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OLEHKA KAYECTBA OOCETHbIX
PE3SMHOTKAHEBbIX MOJIOTEH MO MAPAMETPAM
OBPATHOIO YNPYIroro noCNEAENCTBUA

bangakos 4.U.
MOCKOBCKMNI NONUTEXHNYECKNIN YHUBEPCUTET

Abstract

It is proposed to evaluate the quality of the offset rubber fabric on the re-
sidual deformation and the speed of recovery of the size of the web after a
complete release of the printing pressure

Key words: Offset rubber fabric, quality, printing pressure, reverse elastic af-
tereffect, residual deformation, size recovery rate

Odcernoe peznnoTkaneBoe nosorHo (OPTII) B poranuonHoM ammapa-
TC HUCIBITHIBACT LIUKIINYCCKUC L[e(bopMaLu/m CXKaTusia B 30HC CHJIOBOI'O KOH-
TakTa (30He revat). BennunHa gaBieHus, IpU KOTOPOM OCYIIECTBIIAETCS
CTaOMIIBHBII MEepexo]] KpacK! Ha 3aredarblBaeMblii MaTepHa, COCTaBIISET
8 krc/cm?. Tocite BbIx01a OCETHOTO MONOTHA M3 30HBI MEYaTHOTO KOHTAKTa
NPOMCXOAUT BOCCTAHOBJICHUE €TI0 pa3MepOB B pe3ylibTare cOpoca AaBiIeHus
Ha N0JIOTHO. PenakcanimoHHOE BOCCTAaHOBIICHHE Pa3MEPOB IIPH ITOJIHOM IIpe-
KpallleHUH BHEUTHETO BO3/ICHCTBHS Ha3BaHO OOPATHBIM yNPYTHM MOCIIEAeH-
ctBueM [1].

I[eq)(szauym COkATHA £, , BRITIOYAET TPH COCTARNIAIOLIMX pa3IHYHON (1)1/1:
3HYCCKOH MPUPOIBI: YIPYTOH €, BRICOKODIACTHYECKOH €, 1 OCTATOYHOM
g,.. Cospemennnie OPTII nMeOT creayromee COOTHOMEHUE COCTABIISIO-
HIMX CyMMapHOH eopMaliu CHKaTHsL: &~ 75 Y%5e, =10 %; ¢ =15 %.
Takoe coorHoleHne aedopmanuii BISETCS CBUAETEILCTBOM BBICOKOTO Ka-
gyectBa OPTII [2].

ITo pexomenaanusm padboTsl [3] octarounyro aedopmaruro OPTIT ompe-
ACIIAI0T B CTaTUYCCKUX YCJIOBUAX 663 IMMOJIHOI'O CHATHA CXUMAIOUICTO YCU-
nust. Tlocie BeIep kKM oOpasia moj JaBicHueM 8 Krc/cm> B TeueHue 15
MUH JaBjieHHe CHIKaroT 10 1 krc/cm?. BoccraHoBieHue pasmepoB o0pas-
na 1moJa 3TUM AaBJICHHEM HIACT B TCUCHUC 15 MUH, IO UCTCYCHUU KOTOPBIX
3aMEPAIOT €TI0 TOJIIHUHY M paCCYHUTBIBAIOT TaK HA3bIBACMYIO «OCTATOYHYIO
nedopmanmoy. HeoOXoauMo OTMETUTh, YTO MOJ] OOUICIIPUHSATHIM TOHSITH-
€M «ocTaTouHas JieopMarys» MOHUMAIOT e(OpMaIHIO0, COXPAHUBILIYIOCS
IIPU MOJTHOM CHATUH BHEIIHETo Bo3zAeHcTBus [4].
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PaHee ObUIO 1OKa3aHO, YTO OINPEAEICHUE YIPYTOdJIaCTUYHBIX CBOMCTB
n onenka kagectsa OPTII ¢ mpuMeHeHHEM TOJIIIMHOMEPOB ¢ HOPMUPOBAH-
HBIM U3MEPHUTENIBHBIM YCUINEM, a TAK)KEe HAXOXKJICHHE OCTaTOYHBIX Jedop-
MalMi TIpY COXpaHEHUH BO3/IeHCTBUS Ha 00pasel] MPUBOJUT K OLIMOOYHBIM
pesynbraram [5].

B pabore [6] ObuI IpeayiokeH CIIOCOO M3YyUYEHHMs YNPYrodJacTHYHBIX
croiictB OPTII, ocHoBaHHBIH Ha aHaiu3e HUGPOBBIX MHUKPOU300paxKe-
HUI TOPLEBBIX CPe30B 00pa3LoB, CIeNUATbHO Ha3BAaHHBIH «OITHYECKUM.
Mukpodotorpaduu 1mosyqaroT B X0J€ Pa3IMYHbIX PEIaKCALMOHHBIX IPO-
LIECCOB, B TOM YHMCIIE TMPSIMOTO M OOPaTHOrO YHPYroro MOCIEAeHCTBHS,
Ha YCTAaHOBKE, BKJIIOYAIOMICH TOJIIUHOMED C HM3MEPHUTENIbHBIM YCHIHEM
2 Kkrc/cM?, co3marommuii AeopManuio CxKaTHsl, ¥ PErUCTPUPYIOLIHe PHOO-
PBI, B KauecTBe KOTOPBIX npuMeHeHbl inppoBoii USB Mukpockon Microsafe
ShinyVision MM-2288-5X-S u nepcoHanbHblii KoMIbloTep. M3mepureis-
HOE YCHJIME TOJIIIIMHOMEpa CO3/1aBajio Ha KBaJpaTHbIN 00pasel] IuIomaibo
0,25 cm? naBienue 8 Krc/cM?, COOTBETCTBYIOIIEE IABICHHIO [IEYaTH.

[TonyueHHbIe (POTOCHUMKH W/WIIH OTJCIIbHBIC KaJphl BHICO(AIIOB TOP-
LIEBBIX CPE30B 00Pa310B JAI0T BO3ZMOXKHOCTH OIPE/EIISTh TOJNIINHY [T0JI0THA
KaK B CBOOOJIHOM COCTOSIHWH, TaK W IpH cxatuu (puc. 1).

-~ NATKa TONUWMHOMEPA' — nmTka ToNwWiHOMEpa ~ ~  MATKA TONLWHOMEpa: -
ST e . R N b ooz r T e g

a) 0) 6)

Puc. 1. Hz06pasicenus mopyegozo cpesa oopazya OPTII Atlas Web:
a — 8 UCXOOHOM COCIMOSHUL
0 — 6 KOHYe 1 5-MUHYMHO20 NPIMO20 YIPY2020 NOCLe0eliCmaUsL,
6 — 6 KOHYe 15-MUunymHoco 06pammuoco ynpyeo2o nocieoeticmaust

Ha puc. 1 ropu3oHTanbHbIe IUHUNA COOTBETCTBYIOT HUKHEMY HYJIEBOMY
YPOBHIO ¥ BEPXHEMY Kparo 00pasiia B pa3iu4HbIC BPEMCHHBIC IIPOMEKYTKU
nporecca. OHU HEOOXOAMMBI Ui pacdera Jnedopmariuii 0o0pasia mo MeTo-
JIUKe, TIPUBEICHHON B paboTe B [7]. PaccTossHUS MEKIY COCCAHUMU JIMHH-

AMH COOTBETCTBYIOT TOJIIMHE oOpasua i, 1o aedopmanuu, s 15mn M h, somn
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COOTBETCTBEHHO MOCJIe |5-MHUHYTHOTO NPSIMOTO M OOPaTHOrO YIPYroro
N1OCJIEICUCTBUSL.

Pe3synbTarhl OLEHKH KayecTBa 110 Jjojie ocTaro4yHbix nedopmanuii OPTIT
B MakKCHMaJIbHOW Jiedopmalni, BOSHUKAIOIIEH 110JI BO3/IEHCTBUEM JlaBiie-
HUS [IeYaTy rpeacTaniieHbl B Ta0u. 1. OueHka kauecTBa Mpou3BeieHa AByMs
METOAAMU:

— METOJIOM, PEKOMEH/IOBaHHBIM B pabdore [3], koraa HavyajabHas TOJIHHA
W OCTaTo4HbIe ehopManiy odpasia onpeesstoT IIPH COXPAaHEHHH Ha HETO
JTaBJICHUS;

— ONTHYECKUM METOJIOM, KOT/Ia HayajbHas TOJIIMHA U OCTATOYHBIE Je-
¢dbopmaruu 00pasna ObLIM ONPEISIICHBI IPU MOJHOM OTCYTCTBHM Ha HErO
JTaBJICHUS.

Tabruya 1.
Oyenxa xauecmea OPTII no omuowenuro ocmamounou deghpopmayuu
K Makcumanohot degpopmayuu corcamust oasnenuem 8 kec/em?, %

OPTII

Meton ouenku kauectsa OPTII Atlas | DotMaster | Jupiter UV
Web

1. HauanbHas ToNIUHA U OCTATOY-
Hast 1edopMalys orpeeeHbl pr 27 25 24
nasnenne 1 kre/cm? Ha obpaser [3]

2. HauanpHas TONIIUHA U OCTATOY-
Has pedopmMaris onpenaeneHs npu 16 9 20
OTCYTCTBHH JaBIICHUS Ha 00paser

(6]

OTMuMs B XapaKTEPUCTHUKAX, IPUBEACHHBIX B Ta0I. 1, HanbobInue s
OPTII DotMaster. JI1s1 3TOT0 MOJ0THA, UMEIOIIECTO HAUOOIBIIHMH 11O TOJIIH-
HE KOMIPECCHOHHBIN CJIOH, OIMOKM, BHOCHUMBbIE TOJIIMHOMEPAMHU B OIIpe-
JeneHre aAeOpMalMOHHBIX TOKa3aTelel W B OLIEHKY KauecTBa IOJOTHA
10 ATUM MOKa3aTessiM, OKa3bIBalOTCs HanbonbuMu. bosee Toro, oOpasern
Jupiter UV, umeromuii HaWIy4Iuil oKa3areyib KauyecTBa, OMpPEICIICHHBIN
10 IEPBOMY METOAY, OKa3bIBAETCS HAUXYIIIUM B TOM Cllydae, Korja ero Ka-
YECTBO OIPENEICHO IIPU OTCYTCTBUU BHEUIHETO BO3ICUCTBUSL.

Takum oOpazoM, MpUMeEHssE ONTUYECKUH METOJl ONpEeeSICHHUs] Hadallb-
HOW TOJIIMHBI ¥ ocTatouHol aedopmanmu OPTII npu nosHOM OTCYTCTBHU
JlaBJIeHUs1 Ha 00pasel], NCCIIe0BaTeNb [0JY4YaeT JOCTOBEPHBIEC PE3yJIbTaThl,
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COITIACYIOIIMECS C TEOPETUYECKUMHU MPEACTABICHUAMHU O CBA3M yIpyroana-
CTHUYECKHMX CBOMCTB MaTepuaya C €ro CTPOCHHEM, U JOCTOBEPHYIO OICHKY
€ro Ka4yecTna.

Ha puc. 2 na npumepe OPTII Atlas Web nipeicraieH HayaabHbIN yua-
CTOK KMHETHUYECKOM KPHUBOW M3MEHEHHS OTHOCHUTEIIbHOW JAedopManuii mo-
JIOTHA TOCJIe NONHOro cOpoca JaBiieHMsl TedaTd (0OparHOe ympyroe Io-
cineneiicteue). s packaapoBKu Buueodaiisia, 3allMCAHHOTO C MOMOIIbIO
MHKpOCKoMa ¢ 4acToToi 30 kazpoB B CEKyH]y, IPUMEHEH BHJICOPEIAKTOP
VirtualDubMod 1.5.10.2 [8]. BpeMeHHO#H HHTEpBaT MEXIY COCSIHUMHU Ka-
Ipamu BUjaeopenakropa cocrasisii 0,246 c.

£.%
8
6
TN
, \\2; .
[
0 1 2 3 4 5 6 7 8 t,c

Puc. 2. Kunemuxa oepopmayuu oopasya OPTII Atlas Web
npu 06paAmHOM Ynpy2om noCiedeicmseuu

B mponecce neuarn OPTII ucnbiThiBaeT UMKIMYECKUE JieOpPMALHH.
[Tocne BbIXOga MOJOTHA M3 30HBI CHKATUSI MPOUCXOJUT BOCCTAHOBIICHHE
€ro pa3MepoB B pe3yjibTare cOpoca JaBiieHHs Ha 1MojJoTHO. OueBUIHO, YTO
HpaKTI/I‘leCKI/Iﬁ HHTEPEC MPEACTABIIACT MOJYYCHUC KOJIMYCCTBCHHBIX IMOKa-
3arelniei, XapakTepU3yIoNUIUX CKOPOCTh U CTEIIEHb BOCCTAHOBJICHUS pa3me-
POB IOJIOTHA TOCJIE €ro BBIXOJ/Ia M3 30HBI IEYaTHOI'0 KOHTAKTA, M0 KOTOPhIM
MOXKHO OYy/IET CY/IIUTh O €r0 KauecTBe.

Jedopmanmu Ha puc. 2 COCTOST U3 BBHICOKOAIACTUYECKOW M OCTATOY-
HOU nedopmanmii. Ynpyrue AepOopMaldyd UCUS3al0T B MOJIOTHE 332 BpEMs,
HEe TPEeBBIIAIONIEe HECKOIbKUX MHUKpOCceKyH [9]. BricokonrmacTuyeckyro
JnedopMalrio BO BpeMsl pellakcallioOHHOTO Mpoliecca, MPeICTaBUM Kak pas-
HOCTb MEXJIy TEKyLUeH & 1 0CTaTo4HOH Jedopmauueit & n 0603Ha1uM AE :
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de,=¢e,—¢_, (1)

V3meHenune kakoro-Jimdo napaMeTpa B XoJIe PeIakCaloHHOTO Ipolecca
Yaiie OMUCHIBAIOT SKCIIOHEHITUATBHBIMU 3aBUCUMOCTSIMH [10]:

dg =dg,-e ", 2

rne  4g,—oto 4e nput = 0;
T — BpeMsl peJlakcaluy.

OnHako B MonynorapupMUIECKUX KOOPAMHATAX 3aBUCHMOCTb A€, OT
BPEMEHU HeNuHeWHas (puc. 3, mo3uius 1), 4To 3aTpyAHsAET NpUMEHEHUE
OKCIIOHCHT JJid MOJYYCHUSA NPAKTUYCCKN 3HAYMMbIX PE3YJIbTATOB, ITOCKOJIb-
Ky BO3HHMKAET HEOOXOJMMOCTb TPYIOEMKOI'0 HAXOXK/CHHUS CIIEKTPa BPEMEH
pelakcanuu.

Jlanee Bce KOJIMYECTBEHHbBIE 3HAYEHMsI ITOKa3aresieil pUHaIeKaT 00-
pasuy OPTII Atlas Web. 3a paBHoBecHy10 (0CTaTouHy0) Aehopmanuio &
NpUHATA, coracHo [3], nepopmarus oopasna Kk 15 MUH 00paTHOTO YIIPyro-
ro nocruenercreus & = 1,2 %. Torna Aeo =6,4 %.

~ 25 -
1 w
2 f s
4
‘\_ 2,0< 2
|, 2
1,5 1
\\:1\ 7/ e
1,0 0
/ \0\
0,5 | _1

-2
0 1 2 3 4 5 6 7 t,c

Puc. 3. Obpamnoe ynpyeoe nocneoeticmeue OPTII Atlas Web
6 PA3NUUHBIX KOOPOUHAMAX

B o6uiem ciiyyae penakcannoHHbIE POLECCHl MOYKHO ONUCATh aHAJIUTH-
YeCKUMH BBIPRKEHUSIMU HedKCTOHeHInanpHoro tuna [11]. Kunernueckas
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KpHBasi Ha PHC. 2 aHAJIOTUYHA HIKHEH BETBU TUIIEpOOIT, U300paKEHHBIX Ha
puc. 4.
CornacHo [12] runepostbl Ha puc. 4 onuckIBalOTCS (HOPMYJION:

y=1/(a+bx). 3)

e adu b — OMIIUPUYCCKUE MTOCTOAHHBIC.

y bl
v
< /1
|
|
|
1 | b=0
T
a [
|
|b>0
0 a X
£ (b>0
b( )

Puc. 4. 'nnepOonnyeckas 3aBUCUMOCTD Y OT X

OfHa U3 acUMITOT runepbos COBMANAET C OChlo OX. a Apyras mnapaj-
nenbua ocu Oy. Honoxus ¥ = 1/y , nonyunum ypasHeHue npsamoii:

Y=a+ bx . 4)
B namewm cnyuae a = I/AEO ¥ KHHETHKA B KOOpAMHATaX A& OT [ mpea-

CTaBJIsIET COOOM MPSMOIIMHEHHYIO PErPECCHOHHYI0 3aBUCUMOCTS € K03 du-
nueHToM koppessiiuu 0,998 (puc. 2, mozunus 2):

1/Ag, =0,16 +030¢ - )

Taxum o6pa3oM, perakcallnOHHOE H3MEHEHHE BBICOKOIACTUYECKOH Jie-
¢dopmarun OPTII B 001ieM Bujie MOXKHO OITUCATh YPaBHEHHUEM:

Ae, =Ae,/ (1 +de,bt) . (6)

[lepBast mpousBoaHas ypaBHEeHuUs (6) MpeACTaBIsET COO0H CKOPOCTh pe-
JIAKCALIMOHHOTO Tpoliecca Vl :
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_ Ag b
Codt (1+As,-b-1)*

(7

C nomorpio ypaBHeHHs (7) BO3MOXHa OLIEHKAa CKOPOCTH BOCCTAaHOBIIE-
HUSI TTOJIOTHA ITOCJIE €T0 BBIXO/1A U3 30HBI [1€YaTHOTO KOHTAKTa. B HayabHbIi
MOMEHT BpeMeHH (rmpu t = 0) CKOPOCTh PeIaKCallnOHHOTO MPOLecca MaKCH-
MaJlbHa U paBHa:

V,=Ag; -b. (8)

[ocrosuuas b umeer crenyrommuii Gu3MuecKuii CMBICT — 3TO HayaIbHas
CKOPOCTb PEJIaKCaIOHHOTO MpOIecca IOCie BO3ACHCTBYSI aBJICHHUS, BbI-
3BIBAIOIETO €IMHUYHYIO0 BEICOKO3/IACTHYECKYIO iehopmannto (Ag, = 1):

st o6pasua OPTII Atlas Web HauanbHasi CKOpoCcTh 0OpaTHOrO ympy-
roro nocnezeiicteus ¥, = 12,6 % - ¢! . DTo 3Ha4eHHE COOTBETCTBYET Ha-
YaJlbHOMY BOCCTAHOBJICHHIO TOJIIIMHBI 00pasma co ckopocthio 0,25 mMm/c.
Ipustomb =03 % -c!.

Cootnomenus (7) u (8) 1at0T BO3MOKHOCTH TPOrHO3UPOBATH [TOBEACHHIE
OPTII B muHaAMHMUYECKHUX YCIOBMSX SKCIUTyaTaluu mojioTHa. Hampumep, B
JIMCTOBOM MeYaTHOM MalllMHe Cpe/iHero popMara 4acTora BpalieHus odeer-
Horo nuiuHapa cocrasisier 18000 06/4ac u oqun ero o6opot umtes 0,2 c.
K momeHTy 3aBepiienust o6opora odeernoro muinuaapa y OPTIIT Atlas Web
ucyesHer He Oosiee 2,5 % BBICOKOINACTHYECKON AedopMaluy, COCTaBIIsB-
mieit 6,4 %, a BeIMYMHA BOCCTAHOBJICHUS Pa3MEPOB MOJIOTHA HE MPEBBICUT
0,05 mm.

Meroz aHanu3a nH(POBBIX MUKPOM300paKEHUH TOPLEBBIX CPE30B 00-
pasuoB OPTII pekomeHayeTcsi B KauyeCTBE OOBEKTUBHOIO METOMA HCCIIC-
JIOBAHHS M OLIEHKH PEJIaKCALMOHHBIX CBOMCTB O()CETHBIX MojoTeH. [Ipu-
MCHCHHE MCETOJa IO3BOJIUT MOJYy4YaTb AJOCTOBCPHBLIC 3HAYCHUA MCXOﬂHOﬁ
TOJNIIMHBI 00pa3LoB, CTENeHH UX jAedopMaluy MpH AaBICHUM IeYarH, a
TaK»X€ OCTaTOYHOM [le(bOpMa]_II/ll/I IIpU MOJHOM OTCYTCTBUU MEXaHUYECCKOI'O
BO3JICHCTBUS Ha MOJIOTHO, YTO HanboJjiee BaXKHO JUIs JIOCTOBEPHOM CpaBHU-
TenbHO onenku kayectBa OPTII mo mone ocraTouHsix Aedopmanuii B 00-
uiel AepopManuu CoKaThs.

[Ipeanaraercst 1Mo CKOPOCTHBIM ITIOKa3aresisiM 00paTHOTO YIpYroro Io-
cneneiictBua OPTII, momyueHHBIM B CTATHYECKHUX YCIOBHUSX, TPOrHO3UPO-
BaTh CKOPOCTHh BOCCTAHOBJICHHUSI Pa3MEpOB IOJIOTHA OCJE €ro BhIXOJa M3
30HBI [1€YaTH ¥ OLIEHMBATH KaYeCTBO ITOJIOTHA.
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B naneneiimem 1t u3yueHus ynpyroaiactuussix csoiicts OPTII pexko-

MEHJIyeTCsl TIPUMEHSTh OBICTPOJCHCTBYIOINE KOMITBIOTEPHI U BBICOKOCKO-
POCTHBIE BUJIEOKAMEPBIL.
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NCCNEAOBAHUE BO3AYXONMPOHULUAEMOCTHU
BYMAXHbIX MATEPUAJIOB

banpakos .., KomapoBsa J1.10., MoTawHukos M.O.
MOCKOBCKNIA NOANTEXHNYECKUI YHUBEPCUTET

Abstract

The indicator characterizing the air permeability of the initial porous struc-
ture of the paper material in the absence of external influence on it is pro-
posed

Key words: paper, fibrous structure, air permeability, pressure gradient, air
permeability coefficient

W3BecTHO, 4TO OyMara COCTOUT B OCHOBHOM H3 PACTUTEIBHBIX BOJIOKOH,
YIaKOBKa KOTOPBIX HEIUIOTHAsA, 4aCThb 061)eMa 3aHUMAIOT BO3AYIIHBIC MIPO-
CTPaHCTBA B BUJIE MIOP U KAMMILIAPOB. Takasi CTPyKTypa MaTepHania I0CTyII-
Ha 1A TPOHUKHOBEHUA BO3yXa, BJIard U JXUAKUX COCTAaBOB.

IImorHOCTE M MOPUCTOCTh Mar€pualia BJIMAIOT, @ B HEKOTOPLIX Clydadx
OTIPENIENISFOT MEXaHNU3M 3aKPEIUICHHUS JTAKOKPACOUHBIX COCTABOB MPHU 3aIie-
YaThIBAHUU M OTIEJIKEe Oymard. Bo3myXOonmpoHHIIAeMOCTh OyMa)KHOTO Ma-
TepHaia, Moj KOTOPOW MMOHUMAIOT €ro CIOCOOHOCTh MPOMYCKAaTh BO3MIYX,
OTHOCSIT K OJITHOMY M3 MOKa3aTeaell KOMILIEKCa CBOMCTB, XapaKTePU3yOIINX
CTPYKTYpy Oymarm.

B mpoW3BOACTBEHHOM TIOTOKE TIOKA3aTelb BO3AYXOMPOHHIAEMOCTH
HMeeT HEMAJIOBAXKHOE 3HAYCHHUE, KOT/Ia IPOUCXOIUT MOOUYEPETHOE IITYIHOES
NepeABIKEHIE JTHCTOB OyMaru ¢ MOMOIIBIO BaKyyMHBIX 3aXBaToB (TIPUCO-
COK) B TI€YaTHBIX, ONTOBOYHBIX M YIIAKOBOYHBIX Iporeccax. Bozayxonponu-
[[AEMOCTb CYIIECTBEHHO BJIUSET HAa CKOPOCTH 3aIllOMHEHHS MHOTOCIOWHBIX
6yMa)KHI)IX IMaKeTOB MJIKM MCEIIKOB MCJIKOAUCTICPCHBIMH NOPOIIKaMH, KOrjga
HEOOX0AMMO 00ECIIeUNTh BBIXOJ BO3yXa M3 YIAKOBKH.

CyIIHOCTh METOJIOB OMPEICICHHUS BO3yXOMPOHUIIAEMOCTH IO METO/IH-
kam ['OCToB 3akioyaeTcs B ONpeACieHHH 00beMa BO3/Iyxa, IPOXOISIIETO
Yepes3 UCIBITYeMYIO IJIOIans 00pasia 3a OnpenelicHHOe BpeMst IPH 3a/1aH-
HOM Tiepenajie AaBieHus Ha oopaser [1 — 5].

Comniacho [ 1] Bo3myxomnponuiiaeMocts (P) ucnbeiryemoro odopasiia Oyma-
ru B MxM/(I1a ¢) onpenenstor no gopmyie:
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P=———" (1)
1000- A-Ap -t

rae V— o0béM Bo3ayxa, MPOXOASIINN CKBO3b HCITBITYEMBIH 00paselr, cm;
A — ucnupITyeMas IIoIIab, M2,
Ap — nepenan nasnenus, klla;
t — MPOJOJDKUTEIBHOCTD HUCITBITAHHMS, C.

HcnpiTanust mpoBOAT ¢ momolibio npudopos [1 — 5]: Ilorrea, Illon-
nepa, bepacena, lleddunna, I'epnu. Paznuynbie Tunel npudopoB cyie-
CTBEHHO OTJIMYAIOTCS IPYT OT Jpyra, HalpuMep, N3MEepUTEIbHOM T'OJI0BKOH,
niepernasom JaBjieHus U T.1. [103ToMy B IPOTOKOJIE UCIIBITAHUI BCeria yKa-
3bIBAETCS TUII IPUMEHSIEMOTO0 Iprbopa.

OOBEKTUBHOCTH PE3yJIBTATOB 10 OL[EHKE BO3/LyXOIPOHUIIAEMOCTH OyMar,
MPOU3BOUMON MO CTAaHAAPTHBIM MeToAaM [1 — 6], BBI3bIBa€T COMHEHUS.

Bo-nepBbix, pa3paboTYMKK CTaHAAPTHBIX METOIOB MPU3HAIOT, Y4TO 3HA-
YCHHUSI BO3yXONPOHHUIIAEMOCTH, pacCUuTaHHbIe 110 Gopmyie (1), comepxa-
el BEJNMYUHBI, U3MEPEHHbIC MPUOOPAMHU PA3IMYHBIX THIIOB, HE PaBHO-
3Ha4HBI [1].

Bo-Bropsix, B hopmyse (1) HeT yuera TONIMHBI 00pasiia, 4To JesiacT
HEBO3MO)KHOM OIICHKY BIIMSTHHS Ha BO31yXOIPOHUIIAEMOCTh IPaMEHTa J1aB-
JICHHUS1, IPEJCTABIISIONIETO COOO0M ABMKYIIYIO CHITY TPOHHIIAEMOCTH.

B-tpertbux, cornacHo [6] ycnoBus uCHbITaHUi (TIepenas 1aBiIeHus ) MO/~
OuparoT Moj CBOWCTBA Oymar, BMECTO TOT0, YTOOBI OI[CHHBATH UX CBOWCTBA
B PaBHBIX YCJIIOBHSX U UMETh BO3MOXKHOCTh ITPOM3BOAUTH CPABHUTEIBHYIO
OLICHKY BO3/[yXOIPOHHILIAEMOCTH Pa3HbIX Oymar.

BelnosiHeHHBIE aBTOpAaMK HCCIICIOBAHUS UMEJH LIEJIbIO0 YCTPaHEHHE OT-
MEYEHHBIX HEI0OCTATKOB B ONpPEJCIICHUN BO3YXOIPOHULIAEMOCTH Oymar u
MIOUCK TTapaMeTPOB JUIsl CPABHUTEILHON OLEHKH IIEPBOHAYAILHON CTPYKTY-
pbl OyMmar npy OTCYTCTBHH I'PaJIMCHTA JIABICHHS.

KonnyecTBo Bo3/yXa, MPOHMKIIEITO CKBO3b OyMary, MOXKHO OIHCaTh
ypaBHEHUEM:

Q:_k.%.g.t:_k.w.g.t, ©)

rae k — koahdunment Bozayxonponunaemoctu, m%/(Ila-c);

Ap — nepenan AaBieHus (pPa3HOCTh AaBICHHUIT 32 Oymaroi p,,nno
Oymaru p, ), Ia;

0 — TojuHa OyMard, Mm;
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S — miomaae obpasia, M?;
t — BpeMsl POHUKaAHUS, C;

AOGCONIOTHOE JaBJICHHE BO3/yXa C OMHON CTOPOHBI UCTIBITYEMOTO 06pa3-
11a 00BIYHO paBHO aTMochepHOMyY. B 3TOM ciydae monyyaem:

- A
Q:k'(pamM pm)'S't:k' pPlBP_S.t
0 o , 3)

rae A — co3gaHHoe paspexenue, [1a.
p pasp

pasp
IIpu 3TOM pacxom Bo3ayxa CKBO3b OyMa)kHbIH MaTepual /W OyneT paBeH:
W=0Q/t.
BBenem noHsiTHE «IIIOTHOCTH BO3YIIHOTO TOTOKA»:

- A
sz.w.g.tzk.ﬂ.g.t. )

Takum 00pa3oM, KOJHMUECTBO BO3/yXa, IPOHUKIIIETO CKBO3b Oymary, Oy-
JIET MPONOPLIUOHAIBHO I'PAJUEHTy Pa3PEKEHU.

IIpssMo nponopuuoHanbHas 3aBUCUMOCTb INIOTHOCTH IIOTOKA OT I'Paju-
eHTa pazpexeHus (4) — 3To YacTHbIH cirydail 001Iel 3aBUCUMOCTH:

q=k-(gradP,,,)" 5)

[Mo ¢usnyeckoMy cMbIcTy KO3(QQUIMEHT MPONOPUHOHATLHOCTH K B
ypaBHeHUH (5) mpeacTaBisieT Co00i CKOPOCTh pocTa (DYHKIIMK B HAYAJIC U3-
MEHEHHsI apI'yMEHTa U PaBeH TAaHI'CHCY YIJIa HAKJIOHA KacaTeJIbHOM B Havyasie
(YHKIIMOHAIBHOI 3aBUCUMOCTH (3aBUCHMOCTH ¢ OT grad P .,)- 3HauCHHE k
npu grad Pow=0 1eJIecO00pa3HO Ha3BaTh «HAYaIbHBIM KO3(dHIIHEHTOM
BO3/1yXONPOHUI[AEMOCTH» U 0003HAYUTH k{)' Torna ypaBHeHHe (5) MOXHO
MpeaACTaBUThL B BUIEC:

q = kO . (grad Ppaap)n : (6)

Koa¢pduuneHT BO3ayXONpPOHUIIAEMOCTH OyMaru 3aBHCUT OT €€ CTpYK-
TYpBI ¥ CcBOMCTB. HavanbHblli KOA(OHUIMEHT MPOHUIIAEMOCTH ko Xapaxre-
pU3yeT HayalbHYI0 (MCXOIHYIO) CTPYKTypy Oymaru, He MOABEPIKEHHOM
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BHeIHeMY Bo3zieiicTuIo. 1o koadpuumenty k ) MOXHO CpaBHUBaTh Gymaru
C Pa3IUYHON HAYaIBHOM CTPYKTYpoil. M3MeHeHne K03 GUIeHTa BO3IyX0-
NPOHUIIAEMOCTH IIPH BO3pPACTaHUM Pa3pexKeHUsi OyIAeT OTpakaTb MPOUCXO-
JISIILIUE [IPY 3TOM CTPYKTYpHBIE M3MEHEHUs B Oymare.

IlepBas mpousBoaHas ypaBHeHHUs (6) OMUCHIBAET CKOPOCTh M3MEHEHHMSI
IUIOTHOCTH BO3AYXONOTOKA NPH BO3PACTAHUHM TPATMEHTA pa3pekeHHs, a
TaK)Ke 3aBUCUMOCTb TEKYIIEro KodpQuIMeHTa BO3LyXOIPOHUIIAEMOCTH OT
rpaieHTa pa3peKeHus:

_dg
d grad P,

asp

=n-k,-(grad lep)"_1 , 7

kgrademp =n- kO : (grad Ppasp )"—1 )

®)

VYpaBuenue (8) omuchiBaeT M3MEHEHHE KOI(DUIMEHTa POHUIAEMO-
CTH TIPH yBEIMUEHHU Pa3pexeHusi, a B (PU3NUYECKOM CMbICIIE — U3MEHEHUE
CTPYKTYpBI OymMaru npu Bo3zaeicTBun Ha He€ naienus. Koadduuenr Bos-
JYXOIPOHHIIAEMOCTH MOYKHO paccMarpuBaTh Kak CTPYKTYPOUYBCTBHUTEIb-
HBI [10Ka3aTellb.

3HaueHus kgmd P, TIPH YBEIHYCHHH grad P, OynyT: HEH3MCHHBIMH
npu n = 1, yBen4uBaThCs Npu n > 1 ¥ ymeHbmarbes npun < 1.

dusudeckuii CMBICH MOKa3aress crerneHu B (opmyne (6) cTaHOBHTCS
HOHSTHBIM, €CIIM I'PA/IMEHTY Pa3peKeHHs NPUIATh eIMHUYHOE 3HAaYCHHE.

[pu grad P, = 1monydaem:

n=Kyyp 1k ©)

T.e. M0Ka3aTellb CTENEHU /I — ITO KPATHOCTh M3MEHEHHUS] HadyaJbHOTO
KO3 PUIIMEHTa BO3yXONPOHUI[AEMOCTH IPU €MHUYHOM TIpaJUeHTe pas-
PEKESHHUSI.

Takum 00pa3zoM, NpencTaBisieT NMPAaKTHUYECKUI MHTEPEC 3KCIEpUMEH-
TaJIbHOE M3yYeHHE 3aBHCUMOCTH K0d((duIeHTa MpOHUIIaeMOCTH Oymaru
OT I'paJIMeHTa pa3peKeHHs, KOrJa 3HaYeHUs! IPaIUeHTa U3MEHSIOTCS B IIU-
POKOM MHTepBalle.

Jliis 3THX 1enel aBTopaMu ObLia CIICIHAIbHO pa3paboTaHa yCTaHOBKA,
MO3BOJISIIOIAST CO3/[aBaTh IMEpernaj JaBjieHusl 0 pa3Hble CTOPOHBI Oymaru
AP B untepsaiue ot 0 1o 10 xI1a, a Taxke H3MEHATH €ro Mo X0y OIMbITA.

pasp

Hepenau JAaBJICHUA BO3JyXa CO34ar0T € IOMOLIBIO BOAHOT'O acliiparopa 3aM-
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KHYTOTO IHKJIa. Pacxoa Bo3ayxa CKBO3b 00paser] GHUKCHPYIOT ¢ MOMOIIBIO
peomeTpoB. OOpa3ibl OyMaKHOTO MaTepHalia 3aKpPEIUISIOT CleIUaTbHBIMU
ajantepaMu ¢ pasHOM MJIONIAIbI0 MPOXOIAHOTO CCUCHHS.
3aBHCUMOCTH BO3IYXONMPOHHUIIAEMOCTH OT IPAJMEHTa PA3PEIKECHUS U3-
yueHBI JUIsl OyMar, XapakTepUCTHKH KOTOPBIX MPeICTaBIeHbI B Ta0. 1.

Tabnuya 1. Xapaxmepucmuku uccied08anHulx 6ymaz

TToBepxHOCTHasA
Tonmmuna, ITnotHOCTS,
Ob6paszer T/IOTHOCTD, 5
MM 5 r/cm
/M

Odcernas 6ymara-55 0,0538 55 0,83
LORD DIGITAL- 90 0,0860 90 0,97
LORD DIGITAL-160 0,1592 160 0,99
LORD DIGITAL-220 0,2308 220 0,95

[TosyueHHble SKCIIEPUMEHTAILHbIC JaHHbIE IPUBECHBI B Ta0I. 2.

Tabnuya 2. Dxcnepumenmanvhvie OAHHbIE NO OYEHKE
6030yXonporuyaemocmu oymaz

AP, w, q, grad k,,
Bymara klla | cM’/mun | oM/ L cm?/ n R
MUH KLLA/CM | (k[Ta-Mun)

0,53 314,9 16,1 23,0

LORD 1 28.1 44
03 5509 8, 8 0,79 0,95 | 0,996

DIGITAL-220 1,49 816,4 41,7 64,8

1,80 | 1022,9 | 52,2 78,3

0,44 314,9 16,1 27,7
LORD

1,04 639,4 32,6 65,4 0.76 0.91 | 0,993
DIGITAL- 160 | 1,23 786,9 40,1 77,6

1,55 | 1022,9 | 52,2 97,5

0,44 314,9 16,1 50,9
LORD 1 41 | 11

;00 668,9 34, 6,3 0,38 0,95 | 0,999

DIGITAL-90 1,24 8459 432 1447

1,49 | 1022,9 | 52,2 173,1

0,60 314,9 16,1 111,1
Odcernas

1,05 491,9 25,1 194,4 0.16 0.97 | 0,994
Gymara—55 1,52 727,9 37,1 281,5

2,01 1022,9 | 52,2 3722
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Juist ka0l Oymaru nojy4eHo He MeHee 25 B3aMMOCBS3aHHBIX 3Ha4e-
HUU Alep u W. V3-3a orpanuueHuii, HaJIO)KEHHBIX Ha 00beM IyOJIMKaluy,
B Ta0n. 2 mpuBEACHbI TOJIBKO 4 3HAUeHHs 3THX BeanduH. [lo skcriepuMeH-
TaJbHBIM JAHHBIM PACCUMTAHBl YPAaBHEHHsS MapHOW PEerpeccuu, COOTBET-
ctBytomue Gopmysie (6), a Takke 3HaYCHUST KOA(D(DUIIMCHTA KOppesiuu R
JUIs Kakaoi Oymaru. UncieHHble 3HaYeHHs TapaMeTpPOB ko U /1 ypaBHEHUI
NapHOH perpeccuu MmpeacTaBlieHbl B Ta0I. 2.

[lokaszarenb crerneHu K Ui UCCIENOBaHHBIX OymMar UMeEeT 3HaYeHHUs
MeHbIne eauHuIbl. CrenoBaTeNbHO, C YBEIWYEHMEM TpajueHTa paspe-
KeHus: K03 UIHMEeHT BO3ayXOnpoHUIaeMocTu Oymar ymenbiiaercs. [lo-
ciie/iHee OOCTOSITENILCTBO CBSI3aHO C YBEJIMYEHHUEM IUIOTHOCTH Oymaru c
BO3pacTaHUEM BO3JCHCTBYIOLIETO Ha HEE JABICHUS, YTO XapaKTEpHO AJIs
MaTepHaoB CO CBOWCTBAMH ayKCETHKOB [7], K KOTOPBIM B HACTOSIIIEE BpeMs
OTHOCST Oymary.

IMosnyuennble 3Ha4eHus K, HE HAXOAATCA B KOPPEIAUMOHHOMN 3aBUCHMO-
CTH OT IUIOTHOCTH Oymaru. Takum 0Opa3oM, INIOTHOCTh OymMaru He MOXKET
CIYy’)KUTb €€ CTPYKTYpOUYBCTBUTEJbHBIM IOKa3areneM. [lelcTBUTENBHO,
Oymaru, coieprKalllie HaroJHUTEIb Pa3HOH IUIOTHOCTH, HO C OJIMHAKOBBIMH
pasMepaMy 4acTUll U OJAMHAKOBOW (PM3HMKO-XUMHYECKOH M TEPMOIUHAMU-
YEeCKOIl COBMECTHUMOCTBIO C BOJOKHAMH, Oy/IyT OTJINYAThCS MO MIOTHOCTH,
uMest 0I00HYI0 CTPYKTYPY M PaBHYIO BO3JLyXOIPOHHUIIAEMOCTb.

B pesynbraTe BBINOJHEHHBIX HCCIIEAOBAHUI BO3IyXOMPOHHUIIAEMOCTH
OyMa)XKHBIX MaTepUaJIOB Mpe/IaraeTcsi XapaKTepu3oBaTh Ha4dalbHBIM KO-
3¢ GUIMCHTOM BO3YyXONPOHUIIACMOCTH, MPEICTABISIONIUM CO00H KO3(]-
(UIMEHT MPONOPLUUOHAILHOCTH B Hayajle 3aBUCHMMOCTH IUIOTHOCTH BO3-
JYIIHOTO MOTOKA CKBO3b OyMary OT rpaJii€HTa CO3/1aBaeMOr0 Pa3perKeHHUsI.
IIpeniiosxeHHBI IOKa3aTellb, PaBHbIM TAHICHCY yIVla HAKJIOHA KaCAaTEIbHOMI
B Hayasle yIMOMSHYTOH 3aBHCHMOCTH, MOXET PacCMaTpUBaThCs KaK CTPYK-
TYpOYYBCTBUTENIBHBIA MOKa3aTedb, OTPAKAIOUIUI Ha4aJbHYIO CTPYKTYPY
OyMa)kHOTO MaTepHaJa.

JanbHelinme padoThl 1iesiecoo0pa3Ho HAlPaBUTh HA yCTaHOBJIEHUE KOP-
PEISIIMOHHOM CBS3M MEXKJy HauyaJbHBIM KOA(P(QHUIMEHTOM BO3yXOIPOHU-
[[aeMOCTHU 1 MOPHCTOCTBIO OyMarm.
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HOBAA KOHLUEMUWA N3rOTOBJIEHUA KHUT

fogneBckn X.
BapwaBckunin TexHonornyeckum YHnsepcumret

Abstract

Broadly understood digital media significantly facilitated access to infor-
mation. E-publishing, e-books, tablets, readers go far beyond the term
,book on demand". These areas are constantly evolving and improving.
Observed tendencies in production of the books, a decrease of order size
while maintaining the typical character of the industrial processes, both
these things misguide the development of the books manufacturing.
Sooner or later the changes in the books manufacturing will be inevita-
ble. It should be expected that the printed book will become a elite good
due to the growing cost and low demand for such products. The solution
to this challenges may be decentralization of book production based on
new relatively cheap automatic devices, guaranteeing high operational re-
liability and high product quality. Small bookbinding sites offering a wide
range of bookbinding services from brochure binding to artistic binding,
libraries and printing houses can be the places of implementation of such
processes.

Key words: digital web-fed printing, book block designs, bindings.

BBenenune

Huxe n3noxeHbl OCHOBHBIE TMOJNOKEHHUSI HOBOW KOHIIETIIIUU M3TOTOBIIE-
HUSI KHUT U OPOIIIOp, B OCHOBE KOTOPOM JIeXKaT: MPeUMyIlecTBa PyITOHHON
nuQpoBoii mevaTH, crocod KOMIUIEKTOBKH M KOHCTPYKIHSI KHHKHOTO 0J10-
Ka, a TaKKe HOBBIH C1IOCOO0 ITOJI'OTOBKH KOPELIKA K KJIEEBOMY CKPEIUICHUIO.

W3roroBneHne KHUT B MEpEIUIeTe SBISIOTCS CAMBIMH CIOXKHBIMHU IPO-
neccamu nosurpaduyeckoro npousBoiacTsa. Ilponeccsl XxapakrepusyroTes
OOJIBIINM KOJINYECTBOM TEXHOJIOTHUECKUX OIlepalny, OOJIbIIONH Pa3HOBH/I-
HOCTBIO MOJYNPOAYKTOB Ha Pa3HBIX 3Tamax MPOMU3BOJCTBA, a TAKXKe BBICO-
KAMH TpeOOBaHHUSMHU OTHOCHTEJIBHO KaueCTBa MaTepUallOB U COOIIOACHUS
TEXHOJIOTHYECKUX PEXHUMOB. IIpOM3BOACTBO KHUT BKIIIOUAET JIONEYATHBIC
NPOLIECCHI, Te4aTh U OPOLIIOPOBOYHO-TIEPEILUIETHBIE Mpoliecchl. B HacTos-
11ee BpeMs MPOIeCcC MPOU3BOJCTBA COCTOUT U3 HECKOJIBKUX 3TAMOB MPOBO-
JMMBIX B OTJIEJIBHBIX LI€XaX TUIOTrpaduu, a HHOIIa COBMECTHO, B KOOIIEPH-
PYIOLIMX MEXIY COOO0 MPeAnpusTHsIX.
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O0bekT M npeaMeT padoThl

udposas 1 MynpTuMenUaibHas PEBOJIIONMU 3aHUMAIOT BCE IIUpE 00-
JJaCTHu HpOI/l?:BOZ[CTBeHHOI‘/II ACATCIIBHOCTH, YCTO0 HAINIAAHBIM MMPUMEPOM SB-
JIACTCA nomdrpa(bw{ecxaﬂ MMPOMBINIJICHHOCTb. MHorue TeXHOJIOTHYECKUEe
IMpoueCChl, OCO6eHHO B I'pynne A0N€4YaTHbIX, IPOUCXOAAT B YCJIOBUAX BUP-
TyaJbHOTO npocTpaHcTBa. Lludposas nedarb 3axBarbiBaeT HOBbIE 00JIACTH
noNUrpagUYecKux IMPOAYKTOB OJHOBPEMEHHO COBEPIICHCTBYS KayeCTBO
[IEYaTHOM NPOAYKLMH. BponropoBOYHO-IEPEIIETHBIE MPOLIECCHl MEHbIILIE
BCEro nojBepratorcs nudpuzanun. O4eBUIHO, YTO MPHHIUIT MEXaHUYECKO-
ro BO3zeicTBHA Ha 00pabaTbiBaeMble HMONYNPOLYKTHI, JEXKAIlee B OCHOBE
OpOIIIOPOBOYHO-IIEPEILICTHBIX IIPOLIECCOB, a TaKKe OoMblas pa3sHooOpas-
HOCTb IIEPEILIETOB, IPEIATCTBYIOT 3TOM TEHICHLUU.

Pa3Butue MYJIbTUMEAUAIBbHBIX TCXHOJIOTUN B 3HAUUTEIILHOM MEpe ynpo-
CTHUJIN OIOCTYII K I/IH(l)OpMa]_II/ll/I, MOABUJIMCH HOBBIC ITOHATHSA: C-U3AaTCIILCTBO,
€-KHMUIa, Ta6ﬂeT, O6J'laCTb KOTOPBIX 3HAYUTEJIIbHO HIIUPC UEM KHUTA I10 3aKa3y.
Ot HampaBJICHUA MMOCTOAHHO PAa3BHUBANOTCA U COBEPIICHCTBYIOTCA. B mo-
CJIeaHEC BpEMs, BO MHOTHUX CTpaHax, HAMCTUJIMCh HCTAaTUBHBIC TCHACHINU
B MPOU3BOACTBE KHUI' U 6p0LlIIOp, 3HAYUTCIIBHOC, IMOCTOAHHOC CHUXKCHHC
Tupameﬁ, BBCJICHHUC e-y'-le6HI/lKOB JUI TIKOJI. CneuyeT OTMCTUTDB, YTO OaJIb-
Helee COBECPIICHCTBOBAHUEC TEXHOJIOTHHU NPOU3BOACTBA KHHUI, B TOM YUCJIC
KHUI 11O 3aKa3y, Ha OCHOBE BBICOKOCKOPOCTHBIX MMOTOYHBIX JIMHHUHU, MOXCT B
OynyuieM ctath HedPPEKTUBHBIM.

HpeﬂnonaraeTca, 4YTO KHUTa B OTIICYaTaHHOM BHJC, CTAHET DJIMTApPHBIM
MPOYKTOM, U3 32 BBICOKOH [IEHBI H HU3KOTO CIIPOCa HAa TAKYIO MPOLYKIIHIO.
Perienuem 3toi mpo0IeMMbI MOXKET CTaTh JCIICHTPAIN3ALUs IPOU3BOACTBA
KHUT ¥ OpOIIOp HA OCHOBE HOBOT'O 000PY0BaHHS I'APAHTUPYIOLIETO BBICO-
KYI0 HaJIe)KHOCTh PabOTHI U BBICOKOE KayecTBO Ipoaykuuu. [Iporece mpo-
U3BOZIcTBA OyJeT peann3oBaH B IIU(POBBIX oTeAe ax Tunorpaduu, Opoo-
POBOYHO-TIEPEIUIETHBIX MPEANPUATHSIX, [IeXaX OMOINOTEK, C BO3MOXKHOCTBIO
U3TOTOBICHUS. M3JaHUM OT OOJIOXKKHU 10 KOXKAHHOTrO neperuiera. s aToro
HEO0OXO0AMMO OCHAIIeHUE OPOIIIOPOBOYHO-IIEPEIIETHBIX LIEXOB U HPeAIpH-
STHH, HOBBIM O60py]10BaHl/IeM JUIA 1Ie4aTu U U3roTOBJICHUA KHHUIT UJIU oI10-
KOB, C HEIIOCPEICTBEHHOU CBA3I0 C €-U3aTEIbCTBOM WM AUCTPUOYTOPOM
e-kHUT. J[ns kHUT ¥ GpouItop B 00J0KKaX BO3MOXKHO CO3/1aHHE aBTOMATH-
YeCKOIo, MEeYaTHO-OPOIIIOPOBOYHOIO 000pPYIOBaHUS, 00CIYKHBA€MOIO U3
TEepMHHaJIA JJIsl KIIMEHTA.
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HM3roroBieHne KHUT U 6[)0]]110[) CeroaHs

ITeuaTanue
JINCTOBOE KOHBEHI[MOHAILHOE™®
JIMCTOBOE U PYJIOHHOE 1IU(poBOE

HcxonHble NOIynpoLyKTh

KHWOKHBIE OJIOKH U3 JINCTOB
0JI0KM MHOTOTETpaHble (KOMILJIEKTOBKA MOA00PKOi)

TeTpaau 4 CTpaHUYHBIE
TeTpaau 8 — 16 cTpaHUYHbIE
TeTpaau 32 cTpaHUYHbIE

rje: N — KOJIMYECTBO JIEMEHTOB OJI0Ka,
N — KOJIM4Y€eCTBO CTPaHUL] U3AAHUS

0010KKH (pa3IMYHOIN KOHCTPYKIINH)
NEePEeIUIETHBIE KPBIIIKHU (Pa3IMYHON KOHCTPYKIIUH)

CII0COOBI COeMHEHUS OJIOKOB
MOTECTPAAHOC NIUNTHE HUTKAMU
IIUTHE HUTKaMU B TA4YKy
LIUTHE IIPOBOJIOKOM B TAUKy
KJIeeBOe, (4 CTpaHUUYHBIE TETPAIH)

n=N/2
n=N/4
n=N/8-16
n=N/32
+

+-

+

KJIEEBOE CO CPE3KO KOPEIIKOBBIX (aiblieB + o0paborka +

KJICCBOC, U3 TeTpa,ueﬁ CIOIUTBIX TCPMOHUTKaAMU
KJIEEBOE, U3 TETPAAEH CUIUTBIX IPOBOJOKON
KJIEEBOE, U3 TETPAJEH CKIEEHHBIX B KOPEILIKE
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I v \% Vi Vil

Puc. 1. Cxema nomounoul iunuu Ost U320Mo6J1eHUsL KHUZ U KHUNCHBIX OJI0KOE
KI1eesbiM Cnocobom

Web Buffer  Printing System Unwinder
WB8

Length- and Cross Cutter
cs8

Offset Separator SE8
Stacker LS8

e EaE S
DYNA-CUT
Pr-rr e -rri

Sample Workflow:
3-up production

-

-

Linear cutting

Cross cutfing

Separating

N
N 5o 0ing

Puc. 2. Cxema yugposoii nomounou nunuu Hunkeler Generation 8 onsa nevamu
U KOMIIEKMOBKYU OII0KO8 OJisl 6ECUBEUHO20 CKPENneHUs.
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HoBast koHuenuusi

Ileuaranue
PYJIOHHOE ITUPPOBOE
HcxoaHbie Oy IpOIyKThI
KHUKHBIN OJIOK — MHOTOCTpaHUYHAsI TeTpaab (MOHOOMOK), n = 1(N)
IJIe: N — KOJIMYECTBO 3JIeMEHTOB OJ1oka, N — KOJIMUECTBO CTPaHUI] U3JaHHUs
0010KKH (pa3IMYHOIN KOHCTPYKIINH)
MEePEeIUIETHBIE KPBIIIKHU (Pa3IMYHON KOHCTPYKIIUH)
Crnioco0 coennHeHus: OII0KOB
KJIeeBOH, (¢ mepdoparueii KOpenKoBbIX CruOOB) +
Crioco0bl KOMIUIEKTOBKH OJIOKOB

Puc. 3. Cnocob komniekmosKu KHux*CH020 O10Ka (0OHOIIEMEHMHO20)

1 2 3 4 2

e —

&

Puc. 4. Cnocob komnnekmosKku KHuxiCH020 010Ka (anbOoMHbLL opmam,)

Ilepdopuposanue crudos 6.10Ka

B mpouecce H3roToBieHHs: OAHONIEMEHTHOTO KHIKHOTO OJI0Ka, omepa-
uun nephoprpoBaHus, epPoparusi, UCIOIHIET TP OCHOBHbIE (DyHKIINU:

1. SIBnsieTcst €CTECTBEHHBIM COEJIMHEHHUEM BCEX JINCTOB M3JIAHHS B OJ1-
HOOJIEMEHTHOM KHIKHOM OJ10Ke (TeTpagu N cTpaHUuHON).
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2. CHmWKaeT yTOJIICHUE KHM)KHOTO OJIOKa M0 MecTy Cru0oB (W3 OK.
40% — 6e3 nepdopanuu, 10 1,5%).

3. SIByisgeTcsi HOBBIM CIIOCOOOM IMOATOTOBKH KOpEIIKa KHI)KHOTO OJloKa
K OecuiBeiiHOMY CKperuieHnIo (st 610KoB U3 odeeTHOM Gymaru 80g/m?,
roJy4eHa rnpouHoctb, Rw > 11 — 13 N/cm u > 16 N/cm).

i

Puc. 5. l[lepgpopayus kopewxogozo ceuba

H3roroBieHre U3MaHNH U3 OJI0OKOB CHIMTBIX IO KOPEIIKY CETOIHS
ITeuaTanue
JINCTOBOE KOHBEHI[MOHAJIbHOE™

JIMCTOBOE U PyJIOHHOE 1IU(poBOE

HcexonHble NOaynpoLyKThl

KHWOKHBIE OJIOKH U3 JINCTOB n=N/4
0JI0KM MHOTOTETpaHble (KOMIIJIEKTOBKA BKJIaIKOH )
TeTpaau 4 CTpaHUYHbIC n=N/4?
teTpaau 8 — 16 cTpaHUYHbIE n=N/8-16

IJe: N — KOJIMYECTBO IEMEHTOB 0J0Ka,
N — KOJIM4€eCTBO CTPaHUL] U3AAHUS

0010KKH (pa3IMYHON KOHCTPYKIINH)
NEepPEeIUIETHBIE KPBIIIKHU (Pa3IMYHON KOHCTPYKIIUH)

CriocoOblI coenHeHns OJ10KOB

LIIMTHE HUTKAMU 10 KOPCLIKY +
LIUTHE IPOBOJIOKOM 10 KOPELIKY +
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O0opynoBaHue 1Jisi U3TOTOBJICHHSI OPOIIIOP M KHU)KHBIX OJIOKOB

Puc. 6. Mawuna ona uzeomognenus opowiop (KOMNAeKmMo8Ka 6KAAOKO)

Puc. 7. Mawuna 0ns useomogienus Opouwirop (KOMNIeKmoska noodopKoil 1ucmog)

Puc. 8. upposas mawuna RICOH Pro C7210X ona nevamu u 320mogneHus
6powiop. Hosas konyenyus
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Ileuaranue
PYJIOHHOE ITU(PPOBOE

HcxonHble MOTyNPOIYKThI
KHIDKHBIN OJIOK — MHOTOCTpPaHUYHAs T€Tpab n=1(N)
Ie: N — KOJIMYECTBO AIEMEHTOB OJI0Ka,
N — KOIM4YECTBO CTPaHUL] U3AAHUS
0010KKH (pa3IMYHOIN KOHCTPYKIINH)
MEePEeIUIETHBIE KPBIIIKHU (Pa3IMYHON KOHCTPYKIIUH)

Crioco0 coenuHenus Ol10KOB

LIUTHE IPOBOJIOKOM 10 KOPELIKY +
LIIMTHE HUTKAMU 10 KOPCLIKY +
1 2 3 .
N

Puc. 9. Cnocob xomniexmosxu 610xka (00no21eMeHmHo20)

O0opynoBanme 1Jis1 U3rOTOBJICHHS OpoIIOP U 0JOKOB

Puc. 10. Cxemvl 060pydosanus 015 uzeomosienus opowiop u O10k08
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Pe3rome

HampaBneHnsi TEXHOJIOTHYECKUX U KOHCTPYKTOPCKHX PadoT 1o co3za-

HHUIO HOBOTO 000PYJI0BaHUS:

1. Pa3paborka BapsHTOB mnepdopupyromieii u (haibleBaaIbHONU CEKIUH

(cexmuu moao0opPKH)

2. BeiOop pynoHHOH 1IHPPOBOI IIEYaTHOW MAIIUHBI
3. WHTterpanus ceKuuu mog00pKy C revyaTHod MalInHOW
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INVESTIGATION OF THE QUALITY PARAMETERS
OF SPECIAL EFFECT INKS

Gajadhur M., Kotodziej K.
Warsaw University of Technology

Abstract

The aim of the study was to determine the influence of the kind of paper
and the ink film thickness on the observed optical effect of the ink. The
study involved different types of printing substrates, i.e.: gloss coated, matt
coated, uncoated and cardboard and different ink film thicknesses. The
tests were carried out in offset technology with the use of IGT AIC 2-5 labo-
ratory device. The MA98 X-Rite multi-angle spectrophotometer was used to
evaluate the laboratory prints. It was proved that all the parameters tested
in the research have a great influence on the achieved optical effect. It is
assumed that the obtained test results may find application in practice.
Keywords: special effect inks, multi-angle spectrophotometric measure-
ments, gloss measurements, colour coordinates, paper bases

1. Introduction

Special effect inks play very important role in the print quality. With
their use it is possible to obtain many interesting visual effects, which sig-
nificantly increase attractiveness of the final product.

They are generally divided into two groups:

» platelets of homogenous materials without substrate (e.g. aluminium,
copper-zinc platelets),

» platelets of a layered structure of at least two optically different layers
in the layer-substrate structures and multilayer structures without the
substrate.

The optical effect depends on many factors for example:

 layers’ transparency,

+ layers’ refractive indices,

* layer’s thickness,

* kind of a pigment,

+ thickness of pigments,

+ orientation of the platelets,

* kind of a metal coating etc. [1, 2].
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Research related to special effects inks are within the scope of the au-
thors’ interest. Some more works were presented on this topic [3, 4]. Many
other researchers also deal with this interesting subject [5, 6, 7].

Metallic inks are one of the effect inks which are very popular to achieve
luxury prints. The different optical effects of this inks can be measured un-
der the different viewing conditions. The multi-angle spectrophotometer is
one of the best methods to measure and evaluate this effect. In this article the
research results achieved with the use of this device were presented.

2. Materials and laboratory setup

For the purpose of the study different laboratory devices were used:

* IGT AIC2-5 printability tester with the grinding IGT AE unit,

* IGT micropipette,

* multi-angle MA98 X-Rite spectrophotometer,

+ X-Rite eXact spcetrophotometer,

» analytical Radwag AS/X balance meter,

* Erichsen Picogloss 503 glossmeter,

*  X-Color QC software.

Paper strips were printed in offset technology using a printability test-
er IGT AIC-2. Offset sheet-fed inks were applied onto the IGT device by
means of a pipette with a precision of up to 0.01 cm?®. The ink was rubbed
on the grinding set for 4 minutes, then the forming roll was put for 1 min-
ute against to the printing set. Different colours of inks were tested in the
studies. The prints were made with four different ink film thicknesses. To
achieve different ink film thicknesses on the paper base different amounts of
inks were applied onto the grinding set: 0.05 cm?, 0.15 cm?, 0.3 cm?, 0.6 cm’.
The IGT device was washed after each printing operation, then the ink was
applied again on the grinding set. The colour coordinates parameters of the
prints were measured under different viewing conditions with the use of
multi-angle spectrophotometer. Such angles were used in the studies: —15°,
15°, 25°, 45°,75°, 110°.

Tests were performed under the standard climatic conditions such as
temperature of 23°C and 50% of relative humidity.

Four different papers of a grammage 200 g/m? of different gloss, CIE
whiteness and ISO brightness parameters were tested in the studies.

3. Results and discussion

Exemplary results of one of the effect ink tested in the studies were pre-
sented in the Fig. 2. The spectrophotometric measurements were made with
reference to the sample printed with the highest ink film thickness (0.6 cm®
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amount of ink applied on the grinding set) which means that samples printed
with three other thicknesses were compared with the sample printed with the
thickest ink film. The X-Colour QC software compatible with X-Rite MA98
spectrophotometer was used in the evaluation. The colour changes of blue
metallic ink printed on the gloss coated paper due to the different viewing
conditions such as: —15°, 15°, 25°, 45°, 75° 110° were demonstrated in
Fig. 1.

0.6 cm3[0.05 cm?| 0.6 cm? [ 0.15 cm? | 0.6 cm3 | 0.3 cm? |
-15°
15°
25°

45°
75°
110°

Fig. 1. Changes in colour of blue metallic ink on gloss coated paper due
to different viewing conditions (-15°, 15°, 25°, 45°, 75°, 110°) and different
ink film thicknesses.

4 N
O[] |
[ | )
[ ]
r L4 d
o B
¢ [
. A
¢P3 WP2 APl
\_ Viewing conditions [°] )

Fig. 2. AL" parameter changes of blue metallic ink observed under different angle
viewing conditions in reference to the thickest ink film amount applied on the gloss
coated paper, P1 — 0.05 cm’, P2 —0.15 cm®, P3 — 0.3 cm?®
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Exemplary results of AL" parameter changes of blue metallic ink ob-
served under different angle viewing conditions in reference to the thickest
ink film amount applied on the gloss coated paper (P4 — 0.6 cm?) were pre-
sented in Fig. 2. The other three thinner ink film thicknesses were named as
P1-0.05cm? P2—-0.15 cm? P3 —-0.3 cm®.

4. Conclusions

It was proved that the biggest metallic effect is achieved only on gloss
coated papers. On uncoated paper bases the metallic effect is observed only
for the thickest ink film thickness. For thinner ink film thicknesses the metal-
lic effect is hardly noticeable.

It was observed that the prints achieved on gloss coated substrate with
the thickest layer of ink are also characterized by the biggest gloss value and
the best print quality.

The L* parameter was the most important one of CIELAB and CIELCh
parameters affecting the AE"  values.
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MHTErPAJIbHbIV CNMTOCOB OLLEEHKU KAYECTBA
NONUTPAOUYECKO NPOAYKLUN

YekaHos U.0., TkaueHko B.®., lpuropbes A.B.
XapbKOBCKMI HaLMOHANbHbIV YHUBEPCUTET PafMi03/1eKTPOHUKN

Abstract

The general purpose of this work is studying of main features of quality
management in a printing company. The manufactured product quality is
one of the fundamental factors for the commercial success of the enter-
prise. Maintaining of the high quality level in terms of the products range
expanding and changes in the technological process is a complex task. The
means of quality management and their ability to maintain the high prod-
uct quality level in case of changing processes in the printing house were
analyzed in this paper. The new quality management system was proposed.
Keywords: nosnuepagpus, munozpacgus, kasecmso npodykyuu, ynpasseHue
Kayecmeom, cucmemd, cepmupukayus

Beeagenue

[Monurpaduueckoe NPOU3BOJICTBO SBISETCS TEXHOJIOTHYECKOH 0a30i 13-
JlaTeJIbCKOM, YIIAKOBOYHOM U pszia APYyTHX BUAOB NpOLyKuuu. B ycrnoBusx
pa3BuTHs MHPOPMALIMOHHBIX TEXHOJIOTUI U UHTEPHETA, KOTOPbIE HECKOJIb-
KO IIOTE€CHUJIU 1€YaTHbIE U3/1aHUsI Ha PbIHKE, JaHHBIA BUJL IPOLYKLUHU IIPO-
JIOJDKAET T10JIb30BaThCsl IOCTATOUHO OOJBIIMM CIIPOCOM. YCHJIGHHE KOHKY-
PEHLIMM JIaeT TOJYOK B Pa3BUTUH ToyUrpaduu, BeIHYXKIas €€ pacuIupsTh
ACCOPTUMEHT NPOLYKLUH, [IPEAOCTABIISA HA PIHOK HOBBIC TUIIbI KHUKHOU
U J)KypHaJIbHOM NPOAYKUHUU. B CBOIO ouepesp, 3T0 CTAHOBUTCS MPUUMHOMN
UCIIOJIb30BaHMsI HOBBIX MaT€pPHaJIOB, TEXHOJIOTHH M 000py/IOBaHUs Ha MPO-
U3BOJCTBE.

BaxubiM akTopom ycrexa nmpou3BOACTBEHHOTO HPEANPUSITHS HA PbIH-
K€ MOJUrpadMuecKux YCIyT SIBISICTCS W3TOTOBJICHUE KaueCTBEHHOW IMpo-
JYKLUH 332 IPUEMJIEMYIO CTOUMOCTb U BpeMs. Turnorpaduu B 3TOM IjiaHe
He SIBJISIFOTCS UCKItoueHueM. IIponecc ynpasieHus: KayeCTBOM CUCTEMATH-
3UPYETCs, Ha NPENIPUATUSAX OPraHU30BBIBAIOTCS OTIEIbI, KOTOPbIE OTBEYa-
10T 3a o0ecreueHre KadyecTBa, BhIYCKAIOTCS CHelUalbHble HHCTPYKLIUHU 1
CTaHJapThI.

IIpu u3MeHeHusAX B IPOU3BOACTBEHHOM IIPOLIECCE, KOTOPBIE CBSA3aHbI C
paclIMpeHUeM acCOPTUMEHTA IPOAYKLMU U BHEIPEHHEM HOBIIECTB, BO3-
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HHUKAeT HEOOXOIMMOCTh BHECEHHUSI KOPPEKTUPOBOK B CUCTEMY YIIPABICHUS
Ka4ecTBOM. DTO IOMOraeT o0ecleUnTh €€ aKTyaJbHOCTh NPU BHEAPEHUU
TEXHOJIOTUH IPOU3BOACTBA HOBOU NPOAYKLMU. BblTyckaroTcs cTaHIapThbl
10 00eCIeYeHNIO KayecTBa, OJIHAKO OHM HE BCErJa yYUTHIBAIOT 0COOEHHO-
CTU KOHKDPETHBIX [IPEANPUATUI.

IToaTomy 11eNbI0 HACTOsIIIEH PabOThI SIBIsICTCS pa3paboTka crocoba
yIpaBJeHUs] KA4ECTBOM IMPOIYKIUHU TMOJUTrpahruIeckoro NpennpusiTus my-
TEM TOCTPOCHUSI CHCTEMbI YIPABJICHUS KA4CCTBOM Ha 0a3e JEHCTBYIOIIMX
CTaHAapTOB C Y4Y€TOM HHAWBHUIAYAJIbHBIX OCO6€HHOCTeﬁ MNpeaAnpuiaTus u
BHEIIIHEH CpeJibl.

Uit MOCTHIKEHHUST TIOCTABJICHHOM LIEiM HEOOXOAMMO PEINUTh CIEAyHOo-
Me 3a7a4qu:

- TIPOBECTU AHAJINU3 COCTOSHUS CTAHJAPTOB, KOTOphIE AEHCTBYIOT B Ha-
CTOsIIIee BpeMs;

- YCTAHOBHUTDH NPECUMYIICCTBA BHEAPCHUA peKOMeHILaIJ,l/Iﬂ CTaHJapTOB Ha
HONUTpapUYECKUX MPEIIPHUITUSIX;

- pa3paboTraTh OJUH U3 CIIOCOOOB YIPABJICHUS KAYCCTBOM MPOJAYKIIMU HA
OCHOBE MHTEIrpaJIbHOTO croco0a OIEHKH KayecTBa.

0030p coco0oB ynpapjieHusi Ka4eCTBOM

B kauecTBe METOAMYECKMX OCHOB 110 BHEIPEHHUIO YIPABJICHUs Kade-
CTBOM Ha MPEIIPHUITHH UCTIONB3YIOTCS cTanaapthel cepun ISO 9000. B Hux
coziepKarcsi OCHOBBI (DOPMHUPOBAHMSI MEXaHM3Ma MEHEPKMEHTA KauecTBa.
JlanHble cranaapthl pa3paboraHbl U yTBEepKAeHbl B 1987 . MexayHapoa-
HOHM opranmzanuedd no cranpapruzaiuu ISO (ISO - International Standart
Organization).

B ocuoBy crannapro ISO 9000 Obuiu monokeHsl: cTanaapt Besuko-
Oputanuu 1o obecrieueHuto kauecrsa 55 5750:1979, crannaprel Ha cucte-
MBI KauecTBa Juisi 000poHHOH npombiiuiennoctd CIHA (ML-Q-9858, ML-
/-45208) u ap. Cranmaptel [SO monyunnu najpHeliiee pa3sutue B 1994,
2000, 2008 romax u OBUIM MEPECMOTPEHBI C IPUHITHEM BO BHUMAaHUE MH-
POBBIX TEHJEHIMH 10 00ECIIEUeHUIO KauecTBa, a TAKKE C YUETOM yKe Ha-
KOIUIEHHOTO OIIBITA 110 BHEJIPEHHUIO CUCTEM YIIPaBJICHHS Ka4€CTBOM Ha Ipe/l-
NPUSTHSX.

CoOutoieHre CTaHJapToOB 10 YIPABICHUIO KA4eCTBOM IOBBIIIAET KOH-
KypPEHTOCIIOCOOHOCTh TMPEIIPUATHS M OTKPBIBACT IIepPe] HUM JOIOJHHU-
TeJIbHbIE BO3MOXKHOCTH. K (akTopam, MOTHBUPYIOLUIMM MPEANPUSATHS Ha
BHEJ[PEHHE CTaHJAPTOB MOKHO OTHECTH CYILIECTBOBAHUE TOCY/IaPCTBEHHBIX
cHcTeM 0053aTeIbHOTO JIMIEH3UPOBAHUSI B OTIEJIBHBIX OOJIACTAX, a TaKkKe
0COOEHHOCTH 3aKOHO/IaTEIbCTBA CTPAH, CBA3aHHBIE C 3aIUTOH MpaB moTpe-
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Oureneil. JlaHHOE 3aKOHOJATENILCTBO TPEOYET OT MPEINPHUITUS B CIIOPHBIX
CHUTYaIsIX, CBSI3aHHBIX C KAYECTBOM M 0€30MaCHOCTBIO MPOIYKIIMU U YCIIVT,
HaJIM4Us OTPEJICNIEHHOTO cepTu(duKara, Kak Cpe/ICTBa MOATBEPKICHHS CO-
OTBETCTBUS CHCTEMbI YIIPABJICHHS KaueCTBOM IPEIbsBISIEMbIM TPEOOBAHMU-
SIM.

CTOUT OTMETHUTH U TO, YTO IPH pealii3alyy NPOAYKIUHN HAJIUYHE Y TI0-
CTaBIIHMKA CEPTU(UIIMPOBAHHON CHCTEMBbI YIIPABJICHUS KaueCTBOM MO3BOJIsI-
eT eMy 00oiiTu HeTapu(HbIC Oapbepbl O0¢3 TOMOTHUTEIBHBIX (PMHAHCOBBIX U
OpraHU3alMOHHBIX U3IEPIKEK.

Hcnonk3oBanue cepTUGUIUPOBAHHON CUCTEMBI YIIPABICHUS KA4€CTBOM
UTpaeT CYHIECTBEHHYIO POJIb IPU IOJYYCHUH HPEANPUSTHIMHU Trocyaap-
CTBEHHBIX 3aKa30B U KOHTPAKTOB OT 3apy0exkHbIX npennpusituid. Kpome srto-
ro, HaJMYUE JAHHOH CHCTEMbI MOXKET BBICTYINATh 0053aTEIbHBIM YCIOBH-
€M y4acTHusl NPEANPUITHIA B IPOBEJCHUU TEHJEPOB U APYTHX KOHKYPCHBIX
(dbopM pasMereH s 3aKa30B.

Hannune ceprudukara kayecTBa yBeJIMUUBACT CTEIICHB JIOBEPHsI IOTEH-
[UAJIbHBIX [IOTpeOHTEIIEH, TTOBBIIIAET PEMYTAIMIO IPOU3BOAUTEIICH Ha PBIH-
Ke. DTO MO3BOJISIET MPEANPUSATHSIM 3aKPENUTh MO3MLUM HA 3aBOEBAHHBIX
pBIHKaX, & TAaK)Ke MMOBBICHTh CBOIO Y3HABAaEMOCTb B Cilyyae HEJ0CTaTOYHOM
U3BECTHOCTH I10 IPUYMHE MOJIOJOCTH IPEIPHUSITHS MM HEJJABHETO BBIX0JIa
Ha HOBBIH PBHIHOK cObITa. Takum 00pazoM, MPEANPUSTHE MOXKET HCIIOIb30-
BaTh aBTOPUTET OPTaHU3alNH, BbIIAIONIEH cepTH(UKAThI 1J1s1 COOCTBEHHOTO
HPOJBIIKEHUSI.

OTiakeHHasi CHCTeMa YINPAaBJICHUS! KaueCTBOM YBEJIMYMBACT BO3MOXK-
HOCTh (PMHAHCOBOM IOJIEPIKKU NESATEIBHOCTH NPEANPUSITHS B BUAE TO-
JIy4EeHUs! KPEUTOB, CTpaxoBaHus U T.1. OOyCIOBIEHO 3TO TEM, YTO CEPTH-
(ULMpOBaHHBIC MPEIPHUITHS MEHEE ITOJIBEPKEHBI PUCKAM, CBSI3aHHBIM C
KaueCTBOM U 0€30MacHOCTBIO MPOIYKIIMH, & 3TO, B CBOIO 0YepE/lb, OJIOXKHU-
TEJILHO BIIMSIET HA MPUBJICYEHUE NHBECTUIIMH U MHOCTPAHHOTO KaluTaja.

Heo0x0a1Mo OTMETHTh, YTO BHEAPEHHUE CUCTEM YIPABJICHUS Ka4€CTBOM
yJIydllaeT yNpaBieHUe NPEANpUsATHEM B LIEJIOM, Tak Kak cranaaptel [SO
NPEIOCTABISIIOT HMHCTPYKIMHU 110 BHEAPEHUIO HHCTPYMEHTOB, KOTOpBIE TI0-
3BOJISIIOT YJIYUIINTh Ka4ECTBO MEHEKMEHTA U COCPEI0TauHBaIOT POJIb all-
napara ynpasJIeHHs Ha CTPATerHueCKOM IIaHUPOBaHHH.

[lyrem cokpaieHus ypoBHS Opaka cHUCTeMa YIIpaBICHHs KadeCTBOM
MO3BOJISIET HPEAYNPEIUTh IIPETEH3UN U KaJloObl MOTpeOuTeNel, a TaKkKe
CHM3MTH cebecTonMocTh npoaykuuu. Vcnpaenenne Opaka, MpOLEHT KOTO-
pOro Ha MIPOU3BOJICTBE MOXKET HOXOAUTH 10 40% OT OOIIUX TPOU3BOJICTBCH-
HBIX TPY/03aTpaT, 3HAUUTEIBHO COKpAILAETCsl IPH BHEIPEHUH CTaHIapTOB
yIpaBJIeHUs] KAYE€CTBOM.
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Kpome BeIIIENIEpEUNCIIEHHOTO, CUCTEMa YIPaBICHHUS KaueCTBOM IMOBBI-
IIaeT OTBETCTBEHHOCTh COTPYAHUKOB 32 KaU€CTBO COOCTBEHHOTO TPYyAa, TaK
KaK [PEeAIoNaraeT y4acTHe BCEro IepCcOoHasa B 00ECHeYeHHH KayecTBa Ha
BCEX ITalax >KU3HEHHOTO IUKIa mpoxyKiu [1].

HuTerpanbHasi onieHKa KayecTBa

Crioco0 OlEHKH KauecTBa MPOAYKTa, H3rOTaBIMBAEMOr0 Ha moaurpadu-
YECKOM IIPEIIPHUSITHH, 3aKIIIOYAETCS B TOM, YTO PE3YJbTUPYIOLIEe KayeCTBO
paccuMTBHIBAETCS CYMMHPOBAaHHEM IOKa3aTelield KauecTBa ONepaiuid u3ro-
TOBJICHUA U Marepualia, mpeABapUTCIbHO YMHOXKCHHBIX Ha BECOBLIC K03(1)-
¢bunuentsr [2].

CyTh mpejyiaraeMoro crnocoda COCTOUT B JIEKOMITO3UIIMU BCEX COCTaB-
HBIX 3JICMCHTOB HU3/ICJIMs, B UX aHAJIN3€C U OLCHKEC UX KaucCCTBa. CornacHo
JTOMY, KaXKIbli IPOLYKT MOKHO Pa3JeJIUTh HA MaTepUalbl, U3 KOTOPbIX OH
COCTOUT U 3Talbl TEXHOJIOTWYECKOIo MpoIecca, B pe3ysibTaTe KOTOPhIX OH
nony4deH (puc. 1).

Kauectso npoaykta e - - ___| KoHTponb KauecTsa
0-1 npoaykTta
Kauecrso npouecca
KoHTponb KauectBa | | Kauecrso marepuanos poty  — — KoHTponb Kayectsa
maTepuanos M3roTOBNEHNUA npoueccos
0-05
0-0.5
Kauectso pa6oTbl Kauecrso pa6oTbl KayectBo BHellHel
obopyao0BaHua COTPYAHMKOB cpeabl
0-03 0-04 0-0.3
A A A
] 1 ]
KoHTponb KayecTsa KoHTponb KauecTsa KoHTponb KayecTsa
obopyaoBaHua NoAroToBKW COTPYAHUKOB No/AroTOBKM BHElWHe cpesbl

Puc 1. — Cmpyxmyprnas cxema ¢opmuposanus uHmezpaibHol oyeHKu
Kawecmea npooykma

B 3aBucHMOCTH OT CJI0)KHOCTH KOHEUHOIO MPOAYKTA, B KAYECTBE UCXO/I-
HBIX MaTEPHAJIOB JUI HETO MOTYT BBICTYIATh MOIy(padpHKaThl, KOTOPhIC, B
CBOIO OUY€pPEllb, MOKHO PACCMaTPUBATh KAK U3ZEIIN MOJIEXKALLNE JaJIbHEH-
el AeKOMIIO3UILMUA Ha UCXOAHbIE MAaTepUalibl U 3Talbl TEXHOJOTMUECKOTO
nporecca. DTy Mpolenypy HYKHO MPOU3BOJAUTH 10 TE€X IOp, MOKa B CXe-
My He OYIyT BKIIFOUCHBI BCC HCOOXOAMMBIC MATEPUATIbl U TEXHOIOTHYCCKUE
MPOIIECChI, KAUECTBO KOTOPBIX OIPEILIIIeTCss 000pyI0BaHHEM, KBaIH(UKa-
1ueld paOOTHUKOB M BHEIIHEW Cpelloil MO COOTBETCTBYIOIIMM METOIUKAM
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[4,5]. B utore cxema aHanu3a nNpojyKTa U ero JeKOMITO3UIIUU TTOydaeT BU
HepapxuvecKoro jepesa. PaccMoTpum peanusanuio npeiaraeMoro croco-
0a Ha npuMepe GparMeHTa rnporecca U3roToBICHHUsI KHUTY B TBEPJIOM Iepe-
iete (puc. 2).

TeTpaau Gnoka =

odceTHas kpacka K
odceTHasi kpacka C
matepuan } odceTHas kpacka M
‘ odceTHas kpacka Y
odceTHas bymara 120r

QJ’I aToBKa .

nevyatb

dopsal

3

matepuan Texnpouecc |
KHuxHblit 6ok nopeska

Marepuan danbuoska

martepuan kanTtan
kanTtan

Tex npouecc packapoit
Kuura 761 -

,,,,,, MaTepuan nacce
nsacce

Tex npouy packapoit

Tex npoecc

%

MepenneTHas Kpbilwka

Tex npouecc |
Puc 2. — Hepapxuueckas cxema oyenku Kayecmea npooykma

OneHka ypoBHS KaueCTBa, MOTyYEHHAs JIJIsl KaKI0TO U3 DJIEMEHTOB Jie-
peBa, YMHOKAETCsl Ha BECOBOI KOA(P(PUIIMEHT, BEJIMYMHA KOTOPOTO 00PaTHO
MPOIOPIMOHATIbHA KOJTUYECTBY OIIEHOK, BIMSIIONIMX Ha OIEHKY KauecTBa
ponuTenbckoro anementa. OHa MOXKET HaXOAMTHCS B mpenenax oT «1» 1o
gucia, mpubmmkatomerocs K «0» [6].

KavecTBo Kax/10il orepanuy BKJIIOYAET B CeOs MHOXKECTBO (DaKTOPOB,
K KOTOPBIM OTHOCSITCSI HE TOJILKO CBOMCTBAa MarepuasoB, HO U Ka4eCTBO pa-
00TBI 000PYIOBAHMUS, TIOKA3ATEIIN BHEIIHEH CPEllbl, KAYSCTBO PabOTHI Iep-
COHaJa.

B noxiajzie M3I0KEHO AETANbHOE ONMCAaHHE IMPEeJIaraeMoro crocoda
UHTETPAJbHON OICHKU KauyeCTBa MOJUTIPAGUUICCKON MPOMYKIHH, METOIUK
OMHCAHUS U pacyeTa e€ro COCTaBIAIONUX — OIIEHOK KauecTBa MaTepuaioB,
00opynoBaHusi, pabOThI EpCOHAJIA U T.I1.
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BriBoabI

Ha cerogusiiinuii neHs BHeapeHHe 3(G)(GEKTUBHBIX CHCTEM YIIPABICHUS
KaueCTBOM SIBJISICTCS aKTYaJIbHOM 3a/1aueii Uist MOJUrpaguuecKux mpeampu-
SITUH. DTO Ja€T BO3MOXKHOCTh HE TOJBKO MPOU3BOAUTH BHICOKOKAYECTBEH-
HYIO MPOAYKIHUIO, HO U CEPTH(PUIIMPOBATH MPEANPHUITHAEC, YTO OTKPHIBAET
JIOCTYTI K HOBBIM PBIHKaM, 3aKa3aM U IOBBIIIACT KOHKYPEHTOCIIOCOOHOCTD.
[Ipu pa3paboTKe U BHEAPECHUHM CUCTEM YIIPABICHHS KAue€CTBOM MPOAYKIIUU
AKTyaJIbHBIMH SIBJISTFOTCS MPOOJIEMbI TUTAHUPOBAHUS KAYeCTBA BhIMTYCKAaCMON
MPOAYKIMY IIPU TUIAHUPOBAHUH PA3BUTHUS TIPEIIPUSITHS, yUET YETOBEYECKO-
ro GakTopa B OI[CHKE KaueCTBA BBITIOJIHCHUS TEXHOJIOTUYESCKOT0 MPOIecca 1
OIICHKA Ka4yeCTBa CPEJICTB MPOU3BOICTBA HA PEIICHNE KOTOPHIX U HAIIPABJICH
npejsiaraeMblid Crocoo.
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METHODS AND MEANS OF EVALUATION USABILITY
OF HUMAN-MACHINE INTERFACE

Demska A., Yevsieiev V., Kolesnykova T., Tkachenko V.
Kharkiv National University of Radio Electronics

Abstract

For a achieving the real usability goal, the designer’s activity demands a
additional toolkit for the quality evaluation of graphical and multimedia
products, including quality from psychological and ergonomic standpoint.
In this paper, an analysis of modern methods for assessing the effective-
ness of websites was conducted and research development in the field of
promotion of web-resources on the Internet was generalized. The meth-
ods of obtaining data for the quantitative assessment of visual perception,
which can be used in the development of both information technology
and personal identification technologies, are explored. It is revealed that
with the use of cognitive technologies that take into account the peculiari-
ties of person’s visual perception of graphic information, it is possible to
create effective tools and methods for the development of technological
modules and completed application information systems. As a result of
the work, an algorithm for improving the efficiency of Ul web-systems was
developed.

Keywords: website, usability, testing, Eye tracking, Heatmap, modular grid,
pattern, algorithm.

Introduction

Current trends lead to the fact that each company has a website that con-
tains information about company services and its product catalog. With the
growing number of companies engaged in activities in one industry, the user
poses a question services of which company is better for him to use, and
often a potential customer chooses in favor of the company that has the most
attractive or convenient website [1].

Usually, users value everything by appearance, sites are not an excep-
tion. Users in this case — a wide range of people whose qualitative character-
istics (such as age, gender, physical, psychological characteristics) each year
expand the boundaries. This additionally requires adaptation of the design
of sites for people of different segments of the population, including elderly
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people, people with visual impairment, color vision impairment, etc., which
will not only increase the amount of users of the site, but will also ensure the
principles of information availability.

That is why, given the contingent of users, the designer’s activity de-
mands a additional toolkit for the quality and convenience evaluation of
graphical and multimedia products, including quality from psychological
and ergonomic standpoint [2]. After all, the very convenience is the most
important factor in determining whether visitors will use your site or make
purchases on it.

In order to achieve the real purpose of usability, certain technologies
and methods of evaluation are needed. Their development has been taking
a very long time [3], but so far there is no clear metrological provision for
conducting research (number, age of respondents, health restrictions), which
complicates work in this direction and makes the obtained indicators proba-
bilistic, not certain. This, in turn, raises the need for a scientific study the
aspects of the quality and convenience of multimedia products, the way of
presenting these data and the method of their interpretation for designing the
human-machine interface.

Materials and methods

If designing models of the most effective and convenient design is based
on well-known mathematical approaches and principles, due to the use of
certain methodologies, the methods for evaluating the effectiveness and
convenience of using websites are based on the achievements of scientific
research in many branches of science: psychology and medicine, publishing
and printing technologies, information technology, economics and project
management, mathematics and many others.

Traditional usability research methods often find the flaws in interaction
with the product, but often can not answer the question why. The assessment
of the quality and usability of a business site is carried out only on the basis
of those indicators that can be checked according to certain criteria, there-
fore, methods of conducting the usability-examination and usability testing
are used. In this case, usability-expertise provides a qualitative assessment
of the site, and usability testing — quantitative [4-5].

One of the methods that gives objective results to such studies is the
EyeTracking technology, the main advantage of which is the impartiality of
the respondents being tested, since in this technology the equipment cap-
tures natural human reactions (by studying the movement and reaction of the
pupil) that can not be simulated [6]. The device impartially recognizes the
movement of the user’s pupil and provides objective information, collecting
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the database. Then these data can be visualized, which helps to interpret the
user’s eye behavior [6] by applying appropriate metrics over one hundred of
which exist [7]. The main metric in this work is the metric of productivity,
using which the researcher is able to assess the convenience of using the
interface and the attractiveness of design.

Also, for further research, attention is drawn to the existing relation-
ship between the users’ attention and the modular grid using which the page
is developed. For an example, pages that are considered are created with
the method of using mathematical models: Fibonacci numbers; rules of the
thirds; the principle of the “Golden Rectangle”; the principle of “Golden
Section” [8].

It also takes into account the generally accepted order of placing the
main elements of the page, which leads to the emergence of such a concept
as “reading gravity,” or “pattern”, which returns readers to the logical axis
of orientation, accelerating reading and understanding of the text. In con-
nection with this, it was discovered that reading of the text usually follows
F-pattern, Z-pattern, golden triangle or Gutenberg diagram [9].

The main idea in this paper is that the information on a page, constructed
according to the proportions of the “Golden Section” is perceived better than
just a block of information because of the fact that the information acquires a
more natural look and it is found that the movement of the user’s eye in such
a case is carried out in the F-pattern, which repeats the natural trajectory of
the user’s eye movement.

Based on these dependencies, a reference sample for comparison with
EyeTracking technology can be created.

Results and discussion

Based on the conducted analysis, to achieve the research goal it is neces-
sary to develop a method for increasing the efficiency of the UI of the web-
system at the design or improvement stages.

This method will be developed taking into account the problem of the
uncertainty of the amount the optimal sample of respondents for obtaining a
thermal map and qualitative characteristics of the investigated groups [10].
Therefore, it is necessary to consider creating an additional toolkit, in this
case a reference sample, for assessing the quality from the psychological and
ergonomic standpoints.

In further work, evaluating a web site only by indicators of one group
of users, it can be predicted which problems will arise from users of other
categories.
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The basic parameters necessary for solving the problem are determined
and presented in the form of the following expression
Ul =< N,M,P,T,S >,, (1)

where N — a set of modern methods of constructing modular grids;
M — aset of Internet users; P — a set of patterns description; 7 — a set of
parameters of design quality assessment; S — conditional set of site design
(by purpose).

For a correct and adequate mathematical existence (1) it is necessary and
sufficient that the following conditions are fulfilled {N,M,P,T,S} € Ul
and (N,M,P,T,S)#OD. .

The received “Thermal maps” can be represented as a matrix @ pro-
vided that a, * 0,Vi.j and also a,; =(0,L,..,255), that is, the “thermal map”
(“transparency map”’) will have color coding in the grayscale format, which
means that any web-site can be mathematically represented in the following
form

a, a, -
a a e A,
21 22 2
0=1" N T @
a

For convenience of data processing, the matrix @ is split into subma-
trices (®,,9,,...,0 ,, where p =1,...,m ) of a same size, which will give an
opportunity to evaluate the influence of the parameter N . The next step is
to analyze the entire matrix @ and find 4, —==255. Let’s denote through
Atolerance — as a deviation in the direction of reducing the maximum value
of 255.

Let’s assume that A = 100, so the minimum value that will interest us
in this method a, >155. That is, in the map of intensity, in further research
we will be interested a, 2155, which will show areas that have attracted the
attention of the user.

It is worth taking into account the possible existence of several zones. So
you can determine which submatricles are “areas of attention”.

[e.] [e.] o] fe.
h €)

0=

[e,]
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This solution will determine the type of modular grid used in the web
site under study.

Next, we will conduct a study on the matrix, in terms of determining the
type of pattern. To do this, we will introduce &, as the admission of values
between, which will give an opportunity to evaluate the “route” of the user’s
or expert’s eye, who analyzes this web site. An example of constructing a
matrix ® is represented in (3).

la, >155]  [70<a, <155] [10<a, <155] |a, >155]

: [a, < 69] [a, <69]  [a, <69]
©=1l0<q, <155] - [70 sjal.j <155] [a;2155] - @
[a, >155] [a, <69] [, <69] o, <69]

Analyzing (4) one can clearly see that there are 4 sub-matrices in which
there are elements @; =155 therefore - these are the areas that have attract-
ed the attention of the user and the submatrices in which the elements are
within 70 < a; <155,

That is the “gravitational way”, all other areas in which the value is
69<a,, can be disregarded as the areas that have not attracted the user’s
attention. Based on the assumptions suggested above, parameters can be de-
fined for the categories of sites being analyzed N, P, and combining them
with the weighting factors obtained from the experts who test the web site, it
is possible to uniquely identify and to scientifically recommend the method
of placing the main graphic elements that will increase the effectiveness of
usability [11-12]. So the developed method can be graphically presented as
an algorithm presented in Fig. 1.

Conclusions

This algorithm is generalized, since “quality assessment” should always
take into account the relationship between the elements and the actual values
of their metrics, and therefore, have a statistical nature [13].

In further work, it is possible to use factor analysis for each parameter
to assign the defined values and thereby concentrate the source information:
reduce the number of variables (data reduction); group, classify and com-
pactly visualize data.

Possible continuation of this work is the possibility of automation of this
process by creating a base of reference samples, which will increase the ef-
ficiency of the testing process by reducing the cost and time of evaluation.
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es Transform into transparency map
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for group M +
Construction of the matrix ©
Analysis of results for each group +
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significance of the weighting Split matrix ©
factor for each izsue into submatrix
(@00 where p=1 _m
l I-=

Enowledge base Siand It
for group M

Analysis of

Submatrices are no

submatrices g9 < longer investigated

FP={F_P.F.F}

This element has attracted attention
and should be in py= {n.m.n. n.n}

'

Drafting of recommendations
(reference Model)

Figure 1. Algorithm for creating a reference sample
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INVESTIGATIONS ON THE TRAJECTORY
OF ECCENTRIC CIRCULAR KNIFE BLADE MOVEMENT
IN BOOK CUTTING PROCESS
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Abstract

Analysis of kinematic parameters of book block cutting shows, that by us-
ing eccentric circular cutting knife the cutting process may be realized in
two different modes: continuous cutting — with the constant contact be-
tween cutting edge and cut material, and intermittent cutting process -
with the impulse cutting knife action to treated material which is book
block. The paper describes the trajectory of circular knife blade movement
in book cutting process. It was found that the greatest influence on the
length of the road of the knife blade going through in the paper are: feed
rate of the book, distance between the block and the knife rotation axis,
knife rotation speed and others. The calculations allow selecting of the kin-
ematic parameters of the cutting process, taking into account the road of
knife blade inside the paper of the book during cutting with the circular
knife, in order to minimize the blade wear.

Keywords: Synchronous cutting, Anty-synchronous cutting, continuous cut-
ting, intermittent cutting, kinematic, profitability, circular knife, eccentricity,
investigations, research

Selected parts of rotating knife blade during cutting process have a long-
er contact with paper than it is when the cutting process is made with flat
knife. That phenomenon can lead to accelerate blade wear under in certain
conditions.

The aim of the study was he analysis of the cutting knife edge movement
and to calculate the road path which is overcome by the blade of eccentricity
circular knife in the cutting process of book blocks.

In contrast to centric positioned circular knife [1], the trajectory of se-
lected blade knife points in eccentricity positioned circular knife are dif-
ferent to each other and may depend on the rotation radius p, the size of
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eccentric e and the ratio of the linear speed of the knife blade to the feed rate
of the book block.

On the Fig. 1 the trajectory of three different points (A,B,C) on the ec-
centricity positioned circular knife was showed. For example the B point
trajectory, which is located on the blade knife edge may be described by
the following parametric equations as a function of time t (it is assumed
that the rotatation speed of the knife and the feed rate of the book block are
constant):

Synchronous cutting (1) —

Xp ==Vt — pp - sin(wt + a); yg = pg - cos(wt+ a)

Anty-synchronous cutting (2) —

xp(t)=—vyt + pg -sin(at +a); yz(t)= pg-cos(at+a),

where the distance B from the axis of rotation p is defined as a function
of the angle a in the direction of rotation (3):

pp =e-cos(a)+ \/e2 cos*(a) + R* - &

Yo 4y R
4] 1
RN \,
B X0 \
[\ 5 ‘\\17 A
0]
TN B b 7y LN
- ‘\\‘ '\‘ = . /) / - \\\\ <
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2 ] Edl 2 i
a b

Fig. 1. Trajectory of three different points (A,B,C) on the eccentricity
positioned circular
a — Synchronous cutting, b — Anty-synchronous cutting
1 — circular knife, 2 — book block
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During cutting process, each point on the blade of the knife leaves
conventional marks in the form of traces after cutting on the surface of the
cut material — an extended cycloid, which is described by the equations
(1 and 2). Traces which have been “left” on the book block by the movement
of the selected knife blade points were considered. When cutting the book
block, each point on the knife’s blade will come into contact with the cut
part of the book block several times and leave a few “marks” — cuts arranged
at equal distances from each other within each full rotation of the knife (Fi-
gure 2).

Fig. 2. Traces which have been “left” on the book block by the movement
of the A, B, C points on the eccentricity positioned circular knife
a — Synchronous cutting, b — Anty-synchronous cutting
A, B, C,—point input, A,, B,, C, — point output,
1 — circular knife, 2 — book block

In the case of a knife positioned without an eccentric, the shape and
length of cutting marks on the surface of the book block are the same for
each point of the blade [1]. As can be seen from Fig. 2 in the case of a knife
positioned with the eccentric, the shape and length of the cutting marks for
different points A, B and C differ significantly, and for example point C does
not cut the book block in whole.

Research which has been done [2] revealed that when the geometry and
kinematic parameters of the cutting process are properly selected, two dif-
ferent intermittent cutting processes may occur — with a complete detach-
ment of the knife edge from the book block in the cutting process and when
part of the knife blade alternately cuts the incomplete height of the book
block, and then the full amount of the book block.
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The trajectory shape of the cutting marks depends on the position of the
point on the knife, the direction of knife rotation, knife radius R, eccentric-
ity e, block distance from the rotation axis a, the thickness of the book b, the
rotational speed of the knife @ and the feed speed rate v,. With continuous
cutting, the trajectory of movement marks of the knife blade points does not
intersect during cutting, but the density of traces (distances between traces)
changes (Fig. 3, a), while with intermittent cutting, during the knife blade
reverse movement the cutting periodically breaks, and the trajectory of the
traces of neighboring points of the blade intersect (Fig. 3, b).

AV A\
CINEN

a b

Fig. 3. View of the trajectory of movement marks of knife blade points during cut-
ting of book blocks at different distances of set-up book block
from the knife rotation axis
a — continuous cutting, b — intermittent cutting

The calculations carried out with the help of the Mathcad software
showed the possibility of existence specific sectors on the perimeter of cir-
cular knife blade (only when specific parameters of process are adapted):

» sector of the knife blade, where book block is being cut in the full

range of its height

» sector of the knife blade, where the book block is being cut in the

partial range of its height

» sector of the knife blade, where the knife doesn’t participate in cut-

ting process

The size of these sectors depends on the geometrical and kinematic pa-
rameters of cutting process.

50 | International Scientific-Practical Conference



According to [4], point path calculations were made. Calculation of the
road path which is traversed by the one of the points on the circular knife
blade edge positioned centrally. Moreover process parameters were deter-
mined to reduce this path, and consequently the blade wear level reduce.

Comparatively to the calculations made in [1], the track was calculated,
the track which is overcome by B cutting point of the eccentric knife blade
during cutting process. The track L of a single trace of point B of the knife
blade during cutting (Fig. 2) can be found from the formula (4):

Ip)

Ly = I\/vg + 0’ p, + 2vywp, cos(ot +ag) dt

Ip

where, tB1 and tB2 accordingly input and output time of point B (point
on the edge of knife blade) in/out book block (fig. 2, B1 and B2 points). In
formula (4). The “plus” character corresponds to the — Synchronous cutting,
and the “minus” sign — Anty-synchronous cutting.

The time of entry of the blade into the book block and the output time of
the blade from the book can be calculated on the basis of trajectories of the
point B of the blade (1) — (2) [3]. The total number of cutting marks (paper
path) left by point B in book of length 1 is: z = -l

ady

The length of a single trace of the point of the cutting edge depends on its
distance from the axis of rotation of the knife, i.e. on the knife edge.

To calculate the total length of the cutting path a special algorithm was
developed, while using the Mathcad software, simulation calculations of the
cutting process of the book block with an eccentric circular knife were per-
formed.

Fig. 4 and 5 present the results of calculations of the relative cutting
length (blade path in the book block) of the eccentric circular knife depend-
ing on different process parameters and compared to the path of cutting the
circular knife positioned without eccentricity.

INNOVATIONS IN PUBLISHING, PRINTING AND MULTIMEDIA TECHNOLOGIES 2019 | 51



2 b
1 1
3 _‘ 3 __‘
2 2
2 ‘ 2 ‘
t\ 3 k 3
1 N 1
0 0
0 1 2 3 4 5 0 1 2 3 4 5
e (mm) e (mm)
a b

Fig. 4. Influence of the eccentricity size e on the dimensionless cutting length L /[
depending on different values of the feed rate of the v,
a — Synchronous cutting, b — Anty-synchronous cutting
1— v0:]50mm/s, 2— v0:250mm/s, 3 - v0:400mmK9
Parameters: a=70mm, b=10mm, R=100mm, n=2000 obr/min.
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Fig. 5. Influence of the feed rate of the insert v, on the dimensionless cutting length
L/l depending on the eccentricity size e
a — Synchronous cutting, b — Anty-synchronous cutting
1 —e=0mm, 2 —e=1mm, 3 —e=2mm, 4 —e=3mm
Parameters: a=70mm, b=10mm, R=100mm, n=2000 obr/min,
changes in diagrams 2, 3, 4 indicate the transition from intermittent

to continuous cutting.
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Simulations of cutting processes with a circular, positioned eccentrically
knife with (without an eccentricity) showed that the cutting length (cutting
marks) in intermittent mode is smaller than the cutting length in continuous
mode and significantly depends on the size of the eccentric — e. The differ-
ence in the cutting lengths in between continuous cutting and intermittent
cutting is not significant. During intermittent cutting, not all sectors of the
knife blade participate in cutting the book block. With the proper choice of
intermittent process parameters, when the total size of the cutting sector is
around 180°, only half of the blade of the circular knife will be used (only
if cutting is in contact with the paper of the book insert). After blunting this
part of the knife blade, it is possible to invert the circular knife by about
180° what makes further cutting with a sharp part of the blade possible. This
phenomenon extends the life of the cutting tool what makes the hole process
more effective and profitable.
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Abstract

The study of flexographic printing plates, which are obtained by laser en-
graving on elastomeric materiel. The possibilities of the form technology
are evaluated when choosing «price - quality».

Onexcorpadckue neuarHele (GOpPMBI, NPUMEHSEMblE ISl Ie4aTaHUs
0O0JIBILIOrO ACCOPTHMEHTA MEeYaTHOW MPOIYKIMU B HACTOSIEEe BpeMs, B OC-
HOBHOM, W3TOTaBIIMBAIOTCS HA (POTOIOIMMEPU3YEMbIX (POPMHBIX TUIACTHHAX
C IPUMEHEHUEM Pa3JIMuHbIX (POPMHBIX TeXHOJIOTH [1]. DTH TexHONOIMH, B
TOM YHCJIe COBPEMEHHBIEC BapUaHThl IU(POBOH MACOYHOW TEXHOJIOTHH, I10-
3BOJISIFOT TIOJIy4aTh Ha INeYaTHBIX opMax BBICOKHE IT0Ka3aTesl KayecTBa U
o0ecIeurBaloT MPH 3TOM CTaOWIILHOCTH reyatd. HecMoTpst Ha cokpatenne
JUIUTEIBHOCTH (POPMHOTO IPOLIECCA, H3TOTOBJICHHUE TIEYaTHBIX (POPM I10 ATOU
TEXHOJIOTHH MPOTEKAET B TEYCHHUE MPOJIOJDKUTEIILHOIO BPEMEHH M BMECTE C
CYIIIKOH, HEOOXOMUMOH MPH 00pabOTKE MOCIIC MIPOBEACHHUS BHIMBIBAHHSI, MO-
JKET 3aHMMaTh HECKOJIBKO 4acoB. [103TOMY BO3MOXHOCTB HOJIyYESHHS TIe4aT-
HBIX (pOpPM JIa3epHBIM I'PAaBUPOBAHUEM B OJIHY CTaJUIO [2] 3HAYHUTEIBHO CO-
KpallaeT JIUTEIbHOCTh UX M3TOTOBJICHUS U SIBJISETCS BECbMa 3aMaH4YHMBOM.
Takast TEXHOJIOTHSI TIPUMCHSIETCSI C MOMEHTA MOsIBIICHHS (PiIeKcorpadckoro
croco0a nevyary, N3MEHSI0TCS JIMIIb BAPUAHThI Peain3alli U aCCOPTUMEHT
(dhopmubix MaTepuaiios [3]. OnHako 00beM U3rOTOBICHHBIX JIA3CPHBIM IPABH-
poBaHKeM redatHbIX Gopm He Tak Benuk [4]. CaepxuBaromnm GpakTopoM nc-
HOJIB30BaHUSI 3TOTO CIOCO0A SIBJSIETCSI CTOMMOCTh M3TOTOBJICHUSI TIEYaTHBIX
(dbopMm, cBs3aHHAs C 3aTpaTaMH Ha COACPKAHHE U OOCITy)KHUBaHUE 00OPYIO-
BaHUs JJIsl TpaBUpOBaHus. TeM He MeHee, crioco0 J1a3epHOro rpaBUpOBAHUS
nevyaTHbIx Gpopm HaxonuT npuMmeHenue Bo quiekcorpaduu [4]. dus pemenus
Ba)KHOT'O /17151 (JOPMHOTO MPOU3BOJICTBA BOIIPOCA «1I€HA — KAYE€CTBOY IIPH BbI-
0ope KOHKPETHOH TEXHOJIOTHH HEOOXOIMMO YUUTHIBAaTh 00a 3TH (akTopa.

Lenbto paboTHI SIBJISIETCS ONpeiesIeHHe oKa3aTesel 371acTOMEPHBIX T1e-
4aTHBIX (POPM, NOJIYUSHHBIX JIa3EPHBIM IpaBupoBaHueM. [leuaTHbie Gopmbl
ObuTM M3roTOBIIEHBI HA opmHOM Marepuaiie Gpupmbl ContiLaserline Ha rpa-
BUpPOBaJIbHOM ycTpoiictBe Premium Flexo S1700, ocnamennom UK — na-
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3epoM. Bo Bpemsi TpaBUpOBaHUS MPOAYKTHI PA3IOKEHHs YAAISIIUCH C I10-
MOIIIBIO TBUTECOCA, a MOCTIe rPAaBUPOBAHUS MeyaTtHas GopMa moaBepraiach
MTPOMBIBKE BOJIOM JUIsl YTHIIM3AIMH MEJIKUX YACTHI[ 371aCTOMEPA.

[1pu 3apaHee mogOOPaHHBIX peKUMaxX Ha GOPMHOM MaTepuae Obuia u3-
rOTOBJICHA TeUaTHas (popMa, CopepIKalias eTald ¢ SIEMEHTAMH ITPUXO-
BOT0, TEKCTOBOTO M PACTPOBOTO H300PaXKEHHIA.

Pe3ynbrarel OlEHKH MOKa3aTesIel MeYaTHbIX (JOPM ITO3BOJIHMIIH CAEIATh

*  OTJEJIBHO CTOSIIKE TOUYKH M UX BBIBOPOTKH HA MEYATHOM (hopmMe BOC-
MPOM3BOMASATCS, HAYMHAs ¢ pa3MepoB B 100 MKM, IIPU 3TOM BBIBOPOT-
KM MEJIKUX OTIEJIBHO CTOSIIMX TOYEK MMEIOT 0ojiee 3HAYMTEIbHbIE
HUCKa)KCHHSI, YEM CaMH TOYKH;

* ITPUXOBBIC JIETAJM M UX BBIBOPOTKH Ha MeYaTHON (opme BOCIPOU3-
BOJAITCS OT pasMepoB B 50 MKM, MPHUUYEM BBIBOPOTKH TAKXKE OTIHYA-
FOTCSL HAJTM4KeM 0oJiee 3HAYMTEbHBIX HUCKAKEHUH M0 CPABHEHUIO C
HUCKa)KCHUSMH IITPUXOBBIX JIETAJIEH.

OnHaKo OMpe/IeIEHHbIX 3aKOHOMEPHOCTEN B BEIMUNHAX MCKAKEHHIA OT-
JIEJIbHO CTOSIIMX TOYEK M IITPUXOBBIX JETaiedl He HaOIr0MaeTcs: JeTaiu
Pas3IMYHBIX pa3MepPOB Ha MeYaTHol (hopMe TONydaroTCs U OOJIbIIIe, U MEHB-
nre, 4eM B 1udpoBom daiine. [Ipu 3TOM HCClenyeMble IeTanu H300paKeHusI
HUMEIOT JI0CTATOYHO YE€TKUE Kpast U BOCIIPOM3BOASATCS HAIEKHO,

* KeIIb BOCIIPOM3BEJCHHOTO Ha Me4aTHOU (opme mpudTa 03 3aceuck
paBeH 2 MyHKTaM, XOTs TaK)Ke BOCIPOU3BOAMTCS MPUDT ¥ MEHbIIIE-
ro, B 1 myHKT pa3smepa (puc.l), HO 3TOT HIpU(T UMEET 3HAYUTETbHbIE
HCKa)KCHHSI COCTABHBIX JIeTaseil pa3anH0171 OpHEHTAIUH.
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Puc. 1. [Ipumep socnpouszsedenus Ha SNACMOMEPHOU NEYamHou opme
wipugma u e2o 8bI6OPOMKU PANUUHOLO K25l
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Ha puc. 2 npencrasnens Mmukpodororpaduu mpudTa B 2 MyHKTa U €r0
BBIBOPOTKH Ha reyatHol (opme, Ha KOTOPBIX 3aMETHBI Pa3JIMuus B pa3me-
pax ero OTJeJIbHBIX AeTajeH.

Puc. 2. Muxpoghomoepaguu wipugpma u e2o gvigopomku
Keenem 6 2 NYHKmMa Ha neuammotul gpopme

° rpaJallMOHHAs XapaKTePUCTUKA, MPEICTABICHHAS HA PHC. 3, MOKa3bl-
BAET, YTO PACTPOBOE U300paKEHHE C JIMHUATYPOi pacTpupoBanust 200 i/
JIIO¥M, BOCIIPOM3BOAMTCS Ha Me4aTHOM (hopMe B MHTEpBase rpajgauui 2 —
98% ¢ MakCHMaJbHBIMH HCKKCHHSIMH B 00JAaCTH IOJIYTOHOB, PaBHBIMHU
20%, mpuveM pacTpOBbIC TOUKH Ha MEUaTHOH (HopMe UMEIOT pa3Mepbl 00JIb-
ie, yem B nuppoBoM (aiiie.

Puc.3. I'padayuonnas nepeoaua pacmpoeoco uzobpaicenus

[TomyueHHsle B pe3ynbTaTe MPOBEACHHBIX MCCIEJOBAHUHN ITOKa3aTeIn
reyatHbiX (POPM, M3TOTOBJICHHBIX JIA3EPHBIM IPAaBUPOBAHUEM, OTIHYAIOTCS
JIOCTaTOYHO BBICOKUMH 3HAYECHUSIMH PENPOIYKIHNOHHO-TpauIeckux xa-
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PaKTepUCTHK. AHAJIOTUYHBIC [TOKa3aTeIH MOYKHO MOJIYYUTh M Ha MeYaTHbIX
(dopmax, MoJgy4eHHbIX JpyruMu criocobamu nudpoBOi 3anucyu, Hapumep,
110 M(pOBOK MACOUYHON TEXHOJIOTUH Ha (OTONOINMEPU3YEMBIX (POPMHBIX
IUTACTHHAX, HO CTOUMOCTB MX M3TOTOBIICHHS, KaK IPaBUII0, HUXKE.

Jpyroii moka3zareb, ONpeaesIsoIInii TOBEIeHHE MTeYaTHBIX ()OPM B IIPO-
Liecce revaTaHusi, BIUSIONUI Ha CTaOWIBHOCTh IeYaTH M BOCHPOM3BEIC-
HUE BBICOKHX CBETOB M300pa)KEHUsI, CBsI3aH C KOH(PHUTypaluei neqaTaromnmx
aneMeHToB [5]. IlnockoBepIIMHHbBIE TeYaTatoNIe JIeMEHTHI SIBISIOTCS Ta-
paHTHell cTabMIBHOCTH KauecTBa redaru. [loaTomy oueHka rnpoduis me-
YaTaroluX 3JIeMEHTOB, BHIIIOJHEHHAs B HACTOSILEH padoTe, IpelcTaBiser
ornpezeneHHbli uHTepec. C MOMOIIBI0 U3MEPHUTEIBHOTO YCTPOUCTBA ObLTH
MOJTy4eHbl MUKPOGOTOrpaduu MEJIKUX eYaTaroIMX MIEMEHTOB ¢ OTHOCH-
TeNbHO miomankso S - (puc. 4).

4

Puc. 4. I[Ipogunv neuamarowux 31emMeHmos Ha 1ACMOMePHOU NeYamHou popme
cS ... pasnoi: 1- 1,98%; 2- 2.35%; 3- 3,75%; 4- 4,31%

AHanu3 MOJyYCHHBIX Ha pUC. 4 M300paKCHUI MTOKA3bIBACT, YTO HA Iie-
YaTHOW (pOpME BCE aHAIU3UPYCMbIC ICUATAIONIUE DJIEMCHTBI UMEKOT J10-
CTaTOYHO KPYThic OOKOBBIC IPAHU U BEPIIUHBI B BUJC YCEUCHHBIX KOHYCOB.
[Tpu sToM GoJiee MeJKHE NedaTarolue MIEMEHThl XapaKTepu3yIoTcs Iepe-
MEHHOU KPyTH3HOW OOKOBBIX IPaHEH, U 3TH JICMEHTHI 3aMETHO PACIIHPEHBI
B HIDKHEW 4acTH, a B BEpXHEH 4acTh MMEIOT CKOUICHHBIE IMOJI YIJIOM Bep-
muHbL. bojiee KpyInHbIe euaTarolue dIeMEHThl UMEIOT KIIACCUYECKYIO TSt
IJIOCKOBEPIIMHHBIX 3JIEMEHTOB KOH(HUIYPALIUIO: KPYThie OOKOBBIC I'PaHU U
mwiockue BepiiuHbl [4]. OOpariaet Ha ce0si BHUMaHKUE TOT (aKT, YTO MPaK-
TUYECKU BCE IeYaTaloIlMe 3JIEMEHTHI OJHOTO M TOro pa3Mepa HEe MMEIOT
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OJHOTUNHOM KoH(urypauuu. Takue paznuuus B KOHPUIYpalusx redyara-
IOUIMX DJIEMEHTOB, TO-BHIMMOMY, M SIBIISIIOTCS NPUYUHOIN OTCYTCTBHUS 3a-
KOHOMEPHOCTEH B BEJIMYMHAX UCKAKEHUN ITHX DJIEMEHTOB H300pa)KeHNUS Ha
nevyatHoi popme. Tak, MelKHe dJIEMEHTHI, UMEIOIIHE CKOILICHHBIE BEPIIU-
HbI, OTJIMYAIOTCS OOJBLIMMHU UCKAKEHUSIMH, @ 00Jiee KPYIHbIE C INIOCKUMHU
BEPUIMHAMH — MEHBIIMMHU HUCKKEHHUSIMHU.

Takum oOpazom, cnennpuka GOpMUPOBAHUS IEUATAIOMINX JIEMEHTOB
Ha Te4YaTHbIX (opMax, U3rOTOBJICHHBIX JIA3EPHBIM I'PAaBUPOBAHUEM, BIHSET
Ha [10Ka3aTeNId UX KauecTBa U 3TO, B CBOIO OYEPElb, ONPEAEIAET TEXHOJIO-
THYECKUE BO3MOXXHOCTH (OPMHOM TexHonoruu. [IpuHuMasl BO BHUMaHHE
NOKa3aTes M KauyecTBa IeYaTHbIX ()OPM, MMOJIYUESHHBIX Ja3epHbIM IPaBUpPOBa-
HHEM, M, YUUTHIBas CTOMMOCTb MX W3TOTOBJICHUS, CIEAYEeT OCYIIECTBISTh
BBIOOP (POPMHBIX TEXHOJOIMH IPU PELICHUH 3a7a4 KOHKPETHOTO MPOU3-
BOJZICTBA.
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CPABHUTENIbHbIA AHANIN3 BO3MOXXHOCTEN
QOJIEKCOrPAOCKUX ®OPMHbIX MPOLIECCOB
ANnAa NEYATAHUA HA TOOPOKAPTOHE

Kaprawesa O.A.", Kynewosa E.[.", MaunH M.H.2
"MOCKOBCKUI NONIUTEXHNYECKNI YHUBEPCUTET
2000 «Bapwuio Onekcy»

Abstract

The indicators of flexographic printing plates for printing on corrugated
cardboard, allowing obtaining flat-top printing elements, are evaluated.
The printing plates are made using DuPont technologies: standard digital
mask technology on the innovative Easy plate and on DigiCorr technology.

B nocienHue roxel Ans M3rOTOBIEHMS (IeKcorpad)CKuX IedaTHBIX
¢dopm 1o unppoBoit MacoyHoi TexHooruu [1] cranu npumMeHaTsest Gopm-
HbIE TUIACTHHBI HOBOTO ITOKOJICHHUSI, pa3paboTaHHbIE PSIIOM IPOU3BOAMTEIICH
(dopMHBIX TUIacTHH — KomnanusMu Mac Dermid u Toyobo [2]. Takue ruia-
CTHHBI B OTJIMYHE OT paHee MPEAJIOKESHHBIX TEXHUYECKUX PeIIeHUH, KOTo-
pBI€ MO3BOJISIOT MOTYYaTh IIOCKOBEPIIMHHBIE MEUaTaloIMe AIEMEHTHI Ha
NeYaTHbIX (popMax, He TPEOYIOT MPUMEHEHUS CIICIIUAIBHOTO 000PYI0BAHNUS,
UCTIONB3YEMOr0 Ha CTaJAUHd OCHOBHOTO KCIIOHHPOBAHMA AJIA YCTPAHEHUS
BO3JICHCTBUSI KUCIOpOAa Bo3ayxa. Kak mpaBuiio, B CTPYKTypy Takux Iuia-
CTHH BBOJHUTCSI JIOTIOJHUTEIIBHBIN CIIOH, KOTOPBIH H30aupyeT (hoTonoamme-
pusyemslii cioit (PIIC) ot kucnopoaa Bo3ayxa.

[TpuHIMIIHAIEHO HOBYIO TEXHOJIOTHIO U3TOTOBICHUS (DOPMHBIX IIACTHH
HOBOTO MMOKOJIEHHsI npeyioxkmia komnanust DuPont [3]. Pazpaborannas umu
TexHosorusi Easy peasnusyercst B HOBOI MomudpuiupoBanHoi GopMHOIl mia-
CTHHE, B CTPYKTYypy KOTOPOH, KaK yTBEp)KJIaeT MPOU3BOIUTENb, «BCTPOEHBI
TOUYKHU C IJIOCKOW BEpUIMHOW». biiarogapst atoMy ynpouiaercst mpouecc Jore-
YaTHOM MOJI'OTOBKH, ITOBBIIIAETCSI IPOU3BOANTEIBHOCTH (POPMHOTO TIporiecca
U CTaOWJILHOCTh KayecTBa IeyaTd. B acCOpPTMMEHTHOH JIMHEHKe KOMITaHWUH
umerorest popmuble miacTuHbl Cyrel® Easy mnst tepmanbHOl 00paboTKH
FAST u nuist conbBeHTHOM 00paboTKu. DTH (hOPMHBIE IIIACTHHBI MOTYT UMETh
U MOIU(UIMPOBAHHYIO, ¥ TIAJKYIO NOBEPXHOCTh. TeXHUUYECKasi XapaKTepu-
ctrka ()OPMHBIX IUIACTHUH NpUBEAEHa Ha caiite komnanuu DuPont [4]. dopwm-
HbIE [UIACTUHBI TAKOTO TUIIA BHIITYCKAIOTCS M JJIsl [TeYaTaHus Ha ro()poKapToHe,
TpeOOBaHMs K KaueCTBY H300pa)keHHs1 HA KOTOPOM ITOCTOSIHHO TTOBBIILIAFOTCSL.
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B pamkax paboTbl OlleHUBAINCh Ne4aTHbIe (JOPMBI, U3TOTOBJICHHBIC Ha
¢dopmuoii miactuae Cyrel® Easy EPC 250 mo uudpoBoii MacouHOH Tex-
nonorun Standard Digital (SD) u Ha dhopmuoit miactune Cyrel® DEC 250
o texHostoruu DigiCorr (DC) ot komnanuu DuPont B ycrioBusix KOHKpeT-
Horo npeanpusatus. TommumHa OIIC 3THX QOPMHBIX IUIACTHH COCTABIISIET
6,35 M. Omnpenensyioch BOCIPOU3BEICHHE PACTPOBOTO H300paxKeHUs,
LITPUXOBBIX JIETalel, OTJEIBHO CTOSIINX TOUeK U (hparMeHToB mpudra, To
€CTb, OCHOBHBIX DJIEMEHTOB M300paKeHHUsI, KOTOPBIE TI03BOJISIOT OLIEHUBATH
KauecTBO rnevatHeix (opM. Bee aTn nokaszarenin n3aMepsuinch Ha yCTpOHCTBE
Flexo Cam ¢upms Troika.

[lo m3MepeHHsIM OTHOCHTENIBHOW IUIOLIAJU PacTPOBOIO M300pasKeHMUs
S OTH., KOTOpBIE MOJIYYEHBI C IIOMOILBIO YKa3aHHOTO yCTpOiCcTBa, ObLIN TO-
CTpOEHBI rpasanuoHHble Xapaktepuctuku (I'X) mcciemyembIx medaTHbIX
¢dopm. I'X neuarHbix HopM, U3rOTOBJICHHBIX C OJTHON M TOH K€ JIMHUATY POl
pacTpupoBaHus, IPeACTaBIeHbl Ha puc.l, a Ha puc. 2 — ['X neyarHsix popm
Cyrel® Easy EPC ¢ pa3nuuHol JIMHUATYPO pacTpupOBaHUsI.

SotH. (n.$.), %

0 10 20 30 40 50 60 70 80 S0 100
S otH. (4.¢.), %

Puc. 1. I'padayuonnasn nepedaua pacmpogoco uzo0pasicenus npu IuHuamype
pacmpuposarnust 60 Ipi na neuammuvix gopmax: 1 — Cyrel® Easy EPC (SD);
2— Cyrel® DEC (DC)
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Puc.2. Tpadayuonnas nepedava pacmposozo uzoopalcerus Ha neuamHoil popme
Cyrel® Easy EPC (SD) npu nunuamypax pacmpuposanusi:
1-60Ipi; 2-70 Ipi

Anamu3 I'X nokasbiBaer:

* Ha rievyaTHoM Gopme (puc. 1), momydenHol Ha popmHOI mactune Easy
EPC mno cranmaptHoil 1udpoBoit MmacouHoil texunosoruu (SD), 3HadeHus
S oTH.MeHblIIe, YeM Ha IeyaTHo! (opMe, H3rOTOBICHHOW Ha (POPMHOIA TU1a-
crune DEC no texnonoruu Digi Corr (DC). D10 HEOOX0MMO yUUTHIBATH
IIPY MIPOBEJCHUU KOPPEKIMU M300pa)KEHHsI Ha CTaJUH JIONIeYaTHOW oOpa-
00TKH;

* MHTEpBaJI rpajanyii Ha obenx nevyarHbix popmax Easy EPC s nByx
JIUHHUATYpP pacTpupoBaHus (puc.2) onuHakoB U paBeH 0,8 —99%, a 3To BhIIE,
YeM 3asBJICHO POU3BOUTENEM.

He MeHee 3HAYMMBIM SBIISIETCS Ka4€CTBO BOCIIPOU3BEICHUS Ha MTEYATHBIX
(bopmMax ITPUXOBOTO U TEKCTOBOTO M300paskeHNi. Tak, MeJIkre ITPUXOBbIE
JeTanu (IUTPUXHU U UX BBIBOPOTKHU) pa3MepoM oT 30 MKM BOCIIPOM3BOIATCS
Ha o0eux neyarHbIX opMax, U ITOT IOKa3aTesb 3HAYUTEILHO MPEBhIIIAET
3HAUEHMs, 3asIBJICHHbIC B TEXHUYECKOH XapaKTepUCTHKE (POPMHBIX IUTACTHH.
OpnHako cienyer OTMETUTbh, 4To Ha nedarHoi opme Easy EPC pasmepst
HITPUXOB MEHbIIE, a Ha neuyatHoi Gopme DEC, Haoboport, Ooiblie, yeM
B nudpoBoM daiise. Uto KacaeTcs NMpocBeTOB (BHIBOPOTOK IITPUXOB), TO
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UX MCKXEHHS 110 OTHOIICHHIO K HU(PPOBOMY (aiiiy MEHbIIE Ha Me4yaTHON
¢dopme DEC, uem Ha neuarnoi popme Easy EPC. Ilpu aTom HeoOxoaumo
3aMETHTh, YTO O0JIee 3HAYUTENIbHbIE HCKKEHHS y IITPUXOBBIX JeTajel Ha-
omronmarotcs Ha nedatHor popme Easy EPC o cpaBHeHuto ¢ neuatHoit Gop-
moit DEC. Enie onuH He MEHEe BaXKHBIH 2IIEMEHT U300paXKEeHHUS — OTACIBHO
CTOsIII[ast TOYKA BOCIIPOM3BOAUTCS Ha MCCIIEyeMBIX MeYaTHbIX (hopMax Tak-
ke no-pasHomy. Ha nedatnoit dopme Easy EPC BocmpousBomsaTcs: Takue
Touku pazmepom ot 500 mkm, a Ha nedarHor popme DEC ot 250 mkm, HO
ux pa3Mepsl Ha riedatHoii popme Easy EPC menblue, a Ha neuarHoii ¢popme
DEC 6omnbiie, yem B nuppoBom (aiiie.

HccnenoBanust BocrpousBeaeHus mwprudTa Ha 00eHx MevaTHbIx Gpopmax
[MO0Ka3bIBAIOT, YTO MHHUMAaJILHO BOCHPOM3BOIUMBIM SBISIETCS IIPUPT Ke-
ieM B | MyHKT, OTHaKo MPUQT C 3aCEUKaMHU BOCIIPOM3BOANTCS, HAUMHAS C
2 MyHKTOB.

Takum 00pa3oM, B 3aBUCUMOCTH OT XapakTepa BOCHPOM3BOIUMOIO Ha
reyatHol Gopme n300paXKeHUs! C yU€TOM TEXHOJIOTHUECKUX BO3MOXKHOCTEH
cucreMbl «(opMHasi uiacTMHa — (OPMHAsT TEXHOJIOTHS» LElIeco00pa3HO
BBIOMPATh Ty WM HHYIO (DOPMHYIO TEXHOJIOTHIO U KOHKPETHBII THIT HCIIOJIb-
3yeMoi (pOPMHOI IJIACTHUHBI.

Hapsiy ¢ 3tim, 00JIbII0H HHTEPEC MPEACTABISICT OI[CHKA KOHPUTYPAITUT
reyararolinX JIEMEHTOB Ha MCCIIEAYeMbIX HeYaTHbIX (POpMax, MOCKOIbKY
MMEHHO MX KOH(UIypalys onpeneseT noBeJleHne neyarHsbix Gopm B mpo-
Liecce rnevaraHus, BIUss Ha €ro CTaOUIbHOCTb.

Ha puc. 3 npencrapiensl MukpodoTorpadh MUHUMaJIbHO BOCIIPOU3BO-
JTUMBIX TeYaTarolIuX 3JIEMEHTOB ¢ S OTH., paBHOU 0,8%, KOTOpBIE MOTyyYe-

a 0
Puc. 3. Muxpogpomozpagpuu newamarowgux snemernmos ¢ S |, pasroii 0,8%, npu
sunuamype pacmpuposanust 60 Ipi na newammoix gpopmax: a — Cyrel®Easy
EPC(SD),;6 — Cyrel°DEC (DC)

62 | International Scientific-Practical Conference



HBI ¢ Ie4aTHbIX (opM B peskume 3D. Ha pucyHke BHIHO, 4TO Nevyararomme
9JIEMEHTBl Ha 00erX neyaTHbIX (opMax UMEIOT IJIOCKHE BEPLIMHBI U KpPY-
ThIe OOKOBBIE TPaHU. DTO MOATBEPKAAET PakT (POPMHUPOBAHUS TAKUX Ieda-
TAIOIIMX AJIEMEHTOB Ha MHHOBALMOHHOM (popMHOIT utacTiHe Komnanuu Du
Pont. [Ipu aTOM U1 neyatHOW (OPMBIL, NOITY4YEHHOIT 110 TexHojoruu SD Ha
¢dbopmuoii iacture Cyrel®Easy (oOpaselr a), XapakTepHo Haiuuue Oosiee
KPYThIX OOKOBBIX TpaHeil y MIOCKOBEPIINHHBIX [1€YATAIOINX IEMEHTOB I10
CPaBHEHHUIO C JIPYTroi reyatHoi GopMoii, ncciieayeMoi B HaCTosIEeH pabo-
Te (oOpaser 0).

Ilonyuennvie 6 pesyrvmame uccie008anuli NOKA3ameny NeYamuvlx Qopm
Xapakmepusyiom ux Kax ¢ mouku 3peHus Kaiecmed, Tak U cmaduibHocmu
npu nevamanuu, onpeoenss, TeM CaMbIM, IPAKTUYECKYIO YEHHOCb paOOmbi.
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OLIEHKA BO3MOXHOCTU NPUMEHEHUA
®OPMHOW TEXHOJIOTMU FLEXCEL NX A1fl BbIMYCKA
3ALMLLEHHO NEYATHOW MPOAYKLIUY

KapTtawea O.A., HectepeHko H.I.
MOCKOBCKNI NONUTEXHUYECKUI YHUBEPCUTET

Abstract

The paper studies the modern form technology of Flexcel NX, which al-
lows to obtaining rather high indicators of printed forms. The studies were
performed using an instrumental assessment and an expert assessment
method. In the example of the reproduction of specific elements of the im-
age used to assess the quality, an assessment was made of the significance
of those of them that are the most important.

B HacTos1ee BpeMsl 3TUKETOUHAs U YIIAKOBOUHAsl IPOLYKLHUsS IIPOU3BO-
JIUTCsl OOJIBIIMMH THPAXXKaMH, a 00beM e€ BBIIyCKa COIMOCTaBUM C OOLIMM
MacitTabom nojurpaduueckoro npouspoactea. CreruanabHOM JIUICH3UN Ha
TaKyI0 [CYaTHYIO MPOAYKIIUIO HE TPEOyeTCs, HO 3TO HE OTMEHSCT MOHSATHUS
e€ 3alMIIEHHOCTH OT AyOnupoBaHus, GpaabcuuKanum 1 NOANEIIOK.

«Bamuménnas nonurpadus» — odjacTe, KOTOpas IpennonaraeT Hc-
IMOJIb30BaHUC nonnrpa(buqecm/lx METOHOB I NPEeAOTBpAIICHUA MMOAACIIKA
win ¢anscuduranun [1]. OHa 0XBaThIBAET BCE TEXHOIOIMYECKHUE MPOLECCH
HOJUTpagUYECcKOro MPOU3BOACTBA U MPEAIIONIaraeT UCII0Ib30BAaHUE CIEIH-
AJIILHOTO 000PYIOBaHMUs, MaTEPHAIIOB U TEXHOJIIOTHYECKUX ITpHeMoB. MeTo-
Jbl 3al1IUThI e4yaTHOMu MIPpOAYKIIUHU MOTYT OCYLECTBIATHCA, B TOM YHUCIIE C
IMPUMEHCHUEM PA3JIMYHBIX CHOCO6OB rncyaru. O6ﬂaﬂaﬂ TCXHOJIOT'MYCCKUMHU
BO3MOKHOCTSMU, KOTOPbIC HE MOT'YT 6])lTb JAOCTUT'HYTHI BHE CIICHHUAJIU3NUPO-
BaHHOI'O MpECANPpUATHA, OTU CHOCO6bI IIe4aTu MO3BOJIAOT UCKIIKOYUTH I101-
ACIIKY eyaTHoOMu MPpOAYKIUHN MYTEM HCIOJIB30BaHNA PA3JIMYHBIX 3JIEMCHTOB
U300paKeHHs, HaJIS)KHO BOCIIPOM3BOANMBIX ATHM CIIOCOOOM.

B nocnenHue rogpl aiis BbITYCKAa 3THUKETOK M YIIAKOBOK IIMPOKO NPHU-
MeHsieTcst riekcorpadekuii crnocob meyard. Ero BO3MOKHOCTH TOCTOSIH-
HO PacCHIMPSIOTCS, @ Ka4eCTBO MOJYYEHHOTO 3THM CIOCOOOM meyard H30-
OpakeHHsl yBEJIMYMBACTCS. DTOMY CIOCOOCTBYET YpOBEHb COBPEMEHHBIX
(OPMHBIX TEXHOJOTUH [2], KOTOpBIE MO3BOJISIOT 3HAYMTENILHO YIYUIINTh
NIOKa3aTesH Me4YaTHbIX (JOPM M, KaK CJIEICTBHE, KaYeCTBO M300payKeHUs Ha
OTTHCKE, B TOM YHCJIE, BOCIIPOU3BE/IeHHE MEJIKHX aeraneil. OHM yacTo uc-
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HOJB3YIOTCSL Il POPMHUPOBaHMs (PPArMEHTOB, MPUMEHIEMbIX B KaueCTBE
«3alHUIIEHHOT0» U300paKEHHS.

Lenbto paboThI SIBISIETCS OTIpEJIelieHHE BOZMOKHOCTEH (DOPMHOI TEXHO-
norun Flexcel NX ¢upmbr Kodak [3] 1 Ha 9101 0OCHOBE pOBE/IeHNE OLEHKH
ee NMPUMEHEHUs Ul NevyaTaHus CIelUallbHbIX (parMeHTOB M300paKeHusl,
UCIIOJIb3YEMBIX B «3alIMIIEHHON» Tonurpaduu.

B yci10BHSX KOHKPETHOTO IPOM3BOJICTBA OBLIN U3TOTOBJICHBI (iekcorpad-
ckue redarHbix Gopmbl Ha (opmHoit tuiactune Flexcel NXH. IMeyaranue c
nevyaTHeIX (JOPM MPOBOIMIIOCH HA CAMOKJICIOIIEICs IOy IISHIIEBOM Oymare
kpackamu YO - orBepkaenus. [leuarHplii nporece ObLT ONITUMU3UPOBAH 10
IIPUMEHSIEMYIO TEXHOJIOTHIO C YyYE€TOM MCIIOJIb3yEMbIX MAaTepUalloB U Xapak-
Tepa BOCIPOU3BOIUMOTO H300paxeHus. Camo 1300paxkeHHe CollepKaio Bce
Te ()parMeHThI, KOTOpbIE B JajbHEHIIIEM HCIIOIb30BAIHUCH ISl ONPEICIICHHS
KayecTBa M300paKeHUsl Ha redatHoil Gopme U orTHcke. OHO OLEHUBAJIOCH
METO/I0M UHCTPYMEHTAJIbHON OLIEHKUA U METOJOM SKCIIEPTHOM OLICHKHU.

Pesynbrarsl HHCTPYMEHTAIBHON OLIGHKH MOKa3aTesel eyaTHbiX GopM 1
OTTHCKOB ITOKa3aJi, YTO UCIIOJIb30BaHHE HCclieyeMol (POPMHOI TeXHOJI0-
TUU TI03BOJISIIOT BOCIIPOU3BOIUTE:

— OTJIENIBHO CTOSIIIIME TOYKH OT 5 MKM;

— INTPUXOBBIE JETAIN U UX BBIBOPOTKH OT § MKM;

— WpUTHI Pa3IMYHOTO KISl U HauepTaHusl, HAYuHasl ¢ 5 IyHKTOB.

Crenyer 3aMEeTHUTh, YTO UCKAXXEHUS BOCIIPOU3BEICHHBIX AJIEMEHTOB H30-
OpaskeHus1, IPUBOISIIIIE K [TOTEPE UX Ka4eCTBA, HE SIBJISIIOTCS 3HAYUTEIbHBI-
MU U 00Hapy>KUBAIOTCS TOJIBKO MPH AECATUKPATHOM yBennyeHuu. [loaTomy
BU3YaJIbHBIH MTPOCMOTP HM300paKeHUsi Oe3 yBEIMUYSHHsI HE OOHapyKHBAET
pa3nnYUMBIX 1e()EKTOB, T.€. IEMEHThI YKa3aHHBIX BBIIIE PA3MEPOB BOCIIPO-
U3BOZSTCS 0€3 BUJAMMOM ITOTEPH KayecTsa.

JloCcTaTo4uHO BBICOKHE IIOKA3aTEJIM KaueCTBA BOCIPOU3BEACHHBIX HA OT-
THUCKE MEJIKUX JJIEMEHTOB, KOTODPbIE IMOJY4YEHbI C IPUMEHEHHEM (OPMHOU
texHonoruu Flexcel NX, no3BosisitoT yTBEpKIaTh, YTO 3Ta TEXHOJIOTHS MO-
JKET OBITh TIPUMEHHUMA IS TSI «3alUIEHHON omurpadum.

Ha cnenyromeM srane ucciieoBaHUM BO3MOKHOCTH IIPUMEHEHMUsI pac-
CMaTpPUBAEMOM TEXHOJIOTHH /ISl LISl «3alUIeHHON moaurpadun» ObLIH
NPOBEJICHBI METOJIOM SKCIIEPTHOW OLIEHKH [1eYaTHOTO OTTHCKA 10 (parmMeH-
TaM, KOTOpbIEe OBLIM BBIMOJHEHBI C pa3MepaMH 3JIEMEHTOB, HAaJE)KHO BOC-
IIPOU3BOJUMBIMM Ha OTTUCKE. Takas OLleHKa KauyecTBa BOCIIPOU3BEICHUS
n300pakeHHs liesecoo0pasHa Juisl cilydas KOHTPOJS OTTHCKOB, COJEpiKa-
mux Habop GpparMeHTOB «3aLUIMIIEHHOT0» U300paKEHHS.

DKcIepTHas OLIEHKA OCYIIECTBISCTCS yTeM oIpoca, coopa u 00padoT-
KM MHEHMH 3KCIEPTOB. B KauecTBe TAKOBBIX MOT'YT BBICTYIATh IIPOU3BOAU-
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TEJH, TOTPEOUTEIH, CICIIMATUCTHI B 00JIACTH MOJUTPAPUUECKUX TEXHOJIO-
YW TOTO MJIM MHOTO YPOBHS.

B nanHOiT paboTe 9KCHEPTHYIO OLEHKY MPOBOAMIN CHEIHUAINUCTHI B 00-
sacti (OPMHBIX TEXHOJOTHH 110 TaKMM HapamerpaM, Kak THIIbOIIMpHAs
CeTKa — CTPYKTYpa, COCTOSAIIAs U3 KOHTYPHBIX U TUPEKTHBIX JUHUHN (mapa-
metp 1), Mukporekct (mapamerp 2), pu@T pa3inaHON TaPHUTYPHI U KT
(mapametp 3). JIOMOJHHUTENILHO OLIEHUBAJICS €lIe OJIMH Mapamerp — oodlee
BIIEYATIICHHE O KaueCTBE MeUaTHOro OTTUCKA (napameTp 4). Bee aTu mapame-
TPbl OHECHUBAJIMCH C TOYKHU 3pCHUA Ka4€CTBa U TOYHOCTU BOCIIPOU3BEACHMUS.

Meroj SKCIEPTHOHN OLICHKH, BKJIFOYAIOINUI MOPAOK €€ IPOBEACHUS U
MOCIEAYIOMMHA pacyeT 3HaYMMOCTH HCCIIEAYEMBIX IapaMeTpoB, MPUBEAEH
B [4,5]. Ilocne cOopa MHEHHH MyTEM ONpPOCa HKCIEPTOB OLCHNUBAJIACH CTe-
ICHb 3HAYUMOCTH MapaME€TPOB MMYTEM IMPUCBOCHUA UM PAaHIOBOI0 HOMEpaA,
COCTaBJICHHs CBOJHOM TaOJMIbI PAHTOB M €€ Npeodpa3oBaHKs B MATPHILY
PAHTOB C MOCJIEAYIOUINM ONPEAeICHHEM U aHAJIN30M CyMMBbI PAHTOB, MOJTY-
YCHHBIX KaXXIbIM MapaMETPOM OT BCEX IKCICPTOB, U OLICHKHW 3HAYUMOCTU
paccMmarpuBaeMbIX MapamMeTpoB. B pesynbrare aHanm3a 4eThIpex H3yuae-
MBIX MapaMeTPOB 0Ka3aj0Ch, YTO UX 3HAUUMOCTbH paznnyHa. Ilo 3HaunMo-
CTH HCIIOJIb3yeMbIe MapaMeTphbl pacrojaratorcs (0T Haunbojee BaKHOTO K
HalMEHee BaXKHOMY IapaMeTpy) B CIEAYIOLIed MocienoBaTeIbHOCTH: 2
(Mukpoteker); 1 (runpommpHas cetka); 4 (oOuiee BreyarieHHe 0 Ka4ecTBe
orTucka); 3 (pudT), a 3TO ONpeaeIIeT X BHIOOP I Ie/icH BU3yaTbHOIO
KOHTPOJIA NpH HUCIIOJB30BaAHUU I 3allIUTHL Me4yaTHOM MMpOoAYKIUU OT MO~
JeNKU U (hanbCuPUKALUN.

Takum 00pa3oM, HCII0JIb30BAaHHE METO/IA YKCIICPTHOM OIICHKH ISl OTIpe-
JIeTICHNs] 3HAYMMOCTH Pa3IMYHbIX (PParMeHTOB H300paXKeHNUs, OITyYEHHBIX
C HCIOJIb30BAHUEM KOHKPETHOH (DOPMHOM TEXHOJIOTHMH, MO3BOJISIET OCY-
IIECTBIISITH BBIOOP THIIA (PPArMEHTOB JUIsl 3aJa4 «3alUIICHHOW MOJHUrpa-
buny.
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THE BOOK OF THE FUTURE — WEB-FORMAT

KushelevaT., lvashchenko U.
Moscow Printing-Publishing College named by Ivan Fedorov

Abstract

This article analyzes the problems that the electronic and interactive books
face nowadays. They are mainly related to the design, the inability to search
for a book and the inconvenience of navigation. The only format that can
overcome these problems and give a creator the full control over design
and layout is HTML. This article discusses the advantages of HTML-based
electronic books and gives an overview of possible future of e-books.
Keywords: design, digital, e-books, HTML, interactive, technology, web.

Beenenue
[To mMepe pa3BUTHSI M MPOHUKHOBEHHS MH()OPMALMOHHBIX M TEJICKOM-
MYHHUKAIMOHHBIX TEXHOJOIHH BO Bce cepbl 0OIECTBEHHON KHU3HU, B TOM
YHCIIe U B U3/IaTENILCKYIO MPOAYKIHNIO, BCE OOJIBIIYIO MOMYIIPHOCTD CPEIH
WHTepHeT-nonbp3oBarenell HaOMpParoT dIEKTPOHHBIE ¥ MHTEPAKTHBHBIC H3-
nanusi. [lpaBna, nHTepakTHBHAS (OpMa NPEICTABICHUSI U3IaHUH 1OKa He
MOJIYYHJIa 3aAMETHOTO PAcpOCTPaHCHUS Yepe3 OUOIUOTEKN M KHIKHBIC Ma-
Ta3UHBbI.
Tak, akTyaJbHOCTH TEMbI HACTOSIIEH CTAaTbu OOYCJOBJIEHA POCTOM
PBIHKA 3JIEKTPOHHBIX U UHTEPAKTUBHBIX U3aHUMN.
I'naBHOIi HeabI0 KCCIIEAOBAHNS SIBIISAETCS aHAIM3 MPOOJIEM, CYIIeCTBY-
IOMKUX Ha PBIHKE 3JICKTPOHHBIX U MHTCPAKTUBHBIX HSHaHHﬁ.
B cooTBeTcTBUY C 1IeNbI0 UCCIIeI0BAHKS ObLIN ONPEACIICHBI CIIeYIOLINe
3aJa4u:
* V3yueHue TeHJAEHIMH, CIOKHUBIINXCS HAa PhIHKE MEIHANIOTPEOIeHNS
Ha IMpuMepe POCCI/II/I, 1 BBIABJICHUE XapaKTepa U3MECHCHUA MEIUaaK-
THUBHOCTH.
* 3yuenue crneuuuky mpodieM 1 NOUCK UX PELICHUH.

Jliist peanuzanyy NOCTaBICHHBIX BBIIIE 337124 ObUIM MCIIOJIb30BaHbI Clie-
JYIOIIIE METOIbI UCCIIEJOBAHUSL:

* l3yuenue pa3HOOOpa3HBIX HCTOYHUKOB HH(OpMALINH.

* AHaju3 NOJy4eHHBIX CBEJCHUH U UX 0000IIeHNE.

* Ilocrpoenue runores.
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HUccnenoBanmne

Jnsi Havama pacCMOTPHM TEKYIIYHO CHUTYalHi0 (YHKIHOHHPOBAHHUS
pbiHKa Meauanorpednenus B Poccun.

ITo manHBIM HcclieZOBaTeNbCKONH Kommnanuu Mediascope, Ha Havao
2019 r. aymuropust Uurepuera B Poccuu cocrasnsier 74,7% (91,6 mutH yei.).

Aeryct 2018 - aHBapb 2019

91.6 MNH. yen.

M

Puc. 1. JJunamuxa ayoumopuu Unmeprnema

ComnitacHo ormpocy, mpoBeacHHOMY kommanueii Deloitte, B8 2018 r
MPOIOJDKACT PACTH YaCTOTa HCIOb30BaHus VHTepHeTa (MHaeke — +59%),
a TaK)Ke YTCHUS AIEKTPOHHBIX KHUT (MHIEKC — +29%). B TO e Bpems
PECIOHICHTHI YKa3aJid Ha 3aMETHOE CHHXKEHUE 00BEMOB UTEHHUS MeYaTHBIX
kHUT (—12%) 1 neuatHeix CMU (—26%).

© Kok Bui ouerusaeme usmerenus Baweli MeduaakmueHocmu 3a nocaedHue mpu 200a?

2018 2017 2016 2015

@S HTepHeT k5SS +66 +62 +61 Poct
@D >/1eKTPOHHbIE KHUMY +29 (29 +31 +31 akmeHocTh
@) CpepHuii nHaekc +7 +5 +6 +8

@D (loceuleHue TeaTpa/KoHLUepTa +6 -2 0 12

@ (ocelleHune KMHoTeaTpa +4 +3 0 +7

@S /cnosb3oBaHWe BUAeOUrp +4 +6 +4 +10

@S (pocnywinBaHve paano 0 -3 -4 -7

@ (pocmoTp Tenesusopa -7 -1 -8 -5

@D “TeHve nevaTHbIX U3AaHWUI KHUT -12 -18 -16 -9 CHIKEHNE
@S YreHve nevaTHbix CMU -26 -22 -24 -17 aKTUBHOCTU

Puc. 2. Uzmenenue meouaaxmusnocmu ¢ 2015-2018 2e.
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© umo uz nepevucnentozo sensemcs dns Bac ocrosHoli med 0CMbH0 8 OHA? Cpepnss
NPOAO/IKUTENLHOCTL
nonbL3oBaHUA

MeaANanCTOHYHUKOM

©®

©

im) JneKTpoHHbIE
KHATY

E NeuyatHsie CMU

MeuaTtHble
n3aaHua KHUT
Huuero ns
nepeuncneHHoro

B reuenme paGouero s

€6:00 40 9:00 22% 15% 28% 2% 3% 1% 1% 28%
€9:00 40 12:00 9% 14% 49% 3% 5% 3% 1% 16%
€12:00 go 18:00 8% 10% 54% 5% 4% 3% 3% 13%
€18:00 40 21:00 30% 5% 38% 8% 4% 5% 6% 4%
€21:004000:00 | 29% 2% 34% 8% 5% 6% 8% 8%
€00:00 g0 6:00 6% 2% 14% 4% 1% 3% 4% 66%
B TeueHMe BLIXOAHOrO AHS

€6:00 40 9:00 19% 7% 19% 2% 3% 1% 1% 48%
€9:00 g0 12:00 25% 9% 39% 4% 4% 3% 3% 13%
€12:00 o 18:00 16% 7% a7% 6% 4% 4% 6% 10%
€18:00 g0 21:00 27% 4% 39% 7% 5% 7% 7%
€21:002000:00 | 30% 2% 32% 8% 4% 7% 8% 9%
€00:00 g0 6:00 6% 2% 14% 3% 2% a% a% 65%

BbiCOKaR aKTMBHOCTL CpeAHsa aKTUBHOCTL HW3Kas aKTMBHOCTL

Puc. 3. Meouaaxmuenocme 6 meuenie OHs

B pesynbrare npoBeIcHHBIX UCCIICIOBAHUI MOXKHO CIICJIaTh CICIYIONIUE
BBIBOJIBI:

* Hcnonws3oBanue MHTEpHETA KaK B pabovKe, TaK U B BBIXOIHBIC JHU
SIBIISIETCSI OCHOBHOM MEAMAaKTUBHOCTBIO POCCUSH. DTO MOATBEPK1a-
€TCsl M CPEHEH MPOIOJKUTEIIBHOCTHIO €0 UCIIOIB30BaHUs, KOTOpas
3HAYHMTENIBHO BBIIIC, YEM Y IPYTUX MEIHAKaHAJIOB.

*  HHaekc MeIMaaKTUBHOCTH YTCHHS JJICKTPOHHBIX KHHUI CBHJCTCIIb-
CTBYET 00 YBCJIIMYCHUU aKTUBHOCTH MX HCIIOJIb30BAHUS.

* HabGmronaercst CHUKCHUE aKTUBHOCTH YTCHHSI [ICUYATHBIX KHUT U 0CO-
6enHo neuatHbix CMU.

MpbI BBISSCHWIH, 4TO MIHTEPHET MPOYHO BOIICI B MOBCEIHEBHYIO KHU3Hb
COBPEMCHHOI'0 YEJIOBEKa, a 3JICKTPOHHBIC H3IaHUS NPEACTABISIOT COOOMH
OBICTPOPACTYIIHIT CETMEHT PhIHKA, TIO3TOMY HAaCTaJI0 BpeMs pa3o0pars mpo-
0JIeMbI, C KOTOPBIMHU CTAJIKMBAIOTCS U3aHUS B IIUPPOBOIL hopme.

Kak Hu reJanbHO 3TO PU3HABATH, HO CYIIECTBYOIIUE IEKTPOHHBIC H3-
JaHWsI JAJIEKH OT BBICOKUX M3[IAaTCIbCKUX CTAHAAPTOB O()OPMIICHHUS, K TOMY
JKEe HEYIOOHBI HU JIJIsl HABUTAI[UH, HU JIJIs TIOMCKA.
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Kak 0b1 xopolio HU OblIa CBepCcTaHAa KHHUTA B OpPHTHHAIE, B (popmare
EPUB ona Oynet BbINISAACTh HEMIPE3eHTa0CIbHO, TOTOMY YTO JaHHBIN Qop-
Mar [0 YMOJIYaHUIO HE Mpe/ioiaraeT «ruOKuii» MakeT, He TI03BOJISIET pa3pa-
00TaTh MHTEPECHBII N3aiiH. A MEX1y IPOYNM, JIU3aHH UI'PAET OTPOMHYIO
poJib B ohopMIIEHHHN U3/IaHUs, TaK KaK OH HAIPSMYIO BIHSET Ha BOCIIPUSTHE
yprarens. Eciau uurarento HpaBUTCS Kakas-au0O0 KHUTa, OTYACTH ITO TO-
TOMY, YTO IIPOAYMaHHBIM U IPUBJICKATEJbHbIM JU3alilH IIOMOIaeT €My Ha-
CITaXK1aThCs €H.

HecMoTps Ha TO, YTO CYIIECTBYIOT U IPYTHE OTKPBITHIE CTAHIaPThI 3JIeK-
tpouHbix kaur (FB2, DOC/DOCX, TXT, RTF u mp.), 3T ¢popmats! He co-
CTaBJIAIOT OCHOBY Halllell 5KOHOMHKH JIEKTPOHHBIX KHUT.

CeronusiHue ycTpoiicTsa st uteHus, takue kak Kindle, Nook u iPad,
SIKOOBI TIO3BOJISIIOT YUTATh JIEKTPOHHBIE KHUI'H C J000ro mcroynuka. Ho
Ha MPaKTHKE YHUTaTeNn 00s13aHbl ObITh CBS3aHbI C KOMIAHUEH, cTOALIeH 3a
YCTPOHCTBOM.

Hamnpuwmep, iBooks Author — npuiioxenue, pazpaboTaHHOE KOMITaHHEH
Apple, 1115t co31aHuMs IMEKTPOHHBIX KHUT B popmare iBooks. Kuuru B taHHOM
(dopmare Henb3s pofasarh HuUrae, kpome iBooks Author. B nmo00ii MoMeHT
Author MOXxeT miepecTarh MOAICPKUBATH ATOT (HOPMAT, U TOrIA BCE MPHOO-
pETEHHbIE YUTATEIeM KHUTH MPOCTO Ucye3HyT. To ecth, iBooks — coOcTBeH-
HbII 3aKpbIThI opmar Apple. [{ist uTeHHs TaKMX KHUT HY>KHO YCTPOWCTBO
Apple, koTOpOE TaJIeKo HE Ka)IbIi MOXKET IPHOOPECTH. A Be/ib KHUTA J0JIK-
Ha OBITh CAMbIM JIOCTYITHBIM U JIOJITOBEYHBIM HOCHTEJIEM 3HAaHHH.

Amazon nponaer Ha Kindle, ¢akruuecku, te e EPUB, koTopbie BbI-
IJISLIIT, KaK yKe ObIIO CKa3aHo, MaJIONIPUBIIEKATEIbHO.

B uneane y unrarens NO/KHA ObITh BO3MOXKHOCTH HPUOOPECTH JJIEK-
TPOHHBIE KHUTHU OT JIF0OOT'0 MOCTaBIIMKa B OTKPBITOM (hopMare, a 3aTem 3a-
IPY3HTh HX Ha JII000e ycTpoicTBO. HO B peanbHOCTH 3TOTO HET.

Tenepp, uro kacaercs PDF. PDF Haumnancs kak HOpONpHUETAPHBIM
¢dbopmar daiinoB Adobe, HO CO BpeMEHEM OH CTall OTKPBITHIM (hOPMATOM.
Ceroanst aBTopbl MOryT co3naBaTh PDF-daiinbl ¢ moMomnipio MHOXecTBa
nporpamm, a 4yuTaTeau MoryT rnpocmarpusark PDF-gaiinsl pazasiMu cro-
cobamu. U 310 3710pOBO, HO BOT YTO IUIOXO, TaK 3TO OIPAHUYEHUS] CAMOTO
¢dopmara. PDF — s10, o cytu, uudposas cumynsinus oymaru. [lostomy
JIAHHBIN (POpMAT OTIIMYHO MOJXOAUT JUIS MepeBoaa OyMaXkHBIX JIOKYMEHTOB
B 1iupoBoii Bux. Ho 1uist u3HavanbHo udpoBbix tokymenToB PDF coBcem
HE IMOJIXO/UT, OH CHIDKaeT (YHKIMOHAIBHOCTh U HaKJIa/bIBaET OrpaHuye-
HUS Ha AU3alH.

EnuncreenHslii Gpopmar, criocoOHbII 1aTh MTOJHBINA KOHTPOJIb HAJ| AM3ai-
HOM U MaKETOM 2JI€KTPOHHOH KHury, 3to HTML.
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HTML (HyperText Markup Language) — s3bIK pa3MeTKH (MapKHUPOBKH)
runeprekcra. Umenno HTML naet Opay3epy HEOOXOIUMbBIC HHCTPYKIIUH O
TOM, KaK 0TOOpakaTh TEKCTHI M JPYT'He JIEMEHTHI CTPAHUIIBI HA MOHUTOPE.

Cosnanubie B8 HTML anementsl HeoOxomumo odopmuth. Hactymaer
BTOPO# 3Tal BEPCTKH, KOTOPBIH ocymiecTBiasgercs ¢ nmomomnisio CSS. CSS
(Cascading Style Sheets), unu KackaJHbIe TAOIUIIBI CTHIICH, UCIIOIB3YHOT-
cst Ut onucanus (0(OpMIICHNS) BHEIIHETO BUA JOKYMEHTa, HAITMCAHHOTO
SI3BIKOM Pa3METKH.

PaciimpuTh QyHKIMOHAIBHOCTH M3JAaHHUsI OMOXeET script. Script (cie-
HapHil) — KpaTKue OMHCaHUs MOCJIEI0BATEIbHOCTH ACHCTBUI, aBTOMATH-
YECKU BBIIOJIHAEMBIX CUCTEMOM. Ecilu roTOBOrO CueHapus HET, M10JIb30Ba-
TeNb BBIMOJHSAET 3TU JEHCTBUSA BPYUHYIO C COOTBETCTBYIOLIMMHU 3aTpaTaMu
BPEMEHH M BO3MOYKHOCTSIMH TOSIBJICHHsI OLIMOOK. /1151 HanMcaHust CKPUIITOB
UCTIONB3YIOTCS CIIeNUalbHbIE A3BIKM MPOrPaMMHMPOBAHHUSA, KOTOPbIE TaK U
Ha3bIBAIOTCS — CKpUNTOBBIe (Harpumep, Python, JavaScript, PHP, Perl u

Ap.).
3akjrouenue

Bce Bhilecka3zaHHOE [MO3BOJISIET C/IENaTh BHIBOJ, YTO JIEKTPOHHASI KHUTA
OyayIero — 3To KHHUra B Be0-Opaysepe.

[IpeumyiecrBa kUK B BeO-popmare:

*  HTML-dopmar B oTaH4Ke OT Ipyrux 00ecreunuBaeT J0CTYIl K KHUTe
U3 JIIOOBIX MECT U ¢ JH0OBIX YCTpOoiicTB. [pyrue dhopmarsl 3aBe10MO
CHIDKAIOT yI00CTBO pabOThI C KHUTOH, IIOTOMY YTO CHIIKAIOT €€ JI0-
CTYIHOCTb WJIM MPHUBS3BIBAIOT K KOHKPETHOH KOMITAHUH.

* AnantuBHas BEpCTKa, KOTOpPAs MEHSET JAW3ailH CTPAHUIbI B 3aBHUCH-
MOCTH OT IOBEJCHHUs 10JIb30BaTeN s, TIar(OopMbl, pazMepa dKpaHa
U OopueHTaluu JeBaiica. OHa MO3BOJISIET CYIIECTBEHHO DKOHOMHUTH
BpeMsi: pa3pabdOTUMKy HE HYKHO OTPHUCOBBIBATh HOBBIW JU3AMH IS
Ka)XJJOT0 pa3peleHus, eMy TOJbKO HaJl0 IOMEHSITh pa3Mephbl U pac-
MOJIOKEHUE OTNETbHBIX 211eMeHTOB. Kpome toro, HTML 3a nocnen-
HHE TOJbl clienai OOJNBLION CKauoK, Tenepb CTaJ0 HAMHOTO IMPOILE
yIpaBisATh MWpHQTaMH, CETKOW, 0a30BBIMU JIMHUSIMU H TIP.

* Be0O-knury nerko Haiitd. B ominyme oT craTmueckux (GopmaToB
BeO-KHHUra MOXKET ObITh IIPOMH/IEKCHPOBaHa, Ha ee (pparMeHThbl MOX-
HO OyJeT cChIIaThCs.

* Ecnu paccmarpuBarh OyMa)KHYIO KHHT'Y, TO MIOCJIE C/Iauy €€ B I1e4aTh
CBSI3b C aBTOPOM HEN30EIKHO TEPSETCS: aBTOP yXKE HE CMOXKET HUYEro
U3MEHUTh, HU MCIPABUTh OIEYaTKy, H1 OOHOBHUTH YCTAPEBIIYIO MH-
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(dopmarnyio, HU 100aBUTH HOBYIO I1aBy. A kHura B HTML-dopmare
CBsI3aHa C aBTOPOM, €€ JIETKO OOHOBJISTh M JIONOJHSTh.

» Kuury B BeO-hopmare MOXKHO cj/ieaTh MHTEPAKTUBHOM, a 3HAUWT,
kuBoi u 3anomuHaromeiics. HTML, Bkyne ¢ CSS wu JavaScript,
JlaeT HaMHOTO OOJIbIlle BOBMOXKHOCTEH JIJIsl BEPCTKU MYJIBTUME I~
HBIX u3naHuii, yem InDesign. B3aumopeiicTBue uynuTaresss ¢ KHUTOH
B HTML-dopmare npoxonut uHTEpecHee, MpecTaBiseT coool Ha-
crosiuii porece urpsl. Ocodenno ynauno HTML nposisisier ce6st
IIPU CO3AAHMU U3JAHUN [T IeTeil: MX BHUMaHHE JIerye MpUBJIeYb U
yAepKarhb, UCHOJIB3Ys (POPMY HUIDBI.

XOTsI B CeTH €CTh sl TPoOIieM (OTCYTCTBUE MOJICIIN OIUIATHI 38 KOHTCHT,

a TaKKe HEeNOJIrOBEYHOCTh BEO-CTPAHMUI] CTOSAT BO IVIaBE CIIUCKA), BCE XKe
HTML-¢dopmar — nyuminii BapuaHT JUisi HTU(QPOBBIX KHUT.
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CYBER - PHYSICAL SYSTEMS AND “INDUSTRY 4.0”

Petrova D.', Marcinkeviciené V.2
Technical university of Gabrovo
’Kauno Kolegija

Abstract:

The theoretical and practical basis for cyber-physical systems is presented
as part of Industry 4.0. Characterized and defined are cyber-physical sys-
tems, the Internet of Things, Internet Services, Intelligent Factory. Horizon-
tal and vertical integration, as well as the stages of building the model - the
cyber-physical system for the industry - are formulated. The strategy for de-
veloping the cyber-physical system is outlined.

Keywords: cyber-physical system, industry, Internet of Things, Internet of Ser-
vice, Smart Production, Smart Factory.

Introduction

The industry is working in a context of growing global competition, re-
quiring a reduction in production time and costs. The growing demand for
customized industrial products and services, coupled with requirements for
resource efficiency, flexibility and speed of manufacturing processes, greatly
increase the complexity of modern manufacturing systems. For companies
to be sustainable in this dynamic environment, they need not only to increase
their productivity and process flexibility but also to change their technology
development strategy.

Linking technological processes to the high degree of automation due to
information and communication technologies poses new challenges to the
industry. The introduction of the term ,,Industry 4.0 takes place in 2012 to
promote this qualitatively new step in the computerization of industry and
is the basis for building the so-called ,,Smart Factory®. This smart Factory is
characterized by resource efficiency, ergonomic design, flexibility, integra-
tion of customers and business partners and value-added processes.

Exposition

The “Industry 4.0” technology base is are: Cyber-Physical Systems,
CPS‘s CPS Components /Subsystems, “Service Internet” and “Intelligent
Factory” [7].
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“Industries 4.0” focuses on [2]:

Manufacture of intelligent products;

Intelligent industrial methods;

Smart Production;

Intelligent factories can meet customer‘s individual requirements and
even profitable to produce single units;

Manufacturing and engineering processes can be dynamically de-
signed so that production can change quickly and flexibly and re-
spond to disturbances;

Production processes are completely transparent and give optimal
solutions;

New forms of added value and new technology and business models
can be created in the course of their work;

Creates the opportunity to increase the efficiency of star-up small
businesses and to develop new services;

Challenges such as resource and energy efficiency, urban production
and demographic change can be addressed;

Productivity and efficiency can be improved throughout the value
chain;

More intensive cooperation between business partners (suppliers and
customers) and between employees as a result of new opportunities
and benefits;

Workplaces can meet the demographic factor and be socially in-
volved;

Based on intelligent support systems, employees can focus on crea-
tive value added activities and get rid of routine tasks. Given the
forthcoming shortage of skilled workers, it is thus possible for older
workers to remain productive for longer working lives;

Flexible work organization allows employees to better combine work
and personal life, combining it with better training and improving
Work-Life-Balance;

The digital network allows direct integration of customer require-
ments and cheap customization of products and services;

There is tremendous potential for new products, services and solu-
tions;

Global competition in production technology is increasing;

In Germany and other countries there is a tendency for rapid Internet
of Things and Internet of Service.
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Definition and characteristics of cyber-physical systems

The main element of the Industrial Revolution is Cyber-physical systems
(CPS), which create networks for the self-regulation of spatially distributed
production resources. Cyber physical system refers to a physical mechani-
cal complex with IT systems, hardware and software digital components
with mechanical or electronic parts that autonomously communicate with
one another.

In the world‘s scientific literature there is a sharp restriction of the term
“Cyber-Physisches System” in terms of trends and directions in the develop-
ment of complex information and communication technical systems. Thus,
Cyber-physical systems are intelligent hardware and software systems, as
well as effectively integrated physical components that interact closely with
each other to reflect changes in the state of the real world as defined by the
American Institute of Standards and Technology (AIST).

The challenges of CPS include:

* Reducing the complexity and development of a stabilized manage-

ment architecture for cyber-physical systems;

» Distributed sensor networks;

* Developing knowledge and discoveries from cyber-physical systems.

Embedded Systems and Global Networks — Networks such as the Internet
for Data and Services — are the two ICTs that drive technological progress.
Embedded systems already play headquarters — almost hidden — a role in
the lives of all of us. More than 98% of all processors in the world are used
in regulatory, control and monitoring functions in devices and in all aspects
of everyday life. They are from the vehicle, ABS and ESP systems, smart
phone communication and information services, ordinary household utensils
and come to a system of industrial production planning. Built-in systems are
the most intelligent central control devices at work in state-of-the-art tech-
nology products and devices. They work as “embedded” processing systems
within the “product” connection for a certain range of applications. For this
“connection” to the outside world, sensors and actuators are used, allowing
embedded systems to be increasingly interconnected with each other in the
online environment.

The “Internet of Things” — Components / Subsystems of (CPS)

Under the Internet, we will understand the Internet of Cyber-Physical
System (CPS) components. If we look at the components in a cybernetic
system aspect, they appear as System Subsystems (CPS). The components in
this case are: intelligent machines, built-in self-regulating systems, hardwa-
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re, software and other uniquely addressed objects and networks that intelli-
gently interact with one another to achieve the common goal. [1]

Therefore, the “Internet of Things” describes a complete network of
embedded systems of household, production, infrastructure, or machine
objects via the Internet that have uncontrolled human communication about
the state of the system and actions (component component communication).
With the integration of the Internet of Things (IoT) and the Internet of Ser-
vices (IoS) with CPS in the manufacturing process, the fourth industrial re-
volution has already begun [1]. The “Internet of Things” allows “things”
and “objects” such as RFID, sensors, executive mechanisms, mobile phones
that, through uniquely addressed schemes, interact with each other and col-
laborate with their neighboring “intelligent” components to reach common
objectives. Based on the definition of CPS, “things” and “objects” can be
understood as CPS. Accordingly, the “Internet of Things” can be defined as
a network in which CPS cooperates with each other through unique target
schemes. Examples of using the “Internet of Things” are smart grids.

The “Internet of Services” (10S) is actually the ability of “service pro-
viders” to offer their services over the Internet. oS consists of the partici-
pants in the service. These are: service infrastructure, business models and
service providers themselves. [2]

The idea of IoS came from a project named SMART FACE within Au-
tonomics for “Industry 4.0” for the car industry. The project is based on
service-oriented architecture. This allows the use of modular assembly sta-
tions that can be flexibly modified or expanded. Transport between assem-
bly points shall be provided by automated controllable vehicles. Assembly
points and automated control vehicles offer their services through IoS. Infor-
mation and communication technologies (ICT) form the strong foundation
on which new innovative solutions can be built.

Smart Factory [2]

An important element of “Industries 4.0” is “Smart Factory”. Smart Fac-
tory is complex, has a lower incidence of numbness and increases the ef-
ficiency of production. Smart Factory communicate people, machines and
resources on a social network. “Smart Products” have knowledge of their
manufacturing processes and future application. They actively support pro-
duction processes (when to be produced, with what parameters should be
produced, where it should be delivered).

With such parts as: “Smart Mobility”, “Smart Logistics” and “Smart
Grid”, an “Intelligent factory” is formed, an important component of future
intelligent infrastructures. “Smart factories” are the key feature of “Indus-
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tries 4.0”. As a “Smart Factory”, a factory for contextually assisted people
and machines is set up to perform their tasks. These systems perform their
tasks based on the information that comes from the physical and virtual
worlds. Information about the physical world is eg. position or instrument
status, but information of the virtual world — electronic documents, draw-
ings and simulation models. In “Intelligent factories”, production facilities,
information systems and staff need to interact in real time. In “Intelligent
factories”, cyber-physical systems (CPS) communicate through the “Inter-
net of Things” and help staff and machines to carry out their tasks.

Horizontal and vertical integration

Horizontal integration means the integration of different information
technology systems into production and automated equipment for different
stages of the production and planning process.

Vertical integration means the integration of information technologies in
IT systems at different hierarchical levels in production and automation (for
example at management level, level of production management and finding
an optimal, continuous solution).

Vertical and horizontal co-operation between machine and internet, ma-
chine and man and machine and machine along the value chain, in real time,
is the basis of the production cyber system. “Automation Islands” will be
linked together in countless networks and variants. Software and networks
will connect smart products, digital services and consumers with the new,
innovative “products” of the future.

Industrial cyber-physical systems

Smart factories are the future of industrial production. The merging of
the virtual and physical world through cyber-physical systems leads to a
merger of technological and business processes. They are leading the way
to a new industrial era and best define the concept of “Industries 4.0” for
“smart factories”. The deployment of cyber-physical systems in production
generates “smart factories”. And “Intelligent factory” products, resources
and processes are realized through cyber-physical systems. Getting real-
time data on quality, resources and costs provides significant advantages
over classical production systems. The “Intelligent factory” must be built
on sustainable and service-oriented technology and business practices. They
are characterized by flexibility, adaptability and self-learning, resilience to
failures, and risk management. High levels of automation become a must-
have standard in the “smart factory”, which is possible thanks to the flexible
network of cyber-physical-manufacturing-based systems that automatically
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monitor production processes. Flexible intelligent production systems and
models that are capable of reacting in real time allow internal production
processes to be radically optimized.

In “Intelligent manufacturing” [3], the ability to communicate and de-
centralize data processing, as well as self-optimization, is ensured through
embedded systems equipped with dedicated hardware and software. In this
way, embedded systems, partially with wireless parts, are connected to the
information networks of other systems (within the company or with exter-
nal stakeholders such as customers or suppliers) in order to exchange data
or to access web-based services. Therefore, interoperable communication
interfa-ces and standardized protocols are required. In addition, the products
of the industry are intelligent, b.c. they produce information from their own
production in machine-readable form (eg RFID chips) in order to coordinate
their own production.

Therefore, information flows are crucial for cyber-physical production
and security management. [4]

Tabl.1 Cyber-Physical Systems - features

Embedded systems (such as parts of Cover all physical data with sensors
appliances, vehicles, transport routes)

Production facilities Logistics (coordination Using international to all data and
and management processes) services

Data evaluation and storage

INTERNET SERVICES Networking through digital
communication technologies
Impact of the physical world
Using multi-module man-machine places
(touch displays, speech management,

gesture management)

Cyber-physical systems are open to socio-technical systems and allow
for a number of new features, services and properties. These include robots,
intelligent objects, and self-governing devices. Therefore, one of the most
important tasks in the design, development and management of cyber-phys-
ical systems is the question of the joint work of cyber-physical systems and
people.
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The issues that are important in this context are to identify and model
awareness of the situation, the human experience of these systems and the
environment as well as reflecting the changes.

Stages of building a model — a cyber-physical system for the industry

Cyber-Physical Systems (CPS) are intelligent self-regulating systems
that connect the virtual and physical world to a networked world in which
they communicate and interact. These systems represent the next revolution-
ary step from existing embedded systems. Together with the “Internet of
Things” and service data, they provide connected online embedded systems
that shape cyber physical systems (Industries 4.0 for smart manufarug for
the future) [3].

The aim of this complex is to integrate information and communication
technology into production systems, resulting in the so-called cyber-phys-
ical manufacturing system (CPPS) in the sense of “Smart Factory”. This
creates a continuous chain of processes throughout the product lifecycle,
steadily increasing the flexibility and efficiency of industrial production. In
the future, cyber-physical systems will provide human security, efficiency,
comfort and health in ways we can not imagine before. In this way, they
will play a central role in overcoming the major challenges posed by demo-
graphic change, scarcity of natural resources, sustainable mobility, etc.

Cyber-physical systems are the next step on the way to creating smart
cities through the creation of the Internet of Things, Data and Services.

The development strategy of the CPS is characterized by three phases of

implementation and application:

» 1% generation CPS — Identification technologies (RFID tags that al-
low for unique identification), storage and analysis (such as a centra-
lized service);

o 2" generation CPS — equipped with sensors and actuators and with a
limited set of functions;

¢ 3" generation CPS — can store and analyze data for multiple sensors
and actuators and implemented in compatible networks.

* On this basis there are three generations of intelligent systems:

 the first generation intelligent systems of the most advanced in auto-
mation, control and regulation of technologies;

» the second generation of intelligent systems with significantly enhan-
ced machine learning features;

» the third generation is characterized by perception, thought and
action, and approaching the performance of man

INNOVATIONS IN PUBLISHING, PRINTING AND MULTIMEDIA TECHNOLOGIES 2019 | 79



Conclusion

*  Embedded Systems and Global Networks - Networks such as the In-
ternet for Data and Services - are the two ICTs that drive technologi-
cal progress;

* Information flows are crucial for cyber-physical production and se-
curity management;

» Cyber-physical systems will provide human security, efficiency,
comfort and health in ways we can not imagine before;

* Integrate information and communication technology into produc-
tion systems;

* Information and communication technologies (ICT) form the strong
foundation on which new innovative solutions can be built;

* In “Intelligent factories”, cyber-physical systems communicate
through the “Internet of Things” and help staff and machines to carry
out their tasks.
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RESEARCHING THE POSSIBILITY OF USING
OFFSET UNCOATED PAPERS IN INDIRECT
ELECTROPHOTOGRAPHY PRINTING

Pitczynska K., Burzynski B.
Warsaw University of Technology

Abstract

The article refers to the electrophotography printing issues. The main
purpose was research on the quality evaluation and comparison of prints
printed on HP Indigo electrophotography printing machine. Prints were
made on different papers: suitable for digital and for offset technique.

It was shown that offset papers can be used in indirect electrophotography
excluding multicolour pictures printing because of mottling risk and prob-
lems with colour reproduction. In the article there were presented param-
eters of these papers.

Key words: digital printing, indirect electrophotography, suitable papers, off-
set papers, gamut, optical density

Methodology

Papers suitable for ink-jet and papers usually applied in offset print-
ing technique were printed using indirect electrophototography printing
machine — with electroink. Before the production, Indigo was calibrated:
transformation related to the linearization and the ink limit was carried out
(Color Management disabled).

Papers were printed by ANSI IT8/7.3 color chart with 928 control patch-
es. The spectral reflectance of all patches was measured using SpectroScan
(Gretag Macbeth) and colorimetric properties: illuminant D50 and standard
color observer, angle 2°. There was also densitometer utilized.

There were used white suitable for digital printing uncoated papers in
two grammages: 90 and 300 gsm. There were also printed 2 types of offset
papers (suitable for offset technique):

bulky uncoated cream — 70 and 300 gsm

uncoated white — 70 and 400 gsm [1,2]

Results
The studies included tone value increase, trapping, optical density and

gamut of prints.
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Tone value increase
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Figure 1: Tone value increase of uncoated papers used in research
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Figure 2: Tone value increase of uncoated papers compared with prints’ categories

EE, D mentioned in I1SO 12647-2
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The smallest increases characterized prints made on suitable papers,
however uncoated white papers’ increases weren’t much bigger. The biggest
increase were characteristic for prints on cream bulky papers.

There was also made a comparison with ISO standard (Figure 2) with

categories of prints (see Table 1). Prints from research were most similar to
F,E,D categories.

Table 1: Categories of prints connected with tone value increase (3)

Tone value increase on print

Film A B C D E F G H

25 9 12 15 18 20 23 26 29
40 13 16 19 22 25 28 31 34
50 15 17 20 23 25 28 3 33
70 14 16 17 18 20 21 23 24
75 13 14 15 16 17 18 19 20
80 12 12 13 14 14 15 16 17

§

6

s

[
o%

Sutaible paper 90 Sutaible paper 300 Uncoated white 70 Uncoated white 400 Ucoated cream 70 Uncoated cream 300 [gsm]

Figure 3: Trapping of prints made on different uncoated papers
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The biggest trapping characterized prints made on uncoated offset pa-
pers, especially for green colour. For green trapping exceeded 100%. It
means that in process of making colour took part more than 2 inks.

Optical density
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Figure 4: Optical density of prints made on uncoated papers

The biggest densities characterized prints made on suitable papers. How-
ever, all densities were bigger than the ones recommended by Micheal Hu-
ber and Heidelberg companies (see Table 2).

Table 2:Optical density recommended
by Micheal Huber and Heidelberg [4,5]

Type of paper C M Y K
Uncoated, white 0,90 0,80 0,80 1,00
Gamut

The widest gamut is characteristic for prints made on suitable papers.
However, prints on white offset paper was characterized by similar gamut.
On the one hand, the lowest one characterized prints on bulky cream papers.
On the other hand, the differences between all prints were very small.
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Figure 5: Gamut of prints made on uncoated papers

Conclusion

To sum up, offset papers can be used in indirect electrophotography ex-

cluding multicolour pictures printing because of mottling risk and problems
with colour reproduction. According to the results of research and to the
references, the parameters of those papers are:

uncoated wood-free paper

grammage — 170 to 250 gsm

roughness PPS  — 4,0 0,5 um

water absorption Cobb,, — 38 + 3 gsm [1]
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THE USE IN PRINTING OF THE PHOTONIC BAND GAP
AS A PARTICULAR FEATURE OF PHOTONIC CRYSTALS

Podsiadto H., Zwierzchaczewska M.
Warsaw University of Technology

Abstract

The photonic crystals are macroscopic structures. They exhibit many prop-
erties over which numerous tests are conducted. These crystals, thanks to
the presence of so-called photonic band gap, cause conscious control of
the course of electromagnetic waves. This property allows the conscious
design of colors, because the color is not created by additive or subtractive
synthesis, such as RGB or CMY, but through photonic changes taking place
in the structure. The change in color may change due to changes in the
viewing angle of the print or other external stimuli applied to the printed
substrate.

Photonic crystals, thanks to their introduction to pigments, are used in
printing mainly as a kind of security for documents or product brand. It is
difficult to fake such documents because they can not be scanned or cop-
ied. After some time, the possibility of producing photonic paper, which
would solve the problem of environmental pollution, was also considered.
The recorded image would disappear after some time and the paper could
be re-used.

Conducting experiments related to acquiring knowledge about the prop-
erties of photonic crystals is very expensive. The conditions for mass pro-
duction have not yet been developed. It is expected that the structure of
these crystals provides a new approach to light issues.

1. General information

The photonic crystals consist of dielectric layers with alternating values
of the refractive index. This feature allows you to consciously control the
course of electromagnetic wave in the structure of these crystals, that is, for
conscious transmission of light.

These crystals exhibit a photonic band gap, which is a spectral gap for
a certain length and frequency of the electromagnetic wave . A structure
consisting of alternating variable values of the refractive index prevents the
propagation of waves for a given range of their spectrum. In view of this -
due to its periodicity — the relation of light wave dispersion in photonic crys-
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tals shows some gaps in the energy bands [1]. The thickness of the active
layers forming the crystal is 200 + 300 nm, which means that the linear con-
struction elements are comparable to the length of the electromagnetic wave.

The photonic crystals are mostly artificially produced materials, but an
example of their natural occurrence are: Paua sea snail shell, living in New
Zealand, Blue Morpho butterfly wing, from South American regions, cha-
meleon and opal, which is a precious stone from Australia [2].

The photonic crystals cause any change in color. This is due to the pho-
tonic changes occurring in their structure. This means that the color is not
formed as a result of an additive mixture of basic RGB colors, or a mixture
of subtractive primitive colors CMY.

Currently, numerous studies are conducted in special centers dealing
with this subject. Premonitions of scholars allow to conclude that it is worth
focusing on photonic crystals because it is a future material.

1.1. Types of photonics crystals

The change in the refractive index may occur in three directions, which
is why photonic crystals stand out:

* one-dimensional,

* two-dimensional,

» three-dimensional [3]

One-dimensional crystals are characterized by a change in the refractive
index in only one direction. In two-dimensional crystals, this change can
occur in two directions, and in three-dimensional in all. Examples of these
crystals are shown in Figure 1.

Fig. 1. Photonics crystals: 1D, 2D, 3D [4]

The direction of the change in the refractive index determines the direc-
tion of the spectral interruption, i.e. the photonic band gap. For example, if
the photonic crystal is one-dimensional and the change in the value of the
refractive index occurs in the z direction, then only in this direction the said
spectral break may occur.
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1.2. Configurations of photonic crystals

The layers forming the photonic crystal, i.e. those with alternating vari-
able refractive index values, are arranged in a square or triangular configura-
tion [3], which is shown in Figure 2.

Fig. 2. Photonic crystal with a) square, b) triangular configuration [5]

Changing the color causes:

1) changing the network configuration from square to triangular or vice
versa,,

2) changing the distance between cells with the same refractive index,

3) evenslight changes in geometry in the photonic crystal, e.g. cell shape.

2. Photonic band gap

One of the most important properties of photonic crystals is the occur-
rence of a photonic band gap, i.e. a spectral break for a specific length and
frequency of electromagnetic waves. About photonic crystals, it is said that
these are materials ,,trapping” light [6].

Brillouin zone

The photonic band gap is closely related to the presence of the Brillouin
zone. In the case of semiconductor crystals in this zone, the potential energy
changes in the crystalline space in a periodic manner, and the electrons in the
crystal arrange themselves into energy bands. Permissible energy states are
quantized, and their levels are grouped into appropriate bands of conductors,
which are separated from each other by band intervals, i.e. those in which
energy states cannot be sown [7]. The Brillouin zone in semiconductor crys-
tals is the dependence of the electron energy on the wave vector, and in the
case of photonic crystals is the dependence of the frequency of the circular
phonon on the wave vector, as shown in Figure 3.
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Photonic Band Gap
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Fig. 3. The dependence of the circular frequency
of the phonon on the wave vector [8]

It can be seen that this function is not continuous for wave numbers with
the values expressed by the formula (1):

11'_211'

k=0 M

where:

k — a wave number ,

A — a length of the electromagnetic wave

For these values, a photonic break is created. The circular frequency,

called pulsation, is a quantity that determines how quickly a given periodic
phenomenon is repeated. It is presented as the product of the circumference
of the circle and the frequency of vibrations. The photonic paused break al-
lows the light to be transmitted for only selected wavelengths.

The width of the break depends very much on the large difference in the

refractive index.

Summarizing:

» change in the width of the spectral break affects the color change,

+ the greater difference is shown by the relative dielectric permittivity
values of the layers on which their refractive index values depend,
the wider the gap is,

* the presence of a photonic band gap depends on the type of
photonic crystals, i.e.: 1D, 2D and 3D and from the crystal network
configuration,

 the color change process, i.e. the manipulation of the band gap width,
is reversible.
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Greater control over the transmission of light in the crystal, and thus the
design of the color, allows a 3D crystal, consisting of layers with a large dif-
ference in the refractive index.

3. The use of photo crystals

The photonic crystals find application in many fields of science and tech-
nology. Artificially manufactured, previously used as a kind of document
security and to protect the product brand, because reproducible production
conditions have been developed in this field. The product is printed with a
ink whose pigment contains photonic crystals.

Optical properties and the perception of color change depending on:

 lighting conditions,

» the angle of observation of the object,

» an applied electric or magnetic field,

* mechanical, thermal and chemical stimuli.

Opalux, headquartered in Toronto, patented Photonic inks using the
properties of photonic crystals with a security function activated by RFID
(Radio-Frequency Identifications). The construction of such a system and
the principle of its operation consists in the fact that special objects are at-
tached to the objects, which contain electronic circuits with encoded data
and a transceiver antenna. Using the RFID reader together with the antenna,
data are read and written using radio waves [9]. The ink changes its color
under the influence of the RFID field and as a result is optically variable.
Printed with photonic ink, the object changes its color near the reader, and
after moving away from the reader, the object’s color returns to the original
one [10]. The photonic ink reverses and shrinks, depending on the voltage
or current applied. It is also able to maintain static images with low energy.
Figure 4 shows the change in color, depending on the voltage applied to the
film printed with such a photonic ink.

r E. “’
ov v 2v

The voltage applied

Fig. 4. Changing the color under the influence of the applied voltage [9]

It can be seen that the color gradually shifts in the visible range, along
with increasing the voltage near the film. In the event of a voltage failure,
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the color is dark blue and changes to yellow when the voltage is 1 V and
black when the voltage reaches 2 V. The photonic ink responds to the electric
charge, so it can be used for both rigid and also and flexible surfaces [9].

Pigment, containing photonic crystals, caused that the possibility of pro-
ducing paper, which in its structure would contain photonic crystals, began
to be considered. Currently, work is underway to replace paper produced
from cellulose with a matrix that swells under the influence of external fac-
tors. As a consequence, an image is created, the color change of which works
analogously to the paint containing the photonic crystal in the pigment. It
turned out that such a product would solve the problem of environmental
pollution. Paper is a non-energy and long-term data carrier. It plays a key
role in the storage and distribution of information. Over 90% of all informa-
tion in companies is printed on paper, which is removed after a single read-
ing without removing the ink. This causes negative environmental effects,
such as air, water and soil pollution. The idea arose to create rewritable
paper, i.e. one that can be used many times. Such a product is an attractive
alternative to ensuring a perfect balance between economic development
and environmental protection [11].

On this type of substrate different colors can be obtained by adjusting the
particle size of the photonic coatings or writing on these substrates inks that
are aqueous solutions with a certain pH. Photonic coatings can be repeat-
edly removed and transcribed without significant loss of color quality, while
providing a lower burden for the ecosystem.

The structure of the rewritable paper consists of a nanoparticle photonic
crystal based on oxides: carbon and iron, embedded in a bistable electroac-
tive polymer, i.e. in which the once displayed image is maintained without
any additional energy consumption for its maintenance. Electric excitation
causes a large deformation in a given axis of the nanocomposite, which
translates into a distinct change in color in the activated area. Images cre-
ated in this way are of high quality [12].

The color created as a result of the reflection of light from the surface of
the paper to be repeatedly recorded, in which the photonic crystals are oc-
curred, is easily checked by changing the lattice constant of the crystal cell
or the refractive index of the layers forming the photonic crystal. It is pos-
sible to achieve by controlling:

* pH of the aqueous solution,

*  humidity,

» solvent swelling,

* temperature

+ electric and magnetic fields.
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Aqueous solutions, which are also inks that are applied to paper, cause
a different degree of swelling of the polymer matrix. This leads to various
changes in the geometry of the photonic crystal cells or the distance between
them. As a result, patterns of different colors are created, because a different
degree of swelling causes the human eye to reach a specific length.

Restrictions on the use of re-writable paper are:

* too quick evaporation of ink on the substrate,

* nuisance of moisture removal, which leads to degradation of paper,

* too slow printing speed, not comparable with the speed of printing on

traditional paper.

Perhaps in the future, conventional printing methods will be replaced by
the swelling method of the polymer matrix, on which aqueous solutions with
different pH are applied.

Conclusion

The photonic crystals exhibit many properties over which numerous
studies are conducted. Thanks to them, it is possible to consciously con-
trol the transmission of light, and thus thoughtful color design, because it
is not formed by an additive or subtractive mixture, but thanks to photonic
changes.

Conducting experiments related to the exploration of knowledge about
photonic crystals is very expensive. It has not been possible - as before - to
develop conditions for their mass production. It can be presumed that the
structure of these crystals provides a new approach to light issues.

In polygraphs they are used as a kind of security, because photonic crys-
tals are introduced into printing ink pigments. However, after some time, the
possibility of creating photonic paper, which would replace the conventional
methods of printing conventional paper, was also considered. The swelling
method of the polymer matrix is used for this. Such a solution is environ-
mentally friendly, because to obtain a multi-colored print, water solutions
with a specific pH are sufficient.
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AR/VR-TEXHOJIOI'MU - PA3BJIEYEHUE
W BYAYLUEE HAYKI?

MNpockypsakos H.E., ly6uHa A.A.
TynbCcKun rocyfapcTBeHHbIN YHUBEPCUTET

Abstract

The article considers the current situation of AR / VR technologies in the
modern world, analyzes the main problems of their formation as a science
and the reasons for success in the gaming industry. The data on the market
of AR/VR-technologies at the present time and the forecast for the future
are given.

Keywords: Augmented and Virtual realities, AR/VR-technologies, applica-
tions, game industry

[lepemectuThcs B JII00OH ropoj Mupa 3a CEKyHIY, CIIPOSKTHPOBAaTh
3[aHME CUJIOM MBICIIM WJIM Ja)ke 1MoObiBaTh Ha JlyHe: Bce 3TO BO3MOXKHO
cienath Onarojapsi BUPTYalbHOM M JIOMOJHEHHOW peanbHOCTAM. Ceii-
Yac TOYTH Ka)bli, €CJIM HE MCIBITHIBAI Ha ce0e, TO TOYHO CJIBIILIAI PO
AR/VR-texnonoruu. OHU aKTUBHO HPUMEHSIIOTCSI B UTPOBOH U PEKIaMHON
obnacTsix, JUisi pa3BieyeHUs U TPUBIICUEHNs] BHUMaHUs Jitoneit. Ho mouemy
K€ TEXHOJIOTHs CIocOOHas yNPOCTUTh U YAYYIINTh HAIly KU3Hb €Ile He
MPOHUKIIA BO Bce chephl?

Homnonuennas peanbHocTh (AR — Augmented reality) — BocipuHHMAae-
Masi OpraHaMu 4yBCTB Y€JIOBEKa CpeJia, B KOTOPOW BU3yasibHasl, ayAHajbHasl,
TaKTHJIbHAsI, BKyCOBas WJIM OOOHSTEIbHass MHPOpPMAIMs OT (PU3HMUECKUX
O0OBEKTOB U SIBJICHUI JOIOJIHEHA IPUBSI3aHHBIMU K HUM LU(GPOBBIMH JaH-
HbIMM, F€HEPUPYEMBIMU KOMIIBIOTEPOM B peajlbHOM BpeMmeHu. Yalue Bcero
T0/1 JIOTIOJIHEHHOW pealibHOCTBIO IOHNMAETCS Cpefia, B KOTOPOii Ha (hu3nye-
CKHE OOBEKTHI B I10JI€ 3pEHMs YeJIOBEKa HaJ0KeHa KOMIIbIoTEepHas rpaduka
B BH/I€ JIBYXMEPHBIX U TPEXMEPHBIX MOZIEJICH, BBIJICNICHHS OOBEKTOB JIFOOBIM
rpaduyueckuM crocodoM mwim OykBeHHO-IIM(POBBIMU moanucsiMu. Jlonon-
HCHHas pC€ajibHOCTb BOCHPHUHUMACTCA C NMOMOLIbIO TEXHUYCCKUX CPCICTB,
TaKUX KaK CMapT(QOHBI, CMAPT-OYKHU, [ICMbI, HAYIIHUKH, MPOCKI[HOHHBIC
CHUCTCMBI.

Bupryanbnas peansHocts (VR — Virtual reality) — uckyccTBeHHas cpe-
Ja, BOCIIpUHUMaeMasa opraHaMu 4yBCTB YCJIOBCKaA, B KOTOpOﬁ BU3yalibHasd,
ayaualibHasd, TaKTHUJIbHas1, BKyCOBasA WA 06OHHT6HbHaH l/IH(l)OpMaI_lI/Iﬂ T'CHC-
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PpHUpYETCs KOMITBIOTEPOM B PEaJIbHOM BPEMEHH U 3aMeHsIeT HH()OPMALIUIO U3
MaTepHaJbHON peaabHOCTH. VR 00BIYHO XapaKTepU3yeTcsl BU3yalIbHON HIIN
3BYKOBOM M30JISIIIUEN 10JIH30BATENSL OT €r0 PEaIbHOIO OKPYKEHHUS.

Paccmorpum coBpeMeHHbIN pbIHOK VR-rexnonoruil. Mrposas unpy-
CTpHs TIepBasi Hauasla IPUMEHSTh BUPTYAJIbHYIO PEaJIbHOCTh U 3aHUMAETCs
JIMJIMPYIOLIYIO TO3UIUH Ha pbiHKe. CaMbIM HOMYISIPHBIM JIEBAHCOM SIBJISI-
eTcs LIUIEM BUPTYyaJbHOW peanbHOCTH Komranuu Oculus.IJ1aBHBIMU KOHKY-
perramu pupmsl sisitorest Sony, HTC u Valve.

Takoke BupTyasibHasi peajibHOCTh Pa3BUBAETCSI B KHHOWH/IYCTPHH, COLIU-
QIBHBIX CETAX, TPAaHCISMAX U cepe nponax. [loka uro VR-rexHonmornn
BHEJIPSIOTCSI MEJICHHO U NOJAJEP)KMBAIOTCS HE BCEMH, OCOOEHHO B KHHO-
unaycrpuu. OnaHako QUIBMBI C JIAHHOM TEXHOJIOTHEH Hayald BKJIIOYATh
B MEXJyHapoJHble KHHOCMOTpbL. Hampumep, ¢uiabm «Ienpm» ot Oculus
Story Studio.

Boree HU3KYIO CTYIIEHb 3aHMMAIOT 00pa3oBaHue U MeAULIMHA. B 0Opa3zo-
BaHMU M MEIULMHBI VR-TeXHOIOrHN BHEAPSIOTCS aKKypaTHO U PEryaupy-
IOTCSI TOCYJIapPCTBOM.

Hecmotpst Ha 3TO MporpaMMbl BUPTYaJIbHOH PEaIbHOCTH YK€ MCIOJb-
3yIOT B MH)KEHEPHBIX, TOUHBIX Haykax, 3D-MonenpoBaHuy, a TaKKe B I'y-
MaHUTAapHBIX U UCTOpUYECKUX Haykax. Hampumep, npoexr Woofbert npen-
JlaraeT MyTeleCTBHE 110 My3esiM MUpa.

OTHOCHTEJIFHO 1T0Ka HeOOJIBIION PHIHOK IIPH OOJIBIINX HAJEKAAX UMEET
npomsbiieHHOCTs U BITK. BupTyansHas peanbHOCTh TOMOTaeT HHKEHEpax
U apXUTEKTOpaM MPOEKTUPOBaTh M 00y4arbes. Jlist 9THX 1enei KpynHeu-
i npoussoaurens [10 i mpombluieHHOTO MpoekTupoBanus Autodesk
Haya corpyaauuath ¢ Oculus VR [1].

Hac >xayT Gonblive nepeMeHbl BO B3aUMOICHCTBUU C LUGPOBBIM MH-
pom. B 10 xe Bpewms, Onarogaps Windows u miarpopme Windows Mixed
Reality unTepdeiicsl ¢ NorpyKeHueM MPOHUKAIOT B JIOMAIIHUI KOMIIbIO-
TUHT [2].

TexHoornst NOMOIHEHHOH peasbHOCTH 000TAIAET ECTECTBEHHOE OKPY-
YKEHHUE YeJIOBEKa, JIeJIaeT ero 0ojee LIEHHBIM. DTOT OIIBIT IPOCT, HO OKa3bIBa-
€T MOIIHOE BJIMSIHUE — BU3yallbHOE, KOHTEKCTYaJIbHOE, IICHX0(u3nieckoe.
BupryainbHas peanbHOCTb, IPY CPABHUMOW CHUJIE€ BO3JAEHCTBUS, IIOJIHOCTBIO
HOTpY’KaeT uelloBeKa B JII000€ MCKYCCTBEHHOE OKpykeHHe. Bmecre oHuM
CIIOCOOHBI ITTy0OKO TIOrPY’KaTh YEJI0BEKa B JAHHBIC, TIO3BOJISISI eMY OyKBaJIb-
HO OUIYIIATh UX BOKPYT ceOsl.

D¢ exT norpyKeHus crnocoOCTBYET HaUIydIleMy BOCIPHUSTHIO, JIOCTH-
YKMMOMY C TIOMOIIIBIO AJIEKTPOHHBIX YCTPOICTB. MHOTOypOBHEBBIE MOJIEIH,
CJIOXKHBIE MEXaHU3MBbI, CTATUCTUYECKNE 3aBUCUMOCTH, & TaKKe MOJACIHPO-
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BaHME B peajbHOM BpeMEHH, Oiaronaps MH(GOpPMALUK C JaTYNKOB Ha T10JI-
KJIFOYEHHBIX K HHTCPHETY OG’beKTaX U npeaMeTax — €CJIM Bbl XOTUTE YTO-TO
I1oKasarhb, HCHOHLSyﬁTe JJIA 9TOTO UMMEPCHUBHBIC TEXHOJIOT'UH. Hx BO3MOXK-
HOCTH BHE KOHKYPEHIUU.

HmmepcuBHOE 00yUeHne IpeICTaBIsieT cO00M NCIOIb30BaHNE TEXHOIIO-
Uil BUPTyaJIbHOU U JIOIIOJIHEHHOM pealbHOCTH.

VmmepcuBHbIi 1u3aiiH — Oyayliee Au3aiiHa, a TOYHEe, HalpaBieHHe,
OPHUEHTHPOBAHHOE Ha CO3JaHHe MHTEp(HEHCOoB 3a MpeieslaMi YKPaHOB. DTO
OTHOCHTCSI C BUPTYaJIbHOI, JIONIOJIHEHHOW PealbHOCTU U FOJIOCOBOMY YITPaB-
JICHUIO, 5TU TEXHOJIOTHUH TOJIbKO HAYMHAIOT pa3BUBATbCA, UCKATb CBOU HOBLIC
MeCTa MPUMEHCHHS U HY>KJAF0TCs B COOCTBEHHOM IMOJXOIC K JH3aiHY.

C"II/ITaeTC}I, 4YTO MO3T HE pa3jinvyacT pCajbHbIC COOBITHS U Ka4C€CTBECHHYIO
CHUMYJISILIMIO, TIOATOMY HMCIOJIb30BaHNE BUPTYaJIbHOM peallbHOCTH OTKpbIBa-
eT OeckpaiiHue BO3MOXHOCTH JUIsl 00yueHHs. Takue perieHus Bce 0oJblie
CTAaHOBATCA MHTCPCCHBI KOpIIOpalyuiaIM U MOMOT'aroT MaCHJTa6l/IpOBaT]) " OII-
TUMM3HPOBATh 00yUEHHE COTPYIHHKOB.

Hamnpumep, B TEXHOJIOTHSIX «YMHOT'O TOPO/ia» B 00pa30BaTesIbHBIX EISIX
MOXHO HCIOJIb30BaTh HE TOJIBKO HcTOpHIO [3]. CTONb ke MHTEPECHO KUTe-
JIAM U TOCTAM 6y}1€T Ha6J'IIOI[aTI) 3a NpOTCKAIUMU B p€ajibHOM BPECMCHU
npoueccamu. Busyanuzanus JaHHBIX ¢ pa3IMYHBIX TPYII 0OBEKTOB 3aUHTE-
pecyeT MHXEHEPOB, KYPHAINCTOB, COL[OJIOTOB, MAPKETOJIOTOB, YIIPaBJICH-
CB, HOﬂHueﬁCKHX — KaK COCTOABIINXCs, TaK U TCX, KTO JIMIIb BbI6l/IpaeT
npodeccuro.

C AR/VR/ TeXHOIOTHSIMU MO>KHO TIPOBOJIUTE!

* PEKOHCTPYKIIMU HCTOPUYECKUX MECT U COOBITHH;

* UICTOPUUYECKYIO HABUTALIUIO;

* ynIyONEHHYIO MHTETPALMIO JKUTEIEeH TOPOIOB B OKpY)KEHHE Yepe3 00-
pa3oBaresbHbIe Te0JIOKAIIMOHHBIC UIPBI;

* JCIIOJIb30BaHKE €IMHON MH(OPMALMOHHON cucTeMbl s d(dekTHs-
HOTO 00yuYeHHMs KHUTEJIEH Topojia — €CTECTBEHHAs BU3YyallU3allHsl [T03BOJISIET
Y4uTb, HE yHpollasa MOACIN IJId MTOHUMaHUs.

B Poccuu nosiBuirck HOBbIe OaHKHOTHI HOMEHAIOM 200 1 2000 pyoiei.
IToka onu eme nocrarouno penku. Iloaromy Bnepssie B cBoel ucrtopuu ['o3-
HaK COIPOBOJIMJI BBITYCK KYIIOpP MPUIOKEHUEM JOMOJHEHHON peaibHOCTH
(AR).

Codr «banknorsl 2017» paboraer Ha cmaproHaxX W IUIAHIIETaX Ha
Android u i0S. C ero nmoMouipio IMojb30BaTeiIb MOXET MPOCKAaHUPOBATh
KyHnropbl 1 YBUACTb HAa HUX aHUMAIIUIO O ropoaax, KOTOPbIM TpaJUIIMOHHO
INOCBAILIICHBI HOMHUHAJIBI.

Bropast pyHKIMS — TpOBepKa IMOUIMHHOCTH.
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['o3HaK 1103a00THIICS O MTOJIB30BATEINSX, IPECTABUB MOJPOOHBIE CHCTEM-
HbIC TPeOOBaHMUS, a TOJIB30BATEIIU B OT3bIBAX yXKE MPOCST 10padoTarh copht
T10/] OCTAJIbHBIE KYITIOPBI.

C nomompto npunokeHust banknotsr 2017 ot I'o3Haka MOXHO MpoBe-
PUTH HOBBIE poccuiickue Kymtopsl 2017 roja ¥ OTIIMYUTE HAacTOSIIUE OaHK-
HOTBI OT IOJ|/IC/IbHBIX.

BupryanbHas peanbHOCTh YK€ HIMPOKO NPHUMEHSIETCS B BOCHHO-TIPO-
MBILIJICHHOM KOMILJIEKCE MHOTHMX CTpaH MHpa, i€ UCIIOJIB3YIOTCSl CHUMY-
JISITOPBI  yIPABICHUSI Pa3IMYHBIMM OOEBBIMH MalllMHAMM; MaclITaOHbIC
MHOTOII0JIb30BaTEIbCKHE CUMYJISATOPBI 0OEBBIX JICHCTBUIL JUIsl TIEXOTHI; CH-
MYJISTOPBI KOMaHIOBaHUs OTAEIbHBIMUA OMTBAMH M XOJIOM LEJIBIX BOCHHBIX
KaMITaHUil; CUMYJISTOPHI IPUMEHEHUS PA3IMYHOTO OPYKUS U T.10.. [4].

OnHaKo To, 4TO KakeTcs (PaHTACTHKOW CErojiHsl, CTaHET O0BIIEHHOCTHIO
3aBTpa. TakoBbl peanuy COBpeMEHHOro ObICTpopa3BUBarolierocs: mupa. 1
MIPOM3BOINTENN aBTOMOOMIIEH 0CBAaUBAIOT HOBBIE TEXHOJOIHH B YUCIIE TIEp-
BBIX [5]

PyKOBOZICTBO 110 AKCIUTyaTalMH C IOTIOJHEHHON PealbHOCThIO BHEIPUIIA
rxommanust Hyundai (cm. puc. 1), AR/VR-TexHOIOrHH TOMOTaIOT PEMOHTHH-
kam KTM u Porsche.

Puc. 1 Uncmpykyus no skennyamayuu ¢ AR om Hyundai
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Wnes xoHuenuuu aBrokoHIepHa Mercedes B TOM, YTO I'paHHIBI H30-
OpaxkeHHs COBIIAJAIOT ¢ rabapuTamMu Karnora. Pe3ynasTar — nojaHas Wnro3us
TOT0, YTO MOCIEAHUN OTCYTCTBYET. B ropose, KOHEUHO, TaKast UTPyLIKa HU K
yeMy. A BOT Ha 0€310pOXKbe MOXKET OKa3aThCsl BECbMa I10JIe3HOM, II0Ka3bIBast
penbed 1 yroi moBOpoTa Kojec.

TFT-LCD

Puc. 3 Ilpospaunwiii npuyen Land Rover

CopemeHnHbIit ppiHOK AR/VR-TexHonoruii B Hacrosiiee Bpems 1 Oyy-
1IeM IIPE/ICTaBIEH B Ta0IHIIE.
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Tabnuya - Coepemennviii puinox AR/VR-mexnonoeui

TexHo- | Texywwi Mporyoa pocta puikka | PeaynwTatel K 2020 Pesynbrathl k 2025
norua ronoBoi paivep | 3arog roay rogy
pbiHKa
“ucno Mpubeine | Yucno MpuBsine
noNGL308a- NONLIOBA-
Tenen Tenen
Bugeonrpo: | VRIAR $106 mnpn ~§230 MnH ANA poitKka 70 MmnH $6,9 216 mnH $11,6
KOHCONBHBIX WD Mmnpa Mnpa
~§150 MnH ANA peiHka
MK-urp
Meponpus- | VR $44 mnpg ot ~T15 MnH 3puTened 28 mnu $0.8 95 mnH $4.1
THA B npogaxw Ganetoe | KyGxa mepa mnpa mnpa
npAMoM ~160 MnH. spuTensi
pupe MuHana Super Bowl
~82 mnH aboHeHToR
ESPN
Kuno u VR $44 mnpa (Nefflix) | 450 mnx aboxenTos 24 MnH $0.8 79 mne §3.2
cepHant Netflix Mnpa Mnpa
Mpopaxa VR $107 mnpa or 1,4 MnH arexTos No 0,2 mnw $0.8 0,3 M $26
HeQBUKH- NPOLEX HA PuIHKE | MPOMAME HEOBMHMMOCTH mnpa mnpa
MOCTH ClUA, AncHuM,
Fepmanuu 1
BennxoGpmranun
Mponamu VRIAR $3 mnpg ot 1+ MNpA OHNaAH 9.5 MK $0.5 MNS5mnm | 516
npagaxu Mo noxynarened mnpa mnpa
$1,5 TpnH —
0BLLMA ypoBEHS
npogax Ha
SNEKTPOHHOM
PoiHKE
O6pa3zosa- VRIAR $12 mnpa - =200 MNH YHEHHKOB U 7 MnH $0.3 15 MnH 80.7
HHE oBWmi ypoBeHs CTYAEHTOR mnpa mnpa
nponax Mo ana B CLUA =70 mnu
BLICWEND W
cpearero
obpasosaHna
3ppaso- VRIAR $16 mnpa — ~8 MNH JOKTOPOB 0,8 mMnH 51,2 3.4 mnn $5,1
oXpaHeHue ypoBeHs nponax | B CLUA =1 Mnx Mnpa Mnpa
Ha peiHke
MEALMHCKIX
YCTpOACTS
NpoekTk- VRIAR $20mnpn — ~G MNH MHKeHepos B 1 MNH 515 3.2 MnH 4.7
poBaHue oBLUMA YPoBEHS npe, ~2,4 mnu B CLUA mnpa Mnpa
npogax MO ann
NpOEKTHPOBAHUA
BoeHHan VRIAR | $9 mnps — ~6,9 MnH 3asucut or | 50,5 BasucuT $1.4
NpoMbIWNeH- 3aTpatel a NO BOSHHOCNYKAUWNX 3aKyNoK mnpa OT 3aKyncKk | Mnpa
HOCTE ANA NOArOTOBKA B CLUIA = 1,3 man ofopynosa ofiopyaos
BOEHHOCTYKALLMX HitA aHKA
O6wan 95 mnH $13,1 315mnu | 535 mnpa
cymMma wpa

O/HaKo B HEPBYIO OYEpPEb TAKOE MEICHHOEC Pa3BUTHE JOIOIHCHHOM/
BUPTYaJIIbHOW PEalbHOCTH B MEIHUIIMHE, 00Pa30BaHUU U NPOMBILIIEHHOCTH
CBSI3aHO C TEXHOJOTHUCCKUMH MTPETPaTaMHu:

J1J1s1 TOSTHOTO MOTPYKEHUsI B BUPTYalIbHBIN MUpP HeoOXoanma Oosee cko-
pocTHast GecpoBOHAs Mepeiada JaHHbIX.
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1) dnst VR-rajpkeToB HE0OX0IUM aKKyMYJISITOp, CHOCOOHBII MUTATh €ro
OKOJIO HEIeNH NPU MAJICHBKUX pa3Mepax yCTPONUCTBa.

2) HepocrarouHasi BBIYMCIUTEIbHAS MOIIHOCTD U pa3pelieHue AUCIie-
eB ycrpoiictB. CoBpeMeHHbIC IIJIEMbl BBICOKOTO Kiacca, Takue kak Rift u
Vive, npemnararor 100 rpagycoB moss o63opa u pasperienue 10801200
MUKCeNEeH, 4YTO 3KBUBAJIEHTHO MPUMEPHO 15 mukcensaM Ha rpagyc. Yenosek
JKE OT IPUPOJIBI 00JIaaCT TOJIeM 3peHHUS IIPUMEpHO B 220 TpaycoB — OKOJIO
120 nukceneit Ha rpanyc. [2]

3) Hoporosuszua AR/VR-ramkeTos.

4) CinoxxHOCTh co31aHus KoHTeHTa it AR/VR.

To ectb mpoiiner eme Heckoubko Jet, 1 AR/VR MoxHO Oyner ncroib-
30Barh 0€3 TPYIHOCTEH W 110 JIOCTYITHOW MHOTHM LieHe. A MOKa PecypcoB
XBaTaeT Ha CO3J[aHME Pa3BIIEKATENIbHBIX U MO3HABaTEeNbHBIX MPoekToB. Ho
Ha pbiHke AR/VR-TexHOMOTHi yKe CKIIaIbIBACTCS 30POBast KOHKYPCHIIHS.
Bce naunbonee kpynHbie KoMIanuu, Takue kak Facebook, Google, Microsoft
U JIp., IMEIOT TPOEKTHI 110 U3yYSHHIO M CO3J[aHUI0 BUPTYaJbHOW peasbHO-
CTH.

OnHako B Ommkaiiniee BpeMsi HE CTOMT KJaTh MPOPHIBA U LIMPOKOTO
pacnpoctpanenusi AR/VR-rexHonoruii, a urpoBasi MHHIYCTPHUsI OCTaHETCS
maupyromiei B Onmxkaiimume 5 net. Ho AR/VR yxe npoHukiia Bo MHOTHE
cepbl )KU3HH, a B Oy/IyIeM OHAa U3MEHUT KaK METOJbI O0YUYCHHSI, CIIOCOOBI
CO3/IaHUS ¥ TECTUPOBAHMSI HOBBIX YCTPOWCTB, TaK M B3aUMOCBSI3b YeJIOBEKa
Y MalIMHBI B I1€JIOM.

Jlureparypa

1. Cewmb nperpaj uis pa3Butusi TexHonoruii // HoBoctHoit kanan https://
rb.ru/opinion/vr-ar-pregrady

2. Bynymee BupryasnbHOH peanbHocTH // HoBocTHOM Kkanan https://holo-
graphica.space/articles/oculus-abrash-connect-3-7314

3. JlucoBuukuit A. JlomonHeHHas U BUpPTyajbHas PEanbHOCTh B YMHBIX
ropozax: Kak 3To MoxeT ObITh https://holographica.space/articles/ar-vr-
smart-cities-11731

4. Bupryanbnas peanbHocTh B BIIK: msith HampaBiieHUN TpPUMEHEHHS
https://holographica.space/articles/vr-military-19256

5. PacupeHHOE CO3HaHUE: JOIOJHEHHAs U BUPTyallbHas PEaIbHOCTH B
aBToMHAyCTpuM  https://www.zr.ru/content/articles/905063-rasshirennoe-
soznanie-dopolnen/#
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OLIEHKA LUYMOB LIUGPOBbIX USOBPAXKEHUN
NOCJIE ABTOMATUYECKOW KOPPEKLIUM METO,OM
NMPEOBPA3OBAHUA TUCTOINPAMMDI

Myxosa E., lopenuk A.
MOCKOBCKMNI NONUTEXHNYECKNIN YHUBEPCUTET

Abstract

Analyzing the noise appearing as a result of automatic correction using
histogram conversion method. Different methods of image noise analy-
sis are shown to identify its type and to select effective noise reduction
algorithms. Shown that in the corrected images the noise corresponds to
the Gauss law, and impulse posterization noises appears. Measured the in-
fluence of automatic correction by histogram conversion method on the
noise level in images produced with different specified exposure. Consid-
ered the possibility of noise suppression in automatic mode after correc-
tion depending on degree of correction.

Key words: image noise, automatic correction, histogram, signal-to-noise ra-
tio, noise in pixels exposure, noise reduction.

LIymOBBIE CTPYKTYpBI SIBJISIOTCSI HEOTHEMJIEMOM YacThlo IM(POBBIX
U300paKeHHI, YTO 00YCIIOBJIEHO NPOLIECCOM IMOJYyUYESHHUs] M300pakeHnH, Ka-
HaJlaMH repeaadu, 1 oopadorkoil. Ha pa3HbIxX aTanax mosy4eHus n3oopaxe-
HUS MOT'YT BO3HUKATh Pa3HbIC TUIILI ITYMOBBIX CTPYKTYDP.

[Ipeanonaraercs, 4To JJIsi CEHCOPOB YCTPOMCTB PErUCTPALMU B YCIIO-
BUAX MAJIOTO OCBCHICHUA UJIW BBICOKUX TEMIIEPATYP XapaKTCPHBI ITYMOBBIC
CTPYKTYypbl, noguuHstomuecs pacupenenenuto ['aycca u Ilyaccona. 1m-
IMYJIbCHBIC IIYMbl BO3HUKAIOT B PE3yJbTare HeraBHJ’IbHOﬁ KOMMYTalluu.
Takue IOyMbl 4aCTO HE 3aBUCAT OT MPOCTPAHCTBCHHBLIX KOOPAWHAT U HE
KoppeupyrT ¢ uzobpaxkenuem [1, 2]. Uro kacaeTcsi MpoOIECCOB KOPPEK-
U, KOTOpas MOXKCT IMPOBOAUTHCA KaK B CaMUX yCTpOﬁCTBaX MOJIYyUYCHUA
U300paKeHHH, TaK U BO BHEIIHUX NPOrpaMMax, TO M3-3a OOJIBIIOT0 pa3Ho-
06pa31/151 METOHJOB M CTCIICHU HUX BOSﬂeﬁCTBHX IOyMbI MOTYT OIIMCBIBATLCsA
Oosiee CIIOXKHBIMU 3aBUCHMOCTsIMU [3]. Hampumep, mrymbl nocrepusanuu,
XapaKTepHBIE JUIsl HEKOTOPBIX BUI0B KOPPEKIIMU, UMEIOT KOPPEISILHIO C dJIe-
MeHTaMu u300pakeHus [1].

B naHHOI cTarbe paccMOTPEHO BIMSHHE aBTOMATHYECKOW KOPPEKIHH,
OCyHJ,eCTBJ'IﬂeMO;I TUCTOIrpaMMHBIM METOJAOM, Ha YPOBEHDL U TUII 1IyMa. 9t10

INNOVATIONS IN PUBLISHING, PRINTING AND MULTIMEDIA TECHNOLOGIES 2019 | 101



MO3BOJIUT YCOBEPILIEHCTBOBATh XOPOILIO cedsl IMOKa3aBIIMi METO/ aBTOMa-
THUYECKOH KOPPEKIMH 4epe3 MPHUBEJCHHE T'MCTOrPaMMBbl M300pakeHHs 110
HOpMalibHOMY 3akoHy pactpenenenus (IIIHP) [4-6].

Takast koppekuusi MpUMEHSIETCS Ul M300paKeHUH, MOJTYYEHHBIX IPU
Pa3JINYHBIX YCJIOBUAX CHEMKHU, U KOMIICHCUPYCT UCKAXKCHUA IN€peaavYu TO-
HOB, BOSHHUKAIOMIUEC ITPU SKCIIO3ULHUAX OTIINYAIOMINXCA OT OINTHUMAaJIbHOM.

Jlig aHanu3a NIyMoB, BO3HUKAIOLIUX [TOCJIE€ IPUMEHEHUS paccMaTpuBa-
€MOI KOppeKIUH, HEOOX0ANMO NEePBOHAYAIBHO OLEHUTH LIYM, BO3HHKAIO-
MK B U300paKEHUSX MPH Pa3HbIX IKCIO3ULUSX [7]. YPOBEHb IKCIIO3UIINN
JUIs1 HEJIOOKCIIOHUPOBAHHBIX M TIEPEIKCIIOHMPOBAHHBIX N300paKEHUH BBIOH-
paeTcsi TakuM 00pa3oM, YTOObI He ObLIO 3aMETHO MOTEPH JIeTalICH B CBETaX
U TCHSIX U300PaKCHHUS.

B crynuitHBIX ycIOBHSIX IpOBeleHa CheMKa TecT-o0bekra (InKaia
ColorChecker 24) ¢ pa3Hoii 9KCIIO3UIMEH, ONITUMAaIbHOE BPEMS SKCIIOHUPO-
Banus 0,008 c. mpu nuadparme 5,6.

OreHka HIyMOB HPOBOJIUTCS 0 IMHMKOBOMY OTHOIIEHHMIO CHUTHAJ/IIYM
(PSNR) u no rucrorpamme ceporo nons tect-odbekra [7]. ITokaszarenn
PSNR omnpenensier ypoBeHb 1ymMa B U300pakeHHH, a THCTOIpaMMa paBHO-
MEpHOT0 MOJs MO3BOJSET OMPEASNUTh THUI IIyMa Yepe3 COMOCTaBJICHHE
(hOpPMBI THCTOIPAMMBI C PacIpoOCTPAHEHHBIMH (YHKIMSMH IJIOTHOCTH pac-
npejeneHus BeposTHocTeit [1].

Ha pucynke 1 npexacrasiensl 3Hauenust PSNR st recr-o0bekra, moiy-
YeHHbIE B TPEX 1[BETOBBIX KaHanax R, G, B u ceetnorHom kaHana L.

50,00

46,00

PSNR

0,004 0,006 0,008 0,010 0,012 0,014
BPEMA 3KCIIOHHPOBAHHA, C

Puc. 1. 3nauenue PSNR 6 kananax yeemno2o uzoopasicenus npu pasHou
IKCROUYUU
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[Ipu cpaBHeHHHU rucTOorpamMM ¢ (GyHKIUSMH IDIOTHOCTH paclpe/eieHns
BEPOSITHOCTEH OYEBUIHO, YTO OHM COOTBETCTBYIOT I'ayccoBy pacmpezeie-
Huto (Puc.2), uro moaTBepkaaeT u3BecTHbIE AaHHBIE [1, 3].

n, pix

2000 I
!

100 150 200
CBETJ/I0OTa

Puc. 2. FquOZp(l/l/LMbl CUHe20 Kanala padBHOMEPHO20 cepoco nojs

npu pasHoulX 9KCNO3UYusx

ITocne npoBeneHUst KOPPEKLIMU HETOAKCITOHUPOBAHHBIX U IEPEIKCIIOHHU -
poBaHHBIX H300paxenuil merogom [1I'HP orieHeHbI ypOBEHSD IllyMa U FHCTO-
rpaMMbl paBHOMEpHOTO ceporo nosst (Puc. 3, 4).

PSNR

50,00

49,00 *R G eB el

48,00
47,00
46,00
45,00
44,00
43,00

42,00

41,00

40,00 L3
0,004 0,006 0,008 0,010 0012 0014

BpeéMA 3KCIIOHHPOBaHHA, C

Puc. 3. 3nauenue PSNR 6 kananax yeemno2o uzoopasicenus
nocne koppexyuu memooom II'HP
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n, pix

2000

100 200

CBET.I0Ta

Puc. 4. l'ucmozpammer cune2o Kanana pagHoMepHo2o cepo2o Nois nocie
Kxoppexyuu memooom [II'HP

B pesynbrare KOppeKIMH HEZOAKCIIOHMPOBAHHBIX M EPEIKCIOHHPO-
BaHHBIX M300paKEHUH YPOBEHB IIyMa 3aMETHO YBEIMYHMBACTCS, IIPH ITOM
HaOJ0/1aeTCsl CBSA3b CO CTENEHbIO BO3ACHCTBHS KOppeKiuu. HanmeHbmmi
YPOBEHb IlIyMa HaOJIOaeTcs sl M300paskeHusl, IIOJlyYeHHOTO IPU OMTH-
MaJIbHOM BPEMEHH DKCIIOHUPOBAHUS, TAK KaK JJaHHOE NU300pakeHHE B MEHb-
1iell CTENEeH! TOJIBEPIKEHO KOPPEKIIHH.

l'ucrorpamMmbl OTKOPPEKTHPOBAHHBIX W300pa)KEHUH CMENIAIOTCsl B 00-
JIaCTh TOHOB, COOTBETCTBYIOUIMX BBIODAaHHOMY IOJIO TECT-00bEKTa, 4TO
XapaKTepHO ISl KOPPEKLUH, TP KOTOPOI MCIpaBlICHbl HCKAKEHHUST TOHOB
HEJI09KCIIOHMPOBAHHBIX U NEPEIKCIIOHNPOBAHHBIX M300pakeHuid. Pacrpe-
JIelIeHHe JTAaHHBIX B TUCTOTPaMMe COOTBETCTBYeT ['ayccoBy, HO 3aMeTHO
yBEJIMUYCHHUE CTaHAapPTHOTO OTKIIOHEHHS OTHOCUTEILHO TUCTOrPaMM HEKOp-
PEKTHPOBAHHBIX M300paKeHUH, U TOSIBIICHHE MTHUKOB, XapaKTEPHBIX JUIS UM-
MyJbCHBIX IIYMOB U IIyMOB HocTepu3anuu [1].

Just ycTpaHeHHs LIyMOB IOCIE KOPPEKIHMH H300paKEHHH METOIOM
[I'HP HeoOxoauMo BBIOpaTh METO/bI, 3Q(HEKTHBHO YCTPAHSIONUE IIYMbI
lNaycca 1 uMITysIbCHBIE IIIYMbI, KOTOPbIE OBLTH OIpE/Ie/ICHbI B TIPOLIEcCce aHa-
Jm3a.

Hcxonst U3 TOro, 4ro ypoBEHb IlyMa M3MEHSETCS B 3aBUCHMOCTH OT
CTEIICHH KOPPEKIMH, JUIsS aBTOMATH3allK Mpolecca Mpe/roiaraeTcs npu-
MEHSITh aJIalITUBHBIE METO/IbI IIIyMOIIOJaBJICHHs, KOTOPBIE PACCUNUTHIBAIOTCS
HCXOJIsl U3 TAKUX ITapaMeTPOB, KaK cpejHee 3HaYCHUE U JIUCIIEPCHs], CBsI3aH-
HBIX C KOPPEKTUPYEMBIM H300paskeHueM [1].
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Just yerpanenus [ayccoBa myma ucrnosibdyercs Guiibstp Bunepa, s
yCTpaHCHHSI UMITYJILCHBIX IIIYMOB — MeuaHHbli GuibTp [1, 8, 9]. JlanHbIC
(GUIBTPBI 1IOCIIEIOBATENBLHO MPUMEHSIOTCS K HM300pakeHHsiM. BiusHue
(uibTpanyy MoKa3aHo Ha pUCYHKax 5, 6.

6 B

2 Puc. 5 Buo yuacmrka mecm-o6vexma 6 cunem kauaie,
epems sxcnonuposanus 0.005 c.
a — ucxoonoe uzobpadcenue, 6 — nocie koppexyuu III'HP;
6 — nocie gurompayuu

= ==0,005¢C
—0,008¢
so00 | A e 0,013 ¢
¥ 4000
=
)
2000
0
100 200

CBET.IOTA

Puc. 6. I'ucmoepammpl cune2o Kanaia pagHoMepHo2o cepozo nojia nocie
npumenenus Guibmpos

INNOVATIONS IN PUBLISHING, PRINTING AND MULTIMEDIA TECHNOLOGIES 2019 | 105



[lokazaHo, 4TO IIyMbl B WM300pa)XKEHHH YMEHBIIWINCH, TUCTOTPAMMBI
MPHOOPEITH ePBOHAYATBHBII BUJI, 0€3 BEIPAKCHHBIX ITUKOB, U CO 3HAYCHUEM
CTaHAAapPTHOI'O0 OTKJIOHCHMUS. OJIM3KUM K HNCXOJHOMY.

Paccmorpena Ttaxoke peanusanus kKoppekuuu wmeropom IIIHP ¢
MOCIEYIONIMM TPUMEHEHHEM (UIBTPOB Ha pealibHbIX H300pa)KeHUsIX
(Puc. 7)

a 6 B

Puc. 7 Buo yuacmka uzobpadicenus
a — ucxooHoe usobpaxcenue; 6 — nocie koppexyuu [II'HP;
6 — nocie gurompayuu

[Ipu ananu3e M300paKCHUH 3aMETHO YMEHBIIICHUE IIYMOBOU CTPYKTY-
PBL, B TOM YHCJI€ U YaCTHYHO LIYMOB MOCTEPHU3AINH, XOTS MPEATI0KECHHBIE
(UIBTPBI HAIIPSIMYIO HE pacCMaTpPHUBAIOTCS KaK Npe/iHa3HaYeHHbIE JUIs AaH-
HOTO THMa mymoB [1].

Bri0op ¢uibTpoB Ha OCHOBAHUM aHAJIM3a YCIOBUH MONyueHHs U300pa-
JKEHUH U TUIla LIYMOB JaJI XOpOoLui pe3yinsrar. [Inanupyercs npuMmeHeHue
MIPEAJIOKEHHBIX (PUIBTPOB NPHU peaar3anui aBTOMaTHYeCKON KOPPEKLIUH 110
metoay [IT'HP. DTo mo3BoIUT KOPPEKTUPOBATh H300paKEHUS C OOJIBIIUMU
HCKa)KEHUSIMU B IIE€peiaye TOHOB U N30eXaTh MOSBJICHUS IIyMOB, KOTOpbIE
XapaKTepHBI I TaKUX MPeoOpa30BaHUMA.
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iHcTUTYT . 30ipHNK HaykoBHX mpaub. Cepis: [HpopmaTHka Ta MOIEIIO-
BaHHs. — XapkiB: HTY ,, X111, 2012, Ne 38, ¢.14-25. ISSN 2079-0740

INNOVATIONS IN PUBLISHING, PRINTING AND MULTIMEDIA TECHNOLOGIES 2019 | 107


http://www.imatest.com/docs
http://www.imatest.com/docs

INNOVATIVE PEDAGOGICAL TECHNOLOGIES

Ruchaevskaia E.
Minsk Radioengineering College of BSUIR

Abstract. The current stage of the development of society poses a whole
range of fundamentally new problems to the education system in the
Republic of Belarus, caused by political, socio-economic, ideological and
other factors, among which the need to improve the quality and acces-
sibility of education should be highlighted. Increasing academic mobility,
integration into the global scientific and educational space, the creation
of economically optimal educational systems, increasing the level of cor-
porate education and strengthening links between different levels of
education, both higher and secondary special. One of the effective ways
to solve these problems is the introduction of pedagogical innovative
technologies. Improvement of technical means of communication has led
to significant progress in information exchange. The emergence of new
information technologies associated with the development of computer
facilities and telecommunications networks has made it possible to create
a qualitatively new information and educational environment in the radio
engineering college as the basis for the development and improvement of

the education system.

KnioueBble cnoBa: UH(OPMAYUOHHbIE MexHO102UU, UHGHOPMAYUOHHO-006-
pasosamesnvHaa cpeda, ob6pasosamesibHoe NPOCMPAHCMBO, UHHOBAUUU,
UHHOBAUUOHHbIe MexXHOI02uU, Nedazo2u4ecKas MmexHoa02us.

BBenenune

3amaueii 11000# TEXHOIIOTHH, B TOM YHCIIE ITeJarOrHueCKoil TEXHOIOTHH,
KaK HayKH SIBIIICTCS BBISIBICHUEC COBOKYITHOCTH 3aKOHOMEPHOCTEH C IEIIbI0
OIIpE/ICTICHHUS U MCIIOIb30BaHMs Ha NIpaKTHKE Hanbosee A3 peKTUBHBIX, MO~
CJIeJIOBATEIILHBIX 00pA30BaTE/IbHBIX JCUCTBUH, TPEOYIONMX MCHBIIUX 3a-
Tpar BpEMEHH, MaTCpUAIbHBIX M HHTEIUICKTYyaIbHBIX PECYPCOB ISl JTOCTH-
JKCHHSI KaKOTO-JIN00 pe3yJibTara.

PaccMoTpuM HEKOTOPBIC TIOHSATHS.

WunoBanus (aHmi. [nnovation — HOBOBBEICHHE) — BHEAPCHHE HOBBIX
¢dbopm, crtocoboB 1 yMeHuit B chepe oOyueHusi, oOpaszoBanus u Hayku. Cio-
BO «HMHHOBAIIUs» MOSBUJIOCH B CepeauHe 17 Beka M O3HAYACT BXOXKICHUE
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HOBOT'O B HEKOTOPYIO cepy, BKUBIICHHE B HEE U IOPOXKACHHUE LIEJIOT0 psijia
U3MEHEeHH B 3Tol cdepe. VIHHOBaLuMs — 3TO, C OJHOW CTOPOHBI, IIPOLIECC
peasm3aiyu, BHEIPEHHs], a C IPyroi — 3TO JIESTeIbHOCTD 110 BPAIIMBAHHIO
HOBAIM{ B ONPE/ICIICHHYIO COLIAIbHYIO TPAKTHUKY.

B npunnune, i1000€e connanbHO-I)KOHOMUYECKOE HOBOBBE/IEHHE, MOKa
OHO eIlle He MOIY4YHUIIO MaCCOBOTO, T.€. CEpUITHOTO PacIpOCTPAHEHUS, MOXK-
HO CUHUTAaTh HHHOBALIUSAMMU.

MHHOBaLIMOHHBIC TEXHOJIOTUH — 3TO MPOU3BOJICTBO (M300peTeHUE) HO-
BOTO JUIS CUCTEMBI 00pa30BaHMsl KOMIIOHEHTA.

VHHOBaLIMOHHBIE TEXHOJIOTMU B 00pa30BaHUM — ATO OpraHu3aius oopa-
30BaTeJILHOTO MPOIIECCa, NOCTPOSHHAS HA KaUeCTBEHHO MHBIX MPUHIIMIIAX,
CpeJ/ICTBax, METOAAX M TEXHOJIOTHSX U MO3BOJISIIOINAS JOCTUTHY Th 00pa3oBa-
TEeJILHBIX AP (PEKTOB, XapaKTePU3yEeMBbIX:

* YCBOEHHEM MaKCHMAaJlbHOTO 00beMa 3HaHUM;

*  MAaKCUMAaJIbHOU TBOPYECKOU aKTUBHOCTBIO;

* IIMPOKUM CIIEKTPOM IIPAKTUYECKUX HABBIKOB U YMEHUM.

[esbl0 MHHOBAIMOHHBIX TEXHOJIOTHH SIBIISIETCSI (POPMHUPOBAHHE aKTHB-
HOM, TBOPYECKOH JIMYHOCTH OYIyILIEro CrelHaaicTa, CiocoOHOro CaMoCTo-
STEIILHO CTPOMTh U KOPPEKTHPOBATh CBOIO y4eOHO-II03HABATEIbHYIO JIEs-
TCIBHOCTb.

B coBpemeHHOM 0O0IECTBE MpENOJABATEII0 HEOOXOIMMO pa3BUBATh
OYCHb BAXXHBIC, HA HAIll B3I, HABBIKU:

* yMEHHE caMOMy pa3padaThIBaTh IUIAaH CBOMX JEHCTBUI U ClIe0BaTh

eMy;

* YMEHHE HaXOJMTh HYKHbIE PECYpPCHI (B TOM 4YHCiIe — HH(OPMAIHOH-
HBI€) JUIsI pelIeHHs TTOCTABJICHHOM 3a/1auu;

* YMEHHE IOoJIy4yarh M nepenaBarh HH(OOPMALUIO YUaIuMCsl, TIPe3eH-
TOBaTh Pe3yJbTaT CBOETO TPy/Aa — KaueCTBEHHO, PALMOHAIIBHO, 3(-
(eKxTHBHO;

* YMCHUC HUCIOJIL30BATH KOMIIBIOTEP B J'I}O6OI>1 CUTyallu1, HE3aBUCUMO
OT MOCTABJICHHOM 3aJ1a4H;

* yMEHHE OPHEHTHPOBAThCSl B HE3HAKOMOH NpodeccruoHanbHOM 00a-
CTH.

VHHOBaNMOHHBIE TEXHOJIOTUH NPEANO0IaraT:

* TIOBBILICHUE YPOBHS MOTHBAIMK K y4eOHOMY TPYIY;

*  (opMHUpPOBaHUE BHICOKOTO YPOBHS Pa3BUTHS O0yUArOIIMXCS HA OCHO-
BE€ BKJIIOUEHUS UX B IIOCTOSHHYIO YCIIOKHSIONIYIOCS ACSITEIbHOCTb;

* AKTUBHYIO NMOJJEPXKKY yUaIllUXCA MpernojaBaTeieM;

* IOCTOSIHHOE MOBTOPEHHE, CHCTEMATU3alUI0 3HAHU;
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* (dopMmupoBaHue 100pOKeTATEIHHON aTMOChEPHI, CO3TaHUE TO3UTHB-
HOT'O OTHOIICHUSA K YYCHUIO MOCPCACTBOM MHAUBUAYAJIBHOI'O OTHO-
HICHUS K KXKJOMY y4alleMycs;

® CO31aHUC KOTHUTHUBHOM CXEMBI MBIIIJICHUSA

* BOCIIUTAHHUE y YHYaIIUXCs YYBCTBA COOCTBEHHOTO JOCTOMHCTBA;

*  XOpolllee 3HaHUE TEOPETHUECKOTO U MPAKTUYECKOro MaTepHasa;

* IyTH PEUICHUS U3 CO3/aBLICHCS MPOOJIEMHON CUTYAINH;

* paboTy ¢ omapeHHbIMU y4amumucs [4 ¢. 19-25] .

K uHHOBaUMOHHBIM HANPAaBJIEHHSIM HJIU COBPeMEHHBIM 00pa3oBa-
TeJIbHBIM T€XHOJOTHSIM MOKHO OTHECTH:

* pas3BuBaroIiee 00y4YCHHUE;

* npoOiemMHOe 00yUeHue;

* Ppa3sHOYpPOBHEBOE O0yUEHUE;

* KOJUIGKTUBHYIO CHCTEMY OOy4YEHUS;

* TEXHOJIOTHIO PELICHUs 3a/1ad;

*  HCCJIEJ0BAaTEIbCKUE METO/IbI O0yUCHHS;

* TIPOEKTHBIE METOJbI OOYUCHHSI;

*  TEXHOJIOT'MH MOJYJIBHOTO O0yUYEeHHSs;

*  HCIIOJIb30BaHHE B OOYUYEHHH MI'POBBIX TEXHOJOIUH (pOJeBbIE, JIENO-

BbIEC U APYTHE BUJIbI 00YUAIOIINUX UTD);

* o0yueHHe B COTpYJHHYECTBE (KOMaH (Hasl, TPyIIIOBas padoTa);

*  MH(OPMALMOHHO-KOMMYHHKAIIMOHHBIE TEXHOJIOTHH;

*  3I0pOBbe cOeperaromue TeXHOIO0TUH.

e MHHOBAMOHHBIX TEXHOJIOTHii

Crnennguka 00pa3oBaHus B HaUaJIe TPETHETO THICSYEIICTUS IPEABSBISET
0coOble TpeOOBaHMsI K MCIOJIb30BAHUIO Pa3HOOOpa3HBIX TEXHOJIOIMH, MO-
CKOJIBKY UX ITPOIYKT HAIIPABJICH HA KHUBBIX JIFONICH, a CTeIeHb (hopMalIn3anuu
U aJropurMusaliy TEXHOJOTHYCCKUX OGpa?,OBaTeJ'IbHLIX onepaunﬁ BpAO
JIM KOrJa-in0o OyJeT CONoCTaBMMa C IPOMBIIIJICHHBIM ITPOU3BOACTBOM. B
CBSI3M C OTUM HapsIy C TEXHOIOTH3aIMeil 00pa30BaTeNbHON eI TENbHOCTH
CTOJIb K€ HEeM30eKeH MPOIecC ee ryMaHH3alllu, 4TO ceifuac HaxOIHUT BCE
foree MIUPOKOE PACHPOCTPAHEHHE B PAMKAX JIMYHOCTHO-ACATEIBHOCTHOTO
nonxona. [yOuHHBIE MPOIIECCHI, MPOUCXOSIINE B CHCTEME 00pa30BaHus B
HaIllel cTpaHe, U 32 pyOexKoM, BeayT K (POPMUPOBAHHIO HOBOU HICOJIOTHH U
METOIOJIOTHH 00Pa30BaHHs KaK UACONIOTHH U METOMOIOT UM HHHOBAIIHOHHO-
ro 0o0pa3zoBaHus. IHHOBAI[HOHHBIC TEXHOIOTHH O0YYCHHS CIIEMyeT paccMa-
TPUBATH KaK MHCTPYMEHT, C MOMOIIBIO KOTOPOTO HOBas 0Opa3oBaTeibHast
napajurma MoXeT ObITh IIPETBOPEHA B KU3HB [2 ¢. 67-69].
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[maBHO¥ 11€71bF0 MHHOBAIIMOHHBIX TEXHOJIOTHH 00pa3oBaHus B yueOHOM
3aBCICHUH SBJIACTCS IIOATIOTOBKA YCJIIOBEKA K KU3HU B IIOCTOAHHO MCHSIO-
nieMcst Mupe. CyInHOCTh TaKOro 00YYCHHUsI COCTOUT B OPUEHTAIMH YYeOHO-
O Ipoliecca Ha IOTeHI[MaJIbHbIE BO3MOYKHOCTH YEJIOBEKa U UX peaIu3alltIo.
OO6pa3zoBaHue JOMHKHO Pa3BUBATh MEXaHU3Mbl MHHOBALIMOHHOW JESTENb-
HOCTH, HaXOAUTb TBOPYCCKUEC CHOCO6LI peUICHUA KU3HCHHO Ba’XXHBIX IIPO-
0s1eM, crI0ocOOCTBOBATH MPEBPAILIECHHIO TBOPYECTBA B HOPMY U (OpMY Cyliie-
CTBOBAHHSI YEJIOBEKA.

Taxoxe JA(SA03310) HHHOBaLlPlOHHOﬁ JACATCIIBHOCTHU B y'-Ie6HOM 3aBCACHUU SIB-
JISIETCSl KA4ECTBEHHOE N3MEHEHHE JINYHOCTH 00yYarOIerocsi 110 CPAaBHEHHIO C
TPaIUIIMOHHON CHCTEMON. DTO CTAHOBUTCSI BO3MOXKHBIM OJiaroapsi BHEIpe-
HHIO B IPO(heCCHOHAIBHYIO JEATeNILHOCTD NpernoiaBaTesel AnAakTHIeCKIX
1 BOCIIUTATCJIBHBIX ITPOTpaMM, IpeanojaaratomemMy CHATUEC NEAArorudyeCKoro
Kpusuca. PaszButue YMEHUA MOTUBUPOBATH Z[eﬁCTBI/Iﬂ, CaMOCTOATEJIBHO OpH-
EHTUPOBAThCSl B IMOJy4aeMoil uH(popManuu, (GOpMHUPOBAHHE TBOPUYECKOTO
HeIJ_IaGJ'lOHHOFO MBIIIJICHUA, PA3BUTUEC YYallUXCA 3a CUET MAKCUMAJIbHOI'O
PACKPBITHS MX MPUPOIHBIX CLIOCOOHOCTEH, UCIIOJB3YsI HOBCHIIIUE JTOCTHIKE-
HU HAYKW U ITPAKTHUKH, — OCHOBHBIC LICTIU HHHOBaLlPlOHHOﬁ ACATCIIbHOCTU.

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

YuuteiBast mepexo K ro0ajibHOMY HH(GOPMAaTHBHOMY OOIIECTBY U CTa-
HOBJICHUIO 3HaHWH, 00 aJeKBaTHOCTH 00pPa30BaHUS COLMAIBHO-DKOHOMHU-
YEeCKHUM MOTPEOHOCTSIM HACTOSIIIEro U OyayIero Mo)KHO TOBOPUTH JIMIIb B
TOM Clly4ae, ecii ero MojiepHu3alysi Oy/leT OCHOBBIBATHCS HE TOJIBKO M HE
CTOJIBKO Ha OpraHrn3allMOHHBIX HOBOBBCICHUAX, CKOJIbKO Ha UBMCHCHUX I10
CYHIECTBY — B COACPIKAHUN U TEXHOJIOTHUAX IMMOATOTOBKH KaIpOB U MOATOTOB-
K€ HayuHBIX HcclieZjoBanuii. Kak connanbHbIi HHCTUTYT, BOCIPOU3BOASIIAN
UHTEJUICKTYaJIbHBIA MMOTEHI[MA CTpPaHbl, 00pa30BaHUE JOJDKHO 00JanaTh
CIIOCOOHOCTBIO K OTIEpPeKaroNeMy pa3BUTHIO, OTBEYaTh MHTepecaM oOlie-
CTBAa, KOHKPETHOM JIMYHOCTH U MMOTEHIIMAIBHOTO paboToarels.

W3menenue poiu 00pa3oBaHusi B 0011ecTBE 00YCI0BUIO OONBIIYIO 4aCTh
MHHOBALMOHHBIX NpouieccoB. CeroaHs oOpazoBaHue Bce 00Jiee OPHEHTHPY-
€TCs Ha CO3JaHUEC TAaKHUX TEXHOJIOTUH U CHOCO6OB BJIMAHWA HaA JIUYHOCTDH, B
KOTOPBIX 06eCHe‘Il/IBaeTCH 6aﬂch MEXKAY COLUAJIbHBIMU U MHIAWUBUAYAJIb-
HBIMHA HOTpe6HOCTﬂMI/l, 1, KOTOPBIC, 3allyCKasi MEXaHWU3M CaMOpa3BUTUSA
(camMOCOBepIIICHCTBOBAHHMSI, CAaMO0O0Opa30BaHus1), 00ECIIEYUBAIOT TOTOBHOCTh
JIMYHOCTHU K pean3aluu CO6CTBCHHOI>1 WHAWBUAYAJIbHOCTU U U3MCHCHUAM
o01ecTsa.
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Hcxonst w3 310r0, MOXKHO CHOPMYITHPOBATH OOBEKT M MPEAMET JaHHOM
paboThL.

O0bekT M IpeaMeT padoThl

OOBEKT: HHHOBAIMOHHBIC MPOIIECCH B 00pa30BaHUU B Y4COHOM 3aBe-
JICHUU.

[IpeaMeT: MHHOBAIIMOHHBIE TIPOIIECCH B 00Pa30BaHUU.

Ienb pabOTHI: M3YYHUTh U OXapPaKTEPHU30BATh HHHOBAIIMK B 00Pa30BaHUH
B IICJIOM, a TAK)KE B CHCTEME 00pa30BaHus Y4eOHOrO 3aBEACHUS.

I'nnoresa paGOTLI: HCIIOJIB3Yyd NHHOBAIMOHHOC HAITPABJICHUE, ITPOUCXO-
JIMT TIOBBIIIIEHUE KaueCcTBa 00pa30BaHUs 00YYarOMXCS.

Hcxonst u3 MOHUMAaHUS 11eJId PaboThI, CHOPMYITUPYEM

3anayu, NocTaBJeHHbIe B HAIMMCAHUM TAHHOI PaGoThI:

1. IIpoBecTu uccrenoBaHUE MOHSTUN HOBLIECTBO, MHHOBAIIUS, MHHOBA-
I.ll/IOHHbIﬁ 06pa303aTeanbH71 nmpouecc, negarorndyeCkas HHHoBalusA, yrmpaB-
JIeHHe 00pa30BaTeIbHBIM YUPEKICHUEM.

2. Ha ocHOBe M3y4YeHUs MCUXOJOTHUCCKOM, METOAMUCCKOU, (humocod-
CKOM JIMTepaTypbl IPOaHAJIU3UPOBATh HAYUHBIE IIOAXOIbl K YIPABICHUIO
WHHOBAIIlMOHHBIM y'-Ie6HI)IM 3aBCICHUEM, OIPCACIUTL CTPATCIUI0 €ro Co-
BCPUICHCTBOBAHUA.

Hcnonp3oBanne HHGOPMAIIMOHHO-KOMMYHUKAIMOHHBIX ~ TEXHOJOTHIA
JlaeT BO3MOXKHOCTh 3HAUUTEIBHO YCKOPHUTH MPOLECC IOMCKAa U IMepeaaqn
uHdopmannyu, npeodpazoBaTh XapakTep YMCTBEHHOH [esITENIbHOCTH, aB-
TOMATU3UPOBaTh YEJIOBEUECKUM Tpya. [loka3aHO, UTO ypOBEHb Pa3BUTHS U
BHEJ[pEHHsI MH()OPMALMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOTUI B NPOU3-
BOJICTBEHHYIO JICSITEIILHOCTD OIpeJielisieT ycrex Jto0oi gupmel. OcHOBOI
UH(OPMALIMOHHO-KOMMYHUKAIIHOHHBIX TEXHOJOTHH SIBISIOTCS MH(pOpMa-
M OHHO-TCJICKOMMYHHUKAIITUOHHBIC CUCTEMbI, IOCTPOCHHBIC HAa KOMIILIOTEP-
HBIX CPEACTBaX M MPEACTaBISIONINE CO00¥ MH(DOPMAIMOHHBIC PECYPCHI U
anmnapaTHO-IIPOrpaMMHbIE CpeAcTBa, oOecrevrBalolue XpaHeHue, odpa-
00TKy U niepenady uHpopMaIuu Ha paccrosinue [ 1, ¢.33-36].

CoBpeMeHHa ILKOJA, B JJAHHOM KOHTEKCTEe y4ueOHOe 3aBelleHHe, IO0JI-
JKCH CTaTh MEPEIOBOW IUIOIIAJKON B 4acTh HMHGOPMAIIMOHHBIX TEXHOJIO-
Fﬂﬁ, MECTOM, II€ YE€JIOBEK MOJJY4YacT HE TOJBKO HeO6XO[ll/IMI)Ie 3HaHHs, HO
U MIPOHMKAETCS JIyXOM COBPEMEHHOro MH(opMaluoHHOro odmecTsa. bes
npUMeHeHHs MHHOPMALMOHHO-KOMMYHHUKaTuBHBIX TexHosioruil (MKT) o6-
pa3oBaTeIbHOE YUPEKICHHE HE MOXKET MPETEHI0BATh HA HHHOBAI[MOHHBIH
craryc B 00pa3zoBaHuU. Beab MHHOBAIMOHHBIM CUMTACTCS 00pa3oBaTeIbHOE
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yUpexJIeHHE, IUPOKO BHEAPSIOIIEE B 00pa30BaTeIbHbIN MPOLECC OPraHu3a-
IUOHHBIC, TUJAKTUYCCKUEC, TCXHUYCCKHUEC U TCXHOJIOT'HYCCKHUEC HHHOBAllUU 1
Ha 3TOU OCHOBE J00MBaroIeecs peajgbHoro O0pa3zoBaHue — 3TO MyTh U Gop-
Ma CTaHOBJIEHHUS LEIOCTHOrO 4yesoBeka. CyIIHOCTh U IeJib 00pa30BaHUs —
9TO JEUCTBUTENIBLHOE pa3BUTHE OOIIMX CIIOCOOHOCTEN YeslOBEKa, OCBOCHHE
UM YHUBCPCAJIbHBIX CHOCO6OB JACSATCIIBHOCTHU W MBIIIJICHU. COBpeMeHHOC
HOHATHE «00Pa30BaAHUE» CBS3BIBAETCS C TOJIKOBAHHEM TAKMX TEPMUHOB KaK
«00y4eHne», «BOCIUTAHKUEY, KO0pa3oBaHuey, «pa3BuTHe». OIHAKO, 0 TOTO
KaK CJIOBO «00pa3oBaHKe» CTAJIO CBSI3BIBATHCS C MPOCBENIEHHEM, OHO MMe-
710 Gosee mupokoe 3Bydanue. CIIOBapHbIE 3HAYECHUSI PACCMATPUBAIOT TEP-
MHH «00pa30BaHHE», KaK CYIIECTBUTEILHOE OT INIaroja «o0pa3oBbIBATH)
B CMBICJIE: «CO3/1aBaThy», «(HOPMUPOBATHY WM «Pa3BUBATh» HEYTO HOBOE.
Co3znaBaTh HOBO€ — 3TO M €CTh MHHOBAIIUS.

Hepexon Ha MHTCPAKTUBHBIC MCTOABI 06yquI/1;1 U TCXHOJIOI'MH pealib-
HOT'O BpEMCHH TpeﬁyeT SHAYUTCJIbHBIX TCJICKOMMYHUKAIIMOHHBIX PECYPCOB,
CIIOCOOHBIX 00€CIeUYnTh HEOOXOAUMYH B3aWMOCBSI3b YUAaCTHHKOB 00pa3o-
BaTEJILHOIO IIpoLiecca, MOAAEPKKY MYIbTUCEPBUCHBIX TEXHOJIOIUM, BBICO-
KYI0 IMTPOU3BOAUTECIIBHOCTDh TCIICKOMMYHUKAIITUOHHOTO 06opy;[013aH1/1;1 " Opo-
MYCKHYIO CIIOCOOHOCTh CETe Iepeaadn JaHHBIX.

HoBoBBenenusi. UnHoBanumn

HoBoBBeneHusI, WM WHHOBAIIUMK, XapaKTePHBI is JiF000# mpodeccu-
OHAJILHON JIeATENIbHOCTH 4YeJOBEeKa M TOITOMY E€CTECTBEHHO CTaHOBATCS
NPeIMETOM U3YyYCHUs, aHAIN3a U BHEApeHUs. IHHOBaIMK caMu 110 cebe He
BO3HUKAIOT, OHU SIBJISIOTCS PE3YJIbTATOM HAayYHBIX TTOUCKOB, IEPEIOBOTO T1e-
JTaTOTHYECKOTO OIBITa OTAEIbHBIX MpEnoAaBaTesiell U 1eJ0ro KOJUIEKTHBa
yueOHOro 3aBejieHHsl. DTOT MPOLECC HE MOXKET ObITh CTUXMUHBIM, OH HYX-
JlaeTcsl B yIPaBICHUH.

B koHTEKCTE MHHOBALIMOHHOM CTPAaTeruy LEJ0CTHOIO M1eJaroruieckoro
nporecca B yueOHOM 3aBEACHUH CYIIECTBEHHO BO3PACTAET POJIb PYyKOBOJI-
CTBa U MpernojiaBaresiel Kak HeMmoCPeACTBEHHBIX HOCUTENIEH HOBAaTOPCKHUX
npoueccos. [Ipn BceM MHOrooOpa3uu TEXHOJOTMH OOy4YeHHMs: JAUIaKTHYe-
CKHX, KOMITBIOTEPHBIX, MPOOJIEMHBIX, MOIYIbHBIX U JAPYTHX — pealn3aius
BeyIIMX Mejarornueckux (GyHkuumit ocraercs 3a npenoxgasarenem. C BHe-
JIPEHUEM B Y4eOHO-BOCIHUTATEIIBHBIA MPOIECC COBPEMEHHBIX TEXHOJIOTUMN
HpernoiaBarelib, OH JK€ BOCIIUTATElb, Bce Oosiee 0CBaWBAIOT (PYHKIIMU KOH-
CylIbT@HTa, COBETYHKA. DTO TPeOyeT OT HEero CrelHalbHOM MCHX0JIOro-TIe-
JTarOTHYECKOM IMOJTrOTOBKH, TaK KaK B MPO(PECCHOHAIBHON JCSITCIbHOCTH
IpernojaBaressl Peaqnu3yloTcs He TOJIBKO CIELHUaNbHbIE, MPeIMEeTHbIE 3Ha-
HUSI, HO U COBPEMCHHBIC 3HAHUS B 00JACTH NIEIarOTUKH U IICUXOJIOTHH, TEX-
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HOJIoruu 00y4eHus u BocnuTanus. Ha atoii 6aze ¢popMupyercsi roTOBHOCTh
K BOCIIPHSITHIO, OLIEHKE U pealM3aliy Mearornueckux WHHoBauui [3, c.
123-125].

[ToHsiTHE «MHHOBALMSD) O3HAYAET HOBIIECTBO, HOBU3HY, U3MEHEHHE; UH-
HOBAIMS KaK CPEJICTBO U MPOIIECC MPEATNOoaraeT BBEJCHNE Yero-1100 HOBO-
ro. O0 nHHOBAaIUAX B OCJIOPYCCKOM 00pa30BaTeIbHON CHCTEME 3arOBOPHIIN
¢ 80-x romoB XX Beka. FIMeHHO B 3TO BpeMsl B IIeJaroruke npoodsieMa HHHO-
BaIUil ¥, COOTBETCTBCHHO, €€ MOHATHIHOEC 00CCIICYCHHUE CTAJIH IIPEIMETOM
CHeLUAIbHBIX UCCIIE0OBAaHHH.

B menom moj MHHOBALMOHHBIM TPOLECCOM TTOHMMAETCs KOMIUIEKCHAs
JIeSITENIBHOCTh 110 CO3aHuIo (pa3paboTKe), OCBOSHMIO, MCIOJIB30BAHUIO U
pacrpoCTpaHeHUIO HOBIIECTB.

Tak 1enpt0 00pa3oBaHUs B yUeOHOM 3aBEJICHHUU SIBJISICTCS BOCITUTAHHE
KYJIBTYPHBIX, HHTEJUIMTEHTHBIX JII0Zel, OCHOBAHHOE Ha MPHOPUTETHOM OT-
HOIICHUH K CHEIHAIbHBIM JUCLHHUILUIMHAM, (QYHJIaMEeHTaIbHbIM T'YMaHUTap-
HBIM, €CTECTBEHHOHAYYHBIM JUCLUILIMHAM U N3yYSHUIO HHOCTPAHHBIX SI3bI-
KOB ¥ COBPEMEHHBIX SI3bIKOB ITPOTPAMMHUPOBAHMUSL.

3agaum menaroroB B 06pa3oBaTebHON cHCTeMe Y4eOHOro 3aBejie-
HUSIL:

* BBISIBJICHUE M Pa3BUTHE CLIOCOOHOCTEH KaXJ0ro 00y4aeMoro;

* (hopMupoBaHKE AyXOBHO OOraToii, CBOOOIHOM, (pU3HUECKH 3M0POBOIA,
TBOPYECKU MBICIISIIIEH JTMYHOCTH, OONajalomell NpoYHbIMU U IITyOOKHMMHU
3HaHUSIMU 110 U3y4aeMbIM MIPEAMETaM;

* (hopMHUpOBaHKE JTMYHOCTH, OPHEHTHPOBAHHOM Ha BHICOKHE HPaBCTBEH-
Hbl€ LIEHHOCTU, UHTEIPUPOBAHHOW B CUCTEMY HALMOHAJIBHONM U MUPOBOHU
KYJIBTYpPbI CIIOCOOHO B ITOCIIEAYIOIIEM Ha y4acThe B JyXOBHOM Pa3BUTUHU
00111eCTBA;

* (hopMHpOBaHHE TBOPUYECKH PabOTAIOIIETr0 KOJUIEKTHBA IperojiaBare-
JIeH-eIMHOMBIILJIEHHUKOB;

* ONTUMaJIbHASI OPraHU3aLUsl yueOHO-BOCIIUTATEILHON paboThI;

* riepeBojl 00YYaIONINXCSl B PEKUM Pa3BUTHSI.

Oco0eHHOCTH yNpaBJieHHs] HHHOBAIMOHHBIMU NPOIlECCAMHU B Y4el-
HOM 3aBeJIeHUH.

VYrpapinsioniasi cucreMa pyKOBOIHUTENb y4eOHOTO 3aBElICHHUS, ero 3a-
MECTUTEJH, PYKOBOIAMTEIN CTPYKTYPHBIX mojpaszieneHuii — sddexruBHa
TOJIKO B TOM CJy4ae, KOrJa NPHHIMIIBI U 3aKOHOMEPHOCTH YIPaBIICHHUS
0CO3HAHBI KaXX/IbIM U3 HUX B IIOJIHOM 00bEME M CTAJIN YacThIO UX Ipodeccu-
OHAJILHOTO CaMOCO3HaHMsI. YPOBEHb MPO(ECCHOHANBHOMN KYJIBTYPbI PYKOBO-
JUTENIsl yueOHOTo 3aBEJICHUS B 3HAUUTEIBHOW CTEIIEHH ONPEJIelIsieT Ka4eCTBO
WHHOBAI[IOHHOM JISSITEJILHOCTH 00pa30BaTEIbHOTO YUPEKICHHUS B LIEJIOM.

114 | International Scientific-Practical Conference



IIpuMeHuTENbHO K IEIarornyeckoMy MpOLECcCY MHHOBAlMS O3HA4YaeT
BBEJICHHE HOBOT'O B I[€JIU, COACPIKAHUE, METOIbI U (DOPMBI OOYUCHHS K BOC-
MUTaHUs, OPraHU3aIMI0 COBMECTHOM JEATENBLHOCTH MPernoiaBaTesst u 00-
YYarolerocs.

B noHumMaHMM CYNIHOCTH WHHOBAIMOHHBIX IMPOIECCOB B 00Pa30BaHUU
JISKAT JIBE BXKHEUIIIHME MPOOJIEMBI IIEJarOTHKH - TPOOieMa U3ydeHus, 0000-
HICHHUS U PACIIPOCTPAHEHUS MIEPEIOBOTO MEAarorMueCKOro ObiTa U mpooie-
Ma BHEJIPEHUsI TOCTUKEHUM [ICUXO0JIOTO-IIEarorn4eckoi HayKu B MPaKTHUKY.
CrnenoBarenbHO, MPEAMET UHHOBATUKH, COACPIKAHUE U MEXaHU3Mbl UHHO-
BAI[MOHHBIX TPOIECCOB JOJDKHBI JICKATh B IUIOCKOCTH OOBCIUHEHHS JIBYX
B3aMMOCBSI3aHHBIX MEXIY COOOU MPOIIECCOB, paCCMaTPUBAEMBIX JI0 HACTOS-
LIEro BPEMEHHU M0Ka U30JIMPOBAHHO, T.€. PE3yJIbTaTOM HHHOBALIMOHHBIX MPO-
1IECCOB JIOJKHO OBITh MCIOIB30BAaHUE HOBIIECTB, KaK TEOPETUUECKHUX, TaK
U IPaKTUYCCKUX, PABHO U TaKUX, KOTOPbIC 00Pa3yIOTCsl Ha CTHIKE TEOPUU
U MpaKkTUKU. Bce 3TO moguepkuBaeT BaXKHOCTh YIPABICHUECKON AesTeNb-
HOCTHU 10 CO3/IaHUI0, OCBOCHHUIO M HCMOJIb30BAaHUIO MEJArOTMYeCKUX HOB-
mectB. Peub, cieqoBaTenbHO, HIIET O TOM, YTO IPEINOAABATEb MOKET Bbl-
CTyIaTh B KAYECTBE aBTOPA, pa3pabOTUHKa, UCCIICA0BATENIs, [10JIb30BATEIS U
MponaraHAMuCTa HOBBIX NEAAroru4ecKuX TEXHOJIOTHM, TEOpUi, KOHLEMIUH.
VYipapieHHe 3TUM IPOIECCOM OOCCIICYMBACT IICICHANIPABICHHBIN 0TOOD,
OLIEHKY U IPUMEHEHUE B CBOEH JEATEIbHOCTH OIbITa KOJIJIET UIIM IIpejiara-
€MbIX HAayKOU HOBBIX UJI€U, METONUK.

YcnoBusi, onpenessiione He0OX0AMMOCTh B IPUMEHEHUH MHHOBA-
HHOHHOI 1esITeJILHOCTH.

Heo0xoquMOoCTh B MHHOBAIIMOHHOW HANpaBICHHOCTH I€Aarorn4eckon
JIESITEIbHOCTH B COBPEMEHHBIX YCIOBUAX PAa3BUTHs 00IECTBa, KYIbTYPHI U
00pa30BaHus OMPEICIIICTCS PSIIOM OOCTOSTEIBCTR.

Bo-1nepBbIX, MPOUCXOSIINE COIMAIbHO-IKOHOMHYECKHE MTpeo0pazoBa-
HUsL 00YCJIOBMIIM HEOOXOAMMOCTh KOPSHHOTO OOHOBJICHHUSI CUCTEMBI 00pa-
30BaHus, METOAOJIOT'MHU U TCXHOJIOI'MH OpraHU3allnun y‘leGHO-BOCHl/ITaTe.H])-
HOTO IpOIecca B yUeOHBIX 3aBECHISIX PA3IMYHOr0 THa. FIHHOBaIMOHHAS
HAaIpaBJICHHOCTH JIeSITEIbHOCTH ITPEeroiaBareiei, BKtoJyaromnas B ceds co3-
JlaHWe, OCBOCHHE M UCIIOJIb30BAHUE E/IarOrMYeCKUX HOBILECTB, BHICTYHAET
Cpe/ICTBOM OOHOBJICHHUS 00pa30BaTeIbHON MONUTHKH [2, . 229-232].

Bo-BTopbIX, ycuiieHne cojepikaHusi 00pa3oBaHusl, HEMPEPHIBHOE U3Me-
HCHUC 061)eMa, cocTraBa y‘leGHle JUCHUIIIIMH, BBCACHUC HOBBIX yqeﬁﬂmx
IpeZIMETOB TPEOYIOT MOCTOSIHHOTO [TOMCKA HOBBIX OPraHU3allMOHHBIX GOpM,
TEXHOJIOTUH 00yueHusl. B TaHHOW CHTYyallMu CYIIECTBEHHO BO3PAcTaeT PoJib
U aBTOPUTET NeJaroruyeckoro 3HaHus B Mearoruuecko cpese.
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B-TpeTbux, n3MeHeHHe XapakTepa OTHOUIEHMs IpernojaBareiei K ca-
MoOMY (aKTy OCBOCHHSI M MPUMEHEHHMs Melaroruieckiux HosuecTB. B yc-
JIOBUSIX JKECTKOM perilaMC€HTallu COACPIKAHUA y‘Ie6HO—BOCHI/ITaTeJ'ILHOFO
npolecca IpernojaBaresib OblI OrPaHUYEH HE TOJBKO B CAMOCTOSTEIILHOM
BBIOOPE HOBBIX NPOrpamMM, yUeOHUKOB, HO M B UCIIOJIb30BAHUH HOBBIX IPHU-
€MOB U CIIOCOOOB NeJaroruyeckoi JesrenbHOCTH. Ecin paHblile MHHOBa-
IIUOHHAs JI€ATEJBHOCTh CBOJMIACH B OCHOBHOM K HCIIOJIb30BAaHUIO PEKO-
MEHIOBAaHHBIX CBEpPXy HOBILECTB, TO cedyac OHa mpuodOpeTaer Bce Ooliee
U30MpaTeNbHbIH, NCCIIe0BaTeIbCKUIT Xapakrep. IMEHHO 03TOMY BasKHBIM
B O6pa3OBaHl/II/I CTAHOBUTCA aHAJIM3 U OLICHKA BBOAUMBIX IPEIoJaBaTCIIMUu
MeJarorn4eCcKuX WHHOBAIMM, CO3/1aHUE YCIOBUM ISl UX YCIICIIHOW pa3pa-
OOTKH W IIPUMEHEHHSI.

B-ueTBepThIX, BXOXKICHUE 00pa30BaTe/IbHBIX yUCOHBIX 3aBE/ICHUH B PbI-
HOYHBIC OTHOHICHHUS, CO3/JTaHUC HOBBIX THUIIOB y‘Ie6HLIX 38.BelleHHl7[, B TOM
YHCIIe U HErOCYIapCTBEHHBIX, CO3AI0T PeabHYI0 CUTYaIUIO X KOHKYPEH-
TOCIIOCOOHOCTH.

HNuHoBaUMOHHAS IeSITEILHOCTH

HTor ”HHOBAIIMOHHOM JEATENHHOCTH — MOJIENb (TIOPTPET) BBIMTYCKHHUKA
y4eOHOro 3aBeicHUs. JTO, B MEPBYIO OYepe/lb OOIICUCTIOBCUCCKUC U JINY-
HOCTHBIE Ka4eCTBa.

OO6uieyenoBeYecKre KauecTBa: TEOpPETHYEeCKas M HWHTEJUIEKTyalbHast
3peNIOCTh, CAMOCTOSATEILHOCTh B PEIIICHUU U BBIOOpE 00pasa JIeiicTBHiA, OB-
JIaACHUEC CBOMMMU I1IO3HABATCIbHBIMHU HpOHeCCﬁMl/I, aprMeHTaHl/Iﬂ U J0oKasa-
TEJIbCTBO UCTUHHOCTHU Cy)KHeHHﬁ, Kpl/ITl/I'-IHOCTI) MBIIIJICHHUA, CHOCO6HOCTI)
K TMO3HAHUIO OOIIMX 3aKOHOB MPHUPO/IbI M OOIIECHUIO, HAYyYHOES MHPOBO33pe-
HHC, TBOp‘-leCKaH AKTHUBHOCTbD.

JIMYHOCTHBIC KaYeCTBAa: COIMAIbHAS 3PEI0CTh, OCO3HAHUE CEOs YICHOM
00I1IeCTBa, 0CO3HAHUE U KPUTHYCCKOE OTHOIICHHE K cede, MpodecCHOoHaIb-
HBIE MHTEPECHI, MPOPECCHOHAIBHOE CaMOOIPEICICHHE, OTKPBITHE CBOEIO
BHYTPEHHETO MUPA, OCO3HAHUE CBOEH MHJMUBUIYAIbHOU LIEIOCTHOCTH, I10-
Tpe6HOCTI) B [TIOUCKE CMbICJIA ) KU3HU.

I[J'I)I paCKpLITl/Iﬂ IIOTCHIMAJIa BCEX y‘laCTHI/lKOB negarorudycCKoro HpO-
necca, HeO6XO[ll/IMO CO3JaHHuE BCEX yCJ'IOBI/Iﬁ JJIs1 TTIOBBILLICHUSA MOTHUBALlUU
U [IPEIOCTABICHHE BO3MOYKHOCTCH MIPOSIBIICHUS] TBOPUYECKUX CIIOCOOHOCTEH.
Perienue 3THX 3a1a4 HEBO3MOXKHO 0€3 OCYIICCTBIICHUS BAPUATUBHOCTH 00-
pa30BaTeIbHBIX MPOILIECCOB, B CBS3H, C YeM IMOSBIIIOTCS Pa3IHUYHbIC HHHO-
BaIlMOHHBIC THITBI U BUJIbI 00pa30BaTENIbHBIX YUPEXKICHUH, KOTOpbIE TpeOy-
FOT IIIyOOKOTrO Hay4YHOT'O M IPAKTHYCCKOTO OCMBICICHHS.
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Pesiome

3aa4um, OCTaBJICHHBIE B JAHHON padoTe pelieHbl, FUI0Te3a, BbIABUHY-
Tasi HaMH, OATBEPKIeHa. Ha 0CHOBaHMM BCETO BBIIICU3IIOKEHHOTO MOYKHO
c/ienaTh BBIBOJ, UuTO ueM OoJblie B PecyOnuke benapyce OyayT ucrnosb3o-
BaThCs Me1arorMuecKue NHHOBALMK, TeM 0oJiee pa3BUTHI OyayT 00y4aromiu-
€Csl 1 O3HAKOMJICHBI C IPOLECCAMU BHEAPEHUSI MHHOBAIMH PYKOBOJUTENH U
IpenoaaBarely.

B xo71e npoBe/ieHNs HCCIIEI0BaHUS B JAHHOW pab0Te M OCMBICIICHHUS €T0
pe3yJIbTaTOB HAMETUIIMCH HOBBIE TIPOOJIEMBI, CPE/IM KOTOPBIX: JajbHeilnee
TEOPETUKO-METO/I0JI0IMYECKOE UCCIIeJ0BAaHHE NHHOBAIMOHHBIX IPOLECCOB
B 00pa30BaHUM, a TAK)KE KOMIIOHEHTOB CHCTEMBI YIIpaBJICHHS HHHOBALIMOH-
HBIM Y4€OHBIM 3aBE/ICHHEM.

3akioueHHe

Takum oOpa3om, 0Opa3zoBaHHe 110 CBOCH CYTH YKe SIBIISIETCS HHHOBAIIU-
eil. [IpumMensist pa3Hble 1O CBOCH CyTH TEXHOJOTMU B HHHOBAIIMOHHOM 00-
YUEHHH IperofiaBaTesb JeaeT npolecc OoJiee MOIHBIM, HHTEPECHBIM, Ha-
ChllleHHBIM. [Ipy mepeceyeHuH pa3iIMYHbBIX MPEAMETHBIX oOnacTed Takas
HHTErpanus MpocTo HeoOxomuma it (HOPMHUPOBAHUS IEIOCTHOTO MUPO-
BO33PEHUSI U MUPOBOCIIPHSTHSL.

Jlureparypa

1. Pyuaesckas, E. [lenarorudeckue cpeactsa nHGoOpMaTu3anum yaeOHOro
3aBeneHus: MoHorpadus, 2005. ISBN 985— 67254- 06- 2.

2. Upipensuyk, H. MHxeHepHO-TIegarornueckoe oOpa3oBaHue Kak crpare-
THYECKUI pecypc pa3BUTHs NPO(HECCHOHAIBHOM HIKOIbI: MOHOTpadus,
2003. ISBN 985- 622- 27- 2.

3. Ieipensuyk, Aukyna C., Pyuaesckas E. Kynsrypa nenoBoro maptHep-
cTBa B npodeccruoHanbHOM oOpasoBanuu: MoHorpadus, 2011. ISBN
978—985- 526- 127- 9.

INNOVATIONS IN PUBLISHING, PRINTING AND MULTIMEDIA TECHNOLOGIES 2019 | 117



DEVELOPMENT OF THE OCCUPATIONAL STANDARD
FOR THE GRAPHIC TECHNOLOGIES, MEDIA
AND ADVERTISING SECTOR

Sajek D.
Kauno kolegija

Abstract

A crucial factor for the development of the national economy and for the
growth of competitiveness is the qualification of employees that meets the
needs of the labour market. Competitive specialists of various areas and
at different qualification levels of are the guarantee of the business world,
generating local and global breakthroughs at the level of individual com-
panies and nationwide. To achieve this goal, the Lithuanian Qualifications
Framework (LTQF) has been developed on the basis of the European Quali-
fications Framework (EQF). LTQF is a set of qualifications that meets the
needs of the country’s operational system and its employees. The purpose
of the National Qualifications Framework is to harmonize the needs and
objectives of business and education system in order to ensure optimal
results, while improving training of the workforce and increasing the ef-
ficiency of education services.

The qualifications framework is based on occupational standards at na-
tional level, developed for the appropriate economic sectors of the coun-
try. A sectoral occupational standard is a formal agreement between the
world of work and the education system, which is vital for employers,
educational institutions, learners and employed persons in terms of de-
velopment and implementation their professional career expectations.
Occupational standards enable to define the qualifications of economic
sectors using uniform principles and to establish links between levels of
qualifications. Furthermore, the occupational standards are an important
milestone in the process of acquisition, evaluation and recognition of qual-
ifications [1].

Professional standards are drawn up through social dialogue with experts
from the economic sector and the education system, respectively. When
preparing a list of qualifications and their descriptions, it is important to
assess the actual current situation in the economic sector, the expectations
and interests of all social partners, the strategic needs of the society and
the long-term perspectives.
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This article provides a brief analysis of the sector of graphic technologies,
media and advertising, the process of qualification research and the list of
qualifications for the sectoral occupational standard.

Key words: national qualifications framework, occupational standards,
qualification, competence, labour market, economic sector.

Definition and structure of the graphic technologies, media and advertis-
ing. The graphic technologies, media and advertising sectors cover a wide
range of activities related to design and publication of printed and modern
electronic media (media) and advertising products — design, production, ser-
vice provision, management and development. The following activities are
included in the classification of economic activities NACE 2 in the graphic
technologies, media and advertising sectors: Section C (Manufacturing): Di-
vision C18 — Printing and reproduction of recorded media; Section J (Infor-
mation and Communication): Division J58 — Publishing activities, Division
J59 — Motion picture, video and television programme production, sound
recording and music publishing activities, Division J60 — Programming
and broadcasting, Division J63 — Information Service Activities; Section M
(Advertising and Market Research): Division M73, Group M73.1 Activi-
ties: Advertising Agencies (Group 73.11) and Media Representation (Group
73.12) [2].

Using the methodology for the development of an occupational standard
[3] and analysis of the main activities of the sector, the types of services
provided and the types of output produced, the economic sector has been
divided into three sub-sectors:

1. Graphics and publishing;

2. Media;

3. Advertising.

The activities of all these subsectors are closely interrelated.

Taking into account the logics of processes, the graphics and publishing
subsector consists of two parts. Typical graphics activities common for this
part of a subsector include printing processes, covering printing processes
in printing companies, printing of books, brochures, newspapers, maga-
zines, packaging, promotional, informational, special, and other products
using different printing technologies as well as post-printing and finishing.
Creative processes that encompass a part of the publishing process include
printed and published media production, graphic design, layout, editing
and other activities. Some publishing activities, such as book publishing,
are related to printing activities except digital book publishing. The other
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part such as the publishing of newspapers and magazines, is closely related
to the activities of both the printing and the media sub-sectors, which are
characterized by the variability of publishing information and the expedi-
ency of presentation and the ability to print and publish content in digital
information sources.

Activities specific to the media subsector are classified according to type
of media: print media, television, radio, and the internet. The media subsec-
tor is characterized by journalism activities such as collection, processing
and provision of written, video, audio and other information. This subsector
also includes the production and design of video and television programmes,
sound recording, television and radio programming and broadcasting, and
other activities.

Activities related to the creation, production and publication of advertis-
ing in publications, radio, television, the internet and other media, digital
and printed media are common to advertising sector. Promotional items are
exhibited in various indoor and outdoor stationary and mobile objects, in the
interior and exterior of buildings, etc.

Qualification research in the sectoral enterprises. Typical activities in
the graphics, media and advertising sectors are carried out in printing and
publishing houses, advertising and media companies such as television, ra-
dio, news agencies. The qualifications, positions and occupational activities
of the graphic technologies, media and advertising sectors were investigated
in Lithuanian companies selected on the basis of the occupational stand-
ard methodology [3]. The qualification research covered large, medium and
small-sized enterprises in the sector chosen. A number of the employees, the
specifics of activity, the nature of the products produced, as well as the tech-
nical and technological excellence and the organization of advanced produc-
tion were taken into account while selecting the companies.

Two large enterprises in the economic sector were chosen for the quali-
fication research, where specialists of narrower specialization prevail, yet
with higher qualifications, alongside with 8 medium and 20 small compa-
nies. In total, 30 companies in the sector have been investigated in terms of
qualifications, positions and professional activities.

During the qualification research in the companies, the analysis of in-
ternal company’s documents such as a list of positions and their descrip-
tions was carried out. In addition, information on activities specific to the
economic sector was provided in national and international documents: the
Lithuanian Classification of Occupations (LCO) [4], the International Stand-
ard Classification of Occupations (ISCO) [5], the European Classification of
Skills, Competences, Qualifications and Occupations (ESCO) [6] as well as
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documents on studies and vocational training alongside with the list of posi-
tions and descriptions provided by companies.

To determine the content of positions’ description, the following meth-
ods of document analysis, workplace and company level expert survey were
used. Having analysed the lists of occupations and their descriptions provid-
ed by LCO, the lists of occupations and the descriptions which can be found
in the sector and, consequently, an initial list of occupations was drawn up.
On the basis of the data obtained from the economic sector and company-
level experts, the list was revised to determine which occupations are found
in companies under the same title as the occupations that the world of work
consider as ‘narrow’ ones covering one occupational activity (position), or
vice versa, which of the occupations are relatively ‘wide’ ones according to
the Lithuanian Classification of Occupations, that cover several professional
activities. The initial list of occupations was refined with representatives
from the companies to determine the relevance of the occupational activity
and the actual data on occupations and positions held.

Having analysed the descriptions of the occupations found in the enter-
prises, the goals of the professional activity were formulated and the fields
of professional activity were defined. The objectives of the occupational ac-
tivity and the fields of activity were defined having summarized the objec-
tives and duties of the position held as described in the related positions’
descriptions or by splitting the elements of the different occupations. In the
world of work, it is not occupations, but positions that are chosen as the
starting point for the occupational standard.

Additional data on the positions, their functions, subordination, specific
requirements, qualification upgrading opportunities were collected during
the company expert survey. The workplace-level expert survey enabled to
identify areas of activity and tasks for specific job positions, the competenc-
es and limits required for these positions, as well as to carry out analysis
of workplace, and determine specific requirements for working conditions.
After the analysis of the workplace of the particular occupational activity,
the technical and technological characteristics of the workplace (techniques,
technologies, equipment) were defined. Furthermore, it was identified provi-
sion of managerial, technical or legal documentation, development of the in-
frastructure, occupational safety measures applied and the key competences
and their level, and requirements for employee health. The research data
were summarized by completing tables of qualification research.

Research on the sectoral specialist training. Specialists in graphic
technologies, media and advertising sectors require a wide range of knowl-
edge and skills, creativity in solving complex tasks in a constantly chang-
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ing environment, and the application of modern production and information
technologies. The processes of publishing, advertising and media product
creation and publication require complex knowledge from different fields,
i.e. artistic, technical and humanitarian training. Modern media industry
need skilled professionals capable of working with digital technologies,
possessing excellent knowledge of Lithuanian and foreign languages, infor-
mation literacy, creativity, knowledge of materials science alongside with
general and special skills.

Specialists in graphic technologies, media and advertising are trained in
Lithuanian vocational schools, colleges and universities. Currently, there are
more than 20 IV level training programmes directly related to the qualifica-
tions of the sector in vocational education and training schools. The most
popular of them are: Electronic Publishing Layout Designer, Multimedia
Service Provider, Advertising Organizer and others. [7].

Level VI specialists in this sector of the economy are trained in colleg-
es that offer about 15 professional Bachelor programmes, such as Graphic
Technologies, Advertising Technologies, Photography, Multimedia Tech-
nology, Multimedia Design, Graphic Communication Design, Advertising
Management, and others. Currently, Lithuanian universities provide about
15 undergraduate study programmes to train VI level specialists — Publish-
ing and Advertising, Journalism, Lithuanian Philology and Publishing, Film
Directing, Photography and Media Art, Packaging and Press Engineering,
etc.

Level VII specialists are trained in Master Degree Programmes such as
Graphic Communication Engineering, Journalism and Media Industries,
Advertising Management, Publishing, Media and Communication, etc.

The data provided show that the training of specialists in all subsectors
and qualification levels of the graphic technologies, media and advertising
sectors according to the description of the Lithuanian Qualifications Frame-
work [8] is widely developed in Lithuania. The training of specialists of VI
level and VII level is concentrated mainly in Vilnius and Kaunas higher edu-
cation institutions. Although a majority of vocational training programmes
are implemented in Vilnius and Kaunas, yet a significant number of pro-
grammes are realised in Klaipéda, Ukmergé, Alytus and other towns.

Having analysed the compliance of qualifications awarded by vocational
education and training and study programmes with the needs of the business
world, it has been noted that a majority of the programmes respond to busi-
ness needs and expectations. In addition, it should be noted that the needs of
the business world are constantly changing, thus the flexibility of vocational
training and study programmes is inevitable.
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In the course of the preparation of the occupational standard and the
qualification descriptions, the data on study programmes and training as well
as the research on qualifications in the enterprises were used as a source for
the sectoral qualification study to define the areas of activity and compe-
tences identifying the level of their qualification and limits.

Development of the qualifications and their attribution to the graph-
ic technologies, media and advertising sector. The analysis of the occupa-
tional activity is the basis of the national occupational standard, therefore a
sectoral qualification list is designed based on the data. Qualifications may
correspond to one or more professional activities. While analyzing and sum-
marizing the main areas of activity, qualification units are formed that in-
clude specific and realistic combinations of competencies (operational func-
tions). Identification and description of the competences is a very important
task of the analysis of occupational activity. Having identified the cognitive,
functional and general competencies necessary for the specific activity and
the limits of these competencies, the level of competencies is determined.
Qualifications are assigned to LTQF / EQF levels on the basis of the descrip-
tion of the Lithuanian Qualifications Framework and a description of the
qualification levels, assessing the independence, complexity and change of
the activity [8, 9].

The graphic technologies and publishing subsector is broad, covering
manufacturing (printing and related processes) and publishing (pre-pub-
lishing and publishing processes) activities. Large, medium and small-sized
companies belong to this subsector, thus the qualifications of the existing oc-
cupations in the enterprises and their coherence in the context of the compa-
nies’ activities were taken into account in the development of qualifications.

Synthesis of professional activities (such as the activities of a multimedia
technologist, media manager) prevail in the media subsector. The occupa-
tional activities of this subsector are characterized by a wide range of skills
i.e. media professionals often need creativity, artistic, technical and social
skills. There is also a synthesis of a variety of professional activities that are
common to a single qualification in the advertising subsector e.g. advertis-
ing manufacturer or photographer. Small businesses dominate in this sub-
sector resulting in broader employee engagement in occupational activities
with more competencies.

Key qualifications in the graphic technologies, media and advertising
sectors (Table 1) are attributed to three subsectors, yet the attribution of
some qualification to one subsector is relative. Qualifications such as pho-
tographer, media manager or graphic designer are found in all subsectors.
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Table 1. List of qualifications of the graphic technologies,

media and advertising sector

) ) Level of qualification
Qualification .
according to LTQF / EQF
Graphic technologies and publishing subsector
Layout editor v
Graphics technician v
Digital press operator v
Printing plate technician v
Printing technician v
Layout designer v
Printing equipment mechanic v
Printing production supervisor A%
Graphic designer VI
Language editor VI
Printing production manager VI
Printing production business manager VI
Graphic technologist VII
Graphic process manager VII
Media subsector
Photographer v
Multimedia technician v
Video and audio operator v
Photographer v
Video and audio system technician A"
Multimedia technologist VI
Producer VI
Film director VI
Media editor VI
Media manager VI
Journalist VI
Media editor VII
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Advertising subsector
Manufacturer of visual advertising v
Advertising technologist VI
Advertising business manager VI
Advertising process manager VIl

Conclusions. Modern graphic technologies, publishing, media and ad-
vertising market — state-of-the-art and dynamic creative media industry — re-
quires qualified professionals capable of working with digital technologies,
demonstrating excellent knowledge of Lithuanian and foreign languages,
information literacy, creativity, knowledge of materials science, and other
general and special skills. The sector is characterized by rapid deployment
of up-to-date technologies, application of innovations, use of new materials,
techniques, specialized software and change. All these factors determine a
need for higher VI-VII level qualifications in order to ensure the success of
the economic sector.

Sectoral occupational standard, as an agreement between the business
world and the education system, will benefit businesses in order to inform
education system on specific requirements for professionals and executives
of training and study programmes who will have a specific milestone in
developing, implementing and updating programmes. Undoubtedly, an oc-
cupational standard is important for individuals planning to study or develop
their careers in the media industry. In order for this agreement to be relevant
and comply with actual needs of the social partners, the occupational stand-
ard must be updated at least every five years.
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OB30P MNPUMEHEHUA HEMPOHHDbIX CETEU

Csuto UJ1., Cento A.U.
benopyccknin rocygapcTBeHHbI yHUBepCuTeT
MHOOPMATUKIN N PABNONIEKTPOHUKN

Abstract

This article presents a review of neural network usage in various areas of
human activities. The article describes various areas of neural network
applications and achievements. A particular focus is placed on the usage of
these technologies in the field of the object segmentation image, semantic
text analysis, etc.

Key words: HelipoHHble cemu,, pekyppeHmHsle HelipoHHble cemu (Recurrent
neural network (RNN). [epuenmpoH, ceemeHmauyus 06veKkmos Ha u3obpaxe-
Husax; CeMaHmuyeckul aHaau3 mekcma; pacno3HasaHue peyu.

BBenenune

Knaccudukanuus HelipoHHbIx ceteil. HeliponHsle cetn — 310 cBOoeoOpas-
Has UMUTalus HEKOTOPBIX BUJIOB MO3IOBOM JACATCIIBHOCTU. C ux IIOMOIIIBIO
MOJKHO pelllaTh TaK Ha3bIBa€MbIE «HEUETKUE 33aa4i» — PAaclio3HaBaHMS 00-
pa3oB, peuH, PyKOIIMCHOIO TEKCTA, BBIBICHUS 3aKOHOMEPHOCTEH, KJIacCH-
(uKanuu, MPOrHo3upoBanust U T.0. [1-6]. MOKHO NMPOBECTH CIEAYIOIIYIO
KJ1acCU(UKALNI0 HEHPOHHBIX CETEH:

HeiipoHHble ceTH KIacCU(PHUUUPYIOTCS MO CIEAYIOIUM BUaaM o0yde-
HU:

1. HelfpOHHBIE CETH MPOXOsIINe 00yYeHHE C yUUTEIEM;

2. HEWPOHHBIC CETH MPOXOISAIINE 00yUYeHUE Oe3 yUUTEIs.

HeiipoHnHble ceTu Tak e AENSITCA Ha CIEeYIOlIUe TPYIIbl C yYeTOM Ha-
cTpoiiku BecoBbIX Kod(duirenToB. C (PUKCHPOBAHHBIMH CBSI3SIMH, Beca
KOTOPBIX BBIOMPAIOTCSI 3apaHee MCXOAS W3 3aJaud U C AUHAMUYECKUMH
CBA3SIMH, KOTOpBIE NIEPECTPAUBAIOT CBOM Beca B MpOIecce 00yUeHus.

I1o TUITY BXOJHBIX JaHHBIC CCTU TAK K€ ACIATCA Ha CETU C AaHAJIOTOBbI-
MM BXOIHBIMM JAHHBIMH, KOTOPbIe IIPE/ICTaBICHBI B BUAE ACHCTBUTEINb-
HBIX YHCCJI U JBOUYHbIC, I/IH(l)OpMaLII/IH KOTOPBIX MNPCACTABIIACTCA B BUAC
HyJied ¥ equHull. Ha naHHbIA MOMEHT Halle BCEro MCIOJIb3YHOTCS Cleny-
FOIIME MOJIENI HEUPOHHOM CETH:
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Pucynox 1. Knaccugurayus netiponnvix cemeti

1. CeTn mpsiMOro pacnpocTpaHeHHsI — BCE CBSI3U ITOH CETH UMEIOT
CTPOTro€ HAIPaBJICHUEC OT BXOJAHBIX HeﬁpOHOB K UX BBIXOJaM. Cpezud TaKux
ceTed XO4YeTcsi OTMETHTh: NMPOCTEeHIINii MepcenTpoH, aBTOPOM KOTOPOTO
siysieTcst @pIank Po3eHOaaTT 1 MHOTOC/IOHHBI MepcenTpoH.

2. PekkypeHTHBIE HelipOHHBIE CETH — JJaHHBIE C BHIXOJHBIX HEHPOHOB
WM U3 CKPBITOTO CJIOS TIEPEJA0TCsl YACTUYHO 00paTHO Ha BXOJHbIE HEipo-
HBI.

3. Paguanbno-6a3ucHble GyHKUMU — 3TO HEHPOHHAS CE€Th, B OCHOBE KO-
TOpOﬁ ABJISICTCA HAJIMYUC CKPBITOI'O CJIOA U3 paaraliIbHbIX 3JIEMCHTOB U BbI-
XOJIHOTO CJIOSI U3 JINHEWHBIX AJIEMEHTOB. Takue CeTH JI0BOJIbHO KOMITAK-THBI
1 o0yuarorcs 10cTaToyHo ObicTpo. PagnanbHo-0a3ucHast CeTh M0JIb3YeTCs
CIIEAYIOIIMMH YHHUKAJIbHBIMHU CBOICTBAMH: OMH CKPBITHIN CIIOH, HEHPOHBI
TOJIKO CKPBITOTO CJIOSI MIMEIOT HEJTMHEHHYI0 (PyHKIIUIO aKTUBALUK U CHHAII-
THUYECKHE BECA CKPBITOTO U BXOJAHOI'O CJIOCB SABJIAIOTCA eﬂHHHHeﬁ.

4. Camoopranusyomuecsi kaprsl win Ceru Koxonena — 3tot kiacc
ceTell 00bIYHO 00yuaeTcst 0e3 TTOMOIIHM YUUTENS U 4acTO IIPUMEHSETCs B 3a-
Jlayax CBs3aHHBIX C paclo3HaBaHUeM M300paxkeHui. Takue ceTH crocoOHbI
OIMpPECACIATh HOBBIC 2JICMCHTBI BO BXOJHBIX JaHHBIX. Cetb Koxonena nmeer
BCEIO aABa CJI04: BLIXOHHOﬁ u BXOHHOﬁ, COCTAaBJIEHHBIN U3 paguaJbHBIX 3JIC-
MCHTOB.

UYro Takoe peKyppeHTHbIC HEHPOHHBIE ceTH? PexyppeHTHbIe HeHpPOHHbIE
ceru (Recurrent neural network; RNN) (puc. 2) — 310 ceTH, T/1e CBSI3H MEX-
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Iy d7eMeHTaMM 00pa3yloT HallpaBICHHYIO [OCIENOBaTelIbHOCTh. biaro-
Jiapsi STOMY MOSIBIISIETCSI BO3MOXKHOCTh 00padaThIBaTh CEPUU COOBITHH BO
BPEMEHU WM TOCJIEJ0BaTeNIbHbIE MPOCTPAHCTBEHHBIE LEMOYKH. B oTnu-
q1e OT MHOTOCJIOWHBIX MEPIENTPOHOB, PEKYPPEHTHBIE CETH MOT'YT HCIIOJIb-
30BaTh CBOIO BHYTPEHHIOIO MaMATh JJIsi 00paOOTKH MOCIIEN0BATEIbHOCTEN
npousBosibHON JuinHbL. [ToaToMy cetu RNN npumenumel B Takux 3ajadax,
KaK paclo3HaBaHUE PYKONMCHOIO TEKCTa MJIM paclo3HaBaHUe peud. B mo-
ciie/iHee BpeMsi HanOouiblliee pacripoCTpaHEHUE MOJMYYHMIH CETh C JIONIro-
BpPEMEHHOU W KparkoBpeMmeHHOW mnamateio (LSTM). BepositHo, mepBoit
RNN 6bu1a cets Xondunga (Brepseie ynomsnyta B 1974 roay), kotopas
peanu3oBbIBasIa Ha MpakTHKe S4elKy accouuaTuBHO mamstH. OT coBpe-
MeHHbIX RNN oHa omiinyaeTcst Tem, 4To paboTaeT ¢ Mociie10BaTeIbHOCTSIMU
(UKCHPOBaHHOTO pazmepa.

Pucynox 2. Pexyppenmmoie cemu

Kak pabotaer netiponnas cems? TIpocThie HEUPOHHBIC CETH TOTYYHIH
OOJIBIIYI0 TMOMYJSIPHOCTh B TMOCHCAHUE IECATKHA JieT. Mx marema-
THYECKasi MOJIC/Ib YCIICIIHO CTPOUT aHAJOTHMHM MEXIy paboTol HeHpoHa u
nepuenTpoHa (cM. puc. 3) — KOMIBIOTEPHON MHTEpHpETAli HEHpoHa U
MO3BOJISIET CO3/1aBaTh CJIO)KHBIE CHUCTEMbI IO PACIIO3HABAaHHUIO CUTHAJIOB,
3ByKa, Pe4M U U300pakeHHH. DTO MO3BOJIMIIO UCIIOIb30BaTh UX B CUCTEMax
pacIio3HaBaHUs MOYEPKA NPU aHAJINU3E YCKOB B OAHKOBCKUX M ILIATEXKHBIX
CHCTEMax U JIa)Ke B Ka4eCTBE PacliO3HABATENsI PYKOIIMCHBIX a/IPECOB.

Xi

Pucynok 3. Cmpykmypa nepyenmpona 6 HeuponHou cemu
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Hecmotpst Ha cxoxkecTh B paboTe C 4elloBEeYeCKHM MO3rOM, HEHPOHHBIE
CCTH B HUX 06H_leM BUAC MO-TNIPCIKHEMY HC CIIOCOOHEI peuiatb HEKOTOPbIC
crienu(rUecKUe 3a/1aud aHajiu3a U Paclo3HABaHMUS, B YACTHOCTH, 3a/1au
HaX0XXACHHA TCMbI U TOHAJIBHOCTH TCKCTA.

Kak BHIHO, IepLenTpOH IPUHUMAET HECKOJIBKO BXOIHBIX CHUT'HAJIOB (OH-
TOB MH(OpMaLKK, HKCeIel), CBOM BeCc M IPpU MOMOIIU (yHKIIUU aKTHBA-
[[1H ITpeoOpas3yeT Bce BXO/HBIC JAaHHBIC B OJIMH OTBET, KOTOPBIN MoJaéTcs Ha
BBIXOJ] JIN0O nepenaéres ApyruM nepuentpoHam. /lanHast MOeNb OTIIMYHO
paboraet, Koria HaM HEeOOXOAMMO OLEHHUTh KaKyl-TH00 BEpOsITHOCTD (Ha-
puMep, PUHAIISKHOCTh PYKOIIMCHOTO CUMBOJIa ONpeieiéHHOMY andaBu-
Ty WM BEPOATHOCTH TOTO, YTO 3aéMIIUK BEPHET BBIJIAHHBINA eMy KpeIuT),
ofIHaKo He (P PeKTHBHA, HAPUMEp, IPU CEMAaHTHYECKOM aHaJHM3€ TEKCTa.
CBs13aHO 9TO C Te€M, UTO JaHHAs MOJENIb HEHPOHHOU ceTu He obnanaer mna-
MSATBHO.

[IpuMeHeHne COBpEMEHHBIX HEHMPOHHBIX CETed JUIsl CerMeHTauu 00b-
€KTOB Ha M300paKeHUsIX. TeXHOJOrMH KOMIIBIOTEPHOTO 3PEHUS IPUMEHSI-
FOTCSl JUIsl pAacIIO3HABAHUSI JIMLI, NEIIEX0/I0B, OOBEKTOB, /Ul MEIHLIUHCKOTO
aHajM3a, HABUTAllMM aBTOHOMHBIX aBTOMOOWJIEH u B apyrux cdepax. B
3ajaue PacIo3HaBaHUS 00pPa3oB 0COOOro ycmexa AOCTUINIM CBEPTOUHbBIE
Heiiponnslie cetn (Convolutional Neural Networks; CNN). C nosiBnennem
OoubIInX 0a3 N300paKeHHH CTaI0 BO3MOXHBIM 00y4aTh HEWPOHHBIE CETH C
OOJIBIINM YUCIIOM CKPBITBIX CIIOEB.

Knaccuueckux 3aga4 ayis CNN He Tak MHOTO. VX yCIOBHO MOXKHO pas-
JCJIUTh Ha 3 YPOBHA: OT CaMbIX HU3KOYPOBHEBBIX 3aJa4 OO CaMbIX BBLICO-
KOYPOBHEBBIX 3a]1au:

*  Omnpenesienne TPpaHHIl — 9TO camas HU3KOYPOBHEBas 3ajaya, JJis
KOTOPOW YK€ KJIACCHUCCKH MPUMEHSIOTCS CBEPTOUHBIC HEHPOHHBIC
CeTH.

*  OmnpenesienHe BeKTOPa K HOPMAJIH [103BOJISIET HAM PEKOHCTPYHPO-
BaTh TPEXMEPHOE M300paKCHUE U3 JIBYyXMEPHOTO.

e Saliency, onpenenenue 00beKTOB BHMMAHMSI — 3TO TO, Ha YTO
o0parni Obl BHUMaHKE YEJIOBEK ITPU PACCMOTPEHUH dTON KaPTUHKH.

¢ CeMaHTHYeCKasl CETMEHTAIMS TI03BOJISICT PA3JCIUTh OOBEKTHI HA
KJIACCHI 110 UX CTPYKTYpE, HUUETO He 3Hasi 00 3TUX 00BEKTax, TO €CTh
elle JI0 UX pPacro3HaBaHusl.

¢ CeMaHTHYeCKOe BBbIIeJeHHEe T'PAHUIl — 3TO BBIJCICHHUE TPAHHUII,
Pa30UTHIX HA KJIACCHI.

* Brblgenenue uacreii Tes1a yes10BeKa.
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U camast BBICOKOYpOBHEBas 3a/1a4a — paclo3HaBaHHe CAMHX 00bEKTOB.

MOoKHO IPUBECTH IIPUMEPBI HECKOJIBKUX HEUPOHHBIX CETEH I 3a1a4u
kinaccudukanun u3oOpakenuit, takux kak AlexNet, VGG16, ResNet,
CycleGAN, UNet, Mask RCNN.

AlexNet — cBepTOUHast HEHPOHHAsI CETh, KOTOPasi OKa3aja O0JIbIIOE BIIU-
SHUEC Ha pasBUTHEC MALIMHHOTO 06yquM;1, B OCO6€HHOCTI/I — Ha aJITOpUTMbI
KOMIIbIOTEpHOTO 3peHusi. CeTh ¢ OOJIBIINM OTPHIBOM BBIUTPalia KOHKYPC 110
pacnio3naBanuio n3oopaxenuii ImageNet LSVRC 2012. AlexNet conep-
JKUT BOCEMb CJIOEB C BECOBBIMU Kod(duuueHramu. [lepBble mire U3 HUX
CBEPTOUYHLIC, @ OCTAJIbHBIC TPU — MMOJIHOCBA3HLIC. Pe3yHbTaTI)I ITOKa3bIBAIOT,
4yTo OoJbILast, TIyOOKasi CBEpTOUHAsI HEHPOHHAs CETh CIIOCOOHA JI0OCTHUTaATh
PEKOPAHBIX PE3yJIBTaTOB Ha OYEHb CIIOKHBIX JIATACETax, MCIOJIb3Ys TOJb-
Ko o0yuenue ¢ yunteneM. AlexNet Obuia IepBoil pean3anueil CBepTOYHBIX
HEHUPOHHBIX CETEU U OTKPbLUIA HOBYIO 3Py UCCIEAOBAHUMN.

VGG16 — mozmens cBepTOUHOM HEHpoHHOI ceTu, mpemnokeHHas K.
Simonyan u A. Zisserman u3 OkchopacKoro yHuBepcureTa B cTarbe “Very
Deep Convolutional Networks for LargeScale Image Recognition”. Moneinb
Jocturaet TodHocTH 92,7% npu TectupoBanuu Ha ImageNet B 3agade pac-
NO3HaBaHUsl OOBEKTOB Ha M300pakKeHHU. DTOT JaraceT COCTOMT U3 Ooiiee
yem 14 MuutnonoB uzo0paxenuit. VGG16 — ofHa U3 caMbIX 3HAMEHHUTBIX
Mojesnelt, ornpapineHHbIX Ha copeBHoBaHue ILSVRC2014. Ona sBnsiercs
yiyulieHHol Bepcueil AlexNet, B KOTOpoii 3aMeHEHbI Ooubline (QUIBTPBI
(pa3mepa 11 u 5 B mepBOM 1 BTOPOM CBEPTOYHOM CJI0€, COOTBETCTBEHHO) Ha
HECKOJIbKO (DUIIBTPOB pasMepa 3x3, claenyromux oauH 3a apyrum. K coxa-
nenuto, cetb VGG uMeeT 1Ba cepbe3HbIX HeJoCTaTKa: 1) OueHb MeIJIeHHAs
CKOPOCTb 00y4YeHHsI; 2) cama apXUTEKTypa CEeTH BECUT CIIMIIKOM MHOTO (T10-
ABJISIIOTCS TPOOJIEMBI ¢ IUCKOM U MPOIYCKHON crocoOHOCThI0). HecMoTps
Ha HCAOCTAaTKH, AaHHAasA CEThb SABIACTCA OTIUYHBIM CTPOUTCIIbHBIM 0JI0KOM
JUIsl 00yUYeHHMsI, TaK KaK e€ JIETKO peain30BaTh.

ResNet — 510 cokpanienHoe HazBanue s Residual Network (oc-ioBHo
— «OCTaTo4Hasl ceTh»), HO uTo Takoe residual learning («octarounoe o0Oyuye-
Hue»)? [y0okue cBepTOYHbIC HEHPOHHBIC CETH MPEB3OIUTH YSIIOBCUCCKUN
ypoBeHb Kiaccudukanuu nzodpaxenuii B 2015 rony. Korna 6osnee rimydokas
CeTh HauMHAET CBOPAYMBATHCS, BO3HUKAET MPOOJIeMa: ¢ YBEJIIMYEHHEM IIy-
OMHBI CETH TOYHOCTh CHauaJIa yBEJIMUUBACTCS, @ 3aT€M OBICTPO yXY/IIACTCS.
CHMKEHHE TOYHOCTH O6y‘-IeHI/ISI IIOKa3bIBACT, YTO HC BCC CCTH JICI'KO OIITHU-
MU3upoBaTh. YTOOBI MpeonosieTh 3Ty mpobdiemy, Microsoft BBena riy6o-
KYI0 «OCTaTOUHYIO» CTPYKTYypy oOyueHus. Monenb ResNet nmeer MeHbie
¢uibTpoB U ciaoxHOCTh MeHblne, yeM ceth VGG. Cerb ResNet cxoaures
OBICTpee, YeM ee MPOCTOM aHaJIor, Ipu 3ToM Oosiee miyookue ResNet moctu-
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rafoT JIy4YIlIuX pPe3ysIbTaroB 00y4eHHs [0 CPABHEHHUIO C HEMTYOOKOH CeThIo.

CycleGAN — 5To THUI T€HEPATUBHO COCTSI3aTENbHON CETH, UCIOJb3Yye-
Mo# Jutst neperoca ctuiisi nzoopaxenus. CycleGAN M0OKHO 00y4YHTh KOH-
BEPTUPOBATh H300PAXKCHUS U3 OJHOTO JoMeHa (Hampumep, Fortnite) B apy-
ro#t, Harmpumep, PUBG.

UNet cuuraercs onHoil u3 cranaapTHbix apxutekryp CNN mms 3amad
CerMEHTAllMH M300pakeHHH, KOTrJa HY)KHO HE TOJIbKO OIPEAEIHTh KIacc
n300pa)keHUsl 1IEJTMKOM, HO U CETMEHTHUPOBATh €ro Oo0JIaCTH MO Kiaccy, T.
€. CO3/1aTh MacKy. APXUTEKTypa CEeTH NPEJCTaBIsIeT COOON MOCIIea0BaTelb-
HOCTb CJIOE€B, KOTOPbIE CHaYala YMEHbBIIAIOT MPOCTPAHCTBEHHOE pa3peliie-
HUE KapTUHKH, a IOTOM YBCJINYUBAIOT €ro, NpcaABapruTCIbHO 06])3[[HHI/IB C
JAHHBIMHU KapTUHKU M NPOMYCTUB Yepe3 ApYyrue ciou cBEPTKHU. TakuMm 00-
pa3om, CeTh BHINOJHSIET POJib CBOEOOpasHoro GuibTpa. ApXUTEKTypa CBEpP-
TouHO# cet UNet MOXKET MCITOJIb30BaThCs HE TOJBKO JJI CETMEHTAILIMU, HO
U JIJIsl IETCKTUPOBAHUS 00BEKTOB Ha M300PAKECHUSX.

Mask RCNN — ceTb ¢ Takoif apXHUTEKTYpO MO3BOJIET BBLAEIATH Ha
(doTtorpadusax KOHTYpbI (MACKH) SK3EMILISIPOB Pa3HBIX 00BEKTOB, JaXKe eClIU
TaKUX SK3EMILIAPOB HECKOJIbLKO, OHU UMEIOT pa3J'lPI‘leII>i pasMep 1 4HaCTUIHO
nepekppiBatoTcs. CeTh Tak ke CIocoOHa K paclo3HABAaHUIO 1103 JIOfe Ha
u3zo0paxxenun. Mask RCNN paszsuBaet apxutekrypy Faster RCNN mytém
no0aBieHus elé OJJHOM BETKM, KOTOpasl MpEeCKa3bIBaeT IO-JIOKECHUE Ma-
CKH, MIOKPBIBAIOIICH HAICHHBIN O0BEKT, M, TAKUM 00pa30M peliaeT yxe 3a-
Jady instance segmentation.

Takum 00pa3oM, cerMeHTalusi 0ObEKTOB OJHA M3IMEPCICKTUBHBIX chep
JUIsl pa3BUTHUSL HEMPOHHBIX ceTel. JIaHHYIO0 TEXHOJIOTUI0 MOXKHO UCIIOJIb30-
BaTh Ha JIOpOrax, B adpoIOPTax, Ha yJIULAX U T. 1.

IIpumenenue RNN npu ceMaHTHYECKOM aHAJIM3€ TEKCTA M PaCllO3HABa-
Huu peud. Ha npumepe pacniosHaBaHusl TEMbI TEKCTA 3TO MOYKHO BbIPAa3UTh
B CJEIYIONIEM: 4YHTas rnaparpad, Kaxaoe HOBOE MPOYMTAHHOE CIOBO MbI
BOCIIPUHUMAEM UCXOAA M3 KOHTEKCTa BCEX paHEC NPOYUTAHHBIX CJIOB. Hﬂﬂ
TOrO, '-ITO6])I YCHEIIHO BBIACIATH OCHOBHYIO TEMY TEKCTAa WM ONPCACIIATH
€ro MHTOHALIMIO, HEHPOHHOM CeTH He0OXOIUMO OIpeesIEHHBIM 00pa3oM 3a-
[IOMHUHATh PE3YJIbTAaThl aHAJIN3a NPEAbIIYIINX CJIOB U MPEUIOKEHUH, YTOOBI
UMETh KOHTEKCT, Ha KOTOPBIH MOXKHO Onuparbesi. TakuM 00pazoM, MOsiBH-
JIUCh MOAM(DUKALNN HEHPOHHBIX CETEH MO OOIIMM Ha3BaHUEM PEKYPPEHT-
ueie HeliponHble cetd (RNN — Reccurent Neural Networks). B wactHoctn
JUIsl aHAJIN3a TEKCTa UCIOJIb3YETCs Pa3HO-BUHOCTh PEKYPPEHTHON HEHPOH-
HOW ceTH — ceTb 10Jroi kparkocpouHoi namsiti (LSTM — Long Short Term
Memory). LSTM 06noku Moryt o0sa-aars OOJbIIUM YKCIOM BEHTHIICH, Of1-
HaKo 00Iasi CTPYKTypa MeplenTpoHa B OOLIUX YepTax OCTa&TCs TAKOU xKe.
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[ToMuMO OOBIYHOTO JTMHEHHOTO BXOJA U BBIXO/Ia PEKYPPEHTHBIE CETH TaK-
e 001aJ1al0T BO3MOKHOCTBIO «33a0bIBaTh)» HEHYXKHYIO MH()OpPMALUIO, YTO
yIy4IllaeT pe3yabTaThl aHATU3a.

Kaxplii niepuenTpoH B JaHHOW ceTH 00JialaeT BBIXOJOM Ha CaMoOro
cels1, uTO NpU pa3BEPTHIBAHUK CO3MAET IICMb HEHPOHOB, 3aIIOMHUHAOIIIX
pe3yNbTaThl aHAIKM3a Ipeabayux cioB. @opmaibHo, st LSTM, 1o gaét
BO3MOYKHOCTh HEWPOHHOH CeTH 00paTHTHCS K cede caMoi M TOJIyYUTh MH-
(opManuio 0 CMBICIOBOM M TOHAJIBHOM COJIEPXKAHUM MPEALISCTBYIOIIETO
TEKCTa B aHAJIM3UPYEMOM KOpITyCe.

LSTM apxutexTypa HEHpOHHBIX CETEH MO3BOJSET 3allOMHUHATH OYE€Hb
OoJIbIIINE KOHTEKCTHI HH()OPMALIUK U JIeIaTh BHIBOJIbI, OCHOBBIBAsICH HA CJIO-
BaX, yroTpeOIEHHBIX B CAMOM Hadase kopiyca. IMeHHO uX 3(eKTHBHOCTh
U OJM30CTh K aJITOPUTMaM PACIIO3HABAHUS TEKCTa YEJIOBEYECKHM MO3IOM
c/eJaNa UX OCHOBHBIM CPEJCTBOM CEMAHTHYECKOTO aHaJIH3a U aHaIu3a TO-
HajgbHOCTH TeKcToB. Ceituac RNN ceTu akTMBHO MCHOJIB3YIOTCS JIJISl Kilac-
cu]UKaIK KOpIyca TEKCTOB 110 TeMaM. Takke ceTH ClioCOOHBI OIPE/IeIUTh
SMOLIMOHAIIBHBIN TOH TEKCTa, €ro JIEKCHYECKYI0 HAIOJHEHHOCTh WU JJake
KOJIMYECTBO I0JI€3HOM MH(pOpPMAIMK B TEKCTE, 00y4asiCh Kak C y4UTENEM,
Tak u 0e3.

IIpuMeHeHue COBpEMEHHON HEHPOHHOM CETH IS MALIMHHOIO II€PEBO-
Ja. MaluHHBII NIEpPEeBOJ, IIOX0XK Ha S3bIKOBOE MOJEIMPOBAHUE IIOCKOIBbKY
BEKTOP BXOJIHBIX TapaMeTpOB MNPEACTABISAET COOOM MOCIeA0BaTEIbHOCTh
CJIOB Ha UCXOJHOM s3bIKE (HAIlpUMep, Ha MOIbCKOM). MBI XOTUM MOJIy4UTh
MOCIIEI0BATEIbHOCTh CJIOB Ha IEJIEBOM SI3bIKE (HApUMep, Ha PYCCKOM).
KiroueBoe paznuuune 3akIrodaeTcst B TOM, UTO MbI OJIYYHM 3Ty HOCIIeI0Ba-
TENBHOCTh TOJBKO MOCJE TOTO, KaK YBUJIUM BCE BXOJAHBIE MapaMeTpsbl, Mo-
CKOJIBKY TI€pPBOE CJIOBO HEPEBOJMMOr0 MPEIUIOKEHUSI MOXKET MOTpedoBaTh
uH(OopMaLU BCEH MMOCIIeI0BATEILHOCTH BBOIUMBIX CJIOB.

HecrangaprHele nmpuMeHEeHUs] HEHpOHHBIX cereil. Yuensie CTaH(Op-
Jla HeJIaBHO MpPUAYMaJH OYeHb HEOOBIYHOE NMPUMEHEHHE HEHpPOHHOW ceTh
CNN s mpeznckazanust OenHoctd. B Adpuke ypoBeHb OeaHocTH 3a-
HIKAJIMBAET 3a BCE MBICIMMBbIE U HEMBICIUMBIE ITpesensl. HeT BosMoxkHOCTH
cobupath colrajibHbIe AeMorpaduueckue aanHbie, a ¢ 2005 roga BooOIe
HET HUKaKUX JIaHHBIX O TOM, YTO TaM IIPOUCXOIUT. Y UEHbIe COOMPAIIH JHEB-
HBIE€ U HOYHBIE KapThl CO CITyTHUKOB M CKapMJIMBAJIM X HEHPOHHOH CeTH B
TEUeHHEe HEKOTOporo BpeMeHH. HelipoHHas ceTh Obula IpegHAcTpOEHA Ha
ImageNet, TOo ecTb nepBbie CiI0M (QUIBTPOB OBLIM HACTPOEHBI TaK, YTOOBI
OHa yMeJla PacMo3HaBaTh yXKe KaKue-TO COBCEM IPOCThIE BEIIH, HApuMep,
KPBIIIN JTOMOB, JJIS1 TIOMCKA MOCENEHHs Ha THEBHBIX KapTaxX. 3aTeM JIHEB-
HbI€ KapThl ObUIM COMIOCTABJICHBI C KAPTaMHU HOYHOI OCBEIIIEHHOCTH TOTO JKe
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y4acTKa IMOBEPXHOCTH ISl TOr0, YTOOBI CKa3aTh, HACKOIBKO €CTh JICHBI'H Y
HaceJIeHUs], 4TOOBI XOTsl Obl OCBELIaTh CBOM JIOMa B T€UEHHE HOYHOI'O Bpe-
MeHu. Heliponnast ceTb cocTaBuiia AOCTATOYHO TOYHBIMA IIPOTHO3, NAXKE C
HeOosbmKM cBurom ¢ 2005 roxa.

[IpumeHeHne HEWPOHHOW CeTH JUIsl CEeMaHTHUYeCKoW cerMeHTanuu 3D
HU300pakeHUil B MeAUIMHE. DTO 00JacTh, C KOTOPOIl OUCHb CIIOKHO pado-
TaTh U OHA aKTUBHO pa3BUBaeTcs. I 3TOr0 €CTh HECKONBKO MPUYNH:!

*  Ouenp Masio 6a3 naHHBIX. J{axe eciim ecTh KapTHHKA ITOBPEXIEHHO-

IO MO3ra, HY’KHO B34Th MEJIMKa 1 3aCTaBUTh €r0 BPYUHYIO pa3Melarhb
BCE MHOTOCJIOWHBIE M300pakeHHs, YTO OYEHb JOJT0 M KpaiiHe He-
3 PEeKTHBHO.

*  HyxHa oyeHb BbICOKasi TOYHOCTh M HAJIEKHOCTh CUCTEMBI. ECiu Mbl
HE PacIO3HAJIH OIMYXO0JIb, TO 3TO YK€ HE OYEHb XOPOIIIO.

* l300pakeHHsi B TPEXMEPHBIX JIEMEHTaX — BOKCEJSX, HE B IHKCE-
JSIX, YTO JIOCTABIISIET JIONOJHUTENLHBIE CIIOKHOCTH pa3paboTyrKaM
CHCTEM.

3neck HEHPOHHAs CETh MOMKET MPHUMEHSETCS Ui OINpeJesIeHUs IMOB-
peXJIeH mocie yaapa, A1 MOUCKA OIyXOJIU B MO3TY, B KapJAHOJIOTHU IS
OTIpeNieIeHNs TOTro, Kak paboTaeT cepale.

SaxroueHue. CyliecTByeT ele MHOKECTBO 00JIACTEH, Tl1e MOKHO TPH-
MEHSTh HEUPOHHBIC ceTH. [10sIBIIAIOTCS BCE HOBBIC CTapTAallbl B OJFDKakIiee
BpeMsi. J{J1st MHOTHX 3a/1a4, TAKUX KaK pacro3HaBaHue o0pa3oB, MoKa He co3-
JTaHO JTOMHMHHUPYIOLINX TOAX0M0B. MexXly TeM HEHPOHHBIE CETH yBEPEHHO
MPOAOKAIOT MPOHUKATH B HAIIY KU3Hb. MHOXKECTBO HaJIEk 1 B OTHOILICHUN
HEHPOHHBIX ceTeil CerofHs CBSI3bIBAIOT UMEHHO C amlapaTHBIMU peayn3a-
nusiMu. Ha ux pa3zpaboTKy TpaTtuTcs 3HaYUTEIBHOE BPEeMs, 32 KOTOPOE Mpo-
rpaMMHBIE peanu3allMy Ha CaMbIX MOCIEAHUX KOMIBIOTEpaX OKa3bIBAIOTCS
JIUIIb Ha TOPSIIOK MEHEee MPOU3BOAUTEIBHBIMY, UTO JIENAeT UCIOIb30BaHHE
HEWPOHHBIX TPOLECCOPOB HepeHTabenbHbIM. Ho Bce 3TO TONBKO BOMIpOC
BpEMEHU — HEUPOHHBIM CETSIM MPEACTOUT MPOUTH TOT K€ MYTh, IO KOTOPO-
My eIlle COBCEM HEJaBHO PA3BUBAINUCH KOMIIBIOTEPHI, YBEIUUUBAs CBOH BO3-
MOYXHOCTH M IIPOU3BOUTEILHOCTD, 3aXBaThIBasi HOBbIC C(ephl MPUMCHEHUS
M0 Mepe BO3HMKHOBEHHSI HOBBIX 3aJad M Pa3BUTHUS TEXHUYECKOW OCHOBBI
JUTSL X pa3pabOTKH.
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QUALITY CONTROL OF PRINTED PRODUCTS
BY IMAGE ANALYSIS AND PROCESSING

Tomig, I, Dedijer, S., Novakovi¢, D., Pin¢jer, I.
University of Novi Sad

Abstract

Controlling reproduction of printed products imply colour and gloss meas-
urement, as well as evaluation of secondary print quality parameters (re-
production of text and lines, sharpness, uniformity etc.). In the last decade
it was shown that the vast majority of quality attributes in printing could be
controlled by image analysis and processing. In this article we summarise
image processing methods for evaluating quality parameters in printing
and finishing, with the focus on the possible drawbacks and industrial solu-
tions.

Keywords: image processing, quality attributes, printing, quality control

Introduction

The perceived quality of printed products depends on many parameters
usually termed quality attributes [1]. These attributes include colour, gloss,
uniformity of large areas, contrast, sharpness, artefacts etc.

Colour and gloss, as well as the print contrast, can be objectively char-
acterised by measuring devices — densitometers, colourimeters and spectro-
photometers for colour measurement; gloss meters for gloss characterisa-
tion. Their control has been traditionally incorporated in many international
standards (ISO 12647 series, ISO 2813:2014, ASTM D523 — 14(2018)). In
the last decade, however, it was shown that the reproduction of colour could
also be estimated by image processing of digitized imprints [2,3]. Same
stands for the gloss uniformity [4].

The rest of the parameters, sometimes referred to as secondary qual-
ity attributes, can only be evaluated by processing the digital image of a
printed product. The image can be digitised by scanners or digital cameras,
where the chosen device should be able to acquire the image at a minimum
of 600 ppi [1]. This resolution has been proven to be sufficient for proper
detection of lines and text, as well as the differences in colour in the uniform
areas.
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The goal of this paper is to provide a short overview of the most common
image analysis methods for evaluating print quality attributes, with a focus
on possible drawbacks, corresponding standards and industrial solutions.

Reproduction of Colour

For evaluating colour reproduction, digital cameras or camera-based sys-
tems are normally used as acquisition devices. The main reason is non-con-
tact measurement, as well as the speed and the possibility to inspect larger
areas with a single shot [5]. The camera captures the print, and consequent
processing is done in order to obtain the necessary information.

In general, evaluation of colour reproduction implies measuring the de-
viation of the primary colour values from those defined in the standard or by
the proof, as well as the variations within the print run. If the goal is to match
the chosen standard, the output of image processing should be CIELAB data.
Unfortunately, typical RGB cameras normally do not satisfy Luther—Ives
condition, i.e. the sensor response curves are not a linear combination of the
colour matching functions. Therefore, even though the cameras produce the
visually pleasing result, the image is not colourimetrically correct.

Hence, to obtain accurate CIELAB data, it is necessary to find a cor-
rect transformation function that will accurately map camera RGB signals to
colourimetric data [2,5,6]. The process of obtaining the function is referred
to as camera characterisation and is explained in details in [6,7]. In practical
application, empirical characterisation is often used [6,7] implying that the
transformation function is created by using a training set, i.c. the set of data
with the known CIELAB values.

Different algorithms have been proposed for the transformation function,
where the best results are obtained with polynomial and other regression
models, as well as the Artificial Neural Networks - ANN. ANNs are lately
used to estimate colourimetric values of goniochromatic prints turning the
conventional digital camera into multi-angular colourimeter [7]. The flex-
ibility of ANNSs allowed the position of the camera and the light source to be
fixed. Namely, it was possible to estimate colours for different viewing angles
based on the shoot made in one geometry — the aspecular angle of 45° [8].

Image processing steps depend on which sensor/camera is used, and it
normally implies using the RAW data from a sensor, without white balancing
and gamma correction, where further processing may include demosaicking,
noise removal, non-uniformity and linearity corrections etc. RGB signals for
certain colour patch are obtained by averaging data over the area of the patch
in an image and are transformed by using the chosen transformation function
to obtain CIELAB values.
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The best-reported accuracy of such measurement is around 2 AE_, and it
depends on many factors such as the type of sensor used, light source, ambi-
ent light, camera settings, colours used for the training set, image processing
etc. Multi-spectral camera systems with appropriate image processing have
been shown to provide better accuracy.

For evaluating the “within the run” variations it is not necessary to esti-
mate absolute CIELAB data, but the AE , difference between the OK sheet
and the rest of the print run. Since the absolute accuracy is not a goal, the
transformation function does not need to be very complex. Transformation
can be done by lookup tables or even a simple matrix, depending on the
desired accuracy [3].

The biggest drawback of empirical characterisation method is the fact
that the transformation function is valid only for the specific substrate-ink
combination. If paper or ink changed in the printing process, the transforma-
tion function had to be re-established. Another solution is the model-based
approach explained in [6].

Many industrial solutions use digital cameras as a part of closed-loop in-
line control systems [9, 10] in sheet-fed and web-fed printing. Cameras can
be used to estimate not only colourimetric values but also density [10] which
allows direct correction of the ink amount in the printing process.

Uniformity

Uniformity of printed products’ large areas is an important factor that
influences the overall impression of print quality. The non-uniformity is usu-
ally defined as any variation in density over the area of interest. Variation
can be periodic (banding, jitter) or aperiodic (mottle, graininess). The goal
of image processing is to detect, distinguish and quantify the possible devia-
tion from the solid area. It can be done in the spatial or frequency domain.
To obtain digital images, prints can be photographed or scanned, where the
second option prevails in practical application.

Evaluation of the uniformity of printed products is defined in [11] as
the assessment of large area graphic image quality attributes. These attrib-
utes include background darkness, graininess, mottle, large area void and
banding etc. The standard defines procedures and processing techniques for
evaluating each one of the attributes.

In digital printing (especially electrophotography) special attention
should be placed on mottle evaluation. It falls into the class of aperiodic
macro non-uniformity since it represents the change in lightness over the
large area of a print. In [12] authors compared three methods for evaluating
print mottle, with an aim to define the method which correlates the best with
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perceived non-uniformity. The parameters obtained from the Gray-Level
Co-occurrence Matrix, a matrix that records how often different combina-
tions of pixel intensity values occur in an image in a specific spatial relation-
ship and distance, performed the best [12]. The analysis was done using the
lightness component of an image (L* in CIELAB colour space).

Another approach for characterising mottle can be found in [13]. The
image is first transformed to the frequency domain and then filtered with
contrast sensitivity function to simulate the response of the human visual
system. Discrete wavelet analysis was used in [14], where the index of print
mottle is based on the coefficient of variance of the wavelet-filtered image.
In [15] total noise amount obtained from the noise power spectrum was pro-
posed as a metric of overall non-uniformity of a printed image.

Wavelet filtering was also used for detecting banding, jitter and ghost-
ing [16]. For banding and jitter detection, the authors used wavelet filtering
in conjunction with 2-D spectral analysis. Such an approach allowed the
characterisation of the defects regardless of their orientation [16]. Ghosting
can be detected by Fourier or spectral analysis, or by wavelet filtering and a
template matching technique as in [16].

Character and Line Reproduction

Another group of quality attributes is directly related to characters and
lines, and it includes line width, character darkness, blurring, raggedness,
character surround area haze and extraneous marks [11], dot size etc. Im-
age processing for characterizing these parameters relies on various types of
image segmentation techniques (thresholding, edge-detection, region-based
approaches etc.) with an aim to isolate and analyse specific areas of an im-
age.

Analysis of line width and dot size is performed to determine the amount
of dot gain. To accomplish this, lines/dots of specific colour have to be iso-
lated from the rest of the image, where different segmentation methods can
be used depending on the complexity of a background. Bergman et al. [17]
present two-stage segmentation for measuring an average ink dot size in
halftone pictures. The method presented in their work can be used to deter-
mine the dot size on the printing plate as well.

The sharpness of printed image is determined by evaluating edge blur-
riness or the average edge profile transition width in the direction perpen-
dicular to the edge. It can be performed in the spatial domain by calculating
line spread function (LSF) or, more common, in the frequency domain by
obtaining modulation transfer function (MTF). Additional filtering concern-
ing contrast sensitivity of the human visual system can be applied. On the
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other hand, edge raggedness indicates the amount of wicking, and it is a
measure of the average edge profile variation (50%) in the direction parallel
to the edge [18].

The measures of all the abovementioned parameters are defined within
[11] together with the procedures for sampling and test charts preparation.

Quality of Finishing

When it comes to the quality of finishing, image processing was success-
fully applied to evaluate the degree of surface damaging when folding the
coated paper [19]. In the mentioned work, authors evaluated different ways
of sample preparation, digitisation techniques and proposed an algorithm
based on transformation, segmentation and feature extraction in order to
quantify cracking of a coated surface after folding.

Image analysis finds a special role in assessing coatings and special ef-
fect coatings. The uniformity/distortion of the coating is usually described
by the distinctness of image (DOI for abbreviation), which can be analysed
the same way as blurring. Nowadays, almost all gloss meters are equipped
with CCD cameras in order to quantify DOI [20, 21].

The appearance of special effect coatings highly depends on the distance,
angle and type of illumination, as well as the position of a viewer, additional
characteristics such as graininess and sparkle had to be considered. These
characteristics can be evaluated using images obtained from digital cameras.
Analysis of graininess implies using a diffuse light source and assessing the
uniformity of a captured patch. On the other hand, sparkle evaluating en-
compasses capturing an image of the sample under different light conditions
and further segmentation (usually thresholding) and analysis of area and in-
tensity of isolated pixels. BYK-mac series of (gonio)spectrophotometers use
the approach described above to quantify both graininess and sparkle [22].
The method for assessing spatial non-uniformity of special effect coating is
recently presented in [23].

Possible Issues

Possible issues related to image analysis and processing for determining
quality parameters in printing may be inaccurate sampling or selection of
the region of interest. Also, some of the abovementioned methods had to
be improved in order to provide a better correlation with visual perception.

If the printing is not performed on flat surfaces, the texture of a surface
has a strong impact on the results. This is the case in textile printing, for ex-
ample. Tse and Brigs [24] suggested averaging more images prior analysing
any of the quality parameters in case of digitally printed textiles in order to
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isolate the printed information from the fabric structure. In the case of the
fabrics of lower thread count, the detected colour will highly depend on the
background on which the fabric is placed during digitising.

Summary

In this work, we present an overview of image analysis methods for
evaluating print quality attributes. Digital image of the printed product is
used as a base for further analysis and processing, where each one of the
presented methods characterizes certain quality attribute. Results can be
used not only to describe the corresponding attribute, but also to monitor
print production.

It is to be noted, however, that the overall impression of printed products
is based on the combination of quality factors. Some of the attributes, such
as colour and sharpness, contribute to a greater extent to the perceived qual-
ity of a product. That is why many image quality metrics were proposed over
time, taking into account different quality attributes and their correlation
with perceived print quality. If the goal is to objectively describe the overall
impression of the printed product quality, image quality metrics can be a
good choice.
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THE“GHOSTING” DEFECT AS THE RESULT OF
INTERACTION OF THE PAPER AND PRINTING INKS,
ITS PRECLUSION POSSIBILITIES
IN THE SHEET-FED OFFSET PRINTING TECHNOLOGY

Vanaga D.}, Kalnins M., Grinfelds U.2, Treimanis A.?
'Institute of Polymer Materials, Riga Technical University, Latvia;
2State Institute of Wood Chemistry, Riga, Latvia

Abstract

The ghosting defect occurs frequently, both in the sheet and web offset
printing. It increases the costs of production and negatively influences the
quality of the printed products, this is why customers complain and refuse
to pay.

Keywords: “ghosting defect’, sheet offset printing, the interaction of paper,
printing ink, varnish, physical and chemical properties, experimental printing.

Introduction

Ghosting defect can be described as an increase in lightness or tonal
change on one side of a print which corresponds to the motif printed on the
reverse side. The ghosting defect is the appearance of darker areas on one
side of the print sheet what corresponds to the shape which appears on the
other side of the sheet immediately after the printing.
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Fig.1. GH defect
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For the study of problem, the printing company LivoniaPrint provided
the material technical basis and implementation of the research results in the
manufacturing process.

Process of the Experimental Study

Ghosting defect in sheet-fed printing originates through the interaction
of paper, the printing ink, printing-press, print-related technological param-
eters and printed motif. To establish the interaction of factors that cause the
ghosting defect the following steps were carried out:

1. Potential experimental materials and printing technology were stud-
ied at LivoniaPrint Ltd. as well as information of manufacturer’s datasheet
on papers, inks and varnish.

2. Test printing schedule was determined, and the materials and techno-
logical equipment were prepared for test printing.

3. The experimental sheet offset printing was carried out in a controlled
microclimate in the printing company. Printing parameters (printing speed,
technology, printing sequences etc.) where measured.

4. The study of printed sheet, inks and paper samples was carried out in
the State Institute of Wood Chemistry: (evaluation of ghosting defect inten-
sity; inks drying speed and dryness; paper optical, physical and mechanical
properties).

5. The results of the study were collected in a SPSS database and a
three-factor analysis of variance was applied to determine the influence of
different factors.

For the study of the ghosting defect 7 sorts of 130 g/m2 coated papers
were selected; all of them are used in regular production at Livonia Print.
Each of the paper sorts was produced by a different manufacturer; the sam-
ples had differences in furnish composition and were covered with differ-
ent coating. For the experimental printing 4 different printing inks (CMYK)
were used in two printing-presses — Heidelberg Speedmaster SM-102-8P
and XL-106-10P. The experimental printing resulted in 77 printed samples
that provided the required measurements for the research.

[ Ghosting defect ]]
I

| 1 1
I Impact of the paperl [ Impact of the ink I I Technological impact I
: . : one sided/ varnish
density phys1c.al dr.ymg ab.rasmn bilateral coating
properties time resistance printing technology

Fig.2. Research work structure
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The study was conducted in three directions. The impact of paper, ink
and technology on the occurrence of the GH defect was studied. As shown
in Figure 2 measurements of density and physical properties were conducted
for paper, drying time and wear resistance (abrasion resistance) for printing
ink, technological effects — one sided or bilateral printing and with lacquer-
ing or without lacquering.

The assessment of materials and the defects of obtained printed samples

There were involved three independent experts of State Institute of Wood
Chemistry to assess the quality of the printing under equal conditions, pay-
ing special attention to detecting GH. The experts rated the intensity of the
GH of all the printed samples on either side of the top (front) and the bottom
(back)

Graduation by their intensity:

0 — Invisible

1 — Visible

2 — Highly visible

SPSS database was used for statistical evaluation of the results. The
three-factor analysis of variance was applied to determine the influence of
factors and assess their relevant impact.
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Fig.3. Overview of results
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The statistical analysis of the data shows that the greatest risk of ghosting
defect is to apply varnish on still drying ink; supposedly the ink is not com-
pletely dry and thus after the application of the upper layer of the varnish
drying of the basic ink has been discontinued.

On the other hand, varnish coating on the wet paint provides a two com-
ponent chemical interaction, which enhances the solidification of the ink,
and thus reduces ghosting defect of printing.

Paper and inks laboratory test results and printing parameters were en-
tered in a database (the program SPSS) in order to analyze the correlation of
the factors and to find the causes of defect. As a result, the package of sug-
gestions will be developed for the company’s possible technological solu-
tions and correction of the physical-chemical processes in order to eliminate
the causes of the defect.

There was carried out an acquisition of the results of technical measure-
ments for the source materials, laboratorial study of the interaction of the
physical and chemical properties of both paper, inks and varnish for the
experimentally printed sheets, determination of the physical and chemical
changes comparing to conditions of the references.

Separate ink/paper combinations differently present the ghosting defect.
Its increase is observed at the increase of the thickness of the printing ink
layers, as well as on print of both sides of sheets, when ink drying on sheet
one side can affect the lower side of the paper. The origin of the ghosting
defect in the sheet offset printing could be catalyzed by the different existing
drying speeds of paper printing inks. The conclusions will become the basis
for the output of the recommendations packet for the manufacturers of the
printing and publishing industry.

Based on the summary of the results and the conclusions, it is possible
to provide the suggestions and recommendations for the minimization of
the ghosting defect and probably, its elimination in print production. Ghost-
ing defect cannot be exterminated completely at once, but it is possible to
reduce the risks and find the best combinations of paper and ink. In relation
to ghosting defect, certain ink/paper combinations have different proper-
ties. It is clear that the defect increases significantly with thicker layers of
paint. Even more, the defect increases noticeably from the top and lower
side printing to the reuses lower side printing. The last one shows the pos-
sible pre-conditioning of paper what can be caused by drying paint on the
upper side of paper to the empty side of paper.

Therefore, there is possible to make conclusion that paper effect to
ghosting happens throughout the speed of paint drying and following the
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fast printing of lower side can minimize ghosting defect at the critical mate-
rial combinations.

Thus, we can conclude that the ghosting defect occurs during the drying
of printing inks and, after printing the underside of the sheet, the ghosting
defect can be minimized with critical material combinations. To eliminate
the appearance of a defect, it is necessary to ensure the same rate of drying
of the printing ink on the printed sheet of paper.

Conclusions

1. Inthe experiment, ghosting defect was observed on every paper sam-
ple tested and the extent of the defect differs significantly. A higher risk of
getting a “ghost” was on paper samples #1 and #4; lowest risk — on paper
samples #2, #3 and #5.

2. During the experiment, it was observed that no natural based Ma-
genta ink sample of any manufacturer was completely dry after 72 h.

3. The statistical analysis of the data shows that there are significant
differences in the ink causing the ghosting defect. Highest risks were related
to ink sample #1 and #2, medium risk — with the ink sample #4, while the
lowest risk of producing ghosting defect occurred using ink sample #3.

4. The statistical analysis of the data revealed that the greatest risk of
ghosting defect is to apply varnish on the ink “drying” because presumably
the ink is not completely dry and thus after the application of the upper
layer of the varnish, drying of the basic ink is stopped. On the other hand,
varnish coating on the wet ink from the two component chemical interaction
enhances ink solidification, and thus reduces ghosting defect of printing.

5. It has been observed that varnish application and ink factors interact
in 3 inks. The smallest ghosting defect is observed directly by applying the
“dry ink”, inks which shows 3 inks particular differences which do not oc-
cur in other applied in the test. Consequently, 3 inks would be suitable “by
applying dry” technology.

6. Without changing the printing technology directly for the printing
of the works described above, it won’t be possible to avoid from the poten-
tial appearance of the Ghosting defect. A recommendation for this type of
printed materials to choose technology that ensures in an instant drying and
strengthening of printing ink.
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OLUEHKA TOYHOCTU ABTOMATUYECKUX
AJITOPUTMOB KOPPEKL WU LIBETOBbIX
CABUTOB N3OBPAXEHUN

BepewaruH B.
MOCKOBCKMNI NONUTEXHNYECKNIN YHUBEPCUTET

Abstract

Methods of accuracy evaluation of automatic color cast correction algorithms
are reviewed. Author analyzed the most common method, which is to cal-
culate the chromaticity of color cast and compare it with the chromaticity
measurement of achromatic objects on established image datasets. Author
proposes new method for accuracy evaluation — colorist prepares reference
images and comparison is carried out by calculating color difference between
the pixels of the reference image and image processed by algorithm. New
method allowed to consider the peculiarities of human color perception.
Key words: color constancy, white balance, color cast, image correction

Beeagenue

[epen Bocnipou3sBeieHHEeM U300pakeHHH Ha HU(BPOBOM WM OyMaKHOM
HOCHUTEJIE TIPOBOJATCS pa3InYHbIe KOPPEKLHUH, YTOObI JOOUTHCS COOTBET-
CTBUSI TEXHOJIOTHUYCCKUM TPEOOBAHUSM U XyJ0KECTBEHHOMY 3ambicity. OnHa
U3 IPUYHH [TPOBEJICHUS KOPPEKLUiI ATO HAJIMYUE [IBETOBOIO C/IBUra H300pa-
JKEHMS — HEXKEeNaTeIbHOTO OKpaca ONpeIeJICHHOTO IIBETa, 3aTParuBaroIiero
PaBHOMEPHO BCE U300paKeHHE WK ero 4acTh. OCHOBHOM MPUYUHON 1IBETO-
BOT'O CJIBUT'a ABJIACTCSA OTCYTCTBUC MEXaHU3MOB XpOMaTPI‘ieCKOﬁ ajarnTanuu
(LIBETONOCTOSHCTBO) B yCTpOicTBaX perucrpauuu nzodpaxenuit. s pe-
HICHUSI 3TOH MpoOJIeMbl B yCTPOMCTBAX UCIIOb3yeTcs OaxaHnc 6esnoro, KOTo-
PpbIii 110 MHGOpPMALINH, TTOYYSHHOW C PErHCTPUPYIOLIEH Cpe/ibl, OLEHUBAET
XapaKTePUCTUKY OCBEUIEHU — KOPPEIUPOBAHHYIO I[BETOBYIO TEMIIEPATYPY
U yIpaBiisisi IPKOCTSIMH OCHOBHBIX 11BeToB RGB, noduBaercst cooTBeTcTBUS
[[BETOBO¥ TaMMbI H300paKCHUsI 00BEKTA I[BETOBOM raMMe 00bEKTa ChEMKHU
[1]. Ho xapakTepucTuka OCBELICHHs HEe Bceraa omnpesaensercs BepHo. Oco-
OEHHO ITO 3aMETHO B CIIy4asiX HECKOJIbKMX UCTOYHUKOB MU3JIYUYEHHSIX C pas-
HBIMU CIICKTPAJIbHBIMH XapaKTCPUCTUKAMU.

I[J'I)I YCTpaHCHHU IBETOBLIX CABUI'OB, B TOM YHCJIC U 110 IMTPUYNHE omno-
K1 OayaHca 0esoro, pa3padboTaHbl Pa3InYHbIC ABTOMATHUCCKHUE aJITOPUTMbI
koppekiuu. [To mpuHImnam padboTel OHU JiessATCs Ha rpymsl [2, 3]:
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1. OCHOBaHHBIE HA CTATUCTUYECKUX XapPAKTEPUCTUKAX N300PaKEHHIA;

2. UCHOJIB3YIOIIME MAIMHHOE 00yUeHHE;

3. KOMOWHHPYIOIINE HECKOIBKO aITOPUTMOB.

U Taxoke pa3paboTaHbl METOIBI OIICHKH TOYHOCTH PabOThI JaHHBIX aJIrO-
PUTMOB JI1 BO3SMOXXHOCTHU UX CPABHCHUA:

4. pacyeT HACBIIIEHHOCTH aXxpOMaTHUECKUX ToJel TecT-00bekTa [4];

S. pacuer axpOMaTUYHOCTH aXpOMaTHYECKHUX M0JIel TecT-00bexTa [5, 6];

6. dKcTiepTHOE paHxupoBanue|7];

7. pacdeT LBETOBbIX OTIMYUI MEXKAY ITAIOHOM U KOPPEKTUPOBAHHBIM

nu3zo0paxxeHuem [8];
8. pacueTr ymioBOM OMMOKM LBETOBOTO TOHA MCTOYHMKA M3Iy4YeHHA [2,
7-12].

Haubosee pacnpocTpaHEeHHBIM METOJIOM OIIEHKH TOYHOCTH SIBIISIETCS
nsaThlii Meton. OH mcnonb3yercss U Ha caite Color Constancy (Research
Website on Illuminant Estimation), rae mpeacTaBieHbl MOMYSIpHbIE HA00-
PBI M300pasKeHHUH JIJIsl TECTUPOBAHMS AJITOPUTMOB KOPPEKLIUH U TIPUBEJICHBI
OLIEHKH TOYHOCTHU PabOTHI.

CyuiecTBylonye MeToJbl 00J1aJal0T HepocTarkamu. Bece meroabl Tpe-
OyIOT HaJIMYMs B KaJlpe TeCT-00beKTa ¢ axpoMariuuecKumHu nossivmu. [loso-
JKEHUE TeCT-00BEKTa B IPOCTPAHCTBE OTHOCUTEIBHO KaMephl U UCTOYHHKA
N3JIyYCHUA BJIUACT HA PaCUYCT UBETOBOT'O TOHA 3TOT'0 UCTOYHHKA U3JTYyYCHUA.
B crarbe [13] nokazaHo, 4To npu NpoBeICcHHMH U3MEPEHNil Ha cheprdeckoM
aXpOMaTHYECKOM TECT-00BEKTe HAOINIOAIOTCS CHIIbHBIE OTKJIOHEHHUS TPH
OIIPEJCIICHUH KOPPEIMPOBAHHOM LIBETOBOM Temieparypbl. V3mepeHus Ha
OJTHOM TeCT-00BheKTe MOTYT paznyarses Ha 1000-2000K. Ha TecT-o0bekTax
B pa3HbIX TOYKax MpocTpaHcTBa (hororpadupyemMoil CIEHbI PACXOKACHUS
MOT'YT OBIThH OOJIBLIE.

YkazaHnHble METOAbl HE IMO3BOJIAIOT YYUTHIBATH BJIWAHUC BU3YaJbHOI'O
BOCIIPHUSTHSI M300paKECHUH, MOIydYaeMbIX B pe3ylbTare KOPPEeKLUUH. XOTs
I/I306pa)I<eHI/Iﬂ IIOATOTAaBJIMNBAKOTCA AJIsL ﬂaﬂbHeﬁIﬂeFO BOCIIpUATUA UMEHHO
YCIIOBCKOM. quBeprIﬁ METO[ paCCUYUTBIBACT LBETOBOC OTIMYUEC, YTO I10-
3BOJISIET Y4ECTh BH3yaJlbHOE BOCIIPUSTHE, HO OHO ITPOBOAUTCS C U300paxe-
HUSIMHU, KOTOPbIE KOPPEKTUPOBAHBI HA OCHOBE M3MEPEHHOTO IIBETOBOTO TOHA
HNCTOYHUKA H3JIyYCHUSA 110 TeCT-O6’beKTy N HCT JaHHBbIX, HACKOJIBKO €CTC-
CTBCHHO BBIITIALAT O3THU l/1306pa)KeHI/lﬂ.

MerTon pacueTa yIrjioBoi OIHOKH IIBETOBOIO TOHA UCTOYHUKA U3y UCHHS
HE MOJXOIUT JUIsl OLEHKH aJIrOPUTMOB, KOTOPBIE HE MPEJIOoNaraloT onpese-
JICHWE IBETOBOI'O TOHA MCTOYHHKA M3JIYyYCHUSA, KaK HAIPUMEDP aJITOPUTMBI,
BCTPOCHHBIC B MPOTrPaMMbI 00paOOTKH H300paKCHUN.
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Tak ke M300paKeHUs ¢ TECT-00BEKTOM M3 CTAaHAAPTHBIX HAOOPOB, HE
MOXOMSAT ISl SKCIIEPTHOM OIEHKH, TaK KaK TeCT-00BEKTHI HCKAKAIOT BOC-
NIpUATUC, HAXOOACh B IIOJIC 3pCHUA, KaK IMPU UX MACKUPOBAHHUU TaK U 663.
[TosTomy npeparaercst pazpaboTka HOBOrO HAOOpa ATATIOHHBIX H300paxKe-
HUHN 1 METOAUKH OLICHKH aJITOPUTMOB KOPPEKIIUU.

Ha0op 3Tan0HHBIX H300pakeHUit

Juist popMupoBaHust HOBOro Habopa TaJIOHHBIX N300paxkeHuit B3sito 30
(dortorpaduii ectecTBeHHBIX clieH: 15 mpon3BoibHBIX (ororpaduii u 15 u3
Habopa Cube+ [14]. 13 Hux 8 n300pakeHU# MOIYYCHBI B TOMEIICHUH, 22
BHe. BrutoueHo 3 ¢otorpadum ntoneit, Tak Kak 3peHHe Yel0BeKa 4yBCTBHU-
TEJBHO K IIBETaM KoxH [15].

dororpaduu KaIpHUPOBAHHBI M TPHUBEICHBI K EIWHBIM pa3Mepam
10x15 em 300 dpi. Dotorpaduu u3 Hadopa Cube+ kKaapUPOBHBI TAKUM 00-
pa3om, 4yToObI HCKIIOYHUTh TecT-00beKT SpyderCube. [TonydyenHsie n300pa-
KEHHUS SIBISIFOTCSI HCXOHBIMH.

Ha pucynke 1 mpezacraBiieHa MPUHIMITHANIBHAS CXeMa MOIYyYEHHS 3Ta-
JIOHHOTO M300paKEHHsI U3 UCXOIHOTO0. VcXoqHbIe N300pakeH s KOPPEKTH-
poBaiuch 3 orneparopamu IBeTokoppekuuu. MM Obuia mocraBieHa 3ajaya
MIPOBECTH KOPPEKLHUIO KOHTPACTA, YCTPAHUTH L[BETOBOIl CABHUI' U TOOUTHCS
HauboJiee eCTeCTBEHHOW Nepeayy LBETOB Ul BOCIIPOU3BEIECHHS Ha JIHC-
wiee. M3 KOppeKkTHpOBaHHBIX M300paykeHUi chOopMUPOBAHBI HAOOPHI ISt
MIPOBEJICHUs] SKCIIEPTHOTO onpoca. B Habop Bxoaut 4 mzobOpaxenus: 1 wc-
XOJIHOE U 3 TOCiIe KOPPEKIMU ONepaTopoM.

xeneprer,
Hexonnoe { " —, m Becoprle (RN
n306pameHuc ' » — » koadipurenTh
E J DTaloHHOE
| Maobpaskenns
! — H3obpaKeHIe
I— Cpennee

Oneparophbi
paropy apH()MeTHIecKoe

LBCTOKOPPEKITHH
B3IBCHICHHOC

Puc. 1: Cxema noaydyenusl 5majloOHHO2c0 u306paofceﬂuﬂ U3 UCXOOHO20
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JIJist 3KCIIePTHOTO OMpoca U300pasKeHUs BRIBOIAMIUCH LIEIBIM HAOOpOM,
4TOOBI 3pEHHE HE aalTHPOBAIOCH K KAKOMY-ITHOO OITHOMY BapHaHTy H30-
Opaxenus (puc. 2). Pacrionoxenue n3o0paxeHui B HaOope MEHsII0Ch, YTO-
Obl YCIIO)KHHUTH PACIO3HABAHUE HCXOJHOTO M300paxkeHHs. MOHHUTOPHI, Ha
KOTOPBIX MPOBOAMIACH KOPPEKIIUSI OTIEPATOPAMHE U IKCIIEPTHAS O[CHKA, Ka-
JMOpoBaHbl ¥ NPO(UIMPOBAHbI, OL[EHKA TPOBOAMIIACH B CTAHAAPTHBIX YCIIO-
Busix 1o ISO 3664:2009.

Puc. 2: Ilpumep oemoncmpayuu nabopa uzobpaxicenuil 015 IKCnepma

[epen skcrniepramu crosijia 3a1ada BeIOpars 1 n300pakeHue u3 4, KOTo-
pO€ BOCIPUHUMAETCS HanbOJee SCTECTBEHHO, 0€3 KaKUX-THOO IBETOBBIX
cIBUTOB. B pesynbrare mnomydeHsl BecoBble KO3 UIIMEHTH paBHBIE j0JIe
9KCIIEPTOB, BHIOPABIINX KOHKPETHOE M300pakeHHe U3 Habopa, OT 00LIero
quciaa KereproB. JlJsi MomydeHus: 3TaOHHBIX M300paKeHUH PacCYMTaHbl
cpeaHuc apI/I(i)MeTI/I'-{eCKI/Ie B3BCIICHHBIC KOOPAWHATHI IBETOB KAXXJ0I0 MHUK-
cellsl ¢ MCIOJb30BaHWEM BecoBbIX kod(d¢unmentoB. Ha pucynke 3 mpen-
CTaBJICH IIPUMEP MCXOJHOTO M300paKeHHs ¥ STAJIOHHOTO.

Puc. 3: IIpumep ucxoonozo uzobpasicenus (a) u smanonnozo (6)
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[Ipu 00paboTKE pe3ysIbTaTOB IKCIEPTHOM OLIEHKH BBISIBICHA KOPPEIISLINs
MEKAY BEJIMUMHON CpCaAHETO UBETOBOTO OTIMYUA UCXOAHOT'O 1/13o6pa)1<eH1/114
OT KOPPEKTUPOBAHHOTO U CTaHAPTHBIM OTKJIOHEHHUEM BECOBBIX KO HHIIHU-
eHToB (puc. 4). Uem cuibHEe MCXOHOE M300paKeHUE TTOJIBEPraeTcsi Kop-
PEKIHH, TEM IPOIIE IKCIIEPTaM BbIOpaTh KaKOH-TO OJMH BapHAHT.

Takum 00pa3oM MoJTydeH HaOOp TATOHHBIX W300pPaKEHUI, C KOTOPHIM
MOXHO IPOBOJIUTH COMOCTABJICHHE M300paKeHUH IOCIe aBTOMATH4YeCKOU
KOPPEKLMH LIBETOBBIX CABUIOB 110 IIPEUIAraéMOi HUKE METOIUKE.

0.35 ®

0.30

0.25

0.20

0.15

CT. OTKINOHEHWe BECOBOro koadduLmeHTa

2.5 5.0 75 10.0 12.5 15.0 17.5
Cpepmee LIBETOBOE OTNN4Mne

Puc. 4: Koppensyus mexncoy cpeoneil eudunol Yyeemoso2o Omaudus, Mexicoy
UCXOOHBIM U KOPPEKMUPOBAHHBIM U306PAdICCHUEM U CIAHOAPIMHBIM OMKIOHEHUEM
606020 K0P puyuenma c dosepumenvrvim unmepgarom 95%

MeTonuka OLEHKHA TOYHOCTH aBTOMATHYCCKUX aJITOPUTMOB KOPPEKIIUH
LBETOBBIX CABUIOB M300paKCHU I
s mpoBeleHUsT OICHKH TOYHOCTH PabOThI aJrOPUTMOB KOPPEKIIUH
LBETOBBIX CABUIOB U300paKEHUH HEOOXOIUMO IIPOBECTH:
1. KOpPEKIHI0 UCXOMHOTO H300paKeHUSI aBTOMATHUECKUM aJITOPUTMOM;
2. paccueT IBETOBOIO OTIMYHS MEXKIY KOPPEKTHPOBAHHBIM H300paske-
HUEM U ATAJIOHHBIM U €r0 CTaHAAPTHOI'O OTKJIOHCHHUS,
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3. OIIEHKY MOJYYEHHBIX PE3YyJbTaToOB M CONOCTaBICHHUE C APYTUMH ajl-
TOPUTMaMH.

IlBeToBbie omMuMs paccuuThiBaroTcs o Gopmyine AE94, Tak kak oHa
TOYHEE YYUTHIBAET OCOOEHHOCTH BH3yajbHOro Bochpusitus, yem AE76 un
paccuuTsiBaeTcs npotie, yem AE2000 [16].

B rtabnuue 1 mnpuBeneHbl pe3ynbraThl CPaBHEHHs ajJrOpuTMOB Auto
Color B Photoshop, Auto White Balance ¢ aBromaTn4eckoii rpagaliuoHHON
koppekuuei B moyine Camera Raw Filter B Photoshop u anroputm «Cepbiit
mup» (Gray World) nns Bcero Habopa STaJIOHHBIX U300paKEHHIH.

Tabnuya 1. Pe3ynemamul cpagnenuss mouHocmu pabonul aneopummos
KOppeKyuu Yy8emosbix cO8u208 uz306padicenull

Anroputm AE o
Auto Color 6,45 2,84
Camera Raw 9,17 3,42
Gray World 10,42 4,98

[lo mosydyeHHBIM JaHHBIM HAWJIy4dIIUM 0Opa3oM paloTaeT ajropuTM
Auto Color B Photoshop. Auto White Balance ¢ aBromarnueckoii rpaiaiu-
OHHOH Koppekiuei B moayie Camera Raw Filter nokasan pesynbrar xyxe,
TaK Kak rpafalliOHHast KOPPEKIHs B HEM MOUCPKUBACT JIETATH B BHICOKHX
cBeTax M m1yookux TeHsx. Aiaroputm Gray World paet xyaummii pesynbrar,
HO OH BKJIIOYEH B PACCMOTPEHHE KaK 0a30BbIii aJITOPUTM KOPPEKIIUH LIBETO-
BOTO C/[BUTA.

3akioueHHe

[IpeasioxkeH HOBBIA METOJ OLIEHKHM TOYHOCTH PabOThl aBTOMATHYECKUX
QITOPUTMOB KOPPEKIMH LBETOBBIX CIIBUTOB M300paK€HHH C yueTOM 3pH-
TEIBHOTO BOCHPUATHUS, KOTOPBIN 3aKIIOYAETCSI B MCIOJIB30BAaHUM IPEIIIO-
»KeHHOro Habopa u3 30 3TaJOHHBIX M300pa)KeHUH, MMOJYUYEHHBIX yCpeaHe-
HreM. Habop moxer B OyayiieM JOMoiaHsSIThCsS. MeTos MO3BOJIMII OLEHNUTh
paboTy Tpex aaropuTMOB U BbIIBUTH Hamiaydimuii — Auto Color B Photo-
shop. KonndecTBo olieHMBAaEMbIX aJIrOPUTMOB IUIAHUPYETCS PACHIMPATH U
UCTIONB30BaTh MPEATOKEHHYI0 METOAUKY AJIS OLIEHKM HOBBIX alrOPUTMOB
ABTOMATHYECKOW KOPPEKIIMH LIBETOBBIX CABHIOB M300pasKeHHUH.
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EDUCATIONAL MEDIA EVOLUTION:
FROM PRINTED DOCUMENTS
VIA ELECTRONIC EDITIONS TO CLOUD SERVICES

Zadedyurin Y.
Belarusian State University of Informatics and Radioelectronics

Abstract

Educational processes employed in the schools, colleges, and universities to-
day are facing a severe challenge. Printed educational documents that have
been constantly transformed in electronics form for the last two decades
now are going to be substituted by integrated solutions. New integrated
cloud solutions not only change educational process in terms of curriculum
but also involve modified educational facilities and architectural solutions in
general. The paper discusses in detail the history of educational media, the
evolution they undergo and the prospects. Examples of educational media
used when teaching Electronics and Computer Engineering (ECE) students
in Belarusian State University of Informatics and Radioelectronics are dem-
onstrated.

Key words: educational process, educational media, electronics editions,
cloud services.

Introduction. Educational activities mean, in quite general sense, the
transfer of knowledge from the teachers to the students, or, in terms of en-
gineering, data communication between them. Obviously, data communica-
tion and related areas have been developing drastically over recent years. A
number of everyday duties underwent great change, beginning with private
issues as telephone calls, purchasing clothes, foods, paying bills, arranging
seats in theaters or reserving train/bus/air tickets and ending with job related
aspects such as issuing business orders, making/accepting reports, schedul-
ing job tasks, managing documents, etc. Certainly, the process of education
cannot be left aside. Moreover, it is the process of education that is the most
important domain of the society influenced by rapid changes in information
technologies changes.

From Printed Documents to Electronic Editions. Educational process,
as specified by appropriate curriculums, include various types of learning
activities. For instance, the learning activities of Electronics and Computer
Engineering (ECE) students taught in Belarusian State University of Infor-
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matics and Radiolectronics (BSUIR), typically include a) lectures; b) work-
shops: ¢) laboratory experiments, d) individual assignments (individual
semester tasks/projects) [1]. Traditionally, each type of the activities is sup-
ported with appropriate literature published and printed in the university.
Obviously, a lot of tutorials of various kinds, such as textbooks, courses of
lectures, laboratory experiments manuals, instructions on individual semes-
ter tasks/projects etc., need to be published and updated on regular basis.
Actually, every year each of the faculties introduces new laboratory equip-
ment, laboratory models, test benches and other equipment used in studies of
ECE students. That means, the students need appropriate teaching materials
related to electrical and electronic devices in use, equipment and boards. In
fact, each of numerous laboratories in the university needs its own training
materials describing equipment used, experiments to be performed, related
techniques and methods as well as reports to be submitted. Also, various
teaching materials have to be modified depending on appropriate curricu-
lums amended.

The results are as follows:

— large premises, such as library rooms, book depositories are reserved
for paper editions;

— lecture auditoriums are designated for professors to deliver lectures in
order to transfer information to the students. At the lectures, however, most
of time is spent not for gaining any knowledge of the subject taught, but to
write down the information delivered by a professor.

The most important conclusion is that the students need to visit the uni-
versity facilities in person in order to get any information.

The situation began to change in the 80s of the last century when PCs
got introduced into the educational process. Some of the editions mentioned
above were transformed in the electronic form. However, most of them rep-
resented just the copies of their paper originals and available only in com-
puters installed in the university premises.

In attempts to increase the efficiency of the educational process, the uni-
versities were organizing special classrooms equipped with desktops so that
to enable students to use appropriate software suitable or specially devel-
oped to support educational process. Also, library rooms got equipped with
desktop computers or terminal to ensure access to some book available in
electronic form. However, in spite of these improvements, university prem-
ises remained to be the sole place where the student were able to get neces-
sary information and knowledge.

The situation further improved in the early 21 century when laptops
came into wide use. Two things are the most important: first, any document
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in electronic form could now be easily copied, transferred and/or stored and,
second, students became able to access data available from universities/col-
leges without need to visit them. It makes sense to analyze the changes that
above mentioned learning activities underwent.

Lectures. Entire course of lectures now became available in computer
files. Not only texts and pictures, but colors, shapes, various diagrams, ani-
mations, audio files, movies are at disposal of the lecturer and the students.
All educational materials can be copied in advance and so the main goal of
the lecturer: to provide the students with information lost a great deal of its
meaning. Now on, the task of the lecturer became to explain the matters i.e.
to assist the students in gaining knowledge not just providing them with the
contents of the subject.

Workshops. In similar way, all materials the student need for workshops
can be copied in advance. The result is the student do need any more to visit
the library rooms as all materials are ready in their laptops and can be used
at home or any other places.

Laboratory Experiments. Laboratory experiments represent the most
important component in educational process of ECE students. Previously
laboratory experiments were performed using electrical/electronics work-
benches with appropriate equipment and instruments. Recently a number
of electronics simulators became available, including, for instance, PSpice,
Electronics Workbench, MicroSim, Proteus, etc. These simulators make
it possible to perform the laboratory experiments using the students’ lap-
tops without visiting the laboratories with physically existing equipment
and devices. Although, the question of electrical circuits/electronic device
simulation for educational purposes without having hands-on training with
physically existing components remains disputable, a great deal of academic
subjects, such as Electrical Circuit Theory, Analog Devices, Digital Devices,
Automatic Control Systems, etc. are using now simulators in the courses of
laboratory experiments.

Thus, the students became more mobile and can practice their skills with
electronic components and circuitry without visiting the university labora-
tories.

Individual Assignments (Individual Semester Tasks/Projects). These

kinds of learning activities are supported similarly with above mentioned
ones.
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ICT, On-the-Go Approach. In modern society various information is
available for consumers via multiple channels: media, radio, TV, web sites
of both mass media and independent commercial companies, smartphones
via mobile phone operators, tablets, etc. Unlike twenty years ago, the users
consume information mostly on-the-go, i. e. when performing their every-
day duties, in the transportations, when having rest, etc. Modern commu-
nications applications make it possible to communicate persons with each
other without meeting physically yet benefiting from opportunities offered
by information and communication technologies (ICT).

It is known from experience that actually every student in the Belarusian
State University of Informatics and Radioelectronics (BSUIR), Minsk, pos-
sesses a smartphone and sometimes also a tablet and, very frequently, them
both. The students willingly install various communications applications such
as WhatsApp, Viber, etc. That means the students can easily transfer, receive,
and consume information from various sources. Therefore, the students pos-
sess both hardware and software necessary for effective use of ICT [2].

In modern teaching techniques the role of seminars and workshops is
ever increasing. However, they can be organized in more effective way us-
ing the benefits of ICT. Messengers such as above WhatsApp, Viber allow to
organized chats for an entire student group, a number of groups (for lectur-
ers) or for a certain team of students interested in specific problem or having
common interests (e.g. similar subjects of their reports).

One more tool for productive teaching is the use of social networks such
as extremely popular Facebook, Twitter, YouTube, etc. These networks al-
low to present a lot of materials, including texts, images, videos to organ-
ized groups of students. Unlike common lectures delivered with premises
of a university the materials placed in social networks can be modified or
amended and, what is even more important, listened to, looked at, and con-
sumed in any place and at any moment.

For such types of studies as individual assignments, semester and course
projects/works, ICT can be used first, for reporting results (using e-mail);
second, for consultations and supervision of student activities (using chats).

The use of ICT and, or in other words, distant related education tech-
niques, offers a number of obvious benefits and, on the other hand, is una-
voidable because of the modern life style. Educational process can be or-
ganized so that the students study “on-the-go” [3], that is, at home, while
travelling, or staying in places other than the site of a college/university.
That means, colleges/universities are losing their importance as a centers
that the professors and students must visit in order to accomplish effective
exchange of knowledge.
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However, the use of ICT is accompanied with a number of challenges.
The most essential problems to solve are:

— the need to tailor new curricula based on the use of ICT;

— the necessity to overcome the resistance of some professors reluctant
enough to accept ICT techniques.

Cloud Services and Integrated Solutions. Society digitalization in-
volves educational process as well. Recent decade a lot of computational
and engineering tools became available on-line. Instead of using laptops
with preliminary installed applications like MathCAD (when it comes to
mathematics) or circuit Electronics Workbench, PSpice or Multisim (when
it comes to circuit simulation) the students even more frequently use cloud
services. Obvious benefits typical for on-line approach described for pub-
lishing related items in [3] are, no doubt the same winning for educational
process as well. Laptops that have been regarded as an essential instrument
used by any university students for ten recent years, now are being increas-
ing substituted by tablets and mobiles. A great number of students use mo-
biles to perform calculations typical for engineering practice: to perform op-
erations with complex numbers, for instance, or even to solve sets of linear
equations using on-line services.

A lot of engineering applications previously available for desktops and
laptops are now have on-line versions and can be used free for educational
purposes. Actually, cloud services make it possible now to organize a full-
scale laboratory where the students will be able to perform laboratory exper-
iment/work-out individual task/solve design problem and further to prepare
report containing appropriate texts, explanations, simulation results, etc.,
and finally submit the reports to a professor for approving.

Also, some words shall be said on cryptography and electronic signa-
tures. Electronic signatures are now implemented in a great number of coun-
tries. In Belarus, for instance, any citizen can now (and even is asked to
do so) to get his/her electronic signature to use in his/her communications
with state authorities and for other purposes. The use of electronic signature
solves the problem of students’ identification.

Summing up, it should be noted that available technologies make it pos-
sible to build on-line laboratories and classrooms to realize on-the-go edu-
cational process. On the other hand, the creation of educational process that
includes cloud service based solutions needs, first, to involve experts other
than university professors; and second, needs investments, probably, quite
substantial compared to commonly used “in class” learning activities sup-
ported with old-fashioned printed editions.
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Conclusions

e The role of lectures within modern educational process undergo great
changes: providing the students with information loses a great deal of its
meaning. Now on, the task of the lecturers became to explain the matters i.e.
to assist the students in gaining knowledge not just providing them with the
contents of the subject.

e In modern teaching techniques the role of seminars and workshops is
ever increasing. These learning activities can be organized in more effective
way using the benefits of ICT.

e Available technologies make it possible to build on-line laboratories
and classrooms to realize “on-the-go” educational process.

e The shift to new integrated cloud service based educational process
makes a number of university facilities like library rooms, book deposito-
ries, or lecture auditoriums needless.

e College/university campuses are losing their importance as places that
the professors and students must visit in order to accomplish effective ex-
change of knowledge.
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EFFECT OF VARIOUS CONDITIONS
OF ARTIFICIAL AGEING ON SELECTED PROPERTIES
OF OVERPRINTED PLASTIC FILMS

Zotek-Tryznowska Z., Annusik T.
Warsaw University of Technology

Abstract

Overprinted plastics films, which are mainly used as a packaging, may be
exposed to the various factors during storage. The aim of this work was to
study the influence of various conditions of ageing of overprinted plastic
films. Laboratory printing was performed using various plastic films (PE,
BoPP, PET) and three flexographic printing inks: water-based, solvent-
based and biodegradable. The analysis was focused on two external fac-
tors: elevated temperature and UV radiation. The effect of temperature and
UV radiation on printing ink colour was examined by studying the optical
density of a full tone area and the total colour difference . The period of
artificial aging, equivalent to nearly two months of natural aging, caused
visible changes in the appearance of the quality of prints. The total colour
difference increases with the time of artificial ageing, as it was expected.
The changes of print quality during ageing are higher for PE prints than for
PET and BoPP prints. Additionally, UV radiation causes major changes in
the print quality than elevated temperature.

Key words: artificial ageing, print quality, overprinted plastic films, colour
changes

Introduction

Plastic films are commonly used as a packaging materials overprinted
using flexographic printing technology. The roles of modern packaging are
now wider than in the past. The packaging must full fil same criteria and
functions. Primary, packaging must protect the product, facilitate of portion-
ing and delivery some of information on the packaging. However, the pack-
aging must additionally fulfil some of new functions, such as advertising,
promotion and friendliness to the environment (Izdebska, 2013). Last but
not least, printed packaging should fulfil specific print quality criteria. The
overprinted products and printing bases may be characterised by various
optical properties, i.e. gloss, colour, thickness of dried ink film, transpar-
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ency and opacity (Izdebska, 2013). In this work, we concentrated on colour
parameters that could be described by optical density and L*, a*, b* colour
coordinate values.

Overprinted packaging are often exposed to light that changes the print
colour. This effect may be observed as a fading of the print. Colour changes
can make the overprinted package unattractive to a customer. The ageing of
prints represents a complex problem. The light fastness of prints depends
upon a number of factors: exposure conditions (type of light, humidity and
temperature), time of exposure, substrate and ink film thickness, but primar-
ily the type of colorants (dyes and pigments) and percentage of dye in the
printing ink (Leach, 1993). Colour changes of prints, such as fading, makes
the overprinted package unattractive to a customer.

Ageing is a process causing structural changes and chemical composi-
tion of the material leading to the changes in the functional properties of
material (Izdebska, 2016). This changes are mainly observed as a deteriora-
tion of functional properties of the material. For example, ageing of prints
can be observed as a fading of colours, or ageing of plastics may cause they
poorer mechanical properties.

Ageing of materials can be either spontaneous (natural ageing) or forced
(accelerated ageing). The natural process of ageing is very slow. Artificial
ageing is intended to produce time-dependent changes in a much shorter
time than that during the natural process. Hence, in order to observe the
natural ageing of prints in a shorter period of time, artificial ageing may be
used. Basic types of ageing, according to the involving factors, are thermal
ageing, photo ageing, chemical ageing and biological ageing (Emanuel et al,
1998). However, mainly several factors occurs simultaneously (Izdebska,
2013) involving ageing process.

In this work we demonstrate the influence of various factors of artifi-
cial ageing: UV radiation and elevated temperature. The printing inks were
cyan biodegradable, water-based and solvent-based. Various plastic films
[polyethylene, poly(ethylene terephthalate) and polypropylene] were used
as printing bases. The ageing process was monitored by measurement of
various print quality properties such as the optical density of full tone area
and L", a*, b* colour coordinate values.

Materials and methods

In this work three printing inks (colour Cyan), dedicated for flexographic
printing technology, were used: solvent-based, water-based and biodegrad-
able. This printing ink is recommended for flexographic printing on plastic
films.
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Three popular plastic films were used: polyethylene (PE), polypropylene
(oPP) and polyethylene terephthalate (PET). The characteristic of films are
summarized in Table 1.

Table 1 Properties of plastic films

Film Appearance Thickness Tensile Ultimate Thermal
pm strength elongation  contraction
MPa % %
MD 120 210 4
BoPP Transparent 30
D 230 80 2
MD  1900-2500 90-120 <3
PET Transparent 12
TD  1900-2600 80-110 <1
MD 15 150 60-75
PE Transparent
™D 11 200 30-40

Laboratory printing was carried out with a K Paint Applicator (RK
prints, UK). The wet ink film was 10 mm. Printing was performed under
controlled environmental conditions (23 °C and 50% RH). The wet ink film
has a thickness of 10 pm. All factors were kept constant during the printing
process (printing speed and K roller). The adhesion quality test was assessed
simply by a tape test using Tesa tape, which was attached firmly to the print
and peeled off rapidly by hand according to the EN 15386:2007 standard.
One test on two different overprinted strips was carried out for each sample
15 min and 48 h after printing. Adhesion was quantified by visual evaluation
of the ink mark on tape strips removed from the printed substrate and by
changes in the quality of the print.

A SpectroEye spectrophotometer (GretagMacbeth, Switzerland) was
used to determine the optical densities of the full tone area and the specific
ink colour components L*, a”, b*. The measurements were performed ac-
cording to standards: ISO 13655: 2009 and ISO 2431:2011. The settings are
summarized in Table 2. The reported results are the average measurements
from a minimum of six areas.
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Table 2 Spectrophotometer settings

Colour components Optical density
White standard ABS Proofing paper
[luminant D50 DIN

2°colorimetric observer

The process of artificial ageing was carried out with the use of a Suntest
CPS+ (Atlas, USA) device supplied with an additional optical filter — a so-
called UV external light filter. The use of such filters eliminates UV radia-
tion of wavelengths shorter than 290 nm, which has the strongest negative
effect on the material. It allows the simulation of outdoor solar radiation.
The level of light intensity was 580 W m™. During the ageing experiments
the temperature was kept at 33 + 2 °C, however maximum temperature in
the chamber was 40°C. The tests were carried out for each printed film in
8 cycles for a total of 90 h, which corresponds to nearly two months. Blue
Wool Scale samples were exposed alongside the printed samples. Every
hour spent in the ageing chamber corresponds to a dose of energy absorbed
equal to 2040 kJ m™2. The densitometry and spectrophotometric values of
the samples were measured before and after every measurement cycle. Be-
tween measuring cycles the samples were kept under conditions suitable for
the storage of plastic film: at room temperature, and in the absence of light.

The process of ageing at elevated temperature was performed using labo-
ratory dryer SLN 15 (POL-EKO-APARATURA, Poland). The samples were
heated in temperature 40 + 0.1°C. The process was carried out in 6 cycles
for a total of 90 hours.

Densitometry and spectrophotometric parameters were measured during
ageing by irradiation and at elevated temperature.

Results and discussion

The total dosage of energy absorbed by samples during artificial ageing
with UV radiation corresponds to 183600 kJ-m™, what is equivalent to 45
days of ageing in natural conditions. The colour of the ink was Cyan, be-
cause our previous works revel, that cyan printing ink is the most resistant to
colour changes during aging (Izdebska-Podsiadty, 2018). Measurements of
the optical density of the full tone are related to the time of ageing with a UV
radiation and at elevated temperature are shown on Figure 1-3.
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depending on the time of ageing a) with UV irradiation b) at elevated temperature
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Figure 3. Changes in optical density of the full tone area overprinted PE films
depending on the time of ageing a) with UV irradiation b) at elevated temperature
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The values of optical density for overprinted PET, BoPP and PE film are
comparable. In particular, the values of optical density of prints made by
solvent based ink are much lower than for biodegradable and water-based
inks, which may be related with lower surface tension and better wettability
of solvent based-inks on plastic films. Furthermore, the values optical den-
sity values were slightly decreased during ageing, because UV light causes
changes in and a reduction of the protective activity of the surface (Biele-
man, 2008). However, the elevated temperature does not causes changes in
the optical density values.

Prints exposed to prolonged sunlight or radiation emitted from artificial
light sources may lead to a change in colour. Figure 3—6 presents the changes
in total colour difference, which depended on time of artificial ageing. The
total colour difference was calculated from wellknown equation as a dif-
ference in colour parameters before ageing and after a certain time. It was
expected that AEgp values would increase with time of artificial ageing.

The fading rate curves of inks and the change of total colour difference,
AEgp, as a function of time indicated that investigated inks are type II. Ac-
cording to (Cristea, 2006). fading initially occurs at a rapid rate followed by a
slower fading at a constant rate. Furthermore, the highest resistance to artifi-
cial ageing with UV irradiation exhibited overprinted BoPP films and poorest
PET films. Additionally, the prints colour are more sensitive to UV radiation
than the elevated temperature. However, this both factors, UV radiation and
elevated temperature couses changes in the quality of prints — in the colour
(AEgp) and the thickness of the ink layer (optical density).
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Figure 4. Changes in total colour difference, AEyy, of overprinted PET films de-
pending on the time of ageing a) with UV irradiation b) at elevated temperature
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Figure 5. Changes in total colour difference, AE},, of overprinted BoPP films
depending on the time of ageing a) with UV irradiation b) at elevated temperature
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Figure 6. Changes in total colour difference, AE, , of overprinted PE films de-
pending on the time of ageing a) with UV irradiation b) at elevated temperature

Conclusion

The study has been made to analyse the changes in prints during artificial
ageing taking into account two factors: UV radiation and elevated tempera-
ture. We have used three various plastic bases overprinted with flexographic
printing inks: water-based, solvent based and biodegradable. The period of
artificial aging, equivalent to nearly two months of natural aging, caused vis-
ible changes in the appearance of the quality of prints. As it was expected,
the total colour difference increases with the time of ageing simultaneously
the optical density of full tone area decreases with the time of ageing. The
changes of print quality during ageing are higher for PE prints than for PET
and BoPP prints. Additionally, UV radiation causes major changes in the
print quality than elevated temperature.
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