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Anomauin. Ilpoyecu npuiinamms piuenv wo0o OiLIbHOCMI 00 €Kmis 20CNO0APIOSAHHS, K NPABUN0, NO8 SI3aHi 3
HeOOXIOHICMIO AHANI3Y OCHOBHUX NOKA3HUKIE iX OisnbHOocmi. BusenieHHs meHOeHYill 3MIHU YUCI08UX NOKA3HUKIE 8 Ydci
00360/18€ poOUMU NPUNYUEHHS W00 iX MaAUOYmMHIX 3Hauens. Taxi 3a0aui MOXCHA 36eCmu 00 3A0ay NPOSHO3YBAHHSA YACOBUX
pAodi8, AKI noasealomv Y OOCHIONHCEHHI 3AKOHI8 3MIHU 3HAYeHb POy Md, HA OCHOBI 3a0aH020 Kpumepir MOYHOCHI,
3HAXOOHCEHHS NPOCHOZHUX 3HAYEeHb. AHANIMUYHUIL 02180 CYYACHUX HAYKOBUX NYONIKayill noxkasas, wo 3a0a4d NPocHO3Y6aAHHs
yacogux paolie € axkmyanvHow. Ichye 0Oazamo 00CHiOHCeHb NPUCEAUEeHUX po3pooyi epekmuHux 2iopuoHuUx memoois
NPOZHO3YB8AHHS, 8 OCHOBI AKUX MICMAMbCA 0eKLIbKA THUUX Memoois.

Jlocnioocennss npucesuene po3podyi npocHO3HOI MoOeni, KA SUKOPUCMOBYE Kpawji eracmugocmi 0azoeux mooeetl
NPOSHO3YBAHHS, 00360JIAE NIOGUWUMU THOYHICMb NPOSHO3Y MA 1020 BOAAMUTLHICID.

B x00i docnioscenns 6y10 po3pobieno egomoyiiHull Memoo npocHO3Y8AHH HA OCHOBL 0A306UX MOOeell NPOSHO3YEAHHSL.
Jlns obyucienns npoeHO3HUX 3HAYEHb OYOYEMbCI ONMUMIZAYIUHA MOOENb, 8 AKY 6X00AMb NPOSHO3HI 3HAYEHHS, 00YUCTeHT 3a
oonomoeor 6azogux modeneu. Ilapamempu moodeni moxcymov Oymu GU3HAUEHI 3a OONOMO2010 2EHEMUUHO20 AN2OPUMMY.
Kpumepiamu saxocmi npoenosuoi cxemu Oyau i0HOCHA NOXUOKA NPOSHO3YBAHHA, A MAKOJC BOAAMUTbHICIL npocHo3y. Taxui
nioxio 00360J14€ 3MEHWUMU BIOXUNICHHS NPOZHOZHUX 3HAYEHb 810 MOYHUX.

Buxonano excnepumenmanvuy eepugikayiro po3pobrenoco memoody npocHo3yeanHsa. Bukxowano nopisuanvuuil ananiz
pe3ynrbmamis pobomu po3pobreHo2o memoody ma IHWUX mMemooie NpocHO3y8aHHs 0 4aco8o2o psady «Kinbkicms xeopux na
CHI». Ilokaszano, wo SUKOPUCMANHA NPOSHO3ZHOL cXemu 00380J5€ AK NIOSUWUMU MOYHICHb NPOSHO3Y, MAK [ NOKpAWumu
11020 8ONAMUNILHICD.

Abstract. Usually, decision-making processes regarding the activities of economic entities require core activity metrics
analysis. Identification of trends in changes in numerical indicators over time allows us to assume their future values. Such
tasks can be reduced to forecasting of numerical sequences, which based on investigation of rules of changing values of
sequence and discovering forecasting values by defined precision criteria. Analytical overview of recent scientific papers
shows that forecasting numerical sequences is topical. There are lots of research of development an effective hybrid
forecasting methods based on several of other methods.

Research is about development of forecasting model which use best properties of base forecasting models, allows us to
improve forecasting precision and its volatility.

During the research an evolutionary method of forecasting based on base forecasting models was developed. To compute
forecasting values we build optimisation model which includes forecasting values taken from base models. Parameters of
model can be defined by genetic algorithm. The quality criteria of forecasting system was relative error of forecasting and
volatility of forecast. Such approach allows us to reduce a deviation of forecasting values against exact values.

Experimental verification of the proposed forecasting method was done. A comparative analysis of the results of the
developed method and other forecasting methods for the time series "Number of AIDS patients" was performed. It is shown
that the use of the forecast scheme allows both to increase the accuracy of the forecast and to improve its volatility.

Kuro4oBi ciioBa: 4acoBHii psijl, €BONIOIIMHNIIA METOT, TOYHICTh MPOTHO3Y, BOJATWIBHICTH MMPOTHO3Y, MPOTHO3HA CXeMa.
Keywords: time series, evolutionary method, forecast accuracy, forecast volatility, forecast scheme.
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1. Beryn

[Ipouecy mpUHHATTS PillIeHb OO JiSTIBHOCTI 00 €KTIB TOCIIONAPIOBaHHS, K IPABUIIO, OB’ sI3aHi 3 HEOOXIJHICTIO aHAITI3Y
OCHOBHHMX IIOKa3HHMKIB IX IisUIbHOCTi. BUSBICHHS TEHAEHWIH 3MiHM YHCIOBUX IIOKAa3HUKIB B 4Yaci JI03BOJISIE POOHTH
NPUITYIIEHHST 00 iX MalHOyTHIX 3HaveHb. Taki 3ajadi MOKHa 3BECTH 0 3ajJay INPOTHO3YBAaHHS YacOBUX DSIIB, SKi
NOJIATAIOTh Yy JOCIHIPKCHHI 3aKOHIB 3MiHM 3HAueHb psYy Ta, HA OCHOBI 3a/IaHOTO KPHUTEPIl0 TOYHOCTI, 3HAXOJKEHHS
NPOTHO3HUX 3HAYCHb.

Juis po3B’si3aHHA 3a7adi MPOTHO3YBAHHS Ha OCHOBI YacCOBUX PSJIiB MOXIIMBUM € 3aCTOCYBaHHS BEJHMKOi KiJTBKOCTI Pi3HUX
METOIB MMPOTHO3YBaHHS. /0 BiIOMHX KIJIACiB METO/IB MMPOTHO3yBaHHS MOKHA BiITHECTH perpeciifHi MEeTOAH, METOIN Ha OCHOBI
aBTOperpecii, METOMW, $Ki IO3BOJIAIOTH BPAaxXxOBYBaTH CE30HHICTh, HeHpoMepekHi Mmeromu Tomo. IIpore, Bimomoro
0COOMHBICTIO TIPOOJIEMH MTPOTHO3YBAHHS € Te, IO, SK MIPABHIIO, HEMOXKIIMBO PO3POOHUTH YHi(iKOBaHMX pEeKOMEHIAMIN IMI0H0
TOTO0, KM METOJ IPOTHO3YBAaHHA € e()EKTUBHIIINM ISl KOXKHOTO KOHKPETHOI'O YAaCOBOTO pAdy. TakuM YMHOM, TArap BHOOPY
METOJly IIPOTHO3YBaHHS JIATa€ Ha aHaJiTHKa. ToMy, akTyalbHOIO € po3poOKa METOAY, KU O3BOJUB OM B aBTOMAaTUYHOMY
PEeXUMi BpaxOBYBaTH Kpallli pe3yJIbTaTH Pi3HUX METOMIB P IIPOTHO3YBaHHI 33JaHUX YUCIIOBUX ITOKa3HHUKIB.

2. Anani3 jiTepaTypHHuX JaHMX i TOCTAaHOBKA NMPOOIeMH

AHaNITUYHUHA OIS CydacHUX HAYKOBHX ITyOJIiKallii TOKa3as, 10 3aJa4a MPOTrHO3yBaHHS YaCOBUX PSAMIB € aKTyanbHOM. B
OCHOBI JIOCII/KEHb, TIPH LILOMY, JIeKaTh pi3Hi KoHuenuii. Tak B [1] po3risiiaeTbes HEHPOMEpEkKHUIT METOI IPOTHO3YBAHHS Ha
OCHOBI MO/IeJIi aBTOPETPECIHOTO IHTErPOBAHOTO KOB3HOTO CepeHhOro. B poOOTI Big3HAYEHO, 1110 BUKOPUCTAHHS 3a3HAUYEHOTO
TiOpUIHOTO MiIX0Ay B pOoOOTI HEHPOHHOI MepeKi, TO3BOJSAE TOCATTH OLTBIIT BUCOKOI TOYHOCTI MpoTrHO3yBaHHA. Pobotu [2, 3]
TIPUCBSYCHI PO3po0Ii TiOpHIHOI MOei, sSKa T03BOJIsE pO30WBATH YaCOBUH psI Ha WOTO JiHIHI Ta HETiHiIMHI KOMIIOHCHTH.
TakuMm 49MHOM, aBTOpaM BIAJOCsS IMOETHATH MOXIIHMBOCTI TPbOX pi3HHX Mojeieil. [lokazaHo, o Taka MOJENb JO3BOJIIE
HiJBUIINTHA TOYHICTH HPOTHO3YBaHHA. [4] MICTHUTh METOX NPOTHO3YBaHHS YaCOBHX pPSIiB 3 BUKOPHUCTAHHS HMOBIpHICHO{
HEeHpOHHOT Mepexi, AKa CKIagaeThesl 3 ACKUIBbKOX MapiB MammHu boipimana. Po3pobnennit Meton OyB 3acTOCOBaHMI TaKOX
JUISL KOPOTKOCTPOKOBOTO TPOTHO3YBaHHS XaOTHYHMX DAIIB. [S5] MpHCBsSdYeHa aHaJi3y CTpareriii MallMHHOTO HABYAHHS IS
NPOTHO3YBaHHA YacoBUX psiliB. B [6] MiCTUTBCS METON YMOBHOTO NPOTHO3yBaHHS YacOBUX psIiB Ha OCHOBI ajmanrarii
WaveNet. [TokazaHo, 1m0 Takuii MeToa JOOpe MiAXOOUTh Ui 3a/ad PEerpeciiHOro THIYy HaBiTh y BHUNAJKY, KOIU PSJ €
KOPOTKHM.

Takox, iCHye psii AOCIIKEHb, MPUCBSTYCHUX PO3POOI eheKTUBHUX TiOPUIHUX METOAIB MPOTHO3yBaHHS, B OCHOBI SKHX
MICTSITBCS ICKIJIbKA 1HIIUX MeTOMiB. Tak, Hampukiaa, B [7] BUKOHAHO TMOPIBHAJIBHHUNA PE3yNbTaTiB MPOTHO3YBAHHS YacOBOTO
psAny pi3HEMH BiTOMHMH METOIAMH IPOTHO3YBAHHS Ta TiOPHIHUM METOIOM, SIKUH BKJIIOYaE B ceOc JBa-TPH iHII METOIH.
BimzHaueHo, mo pi3Hi KoMOiHamii riOpuaHOT MOJeni € HalOUIbIn e()eKTUBHI, B MOPIBHAHHI 3 3BUYafHUMH MeTomaMu. PoGoTu
[8-10] mpucesiueni po3pobii KOMOIHOBAHOT CXeMH Ha OCHOBiI 0a30BMX MPOTHO3HUX Mojelieil. B OCHOBI 3ampornoHOBaHOT
MOJIEITI JICKHUTH ies TMOOYZOBH TPOTHO3HOI CXEMH /I BU3HAYCHHS MPOTHO3HOTO 3HA4YeHHA y (OopMi OMyKIOi JiHIHHOL
KOMOIHAI1 pe3yabTaTiB MPOTHO3YBAaHHS YacOBOTO DALY 0a30BUMH METOHAMH. TakWi MigXiq B PsAi BUIAIKIB ITO3BOJISIE
HOKPAIUTH Pe3yJIbTaTH IPOrHO3yBaHHS, IPOTE, BiH Ma€ psiJi 0OMeXeHb [P 3aCTOCYBAHHI.

Takum 4uHOM, pO3poOKa NPOTHO3ZHHX MOJENeH, sKi BHKOPHCTOBYIOTh Kpallli BJIACTUBOCTI 0a30BHUX Mojeneil
MPOTHO3YBaHHS, JI03BOJISIE MIJIBUIIMTH TOUHICTh IIPOTHO3Y Ta HOT0 BOJATHIIBHICTb.

3. Mera i 3aBa1aHHs A0CTiKeHHs

MeToro AOCITIHKEHHS € po3p0o0Ka eheKTUBHOI MOJIEI IPOTHO3YBAHHS YaCOBUX PSIIB. J[JIsl TOCATHEHHS MOCTABICHOT METU
Oynu po3B’si3aHi Taki 3a1ay4i:

- no0y/AyBaTH MaTeMaTH4Hy MOJIEJb 33/1a4i IPOTHO3yBaHHS YaCOBUX PSJIiB;

- po3poONTH THYYKYy NPOTHO3HY CXeMy Ha OCHOBI 0a30BHX Mojeled, OCHOBHI IapaMeTpH sKOI BHU3HAYAIOTHCS
€BOJTIOLITHAM METO/IOM JJIsI ITiIBUIEHHS] TOYHOCTI NPOTHO3YBaHHS Ta BOJIATHIIBHOCTI IIPOTHO3Y;

- 3MIACHUTH EKCTIIEPIMEHTAIBHY BepH(DIKaIil0 OTPIMAaHUX Pe3yNIbTaTiB T2 BUKOHATH MMOPIBHSUIBHUH aHAI3.

4. EBooniifHAil MeTOJ MPOTrHO3YBAHHS YaCOBHUX PSIiB
Posrnsaemo 3a1aqy mporHo3yBaHHs HAa OCHOBI YaCOBHX PSAMIB Y TaKild IOCTaHOBIIL:

Hexait v,,V,,...,V,,...,V, — J€SIKMH JIMCKpETHMI 4acoBUH psJi Oe3 NPOIYCKiB JIOBXMHM N . 3HAYEHHs YacOBOIO PNy

GbIKCYIOTBCSL B IUCKPETHI MOMEHTH Yacy | =1,n. 3anaua MIPOTHO3YBaHHS YaCOBUX PSAIB NOJATAE Y NMOOYAOBI BUPILIAJIBHOTO
npaBwia F, sike 103BOIIsiE 3HAWTH OLIHKY 3HA4YECHHS psijy B MalOyTHI mepioam vacy, 1o siBisie coOOOK0 MPOTHO3 B 3aaHiif
Touli N-+mM 3 kpokoM mporHosy M (m=1) [11]. Tomi, dopmansHO, 3aNEKHICTH HPOTHO3HOTO 3HA4eHHS ), BiX
PETPOCTIEKTUBHUX JIJAHUX MOYKHA 3aITUCATH:

9:?er =F (Vn—k+l'vn—k+2""'vn’ m) ’
ne k — rnmubuHa nmepexnicTopii, M — KPOK MPOTHO3YBaHHS.

PosrasiHeMo MeTon moOysoBH €BOJIOLIHHOTO METOAY NPOTHO3YBAaHHS HA OCHOBI 0a30BMX Mojeied NMporHosyBaHHs. s
OTO Ha MEPIIOMY €Tani BUOepeMo cucteMy 6asoBux mojeneid mpornosysanns M, M,,..,M,. Cepen Hux moxyth GyTH
perpeciiiti, HelpoMeskeBi Ta iHII METOAM IPOrHO3YBaHHS.

3agikcyemMo 3HaYEHHS KPOKY MPOrHo3yBaHHA M (m>1) ta rimOunu nepegicropii Kk . OGUMCIMMO BiAIOBiIHI POrHO3HI
3HAYCHHS JUIS BiIOMHX €JIEMEHTIB psily 0OpaHUMK 0a30BMMH METOAAMH Ta 3alHIIeMo iX y Tadmumo (tabi.1):
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Tabmung 1 - Pe3yabpTaTn nporao3yBaHHsi 6230BHMH IPOTHO3HUMH MOIEJISIMHU
[IporHo3Hi Moneni

+m+1

Howmep enementy
M, M, M,
) ) q)
kK+m i o o
) ) )
k +m +1 +m+1 +m+1

w

"

o

[ToOymyeMo POTHO3HY CXeMy y BUIIIAAI (DYHKIT A1 OOYHCICHHS IPOTHO3HOTO 3HAYEHHS 9acOBOTO PSIy B MOMEHT 4acy
p (k+2m< p<n+m,) 3a mpaBuIoOM:

G(p) = o, 9P + 0,98 +L + o 98", (1)
me o; (] :1,_q) — BaroBUA Koe(ilieHT MPOrHo3Hoi Moxeni M; Uit OOYHCICHHS IIPOrHO3HOIO 3HAYCHHS YacCOBOTO PsAy B
mMomeHnt acy p (K+2m<p<n+m).

Jlnst oGuncnenns 3Ha4eHb apaMeTpis cxemu o; ( j =1,q) npu 3ananoMy 3Ha4eHHi P 100yayeMo QyHKUiOHAT:

& |G(i) -V,
L(oy, 0y @tg) = D [——H, )
i=k+m Vi
Ta 3aCTOCYEMO TEHETHIHHHN aJITOPUTM JJIsI PO3B'sI3aHHA 3a7adi MiHiMizamii GyHKII:
L(oy,0Ly5e00) —> Min . 3)

Hexait (al,(xz,...,aq) € Argmin L(ocl,az,...,o.q). Toni, A BU3HAYEHHS TOYHOCTI OTPMMAHMX MPOTHO3HHUX 3HAYEHDb, Ha

HaCTYyITHOMY erani 00YMCINMO BEJTMYHHU:
p-m

AJ:Z

%j) _Vi

V2

., j=1q,

i=k+m
Ta
A, = L((xl,(xz,...,ocq) )
Y BUNajAKy, SIKIO BUKOHYETHCS YMOBA:
Vie{l2,...,q} A, <A,
TO MOYKHA 3pOOUTH BHCHOBOK, 110 3aCTOCyBaHHs cxemu (1) i3 3ajaHUMK mapameTpaMu (ocl,(xz,...,aq) JI03BOJIAA€ IiABUIIUTH

TOYHICTh NPOTHO3Y y NOPIBHSHHI 3 6a30BUMH MPOrHO3HUMHU MozesiMu M, M,,..., M, .

[HIIMM KpUTEpiEM SKOCTI NMPOTHO3HOI CXEMH € BOJATHIIBHICTH OTPUMAHOTO MPOTHO3Y, SKa MOXKe OYyTH OLIHEHOO
CepeHbOKBAIPATHYHHUM BiIXMWIeHHAM 3a Gopmynamu (4)-(5):

p-m ]
> (%J) Vi _51)2 _
S\ pokcamer T @
= . 2
> (G(i)-v, —3,)
— i=k+m 1 5
% p—k—2m+1 ®)

e
1 = %J) - ~
pricamia g, @ W Ik

1 Sy

- p—k—2m+1-_Z (G0)=%).

0

TakuM YMHOM, IPOTHO3HE 3HAUECHHS 9’8 Moke OyTh oOuuciieHe 3a GopMyIor:

99 =0, 9 + o0 +L +a 0.
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ExcnepumenTansna Bepudikamisa po3podaenoro meroay. s excrnepuMeHTanbHOT Bepudikaiii Oyno po3risiHyTO
YJacoBHH psi 3 JAHUMHU Npo KinmbkicTh xBopux Ha CHIJl Ha mouatok poky B 3akapmarcekiii o6macti [12]. Yacouit psijg
cknanascs 3 23 enemeHTiB. [IporHo3yBaHHsS KUIBKOCTI XBOPHMX Ha 3aJaHill TEpUTOPIi JO3BOJISE 3/IMCHIOBATH ILJIaHYBaHHS
JISUTBHOCTI  KaJPOBOTO CKJIQAY MEIMKO-COIaNbHUX 3aKialiB, A MaKCHMaJIbHOTO OXOIUICHHS XBOpUX MOTPIOHMMH iM
nociryraMy. BaJIMBMM TIpH TaKOMY NPOTHO3YBaHHI € 3a0e3MeYeHHs] MiHIMAJIbHOI'O BIAXWMJIEHHS IIPOTHO3HUX 3HA4YECHb Bij

http://www.atbp.onaft.edu.ua/

peanbHuX. TOYHICTD IPOTHO3Y, IPH IIHOMY, € MEHII BaXIIHBOIO.

3a 0a3oBi momeni Oymo BHOpaHO MOJeNs aBTOperpecii 3 Kpokom mepemicTopii K =4 Ta Momens TpeHAy Yy BHIISI

noJIiHOMiaNEHOI (QyHKIIT TpeThoro mopsaky. [Iporao3yBanHs 3xilicHIOBANIOCS Ha 1 KpOK BIepes.
PesynbraTn o0uncieHp HaBeneHi B Tabn.2. Ta Ha puc.l.

Tabnuus 2 - Pe3yJbTaTH NPOrHO3yBAHHS 3HAYEHDb YaCOBOTO Py
«Kinbkictb xBopux Ha CHII» 6a3oBuMH MoeJIsIMU

Pik EnemeHTu yacoBoro psaay Mertoj aBTOperpecii Mopens Tpesay
1997 8 - -
1998 35 - -
1999 51 - -
2000 63 - -
2001 77 - -
2002 94 - -
2003 91 - -
2004 77 - -
2005 73 - -
2006 100 81,1748 49,016
2007 109 117,9946 99,3452
2008 136 113,2296 127,3312
2009 154 151,6245 168,5805
2010 185 170,5247 198,5224
2011 221 210,8523 236,5665
2012 251 251,9838 280,3528
2013 288 282,4377 318,5382
2014 322 322,6126 358,7616
2015 370 359,3304 396,0834
2016 421 417,1556 4429315
2017 484 476,5829 496,1607
2018 571 554,905 558,6563
2019 627 652,4457 647,8408

Hpumimka: 6 Kodxcnomy psodi 8udineno Kpauje nPo2HO3He 3HAYeHHs
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Puc. 1 - PesyabTaTu nporao3yBanHs Kinbkocrti xeopux Ha CHIJL pisHumMn merogamu
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Jnst mokpameHHs e(h)eKTHBHOCTI TPOTHO3Y Ha HACTYITHOMY eTari 0yJio 3acTocoBaHo cxemy (1) y TakoMy Buji:

pi (] % — PpE3yJibTaT MPOTHO3YBAaHHA i-ro 3HaueHHs paay METoA0M aBToperpeci'I, 9§ — pe3yiibTaT NMPOrHO3yBaHHA i-ro 3HaYeHHs

Loy, a,) = Zm:|

i=10

MOJIIHOMIAJILHOK MOJICIUTIO TpeH Iy, M =14,22.

3HayeHHd 0o, 0,
¢ynakmioHany (6). PesynbraTi o6umncnens HaBeaeHi B Tabn.3. KpurepisMu TO9HOCTI TpOrHO3y OYyiIM 0OpaHi BiTHOCHA ITOXHOKa

|0‘1%) +0‘2%’z) -V |

Ta BOJATHIIBHICTH IPOTHO3Y Y (OPMi cepemHbOKBaApaTHIHOTO BinxmieHHs (4)-(5).

HAa KOXXHOMY KpoIli Oynu 3HaifieHi 3a JONOMOrOK TCHETUYHOrO AaIrOPUTMY JUIs MiHiMi3arii

Tabauus 3 - [lopiBHAHHS pe3yJbTaTiB MPOrHO3yBaHHS MPOTHO3HOK) CXEMOIO 3 iHINMMH 0230BUMH MOJEIAMHU

[Tapamerpu moneni
Pik EnemenTtn wacoBoro Merton . Moaenb [Iporuosne

pany aBToperpecii TpeHIy o o, 3HAYCHHS

2010 185 170,5247 198,5224 0,95945054 | 0,052944097 174,1206
2011 221 210,8523 236,5665 1,171551501 | -0,07885669 228,3695
2012 251 251,9838 280,3528 1,454850157 | -0,36053295 265,5222
2013 288 282,4377 318,5382 1,48363889 | -0,41159206 287,9278
2014 322 322,6126 358,7616 1,186310485 | -0,14273517 331,5108
2015 370 359,3304 396,0834 1,344293004 | -0,29879915 364,696
2016 421 417,1556 442,9315 1,045989452 | -0,02676594 424,4849
2017 484 476,5829 496,1607 1,085873472 | -0,06252759 486,485
2018 571 554,905 558,6563 1,036641888 | -0,01913628 564,5472
2019 627 652,4457 647,8408 0,920765306 | 0,085053726 655,8506

BinHocHa moxuOKa Mporuo3y 0,027136 0,102863 0,026486053
Cepeatbokbapatiriie 11,2493 12,9884 10,9777
BIAXMIICHHS

Ipumimka: 6 KoxcHomy psaodi 8UOINEHO Kpawje NPO2HO3He 3HAYEHHS

OO0roBopeHHsi pe3yabTaTiB. Po3pobieHHit METOA NPOTHO3YBAHHSA YACOBHX PAIIB IO3BOJISE MOKPAIIUTH Pe3yIbTaTH
MIPOTHO3YBaHHS 3a JIOMOMOTOI0 IHIIMX 0a30BMX MeTOMiB. Takuil MiAxid, Ipu po3B’s3aHHI PeaTbHUX 3aJad MPOTHO3YBaHHS
YacOBHX PAIIB, Aa€ MOXIIMBICTh OJHOYACHO PO3MIISAATH JOBUIBHY KUJIBKICTH BiIOMHX METOJIB MPOTHO3YBaHHS 1 pO3IIISIATH
pe3ynbTaTi X poOOTH SIK OKPEMO, TaK i B CyKYITHOCTI.

ExcriepumenTanbHa Bepudikamiss po6oTH po3po0ieHOro MeToay IoKaszana, [0 HpH HOro BipHOMY HaslaIITyBaHHI,
BIAETHCS JOCSTHYTH 3MEHIIEHHS NOXMOKHM IPOTHO3YBaHHS, a TAKOX MOKPALIEHHsS BOJATWJILHOCTI IPOTHO3Y, IIO JI03BOJISIE
3a0e3eYnTH 3MEHIICHHS BiIXWJICHHS IPOTHO3HOT'0 3HAYEHHS Bijl TOYHOTO.

st po3B’si3aHHA onTUMI3aniiHoOT 3a1a4i (2)-(3), KpiM reHeTHYHOTO AITOPUTMY, MOXKIMBUM € TaK0XX 3aCTOCYBAHHS 1HIINX
€BOITIOIIITHUX aJTOPUTMIB.

BucHoBku. PoboTa npucesigeHa po3poOIi eBONIOMIHHOTO METOIy MPOTHO3YBaHHA YacOBHX pAXiB. B xoai mocmimkeHHS
Oyno moOymoBaHO MaTeMaTW4Hy MOJeNb 3aJadi IPOTHO3YBAaHHSA Ta PO3POOJIEHO METOJ MPOTHO3YBAHHS, SIKMH JO3BOJIIE
004YHMCITIOBATH MPOTHO3HI 3HAYEHHs, BPAaXOBYIOUM PE3YJIbTaTH MPOTHO3yBaHHs IHIIMMU METOAaMH. Pe3ynbTyiodi 3HaYeHHS,
NP IOMY, OOYHCITIOIOTHCS SIK 3rOPTKa Pe3yJIbTaTiB, OTPUMAaHUX 32 JIOTIOMOT0I0 00paHux 0a30BHUX MozeseH, KoedilieHTH kol
00YHNCITIOIOTECS 33 JOIIOMOTOI0 T€HETHYHOTO aJITOPUTMY.
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BukoHaHO MOpPIBHAJBHUII aHai3 pe3ysbTaTiB pOOOTH pPO3POOJICHOTO METOYy Ta IHIIMX METOJIB MPOTHO3YBaHHS IS
yacoBoro psay «Kinbkicte xBopux Ha CHII», sikuii 10BiB e()eKTHBHICTH €BOIIIOIIIHHOIO METOAY TPOTHO3YBAHHS.
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Anomauyia. B cmammi posensioaromvca nUmMantsa UsHaueHHs opienmayii 06 ekmis. OcHognumu Odxcepenamu ingpopmayii
0J1 pO3PAxXyHKy Kymie opienmayii ciy2yioms MIiKpOeIeKmpOMexXaniuti 0amuuku, a came MiKpoereKmpoMexaHiuuull 2ipocKon
(Hadae OauHi npo Kymogy WEUOKICMb) Ma MIKPOEIeKMPOMEXaniuHull akceiepomemp (Haoae OAHHI Npo 2pasimayiiHe
NPUCKOPEHHS 8 HEPYXOMOMY DEdiCUMI, Ma Nepesanmadnjicests 6 cmaui pyxy). Ane 3acmocy8anus MiKpoeieKmpoMexaniyHux
0amuuKie 015 6USHAYEHHs OpieHmayil i napamempié pyxy came no cobi He MONCIUGO 0e3 SUKOPUCMAHHS CNeyiani308aHux
aneopummis 06poOKU OMPUMAHUX 3 HUX cueHanis. 1 0106HULl HeONIK noiseae came y “skocmi’” OmpumManux CueHaiie, moomo
HACKIIbKU OMPUMAHULL CUSHAL 3 SUMIPIO8auie 00CMOGIpHO 8i0o0Opadicaiomsv pyx abo uepyxomui cman 00 ’ckmy. Tomy
aneopummamu  GU3HAYeHHs opienmayii AKi  3anponoHoéani @ pobomi Oan  po3ensidy OyIo  00pamo  aneopumm
Komnnimenmaprnoeo ¢inompy ma ancopumm ¢inempy Maooceika. Buxopucmani eumiproganvHi oamuuku (2ipockonu i
akcenepomempu) 06 ’€OHAHI 8 OOUH BUMIPIOBATLHULL MOOYIb AKULL 8 CB0I uepzy € 0a30t0 01 pobomu po3poOKU KOMNAHIT
Inertial Labs — kypcosepmurani AHRS-10P. Kypcosepmuxans AHRS-10P ¢ 0ocniodicenni UKOpucmo8yemvcst sk peghepenmua
cucmema, max 5K 6OHA 8UHAYAE Kymu OpieHmayii 06’ €Kmy Ha AKOMY 860HA 6CMAHOGNEHA, 3d OONOMO2010 ANOPpUMMY Pitbmpa
Kanmana i napanenvno mooice sudasamu cupi OanHi 3uAmi 3 akcenepomempis i cipockonie. B peszynrvmami 00CniodicenHs,
OMPUMAHO  AHANITMUYHI  3AJIEJCHOCMI  GU3HAYEHO20 Kyma mMaueax)cy ma Kyma KpeHy 3a O00NOMO2010 alcOpummy
Komnnimenmapnoeo ¢inempy ma aneopummy ¢pinempy Maosiceika 6 NOpiHAHHI 3 KYMOM MAH2ANCY MA KYMOM KDPEHy
ompumanumu pepepenmnoio cucmemoro AHRS-10P na 6aszi ¢pinompy Kaimana.

Abstract. The article deals with the issues of determining the orientation of objects. The main sources of information for
calculating the orientation angles are microelectromechanical sensors, microelectromechanical gyroscope (provides data on
angular velocity) and microelectromechanical accelerometer (provides data on gravitational acceleration in stationary mode
and overload in motion). But the use of microelectromechanical sensors to determine the orientation and motion parameters in
itself is not possible without the use of specialized algorithms for processing the signals obtained from them. The main
disadvantage is the "quality" of the received signals, in other words how accurate is the received signal from the sensors and
how accurately signal reflects the movement or stationary state of the object. Therefore, the Complementary filter algorithm
and the Madgwick filter algorithm were chosen for the orientation determination. Measuring sensors which were used
(gyroscopes and accelerometers) are combined into one measuring module, which is the basis for the attitude and heading
system of the Inertial Labs company —~AHRS-10P. The AHRS-10P is used as a reference system in the study, as it determines
the orientation angles of the object on which it is mounted, using the Kalman filter algorithm and have ability simultaneously
outputs raw data taken from accelerometers and gyroscopes. As a result of the study, the analytical dependences of the
determined pitch angle and roll angle were obtained using the Complementary Filter algorithm and the Madgwick filter
algorithm in comparison with the pitch angle and roll angle obtained by the reference system AHRS-10P based on Kalman
filter.

KarouoBi cioBa: Kommmimentapruit ¢inetp, ¢inetp Mamxsika, ¢insrp Kammana, MEMC ripockonr, MEMC
aKceJIepoOMETp, OpiEHTALlis.
Keywords: Complimentary filter, Madgwick filter, Kalman filter, MEMS gyroscope, MEMS accelerometer, orientation.
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1. Beryn

3a mepioJi MHHYJOrO NECATWIITTSA Taily3b OONAcTi HaBiramii crajga HE MOXJIHMBOI 0€3 BHUKOPHCTAHHS IHEPIialbHUX
BuMiproBayiB [1] moOynoBanux Ha 6a3i MikpoenekrpomexaniyHux cucreM (MEMC) — ripockoniB Ta akceiepomerpiB. Ski
ABIIAIOTH COGOIO NErKi, MiHIaTIOpHi BUMiproBadi ()i3MUHMX BETMUHH MOB’S3aHHX 3 PyXOM 00’€KTiB Jie BOHH BCTAHOBNEHi. Ix
BUKOPHCTAaHHS B TIEPIIY Yepry MOSCHIOETHCS TPEHIOM Ha MIHIaTIOPH3aLil0 Ta MOCTIHO 3pOCTAI0OYMM IOMUTOM Ha JIETKi
TIOBITPSIHI Ta HA3eMHI armapaTy U 3aCTOCYBaHHS B a0COJIOTHO Pi3HHX raxy3el CycIiiabCcTBa. 3 1HIIOTO OOKY II€ IMOSICHIOETHCS
3aMUTOM Ha pOo3pOOKY aBTOHOMHHUX aBTOIJIOTHUX CHCTEM, JIe BIUTMB Ha MPOIIEC KEPYBaHHS i caMy IMPUCYTHICTH JIIOAWHU Oyze
MiHiMi30BaHO 10 HynA [2]. Ane 3actocyBanHt MEMC-maT4ukiB A1 BU3HAUCHHS apaMeTpiB pyxy came 1o co0i He MOKIHBO
0e3 BUKOPUCTAHHS CIEHiali30BaHUX alTOPUTMIB OOpPOOKHM OTpHMAaHMX 3 HUX CUTHANIB. [ OJOBHUII HENOJIK IMOATae came y
“9KOCTi” OTPUMAaHUX CHUTHANIB, TOOTO HACKIIBKM OTPUMaHHWH CHUTHAI 3 BHMIpIOBAa4iB JOCTOBIPHO BiZOOpakaloTh pyxX abo
HepyXOMHil cTaH 00’€KTy. A U TIpoliecy KepyBaHHS BHCOKOTOYHA iH(opMaIlis mpo mapaMeTpu pyXy HOBHHHA HAIXOIUTH
Oe3nepediiiHo. Tak sIK BU3HAYEHHS Opi€HTALlli 00 €KTY € OJHUM 3 eJIEMEHTIB KOMIIJIEKCHOI 33/1adi, 10 CTOCYETHCSI aBTOHOMHOT
poOOTI MeXaHi30BaHMX CHCTEM YW IOBITPSHO-Ha3eMHHX arapariB, JOCITIDKECHHS alrOpUTMIB ii BU3HAYCHHS € aKTyaJlbHUM
3aBaaHHsIM. [1Iupoky momyssipHiCTh B IbOMY HamlpsIMKY 3aBotoBaB QinbTp Kanmana [3]. Bin nificHo jae HenoraHi pe3ynbrary,
ajle BCE JK TaKM 1 Mae HENONIKM siKi OynyTh mokazai nami. Came 1 (akTé 1 3acTaBislOTH HPOBOJIMTH IOIIYKH
IbTEPHATHBHUX, MAKCUMAJILHO €()EKTHBHUX aJirOPUTMIB BU3HAUCHHS Opi€HTALli].

2. IlpodemaTuka

BusHaueHHs KyTiB HaXWTy (Opi€HTAIil) 00’ €KTY MOXIINBE 32 JOMOMOTOIO TiPOCKOIIiB, 200 32 JOTIOMOTO0 aKCeIepOMETPIB.
VY mepuioMy BHUNAIKy KyT HAaXmIy OOYHCIIOETBCS 33 JOIOMOIOK JUCKPETHOI'O IHTErpyBaHHS KyTOBOI LIBHAKOCTI, IO
BU3HAYAETHCS CaMe FiPOCKOIIOM.

Opnak, y MEMS ripockona € HeraTHBHA TeXHIYHA OCOOJIMBICTh — HecTaOimpHUHA npeiid Hymnsa [4]. CyTh HbOTO HEHOMIKY
3BOJUTHCS 10 TOTO, IO TPH BiICYTHOCTI 00EepTOBOTO pyXy O0’€KTa, Ha BUXOJI TiIPOCKOIy Bce e Oyae HasBHE 3HAUYCHHS
BIIMIHHE BiJ HyJs. I[HIIUM HEIOJIKOM BHKOPHCTAHHs JIKIIC TiPOCKOIY, € 3aCTOCYBaHHS TPOLCAYPH TUCKPETHOTO
IHTErpyBaHHSI BHMIPSIHOI KyTOBOI LIBHJKOCTI, SIKa 32 CBOEIO NPHUPOJOI0 Ja€ HETOYHUH pe3ynbrar. Tpers mpobiiemMa TicHO
MOB's3aHa 3 MoNepeHpoI0. BoHa BHpaKaeThCs B MOCTYIIOBOMY HAKONMYEHHI MOMUIIKM OOYHCIICHHS KyTa uepe3 0OMeKeHHs
TOYHOCTI 3MIHHHAX MIKPOKOHTPOJIEpa.

SIKII0 BUKOPUCTOBYBATH JIMIIIE aKCEJIEPOMETP, TO JUIS BU3HAUEHHS KyTa HaXWIly JIOCUTh 3aCTOCYBATH MPOCTi F€OMETPUYHI
MIePETBOPEHHS JUIsl 00paxyHKy, IO Jy)X€ IPOCTO HA MPAKTHULl. AJie akCelepOMETp 103BOJISIE BU3HAYATH TOYHI KYTH HAXHITY
NpWIagy TiTBKK B CTaHi CHOKOI0. Tak sk, B CTaHI CIOKOIO HA HBOTO HE JIIOTh 30BHIIIHI CHJIHM, i1 TOMY Ha BHXOMI JaT4HKa
NpeCcTaBJIeHe JINIIe 3HAYSHHS IPOEKLiT MPUCKOPEHHS BUILHOTO MAAIiHHS Ha CIIOCTEPEKYBaHY BiCh.

TakuM 4MHOM, Ha OCHOBI OJHOTO JIMIIIE aKceliepoMeTpa MOXKHA TaKOX JNOCHTH JIETKO 00paxyBaTH KyT Haxwmiy. Ale, Ha
JKallb, OYIb-SKWI BIUIMB 30BHINIHBOI CHJIM BHOCHTH B IIi OOYHCIICHHsI Hemepen0adyyBaHy MOMIUIKY. TakuMH 30BHINIHIMH
CUJIaMU, HAIPUKJIAl, MOXXYTh OyTH BiOpallis Bix OBUTYHIB 00’€kTa ab0 panTOBHU MOPHB BITPY. YaCTKOBO 3HATH IEH BILTHB
MOJKHA 3a JOTMOMOror ¢GuIbTpy HmkHIX dactor (PHY), ame moOivamM edekToM moniOHOT 00poOKH curHany Oyne CHIbHE
3MEHILEHHS] HIBHAKOAI, TOOTO 3HAa4YeHHs BU3HAYEHOrO KyTa Oyle 0OpaxoBYyBaTHUCS 3 BEJMKOK 3aTPUMKOIO, L0 HE €
MepeBaroo B 3a7a4ax B PeXKUMI peabHOTO Yacy.

B pesyinbTarti € 1Ba ceHCOpH, KOXKEH 3 SIKUX JI03BOJISIE PO3PaxyBaTH KyTH HaXUIly 00’€KTy, Jie BOHM BCTAHOBJIEHI, BiJHOCHO
MOBEPXHI 3eMili. AJie B pa3i TipocKoIia TOYHICTh TAKUX PO3PaXyHKIB 3HWKYEThCS 4epe3 JIpeiid HyJsl 1 MOMUIIOK IHTErpyBaHHSI.
VY pasi xk akcenepoMeTpa 3aHaTO BEJIUKA YyTAUBICT 0 30BHIIIHIX BIUIUBIB.

Tomy 3 MeTor MiHIMI3alii BCiX BHIIECKA3aHUX HEIOJIKIB, YyTJHMBI €JIEMEHTH HAMararThCs aJITOPUTMIYHO IMOEIHATH B
€IMHY CUCTEMY, TaK 00 WIIIO JOMOBHEHHS OJJHOTO JaTYnKa APYTUM i BUIUISIOTHCS JIUILE X IIO3UTHBHI CTOPOHH [5].

3. IlocTanoBKa 3aga4i
Mertoro gaHoi poOOTH € pearizallisi alrTOpUTMIB BU3HAUCHHS opieHTamii Ha 0a3i KommuiMmeHTapHOTO QinmbTpy Ta QLIBTPY
MamxBika i MOPIiBHATH iX Mparne3naTHICTh 3 pe)epeHTHOI0 CHCTeMOo Ha 0a3i ¢pineTpy Kammana.

4. Knacugikanist aropurMiB BU3HAYEHHS Opi€HTAIl

IcHyroui anropuTMH BH3HAYEHHS Opi€HTalii MarOTh MEBHI CHiNbHI pucH. Jlo CHUNBHHUX CTOPiH BiJHOCHTHCA T€, IO
TOJIOBHUM JDKEpeNIoM iHpopMarii 71 iX poOOTi € TIPOCKONH Ta aKCeJIEPOMETPH (JI0JaTKOBUM JiKepenoM iHdopmarrii Moxe
OyTH 1 MarHiTOMeTp), MeTa BCiX aJTOPUTMIB HOJIATAE B JOIMOBHEHHI OJHUX CHTHAJIB IHIIMMH IS MiABUIICHHS TOYHOCTI. AJe
BCE K TaKW TOJIOBHA iJies] HIBENIOBAaHHS IOMIUIOK pi3HHTHCS. Ha oMy 0asnci, MpOBOASYM JIiTEpaTypHHUH aHAJi3 MOXKHA
BHOKPEMHTH TaKy CTPYKTYPY ICHYIOUHX alTOPUTMIB BU3HAUCHHS OPIEHTAIIT 3 TOETHAHHIM CHUTHANIB pi3HuX gar4dukis [5], [6]:
anroput™Mu Ha 6a3i ¢insTpy Kanmana Ta Ha 0CHOBI Horo Moaudikamii;
anroput™ KommtimenTapHoro ¢uibTpy (Takox B jtiTeparypi Bitomuii ik Anbsda-bera ¢pinbTp);

ITOPUTM MAaTPUIl HANPSIMHUX KOCHHYCIB (1HKOJIHM 3ycTpidaeThes 1] Ha3Boro ¢inbTp [Ipemepnani i bizapna);
. ineTp MaxoHi;
. impTp MakBiKa.

Sk Oyno ckazaHo panimre, GpinsTp KanMaHa mMae mmpoxy cdepy 3acTOCyBaHHS, 1 € OJHUM 3 €TAJOHHUX JITOPUTMIB IS
BU3HAYCHHS Opi€eHTAI] yepe3 Te, IO BiH Ma€ BHCOKY JOCTOBIPHICTH ITOKa3aHb, NMPOSBIISE TapHi (GUIbTpamiiiHi MOXKIHMBOCTI,
OIIIHIOE 1 IPOTHO3Y€ CTaH CHCTEMH, Ma€ 0e3midu Pi3HUX peasi3alliif, o JO3BOJISIOTH MiAiOpaTH (BiTbTp I MEBHOTO 3aBIAHHS.
AJe He TUBIIAYNCH HA 1€ BCE, HEJONIKH (TbTpa TAaKOXK € 3HAYHMHUMH, II0 MPOSBISAIOTHCS B CKIAJHOMY HaJAIITYyBaHHI, IS
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(hYHKIIOHYBaHHS TOTPiOHO IIBHIKOMIIOYMI OOYMCIIIOBAIbHUN MPUCTPiH, HEOOXiJHA BHUCOKA YACTOTAa TUCKPETH3AIll st
e(eKTHBHOTO OINCPYBAHHS, SKA MOXE IMEPEBUINYBaTH (Hi3WMYHI MOKIHBOCTI 00'€kTa, 00OB'I3KOBa HAasIBHICTh MAaTeMaTHYHOI
MOJIeNTi JATYHKIB, 1[0 CTBOPIOE CKIIAJHOCTI MPH IMIIEMEHTAIIil HOBHX 3pa3KiB YyTIHBUX €l1eMeHTIB [7].

B naHiit po0OTI po3risaroThesl aNropuTMH Ha ocHOBI KommrimeHTapHoro ¢ineTpa Ta ¢inbrpa MapkBika, yepes Te 10
HEpIIUi He NOTpedye CKIIAHOTO HAAIITYBAHHS Ta € JISTKOBaruM IO BiTHOIIEHHIO 0 O0YHCIIIOBAILHUX PECYPCIB; IPYTHi XKe,
€ OIHUM 3 OCTaHHIX MIPEJCTaBHUKIB PO3POOIICHIX alTOPUTMIB 1 MOCTYTIOBO Habupae Bce OUIBIIY IMOMYISAPHICTS.

5. Aaroputm Kommiaimentapuoro ¢ginstpy

T'onoBHe 3aBmaHHS KOMIUIEMEHTapHOTO (IBTpa MOJSATaE B TOMY, 0O HiBEMOBAaTH Ipeid HyIs TipOCKOINa i MOMUIKH
HpOLeypH AUCKPETHOro iHTerpyBaHHS. Lle mocsraeTbcs 3a paXyHOK TOTO, IO OOpaxOBaHE 3HAUCHHS KyTa HAaXWIy SBIIE
cO000 CYKYITHICTh KyTa OTPHMAHOTO IHTETPYBaHHSIM KyTOBOI IIBHIKOCTI BHMIPSIHOI TipOCKOIIOM 1 CKJIaIOBOIO MHTTEBOTO
3HAYCHHS KyTa 00paxoBaHOTO 3a JIOTIOMOTOI0 akcernepomeTpiB. Lle MokHA BUpa3UTH HACTYIHOIO GopMyIoro [8]:

B =K (1t -5)+(1-K) gy,
Tyt ckinanoBi GpopMynu 03HAYAOTh HACTYIIHE!
1) ¢, —mykaHa oliHKa 3HAYEHHS KyTa B MOMEHT 4acy { .
2) (_; — OLiHKA 3HAYCHHS KyTa Ha HONEPEIHOMY KPOLL aJrOpHTMY.
3) @ —3HayeHHS KYTOBOI MIBUAKOCTI, OTPUMAHE 3 TIOKa3aHb TiPOCKONAa B MOMEHT 4acy 1 .
4) At —yacrora JMCKpeTH3aLlil.

5) K —koeoimieHT KOMIUIeMeHTapHOTO (GibTpa (3HAX0AUThCs B Mexkax Bix 0 1o 1).
6) ¢, —3HauYeHHS] KyTa HAXWITy, OTpHIMaHE 3a [IOKa3aHHIMH aKCeJIepoMeTpa B MOMEHT Jacy t .

Ha puc. 1 mokazano Onok-cxemy moBHOI peamizanii KommiimentapHoro ¢inbTpy Ha 0a3i BUKOPHCTaHHS IaHUX 3
iHepIiaTbHUX JaTYHKIB (TIPOCKOIIB Ta aKCeIepOMETPIB) I BU3HAYCHHS OLIIHEHOTO KyTa OpieHTallii 00’ €KTY.

AKcenepomeTtp —> (1 — K) —>® —3  KyT Haxuny

P, 7
[ — &/
lNpockon > / > > KyToBa WBKMAKICTb
) )

Puc. 1 — Biiok-cxeMa KOMILJIEMEHTAPHOT 0 QlJILTPY

3HavyeHHs KoeilieHTa KOMITIEMEHTapHOTo (iIbTpa MOXke OyTH BUPAKEHO Yepe3 YacTOTy AUCKPETH3AIlli CUTHAITY:

_ T
T+At’

Jie T — Iie MOCTiliHa Jacy.

[Mocrifina vacy ¢inbTpa BimoOpaskae BiIHOCHY TPHBANICTh 3aTPUMKH peakilii QinmeTpy, Ha BXimHI curHanud. lle 3HaueHHS
CITiJT CIIOCTEPIraT eKCIIePUMEHTANIBHO, a HOTO TUTIOBHI fiama3oH craHoBuTh Bix 0,5 mo 1 cex [9], [10].

TakuMm 4MHOM, BUIHO, IO B KOXEH MOMEHT yacy KomrmuriMenTapHuil GpiibTp MpOBOIUTH KOPEKIIFO CUTHAITY OTPUMAHOTO 3
ripoCKOIly 3a JIOTIOMOTOI0 TI0Ka3aHb OTPUMaHUX 3 akcenepomerpiB. Cuia k 1iei kopekuii BU3Ha4YaeThes Koe(ilieHTOM
¢inbTpa K.

Bubip xoedimienra K 3amexurs Big BenwduHH Apeidy Hyms TipoCKoma, BiA IIBHIKOCTI HAKOMUYEHHS ITOMMIOK
o0uYunCIIeHHs 1 BiJi YMOB B MOMEHT BHKOpHCTaHHs. Tak, 3aHajnTo Besmke 3HaueHHs K mpusBese 1O TOTO, IO HA PE3yJbTaT
pobotu ¢inbTpy Oyne CHIbHO BILIMBATH 30BHILIHI YWMHHHMKH, HAPUKIJIA/ BiOpamisi KOpIycy o0’€KTy Ha SKOMY BCTAHOBJICHA
cucreMa. 3aHa/ITo )X Maje 3HaueHHs K Moxe BUSBHUTHCS HEAOCTATHIM, 100 MPOBOJIUTH KOPEKLIil npeiidy Hyms ripockomna. Sk
NpaBWIO, KOe]IliEHT KOMILIEMEHTAapHOro (iapTpa MiAOMpPAEThCs BPYYHY I KOXKHOTO BHIIAJIKy OKPEMO BHXOIIYM 3
BHIIEBKa3aHux ymos [11], [12].

5. Aaropurm ¢inbTpy Mamksika
®inpTp MajpkBika MOCTYNOBO TpuUBEpTae J0 cebe Bce Oinbine yBaru 3 00Ky pO3pOOHHWKIB IHEPIiaIbHUX CHUCTEM IS
BHUpileHHs 3ama4i opienrarii. @inpTp Mae 2 BapianTn immiemenTarii [3]:
— B IEpUIOMY BapiaHTi, A PO3paxyHKY KyTiB OpieHTamii 00’€KTa BUKOPHCTOBYIOTHCS MMOKA3aHHS JIMIIE 3 1HEPIiaJbHUX
JATYHUKIB (TIPOCKOITN Ta aKCEIEPOMETPH);
— B JIpyroMy BapiaHTi, A7 pO3paxyHKy KyTiB opieHTamii 00’e€KTa, MOKa3aHHS 3 iHEpUiadbHUX JATYUKIB JOTOBHIOIOTHCS
MOKa3aHHSAMU Mar"iromeTpa. Lle 101aTkoBO 1a€ MOXKIIMBICTh KOPUTYBATH TOYHICTh BU3HAYECHHS KyTa KypCy 00’ €KTa.
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B anropurmi KyTH Opi€HTalil NMpeACTaBlIeHHI B KBAaTEPHIOHHOMY BHIVIAL, L€ JIa€ JOJATKOBY II€peBary HajJ KyTaMu
Eiinepa, 1110 nposBISTHECS B BUKIFOYSHHI MOXKIIMBOCTI CHTYyalil CKIagaHHs paMok (OnokyBaHHs ob6epranss, anri. gimbal lock)
[13], [14].

HetanpHo ¢ineTp Mamksika omucanuii B po6oti [15]. 3a cTpykTyporo poGOTH, TOMOBHHM 3aBOAHHAIM OiIBTPY €
BHU3HAYCHHS OIIHKH KBAaTCPHIOHY Opi€HTAIi B MEBHUI MOMEHT 4acy, éqest ; - B To3HaueHH] NpUitHATO, 110 NepeHill HIKHINA

IHIEKC T03Ha4yae LUIBOBY CHCTEMY BIUIIKY, a IepeiHiil BepXHiil IHIEKC IO3HA4Ya€ CHCTEMY BIJUIIKY IO IOB’s3aHa
Oe3mocepenHpO 3 00’ekToM OOepTaHHsA. [lanmi B TEKCTi iHAEKC S IMMO3HAa4Yae CHCTEMY BiIJIKy HOB’S3aHY 3 BHMIipIOBaJIbHUMHU
JaTdaukamu (Bi aHTiI. sensor), a ingekc E cuctemy Bimmiky mos’s3any 3 3emuero (Bix anri. Earth).

O1iHKa KBaTepHIOHY OpieHTaLil ngest,t BUKOHYETBHCS IIJISIXOM YHCJIEHHOTO IHTETPYBaHHS PO3PaxOBaHOi IIBHIKOCTI 3MIHM

opieHTanii 00’exTy, é Cest ¢ - LLIBUAKICTB 3MiHM OpieHTaliT 00’ €KTY MOXKe OyTH BU3HAYEHA 32 HACTYIHOK (HOPMYIIOH0:

Sy _ Sg S 4
EQestt = Edwt — A et
TYT CKJIa0Bi (POPMYIIH 03HAYAIOTH HACTYITHE:

1) é (,, — IWBUAKICTb 3MiHH Opi€HTaIlii, ika 00paxoBaHa 3a MOKa3aHHIMH TiPOCKOIMIYHOTO JaTuuKa. IHAeKC @ BKasye Ha

Te W0 KBAaTEPHIOH PO3PaXOBYETHCS 3 BHUMIPAHHMX KYTOBHX MIBHAKOCTEH. OOpaxyHOK IBOTO MapaMeTpy 3IiMCHIOETHCS 3a
HACTYITHOIO (OPMYIIOF0:

s. lg, s
Edot =5 Efestt ®
Jie, B KBATCPHIOHHOMY MHOKEHHI 3afislHa HOPMOBaHa OIliHKa KBAaTEPHIOHY OpIEHTAIlil HA IMOMEPETHHOMY KpPOIli 0OpaxyHKY
y

éqest’t,l :|:q1 g, O3 q4], Ta BEKTOp KYTOBHX HIBHJIKOCTEH Sa):[O o, o a)ZJ BUMIPSIHUX Ha KOXHiil 3 oceil B

MeBHUI MOMEHT 4acy t .
2) éqg — HOpMOBaHa OI[iHKa IIBUJKICTh 3MiHH OpI€HTALl, sIka OOYHCIIIOETHCS Ha IMiJCTaBl BUMIpIB akcenepoMeTpis (i

MAarHiTOMETPIB SKIIO BUKOPHCTOBYETHCS PO3IIMpeHa Moaenb (inbrpa Mamksika). Po3paxyHOK IPOBOIMTHCS 32 HACTYITHOKO
¢dopmyioro (6e3 ypaxyBaHHs OKa3HHKIB MarHITOMETPIB):

T Sa
S x \%i Jg st t—17 at)
qut = T

g

S
E
' ||Vf " B J ( qest,t—l) fg ( éqest,t—l’ Sét )‘ |
S4q Sa

Jle, TPOBOJMTHCS PO3PaXyHOK IPAi€HTy moBepxHi pimens Vi, BusHadenux uinbosoio dymkuiero fg (Eq, a) Ta 11

O

. T(Sa . . Sa_
sikoblaHOM  J g (qusm_l), B 3aJIEKHOCTI HOPMOBAHMX 3HAYEHHs IOKa3aHb 3 aKCEIEePOMETPIB a—[O a, ay, aZ]Ta

HOPMOBAHOTO 3HAYCHHS KBaTEPHIOHY Opi€HTAllli pO3pax0BaHOTO Ha IIONEPEIHBOMY KpOIli aJITOPUTMY éd :[ql g, Oz q4]

B IeBHUI MOMEHT 4acy t . [ToBHI Bupasu po3paxyHKy 1iJiboBOi (GyHKIIT Ta ii sIK0OiaHy € HACTYITHUMHU:

2(Q2Q4_q1Q3)_ax
5 —-20; 20, 20, 20,
fy(£6,58) | 2% *0s0) =3, | 5(2a)=| 20, 20, 20, 2
1 2 2 0 _4q2 _4q3 0
2(§_q2_q3j_az

3) B — BcTaHOBJIEHA MOMWJIKA BUMIprOBaHHs ripockoma. lleit mapametp siBisie co6010 KOehimieHT MOCHICHHS (PiIbTpa,

1o MmpeacTaBsa€e co6010 CyKyHHiCTL BCIX IIOMHJIOK BI/IMipIOBaHL HYJIA ripocxona. MO>KIIUBUMH JOKEpeia MosiBU MOMUWIKH
MOXEC 6yTI/IZ myM JaTdyuKa, TUIT 3rIaJKyro40ro (biJ'ILpr, NOMUWJIKKM KBAHTYBAaHHS, HOMUWIIKHA KaJ'Ii6pyBaHHH, IIOMHMJIKH
YCTaHOBKH i BI/IpiBHIOBaHHH JaTdyhKka, HEC OpTOFOHaJ'H)HiCTI) ocel JaTyuka 1 4acTOTHI OOMEXXEHHS CUT'HAJLy. POBanyHOK
MMpOBOAUTHCA 3a HACTYITHOIO (I)OpMyJ'IOIOZ

ﬂ:%qca[o by By @)= %cbﬁ

Jie, B KBATEPHIOHHOMY MHOXEHHI ( Ta @4 NO3HAYEHO OJMHUYHHII KBATEPHIOH Ta OLIHKY CEPeHbOI IOXUOKM BUMiPIOBaHHS

HYJISI TIpOCKOIIa 110 KOXHIiH 0Ci BiIIOBITHO.
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Ha puc. 2 nmokazano 010k-cxeMy NOBHOI peanizauii ¢uisTpy MamkBika Ha 0a3i BUKOPHCTaHHS JaHUX 3 1HEPLIAJbHUX
JIaT4YMKIB (TIPOCKOIIIB Ta aKCeJIepOMETPIB) JUIsl BU3HAUEHHS OLIHEHOTO KBaTEPHIOHY OpieHTalii 00 €KTY.

T/S - S - S "
Akcenepometp = | J, (ZGewri 1) Fo(BQest i1 ar)

Sdf *
v/
IVFI -1

N/

(8]

KyT Haxuny
[POCKON = ls. > S 9‘ It |—» 4 L 3 S5
5 EGest,t—1 ® "Wt - Iqll EYest.t
s - S .
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Puc. 2 — bBaok-cxema ¢piabTpy Mamksika (0e3 ypaxyBanHst MarHiromerpis) [15]

6. BizomocTi npo pedepentHy cucremy
B sikocTi pedepeHTHOI cuctemu Oyna BUKoprcTaHa po3podOka kommanii Inertial Labs — kypcoseprukans AHRS-10P [16].
OCHOBHI TeXHIKO-TeXHIUHI ITOKa3HUKHU Ta caM IMpHiIa OKa3aHo Ha puc. 3.

To4HICTh pO3paxyHKY KYTiB:

Kypc | 0.3° B crarumi 0.6° B mquHamiri

KpeH Ta TaHrax | 0.05° B cratwi | 0.08° B mumamiri

HecraOinbHict Hyns UE:

Tipockomu | 1°/200

Axcenepomerpu | 0.005mg

Tun Maraitomerpy:

MarsiTHui KoMmac

Puc. 3 — Texniko-rexuiuni nokazuuku kypcoseprukadi Inertial Labs AHRS-10P

KypcoBepTHkanb BHKOPHCTOBYE 3-X OChOBI MNpelM3idHI 4YyTJIMBI E€JIEMEHTH SIK, aKCeJIEpPOMETPH, MAarHiTOMETpU Ta
ripockonu /ijist 3a0e3ne4yeHHs] BU3HAUEHHS KyTiB Haxuiy (Kypcy, KpeHy Ta TaHraKy) 00’€KTa Ha ssIkOMYy BOHA BCT@HOBJICHA i
KEPIBHUIITBOM DO3IIUPEHOTO ajirOpUTMY CHHTE3Yy MOKa3aHb JaT4MKiB Ha ocHOBI QinbTpy Kammana. EdextnBHa npu
BUKOPHCTAHHI SIK B PyXOMHX TaK 1 CTATHYHHX OIEparisx.

7. MeTo/10.10Tisl IPOBEIEHOT0 EKCIIEPUMEHTY

B sixocTi exciepuMenTy Oyiio npoBeaeHo 3anuc iHpopmaii 3 uyrmBux esementisB AHRS-10P npu ii noBinsHOMY Haxwii
10 KyT KpeHy Ta TaHTaxy Ha pobodomy croii. CiiJ 3a3HaYMTH, 110 MOJajbII po3paxyHKH Oynu moOyoBaHi Ha 0a3i MoKka3aHb
OTPHUMaHUX JIMIIE 3 aKCEJIEPOMETPIB 1 TIPOCKOMIB, TaK SK IS 3a0€3MeYeHHs BiICYyTHOCTI MarHiTHUX 30ypeHb HaBKOJIUIITHHOTO
Cepe/lOBUINA HAa MAarHiTOMETpU NOTPiOHO OyJIO0 NPOBOAWTH MpOLEAYpy IiX KamiOpyBaHHS, IO MOTpedye JOAAaTKOBOTO
obyasHanHs. | 4epe3 Te, IO MarHiTOMETPH BHKOPUCTOBYIOTHCS JIMINE JUIi KOpEKWii KyTa Kypcy, TO Ui YHCTOTH
eKCIIEpUMEHTY, 3HaUe€HHS KyTa Kypcy He Oy/ie BU3HAUaTHCh Ta ITi1aBaTUCh aHAJi3Yy.

IMicng 3matTs iHOpMAIii, cupi JaHHI 3 aKceNepOMETPiB 1 MarHiTOMETpiB OyiM 3aBeleHI B PO3POOJICHHH alrOpUTM
Kommimenrapaoro ¢inetpy Ta inmeTpy MamkBika mis oOpaxyHKy KyTiB KpeHy Ta TaHTaxy. OTpHMaHi 3HA4EeHHS KYTiB
MOPIBHIOBAIMCH 31 3HAUYEHHSMHU HaIaHUMHU KYPCOBEPTHKAILIIO TiC)IsE poOOoTH ii anroputmy Ha 6a3i ¢pineTpy Kanmmana.

8. OTpuMmaHi pe3yabraTu

Ha puc. 4 nokasani 3Ha4eHHsI KyTOBUX 3MIIIEHb ¥ Yaci Ha KyT TaHraxy (auri. pitch) ta kpewy (aur. roll) 3 pedepentroi
cucremu AHRS-10P. Came 11i manHi OyxyT BUKOPHUCTAHHI AJISl TIOPIBHSJIBHOI XapaKTEPUCTHKN OTPUMAHUX 3HAYCHb KYTOBHX
BIAXMJICHB Y 4aci 3a joroMoroto KommtiMenTapaoro ¢insTpy Ta OinbTpy MamkBika.

14



v" . . . . .
u ABTOMaTH3alis TeXHOJOr YHuX 1 GizHec-mporecis Volume 12, Issue 3 /2020

http://www.atbp.onaft.edu.ua/

k2

Pa

Pitch, deg
AN
o
;
sl

- Pitch Ref. [T

15 20 25 30
Time, sec

35 40

50¢

F

- Roll Ref.

0] 5 10

15 20 25 30
Time, sec

35 40

Puc. 4 — 3HaueHHs KYTIB 3 pedepeHTHOI cucTeMi Ha 0a3i anropurmy
¢ineTpy Kanmana — Inertial Labs AHRS-10P

Ha puc. 5 Ta puc.6 nmokasaHuil pe3yabTaT BUKOHAHHS alNropuTMy Ha 6a3i KommiiMeHTapHOTO QinbTpy U KyTa TaHTaxXy

Ha KpeHy BiAmoBiaHo. Takoxk Mmoka3aHO BiAMiHHICTh OTPUMAaHUX JaHUX 3 PEPEPEHTHOIO CHCTEMOIO.

10¢
. Sat S
(]
©
g 10 > O Jﬁ O - Pitch Ref.
-D__ _ .
20 ! y Pitch CF
-30°¢ . - . .
5 10 15 20 25 30 35 40
Time, sec
2 r r r
o f - difference (Pitch)
o 0 "\v
)
e —
()
g 2 \/L-‘
."_g
0 5 10 15 20 25 30 35 40
Time, sec

Puc. 5 — OTpumaHe 3Ha4YeHHS KyTa TaHTa)y 3a 101oMoroxo ajaroputmy KomniivenrapHoro
(¢inbTpy Ta pi3HULS MOKA3aHb 3 pe)ePEHTHOI0 CHCTEMOI0
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Puc. 6 — OTpuMane 3Ha4eHHS KyTa KpeHy 3a 10moMororo aaropurmy KommiiMenTapHoro
¢inbTpy T PiZHULA NOKa3aHb 3 ped)ePEeHTHOI0 CHCTEMOK0

Ha puc. 7 Ta puc.8 noka3saHuii pe3ysibTaT BUKOHaHHS allrTOpUTMY Ha 0a3i ¢pinbTpy MakBika Ui KyTa TaHTaxy Ha KpeHy
BIZMOBIHO. TaK0X MOKa3aHO BiMIHHICTh OTPUMAHUX JAHKUX 3 peEPEHTHOIO CHCTEMOIO.
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Puc. 7 — Orpumane 3HaYeHHS KyTa TAHTAXKYy 32 I0MOMOroio anroputmy ¢insTpy Mamxsika
Ta pi3HUISA MOKA3aHb 3 pe)ePEeHTHOI0 CUCTEMOIO
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Puc. 8 — OTpnMane 3Ha4YeHHS KyTa KPeHY 3a 10MOMOro0 aaroputmy ¢iastpy Mamksika
Ta Pi3HULSA NOKA3aHb 3 pepePeHTHOI0 CHCTEMOI0

JIOMIIBHO TPOBECTH MAaTeMaTHYHE MOPIBHSHHS OTPUMAHUX 3HAaueHb. IS 1BOTO MPOBEAEMO PO3PAXyHOK KOCPIIiEHTY
kopessii [TipcoHa a1t KOXKHOTO aJITOPUTMY B TIOPIBHSHHI 3 pe()epEHTHAM 3a HACTYITHOO (HOPMYJIOI0:

p(A,B)Z 1 ZN: Ai_:uA Bi_:uB

N-15\ op Og

Je uepe3 A Ta B nosHaueHo nopiBHIOBaHI BUOIPKY; Yepe3 4, Ta O, IO3HAUEHO CEPEHE 1 CTaHAapTHE BLIXUIeHHS 111 A, 1
4yepe3 g Ta Op IO3HAUYEHO CepefHE i CTaHAapTHe BigxwuiueHHA mni B; N — ximbkicTs Touok BuOipku (it A Ta B

3HAYEHHS TIOBUHHO OyTU OJIHAKOBUM).

3uauenHs koedimienty kopensiii [lipcona nexuts B pomikky 0< p(A,B) <1, ne 3HaueHHS MaKCHMAaJIbHO HAOIMKEHE
JI0 OIWHHWIN BKa3y€ Ha BHCOKY CTYIiHb JIHIHHOI 3aJ€KHOCTI MK IOpPIBHIOBAHUMH BHOIpKaMHU, 1 HABIAKH 3HAYCHHS
HaOJIDKEHe 10 HyJIs BKa3ye Ha HHU3BKY CTYITIHB JIHIHHOI 3aJIe)KHOCTI MK IMOPiBHIOBaHUMHY BHOipKamu. Pe3ynmprat 00OpaxyHKY

HaBeIeHO B TadmuI 1.
Tadauus 1 — KoedpinienTu kopeasiuii

. . Pedepentnnii anropurm: @inetp Kanmana
HocnikyBaHuii anroputM
Kyt kpeny Kyt tanraxy
Kommnimenrapuuii GisTp 0,9844 0,9996
®dinpTp MakBika 0,9998 0,9997

BucHoBku
B maniit poboTi Oynm pO3IISAHYTI TpW BHAM AITOPUTMIB BH3HA4YCHHS opieHTamii: Ha 0a3i ¢imeTpy Kanmana, Ha 6a3i

KommnimenrapHoro ¢insTpy Ta Ha 6a3i ¢iuneTpy Mamksika. ¥ sikocTi eTtanoHHOi (pedepeHTHOT) CHCTeMH JUIsl TepeBIpKH
poboTH po3pobiieHnX anropuTMiB Oysa Bukopucrana KypcoBepTikaib AHRS-10P sika B cobi Bke BMilllye alnroput™ poOOTH
Ha 6a3i QinpTpy Kammana. Otpumani pe3yiabTaTd MOKa3aJld IO BCi aJITOPUTMH MalOTh TapHi BIACTHBOCTI OOpaxyHKYy KyTiB
opienranii. ®ureTp MaKBiKa IIOKa3aB MaiKe iICHTHYHI MTOKa3aHHA 3 pPehepPeHTHOI0 CHCTEMOIO.

B monanemmx AOCIiDKEHHSIX AOLIIbHO OyJie MPOBECTH aHali3 poOOTH (iNBTPIB MO BU3HAYEHHIO KYTIB HaXWiIy 00’€KTa
KOTPHUI 3HaXOAWTHCS B PYXOMOMY CTaHi, i BUSHAYUTH CTYIiHb KOMIICHCAIlI] MOXHOOK iHEPIialbHIX CEHCOPIB PO3TIIIHYTHMHU

AIrOpUTMaMU KOMITJICKCYBAHHS.
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Anomayin. Posenadaromvcs mexuiyni piwienns 3 po3poOKu RIOCUCEMU ABMOMAMUYHOZ0 ONEPANUBHOZ0 OONIKY
YYKpOB020 ym@ento 8 MOOepHI308aHil cucmemi KepyeamuHsi Ok NPOOYKMOB020 GIOOLIEHHS. YYKPOBO2O GUPOOHUYMEA.
Hasedenuii ananiz sioomux piwienv i3z pospooxu auanocivnux cucmem. Ilpoeedeni 1abopamophi 00CHIOHCEHHS Npocpamu
onepamusHo2o 00Ky YyKposozo ymento, wo 0yé 3sapenuli y eakyym-anapami nepioouuynoi 0ii (BA) npomseom 3minu.
Ilpoepama 6yna ckradena FBD noodionorw moeorw npoepamyseanus xoumponepa MIKS2 ykpaincekozo eupobruymea.
Ivimayitine modeniosanns niocucmemu NPOGOOULOCH HA CReYIANi308AHOMY CMEHOI 13 3ACMOCYBAHHAM NPOMUCLOBUX
KOHMpOoepie ma npoepamHux 3aco6ig ykpaincvkoeo supoornuymea, ¢ momy yucii SCADA-cucmemu «IHAEJI». /[na 36'a3ky
npoSPamosano2o KOHmponepa ma Komn’iomepa euxopucmanuii nepemsopiosay inmepgheticie MODBUS RTU — USB muny
BIII-52. Hasedeni pe3ynomamu MOOen08AHHs NIOCUCTEMU ONePaAmMUEH020 001Ky ymebenio, ananiz KOmpux 00360J15€ 3p0oumu
BUCHOBKU NPO Npaye30amuicms po3pobieHux anreopummie ma npoepam. Inmeepyeanns po3pobnenoi niocucmemu 001Ky
ymghento 0o cucmemu asmomamuzoganoeo kepysanns (CAK) npoyecamu y BA 003601uno poswupumu nepenix ynxyii, wo
suxonyromocss y CAK, ma niosuwumu inmenexmyanvhi modxcaugocmi cucmemu. Ompumani no3umugHi pe3yivmamu
Nnpo6eoen0co O0CHIONHCEHHs 00380aUIU chopmyeamu pekomenoayii ma nponosuyii 0o moodeprizayii ACKTII npooykmogoco
8I00iNeH s, HA OCHOBI MEMOOUKU ABMOMAMUZ0BAHUX PO3PAXYHKIE MPAOUYIUHUX NOKAZHUKIE 0OAIKY GUPOOHUYMEA LYKPOBO2O
3a600y. Po3pobnena npomucnosa eepcis APM onepamopa-eapwuxa, Kompa 3anponoHosana 0o enposadxcenus. Kpiv moeo,
3a OMPUMAHUMU pe3yTbmamamu Oyiu GuUsHaAYeHi Hanpsmku nodanvuiux oocaioxcenb CAK mexnonoeiunumu npoyecamu
YYKpP08020 3a800Y.

Abstract. Technical solutions to develop the subsystem of automatic operational accounting for sugar massecuite in
modernized control system for food department of sugar production are considered. The analysis of known solutions to
develop similar systems was done. Laboratory studies of the program for operational accounting of sugar massecuite that was
brewed in batch pan (VA) during the shift were conducted. The program was compiled in FBD-like programming language for
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Ukrainian-made MIK52 controller. The simulation of subsystem was carried out at specialized bench using industrial
controllers and software of Ukrainian production including SCADA system INDEL. To ensure communication between
programmable controller and computer, MODBUS RTU converter - USB interface type BPI-52 was used. Simulation results of
the massecuite operational accounting subsystem are presented, its analysis allows to draw conclusions about working
capacity of developed algorithms and programs. Integration of developed massecuite accounting subsystem into the automated
control system (ACS) of processes in VA allowed to expand the list of functions performed in ACS and increase the intellectual
capabilities of the system. The obtained positive results of the study enabled to formulate recommendations and proposals for
ACS of technological processes in food department modernization based on the methodology of traditional indicators'
automated calculations for sugar plants production. The industrial version of operator-cooker's automated workplace has
been developed and is proposed for implementation. In addition, according to obtained results, the directions for further
research of ACS for technological processes of sugar factory were determined.

KoarouoBi cmoBa: Cucrema aBTomarusoBaHoro kepyBaHHs (CAK), aBromarusoBaHe poGoue Mmicue (APM) omeparopa,
MIKpONIPOLIECOPHHI KOHTPOJIEp, ONEPATUBHUE 0OMIK yT(eiro, mporpama KepyBaHHs, BaKyyM-amapar nepioguusoi aii (BA),
MPOAYKTOBE BIAIICHHS, IIyKPOBHIA 3aBO/I.

Keywords: Automated control system (ACS), automated workplace (AWP), microprocessor-based controller, operative
accounting of massecuite, control program, batch pan, grocery department, sugar plant.

Beryn

B Opechbkiil HanioHambHIA akameMil XapuoBHX TEXHOJOTIH B MEKaxX TOCIIOrOBIPHOT TEMAaTHKH BUKOHYIOTHCS POOOTH i3
HaJaHHS HAyKOBO-TEXHIYHOI JIONIOMOTM TIPH MOJEpHI3alii cHCTeM aBTOMaTHM3alil Uil MiABUINEHHS e(EeKTUBHOCTI IX
¢yakmionyBanHs Ha KpacumiBcekomy OypsKOIyKpoBoMy 3aBofi (XMenmpHHIBEKOT oOnacti). Po3pobnena Ta BmpoBamKeHA
cucremMa apromarmzoBaHoro kepyBaHHia (CAK) mpomecoM yBaproBaHHS HyKpoBoro yrdens y BakyyMm-amapati (BA)
nepionuaHoi nii y Burisgi APM omepaTtopa-Bapimiuka, mo 0a3yeTbcs Ha BHKOPHCTaHHI TEXHIYHHX i MPOTPaAMHHX 3ac00iB
yKpaincekoro BupoOHHuTBa [1]. Ha Temepimmii 9ac, B 3B'A3Ky i3 PEKOHCTPYKMIEI0 TEXHOJOTIYHOI CXEMH IPOIYyKTOBOTO
BIJIIJICHHS, KOTpa CYIPOBOIKYETHCS MOJCpHI3aIiero cucteMun aBTromatm3oBaHoro kepyBaHHsA (ACKTII) wa ocHOBI
OTPUMaHUX [O3UTUBHUX pe3yJbTaTiB IPOMHCIOBUX BunpoOyBanb APM omeparopa-Bapiuuka, IOLIBHO OKpIM 3agad
KEepyBaHHsS pO3IJSHYTH 3aJayi aBTOMATHYHOI'O OMEPAaTHBHOTO OOJIKY HAIMIBIPOAYKTY Y MPOAYKTOBOMY BiIUICHHI, IO
JIO3BOJIUTH CYTTEBO MiABHIIMTH SIKICTh CEpBICY AJsI CIY)XOM T'OJOBHOTO TEXHOJOTa 3aBOJY, TOUHICTh PO3PaxyHKiB, KOTpi
TPaAULIHO BUKOHYIOThCS pPOOITHUKAMH i€ CITYKOH.

AHaJi3 JiTepaTypHHX AKepeJi i MOCTaHOBKA NMPoGJIeMHu

BinblmicTh IyKpOBHX 3aBOIB OCHAIIEHI CHCTEMaMM KOMEpIIHHOro oOiKy, siKi 3a0e3nedyloTh: aBTOMAaTH30BaHHH OOJIK
CHPOBHHH, 1110 HAJIXOJMTh HA MiJIPUEMCTBO, OOJIK rOTOBOT MPOJYKIIii, 110 HAJXOJUTh HA CKJIAJ] Ta BIAITYCKAEThCS CIOKHBAYAM.
Opnak, (yHKIii 00MiKy BHYTPIIIHIX 3amaciB HAMmiBIOPOIYKTIB, IO 3HAXOMUTHCS B MPOMDKHHUX €MHOCTSIX 1 amaparax, i IXHe
MEPEMILIEHHS 110 TEXHOJIOTTYHOMY TPAKTY 3aJIMIIAIKCS HEaBTOMAaTH30BAHMMH 1 PEali30ByBaIIKCS IIEPCOHATIOM CIIY>KOU TOJIOBHOTO
TEXHOJIOTa BPY4HY, BIJIITOBIIHO JI0 TPaAULIiitHOT MeToTiKH [2].

Omneparii 1Mo 3HATTIO BUXITHUX JaHUX JUIA TMOAIOHUX PO3pPaxyHKIB € JOCHTHh TPYIOMICTKHM, Ty)K€ BUCOKA IXHS MOTPIIIHICTB.
BukopucTaHHs qaHWUX JKypHAIIB OIEpaTopiB, HAMPHUKIIAL, KypHAI 3BAPEHOTO IYKPOBOTO YT(E0 Ha JAULTHIN KPHUCTANI3AIil TAKOK
MPUBOJIUTE JI0 iCTOTHOI MOTPILTHOCTI 00YMOBJIEHOT JTFOJICEKAM (haKTOPOM.

Hait6inpm yeminmi cripobu pimeHHs momioaux 3amaq y ckiagi ACKTII mykpoBoro 3aBoay HaBeneHi y [2]. Ane peari3amis Iux
3amaq Oyna BHKOHaHA BXKE 3aCTAPUIMMH Ha TETIEPIIIHIA Yac TeXHIYHUMHU Ta MPOrPaMHHUMHE 3acO0aMH, IO MOTpPeOye TONAaTKOBHX
JIOCITiIKEHb, PO3pOOKH Ta BUIIPOOYBaHb 3 BUKOPUCTAHHSM aKTyalbHUX MPOrPaMOBAaHUX KOHTPOJIEPIB Ta KOMIT IOTEPIB.

Peauizauis 3a1a4i aBTOMaTHYHOTO ONEPATHBHOIO OOJIKY CUPOBUHHU (OYpSKOBOI CTPYKKH) Ha 0a3i Cy4acHHX TEXHIUHHX 1
nporpaMHux 3aco6iB Oyia BupinieHa y ckiaai moaepuizoBanoi ACKTII mudysiiinoro Bimminesns [3].

Takum 4nHOM, ISl peaitizalii 3a1a4ul aBTOMaTHYHOTO ONEpaTHBHOrO oOuiky yrdento y cknani moaepHizoBanoi ACKTII
MPOAYKTOBOTO BiIiIEHHS HEO0OXiTHO, BUKOPHCTOBYIOUH JIOCBIJI BITOMHUX PO3POOOK Ta BPaXOBYIOUYH JOCBiT POOITHHKIB CITyX0
romoBHoro TexHosora ta KBIT i A manoro 3aBomy 3 po0OOTH i 0OOCIYrOBYBaHHS MIKpPOTIPOIIECOPHHX KOHTPOJIEPIB Ta
perynsropiB pipmu «MIKPOJI» (M. IBano-®pankisebk), a Takox SCADA-cucremu «IHJEJI», kotpa Takox siBisie coboro
Cy4acHHMH NMporpaMHHi 3aci0 BITYM3HSIHOTO BUPOOHMITBA, CTBOPEHHH Ha mignpueMctBi «IHpoTrexnpom» (M. [lonTasa), sxuit
BUKOPHCTaHO B Oinmbmocti APM omepatopiB Ha iHIIMX IUISHKaxX 3aBOJy, PO3POOUTH IIJCHCTEMY OIEPATUBHOTO OOJIKY
yrdeno Ta interpyBaru ii 1o ckinangy APM oneparopa-Bapiinka.

Merta i 3aBJaHHSA JOCTiIKEeHHS

Mera i1 3aBIaHHs IEPEANPOEKTHHUX JIOCHIIPKeHb 1J1s cTBopeHHs1 APM oneparopa-Bapiunka 3 iHTerpoBaHoi 0 Horo ckiany
Ii/ICHCTEMOIO OIIEPaTHBHOTO OOJIIKY yT(elto nosisirana B 300pi BUXiIHUX J@HUX MPO HEOOXiIHY AJs MoJaHHs iH(popMaIlliio,
O6axxany GopMy nosaHHA 1i€l iHGOpMaIil, BU3SHAYEHHsI HEOOXiTHOT MepioIMYHOCTI ONMUTYBAHHS JAaHUX, KOTpa BUKIIIOYAIa O1
BTpaTy iH(popMamii, a TakoXx B NPOBEIEHHI aHaJi3y MOMJIMBUX BapiaHTIB CTPYKTYPH CHUCTEMH, aJTOPUTMIUYHHMX DillleHB,
BHOOPY TEXHIYHMX Ta MPOrpaMHUX 3aco0iB JUId iXHBOI peanizamii 3 OCTATOYHHM Y3TOJUKEHHSM HPOIOHOBAHOI KOHLEMMIi i3
TEXHIYHUM KEPiBHUIITBOM 3aBOMY. 3a y3ro ukeHHsAM 3i crierianictamu 3AMOBHUKA o6panmii nepeik BUXiIHUX JaHHUX, IO
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KOHTPOJIIOIOTECSl aBTOMATHYHO, Ta BapiaHT IporpamHOi peajizauii anroputMmy oOJiKy, KOTpUi 0a3yeTbcsi Ha BUKOPHUCTaHHI
CUTHAJy BiIKiIoYeHHS BA Bix BakyyMHOI MaricTpaii, 1o 3JiHCHIOETBCS ITCNIS BIIKIIOYEHHS amapary BiJl Mapu, IO TIpie
(3axpurts BI12), Ta nepenye migkimo4eHHIO BHYTPIIIHBOTO cepenoBuiia BA no armocdepu ta Bumycky roroBoro yrdesito 1o
yrdenemimanku. Ha puc. 1 HaBeneHO anaparypHO-TEXHOJOTiIYHY cxeMy BA, ne 300paxeHni Bukonasui npuctpoi (BII11, BII2,
BII3 Ta BIIS), 3 BUKOPHCTaHHSIM KOTPUX peajli3ylOThCs O3HAUYEHI JOMOMIXHI Omepalii onepaTopoM 3 TUCTaHLIHHOTO MyJbTa
BinnoBigHUMHU TyMOIepamu [1].

BaxxmiBoro 00CTaBHHOIO € Te, IO PIillIeHHS 3a7adi OIepaTUBHOTO OONIKY YT(ENto 3MiiCHIOEThCs Ha 0a3i THX e TeXHITHIX
3aco00iB, 110 BUKOPUCTaHi 3a cTBOpeHHsIM APM orepaTtopa-Bapiika, 3a paxyHOK pe3epBiB iXHiX iH(popManiitHO-00IHCTIOBATEHIX
MOYJTUBOCTEH, 1 He BUMArae 3aJIydeHHs JOIaTKOBUX OOUHCITFOBATILHIX PECYPCIB.

Hageneni o0cTaBiHN BU3HAYAIOTH aKTyalbHICTD PO3TILHYTOI 3a/1ai.
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Puc. 1 — AnaparypHo-TexHoJioriuna cxema BA nepionnunoi aii
Fig. 1 — Equipment and technological scheme of batch pan (VA)

TakuM YMHOM, OCHOBHUM 3aBJaHHSM JOCIIHKEHHS OYJIO pO3pOOHTH aJITOPUTM 1 POTrpaMy OMEepaTHBHOIO 00Ky yTdhesro
3 BHUKOPHCTAaHHSIM MOBH IPOTpPaMyBaHHSA Ui MIKpoIporecopHoro koHTponepa MIKS52 Tta pocmigute ii pobory B
nmabopaTOpHUX YMOBaX, i 33 OTPUMAHHSM YCIIIIITHOTO Pe3yJIbTaTy, Ha 0a3i 3a3HAaYeHOr0 KOHTPOJIepa, iIHTETpYBATH ii 10 CKIIaxy
APM omneparopa 3 BukopuctanuimMm SCADA-cuctemu «IHAEJI», 10 103B0AUTh y noAaiblIoMy BKIIOUNTH Held APM y ckian
ACKTII npoxyKTOBOTO BiIIiJICHHS 1 3aBOJY B IIJIOMY, TOOTO MiAKITIOYHTH 10 iCHYIOYOi 3aBOICHKOT iHQOpMAaIIiitHOT Mepexi.

Mertoau Ta MaTepiaau A0CTiAxKeHb

[lix yac BHKOHAHHS TEPEANPOEKTHUX JOCTI[PKEHb BHKOPHUCTOBYBAJIMCH METOAM IOPIBHSIBHOTO aHaNi3y BapiaHTIB
CTPYKTYPH MiJICHCTEMH OIEPATUBHOTO OONIKY YT(ENo i3 3aCTOCYBaHHAM pi3HHX TEXHIYHMX Ta MPOTPaMHUX 3aco0iB, 3
ypaxyBaHHAM (DaKkTOpiB, 10 BHUKJIAZEHI BHUIE, CTOCOBHO MNOMNEPEIHHO CTBOPEHHX HA 3aBOAI cUCTeM KepyBaHHS. OcraTrouni
TEXHIYHI pIilIeHHS NpUAMANHCI HAa OCHOBI KPHUTEPII0 «IIiHA-AKICTB» i3 IMEPEBIPKOIO TPAIe3aTHOCTI CHCTEMH METOXAMHU
IMITaI[ifHOTO MOJIETIOBaHHA. Y TMPOIECi IMITAIITHOTO MOJIEIOBaHHS OyB BUKOPUCTAHHM J1a00paTOpHUI CTEHJ, KOTpHA OYII0
OCHAIIIEHO MPOMHCIOBUM KOoHTposiepoM: MIKS52, ananmorosumu 3amatunkamu P3J[-22 (31 ctpymoBuM BHXOI0M 4,...,20 MA),
muckpetanMy 3amatankamu (0; 24 B), O6moxom meperBopeHHs iHTepdericiB BIII-52, komm'toTepoM i3 iHCTaJILOBAHUM
NporpamMHUM 3a0e3nedeHHsM, 30kpema: apaiiBepom aist BI11-52, SCADA-cucremoro «IHIAEJD» 3 apaitBepom MODBUS RTU,
KOTPUI HaZae MOJMJIMBOCTI CTBOPHTH iH(POPMANiHHUHA [UI03 MK KOMITIOTEPOM Ta KOHTPOJIEpaMH 3a JIOTIOMOTOIO
JIBOXIIpOBiHOTO iHTepdeticy RS-485.

B ocHOBY 3amporoHOBaHOTO METOZAa aBTOMAaTHYHOTO ONEPATHBHOTO OOJIKY YT(ENI0 MOJ0XKEHO TpaauLiiHy METOAUKY
o0utiky BupoOHMIITBa [4].

Jns OliHIOBaHHS ONTHMAJIBHOI TEPIOAWYHOCTI ONMHUTYBAaHHsS JAaHWX, KOTpa BHKIOYana Oum BTpary iHpopmarii, Oyso
3aCTOCOBAHO BiZIOMY iH)KEHEpHY METOAMKY, KOTpa 0a3yeThcsl Ha HACHIAKY 13 TeopeMu KoTeabHUKOBA.

PesyabTaTn gociaigxkennsa. OCHOBHI 0CTATOYHI TeXHiYHI pilIeHHsA

Jnst IpoJyKTOBOTO BiUIEHHS 3a/ladya aBTOMAaTHYHOTO ONEPAaTHBHOrO OONIKYy yT(heNo cKiagaeTbes i3 ABOX IMij3azad.
«Po3paxyHOK KimbKOCTi 3BapeHoro yrdeno 3a 3MiHy» 1 «BH3HAa4eHHS KUIBKOCTI yT(Eo, IO 3HAXOIWTHCS HA BEPCTATI».
Po3ristHeMo piteHHs 1ux 3a1ad, mo peatizytorses y ckiaani ACKTII npoaykToBoro BijiiaeHH.
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[Min3anaya «Po3paXxyHOK KUIBKOCTI 3BapeHOro yTQEIo 3a 3MiHYy» BHUPILIYETHCS 32 HACTYITHUM aropuTMoM. Ha ocHOBI curHairy
BiJ maT4mKa piBHsA y BA BU3HAYAETHCS KIBKICT YT(EIIO B HhOMY. 3aJIekKHICTh MacH yTdero y BA Bix piBus B Heomy P = P (h) Moxke
OyTH CyTTEBO HENHIHHOIO, TOMY JOLIJIGHO BHKOPHUCTOBYBAaTH Y INpOrpaMHii peamizauii anroputMiyauii 6nok (AB) 3 6i0mioTexu
nporpamyBanHs KoHTposnepa MIKS52, mio Binbusae ¢yHKIIir0 KyckoBo-TiHiiHoI ampokcumMartii LINEAR (52).

Maca yr¢eno B anapaTi BAU3HAYa€ThCS SIK

P=V(h)-p,
ne P—wmaca yrdemo B BA, T;
V (h) —06’em BA, 1110 3aroBHeHHiA PoyKTOM (yTdenem), ik BYHKLIis piBHS B HHOMY, M,
0 — IAIBHICTH YTEImO, KI/M.

[ BuMiproBaHHs piBHS B BA, KOTpuii npaiitoe iz po3pipKeHHsIM, BUKOPUCTOBYIOTh TaK 3BaHHI I1'€30METPHYHHIA (3 POTYBKOIO)
METO/] BUMIPIOBaHHSI 3 BUKOPHUCTAaHHSM AU(MaHOMETDY.

Jnst miATOTOBKY BHXITHUX JaHuX it HamaropkeHHs Ab LINEAR (52) BUKOPHCTOBYIOTH CHEIiaNIbHI TAOMMIN, B SKHX O3HAYCHA
¢yskuis V (h) HaBezeHa 3 BUCOKOK TOYHICTIO, Ta apXiBHI JaHi MONepeqHix Bapok BA, 1m0 HOCHIIKYETHCS, MPO HILIBHICTD

NPOJYKTY B anapaTi Ha Pi3HUX CTaJlisIX yBaproBaHHs yTdeno Ta BMicTy cyxux pedouH (CP) y Hpomy. Ha3Bani naHi 30epirarotbes y
CITy>k01 TOJIOBHOTO TEXHOJIOTA.

PosrisiHeMo Tiporpamy, CKJIQJICHY MOBOKO IMPOTpaMyBaHHS «o» it kKoHTposiepa MIKS2, mio peamisye aBromMaTHuHHI
onepaTtHBHUK 00JiK yTdemo, KoTpuil 3BapeHuii B BA 3a 3miny. [Iporpama ckiiapanacs 3 ypaxyBaHHSM CEpEeIHBOCTATHCTHYHOL
TPUBAJIOCTI IMKITy BapKu yThemo 1-ro mpoaykTy, KoTpa ckiamae 3,5,...,3,8 romunau. BianosigHo 3a 3MiHy, 1110 ckiagae 12-Tb TOMIHH,
KUIBKICTh BAPOK HE MOYKE TIEPEBUIIIUTH YOTHPHOX HOJIOHHUX LIUKIIIB.

Ha puc. 2 HaBeneHo nporpamy ckianeHy mist BANe3. Tlporpama pearizye HacTynHuMA anmroput™. CHTHAI TPOTIOPLIHHA PIBHIO Y
BA (y %) opmyeThest B IpOMHICIIOBOMY BapiaHTi pearizarii mporpamu Ha Buxomi 05 (% pisast y BA) Ab AIN(05) 10 ta mogaeTscst Ha
Bxim Ab LINEAR (52) 17, a B BapiaHTi porpamMu JyTsl MOZCTIOBAHHS BinmoBimHO 3 AB, mo iMitye 3miHy piBas [1]. Hymepanis Ab
BUKOHYETHCS aBTOMATHIHO TIPOTPaMOI0 1 0CTaTOUHO (pikcyeThest HanepenonaHi po3pooku SCADA-cuctemu ninst APM.

Curnan mpornopIiitaniA Maci yrdemo, mo 3HaxomuTecs y BA, gopmyetscss y Ab LINEAR (52) 17 Ta momaetscs 3 BHXOZY
OUT (02) na Bxig INT (02) Ab MEM(43) 1 (nam'site). UncsoBe 3HadeHHs Macu yTdeno v BA ¢ikcyerses Ha Buxoai Ab 1 mix yac
npuxoy Ha ioro Bxix eWR (01) npsimokyTHOTO iMmynbey 3 AB OSC(40) 15 (omHoBiOpaTop) (3miHa 3HaueHHs 3 «0» Ha «1») Ta 11e
3Ha4eHHs1 30epiraeThesi Ha BUxomi Ab 1 no mpuxomy HactymHoro iMmysbcy Ha BXin 01. dikcarist HANPUKIHI LUKy yBapOBaHHS
3HAaYeHHs1 KUTbKOCTI yTdeno y BA peaiizyeTscs 3a curHanom BinkmoueHHs anapata (tymonep T3 «OcHOBHE po3pipKeHHs» Ha ITyJIbTi
kepyBaHHs1 BA) Bix Marictpaii BakyyMy — ToOTO 3a 1osiBoro curHainy «1» Ha Buxoni Ab DIN(06) 2. OcranHiil cirHai Moja€Tbesi Ha
BXig omHOBiOpaTopa Ab 23 ne (dhopMyeThCs IMITyJIbC TPUBATICTIO 5 CEK., IO 3a0e3nedye HaMiiHy Mepenady iMITyJIbCy 0 BXOIY
eUP (01) Ab COUNT(39) 13 (mivmnpark). Ha Buxomi OUT (03) octarnaporo AB 13 (opMyeThest OPSIKOBHIT HOMEP IMITYITBCY, IO
HAJINIIOB Ha JIYWIBHUK, i iepeaeThes Ha BXig Ab CASE(84) 16 (mepemukad 3a HomepoMm), 1o 3abe3neuye GpopMyBaHHS CUTHATY «1»
Ha BianosigHoMy Buxomi dOT1 AB 16. 3a mosiBOKO HACTYIHOTO IMITYJIbCY BIIIIOBIJHOTO 3aKiHUYEHHIO HACTYNHOI Bapku (Bim T3)
AHAJIOTTYHI TPOLEAYPU MPU3BeAyTh 10 (hopMyBaHHs curHainy «1» Bimmosimuo Ha Buxoai dOT2 AB 16, mo no3Bonuth GopMyBaTH
TIPOIICTYPH JUIst OOUMCIICHHSI KIJTBKOCTI YT(EII0, 10 3BapeHHit 32 IPYTroro Bapkoro BA.

Curnan «1» ua Buxoai dOT1 AB 16 3amyckae obuoBiOpatop AB15, xotpuii dopmye iMiynse TpuBamicTio 10 XBHIHMH, IO
3a0e3nedye 3 0HOro OOKy (hiKcallifo CUTHAJTy YKCJIOBOrO 3Ha4YEHHs MacH yTdeinto y BA (HampukiHIi BiANOBIIHOI BapKK) HAa BUXOI
AB 1, sk moka3aHO BuIle, Tak i 3 mapyroro Ooky, kepyBauws, 4depe3 Ab XOR(23) 20 (ABO, 1m0 BHKIIOYAE), IHTEPATOPOM
AB INTEG (17) 22. Ha Bxin INP(02) inrerparopa Ab 22 nonaerscs curnan 3 Buxony Ab 1, a iHTerpyBanHst TpuBae Ha mpotssi 10
XBWJIMH, 10 BU3HAYAETHCs cuUrHaioM 3 AB 20, skuii moctymae Ha BimnoBigHi Bxoau interpatopa (03) ta (04), sk mo3Bia Ha
interpyBanHs. TpuBaiicts iHTerpyBanHs — 10 XBHIMH oOpaHa Jyisl 3py4HOCTI MaciTabyBaHHs curHany Ha Buxoni OUT (03) AB 22,
KOTPHH TIPOTIOPLIHHAI KUTHKOCTI YT(ENIo, 0 3BapeHO 3a IEpIIO BapKoro, 3 MacmTabHuM Koedimiertom Km = 6,00. Curnan 3
Buxoxy OUT (03) Ab 22 mogaetses Bxig INP1 (01) cymatopa Ab SUMM(13) 19, Ha BimmoBiiHI BXOM KOTPOTO TTOJAIOTHECS CHTHAIN
HPOTOPIIiiiHI KibKOCTI yT(herno, M0 3BapeHui 3a IHIIMMH HACTYMHUMHU Bapkamu. Takum uuHOM Ha Buxoai Ab SUMM(13) 19
(hopMy€eThCsI, 3aBISKKA MACIITA0yBaHHS 31 3BOPOTHUMHE Koediriientamu (gainl,...,4 = 0,1666), urcenbHe 3HAYEHHS KUTbKOCTI yT(heo
3BapeHOrO 32 IIOTOYHY 3MiHY.

CKuIaHHs TAHUX OOJTIKY BUKOHYETHCS 3 IHTEPBAJIOM TPUBAIOCTI 3MiHH (12-Th TOIMH) MUTIXOM MOJaHHS CHTHATY « 1) Ha BIIIOBIIHI
Bxomu ORST ycix AB ne Bonu 36epirarorees. O3naueny ¢(yskiiro peamsyrote Ab TIMER(38) 6, OR(21) 5 ta dSET(83) 9.
IToyaTkoBHIT MOMEHT IUKITy CKHIAHHS JAHUX aBTOMATHYHOTO OOJIKY YT(ENo 3a Y3ro/PKeHHSIM 3i CIY>KOOI0 TOJIOBHOTO TEXHOJIOTa
BU3HAYAETHCS HA MOYATKY HACTYIHOI 3MiHM 1 3aJa€ThCs 3 JOTIOMDKHOI expaHHoi ¢opmu APM omepatopa-BapIipKa IIIIXOM 3MiHA
napamerpa (01) vanamrrysansst Ab ASET(83) 9 mactymrmm unrom: dSET= 0-1-0.

TIpoBeneHe imMiTariiiiHe MOJENIOBAHHS 3 BHKOPHUCTAHHSM Ja0OPATOPHOTO CTEHIY, 3TaJaHOTO BHIIE, TO3BOJIAJIO OI[IHUTH
CKJaJeHy TporpamMy SK Mpale3fgaTHy, 1 BU3HAYUTH BiJHOCHY NMOXHMOKY HaBEJIEHOTO METOAY PO3pPaxyHKy, IO CKJaja 3a
pe3ynbraramu BUnpooysass 0,25%.

Ha puc. 3 nHaBemeHuil (parMeHT NporpaMu aBTOMAaTHYHOTO OOJIKY 3BapeHOro yT¢emro, M0 MNpalioe y PeXuMi
HaJIaroPKeHHS MICIIsl TPETiH BapKH yTQelto.

OWiHIOBaHHS BIIHOCHOI NMOXMOKM METOJly BUKOHYBAJIOCh 32 HMOPIBHSHHSAM CYMH YHCEIbHUX 3HAU€Hb KIIBKOCTI 3BapeHOTO

yrdemnro P| 3a TP BapkH, 1o 30epiraerscs B Ab 1, 7, 11 (mam'sTp) Ta aHAJIOTTYHOTO 3HAYEHHS Psum Ha Buxoai Ab 30 (cymarop).
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03 | anae Ll B L e | B puint) g8 [ O 03 [ ahaax
|06 OUT I=0. 105 OUT I=0. |06 OUT I=0.
04| cut now[az) 04 (7 MAX0. o4 [ouT now (02} D4 (I7 MAK=0. 04| cut now(0z) 04 (07 MAKD. 04 [ouT

Kinekicts yTheno
33 NOTOYHY 3MIHY, T

Puc. 2 — IIporpama 061iky 3BapeHoro yrgeiro 3a 3MiHy
Fig. 2 - The program of accounting for massecuite per shift

23



E’ﬂ ABTOMaTH3alis TeXHOJOr YHuX 1 GizHec-mporecis Volume 12, Issue 3 /2020 W
http://www.atbp.onaft.edu.ua/

r Cepenc Omnagea  Onymw O nporpamme
NOTHYECKHE | Y0p. nporpaumoi |¥r|g Tex. npoueccon | pETynaTops! | MBTEMATHUECKHE MOJIENH | BLIUUCTIEHHA | BNEHWE COCTORHHEM

|i “OUNT(39) [LINEAR(52) 17 JuseT(23) 2

e oo m =
z T

@2 anay 0000
03 [ aNT 0003

nNUM 0004

15

MEN{43) 1 :
2 °—T 40335 Lant o1 sor , 0000
0 = ‘ = 00

o dRST @ ™
MEM(43) 7 = —
=N 0 01 MODE=Q. o
e -H = i
=
e:.v"TA\T o
dRST @

bMEM(43) 11
0.0 21
MEM(43) 3 ‘ H
WS 01 0 " oann

=

goT [ 0000
T

AL

[XOR(23) 20 XOR(23) XOR(23) XOR(23) 26
B R i R BN
f :

(Kinskicte yTdento (Kinsicts yTdenio (Kinekicte yTdent (KinskicTs yTdento
aa saproio Ne1)# K, 7 aa saprora Ne2) Kou, 1 3a Bapkoto Ne3)* Km, 1 3a Baproto Ne4)* Ku, 7

01 | souT n 0000 ORET 01 181 | doUT nO00D RST 0 01 | souTno000 doUTADLEL

o5 Galne-a.01 i Gaine-0.01
3 2
02| souT 1 0000 N2 Q2 cogmg. 02 | soUT | D000 N2 02 b cogea. 02 | couT 1 0000 uT 1 0000
[o5 OUT pedtn. [o5 OUT it
03 [dhaax 0OOL fowm(01) B8 03 | dnsax oo0L ow(01) 08 05 | ahaax CO0L dMax D00
[o6 OUT.1-0. [o6 OUT 10
04| OUT 24185 |npw(az) 04 04| oUT 234 652 |npwnz) 04 os [ouT 232266 [npuwioz) 04 jor MAK=0. os[our  0.000

KinkkicTe yThento
3a NOTOYHY aMiHy, T

summ(13) 30
et ot [0
1=0 167
=
QERE=0I67  gj [our  118.482
525 05 by g 157
NP4 04 o5 gaii=0.167

Puc. 3 — ®parmMeHT nporpaMu 06.J1iky 3BapeHoro yrgeJsio 3a 3MiHy
Fig. 3 — The program’s fragment of accounting for massecuite per shift

ToOTo BiTHOCHA TIOXHOKA METOJTY CKIIA/IAE:

3
-> P
sum z I
- 118,48—(4 7
= . =L .100% = 8,48—(40,33+39,06 +38,79)
118,18
2R
=
I moxuOka BUHHMKAE Mij 4ac iHTErpyBaHHs 3 (piKcalliero MOMEHTIB J103BOJy Ta 3aboponu iHterpyBanus y Ab INTEG (17) Ta
OKPYTJICHHS JJAaHUX.

-100% = 0,25%

3aranpHa BiTHOCHA MOXMOKA CKIANAECTLCS 3 BUILECHABENECHOI, NOXUOKM ampokcumanii Hemiikinoi sanexsocti P =V (h)- o (ue

nepesuirye 0,2 % 3a JaHUMHA MiIIPUEMCTBA) Ta MOXHOKW BUMIpIOBaHHS piBHA yTdemo y BA 3 BuKopucTaHHAM JuMaHOMETpa 3
kacoM To4gHOCTI 0,5. TakuM 4MHOM, 3arajibHy BiZIHOCHY TOXHOKY aBTOMAaTHYHOTO OTEPATUBHOTO OOJIKY 3BapeHoro yrdemo y BA
MOXKHA OITIHUTH SIK TaKy, IO CKJIaJa€ MEHII OJHOTO BiJICOTKA, IO I MOAIOHUX 33134 € JIOCUTh MPHUAHATHOI, BPAaXOBYIOYi IO IIi
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PO3paxyHKH HE BITHOCSATBCS JIO KJIAcy KOMEPLIMHMX Ta Te, 110 aHAIOTIYHI MOXMOKM 3a PyYHHM BHMIPIOBAHHSM Ta PO3pPaXyHKaMH
nepeBuiyoTh 4 - 5% [2].

InrerpyBanHs po3pobieHoi mporpamu B nporpamy moxemoBanHs CAK BA, no3Boisie peanizyBaTH OJHOYAacHO OOWBI
3anaudi B ckiani APM oneparopa-Bapiiuka. B nporneci ckiiagaHHs iHTerpoBaHOT IPOrpaMy BUKOHYETHCSI OCTaTOYHA HyMeparlis
Ab Ta BH3HAaYCHHS HOMEPIB BIiJIOBITHUX PETiCTPIiB MaM’sTi, ¢ 30epiraloThCs MOTOYHI YMCIIOBI 3HAYCHHS 3MIHHUX IS
3py4YHOCTI HajarompkeHHs ekpaHaux Gopm y SCADA-cucremi.

Ha puc. 4 HaBemena iHTerpoBaHa mporpama kepyBanHs BA (3 mporpamoro Mogerni o6’exty kepyBanas — OK) Ta
OTIepPaTUBHOTO OOJIKY KUTBKOCTI 3BapeHOro yTdeo 3a 3MiHy A BA Ne3.

nporpana Bapki y'ntemé

Onepatuennii 0bnik yrhenio, 3eapenoro y BA Ned za auiky

nogaua 8 BA ! Lun 12 raun

Crnganna I TIMER(38!

: ) TE
DoT(os) 10 i T3-Binknioseriin obiiy estoo I IIZ000- [
. 1 BAsin sakyyny [ wst Joa
T I L EE
A NGE o] sour
N2 EFLT=0.00002 ﬂ\: o nes

curkanizaa - M1

e M 3
2] e |
| !

oseres w0
[ e
Doy
A

T @ Al

T4 i i

01 AINP=1. N1 o1 1 ADiER=1. : i
baraaonony [THET ] 01 oo I . . ; '
- | ! MEM(43) 2 HH MEM(43) 44 '

‘ | | 1 TH=G1G000 s B I |0 1 TI=010000 N3 01 [ MODE-D. || |1

ART 01 ot [sou1] TR u ART Jot | cour = 0 i

e ‘ i - ) =l f

|01 [ni — 1 o
craf. M2 _amn ' MEN(43) VEM(43) 4] :
AND(19) 7l " j o3 010 . 23 07 0THODED. el ] ]

a0 1 =l — H B il
oo L ' 1 TH0000 = 1 TN 10000 — i
- b5k SSTART 01 ot |eou, SSTAET Y ot cou i '

| R e s 2|

Curxan 3BYK :

DOT(09) 1 ! |

ane [TV I ! !

vi ' !

0 Sk ani F an1 0 ax1 0 !

T e et o o]t o 01102 [ SRR

e GOT 3 :
v

Kinekicrs yrdienio Kintkicrs yrgento Kinekicte yrenia
34 sapkoro Net, 7 33 Bapkow Ne2, 1 aa gapkoio Ne3, 1
Km

Kinskicts yrdento
3a Bapkor Ned, 7

crab. M3. go Mmax PigeHs

FET

ORST 01
N

mpu(01) 6

MOZLEMNL OK

() 0k

Kinekicts yrento
33 NOTQUHY 3MiHY, T

dSET(B3) 18

B
.,

SP(S3) 1)

£
S I o
=

Puc. 4 — IIporpama kepyBaHHs Ta 00,1iKy 3BapeHoro yrdgeinro 3a 3miny y BA Ne3
Fig. 4 — Controlling and accounting program for massecuite per shift in VA Ne 3
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OTpuMaHi J1aHi 3a KUIBKICTIO 3BapeHOro yT(eso HaBOAATHCS HA OCHOBHiI ekpanHiil ¢popmi BANe3 mepmioro mpomykry
orepaTopa-Bapuiuka (puc. 5), ne TakoK HaBeJeHa JONOBHEHa omiielo «CKUJaHHS AaHUX ONEPAaTHBHOTO OOJIIKY 3BapeHOTrO
yT(heno» 1onoMi>KHa popMa JUIsl HaTalTyBaHHS IPOrpaMm.

AHaJIOrivHO HaBeICHUM DIILICHHSM, Pealli3yIoThes 3a/1a4i 00Ky 3BapeHoro yrdento y iHmmx BA neproro npogyxry.

{8 Wnaen 2 - ACY kP i A3 Kpucrd2] - Hanaurmysarns BA - e~
Cuctema Muemocxemsl  Asapun  Wetopwa  Cepeep  Cepeuc  Okna m
= HACTPOHOBAHHSA NPOIPAMH BA N23
Cwpon bina 3enewHa . HL C Konektop Bakyymy j

IoTouma .
[38.8] L ux BA
Lo EI _ Bk 7, S Ao i

[T —PiBeHb — B'a3kicTb

el

Iy2

1
|
|
| |
| |
b PR | i
Y : 120449 122440 | !
BinBC [pirouanapa e ~Temnep, B'3KiCTb: —poTall. — KOHAYKT . i
]ﬁ.nmﬂmmpﬂmmﬂmu Tynsr Bz = 99,4 ™ i r
TIOTOMHY 3MIHY, T - Bapxa Ne (= 99.4 2 M3ag M3 M
Nel N2 N3 Ned Cywa T | T2 ]'3] g5 §
. AE.1 (LTNEAR] AE13 (CMP
[40.3]29.1 288 |uu,u113,2|[. L JK 20,0 M2 - x1 : 20 e ¢ !]EI}I]
= x an'n |h7 =l A0 l]'l
1oBIAOMAEHHA : |I 60 ’ 0.1
MepesipTe rOTOBHICTL anapaTy Ao: | e, AE.J6 (CMP)

‘5 00 P
" 11:24:43 11:44:49 12:04:49 12:24:45 o |Pd=¥3 =5p 1.0
o | M5= x4 01

3AKIHUEHHA BAPKW | Hara. e | s

Puc. 5 — OcHoBHa ekpanHa (popma APM onepaTopa-Bapimuka Ha cTafii
3akiH4YeHHs Bapku Ne3 Ta 1onoBHeHA hopMa I HAJIArO/sKeHHS Iporpam
Fig. 5 - The main screen form of operator-cooker's AWP in the end of cooking stage
Ne3 and the supplemented form for debugging programs

CyMapHa KUTBKIiCTh yT(Qemro, o 3BapeHa y BCix BA mepmioro mpomykTy BiIIUICHHS, KOTPE PO3TIBIAAETHCS, OOUHCIFOETHCS
CKJIAIAHHSIM OTPUMAaHUX YHCEITHFHHUX 3Ha4eHb IUIs KoxkHOro BA 3acobamu SCADA-cucTeMn Ta HaBOIATHCS Ha 3aralbHIN eKpaHHIH
(hopMi orrepaTopa BiILICHHSL.

PosristHemo  pimmeHHs apyroi migzamadi, kotpy mouutbHO BupimyBatéd y ckimaai ACKTII mpomykroBoro BimmineHHS —
«Bu3sHaueHHs! KUTbKOCTI yT(eIto, 110 3HaXOUTHCS Ha BEPCTaTI».

TpanumiiiHo BepcTaT YT(ETI0 PO3PaxOBYIOTh IS KOXKHOTO MPOAYKTY. PO3rsiHeMO pillieHHs Ii€l mig3azadi Ha OPUKIai
ABTOMAaTHYHUX PO3PAXYHKIB JUIsl IEPIIOTO MPOJYKTY.

KinbkicTs (Maca) yTdeso, 10 3HaX0IUThCsl Ha BEPCTATI NMEPIIOro MPOIYKTY, BU3HAYAETHCS LLUIIXOM ITiICYMOBYBAHHSI TOTOYHOT
KUIBKOCTI yTdeno, 1o 3Haxoautbes y BA mepuioro mpoaykry, yrdenemimankax i KiIbKOCTI yTdento, OTpUMAHOrO 3a
nepepaxyBaHHsAM MacH HAMBIPOAYKTY (Ha Macy yT(ento) y CHPOIHHX 30ipHHKax Ta 36ipHuKax Gimoro BimToky (maroku) [4]. 3a
TEXHOJIOTIYHOK CXEMOIO JaHOTO BiIUICHHSA, ¥ 30IpHUKH CHPOITY TIOCTYTIA€ TAKOXK KIIEPOBKA IIYKPY OCTaHHBOI KpHCTaji3amii. 3a
Y3TODKEHHSIM 3 TOJIOBHUM TEXHOJIOTOM 33aBOJy B JTaHIH METONIUIII HE BPaXOBYBaBCsl BEPCTAT COKOBHX (JIOCHPOITHUX) 30ipHUKIB 1
yTemns, Mo 3HAXOTUTHCA B YT(Henepo3noauTbHAKY Mepel HeHTPH(yTraMi.

KimpkicTh (Maca) yTdemro, Mo 3HAXOMUTHCA Ha BepcTaTi 1-oi kpucramizamii B OyOb-KHH MOMEHT 4acy B 3arajlbHOMY
BHUIIIKY BU3HAYAETHCS BiAIOBIIHO 0 TPAIHLIIHHOT METOIMKH 32 (POPMYIIOO:

PL. 0 =3 K, [S[h©] dh ®) @

e P, (t) — motoune MuTTEBE 3HAUEHHS MacH yTdENIO 1-ro NposyKTy, T;
Ki - koeilieHT mepepaxyBaHHs 00CSTY JAHOTO HATBIPOLYKTY Ha Macy yrdemo, T/M;
S [hi (t)]f TI0TOYHE 3HAYCHHS IUIOMIi Mepepisy i-ro anapara, mpy JAHOMY MHTTEBOMY 3HAYCHHI PIiBHS HATIIBIPOAYKTY B HHOMY, M,
h(t) - noTouHe MUTTEBE 3HAYCHHS PiBHS HAMIBIPOLYKTY B i-OMY amapari, M;
[0, H] — niana3oH BUMIpIOBAaHOTO 3HAYECHHS PiBHS B aniaparTi, M;
i — HOMED amapara.

[lepepaxyBaHHs Macy HaIlBIPOJIYKTy Ha Macy YT(EN0 BUKOHYIOTh 3 ypaxyBaHHSIM BMICTy y HHX CYXHX PEUOBHH Ta
miimbHOCTI. [ToyaTkOBI 3HAUeHHS KoedimieHTiB nepepaxyBants Ki 3a1al0ThCsl, BUXOIMUHN 3 JaHUX TEXHITHOTO BiIIily 3aBOIY i
YTOUHIOIOTHCS B TIPOIIECi POOOTH.

OriHIOBaHHS MOTOYHMX 3HA4YEeHBb KUTBKOCTI HAIBIPOAYKTY B KOKHOMY amaparti 3 ypaxyBaHHSAM 3aJISKHOCTI IDIOMI Tepepizy
BiJI piBHS B PI3HMX 32 KOHCTPYKIIEIO arapaTax MO>KHA BUKOHATH JIEKiIIbKOMa METOIaMH.
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B nepmomy — ¢ynxuii Si/hi(t)] anpokcumyroTses HaGopoM MaTeMaTHYHMX 3aJI€XKHOCTEH, BUXOIAUM 3 KOHCTPYKTHBHHX
ocobumBocTeil amapata. B npyromy — BUKOPHUCTOBYIOTHCS TaONHMIi NOCAHTHMETPOBOTO IepepaxyBaHHs PiBHS Ha Macy
HaITBIIPOIYKTY B KOXKHOMY arapari 3 ypaxyBaHH;IM, B 000X BHUINaJKaX, HIMWILHOCTI Ta cepeaHporo Bmicty CP y Hux. Ha3pani
TaOJIHIII 3HAXOASTHCS Y BiUIiJIi TOIOBHOTO TEXHOJIOTA 1 BUKOPHUCTOBYIOTHCS TIPH MPOBEACHHI aHAJIOTIYHAX PO3PAXyHKIB BPYUHY.
Taxum grHOM, 3aIeXHICTh (1) MOXe OyTH IpecTaBIeHa y BUTIIAIL:

Pon® =3P 1], @

OyHkuii P [hi (t)], Y BHIQAKaX iCTOTHOI HENiHIIHOCTI, MOXXYTh OYTH alpOKCHMOBAHI KYCKOBO-JHHIHHAMH 3aJIe)KHOCTSIMH, 5K IIe

BUKOHAHO 3a MPOTpaMHOT peatizallii meprroi miazanayi st BA. AHanoriuauii MeTo1 MOXke OyTH BUKOPUCTAHHHN JUTS OLIHFOBAHHS
KUTBKOCTI yT(ENto, KOTPUA 3HaXOAUThCA B yTdhenemimankax. Sk mokaszano y [2], Apyruil MeTo[ BUSBUBCS OLTBII 3pYYHHM Y
NPaKTUYHIN peanizalii 1 JaBaB 33I0BUIbHY TOYHICTh po3paxyHKiB. CItii 3a3HaYUTH, 110 aBTOMATU30BaHUH PO3PaxyHOK 3a (2) € y
BCIX BHIaJKaX OUIbII TOYHUM, HiX py4HHH. JIyist 30ipHUKIB HAIIBIIPOYKTIB (CHPOITY 3 KJIEPOBKOIO Ta OUIOT ATOKH) XapaKTepHa
3aJICKHICTh KUIBKOCTI TPOXYKTY Bif PiBHS B HHUX Onm3bka 1o JjiHidHOL. ToMy mis HHMX 3ayiexHICTh (2) peamizyeThcs 3a
CIPOIIEHOIO JIIHIHHOI0 (hopMyJI0r0. BinmosinHi koedili€HTH OLIHIOIOTHCS TAKOXK 3a JAHUMHU CITY>KOU FOJIOBHOTO TEXHOJIOTA.

TakuM YHHOM, AJTOPUTMH pilleHHS mig3anavi «Bu3HaUeHHs KiIBKOCTI yT(emo, 0 3HAaXOOWThCA Ha BepcTati 1-To
MPOAYKTY» PEai3yloThCsl MPOTPAMHO 332 HABEACHOIO METOIUKOIO, 3 BUKOPHCTAHHIM ITOTOYHHX JAHUX, OTPUMAHHX JUIS KOXKHOTO
BA 1-ro mpoxykry y minzanadi «Po3paxyHOK KUTBKOCTI 3BapeHOTO YTQETI0 3a 3MiHY».

OcraTouHi pe3y/IbTaTH aBTOMATHIHMX PO3PaxXyHKIB 3a 000Ma Iif3aadaMi, a caMe: CyMapHa KUTBKICTh YT(EIro, 10 3BapeHa y
BCix BA meprmoro mpomykTy BiImiTeHHS, Ta KUIBKICTh YT(EIo M0 3HAXOAWTHCSA Ha BEepCTaTi |-TO MPOAYKTY, OOUHCIIOETHCS
CKJIaZIaHHSIM OTPUMAHMX YHCENBHUX 3Ha4YeHb 3acobamu SCADA-cHcTeMu Ta HaBOJITHCS Ha 3aralibHiil ekpaHHii GopMi onepartopa
NPOJIyKTOBOTO BitinieHHs. Kpim Toro, oTpumani pe3ynbTatu apxiBytoTbest 3acobamu SCADA-cuctemu, 10 103BOJISIE IEPCOHATY
MPOBOJIMTH HEOOXITHHI aHAaJIi3 Pe3ysIbTaTiB POOOTH KOXKHOI 3MIHU Ta CBOEYACHO BHOCHTH HEOOXI/IHI KOPEKTHBU B PEXKUMH POOOTH
MPOJIyKTOBOTO Bi/ITiICHHSL.

AHaJOriYHO, 32 HaBEJCHOI METOANKOIO MOYKYTh aBTOMAaTHYHO PO3PaxOBYBATHCh MOKa3HUKH KUTHKOCTI yTdeto Ha BepcTaTi 2-
ro Ta 3-ro NpoAyKTIB (3a peanizaliclo TPUIPOILYKTOBOI TEXHOIOTTYHOT CXEMH BiJTIICHHS ).

OO0roBopeHHs pe3yJibTaTiB

OTpuMaHi pe3yabTaTH HPOBEACHOTO OCIHIKECHHS O3BOJSIOTH 3pOOMTH BHCHOBKH MPO Mpale3JaTHICTE po3poOieHol
MiICHCTEMH aBTOMATHYHOTO ONEPAaTUBHOTO OOMIKy yTdeinto, mo 3BapeHuil y BA mepioanunoi nii. IHrerpyBanHs mporpamu
OMEpaTUBHOrO OOJIIKYy 10 TPOTrpaMu KepyBaHHsS, H03BONMWIO posimmputd mnepenik ¢yukuii CAK BA, migsumutu
IHTEJICKTYaIbHICTh MPOMOHOBAHOT CHCTEMH Ta CKiaau ymoBu miust mopepHizamii ACKTII mpoayKTOBOro BiIIiICHHS
I[yKPOBOTO 3aBOJly Ha OCHOBI OTPUMaHUX MO3WTHBHUX pe3yNbTaTiB. IMmiTaliiiHe MOJETIOBaHHS Ha CIeLiali30BaHOMY
mabopaToOpHOMY CTEHJII B CEpEJIOBHILE MPOMHUCIOBOTO MPOrpamMoBaHoOro kKoHTposiepa MIKS52 no3Bonuno omiHUTH MOXHOKY
PO3paxyHKiB, SIK TaKy, IO CKJIaJIa€ MEHII OJIHOTO BIJCOTKA, LIO Ui MOAIOHMX MPOMHUCIOBHX CHCTEM € MpUiHsATHOW. OTpuMaHi
pe3ynbTaTh apXiByrothes 3acodamu SCADA-cuctemu, 1110 103BOJISIE TIEPCOHATY POBOAUTH HEOOXIAHUIN aHAIT3 pe3yJIbTaTiB POOOTH
KOJKHOI 3MiHH Ta CBOEYACHO BHOCHUTH HEOOXiJJHI KOPEKTHUBH B PSKIUMHU POOOTH MPOIYKTOBOTO BiUILUICHHS, TIPOBOIUTH OIICPATHUBHI
3aXO0JTH IS TIOJIIIIICHHS TEXHIKO-CKOHOMIYHUX MOKA3HHUKIB POOOTH BIUTUICHHS Ta 3aBO/LY B LIJIOMY.

[Nomanpmii mociiUkeHHS OYyIOyTh CHpPSMOBAHI HAa BU3HAYEHHS OCTATOYHOI CTPYKTYpH KOMIUIEKCY iHTENEKTYaJIbHUX
TexHIYHHUX 3aco0iB s peanizamnii ACKTII npoaykToBOro BiAIiIeHHs, 0 OYAYETHCS HA OCHOBI KOHTPOJIEPHO KOMIT IOTEPHOL
Mepexi 3 HACTYIIHUM MigKIroueHHIM 10 iHdopmariitHoi mepexxi ACKTII 3aBoxy. B monepnizoBaniit ACKTII BimmineHHs
MPOTIOHYETHCS. BUKOPUCTATH IIPOMUCIIOBI KOMIT'FOTEPH, 110 OOYMOBJICHO CKJIJHUMHM YMOBaMH IOBITPSIHOTO CEpeoBHIIA
oneparopcskoro myHkTy (OIT) mpoayKTOBOrO BiAMIICHHS, a caMe BHCOKOIO TEMIIEPATYpPOIO Ta MiABHICHO BOJOricTO. J{iist
3MEHILEHHS] [UX IIKIJUIMBUX (aKTOPIB SK Ul onepaTopa, Tak 1 s TexHiuHuX 3aco0iB B OIl HeoOXimHO BHKOpUCTaHS
MPUMYCOBOI BEHTHJISLIII.

BucHoBku

IIpoBeneHI NMepeANPOEKTHI JOCTIHKSHHS 3 BUKOPHCTAHHSIM METOIB IMITAI[ifTHOrO MOJEIIOBAHHI Ha CIICI[iali30BaHOMY
CTeH/li, KoTpuii Oyi0 06JaHAHO TPOMHUCIIOBUM YCTAaTKyBaHHSM, JI03BOJIMIIM PO3POOUTH KOMIUIEKC TEXHIUYHHX pillleHb, B TOMY
YHCIIi aJTOPUTMIB 1 mporpam, mo 3abesneuye posmmpeHHs ¢yHKOiH CAK BA. ®yHknii aBTOMaTH30BaHOTO KepyBaHHS
npouecamu y BA nonoBHeHi ¢yHKIisIMH aBTOMaTHYHOTO 00Ky yTdeto, KoTpuii 3BapeHo y BA mepimioro npoaykry 3a 3MiHy
Ta TOTO, IO 3HAXOIWTHCS Ha BepcTaTi. ABTOMATH3AIlS 3a/1a4 ONEPATUBHOIO OOJIIKY CYTTEBO MOJIETIIYE POOOTY KepiBHUITBA
CITY>KOH TOJIOBHOTO TEXHOJIOTA 1 CIPHUSE MiJBUIIEHHIO TEXHIKO-eKOHOMIYHMX ITOKa3HUKIB POOOTH Bi/IIJICHHS Ta 3aBOAY B IILIOMY,
32 PaxyHOK CBOEYACHOTO TPUHHATTS HEOOXITHWX pIlIeHh 3 KOPEKTYBaHHA PEXHWMIB Ha OCHOBI 00 €KTHBHOI iH(opMmarlii,
BUKJTIOUCHHS BIUTHBY JIIOJICEKOTO (DaKTOPY Ta AOJATKOBHX IMOXMOOK B pO3paxyHKax IMOKA3HHUKIB POOOTH BiUTiICHHS.

TexHiuHi 1 mporpamHi 3aco0u YKpaiHCHKOTO BUPOOHMIITBA 3a0€3MEUyIOTh JOCTATHIO TOYHICTh MiATPUMAaHHS PETJIAMEHTIB
BEJCHHS TPOLIECY Ta PO3PAaXyHKIB XapaKTePHHUX ITOKA3HHUKIB OOJiKy BHPOOHHMIITBA, TOCHTH KOMGOPTHI yMOBH Mpalli, SK
OIIepaTHBHOMY IIEPCOHANY, TaK i TEXHIYHUM KEepiBHUKaM MiANPUEMCTBA JJIs aHAJI3y TEXHOJIOTTYHUX HPOLECIB.

Ha ocHOBI oTpuMaHMX IO3MTHBHHX pE3YJIbTaTiB IPOBEJCHOrO JIOCHIIKEHHS po3polieHa mpomwucioBa Bepcis APM
OlepaTopa-BaplIvKa, 3 PO3MINPEHHM IHTEICKTYaIbHUX (YHKIIH CHCTEMH, Ta 3aIPOIIOHOBAaHA KEPIBHUIITBY I IIPHEMCTBA 10
BIPOBAJKEHHSI.
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BukoHaHMH KOMIIJIEKC NOCIHIPKEHb JI03BOJISIE 3pOOMTH BHCHOBOK PO JOLUIBHICTH HPOJOBXKEHHS poOIT 13 MoaepHizaril
CHCTEM KEpyBaHHS IiJIPHEMCTBA, BUKOpUcTOBYrouM npuHimi npoektyBanHs ACKTII — «3HH3y Bropy», a TakoX HaBeaeHi
METOIM M MiAXOAM IO NPUHHATTS OCHOBHHMX TEXHIYHMX PIlIEHb 3 BUKOPHCTAHHSM BITUM3HSAHUX TEXHIYHUX 1 NMPOTPaMHHUX
3aco0iB.
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Anomauyin. Cmyninb @QYHKYIOHATIbHO2O BOOCKOHANICHHS MEXHIYHO20 00'€Kkma  Xapakmepusyemvcs piHeM U020
mexnonoziunoi epexkmusnocmi. Y npoyeci excniyamayii mexuiynoeo 06'exma 8i06y8acmuvcs 11020 3HOC, AKUL 3HUICYE PiBeHb
020 epexmugnocmi. BucokonpoOoykmuHum memooom YNpaeninHs PIGHEM MEXHON02IMHOI epeKmueHocmi MexHIYHO20
00'ekma € 11020 OHOGNeHH:. 30IUCHEHHs OHOBIeHHA € aKmyanbHow 3aoauero. OHOBNEHHA K Ois Modice OYymu YacmKo8UM,
NOGHUM | KOMNAEKCHUM. Bionogiono 0o ckraonocmi bazamozpanioco 3a80aHHs OHOBIEHHA GUPOOHUYMEA, 1020 NpeoMemHuUll
npocmip cuio posdinumu Ha n'amv yacmuH. Posensuymo cxnadosi 0CHOBHUX eneMenmis KOMCHOI uacmunu, aKi nioasearms
onognennio. Iloxazano micye ma ponb KOJCHOI HacmuHu y 6HAUGI iX HA HOPpMYBAHHA MeXHON02iuHOi eghekmusHocmi
mexuiuno2o 06'ekma. Ilokazano maxodxic 6NaU8 CMyneHs 3Hocy mexniynoz2o o6'ekma. Ocobaugoi ysaeu 3acnyeosye npooiema
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ynpaeninns npoyecom onoenenns. Hozo sxicme eniueae na pesicum gyuxyionyeanns mexniunozo 06'exkma. Pexcum susnauae
pigens eghekmugnocmi mexunonoziunozo npoyecy. Egexmuenicmo onoenenns € mum Oinoul 3HAUHOW0, YUM OITLUIUM € YUCTO
PDIiBHI6 BUPOOHUYO-YRPABIIHCLKOT nipamiou, sKi 3aumae oHosmosanull 06'ckm. OpeanizayitiHo-HAYKOGO-MEXHIYHUL ACNeKm
VAPAGNIHHA NPOYECOM OHOGIEHHS NOSUHEH OYMu OONOBHEHUM COYIanbHUM. Y npoyeci oHoenenHs enaug ma inmepecu cgepu
VAPAGNIHHA Malomb OYMu GUSHAUANLHUMU Ol NIONPUEMCME MA THUWUX BUPOOHUYUX CMPYKINYD, HE3ANeHCHO 6i0 (opm
61aCHOCMI Ma 8i0 PIiGHA pO3MAWLYBAHHA iX y nipamioi eupobHuymea ma ynpaseninHa. Baoswcnusumu enemenmamu xkaoposoi
npobiemu € 3a80aHHA NIOBUUIeHHA PieHA npoghecilinol keanighikayii ma coyianvroi gionosioanrvrocmi nepconany. CKiaoanHs
ma 30iliCHeHHsl Npopamu OHOBNEHHS MAlOmMb CRUPAMUCA HA HadedcHe pecypcHe 3abesneuenns. Haiigascaugiwum 3
pe3yrIbmamis npoyecy OHO81eHHs 8UPOOHUYMBA € NIOBUIYEHHS 11020 eKoN02iuHoil ehexmusHocmi. Cmyninb YCnixy y 6upiuienHi
Ha RIONPUEMCMEI 3a80aHb OHOGNEHHS AK CUCMEMU € ICIMOMHUM NOKASHUKOM Pi6HA 11020 MEXHON02IYHOI epekmusHocmi,
npoghecitinoi KoMNnemenmHoCmi, coyianbHoi 8i0N08I0ANILHOC, OP2aAHI3AYIUHO-YAPABIIHCLKOI 3pinocmi i matcmepHocmi
KepigHUYymea nionpuemcmea.

Abstract. The degree of functional perfection of technical object is characterized by the level of its technological efficiency.
During the operation of a technical object, its depreciation occurs. It reduces the level of its efficiency. A highly productive
method of control the level of technological efficiency of a technical object is its renewal. Renewal implementation is an actual
task. Renewal as an action can be partial, complete and complex. In accordance with the complexity of the multifaceted task of
industry renewal, its subject space should be divided into five parts. The components of the main elements of each part to be
updated are considered. The place and role of each part in their influence on the formation of the technological efficiency of a
technical object are shown. The influence of the degree of depreciation of a technical object is shown too. The problem of
control of the renewal process deserves a special attention. Its quality affects the mode of operation of a technical object. The
mode determines the level of efficiency of the technological process. The efficiency of renewal is the more significant, the
greater the number of levels of the production and control pyramid occupied by the renewable object. The organizational,
scientific and technical aspects of control of the renewal process must be supplemented by a social one. In the process of
renewal, the impact and interests of the control sphere should be decisive for enterprises and other production structures,
whatever of their form of ownership and level of their location in the pyramid of production and control. The important
elements of the personnel problem are the tasks of improving the level of professional qualification and social responsibility of
staff. The design and implementation of the renewal program must be backed by adequate resources. The most important of
the results of the industry renewal process is the increase of its ecological efficiency.

Karo4oBi ci1oBa: yrpaBiiHHs, TEXHONOTIYHA ¢(pEeKTHBHICTD, TEXHIYHUI 00’€KT, 3HOC, 3acTapiie 0OaHAHHS, OHOBJIICHHS,
eKoJIoTiYHA e(peKTHBHICTD.

Keywords: control, technological efficiency, technical object, depreciation, obsolete equipment, renewal, environmental
efficiency

Introduction

For the successful development of industrial production, enterprises need to comply with the world level of development of
technic and technology, that allows them to maximize profits and minimize losses, use their internal potential productively,
and it is necessary to act in the direction of expanding the products’ sales market, deriving the enterprise to a new higher level
in the world market.

Since obsolete equipment is characterized by low maintainability due to lack of spare parts, low level of productivity and
quality of manufactured products, frequent downtime due to the failure of its separate units, large expenditures of time for
troubleshooting, leads to an increase in the cost of its maintenance and production, and also reduces working efficiency, the
timely replacement of this obsolete equipment with new ones helps to lower production costs and increase the profit from the
operation of the equipment. This allows to increase production efficiency, and the production of higher quality products, which
should result from the replacement of worn out equipment with new ones, leads to an increase in the competitiveness of the
enterprise.

Statement of problem

The degree of functional perfection of a technical object (TO) is characterized by the level of its technological efficiency
(TE), the level of its components: ecological, economical, and general technical.

The new TO has the highest level of TE. From the moment of commissioning, TO experiences depreciation, which leads to
a continuous gradual decrease in the level of its TE [1 - 3].

A highly productive method of control the level TE of TO' functioning is its renewal, in the implementation of which the
process of development of world production actually consists. Therefore, the implementation of the renewal is an actual task.

Ways to solve the problem

Renewal (RN) of TO is, in essence, a control effect on it, improving its properties, increasing its TE. Similarly, RN of
industrial production, its elements is a way, a method for control the level of their TE.

RN as an action can formally be represented in two forms, which can be characterized as follows.
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Form "1": full term RN. Its purpose is to replace TO, which has exhausted its service life (resource of workability) and has
passed into the limiting state, with a new object.

Form "2": full early RN. Its purpose is to replace a TO, which has not yet worked out its resource, but is outdated, lagging
behind the current requirements for the level of TE, by a new object.

Form "3": partial (selective) RN. Its purpose is in RN of TO, through its modernization, reconstruction or technical re-
equipment.

RN "1", in accordance with the normative submission, is subject to implementation in a prompt, urgent manner upon
reaching the TO limit state. In this case, RN is associated with a large investment of resources (to replace a worn-out unit with
anew one).

RN “2” can be carried out when the level of TO efficiency is considered insufficient, although TO still has some residual
resource - AR. In this case, RN is also associated with a large investment of resources (to replace the worn-out object not yet
up to the limit with a new one). However, during the period of time that the previous TO would need to spend AR, the new TO
will operate at a high level of efficiency which inaccessible to the previous TO. The efficiency gain in the amount of AR may
exceed the damage from underutilization of AR by the previous object. Essentially, this is an early RN.

RN "3" should be carried out when the degree of depreciation of an important unit or part of the TO (still having a residual
resource) has reached the minimum acceptable level, as a result of which TE level of TO has decreased to the minimum
acceptable value.

The foregoing reflects RN in the narrow sense of this concept, when only TO is subjected to this effect. In this case, an
incomplete positive effect is obtained, since the renewed TO remained in the previous (outdated, not renewed) conditions of its
use. To obtain the full effect, it is necessary to renewal not only TO, but also to renewal the conditions, the whole sphere (all
circumstances) of its use. That is, it is necessary to carry out RN in the broad sense of this concept, that is, comprehensive RN
(RN «4»).

From the above, it follows that the full RN gives an effect that is significantly greater than the partial (selective) RN.
However, implementation of a comprehensive RN is able provided the the greatest possible (maximum) effect. RN is a
complex multi-tier task of a problematic nature, of high dimension.

In the general case, the use of the RN of the considered forms and variants is advisable, since it causes an increase of TE of
the renewable TO.

In accordance with the theoretical concepts of the complex multifaceted task of the OBD production, its subject space
should be divided into the following five parts:

- machine condition

- equipment operating mode

- staff competence

- staff social responsibility

- production control system.
The Fig. 1 shows a structural and logical diagram of the formation of the effect of production renewal.
The main elements of each part, which are subjected to RN, are represented by the following components:

-

Renewal effect

N e

Renewal object [g »| Renewal form ]
7'y - ‘\_[ Comprehensive ]

A

] Productio
Machine n control ull term
condition svstem

Equipment Staff social
operating responsibility Full early
s Staff

competence Partial

Fig. 1 — Structural-logical diagram of the formation of the effect of production renewal

1. Machine condition:

- scheme of the technological process of the enterprise, workshop, production site, unit;

- content of the set of equipment elements;

- the degree of perfection of structural and layout and other solutions of equipment elements;

- schematic and technical solutions of automatic control systems for technological, energetic equipment and networks for
various purposes.

2. Equipment operating mode:
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- conditions of equipment use, performance indicators; compliance with their forecast of the enterprise development

- enterprise, workshop, site, unit operation modes,

- mode and technical regulation of maintenance (operational and repair) equipment

- the level of technological (ecological, economical, general technical) efficiency of production elements.

3. Staff competence:

- concept for the development of the enterprise and its team

- the level of business qualifications and professional competence of personnel

- approach and system for assessing the professional capabilities of the employee

- a system for assessing the quality of employees’ labor

- structure and development prospects of the personnel of the enterprise, workshop.

4. Staff social responsibility:

- social security system;

- inter-job relationships;

- the current system for assessing the quality of the employee's work, his initiative and activity;

- collectivism in decision making;

- psychological environment in the work collective;

- working conditions at the enterprise;

- awareness of employees in relation to the concept of development of the industry, the enterprise, changes in the social
conditions of employees at the enterprise;

- structure and development prospects of the personnel structure of the enterprise.

5. Production control system:

- a system of organizational and technical (strategic, tactical and operational) management of production, its divisions and
elements;

- automated control system (organizational and technical operational) (ACS) of the enterprise technological process.

Elements of each part can be subjected to RN totally or selectively.

The Fig. 2 shows a place and role of each part in their influence on the formation of TO TE. The influence of the degree of
TO depreciation is also shown [1-4].

The problem of RN process control merits a special attention, because its quality affects the mode of operation of the
controlled TO, and the mode determines the level of efficiency of the technological process that takes place in it. This
characterizes the importance of TO automatic control systems (ACS).

The enterprise control system acting in the ministry, in the industry; acting automated control systems of workshops, and in
them acting TO ACS have formed a multi-level complex production control system. At the same time, the ACS of each level
controls, influences the control sphere of all lower levels.

In this regard, it should be noted that the task of control by the subordinate control sphere is a task truly unique in
importance, complexity and delicacy. The issues raised are complexly interacting and influence each other.

Reasonably constructed RN of any content is fraught with obtaining a positive result. In general, the received effect (result)
leads to direct, squarely tangible profit.

The depth of the TO RN may be different. At the same time, its increasing is always advisable.

[ TO technological efficiency ]

TO
condition

TO operating
mode

___________________

TO
technological
properties

1

A A
TO
technological Staff Staff social
capabilities competence responsibility
Technological Load and.other
capabilities of T0 Opgratlng
technology conditions

Fig. 2 — Structural-logical diagram of the interaction of factors affecting on TO TE
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The solution of the problem of a choice of RN objects, character, content, sequence, the schedule of its realization requires
to take note of the actions of a powerful lot of factors and circumstances changing over time. It’s necessary system-integrated
in-depth approach to the shaper, organization and implementation program of the RN production and any of its elements.

Only in this case a high level of RN results is available. Only in this case is it possible to obtain the highest specific efficiency
of resource investment in the RN.

RN is a flexible effective tool for TO TE level control. It should be especially noted that the expedient, high-quality,
skillful possession of it and its application to the components of the multi-level sphere of control is a large reserve for the
successful development of production.

In Ukraine, at a significant number of enterprises, in particular, in the food industry, part of the technological equipment
and equipment of boiler houses has completed or is completing the spending of the estimated working life. In station power
engineering, more than 80% of the equipment has worked out the calculated resource [5].

RN of such TO has acquired the character of an actual organizing-scientific-technical problem of national importance. With
proper organization and its successful solution, a large technological and national economic effect will be obtained. In this
case, the possibility of obtaining a large ecological effect is of particular importance.

Understanding that RN should be carried out in order to increase, first of all, the TO ecological efficiency and production in
general has conceptual importance. The interests of increasing economic and general technical efficiency are of subordinate
importance, therefore its should occupy the second and subsequent positions. The accelerating degradation of the state of the
environment (first of all, living nature and human) requires, compels not to “protect nature” , but more and more decisively,
actively and toughly save it from ruin. On the way to the prompt solution of the tasks of this super-problem, now it is possible
to use the only available on a large scale weapons — RN of the existing production. In the real accessible space “time -
resources - global scale - psychological inertia and narrowness of understanding of danger”, there is no other accessible way in
this space. After all, the imaginary creation of the future some fundamentally new, harmless to nature, production will turn out
to be nothing more than a complex RN of its outdated version on a global scale, because there is simply no other way.

In terms of the above, the quality of control of TO ecological efficiency is essential [6 - 8].

Considerable interest is the question of the structure of expenses for increasing TE of production [9].

The degree of success in solving RN tasks as a system at the enterprise is an essential indicator of the degree, level of its
TE, level of professional competence, social responsibility, organizational-control maturity and professional skill of enterprise
leadership (or other production structure).

Conclusions

1. RN is an indispensable element and an effective tool for the development of production.

2. The compilation and implementation of the RN program, regardless of the immensity of its object, should be based on
proper, primarily intellectual, resource support.

3. The RN efficiency is the more significant, the greater the number of levels of the production and control pyramid
occupied by the renewable object.

4. The important elements of the personnel problem are the tasks of improving the level of professional qualification and
social responsibility of staff.

5. The degree of success in the implementation of the RN program of any production area depends to a large extent on the
control quality at all levels of used production pyramid.

6. Understanding only the organizational, scientific and technical aspect of control is not enough. Control must be
understood, and it is important, socially as well.

7. In the RN process, the impact and interests of the control sphere should be decisive for enterprises and other production
structures, regardless of their forms of ownership and regardless of their level of location in the pyramid of production and
control.

8. The most important of the results of the RN process of elements and production in general is an increase in their
ecological efficiency.
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Anomauin. Po3ensinymo KOHCMPYKMUSHUL MemoO NiO8UWEHHsT NOKA3HUKIE HAOIUHOCMI (IHMeHCUBHOCmI 8iOMO8 i
1LMOBIpHO-cMi 6€38I0MO6HOI poOOMU) OB0OKACKAOHUX MEPMOENeKMPUYHUX OXON00NCYIOUUX NPUCIPOLE 8 DEeAHCUMi MIHIMYMY
iHmeH-cugHoCmi 6i0M08. YV 080KACKAOHUX 0XOJ00MACYIOUUX NPUCMPOSX € ICIMOMHUMU B3AEMHUL BNIUE KACKAOI8, NIOGUUYEHHS
nepenaody memnepamyp, wo umdzae aumanizy 363Ky NOKA3HUKIE HAOIHOCMI 3 eHepeemUYHUMU NOKASHUKAMU | KOHC-
MPYKMUBHUMY Napamempamu 0xonoodicysaya. Memoiw docniodcensb 0y10 NiOBUUEHHS NOKAZHUKIE HAOJIIHOCMI 080KdacC-
KAOHO20 MepMOENeKMPUIHO20 OXOJL00ACYBATbHO20 HPUCMPOI) 3d DAXYHOK eapiayii eeomempii mepmoenemenmis i ix
PO3n00iNi8 8 KACKAdax 6 pobouomy JianazoHi nepenadie memnepamyp QYHKYIOHYBAHHA 0XOL00ANCYBAYUA 8 PENCUMI MIHIMYMY
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iHmeHcugHoCmi 8i0M08. [l 00cseHeH s yiel Memu po36'sa3aH0 3a60AHHS. CIBOPEHHS MO0 36 13Ky NOKA3-HUKI@ HAOIUHOCMI
3 KOHCMPYKMUSHUMU NAPAMEMPAMU | eHepeeMmUYHUMU NOKAZHUKAMU O0XON00HCY8AYA; GUSHAUEHHS 3HAYEHb HOKAZHUKIG
HAOIIHOCMI  MEPMOENEKMPULHO20  0XOA00AHCYBAYA NPU DIZHUX 3HAYEHHAX 2eomempii mepmoeneme-Hmis, nepenadie
memnepamyp i meniosozo Hasawmagicenus. Pospobneno mamemamuuny mooenb 080KACKAOHO20 MEPMOENEKMPULHOLO
0X011000ICY8aYA, WO 36'A3Y€ NOKAZHUKU HAOIUHOCMI 3 EHEPIeMUYHUMU NOKAZHUKAMU | KOHCMPYK-TMUSHUMU NAPAMEmpamu
mepmoenemeHmie 8 pobouomy dianasoni memnepamyp QYHKYioHy8aHuHsa 8upooy, wo 3abe3ne-uye MONCIUBICING NPOEKIYBAHHSA
MepMOeNeKmpUdHUX 0X0100X4CY8aUi6 nidguweHoi Hadiunocmi. AHaniz pe3yabmamie MoOOeN08aHHA NOKA3A8, WO NPU 3A0AHOMY
nepenaoi memnepamyp i menio8020 HABAHMANCEHHS, 3SMEHUIEHHS BIOHOWEHHS 8UCOMU MePMOeNeMeHMa 00 1020 NONepPeyHO20
nepepizy: 30iIbUWYEMbCA BEIUUUHA MAKCUMATBHO20 pPOOO4020 CMPYMY 8 KACKAOAX, 3MEHULYEMbCA CYMAPHA KITbKiCMb
mepmoenieMeHmie, 3MEeHUYEMbCa 3a2albHe NAOIHHA HANPYeU, 3MEeHUYEMbCA IHMEHCUBHICMb 6i0M08 [ 30i1bUYEMbCs
1LMOBIpHICb 0e38i0MOBHOI pOOOMU MEPMOENeKMPULHO20 0X0-100X4Cy8add. 3 pocmom memnepamypu Ois pPi3HUX 3HAYEHb
ceomempii  mepmoenemMenmie i 3a0aHO20 MENI0B020 HABAH-MANCEHHA: 3MEHULYEMbCS  XONOOUNbHULL  Koeiyichm,
30LIbUYEMbCSL BIOHOWEHHSL KLIBKOCTE MEPMOENeMEHMIE 8 KACKA-0aX, 30LIbUYEmbCsl 6IOHOCHULL Nepenao memnepamypu 6
Kackaodax i pobouutl cmpym; 30LIbULYEMbCS THMEHCUBHICMb GIOMOS. 3anedcHicmb GIOHOCHOI IHMEHCUBHOCMI IOMO8 6IL0
nepenady memnepamyp Mac A6HO GUPAICEHULl HeNIHItUHUL Xapakmep I 3pocmac 6 OianazoHi GUCOKUX MeMNepamypHux
nepenadie. Ilpakmuunum pe3yiomamom O00CHONCeHb CMa-10 me, wjo O0ist OB0KACKAOHUX O0XO0N00JCY8adi6 3 0OHAKOBOIO
2eoMempicio 2ioK mepmoenemMenmie 8 Kackaoax 3a paxy-HoK 3MEeHUleHHs 8IOHOWIeHHs 8UCOMU mepmoenemMenma 00 NaAouyi
nonepeunozo nepepizy modxcua 6 2-10 paszie smeHwumu iHMeHCUBHICMb 8I0M08 1 NiOguWUMU UMOGIPHICMb 0e38I10MO8HOI
pobomu.

Abstract. A constructive method for increasing reliability indicators (failure rate and probability of failure-free operation)
of two-stage thermoelectric cooling devices in the mode of minimum failure rate is considered. In two-stage cooling devices,
the mutual influence of cascades, the increase in the temperature difference, is essential, which requires an analysis of the
relationship between the reliability indexes and the energy parameters and design parameters of the cooler. The purpose of the
research was to increase the reliability of a two-stage thermoelectric cooling device due to the variation in the geometry of the
thermoelements and their distributions in the cascades in the operating range of the temperature gradients of the cooler in the
mode of the minimum failure rate. To achieve this goal, the following tasks have been accomplished: creating a model for
linking reliability indicators with design parameters and energy parame-ters of the cooler; determination of values of
reliability indexes of a thermoelectric cooler for different values of ther-moelements geometry, temperature differences and
thermal load. A mathematical model of a two-stage thermoelectric cooler has been developed, linking reliability indicators
with energy parameters and design parameters of thermoele-ments in the operating temperature range of the product,
providing the possibility of designing thermoelectric coolers of increased reliability. Analysis of simulation results showed that
for a given temperature difference and heat load in the ratio of the height of the thermoelement to its cross section decreases;
the maximum operating current in cascades increases; the total number of thermoelements decreases; the total voltage drop
decreases; the failure rate decreases and the probability of failure-free operation of the thermoelectric cooler increases. With
increasing of temperature for different values of the geometry of thermoelements and a given heat load the refrigerating
coefficient is decreased; the ratio of the number of thermoelements in cascades increases; the relative temperature drop in the
cascades and the operating current increase; the intensity of failures increases. The practical result of the research was that
for two-stage coolers with the same geometry of the branches of thermoelements in cascades, by reducing the ratio of the
height of the thermoelement to the cross-sectional area, the failure rate and the probability of failure-free operation can be
reduced by a factor of 2-10.

Kro4oBi cjioBa: iHTEHCHBHICTB BiIMOB; TEPMOEIIEMEHTH; KaCKaJIW; TIepera]] TeMIepaTypH.
Keywords: failure rate; thermoelements; cascades; temperature drop

Beryn

TepmoeneKTpu4Hi 0XOJO/KYyBadi cHcTeM 3a0e3ledYeHHs TEIUIOBHX PEKUMIB TEIUIOHABAHTAKEHOI pa/ioeleKTPOHHOT
arnaparypH 4acTo IpaIiol0Th B yMOBaX ITJBHIICHUX TEIUIOBUX HABaHTa)KEHb, II0 3HIKYE iX IMOKa3HUKHM HagiiHOCTI. Kpim
TEIJIOBOTO HABAHTAXXEHHS Ha INOKAa3HWKM HAJIMHOCTI BIUIMBA€E 1 Ieperajy TeMIeparyp, IO T'€HEpYETHCS, PEKHUMU POOOTH,
KOHCTPYKTHBHI 0COOJIMBOCTI mpUCTpoto. Jlist 3a0e3nedeHHs OiIbII0ro nepenaay TeMIepaTyp BUKOPUCTOBYIOTh KacKayBaHHS,
TOMY BHUMOTH JO JBOXKACKAaJHUX TEPMOEICKTPHUYHUX OXOJIO/KYBadiB BHABISIOTHCS OUTBII JKOPCTKUMH y TIOPIBHSHHI 3
OJTHOKACKaTHIMH.

AHami3 JiTepaTypHHX JDKepes MoKaszas, M0 mpoOjeMi MiIBHINEHHS MOKa3HHUKIB HAMIHHOCTI MPUIISIETECS 3HAYHA yBara
[1-3]. Po3risiHyTO BIUTHB TEXHOJOTIi BUTOTOBJIEHHS [4], MexaHiuHUX [5], TemmeparypHux [6] mapamerpis, Bosorocti [7], yMoB
eKCIUTyaTallii TepMOENeKTPUIHNX OXOJIO/PKYBaUiB Ha BCiX eTamax *XUTTEBOro nukiy [8]. PazoMm 3 ThM, eTtanm mpoekTyBaHHS €
HaMOLTBII 3HAYYIINM, OCKITBKH Ha BCIX HACTYITHUX €Tarax >KUTTEBOTO IMKIY IPUCTPiil TUTBKK BUTpavae MOTEHIIHHI pecypcu
HajiitHOCTi. [IpoOnema mifBUIEHHS NMOKAa3HMKIB HamiiHOCTI € (yHIaMmeHTanbHO. OCHOBHA yBara NpH BUPIMIGHHI €]
npoOJieMH TIPUIUIIACS BIUIMBY €HEPTeTHYHHX ITOKa3HMKIB, KOHCTPYKTHBHI HapaMeTpH pPO3IIIAHYTI HE JIOCTaTHLO. Tomy
MiIX1J1, 3aCHOBaHHUI Ha JIOCIIPKEHHI BIUIMBY KOHCTPYKTUBHUX OCOOJIMBOCTEH TEPMOEIEMEHTIB 1 iX PO3MOALTYy B Kackagax Ha
MOKA3HUKH HaJIIITHOCTI TEPMOEIIEKTPUIHOTO OXOJIOKYBada Oy/ie aKTyalbHHUM.
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Ha BimMiHy Bif OJHOKAaCKaJHUX OXOJOKYBadiB [9] B IBOKACKAIHHUX € ICTOTHUM B3a€MHUI BIUIUB KaCKaJiB, ITiBUILCHHS
nepenany TEMIIEpaTyp, IO BUMAarae JIOJATKOBHX JOCHTIDKCHb 3B'SI3KYy TOKAa3HUKIB HAIIHHOCTI 3 EHEPreTHYHHMHU 1
KOHCTPYKTUBHUMH MTapaMeTpaMH OXOJIOPKyBaya.

MeTtoro po0OOTH € WiABUIICHHS TOKA3HUKIB HAAIMHOCTI JTBOKACKAJHOTO TEPMOCICKTPUYIHOTO OXOJIOKYBAIBHOTO
NPUCTPOIO 32 PaXxyHOK Bapialii reoMeTpii TepMOEIEMEHTIB 1 IX PO3MOJLUIB B KacKalaxX B PEKUMI MIHIMyMY iHTEHCHBHOCTI
BIZIMOB.

Jis mocsirHeHHS 11i€l MeTH HeoOXiTHO BUPIIINTH TaKi 3aBJaHHS:

- PO3pOOUTH MOJEINB 3B'3KY OKa3HUKIB HAAIHHOCTI 3 TEOMETPIEIO TLTOK TEPMOEIEMEHTIB 1 IX PO3IOIITIOM B KacKamax s
Pi3HUX IepenaziB TeMIepaTypH Ta (piKCOBAaHOTO TEIIIOBOTO HABAaHTAXKCHHS;
- BU3HAYUTH MOXKIIMBICTD ITiABUIIICHHS IOKa3HUKIB HAXIHHOCTI IBOKACKAHOTO OXOJIO/KyBada B poO0UOMY Iiama3oHi.

1. Po3poOka mopeni 3B'I3ky mnapamerpiB reomerpili riloxk TepMoeleMeHTIB 3 IOKAa3HMKaMH HajiifHocTi
JNBOXKACKATHHUX 0X0JIOKYBAYiB B pesKUMi MiHiIMyMy iHTEHCMBHOCTH BiAMOB

OpHUM 3 METOJIiB MiIBUIICHHS OKA3HUKIB HAIHHOCTI OXOJIOKYI0UUX TepMoenekTpuaHux npuctpois (TEY) e
KOHCTPYKTUBHHMH. J[J151 TOOYAOBH KaCKaIHUX TEPMOEJICKTPUYHHUX OXOJIO/KYIOUMX IPUCTPOIB MiABUILEHOT HAlIHHOCTI B
paMKax BUKOPHCTaHHS KOHCTPYKTHBHOT'O METO/1y HEOOXITHO TOCIIPKYBAaTH BIUIUB ['€OMETPIi T'JIOK TEPMOEIEMEHTIB B
KacKaJlax Ha OCHOBHI [TapaMeTpH 1 NOKa3HUKH HaJiifHOCTI. Y NaHiil poOOTI MpoBEeACHHUIT TaKKii aHAMI3: AJISL PEKUMY Amin 32
ymoBu (1/S) 1= (1/S)2 =40, 20; 10; 4,5;2,0 (ze |, S - BucoTa i mioia nomnepevHoOro nepepisy rijikv B Kackasi) s pisHUX
3Ha4YeHb nepenany temmeparypu AT i TeruoBomy HaBaHTakeHHIO Qg = 2,0 Batr.

i mpoBeieHHsT 00YHCIICHD CKOPUCTAEMOCS CITIBBITHOIICHHAMHY, HaBeneHUMH B [10].

SIK BiIOMO, XOJIOONPOAYKTUBHICTE BOKackasHOro TEY BH3HAYAE€THCS MEPIINM KacKaJoM

Qo =My 170R: (2B, - B -0, ) =n,y, (2B, - B - ©,), )
ne N1 — KUTBKICTh TEPMOETICMEHTIB B IIEPIIOMY KacKaJli, IIT;
&l
|maxl = R —- MaKCHUMalIbHHUH POOOYHI CTPYM IEepIIoro Kackamy, A;
1

€,, Ry — - cepenne 3uauenns xoediumienrta repmoEPC, B / K, i enexrpuunuii onip, OM, mepiuioro Kackajuy,

R =1/(5,S,):
— ycepeaHeHe 3HAYEHHs eJIeKTPOIIPOBiHOCTI TilkK TepMoeneMenta, Cm/cM;

Ty — TeMIuepaTypa TeIUIONOTJIOIaKYoro cnat, K;
B; — BimHOCHHMI poGounii cTpym mepioro kackamy, By = Wliay;
| — BenmmumHA poOOYOTO CTPYyMY, A;

_ ATl _ Tl _To .
AT 0,571T02 '

©; — BinHOCHHil Mepenaj TemepaTypu nepiuoro kackaay O,
max1

T, — mpoMikHa TeMrepaTypa, K;
Z, — ycepeiHEHE 3HaUYEeHHs €DEKTHBHOCTI TEPMOEIEKTPUIHOTO MaTepiay Tepioro kackany, 1/K;
¥ 1 — MaKkCHUMaJlbHa TEPMOENEKTPHYHA MO-TYKHICTh OXONOJKEHHs MEPIIOro Kackay, BT,
_ 12 X R
= lraR =85 T (S/1),
. O E5T2
ATmaxl — MaKcHMalbHUI mepenaj Temneparypu nepmoro kackagy, K, AT . =0,5ZT; .
[Tpu nocniJOBHOMY eNeKTPUYHOMY 3'€JJHAHHI KacKaJliB
InaxiB1 = ImaxeB2 = 1, 2

Rz

R, — eJlekTpudHMiA o1ip TiNKKM TepMOeneMeHTa Apyroro kackagy, Om, R, =1, / (62 S, ) ;

Kyl

1€ |maxz — MaKCUMaJIBHUI pOOOUYMH CTPYM APYroro Kackanmy, A, |max2 =

— ycepeaHCHa CJ'ICKTpOHpOBi)IHiCTB TLIKH TEPMOCIIEMEHTA APYyroro Kkackaay, CM/CM;

B, — BigHOCHMIt poGoumii cTpyM aApyroro kackamry, Bs = I/lmaxo.
KinpkicTh TEpMOEIEMEHTIB B CYMIKHUX KaCKa;Iax CHIBBIHOCSTHCS HACTYITHUM YHHOM:

n, R, 2B, (1+ (AT, / T5)®, )+ B -6,
n NE R, 2B,-B?-0,

maxl

, ®)

max 2
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Jc @2 = = — BIIHOCHHUHU NI€penag TeMIECparypu B ApYyromy KacCkamil;

AT.., 05Z,T

T — Temneparypa TeIIOBHIAUIAIOYOTO criato, K;

ATmaxe — MAKCHMaIIbHUIT IIEpemaj TemMiepatypu apyroro kackany, AT ., =0,5Z, le K
7, — ycepenHeHe 3Ha4eHHs €(pEKTHBHOCTI TEPMOENEKTPUIHOTO MaTepialy npyroro kackauy, 1/K.

HOTy)KHiCTI) CIIOKMBAHHA IMEPUIOTO Ta APYTroro KaCKaZ[iB, BiI[HOBiHHO, MO’KHa 3alucaTt y BI/IFHH,Z[i

AT
_ 2 max1 .
W, _2n1|max1RlBl(Bl+ T O, |; 4)
0
AT
2
W2=2n2ImaX2RZBZ(Bz+ _F‘axz Q, |. (5)
1
3aranpHa MOTYXKHICTH CIIOKUBaHHA ABOKackagHoro TEY craHOBUTH
W =W, +W,; (6)
Xonmomunbuuii koedirient E aokackagnoro TEY MoxxHa 3amucaTi sk
E = Qo/Ws. (7
[Maninnas Hanpyryu Ha qBoXkackaauuit TEY
Us = Wy/l; 8

BingHoCHY BEeTMUMHY IHTEHCHBHOCTI BiIMOB A / Ao [BoKackanHoro TEY MokHa mojaT y BUTIISII CyMU IHTEHCUBHOCTEH

BIIMOB KacKaJiB:
2 2

AT, AT,

Bl+_|_¢“l®1 BZ+_I_¢"‘2®2
2 2
Mo =mB{ (0 +C;)| ——=——| Ky +m,B; (0, +C,)| ——=t——| Ky,
L+ =220, 1+ =1,
0 1

ne C; u C, — BigHOCHA BEeIMYMHA TEIIOBOTO HABAHTAXKEHHS MEPIIIOTO 1 JPYTroro KacKamiB BiAMOBITHO,
C1 = Qo/(ilPnaxaR1), Cz = (Qu+W)/ (Nl axoRy);
Kt1 u Ky — koedimieHT 3HaYUMOCTI, 1110 3aJIeKUTh Bix Temmeparypu [10];
Ao — HOMIHAJIbHA {HTEHCHBHICTD BIAMOB, Ao = 3-1078 1/u.
ImoBipHicTh 6e3BiiMOBHOI poboTH P 1Bokackaanoro TEY MokHa npeacTaBUTH y BUTIISI:

P = exp(-At), (10)

nie t — mpusHauenmuii pecype, t = 10 4.
PesynbraTn po3paxyHKiB HaBeaeHi B Ta0mumi 1.

Taoauusa 1 — OcHOBHI napaMeTpH i NOKA3HMKHM HATIHHOCTI ABOKacKkaaHOro oxonomxysaya npu T =300 K,
Q0 =2,0 B, (I/S)1 = (/S)2 =1/S = var ajs pi3Hux 3ua4yenb AT B peskumi Amin
R1'103, R2'103, Imaxts | Imaxes I, ny, Ny, | NytNy, 7»'108,
Om Om A A A IIT. IIT. IIIT. UpB| Uz, B Us, B Ao 1/4
AT=60 K
T,=267K;B;=0,328; B,=0,316; ®;=0,426; ®,=0,389; K1; =1,035; K;,=1,018;
W, =4,74 Bt; W, = 13,1 Bt; Wy =17,9 B; E =0,112; n,/n, = 2,28

40 36,4 426 |1,185] 1,23 |0,39| 320 |729,6 | 1050 | 12,2 | 33,6 | 458 | 9,22 | 27,7 | 0,9972
20 18,2 21,3 | 237 | 2,46 |0,78|160,4 |366,5| 5269 | 6,1 | 16,8 | 22,9 | 4,61 | 13,8 | 0,99862
10 9,09 | 10,64 | 4,75 | 492 |156| 80 181 | 261 | 304 | 84 [1141] 23 6,9 |0,99931
4,5 4,09 4,79 1056|109 |346| 359 | 816 | 1176 | 1,37 | 3,78 | 515 | 10 3,1 ]0,99969
2,0 1,82 2,13 | 23,7 | 246 | 78 | 16,0 | 36,5 | 525 | 0,61 | 1,68 | 2,29 |0,455| 1,37 | 0,99986

AT=70K
Tl =262 K, Bl = 0,455, Bz = 0,436, @1: 0,562, @2 = 0,469, KTl :1,043, KTZ :1,021,
W;=17,67 Bt; W, = 23,0 Bt; Wy = 30,67 Bt; E =0,0652; ny/n; = 2,44

40 34,8 42,0 [1,165|1,215|0,53|300,4| 733 | 1033 | 145 | 434 | 57,9 | 37,4 | 112,2 | 0,98884
20 17,4 210 | 2,33 | 243 |1,06]150,2|366,0| 5163 | 7,23 | 21,7 | 28,9 | 18,7 | 56,1 | 0,99440
10 8,7 10,53 | 4,65 | 4,85 |2,12| 754 |183,0| 2585 | 3,62 | 10,8 | 145 | 9,36 | 28,1 | 0,9972
4,5 3,91 447 |110,35|10,78|4,71| 339 | 820 | 1159|163 | 488 | 6,5 | 423 | 12,7 | 0,99873
2,0 1,74 2,10 | 233|243 |10,6] 150 | 366 | 516 | 0,72 | 217 | 29 | 1,87 | 5,62 | 0,99944

I/S
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AT=80 K
T,=256K; B;=0,63; B,=0,59; ®=0,716; ®,= 0,571; K; =1,052; Ky,=1,024;
W; = 13,6 Bt; W, = 53,8 Bt; Wy = 67,4 Br; E = 0,0297; n,/n; = 3,1

40 33,3 417 1112|119 |0,71 3250 1008 | 133,3 | 19,2 | 75,8 | 95,0 |183,0 | 549 | 0,9466
20 | 16,67 | 2083 | 2,24 | 2,38 |1,41]162,5|502,2 | 664,7 | 9,65 | 38,1 | 478 | 915 | 274,4| 0,9729
10 833 | 10,42 | 449 | 477 |2,83] 81,0 |250,1|331,1| 4,82 |19,03| 23,8 | 45,6 | 136,7 | 0,9864
4,5 3,75 469 | 997 | 106 |6,28| 40,5 | 1255 166,0 | 2,17 | 856 | 10,7 | 22,8 | 68,5 | 0,99317
2,0 1,67 208 | 224|239 |141)| 16,2 | 50,3 | 66,5 |0,965| 3,82 | 478 | 90 | 27,1 | 0,9973

AT=90 K
T,=250K;B;=0,874; B,=0,80; ®;=0,907; ®,=0,684; K;; =1,062; K1,=1,024;
W; =483 Bt; W, =291,0 Br; Wy =339,0 Bt; E =0,0059; ny/n; = 4,6

40 32,0 40,8 | 1,08 11,175]0,94|701,4| 3226 | 3928 | 51,4 |309,6 | 361 | 1849 | 5548 | 0,5742
20 16,0 204 | 2,15 | 2,35 |1,88|350,7| 1613 | 1964 | 25,7 |154,6 | 180,3 |924,6 | 2774 | 0,7578
10 8,0 10,2 | 430 | 471 |3,76|1754 | 808 | 9830 12,8 | 77,3 | 90,1 | 463 | 1388 | 0,8704
4,5 3,6 4,6 9,57 1104684 | 789 | 363 | 4418 | 578 | 348 | 40,6 | 208 | 624 | 0,9395
2,0 1,60 204 | 215|235 (188 351 |161,5|196,6 | 257 | 155 | 18,0 | 92,9 | 278,7 | 0,9725

2. AHaJji3 pe3yJbTaTiB MOJeJIOBAHHS 3B'SI3KYy NapaMeTpiB reomerpii rijlok TepmMoeleMeHTIB 3 NMOKA3HHKAMM
HaaliiHOCTi ABOXKACKATHHUX 0XO0JI01KYyBaviB

AHani3 pe3ynbTaTiB po3paxyHKy OCHOBHHX IapaMeTpiB 1 IOKa3HMKIB HaniiiHocTi aBokackagnoro TEY mpu 3amaHomy
nepenasi Temneparypu AT i TeIUIOBOMY HaBaHTakeHHI Qg B PEIKHMI Apin MOKA3YeE, 10 31 3MEHIIEHHSM BiHOIICHHS |/S:

— 30UIBIIYETHCS BEIMUMHA MAKCUMAIILHOTO POOOYOT0 CTPYMY lmaxt 1 Imaxt B Kackamax;

— 3MEHIIYETHCS €IEKTPUYHUIMA OIip T1JIOK TEPMOEIEMEHTIB B Kackanax R; u Ry;

— 30ibIIy€eThCS pobounii ctpym I;

— 3MEHIIY€ETHCSI CyMapHa KUIBKICTh TEPMOETIEMEHTIB Ny + Ny;

— 3MEHILYEThCS 3arajibHe NaaiHHs Hanpyru Us;

— 3MEHIIYEThCS IHTCHCUBHICTH BiAMOB A, Tak npu AT = 60 K 3i 3meniuenusm /S Bix 20 10 2 iHTEHCHBHICTh BiJIMOB
3MeHIIyeTbes B 10 pasis;

— 301JIBLIYETHCS HMOBIpHICTH Oe3BiIMOBHOT podoTtu P.

IMpu 3amaHomy nepenaii Temrepatypu AT, tertoBuM HaBaHntaxeHHsM Qg u (1/S); = (I/S), = const mpomixkHa Temmeparypa
T,, BiTHOCHI mepenaan TeMIepaTypu B Kackagax ®; u @, BimHOCHUI poboumii cTpyM B Kackanax B; m B,, cmiBBigHOIIECHHS
KITBKOCTI TEPMOCIIEMEHTIB B CYMIKHHUX Kackaaax Ny/Ny, 3aranpHa croxkuBaHa moTyxHicTs Wy, XomoamnsHuit koedirient E xe
3aJIeXKHTh BiJl TEOMETDIi T1JIOK TEPMOECIIEMEHTIB.

3i 3pocTaHHAM nepenany temnepatypu AT 1uist pi3HHX 3HA4CHb BiHOIICHHS |/S mpu 3a1aHOMY TEIUIOBOMY HaBaHTaXKCHHI
Qo

— 3MEHIIYEThCS IPOMiKHA TeMIiieparypa T, (puc. 1, kpusa 1);

— 3MEHIIYETHCS XOJIOAMIbHUN KoedimieHT E (puc. 1, kpusa 2);

— 30UTBIITY€THCS BiTHOMICHHS KUJTBKOCTI TEPMOEIIEMEHTIB B Kackanax (puc. 1, kpusa 3);

— 301JIBLIY€ETHCS BIIHOCHUH poOo4mii cTpyM B Kackanax By u B, (puc. 2);

— 301JIBLIYETHCSI BITHOCHUI NIepenaji TeMIeparypH B kackanax @, u @, (puc. 3);

— 30imbIIyeThest podounii ctpym | (puc. 4);

— 3011pLIy€eThCS NagiHHsA Hanpyru Us (puc. 5);

— (yHKIIOHAJBbHA 3aJIEKHICTh CYyMapHO{ KITBKOCTI TEPMOEIEMEHTIB B Ny + Ny Mae ciabo BHPaXKEHUH MiHIMYM

npu AT = 70 K (puc. 6);
— 301IbIIY€ETHCSI IHTEHCHBHICTB BiIMOB A/ (puc. 7);
— 3MEHINY€EThCSI HMOBIpHICTH Oe3BiqMOBHOI pobotu P (puc. 8).

3 HaBeJeHMX TpadiuyHMX 3aJeKHOCTEH BHIUIMBAE, 10 BIJHOMIEHHS KUIBKOCTI TEPMOEJIEMEHTIB B KacKajgaX iCTOTHO
3aJIeKUTH BiJ TIepenagy TeMIepaTypH 3 pi3KUM 3pOCTaHHIM Ha BHCOKHX Iepenaaax Temiepatyp (puc. 1). CymapHa KiUIBKIiCTh
TepMOeTIeMeHTIB (prc. 6) B Aiama3oHi MOMIpPHUX MEPEMmajiB TEMIEPATYp 3MIHIOEThCS HE3HAYHO, MPOTE iICTOTHO 3aJIEKUTh Bif
reoMeTpii T1IJIOK TEPMOEJIEMEHTIB.

3aJexHiCTh BiIHOCHOT IHTEHCHBHOCTI BiZIMOB Bij TIeperasy TeMIeparyp Mae sBHO BUP)XEHHH HEJIHIMHUI XapakTep i
3pocTae B Jiama30Hi BUCOKHMX TEMIEpAaTYpHHX IEpemnaiiB, M0 HEOOXiTHO BPAaxOBYBaTH NPH MPOCKTYBaHHI 1 eKciuTyaTamii
OXOJIOJUKYBAYiB B PeXKMMi MIHIMyMY iHTEHCUBHOCTI BiZIMOB.
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Puc. 5. 3anexHicte 3aranpHoro maainas Hanpyru Us (6)
JTIBOKACKaTHOTO OXOJIOJKYBada BiJl IIepernagy TeMIepaTypu
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Puc. 2. 3anexHicTh BiJHOCHOTO poOOYOro CTpyMy B
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temneparypu AT ipu 7= 300 K; Qo = 2,0 Bt B pesxuMi Amin
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AT nns pizHuX 3Ha4YeHb BigHowenHs I/s mpu 7= 300 K; Qp =
2,0 Bt B pexxuMi Anin

AT, K
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/X IBOKacKagHOTO  OXOJO/MKyBaua Bifg mepemagy (6)  JBOKACKagHOTO  OXOJIOJDKYyBaya Bl Mepemany
temneparypu AT jurst pisHux 3Hadens 1/a; t = 10% 4 B pesxumi  Temmeparypu AT st pisaux sHauens 1/4; t = 10% 4 B pexnmi

7‘lmin. 7"min.

BucnoBku

1. Po3pobieHO HaAiIHHICTHO-OPIEHTOBaHA MOJIETb JBOKACKAIHOTO TEPMOECJICKTPUYHOIO OXOJOPKYBada, MI0 3B'A3y€
MOKA3HUKH HAIITHOCTI 3 EHEPreTUIHUMH MOKA3HUKAMH 1 KOHCTPYKTUBHUMHU [TapaMeTpaMH TEPMOEIEMEHTIB;

2. Amamiz Mopeni CBITYHTH MpO Te, IO NPH TOOyAoBi nBokKackamgHux TEY 3 OJHAKOBOI TEOMETPI€I0 TLIOK
tepmoenemenTiB B kackanax (1/S); = (I/S), 3a paxyHok 3menienns Bignomenns I/S moxHa 3HauHO (B 2—10 pa3iB 3aiekHO Bix
nepenany temreparypu AT) 3MEHITUTH iHTCHCHBHICTD BiIMOB A/Ag TIPH 33IaHOMY TEIUIOBOMY HAaBaHTAXCHHI B PEXKUMI Amjn.
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Anomayia. [Jana poboma npuceauena npospammomy npooykmy 01 aemomMamu3ayii 6UAGNEHHS MOYOK 3DOCMAHHA i
nomenyiany HOBUX HANPAMKIE HAYKU MA HAYKOBO-MexHiyHo2o npocpecy. OO0 cKmom O0O0CHiONHCeHHA SUCMYNAE 2any3b
asmomamu3sayii 00pobKku oanux. 3a60AHHAM NPOEKMYBAHHS € PO3POOKA 8eO-pecypcCy, U0 OP2aHi308y€ 83AEMOOII0 NPOSPAMHUX
npoyedyp 3 6azor danux. IIpu 0ocniodicenHi OCHOBHUX nPoOiem npedmemnol obracmi, aHaizi aHaI02ie ma 3acobie po3pooKu
0yn0 0b6pano 0b’exmuo-penayinny cucmemy ynpasninus 6azamu oanux PostgreSQL. [ns po3pobku npocpamnozo npooykmy
suxopucmano @peimeopk Django - einbHuil @petimgopk 0nsi 6eb-0o0amxie Ha mosi Python, wo euxopucmogye wabiou
npoexmyeannss MVC. Inmepgeiic 6yno nobydosano ma mogi posmimxu HTML ma CSS. Taxooxc 6yno euxopucmaro
wabnonizamop Jinja, ons 06’ conanns html-ghaiinis. 3a nobyoosy epaghixie sionogioana nioxkniouena oioniomexa ChartJS.
Hayxosa nosusna nonsieac y 06’conanti 6Cix 0aHux npo HayKosyie maxux Haykomempuunux 6as sx: Web of Science (WoS),
Scopus ma Google Scholar na edunomy pecypci, de U 8i00y8aemMbCsl aHANIMUKA OAHUX MA 38iMYGAHHA HAYKO8YiE. YV
pe3yromami pobomu 6OY10 CMEOPEHO NPOSPAMHUU NPOOYKM, SAKUUl 8i0N0Gioac 6cCiMm eumozam Oisl cucmemamusayii
HAYKOMEMPUUHUX OAHUX HAYKOBYI8, a maKodic onpayiosanis cmamucmuynux oanux OHAXT. Jlanuili npoepamuuti npooykm He
€ BUMOTUBUM 00 ANAPAMHO20 3a0e3neqenHsl, Wo 00360JIE BUKOPUCIOBY8AMU 000AMOK WUPOKOMY KOy atodell. A sapmicmb
BUKOPUCMAHHS 0AHO20 RPOOYKMY pieHa sapmocmi 0ocmyny 0o mepeoici Internet.

Abstract. This work is devoted to a software product to automate the identification of growth points and potential of new
areas of science and scientific and technological progress. The object of research is the field of data processing automation.
The task of design is to develop a web resource that organizes the interaction of software procedures with the database. In the
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study of the main problems of the subject area, analysis of analogues and development tools, an object-relational database
management system PostgreSQL was chosen. The software was developed using the Django framework, a free framework for
Python web applications that uses the MVC design template. The interface was built in HTML and CSS markup languages.
The Jinja template was also used to merge html files. The connected ChartJS library was responsible for plotting the graphs.
The scientific novelty is to combine all data about scientists in such scientometric databases as: Web of Science (WoS), Scopus
and Google Scholar in a single resource, where data analysis and reporting of scientists takes place. As a result of the work, a
software product was created that meets all the requirements for the systematization of scientometric data of scientists, as well
as the processing of ONAHT statistics. This software product is not demanding on hardware, which allows the application to
be used by a wide range of people. And the cost of using this product is equal to the cost of access to the Internet.

KrouoBi cjioBa: HaykoBi 0a3m, aBTOMaTH30BaHi pecypcH, GpeHMBOPKH, TUTYBAaHHS, BeO-T0JaTKH.
Keywords: scientific databases, automated resources, frameworks, citations, web applications

Beryn

OcraHHI AeKiJbKa POKiB MUTaHHS HAYKOMETpii HIMPOKO OOrOBOPIOIOTHCS B HAYKOBO OCBITHil criiibHOTI. Bike Hikoro He
JuBye, 10 OibmiomerpuyHi 0a3n JaHMX € HE IalepOBUMH, a EJIEKTPOHHUMH, SIKi pO3poOiIolThcs (axiBusMH 3
indopmariiiaux TexHosoriil. Buacmizok possutky Ttexuomorii Web 3.0 Ta Science 2.0, HayKOMETpHYHI TOKa3HHKH
JOCIIIIKEHb BYEHOTO CTAIH MIMPOKO JOCTYMHUMH. Tako)k HayKOMETPHUHI TIOKa3HUKH CTAJIH IHTCHCHBHO BHKOPHCTOBYBATHCS
pi3HOTO PiBHA aJAMIHICTPATHBHAMH OpTaHi3allisIMK B YIIPaBIiHHI HAYKOBOI JisSUTEHOCTI, 30KpeMa MPH 3BITHIH JOKyMEHTAIIIi.

Mera i 3aBmaHHA PO3POOKH — CTBOPUTH NPOTPAMHUH MPOIYKT, SIKMH 3a0€3MEUUTh NMPOTPaMHy MIATPHMKY 30€peKeHHS
HayYKOMETPHYHUX HayKoBO-mocuinaux npariBaukiB OHAXT ta cTBOpeHHS 3BiTHOI foKyMmeHTamii. HeoOXigHo mpoaHamizyBaTH
TpeMETHY OONacTh W BHSABUTH psl MpodiieM y cdepi HAyKOMETpii, JNIKBiZyBaTH iX y mporeci po3poOKH HpOrpaMHOTrO
3a0e3MeueHHs.

TeopeTuuna yacTuHa

3 TpaHchopmaliiero aoctymy a0 indopMariii Ta 11 3arajabHO0 100ai3alli€ero Mo BChOMY CBITY MOYaBCs MEePioj] CTPIMKOTO
ii 30inbIneHHs. [HpOpMaIiI0 cTano JEerko 3HaXOJUTH Ta 3aBaHTaXKyBaTH 33 MIHIMyM 4acy Ha Oy[b-sKMW i3 JOCTYIHHX
SJIEKTPOHHHX Ta/KeTiB. BuBuatoun 6eHUMapKiHr pe)OpMOBaHNX HAYKOBHX IIEHTPIB, SIKI 3HAWIIIN CBOIO JIAHKY Ta CIIOCOOU
opraHizariii 3BiTHOI JOKyMEHTAIIii, CJIi]] iMIZIEMEHTYBAaTH iX TOCBiJ y BIACHY IisUTbHICTb.

HaykxomerpudHa 6a3a maHuWX BiacHOi reHeparii — me 6i0miorpadidna i pedepatnBHa 0a3a JaHWX 3 IHCTPYMEHTAMU IS
BIZICTeXKCHHSI IIUTOBAHOCTI CTaTeH, OMyOJIiIKOBaHMX Y HAYKOBHX BHIAHHSIX, 3 IHIIOTO OOKYy IIe pO3ALT HayKO3HABCTBA, IO
3aiMaEThCS CTATUCTHYHIMH JOCHTIHKEHHAMH CTPYKTYPH Ta JWHAMIKH MAacHBIB i MOTOKIB HAYKOBOI iH(OpMAIIii PO OKpeMOoro
HayKOBIISl 800 HAYKOBOT'O KOJIEKTHBY.

Haii6inbi aBTOpUTETHI 1 MOBHI MKHApOHI 0a3u AaHUX, CIPSIMOBAaHI HA BUBUCHHS HAYKOBOI aKTHBHOCTI KpaiH (BUEHHX,
opranizaiiiii) 3a Oibmiomerpuunumu mokasHukamu: Web of Science (WoS), xopmnopamii Clarivate Analitics Ta Scopus,
BuaaBHMYOI Kopriopattii Elsevier. Ix 1ani BpaxoByroThcst B pisHUX MiXKHAPOAHHX i HALliOHAILHUX PEWTHHIOBUX cucTeMax [1].

Clarivate Analitics Takox Oyna crBopeHa miargopma ResearcherlD, sika TpancopmyBamacs y Publons y 2019 pormi.
[Ipo¢ine BueHOTrO Ha MaHii wIaThopMi MOXKE MICTHUTH HaHi PO IHCTUTYTCHKI 00'€MHAHHS, HOCIHITHAIBKI 007aCTi, a TAaKOX
crucoK myodikarii [2].

ORCID — mie oavH BaKJIHBHI MIDKHAPOIHHWIA peecTp BueHHMX. Ha mifcTaBi OTO peecTpy BUEHI 3a0e3MeuyroTh COOI:
KOPEKTHY LIMTOBAHICTh CBOIX CTaTel, MOXJIMBICTb IOJAaBaTH CBOI CTaTTi B IMPECTHXHI MIKHApPOJHI HAYKOBI BHJaHHS,
MOXJIMBICTb Y4acTi B PEUTHHIaX MIKHAPOHOTO PiBHS, MOXKIIMBICTh OpaTH y4acTh y MOAa4i 3asiBOK Ha IPAHTH.

Takox icHye Google Scholar — 0e3komTOBHa IONTYKOBAa CHCTEMa 32 NMOBHUM TEKCTOM HAYKOBHX NyOIKaIlif, BCiX
tdopmarti 1 gucrumunid. [Ipoekt mpamroe 3 2004 poky Ta BKiIto4yae B ceOe daHi i3 OUTBIIOCTI PEIICH30BAaHUX OHJIAWH JKypHAIIB
HaWOUIHIINX HAYKOBUX BHAABHUITB €BPOITH Ta AMEPHKH.

OcHoBHa Tpo0OJsieMa AaHOi MpeAMETHOI 00NacTi Mojsrae y BiJICYTHOCTI SIKICHOI HAayKOBOi KOMYHIKallil MK BUEHHMH,
BHACJIIZIOK YOT'O BHHHUKAE BEJMKA KITBKICTh HEBHPIMIEHUX HAYKOBO-IOCTIIHUIBKUX IMPOOJIeM, a TAaKOXX BEJHKI MacHBH
HAayKOBOI 3BITHOI JOKYMEHTAIIii, SKi 3a3BUYail BHKOHYIOTHCS Bpy4HY [5].

CTBOpeHHS HAYKOMETPUYHHX 0a3 JaHUX Ta MIDKHApOJHUX PEECTpiB BUEHUX 1M0OOpoJo iH(OpMAaIiifHy KpH3y Ta Haxaio
HAyKOBUM JIOCIHIIHUKaM 3pYYHHH MEXaHIi3M IIOLIyKy HayKOBOi JiTepaTypu Ta iX aBTOpiB, IIO JO3BOJISIE HAJIATOAWUTH
KOMYHIKaI[if0 M)XK HUIMH I 36KOHOMUTH 4ac, SIKM MOKHA TPUCBATHTHU ISl JOCIHIIKeHb. AJle ¥ joci HassBHUH TOH (akT, 1o
JIaJIeKO HE BCi HAYKOBI JIOCIITHUKH KOPHCTYIOTHCS LIMMHU PO3POOIEHIMH TEXHOJIOTISIMH.

KoxeH 3 pO3MISSHYTHX aHAJIOTIB Ma€ IEBHI IepeBard Ta HEMOJIIKW, AEAKI HAJAl0Th 3pyYHI MOXIIHMBOCTI IOIIYKY Ta
BHUBEJICHHS aHAJITUYHHUX JIaHUX, ajie He 30epiraloTh JaHUX MPO MyOJIiKalii Ta MOCHIaHHS 0 HAYKOMETPUYHUX CEPBiCiB abo
HaBIAaKH. AJe 10 3aralbHUX HEIOJIKIB IIUX MPOTPAMHUX MPOAYKTIB MOXKHA BiTHECTH:

— BOHH HE Ay)X€ 3pY4Hi y BUKOPHUCTAHHI;

— He MiAXOJATH IPU BUKOPUCTAHHI Y paMKax OJIHi€l yCTaHOBH;

— OUIBIIICTD aHANITUYHHUX JAHUX OPIEHTOBAHO Ha 3arajlbHy KapTHHY, a HE Ha HAYKOBIIIB;

— TIepeBakHA OiIbIIICTh (PYHKIIOHATY OPIEHTOBAHO JIMIIE JJIsl O3HAHOMIICHHS 3 JIaHUMU;

— BIJICYTHSI MOXKJIMBICTb CTBOPEHHS 3BITiB.
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IpakTHYHA YAaCTHHA

Jnst peanizaiii mporpaMHoi yacTHHE Oyino BHKopHucTaHO Django, sikuit € BinbHUM (peHMBOPKOM st BeO-I0JaTKiB Ha
MOBi mporpamysanus Python, Bin BukopuctoBye apxitektypy MVC. Jlis pobotu 3 6a3or0 manux Django BHKOPHCTOBYE
texHosorito ORM, ska noB's3ye 0a3u JaHWX 3 KOHIEMIIIMH MOB 00'€KTHO-OPIEHTOBAHOTO MPOTPaMyBaHHS, TOOTO MOIEITHh
JaHUX OIHCYEThCS Kiacamu Python, i mo wilf TeHepyeThest cxema 0asd TaHWX, BKIOYAIOYHM THIA TONIB 1 3B'SI3KY.
OyukIioHaNsHICTh Django po3MmUprOeThCs 3aBASKA IUIATIHAME - MPOTPaMHi MOy, SAKi TO3BOJISIOTH JOJATH B JOJATOK
HeoOXimHy ¢yHKIioHambHICTE. Takok Django 3abesmeuye Gesrneky i BeO-T0IaTKiB, a caMe 3aXKCT BiJl HABMHUCHOI aTaku y
BUIIISII MikcaiToBOI minpo6ku 3amuty (CSRF), XSS arax i SQL-iu'exrriii.

Ha pucynky 1 HaBeneHa indopmMarliiiHa MOJIETb B3a€MOIIT KITI€EHTa 3 CEPBEPOM Ta B3aEMOJIisi KOMIIOHEHTIB cepBepa Mix
coboro. IToOynoBa iHpopManiiHOi MoJeNi BUMarae MOJAaHHs CYTHOCTEH TaOIMLsIMH, a aTpUOYyTiB CyTHOCTEH - CTOBIIISIMU
TabNuIb; A7 MOXKIMBHX KIIIOUiB BH3HAYAETHCS OOMEXKEHHs unique, 30BHILIHI KIIOYl CTAIOTh JEKIapauisMH MOCUIaIbHOI
uinicuocti. Konetpykuii B iHpopMarliiiiHiii Moxesni nmoBuHHI Oyt peainizoBani B oOpaniii CYBJl. Ockineku po3poOmoBaHa
mporpama € Be0-10IaTKOM, BOHA PO3TALIOBYETHCS HA CEPBEPI.

Server
Browser
request

1‘equest response

request

URL — I

View

Data Base Model (ORM) Template

Browser — kuicumcokuil acenm(inaxuie opaysep) 0is 63aemo0ii 3 cepeepom 000amKy 3a
donomozcoro  nepeoaui  cinepmekcmy, SEIVEr — npoepamue cepedoguwe O
@yHuryionysanns cepseprux dooamxkie ma BJ], sionosioac na sanumu kiieuma; URL —
Gopma yuixanvnoi adpecu KoHKpemHnoz2o eeb-pecypcy 6 mepedici Inmepnem,; View —
Micye posmiwenns «nocikuy pobomu oooamxy;, Model (ORM) — mexnonoecin
nPOSPAMYBAHHSL, AKA NOG S3VE OA3Y OAHUX 3 KOHYEenyiamu 06 EKMHO20-NPOSPAMYBAHHS,
AKA CMBOPIOE «GipMyanvHy 06 'ekmuy 6azy danuxy; Template — koo, axuil gionogioac 3a
opmysanns 306HIUHBLO2O GUSTAOY O000AMKY, MAE CHeYianlbHULl CUHMAKCUC, KUl
ooseonse snposadscysamu oani y koo HTML;Database — 6aza oanux, nobyoosana na
OCHOBI MOOeN, AKa 3a0060.1bHAE nompeodu 000amKy

Puc. 1 — Indopmauiiina moaesn

baza nmanmx 30epirae Bcio HEOOXiqHY iH(OpMAIIO A MOBHOLIHHOTO (QyHKUIIOHYBaHHS cucteMd. OO0'€eqHAHHS BEJIUKO]
KIJIBKOCTI JTaHMX B €AMHY 0a3y mae 3Mory ais gopMyBaHHsA Oesiivi Bapiawii rpymyBaHHs iH(opmanii — ocoOucti nasi
KIIIEHTA, 1CTOpisl 3aMOBJIEHb, KaTajor ToBapiB Ta Oyap-mio iHme. ['omoBHOlo mepeBaroio b/l € mBHIKICTE BHECEHHS Ta
BUKOPHUCTAaHHs NMOTPiOHOI iH(opMmauii. 3aBIsKK CreniaJbHUM JITOpPUTMaM, SIKi BUKOPHCTOBYIOTHCS /I 0a3 JaHWX, MOXKHA
JIETKO 3HAaXO/JNTH HEOOXiJHI JTaHi BChOTO 3a JAEKiIbKa ceKyHJ. Takox B 0a3l JaHUX iCHy€ NMEBHUI B3a€MO3B'sI30K iH(poOpMallii:
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3MiHa B OHOMY PSAJKY MOXXE CIPUYMHHUTH 3MiHHM B IHIIMX pSKax — L€ J0IoMarae MpamoBaTy 3 iHpopMalli€lo npoctinte i
mBume [3]. basa manux ckiaagaerbes 3 11 Tabnuip mos’s3aHuX Mixk co6oro. basa npuseneHa 10 3-0i HOpMaILHOT POPMHU Ta
MICTHTB 3B'SI3KH OJIMH J10 Oarathox. Cxema 0a3u JaHuX 300pakeHa Ha PUCYHKY 2.

FF institute

id_imstituke  integer
LEtitle_institute varchar
Fabbreviation wvarchar

= faculty

iid_Faculty  integer
sEtitle_Faculty varchar
institute integer
.~ abbreviatiom varchar

-

I department
E degres E woni_state F rak id_department  integer = post
id_degree  integer id_state integer Fiid_rank  integer LEtitle_department varchar Fid_post  integer
iEtitle_degree varchar iEtitle_work_state varchar yEtitle_rank varchar + abbreviation varchar = title_past varchar
L Faculky integer
T A rans
. - ‘T-HWN@MJ_
=+ .
FF scientist
+id_selentist integer
+Elastname_uk varchar E speclatlty
= Firstname_uk varchar iid_speciality  integer
= middlename_uk varchar = speciality_title varchar
Flastname_en =TT Especiality_code varchar
JEFirstname_en varchar 4
= email varchar
= orcid varchar
= publons varchar seciality_kdid smeciality
= scopusid varchar
= h_index_scopus smallint
= google_scholar varchar
“h_index_google_scholar =mallint
= publons_count_pub smallint
= scopus_count_pub smialint
= google_scholar_count_puksmallin:
“rank integer
“degree integer
~pest integer
department integer
“work_state integer = sclentt T
= pubs_publons bext = -
T pubs_scopus bendt —rid integer
g e et Siscientist_id  integer
= dabe_update dabe Cispeciality_id  integer
i% authorization boolean
= login varchar
= password varchar
= profile_id varchar
= draft boolean
= h_index_publons smallink
+

el

Puc. 2 — Tabauns HAyKOBIiB
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VY naHoMy HpoeKTIi Juisl peantizauii fonaTky i Horo 3B’s3Ky i3 B/l BukopucroByBascs BnacHuii ORM.

ORM - TexHoJIOTis MpOorpaMyBaHHs, SKa 3B'I3y€ 0a3M JaHUX 3 KOHIEMNLISIMHA 00'€KTHO-OPIEHTOBAaHUX MOB MPOTpaMyBaHHS,
CTBOPIOIOYN «BIpTyaJibHy 00'ekTHY 0a3y naHux». ICHYIOTH SIK mNpompieTapHi, Tak 1 BuIbHI peamizamii mi€i TexHOJOTII.
BukopucranHs Takoro (peiMBOpKYy I03Boiyisie Oe3 3HAUHUX BTpaT 3MiHIOBaTH 0a3y NaHWUX INPH HEOOXIJHOCTI. 3HHKAE
HeoOXigHicTh nepenucyBaty yci SQL-3anuTu HaBiTh pH Benukux 3MmiHax. Django ORM npusHayeHa /i1 BUpIIIEHHS 3aBAaHb
00'eKTHO-peIIifHOTO BinoOpakeHHs . BoHa sBisie o000 BiNbHE MpOTrpaMHE 3a0€3MEUYCHHS 3 BIAKPUTHM BHXITHUM KOIIOM.
Jana 6ibmioTexka Hamae JeTKWH y BHKOPHCTaHHI KapKac M BigoOpakeHHS O0'€KTHO-OPI€EHTOBAaHOI MOJENi MaHWX B
TpamuIiiHI persmiiai 6a3m manmx.Django ORM He Timpku BuUpinlye 3aBHaHHS 3B'A3Ky KiaciB Python 3 tabmumsimm Gasm
JAHWUX, a ¥ TaKOXK HAa/la€ MEXaHi3MH JIJIsI aBTOMATUYHOI TeHepallii i OHOBIIEHHs HaOOpy TabIHIb, MOOYJOBH 3aMUTIB 1 00poOKH
OTPUMaHUX JaHHUX i MOJKE 3HAYHO 3MEHIIUTH Jac po3poOKH, sSKe 3a3BHUail BUTpadaeThesa Ha pyune HamucanHsa SQL ta JDBC
koxy. ORM aBTomarmsye rerepariro SQL-3anuTiB i 3BUTbHSIE PO3POOHHKA BiJl pydHOI 0OPOOKH Pe3yabTYIOYOT0 HAOOPY AaHUX
1 IepeTBOpeHHs 00'€KTIB, MAKCUMAJILHO TOJIETIIYIOYH IEPEHECEHHS JOAATKIB Ha Oyb-ski 6a3u qanux SQL. [Tos's3ani 06'ekTi
MOXYTb OyTH HaJIAIITOBaHI Ha KackajHi omnepauii. Hanpuknaza, 6aTbkiBChKUIA Ki1ac, MOXke OyTH HallalITOBaHWI Ha KacKaJHe
30epexkeHHs1 1 / abo BHIalieHHs cBoro Hamajgka. Lle Moke cKopoTHTH yac po3poOku i 3abe3medyuTt HimicHicTb. DyHKIIS
MepeBIPKU 3MIHM JaHUX J03BOJISIE YHHUKHYTH HEMOTPiOHOro 3amucy Aid B 0a3zy NaHWX, BUKOHYIOUM SQL-OHOBIICHHS TUIBKH
OpH 3MiHi MOJB NEPCUCTEHTHUX 06'ekTiB [4].

MaketyBaHHs caiiTy OyJ10 BUKOHaHO y Iiporpami po3poOku intepdeticiB Adobe Experience Design. Adobe XD BxoauThb 10
naketa Adobe Creative Cloud, mae Oarato TmariHiB, MOJIHMBICT CTBOPEHHS IHTEPAKTHBHHX IPOTOTUIIB Ta 3pydHi
IHCTpYMEHTH IS pO3pOOHHUKA.

Jus peamizanii KII€HTCHKOI YaCTHHH BUKOPUCTOBYIOTHCS TakKi TeXHouorii sk : 3B’s3ka HTMLS, CSS3, JavaScript (3
BUKOpPHUCTaHHAM Oi0mioteku JQuery).

Y nobyayBanHi rpadikiB Oymno Buxkopuctano Chart.js, iIHCTpyMEHT JIETKAH Y CBOEMY BHIO3MiHI 30BHIIIHBOTO BUTIISAY Ta
BUOYIOBYBaHHI JJaHUX B Jliala3oHi 4acy Ta Jorapu@MivHiil mkai.

PesyabraTn

[IporpamHe 3abe3nedeHHs po3polJeHe B paMKaxX MaHOTO IPOEKTY Mae KIACH(IKALII0 KIi€HT-CEPBEPHOTO IOAATKY 3
TPUPIBHEBOIO apXiTEKTYpOIO: KII€HT, CepBep AONATKIB Ta cepBep 0a3u maHuX. [l KOPHCTYBaHHS JaHUM JOJATKOM HEeoOXinHa
Oynp-sika mporpama-Opaysep. Ale pekoMeHIyeThcsl BuKopuctoByBatH (Google Chrome, came Ha mpoMy Opaysepi Oyma
NpOTEeCTOBaHa poOoTa noaaTKy. CHCTEMHI BUMOTH JUIS ONTHMAIILHOTO KOPUCTYBaHHS Opay3epoM MPEACTaBICHI HIKYE.

Taoauusa 1 — OnTumaibHi cucremHi BumMoru 6paysepy Google Chrome nounnarwuu 3 Bepcii 83.0.4103.61.

Bumoru 1o Windows Bumoru no Mac Bumoru g0 Linux
Ornepariiina cucrema Windows XP SP2+ Mac OS X 10.06+ Ubuntu 10.04+
Windows Vista Debian 6+
Windows 7 OpenSuSE 11.3+
Windows 8 Fedora Linux 14+
Windows 10
ITpouecop Intel Pentium 4 / Athlon 64 a6o 6inbiioi Bepcii i3 niarpumkoro SEE2
[Tam’sITh Ha )KOPCTKOMY JTUCKY 350 M0
OrneparuBHa 1naMm’siTh 512 M6

Jis oyaTky KOPHCTYBaHHS pecypcoM HOTpiOHO y Opaysepi mpommcaTH aapecy, ¢ BiH po3MimeHuid. CTOpiHKOW mpu
3aBaHTa)XeHHI pecypcy € «['0joBHa» CcTOpiHKa, sika 300paxkeHa Ha pUCyHKY 3. Ha Hilf po3TaiioBaHi peHTHHIM HayKOBIIB 32
KUTBKICTIO ImyOJTiKaliii y pisaux 6a3zax (Google Scholar, Web of Science, Scopus) Ta indopmarris mpo pecypc.

Ha cropinni «ITomryk» po3millieHHit 3araipHui Mepellik yciX HaAyKOBLIB 3a 3aMOBUYBaHHSM 32 aj(aBiTOM Ta MOXJIMBICTh
MOUIYKY Cepe/l HUX 3a PI3HUMH apamMeTpaMH.

3aranpHUHA MOMIYK MoXke OyTH 3xilicHeHmit 3a Takxmmu noisimu: I1IB, xadenpa, cmeniansHicTs, ORCID. BincopryBatn
MokHa 3a h-index abo ingexc Xipma pi3HHX HAYKOBINB 3 Pi3HMX HAyKOBHX 0a3 3a 3pOCTAaHHS Ta CIAAAHHAM. Y IIOIIYKY
HaJaloThCsl KapTOUKM NMpoQiIiB BUCHHX Ha SKHUX € MiHIManbHa iH(opmanis Juid 3aransHoro kopucrysanHs: I1IB (ykp. Ta
aHIJL.), IHCTHTYT, (QaKynbTeT, kadeapa, rmocana, CTyMiHb, 3BaHHS, cliemianbHicTh Ta HaykoMmeTpuuHi nani (ORCID, Google
Scholar, h-index Google Scholar, Publons, h-index Web of Science, Scopus 1D, h-index Scopus).

ABTopH3allis Ha pecypci Oy/ie paHKOBaHOK. [i 3MOKYTh IIPONUTH KEPIBHUKU CTPYKTYPHHX MifPO3/IiJIiB, BiANOBianbHuii 32
3BIT HAYKOBOi JISUTBHOCTI € MpAIiBHUKK KOOPJMHAIIHOTO IIEHTPY BHIAHHA Ta HayKoBO-TexHiyHa Oi0Omioreka OHAXT.
ABropuzariist HeoOximHa s (GopMyBaHHS 3BITHOI JOKYMEHTalii 3a TaKUMHU IIaOIOHAaMHU 3aTBepIKEHMMH MiHiCTepCTBOM
OCBITH HayKH Y KpaiHH:

— HaykomeTrpudHi MOKa3HUKH (BiAOBIAHO cTaTyCy HamioHadsHOTO 3BO).

— HaykoBi, HayKoBO-TIearoriydi NpamiBHUKH, SKi MaOTh HE MEHIIE II SITH HAayKOBHX IyOmiKamid y HepioJudHUX
BHUJAHHS, SKi Ha 4ac myOJikaiii Oyslo BKJIIOYEHO J0 HaykoMeTpuuHuX 0a3 Scopus abo Web of Science (BimmoBigHO cTarycy
HarionansHoro 3BO).
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— Tloxa3HuKHM HayKOBOI Ta HAYKOBO-TE€XHIUHOI MisSUIEHOCTI 32 5 POKIB.

— Chucok HayKOBHX IIpallb, OMYOJIKOBaHMX Ta NPUHHATUX pENakUielo A0 APYKY 3a NEBHHH pIK y 3aKOpJOHHUH
BUJIAHHSAX, SKi MaOTh iIMIakT-(akTop, 3a popmoro (okpemo Scopus, Web of Science).

Taxo>k aBTOPH30BaHUM KOPUCTYBadaM JOCTYIIHA OBHA iH(opMalis po npodecopchro-BuKananpkuii ckiaax OHAXT.

= . AN
Sm TonosHa S 3piTH ! IHosigxa | Bxin ( il )

TonoBHa

Tomn-10 HAayKOBLIB 3a KiJIbKIiCTIO My6TiKaLin
Google Scholar Web of Science Scopus

1. detocos Cepriit Hukudoposuy

2. Eropos Borpiau BikTopoBuy

3. Kanpenbsiny Jleonin BiktropoBuy

4. Nununenko JhomMuna Muxonaisxa
5. Apremenxo Ceprii BiKTOpoBuY

6. Xo6iH BikTop AHApiHOBHY

7. Kanaman Onera Bopuciena

8. lNosapoea Hatana MukonaiBHa

9. JaropieHKo Bomogumup BiKTOpoBHY

10.0; Onera

IIpo Hac

KoMy 6110 3BEPHYTO

FHMMI CTYXXGaMHM, SIKi CTBOPIOIOTh HayKOMETPU4Hi 623k

Mesio KopucTHi nocunasHs KoHTakTHa iHQopManis
c /]J TonoBHa Hayxosi 6asu Yxpaina, 65039,
Mowyx ONAFT4ref M. Opteca, yn. Kanatsa, 112
Hosinxa Need2Know R, +38(048)712-41-88
L 4 @ o 3siTn Web of Science & index onaft edu.ua
Scopus
= e 20201 SIM”°

Puc. 3 - T'oj10BHa cTOpiHKa

VY mpodini HaykoBIs 300pakeHa HeoOXimHA iH(OpMAIlis, sika po3aiieHa Ha OJOKH. Y BEpXHBHOMY OJIOI MOXHA MTOOAaYNTH
IIb Ha ykpaincekiii Ta anrmidcekiit MoBax, OHAXT ID xopucryBaya Ta iH(OpMaIlisi CTOCOBHO OHOBIICHHS mpodimo. Y
HacTynmHoMy OJoni 300paxkeHa iH(pOpMAILlsl PO NMPHHAIEKHICTh IHCTUTYTY, (akyinbTery, kKadeapi, Horo nocana, CTYIiHb,
3BaHHs, CHELiaNbHICTh, €JEKTPOHA IOlITa Ta MOTOYHMH cTaH B akazemii. llle Hikue 300paxkeHi paHi npodiniB y
HaykomeTpuunux G6azax: ORCID, Google Scholar, h-index Google Scholar, kinekicts my6uikaiiii y Google Scholar, Publons,
h index Web Of Science, kinbkicts myoumikaniii y Web Of Science, Publons, h-index Web Of Science, KijbKicTh myOsiKaiii y
Web Of Science, Scopus ID, h-index Scopus, kinekicts my6Guikamiit y Scopus. Takox 306paxkeni rpadiki CITiBBiIHOIICHHS
KiJTbKOCTI ImyOuikaniii ta h-index. Y HuXHBOMY 01011 IPEICTABICHO HEPETIK MyOITiKaIii HayKoBIs.

Ha cropinni «JloBigka» HagaeTbest ONKC pecypey, HOTo MeTa, KOPOTKUI €KCKYpC MO (YHKISIM IPOrPaMHOTO TPOAYKTY.
Takox HIKYE € IHCTPYKIIiS, SIK Y TEKCTOBOMY BHJI, TaK 1 y BUIVISAL BiZJeO-IHCTPYKIIT CTOCOBHO LILOTO pecypey. JlomaTkom e
€ Bijieo MoJiepauii Tpo¢iniB y HAYKOMETPUYHUX 0a3ax JaHuX.

BucHoBknu

Po3pobnernii MpoeKT € AKICHUMH IPOTPaMHUM HPOIYKTOM, KW BiANOBIa€ yCiM MOCTaBJIEHUM /0 HBOTO BUMOTraMm. [Ipu
BUKOHAHHI Oyl BHBYEHI MpEJCTAaBJICHI HA JaHWH 4Yac Cy4acHi TEXHOJIOTii PO3pOOKH MOJATKIB KJII€HT-CEPBEPHOTO THITY, a
came BimpbHHMH (pelimBopk Django, moBa mporpamyBanHs Python Ta oTpmmani HeoOXigHI HABHYKHM CTBOPEHHS SKICHHX Ta
CTIMKHX BeO-IOAATKIB, BUKOPUCTOBYIOUN 6i0mioTexy JQuery. Po3pobnennii mporpaMHUil MPOAYKT BIPOBAIKEHO y POOOUHHA
nporniec HaykoBo-TexHiunoi 6i6mioteku OHAXT. V momanpmioMy ImaHyeThCsSl JOOIPAIIOBAaHHSA PO3POOJICHOTO MPOTPaMHOT0
MPOAYKTY.
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Anomayin. Haoilina poboma cyoHo8o2o ma 6epec08020 nepesanmanicy8aibHo20 00IAOHAHH Npu nepepobyi Macoozo
BAHMAICY 3 BUKOPUCMAHHAM KpAaHi6 3 epelighepHum nidgicom 3a0e3neuyemvcsi NpUHAueHHAM pedicumy pobomu Kpawa i
NIOMPUMAHHAM MEXHIYHO20 CAKY U020 eleMeHmi6 i 8y31i. B ymosax 3pocmaiouux 06cs2ie nepegesenb Maco8020 GAHMAdNCY
Mopem | OCBOEHHS YUX BAHMAICONOMOKIE CYUACHUMU CNEeYiani3o8aHuMU CyOHAMU, AKMYATbHOIO NPOOIEMOIO € CKOPOYEeHHS
4acy CMoOAHKU 30 PAXYHOK NIOBUWEHHS NPOOYKMUBHOCMI NEPeeanmadiCy8aibHo20 001a0-Hauua. Amaniz excniyamayii
CYOH08020 KpaHa 3 epeliheprum niogicom noxazas, wjo 8pasiueum i KUl npuzeooums 00 300i6 8 pooomi, € BAHMANCHUL
niogic 3 epetigepom. Jlecmpyxmueni npoyecu 8 U020 eNEeMEHMAX HA PAHHIX Ccmaodisax OIacHOCYBAHHS He 3A8IHCOU
8i006pasicaiomyb, MoMy OCHOGHUMU 3aX00aMU NIOBUUEHHS NPOOYKMUBHOCMI KDAHA € 600CKOHANEHHS CXeMU MEXHIYHUX PilleHb
epetipepnux 8y3nig. 3 yciei HOMEHKIAMYPU MACOB020 GAHMAIICY KPYNHOKYCKOGOU BAHMAIC CKENbHUX NOPIO 668AHCACMbCA
CKAAOHUM 00 nepepooOKu, momy Oyau NpoaHanizoéani pooOYi ereMeHmu GaAHMANICHUX epelighepid Ol BANCKUX YMO8
excniyamayii. Y cumyayii, wo ckianacs, GUKOPUCMAHHA KIACUYHO20 NPUCMPOI0 0eMR@YEanHs KOIUEAHb, 8 OCHOBI AKO20
3aCMOCO8YIOMb NPYICUHHUL OeMnghep, MA€E psi0 HeOONIKI8 O/ MOpsl, KL NOISA2AOMb 8 HeOOXIOHOCMI 000AMKOBUX e/leMeHINI6
363Ky pobouux opeanie 3 Oemnghepom i eumpam Ha pemMOHmMHI poOomu npu 3aMiHi npyjicut. 3acmocysanis 0emMnyroio2o
npucmpor 3 000aAmMKOGUMU MA2AMU | 2IOPAGIIYHUM YUTTHOPOM-0eMNPEPOM MAE He3aAXUWEHICMb WMOKA [ YWITbHIOIOYUX
esleMenmi6 8i0 YOapHUX HABAHMAICEHb, SIKI XapakmepHi 015 pobomu Ha Mopi. Pexomenoosane cxemomexHiune piuieHHs s1615€
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€06010 npucmpitl demMnpysanHs KOIUBAHb BAHMAICHOZ0 Zpelihepa, 0CHO8A AKO20 3AKPINIeHa Ha poOoOUUX opeaHax zpetigepa,
ma AKUU BIOPI3HAEMbCS MUM, WO OCHO8A MICMUMb MOPCIOHHI 8alU, 5Ki 00epmaromvcs 6 NIOUWUNHUKAX KOYeHHS, 3 00HO20
O0KY uepe3 wniybosi 6MYIKU 3aQIiKCOBAHI 8 OCHOBI, 3 Opy202o OOKY Micmsimb JONAmMesi 2I0PoamMoOPmMu3amopy ma HCopCmKo
3MOHMOBAHI 3i cmouKamu, sKi 3MOHMOGAaHi 3 mpaesepcoio epeligpepa. Kombinayis mopciomnux eanie ma Jaonamesux
2iopoamopmuzamopis 3abesnevye OemMn@py8ants 0ecmpyKmusHUX KOIUBAHb HA 6CIX emanax pobo4o2o yukiy zpetigepa.

Abstract. Reliable operation of ship and shore cargo handling equipment during bulk processing using cranes with
clamshell suspension is provided by the appointment of the crane operation mode and maintaining the technical condition of
its elements and assemblies. In the context of increasing volumes of bulk cargo transportation by sea and the development of
these cargo flows by modern specialized of ships. An analysis of the operation of a ship crane with a clamshell suspension
showed that the cargo suspension with a clamshell is vulnerable leading to malfunctions. Diagnostic processes do not always
reflect the destructive processes in its elements at the early stages, therefore, the main measures to increase the crane's
productivity are to improve the circuit of technical solutions of clamshell units. vessels, an urgent problem is the reduction of
parking time due to increased productivity of handling equipment. Of the whole range of bulk cargo, lumpy rock cargo is
considered difficult to handle, therefore the work-ing elements of cargo grabs for severe operating conditions were analyzed.
In this situation, the use of the classic vibration damping device, which is based on the use of a spring damper, has several
disadvantages for the sea, with the need for additional connecting elements of the working bodies with the damper and the cost
of repair work to replace the springs. The use of a damping device with additional rods and a hydraulic cylinder-damper has a
vulnerability of the rod and sealing elements from shock loads, which are typical for work at sea. The recommended circuit
solution is a device for damping oscillations of a cargo grab, the base of which is mounted on the working bodies of the grab,
and which differs in that the base contains torsion shafts that rotate in rolling bearings, on the one hand through the splined
bushings fixed in the base, on the other hand contain paddle shock absorbers and rigidly mounted with racks which are
mounted with a traverse of a grab. Combination of torsion shafts and vane hydraulic shock absorbers provides damping of
destructive oscillations at all stages of the working cycle of the grab.

KoarouoBi ciioBa: kpan, rpeiidep, KonuBaHHs, 1eMIPYOUNil TPUCTPIM.
Keywords: crane, grab, vibrations, damping device

Beryn

Binomo, mo npodnema 3abe3nedeH s HaaiitHOi poOOTH CyJTHOBOTO BaHTaXKOIIiJHOMHOTO OOJIaIHAHHS, a caMe KpaHa 3
rpefiepHIM MigBiCOM, IMOJATae B BHOOPI peKUMY eKCILTyaTallii Ha OCHOBI TOCTOBiIpHOI iH(popMarii mpo Horo poOoumii i
TEXHIYHHUU CTaH i KOHCTPYKTHBHI 0COOJIMBOCTI Ipefidepa, a TAaKOkK YMOBH SKCILTyaTallii.

AHaJti3 JiTepaTypHUX J:KepeJi i IOCTAHOBKA 3a1a4

B Ham yac icHye nmpo0iieMa 3aXuCTy Ta HMiATPUMKH KpaHa 3 TAKUM ITIBICOM, TaK SIK I€CTPYKTHBHI IPOLIECH PO3BUBAIOTHCS
MOBUIBHO, 1 IarHOCTYBATH 1X JIy>Ke Ba’KKO, TOMY OCHOBHHMH 3ac00aMHM IIATPUMKH MPALE3JaTHOCTI € YAOCKOHAJICHHS CXeMH
TEXHIYHHX pillleHb rpei(epHuX By3IIiB.

bynu npoananizoani B [1, 2] HaBeseHi miaBicH poOOYMX OpraHiB BAHTAXKHHX IpeiidepiB BXXKUX YMOB eKCILITyaTallii.

Binomwuii npuctpiii 1emiipyBaHHS KOJMBaHb, 110 MICTUTh OCHOBY, JIOJJATKOBI TSTH Ta BIIKPUTHI TBUHTOBHUH NMPYXUHHUI
nemrdep, 3B's13aHui 3 pobounME opranamu rpeidepa (puc. 1) [3, 4].
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Puc. 1 — Cxema npy:KMHHOTO 1eMN(YHIOro NPUCTPOIO
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Henomnixu npuctpoto, siki 00yMOBIIEHI 3aCTOCYBaHHAM JeMIiepa 3 TBUHTOBUX MPY)KUH:
- IPYXHHHU CTBOPIOIOTH MO3IOBXKHI KOJMBAaHHS pOOOYMX OPraHiB, sSKi HETaTHBHO BIUIMBAIOTH HAa CJIEMEHTH IIiJBica Ta
OJI0YHO-TPOCOBY CHCTEMY Tpeiidepa;
- BeJIMKa Bara NpyXMHHUX AeMIdepis;
- HeOOXiHICTh HASBHOCTI TOJATKOBHX EJIEMEHTIB B KOHCTPYKmHii mifBica rpeiidepa mms 3B'SI3Ky poOOYMX OpraHis 3
nemridepom;
- 3HaYyHi BUTPATH Yacy Ha PEMOHTHI pOOOTH NPH 3aMiHI MPY>KUH.
Haii6inpin OMU3BKUM 332 TEXHIYHOIO CYTHICTIO Ta PE3yJIbTaToM, IO JOCSATAETHCS, 1O BHHAXOAY, IO IMPOMOHYEThCS, €
NpUCTpilt memrdyBaHHS KOTUBaHb, IO MICTHTh OCHOBY, JOJATKOBI TSATH Ta TiAPaBIIYHUNA OWTHIAP -meMmmdep, 3B'sS3aHUN 3
pobounmu opranamu rpeiidepa (puc. 2) [5].

I8

Puc. 2 — Cxema nemMngyrn4oro npucTpom

Henomnixu npuctporo, siki 00yMOBIIEHI 3aCTOCYBaHHSM TiIpaBIivHOro HUJIiHApa — Aemidepa:

- HE3aXWILIEHICTh IITOKY Ta YIIIJIBHIOBAIBHUX EJIEMEHTIB HuIiHApa —aemmndepa BiJl yAapiB Ta aOpa3HBHOIO BIUIMBY
BaHTaXY;

- BeJIMKa MMOBIPHICTh 3a0pyJHEHHs BaHTaXy POOOUYOI0 PIJMHOI IMJIHApa —JeMindepa NpU 3HOIIYBaHHI IITOKY Ta
VINIJIbHIOBAILHUX €JICMEHTIB;

- HeoOXiTHICTh HAsIBHOCTI TOJATKOBOT CHCTEMH YIIPABIIHHS Ta MiITPUMKH TUCKY B TiIpaBIiYHOMY HITIHIAPI —AeMIdepi;

- BEJIMKa Bara TiIpaBIiqHAX JeMII]epiB;

- HEOOXI/IHICTh HAsBHOCTI JIOJATKOBUX EJIEMEHTIB B KOHCTPYKLIi MiJBicku rpeidepa ajis 3B'A3Ky poOOYMX OpraHiB 3
nemridepoM;

- 3HaYHI BUTPATH Yacy Ha PEMOHTHI poOOTH IPH 3aMiHi TiIPOMMITIHApA.

Mera i 3aBAaHHA A0CTiAKEHHSA

3aja4yero BUHAXOAY € CTBOPEHHS MNPUCTPOIO JAeMII(yBaHHS KOJIMBAHb, SIKUA MOMJIMBO 3aCTOCOBYBAaTH y BaHTAXHHX
rpefidepax, y SKOMy NPUCYTHE TUIaBHE TACiHHS KOJMBAHHSA SK Y MOMEHT BiJIpHBY poOOYMX OpraHiB rpeidepa Bix MOBEpXH,
Tax 1 il 9ac TPaHCIIOPTYBAaHHS BaHTAaXy, IiBUIIEHA 3HOCOCTIHKICTh caMoro nemidepa, 3HIKEH] eKcIDTyaTaliiHi peMOHTHI
BUTPATH Ta OJTHOYACHO 30€pekeHi MPOCTOTa CXEMOTEXHIYHUX pillleHb AeMI(epiB BIIOMHX THIIIB.

Pe3yabTaTh a0CaiTKeHb

INocraBneHa 3afa4ya BUPILIYETHCS TAKMM YMHOM: MIPUCTPIiii JemiipyBaHHs KOJIMBaHb BAHTAXXHOTO rpeiidepa ckianaerbes 3
OCHOBH, 3aKpiIUIEHOI HAa poOOYNX opraHax rpeidepa, Ta BiAPi3HAETHCS THM, 110 OCHOBA MICTUTh TOPCiOHHI Banu. TopcioHHi
Bamu 00EepTalOTHCS B MiAMIMITHUKAX KOUYEHHS. 3 0HOTO OOKY Yepe3 IITiIbOBI BTYJKH 3adikcOBaHi B OCHOBI, a 3 APYroro 00Ky
MICTSITh JIOTIATEBI T1APOAMOPTHU3ATOPH Ta KOPCTKO 3MOHTOBAHI 31 CTOWKaMHU, sSIKi 3MOHTOBaHi 3 TpaBepcoro rpeidepa (puc. 3)
[6, 7]
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Puc. 3 — Ilpucrpiii nemngyBaHHA KOJIUBAHb BAHTAKHOIO rpeiidepa:
1- ocHoOBa; 2- NILITINEOBA BTYJIKA; 3- TOPCiOHHUIT Bax; 4- MiIIINNHAKA KOYeHHS;
5 - nomaTeBi rizpoamMopTH3aTOpHu; 6 — CTOMKH

3ampornoHoBaHu# [8] mpHUCTpiil memMmdyBaHHS KOJIMBaHb BAaHTAXKHOTO rpefidepa CKIATAETHCSA 3 OCHOBH 1, ILTIIBEOBOI
BTYJIKH 2, TOPCIOHHOTO Bajly 3, HiIUIMITHUKIB KOYEHHs 4, IONaTeBUX TipoaMopTU3aTopiB 5, croiiok 8.

[IninpoBa BTyJIKa 3apecoBaHa 10 OCHOBH 1 B3a€EMOJIIE€ 3 TOPCIOHHUM BaJIOM 3aB[SIKH BiAIIOBIIHUM IIUTIIAM HAa HHOMY.

[Ipu 3aBepiieHHI NMKITYy 3aBaHTaKEHHs rpelidepa (3aMHUKaHHS IIEJCN Ta MOYATOK BIAPWBY Bil MOBEPXHI) IUHAMIYHE
HaBaHTAXXCHHS 3 3aBaHTAKCHOTO rpeidepa mepenaeTbcs 10 CTOMOK Ta TpaBepcH Kpi3b TopcioHHI Bamu. [lin BImBOM
HaBaHTAXXCHHsI BiNOyBaeThcsl AeopMallisi KpydeHHs BaiiB. 3aBASKU HPYXKHIM AedopMallisiM Baia BiOyBaeTbcs TaciHHS Ta
JeMidipyBaHHs KOJMBaHb TpaHcropTepa [6, 7].

BucHoBku

TexHiyHUN eQeKT IOCATAETbCS 3aBISIKM TOMY, 110 KOMOIHAIisl TOPCIOHHMX BaliB Ta JIONATEBUX TiJPOaMOPTH3aTOPIB
3abe3neuye:

- memripipyBaHHS TECTPYKTHBHUX KOJIMBaHb Ha BCIX eTamax poOoYoro MUKy rpeiidepa;

- 3MCHIIICHHS KITBKOCTI TOJJATKOBAX MEXaHIYHUX €IeMEHTaX Y CHCTeMI IiaBica rpeiidepa;

- 30LJIBIIEHHS] TEPMiHY MI>KPEMOHTHOT'O I1E€Pi0ly BAHTQXXHOT'O 00JIa JHAHHS;

- BHIDKCHHS eKCIUTyaTallilHAX Ta pEeMOHTHHX BUTpAT.

BukopucTaHHs MPOMOHYEMOTO NMPUCTPOKO 3aXUCTY JO3BOJUTH 30UIBIINTH MiIXXPEMOHTHHUH Tepio] eKCIUlyarauii KpaHa 3
rpeliepHUM ITiBICOM Ta OTpUMATH 3HAYHUI EKOHOMIYHUI e(eKT.
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Anomauin. The article discusses cloud computing and their impact on the field of software development, and analyzes
several issues of developers that can be solved using the online IDE. Usage of cloud computing in the enterprise is not new,
and it is not difficult in terms of implementation. That is why it is gaining popularity. First, due to the large number of
technologies that allow you to optimize internal processes. Secondly, due to the large number of giant companies and small
businesses that use these technologies. Cloud computing is very interesting in financial terms. After all, they allow not
spending money on building and supporting the infrastructure. One can also not worry about risks, such as, for example,
equipment that affects the system, weather conditions, and so on. It takes on all these moments. Evolving of architectural
solutions also increases the impact on cloud technology. A service-oriented approach to software development is becoming
increasingly popular. It is less and less possible to see the usual thin client and a single server-monolith. Clients are becoming
more complex, attracting part of the business logic, servers are divided into parts, each of which is responsible for a particular
part of the subject area, and in some cases may not know about the existence of others. The IDE, which requires developers for
programming, also has analogs on the web platform. The online IDE has its advantages for solving some tasks and has
become increasingly popular lately. Users of the online IDE can create, run, and customize software that works with a simple
browser. The main goal of this study is to determine the main advantages of cloud technologies in the application development
process, analyze the segment of online IDE. Based on these data to identify the main situations that determine their use,
predict further development, and identify principles and technologies used in this area
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Abstract. ¥V cmammi posensoaiombes XmapHi mexnonozii ma ix énaue Ha cgepy pospoOKu npospamHozo 3a6e3neyenns,
MAaKodC NPOAHANi306aAHO HU3KY 3a0ai pPO3POOHUKIG, SKI MOJCHA eupiwumu 3a 0onomozor oHaaun-1DE. [ioxio i3
BNPOBAOINCEHHAM XMAPHUX 0OUUCTEHb 8 NIONPUEMCIMBA He HOBUl, ma He € 0yoice CKAAOHUM 3 moyku 30py peanizayii. Came
momy 6in cmae ece Oiibul NONYIAPHUM, RO-Nepule, 3a80KU eUKIl KIIbKOCMI MeXHON02Il, AKI 00360110Mb ONMUMIZYEAMuU
6EIUKY KIIbKICMb 8HYMPIWHIX Npoyecis, a no-opyee, 380K 8eIUKIl KITbKOCMI K KOMRAHIU-2ieanmis, mak i Maiomy Oisnecy,
AKI KOPUCIYIOMbCA TAKO20 POOY CYYACHUMU Memooamu, MUM CAMUM RPUCKOPIOIOYU DPO3BUMOK YUX MeXHOao2il. XvapHi
obuucnenHs 0yace Yikasi ¢ Qinancosoi mouku 3opy. Adxce 80HU 003601A10Mb HEe BUMPAYAMU 2POWI HA HALAWINYBAHHS CEOET
inppacmpyxkmypu, ua 3apniamu pooOimuuxam sAxi yro iHgpacmpykmypy 0yoyme niompumysamu. Taxoodic modicHa He
mypoyeamucs npo pusuKy, maxi K, HANPUKIA0, 00JAOHAHHS, WO SUUULIO 3a 1AJY, NO20OHT YMOsuU i makx oani. Yci yi momenmi
nocmauanvHux bepe Ha cebe. Posgumox apximekmypHux piuieHb makodc mas ceii enaue Ha xmapHi mexronocii. Cmae éce
OibWL NONYNAPHUM CePBiC-OPIEHMOBAHULL NIOXI0 00 PO3POOKU NPOSPAMHO20 3abesneyenHs. Bce piowe mooicna nobauumu
36UUHULL MOHKULL KIIEHM ma 00uH cepgep-moHonim. Knienmu cmaiome ckraduniute, gbuparouu 6 cebe yacmumy OizHec-102iKu,
Cep8epHi yacmuny 3apas NPUUHAMO OLIUMU HA YACTMUNU, KOJCHA 3 SKUX 8ION0BIOAE 3d SIKYCb OKPeMY 4aCmuny npeomemHoi
obnacmi, i iHOOi Hagimb modice He 3namu npo icHysanns iHuux. |DE, sxe neobxione pospobnuxam ons npoepamysamns,
maxoxc mae ananoeu Ha eeb-niamgpopmi. Ounaun-1DE mae ceoi nepesacu ons eupiwenns Oeskux 3adau I cmae 6ce
nonynapHiwumM  nOnyaAaApHuUM —ocmanuim  uacom. Kopucmyeaui onnaiin-1DE  moorcyme cmeoprosamu, 3anyckamu i
Hanazo0xcysamu 000amKu, marouu nio pykoio auwe opayzep. OCHO8HA Mema Yyb020 OOCHIONCEHHS — BUSHAYUMU OCHOBHI
nepesacu XMapHux MexHono02iu 6 npoyeci po3podbxku 000amkie, npoauanizyeamu ceemenm oHaatin-IDE ma na ocnosi yux
OaHUX BCMAHOBUMU OCHOGHI CUMYayii, AKI 3YMOGIIOIOMb iX BUKOPUCMAHHA, CHPOSHO3Y8AMU NOOAALWUL PO36UMOK mda
BUOLIUMU NPUHYUNYU MA MEXHONO02IL, AKI BUKOPUCMOBYIOMbCA 8 0aHill chepi..

Karouogi caosa: : cloud computing, online IDE, software development.
Keywords: xmaphi o6uucienns, ounaiin IDE, po3pobka mporpaMHOTo 3abe3reueHHs

Introduction

The development of technologies that simplify working with large amounts of information and allows to automate
processes is inevitably growing. One of them is cloud computing technology, which replaced traditional computing
technologies.

It is a technology related to services and programs that run on a distributed network that uses virtual resources. Cloud
computing was developed and evolved from distributed computing and network computing. Users’ data is typically processed
by large cloud service providers.

The idea of cloud computing is not new or too complex in terms of technological resources and the Internet. New is the
growth and maturity of cloud computing methods and strategies that provide business agility goals. The use of cloud
computing in business has become much broader in the last year, as many companies are starting to provide their services
online.

The number of easily accessible resources is growing, and utilitarian or service functions are the main basis for access to
information technology resources and services. In this regard, cloud computing is a flexible, cost-effective and proven
platform.

The evolution of reusability through service architecture is increasing the focus on business goals, as opposed to the
number of computing platforms to support. As a viable alternative to resource management, cloud computing is fundamentally
changing the way we look at computing solutions in trade, education, and the public sector. The use of cloud computing
architecture and standards provides unique ways to provide computing solutions, as well as a variety of platforms to achieve
the lowest business goals [1].

The benefits and the shortcomings of cloud technologies

There is no dispute about the impact of cloud technologies and the benefits they can bring to a variety of organizations,
governments, or science. Today, largely driven by the financial crisis that has engulfed the global economy, more and more
organizations are turning to cloud computing as a cost-effective way to bring solutions to market quickly. Advantages of cloud
computing in reducing of implementation and maintenance costs, in mobility, flexibility and scaling increasing, in increasing
of availability of high-performance applications for small and medium businesses, "greening" the data center and
transformation of the IT department (focus on innovation vs. maintenance and implementation) [2].

However, there are shortcomings in the adoption of cloud computing by organizations, such as restraint on information
protection and protection against unauthorized access, lack of knowledge about the privacy of service providers, lack of
understanding between the organization and the cloud provider on the scope and implementation of services [3].

There are three main models of cloud service: Infrastructure as a Service (laaS), based on equipment provided by the
vendors for data processing and storage, Platform as a Service (PaaS), which provides developers with a cloud platform for
applications and services and Software as a Service (SaaS), which allows users to access their programs through a browser
instead of installing software on their computers. The last model provides centralized configuration and hosting, as well as
automatic updates[4], which frees users from installing and maintaining software and simply provides the Internet access.
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The features of the online IDE

The trend of using software on the Internet and providing them as services (SaaS) has reached the IDEs as well. To make it
widespread took a long time, because it is a much smaller market than, for example, text editors. Moreover, the IDE, which
developers need for programming, is also beginning to move to the web platform. The online IDE provides functionality
similar to a traditional IDE, such as the ability to view, edit, and compile code, but has many benefits and has become popular
recently. Online IDE users can create, run, and debug applications with only browser required, without being distracted by
installing and maintaining a local version.

In addition, it should be noted that the online IDE is an integral part of learning programming languages in online courses
as part of the system or as a stand-alone resource and in laboratory exercises in specialties where students study programming.

The following are the benefits of an online IDE:

—mobility and portability — the ability to work with regardless of location, as with a high-quality Internet connection and a

modern browser;

—easy collaboration — one of the biggest advantages of the online IDE is the ability to share code and create applications

in a team;

—speed — mostly web encoding means that it is possible to deploy the environment instantly, find problems and fix them

faster, in contrast to the encoding in desktop mode;

—isolation from hardware and operating systems — no matter what operating system or hardware is used for development,

they will not affect performance, as all settings are stored in a cloud environment.

Today there are a huge number of online IDEs on the market that certainly create competitive, high-quality services, but
most of them have limited free versions that have limited resources to use — RAM, CPU resources and storage. This is due to
the fact that while data processing in cloud services is the most economical way to host, it remains quite expensive.

That is why a lot of architectural decisions should be made while developing such service. What database management
system should be used, how services will communicate with each other, how to scale the entire thing, how to make it fast,
robust and cheap. Such decisions should be made by a lot of people with different competencies such as developers and
developer operations.

One of the most important decisions in online IDE development is choosing the way in which untrusted code, submitted by
a user, should be evaluated. There are two options here: virtualization and containerization and each has its own pros and cons.

Virtualization tools emulate a real machine with its own operating system, which knows nothing about the host. This
guarantees almost complete isolation, but also this means that a lot of computational resources should be spent.

Containerization tools achieve isolation by creating layers over the host operating system. This means that security
vulnerabilities are possible since all environments on a single machine share the same operating system. But also this option is
much cheaper than running a VM, because it does not require any overhead for keeping multiple operating systems running
simultaneously, moreover, container-based virtualization has become the de facto standard for deploying programs in data
centers.

Docker is the most common solution to pick when developing a web based IDE. Docker is an open source project based on
many operating system research technologies: LXC containers, OS virtualization, and hash or git-based versioning and
differentiation systems.

The Docker-based approach works like a virtual machine image to solve dependency problems, providing other users with
a binary image in which all software is already installed, configured, and tested. The key difference between Docker images
and virtual machines is that Docker images share a Linux kernel with the main machine. Sharing the Linux kernel makes
Docker much easier and more efficient than virtual machines - a regular computer can run no more than a few virtual machines
at a time, but it won't have a problem running 100 containers. This feature has made the Docker particularly attractive to the
industry and is largely responsible for the huge popularity of the Docker. [5].

It is safe-enough and not very resource-consuming, it allows to have multiple isolated containers running on a single
machine. Usually there are a couple of so-called “eval”-servers with Docker running. Each has multiple containers in which
users’ code is being executed. Each of these containers can have different language interpreters/compilers.

The main application server communicates with eval-servers via message queue or HTTP. Output with evaluation results
from eval-servers can be passed to clients directly through web-sockets or by message passing.

Such kind of approach allows to easily scale the application by simply increasing the amount of running eval-servers. It
also guarantees that in case if one of eval servers will crash, other servers including the main application server will still be up.

An overview of platforms for cloud based development

The development and analysis of cloud technologies and online IDEs are reflected in both theoretical research and
scientific work, as well as in commercial projects.

The topic of cloud technologies and computing is often studied by scientists in the literature. Its high popularity is because
companies are increasingly providing on-demand services instead of placing their equipment in data centers.

Numerous studies consider the benefits of using cloud technologies, such as the mobility of technological systems, which
are considered as a means of implementing the virtual component of the mobility of hardware and software. Cloud computing
concepts form a virtual component of hardware mobility, which is most pronounced in the category of services provided as a
service - laaS, PaaS, and SaaS.

Cloud programming environments are web applications designed to offer developers capabilities. They usually consist of a
source code editor, a series of compilers or interpreters depending on the language programming, a controller, and a project or
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solution viewer for managing independent subcomponents. In addition to default functions and due to high competition, the
programming environment has evolved, including connection to similar code, collaboration functions for code sharing, virtual
machines for instant application development, and even control tools.

Online IDE is a solution to many narrow problems of developers, there is a lot of work on the development of an online
IDE for various purposes. The authors of Harmonik = ++ (Web IDE) identify 45 articles found in scientific journals. [6].
Works such as "Jimbo" [7], "CoVSCode" [8], "Collabode™ [9] emphasize co-programming in the online IDE. Also, some
existing online IDEs support real-time collaboration in one form or another - Cloud9, CodeRun Studio, Eclipse Orion. Cloud
IDE supports HTML for web development and real-time collaboration. Code Run Studio supports ASP .NET and C # .NET
languages, and also allows you to exchange code via hyperlinks. Eclipse Orion focuses on web development (HTML and
JavaScript) [6].

One of the most functional and complete online IDEs is AWS Cloud9 [10]. This cloud IDE, one of about 60 AWS services
that integrate easily with others, will be especially handy when using AWS services to develop, deploy, or store data. Cloud9
has a set of tools installed for more than 40 programming languages, including JavaScript, Python, PHP, Ruby, Go and C++,
and others.

AWS Cloud9 allows you to run the development environment on managed instances of Amazon EC2 (a web service that
provides computing resources in the cloud) or any existing Linux servers with SSH support. The code editor and the built-in
Cloud9 debugger have tooltips, automatic code completion, and step-by-step debugging. The Cloud9 terminal provides a web
shell that allows you to install additional software, send code to the Git repository, or enter commands.

This default development environment includes all the SDKs, libraries, and modules needed to build applications. Cloud9
has an environment for local testing and debugging of AWS Lambda functions, which allows you to perform the necessary
actions with the code directly, speeding up the process, and improving the quality of the code. AWS Cloud9 also has its
terminal, which simplifies the quick launch of various commands and provides direct access to AWS services.

Conclusions

Online IDEs open up new opportunities for sharing and collaboration and allow, for example, programming in pairs with a
colleague who is on another continent.

Most existing online IDEs are designed to work on small projects and small teams or to quickly share code in discussions
or forums. Since processing large amounts of data on cloud services is a rather expensive process, the free Online IDE cannot
be a full-fledged replacement for the desktop version, which can be used for multi-year projects with a large codebase.
However, the advantage will be the availability of a large number of languages, the availability of chats, speed of writing, and
the ability to conduct online classes.

This can also be useful when it comes to outsourcing and a colleague is a casual developer. For example, a developer needs
the services of a DBA expert, who can be found online and work on a joint project immediately.

On-demand services open up new possibilities: instead of buying an expensive application, users can pay for the time used,
or even use free versions.

Since many online IDEs are open source, developers will be free to use existing solutions and to develop additional
modules. As the number of online services provided grows, the demand grows, which in turn opens up new directions and
opportunities and is a promising area of development.

The development and analysis of cloud technologies and online IDEs are reflected in both theoretical research and
scientific work, as well as in commercial projects online. The analysis of a large number of scientific papers indicates the
popularity of the research topic, as well as a large number of advantages of cloud computing, and a relatively small number of
quite significant disadvantages.
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Laboratory of Mechatronics and Robotics in Odessa National Academy of Food Technologies was established in
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necessary stands and equipment for students’ education process, for work on the projects and conducting of
research.
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