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AHHOTALIMA

CraTbs MOCBAILLIECHA pa3pa60ﬂ<e HPOTOTHIIA DKCHICPTHOM CUCTEMBI, HAITPABJICHHON HA ONTUMU3ALIMIO PEKUMOB KAMCPHON
CYLIKM MHJIOMATCPUATIOB XBOUHBIX [1OPOJ C LC/IBIO CHMKCHUSA YPOBHS 6par<n U MOBBIIIEHUS KA4eCTBA KOHEUHOU
npoaykuuu. ITporece cylky ApeBeCHHbI ABIACTCA OLHUM U3 HanboJiee SGHEPrOEMKUX U KPUTHUCCKHU BAYKHBIX OTANOB
B Aepesoo6pa60'n<e. ITpu 5TOM TPaJHIIHOHHBIC METOBI Bbl60p21 PEKIMOB, OCHOBAHHBIC Ha Tpe605am/mx T'OCT 19773-84
1 CyOBEKTHBHOM OIIBITE OICPATOPOB, HEPEAKO IIPUBOIT K MOSBICHUIO Ae)CKTOB, TAKUX KAK PACTPCCKUBAHKE, KOPOOICHHE
u noremueHue. OCHOBHOM I1IEJIb0 UCCACAOBAHMSA CTAJIA pa3p:160TK:1 MTPOTOTHA BKCTICPTHON CHCTEMBI Ha 6aze cpenpt
CLIPS, mosposnsionieit aBTOMATH3NPOBATD BBT6OP TEMITEPATYPHO-BIAKHOCTHBIX PEKAMOB CYIIKU. B xome pa60"[‘b] 6buU1a
CO3/aHa CTPYKTYpa 6a3bl 3HAHUH, MCTIONB3YIOLAs 11120/I0HbI (deftemplate) u (imKTm (deffacts), KOTOPBIC ONUCBIBAIOT
HAPAMETPBI CYLIKM — TEMIICPATYPY, ICUXPOMCTPUYECCKYIO PAZHOCTD M CTCICHD HACBILICHHOCTH — B 32BUCUMOCTH
OT BH/A APEBCCUHBL, TOJILLMHBI THIOMATCPUAIOB, HAYAIBHOM BIXKHOCTH M HCOOXOAMMOTO Ka4eCTBa HPOAYKLUK (MsArkumii,
HOPMaIbHBI T POPCHPOBAHHBIN PekiM). MeXaHH3M JIOrHUCCKOTo BBIBOAA, peain30BaHHblii uepes npasuna (defrule),
MPE/IOCTABIIACT CHCTEME BO3MOKHOCTH TEHEPHPOBATH HHINBHIYIbHBIC PEKOMEHIAIINHI HA OCHOBE JAHHDBIX, BBCIEHHDIX
nosbosartesiem. Hosu3Ha 110AX012 32K/II04ACTCS B MHTCIPALNMH CTAHJAPTU3UPOBAHHBIX JAHHBIX U OKCIICPTHBIX 3HAHMIA
B CAMHYIO CHCTEMY, YTO [1O3BOJLACT MUHUMU3UPOBATD BIMAHKIC UCTOBCUCCKOTO qgaKTopn, [OBBICUTH OOBACHUMOCTD
TEXHOJIOTMUYCCKOTO MPOLECCA M COKPATHTD KOJIMYCCTBO Gpaka. [TpuBeseHbI NpuMeps! paspaboTKU MPOrPaMMHOTO KOAA A
PCLICHUSA IIOCTABICHHOM 321a4l. Pe3y/IbTaThl HCCICA0BAHMA JCMOHCTPHPYIOT IIEPCIICKTHBHOCTD IPUMMCHCHMUS SKCIICPTHDIX
CHCTEM UL CTAHJZAPTH3AIMH U ABTOMATH3AINH [TPOLIECCOB CYIIKH JPEBECHHDI, A TAKKE BO3MOKHOCTD JabHEHILIETO
MacIITabMPOBAHUS /IS BKILIOYCHUS PCKUMOB CYLLUKH JIMCTBCHHBIX [TOPOJ M MHTCIPALIMU € CUCTCMAMHE YIIPABJICHMUS
CYLLM/IBHBIMH KAMCPAMHU B PEUIBHOM BPCMCHU.
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DESIGNING A CLIPS-BASED EXPERT SYSTEM TO OPTIMIZE
SAWN TIMBER DRYING SCHEDULES AND MINIMIZE WASTE
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Higher School of Technology and Energy of St. Petersburg State University of Industrial Technologies and Design,

St. Petersburg, Russia
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ABSTRACT

This paper presents the development of an expert system prototype designed to optimize the chamber drying sched-
ules for softwood sawn timber, aiming to reduce waste and improve final product quality. The wood drying process is
one of the most energy-intensive and critical stages in wood processing. At the same time, conventional approaches
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COBPEMEHHbIE TEXHOJTOTUN OBPABOTKMN U MCMOJTIb30OBAHNA APEBECKUHDI

to setting drying regimes, which rely on the GOST 19773-84 standard and operators’ subjective judgment, frequently
result in defects like cracking, warping, and darkening. The main goal of the study was to create a CLIPS-based expert
system prototype capablc of automating the choice of tcmpcraturc—humidity drying schedules. During the dcvclopmcnt,
the know]cdgc base structure was implcmcnted using CLIPS tcmplatcs (dcftcmp]atc) and fact lists (deffaces). This
structure encodes the drying parameters (ternpcraturc7 psychrometric difference, and saturation degrce) as functions
of the wood type, sawn timber thickness, initial moisture, and the target product quality, which corresponds to a soft,
normal, or intensified drying parameters. The logical inference mechanism, realized through production rules (defrule),
cnables the system to generate tailored recommendations from the data supplied by the user. The novelty of the approach
lies in the integration of standardized data and expert knowlcdgc into a unified system. This integration minimizes
the influence of the human factor, enhances the explainability of the technological process, and reduces the defect rate.
Examples of the source code implementation for solving the given task are presented. The results indicate the feasibility
of expert systems to standardize and automate wood drying, with potential for scaling to hardwoods and real-time
chamber control integration.

Kcywords: expert system, database, sawn timber drying, CLIPS dcvc]opmcnt environment, drying process automation
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BBEJIEHUE

Llesb JAHHOTO MCCICAOBAHKS — Pa3pabOTKa MPOTOTHIIA
OKCTIEPTHOM CUCTEMBI HA 6aze cpeapt CLIPS s apro-
MATH3MPOBAHHOTO BBIOOPA ONTHMAIBHBIX TEMIICPATYP-
HO-BJIKHOCTHBIX PEKUMOB CYLIKH ITHIOMATCPUAIOB
XBOIHBIX OPOZL, 00CCIICYMBAOLICH CHIDKCHHIE OpaKa, To-
BBILLICHHC KAYCCTBA TPOAYKIINA 1 MUHUMU3ALINIO BISHHS
YETOBEIECKOTO (PAKTOPA Ha TEXHOIOTHHMECKH T POLIECC.

B paMKax McCIe[oBaHMA MOCTABICHBI 3aAaun: popma-
JIU3ALUH BHAHUH HA OCHOBAHMU TEXHUYCCKOM JMTEpa-
rypbt 1 cegenuit TOCT mna cospanus 6236l 3HAHNT
OKCIICPTHOM crcTeMbl. PaspaboTka 6a3pl sHaHUI 1 a3l
JAHHBIX, B TOM YHCIC CO3QAHNUC MAOIOHOB U PaKTOB
B cpene CLIPS, OTPAKAIOMINX TMAPAMETPBI PEKHU-

MOB CyLLIKI/I (TCMl’IepSLTpr.7 CTCIICHb HACBIIICHHOCTH,

AKTYAJIBHOCTb

CyluKa ApeBeCHHBI — OAMH M3 HAHOO0JIEC 9HCPTOCMKIX
¥ KPUTHYHBIX 9TAIOB ACPCBOOOPAOOTKH, € BBICOK PUCK
BOBHMKHOBCHMA 1e(peKTOB (pacTpecKuBanue, KopobicHue,
noremuenne). CyLIeCTBYIOIINE METOABI TOAO0PA PEKU-
MOB CYLIKH (OIIBIT OMEpaTopoB, CTAHAAPTHBIC TAOINLIBI
TFOCT) HeaZanTHBHEL, 3aBHCAT OT YeJI0BEYCCKOro (hakTopa
¥ He 00CCTICIMBAIOT ¢AMHON POPMAIM30BAHHON CHCTEMBI.
Pa3paboTKa 9KCTICPTHON CHCTEMBI TTO3BOJIUT CTAHAAPTH-
3MPOBATD NIPOLECC CYLIKH, CHU3UTh KOJIMICCTBO OpaKa,
TOBBICHTB KA4CCTBO IOTOBOM POAYKLHH, MUHUMH3HPOBATH
MATEPUAIBHBIC TOTCPH.

HOBHU3HA

JI1s1 32024H CYIIKH IMTOMATEPHATIOB TIPEIOKCHO HCIIOMb-
30BATh OKCICPTHYIO crcTemy Ha 6ase CLIPS, obecrieunsaro-
111y10 (POPMAIN3ALMIO M ABTOMATU3ALHIO BBIOOPA PEKUMOB
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[CHXPOMETPHYECKAS PA3HOCTD) A/ PA3THYHBIX Ka-
TErOpUii APEBECHHBI U TOJILIMHBI THIOMATCPHAIOB.
Peanusanms MEXaHM3MA JIOTHYCCKOTO BBIBOAA MOCPE/-
CTBOM HATHMCAHM MPABAJ /15 TCHCPALIH PCKOMCH/a-
LI MO PSKUMAM CYLIKM HA OCHOBE BXOZHBIX J3HHBIX
nosb3osaTes. [IpoBepka paboTocrnocoGHOCTH TPOTO-
THIA 1 OLCHKA 3(PCKTHBHOCTH CHCTEMBI IO KPUTCPHAM
CHIDKCHIS CyOBEeKTUBHOTO (PaKTOpA, TTOBBILLICHUS 00B-
SICHEMOCTH 1 COKpALLCHIs OpaKa.

[peameTom HccneAOBAHMSA SABIACTCS MPOLIECC KAMEP-
HOI{ CYIIKM MHJIOMATEPHAIOB XBOHHBIX MOpoz (cocHa,
€J1b, IIUXTA, KeAP) € AKLCHTOM Ha (POPMATH3ALIHIO H 2B~
TOMATH3ALMIO BBIOOPA TEMIICPATYPHO-BI2KHOCTHBIX
PEKMMOB HA OCHOBE Tpe6OBaHH131 TFOCT u axcrieprabIX

3HAHUU.

cymkn. Co3aaHa CTPYKTypa 6a3bl 3HAHMIH, OOBEAMHSIOIIAS
Tpe6OBaHna T'OCT 19773-84 u OmnpIT CNCHUATUCTOB, YTO
MO3BOJISET ICHCPUPOBATH AAANTHBHBIC PCKOMCHAALNH.
CrcTeMa MpeAOCTaBIET APTYMEHTHPOBAHHBIC PEKOMCHIA-
LIHIH, YTO OT/IHYACT € OT TPAAULHOHHBIX «4CPHBIX ALMKOB»
ABTOMATH3MPOBAHHBIX CHCTEM. Pa3paboTaHHbIH MpoTOTHI
MOYKET OBITh PACIINPECH A1 BKIIOYCHUS PSKUMOB CYLIKH
JIMCTBCHHBIX MOPOJ M MHTETPALIMU C CUCTEMAMHU ABTO-
MATH3UPOBAHHOTO YIPABJICHUS CYLIH/IBHBIMU KAMCPAMH
B PCAIBHOM BPCMCHHL

JlpeBecnHa OTHOCHTCA K TUIPOCKOMUYHBIM MATEPHATAM
U TIPU M3MEHEHNH BIAKHOCTH OKPY/KAIOIIEH CPe/Ib! B3AKMO-
JEHCTBYET C BO3AYXOM MOTJIONIASA MM OTAaBAA Baary. Jan-
HBIH MPOLIECC MPOZOIKAETCSA, TTOKA HE HACTYTIAET Garanc
MEKJy BAKHOCTHIO JPEBECHHBI M OKPYKAIOIMIEH Cpesbl.
B 32BUCHMOCTU OT KOJIEOAHUI OTHOCHTEIBHOM BIAKHOCTU
MCHSAIOTCA U PASMEPbI U3JCANE U3 APEBECUHbL 32aHHOE



PEMM30BA M. B.,, MUAEXMHA B. A. PASPABOTKA DKCITEPTHOM CUCTEMDbI AAS OTITUMM3ALIMN PEXKMM A CYUIKM...

u pi{BHOMCpHO€ CO,HCP)KQ.HI/Iﬁ BJaru B ,HpCB€CI/IHC HCO6XO’
AUMO 14 HpaBHHLHOP’I 06]39.60TKI/I7 CKJICUBAHMA U OTACIKH
HpOL[yKLH/II/I.

[Tpomecc CymKH APEBECUHBI — OJUH U3 CAMBIX dHEP-
FOCMKUX M KPUTHUYHBIX OTAMOB, I JCIKO BOZHUKAIOT
/:Lcdpcmbl. Pexnm CyIIKM 3aBUCUT OT MOPOJBI, PA3MEPOB,
BJIAKHOCTU M HA3HAYCHUS BBICYIIMBACMBIX MUJIOMATCPUA-
108, CUCTEMATU3ALNUA HAKOIJICHHOTO OITBITA U TIPUHATHIX
CTAHAAPTOB CIYKUT KIIOUYCBOU 3aJa4CH JIJISL ONITUMHU3A-
WU JAHHOTO 9TAIa MPOU3BOACTBA U COKPAIICHUS 6p:u<a
npoaykuuu [1].

K MPEUMYIICCTBAM CYIIKHU OTHOCATCSA YMCHBIICHUE BECA,
MOBBIIICHUC TTPOYHOCTH U YCTOMIUBOCTH K 6uosorude-
CKOMY Pa3pyLICHUIO. [To aTum MPUYUHAM [TUJIOMATCPUAIIBI
HEOOXOAMMO BBICYLIMBATH MICPE/] UCTIONB3OBAHUCM B JAJIb-
HCHIIICM ITPOUBBOACTBC. Boige 10T B2 OCHOBHBIX CIIOCO62
CYILKU JPCBECUHDL: BO3AYIIHASL CYIIKA U CYUIKA B TICYH.

BO3,HyLLIH2{H CyI_HKZl HI/IJ'IOMQ.TCpI/IQJ'IOB HOLLpQ.iSyMﬁBQﬁT ¢CTe-
CTBCHHBIN nponecc BI)ICyLLII/IBQ.HI/IH HAa OTKPBITOM BOBL[)’XC
B TCYCHHUC AJIUTCIABHOI'O BpﬁMﬁHI/I, OH 3aBuCHUT OT TIOrOAHBbIX
yCJ’[OBI/II‘/'L ABJIACTCA HﬁCTa6I/IJ'IbeIM u HCKOHTpO}II/IpyﬁMbIM.
KpOMC TOrO, 9TOT MCTOL Tp€6yCT 3HAYHUTCIABHBIX HpOCTpQH*
CTBCHHBIX, BDCMCHHBIX U, CJICAOBATCIbHO, dJI/IHQ.HCOBbIX
3aTpar.

CywKa B ciennasIbHO# 1edr (KAMEpHAS CYLLIKa) TIIATEIBHO
KOHTPOJIMPYETCSA U IPOUCXOANT ropas o oictpee. Jpese-
CHHA HAXOZMTCS B CYLIFJIBHON KaMepe, TAC PeryIupyrOTCs
LMPKYJALAA BO3ZAYXa, MAPAMETPBI BIKHOCTH U TEMIIC-
paTypbL DTO MO3BOJIICT CHU3UTH BAKHOCTD APCBCCHHBI
JI0 HY;KHOTO YPOBHS 6¢3 KaKUX-TH00 Ie)eKTOB, CBA3AHHBIX
¢ cymkoii [2].

B macrosuee Bpems A1 321a9H CYIIKN MTHIOMATEPUATIOR
LIPOKO MCIIOJIBL3YIOTCA CTanaapTHbie pexxumpl 10 TOCT,
OTIBIT OTMEPATOPOB U TEXHOJOTHUYECKIE PETTAMEHTBI TPO-
u3BoACTBa. OLHAKO 9T METOABI UMCIOT OIPAHHYCHMU,
TAKHE KAK HE aJANITUBHOCTD, 31BUCUMOCTD OT UEJI0BEUE-
CKOro (pakTOpa, OTCYTCTBHE OOBACHUMOCTH M CAMHOIM,
dopmannzoBaHHOl cHCTEMBL

TEKTYPA OKCIHEPTHOM CUCTEMBI

[TprUMCHCHHUE HHTCIUICKTYIbHBIX TEXHOJIOTHH CTAI0
BOCTPEOOBAHHBIM B PA3IMMHBIX OTPAC/IAX MPONU3BOACTBA.
OnHUM 13 OCHOBOTIOJIANAIOLINX ACTICKTOB PAZBUTHA MH-
TCJUICKTYAJIbHBIX TCXHOJIOTHH ABJIACTCH UCIIONBZOBAHUC
MHTCUICKTYJIbHBIX HH(POPMALIMOHHBIX HJIM 9KCTICPTHBIX
cucrem [3]. OKCIepTHAS CUCTEMA — 9TO HchopMauHOHH:u{
CHCTEMA, IMUTHPYIOLA AHAIMTHYCCKUC PACCYKACHHUS
CTCLMAINCTA B KOHKPETHOMH 0GIACTH /I PELICHHS CIIOK-
HDBIX 32124 HA OCHOBE HAKOIUICHHDIX 3HAHMI [4].

3KCH€pTHI{${ CUucTema pﬁQ.JII/IByCT (})OPMQJH/ISZU_H/IIO u IIpuMe-
HCHHMC OIIbITA CIICHUATHUCTOB B y3KOI>’I HpﬁﬂM€THOI>’I 06)'19.CTI/I7
MQ.HI/IHyJII/IpyH CUMBOJIMYCCKUMU 3HAYeHUAMU. Ee kroueBoii
(byHKLII/Iﬁl\/'I ABJIACTCA PCHICHUC HﬁcbopMQJII/I(SOBZ{HHI)IX 3agaqd
C TTIOMOLIBIO JTIOTUYCCKOT'O BHIBOAA HA OCHOBC 63.3[)1 3HAHUH
n Hpﬁ,ﬂOCTZ{BJICHI/IC Q,prMCHTI/IpOBQ.HHbIX pﬁK()MCHﬂQHHﬁ,
KOTOpPbIC MOLLﬁJ'II/IpyIOT KOMIICTCHTHOCTD CIICIIHAJIMCTA.

Ki1104eBbIc KOMITOHEHTBI SKCIIEPTHOM CHCTEMBL

~ Basa sHaHMI — 5TO CTPYKTYPHPOBAHHOE XPAHIJINIIE
MH(OPMALNN B KOHKPETHOH ITPEAMETHON 061aCTH, Ipea-
CTABJICHHOC B BUIE COBOKYITHOCTH (DAKTOB M IPABHIL

— MexaHU3M BBIBOJA — MPOTPAMMHBIH MOZIYJIb, PCaIH-
3YIOLIMH AJITOPUTMBI PACCY/K/ICHHS U IIPUHATHS PELICHHIT
HA OCHOBC U3BCCTHBIX PABUIL

— Tlonbsosareascknii nuTepdeiic — QyHKIMOHA, TO3BO-
JUTIOIINH B3AMMOICHCTBOBATH TIOTB30BATEIIIO ¢ CHCTEMOH [5].

OzHOM 3 MEpPBBIX Pa3pabOTAHHBIX CPEA IS CO3AHM
AKCIICPTHBIX CUCTEM ABJIACTCA porpammuas cpega CLIPS
(C Language Integrated Production System). ITepsbrii
npororun CLIPS pa3pa60TaH B 1985 roay B KOCMUUCCKOM
nerrpe NASA, CHIA. Ha TEKYLIUH MOMEHT CLIPS npen-
craBseT co60i BOCTPeOOBAHHBIN HHCTPYMEHT CO3AHHS
SKCIICPTHBIX CHCTEM ¢ GECIUIATHO PaCIIpOCTPAHICMBIM,
JOCTYIIHBIM HCXOAHBIM KoZoM [6].

B nannO# paboTe MpeAnaraeTcs Mpu MCIONB30BAHNH SKC-
HEPTHO# cucTeMbl, co3nanuoil 8 cpeae CLIPS, cc’popMHpo—
BATH MOAXOZ K (POPMAIN3ALMK MPABIT BBIOOPA TeMIIepa-
TYPHO-BJIAXKHOCTHOIO PEKMMA CYLIKH [THJIOMATCPUAJIOB
onupasch Ha ganupie TOCT u TexHuuecKoi 1uTepaTyphL.

PA3PABOTKA BA3bl 3BHAHHWI U BA3bI

JAAHHBIX J1J14 9KCITEPTHON CUCTEMbI

ITpu paspaboTKe SKCIEPTHOM CHCTEMBI HEOOX0ANMO (op-
MaJIM30BATH MOJIYICHHYIO HHPOPMALHIO, TO €CTh ITOCTPO-
uTh 6a3y 3HAHMH 1 623y JaHHBIX. B KauecTBe KCIEpTHPIX
nannbix ucnonsdyercs TOCT 19773-84 o pesxumax Hi3-
KOTEMIICPATYPHOrO MPOLECCa CYLIKH THJIOMATEPUATIOB
U3 IPCBECHHBI COCHBI, I, TIMXTHI M KEAPa B KAMEpE MepH-
oamaeckoro aeiictsus [7]. Kamepa mepuoamdeckoro acii-
CTBHS — BTO THII CYLIIIBHOTO 000PYAOBAHMUS, B KOTOPOM
IPOLIECC CYLIKH MPOTeKaeT Hukamdeckn (neprogamn) [8].

PeX1M CYLIKM IPEBECHHBI — HU3KOTEMIICPATYPHbII M
BBICOKOTCMIICPATYPHBII — YCTAHABIMBACTCS B COOTBET-
CTBHH C TPeOOBAHISIME K KOHCYHOH MPOAYKIUHU U BHAOM
HCIIONIB3YeMOH ApeBecHHBL. [1pn HU3KOTEMIIEPATypHOM
PEKHIME BBIACIAIOT TPU KaTeropun cykm: markas (M) —
6e3z1e(peKTHAS CYLLIKa MATCPHAIOB C COXPAHCHUEM TICPBOHA-
YaTBHBIX CBOHCTB, HOpMabHast (H) — Gesnedexrras cymka
C COXPAHECHUEM MPOYHOCTH, HO C BO3MOKHBIMU M3MCHE-
HIBIMH L[BeTa MaTepranioB, popeuposanHas (P) — cymka
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HI/I}'IOMQ.TCPI/IQ.HOB HpI/I HCKOTOPOM CHMIKCHHH ITPOYHOCTH
Ha CKaJIbIBAHMC M CONPOTUBJICHUC PACKAJBIBAHUIO C BO3-
MOKHBIM ITOTCMHCHHUCM ,HPGBCCI/IHI)L

[TapameTpamu, XapaKTePU3YIOUIMMH PEKUMBI CYILIKH, ABJIA-
IOTCS TEMIICPATYPA £, CTETICHb HACBILCHHOCTH () U TICUXPO-
MCTPUUCCKAS PAZHOCTD Af = — (,,, IAC L, — TCMICPATYpPa
CMOUYCHHOT'O TEPMOMETPA MICUXPOMETPA.

PesxuM CyIIKH TTHIOMATEPHAIOB B TTAPOBO3/IYIIHON KaMepe
MEPUOJUICCKOTO NCUCTBUS XAPAKTCPUZYETC COCTOSHUCM
CYLIMJIBHOTO areHTa TEPEJ MOAAUCH €TO HA BHICYIIMBAC-
MBI MaTepUas. DTO COCTOAHUE U3MEHSIOT TTIEPHOIHYECKH,
MO CTYTICHAM, B 3ABUCUMOCTH OT BJIAYKHOCTH JPCBCCHHDI.
BraskHOCTD, M1 KOTOPOI MEPEXOAAT CO CTYNEHHU HA CTY-
TeHDb, HAZBIBAIOT MIEPEXOIHON BAKHOCTEIO. Yncso cryre-
HCH M 3HAYCHUS IICPEXOJHON BIAKHOCTH YCTAHABIUBAIOT
1o Tabnam pesxumos. [Tporiece cynkn mpekpamaoT npu
JNOCTYIKCHUM JPCBCCUHON B KAMEPE, 3aJAHHOU CPCHCH
KOHEYHOH Bi1askHOCTH [7].

B rabmmue 1 paceMOTpeH mprMep 3aroHe s Ga3bl 3HAHMI
JUISL 33IAHHBIX TAPAMETPOB TTOPO/bl, TOIIMHBI U HAYAIb-
HOM BIaKHOCTU. B Helt narnsgHo MPC/ICTABICHBI PCKOMCH-
JLyEMbIC MAPAMETPbI CYLIKH JIJISL ONIEPATOPa MpH Bm60pe
32JIAHHOTO KAYECTBA MUJIOMATEPUATIOB.

B gannoit mogenu OKCTICPTHON CUCTEMBI 32 OCHOBHOM
NapaMeTpP NPUHUMACTCS KAUCCTBO KOHCYHOTO TTPOAYK-
Ta, KOTOPOE TEXHOJIOr YCTAHABIUBACT MEPCA HAYATIOM
mporecca cymku. Jag JoCTHKEHNA BRICOKOTO KAYECTBA
MPEATTOYTUTE/ICH MATKUN PEKUM CYIIKH, cnoco6CTBon—
MU MAKCUMATbHOMY COXPAHCHUIO MCXOJHBIX XaPAKTEe-
PHUCTHK ApeBecuHbl. B cayuae BbI60p:1 HU3KOI'O KauecTBa
HOTpC6yCTC}I MTPUMCHCHHE cl)opcnpoBaHHoro peKHUMa, 9TO
MOJKET MPUBCCTU K YACTUYHOMY CHUYKCHUIO MPOYHOCTH
MUJIOMATCPUAIOB U BO3MOKHOMY TIOTCMHCHUIO IPCBCCUHBIL.
K gomosHUTETBHBIM MAPAMETPAM OTHOCATCS TEKYLIHE
XAPAKTCPUCTUKU APCBECUHBI — MMOPOJA, TOJNIIMHA U HA-
yaJabHAS BJIAKHOCTbD.

ClIe IyI0ImuM 5TarnoM paspaboTKH SKCTIEPTHOH CHCTEMBI
ABJACTCS CO30aHME (a3bl JAHHBIX HA OCHOBC YKA3AHHBIX [1aPa-
METpOB B 6ase 3HaHMIL B Tabmiie 2 mpuBeeHbI 3HAYCHMA Xa-
PAKTEPHCTHK BIKHOCTH M TTAPAMCTPOB PEKUMOB CyIkH [7].

CrpyKkTypa npeAMeTHOM 001aCTH, COOTBETCTBYIOLIAA Gase
3HAHUH M napaMeTpam 6asbl JAHHBIX, TPUMCHICTCA I
BHECCHMS JAHHBIX B CPEy p33p26OTKI/I CLIPS.

PEAJIM3ALMA MOJEJIN B CPEJE CLIPS

B nepsyto odepeap HEOOXOANMO BHECTH OCHOBHBIC IMa-
PAMETPBI U UX 3HAYECHUS B CPELY CLIPS. nsa ompeze-
JICHHS CTPYKTYPBI (PAKTOB HCIIOMIB3YCTCS KOHCTPYKLHA
deftemplate.

Ia6n0n deftemplate siBasieTCs ACKIAPATHBHON KOHCTPYK-
uueit B cucreme CLIPS, npeanasuadennoit s onpee-
JICHUA CTPYKTYpHUpOBaHHEBIX (akToB. C TOUKM 3peHUA
dopmanbupix cucrem, deftemplate 3azaér runosyro cxemy
SICMCHTOB Paboucii MaMATH, 00CCTICYNBAs CTPYKTYPHPO-
BAHHYIO OpPraHM3aLuio 3HaHuit [9].

JIms mapaMeTpoB MpoIEecca BLIAEACHO TPHU mabaona,
a4 UIMCHHO TTUJIOMATCPHUAJIDBI, PEKUM CYLIKU, PEKOMCH/IA-
LMK, HPEACTABICHHDIC HA PUCYHKAX 1-3 COOTBETCTBCHHO.
KQ.}KLLOMY PEKUMY CYLIKU — MATKUU, HOPMATHHbBIM 1 cbop—
CHPOBAHHBINA — IMOCTABJICHO B COOTBCTCTBUC YUCTOBOC
3HAYCHUC. AHUIOIMUHBIM CIIOCOOOM B CUCTEME XPAHATCA
W TUIIBI JPCBCCUHBL.

ClIe A IOLIMM LIATOM PEaIM3aLNN MOACIH SBJSCTC BHECC-
Hue (paKTOB HA OCHOBE TAOIHULBI 6A3bI JAHHBIX € OMOLLIBIO
xonctpykunn deffacts [9]. Ha pucyrke 4 npusesen npumvep
3anonHeHus (PaKTa A MATKOTO PEXKUMA TIPU TOJILLMHE
mToMarepuaia 10 22 MM u BiaakHocTH 10 20 %.

TToao6HbBIM 06PA3OM 3AMOIHAIOTCA OCTABLIMCCS PAKTDI
B popmaTe «11a610H-(PAKTBI», OTPAKAIOLINE AKTYIbHBIC
3HAYCHMS TEXHOTOTHYCCKOTO TTPOLIECCa.

Ta6nuua 1. I'IapaMeprl CYWKHM ANa 3afaHHbIX NapaMeTpoB NopoAbl, TONLWWHBI U Ha4yaNbHOM BNAAXHOCTU

Table 1. Drying parameters for given wood species, thickness, and initial moisture content

OcHOBHoOI1 napameTp JononHutenbHbie PekomeHpauus PekomeHAayeMble napaMeTpbl CyLIKU
napameTpbi

Bbicokoe kauecTBo MNMopopa — cocHa Msrkuin pexum t,C°=77

nuaoMaTepranos TonwmHa — 23 At, C°=25
¢=0,29

Xopoluee kayecTBo HavanbHas BNaxHOCTb — HopManbHbIi pexxum t,C°=105

nunomMaTepuanos 19 At, C°=33
¢=0,26

YnoBneTBopuTENbHOE KayecTBO (DopCcUpOBaHHbIN PeXMM t,C°=123

nuaoMaTep1anos At, C°=41
¢=0,22

TEXHOAOTHUA u DHEPTETHUKA 01 (01) 2026
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Tabnuua 2. ba3za gaHHbIX
Table 2. Database

TonwmHa, MM
BnaxHoctb, | MapameTtpbi
llopoaa DEREELG % pesuma | 5o | 8.22 | c8.25 | c8.32 | c8.40 | 8.50 | cB.60 | c8.75
b Ao25 | no32 | po40 | po50 | po 60 | no 75 | po 100
XBOMHbIE MSArkuin pexmm
(?:T.aém 77 77 77 75 75 75 70 70
en, <20 26 25 24 24 24 24 21 20
M keap) 027 | 029 | 031 | 030 | 030 | 030 | 0,33 | 0,35
BbICOKOE t,C 61 61 61 58 58 58 55 55
20-35 At, C° 10 9 8 7 7 7 6 5
[ 0,59 0,62 0,66 0,69 0,69 0,69 0,72 0,76
57 57 57 55 55 55 52 52
>35 6 5 4 4 4 4 3 2
0,73 0,77 0,31 0,81 0,81 0,81 0,84 0,90
HopManbHbIi pexxum
110 105 105 100 96 94 85 75
<25 36 33 32 30 28 27 24 22
0,24 0,26 0,27 0,29 0,31 0,32 0,33 0,34
Xopouee t,C° 88 84 84 80 77 75 68 58
25-35 At, C° 14 12 11 10 9 8 7 5
0] 0,55 0,59 0,62 0,64 0,66 0,70 0,71 0,77
83 79 79 75 73 71 64 55
>35 9 7 6 5 5 4 3 2
0,68 0,73 0,77 0,80 0,80 0,83 0,86 0,90
DopcrpoBaHHbIN pexum
125 123 123 120 115 110 98 -
<25 42 41 39 37 36 32 29 -
0,21 0,22 0,24 0,25 0,25 0,29 0,30 -
YnoeneTtsopu- t,C° 99 97 97 95 92 88 78 -
TeNnbHOe 25-35 At, C° 16 15 13 12 11 10 9 -
[0) 0,54 0,55 0,60 0,62 0,64 0,66 0,66 -
94 92 92 90 87 83 73 -
>35 11 10 8 7 6 5 4 -
0,65 0,67 0,73 0,75 0,78 0,80 0,84 -

PucyHok 1. LLabnoH ong napameTpa: nuaomartepuansl
Figure 1. Parameter template: sawn timber

3HAHMA B ONPEACICHHON IPEAMETHOM 061aCTH B cCHCTEME
CLIPS MPEACTABICHDI B BU/IE IPABUJI, COCTOALLMX U3 TP~
HOCBUIOK ¥ AeicTuil. [Tpeanochuiku onpesessor ycao-
BHA TPUMEHIMOCTH ITPABHJI, KOTOPBIE 33210T TOC/IEJ0BA-
TEJABHOCTD [IATOB /LI KOHKPETHOTO CTydas [10]. [Tpasuna
dpopMyanymTCH B 430pM:1TC «ECJIN-TO» u peanusyiorcs
¢ nomorpio koMmauas! defrule, uro mo3sosser co3gasaro
AITOPUTMBI /11 3AMUCH HOBBIX (DAKTOB U [PELOCTABICHHS
pexonmenganuii [9].

,ZIJI}{ pCLL[ﬂCMOI‘/'I 3a4a49YM1 CO34aHO HpHBI/IJIO, CpZ{BHI/IBZ{'
OIIeC BBCACHHDBIC JAHHBIC ITOJH30BATCIA O IMUJIOMA-
TCpI/IIUIﬂX nu TpC6yCMOC Ka4yeCTBO C TEM, YTO OIMHMCAHO

PucyHok 2. LLlabnoH ang napameTtpa: pexuMmbl CyLKu

Figure 2. Parameter template: drying schedule

PucyHok 3. LLlabnoH ans napamMeTpa: pekoMeHAaLmMu

Figure 3. Parameter template: recommendations
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PucyHok 4. lNpumep 3anonHeHus akta Aas MArkoro pexxmma

Figure 4. Sample entry for the Soft mode parameter

PucyHok 5. lNpaBunno TexHONOrM4Yeckoro npouecca CyLKku
Figure 5. Drying process rule

B 623€ JAHHBIX, C MOC/ACAYIONICH BBIAAUCH PCKOMCH/A~
UMH HA OCHOBAHWUM MPOAHATU3UPOBAHHOU HHdpopMa—
unn. Ha pucynke 5 MPEACTABJICH TTPUMECP MOJYUYCHHOTO
MNPABUJIA U TEXHOTOTUUCCKOTO TPOLIECCa CYUIKHU.

PaGoTOCIOCOGHOCTD OMUCAHHBIX KOHCTPYKLMH KOAA
IPOBEPACTCS € MOMOLIBI0 KoMaHA Tesert (ouncrka ma-
MATH M IIepesanyck mpouecca) u run (3amyck kozaa).
Pe3ynbrar, MOIYICHHBIH A1 MPUBEACHHOTO IPUMEPA,
PEACTABICH HUKE HA PUCYHKE 6.

B BCpXHﬁﬁ qyacTu BKPZ{HZ{ BbBIBCACHA I/IHd)OpMﬁLII/IH 10 Ha-
CTpOI\/’IKﬁ mapamMeTpos nponecca CyLLIKI/I LT HOJ’I}“{CHI/I}I
APEBCCHUHDI XOpOI_HCI‘O KauecTBa. B HuokHel yacTtu pac-
ITOJIOKCHBI i%ﬁd)I/IKCI/IpOBZlHHbIC 1 CO3JaHHbIC Cl)Z{KTbI.

B XO4€ UCITOJAb30OBAHUA BKCHCPTHOI\/’I CHUCTCMBI MOFyT
BOSHI/IKHyTb CI/ITyZ{L[I/II/I, KOrga BXOAHBIC Hﬂpz{MCprI
CyLUKI/I, TaKHUC KakK HOPO,HZ{, TOJIIMHA, HAYAJIbHAA
BIAKHOCTDH U TpC6yCMOC Ka4yeCcTBO, HC COOTBCTCTBYIOT
CTpOI‘O OLLHOMy n3 SQPQHCC Ol'IpCLLC]IéHHbIX pC)KI/IMOB

TEXHOAOTHUA u DHEPTETHUKA 01 (01) 2026

HJIN IPOTHBOPEYAT APYT APYTY, HAXOAACH HA TPAHHULIE
HECKOJIBKUX KaTeropuil. B rakux o6crosareabersax
CHCTEMa, BMECTO TOTO YTOOBI NPEAOCTABUTD CTAH-
JAPTHYIO PEKOMECH/ALMIO, MOKET BBIBOAUTH CIICLIUANb-
HOC COOOLICHIE, MOAUCPKUBAIOLLCE HEOLHOZHAYHOCTD
knaccuduranuu. B aTom coobmenun Oyaer npes-
cTaBicHA MHPOPMALHU O ANATIA30HAX MAPAMETPOB,
B KOTOPBIX HAXOASATCA BBCAEHHBIC JAHHDIC, a TAKKCE
0 KOHKPETHOM TIapaMeTpe, MPEBbIAOLEM YCTAHOB-
neHHble ipeaeabl. Hanpumep, cucrema mosker obHa-
PYKHTB, 9TO YKa3aHHAA TOJNLIMHA THIOMATEPUANA
HAXOAMTCA Ha TPAHULE MEKAY ABYMA KATCTOPHAMH,
U B TAKOM C/Iy4ac MPeAJNOKUT MONb30BATEII0 YTOU-
HHUTb UCXOJHBIC JAHHDIC MM MPEAOCTABUT 0606WEH-
HYI0O PEKOMCHIALMIO, OCHOBAHHYIO Ha yCpPeLHEHHBIX
WJIM MHTCPIOINPOBAHHBIX 3HAYCHIAX MaPaAMCTPOB
M3 CMCKHBIX PSKHMOB. JlaHHBIH MOAXO yBEIMIUBACT
A0ATITHBHOCTD CUCTEMBI, IOMOTAaET U30EXKATh OLIH-
OOYHBIX PCKOMCHAALNI B HECTAHAAPTHBIX YCIOBHAX
1 COACHCTBYET NPUHATHIO H0sce 0OOCHOBAHHBIX TCX-
HOJIOTMYCCKUX PELICHUIL.
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PucyHok 6. Pe3ynbtat npoBepku paboTbl 3KCNEPTHOM CUCTEMDI
Figure 6. Results of the expert system operation verification

PE3YJIBTATBI 1 OBCYZKJIEHU A

B Xxo/¢ MpOBeLCHHOTO NCCACAOBAHMS OBUI YCIICIIHO
pa3paboTaH U NPOTECTUPOBAH (PYHKLMOHAIBHEI IPO-
TOTHIT SKCIIEPTHON CHCTEMBI A/ BBIGOPA ONTHMAIBHO-
ro PEeXKUMA CYLIKH MHUIOMATCPUATIOB XBOMHBIX IIOPO/
B cpege CLIPS. OcHOBHBIM pe3ynbTaTOM p:160TLI AB-
nsercs GpopMannsoBaHHas 6a3a 3HAHMIM, COACPKALLAA
npasuia 1 PaKTl, COOTBETCTBYIOLIME TPCOOBAHMAM
T'OCT 19773-84, u MeXaHU3M JIOTUYECKOTO BBIBOJA,
obecreunBaOmMi HA UX OCHOBE ICHEPALUIO PEKO-
MEHIALMH.

Peann3oBaHHAs MOAEb JCMOHCTPUPYET CBOKO PaboToCIIo-
COOHOCTB Ha TIPUMEpE BBIOOPA MAPAMETPOB A/ MATKOTO
PEKMMa CYLIKH NMHJIOMATEPUATIOB TONINHON 10 22 MM
¢ HauAIbHOMN BakHOCTBIO Menee 20 %. Kak nokaszano wa pu-
CYHKE 6, CHCTEMA KOPPEKTHO NPOAHAIM3HPOBAIA BXOLHBIC
JAHHBIC ¥ BBLIAIA PEICBAHTHBIC 3HAYCHUS TCMIICPATYPBI
(77 °C), neuxpomerpuucckoit pasnoctu (26 °C) u crencnn
Hacbimennoctn (0,27), cooTBETCTBYOINE TAOIHIHBIM
JAHHBIM CTAHAAPTA.

Ha 0cHOBE MOJIY4CHHBIX PE3Y/IBTATOB MOKHO BBIICINT
KJIIOYCBBIC TPCHMYLLIECTBA TPEUIOKCHHOTO OAX0AA:
- CHwmxkenne cy6bekTHBHOTO akTopa. Cuctema Mu-
HUMM3HPYET 31BUCHMOCTD TEXHOJIOTMHMECKOTO TTPOLEcca
OT OMBITA U KBUM(PHKALIMH ONEPaTOpa, IIPEAOCTABIS
¢opManu30BaHHbIC M BOCIIPOU3BOANMBIC PCKOMCHA-
LIHH.
— IoBblicHRE OOBACHUMOCTH. DKCIICPTHAS CHCTEMA
Ha ocuose npasu CLIPS npegocrasier mpo3padnyio
JIOTHKY MPUHATHA PELICHH, YTO MO3BOJICT POBEPUTD
1 060CHOBATH BBLIAHHBIC MAPAMETPDI PCKUMA.
~ Coxkpauienne Gpaka. ABTOMATH3HPOBAHHBIN MOAOOP
PCIKUMA, CTPOTO CIICAYIOLICTO CTAHAAPTAM, HATIPABJICH
Ha MPHUMM3ALHIO TAKAX Ac)eKTOB CYLLIKH, KaK PacTpe-
CKMBAHHE, KOPOOICHHE U MTOTEMHCHHIE IPCBECHHL, UTO
B KOHEYHOM HUTOTE BEACT K TOBBILIICHUIO BbIXOL Kaue-
CTBCHHOI MPOYKLNML.

Taxkum 0611)15130M7 pCByJIbTQTbI HpOBﬁpKI/I npoToTUIa noa-

TBEPKAAIOT A4CKBATHOCT BBIOPAHHOTO METOAA U KOP-
PCKTHOCTD peanndaiun 0asbl sHanuii. Paspaborannas
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CUCTEMA HPGL[CTQ.B}I}I€T CO6()I>’I rOTOBBINA I/IHCprMﬁHT, CITI0-
CO6HbII‘/’I CJIy)KI/ITb OCHOBOM JUJIA CO3OAHMA 6OJI€€ CJIOKHBIX
ATATITUBHBIX CUCTCM yl'[pZ{BJlﬁHI/IH CyLLII/UIbeIMI/I npounec-
CaMHU.

KIIIOYEHHUE

B npeacTaBaeHHO# paboTe pemicHa 3aga4a paspaboTKu
MPOTOTHIIA SKCIICPTHON CHCTEMBL, IPEAHAZHAYCHHON U
ONTHMU3ALUHI PEKAMA KAMCPHOMN CYLLIKU IHJIOMATCPHAIOB
XBOIMHBIX MOpoz. B KauecTBe MHCTPYMEHTAIBHOM cpeabt
6Obu1a Boibpana cuctema CLIPS, nokasasias csoto addex-
TUBHOCTB JUISL CO3/IAHUS TIOJ0OHBIX MOJIE/ICH, OCHOBAHHBIX
Ha [paBUJIAX.

PaspaGoTaHHas SKCIEPTHASA CHCTEMA MOKET HANTH Mpak-
THYCCKOE MPUMCHCHUE B TEXHOJIOTHYECKH 3HAYMMBIX CH-
TyaLMAX ZepeBooOpabaThIBAIMINX TPOU3BOJCTB, CIOCO0-
CTBYA MX ONTHMH3ALNM U MOACPHM3anUN. B uactHOCTH,
OHA CIOCOOCTBYET CTAHAAPTH3ALHMH TEXHOIOTHICCKUX
MPOLECCOB Yepe3 YHU(PUKALMIO TPOLEAyP BbIOOpa TeM-
EPATYPHO-BIKHOCTHBIX PEKUMOB CYLIKH, 9TO HMCCT
0c060¢ 3HAYCHUE IS TPEATIPUATHI, TAC OTCYTCTBYIOT
YETKHE METOAMMECKHE YKa3aHus. BHegperue TpeboBanmit
rocyaapersensoro crangapra FOCT 19773-84 5 6:{3}7 3HA-
HUIT CHCTEMBI OOCCTICIMBACT COOTBETCTBUE HOPMATHBHBIM
MapaMeTPaM TEXHOJIOTHYECKOTO MPOLECCa, YTO MOMOTacT
MHHHUMHU3HPOBATH PUCKH OTKJIOHCHHI OT YCTAHOBJICHHBIX
CTAHAAPTOB.

Kpome TOro, ZaHHAZS CHCTEMa TTOMOTACT YMCHBLIUTB
BJIMAHHUC CYOBCKTUBHBIX (PAKTOPOB Ha MPUHATHE TEXHO-
JIOTMMECKHX PELICHAN, OCOOCHHO B YCJIOBHAX HEXBATKH
BBICOKOKBAIN(PULIPOBAHHBIX TexHOI0roB. Popmanmsa-
LIS 9KCTICPTHBIX 3HAHHIL B BUJE JIOTMMCCKHX MPABHJI CIIO-
COBCTBYET CHIKCHHIO 32BUCHMOCTH Ka4eCTBA POLYKLIHH
OT YEJIOBEICCKOrO (PaKTOpa, UTO, B CBOIO O4CPE/ib, YMCHB-
LIACT BEPOATHOCTD OLIMOOK, CBA3AHHBIX C HEAOCTATOYHDIM
OIBITOM PaOOTHUKOB. DTO LOCTUrACTCS TOCPEACTBOM -
TOPUTMHYCCKOTO BBIOOPA PEKUMOB CYLIKH — MATKOTO,
HOPMAJIBHOTO MK (POPCHPOBAHHOTO — B 3aBUCHMOCTH
OT crieuuUICCKNX XapaKTEpPUCTUR MaTepuana. Takoii noa-
XOZ ONTHMH3HPYET OAMH U3 HANOO0sICe SHCPrO3aTPATHBIX
ATAINOB AepeBOOOPAGOTKH, CHUKAS TPOU3BOACTBCHHbIC
MOTEPH M YPOBCHB OPaKa, a TAKKE MPCAOTBPALLAS TAKHC
AepeKTBI, KAK PACTPECKUBAHUE, KOPOOICHHE U M3MCHCHHC
LIBCTA JPCBCCHHDL.

OKCIIepTHAS CHCTEMA TAKKE 00/1212€T 3HAYMTEIBHBIM 00pa-
30BATCJIBHBIM 1 TPCHUPOBOYHBIM MOTCHIIUAIOM, BBICTYIIASA
B POJIM MHTCPAKTUBHOTO HHCTPYMECHTA /IS TOATOTOBKH
CICLUAIUCTOB B 0O1ACTH TEXHOJIOTHH ACPEBOOOPABOTKH.
OHa IEMOHCTPUPYET JIOTHKY BBIOOPA PEKUMOB CYLIKH,
OCHOBBIBASICH HA HOPMATHBHBIX JOKYMEHTAX, 4TO CIIOCO0-
CTBYET TOBBILICHUIO KBUIM(PHKALII COTPYAHUKOB.

TEXHOAOTHUA u DHEPTETHUKA 01 (01) 2026

[TpaKTHYCCKas 3HATMMOCTD PAOOTHI 3AKIIOYACTCS B CO3a-
HUHM JOCTYITHOTO  9((PeKTHBHOTO CPEACTBA MOAACPKKH
MPHUHATHA PELICHUIT U1 TCXHONOTHICCKUX M HHKCHCPHBIX
CayK6 AepeBOOOPabATHIBAIOLINX MPEANPUATHIA. BHeapeHne
NOZOOHOH CHCTEMBI O3BOIUT CTAHAAPTH3MPOBATH MPOLIECC
CYLLKH, CHU3HUTB KOJIMYECTBO OpaKa, 00y CI0BICHHOTO YeIo-
BCYCCKNM (PAKTOPOM, M COXPAHUTD MATCPUAIBHBIC PECYPCBL

[lepcreKTUBDI JATBbHENIINX NCCAEAOBAHNH BUAATCS B pac-
LIMPCHUH 623Dl 3HAHUH /I BKIIOYCHH PCKUMOB CYLIKH
JIUCTBCHHBIX MIOPOJ U BICOKOTEMIICPATYPHBIX MPOLICCCOB,
a4 TAKKE B MHTECTPALIUH pa3pa60T:1HH01?1 OKCIIEPTHOU CH-
CTEMBI € CUCTCMAMU ABTOMATU3UPOBAHHOTO YIIPABJICHUS
CYLIMJIGHBIMUA KAMCPAMH B PEKUME PCAIHLHOTO BPEMCHH.
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