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STUDY OF METROLOGICAL CHARACTERISTICS OF AUTOMATED MEANS OF
MEASURING CONTROL OF PAPER HUMIDITY

The moisture content of the paper plays a very important role, as it affects the strength, stability of the size and shape of
the sheets. Control over the preparation of printing machines for printing, which aims to ensure the correct position of the print on
the paper, twisting, warping, static electricity, the formation of wrinkles and folds is impossible without control over the humidity of
the paper and the dynamics of its change. The greatest stability of paper moisture is observed at a humidity of 45%. And the most
favorable range of humidity - 40-60%. But when you move sheets of paper from storage areas where the temperature is lower, to
the room where the printing will take place and the temperature is higher, and accordingly, a difference in humidity is created,
which will affect the humidity of the paper. After weaving the polyethylene sheets of paper begin to absorb moisture until there is a
balance of humidity in the environment, Changing the moisture content of the paper leads to printing defects, the use of more ink,
incompatibility of inks on the prints, and others. Therefore, measuring the moisture content of the paper before printing is of great
importance. The optimum moisture content in the paper is 4.5-5.5%. High-precision automated measuring instruments should be
used to monitor such small values.

High-precision determination of paper humidity in an automated humidity control system is important because the range
of usability of paper that is suitable for use is quite small. Inaccurate measurement can lead to the paper being considered unusable
by the system, and vice versa.

The use of surplus methods of measuring the humidity content of sheet materials provides automatic correction of errors,
which are due to the influence of the following factors: absolute values of the parameters of the conversion function of the
measuring channel and their deviation from the nominal values; nonlinearity and instability of the parameters of the transformation
function of the measuring channel as a result of the influence of external destabilizing factors, attenuation of the flow of optical
radiation introduced by the elements of the optical path and contamination of the optical elements. The extraction of the error
components is carried out as a result of processing the obtained intermediate data according to a certain equation of surplus
measurements.

The article studies the metrological characteristics of the automated paper humidity control system, which is based on the
use of the method of surplus measurements. The accuracy class of the automated control system is determined.

Keywords: automated humidity control system, metrological characteristics, surplus method, paper humidity.

Beryn. Bwmict Bojiorn y mamepi Biflirpa€ IOCHTh BaXKJIHBY POJIb, OCKUIBKH 1€ BIUIMBA€ HA MIllHICTHI
MOKAa3HUKH, CTIMKICTh po3MipiB Ta (opmu yucTiB. KOHTponab 3a MiArOTOBKOI JAPYKYBaJbHUX MAIIMH 1O JPYKY
THPaXy, SIKKA Ma€ HA MeTi 3a0e3MeYnTH TPaBUIIbHE TTOJIOKEHHS BIAITHCKY HA Tarepi, CKpyIyBaHHSAM, KOPOOJICHHSM,
CTATUYHOIO €JIEKTPHKOIO, YTBOPEHHS 3MOPIIOK Ta CKJIAJIOK HEMOJXJIMBHI 0Oe3 KOHTPOJIIO 3a BOJIOTICTIO Tamepy Ta
TUHAMIKOIO 1i 3MiHH. Ha#Oinemn cTaOimbHICTH BOJOTOCTI MMamepy CHOCTEPIraeThCs TPH BOJOTOCTI OTOYYHOYOTO
cepenosua 45%. A HalOLIBII CIPUSTIMBHUHN Jiarma3oH BojorocTi nositps — 40-60%. Aje npu nepeHeceHHi JIMCTIB
narepy 3 CKJIaJICbKHX IPUMIIEHb, JIe TEMIIepaTypa HIbK4a, Y MPUMILIEHHS, Je BiI0yBaTUMEThCS IPYK 1 TeMIepaTypa €
BUIIOIO, 1 BIJIOBIJJHO, CTBOPIOETHCS 1 PI3HUI BOJIOTOCTI, SIKa BIUIMBaTUME Ha BOJIOTICTH marepy. Ilicis 3HarTs
TIOJIIETUIICHY JIUCTH TIarepy MOYMHAIOTh BOMPATH BOJIOTY 0 THX Iip TIOKM HE HACTaHE PiBHOBAara BiJIHOCHO BOJIOTOCTI
TIOBITPSl HaBKOJMIITHBOTO CEPENOBHINA. 3MiHA BOJIOTOCTI Marepy HPU3BOAUTH N0 Ne(eKTiB OpyKy, BHKOPHUCTAHHS
OinpIIOi KiTbKOCTI (hapOm, HecyMimmeHHsS (apO Ha BigTHCcKax i iH. ToMy BHMIpIOBaHHS 3HAUCHHS BOJIOTOCTI Harepy
nepest IPyKoM Mae BelnKe 3HaueHHsA. ONTHMalbHHI BMICT BOJIOTOCTI B Tarepi cTaHOBHUTH 4,5-5,5%. [lnsa koHTpoIIro
TaKMX HEBEIWKHX 3HAYEHb IOBHHHI BHKOPHCTOBYBAaTHCh BHCOKOTOYHI aBTOMATH30BaHI 3acO0M BHMIipIOBAaJIBHOTO
KOHTPOJTIO.

PesynbTaTH AOCHiIKeHBb. Y TMONEPEAHIX MOCTIIKCHHSX Oyio mokazaHo [1-3], mio BHKOpPHCTaHHS
HaJUIMIIKOBUX METO/IB BHMIpPIOBAILHOTO KOHTPOJIIO BOJIOIOCTI JIMCTOBUX MaTepiajiB 3a0e3redye aBTOMATHYHY
KOPEKIIil0 TOXNOOK, 5IKi 0OYMOBJICHI BIUIMBOM HAacTyNMHHX (DakTopiB: aOCOJIOTHUX 3HA4YEHb MapameTpiB (QYHKINT
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NEPETBOPCHHSI BUMIPIOBAILHOIO KaHAJIy Ta iX BIAXWIGHHS BiJ HOMIHAIPHMX 3HAU€Hb; HENIHIMHICTIO Ta
HecTaOUIBHICTIO mapaMeTpiB (QyHKLIi MepeTBOPEHHsS BHMIPIOBAIFHOTO KaHATY y pe3yJbTaTi BIUIMBY 30BHIMIHIX
nectabimizyrounx (hakTopiB; MOCTAa0JIEeHHS IOTOKY ONTHYHOTO BHUIIPOMIHIOBAaHHS, IO BHOCHTHCSA €JIEMEHTaAMH
ONTHYHOTO TPAKTy Ta 3a0pYyAHECHHSIM ONTHYHUX EJIEMEHTIB. BHMIydeHHS CKJIaIOBUX MOXHOKU 3IIHCHIOETHCS Y
pe3ynbpTaTi 00poOKH OTPUMAHUX MIPOMDKHUX JaHWX 32 TIEBHUM PiBHIHHIM HAUTUITKOBUX BUMIPIOBaHb. 3MCHIIICHHS
BHIAIKOBUX CKJIQJIOBUX MOXHUOKH BHMIPIOBaHHA MOJKJIMBE 32 PaXxyHOK 3IIiHCHEHHS 0araTopa3oBHUX BHMIpIOBaHb Y
KO)KHOMY TaKTi Ta IX CTaTUCTHYHOI 00poOkm. [TpoBemeMo MOCTIMIKCHHS METPOJOTIYHMX XapaKTePUCTUK 3aco0y
BHMIiPIOBAJIFHOTO KOHTPOJIIO BOJIOTOCTI Tariepy.

Jnst BU3HAa4YeHHS NIMCHOTO 3HA4YEeHHsS KOHIEHTpAIil BOJIOTM B mHamepi po3poOsieHO METOJ HaJTHIIKOBUX
BUMIpIOBaHb, KU NONArae B BUKOHAHHI YOTHPHOX TaKTIB BUMIPIOBAHHS MOTY)XHOCTEH IOTOKIB ONTHYHOTO
BUIIPOMIHIOBAaHHS, sSKi IIEPETBOPEHI y Hampyrd. Y MepIIOMy TakTi HPOBOAWIOCH BUMIPIOBaHHS TaK 3BaHOIO
3MIIIEHHS HYJL. Y JpYyroMmy TakTi y ONTHYHHUN TPaKT BCTAHOBIIOBABCS 3pPa30K JIMCTOBOTO Marepiaiy i3 BiIOMUM
3HaueHHsAM BoJyorocTi. IToTyXHICTh MOCHa0NIEHOro MNOTOKY ONTHYHOTO BHIIPOMIHIOBAaHHS IEPETBOPIOBAIN Yy
Harpyry. Y TpeTbOMY TaKTi BHMipIOBaJOCh 3HAU€HHS HAINPYTH, y SKY MEPETBOPEHO MOTYXHICTh TOCiIabieHoro
MMOTOKY ONTHYHOTO BHIIPOMIHIOBAHHS, SKAH MICTHTH iH(QOpPMAIII0 PO 3pa30K Marepiady Ta Mpo AOCHiIKyBaHHUN
MaTepial. Y 4eTBepTOMY TaKTi IMPOBOAMIOCH BHMIPIOBaHHS 3HAUEHHS HANPYTH, Y SKy HEPETBOPEHO MOTYXKHICTH
mociabienoro moroky OB, mo mpoHmmoB depe3 mocmimKyBaHWH Matepian. Jlami 3a piBHSHHSAM HaJJIHIITKOBHIX
BHUMIiproBaHb (1) BU3HAYAIOCH AiliCHE 3HAYCHHS BOJIOTOCTI Tariepy.

C,=C, In(U, ~Ug)- (U, -Ug ).
iU, ~Ug)-I(U3-U,)
Jnst mepeBipKHM 3alpOIOHOBAHOTO MeTOAy Oyno po3po0eHO aBTOMAaTH30BaHWK IM(POBUI ONTHKO-
eJIeKTPOHHMIA 3aci0, sakwii 3abe3medye mpuitom mociadiaeHoro motoky OB, mepeTBopeHHS HOTO y eNeKTpUIHHN
curHam Ta oOpoOKy iH(popMamii Mpo BOJOTICTH AOCIIIKYBAHOTO MaTepialy 3a BHMIPIOBAaHHMH 3HAUYCHHSIMH
MOTY>KHOCTI mociabyieHoro motoky OB. Takuii 3acid0 micTuTHMe B cOOi ONTHYHI, €ICKTPOHHI, MEXaHIYHI Ta IHIII
enementu [4-6]. CTpykTypHa cxema 3aco0y HaBeleHa Ha puc. 1.
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Puc. 1. CtpykTypHa cxema nHu()poBoro ONTHKO-eJEKTPOHHOIO0 32¢00y BUMIPIOBAJBLHOIO

KOHTPOJIIO BOJIOTOCTi JincToBuX Martepiaiis: JJOB — xepesio onTuyHoro BunpominioBanns, [IM — nporskauii mexanizm, 10 —
aocaimKyBanuii 00°ekt, @IIp — poronpuiimay, IT — mincuaosay, IIB — nudposnii BoasTVMETP

3rigHO 3 i€ CTPYKTYPHOKO CXEMOI 3aci0 BHUMIPIOBAIHLHOTO KOHTPOIIO MICTUTH JKEPEIO ONTUIHOTO
BunpominioBanHs JJOB, Ha Buxosi AKoro (opMyeThCs MOTIK ONTHYHOTO BUIIPOMIHIOBAHHS, SIKMH MOTPAILIE Ha
nocaimxyBanuii 06’ext JO. IIpoTsaryBaHHS JTHUCTOBOTO MaTepialy 3a JOIMOMOTOI MPOTSDKHOrO MexaHismy IIM
JIO3BOJISIE BHMIPIOBATH MOTYXHICTh IOCJIa0JICHOTO IMOTOKY ONTHYHOTO BHMIIPOMIHIOBaHHS, L0 MHPOWIIOB uepe3
00’€eKT MOCHI/DKEHHS, Y KUIbKOX Micusx. IlocnaOneHuid NOTIK ONTHYHOTO BUIPOMIHIOBAaHHsI, MOTpAIUIsie Ha
¢doronpuiimau OIlp, sikuii meperBoproe Horo y enekrpudyHuii curHan. CurHan 3 Buxony ortompuiimaya ®IIp
TIOJIA€THCS Ha IMiCHIIIOBAY, 3 SIKOTO MOJaeThesl Ha 1M poBuid BonbT™MeTp LIB.

3naTHiCTh 3ac00y BHMIPIOBAIEHOI TEXHIKH BUTPUMYBATH METPOJIOTIUHI XapaKTEPUCTUKHU Y 3aJaHUX MEKaxX
BH3HAYa€e HOTo HaiiHICTh. [ OIIHKY BiAIIOBIAHOCTI METPOIOTIYHUX XapaKTEPUCTHUK IX HOPMOBAHUM 3HAYCHHSIM
MIPOBOJIATH TPOIEC IMOBIPKHA 3acO0iB BUMIPIOBATBHOI TEXHIKH, SKa IOJSTa€ y BH3HAYCHHI MOXHOOK 3aco0iB
BUMIPIOBAILHOT TEXHIKH 1 BHHECEHHSI PILlICHHS PO X MPUAATHICTH JI0 3aCTOCYBaHHS [ 7].

[NoBipky 3ac00iB BUMiprOBaIbHOI TEXHIKH MOKHA 3TIHCHIOBATH JBOMa METOIaMU:

- IOGJIEMEHTHO;

- KOMIUIEKTHO;

[loenemenTHa TOBipKa mepeadadae BH3HAYCHHS METPOJIOTIYHAX  XapaKTePUCTHK  KOXXHOTO
BHMIPIOBAJIFHOTO II€PETBOPIOBaYa OKPEMO. HAa OCHOBI BiJOMHUX (YHKIIOHAJBHHX 3aJISKHOCTEH BH3HAYAIOTh
CyMapHi METPOJIOTIUHI XapaKTePUCTUKH 3aco0y, 10 ToBipseThes. [lil 4ac KOMIUIEKTHOI MOBIPKM BH3HAYAIOThH
METPOJIOTIYHI XapaKTEPUCTUKHN 3ac00y BUMIPIOBAIBHOI TEXHIKH K €JMHOTO III0T0 0€3 BU3HAYEHHS METPOJIOTIYHUX
XapaKTEPUCTUK OKPEMUX 11 YACTHUH.

Jnst  BHU3HAUEHHS METPOJIOTIYHMX XapaKTEPUCTHK po3poOieHoro 3aco0y BHUMIPIOBAIBHOI — TEXHIKH
3aIpPOIIOHOBAHO BUKOPHCTATH METOJI 3pa3KOBHX 3ac00iB, B OCHOBY SIKOTO MOKJIaJICHO OJJTHOYACHE BUMIPIOBAHHS (i3UYHOT
BEIIMYMHN 3aCO00M, IO MOBIPSETHCS, Ta 3pa3KOBMM 3acobaMy BUMiproBaibHOI TexHiku. [Ipu mpoMy omeparop Mae
BCTAHOBHTH, [0 Ha 3pa3KOBUI1 1 Ha 3aci0, IKUH MOBIPSIETHCS, Ji€ OJTHA 1 Ta IHTCHCUBHICTD (DI3MYHOI BEINIHHU.
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XapakTepHOIO PHUCOI0 METOY 3pa3KOBHX 3ac00iB € 3aCTOCYBaHHS B aBTOMAaTH30BaHIH CHCTEMI 3pa3KOBUX
3aco0iB, IO MarOTh BiJJOMi 1 CTa0iIbHI METPOJIOTiYHI XapakTepuCTUKHU. Jlo 3pa3koBHX 3ac00iB BHUMipHOBAJIbHOL
TEXHIKH TIpeN sIBIAEThCS Taka BuMora: «TogHICTh 3pa3koBoro 3aco0y Mae Oytu B 3-5 pa3 BHINOIO HiK TOYHICTH
3ac00y, KA TOBIPSIETHCSI.

Jlnst 3iCHEHHS] KOMIUTIEKTHOT IMTOBIPKH HEOOXITHO BUKOHATH HACTYITHY TIOCIIJOBHICTD il [7]:

1. Otpumati TpaayroBalbHI XapaKTEePUCTHKH 3ac00y BHMIPIOBAJBHOI TEXHIKH IS KOHTPOJIBOBAHHUX
MaTepiais;

2. HaBectu CTpyKTypHY CXeMy MOBIpKH;

3. Buxopucratu abo 3anporoHyBaTH METOIMKY BU3HAYEHHS AiHCHOTO 3HAYCHHS;

4. BuzHauuty i3 [Jiana3oHy BHMIpIOBaHHS 3-5 TOYOK, B SIKMX HEOOXIJHO MPOBECTH BUMIiPIOBaJIbHUI
EKCIIEpPUMEHT;

5. B mux TOYKax MpPOBECTH OJHOYACHE BUMIPIOBAHHS 3pa3KOBHM 3aco00M 1 3ac000M, IO TOBIPSAETHCS.

Bumipsine 3HaueHHs OTpUMaHE 3pa3KOBHM 3acO00M NPHUHATH 3a JiHCHE 3HAYCHHS CXH , a 3acoboM, M0

noBipseThes, — 3a Bumipsne Cy

6. OuiHUTH B IIMX TOYKAX Jlialla30Hy BUMIPIOBaHHS a0COJIIOTHY, BIIHOCHY, 3BEeJICHY IOXUOKH;

7.3HaiiT 13 POy BIAHOCHHX 1 3BENCHUX MOXHMOOK MAKCHUMajdbHI 3HAUCHHS 1 3a JIOMOMOTOI0
METPOJIOTIYHOTO Psily BCTAHOBUTHU KJIAC TOYHOCTI.

Jnst BU3HaUYeHHS Ipa/lyIoBajbHOT XapaKTEpPUCTUKN HEOOXiJTHO BU3HAUYNUTHCH 13 3HAUEHHSIM KOHTPOJIbOBAHOT
BENTMYMHH, JOIMYCKaMH Ha i1 3MiHy Ta KPOKOM KBaHTYBaHHI.

Hus opcernoro mamepy (Nel, mepmioro copty) 3rimHo T'OCT 9094-89 [8] 3HaueHHs KOHTPOJILOBAHOTO
napamMeTrpa MOBHHHO 3HAXOAMUTHCH y Mexax (2)

C,=6%=%1%. (2)

st 3a0e3medeHHsT BUMIpPIOBAILHOTO KOHTPONIO y 3aaHOMY Jiala3oHi 3alaMOCh BEPXHBOIO MEXKCIO

BumiproBarHs C, . =8%.

Kpok kBaHTyBaHHsI CTAHOBUTH (3)

C 8%
h=—2xmax _ 2*2 _ 0,008%. ®)
2n 210
I'panyroBansHa xapakTeprcTHKA 3a (3) 3ac00y KOHTPOIIIO BOJIOTOCTI Marepy MaTUMe BUIJISLA (PHC. 2, a)
C,=h-N=0,008%-N, 4
Je N — KiIbKICTh IMITYJIBCIB, SIKI MiJpaxye NBiHKOBuUit JiumiabHUK 32 ALITT-nepeTBopeHHsI.
C,.%
8 1
7 4
6 <
5 4
4 T T T T T 1 N

600 650 700 750 800 850 900

Puc. 2. TeopeTuyHa rpayloBajibHa XapaKTepUCTHKA (a) Ta OTPUMAaHi eKepUMeHTAJIbHI 1aHi (0)

Jis excrieprMEHTaNbHOTO BH3HAYEHHS JIMICHOTO 3HA4YEHHsS BOJIOTOCTI 3aCO00M KOHTPOJIIO HEOOXiTHO
BUKOHaTH BuMiproBaHHs Bosorocti 3rizHo ['OCT 13525.19-91 (ISO 28785) mpu Temmeparypi (105 + 2)°C.
OOnagHaHHA Ta Marepialld BiANOBINAIOTH yMOBaM IbOro JlepkaBHOro craHnmapTy. BojoricTe 3paska mamnepy
BU3HAYA€THCS 32 HOpMyIIoro (Y BIICOTKAX):

—-m
C, = my =My -100%, (5)
m—m
e m — maca €MHOCTi JUI 3BAXKYBAHHA, T, ml— Maca CMHOCTi JUIA 3BAXKYBAaHHA i3 3pa3KoOM Ianepy Ao
BUCYIIIyBaHHS, I'; My — Maca €MHOCTI JUIsl 3Ba)KyBaHHS 13 3pa3KOM Marnepy Iicis BUCYIIyBaHHS, T.

PesynbraT onMcaHOTO €KCIIEPUMEHTY NPUHHATO 3a AINCHI 3HAYEHHS 1 3aHeceHO 10 Tabx. 1 Ta mo3HaveHi
Ha puc. 2, 0.
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Tabimus 1
Pe3y.]'[])TﬂT]/I CKCIICPUMEHTAJBbHUX }IOCJIilI)lCeHL
JliticHe 3HA4YEHHS BOJIOTH, %o 5,08 5,65 5,98 6,54 6,89 HopmoBane 3HaueHHs
Buwmipsie 5,04 571 5,92 6,59 6,97 -
3HAYCHHS BOJIOTH, %0
AbGcomoTHa moxubxka, % -0,04 +0,06 -0,06 +0,05 +0,08 0,08
BijgHocHa moxubka, % 0,79 1,06 1,01 0,77 1,16 2,0%
3BeeHa nmoxuoka, % 0,50 0,75 0,75 0,63 1,00 1,0%

[IpoBeneMo mepeBipKy afeKBaTHOCTI 3aIlpOIIOHOBAHOI MaTeMaTW4HOI Mojenmi. i mporo BHU3HAYUMO
MOXHOKY MIXK TaHUMH, III0 OTPUMaHi TEOPETUYHO, Ta EKCIIEPHUMEHTAIBHIMHU TaHUMH

Cx(TeopeT) — Cx(excn) .100% .

CX(

BcranoBieHo, 1110 HoxuOKa MixK pe3ysbTaTaMH Teopii Ta IPaKTUKU He repeBumye 1,5%.

3a monomoroto nporpamHoro 3adesnedeHnss NUMERI Oyna nmoOynoBaHa craTudHa XapakTepUCTHKaA (pHC.
3) BUMIpIOBAJILHOTO KaHATy 3aco0y BHMIpIOBAJBHOTO KOHTPOJIIO BOJIOTOCTI Tamepy, ska Oyna ampoKCHMOBaHa
mosiHoMoM [-oro crymeHto. ExcmepmMeHTanpHa (YHKIIS MEPETBOPEHHS BHMIPIOBAIBHOTO KaHANy BHIJIAAAE
HACTYITHHM YHHOM:

5M M =
excn)

C, =—0,03135 +10550 - C, . ©)
Cp %
8 ] EKCIIEPUMEHTAIIbHA
,; A
] Z TEOpeTHYHa
6
5
4 ] T T ) ) I I I T T I I I I T I T T T I I Cxl ’%
4 5 6 7 8

Puc. 3. EkcniepuMeHTAIBbHA IPAIYIOBATbHA XapaKTePHCTUKA

BucHoBKH. Y pe3ynbTaTi JOCHIIKEHb METPOJIOTTYHUX XapaKTEPUCTUK BCTAHOBIICHO!

TeopeTnyHa cTaTH4HA XapaKTEPUCTHKA 3ac00Y € JiHIHHO0.

ExcriepuMeHTanbHa CTATUYHA XapaKTEPUCTHKA MPEICTABISETHCS Y BUMIISL MTOJIHOMA MEPLIOTro HOPSAKY 1
Mmae sik agutuBHy (0,3135%(Bar.)) Tak i mynpTHILTiIKaTHBHY (1,055%(Bar.)) ckiaagoBy HOXHOKH.

BunankoBa ckiazioBa HOXMOKH PO3MOIiJIeHa 32 HOPMAJIbHUM 3aKOoHOM. CHCTeMaTHYHA CKIIaZ0Ba TOXUOKH
He niepepumtye 0,0017%(Bar.), a cepenne kBanparudne BiaxuieHHs — 0,319%(Bar.).

MakcumanbHa 3BeZieHa MOXHOKa 3aco0y koHTpomo He mnepesumiye 1,00%, kmac TouHOCTI 3aco0y
CcTaHOBHUTH 1,0.
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