ISSN 2304—6201 (Print)
ISSN 2524-2601 (Online)

MiHicTepcTBO OCBITH 1 HAYKH YKpaiHu

BICHHUK

XapKIBCbKOI0 HAIlIOHAJIBHOI'O
yHiBepcuTteTy iIMeH1 B. H. Kapasina

R S N s 1Sl
Frath AT ey DU Ak s
- "..‘1“ oo ‘_; .;L.'!‘ Al
B A .\iﬁ HED - N r1l"‘-__ J__; :. !:I‘:'\.
. W, b e G i
T ey _%, LTI 3 ?ﬁn'r'%}‘._- e AT e "E""" ‘i’:’::;' -E e
oarngye LR B - T L )
= AL Brpmed
s

Cepisn
«MaTtemaTruyHe MOJICJTFOBAHHS.
[H(dopmaliitHl TEXHOJIOT].
ABTOMAaTH30BaH1 CUCTEMH YIIPABIIIHHI

Bunyck 37

XapkiB
2018



MinicTepcTBO OCBITH 1 HAYKH Y KpaiHu

XapkiBcbKuil HallloHanbHUH yHiBepcuteT iMeHi B. H. Kapasina

BICHHK

XapKiBCHKOTO HAIIOHAJIBHOTO

yHiBepcuTeTy iMeH1 B.H. Kapa3ina

- ,_*ﬁ‘f’?,.fl‘_ff
RS

A

\ , v o

H
By

* L R R
s S R ] v =
g R
. - - . T s u
- _"qu, i .g%’j,‘.__,_;.},, bk T ,.{__,‘e,rf,f:...'m .
U S ERg ke A ; e LAl .
LR A ?’fﬂm{ &

Cepisn
«MaTtemaTuyHe MOJAEIIOBAHHS.
[HdopmartiitHi TEXHOJIOTI].

ABTOMATH30BaH1 CUCTEMH YIIPABIIIHHSI»

Bunyck 37 Cepis 3acaoBana 2003 p.

XapkiB
2018



CrarTi MICTATH JOCHIDKEHHS Y Taiy3l MaTeMaTHIHOTO MOJCTIOBAHHI Ta
00YHCITIOBAIbHUX METOMAIB, i1HQOpPMAaLiHHUX TEXHOJOrid, 3axucty iHpopmamii.
BuCBITIIOIOTECS HOBI MaTeMaTHYHI METOJHM JTOCIi/PKEHHS Ta KEPYBaHHS (i3MUHUMH,
TEXHIYHUMHU Ta iHGOpMAILIHHAMHU TPOIEcaMH, AOCTIJKEHHS 3 NMPOTpaMyBaHHA Ta

KOMH’IOTCpHOFO MOJCIIOBAHHA B HAYKOEMHUX TEXHOJIOT1fX.

Jdns BUKIanadiB, HayKOBUX
BIMOBiTHUX 200 CYMIKHHUX HaMPAMKAX.

IpaliBHUKIB,

acmipaHTiB, MOpalOOYUX Y

Bicuuk € ¢axoBuM BUmAaHHAM y raxy3i (i3uko-MaTeMaTHYHUX Ta TEXHIYHHUX HAYK
(Haxaz MOH VYkpainu Ne 1328 Big 21.12.2015 p.).

3aTBepIKEHO A0 IpyKy pimieHHAM Buenoi paau XapkiBcbKOr0 HalliOHaTbHOTO
yHiBepcutery imMeHi B. H. Kapasina (mpotoxox Ne 1 Bix 19.01.2018 p.)

Penakuiiina koJeris:

A3zapenkoB M.O. (roJ1. perakrop),
n.¢.-M.H., akagemik HAH Vkpainu, npod.,
IBT XHY imeni B.H. Kapasina

Koarkesuu I''M. (3acT. roji. perakropa),
I.T.H., mpod. ®DMI XHY

imeni B.H. Kapazina

Jlazypuk B.T. (3act. roja. peaakropa),
n.¢.-Mm.H., mpodp., ®KH IBT XHY imeni
B.H. Kapaszina

Cnopos O.€. (BignoBigajbHuii cekperap),
K.¢.-m.H., gorr. ®KH IBT XHY

imeni B.H. Kapazina

3ogoraproB B.O., n1.¢.-m.H., npod., DTIHT
imeni b.1. Bepkina HAH Ykpainu

Kyxkain B.M., n.¢.-m.H., npod., ®KH IBT
XHY imeni B.H. Kapazina

Manesutnii FO.M., a.17.H., akagemik HAH
VYkpaian, npod., Qizuko-eHepreTHIHU ¢-T
XHY imeni B.H. Kapazina

Pyrkac A.I'., a.¢.-m.H., mpod., DMI XHY
imeni B. H. Kapasina

CrepBoenos M.I'., x.T.H., nou., ®KH IBT
XHY imeni B.H. Kapazina

Heayiiko O.®., x.¢.-m.H., npod., IBT XHY
imeni B.H. Kapa3zina

Ieiiko T.I., aT.H., T1pod.,  izuko-
eneprernunuii ¢-tr XHY imeni B.H. Kapaszina
HImarkoB C. 1., a.T.H., npod., PKH IBT
XHY imeni B.H. Kapazina

Hlep6una B.A., 1.¢.-M.H., ipod., DMI XHY
imeni B.H. Kapasina

Packin JL.I'., n.1.1., npod., HartionanpHuUi
TexHigyHnA yHiBepcuteT " XIII"
CrpeasnikoBa 0.0., n.T.H, mpod. Iu-T
npobnem MammHOOYnyBaHHS HAH Ykpainu
CoxouioB O.10., na.t1.H., mnpod., Kadenpa
NPUKIaAHOT 1HGOPMATHKH, YHIBEPCUTET IMEH1
Muxkonast Konepuuka, M. Topyss (ITosbIia)
Prof. Harald Richter, Dr.-Ing., Dr. rer. nat.
habil. Professor of Technical Informatics and
Computer Systems, Institute of Informatics,
Technical University of Clausthal, Germany
Prof. Philippe Lahire, Dr. habil., Professor of
computer science, Dep. of C. S., University of
Nice-Sophia Antipolis, France

Anpeca penakuiiinoi koJjerii: 61022, m. Xapkis, maiinan CBo6011, 6,

XHY imeni B. H. Kapasina, k. 534.

Ten. +380 (57) 705-42-81, Email: journal-mia@karazin.ua.

CraTTi npoHIUIM BHYTPIIIHE Ta 30BHIIIHE PELIEH3yBaHHSI.

CeimonTBo npo jaepkaBHy peectpariiro KB Ne 21578-11478 P Bix 18.08.2015.

© XapkiBChKHH HAI[IOHAILHUIA YHIBEPCUTET

imeni B.H.Kapasina, opopmnenns, 2018



BicHuk XapkiBcbkoro HawjoHanbHoro yHiBepcuteTy iMeHi B. H. KapasiHa, 201§

3MICT

= H. B. Besioyc, B. I1. Bnacenko, A. U. KpacoB . .. .......................
BripaBHuBaHuE sipKocTH PoHA N300paKEHNIH TEKCTOBBIX 3HAKOB C
UCIIOJIb30BaHUEM BBICOKOYACTOTHOTO (pHiIbTpa

» JI. B. BacuaneBa, M. B. Ky3smenko, 1. C. CagpeTaiHoB . . ...............
OnnaitH-104aTOK 111 pO3PaXyHKY ONTHMAIBHUX YMOB MIKpOKJIiMaTy B
KOMITIOTEpHOMY Oici

»I. B.I'apsavyeBceka, JI. B. T'ypina . . .. ............. ... ... ... ........
[Tomryk 30HH iHTEpECY B Kapi UIsl KOHTPOIIO SIKOCTI IPYKOBAaHUX TLIAT

» L. Globa, O. Koval, R. Novogrudska .. ...............ccoiiiiiiians.
The Simplification Method of Engineering Task Sequences used for Engineering
Knowledge Portals

s JI. B.Typin, L III. HeBJIOOB . . . . . . ... . e
Po3poOka MmaremaTnyHOI MOJIEIi ABTOMAaTH30BAHHOI CHCTEMH YIIPaBIiHHS
HAaHECEHHS HAHOCTPYKTYpPOBAHHX Mi€JIEKTPUUYHIX TUTIBOK

» 1. B. 'ymun, A. E. CnopoB, A.C. Tany30B . . . ............. ... coovnu...
[TpumeHneHne cBEPTOUHBIX HEHPOHHBIX CETEH TS 3a/1a4 KIIACCU(PUKAIIH
(GpyKTOB Ha N300pAKEHUN

= A. A. 3amyaa, B. A. Kpacnobaes, B. H. KypuanoB . . . ...................
[IpakTHdeckoe UCTIONIb30BaHUE PE3YIHTATOB NEPBOH (QyHAAMEHTAIBHON TEOPEMBI
I'aycca B cucTeMe OCTaTOYHbIX KJI1acCOB

= |. Kravchenko, I. Kukhar, O. Kuznetsov, I. Svatovsky . ..................
Benchmarking process in testing of spreadsheet editors

B CONTENT S .

20

63



4 Cepist dMaT.mogentoBaHHs. IHpopmaLjiiHi TexHomorii. ABTOMaT30BaHi CUCTEMM YNPaBIiHHsH, BUM. 37

IllaHOBHI YNTAYi Ta aBTOPH NbOr0 30ipHUKAa!

Penakuist BKuBae 3axOfiB 10 NEPETBOPEHHS HAIIOTO MEPIOAMYHOTO BHIAHHS B
HAayKOBHUH >KypHaJI, IIMPOKO MPEACTABICHNH Y MDKHAPOIHNX HAYKOMETPUYHHX 0a3zax
JaHHX.

[lepmoro, Xxo4a majseko HE OCTAaHHBOIO BUMOTOIO 10 JKypHAIy € 3a0e3medeHHs 4-X
MOBHOI[IHHUX 1 CBOEYACHO IiJITOTOBJICHUX BUIYCKiB Ha pik. Yekatnmemo Ha Barry
aKTHBHY y4acTh y (popMyBaHHI Ta MOCTIMHIM MIATPUMIN BiANOBIZHOTO MOPTQEITO
pemakmii. bynp macka, Haacuiaiite Bami BmacHi craTTi Ta pekoMeHAamii a0
omyOikyBaHHs pooOiT Bammx koner Ta yuHis!

BaxnuBy ponp y 37iliCHEHHI HamuX IUIaHIB BifirpaBaThMe 3pOCTaHHS BIICOTKY
CTaTei, Mo MyOMKYIThCS Y 30ipHUKY aHTIIHCHKOI MOBOIO. Hancunaiite O6e3 BaraHp
Taki poOOTH IO HAMmIOl peakiii, SKIIO MaeTe BIICBHEHICTh HE TINBKA B SKOCTI
HAYKOBHX PE3yJbTaTiB, ajic W TOTOBI O CHIBPOOITHUIITBA B HANPSIMKY JTOBEIACHHS
TEKCTy IO SKOCTi, BIATIOBIAHOI CTaHAapTaM MDXHApPOIHUX BUAAaHb. 31 CBOro OOKYy
penakuiiiHa Koiyeris 3a0e3medyBaTHME BIiANOBIAHY SIKiCTh peAaryBaHHA  BCiX
AHIJTIMCPKAX aHOTAalllii Ta cTaTel, HAlMCAHWUX aHIJIHCHKOI0 MOBOIO, BUXOISYH
HPOTATOM HACTYHHOTO POKY 3 TOrO, II0O BOHH IOBHHHI CKJIAQJaTH 10 TPETUHH
3arajlbHOrO 00CATY CTaTeM, sIKi MyOJIiKyBaTUMYThCS.

Ha 3aBepmienHs Haramyemo, mo QaxoBi myOrikamii y Hamomy 30ipHUKY TOBHHHI
BIJIMOBIAaTH MACTIOPTY OJHI€T 3 HACTYMHUX CIELiaIbHOCTEH (32 HOMEHKJIATYpOIo, 3a
SIKOFO 3apa3 TOKH IO JIIOTh CTIeiali30BaHi Paay 3 3aXHUCTy JUCEPTAIliil):

3 i3uKO-MamemamuyHux HayKk — CIelliaIbHOCTI:

01.05.02 — maTemaTH4HE MOEITIOBAHHS Ta OOYHCIIOBAILHI METOIH,

01.02.05 — mexanika piguHH, Ta3y Ta IUIA3MH,

01.02.04 — mexanika nehOpMOBaHOTO TBEPAOTO TiJa,

01.05.03 — maremaTuuHe Ta MporpaMHe 3a0e3MeueHHs OOYMCIIOBAILHUX MAIIHMH 1
CHUCTEM;

3 MexXHIYHUX HayK - CIeLiaJIbHOCTI:

01.05.02 — MmaTemMaTHYHE MOJEITIOBAHHS Ta OOYHCIIOBAILHI METOIH,
01.02.05 — mexanika piguHH, Ta3y Ta IJIa3MH,

05.13.05 — KOMIT'TOTEpHI CUCTEMU Ta KOMIIOHEHTH,

05.13.06 — indopmarriifHi TEXHOIOTI,

05.13.21 — cucremu 3axucty iHdopMmarii,

05.13.07 — aBTOMaTH3AI1is POIIECIB KEPYBAHHS.

ITpocumo 3 PO3yMIHHSAM IMOCTaBUTHUCS JI0 JCSIKHUX YCKJIaJHEHb IiJrOTOBKH aHOTAIlii
1o crareit. CripaBa B TOMy, IO Pi3HI HAYKO METPHYHI 0a31 BUMAraroTh Pi3HUX QOpM i
nokaxxuukiB. llounnaroun 3 1 Bumycky 2018 poky Oyae 3MIHEHO BHMOTH JIO
MiITOTOBKH PYKOIHUCIB, TOJIOBHAM YMHOM Y YaCTHHI MiITOTOBKY aHOTAIlii.

3 moBaroro, Peqaknilina KoJieris.



BicHuk XapkiBcbkoro HawjoHanbHoro yHisepcuteTy iMeHi B. H. KapasiHa, 201§ 5

V1K 004.05:004.932

BripaBHHBaHME ApKOCTH (POHA N300paKEHUN TEKCTOBBIX 3HAKOB C
HCIOJIb30BaHNEM BBICOKOYACTOTHOTO (PUIBTpa

H. B. benoyc, B. I1. Bnacenko, A. 1. Kpacos

Xapvkosckuti Hayuonanvusili ynugepcumem umenu B.H. Kapasuna, Ykpauna
3anaouwiii yenmp paouomexnuyeckoeo Habmooderus, Ykpaurna

B crathe mnpemnoxkeH BBIYHUCIMTENBHBII METOJ BBICOKOYACTOTHOH (uuibTparun
n300paXeHU ¢ KOMIeHcaued npoceaanust (oHa BOKPYr M300paKEHHH TEKCTOBBIX
3HAKOB. BBIYMCTUTENBHBI METOA OCHOBaH Ha UTEPAllMOHHON  (UIbTpaluu
BBICOKOYAaCTOTHBIM (GHIbTpOM raycca. IlpeicraBmeHa peamusanus MeToma Juls
n300paXEeHUH, y KOTOPBIX SPKOCTh NHKCeNeH W300paKeHHH TEKCTOBBIX 3HAKOB
OoubIie SIPKOCTH TIHKcened (GoHa M M300pakeHHH, Yy KOTOPBIX SIPKOCTH IHKCeneit
TEKCTOBBIX 3HAaKOB MEHBIIIE SIPKOCTH IHKcesel (poHa. BBeneHbI moka3areny KadecTna
BBIpaBHHMBaHUS (hOHA N300paKEHUH TEKCTOBBIX 3HAKOB M IIPOBEJICH IPEIBAPHTEILHBII
aHaIM3 [IPEIJIOAKEHHOIO METO/Ja COIIACHO BBEACHHBIM MIOKA3aTEIIIM KauecTBa.

Knrwouegvie cnosa: svipasnueanue (poua uzo0padceHull, u300padiceHus meKCmMoswvlX 3HAKOS,
BbICOKOUACIMOMHbBIIL PULIMP.

VY crarti 3ampomnoOHOBAaHO OOYHCIIOBAJBHUH METOA BHCOKOYACTOTHOI (impTparii
300pakeHb 3 KOMIICHCAIIIEI0 POCiJaHHs (POHY HABKOJIO 300payKeHb TEKCTOBUX 3HAKIB.
OOuncnroBaNEHUN METOJ 3aCHOBAaHMH Ha iTepariiiHoi (inbTpanii BUCOKOYaCTOTHUM
¢ineTpom raycca. IlpeacraBineHa peamizaiis METOAY JJIsi 300paXKeHb, Yy SKHX
SICKPaBICTh IIKCENiB 300pa)keHb TEKCTOBUX 3HAKIB OLIbINE SICKPABOCTI MiKcelNiB (GoHy i
300pakeHb, Yy SAKHX SICKPaBICTh IIKCENiB TEKCTOBHUX 3HAKIB MEHIIE SCKPaBOCTI
mikcenmiB QoHy. BBeneHO MMOKa3sHMKM SKOCTI BHpPIiBHIOBaHHS (oOHY 300pakeHb
TEKCTOBHUX 3HAKiB 1 MPOBEACHO MOIEPEAHI aHalli3 3alPOMIOHOBAHOTO METOAY 3TiTHO
BBEICHUM TTOKa3HUKaMH SIKOCTI.

Knrouosi cnosa: eupieniosannsi  pony 300pacicenv, 300padNCeHHs MEKCMOGUX — 3HAKIS,
BUCOKOYACMOMHULL inbmp.

A computational method for high-frequency filtering of images with compensation for
the background subsidence around images of text characters is proposed in the paper.
The computational method is based on iterative filtering by the high-frequency gauss
filter. The method implementation for the images where brightness of text character
pixels is higher than the brightness of background pixels as well as for the images
where brightness of text character pixels is lower than the brightness of background
pixels is presented. Quality indicators for the background alignment of text character
images have been introduced and the preliminary analysis of the proposed method has
been done according to the entered quality indicators.

Key words: alignment of background images, images of text characters, high-pass filter.

1. Beaenue

CyiiecTByeT OrpoOMHOE KOJMYECTBO 3aJad M3 Pa3HbIX NpPEAMETHBIX oOiacTei,
KOTOpBIE CBOAATCA K PAcllO3HABAaHHUIO TEKCTOB IO WX M300pakeHusM. JlaHHbIE 3a/1aun
B Oonbiueil cBoedl wacTu pemeHbl. OAHAaKO, MHOTAA KadyecTBO H300paKeHHs ¢
TEKCTOBOW MH(pOpManueil He 10CTaTOYHO AJISl IPOBEICHHS Ha HEM €€ PacIO3HABaHMS
C TIpUEMJIEMBIM YpPOBHEM OIIMOOK. DKCHEPTOB B YCIOBMAX IUIOXOM BHIUMOCTH,
HallpuMep B  CyMeEpKax, IIpexJe BCEro, HHTEPECYIOT  BBICOKOYACTOTHBIE,
MEJIKOCTPYKTYPHBIE COCTaBIISIOLINE N300paKeHUH. ITO MOTYT OBITH HOMEpa MAIlluH U
Jpyrue peranud. M B O3TOM CBSI3M B KA4yeCTBE INPEIBAPUTENBHONM IOATOTOBKHU
M300pakeHNH K pacliO3HAaBAaHUIO TEKCTOB HAa HUX CIIEyeT MPEXJE BCETO CUUTATh

© Bnacenko B. 1., Benoyc H. B., Kpacos A. ., 2018
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BBICOKOYACTOTHYI0  (QWIBTpalMI0  HM300paKeHW ¢  BEpHO  MOJOOpaHHBIMHU
napaMeTpamu.

2. AHaJIM3 JINTEPaTyphl

[pu perenun 3anau 0OpabOTKH M PACIIO3HABAHUS TEKCTA BBIIBUTAIOTCS KECTKUC
TpeOOBaHUS K PaBHOMEPHOCTH paclpeicicHHus SPKOCTH (DOHOBOW COCTaBIISIFOIICH
M300paKEHNUST TEKCTOBBIX 3HAKOB. TpamuIMOHHO BRIpaBHUBaHHME (OHA M300paKCHHI
MPOU3BOANTCSA ITyTeM (QWIBTpAMA H300paKEHHs] BBICOKOYACTOTHBIMH [1-4] wim
MeAuaHHbIM [5, 6] QuibTpamMu. HemocTaTkoM BBICOKOYACTOTHOM —(PHIBTpaluu
SIBJIICTCS HAJIMYKME apTe(aKTOB TUIA «3BOH» BOKPYT M300paKCHUM TEKCTOBBIX 3HAKOB
Ha BRIPOBHEHHBIX M300pakeHusx [7]. Jannbnii adext Takke mpucyn| 1 MeTHaHHOMY
(GUIBTPY M TPOSBISICTCS OH B BHJE MMOTEMHCHUSI WU TOBBIINICHUS SPKOCTU (OHA B
OKPECTHOCTH TPaHUIl U300paKCHHUN TEKCTOBBIX 3HAKOB. CyIIIECTBEHHBIM HEIOCTATKOM
MEIUAHHOTO (PHUIIBTPA ABJISETCS €ro HeMMHeHHoCTh [2, 7-11].

3. Heabio cTaTbu siBJsSIETCS Pa3padoTKa BBLIYUCIUTEIBHOIO METOJa
BBICOKOYACTOTHOH (punmbTpanuu n300pakeHWi ¢ KoMIeHcanued mpocenaHus (oHa
BOKPYI' HM300paXKEHWH TEKCTOBBIX 3HAKOB M aHANM3 IOKa3aTeledl KadecTBa
BBIPAaBHUBaHUS UM ()OHA TEKCTOBBIX H300pasKEHHH.

4. Komnencanus npoceganus (ppoHa BOKPYr H300pakeHHil TEKCTOBBIX 3HAKOB
B pesynbTare (uabTpaliMM  BBICOKOYACTOTHBIM TayCCOBBIM  (DHIBTPOM W3

HCXOIHOTO M300paKeHUS Ain (puc. 1a) ymanseTcst HUI3KOYaCTOTHAS COCTABIISIONIAS

M300pakeHUs Alp (puc. 1x). CrieKTp HU3KOYACTOTHOW COCTABIISIONICH M300paskeHHsI
SIp (puc. le) comepXWT TapMOHHK HMCXOIHOTO W300paKEHHS, YaCTOTHl KOTOPBIX

1
MEHbIIIE YaCTOThl CPE3a (g =— BBICOKOYACTOTHOro (uiabTpa. BricokouacToTHas
Oh

COCTaBIISIIONIAsT M300paXKEHUs Ahp (puc. 1B) OecnpemnsTCTBEHHO IPOITyCKAETCsI

¢ubpTpoM. CHeKTp BBICOKOYACTOTHOM COCTABIIIOLIEH M300paKeHUs Shp (puc. 1B)

COCTOUT M3 T'apMOHHK HCXOJHOTO 1/1306pa>1<eH1/I${ C YaCToTaMu, OOJIBIINMH YaCTOThI

1
cpe3a ®y = — BBICOKOYACTOTHOTO (QHUIBTPA.
Gh
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1 he qui
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0) e
Puc. 1. a) Hcxoownoe uzobpasicerue. 6) Mooyie cnekmpa ucxo0Ho20 uzoopasxicerusi. 8)
Buvicokouacmomnas cocmasnaowan ucxo0nozo uzobpasxcenus. ¢) Mooy cnexmpa
8bICOKOYACTOMHOU cocmasnaoweli usoopasxcenus. 0) Huskouacmomuas cocmagasiowasn
UCX00H020 usobpascenus. e) Modyne cnekmpa HU3KOUYACMOMHOU COCMABIAIOWell UCXOOHO20
uz0bpasicenus.

Ha wu300pakeHMM BBICOKOYACTOTHOMH COCTaBIISIOLIEH Ahp BOKDYI' SApKHX

M300pakeHUIT TEKCTOBBIX 3HAKOB HAOJIOAETCsl yMEHBILCHUE pKocTH (oHa (puc. 2).
Hanneiii 3pdekt nposnsercs B BHJE MOTEMHEHUS (OHA B OKPECTHOCTH TPAHMII
n300paXeHNH TeKCTOBBIX 3HaKOB. Ha pucyHke 2a npuBeeHO UCXOJHOE U300pakeHHne
C TpeMsl JIATHHCKUMH OyKBaMu “i” ¢ pa3inu4yHOM SIPKOCTHIO0 HAa HE PABHOMEPHOM (oHe.
Ha pucyHkax 2B u 211 IpUBEACHBI pe3yIbTaThl (GUIBTPAIUN HCXOAHOTO H300pasKeHHS
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BBICOKOYACTOTHBIMU ~ (DMJIBTPAMH  Taycca ¢ TapaMeTpbl  (OPMBI  MMITYJILCHON
xapakrepuctiku (UX) o =30 u o, = 60. Ha pucynkax 26, 2r u 2e npeacTaBlieHbl

CeueHMss BIOJb OCH abCHUCC MCXOAHOTO H300pake€HMSA M Pe3yJbTaToB
BBICOKOYACTOTHOW (PHUIIBTpaLIMU, COOTBETCTBEHHO. Kak BHUAHO M3 PUCYHKOB 2T U 2¢
3HaYCHUE aMIUTUTYAbl TpOBaja 3aBHCUT OOPaTHO MPONOPLUOHAIBHO TMapaMeTpy
¢dopmer X BBICOKOYACTOTHOTO (HIBTpA Taycca, a TakkKe MPSIMO MPOIIOPIIMOHAIBEHO
3aBHUCHUT OT SIPKOCTH N300paKEHUI TEKCTOBBIX 3HAKOB.

CrnenoBarenbHO, A YMEHBIICHHS aMIUIMTYABI TpoBaia (oHa BOKPYT TpaHUII
SPKHUX M300paKEHUH TEKCTOBBIX 3HAKOB MOKHO WJIM YBEJIWYMBATh MapameTpa GopMbl
X BeIcOKOYacTOTHOrO (UIbTpa Taycca WIM NPOBOIUTH (UIBTPALMIO Ha
N300paXECHUSAX C YMEHBIICHHOW SPKOCTHIO THKCENeH, NpPUHAUISKAINX SPKUM
n300paXCHUH TEKCTOBBIX 3HAKOB. Tak Kak ¢ yBemuueHHeM mnapamerpa ¢opmbl X
BBICOKOYAcTOTHOTO (umbTpa raycca ¢(oH Ha H300paKeHHH BBICOKOYACTOTHON
COCTaBIISIIOIICH HEAOCTaTOYHO BBIPOBHEHHBIN (puc. 21, 2B), TO IieJecooOpa3HO
NPOBOANUTH (PUIBTPALINIO HA M300PAKCHUSAX C YMEHBIICHHOW SIPKOCTBIO TMHKCENei,
HpUHAUIEKALMX SIPKUM U300pa’keHUSIM TEKCTOBBIX 3HAKOB.

x10°

00 100200 300 400500 600 700 800
0)

2xllf)

A

-10 100 200 300 400 500 600 700 800

2)
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HEN|ZEaN

-0'50 100 200 300 400 500 600 700 800

9) e

Puc. 2. a) Hcxoownoe uzobpaoicerue. 6) Ceuenue ucxoo0H020 u3o06padxcenus 8001b ocu abcyucc.
8) Pezynomupylowee uzobpagicenue omguibmposanioe 6blCOKOUACHOMHbIM (ULLINPOM C

G =30 u ezo ceuenue 2). 0) Pezyromupyrowee uzobpasicenue om@uibmposantoe

BbICOKOUACNONTHbIM ¢uﬂbmp0M C Gh = 60 u eco cedeHue e).

B cBsi3u ¢ 3TUM 17151 yMEHBLICHUS aMIUIMTYAbBI IpoBajia sIpKOCTU (HOHA MPEIIOKEH
BBIYUCIUTEIBHBI ~ METOA  BBICOKOYACTOTHOHW  (WIbTpalMu  H300paXEeHUH ¢
KOMITeHcanuei npoceaanusi GoHa BOKPYT U300paKCHUH TEKCTOBBIX 3HAKOB, KOTOPBIN
COCTOUT U3 CIEAYIOIIEH OCIEN0BATENbHOCTH ICHCTBUI.

1. dopMHpOBaHME JUCKPETHOrO CIIEKTpa HCXOJHOTO M300pakeHHs Ojp ¢

ucnois3oBaHueM npsamoro 1D rcxomHoro n3odpaxkeHus A1 n:

N X —1N y -1 2 2
— . < j £n
Sin(uv)= 2 2 Ap(m,n)ex _IN_Xmu_IN_ynV , 1)
m=0 n=0
rre  Sin(U,V) — U\V-as rapmommka WCKPETHOTO CIIEKTPA HCXOIHOTO

n300paXeHus;

Ajn(m,n) —sprocts M, N -ro mukcemst HCXOMHOTO H30OPAKEHIS;
N x X N y — PasMep MCXOHOTO U300PAKEHHS BIOJIb AOCIUCCHI M OPJIMHATHI.
@opMHUpOBaHHE  CIEKTpa  BBICOKOYACTOTHOM  COCTABIISIIOIIEH  MCXOJHOTO

n300paKeHus Shp NEPEMHOKEHHEM CIIEKTpa MCXOTHOTO HM300paskeHHs Sin n 1o

BBICOKOYACTOTHOTO (DMIIBTpA Taycca:
Shp(U,V) = Sjn(U,V)Hghp(u,v), 2
rie Spp(U,V) — U,V-as rapmoHMKa CIEKTpA BHICOKOYACTOTHOH COCTABISIOLICH

MCXOJIHOTO M300paKEeHUSL.

Onpenenenne  M300paKEHUS  BBICOKOYACTOTHOW  COCTAaBJISIFOIICH  HCXOJHOTO

n300paKeHus Ah p kak obparroro JII1D ero cnekrpa:
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Nx—lNy_l
Anp(mn) = 3> > Spp(u,v)expl iZEmu+i-Zny )
u=0 u=0 X y ’

rae Ahp(m,n) — spkoctb M, N -ro mukcens BBICOKOYACTOTHOW COCTABISIOIIECH

HUCXOOHOTO I/I306pa)KCHI/I$I.

x10
7

1 NC qu
brown f¢

jumps o
the laz

0 1 1 I L 1 1 I
0 100 200 300 400 500 600 700 800

0)

x10

0100 200 300 400 500 600 700 800

0

5 L I . I I I I
“0 100 200 300 400 500 600 700 800

9) e)

Puc. 3. Pezynomamul ghunsmpayuu u306padicenusi 6biCOKOYACMOMHbIM PUTLIMPOM 2aYCCa C

Gh =9. a) Hcxoonoe usobpadicenue A| n - 6) Ceuenue ucxoono2o uzo0bpadicenus 6001b 0Cu
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a6cz4ucc. 6) Boicokouacmomnas cocmaesyArowas UCXOOHO20 u306pa:>fcele Ah p u ee cevernue

2). 0) Huskouacmommuas cocmasnsiiouas ucCXoOH020 U300pajcenus AI p u ee ceuenue e).

HpI/IMepBI HCXOJHOT'O I/I306pa)KCHI/I$I A| n " €ro BBICOKOYAaCTOTHOM COCTaBJISAIOLICH

Ahp, MpUBENEHH Ha pUCyHKax 3a, 3B. CedeHWs MaHHBIX H300paKEHUIA

MIpeJICTaBIeHH HA pUCyHKax 30, 3T.
2. OtbpaceiBanne 10% cambix 6ompmmx U 10% caMbIX MalbIX 3HAYEHUH SPKOCTH

U3 TUKCEICH BBICOKOYACTOTHOM COCTABIISIONICH HMCXOJHOTO H300pakKeHUs Ahp,

mukcenedt. Jma K ocTaBmMXCA IHKCEIe BBICOKOYACTOTHOM COCTAaBJISIOIIEH

HCXOJHOTO I/I306pa)KCHI/I$I Ahp HaXoOUuTCs CpeaHee:

1 K
op = ¢ 2 A ) @

un CKO:

K
Cnoise = kz_:l(Ahp(k)_mhp)z/K 5)

Cpenmsis  pKOCTB  Mppy  BBICOKOYACTOTHON — COCTABIIIIOIICH — HCXOJHOTO

M300paKEHUSI CUUTACTCS PABHOM CpeIHEMY 3HA4YEHHIO spKOCcTH Toibko Tex Ko
(Ko £ K)) nmkceneit, pkoCTb KOTOPBIX HE OTJIMYAIOTCS OT CPEIHETO mhp 4)
6onee, uem Ha Tpt CKO O pgise (5):

\/(Ahp(m’ n)_mhp)2 <3-Onpise (6)

3. BrluncieHne 3HAYEHUS SIPKOCTHU IMHKCEJIEN BBICOKOYACTOTHOM COCTaBJ’IHIOH.Ieﬁ

WUCXOJHOTO H300paXeHHsI C OTPaHUYEHHOU SIPKOCTHIO Ahp (puc. 4) cormacHo

BBIPAKEHHSL:

g npu Pnp(m,n) > ¢
Anp (M, n), npu Any(m,n) < ¢ (7)

rae £ =Mpp + YOnoise — 8

YpOBEHb OIPAaHUYCHUS IPKOCTH IMHUKCEJICH M300paKeHUN TEKCTOBBIX 3HAKOB;

Ahp(m’n) =

y=0+3_— KO3 PULMEHT TPOTIOPIHOHATIEHOCTH;

Ahp (M, n) — 3nauenue spxoct M, N -ro MUKCeNs BHICOKOYACTOTHOM COCTABIAIOMIEH

HCXOJHOTO I/I306pa)i(eHI/I$I C OFpaHH‘lCHHOfI SPKOCTBIO.
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a) 0)

Puc. 4. Pe3yﬂbmam O2pAaHU4eHus sSApKocmu nukcenetl 8blCOKO4ACMOMHOU cocmaeﬂﬂfoweﬁ

UCX00H020 u306paicenus no paccuumantomy yposuio L
0) H300pasicenue 8b1COKOHACMOMHOU COCMABISIOUel UCXOOH020 U300PadICenus ¢

02PaHUYEHHBIMU APKOCMAMU NUKCeNel Ahp u ezo ceuenue 0).

4. BpluucieHne 3Ha4YeHHs SPKOCTH MHKCelel HU3KOYaCTOTHOM cocTaBisomeit

HCXOIHOTO N300paKeHUi A| p (puc. 3¢, 31) COIrNACHO BBIPAKEHHUS:
Aip(min):Ain(min)_Ahp(min), (9)

rie A|p(m,n) — spkocTh [N, N -ro muKcens HU3KOYACTOTHOH COCTaBISIOLICH

HCXOJTHOTO M300paKeHUSL.
5. OmpeneneHue 3HAYCHWH SPKOCTH THKCENEH WCXOTHOTO W300paKEHUs C

OTrpaHUYEHHOH SIPKOCTHIO Ain COTJIACHO BBIpaXkeHus (puc. 5a, 50):
Ain(m,n) = App(m,n) + Ap(m,n), (10)

rre Ain(MN) - spkocts M,N-ro mnmkcems HCXOAHOrO HM300PAKEHHS ¢
OTPaHUYEHHOU SIPKOCTBIO.

0100 200 300 400 500 60O 700 SO

a) 0)
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Puc. 5. a) Hcxoonoe uzobpadicenue ¢ 0epanuieHHoll spKoCmbio A| n u ezo ceuenue 6). 8)

~
Moougpuyuposannas 6bicOKOUACMOMHAsL COCMABNAIOUASL U30OPANCEHUSL AM D th u ee

ceueHue 2). 0) Mooupuyuposannas HUZKOHACMOMHAS COCMABIIOUAS U300PANCEHUS

AM D Flp u ee ceuenue e).

6. llpoBeneHne BBHICOKOYACTOTHON (HIBTPALMM WMCXOJHOTO HW300pakeHUs ¢
orpanmuennoil  spkocteio  Ajy B uacTOTHOH 06NACTM S TOMydYeHHs

MOJU(DUIIUPOBAHHON BBICOKOYACTOTHOW COCTABJISIIONICH HMCXOAHOTO H300paKEHUS

AM DFhp (puc. Sa, 56). [lns 3T0T0, COTNIACHO BhIpaKeHUs (1), BBIYMCIISETCS CIIEKTP

UCXOAHOTO  M300paKEHUS C  OTPAaHHYEHHOH  SIPKOCTBIO Sin. Crektp
MOJU(UIIMPOBAHHONW BBICOKOYACTOTHOW COCTABJISIIOLIEH HCXOAHOTO H300paXKeHHS

SAl\/|D[:hp OMPEACIACTCA BBIPAKCHUCM
SmpFhp(U: V) = Sin(U,V)Hghp(u,v), (11)

rie SMDth(U’V) , Sin(U,v) — U,V -as rapmonuka crekTpa MOIH(HIPOBAHHOI

BBICOKOYACTOTHOW COCTAaBIISIONIEH H300paXEHUsI M HCXOJHOTO H300paKeHHs ¢
OTPaHUYEHHOU SIPKOCTBIO.
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BrlurciieHHE HCKOMOIO H300paskeHUs MOIU(HUIIMPOBAHHON BBICOKOYACTOTHOM

COCTABJISIONICH Al\/lDth (puc. 5B, 5r) kak obpatHoro JII® cmektpa

MOAU(HUITUPOBAHHON  BBICOKOYACTOTHONH  COCTAaBIISIOIICH SMDth, COTJIaCHO
BEIpakeHHS (3).

7. Beluucnenwe — 3HauYeHWH — SPKOCTH  MHKCEJeH  MOIU(PHUIMPOBAHHON
HU3KOYACTOTHOH COCTAaBISIONICH W300pakeHus AMDFIp (puc. 5m, 5e) kak

MOMUKCEIbHAS Pa3HOCTh SIPKOCTH HMCXOJHOI'O H300paXECHUS C OrpaHUYCHHOMN
SIPKOCTHIO ¥ MOIU(HUITIPOBAHHON BEICOKOYACTOTHON COCTABIISIONICH H300pasKCHHUS .

AvipE1p(M, ) = A (m,n) — Aypgpg(m,n), (12)

rie AMDFIp (m,n), AMDth(m,n) —  SPKOCTb M,N-ro  mukcens

MOAM(GUIMPOBAHHBIX ~ HU3KOYaCTOTHOH M BBICOKOYACTOTHOM  COCTABIISIOIINX
HCXOIHOTO H300paKEHHUSI.
8. OrmpeneneHne 3HAUCHUH SAPKOCTH pPE3yJIbTUPYIOLIEH BBICOKOYACTOTHOM

COCTaBIISIIONICH AREth (puc. 6):

AREZhp(M, M) = Ajn (M, M) — AypEip(M, m), (13)
rae AREth(mvm) — 3nauenue sipkoct M, N -ro mnmkcens pesymbTHpYOLICH

BBEICOKOYACTOTHOM COCTABIISIOIIEH.

-ID 100 200 300 400 500 600 700 800
a) 0)

Puc. 6. a) Pe3ynomupyiowas 6bicokO4acmomuas COCmasiaowas u3oopaicenus AR EZhp u

ee ceyeHue 0).

9. Jlns pe3ydbTUPYIOMIEH BBICOKOYACTOTHOM  COCTAaBISIOMIEH  HCXOHOTO
n300pakeHus ARE Zhp TIOBTOPSIOTCS IyHKTHI 2-8 110 TeX MOp MOKa Ha TEKyIIeH

t -oit mrepanum orknoHeHHMe MOAU(HUIMPOBAHHON HU3KOYACTOTHON COCTABISIONIEH

~
UCXOJHOTO H300paKeHHS AMDFIpt 0T MOIU(UITUPOBAHHONW HU3KOYaCTOTHOU
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COCTAaBJIAIONIEH HMCXOIHOTO I/1306pa>KCHI/I$I AMDFlpt—l Ha IIpeaplayIleM Iiare

uTepanyy He OyeT MEHbIIe 3aIaHHOM BeTHUHHbl € (pHC. 7):

1 Ny Ny A )
NN Z Z(AMDFIpt(m’n)_AMDFIpt_l(m,n)) >g. (14)
X'y m=1n=1
Tae AMDF'Dt(m'n)’ AMDF'DFl(m’ N) — spkocte M,N-ro mukcens

MOIU(UIIMPOBAHHONW HU3KOYACTOTHOW COCTAaBISIONICH HA MPEAbIIyIIeH W TEKylIeH
HTEpaIusX.

1 1 | I
"0 100 200 300 400 500 600 700 800

|
it
[

T

100 200

|
500 600 700 800

~
Puc. 7. Ceuenusi MoOu@uyupo8aHHvix 6blCOKOHACMOMHOU AMDth a) U HU3KOYACTMOMHOU

Ay DFlp 0) cocmasnaiowux nonyuennolx na 20 umepayusx.
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10. TIlo 3aBepmieHMIO  UTepanuii, pe3yIbTHPYIOMAS  BBHICOKOYACTOTHAS

COCTaBIISIIOIIAsT M300pasKeHUs AREtht, [IOJIyueHHasi Ha TMOCJIEIHEW HTepalyy,

MIPHUHUMAETCS 32 UTOTOBOE N300pakeHUe Aout (puc. 8).

The quick :
brown fox z
jumps over [
the lazy dog. K e

a) 0)

Puc. 8. Umoeosoe uzobpasicerue Aout a) u e2o ceuerue 6).

5. OcoGeHHOCTH MeTOJAa KOMIIEHCALlMM TMpocedaHuss (OHA BOKPYr
H300pakeHuil TEKCTOBBIX 3HAKOB

[IpennoxeHHbIl B paboTe METOJ SBISCTCS HEMUHEHHBIM. HenmnHelHOCTh MeToa
3aKJTFOYAETCS B TOM, YTO MPUMEHATH €T0 MOYKHO JIJISl BEIPABHUBAHUS H300paXEeHHM, Y
KOTOPBIX SIPKOCTH THKCENer H300pakeHU TEKCTOBBIX 3HAKOB OOJNBIIE SPKOCTH
nukcenen (ona. [Ipy HEBBITIOJHEHUU JAHHOTO YCJIOBUS PE3YJIbTaThl paOOThI METOJA
OyxayT He ynosieTBopuTenbHbIMH. Ha pucynke 9a u 96 mpencrasieHo n3o0paxeHue,
Yy KOTOPOTO SIPKOCTh MHKCeNeH M300pakeHWH TEKCTOBBIX 3HAKOB MEHBIIE SPKOCTH
nukcenen ¢pona. Pe3ynbprar 00pabOTKH JaHHOTO W300paKeHUs MPUBEACH HA PUCYHKE
98 u 9r. BunHo, 4ro nmukcenu (GoHa BOKPYT M300paKEHUI TEKCTOBBIX 3HAKOB UMCIOT
YBEJIMYEHHYIO SIPKOCTh, a TAKXKE SIPKOCTH IMMUKCETE TEKCTOBBIX 3HAKOB HCKAXKEHA.

6’(]0“

The quick 5

2

1

" . 1 . 1
00 100 200 300 400 500 600 700 800

a) 0)
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) '50 100 200 300 400 500 600 700 800
0) e

Puc. 9. a) Hcxoonoe unsepcroe uzobpasicenue u ezo cevenue 6). Hmozosoe uzobpasicenue
8) u e2o ceuenue 2). 0) Umozosoe uzobpaicenue npu MoOUQPUKAyYUU Memood u e2o ceveHue e).

st KoppekTHOTO BEIpaBHHBaHUS (POHA TAKUX M300paKeHUS HEOOXOAUMO BHECTH
ps M3MEHEHUM B 3-Ui MyHKT OpeiokeHHoro merona. IlepBoe — 3HaueHue ypoBHs

OrpaHUYEHUS 1 SIPKOCTH THKCEJEeH BBIOMPAETCS MEHbILE YeM CPEeHss SPKOCTh

mhp BBICOKOYAaCTOTHOM COCTABIISIONICH UCXOAHOTO H300paKEHUS:
£=Mhp —YOnoise, (15)

N BTOpOE, SPKOCTh NHKCEIEH BBHICOKOYACTOTHOW COCTABISIONIEH HCXOIHOTO
M300pakeHUsT OTPAaHMYMBAETCSI B TOM CJyd4ae, €ClIM OHAa HW)KE 3HAueHUS YPOBHS

OTpaHUYCHUS 14 , TIOJTyYEHHOTO COTJIACHO BhIpaxkeHus (15):
l, npu App(m,n) </

Anp (M. 1) = Anp(M,N), npu Ay (m,n) > £

(16)

Pesynbrar BelpaBHHBaHUS (hOHA, IPU TaKOW MOAM(PUKAIMUA METOJa MpelCTaBlIeH
Ha pucyHke 91 u 9e.
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6. IlokazaTean KayecTBa BbIpaBHUBaHUSA (l)OHa H UX KpaTKl/lﬁ aHaJIu3.
B pa60Te B KauecTBE IMOKa3aTelieil KauecTBa METOoJa KOMIICHCAILIMU nmpoceaanusa
(bOHa BOKpYyT 1/1306pa>1<eH1/1171 TEKCTOBLIX 3HAKOB HCIIOJB3YCTCA CPCAHCC 3HAYCHUC U

CKO spxoctn ¢ona Ha MHOkecTBe ¥ mNHKceneil, OTHECEHHBIX K (OHY
WCCIIEyeMOro CIa0OKOHTPACTHOTO W300pakeHUsI TEKCTOBOW WH(OpPMAIHH, 10

Ayin ,Gin nnocrte Apoyt . Gwout dustparum:

Apin= 2 An(m,n)/Ny (17)

m,ne¥

Apout= 2 Aout(mn)/Ny , (18)

m,ne¥

Swin=_| X(An(m,n)- 'E“Pin)z/(N‘P -1 (19)

m,ne¥
Syout= | 2 Agout) /(N
Gwout=_| 2 \Aout(Mn) = Agoyt ( Y~ ) (20)
m,ne¥
rie Ny - konmuectBo mHKcenell, OTHeCEHHBIX K (OHY HCCIETYEMOTo

CIIa0OKOHTPACTHOTO H300paKeHHS TEKCTOBOH HH(POPMALIUH.

AHanmu3 BBEICHHBIX TIOKazaTeNiell KadecTBa KOMIICHCAIMKM TpoceaaHus (onHa
BOKPYI' H300paKCHUH TEKCTOBBIX 3HAKOB CBHMIETEIBCTBYET, YTO B pe3yJbTare

GuIbTpanyKu NpPEASIOKCHHBIM METOOM CcHIbKaeTcs B jaecsatku pa3 CKO  Owygyt

APKOCTH TIHMKCENeH, OTHECEHHbIX K (OHY HCCIEoyeMOro ClabOKOHTPACTHOTO
U300pakeHUsT TeKCcToBoW  wH(popmammu. Tak, Hanpumep, IS  HCXOJHOTO
n3zo0paxenus: (pucyHok la) CKO mnmkcened, OTHECEHHBIX K (JOHY HCCIEILyeMOTO
CIIa0OKOHTPACTHOTO HM300paXEHUs] TEKCTOBOM HHpOpManmuu, A0 GUIBTpalun

~
cocraBimsier OwWjn = 6969,7. B toxe BpeMsl mociie (pUiIbTpauuy aHaJIOTHYHOE

CKO ymenpmaercs 10 Owpgyt = 28,55.

7. BeiBOIBI

B cTatbe paccMOTpeHBI BBIYUCIUTENBHBIH METO/ BBICOKOYACTOTHOW (PHITBTpaIiun
M300pakeHUN ¢ KOMIICHCalMen npoceaanus (oHa BOKPYT M300paKEHHUN TEKCTOBBIX
3HaKOB W peanu3anus JaHHOTO METoAa Jisi M300paKeHUH, y KOTOPBIX SPKOCTh
MUKCeNed M300paKeHHii TEKCTOBBIX 3HAKOB OOJBIIE W MEHBIIE SPKOCTH IHUKCEIeH
¢ona. B kavecTBe mokazaTenell kauecTBa BhIpaBHHBAaHHA (poHa B pabOTE BBEICHBI
ounenku cpennero 3HaueHus U CKO spkocteil mukceneld (OHa Ha HCXOAHBIX U
BEIPOBHEHHBIX Kajpax. [Ipum aHanmmse mokaszaTeneil kadecTBa BhIpaBHUBaHUs (poHa
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M300paKEHUH PaCCMOTPEHHBIM MeETOIoM mokazaHo, yTo CKO spkocTu muKcenei,
OTHECEHHBIX K (DOHY HUCCIEAYeMOro CIa0OKOHTPACTHOTO H300paKEHUS TEKCTOBOWM
nHGOPMAIUH, YMEHBIIACTCS Ha JIBa TIOPSAIKA.

PaCCMOTpeHHBIﬁ BBIYMCIUTEIBHBIA METOJ[ TO3BOJIICT TMOBBICUTH OTHOIICHHE

CHUTHAJ/IIyM ¥ YMEHBIINTh JWHAMHYECKUI nOuama3oHa (OHOBOH MOJIOKKH
TEKCTOBBIX M300PaXKECHUM.

10.

11.
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VJIK 004.4.621

OmnualiH-10aTOK I PO3PAaXyHKY ONTUMAaJIbHUX YMOB
MIKpOKJIIMATy B KOMI'TOTEpHOMY Odici

JI. B. BacunwseBa, M. B. Ky3bmenko, S. C. Cagperainos
Xapxiecokuil HayionanvHuil yHieepcumem imeni B. H. Kapasina, Ykpaina

VY nmaHiif cTaTTi pO3IISIHYTI AEAKI aCEKTU CY4acHOTO CTaHy OXOPOHHM Hpari B odici.
IIpoananizoBaHO XapakTepHi 0COOIMBOCTI MIKpOKJIiMaTy B poOOYOMY HpUMILICHHI,
HaBeleHi mnpukiagy HaiOumem BaxamBux JICTY. BusBneHo Ta oOrpyHTOBaHO
HEOOXiNHICTh y IIBUAKOMY 1 OE3MOMHIKOBOMY PpO3PaxyHKY BCIX HEOOXITHHUX
XapaKTepUCTHK y HpuMimeHHi. Ha mizcTaBi mMpoBeIeHOTro MOCITIIKEHHS aBTOPAMH
pospobirero WEB-nonaTok, mo pornomarae IpUCKOPHTH POOOTY K KOHTPOIIOIOYNX
opraHiB i po0OTOIaBIIB, Tak i 3BHYAHHOro odicHOro cmiBpoOiTHHKA. Po3pobieHo
OIIUTYBAHHS JUIS TOJIIIICHHS ITPOTPaMHy.

Knrouosi cnosa: mikpoxnimam, Oepoicasui cmanoapmu, poboue npumiwenus, ogic, WEB-

dooamok, besnexa.

B nmanHO# cTaThe paccMOTpEHBI HEKOTOPBIE AaCMEKTHl COBPEMEHHOTO COCTOSIHUS
oxpaHel Tpyga B oduce. [IpoaHaan3upoBaHbl XapakTepHble OCOOCHHOCTH
MHKpOKJIMMaTa B pabodyeM MOMENIeHWH, MPUBEICHBI IPUMEphl HauOoJyiee BayKHBIX
T'OCToB. BeisiBnieHa u 000CHOBaHa HEOOXOAUMOCTh B OBICTPOM M 0€30ITHO0YHOM
pacuere BceX HEOOXOAMMBIX XapaKTepHCTHK B moMmelleHnd. Ha ocHoBaHHMH
MPOBEICHHOTO  HCCIENOBaHMA  aBTopamu  paspaborano  WEB-mpunoxenwue,
MOMOTAOIIIee YCKOPUTH PabOTy KaK KOHTPOJIHUPYIOIIUX OPTaHOB U pabOTOAATENeH, TaK
U IIPOCTOTO OHCHOTO COTpYAHUKA. PazpaboTaH ompoc ISl yirydIeHHs MPUIOKEHHS.
Knrouesvie cnosa: muxpoxnumam, 20Cy0apcmeentvle Cmanoapmel, pabouee nomewenue, oQuc,

WEB-npunoscenue, 6ezonacnocme.

Some aspects of the present state of labor protection for the office workers have been
considered. The detailed analysis of the most important microclimate characteristics of
a working area has been done and the examples of the most important state standards
have been presented. It has been shown that a quick and error-free calculation of all
the necessary room characteristics is required. According to the conducted research,
WEB-application which can speed up the work of the surveillance authorities, the
employers and the office workers has been developed. The survey for the application
improvement has been created.

Keywords: microclimate, state standards, working area, office, WEB-application, safety.

Po3aia 1. Beryn.

CyuacHHH cTaH OXOpPOHMW TMpalli B Halliii KpaiHi MOXKHa OXapaKTepH3yBaTH SIK
TakKui, MO BUKIMKAE Cepho3He 3aHenoKOoeHHs . CTBOpEHHS Oe3MevYHUuX yMOB Tparli -
Il HEBII'€MHA 4YaCTHHA COIIabHO-CKOHOMIYHOTO PO3BUTKY JEpXaBH, CKJIaJ0Ba
JIEp)KaBHOI TIONITHKH, HAIlIOHAJILHOI OE3MeKH Ta JepKaBHOTO OYIIBHHUIITBA, OJHA 3
HallBaXIUBIMKMX (YHKIIH OpraHiB BHUKOHABUOi BIIAJH, MICIEBUX JEpP KaBHUX
aZMiHICTpaIliif, BAKOHABYHX OPTaHiB pajl, MiIPUEMCTB.

HoBiTHI# CTWJIb JKUTTS BUMAara€ IOCTIHHOI MOJEpHi3allii Ta aBTOMaTH3allii,
YIOCKOHAJIEHHS YCIX MPOIIECiB, 3 SKMMH, TaK YW 1HAKIIIe, 3ycTpivaeThcs nroauHa. [le
noTpibHO JIIsl eKOHOMII Yacy, aJke ChbOTOJHI Yac € Haijopoxuum pecypcom. Llei
npoliec, HacamMIepe, CTOCY€EThCsI MPaBUIIBHOT OpraHizailii cBoro po6o4oro micis, abo
pobouux Micip mijierux. Haxkanb, He BCI MOXYTh HIBHAKO Ta OE3MOMHUIIKOBO
pO3paxyBaTH BCi HEOOXiHI MOKA3HUKHA POO0YOro Miciid Ta mopiBHATH ix 3 JICTY.

© Bacunbesa J1. B., KysomeHko M. B., CagpetgiHos A. C., 2018
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Came TOMy HamMu Oyja0 MNpUHHATE pIIICHHS PO3POOMTH  Web-101aTOK
«ODROUMKOY, sikuii cnpocTHB O JesKi 3 HaWBaXUIMBIIIUX, HAa HAIl PO3CY/I,
PO3paxyHKIB Ta 33013 1B 0araTto yacy Ta CHJl.

el
O D RO U M KO%’T‘\) ronosHA 8} HKIA BIOTYHA

[Ipoctora,

ROUMI

Puc.1.1 I'onogna cmopinka

Hamu Oymo po3pobieHo OHIAiH-TOAATOK Ul PO3paXyHKY ONTHMAJIbHUX YMOB
MIKpOKJIIMaTy B KOMIT'toTepHOMY odici. el nomaTok Oyne KOpUCHUH SIK I OpraHiB
BIaAW 3 THUTaHb OXOPOHHW Tpalli, Tak i st pobdoTtomaBis. lllmsaxoMm HeckmamHUX
MaHIMyJAIi# 3 KIaBiaTyporo 1 MUIIKOI0 MOXKHA PO3paxyBaTH HACTYITHI TTOKa3HHUKH:

- Ilnomy, HEOOXiAHY JJIs1 KOKHOTO OKPEMOT'O IIPaIliBHUKA;

- Temmneparypy npumilieHHS;

- Bomnoricte mpuMimieHHs;

- PiBenb mymy.

3aBIsSKM MM pO3paxyHKaM EKCIEepPTH 3MOXKYTh 3POOMTH BHCHOBKH CTOCOBHO
BiJIOBiTHOCTI poOoy4oi 30HU 10 HOpM JICTY.

Po3zain 2. Mikpoxuimart Ta Hopmu JICTY.

VY uyactuHi yerBepridd, ctarti 43 KoHcturynii YkpaiHu 3a3Hau€HO HACTYIIHE:
"KoxxeH Mae TpaBO Ha HaJIeXHi, Oe3medHi i 370poBi YMOBH IIpaili, Ha 3apoOiTHY
IIaTy, He HIK4Y BiJ BU3Ha4YeHOI 3akoHOM." [1].

Jns gocsTHEHHS THUX caMHX Oe3NeYHUX Ta 3J0POBHX YMOB MOTPIOHO MaTw
HaBUYKU OLIHKM Ta PO3PaXyHKY MIKpOKIiMaTy poOo4oi 30HM, MaTu YSBJIEHHS PO
MiKpOKJIiMaT, OyTH O3HaloMJIeHUM 3 aktyansbHuMH HopMamu JICTY momo pobGouoi
30HH. Takok MOTPIOHO 3HATH Ta BMITH BHUKOPUCTOBYBATH (POPMYIH pPO3PaxyHKY
XapaKTePUCTHUK, IEPEPaxOBAHMX BHILE.

bineme iadopmamnii mpo BUMOTH MO0 OXOPOHH IIpaili, a caMe, OXOPOHHU Tparii
odicHUX TpaliBHUKIB, MicTaTh KoJiekc 3akoHiB mpo mpaito, 3akoH Ykpainu «[Ipo
OXOpOHY Tpalli» Ta 1HII MiJ3aKOHHI HOPMATHBHO-IIPABOBI aKTH. 3TiJIHO 3 BUMOTaMH
crarti 153 Konekcy 3akoHiB npo mpamo YKpainu Ta crarti 6 3akony Ykpainu «lIpo
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OXOPOHY TIpalli» Ha BCiX MiIIPHEMCTBAaX, B YCTAaHOBAX, OPraHi3aIisiX CTBOPIOIOTHCS
Oe3meyHi 1 HeIKiNIMBI yMOBH Tipali. 3abe3nevyeHHs] Oe3MeYHNX 1 HeIIKiJJIMBUX YMOB
npani MOKIafgaeThcs Ha BIaCHUKA a00 YIMOBHOBa)KEHMI HMM OpraH. YMOBH Ipalli Ha
poOodomy wMicmi, Oe3rmeka TEXHOJOTIYHWX TIPOIECiB, MAaIlWH, MEXaHi3MiB,
YCTaTKyBaHHS Ta IHIMIMX 3ac00iB BUPOOHMIITBA, CTaH 3acO0IB KOJEKTHBHOTO Ta
IHAMBITYaNbHOTO 3aXKCTY, 110 BUKOPHCTOBYIOTHCS MPALliBHUKOM, a TAKOXK CaHiTapHO-
moOyTOBI yMOBH TMOBHHHI BiAIIOBIAATH BUMOTaM HOPMATHBHHX aKTiB MPO OXOPOHY
mpami. BracHuk abo yrmoBHOBaXKEHMI HUM OpTaH MOBHHEH BIPOBAKYBATH CydacHi
3aco0M TexHiKM Oe3leKkH, SKi 3amo0iraloTb BHPOOHMYOMY TpaBMaTU3My, 1
3a0e3MeuyBaTd  CaHITAPHO-TITIEHIYHI yYMOBH, [0 3amo0iral0Th BHHUKHCHHIO
npodeciiHuX 3aXBOPIOBAHb MpaIliBHUKIB [2,3].

Tenep po3risHEMO MOHSTTS MIKPOKIIiMATy JeTajbHilIe.

MikpokiaiMar — I KIiMaT BHYTPIIIHBOTO CEPEJOBUINA MPHUMILICHHS, KUK
BM3HAYAETHCA TEMIIEPAaTypOI0, BOJIOTICTIO, INBHIKICTIO PYyXy IOBITPA, a TaKOX
TEMIIEPaTypol0 BHYTPIMIHIX TIOBEPXOHb NPUMIMIEHHS (CTiH, CTemi, IIiJIOTH,
TEXHIYHOTO OOJaJHaHHS) Ta BIUIMBA€ HAa TEIUIOOOMIH JIOAWHH 3 HAaBKOJHIIHIM
CepeNoBHINEM, ii TEIUIOBHA CTaH, CaMOIIOYyTTSA, TMpaIe3faTHiCTh 1 3I0pOoB's.
MikpoxmiMaT BU3HAaYa€ KIIMAaTHYHI YMOBH Ha 0OMEXEHi TepUTOpii: B MeXax OHOTO
1 TOTO K TPUMIIIIEHHSI, HACEIICHOTO MYHKTY, By Hili [4].

MikpokmiMaTHYHI yMOBH BHPOOHMYHUX MPHUMILICHb XapaKTePU3YIOTHCS TaKUMHU
NOKa3HUKAMHU:

- TeMIeparypa moBiTps,

- BITHOCHA BOJIOTICTh TIOBITPA,

- MIBUJIKICTH PyXY MOBITPA,

- IHTEHCUBHICTbH TEIUIOBOTO (iH(pauepBOHOTO) OTIPOMiHEHHS,

- TeMIIepaTypa MoBepXHi.

3a cTyneHeM BIUTMBY Ha TEIUIOBUH CTaH JIIOAWHU MIiKPOKIIMATHYHI yMOBH
MOMIITISIFOTh Ha ONTHMAJIBHI Ta AomycTuMi. J[i1s pobodoi 30HN BUPOOHHYNX MTPUMIIIEHB
BCTaHOBIIOIOTHCS ONTHMANBHI Ta IOMYCTUMI MIKPOKJITIMATHYHI YMOBH 3 YpaxyBaHHIM
B)XKOCTI BHKOHYBaHOi poOOTH Ta mepiony poky. I[Ipum ogHOYacHOMY BHKOHaHHI B
poOodiii 30HI pobiT pi3HOI KaTeropii BaXKKOCTI PiBHI IMOKa3HUKIB MIKPOKIIMATy
MTOBHHHI BCTAHOBIIOBATUCH 3 YPaXyBaHHSAM HANOIIBII YHCETHHOI TPYIH MPAaIliBHUAKIB.

KomdopTHi nMoka3HUKK MIKPOKIIIMATy s 370POBOI JIFOAWHY, SIKa BiAOYnMBae abo
BHKOHYE JIeTKY (hi3uuHy poOOTY 3a3BHUaii 3HAXO/AThCS B TAKUX Mexkax [4]:

— TeMnepaTtypa nositps — 16-25 °C,

— BoJioricTh moBiTps — 40-60%,

— mWBUAKICTh pyxy nositps — 0,2-0,5 m/c,

— pamiamiiiHa TemmepaTypa (TeMIieparypa HaBKOJMIIHIX mpeameriB) — £2 °C B
MOPIBHSHHI 3 HOPMOBAHOIO TEMIIEPATYPOIO TOBITPSI.

PoGoui mics odicHuUX mpamiBHUKIB, 00JaHaHI EPCOHATLHUMHU KOMIT I0TEpaMH
(mami — poOoui MicIs), TOBUHHI BifmoBigaTu BuMoraMm «lIpaBui oXopoHHW mpari i
4ac eKCIUTyaTalil eJeKTPOHHO-O0YHMCITIOBATBHUX MalIWH», 3aTBepUkeHHX Hakazom
HdepxaBHOro KoMiTeTy YKpaiHM 3 TIPOMHUCIIOBOI OE3MEKH, OXOPOHH Tpaimi Ta
ripuudoro Harysagy Bix 26.03.2010 poxky Ne 65 (mani Ilpasuna), ta «/lepxaBHuX
CaHITapHUX TPaBWJI 1 HOPM pPOOOTH 3 BI3yaIbHUMHU JIWUCIUIEHHUMH TepMiHAIaMU
€JIEKTPOHHO-O0UYHCITIOBAIFHAX MAallIMH», 3aTBEPIKCHUX MOCTAHOBOI ['0IOBHOTO
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JICp)KaBHOrO caHiTapHoro Jikaps Ykpainu Bim 10.12.98 N 7 ([ACanlliH 3.3.2-007-
98). IlpaBuiia TOMIMPIOIOTHCSA HA BCIX CYO’€KTIB TOCIOAAPIOBAHHS HE3AJICKHO Bij
¢opM BIAaCHOCTI, SIKi y CBOi [isSUIBHOCTI 3IIHCHIOIOTH pOOOTY, MOB’s3aHy 3
MEPCOHAIFHUMH KOMII FOTepaMH, y TOMY YHWCII Ha THX, SKi MalOTh PoOOYl MicIls,
obnmamHaHi IMEPCOHATLHUMH KOMIT IOTepaMH 1 TepuepiiHIMH — TPHUCTPOSMH.
3a3HaueHi HOPMATUBHO-IIPABOBI aKTH BCTAHOBIIOIOTH CaHITAPHO-TITi€HIYHI BUMOTH JI0
MPUMIIIEHHS, B SIKOMY pPO3TalloBaHE pobOode Miclle, BIacHe A0 POoOOYOro MICI,
OCBITIIEHHS, PIBHIB BiOpallii 1 Irymy, MiKpOKJIiMaTy B PUMIIIEHH] TOIIIO.
Hani posrisaemo aesiki 3 HopM JICTY om0 poboTu 3a KOMIT FOTEpOM B 0ici.

Ipuminienns

BynmiBni Ta npuMIlIeHHS, € PO3MilleHi poOovi Miclisd, MOBHHHI BiJNOBiIATH
BUMOTaM HOPMATHBHO-TEXHIYHOI Ta eKCIUTyaTalliiHOl JOKYMEHTalil BUPOOHMKA
nepconanbHux komm 'torepiB  JCanlliH 3.3.2-007-98 Ta [IlpaBun. bynism Ta
MPUMIIIEHHS, [Ie PO3MIIIeHi poOoui MicIs omeparopiB, MarOTh OyTH He HIDKYE
JpYroro CTyHeHs BOTHECTIHKOCTI.

[Tpu iboMy TUTOIIA TTpUMiTIeHHS Ma€e Oyt He MeHme 6,0 KB. M. 13 po3paxyHKy Ha
oaHe poboue micre, a 06’ em — He mertire 20,0 ky6. M [5].

Opranizanis Ta 06JagHaHAA Po0040ro Micus

IIpu po3mimieHHI pPOOOYMX CTONIB 3 TEPCOHATBHUMH KOMII IOTEpaMH  CIIiJ
JOTPUMYBAaTH:

- BiacTaHp Mi OIYHHMH MMOBEPXHSIMH MEPCOHATBHUX KOMIT I0TEepiB 1,2 M.;

- BIJICTaHb BiJ TWJIBHOI TOBEPXHI OJHOTO IEPCOHAILHOTO KOMIT IOTEpa 0
eKpaHa iHIoro — 2,5 M.

3a motpedu 0coOJIMBOI KOHIIGHTpAIlil yBardu il 4ac BHUKOHAHHS POOIT CyMiXHI
poboui Micisl omepaTopiB HEOOXIAHO BLIIIISATH OJHE BiJ OJHOTO MEPEropoIKaMu
BHcoTOI0 1,5 — 2M.

Jnst 3a0e3neyeHHs] 3aXHCTy 1 JOCATHEHHS HOPMOBAaHUX PIBHIB KOMIT IOTEPHUX
BUIIPOMIHIOBaHb HEOOXIHUM € 3aCTOCYBaHHS IMPHEKPaHHUX (iIBTPIB, JOKATBHUX
cBITIHO(MIIBTPIB (3aCO0IB 1HAMBITYyaTFHOTO 3aXKCTY O4Yei) Ta iHIINX 3aC00iB 3aXUCTY,
0 NPOMNUIM BUMPOOYBaHHS B aKpEAUTOBAHUX JIA0OPATOPIsAX 1 MArOTh HIOPIYHUIN
ririeniunmii ceprudikar [5].

Be3neka nig yac podoTH 3 NEPCOHAIBLHUM KOMII’IOTEPOM

[loxHs mepe moYyaTkoM poOOTH HEOOXITHO OUHMIIIATA MOHITOP BiJ MUY Ta IHIIMX
3a0pyaHenb. [licnst 3akiH4eHHS POOOTH NEPCOHAIBHUA KOMIT'IOTEp 1 mepudepiiiai
npucTpoi MOBUHHI OYTH BiJKJIIOUEHI BiJ €JIEKTPUYHOI Mepexi. Y pa3i BUHUKHEHHS
aBapiiHOI cHTyallii HEeoOXiJHO HEeTalHO BIAKIIOYUTH IMEPCOHATBHUH KOMI'IOTEp 1
nepudepiitHi MpUCTPOi BiJ] IEKTPHUIHOT MEPEKI.

He nonyckaerbest:

. BUKOHYBAaTH OOCITyrOBYBaHHS, PEMOHT Ta HaJaro/DKCHHS MEPCOHAIBHOTO
KOMIT'IOTepy Ta mnepudepiiiHuxX npHUCTPOIB Oe3mocepeHb0 Ha PoOdOYOMYy MicIi
oreparopa;
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. 30epirat OIS MTEPCOHATLHOTO KOMIT IOTEPY Ta MepudepiitHuX MPUCTPOIB
namip, Oynp-siki Hocii iHpopmarii (AuCKuW, (IIEIKH TOIIO), 3amacHi OJOKH, AeTai
TOILO, SIKIIO BOHH HE BUKOPUCTOBYIOTHCS Il IOTOYHOT pOOOTH;

. BIIKIIIOYATH 3aXHCHI TMPHUCTPOI, CAMOYHMHHO MPOBOAWTH 3MIHH Yy
KOHCTPYKII] Ta CKJIa/li IePCOHAIBHOTO KOMIT' IOTepy Ta nepudepiitHux mpuctpois adbo
X TeXHIYHE HaJaroKeHHs;

. MPAIIOBaTH 3 TEPCOHATBHAM KOMIT'IOTEPOM, Yy SKHX T 4yac poboTh
3’ SIBJISIIOTHCS HeXapaKTepHI CUTHAIH, HeCTaOlIbHE 300paykeHHSI Ha MOHITOPI TOIIIO;
. NpamoBaTH 3 MAaTPUYHUM MPUHTEPOM 3a BIJCYTHOCTI BiOpamiiHOro

KAJIMMKA Ta 31 3HATOIO (MiHATOI0) BEPXHBOIO KPHUIIKOIO [5].

Mikpoxkiaimat

[MpumimenHss s poOOTH 3 NEPCOHAIBHUMH KOMIT'IOTEpaMHd MaroTh OyTH
o0nasHaHI CHUCTEMaMH OMNAJCHHS, KOHAWIIIOHYBaHHS TMOBITPsS, a00 MPHUILIMBHO-
BUTSDKHOIO  BEHTWIAIIEO. Y  TPHUMIMICHHAX Ha pPoOOYMX MICHAX  MAaroTh
3a0e3meuyBaTUCh ONTHMANIbHI 3HAYEHHsI MMapaMeTpiB MIKpPOKJIIMAaTy: TeMIeparypH,
BiTHOCHOI BOJIOTOCTI W PYXJIMBOCTI MOBIiTps y BimmosimHocTti mo JCTY 12.1.005-88,
CH 4088-86 [5].

OcBiTy1IeHHA
[IpumimeHHs, B SKUX BCTAHOBJICHI IMEPCOHAIBHI KOMII IOTEPH, TMOBHHHI MAaTH
MIPUPOJTHE TA IITYYHE OCBITIACHHS BianosigHo mo CHull 11-4-79.

PiBHi mymy i Biopamii

PiBHI 3ByKOBOTO THCKY B OKTaBHHX CMYyTaX 4acTOT, PiBHI 3ByKYy Ta €KBiBaJICHTHi
piBHI 3ByKy Ha poOOYMX MICISIX MaroTh BiamoBizatu Bumoram CH 3223-85, JICTY
12.1.003-83, T'P 2411-81 [5].

Heionizyroue eekTpoMarHiTHe BUNIPOMiHIOBaHHS

3Ha4YeHHS HANPYKEHOCTI eJIEKTPOCTATUIHOTO TIOJIS HA POOOUMX Micugx (SIK y 30HI
eKpaHa IucIUies, TaK 1 Ha TOBEPXHSAX OONaJHaHHS, KIaBiaTypH, IPYKyBaJbHOTO
NPUCTPOI0) MAIOTh HE MEPEBUIYBaTH rpaHuuHo gomyctumux 3a JCTY 12.1.045-84,
CH 1757-77. 3na4eHHs1 HaNPY»KEHOCT] €NEKTPOMAarHITHHX ITOJIiB HA pOOOYHX MICISIX 3
BJT matote BiamoBinatn HopMatuBHUM 3HaueHHAM (I'IP Ne 3206-85, I'JIP Ne 4131-
86, CH Ne 5802-91, ACTY 12.1.006-84). InTeHCHBHICTh MOTOKIB iH(PadepBOHOTO
BUTIPOMIHIOBaHHSI Ma€ HE TIEPEBUIYBaTH JOMYCTUMHX 3Ha4eHb BiAmosigHo no CH
4088-86, JCTY 12.1.005-88. IHTEHCHBHICTh TOTOKIB  YJIbTPadioneToBOro
BUIIPOMIHIOBaHHS Ma€ HE NEPEBHIIYBAaTH NONMYCTUMHX 3Ha4deHb BiamosimHo no CH
4557-88 [5].

Enexrpobe3neka

IlepconanbHi KoM’ FOTEpH, MepUQepiliHi TPUCTPOI, iHIIE yCTAaTKyBaHHS (amapaTH
YIpaBIiHHS, KOHTPOJIBHO-BUMIPIOBAJIbHI TIPUIIAJIH, CBITHIBHUAKH), EJIEKTPOIPOBOIN Ta
kaleni 32 BUKOHAHHIM 1 CTYIIEHEM 3aXHCTy MAIOTh BIAMOBITATH KIAcy 30HH, MaTH
armapaTypy 3aXMCTy BiJl CTPyMY KOPOTKOT'O 3aMHUKaHHS Ta IHIIUX aBapiiHUX PEKUMIB.
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VY mnpumimeHHi, 16 OJHOYACHO EKCIUTyaTyIOThCS TIOHAN ITATh TEePCOHATBHHX
KOMIT'I0TepiB 1 mepudepiiHuX NPUCTPOiB, HA MOMITHOMY Ta JOCTYIHOMY Micui
BCTaHOBIIIOETHCS aBapiiHUN pe3epBHUN BUMHKAY, SKMH MOKE MOBHICTIO BUMKHYTH
eJIEKTPUYHE KUBJICHHS IIPUMIIIEHHs, KpiM OCBiTIeHHS [5].

Sk Mu 3'scyBanu, poboTa 3a KOMITIOTEPOM HE Taka Oe3ledHa, Sk 3/1aBajocs 0 Ha
nepumii norasa. HasBHicTs npamiBHUKIB, SKi mpoBoasaTh Oinbie 50% pobodoro yacy
3a EKpaHOM MOHITOpa HakjaJae Ha poOOTONMABIS TEBHI OOOB'SI3KH - MPOBEACHHS
MEINYHUX OTIIAIIB, CHEmiadbHOI OIIHKA YMOB Tpalli, a MOXJIHMBO, i 3a0e3meueHHs
MiABUIICHOI OMJIaTH Mpalli, HaJaHHs JOJATKOBOI OIUIa4yBaHOI BiJITyCTKH.

3 TOYKHM 30py CaHITApHUX HOPM pPOOOTY 3a KOMIT'IOTEPOM MOXKHA 3pOOUTH
Oesmeunoro. [ mboro MoTpiOHO 3a0€3MeYnTH MPAIiBHAKIB TPABMIIFHIMHE CTUTBIISIMH
1 CTOIaMU, PO3CTaBUTH MOHITOPH 1 cTonu 3a npaBuiamu J{CanlliH, a Takoxx HanaBaTu
NpaliBHUKaM MepepBU B pOOOTi.

Pozain 3. Onuc WEB-nonarky.

Came vepe3 mepepaxoBaHi BUIIE YNHHUKWA MU BUPILIMIA PO3POOUTH Pecypc, IO
JTO3BOJISIE PO3PAXOBYBATH TOKA3HUKH IUIOMI Ta 00’€My MPHUMIMIEHHS, PiBEHb IIyMY,
TEMIIEPaTypy Ta BOJIOTICTh Y MPUMIIICHHI.

e

Po3paxyHku

Huziae moxkHa Beect Bam Aani 1a 3pobHTH pospaxyHKH napamerpie poGodoi 301

PIBEHb WYMY TEMMEPATYPA BONOrICTL MNOLWATAOB'EM

LUyt MOIKE TICKOAMTA Blg, Q3HUK: AkEpEn:
KDMH‘WEFM,J’\BMI’IM, OCBITNEHHA I T A,
HOpma LWyhty CTaHOEMTL 55 46,

ONTHMEEHMA AIANE30H B NITHID Nopy
CTaHOBMTh 23-25°C, B3nmoy - 22-24 °C,

TInA MATRMMER OQraHisy B TRy |
300p0BOMY CTaHI HeofdaHo

NIATPMMYBETA NEEHY BONONICTE NOBITRA.

HOpMa CTAHOBUTE 40-60%,

Hopa nnow CTaHOBUTE & w3
pmpaxyHKy Ha 1 pofiode Micye Ta
BIACTAHHIO MK POGCHMMM CTONAMM,
PIEHOK 2 M,

Hopma 0'emy CTAHOBMTE 20 w3
pO3PEKYHKY Ha 1 OCOBY.

PigeHs Lytty, Ak GyN0 3aKipAHD: MNopa poky: ® Mitia afio  3umMosa PigeHb BQNOMOCTI, AkMA ByN0 saminaHo:

16 %
PlBEHE TEMNERETYM, Ak Byno

3aMmipAHo: i 4

KineKiCTe NPaLEHIKIE Y NPpUMILeHH:

Po3paxysaTH PO3paxyBaTH PoapaxysaTi

A BranmmaTU it e

Puc.1.2 Pospaxyuku

Ham web-nmogarok Oyno po3poOieHO 3 BHUKOPUCTaHHSIM MOBU PO3MITKH
rineprekcroBux aokymentiB HTML, xackagaux Ttabmuup ctmwiiB CSS, AuHaMivHOT,
00'eKTHO-0piEHTOBaHOI MOBH MporpamyBaHHs JavaScript, a TakoX CKPUITOBOI MOBU
nporpamysanHsi PHP. 3aBnsiku BUKOpHCTaHHIO BCiX MepepaxoBaHHUX 3aco0iB BIaocs
3po0uTH iHTEepdEiic TeTKIM Ta IHTYITHBHO 3pO3YMUIAM ISt OYb-SIKO1 JFOAHHU.
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Takox MM 3al[iKaBUJIMCh, YM AIMCHO OyJe KOPUCHHM Halll JOJATOK, TOMY 3pOOHIH
CTOPIHKY 3 ONUTYBaHHAM KOPHCTYBadiB. SIKII0 OHJIAHH-ONUTYBaHHS MOKaXe, [0 HAII
web-1o1aTok  KOpPHCTYETHCSA TOMUTOM, TO Y MalWOyTHbOMY CTa€ MOXKIHBHM
po3MIMpeHHs PyHKIIOHATY Ta po3pobka MoOinbHOT Bepcii [6-9].

BaMm nomo0aeTses 1oaaTok?

[l03BONAETLCA KOMiKOBATH Ta BUKOPHCTOBYBATH MaTepiank pecypcy ODROUMKO Gyab- [NuzaiiH pospofinexo Boolsira
AKUM CNIOCOOOM Ha CBIl CTPaX Ta PH3UK, NPU L{5OMY NOCHNAHHS Ha PeCypC
ODROUMKO He € 000B'#3K0BMM. YCIX MPaB HE 3aXHCTALL. 3

Puc.1.3 Onumysannsa

Po3nin 4. BucHoBok.

CtBOpeHHsT O€3MeYHHX yMOB IIpami — OJHa 3 OCHOBHUX 3a7ad ChOTOYaCHOL
oxopoHu mparii. JlocsarTy miel MeTH HeNerko, aje IIKOM MOXIHBO. CaMe TOMy HaMH
Oys10 npuiiHaTe pimeHHs po3pooutn web-mogarok «KODROUMKO» mis po3paxyHKy
ONTUMAJLHUX YMOB MIKPOKIIMaTy B KOMI'IOTepHOMY odici. MikpokmiMaT — 1e
KJIiIMaT BHYTPIIITHBOTO CEPEIOBUINA MPUMIIIIEHHS, SKU BH3HAYAETHCS TEMITEPATYPOTO,
BOJIOTICTIO, INBUJKICTIO pyXy TOBITpS, a TakKOX TEMIEpPaTypor BHYTPILTHIX
MOBEPXOHb MPUMILIEHHS (CTiH, CTeNi, MiAJIOTH, TEXHIYHOTO O0JIaJHAHHS) Ta BILUIUBAE
Ha TEIUIOOOMIH JIFOJMHM 3 HaBKOJMINHIM CepeloBHINEM, ii TEIJIOBHH CTaH,
CaMOIIOYYTTs, TpPALE3laTHICTh 1 370poB's. JlogaTok Mae CHpocTUTH JAesiKi 3
HABAXUIMBINIMX PO3PAXYHKIB CKJIQJOBUX MIKPOKIIMATy Ta 3a0IaJWTH BUTpaueHHUH
Ha HHUX 4Yac. Y JI0JaTKy MO)KHa PO3paxyBaTH TaKi IOKa3HUKH, SIK IUIONIA Ta 00'€M,
HEOOXiMHI Ui KOXXHOTO OKPEeMOTo WpaIliBHHKA, TEMIepaTypy Ta BOJIOTICTh Yy
NpUMIIIEHH], PiBEHb IIyMY.

OTKe, MU BBaXKAEMO, IO HAIl pPecypc JONMOMOXKE NpaliBHUKY Ta / abo
po0oTOaBIIIO 3'ICYBaTH YU MPOXOANUTH TPYAOBHI MPOIEC BIAMOBITHO J0 JAEp>KaBHUX
HOopMaTHBIB. Jljsi TOro, mo0 CKOPHUCTYBAaTHCh PECYpCOM HEOOXIAHO NepedTH 3a
nocuinanusM: http://odroumko.ho.ua .
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VK 681.518.5

[ouryk 30HU 1HTEpECY B KaJIpi 7151 KOHTPOIIO SKOCTI
JAPYKOBAaHUX ILIaT

I. B. I'apsiueBceka, M. B. I'ypina
Xapxiecvkuil nayionanvHuil yHieepcumem imeni B.H. Kapasina, Yxpaina
Xapxiecokuil HayioHanbHUll YHieepcumem paodioeieKmpoHixu, Yxpaina

B ctarTi po3risiHYyTO METOJ MOIIYKY 30HHM 1HTepecy B KaJpi IJIsi KOHTPOJIO SKOCTI
JpYKOBaHMX IITaT. PO3IiIsHyTO eTamu HpOBENCHHS KOHTPONIO MiJ Yac TeCTyBaHHS
IUIATH HEPYHHYIOUUM TEPMIYHMM METOAOM, ONMCaHI METOOH OTPHUMAaHHS KOHTYpiB
CIIEMEHTIB, HaBelEHI pe3yiapTaTH poOoTH 1ux MeroniB. [IpomemoHcTpoBaHi
pe3yabTaTu eKCIEPHUMEHTAIBHUX JOCTIIKEHb TECTyBaHHS YOTHPHOX IIJIAT OAHOYACHO,
OTpHMaHI y IporpaMHOMY 3a0e3NedeHHi, CTBOPEHOMY HA OCHOBI pO3poOJICHOTO
Merony. Po3poOmeHnit MeTon MO3BOJNIMTE aBTOMATH3YyBAaTH IIPOIEC IOIIYKY 30HHU
iHTEpECy.

Knrouoei cnoea: opykosana niama, KOHMpOTb AKOCHI, MENIOSUNl He PYUHYIOUUL KOHMPOTb,
menjosisop.

B cTaThe paccMOTPEH METO/[| TOUCKA 30HbI HHTEPEca B KaJpe JUIs KOHTPOJI KauecTBa
HEYaTHBIX IJIaT. PacCMOTpEHBI STaNbl POBEICHNUS KOHTPOJIS BO BPEMS TECTHPOBAHUS
IUIaThl HEpa3pyIIAIONIMM TEPMHUYECKHM METOIOM, ONHCAaHBI METOMABI IOJTYyYCHUS
KOHTYPOB  JJIEMEHTOB, NpHUBEICHBI  pe3yibTaThl  pabOTBl  STHX  METOJOB.
TIponemMoHCTpHpOBaHBI pe3yIbTaTh IKCTIEPUMEHTAIIBHBIX HCCIIeI0BaHUN
TECTHPOBAaHUE YETBIpEX IUIAT OJHOBPEMEHHO, IIOJNyYeHHBIE B IPOrPaMMHOM
obecrieueHNH, CO3JaHHOM Ha OCHOBE pa3paboTaHHOTO MeToa. Pa3paboTaHHbI MeTOq
MO3BOJIUT aBTOMATH3UPOBATh IPOLIECC MOMCKA 30HbI HHTEpEca.

Knroueevie cnoea: nevammnas niama, KOHmMpOJb Kavecmed, menio8oul Hepaspyuanuieco
KOHmMPOJb, Menjiosu3op.

The method for searching an area of interest in a frame to control the quality of printed
circuit boards has been considered. The control stages during the board testing by the
non-destructive thermal method have been reviewed. The methods for obtaining
contours of elements have been described, and the results of these methods are
presented. The results of the experimental testing of the four boards simultaneously
which have been obtained in the software created on the basis of the developed
method are demonstrated. The developed method allows automating the process of
searching an area of interest.

Key words: printed circuit board, quality control, thermal non-destructive testing, thermal
imager.

1. Beryn

Ha nanmit yac icHye 3amada aBroMaru3alii BU3HAYCHHS SKOCTI JPYKOBAaHHX IUIAT
(AIT). AT BUKOPHUCTOBYIOTH B YCIiX Tay3siX MPOMHCIOBOCTI, BOHH BUKOPHCTOBYIOTHCS
JUTs 3a0€3MeYeHHs] BHCOKOTO (DYHKI[IOHATY anapaTypHu.

IcHye psim MeToniB, SiKi BUKOPUCTOBYIOTH JJIsi KOHTpoito sikocti JI1 Ha pi3HMX
eranmax BHpoOHMITBa [2]. IcHyroui MeTomy Ha psay 3 IepeBaraMd MarwTh Ppsj
uenomikiB [5, 6]. Jms CTBOPEHHS METOAY KOHTPOJIO SIKOCTi, SIKWU# JT03BOJHUTH
aBTOMATH3YBAaTH LIeH mpoliec OysI0 00paHoO TEIJIOBHI HEPYyHHYYHH KOHTPOIIb [2].

J1st cTBOpEHHST METO/TY TONIYKY 30HU iHTEpECY B Kajpi HEOOXiTHO:

- OTPUMATH peasibHe 300paXeHHs IPYKOBAHOT IIATH;

- HArpiTH JIPYKOBaHy IUIaTy;

© lapsuesceka . B., MN'ypiHa [. B., 2018
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- 3a JIOTIOMOT'OI0 TEIJIOBI30pa OTPUMATH TEPMOTPaMY;

- MiATOTYBaTH pealbHe 300paKCHHS TECTOBOTO 3pa3Ka Ta TEPMOTPAMHU;

- OTpUMAaTH KOHTYPH CJICMCHTIB JPYKOBAHOI IUIATH Ha pealbHOMY 300paKeHHi;
- TIEPEHECTH OTPUMaHi KOHTYPH 3 PEaIbHOTO 300pakeHHs Ha Tepmorpamy [1];
- BUABHTH Opak Ha IPYKOBaHiH TIaTi.

2. Buninenns 30Hu inTepecy B kaapi

Ha erami BumineHHs 30HU iHTEpeCy B Kapi HEOOX1AHO 3AIMCHATH:

- BUJIJICHHS KOHTYPY Ha peallbHOMY 300paKeHHi;

- IEPEHECEHHs OTPUMAHOT0 KOHTYPY Ha pealbHOMY 300pakKeHHI Ha TEPMOTpaMMy.

Hpyruii eran HEOOXiTHUI A MOAATBIIOTO KOHTPOJIO SKOCTI APYKOBAHHUX IUIAT.
Ie#t eranm 3miHCHIOETBCS PO3POOJICHMM NPOTPAMHHM NPOAYKTOM, HANHCAHUM Ha
MiZICTaBl po3poOJCHOrO MeTony. ICHye psii METOMdiB, IO JO3BOJSIOTH BUAUTUTH
KOHTYp Ha BUIUMOMY 300pakeHHI, cepell HUX OyJH po3rIaHyTi: omepartop Pobeprca,
Cob6emns, IIpesitra, Kipmma, PoGincona, anroputMm Kanni ta LoG-anropurm.

3. Oneparop Pobeptca
Hexait obmacts 3%3, HaBeZieHa Ha pUCYHKY 3.1, sIBIIsie COOO0 3HAUEHHS SICKPaBOCT1
B OKOJIMIII JISSIKOTO eJIeMEHTa 300pasKeHHSL.

z1 z2 z3
z4 z5 z6
z7 z8 79

Puc. 3.1.0xonuysa 3 x3 ecepedeni 306pasicenns

OpvH 3 HAWMPOCTIIMX CHOCOOIB 3HAXO/KEHHS MEPIIMX YacTHUX MOXITHUX Y

Touli Z5 TIONATa€ 'y BHUKOPHCTAHHI HACTYIHOTO MEPEXPECHOr0 TPaTiEHTHOrO
omneparopa PoGeprca:
Gy = (29 - z5),
Gy = (zg — 7).
LIi moxifHi MOXYTh OyTH peaii3oBaHi HUITXOM OOpPOOKH BCHOTO 300pakKeHHS 3a

JIOIIOMOT'0I0  OIepaTopa, IO ONUCYETbCS MAacKaMu Ha PHUCYHKY 3.2, INONEPeAHBO
BUKOPHCTOBYIOUM MPOIeypy DiNlbTpallii, onucaHy paHirie.

-1 0 0 -1

0 1 1 0

Puc.3.2. Macku onepamopa Pobepmca

Peamizariiss Macok po3mipamu 2X2 HE HAITO 3py4Ha, TOMY Yy HUX HEMAa€ YiTKO
BUPQ)KEHOTO LEHTPAIBLHOIO €JIEeMEHTa, IO ICTOTHO BiJOMBA€ThCS Ha pe3yJbTaTi
BUKOHAHHS (inbTpariii. AJjie el «MiHYyC» TOPODKYE YK€ KOPHUCHA BIJIACTHBICTD
JTAHOTO ANTOPUTMY — BUCOKY HIBHIIKICTh 0OPOOKH 300paskeHHSI.
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4. Onepatop IlpeBiTTa
Omneparop [lIpeBiTTa, Tak camo sk i omepatop PoOeprtca, mpaitoe 3 00aacTiO
300paskeHHst 3X3, TiAbKM BUKOPHUCTAHHS TaKOT MACKH 331a€THCS 1HIIIMMHU BHUPAa3aMU:

Gy = (z7 + 23 + 29) - (nn + 72 + Z3),
Gy = (23 + 25 + 2g9) — (21 + 24 + Z7).

VY nux gopmynax pizHUIL MK CyMaMH BEPXHBOTO Ta HUYKHBOTO PSIIKIB B OKOJIUIT
3x3 € HAONMMKEHUM 3HAYEHHSIM TOXIJTHOI MO OCi X, a PI3HHUL MK CyMaMH MEpLIOMY
Ta OCTAaHHBOTO CTOBIIIIB ITi€i OKOJHUINI — MOXigHOIO Mo oci Y. st peamizarmii 1mux
(GopMyJT BUKOPHUCTOBYETBCSI ONEpaTop, OMMCYBaHUI MackaMu Ha pUcyHKy 4.1, sxuii
Ha3uBaeThCs oneparopom llpesiTra.

-1 -1 -1 -1 0 1

0 0 0 -1 0 1

1 1 1 -1 0 1

Pucynox 4.1. Macku onepamopa Ilpegimma

5. Oneparop PodGincona

Merton Pobincona moxiOuuit 1o metoxy Kiprma, aje € GinbIn mpocTuM B pearizariii
B CHITy BUKopucTaHHs koedinientiB 0, 1 i 2. Macku JaHOTO omeparopa CUMETPUYHI
1I0/I0 LEHTPaJIbHOI OcCi, 3aloBHEHOI HYIsAMH. J[OCTaTHBO OTPHMATH pPE3yiabTaT Bil
00pOOKHM MepIINX YOTUPHOX MACOK, 1HII K MOXKHA OTPUMATH [UIAXOM iHBEPTYBaHHS

MEPILHX.

-1 0 1

E = |-2 0 2
~1 0 1|

0 1 2

NE = |- 1 0 1
_ 2 _1 o

1 2 1

N =|0 0 0
_ _ 2 ~1)
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1 0 _1
W o= |2 0 ~ 2
1 0 ~ 1
0 _1 _ 2
SW o= |1 0 _1
2 1 0|
_1 2 _1
s = |0 0
1 2 1|
_ 2 _1 0
SE = |- 1 0 1
0 1 2

MakcumasnbHe 3HaUeHHs, OTpUMaHe MICIsl 3aCTOCYBaHHS BCIX YOTHPHOX MAcoK JI0
[MEHTPATBHOTO TIKCENI0 Ta OTOYYIOUHMX HOTO TIKCETiB BBaXKAETHCA BEIHMYUHOIO
rpajiieHTa, a KyT rpaJi€eHTa MOXKHA anpoOKCUMYBAaTH SK KYT JIiHiH HyIiB B Macli, sKi
JIAf0Th MAaKCUMAIIbHUH BIiATyK [2].

6. Jerextop rpanuns Kanni

Hetexrop rpanunp KanHi € oJHMM 3 HaUNOMYJSPHIIINX aJrOPUTMIB BUSBICHHS
KOHTYPiB. Ba)KITMBIM KPOKOM y JaHOMY aJrOPHTMIi € YCYHEHHS IIyMy Ha KOHTYpax,
KU 3HAYHOI MIpPOI0 MOXKE BIUIMHYTH Ha pe3yJbTaT, NpHU I[bOMY HEOOXIJIHO
MakKCUMaJbHO 30epertd rpanuii. J[ms 1poro HEOOXiMHUN peTenpbHUM mifdip
MOPOTOBOTO 3HAYEHHS MpH OO0poOIi JaHUM METOJOM, M0 1 € HOro TOJOBHUM
HEIOIIKOM Cepe]] iHIITUX METO/IiB.

Ockinpky  monepefHs (uIbTpaiis BXE IMPOBEACHA TO Ui IOAAJIBIIOTO
BUKOPHUCTaHHS Ta YJIOCKOHalIeHHS OyB 0OpaHuii Mmeton PobepTca Ta meton Kansi.

Y IOCKOHAMIOIOUN TIEpUIMKA METOJ MAaTpHls IepeTBOpeHb Oyna 30uiblieHa [0
po3Mipy 3x3 mikcens i B X0l 3amycKy QopmyBaiiacs IHIIE Micis MOoNepeaHbol
¢inpTparii 300paxkeHHs! JPYKOBAaHMX IJIaT.

SckpaBicTh TiKcemiB, IO MOTPAIUIAIOTH B 001acTh il MaTpuil, NPHOIH3HO
onHakoBa. lle o3Hawae, 0 MmiCHs CKJIAJAHHA BUiine cyma, OaM3bKa 10 HYIA. SIKIIo
NepeTBOpeHuil miKcenb (MoMy BiNOBiae NEHTPaTbHUN eneMeHT Matpull 3x3) mae
SCKpaBiCTh, IO TEPEBUIIYE€ HABKOJHINHI ITKCENi, TO Pe3yNbTaT CKIAJaHHSA OyIe
OinpIne HyIIS.

CyMa eneMeHTIB MaTpHIll JOpPiBHIOE HYN0. ToMy 300pa)KeHHSI MIEPETBOPUTHCS B
YOpHO-0iJie. SIKIIO K HEeHTpaTbHUN eIEMEHT MaTpHIli 3pOOHUTH, HANIPUKJIIA]l, PIBHUM 9,
KOJIbOPH 300paKEHHS B OCHOBHOMY HE 3MiHATHCS, OyIyTh BH/IIICHI JIHIIE MEXKI.
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Sk OyIo 3a3HaYCHO TEepe]] MOYaTKOM POOOTH TaHOTO METOIY HEOOXiTHO MTPOBECTH
nornepeanto GinpTpamito BaockoHaneHuM Metonom SUSAN.
Pesynbrar BuKkopucranss oneparopa Pobeprca npencrasienuii Ha pucyHky 6.1.

’a,w

Puc. 6.1. Pesynomam obpodxu 300pasicenns onepamopom Pobepmca
nicns ginompayii

SAxuio 3poOuTH BUALIECHHST KOHTYpY 0e3 morepeanboi (piipTpalii BIOCKOHAICHUM
metogqom SUSAN pesymbrar Oyne 3Ha4HO ripmie. Pe3ynaprar BUKOpHCTaHHS
onepatopa Pobeptca 6e3 nonepeapoi (hinpTpariii npeacTaBIeH Ha pUCYHKY 6.2.

Puc. 6.2. Pesynomam 0bpobdxu 306pasicentns onepamopom Pobepmca 6e3 nonepeonvoi
Qinompayii
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st mopiBHAHHSA KOHTYp OyB BumileHui mie W omeparopoM Kauui, ane 0e3
nonepeanboi  (inpTpauii  BiH MOKa3aB  Hairipmmid  pesdynsTar.  Pesymbrar
BUKOpHUCTaHH: oneparopa KanHi npencraBneHnii Ha pucyHKy 6.3.

Puc. 6.3. Pesynomam 0bpobdku peanvrozo onepamopom Kamnni nicisi nonepeonwvoi ¢inempayii

Tako TpeAcTaBICHUN pe3yiabTaT BHIUIGHHS KOHTYpy 0e3 TonepeaHboi
¢inpTparii (puc. 6.4).

Puc. 6.4. Pesynomam o6podku peanvrozo 300padxcenus onepamopom Kanni 6e3 nonepeonvoi
Ginompayii

Sk BUIHO 3 HaBeJIEHUX PE3yJIbTaTiB PoOOTH PO3POOJICHOI MpOorpaMu HEOOXITHO
MPOBOJIMTH TIOTIEpEIHIO (DiNbTpallito mepe;] BUALICHHSIM KOHTYPY He3alle)kKHO BiJl TOTO
SKUM METOJIOM OyzAe 3IiHCHIOBAaTHCS BHUJIUIEHHS KOHTypy. Ha pucynky 6.5
npecTaBiIeHuid iHTepdeiic mporpamMHoro npoaykry [1], pospoGiieHoro Ha mijgcTaBi
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PO3po0IIEHOTr0 METO 1A TEIIIOBOTO HEPYHHYIOUOTO KOHTPOJIO SKOCTI JPYKOBAHUX IIIaT
Ha BupoOHunTsi PE3.

r% ImageFilterer - [12345] nlalE)
| FA File Edit View Fitters Window Help _ &%

Japenen

« il »

Press Fl for help =536 y=318 rgb=fff NUM

Puc. 6.5. Inmepghetic npoepamnozo npodykmy

[IporpaMuuii POAYKT TO3BOJISE MPOBECTH ABTOMATUYHHN KOHTPOJb SKOCTI 4
JpykoBaHux riart [1, 2].

7. TlochaimoBHICTh KOHTPOJIO JPYKOBAHMX IJIAT MiJ 4Yac MNACUBHOIO
TENJIOBOro HepyiiHIBHOTO KOHTPOJIIO IKOCTi

Binkpumm mnporpamy IMAGE FILTER, omneparop TmOBHHEH BiAKpUTH
300pakeHHs], SIKe OyJe TeCTyBaTHCS.

[Ticnst 1BOTO MMOETANHO OTEepPaTOp MOBUHEH BUKOHATH HACTYITHI [Iii:

- 3aMyCTUTH QIIBTPALIIO BIKPUTOTO 300paKeHHsI MEJIaHHUM METOJIOM 3 IYHKTY
mermo Filters/Blur/median smoothing;

- BIIKpUTH TepMOTpamMMy IS IOJabIIoro HakianeHHs koHTypa (File/Open).

Ha pucynky 7.1 npejacraBieHi oTpuMaHi KOHTYpH enemenTis 1.
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Ha pucynky 7.2 mpencraBieHa TepMorpamMma, Ha sKy OyIOyTb aBTOMAaTHYHO
nepeHeceHi KOHTYPHU eJIEMEHTIB IPYKOBAaHO] IJIaTH.

Puc. 7.2. Tepmoepama

3a nonomororo myHKTy MeHIo Filters/Choose 4 points Bubpatu 4 pernepHi TOUKU Ha
BUAMMOMY 300pakeHHI (Ha OTPHMMAaHOMY KOHTYypi) 1 TepMmorpami, 3a SIKUMH Oyze
MPOBOJUTHCSA HakjaaeHHs. [licyis mporo 3a momomororw myHKTy MeHro Filters/Start
HaKJIACTU KOHTYpP Ha TEPMOTpamy.

Ha pucynky 7.3 mpencraBleHHil pe3ynbTaT HAKJIAICHHS paHille OTPUMAHOTO
KOHTYpY €JIEMEHTIB Ha TEpMOTrpamy.

Puc. 7.3. Pesyibmam Haxnadenus KOHMypy Ha mepmozpamy
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JlaHa koMaHaa Tak caMoO 3pOOHUTH 3ICTaBJICHHS OTPUMAHHMX PE3YJIbTaTiB 3 0a30r0
JaHWX, a caMe BHUSBUTH IiKceni («IIyMOBi Tikcemni»), Aki OyayTe BimoOpakaTtu
MEPETpPiB EJICMEHTIB.

«IlymoBi» TmmiKceJli aBTOMAaTHYHO 3BIPSAIOTHCSA 3 paHime po3poOieHOr0 6a30r0
mauaux. [lama BJ] mictute B co0i HallMEHyBaHHS €IIEMEHTIB 1 iHTepBajl POOOUMX
TeMreparyp Uil KOKHOTO 3 eneMeHTiB. Tak camo wus BJl MicTuTh monoKeHHS
KOXKHOTO 3 €JIEMEHTa Ha TuiaTi. SIKIIO MOKa3aHHS TeMIepaTypyu BUXOIUTH 32 MEXi
IHTEpBally poOOYUX TeMMepaTyp, TO po3podiieHa MporpaMa BUBOJANUTH MOBIIOMIIEHHS
1po Te, U0 eNIeMEeHT OpakoBaHUH.

8. BUCHOBKH

B pesynbTaTi po3poOku aBTOMaTHYHOT CHCTEMH OYJI0 CTBOPEHO METO TEPMidHOTO
HepyhHytodoro kontpomo JIl. Jlani MeTon BpaxoBye MOKIHBICTH KOHTPOJIO SIK
MpamIOIOYNX TaK 1 HE MIKIIOYCHUX JPYKOBaHMX IuIaT. Po3pobneHwmici MeTon
JI03BOJIUTH 3HAYHO 3aOMIaJUTH KOWITH [UIS 3IIMCHEHHS KOHTPOJIO SKOCTI Ha
BUPOOHUITBI. B mojamplinx AOCTiIKEHHSAX IUIAHYETHCS MEPEHTH Ha KOHTPOJb
THYYKHX CTPYKTYP, OCKUTBKH 1X BUKOPHCTAaHHS Ha0yBa€ MOMYJSIPHOCTI ¥ BCiX cepax
BUPOOHUIITBA E€IEKTPOHHOI TEXHIKH.
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The Simplification Method of Engineering Task Sequences used for
Engineering Knowledge Portals

R. Novogrudska, L. Globa, O. Koval
National Technical University of Ukraine «lgor Sikorsky Kyiv Polytechnic Institute»

The paper deals with the approach that can be used to increase the efficiency of the
engineering task composition and their performance improvement. The simplification
method of engineering task sequences is proposed. This method allows forming the
minimized set of engineering task elements used for business process design and its
execution. The specific algebraic system for designing the sequence of engineering
tasks based on the simplification method of engineering task sequences that realized
classification and minimization of computation sequence is described. The algebraic
system involves formal context-independent structures for the representation of the
engineering task elements. The example of using the approach for real engineering
tasks is presented. The quantitative evaluation of the efficiency increase in the
engineering tasks of the “Strength of materials” subject domain is given.

Key words: engineering tasks, classification and computation simplification, algebraic system,
operations, web services.

Y crarTi TpencTaBieHa WiAXiA 0 TNPOCKTYBaHHSA Oi3HEC-MPOLECIB BHUKOHAHHS
IHKCHepHHUX 3aBJaHb Ha IOpTalax 3HaHb, SKUH Moxke OyTH BHKOPHCTAaHHH IUIS
MiIBUIICHHS €(EeKTUBHOCTI iX BHKOHAHHS. 3alpONOHOBAHO METOJ CIPOIICHHS
IH)KCHEpHHUX PO3PaxXyHKIB, SIKMH m03BoJIsie c(HOPMYBaTH MiHIMAIBHY HOCIIIOBHICTH
CJICMCHTIB 1HXKCHEPHUX po3paxyHKiB. OmucyeTbes crenudivyna anredpaiuna cucrema
IHKCHEPHHUX PO3PaxyHKOBHX 3aBIaHb, sIKa CTAHOBHUTH 0a3uC AJISI METOMY CIPOINEHHS
IHKEHEpHUX pO3PaXyHKOBHX 3aBJaHb, y SKOMY peami3oBaHO Kiacuikamio Ta
MiHIMI3alil0 MOCIITOBHOCTI o04HCIIeHb. Anre0paidHa cHCTeMa BBOAMTH (OpMaIIbHI
KOHTEKCTHO-HE3aJIeKHI CTPYKTYpPH [UI TPEACTaBICHHS CIIEMCHTIB 1H)KCHEPHUX
PO3paxyHKOBUX 3aB/aHb. HaBeneHO NMPHKIax BHKOPHCTAHHS IIAXOMY IUISL peallbHUX
IHKCHepHHUX 3aBJaHb, HAaJaHO KUIBKICHY OIIIHKY IiJBHINEHHS e(EeKTUBHOCTI IJIs
IHKCHEpHHX PO3paxyHKiB mpexMeTHoi obnacti "MilHicTh MaTepianis".

Kouosi cnosa: inicenepni pospaxynxu, knacugixayis ma cnpoujenns oGuuciens, anceopaiina
cucmema, onepayii, 8eb-cepeicu.

B cratee mpeacTaBieH MOXOX K MPOEKTHPOBAHHIO OM3HEC-TIPOIIECCOB HCIIONHEHHS
WHXEHEPHBIX 33/1ad Ha MOpTajlaX 3HAHMH, KOTOPBI MOXET OBITh HCIIOIBb30BaH JUIST
NOBBILCHUST 3(Q(EKTUBHOCTH BBHINOJHEHUs] TakMX 3azxad. [Ipemmaraercst Meron
VIOPOILEHUsI ~ MH)KEHEPHBIX  PacyeToB, KOTOPBIH  MO3BoJsieT  cHhOpMUPOBATH
MHUHUMAJIBHYI0 IOCJIEOBATEIbHOCTh BJIEMEHTOB HHXKEHEPHBIX 3amad. OmnucaHa
crieruyeckas anredpanyeckas CHCTeMa MH)KEHEPHBIX PacueTHBIX 3ajad, KOoTopas
cocTraBisieT 0a3uc Ul METO1a YIPOIISHNUS HHKEHEPHBIX PACUeTHBIX 3a/ad, B KOTOPOM
peann3oBaHa KiIacCH(pUKanUs W MHHHMH3AIHSA MOCIECJOBATEIILHOCTH BBIYHCICHUH.
Anrebpandeckass ~ CHCTeMa  BBOJHT  (OpMaTbHBIE  KOHTEKCTHO-HE3aBUCHMBIC
CTPYKTYpPHl OISl TIPEACTAaBICHHS JJIEMEHTOB HMH)KEHEPHBIX PACYeTHBIX 3afad.
IIpuBeneH mpumep UCHOJIB30BAHUS MOAXOJA ANl PeaIbHBIX MHXKEHEPHBIX PacyeToB,
JaHa KOJMYECTBEHHAs OLEHKa TMOBBIIICHHS JS(GQEKTHBHOCTH JUI HHXKEHEPHBIX
pacueToB npeaMeTHOH obnactu «I[IpoYHOCT MaTepHaIoB).

Kniwouesvie cnosa: UHdICEHEepHble  pacyemal, Kﬂaccu(i)umuuﬂ u ynpowjernue BbIYUCTIeHU,
mze6pauuecr<aﬂ cucmema, onepayuu, 665'Cep6ucbl.
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1. Introduction

Nowadays, different types of web services are widely used for different purposes.
Usually such services aimed at carrying on some problem-oriented tasks at the end-
user request. To execute such user’s request we need to realize the process of web
services selection, composition, optimization, etc. Sequence of such user’s tasks
(which is named the engineering business process) should be executed in optimal way
in order to increase the whole business process efficiency. The execution of such
user’s tasks sequence named engineering business process should be held in most
optimal way aiming to increase the whole business process efficiency.

Web services are usually used for executing different processes, such as:

— general user’s tasks,

— calculation and computational tasks of different subject domain,

— engineering business processes.

This research deals with performance, execution and realization of the engineering
tasks — sequence of specific user tasks that represents complex computational task
from various engineering subject domains.

The efficiency of performing engineering tasks depends on their execution time.
Execution time depends on several factors: the web service composition time (web
services are to be composed in dynamic to form the specific sequence which correlates
to the complex engineering task (the task is realized as engineering business process)),
the number of web services included in the sequence for the task - engineering
business process; the time for such sequence execution. The web service composition
time depends on the used composition method and the complexity of the certain
engineering tasks structure, while the sequence execution time for the certain
engineering task can be optimized by minimizing the number of such engineering task
elements (web services, stages).

The paper describes a novel method of engineering tasks simplification based on
the algebraic system used for the design of the sequence of the engineering tasks. The
method of engineering tasks simplification realizes classification and minimization of
computation sequence. The algebraic system allows us to form the minimized set of
web services used for the engineering business process execution.

The paper structure:

Section 2 gives analyses of related works and introduces basic notions. Section 3
describes the algebraic system for engineering business process representation. In
section 4 the method of engineering tasks simplification is given. Section 5 presents
the application of proposed method for real engineering business processes design in
terms of “Strength of materials” subject domain. Section 6 depicts the conclusions and
the plans for our future work.

2. Related Works and Basic Notions

The efficiency of web service composition has been examined in various
researches. In [1-2] different types of web services composition approaches are
described. Some approaches present the composition of web-services based on the
phases of service discovery and the stage of service selection [3,4]. Other researches
propose to use semantic for web services composition [5-7], or extended SOA
architecture [8,9]. The paper [10] presents the approach to composing web-services
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for user tasks represented on knowledge portals. Thus, the efficiency of engineering
tasks performance (their execution time) depends not only on the time needed for
web-services composition. The engineering task execution time can be minimized by
optimizing the sequence of web-services that is formed after their composition.
Unfortunately, researches described above do not deal with this thesis. To perform
such minimization it is urgent to use the some formal system that will set some
specific formal structures for engineering tasks (or web-services) description.
Therefore, it will be possible to develop some formal simplification method based on
minimization of the number of the engineering task sequence elements for the
complex system. There are two types of formal systems that can be used for such
purposes: mathematical logic and algebraic system [11, 12, 13].

Let us describe basic notions of the research:

Engineering knowledge portals — knowledge portals containing information,
knowledge and services in engineering subject domain (engineering Web-services).

User'’s tasks — the specific tasks that are executed by the request of the end user.

Engineering tasks — user’s calculation tasks, the implementation of those tasks are
regulated by the standards of engineering subject domain.

Sequence of engineering tasks — an ordered set of specific engineering calculations
aimed at solving a complex problem (for example: designing the structure parameters;
determining values of reliability, structural strength, etc.);

Web services — the specific program module that executes certain stage of
engineering task (or engineering task in total).

Engineering business processes - an ordered set of specific engineering Web
services aimed at getting the solution of the complex engineering problem;

Meta descriptions — a specific set of descriptions that describes engineering tasks
characteristics and features

This paper deals with engineering tasks that are represented on engineering
knowledge portal. The described research operates with a formal system and a method
of simplification used for such engineering tasks.

3. Algebraic System for Designing the Sequence of Engineering Tasks

Algebraic system for designing the sequence of engineering tasks allows obtaining
the sequence of engineering tasks as ordered set of its parameters and elements by
introducing specific formal structures for their description. As the result, this formal
description will be used for composing the engineering task elements into an ordered
set of specific engineering calculations or engineering business processes (presented
as a complex web service) fast and correctly.

Algebraic system for designing the sequence of engineering tasks — is universal
algebra (algebra) [12] and is characterized by a set of objects (engineering tasks - ET),
a set of operations (O) and an empty set of relations Ag; = (ET, 0).

Let us introduce the description of algebraic system elements for designing the
sequence of engineering tasks.

Objects — are basic elements of the algebraic system, all operations are conducted
on them. For the algebraic system the objects are represented by the set of engineering
tasks

Data — is the set of elements that are given at the system input and output [14]. For
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the algebraic system, the following data could be included: constants, variables, results
of operations, etc. At the physical level, the data are represented by the values of
various parameters and the subject domain characteristics, formulas, boundaries of
values as well as partial services and computational procedures that represent user
calculation tasks.

Operations. Operations of the algebraic system for designing the sequence of
engineering tasks are divided into several groups according to their characteristics. Let
us define those groups of operations:

Simple operations include

1. Elementary operations (operations of elementary algebra according to the
definition):

+ - summation,

* - multiplication,

2. Set operations (operation on sets given in the set theory):
C - set inclusion,

C - proper set inclusion,

¢ - negation of inclusion,

€ - affiliation,

& - non affiliation.

3. Logical operations (logical operations of algebra of relations):

¢ _ supplement,

1 inversion,

V — disjunction,

A - conjunction,

\ - difference

~ - equivalence,

o - composition

Complex operations are:

Opc - the operation of parallel connection,

Osc - the operation of serial connection,

Oc — the operation of logical composition,

Oi — the operation of inversion,

Om — the matching operation.

The group of simple operations includes standard operations [15-17] and the
possibility of their usage for manipulating the elements of algebraic system of
engineering tasks has been demonstrated and proved in the research. The group of
complex operations is the group that includes novel operations used for the
combination of the stages and the elements of engineering tasks in integral complex
engineering task on the end user demand.

The properties of all operations have been detected as well. The research had
shown that:

for simple operation - the properties are set and proved by an appropriate formal
theory (elementary algebra, set theory, theory of relations, etc.),
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for complex operations: all operations have the associativity property; all
operations except logical composition operation have the following properties -
commutativity, neutrality, universality and borders idempotence. The operation of
logical composition has the property of distributivity.

A more detailed description of the proposed algebraic system is given in the
research [18]. In this paper only main operations are listed and the properties of
operations are mentioned as they are used as the base for minimizing a number of
engineering tasks.

4. The Simplification Method of Engineering Task Sequences

The simplification method of engineering task sequences sequence allows to form
the minimized set of engineering task elements used for the complex engineering task
execution.

According to the algebraic system for designing the sequence of engineering tasks
each engineering task can be presented as:

ET,,=(My, Ag),
where

M, — the set of metha description of k-th engineering task,
Ay, — logical formula of k-th engineering task.

Logical formula of engineering task - F(ET) is a formula that includes elements of
engineering tasks - EIL(ET) (the stages of solving engineering tasks, the data of the
algebraic system for the sequence of engineering task design, etc.) connected by
operations — O of algebraic system for the sequence of engineering task design.

To increase the efficiency of an engineering task execution it is necessary to reduce
the number of elements in the engineering task logical formula (Fig. 1). For this
reason the simplification method of engineering task sequence is proposed. The
simplification method of engineering task sequence is specific mathematical method
used to represent the logical formula of engineering task in a minimal form.

Logical formula of engineering task

before simplification after simplification

.f',.- _--"'.\I. I.j' - I.’IF- o, . f — -.,.\‘
\aem| | g | (&E) | o || &) | g, ":
e L L “'\._ _,.-x Y _;

V.

| E1(ET) ]

P

!
o | | EED:) | 0,

I

F = {EI(ET),0;EI(ET); .0, EI(ET),} = F = {EI(ET),04EV(ET); . O, EL(ET) )
n=m

Fig. 1. Engineering task logical formula during the process of simplification

The simplification method of engineering task sequence is based on simplification
criteria, the properties of operations and simplification rules.
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The criteria - F is the number of elements in the engineering task logical formula.
The aim of optimization process is to minimize the criteria:

F = {EI(ET),0;EI(ET)y ... O,EL(ET),},

n - min

The properties of algebraic system operations allow us to held an equivalent
conversion of engineering tasks formulas. Simplification rules are introduced based on
operation properties. Simplification regulations set the rules of the formula
transformations while proposed criterion allows us to give the preference to one
transformation over the other.

Some additional rules are involved in the method allowing us to choose the one
formula from a set of invariants which is optimal for an engineering task
representation. The additional definitions, the rules and the theorems have been
described for this purpose.

Thus, the proposed method of engineering task simplification allows us to reduce
their execution time by minimizing the number of elements in the algebraic formula.

5. The Execution Efficiency Estimation of Engineering Business Processes

For the estimation of the proposed method applicability the test group of complex
engineering calculations has been chosen. This group presents engineering
calculations from the “Strength of materials” subject domain [19, 20]:

1. The strength calculation for the power components of magnetic systems.

2. The strength calculation for equipment and pipelines of nuclear power systems.

3. ITER Structural Design Criteria for magnetic components.

4. Magnet DDD 1.1-1.3. Magnet System Design Criteria.

5. The strength calculation for the elements of equipment and pipelines of ship
nuclear steam generating systems with water reactors.

All elements of the complex engineering calculations have been represented by
using algebraic system for sequence of engineering tasks design. Let us describe how
to increase the engineering task execution efficiency (from the test group) by using the
proposed method.

The engineering task execution time depends on the process of its formation and

the composition of all elements that take part in its execution. During such processes
the method of engineering task simplification is used.

As simplification criteria, the number of elements in the engineering task logical
formula has been used. The criteria must be minimized which corresponds to the
decrease of the number of requests to the storage of services used for engineering task
(each element of engineering task) execution.

As the example, one engineering task from the test group is presented in Table 1. It
is shown that before the simplification, the formula consists of 157 elements and after
the usage of the proposed method, the number of formula elements are 131.
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Table 1. The number of elements of engineering calculation formula
The title of the complex engineering calculation | The number of elements of

engineering calculation

formula

Before After

simplification | simplification
The strength calculation for the elements of | 157 131

equipment and pipelines of ship nuclear steam
generating systems with water reactors

Thus, the usage of the proposed method allows us to reduce the number of
elements in engineering task formula (for the engineering tasks from the test group) by
1.2 times, that leads to the decrease in the number of requests to the storage of services
used for engineering tasks by 1.2 times, which in turn leads to the minimization of the
engineering task execution time by 17%.

6. Conclusions

The paper describes the simplification method of engineering task sequences based
on the specific algebraic system for designing the sequence of engineering tasks aimed
at forming the minimized set of web services used for complex engineering
calculations execution.

The method allows us to increase the efficiency of various computational tasks
execution represented on knowledge portals in different engineering subject domains.

Our future works will deal with the implementation of the suggested method for
user tasks of various subject domains which will allow us to demonstrate the method
efficiency and applicability for various real world scenarios.
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VJIK 539.231

Po3pobka maTeMaTHIHOI MOJIETI aBTOMAaTH30BAHHOT CUCTEMH
yIpaBIiHHSA HAHECEHHS HAHOCTPYKTYPOBAHUX I1€NEKTPHUHIX
TTIBOK

. B. I'ypin, 1. ILI. HeBntooB

Xapxiecokuil HayioHanbHUull yHieepcumem paodioeiekmpouixu, Yxpaina

VY cTarTi po3MIAHYTO PO3pOOKY MaTeMaTHYHOI MOJENi aBTOMAaTH30BAaHOI CHCTEMY
YOpaBIiHHA OTPHUMaHHA HAHOCTPYKTYpPOBAaHHMX [i€NIEKTpUYHUX IUTIBOK. B xoxi
PO3pOOKM MaTeMaTH4HOi Mojeni OynM BU3HAUCHI ONTHMANbHI KEPYIOUM BIUIHBH,
MPOBEICHO JOCHIIKEHHS OCa/DKEHHS IUIBOK Ta BHOIp KPHUTEPIl0 ONTHMAJIBHOCTI.
HaBeneni pe3ynbprati po3paxyHKy ONTHMI3allii TEXHOJIOTIYHOTO HPOIECY OAEpIKaHHS
IUIIBOK Ta CX€Ma BapiaHTIB ONTHMAJIbHOIO YHPABIiHHSI, IO JO3BOJMIO PO3POOUTH
MaTeMaTHYHy MOJENb TEXHOJIOTIYHOTO IPOLEeCy OCA/UKEHHS HAHOCTPYKTYPOBaHHHX
TENeKTPUYHUX IITIBOK.

Kniouosi cnosa: Hanocmpykmyposai OleeKmpuyHi niieku, Kpumepiti OnNmMuMaibHOCI, Kepyroyi
6NIUGU, KAMOOHE PO3NUNCHHS, HANULEHHS Y 8AKYVMI.

B cratee paccmoTrpeHa pa3paboTka MaTeMaTHUECKOHW MOJENH aBTOMAaTH3MPOBAHHOM
CHCTEMBbl YIpaBJICHUA IIONyYeHHs HAHOCTPYKTYPUPOBAHHBIX JUAIEKTPUUYECKUX
wieHok. B xoxge pa3paGoTkm MaTeMaTH4eckOoH Mojenu ObUIM  OINpeesIeHbl
ONTUMAJbHBIEC YIPABIAIOIINE BO3ACHCTBUSA, IPOBEICHO HUCCIEJOBAHHE OCAKACHUS
IUICHOK W BBIOOp KpPHUTEPUsS ONTHMAIBHOCTH. lIpHBeleHBI pe3ysbTaThl PacdyeToB
ONITHMH3AIMN TEXHOJOTUYECKOro ITpOoIlecca MONydeHHs IUIEHOK M CXeMa BapHaHTOB
ONTHMAJBHOTO YIPABICHUS, 3TO MO3BOIMIO Pa3paboTaTh MAaTEMaTHUECKYI0 MOJENb
TEXHOJIOTHIECKOTO MPOIECCa OCAXKACHUS JUIIEKTPUIECKHUX IICHOK.

Knrouegvie cnoga:  namocmpykmypuposannvie — OudieKmpuyeckue — HIeHKU, — Kpumepuil
ONMUMANLHOCMU, YRPAGNAIOWUE 8030€liCEUs, KamoOHOe pachblileHue, HanblleHue 8 6aKyyme.

The article deals with the development of the mathematical model of an automated
control system for the dielectric film production. The mathematical model being
developed, the optimal control actions have been determined. The study of the film
deposition and the optimality criterion selection has been made. The results of the
calculations to optimize the technological process of film obtaining and the scheme of
optimal control options are presented. It allows developing the mathematical model of
the technological process of the dielectric film deposition.

Key words: nanostructured dielectric films, the optimality criterion, control actions, cathode
sputtering, vacuum deposition.

1. Beryn

st peamizanii mpolecy oTpUMaHHS HAHOCTPYKTYPOBAHHX JICIEKTPUIHUX TITIBOK
HEOOXiIHO MMPOBECTH MOJICTIOBAHHS Ta BU3HAYUTH KPUTEPil ONTUMATBLHUX KEPYIOUUX
BIUTUBIB, JIJIsl OTPUMAaHHSI IUTIBOK 3 TIPOrHO30BAHUMH BJIaCTUBOCTMH [1, 2].

Onrtumizamiss TEXHOJOTIYHOTO TPOLECY OCaKEHHS JIeNIEKTPUYHUX IITIBOK
CKJIaJJA€THCS 3 TPHOX ETAIliB: BUOOPY KPUTEPIO ONTHMAIBHOCTI TOTO ITapaMeTpa, SKUi
KJIaJIeThCS. B OCHOBY OIIIHKM TEXHOJIOTIYHOTO TPOIECY; JOCIIKEHHS TEXHOIOTIHHOTO
Hpolecy i 3HaXOHKEHHsI MATEeMaTHYHOTO OITUCY, 10 BH3HAYAE 3AJICKHICTH KPUTEPIiIO
ONTUMAJILHOCTI BiJl TEXHOJOTIYHUX (HaKTOPIB; aHaNi3y OTPHMAaHHX 3aJIE)KHOCTEH 1
BU3HAYEHHSI ONITHMAJIHUX YMOB IIPOBE/ICHHSI TEXHOJIOTTYHOTO TIPOIIECY.

© lypin [. B., Heeniogos |. L., 2018
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2. JochirzkeHHsI mpouecy OCAIKeHHsS IUIBOK 1 BHOiIp KpuTepiio
ONTUMAJIBHOCTI

3 MeTO JOCHi/DKCHHS Ta TMOAAlbIIOl ONTHUMI3alil Tpouecy OcaIKeHHS
MICTEKTPUYHNX IUTIBOK BHKOPUCTaHI JaHi M'SITH(GAKTOPHOTO I'SITHPIBHEBOTO
30aJ1aHCOBAHOTO EKCIIEPUMEHTY KJIACHYHOTO IuiaHy [2].

B sxocTi BUXiTHMX MapameTpiB MPOLECY OCAHKEHHs MieNeKTPHYHHUX IUTIBOK, IO
BH3HAYAIOTH iX eNeKTPO]i3NIHI BIACTHBOCTI, 0OpaHi:

tgd, E,p & po 0 — (Y1, Y2, Y3, Yq, Ys),
ne tgd - TaHTeHC KyTa JieeKTpUYHUX BTpaT;
E,, - IpoOuBHa Hampyra;

(Y1, Y2, Y3, Yy, Y5) - enexrpodi3nudHi BIaCTHBOCTI.

B  sxocti KoOHTponbOBaHMX 1 KepoBaHux (aktopiB  B3ATi P (THCK),
Ty (remmeparypa), |, (ctpym pospsny), M (marepian mingkimanku), K (marepian
KaTrojga) — BianoBimHO Xq, X, X3, X4, Xg. KoHTponboBaHuM, ane HekepoOBaHUM
YUHHHUKOM B35TO y — KIUIBKICTh MMapiB BOJW B OCTaTOYHUI aTMoc(hepi MiAKOBIIaYHOTO
HPUCTPOIO.

B pe3ynbTari IpoBeaeHOro eKCIIEPUMEHTY OTPUMAHO OUTBIINE TPhOX TUCSY 3HAYCHD
BUXiTHUX napametpiB. Jucnepciiinuii aHami3 OTPUMAaHOTO MAacHBY AaHUX, JO3BOJIUB
BCTAaHOBUTH, 110 HAHOUIBIINI BIUIMB Ha BUXiAHI MapameTpu HapaoTs P, T, | pr V-

HocnimxenHst (i3UKo-XiMIYHIX OCOOJIMBOCTEH MPOILECY PEaKTHBHOTO KaTOIHOTO
PO3MUIICHHS Ta OCaJKEHHS MieeKTPHYHHUX IUTIBOK, MPOBEACHE paHille, a TaKOoX
00poOKka HaHWX, OTPHUMAaHUX B PE3yNbTaTi MPOBEACHHS AKTUBHOTO ILIAHOBAHOTO
eKCIIePUMEHTY, TO3BOJWIM BCTAHOBUTH, IO MiHIMalbHE 3HAa4YeHHs tgd 3a0e3medye
Hallkpale 3HA4YeHHs pEIITH IapaMeTpiB (Enp, g, P n). Ile mo3Bomsie iCTOTHO

CIPOCTUTH MaTeMaTUIHYy MOJIENIb TIPOLIECY OCAIKCHHSI.

[IpoBenenwmii nucnepciiHUil aHali3 1a€ MOMKJIMBICTh BCTAHOBUTH BILUIMBAIOTH 200
He BIUTMBAIOTH JOCHTIKYBaHi (pakTopw Ha mapamMeTpu AieNeKTPUYHUX IUTIBOK, alle BiH
HE JIO3BOJISIE BU3HAYHMTH CTYIiHBb 1 XapakTep ix BImBYy. Lli muTaHHs MOXyTb OyTH
BUPILIEHI, SIKIIO MPOBECTU KOPEISIIMHUH 1 perpeCUBHUN aHAIi3.

3. MaremaTn4yHa Mo/ieJib MPOLIECY OCAKEHHS TieJeKTPUIHUX MJIiBOK

[lpy BUBYEHHI TIpolleCYy OCa/PKEHHS JICNIEKTPUYHUX IUTBOK HEMOXKIUBO
po3mmdpyBaTH psJ SIBUII, [0 BILTUBAIOTH HA iX eNeKTpoQi3nyHi BIACTHBOCTI. Tomy
3aJIEKHICTB!

Y = f(X1X5X3,.X,)
NPE/ICTABISETHCS y BUTIISIL PIBHSHHS perpecii:
K r,K 2
Y = Ao + zj=1 A1X| + Zi?ﬁj AUX|XJ + Zi=1 A,-iXi + ..., (31)

ne Ay, Ajj,... Ajj— xoediuientn psity Teitnopa, T06TO 3HAUCHHS PUBATHUX IOXIJAHHUX

B TOYIIi, HABKOJIO SKO1 IIPOBOJUTHCS PO3KIIATAHHS HEBIZIOMOT PYHKIIIi:

Sf 5%f 5% f
A| B E’Ai - 5Xi5Xy’Al - 5)(]2
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Ileperipka amekBaTHOCTI JiHiMHOI anpokcumartii Gyukmii (3.1), 3 koedimieHTamMH,
NEBHUMH METOJJOM HaMEHIIHNX KBaAPAaTiB, IIOKA3aa, 0 PiBHSHHS MEPLIOTo MOPSAKY
HE OIHUCYyE TMpOLEC OCAHKEHHS MieJeKTPUYHHX IUTIBOK. ToMy OTpuMaHa
MOJIIHOMiaJTbHa MaTeMaTHIHa MOJIEINb MPOIECY 0CaHKEHHS TUTIBOK, MOOYI0BaHA MO0
o0paHoTo mapamMeTpa — KPUTEPito IKOCTI 10 !

tgs = AP? + Mols + ATZ + AP + Al + ATy + A, (32)
Kopensimitinuii anamiz mozeni (3.2), MpOBEJICHUH 10JI0 BHIIQJAKOBOI BEITUYHHHU Y,
JI03BOJIMB OTPUMATH MaTeMAaTUYHY MOJIEITb TAKOTO BUTIISILY:

g0 = AP? + Mol + AT + AP + Agly + ATy + AP, +
+ Agly, + AT, + A’ + A + A, (3.3)

ne y 3MiHeThes Big 0 10 4 YMOBHHX OJMHMIIb, IO BiJINIOBiIa€ 3MiHI BMICTy MapiB
BOJIM B OCTATOYHUI arMocdepi MiAKOBIAYHOTO IPUCTPOIo Bix 1 10 5 %.

Amnaniz mozeni (3.3) mpu pi3HMX 3HAYCHHSAX BXIJHHUX TapaMeTpiB MOKa3aB, IO
noJliHOMiallbHa MaTeMaTHYHa MOJICNb aJeKBaTHA MPOLECY 0CAKEHHSI TieNIeKTPUIHNX
TUTIBOK.

PospaxoByroun 3HadeHHs BXiOJHUX TapameTpiB 3a wmojemto (3.3) MokHa
OTPUMYBATH ILUTIBKH 13 33/IaHIMU BIACTHBOCTSIMHU.

4.  OnTumizanmisi  TeXHOJIOTIYHOr0  TpoLecy OTPUMAHHA  CTPYKTYp
Si0y — SiyOyN, — SizNy

TexHONOTiYHKMK MpoIeC OTPUMAaHHS JABOX 1 TPHUIIAPOBHX CTPYKTYp Ha OCHOBI
TIENEeKTPUYHUX  IUTIBOK, CHHTE30BAaHMX 3  BHKOPHUCTaHHSM  MarHETPOHHIH
PO3NMIIIOBATIBHOI  CHCTEMH, XapakKTepPU3YeThCsS  PAIOM  Kepylounmx  (3amaroTh
TEXHOJIOTIYHUI pexuM) Ta 30yIKYIOUnX (III0YNX HE3aIeKHO BiJ| JIFOJWHHU) BILTUBIB,
SK1 BU3HAYAIOTh €NEKTPO(DiI3UYHI BIACTUBOCTI CHHTE30BaHHX ILTIBOK.

3aBgaHHS ONTUMAIBGHOTO YIPABIIHHA TEXHOJOTIYHUM IPOIECOM OTPUMAHHS
JETeKTPUYHUX ITUTIBOK TIOJSTa€ B PO3PAaxXyHKY 1 MIATPUMIN HAa YCTAaHOBI TaKHX
KepyIOUHX BIUIMBIB, SKi 3a0e3nedyBaiu O i3 3aJJaHOI0 MPOAYKTHBHICTIO OfCpKaHHS
HAMOIBII SIKICHUX IUTBOK, 3 HEOOXIIHUMH eNeKTpO(]i3NUYHIUMHU BIACTUBOCTSIMH,
HE3aJIeXKHO BiJl 30y/KYI0UnX BILIHBIB [6].

Onrumizartis Ta aBTOMAaTHU3aIlis MpoLECY OTPUMAaHHS CTPYKTYP
SiO, — SiyOyN, — SisNg (niokena KpemHil0, OKCIiHITPHI KPEMHIIO, HITPHA
KPEMHII0) BHMAarae 4iTKOTO aHajli3y B3a€MO3B'S3KiB UMHHHUKIB IMPOIECY OCAKEHHS.
Ile 3aBmaHHs MOxe OyTH BHPINIEHO NMPU HASBHOCTI KUTBKICHOTO OIMHUCY MPOIECY —
fioro Marematuanoi Mozeii [5].

5. MaremaTnyHa  MoAedb  TEXHOJOTIYHOTO  MPOIECY  OCATKEHHSA
pienexTpuunnx miaiBok SiOy, SiyOyN,, SisNg, Al,O3 Ta cTpykTyp Ha ix ocHOBI

Y TexHosoriuHoMy npoueci orpumanss crpykrypu SiOp — SiyOyN; — SigNy4
MOXKHAa BHJIUIUTH TPHU OCHOBHI cTajii: ocamkeHHs miiBok SiOy, SiXOyNZ, SigNy

BianoBiaHO. KokHa cTanis XapakTepu3yeThesl KEPYIOUUMH BIUTUBAMHU: TUCK POOOUYOTO
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rasy Pp Temmeparyporo miakiagku T, Ta CIpyMOM pO3psiy, LIO BH3HAYA€

MIBUJIKICTH OCA/KEHHS TOOTO MPOAYKTUBHICTE TPOIIECY.

Mac-cneKTpoMeTpUYHHUH aHali3 3aIMIIKOBOTO Ta POO0UOro CKIaay Ta3iB MOKa3as,
10 HaWO1BII iICTOTHUH BIUIMB Ha MPOLEC OCAKEHH Ta eNeKTPO(i3NyuHi BIaCTHBOCTI
MEeKTPUIHUX TUTIBOK HAA€ MPUCYTHICTH MapiB BOIH.

Tomy, OCHOBHUM 30Y/KYIOYMM BIDTMBOM BHOPAHO KiIbKICTH BOJH, IO MiCTHUTHCS
y 3aJIMIIKOBIH aTMOC(epi MiAKOBIAYHOTO MPUCTPOIO[3].

SlkicTh  MiENEKTPUYHUX  TUTIBOK ~ XapakTepU3YETbCA  TPhbOMa  OCHOBHHUMH
napaMeTpaMu: TAaHTEHCOM KyTa JIeNeKTPUIHUX BTPAT, Mi€JICKTPUIHOI MPOHUKHICTIO,
CJICKTPUYHOIO MIITHICTIO.

Byno BcraHOBIEHO, 10 YMOBH, BiJIMIOBIJIHI MiHIMaIbHOMY 3HAauYCHHIO tQd
3a0e3MeuyoTh OTPUMAHHS IUTIBOK 3 HAHKpAIIMMH MOKa3HUKAMHU.

ToMmy i ynpaBiiHHS MPOLECOM OCAJLKEHHS! IPUHHATHH KpUTepii-miHiMym tgd
OTPUMAaHUX TUTIBOK MPH 331aHOMY 7 .

min 2L P T0)
l4
ne (I, P, T, y) sanexuicts tgd sin I, P, T, y.
st oTpUMaHHS MaTeMaTHYHOI MOJIEII SKOCTI KOXHOI IUIIBKA B SIBHOMY BHUTJISIL
BUKOPUCTAaHI  EKCIEPUMEHTANbHI  JaHi  TPhOX(aKTOPHOTO,  TPHOXPIBHEBOTO
SKCTIEPUMEHTY 3 BUIIAJKOBUMH 3MIHOIO YETBEPTOro (hakTopa — 30yIKYI0UOro BIUIHBY.
3anexHicte tgd Bin 30yIKyHOYOro BIUIMBY NpeICTaBieHa HA puc. 5.1.

tgd ¢ 107

" SizNy

12 P Sith,

7
L
',/ /
10 - — SLOLN,

L
8 . Pl - -
4 -
4 .’
- -
6 z e
1'/‘4"
,/ e
” ‘;f
4 e
-
-+
.- J'(’
2 = “4 b
1 2 3 Plu\(H2OJ
0133x 1077 0B67x 1077 1,33x 1073 65,67x 1077 Ma

Puc. 5.1. 3aneacricmo tQ0 6id 36y0oicyionozo eniuey y (napyiaibio2o mucky napu 600u 6

kamepi P, 5)

Y X0o4i eKCHepruMEHTY IUTBKH OCQ/KYBAIM TMPH TPhOX PI3HUX 3HAUCHHSX
KEepPYIOUWX BILTUBIB Ta BCIX MOMIIMBUX KOMOIHAIIISX [TUX 3HAYCHb.
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3 METOI0 OTPUMAaHHS B JAaHOMY PEXKHMI OCAPKEHHS IUTIBOK IPH MOKIIHBO O1TBITT
piBHOMIpHOMY PO3MOJiNi 3Ha4eHb tgJ , B JOMyCTHUMOMY Aiana3oHi 3MiH p Big 1 mo 3

YMOBHUX OJIMHUIIb, JUIS K KOXKHOI 3 27 KOMOIHAIIN KEPYIOUYHX BIUIUBIB €KCIIEPUMEHT
moBTOproBaBcs 5-10 pa3is.

Y pesynbrati 006poOKH 600 +700 eKCTICpUMCHTAILHUX 3HAYeHb 0 KOXKHIi

JUENeKTPUYHIA  TUTBIII HAaMH OTPUMaHi METOJIOM HaWMEHIIUX  KBaJpaTiB
[MOJIIHOMIHAJIBbHI MaTEMAaTHYHI MOAEN] IKOCTI IUTIBOK:

sio, = (24870P% + 6561° + 01039° - 1835Py — 2755 —

— 1686P — 310941 + 1672 — 005T + 7,789 - 10~
Psiyy, = (17130P% + 32811% + 0,00018% + 0,495° — 0,0607T —

— 128581 — 965y + 0,365 — 0,0036Ty — 2,427y — 95Py + 12,951) - 10~ 2,
ne P —3minroerbes B inTepBati Big 0,133 mo 0,665 Ila;

| — 3miHrO€THCS B iHTepBati Big 0,18 mo 0,28 A;

T — 3minroeTbes B inTepBai i 160 mo 300 °C.

. = (405 — 061P — 05127 + 06924 + 0,23185 + 0,31667P2 +
SixOy N,

+ 1097272 + 0069442 + 0,72441% + 0,002777PT + 015687 +

+ 0,0438P1 + 0,00555567 + 04638971 — 0,0411%1) - 1073,

ge P =P-10° -3, T =7T-122 -18, 1 =1 -10 - 25,
y =y - 2.

P — smiHto€eThest B inTepBaii Big 1 - 1072 05 - 10~ mu pT. CT.;

T — 3minroeTbes B inTepsani Bix 180 g0 200 °C;

| — 3miHIO€ETHCS B iHTepBai Big 0,210 0,3 A.

OTpumaHi MoJieni CHpaBelIMBI B iHTepBaji 3MiH jp B HianmasoHi Big 1 mo 3
YMOBHHX OJHHUIG. [Ipy 1bOMY BCi 3HAa4€HHS KEPYIOUYHX BIUIMBIB HE BHXOIATH 3
o0macTi JOIMyCTUMHUX 3HAYEHbD.

VY pasi kBajpaTW4HOI 3aJEKHOCTI Ui OTPUMAHHS ONTHMAIBHUX KEPYHOUHX
BIUIMBIB JIOCUTh 3aCTOCYBATH NMPUHIIUIT HEOOX1THUX YMOB EKCTPEMYMY:

d .

q’j;oz _ (2 - 24870(P — 1835y — 1686) - 1073 = 0
dosio, -3

SO = (2 6561 - 2755 - 31009 - 10°° = 0

PitleHHsT CHCTEMH PIBHSAHB A€ 3HAYCHHS ONTHMAJIBHUX KEPYIOUMX BIUTHUBIB MPH
BHPOIIYBaHHI JieaeKTpuuHOi miiBku SiO; : Popt = (2,818 + 0,277%) - 10_3,
lopt = 0196 + 0,037y, Topy = 1686 + 10y.

BusHayeHHs ONTHMAIbHUX KEPYIOYMX BIUIMBIB MpPU OTPHMaHHI IUTIBKU SigNg
3IIHCHIOETBCS PILIEHHSM HACTYITHOT CUCTEMH PiBHSHB!
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dwsgNA s

o = (20171 300P - 965 - 95) - 10°° = 0
dos;

d‘:"\"‘ - (2 - 3281 — 12858 — 2,427)) - 1073 = 0 (5.1)
d¢sgN4 3

= (2 - 0,00018 - 0,0607 — 0,0036) - 1073 = 0

Pimenns cuctemu piBHSHB (5.1) mae HaCTyHI 3HAUYEHHS ONTUMAIHHUX KEPYHOUNX
BILIMBIB npu BUPOIILYBaHHI JieNeKTPUIHOT TUTiBKH SigNy:

Popt = (2818 + 0,2775) - 1073, Iy = 0196 + 0,037,
Topt = 1686 + 10y.

Jns nienextpuynol wiiBku Siy Oy Nz cucrema piBHSAHB 17151 BUSHAYCHHS
ONTUMAJBbHHUX KEPYIOUHX BIUIMBIB Oy/ie HACTYIHOIO:

dosi,
o] ~ ~ ~
_dpy,i = -0,61056 — 0,63334P + 0,0027778 - 01568 + 0,4361 = 0
d¢$XOyN _ _ _
Y £ = 0,23185 + 1,4488 + 0,0436P + 0,46389 - 0,0411%L = 0
d¢9xoyN _ _ _
e Z = 0512 + 219441 + 0,027778 + 0,005555¢ + 0,46389 = 0
(5.2)
Ilicns meperBopeHHs cucteMd piBHAHB (5.2) 1 BHpIMIEHHS CHCTEMi JIHIHHAX
PiBHSIHB 3 TITAPAMETPOM ) Y TIPaBili YACTMHI OTPHMAEMO: Popt = 0982 + 0,246y,
lopt = 0,283 + 0,0235), Ty, = 0,2919 + 0,00780F .
3 ypaxyBaHHAM TOro, ILO: P=P-120°2-3 T =T 1072 - 18,
I =1 -10 — 25 Yy = y — 2 OTPMMAEMO HACTYNHi ONTHMAIbHi Kepyrodi

BILTHBH: Popt = (349 + 0,246y) - 1072, lopt = 0,00235 + 0,217y,
Topt = 21075 — 0,7802.

[Mpw 3miHi p Bix 1 710 3 YMOBHUX OJIMHHMIIG yCi 3HAYCHHS! ONTUMATIBHUX KEPYIOUNX

BIUIMBIB HE BUXOJATH 3 00JIACTi JIOMYCTUMHUX 3HAYCHb.
HocmimkeHHst  eQeKTUBHOCTI  BUKOPHCTAHHS  ONTUMAJIBHOIO  YIPaBIiHHS
NPOBOJMIIOCS JJIsl TPhOX BapiaHTIB:

a) tinbku o P (cxema 2 puc. 5.2);
6) Tineku o 1 (cxema 3 puc. 5.2);
B) Tineku o | (cxema 4 puc. 5.2).
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.. dtgo . . N
MeToaoM BH3HAYEHHS MIBUAKOCTI 3MiHU d_g IIpH KOJIMBAHH1 B pa31 OIITHUMI3aIlll
4

MapaMeTpiB TEXHOJOTIYHOTO MPOIECY 1 MPHU CepeIHIX 3HAYCHHSAX BCIX YIPaBISTFOYAX
BILIMBIB (cxema 1 puc. 5.2). BeranoBieHo, 1110 HaHOLIBIINN €EKT TOCITAETHCS MPH
ONTUMI3aIlii TEXHOJOTIYHOTO MPOIIECY 3 yCiX BXiTHUX mapamerpis (cxema 5). Ha puc.
5.3, 5.4, 5.5 HaBeneHi pe3ynbTaTH PO3PaxXyHKY JJIsl BCIX TphOX IUIBOK 1 — 0e3
oInTHMi3alii, 2 — 3 ONTUMI3alll€lo.

BunHo 1m0 edekT BHKOPHCTaHHS ONTUMAIBHHUX DPEXKUMIB BiIUYTHHHA IS BCIX
JOCITIKYBaHUX ILTIBOK, TPUYOMY BiH 3pOCTa€ mpu 30inbliieHHi y [6].

! 1l 1 Y v

[P S Y SR N SR |

—
p 1 1 1 P I
¥
Lgd Lgd tyd Lyl
y B 1 o o K 0 N 0 |90
F
y T 1 v B 1 y P i ¥
e =1
dtgd degs P =P (¥} degs |T=Tom (Y} degs on (¥ dtgs |P = Pou (¥}
—_ — b _m —_ —I|P =P _
dy dy T=Ty dy | P=PFy dv P =Py dy 1=l (¥}
= Il.'p l= Iq, T= Tl.'l) T= Tu[)l (Y)
digd degd digd

v =0 =0 =0

dpP di dr
Puc. 5.2. Cxema sapianmie onmumanbHo20 YnpaeiiHHs.

tgs x 1072

|

I
1 2 3
Puc. 5.3. Pesynomam po3paxyHxy onmumizayii mexHoao2iuHo2o npoyecy 00epiCaHHs

14

nuisku SiOg
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tgé x 1073

5,21

5,0 +

4,6 1

Puc. 5.4. Pezynomam po3paxyHky onmumizayii mexnoaio2iuHo20 npoyecy 00epiHCaHHs
nnisku SigNy

tgs x 1073
504 ]
4,5 1
404
2

3,51 .
3,0+

— v

1 2 3

Puc.5.5. Pesyromam po3paxyHKy onmumizayii mexHoi02iuHo20 npoyecy 00epuCanHts
nuieku S IXOy N,

6. BucHoBkM
TakuM YUHOM, B PE3yJbTaTi JOCHIPKEHHS MPOLECY OCAKEHHS, 00pOOKH HOro
pe3ynbTaTiB, mo0yJ0BaHa MaTeMaTH4YHAa MOJEIb SKOCTI IMPOLECY OCAKEHHS, IO
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JIO3BOJIIE OTPUMYBaTH (DYHKIIOHAIBHI 3aJ€KHOCTI JJI1 PO3PaxXyHKy ONTHMAaIbHHX
KepYIOUMX BIUIMBIB B 3aJI€KHOCTI BijJ 30ypeHb. AHaJ3 MaTeMaTHYHOI MOJIEIN POLECy
orpumanns ctpykryp SiO; — SiyOyN, — Si nossonsie pospobutn ysarambHeHuit
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[IpuMeHeHne CBEPTOYHBIX HEUPOHHBIX CETEN IS 3a1a4
kinaccuukanuu GpyKTOB HA N300pAKEHUN

N. B. I'ymun, A. E. Cnopos, A. C. Tany3oB

Xapvkosckuti Hayuonanvusili yHugepcumem umenu B.H. Kapasuna, Ykpauna

B cratee npemioxkeH crnoco6 perieHns Creualn3HpOBaHHON 3a1aul pacliO3HaBaHHs
o0pa3oB - 3agaun Kiaccupukanuu (PyKTOB Ha H300PAKECHHSX C HCIOIb30BAHHEM
MHOToCIoHHOHI cBEpTOUHOM HeliponHoi cetu (CNN). PaccmoTpens! obmuie cBeeHus
o MexaHusMe pabotel CNN. IlpuBomuTcst omucaHue BBHIOpaHHOW I pEUICHUS
MOCTaBICHHOW 3amaym HeiipoHHoW cetn ResNet. Ommcan cmoco0 co3gaHus
HOPOrpaMMHOM  CHCTeMBl Ha si3bIke Python, crnocoOGHOM BBIMONHATH —3aKady
knaccuduranun 1o 30 kimaccaM w300pakeHHH ¢ (QpyKTaMH ¥ TIO3BOJSIOIICH
BBIIOJIHATE  3a/jady IHOCHEAYIOIleH MAapKUpPOBKH H300paKeHUH, COJEeprKalix
HECKOJIBKO 00BeKTOB. IIpHBOAATCS BRIBOIBI O MPHUMEHUMOCTH Helpocetu ResNet mims
KJTacCupHKAllMM HCKOMOTO Habopa MJaHHBIX, MOKa3aHbl METPUKH TOYHOCTU
BBIOPAaHHOM apXUTEKTYPBL.

Knrouegwie cnoea: xomnviomeproe 3penie, MawunHoe odyuenue, c6Epmounble Heuponnbvle cemil,
3adaya Knaccugurayuu.

Y craTTi 3anponoOHOBaHO cHOCIO  BHUPIMEHHS  CIENiali30BaHOTO  3aBIaHHS
posmi3HaBaHHS o00pa3iB - 3aBmaHHSA Kiacudikamii (QpyKkTiB Ha 300paKeHHSIX 3
BUKOPHUCTaHHSAM OaratomapoBoi 3ropTkoBoi HelipoHHOI Mepexi (CNN). Posrmsayro
3araigpHi BigoMocTi mpo MexaHisM pobotu CNN. HaBoxutbes ommc obpanoi st
BUPILICHHS TOCTABICHOTO 3aBJaHHA HelpoHHOi Mmepexki ResNet. Ommcano crmocid
CTBOpEHHsI MporpamMHoi cucteMu Ha MoOBi Python, 3maTHOi BHKOHYBaTH 3aBHaHHSI
kiacugikamii mo 30 kracam 300paskeHb 3 PppyKTamHu i JO3BOJISIE BUKOHYBATH 3aBAAaHHSI
MOJANBIION0 MapKyBaHHS 300pakeHb, IO MICTIATh Kijdbka 00'ekTiB. HaBomsThcs
BHCHOBKHM IIPO MOXJIMBICTH 3acTOCyBaHHs Helpomepexi ResNet mmst xracmdixarii
IIyKaHOTO Ha0bOpy JAaHMX, MOKa3aHi METPUKH TOYHOCTI 0OPaHOT apXiTeKTypH.

Kniouosi cnosa: komn romepHuil 3ip, MAwiuHHe HAGUAHHS, 320PMKOGI HEUPOHHI Mepedici, 3a0aya
Kaacugixayii.

The method for solving a specialized problem of pattern recognition - the problem of
classifying fruits on images by using a multilayered convolutional neural network
(CNN) has been proposed in the article. General information about the mechanism of
CNN work has been considered. The description of the neural network ResNet chosen
for the task solution is given. The presented method for creating a software system on
Python that can perform the task for classifying 30 classes of images with fruits allows
performing the task of subsequent marking of images containing several objects. The
conclusions about the applicability of the ResNet neural network for the classification
of the required data set are presented. The accuracy metrics of the selected architecture
are shown.

Key words: computer vision, machine learning, convolutional neural networks, classification
task.

1. BBenenune

B nocneanue roapl B Mupe WH()OPMAIMOHHBIX TEXHOJOTHI OOJIBIIOE KOJUYECTBO
3aja4 peliaeTcs pas3IuYHbIMA METOJaMU MAIMHHOTO OOY4YeHHUs, B YACTHOCTH, C
MTOMOIIIbIO HEMPOHHBIX ceTell. OHUM W3 CaMBIX aKTyalbHBIX Ha CETOMHALIHUNA JIEHb
HAIMpaBJICHHUEM SBISICTCS KOMITBIOTEPHOE 3pEHHE, KOTOPOE MO3BOJISIET PeliaTh 3aauH,
CBSI3aHHBIC C BBIJCIICHUEM M Kiaccu(uKkanyedi 00beKTOB Ha M300paKCHHUIX U BUICO
Hampumep, Ha 1aHHBI MOMEHT TEXHOJIOTUU KOMITBIOTEPHOTO 3PEHUS YK€ TIOMOTA0T

© lN'ywmH W. B., Cnopos A. E., Tanysos A. C., 2018
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MEIMKaM paclo3HaBaTh PAKOBbIE KJIETKM Ha MEIULIMHCKMX CHHUMKax. Cepbe3HbIM
CTHMYJIOM K Pa3BUTUIO HCCIEAOBAaHMKH B JaHHOM HAampaBJICHUH SIBISETCA
CTPEMHTENBHOE TIOBBIIICHWE HMHTEIUIEKTYallbHOCTH TOPTATHBHOM TEXHUKH H
COBPEMEHHBIX MHTEIJIEKTYalbHbIX aBTOMOOMJIEH. HmenHo ITOPUTMBI
KOMITBIOTEPHOTO 3PEHUs] MO3BOJIAET MOOWIBHBIM YCTPONCTBAM BBIIOJHATL CBOU
MHOTOYHCIIeHHble (yHKIMK (Hamp., (OTOKaMepsl MOTYT paclo3HaBaTh JIMILA,
BBINOJIHATh pasMbITHE (OoHA M Ipyrue (GYHKIUM, HEOOXOIUMBIE I10JIb30BATENIAM
ycTpoiictBa). CoBpeMEHHBbIE aBTOMOOWIIM, B CBOK OYepe.b, HMCIOIb3YIOT TaHHYIO
TEXHOJIOTHIO JUIi OpPHUCHTUPOBAHUS B TPOCTPAHCTBE, PACIO3HABAHHS 3HAKOB,
MENIEX0I0B U APYTHUX MPETSTCTBUH.

Hns pemeHuss Takux 3agad  HCIONB3YIOTCS HEHUPOHHBIE CETH CIELHaJIbHOU
apXUTEKTYpHI - cBEpTOUHAs HelpoHHas ceTh (aHri. Convolutional Neural Network).
JIaHHBI TUI HEMPOHHBIX CETEH CHELUAIBHO NpPEJHA3HAUYCH Ui pELIeHUs 3a1ad
kinaccupukanuu u3o0pakeHuid. Ha DPOTSDKEHMHM HECKOJNBKUX —IOCIHEIHUX JIeT
HEHPOHHBIE CETH 3TOr0 THUIIA MOKAa3bIBaeT HAWIy4LIME PEe3yJbTaThl Ha IpakTuke. B
YaCTHOCTH, HAa EXEroJHO MPOBOMSIIEMCS KOHKYpCE MO KOMIBIOTEPHOMY 3PEHHUIO
ImageNet Large Scale Visual Recognition Challenge (ILSVRC) [1] nyumuie
pe3ynbTaThl TOKA3bIBAIIN TAKUE apXUTEKTYpPhI CBEPTOUHBIX ceTeld, kak AlexNet, VGG,
GoogleNet, ResNet u ap. JlanHble THUMBI CBEPTOUYHBIX HEHPOHHBIX CETEH ObUIN
HaTpeHHpOBaHbl Ha Habope maHHbIX (matacere) ImageNet [2] ¢ u3oOpakeHHAMH,
npuHagnexamumu Kk 1000 kmaccam paszHoro xapakrepa. OOHAKO, AJIA PELICHHS
CHECNMANM3MPOBAaHHBIX 337a4, HampuMmep, Takod Kak kiaccupukanus (PppykToB Ha
n300paXCHUH, TOTOBbIE HATPCHUPOBAHHbIC HEHPOHHBIE CETH HE MOTYT PEaln30BaTh
KJIacCU(HUKALMIO Ha JOCTATOYHOM YPOBHE TOYHOCTH IO IBYM OCHOBHBIM IIPUYMHAM:

1. ApxwurekTypa HEWPOHHOW CETH HE COJEPKUT IMOCIEAHETO CIos C
HEOOXOTUMBIM HA0OPOM KJIaCCOB;

2. Heiiponnas ceTb OblJla HATPEHUPOBAHA HA CHIILHO 0000IIEHHOM JaTacere.
Hanmpumep, 3 1000 xnaccoB paracera ImageNet, nunIb HECKOIBKO
ABISIOTCA  (PpyKTaMH, MOITOMY Uil PEIICHHs CHENUAIN3UPOBAHHOM
3a7]aui UMEIOIINXCsI BECOB OyIeT HEIOCTATOYHO.

Lenpto nmanHON pabOTHI SBISETCS cO3JaHue Kiaccu(UKaTtopa H300paKEHUH C
NPUMEHEHHEM CBEPTOYHON HEHPOHHOM CETH MNOAXOIAIIECH apXUTEKTYyphl JUIs
CHECNMAIM3MPOBAHHON 3a/1auu KiIacCU(pHKAINN U300paKEHUH, a TaKKe BHIOOP METPUK
TOYHOCTH.

2. Apxutektypa LeNet u o0masi cTpyKTypa cCBEPTOUYHOI HEPOHHOI ceTH

B 1998 romy Bemymmm HcCleTOBaTEIEeM CBEPTOUHBIX HEUPOHHBIX CETEH CTal
Yann LeCun. Ilocme MHOTOYHCIEHHBIX YCIIEIIHBIX HWCCIENOBaHUNH WM Oblla
omybnukoBaHa pabota [3], B KOTOpo# OmMHcaHa apXWTEKTypa OJHOW W3 TIEPBBIX
cBEépTOuHBIX HelpoHHBIX ceteil LeNet [4]. 3atem Ha ocHOBe apxuTekTypsl cetu LeNet
OBIIO pa3paboTaHo OOJNBIIOE KOJNMYECTBO JIPYTUX ApXUTEKTYp, HO BCE OHH HUMEIOT
OJIHYy U Ty XK€ 0a30BYIO CTPYKTYpYy, aHAIOTHUYHYIO CTpyKType cetu LeNet. bazoBas
CTPYKTypa MpocTeiIiel CBEPTOUHOM HEHPOHHON ceTH mpuBeeHa Ha puc. 1.
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Puc. 1. Basosas apxumexmypa npocmetiwien ceépmounotl netiponrou cemu LeNet.

PaccMoTpuM OCHOBHBIE dTambl pacrno3HaBaHus u3o0pakennd. Ha mepBowm,
MOJTOTOBUTEIBLHOM 3Tare, M300paKeHUE OIU(POBLIBACTCS U TOJATOTABIUBACTCS K
obpabotke. g aToro mogansoe Ha BXxoJ MudpoBoe n3o0pakeHnue mpeodpasyercs B
matpuiy W[X, Y, 3], e X u Y - paspereHvie nuzoopaxenus, a 3 —pazmepHocts RGB
kaHana. [lomyueHHast TakuM 00pa30M MAaTpHIA HUCIOIB3YETCS B KaYECTBE BXOJHBIX
JTAHHBIX JUIsI CBEPTOYHOM HEHPOHHOM CETH.

ba3zoBass apxurekTypa CBEPTOUHON HeipoHHO#H cetu (cM. puc.1l) cocrouT u3
YCTBIPECX OCHOBHBIX TUIIOB CJIOCB.

1. cBéprounslii cnoii (anri., convolution layer);
2. cnoii muneiHoM pekTrdukanuu (anri., Rectified Linear Unit, ReLU);
3. CII0¥i MyJTMHTA WK CIIOH CyOaucKpeTr3aiun (aurit., pooling layer);
4. monHocBs3HBIN cioit (anrd., fully connected layer).
PaccmoTpuM moapoOHO CTPYKTYpy U Ha3HAUEHHUE KaXKIOTO CIOSI.

2.1. CBépTouHblIii c10ii

Ceéprounsiii cnoii (convolution layer) — ocHoBa HEHpOHHOI ceTH, MpencTaBicH
Ha0OpOM TPEXMEPHBIX MATPHIIL, Ha3biBaeMbIMU GuIbTpamu [5]. C OMOIIBIO KaXKI0T0
(unbTpa TPOBOAMTCS ONEpanysi CBEPTKH MAaTPUIBI HCXOAHBIX AAaHHBIX. Mojenb
COZIEPIKHT eIlle OJIMH Tuneprapamerep P - TONIMHY 3al0JHEHUS HYJISIMHU (@HIIL., ZEro-
padding). 3amoiHeHHe HyJISIMH MPUMEHSTCS K BXOIHOM MaTpHIle UIS TOrO, Y4TOOBI
MOYKHO OBUIO YNPaBISATH Pa3MEpPOM MaTpPUIBl - pe3yibTaTa IMOocie MNPUMEHEHHS
¢unbTpoB. B pesynbrare cBEpTKM MOMYYHTCS MaTpuia pazmepom W* » H* x D¥,
rnue

W = W—i+2P+ 1
e = H—J;+2P+ 1
D*=K.

Matpuily, MOJyYCHHYIO TOCI€ TPHUMEHEHUS CBEPTOYHOrO (UIbTpa, —ere
Ha3bIBAIOT KapToi akTuBaiuu (auri., activation map, feature map)) [6]. Hdauuas
MaTpuIila COOTBETCTBYET HAWICHHONH OCOOCHHOCTH Ha M300pakeHWH (HAIp., KPUBbIC,
YTIIBI).

2.2. Cnoii nuHeliHOW pekTHHKALINU

Crno#t nuHelHON pekTuduKanuy (CIOM aKTHBALWHU) SBISETCS JIOTONIHUTEIHHBIM
cioeM. OH HPUMEHSIETCS MOCIE KaXI0ro CBEPTOUHOTO CIIOS, COAEPKHUT (YHKIHIO
axtuBarmu (Rectified Linear Unit, ReLU), xotopast mjiss yCKOPEHHUSI BBIYMCIICHHI
0OBIYHO OIpeAEssIeTCs] TAKUM 00pa3oM:
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flx) = max(0,x),

IJIe ¥ — BXOJHOE 3HAYCHHUE [T HeHpoHa.

Omneparust ReLU — nosneMenTHast onepanusi, IPUMEHSETCS K KaXI0MY MHKCEITIO.
Oma 3aMeHsIeT Bce OTPHIIATEIbHBIC 3HAYCHHS Ha KapTe aKTHBAIMK HYJIeBbIMU. [laHHAas
oreparys MCIOAb3YeTCs ISl BBEICHHS HEIMHCHHOCTH B CBEPTOUYHYIO HEUPOHHYIO
ceTb. IJTO HEOOXOIMMO, TOCKOJIBKY OIepamus CBEPTKH - JIMHEHHAS Oreparus
(cnokeHre W MEPEMHOKEHHE MATpHIl), a OOJBIIMHCTBO JaHHBIX PEaTbHOIO MHpA,
KOTOpBIE HCTONB3YIOTCA I OOydeHHs] CBEPTOYHONW HEWPOHHOW CETH, SBISIOTCS
HEJINHEVHBIMU.

Bmecro ReLU MOryT MCIONb30BaThCst U Apyrue (QyHKIMHA aKTHBAIWH, TAKHE Kak
tanh wam sigmoid [8]. Ilpu GombIIKMX 3HAYECHMSAX OMIMOKH CETH, IS M30eraHus Tak
Ha3bIBaeMoro «ymupanus» Gpynkiun ReLU, moxuo npumensits Leaky ReL U [7].

2.3. Cnoii myimHra

Cnoit mynunra (cmoit cyomuckperusanuu, pooling layer) mnpennasnaveH st
YMEHBIICHUs Pa3MEPHOCTH KaXKII0W KapThl akTUBaIMK [8] mpu coxpaneHun Hanbomee
BaXHOW wuHPpopMammu 00 wu3o0paxkeHnu. Kpome TOro, MYyJIHHT yMEHBIIACT
KOJIMYECTBO MMapaMETPOB HEMPOHHOU CETH U, KAK CJIEICTBHE KOJIUYECTBO BBIUUCICHUI
B HeWpoHHOH cetn. Takum oOpa3oM, CIOW IMyJIura CIYXHT IUIS TpPEAOTBPAILCHHS
npobieMsl mepeobyuenust cetu (amri., overfitting). Omepanunu, BbIMOMHSEMbIE B
JTAHHOM CJI0€, PEaTH3YIOTCS C IIPUMEHEHHEM Pa3HBIX (YHKIMIA: max, avg, sum M T. 1.

2.4. TloTHOCBA3HBII CJ10i

IMonuoces3ubiit  cimoit  (fully  connected layer) — TpaaurmonHbIil  cro#
MHOTOCIIOMHBIX HEWPOHHBIX CETeW, KOTOPBIM HCMONb3yeT (YHKIUIO aKTHUBAIIHIO
softmax [19] B BeixomHOM cioe. OfHAKO, B Pse CIIy4yaeB MOTYT HCIOJIB30BAThCS H
apyrue QyHKIMU aktuBauuu, Hanpumep, SVM [19]. [lanueiii cioit sBiseTcs
HOJTHOCBSI3HBIM. DTO 3HAYMT, YTO KAXKIBIH HEWPOH B MPEIBIAYIIEM CIIOE COCIHHEH C
KKIbIM HEUPOHOM B cielnyronieM. B HEHpOHHOU CEeTH MOCIEAHUMN CIOW 3TOro TUMa
dopMHpyeT  BBICOKOYpPOBHEBBIE  ocobennoctd  (amri., features)  Bxommoro
n300pakeHnsl. OTH CPOPMHUPOBAHHBIE OCOOCHHOCTH W  HCHOJB3YIOTCS  JUIs
KJIacCH(UKAIUN BXOIHOTO M300pa)KEHUSI HAa OCHOBAaHWH TPEHHWPOBOYHOTO JaTaceTa.
[MTomMumo penreHust 3agauu  Kiaccudukanmuu, po0aBIEHUE MOJTHOCBSI3HOTO CIIOS
YMCHBIIACT BBIYUCIIUTCIIbHBIC 3aTPAThI, HCOGXOI[I/IMBIC JJIsA O6y‘ICHI/IH CCTH. 3aMeTI/IM,
9YTO CyMMa BEpOSTHOCTEH, KOTOpBIE IOJy4alOTCS B pe3yJbTare BBIYHCICHHH B
HOJIHOCBSI3HOM CJIO€, TOJDKHA COCTaBIsATh 1 (cM. puc. 1).

3. Bb100p apXuTeKTYpHI CeTH /ISl pellieHns 3a1a4u Kjiaccupukanun GppyKToB

Jnis pemieHWss TOCTAaBICHHOW CIELMATU3UPOBAHHON 3aJauyM  KiacCH(UKaLuu
¢bpykTOB Ha W300pakeHWH OblIa BhIOpaHa cBEpPTOYHAs HelpoHHas ceTh ResNet
(Residual Network) [9]. ApxurekTypa DaHHOW CETH pealu3yeT HICK Iepeaavn
3HAaYeHUI BBIXOZA M BXOJa [IIBYX IIOCIIEIOBATEIbHO PACIIOJIOXKEHHBIX CBEPTOUHBIX
cII0€B JUTs Tocheayromux ciaoés (puc. 2) [9].
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X
Y
weight layer
weight layer identity

Puc. 2. Cmpoumenvnuiti 610k ResNet.

DTO NepBbIil BUI HEHPOHHBIH CeTed, B KOTOPHIX KOJIUYECTBO CJIOCB MOXKET OBITh
OYEHB OOJBIINM O€3 pUCKa JeTpaaliuu ceTh. Tak, pa3Mepbl HEKOTOPBIX CETEH MOTYT
nmocturatb 1000 cino€s, 1 5TO He MPUBOANT K POCTy OMHMOKH Kiaccuukanuu. Takum
o0pa3oM, IaHHAs AapXUTEKTypa TIIO3BOJIICT CIPABUTHCA C TaK Ha3bIBAEMOM
Jerpafaiyeii HelpOHHOM CeTH, KOrjJa Ha ONpe/ICIEHHOM JTare yBEIMYCHHE CIIOCB
OoJIbIIIe HE TaeT MOJIOKHUTEIBHOTO Pe3yIbTaTa, a JHIIb YBEIMYUBACT OIINOKY (1aHHOE
yXYAILICHHE KauecTBa pabOThl HUKAK HE CB3aHO ¢ nepeobydenuem [9]).

Apxurektypa ResNet wumeer Oombinoe kommdectBo BapuaHToB. ResNet-50,
ResNet-101, ResNet-152 u apyrue. Yucno B Ha3BaHUK 0003HAYAET KOJTHMUYECTBO CIOEB
JTAHHOUN HEUPOHHOMU ceTH.

Jns  pemieHHs CHENWaTM3UPOBAHHOM 3amadyd  Kiaccupukamuyu (QpyKToB Ha
n3o00paxxeHnu Oblta BeIOpana apxutekTypa ResNet-50. Takoii BeiOop ObLT cuenaH Ha
OCHOBaHMHM TOTO, YTO MJAaHHBIA BHUJ HEHPOHHOH ceTH TpeOyeT HaMMEHBIINX
BBIYHCIIUTEIIBHBIX 3aTpaT Ul O0ydeHHSI.

4 JlanHbIe M MPOrPaMMHBbIE CPeICTBA I 00y4eHus1 HelipOHHOH ceTn

B kauectBe Habopa maHHBIX g OOydYeHUS HEWPOHHOW CETH OBLI BBHIOpaH
matacet [12], comepxamtmii 970 wu300pakeHwii, npuHammekamux K 30 Kmaccam
pasnnuHbIX QpykToB. Kaxmoe nzobpaxkeHne cHOpPMHUPOBAHO MO MPHUHLUIY — OJUH
K1acc (QPYKTOB Ha OTHOM H300paskeHHH. DPYKTHI PacIoONOKEHBI MO Pa3TUIHBIMU
paKypcaMH W WHOTJA TIEPEKaTHIBAIOTCS JIUCTHSIMU, PYKOH YeJIOBeKa WM APYTUMH
00BbEKTaMU, HEe CBA3aHHBIMHU C aHAJIM3HPYEMBIMH Kiaccamu (QpykToB. M300pakeHus
pa3merensl B 30 mamnkax, Kaxaas U3 KOTOPHIX Ha3BaHa COOTBETCTBYIOIIMM KJIaCCOM
¢bpykTa, T. €. n300pakeHns Kilacca X pacrojaraloTcs B IMamnke ¢ IMeHeM X.

OOBIYHO, JIJIS PEIICHUs OJOOHBIX 3a/1a4 MCIIOJIb3YIOT OMOIMOTEKH Il paOOThI C
HEHPOHHBIMH ceTssMH, Takue kak TensorFlow, Torch, Theano, Caffe. Oxmoii u3
peanu3aiuii BHICOKOYPOBHEBBIX OnOIHMOTEK sBisiercss Keras, koropas sBiseTcs
Hazctpoiikoit Hax TensorFlow u Theano. OcHOBHOI MporpaMMHBIN HHTEpdEHC 3TUX
OMOMMOTEK peanr30BaH Ha s3bIKe MporpammupoBanus Python, koropeiii U Obul
BBIOpaH JUIS TPOTPAMMHOTO pEIIeHMs 3aJadd. YKazaHHbIe OMONMOTEKH COmepkat
TOTOBBIE CJIOM, CTPOUTENILHBIE OJIOKM, (QYHKIMH W MOJENN Pa3INYHBIX HEWPOHHBIX
cereii. KpoMe TOro, BakHBIM SIBIISIETCS TO, YTO MHOTHE OMOIMOTEKH YK€ COAEpIKaT
3apaHee HATPECHUPOBAHHbBIE MOZeau Ha faaracerax ImageNet wiu CIFAR-10 [13] ms
Pa3IUYHBIX HOIMYJISIPHBIX HEUPOHHBIN CETEH.

s peanuzaiuu kiaaccudukaropa Jjis Hallel 3ajadu Obljia BeIOpaHa OMOIMOTEKA
Keras [14], kotopas comepxut monenb cetn ResNet-50 ¢ yke HaTpeHHpPOBaHHBIMH
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Becamn Ha pmartacete ImageNet. Takum oOpa3zoMm, OBUT HCIONB30BAaH IIHPOKO
pacnpoCcTpaHeHHBIN MOIX0]] «Ilepeiaya 3HaHui» (aHri., transfer learning) — mpouecc
3aMMCTBOBaHMS Ipe00yUEeHHON HEHPOHHOM CeTH.

5 Hacrpoiika HeiiponHoii cetn ResNet-50

IIporecc HacTpoiiku 3apaHee HaTpeHupoBaHHOU cetu ResNet-50 mist pemenus
3a/1a4¥ KJIACCUPUKAIINH H300pakeHHH ¢ PpyKTamMu Oy/1eM OCYIIECTBISITh MO3TAIHO.

Oramn 1. CHagaia He0OXOIUMO BHECTH M3MEHECHHE B IOCJICIHHE CJIOW HEUPOHHOMH
cetn ResNet-50. Tak, He0OXOIUMO 3aMEHHTH TOJTHOCBS3HBIM KIIACCH()UIMPYIOLIHIA
cinort anms 1000 kiaccoB HAa CBOW CJIOM, HEOOXOIMMBIC Uil Knaccupukanuu Ha 30
Kiaccax. J{st aToro ObUT CO3aH HOBBIA JBYMEPHBIN CIIOH MyiuHTa ¢ (yHKIHEH avg U
HOBBI BBIXOJIHOW MOJHOCBSI3HBIN cioi, umerommii 30 HEHPOHOB ¢ QyHKIUEH
aKTUBaNMK softmax B COOTBETCTBUM C KOJMYECTBOM KJIACCOB B TPEHHUPOBOYHOM
nmaracete. [locie 3THX M3MeHeHuit OblIa Iepeco3ana MO CETH.

Oran 2. J{nst Toro, 94To0bl YMEHBIIUTE PUCK MepeoOydeHUsT HEHPOHHOHN ceTH Ha
uMeromeMcs HebonpmoM Habope oOywaromux gaHHeIX (910 nzobOpaxenuit + 60
TECTOBBIX) ObUIa NPUMEHEHAa ayrMEHTAlMs KaK TPEHHUPOBOUHBIX, TaK M TECTOBBIX
n300pakeHnit (MCKakeHHWe M300paKEHUH ¥ 32 CYeT JTOr0 YBEJIWUYEHHE WX
KonmuuectBa). Jlnsg  3TOro  OBUTM  NPUMEHEHBl TAaKWE  THIbI  MCKaKCHHM:
MmacmrabupoBanne RGB kanama B mpegenax ot 0 mo 1 (Bmecto [0, 255] mo
YMOJYaHUIO), CIy4YallHBI TOBOPOT wH300paxeHwss B mpenerax 90 rpamycos,
BEPTUKANBHOE H  TOPU3OHTAILHOE  3CpKalbHBICE  OTOOpaKEHHs, Cly4aiHoe
MaciiTa0upoBaHue u3o0pakeHus B 1peaenax 20%, caBur u300paKeHUs 10
ropuzoHTan W Beptukamu B mpenenax 20%, a rtakke casur RGB kanama B
npenenax 20%.

Oran 3. Ha atom sTamne Heo0XoanuMo 00yduTh H00aBIeHHbIE CIoM. DaKTHUECKH, B
oubmuorexke Keras B peanuzammu ResNet-50 comepxkutcs 174 crnos (50 u3 Hux
cBéprounble) ¢ yderoMm aktmBammu ReLU, crmoxenws, m 6ary Hopmamuzanuu. s
TOT0, YTOOBI YOpaTh CIyYailHYI0 MHUITHAIM3ALMIO [TapaMeTpoB T00aBICHHBIX CIOEB,
HEOO0XOIUMO UX 00y4nTh. UTOOBI HE MPOBOJHUTH 3aHOBO OOyUEHHE BCEW CETH, HYKHO
3aMOpO3HUTH BCE Beca, KpoMe BHOBH J00aBleHHBIX (¢ mepBoro mo 151 croi
BKIIFOUHTEIHHO).
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Puc. 3. Ilocneonue obyuaemvie 6noxu cemu ResNet-50, dobasnennvie npu transfer learning
nooxooe

Oran 4. HakoHen, HEOOXOANMO BBIMTOIHUTH OOYYCHHE TOCIEIHHUX NIBYX OIIOKOB
cetu ResNet-50 (cm. puc. 3). B kadectBe (QpyHKIHH ONTHUMH3AIMH HCIIOJIB30BAJICS
CTOXaCTUYECKHU TpaaueHTHbIH cryck [17] ¢ manenbkum marom oOydenus 0.0001 u
momeHToM 0.9. B kadectBe (yHKIMM OMmMOKH ObUTa MPUMEHEHa KaTerophabHas
KPOCC-OHTPONHSA, TaK KaK HCIOJIb3YeTCsl BEPOSTHOCTHOE HWHTEPHPETHPOBAHME
pe3ysibTaTa Ha KOHEYHOM CJIoe HelipoHHoM cetr [18].

Jns oOydyeHus: ObUTH BBIOpaHBI TakWe MapaMeTphbl: pasMmep OJ0ka HU300pakeHUit
(batch size), koTopsiii OymeT MPOXOAUTH Yepe3 ceTh 3a OAuH Imar paBeH 10 (takoit
pasMep 1rara BEIOpaH Tak, YTOOBI YMCIIO TPEHUPOBOUYHBIX M300paKeHUH JeNniIoch Ha
9TO YMCIIO HAIEJI0); YUCIIO [IaroB, KOTOPOE HYXKHO ISl TIPOXO0Jia OJJHOM MOXU PABHO
91. Jlns Hamiedl 3aja4M 3TO YUCIO BBIYHMCICHO TAaK: KOJIMYECTBO BCEX M300paKeHMM
(910) menutcs ma pasmep Osoka (10), T.e. Kaxmas smoxa Oyaer cocTosth u3 91
maroB. s oOyuyeHust ObLIO BbIOpaHO 15 310X, JaHHOE YHUCIO ObLIO BhIOpaHO
SMIIUPUYECKUM ITyTEM.

B mnpomecce oOydenwus, mocne mepBod dmoxu, ommbka coctaBmsuia 0.657 u
tognocth 0.814. B koHIie 00y4eHus Mbl moiaydmin omubky 0.394 (l0SS) u To4HOCTH
0.906 (accuracy). Takum 0Opa3om, Tociie 0OyUEHHS HaM yaioCh TTOHU3UTD OIIHOKY
Ha 0.262 u yBenuunuth TOUHOCTH Ha 0.092.

6. Pe3yabTaThl TecTHpOBaHUS 00y4eHHOI HelipOHHOI ceTH

Hnst TectmpoBaHuMs HEHpOHHON ceTW ObUIO BBIAENEHO 60 W300paKeHU C
¢pykramu (1o 2 u3zo0paxkeHus Ha kiacc). [IpumeHeHne ayrMeHTaluu ¢ yKa3aHHbBIMU
BBIIIIE TIapaMeTpaMH YyBeNW4YHMBaeT MX (akTuueckoe kommdecTBo 10 142. 3arpysus
Haimy OOYy4YeHHYI0 MOJIeNb C JIMCKA, MbI MPONYCTHIH 4Yepe3 CeTh TECTOBhIC
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m3o0pakerns 10 pa3, 3aTeM YCpPeAHWIM PE3yJbTAaThl W IOJYUMIIA CIICITYIONTHE
JaHHBIE:

1. Ommbka knaccupukanuu coctapuia 0.4272

2. Tounocts: 0.865

3. Cpennee BpeMms IIpeaCKa3aHUs Kiacca OQHOro u3obpaxenus: 0.68 cek.

Taxke OBUIO TPOM3BENCHO TECTHpPOBaHHE Kiaccuukaropa Ha 30 pa3HBIX

n3obpakeHnit (mo 1 wn300pakeHWI0O Ha KaxAblii Kimacc (pykra) C BBIBOAOM
pe3ynbTaToOB Mpencka3anus (MapKUPOBKH N300paKeHUs TIPEICKa3aHHBIMH KIIACCAMH).
Ha puc.4 npencraBneH mpuMep Takoro BbIBOAA JIsi TOM-ABYX MpeACKa3aHHBIN
KJIACCOB ISl IEPBBIX TPEX N300paKCHUH.

1. Mexomeni xmace @ "apples" | npenckasamHue xmacce @ "apples” : "0.258027"; "blusberries" : "0.221447";
2. Hoxorem xnacc : "apricots" | npepckasanmne wmacc : 0 "blusberries" : "0.907302"; "avocados" : "0.02880&";
3. Mexorent xnace : "avocados" | mpezckasammme xmaccd @0 "avocados" : "0.932468"; "apples" : "0.0218184";

Puc. 4. Bv1800 pe3ynomama mapkuposKu u300pasxicenuil Kiaccamu.

[IpoBeneHHOE  TECTHpPOBAaHHE  IOKAa3ajO, YTO  KOJWYECTBO  MPABUIIBHO
MpEeACKa3aHHbIX TOM-NEpBBIX KiaccoB coctaBmsieT 21 u3 30. To ecTh TOYHOCTH
KJaccu(UKaIMY IPU JaHHOM Noaxojie coctaBuia 70%.

BuiBoabI

B nanHnoii pabote nmpeacTaBiieH MpoILecce Co3anus Kilaccupukaropa n300pakeHU
Y IPUMEHEHHS €ro K CIEeHHaTU3UPOBAHHON 3a7aul Kiaccu(uKanuu n300paxeHuil ¢
¢pykTamu. Bbuta KpaTko paccMOTpeHa apXUTEKTypa CBEPTOUHBIX HEHPOHHBIX CETEH.
beim  obocHoBan BbIOOp HelpoHHOH cetn ResNet-50 ans pemenus 3agaun.
IIpencraBien mpouecc HACTPOMKHM MOJENIH CETH Ul PELICHHUS 3a7auH, a TaKXKe Habop
TPEHUPOBOYHBIX N300parkeHuH ¢ ppykTamu i1t 00ydeHNs] HEUPOHHOU CETH.

B pesynbrate HelipoHHast ceTh mokazana ommoky 0.4272, tounocts 0.865, cpennee
BpeMsl IpeicKa3zaHus omHoro u3oOpakeHus 0.68 cek M Hpu BTOPOM MOAXOIE K
TECTUPOBAaHUIO TOYHOCTH — 70%. DTO sABNsETCSs XOPOIIUM PE3YJIBTATOM C yUETOM
OTHOCHUTEIBLHO HEOOIBIINX BBEIYUCIUTEILHBIX MOHIHOCTeﬁ u He6OJ'II)IHOFO BpEMCHHU,
IMOTPAaYCHHOI'O0 HAa o6yquMe CCTHU.

[lonyueHHass TtakuM o0Opa3oM CBEPTOUYHAS HEHpPOHHAas CETb MOXKET OBbITh
UCIIOJIb30BaHa B TPWIOKEHHUAX Ui PabOThl € HM300paKEHUSIMH, HAIpPUMEp, LIS
MIOWCKa N300paKeHUH ¢ KOHKPETHBIM KJIaccoM (PPYKTOB, TPYIITHPOBKH H300pasKEHUIMA
1o KyaccaM (ppykToB M AJISl APYTHX NPUKIAIHBIX 3a4a4. Takke NPy HE3HAYUTEINbHON
NpaBKe AapXUTEKTYphl IIOJNyYEHHAsh MOJENIb MOKET NPUMEHAThCS sl 334a4d
MapkupoBkH u3o0paxkenuit (multi-label classification).
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VJIK 681.142

[IpakTHuecKOoe UCIIOIB30BAaHUE PE3YJIBTATOB IIEPBOT
dyHIaMeHTalIbHOM TeopeMbl ['aycca B cucTeMe OCTaTOYHBIX
KJIACCOB

1 1 2
A. A.3amyna’, B. A. Kpacao6aes™, B. H. Kypuanos
1 - Xapvrosckuii nayuonanvhulil ynueepcumem umenu B. H. Kapasuna, Yxkpauna,
2 - Ilonmasckutl HaYUOHAILHLIN MmexHudeckutl ynusepcumem umenu FOpus Konopamioka,
Vkpauna

B cratee paccMOTpeH MeToJ ONpeNeNeHHs BEIIECTBEHHOTO OCTaTKa IIeNoro
KOMIUIEKCHOTO YHCJIa IO KOMIUIEKCHOMY MOAYII0. MeTo ] OCHOBaH Ha HCHOJIb30BaHUHI
pe3ynbTaToB mepBoil (yHIaMeHTanbHOW Teopembl [aycca. IlpuBeneHsl mpuMeEpHI
OIpeeNieHns] BBIYETOB B KOMIUIEKCHOW 4ncioBoii obmacti. Ha ocHoBanmm mertona
pa3paboTaH alrOPUTM OIpEIEeNeHHUs BEUIECTBEHHOTO BBIYETA LIENOr0 KOMILUIEKCHOTO
YHclia MO KOMIUIEKCHOMY MOJYTIO B COOTBETCTBHH, C KOTOPHIM CHHTE3HPOBAHO
YCTPOWCTBO ISl €ro TeXHWYecKod peanm3anuu. Ha ycTpoiicTBO MONIydeH MaTeHT
VYkpauHbsl Ha M300peTeHHe, YTO MOATBEPXKIACT HOBH3HY U IPAKTHYECKYIO LIEHHOCTH
pe3yIbTAaTOB HCCIIEOBaHMI. Pe3ynbTaThl, NOJyYeHHBIE B CTaThe, LelecO0Opa3HO
UCIIOB30BAaTh MPH PEANn3aluy 3aad U alTOPUTMOB B CHCTEME OCTaTOYHBIX KJIACCOB
(COK) B KOMIUIEKCHOW 4YHCIOBOW oOmacTu. Pe3ymbTaThl HCCIIeIOBaHUN Takke
Lenecoo0pa3Ho HCMONb30BaTh Impu  00paboTke KomrwiekcHbIx umcen B COK.
Hcnonp3oBanus PaccMOTPEHHOTO MeToaa CIOCOOCTBYET MOBBIIICHUIO
3¢ QeKkTHBHOCTH  mHpakTHueckoro  wucmonb3oBanuss COK  mpu  peanmsanum
IEIOYMCIICHHBIX OTepaIiii B KOMIUICKCHOM YHCIOBON 00IacTH.

Knwuesvle cnoea: romniekchole uUCIA, CUCMEMA OCMAMOYHbIX —KIACCO8, OCMAMOK,
usomopghusm.

VY craTTi pO3MNISHYTO METOJ BH3HAYECHHS MiHCHOTO JMIIKY LIJIOTO KOMIUIEKCHOTO
YHCIIa 0 KOMIUICKCHOMY MOJZYIII0. MeTo/ 3aCHOBaHHil Ha BUKOPUCTAaHHI PE3YJIbTaTiB
nepmoi ¢yHAaMeHTanbHOI Teopemu [ayca. HaBemeHo mnpukiaan BH3HAYEHHS
3aNMINKIB B KOMIUICKCHIN uuncioBuii obmacti. Ha migcraBi metomy po3poOiieHO
QITOPUTM BH3HAYECHHS [JIHCHOTO JIMINKY LUIOTO0 KOMIUIEKCHOTO 4YHCIA IO
KOMIUIEKCHOMY MOZYJIIO BIiANOBIZHO IO SIKOTO CHHTE30BaHO NPHCTPiH Iyt Horo
TexHiyHOi peamizanii. Ha mpucTpiii oTpumaHo mareHT YKpalHM Ha BHHAXiI, LIO0
HiATBEP/PKYE HOBHM3HY 1 MPaKTHUUHY I[HHICTH Pe3y/ibTaTiB AOCIIDKeHb. PesynbraTn,
SKI OTPUMaHO B CTaTTi, IOUUIGHO BHKOPUCTOBYBAaTH TPH peaizamii 3aBmaHb i
ITOPUTMIB B crucTeMi 3anumkoBux kiaciB (C3K) B koMIutekcHii yncioBuii 061acTi.
Pesymprat  mocmimkeHb TaKOX ~JOUUIBHO BHUKOPHCTOBYBAaTH TpH  0OpoOIi
kommuiekcHuX uucen B C3K. BukopucTaHHS MeTOny, IO PO3MISHYTO, CIPHSE
MiBUIICHHIO e(eKTHBHOCTI npakTuyHoro BukopucranHs C3K mpu peamizamii
IIIOYUCETIBHUX OTepalliii B KOMIUIEKCHIH YUCITOBHI 00JacTi.

Kniouosi cnosa: xomnnexcui yucia, cucmema 3a1umKo8Ux K1acis, 3amumox, isoMopgism.

The method of determining the real remainder of a complex integer with respect to a
complex modulus is considered in the paper. The method is based on the results of the
first fundamental Gauss theorem. The examples of the definition of residues in a
complex number domain are given. On the basis of the method, the algorithm for
determining the real residue of an integer complex number by a complex module has
been developed. Accordingly, the device for its technical implementation has been
synthesized. The device has received a patent of Ukraine for an invention that
confirms the novelty and practical value of the research results. The obtained results
can be used for implementing tasks and algorithms in the residual class system (RCS)
in the complex number area. The results can be used for the processing complex
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numbers in RCS as well. The method allows increasing the efficiency of practical use
of RCS in the implementation of integer operations in the complex number area.

Key words: complex numbers, residual class system, remainder, isomorphism.

1 Beenenue

B cucreme ocratounbix kiaccoB (COK) ectb BO3MOXHOCTD IPEACTaBUTDH
KOMIUJIEKCHbIE YHClia B 00Opa3e HMX BEUICCTBEHHBIX BBIUETOB, T.€. YCTaHOBHUTH
N30MOP(U3M MEXKIYy KOMIUIEKCHBIMHM M BELIECTBEHHBIMU BBIYETAMM YHCEN. DTO JaeT
BO3MOXKHOCTh 3aMEHHTh apU(pMETHUYECKHUE OMNepaldyd HaJl UeIbIMH TayCCOBBIMU
YHUCIaMU AHAJOTHYHBIMU OMEpalUsIMA HaJ CHCTEMOW BEIIECTBEHHBIX YHWCEN IO
BEIIECTBEHHBIM MOJIYJISIM, PaBHBIM HOpPMaM BBIOpDAHHBIX KOMIUIEKCHBIX OCHOBaHHMH
COK. B sToM acmexte cymiecTBYyeT Takas akTyalbHas IpaKkTHYecKas 3afada, Kak
npeoOpazoBanue octaTkoB uucia B COK M3 KOMIUICKCHOM YHUCIIOBOW 0O0JIaCTH B
BEIIIECTBEHHYIO YMCIIOBYIO 00sacTh. [laHHas 3amada nmpeodpazoBanus gucia B COK u3
KOMIUIEKCHOI 4HCIIOBOM OOJIaCTM B BEIECTBEHHYIO 00JacTh pelIaeTcs IyTeM
UCIIOJIb30BaHMUs PE3yJIbTaTOB MEPBOi (hyHIaMeHTaIbHOU Teopeme ["aycca [1-3].

Heﬂb CTaThbu — paccMOTPCHUA METOoaa OIMpEaACIICHUA HauMCHbBIICTO
BEIICCTBEHHOT0 BhYETA h  memoro KoMmiekcmoro umena A=a+bi  mo
KOMILIEKCHOMY Moayitio M= p+ (i COK.

2 OcHOBHAs 4acTh

PaccMmoTpum onuH M3 Hanboiee HHTEPECHBIX M BaYKHBIX BOIPOCOB TEOPHH IIEIBIX
KOMIUIEKCHBIX YHCET — OMNpEJeNIeHHe KJlacca HaWMEHBIIUX BHIYETOB U CBA3aHHOW C
STHM TIepBOM (yHIaAMEeHTaabHOW TeopeMmoil laycca. Dra Teopema ycTaHaBIHBaeT
M30MOP(HU3M MEXTYy MHOKECTBOM BEIIECTBEHHBIX M KOMIUIEKCHBIX BEIUETOB YMCEIL.

W3noxxeHHBIN BhIlIe MaTepHall MOJIBOJUT K IMEPBOH (hyHIAMEHTAILHOW TEOopeMe
l'aycca. Drta Teopema ycTaHaBIMBAeT H30MOPHU3M MEXIYy KOMIDIEKCHBIMH H
BEIIIECTBCHHBIMH BhIYeTaMU [3].

Teopema. T1o 3a1aHHOMY KOMIUIEKCHOMY MOy II0 M= p+(Qi, Hopma N KoTOporo

paBHa N = p2 + q2 U JUIsI KOTOPOTO P M ( SBJISIFOTCSI B3aUMHO TPOCTBIMH YHCIIaMH,
kaxxaoe nenoe K4 A=a+bi mo KOMIUIEKCHOMY MOJYJIO M CPaBHUMO C OJHHM U
TOJILKO OJIHMM BEIECTBCHHBIM BbiueToM u3 psjpa uucen O,N —1, T.e. umeem, uto
A=h(modm).

Hoxa3zarenscTBo. M3 Teopuu 4mcen M3BECTHO, YTO I JBYX B3aHMHO ITPOCTBIX
yhuceal P W (] MOXHO HaWTH Takue JBa LEJbIX 4Yuciaa U W V, YTO BBINOJHSETCS

yciioBue
u-p+v-gq=1. @
Braugaie IMOKAXXCM, 4YTO CYHICCTBYCT CJICAYIOIIECC TOKACCTBO
i=u-p-—v-q+m-(v+ui). 2

JlercTBUTENhHO



BicHuk XapkiBcbkoro HawjoHanbHoro yHiBepcuteTy iMeHi B. H. KapasiHa, 201§ 65

i=u-q-v-p+(p+q-i)-(v+u-i)=
=u-q-v-p+(p-v+ p~u-i+q-v-i+q-u~i2)=
=u-q-Vv-p+(p-v+p-u-i+q-v-i—q-u)=
=u-q-q-U-V-p+pP-V+p-u-i+q-v-i=
=(u-p+v-q)-i.
Iycts qano KU A=a+bi. Toraa ¢ yuérom (2) momydum
a+bi=a+b-[u-g—v-p+m-(v+ui)]J=a+Uu-q-v-p)-b+m-(v-b+u-bi)]. (3)
O06o03HaunM Yepe3 h HaMMEHBIIMI MOJIOKUTENBHBII BEICCTBCHHBII BHIYET YUCIIa
a+(Uu-qg—v-p)-b momongynro N, T.e.
h=[a+(u-q-Vv-p)-bJmodN . 4)
Ha puc. 1 mpencraBieHa cxemMa COOTBETCTBHS MPOWU3BOJIBLHOTO KOMILIEKCHOTO
Beraera A(modm) Bemectsennomy h Beraery Z=h(mod N).

KoMIiuiekcHas ynuciaoBas BemecrBennas yuciosas
001acThb ob6macTe

Hzomopduzm
Amod(rh), Z=h(modN),
A=a+bi, Z=(a+b-p),
m= p+qi. p=u-q=v-p.

Puc. 1 Cxema coomeemcmeus: npouseonvHozo komniekchozo esivema A (mod rh)
sewecmeennomy h evruemy Z=h(modN)

C yuerom Bwipaxenus (1) mmeem, uto i=i. Takum oOpa3zom ToxmecTBo (2)
CTIPaBEIIINBO.
3anumem BoIpakeHue (4) B BUE
a+(u-g-v-p)-b=h+s-N=h+s(p+qi)-(p—qi)=h+m-(p-s—q-si). (6)
Torna, ¢ yuérom (3), OyeT BBIOIHATHCS PABEHCTBO
a+bi=h+m-(p-s—q-si)+m-(v-b+u-bi)=h+m-[p-s+v-b+(u-b—q-s)i],
wiu B hopMe CpaBHEHUS
(a+bi)=h(modm).
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Takum 00pa3oM, J0Ka3aHO, YTO HAUMEHBIIMA KOMIUIEKCHBIH Bhruer X+ Yi KU

a+bi cpaBHUM 1O MOZYTI0O M C OZHHM U TOJNBKO OJHHM U3 BELIECTBEHHBIX UHCEIN
0,142,..,N-1.
JlokaxeM, METOOM OT IIPOTUBHOIO, YTO 3TO YHCJIO €AUHCTBEHHOE. J[oIlyCcTHM, YTO
HMMEIOTCS IBa CPAaBHEHUS
(a+bi)=h (modm),
(a+bi)=hy(modm).
Ha ocHoBaHuu cBOICTBA CPAaBHEHUN HMEEM
hy = hy (mod m)
WIH

(b —hy) =0(modm),

(b —hp)=r-(e+ £ -i). ™
N3 (7) cnexyet BBIMOIHEHHUE CIETYIOIIETO PABEHCTBA
(m—hx)=(p+ai)-(e+ fi),
(h —hp)-(p—ai)=(p+ai)-(p—ai)-(e+ i),
(h—hp)-(p—ai) = (p? +0%)-(e+ fi),
(hy—hy)-(p—qi)=N-(e+ fi),
(hh—hy)-p—(hy—hy)-gi=N-e+N-fi,
KOTOPO€E SKBUBAJICHTHO CJIEAYIOIIMM JIBYM BEIIECTBEHHBIM PAaBEHCTBAM
{(hl_hz)' p=N-e,
(hh—hp)-q=-N-f,’°

tak kak KY paBHBI MeXay COOOH, TO paBHbI MX BCIIECTBEHHBIC M MHHUMBIC YaCTH.
YMHOXUB MepBOE PaBEHCTBO (8) Ha 3HaUueHHE U U BTOPOE HA 3HAUYCHHE V U CIOKUM
ux. [Tonyuum

(8)

(hy—hp)-(U- p+v-q)=N-(e-u—f -v),
OTKy/1a, PHHUMasi BO BHUMaHue Beipaxkenue (1), ciemyer
(h—hp)=N-(e-u—f-v),
nIIn
(hy —hp) =0(mod N) . (©)
Taxk, kak no npeanonoxenuto hy,h, <N, To cpaBHeHne (9) BO3MOXHO TOJIBKO B
caygae hy =hy. Takum 00pa3om, HCKIIOUAaETCs] BO3MOXKHOCTH CYIIECTBOBAHUS IBYX
pasnuusbIX uncen by u hy, menpmmx N, KoTOpble ObUTH OBl CPABHHMBI C YHCIOM

a+bi mo momymro M. MMeetcst TOBKO OJJHO Takoe h 4YUCII0, KOTOpoe OnpeaeNseTcs
W3 CPaBHEHUSI

[a+(u-g—V-p)-b]=h(modN), (10)
nIIn

Z=(a+b-p)=h(modN). (11)
Belpaxxenue p=U-q—V-p, TOCPEACTBOM  KOTOPOI'O0  YCTaHABIUBAETCS
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COOTBETCTBHE MEXIY KOMIUICKCHBIM M BEIIECTBEHHBIM BBIYETOM 110 MOJIYIIO
m= p+Qqi, Ha3biBaeTcs kKodhpuuueHToM nzomopduszma (KH).

B kauwectBe mnpumepa, nmo ¢opmynam (10) u (11), ompeaenuM 3HAYEHUS
BelmIeCTBEHHBIX  BbiyeToB  Zj =hy(modN)  (i=0,N-1), coorBercTByOmUX
HAaMMEHBIINM KOMIUIEKCHBIM BBIYETaM X + Yi 1o Moaymo M=1+2i.

Bnauane ompeIeTuM 3HAYCHUE ko3 duIueHTa nzomophuzma
pP=U-Q—V-p=U-2—V-1 3HaueHus U U V ONPEICISIOTCSI U3 U3BECTHOTO B TCOPUU

YHuceNl COOTHOmeHus U-P+V-g=1, t.e. u-1+v-2=1. Ilyrem moxbopa (mepedopa)
ompenenseM, uto U=-1, a (q=1. Takum obpazom, p=(-1)-2-1-1=-3, umm
(-3)mod5=2 (N = p? +q° =1% + 2% =5).

OrnpezenuM 3HaYeHHUs] HAUMEHBIINX BELIECTBEHHBIX ITOJOKUTEIILHBIX BEIYETOB hj,
U30MOP(HBIX HANMEHBIIIAM KOMIUICKCHBIM BBIYCTAM.

Hna A=0+0i. Zg=a+bp=0+0-p=0. hy =0(mod5).

Jna A=—1+i. Z; =—1+1-(-3) =—4. h; =1(mod5).

Jna A=i. Z, =0+1-(-3)=-3. h, =2(mod5).

Jings A=—1+2-i. Z3=-1+2-(-3)=-1-6=—7. hy=3(mod5).

Jina A=2-i. Z,=0+2-(-3)=—6. hy =4(mod5).

PesynbraThl BIuncIeHui N momemnieHs! B Tabnuiy 1.

Ta6/m14a 1. CO@OKynHOCmb u30M0p¢Hblx BEUECMBEHHBIX NOJIOAHCUMENIbHBIX 6bIUENTI06 h

Haumensiue KOMIIJIEKCHBIE Haumensmmue BCIIICCTBCHHbIC
BBIYETHI X+ Yj 1O TIOJIO’KUTETbHBIE
KOMILICKCHOMY MOJIYJIIO Beruetsl hy (1=0,N —1)

0 0
—1+i 1
[ 2
—1+2i 3
2i 4

Ha ocnose PE3YyIbTAaTOB TCOPEMBL Faycca HC TPYAHO MOXKHO IIOKa3aTh CIICAYIOLICC
COOTHOIICHHA MEXKAY HAMMCHLIIMMH KOMINJICKCHBIMH U BCIICCTBECHHBIMH BBIYETAMU.

Iycrs mus gByx umcen Ay =a +byi u Ay =a, +byi cymectBylor Takue 3HaueHus
ancen by u hy, hy u h,, uro ecnu A =h(modm) u A, =h,(modmy), Tto

BBITIOJTHAIOTCS cleyromye COOTHOIIEHUS A + Ay =h, (mod ) "
A-Ay=h (modm). Torma h,=(hy+h,)modN u h =(h-hy)modN, rze
N =p?+q?.

HpI/IBe,ZleM KOHKPETHBIC NPUMCEPLI ONPCACICHUS BCHICCTBCHHOI'O BbIYCTA LICJIIOTO
KOMIIJICKCHOT'O YHMCJIa 10 KOMIIJICKCHOMY MOJYJIIO.
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Ilpumep 1. Pemints cpaBuenue (16+7i)=hmod(5+ 2i).

[Mockoneky HOJ (5,2)=1, To ycnoBue mnepBoi (yHIaMEHTAIBHON TEOPEMBI
l"aycca BbImonHsAETCA, CIE€NOBATENbHO, CYIIECTBYET IIOJHAS CUCTEMA BEIECTBEHHBIX
BbIUETOB 10 Moaymo N = p2 + q2 =52 +22=29. BewecTBennsii Bbrer h
omnpenenseTcs u3 cpapaeHus (11), T.e.

16+7- p=h(mod29).

Koaddumment mzomopdusma p paBeH p=U-q—V-pP=U-2—-V-5, rae 3HaYCHUS
U ¥ V OmpeenstoTcs U3 yciaoBus paBeHcTsa (1)

u-p+v-g=1.

B nanHoMm cityuae umeem, uto U=1u v=-2,T.c. 1-5+(-2)-2=5-4=1.

B 3TOM cirydae KU p=1.2—-(-2)-5=2+10=12. [TosTomy
16+7-p=16+7-12=h(mod29) wu h=13(mod29). MoxHO 3amucath, 4YTO
16+7i=13mod(5+ 2i) .

Ipumep 2. Petuutsh cpaBuenue (1+i)=hmod(l+ 2i).

Mockonsky HOJ (p,q)=(L2)=1. N=p?+g?>=1+22=5. A=h(modm).
h=(a+b-p)modN .
3nauenne KW paBen 3Hauennro p=U-Q—V-p=U-2—-V-1, a 3HaueHus U u V
onpenenstores u3 cootHomenus (1). [omydnm, uto U=-1, v=1. B atom cnyuae K1
paBeH p=(-1)-2-1.1=-2-1=-3=2(mod5).
Z=a+b-p=1+1-(-3)=-2.

Z =h(mod N).
(=2) =h(mod5).
h=3.

X+yi=4+2i0h=3

T.C.

(@+i)=3mod(1+2i).

PaccMoTpuM mpUMepsl ONpPEAEIeHNs] KOMIUIEKCHOTO M BEIECTBEHHOIO BBIYETOB
I€JI0T0 KOMILIEKCHOTO YHCiIa 0 KOMIUIEKCHOMY MOIyii0 M=1+2i ¢ KoHTpoieMm
HPaBUIIBHOCTH PELICHHS 3a/1a4H.

Ilpumep 3. Onpenenuth KOMIUIGKCHBIH Bbraer X+Yi KU  A=1+i mo
KOMIUIEKCHOMY Momymo M=1+2i, T.e. maiitu A=(x+yi)modm (a=1, b=1;

p=1, q=2; N =5). ITo popmyse [3] umeem, uto
(1-1+1-2)=(x-1+ y-2)mod>5,
(1-1-1-2)=(y-1—x-2)mod5.

3=x+2y,
—1=-2x+Y.
x=3-2y,

“1=-2-(3-2y)+Y,
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—-1=-6+4y+y,
5y =5,
y=1.
x=3-2y=3-2=1; x=1.
OtBer: KommieKkcHbli Berger X+Yyi KU A=1+i 10 KOMILIEKCHOMY MOMIYIIO
m=1+2i paBeH KOMIUICKCHOMY 4uCITy X+ Yi=1+1.

Ilpumep 4. Onpenenuth HANMEHBIINNA BbIYET X+ Yi ymcna A=1+i mo MOJTYITIO
m=1+2i, T.C. OTIPEICIHUTh 3HAYCHHE A= (x+ yi)mod(1+ 2i)
(a=1,b=1;p=1,9=2; N=5). o popmyse [3] umeeM, uTo

r=@1-1+1-2)ymod5=3; I"'=(1-1-1-2)mod5= (-1) mod 5= 4.
3-1-4-2 4.1+3-2. 5 10. .
+ I=——+—I1=-1+72i.
5 5 5
Taxum 06pasom, X+ Yi=—1+2i mwm A=(—1+2i)mod(1+2i).

X+Yi=

Ipumep 5. Peumrts cpaBuenme A=hmodm, rme (1+i)=hmod(l+ 2i)
(a=1,b=1;p=1, g=2;N=5); popmymsi (1), (10), (11))
u-p+v-q=1, u=-1,
u-l+v-2=1. v=1.
p=U-q-V-p.
Z=a+b-p—>Z=hmodN.
p=(-1)-2-11=-2-1=-3.
Z =[1+1-(-3)]mod5=(—2)mod5=3.
Ilposepka. llpoBeném mpoBepKy MOIYYEHHBIX pe3yibTaToB. B mpumepe 4
MOJYYHIM HAMMEHBIIUH KOMIUICKCHBIH BhrdeT (—1+2i), a B mpuMepe 5 MONy4nIH

BelllecTBEHHBIN BhiueT h=3. B cOOTBETCTBUM ¢ AAHHBIMHA TaOIHIBI 2 MMEEM, YTO
(—1+2i) ~ 3. Yto u TpeGOBaNOCh MOKA3aTh.
Ilpumep 6. Onpenenutb KOMIUIGKCHBIH BbrueT X+Yi KU A=3+4i 1o

KOMITJIEKCHOMY Moaynto M=1+2i. N = p2 + q2 =1° +2%2 =5,
B cootBercTBUM ¢ M3BeCTHHIM [3] MpaBMIIOM, COCTaBHM CHCTEMY CPaBHEHHUH B
BUJIE

(3-1+4-2)=(x-1+y-2)mod5,
(4-1-3-2)=(y-1—x-2)mod5.

NUmn
(-2) =(-2x+ y)mod5.

Ha ocHoBaHuMM cHCTeMbl CpaBHEHHIl COCTaBUM CHCTEMY M3 JABYX JIMHEHHBIX
ypaBHEHUI

{115 (x+2y)mod5,
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X+2y =11,
{—Zx +y=43,
Tak, kak (—2) =3mod5.
x=11-2y,
—2-11-2-y)+y=3,
—22+4y+y=3,
Sy=25,
y=5.
x=11-2y=11-10=1.
Takum ob6pazom, X+ yi=1+5i.
Ilpumep 7. OnpenenuTh HAUMEHBIINN KOMIUICKCHBIH BbhiueT X+ Yi KU A=3+4i

10 KOMIUIEKCHOMY Moayimto M=1+2i; N =5.
B cootBercTBUM C BhIpaxeHueM B [3], ©MeeM, YTO HAaUMEHBIIUN KOMITJIEKCHBIN
BBIUET paBEH 3HAYECHHUIO
. [-p-T'-q T"-p+T-q.
(x+yi)= P 9,2 P 9i,
N N

[penBaputenbHo onpenenum 3Hadenust [ u T
I'=(a-p+b-gymodN =(3-1+4-2)mod5=11(mod5) =1;
I"=(M-p—a-qymodN =(4-1-3-2)mod5 = (—2) mod5=3.

B arom citydyae numeeM, 4To
1.1-3.2 3:1+1.2 5 5
+ =——+4—
5 5 5

Takum 00pa3oM, HAMMEHBIINH KOMILJICKCHBII BbIYET paBeH —1+1 .

=-1+i.

(x+vyi)=

Ilpumep 8. Omnpenenuth BeliecTBeHHbIM BhideT h KU A=3+4i 1o MOAYIIO
m=1+2i; N=5. Unu moxHO chopMynupoBaTh 3a7ady CICIYIONUM 00pa3oM.
Pemuts cpaBuenue Buaa (3+4i)=hmod(1+ 2i) .

B cootBerctBumn ¢ BbeipakeHueM (11) umeem, uto (a+bp)=h(modN), rae
ko3 duimeHT uomophusMa o paBeH p=U-(0—V-p. Ha ocuHoe dopmynsr (1)
oTpeJiesIuM 3HadeHust U u vV

u-p+v-g=1wnm u-1+v-2=1.
Tak, npu 3HaueHusix U=—-1 u v=1, semounnsiercst ycnosue (1), t.e. (-1)-1+1-2=1.

Ha ocHoBanuu pacy€ToB moiay4um, 4to p=u-q—-v-p=(-1)-2-1-1=-3.

h=(@+b-p)=(3+4-(-3))mod5 wm (—9)mod5=1.

Ilposepra. IlpoBenéM mpoBEpKYy MOIYYEHHBIX pe3ynbTatoB. B mpumepe 7
NOJIYYHJIM HAMMEHBIINI KOMIUIEKCHbIH BbhiueT (—1+i), a B mpumepe 8 momyunm

BellecTBEHHBIH Bhiuer h=1. B cOOTBETCTBUM C JaHHBIMU TaOuHIBl | MMeeM, 4TO
(-1+1i) ~1. Yro u TpebOBaNIOCHh MOKA3aTh.
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3 BoiBoabI

B npencraBneHHOl cTaThe OBUT PACCMOTPEH METOJ ONPEACICHHS BEIECTBEHHOTO
BBIYETA IIEJIOTO KOMIUIEKCHOTO YHCJIa MO KOMIUIEKCHOMY MOJYJIO, OCHOBAaHHBIN Ha
WCTIIONB30BAaHUM  pE3yNIbTAaTOB TEpBOM  (QyHAaMEHTalIbHOH Teopembl [ 'aycca.
IIpuBeneHbI KOHKPETHBIE IPUMEPHI ONIPEIEICHHS BHIYETOB IEIOUYNCICHHBIX JAHHBIX B
KOMIUIGKCHON 4uclioBoW oOyiacti. Ha oCHOBaHWUM TMpenCTaBICHHOTO METOJa
pa3paboTaHO YCTPOHCTBO UIs €ro TeXHW4Yecko peanmsanuu [4]. Ha yctpoiicTBo
MoNydeH TIATeHT YKpauHbl Ha H300peTeHre, 4YTO IMOATBEP)KIAeT HOBU3HY U
MPaKTUYECKYIO IIEHHOCTh pPEe3yJbTaTOB HCCIEAOBaHUN. Pe3ynbTarhl, MoNMydeHHBIC B
CTaThe, 11eJIecO00pa3HO MCIONb30BaTh MPH pelleHnH 3a1ad u anroputMoB B COK B
KOMITIEKCHOH 4YHCIIOBOM oOsactu. McCIonb30BaHUS — pacCMOTPEHHOTO  METoaa
criocobcTByeT moBhIIIeHHUIO 3ddekTuBHOCTH Hcnonb3oBanus COK s peanusanuu
LEJIOYHMCIICHHBIX ONepallyii B KOMIUIEKCHOM YMCIIOBOW 00JIacTH.
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Benchmarking process in the spreadsheet editor testing

I. Kravchenko, I. Kukhar, O. Kuznetsov, I. Svatovsky
V. N. Karazin Kharkiv National University, Svobody sq.4, Kharkiv, 61022, Ukraine

This article is dealing with the main peculiarities of different spreadsheet editors and
testing challenges related to them. Differences in the features of the table editors are
reviewed. Shortcomings of manual testing of table editors are presented. The task was
to improve testing effectiveness within the certain limitations, such as time and a
budget. “Benchmarking” business process is adapted and introduced as a
“benchmarking” testing approach which is applied for testing the table editors’
functionality. At the end of the work, the results and conclusions are presented after
such an adaptation.

Key words: Benchmarking, Semi-automatic testing, Spreadsheet editors, Table editors, Manual
testing, Testing strategy.

CrarTs po3risigae OCHOBHI OCOONHMBOCTI pI3HOMaHITHHX TaONMYHHUX pEeJakTopiB Ta
MOB’s3aHI 3 IMM 3amadi TecTyBaHHsA. HaBemeHi BiAMIHHOCTI B (YHKIIOHAJIBHHX
MOXXJIMBOCTAX TAONMYHUX PpENAKTOpiB Ta HENONIKH MaHyaJIbHOTO TECTYBaHHSI
TabNMMUHKUX penakTopiB. Byno mocraBieHO 3aBHaHHS OpraHizamii TecTyBaHHS Ul
MiABUIIEHHS HOTO €(pEKTUBHOCTI 3 IEBHUMHU OOMEKEHHSIMH, TAKIMU SIK 9ac 1 OI0/KeT.
“beumapkiHr” sk Oi3Hec-polleC AaNaNTOBaHUII Ta MpPEACTaBICHHH Y SIKOCTI
“OeHUMApKIHT’-IX0My [0 TECTYBaHHS, SKUA 3aCTOCOBAaHUHA [0 TECTyBaHHS
(hyHKLIOHATPHIX MOJMJIMBOCTEH TaOMUMYHOTO penakTopy. Ha 3aBepmenHs pobotu
HPHUBECHO Pe3yJIbTaTh Ta BUCHOBKH IIiCIIs MPOBECHHS Takoi ajamnTarii.

Knrouosi cnosa: 6enumapkine, nanieaemomamuune mecmy8auHs, peoOaKmopu eneKmpoHHUX
mabauys, MadbauyHi pedaKmopu, MaHyaibHe Mecmy6anHs, Cmpamezii mecmy6anHs;.

B cratee paccMaTpuBarOTCS OCHOBHBIE OCOOCHHOCTH pPAa3IMYHBIX TaOJIMYHBIX
PEOaKTOPOB M CBA3aHHBIE C ITUM 3aIadd TECTUPOBaHMA. [IpuBeqeHB! OTIMYHA B
(YHKIMOHATBHBIX BO3MOXKHOCTSIX PENAKTOPOB 3JIEKTPOHHBIX TAOIHI] M HEAOCTATKH
MaHyaJIbHOTO TECTHPOBaHUS TAOMMYHBIX pefakTopoB. Bpima mocraBieHa 3amada
OpPTaHM3alUH TECTUPOBAHHUSA OIS MOBBIIEHHUST €ro 3P (PEKTUBHOCTH c
OIIPE/ICNICHHBIMH OTPAaHWYCHHSMH, TaKUMH Kak Bpems M OromkerT. «beHuMapkuHr»
Kak OwW3Hec-TipoLecc aJanTHPOBaH M IPEACTAaBIEH B KadecTBE «OEHUMAapKHUHI)-
MOAX0/la K TECTHPOBAHHUIO, KOTOPHIH NMPHMEHEH K TECTHPOBAHUIO (PYHKIIMOHAIBHBIX
BO3MOXKHOCTEH  TaONMYHBIX pPENakTopoB. B 3aBepmieHne paboThl NpPHBEICHBI
Pe3yIabTaTHI ¥ BBIBOJBI ITOCIIE IPOBEACHHMS TaKOH afaNnTalnm.

Kniouesvie cnosa: Oenumapkune, noryasmomamuyeckoe —mecmuposauiue, —peoaxKmopbl

2IeKMPOHHbBIX maﬁfluu, mabauunble pe()axmopbt, ManyaivHoe mecmuposanue, cmpamecuu
mecmupoeanrus.

1 Introduction

Testing of the table editors as a part of software quality assurance is quite a
complex and comprehensive task for test engineers [1]. The complexity exists due to a
number of reasons and one among them is the existence of different standards for
developing spreadsheet editors. For instance, ECMA OOXML standard stands for a
coding standard for a well-known and widely used MS Excel table editor. At the same
time the family of editors LibreOffice/OpenOfficeCalc uses the different standard -
OpenFormula. OpenFormula standard was designed taking into account the fact that it
can be used for office applications as well as outside of them. Therefore, different

© Kravchenko ., Kukhar 1., Kuznetsov O., Svatovsky |., 2018
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standards for developing table editors assume that the tables based on each standard
will have different features.

In this article we examine the differences between various table editors and take
them into account when testing the spreadsheet editor named “Collabio” developed by
“XCDS” company.

“Collabio” editor is developed as a multipurpose instrument to handle all common
spreadsheet file formats. Thus it is of paramount importance to know the areas that
differ before creating the test plan and testing.

Furthermore, we propose the new testing strategy using the “benchmarking”
conception in our test process [2]. Benchmarking as a business model has been
adapted to our testing strategy and has already brought a number of positive results
due to working process has become easier, more predictable and controlled. The high
level benchmarking is considered in this article.

2 Main differences of spreadsheet editors and complexity of testing table
editors

Table editor testing is a little known area. There is lack of information how the
testing of table editors is performed. As a rule, companies hide this information and it
is almost impossible to find something in open resources. That is why it is a challenge
to design a testing strategy for the table editors without know-how and previous
experience in the particular area.

Let us start with a deep investigation of table editors’ differences. Consider some
differences in the standards of spreadsheets. There are two main standards for building
table editors. Regarding the table editor functions we can note plenty of differences
between OpenFormula and ECMA OOXML standards.

The functions can have different number of parameters (arguments). The function
arguments are divided to the required parameters and optional ones and their number
can differ from one table editor to another. For instance, INDEX function has the
following variations:

There are 2 forms of INDEX function in MS Excel: array and reference. The
syntax specified for each form is given below:

Array form: INDEX(array, row_num, [column_num])

Reference form: INDEX(reference, row_num, [column_num], [area_num])

But LibreOfficeCalc table editor allows for the single form of INDEX function:

LibreOfficeCalc syntax: INDEX(Reference; Row; Column; Range)

Square brackets indicate that the argument is optional. Thus, for MS Excel editor
we have 2 options for the formula syntax where the third and the fourth arguments are
optional ones, while LibreOfficeCalc editor supports four arguments for the formula
and all of them are required. Obviously it is impossible to support all standards, so
particular implementation should be chosen for the “Collabio” editor by business
analytics.

Moreover, each argument of the function can be represented by different data types
and calculation accuracy can be different. The last but not the least is the difference in
the formula syntax. A few examples of syntax differences for records given for the
English locale are presented in the table below (syntax for the different locales can be
different as well).
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Tablel - Syntax difference for MS Excel and LibreOfficeCalc editors:

MS Excel LibreOfficeCalc
Array ={1,2,3;3,2,1} ={1,2,33,2,1}
Reference =Sheetl!Al =Sheetl. Al
Range =Sheet1!Al:B5 =Sheetl.Al:Sheetl.B5
Function =SUM(1,2,3) =SUM(1;2;3)
Range intersection =Al1:B5 B5:C6 =Al1:B6!B5:C6
operator

Let us take a closer look at those differences. In the last row, in the example for
MS Excel, the formula contains a space symbol which is meaningful because it is the
binary operator of a range intersection. So, in addition to the differences in the record
syntax, there is a problem of tokens used within the given record. The space operator
in OOXML is not just a blank space, sometimes it is the operator of a range or cells
intersection. This should also be taken into account when designing the test plan. A
space in the syntax could lead to the ambiguous situations.

Consider examples where records look almost the same but have an absolutely
different meaning.

=SUM(A1,A2,A3) (1)
=SUM (A1,A2,A3) (2

In the first case, it is a call to SUM function with the list which contains three
parameters. In the second case we can see the binary operator of an intersection
(space) between 2 parameters — the defined name (named range of cells) and the list
which contains three parameters. So both records will be valid in OOXML format
editors, but the calculation result will be totally different. In the second case as a
calculation result we will receive a cumulative result of the intersection between the
named range and the list of parameters.

It is worth mentioning that a record like “=SUM A1” makes sense if SUM is
defined range of cells, for instance A1:B2. In this case the calculation result will be
the Al cell value, because it is an intersection value.

Although the syntax of the formulas has plenty of differences, it doesn’t prevent
developers from creating a single internal representation for both language standards.
An internal representation is a syntax parse tree, where differences are eliminated.
Certainly, not all records can be converted due to the particular level of
incompatibility. Therefore, if the crucial differences are present, there are no other
choices but support one record. The MS Excel standard is to be chosen in most cases,
as the experience shows.

“Collabio’ editor can open both formats of document, but the main format is
OOXML. All opened files are converted into the single representation, which doesn’t
depend on the input format. But it is possible to save this representation into both
formats. Developers tried to minimize the differences in order make customers’ work
easier and more comprehensive.

There is another testing problem, namely, a huge volume of the testing required. A
common user usually employs formulas which are associated with the calling function
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suggested by the particular spreadsheet editor. All functions [3] are divided into the
following groups:
Information functions;
Financial functions;
Logical functions;
Lookup and references functions;
Math and trigonometry functions;
Text functions;
Statistical functions;
Database functions;
. Date and time functions;
10. Engineering functions;
11. WEB functions;
12. Cube functions;
13. Compatibility functions.

There are more than 450 functions within the specified groups, taking into account
all versions of the table editors. It gives some notion of the volume of testing. Our first
time/resource calculation has shown that execution of the test suites, covering the
“Functions” table editor functionality will take 3 years by 2 quality assurance
engineers. It is obvious that we can not afford such amount of time in a modern
community of fast product developing. Therefore, the manual testing is ineffective and
does not any suit time and budget restrictions.

Besides, most of the functions use non-trivial calculations, which are hard to verify
manually, because an average quality assurance engineer lacks deep knowledge in
such domains as mathematics, finance, etc. (and we have the groups of the functions
that require such knowledge). Even if a specialist with the required knowledge is
hired, the problem of timing is still present. The manual testing takes a lot of time and
resources, which is insufficient for business needs. Undoubtedly, the testing expenses
should be adequate to the company’s resources. So, the decision to use semi-
automated testing by developing the macros for creating test cases and writing scripts
which will trigger the testing on each new successful product build have been made.

Therefore, the complexity of the table editor testing results not only from existence
of different product development standards but from the huge volume of testing as
well. Such volume is caused by immense and multiple functionality of various table
editors. Another key issue is the complexity of the tested functional. It has been a
challenge to design an effective testing system within certain time and budget
constraints.

©XoNogk~wdE

3 The adaptation of the benchmarking business process and its introduction in
the spreadsheet editor testing

In spite of the peculiarities and complexities of table editors, it is clear that the
product testing is necessary, and testing must answer the questions about the product
quality [2, 4].

Main quality criteria are directly related to the risk level including technical risk,
product risk as well as project limitations such as time and budget. Testing should
provide the satisfying information to stakeholders so that they can make informed
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decisions about releases of the system (product) for the next development phase or for
transferring the product to customers [5].

It is obvious that the manual testing will not be sufficient enough, the automation
testing will require a lot of time and people resources, though will bring some benefits
in the end. But what we needed was the immediate testing, because the functionality
was growing fast and we needed to establish certain quality control [1]. The unit
testing is not sufficient for covering all basic table editor functionality. Besides, the
unit testing is a developer’s duty, so it was being executed already. Thus we decided
to use the semi-automated testing based on the “benchmarking” conception.

Benchmarking is mostly known for its application in the management [2]. It is the
process of comparing one's business processes and performance metrics to the
industry best practices. In the process of the benchmarking, management identifies the
best firms in their industry, or in another industry where similar processes exist, and
compares the results and processes of those studied (the "targets") to one's own results
and processes. Twelve stages of benchmarking process were determined by Robert
Camp (who wrote one of the earliest books on benchmarking in 1989) [6]. We
borrowed and updated some of them, so our process contains the following stages:

Stagel — Identify test data source — the test oracle;

Stage2 — Collect data and create the test suites;

Stage3 — Establish differences;

Stage4 — Analyze differences and adjust the test cases;

Stageb — Review and recalibrate the test cases.

The test oracle was provided by the business analytics team. In our case it was MS
Excel as it is the most popular, the most functional and previously released product, so
mostly we relied on it. The next stage was designing the test suites. Based on the
aforementioned information, we decided to make a benchmark files in the xIsx format
(default test file format - MS Excel, version 2010, xIsx). One single file or a set of
files with the test suit for the particular function or functionality was named
“Benchmark”.

Our test coverage plan included the file formats specified in Table 2.

Table2 — Test coverage: formats and versions of the test files

MS Excel, version LibreOfficeCalc, latest Google  spreadsheet,
2010, xlIsx format version (up to date), ods | xlsx format
format

MS Excel, version
2013, xlIsx format

MS Excel, version
2016, xIsx format

MS Excel, version
Online, xIsx format

When the benchmark file was ready we loaded this file through the
“FormulaCalculator” — tool created by developers, which helps to check the core
functionality of the editor calculations. Then we designed the script on the Python
language which automated the process of the file loading and calculating results




BicHuk XapkiBcbkoro HawjoHanbHoro yHiBepcuteTy iMeHi B. H. KapasiHa, 201§ 77

through the FormulaCalculator tool on our build system. So each new build the Python
script triggered the file loading through the FormulaCalculator tool and as the output
we received a report with the testing results in the HTML-format. Therefore, we
controlled each code change which could affect the calculations for the formulas and
the functions so we could report immediately to developers, to product owners or any
other interested party as well. Moreover, creating “Benchmarks” files was also
automated after the structure became stable. For this purpose, we used built-in Macros
functionality of the VBA language.

Our approach to the building of the test suites is based on the benchmarking
method called “Comparison tables”, where we compare calculation results of our own
application with our oracle — MS Excel spreadsheet editor. Let us consider how the
test file looks like in details. On Fig. 1 you can see a typical Benchmark test file.

15
15 DATA TYPE: EMPTY,DEFAULT_ARG2
17 NUMBER1 - EMPTY,NUMBER2 - ARG2

Test cases |Formula/kmal resunl Syntax I ER (App) [ ER (Excel) |STAYUS| Comment IDlﬂerenl e o
18 ER? Issue | Issue

19 HAND input - CELL 19 BITOR(,19} 19 19 Pass NO
20 | REFERENCE input - CELL 19 BITOR(MS,19) 19 19 Pass NO

21 ARRAY input - CELL Impossible to input  BITOR({},19) 19 Impossible to input [SO]Tested manually YES
22 REFERENCE input - RANGE P #VALUE! BITOR(M5:M8,19) #VALUE! #VALUE! Pass No

23 ARRAY input - RANGE Impossible to input  BITOR({,,,},19) 19 Impossible to input [SO]Tested manually YES

25 DATATYPE: BOOLEAN,DEFAULT_ARG2
26 NUMBER1 - TRUE, 2 . ARG2

Different
ER?

Old
Issue

New
Issue

Test cases | Formula/Actual result Syntax | ER (App) [ ER (Excel) |STATUSI Comment

27

Figure 1 — Example: standard test cases part of Benchmark file

The meaningful columns within the Fig. 1 table are the “Formula/Actual result”
column — where we can see the actual calculation result after loading this test file to
the proper table editor (“Collabio” editor in our case), and the “ER(App)” column with
the expected result based on our test oracle — MS Excel spreadsheet editor. The “ER
(Excel)” column contains the expected result of the MS Excel. Basically, we have two
expected results — MS Excel and our own expected result, which is based on the MS
Excel but does not necessarily match the MS Excel. So if the warning about the
difference between the tested calculation and the MS Excel one is shown “Status”
column, we try to determine if it is an error in the tested calculation or a MS Excel
issue. In case if this difference results from the MS Excel issue, we change the value
in the “ER(App)” column to the correct one and set the comment within the
“Comments” column to specify why we have changed the expected result.

The “STATUS” column contains equality verification for the “ER (app)” and the
“Formula/Actual result” column performed by the following formula:

=IF((B19)=(D19),"Pass","Fail"")

or

=IF(ERROR.TYPE(B22)=ERROR.TYPE(D22),""Pass","Fail"")

- when an error is expected as a result of calculation and would like to check if the
resulted error type is correct.

The “New Issue” and the “Old issue” columns are added for the defect tracking
purposes. Defects are noted during the testing and added to the proper column if the
current defect affects relevant test case. Defect tracking is also automated through the
integration with the JIRA bug tracking system (which is used in our project) so that if
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the defect is closed or fixed we will have information that the defect is no longer
affects the current test case and must be removed from the testing files (moved from
“New issue” to “Old issue” column).

The standard part of the benchmark file is now created by running macros in the
MS Excel file. So the process of creating a test file is easy and fast. Most of the efforts
are applied to analyzing the testing results, not to developing the test cases.

However, it is a fact that in testing you should avoid repeating scenarios due to a
well-known “Pesticide Paradox” testing principle. To overcome this “Pesticide
Paradox”, it is really very important to review the test cases regularly. New tests
should be developed to check different parts of the software or system which will help
to find more defects. Therefore we created so-called “Mixed part” of Benchmark file
where each test engineer is welcome to create different testing scenarios relying on
his/her own experience in testing. The structure of the “Mixed” part is basically the
same, but those test cases are created manually and have unique scenarios for every
functionality.

So, let us summarize what benefits “Benchmarking” has brought to our testing
process. First of all, we have not checked each calculation manually due to the test
oracle. Secondly, it has become clear how different our product is from the market
leader (MS Excel editor) and what their main differences are. It gives us the
understanding of the advantages and disadvantages of our product, as well as pros and
cons of MS Excel editor. Moreover, now we have a set of the benchmarks files for
every function functionality and we are ready to answer the question “Are we working
better now?” for each new build, so the benchmarking helps to save resources

The creation of a “Benchmark” report is automated process as well. We have built
the HTML-report which gathers all the problems and presents results of the test cases
output analysis as well as the defects from the JIRA tracking tool and, therefore,
represents the current status of the product quality. This report is available for quality
assurance engineers as well as for developers and product owners. Developers are able
to make a build in order to check how a changed code affects the tests cases. Product
owners use this report to gather information and share it with stakeholders.

Below you can find an example of the “Benchmark™ report, which consolidates
results from all benchmark files (Fig. 2):

Back to KH-Benchmark-MacOS64-App64-EN index z

Statistics Details Analyzer Details Files Issues (Baselnfo) Files Issues (Jiralnfo) Files Stories (Jirainfo)

Execution Summary

Benchmark Pass Plus
Total Count | Count

Fall Count Failed Files

1334

Execution Details

Show All Data
Filter

Correlation Co

Fallure % Total 3 Standard > Passed
Cause Cases Value Cases

rrelation
¢ | Result » ¢ | Passed/Total + | Standard/Total ¢ ¢ | D

File
Link

| | | | | ) | o | |

I S D N DN D | S |
1 Database_benchmarks/ 2010_DAVERAGE xisx Pass | | 1199 | tos | tos | e | %2 Files | D1
l2 ] Database_benchmarks/ 2010_DSUM.xisx | Pass | | s | e | s | 9% | %6 | Files |0

Figure 2. — Example: “Benchmark” report
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The report contains several tabs, each with different types of analytics. The first tab
represents the general status of each file, the total count of the test cases and a number
of passed and failed test cases. The report is generated automatically for each new
build of the product. It takes no time for quality assurance engineers to generate a
report, so there is no need in additional manual reports.

While analyzing how effective the benchmark testing could be, we have taken into
account the time required for covering the basic functionality. On the chart (Fig. 3)
we compared time expenses required for covering basic functions (450 functions) for a
team of five members.

3
o
(o N
(s}
e
i

Figure 3. Time chart: benchmark testing via manual testing

The results are approximate but we can see that the estimations are vastly different.
The team is able to finish covering the basic functionality within the 270 days using
the benchmark approach (less than a year), while the manual testing requires at least
630 days, which is almost two years. The chart is based on the estimation that
covering a single function by the benchmark testing (including review process) takes
three days, while the manual testing requires at least seven days per function.

4 Conclusions

The table editor testing is a specific testing area and has a range of peculiarities
which you should take into account when organizing the testing strategy and process.
The main differences between table editors result from the different standards of
developing table editors. The accuracy of calculations, syntax differences and different
language locales create the additional differences. Another significant problem is
volume of testing (because we should check more then 450 functions and great
amount of general functionalities). The restrictions, such as time and budget, should
also be taken into account.

Benchmarking as a business process has helped us to build the effective testing
strategy. It has given us the test oracle. The automation of benchmarking testing
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processes has allowed us to achieve the goal — the creation of the fast-answering
system that reports about the product quality in any point of time. The benefits of
benchmarking is the quickness of creating test cases, which is far faster than creating
test cases with verifying testing results manually.

Eventually, the new testing approach is proposed as “benchmark testing”, which
considers the testing of new functionality based on the existent test oracle. The test
oracle is derived from the best or desired product in the industry. But it should not be
used as 100% base for final testing results, because it needs the correction after the
deep analysis. The corrections should be made in favor of more accurate and logical
results. Afterwards the corrected results serve as the expected results for the tested
product.

There are the following benefits of the benchmarking approach introduction: the
significantly reduced testing time; the automation tools can be used for the
benchmarking testing (macros, scripts, integration with bug tracking tools and build
systems); the testing complexity is decreased due to the test oracle existence; testing
reports are more advanced and easier to work with. Those benefits make the
benchmarking approach preferable for testing table editor functionality.
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