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B pabore npuBeieHbl pe3yNbTaThl HCCIIEI0BAHHUI MIPOIIecca IPECCOBAHMS JPEBECHBIX rpaHyll. PaccMoTpeHo u3-
MEHEHHE MOIYJIS MPOAONIBLHOI ynpyroctu (Moayns KOHra) npu pa3iuyHOM JaBJICHHU [IPECCOBAHUS B 3aBUCHMOCTH OT
TEMIIepaTyphl HarpeBa, BIAXKHOCTA M (PPAKIMOHHOIO COCTaBa APEBECHBIX OMWIOK (IIUXTHI). B mpoBeleHHBIX paHee
HCCIIEIOBAaHMSX ONpENeNeHbl 3aBUCHMOCTH MOJYJIS YIPYTOCTH OT BHEITHHMX (D)aKTOPOB IJISl APEBECHOCTPY)KEUHBIX U
JIPEBECHOBOJIOKHUCTHIX TUINT, U3TOTOBJICHHBIX U3 M3MENBYEHHBIX JPEBECHBIX YAaCTHIl CO CBA3YIOUIMM. B paborax pas-
JIMYHBIX aBTOPOB MMEIOTCSI OTAENbHBIE JaHHBIE O 3aBUCUMOCTH BEJIMYMHBI KOHEYHOH TUIOTHOCTH M KadecTBa CIPECCOo-
BaHHOW IpaHyINbl OT Moay/st FOHra cripeccoBaHHOW JPEBECHON MIMXTHI B KaHAJIaX MaTPUIbl IIHIMHAPHIECKONU (POpMBI.
[Tpu 5TOM BOIMPOCHI O BIMSHUU JABIICHUSI IPECCOBAHMS B 3aBUCHMOCTH OT TEMIIEPATYphl, BIAKHOCTH U (PPaKIIMOHHOTO
COCTaBa IMUXTHI Ha BEIWYMHY MOJIYJSI MPOJOJIBHON YHPYrOCTH CIIPECCOBAHHOW IPEBECHOW IMUXTHI 0€3 CBA3YIOLIMX
H3ydeHbl HelocTaTo4Ho. [y onpeneneHus MOIYJs YOPYTOCTH CIIPECCOBAaHHOM IpeBEeCHON IIMXTHI CO3AaHa 3KCIepu-
MEHTaJIbHasl YCTaHOBKA. B kauecTBe 0a30BOIT CXeMBI IPOBEACHUS SKCIIEPUMEHTOB BBIOpaHa MOJIeNb Jie(opMaIlMOHHOTO
CKaTHs APEBECHOM MHMXTHI B (QMIIbepe MaTPHUIIbI HWIMHIPUYECKON QOopMBI. [ MIMXTHI pa3audHON (pakIuy U3 IpeBe-
CHHBI €T, COCHBI U Oepe3bl BBHINOIHEHO 3KCIIEPUMEHTAIbHOE ONpeIeieHHe MOMYJIS MPOAOIBHON YIIpyrocT. Ycuime
IpeccoBaHus MMXTHI BapbupoBaiock ot 100 no 300 krc. B pe3yibpTaTe MpoBeeHHOT0 HCCIIEI0BaHUS YCTAHOBIIEHO, YTO
3aBUCHMOCTh MOJYJISl YIPYTOCTH JIPEBECHBIX I'PaHyNl OT YCHIJIMS MPECCOBaHMS JIMHEHHas; A CIPeCCOBAHHOU JpeBec-
HOU MUXTHI ipu pabounx marieHusx 100-300 xrc¢ B mpecc-rpaHyisTope Monyis FOHra msmensercs B npeaenax 600-
1500 MIla; Temnepatypa ImpeccoBaHUs OKa3bIBAET CYLIECTBEHHOE BIMSHUE HAa BEIMYMHY MOAYJS YIPYTOCTH NPH 3HAa-
yeHusx 10 100-102 °C, nanpHeiilee NOBBIIEHHE TEMIIEPATyphl HE BHOCUT 3HAUMMBIX U3MEHEHUI; MpU IpecCOBaHUHU
JIPEBECHOW MIMXTHI BO3HUKAIOT ITPEUMYILIECTBEHHO yNpyrue JAedopMannm; n3MeHeHne (pakHOHHOTO COCTaBa M BIIaX-
HOCTH JPEBECHOM IMUXTHI Ha MOMY/b FOHra BIUsieT B MEHBIIICH CTETEHH, YeM TeMIlepaTypa; KauecTBO JPEBECHBIX Ipa-
HYJ CHID)KAeTCsI TIPU BJIAXKHOCTH IpeBECHON MUXTHI 6 % U MeHee.

KarwueBsbie cioBa: ynpyro-nedopMalMoOHHasi XapaKTepUCTHKA, MOIYJIb MPOJIOJIBHON YIPYTrOCTH, ApPEBECcHas
LIMXTa, JABJICHUE PECCOBAHMUS, TIPECC-TPAHYIATOD, (GHIbEPA, IPEBECHBIE TPAHYIIBL.
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Abstract

The paper presents the results of studies of the process of wood pellets pressing. The change in the modulus of longitudi-
nal elasticity (Young's modulus) at different pressures depending on heating temperature, humidity and fractional composition of
sawdust (charge) is considered. In previous studies, the dependences of the elastic modulus on extemal factors for chipboard and
fiberboard made of crushed wood particles with a binder are defined. In the works of various authors there are separate data on
the dependence of the magnitude of the final density and quality of compressed granules on the Young's modulus of compressed
wood mixture in the channels of cylindrical matrix. At the same time, questions about the effect of pressing pressure as a function
of temperature, humidity and fractional composition of chips on the magnitude of the modulus of the longitudinal elasticity of a
compressed wood mixture without binders have not been studied sufficiently. An experimental setup has been created to deter-
mine the elastic modulus of compressed wood mixture. The model of the deformation compression of the wood charge in the
filler of a cylindrical matrix has been chosen as the basic scheme for conducting experiments. An experimental determination of
the modulus of longitudinal elasticity has been performed for the mixture of spruce, pine and birch wood of various fractions. The
pressing force of the charge has varied from 100 to 300 kgf. As a result of the study, it was established that the dependence of the
elastic modulus of wood pellets on the pressing force is linear one; for compressed wood mixture at operating pressures of 100-
300 kgf'in the press granulator, the Young's modulus varies within 600 - 1500 MPa; pressing temperature has a significant impact
on the magnitude of the elastic modulus at values up to 100-102 °C, a further increase in temperature does not make significant
changes; when pressing the wood charge, predominantly elastic deformations occur; the change in the fractional composition and
moisture content of the wood mixture affects the Young's modulus to a lesser extent than the temperature; the quality of wood
pellets decreases when the moisture content of wood mixture is 6 % or less.

Keywords: elastic-deformation characteristic, modulus of longitudinal elasticity, wood charge, pressing pres-
sure, pelleting press, spinneret, wood pellets.

MO}:[yJ'IB HpOZ[OJ'ILHOﬁ YOPYrocTu SBJIAACTCSA OAHHUM MpeCcCoBaHusd, TEMIICPATYpPhbl, BJIAXXHOCTH MaT€puaia H

W3 XapaKTepHBIX TOKa3aTesIeH, OMpeNessIoNNX KaueCTBO
CIIPECCOBAHHBIX JPEBECHBIX IpaHyil. Jis ommcanus mpo-
Iecca TPECCOBAHHUS APEBECHOM IMIMXTHI B IIHIHHIPHYC-
CKOM KaHaJIe MaTPHUIIBI C TIOMOIIBI0 MaTEMATHIECKOH MO-
Jienu npuHAaTo [1, 3, 4, 5], 9TO TUIOTHOCTH CIIPECCOBAaHHOM
JIPEBECHOM IMXTHI M HEMOCPEACTBEHHO CBA3AHHOC C HEH
KauyeCTBO TPAHY/Ibl OMPEACISICTCS BEIAYHMHON MOMYIISA
IOHnra. B TO ke BpeMs B JOCTYIHBIX UCTOYHHKAX HEIOCTa-
TOYHO JAaHHBIX O 3aBUCHMOCTH MOIYJIS YIPYTOCTH CIIpec-
COBAHHBIX JIPEBECHBIX IPAHYN OT BHEIIHHMX (DAaKTOPOB Ta-
KX KaK TeMIIepaTypa, BIAKHOCTh MaTepuajia M pasMmep
¢bpakun.  T103TOMy IENBIO HACTOAIIMX HCCIICIOBAHMIA
SIBJISICTCS onpeaesnieHre Moayist FOHra JpeBecHBIX TpaHyIT

1 YCTAHOBJICHHUC BJIMAHUA Ha MOIAYJIb YIIPYI'OCTU YCWUIIMA

(bpaKIMOHHOTO COCTaBa CIPECCOBAHHOM IIMXTHL.
JlpeBecrHa pa3NUYHBIX TOPOJ, SIBJISTIOMIASCS WC-
XOJIHBIM CBHIPBEM ISl U3TOTOBJICHUS TPaHyl, COCTOUT U3
nesuTros1o3bl (40-50%), murauHa (16-33%), reMHUIIeITIono3
(15-30%), aKCTparupyeMbIX BEIIECTB M HEOPraHMYECKHX
nipumeceit (1-2%). JIMrHUH SIBJIsIeTCs CBSI3YIOIMM ApeBec-
HBIX YaCTHIl CIIpeccoBaHHBIX Tpanyn [10, 11]. Amresus
MEJIKUX JPEBECHBIX YacTHI] B KaHaJle MaTpHIBI Ipecc-
TPaHyJISITOpa MPOUCXONUT 32 CYET aKTUBAIINH JIMTHUHA TI0]T
JIEHCTBIEM JaBJIeHWsI U TeMriepaTypbl. B mporiecce mpec-
COBaHUsI JPEBECHasl IHMXTA HATPEBACTCS W JIMTHHH, TIepe-
XOJIS1 B BEICOKORJIACTYHOE COCTOSTHUE, OCBOOOXK/IACTCSI U3
KJIETOK JpeBecHHbL. [Ipy MOHKEHNH TeMIepaTypbl Ipo-

HUCXOOUT CTCKJIIOBAHWC JIMTHWHA, U OH CBA3BIBACT OTACIIb-
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HbIE YaCTHIIbI IHXTHI B IUIOTHBIE JAPEBECHBIE TPAHYJIbL.

JIuranH — aMopQHBIA TEPMOIUTACTHYHBINA TOJAMED.
B mponiecce HarpeBaHusi OH U3MEHSIET CBOE peslaKCaIoH-
Hoe coctosiaue [7, 8). st Hero xapakTepHsl TP pefiakca-
LIMOHHBIX COCTOSIHHS: CTEKJI000pa3HOe, BBICOKOINIACTHY-
Hoe U BssKoTekydee. [Ipu HarpeBanuu mo 150 °C nuraun
HAaxXOIUTCS B CTEKIOOOPa3HOM WM BBICOKODIACTHYHOM
COCTOSIHWH. JINTHUH HE UMEET ONpe/IeIeHHON TOUKH IIIaB-
neHnst. OH pa3MsrdaeTcs 1o Mepe TOBBIIICHHST TeMIIepa-
TYphI B IIMPOKOM JAuaria3oHe ot 125 mo 255 °C [6] (mo 190
°C B cyxoii apeecute [7, 9]). Temneparypa pa3MsiraeHus
JIMTHHMHA 3aBHCHT OT JPEBECHOW MOPOIbI, MOJEKYISPHOU
Macchl U CoNlepyKaHust BiIard. J{Jist IMTHIUHOB U3 IPEBECHHEI
eJTM TeMITepaTypa pa3MsTieHHsl P MOJIEKYJIIPHON Macce
M,, pasHoit 85000 cocrasnser 176 °C, a ipu M,,, = 4300 —
127 °C [7]. B npucyrcTBUM BIIaru TEMIIEpaTypa pa3msrde-
HUs cHwKaercs [7]. OmHako 3T0T 3ddekT mposBisercs
TIPY BIKHOCTH MaTepurana a0 2%. JlanbHeiliee noBbliie-
HHE BJIArOCOZIEPKaHMsl HE BIMSIET HA TEMIIEpaTypy pas-
MSITYECHHUS JINTHHUHA.

Kaknomy penakcalioHHOMY COCTOSIHHIO JIMTHHUHA
COOTBETCTBYET OINpeneieHHsl By nedopmammm [7]. B
CTEKII000pa3HOM COCTOSHUM BEJTMYMHA JehopMalyu 1mpo-
MIOPIMOHATbHA 3HAYEHUIO TeMIIepaTyphl. JlpeBecHbIH Imo-
JIMMEp — JIMTHUH B JIaHHOM COCTOSIHMM BEZIET ceOsl Kak
KJIACCHYECKOE TBEPJIOE TENO W MOMUMHSIETCS 3aKkoHy [ 'yKa.
Jlist cTekinoo0pa3HbIX TMONMMEPOB XapaKTEpHbI OTHOCH-
TEJTFHO HEOONBIIHE YIPYrHe AehopMaliy.

[pu TemMneparypax xXapaKTepHBIX JUIsi BBICOKOAJIa-
CTUYHOIO COCTOSIHUS JIMTHUHA €ro ehopMaryst oopatuma.
Monysb ynpyrocTy JIMTHUHA B 3aBUCHMOCTH OT TEMIIEpa-
TYpbl M3MEHSIETCS HE3HAUMTENILHO M HMMEET HeOOIbIIHe
a0OcomtoTHbIe 3HaYeHus. [Ipu 5TOM JIMTHUH Kak BBICOKO-
ANIACTHYHBIA TOJMMEp CHOCOOEH TO/IBEPTraThCsl 3HAYU-
TEJIbHON JehopMalliv CKAaTHS U 00paTUMO PeTaKCUpyeT-
cst. [Ipu nedpopmarpnt JIMTHIHA B BBICOKODJIACTHYHOM CO-
CTOSIHMM TIOJI HAarpy3KOW IIPOMCXOJUT pa3BepThIBAaHUC
CBEPHYTHIX XaOTHYHO LIETTHBIX MOJIEKYIT BemiecTBa. [locie
CHSITUSL HArpY3KH popMa MOJIEKYJIbI JIMTHUHA BO3BpaIlaeT-
Csl B ICXO[JHOE COCTOSIHHE 3@ CUET TEIUIOBOTO JIBKEHHSI.
VYIpyroctb JIMTHUHA B BBICOKOAJIACTHYHOM COCTOSTHUW
WMEET SHTPOIUHHYFO TIPUPOLTY.

JI1s1 OCyIIECTBIICHHST SMITMPUYECKHX HCCIISIOBAHUIM
TI0 OMpEeNeHHI0 3aBUcHMOocTH Moyrisi FOHra ot pasnmy-
HBIX TIApaMETpOB MPECCOBAHMS CO3/1aH HCIBITATENBHBINA
cTeH, OOIMi BU KOTOPOro MpEICTaBlIeH Ha PHCYHKE 1.

Jlecorexunueckuii :xypHaJ 4/2018

Crenn BKITIOYaeT mpecc 1, Matpuily 2 ¢ MWTHHAPUYECKON
¢dwibepoit AuamMeTpoM 8 MM, PEryiIHpyeMbIil HarpeBaTeIb-
HBIH SNIEMEHT 3, TUTYH)KEp C IATYMKOM JaBleHust 4 1 m3Me-
PUTENBHBIA KOMIUTEKC, COCTOSIIIMIA U3 aHam3aropa S5, Tep-
MOIIaphbl 6 ¥ JATYMKA IepeMelleHus] IUTyHKepa 7.

[lpy mnpoBeneHNM WCCIENOBAHUI HCIIONB30BAITH
JIPEBECHYIO IIIMXTY COCHBI, €U 1 Oepe3bl pa3MepoM (pak-
10 0.45, 1 u 2 MM ¢ BnakHocThio 0-20%. [Ipu npose-
JICHUH SKCIIEpUMEHTA IIMXTY MPECCOBAJIN TIPU TEMIIepaTy-
pe 20-150°C. Monynb ynpyrocTu Onpeaesisuiv s IUXThI
MpeIBapUTeNIbHO ToATpeccoBaHHOM ¢ ycunmuem 100-300
krc. [locie mommpeccoBKH K MOMy4aeMbIM TpaHyiaM B
¢unbepe NPHUKIAIBIBAIN KPAaTKOBPEMEHHBIE HArpy3Ku C
uHTEpBAIOM B 40 KrC 10 AOCTWKEHHS BETMYMHBI YCUIHA

NpEABApUTEIILHOIO MMPECCOBaHMA.

Puc. 1. Ctenn yis1 vccenoBaHust Mpoliecca MPECCOBAHMUS

JPEBECHBIX I'PpaHyJl

B pe3ynbraTte NMpOBEACHHBIX HCCIICIOBAHUN yCTa-
HOBJICHO, YTO OCHOBHBIM BHJIOM Je(hopMariny, BO3HUKAIO-
med Tpu BO3ACHCTBHM KPaTKOBPEMEHHOM HArpy3Kd Ha
TIOIIPECCOBAHHYIO IPEBECHYIO MIUXTY B IFTAHIPHICCKON
¢dunbepe, sBisieTcs ynpyras aeopmarms. [locne kpaTko-
BPEMEHHOIO TIPIJIOKCHHS Harpy3kd OOBEM IIOIIPEcCo-
BaHHOM IIUXTHI CTPEMUTCS BOCCTAHOBHTH CBOKO (popMy —
perakcupoBath. VI3MeHEeHHe JUTMHBI TPaHYJIbl OT TIepPBOHA-
YaIbHOIO pa3Mepa Toclie KPaTKOBPEMEHHOM HArpy3KH 10
92% OT BEIMYMHBI YCUJIHS TOIIPECCOBKH COCTABHJIO HE
ooree 0.4% npu mmmHe Gunbepsl S0 MM (puc. 2). s
CpaBHCHHS W3MEHEHHS JUIMHBI TPaHy/l MPU Pa3INYHBIX
YCHIHSAX TIPEIBAPUTEITHHOTO TIPECCOBAHMS 1IEIeCO00pa3HO

175



[epeBonepepadorka. XuMHU4YeCKHE TEXHOJIOTHHU

“O
e

&
%]

1

e
°

r —

1
L
k=)

—
T

[
—_
'S

OTHOCHTE/IbHOEC H3IMEeHEeHHE JIHHEI TPAHY LI, %0
=
K

s
o

0 20 40

60 80 100

OTHOCHTe/IbHAS BeIHUHHA YCHIHA NPpEeCCOBAHHAA, %

OpeABapHTENbHOE CKATHE == ] (0 xrc == 140 KI'C

180 kr¢ =¢=220 kr¢ =—¥—260 krc¢ ——300 KIC

Puc. 2. Xapakrep penakcarui o0beMa MpecCOBAHHOM IPaHyJIbI MOCIE CHIATHS KPATKOBPEMEHHON HATPY3KH
(emp, <1 MM, 15%, 100°C)

UCIIONIb30BaTh OTHOCUTENbHBIE BEMMYMHBL [Ipu moBTOp-
HOH Harpy3Ke IOANPECCOBAHHOW MacChl IIMXTHI C Pa3HbIM
HaYaJIbHBIM YCHWJIMEM YMEHBIIEHUE BBICOTHI IPaHYIbI CO-
crauio 0.4-1.4%.

B pesyinbraTe BccnenoBaHus yCTaHOBIEHO, UTO IIPU
KPaTKOBPEMEHHOM HAarpyKEHHH CIIPECCOBaHHBIX JIpeBec-
HBIX TpaHyl OHHM HpPOSBIAIOT CBOHCTIBA YNPYTOro Tema
(puc. 3) aHAOrMYHO TOMY, KaK BeJleT ce0sl LieIbHast peBe-
CHHa TIPU KpaTKOBPEMEHHBIX Harpys3kax [1, 12]. B nHamiem
Cllydyae 3Ha4YCHHe MOMYIIS YIPYTOCTH UL CHIPECCOBAHHOM
JIPEBECHOH INMXTHI ONpEAENAeTCs BEIMYMHON IaBJICHUSA
Ho/mpeccoBKU. C POCTOM BETMYMHBI YCIIIUS TIOAIPECCOB-
KM BO3pacTaeT HanpspkeHue nedopManiy cxaTis JpeBec-
HOM TpaHyIbL.

Pe3ynbTaThl MPOBEAEHHOIO 3KCIEPHMEHTAIBHO-
IO HCCIIEA0BaHUS MO3BOJIAIOT YTBEP)KAATh, YTO MPOLIECC
(opMUpPOBaHUA JPEBECHBIX IPaHyJ B3aUMOCBS3aH C
TeMIIepaTypoil MPECCOBAHUA U BIAKHOCTBIO JPEBECHOH
muxThl. [Ipu 3TOM MOy HPONONBHOM YIPYrocTH B
OonblIell CTENeHH 3aBHCUT OT TeMIIepaTyphl Ipolecca
IIPECCOBAaHMSA U B MEHbBLIEH OT BIAKHOCTH M pa3Mepa
¢bpakuuy mMXTHL. BenuumHa Momyns  yIpyrocTd
YMEHBIIAETCSl NIPU HArPEBAaHUM IPECCyeMOM IIMXTHI B
nuanazone temneparyp 20-98 °C. Ilpu TemmepaTypax

98-150 °C He oTMeueHO M3MEHEHHE BEIMUMHBI MOAYJISA
IOnra (puc. 4). ®pakIMOHHBINA COCTaB IIMXTHI HE OKa-
3bIBa€T 3aMETHOT'O BIMSHUA Ha MOIY/Ib yIpYyroctd. Mo-
nynab HOHra Taroke He 3aBHCHT OT BIIAXKHOCTH IIpeccye-
MOM JpEeBECHOM WIMXTHl 3a MCKIIOYEHHEM 3HAuYeHHH
BJI@KHOCTH MeHee 6-8 % (puc. 5). IIpu 3TuX 3HaueHHAX
BJIQKHOCTH BEJIMYMHA MOJIYJIS YIPYrOCTH APEBECHOH
rpaHynsl cHkaercss Ha 20-30 %. Jlectpykius apesec-
HOM TIpaHynsl HaOMIOZAeTCsl NMpU BIaKHOCTH 6-8 %,
MOJIHOE Pa3pyYIICHUE HACTYNAeT IpPHU BIaXXHOCTH 2 %.
Cornacio mHenuro Meuna E.JI. Boma cmocoOctByeT
PaCIpPOCTPaHEHUIO JIMTHUHA B JPEBECHOM ILIMXTE U
BIIUSIET HA KaYEeCTBO MpecCyeMbIX Ipanyin [2].

BeiBogsr:

1. DKCIIEpUMEHTAIBHO YCTAHOBJICHO, YTO IIPU
IPECCOBAHUM JIPEBECHON IIUXTHI B (hUIbEpEe BO3HHUKA-
10T IPEUMYIIECTBEHHO YIpyrue aedopMaiuu B clpec-
COBAaHHOM IpaHyIe;

2. 3aBUCUMOCTb MOAYJS YNPYTOCTH OT YCHJIHA
HOAIIPECCOBKU [UI TIPECCYeMOll IPEBECHOM IMIMXTHI
HMeeT JIMHEHHBIN Xapakrep;

3. Bennuuna Moaynsa NpogoiabHON YIIPYTOCTH B
Oonblell CTENeHH 3aBUCUT OT TEMIIEpaTyphl Harpesa
[P IPECCOBAHUH JIPEBECHBIX I'PaHyI U B MEHbLIEH
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Puc. 4. 3aBUCUMOCTb MOJYJISl YIPYTOCTHU IPaHyJIbl OT pa3Mepa (Gpakiuy 1 TeMIepaTypsl IPeccyeMoi IUXTHI (€1b)
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Puc. 5. 3aBrcUMOCTh MOYJISI YIIPYTOCTH T'PaHyJIbl OT BIXKHOCTH M TEMIIEPATYPHI MIPECCYEMO IIHUXTHI (€J1b)

CTENEeH!U OT pa3Mepa (pakMu U BIaKHOCTH IIUXTHI; 3HAYUTEIBHO.

4. TemmiepaTypa HarpeBa JPEBECHOH LIMXTHI B 5. Ilpu mpeccoBaHUM JAPEBECHOH IIMXTHI LIS
IpoIiecce IPECCOBAHUS I'PAaHYNl OKa3bIBAaeT CYIIECT- TIOJYYeHHsI TPaHYJl BBICOKOI'O KayecTBa ONTHMAalbHBI-
BEHHOE BJIMSHHE Ha BEIWYMHY MOMAYJS IPOAOIBHOM MU mapamerpamu sBisirorcst Temrepatypa 100-102 °C,
ynpyrocta 1o 98-102 °C, npu manpHelIIeM MOBBIIIE- BIaxHocTh 10-15 %.

HUU TEMIIEPATYPbl MOAYJIb YIIPYIOCTU MCEHACTCA HEC-

Bub6anorpaguyeckmii cnucox

1. bypoB, A. B. Xumus apeBecunsl u cuHTeTHueckux moiaumepoB [Tekcr] / A. B. Bypos, P. I'. Anues,
E. A. ITaBnosa. — CII0., 2006. — 43 c.

2. UBun, E. JI. I'panynupoBanue apeBecunsl. [IpakTuyeckue U TEOpETHUECKHE OCHOBBI, WM UTO MPOUCXOAUT
BHYTpH rpanynstopa [Tekcr] / E. JI. Bun, B. M. I'nyxoBckuii // buosnepreruka. — 2007. — Ne 2. — C. 64-67.

3. Kocoii, B. JI. UmxenepHas peonorusi 6uorexnonorundeckux cpex [Texcr] / B. /1. Kocoii, 5. . Bunorpamos,
A. JI. Maneimes. — CII6. : THOPT, 2005. — 648 c.

4. Mrwomiep, O. JI. BiausHue mapaMeTpoB TEXHOJIOIMYECKOrO OOOPYIOBaHHMS HA KAYCCTBCHHBIC ITOKA3aTEIIH
npeBecHbIX rpanyi [Tekcr] / O. [. Mromnep, B. . Maneirun, B. K. JIro6os // Jlecuoi sxyprai. — 2012, — Ne 2. — C. 33-43.

5. DKcnepuMeHTaIbHOE ONpe/eieHHe BIMSHUS HAa MOAYJb IOHra JABJICHHs MPECCOBAHUS JPEBECHOH I'paHYJIbI
[Texct] / O. A. Mromep, B. U. Menexos, JI. JI. I'epacumuyk, H. M. Kitomun, T. B. Tropukosa // JlecHO# xypHa. —
2015. —Ne 3. — C. 69-74.

6. Huxutun, B. M. Xumus npesecunnl u uemtronosbl [Texcr] / B. M. Hukutun, A. B. OOGoxeHckas,
B. I1. Illerones — M. : JlecH. mpom-cTh, 1978. — 368 c.

7. Tionenea, E. M. Peonoruueckas monens apesecunsl [Tekcr] / E. M. Tronenesa // XBoiiHble OopeaibHOI
30HBI. — 2008. — Ne 1-2. — C. 179-183.

8. Yrozes, b. H. [IpeBecunoBenenue u ecHoe TopaporeneHue [Tekct] / b. H. Yromes. — M. : Axkagemus, 2006. —
272 c.

178 Jlecorexunueckuii skypuasua 4/2018



[epeBonepepadorka. XuMHU4YeCKHEe TEXHOJIOTHHI

9. Akintunde, M. A. Effect of paper paste on the calorific value of sawdust briquette [Text] / M. A. Akintunde,
M. E. Seriki // Journal of Mechanical and Civil Engineering. — 2013. — Vol. 2. —Iss. 1. — P. 7-17.

10. Odusote, J. K. Production of Paperboard Briquette Using Waste Paper and Sawdust [Text] / J. K. Odusote,
S. A. Onowumab, E. A. Fodeke // Journal of Mechanical Engineering and Technology. — 2016. — Vol. 13. — No. 1. —
P. 80-88.

11. Assessment of a new die pelleting rig attached to a texture analyzer to prodict process-ability of wood
pellets. Power consumption and pellet quality [Text] / C. Salas-Bringas, T. Filbakk, G. Skjevrak, O.-I. Lekang,
R. B. Schiiller // Annual transaction of the Nordic Rheology Society. —2010. — Vol. 18. — P. 87-93.

12. Kuti, O. A. Performance of Composite Sawdust Briquette Fuel in a Biomass Stove under Simulated
Condition [Text] / O. A. Kuti // Department of Mechanical Engineering, Technical Report. — 2009. — Vol. 12. — No. 4. —
P. 284-288.

References

1. Burov A.V., Aliev R.G., Pavlova E.A. Khimiya drevesiny i sinteticheskikh polimerov [Chemistry of wood and
synthetic polymers]. Saint Petersburg, 2006, 43 p. (in Russian)

2. Ivin E.L., Glukhovskiy V.M. Granulirovanie drevesiny. Prakticheskie i teoreticheskie osnovy, ili Chto
proiskhodit vautri granulyatora [Granulation of wood. Practical and theoretical basis, or what happens inside the
granulator] Bioenergetika [Bioenergetics], 2007, no.2, pp. 64-67. (in Russian)

3. Kosoy, V.D., Vinogradov, Ya.l., Malyshev, A.D. Inzhenernaya reologiya biotekh-nologicheskikh sred
[Engineering rheology of biotechnological environments]. Saint Petersburg, 2005, 648 p. (in Russian)

4. Myuller O.D., Malygin V.I., Lyubov V.K. Viiyanie parametrov tekhnologiche-skogo oborudovaniya na
kachestvennye pokazateli drevesnykh granul [Influence of the parameters of technological equipment on the quality of
wood pellets]. Lesnoy zhurnal [Forest magazine]. 2012, no. 2, pp. 33-43. (In Russian)

5. Myuller O.D., Melekhov V.I., Gerasimchuk D.L., Klyushin N.M., Tyurikova T.V. Eksperimental'noe
opredelenie viiyaniya na modul' yunga davleniya pressovaniya drevesnoy granuly [Experimental determination of the
impact on the Young’s modulus pressure of pressing of wood pellet]. Lesnoy zhurnal [Forest magazine]. 2015, no. 3,
pp. 69-74. (In Russian)

6. Nikitin V.M., Obolenskaya A.V., Shchegolev V.P. Khimiya drevesiny i tsellyulozy [Chemistry of wood and
cellulose]. Moscow, 1978, 368 p. (In Russian)

7. Tyuleneva E.M. Reologicheskaya model’ drevesiny [Rheological model of wood] Khvoynye boreal'noy zony
[Coniferous boreal zone]. 2008, no.1-2., pp. 179-183. (In Russian)

8. Ugolev B.N. Drevesinovedenie i lesnoe tovarovedenie [Wood Science and Forest Commodity Science].
Moscow: Publishing center "Academy", 2006, 272 p. (In Russian)

9. Akintunde, M. A., Seriki, M.E. Effect of paper paste on the calorific value of sawdust briquette. Journal of
Mechanical and Civil Engineering, 2013, vol. 2, iss.1, pp. 7-17

10. Odusote J.K., Onowumab S.A., Fodeke E.A. Production of Paperboard Briquette Using Waste Paper and
Sawdust. Journal of Mechanical Engineering and Technology, 2016, vol. 13, no.1, pp. 80-88.

11. Salas-Bringas C., Filbakk T., Skjevrak G., Lekang O.-1., Schiiller R.B. Assessment of a new die pelleting rig
attached to a texture analyzer to prodict process-ability of wood pellets. Power consumption and pellet quality. Annual
Transactions of the Nordic Rheology Society. 2010, vol. 18, pp. 87-93.

12. Kuti O.A. Performance of Composite Sawdust Briquette Fuel in a Biomass Stove under Simulated
Condition. Department of Mechanical Engineering, Technical Report, 2009, vol 12, no.4, pp. 284-288.

Caenenusi 00 aBTopax
Kniowun Hukonaii Muxatinosuu — acimpant kadenpbl TexXHOJIOTUHU JIECO3aroTOBUTENBHBIX U JiepeBoliepepada-
TeIBatoux npousBoncts, ®I'AOY BO «CesepHblii (ApkTrueckuii) dheaepanbHblii yHuBepcuteT nMeHn M. B. JlomoHo-
coBay, T. ApxaHrenbck, Poccuiickas ®eneparms; e-mail: n.klyushin@narfu.ru

Jlecorexunueckuii ;kypuaia 4/2018 179



[epeBonepepadorka. XuMHU4YeCKHE TEXHOJIOTHHU

Menexoe Braoumup Hsanosuu — npodeccop kadenpbl TeXHOIOTHH JIeCO3arOTOBUTENBHBIX U JepeBorepepada-
TeIBatomx npousBoacts, ®I'AOY BO «CesepHblii (ApkTrueckuii) heaepanbHblil yHuBepcuteT nMeHnn M. B. JlomoHo-
COBay, JIOKTOp TEXHHYECKUX HayK, mpodeccop, r. ApxaHreibck, Poccuiickas ®enepanus; e-mail: v.melekhov@narfu.ru

Mionnep Ockap Jlasvioosuu — npodeccop kadenpbl OkeaHOTEXHUKA U SHepreTudeckue yctanopku, MICMAPT,
¢umman ®IAOYBO Ceepublii (Apkrudeckuii) ¢eaepanbHbiii yauBepcuter uM. M.B.JlomonocoBa B r. CeBepoaBHH-
CKe, TOKTOP TEXHUUCCKUX HayK, JAOIEHT, I. CeBepoaBuHCK, Poccuiickas @enepanus; e-mail: ockar@mail.ru

Boponun Anexcandp Muxatinosuu — actiupanT kadeapbl TeXHOIOTHH JIECO3arOTOBUTEIBHBIX U AepeBoliepepada-
ThIBatoux npousBoacts, ®I'AOY BO «CesepHblii (ApkTrueckuil) dhenepanbhbiii yaHuBepcuter nMenn M. B. JlomoHo-
coBay, I. ApxaHrenbck, Poccuiickas @eneparust; e-mail: a.voronin@narfu.ru

Ipoxopos Braoumup Bsuecnasosuu — aciupaHT Kadeapbl TeXHOIOTHH JISCO3aroOTOBUTENILHBIX M IepeBorepepa-
OateiBatomux npoussoacts, ®I'AOY BO «Cesepnblii (ApkTuueckuil) denepaibHbii yHuBepcuTeT MMeHn M.B. Jlomo-
HOCOBay, I. ApxaHrenbck, Poccuiickas @enepanus; e-mail: v.prokhorov@narfu.ru

Tiopuxosa Tamwvsna Bumanvesna — noueHt kadeapsl TeXHOJOTHH JIECO3arOTOBUTEIBHBIX U JepeBoriepepada-
ThIBatoux npousBoacts, ®I'AOY BO «CesepHblii (ApkTrueckuii) dhenepanbHblii yaHuBepcuteT uMenn M. B. JlomoHo-

COBay», KAaHITUIAT TEXHUYCCKUX HayK, I'. ApXaHrenbek, Poccuiickas ®eneparms; e-mail: t.turikova@narfu.ru

Information about authors

Klyushin Nikolay Mikhaylovich — post-graduate student of Wood technology and wood processing machinery
department, Federal State Autonomous Educational Institution of Higher Education «Northern (Arctic) Federal Univer-
sity named after M.V. Lomonosov», Arkhangelsk, Russian Federation; e-mail: n.klyushin@narfu.ru

Melekhov Viadimir Ivanovich — Professor of Wood technology and wood processing machinery department,
Federal State Autonomous Educational Institution of Higher Education «Northern (Arctic) Federal University named
after M.V. Lomonosov», DSc in Engineering, Professor, Arkhangelsk, Russian Federation; e-mail:
v.melekhov@narfu.ru

Myuller Oskar Davydovich — Professor of Ocean engineering and energy systems department, ISMART, Branch
of Northern (Arctic) Federal University named after M.V. Lomonosov in Severodvinsk, DSc in Engineering, Associate
Professor, Severodvinsk, Russian Federation; e-mail: ockar@mail.ru

Voronin Aleksandr Mikhaylovich — post-graduate student of Wood technology and wood processing machinery
department, Federal State Autonomous Educational Institution of Higher Education «Northern (Arctic) Federal Univer-
sity named after M.V. Lomonosov», Arkhangelsk, Russian Federation; e-mail: a.voronin@narfu.ru

Prokhorov Viadimir Vyacheslavovich — post-graduate student of Wood technology and wood processing ma-
chinery department, Federal State Autonomous Educational Institution of Higher Education «Northern (Arctic) Federal
University named after M.V. Lomonosov», Arkhangelsk, Russian Federation; e-mail: v.prokhorov@narfu.ru

Tyurikova Tat'vana Vital'evna — associate Professor of Wood technology and wood processing machinery de-
partment, Federal State Autonomous Educational Institution of Higher Education «Northern (Arctic) Federal University
named after M.V. Lomonosov», PhD in Engineering, Arkhangelsk, Russian Federation; e-mail: t.turikova@narfu.ru

180 Jlecorexunueckuii skypuasua 4/2018



