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MATEMATHUYHA MOJEJIb BAT'ATOIIOJIOCHUX KOMIIOHEHTIB
HO310BKHbBOI'O CYMIIIEHHS ®APB
Y PYJIOHHUX NAPYKAPCBKUX MAIINHAX

O. B. Tumuenko, O. B. [lleBuyk

Yxpaincoka akademis opyrapcmaa,
gyn. 11io Tonockom, 19, Jlveis, 79020, Ykpaina

Ilpoananizoeano mexnonoeiunuii npoyec cymiwyeHHs Gapb 6 cmpiukonposioHiil
cucmemi HOmMupuKonipHoi pynonnoi opykapcokoi mawuny. OKpecieHo HeoOXiOHicmb
00CHI0JHCEHHs (DaKmMOopie 6NIUBY HA AKICb CyMiujeHHs Gapd 6 cmpiuKonposioHill cuc-
memi pynoHHoi Opykapcokoi mawiunu. [locniodceno gaxmopu 6naugy Ha npoyec cymi-
wenns papod. Onucano memoouxy U3Ha4eHHs NOXUOKU cyMiujenHs ¢apb 6 nomouHii
cexyii 3a 0onomoz2oio nepedaganvhux @yuxyii. O6IpYHMo8aHo OOYiNbHICHb GUKOPUC-
MAHHA 3aNPOEKMOBANUX MEMOOUK.

Knrwouogi cnoea: cymiwenns papb, cmpiykonposiona cucmema, pyioHHa OpyKapcoka
Mawuna, OiNAHKY Naneposoi cmpiuku, MamemMamuyHa MoOoeb.

MocranoBka npodaemu. Crorogui Hemae Mozeni cymimenHs ¢ap0 B abcomnror-
HUX KoopauHartax. Lle € mepemkonoro A 3’€qHaHHS KOMIT FOTEPHUX MOAEJCH CTpiu-
KOIIPOBIIHOTO TPHUCTPOIO B CTPIUKONPOBiAHIA cucTeMHu. TakoX HOTPiOHO 3a3HAYMTH,
10 TMHAMIYHI BIaCTHBOCTI aBTOMAaTH30BAaHUX CUCTEM YIPABIiHHS CyMilleHHSIM (apO
HaBITh HA JIHIHHUX 0araTOKOHTYPHUX MOEIAX JOTeNep NPaKTUIHO He JociimkeHi. Lle
MOSICHIOETHCS BiICYTHICTIO BiAIIOBITHOTO MPOTPaMHOro 3abe3neueHHs, 0 Aa€ 3MOTY
peaiizoByBaTH KOMIUIEKCHI MaTeMaTH4H1 MoJieJli Oe3MepepBHO-TUCKPETHUX JUHAMIYHUX
cucteM. Came ToOMy JOLUIBHO PO3MIANATH MUTAHHS PO IMHAMIYHI BIACTUBOCTI LBOTO
npolecy B aOCOMOTHUX KoopauHaTtax. s iboro HeoOXi1HO BpaxoBYBAaTH HEMiHIHHICTh
K B CTPIUKOIIPOBiIHIM CUCTEMI, TAK 1 BCAaMOMY POLIEC TO3A0BKHBOT0 CyMilieHHS papo.
Heo0xinHO 3a3HauUTH, O Pi3HI JOCTIAHUKY HABOAATH NPUOIM3HO OAHAKOBI IepexiaHi
XapaKTEePUCTHKH cyMilieHHs (apO mo Hatsary nanepoBoi ctpiuku. [IpoTe nepexigni xa-
PaKTEPUCTHKH IPOLECY YIPABIiHHSI HUMH BiApi3HAOTbECA. Came TOMY JOLIBHO JIiHe-
apr3yBaTH HEJNiHIIHY TUHAMIYHY MOJEIb 1 MOPIBHATH OTPUMaHI Pe3yJbTaTu.

AHAJI3 ocTaHHIX AoCTiKeHb Ta myOmikamiii. OcHoBU Teopii cymimieHHs (apO
po3pobwu b. B. Jlypnsik, M. M. Jlynkis, B. I1. Mitpodanos, O. B. Tumaerko. OCHOBHOIO
ieero mux myoOmikauiil € o0ik npy:kHOro abo MPyKHO-B’A3KOTO CTaHy 3aJpyKOBaHOI mMa-
1epoBoi cTpiuku. Mipoto OLiHKK cyMilieHHs (apO BCTAHOBIIOETHCS YMOBHE TIOJIOKEHHS
i-1 ¢papOu:

5. (f) = ang,. (t)dt,
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neV,,, M/c — niHiliHa WBHUAKICTH IPYKY; & (f) — 3aKOH 3MiHH IPYXKHOTO CTaHy CTPIUKN
Ha BHUXO[I 1-ro JOPMHOT0 LMITIHApA.

Merta cTrarTi — po3po0OKa Ta AOCHIHKEHHS Mozesel cyMinieHHs Gap0 B pyJOHHUX
JPYKapChbKUX MallMHaX AJIs MiABUILEHHS sSKOCTi po6oTu P/IM Ha BHCOKOIIBHAKICHUX
pEeKUMaXx.

BukJiiax 0cHOBHOTO MaTepiaJjy AocigkeHHs . [lociimkeHHs mpolecy CyMilleHHs
(apb B CTPIYKONPOBIIHINM cHCTEMI YOTUPUKOMIPHOT PYJOHHOI IPyKapChKOi MalllHU, 1110
MicTuTh Yotupu crpiukonmpoBigsi ceuii (CIIC) i Tpu IUIAHKK manepoBoi CTPiUKH i3
TAKMMH 3HAYCHHMH ix mapamerpis: L, =L, =L, =LV, =V, =V, =V', [, =T, =T, =T.
Ha puc. 1 HaBeneHo JiHeapu30BaHy MaTeMaTU4Hy MOZETb IIpolecy cyMimeHHs ¢ap0.

Busnauaemo 3a 1onoMororo miei Mozieli nepenarodsi GyHKIIT OKpeMUuX KaHasiB:

W, s, (P) =K, (% - Tpl-i- J; (1)
Wi, s, (P) = Tle; )

Wi, s, (P) = @; (3)
Wapas., (P)= —%( Tp1+ 1]. 4)

Puc. 1. Maremarn4Ha MOZIENb JiHEAPH30BAHOTO MPOLECy cyMimmeHHs papo

Po3rmisiHEMO CTpIYKONPOBIAHY cUCTEMY OaraToceKUiiHO1 OpyKapchKoi MalluHH,
sAKa MICTUTb 3 AUISHKM marnepoBoi cTpiukd. Ilpm amii 30ypeHp moxuOka CyMileHHS
(ap0 B MOTOUHIN CEKIlil BU3HAYAETHCS 3a JOMOMOTOI0 IepenaBaibHuX QyHkii (1)—(4).
Bonnouac cymimenHs ¢hap0 B moganbIuX CEKIisIX MiHAETHCS Uepe3 Bapiallii BilIHOCHOTO
BUAOBKEHHA CTPIUKM Ha iX BXxomax. 3 Ii€l NPUUYMHM MiJ Yac aHaji3y CTPIYKONPOBIIHY
CHCTEMY PO3IISAAEMO K CHiJIbHE (PYHKIIOHYBaHHs OJOKIB BiIHOCHOTO BHIIOBXEHHS 1
¢dopmyBaHHS TOXHOOK cyMimieHHs ¢ap6. CTpyKTypHa cXeMa Takoi CTPiYKONPOBiTHOT
CHCTEMH HaBe/ICHA Y BUIVISA1 0ararornoiiOCHUX KOMIIOHEHTIB Ta 3B’SKiB MK HUMH, 110
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onucye npouec cyMimeHHs ¢apb (puc. 2). MaremaTnyHa MOIENb ONMUCY L€l CTPYK-
TYPHOI CXeMH Ja€ 3MOTY BU3HAYUTH NOXUOKH CyMillleHHS (ap0 y BCiX CEKUisAX PYIOHHOT
JIpyKapCchKOi MaIlIMHHU.
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Puc. 2. CtpykrypHa cxema 6araTononoCHIX KOMIIOHSHTIB CTPIYKONIPOBiTHOT CHCTEMH
Ta CHCTeMH CyMimieHHs Gap0 B 6ararocekmiiiHiit PIIM

CymimieHHs ¢papd BH3HAYAETHCS MO CHENiaIbHUX MITKaX, SIKi APYKYIOTbCS Ha TOJISAX
BinOuTka. L{i MiTKM 3a3BHYail MarOTh BUINISAA CMYXOK abo xpectiB. [y ogHOYacHOTO
BU3HAYEHHS IMOXUOOK pajiallIbHOTO, OCHOBOTO 1 JIiIarOHAILHOTO CyMileHHs (papd BUKO-
PHUCTOBYIOTHCS KOC1 MITKH, 5IKi MatOTh GOpMY Tpamneniin. MiTku 11sl Bi3yaJbHOTO BU3HA-
YeHHS cyMmileHHs ¢ap0 3a BiICYTHOCTI MOXMOKKM MarOTh HAKJIAAATHCSA OJHA Ha OXHY.
MiTKH U1 aBTOMaTH30BaHOTO KOHTPOJIO CyMilleHHs (ap0 ApYyKYIOThCS 13 3a1aHUMHU
IHTEpBaJaMH i B TIEBHIH MOCIiTIOBHOCTI.

Ha puc. 3 momano cucremy NpsIMOKYTHHX MITOK, sIK& MICTHTh CTapTOBiI MITKH,
10 BU3HAYAIOTh MMOYATOK IUKIY Bimiiky, yopHot (K), xostoro (Y), mypmypaoro (M),
6nakutHOIO (C) dapbamu. 3aBepiye LUK YOPHA MITKa, sIKa iHAEKCYE MOMEHT 3aKiH-
YeHHS LUKy Biaiiky. Ha iboMy prCyHKY NMOKa3aHO J1Ba METOOM BU3HAYEHHS MOXHOOK
cyminieHHs ¢ap6 o cycianiii ¢papoi i mo 6a3osiii pap6i. Tyr: As,, — moxudka 2-i KOBTOT
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¢ap6u BimHOCHO 1-i YopHOi; As;, — noxubka 3-1 myprypHoi (papOu BiTHOCHO 2-1 KOB-
Toi; As,, — noxu6ka 4-i 6makutHoi hap6u BiTHOCHO 3-1 MypIypHOI.

Hanpamok Movarkosl miTiK
PYXY .
naneposoi
CTPIMKKM ===

] i ’ AS,,
M | . AS

41

Kinuesi miTem

Puc. 3. Cucrema npsIMOKYTHHX MITOK JUIsi aBTOMaTHYHOTO KOHTPOITIO
cymimeHHs ¢apo

Onna 3 ¢ap0, HanpuKiIaz nepiia YopHa, Moxe OyTH BUKOpUCTaHa K 0a3oBa, Bil-
HOCHO $IKOi BU3HAYalOThCSI MOXUOKHM MO€AHAHHS BCiX iHmMX ¢apb. B upomy BUmaxy:
As,) — noxubka 2-i %0BTOi (papOu BiaHOCHO 06a30BOi yopHOi; Asy, — noxubka 3-i
nypiypHoi ¢apou BigHOCHO 6a30Boi; As, — moxuOka 4-i GnakutHOI papOu BiTHOCHO
6a3oBoi yopHoi. [Toxubku cymimenHs ¢papd MOKyTh BU3HAYATHUCS 32 IIOKa3aMH OKPEMHUX
JaTYMKIB, PO3TAILIOBAHUX HA BUXOA1 KOXKHOI JPyKapchKoi ceKIlii, a00 3a JOMOMOTOIO 3a-
raJibHOi BUMIPIOBAJILHOT CUCTEMH, PO3TAILIOBAHOI Ha BUXO/I ApyKapchkoi Mamau. Mix
noxubkamu cyMinieHHs ¢pap0 1o cycinHix i mo 6a30BUX MITKax, sIKi BU3HAYEHI 3a JOIO-
MOTOI0 OKPEMHUX JaT4HKiB, iCHY€ TaKa 3aKOHOMIPHiCThb:

Asy (1) = As,, (1)
Asy, (1) = Asy, (1) + Asy (1 = T) (5)
AS41(t):As43([)+AS32(t_T)+Aszl(t_2T)' (6)

SKmo BUMiproBaTH NOXUOKH cyMmilieHHs (ap0 1o 3arajibHiid 6a30Bii (apOi Ha BU-

XOJi ApyKapchKoi MalllMHH, TO HEOOX1IHO BUKOPUCTOBYBATH TaKi CIiBBIAHOILICHHS:

Asy o (1) = Asy (1 =2T) + Asy, (1 = T) + As,, (1) (7
Asy 0 (1) = Asy, (t =2T) + Asy, (¢ = T) ®)
310 () =55, (¢ = 2T). )

i ¢opmynu mokazyroTh, SKIIO BiJIOMi MOXWOKW MO CYCiJHIA MiTIli, TO MOXXHA
BU3HAYHTH BiAMOBiAHI OXUOKK 10 0a30Bil MITIi 1 HaBMaku. SIKII0 BUMIPIOBaHHS CY-
MitieHHs! ¢ap0 3A1MCHIOETHCS MO0 0a30BUX MITKaX Ha BUXOII JPYKapchKoi MalllHHU, TO
AK Kepyloua Jis 3a3BH4ail BUKOPHCTOBYEThCA 3MiHa ¢a3u GopmeHoro uuminapa. Ilpu
BUMIpIOBaHHI CyMileHHs (Gap0d mo cycigHili MITLi 3a3BHYail KOPEKLis 31MCHIOETHCS
3aBISIKH NEPEMIILEHHIO PETiCTPOBOTO BaJUKa.

BucHoBku. IlpoBeneno yiHeapu3alilo BUXITHOTO PIBHSHHA cyMilieHHS ¢ap0 i
OTpPHUMAaHO JIiHiiiHe AndepeHIiiiHe piBHAHHSA, IO OIUCYE 3B 30K M BEIMYHHOIO CY-
MmimmeHHs ¢ap6 mo cycianiii Gpap0bi. [loOynoBaHa iHeapu30BaHa MaTeMaTHYHA MOJEIb
npolecy HO3I0BKHBOTO CyMilieHHs (ap0 A YOTUPUKOIIPHOI PYITOHHOI APYKapChKOi
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MaIluHHM. JociiaKeHo MeTou BUMipy OXHOOK cyMitneHHs hapO 1o cyciqHiX, HOTOYHUX
1 3aranpHUX 0a30BUX (apOax.
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MATHEMATICAL MODEL OF MULTI-POLE COMPONENTS OF
LENGTHWISE INK COMBINATION IN WEB PRINTING PRESSES
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The technological process of ink combination in a tape-moving system of a four-
colour web printing press has been analysed. The necessity of research of factors
influencing the quality of ink combination in the tape system of a web printing press
has been stipulated. Factors of influence on the process of ink combination have been
studied. Ink combination errors are determined by the readings of individual sensors
located at the output of each printing section, or by using a common measuring system
located at the output of the printing press.

The method of determination of the ink combination error in the current section
using transfer functions has been described. The phase perturbations of the input
cylinder have been studied. Linearization of the original ink combination equation
has been performed and a linear differential equation has been obtained describing
the relationship between the ink combination value of the adjacent ink. A linearized
mathematical model of the process of lengthwise ink combination for a 4-colour web
printing press has been constructed.

Methods of measuring the ink combination errors on neighbouring, current and
common base inks have been studied. It is determined that the least accurate is the
method of determining the presence of errors of colour matching on the first basic label.
To improve noise immunity it is suggested to use the last fourth ink of relative elongation
as a base. If the ink combination is measured on the base labels at the output of the
printing press, then the phase change of the shaped cylinder is usually used as a control
action. When measuring the ink combination on a nearby label, as a rule, the correction
is made by moving the register roller. The expediency of using the projected methods has
been substantiated.

Keywords: ink combination, tape-moving system, web printing press, areas of paper
tape, mathematical model.
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