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YK 681.518.22, 519.254
Boobeuko F0.0. (HY «/Ivsiscoka nonimexuixka», m. Jlveis, Yrpaina)

3ACTOCYBAHHSI 3TJIAIKYBAHHS JAHUX HEMPOHHOI MEPEXKI JIJIS
BUKOPUCTAHHSA B CUCTEMAX KEPYBAHHA BEHTUJIBHUM PEAKTUBHUM
JABUTI'YHOM

B cmammi oxpecneno npobremamuxy eubopy cmpykmypu wmy4Hoi HeUpoHHOIL Mepedici 0l BUKOPUCTANHS 8
cucmemax Kepy8amHHs GEHMUIbHUM PEeaKMUGHUM O8USYHOM. 3aNpONOHOBAHO 3ACMOCO8YE8AMU 32NA0NCYEAHMS GUXIOHUX
OaHux HeupoHHOI Mmepedici Onsl cnpoujenHst i1 cmpykmypu. MemoOdom Komn lOmepHO20 CUMYMIOS8AHHS NPOBEOEHO
nopisHsanbHULl ananiz pobomu cucmemu Kepysanns BPJ 6e3 ma i3 3acmocyganuam 321a00iCy8antsi OaHUX HeupoHHOT
Mmepesici.

The article describes the problems of selecting the structure of artificial neural network for using in control
systems for switched reluctance morors. 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 mITydHOi HeliponHoi mepexi (LLIHM) — noBoui ckiaana i
TpyaomicTka 3amada. lle moB’s3aHO 31 3HAYHOIO PI3HOMAHITHICTIO ICHYIOUHX THUIIIB MEPEXK,
aKTHBAIIMHUX (QYHKIIHA HEHpOHIB, CHOCOOIB HAaBYAHHS, MOXIIHWBICTIO BHOOPY pI3HOI KUTBKOCTI
mapiB 1 HEWpOHIB y KoKHOMY Imapi. OKpiM IbOTO, Ha JaHUH MOMEHT HEMae MaTeMaTUYHHUX
dopmyn, sKi OM MO3BOISIM OOYMCIMTH KUIBKICTh TPUXOBAHHMX IIApiB MEPEXi 1 HEHPOHIB y
koxHoMy mmapi [1]-[3]. 3 inmoro Ooky, ciiJ mam’aTaTu npo 30epe’kKeHHsI pO3yMHOro OanaHcy Mix
TOYHICTIO OTPUMAaHHUX pE3YIbTATIB 1 KUIBKICTIO OOYMCIIOBAIBHUX 3aTpar, TOMY IO MOXYTb
BUHUKHYTH MPOLIECOPHI 0OMEexeHHs mpH peaiizamii HaaTo rpoMizakux IIHM. Oxpim o3HaueHuX
dakTopiB, Iy)Ke BaXKIMBE 3HAYCHHS Ma€ BHOIp BEKTOpa BXIIHUX BeIWYMH 1 (HOpMyBaHHS
HaBYaJIbHOI 0a3M JaHUX.

VY pobori [4] mokazaHo, O Yepe3 BUMiproBaHHS (pa3HUX CTpyMiB i motoko3zueruiens ITHM
MOJKE OIIIHUTH IOJIOKEHHSI POTOpa BEHTUJIBHOTO peakTHBHOro asuryHa (BPJ]) i Tum camum nae
MO>KJIUBICTh YHUKHYTH BUKOPUCTAHHS JaBaya MOJIOXKEHHS pOTOpa, SIKUM MIJABUILYE eKCIUTyaTalliiH1
BHUMOTH, YCKJIQJJHIOE KOHCTPYKIIi}0, BUMArae J101laTKOBUX (piHAaHCOBUX 3arpar Tomo. OgHaK, SKILOo
BHUMIPIOBaHHS (Da3HUX CTPYMIB HE € NMPOOJIEMATUYHUM, TO BU3HAUYEHHS NOTOKO3YeIJIeHb NOTpelye
BUKOPUCTaHHS JI0/IaTKOBMX BHMMIPIOBAIBHUX HPUCTPOIB 1 OOYHUCIIEHb, $KI BUKOPUCTOBYIOThH
IHTErpyBaHH4, 1110 IPU3BOIUTH JJO HAKONMMYEHHS MOXUOKH. OKpiM TOro, 10/1aTKOBI BX1/HI JaH1 poOJIsTh
CTPYKTYpY HEHPOHHOT MepekKi O1Ib1II TPOMI3AKOIO.

B naniii poGoTi 3a1poroHOBaHO BUKOPUCTOBYBAaTH HEMPOHHY MEPEXKY, BX1THUMU BETMUYMHAMU
AK0i OyayTh JuIIe (pa3Hi CTPYMH, a BUXIJTHUMU — KYTH TOJIOKEHHS POTOPa, BMMKAHHS 1 KOMYTallii (IUB.
puc. 1). PeryntoBaHHs BeJIMYMH KyTiB BMUKaHHS Ta KOMYTallll BUKOPUCTOBY€ETHCS AJIi OTPUMAHHS
AKOPCTKUX MEXaHIYHUX XapaKTePUCTUK. 3MEHILICHHs BEKTOPA BX1THUX BEJIMYHH J03BOJISIE€ YHUKHYTH
JOJJaTKOBUX BHUMIpPIOBaHb 1 OOUYMCIIEHb MOTOKO3YEIJIEHb, aj€ MPU3BOAUTH JI0 OLIBIIOrO PO3KUAY
pesynbratis [ITHM. Tomy, 1106 BUKITFOUMTH ITYMH 1 OKPAIIUTH TOYHICTh PE3YJIbTAaTiB, 3alIPOIIOHOBAHO
BUKOPHCTOBYBATH 3T71a/PKyBaHHS BHXITHUX JaHHX MEPEXKI.

[TomepenHe 3aaBaHHs TApaMETPUYHOT MOJIEIT MOYKE BUSIBUTHCS HAJITO OOMEKEHIM ab0 3aMaoi
PO3MIpHOCTI IS anpoKcUMallii HerepeaoadyBaHUX XapaKTePUCTHK, B TOW yac sIK HemapaMeTpHuHe
3MJIaJDKYBaHHS J1a€ THYUKI CIIOCOOU aHasli3y HEBIIOMUX 3aI€KHOCTEH, 110 1 MOTPIOHO [T BUKOPHCTAHHS 3
pesynbratamu LIIHM. IcHye psi po3NOBCIOKEHUX HEMApaMEeTPUIHUX METOIB 3IJIa/DKyBaHHS: siepHe
3riamkyBaHHss, KNN OLIIHKH, OpTOTOHAJILHOTO PO3KJany, 3IIaJKyBaHHS CIUIailHaMU, PEKypeHTHI
METOJIM, MeJiaHHe 3TNapKyBaHHS 1 T.A. [5]. OauH 3 HaWmpoCTIMHX, ale e(PEeKTUBHUX 1 JIETKO
peanizoBaHUX METOMIB € siAepHE 3riamkyBaHHs [6]. ['omoBHa posb (yHKIT siapa MOJNATaE B
3abe3neueHH] audepeHIliiioBaHOCTI 1 TTaaKocTi ouiHku [7]. Bubip HeoOXiqHOI MUPUHN BiKHA JUIS
KOHKPETHOI 3a/1a4l — KJII0UOBUH (aKTOp y MPOBEJIEHH] SIKICHOTO HeMapaMeTPUYHOTrO OI[IHIOBaHHS.


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 HaB4e€HOI HEHPOHHOT Mepexi

Jlist mpoBeieHHsT AOCIIDKEHb 00paHo sIepHE 3TIaKyBaHHs 3 siupom [layca 1 mimiOpaHo
ONTUMAIIbHY IIMPUHY BiKHA JJISi KyTa IOJIOKEHHS POTOpa, Kyra BMHUKaHHS Ta Komytamii BPJI.
OCKiIBbKY OILIHIOBAHHS BiIOYBAa€THCS B PEXKHUMI PEATHHOTO Yacy, TO JJIS 3a0€3MeUeHHs JOCTaTHBOL
TOYHOCTI 1 OJHOYACHO 3MEHILIEHHSI 00YMCIIIOBAILHUX 3aTpaT 3ri1a/KyBaHHs BeneThes mo 101 touri,
IIPH YOMY OOUYHMCITIOETHCSI HOBE 3HAYCHHS JUTsl KOXKHOT 50-1 TOUKH 13 1i€l rpymu. 3aTpUMKa B 9aci Ha
101 itepamiro mpu Kpowi iHTerpyBaHHs 3a yacoM 10°C MPaKTHYHO He BILIMBAE Ha e(eKTHBHICTDH
poboTH cucTeMHu.

Ha puc. 2 i puc. 3 mokazaHo K 3aCTOCOBaHE 3TJIa/DKyBaHHS BIUIMBA€ HA KyTH KOMYTalii Ta
BMUKaHHs Bu3HadeHi [IIHM npu pizkoMy 3MeHITIEHHI MOMEHTY HaBaHTXKECHHS. A Ha puc. 4 BUTHO BIUIUB
IIUX KYTiB Ha MBUAKICTE 00epTaHHs poTopa BP/I.
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Pucynok 2 - Kyt BMuKkanHs 6€3 1 IpH 3aCTOCYBaHHI 3IJIaJ[)KyBaHHS pPe3yJbTaTy HEMPOHHOI
Mepexi
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Pucynok 4 - IIBuakicte obepTaHHs poTopa 0e3 1 HmpH 3acTOCYBaHHI 3IVIaJUKyBaHHS /0
pe3yJIbTaTiB HEHPOHHOI MEpEsXi PU BU3HAYEHHI KYTIB KOMYTallii Ta BMUKAHHS

BUCHOBOK
3 BuUIIle HABEJCHHUX JIaHUX MOKHA 3pOOUTH BUCHOBOK, 1110 3TJa/KyBaHHS JaHUX HEHPOHHOI
Mepexki 4epe3 3MEHIICHHS MyJbCcallli BEJIMYMH, 10 BHU3HAYAIOTHCS, B 3HAYHIA MIpl CHpHsE
cTabunbHIN 1 muaBHii podoti BP/I.
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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.

Busenenns emopenens ma nopyuienv 0Oesneku € Oydce CKIAOHOI NpOONeMOl0 uepe3 CHiGyYACMb
KOMNTomepHux mepedxc ma KpeamusHicms xakepis. Helponni mepedici Modicyms 6ROpamucs 3 yum 3a60anHAM Kpawe,
HIJDIC CMAHOApPMHI eKCnepmHui cucmemu, 3acHosaui Ha npasunax. LLmyuni HeliponHi mepedci noxazanu 4yoosi
pesyromamu npu eusasnenni amax DoS ma Probe, ane ece we maromv npobnemu 3 amaxamu R2L ma U2R. V
Manudoymuvomy 0y0ymo nposedeHi O0CAIONCeHHs 3 MemoK NOKPAWeHHs CAAOKUX CMOPIH HeUpOHHUX Mepexc md
nocunenHs MiyHoi

I 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.

. 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.

I 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

Handiing
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 THUNDERSTOR
210.271073| 192.168.1.27 5 NBNS 92 | M
<20>
Name query NB
192.168.1.25 THUNDERSTOR
3(0.271974 | 192.168.1.25 5 NBNS 92 | M
<20>
S P,
func=RNR,
N(R)=64;
DSAP NULL
SamsungE_21:b5 LSAP

410.403026 | : 3a Broadcast | LLC 60 | Individual,
SSAP  NULL

LSAP
Command
Basic Format;
Type 1LLC
SamsungE_21:b5 (Class I LLC);

5| 0.403758 | : 3a Broadcast | XID 60 | Window
Size 1

Source port:
802- 11-iapp
Destination

6| 0.403776 | 192.168.1.200 224.0.1.178 | UDP 60 | port.
802-11-iapp
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1.021393

222.122.213.35

192.168.1.44

TCP

1514

[TCP segment
ofa
reassembled
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 I 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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TJIMBOKA MEPEXKA HA BA3I HEMPO-®A331 IOHITIB

3anpononosano apximexmypy enubokoi mepedxci Ha 6azi ueupo-gassi ronimie (NFU), aka mae nokpawjeHi
81ACMUBOCMI 8 NOPIBHAHHI 3 2MUOOKUMU Mepedxcamu Ha 0a3i neo-gassi uetiponie (NFN) i 6 moii oce uac He mae
cKnaoHocmel  0OYUCTIOBANLHO20 Xapakmepy 6 Nnpoyeci HAGYAHHA, Xapakmepnux O1a 2IubOKUX mepeosic, sKi
BUKOPUCIOBYIOMb  CUSMOIOanbHi  akmugayitini  ¢ynkyii. HaeuanHna 3anponoHo8anoi mepeoci BUKOHYEmMbCA 34
00NOMO2010  360pOMHO20  NOWUpeHHs Nnoxubok. Ilpogedeno MmoOenioganHa OAs  GUEUEHHS  61ACMUBOCHEl
3aNpPONOHOBAHO20 NIOX00Y 8 NOPIBHAHHI 3 8IOOMUMU.

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

OctannimM yacoMm rnuboki Heliponni mepexi ('HM) [1-5] naOynu Benukoi momyiasipHOCTI
3aBASKU BaroMHM IMPAaKTUYHUM pe3yJbTaTaM, SKi BJANOCS OTpUMATHU 3 iX Jomomororo. barato
apxitektyp 'HM € po3mmpeHHsSM paHime BiJOMHUX apXiTeKTyp MITYYHHX HEHPOHHUX MEPEK
(IIHM), ane 3 OLIBIIOK KUIBKICTIO IMPUXOBAHMUX INApiB Ta HEHPOHIB B HUX. Taka BIAMIHHICTB
MPU3BOJUTH TAKOX JI0 TIEBHUX CKJIAJHOCTEH OOYMCIIOBATHHOTO Ta YACOBOTO XapakKTepy B Mpoleci
HaByanHs ['HM. JIns yHukHeHHS w1ux npobiem B [6-7], 3aMmicThb TpaauliiHUX HEUPOHIB
Makxkanoxa-IliTrca, 3anpornonoBano BukopuctoByBatu B 'HM Heo-da3si neiiporn (NFN), sxi He
MaloTh CUTMOiIaTbHUX aKTUBALIIMHUX (DYHKIIIH, BIACTUBOCTI SKHX 1 MPU3BOAUTH JI0 BUIIEHA3BAaHUX
CKJIAJJHOCTEY HABYAHHSL.

NFN HeoJHOpa30BO BUKOPHCTOBYBAIKCS B pi3HOMaHITHUX apxitektypax IIITHM [8-12], a
JUIs HaJaHHS iM OUIbLIO YHIBEPCAJILHOCTI Ta alpoOKCHUMYyKOuuX BiactuBocted B [13-15] Oymo
3allpONIOHOBAHO BUKOPUCTAaHHS Helpo-(a33i roHiTiB (NFU), sKki TakoX MaroTh CUTMOiNanbHI
aktuBauiiHi ¢yHkuii. Jns noegHaHHs mokpameHux BiactuBoctedl NFU Ta mpocTtoTn HaBuaHHS
NFN, saminumo B NFU curmoinanbHy aktuBaiiiitny ¢yskiiro Ha Rectified Linear Unit (ReLU),
TOOTO KYCKOBO-JIIHIMHY (YHKIIIIO, IO Ma€ TMOXIJHI-KOHCTaHTH. MeTolo poOOTH € BUBYECHHS
BIIACTHBOCTEH TaKOTo riOpuaHOTO miaxoay A0 nodynosu 'HM.

1. ApxiTekTypa riméokoi Mepeski Ha 6a3i Helipo-¢a33i IOHITIB

st mpoctoT OyneMo po3riiaiaTd MOBHO3 BSI3HY 0aratomiapoBy apXiTEKTypy MPsSIMOTO
NOLIMPEHHs, fKa Mae S mapiB oOpoOku iHdopmauii. OnHak BIJ3HAYUMO, IO MOXKIMBO
BUKOPHUCTAHHS W cHeliaii3oBaHuX apxiTekTyp [16-18] 3 HemoBHUMH 3B’S3KaMH MK IIapaMu Ta
3B’sI3KaMH, 1110 0OXOATh OJIMH Y JEKUIbKA IIapiB.

Ha Bximamii (aynpouii) map nomaerbes [1(LJ)[]" Bektop BXimumx curHamis. [J([]) =
(T1(07), C2(00), ..., Oo(0)), me k=1, 2, ..., N — HOMep criocTepekeHHs B HaBYaIbHii BHOOPI 200
IHIEKC ~ [OTOYHOTO  JIUCKPETHOTO qacy BuxigHum  cuUrHajioM — Mepexi €  BEKTOp

(=) 2(0), 7 () & (mfaﬁ"m“p‘)me‘i’ﬁ? SENGLG e G O
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(H[ﬂ](ﬂ),... 0, ﬂ[ ](7))r Takum ‘—II/IHOM BXl}IHI/IM CHTHATOM p-ro mapy (p=1, 2..., S) €
1 0 O
BEKTOP ‘u[}l](u) = (OUA@), L, o), L, o) e 07, a BuxigEEM — BekTOp
1

Op—1 Ho-1
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y =0l = tanh (W[S]T},t[s] (ofs71ly)

i is Is is is—1

3aMicTh (3).
B sikocTi yHKIIIT HaNe)HOCTI HEMHIMHUX CHTHAJIB NSE'D]i 3a3BMYaii BUKOPHUCTOBYIOTH
pp-1
TPaJUILiiHy TPUKYTHY (YHKIIiO, SIKa 337J0BOJIbHSIE BUMOTAaM OJAMHUYHOTO po30uTTs PycmiHi:

L 1] [1]
{ Hjs —Chplpqb-l [0-1] (]
[D] 0,0 ) SIKINOC L™ [‘1:':%\715("1 )
ﬂ % & 1|]C -0~ C0p0440-1
g 0= | LAt 4
{@ éD Oo—q0+1 EE& [0-1] [1] [1] ( )
[D] [O] MO DJ\ 1 a [C\Q ‘;lj,c‘m g0+l )
| Upobo- lD"'C-]-DHDH 1l
0, B IHIIUX BUIIAJKAX,
Ie c[p] I,|: 1,2,...,h — neHtpu TpUKYTHUX (YHKIIH HAJCKHOCTI. Y BHUIAIKY, KOJIU BCi
Iplp-1
HeNmiHidHI cuHancu mepexi N S[p] MalTh OJIHAKOBE 4YHCIO N WEHTpPiB, KOTPi PO3MOJILICHI

Tplp-1
PIBHOMIPHO IO OCSIM BXiIHUX CHTHAJiB, BHpa3 (4) Moxe OyTH MepenucaHuii y OiIbIl 3pyIHOMY
BUTJISAII:

U ADl(gl[ 1]5(%\\] 101 ), AKIO q[ﬂ 1]LDH£F:[ 101 ’C[E]\\D\ 1 U
ot © ooy = [ [-1] [ 1 0] )
Dol Hit : Coyopao+ ~ Hop,y hakmo U, O [ RIS L
Co oo+
0, B IHIIIMX BUIIAIKaX,

IIpHU IBOMY:
i @y Bl Ty = el Ty + ulRl e O =1 ©)

YmoBu (4)-(6) 03HA4aIOTh, 0 B KOXKEH MOMEHT 4Yacy K B KO)KHOMY HEJiHITHOMY CHHAIICI
TUIBKU JB1 CyciHI (DyHKIII HaJEKHOCTI MOXYTh clipaitoBaTu. lle npuBoauTh 10 TOrO, 110 B LM
K€ MOMEHT HaJIaIITOBYIOTHCS TUIBKM JBa CYCIJIHI CHHANTH4YHI BaroBi Koe(dilieHTH, TOOTO Ha
KOKHOMY KpOIli HAaBYaHHA YTOYHIOETBCA TiMBKH 23X 5-q Np-1Mp  CHHANTHYHMX Bar 3amicTh
h>.5=1 Np-1Np. OcKinbKkn KoXeH HeniHiliHMi cHHANC Mepexi peanizye mo cyri F-meperBopeHHs
[19], e no3BoIsIE K 3aBrOJTHO TOYHO allPOKCUMYBATH Oy/b-IKy 0OMEKEHY OJHOBUMIPHY (DYHKIIIIO
OpU J0CTaTHBO BenukoMy h. 30inmbineHHs 4ncna QyHKIIH HaJIeKHOCTI HE YCKIIAIHIOE HABYAHHS
Mepexi.

Sk Bxke Oyllo BiA3HAUEHO BHIIE, 3aCTOCYBAaHHS CUIMOiJaIbHUX aKTUBALIHUX (yHKLIH (B
JTAHOMY BHUIIAJKy — TiMepOOIIYHOro TaHreHcy) yckiaaHioe HaBuaHHs ['HM. Tomy Bukopucraemo
crnpoueny apxitektypy NFU 3 Bukopucranasm ¢yskmii aktusanii ReLU, mo 103BosuTh 3anucatu

BUXI1IHUI curHan Heipo-hazsi oHiTy (][] Q[[] y BUTJISIL

Uo-1 Uo-1
D[DI—ReLU(z D[DJ (0 771y) = max (O, z D[EI (ELS=) B (7)
-1 Mo U1 Up—a
Hh—=1 -1=1

2. HapuaHH# riaudokoi Mepe:xi Ha 0a3i Helipo-¢a33i oHiTiB
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HaBuaHHs 3ampoIOHOBAaHOT MEPEKI Peali3yeThCsi  HAa OCHOBI 3BOPOTHHOTO MOIIMPEHHS

MOXUOKH 1 3BOJIUTHCS JI0 TOIIYKY CUHANITHYHUX BaroBUX Koe(]iIli€HTiB W[:O]ri p= 1,2,....s1l=
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e (+) — CMMBOJI ITOEIEMEHTHOTO MHOYKEHHSI BEKTOPIB.

HanamtyBanHs cMHaNTUYHUX BaroBUX KoOe(IlI€HTIB MPUXOBAaHUX IIApIB peani3yeTbes 3a
JIOTIOMOTOI0 aJITOPUTMY 3BOPOTHOTO MOIIMPEHHS MOXUOKH, aHAJIOT1YHO TOMY, SIK 1€ Peali30BaHO B
[6-7], ane 3 BukopucTanusm Gynkiii Step(1).

Takum umHOM, HaBYaHHsS THOOKOI Mepexi Ha 0asi Heiipo-¢dassi ronitie (DNFU) 3
BukopuctanHsM ¢yHkiii ReLU 3 oOuuciatoBaJibHOI TOYKH 30pYy NPOCTINIE B TOPIBHSHHI 3
tpaauuiiaumMu [ITHM ta 'HM, ockiibku MOXi/1HI TPUKYTHUX (DYHKIIH HAJEKHOCTI, a TAKOXK Camoi
ReLU e koHCTaHTaMH.

3. EkcriepuMeHTAaJIbHI pe3yJibTaTH

[IpoBeneHO MOPIBHSAHHS SIKOCTI PO3B’A3aHHS 3ajadl Kiacudikailii Ha MIMPOKO BIAOMHUX
nanux Breast Cancer Wisconsin Data Set Tppoma Mepexamu: 6araToIIapOBUM IE€PCENITPOHOM
(MLP), rnubokoro Heo-(pa33i HeliponHoo Mepexkero (DNFN) ta rmubokoro mepexero Ha 0asi
Helpo-¢a33i oHITiB (DNFU). Bei mepexi Manu 3 npuxoBanux mapu. Mepexa MLP mana o 100
HEHpoHIB B KoKHOMY mpuxoBaHomy mapi. Mepexxi DNFN 1 DNFU manu no 10 iHTepBaiiB B
KO)KHOMY HEJiHIIfHOMY CcHHarci, ToMy, 1100 3arajbHa KUIBKICTh MapameTpiB Oyna aHajoTidyHa
Mmepexi MLP, B koxHOMy npuxoBaHomy mapi mepexx DNFN i DNFU 6yno nmo 10 neo-¢a33i
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HEWpOHIB Ta HeHpo-(}a33i IOHITIB BIAMOBIAHO. Bei Mepexi gocariu MiHIMaTbHUX 3HAYCHb (PYHKITIT
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BTpar micig 7 enox HaBuaHHs (Tabmung 1). Ilpu npomy DNFN mokasana xparii pe3ysibTaTH HiX
MLP, a DNFU me kpami, Hib)k DNFN, mo miaTBepAuio MEpCcrneKTUBHICTH 3alporOHOBAHOTO
X OTY.

Tabmuus 1
PesynbraTi eKCIepUMEHTANBHUX JOCIIKCHb
Tun mepexi MLP DNFN DNFU
TounicTh Ha TECTOBIH BHOIPII HA 7-1if enoci 92.1% 92.98% 93.85%
3Ha4YeHHs TeCTOBOI (DYHKIIII BTpart Ha 7-iif ermoci 0.163 0.418 0.154
3HavYeHHS TPEHYBaJIbHOI (DYHKIIII BTpAT HA 7-1i
eI0Ci 0.179 0.42 0.057

BHUCHOBKH

3anpornoHoBaHa rHOOKa Mepeka Ha 0a3l Heipo-Qas3si IOHITIB 00’€qHYe MPOCTOTY
HaBYaHHS, XapakTepHy Ui TIMOOKOT Heo-pa33i HEHpPOHHOI Mepexi, 3 MOKPalIeHUMHU
anpOKCUMAIlIHHUMHU BIIACTUBOCTSMH MeEpeX Ha 0a3l Helpo-(as3i OHITIB, MO ITATBEPIKEHO
BIJIMOBIAHUMH E€KCIIEPUMEHTATbHUMH AaHUMU. [lomanbini JOCHiAKEHHS 1i€l apXiTeKTypu BapTo
CHpSIMYBaTH Ha BUKOPUCTAHHS ii CIIPOMOKHOCTI JI0 CHeliani3allii Ha OCHOBI anpiopHoi iHdopmarii
PO BIACTHUBOCTI JaHUX, SKi 00poOisitoThes. Lle 103BONMHMTH CKOPOTHTH KiNBKICTh HACTPOIOBAHMX
CUHANTHYHUX Bar, MOKPAIIUTH y3arajlbHIO0Ui BJIACTUBOCTI Ta IMiBUIIMTH NIBUIKICTh HABYAHHS.
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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.

I nompe6 ineecmuyitino2o amanizy ma YRPAGNiHHS [HEeCMuUYisMu, MoOMoO OYIHKU MA PAHICUPYEAHHS
npoexkmie, 0coOnU6e 3HAUEHHS MAE KAACUDIKAYIA HA He3ANeAHCHI MaA 83AEMOBUKTIIOUHT IH8ecmuyilini npoekmu. Y meopii
ma npakmuyi iCHy€e 08a 0CHOBHUX NiOX00U 00 OYIHKU Ma BUMIPIOBAHHS (IHAHCOBUX 8U200U YU HACTIOKIB IHBECMUYTIIHUX
npoexmie: mpaouyiiHuii abo byxearmepcvbKuill nioxio ma cyuacuuti abo ginancosuil. Ineecmuyitinum piviennam 0yoe
abo nputinamms, abo 6iOXuNeHHs NPONO3Uuyii Ha OCHOBI 4-20 Memoody U3HAYeHHs HeO0OXIOH020 KANnimariy. Memoo
OYIHKU HOpMU NPUOYMKY, Memoou 360pOMHO20 Nepiody, Memoo 6HYMPIUHbOI HOpMU NPUOYMKY ma memoo Yucmoi
menepiuwnvoi eéapmocmi. Tomy po3podka OOCKOHANUX NPOSHO3I6 NOGUHHA OYMU 20N08HUM NPIOPUMEMOM ) Npoyeci
00CACHeHHA ONMUMATIbHO20 PillleHHS.

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;

24



- 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+r))=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=Al/(1+r)+A2/(1+r)2+...+An/ (1 +1)"

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

1800 NJ =5700/ (1 +r) +5700/ (1 +r)2+5700/ (L +r)3+5700 /(1 +r)*+5700/ (1 +
N> .

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 O 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) > + 5700 / (1 +
0.12) 4+ 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=[>At/(1+Kk)']/ Ao

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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ITPOT'HO3YBAHHSI HOBEATHKHA YACOBHUX PAIIB 13 BUKOPUCTAHHSM
HEUPOHHUX MEPEX

Y cmammi poszenaoacmoca moducaugicmo 3acmocysanns 3acodie wmyuHo2o iHmenekmy, 30Kkpema HeupoHHUX
Mepedic, 01 aHanizy No8ediHKU udacosux paodie. Ilpoananizosano ooun i3 cnocobie ananisy yacoeux psaoie, a came
npoexyisn 4acosoeo psaoy abo memoo «sikony. Jnsa peanizayii 3a3HayeH020 nioxoody eubpaHi HallbiIbW NOWUPeHi Munu
NPAMOCHPAMOBANUX HEUPOHHUX Mepedic, a came nepcenmponu ma PE®-mepeoici. Ilpoananizogano uYuHHUKY, Wo
BNIUBAIOMb HA KIILKICMb HEUPOHI8 KONXCHOI Mepedci. Busnauaecmvca MiHIMANbHO HeOOXiOHe 015 8upiuieHHs 3a0a4i
YUCIO HEeUPOHiB. [l mecmy8anHs Mepedic BUKOPUCIOBYIOMbCS OaHi N0 NPOOANCAM NPOOYKYIl OOHUM i3 MEMAypitiHux
nionpuemcme peziony. [ns eusnavenns onmuManbHoi apximekmypu Heupomepedici nobyoosano HU3Ky nepcenmpouis i
PE®-mepesic 0n 0ocsieHen st RPpUtiHAmHol noxXuoKu.

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, hamely 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.

[Ipu pimeHHi 3amadi MPOrHO3yBaHHS OaraTOBUMIPHHMX CTOXACTHYHHX YacOBUX PAIIB B
YMOBaxX CTPYKTYpHOI 1 MapaMeTpu4YHOi HEBU3HAYEHOCTI B 3arajbHOMYy BHIIQJKy HpUpOJa
CIIOCTEPEIKYBAHOI MTOCITITOBHOCTI HeBimoma [1].

VY uyacoBuX psAax, Ha BiJIMIHY BiJl BHUMAJKOBUX BHOIPOK, JaHi PO3IIIAJAIOTHCSA SIK
MOCTIIOBHICTh BHMIpiB, BIIOPSAKOBAHWX B HEBUMAJIKOBI MOMEHTH 4Yacy, TOOTO YacOBHU pSI
BKJIIOUa€e JiBa OOOB'I3KOB1 €IEMEHTH — 4Yac 1 KOHKpPETHE 3HAaueHHs MOKa3HUKa (piBeHb psny). Sk
MIPaBUJIO, 3HAUCHHS TOKA3HUKA (PIKCYIOTHCS Yepe3 piBHI MPOMIXKKH 4Yacy.

OcTaHHIM YacoM JJIs1 IPOTHO3YBaHHS YaCOBUX PAJIIB IOCUTh YaCTO 3aCTOCOBYIOTh HEHPOHHI
MepeKi, TOMY 1110 BOHU BOJIOAIIOTh TAKUMU I€pEBaraMu:

— MOJKIJIMBICTb O0JIIKY CE30HHOCTI IONUTY NPH MiZATrOTOBI HABYAILHOT BUOIPKHY;

— HeWpoHHa Mepeka € YHIBepCallbHHUM aIlllPOKCIMATOpOM, IO J03BOJIIE MimiOpaTu (yHKIf0 Oymb-sKOi
CKJIATHOCTI, He CKYTY CTPOTHM aHaJiTHYHUM BUpa3oM [2].

MeTtor0 poOOTH € IOCHIKEHHsI BIUIMBY apXITEKTyp 1 MapaMmeTpiB HEHPOHHUX MEPEX Ha
TOYHICTh MOJIIOBaHHS YaCOBUX PSAIIB.

VY 3amauvax aHani3y 4acoOBUX PS/AIB METOO SIBISIETHCSA MPOTHO3 MallOyTHIX 3HA4€Hb 3MIHHOI,
3aJIe)KHOI BiJl 4acy, Ha OCHOBI MoONepeaHixX il 3HaueHb. [Ipy 1IbOMy HE CTaBUThCS 33ja4a BUSIBUTU
HESBHO BIJOWTI B YaCOBOMY psIy 3aJIEKHOCTI IUJIBOBOTO IMOKAa3HWKA BiJ ICTOTHUX JUIsi HHOTO
3HA4YeHb 1HIINX XapaKTEPUCTHK NMPEIMETHOI 00JIaCTi.

Ueprose 3HaUY€HHS 4YacOBOTO DSy HMPOTHO3YETHCS MO JAESIKOMY YHCIY HOro MOMEpeaHix
3Ha4yeHb (MPOrHO3 Ha OJMH KPOK Brepea B yaci). [IpoTre MojkHA BUKOHYBATH NMPOTHO3 HA Oy/b-sKe
YHCIIO KPOKIB (ITPH 3HM>KEHH1 TOYHOCTI TPOTHO3YBaHH).

[Ticna Toro, sk BUYMCICHO YEproBe NMPOTHO3HE 3HAYEHHS, BOHO MiJCTABISAEThCSA Ha3ald 1 3
HOro J0MOMOTrol0 BUXOJIUTh HACTYNMHUN MPOrHO3. Takuil crnocid Ha3MBA€THCS MPOEKIIIEI0 YACOBOTO
psny abo MeToZoM «BiKOH». BikHO Mae ¢ikcoBaHMil po3Mip 1 37aTHE MEPEMIIIaTUC MO YacOBIK
MIOCJIITOBHOCTI.

Ty4yHi HEHPOHHI MEpPEXi € OTHUM 3 HAWOUIBII aIeKBaTHUX 1HCTPYMEHTIB MPOTHO3YBaHHS
YaCOBUX PSAIB, IO JO3BOJISIIOTH 32 MHUHYJIUMH CIOCTEPEKEHHSMH BiTHOBIIOBATH HEJiHIAHE
BiJIoOpakeHHs BUIY [3]

x(®) = F (x(t-1), x(t=2),.. x (t=k)) +e() = ) +e), 1)
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ne ﬁt ) — otmiHka (poruo3) 3HaueHHs X(t), oTprMaHa Ha BUXO/Ii HEHPOMEPEKi;

e(t) — moMuIIKa IPOrHO3YBAHHS;

K — mopsimox Mojeni (uprHa BiKHA).

Heiipomepeska mpesicraBise B 1aHOMY BUIAJAKY HeNiHIHY aBToperpeciiiny moaens (NAR-
MOJIETIB).

MoxnuBicTh 1 epeKTHUBHICTh BUKOpUCTaHHS NAR-Monenmi B 3amadax NpPOTHO3YBaHHA
BHU3HAUYAETHCS TEOpPEeMOI0 TekeHca, 1[0 BCTAHOBIIIOE ICHYBAaHHS MOPSAKY MOJEI, sIKUi 3a0e3neuye
CKUIbKM 3aBroJHO Majie 3Ha4deHHS mnomwiku €(f), 1 yHIBepCaJbHUMH almpPOKCHMYIOYHMHU
BJIACTUBOCTAMM Herpomepex [4].

B sikocti ocHOBH 11t ToOynoBu NAR-Mozeneit TOIiIbHO BUKOPUCTOBYBATH OaraTomaposi
Mepexi 3 IPSAMOIO Tiepeaadeto iHdopmariii.

KinbkicTh BXOMIB MEpeki IOpIBHIOE MIMPUHI BiKHA, a KUIBKICTh BUXOMIB — BEJIHYHHI
3MIICHHS BIKHA MPU KOB3aHHI (YMCITy YacOBHX MEPiojiB MpOoTrHO3yBaHH:A). [Ipu mporHo3yBaHHi Ha
OJIMH KPOK BIEpE/I B 4aci BIKHO 3MIIYETHCS HA OJIHY TO3UIIIIO.

Mepexka no3Boiisie chopMyBaTH Ha BHXOJl CHTHAN, 10 € (yHKI€ dacy. Taki mepexi
HaJIeKATh 10 HEHMpOMEpe)k 3 YaCOBHUMH 3aTPUMKaMH. BOHM OTpHUManM IIMPOKE MOMIMPEHHS B
3aJlayax IPOrHO3YBaHHS YaCOBUX IMOCIIIOBHOCTEN Halpi3HOMAaHITHIIIOI IPUPOIH.

[IpoTe npy BUKOPUCTAHHI TAKOTO ITi[X0/y BUHUKAIOTh HACTYITHI TPYAHOIII:

— HEMOXIJIUBICTh TOYHOT'O BU3HAYEHHS MOTYKHOCTI Mepeski (TOOTO KUTBKOCTI HEUPOHiB);

— CKJIQJHICTh B Mi0Op1 ONTHUMANbHOI IIMPUHHU BiKHA. 3a HASBHOCTI YITKO BUPAKEHOL
IUKIIYHOCTI B TMOBEAIHIII YacOBOTO pSAIY MOXKE BHUSIBUTHUCS ICTOTHA 3aJIeKHICTh PE3yNbTaTiB
MIPOTHO3YBAHHS BiJ KOPEJAIil MiXK IMMPUHOIO BIKHA 1 IIUKJIOM KOJMBAHb YaCOBOTO PAIY;

— 3a0e3meueHHs] aKTyaJlbHOCTI MPOrHO3iB. IlOCHITOBHICTH 3HAYE€Hb YacOBOTO pSIy €
BiIOOpaXEHHAM TPUXOBAHUX 3aJEKHOCTEH, 3HAUEHHS SKHX 3 YacOM MOXE 3MIHIOBATHCS
(301nbIIyBaTHCA a00 HABMAKH, MPAKTUYHO MOBHICTIO 3HUKATH). TOMYy B Mepexy IMOCTiiiHO Tpeba
BBOJIUTH HOBI JIaHi, 3HAXOISTYU MPABUIBHUHN OalaHC 13 CTapUMU JTaHUMHU [2].

Jlo mpsMOCTIpsSIMOBaHUX HEHPOHHHMX MEPEX BiTHOCATHCS mepcentpoHu Ta Pbd-mepexi. Li
JIBl apXITEeKTypu HaOuIbml mpuaaHi A0 BiaTBopeHHS NAR-Mozeni 1 MaloTh CBOi IepeBard Ta
HEJIOJIKH.

[lepeBaroto RBF-mepex € Te, mo mapamerpu JiHiIHOI KOMOIHAIIl y BHUXIJHOMY IIapi
MOKHa ONTHUMI3yBaTH 3a JOTIOMOTOI0 IMIBHJKICHHX METOJIB JiHiiiHOro MojaemtoBanHa. Tomy RBF-
Mepeka HAaBUAETHCS Iy)Ke€ MIBHAKO (HAa TOPSAOK MIBUANIE 32 EKBIBAJICHTHHH OaraTomiapoBHiA
MIEPCENITPOH).

[Ipore 3a3BHUYail 1y HOCATHEHHS OJHIET 1 Ti€i )k TouHOCTI Ph®-Mepeka BuMarae OibIIoro
qucaa eNeMeHTIB, HiX OararomapoBuii nepcentpoH. Tomy PBbd-mepexa mpaitoe MmoBubHINIE 1
BuMarae Ourbiie mam'sati. Kpim toro, mepexi PB® wyrTnuBimi 10 «IpOKISTTS PO3MIPHOCTI»
(BUAKE 3pOCTaHHS PO3MIpIB Mepexi NMpH 30UIbIIEHHI YUCIa BXOJIB) 1 BaKKO 3aCTOCOBHI, KOJIU
YICJIO BXOJIIB BEJUKE. AJle Mpu peani3allii METOAY BIKOH L€l HeloMIK He OyAe HAATO BIUIMBOBUM,
TOMY IO IIMPHHA BIKHA HE OyJie y’Ke BEJTHKOIO.

Takoxx Pb®d-Mepexa moraHo eKCTpamoJito€, OCKUIBKM MpU BHUJAIEHHI B1Jl HaBYaJIbHOI
MHOKHHHM 3HaueHHs (QYHKII{ BIATYKY HIBHJKO MaJa€e 70 HyJsA. Xo4ya B KOHKPETHIN 3a/adi 11e MOXe
BHSIBUTHCS T1JHICTIO: Kpallle He OTPUMATH BiAMOBIAb, YAM OTPUMATH HETIPABIHBY.

[Ipore edekTUBHICTH 3aCTOCYBAHHSI Ti€l UM 1HIIOT MepeXi 3aJeKUTh BiJl YMOB KOHKPETHOL
3amadi. ToMy TOTpiOHO TPOBECTH EKCIMEPUMEHTAIbHI JOCHIKEHHS Ha TpPEeaMeT TOro, sika 3
3allpONIOHOBAHUX ApPXUTEKTyp Oyne Oinbil epeKTUBHA Yy BHPINICHHI 3a7adyi MpPOTHO3YBaHHS
BUOPAHOI0 MOKa3HUKA.

Ha nepuromy etami noTpiOHO BU3BHAYUTH HEOOX1AHY KIJIBKICTh HEHPOHIB KOXKHOT MEPEXI.

OckinbKkH 0OUYHMCITIOBATIbHA TMOTYXHICTh HEHpOMepex 3aleXKuTh BiJl YHCIa 3B'SI3KIB MIX
HEHpOHaMu, TO TPU BUKOPUCTAHHI MEpEX 3 MEPEXPECHUMH 3B'I3KaMHU Ui alpOKCUMallii O/HIeT 1
Ti€l ) (QyHKUIT MOTPIOHO MEHIlIe YUCIIO HEHPOHIB B MPUXOBAHUX IIapax, YUM IMPH BUKOPHUCTaHHI
MEpEeX 3 MPSIMUMH 3B'SI3KaMH.
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[IpoTte mBHAKICTH 301KHOCTI MPH HAaBYaAHHI MEPEX 3 MEPEXPECHUMH 3B'A3KaMH Habararto
HIDKYE, HK IPH HaBYAHHI MEPEeX 3 MPAMUMH 3B's3KkaMH. ToMy HEHpPOHHI Mepexi 3 MepexpecHUMHU
3B'I3KaMU JIOLIJIBHO 3aCTOCOBYBATH IPH iX amapartHiil peanizawii, a Mepexi 3 IPSIMHUMHU 3B'I3KaMU
[IPU BUKOPUCTAHHI IPOrpaMHoi eMymsii [5].

ExcriepuMeHTanbsHO JOBEIEHO, IO SIKICTh POOOTH HEMPOHHOI Mepexki 3 MPSIMUMH 3B'SI3KaMU
MOHOTOHHO 3pOCTa€ NpH 30UIBIICHH] YMCIIA MIapiB 1 YKca HEHPOHIB B KOXKHOMY IIIapi.

BuznaueHHs onTHMaIFHOTO YHCIa HEHPOHIB B MPUXOBAHOMY IIapi MO 33AaHiil HaBYAIBHIN
BUOIpIII HUHI HE Ma€ MAaTEMaTHUYHOIO pilIeHHs (IiJ] ONTUMAIBHUM TYT PO3YMIETHCS MiHIMaIbHO
HEOOX1IHE /TSl BUPIIICHHS 334l YUCII0O HEHPOHIB).

[Ipu yucni HEHPOHIB HIWKYE ONTHUMAIBHOTO MEpeka HE HABUMUTHCSA 1 MMOMUJIKA MPU POOOTI
MEpeXi 3aJUIIUTHCS BEIMKOI, a TAaKOXK HE 3MOXKE alPOKCHMYBATH Pi3Ki KOJIHMBAaHHS BUXITHOL
GbyHKIII.

Yum Oinble KiTbKOCTI HEHPOHIB, TUM BHINE alPOKCUMYIOYl MOXJIMBOCTI Mepexi. [Iporte
Ha/IMipHE YHCIIO0 HEHPOHIB MPUBOAMTH 0

— YCKJIQIHEHHS 1 yIOBUIbHEHHS HAaBYaHHS HEHPOHHOI MEPEXi;

— TIepeHaBYaHHS, IMIpU SKOMY HeWpomepeka BiJoOpakaTUME HECYTTEBI JeTaini B
3aJIeKHOCTI, 1110 BUBYAETHCS, HAIPUKJIIA]] IITyM a00 TIOMUJIKOBI JaHi;

— 3HIKCHHS y3arajbHIOBAILHHUX BIACTUBOCTEH Mepexi [6].

KinpkicTh HEHpOHIB MPUXOBAHOTO IIAPY TMOB'S3aHA 13 CKJIAIHICTIO 3aBIAHHS, 3 KUIBKICTIO
JAHUX JIJI1 HABYAHHS Ta 3 HEOOX1THOKO KIJIBKICTIO BXO/IIB 1 BUXO/IIB MEPEXKI.

OuiHATH YHMCIO HEHPOHIB B MPHUXOBAHUX IIApax MOXKHA 3a JIOTIOMOTOI0 HEPIBHOCTI ISt
OLIHKA YHCJIa BaroBUX Koe(illi€HTIB B Mepeki HEOOXiTHOTO IJIsi OCBOEHHSA 3aJaHOTO dYHCIa
MPUKJIAJIIB B HABYAJIbHIK BHOipi [7]:

(. Np)
NyN, <N <N 1+ P KN +N +1)+N )

tHogr Ny w y|k -NX—) X oy y

ne Nw — 9mciio BariB B MEpexi;

Np — 4KCII0 elIeMEHTIB HaBYaJIbHOT BUOIPKY;

Nx 1 Ny — BIATIOBiTHO PO3MIpPHICTh BX1THOTO 1 BUXITHOTO CUTHAITY.

Tonmi umcno mpuxoBanux HeiipoHiB (N,) B IBOIIAPOBIl Mepexi MOXHa BU3HAYMTHU IO

bopmyi

Nw

N, =———.
Ny + N,

3)

[TincraBnsitoun rpannyHi 3HaueHHss Nw MoxkHa oTpumat MiHiMabHe (Nwmin) 1 MaKCHMabHE
(Nwmax) 9MCIIO HEHPOHIB B IPUXOBAHOMY IIIAPi MEPEKi.

Jns tectyBaHHS Mepek Oyiau BUKOPHCTaHI JaHl MO HOpofakaM MPOJYyKIIl OJHHUM 13
METaTypPriiHUX MiANPHEMCTB PETIOHY.

[Tpu nmanyBaHH1 0OCSTY MPOJAXIB METAJIB CIIiJl BpaXOBYBAaTU CE30HHUN (PaKTOp, OCKUIBKU
BiJl HHOTO 3aJISKUTh MONHUT Ha MeTasieBy nmpoaykuito. Tomy y NAR-Moaeni AOIIBHO MPUPIBHATH
MOPSIZIOK MOJIENl IO KBapTaidy, TOOTO IMIMpWHA BiKHA Oy/e MOPIBHIOBATH TPHOM MO3HILsAM. Toi
YHCII0 BXO/IB HEHPOHHOI MEepEXi TaKOXkK ckiaze 3.

TeopernuyHo HaAWOUIBII TOYHI pe3yAbTATH JacTh MOJENIb 13 HAWMEHIIUM MepioJoM
TUTaHYBaHHS, TOOTO BEMMYMHOIO y 1 Micsib. Toai yucIo BUXO/IB HEHPOHHOT MEPEeXki TaKOXK CKIIaje
1.

Buxigai mani npeacrasiieHi 5 pokamu, To0TO 60 Micsisamu. Toai KUTbKICTh HaBYATBHUX
NPUKIIAAIB cKiazae 57.
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[lincraBnsroun 11 3HadYeHHS y (opmyny (2), OoTpuMaHO HACTYIHY KUIBKICTh BaroBHX
koedinienTiB Heitpomepex: Nwmin = 9, Nwmax = 101.

[lizcTaBnsaoun KiUTBKICTH BaroBux KoedimieHTiB y ¢opmyny (3), OTpUMaHO HACTYIHY
KUTBbKICTh HEUPOHIB: Nymin = 3, Numax = 26.

Yci 3HaYCHHS OKPYTJIEH] J0 HaWOIMKIOT0 O1IBIIOTO IJIOTO.

ToYHICTB, IO JOCSATAETHCSA, 3aJCKHUTH BiJ KOHKpeTHOI 3amadi. ToMy MoOkHa crpoOyBatu
PO3LIUPUTH TOPU3OHT TUIaHYBaHHsS Ha 2 wicsaui. [Ipore mnms xommeHcarii MOXUOKH CHiJ TaKOX
MPONOPIIHHO PO3MMPHUTH BENIWYMHY BikHA. Toxai KUIBKICTh BXOJIIB Hepomepexi ckiage 6, a
BUXOAIB — 2. KiTbKICTh HaBYAIBHUX MPHUKIIAJIB IPH IbOMY CKOPOTHTHCS 10 27.

[Tizcrasnstroun HOBI mapameTpu y dopmynu (2) i (3), oTpuMaHO HACTYIHI pe3yJIbTaTH:
Nwmin = 10, Nwmax = 101; Nyumin = 2, Nyumax = 13.

Jis BU3HAUYEHHS ONTHUMAIBHOI apXiTeKTypu Helpomepexi Oyno mMmoOyAOBaHO HU3KY
nepcentpoHiB 1 Pb®d-mepex mist nocsrHeHHs npuiHATHOI moxuoku (5 %). Ilpu upomy migdop
KUTPKOCTI CKPUTHX HEHpPOHIB TOYHHABCA 3 MIHIMaIbHUX 3HA4YeHb, TOOTO BHKOPHCTOBYBABCS
KOHCTPYKTHUBHHH M1AXI]I.

PesynbraTu gocmimkeHs ToOyI0BaHIX HEMpOMepex HaBeeHi y Taou. 1.

Tabnuns 1
Pesynbpratn gociimpkeHs modynoBaHUX HEHPOMEpEeK
ApxiTekTypa Kinbkicte Kinbkicts Cepenns Cepenns 3arajibHa
HeHpoMepexi BariB HEHPOHIB MOTPIIIHICTh MOTPIIIHICTH MOTPIIIHICTb,
TepIoi Ipyroi %
no3uitii, % o3uiii, %
IIepcenTpon
3-3-1 12 4 75 83 79
[Tepcentpon
3-4-1 16 5 38 4 3,9
Pb®-mepexa
3-3-1 12 4 9,4 10,2 9,8
Pb®-mepexa
341 16 5 6,3 6,7 6,5
Ilepcentpon
6-2-2 16 4 8,1 84 8,25
[Tepcentpon
6-3-2 24 5 43 48 4,55
Pb®-mepexa
6-2-2 16 4 89 9,2 9,05
Pb®-mepexa
6-3-2 24 5 55 5,6 5,55

Sk BUIHO 3 Tabuull, IEPCENTPOH 3 4 CKPUTUMU HEUPOHAMU 33]I0BOJIbHSIE PIBHIO MOXUOKH Y
5 % 1 mpu LbOMY Ma€ HaMEHIIY KUIbKICTh HEHPOHIB.
Ha puc. 1 nokaszana ricrorpama BiJIHOCHOI OTPILITHOCT] TECTYBAaHHS HEHPOHHUX MEPEXK.
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Puc. 1. I'ictorpama BiZJHOCHOI OTPIIIHOCTI TECTYBAHHS HEUPOHHUX MEPEK

BUCHOBKU

1. TIpoBeneHi MOCTiKEHHS ONTHMAJIbHOCTI XapakTepucTHK i mapamerpiB NAR-Moneni Ha
NPUKIIAAlL OL[IHIOBAHHS OOCATIB MPOAAXYy METaIypriiHOro BUPOOHUITBA JIOBENTH €(PEKTHUBHICTDH
JAHOTO TIIXOAY JI0 TIPOTHO3YBaHHS JTMHAMIKH YaCOBHX PSIJIIB.

2. 3a pe3ylnbTaTaMHd TEOPETUYHUX Ta EKCHEPUMEHTAIbHUX JOCIIIKEHb PI3HOMAaHITHUX
MapajgurM Ta apxiTEKTyp HEWPOHHUX Mepex, M peamizarii NAR-mozerni oriHIOBaHHS 0OCSTiIB

MPOAAXY METaTyprifHOro BUpOOHUIITBA JOIIBHO BUKOPUCTOBYBATH 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.

Ynpaesnincokuil koHcanmune - ye 00uH i3 OUHAMIYHUX CEKMOPI6 NOCye, 0/ K020 ICHYE 0yiice GUCOKUU PIGeHD
3DOCMAHHA ™A PO36UMKY, AKULL 3MIHIOEMbCA 8I0N0BIOHO 00 nompeb cnoocusauis. Koncynemayiiina OianvHicmo
NOBUHHA 6a3y8aMUCs Ha NPoghecioHanismi y HAOAHHI NOCIYe, BKIIOUAIOYU 00CEI0, KOMIEemeHMHICMb, 006py penymayiio,
epekmusHicmb, BU3HAHHA uepe3 axkpeoumayilo ma pobomy, WO 8i0N0Gi0AE emuyHoOMy KOOeKCy MNO08ediHKU.
3aoosonenicme cnodcu8ayis nocayeamu, AKi 6OHU OMPUMATU, 3ALEHCUMb 8I0 NPOPeCiOHANIZMY KOHCYIbMAHMA, AKUL €
OCHOB010 XOPOUI020 KOHCANMUH2Y.

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 (1SO9000. In July 1994 this standard
was formally renamed BS EN 1SO 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,

e 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:
management and accounting,
total quality management (TQM),
systems and information theory,
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,

e selection of the best (professional) consultant with a good reputation,

e active participation of clients in the work of consultants,

e monitoring clear goals,

¢ enriching knowledge on each project,

e 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.

Ipusamu3zayis o3nauae nepeoayy KOWMmis, Ki KOIUCL OYIU 0epIcasHolo ma COYianbHOIO 6IACHICMIO, 6 PYKU
npusammnozo cexmopy. Cmpykmypa depacagnoi ma coyianbnoi enracnocmi Oyna 3aeanvhoio i Habyna 3HA4HO OLNLWLOT
KLIbKOCI (DOPpM Y KOMUUIHIX COYIANICMUYHUX KPAIHAX, HidC y 3axiOHux Kpainax. Llini npueamusayii pisnomanimui ma
YUCIeHHT, MAaK Wo GOHU BIOPIZHAIOMbCS HACAMNEPE) eKOHOMIYHO, NOJIMUYHO MA COYIANbHO, HA MAKPO- Ma MIKPOPIGHI.
Egexmu npusamusayii’ pozenaoaromscs 6 Oinbus WUpPOKOMY Ma 8Y3bKOMY PO3YMIHHI K W000 8NAUBY HA 3A2aNbHULL
EeKOHOMIYHUI PO36UMOK, MAK I HACTHIOKI8, WO Cnocmepieardmvcs y 2pyni npueamu308aHux KOMNAHIU, WO MAaome
cmpameziynuil inmepec y cgpepi ix yHKkyionyeanns ma peanizayii, coyianrbHomy acnekmi (HauMaHi npayieHuKu) ma
MoOdeprizayii (npuniue ineecmuyiti). Memoro daroi pobomu € nadamu Kepigui NPUHYUNU 01 NPOOOBIHCEHHS Ma 8UOOPY
nodanvuioi OisneHocmi 'y yHKYii ycniwnoeo 3agepuwiennss npoyecy npusamusayii 6 Pecnyoniyi Cepbia uwiaxom
8cebOiuH020 027140y pe3yibmamie npueamusayii KOMAAHIU, WO MAlome cmpameiyHuil inwmepec, ma ix 6MIU8 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;

e 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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Hanuyk B.J., Oqiiitnuk O.1., Oaiiinuk P.B., Tapaoan C.M. (Hayionanvruii mpancnopmuuii
yuieepcumem, m. Kuie, Yxpain)

MOJAEJIIOBAHHA ITOJIA BITPOBUX IIOTOKIB HA YPBAHI3OBAHUX
TEPUTOPIAX

3anpononosano nioxio mMooen08anHs CKIAOHUX NOJI6 GIMPOBUX NOMOKIE 8 YM0O8AX YPOAHIZ08AHUX MePUMOpIll,
AKUtl Oazyemvcs HA  GUKOPUCTIAHHI MAMEMAMUYHO20 anapamy CamOHAGUANbHOI HA OCHOBI eMNIPUYHUX OAHUX
Hetiponnoi mepexci. Ompumani 8 pamkax 0aHO20 Memoody 3HAYEHHS napamempie 6impy O0amv MONCIUBICHIb

PO3KIacmu 6eKMop weuoKocmi na npoexyii N, i V', y cmeopeniii cucmemi KoopOunam 00caioHcy8anoi cimxu.

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 Vv, in the created coordinate system some grid.

JlocniKkeHHs METEOPOJIOTIYHHX TOJIiB HA OCHOBI METO/IIB, SIKi 0a3yOThCS Ha TUCTAHIIHIX
3aco0ax BUMIPIOBAaHHS 3 BHCOKOK MPOCTOPOBO-YACOBOK PO3ALIBHICTIO [1], JOCTATHBO BHEBHEHO
JIOBEJH, M0 B aTMoc(epi JOCHTHh YacTO 3YCTPIYAIOThCA O0’€KTH PyXy 3 TOPH30HTAIBHUMHU
MacmTabamu Topaaky 1-102 kM, ski Ha BiAMiHy Bim pyXiB CHHONTHYHOro MacmTaby He
¢ikcyBammcst iCHYIOYOI0 MeTeopoJioriuHoo Mepexero. Cepen  ¢axiBIiB-METEOpOJIOTiB, IO
3aliMalOThCsl MOJICTIOBAHHSAM ME30MacIITaOHUX TMPOIECiB ICHYe Kiacudikalis IUX MPOIECIB,
3TiHO SIKO1 MOJISt BITPOBUX MOTOKIB B MaciuTabax iHIUBIAyaJbHOTO BYJUYHOTO KaHBHOHY MicTa
SIBISIETBCSE Me30-y MaciitTabuumu (1-10 km). JlaHuil HanpsMOK TOCIIDKEHHS € HETPHUBiaIbHUM i
BOJHOYAC aKkTyadbHMM. HeoOXiZHO BIAMITHTH, IO HPOTHO3YBAaHHS ME30-Y MUPKYIALINA B
atMocepl YCKIaQAHEHO BIACYTHICTIO JOCTaTHBOI iH(popMalii mpo mMe3oMacmTabHy CTPYKTYPY
atMocdepHux pyxiB. [IeBHI CkIagHOCTI OOYMOBJIEHI  THUM, II0 METOAM MOJICTIOBAHHS CYTTEBO
3aJIeKaTh BiJl TOTO, IKUMH 3ac00aMH CIIOCTEPEXKEHHS OTPUMYBAJIacsi METEOPOJIOTiuHa IHPOpMALLis.
Ha cporonni, nerepmMiHOBaHI METOIU MOJENIOBAaHHS ME30-y  MAacIUITaOHOI IUPKYIALIl B
aTMocdepi, € BaKJIMBUMHU 5K I YUCEJIBHOTO0, TaK 1 U1 CHHONTHYHOT'O MOJIEITIOBAHHS, OCKIIBKH
HEB1IOMUN TOUHHM cTaH atMochepu. OgHaK BiJIOMO, IO MPOLECH, K1 TYT pO3TISIAI0THCS, YaCTO
BIIOYBalOTbCSl y BIJKPUTUX CUCTEMAX, € CYTTEBO HEIIHIMHHMMH, 1 TOMY JAOCHUTh UYTJIUBUMH [0
oYaTkoBUX YMOB. Lle 03Havae, M0 TOPU3OHT MPOTHO3Y TMOBEAIHKH TaKUX CHCTEM MOXXe OyTH
CYTTE€BO OOMEKEHHM BHACIIIJIOK MPOsBY e(eKkTiB Oidypkartii abo, HaBiTh, IETEPMiHOBAHOTO Xa0Cy.
binpmn Toro 3 aHamizy, B paMKax ysBJIE€Hb OJHOPIIHOI TypOYJIEHTHOCTI, CIIEKTpa aTMOC(EpPHUX
pyxiB [2,3] BuUIUIMBaE, IO B Me30-y  MaciuTabi BiIOyBaeThCs MIBUIKUN IEPEHOC €HEePrii, 1 ToMy
MOXMWOKM Ta HEBU3HAYEHOCTI, 1110 BUHUKAIOTh B pyXaX Majoro maciirady, MOMIMPIOIOTHCS Aalll B
pyxax Oumbmioro Macmtady (me30-f). Omke, 3acToCyBaHHS B TaKMX BHUIAJKax CTPOToO
JETEPMIHOBAaHMX METOJIB JJII ME30MacIITaOHOIO MOJENIOBAHHS YSBISETHCA MPOOJIEMATHUHUM.
[Ipore icHye psa KOHTpPApryMEHTIB: E€MIIpHYHI aTMOC(EpHi CHEKTpU SABJISAIOTH  CO0OI0
CTaTUCTUYHHUI OMMC CTPYKTYypU aTMochepH 1 MICTITh YCEpEIHEHHS B MPOCTOPI Ta yaci, TOMI 5K
aTMOC(epHi CTPYKTYpH, KOJIM BOHU YTBOPIOIOThCS, € JOOpE OpraHi30BaHHMH 1 HE YSBIAIOTHCS
TaKUMM BUIAJKOBUMH, SK TpbOXMipHa TypOyieHTHicTh. KpiM TOro moka3aHo, 110 HaBiThb B
3aJIeKHUX BiJ] 4acy BITPOBHX IMOTOKAaX, IO BBAXAIOTbCA TYpPOYJICHTHUMH, MPUCYTHI KOTEPEHTHI
CTPYKTYpH, SIKI XO04a 1 MIAJAI0THCA MPOCTOPOBO-4ACOBIA MOJIYJIALII, IPOTE CIIOCTEPIraroThCs Ha
IPOTS31 TPUBAJIOTO MPOMDKKY Yacy. KpiM Toro, BaXXJIMBUM YMHHUKOM, 10 BIUIMBAE HA MOBEAIHKY
Me30-y  MacIuTabHMX CHCTEM, € Jis MiJCTUILHOI ITIOBEpXHi. i TepMiuHa Ta MeXaHiuHa
HEOJTHOPIHICTh reHepye (iykTyauii B moii BiTpy. BigMiHHOIO 0COONMBICTIO TakoX € Te, IO
OyyuH JIOKaJIbHO 30ypEeHOI0, CHCTEMa PO3BUBAETHCS TAKOXK JIOKAJTI30BAHO 1 MOBE/IIHKA 11 HAWOUIBII
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nepeadavyBaHa, OCKIIBKH Ti CHJIH, IO 30ypIOIOTh, € a00 MOCTIMHUME (MeXaHiuHe 30ypeHHs ), abo
MaroTh JOOOBHII Xif (TepMiuHEe 30ypeHHS).

MoenoBaHHSI METEOPOJIOTIYHOTO PEXUMY MicTa Tependadyac BHKOPHCTAHHS OIHOTO 13
nBox miaxoniB. Ilepmumii miaxig — mMareMaTHYHE MOJICNIOBAHHSA, L0 0a3yeTbCs Ha PO3B’S3KY
PIBHSHB Ta30BOi TEPMOJMHAMIKM M MPHUTOKY TeIUla B MIChbKii 3a0ymnoBi. [lanuii meton Bumarae
Jy’)Ke€ BUCOKOI MPOCTOPOBOI jAeramizaiii B MoAensx. I[HmmWi miaxij monsirae B mapaMmerpu3arii
aTMOC(epHUX TmporeciB. MeToau IbOro TUIY MOXKYTh OYTH 3aly4eHi JO MoJeled Me30-y
MacmTaly JUIsl TMpEACTaBIEHHS B HHUX BITPOBUX IpoleciB. IcHyroui emmipuuni moneni [4] He
JI03BOJISIIOTh B TIOBHIM MIpi BpaxyBaTH NepeOir METEOpOJIOTiYHUX IMPOIECIB B YMOBAaX MiChKOT
3a0yJOBH, TaK $K BITPOBI TOTOKH Yy BYJIMYHHMX KaHbHOHAX XapaKTEpU3YIOTbCS HASIBHICTIO
BIJPUBHUX 30H Ta JAUISHOK penupKyisii. [Tomryk HOBHX METOIIB Ta MOJEJel MPOTHO3YBaHHS
BITPOBHX IMOTOKIB Ha OCHOBI €MIIIPUYHUX JaHUX, IO JO3BOJISIOTh YHUKHYTH HEIOMIKIB, BIACTUBUX
UL ICHYFOUMX METOAMK, OOYMOBIIO€ aKTyaJbHICTh TPOBEIEHHS JAaHUX JOCIIIKEHb B IIbOMY
HaTpsIMY.

Mertoro nanoi poOOTH € CTBOPEHHSI METOy BIITBOPEHHS Ta MPOTHO3YBaHHS CKJIAJHUX I10JIIB
BITPOBUX TOTOKIB, Ha OCHOBI E€MIIPUYHHX JAHUX B yMOBaX ypOaHi30BaHUX TEPHUTOPIH, SKUH
0a3yeTbcsl HA BUKOPHCTAHHI MATEMAaTUYHOTO arlapary HEHPOHHI MEPEexi.

JlocmiKeHHsT B3a€MO3B’SI3KiB BITPOBHX TOTOKIB 3 MiJCTHJIBHOK TOBEPXHEK HEMOMKIIMBE
0e3 BiIoMOCTel Mpo aepoJAUHaMIYHI BIACTUBOCTI MOBEepXHi. OCHOBHUM JUHAMIYHUM MapaMeTPOM
MIOBEPXHI € i HIOPCTKICTh Zo, TOOTO HYJIBOBUHN PIBEHb, Bijl IKOTO BiIPAXOBYETHCS JIOTApUPMIUHHIA

npodine BiTpy. Hukde piBHS HIOPCTKOCTI cepeqHid MOCTyMaibHUI PyX BITPOBOTO MOTOKY
BIZICYTHIMH, TaK SIK MMOTIK MiJIA€THCS il CUJI TUCKY, 10 BUHUKAIOTH MOOJIN3Y €IEMEHTIB IIOPCTKOCTI.

Han miapom miopcTkocTi MOXKYTh OyTH HPUCYTHI IIapu "MpOHHKa4ol mopcTkocTi” [5]
pi3HOT BUCOTH, SIKI MICTSTh BHITAKOBO a00 3aKOHOMIPHO PO3MOALICH] MEPEIIKOAN, IO YHHATH OMIp
BITPOBUM MOTOKaM. Y IMX MIapaxX CIOCTEPIra€TbCs 3MEHIICHHS CEPeIHBbOI INBUAKOCTI BITpY,
MOPIBHSTHO 3 MIApaMH B SIKUX BiJICYTHI MEPELIKOIH.

KopekTtHe MonenOBaHHS METEOPOJIOTIYHUX TIPOIECIB Yy TNPU3EMHOMY Ilapi BUMAarae
BUJUIATH TIACTHIGHUN TPU3EMHHUIA [map, B SKOMY JAETAIbHO PO3IJISAAIOTHCS TaKi €JIeMEHTH
IIOPCTKOCTI, sIK 3a0y/I0Ba, 3eNeH1 HacaKeHHs Tomlo. [ljig MoaentoBaHHS MPOLIECiB HAa IIbOMY PiBHI
BBOJIUTHCSI TIOHATTS BHYTPIIIHHOTO MPHU3EMHOTO IIApy, B SKOMY BPaXxOBYIOTHCS BIIACTHBOCTI
HIOPCTKOCTI Ta TEPMIUHI XapaKTepPUCTUKH, pOpMa Ta pO3Mip BYIMYHUX KaHbHOHIB MicTa.

BeprukanpHe HampaBiIeHHS MiJCTHIFHOTO MPU3EMHOTO APy MOJETIOETHCS 32 JOTIOMOTOI0
napameTpy MIOPCTKOCTI Z,,, SIKMi 3MIHIOEThCS B niana3oHi Bix 0 10 cepelHbOl BHCOTH €IEMEHTIB

HIOpCTKOCTI. B aHOMy Imapi 3acTOCOBYIOTbCS MOJENi BHUCOKOI PO3MIPHOCTI AJISL OMHUCY PYyXY
Cepe/loBHINA, B SIKUX BpPaxoBYeThCs (Gopma 3a0yq0BM, TEPMidHI BJIACTHBOCTI MOBEPXOHb, YMOBHU
pyXy TpaHCIOPTHUX MOTOKIB. J[aHe MoOJEeNIOBaHHS HaJae CYTTEBY IH(OpMalil0 MNpo Tpajai€eHTH
BEJIMYMH MK HaBITPSIHUMH Ta MiJBITPIHUMH CTOpOHaMu ByiuLi. [1oTiM, BpaxoByroun reoMeTpuyHi
napaMeTpu BYJUYHUX KaHBHOHIB MOKHA CYIHWTH TIPO TPOILECH, IO MPOTIKAIOTH B IMiICTHIEHOMY
MPU3EMHOMY LIapi.

[TincTuabHUN MPU3EMHUM IIap MicTa BKJIIOYAETHCA B MiALIAp MIOPCTKOCTI. Bucora maHoro
HiAmapy z 3alJeXUTh BiJl BHCOTH Ta IIUIBHOCTI €JIEMEHTIB IMIOpCcTKocTi. B nmanomy miapi
CIIOCTEPIraeThCsl CYTTEBA 3aJICKHICTh ApaMETPiB BITPOBUX MOTOKIB Ta BIACTUBOCTEH MIOPCTKOCTI.
Han miamapom mopcTKOCTI 3HAXOAUTHCSI BHYTPIIIHIN Migmap, BUIE SKOTO — MICHKUI IpaHUYHUHI
map, 1o siBJsie COO0I0 30HY MEPEeMIINTyBaHHS Ta 3B’ s3Yy€ BCI MOMEPEIH] IMapH.

MopentoBaHHs IOJIiB BITPOBUX MOTOKIB B MPU3EMHOMY IIapi MIOPCTKOCTI ypOaHi30BaHUX
TEPUTOPIN CIHUPAETHCS HAa MpPsiIMI BUMIPIOBAHHS BEKTOpA LIBUAKOCTI BITPY. 3 Ii€I0 METOK Oyio
CTBOpPEHO KOOpIMHATHY CiTKy MicteBocTi (0,5%0,5 kM), niHii sikoi MpoBeieHi Ha KapTi 3 iHTepBaJIOoM
0,1 kM (mpocTopoBuUil KpoK ciTkH). ToukK mepeTuHy JiHiil KOOPAWHATHOI CITKM Ha KapTi — BY3JIH,
SK1 TOCITY)KWIHM IYHKTaMU CIIOCTEPEXKEHHS B JIAHUX JOCITIKEHHSAX. TakuM YMHOM, HENepepBHUN
MPOCTIP 1 Yac 3aMIHSIETbCA JHUCKPETHOI MHOKMHOIO TOYOK — BY3JIaMU CITKH, a MOJIA (PYHKIIIH
(LLIBUAKICTD BITPY) 33JA€ThCS Y BUTIISAI MHOKUHH JJUCKPETHHUX — CITKOBHUX 3Hau€Hb (PYHKITIH
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CKJIaHICTh, €KCIIEPUMEHTY TOJISTaE B HOTO OOMEKEHOCT], OCKUIBKH HEMOXKIIMBO TEXHIYHO
MIPOBECTH OJIHOYACHE BHMMIPIOBAHHS BEKTOpa IIBUAKOCTI BITPY B YCIX By3Nax CITKH. BHacmimok
ME30-y MacIITaOHOT HHUPKYJAIII aTMocepr BEKTOP MIBHUIKICTh BITPY IMOCTIHHO 3MIHIOETHCA. Y
OCIHHBO-3UMOBHH TIE€PiOJ] CHOCTEPIraeThCsi OUIBII pi3Ka MIHJIMBICTH BITPY MOPIBHSHO 3 TEIUIUM
nepiogoM. Tak, BoceHHM (BepeceHb, JXOBTEHB) IEpeBa)ka€ BITEp 3axXiAHOrO HaIpsMy, HOTO
MOBTOPIOBAHICTh CTAHOBHUTH OMU3BKO 23 % [6]. ¥V 3B 3Ky 3 IIMM, JHI MPOBEACHHS EKCIIEPUMEHTY
Y3TO/DKYBAJIUCST 3a IOTOJHUMH yMOBaMM Tak, MO0 BiTep 3ajMIIaBcs Clabo-MOpUBYACTHH,
OJIM3BKUM 10 HOCTiHHOTO. Taki 00OMEXEHHS NO3BOJIWIN BUIUIMTH MEXAHIYHHUI BIUIAB IT11ACTUILHOT
MOBEPXHI Ha BUKPUBJICHHS TIOJISI BITPY.

BuMiproBaHHS MIBHIKOCTI BITPY MPOBOAMIIOCS 32 JIOTIOMOTIOK0 IOPTATHBHUX YallleYKOBUX
anemometpiB Skywatch METEOS (xpok 3a wacom — 1 XxB. ). ExcriepuMeHTalbHO BCTaHOBIJICHO
CIEKTp IIBUJIKOCTI BITPOBOTO MOTOKY HA OJHOPIAHINM TUISHIN BYJIMYHO-JOPOXKHBOI MEpexi MicTa,
SIKWWA Ma€ TUMOBUH YacoBuit posmoin (Puc.1).

4 )
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E——
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Pucynok 1 - CriekTp IIBUIKOCTI BITPY Ha OJHOPIAHIN JUISHII BYJIMYHO-AOPOKHBOI MEPEXKI

MopnentoBaHHs CKaJSIpHOTO TMOJIsL BITPY B JaHId poOOTI 0a3yeThCsi Ha 3aCTOCYBaHHI
MaTEeMaTUYHOTO anapaTy HeHpOHHI Mepexi [7], GyHIaMeHTaIbHOO BIACTUBICTIO SKOT € HABUAHHSI.

Y KOHTEKCTI IITy4YHHX HEHPOHHMX MEpEeX NpOoIleC HABYAHHS PO3TIISAAETHCS  SIK
HaJIAIITYBaHHS apXiTEeKTypU Mepexi W Bar 3B'S3KiB JUIs €(EeKTHBHOTO BUKOHAHHS IOCTABJICHOI'O
3aB/JaHHA. 3a3BMuall HEHpOHHAa Mepeka IOBMHHA HaJAlITyBaTH Bard 3B'S3KIB 110 HasBHIM
HaByajJbHIM BUOIpii. DyHKIIOHYBaHHS HEWPOHHOI Mepei IMOJNIMUIYETbCS B MIpY ITEpPaTUBHOIO
HaJalTyBaHHsS BaroBuX Koe(ilieHTiB. [ KOHCTpYIOBaHHS NpOIlECY HaBYaHHS, NEpII 3a BCE,
HEOOXITHO MaTH MOJETIb aTMOC(EepHOro CepeloBHUINA, B sKiM (QYHKIIOHye HEHpOHHA Mepexa —
3HATH JIOCTYIHY i1 Mepexi iHdopmartito. L1 Mmomens Bu3Havyae mapagurmy HaB4daHHs. [lo-apyre,
HEOOXITHO 3pO3YMITH, SIK MOAU(IKyBaTH BaroBi MapaMeTpu Mepexi - SKi MpaBuiia HaBYAHHS
VIIPaBJISAIOTH TPOIECOM HAJAIITyBaHHS. AJNTOPUTM HaBYaHHS — I MPOUEeAypa, B SKid
BUKOPHUCTOBYIOTHCS ITPaBUJIa HABYAHHS JJIsl HAJIAILITYBaHHS Bar.

MoentoBaHHsl CKaJSIPHOTO MMOJISi IIBUAKOCTI BITPY 3a JOMOMOIOI0 HEHPOHHHX MEpex
BiIOyBaJIOCS y BY3J1aX KOOPJAMHATHOI CITKH, SIK1 OyJM MONEPEeaHbO eKCIIEPUMEHTAIBHO JTOCIIIKEH]
HaTypHUMH CIOCTEPEKEHHSMU. 3a BXIJHI 3HAYEHHS MOJell HEeHpOHHOI Mepexi Oyau MpUHHATI
eMITIpUYHI BUMIPH IIBUAKOCTI BITPY, SIKI 30Mpajics B OKpEMHUX By3JaX KOOPAMHATHOI CITKH, IO
MIPUB’sI3aH1 10 MOJIEIbHUX BY3JIIB 32 JIOTIOMOT'OI0 OP1EHTUPIB Ha MICLIEBOCTI.
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IIpu MopemroBaHHI CKaJsPHOTO TIOJSA BITPOBHX IIOTOKIB 3aBJIaHHS HEHUPOHHOI Mepexi
MoJIsiTae 'y BIATBOPEHHI Ta mependadeHHI MalOyTHBOI peakuii cucteMu 3a ii TONEPEIHBOIO
noBe/AiHKow. [l BUpIMIEHHS I[bOrO 3aBIaHHs Oyino o00paHO HEWPOHHY MEPeXy THILY
OararomapoBuii nepcentpoH. OcoOIMBICTh HEHPOHHOT MEpEeXi TUIY OaraToMIApOBUN MEPCENTPOH
HOJISITAa€ B TOMY, IO KOXKHUH €IEMEHT Mepexki Oy/aye 3BaKEHY CyMy BIACHUX BXOJIB 3 IOMPABKOO
y BUIJISIII JOJAHKY, a MOTIM MPOIYCKAaE II0 BEJIMYMHY aKTHBALil yepe3 mepeaaTouny (QyHKIio, 1
TaKUM YHHOM OTPUMYETHCS BHXiIHE 3HAUEHHS IIbOTO eleMeHTa. Mepey JaHOrO THUILYy JIETKO
MOJKHA IHTEPIPETYBATH K MOJENb «BXIA-BUXI», B SIKId Baru i MOpOroBi 3HAUYCHHS (3MIIICHHS)
SIBJISIFOTHCS BUTBHUMH TTapaMeTpaMH MOJIENI.

TakuMm ynHOM Oyni0 MOOY/I0BaHO HU3KH HEMPOHHUX MEPEX, cepell sIKUX O0paHy Ty, 110 Mae
HaliMeHiry noxuOky HaByanHs (0,090361). Apxitektypa o0paHOi Mepexi Mae HaCTYIHY
CTPYKTYpY: KUIbKICTh HEMPOHIB y EPUIOMY IPUXOBAHOMY IIapi CTAaHOBUTH 27; y apyromy — 30.

OTpuMaHi 3HaYEHHS MapaMeTpiB BITPY Jall MOXKJIUBICTh PO3KJIACTU BEKTOP IIBUJKOCTI Ha
IPOEKIii V, # V, y CTBOpEHill CUCTEMi KOOpAMHAT JOCIIKYBAHOI CITKM (BEpTHKAIbHHMIA 3pi3 HA

piBHI 2 M ) (puc.2).

500

V, M/c
400

— 0.7

— 0.5

—
§

AN

I
0 10 00 300 400 500

—0.3

Pucynoxk 2 - [3om1eTu mBHUIKOCTI BITPY OJHOPIAHOT JUISHKU BYJTUYHO-OPOKHBOT MEpExki

J1J1st OIIiHKM TOYHOCTI Ta aJIEKBaTHOCTI pe3y/IbTaTiB MOJEIIOBAHHS, & TAKOXK CTPYKTYpHU
HEUPOHHOI Mepexi OyII0 MMPOBEACHO OOUNCIICHHSI CTAaTUCTUYHI MOKA3HUKIB JJII BCIX BY3JIiB CITKH
(Tabm.1).

Taomuus 1
CTaTUCTHYHI MOKA3HUKH MMPOTHO3Y MIBUKOCTI BITPY UTsl BY37a
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KOOPJAMHATHOI CITKH

CepenHe 3HaYCHHS 0,397000
CrangapTHe BiIXUICHHS 0,503876
CepenHe 3HaYCHHSI IOXUOKU 0,013670
CranpapTHe BiAXWIEHHS MOXUOKH 0,101442
CepenHe 3HaYCHHS a0COTIOTHOT MOXUOKHU 0,077039
BigHomeHHs CTaHAapTHOTO BiIXUIICHHS 0,201323
Kopemnsiis 0,979871

JIJist BCIX TOYOK JOCIIKYBAHOTO TIOJISI IIBUAKOCTI BITPY KOSPIIIEHT KOpesIIii mepedyBae B
MOXHOKU 115t

obmacti cunpHOro 3B’s3Ky (Puc.3) mnpum 1mpoMy 3HaueHHs aOCOIIOTHOI
METEOPOJIOTIYHNX BEJIMYHH, SIKUM BJIACTHBA II€BHA HENepe10adyBaHiCTh, B IJIOMY MOXHA BBA)KaTH
3a7I0BUIEHHIM.
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Pucynok 3 - Cepente 3HaueHHs aOCOMOTHOI MOXUOKH (€) Ta Koedimienta kopesiii (R) y

BYy3JI1aX CITKH

BUCHOBKU

B pob6oTi po3risHyTO pe3yinbTaTH po3poOKM METOAY BIATBOPEHHS Ta IPOTHO3YBaHHS
CKJIQJIHUX IIOJIB BITPOBUX IOTOKIB B yMOBax ypOaHI30BaHUX TEPUTOPIH, SIKUM OazyeTbcs Ha
BUKOPHUCTaHHI MaTeMAaTUYHOI'0 anapaTy CaMOHABUYAJIBbHOI HA OCHOBI eMITIPUYHUX JaHUX HEHpPOHHOI

Mepexi.
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V/IK 681.5

Juxtsapenko B.H., Ko3yo A.H., KyuepoB JL.II. (Hayionanvnuii asiayitinuii ynieepcumem,
Ykpaina)

AJITOPUTM HACTPOMKH BECOBBIX KOO®®UIIUEHTOB HEMPOKOHTPOJLJIEPA
IIPU YIIPABJIEHUU IMHAMHNYECKUMU OB BEKTAMHA

B cmamve paccmampusaemcsa 3adaua Hacmpolixu HeUpoOKOHMpONIepd, KOMOPbll HpUHUMaem
yuacmue 6 YHpAaGleHuu OUHAMUYECKUM O0O0bEeKmoM ¢ Heu3gecmuviMu napamempamu. Hacmpotika
HeUpOKOHMPOLIEPa OCYWEeCMBIAemcs nymem e2o0 00yueHus no pe3yrbmamam 0YepeoH020 UCHbIMAHUSL.
OcobenHocmbio anzopumma a61aemcs uxkcayus OUUOOUHbIX CUMYayUll YAPAaeieHUs, KOmopbvle 66005MCs 8
aneopumm o00OyyeHus, npuoagas emy ceotcmea camoobyuenus. Illpednacaemviti ancopumm o00yueHus
obecneuusaem KEA3UONMUMATLHOCMb NO GPEMEHU U MOYHOCIU YNPAGIeHUs. 8 Ccucmeme YNpagieHusl
Ounamuueckum obwvekmom. Ilpednazaemcs eapuanm mexHU4uecKOU pearu3ayuu CUcCmemvl YAPABLeHUs C
HEUPOKOHMPOINEPOM, 4 MAKIHCE NPUBOOAMCA PE3YIbIMAmbl ee MOOeNUPOBAHUS.

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 npod/ieMbl.

B mnocnenHee BpeMs B MAalIMHOCTPOEHUHU IIMPOKO HCIIOJIB3YETCS MOJXOJ IOCTPOSHUs
CUCTEM YIpaBJICHUS JAMHAMUYECKUMHU OOBEKTaAMHU C HEHPOCETEBBIM PEryJISITOPOM B KOHTYpe
yrnpasieHusi. OCHOBHBIM IIPEUMYILECTBOM TaKUX CHCTEM SBJISETCS OOECHeYeHHE 3aJJaHHOTO
KauecTBa YIPABJICHUS B YCIOBHSX, KOTJa MPOUCXOASIT W3MEHEHHUS YCIOBHI (PYHKIMOHUPOBAHUS
CUCTEMbl WJIM K€ H3MEHEHHME IapaMeTpoB OOBEKTA, BbI3BAHHbIE W3MEHEHHMEM HArpy3ku Ha
WCIIOJTHUTENbHBIE MEXaHU3MBbl cHCTeMBbl. Takue yciaoBusl (YHKIIMOHMPOBAHMSI BO3HUKAIOT B
YCTpOMCTBaX yINpaBieHUs JIETAaTENbHBIX AannapaToB, POOOTOTEXHUYECKUX YCTPOMCTB, SIEPHBIX
pEaKTOpPOB U IIp.

Cucrema ympaBiieHHs ¢ HEHPOCETEBBIM PETYIATOPOM TMPEACTABISIET COOOW HEKOTOPYIO
MH(GOPMALIMOHHO—YIIPABIISIONIYI0 CHCTEMY, KOTOpas BKJIIOYAeT BBIYHUCIMTENbHbBIE YCTPOMCTBA,
PEryNaTopbl, UCIIOIHUTEIbHBIE YCTPOMCTBA U IPYTHe JIEMEHTHI, KOTOPbIE MOTYT HUCIIOJIb30BaThCS
JUIS aBTOMATUYECKOTO YIPABICHUS HEKOTOPHIM JIUHAMHYECKUM OOBEKTOM, MaTeMaThdecKas
MOJIETIb KOTOPOI'O MOKET OBITh MPEJCTAaBIIEHA CUCTEMOM U] pepeHInanbHbIX YpaBHEHUH.

Haubonee pacnpocTtpaneHHble TpeOOBaHUS, KOTOPHIE TMPEIBSIBISIOTCS K CHCTEME
yIpaBlI€HUs, — 3TO TOYHOCTh U BpeMs OTPAOOTKU 3a7aHiil 0OBEKTOM yNpaBieHHs. 3HAUYEHUS dTUX
IIOKa3aTeJIed CYIIECTBEHHO 3aBUCAT OT IIOJE3HOM Harpy3kH, HCIOJHHUTEIBHOTO 3JIEMEHTA U
METOJIOB YIIpaBJICHUs, KOTOPbIE IPUMEHSIIOTCS, a TAKXKE OT YCIOBUM (PYHKIIMOHUPOBAHUSI.

PaznuuaroT MeTobI yIpaBlieHUs ¢ OJHON MHGpOpMaLueil o mapaMeTpax UCIIOIHUTEILHOTO
3JIEMEHTA W Harpy3KH M a/IallTUBHBIE MOJIXO/Ibl, KOTOPBIE MO3BOJISIOT cucTeMe (QYHKIIMOHUPOBATH B
YCIIOBUSIX CMEHBI €€ MapaMeTPOB B IIHPOKOM JHAla30HE WM KE B LIEJIOM JOMYCKAIOT OTCYTCTBHE
anmpuopHoil mH(MOpMaIMu 00 JTHX MapaMeTpax, 4YTO SBISETCS HanbOoee pacnpOoCTPaHCHHBIM
ciydaeM. Pe3kas cMeHa mapaMeTpoB U BO3MYUIEHHI pacCTpauBarOT CUCTEMY YIPABIEHUS, KOTOpas
YIOBJIETBOPUTENILHO paboTaeT B CpPeAHMX PACUYETHBIX YCIOBMSIX, NMPU ITOM IENIb YIpaBICHUS
MOJKET HE€ J0oCTUraTrbcs. VIMEHHO B TakuX CiIydasx LeJIecoO0pa3HO HCIHOJIb30BAHUE aJJallTUBHBIX
MOJIXOJIOB.

K TakuM moaxogam OTHOCUTCS M TOJXOJ, OCHOBAaHHBIM Ha IMOCTPOCHMHM HEMPOCETEBOIO
perynaropa, 00ecrneynuBaroero KOppeKIu MapaMeTpoB PErysTopa ¢ 1eJIbI0 ONTUMU3ALUN €ro
palboThl B CIOXKMBIIUXCS YCIOBUSX (YHKIMOHHPOBAaHUSA. J[OCTOMHCTBAMM pETyJsTOpa JaHHOTO
THUMAa MOTYT OBITh OTCYTCTBHE JTAJIOHHOW MOJENH, BO3MOXHOCTh (PYHKIHOHHUPOBAHUS C
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BO3MYUIAIOMIMMHU BO3JACHUCTBUSIMU PA3IMYHONW MPUPOIBI, TPOCTOTA TEXHUUECKOW peanusanuu. B
CBSI3U C ATHUM 3aJ]auya CHHTE3a HEHpOCETEeBOro YNpaBJICHUS JUHAMUYECKUM OOBEKTOM B YCIOBHSAX
BapbUPOBaHUS IAPAMETPOB HMCIOJIHUTEIBHOIO 3JIEMEHTA, HArpy3KM M BJIMSIHMS BO3MYLIAIOLIMX
(aKTOpPOB MPECTABIACTCS AKTyaIbHOM.

AHaJH3 NocJeHUX MyOauKAIMii.

W3BecTHBIE TOIXOABI peaIM3allMM aJalTUBHBIX CUCTeM Oa3uMpYIOTCS Ha METOAax
IIOCTPOCHHSI CaAMOHACTPAUBAIOIIUXCA CUCTEM, TAKMX KaK METOJBI IOCTPOEHUS DKCTPEMAJbHBIX U
HelpoceTeBbIX cucteM. Llenecoobpa3zHOCTh MCTIONB30BAaHMS TOTO MM MHOTO CHOC00a MOCTPOCHUS
CHUCTEMBl  ONpEAENseTcs  OCOOCHHOCTAMU  OOBEKTa  YHpPaBICHMS M YCIOBHSIMH €O
¢bynkunonupoBanusi. Tak, B ciiydae 3KCTpEMaIbHON 3aBUCUMOCTH ITapaMeTpoB 00BEKTa OT CUTHAJIA
yIOpaBIE€HUS M IPU YCIOBUM HENPEPhIBHOM CMEHBbI MapaMeTpoB OOOPYAOBAaHUS CYLIECTBYET
BO3MOKHOCTh HCIIOJIb30BaHMsI SKCTPEMAIbHBIX CIOCOOOB yNpaBieHUs. B Tex e cucremax, rie
HKCTPEMAJIBHOCTh XAPAKTEPUCTUK HE OOHApYKMUBAETCs, LIE€IECOO0pa3HO HCIOJIb30BaTh METO/BI,
KOTOpBIEe 0a3UpyIOTCS HA PErYJIMPOBAHUU 10 HEHPOCETEBBIM ITPUHIIMIIAMH.

BosbmMHCTBO pa3paboTOK, CBSI3aHHBIX € IIOCTPOCHHEM HEUPOKOHTPOJUIEPOB B KOHTYpE
yrnpaneHus [1-4], onmuparoTcs Ha pe3ysbTaThl padoTHI [S], TAe MPEICTABICHBI PE3yIbTaThl PAOOTHI
cucrembl "Adaline” npu ympasienun muHamuueckuMmu oObektamu. Cucrema Adaline (Adaptive
linear neurone) COCTOUT M3 yCHIIUTENEH C MEepeMEHHBIMU KOA((UIIEHTaMH TTepeaadn (BECOBBIMU
Ko3(QpUIMEHTaMH, HACTPOCUYHBIMM IapaMeTpaMH), KOTOpble HAacTpauBalOTCi B IpoLecce
(yHKIMOHMPOBAHUH, M CyMMaTOpa CUTHAJIOB. Mest KOppeKIy BEKTOpa apaMeTpoB OCHOBAaHA Ha
pe3yabTaTax 04epeHOro UCIBITaHUs U IPUMEHEHUS X K 3TAJIOHHOM (YHKLIUHU penaroumero 0j1oka
cuctembl "Adaline”. Tlo pe3ynbTaTaM CpaBHEHHs IIOJIy4CHHOW pEaKUUU U  OXKHIAeMOU
IIPUHUMAETCS PELIEHUE O KOPPEKLUUU BeKTopa mnapaMerpoB. OCHOBHBIM HEJOCTAaTKOM TaKOI'O
crioco0a HaCTPOMKH SIBIIIIOTCS MPOJODKUTEIBHOCTE HACTPOMKU M TOUYHOCTh OTPAaOOTKU 33JaHUs
JUHAMHYECKUM OOBEKTOM II0ciie NpoBeAeHUs HacTpoMku. Croco0® HACTPOHWKH CYIIECTBEHHO
OIMPAETCS] HA OTJIMYMS, KOTOPbIe UMEIOTCS B peliaroneil GyHKIMU 3TaJTOHHONH MOJENH U CHCTEME
"Adaline”. Hanuuue 3Tux pasnuuuii onpenenseT BEIMYUHY U HAllpaBlieHUE U3MEHEHUs BECOBBIX
KOX(QQHUIHUEHTOB, a C JPYrodl CTOPOHBI Juisi OOECIeUeHHs] TOYHOCTH HACTPOWKH HEOOXOAUMO
OCYILIECTBIATh KOPPEKIMIO MaJIbIM LIaroM, 4To B LIEJIOM OIpPEAEISAET AIUTEIBHOCTh Ipolecca UX
HacTpoiiku. [Ipu 3TOM noacTpoiika ocymecTBiIseTCs K mapamerpaM o0ydarouieil Moaenu, KoTopas
HE YYHUTHIBAeT JMHAMHMUYECKHE CBONCTBA OOBEKTa YNPABICHHUS B YCIOBUAX (YHKIIMOHHPOBAHUS.
Taxum 06pa3oM, eciu mapaMeTpbl TATOHHOW MOJEIN OTJIMYAIOTCS OT MapaMeTpPOB YIIPaBIISIEMOIO
00BEKTa, TO JKETaeMOI TOYHOCTH U OBICTPOJCHCTBUS JOCTUTHYTO HE OYy/IeT.

B [1] cucrema "Adaline” mpumMeneHa st ypaBieHUsl SCPHBIM PEaKTOPOM. YTIpaBIsroIiee
YCTPOWCTBO COCTOUT U3 HelpokoHTposuiepa u [IM]] — perynsaropa B kauecTBe 3TaJJOHHOW MOJEIIH.
Jlnst HACTpOWKHM HEHUPOKOHTpoJIIepa (MCIOJHEHHOTO TO TMPUHIMIIAM TOCTPOCHHUS CUCTEMBI
"Adaline”) B kadecTBe 3TanionHOW Mojenu npumeHen [TU][-perymsatop. [y HacTpOMKU BECOBBIX
KO(DPUIIMEHTOB CHUCTEMBI HEUPOKOHTPOJUIEpA MCIHOJB3YIOTCS BBIXOAHBIE maHHbie [TM]]-
peryasTopa, KOTOpble B COOTBETCTBUU C aJrOPUTMOM pPabOThl HEHPOKOHTPOJUIEPA MEHSIOT €ro
BecoBble KoapunmenTsl. Koraa peakius HEHPOKOHTpOJUIEpa CTAHOBUTCS TaKOH K€, KaK U BbIXOJ
I[N /I-perynsropa, ITN/I-peryaarop BeIKIOYAETC.

HepgocratkamMu monxoja clieyeT CYMTaTh HU3KYIO CKOpPOCTh HACTPOMKH BECOBBIX
KO3 PHUIMEHTOB U HEJOCTATOYHBIE KaK TOYHOCTh, TaK U OBICTPOJEHCTBHE NPEASIOKEHHON CHCTEMBI
ynpasieHus, B koropou I[IW]J[-perynstop Hcmonp3yeTcs B KayeCTBE OSTAaJOHHOW MOJEIM IS
HACTPOUWKHM HEHpOKOHTpossiepa. TOYHOCTh M OBICTPOACHUCTBHE CHUCTEMBI B 3HAUUTEILHOW Mepe
onpenensatorcs KadectBoM Hactpoiiku IIW/[-perynmaropa W BIHMAIOT Ha CKOPOCTh HACTPOMKH
HelpoperynsaTopa, TpeOyIoIero BpeMeH! A1l 00yUeHUsI.

PaGora [2] npencraBiser cTpaTeruio ypaBieHUs NPsSIMOI aganTalud HEWPOHHOHN ceTH AJis
HEJIMHEWHON CHCTEMBl C HEU3BECTHBIMHM IapaMeTpamu Tuna perpeccuu. IIpenmosaraercs, yro
cucTeMa 00yJaeTcs MyTeM MUHUMU3AIUU BBIXOIHBIX 3HaUYE€HUW HEMpOHHOW Mojaenu. [[s cucreM ¢
IIEPEMEHHON CTPYKTypoil B [3] mpeamosiaraercsi MCHOJIb30BaHUE CKOJB3SAIIETO peXUMa B LEAX
MOBBILIEHUS YCTOWYUBOI pabOThI CUCTEMBI YIIPABICHUS.
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Kak moxazano B [4], mpu HEHPOPETYJIATOPHOM YINPABICHUH IUHAMHUYCCKUM OOBEKTOM
CYIIECTBYET BO3MOKHOCTh M30aBUTHCS OT HEOOXOIMMOCTH MCIOJIB30BaHUS CKOJIB3SIIETO PEKUMA,
KOTOpBIM MPUBOAMT HE MPOCTO K 3aTSATMBAHMIO TpOIEcca YIpaBlIEHUsS, HO U o0OecrnedyuBaeT
maz[;mmﬁ PEIKUM HUCIOJIHUTEIHLHOM YaCTH CUCTEMBI YIIpaBJICHHA 3a CUCT CBCACHHA K MUHHUMYMY
Yyclia IepeKII0UeHUI CUrHala yrpaBieHHUs.

Llenpto cTaThu SBISETCA CHHTE3 alrOpUTMA HACTPOWKH BeECOBBIX K03 duumeHToB
HEHPOKOHTPOJIEpA B KOHTYpE YIPaBICHUS JUHAMUYECKOTO 00BEKTa, 00JIaJaloIeM I0CTaTOYHBIMU
MOKa3aTeIsIMU TOYHOCTH U OBICTPOJCHCTBUS IPU OTCYTCTBUU ATAJIOHHOW MOJIEIH.

@opMyJHpPOBKA  3aJa4Yd  ympaBlieHus. PaccMaTpuBaeTcs  IUHAMUYECKHH  OOBEKT,
onuchIBaeMblil TuhepeHInaIbHBIM ypaBHEHUEM BHIA

X&(t) = AX(t) + bu(t), 1)

B kotopoM X(t)eR" — Bekrop mepemeHHBIX cocTosHusA, U(t) — ympamnsromuii curHair, 4 — nxn
Marpuia u b — N- MepHsbIii BEKTOP, T.C.

0 1 0 w 0
A<l o 0 0| sz' )

a a .. a | K

\ nl n2 nn J K )
B (2) koadduiueHTs ant, an2, ..., am, K — OMPEmensAOTCS MapaMeTpaMH CHUCTEMBI, KOTOPBIC
KOHCTPYKTOpPY CHCTEMbl 3apaHee HeusBecTHBI. lIpeamomnaraercss tonbko, yto cucrema (1), (2)
KOMIUIEKCHBIX KOpHEH He uMeeT, a KO3()HUIUEHTBI ani, @n2, ..., @m, K MOTYyT HaxoguTbCS B

HMHTEpBaIax

anj = Anj < ani» k<k<k, (3)

TpaHMLBl Anj, Anj, K, k cumTarorcs N3BECTHBIMH.

N3BecTHO Takke, 4TO OOBEKT B MOMEHT, CBS3aHHBIH C ITyCKOM CHCTEMBI, T.e. korma t=0,
HaxoauTcst B coctostHUM X(0). Cuutaercsi, 4yTo M3MEpEHHE COCTOSIHUH CHCTEMBbl HMPOM3BOJIUTCA
MaJIOIIYMSIIAMU JaTYNKAMU WM K€ OHHM MOTYT OBITh C JOCTaTOYHOW TOYHOCTHIO OIICHEHBI.
CraBuTCs 3a1a4a O MEPEMENICHUH 00BbeKTa M3 HadaibHOro coctosiHus X(0) B xoneunoe X(ix) 3a
muHEMaNbHOE Bpems T € [0, tk].

MogaeanpoBanue ajropurMa ynpapJjeHusi. B cooTBeTcTBumM ¢ TpeOOBaHUAMH 3aJa4yH, U
BB/l MPEANOIOKEHHE 00 M3BECTHOCTH MapaMeTpoB, Oy/IeM CUUTATh, YTO AITOPUTM YIIPABICHUS
JIOJKEH 00€CleYnTh ONTHUMAIbHBIN peXUM pabOThl CUCTEMBI 110 BPEMEHHU 3a CYET HCIOJIb30BAHUS
curHaiga ynpasienus Buma U(t)= {+U, -U}, a takxke ero mepexirOueHUHd B HEKOTOPHIE MOMEHTBI
BPEMEHH C YHUCJIOM WHTEPBAJIOB YIPABIEHUS, OMNPENENIIeMbIX H3BECTHOM TeopemMoir 00 nN-
WHTepBajax. byneMm mpeamnonarate, YTO U B YCIOBUAX 3a/1a4d C HEOINPEAEIECHHBIMU MapaMeTpamMu
paccmaTrpuBaeMasi CHUCTeMa HMeeT OJU3KHM pexxuM padoThl, MPUYEM YHUCIO MEePeKIIoueHUi
CUTHAJIa YIPABJICHUS HE JOHKHO 3HAUUTEIbHO IPEBOCXOAUTH N.

Pexxum pa®oThl cHCTEMBbl, UMEIOIIUNA KOJUYECTBO MEPEKITIOYEHUN CHUTHalla YHpaBJICHUS
OIIM3KO0€ K ONTUMATBHOMY U 00eCTIeunBalouil TpedyeMoe KauecTBO yIpaBlieHus, OyJeM Ha3bIBaTh
KBa3HONTHMAJIBHBIM. B 3TOM ciiydae ynpaBileHHs CKOJIB3SIINN PEXKUM JUHAMUYECKON CHCTEMBI HE
Mpe1yCMaTpUBAETCS.

Kax u B [1, 2] neiipoxonTposep mo ganusM Co i A(t), X&) Berumcisier 3HaueHHE HEKOTOPO

pematomiert ¢pynkuuu F(c, X(t)), rome X(tf) — BEKTOp, KOMIIOHEHTBI KOTOPOTO ONPEICISIOTCS
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1 poBeiM KogoM cUrHATOB A(t)=Xs(t)-x(t) 1 x&(t). 3nax ¢ynkiuu F(c, X(t)) ompenenser 3Hak
curHaiia ynpasienus U(t), KoTopblii opMupyeTCss KOMMYTHPYIOLITUM 3JIEMEHTOM, 2 UMEHHO

|f+U, ecn F(c, X (1) >0,
u(t)=1—U, ecmm F(c, X(t)) <0, 4)

| (ut—0), ecnm F(c, X(1))=0.

KomMmyTtupyomuii 35eMeHT mnepekioyaer HanpsbkeHue Benmuuudbl +U wnum —U Ha Bxogme
JMHAMUYECKOT0 00beKTa 1o 3akoHy (4). B (4) 3HaueHue ymnpapisromiero Bo3aeicTeust U(t) Takxke
COXpaHSIETCA PaBHBIM IMpPEAbIAYIIEeMY 3HAYeHHIO, €ciu (a3oBasi TOYKAa CUCTEMbl HAXOAMUTCS Ha
MOBEPXHOCTU TepekiaroueHuii, To ecth korma F(c, X(t))=0. ®dynkmus F(c, X(t))=0 B da3oBom
MIPOCTPAHCTBE T€OMETPUUYECKU UHTEPIPETUPYETCS MOBEPXHOCTHIO MEPEKIIOUEHUH, pHcC. 1, KoTopas
JenuT Bce (pa3oBoe MPOCTPAHCTBO HA 0OJACTH YIPABICHUN MPOTUBOIOJIOXKHBIX 3HaKoB. Ha puc. 2
BBeJIeHbI O0O3HaueHus €1, €2, €3 — (azoBoe mpoctpancTBo, U+ - ympaBisromiee BO3JIEHCTBUE
MOJIOKUTENBHOTO 3Haka, U. ympamisromiee BO3ACHCTBHE OTpHIATENbHOrO 3Haka, O — Haugano
KOOp/AMHAT.

fi(e)

200

100
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(=]
.

-100 -

-200 5L.--
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e eq U-

Puc.1. Bua ¢pynkuuu F(-) B mpocTpaHCTBE KOOPAUHAT €1, €2, €3.

Curnan Uu(t) 3actaBnsieT OOBEKT JBHTaThCs B CTOPOHY yMeHblIeHHs ommOku A(t), d9to
COOTBETCTBYET IOJI0KEHUI0 Touku O puc.2.

OCHOBHO# CIIOXHOCTBIO MOJXO/a sBJsieTcss ompenencuue Buaa ¢ynkmuu F(-). Ecnm
W3BECTEH TOYHBIM BUI MaTemaTuuyeckoil mogenu (1), (2) u n<3, to dynkuus F(-) momywaercs B
aHAIMTHYECKOM BHae. B  npyrux cnydasx ¢ynaknuo  F(-)  crmemyer nubo  ympomiats
MaTeMaTHYeCKyI0 MOJENb Ipoliecca YMNpaBieHUs JUOO CTPOUTh €€ B BHJE JUHEHHON Mojenu
OTHOCHTENIBHO U3MepsieMbix koopauHat X(t).

[Tpu opraHmzanuy BBIMUCIUTEIBHOIO IpoOIlecca CIeAYeT UCKIOYUTh BIUSHUE ¢ KOHEUHOMN
TOYHOCTH BBIYUCIICHHUHA, YTO TPOSBISAETCS B OCCKOHEYHOM IHWKJIE YIPABICHHS B OKPECTHOCTH
Hayajga KOOpJHMHAT. YCTpaHEHHWE TaKMX ULUKIOB MPHUBOAUT K HEOOXOJUMOCTH BBEACHUS B
OKPECTHOCTH Hayajla KOOpAMHAT HEKOTOopoil obmactu (2, rie neicTBUE 3aKoHa yrpasieHus (4)
npekpaiaercs, 0yaeM Ha3BaTh 00JaCThIO JOCTHKUMOCTH.

Heomnpenenennocts mapamerpoB oObekTa (1), (2) BiedeT HPOU3BOJIBHYIO YCTaHOBKY
BECOBBIX KO3 duineHToB ¢ GpyHKIUU F(-), 4TO MOXKET MPUBOAUTH K TAaKUM CHTYaIMsIM B paboTe
CHCTEMBI:

1) "ckonp3sumin” pexum;

2) peXXuM aBTOKOJICOaHMIA;

3) momananue oOBekTa B Kpyr aomycTuMbix ommbok |Ai(t)|< A"3a Tpebyemoe umcio
nepexmodennii N* ynpapnstomero Bosaeiictaus u(t).
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[lepBbie 1Be CUTYyalUU ABISIOTCS OIIMOOYHBIMU, MIOCIIEIHSS SBISETCS KelaTeTbHOMU.

Paznuune ommOOYHBIX CUTyaluil OCYIIECTBIISAETCS Ha OCHOBAHUM JIOTMKH, ONMUpAaroLIeics
Ha TOJICYETE KOJMYECTBA MEPEKIIOYEHUN KOMMYTHUPYIOIIETO 3JEMEHTa M HU3MEPEHUM CHUTHajla
omunbOku A(t). Eciu B pesynpTaTe mojcueTa 4ucia MEPEKIOYCHUN (UKCHUPYETCS H3MEHCHUE
YIIPaBIISIONIEro Bo3/eiicTBHE ¢ BhICOKOH yacToToit N>>N", a curnan omm6ku A(t) ymeHbIIaeTcs 1o
BE/IMUMHE, HO 3HAK €¢ OTHOCHTENHHO A° He M3MEHsETCs, TO PAClO3HAETCS CUTyalus 1, TO ecTh
CUCTEMa yMpaBlIeHUs PYHKIIMOHUPYET B "CKONB3SIIEM” PEKUME.

Ecnmn BMecTe co cMEeHOM 3HaKa YIpaBisOLIEr0 BO3ACHCTBUS OCYIIECTBISIETCS CMEHA 3HAKa
curnana omm6ku A(t) oTHoCHTENBEHO A”, TO pacO3HAETCS CUTYAlUs 2 — PEXUM aBTOKOJIEOaHHIA.

Koppeknuio BecOBbIX KOI(PQPHUIMEHTOB CIIEAyeT NPOBOIUTH 10 TPaBHIIy OOYyYEeHHUs
OJIHOCJIOMHOIO MEepCEnTPOHA

Ci = Ci—1 — Xa1(t)sign Aj_1, ©®)

rae Xi(t) — 3Hauenus (a3oBod TOYKH, ci-1 — BecoBO# kod(pduuueHT Ha (i-1)-M 1Iare HacTpoHKu
CUCTEMBI, Aj — 3HAUE€HHE OLUMOKU KOPPEKLUH, a PyHKIUA Sign(-) UMEET BUJL

+1,ecaul >0,
sign( 1) ={-1, ecmu I <0, (6)
|LO, ecm | =0.

Bri6op X1(t) 1 Ai cyliecTBEHHO BIUSCT Ha CXOMMOCTD Mporiecca 00ydeHus. C 1ebI0 MOBBIIICHHS
CKOPOCTH CXOJIMMOCTH K TMPaBUIBHOMY pELICHUIO TMpenjaraercs (UKCHUPOBATh 3HAYECHUS

koopauHat A(t) u X&) mepsoro mepexiouenus. Torma pacder BeCOBBIX KO3()(DHUIIMEHTOB ¢i OymeT

IIPOUCXOJIUTH HE 110 BBIXOJHBIM 3HaYEHHUSM, a 10 3HAYEHUAM 3a(UKCUPOBAHHBIX KOOPANHAT.

[IpaBumno (5) neicTByeT KaxAbld pa3, Korja HE YJOBJICTBOPSIOTCS YCIOBUSI ONTUMAIBHOTO
pexkuMy 00BEKTa, TO ecTh He BhimonHsoTca yeaoBus NSN™ i A<A”™. PaGoTta cucTeMbl MOXKET ObITH
3aKOHYEHa, €CI yoBJeTBopstoTcs yciopus NSN™ i A<A™,

B cnyuae, korma pacno3HaHa ojHa U3 OMIMOOYHBIX CHUTYallUH, HE CIEAYeT JO0KHAATHCA,
KOIJla CUCTeMa OCTAHOBMTCS M KOHEUHBIX 3Hau€HHH (pa30BOro BEKTOpPa, KOTOPbIE HAXOMAATCS B
paifoHe mOMycTHUMEIX ommbok A“eQy moToMy, 4To MH(OpPMANHUA IS MPOBENEHHS KOPPEKIHH
BBIUHCIIUTENIEM YK€ umeeTcs, To ecTb unucia N 1 X1, y)ke U3BECTHBI. 3HAUUT, IIPU paclO3HaBaHUU
OLIMOOYHON CHUTYyaIlMM CHCTEMa MOXKET OBbITh OCTAHOBJIEHA W NPHUBEAECHA B HAa4aJIbHOE COCTOSHUE
JUIS TTOCJIEYIOLIErO UCTIBITAaHUSI.

Takum 06pa3zom, aaropuT™M pabOThl CUCTEMbI COCTOUT B TOM, YTO Ha KaXKJIOM HMCIBITAaHUH
MIPOU3BOJIUTCS MOJCUET KOJIMYECTBA CMEHBI 3HAKa CUTHAJIa yNpaBieHUs U (UKCUPOBAHUS OIMIMOKH
CHCTEMBI, 3Ta MHPOpMaLUs HUCHOIb3yeTcss B (5), €ciaM pe3ynbTaThl UCHBITAHHUS OTIMYAIOTCS OT
0’KU/IaEMBIX.

Peasm3anmsa cucrembl ynpapieHMs. ONMCAHHBIN NMOAXOJA YIPAaBIEHUS AMHAMUUYECKUM
00BEKTOM MOJKHO pPEaM30BaTh C IMOMOIIBI0 NpUOOpa, KOTOPBIA COAEPXKUT (CM. puc. 2), Kak
BapUaHT KOHCTPYKTUBHOI'O UCIIOJIHEHNUS, UCIIOJHUTENBHYIO YacTh MY, B cocTaBe HEMPOKOHTpoIIEepa
HK, peneitnoro snemenra PO, nunamuueckoro odbsekra OY; uzmepurensublii kanan MY, kotopsiit
cocTouT U3 natduka nonoxxkenus I, natuuka ckopoctu JIC, Berancnurens ommbku BO; cucremsl
HacTpoiiku HelpokoHTposiepa CH, cocrosimeit u3 61okoB kogupoBanus KY, 6moka mamstu VI,
BbIUMcaUTENs B; noruueckoro ycrpoiictBa YJI, B cocraBe cdeTuMKa KOJIMUYECTBA NMEPEKIHOYCHUN
KII, ¢uxcaropa nepsoro nepexitouenus @, komnaparopa ymcna nepexmodenuit KI1, kommapatopa
omnOku KO, a Takxke MOTyT ObITh BKJIFOUEHBI OJIOKHM OCTaHOBA M HadaJbHBIX ycTaBok BOHY.

Omnepamusi mepeBoga oObekTa B HaudanbHOe coctosiHue X(0) ocymiecTBisercs OIOKOM
OCTaHOBa M HAYaJIbHBIX YCTABOK, B KOTOpble MH(pOpPMALUs MOCTYHAeT OT BBIYUCIMUTENS OLINOKH,
JaT4dKa CKOPOCTH M KOMIIapaTopa KOJUYECTBa MepeKatodeHui. BpixonHoil curnam Onoka
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JIEHCTBYET Ha PENICHHBIN DJIEMEHT, KOTOPBIM yCTaHABIMBACT NMHAMHYECKHNU OOBEKT B HAaYaJIbHOE
COCTOSIHUE, TIPU 3TOM (Da30BbIl BEKTOP CTAHOBUTHCS paBHBIM HadaabHOMY 3HaueHuto X(t)=X(0).
YCTpoiicTBO, C IMOMOIIBI KOTOPOTO pPEANTU3yeTCsl MaHHBIA IOAXOJ HACTPOMKH BECOBBIX
ko3 dunmentoB cucrembl "Adaline” mpu ympaBiieHMH JAMHAMHYECKUM OOBEKTOM, paboTaer
CJIETYIOIIUM 00pa3oM.
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Puc.2. CtpykTypa cucTeMBbI yIpaBIeHUs ¢ HEHPOKOHTPOILIEPOM

[lepen Hauanom paboOTHI cCUCTeMa yIpaBieHUs (CM. puc. 2) 00beKTa, KOTOPbI HaXOIUTCS B
HayambHOM cocTosHuK X(0), yCTaHABIMBAIOT JOMYCTHMOE 3HAUeHHs OmHOKH A” M TOYHOE
3HAYEHMs MHHMMATBHOTO KOIM4ecTBa Tepekmodennii N*. YcTaHaBIMBAIOT Takke MPOM3BONBHEIE
3HAa4YeHHUs1 BECOBBIX K03(duumeHToB Helpoperynaropa Co. Ha BXo cucTeMBbl MOAAIOT 3a/laHUE X3
s oTpaboTku. MoMeHT BpeMeHM t mojaud 3aJaHus Ha CHCTEMY YIPABIEHUS CUUTAIOT Kak
HaydanbHbIM, To ecTh t=0. C 3TOro MOMEHTa OCYLIECTBISIOT PacyeT OMMOKH MO MOJOXKEHHUIO U
CKOPOCTH HArpy3KH C IOMOIIbBIO JaTYUKOB IOJOXKEHHS, CKOPOCTU U BBIUMCIMUTENS OMMOKU. Mx
3HA4YeHHUs MOCTYNAIOT Ha OJIOKU KOJUPOBAHUS, KOTOPbIE PeoOpa3yIoT TEKYILMEe 3HAUEHHUsS OINO0K
MIOJIOKEHUS U CKOPOCTH Harpy3ku o0beKTa B HU(POBOH KOA. DTOT KOJI IOCTYMAET HA CUTHAJIbHbBIE
Bxoabl A(t) i X&) meiipoxonTponepa. Ha BXoapl BeCOBBIX KOI(PMHUIIMEHTOB ¢i HEWPOKOHTpPOJIEpa
MIOCTYNAIOT 3HAYEHUs Co OT BBIYMCIUTEIS.

HccnenoBanue 0CHOBHBIX CBOMCTB aJ1ropurMa.

JU11 MOZIETMPOBAHUS CUCTEMBI HACTPOWKH M UCCIIEI0BAaHUS OCHOBHBIX CBOWCTB alIrOpUTMa
MPOBOAMIIOCH N3yYCHUE TUHAMUKH 00bekTa (1), B KOTOpoMm Matpuia A U BeKTop b MMeroT Bu

a<ly 2] o-[4]

a : : (7)
21 22) L)

B mamHOM cirydae 37EMEHTBI MATpHIBI 821, A22, K B COOTBETCTBHH C YCIOBHAMH SKCHEPHMEHTA

cuntaroTcs HemsBecTHbIME. DyHKIMs F(-) s oobekTa (1), (7) umeeT Bua

F(c, X (1)) = c1A(t) + cox& (1) .
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Pe3ynpTaThl MOAECTMPOBAHUS MPEIATaeMOT0 aJrOPUTMa HACTPOWKH MPECTABICHBI Ha PHC.
3, 5, 7. Tak, Ha puc. 3 WpPEACTaBICHO NMEPBOHAYAIBHYIO PACCTPOHKY BECOBBIX KOA(P(PHUIIMEHTOB
HEMPOKOHTpPOJIEpA C1, €2 B CTOPOHY YBEIMYEHHs, KOTOpasi MPUBOJIUT K "CKOJIB3ALIEMY” PEKUMY

JAMHAMHUYECKOr0 00BbEKTa; pacCTPOKa €1, €2 B CTOPOHY YMEHbLICHHS KOA()(UIMEHTOB IPUBOUT K
pexxuMy aBTOKOJIEe0aHuii (cM. puc. 7).
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Puc. 4. Curnanst A(t), X&) wu u(t) tnHamMugeckoro 0GbeKTa BO BpEMEHHOM IIOCKOCTH TPH
CKOJIB3ILIEM PEKUME
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Puc. 5. ABTOKON€0aTENBHBIN PEKUM THHAMUYECKOTO 00BbEKTa B (ha30BOIl IIIOCKOCTH
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Puc.6. Curnanst A(t), X&) u u(t) tuHaMugeckoro 06bEKTa BO BpEMEHHOM IIIOCKOCTH TIPH
ABTOKOJIE0ATEIBHOM PEXHUME
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Puc.7. Curnainst A(t), X&) u u(t) tuHaMu4eckoro 0ObeKTa B KBA3HONTUMAILHOM PEKHME
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Puc.8. Curnanst A(t), X&(t) u u(t) amramudeckoro 06HeKTa B ONTUMATBHOM PEKIME

[locne  3aBepmieHnMss  mpouecca  HACTPOMKM — IOJNY4YeH  KBa3HONTHMAJIBHBIA IO
OBICTPOICUCTBHIO TpOIecC yrpaBieHus (cM. puc. 7). CpaBHeHHE "CKOTB3SIIET0” pexxuMa (CM. puc.
3) ¢ onTUMaIBHBIM (CM. pUC. §) MO3BOJSAET OLEHUTH MPOUTPHII B JIUTEIBHOCTH "CKOJB3SIIEro”
pexuma, B JaHHOM ciydae OH cocTraBisieT 29%. B To ke BpeMsi KBa3MONTHMAJbHBIM PEeXUM
paboThI, KOTOPHIN TONYYEH MOCJE TpoIecca HACTPOHKH, MPOWTPHIBAET ONTHMAIBLHOMY PEKUMY
Toabko 3%. Ha mpouecc oOyueHHss HEHpOKOHTposiepa Uil JAUHAMHYECKOTro OO0BEKTa, KOTOPBIH
HCCIIEIOBAJICA, 3aTPavyeHO 5 UTepaluui IpH HAvyalbHOM paccTpoiiKe BECOBBIX KOA(PUIMEHTOB B
100%, xoTopyro oKa3zaHo Ha puc. 9.
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Puc.9 . Koppekuus ko3ppuimeHToB ¢; HeHpoperynsaTopa B mpoiecce 00y4IeHHs..

BriBOALL.

[MoBeimienne 3¢ (GEeKTHBHOCTH HACTPOWKH BecOBBbIX KoddduimenToB cucremsr "Adaline”
IpU yIpPaBICHUH IMHAMHUYECKAM OOBEKTOM B QITOPHTME, KOTOPBIA MpEAaracrcs, B CpaBHCHUU
U3BECTHBIMHU, COCTOUT B TOM, YTO JOCTUIAETCSI TOYHOCTb OTPaOOTKH 3aJaHUN ¢ MHUHHUMAJIbHBIMU
BPEMEHHBIMU 3aTpaTaMU U YMEHbBILIAETCS JJIUTEIbHOCTb HACTPOWKH HEWPOKOHTPOJEPA 3a CYET
JIONIOJTHUTEIBHOTO KOHTPOJII KOJIMYECTBA IEPEKIIOUEHHH U MCIOJNB30BaHUS B  KayecTBe
oOyyJaromeil TO4kH - (a3oBBIX KOOPAWHAT TOYKU MEPBOTO IMEPEKIIOYCHUS] CHTHANA YIPaBJICHHUS.
IIpu stom wuHpOpmanus g oO0ydeHUs HEHpOKOHTpojepa Oepercss HO TeKylled JMHUU
nepekouenus F(c, X(t)), koTopast BeICTpauBaeTCs Ha KaXJI0M miare oOyucHus. Takoi ajaropurm
HACTPOUKH KpOME JIYUIIUX XapaKTePUCTUK OTPAOOTKH OOBEKTOM 33aHUSI UMEET JOMOJIHUTEIbHYIO
BO3MOYKHOCTh 00y4aTrbcs B TIporecce (QYHKIMOHMPOBAHUS CHCTEMBbI IPH CMEHE IapamMeTpoB
00BEKTa, KOTOpBIE IMPOSBISAIOTCS, HAapUMEp, NMPH U3MEHEHWH HArpy3Kd WIH €ro HadyajabHOI'o
cocTosiHUS. B ciiydae mocTOsIHHO JEHCTBYIOLIErO 3aaHHUsI MOKHO 3HAYUTEIbHO YMEHBIIUTh BpeMs
o0y4yeHMs HEWPOKOHTpojepa 3a CYeT ONpeAeieHUs OIIMOOYHBIX CUTyalluii M JIOCPOYHOU
KOPPEKIMH BECOBBIX KOAPPUIIMEHTOB HEHPOKOHTpOJIEpa.
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YJIK 615.38.033.1
Kikamaos B.A., Cepatok O. O. ([Jonbacvka depacasrna mawurnobyoisna akademis, Yxpaina)

HIABUINEHHA EGEKTUBHOCTI ITPOLECY 'TEMOIIAJII3Y KPOBI IIJIAXOM
JOCJIIIOKEHHSA TA PO3POBKH ITPOI'PAMHOI'O KOMILIEKCY JJIS
PO3PAXYHKY ITAPAMETPIB JIAJII3HOI PIIUHUA

Y pobomi onucyemuvcsa Komniekcha cucmema asmomamuz08aHo20 QopMySants RApamMempia Oisi RPoBedeHH s
2emooianizy nayieHmam 3 Hupkogoio nedocmamuicmio. [lokazano, wo cmeopena cucmema 0036015€ chopmysamu
napamempu 2emooianizy, a0eKeamui NOMOUHOMY CMAHY I OUHAMIYi CMAHY NAYiEHma, HAGIMb 6 CUMyayii, Koau
eemooianiz pauiwe e nposoouscs. B cucmemi suxopucmogyemuvcs neuponna mepedca. Hasedeno sacanvhy cxemy
no6y006anoi cucmemu i it 0emanbHUll 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 npoueci remopianizy BiiOyBa€eTbcs OYHMILEHHS KPOBI 11032 OPTaHi3MOM 3 BUKOPHUCTAHHSIM
creriaibHOro (PiNbTpa, SIKUK Ha3UBaeThes AianizatopoM. [Ipu mpoBeneHH1 mpoLeaypyu reMoianizy
MOTPIOHO OYUCTHTH BiJ] TOKCUHIB BEJIMKHI 0OCAT KPOBI 32 BIIHOCHO KOPOTKHH mepion dacy. Sk
IPAaBUJIO, PEKUM Jiallizy - L€ TpU MPOLEAYpU IeMOAialidy B THUXKJEHb, KOXKHA 3 SIKUX TPHUBAE
npubmu3Ho 4-5 roauwH. [HOAI mOTpiOHE 30UTBbIIEHHS YacToTH abo TpuBaioCTi mianmizy. Ha manwmii
MOMEHT BHUHHUKA€ Mpobiiema 3 BUOOPOM MmapaMeTpiB JUIsl MIPOBUJIIHHS T'eMO/ializy OCOOIMBO IS
HOBHX MAIli€HTIB 00 TOTOYHI METO/AM OIIHKH SKOCTI JI03W I'eMO/Iiajli3y MOXKHA pO3paxyBaTH TUIbKU
TiCJIs MPOBEACHHS FeMO/Iiani3y.

CyuacHa KOHUEMIIIS OI[iHKK €(QEeKTHBHOCTI reMoiaizy 0a3yeTbcsi Ha TOHATTI JI03H, SKa €
HE/I0CTaTHbO KOPEKTHOIO JJIs IUIAHYBAHHS NMPOLEAYPU Ta OLIHKM i €()eKTUBHOCTI 3a HACTYIHUX
npuanH. Y 0aratbOX JOCTIPKEHHSX JIOBEJCHO, WIO JICTAIBHICTh CepeJl IMAalli€HTIB Pi3KO
HiABHUILYETHCS, SIKIIO oJiepkaHa epekThBHa 103a MeHe 1,2. Toal BUHMKae MUTaHHS, a SKIIO 7032
nepesuinye 1,2, nanpukiazn, 1,6, 1,8, ....10, To e no6pe uu morano s namieHTa? 3 TOUYKH 30py
¢b13UKM TpoLecy JeTOKCHKAIl MOYKHAa MIpKyBaTH, 10 YMM Oibllle MPOAYKTIB MeTabomizMy Oyne
BUJAJIEHO 13 OpraHi3My 3a uyac remojianidy, THUM Oulbliuii 4ac Oyae noTrpedyBaTUCh Ha
HAKONMHWYEHHS IPaHUYHO JIOMYCTUMOI KOHIIEHTpallli TOKCUYHOI PEYOBUHU B OpraHi3mi, 1 TUM Oijble
MOKJIUBUN 1HTpaJiani3HUil mepion. Alie BXKe CbOTOJHI 3'SBUIIUCH JOCHIKEHHS, /1€ aBTOPH Ha
OCHOBI CTaTUCTMYHOI'O aHaJli3y BMKMBAHHS BEIMKOI MOMYJALII Mali€HTIB poOIsITh BUCHOBOK, IO
JIETATBHICTh MIIBUIYETHCS MPHU TEepeBUIIEHHT AeSIKOT 103U Kmax [1]. [HII ¢axiBii 10BOASATH, MO
MPOBEACHHS TeMOiani3y Ha TpoTsa3l 6 roi, a He 4 TojJ, HabaraTo MOKpAIlye SIKICTh XUTTS
NAIlI€HTIB, JEesIKl BBaXKalOTh, 10 Kpalle HPOBOJUTH Horo moaHs no 2—3 roxa. Buxonsum 3
¢131070TiT HUPKH, MOXHa CTBEpPKYBaTH, IO Hailkpamie Juisi MalieHTa OYyTH THOCTIHHO
HiAKIIOYEHUM JI0 arapaty IITyyHa HUpKa. MeToro reMoaiaizy € He TUIbKU BHJAJIIEHHS MPOIYKTIB
MeTaboi3My, a i IPUBEACHHS PIIUHHOTO 00'eMy OpraHi3My 0 ONTUMAJIbHOTO 3HAYEHHS, KOPEKIIis
EJIEKTPOJIITHOTO CKJIaAy Ta iH. Ha 11i 3amuTaHHsS He Ja€ThCs KiIbKiCHOI BimmoBiai y moHsATTi Kt/V
pH crpoOi MiABUIIUTH NOKa3HUK YacTO MOTIPIIYEThCS CTaH Malli€HTa.

Mertoto gaHoi poboTH € po3poOKka KOMILJIEKCHOT CHCTEMH aBTOMAaTH30BAaHOTO (hOpMyBaHHS
nmapaMeTpiB Ui TIPOBENEHHS TeMoJiami3y, SKy MOKHAa BHKOPHUCTOBYBATH JUIsl NPOTHO3YBAaHHS
napaMeTpiB Ha OCHOBI MEBHUX 3a3/1aJerilb BU3HAYCHUX JAaHUX JUII KOHKPETHOI'O CTaHy 370POB'S.
OCHOBOIO CHCTEMH € IITYYHA HEMPOHHA MEPEXKA.

OcHOBHI mapaMeTpu A OIIHKM SKOCTI reMoAiaiizy siki OyAyTh BHKOPHCTOBYBAaTHCS B
HEHpOHHIN Mepexi, SK BXIJHI IapaMeTpH € Bara, 3piCT Ta BIK MallieHTa, piBEeHb CEYOBHUHH [0
MIPOBE/ICHHS TeMOJialli3y, a TaKoX KUIbKICTh Aiaii3Hoi pinumHH. IIIBHAKICTH KpOBI Ta HIBUAKICTDH
Jiai3HOi PIIMHU YPaxOBYBAaTH HENOLUIbHO, TOMY IO QyKe Oarato pi3HMX METOMAIB MPOBEIEHHS
remMojiaiizy 3 PpI3HUMH IIBUAKOCTSIMH, ajieé MpH OJHAKOBOMY BHUTPAUYEHHI [iali3HOI pPiIMHU
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MOKa3aJH, M0 KOe(IiEHT MPH OIIHII T03U TeMOoiani3y ogHaKoBuid. Yac mpoBeaeHHs 1 MBUIKICTh
TianmizaTy MoKHa OyJie po3paxyBaTH IICIISL TOTO, SIK BU3HAYUTHCS KUIBKICTh TOTPIOHOTO PO3UYHHY.

BuxinauMm mapaMeTpoM HEHpOHHOI Mepeki Oyae piBeHb CEUYOBHMHH ITICIS MPOBEACHHS
remoianizy. Ilpu mpoMy KiJIBKICTh Miali3HOI PIAUHM I MPOBENEHHS reMoAializy Kpaie Oyxae
BH3HAYaTH METOJIOM MiI00PY MPH KOPEKTYBaHHI pOOOTH HEHPOHHOI MEPEKi.

[TocraBnena 3a1a4a € 3aa4€r0 perpecii, Tak 1o TOMOJIOTiI0 Mepexi, QYHKIIII0 aKTUBALIi 1
METO/ HaBYaHHS CJIIJI MiA0UpaTH, BiAIITOBXYFOUHChH 13 IIBOTO.

IIpu BuOOpi TomoONOTIi Mepexi Oylno NPUHHATO BHUKOPUCTOBYBATH OaraTolapoBHiA
MEPCENTPOH, TOMY IO CUTHAJI B TAKUX MEPEKaxX MOLIUPIOETHCS B MPSMOMY HalpsSIMKY, BiJI mapy 70
mapy.

KinbkicTh BXIIHHX 1 BUXIJHUX €JIEMEHTIB B 0araTomapoBOMy MEpCENTPOHA BH3HAYAETHCS
yMOBaMH 3aBIaHHA. B sKkocti (yHKii aktuBamii Heiipona BuOpaHo niHidHY QyHKIi0. Le
00yMOBJICHO THM IIIO B 3ajiayax perpecii He OakaHO CHJIBHO 3MIHIOBAaTH BXIJTHI Ta BUXIJHI JaHi,
00 3MEHIIINTH BILUTUBU HA PE3YIIbTAT.

Jlnsi HaBYaHHS Mepeki 0OpaHol TOMOJOTIl PaliOHaIbHO METOJ[ 3BOPOTHOTO TOIIMPEHHS
MTOMIJIKH. AJITOPUTM 3BOPOTHOTO TIOIITUPEHHS — 1€ METO/I YUCEIIBHOT ONTUMI3aIlil, SIKHI MOXe OyTH
BUKOPHUCTAHUI y 0aratbox ajJropuTrMax, 1e moTpioHo 3HANTH ekcTpeMyM (pyHKIIIT.

AJNTOPUTM 3BOPOTHOTO TMOIIMPEHHS TOMWJIKA BHU3HAYa€ CTpATerir0 Mmigoopy Bar
OaraTomapoBoi Mepexi 13 3aCTOCYBaHHSM TPAJIEHTHUX METOAIB onTuMizamii. OCKUIbKH LLTHOBA
GbyHKIIA, 3a3BUYail BU3HAYAETHCS K KBAApaTHYHA PI3HULL CYMH MK (DaKTUYHUMH 1 OYIKyBaHUMU
BHUXIJIHUMH 3HAYCHHSIMH, € OC3MepPEPBHOIO, TPAJIEHTHI METOIU ONTHUMI3allii € eEKTUBHUMHU TPH
HaB4aHHI Mepexi. [Ipu HaB4aHHI OaraTomapoBoi HEMPOHHOT MepeKi HEOOXiTHO OOUHCIUTH BEKTOP
rpajiieHTa MO0 MapaMeTpiB BCiX BEPCTB Mepeki. 3MiHA Bar B airOPUTMI BiIOYBAIOThCS 332 TAKOIO
hopmyIoro:

AQpo=000g0 1)

7ie: Wij - Bara 3B'I3Ky MiX i-M 1 j-M HEHpOHaMH; a - PeXHUM, MpuiiMae 3HadeHHs 1 abo -1; 1 -
Koe(illi€eHT, 10 3a]a€ MBHUIKICT HABYAHHS; ¢ | - GYHKIIiS 3BOPOTHOTO MOLIMPEHHS TOMUJIKH JIJIS |-
ro HeWpoHa; X'l - moxigHa (yHKIII akTHBALil 1-TO HeWpoHa; @] — QYHKIIA Uis OOYMCICHHS
MOMMUJIKH, MOIIMPIOBAHOI BiJl BUXITHUX HEHPOHIB.

st Bunagky a = 1 GyHKIIIS Mae BUJ:

DTZDT(l—DT)(DT—[r) (2)

ne [l 1 [y - akTyanpHud 1 OakaHWii BUXiJ BUXIHOTO HEWpOHA,

BiamoBigHo. Jlist Bumaaky a = -1 ¢yHkmis [ OOYHMCTIOETBCS 3a
dhopmyoro:
-
0 =00@-0) 47 3)
0 = ( O )DZHZ

Bupasz [1(1 — (1) B wiit popmyi siBisie MOXiAHY akTHUBaNidHOI (yHKIil. ExcrioHeHIianpHa
¢byHK1ig 3a0e3neuye MaKCUMajibHe 3HaYeHHs (] 32 OJIHAKOBOi KiJIBKOCTI aKTYaJbHOTO 1 Oa)KaHOTO
CTaHy |-ro HelpoHa. BennunHa ¢ 3a7a€e 9yTIUBICTh OJM3BKOCTI 10 BUXiIHOTO BekTopy. Koedimient
k Moxke iHTeprpeTyBaTHUCs SK PIBEHb «CTPaxy» 1 MOXe BUKOPHUCTOBYBATUCS IPU MOJIENIOBAHHI
€MOIl1ii 1 BUKOPUCTAHHI iX /111 HaBYaHHS HEHPOHHOI Mepexi

s TectyBanHa Mepexi BukopuctoByBanach nporpama STATISTICA 12. Bubipka mpanux
ckiaganma 600 emeMeHTIB. 3aBHaHHAM TECTyBaHHS Oyl0 BH3HAYeHHS KIJTBKOCTI HEHPOHIB
MPUXOBaHOro miapy. ExcrepuMeHTaMH BCTAHOBIEHO, IO HaWKpalll pe3yJlbTaTH OTpUMaHi s
MepeKi 13 5 BX1IHUX HEHPOHIB, 8 HEMPOHIB Y CKPUTOMY CJIO1 Ta OJTHOTO BUX1JIHOTO HEWPOHA.
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Pesynbratn ekciepumenTis 3a 1000 enox 3 BuOipkoro ganux 90 eneMeHTiB HaBeeHI B Ta0II.

1.
Tabmums 1
PesynbraTi TECTYBaHHS pOOOTH HEMPOMEPEKi.
Cepennst mommwika B % | MiHiMaibHa moMuika | MakcumallbHa TIOMUJIKA
B% B%
HaByaHHs 0,495 0,003 2,388
Tecr 0,513 0,388 0,657

3aBIsIKM 3aCTOCYBAaHHIO HEHPOHHOI MEPEKi KOPHUCTYBad IMPOTPAMHOIO TMPOJYKTY MOXKE
po3paxyBaTH TapaMeTpu AJis MPOBEIEHHs mporecy remoxiamizy. I[limiOpaBmu mapameTpu Uist
MPOBEACHHS TeMOAiaNi3y, 30KpeMa KUIbKICTh Mialli3HOI pPIAWHM, 1, MOOAYMBIIM 3a37eNeTiIb
pe3yabTaT, MOXKHA MigpaxyBaTH KUIBKICTh HEOOXIIHUX BHUTpPATHHUX MaTtepiaiiB (4ucra BoOja,
KOHIICHTPATH ), @ TAKOK Yac HEOOX1THUH I MPOBEACHHS TeMO/I1aizy.

BHUCHOBOK
B poborti Oyno mpoBeAeHO aHami3 MpoLEeCy TeMoianizy Ta 3aco0iB OLIHKH JO3H Iiali3y.
Takoxx OyJI0 CIPOEKTOBAHO Ta TEPEBIPEHO HA TPAIE3aTHICTh MITYYHY HEHPOHHY MEPexXy s
dbopMyBaHHSI MapamMeTpiB MPOBEACHHS TeMofializy, Ky MOXXHAa BHKOPUCTOBYBATH JIJIs
MIPOTHO3YBaHHS IMApaMETPiB Ha OCHOBI MEBHUX 3a3JaJICTiIb BU3HAYCHUX JIAHUX JIJII KOHKPETHOTO
CTaHy 370pOB's.
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NEPCIIEKTUBU 3ACTOCYBAHHS MEXAHI3MIB IAPAJIEJBHOI CTPYKTYPU B
TEXHOJIOI'TYHUX MAHINHAX MEXAHOCKJAJAJBHOI'O BUPOBHUILITBA

B pabome naoami ocnoeni manpsimxu pobim Ilpobremnoi nabopamopuu MobinbHux iHmMeIeKMYATbHUX
mexHoNo2iuHux Mmawun Incmumymy npobnrem wimyunozo iwmenexkmy i Jonbacerkoi OepoicasHoi mauiuno6yoieHol
axkademuu 8 KOHMEKCMI CMBOPEHHSI CYYACHUX KIHEeMAMUYHUX CUCmeM MOOITbHO20 CHPSIMYBAHHS, 4 MAKONC OEAKU
pe3yibmamu 3 6UKOPUCMAHHAM HEUPOMEPEICHUX 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.

BaxumBumu HampsMkamMu (OpMyBaHHS TEXHOJOTIYHHX pIlIeHh € KOMIUIEKCHI KOHIIETIii
PO3BUTKY TEXHOJIOTIN: TEXHOJOTIYHE (TeXHIYHE) Mepeo30pO€HHS, KOMILIEKCHA aBTOMAaTH3allis i
MeXaHi3allis pi3HUX MPOIECIB TPYMOBOI isIbHOCTI. TeXHOJIOTiYHE Mepeo30pOEHHS TOBUHHE
pO3TIAAETbCA SIK OCHOBA OUIBII MAacIITaOHUX MPOEKTIB - TPOEKTIB PEKOHCTPYKINI, Tak i
CaMOCTIMHUX TIPOEKTIB JIOKOPIHHOI mepeOyAOBM TEXHOJOTi - TPOEKTIB TEXHIYHOTO
nepeo30poeHHs. ABTOMATH3alLlll0 B JaHUW yac HalyacTille po3MIAJalTh SK 3aCTOCYBaHHS
TEeXHIYHUX 3ac00iB, METOJIB 1 CHUCTEM YIPaBIiHHS, SKi 3BUIBHSIIOTH JIIOJUHY YacTKOBO abo
MOBHICTIO BiA Oe3mocepeqHboi y4yacTi B Ipoliecax OTPUMaHHS, NEPEeTBOPEHHA, Iepenayi i
BUKOPUCTaHHA €Heprii, Marepiaiis i iHpopmarii.

TakuM dYHHOM, pPO3BUTOK MAIIMHOOYIIBHOTO BHUPOOHHWIITBA HEPO3PHBHO IIOB'SI3aHO 3
MPOIIeCaMy OHOBJICHHS TMTAPKY TEXHOJIOTIYHUX MAIIHH, 1110 320€3MeYyI0Th BUTOTOBJICHHS MPOIYKIIil.
Ile Oe3mocepenHbO CTOCYETHCS METaI000pOoOHOTO OO0JIaJHAHHS MEXaHOCKIAJalbHUX LeXiB. Bix
TEXHOJIOTIYHUX MOJKJIMBOCTEH TaKOTO OOJaTHAHHS 3aJIe)KaTh OCHOBHI MOKAa3HUKH €(PEKTHBHOCTI
MaIMHOOYIBHOTO BUPOOHUITBA. ToMy momyk pimeHb B 00JacTi CTBOPEHHS TEXHOJIOTIYHUX
MaIITKH, 1[0 MAOTh MiBUIIEHY TOYHICTb 1 BUCOKI IMHAMIYHI MIOKa3HUKH TIOPSA 3 1X MaJIOI0 METaJIo-
Ta €HEPrOEMHICTIO MPH BUCOKIHM MPOJYKTUBHOCTI € aKTyaJIbHOIO MPOOIEMOIO.

V 3B'3Ky 3 BUKJIaJIEHUM IIpPE/ICTaBIIsie OCOOIMBHI 1HTEpEC rpyna MEXaH13MiB, 3aCHOBAaHUX Ha
NPUHIUNAX MapajeabHOi KIHEMAaTHKU 1 MOXIIMBOCTI iX BHUKOPHUCTaHHS JUIsl BUPILICHHS 3aBAaHb
MOB'AI3aHUX 13 3a3HAYEHOI0 TTPOOIEMOIO.

MexaHi3Mu napajnenbHOi CTPYKTYPHU BIIPI3ZHAIOTHCS THM, 1110 YTBOPIOIOTh KIHEMATHUHY IPYIy
CTPUXHIB 3MIHHOI (perysiboBaHOl) NOBXHWHHU, 3'€JHAHMX 3a JONOMOIOI0 LIAPHIPIB 1 (HOPMYIOTh
CHCTEMY CTIHKHMX TPUKYTHUX €JIE€MEHTIB KOHCTPYKII BHKOHAaBYMX MEXaHI3MIB TEXHOJOTIYHUX
MaIlH.

[ToOynoBa KOOpAMHATHOI CHCTEMHU MEXaHi3MiB 3 MapajelibHOI0 KIHEMATHKOK JUIsS peami3arii
CKJIQJHUX IPOCTOPOBUX IMEPEMIllleHb 3 MIJBULIICHUMH TOYHOCHMMHM 1 JIUHAMIYHUMHU
XapaKTepUCTHUKaMHU BUMAarae MpoBEIEHHS TUHAMIYHOIO aHaji3y BUKOHABYOI JIAHKM CHCTEMH, Mij
SIKUMH PO3YMIETHCSI BUKOHABUMI MEXaHI3M IMapalieIbHOI KIHEMAaTHKH, 110 3/1HCHIOE TEXHOJIOT14HI
omepauii mnepeMimieHHs, 0oO0poOku abo BuMiplOBaHHSA. B mpoleci IUHAMIYHOTO —aHami3y
BHKOHABYOTO MEXaHI3My B KOOPJIMHATHOI CHCTEMH TIEPEMIIIIEHb BUPINIYIOTHCS 3aBIaHHS PO3POOKH
1 Ge3nmocepeHbO peanizallii MaTeMaTUYHOI MOJIeNI, sKa ONUCYe TUHAMIYHHM CTaH 1 MOBEHIHKY
MEXaHI3My B pyci 1 piBHOBa3l MpH HASIBHOCTI 30BHINIHIX CHJIOBUX BIUMBIB. Ha 0a3i moOymoBaHoi
JMHAMIYHOT MOJIeJli BUKOHABYOTO MEXaHI3My BHUPILIYIOTHCS MpsiMa 1 3BOPOTHA 33734l AUHAMIKU B
CEepEeIOBUILII MOJICIIOBAHHS - IPOBOJUTHCS CUMYJIALIS pOOOTH TMHAMIYHOI MOJET JIsl KOHKPETHUX
BUIAJKIB BIANpAIfOBaHHS BUKOHAaBYMM MEXaHI3MOM 3aJlaHuX TmepemimeHb. Ha miacrasi
pe3yNbTaTiB, OTPUMAHUX M1 Yac MPOBEIEHHS TUHAMIYHOIO aHaji3y, IpUHMaIOThCs PILICHHS MO0
YIpaBJIiHHS JIBUTYHAMHM MNPUBOMAIB PYXOMHX INTAaHT B KOOPJIUHATHOI CHUCTEMH IEPEMILEHb Yy
BUIJISI/II BUXIIHUX XapaKTEPUCTHK 3MIHHM 00€pTalodMX MOMEHTIB, IIBHMJIKOCTEH, MPHUCKOPEHD,
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MKOBUX HAaBaHTAKEHb, HEOOXIMHMX JUIA peaizailii 3allaHOro 3aKOHY pyXy BHUKOHABYOTO
MexaHi3My. TakuM 4MHOM, AMHAMiYHA MOJEIh BUKOPHCTOBYETHCS JJIsl HACTPOWKH 1 Bepuikarii
perysTopa CHCTEMH YIPABIIHHS, OCKUJIBKM BpPaxoOBY€ OJHOYACHO 1 JAWHAMIYHI, 1 KiHEMaTH4HI
0COOJIMBOCTI BUKOHABYOTO MEXaHI3MY.

Y mopiBHSAHHI 3 YHOPaBIiHHAM 3BUYAMHUMHU TEXHOJIOTIYHUMH MAaIlIMHAMHM, YIPABIIHHSI
TEXHOJOTIYHUM OOJIaJIHAHHAM Ha 0a3l MEXaHi3MiB 3 MapaliebHOK CTPYKTYpPOIO € B 0ararbox
acrmeKTax HEempoCTHM 3aBAaHHAM. lle moB's3aHO 3 OUIBII CKIAAHOIO CTPYKTYpOrO 1 (hopMoio
poboyoi 30HM Takiii MammHU. Po3poOka yHIBEpCaIbHOTO aNrOpUTMYy € Ha JaHUH MOMEHT
aKTyaJlbHUM 3aBJaHHAM. HalOuibll mepcrneKTUBHUM BapiaHTOM B LbOMY HaIpsIMKy € po3poOka
CHCTEMH YIPaBIIiHHS, sIKA 3[]aTHA aJanTyBaTUCS 0 HOBHX ITOCTABJICHUX 3aBAaHb 1 HaBYATHUCS HA
Hux. HalOiapIm JOMUIBHAM € CTBOPEHHS Takoi CHCTeMH Ha 0a3l NPUHIUIIB TOOYIOBH
HelipomepexkHiii obuncmoBanbHOI atdopmu. Taka miuaTdopma peanizoBaHa 3 BUKOPHCTAHHIM
KAacKaJIHUX CTPYKTYp, 11O 37aTHA aJanTyBaTHCsS OO MOCTIMHO 3MIHHHUX YMOB ICHYBaHHS CHUCTEMH
YIpaBJIiHHSA TEXHOJIOTIYHUMHU MallMHAMHM 3 MeXaHi3MamMu mapanenbHoi crpykrypu. Coin
MIIKPECIUTH, III0 B HACIIKY MOOY/IOBH TaKOi CHCTEMHM YIPABIIIHHS CYTTEBO 3MIHIOETHCS IMIAX1 0
MOCTAHOBKH 3aJadi ONTHMi3alii pyXy BHKOHABYOTO OpraHy TaKoi MallMHH, a came, IJIbOBOIO
(GYHKIEIO POTIOHYETHCS MPUNHATH CYyMy MEepeMIleHb BCIX €JIEMEHTIB MEXaHi3My 3 HapanelbHO0
CTPYKTYpOIO TMpH OOMEKEHHSIX II0JI0 BUKOHAHHS pPOOOYHMX MEPEeMIlICHb TEXHOJIOTIYHO
THCTPYMEHTY.

B mpomy Hampsimky mpamroe [IpobrnemHa mabGoparopiss MOOUTBPHHX 1HTEICKTYaIbHHX
texHonoriyanx MammH (MITM), mo ctBopena Ha kadenpi «TexHonorii MammMHOOYAyBaHHS
JloH6ackKo1 JIep)KaBHOI MAaIIMHOOYMIBHOI akaJeMmil 1 sSika € MpOrpecuBHOI0 (HOPMOIO CHiBIpaIli
HAHY i Bumoro HaB4ansHoro 3akiaay. OCHOBHI HampsAKH Ta 3aBaaHHs podotu MITM:

-TeOpeTiuHe OOTPYHTYBAaHHS MHOXHH CTPYKTYPHHX, BUKOHABUMX 1 KEpPYIOUMX BY3IIB
MOOLUTBEHUX 1HTEJEKTyaIbHUX TeXHONOT1YHUX MamuH (MITM)

-po3po0Ka TEXHIYHMX 3aBJaHb Ha MPOCKTYBaHHS Oa3HPYIOUIMX, IO TMO3HULIOHYIOTH 1
BUKOHaBUMX cuctem MITM;

-po3po0Ka MepCIeKTUBHUX TEXHOJIOTIYHHX MPOIIECiB 13 3acTocyBanHsM MITM;

-[IPOEKTYBAHHs BY3J1iB BUKOHABUUX MexaHi3MiB MITM;

-po3po0Ka aNropuTMIB IHTEIEKTYaIbHOTO YIPaBIiHHA By3inaMu 1 MmexaHizsMamu MITM;

-IIPOEKTYBaHHs Kepyrounx cucreM MITM.

-IPOEKTYBAHHS CUCTEM TEXHOJIOTTYHUX 1HCTpYMeHTiB MITM.

-CTBOPEHHS JIOCHITHUX 3pa3kiB eneMeHTiB MITM (BUTOTOBICHHS, KOMIUICKTAIIA,
CKJIaJJaHHS, HAJIarOJKEHH).

-BUNPOOYBaHHS 10CHIIHUX 3pa3kiB MITM.

-IOCITIKeHHS pUHKY crioxkuBadiB MITM.

-OpraHi3aiiisi 1 CympoBiJl BUTOTOBJICHHSI MPOMUCIOBHX 3pa3kiB MITM.

-3a0e31e4eHHs peKIaMHO-BUCTABKOBOI JISUIBHOCTI.

-BEJICHHS HAYKOBOI'O pPO3JALTYy HNPO(UILHOTO MEpIoJUYHOr0 BUIAHHS (KypHAIy),
npucssgueHoro MITM.

-[IPOBEJICHHS TEMAaTHYHUX CEMiHapiB 1 KOH(pEPEHIi} 32 TEeMaTHUKOIO TeOpii, CTBOPEHHS Ta
excrutyaranii MITM.

-po3po0Ka TEXHOJOTIYHMX IPOLIECIB BUTOTOBJIEHHS Ta PEMOHTY BHUpPOOIB B yMOBax
3actocyBaHHs cucteM MITM

-KaJ[pOBHI CYIPOBiI CTBOPEHHS, BIIPOBAKEHHS Ta eKcruryaramii MITM.

Po3pobka 1 AOCHiPKeHHS TEXHOJOTIYHMUX MAIIMH Ha OCHOBI MEXaHI3MiB MapajieiabHOi
CTPYKTYpPHU € BXXJIMBHUM KPOKOM B HAIPSIMKY BJOCKOHAJICHHSI CYy9aCHOTO MaIlIMHOOYTyBaHHS, TaK
K Take OOJaJHaHHSA MO03BOJIAE JOCITTH BHCOKMX MOKAa3HHUKIB MPOJYKTHMBHOCTI Ta THYYKOCTI
BHPOOHUIITBA 32 PaXyHOK OCOOJIMBOCTEN CBOET CTPYKTYPH.
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IJEHTU®IKALIA OB’EKTIB JOCJIIIKEHDb 3 BUKOPUCTAHHAM
CUTHATYP iX 306PA’KEHb

B pobomi 3anpononosanuii cnocid 0bpobku 300pasicents 01 NOOAIbULO20 PO3NIZHABAHHA 00'€Kmis pasiuy-
HUX CMPYKmMYp HA OCHO8I 300padicensb (homozpadhii). Lleti memoo 00380a5€ 3poOumu iHBAPIAHMHUMYU HEBPAXOBAHI
Gaxmopu, ki modxcyms enaunymu Ha Akicms omoepagii. Ak 00'ekm docnidcenns sucmynaome 3pasku waugdos
cmaneu nicia mepmiunoi 06podxu. Hac sumpumku i yMo8u 0X0N00#ceHHs i0enmuyni 01s 6cix eunaokis. Qbpobka
306pasicenb nepedbauac ix nonepeoHe NONNUIEHHA, d came 8UOANIeHHA WYMI6 | GUCIABTIAHHA A8MOYPOSHeEl, Noodablue
nepemeopents 8 Yu@posuii MAcU8 OAHUX, OMPUMAHHA 2ICMOSPAMU 300PANCEHHA 3 NOOANbUWUM BUOLIEHHAM Oinbld
ingopmamuenoio uwacmunu cuenamypu. Illepemeopenns 0Oeznepepsnozo cucHany (300padcenus) 6 cucHamypy 3d
00nomo2010 Ouckpemusayii i keanmysanHs euxonano 6 cucmemi MatLab 6.1 i 0osgonuno suxmouumu cyb'ekmueHi
Gaxmopu 6i3yanbHO20 aAHANI3Y | KIACUYHUX MemOOI8 PO3PAXYHKY CnigiOHOuleHHss cmpykmyp 6 memani. Kinvxkicmo
inmepeanie nputimacmocs pienum 10. Tecmose i naguanvre Oesniui popmyromscs 6 npoepami Microsoft Access Ha
OCHOBI OQHUX NPO 300PAdCeHHs, MepMIiuHOi 00poOKU, CKIA0 i CNi6BIOHOUWIeHHI cmpykmyp. 30inbenHs KilbKOCmi
iHmMepeanie Moice 0amu MOHCIUBICIG 8IOMEOPUMU NPOSHO306AHY CIPYKIYPY 8 AKOCHI 300paiCeHH .

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.

Komn'torepra 00poOka 1 po3mizHaBaHHS 00'€KTIB (0OIMYYS JIFOJUHU, JIIKAPCHKI POCIHHH,
3aco0u MepecyBaHHs) 3a IOIIOMOIOI0 MeXaHi3MiB (popMyBaHHS Ta BUBEIEHHS 300pakeHb 3HANIILIO
3aCTOCYBaHHA B 0aratbox cdepax AisIbHOCTI — Y NMPOMMCIOBOCTI, MEIUIMHI, MUCTENTB] (OLIHKa
JOCTOBIPHOCTI KapTWUH, KOHTPOJIb SKOCTI BUPOOIB, BUSBIEHHSA Ta CYNpPOBOJKEHHs 00'ekTiB). Lle
JI03BOJISI€ MIABUIIWTU PIBEHb aBTOMaTH3allli HA BUPOOHUIITBI, BUKIIOYUTH CYO'€KTHMBHI YMHHUKH
IIPU OLIHII HapameTpiB, 3MEHIIUTH PECYPCOMICTKICTh omnepauiil konTpoio. [1, 2, 3].V npakrturi
aHaJli3y 3pa3KiB CUTHAJIB, SIKUMH, 30KpeMa, € 300pa)KeHHsI BI3yaJIbHUX O0'€KTIB, HMPOBOJUTHCS
i1eHTUdIKaIisA PI3HUX XapaKTEPUCTHK 00'€KTIB, HAPHUKIIA[, MTPUHAIEKHICTh 10 TIEBHOTO KJacTepy.
ABTOpamu po6it [4, 5] 3anponoHOBaHi METOM BU3HAUCHHS BCIX PO3MIPIB 3pa3KiB M0 aKyCTUYHOMY
CUTHAJy, IKMH MpeJCTaBisie cOO0 aMILTITYAHO-YaCTOTHY XapaKTEPUCTUKY iX BIACHUX KOJIHMBAaHb
(uacToTHOMY crieKTpy abo curHarypi). TouHICTh Takoi AlarHOCTUKH po3MipiB nocsrae 0,1 mm. Taxi
K OL[IHKH KOOPANHAT KOH(Irypallii BAXKIJIbHUX MeXaHi3MiB [6].

3acTOCOBYIOUM TaKUM e MiAXiJ, CTAHOBUTH MPAKTHUUHUM iHTepec iAeHTUdiKalis 00'€KTiB
JUIsL BCTAHOBJIEHHSI B3a€MO3B'SI3KY MK MOTPIOHUMU (PI3UKO-MEXaHIYHUMH BJIACTUBOCTSIMHU CTajiel
Ta TEXHOJIOTIYHUMH MapaMeTpaMH PeXUMIB iX TepMiuHOi 00poOku. Taka mpouenypa BaxiauBa s
Oy/Ib-sIKMX 3arOTOBOK, HAMTPUKJIAJ, OTPUMAHHX 3a JIOMTOMOTOI0 0OpPOOKH THCKOM (X0JI01HE 00’ €MHE
[ITaMIIyBaHHS, IPECYBAaHHs, BOJIOYIHHS), Uepe3 CYTTEBUN BJIMB 3MIIIHEHHS METally Ha MiJBUIICHHS
eKCIUTyaTaI[ifHUX BIACTHUBOCTEH 1 JKUTTEBOTO IIUKITY BUPOOIB.

Metoro poboTu € JochiKeHHS 1H(POPMATHUBHOCTI YAaCTOTHHMX CIIEKTPIB J1arHOCTHYHUX
curHayiB 3o00paxeHHs (¢ororpadiif) mpu ineHTHdikamii 00’ekTiB. 3a 00’€KTH HOCHITKEHb
MPUAHATHA TPUKITAINA 3pa3KiB CTaJlel MICIsl TEPMOOOPOOKH 31 CTPYKTypamu (peputTy Ta mepiiTyHa
¢ororpadisx y BinTikax ciporo (tabum.1) [7].

BuxopuctanHas 300pakeHb BUMAarae mepeTBOpeHHs 0e3nepepBHOTO (aHAIOTOBOTO) CUTHATY
B uu¢poBuil macuB. lle BKIIOYae BHMKOHAHHsS JBOX IEPETBOPEHb — IUCKpETH3allis (3aMiHa
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peanpHOTO O€3mepepBHOrO 300pa)keHHST HAOOPOM BIUIIKIB B JUCKPETHI MOMEHTH 4dacy) 1
KBaHTYBaHHs (3aMiHa Oe3nepepBHOI Oe3:1i4i 3HAYEeHb SICKPABOCTI 0€3J11Y4I0 KBAHTOBAHUX 3HAUYECHB),
TOOTO, CTBOpEHHSI CUTHaTypu 300pakeHHs [8]. OmHak, KOXHE 300pa)KEHHS, OKpIiM KOPHCHOL
iHpopManii mpo CTPYKTYpH y CIUIaBax, HECe psiJ HEKOHTPOJIHOBAHUX IapaMeTpiB (LIYMH Bif
OCHOBHOTO HOCIsI 300pakeHHs (Iamip), yMOBU PIBHIO OCBITIICHHS, TapaMeTpiB KaMepH Ta CKaHepy),
BJIMB SIKMX TOTPiOHO BUKITIOUUTH.

Taomumsa 1

3pa3ku cTajnei mcis TepMidHOoT 0OpOOKH

O06pobka «Buaanenss uymy +
[ToctaBuTH aBTOPIBHI»

3pa3zox 300pakeHHs 3pa3ok 300pakeHHs

Marepia doto 6e3 00pobku [8]
by

1 2 4
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KoxnoMy 3 MikporutiiB BiiOBIAAIOTh CUTHATYPH 300paskeHb, 1110 MpeACcTaBiIeH] B Ta0.2.

Tabnums 2
[icrorpamu 300paxeHp 3 iHTepBasioM N=255

3pa3ok ['icrorpama 300pakeHHs 3pa3ok [Nicrorpama 300pakeHHs

1 2 3 4

gxm“ . . . . . gxm*
8 . sl _
7 . 7t _
6 . 6l _
5F B a1 4
11 | 4 o2-1 |4 ]
3 , 3l .
2 4 21 4
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3-1 4-1
L 1 .
0 50 100 150 200 250 0 50 100 150 200 250
5-1 6-1
L L 1 1 Il
0 50 100 160 200 250 0 50 100 150 200 250
%10’
9
8 -
? -
6 -
5 -
7-1

L L L
0 50 100 150 200 250

Jns BupimeHHs 3anadi iieHTU(IKalll cUrHaTyp 300pakKe€Hb 1 TEXHOJOTTYHHUX

TepMiuyHOT 00pOoOKM 3 (ha30BUMHU TEPETBOPEHHSIMU y CTPYKTYpl 3alpOTOHOBAHO
HelipomepexkHoro wmojemoBaHHs [9, 10]. CtBopeHHS HelpoMepexxHOi Mojen,
3aCTOCYBaHHSI ONTHUMAJbHUX OO0’€MIB HABYAlOUOi Ta TECTOBOI MHOXMWH, J03BOJISIE
3B’A30K MDK 300paXeHHSMHM 1 TEXHOJOTIYHUMH IapaMeTpaMu. Aje, 300pakeHHs MOTpedye
KUIBKICHIM OI[IHKU, IKUMU IPUUHSATH HU(POB1 MACUBU CUTHATYP PO3NOALTY MIKCENIB 300pakeHb.

[TeperBopeHHs 300pakeHHST B HUPpoBUN MacuB (pHC.l) BUKOHAHO Yy CEpEeIOBHILI HaKETy
npukiaagaux mporpam Matlab 6.1 [8] 3a nmomomororo KomaHAM 4YHTaHHA 300pakeHb [ =
ooooogcooooo. oam).

napameTpiB
IHCTPYMEHT
IpU  yYMOBI
BCTaHOBHUTHU
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i] 218 191 1&5 202 230 249 _:J
243 235 214 197 145 205 214 219 225 237 250 255
229 238 241 238 236 236 229 213 215 223 241 251
240 227 Zla 211 196 213 233 244 243 249 247 245
222 203 199 207 233 242 250 248 245 244 245 244
252 243 244 255 2419 254 255 247 240 240 243 245
211 219 238 253 249 255 255 255 251 252 255 255
248 251 245 252 250 249 248 41 238 241 250 255
240 247 250 233 2352 2351 248 43 240 243 250 233
243 249 255 233 230 249 248 241 238 240 248 251
254 253 255 250 255 255 254 250 248 249 253 255
255 250 255 251 255 254 251 248 2445 247 249 251
249 242 253 251 250 249 248 244 243 243 244 245
249 243 251 253 255 255 255 254 254 254 255 255
254 251 255 233 255 2353 251 230 251 251 251 251
255 251 253 233 253 235 255 233 253 255 255 233
239 254 255 255 251 253 253 251 251 253 253 251
239 249 253 253 254 255 255 254 254 255 255 254
255 238 255 249 251 254 254 251 251 254 254 251

Pucynok 1 — Pesynbprar komanan A=imread(‘image.jpg’)

Jis  TepeTBOPEHHSIBOrO MAacWBY 3 U0 TOOYJAOBM MPOTHO3HOI MOAEHi Ha
HelipoMepe:kHOMY 0a3uci, 3ampOINOHOBAHO BUKOPUCTAaHHSA KoMauau [ = [I[Th CIOC(0, 1) i
OTpUMaHHS HaWOUIbII 1HPOPMATHBHOI 32 YMOBOIO MIHIMyMYy IOKa3HUKa EHTPOIII TiCTOrpaMu
PO3MOJIITY MIKCENIB 3a SCKpaBiCTIO. BupillleHHs IIbOro 3alpolOHOBAHO Ha MiACTaBl MOKa3HHMKA
EHTPOIIii TicTOrpaMu, 10 BimoBigae 3pa3zkam Tadu. 1 3rigao gopmynam (1) i (2):

0o(0) ==Y - 0a(0) - log: oy
O0(0)

0o URF @

0

ne [11([]) — moKa3HUK eHTPOIIiT pO3MO/iIy MiKCeTiB 300pakeHb 3pa3KiB 3a ACKPaBiCTIO;
[1:([1) — BiporigHicTh i-0# CTyIEHI TiCTOrpamMM PO3MOMITY MKCETiB 300paXkeHb 3pasKiB 3a
SICKPaBICTIO;
N — KUIBKICTh CTYIIE€HIB FICTOrPaMU PO3MOILTY MIKCENiB 300paXeHb 3pa3KiB 3a ACKPaBICTIO.
[Ipuknan po3paxyHKy MOKa3HHKa EHTPONii y 3aJeKHOCTI BiJ KUIBKOCTI IHTEPBAJIIB
ricrorpamu npejcTaBieHuit Ha puc.2. J{is poro 3paska minimym [1_[11] ([7) 3HaxoguTmes mis n=4.

0_00(D),

0,8
07 P
v |

0,5

0,4

0,3

02

01
0 n
0 10 20 30 40 50 . . . .
Pucynox 2 — Ilpuknan po3paxyHKy TIOKa3HHKa EHTPOMNIl Y 3aJIEKHOCTI BiJ] KiTBKOCTI
IHTEpBaJIiB riCTOrpaMu

[To6ynoBy Mmojmeni Ha HeWMpoMepekHOMY O0a3uci BHUKOHAHO Y CEPENOBHINI MPOTPaMH
NeuroPro-0,25 3i 3actocyBannsM MicrosoftAccess ast hopMyBaHHS BXiIHUX Ta BUXITHUX JaHUX B
¢dopmati dbflll.. ITomepeanst rimore3a mpo 3B'SI30K MK IapamMeTpaMud TepMOOOpOOKH, Ta
300pa)kKeHHSIM 32 YMOBOIO TECTYBAaHHS MOJIENi B 3aJIe)KHOCTI BiJl Temreparypu TepMoodpoOku T Bif
810 mo 950 rpagycis (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 056597 249934 99298,7 137018 180279 218975 204719 166926 145523 267263 338943
840 0,52278 048381 180814 69508,5 837029 130075 146772 146609 137206 135697 304564 518721
850 0,60495 0,4187 6748,89 98521,8 96370,6 104127 977016 102721 106484 117221 340689 668168
860 0,65625 0,37605 4431,28 100902 95436,7 90204,5 742819 830544 0908157 105979 357516 754222
870 0,72219 0,32187 13420 59952,6 69223,7 75371 57562 750434 76989,8 88743,3 366806 872615
880 0,78779 0,2473 134465 32592,7 46624,2 538345 335185 539652 545585 666552 369678 985706
890 0,83989 0,18172 10617,3 165024 30622 34823,2 121389 329734 343212 484148 370956 1071884
900 0,86076 0,15746 10531,3 11579,2 25457,9 28559,5 483643 25916,5 281505 44059 374481 1100168
910 0,87522 0,141 110494 9325,23 226804 24957,7 685,184 21663,6 24973,7 430757 378876 1114830
920 0,88838 0,12587 120885 826553 20818,8 22317,9 -2110,86 18343,1 23059,3 441886 384765 1123140
930 0,80395 0,10749 14034,1 8056,45 19322,4 19922,8 -4143,19 15066,1 21926,2 479559 394023 1126797
940 0,93008 0,07573 18377,1 9056,61 17731,1 16910,5 -5641,96 104945 21617,5 57852,7 412926 1124011
950 1,01753 -0,0328 35278,1 15065,1 14242,8 8943,02 -6456,28 -2808,55 23949,6 98657,3 483442 1095592

Pucynok 3 — Pe3ynbpTaT TecTyBaHHS MOJAE1

[Ipn HaBuYaHHI Ta TECTyBaHHI MOJEII 3TIIHO CTPYKTYpPH MeTaja MpH PI3HINA Temmeparypi
HarpiBy, OJIHAKOBOTO Yacy BUTPHMKH Ta YMOB OXOJIOJDKCHHSI 3pPa3KiB, 3’SICOBAHO, IO 3HAYYIIOO
YaCTUHOIO CUTHATYpU € cboMui iHTepBal x7 (Bix 150 go 175 3a mikanoro siCKpaBOCTI MiKCeNiB) A
KOXHOI TicTorpaMu 300pakeHHst. BepOanpHuii ormyc MoJieni HaJJaHO HACTYITHUM YHHOM:

[Tonst 6a3b1 HaHHBIX (MCXOIHBIE CUMITTOMBI):
X7
[Tons 6a3bl faHHBIX (KOHEYHBIE CUHIPOMBI):
T
FER
PER
[Tpeno6pabdoTka BXxoaHbIX nojiel bJ1 mis mogaum cetu:
X7=(X7-222622,5)/207934,5
OyHKIIMOHATIBHBIE TPEOOPA30OBATEINH:
Curmonnal (A)=A/(0,1+|A|)
Cunzpomsl 1-ro ypoBHS:
Cungpom] 1=Curmonnal(-X7-0,831145)
Cunapom] 2=Curmomnmal( 0,7083917*X7-0,5290561 )
Cunmpom1 3=Curmonnal(-0,09805416*X7-0,09031732)
Cunnpom1 4=Curmonnal( -X7-0,3281852 )
Koneunbie cuHApOMBI:
T=0,6477412*Cunnpoml 1-
0,02727493*Cunapom] 2+Cunnpoml 3+0,1108914*Cunapoml 4+0,3907149
FER=0,5981711*Cungpoml 1-0,5452155*Cunnpoml 2-
0,6364346*Cunnpom] 3+0,3679996*Cunnpom] 4-0,1366974
PER=-
0,5966432*Cunnpom] 1+0,5446907*Cunapom! 2+0,6324409*Cunnpoml 3-
0,3680992*Cunnpoml 4+0,13597
[TocToO6paboTKa KOHEUHBIX CUHIPOMOB:
T=((T*140)+1760)/2)
FER=((FER*0,950000029057264)+0,990000028163195)/2)
PER=((PER*0,950000019744039)+1,01000001840293)/2)

Bupiniensst 380poTHOI 3a/1a4i 1070 MOKJIMBOCT1 BU3HAYATH CTPYKTYPY (pepuT 1 mepiiT)Big

3Ha4YeHb IHTEPBATY X7 CUTHATYpH 300pa’keHb MIKpOILTi(iB 103BOJISIE OTPUMATH EKCIEPTHY OLIHKY
nonepeaHboi TepMiuHOT 00pOOKH 3pa3KiB (puc.4)
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x7 T FER FER

50000 909,4111 0,835553 0,164439 12
100000 865,4633 0,663983 0,335815

150000 847,694 0,563227 0,43672

200000 832,7335 0416751 0,583354 1

250000 825,8956 0,39329 0,606913 /"
300000 820,945 0,37191 0,628358 08 A
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

550000 805,1197 -0,01543 1,015566

600000 803,5642 -0,01925 1,019409 0.4
650000 802,2171 -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 a \
900000 797,4636 -0,01953 1,019809

950000 796,7764 -0,01871 1,019006

1000000 796,1494 -0,01787 1,018177 -0,2

Pucynok 4 —Oriinka paHiiie BUKOHAHOT TEPMIYHOI 00OpoOKH 3pa3kiB Mo ckiany (epury Ta
NEPIITY Y 3JIEKHOCTI BiI3HAYCHb MapaMeTpa 300paxxeHHs X7

——FER

0,2

/
v,
\\

200000 400000 600000 E00000 1000000 1200000

BUCHOBKU

[linTBep/KEeHO, M0 CHUTHATYPH MIKCETiB 300pa)KeHb O30JI5I€ BCTAHOBIIOBATH 3B ’S30K 3
MOTIEPETHIMI  TEXHOJIOTIYHUMH TEPEeTBOPIOBaHHIMHU. Lle /103BOJsIE BHKOHYBAaTH EKCIIEPTU3Y
TEXHOJIOTIi, 3a SKOI TMPOBEACHO OOpOOKYy 3pas3kiB, a00 TPUCKOPUTH OTPHUMAHHS JTaHHUX
MeTanorpadiyHuX JOCHIPKeHb Ta MPUIIBHALINTH aHAi3 Marepially Ha CKJIaJd CTPYKTyp. Takum
YHHOM, Pe3yJbTaTH, 110 HAaBEACHI B pOOOTI, MATBEPKYIOTh TE3HC MPO 3HAYHY 1HPOPMATUBHICTD
YaCTOTHHUX CHEKTPIB AIarHOCTUYHUX CUTHANIB OyIb-sKOi mpupoau. ToMmy, pe3yabTaTH MaTUMYTh
MOJIANTBIIIE BIIPOBAPKEHHS B KOHTPOJIIOIOYMX CHCTEMAax 31 3BOPOTHUMHU 3B’ SI3KAMHU.
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YK 621.9.06-5

Koaaescokuii C.B., Cinok /1., M., [Tesimnenko O.0. (/Jonbacvra depoicasna mauunobyoiena
akaodemis, Yxpaina)

ONTUMIBAIIA MOJITYACTOTHOI BIFPAIINHOI OFPOBKHU KOPITYCHHUX
BUPOBIB

Bupiwysanocs 3a60anHs eKcnepumeHmanbHo20 0OIPYHMYSAHHS iOpayiiiHo2o 06po6KU KOPNYCHUX Oemainell
CKNIAOHOI KOH@hieypayii 3 Memow 3HUJICEHHs NIKOGUX 3HAYEeHb 3aMUWKOSUX Hanpydcenv. Taki Hanpyeu 3azeuuail
BUHUKAIOMb 6 Pe3yIbMami 6NIUGY MeMNEPaAmypHUX YUHHUKIG 6 MEXHOIOSIUHUX Npoyecax OMPUMAHHS 3a20MOGOK,
30KpeMa - 6 36apHUX KOPHYCHUX KOHCMPYKYiAX. Ale K NOKA3ye Npakmuxa eupoOHUYMEd, KOPNnycu 4acmo eUuxoosims
oparoganumu nicis mepmiunoi 06pobru. Cnocoby 3MeHUeHHA 3ATUUKOGUX HANPYIICEHb 8I0PAYIEN) NPUMAMAHHI NeGHi
HeOOliKU, 00 YUCIA AKUX MONCHA BIOHECU 3ANENHCHICMb eqheKmUSHOCmI CRocoby 6i0 mamepiany i popmu demai.

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.

IIpu anamizi ¢i3MKO-MEXaHIYHUX BIIACTMBOCTEH MaTepialliB MOKAa3aHO, M0 HAHOLIBIIO0
1H(QOPMATUBHICTIO BOJOAIIOTh iX (QyHAaMEHTanbHI BJacTUBOCTI. Jl0 TakuxX BIacTHBOCTEH
BITHOCUTHCS IPYKHICTH [1]. Bynp-skuii MaTepiaibHuil 00'€KT MOYKHA PO3TIIAIATH B JCSIKOMY MEXi
SK MPYXHY CHCTEMY, SIKIi BJIACTHBI LIJIKOM IE€BHI BUAM BJIACHUX KOJMBAaHb 3 LIJIKOM NEBHUMHU
nepiogamu [2,3]. PeanbHi nedOpMyrOTHCS Tijla BOJOIIIOTh HECKIHYCHHHM YHCIIOM CTYIICHIB
cB00O/M, BIAMOBIIHUX BCUISKUM Ae(OPMYETHCS CTaHIB (3TMHAIbHA, 3CYBHUMU, KPYTUIHHUM 1 1H.),
Tomy TakoX HECKIHYEHHO YMCIIO (OPM 1 YaCTOT iX BJIIACHMX KOJIMBaHb. B paMkax MEBHOTO THITY
KOJIUBaHb, KPIM OCHOBHOI, HM)KYOi PE30HAHCHOI YacTOTH, 3aBXIU MOYKHA BUALIUTH HECKIHUCHHE
YHCII0 BHIUX TApMOHIWHUX KoJuBaHb. OJHAK MPaKTUYHE 3HAYCHHS Mae oOMexeHe 4ncio (hopm
KOJIUBaHb 3 HIXKYOT Pe30HAHCHOIO YacTOTOIO.

HaGmmxene pimeHHs 3amadi Mpo BJIACHI KOJWMBAaHHS KPYIJIMX IUIACTUH Oylio JaHO B
MuHynomy ctoiitTi [3]. UucenbHuMHu MeTojamu 3a gornomororo EOM [5] Oynu oTpumani TOYHI
3HAYEHHS KOEPIIIEHTIB MPOMOPLIHHOCTI, SIKI TOB'A3YIOTh JIIHIMHOIO 3aJ€KHICTIO YacTOTY BIACHHUX
KOJIMBaHb KPYTJIOi IUIACTHHM 31 MIBUKICTIO MOMIMPEHHS MO3/I0BXHIX MPYKHUX XBUIIb.

Mozynbs HpyXHOCTI € MaTeMaTWYHMHA OIMHUC 3JaTHOCTI 00’€KTiB a00 PEYOBUH IMPYKHO
nepopMyBaTHCs MPHU J10AATKY 10 HUX cwid. Moayns npyxHocTi (Moayibs FOHra) xapakrepusye
OIlip MaTepiany pO3TATYBaHHIO / CTUCKY HpU MpPYXHOIO Jedopmarii, abo BIAaCTHUBICTh 00'€KTa
nedopMyBaTHCS y370BX OCI MPHU BIUIMBI CHJIM Y3J0BX II€l OCi 1 BU3HAYAETHCS SK BITHOIICHHS
Hanpy>KeHHsI 1O OJJOBKEHHS.

Iupoko Bigomi akycTuuHi npuctpoi [4,6,7] i BU3HAUCHHS MOYJISl TIPYXKHOCTI, 3aCHOBaHi
Ha BHMIpi pEe30HAHCHOI YaCTOTH KOJHMBaHb 3pa3KiB B PE3yJbTaTi BIUIMBY Ha 3pa30K aKyCTHUHHUX
XBUJIb 3 TIOCHIIOBHOIO 3MIHOKO iX YacTOT. 3pa30K BCTAaHOBJIIOIOTh MK JIBOMa I'€30€JIEMEHTAMH
(raTuuKoOM 1 mpuitMaueM) 1 TJIABHO MiJBUINYIOTh YacTOTY I'eHepaTropa aKyCTUYHMX XBHJIb J0 THX
mip, TOKU He Oyjie JOCSITHyTa pe30HAHCHA YacTOTa, Bi/IMOBIIHA BIACHUM KOJMBaHHIM 3pa3ka [4,7].
CurHan BiJ mpHilMaya crocTepiraloTb Ha ocuwiorpagi i1 MO0 MaKCUMyMYy IIbOI'O CHUTHATY
BHU3HAYalOTh PE30HAHCHY 4acToTy. OTpUMaHi pe3yabTaTH aHai3yIOTbCS HAa OCHOBI YSBIIEHb PO
¢b131MuHy IpUpOy BIUIMBY CKJIATy CIUIAaBIB 1 IX CTPYKTYPH Ha MOAYJb MPYXHOCTI. OHAaK B TAKOMY
IPUCTPOT BUKOPUCTOBYETHCS pYy4YHA IUJIaBHA PEryJIOBaHHS YacTOTH KOJHUBaHb, MNPHOIM3HE
BHU3HAUEHHS MaKCHUMyMy IO €KpaHy ociuiorpada, pydyHa oOpoOka pe3ysibTaTiB €KCHEPUMEHTY 1
3Ha4YHI BUTPATH Yacy Ha MPOBEACHHS €KCIIEPUMEHTY B IILIIOMY.

Binmomo Takox mpuCTpii A7 BUMIPIOBAHHS XapaKTEPUCTHUK IMPY)KHOCT1 MaTepianiB 3a
JOTIOMOTOI0 aKyCTHYHOTO BIUTUBY IIISIXOM BUMIPIOBaHHS PE30HAHCHUX YACTOT JOCIHIKYBaHUX
3pa3KiB, 3aCHOBaHMI Ha 3a0e3MedyeHHI HACTPOMKM Ha PE30HAHCHY YacTOTy IO MaKCUMyMY
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aMILTITYyIM 3MIHOIO TUThKHU (ha3u konuBaHb [6]. Lle mo3Bossie cipocTuT crnoci0, ane He BUKITIOYAE
TaKOK PyYHOT'0 HAJIAIITYBaHHS HA PE30HAHCHY YacTOTY 1 MOTPiOHI JOJaTKOBI TEXHIYHI 3ac00H, Taki
SIK CHCTEMa 3BOPOTHOTO 3B'A3KY 1 (hazoo0epTay.

Po3pobreni Ha ChOTOMHINIHIN JeHb MPWIATU Ta METOJUKH, 3aCHOBAHI HAa MEXaHIYHOMY
KOHTAKT1, JI03BOJISIFOTH 3/1MCHIOBAaTH BUMIPIOBaHHSA Monyiisi FOHra B JOCUTH BY3bKOMY Jliana3oHi
abcomoTHUX 3HauYeHb [8]. Lle MOB'A3aHO SK 3 KOHCTPYKTHBHHMH OCOOJMBOCTSIMH CTaHIAPTHHUX
30H/IIB, TaK 1 3 BITHOCHOIO M'AKICTIO MaTepialiB HAKOHEYHHKIB. Y TOH e 4yac JyIsl 00'€KTIB, y SIKUX
BHCOKA YOPCTKICTh € OCHOBHHMM IIOKa3HHKOM $IKOCTi, BHUMIPIOBAHHS 3a JOMOMOTOI0 HAasBHUX
npuwiagiB HeMoxJuBo. IIpobrmema Bu3HaueHHs Moaynst FOHra ocoOIHMBO TOCTpPO CTOITh MpH
JOCHIKeHHI OaraToa3HuX CTPYKTYp, KOJIM BHHUKAa€ HEOOXiAHICTb BUMIPIOBaHHS MPYKHOTO
MOAYJS OKPEeMHX CKJIAJOBHX, II0 BIJIPI3HAETHCS BiJA 3HAYCHHs, OJIEPKYBAHOTO IPH
MaKpOCKOMmiuyHUX BuMipax. B po6oTi [8] 3anpononoBanuii MeTOI BUMIPIOBAaHHS MPY>KHOT'O MOIYJIS
lOnra 3a p0momoror CKaHyr4oro 30HJI0BOro Mikpockomna «Hanockan». Meron m03Bosie
BUMipIOBaTH MOAylh FOHra Ha MacmTadl KiTbKOX COT HAHOMETPIB JUIS IIMPOKOTO Jiara3oHy
00'eKTiB, BKJIIOYAIOYM HAJATBEpIl Marepiaau. MeToa 3acHOBaHMM Ha BHUMIPIOBaHHI 3aJI€KHOCTI
9YaCcTOTH KOJHMBAaHb 30HJIA, IO 3HAXOIUTHCA B KOHTAKTI 3 MOBEPXHEIO, BiJl BIPOBAKCHHS BICTPS
TOJIKM B TIOBEPXHIO MPU HAaBAaHTAKEHHI.

Bci icHyro4i MeToau BHU3HAUYEHHS MPYXHUX BIACTUBOCTEW MaTepialliB MOXKHA MOAUTUTH HA
cratuyHi 1 auHamiyHi [9]. CraTuyHi METOOM 3aCHOBaHI HA EKCIIEPUMEHTAILHOMY BH3HAYCHHI
3aJISKHOCTI MK HaBaHTaXEHHSAM 1 jaedopMarliiero 3paszka, HaNpUKIaJ] MNUIXOM PO3TATYBAaHHS Ha
po3puBHOi MaimuHi. TakoX iCHYIOTh METOJIM BH3HAUYEHHS MPY)KHHUX BJIACTUBOCTEH, 3aCHOBaHI Ha
HAHOIHACHTYBaHHS. JIMHAMi4HI METOIM MOKHA TIOJUIUTH HAa TPAHCMICIHHO-XBUJIHOBI 1 pe30HAHCHI.
TpancMiciiiHO-XBUJILOBI METOJM 3aCHOBAaHI Ha BUMIpi IIBHJKOCTI MOMIMPEHHS MPYKHUX XBWIb B
3pasKy, sKa € QYHKIIE€0 TPYKHUX BIACTUBOCTEH 1 NIUIBHOCTI MaTepiay, a B 3arallLHOMY BHUITQJIKY
TaKOX YaCTOTH XBWJII (JIUCIIEPCis) 1 TEOMETPUYHUX MapaMeTpiB 3pa3ka (reoMeTpudHa JUCTIEPCis).
Po3pi3HAIOTH IMITYJIBCHI pEe30HAHCHI METOAM 1 PE30HAHCHI METOAM 3 Oe3MepepBHUM 30YIKCHHSM.
Pe3onaHcHI IMITyIbCHI METOAM 3aCHOBaHI Ha 30Yy/DKEHHI KOJIMBaHb 3pa3Ka 3a JIOMOMOTOIO
KOPOTKOYacCHOTO (IMITyJIbCHOTO) BIUIMBY, IO MAa€ INIHPOKOCMYTOBHH aMIUTITYJHO-4aCTOTHUH
CHEKTp, 1 peecTpalii BIATYKY 3pa3ka. OOUHUCIIEHHS CHIEKTpY BIATYKY 3pa3Ka J03BOJISE
1IeHTU(]IKYBaTH PE30HAHCHI YacTOTH HOro KonuBaHb. Lli 4acToTH 3anexarh BiJ T€OMETPUUYHHX
po3MipiB 1 ¢GopMH 3pa3ka, TPAaHUYHUX YMOB, a TAKOX IIUIBHOCTI 1 MPYXHHUX BJIACTHBOCTEH
Matepiany. Sk mpaBuiIO, BUKOPUCTOBYIOTHCS TPaHMYHI YMOBH, OJM3bK1 JO BUIBHHX, 1 B 3B'A3KY 3
IIUM ONTUMAaJbHUMHU € O€3KOHTaKkTHe 30y/UKeHHS 1 peecTpalis KOJNWBaHb, IO JO03BOJIAIOTH
BUKJIIOUWTH BIUIMB 30yJHMKa 1 MpHilMaua Ha KOJMBaHHS 3pa3ka. Pe3oHaHCHI MeToau 3
Oe3nepepBHUM 30Yy/)KEHHSIM 3acHOBaHI Ha 30y/UKEHHI KOJMBaHb 3pa3ka 3a JOIOMOTIOI0
0e3nepepBHOro BIUIMBY 3 IJIaBHO 3MIHHOIO YacTOTOIO 1 peecTparllii po3noAuly aMIUTITYA! KOJIUBaHb
10 MTOBEPXHI 3pa3Ka.

Ha ocHOBI 1IUX MipKyBaHb BHPIIIYBAJIOCS 3aBIAaHHS €KCIIEPUMEHTAILHOTO OOIPYHTYBaHHS
BiOpaiiifHoro oOpoOKM KOpPIYCHUX JeTajlell CKJIaJHOi KOH(Irypalii 3 METOI0 3HMKEHHS MIKOBUX
3HAa4eHb 3AJMLIKOBUX HAmpykKeHb. Taki Hampyrd 3a3BUYail BUHUKAIOTH B PE3YNbTaTl BIUIMBY
TeMIIepaTypHUX YNHHHKIB B TEXHOJIOTIYHUX MPOIIECaX OTPHUMAHHS 3arOTOBOK, 30KpeMa - B 3BapHHUX
KOPITYCHUX KOHCTPYKLIAX. AJie SIK MOKa3zye MpaKkTUKa BHUPOOHUIITBA, KOPIYCH YacTO BUXOISATH
OpakoBaHUMHU Ticias TepMiuHOT 00poOKku. CrocoO0y 3MEHIIEHHS 3aJUIIKOBHX HAampyKeHb
BiOpalli€ro nmpuTaMaHHi NeBHI HEJOMIKY, /10 YHCTa IKUX MOYKHA BITHECTH 3aJIEKHICTh €()EKTUBHOCTI
cioco0y Bix Martepiany 1 ¢opmu ageram. Hampuxman, BiOpariss He BIUIMBaE Ha BEIMYHHY
3aJIMIIKOBUX HaIpyXeHb JEIKHX aJloMiHIEBUX cIuiaBiB. Halikpamii pe3yiabTaT BHUXOASTH Ha
CTaJISIX 3 BUCOKUM a00 HU3BKHMM BMICTOM BYTJICIIO, a TAKOK Ha HepKaBilouMx ctaisx. Hemomikwy,
MOB’s13aH1 3 TPOIECOM BiOpoCTaOUTI3AIIHHOI0 O0O0pOOKOI0 € Marepiall Ta CKJIAIHICTh 3BapHOI
KOHCTpYKIIi netami. Jlns ckmagHux JeTtaneid iHOMI AOIIIBHO 3aCTOCOBYBATH JIEKIIbKa TOYOK
BiOpamiifHoro BruMBY. Jlesiki MPOMMCIIOBI YCTaHOBKM HE3JaTHI MPOBOAWUTH BiOpocTabimi3aliiiHy
00poOKy y 3B’S3Ky 3 OOMEXKEHICTIO Jiama30Hy YaCTOTHHUX BIUTMBIB KOJIM JI€Talb, SIKa MiAJSATaE
00po0I11i Mae 3HaYHO BHUIII MOKA3HUKU PE30HAHCHUX YAacTOT Y MOPIBHSAHI 3 TUM, 110 MOXE BHJATH
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reHepaTop yCTaHOBKH. Pe3yinbraroM BiOpoCTaOuII3aIliiHOTO METONY BIUIMBY € ()YHKIIS BEIHMYUH
3MIHHUX Hamlpy>KeHb, CTBOPIOBAaHUX BiOpalli€lo, Ta XapaKTEPUCTUK MPYKHOIUIACTUYHHX
BJIACTMBOCTEH MeTaly MpU HMUKIIYHUX HABAaHTAXKEHHAX MPH 3HAXOJKEHHI Ta MPOBEEH] BIUIUBY Ha
PE30HAHCHHX YaCTOTaX CKJIAHO MPOQLIHLHOrO HaBaHTaXKEHOTO cTany nertani [10].

ExcriepyuMeHTanbHI JaHI MOKa3HUKIB BJIACHUX PE30HAHCHUX YacTOT OKPEMHUX YacTHH
eKCIIEpUMEHTAIBHOTO 3pa3Ka 3BapHOTO KOPIYCY, OTPUMAHUX BiJl BCTAHOBJIEHMX HAa HUX JaTYHMKIB
Ha OCHOBI IT’€30€JIEMEHTIB, MoKa3aiau, o Ha 30-35 XB. BiIOyBa€eThCs 3HWKEHHS HANpyXeHb 1T0
pony, a Ha 70 - 85 XxB. BiZOyBalOThCS 3HIKEHHS 3aJMIIKOBUX HAmpyKeHb 2ro i 3ro poay, 1o
XapaKTEePU3YEThCS CTAOLMI3aIlE€l0 BCEPEIMHI TUIa 3pa3ka, a camMe pyX BCEPEIMHI 3E€pHOBE Ta
KpHucTaiiuHoi peuriTku (puc.l).

I,
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11820
\ \ =—=UyaCcTHHa 1
11800
\ \ —UACTHHA 2
11780
\ HacTHHA 3
11760 \
11740 \/
11720 \V/ \v/
11700
0 20 40 60 80 100 MiH.

Pucynokx 1 — 3pa3ok ekcnepyMMEHTaJbHUX JAaHUX 3MEHIIEHHS PE30HAHCHUX YacToT 3-X
YaCTHH 3BAPHOTO KOPITYCY MPH MOJIIYacTOTHOI BiOpamniiHoi 00pooii

TakuM 4YWHOM, WIiABUINCHHS ©()EKTHBHOCTI TEXHOJIOTil BIOPOCTAOLII3yI040i 00pOOKH
3BapHUX KOHCTPYKLIN BiZIOYBa€ThCS MPU BUKOPUCTAHHI MOJIYACTOTHUX PEXHUMIB JMHAMIYHOTO
HaBaHTaXEHHS, 1110 I03BOJISIE ICTOTHO ITOJIMNIIATHU 11 TEXHOJIOTIYHI Ta EKOHOMIYHI ITOKa3HUKH.
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NEURAL NETWORKS TO OPTIMIZE THE PRODUCT LIFECYCLE FOR ENERGY
CRITERION

B cmamve npedcmasnenvt mexnonocuyeckue npuHyunvl onepayuil 0opabomku Oemaneil ¢ NO3UYUL
JrcusHenHozo  yukia.  Ilpeonacaemcs — unmezpanvHulii  Kpumepuu — ONMUMATLHOCMY,  NPEOyCMAmMpuearouull
IHepeemu4ecKyro cocmasiiaiowyro IHCUSHEHHO2O0 YUKIIA. HOKCZ3CZHO, umo HeﬁpOHHble cemu  A6AAI0mcia  Xopoutum
UHCMPYMEHMOM UCCAe008AHUSL PAZTUYHBIX PEHCUMOB U YCA08UL (DYHKYUOHUPOBAHUSA 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, X2, X3, ... Xn) 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).

| @:Kl( 1W+K2(17)+ K3(9H)+ K4(P)+ ”'+Kn(Yn)—||
L\ !

where @ — the overall efficiency; K{é} — component of the efficiency cost; «,(17) —
)

component of efficiency performance; K3(3H ) — component of the Operational Safety efficiency;

x, (P) — component of the efficiency on the market attractiveness; x1, k2, k3, K4...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

Ilpeocmaenen ananu3 ocobeHHocmel YNpasieHuss MOYHOCMbIO 0OpabOMKU HA CMAHKAX C NAPALENbHOU
KUHEMAMUKOU C YUCTIOBbIM NPOSPAMMHBIM Yynpasnenuem. [lokazana eosmoocnocms npumenenus cemei Xongunoa ona
Mamemamuyeckolu Mooenu KOMHEHCAYUU HNOZPEeUtHOCMU MeXHOI02U4eckou cucmemvl. Paccmompenst nooxoowl x
NpOEeKMupOBaHUIO HEUPOHHBIX YUNOE OJiA YHPASAAIOUWUX CUCTHEM.

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
nporuoctuyeckux 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.
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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 cnpsimosana Ha nowyKk epexmueHux HANPIMKI6 600CKOHANEHHS HEPYUHIBHO20 KOHMpPOMO Oemarell
o0bepmosux min. [ocriodcysanutl U8 aKyCmMu4HUX KOAUBAHb 30IUCHIOEMbCS HA GusigieHHs degexmis. Pospobiena
MemoO0N02isl eKCNEPUMEHMANbHUX 00CAIONCeHb MA NPOGEOCHUX EeKCHEePUMEHMAIbHUX OO0CHIONCEeHb NPUSHAYEHA OISt
suseieHts Oeghekmie 3a 00NOMO2010 Koepiyichma NIOCUNEHHS, WO XAPAKMeEPU3yEMbCs HEPYUHIBHUM MemOoOOM
Koumpomo. Pospobneni mamemamuuni mooeni 0na usHauenus: Koegiyienma nioCunieHHs 4acmomu 3 Memoio NOULYKy
8i0xuUNIeHb 8i0 3a0AHUX NOKAZHUKIE Oemael.

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
quantitative 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;

82



- 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
quantity 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 0arnoi pobomu € pozpobka memody o6poOKu amniimyou eiopayii 6 HAHOMemposoMy OianasoHi i3
sacmocysanusim [IAP, wo mooice 3abesneuumu 6UCOKy MOYHICIb PO3MIPIE, HeOOXiOHe 30LIbuleHHsT MIKpOmMeepOoCmi
PoboUUX NOGEPXOHL Oemaell MAuUH Md 3MEHULeHHS eHep2eMUYHUX BUMPAM.

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.
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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 awnanizy ocooaugocmeil Gopmyeanus QIisuuH020 GUXOBAHHA CMYOEHmMA 8
OpIEHMOBAHOMY HA CMYOeHma nioxo0i 00 MexXHOI02iU SUKIAOAHHA GUKIAOEHO OCHOBHUL 3MICI CY4ACHOI napaouemu
@i3uuno20 8UX08AHHS 8 KOHMEKCMI HABYATLHO20 NPOYECY Y BUWIN WIKOI.

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 sofiware 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.

Hosooicenns 3 gioxooamu 6 Cepbii 6azyemvcsi na 38anuwi. Koowcne micye, 0e ymunizyromocsi nobymosi
8i0x00U, s18/15€ C000I0 Biopeakmop, KUl ymeoproe 2azu ma Gitempamu. 3nuenutl 2as, saxutl, no cymi, € memanom (50-
55%) ma CO2 (40-45%) sk eazu mennuyi, mMac 8eIUKUl eKOIOSIYHUU GNIAUS, AKUL MONCEe 3MEHWUMU 3d DAXYHOK
BUKOPUCMAHHS 36AIULHO20 2A3Y HA KO2eHepayitlHux ycmanoskax. Lleil OoKymenm npedcmasisie icHyroue no8o0NCeHH s
3 HOOYMOBUMU 8I0X00aMU MA BU3HAYEHI KLIbKOCHI Ma CKIA0 KOMYHAIbHUX 8i0X00i6 Ha nouieoui ,, Kulagica Ada 'y m.
Kpaneso. Ha ochogi sumiprosans Kinbkocmi ma ckaady cmimmegozo 2asy Ha 10 6iomoprax Oyno 6cmaHo81eHO
3a008inbHUll 6i0COMOK Memany 6 506% i, omoice, MOJNCIUBICMb 1020 BUKOPUCMAHHA 8 KO2EHepayitiHux OBUSYHAX.
Bnposaodacyrouu naxem npoepam ,, Vkpaina LFG moo. vl "6 cepedosuwi Excel mu ompumanu noz2ooutne
supobHuymeo 6ioeasy 205 m3 / 200, a maxosc pekomenoayii wooo eubopy 6iOn0GiOHO20 Muny ma NOMYNCHOCHI
2a308UX KO2eHepayiliHux 08UYHIE.

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 CH4 (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, CH4 has 25 times the global warming potential compared to CO> [12]. Therefore,
the main attention is paid to the generation of CH4 and its subsequent disposal. The average CH4
emission into the atmosphere is estimated at about 34 million tons per year [11]. It has also been
found that CH4 emissions from municipal waste landfills contribute to the total global CH4 emission
of 3-19% [8]. The share of landfill CH4 in the total greenhouse gas emissions is 50%, and the
remaining half comes from other emissions of CH4, N20O and CO2 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
CHys 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 CH4 and
CO2 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 CH4 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
"Kulagic¢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 "Kulagica 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

91



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 CHs, CO, CO2, H2S, 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

tn | CHyq | CO2 | Op | bal. | CHy | pik | pik | min | bar | CO | HS | Hy | CH4CO2
% | CHs | CO; | O
% % % | % % % % % mb | ppm | ppm | ppm %

1 |158| 83 | 15 [60.9| 200 | 158 | 83 | 150 |1002| O 0 low 1.90
2 | 569|413|02| 00| 200 | 679 | 413 | 0.2 [1002| 1 0 low 1.45
3 | 570|444 |01| 00| 200 | 59.0 | 44.7 | 0.1 [1002| 1 0 low 1.28
4 575 | 441 0 00| 200 | 58.1 | 44.2 | 0.0 | 1002 0 0 low 1.30
5 |607|407| 0 | 0.0| 200 | 60.8 | 442 | 0.0 |1002| O 0 low 1.49
6 |594|415| 0 | 0.0| 200 | 60.6 | 41.8 | 0.0 |1002| O 0 low 1.43
7 0.4 55 17 | 77.1| 8 59.3 | 41.7 | 0.3 | 1003 0 0 low 0.07
8 01| 20 | 19 |780| 2 23 | 68 | 148 |1001| O 0 low 0.05
9 | 520|459 | 2,7 |45.0| 200 | 63.4 | 40.1 | 0.2 [1002| 1 0 low 1.70
10 | 577 397 O | 00| 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.

Ukraine Landfill Gas Model

&AA 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

PROJECTION OF LANDFILL GAS GENERATION AND RECOVERY INSTRUCTIONS:
Edit all items with yellow lettering followmg the instructions next to each it

INPUT WORKSHEET ions below describe input req
1 |Landfill name: <Ime deponije> 1. Enter landfill name. This will feed into the Output Table.
< 2. Enter city where the landfill is located. This will feed into the Output Tal

3. Select province from the dropdown menu. Click on arrow and select stat:
Provmre Serbia region.

4 |Site-specific waste composition data? 4. Select No if there is no data, Yes if there is data. If Yes, input site spec
5 |Year opened: 1971 5. Enter year landfill began receiving waste.

Annual disposal for latest year with data in tonnes per year (Mg/yr) 58,600 Mg 6. Enter the annual disposal rate for the most recent year with disposal rect
Wast | At abl I’ (Mg)? 8. Indicate whether data is available on metric tonnes of waste in place. S

Snmpaceema Salbie o ntacs (V) annual disposal data are available, enter figures for each year with data in [
9. Enter estimated amount of waste in place. Estimate should reflect the m
measure for mass (Mg) or volume (m3) will be automatically selected based
10. Enter estimated in-place density. Estimate should be between 0.5 and

Estimated in-place waste density in Mg per m? (typical range: 0.5-1.0): 0.65 Mg/m*~

If waste in place estimate is in volume (m3), convert to Mg: 2,096,400 Mg 11. This value is calculated automatically (no user inputs)

ear of waste in place estima 12. Enter year for waste in place estimate listed above.

Waste in place estimate for end of 2008 or most recent year: 2,096,400 Mg

Fig. 1. Landfill database worksheet

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

AA& 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 INSTRUCTIONS:

L : 2 Actual LFG Projected Baseline LFG Wasge Disposal Estimates: Input annual waste disposal rates in Column B below only for years '
[)ls.pusal Cumula.tlve Collection Recoutey LFG Herovery = based on - provided by user in "Inputs” worksheet.
Estimates Metric System (m3/hr at Recovery (ma/hrat
(Metric Tonnes Efficiency (m3/hr at tion Fhicicl - Collecti tem effci P d based HpoEs.
50% CH4) 50% CH4) Collection System Efficiency: sys is ased on user inputs.

Tonnes) 50% CH4)

year in Column D below.

Actual LFG Recovery: If a collection system is installed, input into Column E below the average
IN ZEROS.

38,000 T T T I
38, 400 151,200 —_-- Baseline LFG Recovery: Enter into Column F below the baseline LFG flows at 50% methane. Se¢
| E—V—

10,000 0%l

229,200 _‘_ﬂ Collection
—_‘_i Efficiency
% _ Calculations
Account for site management practices: 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
_—El_ﬂ Account for soil cover type and extent:  77%  Final cover = 90%; intermediate ¢
——_ﬂ—ﬂ 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 Ieachase: 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
gas.
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Ukraine Landfill Gas Model
AAA Release Date: September 2019

Methane to Markets Developed by SCS Engineers for the U.S. EPA Landfill Methane N7

Outreach Program, with local support from SEC Biomass

SITE-SPECIFIC AND DEFAULT WASTE COMPOSITION TABLE FOR MODEL INPUTS

Waste Cat Enter
AR EGOLY, Site Specific Data

Food Waste 37.6%

Paper and Cardboard 13.7%
4.8%

Rubber, Leather, Bones, Straw
Other Organics
Metals
Construction and Demolition Waste
5.4%
36.5%
10.29

Percent medium-fast decay organic waste (2 9.8%
68.1% 60.2%
39.8%

Fig. 3. Morphological composition of waste

The worksheets Output-Table Fig. 4 and Output-Graph Fig. 5 are worksheets with output
data.

Ukraine Landfill Gas Model

‘AA 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

PROJECTION OF LANDFILL GAS GENERATION AND RECOVERY
<Ime deponije>
<kraljevo>,Kulagica Ada

Collection Maximum Methane Emissions
LFG Generation Predicted LFG Recovern n
oo Isf;:fl Al : - £l LBFBGST:I:"":Z i
(Mg/yr) % Capacity™* -

M % 3 3/hr)
M9) - (MI/hr) (m*/h) (cfm) ) (Mw) {0

oI

1970 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
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 0
1982 42,000 514,800 277 163 5,224 0% 0 0 0 0.0 0 0 0
1983 42,400 557,200 292 172 5,502 0% 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 m3/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 mh 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 (€/year) production | (€/year)
€kw1 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 Kulagi¢a Ada in the amount of 205 m3h 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
kwWh, 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 CO2 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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BUKOPUCTAHHA HOCTIP'IHOFO“I SMIHHOI'O MATHITHHUX I1OJIIB B CTAHI
CYIIEPIIO3UIII JJUIA BIVIMBY HA OB'€EKT

Y cyvacnomy mawunobyodysanni saedanns opmysanus enacmugocmen mamepiaiy 20moeux demarneil i
CMBOPEeHHs HOBUX 3a AKICMIO NOBEPXOHL CIAE 6ce DinbuL akmyanbHoio. OOHUM i3 cnocobie 00CAZHEeHH MaKo20 egexmy
€ 06pobKa 6upobis 6 maznimuomy noai. Ocodau80cmi BUKOPUCIAHHA MASHIMHO20 NOJAL 3 NOCMIUHOI | 3MIHHOT
CKAA008UMY 8UBYEH] HeOOCMAmMHbO. VY cmammi po3enanymi 0esaxi 00CAI0HCeHHs N0 CIMBOPEHHIO | BUKOPUCMAHHIO
CninbHOI Oii NOCMITIHO20 | 3MIHHO20 MACHIMHUX NOJIE 8 PI3HUX 001ACMAX 3ACTNOCYB8AHHA.

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.

CrtBopeHHS (QYHKIIOHATBHUX POOOYMX MOBEPXOHb JETaje MallWH, SKi OyAyThb MaTu
MaKCUMaJIbHy CTIHKICTIO TpH MiHIMAIBHUX 3HAUYEHHSIX 3HOCY 1 BHYTPIIIHBOI Hampyra -
MEPCIIeKTUBHUI HANPSMOK PO3BUTKY MAIIMHOOYAYBaHHA 1 MeETalooOpoOKH, SKE€ BHUMAarae
CHEIIaIbHAX TEXHOJIOTIH.

Ha cporogHimHiii JeHb BiJIOMI Pi3HI METOAM 3MII[HEHHS ACTAJled 1 METaJopi3abHOTO
IHCTpyMEHTY, 30KpeMa, MarHiTHO-IMITyJbCcHa 00poOka wmeramiB. Bona Bce wacrime
BUKOPUCTOBYEThCS Ha BUPOOHUIITBAX, OCKUIBKU A€ MIUPOKI MOMKIMBOCTI AJIs MiABUIIECHHS SKOCTI
npoaykiii, mo Bumyckaetses [1]. TIpore, mpu BHCOKi 4acTOTi po3psiay IIIMOMHA MPOHUKHEHHS
MarHiTHOTO TOJIsI HEBEJNMKA 1 OOMEXYEThbCsS MOBEPXHEBHM IIIAPOM BHUPOOH, a MEPCHEKTUBHUM €
00'eMHe 3MiHA BIIACTUBOCTEH Marepiaiy.

Jlanuii epexT qocsraeTbes MpU MPUMIIICHHI JIeTall B MOCTIHHE MarHiTHE MMoJje 1 mepeaadyi i
BiOpalliif Manoi aMIUIITyId - B IbOMY BUIIAAKY BiIOYBaeThcsl 00'eMHa 00poOka. Criocid cTBOpEHHS
Takux BiOpallili BUMarae moJajibllIoro omnpaimroBaHHsA. OUiKyeThCs, IO PIIIEHHS I[HOTO 3aBIAAHHA
MOX€E JaTh BUKOPUCTaHHS MAarHiTHOTO TOJIS 3 CYMIIIEHHSIM BJIACTUBOCTEW: 3MIHHI KOJIMBaHHS
OyIdyTh BUKIMKATHUCA TMPEMEHHCS MAarHITHUM TOJeM, B TOM 4Yac SK Tio OyJae 3HaXOJUTHCS B
MIOCTIHOMY MarHiTHOMY IOJi.

MerToto 1aHOi poOOTH € BUBUEHHS OCOOIMBOCTEN CHIILHOIO BIUIMBY Ha 00'€KT MOCTIHHOTO 1
3MIHHOT'O MarHiTHUX TOJIB.

IcHye psin npukiaagiB BUKOPUCTaHHS KOMOIHIPOBAaHHTO MArHiTHOTO IIOJI, YTBOPEHOTO
CYNEpHO3HIli€r0 (HAKIaJeHHsIM) TOCTIMHOTO 1 3MIHHOTO MAarHiTHUX TOJIB, B PI3HUX O0OJAcCTIX
3actocyBaHHs. [lani HaBeeH1 AesKi 3 HUX.

Ha npuHImni HakiaJeHHs ABOX MarHiTHUX TOJIB - MarHiTHOTO TMOJIsI TOCTIHHOTO MAarHiTy i
3MIHHOI'O MAarHiTHOTO TOJS, 110 CTBOPIOETHCS KEPYIOUOI OOMOTKOIO (KOTYLIKOIO 30YyIKEHHS),
3acHOBaHa poOOTa MPUCTPO0 3axucHoro BinkmoueHHs (Y30), a came - 110 BiAKIIOYAE pene 3
noctiiiHuM MarHitoM (puc.l). Y30 ckiagaetbess 3 MIICYMOBYE TpaHodopmaropa cCTpymy,
YyTJIMBOTO BIJKIIOYAE pelie, MEXaHi3My BIJKIIOYEHHS 3 KOHTAKTHOIO CHCTEMOIO 1 JIaHIIOTH
KoHTpor0. Uepes BikHO TpaHChOpMaTopa CTpyMy MPOMYCKAIOTHCS BCl poO0OYl MPOBITHUKH. SKIIO
3a MicueMm yctaHoBku Y30 Oyne mHpoTikKaTHM CTpyM B 3eMiIi0 ab00 B 3aXMCHHUH MPOBIAHHK,
HaNpUKJIaI, B pa3i 3aMHUKaHHS Ha KOPIyC a00 BUMAJKOBOTO JOTHKY JIOAMHU IO CTPYMOBEIYYHX
YaCTUHU, BEKTOPHA CyMa CTPyMiB B POOOYMX MPOBIIHHUKAX, MPOMYIIEHUX UYepe3 TpaHcHOopMaTop
CTpyMy, Oyzne MaTH 3HAa4eHHs BiJIMIHHE BiJ HYJS, TO TOOTO 3'ABUTHCS AU(PEPEHUINHUN CTPyM.
HasiBHicTh nudepeHIiaibHOTO CTPYMY 3YMOBIIIOE TOSIBY €JIEKTPOPYILIMHOT CHJIM Yy BTOPHHHIN
oOMoOTII TpaHChopMaTOpa CTPyMYy, sIKa 3a JOMOMOTOK0 BIAKIIOYAE pelie MyCKae B XiJ MeXaHi3M
BIAKTFOYEHHS. TakuM YMHOM, BiZIOYBA€ThCS MBUJIKE BIKIFOUECHHS MOITKOKEHOT YaCTUHU MEPEKi.
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[Tpu BrtoueHnx KOHTaKkTax Y30 sKip pesie IPUTATHYTHH 10 spMY KOTYIIKH BHACIIIOK il
MAarHiTHOTO TOJIA MOCTIHHOrO MarHity. IIpoTuairoua cuia po3TArHyTOi NMPYKMHHU CIPSMOBAaHA Ha
BiATATYBaHHs sKops. Ilicims mosBu Ha Kepyroudoi oOMOTIII 4epe3 HasBHICTh JUQEPEHINAIIBHOTO
CTpyMy, €IEKTPOPYIIIHHOI CHIM BiIOYBA€ThCS HAKIAIEHHS IMOCTIHHOrO 1 3MIHHOTO MarHiTHOTO
TOJIIB.

Pucynok 1 — Pene 3 nocmitinum mazHimom

VY neBHHII MOMEHT HEraTUBHOTO HAIIBIEPIOAY 3MIHHOTO CTPYMY B KEpYIOYiil KOTYIIII HpU
MEPEeBUIICHH] BEIMYMHU IU(EPEHIIAIbHOTO CTPYMYy 3a3/ajerilb BCTAHOBJICHOTO 3HAYCHHS,
pe3yibTylo4a €Hepris MarHiTHOrO IOJIs BUSIBUTbCA MEHIIE HOTEHIIMHOI eHeprii MpyXWHH, L0
BHUKJINKA€ MHTTEBE BIIMATaHHS SKOPS, IO BIUIMBAE HA MEXaHI3M BUIBHOTO pO3YCIUICHHS, 1
PO3MUKaHHS KOHTAKTIB [2].

VY TeXHOJOTIYHUX 1 TPAHCIOPTHUX CHUCTEMAax pPI3HUX rajly3eid NMPOMHUCIOBOCTI 3HAXOMATh
nenani OUIbLTy BUKOPUCTAHHS MPUCTPOIO 3 Oe3mocepeHiM BIUTMBOM €JEKTPOMArHiTHOTO IMOJIs Ha
cunki (epomarHiTHi Matepianu [3]. 3 METOIO MONIMIIEHHS BIACTHBOCTEH (EPUTOBUX MarepiaiiB
IIMPOKO 3aCTOCOBYIOTHCSI €JIEKTPOMATHITHI MOJIS PI3HOI IMPOCTOPOBO-4acOBOI KOHPIryparii, ski
BIUIMBAIOTH Ha BUPiO B mporieci ioro ¢opmyBaHHs abo micis 3akiHueHHs (opMyBaHHs [4, 5, 6].

Komb6inoBani npuctpoi i Mmetoau GopmyBaHHS (PEpUTIB B EIEKTPOMATHITHUX MOJSAX TPETHOI
TPy 3 HAKIAJACHHSAM IIOCTIHHOTO 1 3MIHHOTO TIOJIB BHKOPHCTOBYIOTH KOJIHEAapHY i
OpPTOrOHAJILHOE HAKJIAJEHHS IOJiB. 3MiHHE eJEeKTPOMAarHiTHE I0JIe 3aCTOCOBYIOTh Ui CTPYCY
YaCTUHOK 1 MOBIJIOMJIEHHS iM OUIBIIOI CBOOOAM, a MOCTINHE MOJe - A CTBOPEHHS 3aJMIIKOBOT
HamarHiueHocti Bupo6u. Ilix BIIMBOM 3MIHHOTO MOJISi BCE YAaCTKU O0OpOOIIOBaHOI cyMill OepyTh
y4acTh y BpamaTelbHO-KOJMBATBHOMY pyCi, IO MPHU3BOJWTH CHCTEMY B O€3CTpYKTypHE abo
cnabocTpykTypHoe crad. Cymim HaOyBae BIACTUBICTb IJIMHHOCTI 1 100pe 3anoBHI0€e hopmy. Ilpu
MO/AJbIIOMY HAKJIaJE€HHS IMOCTIMHOIO MAarHIiTHOTO IIOJIsI BHUHHKAae HEOOXiJHa aHI30TpOMis
MarHiTHUX BJIaCTUBOCTEI BUPOOH.

JUis  oTpUMaHHS TEKCTypOBAaHMX 3pa3KiB TIeKCaroHaJbHUX (EpUTIiB 3 MiABULICHUMHU
3HAYeHHSMHU NOYaTKOBOi MarHiTHOi mnpoHukHocTi B JIoHHTY po3pobieni enekTpomarHiTHi
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IPUCTPOT 3 KPYroBMM OOEPTOBUM MAarHiTHHUM IOJIEM 1 3 OPTOTOHAJIBHUM HAaKIAJCHHSIM OChOBHUX
MOCTIHHUX MOJiB [7].

[Tpuctpiii, o reHepye KpyroBHil 0OepTaeTbCs KPOKOBHM IO, MICTHTh TPU HEPYXOMi
KOTYIIKH, PO3TAIIOBaHI Ha TPUIIPOMEHEBOIO (PEPOMATHITHOMY OCEp/i 1 MiAKIIOYCHHS A0 JKepena
MOCTIHHOT Hampyru 4Yepe3 OJIOK EJIEKTPUYHUX KIIOYiB, MPUUOMY OCI KOTYIIOK OpIEHTOBaHI B
HaNpsMKY, MEePICHINKYIIPHOMY OCI MPEeCyBaHHs 1 3MIlIeHI OJHA BiJHOCHO iHIIOI B MPOCTOpI Ha
120 rpanycis [ 8]. IIBuakicTs 00epTaHHS KPOKOBOTO TOJISI CTAHOBHUTH 1 ... 10 000pOTIiB B XBUIIUHY,
MakcHMaJbHa THAYKIS pe3ynapTyrodoro mnois nocsrae 0,3 Tn. [loyarkoBa MarHiTHa MPOHUKHICTH
PI3HUX THITIB Te€KCAroHAJLHUX (QEPHUTIB IPH 0OpOOIIi TAKKM ToJIeM 30UTbIyeThes B 1,5-2 pasu.

Jns  depomarHiTHUX MaTepiamiB 3aCTOCOBYIOTHCS MArHITHI METOAM KOHTPOJIIO, SIKi
3aCHOBaH1 Ha BUMIpI 1 aHai31 Pe3yJbTaTiB B3a€MO/Il €JIEKTPOMArHiTHOTO IOJIs 3 KOHTPOJIhOBAaHUM
o0'exToM. HamarHm4mBaloT JeTaji MOCTIMHUM, IMIYJbCHHM YHINOJSPHUM, 3MIHHHUM a0o0
KOMOIHOBaHMM MarHiTHUM nojeM. KoMGiHOBaHe HaMarHi4yBaHHS 3aCTOCOBYIOTh Y BUIAAKaX, KOJIU
opieHTanis neekTiB HeBigoMa abo Ma€ pi3Hi HANPSIMKH, 1 3IHCHIOIOTh OHOYACHUM BILJTHBOM JBOX
B3a€EMHO NEPICHIUKYIIPHUX MarHiTHUX TOJIIB (3a3BHYail OJTHOTO MOCTIHHOTO, a 1HIIIOTO 3MIHHOTO).
CuoBi JiHIT pe3ynbTYI04OT0 MOJIS B IIbOMY BHITAJKY, 3MIHIOIOUHCH 110 HAPY>KEHOCTI 1 HAIIPSIMKY,
3a O/IMH LIUMKJ HAMar"iuyyBaHHs OyAyTh HepeTHHATH Ae(eKTH Oyab-sKOro HanpsaMKy mia kyramu 90
rpaayciB 1 Omu3pkumu 10 HHX. KOHTpomb BHPOOIB INpH KOMOIHOBAaHOMY HaMarHidqyBaHHS
3MIIHCHIOIOTH TUILKU B J0JaHOMY Mose [9].

BinoMo HeBenuke 4yucio poOiT, NPUCBAYEHUX BHBUEHHIO BIUIMBY MAarHiTHOIO IOJS Ha
3aracaHHsl MEXaHIYHUX KOJIMBaHb B MAarHUTOMSTKUX MaTepianax. Byio mpoBeieHo IOCiiaKeHHs
BIUIMBY YaCTOTH 1 aMILTITYAX 3MIHHOTO 1 HAIPYXEHOCTI MOCTIMHOTO MarHiTHUX IOJIIB HA 3aracaHHs
yabTpa3ByKy B MarHiTomsarkoro cruiaBi 10CHO-BI (Tumy cenpact) B BUXIIHOMY JHMTOMY 1
OTOXOKCHHOM CTaHax MPH aMIUIITyJaX MeXaHIYHuX KommBaHb 10 10-4. Po3pobieHo meromuky
BUMIPIOBaHHS 3aracaHHs Y/IBTPa3BYKY B (depomMarHiTHUX Martepiajax MpU OJIHOYACHOMY
HaKJIaJeHHs SIK TMOCTIHHOro, Tak 1 3MIHHOrOo MarHiTHuUX mouiB. [locriliHe MarHiTHEe mose 3
HanpyseHicTio 10 1050 A / M He poOUTh ICTOTHOIO BIIMBY Ha BEJIMUYMHY 3aracaHHs YJIbTPa3BYKY,
a 3MiHHE Mar”iTHe moJjie 4JacToror g0 1350 I['m 3MeHIIye aMIuTiTyIHO-HE3aIeKHY CKJIaJI0BY
3aracaHHs. OTpHUMaHi pe3yJabTaTH OOTOBOPIOIOTHCS B paMKax ICHYIOUMX Teopil B3aemomii
MEXaHIYHUX KOJIMBaHb 3 €JIeMEHTaMU MarHiTOBNOPSIKOBaHUX CTpykTypu [10].

[ToemHaHHS BIUTMBIB MOCTIHHOTO 1 3MIHHOTO MAarHiTHUX IOJIIB 3HAWIIIO 3aCTOCYBAaHHA 1 B
MEANYHIA TEXHILI B SIKOCTI mpucTporo ais MarHitroreparii [11]. [Ipuctpiit BukoHaHuit y BUTIIAL
KOMITIAKTHOTO TEPEHOCHOTO MajorabapUTHOro MpHiaay i MICTHTh YOTHPU MOCTIMHHMX MAarsiry,
JDKepeno 1H(payepBOHOIO BUIIPOMIHIOBAHHS 1 JIBa €JIEKTPOMArHITY, SIKI MIJKIIOYEHI 1O MEepexi
3MIHHOT'O €JEKTPUYHOrO CTPyMY udepe3 OJOK MepeMHUKadiB peKUMOM POOOTH, MapajebHo 3 SKUM
MOXYTb OyTH mpueaHaHi aBa aiona. [IpuzHadeHO I JIKYBaJbHOIO JIOKAJIbHOIO BIUIMBY Ha
YaCTUHM Tija JIOAWHU 1H(pauepBOHUM BHUIIPOMIHIOBAaHHSIM Yy MO€JHAHHI 3 HU3bKOYAaCTOTHHUX
MOCTIMHMUM 1 3MIHHMM MarHiTHUMU TOJIIMH 13 33/IaHOI0 MPOCTOPOBOIO OpieHTaIli€ro. Brimus Ha
01000'€KTy TaKUM PE3yNbTYIOUHM (CXPEIIeHWM) MArHiTHUM TOJE€M MPU3BOJUTH O BUHUKHEHHS
EPC B nokanpHii yacTHHI TKaHUHU 01000'€KTY, 110 CTBOPIOE ONTUMAIbHI YMOBH Il BUHUKHEHHS
MarHiTOEJIEeKTPOTriApo/liHaMiuecKix e(eKTiB B TKAaHMHAX 1 CEpeJoBHIIAX 3  BHUCOKOIO
€JIEKTPONPOBIAHICTIO 1 B KIHIIEBOMY MIJICYMKY 3YMOBIIOIOTh IIJBUIICHHS O10JIOT1YHOI Ta
JKYBaJIbHOI €()EeKTUBHOCTI MPUCTPOIO.

[TpucTpiit 111 MarHiToTeparii MICTUTh JBa €JIEKTPOMArHiTy, KOK€H 3 SKUX BUKOHAHUH Y
BHUTJISIII JBOX KOTYIIOK IHIYKTHBHOCTI, PO3MIMIEHWX Ha ABOX [l-o0pa3HMX cepAeuHHKaX 3
TpacHC(OPMATOPHOU CTAJIM, MIAKIIOUEHHUX A0 JPKEpea 3MIHHOTO €JIEKTPUYHOTO CTPYMY, YOTHUPHU
MOCTIMHUX MAarHiTy 3 CHJIbHOIO 3aJHMIIKOBOIO 1HAYKII€0, 1H(pauepBOHUN BUIpoMiHIoBad. [lpu
[IOMY ITOCTI}HI MarHiTH pO3TalllOBaHI XPEeCTONOMIOHO, a KOTYIIKH 1HIyKTUBHOCTI €JI€KTPOMAarHiTiB
BCTAQHOBJIEHI B CEKTOpPaxX, YTBOPEHHUX CYMDKHUMHU IOCTIMHMMM MarHiTaMu, OPUYOMY KOTYIIKH
IHAYKTUBHOCTI KOXHOT'O €JeKTPOMArHITy BKJIIOYEHI MOCIiAOBHO-3YCTPIiYHO 1 KoxkeH Il-momiGHuii
CepJCYHUK PO3MIIEHUH MiJ TOCTPUM KYyTOM JO ONTHYHOI OcCi JKepena i1H(pauepBOHOTO
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BHUIPOMIHIOBAHHS, a CaMi EJIEKTPOMArHITH MiJKJIIOYEHI J0 JOKEpesia 3MIHHOTO EJIEKTPUYHOTO
CTpyMy.

BruiuB Ha 61000'€KTH B TIPHUCTPOI 3IHCHIOETHCS MOETHAHHAM HEOAHOPITHOTO MOCTIHHOTO
MAarHiTHOTO TIOJI 3 HEOJHOPIIHUM MAarHiTHHM II0JIEM HU3bKOi YacTOTH, IO CTBOPIOE MPU LBOMY
pe3yIbTYIOUMI  (acCHMETpHYHE) TIoje, IMOo€AHaHe 3 IH(PPAUYEepPBOHUM  BHIPOMIHIOBAHHSM.
HampykeHicTb pe3yJbTyI04oro moJs 3a BeIn4uHo Bignosigae e outbme 40 mTu (30 + 10 MmTin) y
(hikcoBaH1 JIOKAJIbHIN 30HI, CTBOPIOIOYH BUXPOBHUM OCBITY B 30HI CXpEIIyBaHHS TOJIIB 32 PaXyHOK
3mind Big 0 Bixg 3600 HampsMKU BEKTOpa pe3yJbTYIOUOr0 aCHMETPUYHOrO Mojs. Take moexHaHHS
JIBOX MAarHiTHUX IOJIiB (3MIHHOTO 1 IIOCTIHHOTO) B MO€AHAHHI 3 iH()pPAYECPBOHUM BUITPOMIHIOBAHHSIM
JI03BOJISIE CTBOPUTH ACHUMETPUYHHHA MPOCTOPOBO-YACOBOI T'PATIEHT PE3yIbTYIOYOIO MAarHiTHOTO
oJIsl, 3MIHHME B 4Yaci B JIOKaJIi30BaHOI YaCTUHH MPOCTOPY. PO3MIIIEHHsS] KOTYIIOK 1HAYKTHBHOCTI
nig roctpuM KyroMm (30°) mog0 ONTUYHOrO BHUIPOMIHIOBaYa 1 HASBHICTH IMOCTIMHUX MAarHiTiB
JI03BOJISIE CKOHIIGHTPYBAaTH MaKCHMMyM MAarHiTHOI €Heprii B OJHIW JIOKaJdbHIA 30H1 010J0T14HOT
TKaHUHHU.

[ToeqHaHHST €MEKTPOMArHiTIB, MOCTIHHUX MAarHiTiB 1 iH(QPaYepBOHOTO CBITIOBOTO MOTOKY,
10 YTBOPIOIOTh B CYNEPMO3HLIi CKIAJAHY CTPYKTYPY MAarHiTHOTO IIOJIS, TO3BOJISIE CTBOPHUTH Ha
po0ouiii MOBEPXHI MPUCTPOIO BUXPOBI OCBITH PE3YNbTYIOUMX 3MIHHOTO 1 MOCTIHHOTO MarHiTHUX
MOJIiB 3 00EPTaHHSIM 3a TOJMHHUKOBOIO a00 MPOTH FOJMHHUKOBOI CTPUIKM B TOYIII iX CXpELIyBaHHS.
[Ipuctpiit 3a0e3neyye MiABUIICHHS TEPANeBTHYHOI €(PEKTUBHOCTI 32 PAXyHOK JIOKali3allii BIUIUBY
Ha TKaHUHY 01000'€KTy B OJHIH 30Hi 1 OTpUMaHHS BUXPOBHUX YTBOPEHb B MOTPIOHOMY HAIPSIMKY iX
obepranns [11].

3 MeTOol HiABUIIEHHA e(QEKTUBHOCTI €JIEKTPOIYroBOi HAaIJaBKM 3acTOCOBYBAJIacs
peatizailis mpoiiecy HaIUIaBJIEHHS BaJIMKa 3 HOro KepoBaHOI KOH(ITrypalli€lo B paMKax OJHOYACHOI
Jii TIpy JYrOBOTO HAIUTABIICHHI JEKUTbKOX MarHiTHUX, T. E. KoMOiHOBaHWX MAarHiTHHUX TIOJIiB
(KMIT) [12]. KomM6iHarisi TpbOX MarHiTHUX MOJIB, IO AIFOTH OJHOYACHO Ha 3BAPIOBAIBHY JIYTY 1
piakuWii MeTanm 3BaprOBAIbHOI BAaHHU: AaKCIAIBHOTO MOCTIHHOTO; TMOIMEPEYHOTO IMITYJIBCHOTO
OJTHOTIOJISIPHOTO 1 aKCi1aJIbHOTO 3MIHHOTO BCTAHOBJICHOI YaCTOTH, JI03BOJIIIIA OLIbII €(hEeKTUBHO, HIK
IpU BHUKOPUCTAHHI OJHOTO TIO3[JOBKHBOIO MArHITHOTO TIOJSI, YHPABISATH TE€OMETPUYHHMHU
pO3MipamMH MEePEeTUHY HAIJIABIEMOTO BaJINKA.

[lin BrumBOM ockoBOro mocTiiHOTO MII, CHiBBICHOTO €IEKTPOAY, HOCSTAIOTHCS
HEpEeBEPCUBHI NEepeMIlLlIeHHs po3IuiaBy BaHHU. [Ipu nii monepevyHoro imMImysbCHOTO OJHOMOJISPHOTO
MII Ha nyry BUHUKAaE €JIEKTPOMArHiTHa CWJa, SKa BIAXWISAE YTy TEPHEHIUKYISIPHO BEKTOPY
IIBUJIKOCTI HarlaBieHHs. BrmBarounm akciagbHUM 3HaKo3MiHHMX MII Ha XBOCTOBY 4YacTHHY
BaHHM, MOKHA 3aro0irTd HeOakaHOMY 30UIbIICHHS TJIMOWHU MPOIUIaBJICHHS B 30H1 acuMetpii. B
pe3yabTati Jii 1BOro mojii (OpMyrHOTbCS BUXPOBI MOTOKM pO3IUIaBYy, IIO YTBOPIOIOTH €(EeKT
«CTIMKOT XBMIII», 30UIBIIYIOYM TOBUIMHY PIIKOI MPOIIAPKY MiJ AYrOK, OCKUIBKHM MOTYXKHA XBUJIS
Ma€ 3HAYHy 1HEpUIWHICT 1 MpU IMBUAKIA 3MiHI nonsgpHocTi MII peBepcuBHUX PyXiB poO3IUIaBy Y
BaHHI He BUHUKHE [12].

BukopucTaHHs MarHiTHOTO TOJISI B IKOCTI OCHOBHOI CHJIH BIUTMBY BeJI€ 10 3HAYHOI €KOHOMIi
€HEePreTUYHUX PECypCiB, MIJBUILEHHS €KOJIOTIYHUX IMOKAa3HUKIB 1 MPOAYKTUBHOCTI BUPOOHHIITBA,
pO3IIMpEHHS] CIMCKY MaTepiajiiB, 3 SKMMHU MoOKHa mpautoBaTH. OO6poOka Mmarepiany B TOJe€,
YTBOPEHOMY CYMNEpHO3HIKEH MOCTIMHOTO 1 3MIHHOTO MAarHiTHUX MOJIB, Ma€ MEPCIEeKTUBU IS
MOXKJIUBOCT1 YIpaBIiHHS SK 30BHIMIHIMHA, TakK 1 BHYTPIIIHIMH BJIACTUBOCTSIMU BHpPOOIB.
[lepenbauaroTbcst 3MIHM PI3HUX BIACTHUBOCTEN Marepiayly, IMOB'I3aHUX 3 €JEKTPOINPOBIAHICTIO,
¢dazoBumMu mepeTBOpeHHSMH 1 T. IloeHAaHHSA e€JIEKTPOMArHiTiB, MOCTIHHUX MAarHiTiB 1
1H(pauepBOHOTO CBITJIOBOIO MOTOKY, IO YTBOPIOIOTH B CYNEPHO3MIIl CKIaJAHY CTPYKTYpPY
MarHiTHOIO TIOJIS, JIO3BOJISIE CTBOPUTHM Ha poOOYil MOBEpXHI NPHUCTPOIO BHUXPOBI OCBITH
PE3yNbTYIOUMX 3MIHHOTO 1 MOCTIHHOTO MAarHiTHUX MOJIIB 3 OOEpTaHHSM 3a TOJUHHUKOBOIO abo
IPOTH TOJUHHMUKOBOI CTPUIKM B TOYlll iX cxpeuryBaHHs. [lpuctpiit 3abesnedye miJBUIIEHHS
TepaneBTHYHOI e()eKTUBHOCTI 3a paXyHOK JIOKaJli3alii BIUIMBY Ha TKaHUHY 01000'€KTy B OJHIN 30HI
1 OTpUMaHHs BUXPOBHUX YTBOPEHb B MOTPIOHOMY HAINpPAMKY iX obepranus [11].
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3 MeTor TIiJBHINCHHS €(QEKTHBHOCTI EJIEKTPOJIYroBOi HAIIaBKH 3aCTOCOBYBAJacs
peaiizalisi Mpolecy HaluIaBJICHHS BaJIMKa 3 HOT0 KepOBaHOI KOH(Irypailiero B paMKax OJHOYACHOI
nii mpu AYroBOro HAIUIaBJICHHI JEKUIBKOX MarHiTHuX, T. E. KomMOiHOBaHMX MartiTHUX IIOJIIB
(KMIT) [12]. KoM6iHariss TppbOX MarHiTHUX IMOJIB, IO AIFOTH OJHOYACHO Ha 3BAPIOBAIBHY IYTY 1
piAKMIA MeTall 3BaprOBAJILHOI BAaHHU: AaKCIAILHOTO MOCTIHHOTO; MOINEPEYHOTO IMITYJIIECHOTO
OJTHOTIOJISIPHOTO 1 aKC1aTbHOTO 3MIHHOTO BCTAHOBJICHOI YaCTOTH, JI03BOJIIIIA OLTBII €()eKTUBHO, HIXK
IpU BUKOPUCTAHHI OJIHOTO TIO3JJOBKHBOI'O MATrHITHOTO TIOJSI, YHPAaBISTH TE€OMETPUYHHUMU
po3MipaMu MEePETHHY HAIIABISEMOTO BaJIMKA.

[Tin BOIMBOM OCKOBOro mocTidHOTO MII, CHiBBICHOTO —€NEKTPOIY, JOCSITaIOThCS
HEpEeBEPCUBHI MEpEeMIllIeHHs po3IuiaBy BaHHU. [Ipu nii monepedHoro imMImyaIbCHOTO OAHOMOISPHOTO
MII Ha nyry BHHUKae €JICKTPOMAarHiTHa CHJIA, KA BIAXWISE JYry NEPICHAMKYISIPHO BEKTOPY
IIBUAKOCTI HAIUTaBIIEHHs. BrumBaroum akciadbHUM 3HaKO3MiHHUX MII Ha XBOCTOBY YacTHHY
BaHHM, MOKHA 3aro0irTd HeOakaHOMY 30UIBIICHHS TIMOWHM TPOILIABICHHS B 30HI acuMmeTpii. B
pe3yabTari Aii MpOro mosis (GOPMYIOTHCS BHXPOBI IOTOKHM PO3IUIABY, IO YTBOPIOIOTH €(EeKT
«CTIMKOT XBHJII», 30UTBIITYIOYM TOBIIUHY PIAKOI MPOIIAPKY ITi AYTOK, OCKUIBKU MOTY)KHA XBHJISA
Ma€ 3HAYHY 1HEPIHHICT 1 NP MBHAKIKA 3MiHI moysipHOCTI MII peBepcMBHUX pyXiB pO3IIIaBy y
BaHHI HE BUHUKHE [12].

BukopucTaHHsS MarHiTHOTO IOJIsl B IKOCTI OCHOBHOI CHJIH BIUIMBY BeJl€ 0 3HAYHOT €KOHOMii
€HepreTUYHUX PECYpPCiB, MiJBUIIECHHS E€KOJOTIYHHUX MOKAa3HHUKIB 1 MPOAYKTUBHOCTI BUPOOHMIITBA,
PO3MIUPEHHST CIIMCKY MaTepiaiiB, 3 SKMUMH MOkHa mpamoBard. OOpoOka MaTepiany B TIOJ€,
YTBOPEHOMY CYIEPIO3HMIMEH MOCTIHHOTO 1 3MIHHOTO MAarHiTHUX IIOJIiB, Ma€ TEPCICKTHBH IS
MOJJIMBOCTI YNpaBIiHHS SIK 30BHIIIHIMH, TaK 1 BHYTPIIIHIMH BJIACTUBOCTSMHU BHUPOOIB.
[lepenbavaroTbcst 3MIHM PI3HUX BIACTHBOCTEH Marepiany, MOB'S3aHUX 3 EJIEKTPOIPOBIIHICTIO,
($a30BUMH TEPETBOPEHHSAMH 1 T.A., MO OOYMOBIIOE HEOOXIJHICTH IPOBEICHHS ITOMAIBIINX
nocaimkeHs.., lllo 00ymoBI0e HEOOX1IHICTh TPOBEACHHSI MOAANBIINX JOCTIIKEHb.
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JIsxoB O.J1., Anéumn C.IL., bopoauna E.A (Tlonmascokuu HTY, Yxpaina)

HEWPOCETEBASI MOIU®UKAIIUA TEKYIIEIO IMPOCTPAHCTBA
ITPU3HAKOB K IEJIEBOMY MHOKECTBY KJIACCOB

Ilpeonoscena memoouka 6v100pa  6XOOHBIX (PAKMOPO8 Npu NPUHAMUU  peuleHUll, 00ecneyusarUux
npugedeHue UHOUKAMOPOS MEKYWe20 COCMOSHUA 6bIXOOHOU (QYHKYUU 00beKma K 3HAYEHUSAM SMUX UHOUKAMOPOS
yenegoil (DYHKYuU KAK ONMUMATLHOZO OMKIUKA O0OYYeHHOU HeUpouHou cemu. B ocmoge nooxooda nedxcum uoes
NPUMEHEHUS HASPYHCEHHBIX HEUPOHHLIX cemell ¢ NpusedeHuem GbiXOOHOU OWUOKU KO 8X00y MemooomM 0OpaAmHO2o
pacnpocmpanenus owudbku. B npoyecce obyuenus ocywecmenaemcs pacyem yacmHblX NPoU3EOOHbIX 2padueHma
@ynKkyuu owudKu Kax no napamempam cemu max u no 6XOOHOMY MHONCECMEY UHGOPMAMUBHBIX DAKMOPOS.
Obyuenue obecneuusaem nocmpoenue  ao0eKkeamHuoll  Mooeau  ucciedyemozo  o0vekma,  a
2paouUeHmMHbLL CHYCK N0 6XOOHbIM CUSHANAM NO3801AEM NPOOYKMUSHO AOANMUPOSAMb MHOICECMEO 6XOOHLIX ¢
aKmopog K mpebyemomy Kiaccy cocmosHus 00beKma ucciedo8anusl.

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.

[Tpy mpuHSATUM pEeLIEHUM B YIpaBJIEHUU OOBEKTAMH U MPOLIECCAMU B PA3IMYHBIX TPYAHO
dbopManu3yeMbIx 00NacTAX JEATENbHOCTH (PKOHOMHUKA, 00pa3oBaHUE, MEAMIIMHA, SKOJOTHS,
T€OJIOTHUS U T.JI.) BOSHUKAET Mpo0iIeMa NpOAYKTHBHOTO aHaIHM3a allpHOPHBIX JaHHBIX. OTMEYeHHBIE
OOBEKTHI OTHOCSTCS K KJIacCy CIOXHBIX cucTeM [1], apdekTuBHOE yrpaBieHHe KOTOPHIMU, OBLJIO U
OCTaeTCsl aKTyalbHOW mpobiemMoid, TpeOyromeii cBoero pemieHus. OcoOblii WHTEpEC B ITOM
KOHTEKCTE BBI3BIBAIOT CJlOXHBIE coruorexHuueckue cucremsl (CCTC), kak o0000meHHOe
O0TOOpaX€HHE COBPEMEHHBIX IMPOU3BOJCTBEHHBIX MPEANPUATUH, MEIULMUHCKUX YUPEKICHH,
y4eOHBIX 3aBEACHUHN U T.JI.

CoBpeMeHHBIN ~ aNrOPUTMUYECKHII W  HPOrpaMMHBIM  MHCTPYMEHTapHil, I03BOJISIET
OIIEpaTUBHO KOHCTPYHMPOBAaTb HEHPOCETEBYIO CpEAy, PEaln30BaTh IIMPOKUN KJIacC apXUTEKTYp
HelpoceTell pa3nyHON CI0XHOCTU U MPaBUi MOAU(UKALIMKA CHHAIITUYECKOrO MpOCTpaHCTBa [2].
BwMmecTte ¢ Tem, mpuMeHeHHe TeXHOJIOruu uckyccTBeHHoro unremwiekra (M) B ynpasnennn CCTC
PacKpbIBaeT psii HEPEIIEHHBIX TEOPETHUECKUX M MPAKTHUUECKUX MpoOJeM, OJHOW M3 KOTOPBIX
ABISIETCA MpoOsieMa aJanTallid BXOAHOTO BEKTOpa (AKTOPOB K LIE€JIEBOMY COCTOSIHHUIO OOBEKTa.
O10 Tpedbyer co3manus npoaykTuBHbIX CIIIIP, wmeTomoB, TexHOMOTHI H MPOrPAMMHOTO
obecrieyeHns: MOCTPOCHUSI MOJEJeH, MO3BOJIIOUIMX aBTOMATU3UPOBAaTh 0a30Bble MPOIECCHl MPHU
pacro3HaBaHUM COCTOSIHUN, NMPOTHO3MPOBAHUU JIMHAMMKH IOBEAEHUS M BBIOOPE ONTUMAJIbHBIX
yIpaBisomux GakTOPOB HUCCIETYEeMbIX 00bEKTOB Ha 0a3¢ HHTEIUIEKTYaIbHBIX TEXHOJIOTHH [3].

AHaJM3 NOCIeHUX MyOInKanHii.

Pa3paboTkoii, TeopeTHueckMM OOOCHOBAaHMEM U  BHEJIpPEHHEM HH(GOPMAIMOHHBIX
TEXHOJIOTHI HAa OCHOBE MCKYCCTBEHHOT'O MHTEJIEKTa I 3PPEKTUBHOTO YIPABJICHUS 3aHUMAJINCh
OTEUECTBEHHBIC U 3apyOekHbIe yueHble, B yacTHocTH: [ mymkoB B.M., T. Koxonen, C. Xaiikun, P.
Xext-Hunecen u np. [4, 5, 6, 7]. BorpocamMu HelpoynpaBlieHUs M ONTHMHU3ALMKA AJITOPUTMOB
MOAU(UKAIMN CHHANITUYECKOIO MPOCTPAHCTBA HeHpoceTell MNpuU MOJEIHPOBAHUU PaA3TUUYHBIX
00BEKTOB U mporeccoB 3anuManuchk [anymkua A.W., Topbans A.H., Mupkec EM., u ap. [8, 9,
10].

Bmecre ¢ Tem, npumenenue texHonorun WM B ynpasnenun CCTC packpbiBaeT psin
HEpEeILLIEHHBIX TEOPETHUUECKUX M MPAKTUYECKUX MPOOIeM, OAHON U3 KOTOPBIX SIBISIETCS aJanTalus
BXOJIHOTO BEKTOpa (aKTOpOB K IENEBOMY COCTOSIHUIO 00BekTa [3]. DTo Tpedyer co3maHms
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npoayktuBHbeix CIITIP, MeTromoB, TEXHOJOTHMI W TPOrpaMMHOTO OOeCIeUeHUs TOCTPOCHHS
MOJIeTIeH, TTO3BOJIIOIINX aBTOMATU3UPOBATh 0a30BBIC MPOIECCH MPU PACTIOZHABAHUHU COCTOSHUMH,
MIPOTHO3UPOBAHUM JTUHAMHUKM TIOBEJIEHUS M BbIOOPE ONTHMAJIbHBIX YIPABIAOMUX (DAKTOPOB
HCCIIeTyeMbIX 00bEKTOB Ha 0a3¢ MHTEUICKTYAIbHBIX TeXHOoorwi [2,8, 10

Lleabio JaHHOM CTATBU SIBISETCS MPEICTaBICHUE pa3pabOTaHHONW TEXHOJIOTHH MOCTPOCHUS
MPOJYKTHBHOTO aHCaMOJIsI HEWPOCETEeBBIX MOJIENe HAXOXKICHUS Takoro Habopa BXOIHBIX
(hakTOpOB, KOTOpPBIH ONTUMAILHO HaAeKHO M ObicTpo mosBojisier nmpuBectu CCTC B 1meneBoe

cocTrosiHMe. B KkauecTBe HMHCTpyMEHTa MOJAEIMPOBaHUs ObUI BbIOpaH HEHPOAMYIATOP Cpeibl
StatSoft.

ITocTanoBKa 32724 HCCIEOBAHUS.

C touku 3peHHs GdopMalM3alMK TPoOIecca paclo3HaBaHUSA OOBEKTa HEOOXOIMMO
MOCTPOUTHh  OTOOpPAKEHHE  BXOJHOTO  BEKTOpa  JAHHBIX HA  PE3yNbTaT  JKCIIEPTHU3HI,
anIPOKCUMHUPYIOIIEEe 3aBUCUMOCTD “TIOBEJICHUE - BBIBOJ . B 001meM ciaydae mpu3HaKu TOBEACHUS
Y YUCJIO KJIACCOB OOBEKTOB SIBJISIOTCS BEKTOPHBIMU BEJIMUYMHAMU

YO I=FIXO, @)

rae Y (t)— Homep kiacca coctossHust 00bekTa; X (t) — BEKTOp TEKYIIUX 3HAYCHUN BXOIHBIX
MpU3HAKOB; F — QyHKIMOHAT TpeoOpa30BaHUs MacCUBa IPU3HAKOB B HOMEp Kjlacca.

3amaua ajgantaiy BXOJHOTO BekTOpa K Tpedyemomy cocrosHuto CCTC  cocTouT B
HaXO0XJACHUHU ONTHUMaJIbHOTO Habopa BXoAHOro BekTopa (akropoB Xg(t), COOTBETCTBYIOMIETO

BEKTOPY 1eNIeBOT0 cocTosiHUS Y (t) 00BheKTa UCCIeIOBAHHUS.
DTOT mpoIecc MOXKeET ObITh POPMAIIBHO MPEICTABICH MOCIISI0BATEILHOCTHIO TPOLCIYD:

F:X{®)—>Y({) < Yot) > Fpo:Yo(t) > Xo(t), 2

rae Yo(t)— wmeneBoil BekTop cocTosiHUS 00BekTa; Xg(t)— BEKTOp aJanTHPOBAHHBIX
3Ha4eHUH BXOJHBIX  IPHU3HAKOB; Fy — MPOAYKTUBHBIA (YHKIMOHAT MOAW(DUKAIIMK MaccHuBa

TEKYIUX BXOJHBIX (haKTOPOB K HCKOMOMY Ha0OpY, a/IeKBaTHOMY LI€JIEBOMY COCTOSIHUIO.

Peanuzanus anropurMa (2) mo3BoJisieT HAUTH ONTUMAJIbHBIN HAOOP BXOJIHBIX (DAKTOPOB Kak
rocjeloBaTelbHOE pelleHre NpsAMOM M oOpaTHOM 3amaum pacmnosHaBaHust coctosHuit CCTC.
Pemenune oOpaTHON 3agaun B HelpocereBoM QopmaTre 00ecrnedrMBaeT HaxOXKICHHE TaKHuX
3HA4eHU CUTHAJIOB HAa BXO0Jle OOYYEHHOW CEeTH, MPU KOTOPBIX JOCTUTAETCS BBIXOJAHOE COCTOSIHHUE,
COOTBETCTBYIOIIIEE HY)KHOMY Kitaccy [3].

Aoanmayus 6x00HbIX (PaKmMopos K yenegvblm cocmosiHuam obvekma. Ecinm axkTyanbHOE
COCTOSIHME O0OBEKTa HE COBIAJAaeT ¢ TpeOyeMbIM, HEOOXOIMMO HAWTH COOTBETCTBYIOIIMN HaboOp
BXOJHBIX (DaKTOPOB U MPUBECTH €ro B 3TO COCTOsIHME. [[1s pemieHus 3ToH 3a1a4u cieayeT HalTh
(YHKIIMOHATIBHYIO 3aBUCUMOCTb COCTOSTHUM OT BXOJHBIX (PAKTOPOB.

[Ipy 5ToM MHUHMMH3AIUS 1e1eBOM (YHKIMM B TIIOCTAaHOBKE 3aJaud BBIIOJIHIECTCS
UTEPALMOHHO B Tpoliecce 0OyueHHUs CEeTH MO aJrOpUTMy OOPATHOTO PACIPOCTPAHEHUS OLIMOKH
(v UHBIM ero MoauduUKanuAM) [S] IPUMEHUTENBHO K BXOJIHBIM JIaHHBIM HCCIIElyeMOT0 00BbeKTa!

10 mey —d )2:>min(R£R)

— 22V i
m ) 0, 3)

rae Yij — BEKTOp MHIUKATOPOB BBIXOJIHBIX COCTOSIHUIL; Oij — pe3ysibTaT 00y4YeHHUs CETH Ha j -
BBIXOJIC, TIPH 1 - M puMepe o0y4aromiei BIOopky; | = 1, N — HoMmep BeIxoda cetu; | = 1, m — Homep
npuMepa; M, N — pa3MEepPHOCTh MACCHBA MTPUMEPOB U YUCIIA BBIXOIHBIX DJIEMEHTOB CETH;

Ro — nomycTumble OrpaHHMYEHHS [0 YCIOBHUIO 331a4H.

103



B HeiipoceTreBoM ¢opmare oOydeHHME 3akaHYMBAETCA (OPMHUPOBAHHEM aHCAMOJIA
HelpoceTeBbIX Mojenell. AHanu3 npoduieil pe3ynbTaToB MOJEIMPOBAHUS TMO3BOJIMI BBIJICITUTD
CeTH C MPUEMIIEMBIMU Ji1 MPAKTUKU TPOU3BOJUTENBHOCTHIO W OIIMOKaMHU Ha OOydarolluXx,
KOHTPOJIbHBIX M TECTOBBIX MHOXECTBAX. Y CTAHOBJIEHHAs] PErPECCUOHHAs 3aBUCUMOCTb OIIPEIENISIET
CBSI3b BXOJHBIX (DaKTOPOB M BBIXOJHBIX MHIMKATOPOB CHCTEMBI, YEPe3 MAaCCHUBBI CHHAITUYECKUX
KO3 PUIHEeHTOB OOYYEHHBIX HEHpOCEeTeBbIX Mojesei. Bapuamuu BXOAHBIMH (haKTOpamMH
MIO3BOJISIIOT MOJIy4aTh Pa3IMyHble 3HaYeHHs] (PYHKIHU, YTO 0OECIeYuBaeT CUCTEMHOTO MEHEKepa
JaHHBIMHU I TPUHATHS pemeHnid. OAHaKo, aKTyallbHOE COCTOSIHUE 00BEKTa 0OBIYHO HE COBMA/IACT
c TpeOyeMbiM. Torja Ha OCHOBaHHMM TUIOTE3bl KOMIAKTHOCTH HE COBMAJAlOT U IMPHU3HAKOBBIC
MIPOCTPAHCTBA, COOTBETCTBYIOILINE ITHM COCTOSIHUAM. [loaToMy Tpebyercs Takoit Habop MPU3HAKOB,
KOTOPBIH MaKCHMMAaJIbHO cOJMan Obl Kiacchl Tekymero u tpedyemoro coctosauit CCTC. D10
3a/aya oOpartHasi pacrmo3HaBanuio o0pa3oB [3]. [locie dpopmanmuzanuy nporeayp OleHKHA TeKYIIEeTo
COCTOSIHUS M (DYHKUIMOHAJIBHOM 3aBUCHUMOCTH “‘BXOJ-BBIXOJl”, pellajach 3ajaya (opMmanuszaiuu
BbIOOpa  ONTHMAJBHOTO  TPU3HAKOBOTO  MPOCTPAHCTBA B TPAHHUIAX  YCTAHOBIIEHHBIX
JTMCUUILTMHUPYIOMMX ycioBuid. [Ipu HeOOMbIIOM Yucie u3MeHseMbIx (GakTopoB (3-4) sTa 3amaua
pemanach TpocThiM 1epedopoM. B ciayudae Oombimoro ymcia ¢GakTopoB (IECATKHM — COTHH)
11e71eco00pa3HO BOCIMONIB30BAThCSI OJTHUM U3 CYHIECTBYIOIIUX TPAJAMEHTHBIX METOAOB aJanTalliu
BXOJHOTO BEKTOPA K 3aJJaHHOI ()YHKIIMU Ha BBIXOJE [5].

3amaBairch MHIUKATOPBI, COOTBETCTBYIOIIME TPEOyeMOMY KJIAcCy COCTOSIHUSI OOBEKTa, U
MO/IaBAJIUCh Ha BXOJ OOydeHHOH cerm. VIMes 3aJaHHBI OTBET W OTBET BBIIAHHBIA CETHIO,
BBIUUCIISUICS TPaJUueHT PYHKIHMU OMMUOKM MO BXOJIHBIM CHUTHAlIaM CETH IO M3BECTHOW TEXHOJOTHH
METOJIa Harpy>KEHHbIX JBONCTBEHHBIX ceTei [9]. B COOTBETCTBUU CO 3HAUEHUSIMU DJIEMEHTOB
rpaJeHTa W3MEHSUIMCh 3HAYeHHs] BXOJHBIX CHUTHAJIOB CETHM B HANpPABIECHUU CHIKEHUS OLIMOKH,
YTO TO3BOJIAET UTEPALMOHHO IOJY4YUTh BEKTOP BXOJHBIX CUTHAJIOB, IMOPOKIAIOIIMX TPeOyeMbIii
otBeT. [Ipu sToM cuHanTHYeckast kapta ceTu ( Ha BpeMs aJanTalun) OCTaeTCsl HEU3MEHHOM.

B mnepBoit daze HelipodaMyIATOp TOMKEH HPUOOPECTH CBOMCTBA MHBEPCHON TUHAMHUKU
00BEeKTa, 4TOOBI B MEPBOM MPHUOIMHKEHUN OTOOpaXkaTh AMHAMUKY MOBeleHUs oObekTa. Jljig sToro
BHayaJie MPOBOJAT 00ydeHHE HEHUpOHHOW ceTu (HEeHpOAMyJsATOpa) B aBTOHOMHOM PEXUME IPU
MHOTIOpPa30BOM  KOPPEKLHMH CHHANTHYECKOTO MpocTpaHCTBa. B  mpouecce oOyueHUs mpu
HEOoOXOIMMOCTH TIpUMEHsieTCsl oboramieHue BBIOOPKH, BBIOOp Haubojee WH(POPMATUBHBIX
MPU3HAKOB (penyKIMsl), BHIOOP ONTUMAIbHOW apXWUTEKTYpbl MU MeToaa oOydeHus. Kak pesymbrar
CeTh BBIJIAET OTKJIMK TpeOyeMOW TOYHOCTH WM MOUIEKUT Moau(pUKaMK (YBEIUYUBAETCS YHUCIIO
3aJIepKaHHBIX CUTHAJIOB J00ABIEHHEM COOTBETCTBYIOLIETO 4YMcia BXOAOB ceTH). OKOHYaHUEM
nporecca SBISETCS JOCTHKEHUE aJeKBAaTHOCTH MOJENU B 3aJlaHHBIX I'PAaHULAX YCTAHOBJIEHHBIX
MIOKA3aTENEH.

JUis yMeHbILIeHHs puckKa nepeoOydeHus: HeilpoamynsTopa kKoddduuueHnTsl ckopoctu HO
YMEHBIIIAIOT HECKOJBKO pa3 B CPAaBHEHMHM C COOTBETCTBYIOIIMMHU KOIPGUIUEHTAMHU IS
HEHPOKOHTPOJLIEPA.

[Tocne poctmxeHHs: HEOOXOAMMOW TOYHOCTH aBTOHOMHOM peakuuu HK mnposogutcs
JIONIOJTHUTEbHOE 00yueHne oboux Helpoceredt Ha nmpumepax ynpasieHus CCTC npu pa3mudHbIX
3HAYEHUSAX YCTABKHU.

Bropas ¢asza oOyueHus HelpoceTell CHUCTEMbl HEHpOYIpaBieHHUS NPOXOAUT B pabouem
peXHUME yIpaBisieMOro o0beKkTa. [ 1aBHBIM SIBIS€TCS TEMIT ONEpaluil yrpaBieHHUs] 00bEKTOM, 4YTO
obycnoBiuBaer nocrymienue peanmmszanuii Y(t), U(t) Z(t). Kaxxnas HOBas peamu3aius MOMOJIHSACT
00y4JaronIyro BEIOOPKY JJIsI ONIEPATHBHOTO OOYUEHHS.

Cocrogaaue O OTCIIEKUBAETCS KOHTPOJUIEPOM, OINPEAEISIOUIUM NIPAaBUIBHOCTh €TI0 PEAKIIUU
Ha yrpasisiiomye (akTopsl, 3a7aBas ynpasieHue Z.

104



A 4

CCTC
Bxi ‘Xt T J'
CIIIIP » | MOJIEJIb Buxox Y(t)
Xo (t) > (CCTC)
“ i
» BUMTEIBZ() |
(KOHTPOJIEP)  [*

VYcraBka
Pucynok 1. - CtpykTypa nporecca agantaiii BXOJHOTO BEKTopa

B ocHoBe pemieHus 3ajaud JIEKUT NPUBEIEHUE OMIMOKM OO0y4eHMs] HEWPOHHOM CETH K
BXOJIHOMY CJIOI0O HEHPOHOB M pPacyeTy YacTHBIX MPOU3BOJHBIX IpaJveHTa (PYHKIMU OUIMOKU IO
napameTpamM HEHWpOCeTH W BXOAHBIM (pakropam. ['paguieHTHBIH CITyCK HPUBOAUT K OJHOMY U3
BO3MOXHBIX pelieHuil oOpaTHoW 3amaud. Peanmzamus ocymiecTBisieTcss C MNPUMEHEHHEM
MOCTPOCHHSI HEUPOCETeBOM Mojend U e€ oOydeHHe 1Mo MEeTOAy HarpyxenHoit ceru [9]. Metoxn
MO3BOJISIET BBIUMCIUTDH IPOU3BOJHBIX BBIXOJHOW (YHKIIMM HEBS3KHU TEKYIIEro u Tpedyemoro
coctosiHuit CCTC mo KaXaoMy 3J€MEHTY BEKTOpa BXOIHBIX (DaKTOpOB M 3alOMHUTH HX. [lpm
oOpaTHOM (YHKIIMOHMPOBAHUHM OJTH paHEe BBIYUCICHHBIE MPOU3BOAHBIC, YYaCTBYIOT JUIA
BBIYMCIICHUS TPAJMEHTOB 110 BXOIHBIM CHTHaJIaM ceTH [5].

AnanTuBHas CHUCTeMa KOHTPOJUIEpa peliaeT 3aauy cOMMKEeHUs TEKYILEero 3HaYeHUs BbIX0/1a
c TpeOyeMbIM, 3aJaHHBIM BEKTOPOM ycTaBKM. Ha pwuc.2 mpencraBieHa ogHa W3 CXEM
HelpoynpaBieHuss o0bekToM. Helposmynarop BbImoNHSAET GYHKIUU aJalTUBHON MOJIEIH
ympasiseMoro oowsekta. Ha ero BXoabl MOCTYHarOT TEKyNIMe W 3a/lep’KaHHbIE BO BpPEMEHHU
3HaueHUs BEKTOpoB ympaBineHuss Z(t),Z(t—0),Z(t—-26),.. u  3HaYEHUS PA3HOCTU MEXKIY

BEeKTOpaMH BXxoja W yctaBku Y (t)-U(t),Y(t-0)-U(t-0),... 3aece 6 - BenuumHa I1Iara

3a/lepKKH. BbIXOJOM HEHposMyssTopa SBISETCS  O0XKHIaeMO€ 3HAa4eHHE BBIXOJa YIPaBIsSEeMOTO
oOBekTa Y*, a Takke 3HaUeHUE BEKTOpa OMUOKHU E 715 00y4eHHs] HEHPOKOHTPOJILIepa.

> )<
. T
Y*
Curnassl I’:
cJI3 —
YcraBka l E T
E*
| - Y
> HK o .| ccrc .
CurHaisl >
c i — Z Brixon
A/

Pucynok 2 - CtpykTypHas cxeMa ajanTtaiiy BXo1a HelpoHa yIpaBIeHUs! 00BEKTOM

Bemnunna E*(t) =Y (t) —Y*() mnpencraBiseT BEKTOp OLIMOKH, KOTOPBIM HCIONB3YyeTCS B

anropurMe oOyueHMst HeWposmynsaropa. OmmnOka, NOCTyHamom@as B CXEMy KOHTPOJUIEPA,
Mpe/cTaBiIsieTcsl Kak omuOKa Ha BBIXOJIE CETH MPUBEJAEHHAas K IEPBOMY CJIOI0 B CXEMe
HerpoamynsTopal5, 10]. Ha Bxoq HO nocrynatot:
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HelipoxonTposiep Heiipoemynsrop
oX Whkl WHK2 Z Wwd2 Wasl
o )

Pucynok.3 - Kackagnas cxema HelpoyIpaBieHHs

Y (t) — Texyure 3HaYEHMs IPOIECCa Ha BBIXOJIE;

Y(t-6) — Tekyiue 3HaUCHHS TIpoLiecca 3aIepXKaHHbIe Ha OJIMH TakT 0;
U(t) - Y(t) — Texyriee 3HaYeHHE HEBSI3KU HA BBIXOJIE€ CHCTEMBI,

Z(t) — TekyIee ynpasJsomiee BO3CHCTBHE.

Bbixo0M HelipoamynsiTopa siBisiFoTces 3HaueHus Bbixoa Mogen CCTC Y*(t).
[Tpu o6yyennu HD ocymecTBisieTcs MOIUPHUKAINS CHHAITHYECKOTO IPOCTPAHCTBA ITyTEM
MOJICTPOMKH BECOBBIX KO3(p(PUIIMEHTOB B HANIPABICHUH aHTUTPAICHTA HEBSI3KU:

W(t+1) = w(t) — 4(6E / ow), 4

rae p - koapdunueHt odyuenus; E — dyHkius HeBsi3ku (ommoKa).

* 1 * l *
O6o3Haunm ommbky HD kak: E = _(e )2 = _(Y -Y )2, rae Y - Bixox CCTC (5)
2 2

a Y*—peaKI_II/IIO HD: Y _ foit {ZﬂNzwezfez[ N; elf el(yel) bez] beout }’ (6)

e fout (.), f €2 (.), fel(..) — CHUTHaJbHbBIC (aKTHBAIIMOHHBIE) (DYHKIIMH HEHPOHOB 2-TO Ta
1-ro cnoes; W_ ,We_)_ — BECOBBIE KOX(PPHUIMEHTHI HEHPOHOB Ha yJacTKax MEeXAy HelWpoHamu 2-3-
i ij
ro 1 1-2-ro cioes; by ,biez — BEJIMYMHBI IOPOTOB HEHPOHOB BBIXOJIA U CKPBITOTO CJIOS.
Jliss HeHpOHOB Ha BXOJIE€ UCHOJb3YyeTCs JIMHEHHas cUrHajibHas (YHKLHUSA, a JJI CKPBITOTO
ciost — curmouiHas. [lopor Ha BbIXOJie OOBIYHO paBeH HyI0. J{Is OLEeHKH NMPOU3BOAHON (PyHKUINU

HEBA3KHU BBINOJINCH JEHCTBUS 110 U3BECTHON MeToAMKeE [5, 9]:
Ha Beixone HD HelipoemynsaTopa nporiecc hopManuzyeTcsi BhIpaKeHUEM:

OE" Jowt? = —¢" £ ©2 (v, — bf? ) rie V= Z Wetyel 7)
HHH CBsI3el MCXKAY BXOAaMHU U CKPBITBIM CJIOEM ITPOU3BOJHAA OIIMOKH 110 BECaM NMEET BU:
oE S onfl = —e {ZNZWeZ[ e2(v )/av ](a/ /8W81)} eyl ®)
i i=1 1 i
e ovi /oWt =y wez [af e2(v —b)lov ] ©)

ij j i i=1 | i i
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Benuunna e?l MPECTABIACTCS OMIMOKOMN, MPUBEACHHON K |-MY BXOJY HEHpOIMYyJIsITOpA.

Jlyis BXOAa, Ha KOTOPBIM MOCTYMaeT BEKTOP yIpaBieHHs Z, dTa BEIHYMHA MPEACTABISET OMUOKY
peakmu HK €°, kotopas ucnonesyercs mis koppekiuu curarncoB HK. TToacraisist morydeHHbIe
3HAUEHUS TPAJIMEHTOB HEBS3KM B MCXOJHOE BBIpakeHUE (3), moiaydaeMm anropuT™M MOAH(PUKAIUN
BecOoBbIX K03 dunmerToB HO:

W_e2 (t+1)= vv_ez (t) + u®%" 2 v); WLt +1) = wel(t) + e, (10)
i ) ] _

| | ij ij j

1
IJic  BEJIWYMHA e? paccuntbiBaetcss 1o (opmyne (9). [lo Takomy Xe auropuTmy

OCYIIECTBISICTCA U MOJCTPOiiKa BecoBbIX KoaduunentoB HK ¢ yuerom npuHsTHIX 0003HaYCHUN
BXOZIOB U BBIXOJIOB.
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Pucynok 4 - O0yuenue moaeneirt BHC

Mpadik HaB4YaHHSA
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Pucynox 5 - O6y4enue moseneit Pb®

MonenvpoBaHiue TpaJUEHTHOTO CIIyCKa C OIEHKOM YacTHBIX TPOM3BOJHBIX, KakK IO
napameTpam CeTH, TaK W MO BXOJHBIM CHTHajlaM, MPEACTABISIONIUM IMPOCTPAHCTBO NPU3HAKOB
TEKYIIETO COCTOSHUSI OOBEKTa, MOKA3aJl0 YCTOMYMBYIO CXOAMMOCTh HTEPAIMOHHOIO Ipolecca
00y4YeHHMs CETH ¢ IPUEMIIEMBIMH TTOKazaTessiMu KauecTBa (Puc.4,5).

BbIBO/IbI
st aBTomarm3anuu pacdera (hakTopoB, mpuBOASIMMX akTyanbHoe coctosiHue CCTC x
[[eJIeBOMY, HEOOXOJMMO HAWTH (PYHKIIMOHAIBHYIO 3aBUCUMOCTh €€ COCTOSIHHI OT 3HaueHui. Jta
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3ajaya pelieHa TPUMECHCHHEM TEXHOJOIMH HEHpOympaBieHHs | pealu30BaHa MOJCISIMH
MHOTOCJIONHBIX MEPCENTPOHOB KaK 0OpaTHasl 3a/1aua pacro3HaBaHUsI.

Pacuer 4YacTHBIX MPOM3BOAHBIX IO BXOJHBIM (DakTOpaM BBHIXOJHOW (YHKIIMH HEBSI3KU
tekymero u tpedyemoro coctossauii CCTC u 000O0IIeHHAs OICHKA TpaJveHTa BBIMOJTHECHBI Ha
OCHOBE M3BECTHBIX CBOMCTB, IBOWCTBEHHBIX HATPYKCHHBIX HEHPOCETEBBIX CXEM. DTO IMO3BOJIMIO
aBTOMATH3HPOBATh MPOIIECC OMPEACICHHS 3JIEMEHTOB BEKTOpa TpaJMCHTa MPU peaTu3aliuu
TPAAMIIMOHHOTO METOIa OOPATHOTO PACIPOCTPAHEHUH OIIHOKH.

[IpakTuyeckas 3HAYUMOCTh  PE3YJIbTATOB  HCCICAOBAHHS  COCTOMT B  CO3JaHHUU
AITOPUTMUYECKOTO M TMPOrPAMMHOIO MHCTPYMEHTApHUs Ui MEPeXoja OT aBTOMATH3UPOBAHHBIX K
ABTOMATUYCCKUM CHUCTCMaM aaalTaluyu IPOCTPaHCTBA BXOAHBIX IMPU3HAKOB K IMPOCTPAHCTBY
TpeOyeMbIX KJIacCOB B CHCTEMax paclio3HaBaHUS OOpa30B C BBICOKOH CTEMEHBIO alpPUOPHOM
HEOIPE/ICTICHHOCTH.

JIMTEPATYPA
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VY JIK 004.8:796

MeabnukoB O.10., Kanaubkuii M.A. (/[onbacvka depoicasna mauunoby0iena akademis,
Ykpaina)

3ACTOCYBAHHS HEUPOHHUX MEPEX JIJISI BASHAYEHHS KPAIIIOI TEXHIKH
METAHHA SAJ1PA

Posensinymo  ocnosni  pakmopu, wo enauaromv Ha pesyiomamu  wmoexawus sopa. O6rpyHmosano
HeoOXIOHICMb  UKOPUCMAHHSL CYYACHUX Memooie OJisl PIMEeHHs 3a0ayi NPOSHO3Y6AHHS. 3anponoHo6aHo memoo
WMYYHUX HEUPOHHUX Mepedic 3 apXimeKkmypor 080UAPOBO20 NepCenmporad, aKmMUusayiiHow QyHKYIE cuemoioon ma
aAn2oOpUMMOM 360POMHO20 NOWUPEHHSL NOMULOK OJis HaguanHs mepedici. Hasedeno npuknaou pospaxyHky 6 cepedoguuyi
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.

CyuacHwii piBeHb PO3BUTKY JIETKOI aTJIETUKH, 30KpeMa IITOBXaHHS s/Ipa, CTABUTD 3a]a4y I10
po3po0IIl HOBUX, OLIBII palioHAJBHUX 3aCO0IB 1 METOMIB CIIOPTUBHOI MiJrOTOBKH, K1 CIIPUSIOTH
MIBHJIKOMY 1 HaJiHHOMY JOCSTHEHHIO BHCOKMX CIIOPTUBHHUX pe3yabTariB. sl 1[bOTO JOIIIBEHO
BUKOPUCTOBYBATH 1H(pOpMalliiiHi TEXHOJIOT1].

Jis TpoBeACHHS PO3paxyHKIB JMadbHOCTI IMONBOTY SApa 3aJIEKHO BiJ TOYATKOBOI
IIBUJIKOCTI MO0 BUIUTOBXYBAHH:, KyTa 10 OOpil0 Ta BUCOTU HaJ 3eMJICI0, Ha SIKill spo 3anuinae
PYKY, o ¢gopmynax 3 [1] Oyma cTtBopeHa iHpopMariiiHa crucTemMa — 3aCTOCYHOK [2], 110 103BOJIsIE
IIPOBECTH MOJIECIIOBAaHHs IUTOBXAHHsS sjpa 3 MICHM Ta BU3HAYUTU ONTHMAJIbHE CIOJIYYEHHS
MOKa3HHUKIB Ui TEeBHOTO sapa. OJHAK OYEBUAHO, IO ONMHC CIOPTHUBHOI TEXHIKHM BHUHSITKOBO
PIBHAHHSAMU MEXaHIKM MOKE HE BPaxOByBaTHU ps (akTopiB, sKi, OyAydd MajJo3HAUYIIUMHU JUIS
a0COIOTHUX 3HAYEHB PE3yJbTATIB, MOXKYTh MaTH CEPHO3HMUI BIUIMB HA BiTHOCHI MTOKa3HHUKH.

VY di3uuHill KynbTypi Ta CHOPTI HEMpPOHHI MepeXi BHKOPHCTOBYIOTHCS Ul aHami3y 1
MIPOrHO3YBaHHS TOKAa3HUKIB (PI3UYHOI MIATOTOBIEHOCTI CIOPTCMEHIB, a TaK0X pe3yJbTaTiB
CIOPTUBHUX 3Maraus [3]. /g HasBHUX naHuX 3 [4] Oyno copMysboBaHO 3agady MPOrHO3yBAaHHS:
3a HAsBHUMU JJaHUMHU TIPO BIK, PICT, Macy TUJIa aTjieTa, a TAKOXK XapaKTEPUCTUKAX MOJIbOTY sapa
BHU3HAYUTHU JAIBHICTh LbOTO MOJbOTY. Llfo 3amauy Oyja0 BUPILIEHO METOIOM IITYYHHX HEHPOHHHX
Mepex B [5], ogHak Tam He OyJ10 BpaXOBaHO HU3KY BaKIMBUX (DAKTOPIB.

Hami Oyno 3naitneno 14 daxrtopi [6], sIKi BIUIMBAIOTh HA pe3yJbTaT IITOBXAaHHS spa, a
came: BHCOTa BUITYCKY siipa, JOBXKHMHA PYyK (pO3Max), piCT CIIOPTCMEHA, pe3yJbTaT B CTpUOKaX y
JIOBXHUHY 3 MICI[S, pe3ysbTaT y MOTPIMHOMY CTPUOKY, pe3ylbTaT y *KHMMI JIe)KadH, pe3yibTar y
MpHUCIIaHHl 31 INTAHIOK0 Ha IUJIeYax, pe3yiabTaT y B3SATTI Ha TPydd, TOBYOK IITAaHTH, Bara
CIOpTCMEHa, (DiHaNbHA MIBUKICTh BUIIYCKY CHApsly, TOPU30HTANIbHA IIBUKICTh PO3TOHY CHApsAY,
KyT IITOBXaHHS (BiJ HaAIIIIYYsi), KyT BHUIUNTOBXYBaHHS (KyT pgojoHi). L{i 14 BXigHMX 3Ha4YeHb
HaJIeXkaTh 70 5 KJIACiB — IpyH 3aJIe)KHOCTEH, sIKi MOJUIEeHI Ha (i3WYHI BEIMYMHM Ta MO KJacy ii:
3pOCTy Ta BHCOTH BUIYCKY, MIJPWBHI, CHJIOBI, IIBHJKICHI, KyToBl. Buxigmnum c¢akropom Oyna
JaNbHICTh IITOBXaHHS si/ipa. Pe3ynbTaTu po3paxyHKiB HaBeAeHO y [7].

AJte 1iKaBO BU3HAYUTH, SKa TEXHIKA METaHHS OUIbINE MIXOAUTH CIIOPTCMEHY 3T1IHO HOTO
¢i3nyHMX mapameTpiB. MaeMo JaHi Mpo CHOPTCMEHIB, SKi MOKHA BBaXXAaTH BXITHUMH (haKTOpamMH
(puc. 1). HaBenemo onuc nux (akTopis.

1. Bwucora BUIMyCcKy — BUCOTa BUITYCKY s/Ipa 3a PI3HUMHU TEXHIKaMH.
3picT — 3pICT CIOPTCMEHA.
Cratpb — cTaTh ciopTcMena (1 — 4oJoBik, 2 — XKiHKa).
Bik criopTcMeHa — 9MM CIIOPTCMEH CTaplie, THM Kpalle TeXHIKa «CKadoK.

JloBKMHA PYK.
JloB>XHHA HIT.

o Uk wn
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7. Twun BonokoH M’s131B — moBUIBHI (1) abo mBuaKi (2). M's13a JI0IWHU 10 CBOEMY CKJIali HE
oIHOpiaHI. BOHU CKIIaaroThCs 3 TaK 3BaHUX MIBUAKUX ((PI3UYHMX) 1 TOBUILHUX (TOHIYHUX)
BOJIOKOH. [Ipy 1mpoMy BaXJIMBO BIJ3HAYUWUTH, IO HI MPHU SKIA poOOTI HE BiIOYBAETHCS
OJTHOYACHOTO CKOPOYECHHS BCIX M'S30BHX BOJIOKOH JaHOro M's3a. IlepeBa’kHe CKOpOUYCHHS
TUX a00 IHIIMX BOJIOKOH Yy M'si3i BiIOyBa€ThCs aBTOMATUYHO IIiJ] BIUIMBOM HakasiB, IO
HAIXOIATh 13 LEHTPAJIbHOI HEPBOBOI CHUCTEMH, 1 3aJE€XKHUTh BiJ] XapaKTepy BHUKOHYBAaHOI
pobotu. InTeHcuBHa (BUOyXxoBa) poOOTa, HETPHUBAIA 32 YACOM, BUPOOJISETHCS B OCHOBHOMY
3a paxXyHOK aKTHBHOT'O CKOPOYEHHS IIBUIKUX BOJIOKOH. [Ipu ManoiHTeHCHBHIH 1 TpuBamiit
poOOTI OCHOBHE HAaBaHTAKCHHsI OepyTh Ha ceOe MOoBiIBHI BoJIOKHA. [IpiopuTteT cTpubka B
MOBUTHHHX M'S13aX, a TOBOPOTY Y MIBHIAKKX [8].

8. Illupota ruieyei.

9. Tect AbanakoBa — TECT Ha PyXOBY SIKiCTh — IIBUAKICTH [9].

10. JloBKHHA PO3TOHY.

KosxeH crmopTcMeH MOXe BUKOPHCTOBYBATH Pi3HY TEXHIKY MeTaHHs (0JHY 3 4 pi3HOBHUJIIB):

— CKauoK;

— KpYroBHil Max (HU3bK1 HOTH);

— KpYroBHii Max (BHCOKI HOTH, HU3bKI TIIeUi);

— KpYroBHi Max (BUCOKI HOT'H, BUCOKI ILIEY1).

[Ipy BUKOPUCTaHHI KOXHOi TEXHIKH BIH OTPUMYE pi3HI pe3ynbTaTd. TakuM YHUHOM, MH
JOJJTAEMO HOBHIH (DAKTOp — «TEXHIKa, 0 BUKOPHCTOBYETHCS I METAHHS» — SK PE3YJIbTYIOUHM.
3HaxX0IMMO Kpalli pe3yabTaTH Ui KOXKHOTO CIIOPTCMEHA MO0 KOXKHOMY 3 (DakTOpiB 1 MPOBOAMMO
knacudikamiro. [ToTiM BBOAMMO JaHi HOBOTO CIIOPTCMEHA, 1 MOJIENb PaluTh, Ky TEXHIKY Kparie
BUKOPUCTOBYBATH CaMe LIbOMY CIIOPTCMEHY I OTPUMaHHS HallKpamux pe3ybTaTiB.

Bucota . . Hoexmna | Qoexmda [ Twn eonokod | WepoTa Tect HoesuHa Tun
3picTt | CTate Bik . L . .
EMNYCKY [k Hir M'AZIE nneved | ABanakoEa | pO3roHy | TEXHIKW
220 180 2 16 a0 70 2 a0 27 120 1
184 160 1 18 78 T 2 5] 21 134 2
160 160 2 23 a7 G 1 ]a] 15 100 2
178 165 1 23 B7 s 1 a7 23 123 1
196 170 2 21 B5 RS 2 B7 25 130 3
221 166 2 21 s 48 2 47 34 130 1
223 205 1 19 a2 70 2 b= 22 148 2
152 217 2 2h 74 a2 2 24 25 142 4
208 186 2 32 a2 s 2 a1 25 127 4
208 180 2 23 55 [t 1 24 35 125 4
197 225 1 26 5] 54 2 7h 35 139 3
221 225 1 26 103 G4 2 40 20 123 2
150 183 1 28 a]4] a0 2 53 27 114 2
192 185 2 25 g2 B0 1 3] 27 143 1
209 187 2 23 a4 58 1 21 19 11 1
193 178 1 e 72 78 1 41 23 135 3
171 227 2 15 100 o4 2 a%:} 24 134 4
167 160 1 32 100 a7 1 3] 25 128 4
170 165 2 30 B3 G 1 a9 15 119 2

Pucynox 1 — BxingHi nani
[InsgxoM MpOBeACHHS HHU3KUW YHMCEIbHUX EKCIIEPUMEHTIB Oyllo MiIiOpaHO apXiTeKTypy

HEWPOHHOI MEPEeXi 3 OIHMM MPUXOBAHUM IIAPOM, KU MICTUTh TPHU HEHPOHA.
PesynbraTu po3paxyskis B cepenosuiii Deductor [10] HaBeneno Ha puc. 3.
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Bucora sunycky

3pict

Crate

Bik

HoBkuHa puk.

DoBuHa Hir

Tun BONOKOH M'ASIE

Wupora nneveti

Tect AGanakoea

JoBskuHa poaroHy
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3amaua Moke OyTH BHpINIEHA METOJIOM IITYYHUX HEUPOHHUX MEPEeX 3 apXITEKTYpOIo
3BHYAHOTO MEPCENTPOHY 3 JAeCAThbMa BXiMHUMHU (pakTOopamu, HaBeACHMMH y TaOu. 1, omHUM
MPUXOBAaHUM Ta OJHUM BHUXITHMM («0OpaHa TeXHIKa»). 3aCTOCYBaHHS IIi€i MOJEIl JOTIOMOXKE
3MCHIIUTH 4Yac 3HAXO/DKCHHS TEXHIKM Maibke B JBa pa3d, IO B CBOK YEPry JOTOMOXKE
paIioHaIbHO 3aCTOCYBATH Yac JJIA MiITOTOBKK CIIOPTCMEHA Y HOTo BIKOBi# KaTeropii.

JITEPATYPA
1. Wilko Schaa. Biomechanical Analysis of the Shot Put at the 2009 IAAF World Championships in Athletics /
Schaa Wilko. — New Studies in Athletics, M 3-4, 2010. - (C.9-21. - URL:

https://www.researchgate.net/publication/265661202

2. Kadayvxuii M.A. I[locmanosxa 3a0aui po3paxyHKy HNOKA3HUKIE CHOPMCMEHA-MeMAlbHuKa A0pa i3
3aCMOCYBAHHAM WMYYHUX HeUpoHHUX mepedc 3 14 exionumu gaxmopamu / M. A. Kaodayvxuii, O. FO. Menvruxos //
Mamepianu 6ceykpaincokoi HAyKO80-NPaAKmMuyHoi KOHepenyii 0ns cmyOeHmis, acnipanmie ma MOJLOOUX GUEHUX
«IIpuxnaoni ingpopmayitini mexrnonoziiy: 30. nayk. np. Binnuys, JonHY imeni Bacuns Cmyca, 2020. — C. 22-24.

3. Kadayvxuii M.A. Po3paxyHOK RNOKA3HUKIE CHOPMCMEHA-MEMATbHUKA A0pa 3d OONOMO20I0 WMYYHOT
HelipoHnoi mepedxci 3 14 exionumu axmopamu / M. A. Kaoayekuii, O. FO. Menvruxos // Monods y ceimi cyuacHux
MeXHON02IU 3a memamuKol: Bukopucmanns ingopmayitinux ma KOMyHIKAYItIHUX MEeXHONO02IN 8 CYUACHOMY YUDPOBOMY
CYCRiIbCmei: Mamepianu MidCHAp. HAYK.-npakm. KoH@. (4-5 uepena 2020p., m. Xepcon) / 3a 3ae. peo. I.O. Paiixo. —
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MeabnukoB O.10., HleBuenko H.1O. (/[onbacvra depoicasna mawunobyodiena akademis,
Ykpaina)

3ACTOCYBAHHA H!EFIPOHHHX_MEPE)K JJIAA TPOT'HO3YBAHHS PE3YJIBTATIB
MACYMKOBOI ATECTAIUL CTYAEHTIB 3AKJIAAY BULIIOI OCBITH B
SAJIEZXKHOCTI BIA EPEKTUBHOCTI IX HAYKOBO-JOCJIIAHOI POBOTHU

Copmyrvosano 3adauy npoerosyeanns 6niugy HayKogo-00CHiOHOT JianbHOCMI chyOenmie Ha pe3yibmamu
niocymko6oi amecmayii uepe3 eussienus Gaxmopie cymmegozo enaugy. Chopmosanuii KOMNIEKC 3HAYUYWUX
¢axmopis, wo ckradaemvcs 3 60COMU  GXIOHUX [ 060X 6UXiOHUx @akmopis. OOIPYHMOBAHO HEOOXIOHICMb
BUKOPUCIMAHHA CYYACHUX MemoOig O pilieHHA 3a60aHHA NPOSHO3Y8AHHA. 3anponoHO8AHO MemoO WMYYHUX
HeUPOHHUX Mepedc 3 apXimeKmypol nepcenmpony 3 8 exioHumu axmopamu ma 080Ma CXO8AHUMU wiapamu 3 5
HeUpOHAMU Y KOHCHOMY, AKMUBAYITIHOI QYHKYIEI cueMoiooio ma areopummom 360pOnHO20 NOWUPEHH NOMUIOK O
HasuauHa mepedxci. Hagedeno npuknaou pospaxynky e cepedosuwi Deductor Studio Lite. 30iticneno nopisHanua 3
PeanvHUMU OaHUMU.

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.

SIKICTh OCBITHBOI IiSTTBHOCTI XapaKTEPU3YETHCS PI3HUMH CKJIAIOBHMH, IO BKIIFOYAIOTH TaKi
MOHATTS SIK: HASBHICTh JIEP>KAaBHOTO CTaHAAPTy BHUIIOI OCBITH 1 AKICTh HOro peanizaiii; sSKiCTb
podecopchKo-BUKIIANAIBKOTO CKIaMy 3akiany Bumoi ocité (3BO); skicTk opraHizaiii mporecy
HaBYaHHS; SIKICTh METOJUYHOr0 3a0e3[eUYEeHHS] HaBYAJILHOTO IPOILECY, a TaKOXK SKICTh CyO'e€KTIB
HaBYaHHS YW 3a0€3MEYeHHsS WIiATOTOBKM KBami(pikoBaHMX (axiBIIB 3a CHEMiabHOCTAMH 1
KBasTiQikalisamMu, nepedadyeHuMU HaBYaIbHUMHU I1aHamu [ 1].

BHyTpimHs cuctema OLIHKH SIKOCT1 OCBITH OO0 Cy0’€KTIB HaBYaHHS peaii3yeTbes B popmi
IMPOMDKHOI 1 MiZICYMKOBOI arecTauiii cTyAeHTiB. IIpu nmpomy ciifi BpaxoByBaTH, L0 MiJICYyMKOBa
aTecTallis — 1€ IHTeTpaJbHUN MOKA3HUK, SIKUM € MpOeKli€l0 HaOyTHUX 3a Mepioj] HaBYaHHS 3HaHb,
BMiHb Ta HaBMYOK 3a PI3HUMM JUCLMIUIIHAMU Ta 1HIIMMHU «AKTUBHOCTAMU» CTyHeHTIB. OnHi€0 3
TaKMX «aKTUBHOCTEW» € HaykoBo-aociinHa poOota cryaeHtiB (H/IPC), sxa Bkitouae BUBUYEHHS
CreLiali30BaHuX TUCHMIUIIH, HaMHUCaHHS HAayKOBO-IOCHIAHMUX poOIiT Tomo. I[Ipobremi BmIuBY
HayKOBO-JIOCTIAHOT pOOOTH Ha SKICTh OCBITH MPUCBIYCHO JTOCTATHHO Oarato JOCIHIKEHBb SIK
BITUM3HAHMX, TaK 1 3aKOPJIOHHUX HAYKOBIIB [2-5].

OTxe, MOKHA MPUITYCTUTH, L0 SIKICTh, MAaCIITAOHICTh T4 CBOEYACHICTh HAYKOBO-AOCIHITHOT
poboTu Oe3nocepeHbO BIUIMBAE HA PE3yNbTaTH IMiJCYMKOBOi aTecTallii CTYAEHTIB, a caMe — Ha
CepeaHIN PEUTHHT JUILIOMY Ta OLIHKY, SIKY CTY/I€HT OTpUMY€E Ha 3aXHUCT1 KBaji(ikaliiiHoi poOOTH.
Buxonsun 3 1poro mpUIyLIeHHS, BU3HAUMBIIM TMOBHMM HaOlp BXiTHUX (aKTOpiB, 3 SIBISETbCA
MO>KJIUBICTh TIPOTHO3YBAaTH pe3yjbTaTH MiJACYMKOBOI aTecTalii CTYIEHTIB 3a pe3yjbTaTaMH iX
MIPOMDKHOI aTecTallii Ta HAyKOBUMH «aKTHBHOCTSIMU.

B sxocti BXimHuX (akTopiB, fKi, Ha Hally JyMKY, BIUIMBAalOTh Ha 3arajibHy YCHILIHICTb
CTYJEHTIB, BU3HAUMMO: CHEI[IaJIbHICTh, 3@ SKOI CTYAEHT HaBYA€TbCA B MaricTpaTypl; CepeaHiii
peiitunr aumiuomy OakanaBpa (CPB); 6an, oTpumanmii Ha 3aXMCTI BHUITYCKHOI KBamiikariiHoi
pobotu OakanaBpa (/Ib); 3aranpHy KUIBKICTh HAyKOBHX IyOJIIKAIlii CTy/IEHTa (BKJIIOYAIOYH TE3U
JIONIOBi/IeN AJIi HAYKOBUX KOH(EpEeHIiil), B TOMy YHCIi y CIiBaBTOPCTBI 3 HAYKOBHM KEPIBHUKOM
(Smy0); KUTBKICTh HAYKOBHUX IMYOJIIKAIlid CTyJIEHTa B cremiani3oBaHux («(haxoBUX») BUAAHHIX, B
TOMY YHCJ1 y CIIBaBTOPCTBI 3 HAYKOBUM KepiBHHKOM (Sdax); HayKOBOro KepiBHHKa (KepiBHHKA
BUITYCKHOI KBanmidikaiiHoi poOoTH); pe3yiabTaTh MPOMIDKHOI aTecTamii 3a AUCHUILTIHO «OCHOBH
HAyKOBUX JIOCHI/DKEHb» (PeUTHMHroBHM Oan 3ajiky); pe3y/lbTaTH MPOMDKHOI arectamii 3a
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JTUCIUTIIIHOK «MeTOoM0IOoTis 1 oprasi3ailisi HayKOBUX OCHIKEHb» (PEHTHHTOBHI Oan 3alliky).
Hagseneni ¢akTopu o4iKyBaHO BIUIMBAIOTH Ha: cepeaHii O6an nuruiomy marictpa (CBM); cepeniii
pedtuHr auriomy marictpa (CPM); Oan, oTpumaHui Ha 3aXWCTI BUITYCKHOI KBasli(ikariiHOi
pob6otu marictpa (JIM) [6-7].

HocnmipkenHs Oyau  TpOBEIEHI Ha TNPHUKIAAI  PE3yJIbTaTiB  HaBYaHHS  CTY/JEHTIB
cnenianbHOCTel «CucteMuuil ananiz» Ta «lHdopmariiini cucremu i trexnonorii» JJAMA 3a 2017 —
2019 poku. byno obpano rpymnu, OCBITHIM MPOIEC SKUX 3IHCHIOBABCS 3a HOBHMH CTaHJapTaMHu
BUIIOI OCBITH, a HaBYaJdbHI IUIAHU CICHIATbHOCTEH NPAKTUYHO HE 3MIHIOBAIKCS MPOTITOM
3a3HAYEHOTO Mepioay vacy. Takoxk BpaxoBaHI BiJOMOCTI TIJILKH MPO THUX CTYACHTIB, sIKI OTpUMAIIN
IUTUIOM OakanaBpa Ha 0a3i MOBHOI cepeqHbO1 OCBiTH (0€3 mpucKopeHoi popMH HaBUAHHS).

Jns mporHo3yBaHHS Tpeba BHU3HAYMTH MAaKCHMAIbHO €()EeKTUBHY KOMOIHAIIO BXiIHHX
¢akTopiB 1 Taki mapaMeTpu Mojeli, Mo 3ade3neyaTb MAaKCUMaJIbHY TOYHICTh MPOTHO3YBaHHS [8].
JI71s1 KOXKHOTO BHMAAKy OyZeMO BU3HAYATH CEPEIHIO TOYHICTh BUXITHUX (DaKTOPIB TPbOMa PI3HUMU
MiIXOAaMH: CepeHl MOXUOKN BU3HAUCHHS CEPEIHHOTO PEUTHHTY Ta OIIHKH, OTPUMAHOI Ha 3aXHUCTI
kBamidikaiiHoi poOOTH, 3a HalllOHAJIBHOIO IIKAJOK; CEepPeAHI MOXMOKM BU3HAUCHHS BUXIJIHHX
(hakTOpiB MPH 3BEICHHI JAHUX JIO «TPHOXOATBHOD) IIKAIH; CEPEAH] TOXUOKN BU3HAYCHHS BUXI1THUX
(hakTopiB mpu TpaHcHOpPMAIIil JTaHUX O KEBPOIICHCHKOD» IIKAIIH.

O1iHKY BIUTUBY BXiIHUX (haKTOpiB OyaeMO MPOBOJUTH C YpaXyBaHHIM TaKUX YMOB:

1) 6a30Bi yMOBM — aHaJi3 BIUIMBY OCHOBHHX pe3y/bTaTiB HAaBYAaHHs 3a piBHEM OakaiaBpa
(CPB 1 1b);

2) BapiaTHBHI yMOBH — KOMOIHAI[is 1HIIMX BXiTHUX (DaKTOPIB:

— CPB+ JIb + OH[I;

— CPb+ /Ib+ MOH[;

— CPB+ JIb + OHJ] + MOH/I;

— CPb + [Ib + Sny®;

— CPb + JIb + Sniy6 + Sdax;

— CPb+ JIb + OHJI + Sniy6 + Soax;

— CPb+ JIb+ MOH/ + Sty6 + Sax;

— CPb+ JIb+ OH/l + MOH/I + Smiy0 + Scax;

— CPb+ /Ib + OH/J] + MOHJI + Sniy0 + Sax + kepiBHUK;

— CPb+ Ib + OHJ] + MOH/I + Stiy0 + Sgax + kepiBHUK + criel.

Vci pospaxyHku Oynu BukoHaHi y cepemoBuil Deductor Studio Lite [9]. Otpumani
pe3ynbTaTu 3BeIeHO 10 Taou. 1.

Tabmuus 2 — CepeqHi MOXUOKU BU3HAYCHHS BUXITHUX (aKTOPIB

M | CPB | B | OHI | MOHJ | Smy6 | Sgax K:ﬁif’ cnen. | CPM M cp. CPK | JMK cp. CPKE | JMKE cp.

1 + + 00115 | 00120 | 00118 | 0,500 | 0,000 | 01250 | 0,3500 | 0,3000 | 0,3250
2 + + + 00194 | 00035 | 00115 | 01500 | 0,000 | 01250 | 0,3000 | 0,000 | 0,2000
3 + + + 00048 | 00128 | 00088 | 00000 | 0,500 | 00750 | 0,1500 | 0,1500 | 0,1500
4 + + + + 0,0012 | 0,0025 | 00019 | 00000 | 00000 | 00000 | 0,1000 | 0,0000 | 0,0500
5 + + + 00112 | 0,025 | 00068 | 0,000 | 00500 | 00750 | 0,2000 | 0,1500 | 0,1750
6 + + + + 00048 | 0,127 | 00088 | 00500 | 00500 | 00500 | 0,2000 | 0,1000 | 0,1500
7 + + + + + 00142 | 0,027 | 00084 | 0,000 | 0,000 | 00500 | 0,500 | 0,0500 | 0,1000
8 + + + + + 0,0003 | 0,0003 | 00003 | 00500 | 00000 | 00250 | 00500 | 0,0000 | 0,0250
9 + + + + + + 00019 | 0,0057 | 00038 | 00000 | 00500 | 00250 | 00500 | 0,1000 | 0,0750
0| + + + + + + + 00003 | 0,021 | 00012 | 0,0000 | 0,000 | 00000 | 0,000 | 0,0000 | 0,0000
I + + + + + + + 0,0000 | 0,0001 | 0,0000 | 0,000 | 0,000 | 00000 | 00000 | 0,000 | 0,0000

Ha nactynHomy erari Oysio oOpaHo apXiTeKTypy HeHpoHHOI Mepexi. [lopiBHIOIOUM cepeHi
MOXWOKM BU3HAUEHHS BUXIIHUX (DAKTOPIB JUIsl PI3HUX BUIIB apXITEKTYpH (KpiM BK€ BUKOPUCTAHOI
MLP 7(8)x5x2), oOpano HaiOuIbII onTtuMaibHy (Tabn. 2 Ta 3), TOOTO Taky, m0 3abe3meuye
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MiHIMaJIbHY TTOXHOKY. MiHIMaJIbHE 3HaYEHHS CEPEIHbOI MOXUOKHM BU3HAYCHHS BUXIAHUX (HaKTOpPIB
3a0e3neuye apXiTeKTypa MEpCenTpPOHy 3 JBOMAa MPUXOBAHWMU MIAPAMU Ta I1’SIThMa HEHpOHAMH Y
KO)XKHOMY 3 HHX (puc. 1). Pe3ynpTaTu NpOrHO3yBaHHS CEPEIHBOIO PEHTHUHTY CTYACHTIB 3a
noromoror moaer MLP 8x5x5x2, a Takoxk (akTuuHi 6any HaBeleHi B Ta0I. 4.

Tabmuus 2 — Cepeani moxuOKM BU3HAYECHHS BUXIAHUX (hakTopiB st MLP i3 cimoma
(hakTopamu

ApxiTekTypa CPK | IMK
Mepeski CPM | M cp. CPK | IMK cp. E E cp.
MLP 7x5x2 O,%OO O,(:)LOZ O,(;Ol 0,%00 0,%00 O,%OO O,%OO 0,0000 O,%OO
MLP 7x10x2 O,(())OO 0,(3105 0,(;02 0,(())00 0,%00 O,(())OO O,%OO 0,0500 O,(())25
MLP 7x5x5x2 0,%01 O,%OO 0,0101 0,%00 0,(())00 O,(())OO O,%OO 0,0000 O,(())OO
MLP 7x10x10x2 0,0100 0,(:)314 0,0207 O,%OO O,(())SO 0,%25 O,%OO 0,0500 O,(())25
Tabmuus 3 — Cepenni moXuOKM BU3HAYECHHS BUXIAHUX (pakTopiB aimst MLP i3 BicbMoma
baxTopamu
ApxiTekTypa CPK | MK
Mepesi CPM | M Cp CPK | MK cp. E E cp.
MLP 8x5x2 O,(())OO 0,0100 O,%OO O,%OO O,(())OO 0,%00 O,%OO 0,0000 O,(())OO
MLP 8x10x2 0,0109 O,%O9 O,%O9 O,(())SO O,(())SO 0,%50 O,%SO 0,0500 O,%SO
MLP 8x5x5x2 0,%00 0,%00 0,%00 O,%OO O,(())OO 0,%00 O,%OO 0,0000 O,(())OO
MLP 78x10x10x2 0,0100 0,%26 0,%13 O,%OO O,(())SO 0,%25 O,%OO 0,0500 O,(())25
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Pucynok 1 — Apxitektypa HeiiponHoi mepexi MLP 8x5x5x2
Tabmuus 6 — Pe3ynbraTl MPOrHO3yBaHHS

CryneHrt Peiitunr | Po3paxyHok
Aped'ea O.b. 91,00 91,01
Bymura B.C. 94,88 94,91
Bepemrak O.0. 95,00 94,63
I'punienko B.I. 80,12 80,12
Cremrok A.B. 84,62 84,62
Arakin A.O. 80,20 80,20
Benpunpknii /1.1O. 63,85 63,84
I'epacwkin B.B. 79,25 79,26
Ky6an €.M. 83,95 83,96
Mami6opceka A.O. 86,00 86,00
OsBcsHHUKOB P.P. 83,90 83,91
®emuenko A/l 77,20 77,19
Baxaii O.C. 69,20 69,20
Bynakopa O.A. 96,50 96,14
Kenesnsak A.O. 80,88 80,88
bepanuk B.O. 89,83 89,82
Iap6y3 O.A. 60,67 61,12
Caesenn €.B. 60,33 60,69
Cuu P.B. 60,79 60,88
IlleBuenko J1.C. 61,75 60,92

PEMTUHI

aunntt martt
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BUCHOBKU
[IpoBeaeHi gocmipKeHHsT JOBENH, M0 €(PEKTUBHICTh HAYKOBO-IOCTIAHOI pOOOTH CTYACHTIB
CYTTEBO BIUIMBAE Ha Pe3yabTaTH IiJCYMKOBOI arectarii. HallOumbm MOMITEHUM MaTeMaTUYHUM
IHCTpYMEHTApiEM TPOTHO3YBaHHS YCIIIIHOCTI CTYACHTIB B 3aJIeKHOCTI BiJI HAYKOBUX
«aKTHBHOCTEH» BUSBUBCS METOJ IITYYHUX HEHUPOHHHX MEPEXK 3 apXiTEKTYypOIO MEPCENTpOHa, sSKa
CKJIAJIAEThCS 3 BOCBMHU BXIAHMX (DaKTOpIB, JABOX IPHUXOBAHMX IIApiB Ta 3 II'SITH HEUPOHIB Yy
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 posensnemo nepcnekmugy ma 8niue KpUnmogauom Ha eKOHOMIUHY ma QiHaHco8y cucmemy
bocuii ma I'epyecosunu. Ilosisa ma gukopucmants KpUnmogamom, HaugioomMiua 3 AKUX - OiMKoUH, AKUL NOWUPUBCSL NO
6cbomy cgimy. Bimkoun nputimaemscs 00 OHIAUH-NIAMEIICI8, XOUA iH He BUNYCKAEMbCA YEHMPATbHUM OAHKOM, 6IiH
MAaKodc He Npug’si3auuti 00 PAXYHKI8 Y KOMepYiuHux OauKax, momy mexuiyno ye He epowi. Kpunmosanromu
@yHKYioHYIOMb K eIeKMPOHHI 3aNUC NeGHUX YIHHOCMel, Wo 30epieatomuvcs 68 eNeKMPOHHUX 2aMAHYAX HA 8eD-calimax,
wo wuadarome maxy nocayey. Llenmpanvnuti 6anx bocnii ma [epyecosunu ne mae 24#coOHOl ingopmayii w000
NPOHUKHEHHS. HA PUHOK MA 6UKOPUCMAHHS GIPMYAIbHOL 3auiu@posanoi éaniomu 6imxotn abo 6y0b-saxoi inwoi 6 bocuii
ma [epyecosuni. Baniomu He QyHKYIOHYIOMb AK MUNO6a 6aAmOmMd, iX He GUNYCKAE YEeHMPAanibHuti OauK, i 6OHU
NOKAA0AIOMbCsl HA NPOMOKONL 8I0 Komn'tomepa 00 Komn'tomepa, 3acnosanuii Ha Inmepnemi. Mooxcna 3poboumu
BUCHOBOK, WO npudbanHs ma 30epicanis KPUNmMosauom, d makodc ix mopeiens ne 3aboponeni 6 Bocwuii ma
T'epyezosuni, ane ne susHaueHi.

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 Bosnia 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 Bosnia 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 onmumanrvHy 1a00PAmMoOpHY npoyeoypy CuHmesy aIKUIKCAHMO2EHI8 HAmpil y
8IONOBIOHOMY pearyillHoMy cepedosuwyi (KCUuioi), NOYUHAIOYU 3 AIKUIO0B8020 CHUpmMYy, 2IiOpoKCcudy Hampilo ma
cipkogyeneyro.. Onucanuii npoyec cunmesy XapakmepuzyemuvcCs: GUCOKUM CMYHeHeM KOHGepcCii ma Yucmomoro
NPOOYKMY, M'SAKUMU YMOBAMU PeaKyii ma MONCIUBICIIO 3ACMOCYB8AHH HA NPOMUCTIOB0MY pisHi supobHuymea. Ilicisa
nepuioi’ peakyii cunmesy pO3UUHHUK KCULOJL 3HOBY SUKOPUCHIOBYIOMb Olsl HACMYNHO20 CUHME3Y, WO € HAO38UYALUHO
CRPUAMIUBOIO YMOBOIO 3 MOUYKU 30DY EeKON02IYHO YUCTUX MEXHON02I.

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 + H20 (I reaction phase)

ROM + CS; — ROCS2M (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?3, 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 HCI 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

%NasS= o
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 (I1) 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 NayS,03. Under these conditions, both sulfide and
thiocarbonate react, so it is necessary to correct the values by reducin’g it for a certain sulfide.

\ -F-V -B)-7.7

% NaZCS 5 —0IMp 0.1M NapSp03
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!
No. (h) (@) (mol) (%) (%)
1 3.0 510.00 1.70 81.60 48.00
2 4.0 511.00 1.71 81.62 48.00
3 45 526.30 1.82 87.71 50.00
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5.0 52631 1.82 87.70 50.00
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L 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?

| 1 (@ (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

L1 - 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, 1l reaction step - 35°C,.
Exp. No. EtOH (96.0%) CS>(98.0%) NaOH (96.7%) Yield Purity*
(@ (mol) (em®) (mol) (g) (mol) (%) (%)
1 100.4 210 128.0 210 876 210 83.70 47.81
2 1100 230 128.0 210 960 230 87.70 50.10
3 1150 240 128.0 210 100.1 240 86.50 49.65
1 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 yield 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] | step Il step 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 4.5 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 0OC.
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®

| Time(Days) 0 30 60 90 |
Ksantat- % % % % | % | % | % | % | % | % | % | %
primer a.m.b | Sulf.c| Trit. [ a.m. | Sulf. | Trit. | a.m. | Sulf. | Trit. | a.m. | Sulf. | Trit.

Na-EtX-1 | 410 14 030 410 14 030 409 14 030 409 14 0,30
Na-EtX-2 | 512 15 031 511 15 030 511 15 031 510 15 031
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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3CS, + 60 —— 2CS§_+ CO?—O— 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 aqueous 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
(1. Carbon disulfide reacts in parallel with the alkali, which is in the reaction mixture, to form
trithiocarbonate (1) and carbonate (V).

H :S SH
5 5 \
R-§-H + §=C=8 — R—0=Cy, —= R-0-Cy
ST 5 s
cs . T s i) I
R—0-G_* R-§-H—=R-0-C-0~R —= R-0—C-0—R —= R—0-C—O—R +H;S
AEH SH Csh, 0 (I
&

st + 2NaOH—— NaQS + 2H20
(i

3CS,+ BOH™ — = 2CS2 + CO3™ + 2H,0
(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.

Pospoobra noenicmio inmezposarnozo iHghopmayiiinozo cepedosuwia 0 Oi3Hec-npoyecie € 207108HOI0
npobaemoro 01a cyyacHux nionpuemcms. Ingpopmayivina cucmema nionpuemems (EIS), ax sascnusuti komnonenm 6y0b-
SAKOI KOpnopamueHoi cucmemu, € JHCUMMEBD BANCIUBUM [HCMPYMEHMOM NIOMPUMKU, DO3UIUPEHHS ma IHmezpayii
obisHec-npoyecie Ha 6cix pienax. Axicha (EIS) mooice O6ymu OocsiehHyma 3a 00nomo2010 npoyecy MOOeno8aAHHs
OazamoGUMIpHUX — acnexmis — apximexmypu NiONPpUEMCMSBA, PAa3oM 13 HANEeHCHUM IHMeSpY8aHHAM  OLlOBUX,
OpP2aHi3ayitiHuxX, HHOPMAYIUHUX, NPUKIAOHUX MA MEXHONOSIUHUX CYO-apXIMeKmypHUX KOMNoHewmie. YHighikoeana
moga moodemoganus (UML) 3i ceoimu Oiacpamamu 3abe3neyye niOmpumKy MoOem08aHHs 0N NPeOCABleHHs.
cmamuyHoi cmpykmypu ma ounamiynoi nosedinku EIS, suxopucmogyiouu cmanoapmmui no3uavenHs ma npasua.

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 (1S) 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/IIl. 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
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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 modo:l,I

Performance
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Strategy & e Process Organizational
Vision S architecture ga S
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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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Names DATA FUNCTION NETWORK PEOPLE TIME MOTIVATION Names
What How Where Who When Why
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— . .
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Fig.
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 HEHPOMEPE X JIJISI PO3B’SI3AHHSA 3AJIAY ITIPOTHO3YBAHHSA

Y cmammi pozenanymi netiponni mepedici ax incmpymenm npozrHo3ysanusa. [lano Kopomkuii onuc HeupoHHUX
Mepedc 8 YoMy i KOHKPEmHO 8 001ACI NPOSHO3YBAHHS.

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.

[IporHo3yBanHss - 1€ TmepeadadyeHHs MalOyTHIX TMofAild. MeTo MpPOrHO3YBaHHS €
3MEHIICHHS! PU3UKY NpU MPUAHATTI pimeHb. [IporHo3 3a3Buyail BHUXOIUTH MOMHJIKOBUM, alie
MIOMMJIKA 3aJICKUTh BiJI BUKOPUCTOBYBAHOI NMPOTHO3yr04oi cucteMu. Hanarouu mporHosy Ouiblie
pecypciB, MOKHA 30UIBIIUTH TOYHICTh IPOTHO3Y 1 3MEHIIUTH 30MTKH, MOB'SI3aH1 3 HEBU3HAYECHICTIO
Ipy OPUWHATTI pilieHb. TUIOBUMHU JOJAaTKaMU TEXHIKM MPOTHO3Y € mepenadayeHHs IiH Ha
¢dboHIOBII OipXKi, MPOTHO3 MOTOaW, TPOTHO3 CIOKUBAHHS EJIEKTPOCHEprii, MPOTHO3 BiJMOB
TEXHIYHUX CUCTEM.

[ToTpiOHO pO3pI3HATH [Ba BUAM NPOTHO3YBAaHHS: eKCHEepTHHH 1 QopmamnizoBane [1].

ExcniepTHe nmporHo3yBaHHs Ma€ Ha yBa3l (OpMyBaHHS MalOyTHIX 3HAa4€Hb EKCIIEPTOM,
TOOTO JIFOAMHOIO, IO BOJIOJI€ TIMOOKMMH 3HAHHSAMH B TEBHIM Tamy3i. EkcriepT mpu mpomy 4acTto
BUKOPHUCTOBYE MaTeMaTH4HUM amapar, NpoTe€ B JAHOMY BMJi NPOTHO3YBaHHS MaTeMAaTUYHUN
armapar € JIMIIe JOTIOMDKHUM OOYHCIIOBAIEHUM 1HCTpYMEHTOM. OCHOBOIO X € 3HAaHHS Ta iHTYIIISA
eKCIepTa, a TOMY 1HOI Il METOIM HAa3UBAIOTh IHTYITUBHUMHU.

@dopmaiizoBaHe NPOTHO3YBaHHS - L€ MPOTHO3YBaHHS Ha MiACTaBI MareMaTHYHOI MOJel,
SKa, BIJIOBJIOIOYM 3aKOHOMIPHOCTI MpPOIECY, Ha CBOEMY BHXOAI Mae€ MailOyTHI 3HAYEHHA
JOCIIKYBAHOTO TIporiecy. MaTeMaTHYHUX MOJIENIel MPOTHO3YBaHHS JIOCUTH 0arato, HampUKIa,
3TiHO 3 PSAAOM OTJISI/IIB B JaHUH Yac HaniuyeThest moHan 100 kiaciB Moenei mporuo3yBanHs [2].

VY niteparypi € BeluKa KUIBKICTh KJIacu(IKallfHUX CXeM METOAIB NMporHo3yBaHHS [3, 4].
Opnak OUTBIIICTh 3 HUX 200 HEMPUIHATHI, 200 BOJOAIIOTH HEAOCTATHHOIO Mi3HABAIBHOT IIIHHICTIO.

VY renepimHii yac A8 pO3B’SI3aHHSA 3aB/JaHb IPOTHO3YBAHHS HaMOLIbII MOMYJISpPHI
HeilponHi Mepexi (ANN) 1 Monenb aBTOperpecii Ta KOB3HOTO CEpeAHbOTO 3 EK30T€HHUMHU
3minauMH (ARIMAX) [5, 6].

[lepeBaru ux METOAIB:

- BOHM IOBHIIIIE OMUCAHI B JTiTEPaTypi;

- icHye 0e3J114 IPUKJIAIIB 3 peatizallii;

- BXKE CTBOPEHI TOTOB1 (PyHKIIIT, KJacu 1 METOM B PI3HUX MOBaxX MpOrpaMyBaHHS, LI0
3HAYHO TMOJIETITUTH 3aBJIaHHSI MPOTPAMHOI peari3aitii.

MeToro poOOTH € OTJIsii MOYXJIMBOCTEH BHKOPHCTAHHS HEHpPOMEPEXkK Ui po3B’sI3aHHS 3a71a4
MIPOTHO3YBAHHSI.

[lepmr HDX peani3oByBaTU HEHPOHHY MEpEeXy, MOTPIOHO PO3YMITH MpPOCTY pid: 1€
IHCTPYMEHT CKJIaJJHHH, HEPO30pHil 1 JOCUTh T'POMI3JIKUMN, IKMI 3HAMIIIOB IIUPOKE 3aCTOCYBAHHS B
oMy kiaci 3agaud [7-10]. HelipoHH1 Mepexi BUKOPHUCTOBYIOTHCS TOJIOBHUM YHHOM B 3ajayax
po3mi3HaBaHHsI 00pa3iB (patter recognition). IcHye 6e3niu 3acTocyBaHb HEHPOHHHUX MeEpex JUis
BUPIIICHHS 33/1a4 MPOTHO3YBAaHHS YacOBUX PsAJiB. 3a3BUYail MpU NMPOrHO3YBaHHI YacOBUX DSIIiB
BUKOPHUCTOBYIOTbCSL ~ OaraTomiapoBi, HaW4acTille TPUIIAPOBI, HEWPOHHI Mepexi MpsSMOro
nomupeHHsi. Burnsnae taka Mmepexa B Takuii criocio (puc. 1 ta 2).

Henonik HeHpoOHHHMX Mepex IMOJsArae B TOMY, IIO pO3pOOHUKAM, HEIOCTYMHO Te, LIO0
BiIOyBa€eThCsl BcepeArHI Mepexi. Po3poOHHMKM (GOpMYIOTH BXOAM, MICIS IHOTO PO3PAXOBYEMO
BUXOJM 1 MPOCTO 3ICTABISEMO OFHE 3 IHIIUM. Y HAcC HEMae€ MOXIIUBOCTI JETAJIBHO 1 MOKPOKOBO
MPOCTEXXUTHU T€, K OTPUMaHI Ha BUXOMAl 3HAa4eHHs Oyinu po3paxoBani. Lleil pexuM BUKOHAHHS
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00YHNCIICHb B «YOPHOMY SIIUKY» HAI3BUYANHO YCKJIAIHIOE MPOIIEC IHTEpIIpeTallii pe3ysibTarTiB i
Mo udiKallii Mepesxi - HesICHO, 1110 B Hill MOTPIOHO 3MIHUTH, 11100 CTAJIO0 TOYHILIE.

pOKH);

Puc.1 — Heilipomepexa 3 0OJHUM BUXOJIOM

Puc.2 - Heiipomeperka 3 1€KiJIbKOM BUXOIaMH

3aranbHUI aNTOPUTM MPOTHO3YBAHHS 32 JOTIOMOTOI0 HEHPOHHOT MEpEexKi.
ANTOPUTM CKIIQTAETHCS 3 HACTYITHUX ITYHKTIB:

OTpPUMaHHS TUMYAaCOBOTO Py 3 iIHTEpBaJIOM B 00paHy TUMUYACOBY iTEpaIliio;
3aIOBHEHHS «IIPOTAIMH» B 1CTOPII;

3rJIaJKYBAHHS PSAY METOJOM KOB3HHX CepefHixX (abo iHImmM);

OTPUMAaHHS PSTY BITHOCHOTO 3MiHU MPOTHO30BAHOI BETHYNHY,

(dhopMyBaHHS TaOJIHII «BIKOH» 3 TITMOMHOIO 3aHYPECHHS THMYACOBUX 1HTEPBAJIIB;

JOJaBaHHs 10 TaONHIIl TOMATKOBUX MaHHUX (HAMPHUKIAJ, 3MiHA BEJIMYUHH 32 MOTEPEIH]

IIKAJIMPOBAHUE;

BH3HAYCHHS HABYAIBHOI Ta BaJIiaIliiHOT BUOIPOK;
nia0ip mapaMeTpiB HeMpOMEpexKi;

HaBYaHHS HEHPOMEPEKi;
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—  IepeBipKa Mpare3/1aTHOCTI HelfpoMepeki B pealIbHUX YMOBaX.

Ha ocHOBI HEHpPOHHMX MEpeX € MOXIUBICT OyqyBaTH KOPOTKOCTPOKOBI 1
CEepeIHbOCTPOKOBI MporHo3u. KpiM TOro, Mmo3UTHBHO HA SKOCTI NMPOTHO3Y MOXKE MO3HAYHUTHCS
iHpopMaliss TpPO 30BHIMIHE CEepefOBHUINE. 3aBASKH BHUKOPUCTAHHIO HEHPOHHHX MEpeX Mpu
IIPOTHO3YBaHHI, TAKOTO POAY 3MIHHM B MOJIEIi 3BOATHCA, (PAaKTHYHO, /10 JOAABaHHS HOBHX KOJOHOK
B HaBYalbHY BHOIpKY 1 mepeHaBuaHHs Mepexi. ['oioBHa mpoOieMa ajsi SKICHOTO NPOTHO3Y -
HasBHICTh iCTOpIi JaHWX 3a JIOCUTh TPHBAIMK TEPMIH 1 TpaMOTHa morepedaHss oOpoOKa IaHUX.
3anmydeHHs eKcrepTa B Iiil 001acTi JOMMOMOXKE TaTH BiAMOBIAh HA MUTAHHS, YA BPaXOBYIOTHCS MIPU
aHai31 Bcl GaKkTOpH, 110 BIUIMBAIOTH HA PE3YiIbTaT.

BUCHOBKU
Crnizt 0co61MBO Bi3HAYUTH TOH (DaKT, 1110 epeKTUBHE BUPIIIECHHS 3aBIaHHS POTHO3yBaHHS
MOJIMBO TUIbKM B TOMY BHIIQJKy, SKIIO HEWpPOHHA Mepeka HAaBUAETHbCS Ha BEIMKOMY 00cs3i
TaHuX. Y pa3i MaJIopo3MipHOi a00 HESKICHOI HaBYAJIbHOI BUOIPKM HABITh HAWKPAIIUNA aJITOPUTM HE
JacTh 3a/I0BUIBHOTO PE3YNbTaTy, OCKUIBKH 0€3 IOBHOIIHHOTO Ha0opy HOaHMX HeHpomepexa
MPUHITUIIOBO HE 3/]aTHA HABYUTHCS.
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YJIK 004.31, 004.383.3
Huxonaituyk SI.M., 3aBeawok T.O. (IQHTYHI, m. Isano-@panxiscok, Ykpaina)

®YHKIIIl, MATEMATHYHI OCHOBHU TA CTPYKTYPA KOMIIOHEHTIB
HEHWPOITPOLIECOPIB

Buknadeni memoou ma meopemuuni 3acaou yugposoeo onpayro8aHHs iHGOpMayitiHuX NOMOKIS,
npeocmagieHux 2apMOHIYHUMYU CUSHANIAMU, HA OCHOBI CREYNPOYECOPHUX 3ac00i8 3 HeUpPOnoOIOHUMU KOMROHEHMAMU.
Posenanymo memoodonocito cmgeopenus mamemamuyHoi meopemuKo-4uciogoi Mooeni camosioHo8II08AHOT cucmemu
nepeoasanHs cueHanie 6ionetpoHHO20 80N0KHA.

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.

bioHeiipoHH1 cucTteMu TIIMOOKO AOCIIHKYIOTHCS Y BCOMY CBIT1 3 TTO3HUIIIH 010710711,
HEHpOKiOepHETHKH, Teopii CUrHaliB, Teopii koayBaHHs iH(opMariii [1]. IIpu nboMy BasKIHBOIO
3a/1a4€r0 € KOMIT I0TepHE MOJIETIOBAHHS 0COOIMBOCTEH (DYHKI[IOHYBaHHS O10HEHPOHHUX CUCTEM,
OTpHMaHHS, IEPETBOPEHHS Ta 30epiranHs HUMHU 1HPOpMAIIii.

AKTYaJIbHOIO HayKOBO-TIPUKJIATHOO 33/1a4CH0 € PO3pO0KA apXITEKTYp CHEIIIPOIICCOPIB, SIKi
MO/ISITIOIOTH PEAKIIII0 Ta aJITOPUTMH ONPAIIOBAHHS CUTHAIIB 010JIOTIYHUMHU HEUPOHAMH 1
OpIEHTOBAHI Ha peaji3allilo y BUTJISAI MIKPOEIEKTPOHHUX CTPYKTYp, B TOMY YHUCII
HAHOTEXHOJIOTIH.

AHaJi3 niTepaTypHHUX JaHUX B Tally31 HEHPOHHUX MEPEX Ta HEHPOKIOEPHETHKHU IEMOHCTPYE
BKJIMB1 HAYKOBI Pe3yJIbTaTH MOCIIOBAHHS Ta TEOPETHYHOI popmatizarii pyHKIIii HelpoHa,
MepcenTpoHa Ta HeMpoHHUX Mepex [2-4]. Ha puc. 1 nmokazana cTpykTypa moporoBoi Mozeini
(dbopmanpHOTO HEHPOHA Ta ONMHMCaHa WOTO BHUXiIHA peakiis [5].

- i lnet>0
Z= f(net)= | ’
X ol Al io’net S @
- e D R j > Z(t) n '
ces P e net= > xj-oj, —1<o0j<+l, © -mopir
i=1
CIIpallfOBaHH.

Pucynok 1 — CtpykTypa moporoBoi Mozesi Ta peakuis GopMaabHOro HelpoHa

Jnis BUpILIEHHS MIMPOKOTO KJIacy 3ajiay B raiy3i iHTeJIeKTyanbHOT 00poOKH JaHUX BCe
O1JIb1IE 3aCTOCOBYIOThCS TOpUIHI HEMpo-(a33i-cucTeMHu 1 BelBIeT-Helpo-(]a33i-cuctemMu, 1o
00’€JHYIOTh B 001 IepeBaru KO>XHOT0 3 MiJIXO0/1IB Ta MAIOTh MOKpAIlleH] alTpOKCUMYIOUi
BJIACTMBOCTI, IPU [OMY HE BTpavyaroTh 34aTHOCTI GYHKIIIOHYBaTH B pealbHOMY yaci. Takumu
cHCTEMaMH € apxXiTekTypu Tuiy Banra-Mennens, anantuBHi Heiipo-haz3i cuctremu Takari-CyreHo-
Kanra, Beitner-neipo-haszsi mepexi, aanTUBHI BeiBieT-HePpo-Gha33i cucremu 3 W-HeHpoHaAMHU
[6].

Jlns BupimeHHs 3a1a4i on-line IporHo3yBaHHs HECTAllIOHAPHUX CUTHAIIB OyJI0
3aIPOIIOHOBAHO BEHBIIET-HEHPOHHUI MPEIUKAT, OCHOBOIO SKOTO € BEHBIIET-HEHPOH [6], cTpykTypa
SIKOTO IIPUBEJEHA Ha puUC. 2.
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Pucynok 2 — Apxitekrypa BeiiBner-(hasi-Heiipona

BeiiBiieT-HeMpOH TOCTaTHHO OJU3BKHIA 110 apXITEKTYPi 10 GOPMATBHOTO HEHPOHY 3 N
Bxoaamu. [Ipu HaXOMKEHHI Ha BXij BeiBIeT-HEeWPOHY BekTopHOro curnany X(K), Ha ioro Buxoi
(hopMyeThCs CKaSipHE 3HAUCHHS

O () o () ()
yk =2 fixk =22 wji koj xik, €
=1 i=1j=1

ne wji(k) — chHanTHYHI Bary.

B 3aransHOMY BUNaKy peakiis (GopMaIbHOIO HEHpOHa Ha aHAJIOTOBUI BX1JJHUHA CUTHAI
xX(t) Moke OyTH 1OCTaTHBO a/IEKBaTHO ONKMCaHa MOJIEIUIIO po3iupeHoro onepartopa I11/1-
perynsitopa [7]:

d%x
Z()=a x(t)+a X xdx+o oo X(EX(t+T)dX o @)
0 1 2 37,2 i
dt qt2
ne %% % - paropi koediuientn, Ix@Ox(t+z)dx aBTOKOpeIsIiiiHa (QYHKIIIS BXiHOTO

CHTHAIYy.

Henonikom onucy Takoi MoJienli € BIICYTHICTb BIUIMBY B PIBHSHHI KOpENALIHHUX
CKJIQJIOBUX, K1 BpaxoBaHi y popmyii Kommoroposa st nependaueHHs MalOyTHHOTO 3HAYCHHS
cTanioHapHoi ¢yHKii [8], 110 BUKOPUCTOBYETHCS MPH peattizallii nependayarodoro Gpiibrpa
Konmoropoa-I"abopa:

olx(t)]=r +nprx £y x ¢ gnnny x oy ¢ + o 3)
0 Z 0n ZZ ng N2 NN ZZZ ny Ny N3 Ninang
0 00 000

ne 9 [X(t)]- MaifOyTHe nependadyBaHe 3HaUCHHsI (QYHKIIIT;
oo %o2r spavenms i€l GyHKIIT B MUHYJIOMY;

M. KOE(QII[IEHTH BILUTUBY (Bark) KO>KHOTO YJICHY.

B pe3ynbraTti 1ociikeHb 0yn0 BCTaHOBJICHO, IO peakiliero HeipoHa Ha rapMOHIYHHMA
curHai Oyne ¢hopMyBaHHS IMITYJIBCIB B [IEBHI MOMEHTH 4acy [9], a came npu:

nepexoi rapMOHIYHOTo curuaiy uepes 0;

MaKCHUMaJbHUX TOJATHUX Ta BiJl’ EMHUX 3HAYCHHSIX;

PIBHOCTI FapMOHIYHOTO CUTHAJTy Ta HOTO MEePIIOi MOX1THOI.

Hexait MaeMo 0IH TIepi0J1 CHHYCOI/U, SIKa OTUCY€ETHCS PIBHAHHIM

x1(t)=A0-sin (©-t),

ne A0 — aMIutiTysia; @ — 9acTora; t — yac. 300pa3umo 1eil curuan Ha puc. 3.
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Pucynok 3 — Yotupuazuuii rapMOHIYHHIA CUTHAT

Pucynok 4 — Mogenb peakiiii HeiipoHa Ha TApMOHIUYHUIN CHUTHAI

Juist TOrO, 00 3HAWTH MOMEHTH Yacy peakilii HeHpoHa Ha TApMOHIYHUI CUTHAJ,
moOyayeMo Ha IboMYy X rpadiky kocuuycoinu x2(t)=A0-cos (®-t) i x3(t)=A0-cos (o t+m) i
cunycoiny x4(t)=A0-sin (o-t+m).

TakuM YHHOM, OTPUMAEMO CUCTEMY PiBHSIHb:

( X1(t)=Ag-sin(o-t)
|x2(t):AO-cos(co-t)

7x3(t):A0-cos(co-t+n)
| [Xa(t)=Ag-sin(o-t+m)

4)

[MpencraBieni GyHKIIi MAOTh Psi OCOOIMBUX TOUOK (pHC. 3) 3aJIekKHO Big mapamerpy t:

t=4, Xx3(t)=Ao; t=0, X2(t)=Ao;
t=5,  Xxa(t)=xa(t); t=1, X1(t)=x2(t);
t=6,  X4(t)=Ao; t=2, x1(t)=Ao;
t=7,  Xa(t)= Xa(t). t=3, X1(t)=xs(t);

Ha puc. 4 mokaxkemo peaxiiiro HeiipoHa Ha rapMoHiuHHMM curHail. Lle Oyae mociiioBHICTh
IMIYJIbCIB Y BKa3aHUX BHILE OCOOJIMBUX TOUKAX.

Memoro pobomu € 0OTpyHTYBaHHsI 3aCTOCYBaHHs O0a3ucy KpecTeHcoHa /11 MOIETIOBAHHS
MPOIIECiB OMpaItoBaHHs iH(opMallii B HEHPOHHUX ITyYKax, CTBOPEHHSI CIEIIPOLIECOPIB
OTIPAIFOBAHHS 1 3rOPTKU FaPMOHIYHUX CUTHAJIB B IKOCTI €JIEKTPOHHHUX MOJIeNel HeHpopoecopis.

OOrpyHTyBaHHS 3acToCcyBaHHs 6a3ucy KpecteHcoHa JiIsi TECOPETUYHOTO pillleHHs 3a1a4i
niepeiaBaHHs CUTHAIIIB 1O HEHPOHHUX ITydKax

Teopetuxo-uncnoBuit 6a3uc (TUB) Kpecrencona yrBoproeTbcst Ha OCHOBI CUCTEMH
nwtonoAiOHuX ¢pyHkuii. Ha3Banuii 6a3uc nopoJpKye CUCTEMY YHCICHHS 3aIMIITKOBUX KJIaciB,
(dbyHIaMEHTATBHOIO OCHOBOIO 5IKO1 € KHTaiichka TeopeMa mpo 3aJIMIIKH Ta Teopis momiB ['amya [9].
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VHikansHOI0 ocobnuBicTio TUB KpecTteHcoHa € 0/THO3HAYHICTh MPSMOTO Ta 3BOPOTHHOTO
CIIEKTPAJILHOTO MIEPETBOPEHHS 3 TOUHICTIO 710 (ha3u, sika BiACYTHS y mMpokoBxkuBanomy TUbB
dyp’e HA OCHOBI rapMOHIYHMX (YHKIIIH, B IKOMY 1HGOpMariis mpo (a3y nepeTBOPrOBaHUX
CUTHAJIIB BTpayaeThcs. Tomy y 0azuci @yp’e HEMOXKIMBO BiIHOBIIOBATH CHUTHAIH MICIIS
CHEKTPAJILHOTO aHAJI3Y TUIBKH 3 BIAMOBITHUMH CTATUCTUYHUMU Ta KOPEISALIHHUMHU
XapakTepucTuKamMu. TakuM 4YMHOM, TEOPETUYHE PILICHHS 3aayi IepelaBaHHs CUTHAMIB 3
CaMOBIJTHOBJICHHSIM B HEUPOHHUX ITyYKaXx JOLLJIbHO BUKOoHAaTH Ha ocHOBI TUb Kpectencona. Tum
OipIIe, 10 O10JI0TIUHI TOCIIKEHHS JO3BOJIIIN OJHO3HAYHO BCTAHOBUTH, IO B HEUPOHHHUX
CUCTEMax TapMOHIYHI (CHHYCOIIaJIbHI) CUTHAJIU TIEPETBOPIOIOTHCS B UNCIO-IMITYJIbCHI 31 3MIHHOIO
94aCcTOTOI0, aMILTITY/I00 Ta MEPIOANYHICTIO. BiAMOBIAHO, TEOPETHYHE PillICHHS TOCTABIICHOT 3a1a4l
aJICKBaTHO MOke OyTH oTpuMane B nmuckpetHii popmi TUB Kpectencona.

CtpyKTypHa MOJIeJIb CaMOBITHOBIIFOBAHOI CUCTEMH MepeaBaHHsI CUTHAJIB O10HEHPOHHOTO
BOJIOKHA B 0a3uci Kpecrencona

ODYHKITIOHATFHUMHI OOMEKEHHSIMHU BiJOMHX MOJIEJIe HEHPOHIB € HEOPTOTOHATBHICTh
MIEPETBOPEHHSI B PE3yJIbTAaTI CyMYyBaHHS 3BaKEHUX BX1THUX CUTHAJIIB HEHPOHIB. 3aCTOCYBaHHS
TeopeTuko-uncioBoro 6asucy (TUB) Kpecrencona, sikuii mopoaKye CuCTEMY YMCIECHHS
3aJIMIIKOBUX KJIACIB, SIK MMOKa3aHo y [5], 103BOJIsIE BAKOPUCTATH HACTYITHI MOPOTOBi PYHKIIIT 110
Moy Pj:

x k
[h J=res kK[@x J(modP ); [h ]=res _a -[h ];[Z J=res kp -[h 1(modP ), (5)
j DI i 2§ g 2] 0
i=1 i=1 j=1

ne [hj] — iMoysbCHUIA CHTHAM 3 YUCIIOM IMITYJIbCIB, SIKE PIBHE HAHMEHIIIOMY

HEBi’€MHOMY 3aJIMIIKY ITOPOTOBOI MOYJIBHOT Onepariii;

res — CUMBOJI ITOPOTOBOI Omepariii mo Moayo Pj;

0 — BaroBi koedimieHTH Mo eI HelipoHa (puc. 1);

Bj Ta PO — BiamoBinHO BaroBi Koe(illieHTH Ta OPOTOBHIA MOIYJIb MPUIHMAILHOTO
Heifpona HO.

Ha puc. 5 nokazaHo 3anponoHoBaHy CTpYKTYPHY MOJIENb HElponpolecopa, SK1il BAKOHYE
¢yHK1ii moporoBoro GpopMyBaHHs IMITyJIbCHUX cUrHaliB Ha ocHOB1 TUB Kpectencona 3rifgHo
piBHAHB (5).

[Tpuknan po3paxyHKy JaHOT MepeKi ISl B3aeMHO-IIpocTux MoayiiB P1=9, P2=10, P3=11,
KOJIM yucio HelpoHiB k=3, npuBenenuii B crarri [5].

[TpuBeneHa cTpykTypa B3aeMO/i1 HEHPOHIB B HEHPOHHOMY ITyUKY IEMOHCTPY€E O1IbIll
LIMPOKE NOHSTTA (QYHKIIN HEHpOoHa MpH OIpaltoBaHHI IMIYJICHUX MOTOKIB B 010JIOTTYHUX
crcTeMax 3 BpaxyBaHHAM e(PeKTy X CaMOBIAHOBJIEHHS NP BiIMOBaX OKpEMHUX HEHPOHIB.

Po3pob6ka 3ropTkoBUX HEUPOTPOIIECOPIB 3 OJHOYACHUM MOJICITFOBAHHIM (PYHKIIIT aKCOHIB 1
HENpOHIB

HesBaxatoun Ha NOLIMPEHY B JIITEpaTypl MO/Eb peakiiii HepoHa Ha BXiTHUM
TrapMOHIYHUN cUTHAJ (pUcC. 4), pe3yabTaTH €KCIEPUMEHTAIBHUX JIOCIIIKEHb [10Ka3yI0Th
HeaJIeKBaTHICTh Takoi Mozeni. JlocnipkeHHs 3BOPOTHOT 3a/1adi, sIKa MMOJIArae y BU3HaYeHH1
aHAJIITUKH BX1JJHOTO TAPMOHIYHOTO CUTHAITY, 1110 TIOPOJIKYE pealbHUI MOTIK IMIYJIbCIB HA BUXO/1
HEeHpoHa JI03BOJISIE BCTAHOBUTH, 10 OLTBIII aJICKBATHUM BXiJTHUM CHTHAJIOM € sin2x [2]. Ha puc.6
MOKa3aHa peakiis HelpoHa Ha BKa3aHUI TUII BX1AHOTO TAPMOHIYHOTO CUTHAILY.
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Pucynok 5 — CTpykTypHa MOJIeJIb CaMO BiTHOBJIIOBAHOI CUCTEMH Te€pe/laBaHHs CUTHAIIIB

OloHEepoHHOTO BOJIOKHA B 6a3uci Kpecrencona

sin(x)
sl 2y

sl 1sen)

b Jc |d

e ‘f r‘h

6)

—qj 2 . . .
Pucynok 6 — Mojens rapMOHIYHOTO CUTHATY ) =sin"(X) 15 jioro noxiaHoi (a) 1
BIJIMOB1/THA MOJIENTh PeaKIlii Ha HhOTO HelpoHa (0)

AKTyaJbHO 331a4€l0 € CTBOPEHHS CIIEIPOIIECOPIB HA OCHOBI PEKYPEHTHOTO HEHpPOHa, KU

) . . X .. o
peaitizye yHKIIIT 3rOpTKU MOCTIIOBHOCTI ' 3 BaroBUMH koedimienramu . Ha puc. 7 mokazaHo
CTPYKTYPY CIEIialli30BaHOTO MPOIEcopa, IKUi peani3ye (PyHKITII0 peKypeHTHOTO HeHpoHa.
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Oco0JMBICTIO TAKOTO HEHPOIIPOIIECOpa, SIKUA MOXKEe OyTH BUKOPUCTAHUH JIJIsT

2
po3Ii3HaBaHHS FAPMOHIYHHUX CHTHANIB, € BAKOPUCTAHHS MOJIYJIS ITiJTHECCHHS JI0 KBaaparty ( [X'] ) Ta
¢dopmyBava imnysbciB (D), Akuii Ha iHTEpBaIi OAHOTO NEPioLy POPMYE MOCITIAOBHICTh IMITYIIBCIB,
IpUBe/IeHY Ha puc. 60.

x(1) X,

i

—[ AT [« Pl @

Pucynok 7 — CTpykTypa crer nporecopa Ha OCHOBI MOJIeJi pEKypEeHTHOTO HelpoHa

Ha puc. 8 mpuBeseHa CTpyKTypHa cxema CIelIpoiecopa, 1o peanizye popmMyBaHHS

= i 2 . . e o .
IMITyJIbCIB HA OCHOBI BUpa3y y(X) =sin “(X), o ignosinae peaxiiii HelipoHa Ha TOTY>KHICTbh
rapMoHiuHoro curxainy [10].

6 5 7

sin{x)
Sl 1
< a,b,ef
/

Pucynok 8 — CtpykTypHa cxema HeUpOIoAiOHOTO CIIell IpoIiecopa JIsl TEPETBOPCHHS
TapMOHIYHOTO CUTHAJTy B IMIYJIbCHUHM MOTIK Ha OCHOBI BUpa3y y(X)=sin2(x)

3arponoHOBaHMH CHel MPOIecOp MICTUTh TPH IMITYJIbCHUX Kommaparopa — 1,213,
(azonoBeprad Ha KyT T — 4, cxeMmy Ju(epeHIitoBaHHS — 5, CXeMy I JTHECEHHS BX1IHOT'O CUTHAILY
710 KBajpaTy — 6 1 joriynuii enemeHt AbO — 7.

[Tpuctpiit mpaltoe HaCTYTHUM YHHOM — BXIAHMM CUTHAN X(t) OCTYIIae Ha CXeMy
MiHECEHHs 10 KBaJpaTy 6, BUX1THUI CUTHAI SKOT OJJHOYACHO MOJAETHCS HA BX1/1 CXEMHU
nudepeHiiioBaHHS 5 1 Ha MepIi BXoAu KoMmaparopis 1, 2 1,3, BUXIIHUN CUTHAI CXEMU
nuQepeHIitoBaHHs OJA€ThCS Ha APYTHi BXiJ 1-ro kommaparopa i Ha BXija ¢azonoBepraya Ha KyT
7 4, BUX1ITHUM CUTHAJ SIKOTO MOJA€THCS Ha IPYrHil BXiJl KoMIaparopa 2, Ha IpYyTruil BXiJ
KoMIapaTopa 3 MOJaeThCsl CUTHAMN ~JIOT1YHA OJMHUIS, BUX1HI CUTHAJIM BCIX TPHOX KOMIApaTopiB
M0/1al0ThCsl Ha BX11 JoriyHoro eneMeHTy AbBO, Ha Buxo/ii sIkoro ¢opMyeThcsi BUXITHUI cUTHAI
IPUCTPOIO.

ImnynecHUMT koMnapaTop 1 Gpopmye iMIyIIbCH, SIKi BINOBIJAIOTh CUTHANAM a, b, e, f B
MOMEHTH 4acy, KOJIM KBaJpaT BX1THOTO CUTHAIIY 1 MOXiHA KBaJpaTy BX1THOTO CUTHAILY
CHIBIAAAI0Th; IMIIYJIbCHUH KoMITapaTtop 2 ¢popMye IMITyJIbCH, SIKI BIIMOBIAal0Th curHaigam d 1 h B
MOMEHTH, KOJIM KBaJ[paT BX1JJTHOI'O CUTHAJTy 1 3CyHYyTa Ha KyT T ITOX1/{Ha KBaJIpaTy BX1JHOTO
CHUTHAITy CITIBIIaJAI0Th; IMITYJIbCHHIA KOMITApaTop 3 GopMye iIMITyIbCH, SIKi BIATIOBIAAI0OTH CUTHAJIAM
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C 1 g B MOMEHTH, KOJI KBaJIpaT BX1JJHOTO CUTHAITy Ha0yBae MakKCMMaJIbHOTO 3HaueHHs. BuximHi
CHTHAJIU YCiX TPbOX IMIYJIBCHUX KOMIApaTOPiB MOAAIOTHCS HA BXij joriyHoro enementy AbO, Ha
BUXOJIi IKOTO (POPMYETHCS CUTHAJI, aICKBATHUHN peaKilii HeHpoHa Ha BXiIHUH rapMOHIYHHIA CUTHAIT
y BHIJISIII TAYKW IMITYJIBCIB Y BU3HAYEHI MOMEHTH 4acy 4, b, ¢, d, e, f, g ta h (puc. 60).

Immynbeu, 1o GOpMYIOTHCS Ha BUXO/11 HelipoHa (puc.60), MOKHA MPEICTABUTH Y BUTJISI
KOy

1110010011100100, 6)

Ha OCHOBI SIKOTO IIUISIXOM 3aMiHM HYIIB Ha “+1”°, a oquHUIL — Ha “-1”°, aHAJIOT1YHO, SK I1e
BUKOHYETHCA IS IIyMONOAIOHUX KOiB bapkepa, oTpuMyeMo IeHTpOBaHUN HOPMOBaHHI
CUTHAJILHUH KOJ

ettt -+ +, (7)

JaHui1 Kog pyxaeTbcs O AKCOHY HEMPOHA.

Jnist opraHizanii 3ropTKy 1aHOTO KOy B pEKYPEHTHOMY HEHpOoHi HeoOXitHa po3polka
eNIEKTPOHHOI MOJIENI aKCOHa.

Taxum yrnHOM, COPMOBAHUI IMITYTBCHUI CUTHAJ HAa BUXO/1l HEWPOHA B 010JI0TTYHIX
CHCTEMaXxX PyXaeThCs M0 aKCOHY 3TiTHO CXEMH IpolLiecy nepeaaBaHHs 30y/pkeHHs (puc. 9):

MembpaHHui

noteHuian, MB Hanpamok

(|
! : NOWMPEHHA
A| imnynbcy

1

0
_j
L.
] |
70 i
I [}
I

\
!
ibda g T s e

+40

Pucynok 9 — Ilpouec nepenadi CUTHaLY 10 aKCOHY Y BiJIOBITHOCTI /10 3MiHU MEMOpPaHHOTO
MOTEHIlially HelipoHa

Binoma enekTpoHHa MoieNb akcoHa HeiipoHa Xo pkkiHa-Xakcni [11], sika onucye
TeHepaliio 1 po3MOBCIO/PKEHHS MTOTEHIIIAJIB /11 B HEHpOHaX 1 peai3yeThCcsl Ha aHaJIOrMOBUX
€JIEMEHTaX.

Henonikom wiei Mozeni € oOMexeHi pyHKII0OHAIbHI MOKIIMBOCTI Yepe3 Te, 10 BOHA
npeacTaBisie cO000 KOMIUIEKC OpAMHAPHUX TU(EPEHIIHNUX PIBHSAHbB, SKUH ONUCYE
XapaKTePUCTUKU €JIEKTPUYHOIO CUTHATY B aKCOH1 B AaHAJIOTOBOMY BHII.

Ha puc. 10 3amponoHoBana abcTpakTHa MOJIEh aKCOHAa HEMPOHA, KA IEMOHCTPYE
TpaHnchopmaIliro moTeHmiamiB “+” 1 “-“ Ta ix mepemiIeHHs BiJl BXOAY 10 BHXOY.

CUrHanbHi
BUXOAU

p—
'
'

D+ + ++ +O

‘ + + + + P
exin #@— - - - —@— - — —@; BuXia
B+ F + 4 $IG + £ i)

1+ KOMNOHEHT i KOMNOHEHT 11+ KOMNOHEHT

Pucynox 10 — AGcTpakTHa MOJIeNIb aKCOHA HEHPOHA
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3 MeTo10 MiKpOMiHIaTIOpHU3alliil peasizallii Mojesi akcOHa HeWpOoHa UIAXOM 11 BUKOHAHHS Ha
OCHOBI MiKpO- Ta HAHOTEXHOJIOTiH po3po0JIeHa CTPYKTYpa CIIEUITPOIIEcCOpa Ha OCHOBI CTPYKTYpH
perictpa 3cyBy Ha D-Tpurepax ta kommaparopis (puc. 11) [12], ne 1 — BXin, 2 — Buxig, 3 —
CUTHJIbHI BUX0/H, 4 — D-Tpurepu, 5 — renepaTop iMITysbCiB, 6 — KoMIiapaTop, 7 — BiJl’ eMHUI
MOTeHIIal, 8 — KOMIIOHEHTH.

Pucynok 11 — CtpykTypHa cxema crelmpoliecopa peaisalii MoJieii akcoHa HeiipoHa

[TpucTpiii mparroe HACTYITHUM YHMHOM — BX1HI CUTHAJIN Y BUTJISA/II TIO3UTUBHHX IMITYJIbCIB
nocTymnaroTh Ha BXiJ 1 1 momatoTkest Ha D-BXin Tpurepa nepiroro komnoneHTa. [lpu moctyruieHHi
BX1JJHMX MO3UTHUBHUX IMITYJIBCIB HAa BX1J MpUCTPoro 1 BigOyBaeThes 3¢yB iH(popMallii o ppoHTy
HApOCTaHHS CUTHAJIIB TeHEpaTOpa IMITYJIbCIB 5 B Tpurepax 4, siki 3’ €HaHi MiX cO00I0 K
orepariitHuil npucTpiii perictp 3cyBy’’. B 3a5exHOCTI BiJl CTaHy i-TO TpUrepa Ha BUXOZI 3
KO>KHOTO 1-TO KoMIaparopa 6 ¢opMyeTbcst OTEHITaM, 3HAK SKOT0 BU3HAYAETHCS 3T1HO BHPA3y:

~ [0; 0-05=-05;
|1; 1-0.5=+05.

B pe3ynbrati KoKeH BXITHUH IMITYJIbC, SIKUH ITOCTyHAa€ Ha BX1 1 IpUCTPOIO y BUTIIAAL
BiJI’€MHOT0 TIOTEHII1aly Ha BIAMOBIAHUX BUXOJaX 3 PyXa€ThCsl CHHXPOHHO 3 TAKTOBOIO YaCTOTOIO
re’HepaTopa IMIyJbCiB 5, BIJl BXOLY IPUCTPOIO 1 10 BUXOLY 2, IO OJIHO3HAYHO (PYHKIIOHAJIBHO
MOJIeTTIO€ poOOTy O10JIOTIYHOTO aKCOHA HEHpOHA.

VY BUNAJKy, KOJU TPUBAIICTh IMIYJIbCY, SKHI MOCTYIAE HA BXiJ MOJIEJ1 aKCOHA HEHpOHa,
NEePEeBUIIY€E B KUJIbKA pa3iB TAKTOBY YAaCTOTY I'€HEpaTopa iMIyJIbCIB 5, HA CUTHAJIbHUX BUX0/1aX
MO/IeJIi aKCOHA HeMpoHa Oy/ie pyXaTUCh Tpyma BiJl’€MHUX IMOTEHIIAJIB, KUTBKICTD SIKUX
BIJIIIOBIJTaTUME YMCITY IMITYJIbCIB T€HEpaTOpa IMITYJIbCIB 5, 1110 FeHEPYIOThCS Ha IHTepBali Jacy,
PIBHOMY TPUBAJIOCT1 BX1THOTO IMITYJIbCY.

CyuacHuii piBeHb PO3BUTKY MIKPOEIEKTPOHIKM Ta HAHOTEXHOJIOT1H JO3BOJIsIE peani3yBaTu
3aMporoHOBaHy MOJIEJIb aKCOHA HEHpPOHa 3 po3MipaMH, 10 HAOIMKAIOTHCS 10 MIKPOHHHUX PO3MIpIB
010JI0T1YHUX HEUPOHiB. PeryssipHICTh CTPYKTYpH 3alIpOIIOHOBAHOT'O IPUCTPOIO JJO3BOJISIE
HapOUIYBaTH ii, 110 PO3UIMPIOE (PYHKIIOHAIbHI MOKIIMBOCTI 3allpOIIOHOBAHOI MOJIEN] aKCOHA
HEeMpOHa 1 eKBIBAJIEHTHO HAPOIyBaHHIO aKCOHA HEHPOHA KOHYCOM POCTY.

B pe3ynbraTi onpaioBaHHs IMITYJILCHOTO NMOTOKY CUTHAMIB (7), Skuil popMyeThes Ha
BUXO/Ii IepeTBOproBaya (puc. 8) mpouecopom 3i CTPYKTYPOIO PEKYPEHTHOTO HelpoHa (puc. 7),
OTPUMYETHCSI CUTHAJIBHUM IMITYJIbCHUM KOJI, MPUBEACHUI Ha puc. 12.

20
15

10

-10
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Pucynok 12 — Pe3ynbTaT 3ropTKH CUTHAJIBHOTO KOJY, SIKUI PyXa€eThCsl 110 aKCOHY HeiipoHa

Bcranosnena noiOHICTh IMITYJIBCHOTO KO, SIKMI PYXa€ThCs MO0 aKCOHY HEWpOoHa MpH il
Ha BXOJIM HEWPOHA FapMOHIYHOTO CUTHATY XapaKTEPUCTHKAM ITyMOIIOIiIOHMX CHTHAIIIB, SIKi
IIMPOKO BUKOPUCTOBYIOTHCS B CUCTEMAX 3B 13Ky Ta BUSBIICHHSI KOPHCHUX CUTHATIB Ha ()OHI 3aBajI,
MO’K€ MOSICHIOBATH €eKT BUCOKOSIKICHOTO 1 HIIBUAKO/IIF0OUOT0 PO3ITi3HABAHHS MOBHUX CHUTHAJIIB Ta
iHIIKX 00pa3iB B 010JIOTTYHUX HEHPOHHUX CUCTEMaX. A IIe, B CBOIO YEPTy, BU3HAYAE MEPCIEKTHBY
PO3pOOKH HEHPOITPOIIECOPIB HA OCHOBI OaraToOKaHAJIbHUX aBTOKOPEISIIIHHUX CTPYKTYD.

BUCHOBKU

Bukiazeno TeopeTuyHi 3acaid Ta Cy4acHUN piBeHb MOJICTIOBaHHA (DYHKIIIH HEHPOHIB Ta
MoJiesiell HeWpOHiB Ha OCHOBI IU(POBOI 3rOPTKH, BEHBICT-NIEPETBOPEHD Ta MEPETBOPEHHS
TeopeTHKo-unciaoBoro 6azucy Kpecrencona. IlpoananizoBaHi CTpyKTypu MOA€NEN HEHPOHIB.
3anporoHoOBaHa CTPYKTypa peKypEeHTHOTO HEHpOHa, eIeKTPOHHA MOETb aKCOHA Ta KOPEJSIIiHHIH
CTIEUITPOIIECOP OTPAIFOBAHHS IMITYJIbCHUX CUTHAJIIB HEUPOHIB, SIKi BAKOHYIOTH ()YHKIIi1
(OpMYBaHHS iMITYTBCHOT HOCIiZOBHOCTI SiN°X-CUTHAMIB Ta IX aBTOKOpPENAIiifHY 3rOpTKY, sKa
HaAOJIKAETHCA 0 XapaKTEPUCTUK HIYMONOJIOHUX CUTHAIIB.
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Iokiun B.INL., Illokina O.B. (Kpusopizvxuii nayionanvruti ynieepcumem, Ykpaina)

ABTOPEI'PECIVIHI CTPYKTYPH 3 PEI'YJIAPU3ALIIEIO

Hasedeni  3acanvni  meopemuuni  NONOJNCEHHA — BUSHAYEHHA  YACMOMHUX — CHEKMpI8  po3pOONeHUX
HelpoMepedcesux agmo pezpeciinux CmpyKmyp aKi UKOPUCMOBYIOMbCS 8 AKOCHI eMYIAmopie OUHAMIYHO20 CMAHY
006’ckmig Kepyamus. 3a pe3yrbmamamu NpoeedeHo20 AHANI3Y GU3HAYEHI OCHOBHI GIACMUBOCI YACMOMHUX
Xapaxmepucmuk, ma HageoeHi pe3yabmamu O0CHiONCeHHsT eheKkmy K8aHmy8anHs 3a yacom ysazaivhenux ARMABIS-

CmMpYKmyp.
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.

bnok emynsanii (inenTudikarii) 00'ekTy € HEOOXITHUM CKIIAJIOBUM EIIEMEHTOM INE€PEBaXKHOI
OUIBIIOCTI CYYacHHUX IHTENEeKTyalbHUX cucTeM kepyBaHHs [1, 2]. [ToOynoBa Bka3aHux OJOKIB Ha
OCHOBI HeWpoHHHX Mepex [l,2] mo3Boisie B one-line peXuMi EKCTpPANOIIOBATH Pi3HUIICBE
PIBHSHHS, SIKMM OMUCYIOTh TUHAMIYHHIA cTaH 00'€KTy KepyBaHHS (J1aHa MOJIeb IIMPOKO BiJloMa IiJT
Ha3BOIO «aBToperpecis») [3]. Hemomiku BKa3zaHOTO MiAXOMy A0 CHHTE3y MOZEIi 100pe Bigomi: s
OLIIHKM BHUXOAY OO'€KTY y JaHHMH MOMEHT 4acy BHUKOPHCTOBYIOTHCS (DAKTUYHI 3HAUCHHS BUXOJY
00'eKTy OTpUMaHI paHiIl, 0 MPU3BOJUTH J0 HAKOMUYCHHS TTOXUOKH TIPHU MOJICITIOBAHHI BIIEpE]l Ha
YHCIIO KPOKIB OiNIbIIEe OJJHOTO, TAKOX HE BUKIIIOYEHHH BapiaHT BUXO/Y CHCTEMH KEPYBaHHS 32 MEXi
CTIHKOCTI.

Merta poOOoTH: BUCBITIIEHHS pe3ynbTaTiB po3poOku meroauku cuatesy ARMABIS-moneneit
IMHAMIYHUX O00'€KTIB KepyBaHHS, IMPHHIMIIOBO HOBOI METOJMKH BH3HAYCHHS MEPEIaTOYHUX
GyHKIINH  po3poOieHUX HEMpOMepeKeBUX CTPYKTYp Ta pe3yJNbTaTiB JOCHIIHKEHHS 3MiHH
CHEKTPAIbHUX HIUTBHOCTEH HEHPOMEPEKEBUX EIIEMEHTIB B CTPYKTypax CHUCTEM aBTOMATHYHOTO
KepyBaHHSL.

AHaiz monepenHix aociikeHb. JJoseaeHo [3], Mo B SKOCTI MOJENei mpsiMoi Ta 3BOPOTHOT
JMHAMIKU OO0’€KTIB KepyBaHHs, SIK JIHIHHMX Tak 1 HETIHIMHUX HECTalllOHAapHHUX, MOXe OyTH
3acTocoBaHa cTpykTypa ARMA-Moeri 3 po3MnoIiIeHIM JIaroMm.

Skmo 3anucaru auckpetny ARMA-Monens 3 posnoaiiennm garom nopsiaky (0,q) (MA(Q))
TS €TAJIOHHOTO 3HaYeHHs Y (f) BHUXigHOI KoopAMHATH 00'ekTy kepyBaHHs y(t) (desired)

q
yTil=a+ ) yixli- jl+eli], (1)
=0
KIHIIEBY PI3HHUILO MOPSAKY M 3a0porioHOBaHO [3] BU3HAYHUTH HACTYITHUM YHHOM:
A™[i]= p1- B)" = p(A™y'[i] - A™y[i -1]), i =0..n—m 2

ne M - koedinieHT perynspusanii ADL-cTpykTypw.
BukmounBum 3 (2) eranonny Bemmumny Y (t) , orpumyrors [3] auckperni apmanTuBHi
crpykrypu mozeneid ADL (p,q), mo xapakrepusyrots anantuHi ARMA-npouecu:
g

yIil= ) yixfi— J1+ (1= 1)
= 3)

\
{ Zﬁ(—l)"” -p-yli- j]} -1)** - Yli-pl J+ pell]-
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3 MeTOI HaJaHHsS aJanTHBHUX BiacTuBOcTe ADL-momensm pospobieno [3] amropurm

ajanTanii BaroBux KoeQili€eHTiB )y, ),V ...), Ha 0a31 MOAM(DIKOBAHOTO TPATIEHTHOIO METOLY
MiHiMi3aIii KBaJpaTHIHOTO (DYHKIIIOHAJIA

J(¢,)=05¢,¢, . 4
3 ypaxyBaHHSIM piEHHHHﬂ k -01 pi3HHMIII
A =X (1) Cl fraey ©)
v=0

e C¥ - OiHOMiaIbHI KOeII[iEHTH, aIaTUBHA MOJIeIb 3 po3noauieHuM jtarom ADL(p,q) (3) moxe

OyTu mpencTaBieHa B (OpMi Pi3HHIIEBOTO PIBHSAHHS HUISXOM IMEPETBOPEHHS 3arajbHOi (opMH
PIBHSIHHS B KIHIICBUX Pi3HUISIX

a ylil=d A%Til+d ATl +
+otd CTil-a AP Y] —..—a APY[i] +vefi]

Coy[i + pl=b,gi+a]+b,gli+q-1]+..
b CTil=cy[i+ p-1]-..C y[i]+vei] - @)
q 1 p
a0, Mpu CKOPOUYEHH1 AUCKPETY N:
Coyli1=bocTi+a—pl+bli+q-1-p]+.. ®)
+b,,¢Ti - p]—c,y[i —1]—.. — ¢, y[i — p]+veli]

3arajpHUil M1a0JIOH pi3HuUIeBOro piBHsHHA (8) mo3BosimB [3] 3ammcatu piBHSHHS MOJENi
ADL(p,q) 3 ypaxyBaHHSIM MPUUHATTS B AKOCTI perpecopa BXiJHOi KOOPAWHATH X:

ylil-Q- #)I(i(—l) "epeyli- J'])I— (1-4)-

(6)

: ©)

q
(1P yi - pl = Yy Xl = 1+ el
=0
3 ypaxyBaHHAM aJanTHBHUX BiactuBoctedr Momemi (9), ski  3abe3meuyroThes

HEMpOMEpEIKEBUM HACTPOIOBAHHAM BaroBUX KOE(ILIEHTIB ), ), ) 5., AUCKPETHI aJalTHBHI
crpyktypu moxeneir ADL (p,q), mo xapaktepusyoTh amantuBHi ARMA-mpoliiecu ckopodeHo
npuitasaro [3] nasuBatu ARMABIS (AutoRegressive with Moving Average Brain-inspired Systems).
BianmosigHo 10 3a3HaueHoTO BUIlE, Xapaktepuctuune piBHIHHS ARMABIS-cTpykTypu (9)
Ma€e BUJ:
\

=
. j+1 L 1l
Vil- (- ) 31" 'p'Y[I—J]jI—(l—ﬂ)'(—l)m yli-pl=0 . (10
j=1

3aranpHe pilIeHHs HEOJHOpinHOro pizHuneBoro piBHAHHA (10) mpencraBisatioTs [3] y
BUIJISIII CyMH TMEepexigHoi Ta BUMYyLIEHOi ckianoBoi. IlepexinmHa ckiiajoBa BU3HAYa€ThCs 3a
3arajibHOI0 (HOPMYIIOI0

yi)=CA' +C A +..+4C A | (11)
11 2 2 nn
ne A,(v=1,2,..,n) - HekpaTHi KopeHi xapakrepuctuyHoro piBHsHHA (10), C, - IOBiTBbHI
MIOCTIHHI.
BiamoBinHo 10 piBHsAHHS TepexiaHoi ckianoBoi (11) ymoBa 3aracaHHs BIJIBHOTO PyXy
cucTeMH (yMOBa CTIHKOCTI), sIKa OMUCYEThCS pi3HULIEBUM PiBHAHHAM (10) Mae Bimomuii [4] Bux:

A<l (v=1,2,...,n). (12)
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BiamoBigHo 3 BuIeBHKIaAeHHM chopMynboBaHa [3] HaykoBa HOBH3HA 3aIlPOIIOHOBAHOTO
Mmetona cuntesy ARMABIS-moneneii: po3podiena ARMABIS-moznens 31 crpykryporo ADL(p,q)
XapaKTepU3yeThCs aJalTUBHUMH BIACTUBOCTSIMU 32 PAXyHOK HACTPOIOBAHHS BaroBUX KOe(]illi€HTIB
perpeciitHoro nary (MA(p)-ckiamoBa) Ha 6a3i MOAM(IKOBAHOTO TPATIEHTHOTO METOAY MiHiIMizamii
KBaJpaTUYHOTO (YHKIIIOHATY, a yMOBa CTIMKOCTI CHCTEMH 3a0e3MeUyeThCs HACTPOIOBAHHSIM
BaroBux KoeilieHTiB KpuTepiaapHoro nary (AR(q)-ckianosa).

HeoOxinHo BiamiTuTH, 1m0 crienudikaiis ARMA-nporecy (BU3HaYeHHs JIarOBO1 CTPYKTYPH
ARMABIS-moneneit) (9) mpoBOaUTECSA BiANOBIIHO J0 PO3POOICHOTO METOY OI[IHKA BETUYHHU
HaWOLIBIIIOro JIara [5], KW IPYHTYETHCS Ha JOCIIHKEHHI KIHIIEBUX PI3HUIB MepexiaHol QyHKITi.

3 MeTorw aHaJiTUYHOro po3B’s3ky piBHIHE ARMABIS-cTpykTyp 3acrocyemo z-
MEPETBOPEHHS 70 000X YacTUH OCHOBHOTrO piBHAHHSA anantuBHOi ARMABIS-monem 3i
ctpykryporo ADL (1,1)

ylil= pyoX[i]1+ pyx[i =11+ (1= ) y[i —1] + pefi] (13)
3 ypaxyBaHHSIM CTaJI0Tr0 pexkuMy Ta 3cyBy ¢GyHKIi Y(i-p) <& zp Y(2):
yli]= (A= ) yli =11 = pyoX[1]4 pyx [l =11+ pei] (14)
Y@)(1-(- )2t = X@u) bz . (15)
g=0

1

Y@ _ mgb (16)

X(z) 1+(1-p

BinnoBigHo 1o BuIEBUKIaAeHOTO, nepenatouna gpyukuiss ARMABIS-ctpyktypu matnme

H(z) =

BULL; .
Z
HO=XB = (e M2RT g )
e E e 7/ KR G E VAT A o G Y MY

12 |
L= J )
B nanomy Bumazky npu aii Ha BxoAi imMmynbcy Kponekepa g, 3 z-o6pazom 0(z) = 2" =1,
CHTHAJ Ha BUXOJi OyJie MaTH BUJ iMnyJ%c(I;s)'i peakuii y(i) = h(i):
Q [
H(z)=—==Y(@)=wD h(i)z . (18)
o(z) -0
To6to nepenarouna gpynkiuiss ARMABIS-cTpykTypu € Z-06pa3oM HOro iMIyJIbCHOI peakiiii.
Orxe nepemarouna ¢yHkuis ARMABIS-cTtpyktypu Moke OyTu mpejacTaBieHa CTEINEHEBUM
MOJIIHOMOM MPSIMUM JAUJICHHSM YHCEIbHUKA Ha 3HAMEHHUK MpaBoi YacTUHU Bupasy (17).
Marepian Ta pe3yabTaTH JOCHKEHb. 3arajbHi IOJIO)KEHHS BHU3HAUEHHS YacCTOTHHUX
cnektpiB  ARMABIS-cTpykTyp. PosrisHemo wactotHy ¢yHkuito y3araneHeHoi ARMABIS-

crpyktypu ADL (p,q) (9):

p-1
A(a))ejwiAt _ (l— ,U) ) ((_1) p+1 A(a))e(jmiAt—ja)pAt) _ uz_ll(_l)uﬂ pA(a))e(jwiAt—jauAt)) — | (19)

a
_ . B(a))e(jwiAt—jqut)
D¥
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A(a))eia)iAt [1— (1— ,U) .((_1) pl | g-opAt _ pz_ll(—l)”“ pe—ja)uAt ﬂ _
" . (0)

q .
= ILIB(a))eJCUIAt Z}/ue_ Jauat
u=0

> (-1)

u=1

A(w) uZyue‘”’““
- | ; (22)
—1 .
B(w) 1-(1- 1) ((_1) pHl, g-jopat _ pz:(_l)uﬂ pe_J“”At |
\ u=1 j
Yacrorna xapakrepuctuka ARMABIS-ctpykrypu ADL (p,q) siBisie coboro Dypre-o0pas
foro imMmysabcHOI peakitii. OcTaHHe MOKe OYTH JIOBEIEHO 38 YMOBH At =1:

— jouAt \—‘ q
pe  [|=B(@)w) re i@y
/] -0

ptl - jowpAt

:
A@)|1-(-p)-(C1) e

1

H(w)=

H(w) =) h(u)e i, (23)
huy =1 f H(w)ei*da. 24)
27r7p

[IpoBemeMo JMOCHIKCHHS JAWHAMIKKM 3MIHM 4YacTOTHHUX Xapakrepuctuk ARMABIS-
crpykryp. Ilepenarouna yacrorna ¢pynkuis ARMABIS-ctpykrypu ADL (p,q) Mae Burisin:

A(a))eja)iAt -2-(1- ﬂ)A(w)e(jaiAt—ijt) n (1_Iu)A(a))e(ja)iAt—jw2At) _

. A N , (25)
_ B(C()),Llj/oejwmt-i- B(C{)),U]/F(WM_JCOM) n B(C{))/lj/ze(JﬂAt_JwZAt)
joiat (1 _o(1 _ ;)\e- oAt _ Ne-j@2At ) —
A(@)el? (1-2(1— gherIont 4 (1 p)e-Ioert) | )
i o _ - jw2at
= B@)PM L7 g, gion 4 508 ™)
BigmoBimHo mepepgaroyHa  yactoTHa  (QYHKINSA  (4aCTOTHA  XapaKTEPHUCTHKA)
ARMABIS-ctpykTypu ADL (2,2}\:
) . » .
H(a)): ( ) _ y2) (7/0 + 7€ joAt + 7,8 Ja)ZAt) (27)
B(w) 1—2(1—p)eiot +(1— gpe-iond
Imitamiiine MmojemoBaHHsA. B AKocTi 00’e€kTy KepyBaHHS oOOpaHa CTPYKTypa 3
nepeznaroynoro ¢yukuieto Buay: W (s) = g 3MiHAa  JaroBux  KoedilieHTiB

0,7s% +5,6s +1
mozeni ADL(2,2) B mporieci aganTariii HaBefeHa B Ta0u. 1. [lepexigHuii mpoliec eTanoHHOi Mojeni
Ta (PaKTUYHUH BUX1Jl 00 €KTY KepyBaHHS B CTPYKTYypi afgantuBHOi cuctemu 3 ARMABIS-moznemmio
3BOPOTHOI IMHAMIKH HaBeJleHUH Ha puc.l.

Tabmurs 1
Jlnnamika 3Minu Jarosux koedinicatis ARMABIS-ctpykTypu B niporieci agamrarii
t,c c0 cl c2 b0 bl b2
, 1 -4 0,2 0,005 0,0032 0
3,3 1 -4 0,2 0,0235 0,0235 0,0203
9 1 -4 0,2 -0,0276 -,0294 -0,0326
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d[il, : ;
r[il; : fymo : : : :
SR B A AR O Brgysiorad i FETROW, S i 4

0.5 40

Puc. 1 - [lepexiguuii npoiiec BUXiIHOT KOOPAUHATH Y[1]00’€KTYy KepyBaHHS, CUTHAI
3apaanHs d[1], mepexiHUN TPOIeC eTaJOHHOT MoJeTi 1]i]

ADX ARMABIS-cTpykTypu B mporieci afanTaiii 3 KoedilieHToM peryisipusanii =08 Ta
Koe(ili€EHTOM IMIBHIKOCTI HACTPOIOBAHHS BaroBUX KOCQIIIEHTIB , h=0,05 HaBeJeHA Ha puUC.2.

=
i
il \\} '

/]

‘ /

| :»,o ,
i
\\\\\

)
\\oz’“o‘c ‘o‘/
1
L
[—<11]))

0.01 0.03 0.05 0.07 0.09 o Re (H(w))

Puc. 2 — Jlunamika 3MiHN aMIUTITyqHO-(a3odacToTHOI Xxapakrepuctuku ARMABIS-
crpykrypu ADL(2,2) B mporuteci apanTarii Ha 0,2¢.- H(w), 3,3¢ - HI(w), 9¢ - H2(w)

BinnoBiHO 3 NPOBENEHMM aHaNI30M YacCTOTHMX XapaKTEePUCTHK 3poOJIeHI HACTYIHI

BUBO/IH:
1. YacToTH1 XapaKTepUCTUKH € HETIEPEPBHUMHU (DYHKIIISIMU YaCTOTH;

2. Hasenicte muckpetnsamii (B posrmsnyromy mnpukinani At =0,1c.) 3abesneuye
nepioanyHicth yacToTHOi ¢yHKIii ARMABIS-ctpykrypu. Ilepiog wactoTHOi GyHKIII JOpiBHIOE

gacToTi  jWCKpeTH3aIii f ___ =1046. TonoBHmii  dYacTOTHHil  Jiama3oH: BiNT
At
T v/ ) )
w =—"=-31,42 no w =~ =31,42. I'pauuuni 4acTOTH TOJIOBHOI0 YACTOTHOI'O JiaNa30Hy
0 At LAt

BIJIMOBIAaI0Th 4acToTi HaiikBucTa (MakcuManbHa YacToTa JaHUX, SIKYy 3/1aTHA IEPETBOPUTH
ARMABIS-ctpykTypa);
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3. Tlonmoca mpomyckanast ARMABIS-cTpykTypu B miporieci aganTariii He 3MIHIOETHCS 1 B
naHoMy TpuknIazi ckiafae Big 0 mo 20c™. IMonoca 3aTpumaHHs He 3MiHIOEThCA i gopiBHIoe 11,42¢™
320c™ no 31,42¢%;

4, LIaCTOTgi CKJIQJIOBI BX1JIHOTO CHTHAIIY B IOJIOCI 3aTPUMaHHS MOJABIIOIOTHCS OLIbIIE HiXk
B 3000 pasis (A4¢ =0,003), a B monoci nporyckanHst B IpoLeci aanTaiii Mojesi LUpUHa BikHA

HPOITYCKY HIOCTYIIOBO 3MEHIIYEThCS BiJ AA ; =1-0,01=0,99 no 3HAYEHHS

AAd; '=1-0,118=0,88 (Amin=1-0,88=0,12). TIlo 3aKiHYEHHIO aJaNTALI{HOTO IIPOILECY
ARMABIS-cTpykTypy  4acTOTHI  CKJaJOBI ~ BXIJIHOTO CHTHaIy B TOJOCI  TPONMYCKaHHS
0CIabIIoI0TEC He OLIble HiK B +/2/12pasiB. BixnmoBigHo 3 HaBeIcHMM BHINE, BEPXHSI MEKa
pobouoro 3aryxauHs B mosioci nponyckanus ckianae Aa = —20lg(1— AA; ) =1,116A , a awxns

Mexa 3aTyxaHHs B monoci sarpumanns ao = —201g(AA.) = 50,564 .
PizHuIs BepxHIX MEX Ha IMOYATKY 1 IO 3aBEPIICHHIO aJanTaIifHOTO MPOIeCy
wAa =1,02dA , umxuix - £a, = 4,89dA4 .
Hocnimxenns edekty kBaHTyBaHHA 3a yacoM ARMABIS-ctpykryp. BinmoBigHo g0

HAaBEJICHUX PE3YJIbTATIB MOJICIIOBAHHS MOKHA 3pOOWTH HACTYITHI BUCHOBKH CTOCOBHO YaCTOTHHUX
cnektpiB ARMABIS-cTpykTyp:

o

|,
ey

* [ = o . .
. CHCKTp X (Ja)), B CI/IHy CUMCTpI1l, MOIKEC 6YTI/I BHU3HAYCHHWU B Alalla30H1 4YaCTOT
a,
0 I.

2. Cnektp X ( ja)) Ha BCIX KPOKax aJIanTailii HOCUTh He (DIHITHHH XapakTep;
3. Crextpu X~ ( J a)) ARMABIS-cTpykTypH 01HO3HAYHO HE BiIOBIJAIOTH NEPIOJHIHOMY

cnektpy X ( ja)) , oTKe edekT kBaHTyBaHHA 32 yacoM ARMABIS-ctpykTyporo nos'sizanuii 3
BTpaTolo iHpopMarrii.

OcTraHHIi BHMCHOBOK BHMAara€ JJOCHIDKEHHS CHEKTPaJbHUX XapaKTEepPUCTHK 3 METOH0
BU3HAYCHHSI OOMEXKEHbB, SKI J03BOJATH 00pobsaTu BxiaHi curHaimum ARMABIS-ctpykTypoio 6e3
JOJATKOBUX CIIOTBOPEHb.

[Mpunyctumo, mo crnekrtp X ( ja)) € oOMexeHoro (yHkIier0. DiHITHICTh CHEKTPY
npuiiMeMo Ha piBHI TIOAABJCHHS BXIJHOTO CHTHaIy B Jiama3oHi MOJOCH 3arpuMaHHs (
{ ' 1 —
Ad¢=00035)@,, |X(jo)|=AA.

BinnosigHo g0 mpusenenux crektpiB curnaiaie ARMABIS-cTpykTypu B mporieci aganTariii,

MOJKHa 3pOOHMTH BHCHOBOK, IO amanTaiis po3podnenoi ARMABIS-cTpykTypu He BUKIHKA€E 3MiHY

YMOBHO{ 4acTOTH 3pi3y CHEKTpy @, }( (jow) %AAC. OTxe, IPY BUKOHaHHI YMOBH () < 2k

Oyne BimOyBaTHCS HAKIaNEHHS 3MIINIEHHX CIEKTpiB X ( J(w—kran ), k=1,2...1 B pe3ymbrari

CIIEKTp BHXiTHOI BemuumHE X *( JCO) B ocHOBHiil Tostoci ARMABIS-ctpykrypn q_ @ @ | Gyne
(22

BiIpI3HATHCS Bil CIEKTPY BXinHOi Bemmauun X (jo) -
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j !%AA3

\ AA43

-2 0 20 40 60 g0 @
Puc. 3 — Cnekrpu curnaniB ARMABIS-ctpykTypu B mipotieci aganTaii

[Ipy BUKOHAHHI yMOBU (0 > 2 () HaKJIaJEHHs 3MILIEHUX CIIEKTPIB BiJICYTHE, IO Ja€ 3MOTY
CTBEP/UKYBAaTH HACTYIHE: SIKINO Oe3repepBHA BENMYMHA x(t) MA€ BIACTUBICTH (QIiHITHOCTI CBOTO
CHEKTpY X(J®) B ocuosiii nomnoci ARMABIS-ctpykTypu ( _ W 0)0\ 3 YMOBHOIO 4acTOTOIO

(77
3pi3y 4, |X (ja))| = AA, To kBaHTyBanHs 3a yacoM ARMABIS-cTpykTypu 3 yactoroo o = 2ax
HE NMPHU3BOJIUTH 10 BTPATH iH(pOpMaIlii.

BUCHOBKU

JoBeneHo, mo po3po0sieHi HeHpoMepekKeBl aBTOPErpeciiiHi CTPYKTYPH 3 PETyNIIpU3aLi€i0
(ARMABIS-eneMeHTH) MOXYTh OYTH BHUKOPHCTaHI B SKOCTI €MYJISTOPIB ITUHAMIYHOTO CTaHY
00’€KTIB KEpyBaHHS.

B pesympraTi [AOCHIKEHHS CHEKTpalbHMX IIUIbHOCTEH po3pobneHux ARMABIS-
eMYJISITOPIB JTMHAMIKM OO0’€KTIB KEpyBaHHS BCTAHOBJIEHO HACTYIHE: YacTOTHI XapaKTEPUCTUKU
ARMABIS-emynsaTopiB € HenepepBHUMH (QYHKIISIMA YacTOTH; HAsBHICTh JIUCKPETH3aIlii
3abe3neuye nepioguyHicTh yacToTHOI (yHKIiiT ARMABIS-cTpykTypH; mojsocu 3aTpuMaHHS Ta
nponyckanHsi ARMABIS-cTpykTypu B mpotieci ajanTaiii He 3MIHIOIOThCS; €(EKT KBaHTYBaHHS 3a
gyacom ARMABIS-cTpykTyporo no's;3anuii 3 BTparoro iH(pOpMaLlii; SKIIO BXiJHA BEIMYHMHA MAe
BJIACTUBICTH (PIHITHOCTI CBOTO CIIEKTPY B OCHOBHIM mosioci ARMABIS-cTpykTypu, TO KBaHTYBaHHS

3a yacoM ARMABIS-CTpyKTypH 3 4acTOTOI0 () > 2 ( HE TPU3BOAUTH 0 BTPATH iH(pOpMAILii.
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