha BEpCTaTi y MaTpoH 1 3aJHBOMY
LeHTpi.  BUHTOBUI HaKaTHUK AiamMeTpoM d, (MM) Ta mIaroM BUTKIB h, (MM) 3aKpiIuIIO€TbCS B
JiepKaBlli, sIKa pO3MIILY€EThCS B pislieTpuMadi. Jlep’kaBka /J103BOJIsIE€ MOBEPTATHCS OOKATHUKY
Ha HeoOXxinHuM KyT o (rpan). Poboua nmogauya HamaeThcs OOKaTHUKY CYNOPTOM BepcTaTa. B
3aJIeKHOCTI BiJ MOTPIOHOT MIOPCTKOCTI Ta MIIHOCTI 3aJalOThCS MapaMeTpu KyTa HaXuily
oOkaTHUKA 1 ioro podoya rmojava.

MeTtoauka eKCriepuMEHTAIBHOTO TOCIIKEHHS.

OO6poOka 3aroToBKM TPOBOJMIACH Ha TokapHoMy BepctaTi 1K625, netanp 35 mm,
Cranb 30. Hakatauk: giamerp d=36 MM, kpok h=1,5 mwm, noxuna 1=38 mm. BumiproBaHHs
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IOPCTKOCTI  TpoBoauiiocst  mpodimomerpom TP-200, a TBepAaocTi — €IEKTPOHHUM
tBepaomipom ETM-01.

Jns 3abe3nedyeHHs OMHOPIAHOCTI IUTAHY Ta BpaxyBaHHA (AKTOPiB MPOBEICHHS
eKCIIEpUMEHTY BUKOHAHA PaH0Mi3allisl, OCTiIOBHICTh BUKOHAHHS JTOCIiIKEHb.

Pe3ynbpTaTi eKCnepuMEeHTAIBHUX JOCIIKEHb HaBeIeH1 B Ta0muIli 1.

Tabmmus 1
Pesynbratu ekcriepuMeHTATLHUX JTOCITIKCHb.
Tuck KyT Haxuiny HakaTHUKa, Teepaicte nerani, | lllopctkicte neranmi, Ra
HakatHuka P,H | o ° rpan HB MKM
-5 302 4.5
-3 281 5.2
100 0 267 5.7
3 250 5.5
5 276 3.8
-5 271 4.6
-3 276 2.6
200 0 289 4.5
3 281 4.2
5 271 3.5
-5 280 3.1
-3 271 3.5
300 0 283 5.1
3 282 5.3
5 266 5.6

2. O6poOka ekcrepuMEeHTAIbHUX JAaHUX BUKOHYBAJach 3a JIOMIOMOIOI ITPOrpPaMHOIO
nakeTy "Neuro Pro 0.25". CTBopeHa Moenb 3aJIeKHOCTI mapaMeTpiB MOpcTKocTi Ra merai
BIJl KyTa HaXWJIy 0 1 TUCKY HakaTHHMKa P 1 mpejcTaBieHa BepOabHUM OIHCOM:

4. Marematnuna wmoxeinb Ra=f(P; o) BuHKOpuCTaHa il TECTYBaHHS, 3 METOHO
OTpUMaHHS TPOrHO3HUX 3HAUeHb YHMCIOBHUX NapamerpiB ImopcTkocti Ra. Pesymbratn
TECTyBaHHsI HaBeJIeH]1 Ha puc.2.

==Ra P100H
—Ra P150H

Ra P200H
—Ra P250H

LopcTKicTb, Ra mKm

——Ra P300H

Pucynok 2 — I'padiunuii onuc nmapaMeTpiB mOPCTKOCTI Ra Bi KyTy HaxXuiy o 1 THCKY
HaKaTHHKA P .
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TakuM YMHOM €KCHEePHUMEHTANbHO MIATBEPIKEHO T€, [0 HAa MapaMeTpH MIOPCTKOCTI
OlnpIIIe BIUTMBA€E TUCK HAaKaTHUKA, HUK KYT HaXWiIy. A came HaiMEHIIl 3HAYeHHS IOPCTKOCTI
orpumainu npu Tucky P=250 H, i kyry Haxuny o=-5°rpaa. HaiGiiabIi 3HaYeHHS apaMeTpiB
HIOPCTKOCTI OTpUMaIH NpH HU3bkoMy TucKy P=100-150 H i xyrax a=2-3 °rpaa. Tomy mpu
30UIBIICHH]I KyTa HaXWJIy  IMOPCTKICTh 3pOCTAa€, a TPHU 3POCTAaHHI THUCKY IIOPCTKICTh
3MEHIIYETHCS.

Pesynprat TecTyBanHs MatematuuHoi Momeni HB=f(P; «), ama orpumanus
MIPOTHO3HUX 3HAYEHb MmapameTpiB TBepaocti HB, HaBexeHi Ha puc.3.

310
300
—
2
4]
::., 280
E = HB P100H
;_ = HB P150H
= 260
HB P200H
=
250 ———HB P250H
240 e HB P300H
230
6 4 ) 0 2 4 6
a,° rpag,

Pucynok 3 — I'padiunumii onuc 3anexxHocTi napameTpis TBepaocti HB perani Bin kyTy
HaXWJIy o i THCKY HaKaTHUKa P.

TakuM YMHOM EKCIIEpUMEHTAJIBLHO MIATBEP/KEHO T€, 110 MAaKCHUMAaJbHY TBEPIICTh B
Ipolieci HaKaTyBaHHS MOBEPXHI MOXKJIMBO OTPUMATH NP BIIHOCHO HEBEIMKHX 3HAUEHHSIX
tucky P=100-150 H 1 kyty o=-5 °rpaa. A 3pocTaHHS THCKY 1 KyTy HaXxuily HakaTHUKa
MPUBOAMTS /10 3MEHIIEHHS 3MILHEHHS TOBEPXHI.

BUCHOBKU
HoBuszna cmoco6y IIIIJ[ rBUHTOBMM HaKaTHUKOM JO3BOJISIE BUKOHYBATH OOpPOOKY
IMITI B oOMexeHUX 3 000X CTOpPIH MOBEPXOHb. TMCKOM P 1 KyTOM Haxuiy o, TBUHTOBOI'O
HAaKaTHUKA, MO)KHA pEryJioBaTH TBEPIICTh 1 MIOPCTKICTh Aetani. Taxox mnpouec I/
I'BUHTOBUM HAKaTHUKOM SIBJISIETBCS OUTBII TEXHOJOTIUYHUM, Bij 1HIIUX METOJIB 0OpOOKHU 3a
paxyHOK T'BHHTOBOI MOBEPXHI, fIka BUKOHYE POJIb OJpa3y IEKIIbKOX POJIMKIB 31 CKJIaJHOT
TPAEKTOPIIO PYXy 1e(OPMOBAHOTO LIAPY.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU:
1. Hlueuodep FO.I'. Dxcnayamayvionuvie ceoticmea demarell ¢ pe2yiapruim mukpopeavegom / FO.I'. Iluetioep
—JI: Mawunocmpoenue, 1982. — 247c..

2. Kosanescoxkuii C.B. [Jocniodcenns nogepxmnesoco 3miyHeHHs poOO4UX NOBepXOHb Oemainetl
Mauiun Ha OCHOBI NOBEPXHEBO-NIACMUYHOL Oehopmayii npu HAKOUYBAHHI POIUKOM 3 Kpy2osum npogirem |
C.B. Kosanescoxuii, O.B. I'yuun, A.O. Ilonos // Obpabomka mamepuanos dasienuem. - 2016. - Ne 2. - C.
98-101.
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0 BO3MOKHOCTAX IPUMEHEHUSI HEHPOCETEBOI'O MOJIEJIMPOBAHUS
JUJIsA OITPEJAEJIEHUSA OIITUMAJIBHOI'O COCTABA KOMAH/IBI 11O UT'PE
«4TO? 'AE? KOT' JA?» U ITIPOTTHO3UPOBAHMUSA EE PE3YJIBTATOB

Meabuukos A.1O.

Oxkodo 20 net nox sruaor JIuru ykpanHCKUX Ki1yooB [ 1] IpoBOAATCS YEMITHOHATHI 11O
urpe «YUrto? I'me? Korma?», B TOM uyucie — Tak Ha3bIBa€Mbl€ CHHXPOHHBIE TYPHHUPBI, KOTJa
KOMaH/Ibl pa3HbIX TOPOJIOB OTBEYAIOT B OHO U TO K€ BPEMs Ha OJIHU U T€ K€ BOIMPOCHI [2].
[Tocneanue 12 ner komanasl Kpamaropcka MMEIOT BO3MOKHOCTh Y4acTHsl B 3TOM TYpHUpPE Ha
6aze JII'MA, oprann3zatopoM «IuIomaaku» BeicTynaer Kiyd unremnextyansubix urp JIMA
[3]. ITocneqaue aBa roja Mo Takou ke Gpopme I TeX Ke KOMaHI-y9aCTHHUI] OPTaHU3YIOTCS U
IIPOBOJSTCS TOPOICKUE TYPHUPBI.

Komanna ¢opmupyercst mo npaBuiam [4] U IODKHa MMETh B COCcTaBe He Ooiee 6
4eJloBeK Ha Urpy u He Ooinee 10 denoBek Ha MrpoBoil ce30H. Ilpyu BHeceHHHM M3MEHEHUH B
COCTaB CYILIECTBYIOIIEH KOMAaHJbl BCEr/la MHTEPECHO 3HATh, KaK ATH W3MEHEHHUS MOTYT
MOBJIMSTH Ha pe3yabpTaT ee urpbl. [lockonbky Bompockl B «Hto? I'ne? Korga?» npeanonaraior
HE «IpsSAMOE 3HaHHE», a MPUMEHEHUE MHTEIUIEKTYaJbHBIX CIIOCOOHOCTEH MIpOKa, KPUTEPUil
oTOOpa Mo YPOBHIO SPYAUIUN HE MOXET ObITh 3¢ ¢dexkTuBHBIM. Kpome TOro, mpaBMIIBHBINA
OTBET Ha PSAJl BOMPOCOB MOXKET OBITh HAilIeH TONbKO B (opMare OOCYKICHHS BCEMH
ydyacTHUKaMU. O4YeBUAHO, YTO JUISl IPEJCKa3aHMsl BIMSHUS U3MEHEHUI B COCTaBE KOMaHJbl
Ha pe3ylbTaT LeJIecoOOpa3HO  HUCIOJIb30BaTh  COBPEMEHHBIE  MaTeMaTH4YeCKHEe U
MHTEJJIEKTYyaJIbHbIE METO/IbI, B TOM UHCIJIE — METOJ UCKYCCTBEHHBIX HEHPOHHBIX CETEH.

B ¢wusnueckoil KyiapType U CHOpPTE HEHPOHHBIE CETH WCIOJB3YIOTCS AN aHalu3a U
MPOTHO3UPOBAHMS  TOKa3aTeneil  (U3MYEeCKOH  TOATOTOBICHHOCTH  CIOPTCMEHOB U
pe3yJabTaTOB CIIOPTUBHBIX COPEBHOBaHUN. ((HEKTUBHOCTh HCIOJIB30BAaHUS HEHPOHHBIX
ceTeil OOBACHSAETCS BO3MOXXHOCTBIO MOJEIUPOBaHMS (PU3HOJIOTMYECKUX IPOILIECCOB B
OpraHu3Me 4elloBeKa, HOCAIIMX HEIMHEHHBIN XapakTep, a TakKe CIIOCOOHOCTbIO HEMPOHHBIX
cereit k caMoo0yueHuo [5-6].

Ilenpto paboTHl SABISETCS TOUCK IPHUMEPOB, IOKA3bIBAIOIIUX BO3MOXKHOCTU
MIPUMEHEHUSI HEMpPOCETEBOr0 MOJEIUPOBAHUS [UIsl OINpPEAETeHUs ONTHMAaIbHOIO COCTaBa
koMansl o urpe «4ro? I'ne? Korga?» u nporHo3upoBaHus €€ pe3yinbTaToB.

NMmeroTcs naHHble O pe3ynbTaTax ydacTus Komasasl JII’'MA B sramax CMHXpPOHHBIX
typuaupoB JIYK (CT) u ropoackux typaupax (I'T) ¢ 2011 roma (puc. 1). Bce TypHupsI
MPOXOIWIM 1O E€AUHBIM MpaBHJIaM, U Ha KaXIOM ObUIO 33JaHO POBHO 45 BOIPOCOB.
OcHoBHast uH(poOpManus:

— pe3yJIbTaT KOMaH/Ibl (YMCIIO MPABMIHHBIX OTBETOB);

— pe3ysbTar auaepa (JTy4yliee Yuciao MPaBUIbHBIX OTBETOB HA «IUIOLIAIKE));

— cpemHHMil pe3ynbTaT (cpemHee apuMETHYECKOe TPABUIBHBIX OTBETOB Ha
«TUTOIIAJIKEY ).

Takxe MMEIOTCs JaHHble 00 UTPOKaX — Y4aCTHUKAX Kaxkaoro srama. OueBHUIHO, YTO
UCIOJIb30BaHUE a0CONIIOTHBIX IOKa3aTelel He MOXeT aJeKBaTHO OTpaXkaTh CHUTYAalHUIO,
MTOCKOJIbKY Ha Ka)KJIOM TYpHHUpE ObLIO pa3HOE YUCIIO KOMaHJ| pa3HOro YpOBHS MOATOTOBKH, K
TOMY K€ BCE€ ATalbl TOTOBWJIN Pa3HbIE PEJAKTOPHI.
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Hawm Mbi k Mbi K

Hata Typhup |6annsl| CpeaHee| Nugep | cpeaHemy | nuaepy
12.11.2011 [ 1CT1112 | 14 5,88 14 2,380952 1

04.02.2012 | 2CT1112 9 9,5 19 1.0,947368 | 0,47368

17.03.2012 | 3CT1112| M1 9,5 19 1,157895 [ 0,57895
29.09.2012 | 1CT1213| 16 8,86 16 1,805869 1
26.01.2013 | 2CT1213 7 9 14 0,777778 0,5

16.03.2013 | 3CT1213| 13 11 16 1,181818 [ 0,8125

05.10.2013 | 1CT1314 | 14 11,78 19 1,188455 [ 0,73684

07.12.2013 | 2CT1314 9 7,86 11 1,145038 | 0,81818

15.02.2014 | 3CT1314 14 10 14 1,4 1

08.11.2014 | 1CT1415| 23 13,14 23 1,750381

20.12.2014 | 2CT1415| 15 8,75 15 1,714286

14.03.2015 | 3CT1415| 16 9,2 16 1,73913

07.11.2015 | 1CT1516 | 12 6,14 12 1,954397

23.01.2016 | 2CT1516 | 22 13,4 22 1,641791 1

09.04.2016 | 3CT1516 | 10 7,67 11 1,303781 [ 0,90909

05.11.2016 | 1CT1617 12 8,38 14 1,431981 1 0,85714

21.01.2017 | 2CT1617 | 11 8,11 12 1,35635 | 0,91667

18.03.2017 | 3CT1617 | 14 11,13 16 1,257862 [ 0,875

04.11.2017 | 1I'T1718 | 18 16,4 24 1,097561 [ 0,75

18.11.2017 | 1CT1718 | 17 12,67 17 1,341752 1

16.12.2017 | 2IrT1718 | 21 19,67 30 1,067616 0,7

27.01.2018 | 2CT1718 9 9,44 19 0,95339 [0,47368

10.02.2018 [ 3IT1718 17 17,3 28 0,982659 [ 0,60714

10.03.2018 | 3CT1718 | 15 10,44 19 1,436782 [ 0,78947

31.03.2018 | 4I'T1718 [ 17 14,78 25 1,150203 [ 0,68

02.06.2018 | 5I'T1718 | 29 21 29 1,380952 1

29.09.2018 | 1I'T1819 | 20 10,78 20 1,855288 1

03.11.2018 | 2rT1819 | 21 15,56 22 1,349614 [ 0,95455
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17.11.2018 | 1CT1819| 16 14,86 20 1,076716 0,8
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Pucynok 1 — /lanHble 0 pe3yapTarax

B pacuer Oyaem mpuHUMATh OTHOCUTENIBHBIC MOKA3aTENd, YCIOBHO Ha3BaHHBIC B
TabJIMIE TaK:

— «MBI K cpeiHEMY» — OTHOIIIEHUE Pe3yJIbTaTa KOMaH/Ibl K CPETHEMY Pe3YibTaTy;

— «MBI K TUAepy» — OTHOILLIEHUE pe3yNbTaTa KOMaH/bI K pe3ybTaTy MOOeaAUTEIS.

C mMaTeMaTH4eCKO TOUKH 3pEHUS 3a/1auy MPOTHO3UPOBAHUS MOKHO C(HOPMYIUPOBATH
CIIEYIOIUM 00pa3oM: MO0 UMEIOIIMUMCS JaHHBIM 00 UTPOKAaX KOMaH[bl Ha KOHKPETHYIO UTPY
MpeACKa3aTh OTHOCUTEIBHBIN pe3yIbTaT KOMaH bl Ha 3TOW UTpe.

Ha puc. 2 mnpeacraBneHsl 00paboTaHHBIE JaHHBIE: TMPEASaraeTcs HCIOIb30BaTh
nHpopmanuo TOoapko ¢ 2016 roma (IMOCKOJIBKY MHOTHE YK€ HE Y4YacTBYIOT B
COPEBHOBAaHMAX), a TakKKe HE pacCMaTpUBaTh WIPOKOB, KOTOpPbIE MPHUHSIIM Y4acTHUE
«CITy4arlHO».

Hawwum Mbl k Mbi k

Harta TypHup |6annbl| CpegHeel| Jlupep | cpeaHemy | nugepy
05.11.2016 | 1CT1617 12 8,38 14 1,431981 | 0,85714
21.01.2017 | 2CT1617 11 8,11 12 1,35635 [0,91667

18.03.2017 | 3CT1617 | 14 11,13 16 1,257862 | 0,875

04.11.2017 | 1I'T1718 18 16,4 24 1,097561 | 0,75

18.11.2017 | 1CT1718 | 17 12,67 17 1,341752 1

16.12.2017 | 2IT1718 | 21 19,67 30 1,067616| 0,7

27.01.2018 | 2CT1718 9 9,44 19 0,95339 |0,47368

10.02.2018 | 3rT1718 | 17 17,3 28 ]0,982659 | 0,60714

10.03.2018 | 3CT1718 | 15 10,44 19 1,436782 | 0,78947

31.03.2018 | 4I'T1718 17 14,78 25 1,150203 | 0,68

02.06.2018 | 5IT1718 [ 29 21 29 1,380952 1

290.09.2018 | 1I'T1819 | 20 10,78 20 1,855288 1

03.11.2018 | 2IT1819 | 21 15,56 22 1,349614 | 0,95455
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17.11.2018 | 1CT1819| 16 14,86 20 1,076716 0,8

ofala|-a]lo|o|o|o|o|lo|o|o|o|oNawenko

Pucynok 2 — CokpallleHHbIE€ TaHHBIE O PE3yJIbTaTax

3agady pemaeM METOJO0M HMCKYCCTBEHHBIX HEHPOHHBIX ceTed. B kadecTBe mMopenu
HEHpOHHON ceTH  1enecooOpa3HO  BbIOpaTh  ABYXCIOWHBIA — mepcentpoH. OreHka
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MPEINOYTUTENIEHOIO YKciIa HEHPOHOB B CKPBITOM CJIO€ IPOBEIEM, HUCIOJb3Ysl M3BECTHOE
HepaBeHCTBO [7-9]. BenuumHy CKpBITOrO cj0s MHPUMEM paBHbIM 5 HelpoHam. Tun
aKTUBaLlMOHHON (yHKuMH — curmomja. OOyueHHe ceTu MPOBOAUTCS METOAOM OOpaTHOIO
pacrpocTpaneHus omuOoK. Pacuer 6bu1 poBesieH B cpeae Deductor Studio [10].
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Pucynok 3 — I'pad neitponnoii cetu MLP-11-5-2

Mpa® HetipoceTd X | Yroecan X Jwarpamma paccestud X|
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| ® Mol K cpegHemy OUT @ Mol k cpegHemy —— 3TanoH
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Pucynok 4 — Jlnarpamma paccessaust MLP-11-5-2

BbIBO/IbI

Hcnonp3oBanue anmapara HCKYCCTBEHHBIX HEHPOHHBIX CETEH Ul OIpENCIICHUs
ONTUMAJIBHOTO cocTaBa KoMaHiabl 1o urpe «Urto? I'me? Korma?» u mporHo3upoBaHUs €€
pe3yJbTaTOB MOXKET IIO3BOJIUTh 1O MMEIOIIMMCS JaHHBIM O TIPEIIoiaraéMoM COCTaBe
KOMaHJIbl MPEJCKa3aTh €€ OTHOCUTENBHBIA PE3yNIbTAaT MO OTHOIICHUIO K MOOEIUTENI0 U TI0
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OTHOIICHUIO K cpelHeMy 3HaueHHI0. K HampaBieHUsIM COBEpIICHCTBOBAHUS MPEATIOKEHHOM
MOJIETT MOXHO OTHECTH BBEJICHHE HOBBIX (DAKTOPOB — 3HAYCHHI MPEABIIYIIUX PE3YyJIbTaTOB
KOMaH/Ibl, @ TAK)K€ PEJaKTOPOB MAKETOB BOIIPOCOB KaXA0T0 TyPHUPA.
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0 BO3MOKHOCTAX IPUMEHEHUSI HEHPOCETEBOI'O MOJIEJIMPOBAHUS
JIJIA TPUBJINU3UATEJIBHOIO HAXOXKJIEHUS ITOKA3ATEJENA CHOPTCMEHA -
METATEJIA AAPA

MeabnaukoB A.JO., Kagankuii H.A.

CoBpeMeHHBII YPOBEHb Pa3BUTHUS JIETKOH aTJETHUKH, B YaCTHOCTH — TOJKaHMS s/pa,
npu 00OCTPSIONICIHCS KOHKYPEHIIMHM Ha MEXKIYHApOJHOM apeHe CTaBUT 3agady pa3padoTKu
HOBBIX, 0OOJiee palMOHAIBHBIX CPEACTB M METOAOB CIIOPTUBHOH ITOATOTOBKH, KOTOPBIC
COICUCTBYIOT OBICTPOMY M HAJEKHOMY JOCTHIKEHHIO BBICOKHX CIIOPTHBHBIX PE3yJIbTATOB.
Oco0OeHHO BO3pociIa HEOOXOAMMOCTh B HAYYHBIX MCCIEAOBAHUAX IIOCIIE 3HAYUTEIBHOIO
POCTa CHOPTUBHBIX JOCTHKEHUH, OOBSICHSIOIErocs, B IIEPBYIO OYepellb, XOPOIIECH CHIOBOU
MOJroTOBKOM MeTaTensi. OTHAKO CHITYy HENb3s YBEIMYMBATh OCCKOHEUHO, U JATBHEUIITHHA POCT
PE3YJIBTaTOB BO3MOXKEH 3a CUET JIYYIIETO UCIIOJIb30BAHUS COYCTAHHS APYTHX I1apaMeTpOB.

Cornacho [ 1], nanpHOCTb nOJIETA siipa L 3aBUCUT OT CIEAYIOUMX TPEX BEIMUHUH:

— Ha4aJlbHOU CKOPOCTU V(, C KOTOPOH SIIPO BBHITAIKHBACTCS;

— yria K TOpu30oHTY 0, OJT KOTOPBIM PO BBHITATKUBACTCS;

— BBICOTHI HaJ 3emJiiel Ho, Ha KOTOpoH s1po moKuaaer pyky (puc. 1).

MNANoCKoCTE

Pucynok 1 — U306paxkenue BekTopa GpU3NMUECKUX TEPEMEHHBIX

2IF . . Ph
L= Prcoswo(sma)o+ sin® w, + —2-). (1)

., F

N3 popmynel (1) BUIHO, 9TO YeM MEHBIIE CUJIa BO3JCHCTBUS HA SIAPO, TEM OOJBIINM
JOJKeH OBITh yroll HampaBlIEHUs OSTOW CHIIBI, KOTOPBIA nemoHcTpupyer puc.l. Ilpu
OTIPENICTICHHOM JUIsl TAHHOM CUJIBI yTJie HACTYNaeT ONTUMAJIbHOE COYETaHUE BCEX BEIMYHH,
YTO IPUBOJUT K MAKCUMAIILHOH TaJbHOCTH TOJIETa CHApSIIA.

Hns mpoBeaeHust pacyeToB 1o ¢opmynam u3 [1] Obima cozmana mHGOpMAIMOHHAS
cucTeMa — IpuiiokeHue [2-3], mo3BOIIsONIee MPOBECTH MOJCIUPOBAHUE TOJNKAHUS SApa C

MeCTa M OIpeNeIUTh ONTUMAIbHOE COYETaHHE MOKa3aTeseil A omnpeaeseHHoro sjapa (puc.
2).
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9 Marematnueckoe MOAENHPOBAHHKWE C MECTE _— m} X

JanHeie  Pesynetatel  [pagukn  MHdopmauua no dopmynam  Bexog

Mone]mposa}l:mre TOJIKAHHA AOpa ¢ MECTa

Bricora otpeiea agpa (h0):
Hactoammwii peaynst:

Bec agpa: 7k, w

Haanenas cropocts (v0):

O10pgo 15

Hauaneuerit yron (S0)

Ot 0 mo 30

[Noacuenue

MnockocTe

Komrmaecteo pacceTos Tabmmer: | 300

Crmopennposate

Pucynok 2 — OcHoBHasl BKJIa/IKa MPUIIOKEHUs (Ha4yaJabHbIe JaHHBIC AJIs 7 KT. spa)

O4eBUIHO, YTO ONMCAaHUE CIIOPTHUBHOM TEXHUKM MCKIIOUUTENBHO YpPaBHEHUSIMU
MEXaHUKH MOXKET HE YUYUTHIBaTh DAl (HaKTOPOB, KOTOPHIC, SBISSCH MAIO3HAYUMBIMHU IS
a0COJIIOTHBIX 3HAYEHUH pe3ysbTaTOB, MOT'YT OKa3aTh CEPbE3HOE BIMSHHUE Ha OTHOCUTEIbHbIE
ITOKa3aTeNH.

B ¢usnueckoil KynbType U criopre HEHPOHHbBIE CETH HMCIIOJIb3YIOTCS Ui aHaluu3a U
MIPOTrHO3UPOBAHUS TOKa3aTesneld (PU3NYECKOW IMOATOTOBIEHHOCTH CIOPTCMEHOB, a TaKke
pe3yJIbTaTOB CHOPTUBHBIX COpeBHOBaHUH. O((HEKTUBHOCTh HCIOJIB30BaHUS HEWPOHHBIX
cereil OOBSCHSETCS BO3MOXKHOCTBIO MOJAEIMPOBAHUSA (PU3MONOTMYECKUX MPOIECCOB B
OpraHM3Me YeJIOBEKa, HOCALINX HEIMHEWHBIH XapakTep, a TaKKe CIIOCOOHOCThIO HEMPOHHBIX
cereit k camooOyueHwuo [4-5].

Henpto paboThl ABIsETCS MOUCK MNPUMEPOB, MOKA3bIBAIOUIMX BO3MOKHOCTH
NPUMEHEHHUsT HEHpOCEeTeBOro MOJENUPOBAHUSA U  NPUOJIIM3UTENIBHOTO  HAXOXKJIEHHS
ITOKa3aTeNIe CIIOPTCMEHA-METATENs SApa.

B [6] npuBoasTCS AaHHBIE O XapaKTEPUCTUKAX BOCBMH CIOPTCMEHOB (BO3pacT, pocT,
Macca Teja, NPEeAIOYUTaeMbli METOJl METaHHs), a TakK€ HX CIIOPTUBHBIE PE3YIbTaThbl
(HayaybHast CKOPOCTH IOJIETa S7pa, YroJl METaHMs, BbICOTA OTPbIBA OT PYKH M PacCTOSIHUE
roJjieTa).

C MaremMaTM4eckoil TOYKM 3peHHs MOXHO c(hOpMyIHpoBaTh JBE 3aJaud
MIPOTHO3UPOBAHHUS:

— II0 MMEILMMCS JaHHBIM O BO3pacTe, pOCTE, MAacce Tella aTieTa, a TaKKe
XapaKTEPUCTHKAX MOJIETa SApPa ONPENEIUTh JAIBHOCTh 3TOIO MOJIETA;

— 10 UMEIOIIMMCS JaHHBIM O BO3pacTe, pOCTe, Macce Teja aTieTa, a TaKKe JalbHOCTH
MIOJIETA s1/Ipa ONPEIECIUTh ONTHUMAIBHOE COYETAaHHE XapaKTEPUCTHUKAX IOJIeTa — HAYaJIbHOU
CKOPOCTH, yTIJI€ U BBICOTE OTPHIBA.
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Name | Technique Age HeIgNUVVeignt VU |~ au  HU  Distance
[years] [m] = [kg] [m/s] [T [m] [m]

Cantwell  Rotational 28 198 140 14 37,8 2,29 22,03
Majewski  Glide 27 204 132 13,8 39,3 2,43 21,91
Bartels Glide 31 187 135 14 336 2,12 21,37
Hoffa Rotational 31 182 133 14 34,4 2,06 21,28
Nelson Rotational 34 183 115 14,1 32,9 2,05 21,11
Lyzhin Rotational 28 189 110 13,6 39,2 222 20,98
Mikhnevich Glide 33 202 127 13,4 37,7 2,43 20,74
Vodovnik  Rotational 31 196 145 13,7 33.1 2,25 20.5

Pucynox 3 — Jlanusie 00 atierax

O0e 3amaum MOXHO PpEUIMTh METOAAMU HCKYCCTBEHHBIX HEHpOHHBIX ceTedl. B
Ka4eCcTBE MOJICIM HEWPOHHOH ceTH Lenecoo0pa3HO BHIOPATh JABYXCIOWHBIH IHEPCENTPOH.
OneHka NpeANnoYTUTEIBHOIO 4YHCIa HEWPOHOB B CKPBITOM CJIO€ IPOBEIEM, HCIOJIb3YS
U3BECTHOE HepaBeHCTBO [7-9]. B mepBoM cilydyae BEIMUYMHY CKPBITOTO CJI0sI IPUMEM PaBHBIM
3 HeiipoHam, BO BTopoM — 5. Tun akTtuBanMoHHON (yHKIMM — curmouga. OOyueHue cetu
IPOBOAUTCSI METOJIOM OOpaTHOTO pacHpocTpaHeHus omuoOok. Pacdyer ObLT mpoBeneH B cpene

Deductor Studio [10].

Age [vears)

Height [m]

Weight (kg)

w0 [mds)

al (]

HO [m)

Pucynok 4 — I'pad neiiponnoit cetu MLP-6-3-1
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[pat HefpoceTi X| Yro-ecom X| O6yyatowmii Hatop X Jlkarpama paccesnia X| -

b3 LE - E-&-%| 2 oweaos 2] F |-

224

20',5 20:?4 20,'98 | ,|11 21 ,I28 21 :3? 21 :91 22,'03
@ Distance (m)_OUT @ Distance (m) — 3TanoH - - - BEpxHAR PAHUE - - - - HikHAS atiua |
Pucynok 5 — luarpamma paccessaust MLP-6-3-1
Age [vears)
vl [mi's)
Height [m]
al[’)
Weight (kg)
HO ()
Diztance (m)

Pucynok 6 — I'pad neiiponnoit cetn MLP-4-5-3
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Tpat vefipacerw X | Yroeons X | Dbywaowmit nagop X [uarpawivia paccesun X | -

B IE-G- E-Q-% = |owkx005 3 'y EO-

14,25
1424t
[PREE
1444t
1405
14
1385
1391+
1385 |-
138
13,75
[ERE B
1365
136
13,55
1354+
1345
134 ] 4
1338 |
133
132541

("= o gmisy_our & vi(mis) — GTanoH - -~ BEpRHAR PAHWLE -~ - HGKHAR MaHdLE ||

Pucynok 7 — luarpamma paccessaust MLP-4-5-3

BbIBO/IbI
Hcnonb3oBanue arrapara HCKYCCTBCHHBIX HeﬁpOHHLIX cerel IIpu pacyecTe
Imokasareiei CIIOPTCMCHA-MCTATCIIA Apa MOXCT MNO3BOJUTL IO HMMCIOIIMUMCA AdaHHBIM O
BO3pacTe, poCTC, MACCC TCJIa aTJICTA, d TAKIKC XaPAKTCPUCTHUKAM IIOJICTA AJpa OIpPCACIINTDL
JaJIBHOCTB 3TOI'O ITOJIETA; C IlperfI CTOPOHBI — I10 UMCIOIIUMCS JAHHBIM O BO3pacTe, POCTC,
Macce TCJla aTyI€Ta, a TAKXKE JaJIbHOCTHU IIOJICTa d1Apa OIPCACINTb OIITUMAJIIBHOC COUYCTAHUC
XapPaKTCPUCTHK IT0JICTA — HavyaJlbHOM CKOpPOCTH, yrijia U BBICOTC OTPhbIBA.
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ITPOEKT I'HYYKOI'O TEXHOJIOI'TYHOI'O KOMIIVIEKCY BE3IIEPEBHOI'O
BUPOBHUIITBA

Hoc P.C.

XKutreBuit ntuka BUpOOY B 3HAYHIM Mipi 3aJ€XKHUTh BiJl TEXHOJOTIYHOCTI HOro
KOHCTPYKIIIi MpU BHUTOTOBJICHHI Ta ekcruryaramii. KoHcTpykiiss BUpoOy, B IepIly dYepry,
MOBHHHA OYTH MIATOTOBJIEHA J0 KOHKPETHUX YMOB: TE€XHOJOTi, 00JaJHaHHS, TEXHIYHOTO
OCHAIIIEHHS Ta oprauizarii nporecy [1].

Jis  TiOBUIICHHS THYYKOCTI  aBTOMATH30BAHOTO  BUPOOHUIITBA  HEOOXiTHO
IT1JIJTAIITOBYBATUCS 1] )KOPCTKY KOHKYPEHIIIIO Ha CBITOBOMY PHHKY, HEOOX1THO B KOPOTKHMA
MPOMDKOK 4acy i 3 MiHIMaJIbHUMH 3aTpaTaMyd MaTH 3MOTY Tepe HaJlaIlTOBYBAaTH OOJIaJHAHHS
JUIS. BATOTOBJIEHHS BUPOOiB [2].

B nexy Nel6 ITAT «HKM3y, sxuii 3a0e3nedye BUIyCK JeTaield i TiIpOoIIiHAPIB
PI3HUX THIOPO3MIpiB,0yNU BUSBIEHHI Taki mpoOIemMu:

- HepallioHaJbHE BUKOPUCTaHHS pecypciB (3aroTiBeIbHUI MpoIiec);

- HE JIOCTaTHIH PiBEeHb BUPOOHUYOI CUCTEMH ITiIMPUEMCTBA;
- HE JIOCTaTHIH piBEHb 'HYYKOCTI BHPOOHHIITBA.

Mertoro aHoi poboTH € po3poOKa aBTOMATUYHOT FHYYKOi CUCTEMH Ul BUPOOHUIITBA
rigpommtinapis Tury HK-40-36.

JUis oTpuMaHHs 3aroTiBill KOPHYCY TiAPOLMIIIHAPY BHKOPHUCTOBYETHCS IIOKOBKA.
KoedimienT BuKopucTanHs marepiany ckiamae ycporo 0,66. bBarato marepiany yxXomuTh y
CTPYXKKY Ha MEXaHOOOpPOOHMX omnepauisx. Takoxk 3aroTiBiis MOKOBKA JOOABIIs€ yCKIIaAHEHHS
Ha MEXaHo0OpoOHMIT Tipotiec. Y orpumaniil 3arotiBiai @ 410 HEoOX1AHO HA MEXaHOOOPOOHUX
omeparlisix 3pooutu otip O 236 mm.

3acrapuie oOnagHaHHS He 3a0e3nedye MiBMILEHY THYUYKICTb 1 aBTOMAaTH3allilo
BUPOOHMIITBA TAPOUMIIHIPIB. Takoxk 3acTapisii BEpCTaTH 3MYILIy€e MOAUIATH TEXHOJOTTYHUN
mpolec Ha 6araro omnepaniil Ha pi3HUX Bepcrarax. CkiagaHHs T1IpOUNIIHAPY BUKOHYIOTh Ha
creniaii3oBaHuX creHaax. llepeHanapkyBaHHS TaKMX CTEHJIB IiJ| Pi3HI po3Mipu BHPOOiB
3aiiMae OaraTo 4yacy, a B JIIKHX BHIIQJKaX TEPEHATAIUTH iX HE MOXKIUBO. J[s1 THyYKOTrO
aBTOMAaTM30BaHOTO BHPOOHMIITBA Taka CXeMa CKJIQJaHHA HE MiAXoAuTh. s BUpILIEHHS
nepepaxoBaHuX MpodseM po3pobiieHni NepCeKTHBHUNA TEXHOIOTTYHUHN TpoIIeC.

Jlns oTpuMaHHs 3aroToBkH npononyetbest MBJI3 (puc. 1) - mammna 6e3nepepBHOTO
TUTTA 3aroToBOK. MBJI3 n03Bosisie OTpuMyBaTH 3aroTiBII ) yCiX AeTaled TiIpOUWIiHIPY 3
BHUCOKHM KoeillieHTOM BUKOpucTaHHA Matepiany 0,9. Takuif MeTox OTpHUMaHHS 3aroTiBili
J03BOJIUTH CKOPOTUTH TEXHOJOTIYHUI TMPOIEC BUTOTOBIEHHS TiAPOIIIHAPY. MarmHaa
0e3mepepBHOro JUTTA 3aroTOBOK 3a0e3nedye THy4yKiCTh 1 aBTOMaTH3alil0 BUpoOHUITBA. [0
MBJI3 nonaethes AekuIbKa KpUCTamizaTopiB (7) sl OKpeMUX JAeTanel riapomniaapy. s
OTPUMaHHS 3aroTiBJIi KOPIYCY TiIPOLMIIHAPY BUKOPHCTOBYETbCS METOJ| 0€3-1IIEHTPOBOIO
OTpUMAaHHS 3aroTiBJIi.

Jlo mpoMixHOro KoBmia 1 ONA€TbCs JIEKIJIbKAa PO3TUBHUX OTBOPIB 3 CTOIMOPHUMHM
MeXaHi3MaMu 2 [UIs pO3JIMBY METaly JJisi OTPUMAaHHS 3aroTiBelb pi3HUX netanei [3,4].

3 BUKOPUCTaHHSAM HOBITHIX BepcrariB 3 YIIK Oiunpmricte onepariii  MOXJIHBO
BUKOHYBaTH Ha oaHoMmy BepcraTi 3 UIIK y aBromatnunomy pexkumi. BuOpanwuii ToxapHo-
¢dpeszepuuii Bepcrat 3 UIIK no3Bonsie 06’eaHaTH Gpe3epHi, TOKapHi, CBEpAIMIbHI oneparii.
Ile B GaraTo pa3iB CKOpOUYYy€E JOMOMIKHHI Yac 0OpOOKHU JeTaNICH.
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Puc. 1 - Cxema MBJI3

OCHOBHMMHY YaCTHHAMH aBTOMATHYHOTO CKJIAJIAHHS €:

- 3aBaHTAYXEHHS 1 ITONEPEIHS OPIE€HTAIlIS JETaNCH;

- TPAHCIIOPTYBAHHS JICTAJICH B 30HY CKJIAJIaHHS;

- 6a3zyBaHHS 1 ocTaTOYHA (B3a€EMHA) OplE€HTAIIS;

- BUKOHAHHS 3'€JHaHHS;

ABTOMaTHYHA CKJIAQJaHHS MPEIBIsIE Pl OCOOIMBUX BUMOT 0 KOHCTPYKLIi BUPOOY 1
fioro enemeHrtiB. He BHKOHAHHS IMX BUMOT MOXE MPH3BOJHUTH JO 3HIKCHHS SKOCTI
OTpUMaHUX BUPOOIB, HEBUIIPABIAHUX BUTPAT Mpalli, KOIITIB, MaTepiajiB, 4acy i 4aCTO POOUTH
HEMOXJIMBUM aBTOMATH3AIlII0 CKJIaaIbHUX mporiecis [4,5].

VY KO)XHOMY KOHKPETHOMY BHIIJIKy YHCJIO 1 3MICT BUKOHYBaHUX OIepalliil 1 mepexo/iB
CKJIQIAJTILHOTO TIPOIeCY OOYMOBIJICHO KOHCTPYKIIIEIO JeTaneid i BUpoOW abo CKIagaibHOT
onuHUI. [CTOTHMI BIUIMB Ha HAIINHHICTH 1 SKICTh aBTOMATHMYHOTO CKJIAJATbHOTO IMPOIECY
HaJaoTh (PYHKIIOHAJIBHI €JIEMEHTH JeTalel 1 CKIaJaJbHUX OJUHHIb, 1110 OEpyTh y4yacTb y
CKJIaJIaTbHOMY TIpOIleCi 1 B3aEMOJIIOTH 3 OpIEHTYBAJbHHUMH, TPAHCIIOPTHUMHU Ta
BUKOHABYMMH CKJIAJAIBHIMHU MEXaHi3MaMH aBTOMAaTHYHOTO CKJIaJalibHOTO OOJagHaHHS [S-
8].

KepyBaHHS 1 KOHTPOJIb THYYKOi aBTOMaTUYHOI MEXaHOCKJIaJaJIbHOI JIiHIT 3a0e3mneuye
- YOK (ympaBnstounii 00uncIroBaIbHIN KOMILIEKC), pUC. 2.

MO Cri1agaHHA
3aroToeka B A
€pcTaTd 3 BTOMATH30EaHe
ﬂ- 1K CKJIaJaHHSA

1 t

YOK

Puc. 2 — Bbrok cxema po3po06sieHOro BUpOOHUIITBA T APOLUITIHIPY

ABTOMaTH30BaHa JIHIA CKIAJAEThCId 13 JEKIIbKOX MIACOTOBYMX CKJIAZadbHUX
Biiainens. llepine miAroToBuYe BIiAAUICHHS 1€ MHUWKAa 1 CYIIKa KOPMYCY TiAPOIHIIHIDY.
Muiine miAroToBYE BiIUICHHS 3HAXOUTHCS HA KOHBEEP! aBTOMATHYHOI JIiHii. [Ticias MutTs 1
CYUIKH TiIpOMWIIHIAP BIIMPABISE€ThCA MO KOHBEEPY Ha 3araibHe CKianaHHd. [lapanensHo
MHUTTIO KOPITYCY INTOK 4 CKIaAa€ThCs 3 TUTYH)KEPOM Ha OKPEMii CTPIUIll KOHBEEPY.

Ha niaroroBuomy ckiananbHOMY BiJIUICHHS SIKUM 300paxkenuid Ha Puc. 3, Ha mTok |
MIPUEAHYETHCS TUTYHXKEP 2, AKUN 3aKPITUISIETHCS TaWKOI0 3, 3aKPIIUISIIOYUM MEXaHI3MOM 4.
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Puc. 3 —Iligrorosue cxiiafajbHe BIAAUICHHS

Po3pobiiena cxema aBTOMaTUYHOTO BUTOTOBJICHHS T1IPOIMIIIHAPIB BIIHOCUTHCS 0
THYYKOi CHCTeMH BHpOOHUITBA. [IpeacTaBieHnii TEXHOIOTIYHHHA MPOIeC OTPUMAHHS JAeTanen
TIAPOLMIIIHAPIB A€ 3MOTY BUTOTOBIIIOBATH T1APOLMIIHAPHU Pi3HOI KOHGITypallii, 3 MBUAKIM
MEePEeHATIArOPKEHHSM ITiJI Pi3HI TUIO po3Mipu netaineil. Lle n03Boiisie 3HAYHO CKOPOUYETHCS
ITYYHU dYac CKIaJaHHsS BUPOOiIB, 3a paxyHOK aBTOMAaTH3allli MEXaHOCKJIaJalIbHOTO
KOMIUICKCY CKOPOYYIOTBCS KOINTH Ha 3apIuiaTHIO. Po3pobieHy cuCTeMy MOMKIHMBO
MepeHanaKyBaTH MPHU 3MiHI CKIAJaTbHUX BHPOOIB 1 JIETKO MEpeHanaKyBaTH ii JJIsl HOBUX
BUPOOIB.
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JOCAIJIKEHHA KOMIIIEKCHOI JIIATHOCTUKHU 3PA3KIB HA
BIANTOBIJIHICTH PO3MIPHUM TA ®IBUKO-MEXAHIYHUM ITIOKA3ZHUKAM

OpJaenxo M.B.

MeToro poOOTH € JOCHTIKEHHSI aKyCTUYHOT 1e()eKTOCKOIIIT 3pa3KiB JeTaneil MammH, a
TaKOX MiJX1J1 10 BUSABJICHHS AePEKTHUX BUPOOIB K 32 HAABHICTIO AePEKTIB HEOHOPIAHOCTI
METaJTy TaK 1 10 po3Mipam.

AKTyaJIbHICTh TTPOOJIEMH TOJISITAE B TOMY, 110 B MAIIMHOOY1IBHOMY BUPOOHHUIITBI JJIs
3a0be3neueHHs SKOCTi, HAIIHOCTI 1 B3a€MO3aMIHHOCTI BUPOOIB Ha BUKOHAHHS JIHIMHMX 1
KYTOBHX BUMIPIOBaHb, BUKOPUCTOBYETHCA 110 25% TpynoBux pecypcis [1. 2].

JJi1 KOHTPOJII0 HOMEHKJIATYPHOTO psiAy AeTanell B MalIMHOOYIBHOMY BUPOOHHUIITBI
BHKOPHUCTOBYIOTBCSI METOAM BHOIPKOBOTO KOHTPOJIIO SIKI HE JAOTh TapaHTIIO SKOCTI BCiel
naprii geranelf, xoya 1 BHKOPHCTOBYIOTHCSI PYHHIBHI 1 HEpyHHIBHI METOAM, NPOTE€ BOHU
noTpeOyIoTh Olbllle Yacy Ta BHUKOPUCTAHHS CIICLIaJbHOTO OOJAaTHAHHS HAa BUKOHAHHS
3aMipiB Ta MIATBEPIKCHHS SKOCTI BEIMKOrabapUTHUX AeTaneld. BukopucTaHHS BKazaHUX
BUIIE METO/IB KOHTPOJIO B BHUPOOHUITBI HE AalOTh 3MOI'M IPOBECTH AaBTOMATHU3ALIIO
3acTapiyioro BUpOOHUYOTo mpoiiecy [3. 4].

BusBrieHHs mopylieHb CYHIIBHOCTI 200 OJHOPIIHOCTI MAaKPOCTPYKTYpH, BiIXWUIIECHBb
XIMIYHOTO CKJIaMy JeTajei € BaXJIMBHM €TarioM PO3BUTKY MAlIMHOOYIIBHOTO BHPOOHHIITBA
[5].

B craTTi 3anpornoHoBaHO METOJ €KCIIPEC NIarHOCTUKH IS BUSIBIICHHSI BUPOOiB, SIKi HE
BI/IMOBITAfOTh TEXHIYHUM BUMOTaM [6].

JJis IOBHOTO KOHTPOJIIO BUTOTOBJICHHS JETalli BAJIOK, MOYMHAIOYI BiJl 3arOTiBIi J0
¢iHaIBHOT OOPOKH MPOIOHYETHCS BIPOBAIXKEHHSI IPOIIOHOBAHOIO CIIOCO0Y sl KOMIUIEKCHOT
JIaTHOCTHKY YJIbTPa3BYKOBUM KOHTPOJIEM 3 HEHPOMEPEKEBOIO MOIEILIIO.

3aBIsSKM MPONOHOBAHOMY CHOCOOY MOJKJIMBO JIIarHOCTyBaTH Opak jaeraneil e Ha
CTajil 3aroTiBii MIBUAKO 0€3 pyHHIBHOTO KOHTPOJIO 1 3 BUCOKOI TouHICTIO. Jlami Ha cramii
MeXaHOOOpPOOKHU JTa€ MOXKIIMBICTh KOHTPOJIIOBATH JIiHINHI 1 llamMeTpaiibHi po3Mipu Aetani. Lle
TaKOX J1a€ MOJIMBICTh MPOBOJIUTH aKTUBHUI KOHTPOJb BUTOTOBJICHHS JETaJl, IO TO3BOJISE
IIPOBOJIUTH aBTOMAaTHU30BaHy 00pOOKY 13 BUCOKOIO TOUHICTIO [7. 8].

3 IOTIOMOTOI0 YIIBTPa3BYKOBOMY BIUIMBY MH MAaTHMEMO TIOBHY XapaKTEPHCTUKY
AeTani, Juig TOro mod po3mudpyBaTH Il 3HAUEHHsS 1 BUKOPUCTOBYBATH X JUIS T1arHOCTUKH
HEOOX1HO HAaBUYUTH HEHpoMepexeBy MOJeNb BIAPI3HATU IOJHI JAeTail Bij OpakoBaHuXx. Lls
MO/IeJIb JO3BOJIUTh BU3HAUATH Jialla30H NPUAATHUX 1 HE IpUIAaTHUX AeTanei [9].

VYnpTpa3sByk 100pe TMOMMPIOETHCS B ACAKHMX — MaTepiasiax, M0 JJ03BOJISE
BUKOPHUCTOBYBaTH HOro Juisl yJabTpa3BYKOBOi aedekrockomnii BUpOOIB 3 IMX MaTepiaiB.
OcTaHHIM 4YacoM Ma€ pPO3BUTOK HANpsSMOK YJIbTPa3BYKOBOI MIKpPOCKOIIi, IO J03BOJISIE
JOCIIKYBATH MiIOBEPXHEBHH IIap MaTepialy 3 XOPOIIO0 PO3IUIbHOIO 31aTHICTIO [10].

Jnst ynbTpa3ByKOBOTO KOHTPOJIO HEOOXITHO HaOpatw 0a3y MaHWX CHEKTPATbHUX
XapaKTepUCTHK JeTaleld Ha PI3HUX CTalisfAX X BUTOTOBJIEHHSA. TakuM YMHOM L€ J]a€ 3MOTY
BECTH KOHTPOJIb JIeTajei Ha BCIH CTajii BUTOTOBJICHHS.

baza cnekTpanbHOro aHamizy jaeraneil HaOMpPAa€eThCsS 3 TOMHUX (ETAIOHHUX JeTajei) i
nedextHux netane (puc.l). Yum Ounpmme Oyme 6a3a mMaHWX TUM OUIbIIE XapaKTEPHUX
nedexTin Oy/e BUSBICHO 1 MOALICHO N0 KaTeropisM. Lle nae 3Mory BUSBIATH y YOMY IOJIATA€E
BUHUKHEHHs Opaky. lle Moke OyTH SIK 3HOC IHCTPYMEHTY, 3HOC BepCTaTy, HE NpaBUIIbHI
pexumu tomo [10, 11, 12].

[Ticist Habopy 6a3u aHUX iX 3aCTOCOBYIOTH JJIsSi HABYAHHS HEHpoMepeKeBoi MOJAEIb.
I{s Momens MPOXOIUTh HABYAHHS 1 MICIIs HaBYaHHS BOHA MOXKE TOYHO BHSIBIISITH OpakoBaHi
netami. | ieit mporuiec Oyie TpUBaTH CEKYHY BIAMIHO B TPAIUIIIMHIX METOIB KOHTPOJIIO.

VY dakocTi 3pa3kiB Oynu B3SATI YOTHPU BajJKH, TPU 3 HHUX OyiIM TOAHI, OAMH OyB 3
nedexkrom. byB 3msaTHl AUX 3 ycix 3paskiB, AJisi 4OTO Ha JETalbh MOCHJIAETHCS CUTHAI B
nianazoni yactotr Bix 0 Hz mo 20kHz (OGimmii trym). Jlns OTpuMaHHS TOKa3HUKIB
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BHKOPHUCTOBYETHCSI TIpOrpamMa aHajizatop crnektpy. OTpuMmaHHI CHEKTpU OnU(pOBYIOTH Ta
3BoJIsATh 10 Tabmuii EXCEL.

NeuroPro onpanpoBye nani Tinbku B popmatax DB (ta6mumi CYB/l Paradox) i DBF
(trabmuui CYBJ FoxPro i dBase). ¥V cBiti Haiibinbm nommupenuit popmatr DBF. J{ns mporo
Mu migroroiaroeMo (aitn Excel 1 meperBoproemo ioro y dbf ¢opmar. Orpumanni nanHi
HEeoOXiTHO 3GopmyBaTH 1 poboTH 3 mporpamoto NeuroPro 0.25. Ils mporpama npusHadeHa
JUIs CTBOPCHHST HEHPOMEPEIKOBOT MOIEIT.

Burouka L=2,75 mm; H=0,95; D=28,35. KanaBka 3Haxoqurecs Ha [.=27.40 MM Bix
Topis. BuxigHi gani 3pa3kiB 1u1sl TOCHTIKEHHSI BIUTMBY OpaKy Ha CIIEKTpOrpamy:

L, mm d1, mm d2,mMm d3, mm
200,10 ©¥30,01 030,23 130,19
200,05 ¥30,23 130,20 030,17
199,95 ¥30,22 130,24 130,28
201,00 ©¥30,25 130,32 130,29

Hetipona mepexa moaiise€ BaJKH Ha JBa TUIM, NpHUAATHI 1 He npuaatHi. [IpumaTHi
BaJIKM HaBUEHA MEPEKa MPOTHO3YE K OAMHUIIIO, a HE MPHUIATHI (PO OIM3BKO0 10 HYIIS.
HeilponHa mepeka 4iTKO NOJUIS€ HE NPUAATHUM BAJIOK Bl MPUAATHOTO, SKIIO Habparu
BAIMKHM 0a3y NaHUX 3 PI3HUX BUIIB Je(EKTIB BaJKiB MPU iX BUTOTOBIICHI, MOXJIHUBO YITKO
HNOJUIATH iX 1Mo pi3HUM AedekraM. Takuii MeToJ JIarHOCTUKU MOXKJIMBO BUKOPUCTOBYBATH
IUIsL PI3SHOMAHITHUX JieTajeid, pi3HOMaHiTHOI KoHbirypaii [13, 14].

s mepeBipku HaBUYE€HOT HEMPOHHOI Mepexi Oylno MiArOTOBaHO AEKiNbKa TECTOBUX
BUOIPOK 3 /BOX 3paskiB | Ta 4 BankiB. 3MiHIOIOYH MOCITIIOBHICTD 3HATTS XapaKTEPUCTHK B
nepmomy Bumanky 1,1,4,1 ta BHecenHs B NeuroPro 0.25 s mepeBipku — OTpUMaiu
pesyabTar (puc 1 a, 6) . B iHmomy Bunaaky mnpu rnepecTaHoBLI BXiTHUX HapaMeTpiB, TOOTO
PO3TallyBaHHIO CHEKTPAJIbHUX AaKyCTHUYHMX XapaKTepUCTHK B Takid uep3i 1,4,1,1, Oyrno
OTprMaHO OEe3IMOMMIIKOBE BH3HAUEHHSI HETPHIATHOTO 3pa3ka B 000X BHIIaAKax, MO Jae€
MiJICTaBU y SKOCTI Ta TOYHOCTI MOOY/I0BaHOI Ta HABYEHOT HEMPOHHOI MepeKi Ha 310paHiii 6asi
CTIEKTPAIbHUX aKyCTHYHHX XapaKTePUCTUK POOWTH TMPAaBUJIbHI BHCHOBKM TPU KOHTPOJIIIO
BUOIpKHM Aetaneit 3 maprii [16, 17, 18].

NOMER Mporxos ceTx OmeBxa NOMER  [por#Hos cers OmnsExa

1 1,036235 -0,03623939 1 1,036239 -0, 03623939

1 1,039138 -0,03913772 4 3,858953 0, 1410465

4 3,858953 0,1410465 1 1,039138 =0, 03913772

1 0,9605726 0,0394274 1 0,9605726 0,03594274
Npasmnsxo: 3 (75%) NMpasunsea: 3 [(75%)
Henpamuasxo: 1 (25%) HenpaBMmIeHo : 1 {25%)
Becero: 4 Boero: 4§
Cp.omeBxa: 0,06396276 Qp_pmﬁna: 0,06356276
Maxc.ouBxa: 0,14104¢5 Maxes , samefes 0,1410465

a) 0)

Pucynok 1 — Pe3ynbrar nepeBipku CrieKTpaIbHUX XapaKTepUCTUK BaJkiB a) - 1,1,4,1
HABYEHOIO0 HEHPOHHOIO Mepexero; 0) - 1,4,1,1 HaBYeHOI0 HEHPOHHOIO MEPEKEI0

ExcniepumeHTanbHi JOCTIIKEHHST JOBEIM MOJJIMBICTH KOMIUIEKCHOI J1arHOCTHKH,
OCHOBYIOUMCHh Ha aHalli31 aKyCTHYHMX CIHEKTpIB BJIACHUX KOJMBaHb 3pa3kiB. B xomi
MPOBEICHHS BUIIPOOYBaHb JOBEACHO T€, IO HaBYEHa 3a JIONOMOrol 0a3M JaHuX
HelipoMepeskeBa MOJIENTb Ma€e 3MOTY 3 BUCOKOIO TOYHICTIO IIPOBOJNTH J1arHOCTH 3 BUSIBICHHS
AKICHOT ~XapakTepUCTHKH KOXHOI 3 JleTalief, a caMe TPOBOAUTH BiIOPAKOBKY

84



KOHTPOJIbOBAHUX JAETalled mie 70 iX MmojJoMKu. Lle M03BONMMTH BHUKIIOUMTH HETPOAYKTHBHI
orepauiifHi BUTpATH.
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NPUMEHEHUE HEMPOTEXHOJIOT UH JIJISI TIPOTHO3UPOBAHUS
OUHAHCOBOI'O COCTOAHUSA ITPEAITPUATUA

Pemernsik T.B., OabxoBckas O.J1.

Heliponnsie cetu — 0JHO W3 HampaBieHUN B pa3pabOTKE CUCTEM HCKYCCTBEHHOTO
uHTeIekTa. Mes 3akiitouaeTcss B TOM, YTOObl MAKCUMAIIbHO OJIM3KO CMOJIEIHPOBATh paboTy
YeJI0BEYECKON HEPBHOW CHCTEMBI — a UMEHHO, €€ CIIOCOOHOCTH K 00YUEHUIO M UCTIPABICHUIO
omnOoK. B 3TOM cocTouT rinaBHas 0COOEHHOCTh JHO00W HEHPOHHOM ceTu — OHa CIOcOoOHa
CaMOCTOSITENILHO 00y4aThCsl U JIEHCTBOBATh HA OCHOBAHUU MPEIBIIYILErO OMbITA, C KaXIbIM
pa3om Jziernasi BCE MEHBIIE OLTHOOK.

Bce 3amaum, koTopble MOTYT peniaTh HEWpPOHHBIE CETHU, TAK WJIM MHA4ye CBA3AHBI C
oOyyenneM. Cpenu OCHOBHBIX  OOJIacTeli  NPUMEHEHHS HEMPOHHBIX  ceTeil —
MIPOTHO3UPOBAHUE, TMPUHATHE PEUICHH, paclo3HaBaHHE OOpa30B, ONTHMHU3ALMS, aHAIHU3
JTAHHBIX.

B Hacrosiee BpeMsi HEMpPOHHBIE CETH HCIOIB3YKOTCA ISl PELICHUs LEJIOoro psiaa
3a7a4, OJHOW W3 KOTOPBIX SBIsIETCA 3adada mnporHosupoBanus [1-5].  Llenbro
MIPOTHO3UPOBAHUS SIBJISIETCS YMEHbIIIEHUE PUCKA IPU NpUHATUU petieHui. [Ipornos oobr4Ho
[I0JIy4aeTcsi OIIMOOYHBIM, HO OIIMOKAa 3aBUCUT OT HCIIOJIb3YEMOM MPOTHO3UPYIOLIEH
cuctemsl. [Ipegocrasisis mporuo3y OoJbliie pecypcoB, MOKHO YBEIHUUTh TOYHOCTh MTPOTHO3a
Y YMEHBIIUTH YOBITKH, CBA3aHHBIE C HEOIIPEACIICHHOCTHIO MPU MPUHSATUU PEIICHH.

CrocoOHOCTH HEHPOHHOW CETH K MPOTHO3UPOBAHUIO HAMPAMYIO CIEAYIOT H3 ee
CIIOCOOHOCTH K OOOOIICHHIO W BBIJACICHUIO CKPBITHIX 3aBHCHMOCTCH MEXIy BXOTHBIMH H
BBIXOAHBIMU JaHHBIMU. [locrme oOydeHusi ceTb crocoOHa mpeackasaTh Oyaylee 3HaueHUE
HEKOH TOCIIeIOBATEIIbHOCTH HA OCHOBE HECKOJIBKUX MPEABLAYIINX 3HAYCHUE W/WIIN KaKUX-TO
CYUIECTBYIOIIUX B HACTOSIIUNA MOMEHT (akTopoB. CreayeT OTMETUTh, YTO MPOTHO3UPOBAHUE
BO3MOXXHO TOJBKO TOTJa, KOIJa MpeAblaylIie H3MEHEHUs AEHCTBUTENBHO B KaKOM-TO
CTETIEHH NPeIoNpPeesIIoT OyayIue.

B nacrosimeii pabore paccMarpuBaeTcs IpUMEHEHUE HEUPOHHOU CETU ISl PEIICHHS
3aJ1a4¥ MPOTHO3UPOBAHUS (PUHAHCOBOTO COCTOSTHUS MPEANPHUSITHUS.

[enpto paboThl sABIsSIETCS  pa3pabOTKa MPOTHO3a (PUHAHCOBOTO  COCTOSIHHS
MaIlIMHOCTPOUTEIBHOTO IPEANPHUATHS HA OCHOBE UCIIOJIB30BAHUSI HEPOMO/IENH.

Ha mpumepe QuHAHCOBON OTYETHOCTH MAIIMHOCTPOUTEIBHBIX MPEATPUITHI
IIpeIaraeTcsi IOCTPOEHNE HEMPOCETEBON MOJIENH.

[Ipouecc mocTpoeHust HEUPOHHOM CETH BKIIFOYAET CIICIYIOIIME ATAMbI:

4. Br16op Tuma cetu i peieHus MocTaBlIeHHON 3a/1auH;

5. OOyueHrue HEHPOHHOW CETH, TO €CTh OINPEICICHHUS YHUCIECHHBIX 3HAYCHHM
BECOB KaXJOr0o M3 HEWPOHOB HA OCHOBAHMM DJKCHEPTHOM WJIM PETPOCIEKTUBHOM
nH(popMaLnu;

6. [IpoBepka HeWpoOHHOW ceTH, KOTOpas TMpoluia OO0ydyeHUe, Ha JIaHHBIX
KOHTPOJIBHOT'O IPUMEPA;

Hcnonb30BaHue CETH, KOTOpas yCIENIHO MPoIuia 00y4eHHe W TECTHpPOBAHHE, IS
pelIeHus 3a1a4H.

C nomompro makera Statistica Neural Networks (StatSoft Inc.) [6], koTopsrii
o0beuHsIeT B ce0e ynoOHbINM HHTEpdeiic U MUPOKHe BO3MOKHOCTH BBIOOpA Pa3HBIX TUIIOB
HEHPOHHBIX CETeH MOCTPOSHA MOJIENb OIICHKH U aHalln3a pean3anuu ((UHaHCOBOTO IJIaHa Ha
npuMepe nanabix 3A0 HKM3.

B kauectBe BXOIHBIX MOKa3aTelIed MOJEIEH HEUPOHHBIX CETEH PacCMaTPUBAKOTCA
TEMIIBl M3MEHEHHsI 3HAYEHUM TaKUX IMOKa3zaTejled MNpequpusaTHs, Kak: TEeMII W3MEHEHMS
donmoemkoctr mponaykiuu (T_FE), TemMnm wu3sMeHeHus MaTepuaioeMKOCTH MPOIYKIIUU
(T_ME), Temn u3MeHEHHs IoOrairaeMocTd aedburopckoit 3amomkerHnoctu (T_PDZ), temn
u3MeHeHuss oobema mpoaax (T_OP), temn u3menenuss donma omatel tpyaa (T_FOT),
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OTpaXKarolllie WHTEHCUBHOCTh BO3JCUCTBHUS Yrpo3. BBIXOAHOW MEpeMEHHOW SABISETCA THUI
(UHAHCOBO COCTOSIHUSI.

Jlns mepebopa Mopencit HelpoHHbIX cereii B makere Statistica Neural Networks
npumensiercs Mactep pemenus 3anad  (Intelligent Problem Solver). Moayns Mactep
pellleHrs 3aJad  pa3peniaeT MpPOCMOTPETh JOBOJIBHO OOJIBIIOE KOJMYECTBO BO3MOMKHBIX
MoOJIeNIel, POBECTH MX OOY4YEHHE M TECTHPOBAHWE PA3HBIMH METO/JaMH, aBTOMAaTHYECKU
BBIOpATh HAMITYULIYIO.

Ha Puc.1 npusenena skpannas ¢popma nporpammbl SNN, moka3seiBaronas pazonenue
UCXOJTHOU BBIOOPKM JaHHBIX HA TPH Kjacca: 00y4aemylo, [0 KOTOPOW CTPOUTCS HEHpOHHas
CeThb, BepU(DULHMPYEMYIO, HCIIOJIB3YyEMYI0 B KadecTBe 0a3bl 3HAHUW MJISi KOPPEKTUPOBKH
BECOB; M TECTUPYEMYIO, KOTOpas IMOJAETCS Ha BXOJ IMOCTPOCHHOW HEMPOHHOM CETH U
SBJIETCS CPEACTBOM IPOBEPKH TMOKOCTH MOJICNHM K HOBBIM JaHHBIM. PazOueHune ucxomaHoi
BBIOOPKM JaHHBIX HAa TPH TPYIIbl OCYIIECTBISETCA CIIydallHBIM 00pa3oM, IpH 3TOM
KOJIMYECTBO HaONIOIeHWH B BBIOOPKAX 3a/JaeTcsi HEMOCPEACTBEHHO JIMOO MO yMOIYAHHUIO.
OOyuaemMoe MHOXECTBO CIY)KUT JJIsi OOy4YeHHsT HEHPOHHOM CETH, KOHTPOJBHOE — JUIs
HE3aBHCHUMOH OLIEHKH X0J1a 00y4YeHHsI, TECTOBOE — JIJIsl OKOHYATEIbHOM OIICHKU MOJIENIH TTOCIIe
CepUH IKCIIEPUMEHTOB.

2 Data Set Editor (models1new-xt=z)

Wariables E E 1 E LCazes |54 E |2? E |2E E
EIEIE] T_ME [t POz [t _op [t_Fot |
o 1.014286 1.014286 1.055595 0.9619052
0z 1.014286 1.014286 1.022944 0.9619082
03 0.8714286 0,.8714286 1.055917 0.83312567
04 0.8714286 0,.8714286 1.023231 0.8312567
05 1.04z2857 1 1.055113 0,993945
(] 1.04z2857 1 1.022488 0,993945
o7 1.04z2857 1 1.00004 0.993945
o 1.14z2857 1.14z2857 1.05&649 1.09Z2026
09 1.14z2857 1.14z2857 1.023793 1.09Z2026
10 1.14z2857 1.14z2857 0.4684571 1.092026
< >

Puc.1 ®parmeHnt pa3OueHHs] HCXOAHBIX MAHHBIX HA TPU TPYHIBI 1T OOy4deHHS
HEUPOHHBIX CETEH.

Hawnyumielt  BblOpaHa MoJiellb  MHOTOYPOBHEBOI'O  IEPCENTPOHA,  HMMeEIoLlast
HauMEHbIIYI0 BeanuuHy omnoku (0,013).
Ha Puc.2 npuBeneHa apxuTekTypa 3TOM MOJAEIH.

o— _

/
7Z -

P 7

Puc. 2 Bug apxuTekTypbl MO MHOTOYPOBHEBOT'O NIEPCENTPOHA

Hcnonb3ys JaHHYIO MOJIEIb MOXKHO ClielaTh MPOTHO3 OLEHKU YPOBHS (DHMHAHCOBOTO
COCTOSIHUSI MAIIMHOCTPOUTENBHOTO TMPEeNNpUATUs Ha MepcrekTuBy. Tabn. 1 mpexacramiser
co00il pe3ynbTaT KiIacCHU(pHUKAIUU C HCIOJb30BAHHEM MHOTOYPOBHEBOT'O MEPCENTpPOHA IS
HOBBIX CJIy4aeB.
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Tabnuua 1
Pe3ynpTarhl KJIacCH(pHUKAIIMKA HOBBIX CIIydyaB HA OCHOBE HEHPOCETEBOM MOIeIH

Bxonnsie Brixogurie Tun knacca mo
IIEPEMEHHBIE T_ME | T_PDZ | T_OP | T_FOT nepemensble| Mozaeau(T KLASS)
Input 08 | 08 | 08 | 08 | ouput | KL2(neycroitunsoe

(rHAHCOBOE COCTOSTHHE)
KL2( neycroitunBoe
(rHAHCOBOE COCTOSTHHE)
KL2( meycroitunBoe
(HrHAHCOBOE COCTOSTHHE)
KL2( meycroitunBoe
(HHAHCOBOE COCTOSIHUE)
KL4 (ycroiiunBoe
(HHAHCOBOE COCTOSIHUE)
KL3 (HopmanbHOe
(rHAHCOBOE COCTOSTHHE)
KL3 (HopmanbHOe
(rHAHCOBOE COCTOSTHHE)
KL3 (HopManbHOe
(HHAHCOBOE COCTOSIHUE)

KL3 (mopManbHOe
(HHAHCOBOE COCTOSIHUE)

Input 0.85 0.85 0.85 0.85 Output

Input 0.9 0.9 0.9 0.9 Output

Input 0.95 0.95 0.95 0.95 Output

Input 1 1 1 1 Output

Input 1,05 1,05 1,05 1,05 Output

Input 1,1 1,1 1,1 1,1 Output

Input 1,15 1,15 1,15 1,15 Output

Input 1,2 1,2 1,2 1,2 Output

BbIBOJIbI

Kak B oTeuecTBeHHOW, Tak M B 3apyOe)KHOM NpPAKTUKE CYLIECTBYET IOCTaTOYHO
O0JbIII0E KOJIMYECTBO MOJENeH Ul aHanu3a (PUHAHCOBOTO COCTOSTHHS MPEeNNpUATUH, HO MX
WCIOJIb30BaHUE JIa€T BO3MOXKHOCTH MOJYYHMTh TOJBKO OIEHKY cocTtosiHusi. Ho asroro He
JOCTaTOYHO JUIsl YCHENIHOro (h)YHKIMOHUPOBAHUS MPOM3BOJCTBA, IOCKOJBKY HYKHO HE
TOJIBKO aHAJIM3UPOBATh PE3yIbTAaThl PaOOTHI MPEANPUATHUS, HO U CAENaTh POrHO3 paboThl Ha
Oymytiee.

Jlyig ycrenrHoi OLeHKH padoThl MPeaNpHUsaTHs U pa3paboTKy MpOTrHO3a Ha Oyyliee B
CTaThe MpeaIaracTcs UCIoIb30BaHNE HEHPOCETEBBIX TEXHOIOTHH.

C mnomompro makera Statistica Neural Networks mocTtpoena monaenb OIEHKA H
IPOrHO3a YPOBHA (MHAHCOBOIO COCTOSIHUS MAUIMHOCTPOUTENIBHOTO TMPEANPHUATHS Ha
npuMepe nanabix 3A0 HKM3.

W3  mnpeanoxeHHbIX  HeWpoceTeBbIX  Mojenedl  Obula  BeIOpaHa  MOJENb
MHOTOYPOBHEBOI'O NEPCENTPOHA (€€ NMPUMEHEHHE JaeT HaHUMEHbBIIYI0 OHIMOKY MpOTHO3a).
Vcnonb3oBaHue JaHHOW MOJENU MO3BOJMIO KJIACCH(PHUIMPOBATH YPOBEHb (DMHAHCOBOTO
COCTOSIHUSI TIPEANIPUATHSI B 3aBUCUMOCTH OT Pa3lIMYHBIX 3HAYCHHUH BXOJHBIX TIEPEMEHHBIX. B
JTAHHOM CJIy4ae BXOJHbIE ITepeMeHHbIe — HA0Op (PMHAHCOBBIX MOKa3aTeseH.

Takum oOpa3oM, HCIONB30BAHHWE JTAHHOW MOJEIH TO3BOJISIET HE TOJIBKO OIICHHTH
(UHAHCOBOE COCTOSIHWE MPEANPUATHS, HO M CIIPOTHO3UPOBATH €r0 YPOBEHb B 3aBHCUMOCTH
OT 3Ha4YeHHH (PUHAHCOBBIX MOKa3aTeNeH.
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HNIJIBUIIEHHS TOYHOCTI 3BBAPHUX KOPITYCHUX BUPOBIB
CaBuenko C.C.

[IpoBeneHo aeranbHMA aHAN3 BUpOOHHUITBA KopmyciB komOaiHiB KII/[ migBumeHoi
eKCIUTyaTallifiHOi HAAIMHOCTI 1 Ha OCHOBI aHamizy OyiaM TNPUHHATI pIIEHHS PO
Hee(DeKTUBHMI CITOCIO 3MEHBIIIEHHS 3aJIMIIKOBUX HANpyXeHb y Kopryci kombaiHiB KITJ[. V
TEXHOJIOTi1 BUPOOHUITBa OYB BIPOBA/KECHHI HOBHH croci0 BiOpamiliHOi 0OpoOKH 3aMiCTh
tepmiuHoi. Tak sk micns TepmiuHoi 00poOku, 20% aeraneil BiANpaBIsUIUCA HA BUOPAKOBKY.
OO6panuii cioci6 € OiIpII eKOHOMIYHUM MPpUOIKU3HO B 10 pa3iB i Mae psij1 iCTOTHUX TepeBar:

-HeoOXigHe miisi BiOpariiiHoi oOpoOKu oOJagHaHHS € KOMIAKTHHUM, MEPEHOCHHUM 1
YHIBEPCAJbHUM IS PI3HUX KOHCTPYKIIii;

-BapTiCTh OOJIaHAHHS, HOTO OOCITYrOBYBaHHS 1 JOTJIS]] 32 HUM HEBEJIHKI;

-IIPOLIEC 3HSATTS 3BapIOBAJBHUX HANPYT NPOTIKae IMIBHAKO (TaKk, MaKCHUMalbHa
TPUBAJIICTh OOPOOKH JTOCHTH BEJIHMKOI JeTalli Macoro 50 ToHH cTaHOBUTH 0,5 TOauHN);

-IIOBEPXHsI IETaJI Ipu 00poOIIi He 3MIHIOETHCS (HE BiZOYBA€THCSl yTBOPEHHS OKAJIHMHH,
HE 3MIHIOETBCS KOJIip TTOBEPXHI).

30kpema 3poOJeHHIA aHai3 MaTeHTIB IO JI0 CIeHiabHOI YaCTUHH MPOEKTY, 00paHuit
METO/ 3HTTS 3IMLIKOBUX HAIIPY)KE€Hb y KOpIyCcHUX Aetanei komoOaiiniB KI1/I.

Byna po3po0iieHa cxema HOBITHROTO iHHOBAIIHOTO aBTOMAaTH30BAaHOT'O BUPOOHHIITBA
koMmbOaitHiB KII/] migBuieHoi ekcrutyarainnoi HaiiHOCTI.

OOrpyHTOBaHa  €KOHOMiYHAa  €(EeKTHBHICTh  3aCTOCYBaHHS  NPUHIUINB  J0
IIPOEKTYBAaHHS KOMIIJIEKCY, 3 BUKOPUCTAHHSAM HOBITHBOTO MEXaHOCKJIAJaIbHOTO 00J1alHaHHS,
PO3TIITHYTI MIpH TIO TEXHIIlI O€3MeKH Ha MEXaHOCKIIAAIbHIN JTUTHHHMIII.

3anuIKOBI HAMpPYKEHHsSI MPU3BOJATH JI0 BUKPUBIEHHS BUPOOIB 1 HamiBhaOpukaTiB
IpyU MeXaHIuHId oOpoOIll, BHUKJIMKAIOTh YTBOPEHHS TPIUIMH, 3MIHIOIOTh IOBEIIHKY
KOHCTPYKLIA TpH CTaTUYHMX 1 3MIHHUX HABAaHTAKEHHSIX 1 CHPUSAIOTh KOPO3iHHOTO
pPO3TpPICKYBaHHS MiJ Halpyrow. BukpuBieHHs 0Opu MexaHI4yHIM 0O0poOil NOoB'S3aHO 3
NEePepO3NOoIIOM 3AJIUIIKOBUX HAaNpyKeHb. Y MepIIoMy HAOMMKEeHHI Led Mpolec MOXHa
MOB'I3aTH 3 TUM, L0 Pa3oM 3 3HATHMHM IPU MEXaHIYHIA oOpoOIi 1apaMu HEceThes 1 Jesika
YacTKa BHYTPIIIHbOT HAaBAaHTAXKEHHS, 110 BUKJIMKAETHCS BHYTPIIIHIMU HampykeHHsIM». [lpu
LbOMY TOPYUIYETHCS ICHYIOUY PIBHOBAary BHYTPILIHIX CHJI 1 BCTAHOBIIOETHCS HOBE, IO
CYIPOBOJIKYETbCS BUTHHOM 1 3MIHOIO pO3MipiB BUPOOY.

[Ipu nHarpiBaHHI MiA 3arapTyBaHHSA [0 BHCOKOi TEMIEpaTypu 3ajUIIKOBI HaNpyru
NPAaKTUYHO TMOBHICTIO 3HIMaloThecs. [Ipu rapTyBaHHI 3-3a PI3KOTO  OXOJIOJKEHHS 1
BUKJIMKAHOTO LIUM HEPIBHOMIPHOTO OXOJIOKEHHS 110 TIepepi3y BUPOOIB 3'ABIISAIOTHCS rapTiBHI
3aJMIIKOBI Hampyru. BenauuumHa TrapTiBHMX HaNpy>KEHOCTI 3ale)KUTh BiJ BJIACTMBOCTEH
CIUIaBY, IIBHJIKOCTI OXOJIOJKEHHS, PO3MipiB 1 KOH]irypauii Bupo6iB. OcoOInUBY TOCTpPOTY
npobiemMa  rapTiBHUX  HamnpykeHb  Ha0yBae mpu  o0poOii  BelaMKorabapuTHUX
HaniB(aOpHuKaTiB.

SIK BiIOMO, OCHOBHOIO NMPUYHMHOIO 3MIH B 3BapHOMY 3’€JHaHHI, 3 YOr'O BHUTIKAIOTh
TaKOX 3MIHU F€OMETPUYHUX PO3MIpIB, € HASBHICTh 3AJIMIIKOBUX HAIPYXKEHb, SIKI HEMUHYYE
BUHUKAIOTH B TIpoIleci 3BaproBanHs [1, 2, 3, 4].

Emtopa po3noaiy 3aduIIKOBHX HAMpPYXeHb B IMX YacTHHAX, MAacorw M, My, Ms
BIJINIOBITHO, MOXe OyTW NIpeJCTaBjieHa K Ha puc. 2.5, 1€, BUXOJIYM 3 YMOBU PIBHOBaru
HANpyXeHb G BiZIOYBAETHCS CKIAIHUI XapaKTep X 3MIHH B3JI0BXK HANPSIMKY ;.
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Pucynok 1 — Po3noain 3a1uikoBUX HAMPYyKeHb B TIOMIEPEYHUX TIepepizax 3BapHOTO
3'e1HAHHA

JUis  3MEHUIEHHs  3ajUIIKOBUX  HANpPY)XEHb  IPONOHYETbCS ~ BUKOPUCTAHHSA
MOJIIYaCTOTHOTO METOAY BiOpocTadimizaliitHoi 0OpoOKU Ha BiIMiHY BiJ TEpMIYHOI 0OpOOKHU
[5]. Tpamgumiiina BiOpamiiiHa 0OpoOKa HampyKeHOI KOHCTPYKIIi Ja€ 3MOTYy 3MEHIIUTU
3aJIMIIKOBI HANPYXEHHS B cepenHboMy /10 35%, 110 B TOPIBHSAHHI 3 TEPMIYHOIO 00POOKOIO
3MEHIIIye 3JIMIIKOBI HampyxXeHHs Ha 25-30%, Xxoda Lel NOKa3HMK il MeHule, ajge Oibll
BUT1IHUH 3 ypaxyBaHHIM BUTpAT Yacy i eneprii [6, 7].

ExcniepumeHTanbHe JOCHTIKEHHST Tepeadavae JOCHIHKEHHS aKyCTUYHUX CIIEKTPIB
BIJIBHUX KOJINBaHb €KCIEPUMEHTAJIbHHUX 3pa3KiB Ta BCTAHOBJIECHHS 3HAYCHHsI PE30HAHCHUX
9acTOT KOXKHOI YaCTMHU 3pa3Ka. 3 YypaxyBaHHSAM 3aJIe)KHOCTEH BiJA3HAYaTH 4YacTOTH
BUMYILIEHUX TE€XHOJIOTIYHUX BIOpaliiHUX KOJMBAHb JUIsl 3MEHIIEHHS 3aJMIIKOBUX HAIPYT 3a
YMOBOIO OJTHOYaCHOT'O BIUIMBY LM BiOpamismu 3 yacrotami fip, fap, fap.

Jlnis MpoBeIeHHS €KCIIEpUMEHTY OyJI0 MiATOTOBAHO 3pa30K 3BApPHOTO 3’ €IHAHHS, SKUH
Oy70 BCTaHOBJICHO Ha TeCTOBUU cTeHA. s OiIbInOi SIKOCTI Ta TOYHOCTI MPOBEIEHHS
eKCIIePUMEHTY 3pa3ok Oyno 3adikcoBaHo OonToBMM 3’e€qHaHHAM. [[1s CTBOpEeHHS
BaplaTUBHOCTI HAaBAaHTa)KEHUX CTaHIB 3a JOMOMOIOI0 JIEPEB’SIHOIO KJIWHA 3 MAapKyBaHHSAM
TPbOX 3YCWJIb HABAaHTAXEHHS 3BapHOrO 3 €JHAHHS, B MIHIMAJIBHOIO 3HAYEHHA [0
MaKCHUMAaJIbHO MOJIMBOTO B JAHOMY €KCIIEPUMEHTI.

Jis KOXKHOT 3 IJIACTMH 3a JIONOMOIOK TPOrPaMHOI0 MPOAYKTY «AHali3aTop
CHEKTPY» OTpUMalld JaHi Juis moOynoBH rpadikiB pezoHaHCHUX yacToT. Ha rpadikax Oyino
IIPOBEICHO BHM3HAYEHHSI PE30HAHCHMX dacToT. [licias 4Yoro BUNpOMiHIOBadY Ta mpuitmay
pO3TalIOBYIOTh CMOYATKy Ha Mepurid ruiactuHi. Ha BUNpoMiHIOBaY MOAAETHCS CHUTHAT
«O1110r0 MIYMY» Ha PE30HAHCHINA YaCTOTi, MPOBOAUTHCS 3aMip HOBOT'O CIIEKTPY PE30HAHCHUX
yactoT. Ilicnga mpoBeneHHs BiOpaliiiHOrO BIUIMBY TIpadiyHO MOMITHO 3MIHM B HepuIiil
IUTACTUHI — 11 PE30HAHCHI YacTOTH 3MEHIIYIOThCS HE JIMIIE aMIUIITyJHO, a TakoX 1 iX
KUTBKicTh. [IpoTe 3MiHM CTaHy 3aJHIIKOBUX HANpPYXEHb MEPIIOi TUIACTHHNA MaroTh BIUTHB Ha
AYX gnpyroi TmiIacTMHHM, 1 PpE30HAHCHI YAacTOTH MiAJAIKUCh 3MiHAM 3a PaxyHOK
BiOpocTabinizaiiitHoi 00poOku mepmioi miacTUHU. s neTalbHOTOo po3riiaay 3MIHM CTaHy
BIUTMBY MIX CKJIaJOBUMHU €JI€MEHTaMH 3BapHOTO 3’€HAHHS, MJIACTMHAMH, OyJ0 MPOBEIEHO
JOCTIKEHHS 3pa3Ka, aje MpH 1HIIOMY 3YCHILII.

[lepeBipuBIIM MJACTUHU 3 HOBUM 3YCWJUIAM OyJIO BCTAQHOBJIEHO, W0 TIpHU
BiOpocTabimizaliiiHiii 006poOIli Ha PE30HAHCHINW YacTOTi, K B IMEPHIOMY Tak 1 B JPYyromy
BUMAJKYy, 0OpoOKa IOYEeproBo IUIACTMH XOY 1 3MEHIIYy€e 3aJIMIIKOKOBI HANpyXeHHS B
00po0IroBaHIM MIACTHUHI Ta B HE3HAUHIM Mipi 3MIHIOE 3aJIUIIKOB] HANIPY>KEHHSI B 1HIIIH, 5IKI B
LJIOMY He MEePEeBULIYIOTh HAaNpyXeHb 3a()iKCOBAaHMX /0 MPOBEJCHHA BiOpocTadimizarii.
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Pucynoxk 2 — AUX KOHTpOILOBAaHUX 3BAPHUX KOHCTPYKIIIH JABOX IUIAaCTHH 110 (a) 1 micis (0)
MPOBEACHHS BiOpaIiiHoi 00poOKu

[MopiBasBm AUX Ha puc. 2 (a) i (0) MOXHA 3pOOUTH BHCHOBOK, IO 3QJIUIIKOBI
HaMpyXeHHs] 3MEHIIWINCh Npubiu3Ho B 1,2 pa3u micias oOpoOKH HPOTATOM 2 XBUIUH Y
MOPIBHSIHHI 3 BUXITHUM CTAaHOM 3BapHOTO IIBA Y KOHCTPYKIIIi.

[IpoTe mpocHimKyeThCS UITKHM 3B'I30K MDK MpoIllecoM BiOpamiiiHOi cralimizalii,
gacoM OOpOOKM Ta XapakTepoM OOpOOKH, TOOTO HE JUIIE PE30HAHCHA YacTOTa OKPEMOi
YaCTHUHU JIeTali, IKa KOHTAKTY€E 31 3BapPHUM IIIBOM, BILTUBAE HA PE3YyJIbTaTH EKCIIEPUMEHTY, a
TaKOX 1 Xapakrep oOpoOKH, a caMe MOKPOKOBa 00poOKa J1a€ TIO3UTUBHUM e(EKT, aje € micie
edeKTy 3aJeKHOCTI BCIX YaCTUH, K1 MalOTh Oe3MocepeiHil KOHTAKT 31 3BapHUM IIBOM, 1 Ma€
CeHC MpPOBOJIUTH BiOpariifHy 0OpoOKy ycCiX YacTHH 3BapHOi KOHCTPYKLIi y MicHsaxX ix
JIOKQJIbHOTO KOHTAKTY 3 KOXKHHUM 3BaPHHUM LIBOM OKPEMO.

3 ananizy manux AUX mo Ta micas oOpoOku BiOparisiMi Ha pe30HAHCHUX YacTOTaxX
MaeMo Te, mo Ac Ta AG, Ha EKCIEpPUMEHTAIBHHX 3pa3kax ckiamae 22-25% ta 48-51%
BiJIITOBITHO.
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HEWPOMEPEKOBE JOCJIIKEHHA EGEKTY EJEKTPO-PO3PSTHOI'O
BIIJIMBY HA POBOYY NIOBEPXHIO, 1O IINTAKOBAHA ' PA®UTOM

Cmypurin O.A.

B poGoti 3p006isieHO MpUITyIIEHHS, 110 BUCOKOBOJIFTHE Pa3psAAHOE BIUIMB Ha pobody
MOBEPXHIO CTAJIEBOi JeTaii, IUIakoBaHOi rpadiToMm, 103BOJsi€ 00€CeUiTh aKTHUBI3AIIIO IIi€i
MOBEPXHI 1, K HACHIJOK, 3MiHA IMOKAa3HUKIB ii SKOCTi. 30KpeMa, TaKUMH MOKa3HUKAMH €
MMOKa3HUK MOPCTKOCTI moBepxHi Ra i TBepaocTi moBepxHi HB. MeToro naHoro qociikeHHs €
MIITBEP/UKCHHS BUCYHYTOTO TNpHIylieHHs. J[ns mporo Oyiau po3poOJsieHI MeToauKa 1
€eKCIIEePIMEHTATBHUI CTEHI,

[Ipuknagu pe3yabTariB OCTIIKEHD MpecTaBieHi B Tadm.1,2..1 3.

Tabmuus 1 - Pesynpratun ekcnepuMeHTaIbHUX JAOCIIKEHb BILIMBY BUCOKOBOJIBHOI PO3PSIIB
Ha TtBepaictk HB 1urakoBaHOi rpadiToM poOOYOi TOBEPXHI 3arOTOBKH TPH  Pi3HUX
MIBUKOCTSIX V pyXy BUCOKOBOJIbBTHOI'O SJICKTPO/IA 3 pi3HUX BiacTaHel delta

HB delta=3 HB delta=5 | HB delta=7 | HB delta=9 | HB delta=11
V, m/MuUH MM MM MM MM MM
1,75 244 255 255 252 256
2,00 256 250 257 253 256
2,25 258 261 263 263 257
2,50 258 261 263 266 270

Tabmuus 2 - Pe3ynpTati eKCIepUMEHTAIBHUX JOCIIKEHb BIUTMBY BHCOKOBOJIBHOI PO3PSIiB
Ha WIOpPCTKicTh Ra mmakoBaHoi rpadiToM poOOYOi MOBEPXHI 3aroTOBKH MPU  PI3HUX
MIBUAKOCTSIX V PyXy BHCOKOBOJIbBTHOTO €JIEKTpoJa 3 pisHuMX Biacrtaneil delta i Buximnoi
tBepaocti HBO = 248

Vv, Rall mKm, Rall mkm, Rall mkm, Rall mkm, Rall mKm,
M/MUH delta=3 mm delta=5 mm delta=7 mm delta=9 mm delta=11 mm
1,75 1,29713 1,594688 1,803102 1,802313 1,448542
2 1,167559 1,167059 1,191843 1,29098 1,421772
2,25 1,184168 1,1983 1,414272 1,599374 1,352495
2,5 1,667483 1,72699 1,708493 1,644096 1,36006

Tabmuus 3 - Pe3ynpTatu eKcriepuMEHTAbHUX JOCIIKEHb BIUIMBY BUCOKOBOJIBHOIT PO3PsIiB
Ha mopcTkicTh Ra mmakoBaHoi rpaditoM poOouYOi MOBEPXHI 3aroTOBKM MPHU  PI3HUX
MIBUJIKOCTSIX V pyXy BHUCOKOBOJBBTHOTO €JEKTpoja 3 pisHuX Bifcraneit delta i Buximnoi

tBeprocti HBO = 254

V, Rall mkm, Rall mKm, Rall mMKm, Rall mKm, Rall mKm,
M/MUH delta=3 mm delta=5 mm delta=7 mm delta=9 mm delta=11 mm
1,75 2,503736 1,926278 1,352467 1,258642 1,248406
2 2,280118 1,867685 1,368373 1,502919 1,751261
2,25 1,820369 1,695026 1,434582 1,681402 1,746286
2,5 2,254559 1,725701 1,145136 1,070389 1,14731

TakuM 9UHOM MiATBEPHKEHO MPUITYIIEHHS, [0 BUCOKOBOJIBTHE Pa3psIHOC BIUIMB Ha
po0ody MOBEPXHIO CTANIEBOI JIETalli, TUIAKOBAHOI TpadiToM, T03BOJIsIE 00eCeHiTh aKTHUBI3AIlII0

1i€i MOBepXHi 1, SIK HACTIAOK, 3MIHA TTOKAa3HUKIB 11 TKOCTI..
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JOCJIIIXKEHHA IMOJITYACTOTHOI'O BIBPAIIIIMHOI'O BILITUBY HA
KOPITIYCHI BUPOBM 3 METOIO IIEPEPO3IIOALTY OCTATKOBHUX
HAIIPYKEHb

Crykanosa O.B.

BupoOHuumuii 10CBil MOKa3aB, IO Yy KOPILYCHUX KOHCTPYKIIi, BUTOTOBJIEHUX 3
MPOCTUX MAaJIOBYTJICIIEBUX CTajJel 1 AKi MalTh 0€3MOCepeHbO MiClisi 3BApPIOBAHHS JIOCHTH
BHCOKY TOYHICTh PO3MIpIB, MICJS TMOJAIBIIOI MeXaHIYHOI OOpoOKM a0 BHWIICKYBAaHHS
MPOTSTOM JIBOX—TPhOX THIKHIB 3MIHIOBAJIacsS MEKa JIOMYCKIB, 1 BOHM BHUMarajid J0AaTKOBOI
00poOku. OCHOBHOIO MTPHUYMHOIO TAKUX 3MiH OyJia HAsIBHICTh 3QIMIIKOBUX Harpyr [1,2].

3MIHM T€OMETPUYHUX PO3MIpPIB 1HTEHCHU(IKYIOTHCS MiJl BIUIMBOM MOHTAXXHHX,
TPAHCHIOPTHUX Ta EKCIUTyaTaI[IfHUX HaBaHTaKEHb, a TAKOXK 3 MIJBUILEHHIM TEMIEPATYpPH.

Jns 30iablIeHHs CTaOLIbHOCTI T€OMETPUYHHMX PO3MIpiB 3BAPHUX KOHCTPYKIIH iX
9YacTO MiANAIOTh 3araibHid TepMiuHid o00poOIi (BiAMycTHi), MO BHUMAara€ BEJIHKUX
€HEepreTUYHUX BUTPAT.

AKTyaJbHOIO 33/1a4€10 BUPILIICHHS MPOOJIEMH MOKPAIIEHHS TOYHOCTI € TPOIIeC 3HATTS
3aJIMIIKOBUX HANpyXKeHb 3a JIOMOMOrow BiOpocTabimizauiiHoi 0OpoOKHM Ha pPe30HAHCHUX
9acToTax TOMY WO IIed TPOIeC € MEHII CHEProeMHUM, ajie B OUIBIIOCTI BHITAJIKIB
IIPOBOJIUTHCS HA PE30HAHCHUX YaCTOTaX BChOI'O KOPITYCY.

Bibpariifiny 00poOKy 3mIMCHIOIOTH 3a JIONOMOTOK 30Y/KCHHS B KOHCTPYKIIii
HU3bKOYAaCTOTHUX MEXaHIYHUX KOJINBaHb.

[To eneproemHocTi BiOpocTabinmizaiis B IECATKH pa3iB HWKYE TEPMIYHOT 0OpoOKH, a
10 MPOJYKTUBHOCTI 3HaYHO nepeBepirye ii. [Ipnbin3Ho Ha NOpsAI0K 3HMKYIOTHCS KalliTalbHI
BUTpATH.

BiOpauiiiniit 00po6ui miaaTh KOHCTPYKIIT HE TUIBKHM 3 BYIJIELIEBUX CTajiel, aje i
BHUTOTOBJICHI 3 QTFOMIHIEBUX 1 TUTAHOBUX CIUIaBiB. [LIMpoKo BHKOPUCTOBYIOTH BIOPOOOPOOKY
YaBYHHUX 1 cTaJeBUX BUIUBKIB [1,3,4].

HesBaxkatroun Ha HasBHICTH 0araThOX pO3pI3HEHHX MyOJiKamid 3 mpodieMu
BiOpalliifHOi 00poOKM y3arajpHIOOuYa JiTepaTypa 3 Ii€i TEeMaTHUKU MPAaKTHUYHO BiACYTHS
[2,5,6].

Merta crTaTTi: 3apONOHYBaTH MeToA OlIbll e(eKTUBHOI BiOpocTaliiizalii 3a paxyHoK
MIPOBE/ICHHSI OJHOYACHOI OOpPOOKM OKpEeMHX 4YacTHH KOPIYCHOI JeTalmi Ha BIIACHUX
PE30HAHCHHUX YacTOTaXx.

[Mpukian 3miCHEHHS METOAY: 3a JOMOMOTOI0 ITh€30JaTYHKiB, Ta IPOTPaMHOTO
3abe3neuenns «Signal Generationy» BiATBOPIOIOYOro OiHiA [TYM, CUTHAI MTEPETBOPIOIOYHUCH Y
MeXaHIYHI KOJIMBaHHS BIUIMBA€E Ha KOpIyc 3aroToBku (puc. 1.). s ¢ikcarmii pe3oHaHCHUX
KOJIMBaHb BUKOPUCTOBYEThCS Mporpamue 3abesmeueHHs «Spectrum Analyzer». Awnamizatop
MEPETBOPIOE MEXAHIYHI KOJMBAaHHSA y HU(POBUN CHUTHAT PE30HAHCHUX YaCTOT OKPEMUX
YaCTUH KOPITYCHOI JIeTalll.

Curnan O170r0 IIyMy TMOCTIZOBHO TEPENAEThCA HAa OKpPEMi YacTHHH KOPITYCY.
[lepeTBOpeHuii uepes anapaTHy 4acTUHY «OUIHi mrym» Oyze HecTH B co0l CHTHAJl arapaTHoi
YaCTUHU SIKa CKJAJAEThCS 3 KOMI'IOTEpa, MJICHIOBavya 1 JATYMKIB, 1 BIAOWTHN CHUTHAI
kopiycy. B mporeci dikcanii criekTpy, (pikCyroThesl BCl HaBEJCHHS anapaTHOi YaCTUHU, TOMY
HEOOX1JTHO 13 3araJIbHOTO CUTHATY BITHATH CUTHAJ aapaTHOi YaCTHHHU.
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Puc. 1. EkciepuMeHTanbHUNA CTEH:
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Puc. 2. AMIITiTyTHO-4aCTOTHI XapaKTePUCTUKH CIIEKTPIB IUIACTUH y HANPYKEHOMY CTaHi

I'padix aMIUIITyJHO-4aCTOTHUX XapaKTEPUCTHK CIEKTPIB IUIACTUH y HANPYKEHOMY
craHi | mokasye, I0 PE30HAHCHI YaCTOTH Y KOKHOI IUIACTHHU IHAMBITyalbHi, HE3BAKAIOUN
Ha 30ir JesKUX JOIMOMIKHUX.

Excnepumentanbuauil ctenn (puc. 1.) 3poOneHHil TakuM YWMHOM, IO BIH MOXeE
BIJTHOBJIIOBAaTH HANpPYKEHUI cTaH. 3a JOMOMOroK OOJITOBHX 3'€lHaHb MOXKHA CTBOPIOBATH
K1JIbKa Hallpy»X€HUX CTaHIB Ha OJJHOMY €KCIIEpUMEHTaIbHOMY CTEH/I].

I[Ticnst cTBOpeHHsI HANpYXKEHOro CTaHy 2 1 MOCTiAOBHOI OOpOOKM IJIACTUHU Ha 2X
PE30HaHCHUX YacToTax MpoTsIroM 5-10XB, crocTepiratoThCs 3MIHU aMIUTITYAM B pe3yJbTarTi
YOro BUJHO, 0 3HIKYIOTHCSI 3QJIUIITKOBI Hanpyru (puc. 3).
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Puc. 3. AMIUTITYIHO-9aCTOTHI XapaKTEPUCTUKU CIIEKTPIB MIACTUHH 4 y HATIPY)KEHOMY
cTaHi 2 micyist 00poOKM Ha PE30HAHCHUX YacTOTaX.
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AKYCTHYHA JIAI'HOCTHUKA BIUVIMBY 3YCHJIb 3AKPIIIVIEHHSA
HEINIEPETOYYBAJIBHUX ITVIATUH

Tkau M.M.

He3Baxaroun Ha BeIMKY KUIBKICTh TUIIOPO3MIPIB TUIACTUH BIAMOBIIHUX Pi3HUM
KOHCTPYKIISM iHCTPYMEHTY B TOMY YHCIi TaKMX B SIKHX BUKOPHUCTOBYETHCS TPYIOBE
3aCTOCYBaHHS IUIACTHH CIIOCTEPITalOThCsl Pi3HI CTYIEHI 3HOCY I1HCTPYMEHTY IIpH
OJTHAKOBUX yMOBax pizaHHs. Lle CBITUUTH MpO Te, M0 CTA0LIBHICTh BIACTUBOCTEH ITUX
IUTACTHH HABITh B MEXax MapTil HEOHAKOBA.

[Tpu cmikanni kapOigy Ta 3B'A3KM Ha XapaKTEPUCTUKU Oyne BIUIMBATH Oarato
(hakTOpiB TaKMX SK: XIMIYHHUH CKJaja, MPOIOPIi, Temreparypa oOpoOku Tomo. Y
3B’S3KYy 3 IIMM KOXXKHA piKyda IUTACTHHA BIAPI3HAETHCS MO BHYTPILIHIA CTPYKTYpi, 110
MPU3BOJUTH J0 PI3HUX €KCIUTyaTalliiHUX XapaKTePUCTHK.

Brpara pixydnx BIaCTHBOCTEH IUTACTHH B 0aratoyie30BOMY 1HCTPYMEHTI
MPHUBOAMTH JIO TOTO, IO YaCTHUHA IJIACTUH BHKOPHUCTOBYE CBIH pecypc HE IMOBHICTIO.
ToMy HEOOXigHO 3HAWTH 1 OOIPYHTYBATH CHOCOOW 3HMKEHHS BILTUBY HECTAOIIHHOCTI
PLKYYHX BIACTUBOCTEH HEIEPETOUYBAHUX IUIACTHUH 3 MEXaHIUHUM KPITUICHHSIM.

B Bumaaky SIKIIo MiacTUHU MalOTh Pi3HI PE30HAHCHI YacTOTH Ta aMILTITYIH,
YMOBH TIpaili BiJPi3HATUMYCS, TaK SK IUIACTUHU 32 OJUHUIIO 4Yacy MPOUAYTh PI3HUI
uuiax (puc.l).

A

f 5 ll"-., U %, _..JJ I\_V,J-" “-,‘1_‘,.-I 1 Y, l"',.r"f

Pucynok 1 — [Ipuxnan pi3HUX aMIUTITYZ 1 4aCTOT

[Tpoiinenunit nuIAx 3aieXuTh BiJ aMIulTyau 1 yactotu l, = f(4; f). 3Haroun,
oo yac OOpoOKM OJHAKOBUW aje pI3HUM MNPOWAEHUN NIIAX MOXIMBO 3pOOUTH
BHCHOBOK, 1110 IUTACTUHU MAaTUMYTb Pi3HI IIBUKOCTI.

V=g M
V=2 0

e [; —-mnsax pizanHs;

ty —4ac.

3Harouu, Mo MBUAKOCTI pi3aHHS Pi3HI TO 1 MEPioj] CTIHKOCTI IHCTPYMEHTY Oyze
BIIMIHHUM. Bce e mpu3BoAMTH 0 pI3HMX YMOB Mpall IUIACTUH 3 MeXaHIYHUM
KPIIUIEHHSIM.

[InactuHa 3akpirieHa B I1HCTPYMEHTI Ma€ CKJIAJHY aMIUNTYIHO 4YacTOTHY
xapakTepucTuky (AUX) 3 OaraTbMa pe30HAHCHUMHM MiKaMU. SIKIO KOXHA IIaCTHHA
MaTUMe 1HAMBIAYalbHY PE30HAHCHY YacTOTY, BIJIMIHHY BiJ] 1HIIMX, TOJl BOHU OYIyTh
npamioBaty ripue. Ha pe3oHaHCHY 4acTOTy IUIACTMHU BIUIMBAIOTH HACTYIHI (PaKTOPH:
BJIACHA PE30HAHCHA YacTOTa, 3yCHJUIA 3 IKMM 3aTHUCKA€ThCS IMJIACTHHA, aMILTITY .

Ha 3miHy ammiuiTyau BIUIMBa€ 3HOC IHCTPYMEHTY, TaK $SIK MU IIpParHeMo
OJTHAKOBOT'O 3HOCY aMIUIITyqa Oyae CTPUMHUTHUCS OO OJHAKOBHMX 3HAu€Hb BIUIMB Ha
XapaKTEPUCTHKH CUCTEMH LIUM HapaMeTpoM He epeKTHBHUNA. Po30uBIIM miacTUHU Ha
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mapTii B 3aJEKHOCTI BiJl BHYTPIIIHIX KOJMBaHb MOXIJIWBO 3MEHIIUTH, ajie¢ He
BUKITIOUMTH pi3HULI0O AUX 1utacTuH. ToOTO €enuHUI mapaMeTp SKUii MOXKE J0CTaTHBO
BIJIUBATH Ha PE30HAHC — 3yCUJUISI 3aTHCKY.

Sxmo B sikocTi eranony BuObupatd AUX ogHOI 3 TUTACTHH, a iHIII TUIACTUHU
HaCTPOIOIOTHCS 10 NMPUHIHUIY CyMH MiHIMaabHUX KBajapaTiB moMuiiok AYX (3). B
BUIIAJKY SIKIIO CyMa CTPUMHUTBLCS IO HYJS MOXKIMBO CTBEP/KYBATH IO YMOBH TIpalli
IUIACTHUH OJIHAKOBI.

F(s) = [S:(4) = 5] - min 3)

JIist  eKCIepUMEHTY BUKOPHCTOBYBAJIOCH HACTYIHE OOJAJHAHHS: MPOrPaMHUN
aHai3aTop, KOMOIHOBaHMH HaTuynK — BunpominoBady MK2 (puc. 2).

Pucynok 2 — 3] monens natyuk-sunpominioBad MK 2

3amipu MPOBOIMIIMCA Ha Pi3li Ta 0aratosie3oBii ¢pe3l 3 MEXaHIYHUM KPIIJICHHSM
wractuH ¢Gipmu Pramet. IacTpymeHT 30uMpaeThesi mig aAi€l0 OUIOrO IIymMy 3 JIOTIOMOTORO
JUHAMOMETPHUYHOTO KITFo4a (YM 1HIIOTO aHAIOTIYHOTO MpUCTporo). Ilicns yoro 3 gomomororo
natunka MK 2 3HiMaroThess gaHHi. [lonokeHHs JaTyMka HENPUHIUINIAIBHE, —aje
PEKOMEHIYEThCSI BCTAHOBIIEHHS HAa TUJIACTUHY Tak, MO0 TUIOMIa KOHTakTy Oyia skomora
OUIBLIOIO.

CriekTp 3HIMAETHCSI CTOKPATHO 3 IEBHUM KPOKOM, B IIPUKIIAI KPOK piBHHMA 172
Hz, nicns doro BimoOpakaeTbes ycepennenuit rpadik. Bei pe3ynpTaTi 3anmucyroThest B
TaOJIMYHOMY KaJIbKYJIATOPI.

[To nepme 6ynu nposeaeni 3amipu AUX ¢ony anapaTHOi yaCTHHM CTeHJa (puUc.
3 a). ITotiM 3HATH AUX MIaCTUHHM B HAPY)KEHOMY CTaHi 31 3MIHHOIO CHJIOIO 3aTHCKY
(puc 3 0).
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a) 0)

Pucynok 3 — AMIUIITYAHO 4acTOTHI xapakTepuctuku: a) AUX ¢ony anaparnoi
YaCTUHH €KCIIEPUMEHTAIBLHOTO cTeHAa, 0) AUX riacTHHH B HAPY>KEHOMY CTaHi B CyMi
3 (hoHOM amapaTHOi YaCTUHH.

Jani mpoBOIUTBCST PO3PaXyHOK BIACHUX KOJIMBAHb IUIACTHHU B HANPYKEHOMY
ctadi (puc. 4).

Pucynok 4 — Bnacui AUX muactuH B Hanpy>K€HOMY CTaHi.

l'oToB1 ekcrnepuMeHTalbHI JaHHI BHUKOPHCTAaHI B SKOCTI BUXIAHUX I TOOYIOBH
MatemMaTuuHoi Mojeni B mporpami NeuroPro 0.25 s momyky HaiiH(OpMaTHBHILION
YacTOTH.

Mepexa cknagaerbessi Tppox miapiB mo 100 HelipoHiB Ha KOXHOMY. Buximaumum
napaMeTpamMu cHCTeMHU sBIsiBCA piBeHb myMy (X1, X2-Xn), BXIAHMMH TMOKa3HUKH CHIIU
3arucky (Y1,Y2-Yn).

Haii6inbm iHpopMaTuBHUM € mone Oazu ganux X91. 3Har0uM KpOK 3HAXOAMMO
poGovy yacTory fp:

fo=b*X (2.3)

ne: b — BCTAHOBJICHUH 11ar
fy =172,3%91 = 15679,3 Hz
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OTpumaHo Maike JHIWHY 3aJIe)KHICTh B niama3oHi Big 1 o 2,4 kH (puc. 5). Le
Jla€ MOXJIMBICTh BPaxOBYBATH XapaKTEPUCTUKH IUIACTHH MiZOOPOM CHII 3aTUCKY IS
3MiHHU YacTOT, 10 3a0e31euye 0JTHaKOBI YMOBH pOOOTH Ta MEPio CTIHKOCTI.

X91

1 12 14 1,6 1,8 2 22 24 26 28 3 32 34 36 38 4

Puc. 5 - I'padix 3a1eKHOCTI aMIUTITY ! B/l CHIIN 3aTHCKY

BHCHOBOK
Po3pobnieHo cmoci® KopekIii BIACTHBOCTEH 3aKpilUIeHHMX B OaraTopi3leBHi
IHCTPYMEHT IJIACTUH, [UITIXOM PEryJIFOBaHHS 3YCHJUIS 3aTHUCKY IUTAaCTUH. B pe3ynbrarti
IOTO JIOCATAETHCSI MiHIMaNbHE BigxuieHHS AYX 3akpilUICHUX TUTACTUH OIWH Bif
OJIHOTO.
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JOCIIIKEHHSA E@EKTY 3MINHEHHSA CKJIAJHOITPO®IJIBHUX
IOBEPXOHbB JETAJIEH MAIIIMH

nuko O.0.

HeoOxinmHo BupimeHHS MOpoOJeMH YTBOPEHHS aMOpQHHUX IIapiB IOKPUTTS Ha
CKJIATHOTPO(MUILHUX TMOBEPXHSAX BHUPOOIB 3 MIHIMAIBHHUMH BHTpaTaMU €HEprii, marepiaiy,
YKUBOTO TIpalll Ha OCHOBI HOBOT'O METOJIy YTBOPEHHsI aMOpHUX I1apiB moKputTs. [Ipodiiema €
TaKOXX AaKTyaJlbHOIO TOMY, IO BHUKOPHUCTOBYBAaHI CHOTOJAHI AaHAJOTIYHI METOIU JUIs
MOKpAIICHHS SIKOCTI TOBEpXHI Ta ii TBEpAOCTI € EHEProMiCTKUMHU Ta YaCOBUTPATHUMH.
AKTyallbHICTh JTaHOTO METOJy MOJKHA IIOSICHUTH BHCOKMMH €KOHOMIYHUMH 1 (i3HUKO-
MEXaHIYHUN XapaKTEepUCTUKAMHU METOJy, MOKJIMBICTh OTPUMYBATH JI€Tall BUCOKY TBEPIICTh
MOBEPXHi jJerani 0e3 TepMiuHUX 00pOOOK, HU3bKI MOKA3HUKH IOPCTKOCTI 0€3 BUKOPUCTAHHS

Mertoro naHoi poOoTH € po3poOKa YCTAaHOBKM Ui YTBOPEHHS aMop(HOTo miapy
MOKPUTTA Ha CKIAQAHO MNPOQPUIBHUX MOBEPXHAX, IOKA3aTH MPHUHIMIIOBY MOKJIUBICTh
3MIIIHEHHSI TIOBEPXHI 3y04aToro kojeca 6e3 TepMiuyHOI 0OpOOKH, a TAaKOK EKCIIEPUMEHTAIBHO
BH3HAYNTH YMOBH JIOCSTHCHHSI HAWHWKYMX TTOKA3HHUKIB MIOPCTKOCTI MTOBEPXH.

Tak sk METOIWKAa YTBOPSHHS aMOP(HOIro IMiapy MOKPUTTS HA CKIATHO TPOQPIITHHUX
MOBEPXHAX, MU MOKEMO BHUCYHYTH TilOTE3y MPO JaHy METOAMKY, fKa MOJsIrae B yTBOPEHHI
amMop¢HOro mapy MiJ Yac 3UIeIUICHHs 3y04aroi mapu Mmia A€l eleKTpuyHoro ctpymy. Ha
KIHIIEBl pe3yJIbTaTH BIUIMBAIOTH 3MiHHI (PaKTOpHU: CHIIa CTPyMY , 4acToTa OOepTiB JeTaii i
TPHUBAJICTH BILIUBY.

Jns mochipKeHHS MOXKIIMBOCTEH Tpollecy B MeXax 3aJaHuX 3MiH peXHuMiB OyB
MPUHHITHI HACTYITHUHN MOPSAOK MPOBEICHHS EKCIIEPUMEHTY:

- CKJIQJICHUN TUIaH MOBHO(AKTOPHOTO €KCIEPUMEHTY, B SKOMY BXiJTHUMHU 3MIHHUMHU
MPUMHATI cujla CTpyMy, YacToTa 00epTiB JIeTall 1 TPUBAIICTh BILIUBY;

- paHIOMi31pOBaH MOPSAIOK 3MIHU PIBHIB (aKTOPIB;

- nans moOyAOBM MaTeMaTW4YHOI MOJeNli MPOIecy 3acTOCOBaHAa HEWpoMepekeBa
00poOKa CTBOPEHOI'0 KOPTEXKY €KCHEPUMEHTAIbHUX JaHHUX 3a JIOMIOMOIOI0 KOMIT'IOTEPHOTO
nakery NeuroPro 0,25.

Bukopucranas MeToay HEHpOMEpEeKEeBOTO MOJEIIOBAHHS TO3BOJISIE OOTPYHTYBATH
eKCIIepUMEHTa bHI JOCTI/PKEHHSI, Ha OCHOBI YOro MOXHa JaTh OO'€KTUBHY OIIHKY
pe3ylbTaTaM eKCIEPUMEHTY.

BuxopucrtanHs HEHpOHHUX Mepex 3abe3Meuye HaCTYIHI ITepeBaru:

- Hemniniiinicts. HelipoHHI Mepexi M03BOJISIIOTH OTPUMATH HENIHIMHY 3aJIeXKHICTh
BUXIJHOTO CUTHAIY BiJl BXiHOTO;

- AnmanTuBHICTh. HelipoHHI Mepexi MarTh 3[aTHICTh aJaNnTyBaTH CBOi CHHAITHYHI
Barv 70 3MIH HaBKOJIMITHBOTO CEpeNoBHINA. bimbml Toro, ajiss poOOTH B HECTAI[ilOHAPHOMY
CepeIOBHUILI (1€ CTATUCTHKA 3MIHIOETHCS 3 YaCOM) MOXYTh OyTH CTBOpEHI HEHPOHHI Mepexi,
MIHSIOTh CUHAINITUYHI Bard B pealbHOMY 4aci;

- BinmoBocrtiiikicts. HeipoHHi Mepexi, peanizoBaHi Ha OCHOBI €NEKTPOHHHMX
KOMITOHEHTIB, TIOTEHIIIIHO CTi¥Ki 10 BIIMOB, TOMY, 1110 KOHTEKCTHA 1H(OpMAIlis po3oaiieHa
M0 BCIX 3B'A3KaX HEUPOHHOI MEpexXi, 1 BUXIA 3 Jaay OJHOTO abo0 MEKiTbKOX BY3JIIB HE
MPU3BOAUTH JI0 BiIMOBU CHUCTEMHU B IILIIOMY;

- OpaHOMaHITHICTH aHami3y 1 mNpoekTyBaHHs. HelpoHHI Mepexi T03BOJISIOTH
BHUpINIYBAaTH CKJaJHI OOYMCITIOBAIBHI 3aJadi 3a JIOMIOMOTOI0 OJIHAKOBHUX IMPOCTHX
O0OYHCITIOBAIBHUX BY3JiB - HEHpOHIB. L[ CHIIBHICTH J03BOJISE 3aCTOCOBYBATH OJHI M TI K
QITOPUTMU HABYAHHS Il BUPIIICHHS PI3HUX MPUKIAIHUX 3a/1a4.
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Ha ocHoBi Bukopuctanoro Habopy mapameTpiB (TOOTO pe3ynbTaTiB €KCIEPUMEHTY 3
BIIOMUMH BXiJIHUMHU Ta BUXITHUMH (PaKTOpamH) 3MIMCHEHO HaBYAHHS HEUPOHHOI MEPEKi.
HapueHa HelipoHHA Mepeka 3a JIOTIOMOTO0 BiJIIIOBITHOTO MaTeMaTHYHOTO anapaTty HaOyBae
3IaTHICTh OyAyBaTH acOLIaTHBHI 3B'SI3KM M1 BXIJHUMH 1 BUXITHUMHU (DAKTOpaMH TEXHIYHOT
cucTeMu 1 sBIsie CcOOOK0 MOJAENh SBWINA, 33 JIOMOMOTOK SKOI MOXXHa IPOBOJIUTH
[IJIECTIPSMOBAHI1 JTOCIIIKCHHS

BukopucTanHs MeToy HEHPOMEPEIKEBOTO MOJICIIIOBAHHS JTO3BOJISIE CTBOPHTH JIOCUTh
iH(OpMaTUBHY MOJIETb 1 3aCTOCOBYBATH 11 JJIsI TOCIIIKEHHS 3aJISKHOCTI 00CATY BHPOIIECHOT
JI€Ta BiJl YaCTOTH IMITYJIHCIB HAPOIILYBAaHHS 1 CHJIA CTPYMY.

Ha ocHoBi BuKOpHCTaHOI TaONMIlI BUXITHUX JaHUX - KOPTEXKiB (TOOTO pe3yibTaTiB
EKCIIEPUMEHTY 3 BIJOMUMH BXiJIHUMH JaHUMH 1 BUXITHUM MOKa3HUKOM OOCSTY BHUPOILEHOTO
eJIeMeHTa JIeTalll) HaBUYCHAa HEMpOHHA Mepexka, sika MICTUTh iH(OpMaIlilo Mpo acolliaTHBHI
3B'I3KM. MiK BIJOMUMH BEKTOpPAMH BXOJIB 1 BHUXOJIIB TEXHIYHOI CHCTEMH 1 SBJISE COOOIO
MOJIeTb JTOCIIIJPKYBAHOTO IPOIIECY, 32 JIOMOMOTOK0 SKOi MPOBEACHI MOMANBII JTOCITIKSHHS

(puc.1).

Cuna cmpymy Henponna
Ueacmomed Mmepedica Teepoicme
e -
Yac oopooKi ' Ilopecmrichb

Pucynok 1 - Helipomepeska mozens
AHani3yroud pe3ysibTaTd OTPUMAHUX JOCHII)KEHb MOJKHA CTBEpIXKYBaTH, IO
CTBOpPEHa MOJETb JO3BOJMJIA BU3HAUYUTH XapakTep 3ale)KHOCTI TBEPAOCTI Ta MIOPCTKOCTI

amMop(HOTo IIapy MOKPUTTS BiJ IMIBUIKOCTI 0OpoOKM neTalni i yacy oOpoOku. PesympraTn
TaKOro JOCHIIIKEHHS IpeCcTaBlieHl Ha puc.2 1 3.

4,00
3,00 \
2,00
1,00

0,00
0 5 10 15 20
—Ranl2 Ra n14 —Ra nl6 Ranl8 Ra n20

Pucynox 2 — I'padik 3a51€:KHOCTI SKOCTI MMOBEPXHI BiJ 4acy 0OpoOKu
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Pucynok 3 — I'padik 3a1e:KHOCTI TBEpI0CTI IOBEPXHI Bijl 4acy 0OpoOKu

3po0iieH0 BHCHOBOK, IO JJs HPOLIECYy YTBOPEHHS aMOpP(HOro Imapy IMOKPUTTS
HEOOXiTHO 3BEpPHYTH yBary Ha yMOBH HaWOUIBIIOI MPOJYKTHBHOCTI YTBOPIOIOTHCS Mija Yac
JOCSITHEHHS MIEBHOTO ITPOMIXKKY 4acy.

TakuM YHMHOM, ONITUMAIBHUM JUISI TBEPAOCTI € Yac 0OpOOKM OuIbIle 8MHU XBWIHH, a
JUIS IOPCTKOCTI BiJ] 4-0X XB. 10 8-MU XB. B 3aJIE)KHOCTI BiJl CUJIM CTpyMY Ta Ouiblie 16 XB.
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