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KNACC ONACHOCTU OTPABOTAHHDbIX
BbiIMbIBHbIX PACTBOPOB, COAEPXALLUX
KOMMNMOHEHTbI BOAOBbIMbIBHbIX
®OTOMNOJIMMEPU3YEMbIX KOMMNO3ULUNA

banpgakos 1. U., Kaprawesa O.A., Komapoga J1.10.
MOCKOBCKNI NONNTEXHUYECKNIN YHUBEPCUTET

Abstract

The degree of impact of waste printing on the environment can be judged
by its hazard class. Assessment of the hazard class of waste water washout
solutions formative processes of flexographic printing showed that they,
depending on the composition, can belong to the Ill and IV hazard classes,
which requires a special approach to their disposal.

Key words: flexographic printing, printing plate, photopolymerized composi-
tion, washout solution, hazard class.

drnexcorpadckas nedarb yHUBEpcalibHa M 00J1a/laeT MUPOKUMHU TEXHO-
JIOTHYECKUMH BO3MOXKHOCTSIMHU. DTO CIIOCOOCTBYET pacuiupeHuto chep ee
NPUMEHEHHUSL.

B coBpemenHoii duiekcorpadckoii neyaTu npuMeHstoT rudkue $hororo-
JIMMEpHBIE Te4aTHble (OpMbI, KOTOphIE HE yCTyNalT o(CeTHBIM (Gopmam
0 NIeYaTHO-TEXHUYECKUM U PENPOIYKIMOHHO-TpaMueCcKUM I10Ka3aTelisim,
a Mo THPaXKeCTOMKOCTH YacTO MpeBOcXo AT ux [1]. dorononumepusyemsbie
¢dopmusie ractunbl (OIIDIT), Ha KOTOPBIX M3roTaBIMBAIOT (Iiekcorpadu-
yeckue nedarHeie Gopmbl (PIID), UMEIOT CIOXKHBII cocTaB, colepiKaIInit
9JIACTOMEPHOE CBSI3YIOIIEE BELIECTBO, HEHACHIIICHHbIE MOHOMEPBI W/WIIN
oJMromMepbl, (POTOMHULIMATOPHI U Jipyrue ao6asku. [Ipu u3rorosienuu pe-
nbeHBIX neyaTHbIX (opM ydacTku GopmHOIt neuatHoit miactunsl (PIIIT),
3alMIIEHHBIE OT BO3ACHCTBHs YP-H3ydeHus, COXpPaHSIOT CIIOCOOHOCTh K
PacTBOPEHMIO U BHIMBIBAHHIO PACTBOPUTEIISIMU BBILIETIEPEUHCICHHBIX KOM-
noHenroB. [Tocie o6padoTku sxcrionuposanuoit GIII1 cmecsimu pacTBopu-
TeJieil, Ha3bIBAEMBIX BHIMBIBHBIMH PAaCTBOPAMH, ITOCIIETHHE COJEPIKAT KOM-
HOHEHTBI WUJIN COJIbBEHTHO-BBIMBIBHBIX, MM BOAOBBIMBIBHBIX DIIIT 1 moryT
paccMarpuBaThes Kak «oTpaboTaHHbIey». [IpakTudeckuil HHTepeC npeIcTaB-
JISIT OLIEHKA KJlacca OMacHOCTH OTPAaOOTaHHBIX BBIMBIBHBIX PACTBOPOB.

OreHka Kiacca OMacHOCTH OTpab0TaHHBIX BBIMBIBHBIX PacTBOPOB, CO-
JIep KaliuX KOMIIOHEHTBI COJIbBEHTHO-BBIMBIBHBIX (DOTOIIOJIMMEPU3YEMBIX
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rxomnozunuii (PIIK) nponssenena B padore [2]. OTpaboTaHHbIE BBIMBIBHBIC
pacTtBOpbl Ha 0cHOBE yriieBoopoaoB oTHocsATes K I u Il knaccam onacHo-
CTH, T.€. K OTXO/IaM, OKa3bIBAIOIIUM CYIIECTBEHHYIO CTEIIEHb BPEAHOTO BO3-
JefCTBUA Ha OKpyXarolyto cpeay. [Ipu aTom mepuos ee BOCCTaHOBJIEHUS
cocraisieT 6onee 10 JieT mociie MoJHOro yCTpaHeH!s HCTOYHUKA BPETHOTO
BozneicTBus [3].

JlaHHasi cTaThsl MOCBSIIEHA OLEHKE KJlacca OMAcHOCTH OTpabOTaHHBIX
BBIMBIBHBIX PACTBOPOB, COAEPIKAIINX KOMIOHEHTH! BOJOBBIMBIBHEIX DIIK.

HezanonumepusoBanubie yuactkun PIIII Ha ocHOBE BOJOBBIMBIBHBIX
OIIK x0opol10 pacTBOPSIOTCS B YHCTON BOJIE WM B BOAHBIX PacTBOPaX KHC-
10T, mesnoueit, [TAB [4]. IIpu BeIMBIBaHNHN BOAA PacCTBOPSAET MU AUCHEPTH-
PYET HOJIMMEPHYIO OCHOBY, MOHOMEDBI, (POTOMHUIIMATOPBI, IIACTH(UKATO-
PBI, UHTUOUTOPBI, KPACUTEIIH U/WIH Jpyrue 100aBku [S].

B auTeparypHBIX MCTOYHMKAX, PEKJIAMHBIX MPOCIEKTaX (UPM OTCYT-
CTBYIOT CBe/ieHUs 110 KoHKpeTHOMY coctaBy PIIK. [Toaromy aBTOpHI OBLTH
BBIHYK/ICHBI IIPU OIICHKE KJlacca OMACHOCTH OTPAa0OTaHHBIX BBIMBIBHBIX
PacTBOPOB MPHUOETHYTH K MOJEbHBIM oOpa3siiam DIIIT u coctaBamM BEIMBIB-
HBIX PAaCTBOPOB, OMMMCAHHBIM B CIIPABOUHBIX M3/IaHUSAX U MaTEHTAaX.

B tabm. 1 u tabn. 2 mpencraBieHbl cocTaBbl HccienoBaHHbix OIIK,
MPeUIOKEHHBIX B padoTax [6 u 7].

Tabnuya 1. Cocmas sodosvimvienoi PIIK na ocrnose
NONUAMUOHOU CMOJIbL

KoMmoneHTsI cocTaBa Cocras, %
Ionmamuanaast cmona 548 47,50
AKpuII0Bask KUCIOTa 28,50
JluMeTunakpuiaT TUICHIINKOIIS 22,80
benzoun 0,95
benzodenon 0,19
Hurpozun 0,06

Tabnuya 2. Cocmag 60008vimvleHot PIIK Ha ocHose
ayemocyKyuHama yeunono3sl

KoMmoHneHTs! cocTaBa Cocras, %
ALIETOCYKIIMHAT LEJUTION03bI 66,16
TpUATHICHITIMKOIbAUMETaKPUIAT 6,61
[munuauamerakpuiar 13,22
OKCHATHIIMPOBAHHBIN TeNTUIOBBIH CITUPT 13,22

Tper-0y THIIIIepOKCUMETHIIOBEIN 1P

o 0,79
AQHTPAXUHOH-2-KapOOHOBOIl KUCIIOTEI
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IIpu usrorosnenuun OIIO B BEIMBIBHBIX PACTBOPAX HAKAIIJIUBAIOTCS KOM-
noHeHTsl GIIK, cymmapHas KOHIIEHTpAIUs KOTOPBIX B BBIMBIBHOM PAacTBOpE
MoxkeT ObITh 0T 10 10 30 % [5]. B nanHOii cTaThe NPUHSITO, YTO B PaCTBOPE
COOTHOHUICHUE MCKAY BbIMbIBAEMBIMHU KOMIIOHCHTAMH ®IIK Takoe KEC, KakK
u B camoii OIIK.

OrieHKa Kj1acca OMacHOCTU OTPa0OTaHHBIX BBIMBIBHBIX PACTBOPOB IPO-
M3BEICHA PACUCTHBIM METOJIOM 10 METOIUKE, U3JIOKEHHOU B padorte [8]. OT-
HECEHHUE 0TXO/I0B K KJIaCCy OMACHOCTH MPOU3BO/AT MO MOKA3aTENI0 CTETEHN
omacHocTH 0Tx01a K (Tabm. 3), KoTophIi pacCUUTHIBAIOT 110 (hopMyIie:

K=K, +K,+.+K, ()

e K, ,K,, ... K —1okazarenu cTelneHu OnacHOCTH OTACAbHBIX KOMIIO-
HEHTOB OTX0/Ia; N — KOJMYECTBO KOMIIOHEHTOB OTXO/a.

Tabnuya 3. Omuecenue omxo008 K K1accy onacHocmu no noxkasamenio K

Crenenp onacHocTd K oTxoma Knacc omacaocTu
JUTISL OKpYKaroIlel cpeibl 0TX0/1a
10°>K > 104 1
10*>K > 10° 11
10°>K > 10? 111
102>K > 10 v
K<10 \

TToka3zareinb cTEEHU ONACHOCTH 1-I'0 KOMIIOHEHTA OTXO0/a K HaXoJsT IO
bopmyie:

K,=C,/W,, @)

rae C, — KOHLEHTpalus i-ro KOMIOHEHTa B OTXO/e, MI/KT oTxoza; W, —
K09(GHULMEHT CTEeIIEHH ONMACHOCTH 1-T0 KOMITOHEHTa OTXO0/a, MI/KT.

Hns onpenenenus 3HadeHus W, HEOOXOIMMO IpPEIBAPUTENILHO pac-
CUUTATh OTHOCHMTENbHbIE NAapaMETPhl OMACHOCTH X, Ka)J0ro KOMIOHEHTA
orxona. Haxoxenue mocienHeil BeNWYMHBI CBSI3aHO CO 3HAYMTEIbHBIMHU
TPYAHOCTSIMH, NTOCKOJBKY, COINIacHO [8], i ero pacuera HEOOXOIUMO Ha-
XOXK/IEHHE B JIMTEPATypHBIX MCTOYHHMKAX 3HAYEHUH HAMOOJIBIIEro KOJIUYe-
cTBa M3 19-TH NEpBUYHBIX TIOKa3aTesel OMacHOCTH KOMIIOHEHTa OTX0/1a, Xa-
PaKTEepPHU3YIOIIUX CTENIEHb €r0 ONACHOCTH JJIsl PA3JIMUHBIX TIPUPOAHBIX CPE.

B tabn. 4 B kauecTBe IprMepa MpeCcTaBIeHbl Pe3yJIbTaTbl pacyeTa OTHO-
CUTEJIbHBIX NapaMeTPOB OMACHOCTH X, KOMIOHEHTOB BBIMBIBHOIO PacTBO-
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pa BogoBbeiMbIBHON DIIK Ha ocHOBE MOJMAMUHON CMOJIBI 110 HAWIEHHBIM
B JIUTEpaType 3HAYECHUSAM, COOTBETCTBYIOIIUX IMEPBHYHBIM IOKa3aTeNlsiM
ornacHocTH. HeoOXoanMO OTMETHTh, YTO B PEIIKOM CJydae yIaeTcs HalTh
3HaueHMs Bcex 19-Tu TpeOyrolMXcs NepBUYHBIX MTOKa3aTesel OMacHOCTH.
OtcytcTBUE HEOOXOAMMOW MH(OPMALIMKM YUUTHIBACTCSI B 3HAYCHUSX MOKa-
3aresnsi ”HPOpPMaIMOHHOTO obecnieyeHust. [lepeueHb cokpainieHnit Ha3BaHUN
MIEPBUYHBIX MTOKa3aresei B Ta0i. 4 MpUBeaeH B UCTOUHUKE [8].

Tabnuya 4. Pesynemamol pacuema 0muoCUmenbHblx napamempos
onacrocmu X, KOMROHEHMOE 6bLMbIEHO20 PACMEopa 60006bIMblcHoU PITK
HA OCHOBE NONUAMUOHOU CMOJIbL

Ne IlepBuunsie KommoneHTs!
nn MOKa3aTesn AKpuIIoBast Jumerakpunar | BensodeHon Hurposzun
KHCII0Ta ITHUIICHIITHKOJIS
3nau. | bayur | 3nau. | bamn | 3nau. | bamn | 3nau. | bamn
ToKa3. ToKa3. OKa3. I0Ka3.

1 |IIAK, (OY, 0,5[9] 2 - - - - o1 [10]| 2
OBYB), mr/n

2 |IIAK (OBYB), | 0,0025 1 |001[11]| 3 - - 0,0001 1
MI/J1 [9] 0,01 [12]| 3 [10]

3 [IAK, 5[13] 4 - - - - |0,03[10]| 2
IAK,, 0,04 [9] 2 0,05 2
OBYB, 0,11[9] 2 - -
K ), mr/v?® 51[9] 3 0,1 2

4 |Lg (S, mr/a/ He- 1 HEpacTB. 4 |UIAK, | 4 - -
MK, mr/m) OTpaHny. [15] [16]

cMelll.
[14]

5 (lgK  (oxranon/ - - - - 3,18 2 - -
BOJIA) [17]

6 |LD,,, Mr/kr 830 3 17900 4 |>10000] 4 |[550[10]| 3

[9] [18] [17]
7 |LC,, mr/m? 4800 [9] 2 - - - - - -
5100 [19]]| 3

8 B = (BIIK,/ - - - - 2,63 3 79 % 4
XIIK) -100 % [17] [10]

9 |Ilepcucrent- O06pas. 4 - — |menerxo| 3 - -
HOCTB (TpaHC- MeHee MO
opmarus TOKCHY. 6no-

B OKpY’KalOIled | BEIecTB pasiL.
TIPUPOIHOM 9] [17
cperne)
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Ne IlepBuunsie KomrmoneHTs!
i TOKa3aTeIn AxpunoBast Jumerakpunar | bensodenon Hurposun
KHCIJIOTa STHIICHIIIMKOIIS
3nau. | bayur | 3nau. | bamn | 3nau. | bamn | 3nau. | bamn
TOKa3. T0Ka3. ToKa3. ToKa3s.
10 |Broakkymysi- - — |3,48[18]| 3 |mecym.| 3 - -
nust: (moBeeHne ciabas HaKOILIL
B IIUIIEBOM 11e- AKKYM. [17]
TOYKE)
11 |Hoxasarer N=10 | 3 | N=5 | 1 |N=6| 2 | N=7 | 2
nHp. obecreu.
OTHOCUTEIBHBIN
napameTp OnacHOCTH X,=2,50 X, =3,00 X,=3,00 X, =2,25
KOMITOHEHTa

B kauectBe BeIMbIBHOTO pacTtBopa PIIK Ha ocHoBe mommamuaa mpen-
noxkeH 75 %-Hblil pacTBOP 3TUIIOBOTO THAPOIU3HOrO crupra [6]. B Tabm.
5 IMPUBEACHBI PE3YJIbTAThL KOJINYECTBEHHOM OLICHKU CTCIICHU OIIaCHOCTHU
0TpabOTaHHOTO CHUPTOBOTO BBIMBIBHOTO PacTBOpa, CONEPIKAILIETO MAKCH-
MalnbHO€e cornacHo [5] 30 %-Hoe konuyecTBO KOMIOHEHTOB DIIK.

Tabnuya 5. lloxkazamenu cmenenu onacrocmu i-2o komnonenma (K
ompabomanHo20 bIMbIBHO20 pacmeopa u camozo pacmeopa (K),
cooepoicauezo 30 % sewgecme DIIK Ha ocHoee noauamuoOHoU cMOIbL

Ne C, W,
KoMIIoHEHTHI 0TX01a ! X Z. 1gW. ! K
T MI/KT ! ! ! MI/KT !
1 |Dranon 525000 | 3,75 | 4,66 | 4,99 97724 | 537
2 |Boma 175000 - — - 1000000| 0,18
3 | IMonmamumnaast cMona 142500 - — — 1000000| 0,14
4 | AkpuiioBasi KUCIOTa 85500 2,50 | 3,00 | 3,00 1000 | 85,50
5 | Aumerakpunar dTUIICH- 68400 3,00 | 3,66 | 3,66 4571| 14,96
TJTHKOJISI
6 | benzoun 2850 3,25 | 3,99 | 3,99 9772 0,29
7 | benzogenon 570 3,00 | 3,66 | 3,66 4571 0,12
8 | Hurposun 180 2,25 | 2,66 | 2,66 4571 0,39
K=XK =106,95
I11 xacc onmacHOCTH — yMEPEHHO OnacHbIi oTXox [3]

B kauecTBe BBIMBIBHOTO pacTBOpa BopoBeIMbIBHON PIIK Ha ocHOBe ane-
TOCYKIIMHATa 1IeJUII0JI03bI (3(Hpa aleTaTesuIIoNI03bl H SHTApHOH KHCIOTHI)
npemiokes 0,15 %-Hblil BOAHBIN pacTBOp Tuapokcuaa HaTpus [7]. B Tabi. 6
NIPUBEICHBI PE3YIBTATHl pacyeTa KJlacca OIIaCHOCTHU pacTBOPA.
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Tabruya 6. okasamenu cmenenu onachocmu i-20 komnonenma K)
ompabomanHo20 8bIMbIBHO20 pacmeopa u camoeo pacmeopa (K),
cooepoicaugezo 10 % sewpecme DIIK na ocHose ayemocykyunama yeunono3ol

Ne C., W, ,
KoMIToHEHTHI 0TX01a ! X. Z IgW. ! K
I MI/KT ! ! " mr/kr !
1 |Boma 898600 | — - — 11000000 | 0,90
2 | T'mapokcun Hatpus 1400 | 2,38 | 2,84| 2,84 692 2,02
3 | AuerocyknmHar nemnonossl | 66200 | 3,50 | 4,32 4,38 23988 | 2,76
4 | TpUATHUIICHITIMKOIBIUMET- 6600 3,25 | 3,99 3,99 9772 0,68
aKpuiIaT
5 | Imuuuaunmerakpuiar 13200 2,60 | 3,13 3,13 13491 9,79
OKCHATHIIMPOBAHHBIN 13200 2,29 | 2,72 2,72 52425,20
TeNTUIIOBBIN CIIUPT
7 | Tper-Oy THITIEpOKCHMETHIIO- 800 | 2,86 | 3,47| 3,47 2951 0,27
BBII 9()Up aHTPaXUHOH-2-
KapOOHOBOW KUCIIOTHI
K=XK =41,62
IV kiacc onacHocTH — MasioonacHbIi oTxox [3]

[ToBbIILIEHHYIO ONACHOCTH OTPA0OTAHHOMY PACTBOPY, PACCMOTPEHHOMY
B Tabiu. 5, nmpunaér axpuioBas kuciora. [Ipu camxenun 1o 20 % coxep-
JKaHUsl B OTPaOOTaHHOM BBIMBIBHOM pactBope komroneHToB PDIIK (B Tom
qHCcIIe aKpPUIOBOI KHCIIOTHI) pacTBOP IO IMOKA3aTeNI0 CTENEHH ONacHOCTH
nepexoqut B IV Ki1acc 0nacHOCTH U CTAHOBUTCSL MaJIOOIIACHBIM.

OtpaboraHHbIe BOJHBIC BBIMBIBHBIE PACTBOPBI IMPH COOTBETCTBYIOIEM
cozeprkannu B HuXx komnonentos MIIK npencrassor co6oit MaoomnacHbie
OTXOJIbI, YTO TI03BOJISIET PAacCMaTpPUBATh BOIPOCHI O CTENEHU MX pa30aBiie-
HUsl 0e3 CHKeHMsI 2 (HEKTUBHOCTH TEXHOJIOTHYECKOT0 MPOLIecca U KoJInde-
CTBE HOPMAaTHUBHO JIOIYCTUMBIX COPOCOB B OKPYKAIOLIYIO CpPELLY.

PaccmoTpeHHbIe TpuMepbl OIpeAesieHus Kiacca OMacHOCTH OTAENbHBIX
OTXOAOB IMMOKa3bIBAIOT IEPCIICKTUBHOCTL MPOBCACHUSA I/ICCJ'IGJIOBaHI/Iﬁ 1o
CHIDKEHHUIO OMACHOCTH MCXOJHBIX MarepuaioB (uiekcorpadckoil neyaru u
3aMeHe TOKCHYHBIX KOMIIOHEHTOB Ha MEHEE OIacHbIE.
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INFLUENCE OF INNOVATIVE TECHNOLOGICAL
ADVERTISING PRODUCTION SOLUTIONS
IN PROCESS OF TRAINING OF ADVERTISING
AND COMMUNICATION SPECIALISTS

ISoraité M., Aktas D., Fedosejeva L., Griglnas E., Krukoniené R.,
Masiulé E., Vaiténiené B.
Vilniaus kolegija/University Applied Sciences

Abstract

In the market with the growing demand of technological support in adver-
tising production, companies cannot operate without usage of innovative
and attractive advertising technology and its tools. Knowledge of advertis-
ing technologies is very important for students of Advertising or Public Re-
lations programmes. An advertising manager, a communication specialist,
needs an understanding of advertising production technologies to be able
to select and effectively use the most appropriate advertising tools, talk to
professionals, and coordinate the needs of ad creators, manufacturers, and
clients. And lastly, participate effectively in advertising and communication
business processes. A quantitative study “The Impact of Innovative Tech-
nology Solutions on Advertising Production Processes in the Training of
Advertising and Communication Specialists” was conducted. The results of
the study confirm that knowledge of advertising technologies is a competi-
tive advantage of a young advertising and communication specialist and
that in the training process “Advertising production technologies” course is
needed not only in the program of advertising manager but also for future
public relations specialists. By studying advertising technology, students
acquire the knowledge needed to create and produce digital and tradition-
al advertising products, which enables graduates to work in advertising or
public relation fields. The paper investigates what innovative advertising
production technologies are important to students of Advertising Manage-
ment and Public Relations programmes at Vilniaus kolegija/University Ap-
plied Sciences Faculty of Business Management.

Key words: advertising, communication, advertising production technolo-
gies, technologies, innovativeness, competitive advantage.
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Introduction

There are not many articles in the scientific literature dealing with the use
of advertising production technologies in the study process. In Lithuania,
Sliogeriené (2013) and Fedosejeva (2009, 2020) have studied advertising
technologies in their work. Sliogeriené, S. (2013) state that knowledge of
advertising production technologies is essential for advertising development
study programme students’ professional - theoretical and practical - prepara-
tion. Every person working in the field of advertising must be able to choose
the optimum materials and production technologies to design and produce a
specific advertising medium. The advertising production manager is respon-
sible for how a company, organization or group promotes itself to the public.
In a larger firm, they can work with sales to create an effective campaign
for their company. As Fedosejeva, L. (2009,2020) state that student who
has completed a course in Advertising Production Technology should be
able to: evaluate general and specific requirements for advertising, analyze
advertising business environment, predict the strategy and tactics of adver-
tising a product (service), anticipate advertising resources and budget for
the product (service), prepare a plan for advertising a product (service) and
advertising campaign, to form an effective working relationship, organize,
coordinate, and control the implementation of the plan and project for the
advertising and promotional campaign, assess the effectiveness of advertis-
ing and commercial risk.

The purpose of this study is to investigate the need for the use of innova-
tive advertising production technologies in training advertising management
and public relations students.

The object of the research — usage of innovative advertising production
technologies.

Research methods — analysis of scientific literature, method of compari-
son, survey.

Research results

The lecturers of the Vilniaus kolegija/University Applied Sciences Fac-
ulty of Business Management conducted a study aimed at investigating the
need for advertising production technologies in training of advertising man-
agement and public relations specialists. The investigation was conducted
from December of 2019 till February 2020. The study involved advertising
management and public relations students studying at the Vilnius kolegija/
University Applied Sciences Faculty of Business Management.110 respond-
ents participated in the survey. The survey results showed that 77 students
studying Advertising Management and 33 students studying Public Rela-
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tions participated in the survey. It can be concluded that 70% of respond-
ents were studying advertising management and 30% respondents studying
public relations. 94 respondents (85.5%) study full-time and 16 respondents
(14.5%) study part-time studies. It follows that full-time students were more
active in the study. 40 (36.4%) respondents study in the first year, 41 re-
spondents (37.3%) study in the second year, 28 (25.5%) respondents study
in the third year and 1 (0.9%) respondents study in the fourth year. The
results of the survey showed that as many as 74 percent. respondents who
participated in the survey are studying first and second year.

In response to this question whether knowledge of advertising technolo-
gy would be a competitive advantage in advertising and communication, 67
(60.89%) respondents said yes it is, 5 (4.5%) said no it is not and 38 (34.5%)
said they could. The results of the survey show that the vast majority of
respondents agree that advertising technology knowledge is a competitive
advantage in advertising and communication programmes.

Survey results show, that 26 (23.6%) respondents stated that they should
have specific advertising production technology knowledge, 79 (71.8%) re-
spondents said that they should know the general principles of advertising
production, and only 5 (4.5%) respondents said that advertising production
knowledge is not required by the advertising manager. The results show that
knowledge of advertising production technology is very important for re-
spondents.

During the research respondents were asked what did an advertising
management and public relations graduate need to know about advertis-
ing production technologies. The results of the study showed that about
56 (50.9) percent respondents required partly the color separation system
(CMYK, RGB, PANTON), 42 (38.2%) respondents — much required and
only for 12 (10.9%) respondents, knowledge is not required. Knowledge of
the right choice of print media (offset, flexographic, digital ...) is very much
required by 65 (59.1%) respondents, partly required by 35 (31.8%) respond-
ents and unnecessary by 10 (9.1%) respondents. Knowledge of Postpress
operations is greatly needed by 36 (32.7%) respondents, 59 (53%) respond-
ents partly and 15 (13.6%) respondents unnecessary. Knowledge of outdoor
/ indoor advertising production principles is required or partially required by
104 (94.5%) respondents. 106 (96.4%) respondents need knowledge of busi-
ness gift production / ordering principles. The results of the study showed
that the vast majority of respondents require or need some knowledge of the
system of color separation, proper selection of printing methods, postpress
operations, outdoor / indoor advertising production principles, corporate gift
production / ordering principles (see Table 1).
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Table 1. The evaluation of necessity the techniques of advertising production

knowledges for degree programs graduates

digital ...)

. Required Much
Not required i ;
in part required

Color partitioning system

12 (10.9% 56 (50.9% 42 (38.2%
(CMYK, RGB, PANTON) (10.9%) (50.9%) (38.2%)
The right choice of printing
method (offset, flexographic, 10 (9.1%) 35(31.8%) | 65 (59.1%)

ordering principles

Postpress operations 15 (13.6%) | 59 (53.6%) |36 (32.7%)
Outdoor/Indoor Advertising
. . 6 (5.5%) 48 (43.6%) | 56 (50.9%)
Production Principles
Busi ift production/
usifiess g1 productio 4(3.6%) | 56(50.9%) |50 (45.5%)

The results of the survey showed that 90 (82.6%) respondents are much
required knowledge of the fundamentals of creating and managing new me-
dia, 18 (16.5%) respondents need partially and only 1 (0.9%) respondent
does not need. 95 (86.4%) of the respondents say that they should be able
to find new, non-standard, innovative advertising solutions after completing
their studies, 13 (11.8 %.0) say they need it partially and 2 (1.8%) say that
they need this knowledge. In conclusion, the vast majority of respondents
agree that they need to be familiar with the basics of creating and managing
new media and being able to find new, non-standard, innovative advertising

solutions (see Table 2).

Table 2. The evaluation of necessity creating and managing new media knowledge

) Required in Much
Not required :

part required
Understand the basics of
creating and managing new | 1 (0.9%) 18 (16.5%) | 90 (82.6%)
media
To be able to find new.
non-standard. innovative 2 (1.8%) 13 (11.8%) | 95 (86.4%)
advertising solutions
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Respondents were asked how to gain knowledge of advertising technolo-
gies. The survey results showed that 87 respondents stated that while study-
ing / in the auditorium, 97 respondents stated that during the internship. 58
respondents in secularized advertising exhibitions, 92 respondents in spe-
cialized courses and seminars, 44 respondents consider it to be a continuous
process of self-employment, and only 1 respondent does not find it inter-
esting. In summary, the vast majority of respondents said that advertising
technology knowledge is acquired through in-studio / classroom training,
internships, and specialized courses, seminars (see Table 3).

Table 3. The evaluation of priorities to get advertising technology knowledge

Percent
Number S
(in this category)

While studying / in the classroom 87 79.1
During practice 97 88.2
In specialized advertising exhibitions 58 52.7
Specialized in courses or seminars 92 83.6
Iti ti f self-

is a continuous process of se 44 40.0
employment
I’m not interested in that 1 0.9

Respondents were asked what computer programs students are able to
work with. The results of the survey showed that MS Office package is good
for 77 (70.6) respondents, 25 (22.9%) respondents are familiar and only
7 (6.4) respondents are completely totally free. The results of the survey
showed that the vast majority of the respondents have a good command
of the MS Office package and are not familiar with other programs (see
Table 4).

Respondents were asked what computer programs are needed for stu-
dents of advertising management and public relations programs. The results
of the survey showed that the vast majority need MS Office package Adobe
Photoshop, Adobe Illustrator software (see Table 5).
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Table 4. The evaluation of the computer programs knowledges

Unable at all | I am familiar I do well
MS Office package 7 (6.4%) 25 (22.9%) 77 (70.6%)
Adobe Photoshop 38 (34.9%) 57 (52.3%) 14 (12.8%)
Adobe InDesign 91 (85.0%) 14 (13.1%) |2 (1.9%)
Adobe Illustrator 83 (77.6%) 22 (20.6%) 2 (1.9%)
CorelDraw 78 (73.6%) |24 (22.6%) |4 (3.8%)
Adobe Premiere 84 (81.6%) 15 (14.6%) |4 (3.9%)
Adobe After Effects 91 (86.7%) 11 (10.5%) 3 (2.9%)

Table 5. The evaluation of the computer programs necessity
for advertising management or public relations graduates

Unnecessary Needed Much needed
in part
MS Office package 3 (2.8%) 17 (15.6%) 89 (81.7%)
Adobe Photoshop 5(4.6) 28 (25.7%) 76 (69.7%)
Adobe InDesign 18 (16.4%) 44 (40.0%) 48 (43.6%)
Adobe Illustrator 15 (13.6%) 38 (34.5%) 57 (51.8%)
CorelDraw 14 (13.2%) 52 (49.1%) 40 (37.7%)
Adobe Premiere 16 (14.8%) 54 (50.0%) 38 (35.2%)
Adobe After Effects 15 (13.9%) 52 (48.1%) 41 (38.0%)

Respondents were asked an open question “What do you think what kind
of the advertising and communication specialist in means of competencies/
knowledge is looking for (what competencies / knowledge) in agencies?”. In
response to this question three main groups of answers were defined:

» The first group — respondents talked about necessity of specific
knowledge in advertising technologies, main advertising principles, tools
and media channels, understanding specific of digital media, basic in design
and copywriting.

» The second group — the list of personal characteristics important for
the advertising and communication specialist was presented: creativity, in-
novation, responsibility, leadership, team player, curiosity.
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* The third group — respondents presented answers related to the busi-

ness management process requirements: time planning skills, communica-
tion and customer care skills, ability to evaluate process effectiveness, nego-
tiation with partners etc.

Results and discussion

1.

The vast majority of respondents state the innovative technology need in
the training of advertising and communication professionals, however,
the assessment of the need importance for specific technologies differs.
It can be stated that by seeing the necessity of applying innovative tech-
nologies in the market of advertising and communication agencies and
other companies operating in these industries, students realize the ap-
plicability of technology knowledge and the necessity to apply it in their
daily professional activities developing advertising products for digital
and traditional media.

The innovative content of advertising technology imbedded in Advertis-
ing management and Public Relations degree programs enables students
to learn and to apply the knowledge gained in the study process in prac-
tice, making graduates of these study programs attractive to employers.
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BO3AEWCTBUE MOJIEKYJIAIPHOIO KUCJIOPOAA
HA PENPOAYKLUNOHHO-TPAOUYECKUE NMOKA3ATENN
ONIEKCONPAOCKUX NEYATHDBIX ®DOPM

Kartasheva O.', Sajek D.? Valciukas V.2
' MOCKOBCKMI MONINTEXHUYECKNI YHUBEPCUTET
2 Kauno kolegija/Kaunas University of Applied Sciences

Abstract

The article provides a detailed analysis of the impact of molecular oxygen in
the reaction medium during the main exposure in the process of manufactur-
ing flexographic printing forms on their reproduction and graphic indicators
based on the example of Du Pont Digi Flow, the digital mask technology.

Key words: oxygen inhibition, printing elements, photo-polymerisation, flexo-
graphic printing forms, aerobic conditions, exposure.

Beeagenue

B nporiecce usrororienus diekcorpadckux nedarHsix Gopm Ha (oTo-
nonumepusyembix popMHusbix mractiuHax (PIIIT) Ha cTagnu 0CHOBHOTO 3KC-
NOHUPOBaHMsI MPOTEKAIOT (PU3UKO-XMMUYECKHE IpeBpalleHus, Onaromaps
KOTOPBIM (DOPMHUPYIOTCSI TI€YaTAOUINE 3JIEMEHThI [6]. DTH mpeBpalieHus
B ciosix OonbimmHcTBa DI mpoucxomsT B pesynbrate MHHLIUHPYEMOIt
panukanbHOM monumepu3anuu [7]. Ha ee mpoTekaHue CymiecTBEHHO BIIU-
€T MOJICKYJISIPHBIA KHCIOPOA, KOTOPBIM SIBISETCS MHIMOUTOPOM peaklun
(doTononuMepu3ay, 1 OH TOPMO3HUT MM YaCTUYHO HPEKpallaeT 3Ty pe-
akuuio [4]. A3poOHbIC YCIOBUS MPOTEKAHUS OCHOBHOTO KCIIOHUPOBAHUS
IPY M3TOTOBJICHUH TIEYaTHBIX (GOPM 110 HU(POBON MACOUHOW TEXHOJIOTHHU U
UX BJIMSTHUE HA pa3Mep ¥ KOH(QUTypaLHIO TIeYaTaroNMX JIEMEHTOB H3yYEHO
B psnge pabot [2,8,9]. Crnenuduueckas («myneodpasHas») KOHGUTYpaLUs
neyaTaomux 3eMeHToB [10], moay4YeHHbIX B TaKUX YCIOBUSAX, MPUBOAUT
K MX BBICOKOH YYBCTBUTEIBHOCTH K JIABJIICHHIO IPU M€YaTaHUH, 0COOCHHO
IpU BOCIHPOM3BEJCHUH BBICOKMX CBETOB M300pakeHHs. B arToii sxe pabore
C yueToM MexaHu3Mma (OpMHUPOBAHUS PEIbe(PHOr0 H300paKeHHs Ha Teyar-
HBIX (JOpPMax ONMKCHIBAIOTCS MPOLECCHI BO3EHCTBHSI MOJIEKYJISIPHOTO KHCJIO-
poZia Ha BOCIPOU3BEACHUE MEJIKUX IEMEHTOB M300paKeHHUs! Ha MeYaTHbIX
(dopmax. YcTpaHeHHE MOJIEKYJISIPHOTO KUCIIOPO/a U3 PEaKMOHHON Cpeibl
PU OCHOBHOM 3KCITOHMPOBAHUH OBLIO UCTONIB30BaHO psitom ¢pupm: Kodak,
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DuPont, Max Dermid, Flint Group, Toyobo npu pa3paboTke UMU TEXHHYE-
CKUX PCLICHHI OJJHUM U3 H3BECTHBIX CIIOCOO0B, OonucaHHbIX B [7]. Pa3pado-
TaHHbIE 3TUMH (PUPMAMHU TEXHOJOTUHM IO3BOJIMIM 32 cUeT (POPMUPOBAHUS
IUIOCKOBEPILMHHBIX IIEYaTarOIIX MIEMEHTOB Ha (iiekcorpad)ckoi re4aTHoit
(dbopme 10CTHYb BEICOKOTO KayecTBa 1 00eCIeUnIN CTa0MIBHOCTD [1eUaTy.

Ipennoxennast pupmoit DuPont GpopmHas TeXHOIOTrHs, U3BECTHASI KaK
Digi Flow [1], ycTpaHsieT BO3elCTBIE MOJIEKYJISIPHOTO KHCIOPOJa IIyTeM
NPOBEJICHUS CTAJMM OCHOBHOT'O JKCIIOHMPOBAHMS B MHEPTHOH cpeze. Jrta
TexHojorusi [3] mpenmosaraeT KCIOJb30BAHHE B Kaue€CTBE TAKOW Cpellbl
KOHTPOJIMPYEMOi aTMOC(epsl a30Ta.

BelnosiHeHHBIE B paMKax HACTOSILEH pabOThl HCCIIEAOBAHUS TOCBSIIE-
HBl OIPENENICHHUIO BIUSHNS HHEPTHOM CpeJibl Ha PerpoayKIMOHHO-Tpadu-
yeckue nokasarenu (PI'TI) newarnbix dopm. Iledarnsie hopmbl usrorasiu-
BQJINCh ITyT€M HPOBEJCHUS OCHOBHOTO JKCIIOHMPOBAHHUSI MO TEXHOJIOTHH
Digi Flow B skcnionupytouieir ycranoske Gpupmbl Du Pont, ocHamenHoi
ra3oBoi KaMepoi NpH pexumax: 1 — ¢ coaep’kaHHEM B ra3oBOH Kamepe,
3aM0JIHEHHON a30TOM, AONOJIHUTENbHO 1,3% Kucimopona, 2 — MpU MOJHOM
OTCYTCTBHH KHCJIOpOJIa B Fa30BOW Kamepe.

OcHOBHas1 4acTh

[leuarnbie Qopmbl M3roTaBnuBaiuch Ha (opmHOM 1uiactuHe DPR45
Toi xe ¢upmbel Du Pont [5], Xxopoio 3apexomeHnoBaBiIei ceOst st 1e-
YaTaHUs ITUKETOYHON M YIIAaKOBOUHOW MPOIYKIIMU BBICOKOTO KauecTBa. Ha
9TO# (POPMHOM IIIACTUHE MPH ONTHMAJIBHBIX PEKUMaX U3TOTOBICHHS ObUIN
nosyueHsl nevyatusie Gopmbl. OHUM cofepkanu (GparMeHTbl H300paKeHusl,
nospossitoine onenuBars PI'TI neyarHsix ¢popm. C nmomouisio 3tux Qpar-
MEHTOB OHpEAEIAINCh CIEeAYIOIIMe [ToKa3aTelu: I'paJallioOHHas mepeiada
pacTpoBoro n300pa)keHusi, pa3Mepbl MUHHUMAJIBHO BOCHPOM3BOIUMBIX Jie-
TaJedl ITPUXOBOTO M TEKCTOBOTO U300paKEHHI, B TOM YHUCJIE BHIBOPOTOK, a
TaKKe BEJIMYMHA UX UCKAKCHUM.

Ha puc. 1 npeacrasnens! rpaganuonHsle xapakrepuctuku (I'X) meuar-
HBIX ()OPM, 3AIMCAHHBIX P PA3JIUYHON JIMHUATYPE PACTPUPOBAHHMS.

[Tpu cpaBuennu I'X nccnenyembix neyaTHbix GOpM C JIMHUATY PO pacTpH-
posanust 133 Ipi, nony4YeHHBIX IPU OCHOBHOM AKCIIOHMPOBAHUH TIPH PEXKUME
2, B BBICOKMX CBETax M MOJIyTOHAX N300paKeHHs 3HAYEHMs S Ha revarHoi
¢dopme Ha 1-2% Bbiie, yem npu pesxkume 1. C noBbIlIeHHEM JIMHUATYPBI pac-
TPUPOBAHMS 3TH PA3JINYHs B 3HAYEHUAX S yBEIMUUBAKOTCS 110 3% U Habmr0-
JIal0TCs B OoJiee IIMPOKOM MHTEpBAJIe TPAJalfii 32 CYET €ro PacIIMpEHUs B
obnacTb noxyToHoB. [1pu muHnarype pacrpupoBanuu 175 Ipi JONOIHUTETBHO
TIPOMCXOJIUT €llle M yMeHblieHue S Ha 1-3% B riy6okux Tensx. [lomyden-

INNOVATIONS IN PUBLISHING, PRINTING AND MULTIMEDIA TECHNOLOGIES 2020 | 21



HBIE Pe3yJbTaThl OLEHKU TPAAMOHHON TIepeaauyl MOATBeP)KIAI0TCS OLEH-
KO pa3MepoB Ie4aTarolnX MJIEMEHTOB Ha MUKPO(oTOrpadusix, NOIy4eHHBIX
¢ neatHbIX Gopm. Takum 00pa3om, Uit BOCIPOU3BEICHUS paCTPOBOIO U30-
OpakeHHs Ha MeyaTHbIX (hopMax IesIeco00Pa3HO UCIIOIB30BaATh PEIKUM 1.

SER. %
100 1

o0

- ! . ! ! I lsgmoe
° 10 20 0 a0 s0 50 70 50 o oo

| ) 1 | - 4 —— 52, 96
o 10 20 30 a0 s0 so 70 s0 %0 100

w0
o és// o _— STE %

6
Puc. 1. I'padayuonnvie XapakmepucmuKky neyamubix Gopm npu IUHUAMYpax
pacmpuposanusi: a —133Ipi, 6 —150Ipi, ¢ —175Ipi
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OrieHKa BOCIIPOU3BE/ICHHS IITPUXOB M MX BEIBOPOTOK Ha Me4aTHbIX (op-
Max Irokasaja:

— IIPHU NPOBEJCHUU OCHOBHOTO KCIIOHMPOBAHMS B peXuMe | IITpUXH
OpU MX HE3HAYUTCIILHOM YBEIMUYCHHHM OTHOCHTEIBHO HU(BpPOBOro (Qaiina
BOCIIPOM3BOASATCS Ha Ie4aTHOM (hopMe BILIOTH 710 pa3mMepoB B 10 MKM; rpu-
4yeM, €CJIM HITPUXH PaCIOJIOKEHBI MO HAIPaBICHHUIO 3allUCH, TO UX HCKa-
JKEHUSI MEHBIIIE, YeM IIPH MX OPUEHTALUH IONEPEK HaIpaBlICHHUs 3aIUCH.
OTO NMPEeBOCXOJUT MUHUMAIBHBIA pa3Mep LITpUXa, 3asiBICHHBIA MPOU3BO-
auresneM (GOPMHBIX IUIACTHH. BBIBOPOTKHM IITPUXOB Ha IEYaTHBIX (Gopmax
BOCIIPOM3BOASATCS TOJIBKO JI0 pa3MepoB B 50 MKM, HO MX pa3Mepbl MEHbIIIE,
yeM B LU(POBOM (aiiie, a BeIMYMHA UX HCKAKEHHUH Ja)Ke MEHbILE, YeM
y mrpuxoB. OpHeHTanusi BBIBOPOTOK OTHOCUTEIbHO HAIpaBIICHHS 3allHCH
NPaKTHYECKH HE BIMSIET Ha BEJIMUNHY MX HMCKKEHHIA;

— [IPH TIPOBEACHUHM OCHOBHOT'O KCIIOHUPOBAHUS B PEXKUME 2 BOCIIPOH3-
BOZSITCSI IITPUXH JI0 pa3MepoB B 50 MKM U, €CJIM OHM PACIIOJIIOKEHBI 110 Ha-
NPABJICHHIO 3aITUCH, TO OHH MTPAKTHUECKU HE UMEIOT UCKa)KEHH, OJIHAKO, B
cllyyae OpUEHTalMM LITPUXOB TOIEPEK HAIPABICHUsI 3alIMCH UX pa3Mephl,
1o KpaitHeit mMepe, B 1,5 pa3sa Beiiie, uem B uudpoBom ¢aiine. BeiBopoTku
HITPUXOB TOTO XK€ pasMepa BOCHPOU3BOIATCS C OOJBIIMMHU MCKAKESHHUSIMHU,
YeM IITPUXH, IIPH ITOM, €CJIN OHH OPUEHTUPOBAHBI IO HAIIPABJICHUIO 3allu-
CH, TO BOCIIPOU3BOASTCS C HCKa)KEHHUSIMU B 2 pasa 0oJIblie, 4eM BBIBOPOTKH,
PpacIoyoKeHHbIE MOTIEPEK HaIlPABJICHUS 3aITUCH.

MukpodoTtorpaduy MITPUXOBBIX AeTalleil, MUHUMaJIbHO BOCIIPOU3BOIH-
MBIX IIPH 00OUX PEKUMAX OCHOBHOTO SKCIIOHUPOBAHHUsI pa3MepoM B S0 MKM,
MIOKa3bIBAIOT, YTO H IITPUXHU, U UX BBIBOPOTKH Ha MEYaTHOH (opMme Ipu 1mpo-
BEJICHUM OCHOBHOI'O SKCIIOHMPOBAHHS IPH PEKUME 2 BOCIPOM3BOMISTCS C
OOJIBIIMMH UCKKEHUSIMH U UMEIOT HEpe3KHe Kpas, YeM Te JKe JISTall Ha
neyatHoi (opme, Moay4eHHOH Mpu pexxume 1. DTo 0COOSHHO SIBHO BbIpa-
JKEHO B CJIy4ae OPUEHTAlM LITPHUXOB U UX BBIBOPOTOK, PACIOIOKEHHBIX
HOTIePEeK HAIpaBJCHUS 3alMCU. OTO JieaeT HeoOXOIUMBIM IIPH H3TrOTOB-
JICHUU TI€YaTHBIX GOpPM, COJCPIKAIINX HITPUXOBBIE ETAIH, IPOBEACHUE OC-
HOBHOTO SKCIIOHHUPOBaHUsI TPHU pexume 1.

MuHHMAaJIBHO BOCIIPOM3BOJMMOM Ha HMCCIEAYEMBIX MeYaTHbIX (Gopmax
SIBIISIETCSI OT/ICNBHO CcTOsIast Touka pasmepoM B 100 mxm. OHa yMeHbIIaeT-
Csl OTHOCHUTEJIBHO pa3Mepa B IU(POBOM (aiiie, HO ¢ MCHBIIUMH HCKAKCHU-
SIMU 1 00JIee YETKO OHA BOCIPOMU3BOJIUTCS IPU PEXUME 2.

Mukpodotorpadpuu (pparMeHTOB HIpU(PTa MUHUMAIBHO BOCIIPOU3BO-
JMMOTO Keryisi MpUBeAeHbl Ha puc. 2. HajexHO n KadyecTBEHHO BOCIPOU3-
BOAMTCSl Ha oOeux rneuyarHbiX Gopmax mpudr kerem B 1 myskr. pudt
kersieM B 0,5 MyHKTa, XOTS ¥ BOCHPOM3BOJIUTCS, HO HIMPHUHA €ro JeTayeit
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C pa3JIMYHOM OpUEHTAIMel 3aMETHO OTIIMYAETCs, HO IIPU pexume 2 mpudt
9TOTO KEeIJIsl BBIVISIIUT Oosiee 4eTKUM. B omiimune ot mipudra ero BEIBOPOT-
KM KerJieM B | MyHKT BOCIPOM3BOIAMTCS TOJBKO Ha MEUaTHOH (opme, Mmoiry-
4yeHHOU npu pexkume 2. [ToaTomy /uist BOCIIPOU3BEACHUS OTIEIBHO CTOSIIUX
TOYEK U mpudra 1meaecoodpa3Ho NPUMEHSITH AJIs U3TOTOBICHHS TIEYaTHBIX
dopm pexum 2.

Puc.2. Muxpogomoepapuu gppacmenmos wipughma na neuamuwix popmax,
U320MOBNEHNBIX NPU PASTUYHBIX PEACUMAX OCHOBHO20 IKCHOHUPOBAHUSL:
1 — pesicum 1, 2 — pescum 2

3akioueHHe

Pe3synbrarhl IPOBEICHHBIX UCCIIEAOBAHNI ITOKA3BIBAIOT, YTO MOJIEKYJISIP-
HBIH KHCIIOPOJ B Ta30BOI KamMepe SKCIOHHUPYIOIIEH YCTaHOBKU MPU MPOBE-
JICHHU OCHOBHOTO DKCIIOHUPOBAHUS BIIMSIET Ha BOCIPOU3BEACHHUE pa3iiny-
HBIX 3JIEMEHTOB M300pakeHHs Ha reyarHblX Gopmax. Hannmuue B nusaiine
BOCIIPOM3BOJIMMOTO Ha TIe4aTHOH (hopMe M300pakeHHsl pacTPOBBIX, NITPH-
XOBBIX M TEKCTOBBIX 3JIEMEHTOB OIPEJEIISieT BLIOOP PEIKMMOB MTPOBEJICHHE
rpoliecca M3roTOBJICHUE MEeYaTHOH (OPMBI MPH MCHOJIB30BAHUU TEXHOJIO-
run Digi Flow mytem n3meHeHus cocrtaBa KOHTPOJIMPYEMOH arMocdepsl B
ra3oBoi Kamepe.
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Abstract

Global warming and other negative impacts of human activity are aspects
that urge to mitigate. Much has been done to this regard in the graphic ar-
eas, but they continue to have a significant impact on the environment and
in human health. This article aims to contribute to the growing awareness
of professionals in these fields to this issue. Here are identified some of the
areas of the graphic production chain with the greatest potential, pointing
out the main problems, and possible solutions for application in the daily
professional practice. The identification of problems is carried out through
a review of studies on the life cycle assessment of some graphic products.
These allow us to envision some solutions. Identification of other problems
and improvement opportunities resulted also from the observation that
the authors have been carrying out of the production and consumption
realities of printed artefacts in their areas of expertise, especially in their
home countries. Proposals are focused in design for reduction of materi-
als and in its implications in production. Graphic professionals may directly
implement them or sensitize their partners to do so.

Key words: graphic design, graphic production, publishing, sustainability

Introduction

Global warming and other issues related to sustainability are some of the
biggest problems that humanity has to face today and must try to solve in
the near future. The graphic industry and design, including its professionals,
researchers and educators, have their share of responsibility in the environ-
mental and social impact, but they are also the most qualified ones to seek
solutions in order to mitigate these problems.

Nowadays we have some knowledge and tools that allow us to reduce the
impact of our activities. However, in our daily lives, whether as producers
of communication artefacts or as consumers, we are often focused on other
issues, forgetting to think about our actions in order to achieve the primary
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goals of our companies and institutions and, simultaneously, to reduce the
impacts of our activities. Another aspect to keep in mind is the pedagogical
role that professionals in these areas can play in raising the awareness of
their customers and other actors in the production process with whom they
work directly, seeking a continuous improvement towards sustainability.

This article summarizes the main results of life cycle assessment studies
that allow us to identify more clearly which phases of graphic production
and design have the greatest impact. With this in mind, professionals, re-
searchers and educators in these areas can think of concrete and more ef-
ficient solutions for solving some of these problems. The examples that il-
lustrate the article are from the publishing area, one of the most important
areas for design and graphic industry, which also play an important role in
our lives as citizens.

The publishing area has historically been central to the development of
our society, as well as in the development of graphic arts, its technologies
and industry. Currently, print editions are still responsible for an important
and large part of information and news consumption and, as such, for much
of graphic production. Paper production for newspapers and magazines re-
mains as one of the major areas of paper production. According to CEPI [1],
the union of paper producers’ associations, in 2016 newsprint represented
5.3% of paper consumption in Europe, while papers currently used in maga-
zines —of mechanical pulp, lightweight coated or uncoated— accounted for
more than 9%. Book publishing also continues to play an important role in
Westernized societies even though, like in periodical publishing, the reduc-
tion in print runs has been constant over the past few decades.

The main objective of this article is, therefore, to continue to raise aware-
ness of the importance of, in the daily professional practice, professionals of
these areas being aware of the impact that graphic production and design can
have on the environment and for man. Finally, it aims to suggest concrete
actions to be applied in these areas, which may contribute to a sustainable
development.

Methodology

All analysed studies use the methodology of life cycle assessment
(LCA), probably the most complete and rigorous method of analysing the
production processes of an artefact or service. This consists of collecting
data —inputs and outputs— throughout the entire life cycle of a product from
production, distribution and consumption until its end of life, known as a
cradle to grave assessment. The way in which the objectives of the analysis
are defined, how the inventory of raw materials, energy, emissions and waste
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are carried out, and how the impacts are assessed, in impact categories, is
defined in ISO 14040 and 14044, which started to be discussed in 1997 and
were published in 2006 [3].

Considering the differences between the studies —especially regarding to
the included impact categories, the degree of detail of each one and the way
of assessing the impacts and presenting the results— we chose to limit our
analyses to the only category that is clearly shown in all studies: the impact
on climate change of greenhouse gases emissions, measured in Kg of carbon
dioxide equivalents (CO, eq.). Being only one category out of more than ten,
the analysis is necessarily restricted. For a detailed analysis of the remain-
ing impact categories, we also recognize technical limitations. In practical
terms, thinking about the design and graphic production, we still believe
these are sufficiently useful and valid results.

The analysed studies are the ones we have known and had access to, all
related to graphic production processes, most of them including newspapers.
In some cases, also magazines were analysed, leaflets and, in only one of
them, a hardcover book and a photographic album, or photobook. Most of
the studies are not very recent, but we believe that they are the most impor-
tant ones being conducted on graphic artefacts so far. Tables 1 to 4 summa-
rize the cases covered in each of these works, showing the characteristics of
the printed matter described by the authors. Blank cells refer to unspecified
information. Data in square brackets is deduced by us, with a high degree of
probability, depending on what is implicit in the studies or the knowledge
we have on the realities of these countries and cases. Data separated by two
bars (/) represent different scenarios analysed by the authors. LCA results
are shown in Figures 1 to 4 in percentage values. Here the impact of the
paper production, printing and distribution phases is discriminated. Waste
management is always considered, with the exception of books. In the case
of newspapers, the impact of content production is also included. The re-
sults are separated by type of media, respectively: newspapers, magazines,
books and advertising leaflets. Figure 5 shows the carbon footprint in abso-
lute values of Kg of CO, eq., whenever the authors provided this value per
ton of each of the media under analysis. These data provide us with just an
indication of the impacts of different media, as in practice each of them has
different objectives and, therefore, are not directly comparable in terms of
environmental impact.
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Table 1. Analyzed studies and main characteristics of newspapers

Study Infras et al | Carbon Trust | Nors et al | Moberg et | Pih- Hohental et al
(1998) (2006) (2009) al (2009) |kolaetal | (2013)
(2010)
Newspa- |Bild + Die |Daily Mirror |Typical Sundsvalls |Typical |Aamulehti
per Welt + + Celebs Finish Tidning Finish /I 1ltalehti I/
Berliner regional regional |Kauppalehti
Morgenpost newspaper newspa-
+BZ per
Edition |daily daily + [daily] daily, daily morning
weekly 6 days/ daily, 365/
magazine week, 32 year,
000/day 132 000/day
in SWE // // evening
EUR daily 301/
year,
107 000/day
// economic
daily 249/
year, 70 000/
day
Format |[broad- tabloid [broad- tabloid broad-  |broadsheet
sheets + sheet] (40x28 cm) |sheet
tabloid]
No. Pag. 40 48 48
Paper |newsprint, [newsprint newsprint, [newsprint, |news- newsprint, 45
42,5 g/ (100% 40 g/m2 |45 g/m’ (re- |print, g/m? (75,5%)
m? (26% recycled +  [(40%re- |cycled and |40 g/m* |+ newsprint,
recycled + |coated), cycled + |virgin), (60% 48,8 g/m?
74% virgin |prod. in GBR |60% virgin |prod. in recycled |[(4,3%) +
fibre) // in SWE prod. in SWE // +35%  |improved
prod. in FIN EUR virgin newsprint,
GER fibre, 5% (48,8 g/m?
fillers, (20,2%)
prod. in |prod. in FIN
FIN
Print coldset web |coldset web |coldset [coldset coldset |coldset web
offset offset: [most- |web offset |web offset] |web offset
printed in  |[ly B&W]+ |in FIN in SWE// |offsetin |printed in
GER web heat- EUR FIN FIN
set offset:
CMYK
in GBR
Distribu- | [urban] [urban] home rural SWE  [home de- | mostly home
tion in GER in GBR delivery, |/ urban livered, |delivered
[urban and |[EUR atnight |in FIN
rural] in
FIN
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End of [70% re- 83% re- 80% re- 79% 79% re-
Life cycled, cycled, cycled, 20% |recycled, |cycled, 16%
30% incin- 16% landf. |inciner. 16% landfill., 5%
erated or (Less// in SWE// |land- incinerated in
landfilled in more 60% recyc., |filled, FIN
GER methane), [30% landf., |5% in-
1% inciner. | 10% incin- |cinerated
in FIN er. in EUR |in FIN
Table 2. Analyzed studies and main Table 3. Analyzed studies and
characteristics of magazines main characteristics of books
> |Infrasetal |Norsetal |Pihkola et > | Pihkola et al | Pihkola et al
g | (998) (2009) al (2010) g |(010) (2010)
x )
Bildwoche, | Typical Typical Novel, Photobook,
Horzu, Finish Finish hardcover, |hardcover +
o |SportBild, |magazine magazine with jacket | package
g Bild der ;4
& | Frau, Com- g
< |puterbild, A
Allegra, TV
neu, Auto
Bild, etc.
L5 [205x135 [A4
= & |mm
No. |300 64 // 128
pag.
weekly and | [weekly] weekly, COVER: COVER:
monthly 70 000 to coated coated paper,
80 000/ paper, 150 | 150 g/m?
week g/m? (100% | (100% virgin)
virgin) + + board, 1300
board, 1300 | g/m? (100%
g/m? (100% |recycled)
recycled) +INNER
+ INNER PAGES:
PAGES: coated paper,
g 5 |uncoated 150 g/m?
= & | paper, (100% virgin)
231 & 190 g/m? +
(100% vir- | END PAPER:
gin) + END | uncoated pa-
PAPER: per, 150 g/m?
uncoated (100% virgin)
paper, + PACKAGE:
150 g/m? corrugated
(100% vir- | board box, 120
gin) prod. in | g/m?, plastic
FIN wrapping,
prod. in FIN
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>, |Infrasetal |[Norsetal |Pihkola et > |Pihkola et al | Pihkola et al
E (1998) (2009) al (2010) '5 (2010) (2010)
) )
- |[closeto [close to 22x30 cm
g A4] Ad]
s
No 56 and 86
pag.
SC and COVER: COVER:
LWC (40% | coated fine | coated
recycled paper, fine
+40% 150 g/m2 paper,
5 | mechani- +INSIDE: | 150 g/
S [cal +20% |LWC,80¢g/ |m’+
A~ | chemical m? prod. in | INSIDE:
pulp) prod. |FIN LWC,
in GER 80 g/m?,
prod. in
FIN
web roto- heatset heatset sheetfed electrophotog-
gravure, web offset, |web offset, raphy, CMYK,
2 |[CMYK]in |[CMYK] offset, £ |printedin | printed in FIN
& |GER CMYK, & |FIN
printed in
FIN
., | sewn, water laminated
£ 2 | varnish, hot | cover, glue
% | melt glue | bound
~ | [urban]in |home deliv- | home ~ | [urban and | home delivery
é GER ery, [urban | delivery é rural] in by mail in FIN
and rural] in FIN FIN
70% re- 83% re- 83% Not in- Not included
cycled, 30% | cycled, 16% |recycled, cluded
& | incinerat. or |landfilled 16% L
3 | landfill (Less // landfill., 3
% |in GER more meth- | 1% incin- b
2 ane), erated =
= 1% inciner- |in FIN =
ated
in FIN
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Table 4. Analyzed studies and main characteristics of advertising matters

Study |Leaflet/ |Format | No. | Paper Print Finishing | Distrib. | End of Life
Flyer pag.
Pihkola | advertis- | A4 4 SC,52¢g/ |Gra- folding home 83% re-
et al, ing leaflet m? (100% | vure, delivery | cycl., 16%
2010 virgin) CMYK by mail | landfill., 1%
prod. in in FIN in FIN | inciner. in
FIN FIN
Hol- advertis- | [A5-A6] |2 100% vir- | [offset] | none [urban] | 85% re-
men, ing flyer gin prod. in GER cycl., 15%
[2019] in SWE // inciner. in
100% re- GER
cycl. prod.
in GER
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60

bbb bl

1. Axel Springer 2. Daily Mirror + 3. SunﬂsvaHsTldmng, 4. Aamulehti, FIN 5. lltalehti, FIN 6. Kauppalehti, FIN 7. Typical daily
newspapers, GER Celebs, GBR newspaper FIN

o

o

-20

“Paper production  “Printing  ~Content production ~ “Distribution ~ “Waste management  “Others "~ COZ bonus

Fig 1. Climate Change impact of newspaper production main phases in %

Results

It is clear that paper production, even with significant variations, is al-
most always the element with the greatest impact, which is especially the
case in newspapers and magazines. The amount of paper used in these cases
is quite large, which explains the results, even on papers that use a large
quantity or the totality of recycled fibre.

Printing is usually the phase with the second largest impact, although
usually to a much lesser extent than paper production. One of the cases
where the impact of printing stands out is that of the hardcover book. This
is largely due to the fact that this artefact has a much greater number of
finishing processes, implying a much longer production time as well as a
greater number of means. The study by Holmen [8], on flyers, is the only
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one in which the impact of printing is bigger than that of paper production.
This may be due to differences in the studies themselves, used methods, data
and dates of execution, but also due to the fact that the amount of paper is
considerably less in the flyers case.
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30

20

10

1. Axel Springer weeklies

2. Typical magazine (less 3. Typical magazine (more
and monthlies GE.

emissions in landfill) FIN  emissions in landfill) FIN

3. Typical magazine FIN
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“Paper production “Printing  Content production “ Distribution “ Waste management “ Others ~ CO2 bonus

Fig 2. Climate Change impact of magazine production main phases in %
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Fig 3. Climate Change impact of
book production main phases in %
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Fig 5. Climate change impact in Kg of CO, eq. per tonne of printed matter

Distribution can have a significant impact, especially in the newspapers’
case, and in situations where distribution outside cities has a greater weight,
as in Scandinavian cases. Subscription sales contribute a lot to this impact,
as the periodicals are delivered to the subscribers’ homes by an exclusive
transport for this service, not being carried with regular mail.

In a much smaller number, waste management can represent a consider-
able impact, essentially when some authors have considered a greater emis-
sion of gases in the landfill.

Content production may also have some impact, as in the case of the
Finnish newspaper Kauppalehti, according to the authors, due to the shorter
circulation of the newspaper. However, in most studies this factor was not
considered.

Discussion

Reducing the amount, weight or type/quality of paper used in any of
those artefacts is fundamental, and may have a greater reach in the periodi-
cals case, especially newspapers. We may also understand that a paper de-
crease has positive implications at all later production stages. For example, a
newspaper that reduces the amount of paper by about 20% can save prepress
time and materials by around 15%; reduce by 50% the time and materials
needed to set up the machines; and decrease printing time by around 30%
[9]. By reducing the weight of the final product, distribution is yet another
area where there are environmental and financial gains.
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Newspapers have been reducing their sizes in many countries, especially
in Europe. This change was intense at the beginning of this century, with the
size decreasing of many broadsheets to tabloid format, but after that phase,
size reductions have been quite moderate. Micro formats (close to A4) are
mainly used by free newspapers in some central European countries, but
their use among quality newspapers is practically non-existent.

Among magazines, there are rare cases of prestigious publications, with
large circulation, with a smaller dimension. National Geographic, with an
intermediate size for a magazine, is a unique case at an international level.
Some European women’s magazines have been editing for a few years the
same issue in two sizes, one “normal”, close to A4, and other in a pocket
size, roughly half of the larger size. However, they do not make a definitive
transition to the smaller size.

The area of books is quite vast and diversified. However, with the excep-
tion of pocket size paperback books or similar, there are also no significant
changes in terms of saving paper. Especially in the case of novels, also the
use of special finishes has increased significantly. Even though this is an
artefact with a much longer life span than that of periodicals, in several
areas, such as schoolbooks, e.g., there is still a significant consumption of
resources regarding the their shorter life.

In all cases of periodicals and in various areas of book publishing, the
quality of paper and printing has increased significantly over the past 4-5
decades. The use of super calendered papers (SC), in newspapers, light-
weight coated (LWC), in magazines, or coated papers in certain books; full
CMYK printing; an increasing use of white space; or an increase in the
number and size of images, are other examples of a growing use of resources
in these areas.

Conclusions

Decreasing the use of paper is a logical and obvious step towards re-
ducing the environmental and financial impact of printed matter, which in
some cases has been used, both in design and in production. However, its
application has been subject to several restrictions in most communication
and advertising printed media. There are several examples in the history
of design and graphic arts that demonstrate that it is possible to maintain
the same amount of information and, at the same time, a certain visual im-
pact and a seduction of graphic communication. It is within the reach of
graphic professionals to use space-saving features, such as a certain way of
using typefaces, composing text or layout graphic elements. In certain cases,
graphic professionals do not decide the size of the artefacts they design or
print, but ultimately they can influence their partners to resource reduction.

INNOVATIONS IN PUBLISHING, PRINTING AND MULTIMEDIA TECHNOLOGIES 2020 | 35



In the cases where graphic professionals can decide about sizes, the role of
designers and printers is central in order to optimize the quantity and quality
of the forms of information and communication.
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PIGMENTS INFLUENCE ON COATED PAPER SURFACE
AND PRINT QUALITY

Ozden 0.7, Sonmez S.2, Ertiirk A.’
!Istanbul University-Cerrahpasa
2 Marmara University, School of Applied Sciences,

ABSTRACT

Coating the paper surface is an important process that improves the image
and printability of the paper. The particle size, and type of pigments used
for the coating cause changes in the mechanical and surface properties of
paper. In this study, two different clay were used as pigment. Latex is used
as a binder. Coating color prepared with a mixture of latex and pigment
was applied to the paper surface with K-Control Coating type apparatus.
Coatings are applied as 10 g / m? single face. For this study, the effect of
coating in coating color with different pigments on paper surface resist-
ance and paper resistances is aimed. Resistance properties of the papers
were examined as a result of the coatings. In addition, water resistance and
Dennison wax tests were determined for the printability effect. Printing
was done on sample papers using Cyan ink in the IGT test device under
laboratory conditions.

The results showed that the tensile strength, tearing, were improved as
the type of pigment and the coating amount were increased. The printing
properties of sample papers have improved.

Key words: Ultra clay, macro clay, latex, mechanical properties, density, gloss

Introduction

The pigment coating improves the paper surface by completely covering
the fibers in the base paper. But if the base paper is not good, it cannot cover
the defects [4]. Therefore, base paper plays an important role in the quality
of the coating. If it has a good formation and surface smoothness, a stronger
and smoother surface will be obtained with a less coating [5].

Surface coating or surface sizing are important processes for the quality
and printability of the paper [6]. In addition to the appearance of the paper,
mechanical resistance properties and surface resistance properties increase
with surface treatments. The smoothness and mechanical properties of the
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paper surface also affect the printing properties [6]. Used kind of pigment
has an important effect on paper smoothness and mechanical properties [1].
Also, pigment particle sizes and shapes are important in determining surface
smoothness of paper [2].

Many parameter results are required for the quality of paper and card-
board products. These:

Paper Parameters

1. Structure and composition

a) Basis weight

b) Bulk & Density

c) Caliper

d) Hardwood% or softwood%

e) Sizing

f) Porosity

g) Roughness

h) Young’s modulus

2. Optical properties

a) Fluorescence

b) Brightness

c) Gloss

d) Micro gloss nonuniformity

e) Opacity

These features and effects are listed in Table 1.

Table 1. List of Paper Property & their Impact

sional Stability

tribution ---Fiber-fiber
contact & bonding -
Moisture Content

Paper Property Control Parameter Impact (Affects)

Internal & Surface |- Sizing agents Printability

Sizing

Smoothness & - Filler distribution Print/Image Quality

Caliper Variation | -Fiber type (mottle, density loss, & im-
-Calendering age transfer)

Strength & Dimen- |- Filler content & dis- | Runnability & Image Reso-

lution

Moisture & Curl

- Filler concentration&
distribution

- Drying Process

- Web formation

Runnability & Electrostatic
Transfer Efficiency (mottle
& toner density)

38

| International Scientific-Practical Conference




Paper Property Control Parameter Impact (Affects)
Brightness & - Moisture nonunifor- | Print/Image Quality
Whiteness mity

-Lignin content - Fiber
-distribution & type
Opacity - Filler content Print/Image Quality
- Fiber type

- Heat & wet calender-
ing

- Additives & fillers
Specular Gloss - Calendering Print/Image Quality
- Fiber orientation &
distribution

- Moisture nonunifor-
mity

- Toner transfer ef-
ficiency

Electrical Resis- - Moisture content Runnability, Printability,
tivity & Static - Mass density &Print/Image Quality
Properties - Paper composition
Thermal Conduc- |- Fiber distribution Print/Image Quality
tivity & Porosity |- Porosity

- Pore size distribution

Resource: Christoper J. Biermann, 1996 [3]

The aim of this study is determine the printability affect and strength
properties which is one of the activities of coating pigments.

Materials and methods

In study, 80 g/m* commercial Kraft paper was used as the base substrate
for coating. The Kraft paper properties are summarized in Table 1. The prop-
erties of the coating materials are given as reported by the supplier in Table 2
and 3. The (%) solids of the mineral pigments and binders used in the coat-
ing formulations are given in Table 4.

1. Preparation of Pigments

In this study, two different commercial kaolin clays with different mor-
phologies, and particle size distributions (PSD) ranging and latex were used.
The pigments were Capim DG, obtained from Imerys, UK, and Nurclay,
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supplied by BASF (Table 2). The kaolins were received as dry powder and
were dispersed in water prior to the coating preparation. Other pigments
were received as slurries.

Table 2: Properties of pigments used
ISO wtho | wt% D50 |Shape |Concentration
Brightness |<2um |<0.25pm |um |Factor |wt%

Capim Dg

(Clay) 89 92 14 056 | 15 74
Nurclay

(Clay) 86 80 n n n 70

(n:1t2s not certain)

2. Preparing the Paper Coating Substances

For this study, five different coating formulation were prepared. All coat-
ing was prepared at 45% solid and at 8-8.5 pH. Distilled water used in all
processes. The viscosities of the coatings were measured with a Brookfield
viscometer (spindle No. 3; at 100 rpm). All paper surface single side coated
with using # 3 bar by coating applicator (K Control - Coater Model Labora-
tory type rod coater). The applicator speed was 3 cm/s. The formulations of
the coatings are given in Table 3.

Table 3: Coating Formulations (F)

F1 F2 F3 F4 FS
Capim Dg (Clay) 100 - 50 60 40
Nurclay (Clay) - 100 50 40 60
Acronal 360 (Latex) 12 12 12 12 12
pH 8.18 8.03 8.08 8.06 8.06
Viskosity (Brookfield) cP,
100RPN¥#§3 ) 10.4 2.06 7.03 1.78 4.59

3. Determination of Paper Strength Properties

Paper strength tests performed in Istanbul University-Cerrahpasa, Fac-
ulty of Forestry, Department of The Chemistry and Technology of Forestry
Products SEKKA Laboratory. Zwick Universal Test machine used for evalu-
ate to bursting strength (ISO 2758) and tensile strength (ISO 1924-2). Tear
strength (ISO 1974) evaluated in Elmendorf test machine. Cobb60 results
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measure according to ISO 535. After kept 24 hours in the conditioning room,
paper tests obtained. Standard method was ISO 287. The results of test are
given in Table 4 and 5.

Table 4: Properties of uncalendered-coated Kraft paper.

Coating |Coated |Coating |Cobb60 |Thick- Den-

formula- | paper amount |(gm?) ness nison

tions weight |[(g) (mm) Wax

(g/m?) number
WSI1 FS2 WS1 |FS2

FO 80 - 40.6 24.36 0.10 18 18
Fl1 107 27 30.45 34.51 0.11 5 5
F2 97 17 38.57 [32.48 0,11 9 9
F3 99 19 36.54  [32.48 0.11 6 6
F4 95 15 34.51 34.51 0.11 6 6
F5 102 22 38.57  140.60 0.11 6 6

1: Wire face, 2: Felt face

Base and coated papers were tested with Dennison waxes and acceptable
values obtained for coated paper. Base paper, has higher values according
to their coated ones. In this study, coated papers generally describe with 6A
wax number, while base paper described with 18A (Table 4). Example F2 is
described with 9A wax number.

Table 5: Physical properties of uncalendered-coated Kraft paper.

Coating |Tensile |Elon- |Bursting|Tearing
formula- |strength |gation |indices |indices
tions indices | (%) (kPa. (mN.

(Nm/g) m’/g)  |m?g)

MD1 CD2 |MD CD WF3 |FS4 |MD |CD
FO 57.18 36.85 |1.73 4.56 2.15 2.17 [6.13 [6.98
F1 45.15 28.3 |1.91 5.02 1.83 |1.77 [5.04 |5.31
F2 49.35 31.15 [2.03 5.56 1.94 |1.82 [6.52 [6.97
F3 30.46 32.75 [5.30 5.25 1.98 |1.88 [5.49 |5.79
F4 53.90 32.74 |2.06 4.99 1.93 [2.06 |5.42 |5.73
F5 47.57 32.25 [1.89 5.57 1.87 |1.86 |5.04 |5.48

1: Machine direction, 2: Cross direction, 3: Wire face, 4. Felt face
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At the end of the coating process, the bursting indices values for the wire
and felt direction decreased compared to the base paper. The highest burst-
ing indices values out of base paper were obtained with F4. (Figures 1)

Bursting indices(kPa.m?/g)

||| || ||| || mFO mFl mF2 mF3 mF4 mF5
0

Coating Formulas

[
= n N

o
wn

Bursting indices(kPa. mz/g)

WF: Wire face, FS: Felt face

Figure 1: Bursting indices value

All coated papers’ values of tensile strength indices in machine direction
were increased. coating colors’ tensile strength indices test results, respec-
tively, are lower than that of base paper for machine directions and crosswise
directions (Figures 2).

Tensile Breaking Indices(Nm/g)
80

60 mF0 mFl mF2 mF3 mF4 mF5

0 |II II III II
MD

Coating Formulas

4

o

2

o

Tensile beakingindices(Nm/g)!

MD: Machine direction, CD: Cross direction
Figure 2: Tensile Strength breaking indices value
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Tearing indices values of both clay pigment grades were decreased for
both MD and CD because of coating colors. Compared with the base paper’s
tearing indices value; But only F2(100 part Nurclay) is increasing (Figures 3).

Tearing Indices(mN.m?/g)

0
MD CcD

Coating Formulas

=
o

mFOmFl1 mF2 mF3 mF4 mF5

Tearing
Indices(mN.m?2/g)

MD: Machine direction, CD: Cross direction
Figure 3: Tearing indices value

4. Print

The prints have made in laboratory conditions using IGT test apparatus.
Cyan offset printing ink had used for printing. Density and gloss measure-
ments were made after the prints were dried in room conditions. Then delta
gloss values were measured.

Figure 4 shows that the highest density value was obtained in F5-WS,
which is included two different clay. In F5-WS, there is an increase in the
density values depending on using Nurclay (Clay) in coating formulations.
The same result is also the same as F5-FS. The density values obtained on
the face of WS are quiet higher due to FF.
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Figure 5: Density value for FS

Figure 6 and 7 show that the gloss values of paper before print is higher
than the gloss after print. Both WS and FS have the same gloss values before
print. Increasing Capim Dg (Clay) used in coating formulations increased
gloss values. After Print, the gloss values of all formulations were affected
negatively.

44 | International Scientific-Practical Conference



60.00
< 50.00
40.00

30.00

20.00 M Gloss Before Print

10.00 Gloss After Print
0.00

O O O O ©
g’s NN
< <<°><<V<<‘>

Gloss values (%)

Coating formulas

Figure 6: Gloss value for WS
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Figure 7: Gloss value for FS

Results and conclusions

In this study, grammage, coating amount, tearing, tensile breaking
strength, bursting strength, gloss, density and wax pick of coated papers
were determined.

In this study wood free base papers (bleached Kraft paper) was used and
results of these base papers’ physical tests were compared with each base
papers which coated by different coating formulas. Our test results at the
end of different coated applications have shown that ultra micro pigment has
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improved its printability more. Because, although there is not much change
in resistance values, gloss and print density increased.
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EFFECT OF DIFFERENT FILLER ON PRINTABILITY
AND PAPER PROPERTIES

Ozden 0., Oztiirk A.", Sonmez S.>
!Istanbul University-Cerrahpasa Forest Faculty
2 Marmara University, School of Applied Sciences

Abstract

Filler and binder are used together with cellulose fibers during paper pro-
duction. Mineral fillers, which is clay, precipitated calcium carbonate (PCC)
and ground calcium carbonate (GCC), are widely used in the papermaking
industry during paper product. Generally, producing in paper is used as ka-
olin and calcium carbonate filler. Recently, Alkyl ketene dimer (AKD) or Alk-
enyl succinic anhydride (ASA) and Synthetic glue has been used as binder.
Unlike known fillers in our work, we tried perlite as a filler. Three different
weights were made of kraft cellulose, using perlite that was broken and
micro-sized. Resistance tests and offset printing tests were carried out on
papers made in laboratory scale.

As a result, it is seen that resistance and printability properties have im-
proved, but, studies are needed to increase the rate of adherence of perlite
to cellulose.

Key words: Paper, filler, pigment, Perlite, coat weight, printability

Introduction

Fillers are a big part of papermaking. In nearly every paper and paper-
board grade fillers can be found in the furnish. Filling is used in the making
of all paper and cardboard types. The amount of fillers can vary up to 30%
depending on the paper type. They give special properties for paper products
that could not be achieved in any other way [4].
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Table 1. Classification of Major Papermaking Fillers as either Natural

or Synthetic [6]
Mineral
. Natural Products | Synthetic Products

Composition

CaCo, Ground limestone | Precipitated calcium carbonate
(GCC) (PCC)
Chalk (ground)

Al0,.28i0,2H,0 |Clay (hydrous Precipitated aluminum silicate
kaolinite)

TiO, - Titanium dioxide (rutile &

anatase forms)
Mg.Si,0, (OH), Talc -
CaSO,.2H,0 - Gypsum

In paper making, generally inorganic materials are used as filling pig-
ment. As shown in Table 1, it is possible to divide these materials into two
main classes, natural and synthetic. Some pigments such as calcium carbon-
ate are available as fillers in both natural and synthetic forms [8]. Other
minerals, such as talc and titanium dioxide, are mainly restricted to either the
natural or the synthetic category of fillers, respectively [6].

Filling, glue and various paints are added to bleached and beaten pulp
to give the paper smoothness, density and durability. Fillers help to create
a smooth and homogeneous surface by filling the gaps between the fibers.
Also, fillers increase density and print quality [2].

In recent years, many efforts have been made to develop new fillers or
new fillers technologies to improve paper production quality and / or reduce
production costs. Improving properties of paper has positively affect print
quality. Especially, air permeability and surface smoothness are the most
important characteristics determining the print quality [9].

In this study, expanded perlite and calcite were used as filling material.
After the mechanical processes used are passed through perlite taken from
reserves in Turkey. Perlite is provided in the reserve area in Turkey. The
grain sizes have been reduced as a result of mechanical processes. There is
no chemical treatment. There is no chemical treatment.

Perlite is a generic term for naturally occurring siliceous rock. It is a form
of natural glass which like pitchstone, obsidian and other similar contains
“combined water”. Perlite (containing 1,9% — 4,8% wt. “chemical” or com-
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bined water) was formed over a few million years by the chemical weather-
ing of obsidian at the earth’s surface. Perlite deposits that are considered as
exploitable for industrial uses, are distinguished in pumiceous (frothier and
least dense), granular and onionskin (Table 2).

Table 2: Typical physical properties of expanded perlite [10]

Colour White
Refractive Index 1.5

Free Moisture, Maximum 0.5%
pH (of water slurry) 6.5—-8.0
Specific Gravity 22-25

Loose Bulk Density (LBD)

30-150 kg/m3

Size commercially available

6 mm and finer

Softening Point 870-1095°C
Fusion Point 1260-1345°C
Specific Heat 387 J/kg-K

Thermal Conductivity at 24°C

0.038-0.060 W/m-K

Solubility

* Soluble in hot concentrated alkali and
HF.

* Moderately soluble (<10%) in IN aOH
Slightly soluble (<3%) in mineral ac-
ids (IN)

e Very slightly soluble (<1%)in water
or weak acids

2. Material and Method

In this study, waste paper (corrugated cardboard waste) and kraft cel-
lulose (bleached Pinus nigra cellulose) were used. Two types of paper have

made, filled and unfilled.

Perlite and calcite has been used as the filler. In addition, alum and la-
tex are used in filled papers. A sufficient amount of paper is produced with
80 g/ m?>—-90 g/ m?— 100 g/ m? and perlite-filled.
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Printability

Table 3: Densitometric value averages of test prints taken over time

First 24
2 hours | 4 hours | 8 hours | 12 hours
Paper Type | measure hours
later later later later
ement later
Bl 1,05 096 | 0,96 0,96 096 | 0,96
With Perlit
];1 T 097 | 091 | 09 | 09 | 090 | 090
With calcit
];1 A o1 | 096 | 094 | 093 | 093 | 093
B2 1,22 1,18 1,15 1,14 1,11 1,11
With Perlite
1,07 1,03 1,01 1,01 1,01 1,01
-B2
With calcite
B 1,05 0,99 | 0,98 0,98 098 | 0,98

Three different papers were produced for this study. Handmade papers
were produced as calcite-filled and perlite-filled, without using fillers. IGT -
C1 Offset printing test was applied to the obtained paper samples. The paper
samples were conditioned for 24 hours at 23°C and 65% relative humidity
in the media to be printed. One of each paper sample was taken and the test
prints were made in a 300 Newton print pressure in accordance with the
ISO 12647-2 standard in IGT - C1 Offset test press with a Michael Huber
Miinchen Resista Cyan 43F10RS series ink (Figure 1). Tolerance limits are
within = 5%. Densitometric measurements of the samples with test prints
were made with Gretag Macbeth spectrophotometer and measurements were
recorded. The printing of the other three samples was carried out under the
same conditions. While the processes were completed in this way, the den-
sitometric values of the printed samples were examined immediately after
printing, 2 hours, 4 hours, 8 hours, 12 hours and 24 hours later, and average
densitometric values were determined for 6 types of paper (Table 3). The
effect of the paper obtained from different pulps with the determined values
on the densitometric value is shown graphically in Figure 2 and Figure 3.
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Figure 1. Graphical view of densitometric value averages of test prints on papers
obtained from waste paper without using filler and using Perlite or Calcite.
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Figure 2. Graphical view of densitometric value averages of test prints made on
paper obtained from raw pulp without using filler and using Perlite or Calcite.

When the effect of printed ink on densitometric values is evaluated in
test prints made on papers obtained from different pulp;

* The densitometric values of the prints made on the papers obtained by
using filler into virgine cellulose are higher than those obtained with waste
papers. However, in both methods of obtaining paper, the densitometric val-
ues obtained on the papers produced without the use of fillers were high.
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* Depending on the conditions of the printing environment, the full
drying of the ink took place in the literally 8 hours of drying on the papers
obtained by using virgine cellulose, while the papers obtained with the waste
papers were dry after 2 hours. While the drying of the papers obtained by
using filler into the virgine cellulose takes place after 4 hours, the complete
drying takes place in the paper produced by using Perlite from the papers
produced by adding filler to the waste pulp, after 8 hours in the papers pro-
duced by using Calcite.

*  While the highest densitometric value is obtained from paper pro-
duced with pulp produced with virgine cellulose, the density loss obtained
after 24 hours is highest. Density losses after 24 hours are less in papers pro-
duced using filler. Densitometric decrease in paper produced using perlite is
less than calcite. This decrease is due to the high absorbency property of the
calcite pigment.

e The maximum loss of densitometric value two hours after the test
print is seen on papers obtained with waste pulp. This decrease in density
shows that the absorbency of the paper is high.

* The density value obtained by using Perlite as a filler into raw cel-
lulose is higher than the density value obtained in papers obtained by using
Calcite. It is also higher than the paper obtained with waste pulp. However,
the density value obtained with calcite filler in waste papers is higher than
the density value in papers produced using Perlite.

4 5

Figure 3: The images of Printed samples.
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» The color values of the papers greatly influenced the print tonal value
obtained. The most important factor in ensuring readability can be achieved
by obtaining sufficient contrast between the print color and the paper color.
Failure to perceive the characters if sufficient contrast is not provided causes
errors in perception, thus causing pauses in reading and perception. Papers
4, 5 and 6 therefore do not have the appropriate tonal value, especially for
long-ranging text strings (Figure 3).
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APPLICATION OF PRINT SIMULATION TRAINING
AT THE STUTTGART MEDIA UNIVERSITY

Hartmann D., Paap E.
Stuttgart Media University, Germany

Abstract

Since nearly 20 years simulation software for offset printing processes
has been used at our university. The initial goal was to provide a type of
“hands-on” training for the increasing number of students who had little
or no experience in printing. But as educational graphics programs are be-
ing reduced by schools at both the vocational and post-secondary levels
worldwide, few options remain to efficiently train students on a limited
budget. The global print industry continues to grow (forecast of $874 B
in 2024), despite all challenges faced, and it desperately needs qualified
young managers.

The simulation of print processes uses interactive software to mimic the
operating conditions of complex printing presses that often cost several
million euros. Students obtain experience in printing without the costs,
dangers or extended training associated with learning on actual presses. A
wide variety of printing and folding conditions/problems can be simulated
in different languages on various presses with related costs and materials.
Cloud based learning management systems now allow simulation exercis-
es to be easily accessed by students everywhere and reviewed by a trainer
in a different location.

Simulation software presents an excellent modality to enhance and im-
prove both capacity and access to high quality printing skills training,
alongside other learning domains.

Key words: simulation, printing education, offset, training, e-learning

Introduction

Offset printing is still the most widely used printing technique in the
world. The global commercial printing market is expected to grow at a com-
pound annual growth rate of around 2% from 2019 to 2024 and continues to
be one of the largest industries worldwide. Because of its low printing price
and the high quality of printed products, offset printing is used in the produc-
tion of packaging, commercial printing, printing of labels, etc.
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On the other hand, study courses for printing and printing related indus-
tries have greatly reduced in size over the last 15 years especially in higher
education. Once dominant, well-known international universities for print-
ing such as the Rochester Institute of Technology in New York, the former
London College of Printing, Moscow State University of Printing Arts, Cal
Poly in California or even our university here in Germany, have dramatically
decreased the printing equipment available on campus. This is in response to
a continually declining number of students interested in studying printing.

So how best to train future young professionals for this industry when
faced with persistently dwindling numbers of students and reduced budgets?
Not to mention Generation Y, a generation that prefers to work in groups
with hands-on experiences, that does not particularly value reading, let alone
listening to lectures. Todays students want learning to be creative, interac-
tive and where possible, perhaps even fun! Jodie Eckleberry-Hunt stated
2011[2] that collaborative learning coupled with immediate feedback within
a practical context, is instrumental for the Generation Y [2].

The simulation of print processes uses interactive, innovative software
to mimic the operating conditions of complex printing presses. Universities
can no longer afford very expensive printing presses and the therewith as-
sociated pre-press and finishing equipment. Not to mention the accompany-
ing employees and maintenance required. Our university was confronted
with this problem roughly twenty years ago. Before that nearly all students
had basic if not specific knowledge of printing processes obtained through
Germany’s renowned trade programs. As more students attended university
directly after school, this knowledge was absent. Additionally, interest in
technical printing study programs began to decline.

By implementing simulation training, the tech-savvy Generation Y ob-
tains experience in printing without the costs, dangers or extended training
associated through learning on actual presses. The software can be used on
all kinds of devices and students can easily work in groups or alone. A wide
variety of printing and folding conditions/problems can be simulated in a
slew of languages on various types of presses. The software can be used
in different modes with hundreds of predefined exercises for all levels and
run 24/7. Students enjoy working with software as an alternative to many
courses with traditional lectures.

Presentation of Research Results (Analysis)

Companies throughout the printing industry are facing a common prob-
lem: A large percentage of employees are reaching retirement age. Where
are they going to find replacements for these skilled workers? Many parents
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and school counselors continue to associate printing with a dirty, old-fash-
ioned, hands-on industry and hence discourage future students from study-
ing in this area. All over the world, graphics programs are being dropped by
school administrators.

Berthelsen referenced a 2018 industry survey that ranked top business
challenges faced in the printing industry [1]:

1. Finding skilled sales personnel (65%)

2. Finding skilled production employees (42%)

3. Recruiting and retaining employees (38%)

Tiekstra suggest [8] that printers across Europe are open towards cooper-
ating with academia. Here, simulation training could provide an interesting
and cost effective method to train employees in new technologies. Excit-
ing innovative software could also help to attract new, young employees.
Printing companies are especially interested in training and short courses,
but would also like to participate in collaborative research partnerships with
academic institutions.

Vlachopoulos and Makri [9] found that on balance, results indicate that
simulations in education have a positive impact on learning goals. During
scenario-based training, the trainee acquires important skills, such as inter-
personal communication, teamwork, management, decision-making, task
prioritizing and stress management [3]. These skills are more important than
ever in today’s fast paced, team-focused business environments.

Rutten [6] concluded in 2012 that simulations are gaining a prominent
position in classrooms by enhancing the educator’s repertoire, either as an en-
hancement to traditional teaching methods or as a partial replacement of the
curriculum. Nevertheless, they stated that the acquisition of laboratory skills
cannot be entirely replaced via simulation training. At the Stuttgart Media
University, the same observation has been made whilst teaching print simula-
tion the last nearly 20 years. Simulation training can play a significant role in
making lab activities more cost and time effective. One interesting possibility
is to offer it as a kind of pre-lab training. However as labs diminish, it can
still play a noteworthy role in gaining knowledge about technical processes.

Typical simulation systems for printing encompass learning on a variety
of virtual presses. Included in the software is a monitoring and cost analy-
sis which draws comparisons to preset values and correlates effective press
utilization versus the theoretical cost on a true industry press. Data per user
is compiled allowing the trainer insights into the trainee’s progress (internet
based learning management systems). Some simulation software for print-
ing can be connected to a real press console, if preferred (more applicable
to industry training).
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Simulation and games training is expanding quickly worldwide. In the
area of print, there is only one vendor who offers a full program applicable
for education: Sinapse Print Simulators in France [7]. It is estimated that
over 2000 print simulators are installed worldwide. Users include not only
educational institutions (universities, technical/vocational schools, etc.) but
printing companies and their suppliers as well. Many countries don’t have
trade programs and are reliant on expensive hands-on training on presses.
Here simulation software can offer an inexpensive and effective alternative.

Statistics based on the Distributed Learning Management System
(DLMS) from Sinapse Print Simulators [7] shows the number of hours of
simulation within twelve months worldwide (courtesy of the software sup-
plier), with the exception of China:

From 2019-04-01 To 2020-03-31

Apr May  Jun Aug Oct Dec  Jan

Sep Nov Feb  Mar
SheetSim SHOTS - WebSim Heatset - Packsim Flexo H Packsim Gravure

dui

Fig 1. Print Simulation Software Usage Worldwide (without China) —
Number of Hours

Sheetfed offset printing (SheetSim SHOTS) remains the most important
learning tool with a share of 55%, followed closely by flexography for pack-
aging (Packsim Flexo) which has seen a dramatic increase in usage the last
few years and now has a stake of 35%. This concurs with industry changes
and increased packaging worldwide. Gravure and web offset printing only
represent a small fragment. Not included in the statistic is China, which has
its own system:
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From 2019-04-01 to 2020-03-31

MNov Dec  Jan Feb Mar

Jun Jui Aug Sep Oct &l

Apr

May

Fig 2. Print Simulation Sofiware Usage in China — Number of Hours

[ sheetsim SHOTS M Packsim Flexo

Simulators from Sinapse Print Simulators are used alongside real presses
for competitions such as the EuroSkills as well as WorldSkills Internation-
al. Brittany Whitestone, two-time USA national champion in printing us-
ing simulation software, stated that students need to become more aware of
printing. That many students don’t know what the industry does, but when
they understand what it’s about, they think it is “really cool”. At such cham-
pionships, the male-female ratio is often about 50% each. This is encourag-
ing, proving that the use of software in education is helping to increase the
percentage of women interested in studying printing. A trend we’ve wit-
nessed at our university in Germany as well. Unfortunately it is still quite
a contrast to the number of female executives prevalent in the printing in-
dustry.

Conclusions

Why use print simulation training in higher education? The number of
students with any type of technical training has been continually decreasing
the last few years. The time and costs associated with hands-on training on
printing machines has increased and/or because of tight budgets or insuf-
ficient access time, cannot be fully realized. Existing presses at universities
are often old or do not reflect state of the art technologies. Additionally, there
are often great disparities between existing technical knowledge amongst
students.
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Simulation software offers students who may have a certain “fear” to
work on a printing machine, managing a printing company or understanding
technical printing processes, the opportunity to explore all kinds of func-
tions and build-up confidence. It also offers students the possibility to learn
how processes can be optimized and the impact on costs. E-learning applica-
tions appear to motivate Generation Y students. Additional benefits are that
different languages can be used, that the students can access the learning
exercises 24/7 and monitor their own progress as well as the trainer.

Technological innovations are changing learning environments at a rapid
pace and transforming traditional teaching methods. Educational simulation
software has a massive potential worldwide. New software solutions must
give educators the flexibility to teach their course as they wish, while pro-
viding students with appealing products designed to help them meet their
learning requirements.

The Bill & Melinda Gates Foundation funds research study into the
benefits and effectiveness of simulated learning, indicating the importance
worldwide. Software simulation companies will be challenged with creat-
ing mechanisms that include more motivational elements and making the
learning experience seem more fun and less like work. Virtual reality, artifi-
cial intelligence, storytelling, etc. will play larger roles in future educational
simulation software.
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INDUSTRY 4.0 IN BULGARIA - OVERVIEW, ANALYSIS,
APPLICATION APPROACHES
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Abstract

An analytical overview of the features of ,Industry 4.0” (theoretical and
practical) and the possibilities for their application, some approaches for
introducing the principles of the fourth industrial revolution in companies,
as well as cyber-physical systems, information environment and security,
the state of the industrial are presented companies in Bulgaria.

Keywords: Cyber-Physical System, Industry 4.0, Smart Factory, Smart Econo-
my.

1. Introduction

The industry is currently operating in the face of increasing global com-
petition, requiring reduced time and manufacturing costs. Increasing demand
for individualized industrial products and services, coupled with the require-
ments for more efficient use of resources, flexibility and speed of production
processes, significantly increase the complexity of modern production sys-
tems. In order to sustainably exist in this dynamic envi-ronment, businesses
must not only increase their productivity and process flexibility, but also
fundamentally change their technological development strategy [2,3].

»Industries 4.0” has become a top priority for many research centers,
universities, and businesses over the past four years with numerous contri-
butions from scientists and practitioners. The aim is to use the leading role
of the industrial information technologies3, which are currently in a revo-
lutionary phase (the fourth industrial revolution). Through interopera-bility
and the use of smart factories (Smart Factory), it is possible to exchange real
information to better meet customer requirements. This flexible develop-
ment will lead to greater individualization in the provision and use of intel-
ligent and tailored industrial products and services [1].
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2. Exhibition

2.1. ,Industry 4.0“ Overview

Industries 4.0°s technological base is: cyber-physical systems, the ,,In-
ternet of Things /Components/ CPS Subsystems*, the ,,Internet of Services™
and the ,,Intelligent Factory“[1,2].

The first industrial revolution was related to mechanization driven by
water and steam. It was followed by a second industrial revolution of mass
production through assembly lines and the use of electricity. The third revo-
lution is the so-called the digital revolution, with the use of electronics and
information technology to further automate production.

After the mechanization, electrification and computerization of the in-
dustry, the fourth industrial revolution began. This means the introduction
of the Internet of Things (components of the cyber system) and services in
factories and the increasing digitalization of production. In fact, this concept
includes the so-called Internet of Things (components/subsystems/cyber
systems), and data and services that can qualitatively change future manu-
facturing, logistics and work processes [2].

»Industries 4.0° is also a change from ,,centralized” to ,,decentralized*
production, and this is possible thanks to technological advances. Decentral-
ized intelligence helps to create smart networks and independently manage
the process, with the interaction of real and virtual worlds, a crucial new
aspect of technological and manufacturing processes, whereby the product
communicates with the machine to say exactly what to do.

Industry 4.0 is not only a technical challenge, a technological change
that will have lasting organizational consequences and create opportunities
for new production models and corporate concepts, but also a new concept
for the network world. In an ,,intelligent world*, the Internet caters to all
needs, leading to a shift in power consumption to smart grids (Smart Grids),
sustainable mobile concepts (Smart Mobility, Smart Logistics), social care
(Smart Health) and new technological solutions. In production, this leads to:

* increased intelligence of products and systems;

» their vertical network is connected to the Engineering, a

*  horizontal integration through the product value chain.

The main element in the industrial revolution is cyber-physical systems
(CPS), through which networks for the self-regulation of spatially distribu-
ted production resources are created. The cyber physical system includes:

» the physical mechanical complex with IT systems;

* hardware and software digital components with mechanical or elec-

tronic parts that autonomously communicate with each other.
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An important element of Industry 4.0 is the Smart Factory. Smart Factory
is complex, has less propensity for interference, and increases production
efficiency. Smart Factory communicates people, machines, and resources
independently on a social network. Smart Products have knowledge of their
manufacturing processes and future applications. They actively support pro-
duction processes (,,when will I be produced, what parameters must be pro-
duced, where should they be delivered®).

Parts such as: Smart Mobility, Smart Logistics and Smart Grid form an
intelligent factory, which is an important component of future smart infra-
structures. Smart factories are a key feature of Industry 4.0. A ,,Smart Fac-
tory* is defined as a factory for which context-aware assists are people and
machines in the performance of their tasks. These systems perform their
tasks based on information received from the physical and virtual worlds.
Information about the physical world is e.g. position or condition of the
instrument, and information on the virtual world - electronic documents,
drawings and simulation models.

In smart factories, production facilities, information systems and staff
need to interact in real time. In smart factories, cyber-physical systems com-
municate through the Internet of Things and assist staff and machines in the
accomplishment of their tasks.

Smart factories are the future of industrial production. The merging of
the virtual and physical worlds through cyber-physical systems leads to
the merging of technological and business processes. They are leading the
way to a new industrial era and best define the concept of Industry 4.0 for
»smart factories”. The deployment of cyber-physical systems in manufac-
turing gives birth to ,,smart factories”. And intelligent factory products, re-
sources and processes are realized through cyber-physical systems. On the
other hand, receiving real-time data on quality, resources and costs provide
significant advantages over conventional production systems. The smart
factory must be built in accordance with sustainable and service-oriented
technological and business practices. They are characterized by flexibility,
adaptability and self-study, resilience to failure, and risk management. High
levels of automation are becoming a mandatory standard in the ,,smart fac-
tory*, which is possible thanks to the flexible network of cyber-physical-
production-based systems that automatically monitor production processes.
Flexible intelligent production systems and models that are able to respond
in real time allow for in-house production processes to be radically opti-
mized.

In intelligent industries, the ability to communicate and decentralize data
processing, as well as self-optimization, is ensured through embedded sys-
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tems equipped with special hardware and software. In this way, embedded
systems, partly with wireless parts, are connected to the information systems
of other systems (within the company or with external stakeholders such as
customers or providers) in order to exchange data or access web-based ser-
vices. Therefore, interoperable communication interfaces and standardized
protocols are required. In addition, the production products are intelligent,
since they carry information from their own production in machine-readable
form (e.g. RFID chips) in order to coordinate their own production.

Therefore, information flows are crucial for cyber-physical production
and security management.

Production engineering
Production planning .
Product design _g _—

Production execution

— Services

Figure 1. A holistic approach

This approach (on figure 1) starts with defining the product, exploring its
maintenance and use in daily use until it goes out of use, with particular at-
tention to integration and seamless technical connectivity and data exchange
with the network. This means the intensity of the socio-technical interac-
tion of all actors in production and resources. The focus is on a network of
autonomous, situationally controlled, knowledge-based, sensor-based and
spatially distributed production resources (machines, robots, transport and
storage systems, control and planning systems).

Companies can use a new generation ERP system that is suitable for use
in Industry 4.0. It is a smart ERP system using service-oriented architecture
(SOA). Features and services of other software vendors may also be used
through standardized interfaces. These ERP systems support the dynamic
technological processes required for flexible manufacturing.

The Internet of Things allows direct communication of an ERP system
with CPS (cyber physical systems) and intelligent production-level prod-
ucts. By using in-memory databases, large amounts of data can be used by
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CPS sensors to process information in real time. Thus, with changes in pro-
duction, simulation is performed using in-memory technology in real time.
Production processes can be optimized. Direct is the access of production
data to the ERP system, which ensures transparency of technological and
business processes in individual orders. The ERP system utilizes the capa-
bilities of Cloud Computing to access Internet Services (I0S). This section
includes services and features that perform as web-based software compo-
nents.

Information security risk management is an integral part of Industries
4.0 and involves defining precise context, analysis and continuous monitor-
ing. The risk management strategy for information security is the decentrali-
zation of electronic information (modular approach), which guarantees the
continuity of processes, while at the same time guarantees information se-
curity. Each stakeholder (operator, provider, customer) has access to limited
information structured into modules. Cyber-physical systems have built-in
user profiles that differentiate between different levels of access. The trans-
fer of information in Intelligent Factories between cyber physical systems
uses encrypted information that can only be processed by the particular cy-
ber physical system, and beyond that it is incomprehensible.

This concept first minimizes the potential for information security haz-
ards and secondly minimizes the damage in such a case because the infor-
mation outside its environment will be encrypted, incomprehensible and
incomplete.

Table 1. Security measures

TECHNICAL Description

MEASURES

Network security, Segmentation of networks with different
Services and protocols functionalities, determination of security

levels and connection points, security of
external interfaces, firewalls, intrusion
detection and prevention systems (IDS /
IPS), security protocols (e.g. SSH, HTTPS),
encryption and cryptographic methods.

Security of implemented | Customizing settings (default) and user
systems accounts (including Passwords), Disabling or

removing unnecessary functionality.

INNOVATIONS IN PUBLISHING, PRINTING AND MULTIMEDIA TECHNOLOGIES 2020 | 65



Introduction of security
systems

Dependable Systems, Security Hardware
Modules (HSMs), Cross Platforms with
Integrated Security Mechanisms, Unified
Reference Architectures and Operating
Platforms.

Authentication measures

Identity management (PIN, smart card,
fingerprint), access rights and roles, password
management.

Virus Security

Antivirus (including configuration and
update) updates.

Ensuring mobile security

Restrictions on the use of removable media,
Autorun and Boot functions.

Provision of data
protection and monitoring

Backup strategies, and report on system
status,
(Logging, monitoring).

Physical security

Structurally secure systems and
infrastructures for safety fences (e.g. for
network industrial robots).

ORGANIZATIONAL
MEASURES

Description

Organizational structure

Defining responsibilities and roles,
integration in risk management

Documentation

Collecting, maintaining and archiving
information of information and reliability (eg:
threat analysis, network maps, IT systems
reviews, applications and components,
guides, audit reports)

Audit

Periodic IT security audit (e.g. entry tests,
interviews), testing of components for
operational safety.

Manage permissions

Allocation of access and access to rights,
restrictions on access to necessary
information, defining the processes for
authorizing employees, and orders.
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Security policy legislation, development of safety strategies;
events and guidelines for using personal
devices (e.g. smartphones, laptops) on the
corporate network, guidelines for using the
Internet

Interviews with experts Conclusion of confidentiality agreements
with contractors (e.g. external service
providers), knowledge of the safety of
knowledge acquired, rules for liability for
«errors and failuresy.

STAFF MEASURES Description
Promoting safety Awareness of the aspect of information and
awareness operational safety, through inclusion, training

or instruction at work, the publication of
security policies.

Independent competence | Qualification and training programs
(empowerment) for specialized training in information
technology and operational safety.

In the context of Industry 4.0, the role of the human factor is considered
in the light of the human-machine relationship and the following three sce-
narios are proposed [6]:

* Automation Scenario: Systems control people. Task monitoring and
control is technology-driven. It prepares information and distributes it in
real time. Employees are managed through cyber-physical systems (CPS)
and perform executive tasks;

»  Hybrid Scenario: Monitoring and control tasks are performed coop-
eratively and interactively through networked facilities and staff technolo-
gies. Requirements for employees are increasing since they need to be more
flexible;

»  Specialization Scenario: Businesses use cyber-physical systems to
support the activity, with a dominant role for professionals.

The human factor plays a crucial role. New value chains and business
technology models are creating new alliances and interconnections between
businesses, and this has a huge impact on work organization. In addition,
significant changes in the labor market are expected. Thanks to the rapid-
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ly evolving digital technologies in the industry and especially in the busi-
ness services sectors, new forms of work organization and employment are
constantly emerging and skills are being updated. All this leads to Industry
5.0 — which is the next stage in development.

2.3. State of the industrial companies in Bulgaria

After the changes in Bulgaria, which began in the late 1980s, three stages
can be conditionally distinguished in the development of Bulgarian mechan-
ical engineering.

* The first — from 1989 to 1999, the mechanical engineering compa-
nies were in a severe recession. Traditional markets have been eliminated,
research institutes and development units have been eliminated, major staff
cuts have been made. During this period unique equipment was sold at a
price and opportunities for future development were reduced.

* In the second period, from 2000 to 2006, the sector was restructured.
The companies refine the organization of management and production, im-
prove the products, master new ones. The scope of activity of individual
companies is changing, new industries are opened.

* The third stage begins with the accession of Bulgaria to the European
Union in 2007. A distinctive feature of this stage is the change in the general
conditions of operation of the companies — changes in the regulatory regime,
increasing competition and market demands. Although the share of foreign
investment in mechanical engineering is small compared to that of foreign
investment in the country as a whole, they are in high-tech industries, mainly
in the automotive industry, with a high rate of added value.

During the period 2009-2011, the sector slowed down as a result of the
economic crisis. Damages to the activity and development of the companies
in the sector are commensurate with those of the first years of transition.
About 10%, incl. structure-determining companies (production of machin-
ery) for individual subsectors ceased operations. After 2012, there is an in-
crease in exports [4,5].

In terms of the level of technology, technology and production in gen-
eral, industrial companies in our country can be grouped in the following
directions:

» Conventional type of production and equipment with decentralized
management;

* Automated production (CNC machines, automated technological and
information systems, automatic complexes, CAD / CAM / CAE, etc.) with
centralized control [6];
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» Separate islands of automated technologies (with intelligence) and
digitized communications and information flows with self-regulating com-
ponents with centralized control.

According to a 2015 survey by the Bulgarian Chamber of Commerce
and Industry (BCCI), about 500 companies expect to increase their export
earnings, although they are squeezed by the volatility in the global environ-
ment. The survey was conducted among 734 companies. BCCI recalled that
every second company had forecast growth in its exports in 2015, but only
37% actually achieved it. Those who operate on the local market are more
pessimistic because they do not expect a shift in low domestic consumption.
As many as 25% said they expect to keep their sales revenue at 2015 levels.

Uncertainty about energy and raw material prices and expectations of
increased regulatory and tax burdens are the main reasons for skeptical ex-
pectations.

Only 23% say they plan to invest in new facilities in 2016, and 27% plan
to invest in new products and innovations. The emphasis in the investments
of the companies is placed on the development of human potential. About
25% of them plan to hire new staff, while the share for 2015 was about 30%.
At the same time, the lack of qualified staff is one of the major obstacles to
business growth for about two-thirds of all companies surveyed. The most
serious is the shortage of close specialists and executive staff.

More than half of respondents do not want to take out loans in 2016.
Interest in using EU funds is constant. One of the reasons for the reluctance
of companies to implement europrojects is the lack of resources for advance
financing, doubts about the objectivity of project evaluation and the difficult
procedures.

The industrial companies in our country participate in the European pro-
jects of the Horizon 2020 program, which is essentially an initiative of In-
dustry 4.0.

In 2015, a survey was conducted of 235 companies in the German Cham-
ber of Commerce, which for five years intend to invest 3.3% of their annual
turnover in Industry 4.0 technical solutions. This represents 50% of the in-
vestment for new facilities or EUR 40 billion. The trend is continuing and
there is a lot of investment in this sector. Now the picture is much better
and there are many Class A investors in Bulgaria. Industries 4.0 is not only
a technological project, but a concrete attempt to increase the competitive-
ness of the manufacturing sector in the future, which was done by Bulgarian
entrepreneurs.
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3. Conclusion

Based on the analytical study of the approaches and methods for apply-
ing the principles of Industry 4.0, the following conclusions can be drawn:

* The term ,,Industries 4.0 was first introduced in Germany in 2012 to
promote the computerization of the industry and is the basis for the construc-
tion of the so-called ,,Smart Factory*.

*  “Industry 4.0” is becoming a top priority for many research centers,
universities, and businesses.

» The technical characteristics of the “Industry 4.0” philosophy can be
seen as inherent in the fourth industrial revolution.

» The basis of “Industries 4.0 is Cyber Physical Systems (CPS), which
include physical mechanical complexes with IT systems, hardware and soft-
ware digital components with mechanical or electronic parts, and which
communicate autonomously with one another. In this regard, cyber physical
systems are ,,intelligent systems that encompass hardware and software, as
well as effectively integrated physical components that interact closely to
reflect change in the real world.

* An important requirement of “Industry 4.0” is the so-called hori-
zontal and vertical integration. Vertical integration means the integration
of information technology into IT systems at different hierarchical levels
in manufacturing and automation (e.g. actor and sensor level, control level
Horizontal integration refers to the integration of different information and
technological systems in the production and automated environment at dif-
ferent stages and the production process. The vertical and horizontal cooper-
ation between machine and internet machine man and machine and real-time
forms the basis of the production cyber-physical system.

* The development of cyber physical systems is characterized by three
phases of implementation and application. The first generation of cyber-
physical systems includes identification technologies, such as RFID tags,
that allow unique identification. Storage and analysis should be provided as
a centralized service. The second generation of cyber-physical systems are
equipped with sensors and actuators with a limited range of functions. The
third generation can store and analyze data for multiple sensors and actua-
tors, and are implemented in compatible networks.

* The basis for the development of CPS is the three generations of
intelligent systems. The first generation of intelligent systems of the most
advanced in automation, control and regulation of technology. The second
generation of intelligent systems with greatly expanded machine learning
features. The third generation is characterized by perception, thought, and
actions that bring human fulfillment closer.
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* The introduction of Industries 4.0 requires the creation of conditions
for interoperability, virtualization, decentralization, real-time information,
service orientation and modularity.

» New generation ERP systems are suitable for use in Industries 4.0.
It is a smart ERP system using service-oriented architecture (SOA), with
service oriented architecture (SOA). The Internet of Things allows direct
communication of the ERP system with cyber physical systems and smart
products at the production level.

» Information security risk management is an integral part of Indus-
tries 4.0, which involves defining accurate context, analysis and continuous
monitoring. The risk management strategy for information security is the de-
centralization of electronic information (modular approach), which guaran-
tees the continuity of processes and, at the same time, information security.

* The role of the human factor in Industries 4.0 is considered in light of
the human-machine relationship, and three options are offered: an automa-
tion scenario, a hybrid scenario, and a specialization scenario.

* In terms of the level of technology, technology and production in
general, industrial companies in our country can be grouped in the following
areas: Conventional type of production and equipment, with decentralized
management, Automated production (CNC machines, automated technolog-
ical and information systems, automatic complexes, CAD/CAM/CAE, etc.)
with centralized control; Separate islands of automated technology (with
intelligence) and digitized communications and information flows with self-
regulating components with centralized control.

* The industrial companies in our country participate in the European
projects.
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SECURITY MARKS WITH FLUORESCENT TONERS
IN ELECTROGRAPHIC PRINTING

Pukhova E., Shustov A.
Moscow Polytechnic University

Abstract

A method for marking electrographic prints with fluorescent toner is intro-
duced. This method allows embedding hidden marks into prints by adding
fluorescent toner into image edges without halftoning the fluorescent ink
channel. An analysis of edge detection algorithms for creating fluorescent
ink channel is conducted. Visibility of hidden marks was tested with expert
evaluation method. Capability of generating unique hidden marks for each
image in a print run is shown.

Key words: fluorescent toner, hidden mark, electrographic prints, edge detec-
tion, Canny algorithm

Introduction

With electrographic printing being used for a wide array of printed me-
dia there are opportunities for creating additional properties in a print run
without a severe increase in cost. In particularly high demand is the ability
to mark prints without altering the design while also being able to identify a
product sample and confirm its authenticity.

It is proposed to use additional colored fluorescent toners for this pur-
pose. They are used in electrographic printing to widen the color gamut and
make the product more attractive. In contrast to clear fluorescent inks which
are widely used in security printing [7], these toners are daylight visible and
their color is close to one of the CMYK inks [4].

A method is proposed for creating security marks integrated into a prod-
uct’s design. Moreover, these security marks will be formed based on the
information contained in the image, specifically — the edges (or contours)
of the image. Methods exist for creating additional channels in the image to
store information about its edges. This information is then overprinted on
the image to increase the visual sharpness on the edges [6]. In the proposed
method, a security mark is formed in the additional fluorescent channel
that replaces part of the image in the corresponding CMYK ink. For con-
venience, the mark is to be printed without halftoning the fluorescent toner
channel. Under normal viewing conditions the mark should not be visible,
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Fig. 1. An example image printed with fluorescent pink (close to CMYK magenta);

a — full image; b — fluorescent toner is shown in color; c — area for potential
security mark show in color. Image provided by RICOH Rus, Ltd.

Presentation of research results (Analysis)

To implement the proposed method, localization of the mark is to be
determined by edge detection in the channel of the original image, that cor-
responds to the color of the fluorescent toner.

A variety of edge detection algorithms is known. For use in the proposed
method the algorithm should satisfy the following conditions:

1. Adjustable edge detection parameters for better control over the
quantity and localization of the edges to help make the mark less
visible. This will also make potential falsification more difficult.

2. Isotropic sensitivity to allow for effective edge detection in a variety
of images.

3. Minimal false positives.

The Canny edge detector satisfies all of these conditions [1,3]. Its adjust-
able parameters include blur filter radius 7 (a blur filter is applied to the im-
age as means of noise reduction) and two thresholds for the last step of the
algorithm (#/ — upper threshold; 72 — lower threshold).

Changing the parameters of the algorithm changes the resulting edge
map — specifically it changes the area taken up by the edges relative to the
whole image (Se). It is therefore necessary to determine the threshold of Se
that does not make the marking noticeable on the print. The recommended
ratio between the thresholds is 2:1 to 3:1 [2]. Twenty images were used for
analysis. Edge maps were generated with threshold ratios of 2:1, 2,5:1 and
3:1. An example of a test image and generated edge maps is shown in fig. 2.
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Fig. 2. An example of a test image and edge maps generated
by Canny edge detector, r = 3 for all images; a —tl = 20, t2 = 40;
b—1tl=20,12=50; c—tl =20, 12 =60.

The edge maps generated from the yellow image channel are used as the
marking printed by the fluorescent channel (Fig. 3).

Fig. 3. A test image with the security mark; a — composite image; b — yellow
channel; ¢ — fluorescent channel; d, e, f — magnified fragment of the image.
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SSIM was used as an objective measure of security mark visibility in
a composite digital image. SSIM is a full-reference image quality metric.
It is closely correlated to a subjective opinion based on observation [5]. In
particular, images with an SSIM score above 0,9 are described by viewers
as “acceptable”, which can be understood as a lack of noticeable difference
between the compared images. By comparing the original CMYK images to
a digital image containing a simulated fluorescent marking, a linear correla-
tion between SSIM score and the relative area taken up by the fluorescent
toner is shown (fig. 4).
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Fig. 4. Examples of test images and graphs showing the relationship
between Se and SSIM score.

SSIM scores over 0.9 are reached by all of the tested images with Se
under 10%. Consequently, Canny edge detection parameters (7, ¢/, ¢2) for
each image are adjusted until the generated edge map satisfies this condition.

To further study the noticeability of the fluorescent marks, a visual as-
sessment of prints produced on a Ricoh Pro C7100X press using a Neon
Yellow toner was conducted. Four different images were chosen for the test

(fig 5).
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Two marked versions were generated from each original image —
CMYK-+fuorescent overprint (where the fluorescent channel was print-
ed as is, without deleting the information from the yellow channel), and
CMYK-+fuorescent (where the yellow channel was “knocked out” by the
fluorescent channel in the overlapping areas).

These two different methods were used to check whether it was neces-
sary and effective to knock out the yellow ink. According to the measure-
ments described above, edge maps were generated targeting Se under 10%.

Fig. 5. Test images chosen for visual assesment.

18 participants took part in the visual assessment. Each of them was firstly
shown the original image, and then the two images containing the fluorescent
mark. For each of the two marked images they were asked to rate the notice-
ability of additional structure in the image on a three-point scale, from “ap-
parent” (0 points) to “not noticeable” (2 points). Points for each image were
added up and the results are shown on the figure below (fig. 6). The original
image’s score is fixed to 36 (maximum possible score in the comparison).
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Fig. 6. Total points for each image.

As the above graph shows, for each image group the points are fairly
close for the original image and both marked images, which suggests that the
marks are not noticeable by an observer under normal viewing conditions.

Furthermore, images marked in different ways (overprint and knockout)
are not perceived as different from each other. That suggests that the mark-
ing can be embedded in the image by overprinting.

a b 4

Fig. 7. Images with varying fluorescent mark localization; a - across the entire im-
age; b - localized in the lower half of the image, ¢ - localized in the upper half
of the image
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The marking can also be localized in one area instead of being embed-
ded across the whole image (fig. 7). As it is possible to produce personalized
prints in a single run, it is also possible to embed different marks in copies
of the same image as an additional security feature.

Conclusions

In conclusion, a method for embedding a security mark in an electro-
graphic print is shown. The marks are generated using an edge detection
algorithm to generate an edge map from the image. It is possible to print the
marks by themselves or together with design elements created using fluores-
cent toner. It is shown that such a marking is not noticeable under normal
viewing conditions and can be embedded in the image locally, which allows
for personalized prints in a print run.

The research reported in this paper was conducted with the support of
RICOH Rus, Ltd
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GRAPHIC, COMPUTER DESIGN AS A PROCESS
OF VISUAL COMMUNICATION

Ruchaevskaia E.", Marcinkeviciené V.2
'Filiation Minsk Radioengineering College BSUIR,
2Kaunas University of Applied Sciences

Abstract

The article considers the influence of graphic, computer design on the pro-
cess of visual communication, the creative search for solutions of future
specialists. The content of graphic design and, as a result, the disclosure
of the creative potential of the personality of students are considered. The
necessary conditions are revealed under which the teacher will be able to
realize the creative abilities of students. Graphic designers create various
images, text to form visual representations. They use typography, visual
arts, and layout techniques to create visual compositions. Graphic design-
ers can work in various companies specifically designed for this industry,
such as design consultations or branding agencies, others can work in pub-
lishing, marketing or other communication companies. Especially after the
advent of personal computers, many graphic designers work as designers
in organizations that are not design-oriented.

Keywords: design, computer design, computer graphics, creativity, activation
of creative search.

BBenenne

CeropHs ipodeccusi KOMITBIOTESPHOTO JAU3aiiHepa ABJSICTCS OHOM U3 ca-
MBbIX MTPECTUKHBIX U BBICOKO OIIJIAYMBA€MbIX HE TOJIBKO Y HAC B CTpaHE, HO U
BO BCEM MUpE. 3a MocieH1e ro/ibl OypHO pa3BUBACTCS PEKJIAMHBIH PHIHOK,
PBIHOK €YaTHOW W NOoNUrpaguyecKoi MpoIyKInu, KHIKHOM rpaduku, ap-
XUTEKTYpPbI, U Ap., TO €CTb UMEHHO TOT CCIMCHT pPbIHKA, KOTOprﬁ, MmpexKaAC
BCEro, HY)XKJAaeTcsl B JM3aHHEPCKUX HIEesX U pa3paboTKax, YTO U CJEIalo
npodeccuto au3aiiHepa BOCTPEOOBAHHOM.

Ml paccmaTpuBaeM AM3aiH, KaK Xyd0)KECTBEHHOE KOHCTPYHPOBAHUE,
Pa3JINYHbIC BUABI HpOCKTHOﬁ JACATCIIBHOCTH, C TIOMOIIBIO KOTOPBIX (l)Ole/I-
pyroTcs Kak (pyHKIIMOHAIBHBIC, TAK U 3CTETHYCCKHUE CBOWCTBA IPEAMETOB U
OKpYyXarolieil Hac cpelibl. A Au3aiiHEP, COOTBETCTBEHHO, YEJIOBEK, KOTOPBIH
HOJIy4aeT ACHbIU 32 NMPO(ECCHOHATIM3M U JIeJI0, KOTOPOE €My HPaBHTCSI.
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Ho, ¢ npyroii CTOpOHBI, CTPEMHUTEIILHOC Pa3BUTHE UH(OPMAIIMOHHBIX U
BBICOKOTEXHOJOTHUHBIX TEXHOJOT UM CICJ1aJI0 MMCHHO KOMIIBIOTEPHOT'O AU~
3aiiHepa JIJIEPOM B 3TOH MpOopecCcHy.

B aTHX yCIOBHSIX 0Ka3ajoCh, 4TO HauOoJee Ka4eCTBEHHYIO TIOATOTOBKY
CIELMAIUCTOB — IE/IarOroB-/IU3aifHEPOB B 00JIACTH KOMITBIOTEPHOTO AM3aii-
Ha MOXHO O6eCHe'-II/ITI) TOJIbKO COBMCECTHBIMHU YCUIIMAMU, UMESA XOPOIIYIO
KOMITBIOTEpHYI0 0a3y M COOTBETCTBYIOIIUX CIELHAIMCTOB-IIPENOIaBare-
nen.

[TosToMy Ha Haml B3IVIsL, B COBPEMEHHOM OOIIECTBE IPENOIaBaTeIto
HEO0OXOAMMO Pa3BHBATh TaKHE HABBIKU KaK:

* yMEHHE caMOMy pa3padaThIBaTh IUIAaH CBOMX JEHCTBUI M Clie0BaTh

eMy;

* yYMEHUE HaxOAUTb HYXKHBbIE PECYPChl I PEUICHUS IIOCTaBICHHOU
3a/1auu;

* yYMEHHE IoJIy4yarh M NepenaBarth HH(YOPMALUIO YUaIuMCsl, IPe3eH-
TOBAaTh Pe3yJIbTaT CBOEI0 TPyAa KaueCTBEHHO, pallMOHAIbHO, Y dek-
TUBHO;

¢*  YMCHUC HUCIIOJIL30BATHh KOMIIBIOTEP B J'I}O6OI>1 CUTyalliu, HE3aBUCUMO
OT MOCTABJICHHOM 3a]1a4H;

* yMEHHE OPHEHTHPOBAThCSl B HE3HAKOMOH NpodeccruoHanbHOM 00a-
CTH.

Y4eOHbIe 3aBe/ICHUS B HAIICH CTPaHE TOTOBSIT CIICIIHATUCTOB B 00JIACTH
JIM3aHEpCKOro UCKyccTBa. bynylue criennanucTsl-qu3aiHephl 0CBAUBAOT
MOJIYJIbHBIE POTrpaMMbl 00yUEHHs IO HAIpaBlIeHUsIM (CMexHbIE Tpodec-
CHH) B 00JIACTH KOMITBIOTEPHOM TpadyKy, KOMIIIOTEPHOW aHUMAINH, BUJIE-
OpEXKUCCYPBI, IPOCKTUPOBAHUS HHTEPhEPA U SKCTEPHEPOB 3TaHHIH.

[IporpaMmbl BKIIIOYAIOT B ce0sl HECKOJIBKO KYPCOB, YTO HO3BOJISIET H3-
YUYHUTH Cpa3y HECKOJIBKO IPOTrPaMMHBIX ITAKETOB U aKTUBU3UPOBATH UX TBOP-
YECKHUM TOHUCK B PEUICHNU HACYHIHBIX 3a/1a4.

Tak Ha TpeTbeM M 4EeTBEPTOM Kypcax B MMHCKOM pajMOTEXHHYECKOM
KosuepKe (KoJutemke) no cnenuanbHoctu «IIporpaMmHoe obecrieueHre HH-
(hOpMaIOHHBIX TEXHOJIOTHII» M0 AuciuIuInHe «KoMnbrorepHas rpadukay
ydamuyecs 3HaKOMATCA ¢ NPpOrpaMMHBIMU MPOAYKTaAaMU U IMAKETaMH, TAKUMHA
kak Adobe Photoshop, Corel Draw,

B PE3YIbTATEC HU3YUYCHUSA AUCHUIUIMHBI y4dalluecs AOJUKHBI 3HAaTb Ha
YpOBHE NpeJICTaBICHUS:

*  TIOHSTHUSI KOMITBIOTEPHOH IpaduKi;

* TPUHLMIBI paOOTHI M Ha3HAYeHKE NporpammMbl 3dsMax;

* pOJM M MECTO 3HAHWH IO JTUCLUILIMHE B cepe npodeccroHatbHOM

JeSITeTbHOCTH.
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3HaTh HA YPOBHE IOHMMaHHUSL:

*  00IIUe MPUHIMITBI TOCTPOCHHUSI H300PaKEHHUST;

* OCHOBHBIC alTOPUTMUYECKUE KOHCTPYKLMH MOCTPOEHHs H300pa-
JKEHU;

* TIOHSTHE KKOMIIbIOTEpHAs rpaduKay;

*  CIIOCOOBI MOCTPOCHUSI PA3JINYHBIX IPAPUUECKUX OOBEKTOB;

*  METOJ OJJHOPOJHBIX KOOP/MHAT;

* TIPUHLMIBI IOCTPOCHUS OHJIAHHOBBIX KPUBBIX M IOBEPXHOCTEH;

* pPEKypCHBHBIE OIIPEACICHUS U AJITOPUTMBI;

*  OCHOBHBbIC rpad)UYeCKUEC MOJIETH U O0JIACTH UX MPUMCHCHUS;

* 0o0IIYe NPUHIMIIBI ¥ TOHSATHS TEOPUU KOMITO3HIIUHY;

*  00IIMe NPUHIIMITBI TEOPUH LIBETA.

YMerTs:

*  BBINOJHATH NpPeo0pa3oBaHusl rpapUUECKUX H300paKEHUil C uc-
MOJIb30BAHUEM alllapara MaTpHIL;

*  peaJM30BBIBATH MOCTPOCHUE N300PAKEHUI Pa3INUHON CIIOKHOCTH;

*  CTPOUTH MPOCKIMH 0OHEKTOB;

*  HCIOJBb30BaTh COBPEMEHHBIE cpeacTBa 3D-MonenupoBanus;

*  cozaaBarh 3D- 00BEKTHI U BBHIIONHATH MTPe0Opa3oBaHus HaJl HUMH
[P TIOMOIIY COBPEMEHHBIX POTrPaMMHBIX CPEJICTB;

s Monenuposarh 3D-komno3unuy;

s  skcnopTtHpoBaTh 3D-Monmenu u3 coBpeMeHHbIX cpeacTB 3D-moe-
JIMPOBaHMsI JUIs JaJIbHEHIIEro MCIOJIb30BaHUs IpaduuecKuMu Ou-
OIHOTEKaMH,;

*  co3aaBaTh OJIOYHYIO KOMITO3UIIMIO Web-CaiiTOB M MPHIIOKEHHH, OC-
HOBBIBAIONIYIOCS HA TEOPHU KOMITO3HIINY;

*  co3JaBaTh MakeTbl Web-CaliTOB NpH IOMOIIM COBPEMEHHBIX MPO-
IPaMMHBIX CPEJICTB;

*  COCTaBISITh U UCIIOJIb30BaTh I'€OMETPUYECKUE ONEPATOPhI JJIs BbI-
HOJIHEHHS TTOBOPOTA, OTPAYKESHUSI, CMEIIEHUsI, MAaCIITaOUPOBAHUS U
KOMOMHHMPOBAHHBIX MPE0OPa30BaHUN reOMETPHYECKIX OOBEKTOB.

JlaHHble TpOrpaMMHbIE TTAKEThl U POrPaMMbl HAIPABJICHbI HA aKTHBH-
3anuio OyaylIMX CIEIMaIMCTOB TP BBIMOJIHEHUU CIICHHAIN3UPOBAHHBIX
3aJlaHuil 1 1abOPATOPHBIX PadOT.

[IpemnaraemMoe HamMu KOMIbIOTEpHOE OOydeHHE ITOMOIaeT OBJIaJeBaTh
CTOJIb HEOOXOIMMBIMHU M aKTyaJbHBIMH 3HAHUSIMU, CQOPMUPOBATH U AKTHBHU-
3MpOBATh TBOPYECKHH MTOUCK, KOTOPBIE TIOMOTYT Oy/IyLIIMM Ielaroram-an3ai-
HepaM B uXx Oy/yiuei npoheccuoHaabHOW KU3HU U UX KapbepPHOMY POCTY.

B kosuieke mporpaMmma KOMIBIOTEPHOW IpadMKy, BKIOYAomas Kypc
KOMITbIOTEpHON 00paboTku nzodpaxenuii B cucteme Corel Draw, oOy4yenune
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pabote B cucteme pactposoii rpaduku Adobe Photoshop, Hatenena Ha moj-
TOTOBKY CIEIHATHCTOB MIMPOKOTO MPOGHIS, YMEIOIIHUX CAMOCTOSATEIBHO
co3naBaTh U 00pabaThIBaTh JIIOOBIC TpaduuecKre U300paxkeHus, Gpororpa-
¢bun U1 WILTIOCTpaLuii, XyA0)KeCTBEHHOI0 TBOpUECTBa, Au3aiiHa. Bee 3a-
JIaHUS! TOJDKHBI OBITH BBITIOJIHEHBI HE 10 00pasily, a MpoAyMaHbl yualuMHCs
CaMOCTOSITENILHO, TO €CTh OHHU JOJKHBI TBOPUECKH ITOJJOMTH K PELICHHIO 110-
CTaBJICHHBIX 3a/ia4y, OHU JOJI’)KHBI ITOKa3aTb CcBOM TBOp‘ieCKI/Iﬂ IIOHUCK U KaK
pe3ysbTaT TOTOBYIO pabOTy 10 MPOWICHHBIM TeMaM. TeM caMbIM OyayIiue
CHEIMATIUCTHI HE MPOCTO U3YUalOT IMPOrpaMMHBIE NTAKeThl U CPeCcTBa pabo-
Thl C HUMH, @ TBOPYCCKU NOAXOAAT K UX U3YUYCHUIO U HAXOAAT UX IPAKTHYC-
CKOC IMMPUMECHCHUEC B ) KU3HU. Bce »To mo3Bonser y4amuyMceCs HE TOJIBKO aKTH-
BU3UPOBATH CBOU 3HAHU, YMCHUA U HABBIKU 110 HpOﬁZleHHbIM nmporpammam,
HO M TBOPYCCKU pEIIATbh MOCTABJIICHHBLIC IMPOTIpaMMBbl, UCIIOJIb3Ysl HEC OJHY
KOMIIBIOTEPHYO IIPOIPAMMY, @ LIEJIblH sl IPOrpaMM, KOTOPbIE IOMOTYT UM
B BBIMIOJHEHHH TBOPYECKOTO 3a/IaHHSI.

3nanue nporpamm Corel Draw u Adobe Photoshop — Heocniopumoe mpe-
HUMYIICCTBO CICIHMAIUCTOB MOYTH B JIOOOW TBOpueckoil chepe mesTelib-
HOCTH. BO3MOXXHOCTH, KOTOpPBIE OTKPBIBACT IMEpe] HAMH KOMITbIOTEpHAsS
rpaduka, HACTONBKO BEIHKH, YTO KONHYECTBO JKETAIOIIUX MPOUTH Kypc
o0yuenus nporpammam Corel Draw u Adobe Photoshop ysenuuuBaercs c
KaXXIbIM JTHEM.

B nporpamme kypca «KoMmmbroTepHas rpadukay — H3yueHHe BEKTOPHOI
U pacTpoBoOii rpaduku, padboTa ¢ IIBETOM, CO3/JaHKe JIOTOTHIIOB, pa3paboTka
(upMeHHBIX OnaHKOB, oopMileHHE BU3UTOK, paboTa ¢ TEKCTOM, IIAaHUPO-
BaHHC W CO3/IaHME MaKeTa — BCE ITO TBOPYECKAs, HHTEPECHAs M CIOKHAsS
pa60Ta, IMO3BOJIAIOIIAA aKTUBU3UPOBATH 3HAHUA U YMCHUS y4dalllUXCA B UX
TBOPUYECKOH IEATEIBbHOCTH.

[ox pyKOBOACTBOM TIPEMOAABATENs yUal[Hecss Ha KOHKPETHBIX MpUMe-
pax ydJarcsi CO3/1aBaTh MHOTOCIOHBIE H300pa)KeHHs, 0CBAMBAIOT HHCTPY-
MCHTbBI CBO60}1HOFO pUCOBaHUA, TCXHUKY CJIOKHOI'O MOHTAaXa.

Jiist Hac B X0fie M3Y4YEHHUs] KOMIIBIOTEPHON Ipad)MKy BasKHO HE MPOCTO
NPEI0CTaBUTh 3HAHHS U3 MHTEPECYIOIEH NX 00IaCTH ydaumes, Oyaynum
cIieLMaaucTaM, HO U aKTUBU3UPOBATh TBOPUECKUN MHTEPEC U NIPUBUTH HE-
00XoMMble HaBbIKK U yMeHus. [loaToMy mporpamMma oOy4eHus! BKIIIOYAeT B
ce0st He TONTBKO JICKIIHOHHBIN MaTepHal, HO U MPAKTHYCCKYIO YacCTb.

B xone BBINOJIHEHHUs] CBOUMX paboT Oyayline CIeHUaIMCThl PaCKphIBa-
0T, aKTHBU3HUPYIOT ¥ (OPMHUPYIOT CBOU TBOpPUECKHE KadecTBa. Bemp Ha
CETOMHSIIHU IeHb MPOOIeMa HCCIIEIOBAHUS TBOPYSCTBA KAK CAMOTO Mpe-
Mo/IaBaTessi, Tak W 00yYaroIIerocsi He MPOCTO aKTyalbHA, HO OCTPO aKTy-
aJbHa.
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B ycnoBusix TexHonoru3anuu 1 MHGOopMaTH3alui 00pa3oBaHUsS Pa3BH-
BAIOILU, TBOPYECKUH pE3yNIbTaT B OOYUYEHHH BBIXOAMT HA OJHO U3 CAMBIX
HEePBBIX MECT B M€papXUH 00pa30BaATEIbHBIX [IECHHOCTEH.

Jyist ycrienHoro pemeHust mpooieMbl HeOOXOIUMBI YCIOBUS ISl pea-
JU3alUy TIPernojiaBaTesieM U y4YalllUMHUCS CBOEr0 TBOPYECKOTO MOTEHIHa-
na. Eciim npenoaBaresib akTHBEH B TBOPYECKOM IOUCKE, TO MPOIYKTUBHAS
JeSATeILHOCTh B 00JIaCTH KOMIIBIOTEPHOTO JIU3aiiHa, pe3ynbTaT KOTOpoi 3a-
KJII0YaeT B ce0e peasn30BaHHYIO CIIOCOOHOCTh paboTarh HOBATOPCKH, HE
3aCTaBUT JIOJITO JKJATh.

[TosTomMy TBOpuecku pabOTarOIIUIl NpernoxaBarellb JIOKEH IOIr0TOo-
BUTh YYalllerocsi K TBOPYECTBY B €ro yueOHO# paboTe, pa3BuBas ero Kpe-
aTHBHOCTh B XOJI€ CO3[aHMsI OOBEKTOB KOMITBIOTEPHOTO au3aitHa. U eciu
Oy/lyT MOJTy4YeHbI IIOJIOXKUTEIbHBIC PE3YJIBTAThI, TO B HUX YCIIEX CaMOoro Ipe-
nojiaBarelis u ero npodeccuonaibHas mooena [2].

JlesTenpHOCTD MpenofaBaTess B JaHHOM KOHTEKCTE, IIPekKe BCero, Ha-
NpaBJieHa Ha Pa3BUTHE LIEHHOCTHBIX OPUEHTALMI CyObeKTa — ydJallerocs,
€ro 1ejell 1 MOTHBOB, Ha TBOPYECKOE NMPUMEHEHHE HAKOIJICHHBIX 3HAHUH,
CIIOCOOHOCTEW, YMEHHUI M HAaBBIKOB B 00JIaCTH KOMIBIOTEpPHOU Tpaduku u
nu3aiiHa. J[aHHas TBOpYecKasl JesTeIbHOCTh YCHEIIHEee pealn3yercd Hpu
ydeTe CIeAyIOIHX YCIOBUI:

*  CaMOCTOSTEIbHOCTH YYallluXCs;

*  MHJIMBH/YaJbHOTO TEMIIa PadoThI;

*  TOJyueHMs 3HAaHUU (MH(GOPMALMK) U3 Pa3INYHBIX JIOTOIHUTEILHBIX

HCTOYHHKOB;
* TP KCIIOJb30BAaHUU IPENOAABATEIEM PA3JIUUHBIX I1€1aroruuecKux
TEXHOJIOTUH.

W3 mpoBeieHHOTO HAMU HCCIIEOBAaHUS MOJKHO CKa3aTh, YTO H3yUEHHUE
kypca «KommbrotepHas rpaduka» HEOOX0IUMO H3y4aTh U yIIyOssiTh. Bensb
(dopmupoBanrne MHGOPMALMOHHON KyJIBTYPbl BCEX YYaCTHHKOB 0Opa3oBa-
TEJILHOTO Tpolecca B 00JIaCTH KOMITBIOTEPHOTO JU3aifHa SIBISIETCS OJHUM
U3 YCIIOBHI aKTUBU3AIMU M PEAM3alUHU UX KPEaTHBHBIX CIIOCOOHOCTEH M
TBOpueckoro noucka. IIpenonasareinb, pa3BuBas TBOPYECKUN IOTEHLUA
yUaluXxcsi, TEM CaMbIM Pa3BHBAEeT CBOM TBOPUECKUE CIIOCOOHOCTH, MHHOBA-
nMoHHBIN Toaxon [1,3,6].

VHHOBalIMOHHBIE TEXHOJIOTHH OOYYEHHUS ClIelyeT paccMaTpuBarh Kak
MHCTPYMEHT, C IOMOIIIBIO KOTOPOTr0 HOBasi 00pa3oBarelibHast apajurma Mo-
JKEeT OBITh IIPETBOPEHA B )KU3Hb

['maBHO¥ 11€71bF0 MHHOBAI[MOHHBIX TEXHOJIOTHI 00pa30BaHus B yueOHOM
3aBEJICHUHM SIBJISICTCS MIOAATOTOBKA YEJOBEKA K )KU3HHU B IOCTOSIHHO MEHSIO-
nieMcst Mupe. CyInHOCTh TaKOro 00yYCeHHUsI COCTOUT B OPUEHTAIMH YYeOHO-
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O Ipoliecca Ha IOTeHI[MaJIbHbIE BO3MOYKHOCTH YeJIOBEKa U UX peaIu3alltIo.
OO6pa3zoBaHue JOMHKHO Pa3BUBAaTh MEXaHU3Mbl MHHOBALIMOHHOW JESTENb-
HOCTH, HaXOAUTh TBOPYCCKUEC CHOCO6I)I peUICHUA KU3HCHHO Ba’XHBIX IIPO-
0s1eM, CrIocoOCTBOBATH MPEBPAILECHHIO TBOPYECTBA B HOPMY U (OpMY Cyliie-
CTBOBAHHSI YEJIOBEKA.

Taxoxe 1 ECJIbIO HHHOBaL[PIOHHOfI ACATCIIBHOCTH B y‘-Ie6HOM 3aBCICHUN
SIBJISIETCS] KAY€CTBEHHOE M3MEHEHHE JIMYHOCTH 00yyarollerocs no cpaBHe-
HUIO C TPAAMLUOHHON CUCTEMON. JTO CTAaHOBUTCS BO3MOXKHBIM Oyiaromapst
BHEJ[PEHHIO B NPO(eCcCHOHANIBHYIO IesTeIbHOCTh IperoiaBaresieii JuiaK-
TUYECKUX U BOCIIUTATCIIbHBIX IPOrpaMMm, MpeaAnoararomeMy CHATUEC TCaa-
TOrM4€CKOro Kpusuca. Pa3Butue YMEHUA MOTHUBUPOBATH ﬂeﬁCTBHH, caMo-
CTOSITEJILHO OPUEHTHUPOBATHCS B [TOIy4aeMoi HHpopMannu, GopMUpoBaHue
TBOPYECCKOI'O HeIJla6J'IOHHOFO MBIIJICHUSA, Pa3BUTHUEC YUallIUXCA 3a CUET MaK-
CHUMAJIbHOTO PACKPBITUS UX MPHUPOIHBIX CIIOCOOHOCTEH, HCIIOIb3YsI HOBEH-
mue NJOCTUIKCHUA HAYKH U MPAKTUKHU, - OCHOBHBLIC LECIU HHHOBaLlPIOHHOﬁ
JIeSITEIbHOCTH.

VHHOBalMOHHAs JIESTEIBHOCT B 00pa30BaHUM KaK COLMAJIBHO 3HAYH-
MOH NpakTHKe, HAIIPAaBJICHHOW Ha HPABCTBEHHOE CAMOCOBEPIICHCTBOBAHUE
4eJIoBeKa, BaKHA TEM, YTO CIIOCOOHA 00ecreynBarh Npeodpa3oBaHUe BCEX
CYHIECTBYIOIIMX THUIIOB IPAKTHUK B OGL[IeCTBe.

YuuteiBast mepexo K ro0ajbHOMY HH(GOPMATHBHOMY OOIIECTBY U CTa-
HOBJIGHUIO 3HaHWH, 00 aJeKBaTHOCTH 00pPa30BaHUS COLMAIBHO-DKOHOMHU-
YEeCKHUM MOTPEOHOCTSIM HACTOSIIIEro U OyIyIero Mo)KHO TOBOPUTH JIMIIb B
TOM Clly4ae, ecji ero MojiepHu3alysi Oy/leT OCHOBBIBATHCS HE TOJIBKO M HE
CTOJIBKO Ha OpraHn3alilMOHHBIX HOBOBBCJICHUAX, CKOJIbKO Ha UBMECHCHUAX I10
CYHIECTBY — B COACPIKAHUN U TEXHOJIOTHUAX IMMOATOTOBKH KaIpOB U MOATOTOB-
K€ HayuHBIX HcclieZjoBanuii. Kak connanbHbIi HHCTUTYT, BOCIPOU3BOASIIAN
UHTEJUICKTYaJIbHBIA MMOTEHI[MAI CTpPaHbl, 00pa30BaHUE JOJDKHO 00JanaTh
CIIOCOOHOCTBIO K OTEpeKaroNeMy pa3BUTHIO, OTBEYaTh MHTepecaM oOlie-
CTBa, KOHKPETHOM JINYHOCTH U MOTEHIMAIbHOTO paboTomaress [7].

W3menenue poiu 00pa3oBaHusi B 0011ecTBE 00YCI0BUIO OONBIIYIO 4aCTh
MHHOBALMOHHBIX NpouieccoB. CeroaHs oOpazoBaHue Bce 00Jiee OPHEHTHPY-
€TCs Ha CO3JJaHHUC TaKHuX TEXHOJIOTUH U CHOCO6OB BJIMAHUA Ha JIMYHOCTD,
B KOTOPBIX OGCCHe‘II/IBaeTCH 6anch MEXKAY COLUAJIbHBIMU W WHIAUBUIY-
AJIbHBIMH HOTpe6HOCT§IMI/I, M KOTOPBIC, 3allyCKasi MEXaHU3M CaMOpPa3BUTUA
(camMOCOBepIIICHCTBOBAHHMSI, CAaMO0O0Opa30BaHus1), 00ECIIEYUBAIOT TOTOBHOCTh
JIMYHOCTHU K pean3aluu CO6CTBCHHOI>1 WHAWBUAYAJIbHOCTU U U3MCHCHUAM
o01ecTsa.

Hcxonst w3 3T0r0, MOXKHO CHOPMYITHPOBATH OOBEKT M MPEAMET JaHHOM
paboThL.
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O0bekT M npeaMeT padoThl

OOBEKT: WHHOBAITMOHHBIC NOAXOAbI B IPEIIOAaBaHUN B y‘-Ie6HOM 3aBC-
JICHUH.

[Ipeamer: mpouecc npeoOpa3oBaHusi HAYYHOTO 3HAHHsI B MHHOBAIIMIO,
KOTOPBI MOYKHO MPEACTaBUThH KakK IIeTb COOBITHI, B XOA€ KOTOPBIX UWHHO-
Balys NPOXOAUT ITYTh OT UAEHU 1O KOHKPETHOI'O MPOAYKTA, TCXHOJIOTUH HUIIU
YCIIYT'Y U pacipOCTPAHAETCS MPHU IIPAKTUYECKOM HCIIOJIb30BAHUH.

Lenp pabotsl: chopmupoBarh yMeHUs! paboTaTh ¢ rpapUYecKUMu pe-
JaKTOPAMH.

T'unoresa pa6OTLI: HCIIOJIB3Yyd NHHOBAIMOHHOC HAITPABJICHUE, ITPOUCXO-
JIMT MOBBIIICHHE KaYeCTBa 00pa30BaHHs 00YJIAIOIIHXCS.

3agaun, nocTaBjeHHbIe B HATIMCAHUY TAHHOI pPadoThI:

3aaun 3aKIr04acTCs B (POPMHUPOBAHUH Y YUAIMXCs 3HAHUH 00 OCHOB-
HBIX TIOHSATHUSIX M METOJ[aX KOMITBIOTEPHOM rpaduKu, O MOCTPOCHUH rpadu-
gyeckoro unrepdetica, 3 D-MonenupoBaHuU, MAaTEMAaTHUECKUX OCHOB, METO-
JIOB, QJITOPUTMOB U CPEJICTB CO3aHus IpaduyecKux 0ObEKTOB U ACHCTBUI
HaJl HUMH; B ()OPMUPOBAHUHM YMEHHH co3jaBaTh 30-KOMIIO3HMLIUH, CO3/1a-
BaTh OJIOYHYIO KOMITO3HIIMIO U MaKeThl BEO-CaATOB.

HosoBBenenusi. UnHoBanus

HoBoBBeneHusI, WM WHHOBAIIUMK, XapaKTePHBI is JiF000# mpodeccu-
OHAJILHON JIeATENIbHOCTH 4YeJOBEeKa M TOITOMY E€CTECTBEHHO CTaHOBATCS
IpeJIMETOM M3YYEHUs], aHaJIn3a U BHeIpeHus. VIHHOBauuu camu 1o cede He
BO3HHUKAIOT, OHU SIBJIAIOTCA PE3yJIbTaTOM HAayYHBIX TIOUCKOB, IIEPEIOBOIO I1e-
JTaTOTHYECKOTO OIBITa OTAEIbHBIX MpEnoAaBaTesiell U 1eJ0ro KOJUIEKTHBa
yueOHOro 3aBejieHHsl. DTOT MPOLECC HE MOXKET ObITh CTUXMUHBIM, OH HYX-
JlaeTcsl B yIPaBICHUH.

Ha coBpemeHHOM 3Tare B 00pa30BaHUM aKIEHT NEPEHOCUTCS Ha (hopMHU-
pOBaHKE y YYalIUXCsl CIIOCOOHOCTH CaMOCTOSITEIIbHO MBICIHTD, J100bIBATh
U MPUMEHSTh 3HAHMUS, THIATEILHO OOAYMBIBATH IPUHUMAEMbIE PEILICHUS U
YETKO IUIAHUPOBATh JAelcTBUs. BHeIpeHue HHHOBAaLUI paccMaTpUBACTCS C
JIBYX MO3ULIUMN:

*  3TO pe3yabTaT COBMECTHOTO TBOPUECKOTO IMpolecca mearora u yda-

IMXcA,

*  3TO IPOLIECC UCIIOIB30BAHMS [IEJAarOrOM HOBBIX TeXHOJIOrH. O0yue-
HHUE CTAaHOBMUTCSA aKTUBHBIM, OPUEHTUPYETCA Ha NMPUMEHEHUE TaKHX
TEXHOJIOTHIT M C1IOCOOOB BIIMSIHUS HA JIMYHOCTD, YYalerocs, B KOTO-
PBIX YUYHUTBHIBAIOTCS €r0 MHIMBH/yaIbHbIE TOTPEOHOCTH, U 3aIlyCcKa-
€TCsl MeXaHU3M caMopa3BUTHs. BCE 3To COOTBETCTBYET COBpEMEHHOM
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00pa30BaTe/IbHON CHUCTEME, HAICJICHHOW Ha CO3HMIAIONIME 3HAHUS,
HemnpepbIBHOE 00pa30BaHue YeIOBeKa B TEUCHHE BCEH €ro Ku3Hu. B
npoliecce peaju3auny 00pa3oBaTeIbHOM IPOrpaMMbl UCTIONB3YIOTCS
KaK TEXHOJIOIMYECKIEe NHHOBALMHU (HOBBIE METO/bI 1 IPUEMBI IIPETo-
JlaBaHMsl), TaK ¥ OpraHU3allMOHHbIC HHHOBAIMH [4]:

* JIeJIOBBIE UTPHI (METOJ MMHUTALIMU CUTyallUi, MOJECIUPYIOIIUX TPO-
(eccHOHANBHYIO MM UHYIO JIeSITEIbHOCTD).

* METOA IMPOEKTOB (MPOEKT — LIeJCHANPABICHHOE MEPONPHUITHE, OPH-
E€HTUPOBAHHOE HA CO3[aHUE YHUKAJIBHOIO IIPOJYKTA, pa3BUBACT Ha-
BBIKH ITOMCKOBOM, MCCIIEIOBATEIbCKOM JEATEIbHOCTH, YMEHHUE Ipa-
BUJIBHO OPTaHU30BBIBATh CBOIO AEATEIBHOCTH).

*  TEXHOJIOTHIO MPUHATHS PEIICHUH.

*  HCCIIEI0BATENIbCKYIO JesITEIbHOCTh (COBMECTHOE € 00yUalonuMes
o0cyXeHHe U pelleHre MpoliieM CTaHOBUTCS IIEPBBIM IMPOsBIIE-
HUEM HUCCJIEI0BATENILCKOM NESTEIbHOCTH yUallerocs, IpuBOAsILeH
K Pa3BUTHIO TMOKOCTH MBIIIJICHHUS M BJIaJICHUIO TEPMHUHOJIOTHEN)

[7].

YeaoBus, onpeaensomme He00X0AMMOCTb B IPMMEHEHUN HHHOBALMOH-
HOHi 1esITeIbHOCTH

Heo0xoauMOCTh B MHHOBAIIMOHHOW HANpaBICHHOCTH I1€Aarorn4eckon
ACATCIIBHOCTH B COBPEMCHHBIX YCJIOBUAX PA3BUTUA OGL[ICCTBa, KYJbTYPBI U
00pa30BaHUs OMPEICIIICTCS PSIIOM OOCTOSTEIBCTB.

Bo-nepBbIX, MPOUCXOSIINE COIMAIbHO-IKOHOMHYECKHE Tpeo0pazoBa-
HUs 00YCJIOBHUIN HEOOXOAUMOCTh KOPSHHOTO OOHOBJICHHSI CHCTEMbI 00pa30-
BaHUs. I/IHHOBaHl/IOHHaﬂ HalpaBJICHHOCTb ACATCIbHOCTH npenoLLaBaTeneﬁ,
BKJIIOYarolias B ce0sl co3aHue, OCBOGHHE U MCIIOJIb30BaHUE I€aroruye-
CKUX HOBIIECTB, BBICTYIIAET CPEICTBOM OOHOBJIEHHUSI 00pa3oBaTeIbHOM 1O~
JUTHUKH [9].

Bo-BTOpbIX, ycuneHue conepskaHusl 00pa3oBaHMs, HEMPEPHIBHOE HU3Me-
HCHUC 061)eMa, cocTraBa y‘le6Hle JUCHUIIIIMH, BBCACHUC HOBBIX yqe6me
IpeZIMETOB TPEOYIOT MOCTOSIHHOTO [IOMCKA HOBBIX OPraHU3allMOHHBIX GOpM,
TEXHOJIOTUH 00yueHusl. B TaHHOW CHTYyallMu CYIIECTBEHHO BO3PAcTaeT PoJib
Y aBTOPUTET MEJaroruueckoro 3HaHus B regarornueckoit cpezae [5].

B-Tperbux, n3MeHeHHe xapakTepa OTHOUIEHMs IpernojaBareiei K ca-
MOMY (aKTy OCBOCHHUSI U MPUMEHEHHMs Melaroruieckiux HoBuiecTB. B yc-
JIOBUSIX JKECTKOM perilaME€HTallu COACPIKaAHUA y‘-Ie6HO-BOCHI/ITaTeJ'H)HOFO
npolecca Ipernojanaresib OblI OrPaHUYEH HE TOJBKO B CAMOCTOSTEIILHOM
BI)I60pe HOBBIX IIPpOTrpaMMm, yqe6H1/11<03, HO U B UCIIOJIb30BAHWH HOBBIX IPHU-
€MOB ¥ CIIOCOOOB MeIaroruyecKoii aesrensHocty [1].
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Ecin paHbIIC MHHOBAIIMOHHAA ACATCIBbHOCTh CBOANJIACH B OCHOBHOM K
HCIOJIb30BaAaHHNIO PEKOMEHIOBAHHBIX CBEPXY HOBUICCTB, TO ceryac oHa npu-
oOperaet Bce OoJiee M30MPATENbHBIN, UCCIICAOBATEIBCKUIT XapaKTep.

VIMeHHO M0ATOMY Ba)KHBIM B 00pa30BaHMU CTAHOBHUTCS aHAJIN3 U OLICHKA
BBOJUMBIX periogaBaTCIAMU NI€AarorutueCKux HHHOBaHHﬁ, CO3J1aHuE yCJIO-
BUI1 JUIsl MX YCIIELIHOM pa3paboTKu u npuMeHeHus [8].

B-ueTBepThIX, BXOXKICHUE 00pa30BaTe/IbHBIX yUSOHBIX 3aBE/ICHUH B PbI-
HOYHBIC OTHOHICHHUS, CO3/JTaHUC HOBBIX THUIIOB y'-Ie6HI)IX 38.Be[leHPIl7[, B TOM
YHCJIe U HErOCYAapCTBEHHBIX, CO3/IAI0T PEANIbHYIO CUTYAIIMIO0 UX KOHKYPEH-
TOCIIOCOOHOCTH.

Pesrome

3a1a4un, MOCTABJICHHBIE B JIAaHHOM paboTe, pellieHbl, THII0TE3a, BbIABUHY-
Tas HaMH, IMIOATBEPIKICHA. Ha ocHoBaHuu BCEro BBHIIEU3IOKEHHOTO MOKHO
cAciaTb BBIBOJA, YTO 4YEM 60,]'[])1].[6 6y[lyT HCIIOJIB30BAaTbCA MHHOBAlLlMH, TCM
Oosiee pa3BUTHI OyAyT OOyYarOIIMECs U O3HAKOMIICHBI C IPOIECCAMH BHE-
ApCHUA l/IHHOBaI_ll/Iﬁ " nperoaaBaTein.

B xome mpoBeieH s HCCIIEIOBAHNUS B TaHHOM paboTe U OCMBICIICHHS €r0
PE3YIbTATOB HAMECTUIINCH HOBLIC HpO6J’IeM]:-I, Cpeau KOTOPBIX: ﬂaﬂbﬂeﬁmee
TEOPETUKO-METOAOIOTHIECKOEe UCCICAOBAHIE HHHOBAIMOHHBIX MPOIECCOB
B 00pa30BaHuHU.

3akiaoueHHe

Takum oOpa3om, 0Opa3zoBaHKe 1O CBOCH CYTH Y)Ke SIBIISIETCS HMHHOBAIIU-
eil. [IpumMensist pa3Hble 1O CBOEH CyTH TEXHOJOTMH B HHHOBAIIMOHHOM 00-
YUEHHH IperofiaBaTesb JeaeT npouecc OoJiee MOIHBIM, HHTEPECHBIM, Ha-
ChllleHHBIM. [Ipy mepeceyeHun pa3iIMYHBIX MPEAMETHBIX oOnacTed Takas
HHTErpanus MpocTo HeoOxomuma it (HOPMHUPOBAHUS IEIOCTHOIO MHPO-
BO33PEHUSI U MUPOBOCIIPHSTHSL.
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3JIEKTPOHHbIN KOMIMJIEKC MO ANCLUNJINHE
«TEOPUA OUNBTPALIU U YITYYLUEHUE
KAYECTBA U3OBPAKEHUI»

LlUmakos M.C., Ceuto U.J1., CButo A.U.
benopyccknin rocygapcTBeHHbIN TEXHONOTMYECKU YHUBEPCUTET,
Benopycckuii rocygapCTBeHHbIN YHUBEPCUTET MHPOPMATUKM
N Pagno3NeKTPOHUKN

Abstract

The necessity of creating an electronic complex on the discipline “Theory
of filtering and improving the quality of images” is considered. The basic
principles of organization of the materials that allow the most effective the
discipline studying and improving the quality of the educational process
are given. The main topics for studying are presented.

Keywords. Theory of filtering, improving the quality of images, electronic
complex on the discipline.

Beeagenue

Jucuunnuna «Teopust GuibTpanuy 1 yaydlieHHe KayecTBa n300paxe-
HUI SIBISCTCS CHCIHATBHON TUCIUIUINHON, 00€CIICUHBAIOIICH TTOATOTOBKY
UH)KEHEpOoB 1o crenuanbHocT 1-36 06 01 «Ilonurpaduyeckoe o6opyaoBa-
HHE U CUCTEeMBbI 00pabOTKH HH(pOPMALIUNY.

YuyurteiBas COBPCMCHHBIC Tpe6OBaHI/IH 110 BJIAICHUIO HaBbIKaMU pa6OTI)I
C arnmaparHbIM U MMPOIrpaMMHBIM o0ecrieyeHeEM HACTOJIBHBIX N31aTCJIbCKUX
CHUCTEM, 3HAHUE TCOPCTUUCCKUX MOJ0KEHUH 110 ﬂaHHOﬁ AUCHUIIIIMHE pac-
HIMPUT TIPEJCTABICHUS Oy/IylIMX CIIEIMAINCTOB B 00yacT 00paboTKH U30-
Opa3uTenbHON HHPOPMALIH.

Jucuunnuna «Teopust GuibTpanuy 1 yaydlieHHe KayecTBa U300paxe-
HUI» [aeT MPEACTaBICHUE O MPHHIHUIAX (QHIbTPAIMN H300paKCHHUIA, pe-
TUCTPAINyU N300pa:keHui B (G POBOM BH/I€; 3HAKOMUT C MOpQoornye-
CKUM aHAJIM30M M300pa)KeHHsl, C OCHOBHBIMU HAIPaBJICHUSIMH 00paOOTKU
U300paKCHUI: YIyUIICHUs, BOCCTAHOBIICHUSI U CXKATHsI UYCPHO-OCNIBIX WU
[BETHBIX U300paKEHHH, a TAK)KE MHCTPYMEHTAJIbHBIM IIPOIrPAaMMHBIM 00e-
Crie4eHUEeM. DTO MO3BOJIUT MHXKEHEPY-IJIEKTPOMEXaHUKY padoTaTh B IaKe-
TaxX KOMIIBIOTEPHOH 00pabOTKH M300pakeHHUi JI0Me4aTHOrO POU3BOJICTBA
6oee APPEKTHUBHO.
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DNEeKTPOHHBIN yueOHO-METOANYECKUN KOMIUIEKC Y4eOHON TUCIUTLITUHBI
(OYMK/I) MmoxeT ObITh OHUM M3 JIEMEHTOB OpraHu3aluu 00pa3oBaTelib-
HOW JICITEeIbHOCTH 110 OYHO#, 3204HOM U 0YHO-3204HO# (hopMam 00yUeHUSI.

OcHoBHas yacts. OcHOBHas Lenb cozganud OYMK]/] — npe-noctaBuTh
CTYACHTY JOCTAaTOYHO MOJIHBIA KOMIUIEKT y4eOHO-METOAMYECKHX Marepu-
QJIOB ISl CAaMOCTOSITEIBHOTO M3y4YeHUsl NUCUUILIMHBL [Ipu 3TOM nmomumo
HEMOCPE/ICTBEHHOI0 OOy4EHHsI CTY/ACHTOB, 3ajlauaMM IIperojaBaTeis siB-
JISIIOTCS: OKa3aHWe KOHCYJIBTAIIMOHHBIX YCIIYT, TEKyIasi 1 UTOrOBas OI[CHKa
3HaHWH, MOTHBAIHUS K CAMOCTOSITEIbHON padoTe.

B macrosmee BpeMs BaykHEHLIECH 3afadeidl SIBISIETCS IIOBCEMECTHOE
BHEJ[PEHHE JICKTPOHHBIX BBIYMCIHMTEIBHBIX MAIIMH B y4eOHBIH IpoLEcC
1O pa3nuyHbIM JucuuiuinHaM. OJHON M3 COCTaBISIFOIIMX TaKoro Hporec-
ca CTaHOBHTCSl CO3JlaHHME IOJHOTO Y4eOHO-METOIMYECKOr0 KOMILIEKCa B
JJIEKTPOHHOM BHJE. B TakoM Bulie oH 00J1aiaeT 3HAUYUTEIbHBIMU MIPEUMY-
IIECTBAMHU: CKOPOCTHIO OOHOBJICHUSI, pa3HOOOpa3ueM IpeACTaBICHUN Ma-
TEpUaJIOB, MHTEPAKTUBHOCTBIO — CIIOCOOHOCTBIO Oojiee IIyOOKOTo B3au-
MOJICHCTBHSI CO CTYAEHTaMH, B TOM 4YHCJIe B 00JAaCTH MPOBEPKU YCBOCHUS
MarepualloB.

Crpykrypa DYMK]] MmoxeTr ObITh TPaIUIIMOHHO IPOCTON U COEP-)KATh
cieyrome paszeinsl: 1. YueOnas nporpamma; 2. TeopeTtudeckas 4acTb; 3.
[Ipaktuueckue 3anstus; 4. JlaboparopHsie padotsr; 5. KoHTpob 3HaHKH.

Teopernueckast 4acTb MOXKET COJEPIKATh JIEKIINH, BUACOJICKIIMN U CIai-
JIbl TIO COOTBETCTBYIOIIMM TeMaM yueOHOW nporpaMmbl. ABTOPBI TOAPOOHO
pa3pabaThIBalOT TEMBI JIEKIMOHHBIX 3aHSTHH B COOTBETCTBHM C Y4eOHOM
MIPOrpaMMON JUCLUILIMHBI, HAUMHAS C MIOHSTHI, YTO Takoe M300pakeHHe,
Kakye OBbIBAIOT BHJIbI CHCTEM JIMCKPETH3ALNU, KBAHTOBAHUS U BOCCTaHOBJIE-
HUS M300pakeHnH. YienseTcss BHUMaHUue MaTeMaTHueCKUM MOJIEIISIM KBaH-
TOBaHHS M300paKEHNH U NOTy4aeMbIM IIPH ATOM 3 peKkTaM. 3HAUYNTEIbHBINA
WHTEPEC BBI3BIBAIOT TEXHUUECKUE CUCTEMBI MPOLIECca PEerucTpanuyd oTpa-
JKCHHOTO HEIMPEPBIBHOTO CHTHAJla W ero mpeobpa3oBaHue B mudpoBoe
MIpeCTaBlIEHUE, KOTOPOE HA3BIBACTCS HOAYyUEHUEM UUPPOBLIX U300pasice-
nui [1]. B nanpHeiimem paszinuyHble NpeoOpa3oBaHMs 3TUX M300pakeHHH
Ha3bIBAIOTCS 0OpadomKou yugposvix uzooparcenui. [Ipu >ToM BHUMaHHE
yAEJSIeTCSl KOCHHYCHBIM M CHHYCHBIM ITpe00pa3oBaHusIM, IIPeoOpa3oBaHUsIM
®Dypse, Anamapa u apyrum [2].

OOpaboTKka BBINOJIHAETCS MO OINPEIEJICHHBIM aJIrOpUTMaM Ipeoo-
pa3oBaHMii, KaK Ha OCHOBE apH(PMETHKO-IOTMYECKUX ONepalui, Tak U C
MIOMOIIIBIO BUJIOM3MEHEHHUSI TUCTOTPAMMBI.

B yactu npenBaputeabHONH 00pabOTKH M300pakeHUil 0OJIBIIOEC BHU-
MaHHue yAeISIeTCs] MOJCISIM IIYMOB, UX TOJIaBJICHHIO M CIiIaKUBaHuIo. Jlis
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9TOTO MIMPOKO MPUMEHSFOTCS METO/IbI JIMHEHHOW U HeNWHEeHHOW (GuibTpa-
LUK, MCIIOJIB3YsI KPUTEPUH OLIEHKH KayecTBa BOCCTAHOBJICHUS LU(PPOBBIX
n3zo0paxeHuit. M3ydaroTcst METObI TOCTPOCHUS (PUIBTPOB VISl CIVIaXKUBaA-
HUSI, TIOBBILICHHS PE3KOCTH, TTOJIABJICHHS IIYMOB, C I€IbI0 BBIJCICHUS WIN
yAAJICHUSI OTJENbHBIX NMPU3HAKOB M300paKeHHs, IMOJYEPKUBAHUS Iepera-
JIOB SIPKOCTHU W TPAHUII, @ TAK)Ke CETMEHTaluu n300pakeHuit [3].

B yacTu TeMbl CKaTUSI H300pAKCHUN aHAIU3UPYIOTCS OCHOBHBIE COBpE-
MeHHbIe GopMaThl CXKATHsI HEMOABHIKHOTO M300PaXKSHUS U CHKATHS JIBHIKY-
miero u3oopakeHus. M3ydaroTcst Mpu3HaKu U300paKeHUM, UX BBIJCICHHE,
COBMEIIEHNE U MTPUBSI3KA, a TAK)KE METO/IbI IPaIallMOHHBIX ITpeo0pa3oBaHuit
C UCIIOJIb30BAHUEM apU(PMETHKO-JIOTHYECKUX OIEpalUil CI0XKEHUs, BbI-
YUTAHHE U YCPEIHEHUS N300pakeHU.

B 3akiIro4nTeNbHBIX JEKIUAX AAIOTCSl OCHOBBI 00pabOTKM IIBETHBIX U30-
OpaxeHnid. PaccmarpuBaroTcs pasjinuHble I[BETOBBIE MOJIENIM, 0OpaboTka
n300paKeHUI B TICEBIOIBETAaX, METOAbl YMEHBLIIEHHS 3alIyMJEHHOCTH
M300pakeHUIi M IBETOBBIE IPEOOpa30BaHUs, IPUMEHsIEMble JUIsl pUIIBTpa-
LUH U KOPPEKLUH, KPUTEPUH CYOBEKTHBHOIO H 00bEeKTHBHOIO OIICHUBA-
HUS KaueCTBa BOCIIPOU3BEICHHMSI n300pakeHuit [1].

B koHeYHOM cueTe pelieHre KOHKPETHOW MPUKIIaIHON 3a7a4u 1o odpa-
00TKe n300paxkeHuil moTpedyeT MpUMEHEHUs! pa3HbIX METO0B U TPOTrPaMM-
HBIX cpecTB. Jlake mpu HEOOJNIBIIOM U3MEHEHHH YCJIOBUIl MOJMY4YEHUS Of1-
HOTO M TOTO € 00BEKTa MOTYT CyIIECTBEHHO H3MEHHTBCS ero nuppoBoe
U300paKeHUe M METOAbl 00pabOTKM 3TOr0 HM300pa)KCHUs: HAIpUMED,
n3o0paXkeHUe, TOJyYCHHOE B KPacHOM JHana3oHe 3JIEKTPOMarHUTHOTO
criekTpa u OJImKHEM HH(PPAKPaCHOM (CM. PUCYHOK 1).

Pucynox 1. Ilpumep xocmuueckux CHUMKO8 0OHOU MECMHOCHU 8 PA3HBIX
CHeKmpanbHbIX OUANA3OHAX!
a — OnUdICHULL UHPAKPACHBLL cCnekmp, O — KPACHbIU CHEeKmp

92 | International Scientific-Practical Conference



B pazzerne npakTHuecKUX 3aHATHI MO AUCHUILIMHE MOYKHO MOIPOOHO M3-
yuarb npohecCHoHaIbHbIC IPOrPAMMHBIE TAKEThI, CO3/IaHHbIE 111 TU(PPOBOU
00padoTku n300pakeHuit. [IpoBoaUTE MOACTIMPOBAHKE U YITyUIIICHHE U300pa-
eHuil B cpene Matlab u Photoshop [4,5]. OcyiiecTBisITh aHAIN3 CUTHATIOB
U300paXKeHH BO BPEMEHHOW M YaCTOTHOM o0acTsix, GUIIBTpaHIo U c)KaTue
MIOJIyTOHOBBIX YEPHO-0EJIBIX U LIBETHBIX M300paKeHNUH, a TaKkxKe (PUIIBTPALIUIO
U C)KaTHE N300paKEHHUI C YaCTUYHOW ToTepel nH(opManuu u T. 1.

Cucrema MATLAB (MATJIAB — 3710 cokpaiieHHe OT aHIIUICKOTO
«Matrix Laboratory», marpuunas sadoparopus). MATJIAB — sto maker
MIPUKJIAIHBIX TPOrpaMM JJisl PELICHUs 3a]a4 TEXHUYECKUX BbIYMC-JICHHH,
MHOXKECTBO CIIEIIMaIM3UPOBAHHBIX OMOJIIMOTEK U OJHOMMEHHBIH SI3bIK TPO-
rpammupoBanusi. 3eik MATLAB — untepnperatop. MATLAB paGoraer
Ha OOJIBLIMHCTBE COBPEMEHHBIX ONEPAaLMOHHBIX cucTeM [4].

B MATLAB MoxHO co31aBaTh CIEIHabHbIC OUOTUOTEKH (QYHKIUI
(toolbox), pacmupsitomue ero (yHKIHOHAIbHOCTh., Hampumep, Oubmuo-
teku Digital Signal Processing Toolbox, Image Processing Toolbox,
Wavelet Toolbox, Filter Design Toolbox wucnonbesyrorcs mis uudpoBoi
00pabOTKH CUTHAJIOB U M300paKeHHH.

Bynyun TecHO CBS3aHHBIM CO CpelOi pa3pabOTKH MPHIOKEHUN
MATLAB, naker Image Processing Toolbox ocBoboxnaeT pazpaborunka ot
MIOMCKa pellleHUH, KOJIMPOBAHUS U OTIIA/IKU aJITOPUTMOB, TIO3BOJISISI COCPEO-
TOYUTH YCUJIUSI HA PEUICHUH OCHOBHOHM MpakTtuueckoi 3amauu. MATLAB
n naker Image Processing MakcMManbHO HPHUCIIOCOOJICHBI ISl O0yUSHHMS,
Pa3BUTHS HOBBIX UJEH M UX POBEPKHU.

JlabopartopHble 3aHATHS 110 JUCUUILTHHE « Teopust GUIbTpaluy U yiayd-
IIEHHE KauecTBa W300paXeHWI» IpeAHa3HAYCHbI Ui M3YYEHUsS OCHOB-
HBIX METO/IOB 00pabOTKM M YJIy4dIICHHUS KauecTBa N300pa)KeHUI Ha OCHOBE
nudpoBoil GuibTpanu U NPUOOPETEHUS] NPAKTHYECKHX HABBIKOB pado-
TBI C MHCTPYMEHTAJILHBIM MPOrpaMMHBIM obecrieuenreM Matlab nu Adobe
Photoshop. Tak kak KOJIMYECTBO 4aCOB OrPaHUUEHO IIPOTPAMMOIi, T0ITOMY
MO>KHO PEKOMEH/JIOBaTh CTYJCHTAM BBINOJIHHUTH CIIEYIOLIHe PaOOThI:

* Pacyer mapamMeTpoB THIIOBOTO (hHJIBTPA HU3KHX YACTOT C BBIIIOJIHE-

HHEM IPOBEPKH MPaBUIILHON paboThl cxeMbl B akere EWB.

* AHanu3 rpajauuii M300pakeHMs, IJie HY)KHO NpOaHaIU3UPOBATH
rucrorpammy uzoOpaxenus. [Ipu 3TOM McHoNb3yeTcs maauTpa
Histogram nporpammsl Photoshop [5].

*  OcBouTh rpagalioHHbIe Tpeobpa3oBanus n3obpaxenuii B MATLAB
[4].

*  OcBouTh NpOCTpaHCTBEHHYIO (uibTpanuio B cpere B MATLAB.
CcdopmupoBars (QUIBTP W NPUMEHHUTh (GUIBTP K H300paXKECHUIO,
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UCIIONB3YSl pa3in4HbIe apaMmeTpbl GyHKUuM imfilter.

* M3yunuTh MOIENM WIYyMOB M OCBOUTb METOJMKH BOCCTaHOBIJICHHS
n300paxkeHuii ¢ momoruisio nporpamm MATLAB.

* BrmonHuTe monmaBieHue mIyMa ¢ momoluisio nporpaMmm MATLAB,
Adobe Photoshop u nccienoBars padoTy MeaHaHHOTO GUIBTPa IPU
yCTpaHEHHH 3allyMJIEHHOCTH N300pa)KeHUs! (CM. PUCYHOK 2).

* BoccranoButh nugpoBsie H300paxkeHus ¢ momolnsio nakera Adobe
Photoshop [5].

Pucynok 2. Ilpumep ouucmxu 3auiyMiennoco uzoopasiceHuss MeouaHHbim
Gunompom Yepnenko

3akiouenne

Takum 00pa3zoM, JIEKTPOHHBIH Yy4eOHO-METOIUUECKUI KOMIUIEKC AMC-
numnHel «Teopust GuibTpanuu M yiaydlleHHEe KadecTBa H300paKEHHID»
JIOJDKEH TPEeIOCTaBIATh CaMylo aKTyalbHYI HH(pOpMalHio B Hauboiee
yAOOHOM JJIsl U3Y4EHUsI BHJIE, CYLIECTBEHHO IOBBIIIAsl KaueCcTBO 00pazoBa-
Hust. OOpaboTka MEHSIOUIMXCS M300paKeHUH PAa3HBIX THUIIOB — 3TO B 0OJIb-
Il CTENEeHU MCKYCCTBO, @ HE PEMEC]IO, HO MCKYCCTBO, OIMpAroleecs Ha
pa3HooOpasHbie 3HAHUS U OIBIT. 3HAHUE METOAOB U MOUCK HYXXHOMW IocIe-
JIOBaTeJIbHOCTH B MX NPUMEHEHHH OOJIErYuT pelleHHe IOCTAaBICHHOU 3a-
naun. Jlaxxe mocTostHHO padoTasi ¢ y3KUM KJIaccoM M300pa)KeHHi, 1MoJIe3HO
3HaTh OCHOBBI Ha3BaHHBIX METOJOB. bosiee rIyOOKHe 3HAHUS MOXHO IO-
YepIIHYTh B IPYrUX Y4eOHHKaX U CIEIMaIN3UPOBAHHON JINTEpaType, a Tak-
ke B cetu MHTEepHeT.
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COBEPLUEHCTBOBAHME TEXHOJIOTMA CO3AAHNA
BUOPA3JIATAEMbIX KOMNO3ULUNA
" BMIMAHUE KOMNO3NLMWNOHHOIO COCTABA
HA ®U3NKO-MEXAHUYECKUE CBOUCTBA

Bacunbes W.10., AHaHbes B.B., YepHas U.B.
OIrbOY MoCKOBCKUM NOAUTEXHUYECKNIA YHUBEPCUTET

Abstract

An extrusion process has been developed for the production of biodegrad-
able hybrid compositions (BHC) based on polyolefin - low - density poly-
ethylene and thermoplastic starch (TPS) with different starch — containing
fillers — corn starch, pea starch, rice starch, and the integration of a new
filler—distilled monoglyceride (DMG) plasticizer — in the composition of TPS.
We have studied the rheological properties, and operational properties of
biodegradable hybrid compositions (BHC). We have studied mechanical
properties by differential scanning calorimetry (DSC) method. As a result,
the studies have been performed to determine the direction for further im-
provement of the technology for producing TPS with plasticizing additive
(DMG) for biodegradable film products.

Keywords: biodegradation, filler, plasicizer, composite, material, thermoplas-
tic starch, polyethylene, structure, hybrid composition.

Beeagenue

B cBs13u ¢ pacTymiuM MUPOBBIM IPOU3BOJCTBOM MOJIUMEPHBIX U3AETHH 1
MOBBIIIEHHEM BHUMAHUS K 3aIlUTE OKPY’KAIOLIeH cpeabl akTyaIbHBIMH SB-
JISIIOTCSL IPOOJIEMBI YTHIIM3ALMHU TTOJIMMEPHBIX OTXOJIOB ITyTeM pa3padoTKH
OuopasziaraeMblX KOMITO3HIIMOHHBIX MarepuasioB u 1uactukoB [1-3]. Ce-
TOZIHS B MUpPE MPOU3BOAUTCS 0Koso 130 MiIH. T. mactudeckux macc. O6beM
TaKUX MaTepUaliOB, MOJIY4YEHHBIX U3 BO3OOHOBIISIEMOTO TIPUPOIHOTO ChIPbS,
COCTABJISNIO BCEro okoso 7—8 Teic. T. B 2019 r. konmuyecTBO MX BO3POCIO 10
1,3 mnH. T. Ha eBponeiickoM pbIHKE MOJIMMEPOB, M0 MHEHUIO IKCIIEPTOB
MHcTuTyTa NEepCcrnekTUBHBIX TEXHOJIOTMYECKUX HccienoBaHuil EBponei-
ckoii Komuccuu, 310 cocraBuio oko10 5% k 2020 r. [4].

CerosHs NepCNeKTUBHBIM CUUTAETCS U3TOTOBICHHE MOIUMEPHBIX U3JIe-
JIWi, KOTOPBIE COXPAHSIOT (PU3NKO-MEXaHUUECKUE XapaKTEPHUCTUKH TOJILKO B
TEUeHHE TepPHOoJIa SKCILTyaTalluH, a 3aTeM ITOJ(BEPraloTCsl XUMUYECKUM, (QH-
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3MKO-XUMHUYECKUM, OMOJIOTHYECKUM M JIECTPYKTUBHBIM IPEOOpa30BaHUIM
0J1 BO3/IeHCTBHEM (DAKTOPOB OKPYIKAIOILEH Cpe/ibl, BKIIIOYasiCh B IPOLECCH
MeTadosn3Ma NpupoHbIX ornocucreM [4-8]. PazpaboTka KOMITO3UIIMOHHBIX
noiauMepHbix MarepuaioB (KIIM) — oxgHo u3 Hambosee MepCreKTHBHBIX
HaIPaBJICHUH JAaHHOIO noiaxona. IIpuuMHON MX NOMYJIAPHOCTH SIBIISETCS
ycToifunBasi TEHJACHIMS 3aMEHBbI TPAJUIMOHHBIX IJIACTHKOB HAa KOMIO3H-
UM U3 TEPMOIUIACTUYHBIX MOJUMEPOB C Pa3IMYHBIMU HAMOJHUTEIAMU. VX
CBOMCTBAa MOKHO BapbHUPOBAaTh B ITMPOKUX MPEesiaX B 3aBUCUMOCTH OT HC-
MOJIb3yEeMOM MaTpPHUIIbl, TUIIA HATTOJHUTENS, AUCIIEPCHOCTH, KOHIIEHTPAllUH,
COYETaHMsI HECKOJIbKHUX HarojgHuTeleil. PocT norpebieHus: OMOIIacTHKOB B
MUpE SIBISIETCS] TVIABHOW TEHACHIMEH pa3BUTHsI ChIPHEBOM 0a3bl sl IPOU3-
BOZICTBA OMOpa3iiaraeMoil yHakoBKH IHIIEBOTO Ha3HAYEHUsI, OJJHOPa30BOI
HOCY/Ibl, PA3JIMYHOTO POJIa KOHTEIHEPOB, B 00JIACTH MEULIMHBI.

Bbuopasnaraemelie mosmMepsl MPEACTABISAIOT COO0N BBICOKOMOJIEKYISP-
HbIE COEIUHEHUs, OOBIYHO IPHPOJHOTO IPOUCXOKICHUS, COJIEpIKaIIne
KOMITOHEHTBI OMOJIOTMYCCKUX OpraHu3MoB (ICJUIF0I03a, OCIIOK, Kpaxmall,
HYKJICMHOBBIE KHCJIOTBI, CMOJIBI U T.J.), MHOI'ME M3 KOTOPBIX CIIOCOOHBI
B COOTBETCTBYIOIIMX YCJIOBHSX pa3pyliaThcs MOA JAeicTBHEM (AKTOPOB
OKpY>Karoliei cpenbl. B OHOJOrMUECKH aKTHBHON Cpelae 3TH IOJTHMEPhI
IpeTepreBaoT 3HAUNTENIbHBIE U3MEHEHHUS - B MOJEKYJIIPHON Macce, Mexa-
HUYECKHUX XapaKTePUCTUKAX, a TAKXKE SIBJISAIOTCS UCTOUHUKOM MHUTATEIbHBIX
BEIIIECTB JUIsI MHUKPOOPTaHM3MOB. B Takux cpenax 4acTo MpOTEKaroT Mpo-
HeCcChl THAPONIN3a U (POTOXMMHUUECKOTO pa3pylIeHus: OMOIOIMMEPOB, KOTO-
pBIe pacmaaaroTcs Ha KOMIIOHEHTHI, yYacTBYIOIIHE B €CTECTBEHHOM ITHKIIE
KPYroBOpOTa BEILECTB: BOJA, YIVICKHCIIbIH ra3, Onomacca u T. 1. OCHOBHBIM
NPEUMYILECTBOM OHOMOIMMEPOB SIBISIETCSl X CIIOCOOHOCTH K OMozerpaja-
IIUH B T€YCHHE JTOBOJIBHO KOPOTKOTO BPEMEHH, B OTJINYME OT aHAJIOTOB, MO-
JIyYEHHBIX U3 HeTeXuMHuecKoro coipbs [4-8]. [losiHOCTHIO GHOpa3iarae-
MbIMH cyuTalTces miacTuku u KIIM, eciau oHu pasnaratoTcs B ouBe Moj
NEACTBMEM MHMKPOOPraHu3MoB J10 Boabl, CO, uim meTana B TeueHue 3—6
MecseB ¢ octatkoM oxoiio 10-50% mpu koMocTupoBanuu, U 1-2 rona — B
€CTEeCTBEHHBIX YCIOBHSX [4].

Bo BHNMU kpaxmanonpogyKTOB NPOBOIST UCCIIEIOBAHUS 110 UCIIOIb30-
BaHMIO MOAM(DUIIMPOBAHHBIX KPaxMajoB JJIsl MOJy4YeHus] OnopasiiaraeMoit
nonuMepHoi mpoaykuuu. ['népugasie komnosunuu (I'K) Ha ocnose TIIK
NOJyYaJId B HAyYHO-HCCIIEH0BATENILCKOM J1ab0paTOpUy UCIIBITAHUH TOJHU-
MEPHBIX INIEHOK MOCKOBCKOTO MOTUTEXHUYECKOTO YHUBEPCUTETA.

Lenbto HacTosiel pabOThI SBISIIOCH COBEPILIEHCTBOBAHHE TEXHOJIOTH-
YeCKOr'o Ipollecca U3rOTOBJICHHSI OMOIOTHYECKH pa3pyliaeMbIX THOPUIHBIX
xommnosunuii (BI'K) repmorutactuynoro kpaxmana (TTIK) ¢ HoBoi mo0as-
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KOH-I1acTU(GUKATOPOM MOHOIIHMIEPUIOM AucTHiuIMpoBanHbIM (MIJ]) c
HOJIMATUICHOM B BHJIE TUICHOK, NpeHAa3HAYEHHBIX JUIsl U3TOTOBIICHHS OHO-
pasilaraéMbIX YIIaKOBOUHBIX MaTEPUAJIOB IIUILEBOIO HA3HAYCHMUSL.

O0BeKTHI HCCJIeI0BAHNS

B kadyecrBe 00bekTOB HccienoBanus ucronbiopaiu: [IDHIT (Beicoko-
ro pasienus) mapku 11503-070 npoussoactBa [TAO «Kazanboprcunresy,
a TaKKe KOMITO3UIIMOHHBIE MaTepHUalIbl HA €r0 OCHOBE, HATIOJIHEHHBIE KpaX-
MajocoAepKaluMK mpoaykTamu. B kadectBe Hamonuutened ans [IOHIT
MCIIOJIb30BAJIM: KpaxMal KyKypy3HbIid Beiciero wiu nepsoro copta (IOCT
32159-2013); muuepun muctuuinpoBanHblil Mapku [1K-94 (I'OCT 6824-
96); MI'l — o TY 10-1197-95; kpaxman ropoxoBblii (cepTudukar coor-
BerctBus, ¢upma ROQUETTE, ®panuus), kpaxman pucoBsii (OO0
«Kommanusi ToproBo-npon3BOACTBEHHAsI U UMIIOPT-3kcropT Bunp TxyaH,
BretHamy).

MeToabl ccae10BaAHUS

s BeIOOpA PEKMMOB W3TOTOBJICHHS KOMITO3UIIMK Ha J1a00OpaTOpHOIL
9KCTPY3MOHHOW yCT@HOBKE IPEABAPUTENILHO OBUIM ONpeJesIeHbl PEOIOTH-
yeckue xapakrepuctuku pacmiaBoB (IOCT 11645-73 UUPT-5, Poccus)
UCXOJHBIX MaTepHalioB, YCTaHOBIEHbI (hopMa U pa3Mepbl YacTHUI] HAIloJl-
HUTeNel B KOMIO3UTaxX Ha MX OCHOBe. ONTHYECKHE HCCIIeIOBAHUS IPOBO-
JMIIM ¢ TIOMOIIBI0 MUKpockona Axio Imager Z2m, Carl Zeiss (I'epmanus)
npu yBeanueHuH x50 u x200 B mpoxosiieM U OTpaKeHHOM cBeTe. Mexa-
HUYECKUE CBOICTBA NPHU PACTSIKEHUU OOPA3I0B ONPENEISUIM C TOMOLIBIO
ucneitatenabHoi mamabl PM-50 (Poccust) ¢ mporpaMMHBIM obecriedueHremM
«Stretch Testy». bouin onpernesneHsl 3HaueHHs pa3pyILAOIIETr0 HAPSIKSHUS
U OTHOCUTEIbHOE YIJIMHEHHE NPH paspbiBe. McnblTaHus MPOBOAMIM TPH
temneparype 23+2 °C, otHocuTenbHON BiraxkHoCTH 50+5%. Kaxxnoe 3Ha-
yeHue ObUIO MONTYYEHO YCPeIHEHUEM Mo 5 u3MepeHusiM. McnbiTanus mnpo-
BOJIWJIU TIPU CKOPOCTH Aedopmanuu 00pa3ioB 100 MM/MHH B COOTBETCTBUU
¢ 'OCTom 14236-81. OOpasupl IUIEHOK Ul UCTIBITAHUH OBUIN TOJTyUYeHBI
C TIOMOILBIO BBIPYOHOTrO YCTpOWCTBa, (hopMa 00pa3lOB COOTBETCTBOBAJIA
tuny 1B (EN ISO 527-3:1995). Crenenb KpUCTANTMYHOCTH U TEMIIEPATYPY
IUIaBJICHHs 00pa3loB ONMPEACISUIN C TOMOLIBbI0 JTU(PPEepeHINaTBLHOTIO CKa-
Hupyroiero kaiopumerpa Netzsch Phoenix DSC 204 F1 npu ckopocTtu Ha-
rpeBa/OXJIAXKACHUS — 5 TPpaJi/MUH U HaBeCKe 00pa3ioB 15—16 mr.
Pe3yabTarsl U UX 00Cy:KIeHHE

U3 pe3yabTaToB NpPOBeJCHHBIX PaHee HCCJIEA0BAHNN H3BECTHO, YTO
JJIS1 YITy4IIeHHsS COBMECTUMOCTH C HEMOJSPHBIMU HOJIMMEpaMHU THIIA MOJH-
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STHJICHA W TIOJIMIPOINUIIEHA MEPCIEKTUBHBIMU SIBISIOTCS d(HUPBI KpaxMaia
W BBICHIMX JKUPHBIX KUCIOT [9]. DdupHbIE rpynIibl ¢ JIMHHBIMU QJIKAJIb-
HBIMU paJHKalaMi yBEIUYUBAIOT COBMECTUMOCTh KpaxMasa ¢ HeMOIApHBIM
CHUHTETHYECKMM KOMIIOHEHTOM U JICHCTBYIOT KaK BHyTPEHHUE I1acThduKa-
TOpbI. J{JIsl COBEpIIEHCTBOBAHMUS IPOIlECcCa M3TOTOBJICHHS OMOIOTHYECKU
paspyuraeMbix ruOpuaHbix kommo3uiii bI'K U monuMepHbIX IUIEHOK Ha
HX OCHOBE, IPOBE/ICHBI UCCIIEAOBAHUS 110 H3YUEHHUIO BOZMOXXHOCTH 3aMEHBI
copburona Ha MoHOHMIEpH ] aucTHiupoBanHblid (MI]]). Crenens 3ame-
Hbl copOurona Ha MIJ] cocraBisiiia 100%, mpu 3TOM BBITIOIHSUIA COOTHO-
mieHue kpaxmasna, runepuHa 1 MIJl B oOuield Macce TepMOILIaCTUYHOTO
Hanoxautenst 60%, 30% u 10% cootBercTBenHo [10].

[lepen xomnayHIupOBaHUEM HAIOJIHUTENH BBICYIIMBAJIHN B BaKyyMHOM
tepMmotikagde B Tedenue cytok npu temneparype 60°C. TIIK nomyuanu c
nomoielo IkeTpyaepa mapku P3-KJJ1-88, npu Temmeparype Ha BbI-
xoxe u3 Hero 120°C. Ha ocnoBe rpanyn TIIK pa3HbIX BHIOB KpaxMajos,
nyteM cMenmBanus ¢ [I9HII npu coornomenusx TITK:II9HII B unrepna-
ne ot 40:60 o 60:40, mosryyanu OMOIOrHYECKH pa3pyllaeMble THOPHIIHbIC
xommosuiuu (BI'K). Mcexomusie TIIK u BI'K Obuté HpUrOTOBNICHBI B BHIIC
CTPEHI Ha JIBYXIIHEKOBOM JKCTpYZEpE, MOCJe Yero CTPEeHrd JpOoOWIIM Ha
IpaHyJIbl pa3MepOM OKOJIO 2 MM. DTH TPaHyJIbl 3arpyaiii B 1a00paTOPHbINA
SKCTPYZEP C IUIOCKOIIEIEBON TOJIOBKOM U HA BBIXO/E, TP MTOMOIIHU MPOTSXK-
HOTO YCTpOICTBa ¢ OXJaKAAEMbIMHM NPUEMHBIMHU Banamu, noiydanu BI'K
KOMITO3HUIIMH B BUJIE MJICHOYHOTO MaTepHaIa.

Ouenky peonorudeckux cBoiictB BI'K kommo3unuii mpoBoauiau Ha Ka-
nuusipHoM Buckozumerpe MIMPT-5 npu MakcuMallbHOM MaccoBOM A0i€
TIIK:IIOHIT 60:40. IToka3arenu Texydectu pacmiaaBos uuctoro ITOHIT u
BI'K xommno3unuii Ha ero ocHoBe onpeensiy npu 190°C u narpyske 2,16 kr.
Pesynbrarsl npejcraBieHbl B Tadaune 1.

Tabnuya 1. IITP komnosuyuit BI'K u ucxoonoeo I1I9HIT

Ne IITP,
Kommno3urmun
/n r/10muH
1. Wcxonnsrit [IDHIT 7
2. BI'K (TTIK ropoxoBbIif kpaxmai) 5,6
3. BI'K (TTIK kyKypy3HBIH Kpaxmai) 5,4
4. BI'K (TIIK pucoBbIif kpaxmai) 5,1

Kak cnenyer u3 mpusenennbix 3HadeHuil [ITP, Bs3kocTh pacriaBoB
BI'K xomno3unuii cHuxkanacek no cpaBHeHHIo ¢ ucxonusM IIOHIT ot 7 no
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5,1 /10 MuH. MOXHO MPEAION0KHUTh, YTO BBEICHUE JO0ABKH IIacTU(UKa-
topa MI'J] B TIIK BiusieT Ha BA3KOCTh paciiaBa, MIPUBOS K €€ CHUKECHHUIO.
Yro, B CBOIO 04Yepeib, Oy/JeT CKa3bIBaThCs Ha MPOU3BOJUTEIBHOCTH SKCTPY-
3MOHHOTO 000PY/IOBaHUS IIPH MPOU3BOJICTBE TAKUX MAaTEPHAJIOB.

CreneHb QUCIEPCHOCTH M Pa3Mepbl YaCTHIl HAMOJIHUTENS, PaBHOMEp-
HOCTh MX PacIpe/eeHus B OJIMMEPHON MaTpHIlEe OKa3bIBAIOT 3HAYUTENb-
HOE BIIMSIHAE HA CBOWCTBA KOMITO3UIIMOHHBIX MaTepHalioB, B TOM YHCIIE U Ha
HX CIIOCOOHOCTh K OMOPA3JIOKEHHIO.

Ha puc.1 npusenenst mukpodororpadun odpasuoB komrno3utos BI'K,
U3roTOBJIeHHBIX Ha ocHOBe pucoBoro TIIK, rne maccosas gomst TITK:TTOHIT
BapbupoBaiu B cooTHomiennu 40:60 u 60:40. Mukpodororpaduu ObLIH 10-

r

Puc. 1. Muxpogpomoepaguu niernounvix 0opazyos
A, B—TIIK:TIDHII 40:60, b, I' — THIK:1I5HII 60:40; A, b — ysenuuenue x50,
B, I' — yeenuuenue x200

Ha muxpodororpadusx rueHounsix obpasnos TITK:IIOHIT 40:60 na-
OnroaeTcst JOCTATOYHO PABHOMEPHOE PACIpEeesICHUEe HAOIHUTENA B 110-
JIMMEPHOM MaTpuile, 4YTO FOBOPHUT O XOPOIIEH rOMOTeHH3alul KOMITOHEH-
TOB B IpOLECCEe UX U3roToBJICHUs. OJHAKO MOXKHO YBUJETh U HEOOJbLINE
aryIoMepaTsl, NpeAcTaBisiomue co0oil 3epHa Kpaxmana. J[nsd mieHOuHBIX
o6pazuos TIIK:IIOHII 60:40 HepaBHOMEPHOCTDH CTPYKTYPhI BBIpaXKEHA 3Ha-
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YUTEIbHO CHIIbHEE, BUAMMO, BCJIEACTBHE Xy/IIeH TOMOT€HM3alUU Takon
KOMIIO3UIMH, Ha MUKpodoTorpadusx HaOIIONAIOTCS CKOIUICHHS arjome-
partoB, npoaoiabHbie Tsoku [IDHI, koTopble MOTYT yXy/aIIaTh IPOYHOCTHBIE
CBOMCTBA KOMIIO3ULIMOHHOTO MaTepHaa.

C 1enblo MONTyYeHHs IPEJICTaBICHUsI 00 SKCIUTyaTallMOHHBIX CBOWCTBAX
MarepuasoB ONpeIelsuid PU3UKO-MEXaHNYECKIe XapaKTePUCTHKH IPU pac-
TSDKEHHMU: pa3pylIaloniee HarpshKeHne TPU PacTsHKeHUH (8) M OTHOCHUTEIb-
HOE Y/UIMHEHHUE NpH pa3psbiBe (€). Pesynbrarsl ncciienoBanuil pusnko—mexa-
HUYECKUX XapaKTEPUCTUK MPE/ICTaBICHbI B Ta0MI. 2.

B kadecTBe npuMepa Ha pUCYHKe 2 NpuBe/eHbl (PU3UKO—MEXaHUYEeCKHE
xapakrepuctuku ['K ¢ TIIK, npurotoBneHHsle ¢ HCTIOIB30BaHUEM PHCOBOTO
Kpaxmasia. AHAJIOTHYHbIE JJAHHBIE OBbUIN TIOJIyYEeHbI U ISl IPYTUX UCCIIEeNy-
€MBIX BHJIOB Kpaxmala.

‘ - Ofpazey Ne 1 @ Ofpasey Ne 2 0 Ofpasey N2 3 4 Ofpasey Ne 4 @ Ofpasey, N2 5

Hanpswenne, F [ MiTa |

0 s 15 20 25 30 35 40 45 S0 S5 B0 B5 70 75 80
YAnHHEHME, %

(A)

B Ofpaceyy He 1 B OBpaceyy He 2 8 OBpaseyy Ne 4 4 Ofpaseyy Ne 5

Hanpswene, F [

b : e . —
0 % 10 15 20 25 30 35 40 45 50 55 60 65 7O 75 80 85 00 95 100 105 140
Yanurerie, %

(B)
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B OBpaseyy Ne 7

A Ofpasey, Mo 1 M Ofpasey N2 2 4 Ofpasey Mo 3 @ Ofpaseu N2 4 4 Ofpasey, N2 S 8 Ofpasey, M2 B

Hanpawenie, F [

7

YnuHere, %

a S 10 15 20 25 30 3% 40 45 S0 S5 B0 BS D 7S B0 85 90 95

Puc.2. Qusuxo-mexanuueckue xapaxmepucmuxu I'K ¢ TIIK uz pucosozo kpaxmana

(8)

A — TIIK:TIDHII 40:60, 5 — TIIK:II2HII 50:50, B — TIIK:TIDHII 60:40

Tabnuya 2. Qusuxo—mexanuueckue xapakmepucmuxu bI'K komnozuyuii

N | Coormomerye Pazpyaromee OTHOCHTENIBHOE Tonuuna
o HalpsoKeHUe YAJIMHEHHE IUICHKH,
5, MIla g, % h, Mmkm
1 BI'K ¢ TIIK u3 KyKypy3HOro kpaxmaia
40:60 9,10 72,75 160
50:50 9,04 68,91 160
60:40 10,17 62,44 138
2 BI'K ¢ TIIK u3 ropoxoBoro kpaxmaia
40:60 8,37 66,6 168
50:50 8,24 59,63 166
60:40 6,41 27,88 161
3 BI'K ¢ TIIK u3 pucoBoro kpaxmaina
40:60 11,83 79,00 125
50:50 12,01 93,65 120
60:40 9,50 78,98 110

M3BecTHO, 4TO Kpaxmall, B 3aBUCUMOCTH OT €0 IPOUCXOKIEHUS U XU-
MHUYECKOH NPUPOJIBI, UMEET pa3Hble CTPYKTYpHbIE M (U3HKO-XUMHYECKHE
XapaKTEePUCTUKH, YTO MOXKET OTPA3UThCS M Ha (PM3MKO-MEXaHUYECKHX, Opra-
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HOJICTITUYECKHUX CBOMCTBAX, a TAKXKE U MOBJIHUATH HA CIIOCOOHOCTh K OMOpa3-
JIOKEHHIO pa3padarbiBacMbIX IUICHOK. [Ipy M3yueHHU BIMSHUS pa3jIMuHBIX
BUJIOB Kpaxmajia Ha (HM3MKO-MEXaHHMYECKHE CBOICTBA IIJICHOK, H3TOTOB-
JeHHbIX npH pasnudyHoM cootHomenun TITK:IIOHII, onpeneneno, uto ms
BI'K, u3rotoBneHHOI U3 KyKypy3HOTO KpaxmMaia, 3Hau€HHs pa3pyIIaoliero
HaMpsDKEHUS ITPU pa3pbiBe YBEJINYUBAINCH IIPU YBEJIIMYEHUH MAaCCOBON 101N
TIIK. Jdnst BI'K, kxoTOpyI0 M3roTaBiIvBalid U3 PUCOBOTO Kpaxmalia, ¢ yBelu-
yerrem Ao0iu TIIK nepBoHauanbHO MPOCIeKMBAIOCh YBEIUUEHUE pa3pyia-
OIIETO HAMPSDKEHU IPU pa3phbIBe, HO 3aTeM C YBEIMYEHHEM MAacCCOBOM 10N
TIIK, naunnas ¢ coornomenus TITK:ITOHIT 50:50 nabmronanu yMeHbIICHAE
MPOYHOCTHBIX CBOMCTB. UTo kacaerca BI'K, n3roroBneHHON U3 ropoXoBOro
Kpaxmarla, To ¢ yBeaunueHueM mMaccoBoid nonu TIIK, y naHHON koMmo3unuu
HaOJI01AJIOCh CHU)KEHNE Pa3pyIIAIOIIero HallpsHKeHHsI IPU pa3phiBe.

W3BecTHO, YTO y pa3iIMyHBIX BHJIOB KPAaxXMaJOB JUCHEPCHOCTb 3€pEH
pa3Has. Takxke CTOUT OTMETUTh, YTO B MPOIIECCE HArpeBaHMs 3epeH Kpax-
MaJla HauajJbHas TeMIIepaTypa ero KJIeHCTepu3aliuy U TeMIIepaTypa MaKkcH-
MaJIbHOM BSI3KOCTH YBEIMUYUBAIOTCS, a SHTAJBINS IUIABICHUS 3€peH U Mak-
cHUMallbHas KJeWcTepa yMEHBIIAIOTCA, MOSTOMY, YeM BBIIIE TeMIeparypa
KJeiicTepus3alyy, Kak, HalpuMep, B ClIyyae pUCOBOTO Kpaxmaja, TeM Bs3-
KOCTb €r0 MEHBIIIE, [I03TOMY Y TAKOro 00pasiia OoJbIIe BpEMEHH B MPOLIEC-
ce dKCTpy3uu Juisl B3aumozeiicTBus ¢ rmuuepuHoM, MI'J[ u IIDHII. B stom
cilyyae IoJiucaxapy]i OKa3bIBaeTCsi TOMOTEHU3UPOBAH B OOJIbILEH CTEIEHH,
U B pe3yJbTaTe 3TO OTPAKAeTCs Ha PAaBHOMEPHOCTH pacIpeleNeHns: KOMIIO-
HEHTOB B MPOLIECCE IKCTPY3UH.

Jia BI'K, mpUroToBieHHBIX M3 KyKypy3HOTO UM TOPOXOBOTO Kpaxmaa,
HaOJIIO/IaJI CHYDKEHHWE OTHOCHUTENILHOTO YIUIMHEHHUs NIPH YBEJINYEHUH Mac-
cosoit nonmu TIIK. B To e Bpems mist BI'K, npuroroBneHHoON U3 pUCOBOTO
KpaxmaJsa, HaOJIIoany He3HAYUTENIbHOE YBEIMYCHNE OTHOCHTEIBHOTO YII-
nuHeHus npu cootHomenuu TIIK:IIDHIT 50:50, mocne yero npoucxomaut
CHIDKEHHUE 3TOTO IOKaszaTessl. DTO MOXKET OBbITh CBS3aHO C TEM, YTO KOM-
MO3UIMU C TBEPABIMHU HAMOJHUTENSAMHU Pa3pyIIaloTCa XPYIKO, MOCKOJIBKY
y HHUX OTCYTCTBYET IJITACTUYECKOE T€UEHHE, U, B pe3yibTare, HallomaeTcs
CHIDKEHHE OTHOCUTENIBHOTO YATHHEHNUS.

C yBenuueHHeM copep:kaHus KykypysHoro kpaxmana B TIIK ¢ 40 no
60%, ToNIIMHA TOJyYaeMO# IUICHKH HPU TEX K& PeXuMax MepepadoTKu
ymenbimnack Ha 20% (ot 160 go 138 MKM), ¢ pHCOBBIM KpaxMalioM — Ha
13% (ot 125 mo 110 mxMm). Crnenyer OTMETUTh, YTO IPU OJUHAKOBBIX 3HA-
YeHUsIX (PU3MKO-XMMHYECKHX IT0Ka3aTelieil 0ojiee TOHKHE IJICHKU ObICTpee
pasnararorcsi B OKpy»Karoliel cpejie, 1 sSBJIsSIIoTCSl HanboJiee NepCreKTHBHbI-
MU C TOYKH 3PEHHS DKOJIOTHUYECKOH 0e30MacHOCTH.
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Metonom JICK Obutn mccnemoBanbl mporiecchl rwiasneHust [IDHII, a
TaKKe OMOJIOTHUECKH paspyluaembix ruOpuanbix xommnosunuii (BI'K) na
ero ocHoBe. bbun ompesaeneHs! TeMIeparypsl IUIaBICHUS U CTENEHb KPU-
cTannuuHOCTH. Perucrparuonnsie Tepmorpammsl JICK mpencraBieHsl Ha
pHUcyHKe 3.

JICK /(mBr/wr)
[1.2]
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Puc.3. Tepmoepammor nnasnenus u kpucmannuzayuu [HI9HIT
u BI'K xomnoszuyuii.

3eneHble KPUBBIE HA TepMOrpaMMax — MUKHY IIJIaBICHUS U KPUCTAIIN3a-
uuu [TOHIT; kpacHble - komno3uiuu Ha ocHoBe [1D 1 KyKypy3HOTO Kpaxma-
J1a; CHHHE — KOMITO3UIIMK Ha ocHoBe [1D u pucoBoro kpaxmaia.

Kak cnemyer u3 TepMorpaMm IUIaBIEHUS U KPUCTATU3AIUN KOMITO3H-
LU, MUKK TUIABJIEHUS U KpHcTauin3auuu [ID KOMMOHEHTa NMpakTHYeCKH
COOTBETCTBYIOT XapakTepHbIM 1y [ID temneparypam — 88 u 106 °C. 13-
MEHEHHsI UX TeMIlepaTyp B KOMIO3MIHUAX He mpesbimaer 2—3 °C. TermnoTs
IJIaBJICHUS U KPUCTAIU3AIMH IPOIOPIIMOHAIBHEI OTHOCUTEIBHOMY COZIEp-
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xanuio [13 B BI'K, 4to siBisieTcss KOCBEHHBIM CBHIICTEILCTBOM retepodas-
HoM cTpyKTyps! BI'K.

3akioueHHe

BrInosiHeHsl ucciieoBaHys, HalpaBlIeHHbIE HAa PACHIMPEHHE acCOPTH-
MEHTa IIACTU(UKATOPOB JJIsi OMOpa3iaraeMblX KOMIO3HIMOHHBIX MaTepu-
ajoB Ha ocHoBe [IDHII ¢ ucnonp3oBaHUEM TEPMOIJIACTUYHOTO Kpaxmaa
(TTIK) 1 1o6aBOK — MOHOITIMLIEPUIOB TUCTHIIUPOBAaHHBIX (MIT).

BrisiBrieHbI MepCcrieKTUBHBIE KOHLEHTpalmoHHble cooTHomeHus: TIIK,
e cojepkanue Kpaxmaia, muuepuna u MIJ[ B oOmieit Mmacce Tepmornia-
CTHYHOTO HamojHuTeNs coctaBisio: 60:30:10% coorBercTBenHO. Ha oc-
Hose [1OHIT u TIIK 6bumn nsroronensl bBI'K kommnozunnu. CooTHOIIEHUS
xomnoHeHToB B BI'K BapeupoBanu B npeaenax TIIK:IIDHIT 40:60, 50:50,
60:40 MaccoBBIX % COOTBETCTBEHHO.

ITonyuens! axcniepuMeHTanbHble Aanuble 110 [ITP komnosunuii. ITo mepe
yBenndyenus maccooit goiu TIIK B coctaBe BI'K Habnromanu cHuxeHune
BA3KOCTH pPAacljaBoB Ha BenuuuHy A0 30%, 4TO MOXKET MOJO0KHUTEIbHO
cKa3arbCsl Ha d(PPEKTUBHOCTH TEXHOJIOTHYECKOTo Ipoliecca MPOU3BOICTBA
BI'K.

YcraHOBIIEHBI 3aBUCUMOCTH N3MEHEHUSI PU3MKO-MEXaHUYECKHUX CBOMCTB
ot cocrtaBa komno3uuui. Jis BI'K, u3rorosinennoit n3 [IOHII u TTIK Ha
OCHOBE KyKypYy3HOTO HallOJIHUTENs, IPOUHOCTHBIE CBOMCTBA IOBBIIIAIOTCS
Ha 10%, B TO BpeMs Kak JiepopMalmoHHbIe CBOicTBa cHIDKatoTCs Ha 20%.

Hnst BI'K, nszrorosnennoi uz [I9HII u TTIK Ha ocHOBE ropoXoBOro Ha-
MOJIHUTEIS, TIpu yBenndeHun maccooid nonu TIIK B cocraBe koMmo3unuu
NPOYHOCTHBIE U Je(OopMalMOHHbIE CBOWCTBA cHMXatoTcs Ha 30% u 40%
COOTBETCTBEHHO.

Hmst BI'K, nzrorosnennoit u3 [I19HII u TIIK Ha ocHOBE prcOBOTO HaIOI-
HUTENS, MOHOTOHHBIX 3aBUCHUMOCTEH IPOYHOCTHBIX M Je(OPMAIIMOHHBIX
XapaKTepUCTUK He HAOIIOIaIH.

TIIK ¢ KyKypy3HbIM M PHUCOBBIM KpaxMaJIOM CIlIeAyeT pU3HaTh Hauobo-
nee 3G PEeKTUBHBIMI MOJU(HUKATOPAMH, TaK KaK IICHKH Ha UX OCHOBE, IIPH
3aJJaHHBIX 3HAYEHUSIX (PU3UKO-XHMMHUYECKHX IOoKa3arelsieil, MOryT ObITh H3-
TOTOBJICHBI OOJIee TOHKUMH, U, CJIEJ0BATENILHO, OyyT ObICTpee pasiiararbcs
IIPU MOTMAJJaHUK B OKPY’KAIOIIYIO CPEy.
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MODELING AND QUALITY EVALUATION BASED
ON VISUAL PERCEPTION
OF HALFTONE REPRODUCTION

Vereshchagin V.', Varshamov K.', Gnibeda A.?
'Moscow Polytechnic University
“Moscow University for Industry and Finance “Synergy”

Abstract

This paper introduces model of halftone image reproduction based on TVI
of printing process and human visual perception. That gives opportunity to
generate images for dataset and to calculate loss function without printing
images after each epoch of neural networks training which can be used for
creating new algorithm of digital halftoning. In this paper quality of mod-
eled AM and FM screens is compared to offset prints on uniformity, sharp-
ness, noise level and structural similarity. This quality metrics can be used
as loss function for neural network training. The adequacy of the model
presented was verified. Neural networks nowadays wildly used for image
processing and they can be also used for digital halftoning algorithms in
relation to printing. Dataset of images and loss function are required to
train neural networks.

Key words: digital halftoning, screens, visual perception, image quality met-
rics

Introduction

The combination of different raster structures on one image in the print-
ing reproduction allows to create an security element for product protection
[1], but also to improve the quality of reproduction in terms of detail transfer
and smoothness of gradients by using the most suitable structures for par-
ticular image area.

There are algorithms for combining two structures on one image: hybrid
structures and, for example, Screening Esko DeskPack software.

The approach without the use of traditional threshold matrix halftoning
can be implemented through machine learning. The use of machine learning
algorithms in digital halftoning and the training approach with print analysis
are discussed in the article [2].
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The basis for machine learning algorithms is the image dataset and eval-
uation criteria - the loss function. The article proposes a method of image
generation for dataset and evaluation criteria. The main task is to model the
printing process using different structures, considering the visual perception
of the print. Using real prints with their subsequent digitization by scanning
or photographing to form a dataset of images is costly, since this must be
done after each epoch of training.

Another reason why the model was created, is the need for a program
that creates halftone images, models printing process and visual perception,
evaluates the result and learns in a single environment. This will also im-
prove computational speed.

Digital halftoning model with TVI and visual perception

The proposed model of digital screening for now implements algorithms
with regular and irregular structures based on threshold matrices. A round
dots are used for the regular structure, the first-order structure is used as an
irregular one. An example of a raster dot with 0%, 20%, 50% and 100% dot
area rate is shown in Figure 1.

Fig 1. Raster dots with 0%, 20%, 50% and 100% dot area rate:
left — regular, right — irregular

Tone value increase (TVI) is used to model the printing process. The data
for model is taken from TVI curves, which are described in the standard for
offset printing for regular and irregular structures respectively [3]. Model
increases the area of the dot by the corresponding value from the TVI curve
by changing the threshold matrix. An example of modeling raster dot with
50% dot area rate is shown in Figure 2.

Fig 2. Raster dots with 0%, 20%, 50% and 100% dot area rate after printing
model: left — regular, right — irregular
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Modeling the visual perception of the print is carried out according to
the method described in article [4] by blur parameters adjustment for Gauss
filter based on the properties of the final image: its size and resolution. An
example of a raster dots with 50% dot area rate with increased tone and
visual perception modeling is shown in Figure 3.

Fig 3. Irregular dot with 50% area rate: left — before visual perception model,
right — after visual perception model

Model testing

The adequacy of the obtained model was verified by comparing the digi-
tal images generated with our model with scanned offset prints. Printing was
produced under PC2 conditions. For comparison, we took regular structures
with a round dot rotated by 45 degrees and frequencies of 150, 175 and 200
lines per inch; and irregular structures: Creo Turbo FM and Super Fine, be-
cause visually they were closest to first-order structures. For modeling we
created patches from 0% to 100% with 10% step of increase in dot area rate
and image of box.

The parameters of model are taken according to the standard and printing
conditions: TVI curve B for regular structure and E for irregular. In the mod-
eling of the visual perception of a print for the Gaussian filter ¢ is set to 6.

Using the proposed model, images were generated from chosen patches
and image considering the printing conditions. Further, a model of visual
perception of a print was applied to generated images and scanned prints.
Comparison was made with MS-SSIM (Fig. 4), uniformity of the images
through entropy (Fig. 5), noise level through SNR (Fig. 6).

By the parameter MS-SSIM the modeled structure is close to prints in
highlights, but after a dot area rate of 50% there is a drop in image similarity.
This is due to the problems with meeting the printing conditions, especially
dot gain, and paper structure, that adds noise to scanned images.

The lower the value of entropy, the more uniform the patch is repro-
duced. Points on a graph where entropy value equals 0 are a modeled dots
with 100% dot area rate. For a round dots with frequencies of 150 and 175
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Fig 4. MS-SSIM comparison of patches with different dot area rates
between modeled and printed patches with 5 structures
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Fig 5. Box plots of entropy for modeled and printed patches
with 5 structures

lines per inch, the results of the model and real prints are close. For a fre-
quency of 200 lines per image, the model shows more uniform pattern.

In the future, for example, based on such a result machine learning al-
gorithm may choose such a structure for reproducing uniform areas of an
image. For an irregular raster, uniformity is lower, but the deviation is less.
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Fig 6. Box plots of SNR for modeled and printed patches
with 5 structures

Single/noise ratio in the images is close to each other, which, therefore,
shows the similarity of the model to the real process of reproduction.

Image of box was used for sharpness evaluation (Fig. 7), due to high amount
of details in it. Sharpness was evaluated by full reference image blur measure
described in article [5]. The results are presented in table 1. Entropy and SNR
are close to each other, but percentage of blur is much higher for scanned print.
The reason for that is additional blur in the scanner optical system.

Fig 7. Test image with smooth background and sharp details
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Table 1. Metrics for printed and modeled image
with frequencies 150 and 200 l/in

1/in MS- SNR SNR Percentage | Percentage
SSIM printed | modeled of blur of blur
printed modeled
150 0,93 14,72 15,73 0,50 0,25
200 0,93 14,03 15,68 0,21 0,01

In the future, the model will be supplemented with regular structures
with a different dot shape, second-order stochastic structures, and these met-
rics will be used as components of the loss function for machine learning.

Conclusions

Digital halftoning model with TVI and visual perception of the print is
proposed, and the adequacy of the model presented. Modeled patches and
image were compared to prints and they show similar results: for images
structural similarity equals to 0.93, for patches with dot area rate below 60%
average structural similarity equals to 0.84, above 60% structural similarity
significantly dropped to 0.47 due to the problems with meeting the printing
conditions in real printing process.

Model can be used to produce image dataset for future machine learning
in digital halftoning.
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