68 [TOJIITPA®LI I BUILABHIMYA CITPABA / PRINTING AND PUBLISHING * 2020/ 1 (79)
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OIITUMIBAIIA MTPOUHECY OUHIHIOBAHHSA AKOCTI
HTPUXOBUX KOAIB

C. @. I'aenko, O. /1. Kontoxos, 1. I. Konroxora, K. ®@. bazumtok

Yxpaincoka akademis opyxapcmaa,
syn. 11io Tonockom, 19, Jlveis, 79020, Ykpaina

Hasederno pesynomamu onmumizayii npoyecy OyiH8AHHSA AKOCI WMPUX08UX KoOis,
HaopyKosanux gapoamu 3 macnimuumu enacmusocmamu. Cepeo KeaniMempudHux noxKas-
HUKIG AKOCMI, 3a AKUMU OYIHIOKOMb JEHIL UMPUXOBUX KOOI8 (WUPUHA JIHIT UMPUXO8UX KOOIE,
POMUMICTNb JIHIT WMPUXO8UX KOOI8 Ma HEPIBHOMIPHICIb 3068HIUHIX KPAi8 THIT umpuxoeux
K00i8), SIKI BUBHAYAIOMb NPABUTILHICb IX 6epughikayii, € MOUHICMb GIOMEOPEHHS WUMPUXIG I
NPOMIDICKIB, AKIMICISAMb HEOOXIOHY 3aK0008aHY IHPOpMayiio. J[0CIi0HCeHHANOKA3AIU, WO HA
AKICMb OPYKYBAHHS WUMPUXOBUX KOOIB, U0 BUKOHAHI OPYKAPCOKUMU (hapOamu 3 MACHIMHUMU
BIACMUBOCMAMY, SAKI MICMAMb HAHOYACMUHKU OKCUOY HIKeNt0, 6NIUBAE GIOCOMKOBULL
BMICH MACHIMHUX OOMIWOK. AHANI3 HOPMATLHOCHE PO3NOOLTY eKCNePUMEHMATIbHUX OAHUX
oyiniosanu 3a kpumepiem Lllanipo-Yinka ma 6cmanoeneno 63aemo38 a30K 8i0COMKOB020
BMICHTY MACHIMHUX OOMIUOK MA HEPIGHOMIPHOCII JIHIT WMPUXOBUX KOOI8, 83AEMO368 30K
HepIGHOMIPHOCI IHIT Ma WUPUHU JIHIT WmMpUXo8ux Kooie i 63aeM036 30K WUPUHU JTIHIT
POMUMOCTI JIIHIT WMpPUXo8Ux Koois. B3aemo36 130K Midic O3HAKAMU BUSHAYATU 30 KOeQi-
yienmamu paneoeoi kopenayii Cnipmena. Ilo6yoosani epagixu demoncmpyoms HasigHicMb
NONIHOMIANLHOI 3A1€HCHOCE MIdHC 8IONOBIOHUMU O3HAKAMU. Bukopucmarnms memody Heni-
HINIHOT peepecii 0N PO32NIAHYMUX 3ANEHCHOCEN NIOMBEPOIICYE Y0 2iNomesy, OCKIIbKU
VCIX 8UNAOKAX KOeDIYIiEHM MHOMCUHHOT Kopensayii onuzokuti 0o o0unuyi. Taki pesyrsmamu
oanu niocmasy npunyCmumu Hasi8HiCmy 8i0N0GIOHO20 NONIHOMIAILHOZ0 38 3KY MINC AHa-
JH308AHUMU O3HAKAMU T NOOYOY8amu mpueUMIpHi paghiku, ujo 0eMOHCMPYIOMb Y 3A1ediC-
Hicmb O 6iONO0GIOHUX O3HAK.

Kniouosi cnosa: onmumizayis, wmpuxosuii ko0, opykapcwvka (hapoa, MazHimHi énac-
mueocmi, napamempu AKOCmi.

IocTanoBka npod/aeMu. BaxxmuBuM napameTpoM KOHTPOJIIO SIKOCTI HAAPYKOBAHUX
LITPUXOBUX KOJIB, SIKI BU3HAYAIOTh MPAaBWIIBHICTH iX BepHudikauii, € TOYHICTh BiATBO-
PEHHS IITPUXIB 1 MPOMIXKKIB, SIKi MICTATH HEOOXiAHY 3aK0oq0BaHy iHpopMariro. [lo kBa-
JIMETPUYHMX MTOKa3HUKIB, 32 SKMMHU OLIHIOIOTH JIiHII IITPUXOBUX KOZIB, HAJIEXKATh ILIU-
pHHA, IIUIBHICTD, Pi3KiCTh, PIBHOMIPHICTH KpaiB TOLIO.

HappykoBani mTpuxoBi KOOU MarOTh BH3HAYEHI CTAHIAPTOM JiHIHHI mapaMmeTpu
i momyctumi ix BiaxwmineHHs. [lin yac miaHyBaHHS mpolecy APYKYBaHHS LITPUXOBUX
KOZiB MOTPiOHO 3BepTaTH yBary Ha BUOIp criocoOy IpyKy, BHOIp Marepiaiy, sIKUH 3a-
JIPYKOBYETBCS, XapaKTep CTPYKTYpH HOTO MOBEPXHi, MOXKIMBICTh YHUKHEHHS IPUPOCTY
LIMPHUHY JIiHIM IITPUXOBOTO KOLIY.
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I TpuxoBuii ko Moxe OyTH HaIpyKOBaHWH Ha pi3HUX MaTepiaiax, TOMY Bij X SIKOCTi
Oyze 3ayexaTH 1 AKicTh BiITBOpEeHHS WTpHUXiB. Crioci® ApyKyBaHH, THII IPYKYyIO4Oro
MPUCTPOIO Ta SIKICTh MOBEPXHI Marepiany, Ha SIKHI HAHOCUTBCS LITPUXOBUI KOJ, BILJIH-
BAIOTh HA JOIYCTUMY MiHIMaJIbHY IIUPUHY HAaHECEHOTO €JIEMEHTa MITPUXOBOIO KOAY i
MOXKJIUBICTD BIIXWJICHHS Li€1 INMPUHU BiJl HOMiHaJIBHOTO po3Mipy. HaiOinbin MoxkiInBi
BIJIXWJICHHSI TCOMETPUYHUX PO3MIpPIB €JIEMEHTIB IITPUXOBOTO KOAY MAIOTh OyTH MEHIIIH-
MH BiJl IOIyCTUMUX JJIsl LBOTO TUITY KOy 3a 337aHoi MibHOCTI aApyKy [1].

AHaJi3 oCTaHHIX JOCTiKeHb Ta myOsikamiii. AHali3 HayKOBUX MyOMiKaIliii 1mo-
JI0 BHU3HA4YEeHHsS MarHiTHOI NMPOHMKHOCTI MarepiajliiB BKa3ye Ha HEIOCTaTHICTb AOCHi-
JUKEHb BJIACTUBOCTEH o()ceTHUX ApyKapchbkux (apd 3 ¢epoMarHiTHUMU YaCTHHKAMHU.
[lepeBakHO y HAYKOBHUX MEPIOAUYHHUX BUIAHHIX HABEACHO PE3YIBTATH JOCTIIPKEHHS Mar-
HITHOI IPOHMKHOCTI BaKyyMy 3a HAsBHOCTI €JIEKTPOMArHITHOIO MoJis [2] Ta BU3HAYEHHS
MarHiTHOT HPOHUKHOCTI ()epOMarHeTHKIB IIPHU CHIIOBOMY BIUIMBI IMITYJIbCHUX MarHiTHUX
nofiB [3].

HasBHicTh MaruiTHUX BiacTuBOCTEl po3poOieHux ¢apd 3 HOJAaHUMH HaHOYAC-
TUHKaM{ OKCHJLy HIKeNIO JUIs APYKYBaHHS IITPUXOBUX KOMIB XapaKTEpU3yBalHM Mar-
HITHOIO NIPOHMKHICTIO Marepiaiy, B SKOMY MarHiTHa iHIYKILis JIIHIHO 3aJeKUTh Bix
Harpy>KeHOCTi MarHiTHoro nosns [4—6]. MarHiTHa NPOHUKHICTb ApyKapchkoi ¢apou 3
JOMIIIKaMHU OKCUAY HIKEJIO 3aJIe)KUTh BiJl iX BMICTY, a caMme IponopLiiiHo cnanae abo
3pocTae Bia criBBigHOIIEHHS (apOu 1 MarHiTHUX noMimok. Jpykapceka dapba 3 mar-
HITHUMH JIOMILIKaM{ B)X€ HE NMPOCTO MarHiTHa, a ¢epoMarHiTHa, OTKe, IO OLIbLINN
mrap ¢papbu Ha MOBEpXHi MaTepiaily, TO HaPsIMK MarHiTHOI iHIYKIii YaCTHHOK JOMILIOK
MOXYTb OyTH JI€30pi€HTOBaHUMH. Mar"iTHa NPOHUKHICTb APYKapchKoi (hapOu 3 1omini-
KaMH OKCHJy HIKeNIo onucyeThes (pyHkuiero F, sika 3a1eXuTh Big KUIBKOCTI MarHiTHUX
JioMimok (%), MarHiTHOT MPOHUKHOCTI JIOMIIIIOK Ta CEPEIOBHIIA.

Meta crarTi — onTHUMI3alis Npouecy OLIHIOBaHHS SKOCTI IITPUXOBUX KOIIB,
HaJpyKoBaHHX (papOamu 3 MarHiTHUMH BIACTUBOCTSIMH.

Bukiiax 0cHOBHOTO MaTepiary qocaizkeHHs. [[Jis 3/1iliCHEHHS ITepeBipKH 3aKOHY
PO3MOIly AaHUX HA HOPMaJbHICThb, BUSIBJICHHS IMOMUJIOK BBEACHHS MPOBOAMIM aHa-
73 caMHX JaHuX. AHali3 HOPMaIbHOCTI PO3MOJLTY €KCIIEPUMEHTAIBHUX JAaHUX OIli-
HioBasin 3a kpurepiem lamipo-Yinka (W), sikuil HUHI € TpUBLUICHOBAaHUM KpUTEpieM
Ha HOPMaJIbHICTb, OCKIJIbKM HOT0 BIACTUBOCTI NEPEBAYKHO MAIOTh MOMITHO O1JIBIIY I10-
TYXHICTb, HI)K BJIaCTUBOCTI aJIbTEpHAaTUBHUX KpUTEPiiB [7]. My BUSABUIM, 11O JIUILE Ja-
Hi BiZICOTKOBOTO BMIiCTy MarHiTHHX JOMIIIOK MalOThb HOPMaJbHHUN PO3MOALI, a pelra
JaHMX (IIMPUHA JiHIT IITPUXOBUX KOAIB, PO3MUTICTD JIiHII IITPUXOBUX KOAIB Ta HEPIB-
HOMIpPHICTb 30BHIIIHIX KpaiB JiHIi IITPUXOBUX KOJiB) HE € HOPMAILHO PO3NOAUICHUMU
(puc. 1-3).

Ji1st BU3HAYESHHS 3aJIeKHOCTI MiXK IBOMa 200 AEKIJIbKOMa O3HaKaMH 1 BCTAHOBJICHHS
X B3a€EMHOT0 3B’ 3Ky BUKOPHMCTaHO METOIM KOpEIsiLii 1 perpecii.

B3aeM03B’ 430K MiX O3HAKaMH BH3HAYaJIH 3a Koe(illieHTaMH PaHroBOi KOpeJsmii
CriipMeHa (KpUTHYHE 3HAYCHHS PiBHA 3Ha4ywiocTi p npuitmanocs <0,05), siki BHKO-
PHUCTOBYIOTECSl Y BHIIAJKY, KOJIHM O3HAKH HE € HOPMaJbHO PO3MOAUIEHUMH. Mix ycima
03HaKaMH BHSIBIIEHO HASBHICTH JIy)Ke cuiibHOI Kopersii (0,9 <t ) (tadm.).
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Histogram: Po3amuTicTb
Shapiro-Wilk W=,79927, p=,00013

—— Expected Normal
14

No. of obs.

60 70 80 90 100 110 120 130
X <= Category Boundary

Puc. 3. B3aeM03B’ 130K MIUPUHY JTiHII 1 pO3MHTOCTI JiHIii IITPUXOBUX KOZIIB

Tabmurs
Spearman Rank Order Correlations (Spreadsheet])
MD pairwise deleted
Variable Marked correlations are significant at p <, 05000
Bwmict M/1 % Unpuna A Po3muricTs HepiBHOMIipHICT
IITPUXKOLIB

Bwmict M % 1,000000 0,982985 0,994030 0,986667
HIipiita misii 0,982985 1,000000 0,993284 0,990232
LITPUXKOLIB

PosmuricThb 0,994030 0,993284 1,000000 0,996947
HepiBHOMIpHICTB 0,986667 0,990232 0,996947 1,000000

Hageneni Ha puc. 4 i puc. 5 rpadiuni 3a1eKHOCTI TiATBEPIKYIOTh KOPEISLUIHHNT
3B’A30K MIXK IOCIIIPKYBaHUMH (PaKTOPaMH.
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HepiBHomipHiCTb

Puc. 4. BimiB BiICOTKOBOTO BMICTYy MarHiTHUX JOMIIIIOK HA HEPIBHOMIPHICTB JIiHIT

PoamuTicTb

Scatterplot of HepiBHomipHicTb against Bmict M%

HepisHomipHicTb = 1,1996-0,5126*x+1,0069*x"2

0,0

120

110

0,2
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Bwmict MO%

HTPUXOBUX KO,I[iB

Scatterplot of PoamuticTb against Bmict MO%

Posmurictb = 72,2521-11,5843"x+12,8651"x"2

0,8

1,0 12 14 16 18 20 22 24 26
Bmict MO %

Puc. 5. BrumiB BiICOTKOBOTO BMICTY MarHiTHUX JOMIIIIOK Ha PO3MHTICTB JIiHIT INITPUXOBHUX KOJIIB

I'padiku geMOHCTPYIOTH HasIBHICTh OMIHOMIaNbHOT 3aJI€KHOCTI MK B1IOBITHUMHU
03HaKaMu. BukopucranHs MeToay HeniHiMHOI perpecii s po3MISHYTHX 3aJIeKHOCTEH
MiATBEPKYE IIFO TINOTE3Y, OCKIIBKU B 000X BUMAIKaX KOe(Dilli€HT MHOXKUHHOT KOPEJISIIIii
omm3pkuii 1o oguaUi (R = 0.938 1 R =0.990 BinnosigHo). Pe3yneraTtu nocmikeHs He-
PIBHOMIPHOCTI Ta PO3MHUTOCTI JIiHI{ IITPUXOBOTO KOy HaBeleHI Ha puc. 6.
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i Results: Spreadsheetl in Konrox [
P — |

Model is: wvé=atb*vlto*wl-z |

Dependent variable: Hepismomipsi Independent variables: 1
Loss ion: least

Final walue: 9,628211488

Propertion of variance accounted for: , 88063245 R =, 93845216

|

Quick, | Advanced  Residuals I Hevlewl

Histogram of residuals I Cancel I

Half-rormal probabilty plot | = options - |

B Observed. predicted, residual vals I

Mormal probatility plot of residusls |

Observed vs. Predicted | Residual vs. Predicted | B Evap

B8 Save predicted & residual values |

a
[ e spresaneenn koo R et

Model is: wa3—atb*wilto*wl-2

Dependent variable: PoSuamricTs Independent variables: 1
Loss ion: least
Final wvalue: 154, 64345688

portion of varian for: 98063637 R =, 959030115

Quick | Advanced FResidusts | Review |

B Observed, predicted, residual vals | Histogram of residuals | cancel |
Mermal probabilit plat of residusis | Half-normsl probability plat | = options - |
= Observed ve. Predicted | Fresidual vs. Predicted | By Group |

BE save pradictad & residual valuss |

§

Puc. 6. Pesynbratu mociimpkeHb HEPIBHOMIPHOCTI (a) Ta po3MHUTOCTI (0) JiHIH MTPUXOBOTO KOIY

Taki pe3yabrard AalOTh IMiACTABY NPHUITYCTUTH HASBHICTH BiANOBIIHOIO IMOJiHO-
MiaJIBHOTO 3B’S3Ky MK aHaJIi30BaHHMH O3HaKaMu 1 mOOyayBaTu TPUBHUMIpHI rpadikw,

10 IGMOHCTPYIOTH IT0 3aJIKHICTh JIJIS BIAMIOBIAHUX O3HAK (puc. 7—10).

3D Surface Plot of HepieHomipHicTE against BmicT MO % and PoaMuTIcTE
HepisHomipHicTe = -55,4601-42,8825%x+1,9347*y-6,5747*x*x+0,7211*x*y-0,0165%y*y

ambposnin

.7
<7
<6
<5
<4
<3
<2

Puc. 7. 3D-pgiarpaMa cIriBBiTHOIICHHS BiICOTKOBOTO BMIiCTY MarHiTHUX JOMIIIOK,

HEPIBHOMIPHOCTI Ta PO3MHUTOCTI JIiHIH IITPUXOBHUX KOIIB
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3D Surface Plot of HepiBHOMIpHICTbL against LLnpuxa niif wirpuxkogie and Po3muTICTb
10v*38c

HepiBHOMIpHICTE = -10,5246-117,6282"x+0,7521%y-117 ,3999"*x+2 579"x*y-0,01*y*y

|k
<7
Il <6
<5
I <4
<3
I <2

Puc. 8. 3D-nmiarpamMa cIiBBiTHOIICHHS HEPIBHOMIPHOCTI, PO3MHUTOCTI
Ta MIAPHUHY JIHIH MTPUXOBUX KOIIB

3D Surface Plot of Posmuticte against Bmict MO% and LnpwuHa NiHIT WTPUXKOQIB
8v*38c

PO3IMUTICTE = 66,6115-46,02057%+161,7777y-14,88447x+289,31937y-733,0858™y7y

WTHNFED &

Il =130
B <130
Bl <120
B <110
Bl < 100
B =90
Il <80
B <70

Puc. 9. 3D-nmiarpaMa cIriBBiTHOMICHHS BiJICOTKOBOTO BMIiCTY MarHiTHUX JOMIIIOK,
PO3MHTOCTI Ta IIMPUHHM JiHIA IITPHXOBUX KOJIB
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3D Surface Plot of HepieHomipHIcTe against BmicT MO % and LnpuHa niHIT wTpuxkogis
8v*38c

HepisHoMIpHICTE = -5,924-594517"x+52 4366%y-1,9367"x™x+27 62837x7y-94, 1669%y™y

_ B
B <c
B <5
-
-2
<2
—P%

Puc. 10. 3D-nmiarpama ciBBiZHOIICHHS BiJICOTKOBOTO BMICTy MarHIiTHUX JIOMIIIOK,
HEPIBHOMIPHOCTI Ta IIMPUHH JTiHIA IITPHXOBUX KOJIIB

I'padpiuni 3a7€KHOCTI OMUCYIOTHCS BIAMOBITHUMH IOJiHOMIaTbHUMH MOJIEISIMH,
SIKi TIOKa3yIOTh 3B’ SI3KH MK TAKUMH O3HAKaMHU, SIK BiZICOTKOBUH BMICT MAarHITHUX JIOMi-
10K, HEPIBHOMIPHICTh, POMHUTICTD 1 LIMPHHA JIIHIH ITPUXOBUX KOJIB.

BucHoBkH. 30iiiCHEHO ONTHUMI3allil0 OLIHIOBaHHS SIKOCTI IITPUXOBUX KOiB (HEpiB-
HOMIpPHOCTI, KOHTPACTHOCTI, INUPUHH 1 POBMHUTOCTI JIiHIH IITPUXiB), HAIPYKOBaHUX (ap-
0aMu 3 MarHiTHUMH BJIACTUBOCTSMH 3 BPaxyBaHHSIM BMICTY MarHiTHUX JIOMIIIOK, X pO3-
MipiB Ta BEJIMUMHHU MAarHiTHOI IPOHUKHOCTI.
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OPTIMIZATION OF THE BARCODE QUALITY ASSESSMENT PROCESS
S. F. Havenko, O. D. Koniukhov, I. I. Koniukhova, K. F. Bazyliuk
Ukrainian Academy of Printing,

19, Pid Holoskom St., Lviv, 79020, Ukraine
asdf1966(@meta.ua
k.bazylyuk@gmail.com

The paper presents the results of optimization of the quality assessment process of

barcodes printed with inks with magnetic properties. The qualimetric quality indicators
used to assess barcode lines (the barcode line width, the barcode line blur and uneven
outer edges of barcode lines) that determine the correctness of their verification
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include the accuracy of reproduction of lines and intervals that contain the necessary
encoded information. Studies have shown that the barcode printing quality is affected
by the percentage of magnetic impurities in the developed printing inks with magnetic
properties, which contain nanoparticles of Nickel oxide. The analysis of the normality
of the experimental data distribution has been assessed by the Shapiro-Wilk test and
the relationship between the percentage of magnetic impurities and the non-uniformity
of the barcode line as well as the relationship between the line non-uniformity and the
barcode line width and the relationship between the line width and the barcode line
blur have been established. In this study, the relationship between parameters has been
determined by Spearman's rank correlation coefficients. The constructed graphs show
the presence of a polynomial relationship between the corresponding parameters. The
use of the nonlinear regression method for the considered dependencies proves this
hypothesis, since in all cases the coefficient of multiple correlation is close to one.
These results suggest that there is a corresponding polynomial relationship between the
analysed parameters and they help to construct three-dimensional graphs showing this
relationship for the relevant parameters.

Keywords: optimization, barcode, printing ink, magnetic properties, quality para-
meters.
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