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AHHOTanus. AKTyaJIbHOCTb. [Ipoliecc CyIIKY MUJI0MaTepHUasIoB CBs3aH C 60JbLIIMMHA PUCKAMH NOJIyY€EHHUs] HEKAYeCTBEHHO-
ro NpojyKTa. 3a4acTyr NnpoGsieMa MOXET CKpPbIBAaThbCs B HapylIeHUHM TEXHOJIOTMYECKOro Mpoliecca U B HeNpaBUJIbHOU
HaCTpolKe MapaMeTPOB PEXUMOB CYLIKM Ha Pa3HbIX ee 3Tanax. PelleHHeM MOXeT SIBJAATbCS KOHTPOJIb PaGoOThl M MOJ-
CTPOHKa ONTHMaJIbHBIX NMapaMeTpoB PaboThl CyLIKU JJsi MHHHMHU3aUUM Gpaka. [Iporesypa aBTOMaTU3UPOBAHHOM MOJ-
CTPOMKH NapaMeTPOB 0ObIYHO CBSI3aHA C OLLEHKOM CIeLMaJUCTOM KayecTBa IPOAYKTa, [0 KOTOPOH cile/lyeT NPUHSATD pelle-
HUe 110 ONpe/iesIeHHI0 NapaMeTPoB € yYEeTOM IIPU3HAKOB HApyLIEHUs] TEXHOJIOTMYECKOTo Ipolecca. B TeXHUYeCKUX U Hayy-
HBIX M3/IaHUSX NIPUCYTCTBYEeT 06001EHHAs HHGOPMaLHs 0 MeTOo/jaX [10/160pa NapaMeTpoB /Il Pa3/IMYHbIX CUTYalUH, Ko-
TOPYI0 MOXXHO (OpMasM30BaTh W BKJIIOYUTH B @JITOPUTMbI MOJACTPOWKH MapaMeTPOB MPOrpaMMHUPYEMOr0 JIOTHYECKOTO
KOHTpOJIIepa. B cTaTbe OCBelleH aJropuTM MoA60pa ONTHMAIbHBIX TApaMEeTPOB PaBOThI CYIIKH C UCIIOJIb30BaHUEM Fuzzy-
KOHTpoJLIepa. Ilesib: co3/1aTh aJITOPUTM C UCNOJIb30BaHUEM Fuzzy-KOHTpOJIIepa, KOTOPBIHM 103BOJIsIET HACTPOUTD NapaMeT-
pBI TeXIpoliecca ¥ aZlalTUPOBaTh apaMeTpPbl PeXXHMa K CyLIM/IbHON KaMepe B 3aJJaHHBIX YCJI0BHUAX 3KCIUTyaTalnuu. MeTo-
JbI: aHa/IM3 6a3bl JAHHBIX O TEXNPOLeccax, NOJyYeHHbIX B TeYEeHHE MOJIYTOPa JIeT paboThl CUCTEMBI JUCIETYEPU3ALUU OC-
HOBHBIX IapaMeTPOB /i 28 MOJIHBIX [IUKJIOB CYILIKH MUaoMaTepuasa. PesyabTaThl. CGopMHUpOBaH aJrOPUTM aBTOMATHU3HU-
pPOBaHHOM NOACTPOMKH ITapaMeTpPOB /I TPeX 3TANoB CyLIKH Ha OCHOBAaHUM Pe3yJbTaTOB ONpoca 3aKa3dyMKa U TeXHOJIora
(onepaTopa cylmnJbHON KaMepbl) 0 Ka4ecTBe MPOJYKTA, M03BOJIAIOIIMA CHU3UTb BEPOSTHOCTD I0JIyYeHHsI HEKaueCTBEHHO-
ro NpoAyKTa, a TaKXKe CTUMYJIMPOBATh 00CIyKUBAIOIMI NepCcoHal K KOpPEeKTHOMY GOPMHUPOBAHUIO ACIOPTA TEXHOJIOTH-
Yyeckoro nporecca. BeIBoAbl. BKitoueHUe B IieNb ynpaBJeHUs aBTOMAaTU3WPOBAaHHOI'O KOHTYpa NOACTPOWKH MapaMeTpoB
M03BOJISIET MUHUMHU3HUPOBAaTh KOJIMYECTBO HEKaYeCTBEHHbIX MPOIeCCOB MPU Havasie 3KCIJIyaTal[dd HOBOM KaMepbl CYIIKH U
HCKJIIOYUTDb OpPaK B X0/ie JaIbHEHIITUX TEXHOJIOTHYECKHX MPOLECCOB.
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Abstract. Relevance. Lumber drying is associated with high risks of obtaining a low-quality or even unusable product. The
problem under consideration has a number of reasons, both in violation of the technological process and in incorrect settings
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of drying mode parameters at different stages. The procedure for automated adjustment of parameters is usually associated
with a linguistic assessment of the quality of the product, according to which a decision on adjusting the parameters should
be made, taking into account signs of a violation of the technological process. Technical and scientific publications contain
generalized information about methods for selecting parameters for various situations, which can be formalized and included
in algorithms for adjusting the parameters of a programmable logic controller. Aim. To create an algorithm using a Fuzzy
controller that allows you to configure process parameters and adapt the drying chamber to the optimal parameters for dry-
ing lumber under given operating conditions. Methods. Analysis of the technical process database obtained during one and a
half years of operation of the main parameters dispatch system for 28 full lumber drying cycles, with the aim of forming an
automated adjustment algorithm that takes into account the lumber drying conditions. Results. The authors have created an
algorithm for automated adjustment of parameters for three stages of drying based on linguistic ideas about the quality of the
product. The algorithm eliminates the possibility of obtaining a low-quality product, as well as encourages service personnel
to correctly generate a technological process passport. Conclusions. The inclusion of an automated parameter adjustment
loop in the control circuit allows us to minimize the number of poor-quality processes when starting to operate a new drying
chamber and eliminate defects in further technical processes.

Keywords: Drying lumber, fuzzy logic, drying defects, step drying, adjusting technological parameters
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BBeaeHue

B cunrese cuctemsl ynpaBii€HUS! IPOLECCOM CYLI-
KM IMJIOMaTepuaioB OCHOBHOMU 3a/1aueil siBiisieTcs mpa-
BUJIbHBIN BBIOOp MapamMeTpoB KaMmepsl cymku. K Takum
rapaMerpaM OTHOCATCSA: BEJIMYMHA TEeMIIepaTypbl
(T,°C) m 3HaueHHWE TICUXPOMETPUUYCCKON PA3HOCTH
(AT, °C) B xamepe Ha KaxaoM dTame. Ilpu mepBom
MyCKE CYIIMIBHOW KaMmephl MapaMeTphl HEOOXOIHMMO
BEIOpaTh TakUM 00pa3oM, YTOOBI MHUHHMH3UPOBATH
nop4y nujoMaTtepuanoB. s 3TUX 1ened CylecTByeT
MHOECTBO pekoMeHanui [1-8], ocHOBaHHBIX Ha Ma-
TeMaTUYECKUX MOJIENSIX U pacyeTax [9—18].

Ha pesynbrar Cyliku BIMSIET OTPOMHOE KOJIUYECTBO
MapamMeTpoB, KOTOpbIE MPAKTHUYECKH HEBO3MOXKHO
Y4E€CTb, MIOCKOJIBbKY BJIMSIHUE MOXKET OKa3blBaTh KaK Xa-
PaKTepHbI KIMMAT MECTHOCTH, BJIQXKHOCTb BO3AyXa M

€ro Temmeparypa H T. I, TaK U MECTO IPOU3PACTaHUS
neca U MHoroe apyroe [9]. IlpousBoanuTenu aBToMaTH-
3UPOBAaHHBIX CYIIMIBHBIX Kamep [6, 19-21] pexomen-
JyIOT IIPOBOAUTE MpOLEenypy nogdbopa mapamerpos T u
AT Ha cTapTOBBIX HPOOHBIX CyIIKaX, T. K. HpoOHas
CYIIKAa MOXKCT JaTh HEYJAUHBIH pE3yNbTaT BILIOTH IO
YaCTUYHOW MOPYM MaTepuaia. ITO CBSI3aHO C TEM, YTO
KOHTPOJLIEP CYIINIBHOM KaMepbl HACTPOEH Ha 3a/JaHHOE
KOJIMYECTBO CTYTCHEH C OIPE/ICIICHHBIMH BEIMIMHAMHU
BPEMEHH CYILKH, TEMIEPATYPbI M ICUXPOMETPUYECKON
pasHoct. Hampumep, i cymku Oepesbl TOIIMHON
53 MM, mmpuHO# 150 MM HavanpHOM BnakHOCTBIO 60 %
IOpU MATKOM PEXKHME CYHIKM Ha BTOPYHO KaTErOpPHUIO
HpEUIaracTcsl UCIOJb30BaTh TEXHOJIOTHUECKYIO KapTy,
Ipe/ICTaBICHHYO B Ta0u. 1 [6].

Ta6auya 1. Pesxcum cywku nu1omamepuasosg 8 CywuabHol kamepe nepuoduyeckozo deticmaus

Table 1. Lumber drying mode in a batch drying chamber
TexHos0rMyeckas onepanus OTHOCHTE b HAs Bpems, u BraxxHOCTB ApeBecuHbl, %
Technological o erafio?) T.°C BADKHOCTE, % AT,°C 'lPime ‘h Wood moistﬁrpe content' ‘VO
8 p Relative humidity, % ! ' 70
Harpes TMJI0MaTepHaon 60 100 0 4 ecTeCTBeHHast
Lumber heating natural
Cymka - 1 cTyneHb B OT ecTecTBeHHOM 10 30
Drying - 1st stage 52 80 4 60-75 from natural to 30
Cyuika - 2 cTyneHb ot 30 0 20
Drying - 2" stage 55 68 7 60-75 from 30 to 20
[IpoMexxyTOUHas BaroTenyoo6paboTka
Intermediate moisture-heat treatment 70 100 0 6 npu 20/at 20
Cyika - 3 cTyneHb B Jlo 3afjlaHHoM 10
Drying - 31 stage 70 31 22 60-96 up to the specified 10
Koneunas Biarorenioo6pa6orka
Final moisture-heat treatment 78 %6 ! 12 10
KonannuonuposaHue i
Conditioning 70 74 5 12 3aJjaHHas /specified
Oxna)K,qel—me. foMaTepranos <30-40 20-40 220 6 3ajaHHas/specified
Lumber cooling
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Ha ocHoBaHMM OOJBIIOTO OMBITA CYIIKH MUAJIOMATe-
pHAJIOB B CYIIMIIBHBIX KaMepaxX U3BECTHO, YTO TPOIIeCC
CYLLIKH NPOTEKAET HEPAaBHOMEPHO U €r0 MOYKHO YCJIOB-
HO pa3JesuTh Ha cieayrouue (asbl (TEXHOJIOrHYeCcKre
oTIepaIyH).

[TepBoii hazoii sBisieTcst npoepes Opesecunvl. B 3a-
BUCHUMOCTH OT BPEMEHH rojia JUIMTEJIbHOCTb JaHHOTO
JTana COCTaBISET OT Yaca JI0 MOJyTopa YacoB JIETOM H
MOJITOpa—/Ba 3UMOM (JIIs1 MATKUX XBOWHBIX MTOPOJ) Ha
KXl CAaHTUMETP TONIIMHBI MaTepuana. JlaHHbIM
3Tan MpPOTEKaeT MPHU BBICOKOH OTHOCUTENILHOM BiaX-
HocTH, BIUIOTE 10 100 %. DT0 cBSI3aHO ¢ HEOOXOAMMO-
CTBIO 3aMEJUICHUS BJIAroOTIA4M C IMOBEPXHOCTH Mare-
puana. Ilepexon oT mporpeBa K HEMOCPEICTBEHHON
CYILLIKE PEKOMEHAYETCsl IPOBOAUTH PaBHOMEPHO U IIO-
CTETEeHHO.

CrnenyromuMi  TEXHOJOTHYECKUMHU  ONEpalusIMu
SIBIIIIOTCSL TPU WIIKM OoJiee CTYNEeHH CYIIKU. PaccMoT-
PHUM TpeXCTyIEeHYaThId IpoLecc.

Ha nepsoii cmynenu ckopocTh CyIIKH TOCTOSIHHA U
ompeAensieTcss MHTEHCHBHOCThIO HCIAPEHHS BJIArH C
MIOBEPXHOCTH Marepuana. OTKIOHEHUsI TeMIlepaTypbl
Jomyckarotcsi B npepeniax +2 °C oT 3aJaHHOU PEXH-
MOM, a ecJIi TpeOOBaHUS K Ka4eCTBY MaTepuaia HU3KH
— BII0Th 710 =5 °C [5]. [Ipu 3TOM TIepechIxanne BepX-
HUX CJIO€B JPEBECHHBI OOYCIIOBJIEHO, B MEPBYIO Oue-
penb, BEIMYMHOM NCUXPOMETPUUECKON pa3HOCTH, a HE
Temneparypoid. B 3aBucumocTH OT nuiomarepuana,
TPYAHOCOXHYIIUN miu CPEIHECOXHYLIUH, J0-
ImycKaeTcsa oTKJIOHeHUE AT ne Oonee yeMm Ha +0,1 u
40,2 °C oT ee BequuMHBI, coOoTBeTcTBeHHO [5]. Ha
9TOM JTalle BIAXHOCTh JPEBECHHBI CHWXKAETCS OT
ectecTBeHHOU 10 35 %. JlaHHBIN dTall ABJISICTCS CaMbIM
Ba)XKHBIM, TIPU HECOOIOJICHUN WM HEMPaBHIIFHO I10-
JOOpaHHBIX MapaMeTpax peKuMa Ha MaTepuaie MOTyT
BO3HUKHYTb PA3JINYHBIC EPEKTHI.

Ha smopoti cmynenu cyiiku Takxe CyLiecTByeT Be-
POSITHOCTh MOPYM MHJIOMaTepUaIoB, HO oHa Huxke. Ha
9TOM 3Tafe yaajsieTcss Kak CBOOOHAs Bllara BHYTPCH-
HUX CJIOEB, TaK M CBf3aHHAs Bjara CTEHOK KJIETOK
Hapy>XHBIX CJIOEB MUJOMaTepuala, B pe3yJbTare 4ero
MpoIecc CYIIKK MPOTEeKaeT Hauboyiee MHTEHCHBHO. B
CBOIO O4Yepelb, BIAKHOCTb APEBECUHbBI CHUXKaeTcs ¢ 35
10 25 %.

Uro0bl yJanuTh CBSI3aHHYIO BJIary W CHH3HUTH
BJIQXHOCTh MaTepuaioB ¢ 25 % 1o 3amaHHOM, HANpH-
Mmep, 10 10 %, nepexonar x mpemveu cmynenu. OHa
XapaKkTepU3yeTcss BBICOKUM 3HAYEHHUEM ICUXPOMETpPHU-
yeckoi pasnoctu (16 °C u Bome). [Iponecc mporekaet
3HAYUTEIbHO MEIJICHHEE, YeM Ha BTOpoM JTare. Bos-
HUKHOBEHHME TPEIIUH Ha HTOM JTane OO0YCJIOBJICHO
CIIMIIIKOM ~ OOJIBIIUMH ~ 3HAYCHHUSMHU  TEMIIepaTypbl
(cBbIlIE COTHU IPagycoB), B TO BpeMs Kak BeIMYUHA
MICUXPOMETPUYECKON Pa3HOCTH OKa3bIBAET Majoe BIIU-
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SIHUE Ha TOsBICHHE Je(DEKTOB U MOXKET JOCTUraTh Be-
maannel 20 °C u Gotee.

K ¢uHaNBEHBIM CTamusIM CYIIKHA OTHOCSTCS MpPOIIeC-
CBI: KOHEeYHAsl 81a20Meniooopabomra, KOHOUYUOHUPO-
sanue, oxnadicoenue nuromamepuanos. Ha TaHHBIX
dTanax Oe(eKThl B BHIEC TPCHIMH MOTYT BO3HUKHYTH
u3-3a Iepenaja TeMIepaTypbl, BO3HHUKAIOILETO IpH
MIPEKJACBPEMEHHON BBITPY3KE €Ille HE OCTBHIBIIUX IH-
JIOMaTepHaNOB M3 CYMIMILHONW KaMephl (dKCILTyaTallu-
OHHasl OIITNOKA).

B paborax [5, 6, 22-26] paccMmatpuBarotcs aedek-
TbI, KOTOpbIE MOTYT IIPOM3OWTH C JPEBECHHOW IpHU
CyIIKe, W MPUYMHBl WX BO3HUKHOBCHMs. B Tabm. 2
MPEJCTaBIEHBl OOIIME PEKOMEHJIAIMK IO HAaIpaBlie-
HU0 m3MeHeHus1 mapameTpoB T u AT oTHOCUTENBbHO
TEKYILEro 3Ha4eHus, KOTOpOe He YKa3bIBaeTCs B caMOi
TabIuIe M 3aBUCUT OT TUNA APEBECHHBI, TOJIIMHBI
nwioMarepuaia W Ipyrux napamerpoB. [Ipu Hauase
9KCIUIyaTallud HOBOW CYLIMJIBHOW KaMepbl PeKOMEH-
JIYIOTCS OTHOCUTENIbHO «0e30macHble» BequunuHbl T u
AT, Ipu KOTOPBIX MOSIBJICHUC AC(PEKTOB MUHUMAIIBHO,
a CKOPOCTb CYLIKM HE ONTHUMaJlbHa. Y CTAHOBJIEHHbIE
3HAYeHUs TNapaMeTpOB yKa3zaHbl B TaOm. 1 ans KOH-
KPETHBIX YCJIOBUH ONpeAeaEHHOM KaMepbl IPOU3BOAU-
tensl. JlaHHble apamMeTpbsl MOTYT HE COOTBETCTBOBATh
KOPPEKTHOMY (DYHKIIMOHUPOBAHUIO HOBOH Kamephl U
WX HEOOXOJMMO M3MEHSATh. B TaHHOI paboTe BHICOKOM
CUMTAETCS] BEJIMYMHA TEMIEpPaTypbl UM OTHOCUTEIb-
HOM BJIQXKHOCTH, 3HAUYEHHE KOTOPBIX IMPEBBIIIAET yKa-
3aHHBIC B TEXHOJOTMYECKOW KapTe, Majoi — MeHbIe
BEJIMYUH TEXHOJIOTUICCKON KapThI.

B Tabn. 2 Taxke ykasaHbel Ae(EKTHI, CBSI3aHHBIC C
MOSIBIIGHUEM TPEIIMH WU TUIeceHU. Bcero BBIACTSIOT
TSITh OCHOBHBIX TIPUYHMH BO3HUKHOBEHUS J1e(DEKTOB:

1) BBICOKasi CKOPOCTh CYIIKH, HU3KAasi OTHOCHTEIbHAS

BIaXHOCTh (Oonbiras BenuuuHa T u AT);

2) HU3Kasg CKOPOCTh CYIIKH, BBICOKas OTHOCUTEIbHAs
BIaXHOCTh (Manas BenuunHa T u AT);
HEeNpaBUIbHO BBHIOJHEHHOE ITa0eIUPOBAHUE;
OINMOKY KCIUTyaTallMy CYIIHIILHOW KaMephl;
JIpyrue NpUYUHbI, 3aBUCALINE OT CBOMCTB APEBECH-
HBI.

B Tabn. 2 OyneBbl BEJMYMHBI MPEJCTABICHBI 3HA-
KaMH: «¥» — J1a; «—» — HeT.

Ha ocHoBanmu Taba. 2 W TEXHOJOTHYECKUX KapT
Ipolecca KaMepHOH CyIIKU apeBecHuHBbI [1-8] MOXHO
C/CNaTh TIPEIIONIOKEHHE, YTO CYIIECTBYET OIpenae-
nenHas «be3omacHast oGmacte» (puc. 1), B KoTOpOH
IpHU JIIOOBIX COYETAHUAX BEIUYMH TEMIIEPaTyphl M
TICUXPOMETPUYECKON Pa3HOCTH Ha MUJIOMaTepHase He
BO3HHKAIOT JE(PEKTHI, HO MPHU ITOM CKOPOCTH CYIIKH
MOJKET He OBITh ONTUMabHON. Takke BHYTPH JaHHOM
obyactu MOXeT ObITh omnpeneneHa «OnTuManbHas 00-
nactb» (puc. 1), B KOTOpOU HE BO3ZHHKAIOT JIE(PEKThI U
CKOPOCTb CYIIIKH MaKCHUMaJIbHa.

3)
4)
3)
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Ta6auya 2. Ipu4uHsbl 603HUKHOBEHUS Dedhekmoas npu cyulke

Table 2. Causes of drying defects
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PacTpeckaBiinecs cy4ky,
TOpLEBbIE TPELIUHBI v - - - -
Cracked knots, end check
HanpsikeHue B peBecuHe, CKaTHe JipeBe-
CKOJIBI ¥ paclenbl v CHUHBI, M0JIOJiasi iPEBECHHA
Chips and splinters Tension in wood, compression of wood,
young wood
C/IMIIKOM BbICOKasi TeMIlepaTypa
IPY BJIQXKHOCTH JIpeBECUHBI 6osiee
BHyTpeHHMe TpelHEI v 30 %
Internal cracks Temperature is too high when the
. . BakTepuasibHOe 3apaXKeHHe JipeBeCHHbI
wood moisture content is more than ; o
30% Bacterial contamination of wood
o C/IMIIKOM BBICOKast HayaslbHask TEM-
OBEPXHOCTHbIE TPELHHbI v v B neparypa
Surface cracks o . .
Initial temperature is too high
CrHMe rpuOKOBbIE NATHA,
IJIeceHb, My4HHCTAs Poca,
THUJIb - v v - -
Blue fungal stains, mold,
powdery mildew, rot
Peaknus sH3UMaTH4YECKOTO OKHUCJIEHUS MO/
BJIMSIHUEM TeMIIepaTypbl, aTMOCHepHOH
Kodelinbie mnn 6ypble BJIXKHOCTH U BJIar0Co/iep KaHus JipeBecu-
IpUOKOBBIE MSITHA v v v Hbl. BakTepuasbHOe 3apaXkeHHe peBeCHHbI
Coffee-colored or brown Enzymatic oxidation reaction under the
fungal stains influence of temperature, atmospheric hu-
midity and moisture content of wood. Bacte-
rial contamination of wood
[IsTHa OT NPOKJIA/JOYHBIX Bita>kHblI€e WJIM CJMLIKOM HIHPOKHE
peex - - v MPOKJIa/l0YHbIe PEHKH -
Stains from spacer strips Wet or too wide spacer bars
PacTpeckaBuasics cepAiie- .
BHHA, POMBOBHIHOCTS PasHuua Mex/y pasinaibHON U TaHTeHIU-
OBaJ'[;:]I—)lOCTb ! _ B B _ aJIbHOU (60KOBOH) yCyIIKOH
Cracked core. diamond Difference between radial and tangential
shape ovalit}’/ (lateral) shrinkage
)
TopieBEIe pacmens! noce Pa3HuLa MeX/ly paZijuaJbHON U TaH-
CYIIKH _ B _ reHIMaJbHON (60KOBOM) yCYIIKON _
E}r]1d splits after drvin Difference between radial and tan-
P ying gential (lateral) shrinkage

Bricokasi CKOPOCTh CYIIKU MAIOMATEPHAIOB TAaKKe
JOCTHUTaeTCsI Oylaroapsi airOpUTMaM, Pearn30BaHHBIM
B KOHTpPOJUIEpAaxX CYIIMJIBHBIX Kamep. JlaHHBIE KOH-
TPOJUIEPHl C BBICOKOH TOYHOCTBIO BHIMOJHIIOT BCE
TEXHOJOTMYESCKUE OIEepPaIMy U TOAICPKUBAIOT 3a/laH-
HBIC MTApaMETphl PEeXHMMa, HO HE MMEIOT IOJCTPOUKH,
OCHOBaHHOHM Ha pe3ysbTarax cymkd. Kak OpLIo ckaza-
HO paHee, JJake MPAaBUIIbHO BEIOPAHHBIE BETUYUHBI T U
AT He rapaHTHUPYIOT, YTO B pe3yibTaTe Ha MUJIOMATE-
puasie OyjeT OTCYTCTBOBaTh IUICCEHb WJIM OH OyJeT
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PaBHOMEPHO MPOCYIIEH. DTO CBS3aHO C TE€M, YTO JaH-
HBIC JIe(DEeKTHI 3aBUCAT HEe TONBKO OT BeanmunH T u AT,
HO U OT TOr0, Kakue NPOKJIaJOYHbIe PEeHKU MCII0JIb30-
BaJICh U Ha CKOJIBKO Kaue€CTBEHHO ObUIO MPOHU3BEAECHO
mrabenupoBaHue.

B nmanHO# paboTe paccMaTpuBaeTcsi allTOPUTM, KO-
TOpPBIIl aBTOMaTUYECKU MOXKET IPUHUMATh PEILICHUS 10
BBIOOPY MapaMeTPOB TEMIIEPATYPhI U MCUXPOMETpUYIE-
CKOW BIIQXKHOCTH Ha OCHOBAHMHM OIICHKH KadecTBa
YKJIaJIK1 IUJIOMaTepuasa U pe3yibTaToB CYIIKH.
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Be3omnacuas o6acThb
Safe area

 ——

IIpHCyTCTBYIOT IOCKH,
MTOKPBITBIC TICCEHB IO
There are boards covered
with mold

Manas cKOpoCTb CYLIKH,
BBICOKAsi OTHOCHTEIbHAsI
BJIQ)KHOCTh
Low drying speed, high
relative humidity

Puc. 1.

Fig. 1.  Visualization of the optimal area based on the Table 1

OTu napameTpbl MOXXKHO OLIEHUTb, 3a]laBas OTBET-
CTBEHHBIM JIMIIAM (OIepaTopy CYHIMIBHOW KaMephl U
3aKa34MKy) COOTBETCTBYIOIIHMEC BOIPOCH, HAIpUMeEp,
«IIpucyTCTBYIOT JIU TpecHyBLIUE TOCKH?», «OleHure,
HACKOJIbKO PaBHOMEPHO YJIOXKEH IITadeb» U Ipyrue.
PaccMaTpuBaeMBblii anrOpUTM JOJKEH OBITH aBTOMAaTH-
3UPOBAaHHBIM U IMPEIyCMaTPUBATh BO3ZMOXKHOCTH (POTO
JIOKYMEHTHPOBaHHUSA, Ha CIy4aidl BO3HUKHOBEHUS CIIOP-
HBIX cuTyauuii. [y Toro 4ro0B! MOTYyUYEHHBIE OTBETHI
OLICHKH pe3yibTaTa NpeoOpa3oBaTh B HANpPaBICHUE
W3MEHEHHs] TMapaMeTpoB peXuMma IMpejyaraercs Hc-
MOJIb30BaTh HEYETKYIO JIOTHKY.

B oTedecTBeHHBIX U 3apyOSKHBIX U3AaHUAX [9, 27—
39] paccmarpuBaeTcss BO3MOXKHOCTh NPUMEHEHHUsI He-
YEeTKOHW JIOTUKH B 3aJja4ax MOJCIMPOBAHHUS MPOIIECCOB
CYLIKU MMUJIOMATepUaJIOB U CO3AAHUS CUCTEM YIIpaBiie-
HUS CYyIIWIbHON KaMepbl. OHAKO TIOMCK HAYYHOM JIH-
Teparypsl 0 (HOPMUPOBAHUIO AITOPUTMA ABTOMATHU3H-
POBAaHHOW MOJCTPOMKH MAapaMeTPOB MPOLECCA CYIIKH
MUJIOMATEPUAJIOB HA OCHOBAHUHU OIPOCOB O KauecTBE
MOJTy4YE€HHOTO MaTepHasa He 1ajl pe3yJbTaToB.

3a0aueli JTaHHOIO WCCIIENOBAHUS SBJISIETCS COCTAB-
JICHHE aJIrOpHTMa aBTOMAaTU3UPOBAHHON MOACTPONKH
TEXHOJIOTUYECKHX MapaMeTpoB Mpoliecca CYIIKH Ha
OCHOBAHHUH OITPOCOB 3aKa3uhKa U TEXHOJOra O (haKTH-
YeCKOM KauecTBe NHWJIoMaTepuana U BBIIOJHEHHOIO
mrabenupoBanus. JaHHBI anropuT™M MO3BOJMT IMOJ-
CTPOMUTHL NApaMeTPhl PEKUMOB CYIIKH I10J KOHCTPYK-
THUBHBIC U KIMMaTHYCCKHE OCOOCHHOCTH MECTOPAcCIIO-
JIO’)KEHUs CYLIMIIBHOW KaMepbl, BpeMs Iroja, THIl Jipe-
BECHHBI W JPyTue YCJIOBHUS JKCIUTyaTalluu, T. €. MpHU-
CIOCOOHTH KaMepy K YCIIOBHSM, KOTOPBIC 3aTpPyIHH-
TEJIbHO yYeCTbh IPU MOMOIIM pacueToB. B pesyibrare
CHI)KAeTCsl BpeMs aJanTallid CYIIWIBHOM KaMepbl U
KOJIMYECTBO Opaxa.

MeTo/ bl M TOAXOABI

U1 1oACTPOMKM TEXHOJOTMYECKUX IapaMeTpoB
CYIIWIBHOM KaMephl 10 pe3ysbTaTaM OIPOCOB HEO0O-
XOAUMO MPOBECTH cOOP MH(POPMAIMU O MOTYUECHHOI

OnrumanbHas

—

IIpucyrcrByror
TPECHYBIINE JOCKU
There are cracked boards

o0acTb
Optimal area

BeIcokast CKOPOCTb CyILKH,
HU3Kas OTHOCHTEIIbHAS
BII&XKHOCTD
High drying speed, low
relative humidity

Bu3ya/1u3a14u51 onmMuMmMa/bHol 061acmu Ha 0CHO8aHUU maoba. 1

OPONYKIUU. DTO TpeIaraeTcs OCYIIECTBISATH IPH
noMou BeO HHTepdeiica, comepskalero OMpOCHBII
muct. PaccMaTpuBaeMble BOIPOCH SBIISIOTCS TTPEBa-
PUTENBEHBIMU U MOTYT OBITh U3MEHEHBI B CBSI3H C JKC-
IUTyaTallMOHHOM WIW JApYrod HEoO0XOAWMOCTHIO IO
COTJIACOBAHMIO € Pa3pabOTINKOM.

IlepBbIM TaHHBIN OMPOCHBIN JIUCT 3aMOJIHSET OIle-
paTop CYLIWIBHOW KaMepbl, IPU 3TOM BO3MOKHOCTH
3aIycKa CyIIHIbHON KaMepbl OJIOKUPYETCst 10 TeX Iop,
nmoka He OyayT JaHbl OTBETHI Ha BCE HEOOXOIMMEIC
BOIPOCHI U He OyJeT mpriiokeHo (oto mradens. Ecou
mradenb yI0KeH HepaBHOMEPHO, WM PaBHOMEPHOCTb
He mpeBbimaeT 80 %, TO JOJKHO BBIBOJIUTHCS COOO-
menue «lItabenp ynoxen HepaBHOMepHO. [IpoBenuTe
MIOBTOPHYIO YKIIQJKY».

Ha sTom sTame HEOOXOAMMO OTBETHTH Ha CIIEAYIO-
I BOIPOCKHL:

e MarepHal, U3 KOTOPOTo M3rOTOBIEHBI JOCKH (KJIEH,

Oyk, Oepesa u 1.p.);
e TreoOMETpHYECCKUE

(II*B*T);

e TUIAHUPYEMBIH copT muioMatepuana (1-4);
e PaBHOMEPHO JIH YJIOXKEH IIIoMaTepral (Ia/HeT);
e OLIEHUTE, Ha CKOJBKO PABHOMEPHO YJIOXKEH MHUIIO-

MaTepuar (Ikana);

e 3arpysure $poTo mrabens;
e ®UO omeparopa;
e BpeMs ITycKa, JaTa, Ce30H, OT0/1a BBOIITCS aBTO-

MaTHYECKH.

®oro mTabenst mepes; CyIMIKOW HEOOXOIUMO Kak
JUTSL pa3peIIeHusl CIIOPHBIX MOMEHTOB MEXKIy 3aKa3dH-
KOM U HCIIOJHHUTENIEM, TaK U A (GOpMHpPOBaHUS YET-
KOH rpaHuIlbl Oe30macHON 30HbL. He cTout uckitoyaTh
TOro (hakTa, 4TO ONepaTop MOXKET KaXkKIblid pa3 3arpy-
JKaTh OJHO U TO K€ (OTO, STOT MOMEHT CTOUT YUYECTb U
BBECTH BepHU(DUKALMIO 3arpyKEHHbIX MaTepUaJIOB,
HampuMep, 1o [upPOBOM moxmucu QoTorpaduu.
JlanpHeliee pacimpeHre NporpaMMHOTO obecriede-
HUSI MOKET 3aKIII0YaThCsl B HCIOJIB30BAHUHM HEHpOCeTH
JUTSL JOTIONTHUTEIBHOW MPOBEPKU M OIEHKH PaBHOMEp-

pasMeEphblL nuioMarTepuaia
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HOCTH YKJIaJIKHU TuiioMatepuana. JJaHHbI Bompoc siB-
JIIeTCSl OTAETBHOM 3ajjaueii U HEe paccMaTpHUBAaeTCs B
JAHHOM cTaThbe.

[Tocne okoHYaHUS Tpolecca CYHIKH ONepaTopy
HEOOXOMMO OICHUTH PE3yJIbTAT U 3aMOJIHUTH BTOPYIO
9acTh OIPOCHOTO JIUCTA, KOTOPBIA COOEPIKUT CICIYIO-
1€ BOIPOCHL:

[IpuCyTCTBYIOT M JTOCKH, OPaKEHHBIE TIECEHBIO
(ma/uer).

OneHure KOJUYECTBO JOCOK, MOPAKEHHBIX ILIece-
HBIO (IIKaja).

[IpruCyTCTBYIOT M JOCKH C TPEUIMHAME/CKOJIAMH
(ma/uer).
IIpucyrcrByror
(ma/uer).
OneHure KOJIUYeCTBO TPECHYBILUX JOCOK (IIKaJIa).
Onenure NpoOKUTENBHOCTD CYLIKU.

Ykaxurte Apyrue 1edeKTsl (IPU HATHIUH).
3arpy3ute (oTo J0coK ¢ nedextamu (MpH HaJIU-
YUH).

®UO ormepatopa.

Bpems ocTaHOBKH, JjaTa U CE30H BBOJSATCS aBTOMa-
TUYECKH.

[IpomomKATETFHOCTE CYIITKH BBIYHCIISIETCS aBTOMa-
TUYECKH.

J1s OTIONHUTEIBHOTO TOATBEP)KICHUS JOCTOBEP-
HOCTH W aJIeKBaTHOCTH OIICHKH PE3YJBTATOB CYIIKH
OIepaToOpoM AaHaJOTHYHBIA OMNPOCHBIM JTUCT HE00XO-
JIUMO IIPOMTH 3aKka34yuKy. TOJIBKO Ha OCHOBAaHUM JBYX
PE3yIIBTAaTOB ONpoca CIETyeT NMPUHUMATH PEIICHHE O
BbIOOpE pexuMa crenyrolei cymku. B cpennem Bpe-
Msl JIUCKPETH3AIMU JIAHHOTO QJITOPUTMa COCTABIISET
MIPOMEKYTOK OT CYIIKH K cyike (okoso 10—12 mHeit).
JJ1s1 OLleHKH pe3yNbTaTOB HEOOXOAMMO HOCTaBUTH Ma-
TepHaj 3aKa34MKy M MOJYYUTh €ro OIEHKY, YTO YyBe-
JMYUBACT BPEMs IUCKPETH3AMUH PabOTHl alTOpUTMA.
ToNBKO TIPU HATHYUK XOPOIICH KOPPEISALUH OICHOK
MEXJY OIEpaToOpoOM U 3aKa3dHMKOM MOXHO Oyzaer

T Je(OpPMHPOBAHHBIC  JTOCKH

OBICTPO (hOPMHUPOBATH HOBYIO UTEPAIMIO MOJICTPOUKH
apaMeTPOB PEKUMA CYIIKH.

Ha puc. 2 mpencraBiena CTpykTypHas cxema pado-
THI TIpe/UIaraeMoro ajaroputMa. PaccMoTpuM HaszHaue-
HHE OCHOBHBIX OJIOKOB, BXOJSIIIUX B COCTAB aJTOPHT-
Ma. [locite mpoBeIeHHO CYIIKH OIIepaTop M 3aKa3uuK
3aTOJIHSIOT OIIPOCHBIH JINCT O pe3yibTaTax cymku. Mx
OTBETHI J]a/HET, MHOT'0/MaIo, (JOTO M M. 3aMHCHIBAIOT-
cs1 B 6a3y 3HAHMM, TaK)Ke B HEC COXPAHSIOTCS BEIUIH-
HBl TEeMIIepaTyp, 3Ha4eHHs IICHXPOMETPUYECKOH pas-
HOCTH Ipeapaymero pexnma. HMuadopmanus u3
OTIPOCHOTO JIMCTa O TOM, KaK BBIIOJIHEHO INTa0EIHPO-
BaHME, KaK0e KOIMUECTBO TPECHYBIINX H MOPaKCHHBIX
IUIECEHBIO I0COK OBIIO MOJIyYeHO B PE3YJIbTAaTe CYIIKH,
MOCTyMmaeT Ha OJIOKM HEYeTKOW JOruKu. B Onokax
FLT T u FLT AT u FLT_ IlltabGenp npoucxomuT has-
3nduKays JaHHBIX OMPOCHOTO JucTa. HeobxomumbiM
YCIIOBHEM MPABWIBHON pabOThl aJropuTMa SBISCTCS
3amper o0pabOTKH W pacdeTa mapaMeTpoB HOBOTO pe-
JKMMa TPH HENPaBHJIBHO BBIIIOJIHEHHOM INTa0EIHpO-
BaHHU. JTO OCYIIECTBISIETCS] IEPEMHOKEHUEM CHUTHA-
noB 6nokoB FLT T u FLT AT ¢ FLT Illtatens. Jla-
Jiee CUTHAJ yCUIMBAETCA, IPOXOAUT Yepe3 UHTETPaTop,
U TOJyYeHHbIC BEJIHYMHBI H3MeHeHus pexuma (dT,
dAT) cymMMHpYIOTCS ¢ UCXOHBIMHU, B PE3YJIBTATE YETO
co3marorcsi mapamerpsl Hooro pexuma (T, ATY).
CTpyKTypa JQHHOTO alrOpUTMa OJUHAKOBA JUIS BCEX
TPEeX ITAIoOB CYIIKH. JIpyruMu cloBamH, IS KaXKIOTO
U3 ATamoB OyIyT PacCUUTHIBATHECS WHIUBHIYaIbHBIC,
HOBBIE TMapaMeTphl PeXHUMa IPU HCIOIb30BAaHUU pa3-
JTHYHBIX K03(pHUINeHToB ycunenus. Ilpumep paboTs
AITOPUTMA PACCMATPUBACTCS JTAJIEEC B CTATHE.

Ha ocHoBe pesynbTratos aucceprauu [40] ObL1 co-
31aH KOHTPOJIEP, OCYIIECTBILIONINH IHCIEeTYepH3a-
IO U aBTOMATH3ALHIO MIpoIiecca padoThl CYIIMIBHOM
kamepsl B T. Tomcke. OCHOBHBIM HEIOCTATKOM JAaHHO-
ro KOHTPOJUIEpA SBISIETCSI OTCYTCTBHE aBTOMATH3HPO-
BAHHOM MOJCTPOMKHA TEXHOJOTMYECKHX IapaMeTpPOB
CYIIMJIBHOM KaMephl Ha OCHOBE PE3yIbTATOB CYIIKH.

Oneparop Wu¢opmanns o TpenuHax :
_TICPATOP | FLT AT 4,®_®_, "
A
.. | Madopmarus o mieceHy
OnpocHbIi R
3aKazunk N
— | gmcr | FLTT 4,{}_, Us
[l TabenmpoBanwe
» FLT Illtabens
dT dAT
Hp. uno. \ AR
. , T ) 4 ™
> i W ~
AT baza 3nanuit AT ) py o
> >0 >

Puc. 2. CmpykmypHas cxema pabomul anzopumma
Fig. 2.  Block diagram of the algorithm operation
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3a moaTopa roja padoThl CYIIMIBHON KaMephl Oblia
cthopmupoBaHa «baza nmaHHBIX» ¢ 28 MEpexOJHBIMHU
MPOIIeCCaMy, BKITIOUAIOIIasi B ce0s JaHHBIC O MPOIOII-
KUTEILHOCTH CYIIKH, BEIHMYMHAX TEMIEPaTypbl U
MICUXpPOMETpUYecKoi pazHocTH. Taxke chopmupoBana
«baza 3mammity, orimyaromasicsi oT «ba3bpl JaHHBIX)
HAJIMYMEeM OLIEHKU Pe3yJIbTaTOB CYHIKH W BKIJIIOYAIO-
mast B ce0si TOJIbKO HEYJIAYHbIE CYIIKH. JTO CBSI3aHO C
TEM, YTO TIPH YCIICIIHON CYIIKE 3aKa3uuK He oOpara-
¢4 K pa3paboTUnKy KOHTPOJLIEpa, U OLIEHKA pe3yibTara
W KayecTBa ITa0eNupOBaHUs HE JaBajach. B cBs3u ¢
9TUM CUYWTAaeM, 4TO 23 CYIIKH OBUIM YCICIIHBIMH, a
ISITh ¢ OpakoM, a IMEHHO, B TPEX CIIydasX JOCKH IO-
KPbUIMCH IUIECCHBIO, B OCTaJIbHBIX MPUCYTCTBOBAJIN
TPECHYBIINE TOCKH.

Pe3y ibTaThl UCC/IeJOBAHUA U UX 0GCYKAeHUe

Hcxomst u3 mepexofHbIX POIeccoB U 0a3bl 3HAHUN
0 CyIIKax, OBUTH PacCUNUTAaHBI BEIMYMHEI MApaMeTPOB
T u AT u chopmupoBaHa 3aBUCUMOCTH MOSBICHUS
JeeKTOB MUIIoMaTepuaga OT MNapaMeTpOB peXHUMa
(puc. 3). Tlpoananm3upoBaB TOJMYYEHHBIH pPE3yJIbTAaT,
MOKHO TIOATBEPAMUTH paHEe BBLABHHYTOE MPEIIO0-
KCHHE O CYIIECTBOBAHUM OIPECICHHONW 0e30macHOi
30HBI, TIPH paboTe B KOTOPOH Je()EKThI HEe TPOSIBIISIOT-
cs. Jlns mepBoii ctynenu (puc. 3, A) naHHas o0J1acTb
JIOBOJIBHO y3Kasi, B Pe3ysIbTaTe 4ero HeOOoIbIIoe u3Me-
HCHHE TICHUXPOMETPUYECKONH pPa3sHOCTH KPUTHIECKH
BJIHMSICT Ha PE3yNbTaT CYIIKH, H PSKUM IEPEXOAUT U3
obnacti ¢ ne)OpMUPOBAHHBIMH WJIM TPECHYBIIUMHU
nockamMu (3oHa «TpemmHBIY) B 00J7aCcTh C JOCKaMH,
MOpaXKeHHBIMU TU1eceHblo (30Ha «Ilnecensy). s BTO-
poii crynenu (puc. 3, b) muomanp Ge30macHoOl 30HBI
3HAUNTEIHHO OOJIBIIIE.

CTouT OTMETHUTH, UTO Ha pucC. 3, A, b SBHO BbIIEIS-
€TCcsl OJJHa TOYKa, KOTOpas HaXOAUTCS B O€30MacHOM
30HE, HO B pe3ysbTaTe ObUIM MOIYYEHBI JOCKU C TUIe-

cenblo. IlockoibKy psaOM € JaHHOW TOYKOM cylle-
CTBYCT MHOKECTBO YCIICHIHBIX CYHICK, MOXKHO C 00ITB-
IOM J10Jiell BEPOATHOCTH YTBEpXKAaTh, YTO MPUYMHA
BO3HUKHOBCHUS IIIECEHU CBsI3aHA HE C TEXHOJIOTHYE-
CKUMH TlapaMeTpaMu CYHIKH, a C TEM, KakK OBLIO BBI-
MOJIHEHO 1uTabenupoBaHue. J[aHHOE NpeAnonoxeHue
ObLU10 106aBNIEHO B 0a3y 3HAHHIA.

ITockonbKy KOHTPONb KAa4ecTBa YKJIAQAKH MHIOMA-
TEpPHUAJIOB HE YYUTHIBAJICS TNpH (HOPMUPOBAHHH 0Oa3bl
3HAHMH, CYIIECTBYET BEPOSITHOCTb, YTO MOSIBICHUE
IUIECEHU B JIBYX APYTHX PEKHMaX MOXKET OBITh CBS3a-
HO KaK C TEXHOJIOTMYECKUMHU IapaMeTpaMH, Tak U C
HEeNpaBWIbHBIM Ta0enupoBanueM. CrenoBaresibHo,
TMOJIYYCHHBIC 30HBI MUMEIOT TOJIBKO HpI/I6JII/ISI/ITeJ'II>HLIe
oueptanus. Eie ogHOM NPUYMHON Pa3MBITOCTH IOTY-
YCHHBIX 30H SIBISICTCS TOT (DAaKT, YTO HEBO3MOXKHO OJI-
HO3HAQYHO OINpPEACIUTh, PEXKUM KaKOH M3 CTyHeHel
CYIIKH TOBJIEK 32 CO00H Mopuy ApeBecuHsl. Jns yrou-
HEHHSI pa3MepoB H (OpPM 30H HEOOXOJHM KOHTPOJIb
YCTQHOBKH IITAa0ENs U OOJIbIIEe KONUYECTBO CyILEK.

Ha BenuunHy NICHUXpPOMETPUYECKOM pa3HOCTU He-
MaJloe BIIMSHME OKa3blBalOT NOrofHsle ycinoBus. [lpu
HU3KUX BEIMYMHAX BIAKHOCTU BO3AyXa BHELIHEH cpe-
JIBI MOXHO TIONTyuuTh Gonblryio AT B kamepe u Ha000-
pot. Ha Tpetheii crynenu cymku (puc. 3, B) ocHOBHOe
KOJIMYECTBO TOYEK CKOHLEHTPUPOBAHO B JUara3oHe
AT pasnoit 16-18 °C. B naHHOM pexXuMe BeIMYMHA
TemriepaTypsl He npesbimana 90 °C B CBsI3M C TEXHH-
YECKUMH OTPaHUYCHUSAMHU KOTJIa.

Taxke CTOUT OTMETUTD, UTO pacCMaTpPUBAEMBIE 30-
HbI TIOJIYYEHBbI W CHPaBCAJIUBBI JIA KOHerTHOﬁ Cy-
LIIMJIBHOKH KaMepbl. B 3aBUCMMOCTH OT KOHCTPYKLUH,
KJIMMAaTHUYECKUX OCOOCHHOCTEH TEpPUTOPHHU, HA KOTO-
poii pacronokeHa CyIIMIbHAs KaMepa, BpeMEHH Toja,
TUNA Jieca W JPYrHX YCIIOBHM 30Ha MOXXET Iepeme-
IAThCS ¥ U3MEHSTH CBOIO (POPMY U IIOMIAb.

T.°C Mpennonaraemas T, °C | Hpeanonaraemas T,C° ] TpemmHus
’ e Oe3omacHas 30Ha s
o | Gesonacnan soma o | . / 90
1 R 70 + o “. Tpemmnbr 80
60 : i . 1
£+ 5O g i
. .
QA -+ .',_‘.: . \ €1
| A 1 e -l | .
|Maecens Tpeanonaraemas | Tpennonaraemas
OITHMAIBHAS 30HA [ieceHn ONTUMAJIbHAS 30HA i
10 ‘ ‘ I ‘ | I ‘ ‘ 4T9‘ DC 10 + AT, DC 10 T AT, C
T T T T T T T T T T } } I } ’ } } } I } } } I : } : } -
1 4 6 10 1 6 7 10 11 16 18
A b B
Puc. 3. 3asucumocmbs nosieneHuss dehekmos npu cywke cubupckozo kedpa om napamempos pedxcuma: A) nepsasi cmyneHb
cywku; b) emopas cmynenb cywku; B) mpembvsi cmyneHb cywKu. 3e/1eHble MOYKU — YChewHble CYWKU, OpaHicesvle —
CywKu ¢ mpecHysuwumu 00CKamu, CUHUE — NOPAHCEHHble NeCEeHbIO
Fig. 3. Dependence of appearance of defects when drying Siberian cedar on the drying mode parameters: A) first stage of dry-

ing; B) second stage of drying; B) third stage of drying. Green dots indicate successful drying, orange dots indicate dry-

ing with cracked boards, and blue dots indicate mold
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OyHKI U IPUHAUICKHOCTH apaMeTpa TperHbl

mu(Tpermune)

Hemnoro

Tpemmnb

DyHKIMA NpUHAIICKHOCTH TapameTpa [lneceHsb

Msuoro

Ouenp

mu(Ilmecenn)

MHOT'O

Bcee

ILnecenn

Puc. 4. ®yHKyuu npuHadAeHCHOCMU NAPAMEMPOE «NJAECEeHb» U «Mpewutbly. «Hem», «HEMHO20», «MHO20», «OYeHb MHO20%,

«8Cex» — s8A510MCs1 HA38aHUSAMU PYHKYULL

Fig. 4. Membership functions of parameters «mold» and «cracks». «No», «some», «much», «very much», «all» are the names of

the functions

Ha ocHoBanum sKCniepTHOM OIIEHKH TEXHOJIOTA, pa-
00TaloIIero ¢ paccMaTprUBaeMON B JIaHHOM CTaThe Cy-
IIMIBHOM KaMepol, ObuIM CHOPMHUPOBAHBI (DYHKIHUU
MIPUHAICKHOCTH TTapaMeTpa OICHKH OTHOCHTEIFHOTO
KOJIMYECTBA MOBPESKICHHOTO Marepualia IUICCEHBI0 U
TpemmHamMu (puc. 4), a TaKke MpaBHjia H3MEHEHHUs
BEJIMYHHBI TICUXPOMETPUYECKONH pasHocTH (Tadur. 3)
MepBOM M BTOPO# cTyneHeit cymku. [Ipu aTom ObLTH
YUYTEHBl pPa3lIMYHbIe COOTHOIICHUS KOJHYECTBA Tpec-
HYBIIUX M MOPaXCHHBIX TUIECEHBIO JOCOK JIJIS TIEPBOTO
U BTOPOTO 3TAIIOB CYIIKH.

JJis momHOrO M KOPPEKTHOTO 3aroJIHEHUs BCeX
TpaBwil TabI. 3 COJCPKUT HEKOTOPBIE MaJOBEPOSTHHIE
COOTHOIIICHUS, TaKWe KakK CIydail, TpH KOTOPOM BCE
JOCKH OJTHOBPEMEHHO M TPECHYJIH, U MOKPBUIUCH IlIe-
CCHBIO.

Benmuunna kar— KO3 GUIHEHT, TOKa3bIBAIOIINN, HA
CKOJIBKO HEOOXOAMMO U3MCHUTH BEIUYMHY IapaMeTpa
TICUXPOMETPUYECKON PAa3HOCTH OT MaKCUMAaJbHO 3a-
JAHHOTO 3HA4YCHUS mmara. BennunHa mrara Ui Ka)kaou
CYIIMJIBHOM KaMepbl MOKET OBITh OTIHMYHON U JOJDKHA
BBIUUCIIATHCSA HA OCHOBAHUH OOIIMPHON 0a3bl 3HAHHIH O
pe3yiabpTaTax CyIIKM KOHKPETHOM paccMaTpuUBaeMoOn
KaMepel. B nmanHoW paboTe mar ObUT MPHHAT PaBHBIM
2,5 u 1 °C nnsa nepBoil U BTOPOH CTYNEHU CYIIKU CO-
OTBETCTBEHHO W OMPEACIIIICS UCXOMIS U3 IMUPUHBI 0€3-
OTIACHOM 30HBI, YTO COOTBETCTBYET K03 uimeHTy Kar
paBHOMY €TUHHIIE.

Takum oOpazoMm, Tabn. 3 cdopmupoBaHa Ha
OCHOBAaHHHM  OJKCIEPTHOM  OICHKH  TEXHOJOTa,
MIPOU3BOJALIETO CYLIKY MWJIOMaTepuasoB. Perynstop
Fuzzy-xontpomnepa  dopMupyer  anpoKCHUMAaIUIO
pelreHus skcnepta (MPou3BOAMT Jeda33nuduKannio) B
BUJIE TPEXMEPHBIX MOBEpPXHOCTEH (pHc. 5).

Taéa. 3. [Ilpasusa uameHeHus1 8eAUYUHbI NCUXPOMEMPU-
yeckoli pazHocmu nepeotl u emopoli cmyneHetl
Cywku 0451 pa3AuvHbIX COOMHOWeEHUll Ko/auve-
cmea mpewuH u naeceHu
Table 3. Rules for changing the value of the psychromet-
ric difference between the first and second stages
of drying for different ratios of the number of
cracks and mold
Mpasw- | Tpe- BecoBoii K03 ¢-
Ne AHDI [lnecennb Kk Kk bunueHT
10 I Mold ATt a2 Weight coefti-
Rule no. | Cracks :
cient
1 Het/No 0,1 0,1
2 Hemnoro 0,2 0.2
Her Some
3 No Muoro/Much 0,4 0,3
O4eHb MHOTO
4 Very much 1 0,5
5 Bce/All 1 0,5
6 Het/No -0,1 -0,2
7 He- HemHoro/Some | 0,15 -0,1
8 Muoro/Much 0,35 0,05
MHOT' O
9 Some O4eHb MHOTO 0,7 01
Very much
10 Bce/All 0,7 0,1
11 Het/No -0,2 -0,3
12 HemHoro/Some 0,1 -0,2
13 Muoro | Muoro/Much 0,3 -0,15 1
14 Much | Ouenb MHOrO 0,6 01
Very much
15 Bce/All 06 | -01
16 Het/No -0,5 -0,9
17 Oyenb | Hemuoro/Some | 0,05 | -0,7
18 MHoro | Muoro/Much 0,25 -0,6
Very O4eHb MHOTO
19 much Very much 05 | -05
20 Bce/All 0,5 -0,5
21 Het/No -0,5 -0,9
22 HemHoro/Some | 0,05 -0,7
23 Bce Muoro/Much 0,25 -0,6
24 All O4eHb MHOTO 0.5 ~05
Very much
25 Bce/All 0,5 -0,5
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OHM  TO3BOJIIOT  PAcHpOCTPAHUTh  PEIICHUS
9KCTIepTa Ha BCIO O00JAcTh M3MCHEHHS MHapaMeTpoB
pexknMa. Ha OCHOBaHWW KPHUBOJMHEHWHBIX (YHKIIMNA
MOYHO OIPEJEIUTh, KaK HEOOXOJUMO U3MEHUTD BEIH-
YUHY ICUXPOMETPUYECKOH pa3HOCTU Cienyrolei
CYIIKH [UTS YBEIHUYCHUS e¢ OBICTPOACUCTBHS MPHU JIFO-
O0M COOTHOUIEHUH KOJMUYECTBA AE(POPMHUPOBAHHBIX U
MOPaKCHHBIX TJIECEHBIO JTOCOK. AHAJOTMYHBIM 00pa-
30M IOJIy4aloTCsl IOBEPXHOCTH MU3MEHEHUs IapameTpa
TemnepaTypbl. [1OBEpXHOCTH SBISIOTCS (DYHKIHSIMH,
OIIPEAEIAIOIIMMYU HAIIPABIICHUE U aMILIUTYNy U3MEHe-
HUS OCHOBHBIX mapameTpoB T u AT.

PaccmoTprM paboty anroputMma Ha pUMepe epBOi
CTYIEHH CYIIKH, TIPH KOTOPOM 00pa3oBajiach IJICCCHb
Ha BBICYLIEHHBIX JOCKax. McXoAHbIMH AaHHBIMM SIS
paboTHI aNTOpUTMa SIBISICTCS WHPOPMALUSI O TIPE/IIIe-
ctBytoiieM pexume (AT=4,1°C u T=23,7°C) u pe-
3yJIbTAaT 3KCIEPTHOM OLIEHKU TEXHOJIOIa, KOTOPbIH olle-

HUJI, 4TO Hopsaka 15 % 10cok ObLIM MOpaXKEeHBI ILIece-
HBIO TIPU TIPaBWJILHO BBINIOJHEHHOM INTa0SIMPOBAHUT
(tabmn. 4). Uadopmarus o KoJMuecTBe Opaka MoCTymaeT
Ha Bxog FLT T u FLT AT GI0KOB HEYETKOH JIOTUKH
(puc. 2). B maHHbIX OJIOKax IMocje BBIMOJIHEHHOH (az-
3u(pUKAIIE HA OCHOBAaHWH (DYHKIUI TPHHAIIIC)KHOCTH
(puc. 4) c nocnenyolei nedaszuduranueil Ha OCHOBa-
HUM TOBEpXHOCTEH (puc. 5) ompenensercs 0Js Iara
kar1=0,26. 3atem kar; yMHOXKaeTcs Ha 3HAUCHHE IPH-
HaToro mara (2,5 °C), B pe3ynbTare 4ero Mojry4yaercs
BenuunHa dAT, °C, Ha KOTOpYI0 HEOOXOIUMO U3MEHHUTh
napametp pexxuma AT gt JaHHOM KOHKPETHOW TOYKH.
[larnee BBIUMCIICHHAST BEMUYMHA CYMMHPYETCSI C UCXO-
HBIMH TIapaMeTpaMH PEXKHMMa, W OIPECISI0TCS Mapa-
METpBI CIEAYIONIETO PeKMMa TIEPBON CTYIICHH CYIIKH
T u AT". Ilpouecc nepepacuera BenwunH T u AT st 1
U 2 CTyIEHEeH aHaJIOTUYeH U Pa3iINyaeTcs JHUIIb TOJIBKO
MOBEPXHOCTAMH (PHC. 5) U BEIMIHUHOII I1ara.

04

Tpeuiqul 0.6

Puc. 5. IloayueHHble 8 pesyabmame dedpaszugukayuu nosepxHocmu usmeHeHust napamempa AT: A) nepgasi cmyneHb cywKu;

b) emopas cmyneHb cywku
Fig. 5.

Changes of the parameter AT obtained as a result of surface dephasification: A) first stage of drying; ) second stage of drying

Ta6auya 4. Pesyasmamol pabomsl anzopumma 0151 nep8oli cmyneHu Cywku

Table 4. Results of the algorithm operation for the first stage of drying
[TapameTpsbl 0603HavyeHue Touka/Dot mark
Parameters Designation 1 2 3 4 5 6 7
[TapaMeTphl pexxuMa NepBOH CTYNEHU CYLIKU AT 4,18 | 3,71 3,75 | 430 | 506 | 622 | 6,20
Parameters of the first stage drying mode, °C T 23,79 | 36,51 | 55,87 |63,66|58,44| 52,83 | 62,72
OueHka KoJin4yecTBa 6paka Tpemunubl/Cracks 0 0 0 0 0 65 95
Estimation of the quantity of defects, % [lnecenb/Mold 15 27 0 0 0 0 0
Het/No 1 1 1 1 1 0 0
DyHKIMY NIPUHAAIEXHOCTH TapaMeTpa TpeluHbI Hewnoro/Some 0 0 0 0 0 0 0
Membership functions of parameter Cracks Muoro/Much 0 0 0 0 0 0,25 0
Ouyenb MHoro/Very much 0 0 0 0 0 0,75 0,47
Bce/All 0 0 0 0 0 0 0,52
Het/No 0 0 1 1 1 1 1
DyHKIMY NPUHAAJIEKHOCTH TapaMeTpa [lnecenb Hewroro/Some 075 | 003 0 0 0 0 0
Membership functions of parameter Mold Msioro/Much 0.25 | 097 0 0 0 0 0
Oyenb MHOro/Very much 0 0 0 0 0 0 0
Bce/All 0 0 0 0 0 0 0
Illar/Step Kat1 0,27 | 0,40 | 0,10 | 0,10 | 0,20 | -0,45 | -0,49
BemuiHa usmereris napamerpa daT, C 0,67 | 099 | 025 | 025|025 | -1,12 | -1,23
Parameter change amount
[TapaMeTpbl HOBOTO peXKHMMa NMepPBOH CTYNeHHU CYLIKU AT 486 | 470 | 4,00 | 455 ] 531 | 511 | 496
Parameters of the new mode of the first drying stage, °C T 42,48 | 48,70 | 55,68 | 63,43 |58,31| 46,85 | 56,25
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AT, °C

10

Pesyabmamel pabomult anzopumma: A) nepeas cmyneHb cywku; B) emopas cmyneHb Cywku. 3eseHble MOYKU —

ycneuiHble CYW KU, OpaHxicessle — CYWKU C mpecHyswumu docxamu, CUHUEe — NOpajxCeHHble N/1eCeHbl), KpdCHble — MOYKU,

T,°C | T.°C |
90
70
50
AT, °c 10
1 4 6 10
A
Puc. 6.
npea./lOJiCeHHble azszopummom
Fig. 6.

Algorithm output: A) first stage of drying; 5) second stage of drying. Green dots are successful dryings, orange are dry-

ings with cracked boards, blue are mold, red are dots suggested by the algorithm

PaccmatpuBaeMelil B cTaThe alrOPUTM IO Iepecye-
1y T u AT, cornacHO KpUBOJIMHEHHBIM (DYHKIHSIM, ObLI
MPUMEHEH K 0a3e yXe MMCIOLIUXCS 3HAHUH O Pe3ylb-
Tarax npeapaynmx cymek (puc. 3, A, b), B pesynbra-
Te 4yero ObutH mosydeHsl BeanuuHbl T- u AT (puc. 6)
CIEYFOIINX PEKUMOB CYIIIKH.

Jns moBelleHHs BHU3YalbHOW HATJAIHOCTH pe-
3yJIBTATOB PabOTHI aJITOpUTMa Ha PUC. 6 TIPEICTaBICHBI
TOJILKO HEKOTOpBIC TPYIIIBI XapaKTEPHBIX TOYCK pe-
KHFMOB:

1) HeynayHbIe CYIIKH;

2) mpuHaAnexane 0e30MacHoi, HO HE ONTHMaJIbHON
obiracru;

BXOSIIIFE KaK B OC30MACHYIO, TaK U B ONTHMAIlb-
HYIO 30HBI.

B pesynbrare paboThl anropuTM IMpeajaraeT rnapa-
METPBbI CIIEAYIOLIEro peXUMa TaKuMH (puc. 6, KpacHbIe
TOYKH), YTOOBI TOUukM 1, 2 u 6, 7 (Tabmn. 4, puc. 6) u3
30H, B KOTOPBIX TIOSBJISIFOTCS TOPAYKCHHBIC TUIECEHBIO U
neopMUpOBaHHBIE TOCKH COOTBETCTBEHHO, TapaHTH-
POBAaHHO MepeMecTWINCh B Oe3omacHyro 30HY. Bcee
TOYKH, HAXOJSIIMEecss B Oe30MacHON 30He (Hampumep,
ToukH 3—5, Tabin. 4, puc. 6) Mo pesyyibraTam padOThI
anroputMa (QIyKTyHPYIOT B CTOPOHY IPaBOi TPaHUIIBI
30HBI, IJIe CKOPOCTh CYIIKU BBIIIE, 10 TOSBICHUS TIEp-
BBIX PU3HAKOB JeopMaruy Jocku. CTOUT OTMETHTS,
9TO IS TOYKU PEKUMa C HEMPABUIIFHO BBITOJHEHHBIM
mTa0eIMpOBaHUEM AITOPUTM HE MpeJjiaraeT HOBOTO
PEeXUMA, T. K. BEIYUCICHUS OJOKUPYIOTCS 110 TPU3HAKY
YKJIaKA TUJIOMaTEepPHaJIOB.

Pesynbrar paboThl anropuT™Ma Ha TPETheH CTYIEHH
HE MPUBOUTCS B CBSI3H C TEM, YTO MOSIBICHHE JIe(PEKTOB
JIISL TAaHHOM KOHKPETHOW CYIIMJIBHOM KaMepbl MpaKTh-
YeCKd HEBO3MOXKHO. B ciyuae Bo3HMKHOBEHUS Aedek-

3)

TOB Ha TPeTheil CTYNEHW JOCTATOYHBIM BO3ZeicTBHEM
OyzeT orpaHUueHUE TEMIEPATYPhl PEKUMa PaOOTHI.

Hcxons U3 MOTydeHHBIX pe3yIbTaTOB, MOKHO Clie-
JaTh TPEIIONOKEHHEe, 4TO Oe3olacHas 30Ha HMeeT
HeOoJbIINe pa3Mepsl. B 1aHHOM nccnenoBanuu Ko3gd-
(umMeHT mepenaund BBIOMPANCS UCXONS W3 IIHPHHEI
0€e30ITaCHOM 30HBI TAKUM, YTOOBI CHILHO HE BIUATH Ha
mapaMeTphl U He BBIMTH 3a IPaHUIIBI pacCMaTpPUBAEMOI
30HHI. [Ipn Hanmmunu Oonbimol 6a3bl 3HAHUI KOdDU-
[IMEHT Tepeladyll MOYKHO OyJeT BBIYHCIUTH TOYHEE,
T. K. O4epTaHHs 30HBI OyayT O0Jiee KOHKPETHBIMH.

O0s3aTeNbHBIM YCIOBUEM KOPPEKTHOH paboThI ajl-
TOpUTMa SIBISIETCS KOHTPOIb YKJIAJKH IHIOMaTepua-
JIOB ¢ BBITIOJIHEHNEM (oTodukcanyn. ITo He0OX0JIMO
KaK JJIsl paspelleHHs CIOPHBIX CUTyaluil, Tak W IS
Ka4eCTBEHHOTO aHAIN3a PEKUMOB.

Jlpyrum BasKHBIM YCIIOBHEM SIBIISETCS KOPPEKTHOE
U CBOEBPEMEHHOE 3allOJHEHHE OIPOCHOI0 JINCTA Yepe3
BeO-uHTEp(eiic KaKk OmepaTopoM CYIIKH, TaK M 3aKa3-
yukoM. Cremyer yd4ecTb TOT (DakT, YTO 3aKa3UHK MO-
JKET HE OLIEHMBATh PE3YNbTAaT CYIIKH, B CBS3U C 4YEM
BpeMs HTEpaIfii JaHHOTO aITOPUTMa CHIIBHO YBEJH-
YMBACTCS BIUIOTH A0 TOTEPH MHGOPMALUH O CYIIKE.
ITosToMy BOMpOC OIEHKH KadyecTBa ITONYYEHHBIX ITH-
JIOMaTEpUaJIOB SIBJIAETCS KpallHE Ba)KHBIM, JQHHBIN
BOIIPOC HEOOXOANMO YUHUTHIBATh IIPH 3aKIIOUCHUH J0-
TOBOPOB.

Crout oOparuTh BHHMMaHHME Ha mpaBwio Ne 1
(Tabun. 3). B mpormecce uccnenoBaHusi KaMepbl CYIIKH C
LEIbI0 ONpEJENCHUs] TPaHULl ONTUMAJbHON 30HBI U
HanboJbIIero ObICTpOACHCTBUS KO dUIUEHT KaT OT-
JUYEeH OT HyJS, YTO MPUBOIUT K MEJICHHOMY IpH-
ONMMKEHUIO K KParo ONTHMAIILHOW 30HBI, @ B MOCIIENY-
IOIIEM K IOSBICHUIO HE3HAUUTEIbHBIX TPEIIMH B pe-

84



M3Bectust TOMCKOro NOJIMTEXHUYECKOTO YHUBepcuTeTa. UHXKMHUPUHT reopecypcoB. 2024. T. 335. Ne 6. C. 75-88

['peuymnukos B.B., llnaun A.A., [Ipoxopos C.B. CuHTe3 aropuTMa aBTOMaTU3MPOBAHHOM NOACTPONKH NApaMETPOB ...

3ynpraTe cymku. I[Ipy KCHOIB30BaHMM QIrOpUTMa, OT OIEpaTopa CyIIMIbHON KaMepbl U 3aKa3uuKa, [aH-
paccMarpuBaeMoOro B JaHHOM cTaThe, B IPOLECCE  HBIX O MPEIIIECTBYIOLIEM PEXKHUME CYIIKH, MO3BOJIUT
aJanTal  KaMephl  BO3MOJKHA ~ HEOOXOAWMOCTh  MPHU ITOMOIIHM ANTOPHUTMA, peajn30BaHHOTO Ha Fuzzy-
yMeHblIeHns koddunnenta kar, a B ganpHeleM W KOHTpOJUIEpE, HACTPOMTH IapaMeTphl Texmpolecca U
OOHyJIEHHE TpH JOCTHKCHUHU pPE3yJbTaToOB, YJOBJIE- IMPUCHOCOOWTH CYNIMIBHYIO KaMepy K ONTHMAIbHBIM
TBOPSAIOLIUX TPOU3BOIUTEIS. napaMeTpaM CyLIKd [HJIOMaTepualioB B 3a/JaHHBIX

YCIOBUAX SKCIUTyaTalluU.

3akiroyeHue [IpenioxKeHHbI aIrOpUTM MOKHO pEeajli30BaTh C

B pesynbrate paboThl OBLI CO3[JaH AITOPUTM, KO-  IOMOINBIKO KOHTPOILIEPA, KOTOPHIA (opmupyer Gasy

TOPBIA IO3BOJIAET ONPEJEIUTh HAIPABICHUE M3MEHE-  3HAHUM, M3MEHss MapaMeTpbl pexxuMma. [Ipu Hakoruie-
HMs IIapaMeTPoB CyHIKM M coOpaTh 0a3y 3HaHMM Ha  HUM JOCTATOYHOM 6as3bl cTaHeT GoJiee OYEBUIHOU Oe3-
OCHOBAaHUM OIIPOCA 3aKa34MKa M TEXHOJIOra O Pe3ylib-  omacHas 30Ha, U TAKHM 00pa3oM MOYKHO OYIET BBIYKC-
TaTaXx CyLIKH, IO KOTOPOH MOYKHO OINpEAENUTh 0€3-  auTh KOI(PPUUMEHTHI MEPeNauyd M BBECTH OOPATHYIO
OITIACHYI0 ¥ ONTUMAJIbHYIO O0JIACTH CYLIKH MUJIOMAaTe-  CBA3b. [Ipy HAMYKMHU JAHHOM CBA3H B 3aBHCHMOCTH OT
pHana 3aJaHHBIX NapameTpoB. [lomydeHHBIE OAHHBIE — TOrO, B KAKOH TOYKE 30HBI HAXOJMTHCS MCXOIHBINH pe-
CIPaBEAIMBEl A7 aBTOMATH3UPOBAHHOW CYIIMIBHOH KM, OyIyT OPUMEHSTLCS PasIduHbIe KOI(P(PUIHEHTHI
KaMepbl, yCTAHOBJIICHHOW Ha OJHOM M3 IUIOWANOK  yCHIJICHHS, U YeM JAIIbIIEC PEXKUM HAXOAUTHCS OT Ipa-
r. ToMcka, 1 MOTYT OTJIMYATECS B CIy9ac IPUMEHEHHS  BOW TpaHMIBl 6€30MaCHOM 30HBI, TeM ¢ OOJbIIEH CKO-
JPYTHX CYHNIMJIBHBIX KaMep W JPYIuX KIMMAaTHYeCKHX  pOCTBIO TOYKM IEepeABUTAIoTCS B e€ cTopoHy. B pe-
ycnosuii. Yem Gonbiie OyleT MPOBEIEHO CyLIEK C MO-  3yJBTATE YEro CTAHET BOSMOKHBIM YTOUHHUTH IPAHUIIBI
CIIEAyIONIEH WX OIEHKOW, TeM Oojee TO4YHO OyAeT  He TONbKO 0e30MMacHOil, HO M ONTHMAIbHOI 00JacTH, B
ompejeneHa IrpaHuna Oe3omacHO 30HbI. JlaHHAs MH-  KOTOPOM, NPENOIOKHMTENBHO, JHOCTUTAETCA HAMOOIb-
(dopmanus pacmupsieT IOHUMAaHHE O TOM, KakMe pe-  Iuee OBICTPOACHCTBHE HPU OTCYTCTBUHU AE(PEKTOB Ha
KHUMBbI SABJISIOTCSI HaI/I6OJ'ICC OIMaCHBIMU C TOYKH 3pCHU nujiomMaTrepuaiax.

MOTepH CHIPb. BO BceX pekMMax y4TEHBI YCIIOBHS, JlanpHeiinee yCOBEPIIIEHCTBOBAHNE ITPOTPAMMHOTO
KOTOPBIE 3aTPyJAHUTEIBHO NPEJYyCMOTPETh IPU IIOMO-  0OECIICUCHUSI MOXKET 3aKJII09aThCsi B HCIOJBb30BaHHU
my pacyeToB. K TakuMm yCIOBHMAM OTHOCATCS KOH-  HEHPOCETH JUIS MOTOJHHUTENHHON MPOBEPKH M OIECHKU
CTPYKTHUBHBIE OCOOCHHOCTU CYLIMIBHOW KaMephl, Xa-  paBHOMEPHOCTH YKIAJKU MUIoMarepuana mo ¢ororpa-
paKTEpHBIH KIMMAaT MECTHOCTH, TIJI€ PACHONOXKEHO  (pusM IUTA0ENs, 3arPYKCHHBEIM B ONPOCHBLIA JIUCT, Ha
NPEANPUATHE, BPEMs T0OJla, THIl IPEBECHHBI M JPYIHE  ITame IycKa CYNIIbHOU KaMepsl. JlaHHAs Mepa crena-
YCIIOBHUS DKCILTyaTaIlHH. €T HEOOXOAUMBIM BBITOJIHATE 3Tall KOPPEKTHO, MIPEI0T-

qDOpMHpOBaHI/IC nmacnopra TEXHOJOTMYCCKOro Impo- Bpaliasa OJHy U3 NpUYWH BO3BHUKHOBCHHS TIJICCCHU.

necca Ha OCHOBAHUM 3aIIOJIHEHHBIX OMNPOCHBIX JIUCTOB
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