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YJIK 681.518.22, 519.254
Booeuko 10.0. (HY «JIbsiscoka nonimexuixa», m. JIvsis, Ykpaina)

3ACTOCYBAHHSI 3TJIAJKYBAHHSA JJAHUX HEHPOHHOI MEPEXI JIJIS
BUKOPUCTAHHA B CUCTEMAX KEPYBAHHA BEHTUJIBHUM PEAKTUBHUM
JABUT'YHOM

B cmammi okpecneno npobremamuxy subopy cmpykmypu wmyuHoi HeUpOHHOT Mepedici 05l BUKOPUCTNAHHS 8
cucmemax KepyeanHsa 6eHmulbHUM peakmueHum ()6u2yHOM 3anp0n0H06aHo zacmocosysamu 32ﬂa09fcy6aHH}Z BUXTOHUX
OaHux HeupoHHOI Mmepedici 0Nl cnpoujenHsi ii cmpykmypu. Memooom KOMN HOMEPHO20 CUMYTIO8AHHI NPOBEOEHO
NOPIGHAILHUL aHariz pobomu cucmemu kepysannsi BPI[ 6e3 ma i3 3acmocy8anusIm 321a04CY68aHHsL OQHUX HEUPOHHOL
MepedxCi.

The article describes the problems of selecting the structure of artificial neural network for using in control
systems for switched reluctance motors. It is proposed to apply the smoothing of the neural network’s output data to
simplify its structure. By computer simulations a comparative analysis of control systems for SRM with and without
smoothing of the neural network’s data was carried out.

CuHTe3 onTUMaNIbHOI CTPYKTYpH MITYy4HOI HeliponHoi mepexi (IIIHM) — noBoni ckiagHa i
TpyznoMmicTka 3amava. lle moB’s3aHO 31 3HAYHOIO PI3HOMAHITHICTIO ICHYIOUHMX THIIIB MEPEXK,
aKTHBAIMHUX (YHKIIH HEHWpOHIB, CMOCOOIB HaBYaHHS, MOJMIIMBICTIO BHOOpPY pI3HOI KIJIBKOCTI
mapiB 1 HEWpPOHIB y KOXKHOMY mapi. OKpiM IIbOTO, Ha JaHUH MOMEHT HEMaE€ MaTeMaTUYHHX
dopmyn, sKi OM J03BOJISTIM OOYMCIMTH KUIBKICTh NPUXOBAHMUX IIApIB MEPEXi 1 HEHPOHIB Yy
koskaomy miapi [1]-[3]. 3 ixmoro 60Ky, ciaia mam’staT mpo 30EpeKEHHST PO3YMHOIO OaTaHCy MikK
TOYHICTIO OTPUMAHMUX PE3YJAbTATIB 1 KUIBKICTIO OOYHUCIIOBAJBHHUX 3aTpaT, TOMY IO MOXYTb
BUHUKHYTH IPOILIECOpHI 0OMexXeHHs npu peanizauii Haaro rpomizakux ITHM. OkpiM o3HaueHux
¢dakTopiB, IyKe BaXJIMBE 3HAYCHHS Ma€ BHOIp BEKTOpa BXiTHUX BEIMYMH 1 (opMyBaHHSA
HaBYaJIbHOI 0a3M JAHUX.

VY poboti [4] mokasano, 10 Yepe3 BUMiproBaHHs (pa3HUX CTpyMiB i moToko3ueruiens HTHM
MOJKE€ OLIIHUTH IOJIOKEHHS POTOpa BEHTWIBHOIO peakTuBHOro asuryHa (BPJI) 1 tum camum nae
MO>KJIMBICTh YHUKHYTH BUKOPUCTaHHS JaBaya MOJIOKEHHS pOTOPa, SIKUH MiBUIILY€E eKCIUTyaTalliiHi
BUMOTH, YCKJIQJHIO€ KOHCTPYKIIIIO, BUMArae J0JaTKOBUX (piHAHCOBMX 3aTpaT Tomo. OpHaK, SKII0
BUMIpIOBaHHA (pa3HUX CTPYMIB HE € MPOOJIEMATUYHUM, TO BU3HAUYCHHS ITOTOKO3YEIJICHb OTPeOye
BUKOPUCTAHHSA [JOJATKOBUX BHUMIPIOBAJIbHUX MPHUCTPOIB 1 OOYUCIIEHb, $SIKI BHUKOPHCTOBYIOTbH
IHTErpyBaHHs, IO MPU3BOIUTH A0 HAKOMMYEHHS MOXUOKK. OKpiM TOro, JOJATKOBI BXi/HI JaHi poOIsTh
CTPYKTYPY HEMPOHHOI MEPE3Ki OLTBIII TPOMI3IKOFO.

B naniii poboTi 3armporoHOBaHO BHKOPHCTOBYBAaTH HEHPOHHY MEPEXKY, BXITHUMHU BEJTHMUIMHAMU
K01 OyyTh Jnvie (a3Hi CTpPyMH, a BUXITHUMU — KYTH TIOJIOKEHHSI POTOpa, BMUKAHHS 1 KOMYTAITii (JHB.
puc. 1). PerymroBaHHs BeIWYMH KyTiB BMHKaHHS Ta KOMYTAIlii BUKOPHCTOBYETHCS ISl OTPUMAHHS
HKOPCTKUX MEXaHIYHMX XapaKTEPUCTHK. 3MEHILIEHHS BEKTOpa BXIJHUX BEJIMYMH JO3BOJISIE YHUKHYTH
JIONTATKOBHX BUMIPIOBAaHb 1 OOYMCIICHb TOTOKO3YEIUICHb, ajie IMPU3BOMUTH JIO OUIBIIOrO PO3KUIY
pe3ynbTariB [ITHM. Tomy, m100 BUKITFOUMTH ITYMH 1 TIOKPAIIMTA TOYHICTh PE3YJIHTATIB, 3aIPOIIOHOBAHO
BUKOPUCTOBYBATH 3TJIaJ[KyBaHHS BUXIIHUX JAHUX MEPEXKI.

[TonepenHe 3a1aBaHHs TApaMETPUYHOI MOZIENI MOYKE BHSBUTHCS HATO OOMEKEHMM a0o 3amatoi
PO3MIPHOCTI ISl ampoKcHMallli Herepen0adyyBaHUX XapaKTePUCTHK, B TOW Yac SIK HEmapaMeTpuyHe
3rTIaKYBaHHS JJa€ THYYKI COCOOM aHai3y HEBIOMUX 3aJI€KHOCTEH, 1110 1 HOTPIOHO JUIsl BUKOPUCTAHHS 3
pesynbratamu [ITHM. IcHye psi po3MoOBCIOKEHUX HEMapaMEeTPUYHUX METOIB 3TVIAJIKYBaHHS: SJIEpHE
srnampkyBaHHsi, KNN OLiHKH, OpTOrOHAIBHOTO PO3KIAAY, 3rIIAJKyBaHHs CIUIAWHAMH, PEKYPEHTHI
METOJM, MeIiaHHe 3MIaKyBaHHsA 1 T.J. [5]. OauH 3 Ha#mpocTimmx, ane epEeKTUBHHUX 1 JErKOo
peasli3oBaHMX METOAIB € sifepHe 3riajkyBaHHs [6]. T'omoBHa ponb ¢QyHKUII sapa mojsrae B
3abe3neyeHH1 AUEpPeHIIIHOBAHOCTI 1 TIAAKOCTI OiHKY [7]. Bubip HE0oOX1qHOT MUPHUHU BIKHA IS
KOHKPETHOI 3a/1aui — KJII0UOBHH (PaKTOp Y MPOBEEHHI IKICHOTO HEMapaMeTPUYHOTO OLIIHIOBAHHS.


http://www.machinelearning.ru/wiki/index.php?title=%D0%9D%D0%B5%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B5%D0%B3%D1%80%D0%B5%D1%81%D1%81%D0%B8%D1%8F#kNN_.D0.BE.D1.86.D0.B5.D0.BD.D0.BA.D0.B8
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Pucynok 1 - ApxiTekTypa HaBUeHOI HEHPOHHOT MEpexXi

Jlyist mpoBeIeHHsT TOCHIIKEHb 00paHo sIepHe 3TJIa/DKyBaHHA 3 sapoM layca i migiOpaHo
ONTUMAaJIbHY UIMPUHY BIKHA JUIsl KyTa IOJIOKEHHS POTOpa, KyTa BMHMKaHHsA Ta komyrtamii BPJI.
OCKiIBbKH OLIIHIOBaHHS BiIOYBA€THCA B PEXKHUMI PEANbHOTO Yacy, TO Ui 3a0e3MeueHHs! JOCTaTHbO1
TOYHOCTI 1 OJHOYACHO 3MEHIIEHHS 00YMCIIOBAIbHUX 3aTpaT 3IMIaJpKyBaHHs BeAeTbes o 101 tou,
MIPY 9OMY OOYHMCITIOETHCSI HOBE 3HAYCHHS JUTsl KOXKHOT 50-1 TOUKH 13 1i€l Tpynu. 3aTpuMKa B 9aci Ha
101 iteparito mpu KpoIli IHTErPyBaHHS 33 4acOM 10°c MPAKTHYHO HE BIUTMBA€ Ha €(EKTUBHICTH
poboTH cucTeMHU.

Ha puc. 2 i puc. 3 mokazaHoO SIK 3aCTOCOBAaHE 3IJIaJKyBaHHS BIUIMBAE HAa KyTH KOMYyTalli Ta
BMuKanHs Br3HadeHi [ITHM nipu pizkoMy 3MEHIIIEHHI MOMEHTY HaBaHTa)KEHHS. A Ha pUC. 4 BUTHO BIUTHB
IIMX KYyTIB Ha IBUKICTH 00epTanHs potopa BP/I.

KyT,
en.rpag
8 -

7 -
—KyTBMUKaHHA Be3
3rNafKyBaHHA

6 -

3 ——HyTBMUKAHHA NpU
3aCTOCYBaHHI 3rNaAKyBaHHA

0 I T T T T T 1

0 1 2 3 4 5 6
Yac, ¢

Pucynok 2 - Kyt BMukaHsas 6e3 i mpu 3aCTOCYBaHHI 3TJaJKyBaHHs pe3yabTaTy HEHPOHHOT
Mepexi



KyT,
en.rpag

180
160 -
140 -

120 -
—KyT KomyTauji 6e3

100 + 3M13/4HYBaHHA

80 -
—RyT KomyTaLii npu

60 - 33CTOCYE|BHHi 3MNafXyBaHHA

40 -

20 -+

Yac, ¢

Pucynok 3 - Kyt xomyTanii 6e3 i mpu 3acTOCyBaHHI 3TJ1aJKyBaHHS Pe3ylbTaTy HEMpOHHOL

Mepexi

n,
06/x8
400 -
350 -
300
250 — LWBWAKICTb , KONK [0 KYTIB He
3aCTOCOBaHE 3MaJKyBaHHA
200 A
150 —llBKMAaxicTb, KONKM A0 KyTiB
100 3aCTOCOBaHE 3MaaKyBaHHA
50
0 T
0 1 2 3 4 5 6

Yac, c

Pucynok 4 - IlIBunkicth oOepTaHHs poTopa 0e3 1 MpU 3aCTOCYBaHHI 3TJIAJKYBaHHSA IO

pe3yibTaTiB HEMPOHHOI MEpEeKi MPU BU3HAYEHHI KyTiB KOMYTaIlii Ta BMUKaHHS

BUCHOBOK
3 BUILIE HABEJICHUX JAHUX MOXKHA 3pOOMTH BHCHOBOK, IO 3IJIa/KYBaHHS JaHUX HEHPOHHOI

MEpexi uepe3 3MEHIICHHS MyibCallli BEJIMYMH, 10 BHU3HAYAIOTHCS, B 3HAYHIA MIpl CIpUsE
cTallIbHIN 1 IaBHiM podoti BP/I.
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Boiko O.A. (National University, Kharkov, Ukraine)

APPLICATION OF ARTIFICIAL NEURAL NETWORKS FOR INTRUSION AND
SECURITY VIOLATION DETECTION PURPOSES

Intrusion and security violation detection is a very difficult problem due to computer networks complicity and
creativity of the hackers. Neural networks may coupe with this task better than standard rule based expert systems.
Artificial neural networks showed great results on DoS and Probe attacks detection but still have problems with R2L
and U2R attacks. Future researches will be made to improve weak sides of neural networks and make strong one even
stronger.

Busgnenna emopenens ma nopyuiens 6esneku € Oyixce CKIAOHOIO NPOOAeMOI0 Hepe3 Cnigyuacmo
KOMN'TomepHux mepedc ma kpeamusHicms xaxepis. Hetlponni mepesici Moocyms 6nopamucs 3 yum 3a60aHHAM Kpauye,
HIJIC CMAHOAPMHI eKCNepmHI cucmemu, 3ACHO8ani Ha npasuiax. I[lmyuni Heuponni mepeodici noxazaiu uyoosi
pesynvmamu npu eusigienni amaxk DOS ma Probe, aze ece we maiomv npobnemu 3 amaxamu R2L ma U2R. V
matbymuvomy 6y0yme npogedeni OOCHIONCEHHS 3 Memol0 NOKPAWEeHHs CLAOKUX CMOpiH HeUpOHHUX Mepedc ma
NnocuneHHs MiyHoi

l. Introduction

During the last years researches in field of neural networks usage for intrusion and security
violation detection purposes increased significantly. This thesis describes the way such IDS are
build, their advantages and disadvantages. The results of neural network testing are shown and
recommendations to improve them are made.

Due to the fact that the corporate local area networks size and difficulty increase from year
to year system and security administrators have difficulties in following the proper level of security
on the network. Also, in classical LAN protection methodology (using rule-based IDS and
firewalls) security is heavily dependent on the human factor: the attentiveness and professionalism
of administrators, their subjective evaluation in the software selection etc. Majority of current
approaches to intrusion and security violation detection involve use of rule-based expert systems to
identify indications of known attacks. However, these techniques are less successful in identifying
attacks which vary from expected patterns.

To eliminate the described deficiencies neural networks usage was proposed. Application of
neural networks to solve the problems of information security is related in the first place, with
analysis of network traffic and making decision if analyzed packet is normal(legitimate) or not.
Another way to detect unauthorized activity is monitoring unusual user activity on the basis of his
"handwriting"(for example: average typing speed, programs user obviously running etc). This
technique involves the comparison of a user’s activities with the known behaviors of attackers
attempting to penetrate a system.

Il. Advantages of neural networks usage

Neural network conducts an analysis of the information and provides a probability estimate
that the data matches the characteristics which it has been trained to recognize. Artificial neural
network consists of a set of computing elements that are highly interconnected and transforms a set
of inputs to the set of desired results. Resulting transformation determined by the characteristics of
elements and associated weights with the relationships between them. By changing the connections
between nodes network is able to adapt to the desired results.

Unlike expert systems that provide the user with a definitive answer, if the reviewed
characteristics exactly match those that have been encoded in rule base, neural network analyzes
information and provides the probability that data corresponds to the characteristics a neural
network was trained to recognize for. Although the probability of a match determined by the neural
network can be 100% accuracy of its solution depends entirely on the studying quality and
experience of success in the analysis of examples of the problem. Artificial neural networks offer
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the potential to solve a series of the problems faced by other modern techniques of intrusion
detection.

1. Application of neural networks in intrusion detection

In general neural network analyses the data from computer network and makes decision if
this data is legitimate. Neural network can analyze the data from the network, even if the data is
incomplete or distorted. Neural network analyzes data packet by packet. General network packet
structure is shown on Fig. 1.

Preamble

Receiver ID

Sender ID

Handling
attributes

Checksum

Fig.1 General network packet structure.

Generally there are two types of application of neural networks to detect misuse [1]. In the
first case, the neural network is used as a differentiated system of protection against interference.
The neural network analyzes the data to be transmitted within a computer network for the presence
of security violations. Any cases of suspected breach of security are redirected to the system
administrator or an automated responding system. This method provides high speed data analysis
and the ability to track an attack that would have been passed the expert system based on rules.
Also, later, this system can improve its efficiency by studying the characteristics of attacks.

Unlike the previous type of application, where the neural network is used as a replacement
for existing systems, traffic analysis, in the second case the neural network is used together with the
existing expert system. The neural network analyses the traffic and forwards all suspicious cases to
the expert system. Typically, the sensitivity of expert systems is set at a low level to reduce the
frequency of false alarms. As the expert system only receives data about events that are considered
as suspicious, the sensitivity of the expert system can be increased. This configuration is useful for
organizations that have invested heavily in expert systems based on a set of rules. The disadvantage
of this approach is that it requires a timely update of expert systems in order to enable it to identify
new threats. The most frequently used neural network architecture is multi-layer feed-forward.

Such neural network received data packet from computer network, spreads it to the hidden
layer(s) and sends result to the output.

Neural networks aren’t perfect. They have 2 main disadvantages: training requirement and
“black box” nature. The ability of artificial neural networks to detect invasion completely depends
on the precision of preparation step (accuracy of training system, training data and training
methods). Training requires very large amounts of data to ensure that results are accurate.

The second (and main problem) is that unlike expert systems that have hard rules for event
analysis, neural networks adapt their analysis of data in response to training which is held in
network.

General feed-forward network architecture is shown on Fig. 2.
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Fig.2 Feed-forward network architecture.

4. Data preprocessing.

Neural network requires training before it can be used to monitor network traffic and detect
attacks. One of the most comprehensive problems faced was training data preparation. It was
decided to capture some amount of different network traffic (“normal” traffic + traffic during
different types of attacks)[2]. Wireshark software has been used to solve task described above.
Wireshark is a free and open-source network packet analyzer. Each captured packet was saved as
CSV (comma separated value) file raw. Example of such file is shown in Table 4.1:

Table 4.1
Example of captured network packages (“normal” traffic)
No. Time Source Destination | Protocol | Length | Info
Who has
192.168.1.58?
1 0 | Cisco_dd:2c:70 Broadcast ARP 60 | Tell 192.168.1.1
Name query NB
192.168.1.25 THUNDERSTORM
2| 0.271073 | 192.168.1.27 5 NBNS 92 | <20>
Name query NB
192.168.1.25 THUNDERSTORM
310.271974 | 192.168.1.25 5 NBNS 92 | <20>
S P, func=RNR,
N(R)=64; DSAP
NULL LSAP
Individual, SSAP
SamsungE_21:b5: NULL LSAP
4 | 0.403026 | 3a Broadcast LLC 60 | Command

Basic Format;
Type 1 LLC (Class

SamsungE_21:b5: | LLC); Window
51 0.403758 | 3a Broadcast XID 60 | Size 1
Source port: 802-
11-iapp
Destination port:
6 | 0.403776 | 192.168.1.200 224.0.1.178 | UDP 60 | 802-11-iapp

[TCP segment of
a reassembled
7 | 1.021393 | 222.122.213.35 192.168.1.44 | TCP 1514 | PDU]
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To use captured traffic in neural network training it was processed. All alphanumerical
values (source, destination, protocol and info) were mapped and replaced with float values from 0
to 1. This was done by program written on python. Incoming CSV file was parsed and all new
alphanumerical values (that haven’t been processed before) were mapped using key-value
dictionary. All numerical values(time and length, except package number as it’s useless for us) were
normalized to fit into 0..1 range[3].

5. Attacks detection results

Some contemporary researches showed that neural networks can determine some types of
network attacks with very high triggering probability [4]. To show this lets carry out some testing.
There are 4 general types of network attacks [5]: DoS, Probe, R2L, U2R. A denial-of-service attack
(DoS attack) is an attempt to make a computer resource unavailable to its intended users. One
common method of attack involves saturating the target machine with external communications
requests, such that it cannot respond to legitimate traffic, or responds so slowly. Probe attack is an
attempt to gather information about a network of computers for the apparent purpose of
circumventing its security controls. It’s made by hosts sweeping and port scanning. Remote to
Local Attack (R2L): occurs when an attacker who has the ability to send packets to a machine over
a network but who does not have an account on that machine exploits some vulnerability to gain
local access as a user of that machine. User to Root Attack (U2R) is a class of exploit in which the
attacker starts out with access to a normal user account on the system (perhaps gained by sniffing
passwords, a dictionary attack, or social engineering) and is able to exploit some vulnerability to
gain root access to the system.

The results of artificial testing of neural network with the comparison to the other intrusion
detection systems are show in Table 5.1.

Table 5.1
Different attack types detection rate
Attack types DoS, % Probe,% R2L, % U2R, %
Neural network | 98.0 92.8 36.5 30.8

As it can be seen from Table | the first two attacks (DoS and Probe) are recognised by
neural network very efficiently while R2L and U2R attacks were recognised only in 1 of 3 cases. To
improve attacks recognition another neural networks types and configurations will be tested. Also
improved teaching algorithms can increase percent of detected attack. To increase network
protection even when attack was skipped an unusual user activity monitoring algorithm will be
implemented.

CONCLUSION

Intrusion and security violation detection is a very difficult problem due to computer
networks complicity and creativity of the hackers. Neural networks may coupe with this task better
than standard rule based expert systems. Artificial neural networks showed great results on DoS and
Probe attacks detection but still have problems with R2L and U2R attacks. Future researches will be
made to improve weak sides of neural networks and make strong one even stronger
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Boasincokuii €., IlomoB C., Antonenko T. (Xapkiscokuui Hayionanvuuil yHisepcumem
paodioenexmponixu, Yxpaina)

I'JIMBOKA MEPEJKA HA BA31 HEHPO-®A331 IOHITIB

3anpononosano apximexmypy enuboxoi mepedici na 6asi neipo-gpassi onimie (NFU), saxa mae noxpaweni
61ACMUBOCMI 8 NOPIGHSHHI 3 2IUOOKUMU Mepedcamu Ha 6a3i neo-ghazsi netiponie (NFN) i 6 moi orce uac ne mae
CKNIaOHOCmel 0OYUCTIOBANIbHO20 Xapakmepy 6 npoyeci HAGUAHHA, XapaKkmephux OJia 2AubOKux mepeosic, AKi
BUKOPUCMOBYIOMb  CUCMOIOaNbHI  akmusayiini  ¢ynkyii. HasuanHna 3anponoHo8aHoi mepedici BUKOHYEMbCA 3d
00NOMO2010  360pOMHO20  nowlupennss noxubox. Ilposedeno moldenioganns 0N GUSUEHHA  BIACMUBOCHEN
3anpONOHOBAHO20 NIOX00Y 8 NOPIBHAHHI 3 BIOOMUMU.

The architecture of a deep network based on neuro-fuzzy units (NFU) is proposed, which has improved
properties in comparison with deep networks based on neo-fuzzy neurons (NFN) and at the same time has no
computational difficulties in the learning process typical of deep networks which use sigmoidal activation functions.
The training of the proposed network is performed by backpropagation algorithm. Simulations are carried out to study
the properties of the proposed approach in comparison with the known ones.

Beryn

OcranHiM yacoMm rimbOoki HeiponHi Mepexi (THM) [1-5] HaOynu BeaMKol MOMmyIspHOCTI
3aBJKM BaroMHMM NpPaKkTHYHUM pe3yibTaTaM, SIKI BAAJOCA OTpUMATH 3 iX gomomororo. barato
apxitektyp 'HM € po3mupeHHSM paHille BiIOMUX apXiTEKTyp IITyYHHX HEWPOHHUX MeEpex
(IIHM), ane 3 OiNbIIOI KUTBKICTIO MPUXOBAHUX IapiB Ta HEWpPOHIB B HMX. Taka BiMIHHICTBH
MPU3BOJUTH TAKOX JO IMEBHUX CKJIAJHOCTEH OOYHMCIIOBAIBHOTO Ta YaCOBOTO XapaKTepy B MpoIieci
HapuanHs [HM. Jlns yHUKHEHHsS nux mnpobiaem B [6-7], 3aMicTh TpaauiidiHUX HEHPOHIB
Makkanoxa-Ilitrca, 3anpornonoBano BukoprcroByBatd B 'HM nHeo-¢a33i ueiiponn (NFN), siki He
MalOTh CUTMOiJaIbHUX aKTUBALIHUX (YHKIIH, BIACTUBOCTI SIKUX 1 PU3BOJUTH 1O BUILEHA3BAaHUX
CKJIATHOCTEY HABYAHHS.

NFN HeomHOpa3oBO BUKOPHCTOBYBAIKCS B Pi3HOMaHITHUX apxiTekTypax IIITHM [8-12], a
JUIS HaJaHHS 1M OUTBIIOI YHIBEpPCANbHOCTI Ta ampOKCUMYyIOYuX BiactuBocted B [13-15] Oymo
3allPOTMIOHOBAHO BHMKOPUCTAaHHS Heilpo-pas3i toHiTiB (NFU), ski Takok MarTh CHUTrMOigaibHi
akTtuBauliiHl QyHkuii. Jns noegHanHs mokpamenux BinactuBoctedt NFU Ta mpocroTn HaBuaHHS
NFN, 3aminumo B NFU curmoinaneny aktuBamiiiny ¢yskiiro Ha Rectified Linear Unit (ReLU),
TOOTO KYCKOBO-JIIHIMHY (YHKIIIIO, IIO0 Ma€ TOXITHI-KOHCTAaHTH. MeToro poOOTH € BHBYCHHS
BJIACTUBOCTEH TaKOTO riOpUIHOTO miaxody ao nooymosu 'HM.

1. ApxiTekTypa riamdokoi Mepe:xi Ha 0a3i Helipo-¢a33i IOHITIB

Jns mpocToTH OyneMo pOo3risjaTH MOBHO3 BS3HY 0araTomapoBy apXiTeKTypy HpsSMOro
MOIIMPEHHsI, sfKa Mae S ImapiB oOpoOku iHpopmanii. OpHak BiA3HAYMMO, IO MOKJIMBO
BUKOPHCTAHHS ¥ CHelializoBaHuX apXiTekTyp [16-18] 3 HenmoBHMMH 3B’S3KaMH MK IIapamMH Ta
3B’SI3KaMH, 10 0OXOASAThH OJIUH YH JICKIJIbKA MIapiB.

Ha Bximuwii (HynboBuii) map momaetbest Xx(k)eR™ Bektop Bximuux curHamiB. x(k) =
(x1(k), x3(K), ..o, ()T, ne k =1, 2, ..., N — HOMep crIOCTepeXeHHs B HaBYabHill BUGOpIi abo
IHIEKC  TMOTOYHOTO  JUCKPETHOTO  Yacy. BuUXiZHUM  CHUTHaJIOM MeEpeXi €  BEKTOp
§(k) = (3,(k), P,(k), ..., P (k)T € R™. Jlani, nns crponieHHs 3aMucy MO3HaYeHb OyIeMO TaKOXK
pukopucrosysat Bug  x(k) = ol%(k) = (0{0] (k), ...,oi[(?] (k) ...,0,[3)] NT, $(k) = olsl(k) =
(OES](k), ...,oi[ss](k),...,o,gi](k))T. TakuM YWMHOM, BXiJIHUM CHUTHaJIOM P-ro mapy (p=1, 2..., s) €
BEKTOP olP~t(k) = (oip_ll k), ...,oi[s__ll] k), ..., 0P~ 1 (k)T € R™-1, a BuXiHUM — BEKTOP

np_l
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Pl(k) = (0P (k), ..., oi[f:] k), ...,
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ipip_ql+1 ipip—1l
\ 0, B iHIIMX BUIIAJKaX,
e Ci[sgp—ll,l =1,2,...,h — ueHTpu TpUKYyTHUX (YHKIIA HaNEKHOCTI. Y BHUIAIKY, KOJIH BCl
[p]

HENIHIWHI CHHAICH Mepexi NSipip_lMaIOTb OJJHAKOBE 4YMCIIO N TEHTpIB, KOTpi pPO3MOJisieHi

PIBHOMIPHO 0 OCSIM BXIJHUX CUTHAJIB, BUpa3 (4) Moxke OyTH NepenucaHuil y OUIbII 3py4YHOMY
BUTJISIL:

p—1] [p] [p- [p]
1(01p 1 Clplpql- 1) AKINO ol 6[ lplp L 1-1 Clplp 11)
[p] -1y ) [ o [p]
Hiyiy_ 1 (Olp_l ) Acl(cl.pl.p_ll+1 — ) AKII0 ol Te [clplp N clilp ) (5)
O, B iHIIHUX BI/IHaAKaX,
[IPH [IBOMY:

[p] [p-1] [p] [p—1]\ _  [p] [p-1] [p] [p-11) _

Hipip—11-1 (in—1 ) + Hipips1 (in—1 ) = Hipipa1 (oip—1 ) + Hipip_11+1 (in_l ) =1 (©)

YmoBu (4)-(6) 03HAYAIOTh, IO B KOXKEH MOMEHT 4Yacy K B KOKHOMY HENiHIMHOMY CHHAIICI
TIJIBKU AB1 CyciiHI QYHKIIT HAIEKHOCTI MOXKYTh crpaioBaTy. e mpuBoauTh 10 TOro, 110 B LEH
K€ MOMEHT HAJAIITOBYIOTHCS TINBKH [[Ba CYCIHI CHHANTH4YHI BaroBi Koe]imieHTH, TOOTO Ha
KO)KHOMY KpOIli HaBYaHHS YTOYHIOETBCSA TUTBKM 25 1N, 4N, CHHANTHYHUX Bar 3amicTh
h ¥ 5—1np_1np. Ockinbku KoKeH HeiHIHHUH cHHATIC Mepexi peanizye no cyTi F-meperBopeHHs
[19], e mo3BoIIsE SIK 3aBrOHO TOYHO aPOKCUMYBATH OYIb-KYy OOMEKEHY OJTHOBUMIPHY (YHKIIifO
IpU JTOCTaTHBO BenukoMy h. 30inbmieHHs uucna (QyHKIIH HaIEKHOCTI HE YCKIIAQJHIOE HaBYAHHS
MEpEexi.

Sk Bke Oylo BiI3HAYEHO BUIINE, 3aCTOCYBAHHS CUTMOINANbHUX aKTHBAIIHHUX (QYHKIIH (B
JTAHOMY BUIIAJIKy — TIMEepOOJIIYHOTO TaHTeHCy) ycknaanioe HapdanHs ['HM. Tomy Bukopucraemo

cnpoueny apxitektypy NFU 3 Bukopuctanuam ¢ynkuii aktusanii ReLU, mo 103BosinTh 3anucatu

BUXI1/IHUI curHai Helpo-das3i oHiTy NF Ui[p] y BUIJIAJI
14

Tlp 1 np 1
[] olp—1l olp—1l
=RetU( > £ (o) |=max(0, > £ (olr-T) ). )
lp 1—1 lp 1—1

2. HaBuyanus riaubokoi Mmepe:xi Ha 0a3i Heiipo-¢da33i IoHiTiB
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HaBuaHHs 3amporOHOBaHOT MEpEKl peali3yeTbCs Ha OCHOBI 3BOPOTHHOTO MOUIMPEHHS
MOXUOKH 1 3BOJUTHCS IO MOIIYKY CHHAIITUYHUX BAaroBUX Koe(ilieHTIB w[ ] P = 1,2,..,sl1=

1,2,...,h; i, = 1,2, ..., Np; ip_q = 1,2, ..., Np_q IUISIXOM MiHiMI3a11 HpI/II/IHSITOI LIJI6OBOT (I)yHKui'l', B
SIKOCTI SIKO1 BUKOPUCTAEMO CTaHIAPTHY KBaAPATUIHY (DYHKIIIFO

B9 =3 Z 2 (9 = ZZ (o), ®)

ig=1

ne
e2(K) = (y;(k) — ReLU(w!*! (k — Dpf (0!~ (10)))?,
yj(K) — 30BHiIHI} HABYANBEHUIT CHTHAIL.
['pagienTHa MiHIMI3aMis (8) 171 KOKHOTO CHHANITUYHOTO BaroBOro Koe(imieHTy BUXITHOTO

[s]
mapy w;'; | MOxe OyTH OoIMcaHa PeKYPEHTHOIO MPOIEAYPOIO

(k) = l(k -1 - n(k)#

Wlsls 1l (9)
= Wi[:i]s_lz(k — 1) — n(k)e; (k)Step (wi[:] (k — 1),11[:] ( (k))) HLSLS y ( [s=1] ))

ls1

lsls 1l

1, axkmoz > 0,
0, B iHmomMy BUNagKy’
¢ynkuis Step(z) 3acTOCOBY€EThCS TOETEMEHTHO), a60 Y BEKTOPHIH hopmi

(ryr n(k) — mapamerp kpoky HaBuaHHs, Step(z) = { AKIIO Z — BEKTOP, TO

wi (k) = wit (k= 1) -

—n(k)e;, (k) (Step (Wi[:] (k — 1)#1[:] (Oi[:__ll](k))) ' l‘z[:] (01-[:_"11] (k)>>' .

ne (*) — CHMBOIT MOEIEMEHTHOTO MHOKCHHSI BEKTOPIB.
HanamTyBaHHS CHHaNTUYHHUX BaroBUX KOE(QILI€HTIB MPUXOBAaHUX LIAPIB peali3yeThCs 3a

JIOMIOMOT'010 aJTOPUTMY 3BOPOTHOT'O MOLIUPEHHS MOXUOKH, aHAJIOTIYHO TOMY, SIK 1€ Peai30BaHO B
[6-7], ane 3 BukOpHCcTaHHAM QYHKILT Step(z).

Takum yMHOM, HaBuaHHS TJIHOOKOT Mepexi Ha 0asi Heiipo-¢assi towitiB (DNFU) 3
BukopuctanHsM ¢yHkiii ReLU 3 oOunciaioBasbHOI TOYKH 30pYy MPOCTIIIE B TOPIBHSHHI 3
tpaguuiiiaumu [IIHM ta 'HM, ockinbKkHM MOXiHI TPUKYTHUX (PYHKIIH HaJEKHOCTI, a TAKOX CaMoi
ReLU e xoncTanTtamu.

3. EkciepuMeHTAJIbHI pe3y1bTaTH

[IpoBeneHO TOPIBHSHHS SKOCTI PO3B’sI3aHHA 3a7ayi Kiacudikamii Ha IMHPOKO BiIOMHX
naaux Breast Cancer Wisconsin Data Set Tppoma Mepekamu: OaraTtomapoBUM MEPCENTPOHOM
(MLP), rmmbokoro Heo-(paz3i HeliponHOw Mepexero (DNFN) ta rimbokoro mepexero Ha 0asi
Heillpo-¢a33i toHiTiB (DNFU). Bei mepexi manu 3 npuxoBanux mapu. Mepexxa MLP mana o 100
HEHpOHIB B KOkHOMY mpuxoBaHoMy Imapi. Mepexxi DNFN i DNFU mamu mo 10 inTepBaiiB B
KO)KHOMY HEJIIHIHHOMY CHHAIICi, TOMY, 1100 3arajbHa KUIBKICTH MapaMeTpiB Oyjia aHaJorivyHa
mepexi MLP, B koxxHomy npuxoanomy mapi mepexx DNFN i DNFU 6yno mo 10 Heo-das3i
HEHpOHIB Ta Helpo-(}ha33i IoHITIB BiAMOBIAHO. Bei Mepexki AocsATIM MiHIMANBbHUX 3HAa4YeHb (DYHKIIT
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BTpat miciag 7 enox HaBuaHHA (Tabmuug 1). [Ipu npomy DNFN nmokasana kpaiii pe3yabTaTH Hixk
MLP, a DNFU me kpami, nHixk DNFN, mo miarBepamio mepcrneKTUBHICTH 3alpONOHOBAHOTO
MiIXOMY.

Tadmuns 1
PesynbraTi exciepuMeHTaIbHUX JOCIiIKEHb
Tumn mepexi MLP DNFN DNFU
TouHicTh Ha TeCTOBIH BUOIpII Ha 7-1i emoci 92.1% 92.98% 93.85%
3HayeHHs TecToBoi (hyHKIIT BTpat Ha 7-1if emnoci 0.163 0.418 0.154
ggizieHHﬂ TpeHyBaJIbHOI (QYHKIIIT BTpaT Ha 7-1i 0179 0.42 0057

BHUCHOBKHU

3amporoHoBaHa THHMOOKa Mepeka Ha 0asi Heipo-¢assi IOHITIB 00’€AHYye TPOCTOTY
HaBUaHHS, XapakTepHY s TIUOOKOI Heo-has33i HEHPOHHOI Mepexi, 3 TOKpaIlCHUMH
anpOKCUMALIHHUMM BJIACTUBOCTSIMH Mepek Ha 0a3l Helpo-(as33i IOHITIB, L0 MIATBEPAKEHO
BIJIMOBITHIUMH E€KCIIEPUMEHTATFHIUMH JaHUMU. [lomanbim AOCTIKEHHS Ii€i apXiTeKTypH BapTo
CIIpSIMyBaTH Ha BUKOPUCTAHHS i CIIPOMOXKHOCTI /IO CTIelliani3allii Ha OCHOBI anpiopHoi iHdopmartii
PO BJIACTUBOCTI JaHUX, sIKi 00poOssatoThes. Lle A03BOMUTH CKOPOTUTH KUIBKICTH HACTPOIOBAHHX
CUHANTHYHUX Bar, MOKPAIIUTH y3arajJbHIO0Ui BIACTHBOCTI Ta ITiIBUIUTH IMBUIKICTH HABYAHHSI.
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METHODS MAKING AN INVESTMENT DECISION

For the needs of investment analysis and investment management, ie project evaluation and ranking,
classification into independent and mutually exclusive investment projects is of special importance. In theory and
practice, there are two basic approaches to assessing and measuring the financial benefits or effects of investment
projects: the traditional or accounting approach and the modern or financial approach. The investment decision will be
either the acceptance or rejection of the proposal based on the 4th method of determining the required capital: the
method of estimating the rate of return; eturn period methods; the internal rate of return method and the net present
value method. Therefore, the development of improvements and predictions should be a top priority in the process of
reaching the optimal decision.

Jna nompeb ingecmuyitino2o awanizy ma YNPAaeuiHHA IHEeCmuyiamu, mooOmo OYiHKU Mda PAHICUPYBAHHS
npoexmis, 0cobUGe 3HAYEHHS MAE KIACUDIKAYISL HA He3ANeNCHT MA 83AEMOBUKIIOUHI iH6ecmuyilini npoexmu. Y meopii
ma npaxmuyi iCHye 08a OCHOBHUX NIOX00U 00 OYIHKU MA BUMIPIOBAHHA (DIHAHCOBUX BU200U YU HACAIOKI6 IH8ECMUYTIIHUX
npoexmis: mpaouyitinuil abo byxearmepcvkull nioxio ma cyuacuuti abo ginancosutl. Ineecmuyitinum pivieHHam 6yoe
abo nputinsmms, abo GIOXUNEHHS NPONO3UYIl HA OCHOBL 4-20 Memooy 6U3HAYEHHS HeO0OXIOH020 Kanimauy: Memoo
OYIHKU HOpMU NPpUOYMKY, Memoou 360pOMHO20 Nepiody, Memoo 6HYMPIWHbOI HOpMU HPUOYMKY ma Memoo 4ucmoi
menepiuinboi eéapmocmi. Tomy po3pobka 0OCKOHANUX NPOSHO3I8 NOGUHHA GYMU 2006HUM NPIOPUMEMOM Yy npoyeci
00csA2HeHHA ONMUMATILHO20 PilleHHS.

1. INTRODUCTION

The main goal of every company is to preserve its existence and ensure the permanent
desired development. The company strives to ensure its current and future survival, to ensure the
continuity of current and future efficient operation. Usually, this synthesized basic goal of the
company is further specified through two additional goals:

. ensuring the continuity of functioning, ie. ensuring the existence of the business
system;

. ensuring the continuous continuation of efficient functioning, ie. ensuring the
continuous desired development of the business system.

The company is trying to realize its goal in the current conditions and the present time, and
having in mind the near and distant future. In addition to providing conditions for its current
survival, the company is in a situation to develop and that development is long-term oriented,
defined qualitatively. The company defines its long-term development policy, which contains its
basic goals and ways of achieving them. Investment goals and investment policy, as a direct
consequence of the company's goals, are retained in the long-term development policy of the
company. On the other hand, only concrete investment actions within the defined investment policy
can establish the realization and development of company policy. The investment selection criterion
is a measure of the validity of individual investment shares, a measure of achieving the set
investment goals and based on it it is determined which of the available investment shares should be
realized. Like other economic phenomena, investments have their micro and macro aspect. At the
macro level, these are different variants of the capital ratio as a relationship between investment and
production, in the financial literature and practice, these are usually the average and marginal
capital ratio. The average capital ratio shows how many units of capital (fixed and current assets), ie
total investments are engaged in the creation of production units, while the marginal capital ratio
represents the ratio between the increase in investment and the increase in production. Investment
management at the micro level, ie at the company level, aims to allocate limited investment capital
to optimal purposes, programs in order to maximize the achievement of its economic goals. In the
conditions of a developed financial market and the company's access to that market, investing must
be understood in a broader sense. In addition to investing in projects, business ventures in the
company, either in the modernization of existing or new production, plants, factories or activities,
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and the company can also place uncommitted free capital in the securities of the financial market
and thus make a profit. Investments, as an integral part of the totality of the process of allocation of
economic resources over time, are one of the most important areas of economic theory in general,
from two basic economic characteristics:

» limitation and possibility of alternative use of economic resources;

» future development, as a precondition for more complete satisfaction of future needs.

2. INVESTMENT PROJECTS AND INVESTMENT CRITERIA

Investment proposals or projects, as alternative opportunities for internal investment within
the company, can be classified into:

- new production or expansion of existing ones;

- relocation of equipment or facilities;

- research and development;

- investigative works;

- other projects.

For the needs of investment analysis and investment management, ie project evaluation and
ranking, classification into independent and mutually exclusive investment projects is of special
importance. Independent projects are considered to be those that do not compete with each other, ie
if the choice of one project does not imply the simultaneous rejection of another. In contrast,
mutually exclusive projects are mutually exclusive, so choosing one project means automatically
rejecting another.

2.1 CAPITAL INVESTMENTS INCLUDE:

- generating investment proposals;

- an estimate of cash or cash flows for those proposals;

- valuation of cash flows;

- project selection based on accepted criteria;

- continuous revaluation of investment projects after their acceptance.

Each of these activities, ie the correctness of its implementation, improves the objectivity
and quality of investment management and the chance to choose the optimal placement of
capital. In theory and practice, there are two basic approaches to assessing and measuring the
financial benefits or effects of investment projects:

- traditional or accounting approach;

- with time or financial approach.

The first involves the projection of the annual financial result to the economic life of the
project and their comparison with imported funds - capital. The return on investment in this way
depends on the sources used and their combination, and on whether it is reported on the basis of
gross or net profit. Modern financial theory has therefore promoted, the practice has accepted the
approach of expressing the effects of investment projects through their effect on cash flows. The
advantage of net cash flow, ie financial access to net cash flows, in relation to accounting, based on
its differential profit are:

- intelligibility of decision makers, even those who are not sufficiently financially
educated,

- the determination of the future investment activity of the company manages the net
cash flows.

In this paper only the basic elements of cash flow projection in the function of budgeting
and evaluation of the effects of investment programs will be pointed out and they are:

- initial, as well as any subsequent capital investment in the realization of a given
project as a cash outflow;

- net increase in future cash flow expected from the project, ie the flow of annual
financial benefits in the economic life of the project;
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- the amount of cash that will be released when the project is liquidated according to
its lifetime system as a cash inflow.

The basic investment criteria in the financial literature are the price of capital and the
standard rate of return. The price of capital as an investment criterion is based on the indisputable
fact that capital, regardless of its sources, has its price on common sense logic that it is worth
investing if the expected earnings will be based on other realistically available alternative
investment opportunities. In doing so, determining the price of the company's capital is essential for
each company only in the function of the investment criterion, but in the optimal composition of its
financial structure.

Unlike the cost of capital, standard rates of transfer to invested funds are a more empirically
based criterion, which nevertheless has a fairly widespread practical application. As standard rates
of return are met or used:

- the desired rate of return on new investment;

- actual rate of return on existing investments;

- average rate of return for a given industry;

- target rate of return on existing investments

3. ASSESSMENT METHODS
The investment decision will be either the acceptance or rejection of the proposal based on
the 4th method of determining the required capital:

1. methods of estimating the rate of return;
2. return period methods;

3. internal rate of return method;

4. net present value method

3.1. ESTIMATION OF THE RATE OF RETURN

This calculation measure represents the ratio of the average annual profit after tax and
investment in the project. In the previous example of a new machine, the average annual book
salary for a five-year period is $ 2,100, and the initial investment in the project is $
18,000. Therefore: Average rate of return = 2100/18000 = 11.76%. If the income were variable for
the observed 5 years, the average would be calculated and included in the meter. Once the average
rate of return for an investment proposal has been calculated, it can be compared to the required rate
of return in order for a particular investment proposal to be accepted or rejected. Assuming there are
3 investment proposals, each costing $ 9.000, follows

Table 1. Example of three investment projects

PROJECT PROJECT PROJECT

A B C

PERIOD p i p in pr i

OF TIME rofit nflow rofit flow ofit nflow

1 3 6 2 5 10 4
000 000 000 000 00 000

2 2 5 2 5 20 5
000 000 000 000 00 000

3 1 4 2 5 30 6
000 000 000 000 00 000

Each proposal will have the same average return rate of $ 2999 / $ 9000 or 22.22%, and yet,
few companies will view projects as equally favorable. Most companies would give priority to
project A, which provides higher overall cash benefits in the first year. Therefore, the average rate
of return does not satisfy all desires as a method of project selection. The payback period of an
investment project speaks to the number of years it takes to recoup the initial cash investment. It is
the ratio of initial investment to annual cash income in the payback period. In the example it is:
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Payback period = 18000/5700 = 3.16 years. If the annual cash income is not equal, the work around
the calculation is somewhat more difficult. Assuming an annual cash income of $ 4,000 in the first
year, $ 6,000 in the second and third years, and $ 4,000 in the fourth and fifth years, in the first
three years the $ 16,000 initial deposit will be returned and in the fourth year the next $ 4,000. In
relation to the initial investment of $ 18,000, the payback period is 3 years + $ 2,000 / $ 4,000 or
3.5 years.

3.2. INTERNAL RATE OF RETURN

It is generally agreed that due to various shortcomings of the internal rate of return and the
payback period method, discounted cash flow methods provide a more objective basis for
evaluating and selecting investment projects. These methods take into account the size and timing
of cash flows over each project life period. The discounted flow method is the internal rate of return
and the present value method. It should be recalled that the internal rate of return on an investment
proposal is a discount rate that equates the present value of expected expenditures with the present
value of expected receipts.

It is denoted by r, so that:

n

> (Ai/(1+41)) =0

i=0

where: Ai - refund in period t, whether it is expenses or income,

n - period in which cash inflow is expected.

If the average cash cost occurs in time 0, the previous expression can be displayed as:

Ao=Al1/(1+1)+A2/(1+1)2+...+An/(1+1)"

Therefore, r is the rate that discounts future cash inflows - A1-An to reduce them to the
initial cost in period 0. In the example, the problem is solved as follows:

] 1800 NJ = 5700/ (1 +1) + 5700/ (1 +1) 2+ 5700/ (1 +1)* + 5700 / (1 + 1) *+ 5700 / (1 +
rn> .

Solving this task, it is decided that the internal rate of return is 17.57%.

The criterion on the basis of which the project is accepted or rejected is the comparison of
the internal rate of return with the required rate of return. If the internal rate is higher than the
requested rate, the project is accepted, if it is lower, the project is rejected. If the required rate is
12%, if this criterion is applied, the investment proposal under consideration will be
accepted. Acceptance of a project whose internal rate of return is higher than the required rate of
return should result in an increase in market share prices, because the company accepts the project
with a return higher than required.

3.3. NET PRESENT VALUE

The internal rate of return method and the present value method, in which cash returns are
discounted, have a similar approach in planning the required capital. With the present value method,
all refunds are discounted to present value, using the required rate of return. The net present value
for the proposed investment is obtained by the form:

n

NSV=Y At/(1+k)"

t=0

where: k- the required rate of return.

If the sum of these discounted cash flows is 0 or more, the proposal is accepted, if the sum is
less than 0, the proposal is rejected. Another way in which the acceptance criterion can be expressed
is as follows: The project will be accepted if the present value of cash income is greater than the
present value of cash expenditure. The approach to the acceptance criteria in this case is the same as
the principle for the internal rate of return. If the required rate of return is such as to ensure the
return that investors expect the company to earn on the investment project, and the company accepts
the proposal with a net present value greater than 0, the market price of the shares should
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increase. The Company will accept a project whose return on assets is greater than the return that
would be required to keep market share prices unchanged.

Assuming that the required rate of return after tax is 12%, it is easy to determine the net
present value in a given example using the following expressions:

NSV = -18000 + 5700 / (1 + 0.12) + 5700 / (1 + 0.12) 2+ 5700 / (1 + 0.12) 3 + 5700 / (1 +
0.12) *+ 5700/ (1 + 0.12) = -18000 + 20547 = $ 2547

3.4. PROFITABILITY INDEX

The profitability index of a project, or the ratio of utility to cost, is the ratio of present value
to future cash inflows and initial costs. It is calculated with the following form:

n

Pi=[YAt/(1+k)']/ A0

t=1

and for a given example, the profitability index is:

Pi =20547 NJ /18000 NJ =1.14

As long as the profitability index is 1 or higher, the investment proposal is acceptable. When
calculating the profitability index, the net index is calculated, not the aggregate index. The
aggregate index is the ratio of the present value of cash income and the present value of cash
expenditure. The net index is used to distinguish between the initial cost and subsequent cash costs.

4. CONCLUSION

Investing is a dynamic and complex process that requires a lot of knowledge and
commitment, where it is sometimes difficult to distinguish when the investment process begins and
when it ends. In order to be able to manage investments efficiently one needs to know and
understand numerical determinants of the investment process The development of new
technologies, especially computer technologies, the active involvement of an increasing number,
raising the level of knowledge of participants in financial markets, has produced a number of
investment strategies thanks to which investors strive to achieve their investment goals.
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IMPOTHO3YBAHHSI HOBEAIHKYU YACOBUX PSIIIB 13 BUKOPUCTAHHSM
HEWPOHHUX MEPEX

Y emammi posensoacmoca modcnugicme 3acmocy8ants 3aco0ie WmyyHo2o iHmeneKkmy, 30Kkpema HeupoHHUX
Mepedic, Ol aHAN3y NOBeOIHKU 4acosux psaoie. [Ipoananizoeano ooun i3 cnocobie ananizy wacosux psadis, a came
npoexkyiss 4acoeo2o psady abo memoo «8ikony. /s peanizayii 3a3naueno2o nioxo0y ubpami HaubiIb nowuUpeni munu
NPAMOCIPAMOBAHUX HEUPOHHUX Mepedc, a came nepcenmporu ma PBE®-mepesci. Ilpoananizo8ano 4uHHUKU, WO
BNIUBAIOMb HA KIILKICMb HEUPOHI8 KOJCHOI mepedici. Busnauaemovcs miniManono HeoOXiOHe O 6UPIULeHHS 3a0adi
YUCNO0 HeUpoHis. /[ mecmysanHs Mepextc 8UKOPUCTNOBYIOMbCA OAHI N0 RPOOaMCam nPOOVKYIi 0OHUM i3 MeManypeiliHux
nionpuemcme peziony. /s 6U3HA4eHHs ONMUMATbHOT apXimeKmypu Heupomepexci noby0o8aHo HU3KY NepCenmpoHie i
PE®-mepeoic 0131 0ocsieHenHs NPUHAmHoi NOXUOKU.

The article considers the possibility of using artificial intelligence tools, in particular neural networks, to
analyze the behavior of time series. One of the methods of time series analysis, namely time series projection or the
"windows" method, is analyzed. To implement this approach, we selected the most common types of direct neural
networks, namely perceptron and RBF-networks. Factors affecting the number of neurons in each network are
analyzed. The minimum number of neurons required to solve the problem is determined. For testing networks, data on
sales of products by one of the metallurgical enterprises in the region is used. To determine the optimal neural network
architecture, a number of perceptron and RBF-networks are constructed to achieve an acceptable error.

Ilpu pimenHi 3agadi MPOrHO3yBaHHS OaraTOBUMIPHMX CTOXAaCTHYHUX YacOBUX psIiB B
YMOBaxX CTPYKTYpHOi 1 TIapamMeTpuyHOI HEBHU3HAYEHOCTI B 3araJlLHOMy BHITAJKy IPHPOIA
CIIOCTEPEKYBAHOT MOCIIITOBHOCTI HeBigoma [1].

VY dacoBux psmax, Ha BIAMIHY BiJI BHUIAJKOBUX BHUOIPOK, JaHI PO3TIATAIOTHCA 5K
MOCTIIOBHICTh BHUMIpIB, BIOPSAJAKOBAHUX B HEBHUIAJKOBI MOMEHTH 4acy, TOOTO YacCOBHH DS
BKJIOUA€ J1Ba OOOB'SI3KOB1 €JIEMEHTH — 4Yac 1 KOHKpPETHE 3HAueHHs MOKa3HHKa (piBeHb psafdy). Sk
MIPaBUJIO, 3HAUEHHS TOKa3HUKA (IKCYIOTHCS Yepe3 piBHI MPOMIKKH Yacy.

OcTaHHIM YacoM JIJIsl IPOTHO3YBaHHS YaCOBUX PAJIB JOCUThH YacTO 3aCTOCOBYIOTh HEMPOHHI
MEpexki, TOMY III0 BOHU BOJIOJIIFOTh TAKMMH TIepeBaraMu:

— MOJKJIMBICTh OOJIIKY CE30HHOCTI MOMUTY MPHU MiArOTOBLI HaBYaIbHOT BUOIPKH;

— HeHpOHHa Mepexa € YHIBepCalbHUM allpPOKCIMAaTopoM, LIO0 J03BOJIAE MifiOpatn (YHKLiI0 Oyab-sKol
CKJIATHOCTI, HE CKYTY CTPOTHM aHATITHIHAM BHpasoM [2].

MeTor0 poOOTH € OCHIIKEeHHsI BIUIMBY apXiTEKTyp 1 MapameTpiB HEUPOHHUX MeEpex Ha
TOYHICTh MOJICTIOBAHHS YaCOBHX PSIiB.

VY 3amayax aHaji3y 4aCOBUX PSAJIB METOI SBISIETHCS MPOrHO3 MaOYTHIX 3HAYEHHb 3MiHHOI,
3aJIe)KHOI BiJl 4acy, Ha OCHOBI MomepeaHix ii 3HaueHb. [Ipu bOMY HE CTaBUTHCS 3a/1a4a BUSBHUTH
HESBHO BIOUTI B 4acOBOMY psAY 3aJe€KHOCTI IILOBOTO MOKAa3HUKA BiJ ICTOTHUX IS HBOTO
3HAYEHb IHIINX XapaKTEPUCTHK MPEAMETHOI 00IacTi.

Yeprose 3HAUYE€HHS YacOBOI'O Psily MPOTHO3YETHCSA IO JIEIKOMY YHCIy MOro momepenHix
3Ha4YeHb (MMPOrHO3 Ha OJMH KPOK Brepena B yaci). [IpoTe Mo)kHa BUKOHYBATH MPOTHO3 Ha Oy/b-sKe
YHCII0 KPOKIB (IPU 3HMKEHHI TOUHOCTI POTHO3YBaHHS).

[Ticnst Toro, SIK BUYMCIICHO Y€PTrOBE MPOTHO3HE 3HAUEHHS, BOHO MMiJICTABISETHCS Ha3ad 1 3
HOro 10MOMOror0 BUXOJAUTh HACTYNHUHM MPOrHo3. Takuil croci®é Ha3MBA€ETHCS MPOEKIIIEI0 YacCOBOTO
psagy abo MeTonoM «BIKOH». BikHO Mae (ixcoBaHMI po3Mmip 1 37aTHE MEPEMILATHCS MO YacOBIH
MOCTIII0BHOCTI.

[ITyuHi HEMPOHHI MepeXi € OAHUM 3 HAMOLIBII aJeKBaTHUX 1HCTPYMEHTIB IPOTrHO3YBAHHS
YacOBUX Ps/iB, L0 JO3BOJSIOTH 32 MHHYJIUMH CIOCTEPEKEHHSMH BIIHOBIIOBATH HEIiHINHE
BigoOpaxkeHHs BUay [3]

X(t) = F (x(t=1),x(t—2),.., x(t—k)) +e(t) = Rt) +e(t), (1)
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ne ﬁt) — oriHka (mporuo3) 3naveHHs X(t), oTpruMaHa Ha BUXO/1i HEHPOMEPEKi;

e(t) — moMmiKa NpOTrHO3yBaHHS,

K — mopsimox mojeni (muprHa BikHa).

Heiipomeperka mpencraBise B JaHOMY BHIAJKy HENiHIHHY aBTOperpeciiny moaens (NAR-
MOJIEIh ).

MoxnuBicTh 1 e(eKTHBHICTh BHKOpHCTaHHS NAR-Monem B 3ajadax NPOrHO3YBaHHS
BU3HAYA€THCS TeopeMoro TekeHca, 1110 BCTAHOBIIIOE ICHYBaHHS MOPAAKY MOJEINI, IKuil 3a0e3neuye
CKUIBKM 3aBrofHO MaJyie 3Ha4yeHHs mnomwiku €(f), 1 yHIBepCaJbHUMH alpPOKCHMYHOUYHMHU
BJIACTHBOCTSIMU Helipomepex [4].

B sikocTi ocHoBH 11 oOynoBu NAR-Mozeneit 101iJIbHO BUKOPUCTOBYBAaTH OaraToiapoBi
Mepexi 3 MpsAMOIo Nepeaayeto iHpopmartii.

KinpkicTh BXOIIB MepeXi IOpIBHIOE HIMPUHI BIKHA, a KUIBKICTh BHUXOJIB — BEJIMYHHI
3MIIIEHHS BiKHA MPH KOB3aHHI (UHMCITy YacOBUX MEpioiB MporHo3yBaHHs). [Ipy mporno3yBaHHi Ha
OJIMH KPOK BIIEPE]I B YaCl BIKHO 3MIIIYETHCS HA OJIHY TIO3UILIIO.

Mepexa 103BoJsie cpOopMyBaTH Ha BUXOZl CHTHAJ, 11O € (QyHKIi€0 yacy. Taki Mepexi
HaJIeXKaTh J0 HEHMpPOMEpEeK 3 YaCOBHMH 3aTpHUMKaMH. BOHM OTpHMaiM HIMPOKE IOIIMPEHHS B
3ajadax MPOrHO3yBaHHS YACOBUX MOCJIIJOBHOCTEH HAWPI3HOMAaHITHIIIOI IPUPOIH.

[IpoTe nmpu BUKOpPUCTAaHHI TAKOTO MiAX0Ay BHHHKAIOTh HACTYITHI TPY/IHOIII:

— HEMOXIJIUBICTh TOYHOT'O BU3HAUYEHHS MOTYXHOCTI Mepeki (TOOTO KUTbKOCTI HEHPOHIB);

— CKJAJHICTh B Mif0Opl ONTUMAaNbHOI LIMPUHM BiKHA. 3a HAsBHOCTI YITKO BUPAaXKEHOI
IUKJIIYHOCTI B TIOBEIIHIII YacCOBOTO PsIy MOXKE BHABUTHCS ICTOTHA 3aJICKHICTH PE3YIbTaTIiB
MIPOTHO3YBAHHS BiJ KOPEJALIl Mi>K IIUPUHOIO BIKHA 1 ITUKJIOM KOJHMBAHb YaCOBOT'O PAY;

— 3a0e3MeYeHHs] aKTyaJbHOCTI TMPOTHO31B. [loCHiIOBHICTH 3HAaY€Hb YacOBOTO POy €
BIJIOOpaKEHHSIM TPUXOBAHUX 3aJICKHOCTEH, 3HAUEHHS SAKUX 3 YacoM MOXKE 3MIHIOBATHCS
(30inpIIyBaTHCS 200 HABMAKH, MPAKTHYHO MOBHICTIO 3HHMKATH). ToMy B Mepexy MOCTiiHO Tpeba
BBOJIUTH HOBI JIaHi, 3HAXO/I14M MPABUIBHUI OaslaHC i3 cTapuMu JaHuMH [2].

Jlo mpsiMOCTIpSIMOBAaHMX HEWPOHHUX MEpeX BIAHOCATHCS nepcenTponu ta Pbd-mepexi. L
JBl apxIiTeKTypu HaiOinbm mpuaani Ao BiaTBopeHHS NAR-moneni 1 mMamoTh CBOI mepeBaru Ta
HE/IOMIKH.

[lepeBaroro RBF-mepex € Te, mo mapameTpu JiHIMHOI KOMOIHAIil y BHUXIAHOMY IIapi
MOKHA ONTHUMI3yBaTH 3a JOTIOMOTOI0 IMIBUKICHUX METOJIB JiHiiiHOro MonaentoBanHs. Tomy RBF-
Mepe)ka HaBYa€ThCS Jy)K€ IIBUAKO (Ha MOPSAJOK IMIBU/IIE 32 €KBIBaJEHTHHH OaraTomiapoBUil
MIEPCEITPOH).

[Ipote 3a3BUuail 11 TOCATHEHHS OJHIET 1 Ti€l )k TouHOCTI PB®-Mepeka BuMarae GibIIoro
qucaa eJIEMEHTIB, HDX OararomapoBuil nmepcenTpoH. Tomy Pbd-mepexa mpalioe moBuIbHIIIE 1
BuMmarae Oinpire mam'sati. Kpim toro, mepexi PB® wyrnusimi 10 «IpOKIATTS PO3MIPHOCTI»
(mBUKE 3pOCTaHHA PO3MIpiB Mepexi Mmpu 301IbIIEHH] YHMCIa BXOAIB) 1 BaXKO 3aCTOCOBHI, KOJH
YHUCJIO BXOJIIB BEJIMKE. AJle TIpH peatizallii MeToly BIKOH 1€l HEI0JIK He Oy/e HaaTO BILTHBOBHM,
TOMY WO IIMPHHA BiKHA HE OyJie Ty’e BEJTHKOIO.

Takox Pb®d-Mepexxa moraHo eKCTparoiar€e, OCKUIBKM TpH BUAAICHHI BIJ HaBYaIbHOI
MHOXHHHU 3HaueHHsI (QYHKIII BIATYKY IMIBHIKO MaJa€ J0 HYyIsS. Xo4ya B KOHKPETHIHN 3a/1adi e MOoxe
BUSIBUTHCS TAHICTIO: Kpallle HE OTPUMATH BIJIOBI/(b, YUM OTPUMATH HETIPABAUBY.

[IpoTe eheKTUBHICTH 3aCTOCYBaHHA Ti€l UM 1HIIOI MEpEXKi 3aIeKUTh BiJf YMOB KOHKPETHOT
3agadi. Tomy MOTpiOHO MPOBECTH EKCHEPUMEHTalbHI AOCHIPKEHHS Ha MpeAMeT TOro, ska 3
3alpONIOHOBAHMX ApXUTEKTyp Oynme Ounpin edeKTUBHA y BHUPINICHHI 3aJadi MpPOTHO3yBaHHS
BUOPAHOI0 OKA3HUKA.

Ha nepmomy erani moTpiOHO BU3HAUUTH HEOOXITHY KiJIBKICTh HEHPOHIB KOXKHOT MEPEXKi.

OCKUTbKM 00YHCITIOBAIbHA TOTYXXHICTh HEHMPOMEPEXK 3aJCHKHUTh BIJ YHCIA 3B'I3KIB MIK
HEHpOHAaMH, TO TIPU BUKOPUCTAHHI MEPEX 3 MEPEXPECHUMH 3B'I3KaMHM JUIS alpOKCHUMAIlii OAHi€l 1
Ti€l X QyHKIIT MOTPIOHO MEHIEe YUCIO HEHPOHIB B MPUXOBAHUX IIapax, YAM MPH BUKOPUCTAHHI
MEpPEeX 3 MPSIMUMH 3B'SI3KaMH.
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[Ipore mBHIKICTH 301)KHOCTI NMPU HABUYAHHI MEPEX 3 MEPEXpPecHUMH 3B'sI3KaMu HabaraTo
HIDKYE, HDK [IPU HaBYaHHI Mepex 3 MPsIMUMH 3B's13kaMu. ToMy HEHpOHHI Mepexi 3 mepexXpecHUMHU
3B'I3KaMHU JIOIIJILHO 3aCTOCOBYBATH IPH iX amapaTHIN peaisallii, a Mepexi 3 MPSIMUMHU 3B'I3KaMH
IPY BUKOPUCTAHHI MPOTrpaMHoOi eMyJisiiii [5].

ExcriepumeHTanbHO 10BEAEHO, IO SKICTh POOOTH HEHPOHHOT MEPEXki 3 MPAMUMHU 3B'I3KaMHU
MOHOTOHHO 3pOCTa€ NMpH 301IbLICHH] YHCIIA MIAPIB 1 YUClIa HEUPOHIB B KOXKHOMY HIapi.

Bu3HaueHHsl oNTUMaNbHOIO YKciIa HEHPOHIB B MPUXOBAHOMY LIapi MO 3aJaHlii HaBYaJIbHIN
BUOIpLI HUHI HE Ma€ MaTeMaTUYHOIO pilIeHHsA (IiJ] ONTUMAJIBHUM TYT PO3YMIETHCS MiHIMAJIBHO
HEOOX1JTHE JIJIs1 BUPIIICHHS 3aJ1a4l YMCIIO HEUPOHIB).

[Ipu ymcni HeMpOHIB HMKYE ONTHMAIBHOTO MEpeka He HaBYMTHCS 1 MOMMUIIKA MPH poOOTi
MEpeXi 3aJTUIIUTHCS BEIUKOI0, a TaKOXX HE 3MOXE alPOKCUMYBATH Pi3Ki KOJWBAaHHS BUXITHOT
GbyHKIII.

Uum Ouniblie KUTBKOCTI HEUPOHIB, TUM BHIIE ANPOKCUMYIOUYl MOKIUBOCTI Mepexi. [Ipore
Ha/JIMipHE YUCIIO HEHPOHIB IPUBOAUTH JI0

— YCKJIQJHEHHS 1 YIOBIJIbHEHHS HaBUYaHHS HEHPOHHOI Mepexi;

— TIEpeHaBYaHHS, TPHU SKOMY HEHpoMepeka BigoOpakaTUME HECYTTEBI JeTaji B
3aJIe)KHOCTI, 1[0 BUBYAETHCS, HAIPUKJIIA/ IIyM 200 TTOMUIIKOBI JIaHi;

— 3HIKEHHS y3aralbHIOBaJIbHHUX BIACTUBOCTEH Mepexi [6].

KinpkicTh HEHpOHIB MPHXOBAHOTO IIapy MOB'SI3aHA 13 CKIAJAHICTIO 3aBIaHHSI, 3 KUJIBKICTIO
JaHUX U1 HABYaHHS Ta 3 HEOOXI1THOI KUTBKICTIO BXOIB 1 BUXOIIB MEPEKI.

OIIHUTHA YXCIIO HEWPOHIB B MPUXOBAHMX IIapax MOXHa 3a JOTIOMOTOK HEPIBHOCTI MJIs
OLIHKMA YHWCJIa BaroBUX Koe(ili€HTIB B Mepexi HEOOXiTHOro JJIsi OCBOEHHS 33JaHOTO 4YHCIa
MPUKJIAIIB B HAaBYAIbHIM BUOipIi [7]:

NyNp Np
—2 <Ny <N, 1+— (NX+Ny+l)+Ny, (2)
1+logy Ny Ny

ne Ny — 9rcio BariB B Mepexi;

Np — uKcII0 el1eMEeHTIB HaBYaIbHOI BUOIPKY;

Ny 1 Ny — BiIIOBIAHO PO3MIPHICTH BXIJJHOTO 1 BUX1HOTO CUTHAIY.

Toni uucno npuxoBaHux HeMpoHiB (N,) B JIBOIIApOBIN Mepeki MOXKHA BHU3HAYUTHU IO

bopmymi

— NW
"UONG+N,

©)

[TincraBnsiroun rpanndHi 3Ha4eHHs Ny, Mo>kHa oTpuMaT MiHIMabHE (Nymin) 1 MAKCUMaJTbHE
(Nwmax) 9HCJIO HEHPOHIB B MPUXOBAHOMY IIIAPi MEPEKI.

Jns TectyBaHHA MepeX Oynu BUKOPUCTaHI JaHI MO TpoJaXaM MPOAYKIIl OTHUM i3
MeTalypriiHUX MiANPHUEMCTB PET10HY.

[Tpu rutanyBaHHI 00CATY MPOJAXiB METAJIB CJIJl BpPaXOBYBAaTH CE30HHUHN (PAKTOP, OCKIIBKU
BiJl HbOTO 3aJIC)KUTh MOMMUT Ha MeTaneBy npoaykuito. Tomy y NAR-mMozeni A01iIbHO NPUPIBHATH
MOPSIZIOK MOJIENl IO KBapTaidy, TOOTO HIMpUHA BiKHA Oyae MOPIBHIOBATH TPHOM MO3HILsAM. Toi
YHCII0 BXO/A1B HEHPOHHOI Mepexki TaKOX CKJIaje 3.

TeopeTnuHo HaWOLIBII TOYHI pe3yNbTaTH JAAacTb MOJEIb 13 HaMEHIIUM HepioaoM
IUTaHYBaHHS, TOOTO BEIMYMHOIO y 1 Micsib. ToJll YMCIO BUXOIB HEHPOHHOT MEpeXi TAKOX CKIIaje
1.

Buxigni mani npeacraBneHi 5 pokamu, To0To 60 Micsmsamu. Toni KUTBKICTh HaBYAIbHUX
MPUKIAJIB cKiaae 57.
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[TincTaBnsiroun i 3HaYeHHA y Qopmyny (2), OTpUMaHO HACTYIHY KUIBKICTh BaroBHX
koedinienTiB Herpomepek: Nymin = 9, Nwmax = 101.

[lincTaBnsroun KiIBKICTh BaroBux KkoedilieHTiB y (opmyny (3), OoTpuMaHO HACTYIHY
KUTbKICTh HeUpOHIB: Nymin = 3, Nymax = 26.

Yci 3HaYeHHs OKPYIJIEHI 10 HAHOIMKYOTro OUIBIIOrO L1JIOTO.

To4HiCTh, IO JOCATAETHCS, 3AJICKHUTH BiJ] KOHKpETHOI 3amayi. Tomy MOxHA crpoOyBaTu
PO3MIUPHUTH TOPU3OHT TUTAHYBaHHS Ha 2 wicsmi. [Ipore nms xommeHcallli MOXHOKM CIiJT TaKOX
MPONOPLIHHO PO3IIMPUTH BEJIWYMHY BikHA. Toal KUIBKICTH BXOJIB HeipoMmepexi ckiane 6, a
BUX0A1B — 2. KiIbKICTh HaBUAIBHUX MPUKJIAJIIB TPHU IBOMY CKOPOTUTHCS 110 27.

[TincraBnsroun HOBI mapamerpu y dopmynu (2) i (3), OTpUMaHO HACTYIHI pe3yiIbTaTH:
Nwmin = 10, Nwmax = 101; Nymin = 2, Nymax = 13.

s BU3HAUEHHS ONTHUMAIBHOI apXiTeKTypu Helpomepexi Oyno moOymoBaHO HHU3KY
nepcentpoHiB i Pb®d-mepex mist nocsrHeHHs npuitHATHOI nmoxuOku (5 %). [lpu upomy migbdop
KUTBKOCTI CKPUTHX HEHpPOHIB TMOYHMHABCSA 3 MIHIMAJbHUX 3HAa4€Hb, TOOTO BHMKOPHUCTOBYBaBCS
KOHCTPYKTHBHHM ITiIX1]I.

Pesynpratu gocnigkeHb moOynoBaHUX HEHpoMepek HaBeeH] y Tab. 1.

Ta0mums 1
Pesynbratu gocuigkeHp noOynoBaHUX HEHPOMEPExX
ApXiTeKkTypa KinbkicTb KinbkicTb Cepenns Cepenns 3aranbHa
Helipomepexi | Baris HEHpOHIB NOTPIIIHICTG | MOTPIIIHICTh | MOTPILIHICTB,
nepIIoi Ipyroi %
ro3utii, % mo3utii, %
[lepcenTpon
3-3-1 12 4 7,5 8,3 7,9
Ilepcentpon
3-4-1 16 5 3,8 4 3,9
Pb®-mepexa
3-3-1 12 4 94 10,2 9,8
Pb®-mepexa
3-4-1 16 5 6,3 6,7 6,5
[IepcenTpon
6-0-2 16 4 8,1 8,4 8,25
[lepcenTpon
6-3-2 24 5 4,3 4.8 4,55
Pb®-mepexa
6-0-2 16 4 8,9 9,2 9,05
Pb®-mepexa
6-3-2 24 5 55 5,6 5,55

Sk BUHO 3 TaOIMIll, IEPCENTPOH 3 4 CKPUTUMU HEHPOHAMHU 3aJJOBOJIBHSAE PIBHIO MIOXUOKHU Yy
5 % 1 ipu IbOMY Ma€ HalMEHIy KUIbKICTh HEWPOHIB.
Ha puc. 1 noka3zaHa rictorpama BiJHOCHOI OTPILIIHOCTI TECTYBaHHSA HEHPOHHUX MEPEXK.
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Binnocna norpimHicTh, %

12
10
8
6
4
| I I I
0
Ilepcentpon Ilepcentpon Pbd-mepeixa Pbd-mepexa Ilepcentpon Ilepcentpon Pb®d-meperxa PBd-mepexa
3-3-1 3-4-1 3-3-1 3-4-1 6-2-2 6-3-2 6-2-2 6-3-2
B Cepensst norpimHicTs nepmioi nozumii W CepenHs MOrpiniHICTh apyroi mo3umii ™ 3aranbHa MOTPilIHICTh
Puc. 1. I'icrorpama BiIHOCHOT MOTPIITHOCTI TECTYBaHHS HEMPOHHUX MEPEK
BHUCHOBKU

1. TIpoBeneni MOCHiKEHHS ONTHMAIBHOCTI XapaKTepucTHK 1 mapamerpiB NAR-moxeni Ha
NPUKIAAl OLIHIOBAHHS OOCATIB MPOAAXY METATypriiHOro BUPOOHMIITBA JOBEIH €(PEKTHBHICTh
JAHOTO MIXOY JI0 TIPOTHO3YBaHHS JMHAMIKU YaCOBUX PSIIB.

2. 3a pe3ynbTaTaMHl TEOPETUYHUX Ta EKCIIEPUMEHTAIBbHUX JAOCHIIPKEHb PI3HOMaHITHUX
MapajiurM Ta apXiTeKTyp HEHPOHHUX Mepex, s peamizamii NAR-momeni ormiHOBaHHS 00CATIB
POy METAITYpriifHOro BUpOOHMIITBA JOLIJIEHO BUKOPHUCTOBYBATH MEPCENTPOH 3 apXiTEKTYpOIO
3-4-1.
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MANAGEMENT CONSULTING PROFESSION

Management consulting is one of the dynamic service sectors, for which there is a very high level of growth
and development and that changes in accordance with customer needs. Consulting activities must be based on
professionalism in the provision of services including expertise, competence, good reputation, efficiency, recognition
through accreditation and the work complied with the ethical code of conduct. The customer satisfaction in the services
they received depends on the professionalism of a consultant which is the backbone of a good consulting.

Ynpasnincoxuil koncanmune - ye 00uH i3 OUHAMIYHUX CEKMOPI8 NOCY2, O/ AKO20 ICHYE OyHce 8UCOKUU PiGeHb
3DOCMAHHS MA PO36UMKY, SKULL 3MIHIOEMbCS iON0GIOHO 00 nompeb cnodcugauis. Koucynomayiuna OisibHiCmb
NOBUHHA 6A3Y8AMUCS HA NPOGDECIOHANIZMI Y HAOAHHT NOCTYe, BKII0UAIOUU 00CEI0, KOMNEeMEeHMHICMb, 000py penymayiio,
epexmusHicms, SUSHAHHA uYepe3 axkpeoumayilo ma pobomy, wo BION0BI0AE emUYHOMY KOOeKCy NO08eOiHKuU.
3adosonenicmob cnodcusayis NOCIyeamu, sKi 6OHU OMPUMATU, 3ANEHCUMb GI0 NPOPeCiOHANI3MY KOHCYTbMAHMA, KUl €
OCHOBOI0 XOPOULO20 KOHCATIMUHSY.

1. INTRODUCTION

Economically developed, Western countries have legally formalized consulting as a
profession at the national level, in several key markets. Other countries (certainly not all) have
either developed laws in four markets that are important to them to fully recognize consulting as a
profession, or it is in full swing at the moment. International activity is now focused on making
qualifications and recognition based on a globally accepted "common body of knowledge." There is
still a dilemma among skeptics as to whether consulting is a business or a profession, but, for
experts in this field, there is no dilemma, modern consulting is a profession that is experiencing
rapid growth with a rate of 15-20 percent per year and high incomes. The goal of a professional
consultant is not to increase the income of the consulting company, but to improve the success of
the client's business. Providing professional services with consulting as an intellectual stimulation
should show professionalism in work while insisting on knowledge, marketing orientation, respect
for the organizational culture of the company to which consulting is provided, and raising the
overall level of quality of consulting services.

2. ACCREDITATION

Accreditation verifies the acquired name, image, respect and trust for successful business

and self-confident investment in the business world. Through this process, consultants provide a
power of attorney in terms of the necessary competence and qualifications for business activity in
service activities. Since it is issued by a qualified third party, accreditation is all the more than a
simple qualification. It is firmly grounded in an internationally recognized body of knowledge, with
recognized qualifications and knowledge, that directly addresses practical needs in terms of
providing value-added solutions for clients in a real business environment.
In these, relatively early years, the desire to speed up the accreditation process may seem wrong,
but such a process can only be in the interest of both the profession and the clients. The consultant
will be bound by a code of ethics, and he will be educated to offer an integrated approach to
consulting. Such an integrated approach will support a common body of knowledge or, as we tend
to call it, a ""core of expertise".

There is still much more to be done before the dream of fully qualified consultants operating
globally, with internationally recognized qualifications (accreditation) and a common core of
knowledge and skills is realized, but that time is coming. Once the qualification process is fully
defined, it is possible that certified consultants will work side by side with non-certified, but in an
increasing number of markets. The right to practice will be based on recognized qualifications.
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3. ORGANIZATION AS AN ORGANIZM

The functions and sectors that solve organizational problems and reduce their uncertainty act
as an organism.

Common sense tells us that a business organization is an integrated system in which change
in any part, no matter how tiny, means change in every part of it. The most famous model of
organization that shows the interdependence of parts is the Leavitt‘s diamond (Fig. 1) [2].

By extrapolating Leavitt’s model, one can easily prove the similar integration that exists
between sectors, regardless of bureaucracy models. The development in recent years through parent
organizations to today's concept of "firms without borders” and the simultaneous increase in the
importance of information, as determinants of business success will continue to intensify this
relationship of interdependence.

Organiztion
v

Task Total interaction People

v
Technology

Fig. 1. Leavitt’s diamond [2]

Observed in the medium term, the reality of the business climate is dictated by the need for
knowledge of those who want to serve the business, and these realities are encapsulated in Leavitt’s
diamond.

Driven by the dual concepts of accreditation based on the knowledge of a commercial
organization, the consultant strives to give clients a more integrated offer. Such an approach is
considered by the farsighted to be good for the client, good for the profession, and good for the job.
Every effort to encourage some desirable, and ultimately inevitable tendency in one short period of
time, is great. But the belief is that what is difficult should always be tried, because the outcome
should be positive.

4. LOOKING AT THE FUTURE

There is convincing evidence that professional bodies (various official international
institutions) around the world want to prescribe a common code of ethics for consultants. The
Institute of Management Consultants, in its April 1992 issue of Management Consultancy
magazine, announced the establishment of an "ethics guidance panel" to provide advice to members
facing ethical uncertainties. Professional bodies in the United States consider adherence to their
code of conduct to be a vital precursor to the certification process, believing that the code will
emerge in the light of the latest and best international practice [7].

At the same time, the Institute of Management Consultants in London is working to simplify
and improve its code and encourage its members to respect it by registering for the BS 5750 quality
standard (BS 5750 is the British Quality System Standard introduced in 1979 in the UK as
equivalent to European (EN29000) and international standards (ISO9000. In July 1994 this standard
was formally renamed BS EN ISO 9000). All of this is fine, but ethics and consistency alone do not
do as much as many would like to ensure a level of professionalism.

Canada now leads in the field of quality, followed immediately by the American National
Bureau of Professional Management Consultants. Canada has established an education and exam
program, leading to early-based certification of what a common body of knowledge should be.
Some aspects of a company’s operations are so vital to its survival that it is to be believed that all
consultants must have better than working knowledge of each of these aspects. While such
tendencies toward a "market" influenced by official policy show no signs of waning, these aspects
are of growing importance for what was once called the "nonprofit sector".
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What and where consultants work in a commercial practice is of limited relevance. To be
efficient not only in their own, but above all, in the interest of clients, everyone must understand the
following dimensions:

e Background (through):
e Socio-political-economic environment in which the consultant‘s clients operate,
¢ Relevant legislation.
e Organization (from the aspect of):
e The organization’s structure and construction,
Marketing concept,
Managerial accounting,
Total quality management (TQM),
System and information theory.
Most importantly, it is necessary to know how people behave in organizations. Any attempt
to describe the above level of expertise would require many more examples and explanations.

Therefore, consultants who want to enrich their knowledge in this specific area should be
educated for a long time through the relevant literature. An overview of some already established
ways of thinking can help raise the level and quality of specialist knowledge in this area.

5. UNDERSTANDING THE TOTAL ENVIRONMENT OF THE COMPANY

The consultant, before establishing what is achievable with any client, must have a good
understanding of the environment as it is. At a time when the importance of information is
beginning to be realized, there is an abundance of misinformation by "stakeholders". It is advisable
for any consultant worthy of his name to seek basic information and form his own conclusions
based on available statistics, before taking on the rhetoric and unfounded optimism or pessimism of
his favorite political party or its media spokespersons [4].

A consultant as an intelligent layman is expected to be aware of the legal constraints
surrounding a firm. Legal requirements must be met so that the consultant, as part of his
intervention, will facilitate their implementation. From the aspect of building a company, the law
brings with it advantages and limitations, and the consultant must find and use such opportunities,
both for the client and for himself. For example, in helping carmakers protect themselves and their
distributors by meeting legal liability provisions for their product, it has been shown that it is
possible to motivate placement and incorporate “original parts,” into a market that has become too
competitive and price sensitive , which led to a dangerous drop in standards when the fellows
whose motto was "produce as much as possible and sell cheaply” was given too large a piece of
cake making the market [8].

A consultant should not intervene in an organization without knowing and understanding its
culture and structure, as well as the relevance of both to the markets it serves. This means that, in
addition to the basic requirement that the business plan must be understood, and the intervention
designed to contribute to that plan, the following areas of knowledge are vital:

e vision,
mission,
values,
structure,
climate, etc.

The vision is the goal the organization is heading towards, and the plan is the way to reach
it. If people have it, the vision will motivate them to action. The vision is defined as the detailed
"ideal future" of the organization. Usually, money in organizations creates a nice feeling and
motivation, and even too much money will ensure that people are satisfied, but it will not ignite
their passion or imagination, because they need a vision for which they work. The vision is a
concise endeavour. It gives strength to people; it has the power to make people believe that they can
do what they imagine [5].
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Creating a vision should be resorted to by organizations that are embarking on a process by
which they will oblige staff to realize the vision, to be more efficient and effective. An efficient
department will provide a lot, and an effective sales department aligns sales with the capacity of the
organization’s capabilities and sends feedback from the customer to production, marketing and
accounting. Research has shown that the key elements for achieving change in service culture show
how crucial it is to have a motivating, unifying vision. It is not enough to have a vision and nothing
else, little will be achieved and it is difficult to achieve success. However, if a training, research or
motivational campaign is conducted without a strong central business vision, everything indicates
that it will also be a bad investment. An effective vision should be short and in the first phase it
should be comprehensive.

A true vision statement should be available to everyone, and a shorter one to be visible in
the workplace. A vision statement has many goals. It provides clear evidence of the organization's
priorities and responsibilities. It clearly calls on the members of the organization and concentrates
them on the task before them. The statement creates excitement, inspires and concentrates corporate
consciousness.

Within the organization, there is a core business, and it is reflected through the management
of departments and sectors in which there is a core business for those segments of the organization
that should fit into the core business of the entire company. In order to achieve the set
organizational goals, management in combination with other organizational resources should
connect the process of planning, organizing, directing and controlling the activities of employees
[1]. The organization's orientation towards the future defines why the company is in business, what
distinguishes it from its competitors and what it believes in and what is stimulated in its attitude
towards clients, employees and the community.

The mission is an essential purpose for which each company differs and which, in the
relations between products and markets, determines the domain of its business. It creates the basis
for defining policies and objectives, and must therefore [9]:

e be compatible with the environment and expectations of key stakeholders (suppliers, customers,
creditors, employees, government, etc.),

e be realistic, in the sense that it corresponds to the nature of the business and the resource
possibilities of the company,

e be distinctive, in terms of image recognition,

e inspire and appeal, and be suitable for defining goals and policies.

Therefore, in formulating it, it is necessary to consider the role of the organization and the factors

that are critical for success in the business in question.

The value from the aspect of understanding the environment of the organization, should be
understood as a common initiative that drives the organization. It is the result of consulting, i.e.
providing additional value to the organization through various performances.

The structure reflects the formal and informal relationship of superiority, patterns of
communication, decision-making and problem-solving practices, and the internal reward system.
From the consultant's point of view, the climate is an important segment of knowledge about the
company, in the possible client-organization interaction and represents the psychological
environment, which includes: morality, trust, creativity, risk-taking, openness, confrontation,
intrigue, clarity of goals, common goals, understanding of interdependence. competition, support
and authenticity.

Finally, how important is it to consultants who are those who are considered “business
owners” whose needs need to be met? The answer to this question from the consultant's point of
view is quite simple. Regardless of who is the majority owner of the company, whether they are:
shareholders, senior managers, general board, workers, workers' families, customers, suppliers,
community - local or wider, etc., the goal is the same, profit. Internal elements that strive to achieve
change or set barriers to change are usually some external force.
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6. MARKETING CONSULTING CONCEPT

The worst service that functional models have done to an organization is to alienate
marketing from other activities and put it in a "department”. Marketing is, or should be, a
philosophy that, like total quality, either pulls the whole company, or pulls no part of it. Regardless
of the fact that we can talk about purely marketing functions, it is, above all, an integral activity of
the entire organization (firm) aimed at creating, identifying and meeting the needs of customers at a
profit [6, 10].

Marketing functions understood in the present context can be briefly interpreted as follows:
e starts from market research (planning) of the market (activities) and establishing the postulates of

the company's mission, defines the organization and its scope, clarifies the observed differences
in the market, adopts an explicit philosophy of quality and marketing and creates guidelines for
customer relations or employees,

e goals or market positions are identified, R.O.C.E.; take measures to improve people, products /
services, public responsibilities, etc.,

e assessment and testing of strategic alternatives in relation to the goals is done,

o verification is done through staff (policies and levels), finance (funding and objectives),
techniques (equipment and facilities) and products / services - customer requirements (current
and future),

e then a detailed analysis is performed, ie the establishment of relevant USP, comparative analysis,
competition analysis and the market strategy of performance with a defined marketing program is
adopted.

A consultant cannot do anything in an organization that truly respects the concept of
marketing without affecting its function. Given that this is so, it is wise to at least understand the
concept. Those who sell their services in the field of total quality, or within the more limited
specialty BS 5750, must know marketing in detail for two main reasons.

Total quality, defined as "consistently meeting customer needs that are constantly changing,
with minimal costs," is not much more than a refined market concept promoted more than seventy
years ago by Mac Kitterick et al. That is, if someone wants to attach special importance to it, "top
marketing strategy," and since marketing techniques are well established and proven by many years
of experience, then they should be available to those who apply total quality [3].

Contrary to the claims of some consultants, BS 5750 is an expensive, time-consuming
activity. Opinions are divided, but most consultants agree that the long road to accreditation rarely
needs to be tackled before it can be established what benefits, which will justify the expenditure,
can be expected. This information should be as specific, accurate, and time-bound as can be
provided by rapidly changing professional techniques in the world. In addition, the transition to BS
5750 must be supported by a clear idea of how much it costs the organization at that time not to
comply with that standard.

In order to understand this, as well as the critical role of profitability as a prerequisite for
continuous business activity, it is necessary to know the following entities:

e management and accounting,

e total quality management (TQM),

e systems and information theory,

e organization behavior.

Thus, the purpose of management consulting is to meet the needs of clients. As a result, a
fee comes. Hence, the marketing concept reflects and nurtures the essential connection between the
consulting firm (consultant) and its (his) clients.

As today the field of consulting services belongs to the service industry with the highest
degree of growth and development, in order for a marketing concept to be considered successful, it
should enable the consulting firm to meet the needs of its clients, but at the same time make a profit
that satisfies the needs [3].
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Many activities in consulting services involve simultaneity and innovation, which means
that the contact staff from the consulting firm or a personally independent consultant must be
involved in marketing. In such conditions, consulting can bring good results if the consultants are
competent to provide services to clients and the clients are competent to use consultants. The
competence of users of consulting services depends on:
understanding the essence of consulting,
selection of the best (professional) consultant with a good reputation,
active participation of clients in the work of consultants,
monitoring clear goals,
enriching knowledge on each project,
development and diversification of own sources of expert knowledge, etc.

7. CONCLUSION

Management consulting is primarily a transfer of knowledge necessary for the management,
business and organization of the company. Experience and know-how are the results of cooperation
with clients and analysis of business practice. The consultant does not have to know more than that,
but he must see beyond his clients.

Consulting is part of consulting services, which does not mean that the consultant will take
on the role of management and decision-making, or the implementation of business solutions. The
consultant may also perform certain complementary consulting services, such as training, support,
negotiation, and participation in the client's organizational activities.

Defining problems and their causes is a key consulting factor. Innovative and systematic thinking,
the principle of uniqueness of each business problem and the involvement of executors and users in
the decision-making process, are the basis for the success of the whole process. Monitoring the
applied solutions in the conditions of continuous business changes ensures vitality and topicality.
Consulting must include monitoring economic and social trends, anticipate changes that may affect
the client's business, as well as provide services that will help the client to achieve and maintain
high performance of its business in a complex, competitive and serious business environment
reflected in the professionalism of consultants.
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THE KEY PRINCIPLE OF A SUCCESSFUL PRIVATIZATION PROCESS

Privatization means the transfer of funds that were once state-owned and socially-owned property into the
hands of the private sector. The state and social ownership structure was common and took a far greater number of
forms in the former socialist countries than was the case with the western countries. The goals of privatization are
diverse and numerous, so that they differ primarily economically, politically and socially, at the macro and micro level.
The effects of privatization are considered in a broader and narrower sense, both regarding the impacts on general
economic development and the consequences observed in the group of privatized companies of strategic interest in the
field of their operation and implementation, social aspect (employees) and modernization (investment inflow). The aim
of this paper is to provide guidelines for the continuation and selection of further activities in the function of the
successful completion of the privatization process in the Republic of Serbia through a comprehensive review of the
results of the privatization of companies of strategic interest and their impact on structural changes.

Tpusamuszayia o3nauae nepedayy Kowimis, AKi KOIUCb 0YIU 0EPAHCABHOI MA COYIATbHOI GIACHICMIO, 8 DYKU
npusamnozo cexkmopy. Cmpykmypa 0epicasHoi ma coyianbHoi enachocmi 6yia 3a2aibHoi0 [ HAOYIa 3HAYHO Ointbuloi
KiIbKOCMI (pOpM Y KOTUWIHIX COYIaniCmMUyHuXx Kpainax, Hixc y 3axionux kpainax. Llini npusamusayii’ pisnomanimui ma
YUCIeH I, MAK W0 60HU GIOPIZHAIOMbCA HACAMNEPE) eKOHOMIUHO, NOATMUYHO MA COYIANbHO, HA MAKPO- MA MIKPOPIGHI.
Edpexmu npusamusayii posenadaromvca 8 Oinvu WUPOKOMY MA 8Y3bKOMY PO3VMIHHI AK W000 8NAUBY HA 3A2aNbHULL
EeKOHOMIYHULL PO36UMOK, MAK I HACKIOKIB, WO CROCMepiearmvpcs y 2pyni Npueamu308aHuX KOMNAHIU, W0 MAaiomb
cmpameziyHuil ihmepec y cghepi ix yHKyionyeanHs ma peanizayii, coyianbHOMy Acnekmi (HAUMAaHi NPayieHuKu) ma
MoOepHizayii (npunaus ineecmuyiti). Memoro oanoi pobomu € Haoamu KepieHi npuHyunu 05k NPOOOBIHCEHH Md 8UOOPY
nodanvwioi disibHocmi Y (DYHKYIL ycniwHo2o 3aeepuieHHs npoyecy npueamusayii ¢ Pecnyoniyi Cepbis winsxom
8CeOIYH020 0210) pe3yIbmamie npusamu3ayii KOMNAHil, wo Malomes cmpameciunull inmepec, ma ix 6nIuU8 Ha
CIMPYKMYPHI 3MIHU.

1. INTRODUCTION

The development of the private sector in the economy is called the privatization process [4,
6-7, 13, 17], which can be defined in a narrower and broader sense. Privatization, in Western
literature, in its narrower sense, means the transfer of funds that were once state-owned into the
hands of the private sector. The state and social ownership structure was common and had a far
greater number of forms in the former socialist countries than in the West, so the task of returning
the company to its original form of ownership is more demanding and different in character than in
Western Europe. For this reason, a broader definition of privatization must be introduced [10]. The
broader notion of privatization encompasses ownership relations throughout the economy and
explains privatization as the growth of the private sector until at some point private ownership
becomes the dominant form of ownership [15]. In a broader sense, privatization means selling state
or social property, but also abandoning any state control and abolishing state monopolies in certain
economic sectors, returning confiscated property that was illegally taken from its rightful owners,
encouraging the development of private companies and trying to attract foreign funds. By a broader
definition, privatization can also be called "restructuring of the independent and private sector”
[19].

Privatization process and policies in Central and Eastern Europe is given in papers [5, 10,
12, 15, 17], in Serbia in papers [1, 3, 6-7] and in Montenegro in papers [2].

2. OBJECTIVES OF PRIVATIZATION

The goals of privatization can be numerous, and it is convenient to divide them into
economic and political. At the same time, one should keep in mind the fact that privatization is not
a universal remedy, so too many goals should not be set, because then conflicts between them are
inevitable.

The basic and most important goal of privatization is to create an efficient economy, based
on the dominance of private property, instead of the irrational one, based on inefficient social and
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state property. The decades-long experience of the former SFRY and its successor, the FRY, clearly

shows that it is not possible to achieve economic progress on social and state property and their

unhealthy incentives, but that stagnation or crisis are inevitable consequences.

This goal is based on the expectation that private owners and the managers they appoint will
bring performance improvements and increase the chances of the company surviving the
competitive competition through the introduction of new technologies and products, new financial
resources, better organization and work discipline and, in general, better company management.

The second economic goal is to improve the financial condition of the state. Through the
sale of social and state capital, the state can obtain significant funds, which can either finance
general useful activities or service its debts. The poor state must not give, but must sell. The
financial position of the state is positively affected by two other things: the abolition of subsidies
that it gave to socially-owned and state-owned companies until privatization, and an increase in tax
revenue due to higher and more efficient production.

The third goal is to eliminate the constant favouring of the social and state sector at the
expense of the private sector, which is a great limitation of the latter and hinders development. The
state constantly, but almost inevitably, saved inefficient socially-owned and state-owned enterprises
with subsidies of various kinds (loans and foreign exchange below market price, import
favouritism, non-payment of debts, tax benefits, etc.), which led to redirecting modest resources
from more productive to less productive or unproductive companies.

Among the political goals are the expansion of private property as the foundation of the
liberal-democratic order, the strengthening of the middle class, the depoliticization of the economy
and society, and the like. It is not good, although it is often, to use privatization as a means by
which the ruling party wants to increase its political rating, because then decisions on privatization
are not made on the basis of economic, but media-marketing criteria.

The basic goals of privatization in the literature are:

creating conditions for economic development through increasing budget inflows;

maximizing investments in the real sector;

social stability;

establishing a clear ownership structure over the companies and a new corporate governance in

which the management will be accountable to the owners, or the owners will be the management

at the same time;

e creating an institutional and favourable environment for the inflow of foreign investments by
privatizing existing or forming completely new companies, using the resource potential of
socially-owned and state-owned enterprises.

All models of enterprise privatization can be systematized in two ways: first, from the point
of view of the type of new owner, i.e. whether it is an internal (employees in the company) or
external new owner (owner who comes from outside the company) and other, from the point of
view of the manner of transfer of ownership, i.e. with a fee (the appropriate price is paid) or without
a fee (transfer of ownership is free). In fact, each specific model could be defined as any
combination of these basic privatization models. (see Cerovi¢, Savas, Milanovi¢, etc.).

Certainly, the speed of the process will vary depending on the method of payment. Free

privatization can be faster and the one with compensation slower, regardless of whether it is internal

or external privatization.

3. THE EFFECTS OF PRIVATIZATION OF COMPANIES OF STRATEGIC INTEREST
IN THE REPUBLIC OF SERBIA

The growth and recovery of the Serbian economy began in early 2001, following the
political changes of October 2000, when intensive transitional reforms were initiated. In the
previous period, satisfactory macroeconomic stability was established, prices and foreign trade were
liberalized, significant progress was made in the reform of the tax system, labour market and social
sector, justice system, and in the area of real sector privatization and banking sector rehabilitation.
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The economy of Serbia in the period from 2001 to 2008 WAS characterized by a dynamic
growth of gross domestic product (GDP) at an average rate of 5.4% per year, which is mainly
determined by the growth of the so-called tertiary sector (services), followed by an increase in
foreign trade and strong domestic demand, and the growth of investment, based on a high inflow of
foreign capital on various bases. Gross domestic product (GDP) per capita in Serbia in 2008
reached a level of about Eur 4,661 [18].

In Fig. 1 is given gross domestic product (GDP) per capita PPP in Romania, Bulgaria and
Serbia for the period 1990-2017.

1990 1995 2000 2005 2010 2015
Ye:

Fig. 1. Gross domestic product (GDP) per capita PPP in Romania, Bulgaria and Serbia
for the period 1990-2017
[Source: World Bank (WB), International comparison program database]

However, after a long period of growth, the Serbian economy entered a phase of recession in

2009, primarily under the influence of the global financial crisis. In the past two years, there has
been a decline in gross domestic product, and a decrease in industrial production, construction
activity, retail trade turnover, the volume of foreign trade, investment and the like. Unfavourable
trends in the real sector of the economy were accompanied by extremely unfavourable trends in the
financial markets of Serbia, which were primarily reflected in the decline in turnover and value of
shares on the Belgrade Stock Exchange, and the stagnation in the inflow of foreign capital.
The transition from the expansion phase to the recession phase highlighted many weaknesses of the
domestic economy (high foreign trade deficit, low level of economic competitiveness, high
unemployment rate, etc.), and highlighted the issue of high budget deficit and ways of its
"coverage".

Given that privatization under the new Law on Privatization began in 2001, we will look at
the coming years in order to consider the economic development of Serbia in the post-privatization
period. The tables below provide an overview of the GDP of the Republic of Serbia in the period
from 2000.

It can be noticed that the highest GDP growth rate in the privatization period was in 2004
and 2007, which can be related to the fact that the largest inflow of foreign investments in
privatization was in 2006, as well as significant revenues in privatization (especially tender sales)
were realized in 2003, i.e. years preceding those marked with the highest GDP growth rate. It is
concluded that the growth of privatization revenues and the inflow of foreign investments was
reflected in the increase of the GDP growth rate in the following years.

Regarding the growth rate in certain economic activities, from the previous table it should
be noted that a significant growth rate in industrial production was achieved in 2004 and 2006,
which again may be a consequence of privatizations that took place in this sector in these and
previous years. Significant growth rates in agriculture were achieved in 2004 and 2008. In the field
of construction, an extremely high growth rate was achieved in 2002, and in the following years,
ending in 2008, this economic activity constantly showed a balanced growth rate. In terms of
growth rates in the provision of postal services and telecommunications, an exceptional growth rate
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was reported in 2006, which can again be linked to the privatization of the large mobile operator
(Mobtel) in that year.

The consequences of the global economic crisis, which also affected our country, resulted in

a fall in GDP, as well as negative growth rates in 2009 in almost all economic activities. Already in
2010, a tendency to improve the observed parameters was shown, with a gradual recovery from the
consequences of the financial and economic crisis in the country.
At the macroeconomic level, the results of the ten-year transition in Serbia are mostly positive.
Economic growth was achieved, inflation was reduced, foreign exchange reserves were increased
and exchange rate stability was relatively maintained. What presents a major macroeconomic
problem is the high level of unemployment and poverty.

Let us consider as a key period in the process of transition in Serbia the period from 2001 to
2008, i.e. the period before the effects of the economic crisis, especially because in the last period
from 2009 a very small number of privatizations and a weak inflow of foreign investments were
recorded.

As a result of economic growth, which was achieved in Serbia from 2000 to 2008, the level
of GDP per capita increased significantly and reached 4,700 euros. However, a comparison of the
level of economic development at the international level should be made, using the data of the
World Bank on the amount of gross national income (GNI). According to these data, GNI in Serbia
amounted to $4.730 in 2007, which ranked Serbia as a middle-income country, along with Croatia
(10.460), Montenegro (5.180) and B&H (3.790) [19]. Slovenia has a far higher level of GNI
(20.960), joining developed countries with high industrialization and high incomes, while
Macedonia still has a lower middle-income level.

According to estimates by the European Bank for Reconstruction and Development, the
level of GDP in transition countries exceeds on average by 20% the corresponding level from 1989,
when the transition process began in this part of the world. However, Serbia has just reached just
over 70% of its GDP since the start of 1989, and as such is even more sensitive and vulnerable to
the negative effects of the economic crisis that followed in 2009. This is clearly seen in the chart
below, with the top line representing the average for countries in transition.

The average GDP growth per capita from 1952 to 1965 was 7.5%, in the period from 1965
to 1980 it was 4.9%, from 1980 to 1990 zero growth was registered, and from 1990 to 2000 GDP
has declined by an average of 2.5% per year. From 2001 to 2008 GDP growth rate per capita was
5.1% per year. GDP growth in the years of transition since 2001 was not enough to simply reverse
the long-running downward trend. All that remains is for Serbia to try to achieve far more positive
results in terms of GDP growth in the years to come, in order to catch up with some neighbouring
countries that have achieved better results in the transition process.

The foreign direct investment (FDI) is an investment made by a firm or individual in one
country into business interests located in another country. In paper [8, 11-12, 16, 20] is given FDI in
Serbia.

4. THE FISCAL EFFECTS OF PRIVATIZATION OF COMPANIES OF STRATEGIC
INTEREST IN THE REPUBLIC OF SERBIA
The positive fiscal effects of privatization in Serbia can be identified through three

categories:

e increase in budget revenues, which comes either directly through the transfer of privatization
revenues to the budget or indirectly through the profitability/liquidity of privatized companies
that are able to pay taxes, which increases the efficiency of tax collection by the state;

¢ financial inflows from privatization revenues that are transferred for the recovery of the pension
fund (10% of the sales revenue generated by the Privatization Agency and previously 10% of the
Share Fund revenues);

¢ reduction of subsidies and other forms of financial assistance to socially-owned and state-owned
enterprises.
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In accordance with the Law on Privatization, the funds generated from the sale of capital in
the privatization process are paid into the account of the Privatization Agency. After settling the
costs of sale in the privatization procedure and special fees realized by concluding the contract on
sale of capital, i.e. property (commission), as well as the primary settlement of creditors of
privatization entities in which restructuring was carried out, the remaining funds are paid to the
budget of the Republic of Serbia.

The funds, which are transferred to the budget as direct income from privatization, are used
to finance:

1) the republic fund responsible for pension and disability insurance of employees;

2) encouraging development;

3) payment of compensation to persons whose property has been nationalized;

4) repayment of debts whose obligor or guarantor is the Republic of Serbia;

5) a special program for economic development and environmental protection adopted by the local

self-government body; and other purposes.

These funds are allocated in accordance with the law as follows:

1) 10% of the funds shall be paid to the Republic Fund in charge of pension and disability
insurance;

2) 50% of the funds will be used to finance the restructuring and development of the economy in
the territory of the Republic of Serbia;

3) If the seat of the subject of privatization is located on the territory of the Autonomous Province
of Vojvodina, 50% of the funds in that case will be used to finance the restructuring and
development of the economy on the territory of the Autonomous Province of VVojvodina;

4) 5% of funds for the payment of compensation to persons whose property has been nationalized:;

5) 5% of funds for financing the development of local self-government infrastructure according to
the seat of the subject of privatization.

Significant revenues from privatization were realized in 2003 and 2005, while the maximum
of realized revenues from privatization was in 2006. After that, privatization revenues declined
successively in the following years. This is the result of poorer and more problematic socially-
owned enterprises (largely in the process of restructuring) that remained for privatization, as well as
the economic crisis that raged in Serbia in 2009 and 2010.

After reaching the maximum in achieving direct revenues from privatization (in 2006), the
further increase in budget revenues resulted through the indirect effect of privatization, i.e. through
now private companies (formerly socially-owned) that pay taxes and contributions.

5. CONCLUSION

It is concluded that Serbia, in order to improve the rating and attract foreign investors, all
with the aim of more successful privatization and attractiveness for foreign investors, should
seriously improve legislation and practice in the field of planning and construction laws, property
registration, legalization and other issues in this area. Work should be done to provide greater
protection for investors, increase competitiveness and promote antitrust policy, as well as the
sustainability of contracts, while facilitating all steps related to the establishment of new companies
and attracting foreign investors.

Completion of the privatization procedure and attraction of foreign direct investments in the
conditions of economic crisis must be aimed at ensuring institutional and macroeconomic stability,
but also at providing financial and non-financial incentives that will be available to foreign
investors, even domestic ones, in the process of privatization and attracting investors. It is necessary
to create a favourable investment climate, and better in relation to the countries in the region,
bearing in mind that some countries, especially the new EU members, have introduced special state
aid programs for investments. Therefore, it is necessary to provide greater incentives for these
purposes and to develop a model of their distribution.

As preconditions for attracting foreign investors and successfully completing the
privatization process, in addition to providing a clear legal and regulatory framework, the country's
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economic, political and social stability should be ensured and maintained, state policy should be
pursued towards international agreements on foreign direct investments, tax incentives and other
types of incentives for investors should be provided, work on harmonizing the regulations with EU
regulations, with the provision of investment incentives and services before and after investment,
social benefits, as well as provide good infrastructure and ancillary services.
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VJIK 519.86

HManuyk B.J., Oniitnuk O.1., Oniiinuk P.B., Tapadan C.M. (Hayionanvnuii mpancnopmuuii
yHieepcumem, m. Kuis, Ykpain)

MOAEJIIOBAHHA 110151 BITPOBUX ITIOTOKIB HA YPBAHI3OBAHHUX
TEPUTOPIAX

3anpononosano nioxio moOdenosants CKIAOHUX NOAI8 IMPOBUX NOMOKIE 8 YMOBAX YPOAHI308AHUX MEPUMOPILL,
AKUl 06a3yEMvbCsa HA BUKOPUCHAHHI MAMEMAMUYHO20 Aanapamy  CAMOHABYANbHOI HA OCHO8I eMNIPUYHUX OaHUx
Hetiponnoi mepexci. Ompumani 6 pamkax OaHo20 Memooy 3HAYEHHA Napamempie 6impy O0armov MONCIUBICTIb

PO3KIACMU 6EKMOP weUOKoCmi Ha npoekyii V1 Ny cmeopenitl cucmemi KoOpOuHam 00CIiONCY8aHOI Cimku.

An approach for simulating complex fields of wind flows in urban areas is proposed. This method is based on
the use of mathematical tools of self-learning of the neural network based on empirical data. The results obtained in the

framework of the method parameters of wind made it possible to decompose the velocity vector on the projection of v,

and v, in the created coordinate system some grid.

JociKkeHHST METEOPOJIOTTYHHX OB Ha OCHOBI METO/IIB, K1 0a3yIOThCS HA JUCTAHIIIMHUX
3aco0ax BUMIPIOBAHHS 3 BHUCOKOIO IMPOCTOPOBO-YACOBOKO PO3JLIBHICTIO [1], 1OCTaTHHO BIIEBHEHO
JI0BeNIM, 10 B arMmocdepi JOCUTh YacTO 3yCTPIHaloThCcsl OO0 €KTH PYXY 3 TOPHU30HTAIBHUMU
MaciuTabaMu MOPAIKY 1-10* kM, siki Ha BIIMiHY BiJ pPYXiB CHHONTHYHOIO MacumTaly He
¢dikcyBanucs ICHYIOUOIO MeTeopoJioriyHo Mepexero. Cepen  (axiBLiB-METEOPOJIOTiB, IO
3aliMalOThCSl MOJICNIIOBAHHSAM ME30MacIITaOHUX MPOLECiB iCHYe Kiacu@ikalis LUX IPOLECIB,
3TiHO SIKOT MOJISt BITPOBUX MOTOKIB B MacliTadax 1HAMBIIYaJbHOTO BYJIUYHOI'O KaHbIOHY MicTa
ABNSAETbCA Me30-y MaciTaOHumu (1-10 xm). [lanuii HanpSAMOK JOCTIKEHHS € HeTPUBIATbHUM 1
BOJHOYAC akTyajdbHUM. HeoOXiZHO BIIAMITUTH, IO MPOTHO3YBAaHHS ME30-Y HUPKYJISALINA B
aTMocdepi YCKIaJHEHO BIJICYTHICTIO JOCTaTHbOI iH(opMamii Mmpo me3omacmTabHy CTPYKTYpy
atMocdepHux pyxiB. [leBHI cKiamHOCTI OOYMOBJIEHI THM, IO METOJHA MOJEIIOBAHHS CYTTEBO
3aJIeKaTh BiJl TOTO, IKUMH 3ac00aMU CIIOCTEPEKEHHSI OTPUMYBajacs METEOPOJIOriyHa iH(popMarlis.

Ha cworoani, nerepMiHOBaHI METOAM MOJEIIOBAHHS ME30-yY MAaCIITa0HOI IHMPKYISIi B
aTMocdepi, € BaXKIMBUMU SIK JUISI YUCETBHOTO, TaK 1 JUIsI CHHONTHYHOI'O MOJICJIIOBAHHS, OCKUIBKH
HEB1JIOMHI TOYHUI cTaH atMochepu. OgHaK BiIOMO, IO TPOIECH, SKI TYyT PO3TIISIAIOTHCS, YacTO
BiIOYBAaIOTbCA y BIJIKPUTHX CHUCTEMax, € CYTTEBO HENIHIMHUMH, 1 TOMY AOCUTHh UYTIUBUMH J0
noyaTkoBUX yMOB. lle o3Hauae, 10 TOPU30OHT MPOrHO3Y MOBEAIHKM TaKUX CHCTEM MOXKE OYyTH
CYTTEBO OOMEXEHUM BHACHIIOK MposABY edekrtiB O6idypkanii abo, HaBiTh, IETEPMIHOBAHOTO Xa0CYy.
binpm Toro 3 anamizy, B paMKax YSBJI€Hb OJHOPITHOI TypOyJEHTHOCTI, CIIEKTpa aTMOC(hEpHHUX
pyxiB [2,3] BuUIUIMBaE, MO B Me30-y MacmTadi BiIOyBa€ThCs MIBUAKUIN MEPEHOC CHEPTii, 1 TOMY
MOXMOKU Ta HEBU3HAYCHOCTI, 10 BUHUKAIOTH B pPyXax MaJloro MacmTaly, MOMIMPIOIOTHCS Jaji B
pyxax Oimpmoro Macmrady (Me30-f). Omke, 3acTOCyBaHHS B TaKHMX BHUIAJAKaX CTPOTO
JNETEPMIHOBAHUX METOMIB ISl ME30MACIITAOHOTO MOJICIIIOBAHHS YSBIISETHCSA MPOOJIEMATHIHHUM.
[lpote icHye psigx KOHTPapryMEHTIB: E€MIIpUYHI aTMOC(hEpHi CHEKTpU SBISIOTH CO00I0
CTATUCTUYHHUI OIMHUC CTPYKTYPH aTMOc(epH 1 MICTATh YCEPEAHEHHS B MPOCTOPI Ta Yaci, TOAl SIK
aTMOoc(epHi CTPYKTYPH, KOJH BOHU YTBOPIOIOTBHCS, € J0OpE OpraHi30BaHUMH 1 HE YSBISIOTHCS
TaKUMHU BWIIQJKOBUMH, SK TPhOXMipHa TypOyneHTHICT. KpiM TOro mokaszaHo, IO HaBiTh B
3aJIe)KHUX BiJl 4acy BITPOBUX IOTOKAaxX, IO BBAXAIOTHCA TYypOYJIEHTHHUMHM, HMPUCYTHI KOTEPEHTHI
CTPYKTYpH, SIKI XO04a 1 MiJJal0ThCs MPOCTOPOBO-YACOBIA MOIYJIALII, TMPOTE CIIOCTEPITarOThCSA Ha
MPOTSA31 TPUBAIOTO MPOMIKKY dacy. KpimM TOro, BaXKJTMBUM YMHHUKOM, IO BITUBAE HA MOBEMIHKY
Me30-y  MAacIITaOHMX CHCTEM, € Jif TiACTHIBHOI TOBEpXHi. Ii TepMiuHa Ta MeXaHiyHa
HEOJHOPIHICTh TeHepye (iaykTyamii B moii BiTpy. BinMiHHOIO OCOOJHMBICTIO TaKOX € Te, IO
Oyay4H JIOKaJabHO 30ypeHOI0, CUCTeMa PO3BUBAETHCS TAKOXK JIOKAII30BaHO 1 MOBEAIHKA 11 HAHO1IbIIT
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nependavyBaHa, OCKIJIBKU Ti CHIIM, 110 30ypIOIOTh, € a00 MocTiiiHUMH (MeXaHi4He 30ypeHHs ), abo
MaroTh JOOOBHII XiJ] (TepMidHEe 30ypEeHHS ).

MopentoBaHHS METEOPOJIOTIYHOTO PEXUMY MicTa mependadae BUKOPUCTAHHS OJHOTO 13
nBox miaxoniB. llepmmii miaxing — MaTeMaTHYHE MOJCIIOBAHHS, IO 0a3yeTbCs Ha PO3B’SI3KY
PIBHSIHb ra30BOi TEpPMOJMHAMIKH I MPUTOKY TeIuia B MIChKii 3a0yaosi. [lanuii meTon BuMarae
Jy’Ke BUCOKOI MPOCTOPOBOI Jeraiizaiii B Moaensx. [HmmMNA MigXix moyisrae B HapaMeTpu3amii
atMochepHUX TMporeciB. MeToau IOro TUIY MOXYTh OYTH 3ajdydeHi 70 MOAENeH Me30-Y
MaciiTady JUIsl MpeACTaBICHHS B HHUX BITPOBHX mporeciB. IcHyroui emmipuyni mozeni [4] He
JI03BOJISIIOTh B TOBHIM Mipl BpaxyBaTH Iepelir METEOpPOJIOTIYHUX IPOIECiB B YMOBaX MiCHKOI
3a0y70BH, TaK $K BITPOBI MOTOKM Y BYIMYHUX KaHbHOHAX XapaKTEPU3YIOThCS HASBHICTIO
BIIpUBHHMX 30H Ta JUISTHOK penupkyssmii. [Tomyk HOBMX METOAIB Ta MOJAENEH MPOTrHO3YBaHHS
BITPOBHX IMOTOKIB HA OCHOBI €MITIpUYHUX JTAHUX, IO JO3BOJSIOTH YHUKHYTH HEJOJIKIB, BIACTUBUX
JUIS ICHYIOUHMX METOJUK, OOYMOBIIOE€ aKTYaJbHICTh MPOBEICHHS ITaHUX JOCHIKEHb B IIHOMY
HaTpsMy.

MerToro 1aHoi poOOTH € CTBOPEHHSI METOY BIATBOPEHHS Ta MPOrHO3YBaHHS CKJIAIHHUX TOJIB
BITPOBUX TIOTOKIB, Ha OCHOBI EMIIPUYHHUX JAHUX B yMOBaxX YypOaHi30BaHUX TEPHUTOPIH, SKUH
0a3yeThCs HA BUKOPUCTAaHHI MAaTEMAaTUYHOTO anapary HeHpPOHHI MEPExKi.

JlocmikeHHsT B3a€MO3B’SI3KiB BITPOBHUX TOTOKIB 3 MiJCTUIBHOI MOBEPXHEI0 HEMOXKIIUBE
0e3 BIIOMOCTEH MPO aepoJAMHAMIYHI BIACTHBOCTI MoBepxHi. OCHOBHUM JIMHAMIYHHM TapaMeTpOM
MOBEPXHI € ii MIOPCTKICTh Z,, TOOTO HyJIbOBUH PIBEHB, Bijl SIKOIO BIAPAXOBYETHCS JOrapupMiuHUH

npodinas BiTpy. Hukde piBHS MIOPCTKOCTI CEPEIHIM MOCTYMaJbHUNW PYyX BITPOBOTO IOTOKY
BIJICYTHIMH, TaK SIK MOTIK MiIJA€THCS Jii CHUJI TUCKY, 10 BUHUKAIOTH MOOJIM3Y €IEMEHTIB HIOPCTKOCTI.

Han mrapom miopcTkocTi MOXKYTh OyTH TPHUCYTHI Iapu "TpoHHKar4oi mopcTKocTi" [5]
pi3HOT BUCOTH, SIKI MICTSATh BHIIAJKOBO 200 3aKOHOMIPHO PO3MOAICH] MEPEIIKOIH, 110 YUHATD OIip
BITPOBUM TMOTOKaM. Y IIMX [IapaxX CIIOCTEPIra€ThCs 3MEHIICHHS CEpPEeIHbOI IIBUAKOCTI BITPY,
MOPIBHSHO 3 IIapaMHU B SIKUX BiJICYTHI MEPELIKOIH.

KopekTHe MoIeNOBaHHS METEOPOJIOTIYHUX TPOLECIB Y MPHU3EMHOMY IIapi BUMAarae
BUJUISATH MIACTAIBHUA NPU3EMHUN IIap, B SKOMY JACTAlbHO PO3TIIAJAIOTHECS TaKi €IEeMEHTH
IIOPCTKOCTI, SIK 3a0y/10Ba, 3€JIeH1 HacaKeHHs Tomno. J[Ji1 MoIemoBaHHs IPOLIECIB HA IIbOMY PiBHI
BBOJUTHCSI TIOHATTS BHYTPIIIHBOTO MPHU3EMHOTO Iapy, B SKOMY BpPaxOBYIOTHCS BIACTHBOCTI
MIOPCTKOCTI Ta TEPMIUHI XapaKTePUCTUKH, GopMa Ta po3Mip ByJUIYHUX KAaHBHOHIB MiCTa.

BeprukanbHe HampaBiIeHHS MiICTHIBHOTO MPU3EMHOTO MIApy MOJEIIOETHCS 32 JOIMOMOTOI0
napameTpy LIOPCTKOCTI Z,, SIKMH 3MIHIOETBCS B Jiana3oHi Bif 0 10 cepeaHboi BUCOTH €IEMEHTIB

IOPCTKOCTi. B nmaHoMy mapi 3acTOCOBYIOTBCS MOJETI BHUCOKOI PO3MIPHOCTI JUISL OMHUCY PYXY
CepelloBUINA, B SIKUX BpaxoBYeThbcsA (hopMa 3a0yl0BH, TEPMiUHI BIACTUBOCTI NOBEPXOHb, YMOBH
PYXy TpaHCIOPTHHX IOTOKIB. JlaHe MOJAETIOBaHHS HAa/Ja€ CYTTEBY iH(POpPMAIiO MPO Tpagi€HTH
BEJIMYMH M1 HaBITPSHUMU Ta MiJIBITPSIHUMU CTOpOHAMU Bynull. [1oTiM, BpaxoByro4u reoMeTpHuH1
napaMeTpy BYJIMYHHX KaHBHOHIB MOKHA CYAMTH TPO MPOIECH, IO MPOTIKAIOTh B MiJCTHIBHOMY
IPU3EMHOMY LIapi.

[lizcTunpHUE TpU3EMHUI map MicTa BKIIOYAETHCS B MiAIIAp MOPCTKOCTi. Bucora nanoro
migmapy Z 3aleXUTh BiJ BHCOTH Ta INIIBHOCTI €JIEMEHTIB LIOPCTKOCTI. B nmanomy miapi
CIIOCTEPIraeThCsl CYTTEBA 3aJIEKHICTh TapaMeTPiB BITPOBUX MOTOKIB Ta BIACTUBOCTEN IIOPCTKOCTI.
Han minmapom mopcTKOCTI 3HAXOIUTHCS BHYTPILIHIN miAmIap, BUIIE SKOTO — MICbKMIA TpaHUYHUN
map, 1o siBjsie CO00I0 30HY MEPEMIITyBaHHS Ta 3B’s3ye€ BC1 MONEPEIH] IIapH.

MogentoBaHHs MOJIiB BITPOBUX MOTOKIB B NMPU3EMHOMY MIapi MOPCTKOCTI ypOaHiI30BaHUX
TEPUTOPIN CcNUpaeThesl HA MPSAMI BUMIPIOBAHHS BEKTOpa LIBUIKOCTI BITPY. 3 I[I€I0 METOIO Oyio
CTBOPEHO KOOpPAMHATHY CiTKy MicuieBocTi (0,5%0,5 kM), J1iHii K0T MpoBeeH] Ha KapTi 3 IHTEpBAIOM
0,1 k™M (mpocTopoBuil KpoK CiTKM). TOUYKM MepeTuHy JiHii KOOPIMHATHOI CITKM Ha KapTi — BY3IIH,
AK1 TOCTY)KWJIM MMyHKTaMU CIIOCTEPEKEHHS B JAHUX JOCTIDKEHHSAX. TakuM YMHOM, HENEepepBHUN
MPOCTIP 1 Yac 3aMIHSETHCA JHUCKPETHOI MHOXKHMHOIO TOYOK — BY3JIaMU CITKHM, a HOJs (PYHKLIN
(LLIBUAKICTD BITPY) 3aJA€THCS Y BUTIISAAI MHOKUHH JTUCKPETHUX — CITKOBHUX 3HauU€Hb (DYHKITIH
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CKJIaHICTh, €KCIIEPUMEHTY TOJISITAE B HOTO 0OMEKEHOCTI, OCKITBKH HEMOXKIIMBO TEXHIYHO
IIPOBECTH OJIHOYACHE BHMMIPIOBAHHS BEKTOpa LIBHJKOCTI BITPY B YCiX By3i1ax CiTkH. Bnacmimok
Me30-y MacmTaOHOI HUPKYJIALIT aTMOChEpH BEKTOP IIBUIKICTh BITPY MOCTIHHO 3MIHIOETHCS. Y
OCIHHBO-3UMOBHH TEPIOJ CHOCTEPIraeThCsi OUIBII pi3Ka MIHJIUBICTH BITPY MOPIBHSIHO 3 TEILIMM
nepiogom. Tak, BoceHH (BepeceHb, >KOBTEHb) IME€pEeBa)ka€ BITEpP 3axiJHOIO HampsMy, HOro
MOBTOPIOBAHICTh CTAHOBUTH ONM3bKO 23 % [6]. V 3B 513Ky 3 1IMM, JIHI MIPOBEICHHS CKCIICPUMEHTY
Y3rOo/DKYBaJlMCs 3a TOTOJHMMHM yMOBAaMH Tak, 100  BITEp 3aJMIIaBCs CIab0-MIOPUBYACTHH,
OJIM3BKUM 10 HOCTIHHOro. Taki 0OMEXEHHS JO3BOJWIN BUAUIMTA MEXAHIYHUNA BIUIMB MiJCTHJIHHOL
MMOBEPXHI HA BUKPUBJICHHS TIOJIS BITPY.

BumMiproBaHHsS MIBUAKOCTI BITPY HMPOBOIMIIOCS 3a JOMOMOTOI0 IMOPTATUBHUX YaIlIEYKOBUX
anemometpiB Skywatch METEOS (xpok 3a wacom — 1 xB. ). ExcriepuMeHTaabHO BCTAHOBJICHO
CHEKTp MIBUAKOCTI BITPOBOTO MOTOKY Ha OJHOPIAHIN AUISHII BYJIMYHO-IOPOKHBOT MEpEXi MicTa,
SIKAW Ma€ TUTIOBUH yacoBuil po3mozin (Puc.1).
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Pucynok 1 - CriekTp MIBHAKOCTI BITPY Ha OJHOPIIHIHN JUISHII BYJTMYHO-A0POKHBOI MEpexi

MopentoBaHHsl CKaJIIPHOTO TMOJIT BITPY B JaHiil poOoTi 0a3yeThCsi Ha 3acTOCYBaHHI
MaTeMaTHYHOTO arapaTy HeHWpoHHI Mepexi [7], pyHIaMeHTaIbHOIO BIACTUBICTIO SKO1 € HABUAHHS.

Y KOHTEKCTI IUTYYHHX HEHPOHHUX MepeX TpoleC HAaBYAHHSA PO3TIBINAETHCA  SIK
HaJaITyBaHHS apXITEKTYypH MeEpexki i Bar 3B'I3KIB sl €(EKTHBHOTO BUKOHAHHS IOCTABJICHOTO
3aBlaHHs. 3a3BUYail HEHpOHHA Mepeka IOBHHHA HAaJAIITYyBaTH Bard 3B'A3KiB IO HAasBHIN
HaBUaJdbHIA BUOIpI. DYHKIIOHYBaHHS HEUPOHHOI MEpEeXi MOJIMIIYETHCS B MIPYy ITEPaTHBHOTO
HaJIAITYBaHHS BaroBuxX KoedimieHTiB. 11 KOHCTPYIOBaHHS NpOIECY HABYAHHS, IMEPII 3a BCE,
HEOOXITHO MaTH MOJIeJb aTMOC(HEpPHOTO CepeloBHINa, B sAKii (DYyHKIIOHYEe HEHWpOHHA Mepexa —
3HATH JOCTYIHY 75 Mepexi iHdopmarito. L{g Monens Bu3Havyae mapaaurmy HaB4aHHd. [lo-apyre,
HEOOXITHO 3pO3YMITH, SK MOIAU(DIKyBaTH BaroBi MapaMeTpU MEpPEki - SAKi IMpaBuja HaBUYAHHS
VIPaBIAIOTh TPOIECOM HAaJaIITyBaHHS. AJITOPUTM HABYAaHHS — 1€ Npolenypa, B SKIH
BUKOPHCTOBYIOTHCS IIPaBUJia HABYAHHS I HAJAIITyBaHHS Bar.

MopentoBaHHSl CKaJSIPHOTO TMMOJIST IIBUAKOCTI BITPY 3a JOMOMOTOI0 HEHPOHHHX MEpEex
Bi1OyBaIoCs y By3/1aX KOOPAUHATHOI CITKH, SIKI OYJIM TOMEPEIHbO EKCIIEPUMEHTAIBHO JTOCTIIKEHI
HAaTYPHUMH CIIOCTEPE)KEHHSAMHU. 3a BXi/JHI 3HAUEHHS MOJENI HEWPOHHOI Mepexi Oynu MpUHHSATI
EeMIIpUYHI BUMIpU IIBUAKOCTI BITPY, SKI 30Mpalucs B OKPEMHUX BY3JIaX KOOPAWHATHOI CITKH, IO
NpUB’s3aHI 10 MOAEIBHUX BY3JIiB 32 JIOTIOMOT'OI0 OPIEHTHPIB HA MIiCIIEBOCTI.
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[Ipu MopnenroBaHHI  CKaJISPHOTO TOJISI BITPOBUX TOTOKIB 3aBlIaHHS HEHPOHHOI MeEpexi
MoJIsirae 'y BIITBOPEHHI Ta mependayeHHi MaiOyTHbOI peakuii cucteMu 3a ii MONepeaHbOIO
nmoBeqiHkor. Jlyisi BupileHHS I[HOTO 3aBAaHHSA Oyjlo O0OpaHO HEUPOHHY MEPEeXKy THITY
6araromapoBuii nepcentpoH. OcoOaMBICTE HEMPOHHOI MepeXki TUIly OaraTomapoBuil mepcenTpoH
MOJISITa€ B TOMY, III0 KOXKHHUH €JIeMEHT Mepexi Oy/aye 3BakeHy CyMy BIACHUX BXOJIB 3 ITONPABKOIO
y BUIJISIA1 TOJAHKY, @ MOTIM HPOITYCKAa€ IO BEIMYMHY aKTHUBALil yepe3 mepeaaTouny (pyHKIIo, i
TaKUM YHHOM OTPHMYETHCS BUXIJHE 3HAUCHHS IIOTO €JIeMEeHTa. Mepexy NaHOTO THUILy JIETKO
MOJKHA IHTEpIpPETYBaTH K MOJENb «BXiJI-BHXIZ», B sKiii Bark il MOpPOroBi 3HAUCHHS (3MIILIECHHS)
SIBJISIIOTHCS BUTBHUMH TTapaMeTpaMH MOJIEII.

Taxum unHOM 0ys10 MOOYI0BAaHO HU3KU HEHPOHHUX MEPEX, Cepel] IKUX 0OpaHy Ty, IO Mae
HaiiMeHmry noxuOKky HaBuyaHHs (0,090361). ApxiTekTypa o00paHOi Mepeki Ma€ HACTYIHY
CTPYKTYpY: KUIbKICTh HEMPOHIB y MEPUIOMY IPUXOBAHOMY IIapi CTaHOBUTH 27; y aApyromy — 30.

OTtpuMaHi 3HaYEHHS MapaMeTpiB BITPY A MOXIMBICTh PO3KIACTH BEKTOP LIBUAKOCTI Ha
IpOoeKWii vV, ¥ V, 'y CTBOPEHIH CHCTEMi KOOPAMHAT NOCIIKYBAaHOI CITKM (BEPTUKAIBHUMI 3pi3 Ha

piBHI 2 M ) (puc.2).
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Pucynoxk 2 - [3omeTu mBHAKOCTI BITPY OJHOPIIHOT AUISHKU BYTMYHO-A0POKHBOT MEpPExXi

J171st OI[iHKM TOYHOCTI Ta a/IeKBATHOCTI Pe3y/IbTaTiB MOJEIIOBAHHS, & TAKOXK CTPYKTYPH
HEHPOHHOT Mepexi OyJI0 MPOBEICHO OOYHCICHHS CTATUCTHYHI TTOKA3HUKIB JIJIS BCIX BY3JIIB CITKU
(Tabmn.1).

Tabmmsa 1
CraTHCTUYHI IOKa3HUKH MTPOTHO3Y MIBUIKOCTI BITPY JJIsl BYy3J1a
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KOOPJMHATHOI CITKH

CepeniHe 3HaUYCHHS 0,397000
CraHgapTHE BiTXHJICHHS 0,503876
CepenHe 3HaUYCHHS TOXUOKHU 0,013670
CranmapTHe BiIXUJICHHS TTOXUOKH 0,101442
Cepenne 3HaueHHS a0COMOTHOT TOXUOKHU 0,077039
BinHomIeHHS CTaHAAPTHOTO BiIXWICHHS 0,201323
Kopemnsiist 0,979871

JU1s BCIX TOUOK JOCIIKYBAHOTO TOJISI IIBUAKOCTI BITPY Koe(illieHT KopemsLii nepeOyBae B
obmacti cwipHOro 3B’s3ky (Puc.3) mnpm 1bomy 3HaueHHS aOCONIOTHOT TMOXWOKW s
METEOPOJIOTIYHUX BEJIWYMH, IKUM BJacTUBA NEBHA Hellepea0adyBaHiCTh, B IIUIOMY MOKHA BBa)KaTH
3aJ0BLJIHUM.
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Pucynok 3 - Cepenne 3HaueHHs a0coMOTHOI MOXUOKH (€) Ta kKoedimienTta kopessii (R) y
BYy3J1aX CITKH

BUCHOBKU
B po0otTi po3risHyTO pe3ynbTaTH PO3pOOKH METOAY BiATBOPEHHS Ta IPOTHO3YBaHHS
CKJIaJHUX TIIOJIIB BITPOBHX IIOTOKIB B yMOBax ypOaHI30BaHMX TEpHUTOpiH, skl Oa3yeTbcs Ha
BUKOPHCTaHHI MATEMaTUYHOTO arapary CaMOHAaBYAJIbHOI HA OCHOBI EMITIPUYHUX JAHUX HEHPOHHOI
Mepexi.
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YK 681.5

Juxtsapenko B.H., Ko3yo A.H., Kyuepos /.Il. (Hayionanvnuii agiayitinuii ynisepcumem,
Ykpaina)

AJITOPUTM HACTPOUKHU BECOBBIX KO3®®UIIMEHTOB HEUPOKOHTPOJLJIEPA
IMPU YIIPABJIEHUU TIUHAMUNYECKUMU OFBEKTAMHA

B cmamve paccmampusaemcs 3adaua HACMpPOUKU HEUPOKOHMPOLIEPA, KOMOPbIU NpUHUMAem
yuacmue 8 YHpAGIeHUuu OUHAMUYECKUM O00beKmoM ¢ HeuzsecmuvlMu napamempamu. Hacmpoiixa
HeUPOKOHMPOILIEpA OCYWEeCMBIAemcs. nymem e20 00VyHeHUs o pe3yibmamam 04epeoH020 UCHbIMAHUSL
OcobenHocmbio aneopumma A61aemcs uxKcayus OUUOOYHbIX CUMYayUll YRPAeieHUs, KOmopule 8800AMCA 8
aneopumm 00OyyeHus, npuoagas emy ceoticmea camoodyuenus. Ilpeonazaemvitl aneopumm obyueHus
obecneuusaem KeA3UONMUMAILHOCMb NO PEMEHU U MMOYHOCHU YNpAGleHUus 8 cucmeme YNpasieHusl
ounamuveckum odbwvekmom. Illpednacaemcs eapuanm MmMexHUYECKOU peanu3ayuu CUCmembl YNPAGIeHUs C
HeUpOKOHMPOILEPOM, d MAKHCE NPUBOOAMCA Pe3VIbMAmMblL ee MOOENUPOBAHUSL.

The paper considers the problem of setting neurocontroller taking part in the control of a dynamic
object with unknown parameters. Setting neurocontroller carried out by his learning as a result of the next
test. Feature of the algorithm is to fix the faulty control situations that are introduced in the learning
algorithm, giving it the properties of the self-learning. The proposed algorithm provides a quasi-optimal on
time and accuracy of control in the control of a dynamic object. A version of the technical implementation of
the control system neurocontroller is proposed, as well as the results of its modeling.

ITocTanoBKa NMpPOOJIEMBI.

B mocnegnee BpeMs B MAIIMHOCTPOCHMM ILIMPOKO MCIOJB3YETCS MOAXOX IOCTPOCHHUS
CHCTEM YIIPaBJICHUs] JAMHAMUYECKUMHU OOBEKTAMU C HEHPOCETEBBIM pPETYISTOPOM B KOHTYpe
yrpasieHust. OCHOBHBIM MPEUMYIIECTBOM TAaKHX CHCTEM SIBJIIETCS OOecIeueHHe 3aJaHHOTO
KayecTBa YIPAaBICHUS B YCIOBUAX, KOTAA MPOUCXOIAT MU3MEHEHUsS YCIOBUH (PYHKIIMOHHPOBAHUS
CHUCTEMBl WJIM K€ HM3MEHEHHE IapaMeTpOB OOBEKTa, BHI3BAaHHBIC WM3MEHEHHEM Harpy3ku Ha
UCIIOJIHUTENIbHBIE MEXaHM3Mbl CHCTeMbl. Takue ycioBUs (YHKIMOHMPOBAHUS BO3HUKAIOT B
YCTPONCTBAaxX YIpaBJICHUS JIETATENbHBIX aNapaToB, POOOTOTEXHHYECKUX YCTPOMCTB, SIEPHBIX
pPEaKkToOpOB U IIp.

Cuctema ympaBieHUSI C HEHpPOCETEBBIM PETYIATOPOM MPEJCTABISET COOOH HEKOTOPYIO
MH(POPMALIMOHHO—YTIPABJIAIONIYI0O CHUCTEMY, KOTOpas BKJIOYAeT BBIYUCIMTENbHBIE YCTPOMCTBA,
PerysisaTOpbl, UCIIOJIHUTEIBHBIE YCTPOMCTBA U IPYrUe AJIEMEHTBI, KOTOPbIE MOT'YT HCIIOJIb30BATHCS
JUIs aBTOMAaTHYECKOI'O YIIPaBJIEHUs] HEKOTOPbIM JMHAMHYECKUM OOBEKTOM, MaTeMaTHdecKas
MO/JIEJTb KOTOPOTO MOKET OBITh MPEICTAaBICHA CUCTEMOM qu(PepeHINaTbHBIX YPABHEHUH.

HauGonee pacmpocTpaHeHHble TpeOOBaHMS, KOTOpbIE MPEIbSBIAIOTCS K CHCTEME
yIOpaBJIeHUs, — 3TO TOYHOCTh U BpeMsI OTPaOOTKHU 3a7aHUi OOBEKTOM yIpaBieHHs. 3HAYEHUS ITUX
[I0Ka3aTeJIe CYIIECTBEHHO 3aBHUCAT OT IIOJIE3HOM HAarpy3kH, HCIIOJHUTEIBHOIO DJIEMEHTAa H
METOJIOB YIIPABIEHHSI, KOTOPbIE IPUMEHSIOTCS, a TAKXKe OT YCIOBUN ()YHKIIMOHUPOBAHUS.

PaznuuaioT MeToABl yIpaBiIeHHs ¢ TOTHON MHpOpPMaLKe 0 mapamMeTpax UCTIOITHUTEILHOTO
3JIEMEHTA U Harpy3KH M aJJalTUBHbIE MMOAXO0/Ibl, KOTOPbIE MO3BOJIAIOT CUCTEME (DYHKIIMOHHPOBATH B
YCIIOBHSAX CMEHBI €€ MapaMeTpOB B IIMPOKOM AHMAIA30HE WIH K€ B LEJIOM JOIYCKAIOT OTCYTCTBHE
anpuopHoi HH(opManuu 00 3THUX NapameTpax, uYTo SBJseTcs Haubojiee paclpOoCTPaHEHHBIM
cinyyaeM. Pe3kas cMeHa nmapaMeTpoB U BO3MYILECHUM PACCTPAaUBAIOT CUCTEMY YIIPaBIEHUs, KOTOpas
YIOBJIETBOPUTEIBHO PA0OTAET B CPEIHUX PACUETHBIX YCJIOBHSAX, MPHU 3TOM IeJb YIpaBICHUS
MOJKET HE JOCTHUTaThbcs. VIMEHHO B TaKHMX CllydasX IeJIecO00pa3HO MCIOIb30BaHUE AJalTHBHBIX
MOXO/I0B.

K Takum mogxomaM OTHOCUTCS M IOAXOJ, OCHOBAaHHBIM Ha IOCTPOEHUM HEUPOCETEBOIO
peryasTopa, o0ecrnedrnBaroniero KOppPeKIro NapaMeTpoB PeryisiTopa ¢ Ledbio ONTUMH3ALUKN €ro
paboThl B CIIOKMBIIMXCS YCIIOBHSIX (YHKIMOHHMPOBAaHUS. J|OCTOMHCTBAMHU PEryNsiTOpa JaHHOTO
TUIIA MOTYT OBITh OTCYTCTBME 3TaJOHHOM MOJEIHM, BO3MOXXKHOCTb (DYHKLIHMOHHUPOBAHUS C
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BO3MYIIAIOIIMMH BO3JCUCTBUSAMH DPA3JIUYHONM IPHUPOABI, MPOCTOTA TEXHWYECKOW peanu3anuu. B
CBSI3U C ATHM 3aJa4ya CHHTE3a HEHpPOCETEBOr0 YNpaBJICHUS AMHAMHUYECKUM OOBEKTOM B YCIOBHUSX
BapbUPOBAaHUS IAPAMETPOB MCIIOJHHUTEIBHOIO 3JIEMEHTAa, HAarpy3Kd M BIUSHHUS BO3MYILAIOLIMX
(akTOpOB MPEICTABIAETCS AKTyaIbHOM.

AHaJIU3 NOCJeTHUX My OJIUKAIUIA.

M3BecTHbIE TOAXOMABl pealu3alliy AJAaNTUBHBIX CHCTEM Oa3upyloTcs Ha MeToJax
MIOCTPOCHUS CAaMOHACTPAUBAIOUINXCA CUCTEM, TAaKUX KaK METOJbI MOCTPOCHMS SKCTPEMAJIbHBIX U
HelipoceTeBbIX cucteM. Llenecoobpa3HoCTh UCIOIB30BAHUS TOT'O WIJIM MHOTO CIOCO0a MOCTPOCHUS
CHUCTEMBl  ONpeAeNsieTcs  OCOOCHHOCTAMU  OOBEKTa  YNpaBI€HHS M YCIOBHSIMH  €rO
¢bynkunonupoBanus. Tak, B ciyyae 3KCTpeMaIbHOM 3aBUCHMOCTH TapaMEeTPOB OOBEKTa OT CUI'HAJIa
yIOpaBJIEHUs U TPU YCIOBUM HENPEPHIBHOH CMEHBI MapaMeTpoB OOOpPYIOBaHMS CYIIECTBYET
BO3MOKHOCTh MCITOJIb30BaHMS SKCTPEMAIBHBIX CIIOCOOOB yrpaBieHUs. B Tex ke cucremax, ruae
HKCTPEMAJIBHOCTh XAPaKTEPUCTUK HE OOHApY)KUBAETCs, LIEJIECO00pa3HO MCIOIb30BaTh METOH,
KOTOpbIe 0a3UPYIOTCS HA PEryIUPOBAHUH 110 HEHPOCETEBBIM MTPUHLIUIIAMH.

BosbmMHCTBO pa3paboTOK, CBSI3aHHBIX C IOCTPOCHHEM HEWPOKOHTPOJUIEPOB B KOHTYpE
yrpasienus [1-4], onuparorcst Ha pe3ynbTaThl paOboTHI [5], T/ie MpeACTaBICHBI Pe3yIbTaThl PadOTHI
cucrembl "Adaline” mpu ynpasnenun nuHamuueckumu oObektamu. Cucrema Adaline (Adaptive
linear neurone) cOCTOUT U3 yCUJIUTENEH C MepeMEHHbIMU KOd(ddULIMeHTaMH nepenadu (BECOBBIMU
Ko3(ppUIMEeHTaMH, HACTPOEUYHBIMM MapaMeTpaMH), KOTOpble HAaCTPauWBalOTCS B Ipolecce
(GYHKIIMOHUPOBAHUU, U CYMMaTopa CUrHaJOB. Mnes KoppeKIuu BeKTopa napaMeTpoB OCHOBaHA Ha
pe3yibTaTax 04epeHOro UCIbITaHUs U MPUMEHEHHs UX K 3TAIOHHOW (PyHKIMM pelaroniero 01oka
cucremsl "Adaline”. Tlo pesynpraTam CpaBHEHHS IOJYYEHHOW pEaKIUH W  OKHIAAEMOM
IIPUHUMAETCA DEIIEHUE O KOPPEKLUMU BEKTOpa mnapaMeTrpoB. OCHOBHBIM HEIOCTATKOM TaKOI'O
crioco0a HAaCTPOMKH SBISIOTCS MPOJOKUTEIBHOCTh HACTPOMKM UM TOYHOCTb OTPaOOTKH 3aaHMs
JTUHAMUYECKUM OOBEKTOM TIOCNIe TpOoBeAeHHs HacTpoiku. Crmocod HACTPONKHU CYIIECTBEHHO
OINUPAETCs Ha OTJINYMA, KOTOPbIE UMEIOTCS B pelaromieid (pyHKIUN 3TAIOHHOM MOJIeNH U CUCTEME
"Adaline”. Hanuuue 3Tux pasnuuuil onpenessieT BEJIMUYMHY U HallpaBICHHE M3MEHEHUS! BECOBBIX
KO3 PHUIMEHTOB, a C JAPYrodl CTOPOHBI JuIs OOECHeYeHHs TOYHOCTH HACTPOHKH HEOOXOIUMO
OCYIIECTBIATh KOPPEKLHIO MaJIbIM IIIaroM, YTO B II€JIOM OINpeAeNseT IIUTENbHOCTh Mpoliecca Ux
HacTpolku. [Ipu 3TOM moacTpoiika OCyIIecTBIseTCs K mapaMeTpaM o0yJaroueil Moienu, KoTopas
HE YUYUTHIBAeT JMHAMHUYECKHE CBONCTBa OOBEKTa YMPABICHHUS B YCIOBHUSIX (DYHKIIMOHUPOBAHUS.
Taxum oOpa3oM, eciy mapameTpbl STAJIOHHOM MOJIENIN OTJIMYAIOTCS OT IMapaMeTpoB YIPABISEMOIO
00BEKTa, TO KEJIAeMOM TOYHOCTH U OBICTPOJICUCTBHS JOCTUTHYTO HE OYIET.

B [1] cucrema "Adaline” mpumeneHa st yupaBieHHS SICPHBIM PEAKTOPOM. Y IIPaBIISIOIICEe
YCTPOMCTBO COCTOUT U3 HepokoHTposepa u I[IN]] — perynsaropa B Ka4eCcTBE 3TAJIOHHON MOJEIU.
Jlnst HACTpPOWKHM HEHWPOKOHTpoJuiepa (MCIOJHEHHOTO I10 MPHHIMIAM IOCTPOCHUS CHUCTEMBI
"Adaline”) B kayectBe 3tanonHoi monenu npuMeHen [TW/]-perymstop. [Ins HacTpOWKH BECOBBIX
KO3(Q(QHUIMEHTOB CUCTEMBl HEMPOKOHTpOJUIEpAa HCIONB3YIOTCS BBIXOAHbIE aaHHble [IM]I-
peryasTopa, KOTOpble B COOTBETCTBUU C aJTOPUTMOM PabOThl HEHPOKOHTPOJIEpPA MEHSIOT €ro
BecoBble Ko duuueHTsl. Korna peakiys HeHpOKOHTpOIUIEpa CTAHOBUTCS TAKOM K€, KaK M BBIXOJ
[N /I-perynsaropa, ITNI-peryasatop BBIKIOYAETCS.

Henocratkamm mnoaxoja cielyeT CUMTaTh HHU3KYIO CKOPOCTh HACTPOMKH BECOBBIX
KO3 PHUIMEHTOB U HEIOCTATOYHBIE KaK TOYHOCTbh, TaK M OBICTPOACHCTBUE MPEATIOKECHHON CUCTEMBI
ynpasieHusi, B kotopod [IWN][-perynstop HCHOJb3yeTCs B KadyeCTBE HSTAJIOHHOW MOJEIH JIA
HACTPOMKH HEHPOKOHTposiepa. TOYHOCTh U OBICTPOJEHCTBHE CHCTEMBI B 3HAUUTEIBHOM Mepe
omnpenenATcs KadecTBoM HacTpoiiku IIM/]-perymsropa M BIMSIOT Ha CKOPOCTb HACTPONKHU
HelpoperynsaTopa, TpeOyIoIero BpeMeHH! sl 00y4eHusl.

Pabota [2] mpeacTaBiseT CTpaTeruio yrpaBieHUs MPSIMOU aganTaliid HEUPOHHOU CETH JJIS
HEJIMHEMHON CHCTEMBl C HEHW3BECTHBIMHU IMapameTpaMu Tuma perpeccuu. lIpenmosaraercs, yTto
cucreMa o0y4aercsi MyTeM MUHMMU3aLUU BBIXOAHBIX 3HAYCHUN HEHpOHHOHM Mozaenu. st cucrem ¢
MEPEMEHHON CTPYKTYpou B [3] mpeamoiaraeTcsi MCIOJIb30BAHUE CKOJIB3SIIETO PEXHMa B IIEJISIX
MIOBBIIIEHUS YCTONYMBOM pabOThI CUCTEMBI YIIPABJICHHUSI.
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Kakx mokazano B [4], mpu HeWpOPEryIsiTOpHOM YIPABIEHUU TUHAMHYECKHUM OOBEKTOM
CYIIECTBYET BO3MOXHOCTb U30aBUTHCS OT HEOOXOIUMOCTH MCIOJIB30BAHUS CKOJB3SIIEIO PEXKUMa,
KOTOPBI NPUBOJUT HE NPOCTO K 3aTATMBAHUIO IIPOLECCAa YIPABIEHHUsS, HO M O0OecreduBaeT
HaAAIUN peXUM UCIOJHUTEIBHOM 4acTH CUCTEMBI YIIPAaBJICHUS 3a CUET CBEJIEHUS K MUHUMYMY
Yuclia NEPEeKIIOUEHUI CUTHAIA YIIPaBICHHUS.

Llenplo cTaThMl SBJISETCA CHHTE3 alrOpUTMa HACTPOWKM BECOBBIX KOA((HUIIMEHTOB
HEHPOKOHTPOJJIEPA B KOHTYpE YIPaBICHUS THHAMUYECKOT0 00beKTa, 00J1a/1al01eM J0CTaTOUYHBIMU
MoKa3aTeNsIMU TOUHOCTH U OBICTPOJACHCTBUS IPU OTCYTCTBUU 3TAJOHHON MOJIEIH.

@opMyIMpOBKAa  3ada4yM  ymnpaBjenusi. PaccmaTpuBaeTcs  AUHAMUYECKUH  OOBEKT,
onuchIBaeMblil 1uhepeHnnanbHbIM ypaBHEHUEM BHIA

¥t) = Ax(t) + bu(t), (1)

B koTopoM X(t)eR" — BekTOp mepemMeHHBIX cocTosiHMsA, U(t) — ynpapisrommii curHan, 4 — Nxn
MatpHuiia u b — N- MepHbIiA BEKTOP, T.€.

0 1 .. 0
0 o .. O 0
A= , b= : )
0 o .. 1
B (2) xoadpdumments ani, anz, ..., ann, K — ONpenensioTcs mapameTpaMH CHUCTEMBI, KOTOpBIC
KOHCTPYKTOpPY CHCTEMbl 3apaHee HeusBecTHbI. llpeamomnaraercss tonbko, 4yto cuctema (1), (2)
KOMIUIEKCHBIX KOpHEHl He HMeeT, a KOI(PPHUIUECHTH &n1, 8n2, ..., 8m, K MOTYT HaXOAWUThCS B

UHTEpBasiax

1=
IN
=~
IN
=~

Apj < apj < apj,

(3)

IpaHuLbl i, 8pj, K, K cUMTAaIOTCS M3BECTHBIMHL.

N3BecTHO Takke, 4TO OOBEKT B MOMEHT, CBSI3aHHBIM C IYCKOM CHCTEMHI, T.e. koraa t=0,
Haxogutcss B coctossHMM X(0). Cumraercs, 4TO M3MEPEHHE COCTOSHHN CHUCTEMBI NPOU3BOJHUTCS
MaJIOITYMSIIUMU JaTYUKaMU HJIM K€ OHH MOTYT OBITh C JOCTATOYHOH TOYHOCTBIO OIICHCHBI.
CraBuTcs 3aa4a O mepeMenieHnd o0bekTa U3 HadanpHOro cocrosHust X(0) B koHewHoe X(tx) 3a
muHEManbHOE Bpems T € [0, ty].

MoaenupoBanue ajaroputTmMa ynpabjieHusi. B cooTBeTcTBUM ¢ TpeOOBaHUSIMHU 3aJaudl, U
BBE/IS MPEIIONIOKEHNE 00 M3BECTHOCTH IMapaMeTpoB, OyleM CUMTATh, YTO aJITOPUTM YIIPABICHUS
JOJDKEH 00€CIeUUTh ONTUMAIIBHBIA PEeXUM paOOThl CUCTEMBI IO BPEMEHH 3a CUET MCIIOJIb30BAHUS
curnana ympasienus Buga U(t)= {+U, -U}, a Taxke ero mepexiIOueHHH B HEKOTOPbIE MOMEHTHI
BPEMEHH C YHCJIOM HHTCPBAJIOB YIPABICHHUS, ONpPEACISIEMBbIX H3BECTHOH Teopemoir o0 n-
uHTepBanax. bynem mpeamonaraTh, 4To U B YCIOBHUSX 33Ja4M C HEONPEICICHHBIMH MapaMeTpaMu
paccmartpuBaeMasi CHCTEMa HMMeEET OJHM3KHH PEXUM pPabOThl, MPUYEM YHCIO MEPEKITIOYCHUI
CHUTHaJIa yIPaBJICHUs HE TOJDKHO 3HAUYUTEIBHO MPEBOCXOANTH N.

Pexxum pab®oTBl CHCTEMBI, UMEIOIINN KOJIUYECTBO IEPEKIIOUCHHUI CUTHAJa YIPABICHUS
OJM3KO0E K ONTHMAIBHOMY M 00ecreunBaonuii TpeOyeMoe KauecTBO yIpaBlIeHUs, OyaeM Ha3bIBaTh
KBa3HMONTHMAJIBHBIM. B 3TOM ciiydae yrnpaBlieHHsI CKOJIB3SIIMN PEKUM JTHHAMHYECKON CUCTEMBbI HE
IpeaycMaTpUBAETCSL.

Kak u B [1, 2] HeipokoHTpoIep 1Mo gaHHbIM Co 1 A(t), Xt) Beramciser 3HaUCHHE HEKOTOPOM

pemartomieir ¢ynkmuu F(c, X(t)), rme X(f) — BEKTOp, KOMIOHEHTHI KOTOPOTO OMPEACISIOTCS
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udpoBeiM KogoM curHamoB A(t)=x,(t)-x(t) i ¥t). 3unak dyuximuu F(c, X(t)) ompenenser 3HaK
curnana ynpasiaeHus U(t), KoTopsiii OpMHUPYETCS KOMMYTUPYIOIIMM 3JIEMEHTOM, & UMCHHO

+U, ecmu F(c, X(t)) >0,
ut)=<-U, ecim F(c, X(t)) <0, 4)
u(t-0), ecm F(c, X(t))=0.

KommyTtupyrommuii syeMeHT nepekirouaeT Hanpsbkenue BenuuunHel +U wmim —U Ha Bxoze
JMHAMHYECKOTO 00BEKTa 10 3aKoHY (4). B (4) 3HaueHue ynpasistomiero Bo3aenctus U(t) Taxxe
COXpaHsieTCsd PAaBHBIM MPEIbIAYIIEMY 3HAU€HHIO, eciu (pa3oBas TOYKA CHCTEMbl HAXOJUTCA Ha
MOBEPXHOCTH TMepekioueHuid, To ectb koraa F(c, X(t))=0. dyuxmus F(c, X(t))=0 B da3oBom
IIPOCTPAHCTBE T€OMETPUUYECKH NHTEPIIPETUPYETCS TIOBEPXHOCTBIO NMEPEKITIOUEHUM, pUc. 1, KoTopas
JeIuT Bce (pa3oBOe MPOCTPAHCTBO Ha 00JIACTH yNpaBJIEHUI IPOTUBONOIOKHBIX 3HaKoB. Ha puc. 2
BBEJICHBI O0O3HAuYeHHs €1, €2, €3 — (azoBoe mHpocTpaHcTBO, U, - ympaBisioliee BO3JAEHCTBHE
MOJIOKHUTEIBHOTO 3Haka, U. ympasisioliee BO3JEHCTBHE OTpuULATeIbHOro 3Haka, O — Hayaio
KOOpJUHAT.

f| (e)

200

100 - --

-100

200 LT
5

5 b
€2 eq U-

Puc.1. Bun ¢pynkuuu F(-) B npocTpaHcTBE KOOPIUHAT €1, €2, €3.

Curnan U(t) 3acTtaBmsiecT OOBEKT JBHraThCs B CTOPOHY yMeHbImeHHs ommbku A(t), dro
COOTBETCTBYET IOJI0KEHUI0 ToukH O puc.2.

OCHOBHO# CJIO)KHOCTBIO MOJXOJa SBJISAETCS omnpeaeiaeHue Bupa ¢yukiuu F(-). Ecnm
M3BECTEH TOYHBIN BuJ Matemarndeckoir moxenu (1), (2) u n<3, to ¢yukius F(-) momydaercs B
aHaJUTUYECKOM Buae. B npyrux ciywasx ¢ynknuo F() crmemyer nmbo  ympomarthk
MaTeMaTHYeCKyI0 MOJENb Ipoliecca yHpaBieHHUs JHOO0 CTPOUTh €€ B BHJE JIMHEHHOM Monenu
OTHOCHTEJIbHO U3MepsieMbIx koopauHat X(t).

[Ipu opranuzanuu BBIYHCIUTEIBHOTO HpoOIecca CIEAYeT UCKIIOUUTh BIMSHUE ¢ KOHEYHOMH
TOYHOCTH BBIYUCIICHUH, YTO MPOSIBISETCS B OECKOHEYHOM IIMKJIE YIPABICHUS B OKPECTHOCTH
Hayajga KOOPJAMHAT. YCTpaHEHHWE TAaKUX LUKIOB MPHUBOAMT K HEOOXOIUMOCTH BBEIEHHUS B
OKPECTHOCTH Hayalla KOOpPAMHAT HEKOTOpol obmactu (2, Tae AelCTBHE 3aKOHA ynpasieHus (4)
npeKpaiaeTcs, OyeM Ha3BaTh 00JaCTbIO JOCTHKUMOCTH.

Heonpenenennocts mapamerpoB o0bekTa (1), (2) BiIeYeT NPOU3ZBONIBHYIO YCTAaHOBKY
BECOBBIX KOdQduiueHToB ¢ ¢pyHkuuu F(-), 94T0 MOXKET NPUBOJNTH K TAKHUM CUTyallHsM B paboTe
CHUCTEMBIL:

1) "CKOMB3SIIIHIA" PEIKUM;

2) pexuM aBTOKOJICOaHMIA;

3) momazanue 00BEKTa B KPYr JOIYCTHMBIX OMIMOOK A< A'3a Tpebyemoe umcio
nepekaroyennit N ynpasistomniero Bosaeiictus U(t).
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[lepBbie ABE CUTYalMH SABISIOTCS OIMIMOOUYHBIMU, TOCIEIHSIS SIBISIETCS KENaTeIbHOM.

Paznnuue ommOOYHBIX CUTYyallMil OCYILECTBISAETCS Ha OCHOBAHUU JIOTMKH, ONMHUpAIOIICHCS
Ha IIOACYETE KOJIMYECTBA IMEPEKIIOYCHUN KOMMYTHPYIOIIETO 3JI€MEHTa M WU3MEPEHHMHM CHUTHaja
oumbku A(t). Ecnmu B pesynpraTe mojacyeTa yuciaa NEPEKIIOYCHUH (UKCHPYETCS H3MEHCHUE
YIPaBJISAIOUIETO BO3ACHCTBHE C BBICOKOM YaCTOTOM N>>N", a curnan oumbkn A(t) YMEHBILAETCS 110
BEJIMUMHE, HO 3HAK € OTHOCHTENBHO A He H3MEHSETCS, TO paclo3HACTCSA CHTYalus 1, TO ecTh
CUCTEMa yNpaBiIeHUs QYHKIIMOHUPYET B "CKOJB3sIIIEM” pexUMe.

Ecnu BMecTe €O CMEHOM 3HaKa yIpaBIAOLIEr0 BO3AEHCTBUA OCYLIECTBIAECTCA CMEHA 3HAaKa
curnana oumn6ku A(t) OTHOCHTENTBHO A, TO PACIIO3HACTCS CUTYyaLus 2 — PeKUM aBTOKOJICOaHUH.

Koppekmnuro BecOBBIX KOAPQHUIMEHTOB CJlEAyeT NPOBOJUTH IO TPABMWIY OOy4YCHHUs
OJTHOCJIOMHOTO IIEpCENTPOHA

Ci =Cjg — Xq(t)sign Ay, ()

rae Xi(t) — 3HaueHus: pazoBoil TOUKH, ci.y — BecoBoil k03 duimeHT Ha (i-1)-M mare HacTpOHKH
CHCTEMBI, Aj — 3HaUCHHE OIIMOKH KOPPEKINH, a PYHKIHS sign(-) UMEeT BH]

+1,ecmul >0,
sign(1) =<-1, ecul <0, (6)

0, ecmul =0.

Bei6op Xi(t) u Aj CyIIecTBEHHO BIMSIET HA CXOJAUMOCTD Mporecca 00yueHus. C 1eIb0 MOBBIIICHHS
CKOPOCTH CXOJAMMOCTH K TPAaBWIBHOMY pEIICHUIO TMpeanaraercs (QUKCUPOBATh 3HAYCHUS
koopauHat A(t) m ¥t) mepBoro nepeximodenus. Torga pacuer BeCOBBIX KOI()(DHUIMEHTOB ¢j OyaeT

MIPOUCXOIUTH HE MO BBIXOHBIM 3HAYCHUSM, a [0 3HAYCHUSAM 3a(UKCUPOBAHHBIX KOOPAMHAT.

[TpaBuso (5) nedcTBYeT KaXKAblH pa3, KOTJa He YIOBJIETBOPSIIOTCS YCIOBHS ONTUMAIBHOTO
pexUMy 00BEKTa, TO €CTh HE BBITIOJHSAIOTCS YCJIOBUS N<N" i A<A”. PaGota cHCTeMBI MOXKET ObITH
3aKOHYEHA, €CIIN YIOBJIETBOPSIOTCS YCIOBUS N<N™ i A<A”.

B cnyuae, korma pacno3HaHa ofHa U3 OIIMOOYHBIX CUTYallui, HE CIEIyeT MO0KHUIAThCS,
KOTJIa CHUCTeMa OCTAaHOBHUTCS M KOHEYHBIX 3HA4YCHHH ()a30BOTO BEKTOpa, KOTOPBIC HAXONATCS B
palioHe JOMyCTHMBIX OIIHOOK A eQ, MOTOMY, 4TO HMH(MOpMAIMsS [JIs TPOBEIACHHUS KOPPEKIUU
BBIUHCIIUTENEM YK€ umeeTcs, To ecTh uucia N 1 Xj, y)ke u3BecTHbl. 3HAUUT, MPU pacro3HaBaHUU
OIMOOYHOW CUTYallMd CHCTEMa MOXET ObITh OCTAHOBJICHA W TPUBEJCHA B HAYAIBHOE COCTOSHUE
JUTSL TIOCJIETYIOIIETO UCTIBITAaHUSI.

Takum 0OpazoMm, anroput™M pabOTHl CUCTEMBI COCTOMT B TOM, YTO Ha Ka)KIOM HCIBITAHUH
MIPOU3BOJUTCS MOJCUET KOJIMYECTBA CMEHBI 3HaKa CUTHAJIa YIPABICHUS U (PUKCUPOBAHUS OLIHOKU
CUCTEMBI, 3Ta WH(pOpMANUI UCTIONB3yeTcs B (5), €cliu pe3yabTaThl HCIBITAHUS OTIWYAIOTCS OT
OKUJAEMBIX.

Peanu3aumus cucrembl ynpaBieHusi. ONUCAaHHBIN TOAXO0J YIPaBICHUS JUHAMUYECKUM
00BEKTOM MOXKHO pPEaTu30BaTh C IMOMOIIBI0 NMPUOOpa, KOTOPBIA COAEPKHUT (CM. pHUC. 2), Kak
BapUAHT KOHCTPYKTUBHOI'O MUCTIOJHEHHUS, UCTIOTHUTENbHYIO YacTh MY, B cocTaBe HEMpOKOHTpoOIepa
HK, peneiinoro anementa PO, nunamuueckoro oobekta OY; uamepurenbHblii kaHan MUY, koTopsrii
coctout u3 naruuka nonoxenust JIl, naruuka ckopoctu JC, Beruucnutens ommoOku BO; cuctemsl
HacTpouku HeipokoHTposiepa CH, cocrosimeit 3 6mokoB koaupoBanus KV, O6moka mamsita YII,
BbIYMCIIATENA B; moruueckoro ycrpoiictsa YJI, B cocTaBe CYeTUYHMKA KOJIMYECTBA MEPEKIIOUYCHUN
KIL, ¢uxcartopa nepsoro nepexiouenuss O, kommnapaTtopa uncia nepekatouenuii KI1, kommapartopa
ommOku KO, a Takxke MOTyT OBITh BKIIIOYSHBI 0JIOKHA OCTAaHOBA M Ha4albHBIX ycTaBOK BOHY.

Onepanus mnepeBoga oObekTa B HadanbHoe cocTostHMe X(0) ocymiecTBisercs OJI0KOM
OCTaHOBA M HAYAJIBHBIX YCTABOK, B KOTOpBIC MH(POPMAIUS TOCTYMACT OT BBIYMCIUTENS OIIMOKH,
JaTYMKa CKOPOCTHM W KOMIIapaTopa KOJMYEeCTBa MEpeKiIovYeHuid. BoixogHoW curHan Ooka
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NEHCTBYET Ha pEJICWHBIN AJIEMEHT, KOTOPBIM yCTaHABIMBAEeT AMHAMUYECKUNH OOBEKT B HayaJbHOE
COCTOSIHUE, MPHU 3TOM (Ha30BbIli BEKTOP CTAHOBUTHCS PaBHBIM HauanibHOMY 3HaueHHIO X(t)=X(0).
YCTpoicTBO, C MOMOIIBI KOTOPOIO peanu3yeTcsl JaHHbId MOAXOJ HACTPOMKH BECOBBIX
ko3 dunmentoB cucremsr "Adaline” mpu ympaBieHWM IMHAMHYECKHMM OOBEKTOM, paboraer
CJIEYIOIIUM 00pa3oM.

o o -IF .
3
HY T ¢ [Hsd *
HK | P3» |4 OV “) | mr 4 Bo
Af)|e. = FAN(A,
| £ i
YA A7 ko Ai(e
BDmT —_—_—_:E_ p—— __(ji—]:_-____.; il
i Xt
' o !
I .
| a+ | KII — 1 VII
e | B
=,

Puc.2. CtpykTypa cuCTEMBI yIIpaBlIeHUs ¢ HEHPOKOHTPOJIIIEPOM

[lepen HauanoMm paboOTHI cCUCTEMa YIpaBleHUs (CM. puc. 2) 00beKTa, KOTOPBIA HAXOJIUTCS B
HavaiabHOM cocTtosiHuud X(0), yCTaHaBIWMBAIOT JOMYCTUMOE 3HAYEHHUS OIIHOKH A" u TouHOE
3HAQUYEHUs] MUHUMAJIBHOTO KOJIMYECTBA MEPEKITI0UYECHUN N”. VcTaHaBIMBAIOT TaKKe MIPOU3BOJIbHBIC
3HAYEHUs! BECOBBIX KO3(PPUIMEHTOB HelpoperynsTtopa Co. Ha BXoa cucteMbl MOJAIOT 3a/laHuE X,
st orpaboTku. MomeHT BpeMeHH { mojauu 3aJaHus HA CHCTEMY YIPAaBICHHS CUYUTAIOT Kak
HavalnbHbI, TO ecTh t=0. C 3TOro MOMEHTa OCYIIECTBISIOT pacyeT OUIMOKH MO TMOJOXKEHHIO U
CKOPOCTH HArpy3Kd C MOMOIIBIO JATYMKOB TMOJIOKEHUS, CKOPOCTH U BBIYUCIUTENS omnOku. Mx
3HAYEHUS MOCTYNAIOT Ha OJOKH KOAMPOBAHUS, KOTOPBIE MPEoOPa3yloT TeKyIlIue 3HAaYeHUs OLUTHO0K
MOJIOKEHHUSI M CKOPOCTH HArpy3KH 00BeKTa B MU(MPOBON KOJ. DTOT KOJI MOCTYIMAET HA CUTHAIBHBIE
Bxoxsl A(t) i ¥t) mHeiipokonTposepa. Ha BXOmbl BECOBBIX KOI(P(HIMEHTOB ¢j HEWPOKOHTpOJIEpa
MOCTYMNAIOT 3HAYEHUS Co OT BBIUMCIUTETIS.

HccaenoBanue 0OCHOBHBIX CBOMCTB aJIrOpUTMA.

Jly1a MozienupoOBaHusl CUCTEMbl HACTPOUKH U UCCIIEIOBAaHUSI OCHOBHBIX CBOMCTB aJIrOpUTMa
MPOBOIMIIOCH U3YUeHUE TuHaMUKH 00bekTa (1), B KOTOpOoM Matpuiia 4 u BeKTop b umeroT Bu

0 1 0
A= , b= ) (7
agn ayp k

B nmaHHOM ciyuae SJIeMEHTHI MaTpulbl 821, 822, K B COOTBETCTBUH C YCIOBHSMH YKCIICPUMEHTA
cuntarorcs HemsBectHbIMH. DyHkuus F(-) mist oobekra (1), (7) umeeT Bua

F(c, X(1) = qA(t) +c¥t)
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Pe3ynpraTel MOAEIMpPOBaHUS MPEIIAraeMOro alropuTMa HaCTPOMKH MPEACTaBIEHBI HA PUC.
3, 5, 7. Tak, Ha puc. 3 NpEACTaBICHO MEPBOHAYAIBHYIO PACCTPOMKY BECOBBIX KO3((UIMEHTOB
HEHUPOKOHTpOJIEpA C1, €2 B CTOPOHY YBEJIMYEHUS, KOTOPAsl MPUBOAUT K "CKONB3AIIEMY” PEXUMY
JTMHAMUYECKOTO 00BEKTa; PacCTPOiKa €1, c2 B CTOPOHY YMEHBIIECHHUS KO3 PHUINEHTOB MPUBOIUT K

pexumy aBTOKoJIeOaHui (cM. puc. 7).

x(t)

&0

AlL)

Puc.3 Ckonp3siuuii pesxuM TMHAMHYECKOro 00beKTa B (pa30BOi IIIOCKOCTH

ﬁ(f) 20
x(2) op x(2)

oo T

0,22

tl

=204

404 ALY

'B.U-
H(f,:l 157
10

05

00

05

=101

=15~

2,33

Puc. 4. Curnanst A(t), ¥t) u u(t) auHaMUYECKOro 00bEKTa BO BPEMEHHOMU IJIOCKOCTH MPU
CKOJIB3SIIIIEM PEeKHUME

40 ﬁ(f)

30

20
10

x(t)

-B0 -0 20 oA
-1.0

-20

20

Puc. 5. ABToKosI€0aTEIBHBIN PEKUM JUHAMUYECKOTO 00BEKTa B (Ha30BOM IITIOCKOCTH
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Puc.6. Curnanst A(t), ¥t) u u(t) nuaamuyeckoro 06bEKTa BO BPEMEHHOM IJIOCKOCTH IIPU
aBTOKOJICOATETTEHOM PEKHUME

ﬁ:(.tj 40 -
;Eg 20 u(;&
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.20
ao] A0
.B'D_

Puc.7. Curnansr A(t), ¥t) u u(t) amHamudyeckoro 00bEKTa B KBa3HONTUMAIBHOM PEXUME
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Puc.8. Curnanst A(t), ¢) u u(t) auHaMudecKoro 06bEKTa B ONTUMATBHOM PEKHUME

Ilocne  3aBepiieHuss mpoiecca  HAaCTPOMKM — TMOJYYEH  KBA3WONTHMAJbHBIA IO
OBICTPOICHCTBUIO Mpoliecc yrnpaBieHus (cMm. puc. 7). CpaBHeHHE "CKOIB3sIIEro” pexuma (CM. puc.
3) c onTUMaNIbHBIM (CM. PHUC. §) MO3BOJISIET OLICHUTH MPOUTPHILI B JUIMTEIBHOCTH "CKOJIB3SIIEro”
pexuma, B JTaHHOM ciydae OH cocTaBisieT 29%. B To ke BpeMs KBa3MONTHUMAJbHBIA PEKUM
paboThl, KOTOPBIA MOJY4YEeH TOCJE MpolLecca HACTPONKH, MPOUTPHIBAET ONTHUMAIBHOMY PEXUMY
tosibko 3%. Ha mpomecc oOydeHuss HEWpPOKOHTposepa AJid AMHAMHYECKOTO OOBEKTa, KOTOPBIN
WCCIIEIOBAJICS, 3aTPAYCHO 5 HMTEpaIuil MpyU HAYAILHOW pPACCTpOiike BECOBHIX KOX(D(UIIMEHTOB B
100%, koTOpy!O MOKa3aHo Ha puc. 9.
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Puc.9 . Koppekuust k03¢ HUIMEHTOB ¢; HEUPOPETYIATOpa B MpOIecce 00yUeHUsI.

BriBoabI.

[NoBeimienne 3¢ (GEeKTHBHOCTH HACTPOMKU BeCOBBIX Kod(h¢uimeHntoB cuctemsl "Adaline”
IIPU YIpPaBICHUM AMHAMUYECKMM OOBEKTOM B aJrOpUTME, KOTOPBIA IpeiJiaraercsi, B CpaBHEHUU
W3BECTHBIMHU, COCTOUT B TOM, YTO JOCTHTAeTCSs TOYHOCTb OTPAOOTKU 3a/laHUil ¢ MUHHUMAaJbHBIMH
BPEMEHHBIMU 3aTpaTaMM U YMEHbBLIAETCS AJIUTEIbHOCTb HACTPOWKHM HEMPOKOHTpOJIepa 3a CuUeT
JOTIOTHUTEIBHOTO KOHTPOJII KOJIMYECTBA TEPEKITIOUEHUH W  HCIONIb30BaHUS B KayecTBE
oOyyaromei TOYKHM - (a30BbIX KOOPIMHAT TOYKH MEPBOIO MEPEKIHOUEHUS] CUI'Haja YIpaBJICHUS.
IIpu »>TOM wuHpOpManus a1 OO0y4eHHs] HEHWPOKOHTposepa OepeTcsi Mo TeKylled JIMHUU
nepekmoyenus F(C, X(t)), koTopast BeICTpauBaeTCs Ha KaXIOM mare o0y4eHus. Takoi aaroputm
HACTPOWKH KpOME JTyUIINX XapaKTEPUCTHK OTPaOOTKH 0OBEKTOM 3a/laHUsI UMEET JONOTHUTEIBHYIO
BO3MOKHOCTh 00y4aTbCs B Mpouecce (DyHKIMOHUPOBAHMUS CHUCTEMBl HpPU CMEHE IapaMmeTpoB
00BEKTa, KOTOPBIE MPOSBIAIOTCSA, HApPUMEpP, NMPH H3MEHEHWH HArpy3KH WM €ro Ha4YajJbHOTO
COCTOSIHUSA. B ciydae MOCTOSHHO JIEHCTBYIOIIErO 3a/laHUsl MOXKHO 3HAYUTEIbHO YMEHBIIUTH BPEMsI
oOyueHusi HEWPOKOHTpOJEepa 3a CYET OIpeAeseHUs] OIIMOOYHBIX CHUTyallud U JIOCPOYHOMN
KOPPEKIMH BECOBBIX KO3(PPHUIINEHTOB HEUPOKOHTPOJIEPA.
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YJIK 615.38.033.1
Kikanos B.A., Cepatok O. O. (/Jonbacvra oepocasrna mawurnobyoiena akademis, Ykpaina)

NIABUIIEHHSA EGEKTUBHOCTI ITPOLECY 'TEMOIIAJI3Y KPOBI LIJIAXOM
AOCIIKEHHA TA PO3POBKH ITIPOI'PAMHOI'O KOMIIJIEKCY JJI51
PO3PAXYHKY TAPAMETPIB JIAJII3HOI PIIUHU

Y pobomi onucyemvca Komniexcha cucmema agmomamu3o8ano2o GopmMysanHs napamempis sl nposeoeHHsl
eemooianizy nayieumam 3 HuUpKogoio Hedocmammuicmio. Iloxkazano, wo cmeopena cucmema 003601A€ chopmysamu
napamempu 2emooianizy, a0eK8amui NOMOUHOMY CMAHY | OUHAMIYi CMAaHy nayieHma, Hasimev 6 cumyayii, Koau
eemooianis paniuie He npogoousca. B cucmemi euxopucmosyemuvcs Helipouna mepedxca. Hasedeno sazanvhy cxemy
nobyodosanoi cucmemu i it demanbHull onuc.

The paper describes a comprehensive system of automated parameter formation for hemodialysis in patients
with renal failure. It is shown that the created system allows forming hemodialysis parameters adequate to the current
state and dynamics of the patient's condition, even in a situation where hemodialysis was not previously performed. The
system uses a neural network. The general diagram of the built system and its detailed description are given.

B nporeci remonianizy BigOyBa€eThCsl OYHINEHHS KPOBI 1032 OPraHi3MOM 3 BUKOPUCTAHHSIM
criemiaabHOTrO0 (UIBTPA, SIKUH HAa3UBAEThCA AiajizaTopoM. IIpu mpoBeneHH mpomeaypu reMoaiaaizy
MOTPIOHO OYUCTHUTHU BiJi TOKCUHIB BEIMKHI OOCAT KpPOBi 32 BITHOCHO KOPOTKHI mepioa dacy. Sk
MPaBUJIO, PEKUM Miajiizy - 1€ TPU MPOUEAYpPH TeMOAiani3zy B THXICHb, KOXKHA 3 SIKHMX TPUBAE
npuOmM3HO 4-5 ronuH. IHOAI MOTpiOHE 30LIBIICHHS YacTOTH abo0 TpuBaioCTi miamizy. Ha manwmii
MOMEHT BHHHUKA€E MpodiieMa 3 BHOOPOM MapaMeTpiB IS MPOBUAIHHS T€MOiaizy O0COOJIHUBO IS
HOBHX HAIli€HTIB 00 MOTOYHI METOJM OI[IHKH SIKOCTI JI03U TeMO/Iiali3y MOKHA PO3paxyBaTH TIIbKH
ITCJIST TPOBEJCHHS TeMO/TiaITi3y.

CydacHa KOHIENIs OIIHKK e(DeKTHBHOCTI TeMoianizy 0a3yeTbcs Ha MOHATTI J03H, KA €
HEJI0CTaTHRO KOPEKTHOIO JIJIS TUIAHYBAHHS TPOIEAYPH Ta OIIHKHU i1 e(EeKTHBHOCTI 3a HACTYITHUX
npuuuH. Y 0aratboxX JOCTIDKEHHSX JOBEIEHO, IO JEeTalbHICTh Cepel TMAIli€HTIB Pi3KO
T IBUTIYETHCS, KO OJiepkaHa eekTuBHA qo3a MeHmIe 1,2. Toji BUHUKAE MUTAaHHS, a SKIIO /1032
nepesumtye 1,2, Hanpukiag, 1,6, 1,8, ....10, To me moOpe yu moraHo Jjs maiieHTa? 3 TOYKH 30Dy
(hi3uKH Tpolecy JETOKCUKAIll MOXHA MIPKYBaTH, 110 YUM OUIbIIE MPOAYKTIB MeTaboIi3My Oy/ie
BUJAJICHO 13 Opra”i3My 3a uac remojianidy, TUM Ounplmmii wac Oyae mnoTpedyBaTHCh Ha
HAKOIMYCHHS TPAHUYHO JIOITYCTUMOI KOHIIEHTpAIll TOKCHYHOI pEYOBUHH B OPraHi3Mi, 1 TUM O1JIbIIe
MOXUIMBHH 1HTpaaialli3HUN Tiepioa. AJyie BXKE€ ChOT'OJIHI 3'IBUJIMCH JOCIIJDKEHHS, 1€ aBTOPH Ha
OCHOBI CTaTHCTHYHOT'O aHAIN3y BM)KUBAHHS BEJIUKOI IOIMYJISIT MAi€HTIB POOIATh BUCHOBOK, IO
JICTAIbHICTh MIJABHUIYETHCS MPU MEPEBUIICHHI AesKoi 103U Kyax [1]. THIN axiBii g10BOASATH, M0
MPOBEICHHS TeMOJialli3y Ha MpOoTa3i 6 roa, a He 4 roja, HabaraTo ITOKPAIIYE SKICTh KUTTS
MaIli€HTIB, JIeSKi BBa)KalOTh, IO Kpalle NPOBOAUTH Horo moaHs mo 2—3roa. Buxomsum 3
(dizioyorii HHpPKH, MOJKHA CTBEpP/DKYBAaTH, IO HaAWKpamie IS MamieHTta OyTH TOCTIHHO
MIIKITIOYSHUM JI0 anapaTry MTy9Ha HUpka. MeTor remMojiiai3y € He TUIbKH BHIAJCHHS MPOIYKTIiB
MeTaboI1i3My, a i MPUBEACHHS PIAUHHOIO 00'€eMY OpPraHi3My J0 ONTHMAaJIbLHOI'O 3HAYCHHS, KOPEKIIis
CJIEKTPOJIITHOTO CKJIaAy Ta iH. Ha 1i 3anutaHHs HE MA€ThCs KUTbKiCHOT BiAmoBimi y mousatti Kt/V
npu crpoOi MiABULIUTH MOKA3HUK YaCTO MOTIPIIYEThCS CTaH MallieHTa.

MeToro J1aHOi poOOTH € PO3poOKa KOMIUIEKCHOI CHCTEMHU aBTOMATH30BaHOTO (HhOpMyBaHHS
napaMmeTpiB JJs MPOBENEHHS TreMojiami3dy, SKy MO)XHa BUKOPHUCTOBYBATH MJI MPOTHO3YBaHHS
rapaMeTpiB Ha OCHOBI MEBHUX 3a3/1aJIeTib BUSHAYCHUX JAHUX JJIs KOHKPETHOTO CTaHy 3/I0POB'A.
OCHOBOIO CUCTEMHU € MITYYHA HEHPOHHA MepexKa.

OcCHOBHI MapamMeTpu AJsl OLIHKH SKOCTI TeMojializy siKi OyAyTh BUKOPHUCTOBYBATHCS B
HEHpOHHIA Mepexi, K BXIJHI MapaMeTpu € Bara, 3picT Ta BIK MaIli€HTa, PIBEHb CEYOBUHHU [0
MPOBEACHHS TEMOIIallizy, a TaKOX KIIBKICTh Aiami3Hoi pimuHu. [IIBHAKICT KpOBI Ta MIBUIKICTH
Jiami3Hoi PIIMHU YpaxOBYBAaTH HEIOIUIHHO, TOMY IO AyKe 0araTo pi3HUX METOMAIB MPOBEICHHS
reMojianizy 3 pi3HUMH LIBUAKOCTSAMM, aje€ NpU OJHAKOBOMY BHUTpPAUyE€HHI [iali3HOi pPIAMHHU

57



MOKa3aju, Mo KOeIMiEHT TIPH OIIHII T03W TeMOoIiai3y oJHaKoBui. Yac mpoBeeHHs 1 MIBUIKICTh
Iianizaty MoxkHa OyJie po3paxyBaTH IICIsl TOTO, IK BU3HAYUTHCS KUIBKICTh HOTPIOHOTO PO3UYHHY.

BuximnuMm mapamMeTpoM HEHPOHHOI Mepeki Oy/e piBeHb CEUYOBHMHHU IIICIS IPOBEIACHHS
remopianizy. Ilpu mpomMy KiJIbKICTh iaii3HOI PIAUHM Ui MPOBEIEHHS reMoAiali3zy Kpaiue Oyne
BHU3HAYaTH METOJOM IMiA00PY NpU KOPEKTYBaHHI pOOOTH HEHPOHHOI MEpexi.

ITocTaBnena 3aaya € 33/1a4er0 perpecii, TaK 10 TOMOJIOTII0 Mepexi, (PYHKIIII0 aKTUBALT 1
METOJ] HaBYaHHS CJIi miaOupaTH, BiIITOBXYIOUHUCH 13 IIOTO.

IIpu BuOOpi TOMmOJNOrii Mepexi Oyn0 NPUHHATO BUKOPUCTOBYBATH OaraTolapoBHi
MEPCENTPOH, TOMY I1I0 CUTHAJ B TAKUX MEpekaxX MOUIUPIOETHCS B MPIMOMY HAMPSIMKY, BiJl LIapy 10
mapy.

KinpkicTh BXiZHUX 1 BUXIJIHUX €JIEMEHTIB B 0aratornapoBOMy MEpPCENTPOHA BU3HAYAETHCS
yMOBaMH 3aBIaHHA. B skocti QyHKuii akTtuBaiii HelipoHa BUOpaHO miHiMHY ¢yHkuito. lLle
00yMOBJICHO THM IIIO B 3ajladax perpecii He OakaHO CHJIBHO 3MIHIOBATH BXIJHI Ta BUXIIHI JaHi,
11100 3MEHIINTHU BIUIMBU HA PE3YJbTaT.

Jlnst HaBYaHHS Mepeki 0OpaHOi TOMOJIOTIi pallioHaJbHO METO][ 3BOPOTHOTO IOIIMPEHHS
MOMUJIKH. AJITOPUTM 3BOPOTHOTO TOMIMPEHHS — 11€ METO/ YHCEIbHOI ONTUMI3allil, SKUi MOXxe OyTH
BUKOPHUCTAHHUH y 0aratbox aJiIrOPUTMaX, JIe MOTPIOHO 3HANTH eKCTpeMyM (DYHKIIIi.

AJNTOPUTM 3BOPOTHOTO TOIIMPEHHS TIOMWJIKM BH3HA4Yae CTpaTeriro madopy Bar
OararomnapoBoi Mepexi 13 3aCTOCYBaHHSIM TPAJIEHTHUX METOAIB onTuMmizamii. OCKIIbKH IJIbOBA
GbyHKIIS, 3a3BUYall BU3HAYAETHCS K KBaJApaTHYHA PI3HUL CYMU MK (DaKTUYHHUMU 1 O4iKyBaHUMH
BHUXIJTHUMH 3HAYCHHSIMH, € OC3MEePEPBHOI0, TPATIEHTHI METOIW ONTHUMI3alii € eEeKTUBHUMHU TIPH
HaB4aHHI Mepexi. [Ipu HaB4aHHI OaraTomapoBoi HEHPOHHOT Mepeski HEOOXiTHO OOYHCIUTH BEKTOP
rpaji€eHTa MOJI0 MapaMeTPiB BCIX BEPCTB MEpeki. 3MiHA Bar B aJlTOPUTMI BiIOYBAIOTHCS 3a TAKOIO
hopMyIor0:

Aw;; = arqol-xlj 1)

ae: Wij - Bara 3B'SI3Ky MiX i-M 1 j-M HeflpoHaMH; & - peXuM, puitmMae 3HadyeHHs 1 abo -1; r -
Koe(iIieHT, 110 3a7a€ MBUAKICTh HABUYAHHS; ¢ | - QYHKIIISI 3BOPOTHOTO MOIIMPEHHS ITOMUIIKH IS |-
ro Hedipona; X1 - moxigHa (QyHKUIT akTHBaIil i-r0 HeWpoHa; @] — QYHKIIS IS OOYHCICHHS
MTOMUJIKH, TIOIIUPIOBAHOI BiJl BUX1THUX HEUPOHIB.

Jns Bunanky a = 1 ¢pyHKiist Mae BUI:

e =y;(1-y))d;j—y;) 2)

e yj 1 d]- - aKTyaJIbHUH 1 Oa)kaHUM BUXiJl BUX1HOTO HEHpOHA, BIAIOBITHO.
Jist Bunazky a = -1 GyHKIUis @ 00UMCTIOETHES 38 HOPMYJIOHO:

1
0; = ky;(1 — yp)e za? 7P ®)

Bupas yj(l - y]-) B 11l opMy:l sIBJIsIE MOXIHY aKTHBaIiiiHOI QyHKIIi. EKkcrioHeHIianpHa
dbyHKIIIsS 3a0€e3Mmedye MaKCUMalIbHE 3HAYCHHS (] 32 OJHAKOBOI KUIBKOCTI aKTyaJIbHOTO 1 0a)XaHOTO
CTaHy j-To HelpoHa. BenmnunHa 6 3a/1a€ 9y TIHBICTh OJU3BKOCTI 10 BUXiTHOTO BeKTOpy. KoedimieHT
k Moxe iHTepmpeTyBaTHCs SIK PIBEHb «CTpaxy» 1 MOXE BHUKOPHUCTOBYBATHCS MPH MOJCITIOBAaHHI
€MOIIi}i 1 BAKOPHCTaHHI X JIsi HABYaHHS HEUPOHHOI MEpexi

Jns TectyBaHHS Mepexi BukopuctoByBajack nporpama STATISTICA 12. Bubipka ganux
ckragana 600 enmemeHTiB. 3aBIaHHSAM TECTyBaHHS Oyl0 BH3HAYCHHA KUIBKOCTI HEWPOHIB
MpUXOBaHOro Mmapy. ExcrepuMeHTamMu BCTaHOBIEHO, IO HaWKpalli pe3yabTaTH OTpUMaHi A
Mepexi 13 5 BXiTHUX HEHPOHiB, 8 HEMPOHIB y CKPUTOMY CJIOi Ta OHOTO BHXiTHOTO HEHpPOHA.
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Pesynbratu excriepumenTis 3a 1000 enox 3 Bubipkoro nanux 90 eneMeHTIB HaBeAEHI B Ta0JI.

Pesynbratu TecTyBaHHS pOOOTH HEHPOMEPEKI.

Tabmumg 1

Cepennst noMmuiika B %

MiHiMaIbHa TOMWIIKA

MakcumanbHa NOMHIJIKA

B% B%
HaByaHHsA 0,495 0,003 2,388
Tect 0,513 0,388 0,657

3aBISIKM 3aCTOCYBAaHHIO HEHPOHHOI Mepexi KOPHCTYBaY MPOrPAMHOTO MPOJKTY MO3Ke
pO3paxyBaTH MapaMeTpH JJIs MPOBEIEHHS Mporecy remomiamizy. IligiOpaBmmm mapameTpu yis
IIPOBEICHHS reMomanBy, 30KpeMa KIUIBKICTh JIialli3HOI PIAMHM, 1, MOOAYMBIIM 3a3/eJIeriIb
pe3ysbTaT, MOKHA MipaxyBaTH KiTbKICTh HEOOXIIHMX BUTPATHUX MaTepialliB (YUCTa BOAA,
KOHIIEHTPATH), a TAKOXXK Yac HEOOXITHU JUIsl MPOBEJACHHS FeMOIiami3y.

BHCHOBOK
B poGoti 6yno mpoBeneHO aHaji3 Mpolecy reMojiaiizy Ta 3aco0iB OIMIHKH JI03U Jiami3y.
Takoxx Oymo CHPOEKTOBAaHO Ta MEPEBIPEHO Ha Mpale3JaTHICTh MITy4YHY HEHPOHHY MEpexy s
dbopmMyBaHHS TapaMeTpiB MPOBEIACHHS TEeMOJlalizy, SKy MOXHAa BUKOPUCTOBYBATH IS
MPOTHO3YBaHHs MapaMeTpPiB Ha OCHOBI MEBHUX 3a3/1aJieTi/[b BU3HAUYCHUX JAHUX JUII KOHKPETHOTO
CTaHy 3710pOB's.
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HNEPCIEKTUBU 3ACTOCYBAHHS MEXAHI3MIB ITAPAJIEJILHOI CTPYKTYPU B
TEXHOJIOT'TYHUX MAIINHAX MEXAHOCKJIAIAJIBHOI'O BUPOBHUIITBA

B pabome Haoani ocnosni  manpsmrxu pobim Ilpobremwoi nabopamopuu MoOinbHUX [HMENEKMYATbHUX
mexnono2iunux mawun Incmumymy npobaem wmyunoco iumenexmy i Jlonbacvkoi Oepoicagnoi mauuno6y0ieHoi
akademuu 8 KOHMEKCHI CMBOPEeHHs CYHYACHUX KIHeMAMUYHUX CUCMeM MOOIIbHO20 CAPAMYSAHHA, 4 MAKONC OesaKU
pe3yibmamu 3 UKOPUCIMAHHIM HetPOMEPENCHUX NIOX00i8.

The paper presents the main directions of work of the Problem Laboratory of Mobile Intelligent Technological
Machines of the Institute of Artificial Intelligence and Donbas State Machine-Building Academy in the context of
creating modern mobile kinematic systems, as well as some results using neural network approaches.

BaxnuBumu HanpsMkamMu (OpMyBaHHS TEXHOJIOTIYHHMX pIlIEHb € KOMIUIEKCHI KOHIIeTLii
PO3BHUTKY TEXHOJIOT1H: TEXHOJOTIYHE (TEXHIYHE) Mepeo30pOEHHs, KOMIUIEKCHA aBTOMATH3allis 1
MeXaHi3allis PpI3HUX NPOLECiB TPYAOBOi MisIbHOCTI. TexHonoriuHe mnepeo30pOeHHS IOBHUHHE
pPO3IIISIIAEThCS SIK OCHOBAa OUIBIT MAacCHITAOHMX MPOEKTIB - MPOEKTIB PEKOHCTPYKINi, TaKk 1
CaMOCTIHMX TIPOEKTIB JIOKOPIHHOT TepeOyloBHM TEXHOJOTiM - TMPOEKTIB TEXHIYHOTO
nepeo30poeHHs. ABTOMATH3allil0 B JaHWK dYac HaW4acTilie pO3IIIANal0Th SK 3aCTOCYBaHHS
TEeXHIYHUX 3ac00iB, METOMAIB 1 CHCTEM YIpPaBIiHHSA, SKI 3BUIBHSAIOTH JIIOJWHY YacTKOBO a0o
MOBHICTIO BiJ 0O€3MOocCepeHhOi ydacTi B TIpollecax OTPUMAaHHS, IEPEeTBOPEHHS, Iepenadi 1
BUKOPUCTAaHHS €Heprii, MaTepiaiis i iHpopmariii.

TakuM 4YMHOM, PO3BUTOK MAaIIMHOOYAIBHOIO BUPOOHHUIITBA HEPO3PUBHO IMOB'A3aHO 3
MPOIIECaMU OHOBJICHHSI MAPKy TEXHOJIOTTYHUX MAIlMH, 10 320€31eUyI0Th BUTOTOBICHHS MPOIYKIIii.
Ile Ge3mocepenHbO CTOCYETHCS METaT000POOHOTO OO0JaJHAHHS MEXaHOCKJIAMadbHUX IexiB. Bin
TEXHOJIOTIYHUX MOXJIMBOCTEH Takoro 0oOJaJHAHHS 3ajeKaThb OCHOBHI TMOKAa3HUKU €()EeKTUBHOCTI
MaIIMHOOYIBHOTO BHPOOHMIITBA. TOMYy MOMIYK pilieHb B 00JACTI CTBOPEHHS TEXHOJOTIYHUX
MaIIIHH, [0 MAIOTh MiJBUIICHY TOYHICTH 1 BUCOKI TUHAMIYHI MTOKa3HUKHU TOPS 3 IX MaJIOK0 METaJo-
Ta EHEPrOEMHICTIO TP BUCOKIM MPOIYKTUBHOCTI € aKTYaJIbHOIO TPOOIIEMOIO.

V 3B'SI3Ky 3 BUKJIQJICHUM TPEACTaBIsi€ OCOOIMBUN 1HTEpEC rpyla MeXaHi3MiB, 3aCHOBAaHUX Ha
MPUHIIMIIAX TapaliebHOi KIHEMAaTUKHA 1 MOXJIMBOCTI 1X BUKOPUCTAHHS ISl BUPIIICHHS 3aBllaHb
MOB'A3aHMX 13 3a3HAYEHOIO MTPOOIIEMOIO.

MexaHi3Mu napajieibHOl CTPYKTYPH BiIPI3HAIOTHCS THM, 10 YTBOPIOIOTH KIHEMAaTUYHY TPYILY
CTPW)KHIB 3MIHHOI (peryipoBaHOi) JOBXHHH, 3'€JHAHUX 3a JONOMOTOIO IIAPHIPIB i GOPMYIOTH
CHUCTEMY CTIHKMX TPUKYTHHUX E€JIEMEHTIB KOHCTPYKIIH BHKOHABYMX MEXaHI3MIB TEXHOJIOT1UYHHX
MaIIIVH.

[ToGynoBa KOOpAUHATHOI CUCTEMH MEXaHi3MIB 3 MapaJieIbHOI0 KIHEMATHKOW Ui peaizallii
CKJIQJHUX MPOCTOPOBUX TEPEMIlEHh 3 MIiABUIICHUMH TOYHOCHUMH 1 JUHAMIYHUMU
XapaKTepUCTHUKAMU BUMArae MpoBEICHHS JAMHAMIYHOTO aHali3y BUKOHABYOI JIAHKH CHUCTEMHU, [
SIKUMH PO3YMIEThCS BUKOHABUMN MEXaHI3M MapajesibHOT KIHEMAaTUKH, M0 3/1HCHIOE TEXHOJIOT14HI
omepauii mnepemimeHHs, oOpoOku abo BHMIpIOBaHHA. B mpomeci IUHAMIYHOTO —aHali3y
BHKOHABYOTO MEXaHI3My B KOOPAMHATHOI CUCTEMH NEPEMIIICHb BUPIIIYIOTHCS 3aBJAaHHSI PO3POOKH
1 Oe3mocepeHbO peanizalii MaTeMaTU4YHOI MOJeli, SKa OMUCYE JWHAMIYHUN CTaH 1 MOBEIIHKY
MEXaHi3My B Pyci 1 piBHOBa3i IpH HAsSBHOCTI 30BHIMIHIX CHJIOBMX BIUMBiB. Ha 0a3i moOymoBaHO1
JMHAMIYHOI MOZIEJIi BUKOHABYOTO MEXaHI3MYy BHUPIIIYIOTHCS IpsSMa 1 3BOPOTHA 337ayi TUHAMIKH B
CEPEIOBHII MOJICTIOBAHHS - IPOBOJIUTHLCS CUMYJIAIIS pOOOTH TUHAMIYHOI MOJIEINI 111 KOHKPETHUX
BUIAJKIB BIJIIPAIIOBAHHS BUKOHABYMM MEXaHI3MOM 3aJlaHuX TmepemimeHnb. Ha migcrasi
pe3ynbTaTiB, OTPUMAaHUX Tij] Yac MPOBEICHHS JUHAMIYHOTO aHaJi3y, MPUHMAIOTHCS PIIICHHS 1010
yIpaBIiHHSA JBUTYHAMH TPUBOJIB PYXOMHX IITAHT B KOOPJAMHATHOI CHUCTEMH IEPEMIIICHb Y
BUTJISIII BUXIAHUX XapaKTEPUCTHK 3MIHM OOEpPTAIOUYMX MOMEHTIB, IIBHIKOCTEH, MPUCKOPEHD,
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MKOBUX HABAHTAXKEHb, HEOOXIMHMX I peami3allli 3aJaHoro 3aKOHy pyXy BHKOHaBYOTO
MexaHi3My. TakuMm 4MHOM, JAMHAMi4Ha MOJENb BUKOPHCTOBYETHCSA JJIsi HACTPOIKHM 1 Bepudikamii
peryjsTopa CHCTEMH YIPaBIiHHS, OCKIIBKM BPAaXOBYE OJIHOYACHO 1 JAMHAMIYHI, 1 KIHEMaTH4HI
0COOJIMBOCTI BUKOHABYOTI'O MEXaHI3MYy.

VY mnopiBHSHHI 3 YIPaBIiHHAM 3BUYAHUMM TEXHOJOTTYHUMHU MAalIMHAMH, YIPaBIIHHS
TEXHOJIOTTYHUM OOJIaJIHAHHSAM Ha 0a3l MEXaHi3MiB 3 MapajlelbHOI CTPYKTYpOIO € B 0aratbox
acreKTax HEMpPOCTUM 3aBAaHHAM. lle TmoB's3aHO 3 OUIBII CKJIAJHOIO CTPYKTYPOrO 1 (opMOro
pobouoi 30HM Takii MammHUA. Po3poOka yHIBEpCaldbHOTO ajaropuTMy € Ha JaHUA MOMEHT
aKTyaJlbHUM 3aBAaHHsAM. HaiOimbln mepcrneKTHBHUM BapiaHTOM B I[bOMY HAmNpPsIMKY € po3poOka
CHCTEMH YIPaBIiHH, sIKA 3/1aTHA aJalTyBaTHUCS 1O HOBUX IOCTABJICHUX 3aBIaHb 1 HaBYATHCS HA
Hux. Ha#iOinpmr AOUUTBHUM € CTBOPEHHS Takoi CHUCTeMH Ha 0a3l NPUHIUIIB TOOYIO0BH
HelipomepexxHiii  obuncmoBanbHOI muardgopmu. Taka miardgopma peanizoBaHa 3 BUKOPUCTAHHSAM
KAacKaJHUX CTPYKTYp, IO 3/1aTHA aJalTyBaTHCS IO MOCTIMHO 3MIHHHUX YMOB iCHYBaHHS CHUCTEMH
YIpaBIiHHSA TEXHOJOTIYHMMH MallMHAMKM 3 MeXaHi3MaMH mapanenbHoi cTpykrypu. Crifg
MIIKPECIUTH, 0 B HACTIAKY MTOOYIOBM TaKOi CUCTEMH YIPABIIHHS CYTTEBO 3MIHIOETHCS MIAXIJ 10
MOCTAHOBKM 3aJ]aui ONTHMi3alii pyXy BHMKOHABYOTO OpraHy Takoi MallMHH, a came, IJIbOBOIO
(YHKIIIE€IO TPOTIOHYETHCS PUUHITH CYMY MEPEMIIIEHb BCIX €JIEMEHTIB MEXaHI3MYy 3 MapasieIbHOI0
CTPYKTYpOIO TPU OOMEKEHHSX MO0 BHUKOHAaHHS pOOOYHMX TMEpEeMIleHh TEXHOJIOTTYHO
IHCTPYMEHTY.

B npomy Hampsmky mnpamtoe [IpoGnemnra mabopatopiss MOOUTPHUX IHTEIEKTYaTbHHUX
texHosioriyanx MamuH (MITM), mo crtBopeHa Ha kadenpi «TexHosorii MammMHOOYyBaHHS»
JloHOachKO1 Iep)KaBHOI MAaITMHOOYMIBHOI akajeMmil 1 sika € MpOrpecuBHOI0 (OPMOIO CIHiBMpaIl
HAHY i Bumioro HaBuanpHOTO 3aKkiaaay. OCHOBHI Hanpsiku Ta 3aBaaHHs podootn MITM:

-TeOpeTiyHe OOTPYHTYBAaHHS MHOXHH CTPYKTYpHHX, BUKOHABUMX 1 KEPYIOUUX BY3JIB
MOOITBHUX 1HTENIEKTyaJIbHUX TEXHONOTTYHUX MamuH (MITM)

-po3po0Ka TEXHIYHMX 3aBJaHb HAa TPOCKTYBaHHA Oa3HMPYIOMIMX, IO TO3UIIOHYIOTH 1
BUKOHaBUMX cuctem MITM;

-po3poOKa MEPCIeKTUBHUX TEXHOJOTIYHUX MPOIIECIB 13 3acTocyBanHsIM MITM;

-IPOEKTYBAHHS BY3J1iB BUKOHaBYMX MexaHi3MiB MITM;

-po3po0OKa arOPUTMIB IHTEICKTYIBHOTO YIIPaBIiHHS By3JIlaMu 1 MexaHi3mMamu MITM;

-IPOEKTYBaHHs Kepyrouux cucteM MITM.

-IIPOEKTYBaHHS CHCTEM TEXHOJIOT1YHUX iHCTpyMeHTiB MITM.

-CTBOPEHHS JOCTIAHUX 3paskiB enemeHTiB MITM (BUTOTOBICHHS, KOMILIEKTAIIis,
CKJIa/IaHH$, HAJIarOJ[KCHHS ).

-BUINIPOOYBaHHs JocaiaHuX 3pa3kis MITM.

-IIOCJTIPKeHHS] pUHKY crioxuBadiB MITM.

-oprasisaiiis i CylpoBiJ BUTOTOBJIECHHS TPOMUCIOBUX 3pa3kiB MITM.

-3a0€3MEeUeHHSs PEKJIAMHO-BUCTABKOBOT 1SUTHHOCTI.

-BE€JICHHS HAYKOBOI'O PpO3AUlYy HPOQIIbHOrO MEpioAMYHOrO BHJAHHS (KypHaIy),
npucesgueHoro MITM.

-[IPOBEICHHS TEMAaTHUHUX CEMiHapiB 1 KOH(PEPEHIiN 3a TEeMAaTUKOIO TeOpii, CTBOPEHHS Ta
ekcruryaramii MITM.

-po3po0Ka TEXHOJIOTIYHMX INPOILECIB BHUI'OTOBJICHHS Ta PEMOHTY BHpPOOIB B YMOBax
3actocyBaHHs cuctemM MITM

-KaJIpOBUI CYMPOBIi/I CTBOPEHHS, BIPOBAKEHHS Ta eKkciutyaranii MITM.

Po3pobka 1 JocimiKeHHS TEXHOJIOTIYHMX MAaIllMH Ha OCHOBI MEXaHI3MIB MapajesbHOi
CTPYKTYpPHU € BaKJIMBHM KPOKOM B HAIIPSIMKY BJOCKOHAJICHHS CY4aCHOTO MAalIMHOOYIyBaHHS, TaK
K Take OOJaJHAHHA MA03BOJIA€ JOCSIITH BHUCOKMX IIOKAa3HMKIB IPOJAYKTUBHOCTI Ta THYYKOCTI
BUPOOHUIITBA 32 PAXYHOK OCOOIMBOCTEN CBOET CTPYKTYPH.

61



YJIK 004.056.53
KoBanescbkuii C.B., Cuatok .M. ([Jonbacvka depacasna mawmunobyodiena akademis, Ykpaina)

ITEHTU®IKALIS OB’EKTIB JOCJILIKEHDb 3 BAKOPUCTAHHSM
CUTHATYP iX 306PAKEHb

B pobomi 3anpononoganuti cnoci6 o6pobxu 300padcents 015 NOOAIbLUO2O PO3NIZHABAHHS 00'€KMi6 pasiuy-
HUX CIPYKMYP HA OCHO8I 300padicenv (homoepapii). Lleii memoo 0036015€ 3podumu IHEAPIAHMHUMU HEe8PAXOBAHI
Gaxmopu, sKi modxcymv enauHymu Ha sikicmo gomoepaii. Ax 06'ckm docniodcenHs eucmynaromo 3pasku wiugdos
cmanei nicis mepmiunoi 0bpooxu. Yac sumpumiu i ymo8u 0X0n00dCeHHs i0enmuuni 0 6cix eunaodkis. Q6pobka
300pasicenb nepedbavac ix nonepeone NOMNUeHHs, a came UOALEHHS WYMIG I GUCTNABIAHHS A8MOYPOGHEll, NOOATblULe
nepemeopents 8 Yu@dposuil mMacus OAHux, OMPUMAHHS 2ICMOcpamu 300pPadiCceHHss 3 NOOATbUUM BUOITEHHAM Oinblu
inghopmamusnoro wacmunu cuenamypu. Ilepemeopenns 6e3nepepenoco cucHany (300padicenusy) 8 CucHamypy 3a
00nOM02010 OUCKpemu3ayii i KeanmyeanHs 6UKoHano & cucmemi MatLab 6.1 i 0ozsonuno suxmouumu cyo'ckmusHi
Gaxmopu 6i3yanbHo20 aAHANIZY | KIACUYHUX MemoOi8 PO3PAXYHKY CHI8GiOHOWleHHs cmpykmyp 6 memani. Kinvkicme
inmepeanie nputimacmocs pieuum 10. Tecmose i nasuanvre bezniui gpopmyromscs 6 npoepami Microsoft Access na
OCHO8I OaHUX NPO 300padiCeHHs, MmepMiuHOi 0OpoOKU, CKAaO0 i cniggiOHOWeHHI cmpykmyp. 30iibuleHHsA KilbKocmi
iHmepeanie Modice 0amu MONCIUGICMb BIOMBOPUINU NPOSHO308AHY CIIPYKMYPY 8 SIKOCH 300padNCeHHs.

The paper proposes an image processing method for further recognition of objects of various structures based
on images (photographs). This method allows you to make invariant unaccounted for factors that can affect the quality
of the photo. The object of research is samples of thin sections of steels after heat treatment. The holding time and
cooling conditions are identical in all cases. Image processing presupposes their preliminary improvement, namely,
removing noise and setting autolevels, then converting them into a digital data array, obtaining an image histogram
with further highlighting the more informative part of the signature. The transformation of a continuous signal (image)
into a signature using sampling and quantization was carried out in the MatLab 6.1 system and made it possible to
exclude the subjective factors of visual analysis and classical methods for calculating the ratio of structures in metal.
The number of intervals is assumed to be 10. Test and training sets are formed in Microsoft Access based on data on
images, heat treatment, composition and ratio of structures Increasing the number of intervals can make it possible to
recreate the predicted structure as an image.

Komm'totepra 00poOka i po3mi3HaBaHHS OO'€KTIB (OOIMYYS JIFOIWHU, JIIKAPCHKI POCITUHH,
3ac0o0M IepecyBaHHs) 3a JOIIOMOTOI0 MeXaHi3MiB ()OpPMyBaHHS Ta BUBEJICHHS 300pa)kKeHb 3HAMIILIO
3aCTOCYBaHHS B 0aratbox cdepax isuIbHOCTI — Y MPOMHUCIOBOCTI, MEAMIIMHI, MACTEITBI (OIliHKA
JIOCTOBIPHOCTI KapTHH, KOHTPOJb SKOCTI BUPOOIB, BUSBJICHHS Ta CYNpPOBODKCHHS 00'ekTiB). lle
JI03BOJISIE€ TIABUINUTH PIBCHb aBTOMATH3allli HA BUPOOHUIITBI, BHKIFOUYATH CYO'€KTUBHI YMHHHUKU
MIPH OLIiHIII TapaMeTpiB, 3MEHIIUTH PECYpPCOMICTKICTh omepaiiii koHTpomo. [1, 2, 3].V mpakruii
aHaJl3y 3pa3KiB CHTHAIIB, SKUMH, 30KpeMa, € 300pakeHHS Bi3yaJdbHHUX OO0'€KTIB, IPOBOJTUTHCS
imeHTudiKalis pi3HUX XapaKTepUCTHK 00'€KTiB, HAMPUKIIAA, MPUHAICIKHICTh A0 MEBHOTO KIIACTEPY.
ABTtopamu poOit [4, 5] 3anpornoHoBaH1 METOIM BU3HAYEHHS BCiX PO3MipiB 3pa3KiB M0 aKYCTUIYHOMY
CUTHAIy, SIKUW TPEJICTaBIsIe COOOK aMIUTITyJHO-YACTOTHY XapaKTEPUCTUKY 1X BIACHUX KOJIHBAHb
(dacToTHOMY CcHIeKTpYy a00 curHatypi). TOUHICT Takoi AiarHOCTUKH po3MmipiB gocsrae 0,1 mm. Taki
K OIIIHKM KOOPAMHAT KOH(Irypailii BaxiJIbHUX MeXaHi3MiB [6].

3aCTOCOBYIOUM TAaKWM K€ MIJIX1d, CTAHOBUTH MPAKTHYHHUMA 1HTEpecC 1aeHThu(iKaIlis 00'€KTIB
JUIS. BCTAHOBJICHHSI B3a€MO3B'I3KY MK MOTPIOHMMH (hi3UKO-MEXaHIYHUMHU BIIACTHBOCTSIMU CTajleh
Ta TEXHOJIOTITYHUMH MapamMeTpaMu pexXHUMIB iX TepMiuHOi 00pobku. Taka mpoueaypa BaiuBa IJis
Oy/Jb-SIKMX 3arOTOBOK, HAIIPUKJIaJ], OTPUMAHKMX 3a JIOIMIOMOr0l0 0OOpPOOKH THCKOM (XOJIOJTHE 00’ €MHE
HITaMITyBaHHS, TPECYBaHHs, BOJOYIHHS), Yepe3 CYTTEBHI BIMB 3MILHEHHS METajly Ha MiABUIICHHS
eKCILTyaTaI[lfHIX BIACTHBOCTEH 1 )KUTTEBOTO ITUKITY BUPOOIB.

Metoro poOOTH € IOCTIIKEHHS 1H()OPMATHUBHOCTI YaCTOTHUX CICKTPIB JTIarHOCTHYHUX
curHamB 300paxeHHs (Qororpadiit) mpu imeHTudikaiii 00’ekTiB. 3a 00’€KTH ITOCIIIKCHb
MPUAHATH MPUKIIAINA 3pa3KiB CTaJICH MICIsI TEPMOOOPOOKH 31 CTPYKTypaMmH (DepuTy Ta IMepiiTyHa
¢dororpadisix y BiaTiHKax ciporo (tadim.1) [7].

BukopucranHsa 300pa)keHb BUMarae MepeTBOPEeHHs 0e3MepepBHOTO (aHATIOTOBOT0) CUTHATY
B 1udpoBuii MacuB. lle BKIIOYa€ BUKOHAHHS JBOX IIEPETBOPEHb — JHCKpETH3aIlis (3aMmiHa
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pealbHOrO Oe3MmepepBHOTO 300pa)KeHHS HAOOpPOM BIIJIIKIB B JHCKPETHI MOMEHTH 4dacy) 1
KBaHTYBaHHs (3aMiHa Oe3repepBHOI 03114l 3HAaYCHb SICKPABOCTI O€3J11Y40 KBAHTOBAHUX 3HAYCHD),
TOOTO, CTBOPEHHS CHUTHATypH 300paxkeHHs [8]. OmgHak, KO)KHE 300pa’keHHS, OKpPIM KOPHUCHOI
iH(popMalii Tpo CTPYKTYypH y CIUIaBaX, Hece psj HEKOHTPOJIbOBAHUX MapaMeTpiB (IIyMH Bif
OCHOBHOTO HOCIis1 300pakeHHs (TIamip), yMOBH PIBHIO OCBITJICHHS, TapaMETPiB KaMEPH Ta CKaHEPY),
BIIUB SIKUX MOTPIOHO BUKITIOYHTH.

3pa3ku cTaneil micist TepMivYHOi 00poOKH

Taomums 1
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KoxxaOoMy 3 Mikponuti¢hiB BiAMOBIIAIOTh CUTHATYPH 300pakeHb, 10 PECTaBIeH] B Ta0m.2.

Tabmms 2

I'ictorpamu 306paxeHs 3 iHTepBaIoM N=255
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s BupimeHHs 3anadi ineHTudikamii CUrHaTyp 300pa)xeHb 1 TeXHOJOTIYHHX MapaMeTpiB
TepMiuHOT 00pOOKH 3 (ha30BUMHU TEPETBOPCHHSIMHU Y CTPYKTYpl 3aIpOIOHOBAHO 1HCTPYMEHT
Helipomepexknoro wmogemtoBanHs [9, 10]. CrBopeHHs HeiipoMmepexHOi Mojaeni, MNpU YMOBI
3aCTOCYBaHHS ONTHMAJIbHUX OO0’€MIB HABUAKOUOi Ta TECTOBOI MHOMHH, JI03BOJISIE BCTAHOBHUTH
3B’SI30K MK 300paKE€HHSMH 1 TEXHOJIOTIYHUMH MapameTpaMu. Ane, 300pakeHHs MOTpedye
KUTBKICHIA OIIHKH, SKUMH IPUHHATH ITU(POBI MAaCHBH CUTHATYP PO3IMOJILTY MIKCEIiB 300paKeHb.

[leperBopenHs 300pakeHHs B LU(PPOBUIA MacuB (puc.l) BUKOHAHO y CEpEIOBHUIIl MaKeTy
npukiaaaux nporpam Matlab 6.1 [8] 3a momoMoror KoMaHIW YHWTaHHS 300pakeHb A =
imread(‘image.jpg’).
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i] 214 191 185 202 230 249 _:J
243 235 21& 197 145 205 214 219 225 237 250 255
229 238 241 238 236 238 229 218 215 2253 241 251
240 227 2la 211 196 213 233 244 248 249 247 245
222 203 135 207 233 242 250 248 2 244 243 244
252 243 244 255 249 254 255 247 2 240 243 245
211 219 238 253 249 255 255 255 2 252 255 255
248 251 243 232 230 249 244 2 238 241 230 235
240 247 230 235 252 251 248 243 2 243 230 235
243 2419 255 253 250 2449 248 241 238 240 244 251
254 253 255 250 255 255 254 250 248 2449 253 255
255 250 255 251 255 254 251 248 2446 247 249 251
249 242 253 251 250 249 248 244 243 243 244 245
249 243 251 2353 2355 233 2355 254 254 254 255 235
254 251 255 255 255 253 251 250 251 251 251 251
255 251 253 255 253 255 255 253 253 255 253 253
239 254 255 255 251 253 253 251 251 253 253 251
239 249 253 253 254 255 255 254 254 255 255 254
255 238 235 249 251 254 254 251 251 254 254 251

Pucynok 1 — PesynbraT komanau A=imread(‘image.jpg’)

JUis  mepeTBOPEHHSIOr0 MacuBy 3 ILUDII0 TOOYAZOBM TNPOTHO3HOI MoOJeni Ha
HEMpPOMEPEIKHOMY Oa3HcCi, 3aIIPONOHOBAHO BUKOPUCTAHHSA KOMaHAU j = imhist(A,n) 1 oTpuMaHHs
HaWOIbI 1HGOPMATUBHOI 32 YMOBOIO MiHIMyMY MOKAa3HUKA EHTPOIIi TICTOrpaMy PO3MOILTY
MIKCENIB 3a SICKPaBICTIO. BupimieHHsS 1hOTO 3alpOTOHOBAHO HA TIJACTaBl IMOKa3HUKA EHTPOIIi
ricTorpamu, 1o BiAmoBijgae 3paskam tabmn.1 3rigHo dopmynam (1)1 (2):

Ho(x) = — Xiz1 pi(x) - logg pi(x) 1)

Hyi(x) = HaT(X) ()

ne H,(x) — mokasHHMK €HTpOIIii pO3MOIiTY MiKCEiB 300paXeHb 3pa3KiB 3a SCKPAaBICTIO;
pi(x) — BiporigHicTe i-0¥ CTymEeHI TiCTOrpaMu pPO3MOiNY IKCENiB 300pakeHb 3pasKiB 3a
SICKPaBICTIO;
N — KUTBKICTh CTYICHIB TiICTOTPaMH PO3IOALITY IIKCEIiB 300paXKeHb 3pa3KiB 3a ICKPaBICTIO.
[lpuknaxg po3paxyHKy TOKa3HMKA EHTPOMii y 3aJIe)KHOCTI BiJf KIUIBKOCTI I1HTEpBaJiB
ricrorpamu npezicTaBieHnii Ha puc.2. s nporo 3paszka MiHiMmyM H_ai (x) 3Haxomutmes aist N=4.

H_ai(x) ,

0,8
07 I

05 -

0,5

o4

0,3

0,2

0,1

o

o hlv] 20 30 40 50 n

Pucynok 2 — Tlpuknag po3paxyHKY TOKa3HWKA EHTPOIIl Yy 3aJeKHOCTI BiJl KiUTBKOCTI
IHTEepBaJIiB riCTOrpamMu

[To6ynoBy Moxeni Ha HeillpoMmepe:kHOMY 0a3uci BHUKOHAHO Yy CEpENIOBHI IPOrpaMu
NeuroPro-0,25 3i 3actocyBanusm MicrosoftAccess mist popMyBaHHS BXiTHHX Ta BUXIIHHUX JaHUX B
dopmari dbflll.. Tlomepenns rimore3a mpo 3B'I30K MK MapamMeTpamMu TepMOOOpPOOKH, Ta
300pa’KE€HHSM 32 YMOBOIO TECTYBaHHs MOJIEJ1 B 3aJIEXKHOCTI BiJ TemMrepaTypu TepMooopooku T Bij
810 mo 950 rpanycis (puc.3).
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T FER PER X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
810 0,02375 1,00627 17054,7 74197,7 160176 244534 324230 301453 216653 145146 155953 126288
820 0,35697 0,6712 25732,7 105716 159601 208486 261566 241060 185555 148706 235333 241269
830 0,45542 0,56597 249934 99298,7 137018 180279 218975 204719 166926 145523 267263 338943
840 0,52278 0,48381 180814 69508,5 837029 130075 146772 146609 137206 135697 304564 518721
850 0,60495 04187 6748,89 098521,8 096370,6 104127 97701,6 102721 106484 117221 340689 668168
860 0,65625 0,37605 443128 100902 95436,7 90204,5 742819 830544 908157 105979 357516 754222
870 0,72219 0,32187 13420 59952,6 69223,7 75371 57562 75043,4 76989,8 88743,3 366806 872615
880 0,78779 0,2473 13446,5 32592,7 46624,2 53834,5 33518,5 53965,2 54558,5 666552 369678 985706
890 0,83989 0,18172 10617,3 165024 30622 34823,2 12138,9 32973,4 343212 484148 370956 1071884
900 0,86076 0,15746 10531,3 11579,2 25457,9 28559,5 4836,43 25916,5 28150,5 44059 374481 1100168
910 0,87522 0,141 110494 9325,23 226804 24957,7 685,184 121663,6 24973,7 43075,7 378876 1114830
920 0,88838 0,12587 12088,5 826553 20818,8 223179 -2110,86 18343,1 23059,3 441886 384765 1123140
930 0,90395 0,10749 14034,1 8056,45 193224 19922,8 -4143,19 15066,1 21926,2 479559 394023 1126797
940 0,93008 0,07573 18377,1 905661 177311 16910,5 -5641,96 104945 21617,5 578527 412926 1124011
950 1,01753 -0,0328 35278,1 150651 14242,8 8943,02 -6456,28 -2808,55 23949,6 98657,3 483442 1095592

Pucynok 3 — Pe3ynbTat TecTyBaHHS MOAETI

IIpn HaBYaHHI Ta TECTyBaHHI MOZECII 3TiIHO CTPYKTYPH MeTana IpH PI3HIH TeMIeparypi
HarpiBy, OJTHAKOBOTO 4YacCy BUTPUMKH Ta YMOB OXOJIOJJKEHHS 3pa3KiB, 3’sICOBAHO, IO 3HAYYIIIOIO
YaCTUHOIO CHUTHATYpHU € choMHi iHTepBan X7 (Bia 150 go 175 3a mkayioro siCKpaBOCTI MIKCEMIB) IS
KOXKHOI TicTorpamMu 300paxeHHs1. BepOanbHuii orrc MOeNi HaJlaHO HACTYITHUM YHHOM:

[Tosst 6a3b1 TaHHBIX (MCXOIHBIE CUMITTOMBI):
X7
[Tonst 6a3b1 1aHHBIX (KOHEUHBIE CUHAPOMBI):
T
FER
PER
[TpenobpaboTka BXxoaHbIX Tosiel BJ1 s mogaum cetu:
XT7=(X7-222622,5)/207934,5
D yHKIIMOHATBHBIC TTPEOOPA30BATEIIH:
Curmonnal (A)=A/(0,1+|A])
Cunzapomsl 1-ro ypoBHS:
Cungpom] 1=Curmomnmal( -X7-0,831145)
Cungpoml 2=Curmommal( 0,7083917*X7-0,5290561 )
Cungpoml 3=Curmomnnal( -0,09805416*X7-0,09031732)
Cunapoml 4=Curmomnnal( -X7-0,3281852)
KoHneunble CHHIPOMBI:
T=0,6477412*Cunnpoml 1-
0,02727493*Cungpoml 2+Cungpoml 3+0,1108914*Cungpoml 4+0,3907149
FER=0,5981711*Cunnpom] 1-0,5452155*Cunapoml 2-
0,6364346*Cunapoml 3+0,3679996*Cunapom1 4-0,1366974
PER=-
0,5966432*Cunnpoml 1+0,5446907*Cungpoml 2+0,6324409*Cunnpom] 3-
0,3680992*Cunapom1 4+0,13597
[TocToO6paboTka KOHEYHBIX CHHIPOMOB:
T=((T*140)+1760)/2)
FER=((FER*0,950000029057264)+0,990000028163195)/2)
PER=((PER*0,950000019744039)+1,01000001840293)/2)

BupimenHs 3B0poTHOT 3a7a4i MOA0 MOXKIIMBOCTI BU3HAYATH CTPYKTYPY ((PEpHUT 1 IepJIiT)Bia

3Ha4YeHb IHTEpBaNy X7 CUTHATYypH 300paskeHb MIKpOULLTi(iB TO3BOJISE OTPUMATH EKCIEPTHY OLIIHKY
MoTepeIHLOI TepMIYHOT 00pOOKH 3pa3KiB (puc.4)
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X7 T FER PER

50000 909,4111 0,835553 0,164439 12
100000 8654633 0,663983 0,335815 '
150000 847,654 0,563227 043672
200000 832,7935 0,416751 0,583354 1
250000 825,8956 0,39329 0,606913 /'-
300000 820,945 0,37191 0,628358 0g [y
350000 816,8165 0,314148 0,686131 '
400000 812,1242 0,081478 0,918633
450000 809,1649 0,013327 0,986764 0.6
500000 806,9477 -0,00701 1,007125 X

——FER
550000 805,1197 -0,01543 1,015566

600000 803,5642 -0,01925 1,019409 0.4
650000 02,2171 -0,02091 1,021097
700000 801,036 -0,02145 1,021659
750000 799,9907 -0,02137 1,021596
800000 799,058 -0,02093 1,021176
850000 798,2203 -0,02029 1,020551 0 \_
900000 797,4636 -0,01953 1,019809
950000 796,7764 -0,01871 1,019006 200000 400000 600000 200000 1000000 1200000

1000000 796,1454 -0,01787 1,018177 -0,2
Pucynok 4 —OmiHka paHinie BUKOHAHOI TepMIYHOiI 00pOOKH 3pa3KiB MO CKIamy Gepury Ta
MIEPITITY y 3aJI€KHOCTI BiI3HAYCHB TTapaMeTpa 300pakeHHs X7

——PER

02

W
S

BMCHOBKHU

[TinTBEpKEHO, MO CUTHATYPU TIKCETIB 300pa)KEHb J1030JII€ BCTAHOBIIIOBATH 3B 30K 3
MOTIepeIHIMU  TEXHOJIOTIYHUMHU TiepeTBOproBaHHSIMH. lle 103Bosise BHUKOHYBAaTH €KCIEPTU3Y
TEXHOJIOTIi, 3a SKOK TMpOBEeIeHO OOpoOKYy 3pa3kiB, ab0 TPUCKOPUTH OTPUMAHHS JTaHUX
MeTanorpadiyHuX TOCHIPKeHb Ta MPHUIIBUIIIMTYA aHali3 MaTepialy Ha CKIaJ CTPYKTyp. Takum
YUHOM, Pe3yJIbTaTH, M0 HaBeJeHI B POOOTI, MATBEPKYIOTh TE€3HUC MPO 3HAYHY 1HPOPMATHUBHICTH
YaCTOTHUX CHEKTPIiB IarHOCTUYHUX CHUTHANIB OyJb-KOi Mpupoau. Tomy, pe3ynbTaTd MaTUMYTh
TOIAJTBIIIC BIIPOBAKEHHS B KOHTPOJIOIOUNX CHCTEMaXx 31 3BOPOTHUMH 3B’ I3KaMHU.
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VJIK 621.9.06-5

KoBanescbkuii C.B., Ciglok ., M., [lesimnenko O.0. ([Jonbacvka depicasna mawunooyoiena
axaoemis, Yxpaina)

OIITUMIBALIS MOJTYACTOTHOI BIBPAIIHHOI OBPOBKHU KOPITYCHHUX
BHUPOBIB

Bupiwysanocs 3asdanmns excnepumenmanoHoeo oOIpYHmMy8anHs GIOpayitino2o 0bpobKU KOpNycHUX Oemaetl
CKAOHOI KOHGDicypayii 3 Memow 3HUNCEHHSI NIKOBUX 3HAYEHb 3ANUMKOBUX Hanpyodicenv. Taxi nanpyeu 3azeuuail
BUHUKAIONMb 6 Pe3yIbmami 6NIUey MeMNePamypHUX HYUHHUKIE 6 MEXHON02IYHUX NpoYecax OMPUMAHHS 3A20MOBOK,
30KpeMa - 8 36APHUX KOPNYCHUX KOHCMPYKYIAX. Ale SIK NOKA3YE NPpaKmuxa UpoOHUYmMSa, KOpnycu 4acmo Uxoosims
bpaxoganumu niciia mepmiuHoi 00pobku. Cnocoby 3MeHUIeHHA 3aTUUKOBUX HANPYICEHb 8I0PAYIEI0 NPUMAMAHHI Ne6HI
HeOoliKY, 00 YUCIA AKUX MOJCHA 8IOHECIU 3ANIeNHCHICMb eqheKMUSHOCME cnocoby 6i0 mamepiany i popmu oemali.

The problem of experimental substantiation of vibration processing of body parts of complex configuration in
order to reduce the peak values of residual stresses was solved. Such stresses usually occur as a result of the influence
of temperature factors in the technological processes of obtaining blanks, in particular - in welded hull structures. But
as production practice shows, housings often turn out defective after heat treatment. The method of reducing residual
stresses by vibration has certain disadvantages, which include the dependence of the efficiency of the method on the
material and shape of the part.

Ilpu anamizi (i3uKo-MeXaHIYHUX BIIACTHBOCTEH MaTepialiB IMMOKa3aHO, IO HAWOUIBIION
iHQOPMATUBHICTIO BOJOJIIOTh iX (yHIaMEHTaIbHI BIACTUBOCTI. Jl0 TakuMxX BIIACTMBOCTEH
BITHOCUTBCS MPYXKHICTD [1]. Byap-sxuil MaTepiaibHuil 00'€KT MOXKHA PO3TIISAATH B IEIKOMY MEXi
K TPY)KHY CHCTEMY, SIKii BIIACTUBI LIJIKOM IEBHI BUAM BIACHUX KOJHUBAaHb 3 IJIKOM TEBHUMHU
nepiogamu [2,3]. PeanbHi nedopMyrOThCS Tijla BOJIOAIIOTH HECKIHYCHHUM YHCJIOM CTYIICHIB
cB0OOAM, BIAMOBIIHUX BCIISKUM JiepopMy€eThes CTaHIB (3THHAIbHA, 3CYBHUMU, KPYTUIBHUM 1 1H.),
Tomy TakoX HECKIHYEHHO YUCIIO (OPM 1 4acTOT iX BIIACHUX KOJIMBaHb. B paMKax MEBHOTO THITY
KOJIMBaHb, KPIM OCHOBHOI, HIXKYOI PE30HAHCHOI YacCTOTH, 3aBKIW MOXHA BUIUINTH HECKIHUECHHE
YHCII0 BHUIIMX TApMOHIWHUX KOJMBaHb. OIHAK MpPAaKTUYHE 3HAYCHHS Mae oOMeXeHe 4ncio (hopm
KOJIMBaHb 3 HIDKYOi PE30HAHCHOIO YaCTOTOIO.

HaGimkeHe pimeHHS 3aqavi Mpo BJIACHI KOJMBAHHS KPYTJIUX IDIACTHH Oyllo JaHO B
MuHYynoMy ctoiiTTi [3]. YncensHumu metomamu 3a gornomororo EOM [5] Oynu oTpuMaHi TO4YHI
3HAYCHHS KOCQIIIEHTIB MPOMOPIIIHHOCTI, SIKi TIOB'I3yIOTh JIHIHHOI 3aJICKHICTIO YaCTOTY BJIIACHUX
KOJIUBAaHb KPYIJIO1 IJIACTHHU 31 IIBUJKICTIO MOMIMPEHHS MO3/10BXHIX MPYKHUX XBUIIb.

Moaynp NpyKHOCTI € MaTeMaTUYHMHA OINUC 3JaTHOCTI 00’€KTIB ab0 PEUOBUH MPYHKHO
negopMyBaTUCs TPU IOAATKY 0 HUX CWiId. Moaynb npyskHocTi (Moayns FOHra) xapakrepusye
omip MaTepiady pO3TATYBAHHIO / CTUCKY INpHU MPYKHOIO Aedopmarii, abo BiacTuBicTh 00'eKTa
neGopMyBaTUCs Y3I0BXK OC1 NMPH BIUIUBI CHJIM Y370BX IIi€i OCi 1 BU3HAYA€THCS SIK BiAHOIIEHHS
HATPYKEHHS JI0 TTOTOBKEHHS.

[Tupoko BitoOMi aKyCTU4HI IPUCTPOT [4,6,7] 111 BU3HAUSHHS MOAYJIS IPY’KHOCTI, 3aCHOBaH1
Ha BUMIpl pPE30HAHCHOI YaCTOTH KOJHMBAaHb 3pa3KiB B pe3yJbTaTi BIUIMBY Ha 3Pa30K aKyCTHUHUX
XBWIb 3 TMOCIIJOBHOI 3MIHOIO iX 9acTOT. 3pa30K BCTAaHOBIIOKTH MiXK JBOMa IT'€30€JIeMEHTAMU
(maTuyuMkoM 1 mpuiiMadyeM) 1 IJIaBHO MIJBHINYIOTh YaCTOTY T€HEpaTOpa aKyCTUYHUX XBHJIb JO0 THX
mip, IOKK He Oy/ie OCATHYTa pe30HAHCHA YacTOTa, BiIOBIIHA BIACHUM KOJIMBaHHSIM 3pa3ka [4,7].
CurHan Bij mpuiiMaya CIOCTEPIrar0Th Ha ocmwiorpadgi i M0 MaKCUMyMYy IIbOTO CHUTHAITY
BU3HAYaIOTh PE30HAHCHY 4acToTy. OTpuMaHi pe3yiabTaTH aHaJi3yIOThCS Ha OCHOBI YSBJIECHB IPO
(bi3uYHy MPUPOAY BIUIMBY CKJIAAY CIUIABIB 1 iX CTPYKTYypH Ha MOAYJIb NMPYKHOCTI. OHAK B TAKOMY
IPUCTPOT BUKOPUCTOBYETHCS pPyYHA IUJJaBHA PETyJIOBaHHS 4YacTOTH KOJHMBaHb, HpPUOJIN3HE
BH3HAYCHHS MaKCUMyMY TI0 €KpaHy ociuiorpada, pydHa oOpoOka pe3ynbTaTiB €KCIEPUMEHTY 1
3Ha4YHI BUTPATH Yacy Ha MPOBEIACHHS €KCIICPUMEHTY B LIIIOMY.

BimoMo Takok NpUCTpid IS BUMIPIOBAHHS XapaKTEPUCTHK NPYKHOCTI MartepiajliB 3a
JIOTIOMOTOI0 aKYCTUYHOTO BIUIMBY ILUIIXOM BUMIPIOBAHHS PE30HAHCHHX YacTOT JOCHIPKYBAHHUX
3pa3kiB, 3aCHOBaHHMI Ha 3a0e3MeYeHHI HACTPOMKM Ha PE30HAHCHY YacTOTy MO MaKCUMyMy
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aMILTITY/IH 3MIiHOIO TUTBKU (a3u koimBaHb [6]. Ile m03BoJIsIE€ CIPOCTUTH CIIOCIO, ale He BHKIIIOYAE
TaKOK PyYHOI'0 HAJIAIITYBAaHHS HA PE30HAHCHY YaCTOTY 1 MOTPiOHI JOAATKOBI TEXHIUHI 3aC00H, TaKi
SIK CHCTEMa 3BOPOTHOTO 3B'A3KY 1 (hazoobepray.

Po3pobneni Ha ChOrOJHIMIHIA JI€Hb MpPUIaTud Ta METOJUKH, 3aCHOBAaHI Ha MEXaHIYHOMY
KOHTaKTi, JO3BOJIAIOTh 3/11MCHIOBAaTH BUMIpIOBaHHSA Moayias FOHra B TOCUTH BY3bKOMY Jiana3oHi
abcomoTHux 3HaueHb [8]. Lle moB'si3aHO K 3 KOHCTPYKTUBHUMH OCOOJHMBOCTSIMH CTaHIapTHHX
30H/IIB, TaK 1 3 BITHOCHOIO M'SKICTIO MaTepiaiB HAKOHEUHHUKIB. Y TOU ke Jac /il 00'€KTIB, Yy AKUX
BUCOKA MOPCTKICTh € OCHOBHHUM IIOKQ3HHUKOM SIKOCTi, BHUMIPIOBaHHS 3a JONOMOTOI0 HasBHHX
npuiaaiB HeMoiuBo. IIpoGiema Bu3HaueHHs Monynas FOHra ocoGimMBO TrocTpo CTOITH HpU
JOCHTIKeHHI OaraToa3HuX CTPYKTYp, KOJIM BHUHHKA€ HEOOXiIHICTh BHUMIpPIOBAHHS MPYXHOTO
MOJyJsl OKpEeMHX CKIaJ0BUX, WO BIJIPI3HAETbCA Bl 3HAYEHHSA, OJEP’KYBAHOIO IpHU
MaKpOCKOMIUYHUX BUMipaX. B po6orti [8] 3ampononoBanuii MeTo ] BUMIpIOBaHHS MPYXHOT'O MOIYJIS
IOnra 3a pomomMorow CkaHyrouOTo 30HAO0BOrO Mikpockoma «Hanockany». Meton mo03BoJIsI€e
BUMIpIOBaTH MOAYlTh FOHra Ha Macmrtabl KUTbKOX COT HAHOMETPIB JUISl IIUPOKOTO [iana3oHy
00'eKTiB, BKJIFOYAIOYM HAATBEpZi Martepianu. MeTon 3acHOBAaHWW Ha BUMIPIOBaHHI 3aJI€KHOCTI
YacTOTH KOJHMBAaHb 30HJA, IO 3HAXOAMTHCS B KOHTAKTI 3 MOBEPXHEIO, Bl BIPOBAKEHHS BICTPS
TOJIKH B ITOBEPXHIO IIPYU HABaHTAXEHHI.

Bci icHyro4i MeToM BH3HAUEHHS MPYXHHUX BIACTHBOCTEH MaTepialliB MOXKHA TOMALIHTH Ha
cratuyHl 1 nauHamivHil [9]. CTaTH4HI METOAM 3aCHOBAaHI Ha EKCIEPHUMEHTAIHPHOMY BH3HAUYCHHI
3aJIe)KHOCTI MK HaBaHTaXEHHSM 1 Jedopmalliero 3pa3ka, HAPHUKIAA OUITXOM pPO3TATyBaHHS Ha
pO3puBHOI MamuHI. TakoX ICHYIOTh METOJIM BH3HAUEHHs IMpPYKHUX BIIACTUBOCTEH, 3aCHOBaHI Ha
HaHOIHACHTYBaHHS. J[MHAMIYHI METOIM MOYKHA TIOAUINTH Ha TPAHCMIiCIHHO-XBHJIBOBI 1 PE30HAHCHI.
TpaHCcMICIHHO-XBHJIBOBI METOAM 3aCHOBAHI Ha BUMIpi MIBHJKOCTI MOIIMPEHHS MPYKHUX XBHJIb B
3pasky, ska € (QYHKIIE€0 IPYXKHUX BIACTUBOCTEH 1 NIUTBHOCTI MaTepially, a B 3araJJbHOMY BHIIQJIKY
TaKOX YaCTOTU XBHWJII (JUCHEpCis) 1 TEOMETPUYHHUX MapaMeTpiB 3pa3ka (reoMeTpuyHa JUCTIEPCis).
Po3pi3HAI0OTH IMIYJIBCHI PE30HAHCHI METOJM 1 PE30HAHCHI METOAM 3 Oe3MepepBHUM 30YIKEHHSIM.
Pe3onaHcHI IMIynbCHI METOAM 3aCHOBaHI Ha 30yMKEHHI KOJHMBaHb 3pa3ka 3a JOIMOMOTOI0
KOPOTKOYAaCHOTO (IMITyJIbCHOTO) BIUIMBY, LI0 Ma€ IIMPOKOCMYTOBUN aMIUTITYyIHO-4aCTOTHUMN
CHEKTp, 1 peecTpamii BIiAryKy 3pa3ka. OO4YHMCIEHHS CHEKTpY BIATYKY 3pa3ka JI03BOJISE
1I€HTU(IKYBaTH PE30HAHCHI YaCTOTHM HOro KoiMBaHb. LlI yacToTH 3anexaTh BiJ F€OMETPUYHUX
po3mipiB 1 ¢dopMu 3pa3ka, TPAaHUYHHX YMOB, a TaKOX IIITBHOCTI 1 MPYXHUX BIACTHUBOCTEH
Matepiany. Sk nmpaBuio, BUKOPUCTOBYIOTHCS TPaHMYHI YMOBH, OJNM3bKI 10 BUIBHHUX, 1 B 3B'SI3KY 3
UM ONTHMAJbHUMH € O€3KOHTaKkTHe 30y/UKeHHS 1 peecTpauis KOJIMBaHb, IO JIO3BOJSIOTh
BUKJIIOUMTH BIUIMB 30yJHMKAa 1 MpuilMadya Ha KOJMBaHHS 3pa3ka. Pe3oHaHCHI MeToau 3
Oe3nepepBHUM 30Yy/KEHHSAM 3acHOBaHI Ha 30y/[)KeHHI KOJIMBaHb 3pa3Ka 3a JOMNOMOTOI0
0e3nepepBHOro BIUIMBY 3 IUIABHO 3MIHHOIO YaCTOTOIO 1 peecTpaliii po3noally aMILTITyId KOJIUBaHb
10 TOBEPXHI 3pa3Ka.

Ha ocHOBI 1MX MipKyBaHb BHUPILIYBAJIOCS 3aBJAaHHSA €KCIEPUMEHTAIbHOIO OOTPYHTYBaHHS
BiOpawiifHOro 0OpoOKK KOPIYCHUX JAeTajlel CKJIagHOI KOHGIrypamii 3 METOI 3HMKEHHS MIKOBHX
3HAYCHp 3AJIMIIKOBHX HAmpyKeHb. Taki Hampyrd 3a3BHUYail BUHUKAIOTH B PE3YNIbTaTi BIUIMBY
TEeMIIepaTypHUX YMHHUKIB B TEXHOJIOTIYHHUX MPOILIECaX OTPUMAHHA 3ar0TOBOK, 30KpeMa - B 3BapHUX
KOPIyCHUX KOHCTPYKLIAX. AJie SIK IOKa3ye IpaKkTUKa BUPOOHMIITBA, KOPILYCH 4acTO BUXOASTH
OpakoBaHMMHU Ticasl TepMiyHOi 00poOku. Crnoco0y 3MEHIIEHHS  3aJIMIIKOBUX HANpPYyKEeHb
BiOpalli€ro mpuTamMaHHi IEBHI HEIOMIKH, JI0 YMCIa SKUX MOYKHA BIIHECTH 3aJICKHICTh €()EKTUBHOCTI
cnocoOy Bix Mmarepiany 1 ¢opmu nerami. Hanpukian, BiOpamis He BIUIMBA€ Ha BEIHYUHY
3IMIIKOBUX HANPYXEHb JCIKHX alIOMIHIEBUX cCIUIaBiB. Haitkpamii pe3ynbraTd BUXOIATH Ha
CTaJIsIX 3 BUCOKUM 200 HU3BKHMM BMICTOM BYTIJICIIO, a TAaKOK Ha HepkaBiloumx crajsx. Hemomikwy,
MOB’s13aH1 3 MpoIlecOM  BiOpocTadLmi3aIiiHOI0 O0pOOKOI € MaTepiayl Ta CKJIAIHICTh 3BapHOI
KOHCTpPYKIIi gerami. s CkmagHUX [eTaneld iHOMI JOUIIBHO 3aCTOCOBYBATH JIEKIIbKA TOYOK
BiOparniifHoro BIUIMBY. Jlesiki MPOMKCIIOBI YCTAaHOBKH HE3JaTHI MPOBOJWTH BiOpocTaduTizaIiiiHy
00poOKy y 3B’s3KYy 3 OOMEXKCHICTIO Jialma30Hy YacTOTHUX BIUIMBIB KOJH JETallb, KA MiJIATac
00poO11i Mae 3HAYHO BUII IMOKA3HUKU PE30HAHCHUX YACTOT Y TOPIBHSHI 3 THM, II0 MOXKE BHJIATH
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reHepaTop YCTaHOBKH. Pe3ynbraroM BiOpoCTaOUII3aIlifHOTO METONY BIUIMBY € (DYHKIIISI BEJIMYUH
3MIHHUX HamNpyKeHb, CTBOPIOBAaHUX BIOpalli€l0, Ta XapaKTEPUCTUK MPYKHOIUIACTHYHHUX
BJIACTUBOCTEN METally MPH LUKIIYHUX HaBAHTA)KEHHSX IPHU 3HAXOKEHHI Ta MPOBEJIEH] BIUIMBY Ha
PE30HAHCHHUX YaCTOTaX CKJIAJHO NPOoQIbHOIO HABaHTAXEHOro cTany aetaii [10].

ExcniepuMeHTanbHiI /JaHI TIOKa3HWKIB BIACHUX PE30HAHCHUX YacTOT OKPEMHX YaCTHH
eKCIePUMEHTAJIBHOTO 3pa3Ka 3BapHOr0 KOPIYCY, OTPUMAHUX BiJl BCTAHOBJICHUX Ha HUX JaTYMKIB
Ha OCHOBI I1’€30€JIEMEHTIB, MOKa3aiu, mo Ha 30-35 xB. BiI0OYBa€ThCS 3HWKEHHS HANpyXeHb 1TO
pony, a Ha 70 - 85 XB. BiIOYBalOThCS 3HIDKCHHS 3aJIMIIKOBUX HANpyKeHb 2ro i 3ro poay, o
XapaKTEePU3YEThCsl CTaOUTI3alIe€l0 BCEpEIMHI Tijla 3pa3ka, a caMe pyX BCEpeAWHI 3epHOBE Ta
KpHUCTaiiuHoi peuriTku (puc. ).

Mu.
11880 N
11860
11840 \
11820
\ \ —uyacTuHa 1
11800
\ \ YacTuHa 2
11780
\ YacTuHa 3
11760
11740 \/
11720 \v/ \v/
11700
0 20 40 60 80 100 MiH.

Pucynok 1 — 3pa3ok eKcClmepuMEHTAIBHUX [aHWX 3MEHIICHHS PE30HAHCHUX YacTOT 3-X
YaCTHUH 3BAPHOT0 KOPITYCY MPH MOJIYaCTOTHOI BiOpaIliitHoi 00poo1Ti

TakuMm YMHOM, TMIiJBHUINCHHS €(EeKTUBHOCTI TEXHOJOTII BiOpocTalimizyrouoi 00poOKu
3BapHUX KOHCTPYKLIN BiOYBa€ThCS NMPU BUKOPHCTAHHI IMOJIYACTOTHUX PEXUMIB IMHAMIYHOTO
HaBaHTA)KEHHS, 1110 JIO3BOJISIE ICTOTHO MOJIIIINTH 1i TEXHOJIOTIYHI Ta EKOHOMIYHI ITOKA3HHUKH.
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Kovalevskyy S., Kovalevska O., Marusic V. (Donbass State Engineering Academy, Kramatorsk,
Ukraine, Mechanical Engineering Faculty in Slavonski Brod J. J. Strossmayer University of Osijek,
Croatia)

NEURAL NETWORKS TO OPTIMIZE THE PRODUCT LIFECYCLE FOR ENERGY
CRITERION

B cmamve npedcmaenenvi mexuonozuueckue npuHyunvl onepayuil obpabomxu Oemaneu ¢ NOIUYULL
JrcusHenno2o  yuxna.  Ilpeonazaemcss — ummecpanvbHulii  Kpumepuii  ONMUMATbHOCMU, — NPeQYCMAmpusarwuil
IHepeemu4decKyro cocmasiiarowyro JHCU3HeHHo20 YUukKid. HOKCL?CIHO, umo HelijHHble cemu A6IAIOMCA XOpPowum
UHCMPYMEHMOM UCCAE008AHUsL PA3IUYHBIX PEHCUMOS U YCI08UL (DYHKYUOHUPOBAHUS NPOOYKYULL.

The paper presents the technological principles of machining operations from the perspective of the life cycle.
It is proposed integrated optimality criterion, providing the energy component of the life cycle. It is shown that neural
networks are a good tool for the study of different modes and conditions of operation of the product.

At the present stage of industrial production, development its level is largely determined by
the extent of the integrated technologies use. They show the interpenetrating baffles for ideas and
their realization steel. These barriers are between design and technological departments, between
the procuring and machine-assembly structures, of sales finished products units. Integrated
Technologies (IT) provide (and solve) the combination (or maximum convergence) in time and
space of development, stages design and new models, steps manufacture products, parts, a
significant reduction of time (named Rapid Prototyping — RP).

Including of each product life, you should pay attention primarily to the properties of the
working surfaces of machine parts [1-2].

Reducing of the process steps number to achieve the required product quality and efficiency
of their release is implemented using combined processes and operations and their optimization.

Since these properties are formed by operations with different levels of energy consumption,
the development of new methods of forming working surfaces of machine parts is of particular
importance [3].

Obviously minimizing energy costs should be considered developing the process in the first
place.

Reducing work surface of deterioration during the life in order to maintain the dimension
chains within the specified tolerance, creation of additional provision machine components of
operational reliability require the improvement of energy influence methods on these surfaces. Thus
the basic paradigm of machines technology: manufacture of parts with required quantity and quality
over specific interval, is necessary to provide not only with the greatest economic efficiency, but
also within the rational energy consumption.

The purpose of this article is to create technological processes and their most critical parts,
to create work surfaces at which the specified parameters of the product life will be provided (PL).

Reducing of energy conversion steps for the formation of quality work surfaces, in our
opinion, should be a cardinal principle of technology manufacture of machine parts.

The products life (PL) includes a number of stages, from the idea of a new product origin to
its disposal at the end of use. These are the stages of marketing research, design, technological
preparation of production (TPP), the actual production, after-sales service and maintenance of
products, recycling . At all stages of the product there are life cycle own target settings. The
participants of the life cycle try to achieve their goals with maximum efficiency. During the design,
manufacture and TPP it’s necessary to fulfill the requirements for product performance of a given
degree of reliability of the product and minimize time and costs [4-6].

Product life consists of the life cycles of components, each of which has a significant impact
on the product life. Let’s consider the product life component of operational technology (PLCOT),
which in its turn is effects of by the technological system (machine, tool, device, detail). However,
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the technological system has its life, as the totality of life cycles of its constituents, namely, the life
cycle of the machine tool, device life, details life. Since each component is a product and
simultaneously is an integral component in the of manufactured products life. Each component has
its influence, operating in its own plane and brings its error in the product life [7].

Each error (X1, Xz, X3, ... X;,) has a direction vector and in configured process has the form
of a normal distribution law of Gauss, so the sum of the errors affecting the overall product life can
not be found as, the algebraic sum of the errors. X, error generates n factor involved in the product
life. The total error of product life can be found as the vector sum of the error factors.

Integration is — the objective regularity, which leads to increased stability of the process and
reduce costs. By affecting a particular factor all product life’s can affect cycle, which in turn
requires leaving the quantified uncertainties [8-11].

Reducing the number of factors components reducing the duration and the number of
operations can achieve optimal functional process , improve the performance of the product life and
reduce costs for the manufacture of products.

From the position of an integrated technological process, integrated life (welding, spraying,
etc.) the choice of treatment regimens be made concerning further operation of the product. Costs of
production are not always primary, let’s consider the multi- process (Eq. 2).

0= 2 ) 1), 1) (P, 1)

where @ — the overall efficiency; Kl(ij — component of the efficiency cost; «,(17) —
C

component of efficiency performance; K3(3H) — component of the Operational Safety efficiency;
x,(P) — component of the efficiency on the market attractiveness; k1, k2, K3, Kq...Kn — Weighting

coefficient having an inverse relationship; Y, — factors into account effectiveness of the technology;
n — rational number of factors.

In the process of chemical-thermal treatment, solid-burning phenomenon serves as a driving
force for diffusing atoms in the surface layer of detail. SHS combustion is accompanied by a large
release of energy (heat 1500 ... 6000°C), so the combustion wave generates free atoms, which,
under the influence of high temperature, diffuse between the grains of metal-thermal diffusion.

Another driving force, and also a tool for initiating of combustion SVS layer deposited on
the surface of the detail is a corona discharge .

The main peculiarity of this discharge is that by ionization process the electron does not
occur throughout the length of the gap , but only a small part near the electrode with a small radius
of curvature (the so-called corona electrode ) .

Using coatings of SHS powder combined with corona discharge:

1. Manage the process of combustion propagation.

2. A uniform diffusion of atoms in chemical and thermal treatment .

3. Creating special conditions for the atom diffusion implementation atoms in the SHS
reaction.

4. Obtaining regular surface structure.

5. Processing of parts with curved surfaces .

Under initiation of SHS powder combustion based on copper, deposited on the part surface
there are chemical processes, emitting a large amount of heat about 850 kJ (2000 ... 3000 °C)
consequently there are structural transformation of the SHS powder, components as well as ions
accelerate, wich randomly move in the combustion wave.

Corona discharge has an avalanche distribution pattern of electrons (directional flow of
particles). Corona discharge allows to organize and direct the flow of particles due to a potential
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difference, thereby increases the concentration of the diffusing particles and has a directional vector
[12].

Because of the small thickness of the layer solid-combustion wave does not have a self-
oscillatory nature due to the great heat losses in detail surface. A significant part of the energy from
the SHS reaction goes to heating the surface layer of detail. The temperature gradient and wave
propagation of solid-fining combustion spreads from the point of initiation layer, part of the
temperature is used to heat adjacent layers of SAF part is spent on environment and the main heat
removal is directed to the in the surface layer heating [13].

Thus corona discharge has two functions:

1. Initiation and maintenance of solid- burning process.

2. Creating a directional flow of particles in the detail surface to increase the intensity of
diffusion.

Combining all factors (driving forces of diffusing atoms) in to the complex operation will all
on saturate more effectively and efficiently work surface with atoms the pursuit of goals:
strengthening, increase of durability, improve corrosion resistance.

Chemical heat treatment on the basis of SHS processes and corona discharge includes the
following main interrelated steps:

1. Formation of active atoms saturating environment and their diffusion to the surface
treated metal []. Formation of active atoms in saturating environment occurs due to SHS reaction
coating. Introduction of a large amount of energy (t, °C) stimulates the atoms to diffuse into the
surface. Diffusion, which the main driving force — temperature promotes, intergranular atoms
saturation;

2. Adsorption of active atoms inside the metal.

Field of high frequency (HF) produces skin effect on the workpiece surface, which promotes
the adsorption of free atoms, as well as the temperature gradient promotes adsorption;

3. Diffusion — movement inside of adsorbent atoms. The potential difference between the
electrode (+) and the workpiece (-), contributes to the displacement of adsorbed saturated atoms
deep into the surface layer of the detail, as the corona discharge ionizing particle structure of the
movement from the «+» to «—».

To activate the surface layer of detail with the aim of improving the activity of the diffusion,
the process to the surface of plastic deformation is applied (SPD), namely smoothing.

Present of a large number of dislocations and other defects in the grain and blocks
boundaries increases the amount of free energy, which contributes to the diffusion admixture,
vacancies and displacement atoms [14, 15].

CONCLUSIONS

The item life is affected by many factors. Under configured tehnological process the
combination of these factors, namely the set of thes factorys life will coarespond to Weibull-
Gnedenko lan. To achieve the efficient and quality process it is important to minimize the number
of the life component.

As a way to achieve a rational technology, improving productivity , product quality and
minimizing the energy cost is possible to use integrated operations and processes .

To obtain the desired hardness and wear resistance of working surfaces in machine parts
method chemical and thermal hardening based on SHS reactions and corona discharg was used.

The method allows to saturate the surface of the component by ions of other metals, increase
microhardness and increase durability.
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NEURAL NETWORK CONTROL FOR SYSTEMS WITH PARALLEL
KINEMATICS

Ilpeocmasnen ananus ocobenHocmell YnNpasieHusi MOYHOCMbIO 00pAOOMKU HA CMAHKAX C NAPAIENbHOU
KUHEMAMUKOU C YUCTO8bIM NPOSPAMMHBIM Yynpasienuem. Tlokazana 6o3modxcnocms npumenenus cemeti Xongunoa ons
MaAmemMamuyeckol. Mooeau KOMNEeHCAyuu NOSPEeWHOCU MeXHOI02U4eckolu cucmemul. Paccmompensl nooxoosl K
NPOEKMUPOBAHUIO HEUPOHHBIX YUNOE OJisl YNPABAAIOUWUX CUCHIEM.

The analysis of management features precision machining with parallel kinematics with CNC. The possibility
of using Hopfield networks for the mathematical model error compensation technology system. The approaches to the
design of neural chips for control systems.

Presently for tooling of difficult surfaces of details of machines technological equipment is
used with a successive kinematics. However, in connection with mushroom growth of modern
engineer, requiring treatment with high exactness, for one position, it is expedient to apply
machine-tools possessing a hard enough spatial form with the use of parallel kinematics chains.
Small number of connections on the way of shorting of forces in machine-tools with a parallel
kinematics, results in less deformations and more high-fidelity of motion. In addition, such
machine-tools possess enhance able reliability, possibility to manipulate the large loading.
However, for providing of exactness of treatment it is however necessary to manage coordinates on
that treatment is produced. Straight to manage errors, it is necessary to compensate revolting
influences. This task decides by application of reverse communication network, principle of work
based that on the row of successive actions:

1) Indignation;

2) Rejection;

3) Sensor of feed-back;

4) Reaction of sensor;

5) Signal on working off;

6) Working of the system.

Apparently, such system with a counter coupling allows reacting on changes in the system,
however will manage to liquidate consequences indignations that can happen in the system. On it
all the expenses of time, plenty enough of the stages, will be required. Therefore banal principle of
feed-back today does not allow attaining the required exactness. Stops in process such expensive
equipment are un impossible [1, 2, 3].

In an order to conduct treatment of all surfaces of purveyance from one setting to the
machine-tool with a parallel kinematics and besides to get sufficient exactness, it is necessary to
forecast events in the system.

In the process of planning of trajectories of motion on the first plan problems go out related
to treatment of beyond measure plenty of the states of the possible moving of device. Certain
calculations must be executed in every state, for verification of being admission in it models. Thus,
the methods of smoothing out of way splines or insufficient amount of calculations can result in
problems with the errors of treatment during realization of trajectories on the separate areas of way.

In an order to forecast and foresee a future event in the system ticker-coil, it is recommended
to apply a neural network that will react on rejections and guess future behavior on the basis of past
experience, past working off after 10, 20 seconds, 1 minute etc. Depend on the capacity of memory
in the computer system. Therefore, the neural network plugged in a feed-back will be able to give
out a signal about working off yet then, when the consequences of indignation did not yet let know
about itself, i.e. they can happen at the simultaneous working off a model, a necessary correction is

produced as a result.
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Adaptive feed-backs on the basis of neural networks can be built to the different degree of
complication for example, neural network on the basis of microprocessor. It is a labor intensive
enough process, although, at the construction of compact small network with the least number of
calculable processes, it is possible to attain positive effect. For creation of neural network with the
least amount of processes it is necessary to choose the less number of neurons, i.e. architecture of
network must be minimized. The network of Hopfild, that are a matrix mathematical construction
by means of that there is possibility of accumulation of experience in a form, corresponds this
limitation. Such network can be built in the system, and it will perform the correcting calculable
duty. Thus, it is a neuron calculable construction on the basis of ordinary computers with
architecture Background of Neiman that works on the basis of matrix transformations.

The second way is the use of neuron chip, being an element base of perspective neuron
calculator along with digital alarm processors (DAP). The use, both those and other, allows today to
realize neuron calculators functioning real-time. On the type of logic of them it is possible to divide
into digital, analog and hybrid. On the type of realization of neuron algorithm: with fully a vehicle
realization and with programmatic vehicle realization (when neuron algorithm is kept in ROM). By
the nature realization of nonlinear transformations: on neuron chip with the hard structure of
neurons (hard warily realized) and neuron chip with the influenced structure of neurons. On
possibilities of construction of neural network: neuron chips with a hard and variable neural
structure (neuron chips in that the topology of neural network is realized hardly or flexibly).

Processor matrices (systole processors) are chips, usually near to the ordinary RISC
processors and uniting in the composition some number of processor elements, all other logic, as a
rule, must be realized on the base of peripheral charts.

In a separate class distinguish the so-called neuron alarm processors a kernel of that is a
model alarm processor, and the additional logic realized on a crystal provides implementation of
neural network operations (for example, additional vector processor etc.).

Development of neuron chips conducted in many countries of the world. For today
distinguish two datum lines of development of the computer systems with mass parallelism: with
the modified successive algorithms characteristic for uniprocessor algorithms of Fon Neiman on the
basis of fundamentally new super parallel neuron algorithms of decision of different tasks (on the
base of neuron mathematics).

Neuron chip a characterized a bit, maximal amount of synapses, maximal number of layers.

Now there are about 15 types of neuron chip, with built-in and external memory, working on
different frequencies, by the different amount of conclusions and different form, measuring
microcircuits.

For the estimation of the productivity of neuron calculators next indexes are used:

- CUPS (connections update per second) is a number of the changed values of scales in a
second (estimates speed of educating).

- CPS (connections per second) is a number of connections (increases with an accumulation)
in a second (estimates the productivity).

- CPSPW = CPS/Nw, where Nw is a number of synapses in a neuron.

- CPPS is a number of connections of primitives in a second, CPPS=CPS*Bw*Bs, where
Bw, Bs is a bit of scales and synapses.

- MMAC - millions of increases with an accumulation in a second.

Thus, neuron chips behave to the new type of unconventional computers, unconventional
comptrollers etc. With the use of neuron chip a machine-tool with a parallel kinematics will
purchase necessary properties, that any other machine-tool will not have, processing a center on the
basis of the well-known operating systems, for example Sinumeric of and other

For a decision the set problem it is necessary to build a model on the basis of neuron chip.
We will conduct the analysis of the well-known systems of programming of neuron chip. At
plugging of neuron chip in ports of computer, programing them on the calculation of coefficients of
neurons and applying prognostication on the short interval of time, it is possible to get the fast-
acting of the system, exceeding in hundreds of one times. Thus, exactness of working off will be
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higher. For prognostication of temporal row it is possible to use classic approach, consisting in
application of method of windows, that supposes the use of two windows of Wi and Wo with the
fixed sizes n and m accordingly. These windows are able to move with some step on the temporal
sequence of historical data, since the first element, and intended for access to data of temporal row,
thus the first window of Wi, getting such data, passes them on the entrance of neural network, and
second - Wo - on an exit. Turning out on every step pair of Wi -> Wo is used as an element of
teaching selection (recognizable character, or supervision). The method of windows uses one-step
and multistep prognostication. Multistep prognostication allows doing short- and medium-term
prognoses, as substantial influence on exactness has an accumulation of error on every step of
prognostication. At application of long-term multistep prognostication there is the characteristic for
many forecasting systems gradual fading of process, phase changes and other distortions of picture
of prognosis. Such type of prognostication befits for stationary temporal rows with a small casual
constituent.Prognostication with teaching allows at the large intervals of passing removing fading of
nporuoctudeckux properties of network due to permanent adjustment of gravimetric coefficients of
synapse connections.

On included of network mode of functioning the last realization of teaching great number of
X (tn - 2) enters, x (tn - 1), x (tn). The forecast value of exit of x* (tn+1) is put aside in the vector of
the forecast output values and as reliable added to the real values of teaching great number. A
teaching great number increases on one temporal window. There is a process of teaching of network
on a megascopic teaching great number during that the new gravimetric coefficients of k of synapse
connections and polynomials of transmission functions of neurons are determined.An algorithm of
multistep prognostication with teaching of network for the traditional networks of direct distribution
with the iterative educating is practically impracticable through large dwells necessary on retuning
of coefficients of network.Thus, building a neuron model on the basis of teaching selection it is
possible to forecast behavior of the system in future moment of time. However, if to take into
account that length of row cannot be endless, then it is needed to use an idea about the structure of
temporal row. Here, important, a value acquires the concept of fractals. A fractal is a structure,
consisting of parts that in some sense are similar to unit. At the use of detains more than 10
structure of temporal row is violated, thus an optimal amount (it separate research of authors is
sanctified to) is equal to 7. Using this method is possible and for prognostication of exactness,
wears of instrument, temperature deformations. And applying the method of windows and neuron
chips, possibility to create a reverse communication network for a management by exactness of
positioning of machine-tool with a parallel kinematics appears. Thus, the increase of exactness can
be even programed in the cycle of work of machine-tool with a parallel kinematics. It is possible to
break up the problems of exactness on passage-ways, and if so that it can hammer in distribution of
npunyckos to providing of high exactness ticker-coil with a neuron chip management so that on this
machine-tool it is possible to process the purveyance not robbed with maximal exactness. Having a
hard machine-tool with this system, it is possible to decrease the economic loading on mechanical
part of machine-tool and conduct preliminary and final treatment of purveyance on one machine-
tool, that especially topically for a machine-tool with a parallel kinematics.

REFERENCES

[1] Kirsanov Je.Ju. Cifrovye nejrokomp’jutery: Arhitektura i shemotehnika / Pod red.
A.l.Galushkina. - Kazan': Kazanskij Gos. U-t. 1995. 131 s.

[2] Galushkin A.l.Nekotorye istoricheskie aspekty razvitija jelementnoj bazy vychislitel'nyh
sistem s massovym parallelizmom (80- i 90- gody) // Nejrokomp 'juter, Nel. 2000. - S.68-82

[3] Vlasov A.l. Nejrosetevaja realizacija mikroprocessornyh sistem aktivnoj akusto- i
vibrozashhity// Nejrokomp'jutery:razrabotka i primenenie, Nel, 2000. S.40-44.

78



UDK 620.179
Kovalevskyy S., Kovalevska O. (Donbass State Engineering Academy, Ukraine)

ACOUSTIC CONTROL IN MECHANICS

This paper aims at finding effective directions of perfection of non-destructive control for details of rotation bodies.
Investigational influence of acoustic vibrations is on the exposure of defects. The developed methodology of
experimental researches and conducted experimental researches are for the exposure of defects by means of gain-
frequency characteristic of non-destructive method of control. The developed mathematical models for determining
gain-frequency characteristic in order to find deviations from the set indexes of details.

Poboma cnpamosana na nowyk e@exmuHux HANPAMKI6 600CKOHANEHHA HepYUHIBH020 KOHMPONIO Oemanetl
obepmosux min. Jocrnioxcyeanuil 6nau aKkyCmuidHux KOJAueanvb 30HICHIOEMbC HA 6useieHHs Oeghexmis. Pospobrena
MemoOoN02ist eKCHEPUMEHMATIbHUX O00CTIONCeHb MAd NPOBEOeHUX eKCNePUMEHMANbHUX OOCHIONCEHb NPUSHAYEHA O
susAgIeHHA Oeghekmie 3a O00NOMO2010 Koepiyienma niocunenHs, wo Xapakmepusyemvcsa HepyUHiGHUM MemoooM
KoHmpomnio. Po3pobneni mamemamuuni mooeni 01 GU3HAYEHHS Koe@iyieHma niOCUNeHHsA YACmomuy 3 Memor NOULYKy
8I0XUNEHb 6i0 3A0AHUX NOKAZHUKIE Oemaiell.

The scale of production allowed to inspect and reject defective products. With the
development of industrial production, products became more complex; the number of its features is
constantly growing. There was a question of not checking individual product properties, but its
functional capacity as a whole. A quality control system began to form, the essence of which was to
identify the defective product and its withdrawal from the manufacturing process. Quality control is
to verify the conformity of its quality requirements.

Improving the quality of industrial products, increasing reliability and durability of
equipment and products may be provided to improve the production and implementation of quality
management system, which is defined as "a set of descriptions of objects that relate to its ability to
meet conventional or predictable necessity."

Quality control is to verify compliance with quality indicators to established requirements.

Treasure, the absence of unacceptable defects, compliance with the physical and mechanical
properties and structure of the base material and coverage; accordance of geometrical sizes and
cleanness of surface treatment to the necessary norms and others widespread use of non-destructive
methods of control, samples that do not require cutting or destruction of finished products, allows to
avoid large losses of time and material costs, to provide partial or full automation of control
operations, while significantly improving the quality and reliability .

Today, none of the technological process of responsible products is not embedded in the
industry without a corresponding system of non-destructive testing. Relevance is directly related to
the integrated control of the parameters of the surfaces of machine parts, design and implementation
of advanced non-destructive testing method and the possibility of establishing a control system.

The aim of the work is to develop an advanced non-destructive method of control through
the use of amplitude-frequency characteristics which can provide the necessary quality of the
surfaces of machine parts. Scientific novelty: new principles of upgrading of surfaces of machines
details are offered 1. A new method for controlling the rotation of bodies is developed. It is a non-
destructive method of control using the amplitude-frequency characteristics of the parts.

Integrated control system using several methods can be based on the 100th of the total
control of production by each method or based on sampling one or the other (if all) the method of
control. Sometimes, additional control is carried out only in areas where the main method does not
provide the specified requirements, or is intended to enhance the information content.

Control of forgings, if billets do not have allowance for "dead" zone of ultrasonic flaw
detector, also uses a combination of acoustic and surface flaw detection methods.

In particularly important cases to improve the reliability of defect detection for various
types, weld examination is conducted by the methods of the radiation x-raying and acoustic.
Control of founding, as a rule, is executed by the method of the radiation x-raying, and an acoustic
method is used to determine the location of the detected defects. Control of fungal screws provides
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a combination of acoustic methods to surface techniques such as capillary, magnetic and eddy-
current.

Eddy current techniques and periscope review (visual-optical inspection method) or
periscope review and acoustic control are used to control the internal surfaces.

The literature review presented in the first section of the work specifies the needs to
improve the non-destructive method of control using gain-frequency characteristic. The formed
problem influences on the quality of machine-building products and that is why requires a
management. The necessity of finding solutions is also relevant because the control methods used
today are resource-demanding, especially energy-intensive and time consuming.

Due to the fact that in a market economy, one of the conditions for maintaining the
competitiveness of products is the use of resource-saving production processes, one of the
promising directions is the application of non-destructive method of control based on the gain-
frequency characteristic and creation of a new control system of simultaneously various detail
parameters (quantitative and qualitative).

A large amount of data was received after the survey, and for its classification and further
processing was introduced the concept of integral index for this purpose the whole range of
frequencies (0-5500 Hertz) was divided on 11 frequency intervals in every 500 Hertz. Certain
frequency filter is responsible for each frequency interval (Figure 22).

For the experiment were used samples with a diameter of 45 mm and a width of 10 mm
from the material of steel 45.

Our experimental studies are based on the assumption that the increase in quality control by
comparing the gain-frequency characteristics of the standard parts to the gain-frequency
characteristics of batch parts.

The mean values of experimental data were used as an output for the construction of a
mathematical model.

According to the results of the experiment with the software NeuroPro 0.25 was constructed
a mathematical model based on neural network modeling, where the input symptoms were integral
factors of frequency filters and the final syndromes were the value of diameters, widths of parts.

A single-layer network was built with an initial number of neurons 11, which declined after
simplifying the network.

On the basis of obtained data using neural network modeling has been developed a new
method of non-destructive method of control using the gain-frequency characteristics, which makes
it possible to create control systems that, relying on a verbal description of the two mathematical
models of integrated data processing performance of diameters and widths, can monitor the process
control parameters details.

For this purpose it is necessary to use the value of frequency filters (x4, x5, x9, x11). By
applying a sound signal in the ranges (2000-2500, 2500-3000, 4000-4500, 5000-5500 Hz) the
corresponding frequency filter controls integral indicators and as a result we obtain the exact value
of the controlled parameter (diameter, width).

The advantages of this control system is the fact that it makes it possible to control not only the
guantitative parameters (the length, diameter), but the qualitative (roughness, hardness, presence of
internal defects), it is only necessary to introduce additional frequency filters that are configured to
control a specific parameter.

If it is necessary the control system can be readjusted. After processing of data the system
gives a conclusion about a defective or non-defective detail that can be accompanied by a signal.

Thus, we have come to the point that it is necessary to continue more profound and careful
research of the checking system to show more clearly the advantages and compelling need to use
this system in production.

Due to introduction of new non-destructive method of control of machine parts after
treatment it is attained:

- it is an exclusion of energy consumption compared with other types of control components
(using batteries). Electricity costs are weighty in the manufacture of large parts;
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- it is the possibility of obtaining control of quantitative and qualitative indicators by
improving the method of nondestructive monitoring using amplitude-frequency characteristic;

- it is the possibility of mechanization of the operation control (Figure 3);

- it is the reduction of labour intensity and time of operation control in comparison with a
convenient method of control;

- it is reduction of costs, increasing productivity and improving working conditions due to
the mechanization of work in the enterprise.

Implementation of the new control system will reduce the cost of production and current
capital of enterprises through reduction of manufacturing cycle time of parts, but will also improve
the organization of production at the plant, since the introduction of a new monitoring system will
eliminate the delay for manual control of parts.

Thus, in this section of the study were discussed issues of improving the method of
nondestructive control surfaces of machines and the proposed new system for monitoring the
guantity and quality parts. We can do the following conclusions:

1. Quite a lot of attention to the issue of non-destructive methods of control surfaces of
machine parts was revealed in the analysis of the literature on this subject. Questions relating to the
new integrated methods of control of machine parts are considered only in scientific articles,
abstracts of theses. The issue of control systems is not completely considered, and those control
systems that will monitor simultaneously a number of parameters are not considered in general.

2. A method of making a research was developed, which allows the use of nondestructive
method of control based on the amplitude-frequency characteristics.

3. On the basis of data obtained using neural network modeling, a new method of
nondestructive monitoring using amplitude-frequency characteristic, which makes it possible to
create control systems that, relying on a verbal description of the two mathematical models of
integrated data processing performance of diameters and widths, can monitor the process control of
the parameters of details.
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VIBRATION-PULSE MACHINING

The purpose of this section is to develop a method of processing the vibration amplitude in the nanometer
range with the use of surfactants, which can provide a high dimensional accuracy, required increase in the
microhardness of the working surfaces of machine parts and reduce energy costs.

Memoro danoi’ pobomu € po3pobra memody o6podKu amniaimyou 6ibpayii 8 HaAHOMempogoMYy OIanA30HI i3
3acmocysaunam IIAP, wo mooce 3abe3neuumu UCOKY MOYHICMb PO3MIPI6, HeobXioHe 30inbulelHs MIKpomeepoocmi
POBOUUX NOBEPXOHb Oemaieli MAWUH MA 3MEHUEHHS. eHeP2eMUYHUX SUMPAan.

The use of coatings with surfactants (SAS) in combination with nano-vibrations at
machining is very promising direction that reveals wide control possibilities of physical and
mechanical properties of contacting surfaces forming cutting efficiency by providing high accuracy
and reducing costs.

The operational reliability of machines is determined primarily by the quality of the state of
the working surfaces of parts formed at the finish of the operations process (stress-strain state of the
surface layer, the process to remain in suspense, the speaker load, the physical - mechanical
properties of the material, macro - and micro-geometry, geometric accuracy).

The considered literature indicates that the term "vibration technology” has appeared
relatively recently, in the 60s, as a result of processes that use vibratory influence. This notion
appeared among professionals who work in the field of technological use of low-frequency
oscillation spectrum. It discourages processes based on the use of vibrations, which affect the
processing of an object, both directly or (more often) on the finishing media and tools of different
characteristics. [1, 2].

From earlier described achievements of scientists and engineers in researches of oscillation
cutting methods and application of SAS it is possible to draw conclusion in the sphere of engineer,
that they had worked in the main direction - improving the quality of the surface layer of machine
parts, improving the process of machining by cutting, but were not considered the vibration in the
nanometer amplitude of vibrations. Vibration cutting and the use of surfactants remain in the areas
of advanced engineering, the possibilities and scope of which haven’t been fully found out yet.
Therefore, in this work these two methods were pointed to improve the physical and mechanical
properties of the surface layer and the hardness of parts that are of relevance and urgent problem for
production and operation of such products. [3-5].

Review of literature points to the need to address the strengthening of the working surfaces
of machine parts and machining process improvement. Formed problem affects the quality of
engineering products, and therefore requires a process control. The necessity of finding solutions is
also relevant because the methods used today are demanding machining, first of all, energy-
intensive and time consuming. Due to the fact that in a market economy, one of the conditions for
maintaining the competitiveness of products is the use of resource-saving production processes, one
of the promising directions is the application of vibration to the manometric high-frequency
oscillations in the mode in conjunction with the application of coatings of surfactants to increase the
micro hardness of the surfaces of parts machinery, energy conservation, improve the quality and
accuracy of machine parts [6-8].

Experimental studies are based on the assumption that the increase in micro hardness of the
detail after the vibration cutting with application to the surface of the sample and the influence of
surface-active substances during vibration cutting. The object of researches is the technological
system of treatment on the lathe-screw-cutting machine-tools of details oscillation cutting with
amplitude with application of active substances.
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In this paper the study is the process of improving the accuracy of obtaining the size,
reducing energy costs, improving surfaces and micro-hardness.

It also describes all the equipment that was used in the survey, developed plan of the
experiment and for studying the machine parts after processing by vibration cutting.

Worked out model of initial indexes of quality and power consumption of shape-generating
surface that shows by itself the group of constrained links.

On the basis of this model, formed by means of network modeling have been received and
built graphic arts of size dependences that affect the quality and accuracy of the machined surface.

Analyzing the graphic dependences, we can conclude that the use of vibration cutting
method actually leads to an increase in the microhardness of parts, reduces the cutting forces and
improves surface quality, and post it to the method of surface-active substances gives even better
results.

From the constructed relationships, we see that the greatest influence on the samples
obtained by cutting all modes at a current frequency of 5000 Hz or near this value.

The graphical dependence shows that the greatest influence on the micro hardness has a
current frequency and flow, at a frequency of 4-5 kHz and maximum values of micro hardness were
obtained with the minimum filing. If we compare these methods, the use of surfactants produced the
greatest results.

The constructed dependency shows that the greatest influence on surface roughness has a
feed, cutting speed and frequency, at the current frequency 3.5 - 4.5 kHz, the maximum cutting
speed and feed rates at the lowest (0,1-0 , 2 mm / a) were obtained the best results of roughness, but
it is significantly affected by the use of surfactants.

The graphical dependences show that the greatest impact on reducing the cutting force has a
maximum supply current frequency, and then it would be at the highest vibrations of the cutting
edge. The effect increases with the use of surfactants.

If we analyze, the experiment gave a good performance to reduce roughness, increase in
micro hardness, which has a significant effect on the wear resistance. Force in the cutting goes
down too, and this makes it possible to talk about saving energy costs for processing as a whole
cutting power decreases. Processing was carried out with the use of surfactants and without the use
of surfactants, the analysis shows that the use of surfactants in the individual modes gives very good
performance in all the studied parameters.

The constructed dependency shows that the greatest influence on surface roughness has a
feed, cutting speed and frequency, at the current frequency 3.5 - 4.5 kHz, the maximum cutting
speed and feed rates at the lowest (0,1-0 , 2 mm / a) were obtained the best results of roughness, but
it is significantly affected by the use of surfactants.

The graphical dependences show that the greatest impact on reducing the cutting force has a
maximum supply current frequency, and then it would be at the highest vibrations of the cutting
edge. The effect increases with the use of surfactants.

If we analyze, the experiment gave a good performance to reduce roughness, increase in
micro hardness, which has a significant effect on the wear resistance. Force in the cutting goes
down too, and this makes it possible to talk about saving energy costs for processing as a whole
cutting power decreases. Processing was carried out with the use of surfactants and without the use
of surfactants, the analysis shows that the use of surfactants in the individual modes gives very good
performance in all the studied parameters.

When we compare with the process of machining without vibration and the use of
surfactants, this method gives very good performance, but also an important factor as grinding chips
during cutting (Fig. 5). The figure shows that the elemental chips were obtained, and not drain so it
does not damage the part and does not preclude the process of cutting.

Analyzing the vibration cutting method with nanometer amplitude using SAS provides an
exemption on the basis of finishing operations to reduce costs and obtain quality indicators, such as
in the finishing operations, but economically more advantageous.
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Cost effectiveness, when implementing new technology and the operation of a new method
of machining - cutting vibration using surfactants is due to:

- it is a reduction in complexity (due to the replacement of grinding operation details into the
operation of cutting vibration using SAS), and, consequently, reducing workers’ wages;

- savings on the part of that change, the overhead (due to accounting overhead cost
percentage, and transportation costs, because there is no need to transport parts to the operation of
grinding);

- savings on energy costs (because the processing of the work piece surface by vibration
cutting with surface-active substances requires less charges, and machining process lasts less in
comparison with the process of grinding);

- it is an economy of charges on an instrument, because this method allows to increase the
period of instrument firmness through diminishing the cutting power.

The new technique of experimental studies was developed and experimental studies were
conducted to determine the effect of vibration cutting techniques and surface-active agents on the
micro hardness, power, and surface roughness of machine parts.

As a result of the conducted researches an important scientific and technical task was passed
and it includes the transition to the processing technology of machine parts using vibratory cutting
with nanovibrations with the use of surfactants. Performed theoretical analysis of studies conducted
in the field of vibration cutting techniques and surface-active substances showed that the direction
of the vibration amplitude of the cutting with a nanometer is relevant, promising way;

The process of metal vibration cutting from surfactants showed very good results, namely:
reducing the cutting forces by 20% decrease in the roughness 35% increase of the micro hardness of
1.5 times. The conditions of change in microhardness, power, surface roughness of machine parts
according to the resulting vibrational frequencies for processing were investigated. If the current
frequency of 4-5 kHz and the minimum feed rates have the maximum effect;

The effect of vibration treatment and surface-active agents on the physico-mechanical
properties of the metal were investigated. The process of metal vibration cutting showed very good
results, namely: reducing the cutting forces, reducing roughness, improving the surface layer of
machine parts. The changes of micro hardness, roughness of machine details were investigated after
application of vibration cutting and under influence of superficially - active substances.

The mathematical model for determining the change in surface hardness of machine parts
under the influence of vibration cutting and surface-active substances were developed. On the basis
of experimental studies graphical analysis of measurements was performed.

REFERENCES

1. Kumabe D., per.s yap.S.L.Maslennikova., Vibrating cutting / Red. Portnov, I., Belova V.V.-M.: Machinery, 1985.-

423 with.: I1l.-Bibliogr.Bibliogr.: p.417

Poduraev V.N., Machining with vibratsiyami.-M. Mashinostroenie, 1970.-350 with.: lll.-Bibliography.: p.345-348.

3. Babichev, AP Fundamentals of Vibration Technology / AP Babichev. - Rostov-on-Don: Izdat. DGTU Center, 1999.

- 621 with. : 1ll. - ISBN 5789000436

Pletnev, M., Surface-active agents and compositions. Reference., © Company Clavel. ., 2002 ISBN: 5-901100-13-1.

K. Holmberg, B. Yensson, B. Kronberg, B. Lindman., Surfactants and Polymers in Aqueous Solution., Bean.

Laboratory of Knowledge, 528 pages, ISBN 978-5-94774-363-0, 0-471-49883-1; 2007.

6. Lange K.P. Surface active agents: synthesis, properties, analysis, application, under the scientific. Ed. LP
Zaichenko. - St. Petersburg.: Profession, 2004. - 240 p., ill ISBN: 5-93913-068-2.

7. Petropoulos, G.; Dasi¢, P. & Vaxevanidis, N.M.: Research of processed surface roughness in field of metalworking.
Plenary and Invitation paper. In: Proceedings of the 10th International Conference "Research and Development in
Mechanical Industry — RaDMI 2010”, Volume 1, Donji Milanovac, Serbia, 16-19. September 2010. Edited by
Predrag Dasi¢. Vrnjac¢ka Banja: SaTCIP Ltd., 2010, pp. 1-10. ISBN 978-86-6075-017-6 (for Proceedings Volume 1
in hard copy) and ISBN 978-86-6075-016-9 (for Proceedings in electronic form on CD-ROM).

8. Dasi¢, P. & Dordevi¢, A.: Analysis of different functions of cutting tools failure distribution at the processing on the
deep boring. Journal of the Balkan Tribological Association, Vol. 9, No. 3 (2003), pp. 370-380. ISSN 1310-4772.

N

o s

84



UDC: 37.032.5
Kosheva L.V. . (Donbass State Engineering Academy, Ukraine)

PEDAGOGICAL PARADIGM PHYSICAL EDUCATION IN MODERN CONDITIONS

On the basis of a systematic analysis of the features of formation of physical education student in a student-
centered approach to teaching technology, the article outlines the main content of the modern paradigm of physical
education in the context of the learning process in higher education.

Ha ocnogi cucmemamuunozo ananizy ocobnugocmeii Qopmy8anus QisuuHo2o UX068AHHA CHMYOeHmd 6
ODIEHMOBAHOMY HA CMYOeHmMa NiOX00i 00 MeXHONO02I SUKIAOAHHS BUKIAOEHO OCHOBHULL 3MICI CYY4ACHOI napaouemu
@Di3uuH020 8UXOBAHHS 6 KOHMEKCMI HAGUAILHO20 NPOYeCy y UYL WKOJIL.

Formed in society and in education situation, the processes of education, essentially
actualize the problem of identity formation in the process of continuing education by means of
physical education. In connection with the solution of the system of continuing education on
democratization, humanization, differentiation and individualization, moving the focus from
external "formal” characteristics of personality development (education, physical development and
physical fitness, and so on. P.) On his inner world (system life values, moral positions) acquires
special relevance need to develop effective approaches to the formation of personality in the process
of continuing education by means of physical education on the basis of new educational
technologies forming their active position aimed at creative self-expression and self-identity.

The traditional model of education in physical education, aimed at transferring the necessary
professional knowledge and skills, loses its prospects. There is a need for diversification of physical
education, shaping it in close relationship with the whole range of means and methods of interaction
of the individual with the environment, including the processes of identity formation as a result of
studies at university.

The task of modern education in the field of physical education lies in helping people to
fulfill themselves in a particular activity, create your own look and image, including physical
education and physical culture of the body of the individual, to develop creative, spiritual,
intellectual and psycho-physical abilities.

The reforms taking place in the country radically changed social order for content
professionals. Physical education in higher education needs in the new comments.

Based on the theoretical and methodological analysis suggests that the integration of
physical training and physical education as a means to achieve it during training in technical
universities is a process of collectively valued guidance professionals as an integral part of their
ability to meet corporate culture company-employer. Of course, this is based on the fact that
physical education is associated with activities aimed at improving the physical man, and with the
combination of intellectual, social, psychological and motor components of the system needs,
abilities, activities based on the development of physical qualities, the forms of its organization.

Needs, motives and interests of students to the values of physical training and the systematic
exercise is a psychological mechanism of transformation of social values of physical culture in their
personal values. But these personal values will be subject to a system of influence in the process of
training students.

Personal physical education - is part of cultural identity, based on the specific content of
which is student rational use of one or more types of physical activity as a factor in optimizing their
physical and spiritual condition. Personal physical training of the same authors understand the
intellectual and spiritual aspects of the individual (knowledge, abilities, skills, interests and values
guidance in the field of physical culture). This release doing individual component (regular,
voluntary physical exercise, hygiene and procedures harden). However, this division is arbitrary and
manifestly unfit to identify physical culture as the basis of intellectual and spiritual culture, which,
obviously, have the right to exist in terms of value potential formation specialist.
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Parenting personal physical training - educational process is aimed at organizing and
conducting perceived positively motivated students exercise classes, hygienic and
zahartovuvalnymy procedures for formation of their active interest in physical education. During an
active interest in physical culture refers to the interest in self-organized and physical training.
Formation interest plays a crucial role in the education of personal physical culture in students.

The need to exercise called objective understanding of their significance, defined social
ideals, public opinion and personal values such classes. Physical education is the foundation for
academic, extracurricular and independent of physical activity of students.

New ideas and goals, and evaluation criteria for the development of physical culture
improving orientation, new motivation of health require investment material, financial and
intellectual means to this objective difficult process.

We have to admit that transients in education is not substantially affected person to intensive
training changes in society, independent decision-making vital, development of new ideas and
appropriate forms of practice. Because of this, many of the processes of political, economic and
socio-psychological reconstruction of society taking place in our time, raised the problem of not
only converting various aspects of human life, but also the transformation of the man - his mind and
outlook, its relation to many phenomena of social life.

Physical education can be the most powerful tool for psychobiological human nature. As the
foundation of intellectual, cultural and spiritual levels, physical culture defines special treatment for
her totalitarian state systems - is well illustrated by the previous historical stage of development of
our society. General government job - a common approach to personal qualities - common system
of physical education, based on common forms and means of pragmatic purposes only.

The peculiarity of the previous period identified in society passive attitude to physical
culture as a phenomenon of culture and the emergence of a number of negative consequences, such
as:

- Decreased interest in exercise, especially in traditional forms, which took into account the
needs, motivations and values of the person in transforming their own physical nature;

- Lack of readiness to move to human forms of organization of amateur physical culture
activities, actively and purposefully to solve problems of cultural transformation own physical
nature, strengthening its health and increase longevity creative;

- Inconsistency level of competence of teachers and trainers of physical culture current
requirements, which manifests itself in the lack of professional readiness to learn new content and
forms of exercise, new modern technology, requiring substantial ownership individualized systems,
means, methods and forms of their organization;

- Physical and moral aging sports grounds and stadiums across functional unwillingness to
organize their personnel and cultivate innovative types of physical activity, introduce a way of life
for new forms of sports activities recently receiving more and more widespread in the international
community.

Physical education was practically isolated from the active attitude of the individual to his
physical nature, full of opportunities to acquire and continue its use value and motivational content.

Today it is necessary to give priority to facilitate the development of new strategies, tactics
scientific development of physical culture personality.

Of course, consideration of physical culture from the standpoint of personal values
necessarily requires an assessment by activity and productive aspects of personality. Because
personality - is a complex socio-psychological formation, consisting of many interconnected and
interpenetrating moments and factors it must meet a number of requirements due professional
orientation:

- Compliance with the social order of the state;

- Professional and physical fitness;

- The desire of the individual to the study of cognitive and didactic processes;

- The ability to analytical thinking and teaching, and be critical, independent, flexible,
active, fast, observant and creative thinking;
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- The existence of such qualities as dedication, perseverance, self-discipline, the ability to
braking tolerance.

Physical education affects the personality triad “goal - motivation - interest” or in whole (for
identity in all its diversity and consistency, that influence "from above" simultaneously on all
components of the triad), or element by element (impact on triad "from below" through setting new
goals, motives, interests). For the teaching practice the most important is to determine the tools,
methods and techniques of motivation in training students to educate them personality by means of
physical culture. But we are confident that this mutual influence, ie the creation of conditions for
physical education and educational technology will affect the motivational-value components of
personality. Therefore, it is necessary to develop significantly adapted to the requirements of the
new Law "On education™ (2014) set of methods and techniques of education motivation to exercise,
for whom should include:

1) activities and their components;

2) the means, methods, instructional techniques training, education and development of
motor skills;

3) component content of lessons, classes;

4) structural elements lesson activities and educational process as a whole;

5) organizational and managerial factors;

6) organizational forms (rational organization) training, education and development of motor
skills;

7) effectiveness, efficiency tools, methods and techniques of training, education and
development of motor skills, as well as ways of increasing effectiveness and efficiency;

8) means clarity and material equipment physical education;

9) the means of propaganda and agitation Physical Culture.

With these components of educational activities can bring personal physical education
students only if this will be brought up intrinsic motivation and interest in the material and spiritual
values of physical culture, systematic exercise and sports.
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MODELING OF BIOGAS PRODUCTION

Waste management in Serbia is based on landfilling. Each location where municipal waste is disposed
represents a bioreactor that generates the gases and leachate.Landfill gas which is essentially methane ( 50-55%) and
CO, (40-45%) as gases of the green house, have great enviromental impact which can be reduced by using landfill gas
in co-generation plants.This paper presents the existing municipal waste management and defined quantities and
composition of municipal waste at ,,Kulagica Ada* landfill in Kraljevo. Based on the measurements the amount and
composition of landfill gas on 10 biothorns, a satisfactory percentage of methane was established of 56% and thus the
possibility for its use in cogeneration engines. By implementing the software package ,,Ukraine LFG mod. v1” in Excel
environment we received hourly biogas production of 205 m%h as well as recommendations for selection appropriate
type and power of gas cogeneration engines.

Hosoooicenna 3 gioxooamu 6 Cepbii 6azyemovca Ha 38anuwii. Kooicne micye, 0e ymunizytomecsi nooymosi
8i0x00u, s18/1€ c000I0 biopeakmop, KUl ymeoproe 2azu ma Gitempamu. 3nuenuil 2as, saxkuil, no cymi, € memanom (50-
55%) ma CO2 (40-45%) sk eazu mennuyi, mMac GeuKull eKOIO2IYHUL BNAUS, AKUL MONMCEe 3MEHWUMU 304 PAXYHOK
BUKOPUCIMAHHS 36ANIULHO20 2A3Y HA KO2eHepayitinux ycmanoskax. Llei dokymenm npedcmagnse icHyrtoue no8oolCeHHs.
3 nOOYMOoBUMU 8i0X00AMU MA BUSHAYEH] KiTbKOCI MaA CKIAO KOMYHATbHUX 8i0X00i8 Ha nonieoHi ,, Kulagica Ada *y m.
Kpaneso. Ha ocnogi sumipiosans Kintbkocmi ma ckiady cmimmeeozo 2azy Ha 10 Giomopuax 6yn0o 6cmamno6ieno
3a008inbHULL 8I0COMOK Memany 6 56% i, omoice, MOANCIUBICMY 1020 BUKOPUCMAHHS 8 KO2EHepayiliHux O08USYHAX.
Bnposaooicyiouu naxem npocpam ,, Yxpaina LFG moo. vI & cepedosuwi Excel mu ompumanu nozcodunne
supobruymeo 6ioeazy 205 m3 / 200, a makodc pexomenHOayii w000 6uOOPY GIONOGIOHO20 MUNY MA NOMYNCHOCHIE
2a308UX KO2EHEPaYIUHUX O8USYHIB.

Waste as an inevitable product of everyday activities of the human population can have a
negative impact on the environment, sustainable development and human health. Depending on the
degree of institutional arrangement in developed EU countries, different models of municipal waste
management have been developed. selection and recycling, incineration or anaerobic digestion
while in underdeveloped countries the management of municipal waste is still based on its disposal.
Different regions within the European Union and even within one country or the same local
government can differ significantly in terms of production and treatment of municipal waste [10,
16]. In Europe, landfilling is still present to a significant extent, especially in underdeveloped
countries and countries. under development. It is estimated that in the countries of Central and
Eastern Europe, by 1995, 83.7% of the generated waste was disposed of in landfills [4]. Also,
according to Eurostat data [2] for 2012, the EU disposed of 33% of municipal waste, about 23% of
waste was treated in incinerators, 27% was recycled, 15% was composite and about 2% was treated
with other technologies [2]. Among European countries, waste disposal is lowest in the
Netherlands, Germany and Austria where less than 3% of waste is disposed of in landfills without
its primary and secondary treatment [17-18]. After landfilling, its decomposition begins, which
leads to the production of landfill biogas. Landfill gas (LFG) is a mixture of CH,4 (50-55%) and CO,
(40-45%). More than a hundred other compounds can be found in it, but only in small traces [7].
CH4 and CO, are greenhouse gases and therefore have a negative impact on the environment [7,
18]. In addition, CH,4 has 25 times the global warming potential compared to CO, [12]. Therefore,
the main attention is paid to the generation of CH,4 and its subsequent disposal. The average CH,4
emission into the atmosphere is estimated at about 34 million tons per year [11]. It has also been
found that CH,4 emissions from municipal waste landfills contribute to the total global CH,4 emission
of 3-19% [8]. The share of landfill CH, in the total greenhouse gas emissions is 50%, and the
remaining half comes from other emissions of CH,, N,O and CO, in municipal waters and CO,
generated during the incineration process [9]. Negative impact of LFG on the environment it can be
reduced through its collection, adequate processing and further use as a fuel to drive the
cogeneration of gas plants. In this way, waste can be used to achieve economic gains through the
sale of energy produced. This method of using LFG as a renewable energy source is usually
subsidized, which is the case in Serbia as well. However, despite the defined subsidies [1], the fact
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is that the majority of waste management in Serbia is based on landfill [13] and that the
morphological composition of waste, with more than 60% biodegradable content, is responsible for
CH, production because there are still no plants for the use of LFG in Serbia.

Landfill gas is formed by the decomposition of organic substances under the action of
microorganisms under anaerobic conditions. Overpressure is created in the center of the landfill, so
the landfill gas passes into the environment and expands through gas probes - biothorns into
receiving receivers. Methane is a flammable gas, which forms an explosive mixture when present in
a concentration between 5 and 15 percent of the air volume. Obtaining biogas from municipal
landfills can cover the complete energy needs of waste treatment plants, heating and local electricity
production and thus can optimize plant costs and drastically reduce the negative impact of CH, and
CO; on the environment. The landfill gas thus collected has an energy value which makes it a
potential fuel in cogeneration plants and simultaneous production of electricity and heat at
municipal waste landfills. In order to determine the potential amounts of methane CH,4 generated at
the landfill "Kulagi¢a Ada" in the conditions of anaerobic digestion, production modeling was
approached using a receptive software tool. In order to achieve that, it was necessary to check the
presence of biogas on injected biothorns and to measure the amount and composition of biogas
using a gas analysis device "GE-M2000 plus" manufactured by Geotechnical Instruments from
England. Several different software tools have been developed to model landfill gas production at
landfills. The most commonly used in our country are the LandGEM model (Landfill Gas Emission
Model) [6], the IPCC model [5] and the Ukrain model [3]. For us, considering the character and
position of the Kulagi¢ Ada landfill, the Ukrainian model was chosen as the most favorable, which,
in addition to other parameters, also includes the country's climatic factors. To calculate the energy
potential of the landfill gas, the specialized software "Ukraine LFG Model v1" was developed and
used in this paper, which was developed in the "Microsoft EXEL" environment. for the selection of
gas cogeneration engines. Previously, it is necessary to measure the production and composition of
landfill gas on available biothorns. The Ukrainian model was developed by the US Environmental
Protection Agency (EPA). program "GMI - Global Methane Initiative". Regardless of the fact that
the model was developed for the mentioned needs in Ukraine, it can be applied to other countries
with similar climatic characteristics and waste management practices, which are reflected primarily
in the characteristics of the landfill.

Waste disposal (disposal) of the city of Kraljevo is performed at the landfill at the location
"Kulagi¢a - Ada", which according to the GP is designated for communal purposes and is located
northeast of the city next to the river West Morava (distance 150-200 m). At this location, the
landfill was formed in 1971. The landfill is about 1.5 km away from the nearest residential zone,
and 0.5 km from the industrial zone. The landfill is 2.5 km away from the city center. The landfill in
Kraljevo at the location of "Kulagi¢a Ada" was formed in a specific and unorganized way with an
uneven surface for disposal, without a system for protection of groundwater and air. Garbage
disposal was done without prior preparation of the terrain. Waste is brought to the landfill without
any prior selection, and the remains of hospital waste, slaughterhouse waste, dead animal waste,
mixed with other waste are visible, which can lead to the spread of infection of workers of JKP
"Cistoéa" and "collectors" of secondary raw materials, in addition to harmful impact on land, water
and air. Waste was disposed of at the landfill in two ways: superficially in the area of the alluvium
and in excavated cassettes - trenches on the terrace terrain. The body of the landfill is covered with
appropriate inert materials and the technology of regular covering according to the sandwich system
has been established. This way of disposing of garbage significantly affects the deterioration of
quality and pollution of soil, water and air. About 36,000 tons of waste are brought to the landfill
and disposed of annually. It is estimated that today's landfill area occupies an area of about 8 ha
(according to GP Kraljeva 2010) and that the average height of the current landfill exceeds 15 m. In
2005, the Kirilo Savi¢ Institute from Belgrade completed a project for the remediation and
reclamation of landfills with a deadline of 2008. The project expired in 2008 and it needed to be
urgently innovated as a rehabilitation and reclamation project. According to the remediation project
from 2014, the remediation of the landfill is done in phases, so that the envisaged technology
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includes shaping the already occupied area with waste on slopes in a way that would implement the
stability of the existing terrain, installation of earth embankment at the foot of slopes and leveling of
existing garbage. the height of the waste in order to achieve a zero state. Further works, after the
establishment of a flat surface for disposal on the existing landfill include waste disposal in one
layer 3.5 m high and closing the landfill with a layer of impermeable clay over which technical
reclamation is performed (covering the surface with a final cover, ie a layer of humus or other
fertile soil of 30 cm) and biological reclamation (planting of defined greenery) in order to merge the
rehabilitated area with the environment ... According to the categorization of landfill sites in the
Republic of Serbia, the existing landfill at the location "Kulagi¢a Ada" in the alluvium of Zapadna
Morava belongs to class K4 - an official landfill that does not meet even the minimum protection
measures and as such needs to be rehabilitated and recultivated as soon as possible. At the landfill
in Kraljevo, only the disposal of those types of waste that do not produce harmful effects on life is
allowed. In accordance with the requirements of the National Waste Management Strategy, special
waste streams such as motor oils, batteries, electronic waste, PCB oils of fluorescent tubes, cannot
be disposed of in landfills. The installation of a weighbridge for measuring waste is in the final
phase. In order to prevent fires and explosions, 39 vertical ventilation wells were installed in the
body of the landfill. Each well covers a diameter of 30m and gas exits the landfill based on the
difference in pressure in the landfill body and atmospheric pressure. The landfill has an active
system for collecting and controlling landfill gas. 39 biothorns have been set up, 10 of which are
accessible and the rest are buried. The composition and amount of landfill gas were measured on
activated mandrels [14]. The aim of these measurements is to confirm the generation of landfill gas
as well as to determine its composition in order to obtain confirmation of the possibility of using
gas as a fuel for cogeneration engines.

Measurement of the composition and amount of landfill gas was performed using a gas
analysis device "GE-M2000 plus" manufactured by Geotechnical Instruments from England,
specializing in the production of apparatus for extraction and analysis of landfill gases. The device
is designed for measuring the concentration of CH4, CO, CO,, H,S, O, as well as for measuring the
pressure and temperature of gases. The composition of the landfill gas was measured on all 10
biothorns at the Kulagi¢ Ada landfill. The measurement results are shown in Table 1.

Table 1. Landfill gas measurement results

trn | CHy | CO, | O, | bal. | CHy | pik | pik | min | bar | CO | H,S | H, | CH4,CO,
% | CH, | CO, | O,

% % | % | % | % % % % | mb | ppm | ppm | ppm %
1 |158| 83 | 15 |60.9| 200 | 158 | 8.3 | 15.0|1002| O 0 | low 1.90
2 |569|413|02|0.0]200 |67.9|413| 0.2 |1002| 1 0 | low 1.45
3 |570|444]01)|0.0| 200 |59.0|447| 0.1 |1002| 1 0 | low 1.28
4 |575|441| 0 |00 | 200 |58.1|44.2| 0.0 |1002| O 0 | low 1.30
5 |60.7|40.7| 0 | 0.0 | 200 | 60.8|44.2| 0.0 [1002| O 0 | low 1.49
6 |59.4|415| 0 | 0.0| 200 | 60.6 |41.8| 0.0 [1002| O 0 | low 1.43
7 04 | 55 |17 |771| 8 |59.3|417| 0.3 |1003| O 0 | low 0.07
8 0.1 | 20 | 19 |78.0| 2 23 | 6.8 | 148 |1001| O 0 | low 0.05
9 | 520|459 2,7 |45.0| 200 | 634 |40.1| 0.2 |1002| 1 0 | low 1.70
10 | 57.7]39.7| 0 | 0.0 200 | 67.1|427]0.15|1003| O 0 | low 1.48

On some biothorns, the concentration of methane was very low because the ventilation pipes
were probably broken. On other available biothorns, the concentration of methane is about 56%,
which is satisfactory given that the minimum concentration of methane in landfill gas of 35% is
required for economic viability. LFG Recovery, Waste composition, Output table, Output-Graph)
for easier data entry and review of the obtained results. Within the worksheet Input, Fig. 1, data on
the landfill are entered: name, location, year of establishment, capacity of the landfill, depth,
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amount of annual disposed waste, annual percentage increase in waste, etc. These are the basic data
needed to calculate the amount of landfill gas.

AAA
Methane to Markets

ear of annual disposal estimate

Ukraine Landfill Gas Model

Release Date: September 2019
Developed by SCS Engineers for the U.S. EPA Landfill Methane Outreach Program
with local support from SEC Biomass

PROJECTION OF LANDFILL GAS GENERATION AND RECOVERY
INPUT WORKSHEET

Landfill name:

<Ime deponije:

INSTRUCTIONS:

below describ

Edit all items with yellow lettering following the instructions next to each it

input requ
1. Enter landfill name. This will feed into the Output Table.

City: <kraljevo> 2. Enter city where the landfill is located. This will feed into the Output Tal
R - = etk oo
Province: Serbia 3 :
reaion.
SIte*SpSC!ﬁC waste composition data? No 4.
B S -
6.
5

Annual disposal for latest year with data in tonnes per year (Mg/yr) 58,600 Mg

Select No if there is no data, Yes if there is data. If Yes, input site spec
Enter year landfill began receiving waste.
Enter the annual disposal rate for the most recent year with disposal rec

Enter the most recent year with disposal records. If no disposal records

annual disposal data are available, enter figures for each year with data in [

e e e e e e e 8. Indicate whether data is available on metric tonnes of waste in place. S

Estimated in-place waste density in Mg per m* (typical range: 0.5-1.0):

If waste in place estimate is in volume (m3), convert to Mg:

ear of waste in place estima

PN

. . 9. Enter estimated amount of waste in place. Estimate should reflect the m
n Waste in place estimate for end of 2008 or most recent year: 2,096,400 Mg measure for mass (Mg) or vol (m3) will be automatically selected based

LRGSRV 10. Enter estimated in-place density. Estimate should be between 0.5 and

2,096,400 Mg

2014

Fig. 1. Landfill database worksheet

11. This value is calculated automatically (no user inputs)

12. Enter year for waste in place estimate listed above.

The Disposal & LFG Recovery worksheet Fig. 2 presents the amount of landfilled waste by
year, from the year the landfill was established, to the desired year for which the amount of landfill
gas is determined.

Ukraine Landfill Gas Model

Release Date: September 2019

Methane to Markets Developed by SCS Engineers for the U.S. EPA Landfill Methane Outreach Program

with local support from SEC Biomass

SPOSAL AND LFG RECOVERY WORKSHEET

Waste
Disposal
Estimates
(Metric
Tonnes)

Collection
System
Efficiency

Cumulative
Metric
Tonnes

EriE =

1

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

[72]

ga

190,00

38,000 112,800  o%|

38,400 151,200

=)

=i=]

39,60 268,80

=)

Yo

40,40 349,200  0%|
[ 40,800] 390,000 0%

S

0
0
40,000  308,800] 0
0
0

=)

431,201
472,801
514,80

7,20
600,00
643,20

0%

)
o
Sl|s|g|e|e

S

Actual LFG
Recovery
(m3/hr at
50% CH4)

Projected
LFG
Recovery
(m3/hr at
50% CH4)

Baseline LFG
Recovery
(m3/hr at
50% CH4)

INSTRUCTIONS:

Waste Disposal Estimates: Input annual waste disposal rates in Column B below only for years

based on estil p

ded by user in "Inputs” worksheet.

Collection System Efficiency: Coll

d based on user inputs. 1

year in Column D below.

system

: If a collection system is installed, input into Column E below the average

IN ZEROS.
Baseline LFG Recovery: Enter into Column F below the baseline LFG flows at 50% methane. Se¢
Collection
Efficiency
Calculations
for site P! 85% Discount is 15% if site is or was n
Account for waste depth: 85% Progressive discount if <10 m dee
Account for wellfield coverage of waste area: 85% Coverage factor adjustment
Account for soil cover type and extent: 77% Final cover = 90%; intermediate ¢
Account for bottom liner: 77% Discount is 5% x % area without |
Account for waste compaction: 74% Discount is 3% if no compaction
Account for focused tip area: 70% Discount is 5% if no focused tip a
Account for leachaEe: 61% Discount is up to 30% depending

Fig. 2. Amount of landfilled waste at the landfill by years

The worksheet Waste composition Fig. 3 presents a table of morphological composition of
waste. This worksheet is used to enter data on the composition of waste, and the percentages of
individual types of waste are entered. Data on waste composition were obtained experimentally
using a certain methodology [15]. After entering the values, we get data on the amount of landfill
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'\ Ukraine Landfill Gas Model S,
‘AA Release Date: September 2019 i VG// g
% il -

Methane to Markets Developed by SCS Engineers for the U.S. EPA Landfill Methane b .

Outreach Program, with local support from SEC Biomass
SITE-SPECIFIC AND DEFAULT WASTE COMPOSITION TABLE FOR MODEL INPUTS

Enter

WasteCategory Site Specific Data

13.4%
23.8%
4.8%
10.1%
2.8%
4.4%
0.9%
6.3%
12.8%
5.4%
12.7%
2.7%
14.3%
4.8%
28.2%
12.9%
60.2%
39.8%

ood Waste 36.1%
14.3%

Garden Waste (Green Waste) 9.8%
Wood Waste 1.9%
Rubber, Leather, Bones, Straw 2.2%
Textiles 3.4%
i 0.4%

Metals 1.3% 2.3%
Construction and Demolition Waste 3.6%
Glass and Ceramics 5.4% 6.2%
Plastics 5.8%
Other Inorganic Waste 14.1%
Percent very fast decay organic waste (1 36.5%

Percent medium-fast decay organic waste (2 9.8%
Percent medium-slow decay organic waste (3 17.7%

Percent slow decay organic waste (4 4.1%
Total Organic Waste]  72.7% | 68.1%
Total Inorganic Waste|  27.3% | 31.9%

Average very fast decay organic waste moisture (1 70%

Fig. 3. Morphological composition of waste
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The worksheets Output-Table Fig. 4 and Output-Graph Fig. 5 are worksheets with output

data.

Ukraine Landfill Gas Model Ey
‘AA Release Date: September 2019 i VO/I 2
T, il
Methane to Markets Developed by SCS Engineers for the U.S. EPA Landfill Methane Outreach Program, with local support from SEC Biomass X
PROJECTION OF LANDFILL GAS GENERATION AND RECOVERY

<Ime deponije>
<kraljevo>,Kulagi¢a Ada

Collection Maximum Methane Emissions
Disposal IT?;?SG tESGeneraton System Prodictadi LECRecovery Power Plant LBFageFI:ni: Reduction Estimate:
(Mg/yr) n-gace Efficiency Capacity™* o

(Mg) a o (%) ) . MW (m3/hr) (tonnes [
ooy |00 am | oom | 0w S

1970 0 0 0 0% 0 0 0 0.0 0 0 0
1971 37,600 74,800 34 20 648 0% 0 0 0 0.0 0 0 0
1972 38,000 112,800 66 39 1,240 0% 0 0 0 0.0 0 0 0
1973 38,400 151,200 95 56 1,784 0% 0 0 0 0.0 0 0 0
1974 38,800 190,000 121 71 2,284 0% 0 0 0 0.0 0 0 0
1975 39,200 229,200 145 86 2,745 0% 0 0 0 0.0 0 0 0
1976 39,600 268,800 168 99 3,174 0% 0 0 0 0.0 0 0 0
1977 40,000 308,800 189 111 3,572 0% 0 0 0 0.0 0 0 0
1978 40,400 349,200 209 123 3,944 0% 0 0 0 0.0 0 0 0
1979 40,800 390,000 227 134 4,293 0% 0 0 0 0.0 0 0 0
1980 41,200 431,200 245 144 4,621 0% 0 0 0 0.0 0 0 0
1981 41,600 472,800 261 154 4,931 0% 0 0 0 0.0 0 ] 0
1982 42,000 514,800 277 163 5,224 0% 0 0 0 0.0 0 o 0
1983 42,400 557,200 292 172 5,502 0% 0 0.0 0 0 0

Fig. 4. Output data with the obtained results
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Landfill Gas Generation and Recovery Projection
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Fig. 5. Landfill gas quantity diagram

As a result of this software analysis, it was found that the "Kulagi¢ Ada" landfill in Kraljevo
generates 240 m%h of landfill gas. Based on the obtained results on landfill gas generation, the
software recommendation is that for this amount of gas, an engine with power N=0.21 MW is
required.In order to use gas more efficiently and cost-effectively, two models of lower power of 0.1
MW each have been proposed, namely MAN LCO 836 as shown in Table 2, with an analysis of the
economic feasibility of Table 3.

Table 2. Proposal of gas engines for landfill gas utilization at the "Kulagi¢a Ada" landfill

Gas Suggested Consumption | Electrical | Thermal | Efficiency
City |production machine m*h power power (%)
m3h (kW) (kW)
205 2G120 BG 50 120 178 85.7
Kraljevo FMB-100-BSM 39 81 128 84.1

Table 3. Techno-economic analysis of economically feasible CHP plants

Investment | Investment in Total Maintenabce Annual |Annual net| Return

City ina collection and | investment costs electicity profit period
machine processing (€E/year) production | (€/year)
ekw system (€) energy
(MWh/year)

Kraljevo 942
1074

300022 500036 28468 1608 82645 6.00

Waste management in Serbia is based on landfilling. The problem with landfills is present as
a constant phenomenon, so the landfills in Kraljevo are far from environmentally friendly and
regulated landfills. About 130 tons of solid municipal waste is disposed of daily at this landfill. In
this research, a database on the potentials of the co-generation of the municipal landfill "Kulagica
Ada" was created. Using specialized software Ukraine LFG Model v1, the potential amount of
landfill gas at the landfill Kulagiéa Ada in the amount of 205 m*/h was obtained, and based on the
amount of gas and energy potential, which amounts to 0.21 MW. The obtained results show that a
cogeneration plant can be built on these landfills with a total electricity of nominal power of 0.25
MV and 0.306 MV of nominal heating power. Landfill gas can be used in internal combustion
engines, which can be used to generate electricity and heat. As the amount of landfill gas changes
over time, it is proposed to use 2 to 3 engines of lower power, in order to ensure the utilization of a
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high percentage of available landfill gas and operational readiness of the plant at any time. per 100
kW. The amount of electricity that internal combustion engines can produce at this landfill is 105
kWh, while the amount of thermal energy they produce is 125 kWh. The construction of the
proposed plant, in addition to economic benefits, would reduce the pressure on the environment.
Combustion of LFG in this cogeneration plant would reduce CO, emissions equivalent to 81,000
tons per year. However, the implementation of projects for the use of waste for energy purposes, in
addition to meeting the technical requirements, also faces socio-cultural problems. Therefore, future
research will focus on finding solutions to these problems, as well as finding funding for projects of
this kind.
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Jlyna FO.B., KoBaneBcbkuii C.B. (/[onbacvka depoicasna mawunobyoisna axademis, Ykpaina)

BUKOPUCTAHHA HOCTII‘/JIHOFO“I SMIHHOI'O MATHITHUMX ITIOJIIB B CTAHI
CYIIEPIIO3ULII JJIA BIVIMBY HA OB'EKT

YV cyuacnomy mawunobyoysanni 3a60anus popMySants 61acmMusocmeli Mamepiaiy 20mosux oemael i
CMBOPEeHH sl HOBUX 3a SKICMIO NOBEPXOHb CMAE 8ce Dbt akmyanvror. OOHUM i3 CnOC00i8 OOCASHEHHS MAK020 eqheKmy
€ 00pobka eupodie 6 macHimuomy noi. Ocobau8oCmi GUKOPUCIAHHS MASHIMHO20 NOJISL 3 NOCMIUHOT | 3MIHHOT
CKIA00BUMU 8UBYEH] HeOOCMAMHbO. VY cmammi po3easiHymi 0esKi 00CII0HCEeHHSI N0 CHBOPEHHIO | BUKOPUCANHIO
CRINbHOT 01l NOCMITIHO020 | 3MIHHO20 MASHIMHUX NOJL6 8 PI3HUX 00IACMSX 3ACMOCYBAHHSL.

In modern mechanical engineering the task of formation of properties of material of ready details and creation
of new on quality of surfaces becomes more and more actual. One way to achieve this effect is to process the products
in a magnetic field. The peculiarities of the use of a magnetic field with constant and variable components have not
been sufficiently studied. The article considers some studies on the creation and use of the joint action of constant and
alternating magnetic fields in different applications.

CtBopeHHs (QYHKIIOHATBHUX pPOOOYMX TOBEPXOHb JeTajiell MaliuH, sSKi OyayTh MaTH
MaKCUMaJIbHy CTIHKICTIO TpW MiHIMaJIbHUX 3HAYEHHSIX 3HOCY 1 BHYTPIIIHBOI HAmpyra -
MEPCIEKTUBHUIM HAMpsAMOK PO3BUTKY MAIIMHOOYAYBaHHS 1 METaloOOpOOKH, SKE BUMAarae
CHeIiaIbHUX TEXHOJIOTIH.

Ha cporomHimHi#i 1eHp BiIOMI Pi3HI METOAM 3MIIHEHHS JAETalled 1 MeTalopi3aibHOTO
IHCTpyMEHTY, 30KpeMa, MarHiTHO-IMIylbcHa o0O0poOka MertamiB. Bona Bce wacTime
BUKOPHCTOBYETHCS HAa BUPOOHUIITBAX, OCKUIBKH J1a€ MIHUPOKI MOXKIMBOCTI JAJISl MiABUILEHHS SKOCTI
NMpoaykKiii, mo BumyckaeTbes [1]. [Ipore, mpu BUCOKIN YacTOTI po3psaly INIMOMHA MPOHUKHEHHS
MarHiTHOTO TOJsI HEBENIHMKAa 1 OOMEKYEThCS MOBEPXHEBUM IIAPOM BHPOOU, a MEPCHEKTUBHUM €
00'eMHe 3MiHa BIIACTUBOCTEH MaTepiaiy.

Januii egexT gocsraeTbes Mpu NPUMIIIEHHI JeTali B MOCTIiiHe MarHiTHE MoJje 1 nepeaadyi i
BiOpaliii Majoi aMIUTITYI! - B IIbOMY BHIIAJKy BigOyBaeThcsi 00'eMHa 00poOka. Criocid cTBOpEeHHS
Takux BiOpallili BUMarae moJajiblIoro ompaimroBaHHSA. OUiKyeThbCs, MO PIMIEHHS IOTO 3aBJIaHHS
MOJKE JTaTH BUKOPWUCTAHHS MAarHiTHOTO TOJS 3 CYMIICHHSM BJIACTUBOCTEH: 3MiHHI KOJMBaHHS
OyIdyTh BUKIMKATUCSA MPEMEHHCS MAarHiTHUM TOJeM, B TOM 4Yac K TiIo Oyae 3HAXOIUTHUCS B
MOCTIHHOMY MarHiTHOMY IIOJII.

MerToro 1aHoi poOOTH € BUBYEHHS OCOOJIMBOCTEH CHUIBHOTO BIIMBY Ha 00'€KT MOCTIHHOTO 1
3MIHHOTO MarHiTHUX IOJIB.

IcHye psin npuUKIagiB BUKOPUCTAHHS KOMOIHIPOBAHHTO MArHiTHOTO TOJsl, YTBOPEHOTO
CYMEPIIO3HINE€0 (HAKIAICHHAM) TOCTIMHOTO 1 3MIHHOTO MArHITHUX TIOJIB, B PI3HUX 00JacTsIX
3actocyBaHHs. Jlani HaBeeHi IesKi 3 HUX.

Ha npunmmm HakiIaneHHs JBOX MarHiTHUX TOJIIB - MAarHiTHOTO MOJISl MOCTIMHOTO MAarHiTy 1
3MIHHOTO MAarHiTHOTO MOJs, IIO CTBOPIOETHCS KEPYHOUO0 OOMOTKOIO (KOTYHIKOIO 30YIKEHHS),
3acHOBaHa po0OTa MPHUCTPOIO 3axucHoro BiAkmoueHHsa (Y30), a came - MO BIIKIIOYAE pelie 3
noctiiauM  MmarsitoM (puc.l). Y30 cknamaetbcs 3 MIACYMOBYE TpaHogopmaropa CTpyMmy,
YYTJIIMBOTO BIAKIIOYA€E pejie, MEXaHi3My BIAKIIOYEHHS 3 KOHTAaKTHOI CHCTEMOIO 1 JIaHLIOTH
KOHTpoJI0. Yepe3 BiKHO TpaHCHOpMaTOpa CTPyMy HPOIYCKAIOTHCS BCI poOOUi MPOBIAHUKH. SIKIIO
3a MicueMm ycrtaHoBkM Y30 Oyzae mpoTikaTH CTpyM B 3eMJIt0 a00 B 3aXUCHUH TPOBITHUK,
HaTNpUKJIaa, B pa3i 3aMHUKaHHS Ha KOpryc abo BUMAIKOBOTO JTOTHUKY JIIOJWHH /0 CTPYMOBEIYUIHX
YaCTHHHU, BEKTOPHA CyMa CTPYMiIB B poOOYMX MPOBIAHHKAX, MPOMYLICHUX uepe3 TpaHchopMaTop
CTpyMy, Oylne MaTH 3HA4YEHHS BiIMIHHE BiJ HYNA, TO TOOTO 3'IBHTHCSA MUGEPEHIINHHHMNA CTPyM.
HasBHicTe nudepeHmiabHOTO CTPYyMYy 3YMOBIIOE TOSIBY €JICKTPOPYIIIHHOI CHJIM Y BTOPUHHIN
oOMoOTII TpaHChOpMaTopa CTPyMy, siKa 3a JOIOMOTOK) BIAKITIOYAE peJie ITyCKae B XiJl MEXaHi3M
BiJIKItoueHHS. TakuM YUHOM, BiJOYBAETHCS IIBUIKE BiIKIIOUEHHS MOUIKOIKEHOT YACTUHU MEPEKI.
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[Tpu BritoueHUX KoHTakTax Y30 sKip pese NPUTATHYTHH 10 ApMy KOTYIIKM BHACIIJOK JIii
MAarHiTHOTO TOJI MOCTiIHHOro MarHiTy. IIpoTuairodya cuiga po3TArHYTOI MPY>KUHHU CHPSMOBAaHA Ha
BiATATYBaHHs sKkops. Ilicims mosiBM Ha Kepyrouoi oOMOTIII 4Yepe3 HasBHICTh JAUQEPEHIIaTbHOTO
CTpyMy, €IEKTPOPYLIIHHOI CHIM BiIOYBAa€ThCS HAKIAIEHHS IMOCTIHHOTO 1 3MIHHOI'O MAarHiTHOTO
TIOJIIB.
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Pucynox I — Pene 3 nocmitHum macHimom

VY neBHUIl MOMEHT HEraTUBHOI'O HAIMIBIEPiOAY 3MIHHOTO CTPYMY B KEepYIOYiil KOTYIILI MpU
MePEBUIIIEHHI BEJIMYUHU AUGEPEHINIaIbHOTO CTPYMY 3a3JalieTilb BCTAHOBJIEHOTO 3HAYCHHS,
pe3yiIbTyl04a €HEpris MarHiTHOTO IOJI BHSIBUTHCS MEHIIE IOTCHLIWHOI eHeprii MmpyKWHH, IO
BHUKJIMKA€ MHTTEBE BIJAMAJAaHHS SKOps, IO BIUIMBAE HA MEXaHI3M BUIBHOTO PO3YCIICHHS, 1
pPO3MUKaHHS KOHTAKTiB [2].

VY TEeXHOJIOTIYHUX 1 TPAHCHOPTHUX CHUCTEMaxX PI3HUX Taly3ed MPOMHUCIOBOCTI 3HAXOISATH
Jenani OUTbITy BUKOPUCTAHHS MPUCTPOIO 3 0€3MOCepeIHIM BIUTMBOM €JIEKTPOMArHITHOTO TOJIS Ha
cuniki pepomarHiTHi Matepiasm [3]. 3 METOIO MOMIMIICHHS BIACTHBOCTEH (DepUTOBUX MaTepiajiB
IIMPOKO 3aCTOCOBYIOTHCS E€JIEKTPOMATHITHI IMOJIA Pi3HOI MPOCTOPOBO-4ACOBOI KOH(irypamii, sKi
BIUTMBAIOThH Ha BUPIO B mporieci oro popmyBaHHs abo Mmiciis 3aKiHueHHs ¢hopMmyBaHHs [4, 5, 6].

KowmbinoBani npuctpoi i meronu hopMyBaHHs (PEepHUTIB B IEKTPOMATrHITHUX MOJSX TPETHOL
TPyId 3 HAKJIQJACHHSAM IIOCTIHHOTO 1 3MIHHOTO TIOJNIB BHKOPUCTOBYIOTH KOJiHEApHY 1
OpPTOTOHAJILHOE HAKJIAJCHHS MOJIB. 3MiHHE EJEKTPOMATHITHE IOJI€ 3aCTOCOBYIOTH IJI CTPYCY
YaCTUHOK 1 TOBIAOMJICHHS iM O1ibIoi ¢cBOOOAM, a MOCTIMHE MOJie - JJIi CTBOPEHHS 3aJMIIKOBOI
HamarHideHocti Bupoou. Ilix BIuIMBOM 3MIHHOTO TOJSI BCe YaCTKU 0OpOOIIIOBaHOI CyMimn OepyTh
y4acTh y BpaIlaTeIbHO-KOJIUBAILHOMY pYCi, IO TPU3BOJUTH CHUCTEMY B O€3CTPYKTypHE abo
cmaboctpykrypHoe cran. Cymimn Ha0yBa€ BIACTHBICTh ITMHHOCTI 1 10Ope 3amoBHIOE Gopmy. [Ipu
MOAAIBIIOMY HAKJIQJICHHS TIOCTIMHOTO MAarHiTHOTO TIOJII BHHHMKA€ HEOOXiAHA aHI30TpOIis
MarHiTHHX BJIACTUBOCTEH BHPOOH.

Jlis  oTpuMaHHS TEKCTYpOBaHUX 3pa3KiB T'eKCAaroHaJbHHUX (EPUTIB 3 IiIBUIICHUMHU
3HAYCHHSMHU II0YaTKOBOI MarHiTHOI mnpoHWKHOCTI B JIoHHTY po3pobneHi enekTpoMarHitHi
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MPUCTPOT 3 KPYroBHUM OOEPTOBHMM MAarHiTHHUM IIOJIEM 1 3 OPTOTOHAJbHUM HAKJIAICHHSM OCHOBHX
MOCTIHHUX TOJIIB [7].

[TpucTpiii, 1m0 reHepye KpyroBHil 00EpPTAETHCS KPOKOBUM II0JI€, MICTHUTh TPU HEPYXOMi
KOTYIIKH, PO3TAIIOBaHI Ha TPUIPOMEHEBOIO (EepOMArHITHOMY OCep/i 1 MiAKIIOYEHHS 10 JDKepea
MOCTIMHOT Hampyru 4depe3 OJOK €JIEKTPUYHUX KIIOYiB, MPUUOMY OCI KOTYIIOK OpI€HTOBaHI B
HaNpsMKY, MEePIECHIUKYIIPHOMY OCI MpecyBaHHA 1 3MIIIEHI OJHA BIIHOCHO 1HIIOI B MPOCTOPI Ha
120 rpanycis [ 8]. LIBuakicth 06epTaHHS KPOKOBOIO IMOJI CTAHOBUTH 1 ... 10 000pOTIB B XBUIIHHY,
MaKCHUMaJlbHa 1HAYKILisS pe3ynbTytouoro mons pocarae 0,3 Ti. IloyatkoBa MarHiTHa MPOHUKHICTh
PI3HUX THUITIB T€KCArOHAIBLHUX (PEPHUTIB IIPH 0OPOOII TAKUM TT0JIeM 301IbIIyeThes B 1,5-2 pasm.

Jns  ¢depomMarHiTHUX MartepiajliB 3aCTOCOBYIOTBCS MAarHiTHI METOJIM KOHTPOJIO, SIKi
3aCHOBaHI Ha BUMIpI 1 aHaIIi31 pe3yabTaTiB B3aEMO/IIT €JIEKTPOMArHITHOTO TIOJIA 3 KOHTPOJIHLOBAHUM
o0'ekroM. HamarHumumBaroT pgetani MOCTIHHUM, IMIYJIbCHUM VYHINOJNSPHUM, 3MIHHHUM a0o
KOMOIHOBaHHMM Mar"iTHUM mojieM. KomOiHOBaHe HaMarHiuyBaHHS 3aCTOCOBYIOTh Y BHMAIKaX, KOJIH
opieHTanis neekTiB HeBitoMa abo Mae pi3Hi HANPSIMKH, 1 371HCHIOIOTH OJJTHOYACHUM BILTUBOM JBOX
B3a€MHO TIEPTICHAUKYISIPHUX MarHiTHUX MMOJIB (3a3BHYail OJHOTO MOCTIHHOTO, a 1HIIIOTO 3MIHHOTO).
CuitoBi JiHIT pe3yNbTyI04Oro Mojs B IbOMY BUIAAKY, 3MIHIOIOUUCH TI0 HANIPYKEHOCTI 1 HANPSIMKY,
3a OIMH LIMKJI HAMar"iuyyBaHHs OyayTb MepeTHHATH Ae(eKTH Oyab-IKOro HampsAMKYy mia kyramu 90
rpagyciB 1 Omm3pkuMu 10 HHUX. KOHTponmb BHPOOIB mpH KOMOIHOBAaHOMY HaMarHiuyBaHHS
3MIMCHIOIOTH TUIBKH B JI0JJaHOMY T1oJ1e [9].

Bimomo HeBenmuke 4MciIO poOIT, MPUCBIYEHUX BHBYCHHIO BIUIMBY MArHiTHOTO TOJIS Ha
3aracaHHs MEXaHIYHUX KOJMBaHb B MarHUTOMSTKUX Matepiajax. Byno mpoBeneHO AOCHiKEHHS
BIUTMBY YaCTOTH 1 aMIUTITYAX 3MIHHOTO 1 HalIPY>KEHOCTI TIOCTITHOTO MarHiTHUX TOJIB HA 3aracaHHs
yIbTpa3ByKy B MarHiTomsarkoro cruiaBi 10CHO-BI (tumy ceHmacT) B BHUXIIHOMY JIUTOMY 1
OTOXCOKEHHOM CTaHax IpH aMIUTITyJaxX MeXaHIYHuX KouimBaHb 10 10-4. Po3poGieHo MeTomauky
BUMIPIOBaHHS 3aracaHHs Y/IbTpa3ByKy B (EpOMarHiTHHX Marepiajax MpH OJHOYACHOMY
HAKJIAJEHHd SK IIOCTIMHOrOo, TakK 1 3MIHHOIO Mar”iTHHX mouiB. IlocriliHe Mar”iTHe Imosie 3
HanpyxkeHicTio 10 1050 A / M He poOUTH ICTOTHOTO BIJIMBY Ha BEJIMYUHY 3aracaHHs YJIbTPa3BYKY,
a 3MiHHE MartiTHe mojie 4acToToro 1m0 1350 I'm 3MeHIIye aMIUTITYIHO-HE3aleKHY CKIIAIOBY
3aracaHHs. OTpuMaHi pe3ynbTaTH OOrOBOPIOIOTBCA B paMKaX ICHYIOUMX Teopil B3aemonil
MEXaHIYHUX KOJIMBAHb 3 €JICMCHTAMU MarHITOBIOPSIKOBAaHUX CTPYKTypH [10].

[ToeqHaHHS BIUIMBIB MOCTIHHOTO 1 3MIHHOT'O MarHiTHUX MOJIIB 3HAWIIIO 3aCTOCYBaHHA 1 B
MEIMYHIN TEeXHIll B SKOCTI MPHUCTpOro it MarHitorepamii [11]. IIpuctpiii BUKoHaHU# y BUTIISAII
KOMIIAKTHOTO IEPEHOCHOI0 MajorabapuTHOro HpuiIagy i MICTUTh YOTHPH IMOCTIHHUX MarHity,
JpKepeno 1H(pauepBOHOIO BUIIPOMIHIOBAHHS 1 J[Ba €JIEKTPOMArHiTy, SIKI MIJKIIOYEH1 0 MEpexi
3MIHHOT'O €JIEKTPUYHOTO CTPyMy uepe3 OJIOK MepeMUKadiB peKUMOM POOOTH, MapajesbHo 3 SKUM
MOXYTh OyTM mNpuenHaHi ABa Aiofa. [IpusHaueHo ISl JIKYBaJbHOTO JIOKAJIBHOTO BIUIMBY Ha
YaCTUHHM TUNAa JIOAMHU 1H(QpPAuEepBOHUM BHIIPOMIHIOBAHHSIM Yy MO€JHAHHI 3 HU3bKOYAaCTOTHHUX
MOCTIHHAM 1 3MIHHMM MAarHiTHUMHU TIOJISIMH 13 3aJIaHOI0 TIPOCTOPOBOIO OpieHTalier0. Brums Ha
01000'€KTy TakuM pPe3yAbTYIOUUM (CXpEUICHHM) MAarHiTHUM TOJEeM MPU3BOIUTH 1O BUHUKHEHHS
EPC B nokanbHiil yacTHHI TKaHUHU 01000'€KTY, 110 CTBOPIOE ONTUMAJIbHI YMOBH ISl BAHUKHEHHS
MAarHiTOENEeKTPOTiApoIiHaMIUecKiX e(eKTIB B TKaHMHaX 1 CEpeJOBUINAX 3  BHCOKOIO
€JICKTPOMPOBITHICTIO 1 B KIHIEBOMY IJICYMKY 3yMOBIIIOIOTH ITiJIBUIICHHS O10JIOTIYHOI Ta
JKYBaJIbHOI €(PEeKTUBHOCTI MIPUCTPOIO.

[TpucTpiit 11 Mar"iToTeparnii MICTUTh JBa €JIEKTPOMArHITy, KOXKEH 3 SIKMX BUKOHAHUH Y
BUTJISAAI JIBOX KOTYIIOK IHAYKTUBHOCTI, po3MilleHuX Ha JBoxX II-00pa3HUX cepJeyHHKax 3
TpacHC(hOpMATOPHOH CTau, MIJKIIOYCHUX JI0 JHKEPesa 3MIHHOTO €JIEKTPUYHOTO CTPYyMY, YOTHPH
MOCTIHHMX MAarHiTy 3 CHJBHOIO 3aJIMIIKOBOIO 1HAYKI€I0, iHPpauepBoHM BUmpomiHioBau. [Ipu
IbOMY TIOCTIMHI MarHiTH PO3TAIIOBaHI XPECTOMOI0HO, a KOTYIIKH 1HIYKTUBHOCTI €JIEKTPOMArHiTiB
BCTaHOBJIEHI B CEKTOpPAaX, YTBOPEHUX CYMDKHUMHM IOCTIHHUMH MarHiTaMH, OPUYOMY KOTYIIKH
IHIYKTUBHOCTI KOXHOTO €JICKTPOMArHiTy BKJIIOUYEHI IMOCIIIOBHO-3yCTPIYHO 1 KokeH [I-momiOHmii
CepJACYHUK PO3MIIIEHUNA IMiJl TOCTPUM KYTOM JI0 ONTHYHOI OCi JKepena iH(padyepBOHOTO
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BUIIPOMIHIOBaHHS, a caMl €JEKTPOMAarHiTH MiJKIIOYEH] 10 JKepesia 3MIHHOTO eJEKTPUYHOIO
CTpyMmy.

Bt Ha 61000'€KTH B MPUCTPOT 3AIHCHIOETHCS MOETHAHHSAM HEOIHOPITHOTO MOCTIHHOTO
MAarHiTHOTO TOJI 3 HEOJHOPIIHUM MAarHiTHUM I10JIEM HU3bKOI 4acTOTH, IO CTBOPIOE MPU LILOMY
pe3yNbTYIOUH  (acUMETpUYHE) TIoJie, TIO€NHAaHe 3 1H(PAYEPBOHWM BUIIPOMIHIOBAHHSIIM.
Hanpy»eHicTb pe3yinbTyrouoro mosis 3a BeIM4uHoo Bifnosigae He Oinbme 40 MTn (30 + 10 mTn) y
(ikcoBaHIi JIOKaJIbHIIM 30H1, CTBOPIOIOYM BUXPOBUI OCBITY B 30HI CXpELIyBaHHS IOJIB 32 paXxyHOK
3mind Big 0 Bixg 3600 HanmpsIMKU BEKTOpa pPe3ylbTYIOUOT0 aCUMETPUYHOro nouisd. Take moegHaHHS
JIBOX MarHiTHUX IMOJIiB (3MIHHOTO 1 IMTOCTIHHOTO) B MTOEIHAHHI 3 IHPPAUYCPBOHUM BUIIPOMIHIOBAHHIM
JI03BOJISIE CTBOPUTH ACHUMETPUYHHI MPOCTOPOBO-YACOBOI TPATIEHT Pe3ylIbTYIOUOTO MAarHiTHOTO
oJIsI, 3MIHHUE B 4aci B JIOKaJII30BaHOI YaCTHHHU MPOCTOPY. PO3MIIIEHHS KOTYIIOK 1HTYKTHBHOCTI
nig roctpuM Kyrom (30°) mI00 ONTUYHOrO BHIPOMIHIOBAYa i HAsBHICTH IOCTIHHUX MarHiTiB
JI03BOJISIE CKOHIIEHTPYBAaTH MaKCHMMYM MArHITHOI €Heprii B OJHINA JIOKaJbHINH 30HI O10JOTTYHOL
TKaHUHH.

[ToenHaHHS €JIEKTPOMArHiTiB, MOCTIHHUX MAarHITIB 1 1H)PAYepBOHOTO CBITIOBOTO MOTOKY,
10 YTBOPIOIOTH B CYNEPHO3HULi CKIAJAHYy CTPYKTYPY MAarHiTHOIO TOJsI, J03BOJIIE CTBOPHTH Ha
pobouiii TOBEPXHI MPUCTPOIO BUXPOBI OCBITH PE3YyIbTYHOUMX 3MIHHOTO 1 MOCTIHHOTO MarHiTHUX
TOJIiB 3 00EPTaHHIM 3a TOJJUHHUKOBOIO a00 MPOTH TOAMHHUKOBOI CTPUIKH B TOUII X CXpEIIyBaHHSI.
[TpucTpiii 3a6e3nedye MiABUIICHHS TEpaneBTUYHOT €()eKTUBHOCTI 3a PaXyHOK JIOKaTi3allii BIUIUBY
Ha TKaHUHY 01000'€eKTy B OZHIH 30HI 1 OTpUMaHHs BUXPOBUX yTBOPEHb B MOTPIOHOMY HAPSMKY iX
obepranns [11].

3 MeTOol TMiABUIICHHS e(QEeKTUBHOCTI EJIEKTPOAYTOBOI HAIUIABKH  3aCTOCOBYBAJacs
peainizallisi mpoliecy HaIUIaBIIEHHS BaJMKa 3 HOTO KepoBaHOI KOH(GIrypalli€lo B paMKax OJJHOYACHOL
Iii TpW JYrOBOTO HAIUIABIIEHHI JCKITbKOX MarHiTHUX, T. E. KomMOiHOBaHWX MarHiTHUX OB
(KMIT) [12]. Komb6iHarisi TpbOX MarHiTHUX MOJIB, IO AIFOTH OJHOYACHO Ha 3BapIOBAJbHY AYTY 1
plOKuMi MeTan 3BaproBaJbHOI BaHHU: aKCIAJIbHOTO IOCTIMHOTO; IOMEPEYHOro IMIYJIbCHOIO
OJTHOTIOJISIPHOTO 1 aKC1aJTbHOTO 3MIHHOT'O BCTAHOBJICHOT YaCTOTH, JO3BOJIMIIA OLTBIN e(peKTHUBHO, HikK
IpH BHUKOPHCTAaHHI OJHOTO TIO3JI0BXXHHOTO MArHITHOTO TIOJS, VYIIPABIATH T'€OMETPUIHUMHU
po3MipaMH MEePETHHY HAIJIABISIEMOTO BaJIMKa.

[lin BrumBOoM ochoBOro mocTiiiHoro MII, CHiBBICHOrO €JEKTPOMYy, HOCATAIOTHCS
HEpEeBEPCUBHI MepeMillleHHs po3IiaBy BaHHU. [Ipu 1ii monepedyHoro iMmyabsCHOTO OTHOTIOISIPHOTO
MII Ha nyry BUHHMKAaE €JIEKTPOMArHiTHa CWja, SKa BIAXWISAE OYry TEPHEHIUKYISIPHO BEKTOPY
IIBUJKOCTI HalJIaBleHHsA. BrmBarounm axcialbHUM 3Hako3MiHHMX MII Ha XBOCTOBY 4acTHHY
BaHHM, MOKHA 3armo0irT HeOaxaHOMY 30UIbIICHHS TJIMOWHU MPOIUIABICHHS B 30HI acumeTpii. B
pe3yibTati Aii 1poro mois (GopMylOThCS BHUXPOBI MOTOKM PO3IUIABY, IO YTBOPIOIOTH €(eKT
«CTIAKOI XBWJI1», 30UIBLIYIOUM TOBLIMHY PIJKOi MPOIIAPKY MiA AYrO, OCKUIBKM MOTY)KHA XBUJIS
Ma€ 3HAYHy 1HEPIIMHICT 1 MpH MBUAKIN 3MiHI nossspHOCTI MII peBepcuBHUX PYXiB pO3ILIaBy y
BaHHI HE BUHUKHE [ 12].

BukopucTanHs Mar"iTHOTro 1oJisi B IKOCTI OCHOBHOI CHJIM BIUIUBY Bel€ /10 3HAYHOI EKOHOMIT
€HEPreTUYHUX PECYpPCiB, MIJBUIIECHHS €KOJOTTYHMX MOKA3HUKIB 1 MPOAYKTUBHOCTI BUPOOHUIITBA,
PO3IIMPEHHS CIUCKY MaTtepialiB, 3 SKUMH MOXHa mpamioBatd. OO0poOka martepially B IOJIE,
YTBOPEHOMY CYMIEPIIO3UIIMEH MOCTIHHOTO 1 3MIHHOTO MAarHiTHUX TOJIIB, Ma€ TEPCIEKTHUBU IS
MOJKJIMBOCTI YNPAaBITIHHA $K 30BHIIIHIMHM, TaK 1 BHYTPIIIHIMH BJIACTUBOCTSAMHU BHUPOOIB.
[lepen6avaroThCsi 3MIHM PI3HUX BIACTUBOCTEH MaTepialy, IMOB'I3aHUX 3 EJIEKTPOIPOBIIHICTIO,
¢dazoBumMu meperBopeHHSMH 1 T. IloegHaHHS e€NEKTPOMArHiTiB, MOCTIHHMX MAarHiTiB 1
1H(ppauepBOHOTO CBITIOBOTO TMOTOKY, IO YTBOPIOIOTH B CYNEPHO3MINT CKIAAHY CTPYKTYPY
MarHiTHOTO TIOJIS, JIO3BOJIIE CTBOPUTH Ha pPOOOYIM IMOBEpXHI MPHUCTPOI0 BUXPOBI OCBITH
PE3YIBTYIOUMX 3MIHHOTO 1 MOCTIMHOTO MAarHIiTHHX TOJIB 3 00€pTaHHSAM 3a TOJUHHUKOBOI a0o
IPOTH TOJUHHMUKOBOI CTPUIKM B TOYll iX cxpemtyBanHs. Ilpuctpiii 3abe3mneuye miIBUIICHHS
TeparneBTHYHOT e(PEKTUBHOCTI 3a paxXyHOK JIOKaJIi3allil BIUIMBY Ha TKAHUHY 01000'€KTy B OJIHIHN 30HI
1 OTpUMaHHs BUXPOBHUX YTBOPEHb B MOTPIOHOMY HAIpsIMKy iX oOeptanus [11].
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3 MeTor TMiJBUIICHHS €(QEeKTUBHOCTI EJEKTPOAYyroBOi HAIUIAaBKHM 3aCTOCOBYBajacs
peaitizalisi IpoLeCy HAIUIaBJICHHS BaJIMKa 3 HOTr0 KepOBaHOI KOH(]Irypali€eo B paMKax OJZHOYACHOI
nii mpu IyroBOrO HAIUIABJICHHI JEKUIbKOX MarHiTHHX, T. E. KomOiHOBaHMX Mar"iTHUX TOJIiB
(KMIT) [12]. Komb6iHariss TpbOX MarHiTHUX IOJIB, IO JIFOTh OJTHOYACHO HA 3BApPIOBANBHY JIVTY 1
plOKKMI MeTan 3BaproBalbHOI BaHHU: aKCIaJbHOTO TIOCTIHHOIO; IONEPEYHOro IMITYJIbCHOTO
OJTHOTIOJISIPHOTO 1 aKC1aTbHOTO 3MIHHOT'O BCTAHOBJICHOT YaCTOTH, TO3BOJIAIIA OUTBIN e(DeKTHUBHO, HikK
IPH  BUKOPHCTAHHI OJHOTO TO3J0BXXKHBOTO MArHITHOTO TIOJIS, VYIPABIATH TI€OMETPUIHHMH
po3MipaMu MEPETHHY HAIJIABISIEMOTO BaJIMKa.

[lin BrumBOM ochoBOro ToOCTiitHOro MII, CHIBBICHOTO €IEKTPOIY, JOCATAIOTHCS
HEPEBEPCHBHI MEpPEeMIllIeHHs po3IiaBy BaHHU. [Ipu il momnepeuyHoro iMImyabsCHOTO OJHOMOISAPHOTO
MII Ha nyry BUHHKAa€ €JIEKTPOMAarHiTHa cuja, fKa BIAXWISE AYTY MHEPIEHIUKYISIPHO BEKTOPY
IIBUIKOCTI HAIUIaBlieHHs. BrumBaroum akcianbHUM 3Hako3MiHHUX MII Ha XBOCTOBY 4YacTUHY
BaHHM, MOKHA 3aro0irT HeOakaHOMY 301IbIICHHS TJIMOWHY MPOIUIABJICHHS B 30HI acuMmeTpii. B
pe3yibTati Aii 1boro mois (GOpMyIOThCS BHUXPOBI TOTOKHM pPO3IUIABY, IO YTBOPIOIOTH €(EKT
«CTIMKOT XBUJI1», 30UTBITYIOYM TOBIIMHY PIiKOI MPOIIAPKY IMiJ AYror0, OCKUIBKU TOTYXKHA XBHUJISA
Ma€ 3HAYHY 1HEPIHHICT 1 MpH MBUAKIN 3MiHI nossgpHOCTI MII peBepcuBHUX PYXiB pO3ILIaBy y
BaHHI He BUHUKHE [12].

BukopucTaHHs MarHiTHOTO TIOJISI B IKOCTI OCHOBHOI CHJIM BIUIMBY BEJI€ /10 3HAYHOT EKOHOMIi
€HEePTeTHYHUX PECypCIB, IMiJIBUIICHHS €KOJIOTTYHMX IMOKAa3HUKIB 1 MPOMAYKTUBHOCTI BHPOOHUIITBA,
PO3IIUPEHHS CIMCKY MaTtepialiB, 3 SKUMH MOXHa mpamioBatd. OOpoOka martepiasy B ToIe,
YTBOPEHOMY CYTEPHO3UIMEH MOCTIHHOrO 1 3MIHHOTO MArHITHHX IIOJIIB, Ma€ TEPCIEKTUBU IS
MOJJIMBOCTI YNpaBIiHHSA $K 30BHIIIHIMH, TaK 1 BHYTPIIIHIMH BIACTHBOCTSMH BHpPOOIB.
[lepenbadaroThCss 3MIHM PI3HUX BIACTUBOCTEH MaTepialy, IMOB'I3aHUX 3 EJICKTPOIPOBIIHICTIO,
($a30BUMHU TEPETBOPEHHSAMHU 1 T.A., IO OOYMOBIIOE HEOOXIIHICTH MPOBEICHHS TMOIATBIINX
nochiakeHsb.., lllo 00ymMoBII0€ HEOOX1THICTH MPOBEACHHS MOAANBIINX AOCTIIKEHb.
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JIsixos O.J1., Anémmmu C.I1., Boponuna E.A (ITormascoxuit HTY, Ykpaina)

HEWPOCETEBASI MOIU®UKAIIUS TEKYIIETO ITPOCTPAHCTBA
IMTPU3HAKOB K IEJIEBOMY MHOKECTBY KJIACCOB

IIpeonosxcena memoouka 6vl60pa  6XOOHBIX (DAKMOPOE NPU NPUHAMUU peueHUull, 00ecneyusaouux
npugedeHue UHOUKAMOPO8 MEKYUe20 COCMOANUSL BbIXOOHOU PYHKYUU 00BEeKMA K 3HAYEHUAM IMUX UHOUKAMOPOS
yenesol QYHKYuU Kaxk ONMUMATLHO2O0 OMKIUKA 0OYUEeHHOU HeUpoHHOU cemu. B ocnoge nooxooda nexcum uodes
NpUMEHEeHUsl HA2PYHCEHHBIX HEUPOHHBIX cemell ¢ NpugedeHuem 8bIX0OOHOU OWUOKU KO 8X0 0y MemoO0oM 00pamuozo
pacnpocmpanenus owmubku. B npoyecce obyuenus ocyujecmeisiemcs pacuem YacmHulx npou3so0Hblx epaduenma
@yHKYUU OWUOKU KAK NO NApAMEmpam cemu max u Ho 6X0OHOMY MHOJNCeCmEY UHDOPMAMUGHBIX (AKMOPOs.
Obyuenue obecneuusaem nocmpoerue  a0eKk8amHou  Moldenu  ucciedyemozo  obvekma, — ad
2paoueHmmublli  CNYCK NO 8XOOHBIM CUSHALAM NO0380J5aem NPoOyKMUEHO a0anmupo8ams MHOHNCECNE0 8X0OHbIX (P
aKmopos Kk mpebyemMomy Kiaccy coCmoshus 06bekma uccie008anusl.

A procedure is proposed for selection of input factors in making decisions that ensure the harmonization of
indicators of the current status of the output of the function of the object to the values of these indicators of the
objective function as an optimal response of the trained neural network. The approach is based on the idea of
using loaded neural networks with bringing of the output error to the entrance of the method of back propagation
of error. In the process of training is carried out the calculation of the partial derivatives of the function gradient
error as on parameters of the network and for the many informative factors. The training provides the adequate
model of the studied object, and gradient descent on the input signals allows to efficiently adapt the set of input
factors to the class of the object of research.

[Ipy npuHATHM pelIeHuil B yIpaBIeHUH O0OBEKTaMHU M MPOLECCAMHM B pa3iM4YHBIX TPYAHO
bopMain3yeMbix O00JIACTSIX  JCATENLHOCTH (JKOHOMHKA, 00Opa3oBaHHME, MEIUIIMHA, 3KOJIOTHS,
reoJIorys U T.J.) BO3HUKAET Mpo0iieMa MpOoJyKTUBHOTO aHaIN3a allpUOPHBIX JaHHBIX. OTMEUYEeHHbIE
00BEKTBI OTHOCATCS K KJIACCy CIIOKHBIX cucteM [1], apdexruBHoe ynpasieHre KOTOPbIMHU, OBLIO U
ocTaeTcs aKkTyaJllbHOW mpobieMoid, TpeOyromieit cBoero pemieHus. OcoOblii HHTEpEC B 3TOM
KOHTEKCTE BBI3BIBAIOT CJOXKHBIE conuoTexanueckue cuctemsl (CCTC), kak o006oOmeHnHoe
O0TOOpa)K€HHE COBPEMEHHBIX MPOM3BOJCTBEHHBIX NPEANPHUATHHA, MEIUIUHCKUX YUPEKICHHH,
y4eOHBIX 3aBEICHUM U T.]I.

CoBpeMEHHBIN ~ AITOPUTMUYECKUI W IPOrPAaMMHBIM  MHCTPYMEHTAapuii, IO3BOJIIET
ONEPATUBHO KOHCTPYHMPOBATh HEUPOCETEBYIO CpENy, PEAIN30BaTh IIUPOKUN KJIACC apXUTEKTYp
HelipoceTell pa3aMyHON CIOKHOCTH W MPaBWJI MOAU(PHUKAIIMKA CHHANTUYECKOTO MpOoCTpaHcTBa [2].
Bwmecte ¢ TeM, npuMmeHeHue TexHONIOTHU HCKyccTBeHHOTO MHTewekTa (M) B ynpasnennn CCTC
packpbIBaeT psii HEPEUIEHHBIX TEOPETHUECKUX W NMPAKTUYECKUX IPOOJIeM, OAHOH M3 KOTOPBIX
ABIIAETCA NpolieMa aJanTaly BXOAHOTO BEKTOpa (aKTOpOB K LIEJIEBOMY COCTOSIHUIO OOBEKTA.
Oto Tpebyer co3manus mnpoayktuBHeIX CIIIIP, MeTomoB, TEXHONOTMH H HPOTPaAMMHOTO
oOecreyeHns MOCTPOEHHUSI MOJIENEH, MO3BOJISIIONIMX aBTOMATU3UPOBATh 0a30BBIE MPOIIECCH MPHU
pacro3HaBaHUM COCTOSIHUHM, NMPOTHO3MPOBAHUHM TUHAMUKHU TOBEICHHS U BHIOOPE ONTHMAJbHBIX
YIPABISIIOMUX (GaKTOPOB HCCIIETYEMBIX 00BEKTOB Ha 0a3€ MHTEIUICKTYaIbHBIX TEXHOJIOTHH [3].

AHaJIU3 NOCJIeTHUX My OJIUKAIUIA.

PazpaboTkoii, TeopeTHYecKMM OOOCHOBAaHHMEM M  BHEIPEHHEM  HH(POPMALMOHHBIX
TEXHOJIOTUI Ha OCHOBE MCKYCCTBEHHOTO MHTEJUIEKTA AJi 3(P(EKTUBHOTO YIPABICHUS 3aHUMAJIKCh
OTEUYECTBEHHBIE U 3apyOekHbIe yueHbIe, B yacTHOCTH: [ mymkoB B.M., T. Koxonen, C. Xaiikus, P.
Xext-Hunbcen u np. [4, 5, 6, 7]. Bonpocamu HeWpoynpaBieHUs U ONTUMH3ALMU AITOPUTMOB
MOAU(HUKAIIMN CHHANTUYECKOTO TMPOCTPAHCTBA HEWpOCeTed NpU MOJSIHPOBAHUM PA3THUHBIX
00BeKTOB U mporieccoB 3aHuManuchk ['anymkua A.U., 'opbans A.H., Mupkec E.M., u np. [8, 9,
10].

Bwmecre ¢ tem, npumenenue texHoioruu WU B ynpaBinenunn CCTC packpwiBaeT psij
HEPEIICHHBIX TCOPETHUECKUX M MPAKTUYECKUX MPOOIIEM, OJJHOM U3 KOTOPBIX SIBIISCTCS aJamTalius

BXOJHOrO BeKkTOpa (akTOpPOB K IEIEBOMY COCTOssHHIO oObekta [3]. DTO Tpebyer co3maHus
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nponyktuBHbix CIIIIP, meTomoB, TeXHONOTMM W NIPOrpaMMHOr0 OOECHeueHUs MOCTPOEHUs
MoJIeJIel, MO3BOJISIOMIMX aBTOMATU3UPOBAaTh 0a30BbI€ MPOLECCH MIPU PACIIO3HABAHUM COCTOSHUI,
IIPOrHO3UPOBAHUM JIMHAMHMKHM IOBEJICHHMS M BbIOOpE ONTUMAJbHBIX YINPaBIAOIUX (aKTOPOB
UCCIICYeMbIX 00BEKTOB Ha 0a3e MHTEIUICKTYaIbHBIX TexHoorui [2,8, 10

Leabio naHHOI cTATBM SBJISETCS NPECTaBICHNE Pa3pabOTaHHON TEXHOJIOTUN TOCTPOCHHUS
INPOAYKTUBHOTO aHCaMOJIs HEHpOCETEeBBIX MOJENEH HaxXOXIEHUs Takoro Habopa BXOJHBIX
(akToOpoB, KOTOPBIH ONTHUMAJIbHO HaJeXHO U ObicTpo mo3BosisgeT npuBectu CCTC B meneBoe

cocTosiHHE. B KauecTBe HMHCTpYMEHTa MOJAEITUPOBaHMSA ObUT BBIOpaH HEHPOIMYIATOP CpEAbI
StatSoft.

IMocTaHoBKA 3aJa4M HCCIeTOBAHUS.

C Touku 3peHHs (opManM3alMU TpoIecca pPaclo3HaBaHUS OO0BEKTa HEOOXOAMMO
MOCTPOUTHh ~ OTOOpakeHHE  BXOAHOIO  BEKTOpa  JaHHBIX HA  pe3yapTaT  AKCIEPTH3HI,
aNMpPOKCUMUPYIOIIEe 3aBUCUMOCTD “TIOBEJICHUE - BBIBOA . B 00IIeM ciiyuae nmpu3HaKu MOBEICHUS
Y YHCJIO KJIACCOB OOBEKTOB SIBISIOTCS BEKTOPHBIMH BEIMYMHAMM:

YO =FIX®OI, (1)

rae Y (t)— Homep kimacca coctossHus 00bekTa; X (1) — BEKTOp TEKYIMX 3HAYCHHHA BXOIHBIX
npu3HaKkoB; F — ¢yHKIIMOHAN MpeoOpa3oBaHusl MaccuBa MPU3HAKOB B HOMEp KJiacca.

3ajada ajganTaldd BXOJHOTO BekTopa K Tpedbyemomy cocrosuuto CCTC  coctout B
HAaXOXJEHHM ONTHUMAJbHOIO Habopa BXOJHOro BekTopa (hakTopoB Xg(t), COOTBETCTBYIOLIETO

BEKTOPY L(eJIeBOro COCTOsIHUSA Y((t) 00BEKTa UCCIE10BAHUSL.
OTOT nporecc MOXeT ObITh (POPMATIBHO MIPECTABIIEH 110CIE0BATEIbHOCTBIO IPOLETYP:

F: X)) > Y({) < Yot) > Fy:Yo(t) > Xg(t), (2

rae Yo(t)— 1meneBoil BeKTOp cOCTOSAHUS 00BEKTa; X(t)— BEKTOp aJanTHPOBAaHHBIX
3HAQUEHUH BXOJIHBIX  INPHU3HAKOB;, Fy — NPOAYKTHBHBIA (yHKIUOHAT MOAU(DUKALMU MaccHBa

TEKYILUX BXOAHBIX ()aKTOPOB K HCKOMOMY Habopy, aeKBaTHOMY 1I€JIEBOMY COCTOSTHHIO.

Peanuzanus anroputma (2) no3BoJisieT HATH ONTHUMaJIbHBIN HA0OpP BXOJIHBIX (DAKTOPOB Kak
MocJeloBaTeIbHOE pelleHre NpsiMOM M oOpaTHOM 3anaum pacnosHaBaHus coctosHuit CCTC.
Pemenune oOpatHoil 3amaum B HelipoceTeBOM (QopmaTe oOecreuMBaeT  HaXOKIEHUE TaKUX
3HAYeHUH CHUTHAJIOB HA BXOJ/l€ 0OYUYE€HHON CETH, IPU KOTOPBIX JOCTHTaeTCs BBIXOJHOE COCTOSHHE,
COOTBETCTBYIOIIIEE HYKHOMY Kiaccy [3].

Aoanmayus 6Xx00HbIX (haKmMopos K yenesvbim cocmosHuam oovekma.  Ecaum  akTyalibHOE
COCTOsIHME OOBEKTa HE COBMAAaeT ¢ TpeOyeMbIM, HEOOXOAMMO HAaWTH COOTBETCTBYIOLIUN HaOOp
BXOJHBIX (DAKTOPOB M MPHUBECTU €r0 B 3TO COCTOSTHME. J[JIsl perieHust 3Toi 3aJauul clenyeT HalTh
(YHKIMOHATIBHYIO 3aBUCUMOCTb COCTOSIHMN OT BXOAHBIX (PaKTOPOB.

[Ipy oSTOM MHHMMHU3ALUS 1ENeBOW (YHKIMHM B TIOCTAHOBKE 33Ja4M BBITOJIHICTCS
UTEpALIOHHO B Ipolecce 00ydyeHHs CeTH IO aJrOPUTMY OOpPaTHOTO PACHpPOCTPAHEHHs OIIMOKH
(v MHBIM eT0 MOAM(UKAIAM) [S] IPUMEHHUTEIHHO K BXOIHBIM JIaHHBIM UCCIIEIYeMOTro OObEKTa:

1 h m 5 _
%Elzl(yij _dij) :>m|n(RsR0)’ 3)

I€ Yjj — BEKTOp MHMKATOPOB BBIXOIHBIX COCTOSHMH; djj — pe3yabTaT 0Oy4eHHs CETH Ha j -
BBIXOJIE, IPH 1 - M TIpuMepe o0ydaromiei BRIOOPKH; j = 1, n — HOMep BbIXoaa cetu; i = 1, m — HoMep
IIpUMEPA; m, n — pa3MEPHOCTb MACCHBA MPUMEPOB U YHCIIa BHIXOAHBIX 3JIEMEHTOB CETH;

Ry — nomycTuMble OrpaHUYeHMs 110 YCIOBUIO 3a1a4H.
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B mHeiipocereBom (dopmare oOyueHue 3akaHuuBaeTcsl (OpMHpOBaHHMEM aHCaMOJS
HellpoceTeBbIX Mojeneil. AHanu3 npoduieil pe3ynbraToB MOJEIMPOBAHUS TO3BOJIMI BBIICIHUTH
CeTH C NpPUEMJIEMBIMU Ui NPAKTUKU IPOU3BOAMUTEIBHOCTHIO M OHMIMOKaMH Ha OOy4arouux,
KOHTPOJIBHBIX M TECTOBBIX MHOXECTBAX. YCTAHOBJIEHHAs] PErpecCHOHHAs 3aBUCUMOCTb ONpeAeIseT
CBSI3b BXOIHBIX (DaKTOPOB M BBIXOMHBIX HMHIMKATOPOB CHCTEMBI, Y€pPEe3 MACCHBBI CHHANTHYECKUX
k03¢ hUIMeHTOB 0o0OyueHHBIX HeWpoceTeBbIX Mojenei. Bapuauuum BXOIHBIME —(aKTOpaMu
MO3BOJIAIOT MOJYYaTh pa3inyHble 3HAU€HUsI QYHKIUU, YTO 0OECHEeUnBaeT CUCTEMHOTO0 MEHEIKepa
JaHHBIMHU JUIA NIPUHATHUS perieHuii. OQHaKo, akTyalbHOE COCTOSIHHE 00BEKTa OOBIYHO HE COBIMAAET
¢ TpeOyempiM. Torga Ha OCHOBAaHUM THIOTE3bl KOMIAKTHOCTH HE COBIAJAIOT M IMPHU3HAKOBHIE
MIPOCTPAHCTBA, COOTBETCTBYIOIINE ATUM COCTOSAHUAM. [loaTOMy TpebyeTcst Takoit HaOOp MPU3HAKOB,
KOTOPBIA MaKCHMallbHO cOmmkan Obl Kiacchl Tekymero u tpedyemoro cocrosauii CCTC. Oto
3a/ada oOpaTHas pacrno3HaBaHuio 00pa3oB [3]. [locie dpopmanuzanmu mporeyp ONEHKH TEKYIIEro
COCTOSIHMSI U (PYHKIIMOHAJIBHOW 3aBHCHUMOCTH ‘‘BXOJ-BBIXOJ, pelnajach 3aaada (popmaau3aiuu
BbIOOpa  ONTUMAJBHOTO  NPU3HAKOBOTO  IMPOCTPAHCTBA B  TIpaHUIAX  YCTAaHOBJIEHHBIX
JTUCIUTITUHUPYIOMUX yciaoBuil. [Ipn HeOombIOM umciie u3MeHseMbix ¢daktopoB (3-4) sta 3amaya
pemranace mpocThiM mepebopoM. B ciydae Gombimoro umucia (GaxTopoB (IECATKH — COTHH)
11e71eCO00pa3HO BOCIIONB30BaThCSl OJHUM U3 CYIIECTBYIOIIMX TI'PaJUEHTHBIX METOAOB aJarTalluu
BXOJTHOT'O BEKTOpPA K 3aJaHHOM (DYHKIIMHU HA BbIxoje [5].

3a/aBanuch UHIUKATOPHI, COOTBETCTBYIOIIME TPeOyeMOMY KiacCy COCTOSIHHSI OOBEKTa, U
MOJIaBAJIUCh HAa BXOJ OOyuYeHHOW ceTH. Vmes 3agaHHBIA OTBET W OTBET BBIJIAHHBIA CETHIO,
BBIUUCIISUICS TPaUeHT (PYHKIMU OLIMOKHU MO BXOJAHBIM CHUTHAJaM CETHU MO W3BECTHOM TEXHOJOTUU
METOJla Harpy>K€HHBIX JBOMCTBEHHBIX ceTeil [9]. B cOOTBETCTBMM CO 3HAUYEHUSMH D3JIEMEHTOB
rpaJueHTa U3MEHSAJIUCh 3HAUYCHUS BXOJHBIX CHUTHAJIOB CETH B HAINPABICHWU CHIDKCHHS OIIMOKH,
YTO MO3BOJISIET UTEPAIIMOHHO  TOJYYUTh BEKTOP BXOJHBIX CUT'HAJIOB, MOPOXKIAIOMINX TPEOYyEeMBbIit
otBeT. [Ipu 3TOM cuHanTHUYeckast KapTa ceTv ( Ha BpeMs aJanTallii) OCTaeTCsl HEM3MEHHOM.

B meproii (aze HEHpOIMYISATOp JTOHKCH MPHOOPECTH CBONCTBA MHBEPCHOW IMHAMHKHU
00BeKTa, 4TOOBI B MEPBOM MPUOIMKEHUU OTOOpa)xkarth TWHAMUKY MOBedeHUs oowvekTa. [l sToro
BHAyaje MPOBOIAT OOydeHHE HEHPOHHOW ceTH (HEHpOAMYIsITopa) B aBTOHOMHOM PEXHME IPH
MHOTOpPa30BOl  KOPPEKIMM CHHANTUYECKOTO MpOCTpaHCTBAa. B mpomecce oOydyeHus mpu
HEOOXOIMMOCTH TIPUMEHSETCS oOoramieHue BBIOOpKH, BBIOOpD Hambonee WH(POPMATHBHBIX
MIPU3HAKOB (PENyKIHs), BHIOOP ONTHMAIbHOW apXUTEKTyphl U MeTofa oOydenus. Kak pesymprar
CeTh BBIJACT OTKIMK TpPeOyeMOil TOUHOCTH WIIM TOIUICKUT MOAU(PHUKAINN (YBEITHUIUBAETCS YUCIIO
3aJiepKaHHBIX CHUTHAJIOB J00aBJICHHEM COOTBETCTBYIOLIETO 4YHcia BXOHOB ceTH). OkoHUaHHEM
rpouecca SIBIseTcs JAOCTHKEHHUE a/IeKBAaTHOCTH MOJENM B 3aJlaHHBIX TPAaHMLAX YCTaHOBJIEHHBIX
MOKa3aTeJIeu.

Jlns yMmeHblIeHUs pucka mnepeoOyueHus Heiposmynsatopa kKoddduuueHntsl ckopoctu HO
YMEHBIIAIOT HECKOJIBKO pPa3 B CPaBHEHMH C COOTBETCTBYIOIIMMH KOA(PPHUIMEHTAMH IS
HEUPOKOHTpOILIEpA.

[Tocne pocTwxkeHHss HEOOXOAMMOM TOYHOCTH aBTOHOMHOW peakiuun HK nposoxutcs
JIOTIONIHUTENbHOE 00yueHne oboux Heipocereidt Ha nmpumepax ympasieHuss CCTC nmpu paznudHbIX
3HAYCHHSIX YCTABKH.

Bropast ¢aza oOydeHus HelpoceTel cucTeMbl HEHPOYNpaBIEHUsS MPOXOAUT B padodem
PEeKUME YIPaBIIEMOro 0OBbEeKTa. [JIaBHBIM SBISETCS TEMI ONEpAMil yIpaBiIeHHs 0OBEKTOM, YTO
oOycloBIHMBaeT MoCTyIuieHue peanusanuii Y(z), U(t) Z(t). Kaxnas HOBas peanu3amusi MOIOJHIECT
00yYaroIIyto BEIOOPKY IS ONIEPaTUBHOTO OOyUYCHHUSI.

Cocrosinue O OTCIIEKUBAETCS KOHTPOJLIEPOM, OMPEAEIISIIONIUM MTPABUIILHOCTD €r0 peaKuu
Ha yrpaBismomue (GakTopsl, 3a/1aBas yrpasieHue Z.
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Pucynok 1. - Crpykrypa nporuecca agantaiuuy BXOJHOTO BEKTOpa

B ocHoBe pemieHus 3agaud JIEKUT NPUBEACHHE OMMOKM OOydyeHHs] HEHMpOHHOW CeTu K
BXOJTHOMY CJIOI0 HEHPOHOB M pacueTy YacTHBIX MPOU3BOIHBIX IpaJueHTa (PyHKIMU OLIMOKH IO
nmapaMeTpaM HEMpOCceTH W BXOIAHBIM (pakTopaMm. [pajueHTHBIH CITyCK NPHUBOAWT K OTHOMY W3
BO3MOXKHBIX pelIeHud oOpaTHOl 3amaun. Peanuzanums OCYILECTBIISICTCS C MPUMEHEHUEM
MMOCTPOCHUSI HEHPOCETEBOW Monenu u e€ OOydeHHe 10 METONY HarpyxeHHou cetu [9]. Metox
MO3BOJISIET BBIYMCIMTH TPOU3BOAHBIX BBIXOAHOM (YHKIMM HEBSI3KM TEKYLIEro M TpedyeMoro
coctosiHuit CCTC mo kakxaoMy 3J€MEHTY BEKTOpa BXOAHBIX (DaKTOpOB M 3anOMHUTH uX. [lpu
o0paTHOM (YHKIIMOHUPOBAHUM JTH paHEe BbIYMCICHHBIE MPOU3BOJAHBIC, YYaCTBYIOT  JJIS
BBIYUCIICHUSI TPATUCHTOB MO0 BXOJHBIM CHTHAJIAM CeTH [5].

AnanTHBHas cUcTeMa KOHTPOJUIEpa peliaeT 3a71ady COMMKeHUs TeKYyIero 3Ha4eHUs1 BbIX0/1a
c TpeOyeMbIM, 3aJaHHBIM BEKTOpOM YycTaBkH. Ha pmc.2  mpenctaBieHa OIHA U3 CXEM
HelipoynpaBneHust o0bekToM. Heifposmynatop BbimonHseT (GYHKUMM AJaNTUBHOM MOZIEITH
ympaBisieMoro  o0bekTa. Ha ero BXOmel MOCTYMAalOT TEKyIIME M 3aJepKaHHBIE BO BPEMEHHU
3HaueHUs BeKTopoB ympaBinenus Z(t),Z(t—6),Z(t—260),... u  3HaYCHUS Pa3HOCTH MEXKIY

ycraBgu Y (1) -U (), Y(t-0)-U(t—0),....3necp 0 - BenmnuuHa Mmara

3aIep K. BbIXxomoM HeHposMymnsiTopa SBISETCS OXHUAAEMOE 3HAUCHHME BBIXO/AA YIPABISIEMOTO
o0BekTa Y*, a Taxke 3HaUeHHE BEKTOpa OUOKHU E 17151 00yueHus: HEHpOKOHTpoJIepa.

BCKTOpaMU BXOJa H

»( e
g
V*
Curgansl —’_’ HD
c JI3 I
VcraBka l F ?
L%
%
> HK ol .| CCTC >
—
CI/IrHaJILIJI ) 5 N
(¢

A

Pucynok 2 - CtpyKkTypHas cxema aJanTaliuy BXoJa HeHpoHa yrpaBieHUs] 00bEKTOM

Bemnunna E*(t) =Y (t)—Y (1) mpeacraBimseT BEKTOp OIIMOKH, KOTOPBIA HCIOIB3YCTCS B

aaroputMe oOyueHus HeWposMmynstopa. OmubOka, MocTynaromias B CXeMY KOHTpPOJIEpa,
NpeACTaBisieTcs Kak OmMOKAa Ha BBIXOJE CETH IMpPHUBEICHHAas K IEPBOMY CIOI0 B CXEeMe
HerposmynaropalS, 10]. Ha Bxon HO noctynatot:
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HefipokonTpomiep Hetiposmyiarop

0X Wak1 WHK2 Z Wn32 Wansl
VAR

Pucynok.3 - KackaznHas cxema HEMpOynpaBiIeHUs

Y(#) — Texyiue 3HaueHUs IpoLEcca Ha BBIXOJE;

Y(t-6) — Texymue 3HaueHUs Mpolecca 3aepKaHHble Ha OIUH TakT 0;
U(t) - Y(t) — Tekylliee 3Ha4YeHNE HEBA3KU HA BBIXOJI€ CUCTEMBI;

Z(t) — TexyIlee yupaBIsoiee BO3ACHCTBIE.

Brrxomom HeliposamyssaTopa sBistitoTes 3HaueHus Berxona moaesn CCTC Y*(1).
[Tpu oO6yuennu HD ocymectBisercs MomupUKanys CHHANTHYECKOTO MPOCTPAHCTBA ITyTEM
MOJICTPONKH BECOBBIX KO3()(PHUIIMEHTOB B HAIIPaBICHUN aHTUTPAIUEHTA HEBSI3KU:

w(t +1) = w(t) — x(GE / ow), 4)

rae p - koapdunueHt odyuenusi; E — pynkuus HeBasku (ommoka).

O603HaunM ommbky HD kak: E™ = %(e* )2 = %(Y -Y *)2, rae Y - Beixog CCTC  (5)

aY —peakumo HD: Y™ = f2, NzWe2 f EZIZ Wel]cel bezJ bout} (6)

e foui (), f €2 (..), fel () — curHanbHbIE (AKTUBALMOHHBIE) (PYHKIMU HEWPOHOB 2-TO Ta

1- ;w8 we b i i 2-3-
ro CI0€eB; W; jj — BECOBBIC KOI((HUIMCHTHI HEIPOHOB HA y4aCTKaX MEXIY HEHpOHAMH

e2 o
ro u 1-2-ro cioes; bout ) bi — BEJIMYMHEI [IOPOrOB HEMPOHOB BBIXOA U CKPBITOIO CIIOS.

Jlns HeipOHOB Ha BXOJI€ UCIIONB3YETCs JIMHEHHAs CUTHajbHAs (PyHKIHS, a JUIsl CKPBITOTO
ciost — curmouHasi. [Topor Ha BIXO/e OOBIYHO paBeH HYIO. J[JIs OlEeHKHU TIPOU3BOAHON (PYHKIIUU
HEBSI3KH BBITIOJINCH ICUCTBUS TIO M3BECTHOU MeTonuke [5, 9]:

Ha Brixome HD HelipoemynsTopa mporecc popMaan3yeTcs BhIpaKeHUEM:

x €2 *ce2 2 el e
OE Jowse =—¢ f°© (vi —bf ) e V, = Z, Wity (7)
J_IJ'IH CBsI3eH MCKIY BXOJaMH U CKPBITBIM CJIOCM IIPOHU3BOJHAA OIIIMOKH 10 BECAM UMEET BU:
OE” Jowf! = —e*{zi'\':zlwf’z [af ®2(v; )/ v [avi /awﬁl)} —eftysh, )
rne ov fawf = y& e :e*zi'izlwfz[af (v, —b, )/ ov, ] 9)
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el o o . .
BenuunHa €] MPeICTaBISCTCs OMIMOKOM, IPUBCACHHON K j-My BXOZLY HEHPOOMYISTODA.

Jlnst BXoza, Ha KOTOPBIM MOCTYHAaeT BEKTOp YIpaBieHHs Z, 3Ta BEIUYMHA IPEJCTABISAET OMIMOKY
peakuun HK e, xoropas ucnonsdyercs s koppekuuu cunarnco HK. TToacrasiss mony4eHHbIe
3HA4YEHUS T'PAJUEHTOB HEBSI3KM B MCXOIHOE BbIpaxkeHue (3), MoIydaeM aJroputM MOIUHUKAILUU
BeCOBBIX Kod(durmentoB HI:

W2 (t+1) = w2 (t) + 1% £ ¥ (v;) ; W (t+1) = W (1) + e, (10)

el
roe BenuuMHa € paccumThiBacTCs 10 dopmyre (9). Ilo Takomy oKe aaroputMmy

OCYUIECTBIISIETCA M MOACTpOiika BecoBbix koddduimentoB HK ¢ ydyeroMm npuHSATHIX 0003HaUeHUN
BXOJIOB M BBIXOZIOB.

pachuk obyyeHns
0,55

T T T T
OB = o= = e e o
) S I
040
o3| —
030 —
0251 —
020 —

015} — -

~ —{ Ouwwubka
—01
- = —K
—0.2
—K.2

010} — -

005} — = =

0,00 H H H
-100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700

Pucynox 4 - O6yuenue mozeneir BHC

Mpadik HaB4YaHHSA

0.10 Ouwmbka
—0.1

0,05 —K.1
—0.2

0,00 —K.2

-100 -50 o] 50 100 150 200 250 300 350 400 450 500 550 600 650 700
Pucynox 5 - OGyuenue moneneit Pb®

MogenupoBaHue TPaJAUEHTHOTO CIyCKa C OLEHKOW YAaCTHBIX MPOU3BOJAHBIX, KaK IO
rapaMeTpaM CETH, TaK M IO BXOAHBIM CHUTHajiaM, MPEICTaBISIIOIIMM IPOCTPAHCTBO NPU3HAKOB
TEKYyILIEro COCTOSIHUA OOBEKTa, I0Ka3aj0 YCTOMYMBYIO CXOJUMOCTh MTEPALIMOHHOIO Ipolecca
00yu4eHHsI CeTU C MPHEeMJIEMBIMH ToKa3arensaMu kKauecTtsa (Puc.4,5).

BbIBO/JbI
st aBTomatm3anuu pacuera (hakTtopos, nmpuBoasmux aktyanbHoe coctosHue CCTC k
[[eJIeBOMY, HEOOXOUMO HAWTH (YHKIIMOHATBHYIO 3aBHCHUMOCTH €€ COCTOSSHHU OT 3HaueHWH. JTa
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3a/1aya perieHa NPUMEHEHHWEM TEXHOJOTHM HEWpOyNpaBlIeHUs H peau30BaHa MOJIEISIMU
MHOTOCJIOHBIX MIEPCENTPOHOB KaK oOpaTHas 3a/laya pacrio3HaBaHMS.

PacyeT uyacTHBIX NPOM3BOJAHBIX IO BXOJHBIM (DAaKTOpaM BBIXOJHOW (DYHKIUU HEBA3KU
tekymero u Tpedyemoro coctossuuii CCTC u 00oOIIeHHast OlIEHKAa TPaJMEHTa BBINOJHEHBI HA
OCHOBE M3BECTHBIX CBOMCTB, IBOMCTBEHHBIX HArpYKEHHBIX HEHPOCETEBBIX CXEM. IJTO IMO3BOJIMIO
ABTOMATU3HPOBATh MPOIECC OMNPEAETICHUSI 3JIEMEHTOB BEKTOpa TIpaJMeHTa IpU pealn3aluu
TPATUIIMOHHOTO METO/1a OOPATHOTO PACTIPOCTPAHECHUH OITNOKH.

[IpakTueckass 3HAYUMOCTh  pPE3yJAbTATOB  HUCCJIEAOBAaHUS COCTOMT B  CO3JaHUU
ANITOPUTMUYECKOTO U MPOTPAMMHOIO0 MHCTPYMEHTApHsl ISl Mepexoia OT aBTOMAaTU3UPOBAHHBIX K
ABTOMATUYECKUM CHCTEMaM ajanTalldd MPOCTPAHCTBA BXOJHBIX IPU3HAKOB K MPOCTPAHCTBY
TpeOyeMbIX KIIACCOB B CHCTEMax paclo3HaBaHUS 0OOpa3oB C BBICOKOM CTENEHbIO alpUOpPHOI
HEONpPEeIeIEHHOCTH.
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MeabsnuxoB O.10., Kagaubkuii M.A. (/[onbacvra depoicasna mauuno6yoieHa akaoemis,
Ykpaina)

3ACTOCYBAHHSI HEUPOHHUX MEPEX JIJIS1 BUBHAUEHHS KPAIILOI TEXHIKA
METAHHA SA1PA

Pozenanymo ocnoeni  axmopu, wo enausarome na pesyavmamu wmoexanus aopa. OOIPYHMOBAHO
HEOOXIOHICMb BUKOPUCMAHHA CYHACHUX Memodie 015 pIleHHsl 3a0ayi NpPOSHO3VE8AHHS. 3anponoHo8ano Mmemoo
WIMYYHUX HEUPOHHUX MEPEdC 3 apXimeKmypoio 080UWapo8020 NePCenmpond, aKmusayitinoio GYHKYIcIo cuemoioor ma

aneoPUMMOM 360POMHO20 NOUUPEHHS NOMUILOK O/l HaguanHs mepexct. Hasedeno npurknadu pospaxyuky 6 cepedosuuyi
Deductor Studio Lite.

The main factors affecting the range of the nucleus are considered. The necessity of using modern methods to
solve the problem of forecasting is grounded. A method of artificial neural networks with a two-layer perceptron
architecture, an activation function by sigmoid, and an error back-propagation algorithm for network training is
proposed. The examples of calculation in the environment of Deductor Studio Lite are given.

CydacHuil piBeHb pO3BUTKY JIETKOI aTJIETUKH, 30KpEMa IITOBXaHHS sIpa, CTABUTh 3a7a4y 10
po3po0I1i HOBUX, OUIBII palioHATLHUX 3aC00IB 1 METOAIB CIIOPTUBHOI IMIJITOTOBKH, 5Kl CIIPUSIOTH
MIBUAKOMY 1 HaJIHOMY JOCSTHEHHIO BHUCOKHX CIIOPTUBHHUX pe3ynbTaTiB. sl mbOro OLITBEHO
BUKOPHUCTOBYBATH 1HPOPMAIiIiHI TEXHOJIOTI].

JUis mpoBeACHHS pPO3paxyHKIB JajbHOCTI MOJIBOTY siipa 3alie)KHO BiJ IOYATKOBOT
LIBUKOCTI HOTO BUIITOBXYBaHHS, KyTa J10 OOpil0 Ta BUCOTH HaJ 3€MJICIO, Ha SIKIA PO 3aIMILae
pyKy, o ¢opmynax 3 [1] Oyna cTBopeHa iHpopMauiliHa cucTeMa — 3aCTOCYHOK [2], 110 J103BOJIsIE
MPOBECTH MOJETIOBAaHHs INTOBXaHHS SjApa 3 Miclsl Ta BHU3HAYHTH ONTHMAJbHE CIIONyYCHHS
MOKa3HUKIB Ui TeBHOro sAnapa. OJHAaK OYEBHAHO, IO ONUC CIHOPTHBHOI TEXHIKH BUHATKOBO
PIBHSHHSMH MEXaHIKM MOKE€ HE BpaxoByBaTU psii (QakTopiB, fKi, OyIy4yd MaloO3HAYyIIUMH JJIs
a0COIOTHUX 3HAYEHb PE3YNbTaTIB, MOKYTh MaTH CEPHO3HUIN BIUTHB HA BiTHOCHI TTOKa3HUKH.

VY ¢i3uuHi KyapTypl Ta CHOpPTI HEMpPOHHI Mepeki BUKOPHCTOBYIOTHCS [UJISl aHaNi3y 1
MPOTHO3YBaHHSI TIOKA3HUKIB (DI3UYHOI MIATOTOBICHOCTI CIIOPTCMEHIB, a TaKOX pe3yJabTaTiB
criopTuBHUX 3Marasb [3]. s HasBHUX gaHuX 3 [4] Oyino chopMylIbOBaHO 3a7ady MPOTHO3YBAHHS:
3a HasSBHUMH JIaHUMH TIPO BIK, PICT, Macy Tila ariera, a TaKoXK XapaKTePUCTHUKAX IMOJIBOTY spa
BHU3HAYUTH JANBHICTH IILOTO MONBOTY. Llfo 3amauy Oyino BUPIIIEHO METOIOM IITYYHHUX HEHPOHHHX
Mepex B [5], omHak TaMm He OyI0 BpaXOBaHO HHU3KY BAKIHBHUX (DaKTOPIB.

Hami Oyno 3HaiineHo 14 daktopiB [6], sSKi BIUIMBAIOTh Ha PE3yibTaT IITOBXAaHHS sapa, a
came: BHCOTa BHUILYCKY si/ipa, JIOBXHHA PyK (po3Max), picT CIIOPTCMEHA, pe3ysbTaT B CTPUOKaX Y
JOBKHHY 3 MICIIS, Pe3yJIbTaT y MOTPIHHOMY CTPUOKY, pe3yibTaT y >KHMI JIeKauH, pe3yabTaT y
NPUCIZIaHHI 31 MITAaHTOI0 Ha IJIeyaxX, pe3yiabTaT y B3SATTI HAa TPYyAHM, TOBYOK IITAHTH, Bara
CropTCcMeHa, (iHaabHA MIBUAKICTh BUITYCKY CHAPSTY, TOPU30HTAIbHA IIBUIKICTh PO3TOHY CHAPSTY,
KyT IITOBXaHHA (BiJl HAQAIUIIYYs), KyT BHINTOBXYBaHHS (KyT mojoni). L[i 14 BXimHHMX 3HAYEHb
HajeXaTh JI0 5 KJIaciB — Py 3aJIeKHOCTEH, K1 MOAUICHI Ha (i3WYHI BEJMYMHU Ta 10 Kiacy Jii:
3pOCTy Ta BHUCOTH BHITYCKY, HiJPUBHI, CHJIOBI, IIBHJKICHI, KyToBi. BuxigHum ¢akropom Oymna
JaNbHICTh IITOBXaHHS siipa. Pe3ynpTaT po3paxyHKiB HaBeAeHO y [7].

AJne 1mikaBO BH3HAYUTH, SKa TEXHIKAa METaHHS OUIBIIIE MIIXOAUTh CIIOPTCMEHY 3TiTHO HOTO
¢bi3nuHuX mapameTpiB. MaeMo JaHi PO CHOPTCMEHIB, SKI MOXKHA BBaYKaTW BXITHUMH (aKTOpamMu
(puc. 1). HaBenemo onuc uux ¢gakTopis.

Bucota Bumycky — BUCOTa BUITYCKY sIpa 3a PI3HUMU TEXHIKaAMH.

3picT — 3piICT CIIOPTCMEHA.

Cratb — cTtaTh ciopTcMeHa (1 — 4omoBik, 2 — *KiHKa).

Bik crmopTcMeHa — 94MM CIIOPTCMEH CTapIle, THM Kpallle TEXHIKa «CKaY0K».
JloBKMHA pYK.

JloBxuHa HIT.

oakrwdE
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7. Tun BonokoH M’s13iB — moBUTbHI (1) a6o mBuaki (2). M's3a MIOIUHA IO CBOEMY CKJIaJIi HE
oJHOpiHI. BOHU CKIIagaroThCs 3 TaK 3BaHUX MBUIAKHUX ((I3MYHUX) 1 MOBUTHPHUX (TOHIYHUX )
BOJIOKOH. [lpu 1mpoMy BakKJIMBO BiA3HAYWTH, IO HI NpHU sKid poOOTI HE BiAOyBaeThCA
OJTHOYACHOTO CKOPOYECHHS BCiX M'A30BUX BOJOKOH JaHOro M'si3a. IlepeBakHe CKOpOYEHHS
TUX a00 I1HIIMX BOJIOKOH y M'si31 BiOYBa€ThCS aBTOMATHYHO IIiJ BIUIMBOM HaKasiB, II0O
HAJXOJATh 13 LEHTPAJbHOI HEPBOBOi CHCTEMH, 1 3aJIC)KUTh BiJl XapakTepy BHUKOHYBAHOI
pobotu. InTencuBHa (BUOyxoBa) pobOTa, HETpUBAJIA 32 YaCOM, BUPOOISETHCS B OCHOBHOMY
3a paXyHOK aKTHBHOTO CKOPOYCHHsI IIBUAKHX BOJIOKOH. IIpy ManmoiHTEHCHBHIH 1 TpuBamiit
poOOTI OCHOBHE HAaBaHTAKECHHS OepyTh Ha ceOe MoBUIbHI BoiokHa. [Ipiopurer ctpubka B
MOBIUTBHUX M'A3aX, a IIOBOPOTY Yy MBHIAKUX [8].
[[upora mieyei.

9. Tecr AbanakoBa — TeCT Ha PyXOBY SIKICTb — IIBUAKICTH [9].

10. /loBxuHa pO3TOHY.

KoskeH criopTcMeH Moke BUKOPUCTOBYBATH Pi3HY TEXHIKY METaHHS (OHY 3 4 pI3HOBUIIB):

— CKayokK;

— KpYroBHii Max (HU3bKi HOTH);

— KpyroBui Max (BUCOKI HOTH, HU3bKI ILJIeYi);

— KpyroBuii Max (BHCOKi HOT'H, BUCOKI IJIedi).

[Tpy BUKOpHCTaHHI KOXXHOI TEXHIKM BIH OTPUMYE Pi3HI pe3yibTaTH. TaKuM YMHOM, MU
J0JJTA€EMO HOBHH (aKTOp — «TEXHiKa, 10 BHKOPHCTOBYETHCS JISI METAHHS» — SIK PE3YJbTYIOUHH.
3HaxX0IMMO Kpalll pe3yiabTaTH AJi1 KOKHOTO CIIOPTCMEHA MO0 KOXKHOMY 3 (DaKTOpiB 1 MPOBOAMMO
knacugikarmiro. [ToTiM BBOAMMO JaHi HOBOTO CIIOPTCMEHA, 1 MOJENb PaTh, SIKy TEXHIKY KpaIe
BUKOPHCTOBYBATH caMe [bOMY CIIOPTCMEHY JJII OTPUMaHHS HallKpalux pe3yabTaTiB.

o

BucoTa . . HoexcdHa | JoexuHa | Tun eonokod | WwpoTa Tect HoesuHa Twn
3pict | CTate Bik . . < .
EMNYCKY pyK Hir M'AzE nne4yeld | Abanakoea | posroHy | TEXHIKW
220 190 2 16 a0 70 2 a0 27 120 1
184 160 1 18 78 T 2 G5 21 134 2
160 1500 2 23 a7 T 1 alal 15 100 2
178 165 1 23 B7 Fala 1 57 23 123 1
196 170 2 21 B5 RS 2 B7 25 130 3
221 166 2 21 s 45 2 47 34 130 1
223 205 1 19 82 70 2 76 22 145 2
162 217 2 25 74 a2 2 24 2B 142 4
208 186 2 32 92 s 2 51 25 127 4
208 1500 2 23 55 85 1 24 35 125 4
197 225 1 26 5] a4 2 75 35 139 3
221 225 1 25 103 G4 2 40 20 123 2
180 185 1 28 514] a0 2 53 27 114 2
182 185 2 28 g2 SN 1 5] 27 143 1
209 187 2 23 54 fata 1 21 19 121 1
193 178 1 35 72 7d 1 41 23 135 3
171 ey 2 15 100 94 2 B4 24 134 4
167 1600 1 32 100 a7 1 b5 26 128 4
170 165 2 30 B3 B3 1 59 15 119 2

Pucynox 1 — Bxigni nani
[[IngxomM TpOBEACHHS HU3KM YHCEIBHUX CKCIIEPUMEHTIB OYyJI0 MigiOpaHO apXiTeKTypy

HEHPOHHOT Mepeki 3 OMHUM MTPUXOBAHUM IIAPOM, IKMIA MICTUTh TPH HEHpPOHA.
PesynbpraTn po3paxyskis B cepenosuiiti Deductor [10] naBeneno Ha puc. 3.
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Bucora eunycky

S3pict

Crate

Bik

NoBstuHa puk

JoBstuHa Hir

Tun BOAOKOH M'ASIEB

WupaoTa nnevei

Tect ABanakosa

LoB3kuHa posroHy

Pucynox 3 — [TopiBHSHHS pe3ybTaTiB IBOX PO3PaxyHKIB Ta HASBHUX JTAHUX

Trn
TEXHIKH

10x2%1

Pucynok 2 — ApxiTekTypa HEHpOHHOT Mepexi

10x3%1
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3amaya Mo)ke OyTH BHUpIIIEHa METOJOM IUTYYHHUX HEHPOHHHX Mepex 3 apXITEKTyporo
3BMYAIHOTO NEPCENnTpPOHy 3 JAecATbMa BXIIHUMHU (aKTOpamMH, HaBEACHUMHU y Tabi. 1, oIHUM
MPUXOBAHUM Ta OJHUM BHXIJHUM («OOpaHa TEXHIKa»). 3aCTOCYBaHHS II€l MOJEII JOTIOMOXE
3MEHIIMTH 4Yac 3HAXO/DKEHHS TEXHIKM Maibke B JBa pa3d, [0 B CBOIO YEpry JOMOMOXE
palioHaIbHO 3aCTOCYBATH Yac JUIS MiATOTOBKU CIIOPTCMEHA y HOT0 BIKOBIN KaTeropii.
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MeabnukoB O.10., llleBuenko H.YO. (/Jonbacvrka oepocasna mawurnobyoisna akademis,
Ykpaina)

3ACTOCYBAHHA H!.EI\/‘IPOHHI/IX MEPEX VIS ITIPOIHO3YBAHHA PE3YJIbTATIB
MIACYMKOBOI ATECTAIUI CTYAEHTIB 3AKJIALY BUIIIOI OCBITH B
SAJIEZXKHOCTI BIJ EGEKTUBHOCTI IX HAYKOBO-JOCJ/IILIHOI POBOTH

Coopmynvoearo 3adauy npoHo3y6ants 6NIUEY HAYKOBO-00CTIOHOI OiflbHOCMI CIMYOeHMIE Ha pe3ylbmamu
niocymko6oi amecmayii uepes 6usnsieHus Qaxkmopie cymmegozo enaugy. Copmosanuii KOMWIEKC 3HAYYUWUX
Gaxmopis, wo cKkradacmocs 3 B0CbMU GXIOHUX I 080X GUXIOHUX ¢haxmopie. OOIPYHMOBAHO HeOOXIOHICMb
BUKOPUCMAHHSL CYYACHUX MemoOi8 Oisl PIUeHHs. 3A680aHHS NPOSHO3Y8AHHS. 3anponoHO8AHO Memoo UMYYHUX
HEUPOHHUX Mepedc 3 apXimeKmypolo nepcenmpomny 3 8 exionumu axmopamu ma 080Ma CXO8AHUMU wapamu 3 5
HeUPOHamMu y KOJICHOMY, AKMUBAYIUHOIO DYHKYIEIO CUSMOIO00 ma al2opummom 360POMHO20 NOWUPEHHS. NOMUTOK OISl
Haguannss mepedci. Hasedoeno npuxnaou pospaxynxy 6 cepeoosuwyi Deductor Studio Lite. 30iticneno nopiensnns 3
peanbHuMu OaGHUMU.

The problem of forecasting the impact of research activities of students on the results of the final certification
through the identification of factors of significant impact is formulated. A set of significant factors is formed, consisting
of eight input and two output factors. The necessity of using modern methods to solve the problem of forecasting is
substantiated. A method of artificial neural networks with a perceptron architecture with 8 input factors and two hidden
layers with 5 neurons in each, a sigmoid activation function and an error back-propagation algorithm for network
learning is proposed. Examples of calculations in the Deductor Studio Lite environment are given. Comparison with
real data is made.

SIKICTBh OCBITHBOI JiSTBHOCTI XapaKTEPHU3YEThCS PIZHUMH CKJIAZOBUMHU, 10 BKJIIOYAIOTh TaKi
MOHATTS SK: HAsABHICTh JEP)KaBHOTO CTAHAAPTY BHUINOI OCBITH 1 SIKICTh HOTO peajizallii; sKiCTbh
podheCopChKO-BUKIIAAIIBKOTO CKIamy 3akiaay Buinoi ociti (3BO); skicTh oprauizaiiii mpoiecy
HaBYaHHS; SIKICTb METOJMYHOrO 3a0€e3MeUeHHs] HaBYAJIbHOI'O IPOLECy, a TaKOX fAKICTb Cy0'€KTiB
HaBYAaHHS YW 3a0€3MEYeHHs MiATOTOBKM KBali(ikoBaHUX (haxiBIIB 3a CHEUIaJbHOCTSIMH 1
KkBasiQikaiamMu, nepeadadyeHMMH HaBYaIbHUMH TuTaHamu [1].

BHyTpimmHs cucteMa OLiHKU SKOCTI OCBITH HIOAO Cy0’ €KTiB HaBUaHHS peani3yeTbes B (hopmi
MPOMDKHOI 1 MiICYMKOBOI aTecTtamiii ctyaeHTiB. [Ipu mpoMy ciij BpaxoByBaTH, IO IiJCYMKOBA
aTecTallisi — Le IHTerpajJbHU MMOKa3HUK, SIKUI € MPOoeKLiel0 HaOyTHX 3a mepioJl HaBYAHHS 3HAHB,
BMiHb Ta HaBUYOK 32 PI3HUMHU JUCIHMIUIIHAMHU Ta IHIIUMHU «AKTUBHOCTSAMU» CTyAeHTIB. OjHi€0 3
TaKUX «aKTHBHOCTEW» € HaykoBo-nociigHa poborta ctyaentiB (H/PC), sika Bkio4ae BHBYCHHS
CTeliali30oBaHUX JHUCIMIUIIH, HAIMMCAHHA HAYKOBO-TOCHIIHMX poOiT Tomo. [Ipobimemi BIHMBY
HayKOBO-JIOCTITHOI pOOOTH HA SKICTh OCBITH TPUCBSIYEHO JOCTATHRO 0arato IOCIIIKEHb SK
BITUM3HSIHHX, TaK 1 3aKOPAOHHUX HAYKOBIIIB [2-5].

OTXe, MOXKHA TPUITYCTUTH, IO SKICTh, MACIITAOHICTh T4 CBOEYACHICTh HAYKOBO-OCIITHOL
pobotu Oe3nocepeiHbO BIIMBAE€ HAa pe3yJbTaTH IIJCYMKOBOI arecTauii CTYIEHTIB, a caMe — Ha
CepeHil PEUTHHT TUILUIOMY Ta OLHKY, AKY CTYJEHT OTPUMYE Ha 3aXHCTi KBaJi(iKaliitHOi poOoTH.
Buxoasum 3 11bOro NpUNYLICHHS, BU3HAYMBIIM MOBHUN HaOlp BXIAHMX (AKTOPIB, 3 SABISETHCS
MO>KJIUBICTh IMPOTHO3YBATH pe3yNbTAaTH IIJICYMKOBOI aTecTalli CTYAEHTIB 3a pe3yiabTaTaMM IX
MIPOMDKHO] aTecTallii Ta HAYKOBUMH «aKTUBHOCTSIMM.

B skocti BXimHUMX (hakTOpiB, SIKI, HA Hally AYMKY, BIUIMBAIOTh HAa 3arajbHy YCHIIIHICThH
CTY/ICHTIB, BU3HAUMMO: CIELIaJbHICTh, 32 SKOI CTYJEHT HaBYA€ThCS B MaricTparypi; cepeaHii
pevitunr auruiomy OakanaBpa (CPB); OGan, orpumanmii Ha 3aXHCTI BHUITYCKHOI KBadi(ikalliiHOT
pobotu Oakanaspa (/Ib); 3aranpHy KiIbKICTh HAyKOBUX MyOJiKalild CTyAeHTa (BKIIOYAIOUU TE3U
JIOTIOBIJIEH ISl HAyKOBUX KOH(EpEHIii), B TOMY YHCII y CHIBaBTOPCTBI 3 HAYKOBHM KEPIBHUKOM
(Smy0); KIJIBKICTh HAYKOBHMX MyOIiKaliil cTyJeHTa B Creuiaii3oBaHuX («(paxoBHUX») BUAAHHAX, B
TOMY YHCJ1 Yy CIIBaBTOPCTBI 3 HAYKOBUM KepiBHHUKOM (S¢ax); HAyKOBOTO KepiBHHKA (KEpiBHHKA
BUIYCKHOI KBaJi(ikaliiHOi poOOTH); pe3ynbTaTH MPOMIKHOI aTrecTamii 3a TUCHUILIIHOW «OCHOBU
HAayKOBUX JIOCHIIKCHBY» (PEUTHHTOBUN Oan 3aiiKy); pe3yJabTaTd TMPOMDKHOI arecTarii 3a
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JTUCIUTIIIHOI «MeTomoIorisl 1 OpraHi3ailis HaAyKOBUX JOCIIKEHb» (PEUTHHTOBHMA Oall 3ajiKy).
Hageneni (akropu o4iKyBaHO BIUIMBAIOTH Ha: cepeiHiil Oan aumiaomy marictpa (CBM); cepeniii
peditunr auruiomy Marictpa (CPM); Gan, oTpumaHui Ha 3axXUCTI BUITYCKHOI KBatidikariiHoOT
po6otu marictpa (JAM) [6-7].

HocnimkeHnHs Oynu MpoBelEeHI Ha TPUKIALl  pe3yiabTaTiB HaBYaHHS  CTYJEHTIB
cneuianbHOCTeN «CrcTeMHM aHani3» Ta «lHdopmariitai cuctemu i TexHoxorii» IJIMA 3a 2017 —
2019 poxu. bymno oOpaHo rpynu, OCBITHIA MPOIEC SAKUX 3M1MCHIOBABCS 32 HOBUMHU CTaHIapTaMH
BUIIOT OCBITH, a HaBYaJbHI IUIAHU CHEIIaJbHOCTEH NPAaKTUYHO HE 3MIHIOBAJIUCS MPOTITOM
3a3HAYEHOT0 Mepioay vacy. Takok BpaxoBaHi BiJOMOCTI TiJIBKH MPO THUX CTYIEHTIB, SKi OTpUMAIIA
nuruioM OakanaBpa Ha 0a3i TOBHOI cepeIHbOI OCBITH (0e3 MpucKopeHoi popMu HaBUaHHS).

Jns mporHo3yBaHHS Tpeba BHU3HAYMTH MAaKCHMAaJbHO €(PEKTUBHY KOMOIHAIIO BXIJTHHX
(axTopiB i Taki MapaMeTpu MOJelNi, 110 3a0be3neyaTh MaKCHMallbHY TOYHICTh POTHO3yBaHHS [8].
JI71s1 KOYKHOTO BHIMAJAKy OyZeMO BU3HAYATH CEPEIHIO TOUHICTh BUXITHUX (PaKTOPIB TPHOMA Pi3HUMH
MiIXOJaMHU: cepeHI TOXUOKN BU3SHAUCHHS CEPEIHROTO PEUTHHTY Ta OILIHKH, OTPHUMAHOI Ha 3aXUCTI
KkBaiQiKkaiiHoi poOOTH, 3a HAIIOHAIBHOK INKAJIOK; CEPEIHI TMOXWOKM BH3HAYEHHS BHXITHUX
(hakTopiB MpH 3BEJICHHI JAHUX JI0 «TPHOXOAITBHO» IIKAIH, CepeAH] MOXHUOKHM BU3HAYCHHS BUX1THIX
(haxTopiB npu TpaHchopMarlii JaHUX 10 «EBPOTICHCHKOI» IIKAIH.

OrinKy BIUIMBY BX1THHX (haKTOPiB Oy€MO MPOBOIUTH C YPAaXyBaHHSAM TAaKUX YMOB:

1) 6a30Bi yMOBHM — aHalli3 BILUIMBY OCHOBHHX Pe3y/IbTATIiB HAaBYAHHS 3a piBHEM OakajiaBpa
(CPBb i Ib);

2) BapiaTHBHI yMOBH — KOMOIHAIIiS 1HIIMX BXITHUX (haKTOPIB:

— CPB+ b+ OHL;

— CPBb+J1b + MOH/I;

— CPB+ /1B + OHJ] + MOH/;

— CPB + JIb + Sny0;

— CPBb+ JIb + Siy6 + Soax;

— CPb+ Ib + OHJ] + Sny6 + Sdax;

— CPBb+ JIb + MOH/I + Stiy6 + Scax;

— CPb+ Ib + OHJ] + MOH/I + Smy6 + Sax;

— CPb+ JIb + OHJ + MOH/I + Smry0 + S¢ax + kepiBHUK;

— CPb+ /1b+ OHJ] + MOH/I + Sniy0 + Sdax + kepiBHUK + criel.

VYci pospaxynku Oynau BukoHaHi y cepemosurni Deductor Studio Lite [9]. Orpumani
pe3ynbTaTH 3BeJeHO 10 Taou. 1.

Tabauus 2 — CepenHi NOXMOKM BU3HAYEHHS BUXITHUX (aKTOPIB

Ne | CPB | AB | OHA | MOHJ | Sny6 Sdax K:zi?_ cren. CPM M cp. CPK JAMK cp. CPKE JAMKE cp.

1 + + 0,0115 | 0,0120 | 0,0118 | 0,1500 | 0,1000 | 0,1250 | 0,3500 | 0,3000 0,3250
2 + + + 0,0194 | 0,0035 | 0,0115 | 0,1500 | 0,1000 | 0,1250 | 0,3000 | 0,1000 0,2000
3 + + + 0,0048 0,0128 | 0,0088 | 0,0000 | 0,1500 | 0,0750 | 0,1500 | 0,1500 0,1500
4 + + + + 0,0012 0,0025 | 0,0019 | 0,0000 | 0,0000 | 0,0000 | 0,1000 | 0,0000 0,0500
5 + + + 0,0112 0,0025 | 0,0068 | 0,1000 | 0,0500 | 0,0750 | 0,2000 | 0,1500 0,1750
6 + + + + 0,0048 0,0127 | 0,0088 | 0,0500 | 0,0500 | 0,0500 | 0,2000 | 0,1000 0,1500
7 + + + + + 0,0142 0,0027 | 0,0084 | 0,1000 | 0,0000 | 0,0500 | 0,1500 | 0,0500 0,1000
8 + + + + + 0,0003 0,0003 | 0,0003 | 0,0500 | 0,0000 | 0,0250 | 0,0500 | 0,0000 0,0250
9 + + + + + + 0,0019 0,0057 | 0,0038 | 0,0000 | 0,0500 | 0,0250 | 0,0500 | 0,1000 0,0750
10 + + + + + + + 0,0003 0,0021 | 0,0012 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 0,0000
11 + + + + + + + + 0,0000 | 0,0001 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 0,0000

Ha HactynHomy etami Oyiio oOpaHo apxXiTeKTypy HelpoHHOI Mepexi. [lopiBHIOIOUN cepeHi
MOXUOKM BU3HAUCHHS BUXITHUX (PAKTOPIB AJS PI3HUX BHUJIB apXiTEKTypH (KpiM BXK€ BUKOPHCTAHOL

MLP 7(8)x5x2), obpaHo HaiiOuLIbm onTUManbHy (Tabn. 2 Ta 3), ToOTO Taky, mo 3abe3mneuye
112




MiHIMaJIbHY MOXHOKY. MiHIMallbHE 3HAUYEHHS CepeHbOI MOXMOKN BU3HAUEHHS BUXIIHUX (PAKTOpPIB
3a0e3mneuye apXiTeKTypa MEepCenTpoHy 3 JBOMAa MPUXOBAHWMH IIapaMM Ta I’ SITbMa HEHpOHAMH Y

Ko)kHOMY 3 HHX (puc. 1). PesynpTaTé mporHO3yBaHHS

nonomororo moaemi MLP 8x5x5x2, a Takox (akTuuHi 6anu HaBeaeHi B Ta0I. 4.

Tabauus 2 — Cepenni noxuOKK BU3HAYCHHS BUXIAHUX QakTopiB 11t MLP i3 cimoma

CEepeIHbOI0 PEUTHUHTY CTYACHTIB 3a

bakropamu
ApXiTeKkTypa CPK | MK
Mepesi CPM | M cp. CPK | IMK | cp. E E cp.
MLP 7x5x2 0'9300 O,(:)LOZ 0,(;01 0,%00 O,%OO O,%OO 0,(())00 0,0000 O,%OO
MLP 7x10x2 O,(())OO O,(£)105 0,(;02 0,%00 0,(())00 0,(())00 O,(())OO 0,0500 O,(())25
MLP 7x5x5x2 O,%Ol O,%OO 0,(:)LOl 0,(())00 O,(())OO O,%OO O,(())OO 0,0000 O,%OO
MLP 7x10x10x2 O,(])-OO O,%14 0,(;07 0,%00 O,%SO O,%ZS O,(())OO 0,0500 0,(())25
Ta6nums 3 — CepenHi noxuOKK BU3HAaYEHHS BUXITHUX dakTopiB st MLP i3 BickmMoma
bakTopamu
ApxiTekTypa CPK | MK
mepend CPM | M CP CPK | IMK | cp. E E cp.
MLP 8x5x2 O,%OO O,(:)LOO 0,%00 0,(())00 0,%00 0,%00 O,(())OO 0,0000 O,(())OO
MLP 8x10x2 0,309 O,%09 0,%09 0,(())50 0,%50 0,%50 O,(())50 0,0500 O,CC))SO
MLP 8x5x5x2 O,%OO O,(())OO 0,%00 0,(())00 O,%OO O,(())OO O,(())OO 0,0000 O,(())OO
MLP 78x10x10x? 0,0100 O,%26 0,%13 0,%00 0,(())50 O,(())25 O,(())OO 0,0500 O,((J)25
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Pucynok 1 — Apxirekrypa HeliponHoi Mepexi MLP 8x5x5x2
Tabnuus 6 — PesynapTaTl MPOrHO3yBaHHS

Crynent Peiitunr | PospaxyHok
Aped'eBa O.b. 91,00 91,01
Bymnura B.C. 94,88 94,91
Bepemiak O.0. 95,00 94,63
I'punienko B.1 80,12 80,12
Cremrok A.B. 84,62 84,62
Arakin A.O. 80,20 80,20
Benpuupbkuii /1.1O. 63,85 63,84
I'epacekin B.B. 79,25 79,26
Ky6an €.M. 83,95 83,96
Mamni6opcpka A.O. 86,00 86,00
OsBcsaauuKOB P.P. 83,90 83,91
demuenko A.JI. 77,20 77,19
Baxkaii O.C. 69,20 69,20
bynakosa O.A. 96,50 96,14
Kenesnsk A.O. 80,88 80,88
bepanuk B.O. 89,83 89,82
I"apOy3 O.A. 60,67 61,12
Caesenp €.B. 60,33 60,69
Cuu P.B. 60,79 60,88
[eBuenko J1.C. 61,75 60,92

PEMTUHI

aunntt mart

114



BUCHOBKU
[TpoBeaeH1 gocmiKeHHS OBEJIH, 0 €PEKTUBHICTh HAYKOBO-OCITHOI pOOOTH CTYJIEHTIB
CYTTE€BO BIUIMBAE HA pe3yJAbTaTH MiJACYMKOBOI arectaiii. HailGinpm IOMITPHUM MaTeMaTHYHUM
IHCTPYMEHTapieEM MPOTHO3YBAaHHS YCHIIIHOCTI CTYJAEHTIB B 3aJ€KHOCTI Bl HAYKOBUX
«aKTUBHOCTEI» BUSBUBCS METOJ| IITYYHUX HEHMPOHHUX MEPEXK 3 apXITEKTYpOIO MEpPCENTpOHA, sKa
CKJIQJIa€ThCS 3 BOCBMHU BXIJHUX (DaKTOpiB, JBOX NPUXOBAHMUX IIApIB Ta 3 II'SITHU HEHPOHIB Y
KOXXHOMY 3 HHX.
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PROSPECTS FOR THE USE OF CRYPTOCURRENCIES

In this paper, we will deal with the perspective and impact of cryptocurrencies on the economic and financial
system of Bosnia and Herzegovina. The emergence and use of cryptocurrencies, the most famous of which is Bitcoin,
which has spread around the world. Bitcoin is accepted for online payments, although it is not issued by the central
bank, it is also not tied to accounts with commercial banks, so technically it is not money. Cryptocurrencies function as
electronic records of certain values stored in electronic wallets on websites that provide such a service. The Central
Bank of Bosnia and Herzegovina does not have any information on market penetration and the use of virtual encrypted
currency bitcoin or any other in Bosnia and Herzegovina. Currencies do not function as a typical currency, they are not
issued by the central bank and they rely on a computer-to-computer protocol based on the Internet. It can be concluded
that the acquisition and holding of cryptocurrencies, as well as their trading, is not prohibited in Bosnia and
Herzegovina, but is not defined.

Y yiti pobomi mu pozensinemo nepchekmugy ma 6naiu6 KpUnmosaiom Ha eKOHOMIuHYy ma Qinancogy cucmemy
Bocnii ma I'epyezosunu. I[lossa ma eukopucmants Kpunmogauiom, HaugiooMiua 3 AKUX - OIMKOUH, AKULL NOWUPUBCS NO
scbomy ceimy. bimkouin npuiimacmocsa 00 OHAQUH-NIAMEICIE, XOUA GIH HE BUNYCKAECMbCA YEHMPANbHUM OAHKOM, BiH
MAaKodc He Npue’si3aHuii 00 PAXYHKIE Y KoMepyitiHux Oankax, momy mexHiuno ye ne zpouti. Kpunmosanomu
DYHKYIOHYIOMb AK eNeKMPOHHI 3aNUCU NEeGHUX YiHHOCMEN, W0 30epizalombCs 8 eleKMPOHHUX 2AMAHYAX HA 8eD-Callmax,
wo wuadaromv maxy nocayey. Llenmpanvuuii 6anx Bochii ma [epyecoeunu ue Mmae 2HcoOHOI iHgopmayii wo00o
NPOHUKHEHHS. HA PUHOK MA GUKOPUCMAHHSL BIDMYAIbHOI 3auuposanol samomu 6imKotin abo 6y0b-aKkoi inuoi 6 bocuii
ma ['epyecosuni. Baniomu ne @ynxkyionyioms aKk munoga 6anioma, ix He GUNYCKAc YeHmpaibHuti Oamk, i GOHU
NOKNA0aiomvCsi Ha NPOmMoOKon 6i0 Komn'tomepa 00 Komn'tomepa, 3acnosanuu na Inmepnemi. Moowcna 3pooumu
BUCHOGOK, WO NpuobanHs ma 306epicanHs KPUNMOBAaulom, d Makoxc ix mopeiéns ne 3abopomeni 6 bocuii ma
Tepyecosuni, ane ne usnaueni.

The continuous development of science and scientific and technological achievements
contributes to the emergence of numerous innovations in all economic branches. Science has
contributed to the accelerated development of society. Its continuous improvement has made it
easier to perform many tasks that help a person to solve everyday problems faster. Economic
science and its disciplines have greatly contributed to the development of the modern economic
system. Finance, as one of the economic disciplines, contributes daily to accelerated financial
progress. With the advent of the Internet, there is a faster development of electronic money and the
emergence of cryptocurrencies, the most famous of which is Bitcoin. As with euros in the account,
we keep cryptocurrencies in our electronic wallet on one of the many websites that provide this
service. We will fill the wallet by exchanging "ordinary™ money for, for example, Bitcoin on the
Internet "stock exchanges"”. Bitcoin is created by computer processes on computers around the
world. Bosnia and Herzegovina is currently lagging far behind in all areas of life, and our task is to
board the last train car, which is moving forward rapidly in every respect. In our paper we will try
to show the current situation in the financial sector and especially in the use of cryptocurrencies as a
modern way of financial business via the Internet with the help of computer networks that are well
developed in the modern world in relation to Bosnia and Herzegovina.

Money is one of the greatest human discoveries, facilitating and accelerating exchange with
the developed world. However, we must be an integral part of the global market so that we cannot
be isolated in scientific and technological advances from the rest of the world. Also in the field of
financial operations and contributes to the social division of labor. Science and scientific
understandings of money, following it through different stages of development of society and
human activities, create a true picture of the importance of money, its function and role in the entire
social system. Money by its nature is a rare good, therefore a specific commodity. In everyday life,
we use money to pay for goods and to settle our obligations based on the services used. Given its
rarity and the function it performs, it is a valuable commodity for us. It is true that money in
practical use takes on worthless physical forms, that is, it appears in the form of paper and coins
made of cheap material, mere records in a bank account or as computer information transmitted via
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optical cables. Using it on a daily basis we are aware of the very fact that money has value. Why
this is so and why its value sometimes changes is a question that leads us to the conclusion that
money has a broader meaning and role in the economy. A folk saying says "money is a good
servant and a bad master". Guided by this saying, all who put him first, as something they should
come to at all costs, eventually become his slaves. While all those who use it in order to satisfy
certain needs in order to create new value, use money as a good servant. [1]

The origin of cryptocurrencies is best explained through the example of the most popular
cryptocurrency - Bitcoin. Bitcoin is not the first cryptocurrency in history, back in 1983, David
Chaum, an American cryptographer managed to develop a cryptocurrency called ecash. That
currency was already decentralized, but due to the low spread of technology and low public interest,
it never came to life and came into wide circulation. Between 2008 and 2009, Bitcoin appeared. He
was created or created (person or group) who presents himself under the pseudonym Takeshi
Nakamoto. In the middle of 2010, Takeshi Nakamoto disappeared and covered his trail, there were
many attempts to discover the real creator of Bitcoin. One of the initial schemes for a decentralized
system was developed by computer scientist Wei Dai, who, he claims, found his inspiration in the
work of Tim May, called "Crypto Anarchy". In his work, he described a utopian society, which,
unlike other anarchist societies that overthrow the government, creates its independence from the
government through computer knowledge. However, this idea inspired Wei Dai to come up with the
idea and scheme of a decentralized monetary system, which would be such that the two sides
operate safely without any fear of fraud. He introduced two protocols: The first protocol: It is
designed in such a way that all users of this protocol have a database in which the property status of
each user is displayed. Everyone has access to information about everyone's financial situation,
while private information is hidden under a pseudonym. Second protocol: The user's property data
is stored on a dedicated server, instead of each having its own database. The same format for
sending messages during transactions is used here, but each user must confirm that the message was
received and successfully processed by the server. Given that the server can only be trusted to a
certain extent, in this protocol everyone should invest a certain amount of money on the account to
be used for rewards and penalties. Also, each account should send messages regularly in each case.
money to avoid the possibility that one account produces more money than the entire network
combined. This prevents all servers from committing money fraud together and allows each new
server to automatically connect to the network and synchronize with the database. All this is the
first idea according to which bitcoin and the whole system of blockchain accounts were later
formed.[2]

Cryptocurrencies have been quite a hot topic lately, but, apart from technological advances
and the inventive design of the first cryptocurrency - Bitcoin, for many the primary motive was
exclusively fast and big earnings. This is not surprising, especially if we take into account that on
01.01. In 2016, Bitcoin was priced at $ 434, as early as January 1, 2017, it was at $ 998, and on
December 31, 2017, it cost $ 12,755. The jump from the price of 1,000 to 12,000 in a one-year
period proved to be a strong magnet for speculators, and after a few months Bitcoin came to 18,000,
only to be halved shortly afterwards. Large and intense oscillations damage Bitcoin as a currency
that aspires to survive in the long run and reach a wide range of users because users do not want to
own a currency that strongly appreciates, but thesaurizes it for the future. Furthermore, few want to
own a currency that is rapidly losing value, but want to get rid of it as soon as possible. The
described strong volatility is not surprising given that cryptocurrencies are based on the idea of a
financial system without institutions, which excludes central banks whose primary function is to
preserve the stability of the value of money. It is important to emphasize that cryptocurrency is
based entirely on trust based on cryptography. Every financial system is based on trust, while with
Bitcoin trust is not gained by force of law, legal procedure or official decrees, nor does it originate
from the history of institutions, expertise and virtues of leading people, cultural and historical
heritage, the amount of gold (and others). commodity) reserves and the like, but is based solely on
confidence in mathematics, or cryptography. Furthermore, although cryptocurrencies are nominally
called currencies and despite the fact that they plan to take over the functions of money, currently
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cryptocurrencies do not fulfill any function of money. If we put money in the context of a generally
accepted medium of exchange, a measure of value over time, it is concluded that cryptocurrencies
are not generally accepted, only anecdotally serve as a measure of value because the possibility of
buying goods or services in bitcoins is an exception, and due to strong volatility caused by the lack
of a central institution to maintain its value, they are not recommended as a means of preserving
value. for a long time. Speaking of capacities, it is important to emphasize that the Bitcoin network
has greatly outgrown its own capacities. Standard payment systems process 2,000 transactions per
second (with a capacity of over 20,000), and Bitcoin can only process seven. Due to the interest of
certain groups, it is still not possible to reach a consensus of the majority on changing the elements
of the Bitcoin system that would allow faster flow of more transactions, and therefore many other
cryptocurrencies are emerging that see room for their own development. Based on the above, the
question justifiably raises the question of whether the world economy needs hundreds or thousands
of cryptocurrencies.[3] As with euros in the account, we keep cryptocurrencies in our electronic
wallet on one of the many websites that provide this service. We will fill the wallet by exchanging
"ordinary" money for, for example, bitcoin on the Internet "stock exchanges". Bitcoin is created by
computer processes on computers around the world. In addition to earning money by solving
complex calculation equations (so-called mining), it can also be purchased through bitcoin ATMs,
ie on the Internet "stock exchanges". Today, several bitcoin ATMs also exist in large cities in the
region, such as Zagreb, Split, Rijeka and other large cities, and the popularity of using bitcoin is
also contributed by some entrepreneurs who accept it in online payments for travel arrangements or
other services.[5] Cryptocurrencies have recently quite a current topic, but, apart from technological
progress and inventive design of the first cryptocurrency - Bitcoin, for many the primary motive
was exclusively fast and big earnings.

Funds invested in cryptocurrencies are not protected by the deposit insurance system and

therefore it is necessary to be informed in detail about the possible risks of buying, trading and
using such currencies, from reliable and verified sources, the Central Bank of Bosnia and
Herzegovina said. The institution states that it is possible to lose "your money™" on a currency
trading platform because those platforms are often not regulated. If a currency trading platform
loses money or fails, there is no special legal protection. Money from a "digital wallet" can be
stolen. So, after buying a virtual currency, it is stored in a "digital wallet" - on a computer, laptop or
smartphone, which are not protected from hackers. They also point out that it should be borne in
mind that the value of virtual currencies is highly volatile and easily susceptible to both rising and
falling. The Central Bank of Bosnia and Herzegovina does not have any information on market
penetration and the use of virtual encrypted currency bitcoin or any other in Bosnia and
Herzegovina. Currencies do not function as a typical currency, they are not issued by the central
bank and they rely on a computer-to-computer protocol based on the Internet. At the end of 2013,
the European Banking Authority tried to draw investors' attention to certain risks. In accordance
with the Law on the Central Bank of Bosnia and Herzegovina, the only legal tender in Bosnia and
Herzegovina is the convertible mark. It is not possible to exchange bitcoin or another
cryptocurrency for a convertible mark, but only for other official currencies it is possible to
exchange them into convertible marks.[6] According to the ECB, cryptocurrencies are a type of
unregulated digital money, which is issued, controlled and used by members of special virtual
groups.[9] Guided by the opinion of the ECB, the Central Bank of Bosnia and Herzegovina does
not deviate much from the opinion of the ECB, which does not consider cryptocurrencies as
currencies.

The area of cryptocurrencies in Bosnia and Herzegovina (neither in the Republika Srpska,
nor in the Federation of Bosnia and Herzegovina) is still not covered by legislation, so until the
official positions of the competent state bodies regarding this type of income are taken, only
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speculations about possible legal and tax treatments remain. and the framework of revenues from
the sale of cryptocurrencies and from the aspect of the Law on Personal Income Tax. In accordance
with them, the possibility of classifying this type of income as the income that would be "at first
glance™ the closest, from the aspect of the Law on Personal Income Tax:

1. Income from property rights Art. 21. Law on Income Tax of the Federation of Bosnia and
Herzegovina - after a more detailed consideration, it is concluded that it cannot be
considered income from capital because the Law on Income Tax specifies the categories of
income that are considered income from capital, and cryptocurrencies cannot are subsumed
under any of the categoriesorija.

2. Income from capital investment Art. 22. Law on Income Tax of the Federation of Bosnia and
Herzegovina - after a more detailed consideration, similar to the above, it is concluded that
this type of income can not be considered capital gains because the Law on Personal Income
Tax specifies the categories of income that are considered capital gains, and
cryptocurrencies cannot be categorized into any category.

Additionally, although the Law on Income Tax in the Republika Srpska prescribes
somewhat more categories of taxation, in essence they can be subsumed in the same way as the
presented items 1 and 2, and thus we believe that neither in the Federation of Bosnhia and
Herzegovina nor in the Republika Srpska, the Income Tax Act does not explicitly prescribe the
method of taxation. In the Federation of Bosnia and Herzegovina, however, in July 2018, an
invitation was made to all taxpayers who earn income from abroad, to report the same, and calculate
and pay income tax. In the same invitation, the forms for filing and submitting the same tax are
presented, and the place of registration in the annual income tax return is certainly prescribed. With
this call, income from abroad is a non-independent activity, and is thus recorded in the same
application. They are subject to income tax of 10%. Taking into account all of the above, revenues
from the sale of cryptocurrencies, from the aspect of the Law on Personal Income Tax, could most
closely be subject to taxation from non-independent activities at a rate of 10%. In this regard, this
type of income would be included in the sum of income that is subject to taxation by the annual
personal income tax.[7]

If a company decides to produce cryptocurrencies and procures equipment for that purpose,
and sells the produced cryptocurrencies and presents revenues on that basis in its balance sheets,
such operations would not be in accordance with the Law on the Central Bank of Bosnia and
Herzegovina and regulations foreign exchange operations are regulated. In this regard, the Central
Bank of Bosnia and Herzegovina issued a notice:

Funds invested in cryptocurrencies are not protected by the deposit insurance system, and therefore
before deciding on their use it is necessary to be informed in detail about the possible risks of
buying, trading and using such currencies, from reliable and verified sources. By trading currencies
on platforms, it is possible to lose "your money" because those platforms are often not regulated. If
a currency trading platform loses money or fails, there is no special legal protection. Money from a
"digital wallet" can be stolen. So after buying a virtual currency, it is stored in a "digital wallet" - on
a computer, laptop or smartphone, which are not protected from hackers. The Central Bank of
Bosnia and Herzegovina does not have any information on market penetration and the use of virtual
encrypted currency bitcoin or any other in Bosnia and Herzegovina. Cryptocurrencies do not
function as a typical currency, are not issued by the central bank and rely on a computer-to-
computer, Internet-based network protocol. The Central Bank of Bosnia and Herzegovina reminds
that the topic of cryptocurrencies has been discussed at the level of European regulatory bodies for
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some time, but no special regulations have been adopted for that area at the level of the European
Union, and, according to current information, restricted or prevented the purchase and trading of
virtual currencies. They state that citizens are free to dispose of their money in the way they want,
in accordance with their own decisions, but it is advisable to keep in mind that investing in
cryptocurrencies is subject to greater risks than investing in other instruments. "

From all the above, it can be concluded that the acquisition and holding of cryptocurrencies, as well
as their trading, is not prohibited in Bosnia and Herzegovina, but is not defined. All legal entities
that decide to do business with cryptocurrencies in Boshia and Herzegovina operate at their own
risk, and this does not only mean financial risk, but also the risk borne by business that is contrary
to regulations [7].

The perspective of the use of cryptocurrencies in Bosnia and Herzegovina depends not only
on the will of the population of Bosnia and Herzegovina and the economy, but also on a number of
other factors that limit the possibility of their use within the existing legislation. The current
legislation is not in favor of all those who want to legally use cryptocurrencies as other currencies in
many financial transactions. Currently, several types of cryptocurrencies are in use in the world,
such as Bitcoin, as the oldest and most well-known cryptocurrency. In addition to this
cryptocurrency, Litecoin, Dogecoin, Ripple, Peercoin and other cryptocurrencies are also in use,
which we did not mention in our paper. Cryptocurrencies have been a fairly current topic lately, but,
apart from technological advances and the inventive design of Bitcoin’s first cryptocurrency, for
many the primary motive has been solely fast and high earnings. For example: in 2016, Bitcoin had
a price of 434 USD, as early as 01.01. In 2017, it was at $ 998, and on December 31, 2017, it cost $
12,755. The large price increase from 1,000 to 12,000 in a one-year period proved to be a strong
magnet for speculators, and after a few months Bitcoin came to 18,000, only to halve its price
shortly afterwards. Cryptocurrencies present a great challenge to people who are prone to risk,
quick and big earnings in a legal way. The advantage of cryptocurrencies over classic currencies is
in the limited supply, which is why they are more protected from inflation.
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THE OPTIMAL LABORATORY PROCEDURE FOR THE SYNTHESIS OF SODIUM
ALKYLXANTHOGENS

In this paper, the optimal laboratory procedure for the synthesis of sodium alkylxanthogens in a suitable
reaction medium (xylene) starting from alkyl alcohol, sodium hydroxide and carbon disulfide is defined. The described
synthesis process is characterized by: high degree of conversion and purity of the product, mild reaction conditions and
the possibility of application at the industrial level of production. After the first synthesis reaction, the solvent xylene is
used again for the next synthesis, which is an extremely favorable condition from the aspect of environmentally friendly
technologies.

YV yiti pobomi eusnaueno onmumanrbHy 1a60PAMOpPHY npoyedypy CUHmesy AIKUIKCAHMOZEHI8 HAmpI )
8IONOGIOHOMY PeaKyiiHoOMy cepedosuwi (KCUloi), NOYUHAIOYU 3 AIKULOB020 CRUPMY, 2i0poKcudy Hampiio ma
cipkogyeneyro.. Onucanuil npoyec CUHmMeE3y XapaKmepuzyemuvcCs: GUCOKUM CHIYREHeM KOHGEpCii ma Yucmomoio
nPOOYKmMYy, M'SIKUMU YMOBAMU Pearyii ma MONCIUBICINIO 3ACMOCYS8AHHS HA NPOMUCTIO8OMY pisHi supodnuymea. Ilicisa
nepuioi peakyii cunmesy pO3UUHHUK KCULOL 3HOBY SBUKOPUCMOBYIOMb OJisl HACMYNHO20 CUHME3Y, WO € HAO38UYALHO
CRPUSMIAUBOIO YMOBOIO 3 MOYKU 30Dy EKOJIO2IYHO YUCTMUX MEeXHOJI02I.

1. INTRODUCTION

Xanthates (O-alkyldithiocarbonates) belong to 1,1-dithiolate family and are the reaction
product of carbon-disulfide, an alcohol, and an alkali. Xanthogens are xanthogenic acid derivatives
of the general formula ROCS2M, where R is an alkyl group and M is a metal. Also, it can be said
that xanthates are sulfhydryl collectors, since sulfhydryl SH or SM participates in their polar group,
where M represents the alkali metal K or Na [39]. They are extensively used as pharmaceuticals,
fungicides, pesticides, rubber accelerators, corrosion inhibitors, agricultural reagents and quite
recently in therapy for HIV infections [3-4, 51]. From the beginning of the twentieth century until
today, they have been widely used as reagents for the flotation concentration of Pb-Zn, Cu-Zn and
Au-Ag ores. [10, 26-27, 44, 58]. Metal xanthate complexes and their adducts with a variety of Lewis
bases have been extensively studied [16, 56]. The soluble alkali metal xanthates are widely used in
extraction and purification of Hg, Ag, Cd etc. [45]. Xanthates react with terc. amine to give
quaternary ammonium salts at room temperature, and dithiolcarbonates at elevated temperatures
[57]. N-methylethylxanthocarbamate has been used as an analytical reagent for the determination of
trace amount of calcium in standard alloys, biological samples [21]. Xanthates of platinum,
palladium, gold, nickel, rhodium and bismuth are known to possess antitumoral activities [15]. They
can be used as plant growth regulators [11] and have a pharmacological effect [14, 47-48]. They are
used as tyrosinase inhibitors [46], prevulcanization accelerators [42] and as reagents in nanoparticle
synthesis [13, 31, 43]. Alkylation of alkyl xanthogens gives S-alkyl esters of xanthogenic acid [7,
25], and pyrolysis of alkyl ester of xanthogenic acid (Chugalj's elimination) produces alkenes [37,
54]. Starting from cellulose in reaction with alkalis and carbon disulfide, cellulose xanthates are
obtained, which are used in the removal of heavy metals from water in effluent [55]. Starting from
ethyl oxantate as a reagent, asymmetric thioureas can be synthesized [2], and S-alkylthiolcarbamates
are formed by oxidation of amine salts of xanthogenic acid [32-34]. Xanthates are most often
obtained by the reaction of alcohol, hydroxide and carbon disulfide [8, 12], or by the reaction of
alkoxide, which is obtained by the reaction of alcohol and hydroxide, alcohol and alkali metal, ether
and hydroxide with carbon disulfide [6, 18-20, 29, 50]. Different characteristics of xanthates are
presented in papers [1, 5, 17, 23-24, 28, 38, 40-41, 49, 52].
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There are a number of technological processes for the synthesis of alkaline alkyl
xanthogens, many of which are applied at the industrial level and protected by patent applications.
The synthesis of alkaline butyl xanthogens takes place by reacting alkali and excess butyl alcohol,
with reflux and after cooling the reaction mixture, by adding carbon disulfide [35]. The synthesis of
diisopropyl xanthate disulfide consists of 5 steps [53]. The alkoxide obtained from alcohol and
sodium hydroxide is reacted with carbon disulfide to give the xanthate as an intermediate.
Oxidation of the resulting xanthate gave the disulfide diisopropyl xanthate in a liquid mixture,
which was isolated and purified. The described synthesis process achieves high product yields. The
synthesis of sodium butyl oxantate by the crystallization method consists in the reaction of n-butyl
alcohol and carbon disulfide in the presence of sodium hydroxide in the presence of an organic
solvent benzene. The reaction takes place at a temperature between 5 and 35 °C for 0.5 to 1.5 hours
[22]. Also, the synthesis of potassium and sodium butyl oxantate takes place in the reaction of
carbon disulfide, sodium or potassium hydroxide and n-butyl alcohol in the presence of water, at
their molar ratio of 1:1 and at a temperature of 25-40 °C. Xanthate separation is performed by
removing the liquid phase in vacuo. The presented optimal laboratory synthesis procedure in this
paper refers to the preparation of sodium ethylxanthogens, ie to an improved process for the
production of alkali metal xanthates, where the xanthogen can be produced in the form of an aqueous
solution or in solid state, with high yields. Xylene is used as a solvent in which the alkoxide
dissolves, while the product, xanthate, forms a suspension. By adding water to the reaction mixture
at the end of the reaction, the layers are separated. Xanthate dissolves in water, the suspension
disappears, and xylene separates as the upper organic layer. The separated xylene is returned to the
synthesis process, and the aqueous xanthate solution is transferred to the receiving tank from which
it is discharged into the packaging.

2. EXPERIMENTAL PART
In this paper, the laboratory procedure for the synthesis of sodium ethylxanthogens in the

form of aqueous solutions is optimized. Optimization of sodium - ethylxanthogen synthesis was
performed in relation to: reaction time, temperature, molar ratio of reactants and amount of solvent
(amount of xylene used as solvent actually determines the obtained percentage of product
suspension in the reaction mixture). The synthesis of sodium ethylxanthogen was performed
according to the following reaction scheme:

ROH + MOH — ROM + H,O (I reaction phase)

ROM + CS; — ROCS;M (Il reaction phase)

gde je R; M: Na

MS-Excel software system is used to graphical representation of data [9].

2.1. Synthesis of sodium ethyl xanthate (Na-EtX)

An amount of 96 g (2.30 mol) of 96.7% sodium hydroxide and 25 cm® of water were added to
a three-necked flask of 4 dm?® equipped with a stirrer, dropping funnel, reflux condenser and
thermometer, and the mixture was heated while sodium hydroxide was melted. Afterwards, a mixture
of 110.0 g (2.30 mol) of 96.0% ethanol and 1400 cm® of xylene was added using a dropping funnel,
followed by stirring and heating the reaction mixture at a temperature of 65 °C for 1.5 hours. The
reaction mixture became silvery white and quite viscous, so the intensive mixing is necessary. After
1.5 hours, the reaction mixture was cooled to 35 °C when the addition of 128.0 cm® (2.1 mol) of
98.0% of carbon disulfide started. Carbon disulfide was added dropwise during 1.5 hours while
maintaining the reaction mixture temperature in the range 35-40 °C. After that, 237.5 cm® of water
was added and the reaction mixture was stirred for five minutes, transferred to the separation funnel,
separating the upper layer of xylene from the lower aqueous portion, which is a solution of the
synthesized Na-EtX. The upper organic layer of xylene was further used as a reaction medium for the
subsequent synthesis of xanthates. The resulting Na-EtX aqueous solution (526.30 g) was analyzed to
obtain the pure product content (1.82 mol, 50% aqueous solution), giving a yield of 87.71%.
Synthesis of other sodium/potassium alkyl xanthate was done in an analogous manner.
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2.2. Analytical methods of xanthate analysis [30]

2.2.1. Laboratory procedure for determining the purity of xanthate in synthesized compounds

Weigh accurately on an analytical balance about 0,5 g of xanthate sample and transfer to a 150 cm® beaker, add
about 50 cm?® of distilled water, then 20 cm?® of 10% BaCl, solution, shake well and allow the precipitate to settle. It is
then filtered through filter paper, the filtrate is taken up in a 300 cm? conical flask, 35 cm® of 1 M HCl solution are
added, shaken and left to stand for 40 minutes. After standing, the excess acid is re-titrated with 0.1 M NaOH solution
to the end point with a methyl-rot indicator until yellow.

2.2.2. Laboratory procedure for the determination of sulphides in xanthate

Weigh 2-3 g of the xanthate sample and quantitatively transfer to a normal 250 cm® vessel, add 50 cm® of
water and stir, then add 10 cm® of 10% BaCl, solution, shake and make up to the line with distilled water. Sulfates,
sulphites and carbonates are precipitated in this way. After standing for 30 minutes, the mixture is filtered through filter
paper, 50 cm® of 1 M HCI solution are added to 50 cm® of filtrate and left to stand for one hour. Excess acid is titrated
back with 0.1 M NaOH solution to the end point with methyl orange (consumption A), and then titration is continued
with phenolphthalein (consumption B). Difference B-A refers to the content of sulfide S in xanthate.

2-(B-A)-F-39-5
m -10

% NazS =

sample

2.2.3. Laboratory procedure for the determination of trithiocarbonate in xanthate
Weigh 2-3 g of the xanthate sample and dissolve in a 250 cm® beaker with another 20 cm? of distilled water.
Then 100 cm® of ethanol and 5 cm3 of 10% zinc (1) chloride solution are added. After 10 minutes, the mixture is
filtered through a G4 well, the cake is washed well with ethanol and then with distilled water. The collected filtrate was
treated with 15 cm® of 1 M hydrochloric acid solution and allowed to stand for 30 minutes. Excess iodine is then added
and, after 15 minutes, titrated back with a standard solution of 0.1 M Na,S,0;. Under these conditions, both sulfide and
thiocarbonate react, so it is necessary to correct the values by reducing it for a certain sulfide.
% Nazng _ (VO.lMJZ F- VO.lMNazSgOg, : F) 7.7
; 10- m

sample

3. Results and discussion

In the experimental part of this paper, the optimal parameters for the synthesis of sodium
ethyl xanthogens starting from alcohol, sodium hydroxide and carbon disulfide in the reaction
medium xylene were determined. Optimization of the synthesis process was done by determining
the yield of the obtained products and the content of active substance (concentration of the obtained
product in aqueous solution) depending on the reaction parameters: reaction time, temperature of
the first and second reaction phases, molar ratio of reactants, percentage of reaction mixture
suspension. xylene).

3.1. Results of optimization of Na-EtX synthesis conditions

In the experimental part of the work on the optimization of the laboratory procedure for Na-
EtX synthesis, the reaction parameters were determined: reaction time, molar ratio of reactants,
reaction temperature and suspension concentration in the reaction medium (xylene). The results of
the Na-EtX yield dependence on the reaction time are presented in Table 1.

Table 1. Dependence of Na-EtX yield versus reaction time (reaction conditions: temperature: |
reaction step 65 °C, Il reaction step 35-40 °C, reagents ratio (mol): EtOH/NaOH/CS,

=1.1/1.1/1.1.
EXp. Time Na-EtX yield Purity’
0. (h) (9  (mol) (%) (%)

3.0 510.00 1.70  81.60 48.00
4.0 511.00 1.71 81.62 48.00
4.5 526.30 1.82 87.71 50.00
5.0 526.31 1.82 87.70 50.00

AlwNF|=
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! Product concentration Na-EtX in water solution

Results from Table 1 (dependence of Na-EtX yield versus time of reaction) are graphically
presented in Fig. 1. Obviously, the optimal reaction time of the Na-EtX synthesis is 4.5 hours, when
a yield of 87.71% is achieved. Extending the reaction time to five hours does not provide a higher
degree of conversion of the reactants into the product.

Based on the results shown in Table 1, the dependence of Na-EtX yield on the reaction time
in Figure 1 is presented.
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Fig. 1. Yield dependence of synthesized Na-EtX on reaction time

The results of the temperature dependence of the Na-EtX yield dependence are presented in
Table 2.

Table 2. Dependance of Na-EtX yield from temperature (reaction conditions: reaction time 4.5
h; reactants ratio (mol): EtOH /NaOH /CS, =1.1/1.1/1.1).
Exp. no. Reaction temperature’ [°C]  Na-EtX yield  Purity”

| I (@ (mol) (%) (%)

1 60 25 491.25 1.70 80.82 46.93
2 65 30 512.66 1.78 85.33 48.88
3 65 35 526.30 1.83 87.72 50.00
4 75 35 527.00 1.82 86.71 50.00

1| - first step and 11 - second step of the reaction

2 Concentration of the synthesized product Na-EtX in water solution
Based on the results shown in Table 2, the dependence of Na-EtX yield on the reaction
temperature in Fig. 2 is presented.
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Fig. 2. Yield results of synthesized NaEtX as a function of reaction temperature

Results from Table 2 (dependance of Na-EtX yield from temperature) are graphically
presented in Fig. S2. It can be noted that the optimal temperature for the first step that represents
alcoholate synthesis is 65 °C, while for the second step of xanthate synthesis in xylene in the form
of a suspension of 35 °C, the yield is 87.72%. At lower temperatures, the yield is decreasing, and
the resulting product is less pure. This is probably due to the formation of secondary products of
tritiocarbonate, since the reaction of carbonate sulfide with sodium hydroxide is favored at a lower
temperature. Increasing the temperature of the reaction mixture in the second step of the reaction
over 40 °C makes no sense as it includes easily evaporative and flammable reactants, and
consequently, a significant increase in yield is not achieved.

Concerning the results of the dependence test of the yield of Na-EtX synthesis on the molar
ratio of reactants (Table 3, Fig. 3), the highest conversion (87.70%) was achieved using the molar
ratio of the reactants EtOH /NaOH /CS,=1.1/1.1/1.0 mol. Increasing the concentration of reactants
does not yield better yield due to the formation of the by-product and the residue of unreacted
carbon disulfide.

Table 3. Dependence of Na-EtX yield from reactants ratio (reaction conditions: reaction time
4.5 h; temperature: | reaction step - 65 °C, 1 reaction step - 35°C,.
Exp. No. EtOH (96.0%) CS, (98.0%) NaOH (96.7%) Yield Purity"
(@ (mol) cm® (mol) (g) (mol) (%) (%)
1 100.4 2.10 128.0 2.10 87.6 2.10 83.70 47.81
2 110.0 2.30 128.0 2.10 96.0 2.30 87.70 50.10
3 1150 240 128.0 2.10 100.1 2.40 86.50 49.65
! Concentration of the synthesized product Na-EtX in water solution

Based on the results shown in Table 3, the dependence of Na-EtX yield on the reactant
concentration in Fig. 3 is presented.
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Fig. 3. Dependence of the yield of synthesized NaEtX on the concentration of reactants
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The dependence of the Na-EtX yield on the product suspension concentration (Table 4,
Figure S4) indicated that the optimal concentration of the suspension is 20%. A vyield of 87.70%
was achieved when reactants reacted in the present medium xylene in an amount yielding 20%
suspension of the final product. Increasing the concentration of reactants in order to increase reactor
productivity is not desirable due to the formation of a concentrated product suspension, which
causes the difficulties concerning mixing of the reaction mixture and the by-product formation.
Also, reducing reactant concentrations does not give satisfactory yields and product purity due to
the lower probability of properly-oriented collisions of the particles that react, even if the reaction
time is prolonged (experiments 1 and 2).

Table 4. Dependence of Na-EtX yield from product suspension concentration.

Exp. No. Suspension

Reaction conditions

[%0] Reaction time Temperature (°C) Reactants molar ratio Yield

[h] Istep Illstep  EtOH/NaOH/CS, [%]
1 10 6.0 60-65 35-40 1.1/1.1/1.0 75.02
2 15 5.0 60-70 35-45 1.1/1.1/1.0 80.01
3 20 4.5 60-65 35-40 1.1/1.1/1.0 87.70
4 25 45 65-70 35-40 1.1/1.1/1.0 85.21

Based on the results shown in Table 4, the dependence of Na-EtX yield on the concentration
of the product suspension is presented, in Fig. 4.
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Fig. 4. Dependence of Na-EtX yield on product suspension concentration

3.3. Results of stability testing of synthesized sodium ethylxanthogens

In the presented literature results [36], the stability of xanthates as a function of storage
time, pH-value and temperature was investigated by monitoring the change in solution absorption at
a certain wavelength. It was found that with the decrease of pH value from 10 to 5, prolongation of
storage time and increase of temperature, xanthate decomposition occurs. In our work, the stability
of synthesized xanthates was investigated by analyzing the content of active substance, sulfide and
trithiocarbonate in certain time intervals, at a constant value of pH 12 and a temperature of 20 0C.
Synthesized sodium - ethylxanthogens in the form of aqueous solutions of certain concentrations
are practically final products, which can be used in the process of ore flotation. The obtained results
of these analyzes give realistic conditions for storage of final products in warehouses of finished
goods or in warehouses of mines where they are used. The results of analyzes in the procedure of
testing the stability of synthesized alkaline alkyl xanthates are presented in Table 5.

Table 5. Results of analysis of synthesized sodium — ethylxanthogens®

I Time(Days) 0 30 60 90 |
Ksantat- % % % % | % | % | | % | | | B | %
primer a.m.> | Sulf.”| Trit.® | a.m. | Sulf. | Trit. |a.m. | Sulf.| Trit.| a.m. | Sulf. | Trit.

Na-EtX-1 | 410 14 030 410 14 0,30 409 14 0,30 409 14 0,30
Na-EtX-2 |512 15 031 511 15 0,30 51,1 15 0,31 510 15 0,31
a.- pH value of aqueous solutions of tested xanthates is 12
b.- Percentage of active substance in solution
c.- Percent of sulfide
d.- Percentage of trithiocarbonate

Based on the results of the analysis of synthesized sodium - ethylxanthogens, it can be
noticed that they are stable and do not change the concentration during a period of sixty days. Thus,
the tested sodium ethyl xanthate practically does not degrade under the tested conditions for sixty or
more days. This information is important due to the storage of products in the form of aqueous
solutions at the places of application in mines. Based on the results of the analysis of synthesized
sodium - ethylxanthogens, it can be noticed that they are stable and do not change the concentration
during a period of sixty days. Thus, the tested sodium ethyl xanthate practically does not degrade
under the tested conditions for sixty or more days. This information is important due to the storage
of products in the form of aqueous solutions at the places of application in mines.
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2- 2-
3CS, + 60H —> 2CS; + CO; + 3H,0

In the initial phase of adding CS; to the reaction mixture, a xanthate is formed, which
dissolves in the water present. The water present in the reaction mixture originates from the added
water at the beginning of the synthesis in the phase of dissolving sodium hydroxide and the water
formed in the phase of obtaining the alcoholate. The resulting alcoholate is dissolved in xylene,
which is present in the reaction mixture, and the resulting xanthate, which is insoluble in xylene, is
dissolved in the water present. The obtained alkoxide reacts with carbon disulfide to form a
xanthate, which dissolves in the separated water, so that the reaction, further, takes place
successively with maximum conversion. In this way, the equilibrium reaction between alcohol and
sodium hydroxide shifts to the right in the direction of alkoxide formation. As the reaction of CS,
and the resulting alkoxide in the first phase of the synthesis takes place further, the second phase of
the xanthate formation reaction practically shifts the equilibrium of the first phase of the reaction to
the right. The maximum conversion of reactants into a product - xanthate, which is obtained in the
form of a suspension in the reaction medium - xylene, is achieved. By adding a certain amount of
water to the reaction mixture in order to obtain an aqueous solution of the xanthate, the resulting
xanthate is dissolved, and the solvent xylene is isolated and used for a new synthesis. If it is not
desired to obtain the xanthate in the form of an agueous solution of a defined concentration, then
after synthesis, the reaction mixture is cooled and filtered. The synthesized xanthate is isolated as a
filtration cake, and the xylene filtrate is used again for a new synthesis reaction. Figure 5 shows the
reactions of by-product formation in the reaction mixture. If the reaction takes place in excess
alcohol or the alcohol is a reactant and also a reaction medium, it will react with carbon disulfide to
give dialkyl thiocarbonate (1) with the evolution of hydrogen sulfide (11). This reaction is favored to
a small extent, which is confirmed especially by the reaction of alkyl-xanthogenic acid with alcohol.
The reaction of neutralization of xanthogenic acid with sodium hydroxide is incomparably faster.
Hydrogen sulfide reacts with the alkali present in the reaction mixture to release the alkali sulfide
(11). Carbon disulfide reacts in parallel with the alkali, which is in the reaction mixture, to form
trithiocarbonate (1) and carbonate (V).

H :S :SH
. Y | |
R-§-H + §=0=5 — R-O0-Cy —= R—0-Cy
c O
S: H :S: S
s s ) I
R—0-C_ ! R--H—=R-0-C-0"R —=R-0-COR —= R-0-C-OR=+H]S
SH (s, 0 )

HQS + 2NaOH—— Na2S+ 2H20
(n

3CS,+ B0H  —= 2CS + CO; + 2H0
(V) (V)
Figure 5. Side reactions in the synthesis of alkaline alkyl xanthates

According to the described optimized laboratory procedure for the synthesis of alkali-
alkylxanthogens in the form of aqueous solutions, the possibility of creating by-products is reduced
to a minimum. Namely, the design of the reactor is such that it enables intensive mixing, which is
necessary for the maximum number of collisions of correctly oriented molecules that react. The
reactor used with ideal mixing in this synthesis, enables far better phase contact and more efficient
mixing, and thus better product yield and quality.

4. CONCLUSION
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In this paper, an optimized laboratory procedure for the synthesis of sodium
ethylxanthogens in the form of an aqueous solution is presented. Synthesis parameters in laboratory
conditions were defined and trial industrial productions were performed. Since xanthates are used in
the flotation process in the form of aqueous solutions of lower concentrations, the question naturally
arises of the possibility of producing commercial packaging of xanthates in liquid form of a certain
concentration. This question is even more interesting considering that in the production of liquid
xanthates the drying phase is avoided, which from the aspect of profitability makes this process
acceptable for industrial production. Based on the obtained results, which refer to the high
percentage of conversion of reactants into products and the simplicity of the defined procedure in
mild reaction conditions of synthesis with recycling of the reaction medium, the presented
technological procedure is applied at the industrial level of production. By the defined procedure in
this paper, the formation of by-products is reduced to the minimum possible extent. The problem that
arises in the process of production of xanthate of liquid consistency, ie. aqueous solution is to
provide the highest possible concentration of the final product due to the productivity of the reactor
and transport costs. Storage conditions for final products are defined, bearing in mind that xanthates
crystallize at higher concentrations than 35%, so it is important from the aspect of storage to produce
them so that concentrations of final products do not exceed 35%, especially in colder months.
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INTEGRATING BUSINESS PROCESSES TO ENTERPRISE

Developing completely integrated information environment for business processes is the main challenge for
modern enterprises. Enterprise Information System (EIS), as an essential component of any enterprise system, is a vital
tool for supporting, extending and integrating business processes at all levels. Quality EIS can be accomplished
through the process of modeling multi-dimensional aspects of the enterprise architecture, together with proper
integration of the business, organizational, information, application and technological sub-architectural components.
Unified Modeling Language (UML) with its diagrams provides modeling support for representing static structure and
dynamic behavior of EIS, using standard notations and rules.

Po3pobka noenicmio inmezposano2o ingopmayitinozo cepedosuwya Oas  Oi3HeC-npoyecié € 20J08HOI0
npobremoro 0na cyvachux nionpuemcms. Inghopmayiiina cucmema nionpuemcma (EIS), ax eascnusuii komnonenm 6y0b-
SKOI KOpROpamusHoi cucmemu, € JHCUMMEBD GANCIUBUM IHCMPYMEHMOM NIOMPUMKY, PO3WUPEHHs ma IHmeepayil
biznec-npoyecie na ecix piensx. AHxicna (EIS)  moowce 6ymu Oocsenyma 3a 0onomozoio npoyecy MOOeN08aAHHs
0acamosuUMIpHUX — ACNEeKMI8  apXimeKkmypu niOnpUEMCMSEd, PAsoM I3  HANEJCHUM  IHMe2py8aHHsm  OLIOGUX,
OpeaHi3ayilinux, IHGOPMAYIUHUX, NPUKIAOHUX A MEXHONO2IYHUX CYO-apXimeKmypHux KoMnouweHmis. YHigikosana
mosa modenosanna (UML) 3i ceoimu Odiazpamamu 3abesneuye RiOMpUMKY MOOeN08anHs 01 NpedcmaeieHHs
cmamuynoi cmpykmypu ma ounamiunoi nosedinku EIS, suxopucmosyouu cmandapmui nosHauenms ma npasud.

1. INTRODUCTION

Modern enterprises and organizations today are faced with globalization, virtualization,
agile approaches, market competition and demands for high quality products and services, as well
as increasing customers' needs. Business processes, as interrelated dependent activities, became
more complex, dynamic, long-termed and comprehensive [1]. From this point of view the main
challenge for enterprises is to integrate and coordinate the business processes efficiently [2].
Describing business activities and their interactions with the resources is the main focus in business
process modeling [3]. Business environments today are highly automated, where a modern,
complex business process is an “inherently distributed system” and presents a core of business
organizations [4]. The main tools for support and control of the execution of these processes are
information systems, which play a critical role in creation and achieving competitive advantages,
desired results for customer and company success [1,5]. These information systems range from
business process reengineering to creating completely new business models, such as automation of
production processes, via streamlining of business processes by electronic work flow systems to the
creation of new business models [5].

The enterprises as living things must have the ability to detect changes in environment,
respond to them and work under uncertain and unexpected business conditions. The boundaries of
"main” enterprise are extended from suppliers, vendors or business partners, though production
process or service, to customers and distributors [2]. This leads to paradigmatic shift from
traditional enterprise architecture to digital architecture which includes social Web, System
Oriented Architecture (SOA), big data analytics, omni-channels, cloud computing, virtualization,
Internet-of-Things and so on [6]. Nowadays, essential component of any enterprise system is EIS,
as vital tools and key Information Technology (IT) assets for organizing, planning, scheduling,
integrating, controlling and extending business processes across enterprise boundaries, at intra- and
intra-organizational levels [6,7,8]. EIS encompasses different modules for planning, manufacturing,
sales, marketing, distribution, accounting, financial, human resources management, project
management, inventory management, service and maintenance, transportation and e-business [6].

During the decades, from a historical Information System (IS) application perspective and
from a historical Information and Communication Technologies (ICTs) perspective, EIS have
evolved, from Enterprise Resource Planning (ERP/I), to ERP/II (known as extended ERP - eERP),
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and finally to ERP/III. However, with respect to the EIS history, six particular types of EIS can be
separated: Enterprise Resource Planning (ERP), Supply Chain Management (SCM), Manufacturing
Execution Systems (MES), Customer Relationship Management (CRM), Product Lifecycle
Management (PLM) and Business Intelligence (BI) [4,6].

Core component of every EIS is software architecture, which supports the quality attributes
or non-functional requirements as key business drivers. It describes a set of system components as
well as their topological relations in an EIS, using a variety of business models, analytical
techniques, and conceptual tools to describe the structure and dynamics of an enterprise [7,8].
Enterprise architecture is a collection of artifacts, due the fact that the logical organization of
business processes and business functions, information architecture (software architecture, network
and database architecture) and information flow are described and modeled with artifacts [8]. The
Zachman framework, as the most comprehensive framework, represents the artifacts of EIS,
covering all aspects, from business strategies to the information systems coding, in order to model
and create completely integrated information environment [9].

Various modeling languages and notation are developed for business process modeling and
specifying, visualizing, constructing, and documenting the artifacts of software systems [3,10].
With the use of object-oriented technology it is possible to design business process by data
attributes and operations of the objects, flows between object actions, and represent business object
as entities with encapsulated business logic and data [10]. The Unified Modeling Language (UML),
developed by the Object Management Group (OMG), as the mainstream modeling approach within
IT, is used to represent information models in different phases of system development [11,12]. It is
used for modeling software system, as well as for business processes and business architecture [12].

Mapping different UML diagrams into the cells of Zachman framework, represented
through two independent aspects in a matrix, give opportunities to integrate and extend business
processes into EIS. Special visualizations and views of different architectures such as: business,
application, information, technical and product architecture are provided, together with
accompanying infrastructures. These are key factors for a successful execution of an integrated
enterprise system.

2. THE ROLE OF BUSINESS PROCESSES IN EXTENDED ENTERPRISE
ARCHITECTURE MODEL

Trends in the development of EIS are related with the intention of using information
generated within the company and ensuring cooperation with other enterprises, customers and
partners [13]. In addition, there is strong dependency and need for growth in terms of integration
with suppliers, customers, partners, authorities, the public, service providers, and other external
stakeholders [14]. A number of organizations use the process called enterprise integration as
organizations linkage of their own systems to external systems, which is a key technique for
transforming business processes and increasing efficiency [15]. This all leads to automation of all
internal enterprise business processes and changes in external relationships, as well as structural
changes of system architecture and multilevel applications built on concepts of service-oriented
architecture (SOA) [13].

Business processes are defined through a number of linked activities or logically related
tasks, triggered by events from the business environment and subdivided into different business
functions. One of the main tasks during the developing process of EIS is the integration of the
supported business processes. This task is accomplished by providing standards for data,
databases/clusters of databases, business processes or any other part of the system [16,17]. System
activities directly invoke software services or software functions. User interfaces are provided for
user-supported activities [16].

Representing and keeping the alignment between business processes, business information
and the corresponding support systems and technology is the base for modeling multi-dimensional
aspects of the enterprise architecture. Business nouns are used for describing the basic roles in

134



different views focused on Organizational, Business, Information, Applications and Technological
concerns [18]. In line with these views, five architectural components (sub-architectures) can be
recognized: business, organizational, information, application and technological architecture. Each
of them is individually represented and organized as a UML package [9,18]. The relationships
between packages are represented as dotted arrows and sub-architecture elements are symbolically
presented using UML notation at Figure 1. Simplified basic extended enterprise architecture model
are shown at Figure 1.

Basic extended enterprise architecture model‘,.I

Performance
architecture

1
Organizational Architecture
| || =
Strategy & B‘Nm Process Organizational
Vision R architecture @777 """ > g:‘cl’"icc‘i ’
w® B =
Information Architecture Application Architecture
<<component=> <<gomponent=>
Component Component Module | Module 2
B R >
1 1 il ]
Package | Package
9 ¢ SOA
570

I'echnology Architecture

Fig. 1: Basic extended enterprise architecture model using UML notation

The core of business architecture is made of business processes, as a set of activities
conducted over input entities. These entities collaborate with each other through different roles,
performing proper operations or services over the other entities and implementing business
strategies. This collaboration is coordinated and represented by UML’s dynamic diagrams. The
organizational architecture includes organizational units, human resources etc. It depicts all the
aspects that are related to the organization that is composed of entities, which describes enterprise
artifacts, such as resources required for business, support and management processes. Entities are
represented as UML classes and described with its attributes and methods. The process of modeling
information requirements necessary to support business processes and functions results in the
information architecture. Physical data and logical aspects are described in information architecture.
The application architecture supports the business requirements and manages the organization’s
entities. It defines applications required for enabling business architecture and describes application
services needed for business process support. The technological architecture represents technologies
for support business processes and applications from the other subsystems. Physical and infra-
structural concepts (such as computational and the non-computational nodes) that support
application platforms for technological infrastructure have to be identified and planned [9,18].
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3. MAPPING UML DIAGRAMS INTO ZACHMAN FRAMEWORK FOR
ENTERPRISE ARCHITECTURE

Unified modeling language (UML) is a modern approach to modeling software systems. As
a visual, object-oriented and multipurpose modeling language, it is considered as de facto standard
in software development. But, UML is also used for business process modeling [19,20,21].
Building profiles which introduce a set of stereotypes that define specializations of UML meta-
model elements is possible [21]. Actual standard UML 2.5 is a conglomeration of 14 diagrams,
classified in two major kinds of UML diagrams: structure diagrams, which shows show the static
structure of the system and its parts, and behavior diagrams, which show the dynamic behavior of
the objects in a system over the time [19,20,22]. Structure diagrams include class, object, package,
composite structure, component, deployment and profile diagrams. Behavior diagrams include use
case, activity and state machine diagrams, as well as the four interaction diagrams (sequence,
communication, timing and interaction overview diagrams) [20,22].

ZFEA is enterprise ontology or meta-model of an enterprise. The ZFEA is 6x6 two-
dimensional schema, represented as matrix, comprised of columns and rows. Every intersection
between columns and rows provides a representation or an enterprise view. Rows, columns and
cells in the architecture affect each other, so the changes in any model influence the other models.
Various enterprise entities and objects designed as artifacts can be classified according to the
fundamental abstractions namely What? How? Where? Who? When? Why?, in columns, as well as
specific audience perspectives and transformations in rows [23]. Each cell is primitive and can be
described and modeled independently [24].

Mapping different UML diagrams into ZFEA cells is conducted according to the extended
enterprise definition and basic architecture model presented at Fig. 1. Fig. 2 shows the possibilities
for using different UML diagrams for modeling items presented in cells. Rows respectively
represent Scope, Business model, System model, Technology model, Detailed representations and
Functioning enterprise. Six basic questions progress toward specific abstractions are: Data,
Function, Network, People, Time and Motivation. Scope is realized by identification, Business
model by definition, System model by representation, Technology model by configuration, Detailed
representations by configurations and Functioning enterprise by instantiations. Data refer to any
entity, as class of business things, business entities, data entity, segment/table, filed or actual
business data. In our case data refer to inventory. Functions are represented as processes, for
example: class of business processes, business processes, application function, computer function,
language statement and actual application code. Network is referred to as distribution, for example
node as: major business location, business location, information system function or physical devices
such as processor, storage etc., hardware or system software, addresses and actual physical
networks. People are referred to as responsibility (major organization, organization unit, role, user,
identity and actual business organization). Time is related to the term timing, where time refers to
major business event, business event, system event, execution time, interrupt and actual business
schedule. Motivation is described with major business goals or critical success factor, business
objective, business strategy, action assertion, condition, sub-condition and actual business strategy.

4. DISCUSSION

Package, class and use case diagrams should be used for presenting things that are important
to business, while activity and use case diagrams are proper for processes which business performs.
Class and composite structure diagram could be applied for semantic model. Activity, state machine
and interaction diagrams should be used for business model and application architecture. Package,
class and component diagrams could be used for logistic data model and physical data model.
System design could be modeled with activity, state, profile and interaction diagrams. Technology
architecture could be presented with deployment, component and profile diagram, and presentation
architecture with deployment diagram. Human interface architecture should be modeled with use
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case and profile diagram, and processing structure with timing and state machine diagram. State
machine diagram will also be used for modeling and presenting control structure. Network
architecture should be presented with network architecture diagram. UML doesn't provide any
specific elements for network, but for this purpose, a deployment diagram with some extra

networking stereotypes could be used, showing nodes and communication paths.
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2: Mapping UML diagrams into ZFEA cells (adapted from [24])

Class diagrams with its common types domain model diagram and diagram of
implementation classes is the most convenient logical construct for modeling data in the contexts of
scope, business, system and technology model, showing structure of the designed system,
subsystem or components as related classes and interfaces, with their features, constraints and
relationships - associations, generalizations, dependencies, etc. Activity diagrams are the most
important UML diagrams for business process modeling or business process mapping, mostly due
to the fact that they describe object which are consumed or produced by an activity and the
relationship between different activities. State machine diagrams are a proper solution for business
process model, application architecture, system design, as well as for control and processing
structure.

5. CONCLUSION

There is a strong interdependency between business processes and EIS implementation.
Business processes integration with EIS provides opportunities to improve business processes,
through data integration and unifying information support within enterprise. Design and modeling
multi-dimensional aspects of enterprise architecture, composed of five sub-architectural
components, should be done according to basic roles in different views, using ZFEA as
fundamental enterprise ontology. Each cell in ZFEA matrix obtained at the intersections of each
row (perspective) and each column (abstraction) can be described and modeled independently using
different modeling languages. Methodology based on UML provides visual notation and a high-
level view of representation or enterprise view. Set of core modeling concepts, expressed as
graphical notation in the form of 11 UML diagrams used, fits well in ZFEA cells, covering parts of
Scope and Business model, almost all parts of System model and Technology model, and partly
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Detailed representation. Most frequently used UML diagrams are: class diagram (covers 4
perspectives), activity diagram (also covering 4 perspectives), state machine diagram (covers 3
perspectives) and interaction diagrams (covers 3 perspectives). Using UML diagrams provides
object-oriented approach to EIS modeling, but also allows easy and rapid changes in architectural
components, their relationships and deployment of the targeted system.
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BUKOPUCTAHHS HEHPOMEPEX JIJISI PO3B’SI3AHHS 3AJTAY ITPOTHO3YBAHHSA

Y cmammi pozenanymi neiiponni mepesici Ak incmpymenm npo2Ho3yeauHs. [JaHo KOPOMKUIl ONucC HeupoHHUX
mepedic 6 YiNomy i KOHKDEMHO 6 00AACMi NPO2HO3Y6AHHS.

The article discusses neural networks as a forecasting tool. A brief description of neural networks in general
and specifically in the field of forecasting is given.

[lporHo3yBanHs - 1e mnepeadadeHHs MaHOyTHIX noOAil. MeTor NpPOTHO3YBaHHS €
3MEHIICHHSl PU3UKY NPH NPUHAHATTI pimeHb. [IporHo3 3a3Buvail BUXOJUTH TOMHIIKOBHM, alie
MIOMMJIKA 3aJICKUTh BiJI BUKOPUCTOBYBAHOI NMPOrHO3yrouoi cucteMu. Hamaroun mporHosy Oinblie
pecypciB, MOKHA 30UTBIINTH TOYHICTh MPOTHO3Y 1 3MEHIIUTH 30MTKH, MOB'sI3aH] 3 HEBU3HAYCHICTIO
IpU TOPUNAHATTI pilieHb. THUMOBUMH JOJAaTKaMU TEXHIKM IPOTHO3Y € IMepeadadyeHHs I[iH Ha
¢oHoBIN OlpKi, MPOrHO3 MOTOAW, HPOTHO3 CIIOKHMBAHHS €JIEKTPOCHEPrii, MPOTHO3 BIJIMOB
TEXHIYHUX CUCTEM.

[ToTpiOHO PO3pI3HSTH [1BA BU/IHM IPOTHO3YBAHHS: EKCIIEPTHUI 1 hopmarizoBane [1].

ExcniepTHe NporHo3yBaHHs Mae€ Ha yBa3i (opMyBaHHA MaHOYTHIX 3Hau€Hb EKCIIEPTOM,
TOOTO JIFOJIMHOIO, 1110 BOJIOJII€ TNIMOOKUMH 3HAHHSIMU B MEBHIHN ranysi. Ekcneprt npu npomy 4yacto
BUKOPUCTOBYE MaTeMaTHYHUU amapar, NpoTe B JAHOMY BHJI NPOTHO3YBaHHS MaTeMaTUYHUN
amapar € JIMIIe JOTMOMDKHUM OOYHCITIOBAILHUM 1HCTpYMEHTOM. OCHOBOIO K € 3HaHHS Ta IHTYiLlis
€KCIIepTa, a TOMY 1HO/I 111 METOAM HA3UBAIOTh IHTYITHBHUMH.

dopmarizoBaHe TMPOTHO3YBAHHS - II€ MPOTHO3YBAaHHSA HA IMJICTaBI MaTeMaTHUYHOI MOJEII,
sKa, BJIOBJIOIOYM 3aKOHOMIPHOCTI TIpOIEeCy, Ha CBOEMY BHXOJlI Mae MalHOyTHI 3HAYCHHS
TOCHIIKYBAHOTO Tpoliecy. MaTeMaTHIHUX MOZeNel MPOTHO3yBaHHS JIOCUTHh 0araTo, HaNpPUKIA,
3TIIHO 3 PSAZOM OTJISIIIB B JaHWH yac HaliuyeThes noHan 100 kiaciB Mojenei nporHo3yBanHst [2].

VY mitepaTypi € BeqMKa KiJbKICTh Kiacu(iKaI[ifHUX CXeM METO[IB MpOrHo3yBaHHs [3, 4].
OpHak OUTBIIICTD 3 HUX 200 HEMPUIHATHI, 200 BOJOIIIOTh HEIOCTATHHOIO MI3HABAIBHOI HIHHICTIO.

VY renmepimHii yac s pO3B’S3aHHS 3aBAaHb MPOTHO3YBaHHS HAWOUIBII MOMYJISIPHI
HeilponHi Mepexxi (ANN) 1 Mopmenb aBToperpecii Ta KOB3HOTO CEpEAHBOTO 3 EK30M€HHUMH
sminaumu (ARIMAX) [5, 6].

[lepeBaru X METO/IB:

- BOHMU IOBHIIIIE OMUCaHi B JIITEPaTypi;

- icHye 0e3J1i4 MPUKJIAIiB 3 peaizallii,

— BXKE CTBOPEHI TOTOBI (YHKIIi1, KJIaCH 1 METOAM B Pi3HUX MOBax MpOTrpaMyBaHHs, IO
3HAYHO MOJIETIINTH 3aB/JIaHHS MPOrpaMHoOi peasizarii.

Metoro poOOTH € OTJIsiT MOXKIIMBOCTEH BUKOPUCTAHHS HEMPOMEPEXK Il pO3B’sI3aHHS 3a/1a4
IIPOTHO3YBaHHS.

[lepm HIX peani3oByBaTH HEHPOHHY MEPEXKY, MOTPIOHO pO3YMITH TPOCTY pid: IIe
IHCTPYMEHT CKJIaJJHH, HEPO30pHil 1 JOCUTHh TPOMI3AKHMA, KM 3HAMIIOB IIUPOKE 3aCTOCYBAHHS B
mitomy kiaci 3amau [7-10]. HelipoHHi Mepeki BUKOPHCTOBYIOTHCS TOJOBHMM YHMHOM B 3ajadax
po3mi3HaBaHHs 00pa3ziB (patter recognition). IcHye O6e3niy 3acTocyBaHb HEHMPOHHUX MEPEX IS
BHUpIIIEHHS 3a7a4 MPOTHO3YBAaHHS YacCOBHX PsAJIB. 3a3BWYail NPHU MPOTHO3YBaHHI YaCOBHUX PsIiB
BUKOPUCTOBYIOTbCS ~ OaraToliapoBi, HaW4acTille TpPUIIAPOBI, HEUPOHHI Mepexi MpsMOro
nomupeHHs. Burisnae tTaka mepexa B Takuii crocio (puc. 1 ta 2).

Henonik HEHpOHHHMX Mepex MOJsArae B TOMY, L0 PO3POOHMKAM, HEJOCTYIHO Te, WIO0
BiIOyBa€ThCSl BcepeauHl Mepexi. Po3poOHUKH (GOpMYIOTH BXOAM, MICIS I[HOTO PO3PAXOBYEMO
BUXOJAM 1 MPOCTO 3ICTABIIIEMO OAHE 3 IHIIMM. Y HAC HEMa€e MOXKIMBOCTI JETaJbHO 1 MOKPOKOBO
IIPOCTEKUTU T€, SIK OTPUMAHI Ha BUXOJl 3HaueHHs Oynu pospaxoBadi. Llefl pekum BUKOHAHHs
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00YHCIIEHbh B «YOPHOMY SIIMKY» HaJ3BUYAMHO YCKIJIQJHIOE MPOLEC IHTEpIpeTalii pe3ynbTatiB i
Moaudikarii Mepexi - HeICHO, 10 B Hili MOTPIOHO 3MIHUTH, 1100 CTANIO0 TOYHIIIIE.

poxn);

BxogHon BHyTpeHHMI cno# BbixoaHoOM
cnon cnow

Bxofakl Brlx0ikl

Puc.2 - Heiipomepexka 3 AEKUTBKOM BUXOJaMU

3aranbHUIA aNTOPUTM ITPOTHO3YBAHHS 32 IOIOMOTO0 HEHPOHHOI MEPEXi.
AJTOPUTM CKJIAJA€THCS 3 HACTYITHUX MYHKTIB:

OTpUMAaHHS TUMYaCOBOTO PsAY 3 IHTEpBaJIOM B 00paHy TUMYACOBY iTepallito;
3alIOBHEHHS «ITPOTAJIMHY» B iCTOPIT;

3ra/KyBaHHS PSAY METOJOM KOB3HUX cepe/iHiX (a00 1HIINM);

OTPUMAaHHS Psy BITHOCHOTO 3MiHH ITPOTHO30BAHOT BEJIMYUHH;

(dbopMyBaHHS TaOIMI «BIKOH» 3 TTMOMHOIO 3aHYPEHHS THMYACOBUX 1HTEPBAIIB;
J0JIaBaHHS 10 TaOJHUIlI JOAATKOBUX JaHUX (HAMpUKIAI, 3MiHA BETUYMHU 32 MOTEepeaH]

[IKATHPOBaHUE;

BHU3HAUCHHS HABYAJILHOT Ta BaliAaIliiiHOi BUOIPOK;
mia0ip mapaMeTpiB HEUPOMEPEKi;

HaBYaHHs HEMPOMEpExi;
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—  IepeBipKa mpane3JaTHOCTI HelipoMepeki B pealbHUX YMOBAX.

Ha ocHOBI HEHpOHHHX MeEpeX € MOXIMBICTh OyayBaTH KOPOTKOCTPOKOBI 1
CepeTHOCTPOKOBI MPOTrHO3W. KpiM TOro, MO3MTHMBHO Ha SKOCTI MPOTHO3Yy MOXE IMO3HAYUTHCS
iHpopMallisi TPO 3OBHIIIHE CEpPENOBHUINE. 3aBISKH BHKOPHCTAHHIO HEHPOHHUX MEpexX Ipu
IPOTHO3YBaHHI, TAKOTO POAY 3MIHM B MOJIEJIi 3BOJATHCS, (PAKTUYHO, 10 J0/IaBaHHS HOBUX KOJIOHOK
B HaBUaJbHY BHOIpKYy 1 mepeHaBuaHHS Mepexi. ['onoBHa mpolGiiema i SIKICHOTO MPOTHO3Y -
HasBHICTh iCTOpIi JaHWX 3a JIOCUTh TPUBAJIMKA TEPMIH 1 rpaMOTHA MONEpEeaHs 0OpoOKa HaHUX.
3anmy4deHHsl eKcrepTa B Iiil 001acTi JOMIOMOKE JJaTH BiAMOBIb HA MUTAHHSA, YM BPaXOBYIOTHCS TPU
aHasi3i Bci (pakTOpH, 1110 BIIMBAIOTH Ha pe3yJbTar.

BUCHOBKU
Cnin 0co6MBO BiI3HAYUTH TOU (DAKT, 1110 €(peKTUBHE BUPILICHHS 3aBJIaHHS TPOTrHO3YBAaHHS
MOJKJIMBO TIABKM B TOMY BHIAJKy, SIKIIO HEWpPOHHA Mepe)ka HAaBYAE€ThCS Ha BEIMKOMY 00Cs31
naHuX. Y pas3l MajJopo3MipHOi a00 HEAKICHOI HaBUaJIbHOI BUOIPKU HaBITh HAMKpAIIUI aIrOPUTM HE
JacTh 3a/JI0BUIBHOTO pPE3yNbTaTy, OCKUIbBKM 0€3 MOBHOIIIHHOTO Habopy MJaHUX HeHpomepexa
MIPUHITUIIOBO HE 37aTHA HABUUTHCA.
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®YHKIII, MATEMATHAYHI OCHOBH TA CTPYKTYPA KOMIIOHEHTIB
HEHUPOITPOLIECOPIB

Buxnadeni memoou ma meopemuyni 3acaou yu@dposoco onpayro8anus iHhopmayiunux nomoxis,
npeoCcmasieHUx 2ap MOHIYHUMY CUSHATIAMU, HA OCHOBI CReYNpoOYeCoOPHUX 3aco0i6 3 HeUPONnoOIOHUMU KOMNOHEHMAMU.
Po3senamnymo memooono2ito cmeopents Mamemamuyroi meopemuxo-4ucio8oi Mooeni camogionos08anoi cucmemu
nepeoasaHHs CUeHALi8 ODIOHEPOHHO20 B0NOKHA.

The stated methods and theoretical foundations of digital processing of data streams presented harmonious
signals based specprocessors funds from neuron components. Considered methodology to create a mathematical
theoretical and numerical models of self-healing system of signal transmission bio-neural fibers.

bionelpoHH1 cucTeMu rHUOOKO JOCTIAXKYIOTHCSl Y BCbOMY CBITI 3 MO3ULIN 010710711,
HelpoKiOepHeTHKH, Teopii CUTHAJIIB, Teopii koayBaHHs iHGopmaii [1]. IIpu nboMy BaxXIHMBOIO
3a/1a4eI0 € KOMIT FOTEPHE MOJIEITIOBaHHS 0COOIMBOCTEH (PyHKITIOHYBaHHS 010HEUPOHHUX CHCTEM,
OTpHUMaHHS, IEPETBOPEHH Ta 30epiraHHs HUMHU iHpopMarii.

AKTyanbHOIO HayKOBO-TIPUKJIATHOO 33/1a4€I0 € PO3pOOKa apXiTEKTyp CHEIIPOIIECOPIB, K1
MOJICJTIOIOTh PEAKIIII0 Ta AITOPUTMH ONPAIFOBAaHHS CUTHAJIB 010JIOTYHUMHU HEHPOHAMH 1
OpIEHTOBAaHI Ha peati3aliio y BUTTISAI MIKpPOEICKTPOHHUX CTPYKTYP, B TOMY YHCIT1
HAHOTEXHOJIOTIH.

AHaJi3 JiTepaTypHUX JaHUX B rajgy3l HEHPOHHUX MEPEX Ta HEUPOKIOCPHETUKH IEMOHCTPYE
BaXJIUBI HAYKOBI pe3yabTaTH MOEIIOBAHHS Ta TEOPETUUHOI popmaizaliii GpyHkii HelipoHa,
[epCenTPOHa Ta HeHPOHHKUX Mepexk [2-4]. Ha puc. 1 mokasaHa cTpyKTypa OporoBoi Mozei
(dbopMabHOrO HEelipoHa Ta ONKCAaHa HOTo BUXIHA peakiis [5].

Xi o
: : 1,net > @
Z="f(net)= ,
, 1 T O,net<®
- i ] ‘B > Z(t) n
r ae net= > Xj-aj, —1<0;j<+1, O -mopir
i=1
ol CIIPALFOBAHHSL.

Pucynok 1 — CtpykTypa nmoporoBoi MoJieni Ta peakiiisi popManabHOTro HeilpoHa

Jl1st BUpIIIeHHS! IIUPOKOro KJIacy 3aJay B raixy3i IHTeJIeKTyalbHOi 00pOOKH TaHUX BCe
O1JIbI1IE 3aCTOCOBYIOThCS MOpUAHI Helipo-(az3i-cucteMu 1 BeiBieT-Heipo-(has3i-cuctemMu, 1o
00’€IHYIOTh B cO01 IlepeBaru KO>KHOTO 3 M1IXO0/I1B Ta MalOTh MOKPAIIEH] alpOKCUMYIOU1
BJIACTUBOCTI, IIPU IbOMY HE BTPAyarOTh 31aTHOCTI (QYHKIIIOHYBAaTH B peaibHOMY 4Yaci. Takumu
CHUCTEMaMH € apXITeKTypHu Tuny Banra-Menzens, anantuBHi Hepo-¢as3i cucremu Takari-CyreHo-
Kanra, Beitier-neipo-has3i Mepexi, afanTUBHI BeiBieT-HePpo-haz3i cuctemu 3 W-HelipoHamMu
[6].

Jnis BupimeHHs 3a1a4i on-line mporHo3yBaHHs HECTALIOHAPHUX CUTHAJIIB OYII0
3alpONIOHOBAHO BEUBJIET-HEHPOHHUI MPEINKAT, OCHOBOIO SIKOTO € BEUBJIET-HEHPOH [6], CTpyKTypa
SIKOT'0 IPUBEJEHA Ha PUC. 2.
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xxk) v*<

Pucynok 2 — ApxiTekTypa BeiBeT- (1)2131 HEHpOoHa

BeiiBneT-HeWpOoH 1OCTaTHRO OIU3BKHIA IO apXITEKTYpi 10 GOpMaIbHOTO HEHPOHY 3 N
Bxoaamu. [Ipy HagXoHKEHH] Ha BX1J] BEUBIET-HEHPOHY BeKTOpHOTO curHany x(k), Ha oro Buxoi
(hopMyeThCs CKallsipHE 3HAYCHHS

()= 3 6000 = 32 3w (o s (), "

i=1 i=1j=1

ne Wji(K) — cuHanTu4HI Barw.

B 3aranpHOMY BUTIATKY peakilis popMaabHOTO HEHPOHA HAa aHAJIOTOBUI BX1THUN CUTHAI
x(t) MOke OyTH TOCTATHBO aJIEKBATHO ONKCaHa MOJIEIUTIO po3LMpeHoro onepatopa I1I/1-
perynstopa [7]:

2
z(t)=aoX(t)+a1%+azfXdX+a3d—;+ oo [X(EX(t+T)dX oy )
dt

Ay, 0, Q...

[ x(@)x(t+7)dx

e - BaroBi KOeQiIie€HTH, - aBTOKOpesIiiHA (QYHKIIIS BX1THOTO
CHUTHAIY.

HenonikoMm ommucy Takoi MOJieli € BiICYTHICTh BILIMBY B PiBHSHHI KOPEISALIHHIX
CKJIaJIOBUX, K1 BpaxoBaHi y popmyni Konmoroposa 115 nepeadadeHHst Maii0yTHROTO 3HAYCHHS
cTarioHapHoi QyHKii [8], 1110 BUKOPUCTOBYETHCS MpU peajtizalii nependadarouoro Gpiibrpa

Konmoropoga-I"abopa:

nn nnn

alx(t)]=ro +ZI’0Xn + 222 Xny Xn, Mgy 22222 Xny Xn, Xng Tnynong + - ©)
0 00 00O

ne g[x(t)] - Mail0yTHe nependavyBaHe 3HaUE€HHS QYHKIIIT;
o1 Xngoeer - )
3Ha4eHHs i€l QyHKIIT B MUHYIIOMY;

. KOe(iI[IEHTH BIUTUBY (Baru) KOXXHOTO YICHY.

B pesynbTaTi ocnimkeHs 0yio BCTAaHOBIICHO, 1110 PEaKIi€r0 HeHpPOHa Ha TapMOHIYHUHN
curxan oyzae (opMyBaHHS IMITYJIbCIB B TIEBHI MOMEHTH 4acy [9], a came mpu:

Mepexo/Ii TApMOHIYHOTO CUTHAITY uepes 0;

MaKCHMAJIbHHUX JTOJaTHUX Ta BiJI’€MHUX 3HAYCHHSX;

PIBHOCTI TAPMOHIYHOT'O CUTHATY Ta HOTO MEPIIoi MOXiHOI.

Hexaii MaeMo o1MH epioJ] CHHYCOIIH, sSIKa OMUCYETHCS PIBHAHHAM

x1(t)=A0-sin (©-t),

ne AO — aMrmniTyna; @ — 9actoTa; t — 9ac. 300pa3umo 1eil curuan Ha puc. 3.
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X(t)

\ 7 \

71~ 2| ™
. N

Pucynok 3 — Yotupudasuuii rapMOHIYHUN CUTHAI

T

Pucynox 4 — Monenb peakiiii HelipoHa Ha TApMOHIYHUN CUTHAJ

Jlist Toro, 1100 3HAWTH MOMEHTH Yacy peakiiii HelpoHa Ha TapMOHIYHUI CHTHAI,
no0yayemMo Ha bomy k rpadiky kocuaycoinu X2(t)=A0-cos (o-t) i x3(t)=A0-cos (o-t+nr) i
cunycoiny X4(t)=A0-sin (o-t+mx).

TakuM YHHOM, OTPUMAEMO CUCTEMY PiBHSHb:

X((t)=Ag-sin(o-t)
Xo(t)=Ag-cos(m-t)
X3(t)=Ag-cos(m-t+m)
Xq(t)=Ag-sin(o-t+m)

(4)

[Ipencrasneni ¢pyHKIIT MatOTh Psig OCOOJMBHUX TOYOK (pHC. 3) 3aJIC)KHO Bij MapameTpy t:

t=4, X3(t):Ao; t=0, Xz(t)=Ao;
t=5,  X3(t)= Xa(t); t=1, X1(t)= X2(1);
=6, X4(t):Ao; =2, Xl(t)=Ao;
t=7,  Xa(t)= X2(1). t=3, Xi(t)=X3(V);

Ha puc. 4 mokaxxeMo peakiiito HelipoHa Ha rapMoHiuHUI curHai. L{e Oyae mociimoBHICT
IMITYJIBbCIB y BKa3aHUX BHILE OCOOIHMBUX TOUKAX.

Memoro pobomu € 0OTpyHTYBaHHS 3acTocyBaHHs 0a3ucy KpecteHcoHa 1yt MOJIEIOBaHHS
MpoIIeCiB onpaIioBaHHs iH(popMaIlii B HEHPOHHUX ITyYKax, CTBOPEHHSI CIICIIIPOIIECOPiB
OTIPAIIOBAHHSA 1 3TOPTKY TAPMOHIYHUX CUTHAIIIB B SIKOCTI €JIEKTPOHHHUX MOJIeJIieil HeHpOoIpoLecopiB.

OOrpyHTYBaHHS 3acTOCYBaHHS 0a3ucy KpecTeHcoHa i TEOPETHYHOTO PIlICHHS 3a/1a4i
nepeiaBaHHs CUTHAIIB MO0 HEUPOHHUX IMy4KaXxX

Teopetuxo-uucnosuii 6a3uc (TUB) KpecteHcona yrBOpro€ThCst HA OCHOBI CUCTEMHU
nutononiouux GyHkuii. Hazanuit 6a3uc mopopkye cuCTeMy YUCIICHHS 3alTUIIKOBHUX KJIAciB,
(byHIaMEeHTaIBHOIO OCHOBOIO K01 € Kutalichbka Teopema mpo 3aIMIiKy Ta Teopis moiis [amya [9].

145



VuikaneHO0 0cobnuBicTio TUB KpecteHcoHa € 0JHO3HAUHICTh IPSIMOTO Ta 3BOPOTHHOTO
CHEKTPAJIBHOTO MIEPETBOPEHHS 3 TOUHICTIO 710 (a3u, sKa BiACYTHS Yy mMpokoBxuBaHomy TUbB
dyp’e HA OCHOBI TAPMOHIYHMX (QYHKIIIH, B IKOMY 1H(pOpMAaIIis po (a3y nepeTBOpPrOBaHUX
CUTHaJIB BTpayaeTbes. Tomy y 6azuci @yp’e HEMOXKIMBO BiAHOBIIOBATH CUTHAIN TICIIs
CHEKTPAJIbHOTO aHAJI3y TIJIBKU 3 BIAMOBITHUMH CTATUCTUUYHUMU Ta KOPEJSLIHHUMH
XapakTepucTukamMu. TakuM 4MHOM, TEOPETUYHE PILICHHS 33/a4i IepelaBaHHs CUTHAIIB 3
CaMOBI/IHOBJICHHSIM B HEMPOHHUX IMydKaX JoLUIbHO BUKoHaTH Ha ocHOBI TUb Kpectencona. Tum
OisbIIe, 10 010JIOTIYHI TOCIIKSHHSI I03BOJIUIN OJHO3HAYHO BCTAHOBUTH, 110 B HEHPOHHUX
CHUCTEMax TapMOHIYHI (CHHYCOIaIbH1) CUTHAIIN TIEPETBOPIOIOTHCS B UUCIO-IMITYJIBCHI 31 3MIHHOIO
9acTOTOI0, aMILTITY/I0I0 Ta MEePI0IUYHICTIO. BiIOBIIHO, TEOPETUYHE PIllICHHS MTOCTaBJICHOT 3a/1a4l
aZIeKBaTHO MOXe OyTH oTpuMmaHne B quckpetHiit popmi TUB KpecreHncona.

CrpyKTypHa MOJIeIb CAMOBITHOBIIIOBAHOI CUCTEMHU TI€pe/laBaHHs CUTHAJIB 010HEHPOHHOTO
BoJIOKHA B Oa3uci KpecteHcona

OyHKIIOHATPHAMHA OOMEKEHHSIMHU BIJOMUX MOJIENIC HEHPOHIB € HEOPTOTOHAIBHICTh
MEPETBOPECHHS B PE3YJbTATI CYMYBAaHHS 3BAKEHUX BX1THUX CUTHAJIIB HEHPOHIB. 3aCTOCYBaHHS
TeopeTtuko-urcnoBoro 6aszucy (TUbB) Kpectencona, sikuit mopoxye CUCTEMY YUCITEHHS
3aJIMIIKOBHUX KJIACiB, K MOKa3aHo y [5], 103BOJIsIe BUKOPUCTATH HACTYITHI IIOPOTroOBi GYHKIIIT 11O
MoyJo Pj:

k N k k
[hj ] =res_zl[€r>xi](mod Pi); [hj] =resizlocj -[hj 1; [Zi] :reszlﬁj [hjI(mod Ry ), (5)
1= 1= ]=

hi (S [hj] — iMIysIbCHMIE CHTHAIT 3 YKUCIIOM IMITYIIBCIB, SIKE pIBHE HAUMEHIIIOMY

HEBI1JI’EMHOMY 3aJIMIIKY [TOPOTOBOI MOJYJIbHOI onepariii;

reS — CMMBOJI IIOPOT'OBOI omepartii mo moayito Pj;

0 — BaroBi koedirienTH Moei HeifpoHa (puc. 1);

[j Ta PO — BinmoBiiHO BaroBi KOe(Ii€EHTH Ta IIOPOTOBUI MOYJb IIPUIMATIBLHOTO
Helipona HO.

Ha puc. 5 mokazaHo 3anporoHOBaHy CTPYKTYPHY MOJIEIb HEUPOIIPOLIECOPA, SIKHI BUKOHYE
¢ yHKIIT moporoBoro GpopmMyBaHHS iIMITyIbCHUX cUrHaiiB Ha ocHOBI TUB Kpectencona 3rigHo
piBHSHB (5).

[Tpuknan po3paxyHKy JaHOI Mepexi st B3aeMHO-TIpocTux moayiis P1=9, P2=10, P3=11,
KOJTM YKCII0 HelpoHiB k=3, mpuBeaenuii B ctaTti [5].

[TpuBenena cTpykTypa B3aeMo/Iii HEMPOHIB B HEHPOHHOMY ITyYKY J€MOHCTPYE O17IbIIT
LIMPOKE MOHATTS (QYHKIIH HEMpOHA MPH OINpalfoBaHH]1 IMIYIbCHUX MOTOKIB B 010JIOTTUHUX
cucTeMax 3 BpaxyBaHHAM e(eKTy X CaMOBIHOBJICHHS NP BiIMOBaX OKpPEMHUX HEHPOHIB.

Po3pobxka 3ropTKoBUX HEUPOIIPOIIECOPIB 3 OAHOYACHUM MOJICITIOBAaHHSIM (DYHKITIT aKCOHIB 1
HEHpOHIB

He3Baxaroun Ha OMIMPEHY B JIITEpaTypi MOJEh peaKilli HeWpoHa Ha BX1THUNA
rapMOHIYHMIA cUrHaI (puc. 4), pe3yabTaTi eKCIEPUMEHTAIBHUX JOCIIIKEHb MOKa3yI0Th
Hea/IeKBAaTHICTb Takoi Mozei. Jlocni)keHHs 3BOPOTHOI 3aaul, sika MoJiArae y BU3HAYEeHH1
aHAJIITUKH BX1JHOTO TApPMOHIYHOTO CUTHAITY, IO MOPOJIKYE pPEabHUH MOTIK IMITYJIbCIB HA BUXO/I1
HEWpOHa JT03BOJISIE BCTAHOBUTH, 110 O1IBIN aICKBATHUM BXITHUM CHTHAJIOM € sin2x [2]. Ha puc.6
MoKa3aHa peakilist HelipoHa Ha BKa3aHUH THIT BXiJTHOTO TapMOHIYHOTO CHTHAITY.
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X(t)

h,  akconu

AUM

PeuenTop

Pucynok 5 — CTpykTypHa MOJICIIb CaMO BITHOBJIFOBAHOT CHCTEMH TIepeJaBaHHS CUTHAIIB

OioHeipoHHOTO BOJIOKHA B O6a3uci Kpecrencona

un(x)"

sl 2x .
- - \ “
iaf 1 . c ¥ N s
szl Jse n) ' . .
) . B
' . . !
. ! LI »
. ’ ' o #

d Iy ‘f ‘9 h
0)

. y(x) =sin? (X) o . . .
Pucynok 6 — Mojienb rapMOHIYHOTO CUTHATTY Ta Horo noxiaHoi (a) i
BIJIMOBIIHA MOJIEIIb PEAKIlil Ha HHOTO HeipoHa (0)
AKTYyaJIbHO 337]a4€10 € CTBOPEHHS CIEIPOIIECOPIB HAa OCHOBI PEKYPEHTHOTO HeWpOHa, TKUI

. . . X . o
pcamsye (1)yHKI_[11 3ropTKHU MOCI1JOBHOCT1 ! 3 BaroBUMu KOG(blI.IlGHTaMI/I i.Ha puc. 7 moKa3aHo
CTPYKTYpPY CHeHiaHiSOBaHOFO mponecopa, SIKAH peani3ye (bYHKHIIO PEKYPEHTHOT'O HeﬁPOHa.
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OcoOnuBICTIO TAKOTO HEeHMpompoliecopa, KU MoKe OyTH BUKOPUCTAHHUM [T

2
| | | | x]
pO3Mi3HaBaHHS TAPMOHIYHUAX CUTHAIB, € BAKOPUCTAHHS MOJIYJIS ITiTHECEHHS 710 KBaApaTy ( [ il )ra
¢dopmyBaua iMyibciB (D), IKUi Ha IHTEpBai OJHOTO Nepioay (popMye MOCTIIOBHICTD IMITYIIbCIB,
MpUBEIEHY Ha puc. 60.
x (1) X

[ AT /[ P @

Pucynok 7 — CtpykTypa crier nporecopa Ha OCHOBI MOJIeNi PEKYPEHTHOTI0 HelpoHa

Ha puc. 8 mpuBeneHa cTpyKTypHa cxeMa CIelIpolecopa, 1o peasizye ¢opMyBaHHS

- - : y(x) =sin 2(x) N . .
IMITYJILCIB HA OCHOBI BUPa3y ' 1[0 BiJITIOBIIa€ peakilii HeHpoHa Ha MOTYKHICTh
rapMoHiyHOTO curHany [10].

6 5 7

sinbx) (sin(x))* difsin(x))*) /et

I< 1L d,h “

Pucynok 8 — CtpykTypHa cxema HeiipornoaiOHOro crerl mporecopa A MepeTBOPEeHHs
rapMOHIYHOI'O CUTHAJIY B IMIYJIBCHUH MOTIK Ha OCHOBI BUpa3y y(X)=sin2(x)

3anponoHOBaHM cIiel MPOLEecop MICTUTh TPH IMITYJIbCHUX KoMmapaTtopa — 1, 21 3,
¢dazomnoBepray Ha KYT T — 4, cxeMy JU(epeHIIIOBaHHI — 5, CXeMy IiJHECEHHS BXiTHOI'O CUTHAITY
10 kBajsipaty — 6 1 noriuauit enement AbO — 7.

[TpucTpiit npairoe HACTYIHUM YMHOM — BXIJTHUH CUTHAJ X(t) MOCTyMa€e Ha CXeMy
MiHECEHHs 10 KBaapaTy 6, BUXIJHUM CUTHAI SKOT OJJHOYACHO IIOJAETHCS HA BX1/l CXEMU
nuQepeHIIiIoBaHHA S 1 Ha nepii BXoau KoMmaparopis 1, 2 1,3, BUXiAHUN CUTHAT CXeMH
nudepeHIiroBaHHS IMOJAETHCS Ha APYruid BXia 1-ro kommapaTopa 1 Ha BXij ¢a3onoBepTadya Ha KyT
7 4, BUXiTHUH CUTHAJ SIKOTO IMOAAETHCS Ha IPYTHH BXiJ KOMIapaTopa 2, Ha IPYrHil BXiJ
KOMITapaTopa 3 MOJa€ThCs CUTHAM JIOTTYHA OAWMHUI’, BUX1HI CUTHAJIA BC1X TPHOX KOMITApaTOPIB
MOJAIOTHCS Ha BXiJ JIoriyHOro eneMenTy AbO, Ha BUXO/Ii IKOTO (POPMY€ETHCS BUXITHUNA CUTHAT
IIPUCTPOIO.

ImnynecHMIA KomnapaTop 1 Gpopmye iMITyIbCH, SIKi BIIOBIJAIOTh CUTHAJIAM a, b, e, f B
MOMEHTH 4acy, KOJIM KBaJpaT BX1JHOTO CUTHAJIY 1 OX1/1HA KBAJpaTy BXIJHOIO CUTHAILY
CHIBMAJIAI0Th; IMITYJILCHUNA KOMIIapaTop 2 GopMye iMIynbCeH, sKi BiamoBigaoTs curHanam d i h B
MOMEHTH, KOJIM KBaJpaT BX1JJHOIO CUTHAJTy 1 3CyHYyTa Ha KyT Tt [IOX1JJHa KBaJpaTy BX1JHOIO
CUTHAIIy CIiBIAIal0Th; IMIYJIbCHUH KoMmapatop 3 ¢popMye IMITyJIbCH, K1 BIJIOBIIAal0Th CUTHATIAM
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C 1 g B MOMEHTH, KOJIM KBaJIpaT BXiJHOTO CUTHATY HA0yBa€ MaKCUMaJIbLHOTO 3HaueHHs. BuxinHi
CUTHAJIM YCiX TPhOX IMITYJIbCHUX KOMIIApaTOPIiB MOIAI0THCS HA BXiJ JoriyHoro enementy AbO, Ha
BHUXO/I1 IKOTO (POPMY€EThCS CUTHAJ, aICKBaTHUM peaKIlii HEHPOHA Ha BX1THUN TApMOHIYHUN CUTHAI
y BUIJISI/II TAYKY IMITYJIBCIB Y BU3HAYEHI MOMEHTH 4acy a, b, ¢, d, e, f, g Ta h (puc. 60).

ImMmyniben, 110 GOpPMYIOTECS Ha BUXOA1 HelipoHa (puc.60), MOXKHA IPEJCTaBUTH Y BUTIISAI
Koy

1110010011100100, (6)

Ha OCHOBI SKOT'O NIITXOM 3aMiHU HYJIiB Ha “+1”, a onuHUIL — HAa “-1”, aHAJIOT14HO, SIK 11e
BUKOHYETHCA ISl IIYMONOJIOHUX KOJiB bapkepa, oTpuMyeMO IEHTPOBaHUI HOPMOBaHUH
CUTHAJIbHUHU KOJI

ettt + @)

JlaHuil Ko7 pyXa€eTbesi O aKCOHY HEHWpPOHa.

Jnist opranizattii 3ropTKH JaHOTO KOy B peKYpPEHTHOMY HEMpOHiI HeoOXiHa po3podKa
€JIEKTPOHHOI MOJIEJII aKCOHa.

Taxum ynHOM, c(HhOPMOBAHUHN IMITYJILCHUI CUTHAJ Ha BUXO/11 HEHpoHa B 610JIOTTYHUX
cUCTeMaXx PyXaeTbCs MO aKCOHY 3T1JHO CXEMHU IMPOoLECy NepeiaBaHHs 30y1keHHs (puc. 9):

MembpaHHmit
noteHuian, MB Hanpsamok

[ |
+40 ! { NOWMNPEHHA
A[ imnynbcy
1

0
|

J
70 |
1

I

N
!

T R e Ly R T e T
I

Pucynok 9 — [Ipouec nepenayi curHaty 1no akCoHy y BiJIINOBIAHOCTI A0 3MIHU MEMOpPAHHOTO
MOTEeHIlially HelipoHa

Binoma enektpoHHa Mozienb akcoHa HelipoHa XopkkiHa-Xakcini [11], sika onucye
reHepalLiio 1 PO3MOBCIOJKEHHSI MOTEHIIaJIIB i1 B HEMpOHaX 1 peasi3yeThCcsl Ha aHAJIOTOBUX
€JIEMEHTax.

Henomixom miei moneni € oOMexeH1 PyHKIIIOHATIbHI MOXJIHBOCTI Yepe3 Te, 1[0 BOHA
MPEJCTaBIsE COO0I0 KOMIUIEKC OpPAMHAPHUX JU(PEPEHIIIHNUX PIBHSAHb, SKUN OMUCYE
XApaKTEPUCTUKH €JIEKTPUYHOIO CUTHATY B aKCOH1 B aHAJIOTOBOMY BH/II.

Ha puc. 10 3anponoHoBana abCcTpakTHa MOJIEb aKCOHA HEHPOHa, sIKa IEMOHCTPYE

(T3]

TpaHnchopmalliro moTeHmiamiB “+” 1 “-“ ta ix mepeMiIeHHs BiJl BXOIY 10 BUXOY.

CUrHanbHi

BXOOE pomney ——— —> -

@§+++++@§++++®
BXia —‘@I e — I— @— BUXIA
D+ ++++O++++ @

1-11 KOMNOHEHT i KOMNOHEHT 1 KOMNOHeHT

Pucynox 10 — A6cTpakTHa MOJIelTb aKCOHA HEMpOHa
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3 MeTOI0 MiKpOMiHIaTIOpU3aLlii peani3alii MoeNi akCOHa HepoHa NUIIXOM ii BUKOHAHHS Ha
OCHOBI MIKpO- Ta HAHOTEXHOJIOT1i po3po0iIeHa CTPYKTypa CHEIpoliecopa Ha OCHOBI CTPYKTYpH
perictpa 3cyBy Ha D-Tpurepax ta komnaparopis (puc. 11) [12], ne 1 — Bxin, 2 — Buxin, 3 —
CUTHaJIbHI BUX0au, 4 — D-Tpurepu, 5 — renepaTop iMIyibCiB, 6 — KoMmapaTop, 7 — BiJl’eMHHMA
MOTEHIIa], 8 — KOMIIOHEHTH.

Pucynok 11 — CtpykTypHa cxema CIiennpoiiecopa peaisallii Moje akcoHa HelpoHa

[TpucTpiii mpartoe HACTYITHUM YHHOM — BX1JIHI CUTHAJIU Y BUTJISI TTIO3UTUBHHUX IMITYJIbCIB
MOCTYMAIOTh Ha BXix | 1 mogaroThes Ha D-BXix Tpurepa nepmoro komnoHeHTta. [Ipu moctrymneHHi
BXIJTHUX TIO3UTUBHUX IMITYJIBCIB Ha BXiJ mpucTpoto 1 BigOyBaeThes 3cyB iHdopmartii mo GppoHTy
HApOCTaHHS CHTHAJIIB TeHEpaTopa IMITyJIbCiB 5 B TpUrepax 4, siki 3’ €JHaHi Mik cO00I0 K
oTepaIlitHUi TPUCTPil pericTp 3cyBY’. B 3a/eKHOCTI BiJ] CTaHy 1-T0 TpUrepa Ha BUXO/II 3
KO>KHOTO 1-TO KoMIaparopa 6 ¢opMyeTbcs MOTEHITial, 3HAK SIKOTO BU3HAYAETHCS 3T1AHO BHPA3y:

0; 0-05=-0.5;
Tj = (8)
1, 1-05=+05.

B pe3ynbTaTi KO’KeH BX1IHUN IMITYJIbC, IKUM OCTYIMAE Ha BX1J | MPUCTPOIO y BUTIISAI
BiJI’€MHOT0 MTOTEHI[ially Ha BiJINOBITHUX BUXOAAX 3 PyXa€ThCsi CAHXPOHHO 3 TAKTOBOIO YaCTOTOIO
reHeparopa IMIyJbCiB 5, BIJ BXOAY NPUCTPOIO 1 10 BUXOY 2, 10 OJHO3HAYHO (DYHKI[IOHAIBHO
MOJIEITII0€ POOOTY O10JOTIYHOTO aKCOHA HEHPOHA.

V BUMAaNIKy, KOJIU TPUBATICTH IMITYJIbCY, SIKHI ITOCTYIIA€ HAa BXiJl MOJENI aKCOHAa HEHpOHa,
MIEPEBHUIIYE B KiJIbKA pa3iB TAKTOBY YAaCTOTY IT'€HEpATOpa IMITYJIbCIB 5, HA CUTHAJIBHUX BUXO/1aX
MO/ aKCOHa HelpoHa OyJie pyXaTHCh Tpyra BiJl’€MHUX IMOTEHITIAJIB, KUTBKICTD SKUX
BIJINIOBIJaTME YHCITY IMITYJIBCiB T€HEPATOpa IMITYJIbCIB 5, 1110 TEHEPYIOTHCS Ha iHTEpBai 4acy,
PIBHOMY TPHUBAJIOCTI BX1JTHOTO IMITYJIBCY.

CyuacHuii piBeHb PO3BUTKY MIKPOEJIEKTPOHIKM Ta HAHOTEXHOJIOT1H JT03BOJISIE peasi3yBaTu
3ampOIIOHOBAHY MOJIEh AaKCOHA HEHPOHA 3 pO3MipaMH, IO HAOIMKAIOTHCS 10 MIKPOHHHUX PO3MIpiB
010JI0T1YHUX HEWPOHiB. PeryssipHICTh CTPYKTYPH 3alpOIIOHOBAHOTO IIPUCTPOIO TO3BOJISIE
HapOIIyBaTH ii, 0 PO3MHPIOE PYHKITIOHATBHI MOKIIMBOCTI 3aIIPOITIOHOBAHOT MOJIEJi aKCOHA
HeWpoHa 1 eKBIBAJICHTHO HAPOIIYBAaHHIO aKCOHA HEHPOHA KOHYCOM POCTY.

B pe3ynbraTi onpalfoBaHHs IMITYJIbCHOT'O IOTOKY cUrHaiiB (7), skuil GopMyeThCs Ha
BUXO/Ii ITepeTBOpIOBaya (puc. 8) MpoIecopoMm 3i CTPYKTYpPOIO0 PEKYpPEeHTHOT0 HelpoHa (puc. 7),
OTPUMYETHCSI CUTHAJIBHUH IMITYJIbCHUN KO/, IPUBEACHUHN Ha pHc. 12.

20
1s

10

-10
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Pucynok 12 — Pe3ynbTat 3ropTKH CUTHAJIBHOIO KOAY, SIKUH PYXa€ThCs 110 aKCOHY HEMpPOHA

Bcranosiena nogiOHICTh IMITYJIbCHOT'O KOy, SIKMI PYXa€eTbCsl IO aKCOHY HEHpOHA IpH il
Ha BXOJM HEMPOHA rapMOHIYHOI'O CUTHAJTY XapaKTEepUCTUKAM IIYMOMNOIOHMX CUTHAIIB, K1
IIMPOKO BUKOPHCTOBYIOTHCS B CHCTEMax 3B’ 513Ky Ta BUSBJICHHS KOPUCHHUX CUTHAJIiB Ha (hoHi 3aBaf,
MOXe€ TIOSICHIOBATH €()EKT BUCOKOSKICHOTO 1 IBUAKOAIIOUOTO PO3ITi3HAaBaHHSI MOBHUX CHTHAJIIB Ta
iHIIKX 00pa3iB B 010JIOTTYHUX HEHPOHHHUX CUCTEMaXx. A Iie, B CBOIO Yepry, BU3HAYA€ MEPCIEKTUBY
PO3pOOKH HEHPOIIPOIIECOPIB HA OCHOBI OaraToKaHaJIbHUX aBTOKOPEIAIIHHUX CTPYKTYP.

BUCHOBKU

BuknazneHno TeopeTHyHi 3aca iy Ta CydacHU piBeHb MOIeIIOBaHHS (DyHKIIH HEHPOHIB Ta
Mojienielt HeMpOoHiB Ha OCHOBI LIM(PPOBOT 3rOPTKH, BEUBIIET-IEPETBOPEHD Ta IEPETBOPEHHS
TeopeTuko-urcioBoro 6asucy Kpecrencona. [IpoanainizoBaHi CTpyKTypH Mojiesiei HeHpOHiB.
3anporoHoBaHa CTPYKTYpa PEKYpPEHTHOTO HEHpOHa, eIEKTPOHHA MOJIENTh aKCOHA Ta KOPEISAIIHHUHA
CHELIPOLECOpP OMPAIIOBAHHS IMITYJIbCHUX CUT'HAJIIB HEMPOHIB, SIKi BAKOHYIOTh (DYHKIIT
(dhopmMyBaHHS IMITYJIBCHOT ITOCTIJOBHOCTI sin®-curHaiis Ta ix ABTOKOPEISIIIHY 3TOPTKY, SIKa
HAOIMKAETHCA 10 XapaKTEPUCTUK HIYMONOIOHUX CUTHAIIB.

JIITEPATYPA
1. Mamepuanvr XV Meoscoynapoonou rougepenyuu no wuetpokubeprnemure. Tom 1. Cexyuonnvie 00KIaobl.
Pocmos-na-/lony. Uzoamenvcmeo FO@Y 2009. 372 c.
2. Huxonauuyx A.M., 3aseoiox T.0. Cmpykmypa ma ¢ynkyii pexypenmnozo Oionetipona 0na po3ni3Ha8anHs

obpasig y Xemmineoeomy npocmopi.// [locmyn ¢ nayky. 36ipuux naykosux npayv byuayvkozo incmumyniy
MmeHedxwcmenmy i ayoumy. — Byuau. — 2010. - Ne6. C37-39.

3. Xatixun, Caiimon. Hetiponuvie cemu: noanvlii kype, 2-e uzoanue.: Ilep. ¢ anen. — M.:Hz0amenvckuil 0om
"Bunvsmc”, 2006. — 1104c.

4. Usanos-Mypomckuit K.A. Hetipoguzuonoeus, netipoxubepuemuka, netipobuonuxa.- K.: Buwa wixona, 1985.
—240c.

5. 3aseowk T.0., Huxonauuyx A.M., Boponuu A.P. Camosionosnoana cucmema nepeodéaHHs CUSHATI8

bionetiponnozo gonoxna y basuci Kpecmencoua. // Bicnux Xmenbnuybko2o HayionanbHo2o yHisepcumemy. —

Xmenvnuyvruit, 2012. — 4 (191). — C. 137-142.

Bodyanskiy Ye., Pliss 1., Vynokurova O. Hybrid wavelet-neuro-fuzzy system using adaptive W-neurons //

Wissenschaftliche Berichte, FH Zittau/Goerlitz, 2010. — 106, N 2454-2490. — S. 301-308.

Teopusa asmomamuueckozo ynpaeienus / I100 ped. A.A.Boponosa. - M. : Beicwas wixona. -1977.-4.1.-304c.

lsaxnenxo O.I', Jlana B.I'. [lepedbauenns sunaokosux npoyecis. — Kuie: Hayx.oymxa, 1969. — 420c.

Huxkonaiiuyk A.M. Teopia oxcepen ingpopmayii. — Tepnonine, THEY. — 2008. — 536¢.

0. Ipucmpit popmysanns imnyavcie. Huxonaiiuyk A.M., 3aseoiok T.O MIIK HO3K 5/153. 3asexa Ne a 2010

13543 6i0 15.11.2010.

11. Hodgkin A.L., Huxley A.F. "A quantative description of membrane current and its application conduction
and excitation in nerve", J. Physiol. 117(1952), p. 500 — 544

12. Mooens axcona nevpona. Ilamenm Ne70662 gio 25.06.2012. Hukonativyx .M., 3aseowx T.0. MIIK HO3K
5/153, GO6G 7/60. 3asnexa Ne u 2011 12972 ¢io 04.11.2011.

o

B oo~

151



YK 681.518

IIaBnoB B.B., BosikoB A.E., Boromenwk [.A., Komap H.H. (Misxcnapoornuii naykoso-
HasuanbHull yeHmp inghopmayitinux mexuonozii i cucmem HAH i MOH Ykpainu)

CETELEHTPUUYECKUE HEMPOCETEBBIE UHTEJJIEKTYAJBHBIE CACTEMbI
HNEPEJAYUN JAHHBIX B MOJAEJIAX YIAJTEHHOI'O YIIPABJIEHUSA
JNHAMUWYECKUMHU OB BEKTAMMU

IIpobnema, komopas paccmampusaemcs 6 pabome, C6A3aHA C pa3pabOmMKOU U 8HeOpeHUuem
HOBbIX cUCmeM YOaleHHO20 YNPAasleHUsi OUHAMUYECKUMU 00beKmamu, Hanpumep, camosiemamu, Ha
base cemeyeHmMpUYeCKUx UHMELIeKMYAIbHbIX CUCEM nepeoayu OAHHbIMU OCHOBAHMBIX HA
HelpocemesbiX MexHOoN0UsX.

The problem, which is seen in the work, associated with the development and
implementation of new systems remote control of dynamic objects, such as airplanes, on the basis
of intelligent network-centric data transmission systems based on neural network technology.

VY4uThIBas COBPEMEHHOE pa3BUTHE KOMMYHUKALMOHHBIX CETEH, CUCTEM Iepeay JTaHHBIX
U CIIyTHUKOBOHM CBfI3M, BO3HUKAET HEOOXOIWMOCTh MPUMEHEHHUS STUX TEXHOJOTUH U CHUCTEM B
aBUalUM Il oOecrieueHus] BBICOKOM O€30MacHOCTH IOJIETOB, YIYYIIEHUS TOYHOCTH IMepeaadu
JAHHBIX W CO3JaHUS PE3EPBHBIX CBEPXOBICTPHIX M TOYHBIX KaHAJOB Mepenauyd NaHHbIX. [Ipu
UCTIOJI30BaHUM  KOMITBIOTEPHOTO  MOJEIHMPOBAaHUS, KOTOpOE  IOJYy4WIo  HauOoubliee
pacrpoCcTpaHEeHHE B COBPEMEHHBIX aBUAIIMOHHBIX MCCIIEIOBAHMIX, TAK)KE BO3HUKAET TPAKTUYECKAS
HEOOXOAMMOCTh TPUMEHEHHUS TEXHOJOTUH JUIsl YJAJICHHOTO YIPaBICHHUS JUHAMUYECKHIMHU
00BEKTaMHU.

Pa3paboTka ynmajieHHOTO YIpaBICHHUS IWHAMHYSCKHUMU OOBCKTAMH, HA JIAHHOM JTare
pa3BUTHSA  CETEBBIX  TEXHOJNOTWUH, TpeOyeT  HCIOJB30BAHMS  COBPEMEHHBIX  MOHATHUN
«MHTEJUIEKTYaIbHBIX» WU «HEUpPOCETeBbIX» cucTeM. llapamnensHO ¢ BBEIEHHEM AITHUX IOHATUH
BO3HUKAET MHOTO MPoOJIeM, KOTOpbIe HEOOXOAUMO pelIaTh B MPOIIECCe UCCIETOBAHUMN.

[lenbto paOoOTHI sBNSETCS WIS NPUMEHEHHUS CETELEHTPUYECKUX TEXHOJIOTUH U CHUCTEM
yIaJeHHOTO YIpaBiIeHUs AUHAMHUYECKUMHU OOBEKTaMH, a IMEHHO BO3AyHIIHbIMU Kopabismu (BK).
[Ipu 3TOM HEOOXOIMMO OTMETUTH, YTO MOJ] CETELEHTPUUECKOW CUCTEMOM y/IaJI€HHOIO YIPaBICHUS
BK nonumaercs Takas CTpyKTypa yAaJ€HHOIO YIIPABJIEHHUs, KOTOpas MPEAIOoaracT B3auMOCBS3b
6opToBbIX cucteMm ympasieHuss BK ¢ cucremoil Hazemnoro ympasienuss BK, koropas B cBoro
ouepenb B3aUMOJEHUCTBYET C pACIPEIEICHHOW CETELICHTPUYECKOM Cpelod BblIA4u KOMaH]
YOpaBJICHUS W IepeJayd JAaHHbIX. 10 ecTh, moxapasymeBaercs ymnpasieHne BK B peanbHOM
MaciTabe BpEMEHH C YUYE€TOM CETEBBIX 3aJIepXKEK M MOTepb MAaKeTOB MH()OPMAIMOHHBIX JAHHBIX.
HoBu3HOM Takoil CHCTEMBI SIBISETCS OOECIEUeHHWE CHUCTEMHOW M (YHKIIMOHAIBHO-BPEMEHHOMN
copMectumoctT BK, kak oObekra ympaBieHUs, ¢ Ha3eMHbIMH HMHTEJUICKTYaJbHBIMU
MH(OPMaLIMOHHO-YIIPABIISIIOIIMMU KOMIUIEKCAMU JAUCIIETYEPCKUX [IEHTPOB.

Hcnonp30BaHnEe TakuX TEXHOJIOTHH MO3BOJIMT 3KCTPEHHO MEHATH JIBMKEHUE BO3YLIHOTO
Kopaluist 17151 o0ecrieueHrs 0€30MacCHOCTH TOJIETOB B CIACAYIOIMINUX CUTYAIIHIX :

— TEeppOPUCTUYECKUE YIPO3bl U UpE3BbIYAIHBIE CUTYallUU Ha OOpTY;

— TSDKENbIE METEOPOJIOTHYECKHE YCIOBHS MOJIETA,

— BO3HHMKHOBEHHS KaTacTpOoPUUECKUX MPUPOTHBIX SIBICHMUIA;

— YIrpo3a CTOJKHOBEHMS C 3€MJIEH;

— yrpo3a CTOJKHOBEHMSI C IPYTMMHU BO3YIIHBIMU KOPaOIsiMu;

— B3JIET WIM 3aX0J1 Ha ITOCA/IKy B TPYIHBIX YCIOBUSAX;

— ynpasnenue BK nipu aBapuiiHbpIX cUTyalusax U mpodyee.
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VYuuTbiBas COBpPEMEHHbIE HAaYYHbIE MCCIIECOBaHUs, IUIAHUPYETCS CO3/IaHHe MECTHBIX
JIOKQJIBHBIX M PACLIMPEHHBIX KOMIBIOTEPHBIX CETEH I CO3JaHUsl BO3MOXHOCTH YIaJE€HHOTO
yIpaBJIEHUS] KOMIIBIOTEPHOM MOJIENBIO COBPEMEHHOI'O BO31yLLIHOIO KOpaoJIs.

Takke IEepCHEKTUBHBIM SBIICTCS INPUMEHEHUE HEUPOCETEBBIX TEXHOJIOTHM, KOTOpPOE
CIOCOOCTBYET  KAaueCTBEHHOMY  yIYULIEHHUIO  MOJEIHM  COCTOSIHUS ~ MHCTPYMEHTAJIbHBIX
MOTPEUIHOCTEH, MOCKOIbKY 3TO JAa€T BO3MOXKHOCTh YYUTHIBATh HETMHEWHOCTh B MPE0Opa3OBaHUU
JAHHBIX U3MepeHwuit [1].

B xone cpaBHeHHsI HOBOTO METO/a (C MCIIOJIb30BAaHHEM HEUPOCETEeH B CETELEHTPUUYECKUX
UHTEJUIEKTYyaJIbHBIX ~ CHUCTEMax IepeJauyd JaHHbBIX) C TPaJULUOHHBIMU  TEXHOJIOTMSAMHU
MHOTOMEPHOTO YIpPAaBJIEHUS U aHalu3a I[epellauyd JIaHHBIX BBIACHMJIOCH, YTO KadeCTBO
MOJICJIMPOBAaHUS IIPU ITOMOLIM HEWPOCETEH CYIIECTBEHHO IOBBIIAET KA4eCTBO MOJEIUPOBAHUS
JUHENHBIX perpeccuBHbBIX Mozenel [2]. CyllecTBEHHBIM IPEUMYIIECTBOM TaKXKE SIBISIETCA
CBOWMCTBO HEHWPOCETEW amnmpoOKCUMHUPOBaTh, a IOTOM SKCTPANOJIUPOBATh BXOJHBIE CHUTHAJIBI
JOCTaTO4YHO CcIOKHOU (opmbl. HeiipoceTs cnocoOHa amanTHpOBAaThCA K CHUTHAjIaM, KOTOPBIE
OIHUCHIBAIOTCS KaK JIMHEHHBIMU, TAK U HEJIMHEHHBIMU THHAMUYECKUMU MOJEISIMH.

OTtnenbHOM Mpo06sIeMOii, KOTOPYIO HEOOXOIMMO paccMaTpuBaTh, SBISETCS TOT (DaKT, 4TO
nepesaya JaHHBIX OT OJHOTO y3JIa CETH K IPYrOMY 3TO CJIOKHBIM IPOLIECCOM, Ha Ka)KIOM dTame
KOTOpPOT0 MOTYT BO3HUKHYTh OIIMOKU. TeXHHYecKHe U IMpOrpaMMHBIE CPEICTBA CETH JOJIKHBI 1O
BO3MOYKHOCTH OOHapy>KMBaTb W HUCHPABIATh 3TU OIIMOKHM, oOecreuuBas HaAEKHYI TOCTaBKY
uHpOpMaIIUH.

[Tpu nepenaye JaHHBIX O CETU NPUYMHAMHI BOZHUKHOBEHHUS OLIMOOK MOT'YT OBITh:

— HCKa)K€HUE CUTHaJa MpU Mepeaaye Mo JUHUSIM CBSI3U BCJIEJICTBUE TIOMEX;

— cbou B paboTe anmapaTypsl iepeadn 1aHHbIX;

— HEUCIIPaBHOCTU B CETEBBIX y3JaX;

— HapyueHus B paboTe NporpaMM Ha nepearolieM 1 MIPUHUMAIOLIEM y3J1aX CeTH.

TexHaudeckoit 0a3oi I pemIeHHs MOAOOHBIX MPOOJIEM SBISETCS METOJ KOMIICHCAITUU
3ajepxkeKk nepenaud JaHHbIX 1o ceTsM CNS/ATM  mpu  BHPTyallbHO-CETELEHTPHYECKOM
YIOpaBJICHUN BO3AYIIHBIM KOpaOiieM, KOTOpPbIiI OCHOBAaH Ha COBMECTHOM MCIIOJIb30BaHUH
paboTaommx B YCKOpEHHOM Maciutabe BpemMeHM Mozeneil auHamuku BK ¢ MHoromeneBbiMu
BUPTYaJIbHBIMU crcTeMaMH yrpasieHus BK [3].

BBIBO/IbI

CoBpeMeHHOE pa3BUTHE KOMMYHHUKAIIMOHHBIX CET€ M CETeBBIX TEXHOJOTWH Iepeaadn
JaHHBIX CO3/Jal0T BO3MOYKHOCTH JUISl PACIIMPEHMs] CHEKTpa pellaeMbIX 3a7ad TEXHOJIOTUSAMHU
YIAJEHHOTO yNpaBJIEHUs] TUHAMUUYECKUMU 00bekTaMu. Co3/laHNe TEXHOJOTHH, KOTOpbIE MO3BOJIAT
MIPOBECTH MCCIIEOBAHUS Ha 0a3e COBPEMEHHON KOMIUIEKCHOM KOMITBIOTEPHOM MOJENH caMmoJIeTa,
KOTOpasl YYMTHIBAET BCE TUHAMMYECKHE XAPAKTEPUCTUKHU U MApaMeTpPbl CPebl, C UCIOIBb30BAHUEM
yIaJ€HHOI'O YIPABJIECHUS 4Yepe3 CETH, — ITO BO3MOXKHOCTb CHEJIATh «IIar BIEpPEI» B pPa3BUTUU
IIPUMEHEHHS] COBPEMEHHBIX TEXHOJIOTHI B aBUALINOHHBIX HAyKaX.

BHenpeHne Takux TEXHOJOTHM M HMCIIOJIB30BAaHME B HUX CUCTEM HEHUPOCETEH, a TaKXKe,
HOBBIX COBPEMEHHBIX CIOCOOOB M METOJ0B KOMIIEHCALMM M NPEAOTBPALICHUS CETEBBIX OLINOOK,
3aepKEK M HCKAKCHUH TMO3BOJUT KAYECTBEHHO W KOJIMYECTBEHHO IIOBBICUTH O€30MacHOCTH
MOJIETOB B AaBMALIMM 3a CYET IIOBBIIICHHS KauyecTBa IEepefayd JaHHBIX M HOBBIX CHOCOOOB
YIOpaBICHUS BO3AYLUIHBIMU KOpaOJIsIMH, a COOTBETCTBEHHO W TEXHOJIOTMM IOCAJKH, pEIICHUS
KOH()JINKTOB U BOIIPOCOB HAJIC)KHOCTH.

JIUTEPATYPA
1. Xapuenxo B.Il. Asionixa 6esninomuux nimanvhux anapamie / B.I1. Xapuenxo, B.1. Yeniocenro, A.A. Tymix,
C.B. Ilasnosa // Hayionanenuii agiayivinuii ynieepcumem. — K.: TOB «A6puc npunmy, 2012. — 464 c.
2. Hoamamosa JI.M. Ymo cuumams pesynomamamu 00y4eHus: unmepnpemayus 3a6ucumocmeli n0cpeocmeom
ananuza mononozuu ooyuennou cemu / JL.M. Joimamosa // Teopusi u cucmemot ynpasnenus, 1998, Ne5. C. 71-T6.
3. Ilasnosa C.B. Moodenuposanue mexnHono2uu pacnpeoeieHnozo cemegoco YNpaeieHus JemamenbHulMu

annapamamu / C.B. Ilasnosa, FO.Il. boeauyk, C.B. Menvnukos // Kubepnemuxa u eviuuci. mexuuxa. — 2011. — Bein.
163. - C. 45-53.
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YJIK 004.414.22
CeasikoB E.B. (Incmimym npobnem wmyunoeo inmenekma HAH Yxpainu)

YKCMPECC-OLIEHKA CTOUMOCTH IMMPOEKTA ABTOMATHU3ALIUA HACOCHOI
CTAHLIUU

Ilocmanosxka npoénemvr. B mnpaktuke paboThl € MOTEHIHMAIBHBIMH 3aKa3uMKaMH
WH)XUHUPUHTOBbIE KOMIIAHMM YaCTO CTAJIKUBAIOTCS ¢ HEOOXOAMMOCTBIO «HABCKUAKY» OLIEHUBATh
00bEM padot mo npoekty ACYTIIL, a Taxke mpUMEpHBI YpOBEHb CTOMMOCTH TaKOT'O MPOEKTa. JTa
3aadya OCJIOKHSETCSI TEM, 4YTO IMEPeroBOpbl O MNPUHIMIHAIBHOW BO3MOXHOCTH pPabOT IO
BHEJPEHHUIO aBTOMATHU3MPOBAHHBIX CHUCTEM YIIPABJICHUS BEAYT HE TEXHUYECKHE CIELUAIHCTBI,
KOTOpbIE MOTYT Ha OCHOBAHMHU IPOLUIOTO OMbITa CHOPMHUPOBATH CBOIO OLIEHKY TPYAOEMKOCTH U
CTOMMOCTH IIPOEKTA.

Ananuz numepamypuuix ucmouyHukos. B HacTosiiee Bpemsi sl OLICHKH IPOEKTOB B cepe
ACVYTII ucnonp3yroTcsi pa3iIndyHble METOAUKN CMETHPOBAHUS, JINOO YUUTHIBAIOTCS SMIIUPUUECKUE
3aBUCUMOCTH, Hampumep, «mpaBwio 150%»» koTopoe TIJacur, 4YTO CTOMMOCTb IIPOEKTa
aBTOMAaTH3alMK cocTaBisieT mpuMmepHo 250% ot croumoctu 06opyaoBanusa. OIHAKO, ITH CIIOCOObI
HENPUTOJHbI  JJI  MOJIyYEHUS  DKCIPECC-OLEHKH  CTOMMOCTH,  IIOCKOJBKY  TpeOyroT
IIPeBapUTEIILHOrO MoA0Opa 000PYIOBAHUS U ONpPENesICHUs NepedHs paboT. METOIUKH OLIEHKU
ctoumoctt COCOMO u FPA y4YuTBIBaIOT pa3IMYHBIC ACIIEKTHI MMPOCKTHPOBAHMS IPOTPAMMHBIX
IIPOJYKTOB, HO Majio mpuroans! 1 oueHkn ACYTIL nockonapKy HE OTpakaroT BOIPOCHI MOHTaXKa
anmnaparypbl aBTOMaTU3alUU U UCIIOJIHUTEIbHBIX MEXaHU3MOB.

Ilenvs wuccneooeanua: pa3paboraTth CPEACTBO MPEABAPUTEIBHON OILEHKM CTOMMOCTH
npoektoB ACYTII B 001actu ynpaBiaeHUs HACOCHBIMU CTaHIIUSIMH.

Ocnognvie pesynvmamul ucciedoéanun. HacocHble CcTalMM CTPOWINCH IO THUIIOBBIM
MIPOEKTaM U pa3InyaroTcsl MeXIy coO0 KOJMYECTBOM M MOIIHOCTBHIO YCTaHOBJIEHHBIX HACOCOB, a
TaKkKe CBOeH (pyHKIME, moapa3ieNssach Ha KaHATU3aMOHHbIE M BOAOHANOpHbIe. Vcmonb30BaHue
CpeZICTB ynpaBieHHs TpeboBaHUsAMHU Ipu pazpaboTke npoekToB ACYTII no3BosnseT npeacTaBisiTh
KXl MPOEKT B BUJIE COBOKYNMHOCTH TpeOoBaHui. Ilpu sToM mpocTpaHCTBO TpeOOBaHMH K
npoekram ACYTII B Kaxx70if KOHKPETHOM MPEAMETHON 00IacTH UMeeT PpeiMOBYIO CTPYKTYPY C
OTPaHUYEHHBIM YHUCIOM (YHKLIHMOHAIBHBIX TPeOOBaHUN, KOTOPbIE HAXOASATCS HAa BEPXHEM YPOBHE
uepapxuu ¢peiiMma. C pocToOM KOJIMYECTBA PEATM30BAHHBIX MPOEKTOB NPOUCXOAMT BBISBICHUE
(GyHKUIMOHANBHBIX TpeOOBaHMM K MPOEKTaM B JaHHOM NpPeIMETHOM OO0JacTH U MOSIBIISETCS
BO3MOXXHOCTb aBTOMATH3UPOBaTh 3a/ady NpEABapUTEIbHONW OLEHKH CTOMMOCTH IpoekTa. [Ipm
STOM OLICHHBAaHME IPOEKTa MPOM3BOAMTCS Ha OCHOBE (DYHKIMOHAJIbHBIX TPEOOBAaHUN K CHCTEME,
KOTOpbIE BBHIOMpaeT 3aKa3zuuK. [yl MOJY4YEeHHsI OLIEHKH CTOMMOCTH MCIIOJHEHHS MPOEKTa OBLIO
pelIeHO HCHOJb30BaTh amnmapar HUCKyccTBeHHbIX HelpoHHbIX ceteil (MHC). bbur ucnosnb3oBan
JIBYXCJIOMHBIA MEPCENTPOH C KOHKYPEHIMEH BBIXOJHBIX HEHMPOHOB M CUTMOUAANBHOW (QyHKIMEH
aktuBauuu HelpoHoB. Ontumuszauus MHC npousBoaunace mpu NOMOIIM METOJA HAaWMEHBIIMX
kBazapartoB. Jns ooydenus MHC ucnionp3oBancs MeTon oOydeHus ¢ yuutenem. Ha BXxogHOM cioe
HNHC pacnonoxkeHbl HEHpPOHBI X;...X; MPEACTaBISIONE cOOOH OHUHApHBIE HICHTU(DHKATOPHI
HaMuuusl (YHKIMOHAIBHOIO TpeOoBaHMs (AaBTOMATHUYECKOE YIIPABICHHE HACOCAMM, CHCTEMa
BU3YyallM3alUM, MOAJAEPKAHUE BBIXOJHOIO NABJICHHUA), U Y,..Y, - HEHPOHBI, YKa3blBalOIIME HA
HEOOXOAMMBI THIT TEXHHYECKOTO IEPEBOOPYXKEHHUs. Pe3ynaprar pabOThl HEHMPOHHOW CETH —
BEIlCCTBeHHAss oreHka croumoctd B uHTepBase (0,1) , koTopas momBepraroTCs MPOIEaype
¢baz3uduxanuu, 4To JA€T BO3MOKHOCTh MOJIYYEHHs 3BPUCTUYECKHX OLIEHOK CTOMMOCTH paloT 1o
MIPOEKTY B TEPMHUHAX {HEJOPOTO|CPEIHE|IOPOTO}.

Bbi6oowi. Vicnonp3oBaHue ammapara HCKYCCTBEHHBIX HEMPOHHBIX CETEH IMO3BOJISAET
pa3pabaTbiBaTh CpEJICTBA IPEABAPUTENBHOM OLEHKM CTOMMOCTH HCIOJHEHUS IPOEKTOB
aBTOMATHU3alMU. DTOT MOAXOA AAET B PYKHM MEHEIKEPCKOMY 3BEHY U IPEICTABUTENSIM OTHEa
MIPO/Ia’K MOIIHBIA U THOKUI MHCTPYMEHT IS MOJICPIKKH OOLIEHHUS C MIPEICTABUTEISIMU 3aKa3unKa
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YJIK 004.896:631.554
CeasikoBa C.M. (Incmimym npobaem wmyunozo inmenexkma HAH Ykpainu)

PA3BPABOTKA METOJIA TIPOTHO3UPOBAHUS IIOTEPH YPOKASI HA OCHOBE
HEWUPOHHOM CETH

Ilocmanoseka npoonemel. B Hactosiee BpeMsi BCE OOJBIIYIO aKTyalbHOCTb NMPUOOpETaeT
npoOjieMa TMOBBIIIEHUST A()PPEKTUBHOCTH TPOBEACHUS padoT 1o cOOpy, TPAHCHIOPTHUPOBKE U
nocaeyoopouHoii 00paboTke yposkasi 36pHOBBIX KyNbTyp. Pa3zpemienne 3Toit mpoOiieMsl BKIIOYAET B
cebs pelieHre TakuxX Mo/A3a/1ad, KaK IIaHUPOBAHHUS YOOPOUYHO-TPAHCIOPTHBIX padoT, ydéra H
KOHTpPOJISI 32 MX BBINOJHEHHMEM M OIEPAaTUBHOIO YyIpaBieHUs. B Toxe BpeMs, MHTEHCUBHOE
pa3BUTHE COBPEMEHHBIX MH(GOPMAIMOHHBIX TEXHOJOTHMI M HANpaBICHUH MCKYCCTBEHHOI'O
MHTEJIEKTA TAaET BO3MOXKHOCTh IPUMEHSTDH 3TU MOAXO/bI U CPEICTBA JIJISl PEILICHUS [TOCTABJIEHHBIX
3agad. C 93TOM 1Lenbl0 aBTOPOM  pa3palaThIBAIOTCS  METONbI, MOJEIM M aJrOPUTMBbI
MHTEJUIEKTYaJIbHON CUCTEMBI YIIPaBIeHHU YOOPOUHON KaMITaHUEH.

Ananuz numepamypneix ucmounukos. B paccmorpennsix padorax [1], [2] mocraBnenHast
po0GsieMa pemaeTcst ¢ MOMOIIBIO IETEPMUHUPOBAHHBIX IKOHOMUKO-MaTEMaTHUECKUX MOJIENIEN U C
UCIOJIb30BAaHUEM METOJIOB MMHUTAIIMOHHOIO MoJenupoBaHus. OQHAKO 3TH paOOThl MOCBSILEHBI
y3KAM TIpo0JieMaM OpraHu3aliu yOOpOUYHOW KaMITaHWH, MO3TOMY pa3paboTKa HOBBIX METOIOB
noBbILeHUs 3()(PEeKTHBHOCTH YOOPOUYHO-TPAHCIIOPTHOIO Tpolecca ¢ Y4ETOM Pa3sHOOOPA3HbIX
TEXHOJOTUYECKHUX YCIOBUM CEIIbCKOXO03MCTBEHHOW OTPACIN OCTAETCS 10 CUX TOP aKTyaJIbHOM.

Ilenv uccnedosanusa: pazpaboTaTh METOJ MPOrHO3UPOBAHMS MOTEPh 3€pHA I AAHHOTO
TUNIA YOOPOUHBIX MAIllMH C Y4ETOM HM3MEHYMBBIX XapaKTEPUCTHK COCTOSIHMS XJIEOHOM Macchl Ha
noJe.

OcHnogHnuie pesynomamul ucciedosanus. Cl0)XHOCTb IOCTAaBICHHOMN 3aJ1a4l COCTOUT B TOM,
YTO HEJOCTATOYHO 3HaHMU O crocobe e€ pemeHus. IIpakThka mokasblBaeT, 4TO YpOBEHb MOTEPb
3epHa B Ipolecce YOOPKU ONpeaesieTcs He TOJIbKO MIPAaBUIIbHOCTbIO HACTPOUKH OCHOBHBIX Y3JIOB U
cucTeM yOOpOUYHOM MaIllMHBI, @ TaKXKe M COCTOSHUEM YOMpaemoro ypoxkas Ha mose. BenenctBue
3TOro, OBUIO PELIEHO OCYIECTBISATh IPOrHO3 NOTEPh YPOKasi C UCIOJIb30BAHUEM HEHPOHHOU CETH,
MIOCKOJIBKY COOTBETCTBYIOILAsl CUCTEMA MOXKET B JIaIbHEHIIIEM COBEPIIEHCTBOBATh TOYHOCTh CBOUX
MpeCcKa3aHuil Mo Mepe HaKOIUICHHs €r0 omnbITa. Llenpio (yHKIMOHMpPOBaHUS HEWPOHHOW CETH
ABJISICTCS ONpe/IeTICHUE TIOTePh YpoxkKas Ui KOHKPETHOI'O THIA yOOPOUYHBIX MAlllMH, paboTaromux
Ha 3€pHOBOM I10JI€, 3aCESTHHOTO OIIPENEIEHHON 36pHOBOM KylIbTypoil. [l peleHns noCTaBIeHHON
3amaun ObUTa BbIOpaHa JBYXCIIOMHAs HEHpOHHAs ceTh. BXOIHBIMU 3JIeMEHTaM HEHpPOHHOH ceTu
ABIAIOTCS CIIENYIONIME: X, - YPOKaHHOCTh 3€pHA, X,- YPOKAWHOCTH COJIOMBI, X;- IOJIETJIOCTh

XJIEOHOM MAacChl, X,- BIaXHOCTb 3€pHA, X;- pabodas CKOPOCTh yOOpo4yHOM MamuHbL C IOMOIIBIO

mnpoucaypbl HOpMaIn3aluy BCC BXOJHBIC ICPEMCHHBIC 3a/Jat0TCA B BUAC 3Ha4YCHUHU U3 IMPOMEIKYTKaA
[0,1]. BBIXOHBIM 3JIEMEHTOM HEMPOHHOW CETH BBIOpaHa TEpEeMEHHAs Y, KOTOpas OINpeleseT
BEJIMYMHY TIOTePh ypoXkas. B kadecTBe (YHKIIMM aKTUBAIlMK Oblia BbIOpaHa CTaHIApTHASA
curmounanbHas (yHkuus. HeiponHas ceTh oOydanack METOJOM OOpPAaTHOTO PaCHpPOCTPAHCHUSI
omrbOku Ha 50 yueOHbIX mapax. HeoOxoaumast TouHOCTH 3a1aBanack Ha ypoBhe & = 0,0001.

Bb1600wbi. [IpuMeHeHre HEHPOHHBIX CETEM ISl pelIeHHs 3a7auyd IPOrHO3MPOBAHUS MOTEPD
ypo’kasi 3€pHOBBIX KYJIbTYpP, MO3BOJISET MOJYy4YaTh JOCTATOYHO THMOKHE pEIIeHHs B OTJIMYHE OT
IPYTrUX METOAOB MPOTHO3UPOBAHUS, UTO 0OOCHOBBIBACT €€ IPUMEHEHHE.
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YJIK 004.89
Cmocap B.U. (LlenTpanbHuii HAYyKOBO-AOCTITHUN THCTUTYT 030pO€EHHS Ta BIHCHKOBOT TEXHIKH
3C Ykpainn)
NPUMEHEHHE TOPHEBOI'O IPOU3BEJEHUA MATPUIL B 3ATAYAX
OBPABOTKHU ECTECTBEHHOI'O SA3bIKA

Paccmompenvr sapuanmer npumenenus mopyeso2o npousseoeHuss Mampuy UHYUOeHMHOCMU 015 peuleHus 3a0ay
AHAU3A MEKCMO8, 6 YACMHOCMU, OnpeoeieHUs YACHOmbl BCHpeYaeMoCmuy  mpex, uyemvlpex u 0Ooiee cio8 8
NPeoNoAHCEHUAX OMOENbHO 835MO20 KOPNYyca meKCcmd.

Variants of using the face-splitting product of incidence matrices for solving problems of text analysis, in
particular, determining the frequency of occurrence of three, four or more words in sentences of a separate text corpus
are considered.

Oo6paboTtka ectectBenHoro si3bika (Natural Language Processing, NLP) B mociennee Bpems
CTaJla OJIHAM W3 BAXHBIX HAIPABICHUH MPHUMCHCHHS TEXHOJOTUH HMCKYCCTBEHHOT'O HHTEJUICKTA.
[Tpu sTom muOTHe BapuanTel NLP 6a3upyrorcs Ha ucnonb3oBaHuu Teopuu TrpadoB. B mocneanee
BpeMsl TaKOH TOJXOJ| TMOJydWJI JajbHEHIIee pa3BUTHE HA OCHOBE MPUMEHEHUS MPEIOKCHHOTO
aBTOpOoM B 1996 roay TopueBoro npousBeneHus Matpuil [1 - 4]. TlepBoii nmyOyinkanueit Takoro poaa
npumenuteabHo K NLP cran npenpunt [5], B KOTOPOM Uit yMEHBIIIEHHST KOJTMYECTBA BHIYUCICHUI
MIPY aHAU3€e TEKCTOB ObLIA OMMCaHa 001as uaest 3aMeHbl KPOHEKEPOBCKOTO TIPOU3BEICHUSI MATPHII
Ha TopieBoe. Takoit MeTo/ MO3BOJIMII MOJYYUTh B [5] 0CTaTOYHO OOHAICKUBAOIIME PE3YIbTATHI,
XOTSI HEKOTOPBIE BaKHBIE aCTIEKThI PUMEHEHUS TOPIIEBOTO TIPOU3BEICHUSI OCTAIUCH 32 TIPeIeIaMu
yKa3zaHHOU myOsukaiuu. K Tomy e, JTOmyIieHHas aBTopoM [5] omedaTka B mpuUMepe ¢ MaTpHUIICH
COBMECTHOM BCTpedaeMocTu (CO-OCCUrrence matrix) MokeT CTaTh NPHUYUHOW 3a0yKICHHUN
yuTategeili B KOHTEKCTE MPAaBHJIBHOTO MCIOJIb30BAaHUS COOTBETCTBYIOLIETO MaTeMaTHYECKOTO
ammapara.

Llenbto paboOTHI SBISETCS U3IOKEHUE PE3YIbTATOB MPUMEHEHHs] TOPIEBOrO MPOU3BEICHUS
MaTpUI] Ul peIIeHUs 3a1a4 aHAJIN3a TEKCTOB €CTECTBEHHOTO S3bIKA.

YToObl COXpPaHUTh MPEEMCTBEHHOCTh B JIEMOHCTpPALMU COOTBETCTBYIOUIMX BO3MOXKHOCTEH
TOPIIEBOTO TPOWM3BEIACHUS MATPHUI], OTPAHUYUMCS JUIsI TpPUMEpa WCIHOIL30BAaHUEM JAaHHOM
MaTpUYHOM Olepaluy MNPUMEHUTENIBHO K PELICHUIO 33Jaud aHajin3a TEeKCTOBOro ¢parMeHra us3
TpeX NPeATIOKEHUH, pPACCMOTPEHHBIX B [5]:

1) I like math; 2) You like math; 3) I like you.

CocTaBuM Jy1st 3TOro Habopa MPeIOKEHUI TaK HAa3bIBAEMYIO Mmampuyy unyudenmuocmu. Ee
CTpPOKH OYyIyT COOTBETCTBOBATh KOHKPETHOMY MPEUIOKEHHIO, a CTOJNOLBI - OTIEIBHO B3STOMY
cioBy. [Ipu 5TOM YKCIIOBBIE IEMEHTHI B KaX/I0H CTpOKe OyAyT yKa3blBaTh Ha TO, CKOJBKO pa3 TO
WM UHOE CIIOBO BCTPEUYAETCS B IAHHOM MPEJIOKECHUU.

KomuyectBo cTONOLIOB JOMKHO COOTBETCTBOBATH MAaKCHMAaJbHOMY KOJHUYECTBY CIIOB B
OTJIETBHO B3SITOM IMPEAIOKEHUN pacCMaTpUBaeMoro Tekcra. B ykazanHoMm ¢parmente HanOoublee
KOJIMYECTBO CJIOB — YEThIpE, — MMEET BTOpOe IMpeiokeHue. [Ipexne yem HermocpeacTBEHHO
MeperT K MaTpUlle UHIIUACHTHOCTH, COCTAaBUM C YYETOM CKAa3aHHOTO JJIsl HATJISIHOCTU TabIuIly,
€l COOTBETCTBYIOILLYIO.

Tabnuua 1
Hopsiaioseiit HoMep X.=1 Xo=like Xz=math X4=you
MPEIIOKEHUS
1 1 1 1 0
2 0 1 1 1
3 1 1 0 1

Kaxk BUJHO, BCC CJIOBA B YKa3aHHOM KOPITYCE TCKCTA BCTPCHAIOTCA B NPCIAJIOKCHUAX HE Oonee
OIHOI'0 pa3a. OTCIOI[a, MOJIYYHUM MaTpully MTHOUUACHTHOCTU BU/JIA:
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1110
G=|0 111
1101
KBagpartuunas GopMa Ha OCHOBE yKasaHHON Marpuubl Tura G'G HMeHyetcs mampuyer
coemecmuoll ecmpewaemocmu (Co-occurrence matrix) [5]. Jlns paccMaTpuBaeMoro mpumepa oHa

OyneT cienyromei:

. 2 211
1110[ft110
: 2 322
G'G=0 11 1|0 1 1 1|=
1221
1101/[1101
1212

JlanHast MaTpuia CUMMETPUYHA OTHOCUTENILHO CBOEH Ii1aBHOW AuaroHanu. CorjiiacHo Teopun
NLP, snemMeHTsl Ha TIJIaBHOM JAMAaroHanM IOJYYEHHOW MAaTpHLbl MOKA3bIBAIOT, CKOJIBKO pa3
OTJENbHO B35TOE CIIOBO BCTpeyaeTcssi B aHainuzupyemMom Tekcre. Kcraru, mnomyuuts 3Ty
MH(POPMALIMIO MOKHO, CJIOKUB BCE CTPOKM MHIMJICHTHOM MaTpPHUIIbl, YTO SKBUBAJIEHTHO OIllE€paluu
YMHO>KEHUS €€ Ha BEKTOP-CTPOKY €IMHULL

1110
1"G6=f 1 1Je= 1 1Jo 1 1 1| =[2 3 2 2]
1101

WIN aHAJIOTUYHO, YMHOXHB TPAaHCTIOHMPOBAaHHYIO MaTpuIly G Ha BEKTOp €IMHHUII

1111 o]fa] |2

G'1"=G"|1|=|0 1 1 1 1=;’

1 |1 10 1|1
2

Takum oOpazom, s ToTydeHus] HHGOpMAITUU 00 AJIeMEHTaX TJIABHOW JUAaroHaIA MaTPHUIIGI
COBMECTHOM BCTPEYaEMOCTH MOXHO O0OUTHCH 0e3 (hopMUpOBaHHS CaMOM MaTpPHUIIbI, YTO YIPOILIAET
neno. OgHako HEOOXOAUMOCTh B (POPMHUPOBAHUU TAaKOM MaTpHIlbl OOYCIIOBICHA HAJIMYHEM B Hel
JOTIONTHUTENbHOM uHOpMari. UYTOOBI MOSCHHTH 5TO, mepeiizeM or Martpuimsl G'G K
SKBHUBAJIEHTHOW TaOJMIle, C IOMOIIBI0 KOTOPOM MOXHO HArjsgHO MNPEJCTaBUTh Ha3HAUYECHHE
MOJTyYEHHBIX MATPUYHBIX JIEMEHTOB (Ta0I. 2).

TaOmnuma 2
Xq=I Xo=like Xz=math X4=you
X=I 2 2 1 1
Xo=like 2 3 2 2
Xz=math 1 2 2 1
X4=you 1 2 1 2

HeTpynHo 3aMeTUTh, YTO 3JIEMEHTHI CTPOK U CTOJIOIIOB YKa3bIBAIOT, CKOJIBKO pa3 KOHKPETHOE
CIIOBO BCTpEYAaeTCs B TEKCTe B COUYCTAHWUH C JPYTMM OTACIBHO B3ATHIM CIOBOM (OTCHO/IA
MIPOMCXOJUT Ha3BaHHWE MaTPHIBI COBMECTHOM BcTpeuaeMocTH). Hampumep, u3 mepBoil CTpoku
ciemyer, 9to cioBo X;=| ABaXKIbI COBMECTHO MPHUCYTCTBYET B TEKCTE B OJTHOM TPEIJIOKEHUH CO
cioBoM Xp,=like u mo omHOMYy pa3y — ¢ OCTaJbHBIMH. DTO MOXHO TakXe TPAKTOBaTh Kak
KOJIMYECTBO COOTBETCTBYIOILIUX Map OB (OMrpaMM) B TEKCTE.

Yucna Ha mepeceyeHUsX OJHOMMEHHBIX CTOJOIIOB M CTPOK COOTBETCTBYIOT, KakK YiKe
OTMEYaJOCh, YaCTOTE MOSBICHHUS TOTO WJIM HMHOTO CJIOBa B aHAJIM3UPyeMOM (parmente. ITo
CBOMCTBO paccMaTpUBaEMOM MaTpPHIIBI MO3BOJSET MPUMEHSTH €€ NI paclupoBKH TEKCTOB IO
9acTOTE TMOSIBIICHUS CJIOB, COTOCTABISISl TOJYYCHHBIH PE3ylIbTaT CO CIEHUATBHBIM CJIOBAapEM
HamOoJee BCTPEUAIOUIMXCA CIIOB JAaHHOTO sI3bIKa. AHAJIOTMYHAs TMpoLEeAypa MOXET OBITh
npojiesiaHa 1 AJist OykB (CHMBOJIOB), HCIIOJIB30BAHHBIX B TEKCTE.

Cunex or kBagpaTuusoil dopmsl tr(G'G), paBHblii CyMM€ JUaroHajbHBIX DJEMEHTOB
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KBaJPaTHOW MaTpPHIIbI, COOTBETCTBYET MOJTHOMY YHCITY CJIOB B TE€KCTe (0€3 yuera uX COIepKaHus).
B nmannom ciydae 3ta BennumHa paBHa 9. UTOOBI MOJIYYMTH pacrpeleneHne OOIIero KoJauyecTna
T
CIJIOB TI0 OTAEIBHBIM IPEATIOKEHUSIM, CIEAYeT pacCUUTaTh IPYrylo KBagpaTHuHyio Gopmy - GG .
B paccmaTtpuBaeMoM npumepe oHa UMEET BH/L:
.
1110|1110 3 2 2

GG"'=|0 11 101 1 1| =2 3 2
110 1)1 1 0 1 2 2 3

TakuM 00pa3oM, 3JIEMEHTh Ha TJABHOW JMArOHATU MAaTpPUIIBI GG’ COOTBETCTBYIOT
KOJIMYECTBY CJIOB B TPEIJIOKCHHUSIX, PAaBHOMY B JTAHHOM ciydae 3. DJIEMEHTHl B CTPOKaX WIH
CTONOIAaX yKa3bIBAIOT HA KOJMYECTBO OJAMHAKOBBIX CIIOB, HCIIONB3yEMbIX B Mape COOTBETCTBYIOIINX
npeaioxkenni. Hanpumep, U3 nepBoii CTPOKH CIENYET, YTO MEPBOE MPEIIOKEHUE UMEET JIBA CIIOBA,
COBIAJIAIOIINX CO BTOPBIM MPEITIOKEHUEM (TIepEeceUeHre MEPBO CTPOKH U BTOPOTO CTONIONA) U 1Ba
clioBa — C T1peTLI/IM W3 TPEIJIOKCHU (COOTBETCTBEHHO TEPBBIM JJIEMEHT TPETHETO CTOJIOIA
Mmatpuisl GG ).

Pa3obpaBmch ¢ OCHOBHBIMH BO3MOKHOCTSIMH KJIACCHUECKOTO MATPUYHOTO armapara,
MPUMEHSIEMOro I aHalu3a TEeKCTOB, NepeljeM nanee K Ooriee CIOXKHON 3amade aHamm3a
OoJpIliero  KoJM4yecTBa couertaHuid cnoB. Kak ykazano B [5], i1 3TOro HeoOXOAMMO
BOCTIONIb30BAThCSl  MOPYEBbIM Npou3gedeHueM mampuy. B YacTHOCTH, IUIsl aHaIu3a MapHBIX
COYETaHW CJIOB OTIPABHOM TOYKOW JOJDKHA CTaTh BTOPWUYHAS MATpUIlAa WHIUJCHTHOCTH,
c(hopMUpOBaHHAS U3 UCXOHOU MaTpHIIBI G JJIsl OTACIBEHO B3STHIX CJIOB C TIOMOIIBIO BRIPAKEHUS

12=G o G,
rJie O — CUMBOJI TOPIIEBOTO MPOU3BEIACHUS MATPHII.

[TpuMeHUTENBHO K pacCMaTPUBAEMOMY CIIYYaI0 MOTYUHM:
1110 1110

2=GpG=/0 1115|011
1101 1101
1110111011 100000
=s0000011101110111
11011101000011001
JInsi TIOSICHEHUSI CMBICTIA 3JIEMEHTOB ITOJYYEHHON MaTpHIBI CHOBAa 00paTuMcs K TaOIMYHON

¢bopme npencTaBieHUs JaHHBIX (cM. Ta0. 3).
Tabnuua 3

Ne X1 X2 X3 X4
npeanin Xl Xz X3 X4 Xl X2 X X2 X3 X4 X1 X2 X3 X4
1 1 1 1 0 1 1 0 1 1 1 0 0 0 0 0
2 0 0 0 0 0 1 1 1 1
3 1 1 0 1 1 1 1 0 0 0 0 1 1 0 1
Ctpoka TabmUIBl, 2 COOTBETCTBEHHO M MATPHUIl MHIMIEHTHOCTH, MOKa3bIBa€T B JAHHOM
CiIy4ae, CKOJIbKO pa3 Ta WJIM MHas Mapa CJIOB BCTPEUACTCS B KOHKPETHOM IpenioskeHuu. [Ipu aTom
mo nape, oOpazoBaHHOW AyOIUpOBaHHWEM OJIHOTO M Toro ke cioBa (XyXm, M= 1; 2; 3; 4), mo—
MPEKHEMY MOXHO CYIUTh O TOM, CKOJIBKO Pa3 TaKoe CJIOBO BKJIIOYEHO B Pa3HBIC MPEJIOKEHUS.
Cornacuo [5], MaTpuIia COBMECTHOM BCTPEYaCMOCTH ISl aHAIM3a MAPHBIX CIOBOCOYCTAHHI
MOXeET ObITh C(hOpMUPOBAHA HA OCHOBE MCXOIHOW MAaTpPUIIBl MHIIUIECHTHOCTH M €€ BEPCUU B BHJIC

TOPLIEBOTO IIPOU3BEICHUS:
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2211i22111110/1101
2211/232212211212
1110122112 21:0111
1101:1 21201111212

[lonmyueHHas B pe3yabpTaTe MaTpulla UMEET pa3sMEPHOCTh 16%4 1 MoKeT ObITh NpeCTaBlIeHa B
Buzie 4 GJI0KOB, KXKIBIH U3 KOTOPBIX COOTBETCTBYET OJHOMY M3 CJIOB B MAPHBIX CIOBOCOYETAHHSIX
(cMm. Tabn. 4). Ha rnaBHOHM jAMaroHamum KaXJIOro M3 OSTHUX OJIOKOB pacHOJIOKEHbl 4YHCIA,
IIOKAa3bIBAIOIIUE, CKOJIBKO pa3 BO BCEM TEKCTE B OTIEJIBHO B3SITOM NPEMJIOKEHUU BCTpEYaeTCs Ta
WIK MHas mapa cioB. Hampumep, u3 mepBoro 0i0ka BHIHO, uTo ciioBo | (X;X;) mpencraBieHo B
TeKCTe JBaxIbl. Takxke 2 pa3a BcTpeuaerca mapa cioB I like (X1X2), a mo oxHomy pasy B
OPEIOKCHUSIX TPUCYTCTBYIOT cioBocouetanuss | math (XiX3) u I you (Xy1X4). Ilpu stom
HeoOs3aTeNIbHO, YTOOBI yKa3aHHbIE CJIOBa B Iape pacnojaranuck monapsn. Kpome Toro,
MTOBTOPSIOITUECS CJIOBA B KOMOWHAIIUN 3aCUUTHIBAIOTCS KaK OJTHO CIIOBO, Hampumep X1 X X»

TaOmumna 4

X1=1 Xo=like Xs=math X4=you
Xo [ Xo | Xg | Xg | Xy [ Xy [ Xg [ Xg [ Xg | Xo | Xg [ Xy | Xy | Xy | X3 | Xy

X1 | 2 2 1 2 2 1 1 1 1 1 0 1 1 0 1

[N
N

Xo | 2 2 1 2 3 2 2 1 2 2 1 1 2

X3 | 1 1 1 2 2 1 1 2 2 1 0 1 1 1

=1
[EEN

Xq | 1 1 0 1 2 1 2 0 1 1 1 1 2 1 2

CyIecTBeHHO, YTO 3JIEMEHTHI 4-T0 KBapTeTa CTOJIOLOB TabJl. 4 U COOTBETCTBYIOLICH OJI0UHOM
MAaTPHIIbI OTIINYACTCS OT MPUBEACHHOTO B [5] BhIpaXeHUsI, COJePIKAIIEro OMeYaTKu.

Hudpsr BHe rmaBHOW auaroHanu wmarpunbl C  XapakTepU3yIOT YacTOTy MOSBICHHSA
KOHKPETHBIX TPOEK CJIOB B HCCIIEyeMOM TeKcTe 0e3 ydera MX HOpsiKa B MOCJIET0BATEIbHOCTH.
Hampumep, u3 mnepBoro Oioka Matpuibl cieayer, uto Habop cioB | like math (XX3X3)
BcTpeyaercss ogHaxkael, paBHO Kak u | like you (X1X;X4). Kpome Toro, moBTropstomgecs cjioBa B
KOMOMHAIIMM 3aCUUTHIBAIOTCS Kak OJHO CJIOBO, Hampumep, Habop XiXoX; 5SKBHUBaJICHTECH
coueTaHuro X1 Xz, @ XinXmXm= Xm 11 1r000ro m.

Cren, B3ATBIH JUIS KaXIOTO M3 OJIOKOB KaKk CyMMa 3JIEMEHTOB Ha WX TJIABHOW JUAroHaiu,
MTOKAa3bIBAET, CKOJIBKO MAapHBIX COYETaHUN 00pasyeT CIIOBO B JAHHOM TEKCTE C JPYTMMHU CIIOBaMU U
¢ camuM coboii. K mpumepy, coriracHo mepBomy 0JIOKY, e KOTOPOTO paBeH 6, cioBo | obpasyer 6
MApHBIX COYETAaHWH, M3 KOTOPBIX JBE Mapbhl COOTBETCTBYIOT HEMOCPEJCTBEHHO 3TOMY CJIOBY B
MIEPBOM H TPETHEM IPETIOKECHHUSAX.

AnbTepHAaTHBOM (OPMHUPOBAHUIO MATPHUIIBI COBMECTHOW BCTPEYAEMOCTH NIPU aHaJIu3e
MapHBIX CJIOBOCOYETAHUM SIBIISIETCSA pacuéT KBaJpaTUYHON q;oprl 12712:

12"12=(GoG) (GuG)=(G' mG")(GoG),

I7ic m — CUMBOJI Ipou3BeieHust XaTpu-Pao.

[Ipu >TOM mnonydaeM KBaJApaTHYH MaTpHUIly pa3MEpHOCTbIO 16%x16, 31eMeHTBl KOTOPOM
npeacTasieHsl B Tabr. 5. Ciex nanuoit Matpuis tr(12'12)=27 coOTBETCTBYET ITOTHOMY KOIHYECTBY
nap BO BCeX MPEUIOKEHUSIX ¢ y4ETOM B3aUMHON 00paTUMOCTH HOPsIJIKA CIEJOBAHUS CJIOB B Iape U
CoueTaHWsi cjoBa C caMuM co0ol. OCOOEHHOCTbIO JTOW OJOYHOM MaTpULBl SBISETCS
pacroyio)keHUe Ha ee IVIaBHOW JuaroHaiau 0J0KOB paccMOTpeHHOM Bbile MaTpulsl C. Kpome Toro,
OJIOKH, PACIOJIOKEHHBIE CHMMETPHYHO MO 00€ CTOPOHBI OTHOCHUTEIHHO TJAaBHOW JHaroHalu,
COBIAJAIOT. DTH OJOKM BHE INIABHOM JMaroHalu MO3BOJIAIOT MOJIYYUTh HHPOPMALIMIO O KBapTeTax
CJIOB, YTO SIBJISIETCS Ba)XKHEWIIMM MPEHMYILECTBOM JaHHOW KBaapaTuuyHoi ¢(opmbl. Ilpu stom
9JIEMEHTHl TJIABHOW JMaroHaau OJIoKa, PpacHoJOXKEHHOT0 Ha TJIABHOW JMaroHaiau OJOYHOMN
MaTpHIBl, XapaKTEPU3YIOT YacTOTY TOSBJICHUS OJIHOTO CJIOBAa M WX Mapbl, OCTAIBHBIE JJIEMEHTHI
3TUX OOKOB XapaKTepU3yIOT pAaCIHpOCTPAHEHHOCTh B TEKCTe Map M TPoeK cJoB. bioku,
pacIoioKEHHbIE BHE TJIABHOW JWAroHaid OJIOYHOW MaTpHIbl, HA CBOEH TJIABHOW JHAroHan
CoJZIepKaT JIEMEHTHI, OMHMCHIBAIOIINE KOJMUYECTBO TEX MIIM MHBIX TPOEK CJIOB B TEKCTE, & OCTAJIbHBIE
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AJIEMEHTHI 3TUX OJIOKOB OXBATHIBAIOT KBApTETHBIC KOMOWHAIIMU CJIOB. Hampumep, Kak ciieayeT u3
Tabn. 5, mybnupyiomeil B ymoGHOM Buie comepxkmmoe Matpuisl 12712, B paccmarpuBaeMom
(dbparmeHnTe TeKCTa OTCYTCTBYIOT KoMOMHammm XiXpX3Xs, XiXszXgXm (27I€MEHTBI MaTPHILHI,
HAXOJSIIHECS Ha IEPECEYCHUH COOTBETCTBYIOIINX CTPOK, CTOJOIOB, OJIOK-CTPOK U OJIOK-CTOIOIIOB
paBHbl Hym0). Cien oT OJIOKa, pPacmojiOKEHHOTO BHE TJIABHOW JWArOHAIW MATPHIIBI, TaKXKe
yKa3bIBaeT Ha 0O0Iee KOJIWYECTBO COOTBETCTBYIOIIMX KOMOWHAIIMI CHMBOJIOB C YYE€TOM HX
MTOBTOPSIEMOCTH.

Tabauma 5

X
[

Xo=like Xsz=math X4=you
X3 XZ X3 X2 X3

X
&
X
X
IS

2
Pe
X
X
IS

o
e

[N
[EEN
o

X

X1
X2
X3
Xq

Xa

2<
OlR R ORI IRIFRIRINNRFRIEFEINN
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Jpyras kBaapaTuyHas popMa UMeeT BU:

1212'=(GoG)(GuG) ' =(GuG)G mG)=GG" ° GG =

~ b ©
~ © b~
© b~ b

Ee cien coBnamaer co ciueioM nmpeaslayliei KBaapaTHuHONW (GOpMBl, T. €.
trl(Go G) (Gu G)']=tr[(Gu G)(G' m GN]=tr[(G" m G) (G o G)]=27.

[Ipu 3TOM OTHENBHO B3ATBHIM 3JEMEHT IJIABHOM AMArOHAIM COOTBETCTBYET KOJUYECTBY
BCEBO3MOXHBIX IMapHBIX COYETAHUN CIJIOB, KOTOPbIE MOTYT OBITh OOpa3oBaHbl BHYTPU JIaHHOI'O
IIPEIJIOKEHUS] C YYETOM B3aMMHOM IEPECTAaHOBKHM IOpsAJKA CIOB M COYETAaHUs CJIOBA C CaMUM
co0oil. B nanHoM citydae »Ta BenmuunHa ctaHOBUT 9. Ludpsl BHE riaBHON AUMaroHaau yKa3bIBarOT
ofI11ee KOJIMYECTBO TAaKUX CJOBOMAp JAJS JIBYX CpaBHUBAeMbIX IpeljioxkeHui (paBHO 4). UToOb
MOJIYYHUTH JIUIOb 3HAYCHUA 3JICMCHTOB TJIaBHOM AvaroHajlin MaTpHulbI COBMECTHOM BCTPEYACMOCTH,
JIOCTaTOYHO YMHOKUTH CJIEBA MAaTPUIly MHIIMIEHTHOCTU Ha BEKTOP CTPOKY €MHULI;

1110 1110
G2=[1 1 1e2=f1 1 1JGuG)=0L 1 1[0 1 1 1| 5|0 1 1 1
1101 1101
1110111011100000
-p 12770000011 101110111}|=
1101110100001101
=2 211/2 32212211212
AHanorn4yHo ¢ MMOMOIIBIO TOPLCBOI'O IMPOU3BCACHUSA MOXKHO BEINTH Ha IIOACUYCT KOJIHUYCCTBA

COBMAJICHUH Cpa3y TpeX, YeThIpeX U Ooiiee cIoB B (hpazax.
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JanbHelimee pacmupeHue (QyHKIMOHAJIBHBIX BO3MOXKHOCTEH 00pabOTKM TeKcTa B
paccMaTpuBaéMOM KOHTEKCTE 3a/Jau I103BOJISIET IOJYYUTh IEPEXO] K TPOMHOMY TOPLIEBOMY
IIPOU3BEACHUIO MaTPUL] UHIUIEHTHOCTH

13=Go GogG,
r7ie O — CUMBOJI TOPLIEBOTO MPOU3BEACHUSI MATPHII.

Jns ananuzupyemoro (parmMeHTa TeKcTa Takoe IMPOU3BEICHHE MPHUBOAUT K 16-0;104HOM
MaTpHlie, COCTOSIIEH U3 4 4eTBEPOK OJIOKOB:

1110 1

I3=GoGpoG=|0 111|501 115|011 1|=

[EEN

110 1 1

1110111011100000
=0 0 00 0 000000
1101110100001101
’1711011101110000 0]
00000111011 1011 1]
11 0111010000110 1:
'1711011101110000 0]
'0000011101110111;
‘0 0 00O 0O0OO0DO0DO0OOOOOTO OO
!0 000000O00O0O0DO0DO0OO0DO
000001110111011°1
'1 101110100001 0

3HaueHusi JJIEMEHTOB Marpulbl |3 COOTBETCTBYIOT KOJMYECTBY TpPOEK CHMBOJIOB,
MPUCYTCTBYIOIIMX B KOHKPETHOM IpeasioskeHnu. Hampumep, HyneBas nepBasi CTpoka B MOCJeIHEN
YyeTBEepKe OJIOKOB 0OYCIIOBIIEHA OTCYTCTBHEM B IEPBOM U3 MPEATIOKEHHN CIIOBa YOU. AHAJIOTHYHO
HyJieBas TPEThsl CpPOKa B TPEThEM KBAPTETHOM OJIOKE, PACIOJIOKEHHOM BBIIIE MPEIbIIYILEro,
COOTBETCTBYET OTCYTCTBHIO ciioBa Math B Tperbem u3 mnpemnoxeHuit. CylIeCTBEHHO, YTO B
MOJIYYEHHOM CTPYKType OJIOUHOM MaTpHIlbl MPU MHIEKCAIUU CTOJOLIOB BHEIIHEE ClieBa YHUCIO B
HIDKHEM MHJIEKCE MEHSIETCS] HauboJiee MeICHHO:

XXX oo XXXy oo XXXy o XXXy o XXXy o XXXy .

X2X1X1 X2X1X4 X2X2X1 X2X2X4 X2X4X1 X2X4X4 .. AT.O.

[Toapo6HO 3TO MOsSICHEHO B Tab1. 6.

UYToOBbI MOIIYy4UTh COOCTBEHHO MAaTPHUIy COBMECTHON BCTPEYaEMOCTH, CIEAYeT chopMHUpOBaATH
MaTpruHoe mpomsBeieHne G'I3 pasmepHocTbio 64x4. Ero pesyibTar IO3BOISET OXBATHTH He
TOJILKO TPONKH, HO U YETBEPKH CJIOB (CIMBOJIOB).

Baxublif BBIBOJ, KOTOPBIA CIEAYyeT CAENaTh W3 MPEJCTABICHHBIX PE3yIbTaTOB, COCTOUT B
BO3MO)KHOCTH TOHMXEHMSI pa3MEPHOCTH aHaJu3upyeMoro HaOopa JaHHBIX 3a CUET NPHUMEHEHUs
CBOMCTB TOPLIEBOTO MPOU3BEACHUS:

diag[(G" m G") (G o G)]= 1" (G o G); bdiag[(G" m G") (G o G)]=G'(G u G);

diag[(G' m G'w G") (Gu Gu G)]= 1" (GoGo ),
bdiag[(G"' m G'm G") (G o Go G)]= G'(G o Gu G),

rae diag(A) — BeKTOp-CTpOKa M3 JUArOHAIBHBIX AJIEMEHTOB MaTPHIIBI A,

bdiag(A) — Onounas BekTOp-CTpoka, chopMupoBaHHass W3 OJOKOB TIJIABHOW JMArOHAIN
MaTpHUIlbl A.

Tabmuua 6
\ No \ X1=1 (cnoBocoueranust X1 XnXm) ‘
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pens Xq=I Xo=like Xz=math X4=you
Xe [ Xo [ Xg [ Xy [ Xy [ Xo [ Xg [ Xg | Xy [ Xy | Xz [ Xa | Xy [ X | X3 | Xy
1 1 1 1 0 1 1 1 0 1 1 1 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 1 1 0 1 1 1 0 1 0 0 0 0 1 1 0 1
[Iponomkenne TabIUIBI 5
No Xo=like (cmoBocoueranust XoXnXm)
pet X.=1 Xo=like Xz=math X4=you
Xe [ Xo [ Xg [ Xy [ Xy [ Xo [ Xg [ Xg | Xy [ Xy | Xz [ Xs | Xy [ Xy | X3 | Xy
1 1 1 1 0 1 1 1 0 1 1 1 0 0 0 0 0
2 0 0 0 0 0 1 1 1 0 1 1 1 0 1 1 1
3 1 1 0 1 1 1 0 1 0 0 0 0 1 1 0 1
Ne Xsz=math (coBocoueranus X3XnX)
peII Xi= Xo=like Xz=math X4=you
Xe [ Xo [ Xg [ Xg [ Xy [ Xo [ Xg [ Xg | Xy [ Xy | Xz [ Xa | X [ X | X3 | X4
1 1 1 1 0 1 1 1 0 1 1 1 0 0 0 0 0
2 0 0 0 0 0 1 1 1 0 1 1 1 0 1 1 1
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
No X4=you (cnoBocouetarust X4XpXm)
peI Xqi= Xo=like Xs=math X4=Yyou
Xe [ Xo [ Xg [ Xy [ Xy [ Xo [ Xg [ Xg | Xy [ Xy | Xz [ Xs | Xy [ X | X3 | Xy
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 1 1 1 0 1 1 1 0 1 1 1
3 1 1 0 1 1 1 0 1 0 0 0 0 1 1 0 1

BBIBOJIbI
B memoMm MOXHO 3aKJIIOYHTB, YTO MaKCHUMaJbHOE KoJM4decTBO ciaoB N, mocTymHoe ist
aHaIN3a C TOMOIIBI0 KBagpaTHIHbIX popm Trma 12712, 13713 u T.1. paBHO YABOCHHON BeNMUMHE
KPaTHOCTH TOPIIEBOTO IPOM3BEICHHS, HCIOJIB30BAaHHOTO Uil  (OPMHUPOBAHUS  MAaTPHIIBI
WHIMJEHTHOCTH, TO €CTh!
N=2K,
rie K - KOIMYeCTBO COMHOXHTEIEH B TOPIEBOM IPOM3BEICHUM MEPBUYHBIX MATPHII

WHIUWOCHTHOCTH.
,21)15[ COBMCCTHOI'0 aHalinda HCECKOJBKHX KOPITYCOB TCKCTa MOXKCET OBITE MCITOJIE30BAHO

0JI09HOE TOpLIEBOE MTpou3BeicHuE [2 - 4].
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ABTOPEI'PECIVHI CTPYKTYPH 3 PEI'YJISIPU3ALIECIO

Hasedeni  3acanvui  meopemuuni  NONOJCEHHS — GUSHAYEHHS  YACMOMHUX — CHEKMpI8  pO3POONIeHUX
Helpomepedcesux agmo pespeciiinux Cmpykmyp AKi UKOPUCMOBYIOMbCA 6 AKOCHI eMynamopie OUHAMIYHO20 CTAHY
06°ckmie KepyamHs. 3a pe3yrbmamamiu  NpoGeoeH020 AHANI3Y GU3HAYEHI OCHOBHI 61ACMUBOCMI YACHOMMHUX
xXapaxmepucmux, ma Haseoeni pe3ynomamu O0CTIONHCEHHs eekmy Keanmyeanus 3a yacom ysazanvhenux ARMABIS-

CIMpPYKMyp.
The general theoretical provisions for determining the frequency spectra of the developed neural network
auto-regression structures used as emulators of the dynamic state of control objects are given. Based on the results of

the analysis, the main properties of frequency characteristics are determined, and the results of the study of the time
quantization effect of generalized ARMABIS-structures are presented.

brok emynsauii (inentudikaiii) 00'ekTy € HEOOXiTHUM CKIAJOBUM E€JIEMEHTOM IMEepPEBAKHOI
OUTBIIOCTI Cy4acHUX 1HTEIEKTyaIbHUX cucTeM KepyBaHHs [1, 2]. [ToOynoBa BkazaHuX OJIOKIB Ha
OCHOBI HeHpoHHMX Mepex [1,2] mo3Bomse B one-line pexuMi EKCTPAINoOJIIOBATH PI3HULIECBE
PIBHSIHHS, SIKMM OIHUCYIOTh TUHAMIYHHUNA CTaH 00'€KTY KEpyBaHHS (JJaHa MOJIETh IIMPOKO BiloMa i
Ha3BOIO «aBToperpecis») [3]. Hemoniku Bka3aHOTO MiAXOAY 10 CUHTE3Yy MO 100pe BiaoMi: IS
OI[IHKA BUXOJYy OO0'€KTY y JTaHM MOMEHT 4Yacy BUKOPHUCTOBYIOTHCS (DaKTHUHI 3HAYEHHS BUXOY
00'eKTy OTpHMaHI paHill, 1110 MPU3BOJUTH A0 HAKOIMYCHHS MOXUOKHU MPU MOJICIIOBAHHI BIIepe] Ha
YHUCJIO KPOKIB OLTBIIIE OHOTO, TAKOXK HE BUKIIOUEHUN BapiaHT BUXOJy CUCTEMH KEPYBaHHS 32 MEXI
CTIHKOCTI.

Meta poOOTH: BUCBITIICHHS PE3YbTaTiB po3po0ku MeTonuku cuHTe3y ARMABIS-moneneit
TUHAMIYHUX O0'€KTIB KEpyBaHHS, MPHHIIMIIOBO HOBOI METOAWKM BU3HAYCHHS TMEpeAaTOYHHIX
GbyHKIIH  po3poOJCHUX HEHPOMEPEIKEBUX CTPYKTYpP Ta pe3yiabTaTiB JOCHIDKCHHS 3MiHH
CHEKTPAIbHUX MIUIBHOCTEH HEHPOMEPEKEBUX EJIEMEHTIB B CTPYKTYPax CHUCTEM aBTOMATHYHOI'O
KEepyBaHHS.

Amnani3 nonepeaHix gociimkeHs. JJoseneHo [3], mo B IKOCTI MOjeJeH NpsiMOi Ta 3BOPOTHOL
TUHAMIKH OO0 €KTIB KEpyBaHHS, SIK JIHIMHUX TaK 1 HENIHIMHUX HECTAIllOHAPHHUX, MOXE OyTH
3actocoBaHa CTpykTypa ARMA-Mo/eni 3 pO3MOAiICHUM JIATOM.

SAxmo 3anucat auckpetny ARMA-monens 3 posnoaiieHum jarom nopsaky (0,q) (MA(Q))
7S €TAIOHHOTO 3HAYEHHs Yy (t) BUXiZHOI KoOpAMHATH 00'eKTy KepyBaHHs Y(t) (desired)

g
yil=a+ yxi-jl+elil, (1)
j=0
KIHLIEBY PI3HUIIIO MOPSAIKY M 3aIPOMOHOBAHO [3] BU3HAYUTH HACTYITHUM YHHOM:
A"Y[i]= (- B)" = (A" Y Ti]- A" y[i -1]),i=0..n—m )

ne u - koediuieHt perymsipusanii ADL-ctpykrypu.
BukmtounBmm 3 (2) €TaJlOHHY BEIMYUHY y*(t) , OTPUMYIOTh [3] IUCKpETHI aJanTHBHI
ctpykrypu mozeneit ADL (p,q), mo xapakrepusytoTs agantusHi ARMA-npouecu:

Vil =13 7 - 1+ (- 10)-
p-1 i 3)
] 22D peyli= i1+ (D yTi - pl |+ el
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3 MeTOK HaJlaHHS aJanTUBHUX BiactuBocTel ADL-MozensM po3pobieno [3] aaroputm
ajnanranii BaroBux KOe(ili€HTIB Y, ,)5---Y,, Ha 0a3l MOAU(PIKOBAHOIO I'PaJi€HTHOTO METONY
MiHIMi3aIii KBapaTHIHOTO (yHKITIOHATA

J(g,)=0,5¢, ¢, . (4)
3 ypaxyBaHHSAM PIBHSAHHSA k -01 pi3HUII
K
A" fi= Z(—l)VCkV finey ()
v=0

e Ckv - OiHOMiaNbHI KOeQilli€HTH, aJaNTHBHA MOJEINb 3 posnoaiieHuM narom ADL(p,q) (3) moxe

OyTu mpezcTaBieHa B (OpMi PI3HUIIEBOTO PIBHSHHS LUITXOM IE€PETBOPEHHs 3araibHoi (hopMu
PIBHSIHHS B KIHIIEBUX PI3HHUIISIX

a,Y[i1=d,A%Ti] +d,A™CTi] +

, 6
+...+dqg[i]—alA'“y[i]—...—aOA"y[i]+ve[i] ©)
Coyli + pI=b,CTi+al+ b Ti+q-1]+.. -
+b STl —cyli+ p-1]—.c yli]+veli]
a00, Ipu CKOPOYEHHI JUCKpPETY N:
Coy[i1=b,cTi+q—p]+bgli+q-1-p]+.. @®)

+0, 0T = pl—cy[i —1] —..— ¢, y[i — p] + veli]
3aranpHU MA0JIOH pPi3HUIEBOrO piBHSHHA (8) M03BONMB [3] 3amucaTv piBHSHHS MOJAEII
ADL(p,q) 3 ypaxyBaHHSM MPUKAHSATTS B IKOCTI perpecopa BXiTHOI KOOPJAWHATH X'

y[i]—(l—u)(r_)Z(—l)”l- p-y[i- J']j— (1— )
= q . 9)
(=1 y[i- p]l= ﬂZVjX[i — J1+ weli]

3 ypaxyBaHHSIM aJanTHUBHUX BiacTuBocTel Mmonem (9), ki 3a0e3nedyroThCs
HEWpOMepe:KeBMM HACTPOIOBAHHSAM BaroBUX KOE(MILIEHTIB ), )Y ,-.-), JUCKPETHI aJanTHBHI

ctpykrypu Mmozeneit ADL (p,q), mo xapakrepusytoTh amantuBHi ARMA-mporiecn CKOpOUYEHO
npuiinsaTo [3] nasuBatu ARMABIS (AutoRegressive with Moving Average Brain-inspired Systems).
BinnoBigHo 10 3a3HavyeHOro Bulle, xapakrepuctuuHe piBHsIHHI ARMABIS-ctpykTypu (9)
Mae BUJ:
p-1
- i 1 - - 1 -
YIil-@- )| 2D p-yli— j1|~ @) (D™ -y[i-p]=0 . (10)
j=1
3arasibHe pilIeHHS HEOJHOpigHOoro pizHuueBoro piBHsHHA (10) mpenctaBisioTh [3] y
BUIJISIZII CYMH IEpeXiHOI Ta BHUMYIIEHOI CKiIaaoBoi. [lepeximHa ckiamoBa BU3HAYAETHCA 32
3arajpbHOI0 (POpPMYIIOI0

y(i)=CA +C,A} +..+C A (11)

n“n?
ne A,(v=12,..,n) - HekpaTHi KopeHi xapakTepuctuyHoro piHsHHs (10), C, - 1OBiNbHI
MOCTIMHHI.
BinnoBigHo 10 piBHAHHA mnepexigHol ckiazoBoi (11) yMoBa 3aracaHHsi BUIBHOTO pyXy
cuctemMu (yMOBa CTIHKOCTI), SIKa OMUCYEThCS pi13HULIEBUM piBHAHHAM (10) Mae Bimomuii [4] Bua:

A<l (v=12..,n). (12)
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BinnoBigHo 3 BUIIEBHKIAJEHUM cPopMysaboBaHa [3] HayKoBa HOBH3HA 3alpOIIOHOBAHOIO
Mmetona cunresy ARMABIS-moneneii: pospodiena ARMABIS-monens 31 ctpykryporo ADL(p,q)
XapaKTEePU3YEThCS AIAITUBHUMH BJIACTUBOCTSMH 32 PaXyHOK HACTPOIOBAHHS BaroBUX KOe(iIli€HTIB
perpeciiinoro jary (MA(p)-ckianoBa) Ha 60a3i MOAH(IKOBAHOTO TPATIEHTHOTO METOAY MiHiMi3allii
KBaJpaTHYHOTO (YHKIIOHATy, a yMOBa CTIHKOCTI CHUCTEMH 3a0e3MeUyeEThCs HACTPOIOBAHHSIM
BaroBux KoedimieHTiB kpurepianpHoro nary (AR(q)-ckinanosa).

HeoOxiaHo BinMiTuTH, 110 cnenudikanist ARMA-nporiecy (BU3Hau€HHS JaroBoi CTPYKTypH
ARMABIS-mozeneii) (9) mpoBOIUTECS BIANOBIAHO A0 PO3pOOICHOTO0 METOY OIIHKMA BEIMYHUHU
HaWOIIBIIOTO JIara [5], IKWi IPYHTYETHCS Ha JOCIIHKEHH] KIHIIEBUX PI3HUIb IEPEXiTHOT (QYHKITII.

3 METOI aHaJNITUYHOTO pO3B’si3Ky piBHIHE ARMABIS-cTpykTyp 3actocyemo — z-
MEePETBOPEHHS 70 000X 4YacTUH OCHOBHOro piBHAHHS amanTuBHOI ARMABIS-Moneni 3i
ctpykryporo ADL (1,1)

Y1 = pyoX[1+ ey X000 =10+ Q= ) y[i 1] + weli] (13)
3 ypaxyBaHHSM CTaJIOT0 PeKUMY Ta 3cyBY GyHKIii y(i-p) <& zp Y(2):
ylil— Q- ) Yl =1 = ey X1+ ey X[ 1] + peefi] (14)
1
Y(@2)(1-A-p)7")= X (D) u) b,z" (15)
g=0

1
Y ’uz quq
Z —
H (Z) = ( ) = =0 1 . (16)
X(z) 1+@Q-p)z
BinmoBigHO A0 BUIIEBHKIAACHOTO, nepenarodna ¢yHkiis ARMABIS-ctpyktypu matume
BUI:

Q
Y (2) H# qzoqu . (17)

x@) 1—(1—#)-[{%—1)‘”*p'zp}(—l)*’“-zpj

pL

H(z)=

B namomy Bumanky npwm nii Ha Bxoxi immynbscy Kponekepa 5., 3 Z-o6pazom &(z) = 2" =1,
curHain Ha Buxofi Oyae Matu Bux immynscHoi peakwii (i) =h(i):
Y(z 2
HE@ =SB _y ()= Y iz @)
5(2) i~0
To6to nepenarouna pynkmiss ARMABIS-cTpykTypu € Z-06pa3om Horo iMITyJIbCHOT peaxiiii.
Omxe mnepenarouHa ¢yskiiss ARMABIS-cTtpykTypu Moke OyTH mpeacTaBlieHa CTEIIEHEBUM
MOJIIHOMOM TIPSIMHUM JiJICHHSIM YMCEIbHUKA Ha 3HAMEHHHK MPaBoi YacTUHH Bupasy (17).
Marepian Ta pe3yabTaTH JOCTIKEHb. 3arajbHi TOJOXKEHHS BHU3HAYEHHS YaCTOTHHX
crektpiB  ARMABIS-ctpykTyp. Posrnsnmemo dactorHy ¢yHKImiro y3araapHeHoi ARMABIS-

crpykrypu ADL (p,q) (9):
p-1

A(a))ejwiAt _ (1_ ,Ll) . ((—l) p+l A(w)e(ja}iAt—jpr’[) _ Z(_l)UJrl pA(w)e(ja}iAt—jqut)) —
u=l1
1 (19)

4 S
= yuB(a))e(leAtfjqut)
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A(a))ejwiAt [1_ (1_ ,U) .((_1) p+l e—jprt _ pz:(_l)uﬂ pe—jwum j} _

; (20)
oo .
— ﬂB(a))erlAtZ}/ue_M)UAt
u=0
. p-1 _ q _
A@)[1- (- ) (D) e or Y (1) pewtﬂ = B@)ud ye ™ (21)
u=1 u=0
q .
,Uz yue—jqut
H (o) = g(a)) = =0 —~ ; (22)
(0)) 1— (1_ ,U) ) ((_1) p+l e—ja)pAt _ Z(_l)uﬂ pe—jqutj
u=1

Yacrorna xapakrepuctuka ARMABIS-ctpyktypu ADL (p,q) sBnsie coboro @ypbe-o6pas
1oro iMmynbcHOI peakiii. OcTaHHe Moe OyTH JJOBEJIEHO 3a YMOBH At =1:

H(@)= Y hu)e ™ 23)
L

h(u)=— j H(w)e'dew. (24)
27r7p

[IpoBenemo nmOCHIKEHHS AWMHAMIKK 3MIHM YacTOTHUX Xapaktepuctnk ARMABIS-
cTpykryp. Ilepenarouna gyacrorna ¢pynkuis ARMABIS-ctpykrypu ADL (p,q) Mae BUTIIS:

A(@)e ™™ -2 (1— 1) A(@)e"™ 1 1 (1— 1) A(ew)eU ™12 =

, 25
= B(@)uree"™" + By + B(o) el =
A(a))ejcoiAt (1_ 2(1_ /,l)e_ijt + (1_ lu)e—ja)ZAt ) — ( )
N _ _ : 26
= B(@)e"" u(yy + 78" +y,£77)
BiamoBimHO mepenmaroyHa 9acToTHa QYHKIIS —(4aCTOTHA  XapaKTEPUCTHKA)
ARMABIS-ctpykrypu ADL (2,2):
— joAt —jo2At
H(a)):A(a)): /u'(7/0+7/1e_J +7/2ej ) @7)
B(w) 1-2(1—p)e '™ +@1- p)et*™
ImiTamiitne MonenroBaHHA. B skocTi 00’€KTy KepyBaHHS OOpaHa CTpyKTypa 3
nepenaTounoro ynkuiero uay: W (s) = 2 3miHa J1aroBux  Koe(imieHTIB

0,7s*+5,6s+1
monem ADL(2,2) B mporeci ananTamnii HaBegeHa B Ta0i. 1. [lepexinuuii mporec eTasoHHOT MoJeNi
Ta GaKTHYHUNA BUXiJ 00’ €KTY KEpYBaHHs B CTPYKTYpi amantuBHOi cuctemu 3 ARMABIS-monentto
3BOPOTHOI IMHAMIKM HaBeJICHUN Ha pHcC. 1.

Taomums 1
JluHamika 3MiHu J1aroBux koedimientiB ARMABIS-cTpykTypu B npoueci aganrarii
t,c cO cl c2 b0 bl b2
0,2 1 -4 10,2 0,005 0,0032 0
3,3 1 -4 10,2 0,0235 0,0235 0,0203
9 1 -4 10,2 -0,0276 | -,0294 -0,0326
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3 5 7 ___8 .o
Puc. 1 - Tlepexinnuii mporiec BUXiJHOI KOOpAUHATH Y[1]00’ €KTY KepyBaHHS, CUTHAI
3apmanHs d[i], mepexiTHUN MPOIeC eTaTOHHOT Moei 1[i]

ADX ARMABIS-cTtpykTypu B nporeci aganTauii 3 KoegillieHToM perynspusamnii 4=0,8 Ta
Koe(]iIl€eHTOM IMIBUAKOCTI HACTPOIOBAHHS BaroBUX KOE(IIIEHTIB y, h=0,05 HaBEJCHA Ha pHC.2.

b T

‘ -1\\\\‘",

i \“‘u
| i

:‘u / il
Uil

{
g:o,o’(’
)

i
i

¢ 0.01 0.03 0.05 0.07 0.09 0l Re (H(w))

Puc. 2 — Jlunamika 3MiHH aMIUTITYAHO-(pa3049acToTHOI xapaktepuctuku ARMABIS-
ctpykrypu ADL(2,2) B nporieci aganTarii Ha 0,2¢c.- H(w), 3,3¢ - H1(w), 9¢ - H2(w)

BinnoBigHO 3 MNpOBENEHHMM aHANI30M YacTOTHUX XapaKTEpPUCTUK 3pO0JIeHl HaCTYIHI
BUBOJIU:

1. YacToTHI XapaKTEepUCTUKU € HEMIEPEPBHUMHU (QYHKIISIMU YaCTOTH;

2. Haspuicte auckpermsanii (B posmmsayromy mpuknagi At =0,1c.) 3aGesneuye
nepioanyHicTh 4acToTHOI (yHkIii ARMABIS-cTpykTypu. Ilepion gactoTHoi QyHKIIT HOPiIBHIOE

. 1 X . . . .
4acTOTi  JMCKpeTH3allii f =—=10A0. TonoBumWii 4YacTOTHWIi  Jiama3oH:  Bix
T T ) )

W, =——=-3L42 no w, = E =31,42. I'panuyHi 4aCTOTH TONOBHOTO YACTOTHOTO JIiara30Hy

BIJIMOBiAAIOTh uacToTi HaiikBucTa (MakcMMallbHa 4YacTOTa JaHHMX, SKy 3/1aTHA TEPEeTBOPUTH
ARMABIS-cTpykTypa);
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3. Ilonoca mponyckanHs ARMABIS-cTpykTypu B mporueci aganrtaiii He 3MIHIOETbCS 1 B
aHOMy mpHKai ckiagae Big 0 o 20c™. Tlooca 3aTpuMaHHs He 3MiHIOEThCS 1 gopiBHioe 11,42¢™
320¢™ y0 31,42¢™;

4. YacTOTHI CKJIaJ0B1 BXiJIHOTO CUTHAIIy B IIOJIOCI 3aTPUMAaHHS MOJIABIIOIOTHCS OUIbIIE HIK
B 3000 pa3iB (AA(; =0,003), a B mosnoci mpomyckanHs B IIPOLEC] afanTarii MoJeNi MHUPUHA BiKHA
NPOMYCKy  MOCTYNOBO  3MEHINYEThCS  Bin AA,- '=1-0,01=0,9910  3Hauenns
AA,- '=1-0,118=0,88 (Amir=1-0,88=0,12). Ilo 3aKiHYEHHIO aJaNTALi{HOrO IIPOLECY
ARMABIS-cTpykTypn 4YacTOTHI CKJIAJOBI BXiJHOTO CHTHaJy B TIOJOCI TPOITyCKaHHS
OCITabMIOITLC He Oinblie HiK B ~/2/12pasiB. BianoBiaHO 3 HaBEJAEHWM BHILE, BEPXHA MeEkKa
poGodoro 3aryxanus B monoci npomyckanms cknamae Ad =—201g(1— AA, ) =1,118A | a nmxus
MesKa 3aTyxaHHs B rosioci satpumanns 8, = —201g(AA.) = 50, 58A .

Pi3HMI BepxXHIX MEX Ha IOYaTKy 1 MO 3aBEpUICHHIO aJanTaliiHOro MpoIecy
wAa =1, 028A, wxHix - fa, = 4,894A .
Hocnimkenns edekry kBaHTyBaHHs 32 yacom ARMABIS-cTpykTyp. BinnosigHo o

HABEJICHUX pE3yJIbTaTiB MOJEIIOBAaHHSI MOKHA 3pOOMTH HACTYINHI BUCHOBKM CTOCOBHO YaCTOTHHX
cnektpiB ARMABIS-cTpykTyp:

* -
1. Cnextp X (ja)), B CHJIy cUMeTpii, Moxke OyTM BH3HAUYEHUIl B Jiama3oHi 4YacTOT

+4)

2. Crextp X ( ja)) Ha BCIX KpOKax ajanTaliii HOCUTh He (iHITHHIA XapaKTep;
3. Cnektpu X *( ja)) ARMABIS-cTpyKTypH 0HO3HAYHO HE BiJNOBIJAIOTH MEPIOAMYHOMY

cnektpy X ( ja)) , omxe edekT kBaHTyBaHHA 3a yacoM ARMABIS-ctpykTypoo mnos's3anuit 3

BTpaTolo iHdopmarii.

OcTaHHIi BHCHOBOK BHMAra€ JOCIHIIKEHHS CHEKTPAJIbHUX XapaKTEPUCTHK 3 METOIO
BU3HAYEHHs OOMEXEHb, SIKI JJO3BOJIATH 00poOssATH BXigHi curHaimu ARMABIS-ctpykTyporo 6e3
JOJAaTKOBUX CIIOTBOPEHb.

[Mpunyctumo, mo crekrp X (ja)) € oOmexeHoro ¢QyHKIie. DiHITHICTh CIIEKTPY

MpUiMEMO Ha piBHI TOJABJICHHS BXIJHOTO CHWTHajdy B Jlama3oHi TOJOCH 3aTpuMaHHs (
AAG=0,0035) a0, |X (jo)| = AA..

BinmosigHo 10 mpuBeneHux criekTpiB curHainie ARMABIS-cTpykrypu B nporieci aganTariii,

MOXHa 3pOOMTH BUCHOBOK, III0 anamnTailis po3pooiaeHoi ARMABIS-cTpykTypu He BUKIIMKAE 3MIHY

YMOBHOI 4acTOTH 3pi3y CHeKTpy ), |X(ja))| = AA.. Orxe, npu BuKoHaHHI ymMOBH @) < 20,
Oyze BinOyBaTUCS HAKJIAIEHHs 3MIIIEHUX CIIEKTPIB X(j(a)—kra)o),k =1,2... i B pesynbrari

CIIEKTP BHMXiJHOT BEJIUYMHH X*( ja)) B 0CHOBHil monoci ARMABIS-cTpykTypu (_ﬁ&] Oyne
2 2

BIIPI3HATHUCS BiJl CTIEKTPY BX1THOI BEIMYUHU X ( Ja)) .

168



\ AA43

-20 0 20 40 60 g @
Puc. 3 — Cnextpu curnanis ARMABIS-ctpykTypu B niporieci agantanii
IIpu BUKOHAHHI YMOBH (), = 2(), HAKIAJEHHS 3MIIIEHUX CIIEKTPIB BIACYTHE, IO A€ 3MOTY

CTBEPJ/UKYBATH HACTYIHE: KO Oe3lepepBHA BENMYMHA X(t) Mae BIACTHBICTH (DIHITHOCTI CBOIO

2
3pizy @, |X(Ja))| = AA,, T0 KBaHTyBaHH: 32 YacoMm ARMABIS-cTpykTypu 3 actoToi0 @, > 20,

cektpy X ( ja)) B ocHOBHIii monoci ARMABIS-cTpykTypu [_ﬂ&j 3 YMOBHOIO 4YaCTOTOO
2

HE NMPU3BOJIUTH 10 BTPATH iHPOpMAILii.

BUCHOBKU

HoseneHo, mo po3po0ieHl HelpoMepeKeBl aBTOPETPECiiiHI CTPYKTYPH 3 PETyJIspU3aIli€ero
(ARMABIS-enneMeHTH) MOXYTh OYTH BUKOPHCTaHI B SIKOCTI €MYJIATOPIB JHHAMIYHOTO CTaHy
00’€KTIB KEpyBaHHS.

B pesynbraTi JOCHIJUKEHHS CHEKTpaJbHUX IIUIbHOCTEH po3pobiennx ARMABIS-
eMYJISTOPIB JIMHAMIKM OO0 €KTIB KEepyBaHHS BCTAHOBJIEHO HACTYIHE: YAacCTOTHI XapaKTEPUCTHKHU
ARMABIS-emynsaTopiB € HenepepBHUMHU (YHKLISIMHA YaCTOTH; HAsBHICTh JUCKpETH3aLii
3abe3mneuye mnepiogudHicTh 4yacToTHOI ¢GyHKIIT ARMABIS-cTpykTypH; monocu 3aTpuMaHHS Ta
nponyckanHsi ARMABIS-cTpykTypu B mporieci aganTaiii He 3MiHIOIOThCS; €()EeKT KBAaHTYBaHHS 3a
gyacom ARMABIS-cTpykTyporo moB'si3anuii 3 BTpaToro iHGOpMAaIlii; SKIIO BXiJHA BEIUYHMHA M€
BJIACTUBICTH (PIHITHOCTI CBOTO CIIEKTPY B OCHOBHIH nosoci ARMABIS-cTpykTypH, TO KBaHTyBaHHS

3a yacom ARMABIS-cTpyKTypH 3 4acTOTOI0 () = 2(), HE NPU3BOAKUTH 0 BTpaTH iHGopMaLlii.
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