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Abstract. Purpose. The progress of computer technologies and the theory of automatic control provide new possibilities
to create different types of control systems today. Due to the properties of learning and adaptation, these systems could
take into account the uncertainty of an object, changing its parameters, and external perturbations. These facts improve
the safety and efficiency of production.

The main goal of this paper is to improve the quality of control by creating and researching control systems with
imitative and inverted neural network regulators.

Method. The technological process of heating the oil feedstock, which occurs in the heat exchanger, has been
considered. Control systems with neural networks and PID controllers have been researched to control this object.

To solve the main task of research, the following methods have been used: methods of identification (to create the model
of the object), methods of optimization (to find the optimal parameters of the regulators), mathematical modeling, the
approaches of the theory of automatic control and methods of artificial intelligence (to create control systems and
research of their characteristics).

Results. The structural and parametric identification of the object has been conducted. The object of research is heat
exchange. As a result of simulation, its transient response was calculated by the control channel, approximation has
been performed and a transfer function has been obtained. The possibility of use of neural networks for control of
technological processes has been analyzed. The neural networks have been considered to simulate the operation of
both the control object and the controller. The characteristics of control systems with different types of regulators have
been researched. The algorithm of synthesis of imitative and inverse neuronetwork regulators has been proposed and
implemented. The tuning and comparison of algorithm for both inferior and inverse neuronetwork regulators has been
carried out. The research has been performed in a “Matlab” suite, which allows the use of built-in identification and
modeling algorithms.

Scientific novelty. Different types of neural network regulators have been researched and their advantages and
disadvantages for process control have been analyzed.

Practical importance. The algorithm of synthesis of inverse and imitative neural network regulators has been
presented, implemented and fully illustrated. The steps of creating a control system in “Matlab” package have been
shown. This approach could be applied to control a wide range of processes, even without mathematical model of the
object. Designed neural network regulators can be easily implemented (programmed using specialized libraries) in
many programming languages, such as Python or other ones.
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AHortamnis. Meta. Po3BUTOK O0YHCITIOBAIBFHOI TEXHIKH Ta TEOPii aBTOMaTHYHOTO KePYBAaHHS JAlOTh 3MOTY CHOTOIHI
CTBOPIOBATH Pi3HI TUIN CHCTEM KepyBaHHA. Lli cHcTeMu 3aBISKHM BIACTHBOCTSAM HAaBYaHHS Ta ajanTamii MOXYTb
BpaxoBYBaTH HEBHM3HAUCHICTH 00’€KTa, 3MiHYy HOro TapaMmeTpiB, 30BHIMmHI 30ypeHHsA. Lle mimBummye Oe3mexy Ta
e(eKTHBHICTh BUPOOHUITBA. METOIO CTATTI € IMiIBUIIEHHS SIKOCTi KepyBaHHS TEXHOJIOT1YHIMH ITPOIIECAMH 33 PaXyHOK
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CTBOPEHHS Ta JIOCIII/PKEHHS CUCTEM KepyBaHHS 3 HACJIJyBaJIbHUM Ta IHBEPCHUM HEHPOMEPEKEBUMHU PETYIISITOPAMU.
MeTtonuka. Po3misjgaeTbcsi TEXHOJOTIYHUE Ipollec MiAirpiBaHHs HAadTOBOI CHPOBHHH, SKHUH BiJIOyBa€ThCsl B
TEeII000MiHHUKY. J{isl KepyBaHHS IIMM 00’ €KTOM JIOCIIJIKYIOTBCSI CUCTEMH KepyBaHHs 3 HelipomepesxeBumu Ta [11]1-
peryisitopamu. Jliist po3B’ si3aHHsI IOCTABJICHOT 32141 B poOOOTI BUKOPUCTAHO METO/H 11eHTH hiKaLliT (OTpUMaHHs MOJIei
00’exTa), onTUMi3alii (MOUIYK ONTHUMAaJbHUX MapaMeTpPiB PEryisTopiB), MaTeMaTHYHE MOJCIIOBAHHS, MOJOKEHHS
Teopii aBTOMaTUYHOTO KEPYBaHH: Ta METO/IB IITYYHOTO IHTEJIEKTY (CTBOPEHHS CUCTEM KEPYBaHHsI Ta JIOCIIDKEHHS 1X
MePEXiTHUX XapaKTEPHCTHK).

Pesynbrarn. [IpoBeieHO CTPYKTYpHY i apaMeTpuuHy ieHTH]IKaIli0 00’ €KTa KePyBaHHs, a cCaMe TeIJIOOOMIHHHUKA.
B pesynbrari MozentoBaHHS PO3PaXOBaHO HOro MEpexiiHy XapakTepHCTHKY 3a KaHAJIOM KepyBaHHs, HPOBEICHO
ampOKCUMAIliF0, OTPUMAHO TepenarHy (QyHkKIiro. [IpoaHaii3oBaHO BapiaHTH 3aCTOCYBaHHS HEHPOHHUX MEPEK LIS
3ajla4 KepyBaHHs TEXHOJOTTYHUMH NpolecamMu. HelipoHHI Mepexi po3misiaroThest Uis iMiTanii poOoTH sk 00’ekra
KepyBaHHsI, Tak 1 peryisropa. JlocmipkeHo XapaKTepUCTUKH CHCTEM KEePyBaHHS 3 PI3HUMHU THUIIAMH PEryJIsaTOpIB.
Omnucano il BiANPAIbOBAHO AJTOPUTM CHUHTE3y HACIIAyBaJbHOI'O Ta IHBEPCHOIO HEHPOMEPEIKEBUX PETYINSTOPIB,
MPOBENICHO iX HAJAIITYBaHHS Ta MOPIBHAHHS. JIOCTIKEHHSI BUKOHAHO B MAKeTI MPUKJIaIHUX Hporpam “Matlab”, 1o
JIaJIo 3MOTy BUKOPHCTOBYBATH BOY/IOBaHI aJITOPUTMH 1IeHTU(IKALIT Ta MOIEITIOBAHHSI.

HaykoBa noBu3Ha. [IpoBejeHO JOCIIDKEHHS PI3HMX THIIB HEHPOMEPEKEBUX PETrYJSTOPIB, MMPOAHANI30BAHO TX
JOLITBHICTb, IIEPEBAry Ta HEJOMIKU JUIsl KEPYBaHHSI TEXHOJIOTTYHUMH TIPOLIECAMH.

I[IpakTnyHa 3HaYUMicTh. B po0OTI HaBeleHO, peayli3oBAHO Ta IMOBHICTIO MPOUTIOCTPOBAHO AJTOPUTM CHHTE3Y
IHBEPCHOTO Ta HAaCIiyBaJbHOIO HEWpOMEpeKeBHX peryisaropiB. [lokazaHo eTamy CTBOPEHHsI CHCTEMH KepyBaHHS
B MaremarnuyHomy mnakeri “Matlab”. Takuid miaxin Moxke OyTH 3aCTOCOBAHUWH Ul KEpyBaHHS LIMPOKUM KOJIOM
TEXHOJIOTTYHUX IIPOLIECIB HABITh 3a BIJICYTHOCTI MareMaTH4HOi Mojesi 00’ exra. Po3paxoBaHi perynsTopu y BUIVISII
HEHPOHHUX MEPEkK MOXKYTh OyTH JIETKO peali3oBaHi (3arporpaMoBaHi 3 BAKOPUCTAHHM CIeliai3oBaHuX 010i0Tek)
OaraTbMa MOBaMH TIpOrpaMyBaHHs1, Harpukiaz Python.

KurouoBi ciioBa: HelipoHHI MepeiKi; peryssiTopy; KepyBaHHsI; TEXHOJIOTIYHUIH IpoILec.
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Came X CTBOpEHHS CHCTEM aBTOMaTHYHOTO Kepy- el
BaHHS Iepeadavyac OTPUMaHHS MaTeMaTHYHOI Mozedi A
00’€KTa Ta HaJIAIITYBaHHS MTapaMeTpiB peryssTopa 3a/1a- Meran
HOI CTPYKTYpH. 3a/aua BUOOPY THITYy peryiasTopa 6e3mo- Gm, Om, Cn
CepelHbO 3AICKUTH BiJl YMOB (DYHKIIIOHYBaHHs 00’€KTa,
30KpeMa HasBHOCTI 30BHIIHIX 36ypeHb, HeBu3HaueHoC-  FHC. 1. PospaxyHkosa cxema minirpisata

YMmoBHI mo3HaueHHs: G — BuTpara, 0- Temmeparypa,

Ti, 3MiHH a00 PO3MOALTY MapaMeTpiB 00’ €KTa KepyBaH-
HS. 3 OISy Ha 1€ po3pOo0JIEeHO JIeKUIbKa MiJXOMAIB JI0
CTBOPEHHSI CHCTEM KEpyBaHHS, a caMe KJIaCH4Hi, ajar-
THUBHI, po0acTHi, iHTeNeKTyalbHi. BUOIp onTHManbsHOTO
THUITy CHCTEMH KEpYBaHHS HE € IPOCTOIO 33a4eio, TOMY
B poOOTi IOCTABIEHO 32 METY JOCTiKeHHS HelipoMepe-
JKEBUX CHCTEM KepyBaHHs Ha MPHKJIAJi TEXHOJIOTIYHOTO
TIPOIIECY MiAITPiBY HAPTOBOI CHPOBHHHU.

VY mpoiieci BUPOOHHUIITBA TEXHIYHOTO BYIJICIIO BaXK-
JIUBUM € TiITPUMaHHS HEOOXiTHOI TeMIeparypu HadTo-
BOi CHPOBHHH, JUIS NPABHJIBHOTO IEepediry MOAaIbIINX
peaxitiii [1]. Cxemy migirpiBaya HaBeeHO Ha puc. 1.

KepyBanHsi Temmeparyporo CHpPOBHHHM Ha BHUXOJI
3IIHCHIOETHCS 3a TOTIOMOTOI0 KepYBaHHS BUTPATOIO Piji-
KOTO METaHy Ha BXOJi B IiJirpiBay.

AHAJII3 OCTAHHIX JOCJIIXEHb
I NYBJIKALINA

HeiipoHHi Mepexi cbOTOIHI BUKOPHCTOBYIOTECS B 0a-
raThbOX aCHEKTaxX KepyBaHHA. 30KpeMa, CIIijl Ha3BaTH 3a]a-

C — TEIUIOEMHICTH; IHAEKCAMM II03HAYEHO TaKi ITOKA3HMKH:
m — MeraH, S — CHPOBHHA, ps — MiAirpiTa CHPOBHHA,
Sg — BIANPaLbOBaHi ra3u

4i krmacudikamii, perpecii, KiIacTepusarlii, po3ni3HaBaHHS
[2-4]. BogHOYac HeiipoHHI MepeKi MOXKYTh TaKOXK BHKO-
HyBaTu Oe3mocepenHi (GyHKINT KepyBaHHS, a caMe— po3pa-
XOBYBAaTH KEPYFOUHMH BIUTMB Ha OCHOBI 3HAYCHHS IIOMHIIKA
MiXK 3aBJIaHHSIM Ta IOTOYHUM 3HAYSHHSM TEXHOJIOTIYHOTO
nmapametpy. ChOTO/IHI B JIiTEpaTypi 3yCTpiHarOThes pi3HI
CXEMH BUKOPUCTAaHHS HEWPOHHUX MEpEeK y 3ajadax Ke-
pyBanHs. Hacammepen ciix Ha3BaTtu mporHosyrode [5-9],
aJlaniTUBHE, HACITIAYIOYe Ta IHBEPCHE KePyBaHHS.

BIJOKPEMJIEHHS HE BUPIHIEHUX
PAHIIIE YACTHH 3ATAJBHOI TPOBJEMHU

Hes3Bakaroun Ha JOCTAaTHE BHKOPHUCTAaHHS HEHpOH-
HUX MEPEX ISl KepyBaHHS TEXHOJIOTTYHHMH POLIECaMH,
CBHOTOJIHI BiJICYTHE JIOKJIa/THE BUCBITIICHHSI ITPOIIECY CTBO-
PEHHS I CHHTE3y HEHPOHHUX MEpEK Ta IX MOPIBHIHHSI.
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META JOCJIAXKEHHS

MeTo10 CcTarTi € MiZABUIIEHHS SKOCTI KEPyBaHHS TeX-
HOJIOTIYHUMH TIPOIIecaMK 32 PaxyHOK CTBOPEHHS Ta J0-
CJIIJDKSHHS CHCTEM KEepyBaHHS 3 HACHiyBaJIbHUM Ta iH-
BEPCHUM HEHPOMEPEIKEBUMH PETYISITOPAMHU.

METO/IU, OB’EKT TA IPEJIMET
JOCIIKEHHS

OO0’ €KTOM JOCIIHKSHHS € TEXHOJOTIYHHI MPOTIEC TTi-
JirpiBaHHs Ha)TOBOI CHPOBHHHU.

[IpemmeToM MOCTIIKCHHS € CHCTEMH KepPyBaHHS Ha
OCHOBI HACIIyBaJbHOTO Ta IHBEPCHOTO HEHpoMepexke-
BHX PETYJISITOPIB

OCHOBHHMM MATEPIAI

OTpuMaHHsI MaTeMAaTHYHOI MojIei 00’ eKkTa

Jnst oTpuMaHHsl OB TOYHOI Monemi 00’e€KTa Ke-
pyBaHHS Horo Oyii0 IPUITHATO 32 00’ €KT 3 PO3MOALICHH-
MU Napamerpami. BUkopucToByBasiacs BijioMa MOJEIb
o0’exra [10], mpeacraBiena y BUIVIAAI cucTeMH Aude-
PEHIITHUX PIBHSAHBL B YaCTUHHUX MOXiTHUX. Monemns 00-
YHCJIeHA 3 BUKOPUCTAHHSIM METOAY KIHIIEBUX PI3HHIIb.
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B pesynbrari oTprMaHO NepexijHy XapaKTepUCTHKY 3a
KaHaJIOM KepyBaHHsS «BUTpara METaHy — TemIieparypa
migirpitoi cupoBuHM». PakTUYHO 1€ JBOMIPHUN MacHB
TOYOK, IO OCi “X’’ BU3HAYAETHCS Yac, 1Mo oci “y” — mepe-
XiJIHa XapaKTepPHCTHKA.

Xo4da CBOTOJHI ICHYIOTh METOAU OE€3MOCEePEIHBOTO
HaJIAIITYBaHHS TTapaMETPIB PEryjIsaTopa 3a MepexigHoo
XapaKTepUCTUKOI0 00’€KTa KepyBaHHs, B poOOTI Ipomo-
HYETBCSl OTPUMATH iepeaTHy (DYHKIIIO B SBHOMY BHIJISI-
Ii. 3 oISy Ha BUCOKY TOYHICTH METOJIB alipOKCHUMAITii
noxnoOka Oysie He3HAYHOIO i HE NMO3HAUYUTHCS Ha MO/IAJIb-
MIAX OOYHMCIICHHSIX.

Jlist orpuManHs niepenaTHol (GyHKIIT migirpiBada 3a
KaHaJoM KepyBaHHs Oyna mpoBeneHa igeHTH(IKalis B
“Matlab System Identification Toolbox”, pe3ynbrar sikoi
MPEeCTaBICHO Ha puc. 2.

B pesynbrari ineHTHdIKALI] OTPUMaHO TeEpeaaTHy
(yHKIIIO, 1110 Ma€ TAKUH BUIIISAL:

w ( ) 115.65
p (51.5p+1)(18.9p+1)
|4 Process Models - m] X
Transfer Function Par Known Value  Inttial Guess  Bounds
K [0 |nseses| | adto [inf in]
K ™ O 51,4875 Auto | [0517236
(1= Tp1 s){1 + Tp2 5) ™ 0 18,6764 Auto | |[0182366
0 0 10 inf]
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2 ~| | Alreal ~ 0 0 [0 inf]
Initial Guess
[1zero
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Puc. 3. Cxema HacmigyBaJIbHOTO PETYIIATOpPA: a) PSKUM HaBUaHHS; 0) peKUM eKCIITyaTarii
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Po3po0ieHHsT HaciayBaJbHOTO HEHPOMEPEKEBOro
peryisitopa

HacniyBaibHuii perynsiTop € HeHpOHHOIO MEPEKero,
sIKa HABYAETHCSI 38 CYNEPBI30OPHUM MPUHIIMIIOM (HaBYaH-
Hs 3 yuurenem). SIk HaB4anbHa BUOIpKa BHUKOPHCTOBY-
FOThCSl JIaHl IHIIOTO Yy)KE HAJIAIITOBAHOTO PEryJIsATOpA.
Cxema HacltilyBaJbHOTO HEWpPOKEepyBaHHs IOKa3aHa Ha
puc. 3.

3 omay Ha BUILIECKa3aHe HEOOXIJAHO CIIOYATKY
CTBOPUTH Ta HAJIAIUTYBaTU peryiastop, Hanpukiaazn I11J1-
peryastop. HapyanmpHa BHOIpKa Ui HACIiAyBaJbHOTO
peryisTopa Tozi Oyne CKIaiaTHCs 3 TAaKUX Map 3HAYCHb:
«BHXI1J 00’€KTa, 3aBIaHH» — «BUXIJ peryistopay. [lic-
JIsl HABYAHHS Taka CUCTEMa MOXKE IPOCTO MOBTOPIOBATH
pobory III/I-perynstopa Ta 3aMiHUTH HOrO B CHUCTEMI
KepyBaHHSI.

®opMyBaHHSI HABYAIbHOI BUOIpKHU

Jnst mouarky HalamTyeMO CHCTEMY KepyBaHHS 3
MId-perymstopom. st isoro crBopumo B “Simulink”
CXEMy OIIHOKOHTYPHOI cucTeMu KepysanHs. HanamroBy-
emo IIIJI-perynsTop 3 BUKOPUCTAaHHIM «ABTOHAJIAIITY-
BaHHs» Ha MIHIMYM CEPEIHbOKBAIPATUYHOI IIOMUJIKH.

Jdnst popmyBaHHS HaBYaJIBLHOT BHOIPKH ITPOMOJIE-
JIIOEMO POOOTY panime orpumanoi cucremu 3 [II]I-
peryisiTopoM. 3aBiaHHs, BUXIJ PEryjsTopa Ta BHXIiJ
00’exTa 3a 4 1ornepeHi eranu yacy OyJeMo eKCIiopTyBa-
T B “Matlab Workspace”. Lle nacTb 3MOry BUKOpHCTATH
3rOJIOM I[i MACUBH JaHUX IS HaBYaHHS Mepexi. Cxema
JUIsl TeHepyBaHHs BUOIpku cTBopeHa B “Simulink™ Ta no-
Ka3aHa Ha puc. 4.

Hapuanus mepesxi

Jlnst HaBYaHHSI HACIITYBaJbHOTO DPEryJsiTopa BHKO-
puctoByeMo iHCTpyMeHTapiii “Matlab”. Ileprmii eram
CKJIQJIA€ThCS 13 3aBaHTKEHHS JIAHUX, 3a3HAYCHHSI BXO/IB
1 BUXoziB Mepexi. Po3MipHicTh HaB4aIIbHOT BUOIPKH aBTO-
MaTH4YHO BU3HAYa€e KUIBKICTh HEHPOHIB Mepexi Ha BXi-
HOMY 1 BUXiJHOMY LIapax. Bubupaemo oauH npuxoBaHuii

map i HaBuaeMo mMepexy. CTpyKTypa Mepexi, Ipolec Ha-
BYAHHSI, 3HAYE€HHs] MOMUJIOK JUIsl HABYAJILHOI, TECTOBOI Ta
BaJTiaiiHoi BUOIpKY Npe/icTaBieH] Ha puc. 5.

Jlanmi HeoOXiJHO eKCIIOPTYyBaTH HABUEHY HEHPOHHY
Mepexy B pobounii nmpocrip “Workspace Matlab”, a 3
pobouoro mpoctopy 3a pornomororo 6oky NNET BOymo-
BYEMO HaBueHy Helpomepexy no “Simulink” mnst mpo-
BEJICHHSI TOJAJIBILNX JIOCIIJDKeHb. CXeMa CUCTEeMH Kepy-
BaHHsI ITPEJICTaBIeHA Ha puC. 6.

Po3pobiiennst HacTiTyBaJILHOTO HelpoMepeKeBo-
T0 peryJsitopa

Merton iHBEpCHOTO HEHpOKepyBaHHs OUIBbII CKIIaJ-
HUH 32 METOJI HAaCJIlyBaHHs, ajleé MOXKE BUKOPUCTOBYBa-
THUCS B Oy/ib-sikuX 00’ ekrax. Cxema iHBepCHOTO HeHpoKe-
pYyBaHHs [I0Ka3aHa Ha puc. 7.

IuBepcHMii perynsTop nepeabadae iHBEpCito podOOTH
00’eKkTa KepyBaHHS, TOOTO BHXIJl 00’€KTa CTa€ BXOIOM
peryisitopa, a BXin 00’€kTa (CHTHAJ KEpyBaHHS) CTae
BUXOJIOM 1HBEPCHOTO peryisTopa. [Himumu ciioBamu, pe-
T'YJSITOp OTPUMYE Ha BXij Oa)kaHe 3HAYEHHS TEXHOJIOT Y-
HOTO napamerpa o0’ekTa i po3paxoBye, sIKE VISl [[LOTO
MOTpiOHE KepyBaHHSL.

HaBuannst Mepexi Bi1OyBa€eThCs 32 paXyHOK BUOIPKH
JIaHUX, sika (JOPMYETBCS 3 peakiiii 00’ ekTa Ha BUIIAIKOBI
KepyHo4i BIUIMBH, 110 MOAAIOTHCS Ha ioro Bxix. Cxema re-
HepyBaHHs HaBYaJIbHOT BUOIPKH ITpeicTaBlIeHa Ha puc. 8.

[Ticns HaBuaHHS HelpoMmepeka MOXKe CaMOCTIHHO
BIJITBOPIOBATH HEOOXiJHI 3HAUCHHs Kepyrouoi il 3a-
JISKHO Bix 3aBmaHHs. [lepeBaramMu iHBEpCHOIO HEHpoO-
KepyBaHHSI € BHCOKa SIKICTh KEepyBaHHsS AMHAMIYHUMH
00’€KTaMu Ta BIICYTHICTh HEOOXIHOCTI B TOUHIN MaTe-
MaTH4Hii Mozeni 00’ exTa.

IMopiBHSIHHS SIKOCTi HAJIAIITOBAHUX CHCTEM Kepy-
BaHHSI

Jlyist IOpIBHSHHSI SIKOCTI CHCTEM KEepyBaHHS MOXKHA
BUKOPHCTATH JCKUIbKA MOKA3HUKIB, TAKUX K CTIMKICTb,
TIepeperyIiOBaHHs, MIBUIKOMIS, TOYHICTh. 1X GimbImicTh

L »
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Puc. 4. Cxema 17151 reHepyBaHHs HaBYaJIbHOT BUOIpKU
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MoB’si3aHa MiDX C00010, NpoTe AJIsi 00’ €KTMBHOI KapTu-
HU OyZIeMO BUKOPUCTOBYBATH TaKi MOKA3HUKH SIKOCTI, SIK
TPHUBAJICTH MEPEXIAHOTO MPOLIECY, IEPEPETYITIOBAHHS Ta
CepellHbOKBaIpaTHYHE BiIXMIeHHs. Bci BOHM po3paxo-
BYIOTbCSI 3 IEPEeXiJHOI XapaKTepUCTUKH cucTeMu. Jlis
JIOCITIJPKEHHSI BUKOPHCTOBYIOTBCSI cxeMma, 300paxkeHa Ha

puc. 9, rpadik nepexizHUX MPOIEciB, MPEACTaBICHNI Ha

puc. 10. KinbkicHi pe3ynbraTn HaBeneHi B Ta0m. 1.

OBI'OBOPEHHS OTPUMAHUX PE3VYJIBTATIB
[poananizyBaBIm OTPUMAaHI [1aHi, TOXOANMO BIICHOBKY,

TII0 KOYKEH PETYISITOP Mae CBOI repeBary i Hemomiku. [11/] pe-
TYJISITOp HAHIIBHUIIIIE BUXOUTD Ha 33/IaHHUH PEXXNM, aJie Mae

Tadauns 1. [TopiBHSIHHS MOKa3HUKIB SIKOCTI pO3POOICHUX CUCTEM KepyBaHH:

Ilapamerpn sikocTi TpuBaiicts IepeperyntoBanns, CepenHe KBagpaTH4YHe
Peryasitopu nepexiHoro nmpouecy, ¢ % BiIXHJIEHHS
810 98,7 10,3 53,862
HacninyBanbauit 148.9 5 67,117
IuBepcHuit 149,2 0,9 83,7822
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3HAYHE IEepeperyoBaHHs. [HBEpCHUI peryisirop Mae Haid-
MEHILIE [IepeperyIIIOBaHHs, ajle IIOCTYNAEThCS 3a MIBUIKOMI-
eto Ta kputepiem CKB. HacuityBasibH1I peryJsitop mokasas
Cepe/IHI IIOKa3HUKH 32 BHOPAHUMH KPUTEPISIMHUL.

BUCHOBKH

AmapaT HEHpOHHHX MEpeX MITKOM ITiIXOAUTH IS
3aCTOCYBaHHS B CHCTEMax KEPYBaHHS TEXHOIOTIYHUMH

3bIPHNK HAYKOBUX MPALb HYK

ISSN 2311-3405

IpolecamH, a caMi HelipoMepesKeBi PEeryIsTOpH MOXKYTh
OyTH JOCUTH MPOCTO Peaji3oBaHi MPOTrPaMHO YH ariapar-
Ho. KpiMm Toro, Taki peryssitopu OyayTh Kpallle mpaitoBa-
TH JJIs1 CKJIATHUX HENHIHUX 00’ €KTIB Ta B yMOBax 30y-
penb. OfHAK BCe 3aJICKUTh BiJl MPABHIBLHO MPOBEICHOT
MPOIICIypH HaBYAHHS, JOCTATHHOI KIJIBKOCTI TAHUX TEX-
HOJIOTIYHOTO TPOIIECY, BUOOPY ONTUMAIIBLHOI CTPYKTYpPH
Mepexi.
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