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JlemapTaMeHT JIECHON W JIErKOW MpPOMBIII-
JICHHOCTH MMUHHUCTEPCTBA TPOMBIIIICHHOCTH
n Toprosiu Poccuiickoit denepannu mo3apas-
nseT Bac ¢ robumeem — 60 — jgetremM co IHS
BbIXOJIa B CBCT HAYYHO-TCXHUYCCKOI'O U IIPO-
U3BOJCTBCHHOIO XypHana «J/lepeBoobpadaThl-
BAIOINAs TPOMBIILUICHHOCTD).

Ha orame mOCIEBOGHHOTO pa3BHUTHUS IIPO-
W3BOJICTBA MeOesH, (aHephl, IPSBECHBIX TUIHUT,
TOBapOB HAPOIHOTO TOTPEONICHHS, TOMOCTpPO-
eHusi, TpeOyIoUMXCsl UIsi HYXXJ HapOJIHOTO
XO35iCTBAa M HACEJCHUS CTPAHBI, )KypHAI 3a-
BOCBAJ aBTOPHUTET WM IPH3HAHHE CO CTOPOHBI
CIIELIHATUCTOB, PYKOBOIMUTENICH M yUCHBIX [Ie-
peBoOOpadAaTHIBAIOIICH MPOMBIIIICHHOCTH U
CMEXHBIX OTpacieH.

B sxypHaie myOIUKOBaIHCh HE TOJNBKO OT-
C4YCCTBCHHBIC, HO U 3apy6€)KHI>Ie CIICHHUAJIHUCTHI
0 BCEM TOI0TPACIISIM JIECHOTO CEKTOpa.

B 2012 rony uHMumMaTtuBHAs rpymmna mnocie
TOIOBOTO IepepbiBa BHOBbH Hadala H31aBaTh
)KypHas. [lyOnukanuu crocoOCTBYIOT Jallb-
HEHIIeMy WHHOBAallMOHHOMY Pa3BUTHIO Jepe-
BOOOpabaThIBAIOIIEH OTpaciv, CO3IaHUI0 HO-
BBIX MPEANPUATHH MO TIyOOKoi mepepaboTke
JPEBECHHBI M MOACPHU3AINH ICHCTBYIONINX HA
OCHOBE TIePEIOBBIX COBPEMEHHBIX TEXHOIOTHI.

JKemaro peaKoyUIernu M YUTATEIsIM JKypHa-
na  «JlepeBooOpabarbiBaroias MPOMBIIUICH-
HOCTB» YCIIEXOB 1 ﬂaHLHeﬁmeFO IMpOLBETaHUA.
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MEXAYHAPOIJHASA HAYUHHO-TEXHUYECKASA
MHTEPHET-KOH®EPEHIIUA

[Ipurnamraem npuUHATH ydacThe B paboTe MeEXIyHapOJHOW HaydHO-TEXHUYECKOW HHTEpHET-
koH(pepenuu «JlecHoit komruiekc B XXI Beke». Llenb ee mpoBeieHUs - CTUMYJIUPOBAHKUE U BOCCTA-
HOBJICHUE KOHTAaKTOB M OOMEHa Hay4HO-TEXHHUYECKON MHpOpManuell Mexay y4eHbIMU U CHEeHaIN-
cTamH, pabOTaIOUIMMH B 00JIaCTAX JIECHON M IepeBONepepadaThIBAOICH MTPOMBIIIUIEHHOCTH.

PaGouue s3bIkM KOHGEPEHIMH — PYCCKUN U aHrIMicKkuil. Matepuanbl KoHpepeHIuu OyayT u3-
JaHbI MO0 UTOTaM Ha si3bike opuruHaia kK 20.03.13 r. u Beicnanbl aBTopaM. [lomydeHHbIe cTaThu OYIyT
pa3merniensl ¢ 1 mapra 2013 r. Ha HalIeM MHTEPHET-CAlTe I 0OCYKIICHHS Pa3MEIeHHBIX MaTepra-
70B. Jlydmmue craTtbu OynyT onmyOJIMKOBaHbI B HAyYHO-TEXHUYECKOM U IPOU3BOJICTBEHHOM JKypHaje
«JlepeBooOpabaTpIBatoIasi MPOMBIIIIICHHOCTDY.

VII MEJXKIYHAPOJIHASI KOH®EPEHIUA NPEANIPUSATUIA
®AHEPHOH MPOMBIIIIJIEHHOCTH

C 12 no 15 cpespana ¢ Cankm-
Ilemepoypze npoxoouna VII Mexcoyna-
pPOOHass  KOHepenyus  npeonpusmuil
¢anepnoii npomviunennocmu, opzanu3a-
mopom kKomopoiu evicmynun Ilenmpans-
HbLIl HAYYHO-UCC1e008AMETbCKUIL UHCMU-
mym ¢hanepui. /[oknaduukamu u yuacmuu-
Kamu cmanu pyKogooumenu, 21aeHvle
UHdCeHepbl U mexHoaocu oonee 100
npeonpusmuii u3 Poccuu, CHI', Egponui,
A3uu u Amepuxu.

Basxicueiiuwiumu memamu Konghepenyuu cmanu:

+* UCIIOJIb30BaHUE CMOJI U KJIEEB;
+* MOJIepHH3aLHs 000PyIOBaHUS TS TPOU3BOCTBA (haHEPHI;
+* TEXHOJIOTHUS ra30TeHePAIIUH.

Ilpeocmasnaem eauiemy HUMAHUIO KPAMKOE COOEPIHCAHUE 00KTA008 CRUKEPO8
Kongepenyuu:

Bcemynumenwvnoe cnoso I'enepanvroeo oupexkmopa OO0 « [ [HUUD» Bapvieuna B.C.

I'enepanpusiii gupextop OO0 «ITHUMD» obpatuics Kk ydacTHUKaM KOH(EPEHIIUU C TPUBETCT-
BHUEM U 0JIaro/IapHOCTHIO 32 OOJIBIION MHTEPEC, MPOSBICHHBIN K KOH(GEPEHIINH, TePEUUCIUI OCHOB-
Hble HanpasieHus, mo kotopeiM OO0 «ITHUND» Bener HaydHO-TEeXHHUUECKHE pa3pabOTKH, HAIIPaB-
JICHHbIE Ha YMEHBIIEHUE ce0eCTOMMOCTH (haHEphl U COOTBETCTBHE €€ KayecTBa TPeOOBAaHUSAM €BpO-
HEHCKOro 3aKOHO1aTENIbCTRA.
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OtaenbHo ObuTH BbIAENeHBbl pa3padboTku OO0 «UHUUD» mis ¢paHepHON MPOMBIIIICHHOCTH:
NbUICYJIABIUBAOIINE arperaTbl, poJblraHIv, TPAHCIIOPTEPhI, aCUPAIIMOHHbIE YCTAHOBKH, TEIJIOBBIE
reHeparopsl, apoousku, COD u MH. 1p.

Ilpezenmauusn nayunoi oeamenvnocmu u Hogeluiux pazpaoomox 000 «L{HHH D».

Kum B.I'., 3amecmumenv npedcedamens cosema oupexmopos 3A0 «Texnonapx JITA»,
kommepueckuti oupekmop OO0 « [ [HHUHUD».

Bamum I'eoprueBuu Kum pacckazan o poan OOO «UHUU®D» B danepHOl oTpacian U O €ro
noteHnuane B o6mactu HUOKP, mnpousBoacTBa 0o0OpyHOBaHUS U TEXHUYECKOW MOMJIEPIKKH
OpeanpusaTHil paHepHON MPOMBIIIICHHOCTH.

000 «IIHNHND» Ha CcerogHsmIHuM JeHb
€IMHCTBEHHBIH B MHpe MNPO(UIBHBIA HHCTHTYT,
KOTOPBII 3aHUMaeTCsl BceMHU npoliemMamu paHepHOU
orpaciu. B xoxme [nokmaza  ObUIO  BBIJIEJIEHO
5 ocHOBHBIX  HampaBieHuit  pabdoter [[HUND:

Hay4Hast JIEATENIbHOCTb, U3TOTOBJICHUE
obopynoBaHusi W 3amyacTe i (aHEpPHBIX
NpEANPUSITUH, pa3paboTka u IIOCTaBKa

NbUICYJABINBAIOIINX YCTAHOBOK M aCIMPALMOHHBIX
CHUCTEM,  BBICOKOTOYHBIM  JIA3€pPHBIM  pPaCKpoOu
MaTepuaa, JecHasi Ono3HepreTHkLa.

Buumanue ciymareneil ObIJIO aKIEHTHPOBAHO
Ha MpO3pauHbIX MpPUHLHUIAX  OU3HEC-B3aUMO-
neiictBusi, Omaromapsi kotopeiM [[HUWN® monb3yercss noBepueM HHOCTPAHHBIX OpraHu3aldil |
ABTOPUTETHBIX CHENHaTUCTOB. Tarke Obmia momguepkHyta ponb [[HUM® kak tpammimHa mms
MOJIOJIBIX aMOUIIMO3HBIX CIIEHUATNCTOB, UIIYIIHUX ceOs B OTpaciu.

Ponw obpazosanus 6 ycnosuax polHOUHOU IKOHOMUKU.

B.U. Onezun, nouemnuwiii npezudoenm CIIOIJITY, 0.m.H., npogheccop.

[IpesunenT JlecoTexHnYecKOTO YHUBEPCUTETA JIOJIOKHIII 00 MHHOBAIIUAX B CUCTEME 00pa30BaHUs
U Tpu3Bajl paboToaTesel 1epeBooOpadaThIBarOIIeH U (GaHEPHON OTpaciy MO IEPKUBATh OyayIIHe
KaJpbl erie Ha ctaauu o0yyenust B BY3ax u aApyrux yuyeOHbIX 3aBECHUSX.

Ilpezenmauyun knuzu «Cunmemuueckue cmosivl 8 0epesooodpadomie».

000 «l[HUUDy, k.m.u., ¢hedepanvroiii sxcnepm Konopamwee B.I1.; MI'VIIC, 0.m.1., npoghec-
cop Konopawenxo B.H; OAO «lluemenmy, enasmuwiii unoicenep npoexma « Cmonwiy llpeodep B.E.

COBpeMeHHble CUHmMemuyecKue Kieu ons 0peeecubtx mamepuaioe.

B.I1. Konopamuwes, 3a6. omoenom ceazyrowux mamepuanroe OO0 « [[HUUDy, k.m.u., pedepans-
noi akcnepm, B.E. Ilpedep, cnasuviii unocenep npoexkma « Cmonwvly, OAO «lluemenmy; M.O. Ka-
cumosa, sedywuil undxcenep nabopamopuu « Cmony, OAO «Iluemenmy.

B nacrosimee BpeMs OJUH M3 Ba)XKHBIX BOIPOCOB PAa3BUTHS COBPEMEHHOW MPOMBINIICHHOCTH —
BHEJPEHHE SHeprocOeperaronmx TexXHoJoruid. OCHOBHBIE HANpPAaBIICHUSI SHEProcOEpeKeHHs] TpU
CKJIenBaHUU (haHEephl — 3TO WHTCHCU(DHUKALNS PEKUMOB, CHIDKEHHE BPEMEHH U TEMIIEPATypPhl CKIEH-
BaHUS C YBEIMYCHUEM TPOU3BOIUTEIHLHOCTH MPOIIECCa.

B nacrosimee BpeMs MOMHUMO OTe€4eCTBEHHOW (eHomodopmanbaeruiHon cmoibl Mapkn CDXK-
3014, 3066, 3096 u np. B nepeBooOpabOTKe MPUMEHSIOTCS (PeHO0I0(OpPMATBICTUAHBIE CMOJIBI (PUPMBI
«MertaguHea» U (upmbl «I eKCHOHY», KOTOpPBIE HE B MOJHON Mepe YAOBIETBOPSIIOT TPEOOBAHUSIM Je-
peBooOpadaThIBAIOIINX KOMOWHATOB.
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Jlnst perieHust JTaHHOM MpoOJIeMBI TIpeiiaraeéM pacCMOTPETh MOCTYIUIEHHE Ha PHIHOK CMOJI HOBOM
denonodopmanbaeruiHOi cMOIbI 0TedecTBeHHOTO Mpon3BoacTBa OAO «ITurmenT.

[Ipou3BOACTBO CMOJIBI OPraHU30BAHHO HA BBICOKOKOHIIEHTPUPOBAHHOM (pOpManMHE COOCTBEH-
HOTO MPOM3BOJACTBA M HOBBIX 25 M PEaKTopax, He MMEIONIMX aHAIOTOB B POCCHH C IpHMEHEHHEM
MOJIHOCTHIO ABTOMAaTHU3MPOBAHHON CUCTEMBI YIIPABJICHUS TEXHOJIOTMUYECKUM MPOLIECCOM.

Hoegvle komnnekcuole omeepoumenu 01 paznuunvlx mapok OOC u KOC.

B 2012 rony OO0 «IITHUN®» coBmectHO ¢ OAO «IlurmMenT» paspaboran u Hadall CEpUUHBINA
BBIITYCK HOBOTO oTeuecTBeHHOTo «OtBepautens — JII1-2» nns heHonbHBIX CMOJT.

OcBoenne otBepautens JIII-2 mo3BosuT haHEepHBIM MPEANPUATHIM: JOCTHYb BHICOKHX CTaOWIIb-
HBIX IMOKa3aTesell (PU3MKO-MEeXaHUYECKUX UCTIBITAHUN MPOIYKIMU C HU3KUM COJEpKaHUEeM CBOOOJ-
HBIX TOKCUYHBIX BellecTB ((peHomna u popmMasibaeruaa), CHU3UTh pacxoa kies Ha M3 ¢aneps! Ha 10%,
CHU3UTH pacxoj cMoJibl A0 90-88 kr Ha M, COKpaTUTh Bpems nipeccoBanus hanepsr Ha 10-15%.

st mpousBoauTeneil ¢paHepbl Ha OCHOBE KapOamMua0(hopMalbIErHIHBIX CMOJI pa3paboTaH KOM-
riekcHblit OtBepautens JIII-3, ncnonap3oBanne KOTOPOTO MO3BOJISET 00€CIEUYNTh KAYeCTBO XOJIOTHON
MOJANPECCOBKU, HUBEIHUPYS 3aBUCUMOCTb KIEHKOCTH CMOJIBI OT CTENEHH €€ CTapeHMUs.

Hoegoe 6 ob1acmu cmanoapmu3zayuu.

Hleganoo T.B., OO0 «[HUUDy, 3am. 3a8. omoenom mexnHoiocuu wnora u gauepsl, K.m.H.

B nocnennue roapl nepecMOTpeHbI U pa3paboTaHbl HOBbIE CTAHAAPTHI Ha (haHEPHYIO MPOJTYKIIHUIO
U METOAbl KOHTPOJS, TapMOHHM3UPOBAHHBIE C FENU] ’]'_.j -
€BPOTEUCKUMU CTaHAapTaMHu.

B cootBercTBuM ¢ IIporpaMMoli HaMOHAIBHOU
cranaapru3anuu poccurickoit denepanuu Ha 2011-
2012 rr. OO0 «IHHUHND» pazpaboTaHbl ClETyIO-
1€ CTaHapPThI:

* «JlpeBecuna cioucras kieeHas. Meroj omnpe-
JIEJIEHUs TIpeJiea TPOYHOCTH M MOAYJIS YIPYrOCTH
MpU CTATUYECKOM H3THOe» (MepecMoTp CTaHaapTa
['OCT 9625-87).

* «Danepa cTpouTeNbHAs ¢ HAPYKHBIMHU CIIOS-
MU M3 CKIIEEHHOTO Ha «yC» IIMOHA. TeXHUYecKue
ycnoBus» (pa3paboTKa HOBOTO CTaHAAPTA).

I'OCT «/lpeBecuna cioucrtas kieeHas. MeToJ onpeneiaeHus npeaesia IpoYHOCTH U MOAYIS YII-
PYrOoCTH TPU CTaTUYECKOM H3TrH0e» IMepecMaTpuBaeTcs B COOTBETCTBHM ¢ TpeOoBaHusimu EN 310-
1994 «/lpeBecHble muThl. OnpeneneHne MOy YIPYTOCTH M IMPOYHOCTH MPH CTATUYECKOM H3IH-
oe».

I'OCT «®anepa cTpouTenbHas C HAPYKHBIMU CIOSIMU U3 CKIEEHHOIO Ha «yC» IIMOHA. TexHuue-
CKHE YCIOBHS» pa3zpabarbiBaeTcsi BrHepBble. [Ipon3BOACTBO Takoi (paHepbl MO3BOJUT KaK CHU3ZHUTH
pacxo/i ChIpbsl Ha MPOU3BOACTBO (haHEephl, TAaK U YBEIUYUTH JIHHY JIUCTOB (haHEephl U KECTKOCTD JIUC-
TOB BJIOJIb BOJIOKOH JIP€BECUHBI HAPYKHBIX CIIOEB.

IHlonyuenue ovicmpoomeeprHcOarOUUXca Kapoamuooghopmanb0euoHblX cMoJl ¢ HUZKUM
KOHEYHbIM MOJIbHBIM OMHOUIEHUEM (hopmanboecuda K Kapoamuoy.

B.A. Kocenko, sedywuil umdxcenep Ynpasienus no pazeumuio npou3o0cmed u HO80U MexXHUKU
OAO «Axpony.

Hcxons u3 npuoputeroB 0€30MaCHOCTH Ui 3I0POBbs YEJOBEKA, B PA3JIMYHBIX CTPAHAX Y)KECTO-
YaroTcsi TpeOOBaHUs K COJIEP )KaHUI0 CBOOOHOTO (hopMalibJIernia B PEBECHBIX IJIUTaX U (haHepe.

HeoOxoauMocTh CHMKEHHSI COIEpKaHWsS CBOOOTHOTO (opMalbJeTHAa B TOTOBBIX IPEBECHBIX
IIMTax U (paHepe, BBIHYKIAET MPHU UX M3TOTOBJICHUHM HCIOJIb30BaTh aMUHO(POPMANbAECTUAHBIE CBS-
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3YIOIIME C YMEHBIICHHBIM coJiepKaHueM (opMalibJeruaa M0 OTHOUICHUIO K COJACPKAHUIO aMUHOT-
pymm (KOHeYHOe MOJIbHOE OTHOIIeHHe (hopManbaeruaa Kk kapoamuny 1,1:1 u menee).

[Mpemiaraemplii croco0 MOBBIIICHHS PEAKIITHOHHON CIIOCOOHOCTH CMOJIBI TEXHOJIOTHYECKHU TPOCT
u Oe3omaceH, He TpeOyeT N3MEHEHUI B KOHCTPYKIIMU POU3BOICTBEHHOTO 000pyI0BaHUs, HE TpEOyeT
00513aTeIHHOTO BBEACHUS MOIU(DUITMPYIOIIUX JOOaBOK.

Tennoma C2Opanus cenepamopHoco ca3a u3 Opesecu bLX OMX0008 U B03MOICHOCIU ee
noesvliieHuUuA.

A.®. Cmonakos, k.m.u., npo@., 3as. kageopou CII6IJITY.

Kadenpa TemioTeXHUKH U TEIJIOCHUIIOBBIX YCTAHOBOK COBMECTHO C TPYIIONW HMHHOBAIMOHHBIX
npeanpusatuii «Texnonmapk JITA» pa3zpaboTaii NMPOEKT Ta30r€HEPATOPHOM YCTAHOBKH TETUIOBON
motHocThio 0,1MBT, B cxeme KOTOpoil MpeycCMOTpEH TEIJI000MEHHBIN arapar Jj1sl HarpeBa qyTbe-
Boro Boznyxa a0 600-650°C 3a cuer pu3mvecKkoil TEMIOTH Te€HepaTOPHOTro Tasza. [ eHepaTopHbIi ra3
U3 3TOM yCTAaHOBKHM OyJEeT MCIOJB30BaH B Ta30M3EIbHON dIEKTPOCTAHIINN MOIIHOCTHIO SOKBT. Pea-
JM3alus NPOeKTa IIIaHUPYETCS B TEKYILEM TOY.

HAnonckue coepemenHtble mMeExXHON02UU U MEHEOHCMEHN KAK Memoo 00pbobl ¢
depuyumom Kaopoe Ha npou3eoocmaee.

Axao @ymuopu, ucnornumenvuwviii oupekmop «Kumaeasa Unocunupuney,; Ilpumauenko Onecs,
ouyuanvHwlii npedcmasumens Ha meppumopuu Poccuu u CHI'.

Komnanus «KutaraBay» npemiaract o00pyaoBaHue, Iaroliee BO3MOKHOCTb OBICTPO MEPEXOIUTh
OT MPOM3BOJICTBA MPOIYKIIMK C OJHUMH XapaKTEPUCTUKAMH K MPOU3BOJACTBY MPOIAYKIHH C APYTUMHA
MOKa3aTeNIsIMU, a TaK)Ke MO3BOJISIONIEE MUHUMHU3UPOBATh BIMSHUE YEJIOBEUECKOTO (hakTopa 3a CYeT
MaKCUMAaJIbHOHW aBTOMATHU3allUH MPOIIECCOB:

- Topsiunit Ipecc, 000PYIOBAHHBIN CHCTEMOM TPOU3BOJICTBEHHOTO KOHTPOJIS,

- aBTOMAaTHYECKUE CUCTEMbI: Habopa MakeToB, MOAa4H IITOHA B BAJIBIIBI, YKJIAKU IITIOHA MOTIap-
HO, TT0/IaYW TTAKETOB B ATAKEPKY VISl 3aTPY3KH B TOPSTUUI TIpecc.

KuraraBa H)XMHUPUHT B TOM YHUCIIEC CTPEMATCS K OOCCIICUCHUIO THOKOCTH MPOM3BOJICTBA, €TI0
OBICTPOI MPHUCTIOCOOIIEMOCTH K U3MEHSIOIUMCS TPeOOBaHUSM pPBIHKA. DTO MOMOTAET BCETIa HaXo-
JIUTH ONITUMAJIbHBIC PEIICHUS JUTS KaXKJIOTO OTJCIBHOTO KIMEHTA.

HInugosanvnvie cmanku pupmol «uimaitneManny 014 NAUMHOU RPOMBLULTEHHOCHIU.

A.I'. Bacuuees — 2nasa npeocmasumenvcmea pupmul «[llmatinemanny 6 PO u cmpanax CHI'.

®dupma SteinemannTechnology 3a 6osee yem 40 neT paboThl 3aBOeBajia PEMyTAIMIO TIPOU3BOIU-
TEJS BBICOKOKAUYECTBEHHBIX ITUPOKOJIEHTOYHBIX NUTH(OBATBHBIX CTAHKOB Ui 00paObOTKH Pa3IMIHBIX
maTepuasioB. [lo3uius muaepa CTUMYITHPYET K TIOCTOSIHHOMY ITOMCKY HOBBIX TEXHUYECKHX PEHICHUN
¥ OJTHOBPEMEHHO HAKJIAbIBACT JOTIOTHUTEIbHBIC 0053aTeIbCTBRA.

s Toro, 94TOOBI MPOU3BOIUTENHN TUIUT MOTIIM JIOCTUYh 3TUX BAKHEHIIUX IENed, Mpeaaraercs
TIOJIHBIM MaKeT sl peaju3alnny mpolecca NUI(oBaHus, BKIIOYAIOMNNA B ce0sl CIeAYIOINe dIeMeH-
TBI:

- BBICOKOKQYE€CTBEHHBIE ITMPOKOJICHTOYHBIE TUTH(OBAIBHBIC CTAHKH;

- cepBuc 110 3 PeKTUBHOMY CHAOKEHHUIO 3aITYACTIMH;

- BBICOKOKAQYE€CTBEHHBIC IITM(OBATLHBIC MaTEPHAIIBI;

- TEXHUUECKOE 00CTy)KHBAHUE CTAaHKOB;

- ONTUMHU3ALKS TIpoIiecca.
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Ilpouszeoocmeo hanepol ¢ ucnonvzosanuem co8pemeHHbIX KOHMPOIbHO-
U3MepUmMenbHbIX RPUOOPOE U YCHMAHOBOK PUPMBL «ZPEKOH).

A.I'.Bacuues — pykosooumenwv ¢unuana ¢pupmel «I peKony» ¢ PO u cmpanax CHI'.

CoBpeMeHHOe MPOU3BOACTBO APEBECHBIX IUIMT M, B YACTHOCTH, (haHEpbl CErOJHs HEBO3MOXKHO
0€3 MOCTOSITHHOTO KOHTPOJISI COTEH MapaMeTpoB MPOU3BOJICTBEHHOTO0 000PYJ0OBaHUS U KOHEYHOH Ipo-
nyknud. J{nst obecniedeHus: BBICOKOTO KadyecTBa KOHEYHOW MPOAYKIIMA HEOOXOAMMO TOCTOSTHHO KOH-
TPOJIMPOBATH €€ PA3JINYHBIE TAPAMETPBI.

[TosTomy Goee MpennoYTUTENEHBIM SBIICTCS (PUKCUPOBAHNE MHOXKECTBA ITAPAMETPOB BO BPEMS
TEXHOJIOTUYECKOr0 IMPOIECCa, TO €CTh B peXUMe OH-JIalH. [Ipu 3TOM omepaTop UMEEeT BO3MOKHOCTb
KOHTPOJIMPOBATh BECH IIPOLIECC TIOCPEACTBOM KOMIIBIOTEPA.

VYcranoBku koHTposs kadectBa ckinenBanuss UPU 5000 ¢upmer «I'peKon» momoraior BoBpeMs
3a(pUKCUPOBATh OLIMOKH MPOU3BOJCTBA, UTO MO3BOJISIET U30€KaTh BHIMTYCKa Opaka.

®upma «I'peKon» sBaseTcs BeAYIIMM MHUPOBBIM MPOU3BOJUTENIEM, BBIITYCKAIOIIUM COBPEMEH-
HbI€ KOHTPOJIbHO-U3MEPUTEIbHBIE TPUOOPHI U YCTAHOBKH.

Cesepo-amepukanckue mexHono2uu nPou3e00cmea ganepul.

A.I[unzep, O. Qununa.

TexHonorust JyleHus Juid NPOU3BOJACTBA IUIIOHA, KOTOpPYHO mpesiaraet nonpaszaeneHue Coe
komranun USNR, mmpoko m3BectHa B CeBepHOM AMeEpHKE — JYHIWJIbHBIE CTAHKU 3TOM MapKH HC-
II0JIb3YIOTCS Ha OOJIBIIMHCTBE 3aBOJIOB MO POU3BOACTBY Opyca LVL.

OnTtuMu3aTop 3arpy304HOro ycTpoicTBa iynpuibHOTO ctanka «BlockPLUS™y; noBOe mpo-
rpaMMHO€ oOecriedeHre Mo3BOJISET MOaydaTh MIMOH 3a IpeielaMH ONTUMAIbHOTO LHUIUHAPA.

® YCOBEpIICHCTBOBAaHHOE aBTOMATHYECKOE BTATMBAHUE M JIOTHKA MEepepadOTKU KOMIIEBOH «t00-
KI» TIOBBILIAIOT MTPOITYCKHYIO CIIOCOOHOCTB;

® ONTHUMM3UPOBAHHAS LICHTPOBKA YypaKOB, IPELU3UOHHBIE U3MEPEHHUSI TIPUBOJAT K MOJIYYEHUIO
MOJIHOPA3MEPHOM JICHTHI IIIIOHA MPH ONTUMAIBHOM JUAMETPE;

e 3amMepnl yypaka Ha ocHoBe 500 000 Toyek MaHHBIX (B CHCTEMaX KOHKYPEHTOB — MaKCHUMYyM
36 000);

® CKaHMPOBaHHE CaMOM BBICOKOMW MJIIOTHOCTH BCEH MOBEPXHOCTH Uypaka;

e 0TOOp IMOJIOC U CTIIOCOOHOCTH OTJIMYATh TOAHBIN K MCHOJIB30BAHHIO HITIOH OT CHUMAEMBIX MPH
OKPYIJIEHUU OTXOJOB;

e CrOCOOHOCTH 33/1aBaTh TOUYKY BXOJa HOXKA JUI MOJYYEHUSI MAaKCUMAJIbHOM MOJIOCHI;

® TPELU3UOHHAS CUHXPOHM3AIMUS paOdOThl PEKYILEH 3aCIIOHKH U1 Mycopa JJIsl MOJIy4eHUs nep-
BOT'O TOJJHOTO JUIsl MCTIOJIb30BAHUS LINOHA U3 KAKJIOTO Yyypaka.

000 «llponemapckas ceobooar.

Jupexkmop Kawinuxoe B.11.

OCHOBHBIM POCCHICKMM TIPOHM3BOIUTENEM O0OpyHOBaHUS s (PaHEPHOW MPOMBIILICHHOCTH
ocraercsi OAO 3aBoxa «lIposerapckas cBoOona». 3a 0Oosiee 4eM CTOJIETHIOIO MCTOPUIO 3aBOJOM
pa3paboTaHo M BhIMymIeHO mopsinka 170 mMomeneil pa3nTMYHBIX CTAHKOB W JIMHUH, 7Sl TIPOU3BOJICTBA
(banepsl.

Jlig mpousBoacTBa (aHepsl, NPEANPUATHE MOXKET MOCTABUTh 3aKa3UUKY (aKTHUECKH I'OTOBOE
IIPOU3BOJICTBO, B COCTAB KOTOPOTO BXOJIHUT:

-000pyA0OBaHUE ISl y4acTKa THAPOTEPMUYECKON 0OpaObOTKHU CBIPbS;

-000pyAOBaHNE JUTSl Y9aCTKa Pa3ICNIKU ChIPbS;

-OpeBHOTACKH, HAKOTIMTEIN YypaKOB;

-JIMHUM JYIIEHUs, PyOKH U YKJIQJKH JINCTOB IINOHA;

-CHUCTEMBI TPAHCIIOPTEPOB JJIA NepeJauy Na4eK IIOHA C JIMHUM JIYIIEHHS Ha CYIIKY;

-CYLIUJIKA POJIMKOBBIE C 3arpy3UMKaMHU U pa3rpy3uuKaMH;
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- TEIJIOTeHEePaTOPbl KOMIIEKCHOTO MCIIOJIB30BAaHMS TEIljla KaK Ha CYIIKY HITMOHA, APEBECHHBI, TaK
u Ha HarpeB Bojbl (TerioreHeparopsl TT'CI ¢ ycranoskoit YTBC-2);

- 000pyI0BaHuE JAISTy4aCTKOB PEMOHTA HINOHA CO HIMOHONOYUHOYHBIMU U PeOpOCKIEUBAIOILIMU
CTaHKAMU;

-JIMHUU TTPECCOBAHUS;

-IMHUU 00pe3Ku (paHepHl.

StratumLtd, @unnanous.

Anna Muemmynen.

Benymas komnanus CkanauHaBuu B cepe oOpabOTKH MOBEPXHOCTEH MpeACTaBHIa CBOM pa3pa-
OOTKHM M TEXHOJIOTHH JJis (PaHEPHBIX KOMOMHATOB U MJIUTHOTO MTPOM3BOJICTBA:

1. mocTaBKa HOBBIX HArpEBATENbHBIX IUTUT U MPECC MPOKIATOK TSI TPEIOIIUX MTPECCOB U IPECCOB
JAMUHHUPOBAHUS TI0 YEPTEIKY 3aKa34uHKa;

2. pectaBpalys U PEMOHT HarpeBaTeIbHBIX IUTUT M MPECC MPOKIAIOK;

3. cepBUCHOE 00CITYy>KMBaHHE MPECCOB IUIUTHOTO MPOU3BO/ICTBA;

4. mocTaBKa POJUKOB VIS KJIIEEHAHOCSIIUX MAIllHH;

5. TPaHCTIOPTHO-JOTHCTUYECKHUE YCITYTH.

Hunemumym WKI, I'epmanus.

Onugep Maiicmpune, unsicernep no oepeeooopabomre;, Mapusa bpooens, unsicenep-xumux.
B noxnane Ob11M OTpaXkeHsl clieylole HanmpaBieHus padoTel MHCcTUTYTA:!

e MepcrneKkTuBHbBIE paboThl MHCTHTYTA;

® KOHTPOJb KaueCTBA MPOAYKIUU;

® JCCIIEJOBAaHUE KJIes;

e CE-mapkupoBka: 4To U3MEHUTCS AJis mpousBoautens B 2013r.?

Hpedﬂoafceuue no onmumuzayuu npouseodcmeennozo npouyecca u noCmpoenus
npouwodcmeunoﬁ cucmemol nocmo;mubtxyﬂyumeuuﬁ.

Kocmuroe Baoum, 340 «Texnonec My.

Komnanus «Texnonec M» ¢ 2012 r npeyiaraet He TOJIBKO COTPYAHUYECTBO B NEPEBOOPYKEHUU
3aB0/Ia HOBBIM O00OPYIOBaHHWEM, HO M MPOrpaMMy MOCTPOCHHSI TPOU3BOJICTBEHHON CHCTEMBI HaIlpaB-
JICHHOHM Ha MOCTOSIHHOE yIy4lIeHrne 0e3 3HAUNTENIbHBIX MaTepHabHBIX 3aTpaT.

[Tpeuiaraemas Hamu paboTa pazoura Ha 3 3Tana:

1. rmyOokass AMarHOCTHKA MPOU3BOJACTBA, COOp U dopManu3anus TEKYIIUX MPOU3BOJICTBEHHBIX
MoKa3aTeNeH, onpeaesiecHue MaKCHMaIbHO BO3MOKHBIX IIENIEH MCXOs U3 0COOEHHOCTEH 000pya0Ba-
HUS U TEXHOJIOTUYECKOU 1IEeMOYKH, HHTEPBBIO C MPOU3BOACTBEHHBIM NepcoHanioM u UTP mist Tounoro
NOHMMAaHUS YPOBHS KBATU(HUKAIIH;

2. pa3paboTKa CHUCTEMbl MOHUTOPUHIA U TUIAHUPOBAHMS MPOU3BOJICTBA, cO3/laHuE (HOpPM OTUET-
HOCTH JUIsl KQXKJI0TO TEXHOJIOTMYECKOIO y4acTKa;

3. BHEJpEHUE MPOrpaMMbl ONITUMHU3ALHIH.

I'pynna komnanuit «ACTEK».

IlInuneson A.C., 2enepanvhvlii Oupekmop.

'K «AcTek» M3rotaBimMBaeT cieayroiiee o0opyIoBaHue i NpeanpusiTuil haHepHON MPOMBIII-
JIEHHOCTHU:

e ABTOMATH3MPOBAHHBIC TMHHUH CYLIKHU JIYIIEHOTO INMOHA MPOM3BOIUTEILHOCTH OT 4 110 8 M>/4ac
CyXOTO IITOHA Ha 0a3e TeroreHepupyomux ycranoBok Tuna @T TerioBoit MomHOCTHIO OT 4 10 10
MBT u cymnnok tuna CPI'M ¢ nonepeyHoi HupKy/IsSue CyIIbHOIO areHTa;
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® aBTOMATH3UPOBAHHbIC JIMHUM MO IMPOU3BOJACTBY JIPEBECHO-TOIUIMBHBIX I'PaHyd (3aBOJbI MO
MIPOU3BOICTBY MEIIJIET) MPOU3BOAUTEIBHOCTBIO OT 2-X 10 15-TH TOHH B yac;

® aBTOMATH3WPOBAHHBIC JIMHUM TPAHYTHUPOBAHUS CHITYYUX MaTepUaIoB (JIy3rd MOJICOTHEUHUKA,
0BCAa, I'PEYUXHU, COJIOMBI, 36pPHOOTXOJI0B U TIp.) Ul NPEIIPUITHI CEIBCKOTO X035MCTBA - MPOU3BOIN-
TEIBHOCTb OT 2 10 15 TOHH/4Yac O TOTOBOMY IPOAYKTY, Ha 0a3e TEMIOreHEepUPYIOIINX YCTAHOBOK OT
2 no 8 MBT, paGoTtarmux Ha ChIPBIX (BIaXXHOCTD 10 80% u GoJiee) 0TX0AaxX, a TaKkKe ABTOMATH3H-
pPOBaHHbIE TUHUH TPAaHYITHPOBAHHS I NIepepabOTKH U TPaHYJIMPOBAHHUS TOpda U NTHUYBEro MOMeTa
JUTSL UCTIOJIb30BaHUS, KaK B KAU€CTBE TOIUIMBA, TaK U B KAUECTBE yI00pEHUs;

e pa3pabOTKH MO MOJECPHU3AIMH Y3JI0B U MEXaHU3MOB nuHNH cyniky mmoHa OT 5-CPT'M-4011;

e pa3paboOTKH MO MOJIepHU3AIMH Cymuiok mmnoHa CPI-25M;

e pa3palboTKH 1Mo MOJAepHU3aIMH cymiok mmnoHa CYP — 4.

Bo BTOpoil neHb KOH(pEpPEeHIUH YYaCTHUKHU I0-
ceTmin«Y ctb-Vhkopckuit  paHepHbIii  KOMOHMHATY,
KOTOpPBI BXOOUT B coctaB rpynnsl «CBE3A».
«Ycrh-Mxopckuit daHepHbIi KOMOWHAT» OBLT BbI-
OpaH opraHu3atopamu He ciydaiiHo. OH sBIseTCA

ﬂ""'"““"aa-m.,
~ )

Al e ™

i gl i iiaa " ii G R oM M3 cTapeimnx (paHepHBIX 3aBOJ0B B Poccun
; ; - WU OJHUM W3 BEAYLIMX NPEanpuaATui B orpaciu. llo-
), 7 )} &= cic 0OMEeHa OMBITOM C NPEJCTABUTEISIMH KOMOUHA-

= 3

"y : Ta, TOCTH OBUIM MpPUIJIAIIEHBl HAa AKCKYPCHUIO C TIO-
CEIIEHUEM MMAMATHUKOB ApXUTEKTYpHI I'. ['aTUMHBI.

CMeno MOXHO ckazaTh, uto Omaromaps VII
Cankr-IlerepOyprckoii MexIyHapoaHON KoH(pepeH-

e LMUA U NPOSBICHHOMY MHTEPECY MHOXECTBa Ipe.-

IPUSTHIA B0306HOBI/IJ'IOCL TECHOE COTPYAHUYECTBO HAyKu U npousBojcTBa. KoHdepeHuus nocmyxuina
TUTOMIAIKOM /ISl CO3/IaHusl OMpPKU JIeTTOBBIX KOHTAKTOB. [IpoBeIeHO HECKOJIBKO AECATKOB MEPETOBO-
POB, 3aKJIFOUYEHBI B3aUMOBBITOJIHbIE JOTOBOPHI. JlJIi BCEX Y4aCTHUKOB PbIHKA, MPEACTABUTEIN KOTO-
PBIX CTaJIM yYaCTHUKaMU KOH(epeHInH, haHepHast OTpacib TENEph MPEACTABISAETCS 00JIee OTKPHITOM.
YcTaHOBJICHHBIE JIEIOBBIE KOHTAKTHI OYYT €I[e MHOTO JIET CTUMYJIMPOBATh KOMIAHUH OCYIIECTBISTh
COBMECTHBIE pa3pabOTKH, AETUTHCS OMBITOM U YBEJIIMYUBATH 00bEMBI IPOU3BOICTBA.

ITo Bcem Bompocam, Kacarouumcst pomiened KoHpepeHIH, Bbl BCETIa MOXKETe 00OpaTUTHCS K
cneranucraM OO0 «ITHUM®». Meb1 Takxke Bcerga pajibl 0ka3aTh BaM KOHCYJIbTAlHOHHYIO ITOMOIIIb
Y TEXHUYECKYIO MOJAECPKKY!

JEHb KOPITYCHOM MEBEJIU HA UMIDS

4 anpesst 2013 r. Ha BeictaBke «UMIDS. Mebens. JlepeBooOpaboTka» (KpacHonap) B TeueHue
BCEro BBICTABOYHOTO JHS kKypHan «JlecllpomHUHpOpM» opraHu3yeT MeponpHsTHs, B paMKax KOTO-
PBIX BEIyIIME MPOU3BOIUTENN 000PYIOBAHUS U KOMIUICKTYIONIUX JIJIsi U3TOTOBJICHHS KOPITYCHOM Me-
O0enmy OymyT MpeACTaBIsTh CBOM HOBHHKH M PACCKa3bIBATH O TOM, KaK coelams MebenbHy0 NpoOyK-
yuro Oosee OPUSUHANLHOU U NPUBTEKAMENbHOU, ONMUMUIUPOBAMb NPOU3BOOCMBEHHbIE NPOYECCyl U
3ampameoi.

Mecto npoBenenusi: koHdepeni-3an Nel 2-ro maBuinbona BII «Kybans SKCIIOLIEHTP».

Bpems nposenenus: 4 anpesnst, 10.30-17.30. Hauano peructpamuu: 10.00

MMPOI'PAMMA JHA:

10.30 — 11.50 Macrep-kinacc ot komnanun «MJIM-Kommiekt» «Kak craTuuHbIi MedebHbIi
KOpIYyC NPeBPaTUTh B «KUBOW» MpeaMeT MeldejH: NMOoAbeMHbIe MEXaHM3Mbl H HaNpaBJsIIOLIe
CKPBITOT0 MOHTAKA)
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12.00 — 14.30 Cemunap «MebeabHbie ¢pacaabl. HoBbIe TeXHOJIOTMU U pelICHUsD)

e JIakOKpacouHble ¥ KIICEBbICE MaTepHalibl B JIEPeBOOOpPaOOTKE W TPOM3BOJCTBE MeEOEIH.
MNHaHoBany 1 OIBIT.

e HectuHr: makcumansHbIii 00BEM MOJIE3HOTO BBIXO/1A TIPY MTPOU3BOICTBE MEOCIBHBIX (hacamos.

e [levaTs IBETHBIX 1 MOHOXPOMHBIX H300paKECHHI Ha MEOCIIBHBIX (acaaax.

e O0opynoBaHue JJsi aBTOMAaTHYECKOW OTIENKHM MeEOeNbHBIX (hacajoB JAKOKPACOUYHBIMH
MaTepHaIaMu.

e 5-oceBast 00paboTKa THYTHIX MEOEIBHBIX (PacagoB U JPYTUe TEMBI

15.00 — 17.30 Cemunap « AHCTPYMEHT A1l IPOM3BOACTBA KOPIYCHOI MeOe/iM. ACCOPTHMEHT,
IKCILTYaTAIHsl, CEPBHC

OdunmansHeiil mapTHep cemuHapa: kommanust LEITZ.

e HecTuHT: MakCHUMaJIbHBIH OOBEM TIOJIE3HOTO BBIXOJAa MPH 00paOOTKE TUIMTHBIX MaTepUajioB.
TpeboBaHUsT K UHCTPYMEHTY.

e lncTpyMeHT a1t 00pabaThIBaIONINX IIEHTPOB.

e IHCTpyMEHT 7151 pacKpos IJIMTHBIX MaTEPHATIOB.

e CepBHC MHCTPYMEHTA: 3aTOYKa, BOCCTAHOBIICHUE, PEMOHT U JPYTHUE TEMbI

Cpenn noxnamaukoB «JlHsS KoprycHOM MeOenu" mpeacTaBUTENH KoMmaHWid «Ak30 Hobenby,
Leitz, SCM Group, «MuTepecn», «MAM-Texuno», «MIAM-Kommnekr», «Uedmna», «AKE-Pycy, «Po-
CaBTOXHM» H JIp.

VYuacrtue becniamuoe, NpeBapuTENbHAS PErUCTpaIus 00s3aTeIbHA.

[logpoOnast  wHpOpMaIUss O  MEpPONpHSITHM ¥  3asBKa HA  ydyacTHE Ha  Ccaii-
te www.LesPromInform.ru niu no Tenedony +7 (812) 640-98-68
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HPOU3BOACTBO METAHOJIA U3 ITPEBECUHHBIX OTXO/J0B

H.®. Tumep6aes, P.I. CacmH, T.X. FaneeB

B cmamve paccmompen npoyecc nomyuenus Memanona memooom napoeoi easuguxayuu. Ilpusedena cma-
MUCMUKA CRPOCA MEMAHOIA HA MUpo8om puitke. Ipuseden mamepuanbhbili 6AIAHC NPOU3E0OCMEA MEMAHO-
aa. [lana cmpykmyphas cxema u onucauue paspabomanno2o npoyeccd.

Kniouegsle cnosa: memanon, omxoodvl 0epesooOpabomKu, cunmes-2as, 2azupuxayus, OUOMONIUBO, RUPOIU3.

In article process of receiving methanol by a gasification method is steam gasification. The statistics of de-
mand of motor fuel on the world market is given. Is a material balance for methanol production. The block
diagram and the description of the developed process is given.

Keywords: methanol, woodworking waste, synthesis gasification, biofuel, pyrolysis.

YTum3zanus IpeBeCHbIX 0TXO0/10B Beeraa Oblia
00JIbIIION MPOOJIEeMON PYKOBOIUTENICH J1€C03aroTo-
BUTEIBHBIX U TepepadaThIBAIOIIUX TPEAPUITHH.
B nHactosimiee BpeMsi H3BECTHO MHOXKECTBO CIIOCO-
00B yTHJIM3aLMM JpEBECHbIX 0TX010B. Hambonee
IPOCTBIM CIIOCOOOM YTHIIM3AIMU JIPEBECHBIX OTXO-
JIOB SIBIISIETCS UX TEPMHUECKas mepepadoTKa MmyTeM
MPSIMOTO CKMTAHUS C IEBI0 MOyYEHHUsT TOTO WUITH
uHoro npoaykra. bonee cnoxHbIMU, HO Gonee dd-
(DeKTHBHBIMH, SIBISIFOTCS METOIbI KOHBEPCHH Ape-
BECHBIX OTXOJIOB, T.€. Pa3JIOKEHHUE APEBECHHBI MO
JIeWCTBUEM BBICOKON TEMIIEpaTyphl B 3aBUCUMOCTHU
OT TEMIIepaTypHOro IpefeNia HarpeBa, YCIOBHIMA
MOJIBO/IAa TeIlla ¥ BUJa MPUMEHSEMOr0 TEIJIOHOCH-
TeJIs.

Ha xadenpe I1JIM KHUTY, 6b11 paspaboran
TEXHOJOTHYECKU mpotiecc [1] KoMILIeKCHOU 3Hep-
TOTEXHOJIOTMYECKON TepepadOTKU IPEBECHBIX OT-
X0JI0B B MeTaHoJ1. HecMoTpsi Ha TO, 4TO J107IsT Me-
TaHoJja, UCIIOJIB3YEMOT0 B TOIUTMBHO-
SHEpPreTUYEecKUX LeNsX elle HEeBEIUKa, ero npume-
HEHHE CTajJo BEChbMa MEPCHEKTHBHBIM. OJTO 00Yy-
CJIOBJIEHO BO3MO)XHOCTBIO MOJIYYE€HHUsI METAHOJIA U3
J1000r0 YriepoicoaepKalero Chlpbs U €ro Heor-
pPaHMYCHHBIMH 3allaCaMM, 4TO IO3BOJSIET MCIIONb-
30BaTh METAHOJI B Ka4eCTBE MOJYMPOIYKTa B MPO-
U3BOJICTBE CHHTETHYECKOI'O MOTOPHOI'O TOILIHMBA.
MupoBoii cripoc Ha METaHOJ COCTaBIIAET OKOJIO 35
MJIH. TOHH exeromHo. [lo mpormozam, k 2015 T.
CIIPOC HAa METaHOJ B MHpE Bo3pacTeT ¢ 35 no 45,5
MJIH. TOHH. KpynHeimmm uMnoprepomM MeTaHosa
apisitores CILA, xoropsie motpebmsitor 10 30%
MHPOBOTr'0 3KCIOPTa MPOAYKTA.

CHIA sBnsitoTCS TakXe KPYMHEHIIUM HpPOH3-
BouTeneM MeraHona (25% MHUpPOBOro HpOM3BOA-
ctBa) (puc.l). OCHOBHBIMU MOTPEOUTEISIMA METa-
HOJMa (pHc.2) BBICTYNAIOT MPOM3BOIUTENH (popMa-
JMHA, METHI-TpAT-OyTuinoBelil 3¢up (MTBD) un

YKCYCHOM KUCIIOTBI, Ha JIOJO KOTOPBIX MPUXOJIUTCS
1o 70% MUPOBOTO MTOTPEOICHHUS.

OCLWA
O Aaus
OEspona

O10A

OPo
4 . OlMpoune

Puc. 1. KpynHenwue permoHbl, noTpebnsiowme meTaHosn

0O ®opmaniH
BEMTBES
O YkcycHas
kvcnoTa
20%

O Mpo4ue

Puc. 2. MNpoussoacTBa, noTpednsAowme MeTaHon.

Hwmxe ykazaHbl HOBBIE Cepbl MOTPeOICHUS
[2] MeTuoBOrO CHHMpTa, KOTOPhIE B HACTOSIIUI
MOMEHT HaXOJATCS Ha CTAAMUSIX Pa3pabOTKH TEXHO-
JIOTUH, 00 BHEAPCHMS B TPOMBIIIICHHYIO TpaK-
THKY:

1. monydeHue YKCYCHOrO aHTHpHIa KapOo-
HUJIMPOBAHHEM MeETHJIaIleTaTa, MPOU3BEICHHOIO U3
METaHOJa;

2. cHuHTe3 MeThahopMHaTa JerUAPUPOBAHUEM
CH;0H;

3. momyueHue QTop3aMeIIeHHbIX METAHOB;

4. cUHTE3 aKpPWIOHWUTpWIA W3 MeETaHola |
AI[CTOHUTPHUJIA B IPUCYTCTBUU KUCIIOPOA;
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5. CHHTE3 METaKpWJIOHHTpPWUJIA W3 METaHOJa,
M300yTHIIEHA, aMMHAaKa U KUCIOPO/a;

6. TIoNMy4YeHWE BHHWI- W OTHJI3aMEIICHHBIX
apOMAaTHYECKUX COEAMHEHHM MyTeM KOHJEHCAINU
METHITIPOU3BOIHEIX apOMATHYECKUX YTIIEBOIOPO-
JIOB C METAHOJIOM Ha ICOJIUTaX.

BaxxHBIM MTPOAYKTOM TIPH CO3JIaHUU METaHOoIa
SIBJISIETCSI CHHTE3-Ta3, IIHPOKO NPUMEHSIEMBIA B
XUMHAYECKOH MpOMBIIIIeHHOCTH. OHUM U3 CIIOCO-
0OB ero monyuyeHus SBJsieTCs mapoBas raszuguka-
1IUS IPEBECHBIX OTX0/10B[3].

IIpomecc ocymiecTBIsieTCS MO CIEAYIOMEMY
UKITY:

pesecuvie omxo0vl —nupoausz— 2asuguxayus —
— CcUHmMe3-2a3 — MemanoJl

TexHomoru4eckuii crnocod MpoOXOIUT IO peak-

M1 KOHBEPCHUU yTJepoa C BOJASHBIM apOM:
C+HQO:CO+H2
peaxius uaeT ¢ moryomnieHreM termna. [Ipogykrom
peakuuu sBiseTcs cuHTe3-ra3. [Ipyu Hamuyuu 3THX
JIByX KOMIIOHEHTOB MO)KHO HalpsSIMyl0 CUHTE3UPO-
BaTh METAHOJI. Peakius uier mo ciexyromed gpop-
MyJe:
CO+2H,=CH;O0H+Q

OIHOBPEMEHHO TPOTEKAIOT MOOOYHBIC peak-

11U
CO +3H, <> CH, +H,O
2CO + 4H2 <> (CH3)2O +H20
4CO + 8H2 <> C4 HQOH + 3H20

MarepuanbHbIi OanaHc XUMUKO-
TEXHOJIOTUYECKOM CHCTEMBbI IPOU3BOJICTBA METa-
Hojya Ha 15001 MeTaHoMa puBeneH B Taduie 1.

Ta6bnuua 1. MaTepuanbHbIi 6anaHc XMMUKO-
TEXHOJNIOrMYeCKOW CucTeMbl MPOU3BOACTBA MeTaHomna

% %
[Tpu-
Macca | macc | Pacxonm | macca | Macc
XO0JI
1491, | 0,79 | CH;0OH
co 4 2 (ceIpen) 1500
0,14 | (CHs. 32,34 | 0,01
H, 266,3 5 )0 5 -
CH, 1243 0,06 | C4HyO 17,34 | 0,00
(uHEPT) ’ 6 H 4 9
H,O 25,31 0’21
CH;0H 0,75
(uucrt.) 1425 9
Otays. 377,1 | 0,20
ra3bl 5 1
Bcero 18f 2, Bceero 1817 7,
HeBs3- 4,949
Ka

OCHOBHBIM amnmaparoM B CHHTE3€ MeETaHOJIa
CIIY’)KUT PEaKTOp — KOHTAaKTHBIM ammapar, KOHCT-
PYKLUSL KOTOPOTO 3aBUCHT, IJIABHBIM 00pa3oM, OT
crocoba OTBO/A Telja W MPUHIUIA OCYIIECTBIIE-
HUSA TIpoliecca CMHTe3a. B COBpEMEHHBIX TEXHOJO-
TMYECKUX CXEMax MCIONb3YIOTCS PEAKTOphl TPeX
THUIIOB!

— TpyO4aTble peakTophl, B KOTOPBIX KaTajau3a-
TOp pa3MeleH B TpyOax, uepe3 KOTOPbIe MPOXOIUT
peaklMOHHAsg Macca, OXJIaXJaemMash BOJHBIM KOH-
JICHCATOM, KHUILSIIIUM B MEXTPYOHOM IpOCTpaH-
CTBE;

— aanabaTHYecKue pPeakTopbl, C HECKOIbKUMHU
CIIOSIMU KaTaJM3aTopa, B KOTOPHIX CheM TeIUla U
peryaupoBaHWE TEMIIepaTypel  OOecTiednBaeTCs
rmosfavyell XOJOJHOTO ra3a MEXIY CIOSMH KaTaju-
3aTopa;

—peaxkTopbl, UIsl CHHTe3a B Tpex(a3zHOH CHC-
TeMe, B KOTOPBIX TEIJIO OTBOJUTCS 3a CUET LUPKY-
JISUW KUAKOCTH 4Yepe3 KOTeN-yTUIIN3aToOp WIH C
MIOMOIIbI0 BCTPOEHHBIX B PEAKTOP TEII000MEHHU-
KOB.

CnoxHocTs TexHoNoruu [4] B TOM, 4YTO KO-
HEUYHBIH MPOAYKT MOIY4YaeTcs JIULIb NPU BBICOKOM
JaBJICHUM W BbICOKOW Temmepatype (P>20 atm.,
T=350 rpagycoB), HO IIpH HAJIMYUU KaTajauzaTopa
W HU3KOM JIaBJIEHMH OTOT NPOIECC CMEMAeTCs
BIIPaBO. DTUM U OOBACHSETCS CIOKHOE TEXHOJO-
ruyeckoe 00OpyIOBaHME, BBICOKHE KaIllUTaJbHBIC
3aTpaThl U MHOTOCTaUHHOCTh TPOM3BOJCTBEHHOT O
mporuecca. [lomydeHHBI METaHON BBIBOAWUTCS W3
peakluy OXJaKICHUEM J0 KOHJEHCAalluh, a He
CKOH/IEHCUPOBABILUE Ia3bl UIYT B PELIUKIL

Temneparypa mporecca 3aBUCUT, IJIABHBIM
00pa3oM, OT aKTUBHOCTH NMPUMEHSIEMOT0 KaTaln3a-
TOpa ¥ Bapbupyercs B npenenax ot 250 mo 420°C.

Huxe npencraBieHbl cXxeMa W BHEIIHUN BUJ
HKCIEPUMEHTAIEHOW YCTaHOBKH pa3paboTaHHOTO
nporecca (puc. 3, 4).

[Iponecc momyuyeHHs MeTaHONA OCYIIECTBIIS-
IOT KOHTaKTHPOBaHMEM IHUTAIOLIErO MOTOKA, C Ka-
TAJU3aTOPOM CHHTE3a METaHOIa; TOTyYEHHBIN
TEXHOJOTMYECKHH IMMOTOK 3aTeM OXJIaXKAaloT, KOH-
JICHCUPYIOT ¥ CEMapupyloT Ha Ta3oBylo ¢a3y H
Kuakyto (asy. B kadecTBe mHUTAromero mMoTOKa
HCTIONB3YIOT CHHTE3 Ta3, MOJYYEHHBIN MapoBOil
ra3uuKanueil IpeBecHOro yris, MyTeM IMHPOIH3a
MpeBapUTEIBLHO BBICYIICHHBIX JIPEBECHBIX OTXO-
noB. Ilepen KOHTAaKTUPOBAHHWEM IMUTAIOIIETO MOTO-
Ka C KaTaJn3aTopoM, COAEP KAIMM B MOJIBHOM CO-
ortnomeanu: CuO: ZnO: Cr,O;: MnO: MgO:
AlO;: BaO, pasaom 1: 0,3: (0,15-0,2): (0,05-0,1):
(0,05-0,1): (0,25-0,3): 0,05, coOoTBETCTBEHHO, OCY-
LIECTBIISIIOT €r0 KOMIPUMHUPOBAHUE O JaBJICHUS
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(3,5 q9) 4,5 MIla. 3areM nUTAOMUNA TOTOK IMOCIIE
KOMIIPMMHUPOBAHMS HAIPABJIAIOT B PEAKTop, TIe
noanepxxkuBatoT Temmneparypy 250-300°C 3a cuer
ucnapeHust 000OPOTHOW BOABI, BBIACTSIEMON U3 CBI-
poro meranona. [lap or 060poTHOI BOABI U3 peak-
TOpa HaNpaBJSIIOT HAa Ta3u(UKAIUIO JIPEBECHOTO
yIis, OXJIAXAEHHWE TEXHOJIOIMYECKOro IIOTOKa
OCYILIECTBJISIIOT KOHAYKTHMBHO OT MHTAOILEro Io-
TOKa, a KOHJEHCAILIUIO MPOBOAST JIPOCCEINPOBAHHU-
eM. Ilocne cenaparuu ra3oByto ¢a3y AenAT Ha JBa
[I0TOKa, NIpU 3TOM OJUH IIOTOK HANpaBJSAIOT Ha
C)KUTaHue B MUPOJIM3HYIO KaMepy, a BTOPOH MOTOK
HANpPaBISIOT HAa KEKTUPOBAHWE B COOTHOIICHUH
ra3oBoro MOTOKa K IUTAIOIIEMY IIOTOKY, PaBHOM
10:1, cooTBETCTBEHHO.

[Ipumenenne rasuduKauu IPEBECHHBI B
JHEPreTHYECKUX IENsAX TMO3BOJISIET PEIIUTh He-
CKOJIBKO 3aJia4, INIABHBIMU U3 KOTOPBIX SIBJIAIOTCS:

- TOJYYEHHE DKOJIOIMUECKH YHCTOIO PHEpre-
TUYECKOI'0 METAHOJIA, CKUTAaHUE KOTOPOro MPaKTH-
YEeCcKH MCKIIIOYaeT 3arpsi3HeHrue atMocdepbl Bpel-
HBIMHU BBIOpOCaMU;

- OTCYTCTBHE HEOOXOIMMOCTH B OUUCTKE JIbI-
MOBBIX T'a30B TIEpe]] UX BBIOpOcaMH B aTMOC]eEpy;

- TOJIy4€HHE BOJOPOAA, METAHOJIA U JPYrux
MIPOAYKTOB JJISI XUMHUUECKOI MPOMBIIIIEHHOCTH;

- obecrieueHue, B ONPEAEIECHHOMN CTENEeHH, TO-
IJIMBHO-D)HEPTETUYECKON HE3aBUCHUMOCTH MAaJbIX
MPEANPUSTHI.

5%
o
AR

(i

-
I
|
\
|

Puc. 4 BHewHun BuA aKCNEepPUMEHTanbHOW yCTaHOBKMU

Pemenne TexHuueckol 3aa4yy IO3BOISET IO-
JTy4aTh METaHOJ B Ipoilecce 0e30TXOMHOr0 3KO0JI0-
THYECKH YHCTOIO IPOM3BOACTBA 0O€3 HCIIOJIb30Ba-
HUS JOMOJTHUTEILHON SHEPreTUYECKUX PECYPCOB.

DT0 00yCIaBIMBAETCS TEM, YTO CIPOC METAHOIIA Ha
MHPOBOM PBHIHKE OYECHHh BEIHMK. 1€M CaMbIM BBIIIE
MepeyrciieHHbIe (HDaKTOpbl 00YCIaBIMBAIOT aKTY-
AIBHOCTH IAHHOW Pa3pabOTaHHOW TEXHOJIOTHU.

UccnenoBanue mo JaHHON paboTe BBITIOJTHEHBI
B paMKax peaju3anuu QeraeparbHON IeIeBOl mpo-
rpammbl «MccnenoBanus u pa3pabOTKU IO TIPH-
OpPUTETHBIM HAMpaBJICHUAIM HAy4YHO-TEXHUYECKOIO
koMmiiekca Poccuu Ha 2007-2013 roasl mo Teme:
«Co3aHre TEXHOJIOTHU W OIBITHOM YCTaHOBKH
KOMITJICKCHOH TepepaboTKh APEBECHBIX OTXOJ/0B
JIECHOM TMPOMBIIUIEHHOCTH C TOJTYyYE€HUEM TeIIo-
M30JSIIIMOHHOTO  MaTepualay, Npu (DUHAHCOBOM
noiepkke MUHHCTEPCTBA 00pa3oBaHUs M HAYKH
Poccuiickoit heneparnuu.
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YK 66.013

HPOU3BOACTBO MOPUCTOI'O TEINIJIOU3OJIAIIMOHHOI'O
MATEPHUAJIA HA OCHOBE OTXO10B AEPEBOOBPABOTKH

N NEHOIIOJIUYPETAHA

P.I". CachumH, J1.U. NleBawiko, ®.M. dununnosa, E.WU. BanrunbaeeBa

B cmamwe paccmampueaemcs cnocobd NOJY4erus nopucmozco menjiou3oIAYUOHHO20 mamepuaila Ha OCHose
ONUJIOK U nenonojuypemana ¢ nojydernuem NOHUIICEHHOUL menfzonpoeodHocmu Uu nja1omHocmu. Pa3pa60maHa
ycmaHoeKka ons NOJYYeHUsL NOPUCMO20 Menjiou30JIAYUOHHO20 Mamepuaia. Hpuee()eﬁbl npumepbsl NONLYYEHUs C
PAa3iIudHbIM codepofcaHueM ONUJIOK U KOMNOHEHMO6 nenonozzuypemcmoeoﬁ cmecu.

Knroueeswie cnosa: nopucmbn"t meﬂ]l0u30ﬂﬂuu0HHbllZ mamepual, ecneHueaiomudCﬂ noauypeman noauu3oyuo-

Ham

In the article the method of producing a porous insulating material based on polyurethane foam and sawdust
to produce a lower thermal conductivity and density. An installation for porous insulation material. Are ex-
amples of the sawdust with different contents and components of the polyurethane mixture.

Keywords: porous insulating material, polyurethane foaming poliizotsionat

B nacTosimiee BpeMsi B CBS3M C aKTUBHBIM pa3-
BUTHEM MaJIOATAXKHOTO JOMOCTPOEHHUSI BO3pacTaer
CIpOC Ha TEIUIOM3OJSIIMOHHBIE Marepuanbl. Jlis
CTPOHTEJICH U JIepEeBOOOPAOOTUYMKOB OCOOYIO aKTy-
aJBHOCTH CErO/IHSI MPUOOPETAIOT TEXHOIOTHH, CBS-
3aHHBIE C MPOU3BOICTBOM M MPUMEHEHHUEM KOMIIO-
3UTOB Ha OCHOBE JPEBECHHBI U nonumepoB. Kpome
TOT0, YTWJIM3AlHUsl OTXOJOB JepeBornepepadarhi-
BAIOLIMUX NPEANPUATUH ABJISIETCS aKTyaJIbHOW 3a/a-
Yel, pelieHue KOTOPOM YaCTUYHO MOXKHO OCYIIIe-
CTBHUTbH ITyTEM OpPTaHMU3ALUHN MPOHU3BOACTBA TEILIO-
M3OJIALIMOHHBIX U3/ICITHH.

Ha 6aze xademnpet KHUTY «llepepaborka
JIPEBECHBIX MaTEpUasoOBy BEIyTCS HaydyHBIE HCCIIe-
JIOBaHMSI MO TPOU3BOACTBY TEITOU3OJSIIUOHHBIX
MaTepuajoB Ha OCHOBE JpPEBECHBIX OTX010B. I[lo
JAHHOW TeMaTWKe ObUI BBIMTPaH TPaHT (enepalib-
HOM 1eneBoil nporpammsl “UccienoBanust U pas-
paboTKH 1O IPUOPUTETHBIM HAINPABICHUSM Pa3BH-
THUSI HAYYHO-TEXHOJIOrMYeckoro komrmiekca Poccun
Ha 2007-2013” no teme: “Co3aHue TEXHOJIOTUH U

OIBITHOW YCTaHOBKHM KOMILUIEKCHON IepepadoTKu
OTXOJIOB JIECHOW MPOMBIIUICHHOCTH C TOJIy4CHHEM
TETMJION30JIALMOHHOT0 MaTepuana” [1,2].
Pazpaboran crmoco0 TmoONydeHUs] MOPHCTOTO
TEIUTOU30JIAIIMOHHOT0 MaTepralia, OCHOBAHHBIA Ha
CMEUIEHUU COCTABIISIOLIMX BCIEHMBAIOLIETOCs I0-
JUypeTaHa C JpPEBECHBIMU ONMMJIKAMU MU IOCIe-
IyIOIllee BBEIEHNE B CMECH JPYIrOl COCTaBIIAIOIIEH
— moymmm3onronara [3]. B kauecTBe HAMOIHUTENS
UCIIONIB3YIOT JPEBECHBIC ONMMIIKU pa3MepamMu 4 +
2 MM, KOTOpBIEC MPEIBAPUTEIHHO MOABEPraroT Ia-
poBoOii  00pabOTKE TpW TeMmIepaType, paBHOM
250 °C. Ilocme 0OpaOOTKH MapoOM OIHJIKH IOJAF0T
B muddyszop muddy3zopHo - kKoH(Y30pHOTO yCT-
poO¥CTBa, U B 30HYy nepexona auddys3opa B KOHPY-
30p K ONHMJIKaM IOJAOT COCTaBIISIOIIYIO BCIICHU-
BAaIOIIErOCs TMONIMypeTaHa A, KOTopas BKJIIOYACT:
MPOCTOM MoNMMA(UpP Ha OCHOBE OKMCH IPOINMUJICHA,
OKCUTIPOMIJIATWICHANAMUH, JUMETUIITaHOIAMUH,
OKCHAJIKHJICHOPTaHOCHIIOKCAHOBBI  OJIOKCOTIONH-
Mep, TpuxjopaTwigochar. 3aTeM HOITYYEHHYIO



PayuoHarnsHoe npupoaononbsoeaHue

HAYYHBIE NYBIUKALK 16

CMECh BBITPYKAIOT B PEAKTOP, B KOTOPOM CMECh
MEPEMEIINBAIOT U BAKYYMMHPYIOT C MOMOIIBIO BO-
JIOKOJIBbLIEBOTO BaKyyMHOro Hacoca. [locne vero B
cMech BBOAAT noiuuszonuanar b. Ilocie nepeme-
IIMBAHMUS KOMIIOHEHTOB KOMITO3UIIMOHHYIO Maccy
HaIpaBIsIOT B 000rpeBaemMyro 7o TemmepaTypsl 50
— 60 °C dopmy u Boep)kuBatOT 15-20 MuH.

Ha pucynke 1 mpezncrasiieHa ycTaHOBKa IJist
MOJIYYEHHSI TTOPHUCTOTO TEIJIOU3ONIAIMOHHOTO Ma-
Tepuana.

o

14 18
16

15
8 19

3
Puc. 1 YcmaHoeka Onsi noslyyeHusi Mopucmo20 mensiouso-
JISIYUOHHO20 o6opydoeaHust

Ona cocrout u3 OyHkepa | ¢ JpeBECHBIMH
OMMIIKAMHU, KPBINIKK OyHKepa 2, OapabaHHOro M-
TaTens A MOJa4yM OMHIIOK 3, aBTOKJaBa 4, mapo-
reHepaTopa 5, BEHTWJIS AJIs NoJadu napa 6, ysia
BBIFPY3KU U3 aBTOKJIaBa 0OpaOOTaHHBIX OMMIIOK 7,
muddy3opHO — KOH(Y30pHOTO YyCTpoiicTBa 8, EM-
KOCTH C KOMIIOHEHTOM A 9, BEHTHJII I MOJa4yu
komroHeHTa A 10, 00BEMHOrO J03aTOpa KOMIIO-
HeHta A 11, BeHTHIsA, cooOmaromero o0LEMHEIN
no3arop ¢ atmocepoii 12, knanana 13, kondysopa
14, 3arBopa 15, peakropa 16, MexaHu3Ma OmycKa-
HUs ¥ BpaieHus 17 Bana Memanku 19, myaHcoHa
18, mpuBoAa mToka myaHcoHa 20, MITOK MyaHCOHA
21, moropa pemykTopa 22, 3y0uaroro koneca 23,
JonacTHOW Mewanku 24, KoHJeHcaTopa 25, Baky-
YMHOT0 Hacoca 26, EMKOCTH C KOMIIOHEHTOM b 27,
BEHTHJIS JUIS IToJauy KoMmoHeHnTa b 28, 00séMHOr0
no3aropa st komnonenta b 29, Bentuns, coo0-
niaroiero oosEMHBIN 103aTop b ¢ atmocdepoit 30,
knanaHa 31, mapoBoro BeHTHIsl 32, o0orpeBaeMoit
(hopMBblI 1151 TpeccoBaHHOIO u3aenus 33.

C uCcnonp30BaHUEM YCTAaHOBKU TIOJNYYEH TeM-
JIOU3OJIILIMOHHBIA MaTepuaji ¢ MPUMEHEHUEM pas-
HOTO COJIep>KaHusl KOMIOHEHTOB (Tab. 1).

Ilpumep 1. [lonydyeHue mopucToro TEMIOU30-
JSIMOHHOTO MaTepuaja OCYHISCTBISIIOT CIIEAYIO-
mmM odpazom: 20,00 mac. % (13,5 r) apeBecHBIX
OIWJIOK pa3MepaMu 4 + 2 MM 3arpyaroT B OyH-

1 s 21% /2*5 %26

kep 1, xoropele 3aTeM uepe3 OapaOaHHBIA THUTa-
TeNb 3 MOonajaroT B aBTOKNIAB 4 Ui MapoBoil o0pa-
00Tk Tpu Temrepatype, paBHoi 250 °C, B Tede-
Huu 1 — 2 cek. [Ipu 3akpeiTom GapabaHHOM THUTa-
Tene 3 M y3lie BBITPY3KH 7 OCYHIECTBISIIOT MOJAAUY
napa B aBTOKJIaB 4 MyTEM OTKPBITHSI BEHTHIIS JUIS
rmoza4yu napa 6 naporeHeparopa S.

[Tocne 00pabOTKM TapoOM OTKPBIBAIOT Y3€I
BBITPY3KH ONUIIOK 7, kKiamnaH 13, 3atBop 15 u onui-
ku nomatoT B jguddyzop  auddyzopHO-
koH(y30pHOrO ycrpoiictBa 8. B 30HY mepexona
maddyzopa B KOHPY30p B ONMUIKH TOAAIOT COCTAB-
JSIOILYI0 BCIIEHUBAIOIIErocst nonauypera€a (A) B
konmuectBe 44,44 mac. % (30,00 1), kortopas
BKJIIOYAET TPOCTON MOMMI()HUP Ha OCHOBE OKUCH
npormmwieHa 26,89 mac. % (18,15 1), OKCHUTIPOITHII-
tiieHauamMua 9,20 mac. % (6,21 1), quMeTHIATaA-
vonmamuH 0,53 mac. % (0,36 r), okcuamKuIeHMe-
TUJICHJIOKCAHOBBIN Oyokcomomumep 0,39 mac. %
(0,26r), Tpuxnopatundocdat 7,43 mac. % (5,02 r).

Ta6n. 1 KomnoHeHmMbI mens1Iou3o/1sI4UOHHO20 Mamepuarsna

KoMnoHeHTBI
TeMJIOM30JISIIMOHHOT 0 1 2 3
MaTepuaJjia
rpocToii monmddup Ha
OCHOBE OKHCH MpOMuie- 26,89 | 26,56 | 26,21
Ha, %

OKCI/IHpOI'([]I/IJIBTI/IJIeH— 9.0 9,08 8.97
nraMuH, %

JUMETHIdTaHOJIAMUH, %o 0,53 0,53 0,52
OKCHAJIKUIICHOD-

TaHOCHUJIOKCAHOBBIM 0,39 0,38 0,38

Gsokcononumep, %
Tpuxiopatridocdar, % 7,43 7,34 7,26
JIPEBECHBIE OMIIKHU, Yo 20 21 22

MOJMU30IIMOHAT, % 35,56 | 35,11 | 34,66

[Tony4yeHHyi0o cMech BBITPY)KAalOT B peak-
Top 16, OCHAIIEHHBIA TMEPEMEMINBAIOIINM yCTPOU-
CTBOM JiomacTHOro Ttumna. [Ipm 3akpbeiToM 3aTBO-
pe 15, xnanane 31 u mapoBom BeHTHIE 32 B peak-
Tope 16 KOMIIO3ULIMOHHYIO CMECH I1O/IBEPIaoT IIe-
PEMEIIMBAHUIO C COCTABJISIONICH BCIIEHUBAIOILETO-
cs monuyperana (A) ¢ MOMOIUIbIO JIONACTHOH Me-
WaJku 24 B TeueHue 2-3 MUH, a 3aT€M IOABEPraroT
BaKyYyMMHPOBAHHIO C TIOMOIIbIO BaKyyMHOI'O Ha-
coca 26 10 OCTaTOYHOrO AABJIEHHUSA, PaBHOro 15 -
20 KTTIa. ITapel u30bITOYHON BIaru, CoAepkKaIiuecs
B OINWJKAaX KOHJIEHCUPYIOT B KOHJeHcaTope 25.
Komno3unus B peakrope oxJiaxaaercs.

[Tocne BakyyMMHpOBaHUSI B CMECh BBOJAT I10-
JUU30IMOHAT - TonuMepHbIid 4,4 — OucdeHunme-
tanguuzonuonar (MJIN) (b) B komuuectse 35,16
Mac. % (24 1), OTKpHITHEM BEHTWJS JUIA TOAAYd
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komnoneHTa b 28 u 30 npu 3akpsiToM BeHTHIIE 28,
3aTeM OTKpBIBAIOT KianaH 31. 3akpbiBalOT KiamaH
31 ¥ KOMIOHEHTHI COCTAaBJISAIONIEH BCIEHUBAIOIIIE-
rocst monuyperana (A) u nonuusornuonar (b) me-
peMemmMBaT B peaktope 16, JIonmacTHOW Memra-
Kot 24.

[Tocne mepeMemmBaHusi OTKPBIBAIOT IIAPOBOI
BEHTWIb 32, W NOIYYEHHYIO KOMIIO3HIIMOHHYIO
Maccy HampaBisIFOT B 000rpeBaeMbIe J0 TeMIiepa-
Typel 50 — 60 °C dopmsr 33 3a cuér omyckaHus
nmyaHcoHa 18. Omyckanue myaHcoHa 18 ocyiiecTs-
JSIFOT 32 CU€T BpallleHWs BUHTA OT MPUBOJA IITOKA
20, mpencTaBisIOIIEr0 cOOO0M raiiky ¢ HapyKHOH
3yOuaToil mepemaueil 23 W BHyTpeHHEH pe3nOoit
JUISL TIepEMEILEHHsI IITOKa, TPUBOAUMON B JBHKE-
HHE MOTOpPOM penykropa 22. [locne BeIqaBIUBaHUS
IapOBOM BEHTUJIb 32 3aKpBIBAIOT, Maccy BbIIEp-
»)uBatoT B hopme 15-20 mMuH.

Ipumep 2. Onepauuu OCYIIECTBISIOT aHAJIO-
ru4yHo npumepy 1, mpu 3tom 6epyt 21,00 mac. %
(14,35 1) apeBecHBIX OMWJIOK pa3MepaMu 4 + 2 MM
IPEABAPUTENBHO MOJBEPraioT MapoBoi obpaboTke
npu Temmepatype, pasHoi 250 °C, mocme obpa-
00TKM ONUJIKHK TofaroT B auddy3op muddysopHo -
KOH(Y30pHOI'O YCTpPOWCTBa, a B 30HY Mepexoja
muddy3opa B KOHPY30p K onwikam mnogaroT 43,89
Mac. % (30 r) cocTaBIISAIONLYIO BCIIEHUBAIOILIETOCS
monmyperana (A), KOTOpPBIH BKIFOYAET IPOCTON
nonudGUp Ha  OCHOBE  OKHCH  IpONMIEHA
26,56 mac. % (18,16 1), OKCHIpONUIITHIICHAMA-
MuH 9,08 Mac.% (6,20 T), AMMETHIIdTaHOJAMHH
0,53 mac.% (0,37 T), OKCHANKHICHMETUIICHIIOKCA-
HOBBIN Onokcononumep 0,38 mac.% (0,26 1), Tpu-
xnopatmwidocedar 7,34 mac.% (5,01r). OcranbHbie
olepaluu 1o npumepy 1.

Ipumep 3. Onepauuu OCYIIECTBISIOT aHAJIO-
ru4Ho npumepy 1, mpu 3tom 6epyt 22,00 mac. %
(15,23 r) npeBecHBIX ONUJIOK pa3MepaMu 4 + 2 MM
MPEIBAPUTEIHHO MOABEPTaIOT MapoBOil 00paboTKe
npu Temreparype, pasHoii 250 °C, mocie obpa-
00TKM ONUIIKK TIofaroT B Auddy3op muddysopHo -
KOH(Y30pHOro yCTpOICTBa, a B 30HY Iepexoja
muddy3opa B KOHPY30p K OMUIKAM IOAAIOT CO-
CTaBJISIOLIYIO BCIIEHUBAIOLLETOCS MOJIHypeTana (A)
B konmuyectBe 43,34 mac. % (30,00 r), xoTopHIit
BKJIIOYAET MPOCTOM MONM3(pUP HAa OCHOBE OKHCU
npormiieHa 26,21 mac. % (18,15 1), okcunponui-
tuieHmuamua 8,97 mac. % (6,20 1), TMMETHUIdTaHO-
namuH 0,52 mac. % (0,36 T), OKCHAJIKWUJIEHMETUIICHU-
JokcaHoBbIl Onokcomonumep 0,38 mac. % (0,27 1),
tpuxmnopatuiagpocdar 7,26 mac. % (5,02 r). Ocrans-
HBIE ONEpaluy 1o npumepy 1.

[Tony4yeHHBIN MOPUCTHIN TEMIONU30IALUOHHBII
MaTtepuana cooTBercrByeT tpeboBanusm ['OCT

16381-77 «Matepuasibl U U3AENUSI CTPOUTEIIbHbIE
Teron3osuonHbe.  Kimaccupukanus u oOmue
TEeXHUYECKHuEe TpeOoBaHUsM»: 00JadaeT TEmIoNnpo-
BopHOCThIO He Oomnee 0,175 Br/(M°K) m wumeer
IJIOTHOCTH He Oosee 500 kr/m3 tabauia 2 [4,5].
TakuM 00pa3om, MOXKHO CJeNaTh BBIBOA, YTO
BHOBb TOJIyYEHHbBIH HOPUCTBINA TEMIOU30AHUOH-
HbIIl MaTepuas UMEET MOHMKEHHYIO TEeIlJIONpPOBOJI-
HOCTb M IUIOTHOCTH. M3 TpEX SKCIEPHMEHTAIBHBIX
00pa3IoB HaWy4lllMe MoKa3aTeNlu UMeeT obpasell,
cofepxammii 21% onwiiok: y Hero HauMeHbLIas
IJIOTHOCTh M TEIUIONPOBOAHOCTb, YTO TOBOPUT O
XOpOULINX CBOMCTBaX Marepuaia Kak TErIOH30Isi-
topa. [lpennmaraemsplii TEMIOM3OIALUUOHHBIN Mate-
pHall Ha OCHOBE JPEBECHBIX OMMJIOK U TEHOIMOINY-
peraHa MOXKET OBITb PEKOMEHJIOBAH ISl TIPUMEHE-
HUSA B KaYeCTBE TEIION3OJISIIMOHHOTO MaTepHaa.

Ta6n .2 Ceolicmea mernsiou3osisyUOHHO20 Mamepuarsa

CsolicTBa
TEMIOM30MIAIOH- | ) 3
HOr'o
Marepuraia
TermonpoBoHOCTS,
Br/(v°K) 0,0213 | 0,0216 | 0,0221
IInorHOCTS, Kr/M 37,42 38,50 40,66
Boponornamenue,% 14 17 20

Jannas paboma evinonnena 6 pamkax peanu-
sayuu edepanvHoll yenegou npozpammul «Hccne-
006anuUsl U paspabomKu No NPUOPUMEMHbIM HA-
NpAGNeHUsIM pazeumus HAy4HO-MexXHOI02UHeCcK020
xomnnekca Poccuu na 2007-2013» no meme:
«Co30anue mexHono2uU U ONLIMHOU YCMAHOBKU
KOMNAEKCHOU nepepabomru omxo008 1eCHOU npo-
MBIULEHHOCHU ¢ NOTYYEHUEM MEeNIOUZ0NAYUOHHO-
20 mamepuanay, npu @OUHAHCOBOU NOOOEPIHCKU
Munucmepcmea obpazosanusn u nayku Poccuiickoti
Dedepayuu.
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CBOMCTB TEIUIOM3OJIALIMOHHBIX MaTepHalIoOB Ha OC-

P.I'. Cadun - tokTOp TexH. HayK, nmpodeccop, 3aB. kad. [1JIM, JIL.U. Jlepamko — Mmaructp kad. mepepaOoTKU JAPEBECHBIX
matepuasiop KHUTY; ®@.M. ®@uaunmnosa - KaHJ. XUM. HayK, Joll. Tol xe kadenpsl, E.W. balirnibaeeBa - kan/. TexH.
HayK, J0Il. TOU ke Kaeapsl.

YBa:kaeMble aBTOPBI sKypHaa!!!

Maker >xypHalia ABYXKOJIOHOYHBIH, BCE MOJTOTOBJICHHBIE K U3/IaHUIO CTATHH, TOJIKHBI COOTBETCTBOBATH
BCeM TpeOOBaHUAM K OOPMIICHUIO.

IapameTpbl CTPAHULIBL:

Bepx — 3 cM; HU3 — 2,5 cM; JieBoe moie — 1,8 cM; mpaBoe mone — 1,8 cm.

OcHoBHoOI1 pa3zmep mpudTa crateil — 11, yepe3 1 uaTEepBan (KIOUYEBHIE CI0BA, aHHOTAIIMH O(OPMIISIOT-
cs kersem 10). A63am — 0,75 cm.

Pasmep pucynkoB: mmpuna — He 6omee 17,5 cm; Bbicora — He Oornee 12 cM. Ha3Banue pucCyHKOB:
mpudT — Arial xeraem 8 MOTyKUPHBIN, BEIpaBHUBAHUE 10 MIUpHHE. Pa3Mep Tadauubl HE TOJDKEH MPEBbI-
math 17,5x12 cm.

®opmyJibl, TIPEICTABICHHBIE B CTaThe, JOIDKHBI MO pa3Mepy MOMeENaThcs B OIHY IOJIOCY, T.€. UMETh
pa3mep He 6oiee, yeM 5x8 cm (mpudrt — Times New Roman).

[Ipu opopmieHnn npeacTaBiIsieMblX K MyOIUKAIMK MaTEpUaIOB HEOOXOIUMBI CIEAYIOIINE JOKYMEHTBI
(o 1 7K3.):

- YIK;

- OKCIIEPTHOE 3aKIIFOYCHUE O BO3MO)KHOCTH OMYOJIMKOBAHUS B OTKPBITOH I€4aTH;

- cBeneHMsT 00 aBTopax: (pamMHIus, UMs, OTYECTBO, yU€Has CTEleHb, Y4E€HOE 3BaHHE, JOIDKHOCTD,
MIOJTHOE Ha3BaHUE YUPESKACHUS, OpraHU3aIlNH, TPeAnpusaTus; e-mail; Tenedon st cBs3m.

- aHHOTAIlUM HA AHTJIMHCKOM U PYCCKOM f3bIKax;

- KJIFOUEBBIE CII0BA (HA PYCCKOM U aHTIIMICKOM SI3BIKAX).

Penmakuus sxypHasa ocTasiisier 3a COOOU IIpaBo PeNaKTUPOBAHKs pykonucei!!!

BHUMAHWIO YNTATEJIENA!

HanomuHaem, 4TO MOANKMCHAs: KaMIIAHUA NPOBOAUTCH 2 pa3a B roj (mo moayroausim). B pozany-
HYIO0 IIPO/IAKY KYPHAJI He MOCTYIaeT, B I'0Jl BLIXOAUT 6 HOMEPOB; HHIEKC KYPHAJIA 110 KAaTAJIOIY
ra3eTr M ;KypHaJIoB AreHTcTBa «Pocnedars» - 70243. Eciin BBl He ycnean o(pOpMHUTE NOAIMHUCKY C
AIHBAPs, ITO MOKHO C/IeJIaTh ¢ J1I000ro Mecaua.

Penakuus
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MOANPUIIUPOBAHUE JIBHAHOI'O MACJIA B

HPOU3BOICTBE ITAPKETA

J1LA. flpemuyk, J1.B. Xmapbik

B cmamuve uccnedosarwi MO()Md)MKamOpbl, noseoJidrwwue Yayduumo qbusuKo—MexaHuweCIcue ceoticmea no-

Kpbzmuﬁ U3 JIbHAHBIX MACEIL.

Knrwueswle cnosa: sronoecus, omoeaxa, Macio, KaHugpoib, meepoocms.

Modifiers allowing to improve physical properties of coverages from linseed oils are in-process investiga-

tional.
Keywords: ecology, finishing, oil, rosin, hardness.

B npousBoacTtBe MeGenu U CTONSPHBIX H3J1e-
JWA OT 3aIlUTHO-JIEKOPATHBHOTO MOKPBITHS 3aBH-
CHUT KauecTBO M CPOK JKCILTyaTalluu MpoayKuuu. B
JlaHHOE BpeMsi, B JiepeBooOpabaTkiBatomiell orpac-
71, B OCHOBHOM, HCIIOJIb3YIOT UMIIOPTHBIE U OTEYe-
CTBEHHBIC OPraHOPACTBOPUMBIC JIAKOKPACOUHBIEC
MaTepualbl, KOTOPbIE BBIIEIAIOT OOIbIIOE KOIHYE-
CTBO BpEIHBIX BelIeCTB B atMmocdepy. OpaHako,
OOJNIBIIMHCTBO EBPOMEUCKUX IMPOU3BOIUTENCH Je-
peBo0OpadaTHIBAIONICH MPOIYKIIMHU 3a TMOCIEAHUE
roJibl, CKJIIOHSIOTCSL K UCIOJIb30BAaHUIO OTEIOYHBIX
MaTepHUaJioB Ha OCHOBE BBICHIXAIOIIMX Maces, Kak
9KOJIOTHYECKH YUCTHIX M CTOUKHX K aTMOC(HEPHOMY
BO3/ICHUCTBUIO. YKpanHa UMEET JOCTATOYHOE KOJH-
YEeCTBO BO300HOBIISIEMBIX CHIPHEBBIX PECYPCOB VIS
M3TOTOBJICHUS JIAKOKPAaCOYHBIX MaTepuaios (JIKM)
Ha OCHOBE BBICHIXAIOIINX Macell. Takue MaTeprabl
9KOJIOTHUECKH 0e30MacHbl MPU MU3TOTOBICHUH U MX
UCIIOJIb30BaHHH.

Hcnonp3oBanne Macen B Ka4eCTBE IMIICHKOOO-
pazoBaTeneil st APEBECHHBI U3BECTHO €lle ¢ mep-
BOro TeicaueneTuss or PoxzaectBa XpucroBa. Yixe
Torja B EBporie Ans oTaenku u3gaenui u3 apeBecu-
HBI MacTepa paboTaiu ¢ JHHSIHBIM MaciioM B Kade-
crBe (puHMIIHONM 00paboTku. JIpHsSHOE Macio ab-
COpOMpYET CTOJIBKO KUCIOPOJa, YTO MOCIE BBICHI-
XaHUs ero Bec yBeiauuusaercs Ha 12%, a cooTBer-
CTBEHHO, pacTeT TONIMHA TieHKU. OJHaKo, B ChI-
POM BHJIE MACJIO BBICHIXaeT HECKOIBKO JHEH W T0-
Clle BBICHIXaHHUS IUIEHKA HMEET HEAOCTATOYHYIO
TBEPJIOCTh TTOBEPXHOCTHOTO ciost. J[ist addexTus-
HOCTH HCIIOJNB3YIOT KaTalu3aTOPbl OTBEPKACHUS, B
OCHOBHOM 3TO COJM AKTHBHBIX METAJJIOB I[MHKA,
Ko0asibTa, Mapraiia u Jpyrue, KOTopble YCKOPSIOT
MPOIIECC BHICHIXAHUS TIICHKH.

OcCoOEeHHO aKTyaJbHOW TPOOIIEMON SIBIISETCS
CO3/IaHH€ TOKPBITHH I IE€PEBSHHBIX IOJIOB, KO-
TOpbIe TPEOYIOT HE TONBKO JIEKOPATHUBHBIX TOKa3a-
TENEW TUIEHKH U BBICOKOW CTENEHW 3aIIUTHI OT He-

TaTUBHOTO BIIHMSHHS, HO U O€30MaCHOCTH JIS TTOJTh-
30BaTeNs W MPOU3BOAMTENS HPOAYKIHMH. 3a TO-
CIIEZIHUE TONABI TPOW3BOAUTENIN JAKOKPACOUHOU
MPOAYKIMHM  pa3paldoTaiv psii  IKOJOTHYECKHU-
0C30MacHbIX M CTOMKUX K BHEIIHMUM Harpyskam
OT/ICTIOYHBIX MAaTEpPHUAJIOB HA OCHOBE Macel M BOC-
KOB.

Bonbmioii mHTEpEC K MaciaM M BOCKam, Kak
anpTepHaTHBE OopraHopacTBopuMbIX JIKM, obObsc-
HSETCS pa3HOOOpa3ueM JPEBECHBIX MOpOA, KOTO-
pBIe HCTIONB3YIOTCS B TAPKETHOM ITPOW3BOJICTBE.
Kaxk u3BecTHO, JaKu MIOXO0 CMa4YMBAIOT T€ MOPOIbI
JIPEBECUHBI, KOTOpPbIE HMMEIOT B CBOEM COCTaBe
OoNpIIOE KOJMMYECTBO MPUPOAHBIX Macenl. Kpome
Toro, Jakokpacounoe mokpsitue (JIKII) He Bcerma
o0ecrieunBaeT HEOOXOAMMBbIE TpeOOBaHUS K 3a-
IIUTHBIM JIEKOPATUBHBIM M 3KOJIOTHYECKUM CBOM-
CTBaM JUIsl TIOKPBITHIA JepeBsSHHBIX MoJ0B. K ToMy
e, TIOCTOSIHHAsI Harpy3ka Ha HOTH TpeOyeT XOopo-
Iero BO30OHOBJIIEHHUS M OTIbIXa (9TO OCOOEHHO
aKTyaJbHO JUIS JIIOZIEH, KOTOpbIE MPOBOST BECh
JIeHb Ha Horax). V3BeCTHO, 4TO CTPYyKTYypHpOBaH-
Hasi MACCHBHAs JIOCKa, TIOBEPXHOCTh KOTOPOH MMe-
T penbed, MUPOKO MOMYJIsipHa BO BCEM MHUpE, Ul
YIYUYIIEeHUs] KpOBOOOpAITICHHUsI B HOTax U B OOMEH-
HBIX TPOIIECCaX OpTaHM3Ma YeJoBeKa (3aKITFOUCHHS
MextyHapoiHOH accolpanuu Gu3HOTepareBToB).

CeroznHsi Ha pbIHKE JIAKOKPACOYHOM MpPOIYyK-
LMY MTOSABUIIACH MHOKECTBO OTAETOYHBIX MaTepua-
JIOB Ha OCHOBE Maceql i OTAEIKH H3ACTUN M3
JIPEBECHHBI Psifia BEAYIIUX 3apYOCKHBIX POU3BO-
nuteneid. OAHAKO cieayeT OTMETUTh, 3TH MaTe-
pHasbl UMEIOT JTOCTATOYHO BBICOKYIO CTOMMOCTD,
9TO HE JaeT BO3MOKHOCTH WX HIMPOKOMY IpHMe-
HEHMIO B Halleil cTpaHe, Uil OTIENKH U3Jenuil u3
JIPEBECHHBI, a TaKXKe 4YacTh IPEICTaBICHHBIX, Ha
peiake, MacisiHblx JIKM umeror B cBoeM cocraBe
OpraHHYECKHE PACTBOPUTEIH.
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Coznanue SKOJIOrMYecKd Oe30MacHBIX Maciis-
HbIX JIKM Ha oTedecTBEHHOM ChIphe OyzeT 3Ha4u-
TEJIBHO JIELIEBJIE, 110 CPABHEHUIO C HUMIIOPTHBIMU
MaTepuaiamu. OJHAKO CYIIECTBYIOIIME MaTepua-
JIBI CO3/1AI0T TIOKPBITHS C HE3HAYUTEIHLHON TOJIIIN-
HOM IMJIEHKU U HU3KOM TBepaocThio. MccnenoBanus
MOKa3alld, 4YTO TOKPBITUS Ha OCHOBE JIBHSIHOTO
Maciia J0CTaTOYHO TOHKHE M MTKHE, 9YTOOBI 3aIlH-
TUTh JIPEBECUHY OT aTMOC(HEPHOro BO3AEHCTBUS U
apyrux ¢aktopoB. [l yBenmu4eHUs TONIIMHBI U
MOBBIMICHNS (DU3MKO-MEXaHUYECKUX TTOKa3aTenen
IJICHKH, OBUTH TI0I00paHbl MOIU(UKATOPHI, KOTO-
pbl€ XOPOILIO COBMELIAIOTCS ¢ MacjlaMM U yJydlla-
IOT UX KaUeCTBEHHBIE XapaKTepUCTHKH. B xauecTBe
Mou(urKaTopa Obljia BIOpaHa COCHOBO-)KMBHYHAS
KaHHU(OJTb.

OCHOBHBIMHI KOMITOHEHTaMH COCHOBO-
KUBHYHON KaHU(OIU SBISAIOTCS CMOJISTHBIE KHCIIO-
THI, 00IIIee KOJMYECTBO KOTOPBIX COCTaBiseT 93-
94%. Kpome cMOJISIHBIX KUCIIOT B KaHM(OJIN Haxo-
muTest 6-7% HEUTpaldbHBIX BELIECTB, KOTOpPbHIE HE
MOANAIOTCS TUAponn3y u okomo 1,5% BwicIIUX
JKUPHBIX KUCIOT. braronapsi 3HaUNTENbHONU TOJSIP-
HocTu THpokcuiabHOoU rpynmbl (COOH) cMonsHbie
KUCJIOTBI UMEIOT OOJIBIIYIO aJre3uio K JIPpeBECHHE,
HEXEeNu JIbHAHOE Macio. [Ipu 3ToM HM3Kas MOsp-
HOCTB YIJICBOJOPOJHONW YaCTH MOJIEKYJT CMOJISTHBIX
KUCJIOT O0YCNIaBIMBAE€T UX BBICOKYIO PAaCTBOPH-
MOCTh B PaCTHTENIbHBIX Maciax. [Inenku kanudonu
OTJIIMYAIOTCA XPYMKOCTHIO U JIETKO Pa3MsArdaroTcs.
[TosTomMy, Tpu TPOU3BOACTBE JIAKOB HCIOIB3YIOT
KaHU(OJIb, KOTOPasi MOBBIIIAET TBEPIOCTh IMJIEHKU
U TpU 3TOM YJydllaeT 3KOJIOTMYECKHUE CBOWCTBA
TTOKPBITH.

Coznanue 3K0JI0rH4ecKu-0€30MacHbIX KOMITO-
3ULIMH HA OCHOBE OTEYECTBEHHOI'O CHIPbsI U MPOBeE-
JICHUE WCTIBITAaHUN /ISl TIOBBIIICHHUS JKCILTyaTallH-
OHHBIX CBOWCTB 3aIl[UTHO-JICKOPATHBHBIX ITOKPHI-
TUI JpeBECHHBI CO3JJaHHBIX MOIU(PUIIMPOBAHHBIMU
MacisiabiMi JIKM  siBnisieTcst akTyanbHOU Mpoliie-
MOH.

B cBsi3u ¢ 9T ObUIM TIPOBEIEHBI MCCIIEA0BA-
HUS SKCIITyaTallMOHHBIX CBOMCTB MOKPBITUH Aepe-
BSIHHBIX I10J10B co3aaHHbBIX JIKM Ha OoCHOBE BBICHI-
XaIOIUX MOIU(PHUIINPOBAHHBIX Macell.

s viccnenoBaHusl UCTIOIB30BAIN TTOMMEpPH-
3oBaHHoe JbHSHOE Macio (COCT 5794-81) npum
N00aBIICHUH CBHHIIOBO-KOOAJIBTOBOI'O CUKKATHBA U
B KauecTBe MOIU(PHUKATOPA COCHOBO-)KHBUYHYIO
kanudons (COCT 19113-84H). OO6pasnsl apese-
CHUHBI Jy0a.

3aBUCUMOCTh IPOHUKHOBEHHUSI Macia B JpeBe-
CHHY ¥ TOIIIIMHBI TOKPBITUS OT TEMITEPATYpPhI CYIII-
k1 U pacxona JIKM onpenensiiiv ¢ moMomipio WH-

cTpyMeHTajgbHOro Mukpockorna MUC-11. Tsep-
JIOCTh IOKPBITHS 110 TBEpAoMepy M-3.

Jlannbvie sKcnepumenmanbHbIX UCC1e008aHUT

1. Onpenenenue TIyOWHBI TPOHUKHOBEHUS
OT/JEJIOYHOr 0 MaTepraia B APEBECHYIO MOIJIOKKY.

Jna onpeneneHusi TayOMHBI MPOHUKHOBEHUS
OT/IETIOYHBIX MaTEpUaIOB HUCHOIb30BAIM JIbHIHYIO
HaTypaJbHYIO oMUy, JIbHIHOE HaTypalbHOE Mac-
710, MOIM(UITUPOBAHHOE JILHSHOE Macio (¢ comep-
kaHreM kanudonu 1, 2, 3, M.9. ¥ 2 M.4. CHKKaTH-
Ba), 00pa3isl APEBECHBIX MOIOKEK Jayba. Cyrika
MOKPBITHM TIpoBOAMIACh Npu Temmeparype 18-
20°C. C momomsto mukpockona MUC-11 ompene-
JISUTA TOJIIMHY TIOKPHITUS U TIIyOMHY TPOHUKHOBE-
HUS OTAEIOYHOTO MaTepuanga B TOpPbI JAPEBECHBIX
nomoxek cornacHo 'OCT 13639-75. PesynbpraThl
HCCIEeIOBAaHUM TOKa3aId, 4To Hanbojee MpOHUKA-
10T B JIPEBECHYIO TMOJUIOXKKY CHIpbIE JILHSHBIC Mac-
Jia, a HauOoJbIIAs TONIIMHA TUICHKU HaOIoqaercs
NpU HAHECEHWH MOIU(PHUIIMPOBAHHOTO JHHSIHOTO
MacJia ¢ cofepkanueM kaHugoian B konuuectse 2,0
M.4. (Tabm. 1).
Ta6n 1. Pe3synbomamsi onpedeneHusi MmoswuHbl NoKpbImus

U 2ny6buHbl NPOHUKHOBEHUSI omdesIoyHO20 Mamepuana e
dpeeecHyH NMOOJIOKKY.

Bun orpe- Tonmusa I'mybuna mpo- Tonmuma
JIOYHOTO HHUKHOBCHHS B

Marepuaia [TOKPpRITHA HOpBI cHapyxu
Macro 86,13 57,90 28,23
JIbHSIHOE
Omudpa 81,23 44,65 36,58
JIbHSIHASE
Moaud.
macio (Im.u. 91,60 49,26 42,35
KaHud.)
Monud.
Macio (2m.4. 93,93 48,11 45,80
KaHud.)
Monud.
Macino (3M.4. 91,92 45,51 46,38
KaHud.)

W3 mpencraBieHHBIX J@arpaMM, MOXKHO YT-
BEPXK/1aTh, YTO B 3aBUCUMOCTH OT OOILEH TONIIMHBI
OT/AIETOYHOTO MaTepHhajia HAauOONBIIYI0 TPOHH-
KaIoIIyl0 CIHOCOOHOCTh MMEET JIbHSHOE Maciio U
omuda. C yBenuueHUeM coaep:kaHusd KaHU(OIu B
JBHSHOM Macje TTyOMHa MPOHUKHOBEHHS! YMEHb-
[I1aeTcs, HO TONIIMHA TUICHKU yBEJMYMBACTCS, YTO
CBUJIETENBCTBYET 00 YNYUYIIEHUH SKCILTyaTal[MOH-
HBIX CBOWCTB MOKPBITHIA.

Jns  CpaBHUTENBHOTO aHaiuu3a H300pakeHa
JMarpaMMa TONy4eHHBIX 3HAYeHWH TOJIIUHBI T10-
KPBITUS U TIIyOMHBI TPOHUKHOBEHHS OT/ICIIOYHOTO
Marepralna B JIpeBecHHY (B MPOIICHTaX) B 3aBUCH-
moctu oT Buna JIKM (puc.1).
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Macno nbHsaHoe Onuda nuHaAHan

hnp hnp
am OH3
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S U HERa D
— w
ho6
hno 50% hno ’ \ w
BH 50%

BH
23% 16%

Moaud.macno Moaud. macno
(1 mM.4. kaHndp) (2 m.4. kaHud.)
hnpo
hnp 26%
= L
27%
hobwy
0
hno ho6| hriosn o0%
BH2 o 24%
300 l-_)OO

Moaud. macno (3 m.u.
KaHud)

Puc. 1 — QuazpaMmMa Monuw,uH MOKPbIMUs U 251y6UHbI MPO-
HUKHO8eHUs omAe/IoYHO20 Mamepuaina 8 GpeeecuHy

2. OmpeneneHue TBEPIOCTH JIAKOKPACOUHBIX
ITOKPBITHUH.

OnpeneneHue ycaoBHOM TBEPIOCTU MPOBOAM-
aock o 'OCT 5233-67 ¢ nomMoIp0 MasTHUKOBO-
ro mpubopa M-3. JI71s 9KcriepuMeHTa HCIIOb30Ba-
JIUCh OTIETIOYHBIC MaTepHalbl, KOTOPHIE MOCIE Ha-
HECEHUS Ha CTCKIISTHHBIC TJIACTUHKH, CYIIKH U BBI-
JIEp>KKM TOABEpraiuch usmepenuto. /s cpaBHU-
TEJILHOTO aHajh3a KpOME MAcCISHBIX MaTepHaioB
uccnenoBasin ankuaHbll jak [1D-231, koropsrit
YacTO HCIOJIb3YETCSl Sl OTACNKH HAaCTUIIOB IS
nona. [l aHanmu3a MoJydyeHHbIe pe3ylbTaThl IpU-
BEJICHBI C TIOMOIILIO THCTOrpamMMBl (puc. 2).

W3 mmarpammer (puc. 2) BUAHO, YTO C YBEIH-
YEHUEM COJCpKaHUs KaHU(OIH, TBEPIOCTh IIO-
KPBITUSl YBEIMYMBACTCS, HO HE CYIIECTBEHHO.
CpaBHMB 3Ha4eHHS TBEPIAOCTH MOIU(PHUIIMPOBAH-
HOT'O Maciia ¥ JIbHSHOU OJMH(BI, MOKHO OTMETHUTH,
YTO TBEPJOCTh MOTU(PHUIMPOBAHHOTO Macia (TpH
cojiep’kaHuM KaHU(OIM 2 M.4.) IPEBBILIAET TBEP-
JOCTh ONMU(Bl U OIM3KAa K TBEPAOCTH AJIKHUIHOTO
JaKa.

TeepaocTb

0,5
0,5

04

Macino nbHsiHOE Omuda
JIbHSHAs

0,4
0,3
0,3
0,2
0,2
0,1
0,1
0,0 T T T T

Jlak I1I® 231

Monud.macio

1 Monud macio
(1m.4. xaHUD)

Monud macio

(2m y.xauud )  (3m 9 kxanud )

PucyHok 2 - Benu4yuHa meepdocmu omaAenoyHbIX Mamepuasnoe

[TonydyeHHble 3KCIEpUMEHTAIbHBIE JaHHbBIE
CBUJICTEILCTBYIOT O TOM, YTO KaHHU(OIb MOXKET
UCIIOJIb30BaThCs B KadyecTBe MOJU(HUKATOpa st
BeIchIXaromux Macen. Conepxanue kaHudonu B
KOJNU4yecTBe 2-3 M.Y. YBEIMUYMBAECT TOJILIMHY 3KC-
MTyaTallMOHHOW TJIEHKW W CYIIECTBEHHO MOBBIIIA-
€T TBEPAOCTb MOKPBITUS, & 3TO CBUETEIbCTBYET O
TOM, YTO 3alllUTHO-AEKOPATUBHBIE IJIEHKH Ha OC-
HOBE MOAM(DHUIMPOBAHHBIX JILHSHBIX Macell MOTYT
3aIIUTUTh U3JeTNe U3 APEBECUHBI OT BO3ICHCTBUS

aTMOC(epHBIX M JPYTrHUX HEraTUBHBIX (PAaKTOPOB M
UCTIONB30BATHCS JUIS OT/AENKHU ITapKeTa.
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DRYING OF BEECH LUMBER IN CHAMBERS PRESERVING THE
NATURAL COLOUR OF THE WOOD

Ladislav Dzurenda, Nencho Deliiski

This paper presents the results of colorimetric analysis of suggested by the authors regimes
for convective drying of beech lumber with thickneses of h = 40 mm and h = 60 mm from
initial moisture content W, = 70% to final moisture content Wy = 8%. The regimes ensure
preservation of the natural colour of the beech wood.

Keywords: beech lumber, convective drying, regime of drying, colour of wood

B cmamve npusedensi pe3yibmanul KOJOPUMEMPULECKO2O AHANU3A NPEOTIONCEHHBIX ABMO-
PaAMU PEACUMOB KOHBEKMUBHOUL CYUWKU DYKOBIX NULOMAMEPUANLO8 ¢ moauuno h = 40 mm
u h = 60 mm om nauanvnou eénraxcnocmu W, = 70% 0o koneunoti enasxcrnocmu Wy = 8%.
Pesxcumvl obecneuusarom coxpanenue ecmecmeenHo2o yeema 0yKo8ou Opesecutul.

Knrwouesvie cnosa: 6yx, nuromamepuansl, KOHBEKMUBHASL CYUIKA, DPEHCUM CYUIKU, UYBem

opesecumbl

Wood drying belongs to the basic technologi-
cal operations of wood processing. This technolo-
gical operation is based on considerably compli-
cated hydro-thermal process and despite the notice-
able effort of scientists and technologists, it is not
yet fully clarified.

The drying of beech lumber carried out in
chambers according to the regimes of companies:
Hildebrandt GmbH, Incomac S.R.L., Vzduchotech-
nika a.s., and Miihlb6ck GmbH is commonly car-
ried out at temperatures t = 60 + 80 ° C. The hydro-
thermal process, which is carried out in beech wood
at these temperatures, creates conditions not only
for the removal of water from the wood, but also
for the development of chemical reactions such as
partial hydrolysis of the hemicelluloses and the ex-
traction of water-soluble substances Bucko (1995),
Trebula and Bucko (1996), Dzurenda and Deliiski
(2000) which cause irreversible colour changes of
the wood. One such change is from the original
white-yellow colour of the beech wood to a dull
brown-pink shade. The extent of the change of
wood colour during the hydro-thermal treatment of

the wood, Deliiski (1991) is defined by the criterion
of colour homogenization of wood SFH, which is
equal to the integral area of the function of temper-
ature change during the hydro-thermal treatment of
wood. The unit of this criterion is a thermosecond
[K.s]. The change of the colour shade of beech
wood from the original white-yellow to brown-pink
shade occurs after surpassing the limit for the co-
lour homogenization criterion SFH < 1.2 . 107
[K.s] Deliiski (2003).

To eliminate this imperfection, special re-
gimes, based on the hydro-thermal treatment of
wood, were created for convective drying of beech
wood in chambers, which preserve the natural co-
lour of the beech wood. The goal of this work is to
present the suggested regimes for drying of beech
lumber with thickness h = 40 mm and h = 60 mm
from Win = 70% to Wf = 8%, in chambers and
their evaluation from the aspects of quality of dried
lumber and extent of colour change.

Experimental part

The parameters of the regimes for drying of
beech lumber with thickness of # =40 mm and / =
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60 mm from initial moisture content Wi, = 70% to
finale moisture content W; = 8%, which cause no
change of the natural colour of wood are shown in
Table 1.

During the drying process, when the wood
moisture content /¥ reaches a value of approximate-
ly 20%, conditioning phase is included for partial
decreasing of the moisture gradient created in the
lumber by the evaporation of water from the lu-
mens of cells. Conditioning of the subjected to dry-
ing lumber is carried out by an increase of the rela-
tive humidity of the drying medium.

The drying of beech lumber with thickneses 4
=40 mm and 4 = 60 mm, according to the individ-
ual regimes, was carried out in chamber type KWC
121 manufactured by Vzduchotechnika a.s. Nové
Mesto nad Vahom.

The quality of the drying process of beech
lumber is evaluated by drying gradient U defined as
the quotient of average moisture content of the
lumber subjected to drying W, and equilibrium
moisture content W, throughout the process.

Mo (1)

Wene

where: W, is the average timber moisture
content, %; Wenme — equilibrium moisture content of
the drying medium, %. After the completion of the
drying process, a quality check of the dried lumber
was performed on 8 samples with determination of
the following parameters: difference between the
average final moisture content and the required fi-
nal moisture content, fluctuation of the final mois-
ture content, moisture gradient, and change of the
wood colour.

U:

Table 1. Parameters of the regimes for drying of beech lumber from Win = 70% to Wf = 8%, preserving the original wood colour,

depending on the lumber thickness

Lumber thickness h =40 mm h =60 mm
. t At T t At T
Phase of drying °C oC h °C oC h
Initial heating 43 3 5 42 3 8
70 — 45 38 5 77 37 5 133
45-35 40 5.5 29 39 5 82
35-25 44 7.5 72 43 7 123
25-20 48 9.5 55 47 9 97
Conditioning 48 5.5 4 47 5 6
20— 15 54 14 64 53 13.5 109
15-10 61 18.5 88 60 18 152
10-8 64 23 42 63 20 71
Treatment 64 6 9 63 5.5 13
Cooling 5 8

The difference W, between the average final
moisture content and the required final moisture
content (in %) was quantified using the following

equation:
2

i=1

WO = - Wf 5 (2)
where: n is the number of the samples, -; W5 — av-
erage final moisture content of the samples, %; W;
— required final moisture content of the samples, %.
The fluctuation Wy of the final moisture con-
tent (in %), i.e. the range of final moisture content
of the dried lumber was calculated as the difference
between maximum and minimum values of the
moisture content in dried samples according to the
equation:
/4

VVfO = Winax — I/Vm'm s (3)

where: W 1S the maximum moisture content in
samples, %; Wi, — the minimum moisture content
in samples, %.

The moisture gradient AW (in %) was calcu-
lated as the difference between the moisture content
of the middle layer of the samples and the average
moisture content of both surface layers:

/4

sf 2

AW =W_, - 4)

where: W, is the moisture content of the middle
layer of the samples, %; W, — the moisture content
of the surface layers of the samples, %.

The colour of the wood on the surface of
beech lumber was measured by a colorimeter Color
Reader CR-10, which determines the colour by
a set of values in the colour coordinate system CIE
— L*a*b. The principle of measuring with
this calorimeter is based on the determination of the
value of the following parameters: L*, which quan-
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tifies the lightness of the colour from 100 for white
colour to 0 for black; a*, which quantifies the
chromatic coordinate of colour shade between red
and green; b*, which quantifies the chromatic
coordinate of colour shade between yellow and
blue.

The change of the colour of the beech wood
subjected to drying was determined by the size of
changes of the individual coordinates in the colour
coordinate system before drying and also on
a planed surface of wood after drying as well as by
the size of colour deviation AE,} according to CIE
(1986), presented by the equation:

A, =L - + (@ —a Y+ b -5V, ()
where: L* is the lightness of the colour, -; a* —
coordinate of colour shade between red and green

colour, -; b* — coordinate of colour shade between
yellow and blue colour, -.

Results and discussion

According to the specification of the tempera-
tures and psychrometric differences of the drying
medium in the suggested regimes of convective
drying of beech lumber in chambers, these regimes
are classified, according to the categorization of
drying regimes Kollmann and Cote (1968), Trebula
(1989), to the so-called regimes with rising temper-
ature and decreasing relative moisture of the drying
environment.

The change in the drying gradient of the sug-
gested regimes depending on the phase of the re-
gime and on the thickness of lumber is shown on
Fig. 1.

w
o

Drying gradient U, -
o = N
o (4] - o N (4] w

75 - 45 45 - 35 35-25

25-20 20 -15 15-10, 10-8,

Wood moisture content W,%

Fig. 1. Change in the drying gradient of the suggested regimes depending on wood moisture content and on the thickness of

lumber

From the range of the values of the drying
gradient U = 4.6 +~ 3.3 during the drying process of
beech lumber with thickness # = 40 mm and / = 60
mm, it can be concluded that from the beginning of
the drying to reaching of the average moisture con-
tent W, = 35%, despite low temperature of the dry-
ing medium, the drying regime can be considered
as hard with probability of creating a moisture gra-
dient along the section of lumber.

From the average moisture content W, = 35%
up to the end of the drying process, the parameters
of the drying medium ensure a finer drying of the
beech lumber. Despite the mentioned statement, the
goal of the authors to suggest drying regimes, that
cause no change in the colour of beech lumber
while reaching the topmost quality of dried material
is validated by the results of the qualitative checks
made at the end of the drying. According to the
results from these checks, the beech lumber dried in
chamber type KWC 121 had the natural white-

yellow colour and the moisture gradient AW < 0.8 +
1.3 % for lumber with thickness # = 40 mm, and
AW <0.6 + 2.3 % for lumber with 2 = 60 mm.

The values of the parameters of colour coordi-
nates L*, a*, and b* of dried samples before and
after drying, as well as the size of colour deviations
of beech wood AE,, caused by the drying process
are shown in Tables 2.

The results from the analysis, which evaluated
the quality of dried beech lumber with the help of
the difference between average final moisture con-
tent and required final moisture content, fluctuation
in the final moisture content and moisture gradient
of lumber are shown in Table 3.

The results from the study show that the dry-
ing of beech lumber according to the suggested re-
gimes causes no changes in the chromophoric
structure of the wood and the beech lumber pre-
serves its original white-yellow colour. The total
changes of colour differences of beech wood in the
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drying process AE,, = 1.1 = 1.2 belong to the inter-
val of colour difference AE,, < 2, also marked as
“inconsiderable changes of the colour* Cividini
(2007). Quality parameters of the dried Iumber,
such as: difference between the average final mois-
ture content and the required final moisture content
Wy < 0.5 %, range of the final moisture content We,
=< 1.5 % and moisture gradient in dried beech
lumber AW = < 2.3 % make this a high quality
dried timber. The drying process of beech lumber
at lower temperatures is, compared to the classical
regimes for convective drying of beech lumber,
characterized by a longer time needed for the dry-

ing of lumber and higher heat consumption. Com-
pared to the drying regimes of the company Vzdu-
chotechnika a.s. carried out at temperatures ¢ = 60 +
80 °C, the duration of the drying of beech lumber is
1.9 times higher for thickness # = 40 mm while
preserving the natural colour of wood, is 2.3 times
higher for thickness # = 60 mm. This fact reflects
negatively on the use of the capacity of drying
chambers, as shown in works: Drahos and Viktorin
(1975), Trebula (1989), Glijer (1990), Pervan
(2000), Videlov (2003), Dzurenda and Deliiski
(2010).

Table 2. Colour coordinates L*, a*, b* of beech lumber with thickness h = 40 mm and h = 60 mm at the start and at the end of the
drying, and the size of colour deviation of wood AEab during the drying process

Thickness of | Moisture content Colour coordinates AE
lumber of lumber L* a* b* ab
/= 40 mm Wi, =70 % 70.1+1.6 10,7£1,5 23,8422
W= 8% 70.6+1.5 10,1£1,5 24,622 1.1£0.2
Change of colour coordinates +0.620.1 - 0.6£0.2 | +0.7£0.1
Win=70% 69.7+2.2 10.240.9 | 23.7£1.6
h =60 mm
We= 8% 70.4+£2.2 9.6+0.8 | 24.3+1.6 1.2+0.2
Change of colour coordinates +0.640.3 -0.6£0.2 | +0.8+0.3
Table 3. Evaluation of the quality of dried lumber
. . Thickness of lumber
Quality characteristics Sample =40 mm 7= 60 Tom
Difference betwcten average final moisture W, 0.3 % 0.4 %
content and required moisture content
Fluctuation of the final moisture content W 1.0 % 1.5%
Moisture gradient of lumber AW 0.8+13% 0.6+23%

The normative heat consumption Oy =
514.46 kWh.m” for drying of lumber with thick-
ness 4 = 40 mm and normative heat consumption
Orzn = 557.62 kWh.m™ for drying of lumber with
thickness # = 60 mm in medium-capacity timber
drying chamber KWC 121, as has been established
by Dzurenda and Deliiski (2012), are about 25 to
30% higher than current norms of consumption of
heat for drying of beech timber with thicknesses
given by regimes of Vzduchotechnika a.s.

Conclusions

Based on the performed studies, it can be
stated, that the convective drying of beech lumber
with thickness # = 40 mm and 2 = 60 mm from
initial moisture content W, = 70% to finale mois-
ture content Wy = 8% in chambers according to the
suggested regimes with temperature range of the
drying medium 7= 37 + 65 °C causes no changes in
the chromophoric structure of the wood and that
beech wood maintains its natural white-yellow co-
lour. The addition of the phase of conditioning —
partial elimination of moisture gradient during the

drying process reflects positively on the spreading
of moisture content along the section of beech
lumber at the end of the drying, which enables the
grading of this dried lumber into in the first quality
class.
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BAKYYMHO-OCIUWJIVIMPYIOHIAA CYHIKA
C UCITOJIB3OBAHUMEM TEIIVIOBOI'O HACOCA

LLI.P. MyxameTt3siHoB, P.P. CachuH

Paspabomana ycmanoeka 01 8aKyyMHO-OCYUIIUPYIOWed CYWKU ¢ MeNI08bIM HACOCOM. TIposedenbi ucce-
008aHUSA NO CYUIKE NUTOMATNEPUATLO8 8 OCYULIUPYIOUeM PercUume
KiroueBsble ¢j10Ba: 8aKYyM-0CYULIUPYIOWAs CywKa, NULOMAmepua, yCmaHo8Kka

Vacuum-oscillating drying installation with heat pump is developed. The research of drying of wood material

in oscillating mode has been carried out

Keywords: vacuum-oscillating drying, lumber, installation

YcTraHOBKa BaKyyMHO-OCHHJITUPYIOIIEH CYILIKH
W THApaTaldy TMpeJHa3HadyeHa Uil YCKOPEHHOW M
maaseid mepepadoTKi IPEBECHBIX M KOJUTOMIHBIX
MaTEepUajoB, a TAKXKE Ul Pa3AeieHUs] MHOTOKOMIIO-
HEHTHBIX kujkoctei [1-3]. B mpouecce o6paboTku
o0ecrieunBaeTcsl aBTOMaTHUECKOE MOAIEpKaHuE 3a-
JAHHOIO peXUMa 110 TEMIIEPATYPE U BaKyyMy.

[Tpunimn paboThl OCHOBAH Ha Mepeaadu Tero-
BOW SHeprum 00pabaThIBAEMOMY TENy C ITOMOIIBIO

TEIUIOBOro Hacoca. [lpumeHeHue Bakyyma obecrie-
YHBAET BBICOKOE KA4EeCTBO MPOIYKTA IPU OTHOBpE-
MEHHOM CHIIKCHUHU TPOIODKUTEIBHOCTH TIpoliecca
B 4-6 pa3, IPUBOIUT K CHUIKEHHIO DHEPro3arpar H
MO3BOJIIET OTKA3aThCsl OT HCIOJIB30BAHUS JIOPOTO-
CTOAIIEr0 Tapa, a TaKXKe YIPOLIAET YIpaBJICHHE
HPOLIECCOM.

DKcrepuMeHTanbHas ycraHoBka (puc. 1) pabo-
Taer ciemayroumm odpasom. [lepBoHayanbHO TpoBe-
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psieTcs paboTa BCeX OTHAENbHBIX YacTe CYNIMILHOW
ycTaHoOBKU. Mccnemyembie o0pasibl JpEeBECUHBI YK-
JIaAbIBAOTCSA B KaM€paX CYIIKU B BHUAC mradeist ¢
npokiagkamu. IIpu 3ToM ¢ 1eIbi0 NpeaoTBPaLCHUS
WHTEHCUBHOTO YJaJIeHUs BJIard C TOPIIOB JAPEBECHHBI
MOCTIEHAE  3aKpallMBAIOTCS  OBICTPOCOXHYIIEH
Kpackoil. Jlyig 3aMepa TeMmIiepaTypbl B IEHTpe 00-
pa3na, B HCTO BBOJAT OAHY M3 XPOMCIIb-KOIICJIICBbIX
TepMomnap, Jpyras pPerucTpupyer TeMmIiepaTtypy Io-
BEPXHOCTH MaTepuaja. 3HAuEHHUs] YKa3aHHbBIX TEM-
nepatyp aBTOMaTW4ecku perynupyrorcs. Jlanee ka-
Mepbl TepPMETHU3UPYETCS C TIOMONIBIO KPBIIIEK.

BxiroueHneM HarpeBaTENbHOM IIUTHI C KUAKOCT-
HBIM TEIUIOHOCHUTENEM 8 MPOUCXOAUT HarpeB odpas-
na B BepxHei kamepe. [Ipu HE0OX0AMMOCTH BKIIIO-
YaeTcsl IUIUTa ¢ iekTpoodorpesoM. IIporpes npese-
CHHBI MTPOJIOJIKAETCS 10 TEX TMOp, MOKa TeMIepaTypa
BHYTpH 00pa3ia He JTOCTUTHET 3aJaHHOr0 3HAYCHUSI.
[Ipu sTOM (hukcupyercs Bpems mporpeBa MaTepuaa.
ITocne mporpesa BepXHsA Kamepa IOABEpraercs Ba-
KYyMHUPOBAaHHMIO M BBIIEPKKE 10 OCThIBAHMS IHJIO-
MaTepuaia. Bo BpeMms BakyyMUpOBaHHs BEpXHeEN
KaMepbl HIKHSISL KaMepa MOIBEPraeTcsl HarpeBy, Ko-
TOPBIN MTOCIIE CMEHSETCS BAKYYMHUPOBAHUEM.

18

77
S0 X P

Puc. 1. Cxema ycmaHo8KuU e8aKyyM-ocyusnupyroujeli CyuwKu ¢ mernsioebiM HaCOCOM.

BakyyMHO-OCIMIUTMPYIOIIYIO CYHIKY HPOBOISAT
JI0 T€X TOp, TOKa BIArOCOIEpKaHHUE MUIoMaTepua-
JIOB HE JOCTUTHET 3aJIaHHOTO KOHEYHOT'O 3HAYCHUS
(6%). Ilocne 3aBepiieHus] Tpolecca CYIIKA JIpeBe-
CHHBI KOPITyca KaMep pa3repMeTU3UupyIoT.

Tarxke ycraHOBKa o0namaer (QyHKIUEH Mpo-
TpaMMHUPOBAaHUST TEPMOPETYISITOpa. 4-X pas3psIHbINA
nudposoit uaankarop B pexkume PABOTA otoGpa-
JKaeT 3HaYCHUE U3MEPsSEMON BEJIMUUHBI, @ B PEKUME
[MPOT'PAMMUMPOBAHUE — 3nauenue nporpammu-
PYEMBIX IapaMeTpoB mpubopa.

C nenbio Uccae0BaHus Mpolecca CyIIKH ObUTH
MOCTPOCHBI 3aBUCUMOCTH BJIAXKHOCTU OT BPEMEHH
JUIE  CepUil  PESKHMMOB  CYIIKH B  BaKyyM-
OCLIMJUTAPYIOIIEH yCcTaHOBKE (pHC. 2).

Ananuzupys rpaukd MOXHO YBUAETb UYTO B
CepUsiX C PEeKHMaMHU OCIWIIMPYIOUIeH CymIKu 3¢-
(EKTUBHBIMH IMKJIAMH SIBJISIFOTCS. C HarpeBOM [0
40 - 50 °C ¢ mocnenyroolyM BaKyyMHUPOBaHUEM 10
40 — 60 xIla. 3navyeHust BIAarocofep>KaHus Majaar0T
1o 18,6 — 19,3 % B Teuennu 4 — 4,5 4acos.

B cepun no 12 yacos Han6onee 3¢ppekTnBHBIMU
nokKaszanu ceds peXHMbI NMPOXOAMBIINE B MOCTOSH-
HOM Pa3psDKEHUH, TJe BIArocoiepskaHue B MaTepua-
JIe TOCTUTJIO MUHHMaIbHOro 3HaueHus 4,8 %. OmHa-
KO OoJiee pe3kuil CbeM BJIark HaOJIIOAAJICS B pEeKUME
CO CTallMOHAPHBIM BAKYyMOM, TJi¢ HarpeB MpoUCXo-
JIMJI IO 2 4Jaca 3a [MUKIL

[IpoBenenHble 3KCIIEPUMEHTAIBHBIE MCCIIE0-
BaHUS 10 BaKyyMHO-OCLWJIIMpYIOUIEH CyIIKe Ha
YCTaHOBKE YKa3ajHl Ha HEOOXOAMMOCTh PEryIupoBa-
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HUSl TJIIyOMHBI BaKyyMa MpHU YAAJCHUHM CBSI3aHHOU
BJIary, T.€. IPU BJIAXHOCTU MaTepuasia HWXKe mpeje-
na rurpockonudHoctd (30%). D10 0OBSICHSETCS He-
BO3MOJKHOCTBIO KHUIIGHHSI CBSI3aHHOW BIIAaru W, Kak
CJIEZICTBUE, OTCYTCTBHEM IIpoOllecca MOJISIPHOTO Iie-
penoca Bnard. [ToaTomMy cyiiecTBeHHOE MMOHMKEHHE
JaBJICHUs Ha 3TOW CTaJUM MPUBOJUT K MHTEHCUBHO-

My UCIIAPEHUIO BJAaru C MOBEPXHOCTHBIX CIIOEB, YTO
OpU CYIIKE TOJCTBIX IHJIOMATEPUANIOB BBI3BIBACT
OOINBIION Tepernaj BIAXHOCTU MO TONIIMHE H, Kak
CIIEICTBUE, Pa3BUTHE BHYTPEHHUX HANPSHKCHUH BBI-
me JOomycTUMBIX TpeaenoB. C 3TOH 1enblo ObuH
MIOCTPOEHBI 3aBUCUMOCTH BEIWYHMHBI BJIarocheMa OT
BPEMEHH U OCTAaTOYHOTO pa3pspkeHus (puc. 3).

ocLUNNMpYOLLMe peXuMbl ¢ Bapuauuen Temnepatypbl B 20 C, 4 uMkna, Bakyym 40

—e—Harpes 8o 20 C
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Puc. 2. 3asucumocmu en1axHoCmMu om epemeHu OJisi cepull PeXuMoe8 CyWwKU 8 eaKyyM-ocyuaupyroujeli ycmaHoeKe: a — ocyusi-
nupyroujue pexxumsl ¢ eapuauueli memnepamypsi e 20 C, eakyym — 40 klla; 6 — ocyunnupyroujue pexumsi ¢ Hazpesom 8o 50 C u

eapuauyuell akyyma; 8 — pexxumMbl cywku rno 12 yacos.

HpI/I CHMI)XCHHUH OCTAaTOYHOI'O JAaBJICHHA B aIllla-
parc BJIaroCbEeM BO3PACTACT Oomee yeM B 2 pas3a B
IEPBOM IIUKIIC. DTO OOBSACHICTCA BO3HUKHOBEHHEM

SHAYUTCIIBHBIX T'PpaAUCHTOB TEMIIEPATYPbl U OaBJIC-
HHA 1O CCUCHUIO MaTCpuajia U, KakK CICICTBUEC, YBC-
JIMYCHUCM IIJIOTHOCTHU IMOTOKA BJIArd K MOBEPXHOCTHU
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tena. [lpu mocTmwkeHnn npeaena rUrpoCKOMUYHOCTH
BJIATOCHEM PE3KO COKPAIAETCSl BCISACTBHE OTCYTCT-
BUS B IPEBECHHE CBOOOIHOM BIIATH.
OKCIepUMEHTaIbHbIE HMCCIEIOBAHUS TO3BOJIN-
¥ BBIABUTH Hambomnee 3((eKTuBHBIE PEKUMBI Ba-
KyYMOCIIUTHPYIOIIEH CYIIKH C KOHICHCAIIHOHHBIM
o0opyznoBaHHEM. AHAJIN3 MOTYYEHHBIX PE3YyJIbTaTOB
MOKa3aJl, YTO HauOONBIIHNH BIarOChEM C COXPaHEHU-
€M Ka4eCTBEHHBIX XapaKTEPHCTHK MaTephayia Joc-
turaercs npu Harpee 1o 50 C ¢ mociaeayromumM Ba-
kyymupoBanuem no 40 klla.
AU, %

3aBUCMMOCTbBESIeYNHbI BflarocLema ot BpemeHun ana
OCLMANPYOLLUX PEKMMOB C Bapnaumen Temneparypbl
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Puc. 3. 3asucumocmu eenu4uHbl 8/1a20CbemMa om epeMeHuU U
0CMamoyYyHO20 pa3psiKeHUsl: a — 3aeUCUMOCMb 8Jla2ocbeMa
om epeMeHuU O7lsi OCUUNIUpPyrWUX pexumose ¢ eapuayuel
memnepamypsbl; 6 — 3agucumMocmb e/1a2ocbeMa om ocma-
MOYHO20 pa3psiKeHUsl 8 Kamepe Mpu OCYUITUPYOWUX pe-
JXumax ¢ HazpeeomMm do 50 C; e — 3asucumMocmb eesludUHbI
e/lacocbema om epeMeHU 8 pexxumax no 12 yacoe.

HccnenoBanue crauu BaKyyMUPOBaHUS TIOKa-
3aJ10, YTO BEJIMYMHA BJIArOCHhEMa B TMEPBOM IMEPUOJIC
CYIIKH 3aBUCHT OT OCTATOYHOTO JIaBJICHUS B Kamepe,
B TO BpeMs KaKk BO BTOPOM IEPHOJE CKOPOCTh yjia-
JICHHSI BJIATH OTIPENEIsieTCs MPoIeccaMu BHYTpEHHe-
ro Temiomaccornepenoca. [loatomy, ¢ menpro mpe-
JOTBpAIICHUS pa3pylICHUs MaTephaja WM €ro Jie-
dbopmanuu, CKOpOCTh TOHFIKCHHS JaBJICHHUS HaJ
MOBEPXHOCTHIO MaTepraja JOJDKHA OBITh copasMep-
Ha CO CKOPOCTBIO pejaKcalliy JaBJICHUS B 30HE HC-
napeHusi. [IpoJoKUTEIbHOCTh CTAAUNA BaKyyMHUPO-
BaHUS JOJDKHA JIMMHUTHPOBATHLCS ONPEICIICHHOW Be-
JUYMHOW TPaJIMEHTa TEMIIEPATyphl O TOJIIMHE 00-
pasnua, 0 KOTOPOW BBIACPKMBACTCS MaTepHall MpH
MOHW)KCHHOM JIaBJICHUH.

Jannas paboma 6vlnoinena 6 pamkax peanusa-
yuu ¢hedepanvhoi yenesoi npocpammvl «Mccnedo-
8aHUsL U pa3pabOmMKU NO NPUOPUMEMHbIM HANPasie-
HUSIM  PA36umusi HAYy4YHO-MeXHUYeCKo20 KOMNIEKCa
Poccuu na 2007-2013» no meme: «Cozoanue mex-
HOJO2UU U ONBIMHOU YCIMAHOBKU KOMNJLEKCHOU nepe-
Pabomku omxo008 JIeCHOU NPOMBIULEHHOCIU C NO-
JIyHeHueM Mmeniou30IAYUOHHO20 MAMepuana», npu
Gunancosou noddepacke Munucmepcmesa obpazo-
sanus u Hayku Poccutickou Dedepayuu.
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PASPABOTKA METOJHUKH KJJACCUPHUKAIINN
TEPMOMOJUOPHUIITNPOBAHHOU APEBECHUHDI
C IOMOLBIO IBETOBOU ' AMMBbI

E.A. BensikoBa, P.P. CachuH, T.A. Boabinesckas

B cmamuve npednoocena memooduxa rnaccughuxayuu mepmomMooupuyuposanHtol Opesecurvl ¢ HOMOULbIO
YBEmoBOU 2aMMbl, 86€0CHO NOHAMUE CMENeHb MEePMOMOOUPUYUPOBAHUSL U CHOCOD ee onpedeneHus, npeo-
CMagienvl 3a8UCUMOCTU CIMeNneHU MePMOMOOUGUYUPOSAHUsL OM 6PEMEHU U MEeMNEPamypvl 06pabomKu.
Knioueswie cnoga: opesecuna, cmenenv mepmomMoouPuyupo8anus, Kiaccuurayus.

The paper proposes a method of classifying thermo modified wood with color, the concept of the degree
thermal modification and method of its determination, are presented according to the degree thermal modifi-

cation on time and temperature of treatment.

Keywords: wood, degree thermal modification, classification

TepMomoauduupoBaHue JPEBECHHBI  Ha-
IPAaBJICHO YJIYUYIIUTh MHOTHE JKCILTyaTal[MOHHbBIC
CBOHCTBA JIPEBECHHBI, OHAKO OTCYTCTBYET YETKas
CHUCTEMa, OTpEAEISIONIasi 3aBUCUMOCTh M3MEHEHHSI
(pM3MKO-MEXaHUYECKUX CBOMCTB MaTepuaia, B TOM
YHCIIe U €ro LBETOBBIX XapaKTEPUCTHK, OT TEIlIo-
BO 00paboTkm mpu Temreparype ot 180 °C nmo
240 °C, 4To B CBOIO OYepeqb OOBACHSETCS OTCYT-
CTBHEM €IMHBIX CTAHIAPTOB M HOPM B ATOH obiac-
TH. [109TOMY aKTyanpHBIM SIBIISICTCS HCCIEIOBAHUE
U3MEHEHUST (PU3MKO-MEXaHUYECKUX H XUMHUYECKUX
CBOMCTB JAPEBECUHBI B XO/1€ TEPMOOOPabOTKH, OI-
peneneHue 3aBUCHUMOCTH TOMyYaeMbIX CBOWCTB
MaTepuajga OT [apaMeTpoB TEXHOJIOIMYECKOro
mpolecca, OIpe/eNeHne PAlMOHANBHBIX PEKUM-
HBIX IapaMeTpoB TEePMOMOAUGDULIUPOBAHUS IS
MOJTY4EHUS IPEBECUHBI 3aJaHHOTO KavyecTBa M OIl-
PENEIEeHHOT O IIBETOBOT'0 PELICHUSI.

Ha ceronusmuuii JeHs B Poccun 0TCyTCTBYIO
CTaHJApThl Ha JAPEBECHUHY, MOAU(PUIUPOBAHHYIO
0e3 MpUMEHEeHNsI XUMUYECKIX BEIIECTB.

Knaccuukamnuss TepMOApPEBECHHBI COTIACHO
¢unckomy crangapty EN 335 —1 [1, 2] Beigensier
TPH KJIacca TepMooOpaboTKu:

Knacc 1. Temmeparypa o0pabotkn — 190-
210°C, raBHBIM 0OPa30M MPOMCXOIUT M3MEHEHHE
I[BETa JPEBECHHBI, KOTOPYIO MOXHO HCIIOIb30BaTh
Kak HeoOpaboTaHHOE JIEpeBO B YCIIOBHSIX, I/Ie paB-
HOBECHOE BIIAroCOJiep’KaHre TIOCTOSHHO U MeHee
18 %.

Knacc 2. Temmeparypa oOpabotku — 210-
230°C, momydaeMoe TepPMOJEPEBO MOXKET HCIIONb-
30BaThCs B CAZ0BO-MAPKOBBIX KOHCTPYKLUSX, MPU
U3TOTOBJIIGHUU KYXOHHOM MeOenu, mapkera, OKOH-
HBIX ¥ JBEPHBIX OJOKOB 32 CYET HOBBIX MPHOOpE-

TEHHBIX CBOWCTB — TOBBIIICHHAS YCTOWYHBOCThH K
THUEHUI0, HOpMOYCTOHUMBOCTD.

Knacc 3. Temmepatypa o00paboTku BbIIIE
230°C, npeBecuHa mpHOOpETaeT PazMeEpOCTaGHIIb-
HOCTb, HM3KOE€ BJIAroNorjolIeHNe, PaBHOMEPHBIH
TeMHbI LBeT. IIpuMeHsiercs B caloBO-NIapKOBBIX
KOHCTPYKIUSX, MIPH M3TOTOBJICHUH KYXOHHOW Me-
Oenu, mapkeTa, OKOHHBIX M JIBEPHBIX OJIOKOB, Ha-
PY’KHOM OTZI€TKE CTEH U T.1.

Knaccudukamuss TepMoapeBecHHBI COTJIacHO
apyromy ¢uackomy ctanmapty EN 113 [1, 2] BbI-
JieTIsieT TOJBKO JIBa Kilacca TEpMOOOpabOTKH:

Knacc «Thermo S». Jlumepa «S» o3Havaer
«ctabmnpHOCTEY. CpenHee 3HAYEHUE YCYIIKH U
pa3OyxaHusi Al JIPEBECHHBI, MpOLIeAed o0pa-
0oTky kiacca «Thermo Sy», cocraBmsier 6 - 8%, Ma-
TepHaJl CTAHOBUTCSI CTOMKUM K THUEHHIO U TIPHMe-
HAETCS - MATKUE TIOPOJBI - B CTPOUTENBHBIX KOM-
IJIEKTYIOUINX, B CyXUX YCIOBUSIX JUISI OTNEJIKH, TIPU
U3TOTOBJIEHUU MeOenu, cayH, JBepell M OKOH,
TBEpJIble MOPOJbl — B OTHENKE, AJIS IPOU3BOJCTBA
MeOenu, HamoIBHBIX TIOKPBITHHN, TPHHAUISKHOCTEH
JUIS CayHBI, CaJJOBOI MeOenu.

Knacc «Thermo Dy. Jlumepa «D» B naHHOM
TEPMUHE O3HAYaeT «JIOJIroBeYHOCTh». Hapsgy c
BHEUIHHM BHJOM JOJTOBEYHOCTH SBIISIETCS BaXK-
HBIM 3KCIUTyaTallHOHHBIM CBOWCTBOM TEpMOJpEBe-
cubl. CpefHee 3HAUEHUE YCYIIKHM U pa3OyXaHUs
JPEBECHHBI, mpormenme  o00paboTky  Kiacca
«Thermo Dy, cocraBiuser 5 - 6%, MaTepran CTaHO-
BUTCSI BBICOKOCTOMKUM K FHMEHUIO U NPUMEHsEeTCs
- MATKHE TIOpPOABI - B HApY)KHOW OOJHMIIOBKE, B
MIPOU3BOACTBE HAPYKHBIX JBEPEH, KAIIO3€H, calo-
BOH mMeOenu, B OTHENKE sl cayH U OaHb, HAMONb-
HBIX TOKPBITHHA, TBEpAbIE MOPOJbI MPUMEHSIOTCS
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aHaJoruyHo apeBecuHe kimacca «Thermo S», HO
UMeEIoT OoJiee TEMHBII 1IBET.

Cornacno ¢unckum crangapram EN 335 -1 u
EN 113 MOXHO OnpemenuTh BO3MOXKHYIO 00JacTh
MPUMEHEHUS! U YCJIOBHUS JKCILTyaTallud TEPMOJpe-
BECHUHBI, MOJTYYEHHOH IpH pa3lIW4HbIX TeMIepa-
TypHBIX pexxuMax. Ilpu 3ToM naHHBIE CTaHAAPTHI
HE [JAIOT KOHKPETHBIX 3HAaYeHWH  (u3uKo-
MEXaHUYECKUX CBOMCTB W IIBETOBBIX XapaKTepH-
CTMK TIOIY4aeMOro MaTepuayia, HE YYHUTHIBAIOT
MPOIOIDKUTENIFHOCTh TIpoIiecca TepMoMoau(um-
POBaHMSI, U KaK CJIEICTBUE TPEOYIOT CYLIECTBEHHOMN
JopaboTKH.

[Ipu TepMoMoOAM(UIIMPOBAHUN  JPEBECHHBI
HAOJIOIaeTCsl CIIOKHBIA TPOLIECC, MPOTEKAIOIIHIA
BHYTpH MHWJIOMAaTepuana U COMPOBOXKAAEMBIH H3-
MEHEHHEM €ero 1Bera mo Bced TommuHe. [laHHOE
sBJICHHE OOYyCIIOBJICHO TEM, YTO OJHOBPEMEHHO
MPOTEKAIOT PEAKLUUU AECTPYKUUU TEMHULEIIIIONO3,
LEJUTIONI03 U JINTHHUHA, a 00pa3yIoLMecs: Ipu 3TOM
HPOIYKThI (PEaKTUBHBIE KOMIIOHEHTHI) BCTYIAIOT B
pa3HooOpa3Hble BTOPUYHBIE PEAKIUH, TTO3TOMY
JAHHBIA TPOLIECC MOXXHO PaccMaTpuBaTh KaK XH-
MUYECKOE MpeBpaileHre, Npu KOTOPOM OJHU Be-
IIECTBa MpPEBpALAlOTCA B JIPyrue, OTINYaroIuecs
OT UCXO/IHBIX CBOMM COCTaBOM U CBOMCTBAMHU.

JlaHHOE sBIIEHME 3HAYUTENBHO YCIOXKHSET
U3y4eHHE BIIMSHUSA PEKUMHBIX IApaMeTpoB IpO-
necca  TEpPMOMOTUGPUIIMPOBAHUS HA  (PHUBHUKO-
MEXaHUYECKHE M OKCIUIyaTallMOHHBIE CBOMCTBA
MoJTlyyaeMol MPOJYKIMH, U KaK CIEeICTBUE OImpe-
JIeNIeHUE pallOHAJIBHBIX PEKUMOB TepMOOOpaboT-
KU JAPEBECHHBI IPU BBICOKUX TEMIIEpaTypax.

Jlrobast XxumMHuUecKasi peakiusi XapaKTepu3yer-
csl BaXHBIM MOKa3aTelleM — CKOPOCTBIO, OIpese-
JSIOIE M3MEHEHHE KOHIIGHTPAaLlMU OIHOTo U3
pearupyoimmx BeleCTB B €AUHULY BpeMeHu. [Ipu
5TOM BEIIECTBA, YYACTBYIOLIME B PEAKIUH, CBS3a-
HbI MEXly cO00M 1 110 U3MEHEHHUIO KOHIIEHTpallun
OJTHOTO M3 BEILECTB MOKHO CYIUTh O COOTBETCT-
BYIOIIMX M3MEHEHUAX KOHLEHTpPALUN BCEX OCTallb-
HBIX. Ba)kHO, 4TO CKOPOCTh XMMHUYECKON pEaKIuH
WIA UCTHHHAs CKOPOCTb MOXKET ObITH OIperereHa
JIMIIB JUTSE OTIPENIEIEHHOT O IIPOMEXYTKa BPEMEHH, a
TAK)X€ UYTO M3MEHEHHE CKOPOCTH PEaKLUWU Hamps-
MYyI0 3aBHCHT OT W3MEHEHHUSI TeMIIepaTyphl, MpHU
KOTOpOii OHa MPOTEKAET.

B pabore ¢panmysckoro yuenoro V.Repellin
paccMaTpuBaeTcs TUIIOTE€3a O B3aHMOCBSI3U H3Me-
HEHHSI Macchl TEPMOMOAU(DHUIIMPYEMOH TPEBECHHBI
Y U3MEHEHHUS €€ IIBETOBBIX XapaKTepUCTHUK [3].

JJs1 KOJIMYECTBEHHOM OLIEHKHA KOJiepa TEPMO-
npesecunbl V.Repellin u MHOTHE npyrue uccieno-
Barenmu (Robert Stingl, Roman Smutny, Martin

Treberspurg, Alfred Teischinger) ucnons3yer mo-
nens CIE LAB. B ocHOBY JaHHOI MOJIENH TMOJIOXKe-
HO YEeJI0BEUECKOe IMpecTaBieHne o 1usere. B mone-
mu CIE Lab 3HayeHne CBETIOTHI OTAENEHO OT 3Ha-
YCHUS XpPOMATHYECKOW COCTaBJIsIONICH 1BeTa (TOH,
HachIILEHHOCTh). CBeryioTa 3ajjaHa KoopanHaTon L
(m3mensiercs ot 0 mo 100, To ecTh OT camoro Tem-
HOTO JI0 CaMOro CBETJIOr0), XpOMaTHYecKas co-
CTaBIAIONIAs — JIByMs JIEKapTOBBIMH KOOpJWHA-
tamu a u b. [lepBasg 0603HaUaET MOTOKEHNE [IBETA
B JIMANia30HE OT 3EJIEHOr0 J0 MYpPIIypHOTO, BTOpAast
— OT CHHETrO0 110 enrtoro [4, 5, 6].

B xone cBoux wuccnenoanmii V.Repellin He
yIaJIOCh yCTaHOBUTH (DYHKIIMOHATBHYIO 3aBHCH-
MOCTh M@Ky H3MEHEHHEM MacChl JPEBECHOTO Be-
mecTBa Am U U3MEHEHUEM 1IBeTa TEPMOIPEBECHHBI
AE*, HO OH YCTaHOBWII SIBHYIO CBSI3b MEXKIy dTUMHU
napaMerpaMu. JTO MO3BOJIIET O0O3HAYUTH 3a/4auy
[0 ONPEIETICHUI0 CTENEHU TePMOMOIU(PHUIIMPOBA-
HUS MWJIOMaTepualia M BIMAIONIMX HAa Hee (DaKTo-
pOB.

Hdpyrum yuensiM Hendo Jlenuiicku BBENEHO
MOHSATHE MHTErpajbHOM IUIOMAAN o0aropakuBa-
Hust Sp; (*10°K.s), ompenenseMoe COrIacHO ypaB-
HEHUIO

Soi = [y [Twi(@) — Tyoul - d, (1)

rae i — HOMep TOYKU copTuMeHTa; T, — TemIiepa-
Typa B i-oif Touke coptTumenTa, K; 7,0; — Temnepa-
Typa MpPU KOTOPOW HAYMHAETCS MPOLECC 00Jaro-
paxuBaHusl IpeBecunsl, K; 7 - Bpems, c.

CornacHo AaHHOW METOIUKE TerioBas oOpa-
00TKa TPOAOIKAETCA A0 JOCTHKEHHS ONpeeseH-
HOIrO 3HaueHus miomanen Sp;, COOTBETCTBYIOIIUX
TpeOyeMOoMy M3MEHEHHIO OKPAcKH JpeBecuHbl. He-
JOCTATKOM TIPEAJIaraeMol CTENeHH TEPMOMOIU-
(bupoBaHus MUJIOMaTepHala SBJISIETCS TO, YTO HE
YUUTBIBAETCS MIOPOJAA IPEBECHHBI. DTO IO3BOJISET
0003HAYNUTh 3a7ady [0 ONPEICTCHUIO CTENeHH
TEPMOMOITU(PUITIPOBAHUS APEBECHHBI U OIpe/ere-
HUIO 3aBUCUMOCTH JIAHHOTO TTapaMeTpa OT BpeMeHH!
U TeMIIepaTypbl TEPMOMOIUPUIIPOBAHUS.

B xome sKCIepHMEHTANBHBIX WCCIECIOBaHUN
mporecca TepMOMOAN(UITUPOBAHNS JAPEBECHHBI B
KUAKOCTSIX OBUIO YCTAaHOBIIEHO, YTO CKOPOCTb U3-
MEHEHHUSI Macchbl 00pa3lla U CKOPOCTh HM3MEHEHHS
[BETOBOI'0 pEIIEHUsI TOro e oOpasma (puc. 1)
HMMEIOT CXOXKHE 3aBUCUMOCTH OT PEKHMMHBIX Mapa-
metpoB npouecca (7 (K) u 7 (gac)).

AHanu3upys MpeacTaBICHHbIE JAHHBIE MOKHO
MIPEINON0KUTh, YTO U3MEHEHHSI MacChl U 1IBETOBO-
ro peleHus TepMOMOIU(PHUIIMPOBAHHBIX 00pa3LIOB
JPEBECHUHBI IIPOMCXOIST B PE3yJbTaTe OJHOIO XHU-
MHYECKOI'0 MpOIlecca, MPOTEKAIOIIEro B MaTeprae
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NOJl BO3ACHCTBUEM TEMIIEpaTyphl. DTO IO3BOJISET
CZIeTaTh BBIBOJA O BO3MOKHOCTH ITPUMEHEHHUS MTOKa-
3aTelsl CTENEHU CEPOCTU MAJIS ONUCAHUsS SIBJIECHUS
U3MEHEHUS] IIBETOBOM XapaKTepHCTUKU oOpasia
JPEBECHHBI B MTPOIIECCE TEPMOMOIN DUITUPOBAHHUS.
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Puc. 1. Ckopocmb u3meHeHUsI Maccbl (a) OpeeecuHbl U
ysemoeozo peweHuss (6) e 3asucumocmu om epeMeHU
mepmomodughuyuposaHusi

Jna yHuduuumpoBaHus 3HAYEHHUN IBETOBBIX
penieHuld  TepMOMOAU(UITUPOBAHHBIX  00Pa3I0B
ObUT WCIOJNB30BAaH IBETOBOW PEKUM, B KOTOPOM
M300pakeHUsl OMHUCHIBAIOTCA C HCIIOJIb30BAHUEM
256 orrenkoB ceporo (L). Kaxmpli nser ompene-
jsercs Kak 3HaueHue oT 0 mo 255, roe 0 — caMbli
TEMHBIA OTTEHOK (YepHbIi), a 255 — camblil CBET-
JIBIA OTTEHOK (OebIi).

ITo pe3ynbpTaTam uccieaoBaHUM mpolecca Mo-
pEeHUST TMWJIOMATEpHAIOB TEPMOMOAM(PHUIIMPOBAHU-
€M B JKHJKOCTH OBUIH TIOJTYYEHBI 3aBHCUMOCTH KO-
J0B (L) IIBETOBBIX pEIIEHUH JpPEeBECHUHBI OT PEKU-
MOB 00pa0OTKH, MpeJICTaBICHHBIC B Ta0uIe 2.

Jlanee monydeHHbIEe 3HAYCHUSI OTTEHKOB CEpO-
ro (L) mis tepMOoMOAM(PUIIMPOBAHHBIX 00pPa3IOB
ObUIH TIpeoOpa3oBaHbl B 0e3pa3MepHYIO BETUYHHY
(cucrema xoopauHat ot 0 0 1) — cTenmeHp Tepmo-
MOIU(HUIIMPOBAHUS APEBECUHBI - TI0 CICAYIOMIEMY

YpPaBHCHUIO
_ Lo—Ln
L= P 2)
0ty

rie L — mpeoOpa3oBaHHOE 3HAYEHHE IBETOBOTO
pemienus; L, - 3HaYEHUE I[BETOBOI'O pPEIICHUs 00-
pasua JIpeBeCHHbI, TEPMOMOAU(PUILIPOBAHHOIO TPU
Pa3NUYHBIX peXUMax o0paboTku; Ly - 3HaUEHUE
[BETOBOT'O PEIICHUS YTJIsl; L, - 3HAUCHHE IIBETOBO-
TO peIIeHHs JAPEBECUHBI, BHICYIIICHHON MPH TeMITe-
patype 373K.

Tabnuya 2. CmeneHb cepocmu mepmomModuguyuposaH-
HoUl OpeeecuHbl

% ~ Crenens cepoctu, L (%)
-
©
% é [TpomomKxuTenbHOCTh 00paOOTKH, Yac
E s
& 2]ale]2]4a]6[2]4]6s
=3
Jy6 bepesa CocHa
453 | 149 | 140 | 135 | 173 | 166 | 160 | 165 | 151 | 140

473 | 118 | 102 | 89 | 128 | 109 | 100 | 125 | 103 | 86
493 | 96 78 63 | 104 | 80 68 | 106 | 77 60
513 | 83 63 41 80 65 50 90 61 39
356 182 199 214

B mporecce TepMoMouuIMpoBaHAsS OCHOB-
Hbl€ HKCTPAKTUBHBIE BEILECTBA, ONPEAEIAIONNE
LBET JpEeBECUHBI (TAHHUMBI, KPAaCHTENH, KaMelu,
MOHOCAaXapubl, TIIMKO3U/IbI) BCTYNAIOT B PEAKIUIO
C YKCYCHOM KHUCIJIOTOH, B pe3yJbTaTe 4ero Mmpouc-
XO/IUT TMOTEMHEHHE MaTepuaja Ha MOJIEKYISIPHOM
ypoBHe. COOTHOILIEHHE SKCTPAKTUBHBIX BEIIECTB U
MEHTO3aHOB (OCHOBHOW KOMIIOHEHT, 00pa3yromui
YKCYCHYIO KHCJIOTY) B 3HAQUUTEJIbHON CTENEHH OI-
penenser CKOpoCTb U3MEHEHHsI CTEIeHU TePMOMO-
T(GUIIPOBaHUS APEBECUHBI (pHC. 2).

AL/A7t, 1/mun
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Puc. 2. Ckopocmb usMeHeHUs1 cmeneHu mepmomoduguyu-
poeaHusi OpeeecuHsbl Oyba

AHanu3 TpeACTaBICHHBIX JaHHBIX MOATBEP-
KIAeT, 4YTO CKOPOCTh TEPMOMOIU(PHUIIMPOBAHUS
3aBUCHT OT TEMIIEpaTypbl 00padOTKHU U UMEET HaH-
OoJIpllIME 3HAYEHUS B Hadaje mnmpounecca, Kkorja co-
OTHOIIICHUE DKCTPAKTHUBHBIX BEIIESCTB M IICHTO3a-
HOB MakcumajbHOe. [lolydeHHbIE NaHHBIE TAKKE
MO3BOJIMJIM ONPCACIIUTDH Fpa(l)I/I‘IGCKI/Ie 3aBUCUMO-
cti (puc. 3) MPOAODKUTENBHOCTH CTaJUUA TEPMO-
00paboTKK OT TpeOyeMoOli CTENeHU TEPMOMOTUpH-
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LUPOBAHUS, 110 PE3yJbTaTaM KOTOPBIX MOXHO Cle-
JaTh BBIBOJ, YTO JUIA KaXKIOH CTENEHH CYIECTBYET
HECKOJIBKO BapHWaHTOB pexnMa obOpabdotku. [lpm
9TOM, HaIllpUMep, JUTSl BBICOKOW CTEIEHH TEPMOMO-
JUGUIMPOBAHMS TeMIIEpaTYPHBINM AMana3oH cocra-
BuT oT 493K no 513K, a npu Gonee HU3KUX TeMIIe-
paTypax JaHHas CTENeHb TepMOoOpaboTKu OymeT

JIOCTUTHYTa TP MPOJOJIKUTEIBHOCTH TMpoliecca,
HauuHasi OT 7 4vacoB W Bblie. llomyyeHHas nua-
rpaMMa IO3BOJISIET COKPATUTh BBIUYUCIICHUS PEXKU-
MOB TIpoIiecca TepMOMOIUGHUIIMPOBAHUS TyTEM
COKpallleHHUsI HEepal[MOHAJIBHBIX BapHaHTOB, Tpe-
OYIOIIMX 3HAYUTEIHLHON TPOIOJDKUTEILHOCTH TIPO-
mecca.
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Puc. 3. CmeneHb mepmomoduguyupoeaHusi OpesecuHnl dyba

CorocTaBUTENBHBIN  aHATU3  TIPETOKEHHOM
KJIacCu(UKAIIMA TEPMOIPEBECUHBI (ITyTEM 3aJaHUs
CTENeHH TePMOMOAM(DHUIIMPOBAHMS Yepe3 M3MEHe-
HUE LBETOBOW TaMMbl) C (PUHCKUM CTaHAApPTOM
EN 335 -1 npencraBnen B Ta0n. 3 u Ha puc. 4. u
MOATBEPKIIAET, YTO NPUHATHIC B OUHIISHANN CTaH-
JapThl UMEIOT CYLIECTBEHHBIE HENOPA0OTKH, OHU

L

YUUTBHIBAIOT TOJBKO TEMIEpaTypy oOpaOOTKH, B TO
BpeMsi Kak MpPOJODKUTEIBHOCTh IMpoIecca TaKkKe
CYIIECTBEHHO BIUSICT HA N3MEHEHHE XUMUYECKUX U
(U3NKO-MEXaHUYECKHX CBOWCTB IPEBECHHBI, KPO-
M€ TOro JIaHHBI CTaHJapT HE JaeT KOJIMYECTBEH-
HOW OIIGHKM IIBETOBBIM XapaKTEPUCTHKAM TepPMO-
JPEBECUHBI.

Ta6bnuya 3. CmeneHb mepmomodudpuyupoeaHusi L dnsi OpeeecuHbl dyba

Crenenp TepmoMoauuipoBanus L
EN 335-1-2006 | Temmepatypa TepMOMOIU(PUIIPOBAHIS Taac | 2 yaca | 4 vaca | 6 1acos
>190°C (463K) 0,35 0,36 0,38 0,4
1 xnace
<210°C (483K) 0,44 0,5 0,55 0,61
<210°C (483K) 0,45 0,51 0,56 0,62
2 xnacc
>230°C (503K) 0,58 0,62 0,65 0,68
<230°C (503K) 0,59 0,63 0,66 0,69
3 kiacc
>240°C (513K) 0,71 0,72 0,73 0,74




TexHorozu4eckue rnpoyeccsl U oGopyOoeaHue

HAYYHBIE NYBIUKALK A

1 knacc repmomoaudunmposanus (190-210°C)

2 kaace repmomonuduimposanus (210-230°C)
L=0,57

3 kJacc TepMOMozmgnunpOBaHm -240°C)

L=0,68 L=0,7 L=0,72

L=0,52

\I.

HeoOpaboranHast L=0,65
JipeBecHHa ayoa \

Ha ocHOBaHMHM IONYYEHHBIX JAHHBIX 110 CTe-
HEeHU TEepMOMOAN(DUIMPOBAHUS JPEBECUHBI Ty0a
OBbLTH TONy4YEHBI YPaBHEHUS, OIMKMCHIBAIOIINE 3aBH-
CHMOCTb CTEIIEHH TePMOOOPAOOTKH JIPEBECHHEI OT
pexumHbIX napamerpoB (7, K u z,uac) u, Hamnpo-
THB, 3aBUCHMOCTb IPOJODKUTEIBHOCTH T oOpa-
00TKM OT TpeOyeMol CTermeHu 0O0pabOoTKH TepMo-
MO GPHUIUPOBAHUS L )5.

Lays = 0,05 * In(x ) * In(T) — 0,358  In(T) —

0,19 In(t *2) +0,965 (3)

L—0,035-0,358+In(T)
— 60)

==0,035-0,358+1nt1) s
Taye = (120 % @ 0,19-0,05+In(T)

x> (4

Takum 00pa3oM, MPELIOKEHHAsT METOHUKa
KIaccu(UKAIlMM  TEPMOJIPEBECUHBI C OMOILBIO
[[BETOBOW TaMMbI IO3BOJIMJIA KOJMYECTBEHHO BBI-
pa3uTh CTEMEeHb TEPMOMOIUDHUIIMPOBAHUS U pa3pa-
00TaTh MH)XCHEPHYIO METOAMKY pacuera PeXHM-
HBIX [ApaMeTpoOB IpoIecca TEepMOOOpaboOTKH, a
TaKke (PU3NKO-MEXaHUYECKUX XapaKTEPUCTUK TIO-
Jy4aeMoil TepMOJIPEBECHUHbI C 3aJaHHBIM I[BETO-
BBIM perieHneM. Ha mpakrtuke menecoodpasHo Ori-
penensTh paIMOHATIbHBIE PEKXHUMHBIC MapPaMETPhI
nporecca TepMooOpabOTKH HCXOMAs M3 3aJaHHOU
CTeIEeHH TepPMOMOIU(UIIMPOBAHKS U YCIOBHH IKC-
IUTyaTalyy MUIoMaTepuania.

L=0,43 L=0,47 L=0,51

L=0,61 L=0,65

~

L

Puc. 4. BHewHutli sud dyboebix o6pa3yoe 8 3agucumMocmu om Kinacca mepmMomodughuyuposaHus
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NCCIEAOBAHMUE ITPOLHECCOB BHEHIHEI'O MACCOOBMEHA

B BUBPOKHUIIALIEM CJIOE

A.M. lN'opbyHoBa, B.I'. CanoxHukoB

Hpedcmaeﬂeﬁbz pesyibmanvl IKCNepUMeRnalbHoco UCCNIe0068aAHUSL O GIUAHUU pasmepoe mej, 3aHUMArouux
qbukcupoeaHﬁoe noJjlooicenue 6 cioe, u yacmuy ()ucnepcnoeo mamepuania Ha BHEWHUTL MACCOOOMEH 6 6u6p0—

Kunsawiem cioe.

Knrwouesvle cnosa: snewnuii maccooomen, OUCnepCHulll Mamepuai, subpayus

The results of experiment investigations about influence of fixed objects and disperse material particles sizes
on external mass transfer in vibrofluidised bed are presented.
Keywords: external mass transfer, disperse material, vibration.

[TpuMenenue BUOPOKHIIAILIETO CIIOSI MO3BOJIS-
€T 3HAaYUTENbHO MHTEHCU(UIIUPOBATH BCE MPOIIEC-
CBbl TIEpEHOCA, B TOM YHWCJIE W BHENIHUH Maccoo0-
MEH, Kak Jjs CBOOOJHO IIABAIOLIMX TeJ, TaK U
3aHUMAIOMUX (PUKCUPOBAHHOE MOITOKEHUE B CIIOE,
HEKOTOpbIE CBEJIEHUSI O KOTOPOM NPUBEICHBI B pa-
oorax [1, 2].

Hwxe npuBOASTCS MOMONHUTENbHBIE SKCIE-
pUMEHTAJIbHBIE JaHHBIE O BIMSHUU Pa3MEPOB Tel,
3aHUMAIOMUX (PUKCUPOBAHHOE TTOIOKEHUE B CIIOE,
U 4YacTHll JUCIEPCHOrO0 MaTepuaja Ha BHELIHHH
MaccooOMeH, 3HaHME KOTOPBIX MO3BOJUT BBHIOPAThH
ONITUMAJIBHBIE PEKUMBI JUIS TIPOBENEHHS TEXHOJIO-
THYECKUX TPOIECCOB, a CIEAOBATENBHO, U AJISL CO-
KpallleHNsl YHepro3aTrpaT Ha BbIITYCK T'OTOBOW MpO-
TYKITUH.

HccnenoBanust mpoBOAMINCH B ammapare
kBaapaTHoro cedeHus 100x100 MM U BbICOTOM
160 MM, KOTOpBII KECTKO KPENWJICS K CTOIY BHO-
pocrerna. Ilapamerpsl BepTUKAJIbHO HAampaBieH-
HOW BUOpAaLMK COCTaBIISIU: yacToTa f= 35+55 I'n,
amruutyna A = 0,4+1,4 MM, BBICOTa HEMIOABUKHOM
3aceimku Hy = 60 u 120 MmM. B xauecTBe MOJI€IEHO-
T'0 MCIHOJIB30BAJICS MPOIECC UCTIapeHus (BO3TOHKH)
cepuueckux Ten auamerpom o 12-14 u 22-24 mwm,
BBINOJIHEHHBIX M3 HA(TaMHA M PACIOI0KEHHBIX B
CepeluHe CI0s, COCTOAILIET0 U3 YacTHIl KOpyHJAa
y3kux ¢paknuii nuamerpom dr = 0,12, 0,25, 0,4,
0,63 1 1,25 mMm.

Jnis XapaKTepuCTUKY BHEITHEr0 MaccooOMeHa
npuMensiics KoddduuueHtT mMaccooraaun B, KOTo-
pBIN paccuMTHIBAICA MO HM3BECTHOMY YpPaBHEHMIO
[1, 2], anamory ypaBHenus: Herotona—PruxmaHna st
terootnaun. Jnsg wHTEHcHUKanuu Tporecca
TIPUMEHSIICS TOorpeB ciost 10 fey = 60 °C. Cpen-
HEKBa/IpaTUYHas TMOTPELIHOCTb OMpPEeIeHUs KO-
3¢ UIIEHTOB MaccoOTIaun He mpeBbimana + § %.

O BOMsSHMM pa3Mepa Tel MOXHO CyIUTh IO
JAHHBIM, TIpUBEAEHHBIM Ha puc. 1. Ha pucynke
BUIHO, uTO Tipu Hy = 60 MM B ciioe yacTull dr =
0,12 mm (puc. 1,a) mis tena Gonbllero pasmepa
ko3 unmentsr maccoornaun Beimie (KpuBas 1’
pacrionaraercs Haja KpuBo# 1), B cinoe gactu 0,25
MM U1 000HX Tell KO3()(ULUEHTHI 3 MpaKTHYECKH
BbIpaBHMBawOTCA (puc. 1,0), a B cloe KpyHmHBIX
(puc. 1,8) — xaprtuHa oOpatHas: Ko3(pPHUIIMEHTHI
MaccooT/Ia4yu OOJIbINe IS Tella MEHBIIEro pa3mMepa
(xpussbie 3 u 3'). B cnoe BoicoToit 120 MM amst Beex
YaCTUI] HUHTEHCUBHOCTh MACCOOTAAauyu Oblja BbIIIE
JUTSL TEJT MEHBILIETr0 pa3Mepa.

OOHapyxeHHass 3aKOHOMEPHOCTh Hapsay ¢
MEXaHM3MaMM TepeHoca, AEHCTBYIOIMMU B BHO-
POKHUIIAIIEM CJI0€, TAKUMH KakK ITyJIbCAlluy Ta30BOI
Cpe/ibl, HHTEHCUBHOE XaOTUYECKOE TBIKEHUE Yac-
THUI[ U UX TPYII, 00yCIIOBJIEHa OCOOEHHOCTAMU 00-
TeKaHUs (UKCHUPOBAHHBIX TEN BUOPOKUISAILUM
cioeM. YcraHoBIieHO [3], 4To BeiencTBUe BUOpa-
MU TAKOr'o TEJIa ¢ aMIUIUTYJO0U U 4YaCTOTON BBIHY-
KICHHBIX KOJIeOaHW BOKPYT HEro oopasyercsi Me-
Hee IUIOTHas 30HAa, BEMUYMHA M (opMa KOTOPOi
3aBHCAT OT MapaMeTpoB BHOpalWu, pa3Mepa dac-
TULl cliog U camoro Tena. OKas3bIBaeT BIMSHHE U
BBICOTA CJIOfA, IPHUEM IS CIIOEB BBICOTOM MEHbIIIe
100 MM CHIJIOBBIE HMMITYJIbCHI OT BHOPHUPYIOIIETO
JIHA TIEPENAIOTCSI MPAKTHYECKA MTHOBEHHO.

Hnst xpynHbIx yacTtull [3] morpaHu4Hasi 30Ha
oOpa3yercss B OCHOBHOM Ha BEpXHEH W HUKHEH
YacTsIX Tella U MPaKTHYEeCKH CBOOOAHA OT YacCTHLI.
C yMeHbIIIGHHEM pa3Mepa 4acTHUI] TOSBIISIETCS TI0-
rpaHUYHasl 30Ha Ha OOKOBBIX Y4acCTKaX C aKTHB-
HBIM JIBHDKEHHEM HCIIEPCHOU CpeIbl, YTO HPUBO-
JIMT K JOTIOJTHUTETFHON WHTEHCU(UKAIIH TIPOIEC-
COB IIepeHOca, B TOM 4uciIe U MaccooOMeHa. Bee
3TO B COBOKYITHOCTH U IMPHUBOAUT K OMHCAHHOMY
BBIIIIE XapaKTepy BIMSHUS pa3Mepa Tedl.
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IIpexne Bcero, yBenuMdeHUE pa3zMepa Tena
NPUBOJUT K COOTBETCTBYIOIIEMY POCTY TOJILIMHBI
MOTPAHUYHON 30HBI, OTCIOJIa U CHUYKEHHE WHTEH-
CHUBHOCTU MaccooTauu. HabGmronaembie 0ocoOeHHO-

B, | M/u
200

160 |
120
80
40 1
0

0 04 06 08 1.0 12 14 4.

O BIMAHMU pa3Mepa YacTHI[ HA MacCOOTAAdy
MOXHO MpPOCIEAUTh Ha PUC.2, a-6, TOCTPOECHHBIX
npu A = const u f= var.

['maBHOW OCOOEHHOCTBIO TPUBENECHHBIX pe-
3yJIbTATOB SIBIISIETCSI HEMOHOTOHHBIM XapakTep W3-
MEHEHHUS KO3 (UIMEHTOB MacCOOTIa4d C MHUHU-
MYMOM B cioe dacTtun dr = 0,25 MM 1ipu J0CcTaTou-
HO BBICOKMX Tapamerpax BUOpaluH, ¢ JOCTHKEHU-
eM Makcumyma npu dr = 0,63 MM U OCIeAyIONIM
CHWXeHUeM Tipu dr = 1,25 mwm.

OueBUIHO, YTO MEPEUYHCICHHBIE BBIIIE (PaKTO-
pPBI, B TOM YHCJI€ U CBSI3aHHBIE C MOTPAaHUYHOMN 30-
HOM, NENCTBYIOT U B MPUBEIECHHON MHTEPHpETALINT
OIBITHBIX JJAHHBIX. BmecTe ¢ TeM 0oJbInyo poib B
MaccooOMEHE WTpaeT IBIKEHHUE CaMHX YacTHI[ U

CTH B XapakTepe BIUSHUA pa3Mmepa Tena npu dr <
0,25 mm u Hy = 60 MM (puc.l, a u 6) cBsi3aHbl ¢
MEHBIIIEH CKOPOCTBIO Ta30BbIX CTPYH M3-32 HU3KOU
ra3onpOHUIIAEMOCTBIO TaKuX MaTepHaoB.

B,| M/u
120 s
i

T
X

PucyHok 1. Bnusinne pasmepa wapa DLU Ha 3aBucu-
MocCTb ko3dduLmeHTa MacccooTaaum 3 oT amnnNuTyAbl
BuGpauum A npu HO = 60 mm, f = 40 'y, kopyHa; a —dT =
0,12 mm; 6 - 0,25; B — 0,63; 1-3 — DWI = 14 mm; 1'-3" —
DL = 24 mm.

WX TPYI, KOTOPBIC YBJIEKAIOT M MEPEHOCAT C CO-
00l cBeXXME MOPLMU Ia30BOH Cpebl, CIOCOOCTBYS
WHTEHCUBHOMY MacCOOOMEHY KaK B CaMOM CIIO€,
Tak W BOJIM3H MOBEPXHOCTH Tena (3P QEKT mpucoe-
JMHEHHON Macchl), MPUYeM Macca 3TUX TOPIUi
MIPONOPLHMOHATIbHA Pa3Mepy YaCTHIl U KOHTJIoMepa-
ToB M3 HuX. lloaToMy BHayaie C yBETUYEHUEM
pa3Mepa YacTHIl 1OCIe HEKOTOPOTo CHIKEHHS KO-
s¢¢punmenToB P (puc. 2,a, kpusble 2-5; 6, KpUBbIE
1, 4, 5; 6, kpuBbIe 1-5) HaOmIOJaETCS UX BO3pacTa-
HUE C MakcuMyMoM 1ipu dr = 0,63 MM, mocturae-
MBIM JUIs BceX pekuMoB. Ho B manmbHelem ¢ poc-
TOM pa3Mepa YacTHIl UX YHCIIO B €IUHMIIE 0ObeMa
CIIOS COKpAIIAeTcs, YTO M MPHUBOAUT K yMEHBIIIE-
HUIO K02 HUIIEHTOB f.
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0T 0203 05 081216d, m

B 3akmioueHue MOXHO KOHCTATUPOBATh, YTO
MPOIIECCHl  BHEITHET0 MacCOOOMEHa IPOTEKAoT
CPaBHHUTEIBHO WHTEHCHBHO BO BCEM HcCcle-
JIOBAHHOM WHTEpBaJieé U3MEHEHUSI pa3Mepa YacTHIl
ot 0,12 10 1,25 mm.
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PARTICLE SIZE DISTRIBUTION FOR DIFFERENT WOOD
SPECIES AND WOODWORKING OPERATIONS

Lajos Reisz, Endre Magoss

In recent decades, wood cutting parameters changed significantly. The aim of most of the developments was
to achieve better surface quality and increased productivity. The new tools and modified cutting parameters
deeply affected the size distribution of wood dust and chips. We examined the alteration of the size distribu-
tion of the wood particles. Our results show that the proportion of the fine dust is increased. This increases
the health risks of the workers. Therefore the importance of designing the proper extraction system and
choosing an effective filter unit is significantly increased.

Keywords: wood processing, cutting directions, size distribution

B nocaeonue decamunemus napamempul npoyecca pe3anusi Opeeecurvl CyujecmeeHHo usmeHunucy. Lenvio
co8epuIeHCmBo8anus. 060py008anus ObIIO OOCUICEHUE YUUIE20 KAYecmea NOBEPXHOCU U NOSblUeHUe
npouszsooumenvrhocmu Hogvix uncmpymenmos u usmenenue napamempos pe3ki, 4mo noGIusI0 Ha yMeHblie-
Hue pasmepos OpesecHoll noliu u cmpysicku. Mol uccredosanu usmenenue pasmepos OPesecHblx 4acmuy. pe-
3YLMAmsl NOKA3AU, YMO KOAUYECB0 MeIKOU NuLIY YEeaudugaemes, Jmo yeeaudueaem pucku 0as 300po-

6bs paboyux. [losmomy eaxcHo paspabomams 3¢)ghexmugHvle cucmemvl OUUCHIKU.
Knrwouesvle cnosa: depeeoodopabomka; HanpasieHus pesku, COpmuposKa no pasmepam

Introduction

Poor air quality has adverse effects on human
health, particularly respiratory and cardiovascular
systems. These effects are often first noticed as
wheezing, coughing, shortness of breath and a
worsening of existing respiratory and cardiac con-
ditions, particularly to sensitive portions of the
population, including the very young, old or those
with existing medical conditions, such as asthma.
Industry can be required to minimize emissions
through licensing and regulation as well as by the
use of pollution control devices, which remove pol-
lutants by filtration. The most effective way of re-
ducing dust exposure is to reduce the emission of
dust at the source. The optimization of the chip
thickness should be very important for decreasing
of workers exposure [1].

Proper dust collection and air filtration is im-
portant in any work space, particularly by milling
MDF. The milling MDF generated 30 times and 8
times more airborne dust compared to solid pine
and particle board, respectively [2]. Repeated expo-
sure to wood dust can cause chronic bronchitis,
emphysema, “flu-like” symptoms, and cancer.
Wood dust also frequently contains chemicals and
fungi, which can become airborne and lodge deeply
in the lungs, causing illness and damage.

Wood dust could become explosive material
under special conditions. We must recognize and
prevent the dangerous situations.

The energy consumption of the wood dust ex-
traction systems is relatively high therefore the de-
creasing the energy consumption is a very impor-
tant task in the wood industry.

Occupational exposure to wood dust in EU
countries [3]

e About 3 million exposed workers (2% of
the employed)

e About 1.5 million exposed to low levels
(<0.5 mg/m’)

e About 0.2 million exposed to high levels
(>5 mg/m’), esp. in furniture industry

The 2004/37/EC (1999/38/EC) EU Directive
gives a limit value of 5 mg/m’ (inhalable fraction)
for occupational exposure to hardwood dust. How-
ever, it seems evident that to protect woodworkers
from effects on respiratory health, a lower limit
value is needed. It appears very well documented in
the scientific literature that exposure to wood dust
at levels below 5 mg/m’, including 1 mg/m’ and
lower, is causing Sino-nasal as well as pulmonary
symptoms.

Dust explosion

Wood dust is considered to be explosive if ig-
nition of part of a cloud of wood dust results in the
propagation of flame through the rest of the cloud.

The following three conditions must be satis-
fied for a dust explosion:
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A cloud of combustible substances with a par-
ticle size of <0.5 mm. The concentration of this
dust cloud must be between the lower explosion
limit (LEL) and the upper explosion limit (UEL).

e The LEL for many wood dusts, for exam-
ple is between 30 and 60 g/m’, the UEL is 2 to 6
kg/m’.

Other energy consumers 2.6 %

Woodprocessing 28.7 %

Heating 12.6 %

Lighting 10.3 %

e A sufficient amount of air oxygen.

e A suitable ignition source, e.g. an electrical
spark which may occur when pulling a plug out of
a socket or a hot surface (e.g. 300°C to 400°C).

Dust extraction 24.3 %

Transport equipment 4.2 %

Paint drying 4.2 %

Wood drying 2.6 %

Compressed air 10.5 %

Figure 1. Electric energy consumption of the German Wood Industry in 1999 [4,5]

Energy consumption in the wood industry

The energy requirement of the extraction sys-
tem is high. The share of the electric energy con-
sumption of the dust extraction and the share of the
electric energy consumption of the wood process-
ing are almost the same.

Materials and methods

In order to determine the dust distribution the
methods of sieve analyse was used. Dust samples
of different wood species were collected using dif-
ferent woodworking machines with longitudinal
and cross-cut. A mobile dust collector with sack
was used to collect the samples. In all cases sharp
tools were used and the operational parameters
such as cutting speed, feed speed, tooth bite and the
depth of cut were set and registered. Wood species
characteristics and the applied woodworking ma-
chines with the operational parameters are given in
Table 1 and 2 respectively.

The moisture content of the samples was
measured using a GANN LAUBER Hydromette

HT65 wood moisture meter. The volume density of
the samples was determined as the ratio of the sam-
ples mass and its volume.

Table 1. Wood species characteristics

Wood Density, Moisture Thickness,

species kg/m’ content, % mm
Pine 753 16,2 50

Beech 722 14,7 50
Oak 648 12,6 50

Due to the strong anisotropy of wood materi-
als, it seemed to be important to investigate the dust
size distribution making cuts in different directions
in relation to grain directions. Therefore in the case
of sawing machines, longitudinal cut and cross-cut
were used and compared to each other.

In order to separate the bulk dust sample in to
fractions a Fritsch Analysette 3 PRO sieve column
was used with mechanical shaker mechanism
(Fig. 2). The standard mesh size of the subsequent
sieves are: 2.5 mm, 2 mm, 1.6 mm, 1 mm, 0.8 mm,
0.5 mm, 0.4 mm, 0.315 mm, 0.2 mm, 0.125 mm,
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0.08 mm, 0.063 mm and the dummy receiver for
particles less than 0.063 mm.The time of sieving
was 10 minutes with 1.5 mm amplitudes. For all
dust samples 7 repeated measurements were carried
out to ensure reliable results. For weighing the
screen residue a Precisa 3100D analytic scales was
used. The smallest mesh size is 0.063 mm. In order

Table 2. Wood working parameters of used machines

to determine the particle distribution of the fine
fraction passing the smallest mesh size a laser par-
ticle measuring unit (MALVERN Mastersize 2000)
was used. The fine wood particles are inclined to
conglomeration therefore the optimum setting of
the operational parameters was essential to ensure
correct measurement.

Paraméterek Circular saw Band saw | Shaper | Thicker
Rotation speed [1/min] 3755 720 4700 4600
Power [kW] 2,2 2,2 5,5 7,5
Band wheel diameter [mm)] - 700 - -
Tool diameter [mm] 300 - 120 120
Number of teeth 42 - 4 4
Feed rate [m/min] Cross cut: 6, Longitudinal cut 4,5 4 6 4-19
Depth of cut [mm] - - 3,0 7
Kerf [mm] 3,2 3,0 - -
Tooth bite [mm] 0,6 0,15 0,2 0,28
Cutting velocity [m/s] 59 26,4 29,5 31,6

Table 3. Parameters of the particle distribution.
Scotch pine Xy Xz Mi=x, Qv a X = Mo x;« Fine fraction, %
Longitudinal cut (circular saw) 0,32 0,76 0,48 1,750 0,829 0,241 0,677 0,05
Cross cut (circular saw) 0,23 0,8 0,39 2,563 1,394 0,056 1,031 0,9
Longitudinal cut (band saw) 0,49 3,8 1,4 2,637 1,437 0,178 3,930 1,5
Shaper 0,18 0,59 0,35 1,412 0,511 0,270 0,399 1,5
Beech
Longitudinal cut (circular saw) 0,22 0,56 0,36 1,429 0,528 0,272 0,414 1
Longitudinal cut (band saw) 0,08 0,32 0,17 1,667 0,757 0,096 0,226 14
Oak
Longitudinal cut (circular saw) 0,29 0,64 0,42 1,692 0,779 0,229 0,569 0,4
Longitudinal cut (band saw) 0,14 0,37 0,2 2,833 1,543 0,019 0,658 8
Note: Fine fraction is the portion of particles under 0.063 mm.
mfr
Mgy = —L— 100 )

Figure 2. The Fritsch Analysette 3 PRO sieve column

Knowing the single screen residue, their rela-
tive values were determined in per cent:

Msample

The cumulated value of the single screen resi-
due gives the sieve residue curve as a function of
particle diameter. The size distribution curve of
wood particles is always asymmetric; therefore, a
suitable theoretical distribution curve should be
selected. Our long-time experience has shown that
the use of logarithmic normal distribution function
gives good approximation with the further advan-
tage that it’s mathematical treating is easy.

The logarithmic normal distribution function
can be given by the following equation:
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where
v — 1s the distribution

X —is the mode

o — is the standard deviation.

Knowing the proper data for X and o, the dis-
tribution function can be calculated. The distribu-
tion function is the most important information to
select a proper filtering system.

In order of facilitate the further processing of
experimental results, the use of the probability
curve is advisable giving a straight line on prob-
ability net (Fig. 3). The straight line makes it possi-

ble to obtain more reliable values for X and o. Cal-

culation of unknown parameters (X,0) in posses-
sion of the probability curve may be done in the

following way [6].
99.99 1 - Thicker - Beech
2 - Shaper - Beech
99.95 3 - Shaper - Oak
4 - Shaper - Pine
99.8 T 5 - Long. cut, circ. saw. - Beech
Q9.5 ! 6 - Long. cut, band saw. - Beech
==} ¥ - Long. cut, band saw. - Oak
98 '
97 X =
95 E %
=i =t
90 = ==
80 FB& i T, =
= 70 4 5
o 60 3
3 50 ' =
8 40 = ==
s 30 =
o 20
S
“ 10
5 2
3 >
2
1
0.5
0.2
0.1
0.05 | i
— [ —— - !
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0.1 1.0 10
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Figure 3. Demonstration of measurement results using lo-
garithmic probability net
First we calculate the quartile ratio as
X3 _Ml
QV =— 3)
Mi-x

where

x5 — is the particle size at 75%,

x1 — 1s the particle size at 25%,

Mi — is median corresponding to 50%.

The relationship between quartile ratio and
standard deviation is:

from which the standard deviation can be calcu-
lated. For logarithmic normal distributions the fol-

lowing exact relationship is valid:
%i — p0° 5
which gives the value of the mode X. Knowing

both parameters X and o, Eq. (2) can be used for
different calculations.

In practice there is always a maximum particle
SiZ€ Xmax- 1t means that the distribution is incom-
plete due to the lack in larger particle sizes. This
may cause a considerable difference in the geomet-
ric mean diameters. For a complete distribution
(particle size varies between zero and infinite
value) the geometric mean is given by

Xym = Mie®/? = Xe37°/2

while the geometric mean for an incomplete distri-
bution is given by integration of the distribution
function using a given upper limit x,,,, of integra-
tion:

2
_ 1 rXmax —(lnﬁ) /20?2
Xgm = rxoerl2 Jo" T x e VX dx
(6)
The difference by weight in per cent between
the complete and incomplete distribution is given

by integration over the finite upper limit as
AQ =
100 © —(n%)* /267

e (6] (o)

Filter units are unable to filter arbitrary small
particles, consequently, smaller particles get
through the filter contaminating the filtered air. In
order to select a proper filter unit, the fractional
filtering efficiency of the unit is needed. The defini-
tion of the fractional efficiency is

AGin—AGoyt
n fr — AGin, (7)
where

AG;, — is the initial mass of the dust for a AX
range,

AG,,+ — 1s the mass of dust in the air after fil-
tering for the AX range.

Concerning the whole range of the particle dis-
tribution, it is obvious that the fractional efficiency
is represented by a curve. This curve, using practi-
cal observations, may be approximated by the fol-
lowing equation [6]

n
Npr = 100(1 — e=®/*9") (%) (8
where
X — 1s a characteristic particle size for a given
filter,
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n — is an exponent, varying generally between
0.9 and 1.3.

Typical values Xj: for cyclones X, = 15—
25um and for mat filters X;, = 5 — 10um. Gener-
ally no higher errors occur if n = 1 is taken.

The use of Eq. (8) allows getting to a mathe-
matical method to calculate the quantity of dust in
the air after filtering (pollution) in the following

form [6]:
AQ=(1-ns)y ©)

or in a more detailed form

—\2
80 = Gt oz ™ exv {= [ (nx/X)

202 + (x/xk)n]} dx [%] (10)
The systematic evaluation of Eq. (10) gave the
possibility to elaborate working diagrams for quick
selection of a filter unit satisfying the required dust
separation [6].

Results

In the possession of single screen residues the
first step was to check the distribution function of
the saw dust samples. Using a logarithmic probabil-
ity net we have received straight lines as shown in
Fig. 3 for quite different wood species and wood-
working operations. Therefore, in the following we
have used the logarithmic normal distribution de-
scribed in the previous section.

The shaper and thicker produce relatively big,
flat flakes and, therefore, the upper screen residue
(particles larger than 2.5 mm) is always high, its
value varied between 30 and 70% of the total sam-
pled weight. The highest values were obtained for
beech and the lowest for oak and pine. An explana-
tion for this may be the following: the beech wood
has evenly distributed fine holes (tracheids and ves-
sels) in great numbers and, therefore, the wood
flakes are less inclined to break into smaller pieces.
The oak has much bigger vessels and, probably,
higher local modulus of elasticity which causes
more breaks and gives a smaller upper screen resi-
due.

The finest mesh size was 0.063 mm and the
smaller particles passed trough this screen were
collected on the lower blind plate. This fine fraction
had amounts from 0.5 to 14% of the total sample
weight. The distribution of particles in this fine
fraction was determined using a laser particle
measurement unit (MALVERN). The highest fine
fraction was produced by using bandsaw with
beech giving 12-14% of the total sample mass. This
may be attributed to the relatively low cutting
speed (26,4 m/s). Furthermore, the evenly fine

structure of beech may cause breakage first of all
among the tracheids. At the same time, the high
speed circular saw produced fine fractions around
1% or less. Concerning wood species the cutting of
pine wood gave always the smallest portion of fine
fraction.

Concerning the single wood species investi-
gated, the probability functions for the different
woodworking operations are demonstrated in Fig.
4, 5 and 6. Cutting pine woods, the upper screen
residue varied between 1 and 1.5% for saws, while
the shaper produced some 40% for the same screen.
The fine fraction passing the screen with 0.063 mm
mesh size amounts to 1.0-1.5% in all case. The me-
dian varies between 0.35 and 0.47 mm for saw and
1.3 mm for the shaper. The latter is rather an
equivalent diameter due to the flake form of the
chips. Due to the somewhat higher tooth bite of the
circular saw, it has somewhat higher median value
(around 0.47 mm) and, as a consequence, slightly
less fine fraction passing the 0.063 mm mesh size.

99.29 Scotch Pine

o9 .95 1 - Longlludmal_cut {circular saw)
2 - Cross cut (circular saw)

3 - Shaper

4 - Longitudinal cut (band saw)
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Figure 4. Particle size distribution of Scotch Pine for differ-
ent wood machining processes.

For the beech wood we can see a similar pic-
ture. The circular saw again produces a higher me-
dian value (around 0.37 mm) and fine fraction at
1.0%. At the same time, the bandsaw gives fine
fraction over 10%. The shaper and the thicker pro-
duce chips of flake shape in such an amount that
their median value here cannot be established.
Their fine fractions are, however, quite minimal.

The oak wood essentially shows similar regu-
larities: the median values for bandsaw and circular
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saw are 0,2 mm and 0.4 mm respectively and an
equivalent median for shaper is 1.6 mm. That
means the oak flakes are more fragile due to their
bigger cavities and higher modulus of elasticity.
The fine fraction for bandsaw amounts to around
6% of the total mass.
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Figure 5. Particle size distribution of Beech wood for differ-
ent wood machining processes
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Figure 6. Particle size distribution of Oak wood for different
wood machining processes

If we consider the effect of wood species for a
given woodworking operation, the pertinent rela-
tionships are demonstrated in Fig. 7, 8, 9 and 10.

For saws the sequence of curves for the different
wood species is the same ( Fig. 7 and 8). The
scotch pine has always the biggest median and the
smallest fine fraction.

99.99
Band saw
99.95 Longitudinal cut
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99.8 2 - Oak
99.5 3 - Scotch Pine
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Figure 7. Particle size distribution for different wood spe-
cies using band saw.
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Figure 8. Particle size distribution for different wood spe-
cies using circular saw.

The shaper and thicker have also similar be-
haviour. However, the oak chips (flakes) show an
interesting behaviour depending on their size: the
big flakes produced by the shaper are fragile and,
therefore, they break into smaller parts immedi-
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ately. The smaller parts produced are more stabile
and a further comminution occurs in a lesser extent.

size and particle residue falling through this last
mesh size. The measurement results are demon-

For bigger particle sizes, therefore, the line of the
oak nears to the pine and for small particles to the
beech.
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Figure 9. Particle size distribution for different wood spe-
cies using shaper.
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Figure 10. Particle size distribution for different wood spe-
cies using thicker.

As mentioned before, the fine fraction was
analysed further using a laser particle measurement
unit. All three wood species were measured using
the particle screen residue on the 0.063 mm mesh

strated in Fig. 11.

99.99

99.8

95.99

99.99

99.99 \ \\

99.99 \

Screen residue, %

99.99

99 99
1.0 10 100 1000

Particle diameter, um

Figure 11. Probability function of the fine fraction for differ-
ent saw dusts (Pine, beech and oak). 1 — screen residue on
63 mm mesh size, 2 — screen pass on 63 mm mesh size.

The distribution curves for the different wood
species and woodworking operations show very
little deviation from each other and, therefore, only
one curve as an average is given. Because both
samples are separated by the screens, therefore,
they are no complete distributions. Only the mid
portion of the curves is straight corresponding to
the logarithmic normal distribution. The upper and
lower parts of the curves deviate considerably from
the straight line. It is also seen that particle sizes
larger than the mesh size occur. A microscopic ex-
amination has shown that the particles are in many
cases long-shaped and the length of a passing parti-
cle may be larger than the mesh size. It can also be
stated that particles less than 0.01 mm amount to 3-
4% related to the fine fraction.

Knowing the relative portion of the fine frac-
tion in relation to the total sample mass, the distri-
bution curve can more precisely be expanded to the
fine particle range.

Using the results given in Fig. 11, the ex-
panded distribution curve for beech cut with band
saw is demonstrated in Fig. 12. The tangent of
straight lines describing the distribution for the fine
and coarse particles slightly differs from each
other. An explanation may be the coagulation of
some fine particles during the screening process
which decreases the quantity of these particles in
the fine fraction under the last sieve.
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Figure 12. Particle distribution of beech cut with bandsaw
using the fine portion measurement results.

Conclusions

Based on the above experimental results, the
following main conclusions may be drawn:

e the main fraction of wood dust, independ-
ently of wood species and woodworking opera-
tions, can adequately be described with logarithmic
normal distribution which can easily be treated
mathematically,

e using the probability distribution curve, a
calculation method is given to determine the main
characteristic parameters of the distribution,

e due to the existence of a maximum particle
Siz€ Xmax, the distribution is incomplete which
may cause a considerable difference in the geomet-
ric mean diameter. It strikingly appears using shap-
ers and thickers,

e the fine fraction of dust samples varied in a
wide range between 0.5 and 14% related to the total
sample weight,

¢ the measurement of the particle distribution
of the fine fraction has shown that the fine particles
are inclined to coagulation which may cause some
trouble in the processing of the experimental data.
Nevertheless, the experimental results obtained
with two different measurement methods can be put
together,

e among the used wood species the Scotch
pine had the biggest median and the smallest fine
fraction,

e the big flakes of the oak produced by the
shaper are more inclined to break up into smaller
particles giving a smaller residue on the upper
sieve.
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NCCIEJOBAHUE DOOEKTUBHOCTU ®PE3EPHO-
JIJEHTOYHOIINJIBHOI'O OBOPYJAOBAHUA

A.H. lLinukos., B.U. BecenkoB

Ilposeoden ananus s¢hpexmusHocmu gHeOpeHUs MEXHON02UYECKO20 NPOoYeccd NPou3800cmsea nUIoMamepua-
JI08 € UCNONIb308AHUEM ABMOMAMUSUPOBAHHOU TUHUU HA OA3e (pe3epHO-TeHMOYHONUTLHO20 acpe2amd.
Knioueswvie cnoga: agmomamusupos8annas iunus, pesepHo-1eHmoyHONUIbHbII acpe2am, 1econuieHue

The analysis of the effectiveness of the implementation process timber production using an automated line

based band saw milling machine.

Keywords: automated production line, milling and bandsaw machine, sawing

VBenuueHue BaJOBOTO PErHMOHAIBHOIO Ipo-
IyKTa W JOXOAHOM YacTH MYHHIIMINAIBHBIX OrOJI-
JKETOB OMPEICISAIOTCS TEMIaMH MOJICPHU3ANU
TEXHOJOTMYECKOTO Pa3BUTHUS JICCOMPOMBINICHHBIX
MIPEANPUSATUNA B pETHOHE.

Pacuérnas necoceka Bomoroackoii obmactu
COCTaBIISIET CErofHs MOpsaKa 23 MiIH. M/rom, a
3aroTaBIMBAIOT  JIECONPOMBIIIJICHHbIE —IPEapu-
situst He Oonee 40%. [lpu aToM mepepabaTbiBaercs
He Oosnee 60% OT 3aroTOBIEHHOW JIEIOBOM ApeBe-
CHHBI.

[TosTOMy pelieHHe MHOTUX COLHUAIBHBIX U
9KOHOMUYECKHX MpolieM Hamieil obmactu u ce-
BEPHBIX PETMOHOB CTPAHBI B IEJIOM B 3HAYUTEIh-
HOM CTENEHU 3aBUCUT OT 3(PPEKTUBHOCTH PAOOTHI
neconuiibHOM oTpacinu. CerojHsa B ATOW OTpaciu
BBIXOJ] IPOYKIINU U3 JAETOBOW PEBECHHBI COCTAB-
asier okono 0,45%. IloBbimenne 3¢ deKTHBHOCTH
paboThl 3TOM OTpaciy CBA3aHO C MOAEpPHMU3ALMEN
KOMILIEKCa MallH W O00OpYIOBaHWS, OOecIeyu-
BAIOIINX PeaH3alMi0 BCEX TEePeIesiOB TEXHOIOTH-
YeCKOro Iporiecca MPOU3BOJICTBA MUIIOMATEPUAIOB
U IPYTOi MPOAYKIMH.

AHAaJIOTHYHBIE JI€CO3aBO/IbI CTPAH C Pa3BUTOMN
PBIHOYHOW 3KOHOMHKOW peam3yroT MPOLECCHl He-
NPEPHIBHONH  MOJICPHU3AIMU  TIPOU3BOJICTBEHHO-
TEXHOJOTMYECKUX CHCTeM, NpU4YéM HOpu BbIOOpE
000pyZOBaHUS HUCHONB3YIOT MHOTO Pa3IHYHBIX
TEXHUYECKUX W TEXHOJOTHUECKHUX pelIeHni. B ga-
CTHOCTU MOJIEPHU3ALIUS B MOCIEHUE AECATUICTUS
HalpaBiieHa Ha MOJIHYI0 aBTOMAaTH3AIMI0 TEXHOJIO-
ruueckux mpoueccoB. OT 1enoBOi  IpeBECHHBI,
NPUHUMAEMOH B OKOPOYHOM CTaHKE J0 TOTOBBIX
MIJIOMaTepHalioB, KOTOPblE TPAaHCIOPTUPYIOTCS B
00BSI3aHHBIX TaKeTax (ITOCIIe CYIIKH), BCE MaHUITY-
JSIIAH C TIPEIMETOM 00paOOTKH MPOUCXOMIST TpaK-
TUYECKH IOJHOCTBIO aBTOMAaTW4Yecku. Ha HOBBIX
Jeco3aBoJiax OIEepaTopbl TOJBKO HAOMIONAOT 3a
TEXHOJIOTMYECKHM TPOLECCOM U (HOPMHPOBAHHUEM

OpycheB, UX pacKkpoeM, 0OpPE3KOi JOCOK B obdecre-
YMBAIOT TOJBKO KOHTpOJMpYome (QyHKIuu. B
pe3yibTaTe peaju3yercsi WHHOBALMOHHBINA IPHH-
AT, 00ECITEUMBAIONINI CTAaOMILHOCTh TIPOU3BOJI-
CTBa MPOMYKIIMU C 3aJJAHHBIMU TIOTPEOUTETHCKUMH
cBoiicTBaMU. B 3TOM ciiyyae rapaHTUpPYIOTCS KOH-
KypEHTHbIC NPEHMYIIECTBAa MPOAYKIUU Ha BHEII-
HEM PBIHKE W YBEIWYEHHE Ha 3TOW OCHOBE 00BEMaA
peanu3aly MPOAYKIUU Oe3 yBEIHYeHHs 00BhEMa
MIPOU3BO/ICTBA.

Pe3ynbraToM NMOCTOSHHOM MOJEpPHM3allMM Ha
OCHOBE aBTOMATH3UPOBAHHBIX TEXHOJIOTHYECKUX
MPOIIECCOB HAa KaXKIIOM TIepelielie TPOU3BOICTBEH-
HO-TEXHOJIOTUYECKUX CHCTEM Ha JIeCO3aBOJaX
I'epmanuu, Ounnsnauu, [IBenuu sBusercs exe-
TOJIHOE YBEINMYEHHE TPOU3BOJUTEIBHOCTH TPyIa
npuMepHo Ha 5 %.

B nanHOM ciydae pedyb HUAET O MPOU3BOIU-
TETbHOCTH B JICHEKHOM OJKBUBAJEHTE, T.C. B
py0./gyac. OmHUM W3 CYUIECTBEHHBIX (HaKTOPOB,
OTPEENSAIONINX YBEMTUYECHHE TPOU3BOAUTEIBHO-
CTH, SIBIISIETCS YUET JENOBBIX OTX0A0B. B Tabmune 1
NPUBEACHBl YYETHBIC NAHHBIE J0XO0Ja C YYETOM
JITIOBBIX OTXOJIOB TIPH TIEPEX0/ie KOHKPETHOTO Jie-
cozaBoya llIBenuu OT TEXHOJIOTMHM PaMHOW pacIu-
JIOBKM NHJIOBOYHHMKA HA HOBYIO TEXHOJIOTHIO C MC-
MOJIb30BAHUEM  aBTOMATHU3MPOBAHHON  JIMHUU
(puc. 1) Ha 6a3e (pe3epHO-TCHTOUHOMIBHOTO ar-
perata OJIIIA (puc. 2).

Hamm nmpeanpusitus, Kak MpaBUiio, MPOLECCH
MOJICpHHU3AINH Peau3yioT Ha OCHOBE 3aMEHbI OTe-
YECTBEHHOTO 00OpYyNOBaHHS Ha 3apyOe)KHBIC aHa-
aoru. Ognako uHpopmanus 00 3(pHEKTUBHOCTH U
IPOU3BOJAUTENBHOCTH PACIUIOBKY MUJIOBOYHHUKA
Ha OTEYECTBEHHBIX MPEANPHUATHAX, HMMEIOMINX
OIBIT TPHUOOPETEHHUS W HKCIUTyaTallid aHaJOTHY-
HBIX  (DPE3CPHO-JICHTOUHONMWIBHBIX  arperaTtoB
(DJIITA) mpom3BoAcTBa M3BECTHBIX EBpomeiickux
¢upm («EBJI»-I'epmanus, «Xelinona» - OuHIAH-
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nusi, «ConepxamH + Dpukccon» - [lIBenus u T.1.) ¢
1990 - 2011 r.r., K COXKaJeHUIO, HOCUT (pparMeH-
TapHBI XapakTep, a O HEKOTOPBIX, JakKe KPYIHBIX
NPENIpPUATUSX, TI0KA OTCYTCTBYET. XOTs OT OTeye-
cteernblX JIJIK (TromeHckass obOnacth, Xabapos-
ckuii n KpacHospckuii kpa#, YCTb-HIUMCKHI
JIIK, Kanmununarpaackas o0macte W T.J.), IMepe-
HIEOINX Ha TexHonoruu Ha 0asze MJIIIA usBecTHO
O TO3UTHBHBIX KAYECTBEHHBIX PE3Y/IbTaTax UX OC-
BOCHMSI U 00 OTCYTCTBHH PHUCKOB IIPH MEPEXOJIE OT
PaMHOM TEXHOJIOTUU.

Tabnuua 1. 3ddekTMBHOCTL pacnMNoOBKU [eNoBOW ApeBe-

CUHDbI Ha aBTOMaTU3NPOBAHHbIX npou3BoaACTBEHHO-
TeXHONMOrn4eCKnx cuctemax

IMapameTp Beanuuna
1. Konn4ecTBO MUJIOBOYHMKA, TIPH pa- 700 000
6ore B 1 cMeHy, OpeBeH/TOx
2. CpenHsist anmuHa OpeBHA, M 4.5
3. CpezaHee 4KCIIO MPONUIIOB B OpeBHE 3
4. CpejHee 4uCio MpOIIoB B Opyce 4,5
5. CpenHsis BBICOTa TIPOITHIIA B OpEBHE, 200
MM
6. Cpennsisi BBICOTA TPOITWIIA B Opyce, 180
MM
7. lllupuHa npomnusa npu JEHTOYHOM 26
NUJICHUH, MM ’
8. [llupuHa nponwiia mpu paMHO# pac- 45
MJIOBKE Ha Jiecopamax 1-ro psna ’
9. lllupuxa nponuia npu paMHOM pac- 40
MUJIOBKE Ha JiecopaMax 2-ro psijia, MM ’
10. YBenuuenue o0bEMa nuioMartepua-
3 7163
JIOB, M /TOJ
11. Cpennsist uena 1 M nuioMaTepua-
3 5280

JIOB, py0./M
12. Cpepmstst ieHa 1 M° TexHOIOrHUe-

o N 3 440
CKOM 1erbl (HACBIHOM), py0./M
13. Cpennsist nena 1 M° OIHJIOK (HaceIm-

3 176

HBIX), py0./M
14. YBenuuenue noxona, pyo. 13 869 336,8

Puc. 1. KomnoHoBKka cpesepHonunbHON nuHumn: 1 - dpe-
3epHO-NeHToYHONUNbHbIN arperat (PJIMA); 2 - obpe3Homn
CTaHOK.

Puc. 2. KomnoHoBka cpesepHonunbHoro arperata (®JIMNA).

[Honmyuenusie MIPOU3BOJCTBEHHO-3KOHOMH-
YecKre pe3yIbTaThl ONPEeNsIioTCs TIaBHBIM 00pa-
30M TeHAeHIMer EBpomneiickoro econuiaeHus Ha
OTKa3 OT PaMHOI'0 MMWJIEHUS, OT TEXHOJIOIMUECKUX
TUHAKA Ha 0a3e MHOTOMIJIBHBIX KPYTIJIOMUIBHBIX
crankoB (KIIC) u mepexoaa Ha ocBoeHue (ppesep-
HOIWIBHBIX U (pe3epHO-TEHTOYHONMIBHBIX arpe-
ratoB (DJIITA). [IpencraBnsier naTEpEC 0OOCHOBA-
HUE YKOHOMUYECKOH 3(P(EKTHBHOCTH 3TOTO Tepe-
xo7a.

B tabnume 2 mpencTaBieH aHAU3 IMONy4YeH-
HBIX PE3yJbTaTOB MpPHU TEPEXoae OT (pe3epHo-
nwibHOW JmHUKM Ha G6a3ze OBC m KpyrionmIbHBIX
crankoB (iuaus monenu «EBpomun — C» ( puc. 3)
Ha BHenpenue OJINA (muuus monenu «Cymep Ca-
BEPY).

Puc. 3. MexaHusm pe3aHusa C KpyrnonuibHbIMU pacnuio-
BOYHbIMM MOAYyNsIMU arperata Tuna «EBPOMMH-C».
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Ta6bnuua 2. 3¢ heKTUBHOCTb pacnuioBku oT 6onee TOHKO-
ro nponuna

[TapameTtpsbl Bennunna

1. [Ipon3BoIUTENHHOCTD, OPEBEH/TONT 528 652
2. Cpennsisi iviHa OpEBEH, M 4,2
3. CpeznHee 4MCIIO MPONUIOB B OpEeBHE, 15
nporut/6peBHO ’
4. CpenHee 4KCIIO IPONHIIOB B Opyce, 25
npormt/opyc ’
5. CpenHsist BbIcOTa IpoNuia B OpeBHE, 150
MM
6. CpeznHsis BBICOTA TIpoNUia B Opyce, MM 125
7. llupuna nponuia npu JIIIC (6pesHo, 26
Opyc), MM ’
8. lupuna nponuna npu «EBpomuie» 40
(KTIC - GokoBBIE TIHIIBI), MM ’
9. lllupuna npomnuna npu «EBpomuiien 338
(KIIC — nenutenpHbBIe MHIIBI), MM ’
10. Cp3ez[H;m LIEHa TWJIOMAaTEepUaoB, 5780
pyo./Mm
11. Cpensss eHa TEXHOJIOTUYECKOM I1ie-
1161 (HACKITTHOW), 440
pyo./m°
12. Cpennss nieHa onwiIoK (HaChITHBIX ),

3 176
py0./M
13.KoapurmenT nepecuera HACHITHBIX B 25
TUIOTHBIE ’
14.YBenuueHue BbIXoJa MujioMaTepHua-

3 1415
JIOB, M~ /TOJI
15. YBenuuenne noxona, pyo. 3312 636,8

PesynbTarhl vcciaenoBaHuil MO3BOJIUIIN peallb-
HO 3a(MKCUPOBATh CYIIECTBEHHbIE NMPEUMYILECTBA
OCBOCHHUSI B TIPOIIECCE MOJEPHU3ALMHU JIMHUM Ha
6aze OJIITA monemn «Cymep-Casep». Kpome Toro,
0JI00HBIE KOMITOHOBKHU MTPOM3BOJICTBEHHO-
TEXHOJOTMYECKHX CHUCTEM UMEIOT JKCIUTyaTalllOH-
HbIE TPEUMYIIECTBa, O00ECIEUUBAIOIINE, yBEIHYe-
HUE TTPOU3BOUTEIBHOCTH. A UMEHHO:

1. KowmmonoBka B JswmHUH  (pesepHO-
Opycyroliero ysia ¢ TOPIOBO-KOHUYEeCKUMHU (pe-
3amMu oOecrieunBaeT HaJIeOKHOE Oa3upoBaHue Opyca
o ero 0a30BBIM MOBEPXHOCTSIM TIPU MTPOXOXKIACHUU
JIEHTOYHONMJIBHBIX MOJYJEeH M MOJy4YeHUE yBelu-
YEHHOI'0 MOJIE3HOr0 BBIXOZAa MUJIOMATEpUANIOB 3a
cuaer Oosee y3KOro mpormJa.

2. JIunns ¢ OJIIIA MeHee yyBCTBUTENbHA IS
nepepaboTKH OpeBeH KpYyNHBIX AuaMerpos. Crpas-
JSIETCSL C TeMU K€ IMaMeTpaMH, 4TO U OKOPOYHBIH
cranok monemu «Kambmo 71-75» - mpou3BoacTBa
¢dupmnbr “Conepxamu’ - llIBenns.

3. He TpebOyercst OXNakJeHHUsI BOJOW pacIu-
JIOBOYHOTO y371a. JIeHTOUHBIE MTUIJIBI HE HArpeBaroT-
csi W He TpeOyIT CIENUaNbHBIX OCTaHOBOK. Her
HAJIMTIAHUS OIMMJIOK HAa TEXHOJOTHMYECKYIO IIEeMy U
Ha TpaHcTopTepHoe 000pyIoBaHKE U OyHKepa.

4. Her mnpobnem c mepeMenieHneM Ope-
BEH/OpYChEeB Uepe3 PacIUIOBOYHBIA y3€ll U UX Jie-
(dbopMHpOBaHUs M3-32 OCBOOOXKIICHHUS OT BHYTPCH-
HUX (OCTATOYHBIX ) HAMPSDKEHUH B APEBECHHE.

5. Bee pesusl crMpaipHBIX M CTYNEHYATHIX
JIMCKOB TOPIIOBO-KOHHYECKHX (pe3 MpOU3BOIAT
MSATKOE€ CTpOraHue Ijaactu Opyca U oOecrneynBaroT
HU3KOE IMOTpedJieHne MOIIMHOCTH Ha TepepyOieH-
HBII 00bEM TEXHOJIOTUIECKON HIETIBI.

6. PacnunoBouHbli y3en TpeOyeT MEHBIIHA
pacxojl MOIIHOCTH Ha pe3aHue Onaromaps Ooiee
Y3KOMY MPOMHITY.

7. KoHueHTpamus (Gppe3epHOro W JICHTOYHO-
MWIBHOTO MOIYJs B OJHOW TPOW3BOJICTBEHHO-
TEXHOJIOTMYECKOH CcHcTeMe O00ecrneunBaer 3KC-
TUTyaTallMOHHBIEC TPEUMYILECTBA U YIOBJIETBOPSET
TpeOOBAaHUSM SPrOHOMHUKH OpPTaHHU3AIUU TIPOU3-
BOJICTBA:

- omepaTop HMeEeT XOpOIIMH 0030p 30HBI
pacTUIOBKHA M BO3MOXKHOCTH OBICTPO BMEUIATHCS B
XO/I COOBITHH TIPH JIFOOBIX OTKIIOHEHUSX WJIM Ha-
PYLIEHUSX;

- 30hdekTUBHOCTh COOPKHM MEXaHU3MOB pe-
3aHUS M MPOCTask MPOKIAJKa IEKTPUYECKUX Kabe-
Jel ynpomiaer M COKpallaeT BpeMs PEMOHTHBIX
pabor;

- Oornee mpocro pemiaercs mpoOiema 1-ro
JTaka M yJaJIeHHe TEXHOJOTHYECKON IIETbl U OIH-
JIOK KOHIIEHTPUPYETCSI Ha HEOOJIBIIIOM YYacTKE JIM-
HUY;

- Tpu 3-MOAYJIHHOM JIEHTOYHOIMUIBHOM pac-
nuaoBo4YHOM y3ie B nuHuu «Cymnep-Casep» KoM-
IIJIEKTYeTCsl 00pe3HOW aBTOMAT-3JKEpP, UTO MO3BO-
asieT o0ecreyuTh OOCIyKMBaHUE JMHUU OJHOMY
orepaTopy.

IIpu >TOM oOecmeumBaeTcs HaAGKHOE YIIpaB-
JICHUE CKOPOCTBIO MOAAYU JIMHUM B 3aBUCHUMOCTH
OT JHMaMeTpa IOCTYMAIOUIero MNuUiIoBoYHHKa. Ha
«rpsmor muHUMY (0e3 BO3BpaTa Opyca) CKOpOCTh
MoJlayMl MpHUCIOcadIMBaeTCsl K pPEeKUMaM Paclu-
JIOBKM 3a CUeT MCIOJIb30BAHUA IpeoOpa3oBaTess
YacTOTHI AJIEKTPUYECKOTO TOKa. A cTaOmibHas Mo-
nada oowvekTa pacrmioBku depes DJIITA obecme-
ynBaercs Omaromapsi (puxcanuu OpeBHa/Opyca Ha
3y0I1ax 1erel MoJaroliero Tpancnoprepa. ITo 1mo-
3BOJIIET M30€KaTh CKOJNBKEHHS M OOKOBBIX CMe-
meHnit MEp3Noro OpeBHA, 4YTO TapaHTHPYeT OT
BO3MOKHBIX IIPOCTOEB.

EcrecTBeHHO, 4TO B MpeNIOKEHHOM BapHaHTE
peanusyercst  CTaOMJIBHOCTH  MOTPEOUTENHCKUX
CBOWCTB TMPOJYKIIMH, MoJlydyaemasi TpHU Kpyrio-
NUIBHOH W (pe3epHO-TEeHTOUYHONUILHOW pPacu-
JIOBKE.
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WToroBelil moae3HbIN BHIXOA MTUIOMATEPUATIOB
Opy OCBOGHUHM WHHOBAIIMOHHOW TEXHOJIOTHHM Ha
ocHoBe @DJIITA cocraBun 67%. Ilpu sToM Ha
18,75% yBenuumBaercsi 00BEM peaTM30BAHHOM
MIPOAYKIIMH MYTEM HCIIOJIIb30BaHUM OOPE3HOr0 aB-
TOMaTa, BCTPOEHHOTO B JIMHHIO Mojenu «Cynep-
Casep».

[ToaToMy B IIBEICKOM JIECONMMUJIEHUU OIpese-
JUach TeHASHIUs ocBoeHus nmpuHiuna OJIITA. A
MMEHHO, HarpuMmep, ecid B 1995 r. Ha neconuib-
HBIX TIOTOKax Jieco3aBonoB IlIBennu padorano 125
MOTOKOB C MHOTONWJIBHBIMH KPYTJIOMUIBHBIMU
crankamu (KIIC), To B 2000 r. ux oCTaiaoch TOJb-
KO 69.

A 3a 3TOT ’Xe Iepuoi IMpH 3SKCILTyaTupye-
MbIX 99  (ppe3epHO-TEHTOYHOMMIIBHBIX —arperaToB
(DJIIA) B 1995 1., k 2000 T. UX KOTUYECTBO yBe-
nmuyuinock jo 110.

AKXTyaabHOCTh IPUBOANMON WH(POPMALIUHU IS
PETHOHOB HanOoJee OCTPO TMOATBEPIKAAETCS CO-
BPEMEHHBIM COCTOSSHUEM POCCHUICKOIO JIeCOMUIe-
HUs. BO3MOXKHOCTH TEXHOJIIOTMYECKOro OOHOBIIE-
HUS KPYIHBIX W CPEIHUX MPEANPHUITAN Oblia yIry-
IeHa 110 KpaiiHeil Mepe ABaxkpl — B 90-X rofax u B
noctaedonaTHbI nepuoa. Ilonoxkxenue ycyryonser-
Cs T€M, YTO Ha pa3JIMYHbIX YPOBHSX YIPaBJICHUS
COCTOSIHUE W TEPCIEeKTHBBl  JIECOMUIBHO-
JIepeBo00Pa0aTHIBAIONIETO IIPOU3BOJCTBA OICHHU-
BAIOTCSI COBEPLIEHHO MO-pa3HOMY, a MHOTJa U Aua-
MeTpajIbHO MPOTHBOIIOI0KHO.

ITo skcmeptHoil ouenke g0 80% wu OGomee
JBYX3TaKHbIX JIECOMWIBHBIX paM U 10 45% ¢pe-
3epPHOMMJIBHBIX JTUHUN OTE€YECTBEHHOI'0 U UMIIOPT-
HOT'O MPOU3BOCTBA UMEIOT CPOK CITykObI 10 1 60-
nee sier. Ho MMEHHO 3TH THITBI 000pYIOBAHHUS SIB-
JSIFOTCS  OCHOBHBIMM HAa 3KCIIOPTHO-OPUEHTUPO-
BaHHBIX JIECOMUITBHO-JIEPEBO0OPAOATHIBAIONITIX
npeanpuatusx Poccun. IIponsBonctBo ke Jeco-
MUJIBHBIX PaM Ha OCHOBHOM MAaIlMHOCTPOUTEIHLHOM
npennpusatun “CeBepusiii KommyHap” octaHoBIe-
HO.

[ToaTOMy HWCKITIOUHATENHFHO HEOOXOJWMO TEX-
HOJIOTHYECKOE M TEXHUYECKOE IEePEeBOOPYKEHUE
cpennux u kpynubix JIJIK ¢ akientom Ha noctu-
JKEHHE BBICOKMX OSKOHOMUYECKMX IOKa3aTenei
MIPOU3BOJCTBA MU KOHKYPEHTOCIIOCOOHOCTH IPO-
JOYKIUU Ha BHEIIHEM M BHYTPEHHEM pblHKax. Pe-
IICHHUE TOU MPoOJIeMbl O€3yCIIOBHO OYJIET CI1oco0-
CTBOBAaTh YKPEIUICHUIO TIIONOXKEHUs1 Poccuiickoro
JIECHOT'O DKCITOPTA Ha phIHKax 3amagHod EBpomnsr u
Cpenn3eMHOMOpbS, a TaKXKe OJHOBPEMEHHO 3acTa-
BUT MPEINPUATHS MPUCTYNUTh K OYEPEIHOMY 3Ta-
Iy TEPEBOOPYKEHUS C IIEJIbI0 COXPAHUTh 3aBOE-
BaHHBIE MMO3UIUH HA PHIHKE TPOILYKIUH.

B 1O Xe Bpemsi CYLIECTBEHHBIX CABHUIOB B
TEXHUUYECKOM TIEPEBOOPYKEHUH OTpacid He Ha-
6momaercs 10 cux nop. MckmoueHue cocrapiser
OCBOCHHE JINHUM CYXOH COPTHPOBKHU IHIJIOBOYHOI'O
CBIPBSI, 3aMEIIAIONINX HHTEHCUBHO 00OrpeBaeMble
B 3UMHEE BpeMs BOJAHbIE OacceliHbl MHOTHUX JIECO-
3aBO/IOB.

OTka3 OT JecopaMHON TEXHOJIOTUU Tepeno-
BBIX MPEANPUSTHI ApxaHrenbckoro peruona («Jle-
co3aBoga Ne 25», Onexckoro JIJIK u T.1.) 1 BBOI B
9KCIUTyaTallMI0 MMIIOPTHBIX  (Ppe3epHOMMIBHBIX
nuHAR Ha Oa3e kpyriomwibHbIX cTaHkoB (KIIC),
KaK U MPOTHO3UPOBAIOCH PaHee dKCIEpTaMH, K CO-
JKaJIeHUI0, HE CTall «PEBOJIIOIMOHHOW ABpOpPO».
W60 BeIHY)AEHHOE UCTIONB30BaHUE KPYTIIBIX THII C
JUCKaMH TIOBBIIIEHHOW TONIHHBI (S = 3,6 MM) npu
9KCIUTyaTalli¥ UMIOPTHBIX (pPe3epHONUIbHBIX JIH-
Huii Ha Oasze kpyrimomwibHbIX cTaHkoB, (KIIC)
MIPUBEJIO K YMEHbIIEHUIO Ha 5 % BbIXO/a MOIydae-
MBIX Ka4eCTBEHHBIX MHJIOMATEPHAIOB M K 3aTOBa-
PUBAHUIO OTXOJAMHU PACIUJIOBKU (ONHMJIKAMH), YTO
U BBIHYJHUIIO TIpeAnpusTus (Harpumep, «Jleco3aBoz
-25») CpouYHO 3aKymnaThb HE 3aIllJIAHUPOBAHHBIE pa-
Hee KOMIUIEKTHbIE YCTaHOBKH JJisi IPOM3BOJICTBA
JPEBECHBIX I'PaHyJI - MEJJIET.

EcTecTBeHHO, Kak BBIXOA U3 CO3[ABLIETOCS
MOJIOKEHUSI BO3MOXKHO CUHMTATh IMPUEMIIEMBIM B
yenousix atux JIJIK, HO cObIT memner B PD moka
HE MOXET OBbITh CTaOMJIbHBIM, @ TTOCTABKH TEJUIET
Ha 3KCIOPT, MMO-BHIMMOMY, BCeraa OyIyT peann3o-
BBIBaThCSl TOJBKO IO JIEMIIMHIOBBIM LI€HAM, €CJIH
YUECTh 3aTOBAPEHHOCTh MMM ONTOBBIX CKIIAJIOB
EBpombl u3-3a 60nmpmmx 00HEMOB TPOM3BOJICTBA B
psze cTpaH.

[TosTOMy BHeApeHHME TEXHOJOIMi, obecneyu-
BAIOIIMX MEHbIINE MOTEPU BbICOKOKAaYECTBEHHOM
JPEBECUHBI B ONMWJIKH, JABHO CTAJ0 aKTyaJbHBIM B
EBporie u TeHIeHIUS Pa3BUTHS TPOM3BOJICTBA
OJITTA crama HeoOpaTUMON BO BCEX BEMYIIUX €B-
pomeickux cTpaHax - JKcnoprépax (pesepHo-
JIEHTOYHONWJIBHOTO  obopynoBanusi.  llupoxoe
BHeJpeHue no Bcemy mupy umeHno OJIITA npous-
BozactBa upm IIseruu («ComepxamH + Opukc-
con»), I'epmannn («EB/I»), ®unnsuaun («XenHo-
J1a») ¥ T.JI. TOJIBKO TIOATBEPKAAET 3Ty TCHCHIIHIO.

BriTytonee cpenu neconmibliukoB P®D us-
JIMIIHE «OCTOPOXKHOE OTHOILEHWE» K BHEAPEHUIO
(bpe3epHO-TICHTOYHONMMIBHBIX arperatoB 0asmpyer-
Cs Ha UCKIIOYUTENBHO YCTapeBIIMX IOCTYIaTax
M3JIMIIHE MHOTOYUCIIEHHOW, KaK HEOJHOKPAaTHO
3asBJSUIM TPOM3BOACTBEHHUKH Pa3IMYHbIX PETrHO-
HOB P®, CTOPOHHUKOB «JIECOPAMHOW MBICIH», 3a-
mUTHBIIKX B Oojiee ueM 200 JOKTOPCKUX U KaH/H-
JATCKUX JHccepTaluii cBOM “HOBATOpPCKUE HAeH”
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10 COBEPILIEHCTBOBAHUIO KOHCTPYKLUUN U 3KCILTya-
TaIUU JIECONMMIbHBIX paM B PD.

Ho 3aBox “Ceepubiii KommyHnap”- enuHcT-
BeHHOe B P® mpeanpustue, paHee ClelHAIU3U-
pyroleecs: Ha MPOU3BOJICTBE OTEYECTBEHHBIX JIECO-
paM, HE COWIO ONMpPaBAAHHBIM UX COBEPIIEHCTBOBA-
HUE, TaK Kak Bce OHM (‘‘HOBAaTOpcKue Hlieu’) HE
yAy4IIadd KOHCTPYKLHUIO W3BECTHOM M MpHU3HAH-
HOM Jydllled B MHUpPE JIECONWIBHOW paMbl THIIA
“BocbMEpka” mpousBozcTBa Gpupmsl “ComepxaMu’-
IBenus.

Tem OGonee, 4YTO MPOU3BOACTBO U 3TOH (TIpH-
3HAHHOM JTy4IlIel B MHUpPE) JIECOMUIbHON pambl Obl-
70 3akpbiTo emé B 1986 r. u B 1991r. akuuu ¢up-
Mbl ckymmia ¢upma “AK. Dpukccon”-lIBemnus,
100 % -HO OTKa3aBIIMCh OT MPOU3BOACTBA JIECO-
pam. IIpu 3TOM MOJTHOCTBIO COCPENOTOUMUBILNCEH HA
MPOU3BOJCTBE IS JIECOMWJICHUS Haumboliee mep-
CIEKTUBHOI'O M HIKOHOMHUYECKH I1eJecO00pa3HOro
obopynoBaHus. TakuM TEpCHEKTHBHBIM 000pYI0-
BaHUEM OJKCHepTamMu (pUPMBI TPU3HAHBI CEPHITHO
BBIITyCKaeMble (Dpe3epHO-IEHTOYHOMUIbHBIE arpe-
ratel (DJIITA).

ITockonmpKky  OTE€UECTBEHHOE  JIECOMMIICHUE
MPAKTUYECKH JIMIIEHO POCCHICKUX Pa3paboToK
(HMH, Kb u T. 1.) BEICOKOIPOU3BOIUTEILHOTO H
9KOHOMUYECKH OMNPABJAHHOTO 000pyNOBaHMA, a
HayuyHsle mkonsl 1 HUW He aeiicTByrOT HM3-3a OT-
CYTCTBHUSI HEMPEPHIBHOTO ()MHAHCUPOBAHUS OTpac-
JIEBOM HAyKH, TO MOATOMY B OTJIMYHE OT €BpOMEii-
CKUX CTpaH B HACTOsIIEE BpeMs OTpaciieBasl HayKa
B P® npu orcyrctBum e€ puHaHCHMpOBaHUS HE B
COCTOSIHUM MPEIOCTaBUTh MIPOEKTHI JUIsl CO3AaHUS U
pa3BUTHs J1I000TO BBICOKOTEXHOJIOTUYHOTO JIECO-
MJIBHO-IEPEBO00padaThIBAIOIIEro 000pyI0BAHUS.
XOoTs MOTEHIMAN U TPUIIMYHBIA 3a71e7T HA CO3aHNe
koHKypeHTocriocoonoro @JIIIA wumeercs B Bo-
I'TY.

IlepcrieKTUBHOCTh BHEAPEHUS JICHTOUYHOMHIIb-
HBIX MOJyJICH B JIECOMMJICHHH U JIEpEBOOOPaOOTKE
B MHUPOBOM JieconuiieHnn obmien3BectHa [1]. Uc-
CJIeIOBaHMUS pabOTOCTIOCOOHOCTH W HAJAGKHOCTH
JICHTOYHONMWIBHBIX MoayJiell (puc.2) TO3BOJIMIN
epponeiickum pupmam «EBJl» - I'epmanus, «Co-
nepxamH+Opukccon» - IlBemusa, «XeiiHonay -
OUHISIHAUSL CO3/1aTh, MMOCTABUTh UX HA CEPUHHOE
MPOU3BOACTBO M YCIHEIIHO BHEAPSTH B TEXHOJIOTHU-
yeckux JuHUAX Ha 0aze DJIITA or Ynmm no Poc-
cuu (paitonsl Ypana u Cubupn). Tonbko ¢upma
«Conepxamu+Ipurccon» - IlIBernus mocraBuna 3a
nocnennue roasl Oonee 200 TakuxX JIMHUK Ha dKC-
HopT.

[Tpu sTOM cdepa BHEAPEHUS B JIECOMUICHUE U
JepeBo0OpadOTKY  JIGHTOYHONMIBHBIX ~ MOYJICH

3HAYUTEIBHO PACIIUPSETCS. DTOMY CIIOCOOCTBYIOT
IIPOYHBIE TBOPUECKUE CBSI3U €BPONEUCKUX (pUpM C
Pa3IMYHBIMH HAYYHBIMHM OpPTaHU3AIMSAMU U CHELHU-
aIbHBIMU KadeIpaMi TEXHUYECKUX YHHUBEPCHUTE-
TOB.

D¢ (HeKTUBHOCTb BY30BCKOW HAyKH TOJBKO
onHOM Kadenpsl nepeBoodbpadorku Koponesckoro
TEXHUYECKOTO YHUBEpPCUTETA «KUNGL
TEKNISKA HOGSKOLAN» - IlIsenus (mox py-
KOBOJICTBOM Tipodpeccopa M. BukitoHa) HATIsIHO
JIEMOHCTPUPYIOT PE3yJIbTaThl UCCIeI0BAaHUN pabo-
TOCTIOCOOHOCTH JICHTOYHOIMIIBHBIX MOJYJICH U Tie-
penaud B IPOU3BOACTBO HOBOW IEPCHEKTHUBHOMN
TEXHOJIOTUU «3BE371000pa3HO» PACIHUIOBKH Ope-
BEH C IONy4YeHHEM 3-X KaHTHBIX 3arOTOBOK JIJIs
MOCIIEYIOMIET0 X CKICHBAHHUS B HemeopMupye-
Mble IIUTHI a8 MeOeln U CTPOUTEIbCTBA
(puc. 4, a).

CosmectHO ¢ pupmoit «ConepxamMH + Dpukc-
con» - llIBerus kadempoii 1epeBo0OPaOOTKH ObLITA
co3/laHa NPUHIMINAIBHO HOBas OpPUTMHAJIbHAS
KOHCTPYKIIUSI OJIOKa C/IABOCHHBIX JICHTOYHOIHUIIb-
HBIX MOJIYJIeH-CTaHKOB Ha 0ase m3BecTHOro B Poc-
cun JIIIC momenu 245 ¢ ruapaBIMdyecKuM Mexa-
HU3MOM HATSDKEHHS JIGHTOYHBIX IHJI, HpPEACTaB-
JieHHas Ha puc. 4, 6.

".5""'_'\__-"
SRRy

[eed  pREMMNE—

a

Puc. 4. OGpaseu packposi, peanu3ylLluin TexXHONOruo
«3Be30006pa3HOM» pacnunoBKM OpeBeH Ha NeHTOYHOo-
NUNbHbIX CTaHKax (a) u peanbHbIM oGpa3sey NEeHTOYHO-
nUNbHON NUHUM (6).
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TexHomozu4eckue rnpoyeccsi u o6opyaoea/-/ue

®dyHIaMeHTHas TIMTa 3TOro OJIoKa oOecredn-
BaeT 3aKpeIUICHUE CTAaHWH JIEHTOUHOIMJIBHBIX MO-
nyned (Mpu JuaMeTpe MUIbHBIX IIKHBOB, PAaBHOM
1500 mm) mox yriiom 600, a OpUTHHAIBHBIA MeXa-
HU3M 3arpy3kud OpeBHa W €ro nojaydu IO3BOJISET
peann30BaTh UACI0 HOBOM TEXHOJIOTHH «3BE31000-
pa3HO» PacIUIIOBKU OpeBEH.

Taroke 3aciayXnBaeT BHUMaHHUs O(HIIMATbHAS
unpopmarus pupmsl “CoaepxamM + DpUKCCOH” O
(haKTUIECKOM 3KOHOMHUYECKOM I eKTe, MoIyyeH-
HOM TOJIBKO 32 OJWMH KaJECHAAPHBIN T0J] JIECOMIIIb-
mmkamu [lIBenuu npu ucnonb3oBaHUM (pe3epHO-
neHTouHONMIbHEIX arperatoB (DJIITA) mpousBonu-
CTBa 3TOH (QUPMBI U (PUPM—KOHKYPEHTOB IPYTUX
ctpan (Kanazgpl, ®unnsHauu u T.4.).

Pe3ynbTaThl 1BEACKOTO JICCONMJICHHS TTOJI-
TBEPAMIN CIPABEIJIUBOCTh METOJUKH PAacyeToB,
MIPEJCTABJICHHOM B Ta0I. 1, 2.

U3 15 MuTH. M’ IMITOMATEPHAIIOB, BHITHIICHHBIX
coobma BcemHu Jseco3aBopamu LlIBenuu, okoio0
37 % , T.e. OKOJ0 5,5 MIIH. M MPUXOUIIOCH HA TTH-
JoMaTepuansl, monydeHusie Ha OJIITA.

ITosToMy B pacuerax ObLIO 3aJI0KEHO yBEIH-
YeHME LEeHBI 3a | M STHX IHIOMATEpHAJIOB,
HMMEIOIIIeE MECTO Ha PEAIbBHOM EBPOITEHCKOM PBIH-
Ke, CTpeMsIIeMCS OTBEPrHYTh MHIOMAaTepUaIIbI
PaMHOI PacIWIOBKH, U COCTABIIAIOLIEE B TO BPEMS
okono 6 — 8 nommapos CIIIA. B pesynbraTe Oblna
03By4EeHa CyMMa TOJIOBOIO IKOHOMHYECKOTO 3(-
(exTa, MOTYYEHHOIr'0 IIBEACKMMHU JIECONUIIbIINKA-
MH, B quanasone 33,3 — 44,4 muH. nomtapos CHITA
3a CY€T TONBKO BHEApPEHHS (Ppe3epHOICHTOUHO-
MWIBHBIX arperaTos.

ITprMeHeHne aHAIOTMYHON METOUKH pacyeTa
NPUMEHHUTENIBHO K YCJIOBUSIM ApPXaHIeIbCKOTO
MPOMBIIUIEHHOTO Y374 B JOKPHU3MCHBIA TEPHOJ

MO3BOJISIET O3BYUYUTH TOIOBYIO MOTEPIO OT SKCIIOpTa
NWIOMaTepralioB pPaMHOM  pacluiIOBKH, JIOCTH-
ratorryto okono 4 muH. gomnapos CIIA B rox. 1
910 Oe3 ydera sKOHOMHYECKOTO 3¢ dekra oT yBe-
JIMYEHUS MPOIEHTA IKCIOPTHBIX MUIOMATEPHAIOB,
peasbHO MOITy4aeMbIX Ha TEXHOJOTMYECKUX JMHHU-
51X, ocHameHHBIX DJITIA.

[IpakTuka »sKcmmyaTauu NPEACTABICHHBIX
¢upmamu ['epmanuu, Ounnsaauy, Benuu u 1. 1.
(pe3epHO-TICHTOUHONMIIBHBIX JIMHUH, OCHAIIIEHHBIX
HOBEHIIMM aBTOMATH3HPOBAHHBIM 00OpPYIOBAHU-
eM, HarJsaHo ¢ 1972 1. 1o HacTosIIee BpeMs IO/I-
TBEpIMIa MX CIOCOOHOCTh d(PPEKTUBHO peann30-
BaTh MHHOBAIIMOHHBIE pecypcocOeperamomme Tex-
HOJIOTHH B JIGCONTMIICHHH.

B pesynbpTaTe TBOPUYECKOTO COTPYIHUYECTBA C
kadenpoii TexHomoruu aepeBoodpabotku Kopo-
JIEBCKOr0 TexHU4YecKkoro yHupepcurera (r. CTOK-
romeM, IlBermus) u ¢ dupmoit  «ConepxamH-
Opukccon (r. Mapuannenynn, llIBenus) B nepuo-
1bl ¢ 1975- 2000 r.r. (1 o HacToOsIIEe BpeMs) HaM
MpeACTaBUIIaCh BO3MOXKHOCTh HAOMIOAATh, HCCIIe-
JIOBAaTh pabOTOCIOCOOHOCTh U (DUKCHPOBATH B MPO-
1ecce MCCIIEOBAHUM Ha KOHKPETHBIX JIECO3aBOaX
ceBepHO U 1okHOH [IIBeninn HaneXHOCTH TEXHO-
JOTMYECKUX  JMHWA Ha  0a3e  (Qpe3epHO-
neHToYHONMWIBbHBIX arperatoB (DPJIITA). Comuennmii
B niepcriekTuBHOCTH BHeApenus OJIIIA B MmupoBoM
JIECONUIICHUN HE TPOCMATPHUBAETCA.
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PRODUCTION PLANNING AND DECISION MAKING IN THE
WOODPROCESSING COMPANY

Patrik Alac, Vojtech Demo¢

We have done an investigation of decision making and planning processes in particular woodprocessing
company in Slovakia. We have found that this company doesn’t use appropriate decision making methods
what results in complications in other related processes and finaly in complaints from the customers.
Production can be characterised as a system with inputs and outputs. Transformation process is the most ef-
fective when it runs under optimal costs, under optimal amount of consumed inputs and by spending optimal
time. It must be chosen suitable decision making, monitoring and calculating methods which allow to quantify
and to compare particular alternatives and to choose the best one . All these above mentioned is very topical
Jjust now, in the time of financial and economic crisis.

Keywords : Production, decision making, process of planning, quantitative and qualitative tools.

B pabome npedcmasnenut pe3yabmamul UCCAeO08aHUN NPUHAMUS PeueHull U NIAHUPOBAHUs HA npumepe Oe-
pesoobpabamuisarowei komnanuu 6 Crogakuu. Ycemanogneno, 4mo KOMRAHUS He UCNOAb3YEn COOMEEencni-
gyiowue UHCMPYMEHmMbl NPUHAMUSL DEWEeHUY, Ymo nPUeoOUn K CHUJICEHUIO d@exmugnocmu pabomel u 6
Qunane K s1Hcanrobam KiueHmoas.

IIpouseodcmeo modicem Ovbimb OXaPAKMeEPU308aHO KAK cucmema ¢ exooamu u evixodamu. Ilpoyecc nianupo-
sanus asngemcs Hauboaee dpexmusnvim, K020a o obecneyugaem ONMUMATLHLIE 3aMPAMyl, NPU ONM-
MAnbHOM Koauyecmee nROmpedIsemMblx pecypcos 8 ONMmumMatbHvle CpoKu. [ist amoeo npuMeHsIomcs mMemoobl
MOHUMOPUH2A U GIYUCTUMETbHBL MEMOObL, NO380IIOUWUE KOTUYECIBEHHO CPAGHUMb AIbMEPHAMUBHbIE 6d-
puanmol u 8blOpame ayuwiull. Bee eviueynomsanymoe s6nsemcs akmyanibHbiM ce200Hsl, 60 8peMsl PUHAHCOBO-
20 U IKOHOMUYECKO20 KPUSUCA.

Knwouesvie cnosa: npouzso0cmeo, npunamue peuleHull, npoyecc nAAHUPOBAHUs, KOTUUeCmEeHHble U KaYec-
BeHHble UHCIMPYMEHMDbL.

Production as a process rections in outputs, technology, managerial deci-
sions and inputs choice (Ala¢ and Rasner 2004). It
is a reaction on customers complaints and demand
and it must result in appropriate solutions and deci-
sions made (Fig. 1) (Democ¢ 1996).

Production must be mentioned as a system
with inputs and outputs. In the system, there are
transformed inputs into outputs by the application
of suitable technology, organizational and mana-
gerial processes. Feedback represents possible cor-

environment of a system

employees v products
material services
information technology, organization and information
energy management >
tools, mstruments . .
(transformation of inputs
into outputs)
Fig. 1: Production as a system
A goal of production is not whatever product er’s demands and which brings adequate (optimal)
or service but only such one which will be sucess- profit and market share. Transformation process

fully realised in the market, which satisfies custom- should be the most effective as it runs under optim-
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al costs and under optimal consumption of inputs
(Matuzsewski 2003).Each component must be pre-
cisely specified and characterised in order to
choose the most suitable for particular type of pro-
duction and for determined goals.

What impacts production?

There are several criterions which have deci-
sive impact on each production process.

For the specification of production type it is
necessary to evaluate:

= universal character of machinery;

= amount of producing products for particular
time period;

= number of products types;

= demands for employees” qualification;

= time of production cycle (process);

= character of labour division etc.
Planning as a managerial activity

Planning can be considered as one of the old-
est human activities and mentioned as one of the
basic and the most important managerial activity
which allows to define company’s goals and activi-
ties leading to meet these goals (Rajnoha 2005).

According to company’s departments we can
speak about: production planning (or planns), per-
sonal planning, investment planning, R&D plan-
ning, marketing planning, financial planning etc.
Fig. 2 describes basic functions of management by
classics — Taylor and Fayol.

Communication

Goals —> Planning =) Decision
setting making

—> Organizing ——>  Control

Planning process

Fig. 2: Managerial functions and specification of planning process

The planning includes goals definition and de-
termining appropriate methods to achieve specified
goals. The necessity of planning follows from the
nature of organizations as goal-seeking subjects.
When we want to create plans we need various in-
formation from the environment, from the market
and also from the inside of particular company.
More detailed and latest information mean more
accurate plans and goals (Kokles 2000 and Molnar
1992).

Some interesting ideas about planning:

- planning is not a description of that what
will happen but that what we want to happen;

- those who do not plan never will know
where they failed,

- probability of accidental events is higher
when planning process is only general and not con-
crete,but at the same time...;

- ...when the planning is too detailed and ex-
act, impact of accidental events is less expected;

- planning process should be only such de-
tailed as it is necessary and not as it is possible.

Content of planning process relates not only
on departments where the planning is done but also
on specified goals which must be met. Each activi-
ty, each process should run under optimal costs, it
should be finished on demanded time and desired
quality must be reached. So, plans should follow
some particular managerial objectives (Rajnoha
2005):

1. customer satisfaction: profits and growth
depend on meeting customer’s demands. Product
must be built according to customers specification,
taking into account qualitative standards, it must be
delivered to him at promised time and in agreed
price;

2. continual material flow: costs and time of
production rise if planned production schedules are
interrupted for lack of materials, employees or for
any other reason;

3. optimum inventory levels: the minimum
inventory levels to assure continuous material flow
may not be the most economic levels. When pur-
chased order quantities increase (demand factors
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and lead times remaining unchanged), ordering
costs are decreased but inventory cost are in-
creased. When ordering costs decrease more than
inventory costs increase, optimum inventory level
will rise;

4. increased productivity: working process
must be so planned and controlled that production
time and costs will be held at or below predeter-
mined limits (levels). Productivity can be increased
by shortening production times or by increased vo-
lumes of semi-products.

8 steps of planning process

Generally and very briefly we can say that
planning process estimates - what should be done,
in what sequence and under which costs. Depth and
details of planning depend on concrete planned sit-
uation, on its complexity and scale. But each plan-
ning process should contain 8 basic steps:

1" step — what is a goal of planning
process?; what, why and how should be
reached?

» Precisely definied goals and strategy lead-
ing to its reaching are two basic steps which deter-
mine success of each planning process. If responsi-
ble managers or employees do not find relevant and
adequate answers on the above mentioned ques-
tions (what, why, how?) it is necessary to revaluate
assessed goals and strategy.

2" step — what must be done?

» In this step must be identified and specified
(characterized) all activities (for example by brains-
torming method). Then these activities must be ar-
ranged in logical sequence — e.g. according to tech-
nology line or material flow. Last but not least, it
must be taken into account relationship among ac-
tivities.

3™ step — who will perform (realise) given
activities?

» This step contains planning and definition
of functions, description of job tasks for particular
employees. Each activity must be bound with an
employee (or technology device) who will be re-
sponsible for its performance.

4™ step — who and for what will be respon-
sible?

» Each employee should be competent and
responsible for his/her performance. These compe-
tences and responsibilities can be transparently pre-
sented in so called matrix of responsibility.

5™ step — when will particular activities be
realized?

» In this phase of planning process all activi-
ties should be arranged according to logic sequence

and relationships. It is also assigned time required
for its performance and then it is elaborated time
plan.

6™ step — which costs and resources are de-
manded?

» For each activity it should be planned ap-
propriate costs and resources. Amounts of costs and
resources can come from past periods, could be
forecasted by various analysis or calculation me-
thods. Resources and working time can be esti-
mated and planned from standards of consumed
materials and standards of consumed work perfor-
mance.

7™ step — how to control?

» It must be assessed how often and by what
method will be activities monitored and controlled.
In this phase it is also necessary to specify commu-
nication channels (meetings, e-mail) for effective
information gathering, transfer and evaluation.

8™ step — what will happen if...?

» Planning process should take into account
also possible alternatives of consequences arised
by accepted decisions. Therefore it is necessary to
analyse external and internal environment in order
to prevent negative impacts. This final step can be
considered as a feedback within the planning
process.

Production planning and managerial tools

It should be recognized that in any individual
company, the functions and responsibilities of Pro-
duction Planning may be divided between various
departments or individuals and will not necessarily
be organized into a Production Planning division.
Centralization of the planning function into a Pro-
duction Planning division improves and facilitates a
co-ordinated and properly executed planning opera-
tions.

The functional duties of Production Planning
will generally include (Matuzsewski 2003):

1. Sales forecasting or active participation in
sales forecasting

2. The determination of production require-
ments (specification and quantification of raw ma-
terials, other inputs, machinery in order to effec-
tively utilize capacities in a company and to meet
sales forecast)

3. Inventory management (both input and
output stock optimization)

4. Labour requirements (criterions for the
choice of most suitable employees and necessary
amount of employees)

Every day, managers must make decisions
without knowing precisely what will happen in the
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future. Decision making requires making forecasts
about the future, so managers must often rely on
their subjective feelings and best forecasts as they
plan. The more accurate these feelings, the better
prepared managers will be (Alac and Rasner 2004).
Experience tends to improve managers’ judgments
and ability to forecast events. Several quantitative
methods are available to help managers forecast
events. The best managers combine intuition and
quantitative tools.

Basic quantitative tools:

0 Break - even analysis;

0 Time series analysis;

0 Causal modeling (regression analysis).

Qualitative tools of forecasting help to gener-
ate information, ideas and judgements that manag-
ers need for planning and decision making. Whe-
reas quantitative techniques are focused on select-
ing the most desirable from a set of options, qualit-

4™ decision
3rddecision knot
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ative tools focus most heavily on identifying op-
tions. The following is a list of some qualitative
tools:

O Decision tree

o Decision matrix

O Brainstorming

0 Delphi technique

0 Nominal group technique

Discussion

In the following Fig. 3 we would like to
present possibility of decision tree application in
the logistics supply chain. It is an effective, dynam-
ic and visual tool which presents possible solution
of particular decision making alternatives. It should
be desirable to quantify all given alternatives from
the point of view of costs, amount, time and quali-

ty.

5t gecision
knot

A LN
<" Warehousing >
., v

Fig. 3: Possible decision making situations within the material flow of particular woodprocessing company

The following steps should contain such tools
as Gantt chart, PERT and histogram. These enable
to evaluate production process from the view of
time and capacity and to decompose it into opera-
tions.

All the above mentioned parameters must be
optimized in order to meet customers” demands and
company’s optimal utilization of all resources.

Conclusions

Production planning has a great impact on the
company’s flexibility to meet the market demands.
And it is not only planning and forecasting of final
products but also to deal with production capacities
and technology assemblies. All production factors
must be spent in the supply chain under optimal

costs and time and this is the task of planning. It is
dynamic process which must highly take into ac-
count economic cycles.
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W nPOU3BOACTBO BbuoaHepeemuka

KOMITAHUA METSO NIOCTABUT JEKTPOCTAHLUIO,
PABOTAIOLIYIO HA BUOMACCE UIA
«BUODHEPITETHYECKOU KOMIIAHUUW» B POCCUHU

Cmanyusa noseonum ymunuzuposams omxoobl J1eCONUNIbHO20 3A600a Olisl IKOJIO2UYECKU YCMOU-
YUB020 NPOU3BOOCMBA MENIOBOL U INEKMPULECKOU IHEPSUU.

Metso mnocraButr OOO «buosHepreTuyeckass KOMITaHUS»
KOMIUICKTHYIO, pabOTaloIyi0 Ha Oromacce TemIo3JIeKTPOCTaH-
uto B CeikThiBKap, Pecyonuka Komu, Poccusi. 3amyck 3a ma-
HupoBaH Ha 2014 rox. CTouMOCTh 3aKa3a He pas3riamaercs.

[TocTaBka Metso OyneTr BKIOYaTh 00OpPYIOBaHUE U YCIYTH
TEXHUYECKOT'O KOHCYJIbTHPOBAHUS MO MOHTAXY, IIyCKO-HaJaIKe
1 00y4deHnt0. B 00beM NOCTaBKU BOMAYT JIGHTOUHAS CYILIUJIbHAS
yCTaHOBKa M cucTeMa aBromaTuzauuu Metso. Terutosnekrpo-
CTaHIUA MOLIIHOCTBIO 4 MBT'5 OyzieT yTHIN3UPOBATh KOPOJAPE-  Temmomocus eEuo Mpeiimy. ©
BeCHbIe OTX0JibI CBIKTBIBKAPCKOTO JICCOMMJIBHOTO 3aBojga u MW FPower
npouyro Omomaccy. DIeKTpOodHeprusi OyeT pacrpeaesiThes 1o
MECTHOM CETH, a TEILI0O — HCIIOJIb30BAaThCA B JICHTOYHOU CY-
HIMJIBHON YCTaHOBKE.

Paboraromme Ha Ouomacce »dJIeKTpocTaHIMU Biopower
KOMITaHuU Metso MO3BOJISIIOT OBICTPO HANAIUTh MOCTaBKY BO-
300HOBIISIEMON SHEPruM NP MUHMMAJIHLHOM BO3JEHCTBUU HA
oKpyxaromyw cpeny. CraHgapTU3UpOBAHHBIE MOJYJbHBIE YC-
TaHOBKM 00ECIIEUMBAIOT ONEPATUBHYIO JOCTAaBKY M MOHTaX W,
Omarozapsi MOJIHOW aBTOMATU3alUK, MOTYT paboTath 06e3 omepa-
TOpa KPYrjiOCYTOYHO 7 JHEN B HEJENIO.

[TarenToBaHHasA TexHoNOrUs «bHOI'PEUT» M TEXHOJNOrHs CKUTAHHUS B Iy3bIPbKOBOM KHIISIIEM
CII0€ — 3TO MPAKTUYECKHE PEUICHHs Il BHIPAOOTKH YHEPTHH U3 BIAKHBIX JPEBECHBIX OTXOJ0B. BbI-
COKy10 3((HEKTUBHOCTH CrOpaHus U HU3KUHN ypoBeHb BBIOpocoB NOX u CO; IeHAT 3aKa34MKu TETI0-
anektpoctaniyii Biopower n3 'epmannn, @unnsanuu, [Isennn, bensrun, Yexun, bemapycu n Up-
JIaH/IUH.

«MpbI TBep1O yOEKIEHBI, UTO COTPYIHUYECTBO C Metso oOecneunT Hac CPeiCTBOM YTHIM3ALUU
0TX00B ¢ CBIKTBIBKApCKOI'O JIECOMUIBHOTO 3aB0/1a, KOTOPBIE Mbl CMOYKEM HCIOJIb30BaTh Ul IPOU3-
BOJICTBA SHEPTUU. DTO SBJISAETCS OJHOW M3 HACYIIHBIX MpodsieM ais npaBuTenbcTBa Pecriydnnku Ko-
mu. HoBast anexTpocraniust OyaeT mocTpoeHa Ha 0a3e MepeAoBhIX TEXHOJIOTHIA, ¢ MCHOJIb30BaHHEM
HauboJiee COBPEMEHHOro 000pyIOoBaHUsM», — KOMMEHTUpYeT Anekcanap I'mbex, [lepBriil 3amecTu-
TeJIb MMHUCTPA Pa3BUTHsI IPOMBIIIJIEHHOCTH U TpaHcnopTa PecriyOnuku Komu. «JleconumnbHbie 0TX0-
JIbl, KOTOpPbIE B TE€YEHHUE JI0JITOTO BPEMEHU XPAaHWIUCh Ha TeppUTOpUU CBHIKTBIBKAPCKOTO 3aBOJA, Te-
nepb CMOTYT ObITh MCIOJIb30BaHbl B KAaYECTBE TOIUIMBA JJISi HOBOM 3JEKTpOCTaHIMH. JlaHHas MHBe-
CTHIIMS TIO3BOJIUT CO3/1aTh AOMOJHUTENbHbIE Pa0OYNe MecTa U yIyUIIUT HKOJIOTUYECKYIO CUTYAIUIO B
Pecniyonuke Komu», — nobasnsier Anexceit Kprokos, renepanbhbiit gupekrop OO0 «buosnepreruye-
CKasi KOMIIaHUS».

Jis Metso mpHHIMTT POU3BOCTBA SHEPTUH HEMOCPEICTBEHHO B MECTaX €€ MOTPEOJICHHS C UC-
M0JIb30BaHUEM MECTHBIX BO30OHOBIISIEMBIX HCTOYHUKOB CTal OM3HEC - UJIee «IOKAJIbHBIX YHEPreTH-
YecKHX pemeHui». MecTHasi JeleHTpaaIn30BaHHas BhIpAa0OTKA 3JEKTPO- U TEIUIOPHEPTUU Ha OJIHOU
YCTaHOBKE — 3T0 Hanbosiee F3PPeKTUBHBIA CIIOCOO YMEHBIIUTh BEIOPOCHI MAPHUKOBBIX T'a30B B aTMO-
chepy. TermnosnekTpocTaHIIMM TaKOTO THIMA padOTal0T KPYrJIOCYTOYHO 7 IHEW B HENENI0 B TEUCHHE
BCEI0 I'0J1a HE3aBUCUMO OT MOTOHBIX YCIIOBHA.

Cxolda meanmnosnarmpo CimaH L.
S MW Power



buosHepeemuka NnPOU3BOACTBO 58

«/laHHas AreKTpOCTaHIUS SBJISETCS 3HAKOBBIM 3TAllOM B Pa3BUTHH PACIPEICICHHON SHEPreTUKHY,
OCHOBAHHOW Ha OTPOMHBIX POCCHUUCKHMX pecypcax BO300HOBIsieMOi Gromacchl. Mbl CHaCTIMBHI TO-
Moub OOO «buosHepreTnyeckass KOMIIAHUS B OCYILIECTBIEHUN UMH NEPBBIX I1aroB K MOUCKY pellie-
HUN YCTOMYMBOTO PA3BUTHS MECTHOM SHEPIeTUKM», — TOBOpUT aupekTop no Cesepo-Bocrounoit EB-
ponie Martu SIpBHHEH, HallpaBlIeHUE YHEPreTUKH Metso. «YHUKaJIbHOCTh HAllIUX PELIEHUNA COCTOUT B
MIOJTHOTE TIOCTABKH: BCE 00OPYAOBAHUE OT CHCTEMBI TOTIMBOIIOAAYH 10 CHCTEMbI OYMCTKH YXOIAIIUX
ra3oB Oyzer nocrasieHo Metso. HoBast anexTpocTaHius Takxke OyAeT ynpaBisiTbCS CUCTEMOU aBTO-
Maruzanuu Metso», - nosicHser nqupekrop Hukoman /lopomenko, Poccus, HanpaBieHUE SHEPTETUKU
Metso.

JlaHHBII NPOEKT BKJIIOYEH B MOPT(ENb 3aKa30B HANpaBICHUs LEIIIIOJIO3HO-OyMaKHOTO MPOU3-
BOJICTBA 1 3HepreTuku Metso B yerBepToMm kBapTaie 2012 rona.

MUHUCTEPCTBO pa3BUTHs MPOMBIIIJIEHHOCTH M TpaHcnoprta Pecnybonuku Komu ocymiecTBisieT
BHEJpEHHE Iporpamm pa3BuTHs B peruone. [Ipoekt paboratomield Ha OGuomacce 3JIEKTPOCTaHLIUU
«buosHeprernueckoil KOMIaHUW» BXOJUT B OJIHY U3 MPOTrpaMM U 001a/laeT CTaTyCOM NPAaBUTEIbCT-
BEHHOM Ba)KHOCTH.

00O «buosHepreTnyeckass KOMIaHUA» ABJISIETCSA MOCTABIIMKOM U IIPOJABLIOM 3JIEKTPOIHEPIHH B
Pecniybnuke Komu. [Ipeanpusitue umeeT oOmMpHBIE MJIaHBI [0 UHBECTUPOBAHUIO B PETUOHE.

[Tpodeccronansr Metso crienuanu3upyrOTCsl Ha TEXHOJOTHYECKUX PEIIEHUAX JUISl LIeJUII0JI03HO-
OyMa)KHOU MPOMBIIIJICHHOCTH U SHEPreTuku. Hapsiay ¢ HOBBIMH MTPOM3BOACTBEHHBIMU JTHHUSMU «I10]T
KITIOY» KOMIIAHUsI MPEOCTABIIAET YCIYTH IO MOAEPHU3ALNUUA 000pYI0BAHUS M OCYILIECTBIISET MOJTHOE
CepBHUCHOE OOCTYy)KMBAaHME HA MPOTSHDKEHUH BCErO CPOKa SKCIUTyaTallld, BKJIIOYAs MOCTaBKY 00s3a-
TEIBHOTO KOMIUIEKTA /Il PEMOHTA U T€X0OCTyKUBAHUS 000PYI0BaHUSI.

www.metso.com/pulpandpaper, www.metso.com/power, www.twitter.com/MetsoPulpPaper

Metso — r00anbHBIN MOCTABIIUK TEXHOJIOTUN W YCIYr Ui HE(QTSIHOW, Ta30BOM, TrOpHOI00BI-
BAaIOILIEH, DPHEPreTUUYECKOM, CTPOUTEIBHOM, LEJUTIOJIO3HO-OYMaKHOW M Jpyrux oTpacieil. Cbiiie
30 ThICSY cIIEUANMCTOB Kopnopauuu padoTaroT Oosiee yem B 50 cTpaHax, mpeiaras KJIMEHTaM BO
BCEM MHpE 3KOJIOTUYECKH YCTONYMBBIE U MPUObUIbHBIE penieHus. OKuaaiTe pe3ynbTaToB.

WWW.metso.com, www.twitter.com/metsogroup

http://ins-news.com/ru_RU/100/878/2113/

Hoamucsw 1: Texnonorus «buol'pelity. © MW Power

Hoanucek 2: Cxema temnoanekrpocranuuun. © MW Power

JlJ1s1 mos1y4yeHus1 J0MOJIHUTEeIbHOM HH(POPMALMH, 0KATYIHCTA, CBSIZKUTECH C:

Huxonai Jlopowmenko, Iupekrop, Poccus, Temnosneprerrka, HanpaBieHUE dHEPTeTUKHU, MeTco,

ten. +7 985 222 34 74.
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KRASNOYARSK

BbICTABKA JEPEBOOBPABOTKU U
OBOPYOOBAHUA

B 2012 roay BbicTaBka cobpana 165 akcnoHeHTOB
n3 18 ctpaH n 10 000 noceTuTenen, N3 KOTOPbIX
bonee 70 % - cneunanucTbl OTpacnu.

KpacHosipckuin kpav obnagaet kpynHenwmnmm B Poccun necockipbeBbiMn pecypcamm (7,8 mnpa Ky6. m,
nnn 9,4% obuwepoccunckoro 3anaca neca), pecypcbl no NOPOAHO-KAa4YeCTBEHHbIM XapaKTepucTukam
OTHOCATCS K Ny4wnm B Mupe. 9 NPUopUTETHBLIX MPOEKTOB B 06acTn OCBOEHUS NIECOB peanuayrTca Ha
TeppuTopun Kpas, cpeau Kotopbix BboryvaHckui JIMK, neconpoMbllUfieHHbIM KoMMneke «AHrapa
Menna», EHuncenckmn daHepHbln KombuHaTt, pacwwupeHue Jlecocubupckoro JIOK Ne 1,
HosoeHucencknn JIXK, cosgaHue pgepeBoobGpabaTbiBatowero npoussoactea «MekpaHy,
mModepHu3auma neconepepabartbiBatoliero komnnekca B EHucenckom pawnoHe rpynnon «Mantar»

r. KpacHosipck, yn. ABmatopos, 19,

MB,D,L'. «CI/I6VIpb)), Ten.: 22-88-616 OpraHu3atop: HOC%I'/ID'LGLEI/IPTK?M
expodrev@krasfair.ru '
www.krasfair.ru

[eHepanbHbIN OduumansHoe CneumnanbHbIn Crpaternyeckui Crpaternyeckum
MHPOPMaLVIOHHbIN NapTHep: 13AaHVie BbICTaBKU: napTHep BbICTaBKW: MNHTEPHET-NapTHep BbICTaBKM:

AECTPOM ;, IEIENERI i\ vyt

VHdopMaLvoHHas noanepxka: BRI 037 6 ey
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PONSSE BUFFALO

KoHTaKTbl permoHanbHbIX MapTHEPOB B
Poccun n Pecnybnnke Benapycb cmoTpute
Ha canTe www.ponsse.com

ﬂgl-IUJVII7I NMOMOWHMK HA /1eCO3droToBKAX
wWww.ponsse.com



