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BHOJIOTMYECKHE HAYKH / BIOLOGY
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Benepuukos K.E.!, Byxapmia H.JL%, 3arpe6un E.A.°
'Kanaunat 6HONOrMYEcKuX HayK, 2IOKTOP GHONOTHYECKHX HAyK, *MarHCTPaHT
®I'bOY BO «YamypTckuii rocy1apcTBEHHEIH yHUBEPCHTET,
UCIIOJIB30OBAHHUE OTXOA0B AEPEBOOEPABOTKH JJIA NIOJNYUYEHUA TOIIJINBHBIX T'PAHYJI
Annomayus
Ha cecoOnawHuii  MOoMeHm NpOKMUYHGIM U IKONOZUHHBIM  DeuleHueM AGNAEMCA  UCRONb306AHUE  OMXO0006
Oepesoobpabomkuy 018 yeneii 8 MONTUBHO-IHEP2EMUYECKOI NPOMBIUIEHHOCIY 6 KA4eCcmee 3KOHOMUYHO20 U OOCMYRHO20
cbipba. B pabome paccmompenvl 60NpOCHI COOPIUCAHUA IKCIMPAKMUBHBIX Bewjecme 6 omxo0ax 0epeeoobpabomKu ¢ yenvio
nonyueHus MOnueHoIx 2pawyr. Tak Kkak UMeHHO Om COOepICaHus CMOAbl (U3GNEKAEMAR NpU  IKCMPASUPOSAHUU
OP2AHUYECKUMY KUCTOMAMU U3 OpPeBeCuHbl XBOUHbIX) 8 Cbipbe 3a8ucum Kavecmeo monnueHvix epanyn. Llenvio dannoti pabomu:
AGNACMCA OYEHKA COOEPICAHUA CMONbL 8 OmMX00ax Oepeeoobpabomku, Kax akmop enuAlwuil HA KAYecmeo MONTUGHBIX
2panyn.
KnoueBbie ciioBa: nepesonepepaboTka, yTIIH3ALHA, NEIETH], CMOa.

Vedernikov K.E.! 3 Bukharina LL.2 7 Zagrebin E.A.°
'PhD in Biology, “PhD in Biology, *graduate student
FSBEI of HE "Udmurt State University"
USE OF WOOD WASTE FOR THE PRODUCTION OF FUEL GRANULES
Abstract
At the moment, a pragmatic and environmentally friendly solution is the use of wood processing waste for fuel and energy
industry as an economical and affordable raw material. In this paper, the issues of the content of extractive substances in
wood processing wastes were considered with the aim of obtaining fuel pellets. Since the quality of the fuel pellets depends on
the resin content (extracted by organic acids from coniferous wood) in raw materials. The purpose of this paper is to estimate
the resin content in wood waste, as a factor affecting the quality of fuel pellets.
Keywords: wood processing, recycling, pellets, resin.

3ar0'rom<a JpEeBECHOro CHIpbA M AalbHellnas €€ mepepaboTka ¢ uenblo obecneueHHs ofllecTBa U3LSMMAMH U3
JIpEBECHHBI AKTyaJlbHa M B HacTosuiee Bpema. PasBuTHe M BHeOpeHHE HOBBIX TEXHOJOTHH H TEXHHKH
nepesoobpaboTkn M AepeBO3aroTOBKH MO3BOJIAIOT NOBBICHTE 3(EKTHBHOCTH JlecHON mnpoMmeluuieHHocTH. Ho naxe mpu
UCTO/Ib30BAHHH HOBBIX TEXHOJIOTHI, MOMHMO OCHOBHOH npoaykuuH, o6pasyrwrcd Gonbuine 06GBEMBI APEBECHBIX OTXOIOB.
Takue 0TX0AbI HE ABNAIOTCS TOKCHUHBIMH, OJJHAKO MOTYT BBI3BIBATh HAPYWIEHUS B FMAPOJIOTHM MOYB, ABJIATHCA HCTOUHHKOM
pacnpoCTPaHEHHUA MATOreHHLIX Opraiu3MoB. Ho ¢ apyroii cTOpoHbl aHHbIE OTXOABI MOTYT OBITH MCIIONB30BaHbI 1)1 MOXYYEHUA
(U3HOAOrHHECKH aKTUBHBIE BELLECTB, C LSO MOJYYEHHs IHEPrHH, MeBGeH M KOMITO3UTHBIX MatepHanos [6, C. 10-40].

JoCTaTOYHO MPAKTHYHBIM PEIICHHEM ABJAETCA HCHOJb30BaHHE [PEBECHBLIX OTXOHOB B TOIUTMBHO-IHEPreTHUYECKOMH
CEKTOPE B Ka4yeCTBE JKOJIOTHYHOrO M [EIUIEBOTO ChipbA. Yalle BCero MAET pevyb O TOIUIMBHBIX OpHKeTax W TOTUIMBHBIX
rpanynax (nmeanerax). IIpuMEHATCA NeJieThl B OCHOBHOM KaK TOIUIMBO VIS CNICUMAJHM3MPOBAHHEIX KOTJIOB pasfIMuHOM
MOLUHOCTH (3nekTpocTaHuuy, TOL 1 Wi OTOMIEHHUS YaCTHBIX JOMOB).

TonnueHele rpaHyfbl (MEJUIETBI) ABASIOTCA OOHHM M3 CaMBIX DJKOJOTHYECKH YHCTHIX BHIOB TOIUIMBA, TaK Kak
M3rOTaB/MBAIOTCS OHH M3 PAaCTUTENBHBIX OTXOA0B 6€3 UCNONB3OBAHHA XMMHYECKHX CBA3YKOIHX. Elle OIUH BaXHbIH acmeKT
UCTIONb30BAHWA OTXONOB AepeBOOOPabOTKN B KAYECTBE SHEPTETHYECKOTO CHIPbA — 3TO 3KoJoruyeckas GesonmacHocts, [pu
CKMIaHUW TONJIMBHBIX TPaHyJi HE MPOHMCXOAWUT IMHUCCHM MAPHHKOBHIX ra3oB B aTMocdepy, B OTIHYHE OT HCKOMAeMBIX
yraesonoponos [2, C. 3-10], [7, C.1426-1436], [8, C. 2634-2639}, [9, C. 151-159], [10, C. 514-516].

B nocneanee Bpema HanGonee NepcneKTHBHBIM CIIOCOGOM MCNONB3OBAHMS APEBECHBIX OTXOIOB 3TO MOJYYEHHE U3 HHX
TOIJIMBHBIX TpaHya — mejner. Ha cBoiicTBa messieT 0oJibIIOE 3HAUEHHE OKa3blBAET KAauyeCTBO CHIPhA, M3 KOTOPOTO MX
npousgoaaT. B kauecTBe ChIpBA IS TPOM3BOACTBA NENIET B OCHORHOM HCMONB3YIOT OTXOMAbI TBEPHOIHCTBEHHBIX M
MATKONIMCTBEHHBIX MOPOA, HO MpW 3TOM HE PEKOMEHIYETCS MCNONb3OBATH OTXOABI XBOHWHBLIX PACcTEHMil H3-3a BBICOKOTO
coaepxkanns cMolibl. CMOMBI 3TO Pa3HOPONIHAA CMECH CMOJIHBIX KMCJIOT, KMPHBIX KHCIIOT, 3(HPOB 3THX KHCIOT, CIIMPTOB,
BOCKOB M PE3€HOB, ABAAIOTCA GOsiblUeH YacTelO B BHAe aMOPOHBIX Macc, MPH HarpeBaHHUM CIUIABJIAIOTCH, FOPAT KOMTAIIMM
naamedem [3, C. 4-30].

OnHako B CBA3H C TEM, YTO B OCHOBHOM nepepa60TKa JAPCBECHHEI B P® Beaerca HMEHHO XBORHBIX l'lOpO).I, BCTaCT BOMpOC
HCTIONB30BaHKUE NOJOOHEBIX OTXOMOB.

Lenbto Hawei paGoThl sBISETCA OLEHKA CONEPKAHHS CMONBI B OTXONAX AEPeBOOGPaGOTKH, Kak (akTop BIMAIOLMIA HA
Ka4yeCTBO TOTUIMBHBIX FpaHy/.

lins onpeneneHns CONEpKaHUS CMOJBI B OTXOIaX NEPEeBOOGPAGOTKM HAMM MCIIONB3OBAINCH OTXOB! Y3KO JICHTOYHOH
TIHJIOPaMbl W B Ka4€CTBE CPABHEHUA MEJUIETBI MapKU A, T/le B KAYeCTBE Chipbsl MCMOJb3YIOTCH OTXOAbI U3 CMEIIAHHBIX
nopoa apesecunsi [2, C. 10].

BrakHOCT 06pasioB onpenenanack B COOTBETCTBHU cTanAapra ANSI/ASTM D 1102 [S, C. 71-72]. AHanu3 npoBORWIH
METO0M BBICYLIWBAHWA HaBeCKH onui (0kono 1 r) B cymunbHoM wkady npu temnepatype 103°C.

OTHOCHTENBHYIO BIAXHOCTH APEBECUHDI, %, PACCUMTHIBAIOT MO GOpMyJIe

m —-m
w=—""2 100,
ml -m
rac m - Macca nycToro 6!0KC21, rp; m; - macca 6mkca C HaBecKoit a0 BbleluldBaHMﬂ, rp; my — Macca 6}01(03 C HaBecKoM
nocne BRICYLLIMBAHHA, p.

61



Mexcoynapooneiii nayuno-uccnedosamenvcxuil xcypuan * Ne 11 (65) = Hacme 3 = Hosbpe

B nocnenyiommx pacyerax HCHosb3oBail koapduunert cyxoctd (K.,y).

ConepxkaHne cCMOJNbBl B OTXOJax OMNpejessid METOAOM JKCTparHpoBaHus B annapate Cokciiera CIHPTOTONYOJbHOM
cMechto. O6pa3Libl ApEBECHHEI SKCTParupoBaTUCh B TeueHHe 4 u. [Tocie 3aBepiueHNs IKCTParnpoBaHHA pacTBOP NEPEIHBATH B
konby (NMpeABapHTENbHO BBICYLIEHHYIO OO MOCTOSHHOW Macchl). 3aTeM OTTOHAIM PacTBOPHTENb M HOCHE 3TOro konby c
H3BNEYEHHBIMH BELIECTBAMHM CyLIMAH npH Temnepatype (103+2)°C no nocTosHHON MacChL.

ConepxaHHe 3KCTPAaKTHBHBIX BewlecTB (% K abCOMIOTHO Cyxoif ApeBecHHE), pacCuMTayM mo (opMyse npHBENEHHOH
HUKe:

E=-""" 100,
gxKoyx.

rae m; — macca konGel CO cMONo#, rp.; T — Macca MmycToil konbsl, Ip.; g — Macca BO3AYIIHO CyXOi HaBECKH APEBECHHEI,
p.; Keyx — k03 puLMEHT cyxocTH.

Maremaruueckyto 06paboTKy AaHHBIX NMPOBENW MPH MOMOIUHM IAKETa CTATUCTHMYECKUX mporpamm Statistica 6.0, meton
onucaTenbHON CTaTHCTHKH.

Jlas onbita 6bUIHM NMPOaHANM3UPOBAHB! OTXOABI C ABYX mHiopaM. Tun mumopambel — y3KOJEHTOYHasd, MapKa MHIOPaMBI
«Tira». O6pazeu Nel — oTxoapl pacKpAXKEBKH H PACITUIIOBKH ey, o6paselt Ne2 — OTXOABI PaCKPAKEBKH H PACIHIOBKH €M H
ocHHbl, obpazen; Ne3 — rotoBele nennersl. JlaHHbIe HCCTeNOBaHHUS NPUBEAEHDI B Tabnuue 1.

Tabanua 1 — AHanu3 o6pa3LoB XBOAHBIX MOPOA U MENNET

Ne obpasua Conepxanue cMonbl, % OTHOCHTENbHAA BIIAXKHOCTD, %
1 2,30+0,17* 4,77+0,20
1,55...3,05 3,89...5,64
2 0,73+0,23 3,9340,12
-0,27...1,54 3,42...4,45
3 14,13%1,07 5,60+0,35
9,52...18,74 4,11...7,09

* [Tpumeuanue: unmepean ons cpedHe20 3HAYEHUS, npu YpoeHe docmoseprocmu 95%.
P P

BAaxHOCTb NPEBECHHBI HMMEET Ba)KHOE 3HAYEHHWE, TaK KaK HMEHHO OT COAEpXKaHUA BOABI 3aBHCHT TNPHIOAHOCTD
JpeBecHHbl K TOH WNM WHOW TexHonmornueckoil onepauud. (Hanpumep, Ons CKJICHBAaHHA, NMpPH HPOM3BOIACTBE TEIUIET,
ONTHMANIbHAR BJIAXKHOCTB JO/KHA COCTABIATh 4-6 %, yCYIIKa ApeBEeCHHEI HAYMHAETCS MPH OTHOCHTENBHON BNKHOCTH MeHee
30%u . n.)[1,C.259-260].

BrnaxHocTe uccnenyeMbix o6pasuoB BapeHpyeT or 4,77% nmo 7,09%, XOTA cCpedHHE 3HAYEHHMS OTJIHYAIOTCH,
CTaTHCTHYECKH AOCTOBEPHBIX pa3iuuuit Mex Ty obpasuaMu He BbIABIeHO. [10 nuTepaTypHBIM OaHHBIM [7, C. 1426-1436], [8,;
C. 2634-2639] oTHOCHTENbHAs BIIAXKHOCTD APEBECHHBI U1 CKIICUBAHUA B NEJUIETH HAXOAUTCA B Mpeaenax ot 4-6%. C yueTtoM
HAIUMX AHANK308, O0Opasibi OKa3aquCh ONTHMANBHBI MO OTHOCHTENBHON BAAKHOCTH M HE TPeGYIOT TAKOTO dHEPreTHYECKH
3aTPaTHOrO MEPONPHATHS, KaK JOBEIEHNS O ONTHMANBHON BNXHOCTH, THGO CyIKH,

B pesynbrate ananuza o0paslioB Ha COAEpHKAHME CMOJBI BHIABIEHO, 4TO0 B ofpasue No 3 (roToBble MeEMmIEeTs) CMOJIBI
noctoBepHo Boiwe (14,13%), uem B obpasue Ne 1 (2,30%) u B o6pasue Ne 2 (0,73%). Bricokoe cofmepxaHHe CMOJBI B
NeIIeTax MOKET OBITE OGYCIIOBAEHO TEM YTO, 334aCTYIO NPOU3BOANTENH NE/UIET HCMOMb3YIOT B KAYECTBE ChIPbs APEBECHHY HeE
auctBennbiX nopod (Gepesa, my6 u Ap.), a OTXOIBI JIECOMPOMBIIEHHOrO MPOWU3BOACTBA, rae obpabarbiBaiotrca Gosee
XO34ACTBEHHO LIEHHBIC XBOIHBIE NOPO/ALI (€1b, COCHA, THCTBEHHHLA).

Takum obpasom, Takue MEAEThl HE PEKOMEHIYIOTCS MCIHOJB30BAaTh B KAYECTBE TOIUIMBHBIX [PaHYJ, TaK KaK BBICOKOE
colepiarie CMOJIbl MOXET MPHBECTH K HAKOTJICHHIO KOTIOTH B KaMepe CropaHHs NeJUIETHLIX KOTJIOB, YTO B HTOTE NMPUBOAWT K
BbIXOAY M3 CTPos aBTOMATHKU. [loaoOHBIE MEJIETBI MOryT HCHOMB3OBAaThCA TOJBKO B KaueCTBE THIPOCKOMHYECKOTO
Marepuana.

Metibluie 8Cero comepkaHue CMOMbI BhIABIEHO B 06pasue Ne2 (0,73%). Hanubiii oGpasew npeacTaeaser coboil oTXopl
nepepaGoTKM XBOHHBIX M JIMCTBEHHBIX MOPOA. DTO FOBOPHUT O TOM UTO, B KAYECTBE ChIPEA IS U3TOTOBJICHHS MEJUIET MOXKHO
HCTIONIE30BATh OTXOAB! PACMMIIOBKHM XBOWHBIX NOPOJ, HO ¢ N0GaBeHHEM JIMCTBeHHBIX. [T0A0GHBIH NPHEM MO3BONNT CHH3UTE
COACPAHHE SKCTPAKTUBHBIX BELIECTB (B NMEPBYIO OYEpelb CMOMBI) B ChIPbe, MO3BOJUT BOBJIEKATH B OGOPOT OTXOHBI
nepepaGoTku XBOHHBIX MOPOA KOTOPbIE JiekKaT HeBocTpeGoBaHHbIM GawiactoM. JloGasieHHe B CHIpbE OMHI M HIENBI
JICTBEHHEIX NMOPOA MO3BOJIMT HAUOOMEE MONHO HCMOJB30BaTh HUIKOCOPTUMEHTHOE ChIphe MAJIOLEHHBIX MATKOJIHMCTBEHHBIX
TNOPOA, KOTOPOE B HACTOALICE BPEMS OCTACTCA B BUIE OTXO/IOB HA JIECOCEKAX, ABMAACH MCTOYHHKOM BO3HHKHOBEHHS MOXAPOB
M PacfipoCTPaHEHHUs MATOreHHBIX MHKPOOPTaHH3MOB.,

[Nocnenyrowmne uccnea0BaHHs NMO3BONAT BBIABHTE ONTHMAJIBHOE NPOLEHTHOE COOTHOMICHHE OTXONOB XBOHHBIX H

JIUCTBEHHBIX [10POA NP M3TOTORJIEHHH TOILIMBHBIX FPAHY.L.
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