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IIpencraBnensl MaTepuabl NCCIEAOBAHUS PEOJOTHUECKUX ACHEKTOB OJHOOCHOTO MPECCOBAHMS M3METBICHHOM
JIPEBECUHBI COCHBI Pa3INYHOrO (pakIMOHHOTO cocTaBa. V3ydeHa KuHeTHKa 1e()OPMHUPOBAHUS H3MEITBICHHOM
JIPEBECHHBI COCHBI B PEXHUME ITOCTOSIHHOIM CKOPOCTH JBIDKEHHS ILTyHXKepa Ipecca ¢ MOMOIIBI0 PEOIOTHYECKOTO
noaxozna. [TocTpoeHs! peonornueckue KpUBbIe HapsHKEHHE — AehopMaIys A pa3nudHbIX Gpakuuit (d < 1 mMm;
1 <d<2;2<d<3;d>5). IlonyueHbl KOMIPECCHOHHbIE KPUBBIE 3aBUCUMOCTH IUIOTHOCTH IPECCOBOK OT JIaB-
nenus. [TokasaHo, 9to Qpakmum pa3MepoM dYacTHIl MeHee | MM 00nagaroT HamIydIIMMH IapaMeTpaMH Ipec-
CYEMOCTH M JOCTUTAOT 00JIee BBHICOKOM IUIOTHOCTH NPH MEHBINMX 3HAYEHHMAX AaBaeHus (p,. = 1,03 r/cm® mpu
P =180 MIla). Ipyrue usyueHHble (ppakiuy UMeIH NPUOIN3UTENBEHO OANHAKOBYIO IPECCYeMOCTh U IJIOTHOCTD
Paar B auanazone 0,85...0,90 r/cm® npu P = 140...160 MIla. JlansHeilinee yBenuueHue IaBieHus TIPECCOBAHMUS
HE TPHUBOAMIIO K YBEIUUCHUIO IJIOTHOCTU H3-32 YHPYTOTO PACIIMPEHUs MOCIe CHATHA Harpys3ku. [IpemnoxeHs
YCTaHOBKa U CHOCOO OLIGHKH MPOYHOCTH MIPECCOBOK MPHU CBOOOAHOM majeHuu. OnpeaeneHa HauOobIIas Ipoy-
HOCTb TIPECCOBOK IPH MaJICHUH (Ppakiun pasmepoM Ooiee 5 Mm. [TomydeHHBIe pe3ynbTaThl MOKHO IPUMEHSTH IS
ONTUMM3ALUH TIPOIecca MPECCOBAHM M3MENIFICHHON APEBECHHBI U Pa3paboTKu Oonee d(PPEKTUBHBIX METOIOB
HCIIOJIB30BaHUS JIPEBECHBIX PECYPCOB.

KnioueBsbie c10Ba: peosorys, IpeccoBaHUe, H3MEIIBICHHAs! JPEBECHHA COCHBI, OTXOMbI JIECO3arOTOBUTEIILHOTO H
JIepeBO0OPadATHIBAIOIIETO TPOU3BOICTB
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OecreyeHHe KOMIUIEKCHOTO MCIOJb30BaHMs  M3BOJCTBA, KaK OMWIIKH, LIETa, CTPYKKa, 00aros He
JIECHOTO CBIPhsI, BKIIOUasi HU3KOKAYECTBEHHYIO  MPUMEHSIOTCS B 10JKkHOM Mepe [14—16]. [Ipu atom
JIPEBECHHY, OTHOCHUTCSI K OCHOBHBIM HAIlPaBJIEHUSIM ~ OHU SIBJIIOTCS LIEHHBIM CBIPbEM, KOTOPOE MOXKHO
Pa3BUTHS JIECHON MPOMBIIIJIEHHOCTH M OTPa)XXEHO B HCIIOIB30BATh /IS IPOU3BO/ICTBA HOBBIX MaTepPHAaJIOB
Crpareruu pa3BuUTHS JieCHOTo Komiuiekca Poccunii- u B apyrux nemsx [17-23].
ckoit ®enepannu 10 2030 roxa [1]. Ilepeopuenrarys [Ipu pacnunoBke OpeBeH U MPOU3BOACTBE MUIIO-
OTpACITH C SKCIIOpTa HeoOpaOOTaHHBIX JIeCOMaTepua- MaTepUuaoB 00pa3yrOTCsS OTXOIbl Pa3IUYHBIX pa3-
JIOB Ha MTPOM3BOJICTBO MPOAYKIUH C BHICOKOH 100aB- MepoB U GopM. OCHOBHOW COCTaBIISIONICH 3THX
JIEHHON CTOMMOCTBIO IIPEATIOIaraeT COBEpPIIEHCTBO-  OTXO/OB SABJISETCS M3MEIbUEHHas JpeBecuHa, Io-
BaHME NMEIOIIMXCS ¥ pa3pabOTKy HOBBIX TEXHOJIOTHI  CKOJIBKY pa3Mep 4acTull, KOHQUTYpalusi U crocoo
nepepaboTKu 100bIBaeMON ipeBecuHbl [2—11]. MIPOU3BOJICTBA MOT'YT U3MEHSTECS [24]. [IpeBecHbie
B nonagsnsitoniemM OOJIBIIMHCTBE CTy4aeB BETBH M OTXOJIbI, BKITIOUAsi OTCEB M MEJIKYIO (DPAKIIMIO HICTIH,
BEPXYIIKHU JIEPEBHEB OCTAIOTCA Ha MECTE BBIPYOKH, HAaIPaBISAIOTCS Ha yTHIM3AIINIO, UCIIOIB3YEMYIO IS
YTO NPUBOAMT K MOTEPE CHIPbs, KOTOPOE MOIIO ObI  MPOW3BOACTBA Mapa M SHEPTUH, TMOO CKIaTUPYIOTCS
OBITh UCIIOJNIB30BAHO B JiepeBonepepadaThiBaloieli B Ky4d M BBIBO3SITCSI Ha CBaJIKY. Jloist oTCeBa LICTIBI
MIPOMBIIUIEHHOCTH. Takasi MpaKkTUKa NPUBOAMT K 32~  MOXKET COCTaBIISATh 0 8 % o0uiero odbeMa n3Melib-
TPA3HEHHUIO JIECHBIX KOCHCTEM M YBEJIMUEHHUIO PUCKA  YaeMOM JAPEBECUHBI.
BO3HUKHOBEHHSI ITOJKAPOB B TEIUIBINA Ce30H rofa [12, OJTHMM U3 TOIXO/IOB PEILICHHS IIPOOJIEMbI UCIIONB30-
13]. Ha npeanpusTusax, CuenUaaIu3upyOUNXCcs Ha  BaHWUSA HEJTMKBUIHOW N3METBUEHHOM IPEBECHHBI SIBIISI-
MIPOM3BOICTBE MHJIOMIPOAYKIIMH, TAKHE OTXO/IbI [TPO-  €TCsI ee IepepadoTKa U MOCIIeAyIONIee UCIIOb30BaHHE
B JIECONPOMBIIIUIEHHOM IIPOU3BO/ICTBE U OBITOBOM IPH-
© Asrop(er), 2024 MeHeHud. [IpuMepom peannsaiy JTaHHOTO TOAX0/a
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WccneposaHue peonorn4yeckoro nosegeHuAa...

DepeBoobpaboTka M xumuueckana nepepaboTka gpeBecUHbl

CocraB A:
d<1

Cocras C:
2<d<3

Cocras B:
1<d<2

Cocras D:
d>5

Puc. 1. Hccneayembie hpakiHOHHBIE COCTABBI H3MEIIBYCHHON IPEBECHHBI COCHBI, d — pa3Mep YacTHIl, MM
Fig. 1. Investigated fractional compositions of disintegrated pine wood, d — particle size, mm

SIBJISIETCS] U3MEJIBUEHUE HEJMKBUIHOM pEeBECUHBI
C JaJbHEHIINM MPEecCOBaHUEM B BHJIE TOIUIMBHBIX
OpuketoB [25-29]. [lyist pa3BUTHS TEOPUH KOMITAKTH-
POBaHMUS BaKHO YUUTHIBATh 3aBUCHMOCTH jAedopma-
LIMOHHBIX CBOWCTB KOHIJIOMEpAara OT €ro IJIOTHOCTH.
Wnbivu cioBam, 711 5 PEKTUBHOTO UCIOTH30BAHHS
OTXO7I0B JIECONPOMBIIIJIEHHOTO IPOU3BO/ICTBA BAXKHO
HCCIIe/I0BaTh PEOJIOTMYECKOE ITOBEAECHUE H3MENIFICH-
HOH JPEBECHHBI IPH TIepepadOTKE CHIPbSI.

N3yueHne peosoruuyeckoro noBeeHus] U3Meb-
YEHHOU JIPEeBECHHBI SIBJISIETCS BAKHBIM aCIIEKTOM TPH
paccMOTPEHHH TEXHOJIOTHH ee MepepaboTKU U Uc-
nons3oBanust [30-33]. Peonorus oTHOCUTCS K U3y4e-
HUIO TEKYy4HX CBOMCTB MarepHajioB IIPU BO3AECHCTBUN
Ha HUX MEXaHU4YEeCKUX cui u aedopmanuii. zmens-
YeHHasl IPeBECUHA MPECTABISET COO0H KOMITO3HT-
HBII Marepuai, COCTOSIIUNA U3 Pa3IMYHbIX YACTHIL
Ppa3HbIX pazmepoB u hopM. Peonoruyeckue cBoiicTBa
OTIpeJIeNAIOTCS B3aUMOACHCTBUEM MEXly dacTHIla-
MM, UX KOHIIEHTpalUUeH U CTPYKTypoi. BaxkHbiMU
rapaMeTpamH, XapakTepU3YIOLUMMH PEOIorndeckoe
MOBEJIEHUE U3MEJBUYEHHOMN JpeBECUHBI, SBISIOTCS
MIPECCYEeMOCTb, BSI3KOCTb, ITACTUYHOCTD, YIIPYTOCTh
Y TeYEeHUE MaTepraa Ipu pa3IndHbIX YCIOBHSIX.

N3ydeHne peosorun U3MeJbYEHHON ApeBecH-
HBI TIPU OJTHOOCHOM TIPECCOBAHUHU MEPCIEKTUBHO
KaKk B ()yHIaMEHTAJIBHOM acleKTe HCCIIeT0BaHuUs
CBIMYYUX MaTepuajoB, TaK U B MPHUKIATHOM 3Ha-
YEHUH, HAIIPUMED ISl TEXHOJIOTUU TPOU3BOACTBA
OpukeToB [34—37] wWiu CTPOUTEIBHBIX MAaTEPHAJIOB.

[Ipu sTOM TpoLIecce MaTepuan NOABEPTaeTcs JaB-
JICHHIO B OJJHOM HANpaBJICHUH, YTO MPUBOIMT K €ro
KOMITAKTUPOBAHUIO U (DOPMHPOBAHUIO 3arOTOBOK
omnpeneneHHoi Gpopmel U pasmepa [38, 39]. Peorno-
rHYECKHE XapaKTepUCTUKH MaTepHala BIUSIOT Ha
€ro crocoOHOCTb MOJAaBaThCs IPECCOBAHUIO, Op-
MHUPOBAHHUIO H IPOYHOCTH MOTYYEHHBIX OPUKETOB.

Bonee rmybokoe nzydeHue peojaoruu u3MeasaeH-
HOMW PEBECUHBI TIO3BOJISICT ONTHMU3UPOBAThH Napa-
METpBI ITpoliecca MPEeCcCOBaHMs, BLIOPATh ONTUMAITb-
HBIE YCIIOBHSI M TEXHOJIOTHHU MEPEepPadOTKU OTXO0B
J1ec03aroToBKU. Takue uccie10BaHus CIOCOOCTBYIOT
MOBBIIICHUIO YPPEKTUBHOCTH HCIIOIB30BAHUS He-
JUKBUIHOW JIPEBECHHBI U CHHYKCHUIO HETaTHBHOTO
BIIMSTHUS HA OKPYXKAIOLIYIO CPEey.

Lenb pabotbi

Lenb paboThl — U3YUYHUTH PEOJIOTHUYECKOE TTOBE-
JIeHUE M3MEJBYeHHON JPEBECHHBI MPH OJTHOOCHOM
MIPECCOBAHNH, OMPEEIUTh ONTHMAJbHBIE Tapame-
TPBI IPECCOBAHUS, a TAK)KE NU3YUUTh BIUsHHE (Ppak-
LIMOHHOTO COCTaBa Ha MPECCyeMOCTh U MPOYHOCTH
MIOJTyYEHHBIX 3arOTOBOK.

O6beKTbl U MeToAbl UccnenoBaHUA

B xauecTBe 00beKTa HcciIeI0BaHuUs Oblia BBIOpa-
Ha M3METFICHHAS U3 OTXO/0B JIECO3arOTOBUTEILHOTO
MTPOM3BOJICTBA IPEBECHHA COCHBI, YETHIPEX (hPAKITHU-
OHHBIX COCTaBOB (d <1 MM; 1 <d<2;2<d<3;d>5)
KaMmepHo# cymiku (puc. 1).
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Puc. 2. Cxema (a) u BHemHHUN Buj (6) METAIINIECKON
npecc-popmbl: | — mitok; 2 — npecc-popma; 3 — 3a-
CBINKA HCCIIEAYEMOro COCTaBa

Fig. 2. Scheme (a) and appearance (b) of the metal mould:
1 — stem; 2 — mould; 3 — backfill of the investigated
composition

[lepen onepanueii B3BEIIMBAHUS U3MEIIBICHHYIO
JIPEBECUHY MOOYEPEIHO 3achllalii B MeTalinye-
cKylo npecc-hopmy (puc. 2) 10 Kpaes, Mociie Yero
BBICBINIAJIA ¥ B3BEIIMBAIM Ha AJIEKTPOHHBIX BEcax
CAS MWP-300, ¢ Tounoctsto uzmepenus 10 0,1 %.
JHuametp pabouero oobema npecc-(GpopMbl cOCTABISIT
25 mm.

Pacuer HachIHOW MIOTHOCTH BBIMOJIHEH IIO
dopmyne m

Puac = E’ (1)
e m — Macca HaChIIKY, T;
S — IO b CEYEHHUS 3arPy304HON KaMepbl, CM?;
h,. — BBICOTA HACBITTHOTO CJIOS, CM.

T 2

2
mrh,

m

P =

rjie m,, — Macca MpeCcCOBKY;
7> — pajinyc IPECCOBKH, CM;

h,, — BBICOTA MTPECCOBKH, CM.

OTHOCHTENBHAS TIOTHOCTH MPECCOBKH OTPEIE-

Jisiack 1o hopmysie

Do =20, 3)
p/:[AB
I1€ pP,, — IUIOTHOCTh JIPEBECHHHOIO BELIECTBA,
pasHas 1,53 r/cm?.

JHdedopMupoBanue HCCIeayeMbIX COCTABOB MPO-
BEJICHO Ha YHUBEPCAIbHOU UCIIBITATENIbHON MAIlIHE
«INSTRON 3369» B pexrMe OCTOSTHHOW CKOpO-
ctu 5 mm/c. ObecniednBaeMast TOUHOCTb U3MEPEHUS
coctasnsana 1 %. Bech axkciepuMeHTaIbHBIN Psj
BBITIOJIHEH B KOMHATHBIX ycnoBusX. Ilogrorosnen-
Hasi MeTajutndeckas npecc-popma (cM. puc. 2) ¢
HCCIIeyeMBbIM COCTaBOM ObLIa YCTAHOBJICHA IOJ
IUIyHXXEP UCHBbITATeIbHON MamuHbl. Ha miyHxep
M0/IaHa Harpy3Ka, NoJl IENCTBUEM KOTOPOU IITOK Jie-

(hopMupoBa 00BEM 3aCHIIKH, IIPH 3TOM IIPOUCXOIH-
JI0 YIUTOTHEHHE CMECH JI0 MAKCUMAaJIbHOM HAarpys3KH,
10 JOCTHKEHUU KOTOPOH HAarpy3Ky CHUMAJIH, a [pec-
COBKY M3BJIeKaiu. Mcnonp3ys nporpaMMHoe obecrie-
yeHue ucnbitarebHoi MamuHbl < INSTRON 3369y,
ObUIM MTOCTPOEHBI PEOJOrHYECKHE KPHUBbIC 3aBUCH-
MOCTH MEXJy HanpsoKEHUSMU U AedopManusiMu
(xapakTepHbIil BUJ KPUBOW MPEACTABJICH Ha pHC. 3),
10 KOTOPBIM MOYKHO CYJIUTh O PEOJIOTHYECKUX CBOM-
CTBAX UCCIIEyEMOr0 COCTaBa M ONTUMAIIbHBIX YCIIO-
BHAX MPECCYEMOCTH.

Onpenenenne 3aBUCUMOCTH IIJIOTHOCTH 3aroTo-
BOK OT JaBJICHUSI IPECCOBAHMS OBLIO MTPOBEJICHO HA
YHHBEpPCAJIbHON MallIMHE cxkaTHsl. JlMana3oH npuKIa-
neIBaeMoro aasieHus uzMensan ot 20 mo 200 Mlla
¢ marom 20 Mlla. Ilpecc-dopma co cmecbto ObuIa
yCTaHOBJIEHA MO/ IUIYH)KEp MAIIUHBI CKATHS, K
KOTOPOMY TPHKJIaAbIBAIN OCTOSHHOE JaBJIEHUE.
[locne ynnoTHeHUs 1 NpeObIBaHUS IPECCOBKH IO
[IOCTOSTHHBIM JIaBlIeHHEM B TeueHue 30 ¢ mpeccoBKy
M3BJIEKAIIH, 3aTEM U3MEPSUIN €€ Maccy U BBICOTY, pac-
CUMTBIBAJIM TUIOTHOCTh IIPU KayKIOM MPUIIOKEHHOM
JIaBJICHUU.

Bnusinue ¢ppakuroHHOTo cocTaBa U3MeIbUEeHHOM
JIPEBECUHBI COCHBI Ha NMPOYHOCTH MPECCOBOK, IO-
JYYEHHBIX 0€3 MCTONb30BaHMs IIaCTU(UKATOPOB,
H3yYaJld ¢ TIOMOIIBI0 pa3pabOTaHHOW yCTaHOBKHU
(puc. 4).

B xauecTBe KpuTepusa NPpOYHOCTHU NMPUMEHSIIH
COIIPOTHBIICHHE Pa3pYLICHUIO TP CBOOOIHOM Ta-
JE€HUU C BBICOTHI 2 M. [[1s1 aTOrO Ha muardopmy
YCTaHOBWJIN NPECCOBKY, 3aTEM BBIJIEPTUBaJIN BEPEB-
KOHM CTONOPHBIA CTEPKEHb, YACPKUBAIOIINUN I11aT-
(dhopmy u oOpasell Noj| ICHCTBUEM CHIIBI TSKECTH,
najajl Ha CTAJIbHYIO IUINTY, BCETZla B OJJHO M TO K€
MECTO. DKCIIEPUMEHTHI IPOBOAMIKCH ¢ 00pa3amu,
MOJIyYE€HHBIMU NPU HU3KUX 3HAUCHUSAX JABJICHUS
npeccoBanust — ot 20 mo 60 Mlla, nockonbky 60-
Jiee CIPecCOBaHHBIE 00Pa3lbl MEHEe MOABEPIKECHBI
pa3pylIeHHIO B TaHHBIX yciaoBuaX. [locie kaxaoro
najieHus: GUKCUPOBAJIOCh U3MEHEHHE MACChl pec-
COBKH, KPUTHYECKUM TIOKa3aTeJIeM CIYKHJIIa OTepst
Macchl IpeccoBku Oonee uem Ha 20 %.

Pe3ynbTtatbl M 06CyXKaeHUe

Hamu ycTaHOBIE€HBI 3aBUCHMOCTH TIPUIIOKEHHOTO
JTaBJICHUS U MJIOTHOCTHU IpeccoBOK. Ha aTom ocHo-
BaHHUM BBITIOJTHEHA OLIEHKA YTUIOTHAEMOCTH CBITYYHX
MaTepHuayoB, KOTOpasi TO3BOJIAET, B JaJbHEHIIeM,
BBIOpaTh HEOOXOAMMOE JaBJIcHUE, 0OeCTIeUnBalOIIce
3a/IaHHOE 3HAYCHHE IJIOTHOCTH (puc. 5).

IlepBas cTagus Ha PEOJOTHMUECKOW KPUBOM Xa-
pakTepu3yeTcsl JIMHEHHBIM POCTOM HalpsSIKEHUU
npu yBennueHun aedopmanun. JepopmupoBanue
o0beMa Marepuana HJeT B pe3yJbTare epeMeleHus
Y4aCTHUI[ OHONW OTHOCUTENHHO JIPYTOM, T. €. TPOUCXO-
JTUT 3arl0JIHEHHUE MTyCTOT.
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MccnepoBaHue peosiorMyeckoro NoBeAeHus... [OepeBoobpaboTka n xummuueckas nepepaboTka gpeBecuHbl

Puc. 3. XapakTepHblil BUI pEOIOTHUECKOM KPUBOI 1aBlIeHHE — AedOpManysi: @ — MepBasi CTaaus
(I) — cabp1it TMHEHHBIN POCT HAMPSHKEHUS NIPH YBeIMYeHHH AedopManum; 6 — BTopast
cragus (II) — MHTEHCUBHBIN HETMHEHHBIH POCT HANPSHKEHUH NMPU HE3HAYUTEIHHOM YBeE-
JuYeHn AedopMaIiu

Fig. 3. Characteristic view of pressure-strain rheological curve: a — first stage (I) — weak linear
stress growth with strain increase; 6 — second stage (II) — intensive non-linear stress growth
with insignificant strain increase

H=2wm

a o

Puc. 4. Cxema ycTaHOBKH CBOOOJHOTO TAaJCHUS: @ — YCTaHOBKA B cOope: / — oOpaserr; 2 — Be-
peBKa; 3 — CTONMOPHBIN CTEPIKEHb; 4 — CTaJIbHAS IUIHTA; 6 — NPOBEACHNE SKCIICPUMEHTA

Fig. 4. Scheme of the free fall installation: @ — complete installation: / — specimen; 2 — rope;
3 — locking rod; 4 — steel plate; 6 — carrying out the experiment
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Puc. 5. Peonornveckue KpUBbIE ISl Pa3INYHOTO (YPAKIIMOHHOTO COCTABA U3MEIBIEHHON

JpeBeCHHBI COCHBL: A —d < 1; B—1<d<2;C—2<d<3;D—d>5

Fig. 5. Rheological curves for different fractional composition of disintegrated pine wood:
A—d<1;B—1<d<2;,C—2<d<3;D—d>5
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I/ICXOZIH])Ie mapaMeTpbl HACBINKH (cocna) ! MMOJYYCHHBIC 3HAYCHUSA IJIOTHOCTHU MMPECCOBKU

Initial bulk parameters (pine) and obtained values of press density

Bricora ILtoTHOCTH IInotHOCTH
OTHOCHUTEIbHAS
CocraB Macca, T Bricora,cm MIPECCOBKH, HACBITTKA MIPECCOBKHU IOTHOCTS
MM Pac> T/CM> Pupece> T/CM’ . Por
d<1wmm 3,122 49 0,6 0,131 1,060 0,693
1<d<2wmm 3,195 5,3 0,7 0,123 0,930 0,608
2<d<3mm 3,382 5,7 0,8 0,121 0,862 0,563
d>5wmm 3,358 6,7 0,8 0,103 0,855 0,559

Bropas cragus Ha peosgoruueckoi KpuBoOi cooT-
BETCTBYET OYEHb KPYTOMY HEIMHEHHOMY MOABEMY
HaNpsDKEHUS TPU HE3HAYUTEIILHOM yBEITMUCHHH Jie-
¢dopmanuu. Ha 310l cTanum nepeMerieHnue 4acThil
MIPOMCXOHUT BCIECACTBHE AaKKOMOAALUH (TIPHCIIOCO-
OneHust) uX Mexy coboil u yacTuyHo Onaromaps
nedopmanuu oobema yactull. JlaHuas cragus Tpe-
Oyer OoNpIIMX yCHUIIMH Ui AanpHeimero nedop-
MHUpOBaHUs MaTepuaia. IMeHHO OHa mpencTaBisieT
HauOOJIBILINI TEXHOJIOTUYECKHUI HHTEPEC, TOCKOIBKY
Ha 3TOU CTaJuH B MaTepuaje HaKarjIuBaeTCs ompe-
JeTIeHHas TulacTudeckas nedopmarms, ooecrneunBa-
fo1as IpOYHOCTb.

st TpeTbeli cTaguy Npy 3HAYUTEIBHOM POCTE
JaBJIeHUs IIpeccoBaHusl AedopManus MpakTUIeCKN
HE YBEIIMYMBACTCS, TAK KaK INIOTHOCTh MPECCOBKU
paBHa WM NPUOIU3UTEIBHO PaBHA MIOTHOCTH
KOMITaKkTa (TUIOTHOCTH JPEBECHHHOTO BEIECTBA)
(Tabnuna).

st 6onee monpoOHOTro paccMOTPEHHsI TpoLecca
MPECCOBaHUs Ha BTOPOH CTaJAMH PEOJIOTHUECKON
KPHUBOH OBLIM MOCTPOCHBI 3aBUCUMOCTH IIOTHOCTH
MPECCOBKH OT JaBJICHUS (KOMIPECCHOHHBIE KPH-
BbIE), HHBIMU CIIOBaMH, AJI1 UHTEpBajia JaBJICHUS
ot 20 MITa no 200 MITa ObuTH TIOTYYCHBI 3HAYCHHUS
IUIOTHOCTH TpeccoBoK. [Ipu mocTmkeHnn npeaeinb-
HOM TUIOTHOCTH (BBICOT@ TIPECCOBKH HE YMEHbIIA-
eTcs, Aeopmanusi He TPOUCXOANT) MEPEXOIUIN Ha
CeyoUIUil cocTaB. B pesynbrare 3KCIIEpUMEHTOB
MOJTy4ajl KOMIIPECCUOHHBIE KpUBbIE — TpaduKu
3aBUCHUMOCTH IJIOTHOCTH MPECCOBKH OT TPUKIIA]IbI-
BaeMoro gaBieHus (puc. 6).

YcTaHOBICHO, YTO HAMIYYIIUMH MOKa3aTeIsIMH
npeccyeMocT (MaKCUMallbHAsI TNIOTHOCTD P, =
= 1,03 r/em® ipu P = 180 MIla) obnamaer dppaxims
d <1 mwm. [lpyrue nzyyaembie ppakiiioHHBIE COCTa-
Bel 1 <d<2wmMm;2<d<3wmM; d>5 MM obnana-
10T MPHOJIN3UTENFHO OAMHAKOBBIMHU TTOKA3aTeIIsIMH
npeccyeMocTH (P, = 0,90 r/em? pu P = 160 MlTa;
P.ar = 0,88 r/em® ipu P = 140 MITa; p,,. = 0,85 r/cm?
nipu P = 140 MIIa coorBercTBeHHO). CBSA3aHO 3TO C
TEM, 4TO OoJiee MEJIKUE YaCTUIBl UMEIOT OOJBIIYIO
MTOBEPXHOCTh KOHTAKTa MEXJly COOOH, 4TO Cr1oco0-
CTBYET JIydllie# cienke u (OpMUPOBAHUIO OoJiece
IJIOTHOH CTPYKTYpPBI IPECCOBKU. B pesyinbrare, npu
OIHOM M TOM K€ JIaBJICHUW NPECCOBaHMs, (HpaKius

[noTHOCTD, r/CM3
=
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=
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=
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Puc. 6. KompeccHOHHBIC KPUBBIC INIOTHOCTh — JABJICHHE TS
pa3nu4YHOrO (PAKIHOHHOTO COCTABA M3MEJIBYCHHON
JIPEBECHHBI COCHBL: A —d <1; B—1<d<2;
C—2<d<3;D—d>5

Fig. 6. Compression density-pressure curves for different
fractional composition of disintegrated pine wood: 4 —
d<1;B—1<d<2;C—2<d<3;D—d>5

C pa3MepoM uacTHIl MeHee | MM gocTuraeT Oonee
BBICOKOM IIJIOTHOCTH.

HanbHelilee yBeJnuyeHUE AaBJIECHUS IIPeECCOBa-
HUS CBBIIIE ONPEEIEHHOTO YPOBHS HE MPUBOIUT
K YBEJINYEHUIO MJIOTHOCTU MPECCOBKU. DTO MOXKET
OBITH CBSI3aHO C SIBJICHUEM YIPYroro paciiupeHus
rocyie CHATHA Harpy3ku. Korna naBnenue cHuMaercs,
MIPECCOBKA MOYKET HEMHOTO BOCCTaHABIMBATh CBOIO
NepBOHAYaJbHYI0 (OPMY M YBEITUUYHBACT 00BEM,
YTO OTPaHUYMBAET BOZMOYKHOCTb MOBBILIEHNS TJIOT-
HOCTH.

Wzyuenne BnusiHUsT PPaKIMOHHOTO COCTaBa M3-
MEJIBYEHHON APEeBECHHBI COCHBI Ha IPOYHOCTH MPO-
BOJIMJIOCH HA 3aT'OTOBKaX, CIIPECCOBAHHBIX B HU3KOM
nmuarnaszoHe aapienus npeccosanus (20, 40, 60 MI1a).
Hcnonp3oBaHme MpeccoBOK, MOTYYEHHBIX MPU 00T~
LINX JIaBJICHUAX, HE TO3BOJIUIIO OTCIIEAUTD BIUSHUE
HMMEHHO (DpaKIIMOHHOTO COCTaBa IPU JAHHOM METOIC
HCIBITAaHUHI BBUY X BBICOKOM IIPOYHOCTHU. Pe3yib-
TaThl UCTIBITAHUN TIPEJICTABICHBI Ha PUC. 7.

[Ipu cBOOOAHOM MaIGHUH C BBICOTHI 2 M BCE 3a-
TOTOBKH, CIIpeCcCOBaHHbBIC oA AaBieHuem 20 MIla
(cm. puc. 7, @) u3 ppakimit d< 1,1 <d<2u2<d<3mm
notepsutn 6onee 20 % cBoei Macchl yxke mocie
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nepsoro najaenus. IlpeccoBka U3 camoil KpynHou
¢dpakouu d > 5 MM pa3pylmuiack mocie YeThipex
nageHuu.

Pe3ynbrarsl uCTibITaHUI TPECCOBOK, MOTYYEHHBIX
nox nasnenueM 40 MIla (cm. puc. 7, 6), xoppenu-
PYIOT ¢ IpOHUIBIMH MOKazareasiMu. Hanbomnpuiei
COIIPOTUBIISIEMOCTBIO Pa3pyILICHUIO IIPH CBOOOIHOM
naJieHn 00J1aJaI MPECCOBKU U3 KPYIHON (hpakiiu
d > 5 MM, KpUTHUYECKasi IOTePs] Macchl POU30IILIA
nocne 14 nagenuii. Jpyrue npeccoBku u3 ppaxuuii
d<1,1<d<2u2<d<3 MM pa3pylIHianch nocie
4,3 u 5 nageHuil COOTBETCTBEHHO.

[Ipu ucnbITaHUAX TPECCOBOK, MOMYYCHHBIX MOA
nasnernem 60 Mlla (cMm. puc. 7, ), TaKylo ke CTOH-
KOCTB K pa3pyIICHHIO [IPHU CBOOOIHOM MaJICHUH T10-
KazaJM MPEeCCOBKH U3 Ppakuuu d > 5 MM, KpUTHYE-
CKO€ pa3pylLlIeHre KOTOPBIX HacTymuio nocie 20-ro
nageHus. Jpyrue npeccoBku u3 ¢paxuuit d < 1,
1 <d<2u2<d<3 wmm paspymmnuce nocie 14, 12
u 7 maJieHnii COOTBETCTBEHHO.

[loBblIeHHAs TPOYHOCTH (HPAKIMU M3MEIBUCH-
HOM JIpeBECHHBI C pa3MepoM yacTull Oosee 5 MM
MOJKET OBITH CBSI3aHA C HECKOJIbKUMH (DaKTOpamH.
Bo-nepBrIX, KpyIlHbIE YacTUIBI 00JanaoT Oonee
BBICOKOM Ha4aJbHOW MJIOTHOCTBIO 10 CPAaBHEHHUIO C
MEJKHMH YacTHLAMH, YTO MOXET CIIOCOOCTBOBATh
YCHUJIGHUIO BHYTPEHHHX CBSI3€H M CTPYKTYpbI Ipec-
COBKH. bornee BbICOKast IIIOTHOCTH MOXKET MPUBECTH
K YBEJIIMYCHHUIO COTPOTUBIICHHSI MIPH BO3ACHCTBUN
MEXaHUYECKUX CHJI, YTO CIIOCOOCTBYET MOBHIILICHUIO
Mpo4HOCTH. BO-BTOpBIX, Ppakiuus ¢ Gonee KpymHbIMU
YacTUIIAMH MOXKET 00eCIeuuTh OONBUIYIO TTOBEPX-
HOCTb KOHTaKTa MEX/y YacTHIAMHU IpH (POPMHUPOBa-
HUH MPECCOBKU. ITO MOXKET CIIOCOOCTBOBATH JTyUIlIeH
CIENKe MEX/Iy YacCTULAMH U MOBBILICHUIO MeXa-
HUYECKOW MPOYHOCTH MpeccoBKU. COBOKYIMHOCTD
JaHHBIX (PAKTOPOB MPUBOAUT K TOMY, 4TO (ppaxums
¢ OoJiee KPYIMHBIMHM YacTULIAMU MOXET 00pa3oBaTh
OoJiee MPOYHYIO U YCTOHUUBYIO CTPYKTYpYy BHYTpHU
MIPECCOBKH. DTO CIIOCOOCTBYET JIydlIeMy pacrpere-
JICHHUIO HANPSDKEHUH W YMEHBUICHUIO BEPOSITHOCTH
pa3pyLIeHuUs IPH BO3ICHCTBIUH BHEITHUX CHIL.

BoiBOAbI

[Tony4eHHbIe pe3yabTaThl TOTYEPKUBAIOT 3HAUH-
MOCTH ()PaKIIMOHHOTO COCTaBa, JaBJICHUS MPecco-
BaHUsI U MMPOYHOCTH MPECCOBOK MPU ONTUMHU3AINH
mpolecca nepepadoTKU IPeBECHOTO MaTepuala.

Haunnyumme pe3ynbraThl MPeccyeMOCTH (Mak-
cUMasibHas IMIOTHOCTh P, = 1,03 r/cm® npwu
P =180 MIla) 6buM TOCTUTHYTHI ITPU UCTIONBH30BA-
HuH Qpakuu ¢ pazmepoM yactul d < 1 mm. Ocraib-
HBIE UccieayeMble (ppakiuy ¢ pazMepaMu YacTHI OT
1 10 5 MM IEMOHCTPHUPYIOT IPUMEPHO OAMHAKOBYIO
npeccyeMocTh (P, = 0,90 r/cm® npu P = 160 MlTa;
Paar = 0,88 r/em? pu P = 140 MI1a; p,,. = 0,85 r/cm?
ipu P = 140 MlIla cooTBETCTBEHHO).
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Puc. 7. AGCONMOTHOE YMEHBIIICHHE MACChl TIPH CBOOOHOM TIa-
JICHUU 00pa3IoB HCCIETyeMbIX (PPAKIIMOHHBIX COCTABOB
M3METBICHHON IpeBeCUHBI COCHBI (A — d < 1; B —
1<d<2;C—2<d<3;D—d>5), cipeccoBaHHbIX
oz pasienueM: a — 20 MIla; 6 — 40 MIla; 6 — 60 MIla

Fig. 7. Absolute mass reduction at free settling of investigated
fractional compositions samples of disintegrated pine
wood (4 —d<1;B—1<d<2,C—2<d<3;D—
d > 5) compressed under pressure: ¢ — 20 MPa; 6 —
40 MPa; ¢ — 60 MPa
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JlaspHelinee MOBBIIICHNE TABICHUS HE MPUBOTUT
K YBEIHMUYCHHIO TNIOTHOCTH MPECCOBOK.

PaspaboTtanHas U MpUMEHEHHAs METO/IMKA OLICH-
KU MPOYHOCTH MPECCOBOK MyTEM H3MEPEHHUs abco-
JIFOTHOM MTOTEPH MacChl IIPU UX CBOOOTHOM IMaJICHUN
C BBICOTHI 2 M ITOKa3aJia, 4YTO MPECCOBKH ¢ (ppakiueit
pa3MepoMm 4yacTuil d > 5 MM 00Ja1atoT HauOobIIeH
MIPOYHOCTHIO MPH MAJICHUU, YTO TIO3BOJISET IOJTY-
4UTh ()YHJAMEHTAIBLHOE TIPEICTABICHHE O BIMSHUU
pa3mepa 4acTHIl U3MENTFICHHOW JIPEBECUHBI Ha IIPOY-
HOCTHBIE XapaKTEPUCTUKH 3arOTOBOK.

J1s nanmpHenIero pa3BUTHS 3TOTO UCCIICIOBAHMS
BO3MOXKHBI HECKOJILKO MEPCIICKTUBHBIX HalpaBlie-
HUl: 1) yrmyOneHHbINH aHaIu3 MEXaHU3MOB Jedop-
MaIiu ¥ ApoOJICHUS U3METBUEHHOHN IPEBECUHBI IIPU
MIPECCOBAHUU JJIS1 JTYUIIIETO TOHUMAaHHS BHY TPEHHHIX
MPOIIECCOB U ONTHUMH3AIUN CTPYKTYPHI MOIydae-
MBIX MaTepHAJIOB; 2) U3YYCHUE BIMSHUS PA3THIHBIX
rapameTpoB Ipolecca — TEeMIEPaTyphl, BIaXKHO-
CTH, CKOPOCTHU TIpeccoBaHus U (hOPMBI ILTyHXKEPa,
Ha PEOJOTMYECKHEe CBOMCTBA U KaYeCTBO KOHEYHOU
MIPOJYKIIMH, B IEJISIX ONTUMU3AIINHN yCIOBUI IIPECCOo-
BaHUS JJIs JOCTHXKEHUS HAMJTYYIIINX PE3yJIBTaToB; 3)
CPaBHUTEJIBHBIN aHAJIHM3 PEOJIOTHUYECKOTO TIOBEICHHS
M3MEIBYCHHON JPEBECHHBI PA3IMYHBIX JIPEBECHBIX
TIOPOJ, TS TATbHEHINIETO BBISIBIICHUS! 0COOCHHOCTEH
WX TIOBEJICHHS M OMNpeJeNieHHs] Hauboliee mojxo-
JSIIUX BUJOB JJISI KOHKPETHOTO MPUMEHEHUS; 4)
HCCIIeIOBaHUE TIEPCIICKTUBHOCTH HCIIOIb30BAHUS
JIPCBECHHBI B MPOU3BOACTBE KOMIIO3UTHBIX MaTe-
pHYAJIOB WU TOILTUBHBIX OPUKETOB JJIS Pa3BUTHS
YCTOHYMBBIX M 3KOJIOTUYCCKU IPPEKTUBHBIX METO-
JI0B TIepepabOTKH APEBECHBIX PECYPCOB.

Paboma evinoanena no eoczadanuio 8 pamxax
0oeosopa o compyonuuecmee mexncoy OIBYH « Un-
CMUmMym cmpykmypHou MakpOKUHemuKuy i npooiem
mamepuanosedenust umenu A.1. Mepocanosa Poc-
cutickoui akademuu Hayky (MCMAH) u @I'6OY BO
«Mockogckutl 20cy0apcmeen bl MexXHUYecKUuli YHu-
eéepcumem umenu H.3. baymana (nayuonansnoiil uc-
cnedosamenvckutl ynusepcumem)y (Moimuwunckutl
Guauan). /lnsa pabomul 6vlau UCHOTBL308AHBL 0OODY-
0oganue u memoouxu nabopamopuu Ne 7 «Ilnacmu-
yecko2o oeghopmuposanust mamepuanosy (MCMAH)
u Llenmpa xonnexmueHozo noab308anuUs. HAYYHLIM
obopydosanuem «Llenmp Qusuxo-mexanuveckux
ucnoimanuti opegsecunvly (L{KII [{OMU]) MI'TY
um. H.O. baymana (Metmuwunckuii puiuan).
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STUDY OF DISINTEGRATED PINE WOOD RHEOLOGICAL BEHAVIOR
UNDER UNI-AXIAL COMPRESSING

M.V. Mikheev?*, A.V. Komina!, G.A. Gorbacheva', A.A. Kalinina',
A.V. Bolotskaya?, V.G. Sanaev!, A.M. Stolin’

'BMSTU (Mytishchi branch), 1, Ist Institutskaya st., 141005, Mytishchi, Moscow reg., Russia
2Merzhanov Institute of Structural Macrokinetics and Materials Science Russian Academy of Sciences (ISMAN), 8,
Academician Osipyan st., 142432, Chernogolovka, Moscow reg., Russia

mmixeev00@mail.ru

Materials for studying the rheological behavior of disintegrated pine wood under uniaxial compressing are presented.
The kinetics of disintegrated pine wood deformation was studied in the mode of constant speed movement of the
press plunger using a rheological approach. Rheological stress-strain curves were constructed for various fractions
(d<1mm;1<d<2;2<d<3;d>5). Compression curves of compact density versus pressure were obtained. It has
been shown that fractions with particle sizes less than 1 mm have the best compressibility parameters and achieve
higher densities at lower pressures (p.,. = 1,03 g/cm?® at P = 180 MPa). Other studied fractions had approximately
the same compressibility and density p3ar in the range of 0,85...0,90 g/cm? at P = 140...160 MPa. A further increase
in pressure level did not lead to an increase in density due to elastic expansion after removal of the load. The
greatest strength of pressings was determined when a fraction of more than 5 mm in size. An installation and a
method for assessing the strength of pressings in free settling are proposed. The results obtained can be used to
optimize the process of pressing disintegrated wood and develop more efficient methods for using wood resources.
Keywords: rheology, pressing, disintegrated pine wood, waste from logging and wood processing industries

Suggested citation: Mikheev M. V., Komina A.V., Gorbacheva G.A., Kalinina A.A., Bolotskaya A.V., Sanaev V.G.,
Stolin A.M. Issledovanie reologicheskogo povedeniya izmel 'chennoy drevesiny sosny pri odnoosnom pressovanii
[Study of disintegrated pine wood rheological behavior under uni-axial compressing]. Lesnoy vestnik / Forestry
Bulletin, 2024, vol. 28, no. 2, pp. 116-126. DOI: 10.18698/2542-1468-2024-2-116-126

References

[11 Rasporyazhenie Pravitel stva RF ot 11 fevralya 2021 g. Ne 312-r Strategiya razvitiya lesnogo kompleksa Rossiyskoy Federatsii
do 2030 goda [Order of the Government of the Russian Federation of February 11,2021, no. 312-r Strategy for the development
of the forestry complex of the Russian Federation until 2030]. Available at: http://static.government.ru/media/files/
pFdqtWFH8y9SfQjDE0Xnwd8eXWoJIMYB.pdf (accessed 20.10.2023).

124 Lesnoy vestnik / Forestry Bulletin, 2024, vol. 28, no. 2



MccnepoBaHue peosiorMyeckoro NoBeAeHus... [OepeBoobpaboTka n xummuueckas nepepaboTka gpeBecuHbl

[2] Vlasov Yu.N. Nauchnye osnovy sovershenstvovaniya tekhnologii briketirovaniya otkhodov lesopererabotki [Scientific basis
for improving the technology of briquetting wood waste]. Diss. Dr. Sci. (Tech.). Arkhangelsk, Northern (Arctic) Federal
University named after M.V. Lomonosov, 2021, 261 p.

[3] Trofimova N.V., Sazykina M.Yu., Mamleeva E.R. Osobennosti razvitiva lesopromyshlennogo kompleksa v regionah
Rossiyskoy Federacii [Features of the development of the timber industry complex in the regions of the Russian Federation].
Lesnoy vestnik / Forestry Bulletin, 2021, v. 25, no. 6, pp. 118—126. DOI: 10.18698/2542-1468-2021-6-118-126

[4] SunX., He M., LiZ. Novel engineered wood and bamboo composites for structural applications: State-of-art of manufacturing
technology and mechanical performance evaluation. Construction and Building Materials, 2020, no. 249, p. 118751.

DOI: 10.1016/j.conbuildmat.2020.118751

[5] Grigorev 1., Shadrin A., Katkov S., Borisov V., Druzyanova V., Gnatovskaya 1., Diev R., Kaznacheeva N., Levushkin D.,
Akinin D. Russian sawmill modernization (a case study). Part 2: improving the efficiency of wood chipping operations.
International Wood Products J., 2021, v. 12, no. 2, pp. 128—134. DOI: 10.1080/20426445.2020.1871276

[6] Hosseini S.M., Peer A. Wood products manufacturing optimization: A survey. IEEE Access, 2022, v. 10, pp. 121653—-121683.
DOI: 10.1109/ACCESS.2022.3223053

[7] Pasztory Z., Gorbacheva G.A., Sanaev V.G., Mohacsiné [.R., Borcsdk Z. Sostoyanie I perspektivy ispol’zovaniya drevesnoy
kory [State and prospects of tree bark use]. Lesnoy vestnik / Forestry Bulletin, 2020, v. 24, no. 5, pp. 74-88.

DOI: 10.18698/2542-1468-2020-5-74-88

[8] Kulagin E.P. Tekhnologii ispol zovaniya otkhodov i malotsennykh produktov khimicheskoy pererabotki drevesiny [ Technologies
for the use of waste and low-value products of chemical wood processing]. Diss. Dr. Sci. (Tech.). Nizhny Novgorod, Nizhny
Novgorod State University of Architecture and Civil Engineering, 2001, 361 p.

[9] Sandberg D., Haller P., Navi P. Thermo-hydro and thermo-hydro-mechanical wood processing: An opportunity for future
environmentally friendly wood products. Wood Material Science & Engineering, 2013, no. 8(1), pp. 64-88.

DOI: 10.1080/17480272.2012.751935

[10] Kazymov D.S., Makhotina L.G., Nikandrov A.B., Kuznetsov A.G., Akim E.L. Osobennosti pererabotki drevesiny Larix
sibirica Ledeb (Pinaceae) v voloknistye polufabrikaty vysokogo vykhoda [Features of Larix sibirica Ledeb wood processing
into high yield fibrous semi-finished products]. Khimiya rastitel’nogo syr’ya [Chemistry of plant materials], 2021, no. 1,
pp. 317-325. DOI: 10.14258/JCPRM.2021018472

[11] Singh J., Ordofiez 1. Resource recovery from post-consumer waste: important lessons for the upcoming circular economy. J.
of Cleaner Production, 2016, no. 134, pp. 342-353. DOI: 10.1016/j.jclepro.2015.12.020

[12] Faremi O.E., Sogbanmu T.O., Adeyemo O.K. How sawmill wastes impact surface water, sediment, macrobenthic invertebrates,
and fish: a case study of the Lagos lagoon, Okobaba Area, South-western Nigeria. Environmental Monitoring and Assessment,
2021, no. 193, pp. 1-13. DOI: 10.1007/s10661-021-09006-0

[13] Zharskaya Ya.P., Fedosenko 1.G. Poluchenie toplivnykh granul s vysokimi kachestvennymi kharakteristikami iz shchepy niz-
kogo kachestva [Production of fuel pellets with high quality characteristics from low-quality wood chips]. Trudy BGTU.
Seriya 1: Lesnoe khozyaystvo, prirodopol’zovanie i pererabotka vozobnovlyaemykh resursov [Proceedings of BSTU. Series
1: Forestry, environmental management and processing of renewable resources], 2023, no. 2(270), pp. 210-216.

DOI: 10.52065/2519-402X-2023-270-2-24

[14] Dudziec P., Stachowicz P., Stolarski M.J. Diversity of properties of sawmill residues used as feedstock for energy generation.
Renewable Energy, 2023, no. 202, pp. 822-833. DOI: 10.1016/j.renene.2022.12.002

[15] Sandberg D., Gorbacheva G., Lichtenegger H., Niemz P., Teischinger A. Advanced Engineered Wood-Material Concepts. In:
Niemz, P., Teischinger, A., Sandberg, D. (eds) Springer Handbook of Wood Science and Technology. Springer Handbooks.
Springer, Cham, 2023, pp. 1835-1888. DOI: 10.1007/978-3-030-81315-4 35

[16] Safin R.G., Ziatdinov R.R., Sotnikov V.G., Ryabushkin D.G., Akhmetova D.A. Modelirovanie protsessa sushki drevesnykh
otkhodov v ustanovke proizvodstva aktivirovannogo uglya [Modeling the process of drying wood waste in an activated carbon
production plant]. Sistemy. Metody. Tekhnologii. [Systems. Methods. Technologies.], 2021, no. 4, pp. 79-86.

DOI: 10.18324/2077-5415-2021-4-79-86

[17] Valeev 1.A. Termicheskaya pererabotka otkhodov derevoobrabatyvayushchikh predpriyatiy [Thermal processing of waste
from wood processing enterprises]. Diss. Cand. Sci. (Tech.). Kazan, Kazan State Technological University, 2006, 153 p.

[18] Bulatov A.F. Obosnovanie protsessa zagotovki i pererabotki biomassy dereva na tekhnologicheskuyu shchepu s tsel’yu
resursosberezheniya [Justification of the process of harvesting and processing wood biomass into technological chips for the
purpose of resource saving]. Abst. Diss. Cand. Sci. (Tech.), St. Petersburg, St. Petersburg State Forestry Academy, 2001, 19 p.

[19] Rejdak M., Czardybon A., Ignasiak K., Robak J. Utilization of waste forest biomass: Pelletization studies of torrefied sawmill
wood chips. Proc. of the 11th Conference on Interdisciplinary Problems in Environmental Protection and Engineering EKO-
DOK 2019, Polanica-Zdroj, Poland, April 8-10, 2019. E3S Web of Conferences, 2019, v. 100, p. 00068.

DOI: 10.1051/e3scont/201910000068

[20] Amiandamhen S.O., Adamopoulos S., Adl-Zarrabi B., Yin H., Norén J. Recycling sawmilling wood chips, biomass combustion
residues, and tyre fibres into cement-bonded composites: Properties of composites and life cycle analysis. Construction and
Building Materials, 2021, no. 297, p. 123781. DOI: 10.1016/j.conbuildmat.2021.123781

[21] Kowaluk G., Wronka A. Bonding of sawmill birch wood with selected biopolymer-based glues. Annals of Warsaw University
of Life Sciences SGGW Forestry and Wood Technology, 2020, no. 109, pp. 32-36. DOI: 10.5604/01.3001.0014.3092

[22] Mirski R., Dukarska D., Derkowski A., Czarnecki R., Dziurka D. By-products of sawmill industry as raw materials for
manufacture of chip-sawdust boards. J. of Building Engineering, 2020, no. 32, p. 101460. DOI: 10.1016/j.jobe.2020.101460

[23] Tuluzakov D.V., Spirin B.L. Model’ formirovaniya nasypnoy struktury paketa kompozitsionnogo materiala iz izmel chennykh
drevesnykh chastits [Model of the formation of a bulk structure of a package of composite material from crushed wood
particles]. Lesnoy Vestnik / Forestry Bulletin, 2018, v. 22, no. 2, pp. 95-103. DOI: 10.18698/2542-1468-2018-2-95-103

[24] Stepanov V.I., Mezina N.A. Othody lesnoy promyshlennosti i ih ispol’zovanie v nacional nom hozyaystve [Forest industry
waste and its use in the national economy]. Vestnik Rossiyskogo ekonomicheskogo universiteta im. G.V. Plekhanova [Bulletin
of the Russian Economic University named after G.V. Plekhanov], 2012, no. 3, pp. 83—88.

[25] Morozov D.K., Morozova 1.V., Vasil’ev S.B. Ispol’zovanie myagkih othodov lesopileniya s cel’yu proizvodstva toplivnyh
briketov [Use of soft sawmill waste for the production of fuel briquettes]. Resources and Technology, 2018, v. 15, no. 3,
pp. 1-28. DOI: 10.15393/j2.art.2018.4181

[26] Parajuli R. Wood pellets versus pulp and paper: Quantifying the impacts of wood pellets on the pulpwood markets in the
southeastern United States. J. of Cleaner Production, 2021, no. 317, p. 128384. DOI: 10.1016/j.jclepro.2021.128384

JlecHoit BecTHUK / Forestry Bulletin, 2024, Tom 28, No 2 125



Woodworking and chemical wood processing Study of disintegrated pine wood rheological behavior...

[27] Civitarese V., Acampora A., Sperandio G., Assirelli A., Picchio R. Production of wood pellets from poplar trees managed as
coppices with different harvesting cycles. Energies, 2019, v. 12, no. 15, p. 2973. DOI: 10.3390/en12152973

[28] Thiffault E., Barrette J., Blanchet P., Nguyen Q.N., Adjalle K. Optimizing quality of wood pellets made of hardwood processing
residues. Forests, 2019, v. 10, no. 7, p. 607. DOI: 10.3390/f10070607

[29] Quinteiro P., Tarelho L., Marques P., Martin-Gamboa M., Freire F., Arroja L., Dias A.C. Life cycle assessment of wood pellets
and wood split logs for residential heating. Science of the Total Environment, 2019, v. 689, pp. 580—589.

DOI: 10.1016/j.scitotenv.2019.06.420

[30] Sviridov L.T., Dornyak O.R. Reologiya drevesiny v protsessakh ee modifitsirovaniya [Rheology of wood in the processes of
its modification]. Zapiski Gornogo instituta [Journal of Mining Institute], 2005, v. 166, pp. 239-241.

[31] Mikheev M. V. Samorasprostranyayushchiysya vysokotemperaturnyy sintez materialov na osnove disilitsida molibdena v
usloviyakh davleniya so sdvigom [Self-propagating high-temperature synthesis of materials based on molybdenum disilicide
under shear pressure conditions]. Diss. Cand. Sci. (Tech.). Chernogolovka, Merzhanov Institute of Structural Macrokinetics
and Materials Science of Russian Academy of Sciences, 2018, 141 p.

[32] Kamperidou V. Quality Analysis of Commercially Available Wood Pellets and Correlations between Pellets Characteristics.
Energies, 2022, v. 15, no. 8, p. 2865. DOI: 10.3390/en15082865

[33] Lehmann B., Schréder H.W., Wollenberg R., Repkeet J.U. Effect of miscanthus addition and different grinding processes on
the quality of wood pellets. Biomass and bioenergy, 2012, no. 44, pp. 150-159. DOI: 10.1016/j.biombioe.2012.05.009

[34] Anciferov V.N., Perel’'man V.E. Mekhanika processov pressovaniya poroshkovyh i kompozicionnyh materialov [Mechanics of
the processes of pressing powder and composite materials]. Moscow: Graal’, 2001, 628 p.

[35] Buchackiy L.M., Stolin A.M. Vysokotemperaturnaya reologiya SVS-materialov [High temperature rheology of SVS materials].
Inzhenerno-fizicheskiy zhurnal [J. of Engineering Physics], 1992, v. 63, no. 5, pp. 593-604.

[36] Petrosyan G.L. Plasticheskoe deformirovanie poroshkovyh materialov [Plastic deformation of powder materials]. Moscow:
Metallurgiya, 1988, 152 p.

[37] Nielsen S.K., Rezaei H., Mande M., Sokhansan;j S. Constitutive modelling of compression and stress relaxation in pine pellets.
Biomass and Bioenergy, 2019, no. 130, p. 105370. DOI: 10.1016/j.biombioe.2019.105370

[38] Pietsch W.B. Agglomeration processes: phenomena, technologies, equipment. Weinheim: John Wiley & Sons, 2008.
DOI:10.1002/9783527619801

[39] Chibirev O., Kunitskaya O., Davtyan A. Analiz issledovaniy protsessa briketirovaniya otkhodov lesopererabotki na
gidravlicheskom pressovom oborudovanii [ The analysis of research of wood processing wastes briquetting by using hydraulic
press equipment]. Resources and Technology, 2019, v. 16, no. 2, pp. 97-118. DOI: 10.15393/j2.art.2019.4522

The work was carried out under the state order within the framework of the cooperation agreement between
the Institute of Structural Macrokinetics and Materials Science Problems named after A.G. Merzhanov of
the Russian Academy of Sciences (ISMAN) and the Bauman Moscow State Technical University (National
Research University) (Mytishchi branch). The equipment and methods of the laboratory No. 7 «Plastic
deformation of materialsy (ISMAN) and the Centre for Collective Use of Scientific Equipment «Centre for
Physical and Mechanical Testing of Woody (CCP CFMID) of Bauman Moscow State Technical University
(Mytishchi branch) were used for the work.

Authors’ information

Mikheev Maksim Valer’evich* — Cand. Sci. (Tech.), Researcher, Laboratory No. 7 «Plastic Deformation
of Materials» Merzhanov Institute of Structural Macrokinetics and Materials Science of Russian Academy
of Sciences (ISMAN), mmixeevOO@mail.ru

Komina Alisa Vadimovna — student of the BMSTU (Mytishchi branch), kominaalisa005@gmail.com

Gorbacheva Galina Aleksandrovna — Cand. Sci. (Tech.), Associate Professor of the BMSTU
(Mytishchi branch), gorbacheva@bmstu.ru

Kalinina Alena Anatol’evna — Senior Lecturer of the BMSTU (Mytishchi branch), kalinina@mgul.ac.ru

Bolotskaya Anastasia Vadimovna — Cand. Sci. (Tech.), Researcher, Laboratory No. 7 «Plastic
Deformation of Materials» Merzhanov Institute of Structural Macrokinetics and Materials Science of Russian
Academy of Sciences (ISMAN), moon@ism.ac.ru

Sanaev Victor Georgievich — Dr. Sci. (Tech.), Professor, Director of Mytishchi Branch of the BMSTU,
vgsanaev(@bmstu.ru

Stolin Aleksandr Moiseevich — Dr. Sci. (Phys.-Math.), Professor, Head of Laboratory No. 7 «Plastic
Deformation of Materials» Merzhanov Institute of Structural Macrokinetics and Materials Science of Russian
Academy of Sciences (ISMAN), amstolin@ism.ac.ru

Received 22.10.2023.
Approved after review 20.12.2023.
Accepted for publication 06.02.2024.

Bxitaz aBTOpOB: Bce aBTOPHI B PAaBHOI 0JI€ YIacTBOBAIM B HAIIMCAHUH CTaTbU
ABTOpBI 3a5BIISIIOT 00 OTCYTCTBHM KOH(IMKTA HHTEPECOB

Authors’ Contribution: All authors contributed equally to the writing of the article
The authors declare that there is no conflict of interest

126 Lesnoy vestnik / Forestry Bulletin, 2024, vol. 28, no. 2



