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HIJIBUIIEHHA TEXHOJIOITYHOI EGEKTUBHOCTI
OPCETHUX YD-PAPH
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Inemumym noniepaghii ma meditinux mexHonozit,
syn. 11io Tonockom, 19, Jlveis, 79020, Ykpaina

Ilposedeno excnepumenmanvhe OOCHIONCEHH EKCRIYAMAYIUHUX G1ACTUBOCTEl
Gapb ynempagionemosoeo 3axpinienus 0aa NI0cKko2o ogcemnoeo Opyky cepiti Ul-
traking Xcura ma New, a makodc 006aexu 0/ NpUweUOUeHHs noiimepuzayii apo
Ultraking Photoinitiator Paste XLM ma 0obasok 0a5a 3nudicents aunkocmi Y@-¢ghapo
Ultraking Liquid Reducer i MGA Paste Reducer. Bcmamnosneno 3anescnocmi éniugy
KoHyenmpayii homoiniyirorouoi dobasxu nHa vac saxpinienns YO-gapod na eiodumrax.
Bemanosneno zanexcnocmi énausy xonyenmpayii 0obasox Ultraking Liquid Reducer
ma MGA Paste Reducer na ymosny aunxicmo Y®@-chapdo ma ix ¢’ sskicmv. Becmarnogs-
JICHO 3ANeINCHOCTN 6NIUBY KOHYEeHmpayii 000A60K O 3HUNCEHMS TUNKOCMI HA Yac 3a-
kpinnenns Y®D-papo na iobumkax. Bcmanosneno 3anexqcHocmi gnaugy KOHYyeHmpayii
docnidocysanux 000a6oK Ha onmuyHy winvhicms YD-gapo na eiobumrax ma 6usHa-
yeHo, wjo ix ggedenns 00 ckrady YD-papb mano eniusae Ha oOnNMuUYHi XapaKxmepucmu-
Ku 8i06umKie. B yinomy, 3a ananizom pe3yiomamie nposeoeHux eKCcnepumeHmaibHux
00CAI0IHCEHb BCIMAHOBILEHO ONMUMATIbHI KOHYEHmMpayii Kopueyrouux 000aeok y gapou
Ultraking Xcura ma NewV.

Knwuogi cnosa: niockuii ogpcemnuii opyx, Y®D-papba, oobaska, pomoiniyiamop,
8 ’A3KiCcmb, TUNKICMb, Yac noaimepusayii, OnmMuyHa WinbHicmo.

IocranoBka npobaemMu. OUiKyeTbes, O 00CAT PUHKY IpyKapchkux (ap0, ski 3a-
KPIIJIIOIOTHCS 32 onoMororo yasrpadionery (YD-dap0), y 2025 poui ckiage 1,75 miapa.
nomapis CLHA i mo 2030 poxy mocsirue 2,49 mupa. gonapis CLIA 3i cepeqHbopiuHUM
temnom 3poctants (CAGR) 7,26% npotsirom mporHozoBanoro nepioay (2025-2030 pp.).
OCHOBHHMM PYILi€M 3pOCTaHHSI BAKOPUCTAHHS LbOTO TUITY (apd € BUKOPUCTAHHS CHEP-
roe)eKTHBHOTO CBITIOAI0JHOT0 00IaIHAHHS Ta MaTePialiB, IKi 3HIKYIOTh CIIOKUBaHHS
eHeprii ApykapcbkuMu MamnHaMu Ha 60-65%, ogHOYacHO ycyBatoun HEOOXiHICTh 00-
CIIyrOBYBaHHsI PTYTHHUX JIaMIT T4 BUKUIU JIETKUX OpraHidHux cnoiyk [1]. Onnak edek-
TUBHE BUKOPUCTaHHS (ap0 ynpTpadioseToBOro 3aKpilyieHHS BHMAarae TakoX MOCTiH-
HOT'O BIOCKOHAJICHHS TEXHOJIOTIH X BUKOPUCTAHHS, TOMY JOCIIHKEHHSI MOKIMBOCTEH
LIBUJKOTO PeryIroBaHHs BiacTuBocTe YP-(ap0 opceTHOro ApyKy 3a JOMOMOIOIO CIie-
HiaJIbHUX 100aBOK € aKTyaJbHUM 3aBIaHHSIM

AHaJti3 ocTaHHIX J0caiIKeHb Ta my0Jikamiii. ©apOu yiabTpadioneToBoro 3aKpirl-
JICHHSl 3HAXOAATH IIOpa3 MIMPIIE 3aCTOCYBAHHS MPAKTHYHO B YCIX CIIOCO0AX IPYKY
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3aBISIKM CBOIM TEXHOJIOTIYHMM repeBaram [2,3]. LlIBuaki Temnu po3BuTKy Y®-TexHO-
JIOT1H BUKJIMKAIOTh IIMPOKE 3alliKaBICHHS Yy HayKOBLIB. [IpoBOISATHCS SIK AOCHIHKEHHS
nporeciB ororoniMepu3arii [4-5], Tak i MaTepialiB s BIIOCKOHAICHHS CKiIany ¢apo,
3 METOIO HaJaHHS iM cHeuiajJbHUX YHIKQJIbHUX BIACTUBOCTEH UM MOKpAILEHHS iX Opy-
KapChKO-TEXHIYHUX XapaKTepuCTUK. 30kpema, po3zpodneno UV-LED odcerny apykap-
CbKy (apOy Ha OCHOBI KpEMHIHOpPraHi4YHOro MOAN(IKOBAHOIO IMOJiypeTaH-aKpuiary i
KOIIOJIIMEPY aKpHJIaTy CTHUPOILY, sIKa XapaKTePHU3y€eThCs MiABUILEHOIO CTIHKICTIO (hapOo-
Boro mapy [6]. Llle ogaum BuHaxomoM € po3podka Y® odceetHoi apykapcbkoi (hapOu 3
MPUCKOPEHOI0 HMIBHIKICTIO 3aKPiIUICHHS. 3aBIsSKHW BUKOPUCTAHHIO cyMmilli (oToiHimia-
TOpIB BAAJIOCS IOCATHYTH MBUAKOCTI apykyBanHs 16000 BinG/rox [7]. Po3poOnsrors-
csl TakoK (hapOu 31 creliaJIbHUMH ONTHYHUMHU XapakTepucTukamu. lIpuxiiagom moxe
Oytn Y@ maroBa exosioriuno Oe3nevyna odceTHa apykapcbka (hapda Ha OCHOBI aKpHIIO-
BO1 eMyIibcii Ta nosiedipHo-akpuioBoi cmoiu [8]. [logiOHMMHU BIaCTUBOCTSAME BOJIOAI€E
pospobnena LED-Y®-dapba, sika MIBUIKO 3aKpiIUIIOETHCS 0€3 BUALICHHS O30HY IMif
HU3bKO €HEPreTHYHUMH JDKEPEIaMy BUIIPOMIHIOBAHHS Ta CTBOPIOE MaTOBUil ehekT [9].
BaxnuBi BUHAXOU CTOCYIOTHCS ITiIBUIIICHHS SKOJIOTiUHOI Oe3nekn YD-marepiaiiB Ta
3HMKEHHs 1X eHeproeMHocTi. CtBopeHi hapou YD-3aKkpimiieHHs, sKa XapaKTepU3yeTh-
Cs1 BUCOKOIO IIBUAKICTIO 3aKPIIJICHHS 3 BUHATKOBO HHM3bKOIO eHeproeMHictio [10-11].
Po3pobnsioreess YO-hapOu mitockoro ogceTHoro APyKy AJsl CHELialbHUX 3acTOCy-
BaHb, HAPUKJIAM, U1l APYKYBaHHS 110 MeTajeBUX ocHoBax [12], mo momiermieHreped-
tanarHid tomBmi [13], mkipsaux BupoOax [14]. CnenianbHO 1S APYKYBaHHS I[IHHUX
nanepiB crBopeHo Y®-¢papdu cpitnomiognoro 3akpimieHss [15-17]. OcobnuBa yBara
MPHUIUTSIETHCS TOCTIIHUKaMU BacTHBOCTIM YD-ap0 [2,18] Ta ix B3aemonii 3 pizHUMU
noBepxHsmu [19].

3 yChOro BHUILECKA3aHOTO MOXKHA 3pOOMTH BUCHOBOK, 110 Y®-TexHoJorii B cyvac-
Hill nonirpadii € omHMMYU 3 HAWNEPCIEKTUBHIIINX 1 MAIOTh BEJIMKE MalOyTHE.

Meta cTarTi — BCTAHOBJIECHHS 3aKOHOMIpHOCTEH BIUIMBY 100aBOK B Y®-(hapOu
IUIOCKOTO O()CETHOTO APYKY Ha iX APYKapChKO-TEXHOJIOTIUHI BIACTUBOCTI Ta SIKICTh Bij-
OWTKIB.

Bukiiax ocHOBHOTO MaTepiany JocigxeHHs. ExcriepuMeHTanbHI 10 CIiKSHHS
MPOBOAMIINCS B HAYKOBO-AOCIHiAHINA J1aboparopii MEeAIMHUX 1 pecypcooIaaHuX Moi-
rpa¢iunux TexHouoriil kadenpu mynsrumeniiaux texxosnorid IIIMT HY «JIbBiBcbka
nojiTexHika». B exciepuMeHTanbHii poOOTI BUKOPUCTOBYBAIKMCH TpiagHi GpapOu yibT-
padiosneToBoro 3akpimieHHs U IIockoro odceerHoro Apyky cepiit Ultraking Xcura
(Flint Group) ta NewV (Huber Group). ns npumBuamenss noiaimepusauii ¢pap0 Bu-
xopuctoByBanu no6aBky Ultraking Photoinitiator Paste XLM (UPP XLM), mns 3Hu-
skeHHs1 unkocTi Y®-¢pap6 — nobasku Ultraking Liquid Reducer (ULR) Ta MGA Paste
Reducer. [y11 BUTOTOBJICHHS 3pa3KiB Ta APYKYBaHHS BUKOPHUCTOBYBAJIM KpeWIOBaHHUN
namip G-Print (Artic Paper), rpamaryporo 130 r/m? ta 6imusnoro 117 CIE. 3agpykoBaHi
3pasku OTpUMYyBalIM Ha jaboparopHomy npoboapykapcekomy npuctpoi IGT Testing
System. J{ns 3akpimnenns (porononimepusanii) OoTpuMaHuX BiZOUTKIB BUKOPHCTOBYBa-
71 1a00paTOPHUIN eKCIIOHYBaJIbHUN NpUCTpiil. BUu3HaueHHS ONTHYHOI IIITBHOCTI OTPH-
MaHHMX TECTOBHX BiOMTKIB BUKOHYBaJM Ha criekTponeHcutomerpi X-Rite SpectroEye.
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[ Bu3HaueHHs B’ s3kocTi YO-hapO BUKOPHCTOBYBAIM pOTaliiHUH Bicko3umeTp bpyk-
¢inpna (Brookfield RVT), a s BU3HAYSHHSI yMOBHOT JIMIIKOCTI - POJIMKOBHH aire3io-
METp.

B cywyacHux ymoBax 210 SIKOCTi APYKOBaHOI MPOMYKIl BUCYBAaIOTHCS 1OPa3 BHILL
BUMOTH. BUKOHaHHS LIMX BUMOT € HEMOXJIMBUM O€3 MOINEPEIHbOI0 TECTYBAHHS APY-
KapChbKOTO IIPOLIECY Ta MaTepialiB, sSIKi y HbOMY BUKOPUCTOBYIOThCA. [Ipu BUKOpUCTaHH1
YO-hap0 yacTo BUHHUKAE HEOOXIAHICTh MPUILIBUAIIMTH IX 3aKpilieHHS (TOJiMepH3a-
1i10) Ha BiIOMTKAxX, 0COONMBO 1I€ BayKJIMBO NPH 33APYKOBYBaHHI HEBCOTYIOUHX TOBEP-
XOHb. |71 1IbOro BUKOPHCTOBYIOTH clielianbHi 100aBku B (hapOu, Taki sik UPP XLM,
ne QoToiHimiaTop BKe MONepeIHbO YacTKOBO PO3BEIEHHUH y MOHOMEpi. Sk mokazanu
oTpuMaHi pe3ynbratd (puc. 1), 30inblIeHHs] KOHUEHTpauil (oToiHiLiaTopa CyTTEBO
BIUIMBA€ Ha MIBHIKICThH 3aKpiruieHHs o0ox cepiit dapO. Hus dapO cepii NewV BBe-
JeHHs 10 iX ckinany 3% ¢oroininiaTopa 3MeHIIye dac nojimepusanii Ha 27-30%. [lpu
BuKopucTanHi 3% nobasku y ¢gapbu cepii Xcura, yac nojaimMepusanii 3MEHITY€THCS HA
25-29%. ExcriepuMeHT mokasas, 1o ¢apou cepii Xcura € Ginbl1 BUCOKOPEaKTUBHUMH,
nopiBHSAHO 3 papbamu cepii NewV — BOHU MOJIIMEPU3YIOTHCS B CEpelHbOMY Ha 7-8 ce-
KyHI mBuAme. Pesynbratn Takox mnoxasand, mo 4opHi ¢apobu (Black) mosinbHime
MOJTIMEPU3YIOTHCS.
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Puc. 1. BB koHIEHTpaIlii GoToiHiIiaTopa Ha Yac 3aKpiruieHHs Gpapo
NewV (xiBopyq) Ta ¢ap6 Xcura (mmpaBopyd) Ha BiTOUTKY

Heo0xigH010 YMOBOIO OTpUMaHHS SIKICHOTO BiJOWTKA € BiANOBIHI PEOJIOrivHi Biac-
TUBOCTI IpyKapchbKuX (apOd (JIUMIKICTh Ta B SI3KICTh), AJIsl PETYJIIOBAHHS SIKUX TAKOX BHU-
KOPHCTOBYIOTh clieliaibHi 1o06aBku. OTpuMani pesyasraru (puc. 2) cBiadars, Mo Ui
000X nocmiKyBaHux cepiil Gpapd oOuaBi 1o6aBku € JocuTh eekTuBHUMU. [Ipu BUKO-
pucranui 3% nobaBku ULR ymoBHa jumnkicte ¢gapd 000x cepii 3MeHIIyeThCsl Ha 35-
40%, a npu BukopuctanHi 5% nobasku MGA— na 45-50%.

Jlo6aBKkH, IKMMH PETYIIOI0TH JIMIKICTD IPpyKapchbKux (apO 4acTo BIUIMBAIOTH 1 Ha 1X
B’SI3KiCTh, 00 111 XapakTepUCTHKH (apd Mixk co0OI0 TiCHO OB’ s13aHi. PesynbraT ekcre-
PUMEHTAJILHUX BUIPOOYBaHb CBIJUaTh, 10 BBEICHHS IO CKJIaly HOCIiIKyBaHUX (dapod
no6asku ULR 3menmye ix B’s3kicTb. st Gpapb cepii NewV B’SI3KICTb 3MEHILY€ETHCS
Big 26-27 no 21-23 Ila-c (mpu BBeneHHi 3% nobasku). s dhap6 cepii Xcura B A3KicTh
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3MeHIyeThest Big 22-24 mo 17-19 Ila-c. Otxe, nodaBka ULR 3MeHmye ogHO4acHO i
JIMIIKICTB, 1 B’SI3KICTh JOCTIUKyBaHUX (papO YD-3akpimienus (puc.3).
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Puc. 2. BB Ha ymMoBHY Junkicts Y®-hap06 xonnentpanii noo6askn Ultraking Liquid Reducer
(;riBopyu) Ta MGA Paste Reducer (mpaBopyu)

lono nob6aBku MGA, To BBeaeHH ii 10 ckiany Gpapo (10 5%) npakTHYHO HE BILIU-
Bae Ha 1X B s13KicTb — 1 papOu NewV Magenta B’s13KicTh HE 3MIHIOETBCS B3araii, a Juis
iHmux ¢apd 3menmyerscs Ha 1 [la-c, 10 € y Mekax nmoxuOKu ekcrepuMeHTy (puc.3).
TakuM 4MHOM, MOXKEMO TBEPAUTH, 110 nobdaBka MGA 3meHIye munkicts YP-hapo Oe3
3MiHH iX B’S3KOCTI.
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Puc. 3. Brumus Ha B s13kicTh YD-(ap0 KoHIEHTpaIlii 100aBKH
Liquid Reducer (;1iBopyd) Ta MGA Paste Reducer (mipaBopyu)

Binomo, mo BBeneHHs 100aBok 10 ckiany YP-pap0d moke mo3HauaTHcs Ha ix
noJiMepH3aliiHii 37aTHOCTI (MIBUAKOCTI 3akpimieHHs). ToMy Oyio MpPOBEAEHO EKc-
MEpUMEHTAIbHE JTOCIIIKCHHS Ta BCTAHOBJICHO BIUIMB KoHIEeHTpauii 1o6aBok ULR Tta
MGA Ha uac nonimepu3auii papOoBoro mapy Ha BizOuTKax. B 000X BUmagKax BBeICH-
HS 70 ckiany ¢apdu 100aBOK NPUBOAMTH 10 301IbIIEHHS yacy noniMepusauii gapoo-
Boro 1apy. [Ipu Buxopucranni 3% nodasku ULR uac nonimepusauii ¢pap6 cepii NewV
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3poctae Ha 10-12 cexyHnn, a gpap0 cepii Xcura —Ha 9-10 cexynn. [Ipu Bukopucransi 5%
nobasku MGA uac nonimepusanii ¢gap0 cepii NewV 3pocrae Ha 5-6 cexkyHn, a ¢apb
cepii Xcura — Ha 4-5 cexyna. Takum umHOM, n06aBka ULR Oinbmn HerarnBHO 1MO3Ha-
YJaeThCs Ha MojliMepu3auiiiniil 3narnocti Y®-¢ap0, mo HeoOXigHO 000B’A3KOBO BPaxo-
BYBAaTH IPY BUKOPUCTaHHI 11 y TEXHOJIOTTYHOMY MPOLEC] INTOCKOTO O()CETHOTO IPYKY.

[lix yac apyKyBaHHS HEOOXiJHO MOCTIHHO KOHTPOJIOBATH ONTHUYHI NOKa3HUKH (GapO
Ha BiIOMTKax, 0COOIMBO, KOJIM 0 CKiIaxy ¢apOu BBOASTHCS Ti UM iHII 100aBKU. B 1abo-
paTopHUX YMOBax OyJiO NMPOBEAEHO JOCIIKEHHS BIUIMBY Kopuryrounx gobasoxk ULR Ta
MGA Ha onTUYHY IIUTBEHICTE BiTOUTKIB. Pe3ynsraTy mokasanu, o BBeieHHs 3% 100aBKu
ULR o cxmagy ¢apd NewV Ta Xcura 3MeHIITye iX ONTHUYHI IIUTBHOCTI Ha BiAOUTKY Ha
0,06-0,08 B.0. Beenennst 5% nobasku MGA 3MeHIITye ONTHYHI MIUTEHOCTI JOCIKYBAaHUX
¢ap6 Bcroro Ha 0,04-0,05 B.0. OTiKE, MOXKEMO TBEPAWTH, 1110 BBEICHHS JOCIIKYBAHUX
J100aBOK 110 ckinany Y®P-¢pap0 Maso BIUIMBAE Ha iX ONTHYHI XapaKTEPUCTUKH HA BIAOUTKAX.

BucHoBku. B pe3ynbrari npoBeAeHNX eKCIIEPUMEHTAIBHUX TOCIIIKEHb BIaCTUBOC-
Teit YO-¢hap6 i mi1ockoro o)ceTHOro IpyKy Ta BiZOMTKIB, OTPUMAHUX 3 BUKOPUCTAH-
HsM 1UX (hapO BCTAHOBJICHO 3aJIC)KHOCTI BIUTMBY KOHIIEHTpAIliil (POTOIHIIiF0r0u01 100aB-
ku Ultraking Photoinitiator Paste XLM Ha uvac 3akpimiensst Y®-¢ap0 Ha BigOuTKax Ta
BU3HAYEHO, 1110 BBEACHH A0 iX ckinany 3% ¢oToiHimiaTopa 3MEHIIYye Yyac HoliMepu3anii
¢ap6 cepii NewV Ha 27-30%, hap0 cepii Xcura —Ha 25-29%. BcraHoBIeHO 3a1€:KHOCTI
BIUIMBY KoHUeHTpauii no6aBok Ultraking Liquid Reducer ta MGA Paste Reducer na
YMOBHY JIUIKICTh Y®-(hapO Ta BU3HAUEHO, 1110 pH BuKopuctanui 3% nodasku Ultraking
Liquid Reducer ymoBHa nunkicts apb 0060x cepii 3MmeHIIyeTbes Ha 35-40%, a npu BU-
kopuctanHi 5% nobaBku MGA Paste Reducer — Ha 45-50%. BcranoBieHO 3aiexHOCTI
BIUIMBY KoHUeHTpauii go6aBok Ultraking Liquid Reducer ta MGA Paste Reducer na
B’si3kicTh YD-(pap0 Ta Bu3HaueHo, mo godaska Ultraking Liquid Reducer 3menmrye on-
HOYACHO 1 JIUTIKICTh 1 B’S3KiCTh JocimipkyBanux (ap0o, a nodaska MGA Paste Reducer
3MeHIIye JUnKicts YP-(ap0 06e3 3MiHH 1X B’A3K0OCTi. BCTaHOBIEHO 3aI€KHOCTI BILIUBY
koHnenTpauii nob6asok Ultraking Liquid Reducer Ta MGA Paste Reducer na uac 3akpin-
nenns Y®-¢pap6 Ha BigOuTKaX. BCcTaHOBIEHO 3aJI€KHOCTI BIUIMBY KOHIIGHTpAIIii JOCITi-
JOKYBaHHX JI00ABOK HA ONTHYHY INLIbHICTE YD-(ap0 Ha BiIOUTKAX Ta BU3HAYCHO, IO 1X
BBE/ICHHS 10 cKiaxy Y®-dap0 mMaso BIJIMBAE HA ONTUYHI XapaKTEPUCTUKHU BIIOUTKIB.

B ninomy, 3a aHaiizoM pe3yibTariB MPOBEACHUX EKCIIEPUMEHTAIBHUX JOCTIKEHb
BCTaHOBJICHO ONTHMaJIbHI KOHLIEHTpalii kopurytounx 106aBok y ¢gapou Ultraking Xcu-
rata NewV.
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Ultraking Xcura (Flint Group) and NewV (Huber Group) UV curing inks for offset
printing were used in the experimental work. The additive Ultraking Photoinitiator Paste
XLM was used to accelerate the polymerization of the inks, the additives Ultraking Liquid
Reducer (ULR) and MGA Paste Reducer (MGA) were used to reduce the stickiness of
the inks. The printed samples were obtained using an IGT Testing System laboratory
proofing device. A laboratory exposure device was used for photopolymerization of the
obtained impressions. The optical density of the test prints was determined using an
X-Rite SpectroEye spectrodensitometer. A Brookfield RVT rotational viscometer was
used to determine the viscosity of UV inks, and a roller adhesion tester was used to
determine their conditional stickiness.

As a result of experimental studies of the properties of UV inks for flat offset printing
and prints obtained using these inks, the dependence of the effect of the concentration
of the photoinitiating additive Ultraking Photoinitiator Paste XLM on the curing time of
UV inks on prints was established. It has been determined that adding 3% photoinitiator
to their composition reduces the polymerization time of NewV series inks by 27-30% and
Xcura series inks by 25-29%. The dependence of the influence of the concentration of
ULR and MGA additives on the conditional tackiness of UV inks has been established,
and it has been determined that when using a 3% ULR additive, the conditional stickiness
of inks of both series decreases by 35-40%, and when using a 5% MGA additive, it
decreases by 45-50%. The dependence of the influence of ULR and MGA additives
concentration on the viscosity of UV inks has been established. It was determined that
the ULR additive reduces both the stickiness and viscosity of the tested inks, while the
MGA additive reduces the stickiness of UV inks without changing their viscosity. The
dependence of the influence of the concentration of ULR and MGA additives on the
setting time of UV inks on prints has been established. The dependence of the influence
of the concentration of the studied additives on the optical density of UV inks on prints
was established, and it was determined that their introduction into the composition of
UV inks has minor impact on the optical characteristics of prints.

Overall, based on the analysis of the results of experimental studies, the optimal con-
centrations of corrective additives in Ultraking Xcura and NewVinks have been established.

Keywords: offset printing, UV ink, additive, photoinitiator, viscosity, stickiness, po-
lymerization time, optical density.
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